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The invention relates to heterocyclic azahexane derivatives that can be
enpl oyed as substrate isosteres of retroviral aspartate proteases, .to
salts thereof, to processes for the prepé}atlon of those;canpounds and.
their salts, to pharmaceutical conpositions conprising those conpounds. or
their salts, and to the use of those conpounds or their salts (alone or- in

conbi nat i Oﬂntw'irta%y séthveheterbbydlic la2dhéink\efioativee conpounds) in the

t herapeutic or diagnostic treatnent of the human or animal body or in the
preparation of pharnmaceutical conpositions. Background to the invention
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RNA into DNA _such as 3'-azido-3'-deoxythym dine (AZT) or di deoxyi nosine
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Attenpts 2R 9a9 k Pt t o i ntroduce into the body, for exanple in

the formof a reconbl nant nol ecul e or nol ecul e fragnent, the T4-cell

receptor which is present on certain cells of the defence systemof the

human bodyAcsatdingtor W) asimates thiare are-claadnBiors thaa@ milionqecele iptectsx by the

i nfecti ous miiro f = _ _ f

t he obj ect ﬁygﬁggl ng iohg%ﬁﬁ%dcgo}? 'n“g gﬁ?eﬁ%%‘?’ ?%’%Pﬁ er({:&gbh%’l g %fb

that the \subjectsstheidiseane resuitgeby way abpreliminany siages) suble as ARDS, ummmmces

t hat prev t:

such as pdss ﬁ%%‘é(f)iﬁce it Lﬂ'fé]%séﬁé lw;&g:h U:nga&ﬁll- bs TRSHirR8 Smitnd85ftidHcl) Eynidme"
or AIDS. in the overwhelming number of cases the disease sooner or later leads to the

death of the infected patients.

Hitherto, the treatment of retroviral diseases, such as AIDS, has involved principally the use
of inhibitors of reverse transcriptase, an enzyme effective in the conversion of retroviral
RNA into DNA, such as 3'-azido-3'-deoxythymidine (AZT) or dideoxyinosine (DD}, and also
trisodium phosphonoformate, ammonium-21-tungstenato-9-antimonate, 1-p-D-ribofuran-
oxyl-1,2,4-triazole-3-carboxamide and dideoxycytidine and also adriamycin. Attempts have
also been made to introduce into the body, for example in the form of a recombinant
motecule or molecule fragment, the T4-cell receptor which is present on certain cells of the
defence system of the human body and is responsible for the anchoring and introduction of
infectious virus particies into those celis and thus for their infection, the objective being that
binding sites for the virus will be blocked so that the virions will no longer be able to bind to
the cells. Compounds that prevent the virus penetrating the cell membrane in some other
way, such as polymannoacetate, are also used.



- 2- The first inhibitor of so-called retroviral aspartate protease to be
approved f ting the infection was saqui navir, :
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maturation step brought about by that protease will suppress the assenbly

of mat ur eanengymesthefunstios, of whighsande charastersed,asfligws’ can therefore be
used therapeutically. The aimof the present-invention is to provide a
novel type of conpound that is equipped, especially, with a high degree of
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maturation of viruses and on the basis of experimental results,'fcr3 eianl;p(?é 5111 infected cell
cultures, it has become plausible that effective suppression of the maturation step brought
about by that protease will suppress the assembly of mature virions in vivo. Inhibitors of that
protease can therefore be used therapeutically.

The aim of the present invention is to provide a novel type of compound that is équipped,
especially, with a high degree of inhlbifory activity against virus replication in cells, high anti-
viral activity against numerous virus strains, including those which are resistant to known
compounds, such as saquinavir, ritonavir and indinavir, and especially advantageous
pharmacological properties, for example good pharmacokinetics, such as high bioavailability
and high blood levels, and/or high selectivity. ' '

Full description of the invention

The azahexane derivatives according to thé invention are compounds of formula f*,
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wherein R1 is | ower al koxycarbonyl, R2 is secondary or tertiary |ower

al kyl or | owgj %J/Jﬁﬂgt hi o- | ower al kyl, R3 is phenyl that is upgghebibissed

or substltute y one or nore | ower al koxy radicals, or C4-C8cycl oal kyl,

R4 is phenyl or cycl ohexyl each substltuted in the 4-position by

unsat urated heterocyclyl that i.s bonded by Way of a has

from5 to 8 ring atons, contains from1l to 4 hetero aﬂ%ﬁ&*@g@ﬁsﬁhgﬂ

ni trogen, oxygen, sulfur, sulfinyl (-SO) and sul forlyl (- BEBLACERNnd is

unsubstituted or substituted by |ower al yI or by phenyT-Tower alkyl, R5,

I ndependently of R2, has one of the rre rrentloned for R2, and . RG,

I ndependently of Rl, is |Bwer alk ca A a salt thereof provi ded
rAsent N

that at |east one salt-fogm ng;"_gr p |N; Those corrpounds exhi bi t
unexpect edl y good a sw’pY oI ogi cal(l*)

. | R, -

especially of formula |,

NH
R1 CH NH\A/ \ {
NH CH - Ry 0

° \
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wherein

R, is lower alkoxycarbonyl,
R, is secondary or tertiary lower alkyl or lower alkylthio-lower alkyl,
R;s is phenyl that is unsubstituted or substituted by one or more lower alkoxy rédicals, or

~ C4+Cscycloalkyl,
R, is phenyl or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyl that
is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl (-SO-) and sulfonyi (-SO.-) and
is unsubstituted or substituted by lower alkyl or by phenyi-lower alkyl,
Rs, independently of R, has one of the meanings mentioned for R;, and
Rs, independentty of R,, is lower alkoxycarbonyl,

or a salt thereof, provided that at least one salt-forming group is present.

Those compounds exhibit unexpectedly good and surprisingly positive pharmacological
- properties, as indicated in detail below, and are refatively simple to synthesise,
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properties, as indicated in detail below, and are relatively sinple to
synt hesi se. WO 97/ 40029
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indicated to the contrary, the general terns used herei nabove and

her ei nbel ow-preferabty have the foll owm ng4neani ngs within the scope of this
di sclosure:: -The:term "lower" indicates a radical having up to and

i ncl udi ng ‘a maxi.mum of 7 carbon atons, preferably up to and including a

ot anched Siiessdiefted e ficdrbn) s Gohorel il Beod elipbpie HPARRRBIM |
t er t - but y preferablythivel the ifelibinirtg/ineaningsiwithin the spopped thisrdigoiesuyd:, et hyl and

nmet hyl . Any reference to conpounds, salts and the like in the plural also
i ncl udes a conpound, a salt and the |iKke. Any asymmetric carbon atons

present, frRE i MIGWEr" intiicates b@auiealminbametérﬁcmmn%adhmhﬁm%? 72026bdfp. By
be inthe (R-, (S)- or (R S)-configuratjon, preferably in the (R)- or
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case of tRgeGRhMMhPUABIRASRE O BISndHER drdbrGRbrefifnadd/ or RS in conpounds of
formula I.” Accordingly, the conpounds in question may be in the form of

I soneric mxtures or in the formof pure.isoners, preferably in the form of
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unbr-anchedsprapy, étbylandaoethyl y et hoxycar bonyl or net hoxycar bonyl . _
Secondary or tertiary |lower alkyl is especially sec-butyl, tert-butyl or

i sopropyl . Lower al kylthio-lower alkyl is especially nethylthionethyl.
Phenyl t hahy refetemsalis tompbents) saksiarsd thedikedn the plaal also inmlueles @aeampduldx s

radicals L5 S3PRR Rkl Y

Any asymmetric carbon atoms present, for example the carbon atoms bonded to the
radicals R, and Rs, may be in the (R)-, (S)- or (R,S)-configuration, preferably in the (R)- or
(S)-configuration, the (S)-configuration being especially preferred in the case of the carbon
atoms carrying the radical Rz and/or Rs in compounds of formula 1. Accordingly, the
compouﬁds in question may be in the form of isomeric mixtures or in the form of pure
isomers, preferably in the form of enantiomerically pure diastereoisomers.

Lower alkoxycarbonyl is preferably C;-Cialkoxycarbonyl wherein the alkyl radical may be
branched or unbranched, and is especially ethoxycarbonyl or methoxycarbonyl.

Secondary or tertiary lower alkyl is especially sec-butyl, tert-butyl or isopropyi.
Lower alkylthio-lower alky! is especially methyithiomethyl.

Phenyl that is unsubstituted or substituted by one or more lower alkoxy radicals is especially
phenyi that is unsubstituted or substituted by from one to three lower alkoxy radicals,
especially methoxy. in the case when there are three methoxy substituents, these are
especially in the 2,3,4-positions of the phenyl ring and in the case when there is one metho-
Xy substituent, that sﬁbstituent is especially in the 2-, 3- or, more especially, in the 4-
position. Unsubstituted phenyl is preferred. |
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phenyl that is unsubstituted or substituted by fromone to three | ower

al koxy radiggleyusegsreci al ly methoxy. In the case when there ayeriPymmsco
met-hoxy substituents, these are especially in the 2,3,4-positions of the
phenyl ring and in the case when there | sgone et ho- Xy substituent, that
substituent is especially in the 2-, 3- or, nore -especially, in the 4-
position. Unsubstituted phenyl is preferred. WO 97/ 40029
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C4- C8cycl Galegiciqatky ireapesially cyslenshd of.ymorgrespReiply. eyplebead.| v, cycl ohexyl .
As R3 phenyl is preferred to cycl ohexyl. I n phenyl or cycl ohexyl
substituted in the 4-position by unsaturated heterocyclyl that is bonded by
way of a AsiRy phanyids peefenied tegyciaheKyls to 8 ring atons, contains from1 to 4
hetero atons sel ected from nitrogen, oxygen, sulfur, sulfi nyl (-SO) and
sul fonyl (-SM2-) and is unsubstituted or substituted by |ower-al kyl or by

phenyl - | oueshemykor cyctdh@xﬂ(subempwddm the #rpbsmm by umatbmedelsqatemcgd:lybthahs

foll |, that bonded f
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at ons ' sel gatbRsafohizédlkedté@4om nt@dg@gﬁhxygeﬂ Sulfur, aumyn PﬁOXalﬁ%OIfo%W sul fonyl
(-S2-) and is unsubstityted, or supstituted especially by

b
met hyl |, o(-S@;r) gne i Hosubstituted grsu &g by Ipyer &l g!%é%" bé(lHE‘?W’r'ﬁ‘G?’c%ﬂ‘Y‘q the
unbr anchegp, ?éﬁ ohai ghﬁ@emwca %@bkyeéwnylcn@mbwtnglmm d:ethyl, is especially

one of the g rad s bonded by way of ring carbon atom thienyl
(=t hi ophenyl); oxazolyl; thiazolyl; imdazolyl; 1 4-thiazinyl; triazolyl

that is [

a1 MR 8o RRRFE it b VA o iRl atom, res rom sto g

such as latprr& cmtams(fm hyo 4dretqre eforns sglegted fionmnitrbgen, >dxygeretsulilzrosymnylh at

I S unsubs or
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such as 2irethyktor by @heﬁyl»,ldawemﬂsyl mhmud tng/lomnelkVIyadin;aIpsn enbranciéd/or hranched,

preferably by. Loywer, al kvl .- i [ ' g

o 114 1 ot ForRbien Byi1-Bethyl-1 ey BedrRhiy bhe bt e SRR P ol b

Fy r ihd i nK I Wawf amhg garboarziomy thienytl{=thibphenyl) posazplyt; ittﬁhiqulzmzimzlowl:t hi-ehigkinyl;

(=thiop er1 t hi 2=yl 2H

tetrazol - '%ttﬂgtt s UQ"*%@B@% P¥ L%Bﬁc'%'iy’ s@%@%% Py ;}-m Kist- Pf'%?yé 35%05 he

2- posi t : ﬁﬂeﬁ;‘aﬂl lté]-y bri:% opésm}ﬂallmbihyﬂetm, wcﬁfaeﬁa,m-)brhy rﬁétllilobt&rybum)

especi a tetrazo Stlt

oyl - rehdisteyroiy ihnti ynshsttinkd of eRnedily Sthattlnse By frhahy1-phemt-
ethyl or preferably by lower alkyl, such as by tert-butyl or especially by methyl, such as 2H-
tetrazol-5-yl substituted by 1-methyi-1-phenyi-ethy! or preferably by lower élkyl. such as by
tert-butyl or especially by methyl, or 1H-tetrazol-5-yl substituted by tert-butyl or especially by
methyl pyridinyl; pyrazinyl; and pyrimidinyl;
more especially 2- or 3-thieny! (=thiophen-2-yl or thlophen-s-yl) thiazol-5-yl; thlazol-z-yl 2H-
tetrazol-5-yi that is unsubstituted or, especially, substituted in the 2-position by 1-methyl-1-
phenyl-ethyl or preferably by tert-butyl or especially by methyl; 1H-tetrazol-5-yl substituted in
the 1-position by methyl; pyridin-2-yl; pyridin-3-yl; 'pyridin~4-yl; or pyrazin-2-yl.

R. is preferably phenyl substituted in the 4-poéition by unsaturated heterocyclyl that is
bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
heterc atoms selected from nitrogen, oxygen, sulfur, sulfinyl (-SO-) and sulfonyl (-SO-) and
is unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl, wherein heterocycly!
preferably has the meanings defined above as being preferred.



R4 is preferably phenyl substituted in the 4-position by unsaturated

het erocyclyl that is bonded by way of a ring carbon atom has_from5 to 8
ring atons, D4P%s from1 to 4 hetero atons sel ected from nP¢F 1860
oxygen, sulfur, sulfinyl (-SO) and sulfonyl (-SO2-) and is unsubstituted
or substituted by lower alkyl or by phenyg-Iower alkyl, wherein

het erocyclyl preferably has the neani ngs defined above as being preferred.
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wherein the radicals are as defi ned. alts are especially the
pharmaceutically acceptaBle salts of unds of formula I. Such salts

ds{ of #jormula I having a basic R4- CH2-
carrying nitrogen atom a Hacibg_‘a lititen sA| ts, eferably with.inorganic
acids, for exanple '?u(drph i f e’ a h{dr hloric acid,agul furic
aci d or phosphoric aciNgi oN wit stron(j‘"‘brg?ﬂi c sflefonic, sulfo or

are formed, for exanple, Yoy conp

phosphoric acids or N-subsktutied sulfamc fcids (preferably: pKa < 1).
O her salts may be present V\/nen\slgasi c heter®@cyclyl radicals, such as
pyridyl, are present in R4.. Tho sal'ts incfudes especially acid addition
salts with organic or inorganic acids, especially the pharmaceutically
accept abl wheedin the radicalspire asrigfigedi ¢ aci ds are, for exanple, hydrohalic
acids, such as hydrochloric acid, sulfuric acid and phosphoric acid.
Suitable organic acids are, for exanple, carboxylic, phosphonic, sulfonic
or ~sul f anBaltaaredaspetially theapipramageutidaly accaptalye spitoofi comapriudgs otioamulad. aci d,
decanoi ¢ acid, dodecanoic acid, glycolic acid, lactic acid, :
2- hydr oxybutyric acid, gluconic acid, glucosenonocarboxylic acid, fumaric
ac: d, s ucg'uah eattu:éré,fomlécg ifer aﬁmble,m'yrlgimpoltmdi; df fosmbla(rjli tmvmlgi glbasig Rl-@H;- aci d,
malic acid, tartaric acid, citrie,.acid, glucaric I, al actarj c acid,
ami no_aci B4R plirogen afar asacid addiion. seltsy Rreterably with inorgrhls RGRS or examole
acet yl am RedeRAlicCacis; istich s Mydiochisip atiig sifuriaracht GrqsHosbhorityadid; ioR SvithIEtiony | C
aci d, acetoacetic acid, phoshphoser ine, 2- or 3- &I cel' o'%hos%)Jlor | (; agl d,
organic sulfonic, sulfo or phosphoric acids or N-substituted sulfaric acids (preferably:
| pKa < 1). Other salts may be present when basic heterocyclyl radicals, such as pyridyl, are
present in R,. Those salts includes especially acid addition salts with organic or inorganic
acids, especially the pharmaceutically acceptable salts. Suitable inorganic acids are, for
example, hydrohalic acids, such as hydrochloric acid, sulfuric acid and phosphoric acid.
Suitable organic acids are, for example, carboxylic, phosphonic, sulfonic or sultamic acids,
for example acetic acid, propionic acid, octanoic acid, decanoic acid, dodecanoic acid,
glycolic acid, lactic acid, 2-hydroxybutyric acid, gluconic acid, glucosemonocarboxylic acid,
fumaric acid, succinic acid, adipic acid, pimelic acid, suberic acid, azelaic acid, malic acid,
tartaric acid, citric acid, glucaric acid, galactaric acid, amino acids, such as glutamic acid,
aspartic acid, N-methylglycine, acetylaminoacetic acid, N-acetylasparagine or N-acetyi-
cysteine, pyruvic acid, acetoacetic acid, phosphoserine, 2- or 3-glycerophosphoric acid,
glucose-6-phosphoric acid, glucose-1-phosphoric acid, fructose-1,6-bisphosphoric acid,
maleic acid, hydroxymaleic acid, methyimaleic acid, cyclohexanecarboxylic acid, adaman-
tanecarboxylic acid, benzoic acid, salicylic acid, 1- or 3-hydroxynaphthyl-2-carboxylic acid,
3,4,5-trimethoxybenzoic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic acid, 4-amino-
salicylic acid, phthalic acid, phenylacetic acid, mandelic acid, cinnamic acid, glucuronic acid,
galacturonic acid, methanesulfonic or ethanesuifonic acid, 2-hydroxyethanesulfonic acid,

ethane-1,2-disulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic acid, 1,5-naph-

—’.



gl ucose- 6- phosphori c acid, glucose-1-phosphoric acid,

fructose-1, 6-+pyRReEphoric acid, nmaleic acid, hydroxynal ei ¢ acigbrmpo7/01860
met hyl mal ei ¢ acid, cycl ohexanecarboxylic acid, adaman- tanecarboxylic acid, -
benzoic acid, salicylic acid, 1- or 3-hydroxynaphthyl-2-carboxylic acid,
3,4,5-trinet hoxybenzoi c aci d, 2-phenoxybenzdtc acid, 2-acetoxybenzoic acid,
4-am no- salicylic acid, phthalic acid, phenylacetic acid, nandelic acid,
cinnam c acid, glucuronic acid, galacturonic acid, methanesul fonic or

et hanesul f ofafurfisioric Bx", 256 dr ety RAZEndElBnic 8blan Rty ntdie bt
aci d, benzenesultonic acid, 2-naphthal énesulfonic acid, 1, -n%fh-

WO 97/ 40029sulfuric acid, dodecylsulfuric acid, N-cyclohexylsulfamic acid, N-methyl-, N-ethyl- or N-
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met hyl sul furic acid, ethyl- sulfuric acid, dodecylsulfuric acid,

N-cycl ohexyl sul fam ¢ acid, N-nethyl-, N-ethyl- or N propyl-sultamc acid,
or other or Pd‘eﬁﬁg‘f%ﬁf"&érgﬁ? Basaﬁc%%ﬂrﬁ RESe Byl gs tggp%qul 'X\ﬁﬁe??lﬁéﬁ%ﬁ?@%hﬁ |
charged radipmbd with®aees, i tmetabiohammoniin s, ¥licH s Skali Aretd) o Ekalied sartripe
formed wth bases, e.g. netal or ammonium salts, 'such as alkali netal or
al kal i ne eametal salts e Sodym, potassiupy MmagnesiyMYGalpim S5 as ammaniure alts With

salts or angRRidma SPduUitabie orfardBRIiticd, Slichal {ePirf nitndaiinesa8ig) ffthyAine S tri-
tertiary nonoam nes, triethylamne or tri-" (2-hydroxyethyl)-"am ne, or

€. g. . yar oxy ¢
het er ocycl i (2-hydsexyethyl)-amine: onhetereevdlic bages 8:9. N-ethyldipgsiding or bNrdimsthyle.
For the pur&gﬁ%iin%f i solation or purification it is also possible to use
phar-naceut i 'C y- unsuitable salts, for exanple picrates or perchlorates.
Onl-y the pharmaceutically acceptable salts or the free conpounds

{ner apeut | (a1 e BRPRREyepBGh BPGtioatdh e GRTRBRRA8 Do hirhiRlicgly

r el at i onshi pnsuitablecsalts,Hor examgle picratesindperchlofates Only thenphiarmacelticafly acceptable

examl o 1 St G0 P chePBR Snsohlordlf In B2t ahatmRRel el BRPpES s 2.
her ei nbef or gsetitelapetticaiy aad tieayyare dherefone préferrédie free conpounds shoul d be

understood as including the corresponding salts as appropriate and
expedi ent . The conpounds of fornula | have val uabl e pharmacol ogi cal

properti es.in Vg ofhecicsairelatioasHipbétivdlenahié nhuvel ompooRds il frae faeaiandtin tHedform
vi ruses Hi V-lt and Hl V-2 which a%aﬁétggarded as causes

f Al DS, d \
sur pri si ngl §f tB&IhFEES, INcHdiNGinose L$an he used a3 Wé&’?\%ﬁi%% %’&?‘HEW@% the

conpou n_gs t;?\ﬁ-h‘icaﬁ&\ 80thb YBvaEBpolind Lo Y identifygibin? hereiibelcd eh8-hefdifafter
conmpounds o '
i any reference to the free compounds should be understood as including the corresponding

salts as appropriate and expedient.

The k:ompounds of formula | have valuable pharmacological properties. They have anti-
retroviral activity, especially against the viruses HIV-1 and HIV-2 which are regarded as
causes of AlDS, and may surprisingly exhibit synergistic effects in combination with other
compounds that are active against retroviral aspartate proteases. The compounds of
formula | are inhibitors of retroviral aspartate proteases, especially inhibitors of the
aspartate protease of HIV-1 or also HIV-2 and are therefore suitable for the treatment of
retroviral diseases, such as AlDS or its preliminary stages (e.g. ARDS). Compounds of
formula I also exhibit activity against corresponding animal retroviruses, such as StV (in
apes) or FlV (in cats).

Compounds of formula | exhibit, surprisingly, especially advantageous and important
pharmacological properties, for example a very high antiviral activity in cell tests against
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or FIV (in cats). Conmpounds of fornula I exhibit, surprisingly,
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el uant 2 ifaibation afl 37°MObyttecaddition of 10 il of 0.3M HCIO.. After centrifugation of the sample
at 10 000 x g for 5 minutes, 20 pl of the resulting supernatant are applied to a 125 x 4.6 mm
Nucledsil' C18-5m-HPLC column (reversed-phase material supplied by Macherey & Nagel,
Diren, FRG, based on silica gel that has been charged with Cisalkyl chains). The un-
cleaved icosapeptide and its cleavage products are eluted from the column by means of the
following gradient: 100 % eluant 1 — 50 % eluant 1 + 50 % eluant 2 (eluant 1: 10 % aceto-
 nitrile, 90 % H.0, 0.1 % triflucroacetic acid (TFA); eluant 2: 75 % acetonitrile, 25 % H20,
0.08 % TFA) for 15 minutes, throughfiow rate 1 ml/min. The quantification of the eluted
_ peptide fragments is carried out by measuring the peak height of the cleavage product at
2156 nm.

Compounds of formula | exhibit inhibitory actions in the nanomolar range; they preferably
exhibit ICs, values (ICso= that concentration which brings about a 50 % reduction in the
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fromDr. Douglas Richman (see J. Biol. Chem 263, 5870-5875 (1988) and
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1640- medi um conprises an acid m xtur
gl ut ani ne) by aily rfmsn@taminferct@mm afelaesta*mwpwmsum a@mf@nﬂocal:mr this test, MT-2-

cells infected with HIV-1/MN are used. MT-2-cells have been transformed with HTLV-1 (a
virus causing ieukaemia) and a continuous producer thereof; they are therefore especially
sensitive to the cytopathogenic effect of HIV. MT-2-cells can be obtained via the AIDS
Research and Reference Reagent Program, Division of AIDS, NIAID, NIH from Dr. Douglas
Richman (see J. Biol. Chem. 263, 5870-5875 (1988) and also Science 229, 563-566 1985)).
The MT-2-cells are cultured in RPMI 1640-medium (Gibco, Scotiand; RPMI comprises an
amino acid mixture without glutamine) suppiemented with 10% heat-inactivated foetal calf
sertjm, glutamine and standard antibiotics. In all cases the cells, and also the virus stock
solution used for the infection (HIV-1/MN), are free of mycoplasms. The virus stock solution |
is prepared as a cell culture supernatant of the permanently infected cell line H9/HIV-1/MN,
which can likewise be obtained via the AIDS Research and Reference Program, Division of
AIDS, NIAID, NiH from Dr. Robert Gallo (see also Science 224, 500-503 (1984) and |
Science 226, 1165-1170 (1984)). The titre of the HIV-1/MN virus stock solution {determined
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serum glutam ne and standard antibiotics. In all cases the cells, and al so
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supernatant of the permanently infected cell line H9/H V-1/MN, which can
| i kewi se be obtained via the AIDS Researfd.and Reference Program Division
of AIDS, NTAID, NIH fromDr. Robert Gallo (see also Science 224, 500-503 .
(1984) and Science 226, 1165-1170 (1984)). The titre of the H V-1/M virus
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t hen onceolutiemincardantsl establish agadipactivitgof 1@ uCifel.ai r. The radi oactivity on
the filters is neasured in a Matrix Packard 96-well counter (Packard,
Z[err]rich, Switzerland). The ED90 val ues are calcul ated and are defined

as the careemixing, the plte ishtcubatsd fop2heURGLETAC. § RIBFARS rddtfomrmidgid aret y by
90% in conparison wth a control w thout test conpound. The preferred
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and again dried in the air. The radioactivity on the fiiters is measured in a Matrix Packard
96-well counter (Packard, Ziirich, Switzeﬂand). The EDg values are calculated and are
defined as the concentration of the test compound that reduces the RT activity by 90% in
combarison with a control without test compound.

The preferred compounds of formula | here exhibit an EDgq, that is to say a 90% inhibition of
virus replication, at concentrations of from 107 to 10°M, especially from 5 x 10 to 10°M.

Accordingly, the compounds of formula | are suitable for the highly effective retardation of
the replication of HIV-1 in cell cultures.



Accordi ngly, the conmpounds of fornmula | are suitable for the highly
effective r %b n of the replication of HV-1 in cell cultp¢eEre7/01860
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PCT/ EP97/ 01860 In order to determine their pharnmacokinetics, the
conmpounds of formula | are dissolved in ditethyl sulfoxide (DIVBO) in a
concentration of 240 ng/m . The resulting solutions are diluted 1:20 (v/v)
with 20 % (wv) aqueous hydroxypropyl-[err]-cyclodextrin solution in order
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tonitrile peforAtandeNquidithforhatBhraphy @APRCRt ONitrile; then returning to t he

initiial conditions for 1 min and 4 mn reequilibration. The flowrate is 1

m /mn. Under those conditions the conpound of fornula | from Exanple 1,

for exanpl ﬂle Pﬁ_CTa #é?é‘hf e sbm"ﬁesﬁbtéih@éﬂn accorddHcB Wifhsthe #isthod Sesteibegt i on

limt is O err test conmpound i s detected by UV absorption
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i n accor dap¢ eavh thsd iRRh&prdsefcesl 650.05 be dhiflbadetic acid): 20 % acetonitrile to 100 % ace-
tonitrile for 20 min; then 5 min 100% acetonitrile; then returning to the initial conditions for

1 min and 4 min reequilibration. The flow rate is 1 mi/min. Under those conditions the
compound of formula | from Example 1, for example, has a retention time of about

15.5 minutes, and its detection limit is 0.1-0.2 uM. The test compound is detected by UV
absorption measurement at 255 nm. Peaks are identified by the retention time and the UV
spectrum befween 205 and 400 nm. The concentrations are determined by the external
standard method; the peak heights are obtained for determining the concentrations by
comparison with standard curves. The standard curves are obtained by analogous HPLC
analysis of mouse plasma that contains known concentrations of the test compound in
question and that has been worked up in accordance with the method described above.

In that experiment compounds of formula | produce plasma concentrations far above the
EDg, determined above in the cell experiment, for example up to 8000 times greater than

P
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m nutes, preferably plasnma concentrations of fromO.1 [err]Mto 25 [err]M -
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conparability is ensured, which would not be the case in a direct
conparison of clinical sanples or of different HV clones. In the transient
DNA t r anShat tarobe desopsirated Uiornaxaivple, by the following or analogous tests:

Inhibitor-resistant HIV-1 protease variants are cloned as follows:

By way of PCR-supported mutagenesis and cloning, HIV-1 protease mutants are generated
that are based on the infectious clone pNL4-3 (freely available via the “NiH AIDS reference
and reagent program”, the origihal reference is A. Adachi et al. J. Virol (1986) 59, 284-91 -
but it can, of course, be any other HIV clone, or even clinical material, provided that com-
parability is ensured). Those otherwise isogenic point mutants contain only those changes
which have been described in publications in connection with viral resistance to various
protease inhibitors. The cloned fragments are, for example, only 500.base pairs in length,

" all of the remainder being unchanged. By using mutations in always the same clone, direct
comparability is ensured, which would not be the case in a direct comparison of clinical
samples or of different HIV clones. In the transient DNA transfection assay. in human T4-
positive cells (HelLaT4), the resulting proviruses also demonstrate the finding of reduced
inhibitor activity in comparison with the wild type virus, that is to say increased resistance.
That system is used as a transient DNA transfection system for tests:
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(1995). e determnation of the anti-enzymatic activifly agal nst
nuner ous mmgnablgryealhateourpqaot eases in accordance with known net hods (see,
for exanple, Biochem J. 265, 871-878  (1990)), conpounds of formula |
exhibit a high selectivity towards the retroviral aspartate protease of
H V, espedngrihgipld, thelrelevant ewtatiphs for tiheeabove test systemsoios resistarideSzop khown

conpounds (see e.g. relating to the 48V/90M strain (saquinavir resistance): Jacobsen, H., Yasargil, K.,
Winslow, D.L., Craig, J.C., Krohn, A., Duncan, 1.B., & Mous, J. Virology 206, 527 (1995);
Merck Mﬁtétionen (several, e.g. 71V/82T/84V): Condra, J.H., Schieif, W.A., Blahy, O.M.,
Gabryelski, L.J., Graham, D.J., Quintero, J.C., Rhodes, A., Robbins, H.L., Roth, E., Shiva-
prakash, M., & et al Nature 374, 569 (1995); Abbott 82V/84A strain: Markowitz, M., Mo, H.,
Kempf, D.J., Norbeck, D.W., Bhat, T.N., Erickson, J.W., & Ho, D.D. J. Virol. 69, 701 (1995).

in the determination of the anti-enzymatic activity against numerous human aspartate
proteases in accordance with known methods (see, for example, Biochem. J. 265, 871-878
(1990)), compounds of formula | exhibit a high selectivity towards the retroviral aspartate
protease of HIV, especially HIV-1. For example, the inhibition constant (ICss) for compounds
of formula i in the test against cathepsin D is more than 10 uM, especially more than 25 uM.
The ICy, against human cathepsin D in that test is measured at pH 3.1. The test is carried
out in accordance with known procedures using the substrate KPIQF*NphRL (see Jupp, R.
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97/ 40029 -14 -
PCT/ EP97/ 01860 -14- A,
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can be us@adeykanB.,direpnlesoWhilnand KRV-('-bsT‘éP §%!9cte/8vn9f Rlatinerhasgd inbibitersgainshg
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= 2,3 - dhlﬁiBltorEXﬁlié\re?se ﬁanébnﬂfa%éymbt’e dspﬁelallﬁﬂﬁcleosrde analogues, especially 3"
2' 3 -di deh dro 3' -di deoxyt hym d (é%rstav i ne = | ZERI'T) _or

2' 3" -di rﬁfmieyr(rmdm nc?‘do"BQ'F‘e— aﬁfa\éiﬁa@u"opem’\(ﬂﬂm) 2g3-di-

non- nucl c 0

- di hydr o%%%k?z@ﬁ?{}' @%‘J‘?"E’E‘B@rgu W g’%%m@{% EAF?&%'?; % 5 tc}f anOﬁmg one; or

wi th one (QrdiddMoSinees DADEX, Wsmwy@fs-sbﬁab)tama@tdyatammbl1b(2twdso)@fnethyl-1 3.
retroviral aspartate proteases, especially aspartate proteases of H'V, such

as H V- 1 oxathiolan/Ssyt)-@&hawriidio-2-ong (—dmivyﬁlm@h laxp)iiespedially dAche 253ediden EP O

e, bk, BT s 1 oM e

especi al I"ZERIBD mmﬁbdlddomm&edﬂlm-ml Mﬁar(oslmaqmlﬁé)ﬁ),rqr naofriusieoside

LaRoche) ; e i nhi b| r | 541 ed
on 35 05 apglRtieR B asotieprory & S dRgey ety i S Sakat A
desi gnat %ﬂepﬁ'ﬂéso'ﬁaﬂor(wﬁh bfié BAxore (‘esbéd&lé[lm%r\é%tb Mthroﬁkar dnHilsitors bivetrpviral

- aspartate proteases, especially aspartate proteases of HIV, such as HIV-1 and HIV-2,

especially

a) one of the inhibitors mentioned in EP 0 346 847 (published on 20.12.1989) and -
EP 0 432 695 (published on 19.06.1991; corresponds to US 5 196 438, published on
23.03.1993), especially the compound designated Ro 31-8859 (= saquihavir. Hoffmann-
LaRoche); |

b) one of the inhibitors mentioned in EP 0 541 168 (published on 12.05.1993; corresponds
to US 5 413 999), especially the compound designated L-735,524 (= indinavir =
*CRIXIVAN; Merck & Co., Inc.); '

c) one of the inhibitors mentioned in EP 0 486 948 (published on 27.05.1992; corresponds
to US 5 354 866), especially the compound designated ABT-538 (= ritonavir, Abbott);

-



c) one of the inhibitors nentioned in EP O 486 948 (published on

27.05.1992; %{;72@8 ds to US 5 354 866), especially the conpopot/er7/01860
desi gnated A {y: ritonavir; Abbott); WO 97/ 40029

PCT/ EP97/ 01860 -15- d) the
conpound desi gnated KVX-478 (or VX-478 or-181 W4; "G axoWel | conme, Vertex
and Ki ssei Pharmaceuti cal s) e) the conpound designated AG 1343 ( Agouron);
f) the conmpound designated KNI -272 (N ppon M ning); 'g) the conpound

desi gnated U-96988 (Upjohn); h) the conpound desi gnated BI LA-2011 BS (=
pal i navi r; Boehringer-I|ngel hein), and/or | ) the conpound

5(S)- (tert d;uh@wmpobnmyeagnated mp@mwmwsopmehwmzﬁmomﬂgome Vertex and

trimet hoxyph gﬁé}‘ éj';\noyl (L) -valyl-N-(2-nethoxy-ethyl)-anide (=
| asi navir, published on 24.04.1996; Novartis AG

originall y O ba Gel gy AG, or in each case a salt thereof, provided that
~salt-formn roups are presen [of0) nds of formula | can al so be

used in thee%rngQEﬁ‘PPB?P ﬂ‘?ﬁ‘tﬁé A%bg{f@ﬁ%‘m ‘retrovirus infections,
especially H'V, such as HV-1 or HV-2, in cel I cuI tures, especially cell
cultures of |ynphocyte cell lines, from warmhl oded ani mal S, which is
advant ageod};ﬂ@smnpwfdlq%‘ﬂ@t%@“b%%i’e("@Pp%W‘WF uabl e cel | cultures that
produce, for exanple, specific antibodies, vaccines or nmessenger

subst ances, such as interl eukins and the.l i ke, and are therefore of great
comer ci al g)aheeompound designated U-96988 (Upjohn); ,

h) the compound designated BILA-2011 BS (= palinavir; Boehringer-Ingelheim), and/or

1) the compound 5(S)-(tert-butoxycarbonylamino)-4(S)-hydroxy~6-phenyl—2(R)-(2,3,4-
trimethoxyphenylmethyl)-hexanoyi-(L)-valyl-N-(2-methoxy-ethyl)-amide (= lasinavir, see
EP 0 708 085, published on 24.04.1996; Novartis AG, originally Ciba-Geigy AG),

or in each case a salt thereof, provided that salt-forming groups are present.

The compounds of formula | can also be used in the prevention, control and treatment of
retrovirus infections, especially HIV, such as HIV-1 or HIV-2, in cell cultures, especially cell
cultures of lymphocyte cell iines, from warm-blooded animals, which is advantageous espe-
cially in the case of very valuable cell cultures that produce, for example, specific
antibodies, vaccihes or messenger substances, such és interleukins and the like, and are

therefore of great commercial value.

Finally, the compounds of formula | can be used as standards in experiments, for example
as HPLC standards or as standards for the comparison of animal models in respect of
_ different aspartate protease inhibitors, for example in respect of the blood levels achievable.

in the groups of preferred compounds of formula | mentioned below, it is possible where
expedient (fbr example in order to replace more general definitions by more specific
definitions or, especially, by definitions described as being preferred) to use definitions of
substituents from the general definitions given above; in each case preference is given to

the definitions described above as being preferred or given as examples.

—



Finally, the conpounds of formula | can be used as standards in

experinments agr exgnple as HPLC standards or as standards for the

conpari son oY nodel s in respect of different aspartatePGEGRIEZOE60
inhibitors, for exanple in respect of the blood | evels achievable. In the
groups of preferred conmpounds of fornul a-16prentioned below, it is possible
where expedient (for exanple in order to replace nore general definitions
by nore specific definitions or, especially, by definitions described as
being preferred) to use definitions of substituents fromthe general
definitions given above; in each case preference is given to the
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phenyl substituted in the 4-position by one of the follow n? radi c
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especially, substituted by hyl - henyl -

t ert - but y Preferablyaciegtaufylioy eﬁe@%lly bys’ueﬂhybguqh as 2— Zopr anmvmﬂtembutyl)-
tert-butybis o804 3G h

especi al | %/ ol% '! I tut g ’?ﬂa‘ I8 i u%%\‘?(bﬁé'd ch', égﬁécﬁllgﬁlﬁpﬁb{etdg%ye}?ren%gm - %‘en‘/ower
al kyl , suethyher preferably bl u:vy¢r aikyl @pb@seuyl tertibytyhrot esdecialiy bir neethy? Hbuch as 2H-
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subst i t ut tit-bytyhartdspeciallyby diethl, or 1pltetrazolya-yi sabstitptedibyiriethyl] pyridasyeci al |y
2- or 3-thi en%l g (tjhl O’B@&’Z yl or thiophen-3-yl); thiazol-5-yl;

t hi azol -2 WZ ﬂ'-l- PEY 5-yl that is unsubstituted or, especially,
subst |b t ut esbedallylze oeamen'yll(etmldpheﬂl-zmtdnmleﬂhen-ipwfthiaz&tilyﬂ; ﬂ'ﬁﬂzopg%'i €2Hib|hy by
tert- uty a t substifuted in_the 1
L posi ¢ onegEnieeAinatts hetstiiaed br. espeoinfin sabsfiursil g npositan byt methyt 1
pyrazi n- 2phériyl-etRyl bisprefepatilp by ltert-Bﬂwlfyl &Uéspbckw By ﬁfe@@l Vi H-fettaB8l-5-yl substituted in
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al koxycar BgnlyPos ’Q‘é’b@éﬁ“&my& pr\%?‘l’?fé@"cBY’U%’P]‘?TVIv(HV"EWﬂJX'thPWW'Y- or a salt
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Re is lower alkoxycarbonyl, especially methoxycarbonyl or ethoxycarbonyl,

or a salt thereof (especially a pharmaceutically acceptable salt thereof), provided that at
least one salt-forming group is present.

Greater preference is given to a compound of jormula |, wherein

R, is methoxycarbonyl or ethoxycarbonyl,

R. is isopropyl, sec-butyl or tert-butyl,

R, is phenyl, |

R4 is phenyl substituted in the 4-position of the phenyl ring by 2- or 3-thienyl {=thiophen-2-y!
or thiophen-3-yl); thiazol-5-yl; thiazol-2-yl; 2H-tetrazol-5-yl that is unsubstituted or,
especially, substituted in the 2-position by 1-methyl-1-phenyl-ethyl or preferably by tert-butyi
or especially by methyl; 1H-tetrazol-5-yl substituted in the 1-position by methyl; pyridin-2-yl;
pyridin-3-yl; pyridin-4-yl; or by pyrazin-2-yl; and is especially 4-(thiazol-2-yl)}-phenyi;



G eater preference is given to a conpound of formula I, wherein Rl is
nmet hoxycar bo%ﬁéo t hoxycarbonyl, R2 is isopropyl, sec but vyl petEP7/01860
tert-butyl, zghenyl, R4 is phenyl substitut ed in the 4- position of
t he phenyl ring by 2- or 3-thienyl (=thiophen-2-yl orthiophen-3-yl);

t hi azol -5-yl; thiazol-2-yl; 2Htetrazol -5-Wl- that is unsubstituted or',
especially, substituted in the 2-position by 1-methyl-1-phenyl-ethyl or
preferably by tert-butyl or especially by methyl; 1H-tetrazol-5-yl

substituted jn t - osi .0, Li |

Tl e 9T(th.%°?.giyba§jp @y&yn&g}' g%eny% ﬂbgﬁmw |otrRydt s A armyl;

4- (thi azol Rgefnhbprbbgnséc-buty: tert-butymgﬁémmemethyl and

PCT/ EP97/ 01860 i - 17 -

4- (1 hi azol Reismpthorusarbonyd of BPRITARYMY| ) - phenyl ; or

4-(2-nethyl -tetrazol -5-yl)-phenyl; R5 is |sopropyl, sec- butyI “tert-butyl

Che pr ovi 23).&3 E&t Eé'tv.qoitﬁ&a?ﬁeés? or o3 b A YRR e bl

ded t t
E;/O\ZH o 3 '%‘%faﬁﬁ. tin tﬁah d hQﬁ'tﬁé‘pﬁé}ﬁd ﬂn@B ) bpsttménw(ﬁnbpﬁeuizwbng

|open-iﬁ¥‘zj hi azol -5
t hi azol - 2- mloprﬁﬂ-a-gb;rthmbLS-yy thlunhe-yl.szmtﬁswgl-w atiis ginsulasiitated er.|e§peclaﬂv.

b d 2a ly b
ort- but yi SepstBEaf TS pogh Y s dtu W enerP SR or febletonipby BEbayrt BV
1- posi tion ebgeaaalyrw menhyr il Hh-natr&qHs-yl sybstititedin they1-positiorbhy methykipyridingd-yt; py-

or a (prefera har maceut cal |y acceptable) salt thereof, provided that
at | east oFdinz ‘gﬁg Y)P¥ﬁaﬁ’8'dg§|0up i s present. Speci al preference IS given
to a conmpound of formula I, wherein Rl is methoxycarbonyl or

?ts hZX{f ﬁ,r ggggl_(grefﬁretlzlx rPiQﬁWQ egﬁltt:élilm a}%g?tggféi F%Irt B{egeréh grléwéed tl%)i alt ?eaBPSrR‘é’ éait- R4

4- (pyri di nﬁ}nw,% PWFre@énﬂ (2-nethyl - tetrazol - 5- yI) phenyl; R5 is
I sopropyl, sec-buty ert-butyl or nethylthionethyl; and R6.is

nethoxycarbonyl or et hoxycarbonyl ;
Special preference is givento a compound of formula |, wherein

Ry is methoxycarbonyl or ethoxycarbonyl,

R, is isopropyl, sec-butyl or tert-butyl,

Rs is phenyl, |

R, is 4-(thiazol-2-yi)-phenyl, 4-(thiazol-5-yl}-phenyl, 4-(pyridin-2-yl)-phenyl or 4—(2-methYI-
tetrazol-5-yl)-phenyl;

Rs is isopropyl, sec-butyl, tert-butyl or methylthiomethyl; and

R: is methoxycarbonyl or ethoxycarbonyl;

or a (preferably pharmaceutically acceptable) sait thereof, provided that at least one salt-

forming group is present.

Each of the compounds of formula | mentioned below, or a {(preferably pharmaceutically

acceptable) salt thereof, is highly preferred:

1 -[4-(thiazol-s-y!)-phenyl]-4(S)—hydroxy—2—N-(N-methoxycarbony'll-(L)-valyl)amino-S(S)-N-(N-
methoxycarbonyl-(L)-tert-leucyl)amino-6-phenyl-2-azahexane; '
1-{4-(thiazol-5-yi}-phenyl}-4 (S)-hydroxy-S(S)—Z,5—bis-[N-(N-methoxycarbonyl—(L)-te_rt-leucyl)—
amino}-6-phenyl-2-azahexane;



or a (preferably pharnmaceutically acceptable) salt thereof, provided that

at least one salt- formng group is present. Each of the co unds of :

formula | nMRIMI bel ow, or a (preferably pharmaceutical |y BeHERTAIR .

salt thereof, is highly preferred:

1-[4-(thia- 5- yl') - phenyl ] -4(S)-hydroxy-2- Ng(N-met hoxycar bonyl - (L) -val yl') am n

0-5(S)-N- (N- net hoxycarbonyl -(L)-tert-1|eucyl)am no-6-phenyl - 2- azahexane;

1-[4-(thiazol-5-yl)- phenyl] 4(S) - hydroxy-5(S) -2, 5-bi s-[ N-(N-net hoxycar bonyl
-(L)-tert-leucyl)- am no] - henyl - 2- azahexane; WO 97/ 40029

PCT/ EP97/ tigdibiazol-5-yi)- phenyl]-4 S)-hydroxy-2-N-(N- methoxycarbonyl (L)~rso-ieucyl)m:uno-5(a)

[ (1] 2 Rk iBS e YoriadbyisRin & ohtTEibRNRET Dony! - (1)1 so-l eue
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?m' no- 5( S)-w(tﬁiazmes-wopﬁsﬁytpwlhyai&qizenI(NLaH&Wch%thﬁvapwho%@zmﬂx ane;

- [ 4- ( t hi amethozysarboméhiylertlayaylaming-6-penyhe-azehexamsiy car bonyl - (L) - val yl ) ani
no 5(9) - NI iNthl%t§%¥ﬁ%W% h%r)ox&%‘rﬂ (N%&ﬁ’\&ﬁm&%’?(ﬁ ngéuc%)a%ﬁ‘@%(é)”e

[4 (t hi aid¢N-raethbXxyqgalizonyl- IL)A@S'))ahmtr &pﬁeﬁyi#@-éﬁhm&ﬂmxycar bonyl - (L)-tert-leu
(1:yl ) am no; fz{ 8?1:3203% §lwpggnyr?]%(§? %y 2-!\(1 I'(psl-mgtmx))car nyl-&) Qe,g%wl)%mq%&g@sane
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R\ et i EhimaRh Y- Phgmylle{S-Byipry- SRS Sy et tortovy)
1 [4 (t h'?fﬁﬂb}é p‘t‘nb)iyl@%ﬂekaﬂé S) - hydroxy-5(S) -2, 5-bi s-[ NN(N- et hoxycar bonyl

-tert-leuc - “amno enyl - 2- azahexane;
[4 (t hi azf- ctmaw)z Yhehsn ]%@grwrym-aﬂymmetthmmmoxiy@hmrblnytyl)@nynq -8(8)= leu
cy1) arm oy ShetnokfcaidF LG ARRRRS phbty kb0 6+ Pheny! - 2- azahexane:
- |4) (thi alZ-{?i-gﬂaxéi)2~!dhph@ﬁy}]-4(85)1ymw-ﬁwﬂmétbﬁmmﬂﬂmmﬂww)éhiﬁd- -leu
c am nq, - . X
NY( N- et ﬂ%i@ Jé?tggwprttoeyl (L gy mine- R RhenyrRATAhe A0S ahexane; 1
- [ 4- (2- met-fayfe- ﬁbtmazmaatedmﬁsw:))pndawmﬂ;r HM@W(S!-QWb:E({ﬁ)(N%&hb*y&aEH&nQN met
hoxycar bon L) -tert-|euc phenyl - 2- azahexane;
- 4- (pyrl(&h?"é'eb‘ﬁ}”-aﬂﬂ@ﬂﬁ]’ ?{%%WBF%@!}FJS(S) 2, 5- bi s- [N—(N-rret hoxycar bonyl -
L |yl _2_Gy. L4(83- .9 5-bis- . "
L oyt B P 2 P P i e
(L) tert ’P@Q!W?)aza am%] 6- phenyl - 2- azahexane

| ho- 5 & N REehzADERR o Phi S B2 b (i Wz RO o

or amino}-6-phenyl- 2—azahexane
1-[4-(pyridin-2-yl)-phenyl)-4(S)-hydroxy-2-N-{N-methoxycarbonyi-(L)-valyl)amino-5(S)-N-{N-
methoxycarbonyl-(L)-tert-leucyl)amino-6-phenyl-2-azahexane; or
1-[4-(pyridin—2-yl)-phenyl]-4(S)-hydroxy-2-N-(N-methoxycérbonyl—(L)-tert-leucyl)amino-s(S)-
N-(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane.

Special preference is given to the compounds of formula | mentioned in the Examples, or to
pharmaceutically acceptable salts thereof provided that at ieast one salt-forming group is
present.

The compounds of formula | and salts of those compounds having at least one salt-forming
group are prepared according to processes known per se, for example as follows:



1- [4 (pyridin-2-yl)-phenyl]-4(S)-hydroxy-2-N (N nmethoxycarbonyl-(L)-tert-le
ucyl ) am no-5 PCT/EP97/01860
N- ( N- et hoxyé@’ggmizg(u val yl ) am no- 6- phenyl - 2- azahexane. Speci al
preference is given to the conpounds of formula |I nentioned in the

Exanpl es, or to pharmaceutically acceptabt@-salts thereof provided that at
| east one salt-form ng group i's present. The conmpounds of fornula I and
salts of those conpounds having at |east one salt-formng group are
prepared according to processes known per se, for exanple as follows:

WO 97/ 40029 PCT/ EP97/ 01860
- 19 - r?daaﬁm@aemmemmmmae of fornula [err] wherein the
radi cal s R4 R5 and R6 are as defined for conpounds of forrmula I, is added
to an epoxide of formulaRV*, [err] especi al |y of f(BB.rruI alv,
O
NH
: HN‘h,J/m?H R, -
H R

wherein the radicals R;, Rs and R are as defined for compounds of formula |, is added to
an epoxide of formula IV*,

R,
R, )CH I{I o .
Y - (V¥
-0
R3
especially of formula IV,
T
R, CH N O ,
NPAVANIN, av),
NH Y v |
. L
) \Ra'

wherein the radicals R;, R; and R, are as defined for compounds of formula |, free
functional groups with the ekception of those participating in the reaction being, if
necessary, in protected form, and any protecting groups are removed, or

b) an amino compound of formula V*,

R4
: P won v
D}N I{ N



[err]

compounds of fornula 1, free functional

partici pati P ¥¥OPHe reaction being, if necessary, in protectBGVERH

any protecting groups are renoved, or
[err] WD 97/ 40029

- 20 - especially of fornmula V [err]

R3 and R4 are as defined for conpounds of formula I,

acid of formula [err]

wherein the radicals Rl, R2 and R3 are as defined for

groups with the exception of those
186fhg . -
b) an am no conpound of fornula V*,
- PCT/ EP97/ 01860
wherein the radicals Rl, R2,
i s condensed with an

or with a reactive acid derivative thereof,

wher ei n t gePe@lvfiiermuand R6 are as defined for conpounds of fornmula I,
free functional groups vmth t he exqutlon of those participating in

CH N\)\/ NH

Rs

M),

wherein the radicals Ry, Rz, Rs and R, are as defined for compounds of formula i, is

condensed with an acid of formula

0
g
HO |
RS

NH

\Rs

Vi)

or with a reactive acid derivative thereof, wherein the .radicals Rs and R¢ are as defined for
compounds of formuia |, free functional groups with the exception of those participating in
the reaction being'. if necessary, in protected form, and any protecting groups are removed, -

or

¢) an amino compound of formula VII*,

/lllll

| vir)

(vib),

wherein the radicals R,, R4, Rs and Rg are as defined for compounds of formula {, is

condensed with an acid of formula



the reaction being, if necessary, in protected form and any protecting
groups are reooymaeh9 Or c) an am no conpound of fornula VII* PERERH7/01860

especially of formula VIl [err] wherein the radicals R3, R4, R5 and”
R6 are as defined for conpounds of forrmula I, is condensed with an acid of
formul a WO 97/ 40029 -21-
PCT/ EP97/ 01860 - 21 - Jerr]

Rz

| (Vi)

or with a reactive acid derivative thereof, wherein R, and R; are as defined for compounds
of formula |, free functional groups with the exception of those participating in the reaction
being, if necessary, in protected form, and any protecting groups are removed, or

d) to prepare a compound of formula | wherein the pairs of substituents R, and Re and R,
and R; are in each case iwo identical radicals, as defined for compounds of formula |, and
R; and R, are as defined for compounds of formula |, a diamino compound of formula IX*

R,
oH { | (X9,

H,N N
z \{\/ “NH,

R,

especially of formula X,

""N\/(ﬂ/"l(‘m-i2 | w

(Vilia)

or with a reactive acid derivative thereof, wherein R,’ and R;' are as defined for R, and Rg

and for Rz and Rs respectively, in formula I, the pairs R, and Rs and R, and R; being in

Pl



or with a reactive acid derivative thereof, wherein Rl and R2 are as
.defined for 8$ﬁ@§§9ds of formula |, free functional groups é; :
exception R participating in the reaction being, if necess ry, 0 -
protected form and any protecting groups are renoved, or d) to prepare a
conmpound of fornula | wherein the pairs-gf¢- substltuents R1 and R6 and R2
and R5 are in each case two identical radicals, as defined for compounds of
formula I, and R3 and R4 are as defined for conpounds of formula I, a

di am no conp ound, o or mul a I X,

Corr] " “SubRaBE nfe idsPffttrBdipdls, i bncpionsl groups AARR sRtestiod ot isBns ad w ¢ h
an aci d Qarticiatingdn &r&r feaction being Of neddssasy, ireprotdcl farth daritRdriybiedting her eof

wherein R1' and R2' as defined for R1 and R6 and for R2 and R5
r espect i EPYPS @1 ’PB‘P% the pairs RL and R6 and R2 and R5 being in
WO 97/ 40029 PCT/ EP97/ 01860

e) an imino compound of formula (I'*,

| Iy
ANDANTAN )\ A\

% Wk
&) R, R,
especially of formula I
I: NH )\ ")
R\Nl-'{/ \_:.A/ NH CH/
0 X . Rs.

wherein the radicals R,, Rz, Rs, Rsand Rg are as defined for compounds of formula |, is |
reacted with a compound of formula X,

R, ™
'/ .

X

wherein X is a leaving group and R, is as defined for compounds of formula |, free
functional groups with the exception of those participating in the reaction being, if
necessary, in protected form, and any protecting groups are removed, or

f) an imino compound of formula ">,



p—

-22 - each case two identical radicals, free functional groups with the
exception of t% e participating in the reaction being, if negefEpsFHIs6ON
pr ot ect ed PR G any protecting groups are renoved, or €) an imno

compound of formula (1")*, [err] especially of formula I' [err]
wherein the radicals Rl, R2, R3, R5 and f3 are as defined for conpounds of
formula |, is reacted with a compound of formula X [err] wherein X is a
| eaving group and R4 is as defined for conmpounds of fornula I, free

functional groups with the exception of those participating in the reaction
being, if necessary, in prgkected f Lm Hand gany protecting groups are

removed, or f) an inino cgnpound o fonmul g| (1" )N WO (B¥/ 40029
PCT/ EP97/ 01860 R CH NH N, /N -28 - [err]
S /' \ /
NH NH TH A '
o _
- Ra RS -
especially of formula I
‘R,
]‘ oH H @ .
R,\ / \ / \
NH Y ¥ NH cI:H R
O 4
. \Rs R,

wherein the radicals Rs, Rz, Ra, Rs and Rs are as defined for compounds of formula I, is

reacted with an aldehyde of formula X*,

R, _ X%

b

o]

wherein R, is as defined for compounds of formula |, or with a reactive derivative thereof,
with reductive alkylation, free functional groups with the exception of those participating in

the reaction being, if necessary, in protected form, and any protecting groups are removed,

and, if desired, a compound of formula ! having at least one sait-forming group obtainable in
accordance with any one of processes a) to f) above is converted into its salt or an
obtainable salt is converted into the free compound or into a different salt and/or isomeric
mixtures which may be obtainable are separated and/or a compound of formula | according
to the invention is converted into a different compound of formula | _according to the .

invention.

The above processes are described in more detail below with reference to preferred

embodiments.



especially of formula I' [err] wherein R4 is as defined

for conmpounds of fornmula I, or wwth a reactive derivative ther '
reductive a‘T’?W’éWBn, free functional groups with the except ﬁ’&ﬁ@’W&Ee - -

participating in the reaction being, if necessary, in protected form and

any protecting groups are renoved, andzqif desired, a conpound of fornula
| having at | east one salt-form ng group obtai nable in accordance with any
one of processes a) to f) above is converted into its salt or an obtainable

Paoner ¢ e g Helanatan o3Fe R Protestdt dhsfig keraratings Te sBRiEn
of f or mulrAateridls a@iies@thbavisd ndicatsththe vadicals ()RS IR, £H,, iRitandaR@iré &S Hefed

conpound of fornmula | _according to the. inventjon. The above processes are
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being preferred.
Process a) (Addition of an amine to an epoxide):

In the hydrazine derivatives of formula i, the amino group participating in the reaction
preferably has a free hydrogen atom; it may, however, itself have been derivatised in order

to increase the reactivity of the hydrazine derivative.

The epoxide of formula IV enabies the terminal addition of the hydrazine derivative to

proceed preferentially.

In starting materials, functional groups the reaction of which is to be avoided, especialiy
carboxy, amino and hydroxy groups, can be protected by suitable protecting groups
(conventional protecting groups) which are customarily used in the synthesis of peptide
compounds, and also in the synthesis of cephalosporins and penicillins as well as nucleic
acid derivatives and sugars. Those protecting groups may already be present in the pre-
cursors and are intended to protect the functional groups in question against undesired
secondary reactions, such as acylatioh, etherification, esterification, oxidation, solvolysis
and the like. In certain cases the protecting groups can additionally cause reactions to
proceed selectively, for example stereoselectively. It is characteristic of protecting groups
that they can be removed easily, i.e. without undesired secondary reactions taking place,
for example by solvolysis, reduction, photolysis, and also enzymatically, for example also
under physiological conditions. Radicals analogous to protecting groups may aiso be
present in the end products, however. Compounds of formula | having protected functional
groups may have greater metabolic stability or pharmacodynamic properties that are better
in some other way than the corresponding compounds having free functional groups.
Hereinabove and hereinbelow, protecting groups are referred to in their true sense when
the radicals in question are not present in the end products.

The protection of functional groups by such protecting groups, the protecting groups them-
selves and the reactions for their removal are described, for example, in standard works

-
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foll ow ng descri p%l on of the individual processes and the preparation of
the starting materials, unless otherwi se indicated the radicals Rl, R2, R3,

R4, R5 and R6 are as defined for conpound®-of fornula |, preference being
given in each case to the definitions given as being preferred. Process
a) (Addition of an amne to an epoxide):. In the hydrazine derivatives of

formul a Idby a5he Fam, MCCHhRY FPPRcivS GRalps e OrgahibeHepfisiy"DPleRufiRBss) hondes a
free hydrogen atom it may, however, itself have been deriyvatised ipn order
to i ncreand New YosatT3in yhoW. Gieens, dPilestive &rpHRsin Qrganic Symthesis, YVigY.of
formula | t bew ] a et ir f dy. A I by, IAGAdéM
proceed eev?g?g!nf?egl'F‘i.ﬁﬁr'fgrﬁhgkgr'?%Lﬁﬁgt(gr?gﬁ,@uﬁgﬁ%}ﬁ’fgr oups the o
react i on RréssyHionHon and dleweYorkoiogd din “Matheden dey osganisphen Ghemie' GMethedacbxy
gr oups, n_be nrot.ect., Uhiab : ' ' I
pr.ot ect i @gﬁptﬁ@l m'&ﬁ i‘ﬂ-‘%bee%m%?b%@rﬁ'@rﬁgg‘ [ n%’l?fle@ %o; ?ﬁg&sﬁ%{lg%ept i de
conpoundsStutigatt 274 in H.-Dh dakubkelandi K. Jeschait aminasauiens Pepiitie, Broteine! (*Amings

Il | ei i d_der.i vat,i - S LN i
ol ready s peeiies, Mo e PEnR! Wi BRFIRGCAEY 4R el el
f unct | onanddhQYeri Letfitdrt, "Ohemigader onlahydiate Morssaodanridennd Dérivate" (Stheh|
as acylation, etherification, esterification oxidati, solyol ysi s an e
ke | n Graris oLGawehyEEs: BRPERIATRGL B devaln D R ThRma e
reacti On%thﬁ?éﬁ 96p£d selectively, for exanple stereoselectively. It is

characteristTc of protecting groups that they can be renoved easily, i.e.
wi t hout undesired secondary reactions taking place, for exanple by
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radi cal s SHff a‘ SEPPOHEPe ot present in the end products. The protection
of functional groups by such protecting groups, the protecting groups them
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carbony! or ethoxycarbonyl.

A protected carboxy group esterified by a lower aikyl group that is branched in the 1-
position of the lower alkyl group is, for example, tert-lower alkoxycarbonyl, for example tert-

butoxycarbonyl.

A protected carboxy group esterified by a lower alkyl group that is substituted in the 1- or 2-
position of the lower aikyl group by suitable substituents is, for example, arylmethoxy-
carbonyl having one or two aryl radicals, wherein aryl is phenyl that is unsubstituted or
mono-, di- or tri-substituted, for example, by lower alkyl, for example tert-lower alkyl, such as
tert-butyl, lower alkoxy, for example methoxy, hydroxy, halogen, fqr exarﬁple chlorine,
and/or by nitro, for example benzyloxycarbonyl, benzyloxycarbony! substituted by the
mentioned substituents, for exampie 4-nitrobenzyloxycarbonyl or 4-methoxybenzyloxy-
carbonyl, diphenyimethoxycarbonyl or diphenyimethoxycarbonyl substituted by the
mentioned substituents, for example di{4-methoxyphenyl)methoxycarbonyl, and also
carboxy esterified by a lower alkyl group, the lower alkyl group being substituted in the 1- or

£l
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J. F. W MW¥Ri%M002R ot ective Groups in Organic Chemstry", Pﬁgbr'lrlﬂEnl;glyr%ess, .-
London and New York 1973, in Th. W Geene, "Protective G oups in Organic
Synt hesis", Wley, New York 1981, in "Th&6Peptides”, Volume 3 (E. Gross and
J. Meienhofer, eds.), Academ c Press, London and New York 1981, in

"Met hoden der organi schen Chemi e" ( Met hods of Organic Chenistry”),
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group or GArBRAYli2rbEMeet Q’fyéa@nl)‘r"'@'B@%?thp’ﬁf?a@"b’hésl“@'@s ?a(twubﬁﬁlde@)sw
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he 1- I
Al Koy ar et Tor Cookit, 5 6ker it 1obER BRoioh oyl el G Bycor it 815
group esteaniple twey alkyl, phenyldowss allgdmyplotaﬂqyt ofi mewbaaqmojtvdnbh in unbuabstituted  2-
t f | e,
Byl et nofybaliuisas aiyior Bl MbbPhdioRAeiid: ey Garbi. 0 & 2H- ©
Ehelnyl t Hasf/en alk;dsubﬁéthd:xytcathwybforrmample zttrunethyls:tyleghmmamonylgﬂ 2-(dbn- lbaty&rrpl e,
. t tert
A kowy. | 1BPkE TR e & AT BRS S srrong: sBhar eh eV e o or

by ni tro,cdrissnygxanpl e benzyl oxycarbonyl, benzyl oxycarbonyl substituted by
t he nentioned substituents, for exanple 4-nitrobenzyl oxycarbonyl or
4- met hoxybenzyl oxy- carbonyl, di phenyl met hoxycar bonyl or

- di phenyl mebsi%wﬁfdm@rma alsbw profectédiay tﬁdﬂﬁrmbhm@siwmmaﬁw group. An
exanpl e di [0) phen ) met hoxycar boi]% and al so car boaé%) esterlfled by

a | ower eﬂrm'c ahtmycafn?@ iQfﬂ}éP S, f B tridowey alipisiiyioxyqaseonyharong. 9! or

example trimethylsilyloxycarbonyl.

A protected carboxy group is preferably tert-lower alkoxycarbonyl, for example tert-butoxy-
carbonyl, benzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 9-fluorenyimethoxycarbonyl or
diphenyimethoxycarbonyl.

A protected amino group may be protected by an amino-protecting group, for examplé in
the form of an acylamino, aryimethylamino, etherified mercaptoamino, 2-acyl-lower atk-1-
enylamino or silylamino group, or in the form of an azido group.

In a corresponding acylamino group, acy! is, for example, the acyl radical of an organic
carboxylic acid having, for exampie, up to 18 carbon atoms, especially an unsubstituted or
substituted, for example halo- or aryl-substituted, lower alkanecarboxylic acid or an un-
substituted or substituted, for example halo-, lower alkoxy- or nitro-substituted, benzoic
acid, or, preferably, of a carbonic acid semiester. Such acy! groups are, for example, lower
alkanoyl, such as formyi, acetyl, propionyl or pivaloyl, halo-lower alkanoyl, for example 2-

P
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2-position by SUI | e substltuents such as 1-1ower al koxy-| ower

al koxycar bonyl ,  for exanple net hoxyrret hoxycar bonyl , 1-nmethoxyet hoxycar bonyl
or 1-ethoxyet hoxycar bonyl, 1-lower al kyltB¥e-|ower al koxycarbonyl, for
exanpl e 1-net hyl t hi omet hoxycar bonyl or -1 -ethylthi oet hoxycarbonyl,

ar oyl net hoxycar bonyl wherein the aroyl group is benzoyl that is .
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2-trimet h?ﬂ)??ll Mkﬂ éﬁ?ﬁﬁ% ﬁ%ﬁbbve?élk?r sdéh Qs ﬂ—#ﬂﬁutyl lower alkoxy, such as methoxy,

met hyl - si rbonyl, or 2-trjarylsilylethoxycarbonyl, such as

tri phenyl divdgaet h@lsagen,@arsb9ﬁphionne.@rwb{tpmwgrf@nwamg‘e&egaﬁwcamﬂub14ed in

the f b I
group 1 s, HSbbriSatFaciy MisterGRStA N caiphb o 1B BRI B abh NSRS
trimethyl snétpbmpyneaylbnat;nbxycarbbrm areyimethoxyearbony! whetgin the groy igreurbisy
tert-| f T
bg:lzyl 825:%?4 _ QY B&E#%&% e‘%?'if o%‘gg tgﬁé%m&g&%ﬁg)r‘en lpﬁ&/ I{)]alo altail 8?19? or
di phenyl rrmrdsmm,ecmrtmamble phehapyloxmﬂmhyar&mab@m;alkmycarbomn doretampie 2,22

t h f | ami . .

o B o 2 R o 9 2 e BRI st
or silyl asilyiplogved uncoxpcrarbamw tfer émmleﬁ-tamwen alkyisiiylower alkbxycarboayl; sa¢toasi2ng
car boxyl | STaeibIshdEr S a e Sy Ty A b SRy,
unsubsti t @) @gerSfbr Exirtple zitﬁphmwmleﬂxcb@bﬁrbo aryl -substituted, | ower
al kanecar boxylic acid or an un- substituted or substltuted for exanple

hal o-, | ower al koxy- or nitro-substituted, benzoic acid, or, preferably, of
a carboni ¢n aR Iaeyuﬁ:emy&ﬁ.ﬁé gm'apbcm%&adnpw&m«:araa orfe8 &%WJaW}mbﬂWmmo

al kanoyl , such ‘as r;r’y acety ;I:)ro pi on pi va uty hal ‘o- | ower

al kanoy! , 9reHp, él;@wp s are especlal y unsubs :tuted or substnt ed phenyl radicals. Such

groups are, for example, benzyl-, diphenylmethyl- or especially trityl-amino, or very
especially 1-aryl-lower alkylmethylamino wherein the lower alkyl radical is preferably
branched in the 1-position, such as in 1-methyi-1-phenyl-ethylamino.

in an etherified mercaptoamino group the mercapto group is especially in the form of sub-
stituted arylthio or aryl-lower alkylthio wherein aryl is, for example, phenyl that is unsubsti-
tuted or substituted, for example, by lower alkyl, such-as methy! or tert-butyl, iower alkoxy,
such as methoxy, halogen, such as chlorine, and/or by nitro, for example 4-nitrophenyithio.

in a 2-acyl-lower alk-1-enyl radical that can be used as an amino-protecting g.-roup, acyl is,
for example, the corresponding radical of a fower alkanecarboxylic acid, of a benzoic acid
that is unsubstituted or substituted, for example, by lower alkyl, such as methyl or tert-butyl,
lower alkoxy, such as methoxy, halogen, such as chiorine, and/or by nitro, or especially of a
carbonic acid semiester, such as a carbonic acid lower alkyl semiester. Corresponding
protecting groups are especially t-lower alkanoyl-lower alk-1-en-2-yl, for example 1-lower

—
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1- et hyl - I- phenyl - et hyl am no I'n an etherified nercaptoam no group the
mercapto group is especially in the formof sub- stituted arylthio or
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al k- 1- engrdups. A prsfereedhydroxylplotauting group is, for example, 2,2,2-trichloroethoxycarbonyl,
4-nitrobenzyloxycarbonyl, diphenylmethoxycarbony! or trityl. A hydroxy group can also be
protected by tri-lower alkyisilyl, for exémpie trimethylsilyl, triisopropyisilyl or tert-butyl-di-
methyisilyl, a readily removable etherifying group, for example an alkyl group, such as tert-
lower alkyl, for example tert-butyl, an oxa- or a thia-aliphatic or -cycloaliphatic, especially 2-
oxa- or 2-thia-aliphatic or -cycloaliphatic, hydrocarbon radical, for example 1-Iowér alkoxy-
lower alkyl or 1-lower alkylthio-lower alkyl, éuch as methoxymethyl, 1-methoxyethyl, 1-
ethoxyethyl, methylthiomethyl, 1-methylthioethyl or 1-ethyithioethyl, or 2-oxa- or 2-thia-
cycloalkyl having from 5 to 7 ring atoms, such as 2-tetrahydrofuryi or 2-tetrahydropyranyl, or
a corresponding thia analogue, and also by 1-phenyl-lower alkyl, such as benzyl, diphenyl-
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al kanoyl - praﬁgf:”é??—z%-yl , such as 1-acetyl-prop-1-en-2-yl, or |ower

al koxycar bonyl -1 ower al k- 1-en-2-yl, for exanple | ower

al koxycar bonyl - prop-1-en-2-yl, such as 1= 89 hoxycar bonyl -prop- 1 -en-2-yl.

A silylam no group is, for exanple, a tri-lower alkylsilylamno group, for
exanple trimethyl- silylamno or tert-butyl-dimethylsilylam no. The silicon
at om of t heesid SthAl, Hihesin e SRdhydliicaiecanibe Sutbsiltered Hpr exermpieyioy hatagen, for
al kyl groups, “for éxanpl e net yltoglr?o%%s anﬁ%ﬁ%ﬁ&_@? i{yn no_ group or carboxy
group of exenpimehlatnedewer alkoxyoforgrample rag HRYiIMPsuch protect- ing
groups can be prepared, for exanple, using the corresponding chlorosilanes,
such as di net hyl chl orosil ane, as si I%/I ating agents. An am no rou]% ca

al S0 be préohydrorylgtoppandaly aning grawR thaf are,adiacant te ane gpathes i a8 mglecule can be
correspondi.n i e ' ' ' | ch
e sul ar e, BRI BO BRaMnt frdiiRis Gouss, s8R0 as BshahPlohe SRl naal

chlorine Qireferably sebstituted, foexamiple by aneer suo fayer alkyt ragicalsorhy oxp, for example

p-tol uenesul fonic acid.. .Preferr am no. ' p .

51 koxy car EwpoLt ey eupeieS aMAGeS s taie® il Bityfiats, SucH & KBiby

al koxycar hggnd, ,cyaobmxuh”enal chas cyclmivexylideke,la earbofylydroup or benzylidene.

1- net hyl - 1- phenyl -ethyl and | ower al koxycarbonyl -1 ower al k-1-en-2-yl. A

hydr oxy group can be protected, for exanple, by an acyl group, for exanple
| over al kapeyd cértakt dfShis dlselostng apréteciiy groap, fos exdmple ecddrboxygrotextiog geoip,
2,2-dichloroacetyl, or especi al)lgé sg%{%n acyl radical. o& a, g’argo&u C -aCId(il
seni est er igimbe opderstogd ashaingexe ,8°@r%’t':\ﬂ§‘?”_cﬁﬁ5?%‘t atig ponded in‘a readily
hydr oxy- PIrghBebbiB I B {he-fuh@lonBKGHaDp Sor 8xampPle thé E4YbBXP GiIPXIISY Protacked,
4-ni trobenzyl oxycar bonyl, di phenyl net hoxycarbonyl or trityl. A h dr_oxa/ .
group can fai exarhpie graaragrtssilable forthe Mﬁﬂﬁfﬂek&FWh%ﬁ‘?-ﬁ‘{Chf%W'éP}%ﬂ“é‘%e”c carrier
trinmethylsjl LS ol ks - hr Mﬁéh witidivigadi |y
r enovabl e%%'tfwe?#@élﬁgg rl%%}ea? 6#'2%#‘6??%%@%3@5 ro gﬁp,_ sﬁiﬁr?ﬁas tert wd

| ower al kydenzéne apd gapying badge mempers syjtablesfor savessiblpibendingphat i ¢ or _
-cycloaliphatic, especially 2- oxa- or 2-thia-aliphatic or -cycloaliphatic,
hydrocarbon radical, for exanple 1-1ower al koxy- |ower alkyl or 1-Iower

al kyl t hi o-Thevsdditidrikefithe sompouarsdsmdtforongaiit ioythe epoxides abieyraulayV is garried out

et U T, B B Yool RS

2-tetrahydypobidiey] or 2-tetrahydropyranyl, or a corresponding thia anal ogue,

and al so by 1 -phenyl-Ilower alkyl, such as benzyl, diphenyl -
The addition is carried out especially in aqueous solution and/or in the presence of polar
solvents, such as alcohols, for example methanol, ethanol, isopropanol or ethytene glycol,
ethers, such as dioxane, amides, such as dimethyiformamide, or phenols, such as phenol,
and also under anhydrous conditions, in non-polar solvents, such as benzene or toluene, or
in benzene/water emuisions, optionally in the presence of acidic or basic catalysts, for
example alkali hydroxide solutions, such as sodium hydroxide solution, or in the presence of
solid phase catalysts doped with the hydrazine, such as aluminium oxide, in ethers, for
example diethy! ether, gensrally at temperatures of from approximately 0°C to the boiling
-temperature of the reaction mixture in question, preferably from 20°C to reflux temperature,
optionally under elevated pressure, for example in a bomb tube, in which case it is also
possible to exceed the boiling temperature measurable at normal pressure, and/or under an

. inert gas, such as nitrogen or argon, it being possible for each of the two compounds of

formulae il and IV to be present in excess, for example in a molar ratio of from 1:1 to 1:100,
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or trityl %@E‘&?%’F% t he phenyl radicals can be substituted, fpgﬁ%é‘?yﬂbqgg

hal ogen, for exanple chlorine, |ower alkoxy, for exanple nethoxy, and/ or by
nitro. A hydroxy group and an am no ggeup that are adjacent to one
another in a nolecule can be protected, for exanple, by bival ent protecting
groups, such as a nethylene group that is preferably substituted, for

exanmple b or t ower als or x0, for exanple

inoubst PRURGANGP SmIr reR e i POEME ersresesial 8'a GlR ol kPRT ®AS: such
as isopropyl- idene, cycloal kylidene, such as cycl ohexylidene, a carbonyl
group or_benzyli dene. In the context of this disclosure, a protecting

group, e feeengplpratesiadereypPs ey be: ffegtagip@scon ﬂénQ%W%tMQﬁ@d%dés%@edel ng |

EXprESSb&oaJhgﬁ?étﬁé)h¥Q&ﬁg€RQﬁb{}é'%ﬁ pm@éﬂng%r%?d in a readily renovabl e

manner to t unctional “group, for exa car boxy group, to be
protected, for exanple a carrier suitable for the Merrifield synthesis.

Such a te%glbci:rg Jg)/agﬁﬁ'o?aﬁaarnﬁlhgﬁoﬁ for exanple, a polystyrene resin

meakly oss I copolynmerrsation wth divinyl- benzene and carrying
bri dge nenbers SU|tabIe for reversible bonding. The addition of the

conmpoungds_.of.. for th es of . fornul al [ried out

pref er ag\ Uw”ﬁ’eﬁ:@lsroég%r{rﬁg%e gcﬂ?ﬁ%i HREtaNRL orRHRs, With %?eﬁfc?%l‘mt‘ﬁ@'%‘éﬂﬁ tion
of nucl mlhré &Spérﬂcng/awén Mreﬁcttd'rher theltldo n?neaet undef tlrﬁdeﬁbttorﬂfdﬁambﬁb lafei N
aqueous sol uti.on, and/,or t he presence o | af sol vents, such

l'cohol BIoteGipd INSRENESHY 91,00 BNOtE: B She of Lk praiesiins StAUps Tened yngetol .

et hers, prdgeBsay di oxane, am des, such as dinmethylformam de, or phenols,
such as phenol, and al so under anhydrous conditions, in non-polar solvents,
such as benzene or toluene, or in benzene/water emulsions, optionally in

the preggg esnfatmﬁas 8 ﬁnﬁmahn%nﬁe-césraém slifee éémm%’r\av& 6r a:lehalme fordigral de

sol utions, “such as sodi um hydroxi de solution, or 1n presence of solid

" phase ctaastiye asid desvative thar qoﬁé"h%"ﬁ? Hbthesfﬂrﬂh"fa%d%ﬂ‘(ﬂﬁ’\ aetiviated eSIRE O | n
ethers, réca%YééngiEiWr rﬂ] dbﬁh'i fd'?ﬁ'lhzﬁra re@SHR dtlid/artide! ‘?l?@?e[]eh\‘rﬁ 86id Rbrivdtes

appr oxi mat e e boi 1 ng tenmperature o reaction mxture in
quest i omaymlsqmmmpdfmamzo[ err]C to reflux tenperature, optionally under
el evated pressure, for exanple In a bonb tube, in which case it is also
possi ble to exceed the boiling tenperature neasurable at normal pressure,
and/ or Actilatedhasterssofticogypounds ohfosmulai Virhaying ecterrainglosarboty greumgrqoemiclalm for

Fach o B oy REROH SR B ind bl BBlal) pb L bnRERF harhBleStiiE
of the vinyl ester type, such as vinyl esters (obtainable, for example, by transesterification of
a corresponding ester with vinyl acetate; activated vinyl ester method), carbamoy! esters
(obtainable, for example, by treatment of the corresponding acid with an isoxazolium
reagent; 1,2-oxazolium or Woodward method), or 1-lower alkoxyvinyl esters (obtainable, for
example, by treatment of the correspondihg acid with a lower alkoxyacetylene; ethoxy-
acetylene method), or esters of the amidino type, such as N,N'-disubstituted amidino esters
(obtainable, for example, by treatment of the corresponding acid with a suitable N,N'-di-
substituted carbodiimide, for exampie N,N'-dicyclohexylcarbodiimide or especially N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide; carbodiimide method), or N,N-disubstituted
amidino esters (obtainable, for example, by treatment of the corresponding acid with an
N,N-disubstituted cyanamide; cyanamide method), suitable aryl esters, especiaily phenyl
esters suitably substituted by electron-attracting substituents (obtainable, for example, by
treatment of the corresponding acid with a suitably substituted phenol, for example 4-nitro-
phenol, 4-methytsulfonylphenot, 2,4,5-trichlorophenol, 2,3,4,5,6-pentachlorophenol or 4-
phenyldiazophenol, in the presence of a condensation agent, such as N,N'-dicyclohexy!-



WD 97/ 40029 _

PCT/ EP97/ 0186W0 97140029 - 3CE/EPITI01860
especially in a nolar ratio of from1l:1 to 1:10, nore especially in a ratio
of from1l:1 to 1:3. The freeing of protected groups may be effected in
accordance with the nmethods descri bed bel owlunder the headi ng "Renoval of
protecting groups". Process b) (Fornation of an am de bond) In starting
materials of fornmulae V and VI, functional groups, with the exception of

groups that cé‘fb%df&rﬂﬁéiﬁ&ﬁﬁté@é@l édlersifethBag t:y&sbn%mfﬂ&&eré QobiahablB ol exafisle,

the reaction con are protected |ndepen ent one anot her b by one

of the prot bytieatmentsf the crrrasPanding aﬁ@wtwme@ggeta;mme inthe Rresgnsai @ Rase:
f la VI f
ormul a gérg)% etfi) "HebdrB nfbthd ghmewe%ﬁmlygfn?ﬁgegmea sbgu A8 1P

reactive acl er|vt|vethere for exa . ormao I 'ved
activat ed eskamplernire-aobstitated phetwithie estars (abtainablepiomesampler bytreatoient gtthec

am de. The reactive.acid, d 0 '

Activat ed eSPEPP 'r@o%% ﬁﬁé‘@ﬁ@ﬁ%‘#ﬁ "%{S§ﬂ5€c’ef éag%%'ﬁ@l stuggt?t% o thi cr"oup

gr e espec :c abgyn?gtmtaam:wthﬂatmdndé ot arbodiinide nasthod; Iacﬁkate@tmdrs]lestelsl marhod)o

- be esterifie or exanple esters.o ester, t suc vin
esters (obt&f ﬁ%ﬂﬁcéa"yﬂ?nﬁ%?éﬂ'ﬁ'f"@ es&;st(?lg b@yh’%%%ﬁg&%@%ﬁm&shg

ester with yhhdhg aeetmrﬁan ﬁqwdvaéyaﬁnnd EN- h@&foayarmab%ﬁ)pouﬁar#eamfhmew-er S

(obt ai nabl e, for~exanp treat ment of the correspondi n% acid with an

i soxazol i unhv@ﬁg!ﬁ?\lcc'"!“'Qecﬂ}a{"ﬁ‘[qup@}?d’%@&M‘Frexmtmm'dedﬁ‘ ydroxywSrnorbornene-
al koxyvi nyl t

cor r espondi %Sﬁé{gérgo&ﬁ#& ai?:id‘xft%ﬁ? %ﬁo@g@tﬁ e&rqée(&égﬂg@?%aﬁgwg 1 23 beﬁlzg
or esters ofriazine4-anedionexample, bygm;an*wnnerqrcatbgdlyetdetmefeadaaﬂndatﬁd Nebydrosy

(obt af nabl eeciblf mEtAAD e sheREidrSManil 1 UBHRL! £3PA0SH0G,RE! o i th 2

sui tabl e N, carb or exa
N, N-di cycl ohexyl carbodiin de or especially N(3-
di met hyl am no | car bodi i m de; et ho

NN ah et Anbedtinbs o GFHS M e SRBE I oh pifa Aok iXEd By anden Y Hrios8 asi fos

the corres peiuihﬁsa a%ﬁy&;d@stmﬂnoﬂgjamccacmsbsmﬂ a8 86ld ﬁmdb”srrbeﬁecl eafararutﬁides
met hod), suitable ar1y esters, especi al I't}{@l?hen yl esters suita
Pb

o Sty P AeaTRIP di FeAImeThat e BaHELPOEATHA B e calelds) o
by treat menbh&f hbH& ﬁé?ﬁé&ﬁd}%dbﬁ&g%ﬁé Ar VAl chictidiet é&&ﬁéhﬁﬂ@é?ﬂétﬁ&ﬁdamc"

for exanple 4-nitro- phenol - met'hyl sul f onyl phenol 5-trichl orophenol

2,3,4,5,6- pmm erfepmledroma qoFeRpeRAing agid ester via thetcn wespandinglydmzide

condensat i og, AGgNment tHetedtwitt Mitrott £0id: R Mbthod), anhydrides with carbonic acid semi-
esters, for example carbonic acid lower alkyl semiesters (especially chloroformic acid methyl
esters) (obtainable, for example, by treatment of the corresponding acid with chloroformic
acid lower alkyl esters or with a 1-lower alkoxycarbonyl-2-lower alkoxy-1,2-dihydroquinoiine;
mixed O-alkylcarbonic acid anhydrides method), or anhydrides with dihalogenated, espe-
cially dichlorinated, phosphoric acid (obtainable, for example, by treatment of the corres-
ponding acid with phosphorus oxychloride; phosphorus oxychloride method), anhydrides
with other phosphoric acid derivatives {for example those obtainable with phenyl-N-phenyl-
phosphoramidochloridate or by reaction of alkylphosphoric acid amides in the presence of
sulfonic acid anhydrides and/or racemisation-reducing additives, such as N-hydroxybenzo-
triazole, or in the presence of cyanophosphonic acid diethyl ester) or with phosphorous acid
derivatives, or anhydrides with organic acids, such as mixed anhydrides with organic
carboxylic acids (obtainable, for example, by treatment of the corresponding acid with an
unsubstituted or substituted lower alkane- or phenyl-lower alkane-carboxylic acid halide, for
example phenylacetic acid chiloride, pivalic acid chioride or trifluoroacetic acid chloride;
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(obt ai nabl e, for exanple, by treatment of the corresponding acid with

chl oroacetonitrile in the presence of agdzase; cyanonethyl esters nethod),
thio esters, especially unsubstituted or substituted, for exanple
nitro-substituted, phenylthio esters (obtainable, for exanple, by treatnent

of the corre ond| id, Wit n [.Su stltule for |l e
o suwtd%m AP SnpHirabe IPEBLb W reBhioRURG B doptpPenie. 7P
car 3od| i ?St b{l@éhtnﬁ@\t bﬂ?b&lﬂ subhals a‘aﬁlﬁlﬁméﬁ: kdlt;l%)f tr\]?r c;o@&ﬁﬁmdidld acndmltgo or
am do esters (obtainable or, exanpl e rea 0 e, corres- ponding -
aci d wi t%salﬁﬁh(\& B SRR Ry B SR NS ARATE ALEVE oo SRR e N
hydr OXysMﬁﬁiaﬂb%fjﬁ{olﬁéﬁBﬁQde?@ EhiHaE, mNeasdmwaaa aahydﬂdée method) and

N- hydr oxy- 5- nor bor nene- 3-di carboxylic acid i mde

- hydr ox ymglﬂﬁla&‘i‘wfédﬁﬁ(obtﬁ'ﬂﬁﬂ%w exampie, Wmdfniat'ﬁ?ﬂl?é theocortespanding acigne,
for exaﬁa'ttﬁ% ggfesbpse aﬂéxg( olfmtle dral- &xsmytam.ﬁsp as,frtyngyma@&ﬁefa{r%patéwdr Xy

esters ne nternal esters, for exanple aétones, can-also be used.
Anhydr i dmethotl).aci ds may be symetric or preferabl y m xed anhydri des of
t hose acids, for exanple anhydrides with inorganic acids, such as acid
hal i des, especially acid chlorides (obtainable, for exanple, by treatnent
of the csmatw(:yuub agidas arevaspicially amides atithdivedsempéred plirzangclgsof arotmatic | de,

Egéﬁgfgec*%rf% 4% steh pe e vt @iﬁ%f'&t @r%@&ﬁ%ﬁﬂéﬁo?%@%ﬁ A T
gg_r bz);]??y;ffémiseg?nbﬁné Gbﬂ’bbpﬁhd(i%ﬁg)aet)ﬁ(g adt ;{ Ng?ab en}r;m‘tdnddaole amwb'ed'ﬂéthw)t, br
sem est. eﬁgaf%%ﬁ%?’éﬁ‘?@ ?rﬁﬂﬁ"’éﬁ @Fl n@@ ﬂbﬁﬁ@?ﬁ(}r °é§f‘%‘?"g}f (’56‘?%??%@ grazidg,

exanpl e, pyoifedtiRat mngcgpgﬁgﬁng%y@wmgﬁagowl d with chloroformc acid
| ower al Kyl esters or with a 1-1ower al koxycarbonyl -2-1 ower

‘al koxy- 1, 2- hydroqui nol i ne; m xed O al kyl carboni ¢ aci d anhydri des net hod),

or an hY% ﬂ%ﬁtﬁ!ﬁé&‘ P@h@éﬂ\/@g RF 8hrBExyllRHeRs tﬁeﬁ'dsyac?iaﬁﬁé 8H&E R alsd'BE RitRiedC

acid (obtalna or exanple, by treatnment of the Corres- ponding acid

Wi th phogsitrkes exappla, (N.Nd@*w‘%{f}ésﬁ amidine gelers may be ftm%a)srtu ByiFgasting és
h h
W th othg %enyf%o#ﬁmﬁ%é{e WLV ahbiGhe g&amgg& ak E\Eﬁ%@&ﬁ:@éﬂmﬁihﬁ Wi t

phenyl - phosphoram och ori date or reaction osphoric
aci d amipteserice afraestmablserwednsubstnumdmmm@mwmm@mmmecharw

e < irias b e REEL AN R GH R0 N BUGRGIAAGSE o] R Sl

aci d deramigbiestess obthezauﬁr;whnsedeas adylatlngragantsanapbdmmdcﬂnttmpresm of the

o e oS0 7L 4 S Rt By bRl ARl b BBt

| ower aldi@minG rstan’ﬂﬁgl yriatériziein thé prasenca bban N, Nadisubistitube] ¢atbodikide,damnpl e
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example N-hydroxysuccinimide, where appropriate in the presence of a suitable base, for
example 4-dimethylamino-pyridine. Furthermore, activation in situ can be achieved by
reaction with N,N,N',N'-tetraalkyluronium compounds, such as O-benzotriazol-1-yl-N,N,N',N'-
tetramethyluronium hexafluorophosphate, O-(1 ,2-dihydro~2-dxo-1 -pyridyl)-N,N,N’',N'-tetra-
methyluronium tetrafluoroborate (in the presence or absence of 1,8-diazabicyclo{5.4.0}-
undec-7-ene(1,5-5)) or O-(3,4-dihydro-4-oxo-1,2,3-benzotriazolin-3-yl)-N,N,N’,N'-tetra-
methyiuronium tetrafiuoroborate. Finally, phosphoric acid anhydrides of the carboxylic acids
of formula VI can be prepared in situ by reacting an alkylphosphoric acid amide, such as
hexamethylphosphoric acid triamide, in the presence of a sulfonic acid anhydride, such as
4-toluenesulfonic acid anhydride, with a salt, such as a tetrafluoroborate, for example
sodium tetrafluoroborate, or with another derivative of hexamethylphosphoric acid triamide,
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carboxylic aci 3 an%ydrl des nmethod) or with organic sulfonic acids

(obt ai nabl e, for exanple, by treatnment of a salt, such as an al kali netal
salt, of the corresponding acid with a suPBable organi c sulfonic acid

hal i de, such as a |ower alkane- or aryl-, for exanple nethane- or

p-tol uene-sul fonic acid chloride; mxed sulfonic acid anhydrides et hod)

and Symmf]sfdﬁé a%(';ﬂ%%ﬁﬂ?ﬂe{ g ﬂ@(&ﬁrﬁeth&léhu%ﬁﬁmphonhm ﬁé)ﬁiﬂﬁﬂﬁﬁ ippsferablytine

correspon ence of car bodi | m de or

- di et hyl arthe ppssepye ef asgmsaﬂw-mﬂmﬁﬂé’gwﬁe%%cﬁs -hymmzetr@ye'ﬁ c
am des are especially anmdes with five-menbered di azacycles of aromatic
character, such as am des wth imdazoles, for exanple imdazole

(obt ai nablhe dfinoqyreup becompomndsaafrimmulmv thateparticipatep imitiergactionprefetably

N, N b | di d I I
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for exanplg N h S b [
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met hyl uronium tetrafl uoroborate. Finally, phosphoric acid anhydrides of the
carboxylic acids of fornula VI can be prepared in situ by reacting an
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the presence fonic acid an g”!“ de, such as 4-tol uenesul fonic acid
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carboxylic acid esters, such as p-nitrophenyl esters. Customary condensation agents are,
for example, carbodiimides, for example diethyl-, dipropyl- or dicyclohexyl-carbodiimide or
especially N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide, also sujtable carbonyl
compounds, for exampie carbonylimidazole, 1,2-oxazolium compounds, for example 2-
ethyl-5-phenyl-1,2-oxazolium-3'-sulfonate and 2-tert-butyl-56-methylisoxazolium perchlorate,
or a suitable acylamino compound, for example 2-ethoxy-1-ethoxycarbonyi-1,2-dihydro-
quinbline, N,N,N',N'-tetraalkyluronium compounds, such as O-benzotriazol-1-yi-N,N,N',N'-
tetramethyluronium hexafluorophosphate or especially O-(1,2-dihydro-2-oxo-1-pyridyl)-
N,N,N’,N'-tetramethyluronium tetrafiuoroborate (in the presence or absence of 1,8-
diazabicyclo[5.4.0}undec-7-ene-(1,5-5)), also activated phosphoric acid derivatives, for

example diphenylphosphorylazide, diethylphosphorylcyanide, phenyl-N-phenylphosphoro-

o~
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preferably in the presence of a racem sation-reducing additive, such as

N- hydr oxybenzotri azol e. The am no groyp _of conpounds of fornula V that
participates in the reaction preferably carries at | east one reactive
hydrogen atom especially when the carboxy, sulfonyl or phosphoryl group
reacting therewith is present.in reactive form it nmay, however, itself

have beeamiglochiptdateetis(3-oxo-2-vxazlidinyl)phaspbinioacidichleride phadenzetdazalylesy-as
di et hyl . ' - hosphite,
ct byl i o EBS o Bhodnof AR EBARRRAESHRABTE D ot r o

et hyl pyrophosphite. A derivative of such a conmpound having an am no group
is, for | e, al . ] ' ' S n - am no
group thiﬁggg?f iagf}’ﬁ;?%gb%%é @ﬁdg"r&é%? ﬂ%%@ kélqﬁ'aigbu%gﬂet ﬁ‘?éga’ﬁb‘%rﬁf"g@&’%o nyl ,
for ex a_rmkyflamiﬂep bspzcikﬂymthyldiimprupgﬂai‘nf Vieelor mpéé&zﬁw?ﬂy@let?ﬂarh&@p;ﬁ%!&t@ group,
respectively.  Condepsation, to forman, ani ond can carried out in a
ranner . KiRiaRoyelc BEse, 15 xRl PR AIRIOOPRIINg o Wetaral -G moraelinea
Houben- Véptyrididdet hoden der organi schen Chem e”, 4th edition, Volume 15/11

(1974), Vol'une | X (1955), Volunme E11 (1985), Georg Thienme Verl ag,
Stuttgart, "The Peptides” (E. Goss and J. Meienhofer, eds.), Volunmes 1 and

2, Acad Sfﬂ&c@ﬁ&ﬁ%aﬁé@%v@t@d eblRve, Yeadtive %ﬂﬂ%rﬂ&?&r ré’éctivlé i@g&l%g%?ﬁ?jes with the

“Principles of Peptide Synthesis", Springer-Verlag, Ber )

condens Zarmspending prieesig cHsiRMarily qasiied ojtiin thewpresepreopiranereanipibase.dan be
carried: Mol : N C, ation
aqent o, Smelt ShIGHKonkef alYRnScE: K SR ICRE L anin of BLO e G RS
such as tbalabovelmentioned otdanic bases.aifisieriyed, @ caridensationsragentis@dditionally used,
p-nitro ter %@ Li.on agents are, for exanple,

car bodi ﬁ%%s‘f‘&;oar% dzexsgrrp e‘%g?’é%(ﬁgﬁ%gﬁ%%‘?pw - or dicycl ohexyl -carbodii m de
or especially N (3-dinethylam nopropyl)-N -ethylcarbodiimde, also suitable

car bonyl..compounds..  f . 1.m ol +0xazol | onpounds,
For exarpiacs g &fach ffvalacRlh Bl $olrod frected & Gahwie. h TPOUNAS
2- t er t - Ipréyeénce ofdndrghnis carbonbiesiop exarnplerammoniom ar atkalitrastabcabghates oo
conmpoun for exanpl e 2-ethoxy-l-ethoxycatbonyl -1, 2-dihydro- I nol i ne,
NN tverader R R, FORT A SR Al ot Bibonate or nyifigen cdtbohdte "°:

O benzot(ifidesived fogethd with suitate)t et r anet hyl ur oni um hexaf | uor ophosphat e or
especially O (1, 2-di hydro-2-oxo-1-pyridyl)- N, N, N ,N -tetranethyl uronium
tetrafl uoroborate (in the presence or absence of 1, 8-

di azabi qygrbekyichcit cHlskRfes! of BRarhpleThd Lhlorctafbnit-adid abAvhtnG® 88aidi o ted

derivatives, for exanple di phertljy iPhosphoryl azi de, diethyl| phosphoryl cyani de,
pheny| - RGsheifprpuafiharesondensed with the corresponding amines préferably in the presence

of an organic amine, for example the above-mentioned tri-lower alkylamines or heterocyclic
bases, where appropriate in the presence of a hydrogen sulfate or a hydroxide, preferably
an alkali metal hydroxide, such as sodium hydroxide. '

The condensation is preferably carried out in an inert, aprofic, preferably anhydrous, solvent
or solvent mixture, for example in a carboxylic acid amide, for example formamide or di-
methyiformamide, a halogenated hydrocarbon, for example methylene chloride, carbon
tetrachloride or chlorobenzene, a ketone, for example acetone, a cyclic ether, for example
tetrahydrofuran or dioxane, an ester, for example ethyl acetate, or a nitrile, for example
acetonitrile, or in a mixture thereof, as appropriate at reduced or elevated témperature, for
example in a temperature range of from approximately -40° to approximately -5-1 00°C,
preferably from approximately -10° to approximately +70°C, and when arylsulfonyl esters
are tfsed also at approximately from +100° to +200°C, especially at temperatures of from
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am dochl ori d&gg,yﬂt‘)‘?osz?z 0xo0- 3- oxazol i di nyl ) phosphi nic acid chl oﬁ de or

1- benzotri azol yl oxy- tris(di methyl am no)phosphoni um hexaf | uor ophosphat e.
| f desired, an organic base is added, prefggably a tertiary amne, for
exanple a tri-lower al kylam ne, especially ethyidiisopropylamne or nore
especially triethylam ne, and/or a heterocyclic base, for exanple.

condansat i 00 41 SHit At e esBpan Bt dn INPES S s beBhde. B eRamBlid AtiGen or '

am des W th g&?aﬁ&; sponding amnes is customarily carried out in the
presence of an organi c base, for exanple sinple tri-I|lower alkylam nes, for
exanple triethylam ne or tributylam ne, or one of the above-nentioned

or gani ¢ basgs. r
exanpl e assﬁ?z'ggi‘%'bfggé*%ﬁaﬁee gg‘?%@%f‘l ¢ a?ﬁgmplé éllf‘ﬂ'cmcon gﬁs%g%{;sdgﬁmf %gl
anhydri des emattiviebemeneas tolbens; iMaycalsel be used.eXéhanl alkali metahkydsoxidesane present
I norgani c car bonat es, for metal carbonates or
hydrogen c@SHATEPeRC ei%r{?c'ﬁ'aggfgg%c? (fndgg%%?ggé rﬁ?géar bonat e or hydrogen

. carbonate (if desired toget her wth a suI fate). Car boxyl'i ¢ aci d

hl ori des, _f le th d d t deri yed f
201 0 of 1 ofWBIGOPRLHPD <20 AL RAPY Aot R ALEDIEBER T R CRRTHLS P 7 D1

in the prespaee sphthass W}mertbrrgmtwﬁomfmrmaxmmala@xdtuaaeﬁdmés faﬁébtarﬁmedn
tri-Ilower alkylam nes or heterocglgcl | ¢. bases, where a grl ate in

presence’ ofAngewy Ghege87s801 2812 (1983), MFW?&T@S"W 478 £1984) P" ﬁ’e@eﬂ\
hydr oxi de, %’ﬁh tiis PPOC NG AyaH. B AssA 32T§f31c.051f§y1@gg5)0n is preferably

carried out an'inert, aprotic, preF_rany anhydr ous, solvent or solvent
m xture, for exanple In a carboxylic acid am de, for exanple formam de or

di - net hyl fy; ﬁa @ﬁ'iagfb@réife@féaqﬁ acE&BEﬁe@m ﬁteﬁ‘ﬁéﬁ%ﬁ@ﬂﬁscﬂbed
t rachl ori :

chl ori de, car bon t e or chl orobenzene etone, for exanple

acet one, a below underithe heading Baranynlefp@ttezqmmmm an or di oxane, an ester,
for exanple ethyl acetate, or a nitrile, for exanple acetonitrile, or in a
m xture thereof, as appropriate at reduced or elevated tenperature, for
exanpl e i n Protessm} (Baorovation oh ge aocfidd band) appr oxi mately -40 to approxi mately
+100[err] C, preferably fromapproximately -10[err] -to approxi mately
+70[err] C, and when aryl sul fonyl esters are used also at approximately from
+ 100[ err] In statititDnateripls, of ésnredaeaVil and VIl dumetioatigrespsy withrtherexception of groups

that are to participate in the reaction or that do not react under the reaction conditions, are
protected independently of one another by one of the protecting groups mentioned under

Process a).

The process is entirely analogous to that given under Process b) but compounds of
formula V1 are used instead of those of formula V and compounds of formula VIil are used
instead of those of formula VI.

The freeing of protected groups may be effected in accordance with the methods described
below under the heading “Removal of protecting groups”.

Process d) (Formation of an amide bond)
- In étarting materials of formula IX and in the acid of formuia Vllia suitabie for the

introduction of the identical acyl radicals, or in reactive derivatives thereof, functional groups
that are not to participate in the reaction or that do not react under the reaction conditions,
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10[ err] to%f’gf'qgf% and if necessary under an inert gas at nog% ere %r .-
exanple a nitrogen or argon atnosphere. Aqueous, for exanple al coholic,
solvents, for exanple ethanol, or aromatgg&-sol vents, for exanple benzene
or toluene, may al so be used. When al kali netal hydroxides are present as
bases, acetone nay al so be added where appropri ate. The condensation can

al so be carri oyt. a wn_as solid- . phase
2ynt hesi SRRTGRCBHRShaREE R Molbried ret R BfoctBE ol Moptighes P
exanpl e, under PRgess ahem 97, 801 - 812 (1985), Nat ur w ssenschaften 71, 252
- 258 (1984) or in R A Houghten, Proc. Natl. Acad. Sci. USA 82, 5131 -
5135 (1985). The freeing of protected groups nay be effected in

accor danQereRinield été\ﬁn@%ﬁ@dﬁndbeéﬁbmﬁd IX iy rﬂé?clﬁrprbfé%t rBﬁéctrEﬁ’PRMﬁh of

prot ecting %;9% Process c) . (Formation an am de bond

starti ng afethasesf forsula BM?EF’&@MQ'O%MWISPP“O’T [ﬁ‘ﬂfmgéﬂéta@%ﬂsgpoumﬁh t he
exception of groups that are to participate in the reaction or that do not
react under the reaction conditions, are protected independently of one

anot her Bihecprecess is eatirelyoanalegaus to tm;wemmpbﬁmeaﬁuuut compousdse). - The
process ig ds
0 or mipil X Shelufle R s sk oR forShkPD A SBpPLAGF SR Vi B0
formul a \idteadokthosedf formeladdd of t hose of fornula VI. The freeing of
protected groups nmay be effect ed in accordance with the nmet hods descri bed
bel ow under the headi ng "Renoval of protecting groups” Process d)

(For mat i Othedfesiriy efprofectedghpups may be effected in accordance with the methods described
below under the heading “Removal of protecting groups”.

Process e) (Alkylation of a secondary nitrogen atom)

In starting materials of formula I’ and formula X or in reactive derivatives thereof, functional
.groups that are not to pariicipate in the reaction or that do not react under the reaction
‘conditions, are protected independently of one another by one of the protecting groups -
mentioned under Process a).

A leaving group X is especially a nucleofugal {eaving group selfected from hydroxy esterified
by a strong inorganic or organic acid, such as hydroxy esterified by a mineral acid, for
example a hydrohalic acid, such as hydrochioric, hydrobromic or hydriodic acid, hydroxy
esterified by a strong organic sulfonic acid, such as a lower alkanesulfonic acid that is
unsubstituted or substituted, for example, by halogen, such as fluorine, or by an aromatic
sulfonic acid, for example benzenesulfonic acid that is unsubstituted or substituted by lower
alkyl, such as methyl, halogen, such as bromine, and/or by nitro, for example a methane-
sulfonic, p-bromotoluenesulfonic or p-toluenesulfonic acid, and hydroxy esterified by
hydrazoic acid.

The substitution can take place under the conditions of a first or second order nucleophilic
substitution. '

For example, one of the compounds of formula X wherein X is a leaving group having high

o~
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whi ch may be protected by prot.egtlvgg groups, are those of fornmula Il |
descri bed fosexample agetonss acetgnitrle, nifpmgthagesdimathvi sulioxidn endimethyligigamide.

process | Syhbtddofiby 2R alsode arfidy blth witiCBotisHARy i adiRfre Withlorgapounds

of formul a are used I nstead of those of fTormula V and compoundS of
f ornul a VI $dlvendr for exarplerathanel terahysisefurasy o anelenes aysolubilisar The subsiijution

protected gr . . f L. a | |

Dol ow undefoEHE ISRt oAEot af BbETRelifteDaERELARES: dblctel WinBBrRliRG Tof BRI a
(Al kyl at i onfferatuferamge af from approxdimately)0° to Bppmiimatelyd 00T cpreferably from
formula 1" and fornula X or in reactive derjvatives thereof, functional
groups t haappresimataly + t0°je approxjmatelyiS0°enand & aecessanoundas an inert gas. feraample

under the reactia | 1 ot ected i ndependently of one anot her
A

by one of ¥ oups I'oned under Process a). A | eavi ng
group X is especially a nucleofugal |eaving group selected from hydroxy

esterified_by a strong i nor J C.0r _organikc acid.. such as hydrqgx -
estori 1 odPEFesS ) AP PUCHESTl ) CasshyiF ghen RosbiA Rl uritlr siecie] Gindiions and
hydr ochl oriseherafoie abesspreferredprocessdi ¢ aci d, hydroxy esterified by a strong

organic sulfonic acid, such as a | ower al kanesulfonic acid that is
unsubstituted or substituted, for exanple, by hal ogen, such as fluorine, or

by an ar onphé fresirh b pidtedi6d Broubs maXisE1BlfSctee® v A0RBFdHNCE With tAE infbifidtR! ddséribed
unsubstituted or Substituted by |ower alkyl, such as nethyl, hal ogen, such

as br oni nebelawanger thg heading "Removalofsetecting@ionasie- sul f oni c,

p- br onot ol uenesul foni ¢ or p-toluenesul fonic acid, and hydroxy esterified by

Process f) (Reductive alkylation of a secondary amino group)

In starting materials of formula I’ and formuta X* or in reactive derivatives thereof, functional
groups that are not to participafe in the reaction or that do not react under the reaction
conditions, are protected independently of one another by one of the protecting groups
mentioned under Process a).

Reactive derivatives of the compounds of formula | are, for example, corresponding bisulfite
adducts or especially semiacetals or ketals of compounds of formula X* with aicohols, for
example lower alkanols; or thioacetals of compounds of formula X* with mercaptans, for
example lower alkanesulfides. The free aldehydes of formula X* are preferred.

The reductive alkylation is preferably carried out with hydrogenation ih the presence of a
catalyst, especially a noble metal catalyst, such as platinurn or especially palladium, which
is preferably bonded to a carrier material, such as carbon, or a heavy metal catalyst, such
as Raney nickel, at normal pressure or at pressures of from 0.1 to 10 MegaPascal (MPa), or
with reduction by means of complex hydrides, such as borohydrides, especially alkali metal
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polarisability of the electron shell, for exanple iodine, can be used in a

pol ar aprotic solvent, for exarrpl e acetone, acetonitrile, nitronethane,

di met hyl sul foxi de or. di peth rmgmm de. The re i on can al so be carried
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appr oxi nat e err]C, i f necessary under an inert gas

under a mmmgmswcwrmeacméwh@re ‘Process e) is not successful in all
cases, is often possible only under special conditions and is therefore a
| ess .preferred process. The freeing of protected groups may be effected
in accor dmmedredinmotmetemmmpsimagruelﬁtem inaccordance With theafethods Besaibad

of protecti I ¢ SS %}I?e uetive al kylation of a secondary

amino gr o&)’ﬁ?oqv grluﬁe 36%’1??‘”5 rﬁ%@ﬂ’%{ P &'(5'9&?'1‘9 S and formula X* or in

reacti.ve derivatives thereof, functional groups that are not to participate

in the regction or that do not react under the reaction conditions, are

prot ect e'dgﬁm%ﬁmm anot her by one of the protecting groups

menti oned under Process a). _

| The removal of protecting groups that are not constituents of the desired end product of

formula |, for example carboxy-, amino- and hydroxy-protecting groups, is effected in a
manner known per se, for example by means of solvolysis, especially hydrolysis,
alcoholysis or acidolysis, or by means of reduction, especially hydrogenolysis or chemical
reduction, and also photolysis, stepwise or simultaneously as appropriate, it being possible
also to use enzymatic methods. The removal of the protecting groups is described, for
example, in the standard works mentioned hereinabove in the section relating to protecting
groups. '

For example, protected carboxy, for example tert-lower alkoxycarbonyl, lower alkoxy-
carbonyl substituted in the 2-position by a trisubstituted silyt group or in the 1-position by
lower alkoxy or by lower alkyithio, or unsubstituted or substituted diphenylmethoxycarbonyl
can be converted into free carboxy by treatment with a suitable acid, such as formic acid,
hydrogen chloride or trifluoroacetic acid, where appropriate with the addition of a nucleo-
philic compound, such as phenol or anisole. Carboxy can be freed from lower alkoxy-
carbonyl also by bases, such as hydroxides, for example alkali metal hydroxides, such as
NaOH or KOH. Unsubstituted or substituted benzyloxycarbonyl can be cleaved, for
example, by means of hydrogenolysis, i.e. by treatment with hydrogen in the presence of a
metal hydrogenation catalyst, such as a palladium catalyst. In addition, suitably substituted
benzyloxycarbonyl, such as 4-nitrobenzyloxycarbonyl, can be converted into free carboxy
also by reduction, for example by treatment with an alkali metal dithionite, such as sodium
dithionite, or with a reducing metal, for example zinc, or a reducing metél salt, such as a
chrg_mium(ll) salt, for example chromium(ll) chioride, customarily in the presence of a -
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group or i flubtide, forsa@ipietetiagthylammonium fluoride or tetrabutylammonium fluoride, in the
presence of an aprotic, polar solvent, such as dimethyl sulfoxide or N,N-dimethylacetamide.
Carboxy protected in the form of organic silyloxycarbonyl, such as tri-lower alkylsilyloxy-
carbonyl, for example trimethyisilyloxycarbonyl, can be freed in customary manner by
solvolysis, for example by treatment with water, an alcoho! or an acid, or, furthermore, a
fiuoride, as described above. Esterified carboxy can also be cleaved enzymatically, for _
example by means of esterases or suitable peptidases, for example using trypsin.

A protected aniino group is freed in a manner known per se and, according to the nature of
the protecting groups, in various ways, preferably by solvolysis or reduction. Lower alkoxy-
‘carbonylamino, such as tert-butoxycarbonylamino, can be cleaved in the presence of acids,
for example mineral acids, for exampie a hydrogen halide, such as hydrogen chloride or

- hydrogen bromide, or sulfuric or phosphoric acid, but preferably hydrogen chioride, or in the
presence of strong organic acids, such as a trihaloacetic acid, for example trifiuoroacetic
acid, or formic acid, in the presence or absence of polar solvents, such as water, or ethers,
preferably cyclic ethers, such as dioxane; or nitriles, such as acetonitrile, 2-halo-lower
alkoxycarbonylamino (where appropriate after conversion of a 2-bromo-lower alkoxy-
carbonylamino group into a 2-iodo-lower alkoxycarbonylamino group), of, dissolved directly
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Car boxy pgma&;meamth bases; stich as alkalomgsai ihydroixides ox galbobatny,l suchasiNa€0; or _
tr|-Iovver yl X, I poet.hyl.si Lyl carbonyl ,
can be fre’e H?B%'é* Qﬁﬁepn;s (\frr%{mer Flt)e afc I\g’o%l{sééthgggxér{% 8%35816{’[? %';t ment
wi th wat eabsente of wate?| attemperatarssl of fnom Wuoubemrwspecnauy atlrefhu témpeeature. An
descri bed above. Esterified car bOXé can al so be cleaved enzymati cal l%ﬁb
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t_ rypsin. alkylisilyl-lower alkoxycarbonyl, can be converted into the free amino group also by
treatment with a salt of hydrofluoric acid that yields fluoride anions, as indicated above in
connection with the freeing of a correspondingly protected carboxy group. A 1-aryl-lower
alkylmethyl protecting group wherein the lower alky! radical is preferably branched in the 1-
position, such as 1-methyl-1-phenyl-ethyl, can be removed especially in the presence of a
strong acid, such as sulfuric acid (e.g. 80 % sulfuric acid) in aqueous solution, at preferred

temperatures of from -10° to 30°C, especially at approximately 0°C.



A protected amno group is freed in a manner known per se and, according to
t he nat ure oo dAeosr ot ecting groups, in various ways, preferaBCYVEB)7/01860
sol vol ysis or reduction. Lower al koxy- carbonylam no, such as
tert-butoxycarbonyl am no, can be cleaved iy the presence of acids, for
exanpl e mneral acids, for exanple a hydrogen halide, such as hydrogen
chloride or hydrogen bronide, or sulfuric or phosphoric acid, but

pref erably hydrogen chloride, or in the eé’oresence of stron ani ¢_aci ds
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sol vol YSi SexatHEB (ﬁéloﬁégﬂagllé’ o %eﬁiyhméﬁé QarBeStrecdf byt dd &&%W&lb 'Ekpecnally in the

substitution pro mno is freed fromtrifl uoroacet%l am no,
exanpl e, bpreseaeeof zgmrnﬂrqlgcsﬂ o @ strongserganis aeid. Adridowen gl %Wh@mHEéﬁ'ﬂ‘,@W&% or

carbonat es, n?%feﬁ WW h%lﬁ@ﬂﬁéclaoﬂar%lﬁyh %ﬂ@é’rﬂfﬁﬂl@ ora
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that i e'.dgocjulxrlrj\%ru\ﬁ%% aarllg carbon &Eulh&'g' cated above in

When several protected functional groups are present, if desired the protecting groups can
be so selected that more than one such group can be removed simultaneously, for example
by removal of trifluoroacetyl as aminq-protecting group by base catalysis, for example with
K.CO, in methanol/water, and later removal of tert-butoxycarbonyl as amino-protecting

group, for example with HCI in dioxane or acetonitrile (in the presence or absence of water)

pn



connection wth the freeing of a correspondi ngly protected carboxy group. A
1 -aryl-lovwer alkyl methyl protecting group wherein the |ower | ca
i's preferaﬂV? M hed in the 1- position, such as 1-nethyl - fqéﬁéﬁv et hyl-,-
can be renoved especially in the presence of a strong acid, such as
sulfuric acid (e.g. 80 % sul furic acid)-#2-aqueous solutlon at preferred
tenperatures of from-10 to 30[err]C, especially at apprOX|nater O[err]C
WD 97/ 40029
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such as apeiihéd.aci d. The catal ytic hydrogenation is prefer- ably carrled
out in an inert solvent, such as a hal ogenated hydrocarbon, for exanple
nmet hyl ene chloride, or inwater or in a mxture of water and an organic
sol vent, sddnlbnabPaiteds Stdpel or di oxane, at approximately from 20C to
25[err] C, or-wih cooling or heating. A hydroxy group protected by a
sui tabl e acyl group, by a tri-lower alkylsilyl group or by unsubstituted or
substituyg qéip hﬁgﬂﬂﬁﬁlng|y
protecte am no Brdc@éﬁéterﬁ%%ﬁaaﬂr\ gaééﬁg@?g@?{cge@aﬂéa |§?ﬁ:oroa et
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exa ene group
nono- or miéntiened untert the Hepding\Bemavalydf pratectingegrobys”! ower al kyI i dene, for
exanpl e i sopropylidene, cycloal kylidene, for exanple cycl ohexylidene, or
benzyl i dene, can be freed by acid solvolysis, especially in the presence of
a m ner alSaits iodcompaumdsrmfrfgrrmrlghha’mngaisdlt—fdrmlng gfompa:anadel@rbpfafeyhn gmoanner s

li k d b id
nydr of | o APPRRREr 65 g e iR s on oAyttt sy | e B SVBLRL
IS renmovest exanitle, Hycrediment witnah acid dr aaslitableGinkgeaichange feagsanpl e a

reduci ng netal, such as zinc, reducing netal salts, such as chromun(ll)
salts, or using sulfur corrpounds for exanple sodiumdithionite or

especi al Igais @dh be convértéteing he Frisl@mpbunts i sldtomarPifahried iBF tarfie by tleadl
functional groups are present, if desired the protécting groups can
ment with a suitable basic agent.

Stereoisomeric mixtures, for example mixtures of diastereoisoiners, can be separated into
the corresponding isomers in a manner known per se by suitable separating procedures.

~ For example, mixtures of diastereoisomers can be separated into the individua) diastereo-
isomers by fractional crystaliisation, chromatography, solvent partitioning and the like. Such
separation can be carried out either at the stage of one of the starting materials or with the
compounds of formula | themselves.

in a compound of formula | wherein R, is phenyl, that phenyl radical can be hydrogenated,
for example by catalytic hydrogenation, especially in the presence of heavy metal oxides,
such as rhodium/platinum mixed oxides, for example with the Nishimura catalyst, preferably
in a polar solvent, such as an alcohol, for example methanol or ethanol, at temperatures of



be so selected that rmre t han one such group can be renoved sinultaneously,
for exanple ok of trifluoroacetyl as am no-protecting &‘fﬁw@ R?se

catal ysi s, f(l}ir; e’i’gﬁr}% e with K2C3 in nethanol /water, and Iatergé;em)va?"1 e
tert-but oxycarbonyl as am no-protecting group, for exarrpl e wth HC in

di oxane or acetonitrile (in the presence o3 absence of water) WO
97/ 40029
PCT/ EP97/ 01860 -42 -.  or with
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such as by 1ttb€l@tamﬂbrefeﬁablytétidbbummmprasamd or wi th hydrogen and a
hydr ogenati on catal yst, such as a palladi umon-carbon catalyst. Conversely,
t he groups can al so be so selected that they cannot all be renoved
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I nt ermedi ates bei ng obt ai ned. Addi ti onal Process Steps In the

addi.t i onal epampleseetybsan bairayeradbwipactipmmith A lower, %Pa@w&bﬁfﬂ plkng-
starting C%FQ(I)stBHQféS shéiths an@w&% d%!fbd&f&éﬂ&low snkwox&éweshﬁ&gté r e

unpr ot ect e be In protected form for example they may be protected
by one or mnthyla:idldmer {erichusyliodide, g?r@i&p@blyvmhemnaggfxeamrzampoa@ss aa) .
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| having a salt-form ng gro@P caa be prepared in a manner known per se. For
exanpl e, aepeecllyifrareQ” iapbaut onpounds of formula | can be obtained, for
exanple, by treatnment with an acid or a suitable ani on exchange reagent.
Salts can be converted into the free conpounds in customary manner, for
exanpl e by in aéampourd df formulad whereinii.ds B4 or 2xphenyl-lowesalkyk suchoasly or 2-(1-

The corr es PR TerRIoEE o yipBy b EraRMabue, AR e ARG 1

pr ocedur es mefioyl- 1eptienylethyl)ntant he removid by dreatmentiveitreestsorgemineml aeidasadheal i nto

t he individual, diastereo- isomers by fr ct' nal crystal.lisation,_ .

chr omat ogr SYRYC A5 ARURHS OB HETSEAY ah P RakIes RSk o 3 PO &8 be
carried ougxghb,g%oaé t he stage of one of the starting materials or with
t he

General process conditions

Al the process steps given in this text can be carried out under reaction conditions known
per ss, but preferably under those specifically mentioned, in the absence or usually in the
presence of solvents or diluents, preferably _thdse solvents or diluents that are inert towards
the reagents used and are solvents therefor, in the absence or presence of catalysts,
condensation agents or neutralising agents, for example ion exchangers, such as cation
exchangers, for exampie in the H* form, de’pending upon the nature of the reaction and/or
the reactants at reduced, normal or elevated temperature, for example in a temperature
range of from approximately -100° to approximately 190°C, preferably from approximately
-80° to approximately 150°C, for example from -80° to -60°C, at room temperature, at from
-20° to 40°C or at the boiling point of the solvent used, under atmospheric pressure or in a
closed vessel, optionally under pressure, and/or in an inert atmosphere, for example under

an argon or nitrogen atmosphere.

'In the case of all starting materials and intermediates, salts may be present when salt-

—



conpounds of formula I thensel ves. In a conpound of fornmula | wherein R2

I s phenyl, that phenyl radical can be hydrogenated, for exanple b

catal'ytic hY®U§8R-t i on, especially in the presence of heavy FelVEFS7BB®es . _
such as rhodi uni pl ati num m xed oxi des, for exanple with the N shinura

catal yst, preferably in a polar solvent, guch as an al cohol, for exanple
nmet hanol or ethanol, -at tenperatures of WO 97/ 40029 - ;
PCT/ EP97/ 01860 : -43 - from
O[err] to 80[err]C, especially from10[err] to 40[err]C, and at a preferred
hydr ogen fFEWQQroups arg piesent %ﬂ[%"‘éﬁ’rﬂ'sop‘P%P@sﬁB‘I ring the fRACtind pheMChHr essur e.

In a Cowpe&ﬂs?@ridsf, Broiied that'th@r8adtioR4will hof'bé Bféé@) - 5- I phenyl, ‘a | ower

al kyl group, for exanple nethyl, can be converted by reaction with a | ower
al kyl halide or a | ower al kyl- aryl sul fonate, such as a | ower al kyl i odide

or a | owey, %ﬂ J&%Hscgﬂ ’Isiﬁﬁf.séﬁyfi%}ﬁéﬁc mi,e._;resmréf Yan/RY ﬂﬁra‘?édfn fhghut v!

| odi de, prefera he“presence of caesium carbonate 1Th a mxture of a
cyclic et individualiisbrmess, doosxample diagteseoishrnersi orlepastioraéisy br intovany desired

al kanecar boxyl i c i ] | ] : referred
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30[ er r] C. analbgoushctorthe umsthads describéduhderthe beadiRd “Additlor(al pratess steps”.

2- phenyl -l ower al kyl, such as 1- or 2-(1- ; :

met hyl - 1- phenyl et hyl ) -t-etrazol - 5-yl ) phenyl, the phenyl -1 ower al kyl radical
(pr ef er abinycettain®ddes| fot epARple if ity taseCofmydfogensmors & i possitia taeaty ditisterdo-
strong mneral acid, such as, sul fur‘re;:,acl,éi, 1 n aqueous sol ution, preferably
at t enper $8/6¢tve reactiong s thak, for exgmple, jndividug! i mayhe qitaingd more easilyer 5|
process conditions Al'l the process steps given in this text can be
carried out under reaction conditions known per se, but preferably under

t hose spethe selyents figghwhishdbose suitable fana padisulgr reastian can e selesiegd iaelegg; dorof

Fouar ds. t ARG AR eoBirE, Slch Ao R A ke e ol uBnple iy Ao |
presence @hetsasutiyas aliphabnethesatfoiexampue dicthyl ethentarayrlid elersglonexampler
Form deponaiydoRRaefyiduibinen niob iRy SHER 88 o il o thBERa Blodhale, Subi
reduced, asmettanol, ethamohorct ar@wpropanal; ritrilés; suelx asrptetonitrile, halngepatedhydro-

- carbons, such as methylene chloride, acid amides, such as dimethylformamide, bases, such
as heterocyclic nitrogen bases, for example pyridine, carboxylic acid anhydrides, such as
fower alkanoic acid anhydrides, for example acetic anhydride, cyclic, finear or branched
hydrocarbons, such as cyclohexane, hexane or isopentane, or mixtures of those solvents,
for example aqueous solutions, unless the description of the processes indicates otherwise.
Such soivent mixtures can also be used in working-up, for example by chromatography or

partitioning.

The invention relates also to those forms of the process in which a compound obtainable as
intermediate at any stage is used as starting material and the remaining steps are carried
out or the process is interrupted at any stage or a starting material is formed under the
reaction conditions or is used in the form of a reactive derivative or salt, or a compound
obtainable in accordance with the process of the invention is produced under the process
conditions and further processed in situ, it being preferable to use those starting materials
which result in fhe compounds described above as being preferred, especially those
described as being especially preferred, more especially preferred and/or very especially
preferred.

-



range of from approximately -100[err] to approximately 190[err]C
preferably f goximately -80 to approximately 150[err]C, igfmfyﬁﬁghg
from-80to-g hﬂric at roomtenperature, at from-20[err] to 40[err]C or ~
at the boiling point of the solvent used, upnder atnospheric pressure or in
a closed vessel, optionally under pressuré?sénd/or In an inert atnosphere,
for exanpl e under an argon or nitrogen atnosphere. In the case of al
starting materials and internedi ates, salts may be present when salt-
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all. reaction steps, any isoneric mxtures that are formed can be separated
into the individual isofrers, for exanple diastereoi soners or enantioners,
or into anyrflesichsslinds’tk mrﬁﬁqapif inChRIFRY heirsaits, A6 b UBRARIET RS form of

di ast ereoi sonmeri ¢ m xtures exanpl e anal ogously to the net

descri bed uhydeates, oz th@aem@ls mayi iml&afor gxamples theraghvent used for @yrswlsmwas es,
for exanple in the case of hydrogenation, it is possible to carry out
stereo- selective reactions so that, for exanple, individual isoners may be
obt ai ned mPrermaseutical co if§ ents fromwhich those suitable for a '
particul ar reaction can be sel ected include, for exanple, water, esters,
such as | ower al kyl-Iower al kanoates, for exanple diethyl acetate, ethers,
such as al Iméaihi/éht@hhelams dlso tocptammiaceutical dorhpasitivss comprisinglcompeuhds of  f or

exanpl.-e tetrahydrof liquid aromatic h arbon uc benzene or
Col uang, —alfegRlR £ v Tneans EirraRlY = taniaaitif of e 0B 4 4IFpaR SPodRB 71 s,
such as acqﬁﬁﬁmauale, hal ogenat ed hydro- carbons, such .as net hyl ene
chloride, acid am des, such as dinethyl formam de, bases, such as

het erocyclic nitrogen bases, for exanple pyridine, carboxylic acid

anhydri des 1Tr%%an%§c$I9§iEéﬂyaéé&%Bﬁbfe SorhSoids A tHelfte sert MiveRtianRiay RG&IedCfor

anhydride, cyclic, linear ‘or branched hydrocarbons, such as cyclohexane
hexane or iexampla, imthe piepasation phrhasmacautical compesifians thajcoppsisp Pa effeatisus
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chromat ogr Apgrganie oparganic, selidwey liquidrpbaimacenticaliy aﬁéﬁﬁﬁ’dg cafriess.t o t hose forns

of the process in which a conpound obt ai nabl e as

The invention relates also to a pharmaceutical composition suitable for administration to a
warm-blooded animal, especially a human being, for the treatment or prevention of a
disease that is responsive to inhibition of a retroviral protease, especially a retroviral
aspartate protease, such as HIV-1 or HIV-ll gag protease, for example a retroviral disease,
such as AIDS or its preliminary stages, comprising a compound of formula I*, or a pharma-
ceutically acceptable salt thereof, in an amount effective in the inhibition of the retroviral
profease, together with at least one pharmaceutically acceptable carrier.

The pharmaceutical compositions according to the invention are compositions for enteral,
such as nasal, rectal or oral, or parenteral, such as intramuscular or intravenous, admin-
istration to warm-blooded animals (human beings and aﬁimals) that comprise an effective
dose of the pharmacological active ingredient alone or together with a significant amount of .
a phérmaceutically acé.eptable carrier. The dose of the active ingredient depends on the
species of warm-blooded animal, body weight, age and individual condition, individual
pharmacokinetic data, the disease to be treated and the mode of administration.



intermedi ate at any stage is used as starting nmaterial and the renaining
steps are carried out or the process is interrupted at any stage or a
starting mate?PHI2Y forned under the reaction conditions or PETEREFHO0I8E0 ¢t he.
formof a reactive derivative or salt, or a conpound obtainable in
accordance with the process of the invent4en i s produced under the process
conditions and further processed in situ, it being preferable to use those
starting materials which result in the conpounds descri bed above as being
preferred, especially those described as being especially preferred, nore
especially preferred and/or very especially preferred. WO 97/ 40029
PCT/ EP97/ OtfgGiivention relates also to a method of treating diseases caused by viruéés,-especiaflyhisy
pr-epar ation, of. conpounds, of romyla L. i.s preferab carried out angl ogously
o The- pr deuSunEoaTRraaraue ALS Pk Psiphitery fages Wadrafi b brsrebertitarl s
of fornul arheurit 0¢ & ¢Bmpauht of formald I8 or Ephafhaceuitalicteprtie saltitherebbis Aoaii-
hydrates, or their crysta maﬁﬁruﬂu e, for exaq? the solvent used for

3 | s d le, |
cryst al | i SUStRERd.in a daszthalds gifeetivie it Higbeatmenhat said disgase,gshecialiy ta awares

also to p%mmha@koﬂagmé hindfRnERY, wHo Bh 4EBRALEBHet tﬁ&H@H&i&nJﬁ‘ V of

whi ch neans especially a ound of the formula |, and nost especia
formul a | Siseasepcesprsiplin AP gr ta preliminay slages JeguwmmsoiHehdregimente present

| nvent | on YHRpraferiédtibse o be HfiBikRred f Wit BoSE Ahixtik, Hr BBAIIPAGHA Ca!

COITpOSi ti on$ t hat COITpI‘I se an effectl ve am)un ! ctive | gr e. I ent
t oget her deings of@ppraximately Tthka badwyweight dsfromappraxiratelyrbmgde approximatghd c,

solid or |jqu i : i : | |
ol ates. albaryErepR AR ERRI bl G0 LBRICKINAE LI5S B tor et BB fRteY |
a war m bl drie 80 sng toal Q00=sBg eer peispn pehday rdividedhprefdrably trite 1tto 8asingler doses
prevention of a disease that is.responsive .to.inhibition.of rafraoviral
D ot ease. Wi el B B38mbEThe of e SRR Red us iy igleh Bl ol e Balf
H V-11 gagloseot ease, for exanple a retroviral disease, such as AIDS or its
prgl i mnary stages, conprising a conpound of fornula I*, or a pharna-
The pharmaceutical compositions comprise from approximately 1 % to approximately 95 %,
- preferably from approximately 20 % to approximately 90 %, active ingredient. Pharma-
ceutical compositions according to the invention may be, for exampie, in unit dose form,
such as in the form of ampoules, vials, suppositories, dragées, tablets or capsules.

The pharmaceutical compositions of the present invention are prepared in a manner known
per se, for example by means of conventional dissolving, lyophilising, mixing, granulating or
confectioning processes.

Solutions of the active ingredient, and aiso suspensions, and especially isotonic aqueous
solutions or suspensions, are preferably used, it being possible, for example in the case of
lyophilised compositions that comprise the active ingredient alone or togsther with a carrier,
for example mannitol, for such solutions or suspensions to be made up prior to use. The
pharmaceutical compositions may be sterilised and/or may comprise excipients, for example
preservatives, stabilisers, wetting agents and/or emulsifiers, solubilisers, salts for regulating
- the osmotic pressure and/or buffers, or acids, for example citric acid, and are prepared in a
- manner known per se, for example by means of conventionat dissolving or lyophilising pro-
cesses. The said solutions or suspensions may comprise viscosity-increasing substances,
such as sodium carboxymethylcellulose, carboxymethyicellulose, hydroxypropyimethyl-
celiulose (e.g. cellulose HPMB03), silica gel, dextran, polyvinylpyrrolidone or gelatin.
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ceutically acceptable salt thereof, in an anount effective in the

I nhibition ofw(?gﬁ«{oggrovi ral protease, together with at |east @ga/mEP97/01860
pharmaceutically acceptable carrier. The pharnaceuti cal conpositions

according to the invention are conpositions for enteral, such as nasal,
rectal or oral, or parenteral, such as intféfuscul ar or intravenous, admn- .
Istration to warm bl ooded ani mal s (human bei ngs and ani mal s) that conprise
an effective dose of the pharnacol ogi cal active ingredi ent al one or

together with a significant anount of a pharnmceutically acceptable

carrier. The dose of the active ingredient depends on the species of )
war m bl oodedSuspensibns boollcanaprisietgs thg ol samponanithe wapetabledsyntbetic orsgmiisynihetic
ggﬁ{ mig?r;? Iec{“sl'ﬁ .%ug%'%-naary 15 tf;)?ﬂi@g(&%sp?héfeqﬁéf He AhtibhES TR SGcrPEspecially liquid
PCT/ EP97/ 018y acid esters that contain as acid component a long-chained fatty acié having froih@to

I nvention relates also to hod of treating diseases _cagused Vi ruses
copeci al 'y (27, PEBSD TR 42 BB AeH ploRfrich Gkamels GRES AR, Ece:dt afid, HyRene
wherei n a t hpidpeutddesyilcyactd, ipamitic acid merjariefachl, ewapic weid, afachidioadid beheat a
pharmaceutically acceptable salt thereof {5’2 adm - nistered ip a.dose that

i s ef fecti veaddh of parresRandingHnsgiuraied acigis< tor exampleRieigiacd, plgidic agidsgrucic acid,

bl ooded ani Mhes;die ackiGHRbRIcRd HdbshEl With thE 8d@ifioR 6F AitixidahtsO it exbmiplte
menti oned di seases, especially AIDS or its prelim nar¥ stages, requires

such tr eat noitamirTBepsattens o, Gsi-tert-butyled-hygroxytotuene dt healgahohcompoaent of those
animal s, for, exanpl e, human_bei ngs_of, .appr oximatel v..70 kg bod lght, IS
from appr oxifﬁ& 8t egt%ﬂg%amlﬂ%nr?épeq%b%n oM 2P 2P n?'r%k"%ﬁi Rhtely
10 ng to aprerxamp@gmqnoé,_-di_ g,tgfmdr‘u?mmblbe fomga mﬁlemteﬂiB an_oi,relmangu pr@atm_l,mmh ol
ng per person per i.vi de refe into 1 to i ngl e_doses ic

may, for exé%’q??@t,a"ﬁgg'é)tpeﬁﬂé“%'ﬁ reef, &?%&ﬁ?f'!/?'%'ﬁ?fiq“&ri’f?e?@cgi“?/é’ﬁﬂ‘ﬁ!nﬂ of
the adul ttd%&arlnpg}estmthaﬁm&re ?mggm(y Q@'b]:ein@é’tgiloﬁé?ﬁthﬁ%léa‘t@,ﬂ_sopr?pyln 00t
approximately 1 % to approxi nmate refer rom approxi mately 0
to appr oxi nﬁws;at_smpﬁewiwwaﬁla%m&' &r? riﬂ?@%&ﬁ"ﬂ’_ﬂ’@&? gggﬁ%gﬁef%?rs
accordi ng t GitffodsBY PRS)OMIGRID! B2 (fri@fypéﬂdﬁw SaturbfedfBtY 26188 WithQ hair® IRBtHASH
in the formof anpoul es, vial's, suppoSitories, dra%[err] es, tablets .or

capsul es.  Catte GrdiiieASuGesmanyohyiasperialis vegetable ofy.sush as catienneed oilgalmond
prepared | N of, SIRBIAL cKEGHEY, BBbed oil'dhi rlﬁw&yg@cﬁuy GRARGNGR ol N0 2Bhine 17!
g, lyophilising, mxing, granulating or confectioning processes.
The injection compositions are prepared in customary manner under sterile conditions; the -
same applies also to introducing the compositions into ampouies or vials and sealing the
containers.

Pharmaceutical compositions for oral administration can be obtained by combining the |
active ingredient with solid carriers, if desired granulating a resulting mixture, and process-
ing the mixture, if desired or necessary, after the addition of appropriate excipients, into |
tablets, dragée cores or capsules. It is also possible for the active ingredients to be
incorporated into plastics carriers that allow the active ingredients to diffuse or be released
in measured amounts.

. Suitable carriers are especially fillers, such as sugars, for example lactose, saccharose,
mannitol or sorbitol, cellulose preparations and/or calcium phosphates, for example tri- |
calcium phosphate or calcium hydrogen phosphate, and also binders, such as starch pastes
using, for example, corn, wheat, rice or pofato starch, gelatin, tragacanth, methyicellulose,
hydroxypropylmethylcetiulose, sodium carboxymethyicellulose and/or polyvinyipyrrolidone,
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exci pients, for exanple preservatives stabilisers metting agents and/ or

enmul sifiers, bj |,I s f or the 0S g ssure and/ or
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car boxymet tgntc?@éétel taf%esteauéi ORI )P SRy thEPddhyduch &R rhal s fint & éhlcn&rﬁ's'té&ré‘t%eand/or
HPM603), silica gi dextran, polyvinylpyrrolidone or gelatin. WO
97/ 40029  polyethy ene glycol. Dragee cores are provided with suitable, optionally enteric, coatings,
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entrated l
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aci d, pentzcg"@ll ic acid, palmtic acid, margaric acid, stearic acid,

ar achi di ¢ lalGeheni ¢ aci d, or correspondl ng unsaturated acids, for
exanple.oleic acid, elaidic acid erucic acid, brassidic acid or linoleic

aci.d, if desired W|th t he addltlo of ant|OX|dants for exa vitam n E,
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or pol y-hydric, for exanpl'e a nono-, di- or tri-hydric, alcohol, fo

exanpl e rret'm@l’ﬁéleﬂt iatthe fsm ofiaranides Ifor examaie with fillers sush@s lastose, &lndgtﬁ:ﬁﬂsh as
thereof, buhaRREeGH] er mgqtucﬁ@@ @wﬁt hesﬂﬁlestéé?hteo%c?‘ﬂ deXAdIAiEs stabil-

fatty aci d esters are ore to be men | oned eate, 1sopropyl

myri state, rses‘wn@ppsulpam aciive ingredigptds prefwabtymsomloy susRanded ieui ol

[atty act a&XaPIi SREBL bty B, Semmnitiolio Btfiethicre G, Kikeline aing 2 °C
especi al | y poegibtecfor stabilisers mm: antibagterial agentd to be addediTineremay be mantrooeqi as

castor oil ’sggﬁgsgﬁggb&ﬁn@g&d@ﬁ%aéé %Efetd?tttat’c&{t?%@%td c?dnk GHefle & PR

The injecti are prepared In customar under s e

condi t i ons fatyhacid doeexarpbie dmvingdom 8 to A2 exﬂ:eclatbgfrodnet a:toraiosarbom atonms;) tfar

anpoul es of x\éll'n%‘estagﬁc aclg at'rihQ&rhE Q\gldc Ru%gt c aecrié. ‘pentadecylic acid, palmitic acid, margaric

. acid, stearic acid, arachidic acid, behenic acid, or cdrreSponding unsaturated acids, for
example oleic acid, elaidic acid, erucic acid, brassidic acid or linoleic acid, if desired with the
addition of antioxidants, for example vitamin E, B-carotene or 3,5-di~tert-butyl-4-hydr6xy—
toluene. The alcohol component of those fatty acid esters has a maximum of 6 carbon
atoms and is a mono- or poly-hydric, for example a mono-, di- or tri-hydric, alcohol, for
example methanol, ethanol, propanol, butanol or pentanol or the isomers thereof, but -
especially ethylene or propylene glycol and glycerol. The following examples of fatty acid .
esters are therefore to be mentioned: ethyl oleate, isopropy! myristate, isopropyl palmitate,
" abrafil M 2375" {polyoxysethylene glycerol trioleate, Gattefossé, Paris), “Miglyol 812" (tri-
glyceride of saturated fatty acids with a chain length of C; to C,, Hlls AG, Germany), but
especially vegetable oils, such as cottonseed oil, almond oil, olive oil, castor oil, groundnut
oil, soybean oll and more especially sesame oll. Paraffin oil is also possible. Stabilisers,
such as emulsifiers, wetting agents or surfactants, binders, such as starch pastes using, for
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suitable oily excipients, such as fatty oils, paraffin oil or liquid

pol yet hyl ene glycols, it |ikew se being possible for stabilisers and/or

ant i bact eriga@h%ﬁa& be added. There may be nentioned as such oils

especially Trqu afty acid esters that contain as acid conponent a
| ong-chained fatty acid, for exanple having from8 to 22, especially from
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acid, pentadecylic aci tic acid, nmargaric acid, stearic acid
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acid, if desire

In the preparation of all starting materials, free functional groups that are not to participate
in the reaction in question rﬁay be unprotected or may be in protected form, for example

. they may be protected by the protecting groups rhentioned above under Process a). Those
protecting groups can be removed at suitable times by the reactions described under the |
heading “Removal of protecting groups”.

The starting materials of Process a) are known or, if novel, can be prepared in accordance
with processes known per se; for example the compounds of formula Il can be prepared
from hydrazine or suitable derivatives thereof, and the compounds of formula IV can be
prepared from suitable amin'o acids or analogues thereof, for example having one of the

P



addition of antioxidants, for exanple vitamn E, [err]-carotene or
3,5-di-tert hydroxy- tol uene. The al cohol conponent o ty
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especially ethylene or propylene glycol and glycerol. The follow ng
exanples of fatty acid esters are therefore to be nentioned: ethyl oleate,
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(tri- glyceride of saturated fatty acids with a charn | ength of C8 to Cl2,

of bl mond "B eoa P BRI G oot B IRt Rernesp; o BomRuds o BRATR o

especially sesane oil. Paraffin oil is also possible. Stabilisers, such as
emul sifiers, wetting a or surfactants, binders, such as starch past es
using, for 9’7%& X,
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exanpl e, corn, wheat, rice or potato starch, gelatin, tragacanth,
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et hyl ene oxi de/ propyl ene oxi de bl ock polyners of the Pluronic type
(Wandotte Chem CorpRrg trade mark of BASF, FRG or Synperoni ¢aytype (1Cl).
For exanple, if the-active ingredient is not soluble in the nentioned oils
it is present in the formof a suspension, for exanple having a particle

size of apWHRKIAT, ¥s Béﬁﬂedlortdarrmnmf Brabias Lts;pr%a&ndméf dRYitablesarbsnyised
.as such, that is to, say w.thout C@QSW es. or p| ment s na\éssbﬁ

added to tﬁ@"\PaHP%PETOHPU@r)Q gPER ¥ 'Eﬁéﬁf'Yﬂi'é’eé’r‘erﬁef 98 Qefwg ugdet Broc
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active ingredient. Starting materials: resent invention relates
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their prepafpiinay The starting materials used and the reaction conditions
selected are preferably those which result in the conpounds described as
bei ng preferred.

NH (<,

R, |
N W

the radicals in all the mentioned compounds being as defined above and functional groups
in the reagents involved that are not to participate in the reaction being protected as
necessary, and removal of the protecting group Ry as neceséary and by condensation
under the conditions mentioned above under Process b) with an acid of formula VI, or an
acid derivative thereof mentioned under Process b).

The carbonyl compounds of formula X*, or reactive derivatives thereof, suitable for the
introduction of the radical of sub—tormula A that arewsed for the preparation of the

s



In the preparation of all starting materials, free functional groups that
are not to pidbpsdess e in the reaction in question may be unpr ECIRPOWNO1860
may be in protected form for exanple they may be protected by the
protecting groups mentioned above under Process a). Those protecting groups
can be renoved at suitable tines by the reaBlrons described under the
headi ng "Renoval of protecting groups”. The starting materials of Process
a) are known or, if novel, can be prepared in accordance with processes
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er roc ss f

~both as define ree ami no group of the conpound
of fornula Xir sutfomc aadsmhasqﬁtoﬂmpe@fqnmacnd at temperatures of from 0°C to the reflux

temperature of ine reaction mixture, preferably at temperatures of from 20°C io the reflux

temperature of the reaction mixture.

Compounds of formula

N . XM,

R‘/ \NH-R,

wherein R, and R; are as defined for cbmpounds of formula Xl are obtained.

The reduction of the resulting hydrazones of formula XII* is preferably carried out by
hydrogenation in the presence of a suitable catalyst or with complex hydrides in the
presence of acids. As catalysts suitable for hydrogenation there are used metals, such as
nickel, iron, cobait or ruthenium, or noble metals or oxides thereof, such as palladium or
rhodium or oxides thereof, optionally, for example, applied to a suitable carrier, such as

- barium sulfate, aluminium oxide or carbon (active carbon) or in the form of skeleton
catalysts, such as Raney nickel. Solvents customarily used for the catalytic hydrogenation
are, for example, water, alcohols, such as methanol or ethanol, esters, such as ethyl
acetate, ethers, su_ch as dioxane, chlorinated hydrocarbons, such as dichloromethane,



t her eof and subsequent reduction of the resulting hydrazone to forma
hydr azi ne dwg%?lve of fornmula [err] (X11), _

radicals in ment i oned conpounds be| ng as defi ned abovm”m“o
functional groups in the reagents involved that are not to participate in
the reaction being protected as necessaryd2and renoval of the protecting
group R7 as necessary and by condensation under the conditions nentioned
above under Process b) with an acid of formula VI, or an acid derivative

t her eof ”Pdétrﬂé&{}/ﬁ&i al:‘iﬂ(ll‘?l’ild%1 QaeR as @methylﬂ}ﬁ)a?ﬁa@(y?%rb%}w s@éh %Q?lﬁh‘kﬁ X,

or reactive vatives thereof, suitabl or 'the 1 ntfroduction
radi cal ofacetibatidy oumixtures lehthose solveats. The hydregenalicaris camied out pieferably at WO

gé{rf'gggg / dﬁ@garatures of from 10° to 250°C, especially from room temperature to g90°C and

conpounds héfetablyEt Rydrbden Bress@bs B flombPIE200kH | eﬁiééfﬁ? $rofm 1 toX l?bé‘ﬂ fiethedes

or reactive derivatives thereof, the reactive carbonyl group whi ¢

ch,
after the GUStRansAPRRTRIIS: 5RpeTaduction wih srmRlexvarides: erpesially Baf@éwﬂdes
reducti 0”1subﬁ 8 dﬂ@ﬂ%éthl»ﬁj&ho%roﬁ idels, fdi‘%x&ﬁﬂfe' SRRk of; ag%s% dn‘?c?]  itis

sub-formula A he reaction of the car bonyl conpounds conmpounds
of fornul Preferable fQ)aqlﬁ waak a@ds.r%@b@scﬁwfgmﬁmdéz@n examplemioiueagswionic anidror

the condi tc%%h%yﬁ#’é&& ubmés% f 5Q8 g;sr%raszgfr%lb@%b@fSUEﬁ‘aQWh gfg{ﬁaﬂa or

wi t h am nes era npo ar organic s 'for

such as temxwmthcmfmhovateﬂ (seayfor exampie, Tetealtedran _g;lasnsaszaﬁmm or

et hanol, carboxylic acid am des, such as dinethylformam de, or esters, such
as et hyI acetate, or in aqueous solution, preferably in nethanol, and al so
i n the pr disiemise possibiebioe compobhndscofdoraia Dy & be akylatezbdiwpbactmrdmnw v'mxh

q . ; L . ; ;
2 of wene SAMRBHNGS Bt PrRligg? b FEFhYS 8 TRty Paret axoybed fniroErm A°
t enper at uupdef corititione amkaiogousitcthose mentiohed MPcess henperatures of from

20[err]Cto the reflux tenperature of the reaction m xture. Conpounds
of formula [err]

Also especially preferred for the preparation of compounds of formula X{ are reaction
congditions analogous to those described in J. Chem. Soc. Perkin I, 1712 (1975).

Compounds of formula lll can also be obtained, for example, by reacting a compound of
formula Xil*, as defined above, wherein R; is hydrogen (obtainable, for example, by the
removal of protecting groups when Ry is a protecting group), directly, with condensation
under the conditions mentioned above under Process b) with acids of formula VI, or the
acid derivatives thereof mentioned under Process b), to form compounds of formula

R, (),

wherein the radicals are as defined for compounds of formula |, which are then converted
into compounds of formula I{l by reduction under conditions analogous to the conditions
mentioned for the reduction of hydrazones of formula Xil*.

Compounds of formuia tli* can also be obtained from the corresponding compounds of

.



(XI1*), wherein R4 and R7 are as defined for conpounds of forrmula Xl
are obtai ned eduction of the resulting hydrazones of fQHHpR H

is preferabl 9"%3%57%8% out by hydrogenation in the presence of a sul t‘gﬁsjgo e
catalyst or with conplex hydrides in the presence of acids. As catal ysts
suitable for hydrogenation there are used " als, such as nickel, iron,
cobalt or ruthenium or noble netals or oxides thereof, such as palladium
or rhodium or oxides thereof, optionally, for exanple, applied ta a

SUT 201 2441 e A el ol B, WY i A

Sol vent s cusf formuld X*, esaikfihed abhee, tafarm/thedytbsahooege abdormonladitunder conditions e,

wat er, al cohol s, such, as t hanaol _.or et hano ster ch as e "
hcet at e ot AROG0GH (i trdge FERTHRE acie 3t G PeseefS of brmp By RomtRyfHT Y tomula X
di chl or onet RatRehydrazines of fifiil 540029 . :

PCT/ EP97/ 01860 ' - 52 -

carboxylic acid am des, such as dinethylformam de, or carboxylic aclLds,
such as gl agi GlmasnRid & f8frsla 1N Eaf b obifSed forl @il Vy\t8Akdtion B18n amino acid of
hydrogenation 1s carried out preferably at tenperatures of from10[err] to
250[err]C, &spwdrally fromroomtenperature to 100C, and preferably at
hydrogen pressures of from1 to 200 bar, especially from1l to 10 bar, in
the customary apparatus. For the reduction with conplex hydrides,
especially borohydrides, such agpal kali nmetal cyanoborohydrides, for

exanpl e sodi um cyanoborohyggidelit is preferable to add weak acids, such
as sulfonic acids, for &xém p-taH uenesul foni ¢ acid, or car b@ﬁ}ﬂ i ¢ acids,
such as acetic acid, preferaBly in alcohols, such as nethanol et hanol ,
or mxtures thereof wwth watéx (see, for exanple, Tetrahedron 49, 8605-8628
(-1993)). It is also possibleRfor compounds of fornula Xl to be al kyl at ed
by reduction directly with conpounds of forrmula X*, or reactive derivatives
t her eof , aswhefein®j isihygtrogdhr ocespecially one détheconido-pratestinggroopomentianednasier

mentioned ip Process f).. ‘ ciall eferred for the preparation_ of
Compounds of %P <espeoahe ErEBuEr BRSHBRteP St AiorBlino R BRI A Flow? ok
described i Bxycarbdminsutihas bearyioxycarbohyllst 4-flisbényimethoxycarbonyl, or one of the acyl-

amino-protecting groups mentioned under Process a), especially trifluoroacetyl, and Rj is as

defined for compounds of formuia |, to form an aldehyde of formula

i NH\/U\” | v,

wherein the radicals are as last defined, subsequent reaction of that aldehyde with a ylid
compound, preferably a sulfur ylid compound, to form an epoxide of formula

NH  2e=Q
N
H.\/ﬂ_ o),

wherein the radicals are as last defined, removal of the protecting group Rs (the resulting

ree amino compound wherein Rq = hydrogen may be stable, for example in the form of an
acid addition salf) and finally acylation of the amino group of the resulting compound with

L



Conpounds of fornmula Il can also be obtained, for exanple, by reacting a
compound of formula X I*, as defined above, wherein R7 is hy,

(obt ai nabl¥O %8002y anpl e, by the renoval of protecting grouwmwoi s-a
protecting group), directly, with condensation under the conditions
mentioned above under Process b) with ackgds of formula VI, or the acid
derivatives thereof nentioned under Process b), to form conpounds of

Lg;mrjll'eg][err] | . I (:II\’:\}1 ] vvhereintheradicals are as
[ or conpounds of fornul a ich are th t
of for mulan agid offormula ¥l Whetginthe radicals@re as d 3%\%?642@8 ﬁﬂ ”E‘&ﬁo{ Wi '%g nds

rent | oned d-iich8enaRANAS iR Sontiigheasstemedtor motilsy JXI . COrrpounds of

formula | can a tained fromthe correspondi ng conpounds of -
V\15)397/ 40]929 I PCT/ EP97/ 01860
- - r mu ) il '

oot e‘ﬁ-nqmetdﬁc‘lé%ln%foahr}‘n@b%@ ;&ﬁ]ﬁfgnﬂs%égo?sﬁfo@umg%vlme yas oPtorimBROYNG

h% draz ?nes cafneﬂmunfoaexampleubwaducmOtthe ngrramndgmﬁicqm!s amtwmeguemtbed
above for t

| on conpounds of fornmula X* with hydrazines
of for _rrul‘éi"‘?éEilo g?ﬂﬁ?aﬂaq?%‘{eﬁul a |V can be obtained, for exanple, by
reduction of an am no acid of fornula [err]
The reduction to the alcohols (a free compound or (if necessary after the introduction of
protecting groups, as described under Process a)) a compound N-protected by Rs, having

the formula
i),

wherein the radicals are as defined for compounds of formula Xill) is carried out, for
example, by hydrogenation of the acid halides or other activated carboxylic acid derivatives
mentioned under Process b) under the conditions mentioned for the hydrogenation of
hydrazones obtained from compounds of formula X}, with diborane or with complex
hydrides, such as sodium borohydnde The subsequent oxidation of the resuiting alcoho!s is
possible, for example, by oxidation of the hydroxy group with a sulfoxide, such as dimethyl
sulfoxide, in the presence of a reagent that activates the hydroxy group, such as a
carboxylic acid chloride, for example oxalyl chioride, in inert solvents, for example a
halogenated hydrocarbon, such as dichloromethane, and/or an acyclic or cyclic ether, such
as tetrahydrofuran, at from -80° to 0°C, for example from -78° to -50°C, or by oxidation, for
example, with chromic acid or a derivative thereof, such as pyridinium chromate or tert-butyl
chromate, dichromate/sulfuric acid, sulfur trioxide in the presence of heterocyclic bases,
such as pyridine/SO;, and also nitric acid, pyrolusite or selenium dioxide, in water, organic
solvents, such as halogenated solvents, for example methylene chloride, carboxylic acid
amides, such as dimethylformamide, or di-lower alkyisulfoxides, such as dimethyl sulfoxide,
in the presence or absence of basic amines, for example tri-lower alkylamines, such as
triethylamine, at temperatures of from -50° to 100°C, preferably at from -10° to 50°C, or by

.



wherein R8 is hydrogen or especially one of the am no-protecting groups
ment i oned unge7kenRsess a), especially tert-Iower al koxycar borBCT/ERXTENBAS
tert-but oxycarbonyl, aryl-lower al k- oxycarbonyl, such as benzyl oxycar bonyl
or 9-fluorenyl net hoxycarbonyl, or one of the acyl- am no-protecting groups
ment i oned under Process a), especially tri?f uoroacetyl, and R3 is as
defined for conpounds of fornmula I, to forman al dehyde of fornula [err]
wherein the radicals are as | ast defined, subsequent reaction of that

al dehyd_edwcfa]gh@icxtidr?dm[geﬁaﬁmﬁ forexafrpiciol the premente of gietallicsilvenwogper: coPRErmM
an epoxide of formula [err ] wher ein. .t he I cals.are_as |l ast .
defi ned, rcRERAIMPXidear 6P%Pé’e'? iahaP@’PZS'm??ﬂg ffPf'h%‘Scf" 386‘1 i‘ﬁZ‘"?ﬁ’%ﬁ”ﬁﬁaﬁBbe) with
conmpound wheg ei = e : . f TNl iofftaem of an
o addi 1 1-DREele rapid KIRGT Do P 5308 Boliahefhyb IR ) S the

resul ting qoesemeedfNaOC! is also pusisie/(sepaoelli et al., Org. Synth. 69, 12 (1990)).

PCT/ EP97/ 01860 -54 - an acid
of_.forrml avil, wherein the radicals are as defined for fornula VILI, under
sui t abl e comyi diteet fedabidrogithe anind Aeids tribetsldethydds iscalsh pdsdible, for exaraplelby.
The reduction of am no

et o ST B8 stehee 7S By bbb i AR bl

cor r espondigng calresHonbmgMsinG ABRIesIES  foP¥xehbib Be fover fkyhBsteispsuch a8 helutolds.
ester, with complex hydrides, for example borohydrides, such as sodium borohydride, or
preferably aluminium hydrides, for example lithium aluminium hydride, lithium tri(tert-
butoxy)aluminium hydride or especially diiscbutylaluminium hydride, in non-polar sofvents.

for example in hydrocarbons or aromatic solvents, such as toluene, at from -100° to 0°C,
preferably from -70° to -30°C, and subsequent reaction to form the corresponding
semicarbazones, for example with the corresponding acid salts of semicarbazones, such as
semicarbazide hydrochloride, in aqueous solvent systems, such as alcohol/water, for
exampie ethanol/water, at temperatures of from -20° to 60°C, preferably from 10° to 30°C,
and reaction of the resulting semicarbazone with a reactive aldehyde, for example -
formaldehyde, in an inert solvent, for example a polar organic solvent, for ei(ample a
carboxylic acid amide, such as dimethylformamide, at temperatures of from -30° to 60°C,
preferably from 0° to 30°C, and then with an acid, for example a strong mineral acid, such
as a hydrogen halide, in aqueous solution, optionally in the presence of the solvent used
previously, at temperatures of from -40° to 50°C, preferably from -10° to 30°C. The
corresponding esters are obtained by reaction of the amino acids with the corresponding
carboxylic acids, for example ethanol, analogously to the conditions empioyed in the
condensation under Process b), for'example by reaction with inorganic acid halides, such
as thionyl chioride, in organic solvent mixtures, such as mixtures of aromatic and alcoholic
solvents, for example toluene and ethanol, at temperatures of from -50° to 50°C, preferably

from -10° to 20°C.

The preparation of the compounds of formula XIV is carried out in an especially preferred
manner under conditions analogous to the reaction conditions mentioned in J. Org. Chem.
47, 3016 (1982) or J. Org. Chem. 43, 3624 (1978).



The reduction to the al cohols (a free conpound or (if necessary after the
I ntroduction, of protecting groups, as described under Process

conmpound h+¥WQﬁ7 2d by R8, having the formula [err] P&#%F@WH&Whe
radi cal s are as defined for conpounds of fornula XlIl) is carried out, for
exanpl e, by hydrogenation of the acid hal.iggs or other activated carboxylic
aci d derivatives nentioned under Process b) under the conditions nentioned .
for the hydrogenation of hydrazones obtained from conpounds of fornula XII,
wi th di borane or with conpl ex hydrides, such as sodi um borohydride. The
_subsequent oxidation of the resulting alcohols is possible, for exanple, by

oxi dati on afsuifaeyiitystigsble BF Hedcotivbisich 6ldontpouias of forMmuRSXIV iflithy poxides of
sul foxide, in the presence of a rea%ﬁgt that activates the hydroxy .group,

such as a ERIPMRAYiIS Tecpnoled dighkyisulionidm meingide, Eﬂ")ﬂ"amﬁﬁim@)’iﬁuﬁf’ﬁ"%’ﬁj t
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‘and/ or an acyclic or cyclic ether, "such as tetrahydrofuran, a

-80[ err] t phemdimehylaminasuiiexnium mathylie, ova dizdglsulfexanjure meliaidefor example
exanpl e, V"an#btﬁ)?f g,nggigv@p_ Hfo%niﬁnﬂﬁéﬂ%ﬁ&é,ve t hereof, such as pyridinium
tert-butyl“c ., di

chromate or ronat e chrorat e/ sul furic acid, sulfur trioxide
in the presence of heterocyclic bases, such as pyridine/ SG3, and al so

nine pre s . ;S| : o5 | |
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- NaQCl is also possible (see Anelli et al., Og. Synth. 69, 212 (1990)).

The reaction with a sulfur ylid is effected in an especially preferred manner analogously to
the conditions mentioned in J. Org. Chem. 50, 4615 (1985).

A compound of formula XV can also be obtained from a compound of formula X1V, as
defined above, by reaction thereof with a tri-lower alkylsilyimethyl Grignard compound, for
example prepared from the corresponding halomethyisilane, such as chloromethyl-trimethyi-
silane, in an inert solvent, for example an ether, such as dioxane or diethyl ether, at temp-
eratures of from 0° to 50°C, for example from room temperature to approximaitely 40_°C,
subsequent elimination with removal of the silyl radical and formation of a double bond, for
example by means of a Lewis acid, such as BF3, any amino-protecting group Re preferably
also being removed, in an inert solvent, for example an ether, such as diethyl ether, or a
halogenated hydrocarbon, such as dichloromethane, or a mixture thereof, at temperatures
of from -50°C to the refiux temperature, especially from 0° to 30°C, if necessary acylation
again with the introduction of an amino-protecting group R,., as defined above, and
oxidation of the resulting double bond to form the oxirane, preferably with a percarboxylic
acid, for example m-chloroperbenzoic acid or monoperphthalic acid {for example in
magnesium salt form), in an inert solvent, for example a halogenated hydrocarbon, such as
dichloromethane, or alcohols, such as methanol, lower alkanoylnitriles, such as acetonitrile,

-



The direct reduction of the amno acids to the al dehydes is al so possi bl e,
for exanpl e Wo dygdomoenation in the presence of a partially poPESDER/01860
pal | adi um catal yst or by reduction of the corresponding am no acid esters,
for exanple the |ower alkyl esters, such a 7the et hyl ester, with conpl ex
hydri des, for exanple borohydrides, such as’’sodi um borohydr| de, or
preferably al um nium hydrides, for exanple lithium alum nium hydri de,
lithiumtri(tert- butoxy)al um nium hydride or especially

di i sobut yl alyaféritr wibdaysh thesor,iat teraperatires ofirdme20C tofthe refiartpinperature of the
hydrocarbons or aromatic solvents, such as toluene, at from-100 to
O[err]C, praﬁgﬂ@ﬁqfﬁxﬂmﬂeab[@ﬂp t050°8b[ err] C, and subsequent reaction to
formthe correspondi ng sem carbazones, for exanple with the correspondi ng
acid salts of sem carbazones, such as sem carbazi de hydrochloride, in
aqueous sol geRipotyids effdormelady ans pedferably prepared byfstarting divpdtly witthamalcohaltoér ,
at tenperat ef er abl. frorp

SOLer e IR s Gatner eBpieariivh & Al FuRrBtdy A dkye: e?%rlv@ttﬁstea'coho'

al dehyde, f gith@¥adtrd 6f foRhNa I, hsfdmh a ﬂaa%ﬂve genivatioe thepsdt, as déﬁrié‘éefﬁpi’l%céss o),
pol ar organic solvent, for exa E‘E e a carh I|c aci d am de, such

di et hyl f or Haderdbe capditiensyapaionedlherein, v @6"?%"‘390 PEStRStNG %?‘éﬂ%'?%\'ﬂﬂ {Ater om
Oferr] to 38[&& e@@%é&\ﬂfﬂeY‘PHbe%Q aR i rehitve® 4R SRLBItimbs, YR Hesbisdinder

acid, such as a ]t?yo?ro en lide, in aqueous sol ution, optionally in the
presence of thehheasing é’lﬁm@@édf pretegting, QTQHPSatthQT erheing-atiaingd grcompstind apalogous

50[err]C, p r ] SR
obt ai ned by{oflg‘gc(%mcpb UBP%?FO"&B{%I%‘(')I g{':’EF S etéu-gé%gp%aol?r es pory(}ﬂ e%ﬁ@ﬁ%@é\? Frfgl %cyl
acids, for eadicalrermctheacid of formula YBl ¢he rasuitingsoopodnd imd:eeq)umcﬁonﬂmm%
condensat i on nder S f Q cid
nal i dos. . suBRARESYs {oUEFE detonedor e WRidiioRer BB BP trblh XAI° RN g

m xt ures of cmespnndmgakdhhyde@htdrhmlmol vents, for exanple toluene and

et hanol, at tenperatures of from-50[err] to 50[err]C, preferably from-10
to 20[err]C. The preparation of the conmpounds of fornula XI'V is carried
out in an especially preferrgd manner under conditions anal ogous to the
reaction conditions. nentloneg in J. g. -.Chem 47 3016 (1982) or J. Og.
Chem 43, 3624 (1978). 029

“'PCT/ EP97/ 01860 SN S TN
~sul fur ylid suitable for tMﬁ cfinvet S|oﬁ of conpounds of fornmula XIVinto
t he epoxides of fornula XV is,of orxexanple, a dialkylsulfonium nethylide,
for exanpl e d|nethylsulfonlun1nethylwq , an al kyl - or '

phenyl - di al kyl am nosul f oxoni um net hyl i de, for exanple nethyl- or

phenyl - di met hyl am nosul f oxoni um et hyl i de, or a dial kyl sul foxoni um

met hyl i de, for exanple dinethyl- or diethyl-sulfoxoni um nethylide.
- wherein the radicals are as defined, and that aldehyde is then converted, for example with

an ylid compound, as described for the conversion of compounds of formula XIV into
compounds of formula XV, into the compound of formuia IV.

The starting materials of Processes b), ¢) and d) are known or, if novel, can be prepared in
accordance with processes known per se: for example a compound of formula V can be
prepared from a suitable hydrazine derivative of formula Xli wherein R; is a protecting group
- and the remaining radicals are as defined for compounds of formula V and a suitable
epoxide of formula IV wherein the radicals are as defined for compounds of formula |
(Process b); a compound of formula Vil can be prepared from a suitable hydrazine
derivative of formula il wherein the radicals are as defined for compounds of formula | and
a suitable epoxide of formula XV wherein R; is a protecting group and the remaining
radicals are as-defined for compounds of formula | (Process c); and the compound of

e



The sul fur ylid compound in question is advantageously prepared in situ
fromthe corres- ponding sul foniumor sul foxoniumsalt and a base, for
exanpl e sodiW@OHIRP de, in a dipolar aprotic solvent, for exafETERNRERAY| - -
sul foxi de, or an ether, for exanple tetrahydrofuran or 1, 2-dinethoxyethane,
and is then reacted with the conpound of fggsula XIV. The reaction is
normal ly carried out at roomtenperature, with cooling, for exanple down to
-20[err]C, or with gentle heating, for exanple up to 40[err]C The sulfide,
sul finam de or sy foxide fo I S renoye

subsequent ?%THW?O CaLP% PF?@%%F&'“W%Q%?W"W'% qderivative, ot ioF m?'?l){i' wherein R, is
effected i py &Bgéﬁ BAQ TS femalhinbeadiesls &P 8BS tefitdl 0D BoHRPdUrdS Jf iGmfmd fakd aNns
mentioned in J. Org. Chem 50, 4615 (1985) A conmpound of fornula XV can
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such as di
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subsequent beingrasrdefined abbvenin tberdetiition ot cnmpaungs of fostinaibal Xleamdi Xitly respectivelyf. a
doubl e bond, for exanple by nmeans of a Lewis acid;, such as BF3, any

am no-protecting group R8 preferably al so being rem)ved in an inert
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ydr ocar bop, suc a i chl oronet hane, . or, a m xture thereof, at tenperatures
of from - 5&'@?‘?’]“8'% O PPRIYNGS gq%@}ad hare, especially from0 to 30[err]C
I f necessary acylation again with the .introduction of an am no- pr ot ecting
group R12, as defined above, and oxidation of the resulting d& e bond to
formthe oxirane, preferablypwith a percarboxylic acid, for e bﬂp

m chl or oper benzoi ¢ aci N opNtht halic acid (for exarrpl e i n nmagnesi um
salt form), in an ine s\qh H fO¥ exanpl e a hal ogenat ed hydrocar bon,
such as di chl oronet hane, q_é ohol s, such as net hanol, | ower

al kanoyl nitriles, such as cetﬂpl tri I e, WO 97/ 40029

PCT/ EP97/ 01860 -57 - wat er or

tenperature of the mxture, for exa err’] err
Conpounds it desatibed in Bromeés b} é»/ée%smoy\ mﬁb@a@@no oftfarmuyla §v.avhesein|apywi t h
an al cohol ?'#ﬂip‘i |y
avai | abl e, urme:té% lﬁw"ﬁ??{ "é(t) oFﬂf\th’tﬁs A m"i’ﬂ g%rrdﬁ'ﬁn SpigiEct édﬁéa
reactive ddeSomhedvePtdaesseb)‘ an&teemagmeaﬂeomewew@ss c), under the
conditions nentioned therein, with, if necessary, prot ect'i ng groups being

i ntro- duced, as described under Process a), and renoved at suitable tines,
as descri bédmpodeds bﬂferriudadll'rogn‘blémhtaiaed trompromporinds of fprmulasX|, as Hefiredbei ng

in n al
obt ai ned aaé:oq/e. Bureda w Uhacid of formula VI, or a reactive acid derivative thereof, wherein

mi xt ur es tﬂﬁéfeﬂ-f% eq'ﬁdircﬁﬁ%‘?é %%ﬁﬁe@fer tom bu &Wﬁlé P ih Q?nérg'{elr Hﬁjﬂogous to

the radicals are as defined above, in a manner analogous to that described for the reaction
of compounds of formula Xl with an acid of formula VI, and, as necessary, subsequént
removal of the protecting grou.p R-in accordance with one of the methods described under
the heading “Removal of protecting groups”.

Where two amino-protecting groups are present they may be identical or different.

The amino-protecting groups used are, for example, the amino-protecting groups mentioned
above under Process a). Preference is given to the corresponding compounds wherein the
protecting groups are selected from those described as being preferred for R; and R, in
compounds of formulae Xl and X!, respectively.

e



to the compound of fornmula XiI1* wherein the place of R8 is taken by the
corr espondi ng,(pég)%o{ adi cal fromthe acid of formula VIII; the pefebéitigso
conmpound i s OXIi |se3 under conditions anal ogous to those nentioned for the-
oxi dation of alcohol's of formula XIl1* to %é)rm t he correspondi ng al dehyde
of fornmula [err] wherein the radicals are as defined, and that
al dehyde is then converted, for exanple with an ylid conpound, "as descri bed
for the conversion of conpounds of formula XIV into conpounds of formula
XV, into the conpound of formula IV. The starting materials of Processes

ot ocobsos. AMSeRAIGLD! Bsrerblosiid @ripcii ATk BRT S FatBa AR e R b o

froma sui tzzbbriahye withiang otercf e proeesdesimentionad Keteinbefore, espdtidlly fom com-
pratecting gro d the remgining radicals are as defined for  conpounds of
Pormit o V- avnds stiormule 11BN whlrei? Sirifiptal SuSugicmey he Praec S by rasing ac
defined f orgr&gys) @y dscrited! WideH Podess By.ocess b); a conpound of fornmula Vi
can be prepared froma suitable hydrazine derivative of formula IlI_.wherein
the radicals are as defined for conpounds of fornmula | and a suitable

epoxi de of fir A, VIfRank Viffa BA@HHRFEInTSbUNGS P ﬁﬂ%i '

radi cal s a@%aésgi&ef?f%g\cqm?%?"co Sunds of #orrmnlq%l ?Pr odggiglsat%'fa;r{ an aﬁ]ég@des
conpound ofsuitable for theintaruglioypof the radical of sub-formula A that are used for the preparation

PCT/ EP97/ 0 : ' . . - X
can bo. pr eBAELYRYynds &l formufa x| can be prepated i ageordance witlotessor Rhifth bel |
R7 i s hydr sgdfthaydrd het already known.r adi cal s are as defined for conpounds of
formula | and a suitable epoxide of fornula XV wherein R3.s a protecting
group and the renmaining radicals are as defined for conpounds of formula I
(Process d)rheqsaeﬂaargmgmhé@clgsawmmm \Fl)l isuticotzd |Hy)fe56ﬁdigaf@éﬁxém\df adower
protecting groups, as described under Process .a).and under the headin

P Removal | o PSR AgEabmare shfbinios e FRAGGIB. R 4ower AroRroaRdradady
bei ng as dedr gi@thphdBy fedction BEthd&borrebportiingpyr6SArBenIB agidi-Idvisr alyR estersi{tdpe-

XI'll, respectively. L . . : .
cially pyrocarbonic acid dimethyl ester; Aldrich, Buchs, Switzerland) or preferably haloformic

acid lower alky! esters, such as chloroformic acid lower alky! esters (especially chioroformic
acid methyl ester, Fluka, Buchs, Switzerland), with amino acids of the formula '

Pt

HO

A oxvi)

X )

5

wherein Rs is as defined for compounds of formula VI, under conditions analogous to those
described for acylation under Process b), especially in an aqueous alkali metal hydroxide
solution, for example aqueous sodium hydroxide solution, in the presence of dioxane at
temperatures of from 20 to 100 °C, especially from 50 to 70 °C.

Correspondingly, the compounds of formula Vill can be obtained from amino acids of
formula



Compounds of fornula |I', wherein the substituents are as defi ned above, can
be prepared, for exanple, from conpounds of formula II1l", 1]

wherei n t WWOrS34P®Ral s are as defined for conmpounds of forrrul d’q ER7/018680 nner
anal ogous to that described in Process b), by reaction with a conmpound of
-formula IV, wherein any functional groupﬁOpresent that are not to
participate in the reaction may be protected as described in Process b) and

freed again after the reaction. Conpounds of fornula Ill" can be obtained
from conpounds of fornmula X, as defined above, by reaction with an acid of
formula VI, or a reacti acjd derivative thereof, wherein the radicals are

as defined above, in a panper %nal ogous to that descri bed f opevifie reaction
of compounds of fornmyma XGH with an acid of fornula VI, and, as necessary,
subsequent renoval of the I rotecting group R7 in accordance wi th one of the
met hods descri bed under t headi ng "Renoval of protecting groups". VWher e
two am no-protecting groups are present they may be identical or different.
The am nowhereind®yis ag dgfinechfor compoumds off formula dngridthe tdoenpaundsoffortiala Mikhey
groups nenti.on e und Proc ., Preference is given to the
corresporﬁfﬁ @gﬁ‘ﬁﬁﬁ G ﬂﬂﬁ'\pﬁcﬁgﬁ?ﬁamf‘ecti ng groups are selected from

t hose described as being preferred for R7 and R8 in conpounds of fornul ae
XI and XIll, respectively. . WO 97/ 40029

PCT/ EP97/ 01860 o _ - 59- The
preparation of the prot ctc?_ld‘”&orrpounds of formula | is carr i&gms)ut , for

exanple, in HO l

R,

wherein R, is as defined for compounds of formula VIiI’, by reaction with derivatives of a
lower alkoxycarboxylic acid that are suitable for the introduction of lower alkoxycarbonyi

radicals.

The amino acids of formulae XVi, XV1i and XV1Ii are known or can be prepared in
accordance with processes known per se. They are preferably in the (S)-form (in respect of

the a-carbon atom).

Compounds of formula IV can also be prepared by condensing a compound of formula XIX

H,N

[

5

(XIX)

with a compourid of formula XVill, as defined above. The condensation with an acid of
formula VIII, or an acid derivative thereof, is carried out under conditions analogous to those

mentioned above under Process e). A compound of formuia XX,



accordance with any one of the processes nentioned hereinbefore, especially
fromcom pQue@susbheformulae 111 and 1V wherein functional gro«ASEFE01450
protected by protecting groups, as described under Process a). The aci ds
of fornulae VI, VIIl and VlIlla and the corg)ounds of fornmula X, and the

al dehydes suitable for the introduction offthe radical of sub-formula A
that are used for the preparation of the conmpounds of formula Xl can be
prepared in accordance with processes known per se if they are not already

known. The preparation the acids of fornula VI is effected by reaction
of derivatives of a | ower g koxycarboxylic acid that are suitable for the
i ntroduction of |ower 8]k caMto radi cal s, for exanple by reaction of

t he correspondi ng pyrocéN orfl c atid di-lower alkyl esters (espe- cially
pyr.ocar boni ¢ acid dinet hyl e8terx AlLd(ich, Buchs, Switzerl and)Xxy
preferably haloformc acid | ower "a esters, such as chloroformc acid

| oner al kyl esters (especially chl & brm c acid nethyl ester, Fluka,

Buchs, Switzerland), with am no acid$S of the fornula [err] wher ei n
R5 is as defined for conpounds of forrmula VI, under conditions anal ogous to
t hose described for acylation under Process b), especially in an aqueous

al kal i met Whet%ﬁﬁ?@n@‘hfé?e akidefined R cOIMPBRNEs SfURALIA 158 Bbtiimdty dr oxi de
solution, in the presence of dioxane at tenperatures of from20 to 100
[err]C, especially from50 to 70 [err]C. Correspondi ngly, the conpounds

8f7 / ng%l 3 e¥blddafigwitfi oRfieH, BF Brelférably 2ehfoaly ibgﬁdéﬁp%tl%egg#%? gﬁrggle iNRydro-

-60 -. [ er pkroxides, hydrogen peroxides or peroxy acids, such as perbenzoic acid, performic acid,

peracetic acid, monoperoxyphthalic acid, pertungstic acid or especialty m-chloroperbenzoic’
acid, in inert solvents, such as ethers, for example diethyl ether, or chlorinated hydro-
carbons, such as chloroform or dichloromethane, at preferred temperatures of from -20 to

. 50 °C, yields a compound of formula IV. as defined above.

The stairting material of formula XIX is obtained preferably by reaction of a compound of
formula XIV wherein Rs is phenyl and Rg is a protecting group with a Grignard reagent that
introduces the methylidene group, especially with the trimethyisilylmethyl Grignard reagent '
(CIMgCH_Si(CHbs)s - which can be prepared from chloromethyltrimethylsilane (Fluka, Buchs,
Switzerland) under conditions customary for the preparation of Grignard com-pounds) in an
inert solvent, such as an ether, for example diethy! ether, at a preferred temperature of from
-65 to 0 °C and subsequent removal of the hydroxy group and the trimethyisilyl group, for
example with boron trifluoride in an ether, such as diethyl ether, at preferred temperatures
of from -20 to 30 °C, with simultaneous removal of the protecting group Rs (especially in the
case of removal of the tert-butoxycarbenyl protecting group) or with subsequent removal of
the protecting group, as described under the heading “Removal of protecting groups”.

Also possible is synthesis starting with a compound of formula XIV wherein Rs is phenyl and
Rs is a protecting group using a suitable Wittig reagent, such as methyitriphenylphos-
phonium bromide or iodide in the presence of a strong base, such as sedium amide, at
temperatures of from -90 to 0 °C, followed by removal of the protecting group Rs in
accordance with the conditions mentioned under the heading “Removal of protecting

groups”.

—



wherein R2 is as defined for conpounds of formula I, and the conpounds of
formula VIlla can be obtained fromamno acids of fornula [err

wherei n R2'WPIT4M2Qef i ned for conpounds of formula VII1', by Pl‘]é'é%%gl’{?ﬁ’%th-
derivatives of a |lower al koxycarboxylic acid that are suitable for the

i ntroduction of |ower al koxycarbonyl radiceas. The am no acids of
formulae XVI, XVII and XVIII are known or can be prepared in accordance

W th processes known per se. They are preferably in the (S)-form(in
respect of the a-carbon aton. Compounds of fornula IV can al so be
prepared by condensing a conpound of fornula Xl X [err] with a
conpound ofCdnepounba oKidrinkila Xsaddirioney] cab be @repéred iroacberdamice withwirdbdessss aci d
of formula VII1, or an acid derivative thereof,  is carried out under
condi ti ons KBRYP £565E Of 631 hﬁ?éeﬂ?é O ERMRIEA AT Process e). A compound
of formula XX WO 97/40029

PCT/ EP97/ 01860 o -61-
Using a compound of formula XX,

Hal .

° | (XX1)

wherein Hal is halogen, espet:ia!ly bromine or chlorine, and reacting it with an unsaturated
| héterocycle that has from 5 to 8 ring atorﬁs, contains from 1 to 4 hetero atoms selected
from nitrogen, oxygen, sutfur, sulfinyl (-SO-) and sulfonyl (-SO.-) and is unsubstituted or
substituted by lower alkyl or by phenyl-lower alkyl, especially with thiazole or thiophene, in
the presence of tetrakis(triphenylphosphine)palladium as catalyst and in the presence of an
alkali metal lower alkanoate, such as potassium acetate, in a suitable solvent, especial.!y a
N,N-di-lower alkyl-lower alkanoyl-amide, such as dimethyl acetamide, at preferred
temperatures of from 80 °C to the boiling temperature of the mixture, for example at
approximately 150 °C, the corresponding compound of formula X*, especially 4-(thiazol-5-
yi)-benzaldehyde or 4-(thiopen-2-yl}-benzaldehyde, can be obtained.

Alternatively, it is possibfe, starting With a compound of formula XXI, as last defined, to
obtain the corresponding di-lower alkylacetal (see for example J. Org. Chem. 56, 4280
(1991)), for example the bromobeﬁzaldehyde dimethylacetal (obtainable, for example, by
reaction of 4-bromobenzaldehyde with orthoformic acid trimethyl ester in an alcohol, such
as methano!, in the presence of an acid, such as p-toluenesulfonic acid (can also be used
in the form of the hydrate)). The resulting 4-halo-benzaldehyde di-lower alkylacetal is then
converted, by reaction with magnesium in the presence of a catalytic amount of iodine in a
suitable solvent, such as an ether, for example tetrahydrofuran, at preferred temperatures
of from 0° to 70 °C, into the corresponding Grignard reagent of formula XX,



[err] wherein RL and R2 are as defined for conpounds of formula
1, is obtainqgo 74&H xi dation with oxygen, or preferably chem Gd4yporieted
oxygen, for exanple I n hydro- peroxides, hydrogen peroxides or peroxy

aci ds, such as perbenzoic acid, performc acid, peracetic acid,

nonoper oxypht hal i ¢ aci d, pertungstic acid eBSespeciaIIy n}chloroperbenzoic
acid, in inert solvents, such as ethers, for exanple diethyl ether, or

chl ori nated hydro- carbons, such as chloroform or dichl oronethane; at
preferred tenperatures of fron1 20 to 50 [err]C, yields a compound of
fornula IV, as definedHghMae e starting material of formula XIX is
obt ai ned preferably by reactio a conpound of fornmula XIV wherein R3 is
phenyl and R8 is a protecting wtipza Gignard reagent that€$ﬁﬂ oduces
t he.met hyl i dene group, especi al ’the trinethylsilyl et hyl 'gLard
reagent (C MgCH2Si (CH3)3 - which can/he prepared from

chl oronet hyl tri net hyl si | ane (Fl uka,HB&hs, Swi t zer| and) under condltlons
customary for the preparation of Gignard com pounds) in an inert sglvent,
such as an ether, for exanple diethyl ether, at a preferred tenperature of
from-65 to O [err] C and subsequent renoval of the hydroxy group and the
trimethylsilyl group, for exanple with boron trifluoride in an ether, such

di ethyl eth f d t t f f
2l £ ansouswemBAR IEhapGER. Hape SRR HIONTE R TRBt T Spa 2 1 e b, et Githi
removal of tlgcfed!ihthe pRseAss bﬂﬂzlbnaaipheﬁyugmspmr@wbpﬁse Mi‘cké‘l(lﬁ '¢ARFIEY a8 atalyst

renmoval of the protecting group, as described under the headi ng, "Renoval of

protecting dh@suitable sojyedt %Q?ﬁtﬂ“@"t for §WH@§P@WP%WH"? Pe'&gégﬁﬁﬁﬂhﬂf‘
of formula XMeuhafy ié?erF‘éﬁ p,%ceéwaﬂanaa@ume Soﬁ:FB&Wyﬁﬁ&é I %Qﬂy%lésbﬁtgl-

suitable Wttig reag; such as methyltriphenyl phos- phoni um brom de” or
i odi de i n. t Fluminiue Rydrids, (for §K?‘BR‘& QS%FQ@’eddUéH‘VQ@@Mm guchasibexagne), at preferred

t enperature [ f ,ﬁy@ﬁl, f the protecting
group R6 In%g@igeﬁé@‘%g?%obﬁo% con |’tth|é(;+lds nentdlta(grfl‘%g gkrpt he headi ng
"Renoval of protecting groups”. WO 97/ 40029

PCT/ EP97/ 01860 Re-Hal’ _ . i

wherein R, is an unsaturated heterocycle that has from 5 to 8 ring atoms, contains from 1 to
4 hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl (-SO-) and sulfonyl (-SOz)
and is unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl, and wherein Hal’
is chlorine or especially bromine, with subsequent acid hydrolysis of the acetal (for example
with hydrogen chloride in water), to form the corresponding aldehyde compound of formula
X*. Especially preferred as compounds of formula XXIli are 2-bromothiazole, 2- or 3-bromo-
pyridine or 2-chloropyrazihe in the preparation of the following compounds of formula X*: 4-
(thiazol-2-yl)-benzaidehyde, 4-(pyridin-2-yl or -3-yl)-benzaldehyde or 4-(pyrazin-2-yl)-benz-
aldehyde.

Compounds of formula X* wherein R, is 4-(tetrazolyl-5-yl)-phenyl, are obtainable by reaction
of 4-cyanobenzaldehyde with an alkali metal azide, such as sodium azide, in the presence
of a suitable alkali metal halide, such as lithium chloride, in a suitabfe solvent, such as 2-
methoxyethanol, preferably at boiling temperature. By reaction with phenyl-lower alky!
halides or preferably with phenyl-lower alkenes, such as 2-phenylpropene, in a suitable
solvent, such as toluene, and a suitable acid, such as methanesulfonic acid, preferably
under refiux, the corresponding 1- or 2-phenyl-lower alkyl compounds of formula X* are

pu



-62 - Compounds of fornula X* are known, can be prepared in accordance
Wi th processes known per se or can be prepared, for exanple, as follows:
Usi ng a cowWedamMe028f fornmula XXI, [err] wherei n Hal iRCHEPG@ISE0 . _
especially bromne or chlorine, and reacting it with an unsaturated
heterocycle that has from5 to 8 ring atggs, contains from1l to 4 hetero
atons sel ected fromnitrogen, oxygen, sulfur, suffinyl (-SO) and sul fonyl
(-S2-) and is unsubstitut ed or substituted by |ower alkyl or by

phenyl -1 ower al kyl, especi al with thiazole or thiophene, in the presence
of tet rak?@?l"ﬁf’ Efﬁﬂcﬁ%%tﬁ %‘éy"ﬁéﬂk&mﬂﬁ?rﬁé“zﬂﬁép? ideer qrﬁ"‘!d?ef%%@mﬁ’&% of
an al kal ip, ioaHé\Aﬁ{ma' B aﬁcﬁﬁ?neﬁ c&?ﬁd%r%%’és“&b&ﬁf‘é ﬁétﬁss:hrﬂo?e%klé&ﬁiw e
sol vent , es cla di -l ower al kyl -1 ower al kan am de, such

di met hyI mmﬂr@onate. pn@suﬁat&qseléﬁwér woura@sdt@taner ehwrstan[edrter]ngetasunea@f

~boiling t o I
Lorr1 & (FaREsplKfaftly 608 abhithithiel & taMbolindd ofBBRAE (LB iRdo e o
yl)- benzatbtiﬁfdﬂen@rbﬂo@bhamgwb&mbhymmaﬁém hespRciaf@a-(Pendt AbtREdI-5-yi)-
Al ternatively I S possi b starting with a conmpound of formula X>¥I
| ast def |bﬁ£ﬁaiqeby%taéﬁﬁbquzorrespondl ng di-lower alkylacetal (see for
exanple J. Org. Chem 56, 4280 (1991)) for exanpl e the bronpbenzal dehyde
di mret hyl acetal (obtai nable, for exanp by reaction of 4-bronobenzal dehyde
with ort Hoompaunssseifarmula aﬁemny pe @§taemed | fomiihe FeTsRsoNdiBgchmpeUngs Akieonulal

i the 1 oo fec B 6 flo ihiagiuresbt ERGaRENG) FELE (P BAS Q7 (20
al kyl acetcimplex hym'mesosucmrasddhnubyalummm dwdmet in etivanol siisiamylbotahe ipr esence
For " exarmPeb PRl sRyrL BEtoRFrds 7 454 bisSEheh OGN chicEHE h 851yE8, & <fgum
[ err] C, ibdrohydridedn ethempl) add sgbsEquenhintrodectipardf thef radmahX by esiérification by 8\0
ggrf'gggg /%rfggdnorgamc or organic acid, such-as by a mineral acid, for example a hydrohalic acid,
such as hydrochloric, hydrobromic or hydriodic acid, or by a strong organic sulfonic acid,
such as an unsubstituted or substituted, for example halo-substituted, for example fluoro-
substituted, iower alkanesulfonic acid oran aromatic sulfonic acid, for example a
benzenesulfonic acid that is unsubstituted or substituted by lower alkyl, such as methyl,
halogen, such as bromine, and/or by nitro, for example methanesulfonic acid, p-bromo-
toluenesulfonic acid or p-toluenesuilfonic acid, or hydrazoic acid, in accordance with
standard methods. For example, by reaction with inorganic acid halides, such as thionyl or
phosphoryt halides (for example the chlorides, bromides or iodides), halogen radicats X can
be introduced, or the remaining compounds of formula X can be obtained by reacfion with
other suitable organic or inorganic acids, such as strong organic sulfonic acids (used for

example as acid chlorides).

Starting materials {especially those of formulae iV*, V*, VII*, IX* and (I')*) can also be
prepared analogously to the processes mentiioned in EP 0 521 827 or EP 0 672 448 or are
obtainable from the reference sources mentioned therein, or they are known, can be

prepared according to processes known per se or are commercially available.

' The preparation of starting materials for the preparation of compounds of formula | is
preferably carried out analogously to the processes and process steps mentioned in the

Examples.



-63 - [err] wherein Hal is hal ogen, especially chlorine or
brom ne, andyéd ormod29ver al kyl, which is then reacted, in the Perfo1sdo

1, 3- brs(drphenylphosphrno)propane ni ckel (11) chloride as catalyst In a

sui tabl e solvent, such as ether, for exanple tetrahydrofuran, there being
added in an especrally preferred process vBPrant a suitable conplex

hydri de, especially diisobutyl- alum niumhydride, (for exanple dissol ved
in a hydrocarbon, such as hexane), at preferred tenperatures of fromO[err]
to 60 Terr]C, wth a conpound of formula XXIII, R9- Hal
(XXI11) Q@ Bern R9 is an unsatuyrate heterocgg%e that has from5 to 8
ring at ons,CidBRSEAMNG MAlRHAE aqgoong fathg inyentien the olewingrare espeaialypseferred

oxygen, sul (vHER raditdis By nc‘t‘s%@ckrcé!%e? Hed 0tH¥|m gs; rbeﬁﬁw\e'd dﬁ?ﬁtioh%re‘j

or - substrtuted by | ower al kyl by phenyl -1 ower "al erer n

chl orine orcoes:@eaﬂepffyrrawamaﬂelwweaﬁh sa®lequent acid hydrolysis of the
acetal (for exanple with hydrogen chloride in water), to formthe
correspondi ng al dehyde conpound of formula X*. Especially preferred as
conpounds  d¢¥) dagnpaungs okfarmule XX vhereinbs lis methaxycarbonyl o8 ethoxyearbeyyt dhd &, &y
2-chl oropyrt&gbpfy in the preparation of the follow ng conpounds of formula
X*: 4- (thia 5 yl ) - benzal dehyde, 4-(pyridin-2-yl or -3-yl)-benzal dehyde
or 4-(pyrazin-2-yl)-benz- al dehyde. Corrpounds of fornmula X* wherein R4 is

4-(tetrazol obt a abl e t i.on of
4- cyanobenfél ‘i?é’l‘f%}/)d%'dgnof %@H‘aivek‘&’ﬁ’e 1Jp Mgt F BW %@tMWHPM@&Q Rajig)
the presenest-biityR suitable alkali netal hali de, such as lithiumchloride,

‘in a suitable solvent, such as 2- nethoxyethanol, preferably at boiling
tenperature. By reaction with phenyl-lower alkyl halides or. pref erabl y wWth

phenyl - | owes) cahiifgs offeehuR|IE eeb@diarlyﬁhew%erermagus%uhluﬂﬁh @nd bthogyc&

as toluene, and a suitable acid, such as nethanesul fonic acr pre era
under refl 83&"°"¥‘F?éb‘3’&"r espondi ng 1- or 2-phenyl-|ower alkyl corrpounds of
formula X* are

4) cornpounds of formula XiI;

(5) compounds of formula Xli*;

(6) compounds of formula lli;

(7) compounds of formula V;

(8) compounds of formula yll:

(9) compounds of formula IX;

(10) compounds of formula X:

(11) a compound of formula X* selected from 4-(1-methyi-tetrazol-5-yl)-benzaldehyde, 4-
(thiazol-2-yl)-benzaldehyde, 4-(pyridin-2-yl or -3-yl}-benzaldehyde, 4-(pyrazin-2-yl)-benz-

aldehyde, 4-(thiazol-5-yl)-benzaldehyde and 4-(thiophen-2-yl)-benzaldehyde;

(12) compounds of formula XXIV



WD 97/ 40029 .

PCT/ EP97/ 01860 64 - '
obtained. BYXEA?%n with a lower alkyl halide, such as the PEHERE7/Q3860
brom de, for exanple nethyl iodide, in the presence of alkali netal
carbonates, such as potassiumor especiallggcaesi um carbonate, and suitable
sol vents, such as dioxane, at preferred tenperatures of from approximtely
O to approximately 30 [err]C, conpounds of fornula X* substituted in the
tetrazolyl ring by lower alkyl or by phenyl-lower alkyl, especially
4-(1-nmethyl -tetrazol -5-yl)- benzal dehyde, are obt ai ned. Conmpounds of
formula X may be obtained fromthe cqrrespondi ng conpounds of fornula X* by
reducti on of the al dehyde funcgion 4a hydroxymet hyl group (for exanple

wi th conpl ex hydri des, sucNHas!Iitﬂrun1aluniniun1hydride i n et hanol

di si anyl borane in tetrahqﬁr AT a0 O bor ohydride in the presqugwgf
lithiumchloride in dile&oIgor sodi &#h bor ohydri de in ethanol) and
subsequent introduction of t radical X by esterification by a strong

i norganic or organic acid, su as by a mineral acid, for exanple a~
hydrohal i ¢ acid, such as hydrochl oric, hydrobrom c or hydriodic acid, or by
a strong omgreie FeuandBiara @mino-patecting greups, wiich are aiftedentriromubsé ahother,

for exanpl - i . u - ftute | ower

Al kaneou! 1 SePBE R Hokl héiflono G ABLes o), bl ki BlloyyeaiRhy, such
benzenesul &stertbatokycarbenyl,icr apresylagiing-ptatecting grodrs teispedialty trifludrosestyipl kyl

such as ne ogle, m, and/or b iLtro,. for ex | e
net hanesul F’%'@b%’a , %ﬂ‘é‘?@%@@fﬂ@ﬁgﬁ?t&%’gﬁfﬁ %yg l(tP‘,Bgé BQQMI Bni ¢
aci d, or hyompawids efdomhula iX that aredprotarted afboth amies groups)pods. For exanpl e,
by-reaction with inorganic acid halides, such as thionyl or phosphoryl

hal i des (for exanple the chlorides, brom des or iodides), halogen radicals
X can be i (13) edimpodndef foliulaeo®,ni ng conpounds of formula X can be _
obtained by reaction with other suitable organic or inorganic acids, such
as strong organic sulfonic acids (used for exanple as acid chlorides).
Starting materials (especially those of formulae I'V*, V*, VII* X" and
(I)*) can al so be prepar edoanalfdgbusl y to the processes nentioned in EP O
521 827 or EP 0 672 4§8Hor ar-eNobtﬁ nabl e fromthe reference sources
mentioned therein,.oq th Knowtf, . can be prepared accordi ng toXxXv)
processes known per se o'%;re coMerci al ly avail abl e. The preparation of

starting materials for the,preparation of compounds of formula | is
preferably carried out anal®ogously to the processes and process steps

nentioned ip the anpl es. WO 97/ 40029
PCT/ EP97/ vaggrgpn RE)gs gR an?mo-protecting group, as de%ned for compounds of formuia XXIV,

especially tert-butoxycarbonyl;

{14) compounds of formula XXVI,

o X

. R :
R, OH r 4
WSSy -
N/ " _ ]
NH NH )
R, '

wherein Rys is an amino-protecting group, especially tert-butoxycarbonyl, and the remaining
radicals are as defined for compounds of formula I;



-65 - O the starting materials according to the invention the

fol low ng apg, &9dagsd @l Iy preferred (when radicals are not spgeirfEpsnbisko
defined, the neanings nmentioned in the definition for conpounds of fornula”
| apply in each case): (1) conpounds of formula XX wherein Rl is

met hoxycar bonyl or ethoxycarbonyl and R2 +87-tert-butyl; (2) conpounds
of fornmula IV wherein RL is nethoxycarbonyl or ethoxycaroonyl and R2 is
tert-butyl; (3) corrpounds of formula Il1*, especially those vvherei n R5

is tert-bu %F of
formula Xl }(}’é) @W@% on‘p%und O%Y'%U%QWE@WB% S(SC) '91‘3)6 nds o or mul a
L1l (7)aonyljmmnne$NdN-methnwmrMnyl (Ltert-lemyiavings-pherfyb-2razabexdne; (as  ( 9)
corrpounds of Ia I oun s.,of formula X (11) a conpound’
of . fornul a %”% iae, Bﬁ‘#‘?%?ﬁé{"ta?feﬂﬁﬁw N8t azol - 5-yl ) - benzal dehyde, 4-
(thiazol -2-yl)-benzal dehyde, 4- (pyr|d|n 2-yl or -3-yl)- benzaldehyde

j EItD K,r géhgr\(vlzery%ltt%%maéfgﬁg%@e pres nt tha compou%dg m%%%r?e abg/ve un%er (1) to (15)

as starting materials may also be in the form of a salt.

Examples:

The following Examples serve to illustrate the invention without limiting the scope thereof:

- Temperatures are indicated in degrees Celsius (°C). Where no temperature is indicated,
the reactions that follow are carried out at room temperature. The Rs values, which
indicate the ratio of the'seep.age propagation of the substance in question to the
seepage propagation of the eluant front, are determined on silica gel thin-léyer. plates
(Merck, Darmstadt, Germany) by thin-layer chromatography (TLC) using the solvent
systems mentioned in each case.

HPLC gradients used:
HPLCx0.100 20 % — 100 % a) in b) for 20 min.
HPLC20.400029 20 % — 100 % a) in b) for 12 min., then 8 min 100 % a)
HPLCs0 5 % — 60 % a) in b) for 15 min.

Eluant a): acetonitrile + 0.05 % TFA; eluant b): water + 0.05 % TFA.

Column {250 x 4..6 mm) packed with “reversed-phasé" material C18-Nucleosil

(5 um mean particle size, silica gel covalently derivatised with octadecyisilanes,
Macherey & Nagel, Diiren, Germany). Detection by UV-absorption at 254 nm. Retention
times (tRet) are given in minutes. Flow rate 1 mifmin.

The other abbreviations used have the following meanings:

abs. absolute (indicates that solvent is anhydrous)



one anot her,
tert-1ower al koxycabonyl,
acyl am no-protecting group,
trifluoroacetyl
conpounds of fornul a
conpounds of formnul 2 , [err]
group, as defined foBoconpounds of f terbltexy€érdanyespeci al |y
tert-but oxycar bon)(l ;calc (14) conpound

(12) conpounds of formula XXV

PCT/ EP97/ 01860 : 4
wher ei n RL3WERRTM4P22 are ani no-protecting groups, which are di Y¢EFRH{01$¢0,. _

selected fromthose nentioned under Process a), especially
such as tert-butggycarbonyl, or an

especially trifluoroacetyl; preferably R13 is
and R14 is tert-butoxycarbonyl; (those conpounds are

| X that are pr OEE%%%QP Qt h am no groups); (13)

DBU
TLC
DIPE
DMF
DPPP

EDC

ether
FAB-MS
sat.
HOAc
HOBT
HPLC

Hinig base |

MeOH
min

NMM
Pd/C
Pd(PPha).
iso-PrOH
R

SiO,
m.p.
brine
TEA
TFA

WO 97/ 40029 _
-66 - [err

®R14 is an ani no- protecting

2ol ™I 2 001 [erT

1,8-diazabicyclo{5.4.0)Jundec-7-ene-(1,5-5)

‘thin-layer chromatography

diisopropy! ether

dimethylformamide
[1,3-bis(diphenylphosphino)propanejnickel(l))
chloride (Aldrich, Milwaukee, USA)
N-ethyl-N'-(3-dimethylaminopropyl)-
carbodiimide hydrochloride

diethyl ether

fast atom bombardment mass spectroscopy

- saturated

acetic acid
1-hydroxy-benzotriazole
High Performance Liquid Chromatography

" N-ethyldiisopropylamine

methanol

minute(s)

N-methylmorpholine

palladium on charcoal

tetrakis (triphenylphosphine)paliadium
isopropanot

ratio of seepage propagation to the eluant front in

TLC

silica gel

melting point

saturated sodium chloride solution
triethylamine

trifluoroacetic acid

tetrahydrofuran

(dist. over sodium/benzophenone)



wherein R15 is an am no-protecting group, especially tert-butoxycarbonyl,
and the remaining radicals are as defined for conpounds of for y
PAPRALJRR L A9 POH#/2P97/01860
PCT/ EP97/ 01860 -67 - (15)
I1-[4-(2-tert-buty| -2H-tetrazol -5-yl)-pheny$9-4(S)-hydroxy-5(S)-N-(tert-buty
oxycar - .
bon%/I ) am no- 2- N-[ N- net hoxycar bonyl - (L)-tert-1eucyl ] am no- 6- phenyl - 2- azahexa
ne (as internedi at t al so phar nacgus_js 8- 1 6o havh-N. N ReR-
salt-form ng groupsqqfr-'g}lpresent, thgéc@%p%'ﬁgéﬁbngﬁ?kgé%y%gb\/e ’ﬁ‘nder (1) to
(15) as starting materials may al so téteamethylneoniun tetctfluarchorate Exanpl es:

The foll ow ng Exanpl e erve to illusty L nvention without limting
t he scope thereof: psr?Z\rp d

eratures aPémﬁ?g’F%@&’&f 9% degr ees Cel si us

([ér_r]((j:). Where no tenperature is indicated, the reactions that follow are
h . : L :

o The. seeSRYECHPCAERGTS S0 Bofiradies veeLes FRNIAIBEPERST o he  seepage

pr pagat i on of _tysg. e ooldifé-2"- AR nylsthlcHirRsl orge Chiohv sDek6 18 (1B8bRY €

pl ates (Merck, t adt, German*%m_by thi n-layer chronatography (TLC)

usi ng the sol ver(2R)-§y S)dwilusrepeetyirminpr2 phenylelyloxirane (puropgan BAHE s used:

100 56 8) i n by AGBeAAER0B2n R bage e 6 ) el =0

] 0 .
- N-methoxycarbonyl-(L)-valine (Preparation see Chem. Lett. 705 (1980))

- N-ethoxycarbonyl-(L)-valine (Preparation see J. Org. Chem. 60, 7256 (1995)) -
- N-methoxycarbonyl-(L)-iso-leucine (Preparation see Chem. Lett. 705 (1980))

Example 1: 1-[4-(Thiazo!-5-y)-phenyil-4(S)-hvdroxy-5(S)-2.5-bis{N-(N-methoxycarbonyl-
(L)-valyhamino}-6-phenvl-2-azahexane | '
With the exclusion of moisture, 735 mg (4.20 mmol) of N-methoxycarbonyl-(L)-valine (see
EP 0 604 368, Example 2b)), 1548 mg (8.07 mmol) of EDC and 654 mg (4.844 mmol) of
HOBT are placed in 10 ml of DMF. 1.13 ml (8.07 mmol) of TEA are added to the white
suspension and the mixture is stirred at room temperature for 30 min. Then 595 mg

(1.62 mmol) of 1-[4-(thiazol-5-yl)-phenyll-4(S)-hydroxy-5(S)-2,5-diamino-6-phenyl-2-aza-
hexane dissolved in 1 ml of DMF are added and the mixture is stirred ovenight to complete

the reaction. The reaction mixture is concentrated by evaporation; the resulting oil is
dissolved in methylene chloride and washed with 10 % citric acid solution, sat. NaHCO3
solutibn and brine. The aqueous phases are extracted 2x with methylene chloride; the
combined organic phases are filtered through cotton wadding and concentrated by. evapora-
tion. Column chromatography (SiOp; CHaCls/MeOH/H,O/HOAC 85:13:1.5:0.5) and precipi-
tation with DIPE from a concentrated solution in methylene chloride yield the title
compound: TLC: Re=0.57 (CH4Clo/MeOH/HoO/HOAC 85:13:1.5:0.5); HPLC0.100:

tRer=13.0; FAB MS (M+H)* =683,

The starting material is prepared as follows:

1a) 4-(Thiazol-5-yl)-benzaldehvde
In a bomb tube, a mixture of 3.7 g (20 mmol) of 4-bromobenzaldehyde (Fluka, Buchs,

Switzerland), 6.64 ml (93 mmol) of thiazole, 2.94 g of potassium acetate and 1.16 g

o~



HPLC[ err] 5 %->60 %a) in b) for 15 mn. El uant a): acetonitrile +
0.05 % TF nt b) water + 0.05 % TFA. Colum (250 x 4.6 acked

with' revé\?v %#@ﬂ%? material Cl18-Nucleosil (5 [err]m nean 55%@‘{@8& Ze,
silica gel covalently derivatised with octadecyl sil anes, Macherey & Nagel,
Dierr]ren, Germany). Detection by UV-absoppiion at 254 nm Retention tines

(t[err]) are given in mnutes. Flowrate 1 m/mn. The ot her

abbrevi ati ons used have the foll ow ng neani ngs abs.

absol ute (indicates that solvent ds p }/ A 40029

PCT/ EP97/ &1 gweel) of Pd(PPha), in 50 mi of dimethy acetamt eis stlrred até§0°C for 12 hours. The
anal . reaction mnxﬁur@’s%%ﬁl’rat@&ﬁ&@hﬁoraﬂon. Water is atttied to the residue and the
tert - but oxycarbony cal c. cula

DBU mixture is extradte8-3oti withatiethytene[dhlotide] Tihel ecgaﬁm;mas(es afe fildered through

g:' |Cs opr o pgptt%q Wagiding, &n@ehﬁé’t@&{;&@@%%gﬁ 23R8 %hrom%tpﬂ@m?qj %th'ﬁ?’ﬁé'e/ethw

DPPP tate 1:2), vieldiAg thefte rigpan el aeMRI(ED40
chi or i de (?Z?gre] E e o O ol O 5 b AR RiED50D) 5 9.98

N- et hyl - NS, HEQ), Sd3h(G) mmﬁ*&&?’sm%z (s, H(4)thiazole), 7,65 and 7.85 (2d, J=8, each 2H);

car bodi i thiazol ity

FAB- M5 mag&t,gyéi&%él* Qéhéiﬁ oLt eb'yn&g?éne nt’ggj’mgsgs2 S g?[)r sc? ?;'1% (Q ILI(tﬁtthm%ka‘;lt
sat ur at ed7.62 and 7.53 (2d;0&8, each 2H), 5.54 (s HCQ@H)Q)C aC| d HOBT

1 -hydroxy-benzotriazol e Hi gh Performance
Li qui d Chr omat ogr.aphy : H err] n| g base

N et hyl di i1B}zEﬁﬂgg}mﬁtﬁgcarbonyl)-N-2;{&@_1!&0]-5-10-@enxl]-mgmﬁm&hzdrazone

N— rret hy! mBr§ohdion/pt 1 2 g (6 4§ rgmcp{)jpf@ -(thiazol- 5—yl) benzaldyyqeaqﬂdum%g (6.14emal) of
Pd( PPN3) 4 tertbutyl carbaddté [Fbks Buchs BwidePBAGIR 0GRS difeHol ¥ stirred at 80°C for

12 hours. Cooling and crystallisation by the addition of 60 mi of water at 0°C yield the title
compound: m.p: 170-171°C; HPLC2q.100: {Rer=13.5.

1c) N-1-(tert-Butoxycarbonyl)-N-2-[4-(thiazol-5-vl)-benzyl}-hydrazine

Under a nitrogen atmosphere, 20.4 g (67.2 mmol) of N-1-(tert-butoxycarbony!)-N-2-{[4-
(thiazol-5-yl)-phenyi]-methylidene}-hydrazone are placed in 120 ml of THF, and 4.67 g
(70.7 mmol; 95%) of sodium cyanoborohydride are added. A solution of 12.8 g (67.2 mmol)
of p-toluenesulfonic acid monohydrate in 120 ml of THF (pH 3-4) is then added dropwise
thereto. After 7 hours, water and ethyl acetate are added and the aqueous phase is
separated off and extracted a further 2x with ethyl acetate. The organic phases are washed
with brine, sat. NaHCO4 solution and brine, dried (Na>SO,4) and concentrated by
evaporation. To the resulting viscous oil there are added 80 mi of dichloroethane and 80 mi
of 1N NaOH solution {(foams) and the mixture is boiled under reflux for 7 hours. The
reaction mixture is cooled and diluted with methylene chloride and water; the aqueous
phase is separated off and extracted 2x with methylene chloride. The organic phases are
dried (NagS0Oy), concentrated by evaporation and chromatographed (SiOp; hexane/ethyl
acetate 2:1). Stirring in hexane yields the title compound: m.p: 93-95°C; TLC: Rs0.12
(hexane/ethyl acetate 2:1); Anal. (C4gHg N3O5 S) calc. C 568.99, H 6.27, N 13.76, S 10.50;
found C 58.98, H 6.34, N 13.64, S 10.66; HPLC0.100° tRer=10-1. |



i so-PrCH I sopr opanol Rf ~ratio of

seepage prowgmm to the eluant front in PCT/EP97/01860
TLC silica gel m p.

mel ting point brine sat urated sodi um chl ori de
sol ution TEA tri#&t hyl am ne - TFA
trifluoroacetic acid THF t et rahydr of uran

(di st. over sodi um benzophenone) WO 97/ 40029 :

PCT/ EP97/ 0
TPTU jlﬁ q 4-(Thia rkt
t et r amet hy iphieaypl-2azh leéxafel uoroborate p- TSA

t ol | 0 acid derjvatives used as
Start ?‘ﬁgewét RPEREON of 1.21 o G Ry ot TS e HiDo 2 bspleVp8Re RS e 3

Og. Chem 1x0g (46 himbl}- oPRS)-(tert-butoxycarbonyl)-N-2-[4-(thiazol-5-yl)-b 25
(2R -[ (1 S) (?I’(I fl uor(%acet yf)am ngy - ph%)nyl e{ h(y | oxi r%)neen(zg %'éaa"‘r?eﬁ%t er?:t"

Appl i cati off Ep-l'ﬂ'%tg@ heated @i@@!lngg)vemghtl‘shg yeaction mixture is cooled and water is

N- et h

N et hovy AUR il supplBtart b BARSCARI M LfFfim Y6 Bl e e sfetatol Sadbe ot s

(L 1 ? 1?5) )705 drig% Bn Mmmdmmmogmphedxswmeﬂmsmaectﬂ@icmlmemandmmﬁeyﬁhﬁﬂg the
ett. . e ,

1514 (Thi aJ0F Sahboyn; ﬁﬁﬁé’ﬁr@% ipethylars e logeymethand TN HRESan ook fReer By -

(L) -valyl')am nol - 6- phenyl - 2-azahexane Wth the exclusion of noisture, 735

ng (4. 20 mml) of _N- net hox carbon | - C EP 0 604 368 Exanpl e
2b)) 1541 PC .. T I 4 irg 3 AMminoe nhenvl apahexane

placed in A%orfhuoﬁfofwli éadﬁm%s) 6f8| fﬂ(tﬁafﬂs)s n{?ﬁégﬁgrat 5%&: S@a

suspension and the m xture Is stirred at roo
595 mg ( 1b|ggxyﬁa5¢gnyaammo] 6-phenyl-2-azahexane in 100 mi of formic acld is stirred at room

e S AP A

oveni ght t meﬁw&qﬂeexmridera;e iadded taothe résidue;dhe agueous phaseds separatede:ﬁtami ed by

veranad i ¢ s 2 el ot TS B ool = BB e SC e 11

aqueous p Mm@hawoamm&wmnmmﬂywvapﬂaﬁm v fotin thé tige comﬁkunmwh
organic pt}gigﬁd fil @Yed t hrough cotton waddi ng and concentrated by
evapor a- i-On. Hﬁ f omat ogr aphy (Si 2; CH2d 2/ MeOH H2Q' HOAc
85:13:1.5:0.5) and precipi-

grb'onyl)gminol-s-

amino-5(S)-N-(N-methoxycarbonvl-(L)-tert-leucvllamino-6-phenvi-2-azahexane

Under an argon atmosphere, 344 mg of 1-[4-(thiazol-5-yl)-phenyl}-4(S)-hydroxy-2-amino-
5(S)-N-(N-methoxycarbonyi-(L)-tert-leucyl)amino-6-phenyl-2-azahexane and 191
(1.74 mmol) of NMM in 5.6 mi of DMF are added to 122 mg (0.696 mmol) of N-methoxy-
carbonyl-(L)-valine and 173 mg (0.58 mmol) of TPTU in 2.9 ml of DMF and the mixture is
stirred at room temperature for 16 hours. The reaction mixture is poured into ice-water,
stirred for 30 min and filtered. Column chromatography of the residue (SiO; methylene
chloride/THF 4:1) and stirring in ether yield the title compound: m.p: 134-135°C;
HPLC2q.100: tre=14.0; FAB MS (M+H)* =697.

The starting material is prepared as follows:
2a) 1-{4-(Thiazol-5-yi)-phenyi}-4(S)-hydroxy-2-{tert-butoxycarbonyl)amino-5(S)-(tri-

fluoroacetyvl)amino-6-phenyl-2-azahexane




tation with DI PE froma concentrated solution in nethylene chloride yield

the title oun TLC. R err]=0.57 (CH2d 2/ MeOH H2Q HOAc 5);
HPLC[ err]: n@f‘?’? 13.0; FAB M5 (M+H)[err] =683. The star&wft"gsgal .-

is prepared as follows: 1la) 4-(Thiazol-5-yl)-benzal dehyde In a bonb tube, a
m xture of 3.7 g (20 mmol ) of 4-bronobenzgpdehyde (Fl uka, Buchs,
Switzerland), 6.64 m (93 mml) of thiazole, 2.94 g of potassium acetate
and 1.16 ¢ WD 97/ 40029

PCT/ EP97/ 01860

oo of PhersRERsion of 532 Bi20 ek of (3RLY itifluoreaceliaming-2Prpsietl) ¢

for 12 houggrandhpd 5. £8q18 ennmby;bma -K@M%&BéﬁbéhﬁﬂN@L[?e((ﬁaﬁifﬁ-ylpﬂenﬂﬁi er
is added to the residue and m xture i s extract | éne

chl ori de. hydeazing tFxampie skia 9&@* ofiisq-BrQY is Reatadat beiling far Bhaues- r'Péte" cooling,
trat b

coetate 15 roHRtRN AR |Parhlly CRESRRS bY BRRraiR End PRIGREARAY'C, |\

(CD3OD) | enesz]ntlgg Qﬂhe(mystalﬂ;sgnon of U title canyEountivehich is)filtegad3sff with suction and

H(4) t hi 0%, ddi t |

of e by db et TEPERAC2 fogthvpREcnpaterFl Th.fit kit c26 500 1R ie b: FABRuS! One! S

H( 4) t hi azqvaH)+ =568 2Fartttkr prédiict 2ah bé oBtairesaiciror the mbtHef ligsor byEdiliigAgain witih)

RESSAR "t e g e o Whyte and

1.12 g (6.chforiaRigraphly (5R04; misthylene atiibAde TR T8:9ka, Buchs, Switzerland) in
40 m of ethanol |s&fgt(| rr%d atMSO[err] Cfor 12 ﬁours Cool I ng .and

crystallisation by the addltlon of 60 m of water at- OC yield the title

conmpound: g R. BZOM5 D 4(S flertmitdxyearbonyliamino-5(S)-amino-6-
N 1-(tert-BUTOX ' [ Ty AT i )

ni trogen mmn_xmsl g (67 2 mTDl) of

N-1-(tert-

I e AR BRI Skl syt asoiion ol 998 09p PP
and 4. 67 g-(470}1ﬁzd?ﬂajvl)-p%%]-ﬂsybydtoxmm(mmmamwnmoes(a)al(inﬂixordacetyl)-
T of Trr A oferESaraitmhdd 1o o bt efd ine e FABHA TR an
et hyl acet@ops %éﬁg%ﬂe%ﬂﬁ!)nhg %né%%e%é& the aﬁ@@&f@éﬁie% §e;fH?§ted off and

extracted a furthe et hy acetate. Ihe organi c phases are washed

wi th bri neéxiregted awittapetiylaneicsroridadThe praanicihases emq&beﬁ mtrtwm%rﬁr&eat ed

by evapor i

di chl or oesﬁhggoé)n%‘%g&rﬁeﬁﬁgeh i E?gaﬁtﬁ%ﬁl Phggﬁ?s e m x(&ﬁsﬂ:;?s

boi | ed undNgOz%(0.5% HEO)) calm&ﬁg;so.mg 97, N 11.72, S 6.71, 20 2 00 found C 63.2, H 7.01,
N 11.57, S 6.49, H50 1.98; HPLCoq.100: tRer=11.5.

2¢) 1-]4-(Thiazol-5-yl)-phenvi}-4(S)-h dro_ -2-{ tert-butoxycarbonyl)lamino-5(S)-N-(N-
methoxycarbonvl-(L)-tertleucyllamino-6-phenyi-2-azahexane

Under an nitrogen atmosphere, 1.36 g (7.2 mmol) of N-methoxycarbonyl—(L)-tert-leuciné
{Examplie 2e), 2.59 g (13.56 mmol) of EDC and 1.22 g {9.0 mmol) of HOBT are dissolved in
20 mi of DMF. After 15 min, 3.79 ml (27 mmol) of TEA are added and then a solution of
2.11 g (4.5 mmol) of 1-[4-(thiazol-5-yl)-phenyl}-4(S)-hydroxy-2-(tert-butoxycarbonyl)amino-
5(S)-amino-6-phenyl-2-azahexane in 41 mi of DMF is added dropwise. After 3 hours the
reaction mixture is concentrated by evaporation. The resulting oil is dissolved in ethyl
acetate and a small amount of THF and washed with 2x water, sat. NaHCO3 solution, 2x
water and brine. The aqueous phases are extracted with ethyl acetate; the combined
organic phases are dried (Na,SOy4) and concentrated by evaporation. Column chromato-



reaction mxture is cooled and diluted with nethylene chloride and water;

t he aqueous meﬁ separated off and extracted 2x w th net hylpefEre7/01860
chl oride. The organic phases are dried (Na2SO4), concentrated by

evapor ation and chromat ographed (Si O2; hexane/ethyl acetate 2:1). Stirri ng
I n hexane yields the title conmpound: mp: -B95[err]C TLC Rerr]=0.12
(hexane/ ethyl acetate 2:1); Anal. (CL5H19 N3O2S) calc., C 58.99, H6.27, N
13.76, S 10.50; found C 58.98, H 6.34, N 13.64, S 10.66; HPLJerr]:

}3[C3$'; IrE]Pg%/O Oigia?hy (Slozvﬂe%?yléi@&%ondeﬂ HF 5:1) and crystallisation from ethyi acetate/DlPE C¥|eld
1- [ 4- Thi azotheRithel qonpoang! HPUCSE).1 by drer<y6.8( BABMS (M) 1 £6840.- but oxycar bonyl )a
m no] -6 phenyl - 2-azahexane A suspension of 1.21 g (4.6 mol) of '
(2R)-[ (1" S)-Boc-am no- 2 phenyl ethy]OX|rane and 1. 4 g (4.6 mTD|) of
N 1- (tert - bpiprysarmiaron : 9 ArhinRe5(SY- bt
of iso-PrO
and water %€ DRlonYirgrazanexans
that has se | it
(Sice; et hi?%ﬁ?@ hﬁé'?‘f“a’gﬁb*‘néﬂﬁa‘%”a%é% VPW"?A”‘S?’:W & et déﬂn%%“ﬁ@

TLC R err ] amird-5(3xMNa(N- meymwcarbbmdf(hbterfraam:ylmmq-ﬁ-nhﬁnﬂf%azqhem{veanql 12 mif
le)

1- 1 4- ( Thi az1rmic 8giq arg sfirtad at foam tpmppraturedor s haurs apd then concentrated by, 27 ahex

ane A sol ugvdporation] Sa# NrHCO$ salatibr) and ethyl acetate are added to the residue; the

but oxycar borHIRATERe & %?ﬂaa%@ SRS AR o et Tns proanie prapes are

stirred at freqed witrwstepand Brine)idriéd (Na3SO Arehd durentvated by leehpstation, yielding the -
evaporatlon Sat. NaHCO3 sol ution and t hyl ene chloride are added to the

residue; th %Gﬂf@%@%g%'ﬁ‘ésegé‘ﬂﬁn%ﬁq&? f and extracted 2x with

nmet hyl ene chl oride. The organic phases are treated with brine, filtered
t hrough cotton waddi ng and concentrated by evaporation to formthe title
conpound wh2eiN-(Methexygathenyh-{L)-tartleucine Exanpl e 2:

art no 5(5) - e R3S ARG biméba erisibicine el dqioeaH KEASPENA0 i o Biton
Under an arof20 gi{ tissmhel)egf (B4teriteucite (= 2(S)-ammo—3 3-dimethyl-butyric acid = (L)-a-tert

1-[4-(thi I

505N (v BinGbbi: B! BdnsrhiiaNahalsy mmicd 825 m (rosmamol ot 24 Asusnys

191 [err] | sddiunthytroxide stiutiidndretomboidiogingdrid the fedulidn dolutiod Ahadled &t 6PC
mol ) of N net hoxy- carbonyl -(L)-valine and 173 (0.58 nmmol ) of TPTU in

2.9 m of DRFi4meurs,Afiar cealing to oom tamperatuse, the reactienselution isevashed 28 Withur s .
The reacti r p

T era. ChpPEERY GiormeD M SHhsdts rinGE Bl bz I ol ciihore
chl ori de/ THtid anyl extnacted threé tiges withtetby! ay:etdtai ﬁﬁe@rgannt ex&aa’mamﬁ:mbmqﬂ dried

134-135[ er r(}& Sdﬁ'a%%oﬁl»nt}a[t&f 6} e&adbogatld:rﬁ%é\ﬁ'ogly&@ebﬁ{nﬂg to%%?dlfy Digestion of
the solidified solid with hexane yields the titie compound in the form of a white powder.
M.p. 106-108°C.

Example 3: 1-[4-(Thiazol-5-yl)-phenyl]-4(S)-hydroxy-5(S)-2,5-bis[N-(N-methoxycarbonyi-
(L)-tertleucyl)amino}-6-phenyl-2-azahexane

Under an argon atmosphere, 292 mg of 1-[4-(thiazol-5-yl)-phenyl]-4(S)-hydroxy-2-amino-
5(S)—N-(N-methoxycarbonyl-(L)-tert-leucyl)amino-s-phenyl-z-azahexang (Example 2d) and
165 pl (1.5 mmol) of NMM in 4.8 m! of DMF are added to 113.5 mg of N-methoxycarbony!-
(1)-tertleucine (Example 2e) and 149 mg (0.50 mmol) of TPTU in 2.5 ml of DMF and the
mixture is stirred at room temperature for 14 hours. The reaction mixture is poured into

0.2 litre of ice-water, stirred for 45 min and filtered. Column chromatography of the residue

-



The starting material Is prepared as follows: 2a)

1-[4-(Thi | -5-yl)-phenyl]-4(S)-hydroxy-2-(tert-butoxycarbon ani no- 5(S)
(tri- flu @ ) ani no- 6- phenyl - 2- azahexane WO 97/ 4(5’6%' P97/01860
PCT/ EP97/ 01860 _ -72 - A
suspension of 5.32 g (20.5 nmol ) of

(2R -[(1"S)-(trifluoroacetyl)am no-2' phenyl ethyl]- oxirane and 5.7 ¢
(18.6 mml) of N-1-(tertbutoxycarbonyl)-N 2-[4-(thiazol-5-yl)-benzyl]-
hydrazi ne (Exanple 1c) in 95 m of iso-PrOHis heated at boiling for 8
hours. Af(BEd; @mnwﬁ@e chlpn@e/e@aaeh asm Jrang ery#allisatisarfrara lethy! acetatefetherthexang

evaporati Uht c of
Cho t1 11 Qo BstefEdmpdlrit 117 28 orc FREUHOD tfbehytEnd BAISHyeth 3Rl e

Rl err] O.FMQMth@pﬂmhlmMS/(Miﬂ)i@ﬂl) HPLC[ err]: t[err]=16.5; FAB M5
(MtH)[err] =565. Further product can be obtained fromthe nother |iquor by
boiling again with. .

(2R) - [ ( 1'Exanipld 45 1-pomas1sIRBhonyiRa(SHI 6 -DIN-INmethReRy darb o= E-fdd- and
colum ¢ romatogra.y I O2; net ene chlori derTH L) . D

1_[4_Th| 2L .l VT =NEWIVA VLRI DNYI-(1.)11€ u’ Jl!.«r.u‘u.ll_l_l rReanexare )-am

o ST 8 4 PSS S
1- [ 4- ( t his§S)eN~(8-methopreartyanyl-i) Brtepcyiiaring-&-pharty-Buazahgxans {Exarmplarid and  S) -

(trlfluo h hexa t ha t he

m xture |§gé“? h%é’ﬂ"@?o%@@fﬁ'éhﬁge ‘ﬁ@fj é}gmgo?fl'ﬁg'egﬁ’d‘y B@?qgg .
added; t he-lBGsiAe UAd AREIRY (56 mmpéfemm frr 218Gl F DMIS; tag tl?émmtwé iS8fiffed ane
chloride. The organic phases are washed 2x with water, dried Na28042‘®§nd
concent r E2QsE tampperatise fart i4dours aad worked:upanalegauslydmbxample Anigiding the

N403S (0 a nd C
3. 5. 1 SoRECG I PEYSe LN T TER, 50T Sherbishbcheripsintitidn '“%‘”“'%ﬁo%

1-[ 4- (Thltnae146.—f§A$MS1@d-yﬂq+=ﬁ(1S) hydr oxy- 2- (t ert - but oxycar bonyl ) am no-5(S) -
N-(N- met hoxycar bonyl - (L)-tert-1eucyl)am no-6-phenyl - 2- azahexane Under an
nitrogen atnosphere, 1.36 g (7.2 mmol) of . _ :

N- met hoxycar bonyl - (L)-tert-1| eucine (Exanple 2e), 2.59 g (13.5 mml) of EDC
and 1.22 g (9.0 mmol) of HOBT are dissolved in 20 mM of DW. After 15 mn,
3.79 M (27 mmol) of TEA are added and then a solution of 2.11 g (4.5 muol)
of 1-[4-(thiazol-5- yI) phenyl ] - 4( S) hydr oxy- 2 (tert but oxycar bonyl)am no-
5(S)-am 3 4 Qf -

hours t h&Xg
oil is dnfa$k Pt 2 - ALRAHE ‘ AR

2X wat er, ] : e aqueous phases are
extract eﬂ@ﬂ.&t hyI acet at e; the conbi ned

Under an argon atmosphere, 292 mg of 1-[4-(thiazol-5-yl)-phenyl}-4(S)-hydroxy-2-amino-
5(S)-N-(N-methoxycarbonyl-(L)-tert-leucyl)amino-6-phenyl-2-azahexane (Example 2d) and
165 pl (1.5 mmol) of NMM in 4.8 mi of DMF are added to 116 mg (0.60 mmol) of N- .
methoxycarbonyl-{L)-S-methylcysteine and 149 mg (0.50 mmol) of TPTU in 2.5 ml of DMF,
and the mixture is stirred at room temperature for 5 hours and worked up analogously to

Exampie 3, yielding the title compound: TLC: R=0.4 (methylene chloride/methanol 10:1);
HPL020_100: tRéF'] 3.6; FAB MS (M+H)+ =715.

The starting material is prepared as follows:

5a) N-methoxycarbonyl-(L)-S-methyicysteine

With ice-cooling, 16.8 g (177.5 mmol) of chioroformic acid methyl ester are added dropwise
to a solution of 12.0 g (88.8 mmol) of S-methyl-(L)-cysteine ((S)-2-amino-3-methylmercapto-
propionic acid: Fluka; Buchs/Switzerland) in 150 ml of 2N sodium hydroxide solution and

-



organi ¢ phases are dried (Na2SO4) and concentrated by evaporation. Col um

chromat o- o 94088 97/ 40029 PCT/EP97/01860

PCT/ EP97/ 01860 -73 - gr aphy

(Si @2; nethylene chloride/ THF 5:1) and crystallisation from ethyl

acetate/DI PE yield.the title conpound: HPL'C?[Se‘rr] : t[err]=16.0; FAB M5

(MtH)[err] =640. 2d)

1-[4-(Thi azol -5-yl)-phenyl ]-4(S)-hydroxy-2-am no-5(S)-N (N net hoxycarbonyl -

(L) - tert-| egeylor aidxBRe @newthareag ahwwaw@@?omngﬂt td comipiae theofeattion. The
-[4-(thi azol -5-yl)-phenyl ] -4(S) - hydroxy- 2- (tert-butoxycarbonyl ) -

am no-5(S) - me(cttbmrmmmwl@aiﬂbtﬁdwlﬂ( 50 mépt mpthylepe chidride: @epﬂﬁ@ﬁws phasediexane

and 12 m of f r
hen concenePRtatreiRy: abyt I HE ol S Atel SRGHHH Scqfie. ﬁD’P (82250
are added tand bencentratior pf thecsthyj cetate phasss tiyssvappratiangieldthe til ccommuadx RAB

w th ethyl organi ¢ phases are treated with water -and bri ne,
dried (NaZS@%{'@f@ c’&%?ent rated by evaporation, yielding the title-conmpound

which is used further directly. 2e) N (Met hoxycarbonyl) (L)-tert-1leucine
23.5 m - (305mm|)of h aJ -
mn to a soExample Gl-if

2('S) -amino- 3 ngizxﬁé%e Fl uka,
Buchs/ Swi t z ueous sodi um

hydr oxi de sWnded ma.!m atmosphese, H4o0a 6 1 dinlhiazel-s-¥bheoyil-4(5) ﬂmf%afﬁmr ed
at Solerr] Golfin.h: @Hémﬁcﬁﬂohﬂ]w?é)ﬂeﬂﬁy(l%a‘?n@B%’Bﬁ]eeVPf%Eél'r&énﬁg rhgl8 2h) 8Rd

sol.ution i ene c aqueous p
acidified togphi @.74 mh\ol)l‘bfatmmnﬁ éyitlobDNIFare added th 156‘21mg>(0.|73nmeﬂ alf Neatboxy-

éhgeioﬁ“céﬂt%i‘%&@?ﬁ%%&;ﬁ 1 a0t 388, Ecarinie 80 anch{ Fa o bish el gt FETUIREIH
Di gestion ot Hixe, aRd tl hiﬂﬂe%@&ﬁrﬁbﬂttrbomqémeram@Io@énﬁ@ﬂ ahuwo@ke“dwound in

the formof a white

er
1- [ 4- (Thi azamaiggwsjscg@fmq'e@( W@W&Wﬁ%@f%ﬂ%‘ T&C‘s [%Q@@FWMW@M bonyl |
L)-tert-| 6 - t nosph: 292
g of 1 [ 4° CHEAgTHR PR EOpd BER AT TR IS Qi AT 2rien atmosphere
5(S) - N- (N-net hoxycar bonyl -(L)-tert-1eucyl)am no- 6- phenyl 2-azahexane

(Exanpl e 2d)._and 163 l.ekt]] R4 u U2 NENGhefoxvMarbdng- A9 to
113.5 ny of EXEHRIE/s1IaThiazol-5-V] 3 ENGNnefiox bRy fddeH:

(0. 50 ol ) jeakyijathind-5

| coruater . UPRRAEORGA80 A 5@815 pf Napetioxieartarn LemiaBp Biamoe 2o

residue 431 mg (2.25 mmol) of EDC and 304 mg (2.25 mmol) of HOBT are placed in 18 mi of DMF.
After 15 min, 627 ul (4.5 mmol) of TEA and 0.75 mmol of 1.-[4-(thiazol-5—yl)-pheny|]-4(S)-
hydroxy-2-amino-5(S)-N-(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane are
added. After 2 hours, water and ethyl acetate are added; the aqueous phase is separated
off and extracted a further 2x with ethy! acetate. The organic phases are washed 2x with |
water, sat. NaHCOq solution, 2x water and brine, dried (NapSO4) and concentrated by
evaporation. Column chromatography (SiO5; methylene chioride/THF 5:1) and
crystallisation from ether yield the title compound: m.p: 200-201°C; HPLC2q.100: tRer=14-0;
FAB MS (M+H)* =697. '

The starting material is prepared as follows:
7a) 1-[4-(Thiazol-S-yl)-phenyl]-4(S)-hydroxy-2-(tert-butoxycarbonyi)amino-5(S)-N-{N-

methoxycarbonyl-(L)-valyl)amino-6-phenyi-2-azahexane



WD 97/ 40029 _

PCT/ EP97/ 01860 - -

(Si @2; net THE%h) ori de/ et hanol  20: 1) and crystallisation ??%’%1?%7'[ §f° - -
acetate/ether/hexane yield the title conpound: mp: 207-209C, TLC
Rlerr]=0.25 (nethyl ene chloride/ethanol -26-1); HPLC[err]: t[lerr]=14.7; FAB
MS (MtH) [err] =711. Exanpl e 4:

1-[4- (Thi azol - 5-yl ) - phenyl | - 4('S) - hvdr oxy- 2- N- (N- net hoxvcar bonyI (L)-iso-

B

1-[4-(thiggg mﬁr&)'&fﬂﬂ@ﬁhh b—s?(él%dfogﬂ%@ﬁh@dtssotved m 42 ml of DMF. 7.9 m!

5(S) - N- (N-net hoxycar bon L& ter Ieuc anm no- 6- phenyl azahexa e -

(Echrpl & il 154 & e and ghas 8 sk SRR A7 48 B0 SITSNOT I added
to 113 %WW - L) of
TPTU i nm%( 5 ﬂ((QPﬂKdroﬂ-g '(Lern*(-alﬁjliosiyg? faroﬁgl)ﬁﬁﬂo%g)o%ﬂ{ng%pgﬁ?ﬂﬂ?e) for

14 hours m!jemeﬁxamkaab)l ip $Suml of DOMF iscadidsidedrapwige eAligrilgS haverst thel reaction

COmpOU: e e il oty SRl 70 Ch bl i SHERIGISIAE a0

1| 4- { Thitiieontpouit- ip i H1150G) HAUGE X0t Tmdée (901 IEAB OIS (s I T26( L) - S

met hyl cyst ei nyl ) am no-5(S) - N-(N-met hoxycar bonyl - (L)-tert-Ieucyl)am no-6-phe
nyl -2- *azahexane Under an ar gon at rmsphere 292 ng of

1-[4- (t higay ’
5([8)-§\|-( net oxycar bonyl (L -tert-l eucyl)am no- 6- phenyl - 2- azahexane
(Exanpl e ] 2B ol ) of NMWMin 4.8 nl of DVWF are added
to 116.my é@g?@ orm@gqﬁ?fx-[hgtmﬁmgpmmmgé) Hydpoxy-2TREABLoYFiabARRRNCL 4O

mg (0.50 o the"m Xture 1S stirred at

r oomte %hNMMmmbmﬂ-(@mlmwﬁmeanm-Ww and 1 Emlr@ﬁqum acid

475 oML i S5 AR L5 G

-fmaterial is.prepared as follows:

N- et hoxvcar bonvl - (L) - S—nethylcystelne Wth ice-cooling, 16.8 g (177.5
‘ol ) of chioroformc acid nethyl ester are added dropmnse to a solution of
12.0 g (88.8 mml) of S-nethyl-(L)-cysteine ((S)-2-an no-3-nethyl nercapt o-
pr opi oni : ka. | h

sol ution

amino-5(S)-N-{N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane

Analogously to Example 7, 213 mg (1.13 mmol) of N-ethoxycarbonyl-(L)-valine, 431 mg
(2.25 mmol) of EDC and 304 mg (2.25 mmol) of HOBT in 18 ml of DMF and 627 ul

(4.5 mmol) of TEA are reacted with 0.75 mmol of 1-[4-(thiazol-5-yl}-phenyl]-4(S)-hydroxy-2-
amino-5(S)-N-(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane (Example 7b) to
form the title compound: m.p: 243-244°C; HPLCop.100: fqer=14.0; FAB MS (M+H)* =697.

Exampie 9: 1-{4-{Thiazol-S-yi)-phenyl]-4(S)-hydroxy-2-N-(N-metho rbonyi- L ~iSO-
leucyl)amino-5(S)-N-(N-methoxycarbonyi-(L)-valyl)amino-8-phenyl-2-azahexane

Under an argon atmosphere, 0.6 mmol of 1-[4-(thiazol-5-yl}-phenyl}-4(S)-hydroxy-2-amino-
5(8)-N-(N—methoxycarbonyl-(L)-valyl)amino-s-phenyl-z-azahexané and 198 u! (1.8 mmol) of
NMM in 5.8 ml of DMF are added to 136 mg (0.72 nmol) of N-methoxycarbonyl-(L)-iso-
leucine and 179 mg (0.60 mmol) of TPTU in 3 ml of DMF and the mixture is stirred at room
temperature for 14 hours and worked up analogously to Example 3, yielding the title
compound: TLC: A=0.59 (methylene chioride/THF 3:1); HPLCxq.100: {Ret=14-0; FAB MS
(M+H)* =697.

P
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of dioxane and the m xture is stirred at 70[err]C overnight to conplete the~
reaction. The reaction mxture is diluted with 150 ml of nethyl ene

chl oride; the aqueous phase is separated-gi7f- acidified with 1IN HO and
extracted 3x with ethyl acetate. Drying (Na2SO4) and concentration ofthe

et hyl acetate phases by evaporation yield the title conmpound: FAB M5
(MtH) [ err] =194. Exanple 6:

1-[4-(Thi azol - 5- yI) phenyl] 4(S) hydroxy 2 N-(N-et hoxycarbonyl (L) vaI yl)-
am no 5( S) Examblentd: el ‘ v Ed Xy N : -

(t hi azol - 55 : ap D)ie-{N-methoxyca -valyl)amino-6-phenyl-2-aza-

5(S)- N (N mycar bonyl - (L) - tert-l eucyl)am no- 6 phenyl 2- azahexane
(Exanpl e 2a)—a'h'a 191 [err]l (1.7 of DMF are added
to.132 ny yoder mngpn@tmﬂﬁm%%&% mq&&ﬁ9rlﬁtmazohﬁyaeoqeewlﬁ(%dwdm-Z-amlno-

Exarrpl e 9a

m xture i s léér?‘eéﬁ&p/ggr gl”n(p‘;);bﬂly '2% e oﬁ hi gaazgheﬁne%ﬂ: L%nlg ?aﬂl?gé?mgl? y
to Exanpl eoﬁmwu il 516 ng of DMF artel addedrtqnoammg m.sss iRmel)rdf-Nométhokyedrbohyd(b)-S-
(I;Q;(r)r{): geéTrlgzthylcly)stel léaarenrprlel 5a)t Jnedr { ;3 (8 ;58 Eﬁb‘rﬁo of "M:U)u[a gré Jnl of 7&IalF and the
1-[4- (Thi agmbole iy lslirred ambhrté(rﬁa)erahwmcx Y5 Rolts(dNdvedrked v ahbmgwsw lo-tert-

Under! hr BoRsarms $ryiedind B i SrmeoRi LG B ubaphagrs olleiael e 4 ="

(Example 2 12.0; FABINIS M1+1EPQGgind 304 ny (2 25 mmol ) of HOBT are
pl aced in ?gLﬁégi?m[ﬂég After 15 gn\ﬁ?\ 627 [err]l (4.5 mol) of TEA and 0.75

nmmol of 1-[4-(thiazol-5-yl)- phenyl] 4(S)

hydr oxy- 2- Q& _q;&_hex
ane are addet. 7 ; o
aqueous phiueyi)am -nfeth Leisodeti xane

2% wator OB °°d$ P e&iﬁ%@ﬁ? ﬁ%vﬁmseh%%ﬁﬁmw%@w%ﬁw Rl umm'

chr omat ogrmahwxfy&r@nym@)tiewamw)srhhara-dwénwﬁ-afzaﬁéxmchmwaual(i 5smhom Bf NMMN
ether yield the title conpound: mg 200-201[err] C, HPLC[err] L =14. 0;
FAB M5 ( MHA4-@ml pf Biftirare ad#ﬁé ta 1 13.5img, (/&R mmel) of N-matacwycatpory- (L cing 5)

1-[4-(Thi ﬁ@%@ %bﬁvw .Lgfté% nwag) BféT‘P'ﬁUQﬁ %tmpé#:ﬁw%awm.ﬁ@f@,yemﬁé@

N-(N- et I)am n enyl - 2-azahexane
at room temperature for 14 ours. lce-water and and ethyl acetate are added; the aqueous

phase is separated off and extracted with ethyl acetate. The organic phases are washed 2x
with water and brine, dried (NaoSO,4) and concentrated by evaporation. Column chromato-
graphy (SiO»; ethyl acetate) and crystallisation from ethyl acetate/ether/hexane yield the
titte compound: TLC: R=0.42 (methylene chioride/ethanol 10:1); HPLC2q.100° [Ret=14.8;
FAB MS (M+H)* =711,

The starting material is prepared as follows:

11a) 1-[4-(Thiazol-5-yl}-phenyil-4(S)-hydroxy-2-(tertbutoxycarbonyl)amino-5(S)-N-(N-
methoxycarbonyl-{L}-iso-leucyl)amino-6-phenyl-2-azahexane '
Under a nitrogen atmosphere, 1.36 g (7.2 mmol) of N-methoxycarbonyl-(L}-iso-leucine, |
2.59 g (13.5 mmol) of EDC and 1.22 g (3 mmol) of HOBT are dissolved in 20 ml of DMF.
After 30 min, 3.79 ml {27 mmol) of TEA are added and a solution of 2.11 g (4.5 mmo!) of 1-
[4-(thiazol-5—yl)-phenyl]-4(S)-hydroxy-2-(tert-bufoxycarbonyl)amino'-5(S)-amino-6-pheny!—2~

azahexane (Example 2b) in 40 m! of DMF are added dropwise. After 3 hours, the reaction

o~
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PCT/ EP97/ 01860 - 76 - Under a
nitrogen atWoOSPHM2 2 66 g (15.2 mml) of N nethoxycar bonyl RAWERPZOI§68 . .
5.46 g (28.5 mvol) of EDC and 2.57 g (19 mol) of HOBT are dissolved in 42
nm of DMF. 7.9 m (57 nmmol) of TEA are adgded and after 20 nmin a solution of
4.46 g (9.5 mmol) of 1-[4-

(thiazol -5-yl)-phenyl]-4(S)-hydroxy-2-(tert-butoxycarbonyl)am no-5(S)-am no
- 6- phenyl - 2- azahexane (Exanple 2b) in 85 ml of DMF is added dropwi se.

Af t er - 1. Srixduieds wonked epanalogousiyioUrExample gg itk éimitbe ditie compowidy m.p: 168l e

2c. Cryst fr r I o]

112- 1157 o9 S B dpastENaCles 0y % IS SR R Hoh £ 1P 8 436450 0.20:
1-[ 4- ( Thi fowoH-C56Y.6) ; ﬁt?em',ll\] 1a{8) Slay18, Mg)a%hlPthM&) -thgt(:M OEFEAB MS (MEd)Ty| -
(L)- val vlé@n no- 6- phenyl - 2- azahexane 1.25 g (2.0 mmol _
1-[4-(thi & 5-yl)-phenyl]-4(S)-hydroxy-2-(tert-but oxycar bonyl)am no-
5(S) - N- (N- et hoxycar bonyl - (L) - val yl ) am no- 6- phenyl - 2- azahexane and 18 m of
formc acid ar e reacted analoousl to Exarrple 2d to formthe title
Con‘pound 1 | * ,7,\ ‘A 'h PAYTE S)-N-{N rb
1-[4-(Thi bucvi Aﬁm bhviid heXxy- 2- N-(N-et hoxycar bonyl - (L) -val yl ) -
am no- 5( IyI ) am no- 6- phenyl - 2- azahexane

Anal ogous380 mg (2:58rmmel) pf 1e[&ﬂtwoti-vmw-ﬁ(sifhvdroxy-z-(tembutoxycarbonyl)—

ol ) ot AR RS-G-S ety TB 56 ety iy Ebnamylhe Sifineiahe Fha e ol .

wi th 0. 75formiel acid arb-redetetimnaibgbusly Yo Exarapie\2d to46rn) thepille@ompdund which is used
am no- 5( Sey*ﬂy_ I\I—qrégt hoxycar bonyl - (L) - val yl ) am no- 6- phenyl - 2- azahexane
(Exanpl e Ymthe title conpound: mp: 243- 244[err] C, HPLd err]:
t[err]=14.0; FABI\/IS(I\/H—D[err] =697. Exanpl e 9:
1-[4-(Thi azoI- I h -4(S)-hyd 2 N-(N-methoxycarbon | - -i so-
l'eucyl ) ant=¥*SiEE it e RARDONVIZ(S
Under an &g Dl .
1-[4-(thiaz ner

5(S) - N- ( NAmaie: @r%@ﬂ}me (TL)4G/m>(O)8@rmmol)@fbﬂmatytbxm&mhrmaw@m

of N met i3 R 0 Et @5 od (8 ithol OB 5 Wi b o pi ek AR

m - of DMFreacddiwith orsxﬁmmaafnq@(tmdz"oﬁdwtprfemw sarr@em@m-anfnerS(sﬂNt(wr s and

R er ] =0, BaPEREuRpm D e epamin-prer E%m%a}'iatw'«%rﬁp?ﬁ%oaomtﬁg%

| (M+H) + —%pouﬂd m.p: 202-204°C; HPLCzo_«‘oo fRef=14 0; FAB MS (M+H)* =697.

Example 13: 1-[4-{Thiazol-5-yl)-phen -hydroxy-5(S)-2,5-bis[N-(N-metho
carbonyl-(L)-/so-jeucyl)aminol-6-phenyi-2-azahexane

Analogously to Example 7, 175 mg (0.92 mmol) of N-methoxycarbonyl-(L)-iso-leucine,

332 mg (1.7 mmol) of EDC and 156 mg (1.15 mmol) of HOBT in 2.5 mi of DMF and 483 pl
(3.47 mmol) of TEA are reacted with 0.678 mmol of 1-4-(thiazol-5-yl)-phenyl]-4(S)-hydroxy-
2-amino-5(S)-N-(N-methoxycarbonyl-(L)-iso-leucyl)amino-s-phenyl—2;azahexane

(Example 11b) in 5.2 ml of DMF to form the title compound: m.p: 213-216°C; HPLCaq.10p:
tRer14.7; FAB MS (M+H)* =711. '

amlno-S(S);N-(N-metho_xygarbdnﬂ-(L)-iso-leucxl)amlno-s-ghenxl-z-azahexane
Analogously to Example 7, 175 mg (0.92 mmol) of N-ethoxycarbonyl-(L)-valine, 332 mg

(1.7 mmol) of EDC and 156 mg (1.15 mmol) of HOBT in 2.5 mi of DMF and 483 ul

—
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Exanpl e 10 %97140029 PCT/EP97/01860
1-[4- (Thi azol -5-yl)-phenyl ]-4(S)-hydroxy-2-N (N net hoxycar bonyl -(L)-S

met hyl cyst ei nyl ) am no-5(S)-N (N net hoxycarhkenyl - (L) - val yl ) am no- 6- phenyl - 2-
aza- hexane Under an argon at nosphere, 0.58 mmol of

1-[4-(thi azol -5-yl)-phenyl]-4(S)-hydroxy-2-am no-

5(S)-N (N rb L

[err]l(1.74

()% (N U et SR ot 0 O e B e A Wty
of N-net hoxx%&rmaﬁ) NJa):Tﬁethaia}cawonys(stwe(:@oamm@s&m)enwmaﬁa?mage (0.58
mol ) of TPTU in 2. ture is stlrreg

t enper at ur e(Exgmples1 H&lf@ ?aﬂ‘éIOf/\BﬁféB f‘Eﬁﬁ“ gﬁéﬂ'&g?ﬁmf'%“& 9@12935 r%PléFZ&
‘the title c N6l FAB-MS MHr1=A117 (methyl ene chloride/ THF 4:1);

HPLC err] : ﬁégﬁqlﬁ =13.0; FAB M5 (MtH)[err] =701. Exanpl e 11:

1-[4-(Thi azol - yI) phenyl] 4(8) hydroxy 2- N-(N-met hoxycarbonyl (L)ztert-

| eucyl ) ami ne '41 - ] c : I y

exane Under=#
1-[4- (t hi azpyet
met hoxycar bonyl - (L) -i so-1 eucyl ) am no- 6- phenyl - 2- azahexane and 165 [err]]|
(1.5 nmol) n 4.8 mM of DW are added to 113.5 ng (0.60 mmol) of
N- et hoxy Cauﬁgé}y% {SEF“ Taﬁﬁ&sdrlék@ 028 rinfiet %Wllﬁ(tﬁﬁkoﬁ@?l)-?agg%ﬂ?enper grtozfglgtamm&

TPTU in 2 he m xture is stirred for 14

hours. |ce- W&(&mtmc@bnwl-(ab@pé@l@yaa@lmeaenw-ﬁ@zaam%ﬂm@ 1) and
ted o
vaohed ox v gAY SEHCR B & oo QREShEhdded Wi B 400l B0 ©
evapor ialt i on{0. @Jdn]?-ml) dfm-mwiaxycngt amyi(L) S‘,m)(ﬂhylestsltalhe @@mll e heb?p?w 149 mg
t 'S ram er exane e | e CO
e ?e[er ;T mmanat AT e 6 of DR a s s Stfigief mant tSroRegpRia g .
E?B) ( MtH)Z Réuirk. Waler-and eting atbfatd aretadisdethedlquebud ey is eparated] dfPAAd
a

1- [ 4- ( Thi aZtteastag g fusiher, 9x with ety acetate. he organic phases (e WaBRRH X With wates@s.
N-(N- et hoa%aah@mmaiz(soéa Iaaayamy bb?é@dﬁ%te”v B $RiforationZ Phe sddifor BP&thes

nitrogen at rmsphere

N net hoxycaﬁﬂb‘ﬁﬁ?lhe(ﬂibe-qwquédé? reystafiissymep: 178-1817qoThC: -6 (mgthvlengy ¢ (9
I f 0 3.79 m (27
ol ) of ToRierHeRt AR A0 HPLORE B, thesr S A M 0BT T T
[4-(thiazol-5-yl)-phenyl]-4(S)-hydroxy-2- (tert but oxycar bonyl ) anm no- 5(S) - am
h

| no- 6- phenyd - 2- pW se.
After 3 ho%xa%"

amino-s-ghenvl-g_-_

carbonyl-(L)-tertleucyl)amino}-6-phenyl-2-azahexane

Under an argon atmosphere, 2.58 g (13.7 mmol) of N-methoxycarbonyi-(L)-tertleucine and
4.09 g (13.7 mmol) of TPTU are dissoived in 15.5 ml of DMF; 5.7 ml (24.8 mmwol) of Hinig
base are added with cooling and the mixture is stirred for 10 min. Then a solution of 2.29 g
(6.20 mmol) of 1-[4-(thiazol-2-yl)-phenyl]-4(S)-hydroxy-5(S)-2,5-diamino-6-phenyl-2-aza-
hexane in 15.5 m! of DMF is added and the mixture is stirred at room temperature for

16 hours. The light-yeliow reaction solution is poured into ice-water; ethyl acetate is added
and the mixture is stirred for 30 min. The aqueous phase is separated off and extracted a
further 2x with ethyl acetate. The organic phases are extracted 2x with water, sat. NaHCO;
solution and 2x with brine, dried (NapS0O,4) and concentrated by evaporation. Column
chromatography (SiO5; hexane/ethyl acetate 1:3) and crystallisation from methylene
chloride/DIPE yield the title compound: TLC: R=0.18 (hexane/ethy! acetate 1:3);
HPLC20.100(12): 1Ref=11.0; FAB MS (M+H)*+ =711; [)’.(c = 0.8, ethanol) = -46°
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i s worked W¥P&HMTHously to Exanple 2c to formthe title cor‘rﬁ@'ﬁ’ﬁ&"”?ﬁsﬂ’ :
163- 166[err]C Anal. (C33H45N506S (0.14 H2O)) calc. C61.71, H7.11, N
10.90, S 4.99, H20 0.39: found C 61.61,_g44 7.10, N 10.79, S 4. 76, H20 0. 4;
HPLC err]: t[err]=16.0; FAB M5 (MtH)[err]| =640. 11b)

1-[4-(Thi azol -5-yl)-phenyl ]-4(S)-hydroxy-2-an no-5(S)-N (N nmet hoxycar bonyl -
(L)- iso-Ileucyl)am no-6-phenyl -2-azahexane 320 ng (0.50 mmvl) of
1-[4-(thiazol -5-yl)-phenyl]-4(S)-hydroxy-2-(tert-butoxycarbonyl)-

am no- 5( : | eucyl ) am no- 6- phenyl - 2- azahexane
and 6 m Sf)hfe%? ng% %%P%B%gcﬁgn%ﬁl ogously to Exanple 2d to formthe
title corkéaliddThiazoh2-vh-benzaidehbydecr directly. Exarrpl e 12:

\%al[sl §;m%25%%b£§wgh%xm@ g{%?&iﬁﬁ%@?’é eucy )am @ﬁqhé}aﬁd? azahe

xane AnalsosOuA Isy)lt.ltlon ot 828l (367 nbl) ob4{bloribbenzaldehpde dimethy! acetal (for_

PSR sk 5 5 i) D i o il e

ol of  leiihih ébahad ot 3G min énwmwméés%tnmt%umataﬁpaat&é %rd\ku&hler 40

met hoxycar bon )-iso-1eucyl)am no-6-p | - 2-azahexane in of DMF to

o o Hiine The Gy RPN cAolod, Zoenalon s  bobpiay Fmna) aed aRLerOPWED |0

( MeH) [ er iinirPd Z)erlod 5¥Q@B{|ﬁto]§reddtsh suspenslon of 31.7 m! (338 mmol) of 2-bromothlazole
1-[4-Thi azol -5-y geny] roxy-5(S)-2

car.bonyl 4EIuya,|%m=Ir1Se witerigndhand éﬁérge rzwi)aqfé)&ﬁ%mhﬁéb@emﬂ I11’/(33'|'|9<anpl e

ol ) of TGS s SRt Mo refRbelatais Rl 12 s it €46 aF prEF arerdgba ng |
(3. 47 mhmlhe mifturets stirred fmaduﬁuervi hours. &0amhofovater are added and the mixture is

1-[ 4-

2~ i o TGS 10t mirP R < Sumbrrobed O Uginp & rotary syamoretor R IR o948 1o ane
( Exanpl e sittbg forn .5 h@unsiin af0 ibledroftethdr canah 340emit oft2NEHED mhetaqdeoms phasalis- 216C,

T[4 CrPapyRRed o 30 A 3PWn el Bhakts. (S proenin ARs AL YRR 20U )

am Ino 5( 9)5MHON-watbh aay NaHGOY soltion; water lasiddyih adrietioiNa>BOg)sihd Sorcantratedne
Anal ogou

|y
N ot hovy B uBRomteE Caetbrep s Aexdnaiebyl dostate 421 and digastin in hexape
nmol ) of yidiBthe thieZompounaf TUBHR20.214Rékdnesethyl acetate 3:1); m.p: 91-92°C; Anal.

(C1oH7NOS) calc. C 63.47, H 3.73, N 7.40, S 16.94: found C 63.14, H3.79,N 7.27, S
17.08; TH-NMR (CDClg) 8 10.05 (s, HCO), 8.15 (d, J=8, 2H), 7.95 (m, 3H), 7.45 (d, J=3,
1H).

16b) N-1-(tertButoxycarbonyl)-N-2-{J4-{thiazol-2-yl)-phenyi}-methylidene)-hydrazone
A solution of 27.6 g (145 mmol) of 4-(thiazol-2-yl)-benzaidehyde and 19.7 g (149 mmbl) of

. tert-butyl carbazate in 920 ml of ethanol is stirred at 80°C for 18 hours. Cooling, concentra-
tion by evaporation and stirring from DIPE yiéld the title compound: TLC: R=0.31 (toluene/-
ethyl acetate 3:1); HPLCpq.100- Iqer=14.5.

16¢) N-1-(tert-Butoxycarbonyl)-N-2-[4-(thiazol-2-yi)-benzyl}-hydrazine

Under a nitrogen atmosphere, 77.6 g (256 mmol) of N-1-(teﬂ-butoxycarbohyi)-N-2-{[4-
(thiazol-2-yl)-phenyl]-methylidene}-hydrazone are placed in 450 ml THF, and 16.9 g

(257 mmol; 95%) of sodium cyanoborohydride are added. A soiution of 49.6 g (261 mmol)
of p-toluenesulfonic acid monohydrate in 450 mt of THF (pH 3-4) is added dropwise thereto.

o
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nol ) of TEA are reacted with 0.578 mml of '
1-[4-(thiazol -5-yl)-phenyl ] -4(S)-hydroxy-

2-am no- 5(S) - N- ( N- net hoxycar bonyl - (L) -i so-8%ucyl ) ani no- 6- phenyl - 2- azahexane
(Exanple 11b) in 5.2 mM of DVF to formthe title conmpound: m p:

200-203[err]C, HPLCerr]: tferr]=14.6; FAB Ms (MtH)[err] =711. - Exanple
15: 1-[4- ChRbAs hoérsva)f rmﬁ%yéd Ngéf &a.bmckyawb&ohwrme@bfa@w@ambemxthreob) S-
met hyl cyst el nyl ) am no-5 met hoxycar bonyl -(L)-iso-| euca/ 2Iam no- 6- phen

yl-2-  azabdiusied topitieA vath o upnestilienip Reidenonphydrate solytion and stirred for 3 s

1-[4-(th
5(5)- v (v TeromaeBagon, MamlriiectisEiahades; e gaueots phase e
(Exanpl e 1sbparated ofi&fd xiracted & lurthem@siwithosthyliacetate. ZTHe organit phasesaare washed

th

N et hoxy oHBARPE. foty e B bR a2 e, drod. NapOg) and sancemrapedt tpevaps
T2 hours. Jaror Bn SV acotale are added the acuceuc prace < <oparat ed
of f and eNaRktselytion ?’E?lst"?@ ae‘il Pﬁméfﬂﬁﬂg?c lxﬁ.[rgas é%’dﬁ‘g&hﬁe@ ses are
ﬁ/as hed 2x ?dg ﬁbdﬁ@}gﬁ{e .ggd{rebs ccr?ed td?]d 6ﬂbtéﬂlai&8(a4éth9|ade phiotid@khy mtmpmet rat ed

evaporatl on e a (el e er u
o ot oD S adenys Phase s aaparelen pf An etradfal 5 wh Gietivieta e The ofganic
Ch' or : de/l gbhﬁé&l aréanéB (Nmeéérloentrbﬁd ﬂy—éa?ap@ratﬁﬁ%%hfdﬁhéfbbﬁbhbd 8y

anpl e

1 [ 4- ( Thi atattere/gaetonsm@n yt6:114 Stiringjia hexgnsyields shestitly compeuadiEt-Golr0.3
bony! he h Und .
o mepher < HesaRRe et Bir o R e B NS | er ¢ STeucine and

4.09 g (13.7 mml) of TPTU are dissolved in 15.5 mM of DMF, 5.7 m (24.8
mmol) of Herr]nig base are added with cooling and the m xture is stirred
for 10 mn. Then a solution of 2.29 g (6.20 mmol) of

1-[4-(thiazol - 2-yl)-phenyl ] -4(S) - hydr oxy-5(S)- 2, 5-di am no- 6- phenyl - 2- aza-
hexane in 15.5 m of DI\/F i s added and the mxture IS stlrred at., room
terrperatur5 ia N-phenyll-4 Mdrox ,5-bis{(terhbutoxycarh amir
into ice- é‘fﬂ teis added and the mxture IS stlrred for 30
mn. The wg_ en?é%h eaeparated off and extracted a further 2x with

et hyl acet Atselut"o'heaf 6:09:01 (22.5 emadlsof(28)-§(1 19) dlaceaming-2hphenylethyloxirsae and&30@

ol umn chid B bR BB PR e ARy By B ROCH O

from net hyisetRrOH Bl Waté@tfﬂ_oﬁﬁngewgﬁth?hé rddctior ﬂmmmrlsl codie€to fdoan tehpdrature,
(_g?ian[e{ g:g ?rfgﬁrpet%%z%eut:é 82 \gate {S’l‘ﬁ?ﬂ} gzanégfagl{eg]w«gh ice. FO ltra{: ion wk/hss& ao'ﬁ? [err ]

washing with water and ether and drying yield the title compound: TLC: R=0.36 (hexane/-
acetone 3:2); HPLCpp.100(12): IRer=12.7. Further product can be isolated from the mother

figuor by chromatography (SiO5; hexane/acetone 3:2).

16e) 1-[4-(Thiazol-2-yl)-phenyl}-4(S)-hydroxy-5(S)-2,5-diamino-6-phenyl-2-azahexane
A solution of 4.3 g (7.56 mmol) of 1-[4-(thiazol-2-yl}-phenyl]-4(S)-hydroxy-5(S)-2,5-bis[(tert
butoxycarbonyi)amino}-6-phenyl-2-azahexane in 378 ml of formic acid is stirred at room
temperature for 3.5 hours (argon) and then concentrated by evaporation. Sat. NaHCOg3
solution and methylene chloride are added to the residue; the aqueous phase is separated
off and extracted 2x with methylene chloride. The organic phases are treated with brine,
dried (NasSO,4) and concentrated by evaporation to form the title compound:

HP L020_1 00(1 2 tRet=6.8.
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starting ]X%g) 74p0%5 prepared as fol lows: 16a) PCT/EP97/01860 _
4- (Thi azol - 2-yl ) - benzal dehyde Under argon, 9.2 g (379 nmol) of nagnesium
are placed in 84 m of THF and heated toggQ[err]C. A solution of 82.6 g
(357 nmml ) of 4-brompbenzal dehyde di methyl acetal (for_ preparation see J.
Org. Chem 56, 4280 (1991)) in 677 m of THF is added dropw se thereto
within a period of 30 min and the mixture is stirred at boiling tenperature
for a further 40 min. The Gignard solution is cool ed, decanted into a

droppi ng Exirigle ¥ 4-RTARZEI-2NN.HRnYT4ISRhpdidRyI0N-(RimethokyBatbengl-(194eHsh
suspensi on O . o NMD (6] - bronot hi azol e u a HUC S,
Swi t zer | aleycyhamino-8(8)N-(N-methexygarbenyitbyalyaminméip azaheyaneThe

oppp ar e SR ArL SR Lt ARG B Fad Bhiesi 200 Fw@W# th?ﬁfﬁ%? ey’

wat er a{ eﬁ(s;ld?m-a_mihmtyeamtonylt(L)evain)artuno@u'wény:-ﬁ h&ahemgetdnd TBEF;I (RS drp_r;xol) of1 -
evapor at e i ar vapQqr, e ue is stirred for 1.
nour s n VA in 4 Baihr RaliP e dueipedB g B o 1ok ool SR RteREMomI 1

separ at e@eﬁétﬁe%ﬁﬁarﬁpkrzé?hﬁd 148 n¥Y t‘ohs@ﬁwmd&:gw 2.9 hift oPDWHE 6P BAG B%e A7 ©

washed 2x with . water, tion, water .and bri ne,

dried (NaPBOIP imslredatioan emparatyredonti haursoWatanandrathyl geelste aresidded; the

h / et 4 t d:
oo Ry oriiests PhARE ifechardiid of o8 Bdrabiet B HIANGH S P et i 1o GRENRL
cal c. C gihases are 9/ashed Rk with Wates, sa, 83HCOxy soiLtions8ates andibaing, Jirie (RagS04)S

17 08; 1?%&%@%&%\&%@#{)9 %élﬁmn%ﬁgmatggr]agh& ?310] ; %’eﬂ%{'@rﬂe c?'do%%eﬁplF

N- 1 ( t er t41} and peecipitatibn) with Bekank ffarh iaccomcetirated sploiory in] methilent icHleride yiejdir az

one A sol of 27. 5 | ) _.af benzal dehyde and
19.7 tﬁé“ﬁﬁﬁ??‘%f’"&ﬁ?é%iﬁ'mo%%%?@g Q%Hr)d _éb)iet hanol is stirred
at 80[err]C for 18 hours. Cooli ng, concentra- tion by evaporatlon and
stirring romDJPE |eldthet|4 ﬁ?“r{riound TLC. R err]=0.31 (tol uene/-

ethyl ace '?ﬁ%taﬁ‘"g)m "BpRids prepare 16¢) _

N-1-(tert 228 PPy s <2 {terEpe bofijainBs(SRder a
nitrogen a nDsp ere, .6 g nmo 0

N 1- (tertﬁﬂﬂﬂﬂ&p&%ﬂéﬂl&i&m&m_ﬂ@s

6.0 g ( 0T e Bl ofh 1 b (RS rr PN Quitbarehiladip Zpnealr. 07
49.6 g (28hylloxisahe ahd B8:780¢ (temadloofiN-1€tertbutoxycasthnyl)-N-2-M-4biazol2-y}- THF
(pH 3-4) I;esnzyalf—%gr %wa r%pfem%?tnosz mi of iso-PrOH are heated at boiling for 10 hours.
Cooling the reaction mixture, filtration and washing with ether vield the title compound: Anal.
(Ca7Ha{N4F304S) calc. C 57.44, H 5.53, N9.92, F 10.09, S 5.68: found C 57.27, H 5.489,
N 9.91, F 8.94, § 6.70; HPLC20.100: tRer=16.9; FAB MS (M+H)* =5685. Further product can
be isolated from the filtrate by concentration by evaporation, column chromatography (SiOo;
methylene chloride/THF 25:1) and stirring from ether/ethyl acetate.

17b) 1-j4-(Thiazol-2-yi)-phenyi]-4(S)-hydroxy-2-(tertbutoxycarbonyl)amine-5(S)-amino-
6-phenyi-2-azahexane |

55 mi of a 1N K>CO4 solution are added dropwise to 3.12 g (5.5 mmol) of 1-[4-(thiazol-2-yi}-
phehyl]-4(S)—hydroxy-2-(tert-butoxycarbonyl)amino-5(S)-(triﬂuoroacetyl)arhino-6-phenyl—2-
azahexane in 55 ml of methanol and the mixture is stirred at 70°C for 9 hours. The mixture
is cooled and ~30 m! of methanol are evaporated off; methylene chioride and water are
added and the aqueous phase is separated off and extracted with methylene chloride; the
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17 hours, a further 3.38 g of sodi um cyanoborohydri de are added; the

m xture is adjusted to pH 3-4 with p-tol ug}‘ esul fonic acid rmnohydrate
solution and. stirred for 3 hours to conpl e the reaction. Water and et hyl
~acetate are added; the aqueous phase is separated off and extracted a
further 2x with ethyl acetate. The organi ¢ phases are washed with brine,

sat . NaHCO&rg‘aﬁwphas%a!n@Iwashéd witle watker| aried (Me>SOY) and doncenteatdd by ehpoyationap-

oration. The | t VI sSco IS t ken

, 2-di chl oréﬂﬁ‘;l g‘ °ﬁ’fp°(5'f’ '_L'T\'Pké@ﬂ%l Bﬁga%é&%%?ﬂm)adﬁge@ (f oans) and

the mixture is b0|Ied under reflux for 3.5 hours. The m xture is cool ed and

diluted with rreth | ene chI orlde and water the_aueous phase i s separated

of f and extw€ @h2 Vi) A ZULv2LAs s AT L L L =R)=Me{N

(Na2S™), c¢ol ﬁg ; ' o I-QIHZQ Bt aphed (Si O2;

t ol uene/ aceto : i g yrelds the title conmpound:

TLC. Rerr wﬂeBa(nﬁmgenetmbngera,de‘t gt(s oanmpl) afiN-:opthoxycarboryd-(4)=veling,.2.87 g

16d)

1-[ 4- (Thi afth m2Q)) 97 ERG ADH 1:3R &1 19, 9Me,8 HQRT a5 disgaived in 22 Bl of ANEAR 1y 1 ) a

?12 g;)] ’ ? g)hsgﬁh 2.2aR(BO Y6l 6f TEA aré added afd ﬂfén@ dohitio® o284 g (6.0 mmol) of 1-[4-
0C- am

N (Lot BhpeRb ) BoROY T AT By B S b B Rvarpony B ey or s (S 4imina ARhERY 5 e7ar

of i sO- Pr OlgksndmadsAAl aftmhpl.é adtﬂadcwrabmsehAfterThs hb@ec'éneqeaeadﬁrumree cool ed
to roomtenperature, poured into 0.2 litre of water, wth stirring, and -

cool ed wi t Roneratratad by exaperatign; wegaﬁl@%w talipr Hp iymeiylengephiaridg sadorasbedang
dryi i T t

L or 1] - Wit fbior, 53t BaFETRMion  Whter BB g Thibag kG Bhase it AMiewa Bk

| i quor by Mhanethyignapﬂpf@%ﬁ@comblﬂaﬁ@fm phases apg dried (NasSO,4) and

L4 (Thag 8&&%&%@‘%%@9%@3% dhfdmalogtaphy 510 2 M Bishiderétni? 2N e

ane A solutronm o
1- [ 4- (t hi aacétak 3:!) aphenygtellisatic) from ethyl acetatsfetheyisid 4hg tithe compound: m.p: 178-

but oxycar bQnyd 6- p. azahexane in 378 -m of formc acid is
stirred at ??%ghﬁp%ﬂu%%grea 5 hours (argon) and then concentrated by
evaporation. Sat. NaHCG3 sol ution and net hyl ene chl ori de are added to the

resi due;
chl ori de.

concent r at ggk u"ﬂw p.ﬂ.ahahéﬁiﬁl t he ti t I e corrpound HPLC[er r]:
tlerr]=e. 80 94 g (1.5 mmol) of 1-[4-(thiazol-2-yl)-phenyl]-4(S)- -hydroxy-2-(tert-butoxycarbonyl)amino-
5(S)-N-(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane and 18 ml of formic acid
~ are stirred at 'room temperature for 6 hours and worked Up analogously to Example 2d to
form the title compound: FAB MS (M+H)* =526.

leucyi)lamino-5(S}-N-(N-methoxvcarbonyi-{L)-valyl)amino-6-phenyi-2-azahexane

Analogously to Example 7, 106 mg (0.56 mmol) of N-methoxycarbonyl-(L)-iso-leucine,

201 mg (1.05 mmol} of EDC and 95 mg (0.7 mmol) of HOBT in 4.6 mi of DMF and 293 ul
(2.1 mmol) of TEA are reacted with 0.35 mmol of 1-[4-(thiazol-2—yl)-phenyI]-4(S)-hydroxy-z-
amino-5(S)-N-(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane to form the title
compound: m.p: 227-229°C; HPLCaq.100: {get=14.5; FAB MS (M+H)* =697.
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1-[4- (Thi azol - 2-yl) - phenyl ] -4(S) - hydr oxy- 2- N- (N- net hoxycar bonyl - (L) -tert-

| eucyl ) am no-5(S) - N- (N- et hoxvcar bonyl - (184 val yl ) am no- 6- phenyl - 2- azahexane
Under an argon at nosphere, 294 ny of

1-[4-(thiazol-2-yl).- phenyl ]1-4(S) - hydr oxy- 2- am no-

5(S) - N- ( NEBRDBRYS ¥ oA adob by iRbH A . B0 SARNGERBNIIL 165
[err] ] (1: - -60 mmol )
of N- et hwm n'b__n__n-ﬂsx:mg{N{raeﬂto:_&earbonﬂ-(@gﬂamiﬁg&@@ﬂ&@egihéB0 nmol )

f TPTU f DI\/F t t d .at
Ferper at upgaiogpusy T EgRBBley 106 g (078K Mol Bk atioaramaatdhvaife. 2Baus
phase is %ﬁ@%ﬁﬁ&ﬂopébcm %QQ@VQ‘Hm@I)deHGWIWGWIUF Dﬁlhxll)d 262 [,AERS mhih

organl Cc phases are washed wat er, sol ution, water and

brine, dr PEBEA raae sactedwith eéﬁmpmtku-wawsamrawmﬂ 4(Sbhmxy-2-ammo-5(8)

Chr omat 09NN el EEaro BN AN BRI adaddceABdo R ThBIHELhABoAL:
ﬁ; {rgcrarj 2;1 Ahﬁll_@gnggNGDBSr(ﬂplbﬂ]zQ)) CHIAEC 16B. quw-m De; ]12:089'8.4.58, HyD 015t foung
T a (i SROEETA AL 83 SH2p. 119800.5% MR Cage oo trass A ASHYS (HIS (9

(trifl uorggg-ptyl)am no- 6- phenyl - 2- azahexane Wth the exclusion of air,

g (18.5 mmol) of (2R -[(1'9)- (trlfluoroacetyl)am no- 2 - phenyl -
ethylJoxirane and 3.78 g (12.4 nmol) of

Exanpl e
olrng the
reaction BARDO et her yleldthetltle

E?EB?“?SUnﬁ\gf@bg#‘*ﬁ%ﬁéf%@@'%& éfﬂéwmf@wéﬁse@f Jpyaine, 265 g S
t Ler ][ ] I-16(195 nEﬁcB) hEE!D(VI’dﬂ)d[BSrrhg 60 mmél) of HeB‘lpm?mmt otEMFlnhd 4@ ;ﬂté&dgr%nocg
the filtra concent r at orati col u t ogr aph ;
Chyl encoblFA PG @RoRe Wit 45 T @i g v Snarel LS asee Bio-58) 1)
Te[ 4y( $Elen2(ntmaumkwa@b&wy kll)-\é(yﬁhni’hbjs%)é I\?i\ é—hﬁﬁe&ﬂﬁ@ﬁ&ﬂnﬂ‘bﬂmm f6fm Bited) - 2
m no- 6-phenyl - 2- azahexane 55 ol ution are added dropw se

to 3.12 gt' SCOMPRKAT) M @J’raﬂo(“%?hﬂgkﬁmxogﬂfaeF*SiB PAB MS (M+H)+ =683,

phenyl ] -4(S)-hydroxy-2-(tert-butoxycarbonyl)am no-5(S)-(trifluoroacetyl)am
no- 6- phenyl - 2- azahexane in 55 rri of rret hanol and t he mxture |s st| rred at
70[ err] C Ex hiazek2-vil:oheny veiropy:2-Niiomethoxyearbonyk (Lte

~evapor at GQE a _ E N
phase is ?ep@'a?@vé—
97/ 40029 Under an argon atmosphere 294 mg of 1-[4-(th|azol—2-yl) phenyl}-4(S) hydroxy-z-ammo-
PCT/ EP97/ g(g;%)

-N-(N-methoxycarbonyl-(L}-iso-ieucylyamino-6-phenyi-2-azahexane and 165 w
(1.5 mmol) oi NMM in 4.8 mi of DMF are added to 113.5 mg (0.60 mmol) of N-methoxy-
carbonyl-(L)-tertleucine (Example 2e) and 149 mg (0.50 mmol) of TPTU in 2.5 ml of DMF at
0°C and the mixture is stirred at room temperature for 16 hours. lce-water and ethyl acetate
are added; the aqueous phase is separated off and extracted with ethyl acetate. The
organic phases are washed 2x with water and brine, dried (Na>SO,) and t_:oncentrated by

evaporation. Column chromatography (SiOo; ethyl acetate) and crystallisation from ethyl
acetate/ether/hexane yield the title compound: Anal. (C3gHg5gNgO07S (1.4 % H,0)) calc. C
59.97, H7.15, N 11.66, S 4.45: found C 59.99, H 7.18, N 11.35, S 4.59; 'l"LC: Rg0.51
(methylene chioride/THF 3:1); HPLCoq.100: {Rer=15.2; FAB MS (M+H)* =711,

The starting material is prepared as follows:



-83 - organi ¢ phases are washed with water, dried (Na2S%4) and
concentrate oration, y| el ding the ti tI e conpound: HPL

t[err]=11. 9: “mﬂ@( MrH) + =46 17¢) Fetieksmsco
1-[4-(rhiazol -2-V)-phenlvll -4( S) - hvdr oXY- 2- (t er t but oXvCar bOnWI am no- 5(S) -
N- (N met hoxycar bonyl - (L) - val yl ) ani no- 6- phi&?y1 - 2- azahexane Under a nitrogen
at nosphere, 1.4 g (8.0 mmol) of N-nethoxycarbonyl-(L)-valine, 2.87 g (15
mmol) of EDC and 1.35 g (10 nmmol) of HOBT are dissolved in 22 m .of DW.

g (5.0 mmol
(tert - but oxineinon > L ‘ NP :-“;- gexane in 45 m of
DMF i s adde

concent 1 at od” &%@3"& gﬁ"‘aﬁéph%A% *”?E‘s*ﬁ%&%"?E"'ﬁ&iéﬁ“ﬁﬁe*ﬁh%m’m P
and washed mmsrg (53 mmol)saﬁEDGI@HQstmg (8. 2@mnolwaf HOBirai'eldtssnhredTm&.iqnlmhmﬁF.

h t ed Ded .
Phases are BEPLA0 i A8 e Fiholl of FEaR: St and fboi BURE o #58'6.1 mmon
chr omat ogr a@hv-[‘(-&h&ol arw-lpyémm(sphpdrodp/ze(wérybummmmyaam)noes(d;)-ammo-s-
E%St itI7I9|Csat e -f qum S{(:lx @Ca ?98 b} i %)’XI o?lD(I{M‘I' s ac}dled d?opwnggawereto R}lgr
1-[4-(Thi azslhnarythbvamianlriuxmée% d&hdéﬂi@te@bﬁ@rﬂ@orﬁﬁ&) tﬁé éé&du%t@mwphﬁréw

(L)- valyl)am no-6- yl - 2- azahexane )
1- [ 4- (t hi azasetatea %ﬁ@ﬁl’ SRTES; TH%PB‘?(V@QUQQ \é’fth WVOWCH?HG@I spiytiopowater
5(S) - N (N- ”Eﬁé‘BﬁH&alFMMebﬁébhé(sﬂsBﬁré%ﬁtr&&e@v@ﬂﬂ%ibé}la%eﬁ%@hﬁé(é&ﬁbnﬁag oﬂg‘?adﬁ of

formc acid are stirred roomtenperature hours 'and wor ke

anal ogousl yphases-aiegried puer NasSH nancheongeptratas hycrpegoration. wummnhﬂp@atopraphy

I5 [22 (Thi az {gibg ? hylﬁ;'\e cthdﬁﬂ' 5!: ?] :1),and stlrﬁmg\l_frz)m ethylhacetag%/rljtl)%% y‘elc{ Be_taltlgo_
| eucyl ) ami noerﬁpﬁ)ndxﬂ-(ﬁl@mtmmdng&ﬂﬁ@mfAB(M&(M&Hﬁ ¥640.n0- 6- phenyl - 2-azahexane
Anal ogously to Exanple 7,106 ng (0.56 nmmol) of

N- met hoxycar bonyl - (L)-|so Ieu0| ne 201 rrg (1 05 rrrml) of EDC and 95 ny (0 7
: i : BN Q’f‘l rbonheh

with 0.35 nmol. of

am no- 5( S) - R= leucyl 2| )am no- 6- phenyl 2 azahexane to

‘E R’/L Ir—n|) E he } ' 7%‘591‘9%@1%%) 6711 F{4—§%ﬁ%£§%p%&@ﬁ)fﬂydr&y€2 -{tbrtbitoxycdrobnyifamino-
err] =

PCT/ EP97/ 018(8)-N-(N-methoxycarbonyl-(L)-iso-leucyljamino-6-phenyl-2-azahexanegand 12 ml of formic

acid are stirred at room temperature for 7 hours and worked up analogously to Example 2d

to form the title compound.

Example 22: 1-[4-(Thiazol-2-yl)-phenyl]-4(S)-hydroxy-2-N-(N-ethoxycarbonyl-(L)-

_ valgl)amlnmS@-N—(N-methogcarbonyl-[L)-iso-leugyl)aminoos-gh.eny_l-z-azahexane
Under an argon atmosphere, 321 mg (0.60 mmol) of 1-[4-(thiazol-2-yl)-phenyl]-4(S)-

. hydroxy-2-amino-5(S)-N-(N-methoxycarbonyl-(L)-iso-lsucyl)amino-6-phenyl-2-azahexane
{Example 21b) and 182 mg (1.8 mmol) of NMM in 5.8 ml of DMF are added to 136 mg
(0.72 mmol) of N-ethoxycarbonyl-(L)-valine and 178 mg (0.60 mmol) of TPTU in 3 ml of
DMF and the mixture is stirred at room temperature for 15 hours. The reaction mixture is
poured into ice-water, stirred for 30 min and filtered. Crystallisation from THF with DIPE
and hexane yieids the title compound: m.p.: 208-211°C; HPLCaq_100° tger=15.2;'FAB MS
(M+H)*+ =711,



Exanple 19: 1
-[4-Thi azol - 2-vl) -phenyl ]-4(S) - hydr oxy-2- N (N- et hoxycar bonyl - (L) - '
val yl') am n&é?é‘f&’ﬁﬁ)( N- net hoxycar bonyl - (L) - val yl ) am no- 6- phenf TEFSYO8% ane -
Anal ogously to Exanple 7, 106 ng (0.56 mmol) of |

N- et hoxycar bonyl - (L) -valine, 201 ng (1.0®ewmol) of EDC and 95 ng (0.7 mmol)
of HOBT in 4.6 m of DWF and 293 [err]l (2.1 mmol) of TEA are reacted with .
0.35 mmol of 1-[4-(thiazol-2-yl)-phenyl]-4(S)-hydroxy-2-am no-5(S)-
N- (N- et hax [eb' I 2 I L Q-6 azahe _
conpound: ~Afrat—

HPLQ{err] - i1err]1=14.6. FAB MG I\/HrH){)err =697. . _Exanpl . 20:

1- [ 4- ( Thi X¥pget a0 srgenAmespherg 31 mad éﬂﬁrye%ﬂ b-I4-(thiazphe-yiPherylod)-
bonyl - agi=na]. - Ioheh-ExgiRakand , 140

o (0 B0 P A koY o et e OORIeMIRB pheh( Spibding

and 135 nEXamme BBl and824TETi&mimnod GHNNGH iR mief DME areadded to326 marol ) of

TEA are r ' I\ yali .
147 i S50 P} G Wit a1 valine and, 178 g 9 89 mmal)of TPTU in S i of

N- ( N- et hEMR:gtmé)mmure(sh)stlngﬂ pt t)opm temp@ratbseriph 1_3haumfmnml§emumaﬁalggously oV
b Beableld FOEPBLs (RBiER cRERITTAF S FPEESS [t 1hdr o148 P s ™42
1-[4- (Thi papHyt2=gd7). - phenyl | - 4('S) - hydr oxy- 2- N- (N-net hoxycar bonyl - (L)-tert-

| eucyl ) am no-5(S)- N (N-rret hoxycar bonyl - (L) -i so-1eucyl ) am no- 6- phenyl - 2- azah
exane Under an argon atnosphere, 294 ng of

1-[4- (thi pzahpid 34 1-RONTRIdzbI-S B oHBMAI0NS)-Ryars V2-N-(N-methoxycarbonyl-{L)-S-
5(S) - N- ( NFet hoxycar bonyT - -1S0-1 eucyl)am no- b- phenyT - Z-azahexané and 165

[err]] (1oethyiey steinryamino-5(S)-M-(Nimethoxycarhenvi-(4}viso-letcyllaminofphe) ff€- ol )
of 'N- et h%?*bonyl-(u-tert-leuci ne (Exanple 2e) and 149 ng (0.50 nmol)
of TPTU i ; of DMF at OC and the m xture is stirred at room

t'enper at uadéman A@ohaimssphere- 308 rag (260 nahbly bf bfs (thinzol@-y)-plaehyl)-4{8)e-

oroan o Pk 2ARRGaER M mePRReaarIE e b Bihe iR 2zahdfane
concent r afEacmpite 2YBENE1 651 (180hingT) of NIMNITH 8 @il aP DMK Se@dde@td1y16 mget at e)

and crystallisation fromethyl acetate/ether/hexane yield the title
al

conpound: (OfRmmaicaf: ropnyl-({3-Beregthyleysteine (Exasple 5ajand 148 mQ 11 66, S
chi or ol TFE BT T e gt oM il ch Sbipd oV g S S
starting temperatire fos 4haspside rature s paysed into ice-waterotirnsifipp30 min and -
PCT/ EP97/ Qﬁﬁa@?ed 2x with ethy! acetate. The organic phases are washed 2x with w§ér,'sat.
'NaHC03 solution, 2x with water and brine, dried (Na;SO,4) and concentrated by
evaporation. Column chromatography (SiO5; methylene chioridefethanol 20:1) and stirring
from DIPE yield the title compound: TLC: R=0.39 (methylene chloride/methanol 10:1);

HPLCpp.100: IRer=14.0; FAB MS (M+H)* =715.

5(S)-2.5-bis]N-(N-metho. rbonyi-{L)-tert-leucyl)amino henyl-2-azahexane

With the exclusion of air, 261 mg {1.38 mmol) of N-methoxycarbonyl-(L)-tertleucine
(Example 2e), 496 mg (2.58 mmol) of EDC and 232 mg (1.72 mmol) of HOBT are dissolved
in 7.5 ml of DMF. After 15 min, 0.72 ml (5.17 mmol) of TEA and 585 mg (0.86 mmol) of 1-{4-
[2-(1-methyl-1-phenyl-ethyl)-2H-tetrazol-5-yi]-phenyl}-4(S)-hydroxy-2-amino-5(S)-N-(N-
methoxycarbonyl-(L)-tertleucyljamino-6-phenyl-2-azahexane hydrochioride in 3.5 mi of
DMF are added. After 20 hours, the mixture is concentrated by evaporation and water and

-~



21a) .

1-[4-(Thi aza} %b%ﬁ phenyl ] -4(S)-hydroxy-2-(tertbutoxycarbonyp¢esforséds) - N
-(N- net hoxycar onyﬁ (L) -iso-1eucyl)am no-6-phenyl - 2- azahexane Under a
nitrogen atnosphere, 938 ng (4.96 mmol) of

N- et hoxycar bonyl - (L) -i so-1eucine, 1.78 g87 3 mmol) of EDC and 838 ngy (6.2
nmmol ) of HOBT are dissolved in 13.7 m of DVF. After 30 mn, 2.6 nl (18.6 ’
nmol) of TEA are added and then a solution of 1.45 g (3.1 rrm)l) of

L 0 o RN AN DB A BRG GBlarpd)o

t heret 0. Abkteact&d B more with mathylene ohiptise.uilbe organiophases areuasiyedewﬁipwa& citrie;

wnshed wi 1 AoRplSR (st Al oSl Loyl rivater afi Brfe i VERRON arll cohifenfiatea by
phases ar eegagdrasdre ®redipitatioh fom acenaamratedmmﬁmbn eyl acetate withpDiRE/hexans

dried over Na2SO4 ﬁnd concqepitrat ed by evaporation. Colum chromatography
(Si o2; met Wpldsibe HHe 6PTRAYAYYE 5: 1) and stirring from ethyl acetatelDl PE

Bzfllgl)d the HPYLS,G05RRYRY7.5-PABIMS Tl Hf e814.16. 3; FAB M5 (MrH)[err] =640.
1-[4-(Thiazol -2-yl)-phenyl]-4(S)-hydroxy-2-am no-5(S)-N (N net hoxycar bonyl -

L)- i | é?“ﬁa} 761 1.2 | f
(1'%4'I(fﬁl G?Q%L’ -y &Qgeﬁlap{geﬂ?géagdﬁgyoxyng (ter {Tgbl(,lt oxygg:)bz)ngl ) ani no- .
5(S)-N(NW.@!QBM&UCW ) am no- 6- phenyl - 2- azahexane and 12

anal ogous 2008 WATITRN W gR pRbog A B EREICA1E ol B sdalSiihyelds Adetizs

1- [ 4- ( Thi agpR-g2(0y3 15 mbk of h]eydl(t(S)JemaHehyyle AFikd, \Bumhb p8witzerlandyin :{1D)ml of

val yl ) am no- 5(.S) - ho euc a - 6- pher zahex
ane Under @ﬁ%"gﬁg_""é&_ﬁg@%ﬁeéé‘: g&’%@ 858 ﬁ?ﬁ)mﬂ’g'ﬂ% i hedted aPbi r¥g fof SHODR
% 54 (t h|2a gorﬂatﬂidspnb ﬂeﬁ}oﬁd reactl;on mixture is poureld |nto1 htre of nce/367% HCI ?O;
ydr oxy- amno met ho -1 s0-| euc 0 -2-a
zahexane (%ﬁtﬂ’ {%ﬁ'ﬁ X?Hfbllz)j”%tf"m"" ﬁi'w@féalﬁb\ﬂry
added to 1 Z:anmhso-qéz%el—mm@m 8§ 4019 blms \gl2d 4fd B014(@d60
nmol ) of T%%ué??]ﬁ%"m of DMF and the m xture ?ds’ stl;‘r Z‘d atoroom tenperat@ure
for 15 houwd=8, eapk2Hpaction mixture is poured into ice-water, stirred for 30

mn and filtered. Crystallisation fromTHF wth DI PE and hexane yi el ds the
title corrpound mp.: 209-211[err]C. HPL(err]: t[err]=15.2; FAB M5 ( MtH) +

;Z:%_/l o7/ M 29-phenyl-ethyl)-2H-tetrazol-5-vi}-benzaldehyde
53 1o l4 (%E%rzwmsg@n atropsphere: 2A0WIo o1 68,9 (58 TN St cRheryLaPasmg FoE . ©

val yl') am rBu&{sSSvﬁﬂzéﬂémfathQﬂrcbmuéné is)addsaﬂkwyé ioafo § S Empivtofl4-@eteezahe
xane -Under an at nosphere, 8 r”g‘; lﬁ

1-[ 4- (thi a%'ls' q;t)zaﬁpéy g angg 5.7 mmol) of methanes fomc acid in 44 ml of boiling

hyﬂr OXY - 2-13ieR8-ant the MixtDreT8 tRERStrRIARMAEF réfhac coAditibm oY 1 nabt. Thetobleany| - 2- a
zahexane -
reaction mixture is washed 2x with sat. NaHCOg solution, water and brine, dried (NasSOy4)
and concentrated by evaporation to form the title compound: TH-NMR (DMSO-dg) 5 10.09

(s, HCQ), 8.29 and 8.08 (2d, J=8, each 2H), 7.33 and 7.17 (2m, 5H), 2.17 (s, 6H).

25¢) N-1-(tert-Butoxycarbonyf)-N-2-{4-[2-(1-methyl-1-phenyi-ethyl}-2H-tetrazol-5-
phenyl-methylidene)-hydrazone

13.0 g (42 mmol) of 4-[2-(1-methyl-1-phenyl-ethyl)-2H-tetrazol-5-yl}-benzaldehyde and
5.98 g (45.2 mmol) of tert-butyl carbazate in 300 ml of ethanol are stirred at 80°C for

20 hours. The reaction mixture is then concentrated to half by evaporation; 420 ml of water
are added and the mixture is extracted 3x with ethyl acetate. The organic phases are



(Exanmpl e 21b) and 182 ng (1.8 mmmol) of NMin 5.8 nl of DVF are added to
126 nmg (0.72 mml‘; of N-rret hoxycar bonyl - (L) -valine and 178 ng (0. 60 mvl)
of TPTU i n WOA7MBE29DMVF: the nmixture is stirred at room t enperBEHERIT(0486015 . -
hours and worked up anal ogously to Exanple 3. TLC. R err]=0.15 (nethylene
chloride/ THF 4:1); HPL(Jerr]: t[err]=14. 548 FAB M5 (MrH)[err] =697.

Exanpl e 24:

1-[4-(Thi azol - 2-yl)-phenyl ] - 4(8) hydr oxy- 2- N- (N- net hoxycar bonyl - (L) - S-

met hvl cvst ei nyl ) am no-5(S) - N-( N- et hox car bon I.s0- | euc m no- 6- phen
T o2" oy attBaRkd it satr ARG SE BHEoe s@{edné% aidapochirated by
1-[4-(thi %&@bo&tuuh}o ﬂi?ﬁart)‘lb]tttlé(:ecfhpound HPLGC 00: tre=17

hydr oxy- 2-am no-5(S) - N- (N- net hoxycar bonyl ZPL -1 SO- Ieucyl)am no- 6- phenyl - 2-a

zahexane (Exarrple 21 b) and 165 [err]l (1.5 mml) of NMMin 5 m of DI\/F are
added to LDk \ : .

(Exanpl e 0 [

i ce- coollrgmg:l_t_m__ture S stlrred at roomtenperature for 4 hours The

t d_int d f 0 d g3
ot hyl | aceldlogY erieedrialieePRRTa. b6 B @b iemoll os K1l hkpaparel- K mi-
sol uti on, rRsthyii-Phai-ethyHozH- Réﬂaﬂ@lrs-?lgpﬁ&w)ﬁ ffitibnBPRYy draSLIR Hré

}
evapor ati on. | unm_"chr onat nmet hyl ene chl oride/e hanol 20: 1)

e’ ot 1 G el HH. BROA 8 8 (4ha Ml €5 843 6] Sam SHEnobRpBYecar @ded. A

E ﬁw%’ge”%o@;kl)g%'f 3‘312"@(2335‘ ﬁimdkpofjﬂ-toldéﬁbﬂlﬁfrﬁd acid hinbhydrétedn 90 METHF is

1-{4-| 2- (1adngd Hmpvmsgﬂ‘@n@tp etmm hoursi the migiues iszonpcentratedby pyaporation; they -
%) 21 st (SNl o)V G Bl b wpShi Wit Sl \BHICHS) sl orkie 1B

e Wt h t he excl usion
N- met hoxywubwwphe(ﬂe)sa'e extracted Rxwith Ethviptetates jhe argamnpheﬁesﬁﬁerdmld)maﬁseac

o, o0 75 bnf cohbqdRed b eyabdeud, The ka8l Bliakehdn i #Ho i of phEinahbiefl 125 m
{2 (1 e o et s e
o be oS alifad VRSB 1H¥ mikinre b Batig Honca Rl )y BB tbop HE PR

IcD (é? /c E rlgg r7 ?tggg%%mtw\aaﬂos diluted with dhetifiene ehidride and watey\ihe aqa&%ephase is

met hy| ene SEPRGIdRS apd exirppied 2% with methyleng ehlodids, The arganic BP%E?@ "'Vg dgﬁgar at ed
of f* and agls@ )Gahcﬂebrﬂaheatau b evEbdrticD folth e ik co'H%ﬁJUhHQHPL02§ Qgpes are

washed with Yocitric acid solution, sat. NaHCO3 sol ution er and
brine, dri BQFWH&ZSOZL) and concentrated by evaporation. Precipitation from
a concentrated sol ut | on in ethyl acetate with DI PE/ hexane vyields the title
conmpound: HPL( err t [err]=17.5; FAB M5 ( ? [err] =814.
, 25€) 1-{4-[2-(1-Methyl-1-phenyl-ethyi)-2Htetrazol-5-yll.phenviF-4(S)-h
buto carbonyllamino-5(S)-(trifluoroa llJamino-6-phenyl-2-azahexane
A mlxture of 6.05 g (23.4 mmol) of (2A)-[(1 S)~(tr|ﬂuoroacetyl)ammo-2’-phenylethyl]ox|rane
and 9.54 g (23.4 mmol) of N-1-({tert-butoxycarbonyl)-N-2-{4-{2-(1-methyl-1-phenyl-ethyl)-2H-
tetrazol-5-yi]-benzyl}-hydrazine in 200 ml of iso-PrOH is heated at 90°C for 24 hours.
Concentration by evaporation, chromatography (SiO5; methylene chloride/ether 20:1) and
crystallisation from-MeOH yieid the titie compound: Anal. (Cg4H4oN704F3) calc. C 61.16,

H 6.04, N 14.68: found C 61.37, H 6.02, N 14.80.

25f) 1-{4-]2-(1-Methyl-1-phenyi-ethy)-2H-tetrazol-5-yi}-phenyl}-4(S)-hydroxy-2-(tert-
butoxycarbonyl)amino-5(S)-amino-6-phenyi-2-azahexane

28 ml of a 1N KyCO4 solution are added dropwise, at 70°C, to 1.9 g (2.8 mmol) of 1-{4-(2-
(1-methyl-1-phenyl-ethyl)-2H-tetrazol-5-yl]-phenyl}-4(S)-hydroxy-2-(tert-butoxycarbonyi)-



The starting material is prepared as follows: 25a)

4- (Tetrazol zal dehyde 20.0 g (0.47 nol) of lithiumc '

20.5 g (0. Sléldlﬁhjog%dfq sodi um azi de are added to 41.2 g (O. 315“5&? o?ﬂa‘Sj T
4- cyano benzal dehyde (Fl uka, Buchs, Switzerland) in 310 m of

met hoxyet hanol (Fl uka, Buchs, Swi tzer| and)8@nd the m xture is heated at
boiling for 6 hours (argon atnosphere). The cool ed reaction mxture is
poured into 1 litre of ice/37 % HC 10:1 and stirred thoroughly-to

Combound:  (EhBShnRoddsarife RiherRthtant B0 ) ofpibroffpg e
and 8. 14 ( Zrixture Is~&irregifoh1S hipurs. Afté@rdepling and concentration by evaporation, methylene
A L1 ogen atREoR AP Water e el e BL68G° phise fePaRA S SR rersteg i

E g|7u ka, N Bufﬁag ylehgichiosige amé orgad;: Phasés arfe Washedrvath watedcﬂﬂédc(Naésos)eand) 10 g
mmol ) o tetr zal.deh an
met hanesul f“t?ﬁF%'gtéﬁf?gl gY ﬁV%RP'ﬁW%‘P %938 r]? {_5‘? %‘ff@dgﬂ# (ﬁ'%@ﬁé 0fi ‘ﬁeﬁﬂé _E ABMS

stirred undpr.Hyethey, conditions for 1 hour. The cooled reaction mxture is
washed 2x wth sat. NaHCO3 sol ution, water and brine, dried (Na2SO»4) and
concentrated hy evaporatlon to formthe title conpound: 1H NWVR (DIVISO de6)
[err] 10. 095, . 5 ) p 3

2. 17
N—l(tertht ‘ ethoxives phctey
-yl]- phenyl-neth Ildene} hydrazone 13.0 g (42 mml) of
4-1.2-(1- ne[q\éﬁ-hgéi%%enyl et hyl)-2Htetrazol -5-yl ] -benzal dehyde and 5.98 g

(45. 2 nmol With tHeescilsitrydr srasée e (@. s'gmaﬁﬂ) dﬂN-ﬁ'fetmixbedmbnﬁf(E) &Wlétlicﬁlﬁb at 80C
for 20 hours. The reaction m'xturg %jé en, concentrated b ry
evapor at i ofExamplede)ot-64,4:(B58 pmolyg Qba?mj { oM@ Ri7grrampel) of OB ?@cf”%’%?"(ﬁdt h

et hyl acet a4 04 5HEfDMANARerIBARRAS2.308n! (17.2 mmo%fﬁ'é’ﬁélémi?@ 64 X (2 86 mmol) of 1-
PCT/ EP97/ 01860 shed

2X with _sat{4-!aqéhmawy&drnhe_nmlrﬁtaﬂhz"rsﬁ?trﬁol-érmemw(nMmyc&w-%&fﬁ&@mqm ed by

NI (1 or 1 BtRoyRERdes) bl PpH ZLamdriSnd T 12 ml ofOMFary adoog. AR RO

-yl 1- benzyoutsy theamixiure isicencentrated by gyaparatios panst watet ang ngatt(yme&hhrme) argf '

N-1-(tertb At ?@fhl%q'&lbbe I\i!hg ai]f}ec[t.% ;{hjase is separated off and extracted 2x more with
methylene chloride. The organic phases are washed with 10 % citric acid solution, sat.
NaHCO4 solution, water and brine, dried (NaxSO,) and concentrated by evaporation. |
Digestion from DIPE yields the title compound: HPLCyg.100: tqer=18.6; FAB MS (M+H)*
=743.

25h) 1-{4-[2-(1-Methyl-1-phenyl-ethyl)-2H-tetrazol-5-yll-phenyl}-4(S}-hydroxy-2-amino-
 5(S)-N-{N-methoxvearbonyl-(L)-tertleucyl)amino-6-phenyl-2-azahexane hydrochloride
Under a nitrogen atmosphere, 1.37 g (1.84 mmol) of 1-{4-[2-(1-methyl-1-phenyl-ethyl)-2H-
tetrazol-5-yf]-phenyl}-4(S)-hydroxy-2-(tert-butoxycarbonyl)amino-5(S)-N-(N-methoxy-
carbonyl-(L)-tertleucyl)amino-6-phenyl-2-azahexane are stirred in 64 mi of acetonitrile and
64 m! of aqueous 2N HCI at room temperature for 6 days. The reactior mixture is filtered,
and the filtrate is concentrated by evaporation under a high vacuum at room temperature
and is finally lyophilised from dioxane to yield the title compound: HPLCog._100: tRer=14-2;
TH-NMR (CD3OD) inter alia 6 8.10 (d, J=8, 2Haro™) 7.8 (m, 1Harom), 7,53 (m, 2Harom) 7,32
il (m, 3Harom), 7. 17 (m, 6Harom), 2,23 (s, 2 HaCtetrazole-protecting group)



met hyl - 1- phenyl - et hyl ) - 2H-tetrazol - 5-yl ] - phenyl - et hyl i dene} - hydr azone are
placed in 140 m of THF, and 2.32 g (31.3 mol; 85 % of 'sodi um
cyanobor ohyWO Hé08¥e added. A solution of 5.42 g (28.5 mmvl) RGT/EP97/01860
p-t ol uenesul foni ¢ aci d nonohydrate in 90 m of THF I s added dropw se
thereto. After 4 hours, the mxture is cggcentrated by evaporation; the
residue is taken up in ethyl acetate and washed with sat. NaHCO3 sol ution
and brine. The aqueous phases are extracted 2x with ethyl acetate; the
organic phases are dr| ed (Na2804) and concentrated b evaoratlon The
resi due i XQANPIEL0] 1~ 2L £ 5-¥h-phenyt-469)-nydroxy-§ B1bis Y -met alls
X H20 in ddavitin-2d 14 aflifo ﬁgn V8.5 hbng, ‘and the mixture is
stirred o ' ncentrated by evaporation
using a rscsrmlaf\mrﬁo%taqumnd H2§Qj|5alnt@damadde:btdmse&mm(nlmlmoanmw er;

th te f

chi o 1 do. ErEPERgL}Ppap AL 2 BBl s S F S ot §fbés§ﬂfxp'

vl ?“‘N*‘bﬁ*yé“""”‘ﬂe’ P e "‘é"a"“’“"""‘& § by 2
enyl -e etrazo r ox -

(tort but SHYBKRSGRTTa e BPSS)S bourd iid B8 B o] oh B! pHARAe X Wit FoN e

A t d&?c I

(ZrR?) X[ l(Jrles‘§g (tt@r ?fﬁ? gror oacé?dflg)gaa}n? ﬂl%ehed_ %)F]vewrt]h lwea%eﬁﬁndggln ?acrjlreeda(n 2SO§) and (23.4

nol ) of eenceptrated m\@m@émdﬁqmmnwhzor{aogmu 9thynaqgma¢magoh9n)- 2H

S0 ery ] C 1 Viaigie s ollbaR: TC: Ml Hndlarkafgh b L PR Bt s o

met hyl enelgp125; M&MSBQM%+HBQBnd crystal lisation from MeCH yield the
title conpound: Anal. (C34HAON7O4F3) calc. C 61.16, H 6.04, N 14.68: found
C 61.37, H6.02, N 14.80.  25f) '

1-{4-[2- (1- Met hyI -1-phenyl -ethyl)-2Htetrazol -5-yl ] -phenyl }-4(S)-hydroxy- 2-
(tert- butoxycarbonyl)am no-5(S)-am no-6-phenyl - 2-azahexane 28 ml of a 1N
K2COB8 solution are added dropwi se, at 70[err]C "to 1.9 g (2.8 mml) of

1-{4-[2- (1

- et hyl - 1- henI et hyl -4(S)-hydroxy-2-(tert-buto
xycar %on p y 27: 1_y h(d) Y S-2¥3-bls$l—
PCT/EP97/ 1 , . {-méthvi-1H-

am no- 5( et hanol
and t he rmgmgy_mrred for 15 hours. After cool | ng and concentration by

cepar at cdoBer KSR pisbeRel 4p i @%42@9&08?? ffterkel -%ﬁi}é*ﬁ#@ﬂ%éis' are
washed wi ﬁWrWﬁS)—ZCB—bSN-(NN&WWc&Mnﬂ npmﬂew&yadnmb]wwnym-amhéxanq amd d
the titl edigsoorlr\l?e% in 1T mi of [g:h[llgldulxaneH 3| aJid 1a‘? OJ'C 73. 2 mg (0(224|%lne of) o} 652883 and
6.9 ul (0.111 mmol) of methyt iodide in 1 ml of dioxane are added. The mixture is allowed to
warm up slowly to room temperature overnight and a further 1 equivalent of Cs,COg3 and of
methyl iodide are added. After stirring for a further 4 hours at room temperature, the mixture
is diluted with ethyl acetate and 1N sodium hydroxide solution. The aqueous phase is
separated off and extracted 2x with ethyl acetate. The organic phases are washed 2x with
water and brine, dried (NapS0y4) and concentrated by evaporation. Column
chromatography (SiO,; methylene chloride/ethyi acetate 1:1—>1:2) yields the pure title
compound A (~ 3 parts), followed by 1-[4-(1-methyi-1 H—tetrazol-s-yl)-pheny!]-4(S)-hydroxy—
5(S)-2,5-bis[N-(N-methoxycarbonyl-(L)-tert-leucyl)amino}-6-phenyl-2-azahexane (B) (~ 1
part): A: TLC: R=0.26 (methylene chloride/ethyl acetate 1:1); HPLCpg.100: tRef=14-2; FAB
MS (M+H)* =710. B: TLC: R=0.09 (methylene chioride/ethyl acetate 1:1); HPLCag.100:
tRer=13.3; FAB MS (M+H)* =710.



2509) :
1-{4-[ 2- (1- M3igwiso8290henyl - et hyl ) - 2H-t etrazol - 5-yl | - phenyl } - 4( 8rripdriomge 2-

- (tert- -
but oxycar bonyl ) am no-5(S) - N-(N—rret hoxycarbonyl - (L) -tert-1eucyl)am no-5-phen
yl -2- azahexane Wth the exclusion of air;9868 ng (4.59 mol) of

N- met hoxycar bonyl - (L)-tert-1| euci ne (Exarrpl e 2e), 1.64 g (8.58 nmmol) of EDC
and 773 ng (5.72 mol ) of HOBT are dissolved in 24.5 m of DW. After 15
mn, 2.39 M (17.2 mol) of TEA and 1.64 g (2.86 nmol) of 1- :
{4- [2 (1- et hyl - 1 phenyl et hyI)-2H—tetrazoI 5-yl]-phenyl }-4(S)-hydroxy-2-(t
ert - but oxy Altesnabive tle-00 phenyl - 2- azahexane in 12 m of DWW

dded. Af hour ' -
water and k&d%ﬁ%gﬁ? oo aé”%?e“‘;%‘ﬁ‘é?’?ﬁ“ﬁﬂz& NehdhBRcBibonE ek Bine i
S ﬁpar at ed QﬁfB?ﬁg\ (irmmﬂ)odfé'cl;mammtm'erw!ug A7 m}lﬁtdtﬁ ylMﬁlanat tBY.Grmme 8 Ti’nml)lb :ngdumig

ases are,was % .a SO 1 On Sa Ol Ut on
Parerand’ bAss 8t g tanmatate ey ShiRchie b B s sndbaddad dispiisg an on
12 mm) [DI PE] Sﬁet;é%iﬂed b@uﬁ:m SE35:D Aol o8 1 -[H-AethyllZH-fetrazbi-5- §i)-BheriyiEs (8P hydroxy-
err] =

1-{4-[2-( 15@r$.§tdlqm}5!9ér9he'yi Rypzpheanedinydsoshlerida in 73ial R OME, Afterstirring gt 2-
am no- 5( Sy cﬁ}hﬁé\lg PEaRR YSrafeRiirs, 1ﬁé}eéoﬁbh Tﬂsﬁtﬂ?é’ﬂs)p’émdﬂgcﬁnmédgyéia’ﬁmme

hydr ochl or1 er a nitrogen atnosphere, 1.37
1-{4-[2- (1angmg,resldqg{gr§q mggsngq e@miosmres of water,t e mixture is stlrred for 30 min and

| - 5;
ot hoxy-  HRHEP Fquct ety S, iadiib R i o DS ARhd S fomlinf o,
64 m of amﬁanurcobnngaytdldane tﬂle ocbmpqumbmpz N9HAB2EC; [fypmAbe i< Bitethandi)or 6

days. The reaction mxture is filtered, and the filtrate is concentrated by
evaporation. under a hi gh vacuum at roomtenperature and is finally

| yophi | i segtnb piif ﬁi&?&&ik%rdﬁ@bda&h&l&ﬂé'e conpound: HPLJ err]:
t[err]=14.2; 1HN inter alia [err] 8.10 (d, J=8, 2Herr]), 7.8

(m 1Herr]), 753(m 2H[err]) 7.32 (m 3Herr]), 7.17 (m 6Herr]), 2.23
(s, 2 H3(err]). WO 97/ 40029

PCT/ EP97/ 01860 , - 90 - Exanpl e
26: 1-[4- ( Zea)y4&f2>Med ‘ phyde- 5(S) - 2, 5- bi s[ N-( N- met hoxycar -

bor . 4B, L R 0 AR 8 e e

- et hyl - 1- a&)ﬂnlsse&i%fbl\mdbﬂmaiﬂl is Edslécl dropwisd to- 1789 g IWGOM&(I@GQ:; mbis

N ( N- t - (L) - h
[ Cer cool | nfS0 fi ob PRBptae - ishe raitiafe S Bl CI D o e B @it b of,
- of ihcg- \gfat ﬁk%lﬁﬁﬂibt%{id@émd%wmﬁ;:mg&sﬁ;ﬁﬁtaiﬂ% giﬁmefom ﬂannsganghgﬁaag,atre
wasne X W wat er., an rrne | e an cqQnce e
evapor at | oRPOTLISTRRTEIR BrdbgHEs e 1S Bowedip A%, s ofderwater pnd
ﬁ :3 f' ds t hegtirtdd for g 0'vIAUAG titld bém ﬁﬂ rs]ﬁa@ré‘cﬁof( sﬁdlwbsmm Fatirhp! 137-139°C;
Cerrl: 1H[NMir=l](CD3OUICDCi3) d10. os (s, L—ICO), 8.29 and 8.03 (2d, J=8, each 2H), 4.43 (s, 3H).

27b) N-1-(tert-Butyloxycarbonyl)-N-2-J4-(2-methyi-2H-tetrazol-5-yl)-phenyl-
methylidene]-hydrazone

75.0 g (0.40 mol) of 4-(2-methyl-2H-tetrazoi-5-yl)-benzaldehyde and 56.4 g (0.426 mol) of
tert-butyl carbazate in 1400 ml of iso-PrOH are stirred at 90°C for 24 hours. 2.2 litres of
water are added to the cooled reaction mixture and the mixture is stirred thoroughly to |
complete the reaction; the title compound is filtered off and washed with water: m.p.: 195-
197°C; Anal. (C14H1gNgOg) calc. C 55.62, H 6.00, N 27.80: found C 55.50, H 5.93, N
27.61.



Exanpl e 27:

1-[4(2- Met %I-Zl—l-tetrazol 5-yl)-phenyl]-4(S)-hydroxy-5(S)-2,5-bis N-gN—
met hoxycar DSRVI4R929_t ert - | eucyl ) ani no] - 6- phenyi - 2- azahexane (P&:ﬂ'éE 7/01860
1-nethyl-1H tetrazolyl isonmer) Under a nitrogen atnosphere, 100 ng (0 144
mmol ) of 1-[4-(tetrazol-5-yl)-phenyl ].-4(?':%

hydr oxy-5(S) -2, 5-bi s[ N- (N-net hoxycar bonyl'- (L)-tert-Ieucyl)am no] - 6- phenyl
-azahexane are dissolved in 1 m of DW/ dioxane 1:1 and, at 0C, 73.2 ngy
(0.224 mol ) of Cs2CO3 and69 0111 mml of rrethyl |od|de|n1rr1
of di oxar2¥a)N=1A4tert-Butytoxycarhe Aettvyl-2H-teirazol, | pdsaa

t t = P RErAZE ! gdrazine
i gg}ogreaar eﬁdeg:?e@%%}i s ﬁ?‘jre?'{r}]é BF‘%&Q@ ze'?"u\‘Hrc%{)ﬁ&er Z- E%ur S roomy 53 ur e,
the m xt unethylled-ltdztrazaGSM)tﬂheaylhybthghdﬂr@-hymdoﬂé\h&q:dam :hpﬁommmhum on.

organ e Ahia B melcHRE) 3t RArReHa e bt K oot af 228 il misl o™
concentr acbménbsummmda&bﬁmyd:‘alemn il @ ITHEUS aBBdd ddpWise thBfeky (-eflf?em ita-

chlorlde/ethyl acetate 1:1 1:2) yields the pure title conmpound A ([err]
3 parts), tiony fgm,@d'lqy;s the sohd is filtered off, washed thoroughly with ethyl acetate and dis-

1-[4-(1-
L T il s sl adto o gd b e e i e,
ne (B) (-off and e»ttacmed 23 poreRyith ﬁ]hybaczatatenibhyrgam phases atkewasted| wmsatat e

09
(ret hy| e rRPa sobBh e el s ol (N80 dra contBhzglon by pvadbiior. e
(MtH) [ er rr]esmﬂdg)crystals are takenmpoin/44@0akof methanol and 208 ml of THF, and a solution of .
PCT/ EP97/ 6 . . . -91- .
At er nat 1B SOHBIRTP ofKeBu@7 AHeD 03Il Haf 5 Added dronnise R prksiva L.
14.56 g (ddm mi&furéhs@ﬁrﬂkﬂw Wrﬁ@émberéhire beérh?he DUl iattd2.2 itr89 obwhtér
mol ) of TPT arestlrre in 77 DMVF and 3

er 1] i GELEraFec S i S Boaiae OB AasesrE Washed v SHTNAIREO8s ¢ hen

added dr pwitisR, WatefBnd BAnE, Qﬁb&‘iNﬁQiS@k) and @rﬂnt:%'iitr&eﬂ"ﬂ?vI ev%oratlon The crude
1-[4-(2-methy |“2Htetrazol - 5-yl')-Phenyl ] - 4('% hyd ro
5(9) - SRW‘H-Fﬁt iforsubiRed yith 21359’%3?&?\%35?% pHea P? ﬂ"ﬁ fijteredh thepughygitica

Al ter St' el hﬁﬁ ?ﬁetﬁ %rﬁ&iﬁtférﬁh#ﬁ@ 1 &Y th&':él ! Eon&%]ﬁraﬁn?f%&'eﬁ)ﬂp&i‘hﬁéﬂfoea' S

partiall conc ntra evaporation and the resi 80 m) 1is

pour ed i rﬁe@dgahvs:w efratmt 81 htrpﬁ @nﬁ\aﬂﬂmpa qf 358 mi of BIPE melc@be ervsialline titlee

. Pt iy i . Hag 38 i B s A

191- 192 dBee)EN-2-eRrrhéting m&h@zdes-sl)-pbemmyryhdene]-hydrazone with Lindlar catalyst
in methanol): m.p.: 100-102°C; TLC: R=0.47 (methylene chioride/THF 10:1); 1H-NMR
(CD30D) d 8.06 and 7.52 (2d, J=8, each 2H), 4.42 (s, 3H); 4.00 (s, 2H); 1.44 (s, 9H);

HPLCao0-100: tReF10.2.

27d) 1-j4-(2-Methyl-2H-tetrazol-5-yi)-phenyi]-4(S)-hydroxy-5(S)-2,5-bis[(tert butyloxycar-

bonyl)amino}-6-phenyl-2-azahexane
36.33 g (138 mmol) of (2R)-[(1'S’}-Boc—amino-2‘-phenylethyl]oxirane and 38.17 g (125 mmol)

of N-1-(tert-butyloxycarbonyl)-N-2-{4-(2-methyl-2H-tetrazol-5-yi)-benzyl}-hydrazine are
heated in 964 ml of iso-PrOH at 80°C for 20 hours. The crystallised title compound can be
separated from the cooled reaction mixture by filtration. Further product crystallises out of

- the filtrate after the addition of 1.2 litres of water: m.p.: 175-178°C; TLC: Rg=0.22
{methylene chioridefethyl acetate 6:1); HPLC20.100: tRe=16.9.



The starting material is prepared as foll ows: 27a)

4- ( 2- Met hyl %/ﬁgﬂi §zol -5-yl ) -benzal dehyde Wth ice-cooling, 3 l*btﬁo

75.5 g (0.434 nol) of 4-(tetrazol-5-yl)-benzal dehyde (Exanpl e 25a

m of DMF/ dioxane 1:1 is added dropwise to 179.7 g (1.30 nol) of KZCO3 |n
200 m of DMF/ dioxane 1:1; the m xture is98tirred for 30 mn and then 40 m
(0.64 nol) of nethyl iodide are added. The mixture is stirred in an ice
bath for 3 hours and, flnaIIy, at roomtenperature for 15 hours; -the

reaction -@E%.E:Hr{o-é’- hLR 20

mn; the t

137-139[ erg; v, waaﬁwsDCI 3) d 10. 05 (s HCO), 8. 29 and 8. 03 (2d,

J=8, h 2 3

N- 2. (tert %ﬁ%&@eaﬁsw%ww doid politign 2%8,addsd ta AFOISIP F 20,05,y -
thylid 7 8-y S)-hydroxy-5(S)-2,5-b

e (2 ety BT HOp AT E- "Qeag ey . PronyILA(S) ydony.5(3)-2.5 bisl(tert

t er.t - but yibuiylexyeahonylami nhenwrzawqxaoﬁ in229 m pf Tq@é The wtte'ealq glirrast ato4
h 2 d the.
mxt o e 1 SCEEE e et cndiifStod Gerk by RapBfRuBA YoohfamiflelduePhBHT, | ¢

is filteradcobin).dife Msrlasduwstmkwaua BX nmrp.m etbaaol amﬂqgam tancenirated by
( CLAHIENG Q). SRl WeiRigife oRfsBi il cofnpdlna. IR 6Rer Yo itehinetha aRdytidh
PCT/ EP97/ (felt&,01 g of the crude product was stirred in 6 ml of hot iso-PrOH, 6 ml of BIPE was 8dded,

noime: unadintieanfiod S0 ASRrmhe hEpranSuaRe e ouf i b3 281280 A b5
N-1-(t er t mmr(mgmbﬁuﬁeﬁ[ucmo .20 Ho0)) calc. C 51.40, H 6.22, N 22.08, Ci 15.97,

met hyl - razol enyl d - hydrazone are pI aced in 350
of THF, arﬁﬁ% ‘{“Pl@ WPH%%a zé'?al\ﬁb?\é ‘S O8ed. A solution of

22.6 g (119 rrm)l) of p- toluenesul fonic acid nonohydrate in 175 m of THF

I s added dropwi se thereto (-> precipita- tion). After 2 hours, the solid is
filtered off, washed thoroughly with ethyl acetate and dis- carded. Water
and ethyl acetate are added to the filtrate; the aqueous phase is separated
off and extracted 2x nore with ethyl acetate. The organi c phases are washed
with sat. NaHCO3 solution, water and brine, dr| ed (Na2804) and concentrat ed
by evapor ; > afiyf . A

and 208 n1
in 417 m

stirred a ro mte T tur over ni poured into 2.2 litres of water and
ext ract ed M@i@@}-@i—’q&% organi ¢ phases are washed with sat.
NaHCGB s olwith ?rir?excﬂisgfn Str, R61 Ay (1088 wehol) d RERethoxpearboniL Ot so-letdingy 496 mg .
evaporati on. e
P (2.58 mmol) of EDC and 232 mg (1.72 mmol) of HOBT are dissolved in 7.5 ml of DMF. After
15 min, 0.72 mi (5.17 mmol) of TEA and 585 mg (0.86 mmol) of 1-{4-[2-(1-methyl-1-phenyl-
ethyl)-2H-tetrazol-5-yi]-phenyi}-4(S)-hydroxy-2-amino-5(S)-N-(N-methoxycarbonyl-(L)-tert

leucyl)amino-6-phenyl-2-azahexane hydrochloride (Example 25h) in 3.5 ml of DMF are

added. After 20 hours, the mixture is worked up as described under Example 25i.
Precipitation with DIPE from a concentrated solution in methylene chloride yields the title
compound: HPLC»p.100: tRer=17.5: FAB MS (M+H)*+ =814.

leucylamino-5(S)-N-(N-methoxycarbonyi-{L)-tertleucyl)amino-6-phenyl-2-azahexane
35 mi of an 80 % aqueous HoSO,4 solution are added to 354 mg (0.435 mmol) of 1-{4-[2-(1-
methyl-1-phenyl-ethyl)-2H-tetrazol-5-yi}-phenyl}-4(S)-hydroxy-2-N-(N-methoxycarbonyl-(L})-



product is conbined with material froma second, identical batch and
filtered through silica gel using nethylene chl orlde/THF 10:1 as the

el uant. CoWs:3W4082% on by evaporation to a residual vol une of PGHER7/Qi860
litres and addition of 150 ml of DIPE yield the crystalline title conpound
(which, alternatively, may al so be obtai @fd by catalytic hydrogenation of
N-1- (Boc)-N2-[4-(2-nethyl - 2H-tetrazol =52yl ) - phenyl - net hyl i dene] - hydr azone
with Lindlar catalyst in nmethanol): mp.: 100-102[err]C, TLC R err]=0.47
(met hyl ene chloride/ THF 10:1); 1H NWR (CDBOD) d 8.06 and 7.52 (2d, J=8,
each 2H) ,isd-leti2yifamind8)S)-H-(Beméthpxyidrboriyi-@4-téa-leudyl) amirbiscplenyl-2-azakexdre10. 2.
27d)

1- [ 4- ( 2- WtHigp-copling. Aftar i8a {ar)7 S nidn ihe mixtuse Isywarked Pnajogously 19 <[ (tert-bu
tyl oxycargxapqky bb aryiefd thé 18 edmpodndHIIERNR, %. 206; (FAEMS M -DH) ©1=696. -
(2R-[(1' S)- Boc- ani no- 2' - phenyl et hyl ] oxi r ane an 8.17 g (125 mol ) of
N-1-(tert-butyl oxycarbonyl)-N2-(4-(2- rret hyl - 2H-t etrazol - 5-yl ) - benzyl ] - hydr
25;2?5‘[' ) Hlﬁ MethyioH-RHaz6 Syl phdn 14% dYoxyS-Ks In%ethli

m xt ur e lparbonylH{b)-isodeusyi)e 0 sthoxye : s

after the.,addjtion of 1.2 I|tres of - vvater m p. 175 178C TLC R[err] =0. 22
(et hyl er@@"%ﬁ%l acetate 6:1); HPLC[err] t[err]=16.09. WO
97/ 40029 Under a nitrogen atmosphere, 72 mg (0.103 mmol) of 1-{4-(tetrazol-5-yl)-phenyl]-4(S)- hydro-

- PCT/ EP97/ 01860

11 4 (2 RCHTOethayeasayb{A) s Heylamin SN rastoseashonyisifertiensys. oh
enyl - 2-  AgAGNEEBREN Wzt&@hafdﬂém%so%drm o@ﬂ:ﬁim«#%ﬁaa)saﬂwérwmg)rl c acid

sol ution are ‘added to a sol ution of

é [ 4I (2- ey Iimmel) pt€sz50% and 919? uldﬂéﬁylnpmnlo s§ mehyi iodigedn $)minfdiaxasp @rer t -
t

P Y Sags g ARk e SIS et QBURNS rocin Sdmipffanf pYbipioht 3 I8 bt ©
('r (r)]om It e éerﬁnigtegtwltmethgln aggtnatt? gndlgN)sod'ﬂmgwdr’:mdessiwu?eTm aqaleteﬁz phasisnor e Ln
-£1 hano

Tt 6 conpaartsY o S5 SRPAGEA B2 wil el BBARR, TP orodoi Shaps 2s walHeE 2 Wi

C_r gde plr @chi@{anmd irfe, ur'?dacN QEC&) Bthd @bndfmttratéwaéﬁﬂorﬁldnﬂto?feld]tﬂ@:_compowldtkd
227- 230[ Lm?q CRGCATBI: PP ains L 20,% 14 Urrmand TH ik ap ety ohe T Ao -

22 % ) N al 5‘"5%"5’8"& "3\8 )ﬁ?zocl)e%&y@&nﬂ% -5(8)- hi@( %YethoﬁEQanﬁJ(L) fertibsbyfaming0. H

22 1-{4- P?pﬂenyw%-myhemnpr@wt&zom&mﬂnmw%mlo BpirerB13: FABMBy dr oxy
N (M+H)*+ =710.

N-(N-methoxycarbonyl-(L)-tertleucyl)amino-5({S)-N-(N-metho rbonyl-(L)-iso-
leucyllamino-6-phenyl-2-azahexane

With the exclusion of air, 128 mg (0.67 mmol) of N-methoxycarbonyl-(L)-tert-leucine
(Example 2e), 243 mg (1.27 mmol) of EDC and 114 mg (0.84 mmol) of HOBT are dissolved
in 2 mi of DMF. After 15 min, 0.35 mt (2.5 mmol) of TEA and 286 mg (0.42 mmol) of 1-{4-[2-
(1-methyl-1-phenyl-ethyl)-2H-tetrazol-5-yl]-phenyl}-4 (S)-hydroxy-2-amino-5(S)-N-(N-
methoxycarbonyi-(L)-iso-leucyl)amino-6-phenyl-2-azahexane hydrochloride in 1.5 ml of DMF
are added. After 20 hours, the mixture is worked up as described under Example 25.
Chromatography (SiOy; ethyl acetate/toluene/methylene chloride 2:1:1) yieids the titie
compound: TLC: R=0.22 (methylene chioride/ethyl acetate 1:1); HPLCaqg_1g0° IRer=17-3:
FAB MS (M+H)* =814.



N- ( N- met hoxycar bonyl - (L) -i so-1 eucyl ) am no-5(S)-N-(N-nmet hoxycar bonyl - (L) -ter
t- leucyl )qv'?@qmﬁnghenyl -2-azahexane Wth the exclusion of apcIERTLISH

(1.38 mmol) N- net hoxycar bonyl - (L) -iso-leucine, 496 ng (2.58 mml) of -
EDC and 232 ng (1.72 nmol) of HOBT are di )lved in 7.5 m of DW. After
15 min, 0.72 m (5.17 nmol) of TEA and 585 ng (0.86 nmol) of

1-{4- [2 (1- met hyl - 1- phenyl -

et hyl)-2Htetrazol -5-yl]-phenyl }-4(S)-hydroxy-2-am no-5(S)-N(N-met hoxycarb
onyl - (L) - tﬁhesu#mupmhmwamﬁueﬁwgﬁﬁwyasZN hexane hydrochlorlde (Exanple
25h) in 3. o - 4

as descri beeF
sol ution i ButBx 5) ibohel-ti)
t[err]=17.5; err| =814. Exanple 29:
1-[ 4- (Tetrﬂ!!ﬂsliﬁﬁl) phenyl ] - 4(S) - hydr oxy- 2- N- (N- net hoxycar bonyl - (L) -i so-

| eucyl ) am pgafhSkxtlykdh mﬂwggmlmhbm of RihetrBigadrbari 10 Go Rikeimsl 57 7P

hexane 35 Yo agueous sol ution are addedt no_ (0. 4
mol ) of 1(2.6Anjrol) of EDC and 241 mg (1.78 mmol) of HOBT are drssolved in 7 8 ml of DMF. After

met hy! - ?en}/lg & ¥/, é@sﬁf Cfalélglbm% HTEARREE! 8 my ©ed Mo of 12(4'Y2-((]l\" Ethy1oX

ycarbonyl
PCT/ EP97/ 031 gfhenyl-ethyl)-2H-tetrazol-5-yi}-phenyl}-4(S)-hydroxy-2-(tert butoxycarbong)amino-5(S)-

o ahexan e BRI PR oA B AT BB i 7ol S B Mg T aRS: B ORI rie”
wor ked up ﬂ{_'b&hféQQeredﬂpEMi uBhA0 Exan)plelzd?iédlggtdlthéﬁtleeﬁmpumw HARIG evoh] :

t[err]=12.6; FAB I\/B%é H&err =696.

1-[ 4- ( 2- Nefneﬁiazwf MS BN ARSpheny ! | - 4( S) hydr oxy- 2- N- ( N- ret hoxy- |
carbonyl - (L)-iso-1eucyl)am no-5(S)-N (N nmet hoxycarbonyl-(L)-tert-1eucyl)am
no- 6- phenyl - 2- azahexane Under a nitrogen atnosphere, 72 (0.103 mmwl) of
1-[ 4- (t et r 31h) 1-EA-{B-{1-MB -e -tetrazol-s- {l-phenyl}-4(S)-hydroxy-2-amino-
xXy-2-N (N car.bon ' : ] : :
Y-tert-leu e :
and, at O[ ehti¢Ga nifrbgen a(rﬁoébhérén:BDV)‘ng)(O 43 &ﬁm) afnld{ez@[zg(ﬂmethyn-pnerm bthmrﬂl-)

O e el RS AL G Fr AR AP e M AN D BB L0,
acetate anearbbhsagﬂ iéﬁlvlméu@l)erﬁﬁs-bﬁéanZO&ah"éh&teﬁiﬂmBoﬁmmnn& aﬂpﬁsmieﬁ '

of f and extracte

th t at Th h d, 2
wi th vat er2 @rmpweﬁgrre@am? ke B8 BayrecaTs wei AP A2POOLR i B PRlE R o

yield titl R‘%@“ﬁ“’ gq?&glt ikl y contains -20 %1
-[4-(1- m&*tﬁ'ylCt azol 5- W 4(S) - hydr oxy-2- N-
( N- et hoxycar bonyl - (L) -iso-| eucyl )am no 5(S) N- (N rret hoxycar bonyl (L)-tert-
| eucyl ) am BQ - A 9

HPLC er r ] B==% =

leuc lamino-s S -N- N-meth carbon I- L -iso-leuc amino}-6-phenyl-2-azahexane
Analogously to Example 26, 1-{4-{2-(1-methyl-1-phenyl-ethyl)-2H-tetrazol-5-yi]-phenyl}-4(S)-
hydroxy-2-N-(N-methoxycarbonyl-(L)- tert-leucyl)amino-5(S)-N-(N-methoxycarbonyl-(L)-iso-

leucyl)amino-6-phenyl-2-azahexane is deprotected with 80 % sulfuric acid to form the title

compound.

carbonyi-{L)-tertleucyllamino-5(S)-N- N-metho carbonyl-(L)-iso-leucyl)amino-6-
phenyl-2-azahexane _ '

Analogously to Example 30, 1-[4-(tetrazol-5-yl)-phenyi]-4(S)-hydroxy-2-N-(N-methoxy-
carbonyl-(L)-tert-leucyl)amino-5(S)-N-(N-methoxycarbonyl-(L)-iso-leucyl)amino}-6-phenyl-2-
azahexane in DMF/dioxane is methylated with Cs,CO4 and methyl jodide.



Exanmpl e 31: -

1-{4-[2- (1-Methyl - 1- phenyl -et hyl )-2H-tetrazol -5-yl ] -phenyl }-4(9) - hydr oxy- 2-
N- (N et homg'(j ?l%/l -(L)-tert-1eucyl)am no-5(S)-N (N et hoxygé?r@gﬁ l-sf‘f_) -i-s
o- | eucyl)am no-6-phenyl - 2-azahexane Wth the exclusion of air, 128 ng
(0.67 mml) of N nethoxycarbonyl -(L)-terBbreuci ne (Exanple 2e), 243 ny
(1.27 mmol ) of EDC and 114 ng (0.84 mmol) of HOBT are dissolved in 2 m of
DWF. After 15 min, 0.35 m (2:5 mmol) of TEA and 286 ng (0.42 mmol ) of

1-{4-] 2-
(1-methyl-1-p - 2-am no- 5(
S)-N (N B SrRis[N-(N-

hydr ochl o bfifo | o 4 aurs, the moxture is
wor ked up~a 0 unae TP € —CNTI OITHL 00 (Si2; ethyl
acet at e/ t dhdesrectitregéry atemmspbhitep 54 arg (0.28 dmal) efl Nimathexycartbosy!dbifeotiedeing Bt

3 L0, 22 TBLRLER SR A o DmRSe B to B mbEh S b v B 3

PCT/ EP97/ @é&fBmperature for 10 min. 175 mg (0.283 rhmolgof 1-[4-(2-tertbutyl-2PPtetrazol BI)-
starting materials are prepared as follows: 31la)

1- { 4- [ 2- (rhemy#4{$)-NydspenD(S)-amige-2-N-[N-methawvsarbonyit(L)- tertiayeylamiroy6-phemy-dy - 2-
(tert- A . e

but oxycar oy ey ArodYLIde n Aol PR L8 Men Addef herele and the mixiure is sigedat
| - 2- azalrerartempietdtuteavesnightioicomplete Hie reagtian. Tipe(rdactidn mixluje isfpoured into

N- net hoxygar bonyl - Lso-l.eugi ; ) .of. and 1
(178 e B Vpdgh-ed pfactEd Bl Wi ictiiEe bRiprde e ot Phgse Hia ffipisH” .5
rri{ 2 : g Zithfdugh&loﬁoﬂmddbir@t cdrioentratédiCevaporatioR andichigmatbgraphed (SiOo; '
- - - - t - . . - . A +4):
1 pneny! TReRYIe shiordeimethancl 2571 Thid P48 (SRR SR e ehenal 8 c ar bon
yl ) am no-i#Rilsn_ang Strphienys;-FABKISh M) e FBzanpl e 25f) in 3.7 nl of DW
are added. Af oe?ag@grl)]our S, the mxture is worked up anal ogously to Exanple
259 to yield the title conpound: HPL([err]: t[err]=18.5; FAB M5 (MtH)[err]
=743. 3 starting material is F'epared as follows:
1-{4-[2-(1- Met hyl'- 1- phenyl -et hyl )-2Htetrazol -5-yl ] - phenyl }-4(S) - hydr oxy- 2-
am no- 5(S)-N-(N-nethoxycarbonyl -(L)-iso-Ieucyl)ani no-6-phenyl - 2- azahexane
hydr ochl ori de Under a nitrogen atnosphere, 317 ng (0.43 mmol) of
1-{4-[2-(1-rrethy|-1phenyl-eth ) -2H _

|§6&ﬁ%3? r1ép nd

t et r azol -33a) Nel-{ler-Butyloxycs 2:[Namethexycarbanyle(L)-ienkietoyl)-bys

met hoxy- L) LSO | L0161 D Xane. i

oet on, 1Vt Bt icldstor b4, 3Rt (28 o bthopaRBRAE Port

wor ked upbamahol of EDC aral E8% gp(B68 nihol) obHOB8 Trare iptaced in ¢3¢ mirpbethyl . acekate;[andr | :

tlerr]=1 . a . .

Dl rocn il (eSHNGH i ave acdpd: Afiar 30 min. 7,610 (38TIBRY oLIAEkRH! CRIBEZES, |
are added and _the mixture is then stirred at room temperature for 16 hours. The reaction
mixture is diluted with 300 mi of ethyl acetate and washed with sat. NaHCO4 solution, water
and brine. The aqueous phases are back-extracted 2x with ethyl acetate. The organic

085 S) - N- (N-

phases are dried (NapSO4) and concentrated by evaporation to form the title compound:
TH-NMR (CDa0D) d 3.98 (s, 1H), 3.66 (s, 3H), 1.47 and 1.03 (2s, 2x 9H).

34b) [N-Methoxycarbonyl-{L)-tert-leucyl]-hydrazine
52.8 mmol of N-1-(tert-butyloxycarbonyl)-N-2-[N-methoxycarbonyl-(L)-tert-leucyl)-hydrazine
are dissolved in 100 mi of 4N HCl/dioxane and stirred at room temperature for 18 hours.

The suspension is concentrated by evaporation; the residue is taken up in sat. NaHCO3
solution and extracted 4x with large amounts of methylene chloride. Filtration of the organic



| eucyl ) am no-5(S)-N (N net hoxycar bonyl - (L) -iso-1eucyl)am no]-6-phenyl -2-aza
hexane Anal o Exanple 26, 1 :

-{4-12-(1- rretgﬁdly?%’{o?p enyl -ethyl)-2Htetrazol -5-yl]-phenyl }-4( S)PFNEPWMSW
hydr oxy- 2- N- (N- met hoxycar bonyl - (L)-tert-1eucyl)am no-5(S)-N (N nmet hoxycar bo
nyl - (L)-iso- |eucyl)am no-6-phenyl -2- azahéR4rie is deprotected with 80 %
sulfuric acid to formthe title conpound. Exanple 33: 1

-[4-2-Methyl -2H-tetrazol -5-yl)-phenyl ]-4(S)-hydroxy-2-N- (N nmet hoxy-

car go nylh- ( Lghézggstmt]@gﬁwohaﬁwaa"l aag%l)ndl\éoﬁbbmmblnmmlab?)o oratibn yle)d theditiecomgpouad:
no- 6- phenyl-2-azahexane Anal ogo

1-[4-(tetra HrNMwPPa&@M-FSAgéﬁhiﬁfg2%%@&9?&&%%%%

carbonyl -(L)-tert-Ieucyl)am no-5(S)-N (N nethoxycarbonyl -(L)-iso-Ieucyl)am
nol- 6- phenyl - 2- azahexane in DMF/ di oxane is nethylated wth CsZC%3_ nd_
met hyl i odi N-1-IN-Met ~tertleucyl)-N-2-14-(tetrazol-5-vi)-phenyl-met!

PCT/ EP97/ 01868, -96 -
Exanpl e 34: i one .

_1f Lgt g g ;(t g ; A_?milp!‘m an gtr(M_ae mmql{ ol N@anmrw—@?@ﬂwwcazmiﬂdﬁw gnN
T ogen” a; i firel Stk Rrhaadi s34 dalRhyds e 2587 AN LR sdkBH @ heated
Bl-NFne; nggz aatejﬂmfltg {olvd)l gg‘etr:f*rso F’ﬁug;immsgoﬂlédmﬁ fhl .af;walw aje addeBF%inttha 1f mr %
M. 175 mPrESRBs e coRRoubdaifSseq Bl MR fEpabal AXA BTG B E7.8 &,

phenyl | - 4( Shrjudo® ey 1 B, .62, 86,2106 [dNampt hoxycar bonyl - (L) -tert-leucyl Jam n
0- 6- phenyl - 2- ‘azahexane hydrochloride in 2 m of DW are then added thereto
and the mxture is stirred at roomtenperature overnight to conplete the

reaction. TB@d}U@-ﬁEM—ﬁ' m&%ﬁg’ E@M-El_.)ﬂémeﬁﬁxl? -Nt@[A@-fém@PgmL@traaack-ﬂﬁpﬁgmed
3x with nmethylene chloride. e organi c phases are filtered through cotton
waddi ng, comethwidenslvalazepepor ati on and chr omat ogr aphed (Si O2; net hyl ene
chl ori de/ ne I o ) y Ik 8O01-AS. Ol é!mqg -
19:1); HPLg er r?lf'tota?‘éérr’r g?l(@g ; rﬁ%ﬁ@okgol @%@’&#@E&'ﬁi wfﬂggst ar{éﬁﬁg{etrazo
mat eri al i s5qyhephenydmathyfiddriephgdrazone34z8 g of iso-butene and 54 ul of methanesulfonic acid
N-1-(tert-Butylo ar bonyl ) - N-2- xycarb | - -terf-leu - hydrazi
ne Wt h 1 nelnR LS Blyear oxd peate st IFCoB § Tyt spheton! hidure B ilkdd Wi e
N- WF; hO?Y%&&@&T |ar{dL\)/|' aétﬁﬁd _twitrﬁsatl 0.i MC?Q», .sblr:mo'(l 28d brinb) Tied 3@%61&%%5%5;&9@3'@58
mmol) o are placed i of et acet at g, o,
of N ar o SiTREted B Wik ey aqeiatelthedprasie Bhadks 38 oried dilR280) A anseDiimiet
by evaporation. Column chromatography (SiO»; hexane/ethyi acetate 1:1) yields the titie
compound: TLC: R=0.22 (hexane/ethyl acetate 1:1); HPLC20.100(12): iReF11-1:

FAB MS (M+H)* =418.

hydrazine
Under a nitrogen atmospheré, 2.00 g (4.81 mmol) of N-1-[N-methoxycarbonyi-(L)-tert-

leucyl]-N-2-[4-(2-tert-butyl-2H-tetrazol-5-yl)-phenyl-methylidene}-hydrazone are dissolved in
9 mi of THF, and 317 mg (4.8 mmol; 95 %) of NaCNBH4 are added. A solution of 915 mg
(4.8 mmol) of p-toluenesulfonic acid monohydrate in 9 mi of THF is added dropwise thereto.
Atfter 18 hours, ethyl acetate is added and the mixture is washed with sat. NaHCO3 solution
and brine. The aqueous phases are extracted a further 2x with ethyl acetate. The organic

phases are dried (NapS04) and concentrated by evaporation. The residue is taken up in
20 mi of THF and 20 mi of water; 6.18 g (20 mmol) of KoB407 * 4Ho0 are added and the
mixture is stirred at room temperature overnight. The reaction mixture is diluted with ethyl



are added and the m xture is then stirred at roomtenperature for 16 hours.
The reaction mxture is diluted with 300 i of ethyl acetate and washed
with sat NaMre/482ti on, water and brine. The aqueous phasesPGFEP97/01860
back-extracted 2x with ethyl acetate. The organi c phases are dried (Na2SOQ4)
and concentrated by evaporation to formtgg title conpound: 1H NVR ( CD30D)
d 3.98 (s, 1 H, 3.66 (s, 3H), - 1.47 and 1703 (2s, 2x 9H). 34Db)

[ N-Met hoxycar bonyl - (L)-tert-Ieucyl]-hydrazine 52.8 mmol of

N-1-(tert-butyl oxycarbonyl)-N-2-[ N net hoxycarbonyl-(L)-tert-|eucyl]- hydrazi
ne are di saeatalednidwasiedmwithosatiNalieOpsolistianandiding: The agqueousphgaes are

the reei dueified il iy doGaR ARUGHAD phas MRt Wpps Oy PelcBhiany.
anount s of byrevdporation. Gollmnn chror@tdgraphyl (SiOgifhexane/ethybacetate 1:2) yield¥ihe title

oOr! Epoy) (SBRPUNG: TLC: Ap=0.28 (hexanefethyl acetate 1:2); TH-NMR (CD30D) ¢8.07 and 7.63.

through cofdpn=8yasidh2i) A03 ¢EHNB.BALS, arH)bs swg,rm{)m i82 ranwoed;ziﬁzsheagélg SHp

conpound: 1H NWR (CD3OD) d 3.89 (s, 1 H), 6 (S, 3H, 0.9
34c)

N-1- [ N- Met 4y
| i dene] - . -8
[ N- met hox y2im ganexang mol )

of
4-(tetraz 0}:?75 %BB‘?'HE@) %f_k?’ﬁ%{ﬁ@‘ﬁ&?hﬁm%sé‘)p gﬂyléﬁgﬁrﬁiﬁkf'a\?\\gﬁr% ésbﬁﬁh@?‘

at boiling hour xt‘'ure 1's cool er

and the pr@cN-p+[Nameﬂhoxyadrb;onyb(i})deﬁteucsl]-NrZ-(%(%tbr&ﬁmw -2H-teltbFol(5IB Nz~ 8. 23
gz d) 1 H, hyd1 azine are rragatecﬁd 15 m?gf lgg-PréH@t 9030 ?or 1(65Houry)0n Ehe addgttoh o% H)OO mi

N- 1- [ N- Metdtanatecthe (ydluct bbystaﬂrsbs laad €ith be Mitdrdd/ofl, Retaystaiisalion By tHecaddition of5- y

‘:\g 1pPﬁl-n¥r:3tlH Q%ﬁlaﬂ g% CPESY‘ é)é] ggﬁ a,n et E&(F:ﬂg \éﬁgp&%{b&éylelﬁs the tlt)e of
5-yl') - phersdmpBringy TLAERRD 3 wed-iaom MpPU eﬁwa(%\ﬁ tg%fhéﬁ [err]l of

et hanesul fonic acid in 25 tol uene are hea for 1 hour. The
feaction mixture is diluted W|th et hyl acetate and washed with sat. NaHCO3
solution and brine. The aqueous phases are back- extracted 2x wi th ethyl
acetate; the organic phases are dried (Na2804) and concentrated by
evaporation. Col um1 chromat ography (SI ;- hexane/ et hyl acet ate 1 1) yields
the title 4 16X AL

t[err]=11.

carbonvl-(L})-fertleucyt amino-G- hen -2-azahexane hydrochloride

Under a nitrogen atmosphere, 200 mg {0.293 mmol) of 1-[4-(2-tert-butyl-2H-tetrazol-5-yl)-
phenyl]-4(S)-hydroxy-S(S)—N-(tert-butyloxycarbonyl)amino—é—N-[N-methoxycarbonyl—(L)-tert—
ieucyljlamino-6-phenyl-2-azahexane are dissolved in 2.3 mi of THF; 1.6 mi of aqueous 2N

HCI are added and the mixture is stirred at 50°C for 8 hours. The reaction solution is
concentrated by evaporation; the residue is taken up several times in ethanol and |

. concentrated by evaporation again (~title compound): TLC: R=0.08 (CHoCla/MeOH 30:1);
HPLC20.100(12): tRer9-9; TH-NMR (CD30D) d 8.03 and 7.50 (2d, J=8, each 2H), 7.32
(m, 5H), 4.18 and 3.91 (2d, J=4, 2H), 3.80 (m, 1H), 3.68 (s, 1H), 3.58 (s, 3H), 3.57 (m, tH),
3.3-2.9 (m, 4H), 1.81 and 0.75 (2s, each 9H).

Example 35: 1-[4»(2-tert—Bt_lm-2H-tetrazoI-S-!I)_-_ghenyl]-4(8)-h¥drogc_y-2-N-(N-methog(_!-

carbonyi-{L)-tertleucyl)amino-5(S)-N-(N-methoxycarbonvi-{L)-valyl)amino-6-phenyl-2-

azahexane



34e) '
N-1-[ N- Met ho%@f/&ﬁf&" -(L)-tert-leucyl ]-N-2-[4-(2-tert-butyl - 2pcrRiped@ee O-. _
yl)-benzyl ]- "hydrazi'ne Under a nitrogen atnosphere, 2.00 g (4.81 mol) of

N 1- [ N-net hoxycar bonyl - (L) -tert-

| eucyl ] -N-2-[4-(2-tert-butyl-2Htetrazol - 5997 -phenyl - met hyl i dene] - hydr azon

e are dissolved in 9 m of THF, and 317 ng (4.8 mmol; 95 % of NaCNBH3 are
added. A solution of 915 ng (4.8 mmol ) of p-toluenesul fonic acid-

nonohydr at e | X ' r ' Lo Al L ers 181 Gl yl
ncetate s nniea i on diiosihard i mcl B bl f Kl MeiBiqdiod it foNene 819
brine. The ®32urg(G30Hasas) af EPEW i hatl of DMF amd hat u{0.94 mimoh tai NMM @ee atireed at

Th i h dried (Na2SH d t b ti . h

{osi dus 1. FANBIETRSTARIroURI0 DI TR a8 305 Mool slécle- 1ot Diy-aP SRR o

K2B4O7 . 4H ﬁeﬁﬁlﬁcﬁ@%ﬂro%?%(é)‘j@nﬁbxé-ﬂt[ﬁ-l'néth%k*d‘arrﬁéhﬁu)f@ﬁfl@dc?lﬁlﬁfn&@bﬁen [-2-
e ed with ethyl WO 97/

overni ght. ~Teacti-on m xture is dilut 40029
PCT/ EP97/ 0188ahexane hydrochloride (Example 34g) in 2 ml of DMF are added theretg and the erixtuitee

d hed wi : LQn: ' ' ,
xt ractod 2 ST rmOlR e Rl clBfidith BomBéro thaTeAdiuR] e RABRGS aiive s
concent r at edilited svithpoethyleoa chibdbe and wasbed with haipby TiiSaqitous ghases atehgitracted
Scotate 1 2pxWi ReBReshloas BERRAN prasss b fréraivelon AR Wadiy
2H) ;3. 84 ( gonderitrateti Bytevaporatidn, antl. dhtoraatdgfaphad (SH0.,; ethyléhd chloridéfinpthanol
e bonel S0 HG DB (Rethyishe'crlorlaimetbnol 181, FAB VY it Lhdg o ' PutY!

oxycar bonyl
am no- 2- N-[ N- net hoxycar bonyl - (L) -tert-1 eucyl ] am no-6- phenyl - 2- azahexane 737

nmg (2.80 mmol) of (2R)-] gl' S) - Boc-am no-2' - phenyl et hyl ] oxirane and 1.17 g
(2.80 mmol) mple 36: 1- -Methyl-2H-tetrazol-5-yl)-phenyl]-4(S)-hvdroxy-2-N-(N-methoxy-

3 b il g
yl)-benzyl]* ’

hours. On t azalveichne o oflOO m of water the product crystallises -and can
be filtered., off, Recrystallisation by the addi{ion of.. DIPE/ hexane to
concent r at eBR I8 PPBROI ey i REARReN aAogRUSY kd itk B the Famas antcneR,
conpound: Théreirfdbove bRl hefeiftdibdel 2/ MeOH 30: 1); HPLC[err]: t[err]=12.5.

349)

1-[4-(2-tert-Butyl -2H tetrazol - 5-yl ) - phenyl ]-4(S)-hydroxy-5(S)-am no-2-N-[N

- et hoxy-  cahap a7t Wil ihaieio] 1 5jspE ethagh! or i de
Under a nitrT MOSPNeEr e, oy ; 0
1-[4-(2-terea - 2-azahexane

oyl (L) -t oNbife Bslosibrbt Mojshite, ack nf @/ RoH ST 8cRieatodiv th TRURE g

THF; 1.6 mnl (409 nuoplpoilEDQNMNH@0Sang (hhdwd) aifdOBT arerplated in 1Gmbof DMEdnatheated

S0ferr]C Tt Okt zﬁ?E? Y 45m) F!F mrmeofil)ccgfi'l%k gr%l éﬁde%%nidsthe mixture is stirred for a further 15 min.
500 mg (0.98 mmol) of 1-[4—(byrldin-2—yl)-phenyl]-4(S)-hydroxy-S(S)-z,s-diamino-s-phenyl-z-
azahexane hydrochloride are added thereto and the mixture is stirred at room temperature

overnight. The reaction mixture is extensively concentrated by evaporation under a high
vacuum; the residue is dissoived in methylene chloride and washed in succession with
sodium carbonate solution (1x), phosphate buffer pH=7 (2x) and brine. After removal of the
solvent, the residue is chromatographed on silica gel (eluant: methylene chioride/methanol
15:1). The product-containing fractions are concentrated and the titie compound is precipi-
tated with DIPE. The product can be lyophilised from dioxane. HPL026.100: tRet=10.06;
FAB MS (M+H)* =677. 1H-NMR (CD,0D; 200 MH2) i.a.: 8.58/m (1H); 7.78 and 7.50/each d,
J=5 (2x2H); 8.0-7.73/m (2H); 7.33/m (1H); 7.30-7.05/m (5H); 3.62 and 3.60/each s (2x3H);

' 1.85 and 1.68/each m (2x1H); 0.76/'t', J=4 (6H); 0.65 and 0.58/each d, J=4 (2x3H).

-



concentrated by evaporation; the residue is taken up several tlnes I n

et hanol and concentrated by evaporation again (->title conpound TLC

Rl err] =0. 03V0@Md29/ MeOH 30: 1); HPL([err]: t[err] =9.9; 1H Nv® @?@9}“& .-

8.03 and 7.50 (2d, J=8, each 2H), 7.32 (m 5H), 4.18 and 3.91 (2d, J=4,

2H), 3.80 (m 1 H), 3.68 (s, 1 H), 3.58_4pp-.3H), 3.57 (m 1H), 3.3-2.9 (m

4H), 1.81 and 0.75 (2s, each 9H). Exanpl e 35:

1-[4-(2-tert-Butyl-2Htetrazol -5-yl)-phenyl]-4(S)-hydroxy-2-N (N-nmet hoxy-

carbonyl -(L)-tert-Ieucyl)am no-5(S)-N (N nethoxycarbonvl -(L)-val yl)am no- 6-

phenyl - 2- azahexane WO 97/ 40029 _

PCT/ EP97/ §h3G@%arting material is prepared as foliows: -99 - Under

a nitrogen at m)sp ere, 54 ny (0 308 rrm)l) of N net hoxycarbonyl -(L)-valine
37¢ enealdehy pthyl acetak DVF and 101 [err]l (0.91 nmol)

of NWM ar gy %i{@mgm &9@%&@@&{%&@ it 2 182 i) Bierfrbtrift BrtABRIhatd’

1-[4-(2-tert- tetraz
phenyl ] - 4(i®th Iﬁ}tdqaoﬁye&( Switzerland) Breldjssoived i35 od obmettantl, and 6185 ¢ (3.4 wirhal)ri n

et no LB ARRTRA et MRREHRi ¥ pddptPeofisRonialya Gt Feefibn o

conpl et e The reactiohi mikturd Eestiredct irsom teriperature andeh Ritidgeh for 2O howshYhe aeid is

ot by o U tgsed WP g or 1% SBEER HreRS aOlfo hoBaeela iatiohn

concent r atreéirewmﬁma@ns eanmﬁataarm @ﬂcst .%t&Qandrmé Pesididais distilled.
chl ori de/ net hanol ene chl ori de/ rret hanol

19: 1) ; FABD W@tlg mpppgpql ]s ob,tgrged ln thE;gr,qbpga g@ounjess liquid. TLC: Re0.58
[ 4-(2- Nbg,ﬁ%dané’)éiﬁﬁhéééfé 2:3).4. b 9@-@2% %4 ﬂ{bﬁ))hwfkimy(c%digﬁ ?b? OX¥0 and
oxycar bonyl

car bonvl tert-1euc am no-5 val yl) am no- 6-
phenyl - 32reaehchdes ( X 5{35@&1 He (@) be prepared anal ogously to one

of the Exanpl es nentioned hereinabove and herei nbel ow. Exanpl e 37:
1-[4-(Pyridin- 2 y| ) phenyl ]- 4( S) hydr.oxy-5(S) -2, 5- bi s[ N- (N- et hoxy-
car bonvl! - SEb) 4-fiPyridin de 2- azahexane Wth the exclusion of

‘ 4.9
o St . 6885 B 4 ek BB ARG o VP e
heat edd ?urmﬁ?f tro] dh)g?ﬂm Ifrarxhh n4@‘lc Sk(:) ﬁm»sugberﬁ"ﬁh aflrms g}g{&&ﬁ ramdl) chmaghesiume i s
t rafu . ] . . . .
1 i Cpyr Rlirfies 00 2 Sgmall oy o SR Et SIS wheleartionamispm s pates t
az ahe? anesb'ﬂt:l and btiresd diethat enpdiatdret foealedur 39Ttint Te Mixturerie aliowed forcoatitoat
room t enper a

concent r af{" Egrn Oﬁﬁé %'{13 SL}P gﬁaﬁqra ggqlcgt s éncfétdu&rgp\*n%e Xtaesg uhon o%/ 446 g
(28.2 mmol) of 2-bromopyridine (Fiuka, Buchs, Switzerland) and 0.4 g (0.74 mmol) of DPPP

| (Fluka, Buchs, Switzertand) in 100 mi of THF (slightly exothermic reaction). After the
dropwise addition is complete, the reaction mixture is boiled under refiux for 4 hours and is

then aliowed to cool; 100 ml of water are added. The mixture is concentrated to about

50 mi using a rotary evaporator, diluted with ethyl acetate and extracted with 0.1N
hydrochloric acid (3x). The combined HCI extracts are stirred at room temperature for

-20 min, rendered basic with opncentfated ammonia solution and extracted with methylene
chloride. After removal of the solvent, the residue is chromatographed on silica gel
(hexane/ethyl acetate 2:1). The product-containing fractions are concentrated, with the
desired title compound crystallising out spontaneously.

TLC: R=0.22 (hexane/ethyl acetate 2:1). HPLCxq.100: tpet =6.08. 1H-NMR (CDCl;

200 MHz): 8.73/d, J=5 (2H); 8.16 and 7.97/each d (2x2H); 7.80/d, J=4 (2H); 7.3/m (1H).

37c¢) N-1-{tert-Butoxycarbonyl)-N-2-{4- ridin-2-vi)-phenyll-methylidene}-hydrazone



vacuum the residue is dissolved in nmethylene chloride and washed.in
successi on V\wg-”m um carbonate sol ution (1x), phosphate buf petmpbiro186¢X) . _
and brine. Arter renoval of the solvent, the residue is chronatographed on
silica gel (eluant: nethylene chloride/ met 0gnol 15:1). The

product -contai ning fractions are concent rat¥d and the title conmpound is
precipi- tated with DIPE. The product can be |yophilised from di oxane.
HPLC[err]: t[err]=10.06; FAB M5 (MtH)[err] =677. 1H NMR (CD3CD; 200 MHz)
ia.: 8.58/ rAééJuhﬂan off2 631 D5dmihol) Of @ hldin-zJﬁ)Ebér@améhydé%aﬂd 1.373 (0 raiid));of tert-

[0 e e Bt i s 38 38 hebf ko e B0 Bl pepe

WO 97/ 40029atter 4 hours, a further 0.05 equivalent of tert-butyl carbazate is added). The reaction

PCT# EP97/ 01860 Th

starting neniturgjis ?‘@\’tﬁdéﬁéipéba%d'mq Wik wa!?raw'tmt@r%%ﬁﬂﬁapa@ﬁw&d di met h§ I
| 21. gﬂ&h | gthsh } il

? (r:?}:rgt hyl (J)crrﬁ;é%%’ﬁﬂa I§L g@aéscﬁﬁhsy\ngfﬁ}er ﬁquzrl-g % ) ? 892

n of et haleMB(mcbﬁm(JgMQ-{z)zﬁﬁﬁfm()‘ll-ld):ngllsdﬂd)éﬁ@ldf Hl(ZHamrﬂomﬂmjmmﬂce
dded
i red o ABBRERherale (0 SRR T, T ARGINE Y sn M0 1000 S e

neutralised W|th 0 62 m of 30 %SOdI um et hanol ate sol ution in nmethanol
(3.4 mmol); : ing,a,.ro ary evapor at or
and the res 4 {PLAZINE 1\ the form of

| our| \ B ! -
S0 oorerr & %‘5‘2’?‘?" Biﬁ‘Nﬁbﬁ%'é?&' 8""”""@5“3"@" ’E‘é* %‘2‘3‘*"7’@%’2’/ Rofylidshel.

(2x2H); 5. dwdeazonegnd 032 9Of § 9 %@4/0 in 3@ ) pf meghapol aerhvﬂreaepawsmpaemﬁ!
6.93 g (29 j.4uiph Lt FHon‘f‘TéMﬁH?&Q?é%ﬁh%ﬂVéj?h@ J&Y ts fifePdPort hid Has d Rith ;HF

are added dropw se to a warm (from40C to 50[erT]C) suspension o

(31. 6 mmml ymethanelyihessolvant isrremeyed mmlwnommmtamd wrbtheﬁerm nfao m of
THF. The r | r t A

{enper at ur SR aOiEcth Sy i RbRines i i gh S, T et ge

t enper at ur Qmeﬂ@leﬂaectﬂbncgﬂmetﬂlane!al@ﬂt HPi;.CQd_dg@ tp}épqﬁﬂ s dH-NMAR ©RICGI; 200 Miz)

(0. 74 ol 1200 et 1726 SRR AmLcely e o Bir s Bk A T F g,

exot her m C(2|Q)a,1qt4n§119H)After t he dropW| se addition is conplete, the reaction
m xture is _bojled d Ixf 4 hours a |sthnallovvedto

m of wat eBZ8 3-{Pvridin-2 : : Iroxy. S-bis|terthutoxycarbonyllam
rotary eva |_2.5gdﬁé§,§ﬁevmth et hyI acet at e and extract ed W|th 0.1 N
hydr ochl or%—m—gﬂm conbined HCO extracts are stirred at room
t enper at ur & Salutiorofi.96 ar(é mmaelkaf @3- iBac-aroineRrphenyethyllexiraneand @ g on
and extrac

2 si due | ﬂn n}apfogr ag%kgﬂ@ﬁ?%rﬁéﬂe@%—ezﬁﬁ—(ﬁ)rmcﬁr‘ﬁ!%%en%l]-w&af% YF28 mi bfgo

PrOH is stirred at 80°C for 16 hours. After cooling, the reaction solution is concentrated

using a rotary evaporator, with the title compound precipitating out as a colouriess
precipitate. Further product can be precipitated out by adding water to the mother liquor.
TLC: Re0.53 {methylene chioride/methanol 15:1). HPLCoq.400° tRet =13.15. TH-NMR
(CD,0D; 200 MHz) i.a.: 8.57/s (1H); 7.85 and 7.48/each d, J=9 (2x2H); 8.0-7.7/m (2H);
7.33/m (1H); 7.3-7.0/m (6H); 3.91/s (2H); 3.82-3.55/m (2H); 3.05-2.45/m (4H); 1.31/s (1'8H).

370 1-J4-(Pyridin-2-yl)-phenyl]-4(S)-hydroxy-5(S)-2.5-diamino-6-phenyl-2-azahexane
hydrochloride '

10 mi of DMF are added to a mixture consisting of 1.43 g (2.54 mmol) of 1-[4-(pyridin-2-yl)-
phenyi}-4(S)-hydroxy-5(S)-2,5-bis[(tert-butoxycarbonyl)amino]-6-phenyl-2-azahexane in

30 ml of 4N hydrogen chloride in dioxane (Aldrich) {exothermic reaction) and the mixture is

-



(hexanel ethyl acetate 2:1). The product-containing fractions are
concentrated, with the desired title conpound crystallising out

spont aneousWMP 97829 R err] =0. 22 (hexane/ ethyl acetate 2:1). HEUERRO860 . _
t[err] =6.08. 1 HNWR (CDO 3; 200 MHz): 8.73/d, J=5 (2H); 8.16 and

7.97/ each -d (2x2H); 7.80/d, J=4 (2H); 7. 3{1 (1H). 37¢)
N-1-(tert-Butoxycarbonyl)-N-2-[4-[(pyridi h-2-yl)-phenyl]-methylidene]-hydra.
zone WO 97/ 40029 _

PCT/ EP97/ 01860 - - 101 - A

sol uti on ostirzdet faoroIemperiajure fforL heiyrsi H‘lms@vqﬂt)is tbvenzamumdduawiﬂadmd@( 1

me%o?f [ Ltﬁé?esr?@%&ﬁ% @%FQ ?Eﬁ é‘rﬁ‘@%ﬁ%l‘i&é@?‘? éf%?ours ﬁ% c{geer'gl(c) 05

elq :JI valje ntdnséol\]tm m:jﬂmtm-;eltnamt aad ﬁteetsti&ecumhinm)i is Etaegjitamdtrg e folrrmdf arresmeués
t tit
Crystal | 1 SRGPLRIE Wity DiFEuexae. On S3ick undh iR VRrTh o yollininelis oafB )

HPLC err] :obthined] =8. 92. 1H NMR (CDd 3;. 200 M—Iz) 8 68/m(1H), 8.21/s (1
; 7.98/d, J=9 (2H, portion A of argmatic 7.85/s_(1H);

I;) 8-7.6/ m"("ﬂ'i-ﬁzs 6((7 tagﬂ.lroﬁ ??L 1,!:3 NMR (G0 gﬁquHz) tgafﬂg 78/d J=5 (1H)'87£/d;? J=2.5
Nll §t§][t -dhd PEXPAY; RO ) 8 MXacbDedet V)5 (1R 8102 ahy 9727daBR o, 89 (67
N-1-(tert (anldhyﬁbéﬁw J5HY; 2.27 angd(4Yp/pasmd 251215 (@2x@HY | - et hyl i dene} -
hydrazone and 0.2 g of 5 % Pd/Cin 30 m- of methanol are hydrogenated under
nor mal pressure at roomterrperature for 8 hours The catal yst is filtered
of f and phenyil-4(§ B)2F gtho DOM)

i s obtai neg Ao . f olourl ess, vrscous 0|I mhlch solrdrfres on
dryi ng undef—a—Ht y e—re+t] =0. 46 (rrethylene chl ori de/ net hanol
15:1). HPlKﬁ[mgo]usr ttbcﬂm]naﬁa 51, aft‘eHwNPﬁh @ﬁtl&&&inﬁdﬂhh is bbtamedaroweom fig H) ;

(72255 agd 4;@55 é@ﬁ;@ o? g—llé-)(pynfdzn-g ';R) phenyl]-4(S§ dro&y@(S) Z c% famin é_-?)henyl 86/ 2
1-[ 4( Pyri CHeStaRe ni/c)roaﬁleﬂeré (Bxéaiple bﬂ?i [4%6/m§ ((E.hs%rﬁolb bﬁi«(étl%&c&%bﬁmajawmyl )a

m no - - - 2- azahexane ut il on

(2R) - [ ( 1 79383 (%ﬁr' 0ol ofpﬁféﬁyﬁ%& ma (S8 marqg o;,ﬁ-{p%’ én%o sgmrrﬁ‘g mmgy) of TEA
N-1- ('t er t iiyb et MR MLC: @1Mm M%Tén@'dﬁto?id&hﬂetﬁ&i&ﬁb]ﬂ hyeE@Z] i 1 n 20

of iso- PrOHis .stirred at [err hours. After coolTng,” the
reaction sfabﬁt‘i@ﬁ Féde)‘-MMﬁU) #,Qﬁ usi ng a rot ary evaporator, with the
title co ! . M her
product ca y ' guor. TLC:
R err]=0. iﬁrgmﬂm-mglxmhigg‘] gﬂﬂ-ﬂaniheﬁiné) HPLC[ err] t[err] =13. 15.

11D (RS20 ol &, 1yl bk s bR York 588 R bt 1
3. 82- 3. 55/an(ghyidin-3-31) PRyl 2(S)yHydidxy-5{SP2 /55difrhiHd)6-phenyl-2-azahexane, 691 mg
(3.94 mmol) of N-methoxycarbonyi-(L)-vatine, 1.45 g (7.59 mmol) of EDC, 614 mg
(4.55 mmol) of HOBT and 1.06 mi (7.59 mmol) of TEA in 10 mi of DMF. (Contrary to the
description in Example 37, the organic phase is washed with sat. sodium hydrogen
carbonate solution, 10 % citric acid and brine.) TLC: A=0.4 (methylene chloride/msthanol
15:1). HPLCz0 100 1re=9.91; FAB MS (M+H)* =677.

The starting material is prepared as follows:

39a) 4-(Pyridin-3-yl)-benzaldehyde

Analogously to Example 37b, the title compound is obtained from 6.39 g (29.9 mmol) of 4-
bromobenzaldehyde dimethyl acetal (prepared in accordance with Example 37a), 0.8 g
(31.6 mmol) of magnesium turnings, 2.77 ml (28.2 mmol) of 3-bromopyridine (Fluka, Buchs,
Switzerland) and 0.4 g (0.74 mmol) of DPPP in 150 mi of THF. HPLCx0.100: tRet =5.50.
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37f)

1-[4-(Pyridin phenyl ] -4(S) - hydroxy-5(S) -2, 5-di am no-6-p P hex
ane- hydroch‘i"@r”é@‘}2 270 M of DMF are added to a mixture consis II’{%P% 437"
g (2.54 mol) of 1-[4-(pyridin-2-yl)-

phenyl ] -4(S)-hydroxy-5(S)-2,5-bis[(tert-bigpxycarbonyl)am no] - 6-phenyl -2-az
ahexane in 30 m of 4N hydrogen chloride in dioxane (Al drich) (exothermc :
reaction) and the m xture is WO 97/ 40029

Rt oo 1 SRIBMR (D:0B; 290 Mitp):!0-Y4fe (LY 88T/ 525D S piosih 5 o S

added to tgy) reavﬁ#eatmwgns@sm 7.88feathd, W=D qzazlaprrmmueu sgnd 5 (1H).
evaporation. The residue is dissolved in hot nmethanol and the title
compound i s precipi tated in the formof a resinous precipitate with

DI PE/ hexangg _ AdBiie
HPLC err]: '

8. 72/ dxt, Anﬂogommdto?E)&r(lnle ayq:, the dti¢ aqmoumstS(omame@frgmm 91226aum013 054-
(1H); 8. 02 an 7 d

L each Y Gin y%g%ﬁ%(@%ygé a%gngén%ﬂzgé vitRof) &t AL 8lef1 Aeboazére (FikeS Bucs,
1- [ 4- (Pyr i Swizehank) inctemy b et4i®).- HPLC s yodS ¢l =8, 88- BHNINIR((SDs0Dp 200 MHz)NY | -

Lot o Ly NGt LR L L R TR i g s

1- [ 4- (pyr i gli Ro2mybpiy: Fhsipld, 341 Semiifreny - 5(8) 2, 5- di ani no- 6- phenyl - 2- aza-
hexane hyd‘?ing-h l'ori de (Exaré'pl e 37f), (ﬂg nmg (2. 36 nmol ) of
N-et hoxycar bonyl - (L) -valine, 679 ng (3.54 mmol) of EDC, 398 ng (2.95 mmol)

?jre {*ﬁBlTeﬁgs_bcgﬂ-p?? (gg_éatgn? Bind din J}&'nﬂF% r }VBO 19

E 2/|+ I(—ng(ralr (rj } Anaiogousixtoritamme 37d, the title compound is obtained from 5.03 g (16.9 mmol) of N-
car bonyl - f é@hu}?&gm no%'s é(zs# %’?"@“2@( Eﬁ}é@ﬁ @gﬁ‘%}h‘?‘{/&%{bﬂ yand q 9 9395 5

t Ze(t i £ : SI %cwa;oumdzg :r;:@lbhfeétlmml fth@tiﬂéSéﬁnpg.n(d]b pm:qbiseﬂfuﬂther in unpunﬁed .
o 651 1 dﬁ#mmo%féﬁianiéﬁé@mﬁéﬁb 200 it} 7" 9@&@%&/@%@
of EDC, 61(éx2Eg) 675 (aA)Ph u3pf(HIBT and 1.06 m (7.59 mml) of :TEA in 10

of DMF. (Contrary to the description in Exarrple 37, the organic phase |s
washed vmth sat. sodi um hydrogen carbonate solution, 10 %citric acid and

brine.) T Rl elndinds S XYB(SES Batisl(tekbbutbxyEitbohehahinol-

t{err]=9. err € starting materral 1s prepared as

fol | ows: @BL_EY_@@!!E’_‘B_S yl)- benzal dehyde Anal ogously to Exanple 37b, the
title COWM&&@WR@@%‘L éf’é{ r{ﬁgtlt?bgc&nﬁ&%d%s SBlided ot 3.82 g (12.8 mmol) of N-

1-(tert-butoxycarbonyl)-N-2-[4-(pyridin-3-yl)-benzyl]-hydrazine and 3.36 g (12.8 mmol) of
(2R)-((1'S)-Boc-amino-2*-phenylethylloxirane after 14 hours at 80°C. Purification is carried
out by chromatography on silica gel (hexane/ethyl acetate 1:2). TLC: R=0.27 (hexane/ethy!
acetate 1:2). HPLCoq.190: frer=13.0. 1H-NMR (CD.0OD; 200 MHz) i.a.: 7.62 and 7.52/each
d, J=9 (2x2H); 7.4-7.0/m (5H); 3.93/s (2H); 1.33 and 1.31/each s (2x9H).

39¢) 1-{4-(Pyridin-3-yi)-phenyl]-4(S)-hydroxy-5(S)-2,5-diamino-6-phenv|-2-azahexane

1 g (1.88 mmol) of 1-[4-(pyridin-3-yl)-phenyl]-4(S)-hydroxy-5(S)-2,5-bis[{tert-butoxy-
carbonyl)amino]-6-phenyl-2-azahexane is dissolved in 10 ml of formic acid and the solution
is stirred at room temperature for 5 hours. The reaction mixture is concentrated by evapora-
tion, the residue dissolved in methylene chloride and the organic phase washed with sat.
sodium hydrogen carbonate solution and brine. After removal of the solvent, the titie



br onobenzal dehyde di net hyl acetal (prepared in accordance with Exanple
37a), 0.8 g (31.6 mml) of magnesiumturnings, 2.77 m (28.2 nmol) of

3- br onopyr iWPAFQ02P uka, Buchs, Switzerland) and 0.4 g (0.74 HAEIVEESHPIS6PPP. -
in 150 mM of THF. HPL(Jerr]: t[err] =5.50. WD 97/ 40029

PCT/ EP97/ 01860 -1 -103- 1H NWVR
(CD30OD; 200 MHz): 10.04/s (1H); 8.87/d, 302 5 (1H); 8.58/dxd, J=about 1.5
and 5 (1H); 8.17/mi. a J=7. (1H) 8.05 and 7.88/each d, J9(2x2H)
7.56/dxd, J=7.5 and 5 (1 H).

N-1-(ter tcomqswgtaapbwo) mltheﬁqrmqf@ﬂgrpwmoﬂ whighys prieeesaeq- fuﬁltvefyfvrtméh@}nﬁciydr a
zone Anql ously to Exanple 37c, the title conpound is obtained from4.11
g (22.4 mo of 4- (pyridin-3- yI) benzal dehyde and 2.82 g (21.3 mmol) of
tert-butyl carbazate Fl uka, Buchs S\Mtzerland) |n 60 m of et hanol .

HPLC err]. . 0 ( ;

8. 53/d, ; .71/ each

d, =9 (?ea?l_:ﬁngﬂ(l.ﬁém gz%i' ' nan?.ﬁagana*hm 390)
N1-(tert- utoxycar ony n- 3-yl) -benzWaJ hydr azi n
Anal ogoudMiRlegp a‘ﬁ}:ﬁ’@"mmttﬁ tifl FP@F’EB‘FFE)&RR?'T‘%U BeMA73<na (0. BW@BOE"

(16.9 - -4(S)-hydroxy-2- -5(S)-N-(N-met -
{101 or 1 e ftazba y)-phenyil-4(S)-ydroxy-2-amino-5(S)-A- (Nmethoxycarbonyi-(Lyvalydaming.

ne and O. &P@eﬂwﬁﬁaza%m@)fdﬁom& 263 meefi Hamono)) anémequvcammlﬁlndfabee.ng

PSS e HEEE LR, sidlTouhEbid s L i A

1. 43/ s ( Hrid. 1.7 mi392mmol) of TEA in 10 ml of DMF. Worknng up is performed analogously to

oy - A% LR e el i B e b Bk g >

conmpound lycsipmisbdlfmddibm Jig2 Qza(é’thym!cbﬂaté)f HNLC 10 tRer=13.11;

1-(tert- to%cm%gy -N-2-[4-(pyridin-3-yl)- benzyFT ydrazi ne and 3.36 ¢
(12. 8 8S) Boc- am no- 2' - phenyl et hyl ] oxi rane after 14 hours
at 80C. Purification is carried out by chromatography on silica gel
(hexane/ et hyl acetate 1:2). TLC err]=0.27 (hexane/ethyl acetate 1:2).
HPLC er r | hetﬁl%ﬁlﬁgﬂlasefeﬂliwmkf PWSI00 MHz) i.4a.: 7.62 and 7.52/ each d,
J=9 (2x2H); 7.47.0/m (5H); 3.93/s (2H); 1.33 and -1.31/each s (2x9H). 39e)
1-[4- (Pyridin-3-yl)-phenyl]-4( S)-hydroxy-5(S)-2 5-di am no- 6- phenyl - 2- azahex
ane 1 g (1.88 mmol) of

1-[4-(pyridin-3-yl)-phenyl ]-4(S)-hydroxy- 5(8) 2,5-bis[(tert-butoxy-

car bonyl ) am no] - 6- phenyl - 2- azahexane i s di ssol ved in 10 mM of formc acid
and 't he A0aV4i(Pyrazin-: benialde m tenperature for 5 hours. The reaction

m xture | i éeg%cggka%tﬁfj by evapora-.

50 ml of THF are poured over 2.72 g (112 mmol) of magnesium turnings, which have been

w00 —
v

de-greased with hexane and activated with a small amount of iodine, and the mixture is
heated at 50°C. A solution of 4-bromobenzaldehyde dimethyl acetal (prepared in
accordance with Example 37a) in 200 mi of THF is added dropwise to the mixture within a
period of about 30 min. Initially, the reaction is exothermic; towards the end of the dropwise
addition the reaction mixture is heated to about 60°C. After stirring at 60°C for a further
30 min, the mixture is allowed to cool to room temperature and decanted off from the
unreacted magnesium; the resulting solution containing the Grignard reagent is added
dropwise at room temperature over a period of 20 min to a suspension of 11.45 g

(100 mmol) of 2-chloropyrézine (Fluka, Buchs, Switzerland) and 1.6 g of DPPP (Aldrich,
Buchs, Switzerland) in 500 mi of THF (slightly exothermic reaction). The mixture ié then
stirred at room temperature for 19 hours. Then 250 mi of water are added to the reaction
mixture and the mixture is stirred for 10 min. The THF is removed in vacuo;, 300 mi of ethyl

o~



tion, the residue dissolved in nethylene chloride and the organi c phase

washed with um hydrogen carbonate sol ution and brine. pdpEor/01860
renmoval of the so?&gént the title WD 97/ 40029

PCT/ EP97/ 01860 . - 104 -

conmpound is obtained in the formof a browdsci |, which is processed further

w t hout purifica- tion. Exanpl e 40:
1-[4- (Pyrazin-2-yl)-phenyl]-4(S)-hydroxy-5(S)-2, 5-bi s[ N\(N net hoxy-

carbor! - Bl 4 0035l YR A BBy b i

[ 4- (pyr azi mizture Js stinesalfol S AfiS) After depanatidn amnmrgam; pNase\Hhattphase issstistedyiwiogl |

AT A S R M TRV N,

Switzerl ancﬁhasé%wﬁﬂle(&nmééssﬁfn wifEdat( Ed»didfm)hyafﬁbei: c'értﬁﬂna(é.é’olnﬁmi watdr ahtdA

“in 10 mM of DVF. Wr

erforned anal Qqgousl o ,Exa 40f , usi n
et hyl acet é&f@elﬁf@‘ﬁﬁﬂn‘iﬁm’ W‘gﬁ'geé"ﬂmf’}‘%'s “E%ﬁb%‘ﬁrfﬁ"“&& ‘Qg‘éb“’w“ crystafé.

l'yophi | i seqqdy, ﬂéa%ﬁ%m He@aysé?{eeiman&/r?&ahetiéwéme& eLene).; ssigeeterird::
t[err]=13.11; FAB M5 (MtH) [ estartln material_is pr epar ed

as fol | ows:Re0.17 (h@@anetietbmca%twi)wf)%%mnm 8.sHENMR (CRGIE 209MiHE))

m of THF ar.e ( t | h_
nave been of SSRGS L (T slrble BTN ‘%6 QE?Z* o2 i 00/e 61-0
i odi ne, andq2k#mg).m xture is heated at 50[err]C. A solution of

4- br onobenzal dehyde di met hyl acetal (prepared in accordance with Exanple
37a) in 2000 mM of THF i's added dropwi se to the m xture within a period of
about .30 mdm? Nli_Jﬂ'ﬂbusogbﬁmgm-egai[mwhgﬂam hen%&\'ﬂt%lddﬂﬁ?;gﬂdfﬁnbhe
dropwi se a I on e reaction mxture 1s heated to abo

stirring at ’RWQQUIS]VGO@#WPH $f% the titgcomppund s oktained from 424 9 (Rfed MepiLefdt

to room teng -%Bﬁzéisafyab%a@é gf(6® mrﬁaﬁoﬁeh%wl %Qrﬂ&ﬂl'égﬁukﬁ} BlidH3,
resulting so |on contalnln nard reagent. is added dropw se at
room t enpe @m@e@a@%n TZU }!id af GH‘aGPl gﬁ?f '?Pllf%aba(g"% p@théh@ﬂtiwomaomw qiystaliging

T AP S

reaction). The mxture |s then

40c) N-1-(tert-Butoxycarbonyl)-N-2-{4- in-2.yl)-benzyl]-hydrazine

Analogously to Example 374, the title compound is obtained in the form of an oil from 0.6 g
{2 mmol) of N-1-(tert-butoxycarbonyl)-N-2-{4-[(pyrazin-2-yl)-phenyl}-methylidene}-hydrazone
and 0.15 g of 5 % Pd/C in 15 mi of THF after hydrogenation for 13 hours at room tempera-
ture. The title compound crystallises out on trituration with ether. Recrystaliisation from ethyi ‘
acetate/petroleum ether is carried out. M.p.: 110-111°C. HPLCop.100" 1Rer=9.62. 1H-NMR
(CD5OD; 200 MHz): 9.09/s (1H); .8.65/t. Js1 (1H); 8.51/t, J=1 {1H); 8.05 and 7.53/each d,
J=5 (2x2H); 4.00/s (2H); 1.43/s (8H).

40d) 1-[4-(Pyrazin-2-yi)-phenyl]-4(S)-hydroxy-2-{tert-butoxycaibonyllamino-5(S)-
(trifiuoroacetvl)amino-6-phenyl-2-azahexane .
Analogously to Example 37e, the title compound is obtained in the forrﬁ of beige crystals
from 10.5 g (35 mmol) of N-1-(tertbutoxycarbonyl)-N-2-[4-(pyrazin-2-yi)-benzyl]-hydrazine
and 11.7 g (45 mmol) of (2R)-{(1'S)-(triftuoroacetyl)amino-2'-phenylethylloxirane (EP 0 521



stirred at roomterrperature for 19 hours. Then 250 ml of water are added to
the reaction mxture and the mxture is stirred for 10 mn. The THF is
renoved i n WAIH002800 nl of et hyl WO 97/ 40029 PCT/EP97/01860
PCT/ EP97/ 01860 -105 -

acetate and 100 m of 2N hydrochloric acid are added to the emul sion that
remains and the mixture is stirred for 5/ n. After separation of the
organi ¢ phase, that phase is stirred twice nore with 100 m, in each case,
of 0.5N hydrochloric acid for 5 mn. The ethyl acetate phase is washed in
successi ogeT)iExXanié 168)06i 1500l isopeopanel. Mp 2t 04-996TC. TUC: RyE0.88 (Aexhrkeféting
and is concentrated. The title conpound is obtained in the form of

| i ght - br o3¢etateyksea HPL o ang'dRar! ﬁﬁt i on from nethyl ene chl ori de/ hexane is
carried out. Mp.: 86-88[err]C. TLC. Rlerr]=0.17 (hexane/ethyl acet ate
2:1). HPLC[[err] t[err]—ll 06. 1 H NVR (CDCIS 200 M—lz) 10 12/5

9.14/d, J40e)1HEA-(P in2-y -2-(R I

803/eac|‘h_gg ; ﬁ%g%ﬁgﬂl 40b) T B ’
N1-(tert= -~ N-2-{4-[ (phrazin-2-yl)-phenyl ] - et hyl | dene) - hydra

zone Anal pgpsgl(21 nemdlx ehpis (Brazin-Riyl)-phenyB-4(S)Rnaroxy-2-§eributoxyearbbnyyamide4 o

Lot - but yaCSudrorapEdy Brmive o ML 5 S5ahesaia sin spendeddn 300 BY SEMIO! af ter

5 hours aénof?%som t1festrhpofta 1M¢(290?36Mﬂ3n fif WalePhtd &dded. PHE mbRORY IS RERES bY -
Mp: 190-198[err]C. TLC. Rlerr|=0.47 (ethyl acetate). HPL(err]:
tlerr] —13751’13 for al utza)laqurs e methanol is evaporated off and the residue is extracted with

N-1- (tertg 59;{.-%@ @rﬁfyw.lg)aaﬂ phakd s DR el o4 ga. LJ antphrZdiifconcen-

Anal ogou the title conmpoun a| ned 1n the form of
an- oi | frirated. 'Bwegttt(echmmqnddq; obtained in the form of orange-brown crystals, which can be

N-1-(tert L} ggg& ene) hydr az
one and e?@% %ﬁg&&?%ﬁeﬁﬂ%@eﬁﬁgﬁbﬁg?e ﬁq r ogenat ?:Q%Pg 13 hours
at room t(mqﬂuylaae chloéde/fﬁeManbt1@1);Mﬁl&mqog:rtyq§{qlmzsses out on trituration

wi'th ether. Recrystallisation fromethyl acetate/petroleumether is carried

out. Mp.: 110 111[err]C HPLC[err] t[err]—9 62. 1H-NI\/R(CD3CD 200 WHz):
9.09/s (l4d 3-4F ni? heny+(S)-Bydrb icarbony 5¢S)ANSER. each

BUt oxycar bonyl )am no-5(S) -

(trifl Uoré‘édd E?&n‘bl@h?rtﬁbnﬁe ééﬁ&BS%ﬁd‘% dﬁﬁﬁhé&ﬁ%'yz a7 be1pde, the
title conpoundls obtained in the form of ige crystals from10.5 35

nmol ) of (yrazine2yh-pheryikgEtyeinxy2- (ﬁﬁfEbPWx!Wl)ﬁmM(ﬁ)ﬁmﬁjphﬁp 1%zi ne
azahexane, 2.54 g (14 mmol) of N-methoxycarbonyl-(L)-valine, 5.4 g (28 mmol) of EDC

(Fluka, Buchs, Switzerland), 3.8 g (28 mmol) of HOBT (Fluka, Buchs, Switzerland) and

7.1 g (70 mmol) of TEA in 130 ml of DMF. The reaction mixture is worked up by removing
the DMF, taking up the residue in methylene chloride and washing the organic phase in
succession with water, sat. sodium hydrogen carbonate solution/water 1:1, 10 % citric acid,
water and brine. The compound crystallises out on concentration. M.p.: 218-220°C.

TLC: Re=0.28 (methylene chioride/methanol 10:1). HPLCap.100: tRer15.11.

40q) 1-j4- razian- 1}-phenyll-4(S)-hydroxy-2-amino-5(S)-N-{(N-methaxycarbonyi-
valyl)amino-6-phenyl-2-azahexane hydrochioride '

3.4 g (5.5 mmol) of 1-{4-(pyrazin-2-yl}-phenyl]-4(S)-hydroxy-2-(fert-butoxycarbonyl)amino-
5(8)-N-(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane in 100 m! of 4N
hydrogen chioride in dioxane (Aldrich) and 10 mi of methanol are stirred at room tempera-
ture for 2 hours. The solvents are removed; dioxane is added twice to the residue and
evaporated off. The title compound is obtained in the form of a viscous oil, with the

-



and 11.7 g (45 mmol) of

(2R -] (1 S) tr| Iuoroacetyl)an1no 2' - phenyl et hyl ] oxi r ane (EP

PCT/ EP97/ 01860 - 106- 827,

Exanpl e 16d) in 150 ml of isopropanol. M pp7-194-196[err]C. TLC

R err]=0.38 (hexane/ethyl acetate 1:2). HPL(Jerr]: t[err]=16.27. 40e) 1
-[ 4- (pyrazi n-2-yl)phenyl]-4(S)-hydroxy-2-(tertbutoxycarbonyl)am no-5(S)-am
no- 6-phenyl -2-azahexane, 11.

177 - byr abempotyd ypRIS cu pehPE R tere M2 9IRS T FrtPfo-
5(S)- (trlf rﬂ&hgéﬁs%rlo}a@nﬁahﬁn&hmylﬁﬁt@gﬁ@ g, suspended in 500 m of

met hanol err]C, 105 of al solution in water are
added. The mxture is stirred at 75[err]C for about 3 hours; the nethanol

i s evaporaged of 8rb #%-F_!:l_-gﬁ Wétgﬁgg_%% i:Bn!leI!g-iso-

or gani ¢ ph&se
The title Ry - )
ised fr ace etr Ieum

T26- 145] or HHEMATOTS wm)?q%m%wﬁrhw@( ehieHa n@f#?aws@ 75:mmo) of TPTU
HPLC] err] - 4 i bt BMF 8:% stlrreé(&fc )oom 1 temperature for 10 min and then a solution of 473 m mg
1- [4(Pyra2|n roxy-2-(tert butoxycarbog)amno (S) -

N (N et hdg aml%gf 14 {wmw?yﬁm)‘\ﬁavlhé@)éwyrwzaa@ﬁ@xﬂﬁb 1y to
Ex I 37 -Slabah f

(p??gz?n 2- y’f’?ﬁ’ﬁr{’é}n%ﬁﬂ @8) Lajehérngﬂxg 2- (??r?‘te fagé'y"@grgé%%a’ﬁ@ Pén&ob-éanr‘%orgo
- 6- phenyl -ISMMMBHQI\@MF?!S%C! d(The mixure ts)suthrmy@rapqatwe oyel I i ne,

(Fl uka,  puliRd %%&ﬁt@é)%féﬁgﬁw%}?’dﬁ?%fsé%’dlds'ﬁ@ﬂ%of i Sa b TdlB g 180 P
The react | waten; stirtingat momﬁehméraiwetjyr Z&nwvang isblatioDuFthetrakulting precipitate by

tw th wat or TPEHER TR arapRgra s yaH o L ERs 208 kER T f BEnd uSHSGHES 1.
aCI d, wat eorganit dtfasaes wasisedin rquoeessmrwiﬂt whier, sat smdmnohydrogeremrbemmen

HPLC[ er2 ;L] 8 q% 2‘%4’? 1{!1'W%ter%§;t§rin§0A§gr' rgrn%vgyof%he SO ven {hgei'/es 6eh fasnc? gesjt(e)d |1r? _
1-[4(Pyr azethee wﬂh)tha fﬁﬂey&binpéﬁﬁ bélrig batamé& |afthélﬂ;rﬁt(cﬁ)ad\§1ddﬁe§§bbnda’tc Fhbony! - (

L) - val yl)am no- 6- phen zahexane h o | de | ) of

1- [ 4- ( pyr aS9mpeund é)a’bq’é'd{?P’]" Isgddyom g lﬂxﬁﬁ 13—‘2 ?256?@%%3;95@@’

5(S)- N (N Eh,%x +.y ) am no- 6- phenyl - 2- azahexane in 100 m of
4N hydr oge%E hl o?l ein gt’anee?%& drich) and 10 m of nethanol are stirred

at roomtenpera- ture for 2 hours. The solvents are renoved; dioxane is
added tw cg, L 0nib0%: § Al BYafigy-
| leucyl)aminol-5(S)-IN-(N-methoxvecarbonyl-(L)-valyl)aminol-6-phenyl-2-azahexane

Analogously to Example 41, after working up the titte compound is obtained from 142 mg
{0.75 mmol) of N-methoxycarbonyl-(L)-tert-leucine (Example 2e), 223 mg (0.75 mmol) of
TPTU in 3 ml of DMF (solution A) and 435 mg (0.75 mmol) of 1-[4-(pyrazin-2-yl)-phenyl]-
4(S)-hydroxy-2-amino-5(S)-N-(N-methoxycarbonyi-(L)-valyl)amino-6-phenyi-2-azahexane
hydrochloride (Example 40g) and 0.33 m! of NMM in 3 m! of DMF (solution B}, the title
compound crystallising out spontaneously on evaporation of the solvent. The compound
can be iyophiﬁsed from dioxane. TLC: R=0.46 (methylene chioride/methanol 10:1).

HPLC20.100° tRer=13.85. FAB MS(M+H)*+ = 692.

Exampie 43: 1-[4-(P n-2-vi)-phenvil-4(S)-hvdroxy-5(S)-2,5-bisfN-(N-metho
carbonyl-{L)-iso-leucyl)amino]-6-phenyi-2-azahexane



evaporated off. The title conmpound is obtained in the formof a viscous
oil, with the WD 97/ 40029

PCT/ EP97/ 0 1W8(P7/40029 - 1BQI/EPYT(088600uNd
crystallising out on trituration with ether. Mp.: 194-198[err]C TLC

Rl err]=0.35 (nethylene chloride/nethanol, 10:1). HPL(Jerr]: t[err]=9.77.
Exanpl e 41: : -108 -

1-[4- (Pyrazi n-2-yl)-phenyl]-4(S)-hydroxy-2-[ N-(N-nmet hoxycar bonyl - (L) -iso-

| eucyl ) am no] -5(S)-[ N (N-net hoxycar bonyl - (L) -val yl ) am no] - 6- phenyl - 2- azahex
ane 142 n@n4l6gotistymocElanesie B naftdravorking liprié tifé sompoutdisabtainethiiorAA32mg

(P’ 2l P iesbeaBarihiCy 3ot 58 g i B M3 'S o
1- [ 4- ( pyr BRIFs8lutidn Apasd %09 miy(®)7 rlhmijl)@m=[a=(99ﬁiaﬂm="§9§bhéh)(l]>h(®hmx¥-2-

b | -(L)-val yl - 6-ph | - 2- h hyd hl d Ex 40
oY Ao GRS d5a RGN ARG SopharyH . szshereis POl - oo
t enper at %ﬁoﬁg@gg@ge 440 6 H B 1R (228 fithd Sﬁ‘?‘”&”ﬁ itntymi BEDREOHe tifle eBMHIpSEnd

addition o reaction mxture to 100 nm er, stirring at room
t enper at upging obtairg@drin srystedfinedotraby digestion wish ethan MipyR13r265°61 TeCeREP.41

filtration. .The preci.pitate i i th wat er, d in hyl ene
chl ori de; (}?%'éﬁﬁ'?%ﬁ’ﬁ%g%ﬁ'g@@"?@% m%‘1%$&§§ﬁ%' WWM@'W ~s‘aty’ sodi um
hydr ogen carbonate solution/water 1:1, water and brine. After renoval of

t he sol vent, the reside'is di gest ed in et h witNh the title conpound

bei ng obtzXamae; 1} -
It%'0|ohili1 dvisarh oxyeaFionyi(£ UV o] 65
err.| =13-73. AB VD[ IVIFH 18 = bYZ. Xall c acZ.
1- [ 4- ( PyrAmalogausiy th-Eptample #1418y wopking up tife fitle ¢ompatirtdos pbtainedrfram 175 maer ¢ -

ane. Anbi ogaiep] oT-ebibRy B3 R ayivhd e TR e B, P P

obt ai ned Switzerizdd) ingt DofEMPisolytiont ANants5 Homg (& niraoly bf {-{4-(pyeazin-2-9t) qihenyll-

S iy oo ol e ) <1

4( ﬁ) - hydraﬁ'mglne;?arft{l'hyai_rivcc)ffmdi:)del\du(EX d}‘ﬁmgﬂwmd lmwo y wh)ﬁmaﬁwmm%dmmmhwmez- a
zahexane rochl ori de ampl e n .3 of, | :

(2ol ut | orfypoun eania abBs B metelige fotm i desintwi e M 2 2m
evapor at il@PL@ég.%dB?t gi,m_.pp‘msmmptmggggn be | yophilised from di oxane.
TLC. R err]=0746""( i hyl ene chl ori de/ net hanol 10:1). HPL( err]:

t[err]=13.85. FAB M5(MrH)[err] = 692. Exanpl e 43:

car borvl 119 stneo i e oRark BRI 21 D aheane
44a) 1-[4-(Pyrazin-2-vi)-phenyil-4(S)-hydroxy-2-(tert-butoxycarbonyl)amino-5(S)-N-(N-
metho carbon I-(L)-iso-leucyl)amino-6-phenyl-2-azahexane
Analogously to Example 37, the title compound is obtained from 2.3 g (5 mmol) of 1-[4-
(pyrazin-z-yl)-phenyl}-4(S)-hydroxy-z-(tert-butoxycarbonyl)amino-S(S)-amino—B—phenyl?z-
azahexane (Example 40e), 1.9 g (10 mmol) of N-methaxycarbonyl-(L)-iso-leucine, 3.8 g
(20 mmol) of EDC, 2.7 g (20 mmol) of HOBT and 5.1 g (50 mmol) of TEA in 90 ml of DMF.
Working up is carried out as described in Example 40f. The compound can be recrystalliéed
from ethyl acetate. TLC: R=0.58 (methylene chioride/methanot 10:1). HPLC20.100:
tret=15.68. TH-NMR (CD,0D; 200 MHz) i.a.: 9.08/s (1H); 8.65/bs (1H); 8.514, Js1 (1H);
8.02 and 7.52/each d, J=5 (2x2H); 7.3-7.1/m (5H); 3.92/s (2H); 3.62/s (3H); 1.28/s (SH);
0.81t, J=5 (3H); 0.73/d, J=4 (3H).

44b) 1-[4-(Pyrazin-2-vi)-phenyi]-4{S)-hydroxy-2-amino-5(S)-N-(N-methoxycarbonyi-(L}-
iso-leucyl)amino-6-phenyl-2-azahexane hydrochloride

-



WD 97/ 40029 _
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Anal ogously to Exanple 41, after working.up the title conpound is obtained
from132 ng (0.7 mmol) of N—msthoxycarbon% (L)-iso-leucine and 208 nmg (0.7
mmol) of TPTUin 3 m of DVF (solution Ay 18Rd 400 ng (0.7 mol) of

1-[4- (pyrazin-2-yl)-phenyl]-4(S)-hydroxy- 2-

am no-5(S)- N (N-net hoxycar bonyl - (L) -i so-1eucyl)am no- 6- phenyl - 2- azahexane
hydro- chl QiriafifyouEyasExBmpfd0d Tk fitle3dompornid iS obtahhed MmmMVbl(3L33nnmbl) @ﬂ‘ 1£1)M:

the titl d' b bt d tall f b

ether. Mep‘isyrlpgiﬁ.“zzwr&é‘%u&sﬁbﬁrpfi% er'Suporsrnemdrs G AR, 1)
HPL -

1 [ (pyr S AR SO MPRSPHI Bl s o b e

val yl ) am nd}oﬁ(’:S)anpN-O(meﬂnﬁbAWaw mﬂtlttechmmtlﬂdIWQl@ﬁﬂmFW ﬁswthz a
zahexane An og us) 41, ter king up the title conpound is
obt-ai ned f & h%oci'?omwlﬁmﬂg%ﬁﬁgxy% bonyl - (L) -val i ne, 297 _mg (1
mol ) of TPTU (FI uka, Buchs, S\Mtzerland) in 4 mM of DW (sol ution A) and
571 nmg (1 nmmol) of 1-

4( S) - hydr oXEXamplg 5=k Al LR Bzl BE F pis| L pheny
| -2- azahexapso L ,',L, :yn Q, .é.iﬂah@ﬁamol) of NM\/I in 4 m of DI\/F
(sol ution ; npound can alned in crystalline formb

di gesti on Vnalogouslyto Emample %@%@ﬁmomtqdés PP"a“ﬁdeﬁ"PT:‘;PQ reg (1.36\mmol) 8 1-

Lo ( Pyr alTisRp 2RSS AR 80120 HRARG BHB0 P arep i ocls

N- (N et hggpaairhol vk N(shéthbsyeab'lmrwym)aﬂhmm-ﬁi gli@yhm2l) af EDEx &5t . @fgnmw |

to Ex I 7, it ' bt 4-
(pyr asi n- 290 FPEahe) Pos el EpmRt ey TEA b mon it el e b208) - ar no
- 6- phenyl - o pﬁﬁ@é@ﬁﬁﬁdléme m)m an&hgebéehnaﬂaé/}neﬁanol 15:1).

N- net hoxycar bonyl - (L) -i so-| euci_ ne 20 mmol ) of EDC, 2.7 g (20 mml)

of HOBT andtP3.CoogiopbGrermtsI30. EAB'I"@M'?H)Q(? 2.0f DMF. Working up is carried
out as described in Exanple 40f. The conpound can be recrystallised from
ethyl acetate. TLC. R[err]=0.58 (methylene chloride/ nethanol 10:1).

HPLC] err] : Theestarling haterial istprapaed @3ohows200 MHz) i.a.: 9.08/s (1H); 8.65/ bs
(1H); 8.51/t, J[err]l1l (1H); 8.02 and 7.52/each d, J:5 (2x2H); 7.3-7.1/m
(5H); 3.92/s (2H); 3.62/s (3H); 1.28/s (9H); 0.8/t, J=5 (3H); 0.73/d, J=4
3H). 44D)

[4- (Pyrazin-2-yl)-phenyl]-4(S)- hydroxy 2- am no-5(S) - N- (N- net hoxycar bonyl -
L) - iso-1eucyl)am no-6-phenyl - 2- azahexane hydrochl ori de

45a) 4-(Thiophen-2-yl)-benzaldehyde

[see Heterocycles 31, 1951 (1990)}

3.7 g (20 mmol) of 4-bromobenzaldehyde, 9.5 mi (120 mmol) of thiophene, 2.94 g

(30 mmol) of potassium acetate and 1.16 g (1 mmol) of tetrakis(triphenylphosphine)-
paliadium (Fluka, Buchs, Switzerland) in 50 mi of dimethylacetamide are placed in 'a
pressure reactor and stirred at 150°C under nitrogen for 16 hours. The reaction mixture is

(
1-
(

concentrated by evaporation; the residue is taken up in water and extracted three times with
methylene chloride. After removal of the solvent, the residue is chromatographed on silica
gel (hexane/ethyl acetate 4:1). The title compdund is obtained in the form of a yeliow solid. -
TLC: R=0.36 (hexanefethyl acetate 4:1). HPLCoq.100: tRef=15.26. 1TH-NMR (CDsOD; 200
MHz): 9.98/s (1H); 7.93 and 7.85/each d, J=9.5 (2x2H); 7.60/d, J=2.5 (1H); 7.52/d, J=5
(1H); 7.17/dxd, J=2.5 and 5 (1H).

45b) N-1-(tert-Butoxycarbonyl)-N-2-{4-[(thiophen-2-yl)-phenyl]-methylidene}-hydrazone
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Anal ogous| y W@IH02h| e 409, the title compound is obtained frBﬁT@P&'m&% 3-
mmol ) of 1-[4-

(pyrazin2-yl)-phenyl]-4(S)-hydroxy-2-(teryphut oxycar bonyl) am no-5(S) - N- (N-m
et hoxy- carbonyl - (L)-iso-1eucyl)am no-6- phenyl 2-azahexane in 60 m of 4N
hydrogen chloride in dioxane and 10 mi of methanol, with the title corrpound

bei ng caused to crystallise with ether. Mp.: 200- 201 [err] C HPLCL
t [ er r] =10.A5@logously saFxample 37c, the title compound is obtained in the form of yellow rystas

1-[4(Thi 09%%?2%7 H §13p|hﬁ| ) of%@lb?ﬁ(éﬁ o4 b%réh@!eﬁ#’-& Shd\ %éF nma h@Wmoo of tert

car bonyl am no hexane Anal ogously t

the title WpamadahedeaaBm Smaemw iy3Q mi ssetim@l)(%rhoyrs at 90°C

LU0 g2 kel 628 9L by ceB. Rk Eodmpfaplenyby & magheca
EDC, 551 mgs:{/é(g}ﬁ),mml) of HOBT and 0.95 ml (6.8 mml) of TEA in 10 ml of

DMF, the title conpound being |yophilised from di oxane. TLC R err]=0.51
(et hyl ene chl ori de/ net hanol 15: 1) HPLC[ err] t[err] =15. 30. FAB

7Re I
45a) (Thi n-2- -benza 8&%&1 i\i\g%
g (20 mml3}3£ﬂ (ﬂbm@b@ﬂﬂér@@ﬁ%@xngowl) '(1122{5‘ ﬁ'ﬂﬁpye@?-v!)mf@ﬂw methyjidg 4 g

'E 2'? r gLYID ls% t ?'%bﬂgé@&hosp gté?tge% r'\qné'aobfbf%géi E{mg ﬁbhydé\'/‘\jﬁet(z': g"rk ?a%'il:l(:hsl n 50
m of di m8witzedantd)are d@salrved in 4t od of THE (plack sdu@on) @adtadde@dmmser ¢‘@d aat :
oL e ] U of BbLRAG™.{06 (1) MHES of SRAuLAAGIHLAR sBy thilidhyhind BRESU AL o

by evapora?tf' due s T aken er an
wi t h et hyiltemkofGHFO r'l‘héemxmi‘e mrsnrmmwarmgm &t In@ors témperature ard urdsr diteodes (pH

comound ot 1Pt 4) e Ren WAV acBER: e odabic pubdE s W in
(Mr_lsx an S/ Stss/bgd:essmtvatrebmielkat bleiJG{'relnydrogét{ earb@naté s&l&tnoriahd\hgam 6iBeThe200

7. 52) d, J Dsgirﬁfi-ykkasﬁ 1$ fpm%agesgg’%e\éqﬁ?r i d t?leg %lj is tgkeGnoépdm fﬁ‘gm'\so{ 11N H
N-1- ('t ert sBaiufKhRRGXIEE Bbiitidn; as{rﬁrdf(rhémplahe ehidrie hrepémmﬂl dndrthé miktisckeis dpiléd) dr

n - .
azone under refiux for 3 hours at a bath temperature of 60°C. After separation of the organic

phase, that phase is concentrated to dryness by evaporation. The title compound is
obtained in the form of a slightly yellowish oil. HPLC2q.100: trer12.36. 1H-NMR (CD,0OD;
200 MHz) ia.: 3.91/s (2H); 1.42/s (OH).

45d) 1-[4-(Thiophen-2-yl)-phenvi]-4(S)-hydroxy-5(S)-2,5-bis{(tertbutoxycarbon
aminol-6-phenyl-2-azahexane

Analogously to Example 37e, the title compound is obtained from 3.39 g (11.1 mmol) of N-
1-(tert-butoxycarbonyl)-N-2-[4-(thiophen-2-yl)-benzyl}-hydrazine and 2.93 g (11.1 mmol) of
(2R)-{(1'S)-Bac-amino-2'-phenyiethyljoxirane (J. Org. Chem. 50, 4615 (1985)) in 50 m! of
isopropanol, with the title'compo,und crystallising out spontaneously on cooling of the
reaction sofution. M.p.: 165-168°C. HPLCpg.100: {Rer=18-84. TH-NMR (CD;0D; 200 MHz)
i.a.: 7.56/d, J=9 (2H); 7.5-7.3/m (4H); 7.3-7.1/m (SH); 7.08/dxd, J=2 and 5 (1H); 3.85/s (2H);
1.33 and 1.32/each s (2x9H). ' |

45¢e) 1-[4-{'_!_‘hioghen-z-!l)-ghengl]—aa(S)-hydrog-S(S}-z,s-diamlno-s-ghenzl-z-azahexane
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Anal ogously %ﬂ‘gm e 37c, the title conpound is obtai ned in ?ﬁ@"’r"%?%’g? -
yellow crystals from2.47 g (13.1 mmol) of 4-(thiophen-2-yl)-benzal dehyde
and 1.65 g (12.49 mol ) of tert- butyl canbpszate (Fl uka, Buchs,
Switzerland) in 30 mMl of ethanol (4.5 hours at 90[err]C). Mp.: 162-165C
HPLC[ err]: t[err]—16 08. 1H NWR (CD30OD; 200 MHz) i.a.: 7.91/s (1.H); 1.53/s
(9H) . 45

N-1-(tert- B@ﬁ!?ﬂ?ﬂdv R RFRYPIQ 398 e titis campaund.is phtainad i the farm,of 2 slightly walioy-
(11.1 ol jsnil from 3.16 g (5.57 mmol) of 1-f 4-(th10ﬁhen-2-yl) phen[xl]-4(3) hydroxy-s(S)-2 5-
N1-(tert- butoxycarbon ) - N-2- I hi og en- 2- enyl 11 %

ene} - hydr ab@ﬂéeréh@towceieoryl)emnq nyl- 1@2§B%PF%%'E Q et QJ'H%I? 'ﬂé‘ pEstifng at
Buchs, S tddth 1éHiftratié 16t SRgird At ol Qéng?brd&%séréﬂ:fuﬁhleﬁﬁifhﬁﬂ pUficafibnand

added dropvm se over a period ours

p- t.ol uenes dHNMRI(CEOD: ﬂ@ﬂMﬂZirf@t g @/QSHQ@U).lms%l‘/wV%' ay FFSUPBHE?P@F%! (aty;
Is sti rred ture and under nitrogen (pH = about
from3 to Z) de!' g%%ﬁg% (?ﬁg‘c?tf‘éiggé thyI acetate; the organic phase is

washed in succession wth brine, sat. SOdI um hydrogen carbonat.e sol ution

and again br|ne ) pha . and t he
resi due i sEXé YIS NS RG> Tiethe of

met hyl ene g Hefeigd 'ﬁm@.k mgzghé,ga,{pl I ed under refI ux for 3
hours at a erature o er separation of the organi c phase,

t hat phasePracesshcent r at ed to dryness by -evaporation. The title conpound is

Th R, ( ool Vin sBEEh o niieet3! 14T o dlyparetl A Fidrpusind (Exarisie 20

)1- [ 4- (Thi i ophe gn _g/b9) TRTid mye placedin 65 ohi okHMEY SSQnﬁobHuglgthaseamaddgd:mrtbe nyl
- am no en

ot ) - S e o BB Pt 04Tt o oA G720 . Th o2

( (1 tlerlt mgg |t (%Yorfﬂﬁ{olz)wﬂyL[)‘-(byrﬁfrli-ﬂ-mtbhenvmﬂts)%wdréw@@(& 2lérdrﬁm@84phenﬁm 92m9

50, 4615 ( @%‘ﬁ“y@?@b&'ﬁﬁ (EFa’PB'%%p%{ﬁ%ﬂ"P“ﬁhéﬁ %4"% e midLes

crystalli Sisrmeu&orsanmmewuahmewecreéww (aftertioahme,ca ﬁmesshuu PHinig\base:

165- 168 HPL 18. 84.
756) 0. -3 apeaspe)- 7 robaliomiiyre Ibalifod FteyBPORY bf watss AaA dhe (pShinn pracipity

3.85/s (2Hy flltérea%fﬁéﬁb Wa&?éa%ﬁrhwﬁtdr 2Tied Hiiter reﬁé@é is then dissolved in methylene

1-[ 4- (Thi ophen-2-yl)-phe %( (St) xldr oxy-5(S)-2,5-di am no- 6- phenyl - 2- azahe

xane chioride and washed 2x with sat. Na COg solution, waier and brine. After drying over
‘sodium sulfate and concentration, the resulting foam is digested with DIPE; the solid is
filtered off and dried. The resulting crude product is dissolved again in methylene chloride,
treated with active carbon and, after filtration, precipitated with ether. The resulting title
compound is dried in a heated desiccator at 40°C under a high vacuum: m.p.: 202-204°C;

~ TLC: Re= 0.38 (ethyl acetate); HPLCpq.100: tger= 11.81; FAB MS (M+H)* = 705. Further

product can be obtained from the mother liquor after chromatography (SiO,, hexane/ethyl

acetate, then ethyl acetate) and after crystallisation from ether (m.p. 206-207°C).

Process B:

Analogously to Example 4, 1.32 g of 1-[4-(pyridin-2-yl)—phenyl}-4(S)-hydroxy-2-amino-5(S)-
N-(N-methoxycarbonyl-(L)-tert-leucyl)amino-6-phenyl-2-azahexane in 5 ml of DMF are
added to 0.42 g (2.2 mmol) of (N-methoxycarbonyl-(L)-tertleucine, 0.654 g (2.2 mmol) of
TPTU and 840 ! (5 mmol) of Hiinig Base in 5 m! of DMF, and the mixture is stirred at room
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- 111 - Anal ogously to Exanple 39e, the title conpound is obtained in
the form oWQ9H400ght |y yellow ish oil from3.16 g (5.57 mBCI/EB97/01860 . _
1-[ 4- (t hi ophen-2-yl)-phenyl]-4(S)-hydroxy-5(S)-2, 5-

bi s[-(tert-butoxycarbonyl)am no] - 6- phenyl 32-azahexane in 30 nl of formc
acid after stirring at roomtenperature Tor 6 hours, that oil being
processed further without purification. 1 H NWR (CD3CD 200 MHz) i.a.:
7.62/d, J=9 (2H); 7.5-7.1/several ms, superinposed §9H); 7.09/ dxd, J=2
and 5 ( 1tqmpgatpz¢ for(22ours an@wgﬁﬁd@m@alogous(y to Example 3 to yield the title

1-[4- (Pyg ,ﬂg areg.Y! ) - phenyl ] -4(S) - hydr oxy-5(S) -2, 5- bi s[ N- (N-met hoxy-

‘car bonyl - ? k) tert-leucyl)ani no]-6-phenyl -2- azahexane Process A Wth the
excl usion of noisture, 10.85 g of N nethoxycarbonyl-(L)-tert-I|eucine

g&?ﬁh?ﬁ%é@é@%&'ﬂ%ﬂg’s%e}E}gr%]%gm@ﬁggehgl gﬁ zTndOI h(I;)IV; x?ﬁre |ms °
5 O e e

-P
hexane h&&RQOVI-(L Xane 65 i of DIVF are added and

the mi xtuhao?bésnﬂdsﬁéﬁpﬁsqf oo s «f i S ISTaL B S Bherft-atS).

hours, a further H err]ni g base are t'ion

i s pour eliydraxy2€cBor-aminol(Sraraing-6-prenybzaizehergng mdmphlpade (Example nmr ed
of f and ma&ﬂel | ved in.

net hyl ene FOI’I@ ang%\/\(/’ag@ggngfxtbwt lﬁé gE%z?l% nglsog?y water and
brine. Aﬂmﬁoﬁcgrbowldu)etert-lemjhmm &mgf(zﬁ.s mmd) obEB@ranldzaiB 9117 trimeoly eROBITNg
foamis di Dl PE 0 S i .te ed o.f and .dried. The
resultl n'é' %)re'ﬂfj%td%mgg?r ‘f"g kmgsq@o?" Qﬁgr‘ﬁ;“ ' %ﬁY‘B’?? de, treated
Wi t hI act cMendﬁliDIREl fikerkd cff And dfied toryléldme ity agn%bdnﬂt 'EECVW,HD szégl[iﬂ ac;étci?te). 4
resultin tle corrpo eat ed desi ccator at err under
a high VEEL ae-m 5%23% W&‘#ei@*wﬁf Rlerr]= 0.38 (ethyl acetate);
"HPL( err]: t[err]— 11 81, FAB M5 (MtH)[err] = 705. Further product .can be
obt ai ned fromt he rtrj?t her I | quor after chromat ograh Si 02, hexane/let hyl

(4
N ( N rremmiqgmsnotwﬁxa(mgleeam 13091111:91 mmmm ioptrengrie-atidad i axan (.94 mmnal]  of
DVF are uci ne,
0 654 o 95 B Rtin 2P ol s FHibege - BoE Rl Y b o corBbhia B8
of DVF, iendetdy)amind-8+phengl-Sazahezdnaind thamixture is diluted with 7 ml of DMF. After
2.75 hours, the mixture is worked up. The title compound is obtained: TLC: R 0.44
(methylene chioride/methanol: 9/1); HPLCpp 100 tRer= 8.47; FAB MS (M+H)* = 534.

An alternative procedure for the preparation of the title compound from Example 46 is as
follows: '

Example 46*: 1-[4- rldln-z_- -phenvyi]-4(S)-hvdroxy-5(S)-2.5-bis{N-(N-metho:

carbonyl-(L)-tertleucyl)aminol-6-phenyl-2-azahexane:

With the exclusion of moisture, 567 g (3.0 mol) of N-methoxycarbonyl-{L)-tertieucine
(Example 2¢) and 891 g (3.0 mol) of TPTU are placed in 3 litres of methylene chloride; with
ice-cooling, 775 g (6 mol) of Hiinig base are added dropwise and the mixture is stirred for
20 min. A suspension of 432 g (1.0 mol) of 1-[4-(pyridin-2-yl)-phenyl}-4(S)-hydroxy-5(S)-2,5-
diamino-8-phenyl-2-azahexane trihydrochioride in 3 litres of methylene chioride is then
added to the solution and the mixture is stirred at room temperature overnight to complete
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tenperatureg‘ggrg‘”fgozﬁours and wor ked up anal ogously to Exanpl e ’%Pg]{oé?sg

the title conpound. The starting conpounds are prepared as foll ows: 46a)

-[4-(Pyridin-2-yl)-phenyl]-4(S)-hydroxytf3 N Boc-am no-5(S)-N- (N nmet hoxy-
carbonyl -(L)-tert-1eucyl)am no-6-phenyl - 2- azahexane Anal ogously to Exanpl e
1, a solution of 3.93 g (8.5 mml ) of 1-[4-(pyridin-2-yl)-phenyl]-4(S)-

(Lt o o roasioRy TR Fas B kLS SRR il AR Wfer i b8 ki,
(E %)?c’: : g ngmz)l QOIMO%nmmwymengé aqu%emsaphasleeme aﬂﬁog?mmf%r.(éaxmh?w?@f
e 2 ethvienb R e orome RhasksAe s Ve BPEand Socenidet By dyffore

dried to & £ B ﬁ_ t £ sili
PO e 1] chtfﬂ[ g'rl-lrb]h?sn?gé é}sﬂi:%ﬁﬂ itreb eﬁl{w édtétefhr@f(l éu’ihrﬁj‘gﬁ 50029 of silica

= 634
1- [ 4- ( Pyr i gelnthg.opluron isdinged withd) hffﬁﬁﬂf&&w Ecatﬁiw%m)nrﬂ#msa@iﬁmﬁa?%ﬁw
L)- tert
(Ex;rrpl e 37%'%%1"%&%@9? 92&%%‘*6{2 |o angjag'rn g%héyg” 4. ﬁgfﬁk rm%)l) of
1-[ 4- (pyri cbohnga;nd)ﬁltmnyiqld theditlelopmpeupd 2whiciBean amfmgq:g;l wbwemshai
bonyl -(L)-_ tert- azahexane and the m xture
di | ﬁt eél \)M'E‘W{f %B?%Bhﬁ{gr 'I“tpeFB?% I‘f’ﬁu the mixture i s worked :J; The
title conpound is obtained: TLC. Rlerr]= 0 44 (rret hyl ene chl ori de/ nmet hanol :
9/1); HPL(Jerr]: t[err]=8.47; FAB M5 (MtH)[err] 534. An alternative

pr ocedur e Thnfstahmgmoanmuadsare prepéted asfbllowvs:onpound from Exanple 46 is as

fol | ows: Sy
1[4(Pyr| e al -hydroxy 5(S) 2, 5- bi s[ N- (N- met hoxy-
car bonyl - (19 berdmdeeuﬂmw)eamyrampgﬁembmmﬁémawhmmeww hcéthiExamples3za), of

o) S;‘n‘aegga%%d%g&%o 3579 0.8l PEipeonasiitn g 5% iges of TEE Girode Afnesnbers. ©
chlori de; @hédthHeTBastivh has%taﬁacﬁ(maﬂ@ mbbeéshrw{ 25840 ¢ (i6 tetasz7 40" 1a®mdl) of 4- -

dropwi se and the mxture is stirred m n. A suspension of ? n(‘; g
mol ) of 1- tgrgn\ogyp;qjqiqhygeﬂupetm@gﬁa}ljmpg)mw(ﬁ gg&ar@(g)a agdgd dropwise (front 2

di am no- 6-Freny rogr Jea?rmﬁémauidas ieH SfrPddCAt rd8mitémpBelaldre 96 plfvodfe'fﬁé’b?i@ﬁard .
chloride is then a to the solution and the m xture is stirred at room

t enper at u rrgagq@rlﬁﬂ!gmtrqr'@fqg@ﬁjpé@%droppmg funnel of a second apparatus containing 1750 g
{11.0 mol) of 2-_bromopyridine (Fluka, Buchs, Switzerland) in 3.3 litres of THF, 38 g

(70 mmol) of DPPP and 330 mi of diisobutylaluminium hydride (20 % in hexane). At from
15° to 20°C, the Grignard reagent is added dropwise (45 min). After being stirred at room
temperature for 80 min, the reaction mixture is poured into 10 kg of ice, 1.5 litres of concen-
trated hydrochioric acid and 1.5 kg of citric acid. 1 kg of Hyflo Super Cel is added, and the
mixture is stirred for 1 hour and then filtered; the residue is washed with 2 litres of water, 2x
2 litres of toluene and, finally, 2x 2 Iit_res of 1N HCI solution. The first filtrate and the washing
water are combined; the agusous phase is separated off and extracted 2x with the two
toluene filtrates. The resulting organic phases are washed with the two hydrochioric-acid-
containing filtrates. The aqueous phases are combined; 6 litres of toluene are added and
the mixture is adjusted to a pH of from 8 to 9 with 4.6 litres of sodium hydroxide solution

(30 % in water). The mixture is filtered through Hyflo (filtration aid based on kieselguhr,
Fiuka, Buchs, Switzerland); the aqueous phase is separated off and extracted 2x with

2 litres of toluene. The organic phases are washed 2x with water, dried (Na,SQ,) and
treated with active carbon. Addition of 0.5 kg of silica gel, stirring, filtration and
concentration by evaporation yield the title compound (physical data as Example 37b).

o
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reaction. TOYM988% on i xture is washed with 10 litres of wRGHEPHPIBEN g
of sat. NaHCO3 solution and 5 litres of brine. The aqueous phases are
extracted a further 2x with 5 litres of pefhylene chloride; the organic
phases are dried (Na2SO4) and concentrated by evapora- tion. The residue is
dissolved in 6 litres of ethyl acetate and filtered through 500 g. of silica
gel; the colum is rinsed with 6 litres of ethyl acetate and the

product containing fractions are concentrat ed by evaporation. Stirring in

boi 11 ng DR 5t Aanal 4k pabhen vield

the titl = tion
from et haAmblumnexf 1m B.(9-B@ tTad DO 4 (pvFriGin-2-yl)-beazaltdehyderand-t220ay (942 mad)eof

Fol Towed oy @Mreaid ke BLRSS, Shidpliand e B ives ot BranollsReplel aBiina . o

added to R4 mn!(é&h@ rfiture @f covhstiesd0iC dna eSk of icé bRSadded] tfe rmixiire MSfifered
at nosphere Once the reaction has started eatlgg‘ i f necessary 2540 ¢

(i n tot al off ang the title campgying '61‘""“5‘5'3‘5\"5“1%@'#?% watsy Bakicorpond theabaingi n 3.5
litres Ofoﬁtﬁdéﬁﬁﬁpﬁfeefoﬁﬂ‘iﬁfyﬂap%% ih Exampis#d). 30[err]C, 1 hour) and the
mxture is then stirred at room tenperature for 1 hour. The Gignard
reagent is then transferred to the dropping funnel of a second apparatus

cont ai Ni Ngky 1L PP . . gﬁneBuchs Swi t zer | and)
in 3.3 litres or 1H, 33 g (/U M of

di i sobut yAzsulmnanﬂﬂﬁﬁﬁlgﬁs sTmolyof N—héﬁembu)oxyéarbbm\gwaz{%ﬁ(pﬁndirg2 20C, the
a 5
Cemmor at P ThebEReE ydtarSha B2 s B Hletarie) B hyBEbethaiy B pispheed

&. 5 :c itr ﬂsse)@ of:weeﬁd/c nﬂdamohmdlrme@éme atrooen teripedatiird: The oafalyst is iiltemut oﬁl 1
g of Hyflo, Su

an he m xture is re ur
Chen 111 rankashanProuoblydMmeanelsing sabvest 4 maved;Cilisaton fomfisedt o
t ol uene afelds theéfitld dompound: hi.p.f 2479fC.1 N HC solution. The fi rst filtrate
and t he washi ng water are conbi ned; the aqueous phase is separated off and
extracted 2x with the two tol uene f||trates The resul ti ng organlc phases

agueous phases are conb “tol uene are added ant e mxture
i s adj ustW&l@rromS to 9 with 4.6 litres of sodi um hydroxide

sol ution £ . f ratlon
o7 0 bagad: Sofibn B1 1PAFG 1a.5 i 6F GRIES) dterd nukeyeerbRyipRRna g nifetryl &)
separ at eobmaneand 1(2;39 Gt emto of b t- (e butaxyearbonyl)- N+2:|Hnt9yﬂm-)d)*myﬂ° phases
are wash r _
At on Tyerezilh fe1d Rl ot it bEahdIBFe hokel W phiifid i e, Hiter KolF®, 18Ra |,
evapor at iaficeyand do titres bf whter arnadaedthehixtirs & stitk@ddor® hbursmhlecngstals are ;
\Qg-? gpgg%tfg%oﬁ and washed with 6 litres of water. Stirring twice in 5 litres of ether i iR fgch case,
filtration, washing with 2 litres of ether and, finally, 2 litres of ether/tert-butyl methyl e_ther 1:1

yield the title compound: m.p.: 183-188°C.

trihvdrochloride
A solution of 1465 g {2.6 mol) of 1-[4-(pyridin-2-yl)-phenyi]-4(S)-hydroxy-5(S)-2,5-bis[(tert-
butoxycarbonyl)amino]-6-phenyl-2-azahexane in 12 fitres of THF and 4 litres of hydrochloric

acid (4N in water) is stirred at 50°C for 4 hours. The aqueous phase is separated from the
resulting two-phase mixture and concentrated by evaporation in vacuo. The residue is
diluted with 4 litres of ethanol, concentrated by evaporation, diluted with 4 litres of ethanol/-
toluene 1:1, concentrated by evaporation, diluted with 4 litres of ethanoi and concentrated

-~



*b)
N-1-(tert-Butoxycarbonyl)-N2-{4-[(pyridin-2-yl)-phenyl]-nethyl] - hQydra
zone A sol uWQ%?’W’l??O g (9.67 mol) of 4-(pyridin- 2-y|)-benzg¢:’g®§€4&%‘g§%d -
1220 g (9.2 nol) of tert-butyl carbazate (Fluka, Buchs, Switzerland) in
12.5 litres of ethanol is heated at boiliyg for 4 hours. The m xture'is
cooled to 40[err]C and 6 kg of ice are added; the mxture is filtered off
and the title conpound is washed with 6 litres of water, that conpound then

N1 (tar e B eepesian gy Sty b 4 i AP i Rt s compdine
suspensi o n@ﬁ?si&ﬁ%t%aﬁ {&_xgﬁﬁ_@nm_ of

N1-(tert- oxycar bonyl )-N-2-{4-[ (pyridin-2-yl)-
phenyl ] - met hyl i dene}-hydrazone in 12 litres of nethanol is hydrogenated in

t he prese 0, o o] 4 0% A Cil § N a .
tenpor at ur EO- MRV 4 fay e 0 AR A8 Ry B - Bl e plTycarbony)
net hanol ; 4rmipol6tphenyi-2-azahexane i prepgredadsi follews:on from hexane yiel ds the
LTS (Pyr didera Ghrbosn AodePhats T e drrenisot & 1 0o sqton of disetutyiRiuminiu
am no] - 6- phnislin hednMdIrXeieride arelsldwipaddéd didwise tolarbicenbpledisolution of
(0145 o A oot P B ool ©
hydrazi ne gtamafugé)-tﬁ fox9i6-pRENVIRLGRAREar¥ iR SYAPGETHR folkRk). iAfter & Bouds 7imilTs .
After cooling, 1 kéﬁof ice and 10 litres of water are added; the m xture

i s stirredethyracetate areadderband, aien furhes 3piminerQ mi of methanohdbraaactionimisture
litres of ; W | i ol ' i

{11 at ort® WAtgd B b Bétnbatafis g B f67® Rl ¥ i fwEH anfl S5 of sodium

et her / t er t sulfate/arenaxideyilandithe mixture igistitrad againtfor 1 bowdmsompiete thereaction. The

183-188 : * ; : :

104 Py | 252 JSTepoff e the flats, b poncsnizated by exeppration, Mediup-oressuge .\ .,
ane trihy Oﬁmémhwgah\yﬂsml%m@cane/efhyﬂdﬁia@ 3.2 ~6 ethyl Jcetéte) yields the title compound:
1-[4-(pyridin-2-vyl)-phen -4(S) - hydr oxy.- 2 S)-.2, 2: hi tert.

but oxycar b’BrBfl"?ﬁ}r#irﬂ‘]% &%ﬁéﬁ?&y&aﬁ%ﬁe’xﬁngﬁ h’z%Qé ‘ﬁgﬁ%wﬁégtﬁiﬁss’and 4 litres
of hydrochloric acid (4N in water) is stirred at 50[err]C for 4 hours. The
aqueous phase is separated fromthe resulting two-phase m xt I

c g ﬁ ce gt r gt'ﬁhﬂ %giﬁ@ﬁg@frtﬁ? startingymateriah 1 -[#{evrlﬁdilg?ml)ehggvaw ‘Pﬁ?')éd%ﬁ%tﬁailg&t?’f‘t res
of et hanol ) id. bl ' id ; /-
Fol eno. 1:11SRRRER PARBORA(SHRRET S PRonAiztafige: B chifisd Mot RAnRY
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Step (1) 4-(Pyridin-2-yl}-benzoic acid methy! ester:
24.0 g (150 mmol) of 4-cyanobenzoic acid methyl ester (Fiuka, Buchs, Switzerland) in
150 mi of toluene are placed under an acetylene atmosphere in an autoclave and 0.30 g -
(1.6 mmol) of cobaltocene {= dicyclopentadienyicobalt; Aldrich, Milwaukee, USA) is added.
The mixture is then subjected to an acetyiene pressure of 15 atm, heated at 180°C and
stirred for 12 hours. After cooling and release of the pressure, 9.5 g of active carbon are
added to the black suspension; the mixture is diluted with 250 m! of toluene, stirred for
30 min, filtered and concentrated by evaporation. Crystallisation from warm ether by the
addition of hexane yields the title compound: m.p. 96°C; TLC (hexane/ethyl acetate 4:1):
) Rs=0.37; FAB MS (M+H)+ =214. Further product can be obtained from the mother liquor by
' column chromatography (SiO», hexane/ethyl acetate 19:1 — 4:1).

Step (2) 4-(Pyridin-2-yl)-benzoic acid:
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by evaporation again. Stirring in 9 litres of DIPE and filtration yield the
title conpound (physical data as Exanple 37f). *e(i): Alternatively,

1- (4( pyri diWO27¥0029 hhenyl ) - 4(S) - hydroxy-5(S)-2, 5-di [ (tertbut WB’&’P%@P) .
am no] - 6- phenyl - 2- azahexane is prepared as follows: Under a nitrogen
~atnosphere, 2.1 m (2.1 mmol) of a 1.00gol ution of diisobutylalum nium
hydride in nmethylene chloride are slowy added dropwi se to an ice-cool ed
solution of 200 ng (0.347 mmol) of 1
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acetate ﬁﬂ?sg’RréBﬁ‘]‘ééMié)&?%@ows (MtH)[err] =563. - The synthesis of the
starting material, "1-[4-(pyridin-2-yl)phenyl]-1-0x0-5-(S)-2,5-di[(tert-

but oxycar bonyl ) am no] - 4( ) - oXy- henyl - 2- azahexane, is carried out via
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-> 4:1). Step (2) 4-(Pyridin-2-yl)-benzoic acid: WD 97/ 40029
PCT/ EP97/ 01860 -116-

Step (4) 1-(R)-Cyano-2{S)-(N-tert-butoxycarbonylamino)-3-phenylpropy) [4-(2-pyridyl)}-
benzoate:

At 0°C, 250 mg (0.9 mmol) of benzyltriethylammonium chioride are addedto 2.0 g

(30 mmol) of potaséium cyanide in 7.5 mi of water and 7.5 mi of methylene chioride. Then
a solution of 6.21 g (24.9 mmol) of Boc—(L)-phenylalanirial in 10 mi of methylene chloride
and a solution of ~30 mmol of 4-(pyridin-2-yl}-benzoic acid-iso-butyloxyformic acid
anhydride in 10 ml of methylene chioride are simultaneously added dropwise. After 20 min
at 0°C, stirring is carried out at room temperature for a further 4 hours and the reaction
mixture is finally diluted with methylene chloride/water. The aqueous phase is separated off
and extracted 2x with methylene chloride; the organic phase is washed 3x with water and
brine, dried (NasS04) and concentrated by evaporation. Column chromatography (SiOo;
hexane/fethyl acetate 4:1 — 2:1) vields a ~5:1 mixture of 1-(R)-cyano-2(S)-(N-tert
butoxycarbonylamino)-3-phenylpropy! [4-(2-pyridyl))-benzoate and 1-(S)-cyano-2(S)-(N-tert-
butoxycarbonylamino)-3-phenylpropy! [4-(2-pyridyl)}-benzoate: TLC (hexane/ethyl acetate



12.85 g (60.2 mmol) of 4- (pyridin-2-yl)-benzoic acid nethyl ester in 125 ni
of et hanol and 67 of 1 N sodi um hydroxi de solution are stlg{?@g % om
t enperature V&2 @Pﬁ?urs The resulting solution is partially c R :
by evaporation; the aqueous residue is extracted with ethyl acetate and
acidified to pH 1.5 with 2N HO solution.1ffhe title conpound precipitates
out and can be filtered off and washed with water: TLC (ethyl acetate):

Rl err]=0.35; FAB Ms (MtH)[err] =200. Step (3) 4-(Pyridin-2-yl)- benzoic
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Step (6) 1-[4-(Pyr‘tdin-2-yl)phenyl]-1 -0x0-5-(5)-2,5-di[(tert-butoxycarbonyl)amino]-4(S)-
hydroxy-6-phenyl-2-azahexane

Under a nitrogen atmosphere, 111 mg (85%; 1.5 mmol) of NaCNBHg are added to a
solution of 862 mg (1.5 mmol) of 4-(S)-1 ,4-di[(tert-butoxycarbonyl)amino]-3(H)-[4—(pyridin—2—
y)phenyl]-carbonyloxy-5-phenyl-1-azapent-1-ene in 10 ml of THF. A solution of 290 mg
(1.5 mmol) of p-toluenesulfonic acid in 4 ml of THF is added dropwise thersto. After stirring
for 2.5 hours, a further 55 mg of NaCNBHg and 145 mg of p-toluenesulfonic acid in 2 mi of
THF are added and the mixture is stirred again for 2.5 hours. The reaction mixture is then
poured into 230 mi of a 1% solution of KoB407 - 4H50 in water, stirred overnight to
complete the reaction, filtered and washed with water. The residue is taken up in ethyl
acetate; the solution is washed with brine, dried (NapS0O4) and concentrated by evaporation
{— 4-(S)-1,4-di[(tert-butoxycarbonyl)amino]-3(S)-{4-(pyridin-2-yl}phenyl]-carbonyloxy-5-
phenyl-1-azapentane: TLC (hexane/ethy! acetate 1:1): Rg= 0.45}. The resulting foam is
dissolved in 25 ml of diethylene glycol dimethyl ether; 250 ul of 7-methyl-1,5,7-triaza-

P



4:1): Rerr]= 0.11; FAB M5 (MrH)[err] =458; 1HNWR (CDA 3) i.a. 5.66 (d,
J=6, 5/6 H 1-(R) epiner), 5.53 (m 1/6 H, 1-(S) epiner). Digestion in D PE
resul ts in WPHH2oj sonerical |y pure 1-(R)-cyano-2(S)- (Nt erRCIERGRIB60
car bonyl am no) - 3- phenyl propyl [4- (2 pyr| dyl )] -benzoate: mp. 140-141
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,4-Di [ (tert-butoxycarbonyl)amn no]-3(R)-[4-(pyridin-2-yl)phenyl]-carbonyl oxy,
- 5-phenyl -1-azapent-1-ene: 2.29 g (5.0 mmol) of
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PCT/ EP97} I%’r?@tq“ethy!ene chloride/ether, then filtered off and dried to yield the title curﬁ)ound
TLC: Rg= 0.45 (ethyl acetate); HPLCaq.10g: tRer= 11.71; FAB MS (M+H)* = 705,

The starting material is prepared as follows:

47a) 1-[4-(Pyridin-2-yl)-phen S)-hydro: -Boc-amino)-5(S)-trifluoroacetyi-
amino-8-phenyi-2-azahexane

Analogously to Example 37¢), 7 g (23 mmol) of N-1-(tert-butoxycarbonyl)-N-2-[4- (pyridin-2-
yl)-benzyl}-hydrazine are reacted with 6 g (23 mmol) of (2A)-[(1'S)-trifluoroacetyl-amino-2*
phenylethyljoxirane in 125 ml of isbpropanol at 80°C to form the title compourid. TLC: Rge
0.33 (methylene chloride/methanol: 1/1); HPLC29.100: frer= 12.76; FAB MS (M+H)* = 558.

47b) 1-j4-(Pyridin-2-yl)-phenyi}-4{S)-hydroxy-2-{(N-Boc-amino)-5(S)-amino-6-phenyl-2-

azahexane



bi cycl o[ 4. 4. 0] dec- 5-ene (Fluka; Buchs, Switzerland) are added and the
mxture is h 80[err]C for 1.5 hours. The mxture is co by
evaporation u g?“@tz?ti gh vacuum and the residue is taken up in%ﬂgﬁk?&ﬂ -
acetate/water; the agueous phase is separated off and extracted a further
2x with ethyl acetate. The organi c phases- &% washed with brine, dried .
(Na2S0O4) and concentrated by evaporation. Crystallisation from DI PE/ hexane
yields the title conpound: mp. 104-105[err]C, TLC (hexane/ethyl acetate
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of N-1- (te?trgﬁl‘gpoducg?bon r"m grarrrr1 2- y]rr';q-l %enf? hyd azine are
react ed wi tHPIECap. {@3%@1&)“?5&“:&@ 3{ iHB) 6845 | uoroacetyl am no-2' -

phenyl et hyl Joxirane in 125 m of isopropanol at 80Cto formthe title
conpound. TLC. R[err]= 0.33 (nmethylene chloride/nmethanol: 1/1); HPL(err]:
tlerr]= 1_2.47)@ 1 4 droxy-2amino-5(S)-N-(N-methoxycarbonyi-(L}-
I1 [24 éz[]; | ] - - h droxe}/t-'zalfol\l- Poc-am no)-5(S)-_am no- 6- pheny
PCT/ EP97/ Olﬁ%gg(rsly to Example 409, 40 ml of 4M HC! in dioxane are added to $.8% (3 mmol) of 1-
Anal ogousl y to

1- [ 4- (pyri dHPyidin-2- quyylj-ﬂﬁ)g)ygWygﬁoc—amlno-S(S) N-(N-methoxycarbonyl-(L)-iso-
5(S) - 2- ( N- Ry iiniHale-phéyizlazmblatieand the Thikfis fs bR Wit? 3% DMIE A

di ssol ved in
2.5 hours, the mixture is worked up. The title compound is obtained: TLC: Ae= 0.55

{methylene chloride/methanol: 9/1); HPLCoq. 100" trer= 8.74; FAB MS (M+H)* = 534.

valyllamino-5(S)-N-(N-methoxycarbonyl-{L)-tertleucyl)amino-6-phenyl-2-azahexane
Analogously to Example 1, a solution of 0.964 g (1.5 mmol) of 1-[4-(pyridin-2-yl)-phenyi]-
4(S)-hydroxy—2-amino-5($)-N-(N-methoxycarbonyl-(L)-tert-.leucyl)amino-s-phenyl-a-aza-
hexane hydrochioride in 10 ml of DMF is added dropwise to a mixture of 0.42 g (2.4 mmol)
of N-methoxycarbonyl-(L)-valine, 0.862 g (4.5 mmol) of EDC, 0.405 g (3 mmol) of HOBT
and 1.26 mi of TEA in 10 ml of DMF. After working up, the crude produet is digested in
DIPE, filtered off and dried. Subsequent column chromatography (SiOo; hexane/ethyl
acetate: 1/1 to 3/1) vields the pure title compound (TLC: R 0.35 (ethyt acetate); HPLCop.
100: tRer 10.9. FAB MS (M+H)* = 691,



130 m of nethanol, heated to 65[err]C and converted into the title
conpound by the dropvm se addition of 50 m of a 1M aqueous potassium
carbonate sOVQPTMNO TLC. Rl err]=0.17 (net hyI ene chl ori de/ net hRREEPIYPIBFO . _
HPLC[ err]: t[err]=8.50; FAB M5 (MtH)[err] 463. 47c¢) _
1-[4-(Pyridin-2-yl)-phenyl-4(S)- hydroxy_—,?zd\} Boc- ant no- 5(S) - N- (N- net hoxy-
carbonvl - (L) -i so-1 eucyl )am no- 6- phenyl - 2-azahexane Anal ogously to Exanpl e

1, a solution of 1.62 g (3.5 mml ) of 1-[4-(pyridin-2-yl)-phenyl]-4(S)-

hydr oxy- 2- (N- Boc- am no) - 5( S) - am no- 6- phenyl - 2- azahexane in 25 m of DW is
added dropW| se to a mxture of 1.06 g (5.6 rrrml) of
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| -2-aza- _hexane, hydrochl oride in 10 i s added dropwi se to a _
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PCT/ EP97/Hydssy-2-(N-Boc-amino)-5(S)-amino-6-phenyl- 2-azahexane (Example 47 bpip 50 mit of
Exanpl e {1\
(4 (Pyr P fe 39959 cropuian tp 3 miure o 2:49.0 (14,2 mRoh of Nmethexysastony-{i)valine,
5.1 g (26.6 mmol) of EDC, 2.4 g (17.7 mmol) of HOBT and 7.45 ml of TEA in 50 mi of DMF.
After working up, the crude product is digested 2x in DIPE, filtered off and dried to yield the
titte compound. TLC: Rg= 0.42 (ethyl acetate); HPLCoaq.100: Iger= 11.92.

FAB MS (M+H)* = 620.

49b) 1- ridin-2-yi)-phenyi}-4(S)-hydroxy-2-amino-5(S)-N-(N-methoxycarbon 1-(0)-
valyamino-6-phenyl-2-azahexane hydrochloride

Analogously to Example 37f), 30 mi of 4M HCl in dioxane are added to 3.5 g (5.65 mmol) of
1-[4-(pyridin-2-yl)-phenyl]-4{S)-hydroxy-2-N-Boc-amino-5(S)-N-{N-methoxycarbonyi-(L)-
valyl)amino-6-phenyl-2-azahexane and the mixture is diluted with 5 ml of DMF. After

3.5 hours, the mixture is worked up. The title compound is obtained: TLC: A= 0.53
(methylene chloride/methanol: 8/1); HPLC0.100: fRer= 8.00; FAB MS (M+H)* = 520.

Example 50: 1-[4-{Pyridin-2-vl)-phenyl]-4(S)-hydroxy-2-N-{N-methoxy-carbonyl
val!l)amlno-s(ShN-(N-metho_)gcarbon!l-(L}-iso-leucyl)amino-s-phenyl-z-azahexane

P



| eucyl ) am no-5(S)-N (N et hoxycar bonyl - (L) -val yl ) am no- 6- phenyl - 2- azahexane
Anal ogously e 1, a solution of 0.315 g (0.5 mmol) of

1-[4- (pyri di W‘Q%W%henw ] - PCT/EPITO1860
4('S) - hydr oxy- 2- am no- 5(S) - N ( N- et hoxycar bonyl - (L) -val yl ) am no- 6- phenyl - 2-
-zahexane hydrochloride in 3 m of DW is-agded dropwi se to a m xture of
0.152 g (0.8 mmol ) of N- met hoxycarbonyl-(L)-tert-leucine, 0.287 g (1.5
mol ) of EDC, 0.135 g (1 mml) of HOBT and 0.49 m of TEA in 3 m. of DW.
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the title qamesd TN&etﬁ’{)ﬁ;cé}bda.ysg.)lzsa-hubyimﬁ@s@henyi%@iﬁerxhne 3HC!

t[err]=11.05. FAB M5 (MtH)[err The starti n% ounds are
prepar ed adExamplevy:d)4ni0 ml of DMF are reacted with 0.263 g (1.5 mmol) of N-methoxycarbonyi-

1-[4- (Pyri f@%ﬁ. g'?m@ W'dmmoﬁ)oﬁ'ﬁwwdévwﬁxasaﬂmﬁ ot OBU £ Rt BEOMEX Ktter

car bonvl - 0- 6- phenyl - 2- azahexane Anal ogousl 1,

sol ution oMMklmgglp(tBleamemmpPUDﬂ isjobptainegy, TH-Gx HHZW‘I(FU'Wh%CPﬁ}ﬂF)M 20_._100 tReF
hydroxy 2- (N o ) no phenyl - 2- azahexane (Exanple 47 b) in

' m of U(\'/rléés%g‘gwgqyr%é)wggpoamxture of 2.49 g (14.2 mmol ) of
N-rrethoxycarbonyl (L)-valine, 51g(266mm|) of EDC, 24g(177mm|)
of HOBT ang 7.4 [ 9 o Dl

product i s SfREEER = Y et =6t :
conpound. Téeviiaht S)ION4K 3-)- : ' Edﬁh&iar%?- FAB

MS ( M+ =
1oL ( Pyt dnmloBoysly 1o FXAPPE. U eSRIRaE 280 mmfsymymn@mmmumﬁm -

(L)- vai vl WPQ%IG?@S@@ K- (REABROARGr ?@Wa@ﬁ)h%ﬁ@%ﬁg@ﬂﬁ@%hﬁeﬂa@(ﬁ%}b—e

37f), 30 di oxane are a

- [ 4-(pyri dichlofidg (Exarpiawob) in(12) mhefdMK\is added3dropwiserio agisjureiot (g3 el b

|- (L h th
S o) b NineBPiibern e £uBRELF 16 lioh PR ol it Uit
| s obt ai nednd TLBB mRHETEA in 18 H1Bof DM Altenworkirigoup, died omubmlmdug(t) B/ digested in
HPL =8..00: . FAB M5 . = 520. : .
T[4 (Pyt i BIRE SRUPRAe Ry Abo Rt R reRe PR ORI RO Y692
val yl ) am naeﬂr@etwl(d&em)mmtmw conipoundoTLEUR) .32 (sthyl @cplats) yHPRCag.ahe
xane WO 97/ 4 g Ag +_
PCT/ EP97/ 0165 8Rer= 11-04. FAB MS (M+H)* = 691.
Anal ogously to Exanpl e 46, 0.96 g (1.5 mmol) of
1-[ 4- (pyl‘lgl S -hydr_ox 2- y

Analogously to Example 1, a solution of 0.629 g (1 mmol) of 1-[4-(pyridin-2-yi)-phenyl]-4(S)-
hydroxy-2-amino-5(S)-N-(N-methoxycarbonyl- (L)-valyl)amino-6-phenyl-2-azahexane
hydrochloride (Example 49 b) in 5 m! of DMF is added dropwise to a mixture of 0.303 g

(1.6 mmol) of N-ethoxycarbonyl-(L)-valine, 0.575 g (3 mmol) of EDC, 0.27 g (2 mmol) of
HOBT and 0.98 mi of TEA in 7 mi of DMF. After working up, the crude product is digested in
DIPE and purified by subsequent medium-pressure column chromatography (SiOs»;
hexane/ethyl acetate} to yield the titie compound. TLC: R 0.33 (ethyl acetate); HPLCag.
100° tRer= 11.13. FAB MS (M+H)* = 691.

(L)-tertfeucyl)aminol-6-phenyi-2-azahexane methanesuifonate salt
210 mg (0.28 mmol) of 1-[4-(pyridin-2-yi)-phenyl}-4(S)-hydroxy-5(S)-2,5-bis[N-(N-methoxy-
carbonyl-(L)-tert-leucyl)amino}-6-phenyl-2-azahexane (Example 46) are dissolved in 10 mi

S



(L)-valine, 0.446 g (1.5 mml) of TPTU and 0.78 m (4.5 nmmol) of DBU in 7
m of DWMF. After working up, the titie conpound is obtained: TLC

Rl err]=0. 4 VON#O2Qcet ate); HPLerr]: t[err]= 11.23. FAB VS RORERIIOAIED = _
691. Exanpl e 51:

1-[4- (Pyridin-2-yl)-phenyl-4(S)-hydroxy- g N- (N- met hoxy- car bonyl - (L) -i so-

| eucyl ) am no-5(S)- N (N-net hoxycar bonyl - l:')2 val yl ) am no- 6- phenyl - 2- azahexane,
Anal ogously to Exanple 1, a solution of 1.26 g (2 nmol) of 1
[4-(pyridin-2-yl)-phenyl]-4(S)-

hydr oxy- Zfamathyiehe Shiohidé Withiiehating/arsd 8.5yl (4.8 )mmal) vf nethanesoifqricasid ak azahex

hydr o- lori Ex | e 49b) .J 2. m of ' dded |
it o o Gradgde T file SomARING T prodRHERR TR SiGn ReTed 91 A0G dned LRl rS9ucER § (6
mol ) of p%%ur@aééo@ @Aarmsl(mpm EHGRE, mmmﬁ@ogbw (chk éi%hi’ﬁ% dﬂhé)%yr%

After working up, the crude product is digested PE and purif

subsequerproleps mwﬁ%mn@@%ﬁﬁ)& ﬁeﬁﬁa(&a@r &W (9$3| 896 (hék &rﬂﬂ E?taﬁ)laﬂd
tat L d.the.t 32 t hyl tat
FL e 1 90 SotiR Bidrsle S SRR oy tpg Sk 27 b0, Y 0 = O

1-[4- (Pyr|d|n 2-yl)-phenyl]-4(S)- hydroxy 2- N-N- (N- et hoxy- car bonyl - (L) -val yl

)- am no- 5- (S)-N-(N-rret hoxycar bonvI L) - val yl)am no- 6- phenyl - 2- azahexane
Anal ogoudiXampie P@:h prifi-hr rid-2-yi}-pheny 5)-hydroxy-5i hisIN-(Nsmethoxycarbony!-

1- [ 4 (pyid (dhs
ydr oxy- 2=
(L)-val ylm @1094 n’fmﬂﬂ)'bf Q{‘H@&MWP"WUWSJ -ydrobey-SE)-2pba[NHN-methoxys i

N et hoxy EABNGILTERH Ry SrEnaLS B B SZandiss (rkatmble 48 570 dsSpvert sy
HOBT and cﬁb)&%enénd)és A= mMH@son&aoDwdxo&aﬁ@armdeunvhél Fasuiting prédigigate fsoduct
I's digested in DI PE and gurlfled -1\( subs?guent medi um pressure col um

chr omat odiftaiesof{ andgried; BdMHA ™ 5706a( BINMB (GDaPB) ﬁﬂ@mmuselﬂécﬂfﬁw
TLC er, t Il

(M+H)|[Q[ Ip?lldggﬁot()ﬁé Exihe%fe% l%%@)in bidck&ef sk B.81 (86) 8. éh? 8} 83 (7¥)Ca¥B

1-[ 4- (Pyv@5p Elémemem)dl?sasl(aﬂhe inydrape g theSitle Zofmpbund: NBl(fbHrlmmtB%Vm bonyl -
(L)-tert-| yl )am noj - 6- phenyl - 2- azahexane mnet hanesul fonate salt 210 ny
(0.28 mr§%Bt

1-[4-(pyridin-2-yl)- phenyl] 4(S) - hydroxy-5(S) - 2 5- bi s N- ( N- et hoxy-
g:’i;gglnzle L) - eg éeelgt%/sgl I noj 9?/ zgg%l 2- azahexane (Exanpl e 46) are

PCT/ EPO7/p0stfHe-fi ltered aqueous solution, contamm 20 % clodextnns as solubxhsb?ébfone obf
met hyl ene chl ori de W|t eatln erﬁ

rethyl eng shlor de w il hyst g and 155 Lo oGRS EHAMPISSP L 1A tite oMUY
ether, figohfERSmAIbI2) 28GhcHvd Rgrdditelis 56 Mi%&d! with heating and under aseptic -

conditions, with a sterile gelatin solution containing phenol as preservative that 1.0 ml of

solution has the following composition:

active ingredient 3mg
gelatin 150 mg
phenol . 4.7 mg

dist. water containing 20 % cyciodextrins
as solubiliser , 1.0ml

Example 56: Sterile dry substance for injection:
5 mg of one of the compounds of formuta | mentioned in the preceding Examples (for

exampie the title compound from Example 3) as active ingredient are dissolved in 1 ml of an
aqueous solution containing 20 mg of mannitol and 20 % cyclodextrins as solubiliser. The

o~



pressure at 50C. FAB M5 (MtH)[err]- = 705. 1H- NVMR (CD30OD) (chem cal shifts
of the pyridi ne rotons of the free base in brackets); [err]: 8%&%8%
8.65 (7.9), WO¥/A4M2%) g 05 (7.35) and also, in addition, sigh 110

met hyl group of the salt: [err]: 2.7 ppm Exanpl e 54:
1-[4-(Pyrid-2-yl)-phenyl ] -4(S)-hydroxy-5(fg 2, 5-bi s[ N- (N- net hoxycar bonyl -
(L)-tert-Ieucyl)am no]-6-phenyl - 2- azahexane hydrochl oride salt 70 ng (0.094
mol ) of 1-[4-(pyrid-2- yI) pheny] 4(S) - hydroxy-5(S) -2, 5- bls[N-(N-rrethoxy-
carbonyl - (L)-tert-Ieucyl)am no]-6-phenyl - 2- azahexane ( l e 46) are -

di ssol ved $aiutipmis starilet Kﬁ(&ﬁ@"ddﬁwengfﬁtﬁC}qndHP"ﬁ' 'l!’éwmedéﬁotﬁ? A amP°H|emxane

1 S0 IR g B S bl ektied e o AR

t he free baater on1imlat physu)lpglpalraa]me S heisqlgion)is agmsstemdgptrawuwlqnym 8.05

(7. 35) El e tal an und:
5 oot car ey T FrifHiohidin Y 0 fuBlyeifitd dd i b tiefdenhf
aqueous so&ymgeﬂ, contai ning 20 % cycl odextrins as sol ubiliser, of one of
t he”conpounds of formula | nentioned in the preceding Exanples (e.g. the
title conpound from Exarrpl e 2) as active'ingredient, is so mixed, with
heat i ng angy es7aNaRill nditions, wth a steri I_e_ .gelatin solution .
conta i g ECRO e Rt A Pl e S e DAl i

3 ng gel atjhiihe preceding Examples (for example the compound from Example 4) are suspended as
150 ng phenol

4.7 g di sactrvamg.sedtgotnn@ mixuse 2036 rol ef Mygival ﬁnasa@céw&wbangﬂralcoho! The

1.0 m e dr hst ncefor ect on g of

t he corrpmﬁ‘\ﬁgg 10R Fr'ﬁé?i”qedﬁﬁtﬁt%/%ﬂ?g ﬁ?’ M 3”933, ‘é‘\%(gn(gggg’:ﬁ%ﬁ%exanpl e
the title @RERPSAfudroRBHaRRIRAG: Mariesf @@Pét‘ﬁ?aﬂeﬂﬁfr&ﬂ]c%ﬂtunaéﬁpr@b&ﬁe ltvetgh thel
m of an aqueous solution containing 2 of mannitol and 20 %

cycl odext rvaie igtp thgicgplainesethe “freon™is d'SSO'VeWD the Mysiysbenzy! alcohol mixture by

PCT/ EP97/ %@ﬁ The spray container contains approximately 100 single dosed which cand@l Uti on
Is sterile- P'tgered gn under asepti cppcondl t |yons |%t roduced into a 2 nl

ampoul e, mﬂﬁﬁﬁémwa“yophl |ised. Before use, the |yophilisate is
dissolved in 1 m of distilled

Example 58: Film-coated tablets _
The following constituents are processed for the preparatioh of 10 000 tablets each

comprising 100 mg of active ingredient:

active ingredient 1000 g
corn starch : 680 g
colloidal silicic acid 200g
magnesium stearate 20g |
stearic acid ' 509
sodium carboxymethy! starch 250g
water ' guantum satis

A mixture of one of the compounds of formula { mentioned in the preceding Examples (for
example the compound from Example 5) as active ingredient, 50 g of corn starch and the
colloidal silicic acid is processed with a starch paste made from 250 g of corn starch and
2.2 kg of demineralised water to form a moist mass. That mass is forced through a sieve of
3 mm mesh size and dried ina fluidised bed dryer at 45° for 30 min. The dried granules are



water or 1 m of physiological saline. The solution is adm nistered
intranuscul arly or intravenously. The formnulation can al so be introduced
into doubl Q@ 'é‘?%%?r di sposabl e syri nges. Exanpl e 57: Nasal PEPERY01860 ny
of finely ground (<5.0 nm) powder of one of the conmpounds of fornula I
mentioned in the precedi ng Exanpl es (fqh“exarrpl e the conpound from Exanpl e
4) are suspended as active ingredient a mxture of 3.5 m of Mglyol
812[err] and 0.08 g of benzyl alcohol. The suspension is introduced into a
contai ner having a netering valve. 5.0 g of Freon 12[err]

(di chl orpwtisfeuumougham‘me; oftirrachemnash Bizef mixeBwith)a prremouawrste:vedmixmrmler mm

h | ' h .S, di | ved
Phe MyoryoR) BLas b SErdBiskiieh: g miabMesiiah Sere. thnstean 850a50oP st ai ns
appr oxi eetbixymétiyl starghl andicoepresdedcto form slightipdohvexstablets] | ndi vi dual 1y.

Exanpl e 58: Filmcoated tablets The foll ow ng constituents are processed
for the preparation of 10 000 tablets each conprising 100 ng of active

i ngr edi gxhmple g@t@la@ulgggnedl ent _
1000 g corn starc
680 g cé\samerunddram ene ohthepfore-mentioned Examples (e.g. the title compound from

200 g &oRised (particl bout
20 g srggraﬁ@‘é;@: is il {particle size about 1 to 100 um) using a customary knife mixer

50 g sode.gnirmixjo @lumniwif 68 {bipeipolymer of polyethylene and polypropylene glycols;
250 ¢

tum -
sati s Nyandette Chept ot Mehians: LS sisvcbtainatis from Emialpufrpacdrach IR .
precedi agBEsmsl lmaw(sfeqmcml usirig @ casioPRANRixXer afd theoifdseohlentls refovee -~ - -
i ngredi ent corn star ng%\d the col]loidal silicic,_ aci d i S Rr ocessed
W th o SPRBA RO R e UG a5elon 16050 of SerRmaobareplaed i
demi ner ?Ids§%ak&téﬂd 1.90 Gt meamiﬂﬁbﬁ!sed@é‘tﬁfe ﬂ@%&leﬂﬁ%%d§of Pledmes thhtertidr a
sieve of 3 mmnesh size and dried in a fluidised bed dryer at 45[err] for

30 mi n. Hiyeonie F 68 and:1:20 g of hydroxypropyimethy{gelinipsa (Oeltylose HP-M-603 from Shin-

PCT/ EP9 . ressed
t hr oug h%sqélég e'°8§ Lfd'm-!r.?%é Hpg??eéddr%d X e'tcs1 WT'P‘P %sue)g 3\7"’3[?? Id)? vnc%ﬁ@%l}jwng‘rgt ure
(1 mns FBG))comblm@ atoathedstiten (diametdre4dragm)csfining spesd: 2000 revimirgt ear i ¢
acid an wengl mm?x ted stlmng at the speed indicated produces a suspension of pasty consistency
which is intfroduced into hard gelatm capsules (20 x 40 mm; R. P. Scherer AG, Eberbach,

FRG).

Exampie 60: Capsules (il):

For the preparation of 10 000 capsules comprising 100 mg of active ingredient (from one of
the afore-mentioned Examples, for example the title compound from Example 7) per
capsule, the following constituents are processed as follows:

active ingredient | ' 1000 g
®p|uronic F 68 1000 g
hydroxypropyimethyiceilulose ' 1000 g
‘sesame oil _ | 1000 g

(for origin of constituents see Example 10)

The sesame oil is placed in a heatable vesset (Fryma) and the *Pluronic F 68 is scattered
in. The vessel is heated at 60°C and the *Pluronic F 68 is distributed with stirring (duration

" about 2 hours). With stirring and homogenisation, the mixture is cooled to about 30°C. The

o~



car boxymet hyl starch and conpressed to formslightly convex tablets.
Exanpl e 59: @Pﬂ(yoﬁﬁ (1) A conpound fromone of the afore-nment pgpgder01860
Exanples (e.g. the title conmpound from Exanple 6) is mcronised (particle
size about 1 to 100 [err]nm) using a customary knife m xer (e.g. Turm x).
[err]Pluronic F 68 (bl ock polynmer of pol.yweshyl ene and pol ypropyl ene
glycols; Wandotte Chem Corp., Mchigan, USA; al so obtainable from

Enkal yx, France; trade mark of BASF) is |ikew se mcronised using a

customary m xer and the fines content j.s remved using a siev . 5.nmm)  and
Gsed fur { ISHGRPBBYEesibies 2R (68 achie BEERIERE aff srabiaredinarg) Wit 34EHbe
and 1.20 %nafhc{r#@Feliﬁigaﬁeﬁ (it 2 Houyedistbutst intfe oil m2es ITY siispensibn oF pastpt ent
of [err]Pluronic ™ 68 and 1.20 g of hydroxypropyl nethyl cel | ul ose (Cel] ul ose
HP-M 603 fcopsistentyis iptraduaeddniphigrd ge DFaM%&'ZﬁF‘;: ahiedar e¥amplesfromi ng

using a Sté%do%} ﬁi{déé—ff)%v(ek *féag)%bm &r¥ett gatathi adulés Do prh aarohpsia.sm ScHirer
(di aneter: mm) (stirring speéd” 2000 Tev/mn). Twenty mnufes' stirring
at the spddl Ebetbacht FRG usigustamay APPAEAYHR of pasty consistency which is
i ntroduced into hard gelatin capsules (20 x 40 mm R P. Scherer AG

Eber bach, FRG. Exanpl e 60: Capsules (I1): For the preparation of 10 000
capsul es s 6hDigp@siog: of active ingredient (fromone of the.

per capsurer e erepareRBiieha Renti Henpieiay (20 Sug SRRV Inarb@BITWF eheet, .

i ngr edi entabiy the title compound from Exampie 46), the following constituents are proced$éiDag)

[err]Plurgonic F 68 _ - 1000 g
hydroxypr@ﬁ?ﬂﬁ%thylcelIulose - 1000 g sesane - -
oi I~ 1000 g (for
origin of constituents see Exanple 10) The sesane oil is placed in a

heat abl e Retiveingedignta) and the [err]Pluronic F 68 is scatted@OMI The

vessel i s°KietHdr gydiéiyproplyicelinidse; Herbeles,|Genmang) ¢ F 68 is di ghlpihyted with
stirring (duration about 2 hours). Wth stirring and honogeni sati onh, the

m xt ur e i STweeh @d (palycryetitylede|serbifal. mdhaaurate; . WO 97/ 400200.0 mg
PCT/ EP97/ 01860 . -125 -
hydr oxypr opyl net hﬁ"ﬂ@' Buekss Swizeiand) active i ngredi ent are scattered in

and, W t hdshiindraidkd water 10.0 mi

The demineralised water is placed in a container; the hydroxypropyicellulose is scattered in
slowly with stirring using a magnetic stirrer and allowed to swell for 1 hour. The polyoxy-
ethylene sorbitan monolaurate is then added and the mixture is stirred for 5 min using the
magnetic stirrer. Finally, the active ingredient is added and the mixture is stirred for 15 min
using the magnetic stirrer. '

Example 62: Inhibitory activity in respect of HIV-1-protease
Using the test system described above with the icosapeptide RRSNQVSQNYPIVQNIQGRR,

the 1Cs, values given below are obtained for the following Examples:
Example 1Csp (uM)
0.032

0.014
0.041



and honogeni sation (about 1 hour), distributed in the oil mass. The
suspensi on, of _pasty consistency is introduced into hard gel atJ es
(size 0O; aﬂ?3Wﬁgﬁ?e, for exanple, from El anco or Parke-Davigé ?%%%ﬁ%%gl))~
or soft gelatin capsules (20 mmoblong; R P. Scherer AG Eberbach, FRG
usi ng customary apparatus.  Exanple 632eDi spersion: For the preparation of
a di spersion conprising 120.0 ng of active ingredient/10 m (prefer- ably
the title conpound from Exanple 46), the follow ng constituents are
processed as follows: active in di ent

120.0 ng [err] Klucel HF (hydrox§B&%§ylcellulose; Her cul es, GCermany)

50.0 ng [err] Tyeen 20 (pol yoxyeidw! ene sorbitan nonol aurat e,

100.0 ngy Fl uka, Buchs, Switzerland) dem neralised water

10.0 M The d&nineralised wat &03% placed in a container; the
hydroxypropylceblulose is scattgyeqgin slowly with stirring using a
magnetic stirrer and allowed to swell for 1 hour. The pol yoxy- ethyl ene
sorbitan nonol adate is then adde@! and the m xture is stirred for 5 nin
using the magnetjc stirrer. Fingdy the active ingredi-ent is added and the
mxture is stirfed for 15 mn using the magnetic stirrer. Exanpl e 62:
Inhibitory activioty in respect @02l V-1 -protease Using the test system

descri bed above 1\évi th the i cosapqp@&de RRSNQVSQNYPI VONI QGRR, t he 1 C50. val ues
bt ’ '

gi ven bel ow are ained for the Toll ow ng Exanpl es: Exanpl e
I C50 ([err]M 12 1 002. - . - 0.032 - 2
0.014 _ 3 0.041 WO 97/ 40029
PCT/ EP97/ 01860 13 0.032 - S

14 0.031

15 | 0.05

16 . 0.033

17 0.018

18 0.025

19 0.022

20 " 0.015

21 0.043 -

22 0.04

23 0.034

24 - 0.05

25 c.1

26 0.021

27 - 0.027

27 (-methyl-1H-  0.051

tetrazolyl isomer)

28 0.083

29 ' 0.014

30 0.054

31 0.171

34 0.072

35 0.058

37 0.029



P

126 -

01
037
031
. 018
. 015
. 034
. 021
tetrazol yl
0. 014
34,

0. 029

OCoo0o0O0O0O0O !

PCT/ EP97/ 01860

-

4
9W0 97/40002'9022
12
15
18
21
24
57 38
i somer) 39
30
*h72
WO 97/ 43029
42
43
44
45
46
47
48
49
50
51
52

0. 038
7
0. 019
0.02
0. 05
0. 025
0. 043

0. 05
0. 0277085

28 0.012
95 0021
0.032
0.015
0.037
0.029
0.012
0.026
0.04
0.031
0.02
0.028
0.034
0.034

5 . 0.04
0.013 8
10 0. JFVEPITI01§6D
13 0. 032 14
1827 - ©0.033 17
19 0. 022 20
22 0. 04 23
25 0.1 26
27 (1 -methyl-1H  0.051
0. 083 29
31 C0.171
0.058 37
_127-

Example 63; Protection of MT-2 cells against HIV infection

Using the afore-mentioned test system, in inhibiting the infection of MT-2 cells by the virus
strain HIV-1/MN the title compound from Example 46, 1-[4-(pyridin-2-yl)phenyl]-4(S)-
hydroxy-s(S)-2,5-bis[N-(N-methoxycarbonyl-(L)-tert-ie_ucyl)amino]-s-phenyl-z-azahexane,
has the foliowing EDg value: EDg = 0.003 uM.

Example 64: Blood levels in mice: _
Using the afore-mentioned test system for the determination of the pharmacokinetics of

compounds of formuia |, the titte compound from Example 46, 1-[4-(pyridin-2-yl)phenyi(]-
4(S)-hydroxy-5(S)-2,5-bis[N-{N-methoxycarbonyl-(L)-tert-leucyl)amino}-6-phenyl-2-
azahexane, exhibits in mice the following blood levels after oral administration of

120 mg/kg:

Plasma level (uM) of title compound of Example 46

30 min

21.83

90 min after administration

31.76



38 0. 085 39 0.012 .
40 0. 021 41 0.

42 WO 97140029 ( (15 43 | 0.1’8%?"”’7’“‘8‘“
44 0. 029 45 0.012

46 0. 026 47128 - 0.04

48 0. 031 49 0. 02

50 0. 028 51 0. 034

52 . s@gﬁml 63: Protection of MI-2 cells against
HV infe xample 65: Forrlidtih as ned test system in inhibiting the

i nf ect i oTheffoivfiulaticretoraptisest 108 ma pﬁmestttlea:ompeumd fronN\Exaroplei48 as agiivpound

f I
nyar oy St 1Bperia bhienRlalac e BATK).iqsfliBksHr-at.009,sice gef Gerostln 5
-azahexamo) hAg delonisbdiwae @@)EDY0 val ue: ED90 = 0. 003 [err] M. Exanple

64: Blood levels in mce: Using the afore-nenti oned test systemfor the
determ nati on of the pharnacokinetics of conpounds of formula I, the title

conpound E%ﬁmlﬂarﬁﬂrﬁlu@wnhssé iyl n-2-yl ) phenyl] -

4(S) - hyd 5 N- t b t-1 6- ph
n§/l ); - yarirgﬁef mat'@kFﬁ‘BP‘f sl1 rre F'P%C %?é)fggwé’%ﬂ'ﬂﬁdawﬁg aég?nfle’%o!)r al Phe
admi n' st r.ﬁg;rbeienpfs rﬁ& @t Ga{mgse-HPM-aoa, 40 ng%b%ﬁﬁﬂe%?lb?hoﬁdoﬁérathoQBIeTé%&tpn@g

conpound O
after adrwaiﬂ’s@dém'on 21. 83 31.76
VWO 97/ 40029
PCT/ EP97/ 01860 - : - 128-
Example 67: Analogously to one of the afore-menttoned rocesses, there are prepared:

A) 1-[4-(pyridin-2-yl)phenyll-4(R)-hydroxy-5 (_S)_-2,5-b|s[N-(N-methoxycarbonyl-(L)-tert-

. leucyl)amino}-6-phenyl-2-azahexane; | '
B) 1-[4-(pyridin-2-y)phenyl]-4(R)-hydroxy-5(R)-2, 5-b|s[N-(N-methoxycarbonyl-(L)-tert-

. leucyl)amino]-6-phenyl-2-azahexane;
C) 1-[4-(pyridin-2-yl)phenyl]-4(S)-hydroxy-5(S)-2-[N-(N-methoxycarbonyl-(L)-tert-leucyl)-
amino]-s-[N-(N-methoxycérbonyl—(D)-tert-leucyt)amino]-s-phenyl-z-azahemne; or
D) 1-[4-(pyridin-2-yl)phenyi}-4(S)-hydroxy-5(S)-2-{N-(N-methoxycarbonyl-(D)-tert-leucyl)-
amino]-5-[N-(N-methoxycarbonyl-(L)-tert-leucyl)amino}-6-phenyl-2-azahexane.




Exanpl e 65: Forrrul ation m&‘*ﬂl n gﬂlThe formul ati on conprises 100 ngy
of the title dfr E active ingredient,
racem c | actw g@?@g(% Bﬂ M 603, silica gel (Aglgcom T@;f?d&o

and dei oni sed water (2 g). ExanDl e 66: Formul ation as solution (11): The

formul ation conprises 18.4 ng of the titds@oconpo ) b as -
active ingredient, 5 ng of Cellul ose- HPM 603, 40| MjlSSHEE Sy B ol i done
and doubl e-distilled water ad 1 m . Exanpl e 67} Anal RERIAEED to. ohe of the

af ore- nent i oned Pr.oc sses, there are prepared: A)

1-[ 4- (pyr iﬂﬁﬁl-‘é-ﬁ,é}:'ylsﬁé%w ] - 4(R) - hydroxy-5(S) -2, 5- bi s[ N- (N- et hoxycar bony! - (
L)-tert- |eucyl)am no]-6-phenyl -2-azahexane; B)
1-[4-(pyridin-2-yl)phenyl]-4(R)-hydroxy-5(R)-2,5-bis[ N (N et hoxycarbonyl - (
L)-tert- |eucyl)am no]-6-phenyl -2-azahexane; C -

1_|[gug5|y;|1d|£cgmzl )ymgﬂxéfﬁ&aapydroxy 5(S)-2-[ N (N-net hoxycar.bonyl - (L) -ter

am no] - 5-[ N- (N- net hoxycar bonyl - (D) - tertRI eucyl)am noj - 6- phenyl 2- azahexane;

or D

1-[4-(pyridin-2-yl )phenylﬂz4( S) - hy ﬁox{ - 2- [N%(N-rret hoxycar bonyl - (D) -ter
t-leucyl)- CH NH

am no] - 5- [ N- (N- et hgx\yc,a( ' ﬂ) ] 6- phiMyl - 2- azahexane.
- 129 - What is cl dithed cl ai ms I}"'rjo ansl ion only, not as filed)

¥. A conpound of the forrrulca I [err]
: R,

wherein

R is lower alkoxycarbonyl,

R. is secondary or tertiary lower alkyt or lower alkylthio-lower alkyl,

R, is phenyl that is unsubstituted or substituted by one or more lower alkoxy radicals, or
C,4-Cecycloalkyl,

Rq is phenyl or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyl that -
is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and sulfonyl and is
unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl,

Rs , independently of R, , has one of the meanings mentioned for R,, and

Rs , independently of R, , is lower alkoxycarbonyl,

or a salt thereof, provided that at least one salt-forming group is present.

2. A compound according to claim 1 of formula la,

N /(!H NW )\/ ()

- NH Y N"' CH

Rs

wherein the radicals are as defined in claim 1,
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wherein RL is |ower Hmmmllmmﬂ”ﬁm' s secondary or tertiary |ower

al kyl or 1 ower_ alk Ith|o is phenyl that is unsubstituted or
substit ut e®Y7¥9% or noré | buet koxy radi cal s, or C4- C8cyBFE&EFRPI864x, j s
phenyl or cyclohexyl each substituted in the 4- position by unsat ur at ed
heterocyclyl that is bonded by way of aq4g.ng carbon atom has from5 to 8
ring atons, contaitns from1l to 4 hetero atons sel ected from nitrogen,
oxygen, sul fur, sulfinyl and sulfonyl and is unsubstituted or substituted
by | ower al kyl "o by phenyl-tower al kyl, R5, independently of R2, has one
of the meanings nentioned for R2, and R6, independently of RL , is |ower

al koxycaghpg mereo?rprav@emnét'asere‘ag{onaogawoﬂﬁ tdraip At Lpr k&Gt one

salt- form ng group I's present oun accor Ing to claim1l of
formula lI'a, [err] wherein the radlcals are as defined in claiml1,
WD 97/ 4 .
PCT/ Epgg:?ﬁg%pound of formula fa according to claim 2, wherein . 130 -
or a salR, ishewarcdikoxycarbodgld t hat at ‘| east one salt-forni ng group is

oner  ai Rt AR AL s orEBY oy 1 222%313? o fert oyl o RS
Ra is phenyl or cyclohexyl, - _
R, is pheny! substituted in the 4-position by one of the following radicals bonded by way of
a ring carbon atom: thienyt; oxazolyl; thiazolyl; imidazolyl; 1,4-thiazinyl; triazolyl that is
unsubstituted or substituted by 1-methyl-1-phenyl-ethyl, tert-butyl or by methyl; tetrazolyl
that is unsubstituted or substituted by 1-methyl-1-phenyl-ethyl, tert-butyl or by methyi;
pyridinyl; pyrazinyl; and pyrimidinyl;
Rs is isopropyl, sec-butyl, tert-butyl or methyithiomethyl, and
Rs is lower alkoxycarbonyl,

- or a salt thereof, provided that at least one salt-forming group is present.

4. A compound of formula la according to claim 2, wherein

R; is methoxycarbonyl or ethoxycarbonyl,

R is isopropyl, sec-butyt or tert-butyl,

Rs is phenyl, '

R, is phenyl substituted in the 4-position of the phenyl ring by 2- or 3-thienyl; thiazol-5-yl,
thiazol-2-yl; 2H-tetrazol-5-yl that is unsubstituted or substituted in the 2-position by 1-
methyl-1-phenyl-ethyl, tert-butyl or by methyl; 1H-tetrazol-5-yl substituted in the 1-position
by methyl; pyridin-2-yl; pyridin-3-yl; pyridin-4-yl; or by pyrazin-2-yl;

Rs is isopropyl, sec-butyl, tert-butyl or methytthiomethyl; and

Rs is methoxycarbonyl or ethoxycarbonvt;

with the proviso that at least one of the two radicals R; and Rs is teri-butyl, provided that R,
is phenyl substituted in the 4-position of the phenyl ring by 2- or 3-thienyl; thiazol-5-yi;
thiazol-2-yi; 2H-tetrazol-5-yi that is unsubstituted or substituted in the 2-position by 1-
methyl-1-phenyl-ethyl, tert-butyl or by methy!; 1H-tetrazol-5-y! substituted in the 1-position
by methyl; pyridin-3-yi; pyridin-4-yl; or by pyrazin-2-yi;

o



R3 is phenyl or cyclohexyl, R4 is phenyl substituted in the 4-position by
one of the fgll r adi cal s bonded by way of a ring carbon ' | ;
oxazol yL; thWQz%( PZ% i mdazolyl; 1 ,4-thiazinyl; triazolyl thﬁ%ﬂ%lgw © -

unsubstituted or substituted by 1- rret hyl -1-pheny| -ethyl, tert-butyl or by

nmet hyl ; tﬁlmu unsubsti t ut ed. g81 substi tuted by
1- et hyI u” ,”mert butyl or by nmethyl; pyridinyl; pyrazinyl; and
pyrim dinyt; R5t sHi seprepyl, sec-butyl, tert-butyl or nethylthionmethyl,

and R6 is | ower al koxycar bonyl, or a salt thereof, provided that at |east
one salt-formng group is present. 4. A conpound of fornmula la according
to clai m 2, yesik fiefedtprovidsaitharat fets BAY salforaiinPyrpaplidpresbnt. R2 is
|sopropyl sec-butyl or tert-butyl, R3 is phenyl, R4 is phenyl substituted
in.the 4 p03|t|on of the phenyl rlng by 2- or 3- thlenyl thiazol - 5-yl ;

thi azol - Brmo)h ak o'\HHIMEE Whiskdigd or substituted in the
2- p05|t|on by %H‘pbﬁﬁ(?}@f ’Ppheny -eth |, tert- butylI or by methyl; 1
H-tetrazol RBlsyhettlamaernyéﬁfeﬁmW@bem tion by methyl; pyridin-2-yl;

pyri di n- 3 Myl I razin-2-yl; R5 is |sopropyl , sec-butyl,
tert-butyl s'%rh ! e‘EH&tyl&te@-‘éu@Y% s met hoxycarbonyl or

et hoxycar begsthenthh the proviso that at |east one of the two radicals R2

2? SOE i5t : 3n g{st‘% E@%‘Heﬁ@ Of/‘ g@ %gﬁhﬁﬁolpﬁw%})pﬁn@%kpw ﬂﬁ %yﬁﬂpked 'pP4-(J2 -methyl-

t hi azol - 2-terazalt$-yipphemg - 5-yl that is unsubstltut ed or substltut ed in the

1ot o 5 gpprdictacc gl e o foosianay andt oy "oy ol sy

pyridin-4-glis rﬁéthbyydamm Br ethiwkycarbonyl; WO 97/ 40029
PCT/ EP97/ 01860 131 - or a salt thereof, provided that at |east one
salt-formng group is present. 5 A corrpound of fornula la according to

claim2, vhef frereftbly Bhafridtaiicaly aeseptalie) Siif XML HIOVINE that at least one salt-

forming group is present.

6. A compound of formula la according to claim 2, selected from the following compounds:
1-[4-(thiazol-5-yl)-phenyl}-4(S)-hydroxy-2-N-(N-methoxycarbonyl-(L)-valyl)amino-5(S)-N-(N-
methoxycarbonyl-{L)-tertleucyl)amino-6-phenyl-2-azahexane;
1-[4-(thiazol-5-yl)-phenyl]-4(S)-hydroxy-2-N-(N-methoxycarbonyl-(L)-iso-leucyl)amino-5(S)-
N-(N-methoxycarbonyl- (L)-tert-leucyl)amin6-6-phenyl-2-azahexane;
1-{4-(thiazol-5-yi)-phenyi]-4(S)-hydroxy-2-N-(N-methoxycarbonyl-(L)-S-methylcysteinyl)-
amino-5(S)-N-(N-methoxycarbonyl-(L)-tert-leucyl)amino-6-phenyl-2-azahexane;
1-[4-(thiazol-5-yl)-phenyl}-4(S)-hydroxy-2-N-(N-ethoxycarbonyl-(L)-valyl}amino-5(S)-N-(N-
methoxycarbonyl-(L)-tert-leucyl)amino-6-phenyl-2-azahexane;
1-[4-(thiazol-5-yl)-phenyl]-4(S)-hydroxy-2-N-{N-methoxycarbonyl-(L)-tertieucyl)amino-5(S)-
N-(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane;
1-{4-(thiazol-5-yl)-phenyl}-4(S)-hydroxy-2-N-(N-methoxycarbonyi-(L)- tert-leucyl)ammo—S(S)
N-(N-methoxycarbonyl-(L)-iso-leucyl)amino-6-phenyl-2-azahexane;
1-[4-(thiazol-2-yl)-phenyl]-4(S)-hydroxy-5(S)-2,5-bis- [N-(N-methoxycarbonyl-(L)-tert-leucyl)-
amino}-8-phenyi-2-azahexane; . |
1-[4-(thiazol-2-yl)-phenyl}-4(S)-hydroxy-2-N-(N-methoxycarbonyl- (L)-tert-leucyl)amino—'s (S)-
N-(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl-2-azahexane;



4-(thiazol - phenyl phenyl, 4- (pyr| di n- 2- henyl
or 4-(2- né’t’ﬂ?%/’!‘ OF%trazoII i's |sopropyl seck SEB%P;'MI% ..

R is |sopropyl sec- bUti/I!ﬂ r,i, ert - buti/l, R3 is phenyl, R4 is
ﬂ |
tert-butyl or methylthionet hyI - and sR6 I s met hoxycar bonyl or

et hoxycar bonyl ; or a (preferably phaygaceutically acceptable) salt

t her eof , provided that at | east one salt- formng group is present. 6. A
.compound of fornula la according to claim?2, selected fromthe foll ow ng
conpound

-[ 4- (thit a[édtlm@ow)yl)pnmwﬂ S chyAraRyR-biriN- mewwam@wy)dgﬂﬂwvyl)amm &8yl ) am
| N0~ S SN (N-fefdtndXG LA BENIRE PRBYEucy hamirold-phEifivl ARk - Phenyl - 2- azahexane;

|4 (4 i oy 2y ey S g2, 2R me ooty ) Vel N
yl)am n

l\l—(l\l—rregFPg'%?&'a%ﬂﬁ?ﬁxaPE) tert-I| eucyl)am no-6-phenyl - 2- azahexane

- f (t hlnqaqbyrmmw)menyw@smMrmm(ﬁQm%meM—mafawwmémﬂ-w hylc |
ystei ny

ani no- SUQ“WE’?PHBY'%&MPBWW??_? -Rhepy-2-8ZRRA*PA% MWL 6- pheny ! - 2- azahexane:
C1-[4- 21! |
[4-(t hl[ﬂ%&viyl) miaawhlsﬁ{ya)m@mm(wm “‘f’y‘f) amm_ hﬁ{/&}‘l‘)auﬁhﬁ (g)-y! ) am

|no 5(8?\l hoxycar bony )-tert-le azaheXxane;
(N-methoxycarbonyl-(L)-valyl)amino-6-phenyl—2-azahexane,

[4 (t hi azol -5-yl)-phenyl ] -4(S)-hydroxy-2-N- (N-nmet hoxycarbonyl -(L)-tert-leu
cyl)am no-5(S)- N (N nethoxycarbonyl -(L)-val yl)am no- 6- phenyl - 2- azahexane;

- 1- { 4( t horincdach-opse aphanyhdeuticaly anoeptable salithétaofmrodded thabasalt-fgrming ert - | eu
cyl-)am Q% (léé sent.
N- (N- met’ho onyI (L)-iso-1eucyl)am no-6-phenyl - 2- azahexane; 1

-[4-(thi azol 2-yl)-phenyl]-4(S)-hydroxy-5(S)-2, 5-bis-[ N (N nethoxycarbonyl -

L)-t

17 Ct A BamBobie BFofBH s Baing 7 B ESMAd - thiszok S B A or ¢ - 1
ucyl ) anhvdroﬁs( 5iS) Z\B(b&mmﬁmwmvmbwyi«mterﬂéwy»mlﬁorﬁphwmazﬁhmX ane;
WO 97/ 40029 PCT/ EP97/ 01860

3o _or a galt thereof. :

(thiazol -2-yl)-phenyl]-4(S)-hydroxy-2-N (N nethoxycarbonyl -(L)-tert-Ileu
- Bt SOTRPUIA QT DTDYIEI8 BErUEOP 1 SIHR PP et uh 2 ApEazo 5-1)-

( PYphétiyl): ﬂsrh%r%ﬁﬂbé)lz éﬁ@n@a@ﬁ@ﬂ%x?&§bor?y!-¥t)%ﬁ1é&yi)ﬁhﬁ%] -BpReapdony| -
val yl ) am no - 2- azahexane;

(pyaz@axaaewr)aﬁmtsthwepfq S) - hydr oxy- 2- N- ( N- net hoxycar bonyl - (L) -val yl ) am
5(S)-N- (N net hoxycarbonyl -(L)-tert-1eucyl)am no-6-phenyl - 2- azahexane;

o1
-[ 4-
cyl
N- (
-[ 4-
(L)-
[4-
i no-
d1
aF4 ( py®i Alicompoyng ofoemylajia a(:cgrdngdo clajm 2-nanied Iri4-tnyxidined-pbphenylit4(S)ert -1 eu

oY1) 2 ey 2 A RGBSR SRR e

or a salt thereof.

10. A compound of formula I* according to any one of claims 1 to 9, or a pharmaceutically
acceptable salt thereof, for use in a methods for the treatment of the animal or human body.

11. A pharmaceutical composition comprising a compound of formula [* according to any
one of claims 1 to 9, or a pharmaceutically acceptable salt of such a compound having at
least one salt-forming group, together with a pharmaceutically acceptable carrier.

- 12, The use of a compound of the formula I* according to any one of claims 1 to 9, or a
pharmaceutically acceptable salt of such a compound having at least one salt-forming



or in each case a phar eutii(:,alll ,accept able salt thereof, provided that a
salt-formn 0 Is p ﬁ npound of fornulalagef&i,gl;,d]gmto
claim2 na a’g!‘f#ﬁ@umwaMﬂ u, mm]-4(3)- s
hydr oxy-5(S) -2, 5-bis-[ N-( I\I-CrretLhofycér bonyl - (L)-tert-1eucyl)-am no] -6-phenyl
- 2-azahexane, or a salt thereof. 8. A gggwpound of formula la according to
claim2 nanmed 1-[4-(2-nmethyl-2Htetrazol-5-yl)-

phenyl ] -4(S)-hydroxy-5(S)-2,5-bis-[N (N nmethoxycarbonyl-(L)-tert-|eucyl)am
oo hepcrvapnamiel o SRy Rl S5esitonf o FHGy hlod 81 2 12
hydr oxy- 54}t priteaseMt Hiwmet hoxycar bonyl - (L) -tert -1 eucyl) - am no] - 6- pheny!
- 2-azahexane, or a salt thereof. 10. A compound of forrmula I* according
to.any one of claims 1 to 9, or a pharmaceutically acceptable salt thereof,
for use '{bﬁﬂéeﬁémsa {hipdun@ df Heormilia 19ckdiBing b BRY ofb ofE@RAs PeslY, ora 11. A
phar maceutical conposition conprising a conpound of " formula I* according to
any one opharhecastically acesptahie §a|bﬁ€1$@&WWBWH%@MM'%@”@@W@E“B@ch a

conpound havi n . < ' ‘gﬁ‘ﬁ&ﬂ t i MK

phar mace u¥CtBI 'ﬁﬁ%g @%ﬁéﬁﬁg’ ¥ & }?’Jra?'rgégédﬁc%gc e {?Q JB%'séé;ﬁct tc\)eé\rrﬁlt)%gtn nctnp f ? he
formul a |fetroviealiditeaget 0 any one of clains 1 to 9, or a pharmaceutically
acceptabl e salt of such a conpound having at | east one salt-formng

WD 97/ 40029 PCT/ EP97/ 01860
- 133 - 44rieusei of a dumpounpaf e formala 18 apbording te ahy oaé ot daisi to Oforfthe use
in the inhibition of the %s%aéret ate protease of H V. 13. The use of a
conpound. ¥#atmest ¢iA rRiToNIrghdISeass; 4i ng to any one of claims 1 to 9, or a

15. A process for the preparation of a compound of formula I* acécording to claim 1, or of a

salt thereof, wherein

“a) a hydrazine derivative of formula

R, an),
SN
HN_ 7,
Vg R,
H R,

wherein the radicals R4, Rs and R are as defined for compounds of formula I, is added to
an epoxide of formula V*,

H
| (Iv*)
Y

wherein the radicals Ry, Rz and R; are as defined for compounds of formula I, free
- functional groups with the exception of those participating in the reaction being, if
necessary, in protected form, and any protecting groups are removed, or

b) an amino compound of formula V*,



pharmaceutically acceptable salt of such a conpound havi ng at | east one

salt-formng group, I of a pharmaceutical conposition for
use in thwoeeszozent Hlllnﬁllmﬂmml |m| sease. 14. The usePGTERITHAGOUNC.
of the fornula I* accofdifhg to"ny ofie of clainms 1 to 9 for the treatnent

of a retroviral disease. 15. A proceﬁg#_for t he preparation of a conpound
0

of formula I* according to claim1, or a salt thereof, wherein a) a

hydrazi ne derivative of fornmula [err] wherein the radicals R4, R5 and
R6 are as defined for conmpounds of formula I, is added to an epoxi de of
formula I'V*, [err] wherein the radicals Rl, R2 and R3 are as
defined for conpounds of fornmula 1, free functional groups with the
exception of those pargjcipatin B the reaction being, if necessary, in
protected form and any pl’l‘ot%bt ng groups are renoved, or (V¥) an am no
conmpound of fornul &WwEH N NVO 97/ 40029 .

PCT/ EP97/ 01860 }}N/ Y NH, - 134 -

o] | -
Rs
wherein the radicals Ry, Rz, Rs and R, are as defined for compounds of formula |, is
condensed with an acid of formula '
NH )
s/
cH

HO i Rs
RS

or with a reactive acid derivative thereof, wherein the radicals Rs and Rg are as defined for
compounds of formula |, free functional groups with the exception of those patticipating in
the reaction being, if necessary, in protected form, and any protecting groups are removed,

or

¢) an amino compound of formula VII*,

" OH ( o) | | Vi)

wherein the radicals R, Rs, Rs and R are as defined for compounds of formula l,is
condensed with an acid of formula

Vi)



[err] o V\/nerelilmll tﬂ UE IIHI , R2, R3 and R4 are as defined for
conmpounds ofywhHh/abtg ! . WX h an acid of fornula [gipkpo701860 OF

with a reactive acid derivative thereof, wherein the radicals R5.and R6 are”
as defined for conmpounds of forrmula. |, free functional groups with the
exception of those participating in the-i88ction being, if necessary, in
protected form and any protecting groups are renoved, or C) an am no
conmpound of formula VII*, [err] -~ wherein the radicals -R3, R4, R5

and R6 ar ¢ aith&eehafd A d6WNERoE BiktedX wherdRahd H,%ré 8 defise oPtbhpaihdici d

of formula errl . )
of formula |, free functional groups with the exception of those patrticipating in the reaction

being, if necessary, in protected form, and any protecting groups are removed, or

d) to prepare a compound of formula | wherein the pairs of substituents R, and Rs and R»
and R; are in each case two identical radicals, as defined for compounds of formula I, and
Rs and R, are as defined for compounds of formula 1, a diamino compound of formula IX*

R
OH(

4
(IX%),
HN N
NH,

R,

wherein the radicals are as just defined, is condensed with an acid of formula
R

R, CI:H OH

7/
Y

0

(Villa)

or with a reactive acid derivative thereof, wherein Ry’ and R’ are as defined for R, and R,
and for R and Rs , respectively, in formuia |, the pairs R, and Rs and R; and Rs being in
each case two identical radicals, free functional groups with the exception of those
participating in the reaction being, if necessary, in protected form, and any protecting
groups are removed, or '

€) an imino compound of formula (I')*,

] M *
: NH
_ WYY VM
o |
Rs

R,



WO 97/ 40029 PCT/ EP97/ 01860
- 135 - or with a “MNMHWME“II vative thereof, wherein Rl and are
as defi n@MOPEMOB8Npo free functional groﬁg"éﬁs'g’ﬂlqsﬂe .-

exception of those participating in the reaction being, if necessary, in
protected form and any protecting grqggs are renoved, or- d) to prepare a
conpound of fornmula | wherein the pairs of substltuents Rl and R6 and R2
and R5 are in each case two identical radicals, as defined for conpounds of
formula I, and R3 and R4 are as defined for conpounds of formula I, a

di am no conpound of fornula IX* [err] wherein the radicals are as

just dgfensd éhé Fddfé%ﬂgﬁm%dﬂwmfénamsa&é@s%ﬁﬁéﬂ f&h@ 80hds of formula®fiswi t h a

reactive acid derivative thereof, wherein Rl' and ' are as defined for Rl
and %reamedmthmcmu@offf@gmxi vely, in formula |, the pairs RL and R6
~and R2 and R5 being in each case two identical radi cal s, free functional
groups with the exception of those participating in the reaction being, if
necessary, in prot eq:ﬁed form and any protecting groups ag¥ renoved, or

e) an imno corrpouﬁd of formula (1')*, [err] :

X
wherein X is a leaving group and R, is as defined for compounds of formula |, free
functional groups with the exception of those participating in the reaction being, if
neceésary, in protected form, and any protecting groups are removed, or

f) an imino compound of formula (I')*,

R,

| o
Low KA
R / / |

NH NH CH

O
R, “5

wherein the radicals R, Rz, Rs, Rs, and Rg are as defined for compounds of formula |, is
reacted with an aldehyde of formula X*,

R o)
T

o)

wherein R, is as defined for compounds of formula |, or with a reactive derivative thereof,
with reductive alkylation, free functional groups with the exception of those participating in
the reaction being, if necessary, in protected form, and any protecting groups are removed,

and, if desired, a compound of formula | having at least one salt-forming group obtainable in
accordance with any one of processes a) to f) above is converted into its salt or an
obtainable salt is converted into the free compound or into a different salt and/or isomeric
mixtures which may be obtainable are separated and/or a compound of formula | according
to the invention is converted into a different compound of formula | according to the

~



L

—————

"0t s ansre NI 5. 5 s 5 o o ncraremiis
a

compounds o or mu ,*1 st reacttedswith a conpound of forrmula X, [err]
wherein X is a leaving group and R4 is as defined for conpounds of fornmula
I, free functional groups with the exce‘pﬁ7o'n of those participating in the
reaction being, if necessary, in protected form and any protecting groups
are renoved, or f) an imno compound . of formula (I)*, [err]

wherein theemgh cals Rl, R2, R3, R5, and R6 are as defined for conpounds of
formula I, 1s reacted with an al dehyde of formula X*, [err] wherein R4
Is as defined for conpounds of fornmula |, or with a reactive derivative
thereof, ykth é‘ﬁgaﬁﬁd ¥k kxn, free functional groups with the
excepti on Of FROgE participating 1n the reaction being, if necessary, in
protected form and any protecting groups are renoved, :

R,

I':(1\ )\,/NI-{A
NH 'o'

wherein R, is methoxycarbonyl or ethoxycarbonyl and R; is tert-butyl, or a salt thereof.

17. A compound of the formula [V,

-
\ o]
A AN vy,
N\ \=/</
0 '\

wherein R, is methoxycarbonyl or ethoxycarbonyl, R, is tert-butyl and Rsis is phenyl that is
unsubstituted or substituted by one or more lower alkoxy radicals, or C4-Cacycloalkyl.

18. A compound of the formula HI*
Ry (),

3 wherein R, is phenyl or cyclohexyl each substituted in the 4-position by unsaturated
heterocyclyl that is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms,

- contains from 1 to 4 hetero atoms selected from nitrogen, oxygen, sutfur, sulfinyl and
sulfony! and is unsubstituted or substituted by lower alkyl or by phenyl-lower alky,



and, if desired, a co 'mﬂ H,M) Ia I havi ng at | east one salt-formng
group obt aj n ac ﬁ one of processes a) to f) above is
converted I\éﬁg‘hfop sal t=ore Mj e salt is converted ih FO1B60c .

conpound or into a different salt and/or isomeric mxtures which may be
obt ai nabl e are separated and/or a conpgggd of fornmula | according to the
invention is converted into a different conpound of fornmula | according to
t he MD 97/ 40029

E % E E g EX ? léutylcﬁqqﬁ.hsswth?)éyr Pf ethoxycarbonyl; or d salmgqelgP%ﬁ%tfl a §ait-formmg

met hoxy gpédPR)resdnt et hoxycarbonyl and R2 is tert-butyl, or a salt thereof.
17. A conpound of the formula IV, [err] :

19. A compound of the formula Xli,
NH o,

Rq\/ \NH-R7

wherein R, is phenyl or cyclohexyl each substituted in the 4-position by unsafurated
heterocyclyl that is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms,
contains from 1 to 4 hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and
sulfonyl and is unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl and Ry is
an amino protecting group, or a salt thereof if a salt-forming group is present.

20. A compound of the formula XII*,
N (X%,

R‘\/ \NH-R,

wherein R, is phenyl or cyclohexyl each substituted in the 4-position by unséturated
heterocyclyl that is bonded by way of a ring carbon atom, has frdm 5 1o 8 ring atoms,
contains from 1 to 4 hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and
sulfonyl and is unsubstituted or substituted by lower alkyl or by phenyi-lower alkyl and R; is
an amino protecting group, or a salt thereof if a salt-forming group is present. '

21. A compound of the formula i,

R, @y,
(3
: NH
HN_ s
N CH \R
| I 6
H R

wherein R, is phenyl or cyclohexyl each substituted in the 4-position by unsaturated

heterocyclyl that is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms,

contains from 1 to 4 hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and

sulfonyl and is unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl, Rs is
" isopropyl, sec-butyl, tert-butyl or methylthiomethyl, and Rs is fower alkoxycarbonyl,

e



unsubstituted or subst nore | ower al koxy radicals, or

C4- C8cycl o mn mgﬂgj e formula I11* [err] PWﬂﬁ |n
R4 is phen%%% M?:'Vgl ohe‘xy ¢ eac ut ed in the 4-position %T,E 69
unsat urated heterocyclyl that is bonded by way of a ring carbon atom has

from5 to 8 ring atons, contains from > 1#38-4 hetero atons selected from
nitrogen, oxygen, sulfur, sulfinyl and sulfonyl and is unsubstituted or

substituted by | ower alkyl or by phenyl-Iower alkyl, WD 97/ 40029
PCT/ EP97/ g R5 is

tert- buty?%%%gt%e provr eodxth-at%trlea? oc?xeyscagr Brmmg groulp 'SP} t thereof where a
salt-formng group is present 19. A corrpound of the forrrula Xil , [err]

wherein LS _phenyl C yl each substituted in the 4-position by
unsat ur aEéd 89@08@&?97 %&hﬁﬂ% bonded by way of a ring carbon atom has
from5t08r|ng atoms contgins from1l to 4 hetero atons selected from

ni trogen, oxygen su I‘fl nyl and sul fonyl and is unsubstituted or
substituted b rlal or by enyl -1 ower alkyl and R7 is an am no
protecting gro r a a \plereof if a salt-formng group is present.
20. A conpound ..forrrul Kll*, [err]

wherein R, is lower alkoxycarbonyl,

R: is secondary or tertiary lower alkyl or lower alkyithio-lower alkyl,

Rs is phenyl that is unsubstituted or substituted by one or more lower alkoxy radicats, or
C,-Cqcycloalkyl, and

R is phenytl or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyl that -
is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and sulfonyl and is

unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl,

or a salt thereof, provided that at least one salt-forming grbup is present.

23. A compound of the formula VII,

("
OH o . L)
H’N\/K/N‘NicﬁNH\ﬁ

N

Ry

wherein

R; is phenyl that is unsubstituted or substituted by one or more lower alkoxy radicals, or

C4-Cscycloalkyl, '

R4 is phenyl or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyl that
~ is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4

hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and sutfonyl and is -

unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl,

Rs is secondary or tertiary lower alkyl or lower alkyithio-lower alkyl, and

—~



wherein R4 is phenyl cI ohexyl each substituted in the 4-position by
unsat ur at ed heterocyc m,"&’m') d by way of a ring carbon atom has
from5 to SV@PHELRR o 1 to 4 hetero atons sePETEEIH1860, .
ni trogen, oxygen, sulfur sul i’ nyl* afid sul fonyl and is unsubstituted or
substituted by | ower -al kyI or by phenyl¢{dpower al kyl and R7 is an am no
protecting group, or a salt thereof if a salt-formng group is present.
21. A conpound of the formula 111, [err] wherein R4 is phenyl or
cycl ohex%l, ach substiyﬁtﬁd in the 4-position by unsaturated heterocyclyl
that is 'Dofs ring carbon atom has from5 to 8 ring atons,
cont ai Nsofd &4nt the?ébf‘brbﬁhéa that DIERsISENESAIERdrming group Isqeresentoxygen, sul fur,
sul finyl and sulfonyl and is unsubstituted or substituted by |ower al kyl or
by phenyl-lower alkyl, R5 is isopropyl, sec-butyl, tert-butyl or:

met hyl t @@r}gmbwmtﬁ@fdrﬁmlmr al koxycar bonyl, WO 97/ 40029
PCT/ EP97/01860 - 139 - or a salt
t her eof , provided t hat o, | east one salt-forni ng group is present. = 22. A
conmpound of the forgl ?{V, [errlgx wherein Rl is | ower .
al koxycar bonyl| ,
HzN\/k/N‘NH
= 2
N\
Rs

wherein R; is phenyl that is unsubstituted or substituted by one or more fower alkoxy -
radicals, or ' '

C4+Cseycloalkyl, and

R, is phenyl or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyl that
‘is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and sulfonyl and is
unsubstituted or substituted by lower alkyl or by phenyi-lower alky!,

or a salt thereof, provided that at least one salt-forming group is present.

25. A compound of the formula XX1V,

R
OH ( 4 _
/NH\/'\/N R, |
Ry = \Nﬁ OXX1IV)
AN
R,

wherein R and R, are amino-protecting groups, which are different from one another,

R, is phenyl that is unsubstituted or substituted by one or more lower atkoxy radicals, or
C4+Cscycloalkyl, and

R, is phenyl! or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyl that
is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and sulfonyl and is
unsubstituted or substituted by lower atkyl or by phenyl-iower alkyl,

or a salt thereof, provided that at least one salt-forming group is present.

-~



R2 is secondary or tertja or |lower alkylthio-lower alkyl, R3
i s phenyl that j ns‘[‘wm‘ “ﬂﬂmﬂg stituted by one or norepdBRI7/018400XY
radi cal s, o‘?’g(gz}-“@?gyc +1's phenyl or cycl ohexyl each
substituted in the 4- positlon by unsaturated heterocyclyl that is bonded by
way of a ring carbon atom has fromb5 tb‘“B'ring atons, contains from1l to 4
hetero atons sel ected fromnitrogen, oxygen, sulfur, sulfinyl and sul fonyl
and is unsubstituted or substituted by |ower alkyl or by phenyl -1 ower

al kyl, or a salt thereof, provided that at |east one salt-formng group is
present. 23. A corrpound of the formula VII, [err] wherein R3 is
phenyl tﬁa.tAlcsmpnsud)Qtihﬁdﬁ@EW%Wubstltut ed by one or nore |ower al koxy
radi cals, or C4-C8cycloalkyl, R4 is phenyl or .cyclohexyl each substituted
in the 4-position by unsaturated heterocyclyl that is bonded by way of a
ri'ng carbon atom has from5 t®,8 ring atons, contains from1l to 4 hetero
atons selected fromnitr n, oxygen sul fur, suffinyl and sulfonyl and is
unsubstituted or subStitutednoy Imper alkyl or by phenyl-| ower aI R5 is
secondary or tertiBry EOwe al\lm or | ower al kylthio-I|ower al kyI

WD 97/ 40029 ‘\

PCT/ EP97/ 01860 R, - 140 - R6 is |ower
al koxycarbonyl, or a salt” thereof, provided that at |east one salt-formng

G7 OUP 'S LESEH i arfhind (PGB o, {1 or Ml a X, [er]

Rs is pheny! that is unsubstituted or substituted by one or more lower alkoxy radicals, or
C4-Cgcycloalkyl, and '

R. is phenyl or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyt that
is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and sulfonyl and is
unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl,

or a salt thereof, provided that at ieast one salt-forming group is present.-

27. A compound of the formula XXVi,

)Ywuv . -

wherein R;s is an amino-protecting group,
'Ry is lower alkoxycarbonyl,

R, is secondary or tertiary lower alkyl or lower alkyithio-lower alkyl, .

Rs is phenyl that is unsubstituted or substituted by one or more lower alkoxy radicals, or
C.-Cscycloalkyl, and

R, is phenyl or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyl that
is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and sulfonyl and is
unsubstituted or substituted by lower alkyl or by phenyi-lower alkyl,

or a salt thereof, provided that at least one salt-forming group is present.

P



.wheréin RB is phenyl that is unsﬁbstl tut,ed 2Ot sutrstei tut et lgy' one or nore

| oner al koxy radicals, or C4-C8cycl pal kyl 2 “anide R4 7i s: phenagln r cycl ohexyl
each substituted in the 4- posi ti dn by unsat ér at et het eroz:ycI“yI that is
bonded by way of a ring carbon atom has,from5 to 8 ring atons, contains
froml to 4 hetero atons selected from rﬁfrogen oxygen, sul fur, sulfinyl
and sul fonyl and is unsubstituted or substituted by | ower al kyl or by
phenyl - | ower .al kyl, -or a salt thereof, provided that at |east one

sal t - f or thedirgtrinhibitorof po-eakiend retrovitdl aspartaieproteabectd bisrappravediforcodbatting er r |

wh 3. R14 h di ff f
one. anot i m??s%on S ReryneYn VP E o RRr St B Pelipereney 5 2 o
m)rle |h0 ik héﬁbogﬁtd.-iﬁﬁeaiaglﬁﬂ]a@ﬂn@my@-l(ﬁtﬁ ta&)rlsmmhdﬁzﬁem?pdéa?ﬁoﬁanﬂde .
cycl ohexyl each su | 0Si urate o
That i 1Baacras2ilySios thed others hate falbwa Sninadt NEER) and ySaavi (aBbSBY e
contains from1 to 4 hetero atons sel ected from nitrogen, oxygen, sulfur
sul finyl and ssl fonyl and is unsubstituted or substituted by | ower alkyl

by phenyl %mer&pxslppmem gre adumber of fsther iphibitorsRf retromirabaspagiate Pret?@se

salt-for
PET/ EP97/ ggfn@‘{ﬁe fuhclibr®88Which can be charalferifed é@fbﬁaws

In the AIDS viruses, HIV-1 and HIV-2, and other retroviruses, for example corresponding
viruses in cats (FIV) and apes (SIV), the proteolytic maturation of, for example, the core
proteins of the virus is brought about by an aspartate protease, such as HIV-protease.
Without that proteolytic maturation, infectious virus particles cannot be formed. Owing to the
central role of the said aspartate proteases, such as HIV-1- or HIV-2-protease, in the
maturation of viruses and on the basis of experimental results, for example on infected cell
cultures, it has become plausible that effective suppression of the maturation step brought
about by that protease will suppress the assembly of mature virions in vivo. Inhibitors of that

protease can therefore be used therapeutically.

The aim of the present invention is to provide a novel type of compound that is equipped,
especially, with a high degree of inhibitory activity against virus replication in cells, high anti-
viral activity against numerous virus strains, including those which are resistant to known
compounds, such as saquinavir, ritonavir and indinavir, and especially advantageous
pharmacological properties, for example good pharmacokinetics, such as high bioavailability
and high blood levels, and/or high selectivity.

Full description of the invention

The azahexane derivatives according to the invention are compounds of formula |,

AMENDED SHEET



26. A conpound of the formula XX\, [zerr] «_ e c«wherelnaRkA s an

am no-protecting group, R3 is phehyk t hat tSRUnsubsmftuted oF. subst i t ut ed
by one or nore |ower al koxy radical &, or -€4-€8cyctbalkyl o~ahd" R4 i s phenyl
or cycl ohexyl each substituted in the 4-position by unsaturated
heterocyclyl that is bonded by way of a<T3ng carbon atom has from5 to 8
ring atons, contains from1l1l to 4 hetero atons selected fromnitrogen,
oxygen, sulfur, sul finyl and sul fonyl and is unsubstituted or substituted
by | ower al kyl or by phenyl-lower alkyl, or a salt thereof, provided that
at | east one salt-formng group is pr 27. A conpound of the formula
XXVI, [err] mheﬁbln R15 a antno-protecting group, Rl is |ower

al koxycarbonyl, R2_jis sqﬁpnngy I r al kyl or | ower

al kyl t hi o- | over al stituted or @ubstituted by
one or nore |ower aImey rnadi cal's, ~or Uyclo kyl, and R4 is phenyl or
cycl ohexyl each substitut n;t he 4- p05|tngn by unsaturated het erocycl yl

t hat i s bonded.by way of a r|né carbon atom has from5 to 8 ring atons,
contains froml to 4 hetero atoﬁ% sel ected fromnitrogen, oxygen, sulfur,
sul finyl and sulfonyl and is unsubstituted or substituted by |ower alkyl or
by phenyl -l ower alkyl, or a salt thereof, provided that at |east one
salt-formng group is present:

wherein
R is lower alkoxycarbonyl,
R: is secondary or tertiary lower alkyl or lower alkylthio-lower alkyl,

Rs is phenyl that is unsubstituted or substituted by one or more lower alkoxy radicals, or
(_:4-Cscycloalkyl,

R, is phenyl or cyclohexyl each substituted in the 4-position by unsaturated heterocyclyl that
is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl (-SO-) and sulfonyl (-SO-) and
is unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl,

Rs, independently of R, has one of the meanings mentioned for Rz, and

Rs, independently of R, is lower alkoxycarbonyl,

or a salt thereof, provided that at least one salt-forming group is present.

Those compounds exhibit unexpectedly good and surprisingly positive pharmacological
properties, as indicated in detail below, and are relatively simple to synthesise.
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wherein

R, is lower alkoxycarbonyl,

R: is secondary or tertiary lower alkyl or lower alkylthio-lower alkyl,

R; is phenyl that is unsubstituted or substituted by one or more lower alkoxy radicals, or
C4-Cgeycloalkyl, '

R, is phenyl or cyciochexyl each substitutéd in the 4-position by unsaturated heterocyclyl that
is-bonded by way of a ring carbon atom, has from 5 to 8 ring atoms, contains from 1 to 4
hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl and sulfonyl and is
unsubstituted or substituted by lower alkyl or by phenyl-lower alkyl,

Rs , independently of R, , has one of the meanings mentioned for Rz, and

Rs , independently of R, , is lower alkoxycarbonyl,

or a salt thereof, provided that at least one salt-forming group is present.

2. A compound according to claim 1 of formuia la,

R
;2 OH (40

| NH
NP N{A/“\ A /X

wherein the radicals are as defined in claim 1,

AMENDED SHEET
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Rz is secondary or tertiary lower alkyl or lower
alkylthio-lower alkyl, Rj is phenyl that is unsub-
situted or substituted by one or more lower alkoxy
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N
N
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nitrogen, oxygen, sulfur, sulfinyl (-SO-) and sulfony! (-SO2-) and is unsubstituted or substituted: by lower alkyl or by phenyl-lower alkyl,
Rs, independently of Rz, has one of the meanings mentioned for Rz, and Re, independently of R, is lower alkoxycarbonyl, or salts thereof,
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