WD 96/ 28464 PCT/ US96/ 02685 1

Bl S--AM-NO-AGLD HYDROXM=H=P=AM-NO-SUL FONAM-BDE—REFRSA-RAL  PROFEASE—-MNHI-BIH-TORS-
RELATED CASE 5 This is a continuation-in-part. of co-owned and co-
pendi ng application Serial No.”08/402,450, filed March 10, 1995 which is
referenced herein inits entirety. BACKGROUND OF THE | NVENTI ON 10 The
present inverR§gsynsi@l ates to retroviral protease inhibitors RITASIHEI6ES
particularly, relates to novel conpounds, conposition and nethod for
inhibiting retroviral proteases,: such as hutan i mmunodeficiency 15 virus
(H'V) protease. This invention, in particular, relates to bis-amno acid
hydr oxyet hyl am ne sul f onam delprohl ACAR BYPROXY e conposition and
met hod for inhibiting relsUproN3 : I 26 YTQREVENt i ng
retraviral infection or the spread of a 20 retrovirus, and treatnment of a
retreviral infection, e.g., an HV infection. The subject invention al so
relates to processes for making such cREMAFRBsCAEE wel| as to internediates

ot P fon 3 ey TR 48  coorBMATRL R SRBL! ot ol angotogene

.ansl, as proteins, e . ins_are
subsequent |y procBE@é’cf‘%fp.?J\'}icPﬁPPﬁ %?Pﬁ’cﬂj]e&'%rBBZﬂ\%' ‘f%or' %:lg‘Fgl ﬂ3§ to
yireld viral enzynts, angostwhichuial refetaicesi derehe inrits emtdretpst
commonly, the gag

10
The present invention relates to retroviral protease

inhibitors and, more particularly, relates to novel
compounds, composition and method for inhibiting
retroviral proteases, such as human immunodeficiency

15 wvirus (HIV) protease. This invention, in particular,
relates to bis-amino acid hydroxyethylamine sulfonamide
protease inhibitor compounds, composition and method for
inhibiting retroviral proteases, prophylactically
preventing retroviral infection or the spread of a

20 retrovirus, and treatment of a retroviral infection,
e.g., an HIV infection. The subject invention also
relates to processes for making such compounds as well as
to intermediates useful in such processes.

25 During the replication cycle or gene transcription
products are translated as proteins. These proteins are
subsequently processed by a virally encoded protease (or
proteinase) to yieid viral enzymes and structural
proteins of the virus core. Most commonly, the gag

30 precursor proteins are processed into the core proteins
and the pol precursor proteins are processed into the
viral enzymes, e.g., reverse transcriptase and retroviral
protease. It has been shown that correct processing of

ﬁi the precursor proteins by the retroviral protease is
}g 35 necessary for assembly of infectious virons. For
2%: example, it has been shown that frameshift mutations in

the protease region of the pol gene of HIV prevents



30 precursor proteins are processed into the core proteins and the pol
precursor proteins are—processed.into-the viral-enzynes, e.g.,-reverse
transcri ptase and retroviral protease. It has been shown that correct
processi ng of the precursor proteins by the retroviral protease is 35
necessary for assenbly of infectious virons. For exanple, it has been
shown that fywaegeddkdt mutations in the protease region of therysbomese of
H'V prevents WD 96/ 28464 - _

PCT/ US96/ 02685 2 processing of the gag pre@ursor protein. It has al so been
shown through site-directed nmutagenesis of an aspartic acid residue in the
H V protease actiBROCESEANT 2 GHeoFRESPRECWHSA@YERELIPr echlr 36 Br8Pein is 5
prevent ed. Thus, béieheshbun hdwsougke8itadditertgthimbtagendesils rofplncati on by

i nhi biting the agjl |l pk ot | t

I nhi bition typic%gkggfgéoééégfggsfghfrgﬁsﬁ@?gﬁ?gEg%é8%$éé§ﬁq§%%h§?g§y t he
retroviral protedddti Bresersidy ©f 5hfi g i RFHFFOENBTNRITh 1S nds (typical ly
in a roersibbe mﬁnneﬁteﬁc>tjMMSegayﬂEmbﬂs?@ﬁﬁﬁ&k&homaaétﬂﬁtﬂmnibaﬁ and

gag- pol proteins i C processing o [
proteins and the ﬁlgﬁgagéﬁg%/c%@%leﬁ o%’?ﬁ%léplﬁl é-‘g%eg?%lse f°.f ﬁ"tr?li# %%’gr%ianner,
retroviral repli PXOLBASEE ot eases can be effectively inhibited.

Retroviral protease inhibition typically involves a
10 transition-state mimetic whereby the retroviral protease
is exposed to a mimetic compound which binds (typically
in a reversible manner) to the enzyme in competition with
" the gag and gag-pol proteins to thereby inhibit specific
processing of structural proteins and the release of
1S retroviral protease itself. In this manner, retroviral
replication proteases can be effectively inhibited.

Several classes of compounds have been proposed,

particularly for inhibition of proteases, such as for

20 inhibition of HIV protease. Such compounds include
hydroxyethylamine isosteres and reduced amide isosteres.
See, for example, EP O 346 847; EP O 342,541; Roberts et
al, "Rational Design of Peptide-Based Proteinase
Inhibitors, "Science, 248, 358 (1990); and Erickson et

25 al, "Design Activity, and 2.8A Crystal Structure of a C2
Symmetric Inhibitor Complexed to HIV-1 Protease, "
Science, 249, 527 (1990). US 5,157,041, WO 94/04491, WO
94/044592, WO 94/04493, WO 94/05639, WO 92/08701 and US
Patent Application Serial No. 08/294,468, filed August

30 23, 1994, (each of which is incorporated herein by
reference in its entirety) for ekample describe
hydroxyethylamine, hydroxyethylurea or hydroxyethyl
sulfonamide isostere containing retroviral protease
inhibitors. '

35

Several classes of compounds are known to be useful

as inhibitors of the proteolytic enzyme renin. See, for
example, U.S. No. 4,599,198; U.K. 2,184,730; G.B.



.
Several classes of conpounds have been proposed, particularly for

i nhi-bit4-or—ef—pr-ot eases—sueh—as—for 20——ahi=bit+enr—of—H V protesse—=Such—

conmpounds i ncl ude hydroxyet hyl am ne i sosteres and reduced am de isosteres.
See, for exanple, EP O 346 847; EP O 342,541; Roberts et al, "Rational

Desi gn of Pepti de-Based Proteinase Inhibitors, "Science, 248, 358 (1990);
and EricksonygiesRgssd! . "Design Activity, and 2. 8A Crystal SPCHMSaE2e’sf a C2
Symmetric Inhibitor Conplexed to H V-1 Protease,” Science, 249, 527 (1990).
US 5,157, 041, WO 94/ 04491, WD 94/ 04492, VI)§4/04493 WD 94/ 05639, WO

92/ 08701 and US Pat ent lication Serial [ 294, 468, filed gust 30
23, 1994, (each o?'aﬂ?cﬁso EEOorBbr 22 cﬁ'& ‘efn gB?/ 1 @h e S nsfg
entirety) for exaHpks.desfriHesehydrBxy2idnd,aniSneEBhy 2ok yi&hy E8r@a or

hydroxyethyl sulf9gaiyee pas! SR 995 it 7 o/.CU! 659/ Rls RIALIBIE urea-
I nhi bitors. Several~cl asses of conpounds are novvn to be usef S“ilo

i nhibitors of theCBPE?%Rﬂ%&|N¥q§ﬁ¥¥ﬁﬁh¥¥ﬂW%?e'S@@lnftﬁ WRasise,
4,599, 198; U K 25384376l oesBreninWhididii64 and intermediates for the

PCTI U596/ 02685 3 3, 209, J5v2, R D20l BB whs 0L dueSadl 725

O these, G B. 2,
containing hydroxyethylamlne compounds, such as 3-(t-

butoxycarbonyl)amino-cyclohexyl-1-(phenylsulfonyl)amino-
2{5)-butanol. G.B. 2,200,115 also discloses sulfamoyl-

10 containing hydroxyethylamine renin inhibitors, and EP
0264 795 discloses certain sulfonamide-containing
hydroxyethylamine renin inhibitors. However, it is known
that, although renin and HIV proteases are both -
classified as aspartyl proteases, compounds which are

15 effective renin inhibitors generally are not predictive
for effective HIV protease inhibition.

BRIEF DESCRIPTION OF THE INVENTION
The present invention relates to selected retroviral
20 protease inhibitor compounds, analogs and
pharmaceutically acceptable salts, esters and prodrugs
thereof. The subject compounds are characterized as bis-
amino acid hydroxyethylamine sulfonamide inhibitor
compounds. The invention compounds advantageously
25 inhibit retroviial proteases, such as human
immunodeficiency virus (HIV) protease. Therefore, this
invention also encompasses pharmaceutical compositions,
methods for inhibiting retroviral proteases and methods
for treatment or prophylaxis of a retroviral infection,
30 such as an HIV infection. The subject'invention also
relates to processes for making such compounds as well as
to intermediates useful in such processes.

DETAILED DESCRIPTION OF THE INVENTION

. 35 In accordance with the present invention, there is
provided a retroviral protease inhibiting compound of the
formula:

S



264,795, U S. SIR H725 and U. S. 4,599, 198 di scl ose urea- containing

hydr oxyet hyl am ne r epi-a—nhi bit ors—EP 468 5 641 di scl oses renin-inhibitors .
and internmediates for the preparation of the inhibitors, which include

sul f onam de- cont ai ni ng hydr oxyet hyl am ne conmpounds, such as 3-(t-

but oxycar bonyl ) am no- cycl ohexyl - 1- (phenyl sul f onyl ) am no- 2(5)-butanol. G B
2,200, 115 alyp@odHssgal 0ses sul fanoyl - 10 contai ni ng hydr oxy edTnisss268s r eni n

i nhibitors, and EP 0264 795 di scl oses certain sul fonam de-contai ni ng

hydr oxyet hyl ami ne renin inhibitors. Howeve#, it is known that, although

renin and H V proteases are bo h ¢classified as aspartyl proteases,

conpounds which are 15 ef f ecRIVB'T *tors g ally are not
predictive for effectlveRHiV p i njpi bi thi BRI DESCRI PTI ON OF THE

| NVENTI ON The present invent edyetYmviral 20 protease

I nhi bitor conpounds, anal o é?g and adgeptabl e salts, esters -
and prodrugs thereof. The Subject conﬂ%unds are'%haﬁacterlzeﬂﬂas bIS- anm no
acid hydr oxyet hylcamanghshd @aTicda 14 N8k HédtAib 10 BROU N ASrodkhRy bRV esté®n
conpounds advant%%fous%y %Qﬁ i.nhibit retroviral proteases, such as hunman

I mmunodefi ci ency ﬁﬁPOtease Therefore, this invention also
enconpasses pharnaceutlcal conp03|t|ons met hods for inhibiting retroviral

pr ot eases andsnetﬂloglépigéeﬂiseaél Qik@ﬁﬂp hyh&rhe1 Of mparRl Kt al

i nfection, é@% ik%gﬂv i n ghyg i gllﬂclil inv?ﬂgcgﬂﬂalso

relates to proce Xy ki RGSd bﬁB@ﬁ%ﬁ? {2k 2
-CH2CH2CONH2 , —CHzS(O)zNHz, -CH2S5CH3, -CHzS(O)CH3.
-CH2S (0} 2CH3, -C(CH3)2SCH3, -C{CH3)2S{0)CH3 or
4C(CH3)2S(O)2CH3 radicals; preferably, Rl represents

10 alkyl of 1-5 carbon atoms, alkenyl cf 2-5 carbon atoms,
alkynyl of 2-5 carbon atoms, hydroxyalkyl of 1-3 carbon
atoms, alkoxyalkyl of 1-3 alkyl and 1-3 alkoxy carbon
atoms, cyanocalkyl of 1-3 alkyl carbon atoms,
imidazolylmethyl, -CH2CONH2, -CHCH2CONH2, -CH2S(0)2NHZ2,

15 ~CH2SCH3, -CH2S(0)CH3, -CH2S(0)2CH3, -C(CH3)2SCH3,
~C{CH3)2S8{0)CH3 or ~-C(CH3)2S(0)2CH3 radicals; more
preferably, Rl represents alkyl of 1-4 carbon atoms,
alkenyl of 2-3 carbon atoms, alkynyl of 3-4 carbon atoms,
cyanomethyl, imidazolylmethyl, -CH2CONH2, -CH2CH2CONH2,

20 -CH2S(O)2NH2, -CH2SCH3, -cazs(O)cnj, -CH2S (0) 2CH3,
-C(CH3)2SCH3, -C(CH3)2S(O)JCH3 or -C(CH3)2S(0)2CH3
radicals; and most preferably, Rl represents sec-butyl,
tert-butyl, iso-propyl, 3-propynyl, cyanomethyl or
-C(CH3)2S8(0)2CH3 radicals;

25
R2 represents alkyl, aralkyl, alkylthioalkyl,
arylthioalkyl or cycloalkylalkyl radicals; preferably, R2
represents radicals of alkyl of 1-5 carbon atoms, aralkyl
of 1-3 alkyl carbon atoms, alkylthiocalkvl of 1-3 alkyl

30 carbon atoms, arylthicalkyl of 1-3 alkyl carbon atoms or .
cycloalkylalkyl of 1-3 alkyl carbon atoms and 3-6 ring
member carbon atoms; more preferably, RZ2 represents
radicals of alkyl of 3-5 carbon atoms, arylmethyl,
alkylthiocalkyl of 1-3 alkyl carbon atoms, arylthiomethyl



to internediates useful in such processes. DETAILED DESCRI PTION OF THE

| NVENTI ON 35 W t h—the—preseni—nvent i op—t-here—s———
provided a retroviral protease inhibiting conpound of the fornula: WO
96/ 28464 PCT/ US96/ 02685 4 [err] or
a pharmaceutically acceptable salt, prodrug or ester thereof, wherein 5
Rlerr] represwhdsnsadsky! , al kenyl, al kynyl, hydroxyal kyl, al MW*S
cyanoal kyl, i m dazol yl met hyl , -CH[err] CC]\IH[err] CH[err] CH err]CONH err],
-CHerr]S(Of[err]NHerr], -CHerr]SCH err], CH[err]S(O)CH[err]

cC:l(-l[CI(:{ (ra]r rS](S%Eaﬂ]r]S% erré?ﬂ_]%%, 4@@:}%&65 %[%ﬁ%err Fer??ﬁ’—ﬁ er rt]o radi cal s;

preferably, R[errraddpadseneeern uors pyefgralal:s r FeRresemss ifdbusylL. of 2-5
carbon atons, al kypWutel, 2cH; sankas- ﬁtkséﬂ‘z,ylbY§hé%YP&rki}dm&hyl 3(zar bon

itt gm;l, k;l: kgxygl ky!{t’taé’h\?% iﬁﬁ%‘gﬁﬁ%ﬁ’ﬂe%ﬁ?’ aéh%%%) carbon %fﬂs‘l“ cyanoal kyl of
- arbon ;

- CH[ er r ] CH[ er r pCOMside oKy pherimatty3( OrF EtnddghemyflmetByl-@H err] SCH err],
-CH err] S(O CH er 1, 10%; é VD) i bk eréden n@&%@éf&}e{ﬁy] geH err],

CH S(O CH C(CH CH di cal
ok e bl b bl ) REBEPPF b Sy )P ShSA THEEYh B oie | Kl Koy or

2-3 carbon atons, giciphgkybhethyl cadicalat amest graefersbly) , RZ represents
i m dazol yl met hyl , b'e%?r;r] CONH err], -CH err]CH err] CONH err] ,

10

R3 represents alkyl, cycloalkyl or cycloalkylalkyl
radicals; preferably, R3 represents radicals of alkyl
radical of 1-5 carbon atoms, cycloalkyl of 5-8 ring
members or cycloalkylmethyl radical of 3-~6 ring members;

15 more preferably, R3 represents propyl, isocamyl, isobutyl,
butyl, cyclopentylmethyl, cyclohexylmethyl, cyclohexyl or
cycloheptyl radicals; more preferably R3 represents
isobutyl or cyclopentylmethyl radicals;

20 R4 represents aryl, heteroaryl or heterocyclo radicals
provided Rl is other than a hydrogen radical and R4
represents heterocyclo or benzo fused heteroaryl radicals
provided Rl is a hydrogen radical; preferably, R4
represents aryl, benzo fused 5 to 6 ring member

25 hetercaryl or benzo fused 5 to 6 ring member'heterocyclo
radicals provided R11l is other than a hydrogen radical
and R4 represents benzo fused 5 to 6 ring member
heteroaryl or benzo fused 5 to 6 ring member heterocyclo
radicals provided R!! is a hydrogen radical; or

30
R4 represents a radical of the formula

CO<E
B R
wherein A and B each independently represent O, S, SO or

S02; preferably, A and B each represent O;
35



20 -CHerr]S(Of[err]NHerr], -CI-l[err]SCl—l[é.rr.]l, -CHerr]S(OCHerr],
-CHerr]S(Oferr]CHerr], -C(CHerr])[err]S

-C(CH err])[err]S(OCH err] or -C(CHerr])[err]S(OJferr]CHerr] radicals;
and nost preferably, R err] represents sec-butyl, tert-butyl, iso-propyl,
3-propynyl, cyanonethyl or -C(CHerr])[err]S(O[err]CHerr] radicals; 25 R2

represents 3&?%1284?[ al kyl, al kylthioal kyl, arylthioal kyl orpexywsosredess| al kyl
radicals; preferably, R2 represents radicals of alkyl of 1-5 carbon atons,

aral kyl of 1-3 alkyl carbon atons, alkylthiéoal kyl of 1-3 alkyl 30 carbon

atons, arylthioal l<6yl of 1-3 al kyl carbon atons or cycl oal kyl al kyl of 1-3

al kyl carbon at ofE ZRBTSSePts FUrerhEM. c3FBONh OFt BALCIsRT@dicaRar abl vy,

Rl err] represent prefdirabllg, k6 aldpylkesehtS-deuwtaiam, adDiogl, of i-8etaybon

al kyl t hi oal kyl of_ . 1-3 a | 1.hi t @/ 28464

PCT/ US96/ 02685 5 ac;::m%ycFggﬁ‘gﬂa&n%%%?&gﬁg?gé%éﬁgh’%\%tgnbgir(é%%ﬁ%b\cﬁl\? ?i‘toms

radi cal s; even nePLSEEREP aPBFYLeqVIN. oPeEREht e5Ydh uPYPRY h- Bisicpropyl or

CH[ er r] SCH er 5] CHieloirb- rabetadd; phenylthionet hyl, (2- napht hyl t hi o) net hyl,

4- met hoxyphenyl net hyl, 4- 5 hydroxyphenyl net hyl, 4-fl uorophenyl nethyl or

cycl ohexyl net hyl radicals; even nore preferably, R2 represents benzyl,

4-f | uor ophenyl metRly repressrt s iwdrogenhyfevteyisal salivktophalegedl v, R2

represents radicals; preferably, R’ represents hydrogen, deuterium,
alkyl of 1-3 carbon atoms, fluoro or chloro radicals; more

10 preferably, R’ represents hydrogen, deuterium, methyl or

fluoro radicals; or R® and R7 each independently represent
fluoro or chloro radicals; and preferably, R6 and R’ each

represent a fluoro radical; or

15 R4 represents a radical of the formula

o
N

wherein Z represents O, S or NH; and R® represents a
radical of formula

o 0 O O
JYL 20 ° b4 L M
“ee 'R ..N/ \N ‘.. PO 22
ﬂ X H N Rot ﬁ R
’ oxr
20 wherein Y represents O, S or NH; X represents a bond, O or

NR21;

R20 represents hydrogen, alkyl, alkenyl, alkynyl, aralkyl,
heteroaralkyl, heterocycloalkyl, amincalkyl, N-mono-

25 substituted or N,N-disubstituted aminoalkyl wherein said
substituents are alkyl or aralkyl radicals, carboxvalkvyl,
alkoxycarbonylalkyl, cyancalkyl or hydroxyalkyl radicals;
preferably, R20 represents hydrogen, alkyl of 1 to 5
carbon atoms, alkenyl of 2 to 5 carbon atoms, alkynyl of 2

30 to 5 carbon atoms, aralkyl of 1 to 5 alkyl carbon atoms,
heteroaralkyl of S to 6 ring members and 1 to S5 alkyl
carbon atoms, heterocycloalkyl of S to 6 ring members and
lto5 alkyi carbon atoms, aminoalkyl of 2 to 5 carbon
atoms, N-mono-substituted or N,N-disubstituted aminoalkyl



/
benzyl; 10 R3 represents al kyl, cycloal kyl or cycloal kyl al kyl radicals;

pre‘f‘e'r‘ab1y R3re‘pr€'§ETrt’§'r?d'|=ca+-s of ai—kyﬁﬁml——e#—lSe—&Fbﬁﬁ—a{-eﬂcs—
cycl oal kyl of 5-8 ring menbers or cycloal kyl methyl radical of 3-6 ring

menbers; 15 nore preferably, R3 represents propyl, isoanyl, isobutyl,
butyl, cycl opentyl nethyl, cycl ohexyl nethyl, cyclohexyL or cycl oheptyl
radi cal s; norwopsed4es abl y R3 represents isobutyl or cycl openPglI/iisas9dss
radicals; 20 R4 represents aryl, heteroaryl or heterocyclo radicals
provided Rlerr] is other than a hydrogen radi cal and R4 represents

het erocycl o or ben het ar radi cal rqvi ded

hydr ogen radi cal ; Ztogfg gl qu%l Pé’ BhtRes relﬁeﬁ?bds%@%#%‘fe&%g g
menber 25 heteroaﬁ%ﬂlcéﬁ-sb@ﬁz@lmls@d 3 to % cayhpmefbes. h@lﬁeﬂodyafol to
radi cal s provided ﬁ[a@kﬂr]l bér}@éﬁ%ftdn@aﬁaél@é{ﬂé nga&bb@hﬁ b1 ahe Reor epresents

benzo fused 5 to rh t}g(roeroar% zo f ? qal’l n rrenber
het erocycl o radi cacia§ 880%?%% R CRE anlﬁ%ﬁiy ﬁ’fr dF% aﬁg
represents a radi calomst, cyendaikyil a:f[ értd Whemdion Atems @:‘e}a(droxyalkyl
i ndependent |y repr@gsentoCs Grid Ytonsh Chble PH&ieaaBilY rP 3prBsgAcd
represent O 35 hydrogen, alkyl of 1 to 5 carbon atoms, phenylalkyl of 1
to 3 alkyl carbon atams, heterocycloalkyl of 5 to 6 ring
members and 1 to 3 alkyl carbon atoms, or N-mono-

10 substituted or N,N-disubstituted aminoalkyl of 2 to 3
carbon atoms wherein said substituents are alkyl radicals
of 1 to 3 carbon atoms; and most preferably, R20
represents hydrogen, methyl, ethyl, propyl, isopropyl,
isobutyl, benzyl, 2-(l-pyrrolidinyl)ethyl, 2-(1-

15 piperidinyljethyl, 2-(l-piperazinyl)ethyl, 2-(4-
methylpiperazin-l-yl)ethyl, 2-{(l-morpholinyl)ethyl, 2-(1-
thiamorpholinyl)ethyl or 2-(N,N-dimethylamino)ethyl
radicals;

20 R21 represents hydrogen or alkyl radicals; preferably, R21
represents hydrogen radical or alkyl radical of 1 to 3
carbon atoms; more preferably, R2! represents hydrogen or
methyl radicals; and most preferably, R21 represents a
hydrogen radical; or

25 |
the radical of formula -NR20R2! represents a heterocyclo
radical; preferably, the radical of formula -NR20R21
represents a 5 to 6 ring member heterocyclo radical; more
preferably, the radical of formula -NR20R21 represents

30 pyrrolidinyl, piperidinyl, piperazinyl, 4-
methylpiperazinyl, 4-benzylpiperazinyl, morpholinyl or
thiamorpholinyl radicals; and

R22 represents alkyl or R20R2IN-alkyl radicals;

. 35 preferably, R22 represents alkyl or R20R2IN-alkyl radicals
wherein alkyl is 1 to 3 carbon atoms; and more preferably,
R22 represents alkyl radical of 1 to 3 carbon atoms; and



WD 96/ 28464 PCT/ US96/ 02685 6 R6
represents deuteriwm—alkyl or halegen radi cals—preferably, R represents

deuterium al kyl of 1-5 carbon atons, fluoro or chloro radicals; nore
preferably R6 represents deuterium nethyl, ethyl, propyl, isopropyl or 5
fluoro radicals; R7 represents hydrogen, deuterium alkyl or hal ogen

radi cal s; ppifbeisy: R err] represents hydrogen, deuteri upcrasyenzesst 1-3
carbon atons, fluoro or chloro radicals; nore 10 preferably, R err]
represents hydrogen, deuterium nethyl or 8l uoro radicals; or Rerr] and

Rl err] each independently represent fluoro or chloro radicals; and
preferably, R err] and Rlerr] each represent a fluoro radical; or 15 R4
represents a radpgefepdblyh R4 &éﬁhéﬁemrgﬂielmyz r epigstartyd , O4-S or NH, and R9

P eprosents o bEsghofpldy) 3-hifoafhedily ?'h? e fyp hifenyl
al kynyl , aral kyl 2mhaPRReMRFlIF) A -aRLReRRANY él6&ﬁk9? Séﬁ“ﬁ@é? y NSnono- 25
substituted of Nobhet sthxed id tiyagogeh nosdilaal , wbern#rreﬁreieaubstltuents are

al kyl or aralkyl car boxy. | k@Xx b yl, cyanoal kyl or
hydr oxyal kyl radlcagé)&{ﬁa?z L % %? ﬁ%é%@?%§%5§§e§t h;%%g&hg aIk | of 1 to 5

car bon at ons, aIh@ﬁ?@thﬁazpkﬂ§'516a?tﬁWBQhQNM§arHPRx¢Eml %b@nzothlazol-
5-yl, 2-amino-benzothiazol-6-yl, 2-{methoxycarbonylamino)
benzothiazol-6-yl, 5-benzoxazolyl, 6-benzoxazolyl, 6-

10 benzopyranyl, 3,4-dihydrobenzopyran-6-yl, 7-benzopyranyl,
3,4-dihydrobenzopyran-7-yl, 2,3-dihydrobenzofuran-5-vi,
benzofuran-5-yl, 1,3-benzodioxol-5-yl, 2-methyl-1,3-
benzodioxol-5-y1, 2,2-dimethyl-1,3-benzodioxol-5-yl, 2,2-
dideutero-1,3~benzodioxol-5-yl, 2,2-difluoro-1,3-

15 benzodioxol-5-yl, 1,4-benzodioxan-6-yl, 5-benzimidazolyl,
2- (methoxycarbonylamino)benzimidazol-5-yl, 6-quinolinyl,
7-gquinolinyl, 6-isoquinolinyl or 7-isoquinolinyl
radicals; more preferably, R4 represents phenyl, 2-
naphthyl, 4-methoxyphenyl or 4-hydroxyphenyl radicals

20 provided Rl is other than a hydrogen radical, or R4
represents benzothiazol-5-yl, benzothiazol-6-yl,
benzoxazol-5-yl, 2,3-dihydrobenzofuran-5-yl, benzofuran-
5-y1l, 1,3-benzodioxol-5-yl, 2-methyl-1,3-benzodioxol-5-
vl, 2,2-dimethyl-1,3-benzodioxol-5-yl, 2,2-dideutero-1,3-

25 benzodioxol-5-yl, 2,2-difluoro-1,3-benzodioxol-5-y1, 1,4-
benzodioxan-6-yl, 2-(methoxycarbonylamino) benzothiazol-
5~yl, 2-(methoxycarbonylamino)benzothiazol-6-y1 or 2~
(methoxycarbonylamino)benzimidazol-5-yl radicals; and
most preferably, R4 represents phenyl, 4-methoxyphenyl or

30 4-hydroxyphenyl radicals provided Rl is other than a
hydrogen radical, or R4 represents benzothiazol-5-yl,
benzothiazol-6-yl1, 2,3-dihydrobenzofuran-5-vy1,
benzofuran-5-vl1, 1,3-benzodioxol-5-yl, 2-methyl-1,3-
benzodioxol-5-yl, 2,2-dimethyl-1,3-benzodioxol-5-yl, 2,2-

35 dideuterc-1l,3-benzodioxol-5-y1, 2,2-difluoro-1,3-
benzodioxol-5-yl, 1,4-benzodioxan-6-yl, 2-
(methoxycarbonylaminolbenzothiazol-6-yl or 2-
(methoxycarbonylamino)benzimidazol-5-yl1 radicals;



R I

30 to 5 carbon atons, aralkyl of"1 to 5 al kyl carbon atons, heteroaralkyl
of—51t0.6 ring nsenbers—and-1-to 5 al kyl—sarber-atons— het eroeycheallyt—of 5
to 6 ring nenbers and 1 to 5 alkyl carbon atons, ‘am noal kyl of 2 to 5
carbon atons, N -nono-substituted or N, N-d| substltut ed am noal kyl WO

96/ 28464 ' PCT/ US96/ 02685 7 of 2 to
5 al kyl car rpospsa® Wherein said substituents are radi cal PoTfusaéib2sss of 1
to 3 carbon atons, aralkyl of 1 to 3 alkyl carbon atons radicals,

car boxyal kyl of 1 to 5 carbon atons, al koxycarbonylal kyl of 1 to 5 al kyl
carbon 5 atons, cyanoal kyl of 1 to 5 carbon atons or hydroxyal kyl of 2 to 5
carbon atons; nore preferably, R20 represents hydrogen, alkyl of 1 to 5

carbon atoms, phaiyl aklybsentsl Hydrdgahkyallear bhydabryalkyetar ocycl oal kyl of

5to 6 ring menber 0 I 00Le g%é]&

.substituted or %I{I-igigg%%{%tu dlzéag'r%n n§9%£8$ &&)g%tlo g %t on atoms wherein
sai d substituent ivdregenkyalingdi dadsosyalkyh & @dkesviansheEading st
preferably, Rg0 m&@&anﬁk;hyckﬂmanko@tayé,ea&nhw_a P& O ,atichenr apye,

B i
2- (1- nor phol i nyl peopyll, bydtexymstied: phwiirexpretdnily| mgrho: oxymethyl or
2- (N, N-di. et hyl agdaebalBYhyi aHdidlads; most preferably, R10 represents
hydrogen, methyl or ethyl radicals;
10
R1l represents hydrogen, alkyl, hydroxyalkyl,
alkoxyalkyl, aralkyl, heterocaralkyl, alkylthioalkyl or
the sulfone or sulfoxide derivatives thereof,
-CH>CH>CONH, or -CH2CONH,; radicals; preferably, R11
15 represents hydrogen, alkyl of 1-5 carbon atoms,
hydroxyalkyl of 1-4 carbon atoms, alkoxyalkyl of 1-4
alkyl carbon atoms, benzyl, imidazolylmethyl, '
-CH2CHCONH,, -CHaCONHz, -CHCH2SCH3 or -CH3SCH3 radicals
or the sulfone or sulfoxide derivatives thereof; more
20 preferably, R1l represents hydrogen, methyl, ethyl,
propyl, isopropyl, butyl, secbutyl, isobutyl, tertbutyl,
hydroxymethyl, hydroxyethyl, methoxymethyl or
methoxyethyl radicals; most preferably, Rll represents
hydrogen, methyl or ethyl radicals; and
25 '
R12 and R13 each independently represent hydrogen, alkyl,
aralkyl, heteroaralkyl, cycloalkyl, cycloalkylalkyl,
hydroxyalkyl, alkoxyalkyl, aryl or heterocaryl radicals;
preferably, R12 and R13 each independently represent
30 hydrogen, alkyl, aralkyl, heteroaralkyl, cycloalkyl,
cycloalkylalkyl, hydroxyalkyl, alkoxyalkyl, aryl or
heteroaryl radicals, wherein alkyl is 1-5 carbon atoms,
cycloalkyl is 3-6 ring member cycloalkyl optionally benzo
fused, and heteroaryl is 5 to 6 ring member heteroaryl
. .35 optionally benzo fused; more preferably, R12 and R13 each
independently represent hydrogen, alkyl of 1-5 carbon
atoms, phenylalkyl of 1-3 alkyl carbon atoms, 5 to 6 xing
member heteroaralkyl of 1-3 alkyl carbon atoms,



20 Rlerr] represents hydrogen or alkyl radicals; preferably, R err]
represents hydrogen radical-or alkyl.radical of-1 to 3 carbon ataons; nore
preferably, R21 represents hydrogen or nethyl radicals; and nost

preferably, R21 represents a hydrogen radical; or 25 the radical of formula
-NR[err]Rerr] represents a heterocyclo radical; preferably, the radical of
formul a - NRy@ydshsdes '] represents a 5 to 6 ring nenber het pépoyslodsssadi cal ;
nore preferably, the radical of fornula -NRerr]R err] represents 30
pyrrolidinyl, piperidinyl pi perazi nyl, 4-10net hyl pi perazi nyl,

4- benzyl pi per azi nyl hollnyl or thlanDrphollqy radi cal s; and R22
represents al kyl %?iWJé?yf]] RifePr f NCIRK IembogaFe aF e Lan kylaebhyb| 9f 8

represents a[kyIrQﬁgEﬁéMhéhBLehyafbgyamﬁylr@dlma$sca%nahehmoﬁgkyl_|s 1to 3
car bon at ons, anlqeg%,g,%g ggiy% ﬂ]&rl Lat-BRL EeSEHS A anenyfd' cal of 1to

3 carbon atons
PCT/ US96/ 02685 srpsiw@}%,bleyemmpégr@ﬁﬁﬁrgbwen&’rz nh RIBt BeFh 4-
ZEt hoxypﬂenylsrgéﬁgﬁwiots%hepﬁeﬁeﬂ W&ﬁhqrﬁéﬂthﬁﬁ eaﬂym?pdshﬁfnwrl gr 5
or RLerr] ropr o thoRr Rl o o] SEaRbRtYEL AftieRatyE] 07 T C
benzot hi azol - 5- ywcmhmmoﬂycépbmylmmd)bbﬁnmlu aohsnylethyl, 2-
pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 2-(2-
pyridyl)ethyl, 2-(3-pyridyl)ethyl, 2-(4-pyridyl)ethyl,
10 furylmethyl, 2-furylethyl, 2-hydroxyethyl, 2-methoxyethyl
or phenyl radicals; most preferably, R12 represents
hydrogen or methyl radicals; and most preferably, R13
represents hydrogen, methyl, ethyl, propyl, cyclopropyl,
isopropyl, benzyl, 2-phenylethyl, 2-pvridvlmethyl, 3-
15 pyridylmethyl, 4-pyridylmethyl, 2-(2-pyridyl)ethyl, 2-(3-
pyridyllethyl, 2-{4-pyridyl)ethyl, furylmethyl, 2-
furvlethyl or 2-methoxyethyl radicals.

Another family of compounds of interest within

20 Formula I-as defined above wherein R4 represents aryl,
heteroaryl or heterocyclo radicals provided Rl is other
than hydrogen or alkyl radicals, and R4 represents
heterocyclo or benzo fused heterocaryl radicals provided
Rl is a hydrogen or alkyl radical; preferably, R%

25 represents aryl, benzo fused 5 to 6 ring member
heterocaryl or benzo fused 5 to 6 ring member heterocyclo
radicals provided R11l is other than hydrogen or alkyl
radicals, and R4 represents benzo fused 5 to 6 ring
member heteroaryl or benzo fused 5 to 6 ring member

30 heterocyclo radicals provided Rl is a hydrogen or alkyl
radical.

The absolute stereochemistry of the carbon atom of
-CH{(OH) - group is preferably (R). The absolute
35 stereochemistry of the carbon atom of -CH{R!)- group is
preferably (S). The absolute stereochemistry of the
carbon atom of-CH(R2)-~ groups is preferably (S).
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5-yl, 2-am no-benzot hi azol - 6-yl, 2-(nethoxycarbonyl am no)

benzot hi azol - 6- yl—*5—beﬁie*aéeLyL- 6-berzoxazelylr—~_G-— 10 benzopyranyl .

3, 4-di hydr obenzopyran-6-yl, 7-benzopyranyl, 3, 4-dihydrobenzopyran-7-yl,
2,3-dihydrobenzofuran-S-yI, benzof ur an- 5- yI 1, 3- benzodi oxol - 5-yl,
2-nmet hyl - 1, 3- benzodi oxol -5-yl, 2,2-dinethyl-1,3-benzodioxol-5-y|, 2, 2-

di deut er o- 1,vpobemaedi oxol -5-yl, 2,2-difluoro-1,3- 15 benzopitmusvisniesy|

1, 4- benzodi oxan-6-yl, 5-benzi m dazol yl, :

2- (met hoxycar bonyl am no) benzi m dazol - 5-yl, 18- qui nol i nyl, 7-quinolinyl,
6-1soqui nolinyl or 7-isoquinolinyl radicals; nore preferably, R4 represents
phenyl, 2- naphthyl, 4-nmethoxyphenyl or 4-hydroxyphenyl radicals 20
provided R err] is otlerfamidy af hyoiwegewdsr afii pattiorla® inepresentithin
benzot hi azol - 5- ylFoﬁméotxhaééoém@padndsbmm 828 5° the: £rriula

- di hydrobenzof uran-5-yl, benzgiukan- 5-y Jﬁ% benzodi oxol - 5-yl ,

2- et hyl - 1, 3- benzodi oxol -?5 yl , 2gdi me hyI 3 ben2ya @ oxol - 5-yl ,
2,2-dideutero-1,3- 25 bBNAQQ] P I [ Q- 35 benzodi oxol - 5-yl
1, 4-- benzodi oxan-6-yl, 2-(nme oxy arb nylaﬂlno) benﬁ%thlgzol 5-yl,

2- (et hoxycar bonyl am no) benzot hi agol - &yl or 2-oy RrR3

(et hoxycar bonyl am no) benzi m dazol -5-yl radicals; and nost rg%erably, R4
represents phényloF & PERRBREERESALIY aSGePHaMerh§ﬁ9@r‘|‘%cﬁ%zﬁs§e§r ovi ded
lI?[err] hl S o][ her }&me@fhydhegem rra,d:rdal RZQ(rjR]rL]?Adgtb,Ems)ePR%l and IR13 are
enzot hi azo 5 y i 6-y 2, 3-di hydr obenzof uran-5-yl,

benzof uran-5-y ?ﬁ!ygééﬁégdgégg -5-yl, 2-nethyl -1, 3- benzodi oxol -5-yl,

2, 2-di et hyl - 1 3- benzodi oxol - 5- yl, 2, 2. 35 di deut er o- 1, 3- benzodi oxol - 5-yl,

&

2,2-difluoro-1, 3- A family of compounds of further interest within
10 Formula II are compounds embraced by the formula
R10 Rll

:y<jr’ aJL\I/"\ ﬁhﬂ
N
H .
(III)

or a pharmaceutically acceptable salt, prodrug or ester
thereof, wherein R1, R2, R3, R4, R10, R11l, and R13 are as
defined above.
15 |
A more preferred family of compounds within Formula
III consists of compounds or a pharmaceutically
acceptable salt, prodrug or ester thereof, wherein

20 Rl represents sec-butyl, tert-butyl, iso-propyl, 3-propynvl,
cyanomethyl or -C(CH3)2S(0}2CH3 radicals;

RZ represents a benzyl radical;

25 R3 represents propyl, isocamyl, isocbutyl, butyl,
cyclohexyl, cycloheptyl, cyclopentylmethyl or
cyclohexylmethyl radicals; and

R4 is as defined above;

30
R10 represents hydrogen, methyl, ethyl, propyl,
hydroxymethyl or hydroxyethyl radicals;



benzodi oxol -5-yl, 1, 4-benzodi oxan-6-yl, 2-

(et hoxycar bonyl am no)-benzot hi azol-6-yl or-2-_.__ _

(met hoxycar bonyl am no) benzi m dazol -5-yl radicals; WO 96/ 28464

PCT/ US96/ 02685 9 R err] represents hydrogen, al kyl, hydroxyal kyl or

al koxyal kyl radicals; preferably, R err] represents hydrogen, alkyl,

hydr oxyal kykvd);mgisgoxyal kyl radicals, 5 wherein alkyl and ai@¥d02és8 each
1-3 carbon atons; nore preferably, R[err] represents hydrogen, nethyl,

et hyl, propyl, hydr oxynet hyl , hydroxyet hyli2 net hoxymet hyl or met hoxyet hyl
radi cals; nost preferably, R[err] represents hydrogen, nethyl or ethyl
radi cals; 10 Rlerr] represents hydrogen, al kyl, hydroxyal kyl, al koxyal kyl
aral kyl, het er oardl kidpredicaykt hy@eddan, Qfeth?e sedHyane pebpgl) f sdmepyl,

I o b R S B BB ) it

carbon atons RS RIMGHhYd Teqh%ﬁMﬂﬁchér§§nm%ﬁhﬁﬁ¥9t ﬁz?@dlcals: and
i m dazol yl metdhyl, -CHerr]CH err] CONH err], CH[err]CCNH[err]

-CH[err]CH[err]SQ—%? al fo squOX|de
derivatives thereo Pér% %gg%&fg e(i'HI ?}',e% 5‘ i éﬁdr gge s’ hydr ogen,
met hyl , ethyl, p%%@@MO@NﬂsoSV@b?PrOEK&qﬂcycée bUY 1 cvicdepenyyl. tertbutyl,

cyclohexyl, cyclohexylmethyl, benzyl, phenylethyl, 2-
pyridvlmethyl, 3-pyridyvlmethyl, 4-pyridylmethyl, 2-(2-

10 pyridvliethyl, 2-(3-pyridyl)ethyl, 2-(4-pyridyl)ethyl,
furylmethyl, 2-furylethyl, 2-hydroxyethyl, 2-methoxyethyl
or phenyl radicals. |

Compounds of interest include the following:
15
28-[ [ (N-methylamino)acetyl]amino] -N- (2R~-hydroxy-3-[[ (1,3~
benzodioxol-5-yl)sulfonyl] {(2-methylpropyl)amino]-1S-~
(phenylmethyl)propyl] -3, 3-dimethyl-butanamide;

20 2S-[[{N-methylamino)acetyl]amino]-N-[2R~hydroxy-3-{[(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -15-
{phenylmethyl)propyl]-3-methyl-butanamide;

2S-[ [ (N-methylamino)acetyl]amino} -N-[2R-hydroxy-3-[[(1,3-
25 Dbenzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino]-15-
(phenylmethyl)propyl] -3 -cyanopropanamide;

2S—[[(N—methylamino)acétyl]amino]-N-[2R—hydroxy—3-[[(1,3—
benzodioxol-5-yl)sulfonyl) (2-methylpropyl)aminoj-1S-
30 {(phenylmethyl)propyl] -3S-methyl-pentanamide;

25-[[ (N-methylamino)acetyllamino] -N- [2R-hydroxy-3-[{ (1,3~
benzodioxol-S-yl)sulfonyl] (2-methylpropyl)amino] -15-
{phenylmethyl)propyl] -4-pentynamide;

35
2S~[[ (N-methylamino)acetyl}amino]} -N-[2R-hydroxy-3-
[ [ (benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl] -3,3-dimethyl-butanamide;

40 2S-[[(N-methylamino)acetyl]amino]-N-[2R-hydroxy-3-
[ { (benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl] -3-methyl-butanamide;

25~ [ (N-methylamino)acetyl]amino] -N- [2R-hydroxy-3-
45 [[ (benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino]-15-
{phenylmethyl)propyl]}-3-cyanopropanamide;

25—[[(N—methylamino)acetyl]amino]—N—[2R—hydrox¥—3-
[ [ {benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino]-15-
50 (phenylmethyl)propyl] -3S-methyl-pentanamide;



hydr oxynet hyl , hydroxyet hyl, met hoxymet hyl or met hoxyet hyl radicals; nost
preferably R err] represents—hydrogen—rethyt—or—ethyl radi :

Rlerr] and Rl err] each independently represent hydrogen, alkyl, aralkyl,
het er oar al kyl, cycl oal kyl, cycl oal kyl al kyl, hydroxyal kyl, al koxyal kyl, aryl
or heteroaryl radicals; preferably, R err] and R err] each independently
represent 3Qyoépdiqagen, al kyl, aral kyl, heteroaral kyl, cyclREIVESPE02685

cycl oal kyl al kyl, hydroxyal kyl, al koxyal kyl, aryl or heteroaryl radicals,
wherein alkyl is 1-5 carbon atoms, cycloal¥¥l is 3-6 ring nenber cycl oal kyl

optionally benzo fused, and heteroaryl is 5 to 6 ring nenber heteroaryl 35
optionally benzo

( fu L _ore pref ern , I dd1 -9 RUAG &d os8AGH
Pnaeponden 1y rofetiat BB el e AL B S o ko
1-3 al kyl carbon @QuH1mat J% ]agnﬁgﬁt qear al Kyl of 1-3 al kyl
carbon atons, g 0 cyc?oal yl” of "3-6 ring nenbers, cycloal kyl nethyl of 3-6
ring nenbers, hydisexyaNkyétiaflamiholachonl bdmirsy ] Nt BBxhpdkaxty -Gf- [1(3-al kyl
carbon atons or mpeehyl-1a8lsen=ydiexei-Feyk) guldfoeydd (¢ -mefler drapyd )R] err ]
each 5 independemtinp]r&fr éskeny Imethygenropwt Ind. 3-dingthy hriypanamidgpr opyl
cycl opr opyl GYcl DU, el DR £YE| QX AL AISXUTEL Iy Denzy

’ methyl-1, 3-benzodioxol-5-yl}sulfonyl] (2-methylpropyl)

amino] -1S- {phenylmethyl)propyl]-3-methyl-butanamide;

2S-{ [ {(N-methylamino)acetyl]amino] -N- [2R-hydroxy-3-[[ (2-
15 nethyl-l,3-benzodioxol-5-yl)sulfonyl](2—methylp;opyl)
amino] -1S- (phenylmethyl) propyl]-3-cyanopropanamide;

25-[ [ (N-methylaminoe) acetyl]amino} -N- [2R-hydroxy-3-[[(2-
methyl—l,3—benzodioxol—5-yl)sulfonyl](2—methylpropyl)
20 amino]-15-(phenylmethyl)}propyl]-3S-methyl-pentanamide;

2S-[ [ (N-methylamino)acetyl]amino] -N- [2R-hydroxy-3-[[(2-
methyl-l,3-benzodioxol-5—yl)sulfonyl](2-methylpropyl)
amino]-18- (phenylmethyl)propyl] -4-pentynamide;

25
ZS—([(N—methylamino)acetyl]amino]—N—[2R—hydroxy—3—![(2,3—
dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -
1S- (phenylmethyl)propyl] -3, 3-dimethyl-butanamide;

30 ZS—[[(N—methylamino]acetyl]amino]—N—[ZR—hydroxy—B-[[(2,3-
dihydrobenzofuran-s—yl)sulfonyl](2—methylpropy1)am1no]-
1S- (phenylmethyl)propyl]-3-methyl-butanamide;

ZS—[[(N—methylamino)acetyl]amino]—Nf[ZR-hydroxy—3—[[(2,3—
35 dihydrobenzofuran—s—yl)sulfonyl](2-methy}propyl)am1no]—
1S- (phenylmethyl)propyl] -3-cyanopropanamide;

2S—[[(N-methylamino)acetyl]amino]-N—[2R—hydroxy-3—[p(2,3—
dihydrobenzofuran-S-yl)sulfonyl]{2-methy1p;opyl) amino] -
40 1S-phenylmethyl)propyl]-35-methyl-pentanamide;

25-[ [ (N-methylamino)acetyl]amino] -N-[2R-hydroxy-3-{[(2,3-
dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -
1S-phenylmethyl)propyl] -4 -pentynamide;

45
25-[ [ (N-methylamino)acetyl]amino] -N- [2R-hydroxy-3-
[ [ (benzothiazol~6-yl)sulfonyl] (2-methylpropyl)amino]}-1S-
{(phenylmethyl)propyl] -3,3-dimethyl-butanamide;

50 2S-[[(N-methylamino)acetyl]amino]-N-[2R-hydroxy-3-
[[ (benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino]-1S-
. - {phenylmethyl)propyl] -3-methyl-butanamide;

25-[ [ (N-methylamino)acetyl]jamino]-N-[2R-hydroxy-3-
55 [[(benzothiazol—G—yl)sulfonyl](2—methy1propyl)am1no]-1S-
(phenylmethyl)propyl] -3-cyanopropanamide;



pyridyl methyl, 3-pyridylnmethyl, 4-pyridylnmethyl, 2-(2- pyridyl)ethyl,
2-(3-pyridyl)ethyl, 2—4-pyridyl yethyl, 10 fuwlnethyl, 2-fuyethyl,

2- hydr oxyet hyl , 2-net hoxyethyl or phenyl radicals; nost preferably, R err]
represents hydrogen or nethyl radicals; and nost preferably, R err]
represents hydrogen, nethyl, ethyl, propyl, cyclopropyl, isopropyl, benzyl,
2- phenyl etywplogngispyri dyl net hyl, 3- 15 pyridyl net hyl, 4-pP€T/ass6HEa8hy|
2-(2-pyridyl)ethyl, 2-(3- pyridyl)ethyl, 2-(4-pyridyl)ethyl, furylmethyl,
2- furylethyl or 2-nethoxyethyl radical s34Another famly of conmpounds of
interest within 20 Formula | as defined above mherein R4 represents

het erocycl o or _pr ] is a
hydr ogen or aIkQE g |ﬁl%§§% e _ étﬁ' %ﬁtf fﬁﬂ S§5&fﬁiﬁgpdb benzo
fused5t06r| &%%@g ﬁ @;6 ring nmenb

het er ocycl o 5ad|cals provrded err] i's ot her than hydrogen or aIkyI

radi cal s, and Rps+[](N-epthytamnindpareryfl]amdnd] +10- BR-hydrogpb2+s het er oaryl
or benzo fused 5l {berfzothigzodrbeyl Bl firatydd §2ymethyladiopsl $apinwl déd Rl err]
is a hydrogen oKpb¢Mx&maﬂ@&ﬂdaropﬂhkr%ﬂnﬁﬁtuﬂéms@%reochen1stry of the carbon
atom of - nrstry

roup I's preferabl R).. The abs u e 35 S£EL€
of the carth agégibf = Sol ut e
st er eochemi st ryamno m g l§ gtﬁﬁ%ﬁfé"‘bl y (S).
2S8-[ [ (N-methylamino) acetyl]amino] -N-[2R-hydroxy-3-[[(2,2-

15 difluoro-l,3—benzodioxol-5-y1)sulfonyl](2—methylpropyl)
amino] -1S- (phenylmethyl)propyl] ~3-methyl-butanamide;

2S-[ [ (N-methylamino)acetyllamino] -N- [2R-hydroxy-3-[[(2,2-
difluoro—l,3—benzodioxol-5—yl)sulfonyl](2—methy;propyl)
20 amino}-1S-(phenylmethyl)propyl]-3-cyanopropanamide;

28-[[ (N-methylamino)acetyl]amino]} -N- [2R-hydroxy-3-[[(2,2-
difluoro-1, 3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)
aminol -1S- (phenylmethyl)propyl] -3S-methyl-pentanamide;

25
2S-[[ (N-methylamino)acetyl]amino] -N- [2R-hydroxy-3-{[(2,2-
difluoro-1, 3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)
aminol-1S- (phenylmethyl)propyl] -4-pentynamide;

30 2S-[[(N-methylamino)acetyl])amino]-N-[2R-hydroxy-3-[[(1,4-
benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino}-1S-
(phenylmethyl)propyl])-3,3-dimethyl-butanamide;

25—[[(N-methylamino)acetyl]amino]—N-[ZR—hydrexy—3-[[(1,4—
35 benzodioxan-G—yl}sulfonyl](2—methylpropyl)am1no]—1S-
{phenylmethyl)propyl] -3-methyl-butanamide;

ZS—[[(N-methylamino)acetyl]amino]-N-[2R—hydr9xy—3-[[(1,4—
benzodioxan-G—yl)sulfonyl](2—methylpr9pyl)am1no]-ls-
40 {phenylmethyl)propyl] -3~-cyanopropanamide;

2S-[ [ (N-methylamino)acetyllamino] -N-[2R-hydroxy-3-[[(1,4-
benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino]-1S-
(phenylmethyl)propyl] -3S-methyl-pentanamide;

45
25-[[ {(N-methylamino)acetyl]amino] -N- [2R-hydroxy-3-[[(1,4-
benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl] -4-pentynamide;

50 2S-[[(N,N-dimethylamino)acetyl]amino]-N-[2R-hydroxy-3-
[{(1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino]-
1S- (phenylmethyl)propyl] -3, 3-dimethyl-butanamide;

2S-[[ (N,N-dimethylamino) acetyl]amino) -N-[2R-hydroxy-3-
55 [{[(1,3-benzodioxol- S-yl)sulfonyll(2—methylpropy1)am1no]-
1S- (phenylmethyl)propyl] -3-methyl-butanamide;
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f am+y of conpouRrds—ef—parttetar | Nt erestitt=thi=g—far mil a | .. aFe~corpodids— ..

enbraced by the fornmula [err] 5 or a pharmaceutically acceptable salt,
prodrug or ester thereof, wherein n, Rerr], Rerr], Rerr], Rerr],
Rlerr], Rerr], and R err] are as defined above. A famly of conpounds of
further intewesgngdsahin 10 Fornula Il are conpounds enbr ac®¢TRE9 12685
formula [err] or a pharnmaceutically acceptable salt, prodrug or ester

t hereof, wherein Rerr], Rerr], Rerr], F{fgr], Rlerr], Rerr], and R err]
are as defined above. 15 A nore preferred fa@mly of conpounds wi thin
Formula IIl consists of conmpounds or .a pharmaceutically acceptable salt,

prodrug or ester phelent,N-digethlaRindyLidtly1] aRELSPN-S[ 3 EAbYY +3 -
tert-butyl, iso-pfopy)3-Berproaivryl -5eybraiifonyl ] 02-methylpropyl)amino] -
C(CH[err])[err]SQE}[Ehedy]ﬂaihyﬁ)padmxiﬂfi dganpppopareamisiea benzyl ' radi cal ;

25 R3 represen rot)gl/“I |soa I I sobutyl, butyl 'dﬁfthexél

cycl oheptyl, c cI %mqﬁﬂseﬂw “SYORAWY RPerr] is

ag deflﬁeé aboze g benzodloxol -yl)sulfonypﬁ¥2 -met ylpropyl)amrgo]-]
(phenylmethyl)propyl] -3S-methyl-pentanamide;

10 28-[[{(N,N-dimethylamino)acetyl]amino] -N-[2R~hydroxy-3-
{[{(1,3-benzodioxol-5-yl}sulfonyl] (2-methylpropyl)amino]-
15- (phenylmethyl)propyl] -4-pentynamide;

- 28~[[(N,N-dimethylamino)acetyl]amino] -N- [2R~hydroxy-3-
15 [[ (benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino]-1S-
(phenylmethyl)propyl]-3,3-dimethyl-butanamide;

- 28~ [ [ (N,N-dimethylamino)acetyl]lamino] -N-[2R-hydroxy-3-
[[ {(benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino]-1S-
20 (phenylmethyl)propyl] -3-methyl-butanamide;

2S-[[ (N,N-dimethylamino)acetyl]amino] -N-[2R-hydroxy-3-
[ [ (benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -15-
(phenylmethyl)propyl] -3 -cyanopropanamide;

25
2S-[ [ (N,N-dimethylamino) acetyl)amino}-N-[2R-hydroxy-3-
[ [ (benzofuran-5-yl)}sulfonyl] {2-methylpropyl)amino] -1S-
{(phenylmethyl)propyl] ~3S-methyl-pentanamide;

30 2S8-[[(N,N-dimethylamino)acetyl}amino]-N-[2R-hydroxy-3-
{[ tbenzofuran-5-yl)sulfonyl] (2-methylpropyl)amino]-1S-
{phenylmethyl)propyll-4-pentynamide;

28-[ [ (N,N-dimethylamino}acetyl]amino] -N-[2R-hydroxy-5-

35 [[(2-methyl-1,3-benzodioxol- S—yl)sulfonyl](z—methyl
propyl)amino]-1S- (phenylmethyl)propyl}~3,3-dimethyl-
butanamide;

2S~-{{ (N,N-dimethylamino) acetyl]amino] -N-{2R-hydroxy-3~

40 [[(2-methyl-1,3-benzodioxol-5-yl)sulfonyl] {2-methyl
propyl)}amino)] -1S-(phenylmethyl)propyl]~3-methyl-
butanamide;

25-[ [ {N,N-dimethylamino)acetyl]amino) -N-[2R-hydroxy-3-

45 [{(2-methyl-1,3-benzodioxol~5-yl)sulfonyl] (2-methyl
propyl)amino] -1S8- (phenylmethyl)propyl] -3-
Ccyanopropanamide;

2S5-[ [ {N,N-dimethylamino)acetyl]amino] -N- [2R-hydroxy-3-

50 {{(2-methyl-1,3-benzodioxol-5-yl}sulfonyl] {(2-methyl
propyllamino] -158- (phenylmethyl)propyl] - 3S-methyl—
pentanamide;

2S-[ [ (N,N-dimethylamino)acetyl)amino] -N- [2R-hydroxy-3-
55 [[{2-methyl-1,3-benzodioxol-5-y1l)sulfonyl] (2-methyl
propyl)amino] -1S- (phenylmethyl) propyl] -4-pentynamide;



Rl err] represents hydrogen, nethyl, ethyl, prop_yl , hydroxynet hyl or
hydr oxyet hyl radi cal s——WD 96/28464. —
PCT/ US96/ 02685 12 R err] represents hydrogen, nethyl, ethyl, propyl,

i sopropyl, butyl, secbutyl, isobutyl, tertbutyl, hydroxynethyl,

hydr oxyet hyl , nmet hoxymnet hyI_ or net hoxyet hyl radicals; and 5 R err]
represents hyweyggdgies nethyl, ethyl, propyl, isopropyl, cycl eorosesloess
cycl obutyl, cyclopentyl, cyclohexyl, cyclohexyl nethyl, benzyl, phenylethyl,
2- pyridyl methyl, 3-pyridylnmethyl, 4-pyridyenethyl, 2-(2- 10

pyridyl)ethyl, 2-(3-pyridyl)ethyl, 2-(4- pyridyl)ethyl furyl met hyl,

2-furyl ethyl, 2-h drox ethyl 2- nethoxyeth or phenyl radi cal s. Cbnpounds
of interest incl u o)ac yl]axnlno] ~N- [2R-hydroxy-3-

2S-[[ (N-net hyI ani %T;I(‘“léi mftgytpropyé)
benzodi oxol - 5-yI )Em %Y utanamide;
(phenyl met hyl)prowl-l[ﬁa?:\r-@lmé&hiimhiﬂ £) afbho] -N- [2R-hydroxy-3-

2S-[[ (N-met hyl am po)2cetainyaFope ?ﬁrﬁg%ﬁﬂ1:3‘%%](]](723met¥1ylpgpyl)
benzodi oxol - 5- yl ) amiheyyilS-((dheni Dyefiapropyl nel hyl-butanamide;

(phenyl et hyl ) propyl ] - 3- met hyl - but anam de;

2S-[[ (N- et hleam 28y hteN .ilHdamenbYIam:{rBﬂacpstme&ﬂ-(m [2R-Bgdroxy-3-

benzodi oxol - 5-yl ) $Uf23 gﬂ?@rﬁbﬁh?¢%ﬁ 3r¥ﬁﬂanlfqg¥ll(2-methylprOPY1)
amino] -15~(phenylmethyl)propyl] -3-cyanopropanamide;

2S-[ [ (N,N-dimethylamino)acetyl]amino] -N- [ 2R-hydroxy-3-
15 [{(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
aminoc] -1S-phenylmethyl)propyl] -3S-methyl-pentanamide;

2S-[ [ (N,N~dimethylamino)acetyl]amino] -N-[2R~hydroxy-3-
[[{2,3-dihydrobenzofuran-5-y1l)sulfonyl] (2-methylpropyl)
20 amino]-1S-phenylmethyl}propyl)-4-pentynamide;

2S-[ [ (N,N-dimethylamino)acetyl]amino] -N- {2R-hydroxy-3-
[[(benzothiazol-6-yl)sulfonyl] (2~-methylpropyl)amino]-1S-
(phenylmethyl)propyl} -3, 3-dimethyl-butanamide;

25
28-[ [ (N,N-dimethylamino)acetyl]lamino] -N~ [2R-hydroxy-3-
[ [ (benzothiazol-6-yl)sulfonyl] {2-methylpropyl)amino] -1S-
(phenylmethyl)propyl] -3-methyl-butanamide;

30 28-[[(N,N-dimethylamino)acetyl]amino]-N-{2R-hydroxy-3-
[ [ (benzothiazol-6-yl)sulfonyl} (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl] -3-cyanopropanamide;

25-[ [ (N,N-dimethylamino)acetyl}amino] ~N- [2R-hydroxy-3-
35 [[ {benzothiazol-6~yl)sulfonyl] (2-methylpropyl)amino) -15-
{phenvylmethyl)propvl]-3S-methyl-pentanamide;

25-[[(N,N—dimethylamino)acétyl]amino]—N—[2R—hydroxy-3—
[[ {benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino] -1S-
40 (phenylmethyl)propyl] -4-pentynamide;

25-[[(N,N-dimethylamino)acetyl]amino] -N- {2R-hydroxy~3-~
([(2,2-difluoro-1,3-benzodioxol-5~-yl}sulfonyl} (2~
methylpropyl)amino]-15- (phenylmethyl)propyl]-3,3-

45 dimethyl-butanamide;

2S-[ [ (N,N-dimethylamino)acetyl]amino] -N-[2R-hydroxy-3-

[[(2,2-difluoro-1, 3-benzodioxol-S-yl)sulfonyl] (2-

methylpropyl)amlno] -18- (phenylmethyl)propyl] -3-methyl-
50 butanamide;

2S5-[[ (N,N-dimethylamino) acetyl]amino]} -N-[2R-hydroxy-3-
({(2,2-difluoro-1, 3-benzodioxol-5~-yl)sulfonyl] (2-
methylpropyl)amino] -15- (phenylmethyl)propyl] -3-

55 cyanopropanamide;



(phenyl net hyl) propyl | - 3- cyanopr opanam de;
2S- 1 f-( N- met hyl am-neyacetyHtami-hol - N [ 2R-hydroxy=3-[ [ (1, 3-

benzodi oxol - 5-yl ) sul fonyl ] (2- net hyl propyl ) am no] - 1S- - 30
(phenyl met hyl ) propyl ] - 3S- net hyl - pent anam de;
2S-[ [ (N- et hyl am no) acetyl ] am no] - N-[ 2R- hydroxy-3-[[ (1, 3-
benzodi oxol - g/dghssssf onyl ] (2- met hyl propyl ) am no] - 1S- PCT/US96/02685
(phenyl net hyl ) propyl ] - 4- pent ynam de; 35
2S-[[ (N- et hyl ami no) acet yl ] ami no] N- [ 2R- hydt'bxy- 3-
hyl,

1 (benzof ur an-5-yL syl f?n_' PR L AT RS K- (2r-hydrosy-3-
_her

phenyl net hyl ) pro ]2 L35k A1) sulfonyl] (2-
- [[ (N et hyl ani ﬁ;}x y su.tony-] i< )
benzof uran-5-y % ]El y amn -1§F°py1] -35-methyl
enyl met hyl ) propyl ] - 3- et yI but anam de;

- [ [ (N- et hyl ani 26)-2¢ el Yl @ithetl-1bimfi AR Aystyand nod SN- [ 2R-hydroxy-3-
benzof ur an- 5- yl[)<2l, 2 edi/f Jucrovit, Bybpnepdi gseoti-teyilSulfonyl] (2-
e
- [
b
e

nyl met hyl ) pr opethy 3px anima) add € éphenylmethyl) propyl] -4-
[ (N-net hy] ani Reph¥eagidesn no] - N-[ 2R- hydr oxy- 3-

(benzof urants- vyl Ifonﬁé%(z nmet hyI ro am nQj -1S—
i e s
CT/ US96/ 02685 13 -
[ (benzof uran- 5- yI1 L(Jg) L %% g% py! r?o i iﬁ? e
phenyl”Ethyli9rOﬁﬁLk14ﬂpﬁwﬁiﬁéﬂﬂfiﬁmlno)acetyl]amlno] -N- [2R-hydroxy-3-

[[(1,4-benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino] -
1S-(phenylmethyl)propyl] -3-methyl-butanamide;

25-{{(N,N-dimethylamino)acetyl]amino]-N-[2R-hydroxy-3-
20 [[(1,4-benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino}-
1S- (phenylmethyl)propyl] -3-cyanopropanamide;

2S-[[(N,N-dimethylamino)acetyllamino] -N- [2R-hydroxy-3-
[({1,4-benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino] -
25 1S-(phenylmethyl)propyl]}-3S-methyl-pentanamide;

25-[ [ (N,N-dimethylamino)acetyl)amino] -N-[2R-hydroxy-3-

[[(1,4-benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino] -
20 1S-(phenylmethyl)propyl)-4-pentynamide;

2S5-{ [ (N~benzylamino)acetyll}amino] -N- [2R-hydroxy-3-[[ (1,3~

benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-

(phenylmethyl)propyl] -3, 3-dimethyl-butanamide;

35 25-[[{N-benzylamino)acetyl]amino] -N- [2R-hydroxy-3-[[ (1,3~
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino) -18-
(phenylmethyl)propyl] -3-methyl-butanamide;

2S-[[ (N-benzylamino)acetyl]lamino] -N- [2R-hydroxy-3-[[(1,3-
40 benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino]-1S-
{(phenylmethyl)propyl]-3S-methyl-pentanamide;

ZS-[[(N—benzylamino)acetyl]amino]-N—[ZR—hydroxy~3-[[
phenylsulfonyl}(2—methy1propyl)am1no] -158-
45 (phenylmethyl)propyl] -3, 3-dimethyl-butanamide;

25-[ [ {N-benzylamino)acetyl]amino}-N-[2R-hydroxy-3-[{
phenylsulfonyl] (2-methylpropyl}amino] -15-
{(phenylmethyl)propyl)] -3-methyl-butanamide;
- 50
25-{[ (N-benzylamino)acetyl]amino] -N-[2R-hydroxy-3-[
. iphenylsulfonyl] (2-methylpropyl)amino] -1S-
{(phenylmethyl)propyl] -3S-methyl-pentanamide;

55 2S8-[{ (N-benzylamino)acetyl]amino] -N- {2R-hydroxy-3-[{



5 2S-[[ (N-net hyl am no) acetyl ] am no] - N-[ 2R- hydr oxy-3-[[ ( 2-

nmet hyl -1, 3- benzodi oxol-=5-yl ) sul f onydJ£2- nmet hylpropyl )

am no] - 1S- (phenyl nmet hyl ) propyl ] - 3, 3-di net hyl - but anam de; 10

2S-[ [ (N- et hyl ami no) acet yl ] am no] - N-[ 2R- hydr oxy- 3-[[ ( 2-

met hyl - 1, 3- benzodi oxol - 5-yl ) sul fonyl ] ( 2- net hyl propyl )

am no] --1S- (nioasusdset hyl ) propyl ] - 3- net hyl - but anani de; PCT/US96/02685
2S-[ [ (N- et hyl ami no) acet yl ] am no] - N-[ 2R- hydroxy-3-[[(2- 15

met hyl - 1, 3- benzodi oxol - 5- yI)squonyI](2 né&hylpropyl)

am noj - 1S—(pheny| t hyl ) pro 3 cyan panam de; . Cren

2S-[[(N-net hyl a ¥ })amino] -18
s e PR S

gﬁ;[ Egi - iSig(gﬁgﬁyi hli(ll—)ag éﬂlrr%g\iog Y aﬁml blg% droxy-3-1[[(

25-[[ (N-net hyl am%&%@t?y g§ % lﬂ rlEEi amino] -1S-

met hyl - 1, 3- benzodiHen! ui,lﬁp&cf@rm dya2Rb 8

am no] - 1S- (phenyl net hyl ) propyl ] - 4- pentynan1de 25

2S-[ [ ( N- net hyl arﬁSTd)[dNeb hiwlamiojo) HckRRL hgmitrody-N3-[RR( By @roxy -3~ [ [
di hydrobenzofurdirr xyphennl) Sulfongd hy2 Ipxeppéd) amino] -15-
1S- ( phenyl Phy|9pﬁ&eey}rn]9t13vémmmlﬂyﬁsbme nféltaaemde.

2S-[[ (N- et hyl a ) o- dro

di hydr obenzof ur ﬁ%; _ _ fﬁzgrgpﬁ)

1S- (phenyl et hyl e't _3 d e 1 anamide;
am-no| - roxy ﬁn?'é % %“

2S-[ [ (N- et Rgl am n&acety

di hydr obenzof ur grg-g- mmsehipr%:]x{oaa@étbyi&mmql Ni’-fl't?.ﬁoﬂiydroxy 3-[1¢(
1S- (phenyl net hyld, @iy RrSbeyssfutanpsRal) sl fonyl] (2-methylpropyl)
2S-[ [ (N- et hyl aramm)odeesyKﬂ:hmnyim}etudy[lxarbyﬂbﬂhn&thﬂ.gb&anamde,
di hydr obenzof ur an- 5-le) sul fonyl ] (2-met hyl propyl) am no] -
20 2S8S-[[{N-benzylamino)acetyl]amino] -N-[2R~hydroxy-3-{[(
2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- {phenylmethyl)propyl] -3S-methyl-pentanamide;

2S~-{ [ {(N-benzylamino)acetyllamino] -N- [2R-hydroxy-3-[(
25 (benzothiazol-6-yl}lsulfonyl] (2-methylpropyl}amino] -1S-
(phenylmethyl)propyl}-3,3—dimethyl—butanamide;

25-[{ {N-benzylamino)acetyl]amino]-N- [2R~-hydroxy-3-[[(
benzothiazol-6-yl)sulfonyl] (2-methylpropyl}amino]-18-
30 {(phenylmethyl)propyl] -3-methyl-butanamide;

28-[ [ (N-benzylamino)acetyl]amino] ~-N-[2R-hydroxy-3-[[{
benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl] -3S-methyl-~pentanamide;

35
2S-[ [ (N-benzylamino)acetyl]amino] ~-N-[2R-hydroxy-3-[{
(2-naphthyl)sulfonyl] (2-methylpropyl)amino] -18-
(phenylmethyl)propyl] -3, 3-dimethyl-butanamide;

40 2S-{[(N-benzylamino)acetyl]amino]-N-{2R-hydroxy-3~([(
2-naphthyl}sulfonyl] (2-methylpropyl)amino}-18-
{(phenylmethyl)propyl]-3-methyl-butanamide;

28~ [ [ (N-benzylamino)acetyl]amino] -N-[2R-hydroxy~3~[[(
45 2-naphthyl)sulfonyl] (2-methylpropyl)amino}-15-
(phenylmethyl)propyl] -38-methyl-pentanamide;

28-[[ {(N-benzylamino)acetyl]lamino] -N-[2R-hydroxy-3-1[]
{1,4-benzodioxan-6~yl)sulfonyl] (2-methylpropyl)amino)]-1S-
50 {(phenylmethyl)propyl] -3, 3~-dimethyl-butanamide;

25-[[ (N-benzylamino)acetyljamino] -N- [2R-hydroxy-3-[[(
1,4-benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino]} -18-
{phenylmethyl)propyl] -3-methyl-butanamide;

55
28-[ [ (N-benzylamino)acetyl]lamino] -N- [2R-hydroxy-3-{[(



40 1S-phenyl et hyl )propyl ] - 3S- et hyI pent anam de;
2Sf{-N-wet hyl N [ 2R-tayheyepm3ad L 2| 3-

di hydr obenzof ur an- 5 yI)squonyI](Z met hyl propyl ) am no] -
1S- phenyl net hyl ) propyl ] - 4- pent ynam de; 45

2S-[ [ (N- et hyl am no) acet yl ] am no] - N-[ 2R- hydr oxy- 3-.

[ [ (benzot hi agv@) esdsass) sul f onyl ] (2- net hyl propyl ) am no] - 1S- PCT/US96/02685
(phenyl net hyl ) propyl ] -3, 3-di net hyl - but anam de; 50

- [ [ (N- met hyl ani no) acet yl ] ami no] N- [ 2R— hyoﬂrﬁ)xy 3-

|.).am

benzot hi azol - 6- yI)squonyI
enyl net hyl ) pro §$g ;R§%§#) £ ? Jp&](2;m§§AYEEESEYI)aman] -18-
l[)[(l\l-{nﬁf[hylflmG | 8%}? ﬂgﬁ%g iy? gpamide;
enzot ni azol - bogl 19802 1 BB YL B PR RATLROL 2 -y droxy -3~ [ [ (1,3~
enyl met hyl ) gr OB}éhi gﬂ; &y@ﬂ@&qwaaaﬁbﬂg] (2-méeh$ amino] -1§-

/ US96/ 02685 14 (phehy {hetilnpropy Dppasets-hinamiae} - N-[ 2R- hydr oxy- 3-
benzot hi azol - 6-yl ) sul fonyl ] (2- et hyl propyl )am no] - 1S-

enyl met hyl ) pr oggh] { 8- betayjllamieot aoamlﬂ@nﬁo]—N-[zR hydroxy-3-

- [ [ (N- et hyl am Adpherylsylfianyd] mr% yARHapyy) 3mino] 18-

benzot hi az®? - 6-‘9 ?glﬁlfflw]])moﬁﬁi ?fﬂﬁftﬁjwn)aﬁ‘ﬁfiﬁb] 1S

e
- [
I

nylnethyl)pro e an1de 10 g -
-3-[[1(4-

[ (N-net hyl ami ? TOXy -3

uoro- 1, 3- benz é éﬁgg;ﬁ Z%E §n§§? - _ E %’Ei 3};%"“(’] 18

2S-[ [ {N-benzylamino}acetyl]amino] -N- [2R-hydroxy-3-
[ [benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino] ~1S-
{(phenylmethyl)propyllpent -4-ynamide;

20 2S8-[[(N-benzylamino})acetyl]amino] -N-[2R-hydroxy-3-{[(2,3-
dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -
1S- (phenylmethyl)propyl]lpent-4-ynamide;

2S-[ [ {(N-benzylamino)acetyl]amino] -N- [2R-hydroxy -3~
25 [[2-naphthyl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl]pent-4-ynamide;

25-[ [ (N-benzylamino)acetyl]amino} -N-[2R~-hydroxy-3-[[(1,4-
benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino] -1S-
30 {phenylmethyl)propyl]pent-4-ynamide;

25-[ [ (N-benzylamino)acetyllamino] -N- [2R-hydroxy-3-[[{1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl]pent-4-ynamide;

35 '
2S- [ [ (N-cyclopropylamino)acetyl]amino] -N- {2R-hydroxy -3~
[[(1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl}amino] -
18- (phenylmethyl)propyl] -3, 3-dimethyl-butanamide;

40 2S-[[(N-cyclopropylamino)acetyllamino] -N-[2R-hydroxy-3-
[[(1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino]j -
1s-(phenylmethyl)propyl]-3-methyl-butanamide;

25- ([ (N~-cyclopropylamino)acetyl]aminoj -N-{2R-hydroxy-3-
45 [[(1,3-benzodioxol- 5-yl)sulfonyl](2—methylpropyl)am110]—
1S- {phenylmethyl)}propyl] BS—methyl-pentanamlde,

25-[ [ (N-cyclopropylamino)acetyl]amino} -N-[2R-hydroxy-3-
[ [phenylsulfonyl] {2-methylpropyl)amino] -15-
50 (phenylmethyl)propyl]-3, 3-dimethyl-butanamide;

. 25-[ [ (N~cyclopropylamino)acetyl]amino] -N- [2R-hydroxy-3 -
[ [phenylsulfonyl] (2-methylpropyl)amino] -15-
{phenylmethyl)propyl] -3-methyl-butanamide;

55 :



am no] - 1S- (phenyl met hyl ) propyl ] - 3, 3- di net hyl - but anami de;

di fl uoro- 1, 3- benzodi oxol - 5-yl ) sul fonyl ] (2-net hyl propyl)

am no] - 1S- (phenyl net hyl ) propyl'] - 3- net hyl - but anam de;

di fl uoro- 1, sdwgnsswdi oxol - 5-yl)sul fonyl ] (2-met hyl propyl) 20PCTUS96/02685

am no] - 1S- (phenyl et hyl ) propyl ] - 3- cyanopr opanami de;

di fl uoro-1, 3- benzqdi sul on I | propyil) cne L

ani noJ - 1S—(pheny|z‘Z E% %%i ﬁi%gﬁ Fﬁlg—bk byrdroxy-3

{de;

di fl uoro- 1, 3- benzodi oxol - ’ ony t yIpropy N

ani no] - 15- ( phsnylzmset[mymw@mﬂﬂopﬂdaﬁﬂﬁdrwéeml afno] -N- [ 2R~hydroxy -3 -

benzodi oxan- 6- yIMpbbhﬁh@éﬁﬁ%&ﬂp&bbynmrbp®+drmauhyﬂ -banamide;

(phenyl met hyl) 1-3,3-di net hy I-butanan1de

2S-[[ (N- et hyl am @o)[ qﬁtﬁi%%kléhig ‘aﬁg %p_(é& —hydroxy-3-

benzodi oxan- 6- ylnqqhsﬁgy p@%E% 3 1)amino] -18-

(phenyl net hyh$pr qpyehy @m&ft@@?ZR ¥l -pentanamide;

benzodi oxan- 6- yl Rsu[ T Nyt opreplry bpi op)a Jetyil] ajed S} -N- [2R-hydroxy -3 -

(phenyl net hyl ) pr ddyR} 3 3&iedrtorengofitnamn? det) s4d fonyl] (2-methylpropyl)
25-[ [ (N-cyclopropylamino}acetyl)amino] -N- [2R-hydroxy-3-

f[((2,3-dihydrobenzofuran-5-ylisulfonyl] (2-methylpropyl)

2S- [ [ ( N- et hyl ani no) acetyllani no] —Nf2R- hydr oxy-23-[[ (2, 2- 15

2S-[[ (N-net hyl ani no) acet yl ] ani no] - N-[ 2R- hydr oxy- 3-[[ (2, 2-

2S-[ [ (N-met hyl ami no)aceltyg]alrn no] - N-[ 2R- hy4t oxy-3-[[ (2, 2-

[ (N-net hyl ani no)q % ¥

2S- [ [ (N-met hyl ani[ria}anet yosdyastiony]l) Bl 2éflyh2e:xet By Lptdpydt) amino] -15-

e e

[ [ (N-net hyl ani no)acet yi | ami no] hydr oxy-3-T1(1, 4

2S-[[ (N-methyl aniefénad e1 §t {Rhanydmerby PPrRKid - 3-gipathyl -butanamide;
amino] -1S- (phenylmethyl)propyl] -3-methyl-butanamide;

25 25-[[(N-cyclopropylamino)acetyl]amino] -N-[2R-hydroxy-~-3-
{{(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- {phenylmethyl)propyl] -3S-methyl-pentanamide;

2S-[ [ (N-cyclopropylamino)}acetyl]amino] ~-N- [2R-hydroxy~3-
30 [[(benzothiazol~-6-yl)}sulfonyl] (2-methylpropyl)amine] -1S-
(phenylmethyl)propyl]-3,3-dimethyl-butanamide;

25~ [ { (N-cyclopropylamino)acetyllamino] -N- [2R-hydroxy -3~
[[(benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino] -1S-
35 (phenylmethyl)propyl]-3-methyl-butanamide;

28~[ [ (N-cyclopropylamino)acetyl]amino] ~-N-[2R~hydroxy -3~
[{ (benzothiazol-6~yl)sulfonyl] (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl] -3S-methyl-pentanamide;
40
2S~-[ [ (N-cyclopropylamino)acetyl]amino] -N- [2R-hydroxy-3-
- {{(2-naphthyl)sulfonyl] (2 -methylpropyl}amino] ~1S-
(phenylmethyl)propyl}-3,3-dimethyl-butanamide;

45 2S-[[(N-cyclopropylamino)acetyl]amino] -N~[2R-hydroxy-3 -
{[{2-naphthyl)sulfonyl] (2-methylpropyl)amino] ~1S5-
(phenylmethyl)propyl] ~-3-methyl-butanamide;

25-[ [ (N- cyclopropylamlno)acetyl]am1no]-N—[2R-hydroxy -3-
50 [[{(2-naphthyl)sulfonyl] (2-methylpropyl)amino}~-1S-
(phenylmethyl)propyl] -3S-methyl-pentanamide;

25-[ [ (N-cyclopropylamino)acetyl]amino] -N- [2R—hydrox¥—3—
[[(1,4-benzodioxan-6-y1l)sulfonyl] {2-methylpropyl)amino}-
55 1S-(phenylmethyl)propyll]-3,3-dimethyl-butanamide;



benzodloxan 6-yl)sulfonyl](2- nethylpropyl)an1no] 1S

(pherytret hyl ) p
2S-[[ (N, N-di net hyl

[[ (1, 3- benzodi oxol -

1S- (phenyl met hyl ) propyl ]

e, o

am no) acet yl ] am no] - N-[ 2R- hydr oxy- 3-
5-yl ) sul fonyl ] (2-net hyl propyl ) am no] -
- 3, 3-di met hyl - but anam de;

2S-[[ (N, N- di wd é8pdsgeal no) acetyl ] am no] - N-[ 2R- hydr oxy- 3- 55  PCT/US96/02685
[[(1, 3- benzodi oxol - 5-yl ) sul fonyl ] ( 2- nethylpropyl)anlno]
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1S- (phenyl met hyl ) py }? tanamlde,

[[ (N, N-di net hyl am no) acety am no] - hy roxy

[[(1,3-benzodi gxoleSrml(NsuyéMMddyaamhbyheéWa)rambmo}q- [2R-hydroxy-3-
1S- (phenyl net hyl) prdpy B} baseodi dwdn—tepiasabfoes1 11{2-methylpropyl)amino] -
2S-[[ (N, N-di net hyllaﬂﬁ(@h)eazbmqﬂ:l}selrﬁm@pyﬂl-}[-iﬂ-dwmepe&tanamide.

[[(1; 3- benzodloxol 5- yI sulfonyl](2 neth¥lprogy ) am no

18—(pheny|neth g acetyl]amino] -N-[2R-hydroxy-3-

2 { [ (N A of b @%{ AT kgt soropr nioo) -

[ [ (benzof uran- 5- yI F

henyl met hyl') pr ogd -N-[2R-~ -3-
55 TN, Nl ot hy 15 q@,@a et imlen ﬁawﬁfﬁgﬂmn"éﬂf yaroy3
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258-[[ (N-cyclopropylamino)acetyl]amino] -N- [2R-hydroxy -3 -
{ [ (4-methoxyphenyl)sulfonyl] (2-methylpropyl)amino] - 1S—
(phenylmethyl)propyl]pent-4-ynamide;
20
28-[ [ (N-cyclopropylamino)acetyl]amino] -N- [2R-hydroxy-3-
[ {benzothiazol-6-yl)sulfonvl] (2-methylpropyl)amino]-1S-
{(phenylmethyl)propyllpent-4-ynamide;
25 28-[[{N-cyclopropylamino)acetyl]amino]}-N-[2R-hydroxy-3-
[[({2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl]pent-4-ynamide;

28~-{ [ (N-cyclopropylamino)acetyl]amino] ~-N- [2R-hydroxy -3~
[[2-naphthyl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl]pent-4-ynamide; -

30

2S5~ [ [ {(N-cyclopropylamino)acetyl]amino] -N- [2R~-hydroxy-3-
([(1,4-benzodioxan-6~yl)sulfonyl] (2-methylpropyl}amino] -
35 1S-({phenylmethyl)propyllpent-4-ynamide;
2S-[ [ (N-cyclopropylamino)acetyl]amino] -N- [2R-hydroxy-3-
[[(1,3-benzodioxol-5-yl}sulfonyl] (2-methylpropyl)amino] -
18- (phenylmethyl)propyllpent-4-ynamide;
40
2S-[[ (N-2-methoxyethylamino)acetyl}amino] -N-[2R~-hydroxy-
3-[{((1,3-benzodioxol- S-yl)sulfonyl](2—methylpropyl)
amino] -1S- (phenylmethyl)propyll-3,3-dimethyl-butanamide;
45 28-[[(N-2-methoxyethylamino)acetyllamino] ~-N- [2R-hydroxy-
3-[[(1,3-benzodioxol~5-yl)sulfonyl] (2-methylpropyl)
amino) -1S- (phenylmethyl)propyl}l-3-methyl-butanamide;

ZS-[[(N—Z-methoxYethylamino)acetyl]amino]—N—[2R—hydroxy—
3-{[{1,3-benzodioxol~5-y1l}sulfonyl] (2-methylpropyl)
amino}-1S- (phenylmethyl)propyl] -3S-methyl-pentanamide;

50

25-{ [ (N-2-methoxyethylamino)acetyl]lamino}-N-[2R-hydroxy-
3-[[phenylsulfonyl] (2-methylpropyl)aminc]}-1S-

55 {(phenylmethyl)propyl] -3, 3-dimethyl-butanamide;
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-nmet hyl -1, 3- b(@mﬁméohyﬁmﬁdmﬂhf-esyhét(r&lrmdmylanamlde,

yl')am no] - 1S- (phenyl met hyl ) propyl ] -3-nethyl - butanam de;

[ (N, N-di met hyASarlil iy aceethParatiy] aml QF@ 3012115-[2R hydroxy-
- met hyl - 303- @edz(der@%ho l}nﬁ % ylpropyl)amino]-15-
y

[
y
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| ) am no] - 18-‘(5’6%?@?{}1“\%]?%];/ LAnAPide;
( N, N-di n‘et h)Q xﬁﬁlgcet lcl rgt@xp( z 3 RSG5 éo] 519— [2R-hydroxy-
am no]lsls- ) tan r%’n%)cfggmol ~38-

|)

(N, N-di net hyl'am no) ace yI am noj - N-[2 hydroxy 3-
25-[ [ (N-2-methoxyethylamino)acetyl]amino]~N-[2R-hydroxy-
3-[[ (4-methoxyphenyl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl] -3S-methyl-pentanamide;

20
25-[ [ (N~2-methoxyethylamino)acetyl)amino] -N-[2R-hydroxy -
3-[[(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl] -3,3-dimethyl-butanamide;

25 25-[[(N-2-methoxyethylamino)acetyl]amino}-N-{2R-hydroxy-
3-[{(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- {phenylmethyl)propyl] ~3-methyl-butanamide;

25~ {[ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
30 3-[[(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl]}
amino) -1S- (phenylmethyl)propyl] -3S-methyl-pentanamide;

25-[ [ (N-2-methoxyethylamino)acetyl]amino] -N~[2R-hydroxy~
3-{[ (benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino] -
35 1S-({phenylmethyl)propyl]-3,3-dimethyl-butanamide;

25- [ [ (N-2-methoxyethylamino)acetyllamino] -N~- [2R-hydroxy-
3-[[ (benzothiazol-6-yl}sulfonyl] (2-methylpropyl)amino] -
1S- (phenylmethyl)propyl] -3-methyl-butanamide;

40
25-[ [ {(N-2-methoxyethylamino)acetyl])amino] -N- [ 2R-hydroxy -
3-[{ (benzothiazol- 6-y1)sulfonyl](2-methylpropyl)am1no]—
1S- (phenylmethyl}propyl]-3S-methyl-pentanamide;

45 28-[[(N-2-methoxyethylamino)acetyllamino] -N-[2R-hydroxy-
3-[[({2-naphthyl)sulfonyl] {(2-methylpropyl)aminol-15-
{phenylmethyl)propyl] -3, 3-dimethyl-butanamide;

25-[ [ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy -
50 3-[[(2-naphthyl)sulfonyl] (2-methylpropyl)amino]-15-
{phenylmethyl)propyl] -3-methyl-butanamide;

2S-[ [ (N-2-methoxyethylamino)acetyl)amino] -N-[2R-hydroxy-
3-{[ (2-naphthyl)sulfonyl] (2-methylpropyl)amino}~1S-
55 {(phenylmethyl)propyl] -3S-methyl-pentanamide;
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2S-[[ (N, N- di wotkyyddadri no) acet yl ] ami no] - N-[ 2R- hydr oxy- 3- PCT/US96/02685
[[(2, 3-di hydrobenzof uran-5-yl ) sul fonyl ] (2- et hyl propyl)

am no] - 1S- (phenyl et hyl ) propyl ] - 3- net hyl - bdft’anam de; 10

28 LLAN N ooty gt P SeeE ALk eRaUel Pl o (2m-myarony -
[L(2, 3~ hyar oben@%ﬁﬁtﬁﬁﬁéﬁi e S oz
am no] - 1S- ( pheny! ggiAw] J1¥-qQRhehy InEMBNORIRFIR0B I 3imet hy 1 -butanamide;
2S-[[ (N, N-di et hyl am no) acetyl ] am no] - N[ 2R- hydroxy-3- 1
[[ (2, 3-di hydr chenz®f U an-25mpekhexy éeinylldn(iZoratyy pranpilo] -N- [ 2R-hydroxy -
am no] - 1S- phenyl n®t hi/{).gr-benkzpd 3Gxamet dril-) sedfamal] tR-methylpropyl)
2S- [ [ (N, N- di met hydmaidioldcd phelainefd INOreryhY o3 orgtiyzl -butanamide;
[[(2, 3-di hydr obenzof ur an-5- t‘gul fonyl](.2- msE:g If)ro yl), 20
o ncl 1S eyl @g@’* i anle ok e TR
[ [ (benzot hi azol - 6-y ul
(phenyl met hyl ) pr opyl | ¢ Gi-3-eePRERYS e IRHIANAD) d8et ¥P] amino] -N- [2R-hydroxy-
2S-[[ (N, N-di net hy3 app 10)33eRhebl 8dke05-R1) 331 BY¥EY DX Y2 et hy 1propyl)

15 amino]-1S-(phenylmethyl)propyl]lpent-~4-ynamide; _

25-[[ (N-2-methoxyethylamino)acetyl]amino] -N-~ [ 2R-hydroxy-
3-[[phenylsulfonyl] (2-methylpropyl)amino] -1S-

20 {phenylmethyl )propyllpent-4-ynamide;
25-[{ (N-2-methoxyethylamino)acetyl}amino)-N~ [2R-hydroxy-
3-[[ {4-methoxyphenyl)sulfonyl) (2-methylpropyl)amino}-1S-
{phenylmethyl)propyl]pent-4-ynamide;

25 28-[[ (N-2-methoxyethylamino)acetyl]amino]-N-[2R-hydroxy-
3-{[benzothiazol-6-yl)sulfonyl] (2-methylpropyl)aminoj-1S-
(phenylmethyl)propyl]pent-4-ynamide;

2S-[ [ (N-2-methoxyethylamino}acetyl]amino] -N- [2R-hydroxy-
30 3-[[(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl]pent-4-ynamide;

2S-[ [ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
3-[[2-naphthyl)sulfonyl] (2-methylpropyl)amino] -18-
a5 {(phenylmethyl)propyl]pent-4-ynamide;

2S-[ [ (N-2-methoxyethylamino)acetyllamino] -N- {2R-hydroxy-
3-[1(1,4-benzodioxan-6-yl)sulfonyl) (2-methylpropyl)
aminol-15-(phenylmethyl)propyl]lpent-4-ynamide; and

40
25-[ [ (N-2-methoxyethylaminoc)acetyl]amino] -N- [2R-hydroxy-
3-{[(1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl]pent -4-ynamide.

45 As utilized herein, the term "alkyl", alone or in

combination, means a straight-chain or branched-chain
alkyl radical containing preferably from 1 to 8 carbon
atoms, more preferably from 1 to 5 carbon atoms, mos=:
preferably 1 to 3 carbon atoms. Examples of such

50 radicals include methyl, ethvl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso-
amyl, hexyl, octyl and the like. The term
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enzot hi azol -
nyl met hyl ) propyl ] - 3- cyanopr opanam de;
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6/0268
chain or branched-chain hydrocarbon raélc hav?ng one or

more double bonds and containing preferably from 2 to 10
carbon atoms, more preferably from 2 to 8 carbon atoms,
most preferably from 2 to 5 carbon atoms. Examples of
suitable alkenyl radicals include ethenyl, propenyl, 2-
methylpropenyl, 1,4-butadienyl and the like. The term
*alkynyl", alone or in combination, means a straight-
chain or branched chain hydrocarbon radical having one or
more triple bonds and containing preferably from 2 to 10
carbon atoms, more preferably from 2 to 5 carbon atoms.
Examples of alkynyl radicals include ethynyl, propynyl
(propargyl), butynyl and the like. The term "alkoxy"”,
alone or in combination, means an alkyl ether radical
wherein the term alkyl is as defined above. Examples of
suitable alkyl ether radicals include methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy,
tert-butoxy and the like. The term “alkoxyalkyl", alone
or in combination, means a alkyl radical as defined above
wherein at least one hydrogen atom has been replaced by a
alkoxy group, but no more than one hydrogen atom per
carbon atom; preferably, 1 to 4 hydrogen atoms have been
replaced by alkoxy groups; more preferably, 1 to 2
hydrogen atoms have been replaced by alkoxy groups; and
most preferably, one hydrogen atom has been replaced by a
alkoxy group. The term "cycloalkyl", alone or in
combination, means a saturated or partially saturated
monocyclic, bicyclic or tricyclic alkyl radical wherein
each cyclic moiety contains preferably from 3 to 8 carbon
atom ring members, more preferably from 3 to 7 carbon

)
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[[ (1, 4- benzodi oxan- 6-yl ) sul fonyl ] (2- et hyl p£8py! ) ani no] -
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[ ((1, 4- benzodi oxan-g ig st fo lﬁbl VI ari nol = 25 |
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1,4-b d
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2S- [ ((N- benzyl fadi fﬁcﬁaHquzRYﬁyd?&yS@ﬁt[l(CBtsd ring systems,

- benzodi oxol - yI )Ssﬂcﬂnlaysl biﬁha@hylppreawbiraﬂaym] -ibphthyl and
diphenylpiperazinyl. The term "cycloalkylalkyl" means an
alkyl radical as defined above which is substituted by a
cycloalkyl radical as defined above. Examples of such

15 cycloalkylalkyl radicals include cyclopropylmethyl,
cyclobutylmethyl, cyclopentylmethyl; cyclohexylmethyl, 1-
cyclopentylethyl, 1-cyclohexylethyl, 2-cyclopentylethyl,
2-cyclohexylethyl, cyclobutylpropyl, cyclopentylpropyl,
cyclohexylbutyl and the like. The term "benzo", alone or

200 in combination, means the divalent radical CgHs4= derived
from benzene. The term *"aryl®, alone or in combination,
means a phenyl or naphthyl radical which is optionally
substituted with one or more substituents selected from
alkyl, alkoxy, halogen, hydroxy, amino, nitro, cyano,

25 haloalkyl, carboxy, alkoxycarbohyl, cycloalkyl,
heterocyclo, alkanoylamino, amido, amidino,
alkoxycarbonylamino, N-alkylamidino, alkylamino,
dialkylamino, N-alkylamido, N,N-dialkylamido,
aralkoxycarbonylamino, alkylthio, alkylsulfinyl,

30 alkylsulfonyl and the like. Examples of aryl radicals
are phenyl, p-tolyl, 4-methoxyphenyl, 4-(tert-
butoxy)phenyl, 3-methyl-4-methoxyphenyl, 4-fluorophenyl,
4~chlorophenyl, 3-nitrophenyl, 3-aminophenyl, 4-CF3-
phenyl, 3-acetamidophenyl, 4-acetamidophenyl, 2-methyl-3-

35 acetamidophenyl, 2-methyl-3-aminophenyl, 3-methyl-4-
aminophenyl, 2-amino-3-methylphenyl, 2,4-dimethyl-3-
aminophenyl, 4-hydroxyphenyl, 3-methyl-4-hydroxyphenyl,
1-naphthyl, 2-naphthyl, 3-amino-l-naphthyl, 2-methyl-3-
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combination, means a radical of the formula aralkyl-O-

C{0)- in which the term "aralkyl" has the significance

given above. Examples of an aralkoxycarbonyl radical are
benzyloxycarbonyl and 4-methoxyphenylmethoxycarbonyl.:
The term "aryloxy® means a radical of the formula aryl-0-

15 in which the term aryl has the significance given above.
The term "alkanoyl®, alone or in combination, means an
acyl radical derived from an alkanecarboxylic acid,
examples of which include acetyl, propionyl, butyryl,
valeryl, 4-methylvaleryl, and the like. The term

20 *cycloalkylcarbonyl® means an acyl radical of the formula
cycloalkyl-C(QO)~ in which the term “cycloalkyl" has the
significance give above, such as cyclopropylcarbonyl,
cyclohexylcarbonyl, adamantylcarbonyl, 1,2,3,4-
tetrahydro-2-naphthoyl, 2-acetamido-1,2,3,4-tetrahydro-2-

25 naphthoyl, l-hydroxy-1,2,3,4-tetrahydro-6-naphthoyl and
the like. The term "aralkanoyl"* means an acyl radical
derived from an aryl-substituted alkanecarboxylic acid
such as phenylacetyl, 3-phenylpropionyl (hydrocinnamoyl),
4-phenylbutyryl, (2-naphthyl)acetyl, 4-

30 chlorochydrocinnamoyl, 4-aminohydrocinnamoyl, 4-
methoxyhydrocinnamoyl, and the like. The term "aroyl®
means an acyl radical derived from an arylcarboxylic
acid, "aryl®" having the meaning given above. Examples of
such aroyl radicals include substituted and unsubstituted

35 Dbenzoyl or napthoyl such as benzoyl, 4-chlorobenzoyl, 4-
carboxybenzoyl, 4-(benzyloxycarbonyl)benzoyl, 1-
naphthoyl, 2-naphthoyl, 6-carboxy-2 naphthoyl, 6-
{benzyloxycarbonyl) -2-naphthoyl, 3-benzyloxy-2-naphthoyl,
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(benzot hi azol - 6-yI''su ﬁropy ant no
(phenyl met hyl Ppr opadicad, SDEFﬁ%¥$BG %ﬁﬂk%%&ﬁl@@e nitrogen, oxygen or

2S-[[ (N-benzyl am maﬁeta‘tb}naﬂ ]mMe%RahhthYmﬁ'pr[e(ferably 3 to 8 ring

benzot hi azol - 6-yl fon 2 hyl propyl 0
(phenyl net hyl )pro‘é ﬁ@t% Ry ogé 2aEd Jb 3 %o 7 ring members

2S-[[ (N-benzyl am m)e;&;m y'll]nanan@]moﬂit[ merfyedabm 3-4d 6 ring members in
benzot hi azol - 6- yl a5l framyl. ] (ZHér@éfBéﬁlgpy&)sadeehSto include
(phenylnethyl)pro_q% -38—netﬂ¥ nt an n1d§ 35

2S-[[ (N-benz i | ]Sg ng) ?Bx?/f g:ﬁr[tlary nitrogen ring
(2-naphthy|)sulfGmgmqqtsunandytgmbngQkﬂm ﬁu?edsand benzo fused ring
(phenyl met hyl ) pr ogy. 3 t x@%%’i , .

2S-[[ (N-benzyl am n édaege% g?nﬁnlg‘iée R—% dr§§§£& Lni be optionally
2--napht hyl ) sul f ori}# ?%? yPBr aﬁPﬁS]CiEP 7 ato by halogen,

alkyl, alkoxy, hydroxy, oxo, aryl, aralkyl, heterocaryl,
15 Theterocaralkyl, amidino, N-alkylamidino,
alkoxycarbonylamino, alkylsulfonylamino and the like,

and/or on a secondary nitrogen atom (i.e., -NH-) by
hydroxy, alkyl, aralkoxycarbonyl, alkanoyl,
heteroaralkyl, phenyl or phenylalkyl and/or on a tertiary

20 nitrogen atom (i.e., =N-) by oxido. "Heterocycloalkyl"
means an alkyl radical as defined above in which at least
one hydrogen atom is replaced by a heterocyclo radical as
defined above, such as pyrrolidinylmethyl,
tetrahydrothienylmethyl, pyridylmethyl and the like. The

25 term "heterocaryl", alone or in combination, means an
aromatic heterocyclo radical as defined above, which is
optionally substituted as defined above with respect to
the definitions of aryl and heterocyclo. Examples of
such heterocyclo and heteroaryl groups are pyrrolidinyl,

30 piperidinyl, piperazinyl, morpholinyl, thiamorpholinyl,
pyrrolyl, imidazolyl (e.g., imidazol 4-y1,
1-benzyloxycarbonylimidazol-4-yl, etc.), pyrazolyl,
pyridyl, (e.g., 2-(l-piperidinyl)pyridyl and 2-(4-benzyl
piperazin-l-yl-l-pyridinyl, etc.), pyrazinyl,

35 pyrimidinyl, furyl, tetrahydrofuryl, thienyl,
tetrahydrothienyl and its sulfoxide and sulfone
derivatives, triazolyl, oxazolyl, thiazolyl, indolyl
(e.g., 2-indolyl, etc.), quinolinyl, (e.g., 2-quinolinyl,



(phenyl net hyl ) propyl ] - 3- et hyl - but anam de;

2S-[[ (N- benzyl am no).acetyl J.am no] =N 2R- hydr oxy=3=-[[ ( 45

2- napht hyl ) sul f onyl ] ( 2- net hyl propyl ) am no] - 1S-

(phenyl net hyl ) propyl ] - 3S- net hyl - pent anami de;

2S-[[ (N- benzyl am no) acetyl ] am no] - N-[ 2R- hydr oxy- 3-[ [

(1, 4- benzodwaxsgnsesy! ) sul f onyl ] (2- net hyl propyl ) am no] - 1S- 3CTUS6/02685
(phenyl net hyl ) propyl ] - 3, 3-di et hyl - but anam de;

2S-[[ (N-benzyl ani no) acet yl ] ami no] N- [ 2R- hya$ oxy 3-T[(

1, 4- benzodi oxan- §-yl ) suj f onyl th r.op am nojl - 1S-

( phenyl et hyl )prgﬁéP%Q‘gll'Wlﬁy 'Bﬁi’ ﬂ;a%-‘cg.g.noégny 1, etc.), isoquinolinyl
2S-[[ (N- benzyl ami(eoyacetyigoaniinol ify] 2 B-hysoipeBinyl, etc\WD, 96/ 28464

PCT/ US96/ 02685 19 ul f,o opyl ) am no] - 1S-
(pheny! met hy! ) pr SogT i:‘?is*-gneauti FRESAGD Vo)t 120Y5] 4 2edEaliaRbapy! ) am nol -
28—[[(N—benzy|anﬁﬁg? ¥ty 1§ES no? %&%Q¢€Qﬁﬁﬁﬁﬁ¥9rQITQQ%EQ§11gyl (e.g.,

benzodi oxol - 55 yl 1s2| 3 ot dtFamptibyg - prowoH JsarguiadllB-l, etc.),
(phenyl net hyl ) pr

y@a -
28—[[(N—benzy|an1n %acety ?an?ng?gﬁfiﬁﬂ¥ﬁ1 grbenzgfurancarbonyl 1-.2
[ [ phenyl sul fonyl } #2- 9%t ﬂfghY}enedloxYPhen 4-yl,

(phenylnEthyl)prﬁ@yhﬁlﬁﬂﬁdr%xwphéhds'yl ethylenedloxyphenyl
e e s
(pheny|nﬁthy1%pr p?y%%gpﬂnzpf dbenzoxazoly thiophenyl and the like.
The term "cycloalkylalkoxycarbonyl" means an acyl group
derived from a cycloalkylalkoxycarboxylic acid of the
formula cycloalkylalkyl-O-COOH wherein cycloalkylalkyl
has the meaning given above. The term "aryloxyalkanoyl"
15 means an acyl radical of the formula aryl-O-alkanoyl
wherein aryl and alkanoyl have the meaning given above.
The term "heterocycloalkoxycarbonyl® means an acyl group
derived from heterocycloalkyl-0-COOH wherein
heterocycloalkyl is as defined above. The term
20 "heterocycloalkanoyl® is an acyl radical derived from a
heterocycloalkylcarboxylic acid wherein heterocyclo has
the meaning given above. The term "heterocyclo
. alkoxycarbonyl® means an acyl radical derived from a
hetérocycloalkyl—O-COOH wherein heterocyclo has the
25 rmeaning given above. The term "heteroaryloxycarbonyl®
means an acyl radical derived from a carboxylic acid
represented by hetexoaryl-0-COOH wherein heteroaryl has
the meaning given above. The term "aminocarbonyl® alone
or in combination, means an amino-substituted carbonyl
30 (carbamoyl) group wherein the amino group can be a
primary, secondary or tertiary amino group containing
substituents selected from alkyl, aryl, aralkyl,
cycloalkyl, cycloalkylalkyl radicals and the like. The
term "aminoalkanoyl® means an acyl group derived from an
35 amino-substituted alkylcarboxylic acid wherein the amino
group can be a primary, secondary or tertiary amino group
containing substituents selected from alkyl, aryl,
aralkyl, cycloalkyl, cycloalkylalkyl radicals and the



15 2S-[[ (N-benzyl am no) acetyl am no]-N-[2R-hydroxy- 3-

[ [ berzot-hi-azol - 6-yl-se+erH-t2-net hyl propyl)am-nol-15-.
(phenyl net hyl ) propyl pent-4-ynam de; 20

2S-[[ (N-benzyl am no) acet yl ] am no] - N-[ 2R- hydr oxy-3-[[ (2, 3-
di hydr obenzof uran-5-yl ) sul fonyl ] (2- et hyl propyl ) am no] -
1S- (phenyl nrewodsj2ps6apy| | pent - 4- ynami de; PCT/US96/02685
2S-[[ (N-benzyl am no) acetyl ] am no] - N-[ 2R- hydr oxy-3- 25

[[2-napht hyl) sul fonyl ] (2- et hyl propyl ) am nd-’]g- 1S

(phenyl net hyl )pro % pe m, .

2S-[[ (N-benzyl am n £ %ce?ﬁﬁ & g"ﬁo] %—?gﬁg hm(?P‘S)s(’yf%uﬁ’(rf ychlorine,
benzodi oxan- 6-yl )lgmmmlqr( dofdnay| gfhserani haloakkyldpomeans an alkyl
(phenylnethyl)prOEaaiéﬁmﬂha¢1h gapghélGheaning as defined above wherein one

2S- N-benzyl am p acet m_no 2R- X

ben[zE)((:h oxol - % yl )% ) oﬂﬁ?%yﬁ) I]%Eﬁ’gn%i'éisi idgen. Examples
(phenylnethyl)ﬁarop§|QQthhaAOyhhﬂld@adxnals include chloromethyl, 1-

2S-[ [ (N-cycl opr opyiabdtana Ce?ih&ﬁ@ﬂté\ﬂ'lyll\l‘ h%&ha%:ﬁ%hy&

1, 3- benzodi ox0] sul f 2rreh|
[1[85 (pheny! rzret Lyf)f)’?bﬁ)%l)‘f‘%rog‘%g}# "B:d%?fﬁr Ff%‘éghY?o arJd the like. The
2S-[ [ (N-cycl opr opyéxmi ﬁc@aamagyl;j:am'hoﬂlr | BR- pgneadiy3refers to groups

[[(1, 3-benzodi Oxoéeaaii’ix) %H.EEQQXEAIQfe "Evt W%EEQQ&Q)I)&PZ(E NQhich as an amine,
1S—(pheny| met

1) %{'ﬁ{ 9#) anam
2S-[[(N-cycl g Y éPyP¥%ﬂli‘%]n%1F?th}ﬂr 0x84ch lggving groups
[[(1, 3- benzodi oxo&aré -we))Is kinbenyih (Ehereidty| pEzpyb)esriofolsuch leaving

1S- (phenyl net hyl) d i3 SuABt Pyl g
2S-[[ (N-cycl oprop &{ % n nacgtyf]h%m noi E}?J mﬂ@t 1ted l-'0-’3- _
[ [ phenyl sul fonyl ] 2h WYSHESpRL R ndf _hygroxy enzotrlazole, halides,
triflates, tosylates and the like. Preferred leaving
15 groups are indicated herein where appropriate.

Procedures for preparing the compounds of Formula I
are set forth below. It should be noted that the general
procedure is shown as it relates to preparation of

20 compounds having the specified stereochemistry, for
example, wherein the absolute stereochemistry about the
hydroxyl group is designated as (R}). However, such
procedures are generally applicable to those compounds of
opposite configuration, e.g., where the stereochemistry

25 about the hydroxyl group is (S). 1In addition, the
compounds having the (R) stereochemistry can be utilized
to produce those having the (S) stereochemistry. For
example, a compound having the (R) stereochemistry can be
inverted to the (S) stereochemistry using well-known

30 methods.



50 (phenyl net hyl ) propyl ] -3, 3-di net hyl - but anani de;
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10 a) deprotection; X = Cl or Br.
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a) deprotection; X = Cl or Br; L = leaving group.
5 An N-protected chloroketone derivative of an amino
acid having the formula:
RZ

P
\N Cl

I
H
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2S-[[ (N-cycl opropyl amina)acet yl | amno] - N-[ 2R- hydr oxy- 3-
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1S- (phenyl met hyl ) propyl ] - 3- et hyl - but anam de; 5

2S-[[ (N-cycl opropyl am no) acetyl ] am no] - N-[ 2R- hydr oxy- 3-
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[[ (1, 3-benzodi oxol -5-yl ) sul fonyl ] (2-met hyl propyl ) am no] - _
15_(pheny|nEthy|)¥hqxgmq|§eﬁppne§¢ﬁ§ﬁ(§y amino protecting group, and R2 is

2S-[[ (N-cycl opr opys ad8fig)edc abylré AMid Gediicbd Red Wi XorBesponding alcohol

[[Egﬁgrhsz;F?%L]é&}qﬁéﬂ l%kogéégéggfy%g %gduéing agent. Suitable amino

[ (N-cycl opr opgrmmmcgrwmrﬁnﬁ)mm[ RrOWE ditpstjie3art and include

rrf:t h?ﬁyf);mnyéalawﬁéﬂtﬁbid,( ZtWMy@éQBbh}Bmé}iﬂ the like. 2

n ne r en

(TN yel ok o e, S0P ThastIng| grewp i, gpriobenzony. A

zot hi azol - 6- yﬂ:r)%ﬁ,eﬁmdyl\l]-pzom&gd shdpybkearenmw]islS-
F{k?g;g?g%?gg@%%#?@ﬂb gﬂ?ﬁﬁﬁ no -ﬁ? lﬁganlﬁinfhloromethyl ketone.
3-di hydr oberd g FLal TR Hoeps. 5; AT Pppphvdride. The
o] 1S—(pHé)nyImmtqul)qmr wpgti:mmtl-stlcpndncded &S-a temperature of from

N-cycl opropyl aﬂid"‘é) 6%&(&%@@5"’@] #éf@a@iw 9¥Yaou3Qec, in a
napht hyl ) sul fon am ng] - 1S

enylnethyl)pr sg Yﬁ% such as, for example,
tetrahydrofuran, and the-like. The N-protected
chlorcketones are commercially available, e.g., such as

15 from Bachem, Inc., Torrance, California. Alternatively,

the chlorcketones can be prepared by the procedure set
forth in §. J. Fittkau, J, Prakt. Chem., 315, 1037

(1973), and subsequently N-protected utlllZlng procedures
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which are well known in the art.
20
The halo alcohol can be utilized directly, as
described below, or, preferably, is reacted, preferably
at room temperature, with a suitable base in a suitable
solvent system to produce an N-protected amino epoxide of

25 the formula:
HZ

P\\N

| o}

H
wherein P and R2 are as defined above. Suitable solvent
systems for preparing the amino epoxide include ethanol,
methanol, isopropanol, tetrahydrofuran, dioxane, and the

30 1like including mixtures theredf. Suitable bases for

producing the epoxide from the reduced chloroketone
include potassium hydroxide, sodium hydroxide, potassium
t-butoxide, DBU and the like. A preferred base is
potassium hydroxide.



S-[[(N-cycl opropyl am no) acetyl ] am no] - N- [ 2R- hydr oxy- 3-

2
[ [ % 4- benzodi oxan- 6-yHd3-su-fenyl 1 (2- net hyl-propyl)yandinol - 35
1S- (phenyl et hyl ) propyl ] pent - 4- ynam de; :

2S-[[ (N-cycl opropyl am no) acetyl ] am no] - N-[ 2R- hydr oxy- 3-
[[(1, 3-benzodi oxol -5-yl ) sul fonyl ] (2-nmet hyl propyl )am no] -

1S- ( phenyl mesvandsngdsopy! ] pent - 4- ynam de; 40 PCT/US96/02685
2S-[[ (N- 2- met hoxyet hyl am no) acet yl ] am no] - N-[ 2R- hydr oxy-

3-[[ (1, 3-benzodi oxol - 5-yl ) sul fonyl ] (2- met hyBpr opyl )

am no] - 1S- (phenyl met hyl ) propyl ] - 3, 3-di net hyl - but anam de; 45

2S-[[ (N- 2- nmet hoxyet hyl am no) acet yl ] am no] - N-[ 2R- hydr oxy-

3-[[ (1, 3-benzodi oxol - AMernakficeyy] (2-pritertpdoayilo epoxide can be

am no] - 1S- (phenyl r ] 53-4ret hyl - apagi de; '

[ (N-2- met hoxyet hyﬁgq:tér#%r?o écgt{m{q] %%-%%]%BI\LI- %ghgﬁéno%?-peéé—mg PCT Patent
3-[[ (1, 3- benzodi ARRLIRAPERPEERY 1ND- Wﬁyﬁﬁgéwf@/‘l (WO 93/23388) and
am no] - 1S- ( pheny| pErAudoupncpyl ] - & g PatepenappBigatdon Attorney Docket

2S- [ | (N- 2- met hoxyget hyl ay na] <N E 2R e
3-| % H\enyl sul fonyid %‘?36@3 %‘f‘%ﬁ%g{ﬁ’%@% YA BELEN herein by

(phenyl et hyl ) pr grence dnnehedr -enhigiesyy déisclosgomeghogdaeat
o st oy L e csaidman -ty o1
phohyl et hy ) or SHS SERaPhOPE Dt i b gediates useful in the
2S- [ [ ( N- 2- netifox yerepararion) at erst jeviingd] prof eRséidihgpjitors, starting
with a DL-, D- or L-amino acid which is reacted with a
suitable amino-protecting group in a suitable solvent to
produce an amino-protected amino acid ester. For the
purposes of illustration, a protected L-amino acid with
15 the following formula will be used to prepare the

inhibitors of this invention:
Rz

P1 3
~ N oP
pe” o)
represents carboxyl-protecting group, e.g.,

methyl, ethyl, benzyl, tertiary-butyl, 4-
20 methoxyphenylmethyl and the like; R2 is as defined above;

wherein P3

and Pl and P2 and/or P' independently are selected from
amine protecting groups, including but not limited to,
aralkyl, substituted aralkyl, cycloalkenylalkyl and
substituted cycloalkenylalkyl, allyl, substituted allyl,

25 acyl, alkoxycarbonyl, aralkoxycarbonyl and silyl.
Examples of aralkyl include, but are not limited to
benzyl, ortho-methylbenzyl, trityl ahd benzhydrvl, which
can be optionally substituted with halogen, alkyl of
C1-Cg, alkoxy, hydroxy, nitro, alkylene, amino,

30 alkylamino, acylamino and acyl, or their salts, such as
phosphonium and ammonium salts. Examples of aryl groups
include phenyl, naphthalenyl, incanyl, anthracenyl,
durenyl, 9-(9—phenylfluorenyl) and phenanthrenyl,
cycloalkenylalkyl or substituted cycloalkylenylalkyl



3-[[ phenyl sul fonyl ] (2- net hyl propyl ) am no] - 1S-
(phenyl net hyl ) pr opyl ]| —3S-#®t hyl - pentanam de; ——
2S-[ [ (N- 2- met hoxyet hyl am no) acet yl ] am no] - N-[ 2R- hydr oxy- 10
3-[[ (4- met hoxyphenyl ) sul fonyl ] (2- et hyl propyl ) am no] - 1S-
(phenyl net hyl ) propyl ] - 3, 3-di et hyl - but anam de;
2S5-[[ (N-2- ng g9 yl am no) acet yl ] am no] - N-[ 2R- hydr oxy- PCT/US96/02685
3-[[ (4- met hoxyphenyl ) sul fonyl ] (2- met hyl propyl )am no] - 1S- 15
(phenyl net hyl ) propyl ] - 3- met hyl - but anami de; 34
2S-[[ (N- 2- et hoxyet hyl am no) acetyl ] am no] - N-_ 2R- hydr oxy- )
3-[[(4- nethoxyphe¥%459§h5f899F?{§4¢ﬁﬂq¥ﬂlﬁﬁéb¥1§eﬂﬁrﬁﬂfclg: Suitable acyl
gghFszfgthyl%prO¢bddpSSSn&&hh¥|cdﬁﬁﬂhﬁm& e, t€§¥ﬁ$xycarbonyl, iso-
met hox X

3-[[(2, 3-di hydrob%%%r@gﬁgégf %é’?’?’?n %t‘g %%E‘h#%?’%p#?l butyryl,
am noj - 1S- (pheny| 3R84¥A, )5?@p§i?°§P§FﬂﬁM%eth?!‘ erierearegyl, 2shthaloyl and
gsl% E (2 I\PBZdrrﬁt GS)X%QHWLJ@:@ nolﬂﬂéﬁéﬁ’éﬂl?mﬁio]]angl' p2 F&ﬂ‘yc{rrﬁéysendently

: i hydr obe o]
ani noj - 1S—(pheny|%% ?FSES ? % ? 9§§‘a%éﬁi¥ [ More
( N- 2- met hoxyet hylmﬁa;)a@dmyeqaemmPlNapQRP yd$ denzy30
3-[[(2, 3-di hydr obenzof ur an- 5- yI)squonyI](Z met hyl propyl )
am no] - 1S- (phenyl et hy] ) prapyl]:3S-meth t anggm de; , .
2S- [ [ (N- 2- net hoxyet hy] %ELHA ]‘}‘fﬁ ﬁx] Eﬁ? y @S gr P* protecting
3-[[ (benzot hil®zol gx8>uris) mhf 6oy |4 Zietazwyplmpw3rwnmmh tB& nitrogen to
1S- (phenyl net hyl )mmwth §réla@éaraﬂe Uk a&gﬁp
2S-[[ (N-2- et hoxyet hyl .am no%m )24 am no] N- 2R- hydro
3-[ [ (benzot hi azol '62¥ﬂ i ‘%/ SRACHEY PP ) Hi d - Ysuccinimidy1,
1S—(pheny|nethyl)makqnm15y3 apdihyhhe Dlitkenanddehedd these heterocyclic

groups can further include adjoining aryl and cycloalkyl

15 rings. 1In addition, the heterocyclic groups can be
mono-, di- or tri-substituted, e.g., nitrophthalimidyl.
The term silyl refers to a silicon atom optionally
substituted by one or more alkyl, aryl and aralkyl
groups.

20

Suitable silyl protecting groups include, but are
not limited to, trimethylsilyl, triethylsilyl,
tri-isopropylsilyl, tert-butyldimethylsilyl,
dimethylphenylsilyl, 1,2-bis(dimethylsilyl}benzene,

25 1,2-bis{dimethylsilyl)ethane and diphenylmethylsilyl.
Silylation of the amine functions to provide mono- or
bis-disilylamine can provide derivatives of the
aminoalcohol, amino acid, amino acid esters and amino
acid amide. In the case of amino acids, amino acid

30 esters and amino acid amides, reduction of the'carbdnyl
function provides the required mono- or bis-silyl
aminoalcohol. Silylation of the amincalcohol can lead to
the N,N,0O-tri-silyl derivative. Removal of the silyl
function from the silyl ether function is readily

35 accomplished by treatment with, for example, a metal
hydroxide or ammonium flouride reagent, either as a
discrete reaction step or in situ during the preparation



28—[[(N—2 met hoxyet hyl am no) acetyl ] am no] - N-[ 2R- hydr oxy-
3- H{benzoet-hi azol ~6—H=-stH-ermH-1-(2- net hytprepy3arhe] -
1S- (phenyl met hyl ) propyl ] - 3S- et hyl - pent anani de; 45
2S-[ [ (N- 2- et hoxyet hyl am no) acet yl ] am no] - N-[ 2R- hydr oxy-
3-[[(2-napht hyl) sul fonyl ] (2- et hyl propyl ) am no] - 18—
phenyl met hy kd@sepig¥ds] - 3. 3- di net hyl - but anam de; PCT/US96/02685
S-[[(N2- nethoxyethylan1no)acetyl]an1no] N[ 2R- hydr oxy- 50
[ (2- napht hyl ) sul fonyl ] (2- net hyl propyl ) an3mo] - 1S-

(
2
3-
(ph nyl met hyl )propyl]t 3- et hyl - but anam de; 2S-
[ (N- 2- et hoxyet hy [SfnithS) a%??ﬁ]aﬁﬁha(éﬁ KeRZBthy drpifable silylating
?- L[ ( 2I napEt IhyI ) sddennygl a@; NBd \Examph] )aﬂinMﬂrWlSllijS chloride, tert-
en nmet ro e e,
PCT/ 1506/ oz)észspzﬁ%@' %ﬁr %’hl& gpgaﬁgéng n Xwﬁ]%géng‘ﬁfﬁ% R (BRORS S oxy-
3-
a
2
3-
a

1, 4- benzodloﬁﬁﬁmﬁnyiwgiﬁx $pejr combination

—

m no] - 1S- ( phesyl mmbtgr@mﬁ]n&&zdwebhyzbmm Meanbdse; fér silylation

[
no
S N- 2- met h t 2
2T A ST, Bl et s sre v
noj - 1S—(pheny|#@PHPlF9r€k®6? ?ﬁy%ntﬁhQuﬂnﬁ deMethods of

2S-[[ (N-2- net hOXY%IrIé)Sb@Htﬂ@ﬂ a&ﬁt&iek@mme Méﬁ%ﬂ%sxyro:acbor&e[sbbﬁdmg

4- benzodi oxan- 6-yl sulfon (2-neth . .
am no] - 1S- ( phenyl ﬁyl ¥%% éﬁ?ﬁy&M %ﬁﬁ SKaffyRe acid esters are
25- [ [ (N-2- net ABxy syl unihdym Wio &hoas] slﬁil[lzﬂ ApdEbsyart of organic

3-[[ (1, 3- benzodi 0XxPlem? ¥ty Sihd UBiNL( dmiBS Nydid RARihb acid ester or

- aminoalcohol chemistry.

The amino-protected L-amino acid ester is then

15 reduced, to the corresponding alcohol. For example, the
amino-protected L-amino acid ester can be reduced with
diisobutylaluminum hydride at -78° C in a suitable
solvent such as toluene. Preferred reducing agents
include lithium aluminium hydride, lithium borohydride,

20 sodium borohydride, borane, lithium tri-ter-
butoxyaluminum hydride, borane/THF complex. Most
preferably, the reducing agent is diisobutylaluminum
hydride (DiBAL-H) in toluene. The resulting alcohol is
then converted, for example, by way of a Swern oxidation,

25 to the corresponding aldehyde of the formula:
Rz

\ H
le/, O
wherein P1, P2 and R2 are as defined above. Thus, a
dichloromethane solution of the alcohol is added to a
cooled (-75 to -68° C) solution of oxalyl chloride in
30 dichloromethane and DMSO in dichloromethane and stirred
for 35 minutes.

Acceptable oxidizing reagents incluae, for example,
sulfur trioxide-pyridine complex and DMSO, oxalyl



15 am no]-1S- (phenyl nmet hyl ) propyl ] pent - 4- ynam de;

2S- [ [ (N- 2- net hoxyet hytbam-hro)-acet y}am-no] - N-[2R--hydr oxy-
3-[[phenyl sul fonyl ] (2- met hyI propyl ) am no] -1S- (phenyl net hyl )

propyl ] pent - 4- ynam de; 20 2S-
[ (N-2- net hoxyet hyl am no) acetyl ] am no] - N-[ 2R- hydr oxy-
3-[[ (4- met howpiekesagd ) sul fonyl ] (2-met hyl propyl)am no]-1S-  pcr/Us96/02685
(phenyl net hyl ) propyl ] pent - 4-ynani de; 25
2S-[[ (N- 2- et hoxyet hyl ami no) acetyl ] ami no] -3 [ 2R- hydr oxy-
3-[[ benzot hi azol - 6-yl ) sul fonyl ] (2- met hyl pr.opyl ).am no] -
(phenylnEthyI)prd§9PFﬁ@ﬁtaﬂé rjaécebygl chloride or anhydrlde and DMSO,
(N- 2- met hoxyet hyltaifdapacstetilamchiokide [ 2R-dnrgdrige &3 DMSO,
3- 2, 3-di hydro I
3| L(] T p%eny?‘%&t gkﬁ%&ffo‘iyé] )c'fx%igag e dﬂﬂ%bhxkpwmayam |
2S-[[ (N 2- met hoxf&lﬁyﬁaﬁﬁn%j | Fawﬁwswqomlhpa@m@ﬁ and DMSO,
? L[z lnaph':] hlyis)swrﬁ@nybkéﬁemﬁashnfeﬂyi)amyuﬂmia81t35f11c anhydride)
enyl met r t
22 [[)(/N- 2- rr)ét hgxg‘% §8 n%?g%%%lrﬁ%a%eno C%ﬁri'lge aﬂd DMSO
3-[[(1, 4- benzodi &P&Iﬁtbywl}%im'fq}w}l Fhio ¢1y§1'1§3r @Wp) and 1s°butyl
gg FF]( N_lg-(p[lﬁanmbbwbﬁW) Hrﬂellbhsé y nptie dﬁud&ﬁﬁ!oﬁocondltlons
- met hox 0 a R- hydr
3-[[ (1, 3- benzodi i gggl ‘?‘?Cee"tzyF% Bspy 297 p. 1186,

am no] - 1S—(pﬁ@nyl(ﬁ={913ﬁ9/ﬂ) DARGEW ICHER:

herein, the termemphkybd. odgAe c@lrlogmdgoﬂa Qmslooat nms a straight-chain
or branched-chain al kyl radi cal cont ai ni ng preferably from1l to 8 carbon

atons, nore preferably from1 to 5 carbon atons, nost
_ The preferred oxidation method described in this

invention is sulfur trioxide pyridine complex,

15 triethylamine and DMSO at room temperature. This system
provides excellent yields of the desired chiral protected
amino aldehyde usable without the need for purification
i.e., the need to purify kilograms of intermediates by
chromatography is eliminated and large scale operations

20 are made less: hazardous. Reaction at room temperature
also eliminated the need for the use of low temperature
reactor which makes the process more suitable for
commercial production.

25 The reaction may be carried out undexr an inert
atmosphere such as nitrogen or argon, or normal or dry
air, under atmospheric pressure or in a sealed reaction
vessel under positive pressure. Preferred is a nitrogen
atmosphere. Alternative amine bases include, for

30 example, tri-butyl amine, tri-isopropyl amine, N-
methylpiperidine, N-methyl morpholine, azabicyclononane,
diisopropylethylamine, 2,2,6,6-tetramethylpiperidine,
N,N-dimethylaminopyridine, or mixtures of these bases.
Triethylamine is a preferred base. Alternatives to pure

35 DMSO as solvent include mixtures of DMSO with non-protic
or halogenated solvents such as tetrahydrofuran, ethyl
acetate, toluene, xylene, dichloromethane, ethylene
dichloride and the like. Dipolar aprotic co-solvents



preferably 1 to 3 carbon atons. Exanples of such 50 radicals include

methyb—ethyl , = al e n-loutyde—.lsgohut vl sec-hut yl
tert-butyl, pentyl, i s0- anyl hexyl octyl and the like. The term . WO
96/ 28464 b PCT/ US96/ 02685 24
"hydroxyal kyl ", alone or in conblnatlon, means a al kyl radical as defined

above wher ei Ry@bedsggst one hydrogen atom has been repl aced bpcrusyszesxy |
group, but no nore than one hydrogen atom per carbon atom preferably, 1 to
5 4 hydrogen atons have been repl aced by HVHroxyI groups nore preferably,

1 to 2 hydrogen at.0 ave been replaced b 0X roups; and nost
preferably, one hﬁ&ggﬂgﬁ %ﬁ?ﬁﬂﬁi&§188eng#¥$§%¥ 8r89%éd%ydroxyl group. The
term"al kenyl ", alddmetbylacetzaniienasretamivians esranetinghturet) andhats or
branched- chain hy@g@ﬁ%b&th@jl S e DAY S8 BheTOEEL ADL £ dhandaeand

cont ai ni ng prefer from 10 carb at ons re, preferabl fron12 to
8 cafbon atons, %l‘gprelf%"r}éﬁﬁ hap N, B- &3’@@%@1’1&'%{;&1 ‘Ex
sui tabl e al kenyl rddebpdis pr&dun@eretbheyﬁheqymaﬂanyhplZdeﬁf&aHHMBBylpropenyl

1, 4- but adi enyl an@l%@ﬁS&é&%bov@%aéeﬁ a| A ctly rov Qnﬂmé)rcdrl}egﬁghaﬂ%' on,

means a straight-_chain aor branche n radi_cal having one or
more triple bondsNamaresweshiturgdn ﬁ@%%?%ﬁl FFbﬁlZ tB) 19¥ &hMson at ons, nore
preferably from 2disubstinited alldehyde.

10 In addition, hydride reduction of an amide or ester
derivative of the corresponding benzyl {(or other suitable
protecting group) nitrogen protected phenylalanine,
substituted phenylalanine or cycloalkyl analog of
phenylalanine derivative can be carried out to provide

15 the aldehydes. Hydride transfer is an additional method
of aldehyde synthesis under conditions where aldehyde
condensations are avoided, cf, Oppenauer Oxidation.

The aldehydes of this process can also be prepared

20 by methods of reducing protected phenylalanine and
phenylalanine analogs or their amide or ester derivatives
by, e.g., sodium amalgam with HCl in ethanol or lithium
or sodium or potassium or calcium in ammonia. The
reaction temperature may be from about -20°C to about

25 45°C, and preferably from abut 5°C to about 25°C. Two
additional methods of obtaining the nitrogen protected
aldehyde include oxidation of the corresponding alcohol
with bleach in the presence of a catalytic amount of
2,2,6,6-tetramethyl-1-pyridyloxy free radical. In a

30 second method, oxidation of the alcohol to the aldehyde
is accomplished by a catalytic amount of
tetrapropylammonium perruthenate in the presence of
N-methylmorpholine-N-oxide.

. 35 Alternatively, an acid chloride derivative of a
protected phenylalanine or phenylalanine derivative as
disclosed above can be reduced with hydrogen and a
catalyst such as Pd on barium carbonate or barium



20 Exanples of al kynyl radicals include ethynyl, propynyl (propargyl),
butynyl and the |ike___The term "alkoxy", alone-gr_in conbi nation—peans an
al kyl ether radical wherein the termalkyl is as defined above. Exanpl es of
sui tabl e al kyl ether radicals include nethoxy, ethoxy, 25 n-propoxy,

| sopr opoxy, n-butoxy, iso-butoxy, sec-butoxy, tert-butoxy and the |ike. The
term "al koxyplokssea al one or in conbination, neans a al kyl PCEUSISHR68S S

defi ned above wherein at | east one hydrogen atom has been repl aced by a

al koxy group, but no nore than one hydrogen atom per 30 carbon atom
preferably, 1 to 4 hydrogen atons have begg repl aced by al koxy groups; nore
preferably, 1 to 2 hydrogen atons have been repl aced by al koxy groups; and
nost preferably, selphdtedr @geh at omtdiemtbesnadédjdiozned bgtalystkoxy group. The

tern1"cyc|oa|kylﬁmdégéyyagogﬁéﬂt ctf YPSNRELP or BRI 7 ?@%é@ or

partially saturated nonoCyclic, bicyclic or tricyclic alk radi cal wherein
each cyciic noi eR§MGHC®Ins preferably from3 to 8 carbon atom ring
menbers, nore preferably from3 to 7 carbon WO 96/ 28464

PCT/ US96/ 02685 25 at i gﬁgﬁgpeggﬁuﬂ{qﬂgl ;@E%‘fge% Igc,efrg,ogkgggpi& qqrbon

atomring nenbers, and which Tray optiona e a benzo fus rrng system
whi ch is optionatpse Faesteduvith & hadomes By bkt riimreageres petiqly t he
definition of aryéagent is generated in situ by reacting an alkyllithium

or arylithium compound with a dihalomethane represented
by the formula X1CH2X2 wherein X! and X2 independently

10 represent I, Br or Cl. For example, a solution of the
aldehyde and chloroiodomethane in THF is cooled to -78° C
and a solution of n-butyllithium in hexane is added. The
resulting product is a mixture of diastereomers of the

corresponding amino-protected epoxides of the formulas:
R? R2

pt pi
\ and \N

N "Il
15 p”” ° 2’ “o

The diastereomers can be separated e.g., by
chromatography, or, alternatively, once reacted in
subsequent steps the diastereomeric products can be
separated. A D-amino acid can be utilized in place of

20 the L-amino acid in order to prepare compounds having an
{S) stereochemistry at the carbon bonded to RZ2.

The addition of chloromethylithium or
bromomethylithium to a chiral amino aldehyde is highly

25 diastereoselective. Preferably, the chloromethyllithium
or bromomethylithium is generated in-situ from the
reaction of the dihalomethane and n-butyllithium.
Acceptable methyleneating halomethanes include
chloroiodomethane, bromochloromethane, dibromomethane,

30 diiodomethane, bromofluoromethane and the like. The
sulfonate ester of the addition product of, for example,
hydrogen bromide to formaldehyde is also a methyleneating
agent. Tetrahydrofuran is the preferred solvent, however
alternative solvents such as toluene, dimethoxyethane,



5 Exanpl es of such cycl oal kyl radicals include cyclopropyl, cyclobutyl,

cyetepentyt, cycl ohexyH—eyeteheptyl, _ , :
2, 3-di hydro-1Hi ndenyl, adamantyl and the like. "Bicyclic" and "tricyclic"
as used herein are intended to include both fused ring systens, such as 10
napht hyl and [err]-carbolinyl, and substituted ring systens, such as

bi phenyl, phwowksmssss dyl , napht hyl and di phenyl pi perazi nyl . FORUS%/02685
"cycl oal kyl al kyl " means an al kyl radical as defined above which is
substituted by a cycl oal kyl radical as defBfed above. Exanples of such 15

cycl oal kyl al kyl radicals include cyclopropyl nmethyl, cyclobutyl nethyl,

cycl opent yl et hylethysienshaighbexida, methydere pdniopidehgan be used as

1- clycl ohexlyl et hY:pur% %l)bat]réﬁﬂl.@tdi' %ltdnal mi&ﬁﬁyi@! Ofm?pdﬁa&habroﬁw@&%}ﬁt@r opyl,
cycl opent yl propy ohex J, an eyll T "benzo' ., ne or
20 i n conbi natiosr?,cgy saﬁgegﬂrg%llvla 'eﬁféralai%%%yé[pgrfﬁ-éggﬁ%: eruls\?g erom
benzene. The ter@s &olventg| onaaspant efndi patvent mixtnsea pgfhehyl or

napht hyl radi gal MdicthohscaRtbeN@rriedUBit i thdad al Gheebcatifiodfiete

substituents select?g from%alk |, .al_koxy, ngg_ tgédioﬁﬂi am no nitro,

cyano, 25 hal oal38f" 8€aPbok§IEh Koy &8P hontT™ 33& | kLR L&l o,

al kanoyl ami no, ardubstisstednothet largpoamsbaliamengenisaregdentislisugh as

al kyl ami no, di al k199 chibm) Wé&mb@leNl%ﬁi&Lkﬂe@ﬂbd@yll lithium,

aralkoxycarbonylgglno, alg¥lt?ué$. al_k ulflrag, 30 ,ﬁlkyl ul fonyl .and the

i ke, Exanpl os dPemvyiirhlima Riemd BRARVR a5 (e ks T KRRREAOR,

4- (tert- butdRy) pleenyle, c3rmbedyduti-atetkopgpiameds of- betweerp mut, ~80°C
_to 0°C but preferably between about -80°C to -20°C. The
most preferred reaction temperatures are between -40°C to
~15°C. Reagents can be added singly but multiple
~additions are preferred in certain conditions. The

15 preferred pressure of the reaction is atmospheric however
a positive pressure is valuable under certain conditions
such as a high humidity environment.

Alternative methods of conversion to the epoxides of
20 this invention include substitution of other charged
methylenation precurser species followed by their
treatment with base to form the analogous anion.
Examples of these species include trimethylsulfoxonium
tosylate or triflate, tetramethylammonium halide,
25 methyldiphenylsulfoxonium halide wherein halide is
chloride, bromide or iodide.

The conversion of the aldehydes of this invention

into their epoxide derivative can alsc be carried out in

300 multiple steps. For example, the addition of the anion
of thioanisole prepared from, for example, a butyl or
aryl lithium reagent, to the protected aminoaldehyde,
oxidation of the resulting protected aminosulfide alcohol
with well known oxidizing agents such as hydrogen

35 peroxide, tert-butyl hypochlorite, bleach or sodium
periodate to give a sulfoxide. Alkylation of the
sulfoxide with, for example, methyl iodide or bromide,
methyl tosylate, methyl mesylate, methyl triflate, ethyl



4-chl orophenyl, 3-nitrophényl, 3-am nophenyl, 4-CF[err]- phenyl,
3-acet am dophenyl, 4-acetam dophenyl _2-nmethyl-3- 35 acetam_dophenyl,

2- met hyl - 3-am nophenyl , 3-nmet hyl -4- am nophenyl, 2-am no-3-nethyl phenyl,

2, 4-di net hyl - 3- am nophenyl, 4-hydroxyphenyl, 3-nethyl-4-hydroxyphenyl,

1- napht hyl , 2-napht hyl, 3-am no-1-naphthyl, 2-nethyl-3- WD 96/ 28464

PCT/ US96/ 02648 ogdhagym NO- 1--napht hyl , 6-am no- 2- napht hyl, 4, Guceingsosbess/ - 2-
napht hyl , pi perazi nyl phenyl and the like.. The terms "aral kyl" and

"aral koxy", alone or in conbination, neangoan al kyl or al koxy radi cal as
defined above in which at 5 |east one hydrogen atomis replaced by an aryl
radi cal as defi nbromistrie isoncapyl hromide, benzyl whiloridghenythe Hyike,

di benzyl met hyl, pydrexHeaeybaesfyan JdrRiahY EPEE MldRfahY k. bds@henyl et hyl ,
di phenyl net hoxy,

"ar al koxycar bony?f‘f%{]ﬁa‘g’gg?P%ﬂ%‘hogt)%&%ag?#‘gﬂe?sl Het Tgff:é%ﬂ]a‘fanopet he
formul a aral kyl -@tk(a®ed wathhi £or taxampden the adMgpilathag adentss @hioviecance
given above. £xappl@malacal 8hakMexue Fale8Y thi@diLalsubkeqheiey) oxycar bonyl
and 4- et hoxyphenyl net hg carboqgl. The tern1?gr |Q§ "tneags g radical of
the fornul a arylgévﬂ%te‘{ﬁnﬁﬂlm tHPISSEN RS ‘ﬁ%é’“t%e ErpntMttar®e gi ven
above. The termthahéamloyasesal one or in conbi nati on, nmeans an acyl radical
derived from an al kanecar boxylic acid,
The desired epoxides formed, using most preferred

10 conditions, diastereoselectively in ratio amounts of at
least about an 85:15 ratio (S:R). The product can be
purified by chromatography to give the diasteréomerically
and enantiomerically pure product but it is more
conveniently used directly without purification to

15 prepare retroviral pfotease inhibitors. The foregoing
process is applicable to mixtures of optical isomers as
well as resolved compounds. If a particular optical
isomer is desired, it can be selected by the choice of
starting material, e.g., L-phenylalanine, D-

20 phenylalanine, L-phenylalaninol, D-phenylalaninol,
D-hexahydrophenylalaninecl and the like, or resolution can
occur at intermediate or final steps. Chiral auxiliaries
such as one or two equivilants of camphor sulfonic acid,
citric acid, camphoric acid, 2-methoxyphenylacetic acid

25 and the like can be used to form salts, esters or amides

of the compounds of this invention. These compounds or
derivatives can be crystallized or separated
chromatographically using either a chiral or achiral
column as is well known to those skilled in the art.

30 | -

The amino epoxide is then reacted, in a suitable
solvent system, with an equal amount, or preferably an
excess of, a desired amine of the formula R3NH2, wherein
R3 is hydrogen or is as defined above. The reaction can

35 be conducted over a wide range of temperatures, e.g.,
from about 10°C to about 100°C, but is preferably, but
not necessarily, conducted at a temperature at which the
solvent begins to reflux. Suitable solvent systems



exanpl es of which include acetyl, propionyl, butyryl, valeryl, :
4- rethyvatleryl , and—%he=Lhke——Ihe t erm-20-——cyelkoal kyl carbonyl " neans an
acyl radical of the fornula cycloal kyl-C(O- in which the term"cycl oal kyl"
has the significance give above, such as cycl opropyl carbonyl,
cycl ohexyl carbonyl , adamantyl carbonyl, 1,2, 3,4- tetrahydro-2-naphthoyl,
2- acet am do- {yclosedkat €t r ahydro-2- 25 napht hoyl, PCT/US96/02685
1- hydroxy-1, 2, 3, 4-t et rahydr o- 6- napht hoyl and the |ike. The term
"aral kanoyl " nmeans an acyl radical derivedqmwnnaﬂ aryl substituted
al kanecar boxylic aC|d .such as phenxlacetyl - r opi ony
(hydr oci nnanoy! ) , 1BSHRIS FaREFr y ROR RIS, BRdy ’Slaprﬁ?t1§0°rgamc
chlorohydr00|nnansylventsusumhhydcotorwnxamdle,4thos¢rwhqﬂewﬂrOhensaannﬂn and
the like. The tergy HZgan al ed

&4 ar ci ¥ v?g@ﬁtﬁixﬁeéﬁ%‘i eé‘?a{r{ ﬁbﬁ%ﬁ‘&? Lo of

aryl carboxylic ac meani ng grven apove
such-aroyl radi caP%al‘i'R‘FJdé‘esuS§P‘Pfﬁt%%F}hﬁ& GﬁEE%QX‘?’fQﬁLg&n?,S l%@%y?n_do

napt hoyl such &s bhéZI@Re,4ﬂﬁhtﬁlﬂéﬁaz0%bbd4meﬁﬁvbﬂxmhmﬁﬂﬁyldlmethyl
o hort B boB P one, BB Wl B e B B 3
-na nzy p

napht hoyl , 6- (benzy oxycarbon oxXy- 2-na
WO 96/ 28464 isépropanol. he resu tlng product is m—ﬁrugggrgggggp%

3- hydr oxy- 2- napht &eitho) B-((R21 21l kDY +Hrtpda)-2 201 ndafitvariive and the |ike.
The terms heterogy&ié& fﬂé%ngeferred to as an amino alcohol) can be

10 represented by the formulas:
2

R R3
P
'~ et NH
N _ NH
H | Py ~ l
OH R3 OH R3

wherein P, Pl, P2, R2 and R3 are as described above.

Alternatively, a haloalcohol can be utilized in place of
the amino epoxide.

15

The amino alcohol defined above is then reacted in a

suitable solvent with the sulfonyl chloride R4502Cl, the
sulfonyl bromide R4802Br or the corresponding sulfonyl
anhydride, preferably in the presence of an acid

20 scavenger. Suitable solvents in which the reaction can
be conducted include methylene chloride, tetrahydrofuran
and the like. Suitable acid scavengers include
triethylamine, pyridine and the like. The resulting
sulfonamide derivative can be represented, depending on

25 the epoxide utilized by the formulas

R? o o
b \\S/ N //
\‘N N" \ R I’ \
H 1 /
OH R3

wherein P, Pl, P2, R2, R3 and R4 are as defined above.
These intermediates are useful for preparing inhibitor
- compounds of the present invention.
30



or in conbination, neans a saturated or partially unsaturated nonocycli c,
bicyclic or tricyclic-heterocycle 5 radical cantaining at |east _ane .
nitrogen, oxygen or sulfur atomring nenber and having preferably 3 to 8
ring nenbers in each ring, nore preferably 3 to 7 ring nmenbers in each ring
and nost preferably 5 to 6 ring nenbers in each ring. "Heterocyclo" is

I nt ended to wookuses 10 sul fones, sul foxides, N oxides of tRCI/USS6P2d85tr ogen
ring menbers, and carbocyclic fused and benzo fused ring systens. Such

het erocycl o radi cals nay be optionally subgituted on one or nore carbon
atons by hal ogen, alkyl, alkoxy, hydroxy, oxo, aryl, aralkyl, heteroaryl,

15 heteroaral kyl, am’ﬂ'ien@ullﬁIOQkah@hdhmof ahkofgmmll@oﬁ§saa¥n@n be

al kyl sul f onyl am ngy 8yl tke rédi%n Q@ a §ﬁ¥EHB¥%rHr?ltrﬁﬁgﬁkd% Lo (.
-NH) by hydroxy, aralk carbon | kano er par al Ehenyl
or phenyl al kyl an?ﬂ ° fi“é? gyﬂ:ﬂ,mg & 1um 2 % oxi do.
"Heterocycloalkylwluhxauifanyaltwlorxﬂh celr aslfmf|duatldboﬁell¢wednhyh at

| east one hydrg [ q%g ﬁﬁM G I qéqﬁeflned
above, such aépp§$$ |nﬁ]%§§h§ otg%érah g%g% |eny%hlteg5'ﬁél yridyl net hyl
and the like. Th %E?r apdenzg fuse aP%E%FQﬁYq¥? @GﬁﬁP i%n, nmeans an
aromatic heterocyliuhmuadmeabensschﬂnlhedpabpaeedvtnGM1thelaptmrreﬂﬁquing

substituted as d%ﬁ% qgggﬁ g%t&d&%o % Qﬁéﬂeﬁ&ﬁ)ary% Msa9faryl and

het er ocycl o. es of, such ef erocyc groups are
pyrrolidinyl, 30 COMRRGigLAy| avallrhle oky Feadblypmaseayrd £FPBnor phol i nyl ,

10 commercially available starting materials using known
methods in the art. Also, thiols may be oxidized to
sulfonyl chlorides using chlorine in the presence of
water under carefully controlled cornditions.
Additionally, sulfonic acids, such as arylsulfonic acids,

15 may be converted to sulfonyl halides using reagents such
as PClg, SOCly, ClC(O)C{O)Cl and the like, and also to
anhydrides using suitable dehydrating reagents. The
sulfonic acids may in turn be prepared using procedures
well known in the art. Some sulfonic acids are

20 commercially available. In place of the sulfonyl
halides, sulfinyl halides (R%SOX) or sulfenyl halides
(R4SX) can be utilized to prepare compounds wherein the
-S0,- moiety is replaced by an -SO- or -S- moiety,
respectively. Arylsulfonic acids, benzo fused

25 heterocyclo sulfonic acids or heterocaryl sulfonic acids
can be prepared by sulfonation of the aromatic ring by
well known methods in the art, such as by reaction with
sulfuric acid, SO0;3, Soj complexes, such as DMF (SO3},
pyridine{S0O3), N,N-dimethylacetamide(SO3]}, aﬁd the like.

30 Preferably, arylsulfonyl halides are prepared from
aromatic compounds by reaction with DMF({SO3) and SOClz or
ClC(0)C(0)Cl. The reactions may be performed stepwise or
in a single pot.

35 Arvlsulfonic acids, benzo fused heterocyclo sulfonic
acids, heteroaryl sulfonic acids, aryvlmercaptans, benzo
fused heterocyclo mercaptans, hetercarylmercaptans,



pyrronI i m dazolyl (e.g., imdazol 4-yl,
beﬁiy+e*ycarbony++ﬂ$da%e+-4—y¥r-etcf+?=$§$aie¥¥LT_pyridyL,_@e Gy

2-(1-pi peridinyl)pyridyl and 2-(4-benzyl - piperazin-|l-yl-1-pyridinyl, etc.),

pyrazinyl, 35 pyrimdinyl, furyl, tetrahydrofuryl, thienyl,

tetrahydrothienyl and its sul foxide and sul fone derivatives, triazolyl,

oxazol yl, thweaghydssa i ndolyl (e.g., 2-indolyl, etc.), quinoPCISI6N268S].

2- qui nol i nyl,

PCT/ US96/ 02685 28 3- quinolinyl 1- oxi do- 2- ﬁhinolinyl etc.), isoquinolinyl

e.g., l-iso U|noI| U|noI|n l.,. etc. roqui nolinyl (e.qg.
(1 Zg3 4- tetrghydﬁ}y aﬂlaﬁ 3?%“& (‘f’“fg 1het cgfytcé' gﬁ%‘g 'goqw nol ?/nyl( °
(e.g., 5 1,23, mateirpahytﬂn@lmemoanéoqhenhikmyalrﬁ etmm¢rciplilyoxal i nyl,
[err]- carbollnyl,aQQIQggggfbg %Q99¥5d1g¥ ﬁ?epﬁ%edofﬁéTtgﬁg? gazol yl,

en enedi

met hyl enedi oxyphen-4

benzot hi azol yl

benzoxazol yl ,

5

means an acyl

formul a cycloalkylalkylﬂ@-aoo
The term' aryIO‘-
O al kanoyl

gi ven above.
formula aryl -

10

15

20

25

30

WD 96/ 28464

nedloxyp oxyphenyl
aﬁ'an?qmea@ﬁ i gvaitanie wging; §
thwmhen;abwmnm tthe larke. Fbe éamplecyal ﬂam'gm‘ dﬂ(@h&faﬁb@nyl "

9" Qi gden kY& i i?1‘*"%'&?&‘&13|,1,$,ylt}%k ?j(lﬁqagoxyllc acid of the

erein cyclo has t he meani ng
RS "_R%5 ne dlcal of the

]?
and N.
wherein A, B, Z, RS, R7 and R? are as defined above, have

been prepared from 1,2-benzenedithiol, 2-mercaptanphenol,

1,2-benzenediol, 2-aminobenzothiazole, benzothiazole, 2-
aminobenzimidazole, benzimidazole, and the like, which
are commercially available, by Carter, US Patent
4,595,407; Ehrenfreund et al., US Patent 4,634,465; Yoder
et al., J. Heterocycl. Chem. 4:166-167 (1967); Cole et
al., Aust. J. Chem. 33:675-680 (1980); Cabiddu et al.,
Synthesis 797-798 (1976); Ncube et al., Tet. Letters
2345-2348 (1978); Ncube et al., Tet. Letters 255-256
(1977); Ansink & Cerfontain, Rec. Trav. Chim.Pays-Bas
108:395-403 (1989); and Kajihara & Tsuchiva, EP 638564
Al, each of which are incorporated herein by reference in
their entirety. For example, 1,2¥benzenedithiol, 2-
mercaptanphenol or 1,2-benzenediol can be reacted with
RSR7C(L')2, where L' is as defined below, preferably, Br
‘or I, in the presence of a base, such as hydroxide, or
R6R7C=0 in the presence of acid, such as toluenesulfonic
acid, or Py05., to prepare the substituted benzo fused
heterocycle of formula

[:::[:A v

X

B R |

which can then be sulfonylated to the sulfonic acid
above. For example, CF3Bry; or CDaBrp can be reacted with

1,2-benzenedithiol, 2-mercaptanphenol or 1,2-benzenediol
in the presence of base to produce the compounds



wherein aryl and al kanoyl have the neaning given above. The term

"het erocycl oal koxycar bonyl " neans _an_acyl graup derived from o

het er ocycl oal kyl - O COOH wherei n heterocycl oal kyl is as defined above. The
term 20 "het erocycl oal kanoyl * is an acyl radical derived froma

het er ocycl oal kyl carboxylic acid wherein heterocycl o has the nmeani ng given
above. The twowgagags erocycl o al koxycarbonyl " nmeans an acyl pexhsvébeseri ved
froma heterocycl oal kyl - O COOH wherei n heterocycl o has the 25 neaning

gi ven above. The term "heteroaryl oxycarbonyl"™ neans an acyl radical
derived froma carboxylic acid represente y heteroaryl - O COOH wher ei n

het eroaryl has the neaning gi veQ abqve. The te “agi nocar bonyl " al one or
in conbi nation, nmeans an ani @. N\ Fed .[@' 5&17 (carbanoyl) group
wherein the am no group can b a_Rri seqbndg ertiary am no group
cont ai ni ng substituents sel ect®f frdm al kydr, 71, Bral Kyl , cycloal kyl,

cycl oal kyl al kyl | d | The -t er.m ~am apoyl"_means an
acyl group derivg§g¢§%%$§%g§5bg§ﬁ%%%g%uI% thfgdoégigf%%?ng§%i% acid -
wherei n the am ngegkexbre atoBe aApsenavhen dcapdder \B grepresenbr§. aieho group
cont ai ni ng subst shuert sctRCbridi zedading thar Méthaisdldeseribys | waldwy |

cycl oal kyl al kyl radjcal s d the 96/ 28464 . .
PCT/ US96/ 0268 250 Lﬁe suf?%ne or sul ox1é% %erlvatlves.

Following preparation of the sulfonamide derivative,
the amino protecting group P or Pl and P2 amino
protecting groups are removed under conditions which will

10 not affect the remaining portion of the molecule. These
methods are well known in the art and include acid
hydrolysis, hydrogenolysis and the like. A preferred
method involves removal of the protecting group, e.g.,
removal of a carbhobenzoxy group, by hydrogenolysis

15 utilizing palladium on carbon in a suitable solvent
system such as an alcohol, acetic acid, and the like or
mixtures thereof. Where the protecting group is a t-
butoxycarbonyl group, it can be removed utilizing an
inorganic or organic acid, e.g., HCl or trifluorocacetic

20 acid, in a éuitable solvent system, e.g., dioxane or
methylene chloride. The resulting product is the amine
salt derivative.

Following neutralization of the salt, the amine is
25 then coupled to the DL-, D-, or L-amino acid
corresponding to the formula PNHCH(R1)COOH, wherein P and
Rl are as defined above, followed by deprotection of the

amine as described above, and coupling to
R19 Ril

Nx“,L
0
30 wherein R1? and R!! are as defined above, W is a leaving
group, such as mesylate, bromo or chloro, and L is

leaving group such as halide, anhydride, active ester,
and the like. For example when R!? and R!! are both



i ke. The term "hal ogen" means fluorine, chlorine, brom ne or iodine. The

t erm—haloalkyl " neans—an-alkyl.radi cal havingthe neani ng as_defined ahove .
wherein one or nore hydrogens are replaced with a hal ogen. Exanples 5 of
such hal oal kyl radicals include chloronmethyl, 1- bronoethyl, fluoronethyl,

di fluoronethyl, trifluoronmethyl, 1,1,1-trifluoroethyl and the |ike. The
term"l eavi ngods@ses (L or W generally refers to groups readripsso2685

di spl aceabl e by a nucl eophile, such as an am ne, 10 a thiol or an al cohol
nucl eophil e. Such Ieaving groups are well Rhown in the art. Exanples. of

such | eaving gro I nclude, ,buf are not limted o, hydr o ucci.ni m de,
N- hydr oxybenzot r i ogen, rpfjeal. pHoMeaeaty L tIEEJ;FIdtﬁ'egp‘lélﬂéo?ﬂ%é/}fi &'@
Preferred | eavi ngerdhgr copsespending aahgdride ecan WiecueedpprBinaldys.
Procedures for prepaiding the & qm%gﬁrggf?gsgqhﬁﬂ tReC amShe f RIZRD3 eI ow. |t

shoul d be noted that the gener roce own as It relates to
preparation of 20F%bRFoAHEE BB iaH ivi&Ead peerpounfss of, EBENRRSIRNY, for
exanpl e, wher & n invenzlisnl haeing esleoEoenadary about the hydroxyl group is

desi gnated as (R). However, suchrifrRrtedures arergeneral y appl icable to
t hose conpounds of opposMeRﬁonfl ratHon i& wher e f} stereochem stry

25 about the hydroxyl group |§~ﬁ s having the
(R) stereochem stry can be util4 zed o pFoducIé t hdse ha |ng the (S)
stereochenistry. For exanpl e, B?confdund Rlavi ng ttﬂﬁ(R}‘ stereochem stry can

be inverted to tRhrDinSRE! ERENGB SRy WIONORVE| Ig1RNGWA R13 are as
defined above. Amines of the formula R12R13NH are
commercially available, such as dimethylamine,

10 isobutylamine, isopropylamine, benzylamine, and the like;
or can readily be prepared from commercially available
starting materials using standard methods well known in
the art.

15 Alternatively, following neutralization of the salt,

the amine of formula
R> o. ,O

\\Sé
H,N I|\T/ \R4
OH R3

is then coupled to the DL-, D-, or L-amino acid
corresponding to the formula PNHCH(R1)COOH, wherein P and
20 Rl are as defined above, followed by deprotection of the
amine as described above and then coupling the
deprotected amine to the amino acid of formula

Rrl0 Rg11
R13 OH
Sw
RIZ 0

or specific stereoisomer thereof, wherein R10, R1l, Rr12,
25 and R13 are as defined above, such as N-methylalanine,
N,N-dimethylalanine, N,N,2,2-tetramethylglycine, N-
benzylserine and the like, to produce the antiviral
compounds of the present invention. The amino acids are
commercially available or are readily prepared from a
30 protected carboxylic acid with a leaving group W (defined



30 net hods. WD 96/ 28464

PCT/ US96/ 02685 30 Preparation of Campounds of __Eormil a | The_caonpounds of
the present invention represented by Fornmula | above can be prepared
utilizing the 5 follow ng general procedures as schematically shown in

Schemes | and Il1. SCHEME | [err] OH R3 WO 96/ 28464

PCT/ US96/ 02666 9638462CHENVE || [err] a) deprotection; X = C ®CTRIS?6/42685

| eavi ng group. 5 An N-protected chl oroketone derivative of an am no
acid having the fornula: [err] 6 )

above), W-{(R10) (R11)C-CO,P3, by reaction with the amine
R12R13NH as shown in Scheme III, wherein P3, R10, R11,
R12, and R13 are as defined above..

5 Scheme TIII
1011 RIOR11
R<3 YA 3 RU op?
NH + oy OF"  — 3 N
R12 o) RIZ (o)

Alternatively, following neutralization of the salt,
10 the amine of formula

Rz
0\\5 40
HoN Ii]/ \R4
OH Rj

is then coupled to the DL-, D-, or L-amino acid
15 corresponding to the formula

RlO Rll 0

wherein R1, R10, R11l, R12, and R13 are as defined above,

20 which can be prepared in a similar fashion to the
coupling methods described above from DL-, D-, or L-amino
acid corresponding to the formula NHCH(R1)COOP3, wherein
P3 and Rl are as defined above.

25 The DL-, D-, or L-amino acid corresponding to the
formula PNHCH(R1)COOH or NH2CH(R1)COOP3, wherein P, P3
and Rl are as defined above, are commercially available
{Sigma Chemical Co.), or readily prepared using standard
methods well known in the art from readily available

30 starting materials. Preferably. P is a benzyloxycarbonyl



WD 96/ 28464 | PCT/ US96/ 02685 32
wheret-n—P—+epr esent s—an—af-Re—pF-otect |—ng—-g+e=a-pﬁa=d—R2—| S as—defined-above ..

is reduced to the corresponding al cohol utilizing an appropriate reducing
agent. Suitable am no protecting groups are well known in the art and

i nclude 5 carbobenzoxy, t-butoxycarbonyl, and the like. A preferred am no
prot ecting gmooupsiasgsacar bobenzoxy. A preferred N-protected cHGIVUS6868E | s
N- benzyl oxycar bonyl - L- phenyl al ani ne chl oronet hyl ketone. A preferred

reduci ng agent is sodi um borohydride. The 147 reduction reaction is

conducted at a tenperature of from-10[e Cto bout rr referably
at about O[err]C, aggﬁ?’f%ciﬁr@"%llvﬁﬁ %?/:L s?uchs §T % Frg
t etr ahydr of ur an, bndyﬂ.headiidﬂs .Thétangand exiugd inkl pr@:k@:lm canebe used

commerci al |y avai labkgyp geg:h%%%gﬂ agcﬁéﬁ g,{&)@"@gggemm@q:a éﬂ;ﬁgiéece

California. Alternativel | or.o ones can be pr epar e
procédure set forlaﬁlfing‘soul?l iginepchRd 5o f9uK@n eRBRLT ‘%&5“‘le§37 (1973),
and subsequent$y dnhyairtdsechoild hazide, psutedis ehlobidd @r dromibeknemn in

the art. 20 The hal.p;glcohal, C%?Bcﬁe {s’téé éxesdo‘%' @eﬁ%&i‘oxﬁsﬁm@%ﬁ@%%d bel ow,

or, pref erably, is reacted, room erature sui tabl e
base in a suit abl HOBJ) %’é@tt@élé‘m tBSbTFQ)cM%]éL FmoNnpPEReRIW®SaRfo epoxi de

of 25 the fornmul gonfi€tidns. Appropriate solvent systems include
tetrahydrofuran, ethylether, methyl-tert-butylether,
10 methylene chloride, N,N-dimethylformamide and the like,
including mixtures thereof.

. Alternatively, the protected amino alcohol from
the epoxide opening can be further protected at the newly

15 introduced amino group with a protecting group P' which is
not removed with the removal of the amino protecting groups
P or P! and P2, i.e., P' is selectively removable. One
skilled in the art can choose appropriate combinations of
P', P, Pl and P2. For example, suitable combinations are P

20 = Cbz and P*' = Boc; P' = Cbz and P = Boc; P! = Cbz, P2 =
benzyl and P' = Boc; and Pll= P2 = benzyl and P' = Boc. The
resulting .compound represented by the formula

R2
PI P
i
PP OH R’

R:

g
/
2z
) =2
\
o

OH R’
25
can be carried through the remainder of the synthesis to
provide a compound of the formula
R10 R11H O R2 .
R13 | .
\ N P
N Y N YN
R2 O R' H OH RS
30

wherein P', R, R2, R3, R10, R11l, R12 and R13 are as defined
above. The remainder of the synthesis above can be carried



wherein P and R err] are as defined above. Suitable solvent systens for

preparing the am no epoxide include ethanol, nethanol, isopropanal,

t et rahydrof uran, dioxane, and the 30 |Iike |ncluding m xt ures thereof.

Sui t abl e bases for producing the epoxide fromthe reduced chl oroket one

I ncl ude potassi um hydr oxi de, sodi um hydr oxi de, potassiumt-butoxi de, DBU

and the |i keyods/dg4Qf erred base i s potassi um hydroxi de. \KOTABH6E26851

PCT/ US96/ 02685 33 Alternatively, a protected am no epoxi de can be prepared,

such as in co-owned and co- pendi ng PCT Pat 4t Appl i cation Serial No.

PCT/ US93/ 04804 (WD 93/23388) and 5 [ US94/ 1l, a US ,Pat_ent

Application AttofiEy3Bod&eired e1Eh 2§ éiﬁ: d?ghqgﬁﬁ§€9rﬁﬁ?%ﬁ¥ﬁF or

her ei n by referemeupa omeiat eantn.metq@r msaclpxeéomedhadﬂam‘ulprmpdelm afhi r al

epoxide, chiral aeadORHaK idhe Gsighedst cﬁﬁdlat BEE Slud.a) Thl! BLERGY al e
of a

useful in the 10 preparation retroviy r ot eas bitors, rting
with a DL-, D oPPPrEAfRFSEhE ReAEANE L2} esé[é{t@&SWt’PP"é"%PPébFBe latter
ani no- protectSnglgraha conmserydintabirathies i methedpr osiueshericam no- prot ect ed

amino aci d ester trFQ%Fg%ﬁéPgoﬁgﬁ Bé,sﬂﬂ%ﬁar aEg?? sady Ot %Eﬁgrl n%&]bq} or

acid with 15 the oW N o preparé t
of this inventi o§roup P' 1s then selectively removed and the resulting amine

is reacted with the sulfonyl chloride R4502C1, the sulfonyl
bromide R4SOZBr or the corresponding sulfonyl anhydride,

10 preferably in the presence of an acid scavenger, to form the
compounds of the present invention

St

15 wherein R}, R2, R3, R4, R10, R11l, R12 and R13 are as
defined above. This selective deprotection and conversion
to the sulfonamide can be accomplished at either the end of
the synthesis or at any appropriate intermediate step as
desired.

20 The chemical reactions described abowve are generally
disclosed in terms of their broadest application to the
preparation of the compounds of this invention.
Occasionally, the reactions may not be applicable as
described to each compound included within the disclosed

25 scope. The compounds for which this occurs will be
readily recognized by those skilled in the art. In all
such cases, either the reactions can be successfully
performed by conventional modifications known to those
skilled in the art, e.q., by appropriate protection of

30 interfering groups, by changing to alternative
conventional reagents, by routine modification of
reaction conditions, and the like, or other reactions
disclosed herein or otherwise conventional, will be
applicable to the preparation of the corresponding



[err] wherein P3 represents carboxyl-protecting group, e.g., nethyl, ethyl,
benzyltertiary- buby—4—20— net hoxxyphenytrethyt and the-%%ke-—ﬁi—rs—as
defined above; and P[err] and P[err] and/or P independently are sel ected
fromam ne protecting groups, - including but not limted to, aralkyl,
substituted aral kyl, cycloal kenyl al kyl and substituted cycl oal kenyl al kyl
al lyl, substwoésedmassal | yl, 25 acyl, al koxycarbonyl, aral komw and
silyl. Exanples of aral kyl include, but are not limted to benzyl,

ort ho- net hyl benzyl, trityl and benzhydryl ,govhi ch can be optionally
substituted with hal ogen, alkyl of Cerr]-(err], alkoxy, hydroxy, nitro,
al kyl ene, am no, caﬂpoﬁddsﬂdﬁﬁthﬁs dtoyémtniomn alid atylpreparadive matheds.such

hosph I,
o SIEEPLOT ) SREARL ) 0LE R E ocih )tentprspat et

napht hal enyl , X enylf uorenyl) and
_phenanthrenyl, c PRl KArHing e srialistit ut ed cycl oal kyl enyl al kyl VO
96/ 28464 Without further elaboration, it PCTBeISHA/ed26B5t dne

radical's contal npg, xS 00 8,01 <L erid e efcl peSdal aeBeyipatops

i ncl-ude car boben? toxycarbon { x car enzoy
substit uted benzuyhl1%@t%h%ﬂpreéééFyFHV?ﬁqlqn G&r6§%e¥®4le%QWexEﬁPBroéE¥ﬁy1
phthal oyl and 5 theibhisy pgretlert-abl yp&ffid cnbadbhernts sates ithdepodent|y

to be construed as merely illustrative, and not

limitative of the remainder of the disclosure in any way
10 whatsoever.

All reagents were used as received without
purification. All proton and carbon NMR spectra were
obtained on either a Varian VXR-300 or VXR-400 nuqlear

15 magnetic resonance spectrometer.

The following Examples illustrate the preparation of
inhibitor compounds of the present invention and
intermediates useful in preparing the inhibitor compounds

20 of the present invention.

25
METHOD 1: 2S-[Bis{(phenylmethyl)amino]benzenepropanol
from the DIBAL Reduction of N,N-bis(phenylmethyl)-L-
Phenylalanine phenylmethyl ester

30 Step 1:

A solution of L-phenylalanine (50.0 g, 0.302 mol},
sodium hydroxide (24.2 g, 0.605 mol) and potassium
carbonate (83.6 g, 0.605 mol) in water (500 mL) was



selected fromaral kyl and substituted aral kyl. Mre preferably, each of

Plerr] and P[err] is_henzyl. Additionally, the Plerr] and/or P[err] and/or

P protecting 10 groups can forma heterocyclic ring with the nitrogen to

whi ch they ‘are attached, for .exanple, 1,2-bis(nethylene)benzene,

pht hal i m dyl, succinimdyl, maleimdyl and the |ike and where these

het erocycl i qgdepas can further include adjoining aryl andpcyisssd26ssl 15

rings. I.n addition, the heterocyclic groups can be nono-, di- or

tri-substituted, e.g., nitrophthalimdyl: gfne termsilyl refers to a

silicon atomoptionally substituted by one or nore al kyl, aryl and aral kyl

groups. 20hSiJi Ffihbatéa! v 931"0!; ?c?émagmumdénc}mes mdyt 02685 1)l st ed

to, trinethylsi t , -4 SORropyl st yl., .

tert-butyl di met hy)#'%?l %gﬂyr?;*dﬁ&| %‘téé%ﬁls?sﬁ %‘9‘% 5 Yhin) . ~The mixture

1, 2- bi s(di et hyl ¥pFys}beredmt 9}2/ o 39 BiavEes Hndan @ peERRERN and

g! phgny! Imelt hyl si hyhosﬁ:éyé.gt iThie _emﬁ:tteorama%se cﬁumeaimsﬁdoauhﬁlreﬁpéﬂ@tmoj dor
i s-disilylanine_can vi de v es_ of, t al¢o am no acid,

amno acid ers% er ?ggnﬁ’?%%#oedag'ﬁ%ha%%?éﬁ n(?t ﬁegégs%ﬂ )g’f 'Ig]ﬁ%c?mglc'? S, am no

acid 30 esters apygapiqolansns werdewashedysithowabertand damipsnyfrietcti on

provi des the requveednadidsi il sbilSabé) ViildEreaaba@hedneeditiakati @9 &f the
am noal cohol can l.ead to t.h @"N C>£r|-5|kyl derivative . Renoval of the
silyl function fP&hrt h'SitRNEIEKPT 1 TR HESIUCE FRg ffqRFLrmed as

follows. BAnalytical TLC (10% ethyl acetate/hexane,

10 silica geli showed major component at Rf value = 0.32 to
be the desired tribenzyla;ed compound, N,N-
bis (phenylmethyl) -L-phenylalanine phenylmethyl ester.
This compound can be purified by column chromatography
{silica gel, 15% ethyl acetate/hexane). Usually the

15 product is pure enough to be used directly in the next
step without further purification. 1y MR spectrum was in
agreement with published literature. 1H NMR (CDCL3) 0,

3,00 and 3.14 (ABX-system, 2H, Jap=14.1 Hz, Jax=7.3 Hz

and Jpx= 5.9 Hz), 3.54 and 3.92 (AB-System , 4 H,

20 JaB=13.9 Hz), 3.71 (t, 1H, J=7.6 Hz), 5.11 and 5.23 (AB-
System, 2H, Jag=12.3 Hz), and 7.18 (m, 20 H). EIMS: m/z

434 (M~-1).
Step 2:
25 The benzylated phenylalanine phenylmethyl ester

(0.302 mol) from the previous reaction was dissolved in
toluene (750 mL) and cooled to -55°C. A 1.5 M solution
of DIBAL in toluene (443.9 mL, 0.666 mol) was added at a
rate to maintain the temperature between -55 to -50°C

30 {addition time - 1 hr). The mixture was stirred for 20
minutes under a nitrogen atmosphere and then quenched at
-55°C by the slow addition of methancl (37 ml). The cold
solution was then poured into cold (SW:) 1.5 N HC1
solution (1.8 L). The precipitated solid (approx. 138 qg)

35 was filtered off and washed with toluene. The solid
material was suspended in a mixture of toluene (400 mL)
and water (100 ml). The mixture was cooled to 5°C and
treated with 2.5 N NaOH (186 mL) and then stirred at room



35 acconplished by treatnent with, for exarrpl e, a netal hydroxide or

amyeri um f.louri de- Leagen¥*me+LheL_as a—diseret-a—ieast i on Step -Of—iidmsSit-U——
during the preparation WO 96/ 28464

PCT/ US96/ 02685 35 of the ami no al dehyde reagent. Suitable silylating agents
are, for exanple, trimethylsilyl chloride, tert- buty-dinmethylsilyl
chloride, phqpydemssgat hyl silyl chlorie, diphenylnethylsilyl ®cTasseesss
their conbination 5 products with imdazole or DM. Methods for
silylation of anmines and renoval of silyl pyotecting groups are well known
to those skilled in the art. Methods of preparation of these am ne

derivatives from gempesdandi Ratali 86188 i disscaAWed? arhé wiudes mayamm acid

esters are 10 also mell ose_sKki in.the .a

cheni stry incl udi RAGPAHY %‘4(;8”8‘/ gﬁfn%q‘é%?”c? @k‘?@? 8?d "Frfi‘snhoe(ﬂt go%ol cﬁem stry.
The ami no- pr ot ect edd | bairieho drdied everrmianeasiam $8liateludddtergdt ard
correspondi ng al Cesaéentf&rea%@rral Polbhe GHH7B0mBr @w@ed lEtdph NQcagatk est er

ol vent  such o8t SPacH BHLHERRDE [L0 M yaBeADLSd it B EERHP won
al um ni um hydri dewhi.ch hihemdesigegdaldehol Prosiogk ubedan dly drivésalbbrane,
lithiumtri-ter- RetgxyH YWid)UEhh¥Ea1 Sfond05aN5, THEx&MRicye abB8A to
promote further crystallization. The solid was filtered
off and washed with 50 ml hexane to give 34.9 g of first
10 crop product. A second crop of product (5.6 g) was
1solated by refiltering the mother ligquor. The two crops
were combined and recrystallized from ethyl acetate (20
mL) and hexane {30 ml) to give 40 g of RS-2-{Bis(phenyl-
methyl)amino]benzenepropanol, 40% yvield from
15 L-phenylalanine. An additional 7 g (7%) of product can be
obtained from recrystallization of the concentrated
mother ligquor. TLC of product Rf = 0.23 (10% ethyl
acetate/hexane, silica gel);lH NMR (CDCl3) 9 2.44 (m,
14,), 3.09 {m, 2H), 3.33 (m, 1H), 3.48 and 3.92 (AB-
20 System, 4H, Jap= 13.3 Hz), 3.52 (m, 1H) and 7.23 (m,
15H); [o)p25 +42.4 (c 1.45, CH2Cl2); DSC. 77.67°C; Anal.
Calecd. for C23H250N: C, 83.34; H, 7.60; N, 4.23. Found:
C, 83.43; H, 7.59; N, 4.22. HPLC on chiral stationary
phasé: Cyclobond I SP column (250 x 4.6 mm I.D.), mobile
25 phase: methanol/triethyl ammonium acetate buffer pH 4.2
(58:42, v/v), flow-rate of 0.5 ml/min, detection with
detector at 230nm and a temperature of 0°C. Retention
time: 11.25 min., retention time of the desired product
enantiomer: 12.5 min.

30
METHOD 2: Preparation of BS—2—[Bié{phenylmethyl)amino]
benzene-propanol from the N,N-Dibenzylation of
L-Phenylalaninol

35 L-phenylalaninol (176.6 g, 1.168 mol) was added to a

stirred solution of potassium carbonate (484.6 g, 3.506
mol) in 710 mL of water. The mixture was heated to 65°C
under a nitrogen atmosphere. A solution of benzyl



preferably, the reducing agent is diisobutylalum num hydride (D BAL-H) in
tol uene. The resul ting-alcohol is_then converted, for . exanple, by way of a
Swern oxidation, 25 to the correspondi ng al dehyde of the forrmula: [err]
wherein Plerr], Plerr] and Rlerr] are as defined above. Thus, a

di chl oronet hane solution of the alcohol is added to a cooled (-75 to
-68[err] O vw@bduesg@n of oxalyl chloride in 30 dichloronet rorasssutessVsO i n
di chl oronet hane and stirred for 35 mnutes. Acceptabl e oxidizing reagents

i nclude, for exanple, sulfur trioxide-pyrigjne conplex and DVMSO, oxal yl
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chloride and DNBQmﬁméylzxmlgqrbdswrmmhmf BAeetEhdIVEQost milmoacetyl

chl oride or anhydri.d anesulfo yl.chl oride,and

t et rahydro thi apﬁgﬁsgsaa‘b)ﬁ ([f)'g%et Bgeé EPS,{}%}‘&’%’ e i
trifluoronet hane$@r-6876: ZThieydipksia rSIOﬂhztcoarWQerstde“}‘edn@It 940, fphosphor us
pentachl ori de angsDIVBE axh rea{chy | amémrad cPahoebogoengi BYER qibussobut yl

e L N
1141, 1987) enpl gyedubesd yithec prodide wasl d3NVBOedt wmls[zaror ]LC.of tap water
and stirred for 5 minutes to dissolve the inorganic by
products. The product was isolated by filtration under
reduced pressure and washed with water until the pH is 7.
10 The crude product obtained was air dried overnight to
give a semi-dry solid (407 g} which was recrystallized
from 1.1 L of ethyl acetate/heptane {(1:10 by volume).
The product was isolated by filtration (at -8°C ),
washed with 1.6 L of cold (-10°C ) ethyl acetate/heptane
15 (1:10 by volume) and air-dried to give 339 g (88% vyield)
of RS-2-[Bis(phenylmethyl)amino]lbenzene-propanol, Mp =
71.5-73.0°C. More product can be obtained from the
mother liquor if necessary. The other analytical
characterization was identical to compound prepared as
20 described in Method 1.

EXAMPLE 2

25 Preparation of 2s-[Big envlmethyl)amino

benzenepropanaldehyde

METHOD 1:
25- [Bis (phenylmethyl)amino]benzene-propanol (200 g,
30 0.604 mol) was dissolved in triethylamine (300 mL, 2.15
mol). The mixture was cooled to 12°C and a solution of
sulfur trioxide/pyridine complex (380 g, 2.39 mol) in



The preferred oxidation nethod described in this invention is sulfur

tr+exi-de—pyridi ne copptexs—is—tri et hyl ar-re—ara—bMBO-at I oom-erperai-ti-e.—

This system provi des excellent yields of the desired chiral protected am no
al dehyde usabl e without the need for purification i.e., the need to purify
kil ograns of internediates by chromatography is elimnated and | arge scale
oper ati ons 2wossi284édnde | ess hazardous. Reaction at room t ®FEABNIE 5| so
elimnated the need for the use of |ow tenperature reactor which makes the
process nore suitable for commercial produggi on. 25 The reacti on may
be carried out under an inert atnosphere such as nitrogen or argon, or
normal or dry ai rDMSthdédr. balieaharddedhrsssuraterte maantaanetheeacti on

vessél under pOS't!én\{dérBﬁ:ﬁ%é”bStw@ér?feeflﬁe@ 1a°da=1tr1bhr egRE AtNMBREr erhe
Al ternative am ne aesmclude mg tri-butyl am ne,
tri-isopropyl ani O HRRy Eﬁfﬁﬁékﬁt & t?ﬁﬁpqﬁﬁtBHSI?ﬂ er a

azabri cycl ononane an:lrlosmpr epposphertaarfiorel.3, Bcptﬁl; Gt mm.a:hetﬁnyeptmrl di ne,

N, N-di et hy| am n%é{dtq}oﬁewagrc&iﬁ‘féﬁee%gohéh&%&y@i%e%ﬁré sfl ylamne is a
preferred base. Alternatives to g 2 O as sol vent 1nclude m xtures

of DVBO with non-FE e/ BEXREE 0 98P ventRe RATEION: BLXEWERIMEur an,
ethyl acetate, tctasded wiyheiee whtEd andngthéacieed etityl éné Hichlavlidle and

the like. Dipolar,4u,0tihg-§8°S0/0(eRt 85 minutes. The resultant solution
was extracted with ethyl acetate (2.0 L), washed with 5%
10 c¢itric acid (2.0 L), and brine (2.2 L), dried over MgSO4
(280 g) and filtered. The solvent was removed on a
rotary evaporator at 35-40°C and then dried under vacuum
to give 198.8 g of 2S-[Bis-(phenylmethyl)amino]-
benzenepropanaldehyde as a pale yellow oil (99.9%). The
15 crude product obtained was pure enough to be used
directly in the next stép without purification. The
analytical data of the compound were consistent with the
published literature.[a]p25 = -92.9 ° (¢ 1.87, CH2Cl2);
1p MR (400 MHz, CDC13) o, 2.94 and 3.15 (ABX-System,
20 2H, Jam= 13.9 Hz, Jax= 7.3 Hz and Jpx = 6.2 Hz), 3.56
(¢, 1H, 7.1 Hz), 3.69 and 3.82 (AB-System, 4H, Jam= 13.7
Hz}), 7.25 (m, 15 H) and 9.72 (s, 1H); HRMS Calcd for
(M+1) C23H24NO 330.450, found: 330.1836. Anal. Calcd. for
C23H230N: C, 83.86; H, 7.04; N, 4.25, Found: C, 83.64; H,
25 7.42; N, 4.19. HPLC on chiral stationary phase: (S, S)
Pirkle-Whelk-0O 1 column (250 x 4.6 mm I.D.), mobile
phase: hexane/isopropanol (99.5:0.5, v/v), flow-rate: 1.5
ml/min, detection with UV detector at 210nm. Retention
time of the desired S-~isomer: 8.75 min., retention time
30 of the R-enantiomer 10.62 min.

METHOD 2:
A solution of oxalyl chloride (8.4 ml, 0.096 mol) in
dichloromethane (240 ml) was cooled to -74°C. A solution
35 of DMSO (12.0 ml, 0.155 mol) in dichloromethane (50 ml)
was then slowly added at a rate to maintain the
temperature at -74°C (addition time ~1.25 hr). The



WD 96/ 28464 PCT/ US96/ 02685 37

I ncl ude acetonitril e—dimethyl f orvarm-de, di nethylacetam de, acetam.de,
tetramethyl urea and its cyclic anal og, N nethylpyrrolidone, sulfolane and
~the like. Rather than N, N-di benzyl phenylal ani nol as the 5 al dehyde
precursor, the phenyl al ani nol derivatives di scussed above can be used to
provi de t he wwsersgsgaondi ng N-nonosubstituted [either P[err] PEE/USP&268S = H)
or N,N- disubstituted al dehyde. 10 I n addition, hydride reduction of
an am de or ester derivative of the corresfipndi ng benzyl (or other suitable
protecting group) nitrogen protected phenyl al ani ne, substituted

phenyl al ani ne or mixthoal &ys striaired 6br phewixl.alfadiloeed e \agidii v @ on amf bE
carried out to PLoflLEfod e tisezal[Qﬁgyﬂﬁ&yn@e@&wmﬁ@wﬁgnb&pﬁp

addi ti onal netho esi under condjtions where

condensat i ons ar é9%93f# d‘&%lyc‘fn 1&%@ h Rk rdisH@remghhang ol aé’ld&éFr?HeEl‘B? th| S
process can al so-26 piepartesn?0 -755C et R6@8SCof rheusbbgt jomtvest ed

phenyl al ani nesangtggﬁgal al anjsraﬁcf&al@ lgl{lt}egehﬁ?@gnadglggoséﬁer derivatives

by, e.g., sodium anal gam w t ano hi um or ~sodi um or
pot assi um or cal @tWPHe’é?mDﬁ'ir&EtWéa?‘b%tﬁﬂnzt Bhpe? a4t @My WBE eI about

-20[err] C to abouddagl 4%éx mdnmr efieanp! y—7fs°oaa>ab53°c5[epdsr} wHichakaet

25[err] C. Two adg]} ni ﬁg Lot ecl
al dehyde i ncl ude "0X ga@‘on 4] ecgé(l)trggée%%on ng IFRTl ljgte'ag g c%deldn t he
presence of a catfﬁ’lryﬁpc“%mfmd &hen water (225 ml) Was added. The

10 dichloromethane layer was separated from the agueous

phase and washed with water, brine, dried over magnesium
sulfate, filtered and concentrated. The residue was
diluted with ethyl acetate and hexane and then filtered
to further remove the ammonium salt. The filtrate was

15 concentrated to give 0S-[bis{phenylmethyl)amino]
benzenepropanaldehyde. The aldehvde was carried on to
the next step without purification.

METHOD 3:

20 To a mixture of 1.0 g(3.0 mmoles) of RS-2-
[bis (phenylmethyl)amino)benzenepropanol 0.531. g{4.53
mmoles) of N-methyl morpholine, 2.27 g of molecular
sieves(4A) and 2.1 mL of acetonitrile was added 53 mg
{0.15 mmoles) of tetrapropylammonium perruthenate (TPAP}.

25 The mixture was stirred for 40 minutes at room
temperature and concentrated under reduced pressure. The
residue was suspended in 15 mL of ethyl acetate, filtered
through a pad of silica gel. The filtrate was
concentrated under reduced pressure to give a product

30 containing approximately 50% of oS5-2-
[bis (phenylmethyl)amino]lbenzene propanaldehyde as a pale
yvellow oil.

METHOD 4:

35 To a solution of 1.0 g (3.02 mmoles) of RS-2-
[bis {phenylmethyl)amino]benzenepropanol in 9.0 mL of
toluene was added 4.69 mg(0.03 mmoles) of 2,2,6,6~



2,2,6,6-tetramethyl - 1-pyridyloxy free radical. In a 30 second nethod,
ox+eat+on—of -t he alcohol to the al dehyde-s—accooplished by a catalytic
anmount of. tetrapropyl ammoni um perruthenate in the presence of

N- et hyl nor phol i ne- N- oxi de. 35 Al ternatively, an acid chloride
derivative of a protected phenyl al ani ne or phenyl al ani ne derivative as

di scl osed ab@ywaspadgs be reduced with hydrogen and a cat al yst pemwBos2688d on
bari um carbonate or barium WD 96/ 28464 :

PCT/ US96/ 02685 38 sul phate, with or w thoutggan additional catalyst

noder ati ng agent such as sul fur or a thiol FRosennund Reduction). 5

The al dehyde r esutét ramdthpi-i hpi el di rgiliostst | ffed ddiealr ¢@EMPO) With a

hal ofret hyl I'i t hi unyr n | e - eq inn_+SiLku reacting
an al kyl I'i t hi um g?'%f%ﬁ :lﬁl 13@15%%5 o%?avtd\nlk"% ggﬁlﬁ%%'o%étoh%eb{s e%ﬁé’slent ed by
the formul a X[ er r}es}ar& PRPelr? Whleiwaterer r Thafetxuaer Yag nae@kadid Oy 10
rﬁlpresen'é |, Br ofC@nd anoagauenP|sH1utionl BE I]DDS'DfmII e a%dnhﬁsam#w

chl or oi odonet hane, 4 E. | ' t.0 = 78 S lon o

- buryl i nus | hSeheoRta i’ s Kleirome Rk B8 SR 1 e o

di ast ereoners of kiraxkenasepandi HPhminefpwatertwas asideddaiowty tauer 25

fornulas: [err] minutes. The mixture was stirred at 0 °C for 60 minutes.

Two more additions (1.44 mL each) of bleach was added
followed by stirring for 10 minutes. The two phase

10 mixture was allowed to separate. The agueous layer was
extracted twice with 20 mL of ethyl acetate. The
combined organic layer was washed with 4.0 mL of a
solution containing 25 mg of potassium iodide and
water(4.0 mL), 20 mL of 10% agqueous sodium thiosulfate

15 solution and then brine solution. The organic solution
was dried over magnesium sulfate, filtered and

concentrated under reduced pressure to give 1.34g of

crude o0il containing a small amount of the desired
product aldehyde, aS-[bis(phenylmethyl)amino]

20 Dbenzenepropanaldehyde.

METHOD 5:
Following the same procedures as described in Method

1 of this Example except 3.0 equivalents of sulfur
25 trioxide pyridine complex was used and 0OS-

[bis (phenylmethyl)aminolbenzenepropanaldehyde was
isolated in comparable yields.

EXAMPLE 3

&<

30




15 The di astereoners can be separated e.g., by chromatography, or,
alternatively, once reacted in suhsequent steps_the diastereaneric products
can be separated. A D-anmino acid can be utilized in place of 20 the

L-ami no acid in order to prepare conpounds having an (S) stereochem stry at
t he carbon bonded to R2. The addition of chloronethylithium or

brononet hyl ifdieagkds© @ chiral amno al dehyde is highly 25 pcr/Usssn268s

di astereosel ective. Preferably, the chloronethyllithiumor

brononet hylithiumis generated in-situ fr the reaction of the

di hal onet hane and n-butyllithium - Acceptabl e net hyl eneati ng hal omet hanes

I ncl ude chl or oi oggwrgbpane, bronochl or onet hane, di br ononet hane, 30

di i odonret hane, br onof ugggﬂr@{&?e%ef ?%g[gggﬁﬁ%é@%mgggﬁy%umfgﬁ% er of the

addi ti on product of, tor exanp ro or el e is also
a met hyl eneat i ng pageanal Geltyden\(d9af Uran § H& melpr andrehkdrodiodenethargever

al ternative sol vamlgs4SHEN @71 Qoifnen derRijRnsehibane1.s MOwRE/ 2846y
PCT/U896/0268§ 3% eggxlengdﬂgghlpr $e nmet h Ie&e chl rige_ b%s%sed as
pure sol vent s2or *8s " a%nF%t Ut Iff‘bjo < ?HP%FE 531 & sugﬁq:af
acetonitrile, DVworkledewéll fyutr elarnienct empenssafires ave swineneeddlyas part of
a solvent m xturecnhiBfed in large scale operations) in a stainless steel
reactor under a nitrogen atmosphere. A solution of n-
butyl lithium in hexane (1.6 M, 365 mL, 0.58 mol) was
10 then added at a rate that maintained the temperature
below -25°C. After addition the mixture was stirred at
-30 to -35°C for 10 minutes. More additions of reagents
were carried out in the following manner: (1) additional
chloroiodomethane {17 mL) was added, followed by n-butyl
15 lithium (110 mL) at <_-25%:. After addition the mixture
was stirred at -30 to -35°C for 10 minutes. This was
repeated once. (2) Additional chloroiodomethane (8.5 mL,
0.11 mol) was added, followed by n-butyl lithium (55 mL,
0.088 mol) at <-25°. After addition the mixture was
20 stirred at -30 to -35°C for 10 minutes. This was
repeated 5 times. (3) Additional chloroiodomethane (8.5
mL, 0.11 mol) was added, followed by n-butyl lithium (37
mL, 0.059 mol) at <-25°C. After addition the mixture
was stirred at -30 to -35°C for 10 minutes. This was
25 repeated once. The external cooling was stopped and the
mixture warmed to ambient temp. over 4 to 16 hours when
TLC (silica gel, 20% ethyl acetate/hexane) indicated that
the reaction was completed. The reaction mixture was
cooled to 10°C and quenched with 1452 g of 16% ammonium
30 chloride solution (prepared by dissolving 232 g of
ammonium chloride in 1220 mL of water), keeping the
temperature below 23°C. The mixture was stirred for 10
minutes and the organic and agueous layers were
separated. The agueous phase was extracted with ethyl
35 acetate (2x 500 mL). The ethyl acetate layer was
combined with the tetrahydrofuran layer. The
combined solution was dried over magnesium sulfate



5 reaction can be carried out under an inert atnosphere such as nitrogen or
argop—Foer—n- butyl Hthiwm-can-be substituted-ogther organonetalicreagents
reagents such as nmethyllithium tert-butyl lithium sec-butyl [ithium
phenyl lithium phenyl sodiumand the |ike. The reaction 10 can be carried
out at tenperatures of between about -80[err]C to O[err]C but preferably
bet ween abouwoo&itlses r] C to -20[err] C. The nost preferred recBCR/USAE0268S
tenperatures are between -40[err]C to -15[err]C Reagents can be added
singly but nultiple additions are preferredrzin certain conditions. The 15
preferred pressure of the reaction is atnospheric however a positive
pressure is val uatizgind€ilecersédi and woticentpst edicin as rataryghevaporditoy

i t. At o, ; ' ' . Of t hi
venti on | nel ude S aEat 1 TET O St RoP L sy S SR GRS 4f vdcho 1 ©

speci es fol | owed & ket £pEal nerftc Wivie Ba3ed 19 Fhochudremakersoud TR on.
EngFles of tI1esecfuﬁﬂ3bﬁﬁd@66|?FEQ%?iw3%tBlbeﬁlfcegﬁﬂtuﬁtﬁésf$fﬁ&iqﬁ' ol d

triflate, tetrane u t by y i um hal i de
wherein hali desai sfﬁ%o%g? g?o%ﬂ%g%gﬁédgﬁegy%égogggv;g%o%(‘%?e.'t he

al dehydes of t hi sPHQfnakt Agnupwably nsed daorFuly didy ithet nest cakemwidhsat

Cﬁrri ed O;Jt in 3Cb1iﬂi|ﬂfiicﬂ|t§ofﬁ§ epsrhézflfia%)ééﬂ‘gbﬁefi&&a@iéi bFQﬂthcxtd&é ani on of
he protect ed an HOHRenYHE, SoseREtech By pERSR o8 1 g pIARLEAG TS 1O
ami nosul fi de al cdthe minolr asd| mdgmveroxiidez dhas tapsomersugeras hydr ogen
10 characterized in this mixture by tlc analysis (silica
gel, 10% ethyl acetate/hexane), Rf = 0.29 & 0.32,
respectively. An analytical sample of each of the
diasterecmers was obtained by purification on silica-gel
chromatography (3% ethyl acetate/hexane) and
15 characterized as follows:

N,N,aS-Tris (phenylmethyl)-2S-oxiranemethanamine

lg NMR (400 MHz, CDCl3) @ 2.49 and 2.51 (AB-System, 1H,

20 JaB = 2.82), 2.76 and 2.77 (AB-System, 1H, Jap = 4.03),
2.83 (m, 2H), 2.99 & 3.03 (AB-System, 1H, Jas = 10.1 Hz),
3.15 (m, 1H), 3.73 & 3.84 (AB-System, 4H, JaB = 14.0C),
7.21 (m, 15H); 13c NMR (400 MHz,CDCl3) @ 139.55,
129.45, 128.42, 128.14, 128.09, 126.84, 125.97, 60.3Z,

25 54.23, 52.13, 45.99, 33.76; HRMS Calcd for C24H2gNO (M+1)
344.477, found 344.2003.

N,N, aS-Tris {phenylmethyl) -2R-oxiranemethanamine

30 1y MR (300 MHz, CDCl3) @ 2.20 (m, 1H), 2.59 (m, 1Hj,
2.75 (m, 2H), 2.97 (m, 1H), 3.14 (m, 1H), 3.85 [(AB-.
System, 4H), 7.25 (m, 15H}.HPLC on chiral stationary
phase: Pirkle-Whelk-0 1 column (250 x 4.6 mm I.D.),
mobile phase: hexane/isopropancl (99.5:0.5, v/v), flow-

35 rate: 1.5 ml/min, detection with UV detector at 210nr.
Retention time of(8): 9.38 min., retention time of
enantiomer of (4): 13.75 min.



35 peroxide, tert-butyl hypochlorite, bleach or sodium periodate to give a
sul foxi de. Al kyl ati onof-the sul foxide wth, for—exanple, nethyliodide or
brom de, nethyl tosylate, nmethyl nesylate, nmethyl triflate, ethyl WO
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brom de, isopropyl brom de, benzyl chloride or the like, in the presence of
an organi c @fgdsha4edani c base Alternatively, the protected @0CTASSMI2685d0¢e

al cohol can be alkylated with, for exanple, the al kylating agents above, 5
to provide a sulfoniumsalts that are subsgguently converted into the

subj ect epoxides with tert-am ne or mneral bases. The desired epoxides
formed, using nost preferred 10 conditions, diastereoselectively in ratio
anounts of at qu&%m% Bo yt an 85:15 ratio (S:R). The product can be purified
by chronat ography g\ vé the diastereonerically and enantionerically pure

product but it is noré EOhVERPRMR] ;Fhﬁsﬁiauéﬁr%kq#ry% PnBYs Pk imScation to
15 prepare retr @Hlodbipiohettsend N{Ti. DI fd} SO. oeﬂﬂmofmregmélg:amymesaraﬁ

appl i cabl e toggl i((tczlélr elﬁ%gfwggfé&ogled $QTES So2S uwa bt serf{etgitsgl \Aed conmpounds. |f

a particul ar esired, It ‘can by t he choi ce of
starting nateri alatmogphere; - phekyd M salneiomobm- bykehyl Hmdan

L- phenylfal ani nol nhdRapeenybahPNi@40 mol) was then added at a rate to
maintain the temperature at -75°C (addition time - 15
min.). After the first addition, additiocnal

10 chloroiodomethane (1.6 ml, 0.022 mol) was added again,
followed by n-butyl lithium (23 ml, 0.037 mol}, keeping
the temperature at -75°C. The mixture was stirred for
15 min. Each of the reagents, chloroiodomethane (0.70
ml, 0.010 mol) and n-butyl lithium (5 ml, 0.008 mol) were

15 added 4 more times over 45 min. at -75°C. The cooling
bath was then removed and the solution warmed to 22°c
over 1.5 hr. The mixture was poured into 300 ml of
saturated ag. ammonium chloride solution. The
tetrahydrofuran layer was separated. The aqueous phase

20 was extracted with ethyl acetate (1 x 300 ml). The
combined organic layers were washed with brine, dried
over magnesium sulfate, filtered and concentrated to give
a brown oil (27.4 g). The product could be used in the
next step without purification. The desired diastereomer

25 can be purified by recrystallization at a subsequent
step. The product could also be purified by
chromatography .

METHOD 3:

30 A solution of 0S-[Bis{phenylmethyl)amino]benzene-
propanaldehyde (178.84 g, 0.54 mol) and
bromochloromethane (46 mL, 0.71 mol) in tetrahydrofuran
{1.8 L) was cooled to -30 to -35°C (colder temperature
such as -70°C also worked well but warmer temperatures

35 are more readily achieved in large scale operations) in a
stainless steel reactor under a nitrogen atmosphere. A
solution of n-butyl lithium in hexane (1.6 M, 340 mL,



D- hexahydr ophenyl al ani nol and the |ike, or resolution can occur at

| pt-e+ediate—-or fipal—steps—Ohiral ahdttar-es—sueh--as one -e+——+wo——m——
equi vil ants of canphor sulfonic acid, citric acid, canphoric acid,

2- met hoxyphenyl acetic acid 25 and the |like can be used to formsalts,
esters or am des of the conpounds of this invention. These conpounds or
derivatives gaRehesrystallized or separated chronatographi pet/gscmséssg
either a chiral or achiral colum as is well known to those skilled in the
art. 30 The ami no epoxide is then reacted, ggh a suitable solvent system

wi th an equal anount, or preferably an excess of, a desired am ne of the
fornul a R err] NH @rs4 molhewakntidh izddaddaegencaie ithadsmeeht abtedtee. The

reaction can 35 é)ee%)c%(‘i_lf%%[eg?%/%f_%o&QeAftaer}g%d(a%F%ngE%@#g{x%ﬁmewgs, from

about 10[err]Cto 4 Out ut i s prefera necessarily,

conducted at a teftgirradups aBOvke cB X Gefen| Memingsghns More addikiongi t abl e
sol vent systems of Waa3enh®84fdre carried out in the following manner: (1)

ol vents. such Sas, 244REEREI bESCan iR RE 1L P et oRRES, rliap ©
such as net hanol ,betthdusl)l Lsthiwpalid2 mdhd ate< |1388C. etdirer addhtien
tetrahydrofuran, doxanRueBdwas dtddddar ang ¢! 41€. for 10 minutes.
N,N—dlnethylforrm%gégawaglggéggéed once. (2) Additional
bromochloromethane (7 mL, 0.11 mol) was added, followed
10 by n-butyl lithium (51 mL, 0.082 mol) at <-25°C. After
addition the mixture was stirred at -30 to -35°C for 10
minutes. This was repeated 5 times. (3) Additional
bromochloromethane (7 mL, 0.11 mol}) was added, followed
by n-butyl -lithium (51 mL, 0.082 mol} at <-25°C. After
15 addition the mixture was stirred at -30 to -35°C for 10
minutes. This was repeated once. The external cooling
was stopped and the mixture warmed to ambient temp. over
4 to 16 hours when TLC (silica gel, 20% ethyl
acetate/hexane) indicated that the reaction was
20 completed. The reaction mixture was cooled to 10°C and
quenched with 1452 g of 16% ammonium chloride solution
{prepared by dissolving 232 g of ammonium chloride in
1220 mL of water), keeping the temperature below 23°C.
The mixture was stirred for 10 minutes and the organic
25 and aqueous layers were separated. The agueous phase was
extracted with ethyl acetate (2x 500 mL). The ethyl
acetate layer was combined with the tetrahydrofuran
layer. The combined solution was dried over magnesium
sulfate (220 g), filtered and concentrated on a rotary
30 evaporator at 65°C. The brown oil residue was dried at
70°C in vacuo (0.8 bar) for 1 h to give 222.8 g of crude
material.

METHOD 4:
35 Following the same procedures as described in Method

3 of this Example except the reaction temperatures were
at -20°C. The resulting N,N,uaS-tris{phenylmethyl}-2S-



sul foxi de, and m xtures thereof. A preferred solvent is isopropanol. The

resulting product is a 3-(Nprotected —_ ——
am no)-3-(Rerr])-1-(NHR[ err])-propan-2-ol derivative (hereinafter referred
to as an am no al cohol) can be 10 represented by the fornulas: [err]
wherein P, Plerr], Plerr], Rerr] and R err] are as descri bed above.

Al ternative hgl oal cohol can be utilized in place of t%,gfg; SR 0Xi de.
15 The am ny%?‘z’&ﬂ% defined above is then reacted in a suitable solvent
with the sulfonyl chloride Rerr]SOJerr]d ,_ the sulfonyl brom de
Rlerr]Sqerr]Br or the correspondi ng squOFI?/I anhydride, preferably in the

presence of an acj uit ' ! | ch ction
can be conducted Jlaaﬁ.cﬁ?agxgg\iﬁngﬁélﬁ.ﬁ]eewg% (%r ?g%%%%#‘%%gr%ﬁj%ne %ﬁdﬁgﬁég i ke.
Sui tabl e acid scaRuFgeT $henctirfe af Meth9fadi ne, pyridine and the |ike. The

resul ting sul fonam de derivative can be represented, depending on 25 the
epoxi de utilized vmwredpestornul as [err] wherein P, Plerr], Plerr], Rerr],
Rlerr] and Rdcare as fi e. e ' i.a sef
preparing i nhisbi tor c%&%ﬁgg&w b hsea];%r g’gggg&%é\%n 5 %i%gc%%}?eé] i wet{').gé

3 of this Example except the reaction temperatures were

at -70--78°C. The resulting N,N,0S-tris(phenylmethyl)-
2S-oxiranemethanamine was a diastereomeric mixture, which
was used directly in the subsequent steps without

10 purification.

METHOD 6:
Following the same proéedures as described in Method
3 of this Example except a continuous addition of
15 bromochloromethane and n-butyl lithium was used at -30 to
-35°C. After the reaction and work up procedures as
described in Method 3 of this Example, the desired
N,N,aS-tris (phenylmethyl) -2S5-oxiranemethanamine was

isolated in comparable yields and purities.
20

METHOD 7:
Following the same procedures as described in Method
2 of this Example except dibromomethane was used instead
of chloroicdomethane. After the reactioh and work up
25 procedures as described in Method 2 of this Example, the
desired N,N,as-tris(phénylmethyl)—ZS—oxirane-methanamine

was isolated.

EXAMPLE 4
30

O~
o T

Y i f
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The-sulfonyl halides of the formila RlerclSQarrlX can be prepared hy the

reaction of a suitable aryl, heteroaryl and benzo fused heterocyclo
Gignard or lithiumreagents with sulfuryl chloride, or sulfur dioxide
followed by 5 oxidation with a hal ogen, preferably chlorine. Aryl,

het eroaryl apgebiagy fused heterocyclo Gignard or |ithiumPEHYSN0EWSEan be
prepared fromtheir corresponding halide (such as chloro or brono)
conmpounds whi ch are comercially availablegar readily prepared from 10
commercially available starting materials using known nethods in the art.
Al so, thiols may be oxidized to sulfonyl chlorides using chlorine in the

presence of water undof, AIBikLdn COP'Eldeet goatA NS (Bdipi foal Y.

sul fonic acids, such as aryl sulftonic _aci converte
sul fonyl halides hs? (%) 1eBRF¥Rt sPRERHbIEape [‘é§$]5 gsoél pérmpl) d-"C(O)C(O)CI
and ‘the |ike, andisdgampancaniydyikles(atsietyysuatedrte)dedgdaddedy reagents.

The sul fonic aci d HE“(PE’? g{ge&parzgd ux% PCR;&C%dH%ﬁS v\ﬁlr known in
a

the-art. Some SU|?OHIC acrds _are 2 comrer cl a avai | n place of
the sul fonyl hal i eREREEAUEENINCHRA TR FIOM BT sofé) ter3QW-f e@PE hal i des
(Rlerr] SX) can beswuﬁuoheebarsoraéamr& CBQHIDC)AHtﬂS‘st\MiQé&I attieis Sqerr] -

noiety is replace%%éﬁ%fa%uE§C%ogr etyThé%? %kXo A%y%sulfonip

aci ds, benzo fuse erocyc [0 su &ni ¢ aci eteroar sul fonic
acids can be prep@@%ﬁ?ﬂ?}a§eﬂféﬂ@@#cﬁﬁdﬂce@hﬁraﬁﬁﬂﬁﬁ|a§ 657§ byrhe brown

10 o0il residue was transferred to a 3-L flask and dried in
vacuo (0.8 mm Hg) for 16 h to give 450 g of 3S-[N,N-
bis (phenylmethyl)amino-4-phenylbutan-2R-0l as a crude
oil.

15 An analytical sample of the desired major
diastereomeric product was obtained by purifying a small
sample of crude product by silica gel chromatography (40%
ethyl acetate/hexane). Tlc analysis: silica gel, 40%
ethyl acetate/hexane; Rf = 0.28; HPLC analysis:

20 ultrasphere ODS column, 25% triethylamino-/phosphate
buffer pH 3-acetonitrile, flow rate 1 mL/min, UV
detector; retention time 7.49 min.; HRMS Calcd for
Cogty N0 (M + 1) 417.616, found 417.2887. An analytical
sample of the minor diastereomeric product, 3S5-[N,N-

25 bis{phenylmethyl)amino]l-(2-methylpropyl)amino-4-
phenylbutan-2S-o0l was also obtained by purifying a small
sample of crude product by silica gel chromatography (40%
ethyl acetate/hexane).



wel | known nethods in the art, such as by reaction with sulfuric acid,
SHerr], SOerr] conplexes,_such as DMF(SO err]) . _pyridine(SAerr]),
N, N- di met hyl acet am de(SO err]), and the like. 30 Preferably, aryl sulfonyl
hal i des are prepared fromaromati c conpounds by reaction with DM(S(O err])
and SOCl[err] or AC(OC(OC. The reactions nmay be perforned stepw se or

in a singl e wolosnsss Aryl sul foni c acids, benzo fused PERES96/0268% O
sul fonic acids, heteroaryl sulfonic acids, arylnercaptans, benzo fused
het erocycl o mer capt ans, heteroaryl mercapt ags, WO 96/ 28464

PCT/ US96/ 02685 43 aryl hal i des, benzo fused heterocycl o halides,

het eroaryl halides, and the |ike are compxapMpaEly avail abl e or can be
readily prepared fromstarting materials commercially avail abl e using
standard nmethods 5 well known in the @ For exanple, a nunber of
sulfonic acids (R err]SdJerr]H repre ad by the fornmulas [err] wherein
A B, Z Rerr], Rerr] and R err] are /defined above, have been prepared
from 1, 2-benzenedi t hiol, 2-mercaptanpheno\, ﬁé 2- benzenedi ol ,

2- am nobenzot hi azol e, benzot hi azole, 2- a nobe F#ﬁdazole ben2|nidazole,
and the |ike, which are comrerci al l el e W Carter, US Patent
4,595,407; Ehrenfreund et al., US eqﬂ 4, @34, 5; Yoder

5 eparation of N- - N-bi h lmethvl)ami -2(R) -
droxy-4-phenyl -N-isobutvliaminesoxalic aci al

To a solution of oxalic acid (8.08g, 89.72 mmol} in

methanol (76 mL) was added a solution of crude 3(S)-[N,N-

10 bis(phenylmethyl)amino]~1-(2-methylpropyl)amino-4-
phenylbutan-2 (R)~ol {39.68g, which contains about 25.44g
(61.06 mmol) of 3(S),2(R) isomer and about 4.4%9g (10.78 .
mmol) of 3(S),2(S) isomer} in ethyl acetate (920 mL} over
15 minutes. The mixture was stirred at room temperature

15 for about 2 hours. Solid was isolated by filtration,
washed with ethyl acetate (2 x 20 mL) and dried in vacuo
for about 1 hour to yield 21.86g (70.7% isomer recovery)
of 97% diastereomerically pure salt (based on BPLC peak
areas). HPLC analysis: Vydec-peptide/protein C18

20 column, UV detector 254 nm, flow rate 2 mL/min., gradient
{A = 0.05% trifluorocacetic acid in water, B = 0.05%
trifluorocacetic acid in acetonitrile, 0 min. 75% A/25% B,
30 min. 10% A/90% B, 35 min. 10% A/90% B, 37 min. 75%
A/25% B}; Retention time 10.68 min. (3(S),2(R) isomer)

25 and 9.73 min. (3(S),2(S) isomer). Mp = 174.99°%C;
Microanalysis: Calc.: C 71.05%, H 7.50%, N 5.53%; Found:
C 71.71%, H 7.75%, N 5.39%.

Alternatively, oxalic acid dihydrate (119g, 0.9%4
30 mole) was added to a 5000 mL round bottom flask fitted
with a mechanical stirrer and a dropping funnel.



et al., J. Heterocycl. Chem 4:166-167 (1967) Cole et 15 al., Aust. J.

Cheﬁ+—38—6¥5—680 (988 —Cab+ddu—et -
al., Tet. Letters 2345-2348 (1978); hbube et al., Tet.

Lett

7-798 (1976} —Newbe—et

ers 255-256

(1977); Ansink & Cerfontain, Rec. Trav. Chim Pays-Bas 108; 395-403 (1989);
and Kajihara & Tsuchiya, EP 638564 20 Al, each of which are incorporated
herein by ravesemdet in their entirety. For exanple, 1,2-benPCHESOIBS K 2-

mer capt anphenol or 1, 2-benzenediol can be reacted wt

h

Rlerr]Rlerr]C(L")[err], where L' is as def6Bed belom1 preferably, Br or |

“in the presence of a base such as hydroxi de, or

presence of aci d,Mekamods 18P Qres WeroAaRged care ﬁhe piE

shwre]

Rlerr]CcOin the
Hriqred t o

prepare the substuﬁumedlbeazmim%sheb@pmawl e pfsoflaeivh acf exrddenwhi ch can

t hen be sul f onyl h nj bove., _ CF2Br 2
or CD2Br2 can bea‘;'r eact Ee&dhwg%%tjﬂlﬁ%’ybl%ﬁﬁéxgb%n% - gzrrxé‘rgc %ﬁol or
1, 2-benzenedi ol |%m#ﬁﬂa4ppbgﬁhbhnﬁﬁnﬂ@d§é -0} ¥N(ﬁﬁhmé gifetabep ml, WO
96/ 28464 5 0.212g amlno alcohol 1somers/mL 0. §@35/H595é93ﬁ§§5a@ﬁeherr]

respectively, wherein_A_and

when A and/or B rverregeﬁwegtytrﬁ’é“%ttﬂ P3F18§n b'g’eoﬂl&ﬁt?

euter|

£q Ry

GRS sohbae

descri bed bel ow 18 hours and the solid product was isolated by
Bach portion was

centrifugation in six portions at 400G.

washed with 125 mL of ethyl acetate. The salt was then
10 collected and dried overnight at 1 torr to yield 336.3 g

of product (71% based upon total amino alcohol). HPLC/MS

{electrospray) was consistent with the desired product

(m/z 417 [M+H]+).

15 Alternatively, crude 3(S}-[N,N-bis(phenylmethyl)
aminol -1-{2-methylpropyl)amino-4-phenylbutan-2(R)-ol (5
g) was dissolved in methyl-tert-butylether (MTBE) (10 mL)
and oxalic acid (1 g) in methanol {4 mL) was added. The

The resulting

20 solid was filtered, washed with cold MTBE and dried to

mixture was stirred for about 2 hours.

vield 2.1 g of white solid of about 98.

9%

diastereomerically pure (based on HPLC peak areas).

25

To a solution of crude 3(S)-[N,N-bis(phenylmethyl)
30 amino]-1-(2-methylpropyl)amino-4-phenylbutan-2(R}-0l in
methyl-tert-butylether (MTBE) (45 mL, 1.l1g amino alcohol
isomers/mL) was added acetic acid (6.9 mL) dropwise. The
mixture was stirred for about 1 hour at room temperature.
The solvent was removed in vacuo to yield a brown oil

35 about 85% diastereomerically pure product

{based on HPLC

peak areas). The brown oil was crystallized as follows:
0.2 g of the oil was dissolved in the first solvent with



5 to the sulfone or sulfoxide derivatives. Follow ng preparation of the
sul fonam de derivative,_the am na_protecting group P or Plerr] _and Plerr]
am no protecting groups are renoved under conditions which will 10 not
affect the remaining portion of the nolecule. These nethods are well known
in the art and include acid hydrol ysis, hydrogenolysis and the like. A
preferred nmgd@mskgavol ves renoval of the protecting group, per@ssenw26ssoval of
a carbobenzoxy group, by hydrogenolysis 15 wutilizing palladiumon carbon
in a suitable solvent systemsuch as an algphol, acetic acid, and the like
or mixtures thereof. Wiere the protecting group is a t- butoxycarbonyl

group, f :t can behreagowdob%am & Bgean s@mam: Ctﬁé @écgﬁm' ookt veasg- , HA

or trifluoroaceti ci €..S0  oxane or
met hyl ene chl ori §&" de ah'é&’éjsﬁqe ﬁél’ﬁgﬁéﬂﬁg%ecam ne sa &Bg va%slove

Fol | owi ng neut r alhieateti opgasin ttige c3arity ¢ h%e%dnyltb @@Utt 199% coupl ed to the

DL-, D, or L- amd'iﬁs@éféb:ﬂé}hrc%illﬂ)nﬁhﬁ@ pEodue , febmédi dNEGBIR[ er r] ) COOH,
wherein P and_R  are _as t ection of, the

f ol l.one de
A he. a5 deoc?t bEAMBBRRESER AL SHER, SeeTe () A mobrifeater APETPTonty
Rlerr] are as deflhgedradhailes wﬁxﬁ'sfalt%md.ngraghsde1@Mcﬂh%1§enes§l ate, brono

or chloro, and stivéﬁ@Véuﬂﬂ dHiQHD SuRd &&Mﬂe@ﬁex?@%ﬂt@ofaEEéVe ester,
and the |ike. For exgg? was calRLgaELdagkogqéE’thﬁé eék areas. The

results are shown in Table 1.

10
TABLE 1
First Second Solvent Recovery |Diastereo-
Solvent Solvent Ratio Weight (g) meric
Purity (%)
MTBE Heptane _1:10 0.13 98.3
MTBE Hexane 1:10 0.03 99.6
Methanol Water 1:1.5 0.05 99.5
Toluene Heptane 1:10 0.14 98.7
.Toluene Hexane 1:10 0.10 99.7

Alternatively, crude 3(S)-([N,N-bis(phenylmethyl)

15 amino]-1-{(2-methylpropyl}amino-4-phenylbutan-2(R)-ol
{50.0g, which contains about 30.06g (76.95 mmol}) of
3(S),2(R) isomer and about 5.66g (13.58 mmol) of
3(S),2(S) isomer)} was dissolved in methyl-tert-butylether
(45.0 mL). To this solution was added acetic acid (6.90

20 mL, 120.6 mmol) over a period of about 10 min. The
mixture was stirred at room temperature for about 1 hour
and concentrated under reduced pressure. The oily
residue was purified by recrystallization from methyl-
tert-butylether (32 mL) and heptane (320 mL). Solid was

25 isolated by filtration, washed with cold heptane and
dried in wvacuo for about 1 hour to afford 21.34g (58.2%
isomer recovery) of 96% diastereomerically pure
moncacetic acid salt (based on HPLC peak areas). Mp =
105-106°C; Microanalysis: Calc.: C 75.53%, H 8.39%, N

30 5.87%; Found: C 75.05%, H 8.75%, N 5.71%.



WD 96/ 28464 PCT/ US96/ 02685 45
hydrogen radi cal, bronpacetyl halide, -] al ide or—the-
correspondi ng anhydrlde can be used. Flnally, reactlng t he above
intermediate with the amne R err]R err]NH can produce the antiviral
conmpounds of the present 5 invention having the fornula [err] wherein
Rlerr], Rerwboesmliagsr], Rlerr], Rerr], Rerr] Rerr] and REBUSY0268S as
defi ned above. Am nes of the formla R[err]R[err]NH are comrercially
avai | abl e, such as dinethyl anine, 10 isobysyl am ne, i sopropyl ani ne,
benzyl ami ne, and the like; or can readily be prepared fromcomercially
avail able starting materials using standard nethods well known in the art.
15 Alternatively, foll ow ng neut rgda ion of the salt, the am ne of
formula [err] is then coupled to the DL- or L-am no acid corresponding
to the fornul a PNHCH(R[err])COOH whereln P and 20 R[err] are as deflned
above, foll owed bpreks: g E ‘ '

coupling the q§pr§%§§ﬁ§%£g§§f a0 '4 Q. r _
specific stereois ereor, erern errj, err err an 3
are as defined above, such as N nethyl al ani ne,

Crude 3(S)~-[N,N-bis(phenylmethyl}amino] -1-(2-
methylpropyl)amino-4-phenylbutan-2(R)-ol (10.48g, which
contains about 6.72g (16.13 mmol) of 3(S),2(R) isomer and

10 about 1.19g (2.85 mmol) of 3(S),2(S) isomer} was
dissolved in tetrahydrofuran (10.0 mL). To this seclution
was added a solution of L-tartaric acid (2.85g, 19 mmol)
in methanol (5.0 mL) over a period of about 5 min. The

mixture was stirred at room temperature for about 10 min.

15 and concentrated under reduced pressure. Methyl-tert-
butylether (20.0 mL} was added to the oily residue and
the mixture was stirred at room temperature for about 1
hour. Solid was isolated by filtration to afford 7.50g
of crude salt. The crude salt was purified by

20 recrystallization from ethyl acetate and heptane at .room.
temperature to yield 4.13g (45.2% isomer recovery) of 95%
diastereomerically pure L-tartaric acid salt (based con
HPLC peak areas). Microanalysis: Calc.: C 67.76%, E
7.41%, N 4.94%; Found: C 70.06%, H 7.47%, N 5.07%.

25

30 acid salt

Crude 3(S)-[N,N-bis{phenylmethyl) amino)-1-(2-
methylpropyl)amino-4-phenylbutan-2(R)-ol (10.0g, which
contains about 6.41g ({15.39 mmol) of 3(S).2(R) isomer and

35 about 1.13g (2.72 mmol) of 3(S),2(S) isomer} was dissolved
in tetrahydrofuran (20.0 mL}. To this solution was added
hydrochloric acid (20 mL, 6.0 N) over a period of about 5



N, N-di met hyl al ani ne, N, N, 2, 2-tetranet hyl gl yci ne, N benzyl serine and the
i ke, to produce the _antiviral canpounds of the present invention The

am no acids are commercially available or are readily prepared froma 30
protected carboxylic acid with a | eaving group W (defined WO 96/ 28464
PCT/ US96/ 02685 46 above), W (R err])(Rerr])CCJerr]P[err], by reaction

Wi th the amywigediisgds' | RLerr] NH as shown in Schene |11, wher ®OT/AUBPE&#268S,
Rlerr], Rerr], Rerr], and Rerr] are as defined above.. 5
Schenme 11l [err] Alternatively, followi ng geutralization of the salt, 10

the amne of formula [err] is then coupled to the DL-, D, or L-amno acid
15 correspondi nghinQ t ke frixaire Wasr tidwseiat kRbomrfemgdratuke Eberr],
Rlerr], and Rerr e f'l[ae i.ch d i
simlar fashion ta%ot?l(ﬁelgﬁ)%p ing %ﬁggégra esdcru:Mégg 5%%\5/%&? oor%%%ﬁ?,g' D‘f,;hegr
L-ami no acid cor kespeHEi WRe txeawstrdlized fuqmectharpR ak r0°F doon[iglq |
wher ei n P[egr] audzﬁbekdi.iifiSﬁ?eifiéﬂﬁfbﬁyxﬂdi 98% di?steréam%rEta11§>, or
L- am no aci orrespondi ng tq .the I P e
NH[ err] CH( R efr] )p P%”F%o%eorr é‘l‘:ngﬁl,n&Ffaelfér\"_lg'g|1g§£i & ﬁﬁg}ge%k areas) .
Microanalysis: Calc.: C 68.64%, H 7.76%, N 5.72%; Found:
C 68.79%, H 8.07%, N 5.55%.

10

acid salt

15 Crude 3(S)-[N,N-bis(phenylmethyl) amino)-1-(2-
methylpropyl)amino-4-phenylbutan-2 (R) -0l (5.0g, which
contains about 3.18g (7.63 mmol) of 3(S),2(R} isomer and
about 0.56g (1.35 mmol) of 3(S),2(S) isomer} was
‘dissolved in methyl-tert-butylether (10.0 mL). To this

20 solution was. added a solution of toluenesulfonic acid
(2.28g, 12 mmol)} in methyl-tert-butylether (2.0 mL) and
methanol (2.0 mL) over a period of about 5 min. The
mixture was stirred at room temperature for about 2 hours
and concentrated under reduced pressure. The residue was

25 recrystallized from methyl-tert-butylether and heptane at
0°c, filtered, washed with cold heptane and dried in
vacuo to yield 1.85g {40.0% isomer recovery) of 97%
diastereomerically pure monotoluenesulfonic acid salt
(based on HPLC peak areas).

30

35  acid salt



and R[err] are as defined above, are comercially avail able (Sigma Chem cal
Comy—er—+eadi | y prepared—ssing-st andard—ipthods—well known in-the art from

readily available 30 starting materials. Preferably, Pis a

benzyl oxycar bonyl WO 96/ 28464

PCT/ US96/ 02685 47 or t-butoxycarbonyl radical and Plerr] is benzyl or tert-
butyl radi calwoodisaeydar d coupli ng procedures can be used to REHPIN/O2RE

am no acids and am nes. The carboxylic acid group is reacted to form an
anhydri de, m xed 5 anhydride, acid halide, guch as chloride or bromde, or
active ester, such as esters of N hydroxysuccinimde, HOBT and the |ike,
using wel | known proce€gnde A6%) cidhdi-bisishempimetbyilat ambud hdnti2syst ens

e On Aydr Sl lpr i) SeC e ﬁﬁwib‘*t%““?““?ﬂ*’ft L f"%ﬁ wREERY ?“e
u S
o nat) vl vt nEoRtaiat B e Abg 156 b Hmanls pe a8 A Eh0 s Semel hE
further protect edaaibuthé 2bg §2.29 mmol ) oolficR(E)aRi(S0 psomgrwiwads a pr ot ecti ng
group P whlchslsaa%gi@ Ve e@ttzlah&aﬁof@maqmofo hﬂ ar&mrﬁrs%‘s%wgn

groups P or P[err err], 1 IS selective rermva
skilled in the ar %“’aéaﬁ dd ‘Sdg%t}?&ﬁrsb‘ﬂaﬁf’%{-% %%‘r?ol‘ﬁa??oﬂg of? 86 “?° Ib[err] and

Plerr]. For exanpithe siktabe avesOoshiraddoms @om ReBPeratuxd AcanadbBut =2 Boc;
P* = Gz and P = BarsPhRE dorcdtZat EhChAde” reduced pressure. The oily
residue was recrystallized from methanol and water at
10 0°C, filtered, washed with cold methanol/water (1:4) and
dried in vacuo to yield 2.40g (28.5% isomer recovery) of
98% diastereomerically pure monomethanesulfonic acid salt
{based on HPLC peak areas).

15 EXAMPLE 11

METHOD 1:

20 L-Phenylalaninol (89.51 g, 0.592 moles) was
dissolved in 375 mL of methanol under inert atmosphere,
35.52 g (0.592 moles) of glacial acetic acid and 50 mL of
methanol was added followed by a solution of 62.83 g
{(0.592 moles) of benzaldehyde in 100 mL of methanol. The

25 mixture was cooled to approximatelyllsﬁc and a solution
of 134.6 g(2.14 moles) of sodium cyanoborohydride in 700
mL of methancl was_added in approximately 40 minutes,
keeping the temperature between 15°C and 25°C. The
mixture was stirred at room temperature for 18 hours.

30 The mixture was concentrated under reduced pressure and
partitioned between 1 L of 2M ammonium hydroxide solution
and 2 L of ether. The ether layer was washed with 1 L of
1M ammonium hydroxide solution, twice with 500 mL water,
500 mL of brine and dried over magnesium sulfate for 1

35 hour. The ether layer was filtered, concentrated under
reduced pressure and the crude solid product was
‘recrystallized from 110 mL of ethyl acetate and 1.3 L of



benzyl and P° = Boc; and P[err] = P[err] = benzyl and P = Boc. The

resul ting conpound represented by _the . formula [err] 25 can be carried

t hrough the remai nder of the synthesis to provide a conpound of the formula
[err] 30 wherein P, Rerr], Rerr], Rerr], Rerr], Rerr], Rerr] and
Rlerr] are as defined above. The renmai nder of the synthesis above can be

carried o Si3/s463464 PCT/US96/02685
PCT/ US96/ 02685 48 out as desired either by the addition of desired residues

or groups one at a time or in a preformed gpl ecul e made up of nore that one
residue or group in one step. The-former approach is the sequenti al

synt Eesis met hoghendnéh@olgaitaeems &;slwirey:l@%u@raem-ﬁétﬁghems met hod.
Synthetic trans tions ar ssible at_ thiss stage. The protecting group
P" is then selec§§§§Y§gg¥H%§§dg§n§ ?% t?eﬁﬂﬁlgrng amne is reacted with the
sul fonyl chloride Rerr]SdJerr]d, the sulfonyl brom de RASO2Br or the
correspondi ng sumkeasb anhydride, 10 preferably in the presence of an acid

e e e G E e st S claiis e
_ mmoles) of benzaldehyde were dissolved in 55 mL of 3A

ethanol under inert atmosphere in a Parr shaker and the
mixture was warmed to 60°C for 2.7 hours. The mixture
was cooled to approximately 25°C and 0.99 g of 5%

10 platinum on carbon was added and the mixture was
hydrogenated at 60 psi of hydrogen and 40°C for 10 hours.
The catalyst was filtered off, the product was
concentrated under reduced pressure and the crude solid
product was recrystallized from 150 mL of heptane to give

15 3.83 g (48 % yield) of N-benzyl-L-phenylalaninol as a
white solid. '

20 -1 —{t- ~N- “L-
phenvlalaninol

N-benzyl-~L-phenylalaninol (2.9 g, 12 mmoles) was
dissolved in 3 mL of triethylamine and 27 mL of methanol
25 and 5.25 g (24.1 mmoles) of di-tert-butyl dicarbonate was
added. The mixture was warmed tao 60°C for 35 minutes and
concentrated under reduced pressure. The residue was
dissolved in 150 mL of ethyl acetate and washed twice
with 10 mL of cold (0-5°C), dilute hydrochloric acid (pH
30 2.5 to 3), 15 mL of water, 10 mL of brine, dried over
magnesium sulfate, filtered and concentrated under
reduced pressure. The crude product o0il was purified by
silica gel chromatography (ethyl acetate: hexane, 12:3 as
eluting solvent) to give 3.98 g (97% yield) of colorless
35 oil.



defined above. This selective deprotectlon and conversion to the
sulfonam-de -can be acconplished at ei ther-the-endof the synthesis-—or at
any appropriate internediate step as desired. 20 The chenmi cal

reacti ons descri bed above are generally disclosed in terns of their
broadest application to the preparation of the conpounds of this invention.
Cccasi onal | ywoldggsdsgact i ons may not be applicabl e as descri BPeWUS¥/03685h
conmpound i ncluded within the disclosed 25 scope. The conpounds for which
this occurs will be readily recognized by fggose skilled in the art. In al
such cases, either the reactions can be successfully perfornmed by
conventional nodifications known to thoggamsig l1ed in the art, e.g., by
appropriate protection of 30 interfering groups, by changing to alternative
conventional reagents, by routlne nDdlflcatlon of reactlon condi tions, and
the Fike, or otherESIRERELISHRSOF iViRer, e 3 KRZ¥e—8onvent i ona

wll be appl|cablﬁhgnyﬂgygnﬂﬁgparatlon of the correspondlng WO 96/ 28464
PCT/ US96/ 02685. 49 conpounds of this invention. In all preparative nethods,
all starting terials are known or readily prepared fromknown starting
materials. WthoWETHOD Her el aboration, it is believed that one

To a solution of 0.32 g(0.94 mmoles) of N-({(t-
butoxycarbonyl) ~-N-benzyl-L-phenylalaninol in 2.8 mL of
toluene was added 2.4 mg (0.015 mmoles) of 2,2,6,6-

10 tetramethyl-l-piperidinyloxy, free radical (TEMPO), 0.lg
{(0.97 mmoles) of sodium bromide, 2.8 mL of ethyl acetate
and 0.34 mL of water. The mixture was cooled to 0 °C and
an aqueous solution of 4.2 mL of 5% household bleach
containing 0.23 g (3.0 mL, 2.738 mmoles) of sodium

15 bicarbonate was added slowly over 30 minutes. The
mixture was stirred at 0 °C for 10 minutes. Three more
additions (0.4 mL each) of bleach was added followed by
stirring for 10 minutes after each addition to consume
all the stating material. The two phase mixture was

20 allowed to separate. The agqueous layer was extracted
twice with 8 mL of toluene. The combined organic layer
was washed with 1.25 mL of a solution containing 0.075 g
of potassium iodide, sodium bisulfate(0.125 g) and

- water(l.1l mL), 1.25 mL of 10% aqueocus sodium thiosulfate

25 solution, 1.25 mL of pH 7 phosphate buffer and 1.5 mL of
brine solution. The organic solution was dried over
magnesium sulfate, filtered and concentrated under
reduced pressure to give 0.32 g (100% yield) of N-(t-
Butoxycarbonyl)-N-benzyl-L-phenylalaninal.

30
METHOD 2:

To a solution of 2.38 ¢g(6.98 mmoles}) of N-({t-
butoxycarbonyl) -N-benzyl -L-phenylalaninol in 3.8 mL (27.2
mmoles) of triethylamine at 10 °C was added a solutiocn of

35 4.33 g {27.2 mmoles) of sulfur trioxide pyridine complex
in 17 mL of dimethyl sulfoxide. The mixture was warmed
to room temperature and stirred for one hour. Water (16



5 skilled in the art can, using the preceding description, utilize t
present invention tao its fullest _extent. The foll ow ng preferred spe
enbodi ments are, therefore, to be construed as nerely illustrative,

limtative of the remai nder of"the disclosure in any way 10 what soever.
Al'l reagents were used as received wi thout purification. Al proton
carbon NVRwap®sRidsa were obtai ned on either a Varian VXR- 300TAS96102685400
nucl ear 15 rmagnetic resonance spectroneter. The fol |l owi ng Exanpl es
illustrate the preparation of inhibitor egnpounds of the present invention
and intermedi ates useful in preparing the inhibitor conpounds 20 of
present inventinh) RAMAdEd]l ahdr the RPricgtarat wes ettracted with 20 mL of

25- [ B S( phenv! Mg iy} )il iYL en5RESPE RO g N GRlshea wich 20

2S- [ Bi s(phenyl net hyl ) am no| benzenepropano

romit

he
cific
and not

and

t he

DI BAL Reduction of

N, N- bi s( phenyl nBf 9% )SAtrish8RyHal 20hiMe Phday Phet4d MeSfepPripe. fdxdpd: A
sol ution of L-pbeeylmdamsian 5010ate dhdBE2ltered. saleifibydaoxivies (24.2 g,
\%5505 mol) and pGLASH PP LRABA! FedifddP pPesJufOXr Y ikel B ¥R ST (o0 ML)

10

15

20

25

30

yvield) of N-{t-Butoxycarbonyl)-N-benzyl-L-phenylalaninal.

EXAMPLE 14

Ste

A solution of 2.5 g (7.37 mmoles) of N-(t-
butoxycarbonyl) -N-benzyl-L-phenylalaninal and 0.72 mL of
chlorociodomethane in 35 mL of THF was cooled to -78°C. 2
4.64 mL of a solution of n-butyllithium (1.6 M in hexane,
7.42 mmoles) was added slowly, keeping the temperature
below -70°C. The mixture was stirred for 10 minutes
between -70 to -75°C. Two additional portions of 0.22 mL
of chloroiodomethane and 1.4 mL of n-butyllithium was
added sequentially and the mixture was stirred for 10
minutes between -70 to -75 °C after each addition. Four
additional portions of 0.11 mL of chloroiodomethane and
0.7 mL of n-butyllithium was added seqguentially -and the
mixture was stirred for 10 minutes between -70 to -75°C
after each addition. The mixture was warmed to room
temperature for 3.5 hours. The product was quenched at
below 5°C with 24 mL of ice-cold water. The biphasic
layers were separated and the agueous layer was extracted
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heated—+6-97[ er r | C—Benazy—brom-de ( 108 ~5-—tereldmb05-110| ) Was.
added (addition tinme - 25 mn). The m xture was stirred at 97[err]C for 30
m nut es under a nitrogen atnosphere. The solution was cooled to room
tenperature 5 and extracted wth toluene (2 x 250 nlL). The conbi ned organic
| ayers were was$sas4ssi th water and brine, dried over nmagnesi (RETHIRG/BACES
filtered and concentrated to an oil. The identity of the product was
confirmed as follows. Analytical TLC (10% ethyl acetate/ hexane, 10 silica
gel) showed maj or conponent at Rf value = 0.32 t-0 be the desired
tribenzyl ated conmpwiad, wiN,IN-3bimg( plicayhynktdndtptie- phEng | cinioiined phgayleret hyl
T5% i hyl ZCESZPE?QQEEQW R Ep¥ gaatR: 96.'?*‘8@‘{@ 2 Gheh FRIEL

0
used directly in n?%lﬁﬁ%ﬂ9?hﬁﬁh8ﬁ?rf%94¥ﬂﬂ'SHE%???C ﬁ%ﬁ?reﬁegP $H NVR
spectrumwas in agpaeanntaWlemnﬂablreaembdlnuassuueeto[ngqIﬂ Ave ¢EDCL[err])

, 3.00 3 i 1 d
B[ere:]r]_ . ag? g&il&ﬁ@ﬂnﬁi’é%‘i igzségﬁﬁde i t'.%oo [ﬁr ﬂdls g Hz)an3_ -

a
LT 50 By, Ratyslios die WikaE R eGtenic e?ﬁmg'i\% and v 1
(m 20 H). EIMS: bhis(gRBdnyIivkebhyl1Pt-Hp (L= btafoxycarboni}'hB-ZB}nzyl at ed

phenyl al ani ne phegyh pBh&idciHaffine0and ! r@é-)blfé(?meh?ﬁn@i )am&(eeact i on was
di ssolved in toluene (750 nL) and cooled to -55 1.5 Msolution
butoxycarbornyl) -2R-oxiranemethanamine. The c¢rude mixture

10 is used directly in the next step without purification.

METHOD 2:
To a suspension of 2.92 g (13.28 mmoles) of
trimethylsulfoxonium iodide in 45 mL of acetonitrile was
15 added 1.49 g (13.28 mmoles) of potassium t-butoxide. A
solution of 3.0 g (8.85 mmoles) of N-{t-butoxycarbonyl}-~
N-benzyl-L-phenylalaninal in 18 mL of acetonitrile was
added and the mixture was stirred at room temperature for
one hour. The mixture was diluted with 150 mL of water
20 and extracted twice with 200 mL of ethyl acetate. The
organic layers were combined and washed with 100 mL
water, 50 mL brine, dried over sodium sulfate, filtered
and concentrated under reduced pressure to give 3.0 g of
a yellow crude oil. The crude product was purified by
25 silica gel chromatography (ethyl acetate/hexane: 1: 8 as

eluting solvent) to give 1.02 g (32.7% yield) of a
mixture of the two diastereomers N,aS-bis(phenylmethyl)-

N—(t-butoxycarbon?l)—Zs—oxiranemethanamine and N, oS-
bis (phenylmethyl) -N- (t-butoxycarbonyl) -2R-
30 oxiranemethanamine.

METHOD 3:

To a suspension of 0.90 g (4.42 mmoles) of

trimethylsulfonium iodide in 18 mL of acetonitrile was
35 added 0.495 g (4.42 mmoles) of potassium t-butoxide. A

solution of 1.0 g (2.95 mmoles) of N-{t-butoxycarbonyl}-

N-benzyl-L-phenylalaninal in 7 mL of acetonitrile was



of DIBAL in toluene (443.9 nL, 0.666 nol) was added at a rate to maintain
the tenperature between -55 to -5Q[err]C 30 _(addition time -_1 hr). The
m xture was stirred for 20 m nutes under a nitrogen atnosphere and then
guenched at -55[err]C by the slow addition of methanol (37 m ). The cold
solution was then poured into cold (5[err]C) 1.5 N HO solution (1.8 L).
The precipi ypd sghssddl | d (approx. 138 g) 35 was filtered of fpcarusosszsssed Wit h
toluene. The solid material was suspended in a m xture of toluene (400 ni)
and water (100 m). The mixture was cooled,go0 S[err]C and treated with 2.5
N NaCH (186 nL) and then stirred at room WD 96/ 28464

PCT/ US96/ 02685 5hddedpandtlthe ntilildthh:esﬁéé Clstﬁ.x&‘é@' uedro&ha;éu@eueaaréasw was

separated fromt a us r | ried
over nmagnesi um 531%19 3889“ I’{m}r 3“3"‘% cenltlrué-‘t ed %ﬁas@‘g'ﬁ‘ Wgt m. (89
g). Ethyl acetat@n exppacted téoﬁGthX'éheSQZ@ 9f) eyl aeRi@tero The resi due
upon which the deﬁigaﬂdcais;m “Hr@duéﬁbﬂ@étﬁ%r!‘douﬁéﬁéa&biﬁ}iqooAﬁLer 30 nin,

an addltlonal hex re_added.t ronote.furt yt I|z tion.
The solid was f| |"‘{%F€d %&f"ﬂém%cfl\ﬁg%é 1681 VR0 Sﬁ‘@lﬁlgxa‘gﬁf% gFva 3559 g of
first 10 crop preeducencent mtmshandespreduqad dressebe 6tq))givegs 1i. 86l ateld by

refiltering the nplLBeloki dtfle ofile itRe ChARR WROAUEOHS @ rdRlure of
recrystallized Troin ¢f0vh; AG&LA GEQQON 0S-bis (phenylmethyl)-N-(t-

butoxycarbonyl) -2S-oxiranemethanamine and N, oS-
10 Dbis(phenylmethyl)-N-{t-butoxycarbonyl)-2R-~
oxiranemethanamine.

. e
o

To a solution of 500 mg (1.42 mmoles) of the crude
20 epoxide {a mixture of the two diastereomers N, 0S-

bis (phenylmethyl)-N-(t-butoxycarbonyl)-2S-
oxiranemethanamine and N, 0S-bis(phenylmethyl)}-N-(t-
butoxycarbonyl) -2R-oxiranemethanamine) in 0.98 mL of
isopropanol was added 0.71 mL (7.14 mmoles) of

25 isobutylamine. The mixture was warmed to reflux at 85°C
to 90°C for 1.5 hours. The mixture was concentrated
under reduced pressure and the product o0il was purified
by silica gel chromatography {chloroform:methanol, 100:6
as eluting solvents) to give 330 mg of 3S-[N-(t-

30 butoxycarbonyl)-N- (phenylmethyl)amino]-1-(2-
methylpropyl)amino-4-phenylbutan-2R-ol as a colo:less oil



m.) and hexane (30 nL) to g| ve 40 g of [err]S—2 [ Bi s( phenyl -
met-yH-arRe ] benzenepr-opad 40% ReO1A - phenyl al anine—Aan
additional 7 g (7% of product can be obtalned fronrrecrystalllzatlon of
t he concentrated nother |iquor. TLC of product Rf 0.23 (10% et hyl

acet ate/ hexane, silica gel);[err]H NVR (CDCl [err]) [err] 2.44 (m 1H)),
3.09 (m 2Hwoen8gks(m 1H), 3.48 and 3.92 (AB- 20 System PORUSI¢/E68S =
13.3 Hz), 3.52 (m 1H) and 7.23 (m 15H); [err] +42.4 (c 1.45,

CH err]dJ[err]); DSC 77.67[err]C, Anal. «Calggl. for Clerr]Herr]ON C,
83.34; H 7.60; N, 4.23. Found: C, 83.43; H 7.59; N, 4.22. HPLC on

chiral stationary (3dasé: yiybd)obond-I[NSPt eBhttoryc@2bbnxl =16~ nm | . nobi | e
25 phase: net hanq %%Myﬂmﬁ'oﬁmla?ftr@é PH%EB?&%“%M%C?4(58 42 viv),
fl t f 0.5 t h, det d t
of 07 er G Rot ontPGHVEPHESI TAS5d WA, G198, EAIabAcr i iSRRG Ghedr Rages

product enanti orrerhlslﬁhénmm‘ed@fl)W’Frﬂaaoﬂtoxﬁ&Mhﬁlb ops-of

S-2-[B h b
NN D beney! at Pon ki FEb Al diHitne GR8 REeR P W b M sat 387006
1.168 nol) was addédb%‘”éy%ﬂ@qf’éfd3SHr&Ph%WJG4€t|5'Ut1é§§%W ckrBonat e (484.6 g,

3.506 nmol) in 710méhh91pwéﬂ)anﬁm-m-;shéﬁ}emmmeat-su was GRlatke dpder a

ni trogen at”DSpherurléiég%fgﬁ Lromaégéraphy in an 86% yield.

10 EXAMPLE 16

Y e

15
To. a solution of 1 g (3.39 mmoles) of 2S-{N-t-

butoxycarbonyl)amino-1S-hydroxy-3-phenylbutanoic acid
{commercially available from Nippon Kayaku, Japan) in 50
mL of THF at 0 °C was added 50 mL of borane-THF complex

20 (liquid, 1.0 M in THF), keeping the temperatures below
5°C. The reaction mixture was warmed to room temperature
and stirred for 16 hours. The mixture was cooled to 0 °C
and 20 mL of water was added slowly to destroy the excess
BH3 and to quench the product mixture, keeping the

25 temperature below 12°C. The quenched mixture was stirred
for 20 minutes and concentrated under reduced pressure.
The product mixture was extracted three times with 60 mL
of ethyl acetate. The organic layers were combined and
washed with 20 mL of water, 25 mL of saturated sodium

30 chloride solution and concentrated under reduced pressure
to give 1.1 g ¢of crude 0il. The crude product was
purified by silica gel chromatography
{chloroform/methanol, 10:6 as eluting solvents) to give
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brom de (400 g, 2.339nnl) in 3A ethanol (305.m) was added at.__a_rate that
mai nt ai ned the tenperature between 60-68[err]C. The biphasic solution was
stirred at 65[err]C for 55 mn and then allowed to cool to 10[err]C with
vigorous 5 stirring. The oily product solidified into small granules. The
product waswgiobayesl With 2.0 L of tap water and stirred forCTuUSYSMEBES t O
di ssol ve the inorganic by products. The product was isolated by filtration
under reduced pressure and washed with waggr until the pHis 7. 10 The
crude product obtained was air dried overnight to give a sem-dry solid
E)407 Ig) W;ﬂ chhwagmm agr Ysiadd iiz:'mlid‘)rgm %%(K—&fb&bhyl(':aﬂﬁﬁﬁ?l)eir\?ﬁ6§-&ne (ﬁ: éo
y vol une). The S, ispl y_ filtration.(at -8 err]C ), washe
with 1.6 L of cﬁ&ggﬁ%gf%?r][’eﬁf dgttbﬁyﬁpaacev{% Lfee?ﬁgg?ghe 15 (1: 10 by vol une)
and air-dried to give 339 g (88%yield) of :
[err] S 2-[Bi s(phenyl net hyl ) am no] benzegxamprgpanol , Mp = 71.5-73.0[err] C
More product .can be obtained fromthe nother liquor if necessary. The other
anal yti cal cﬁar acterization was identical to coound prepared as 20

10 N
N OTs
OH
- {(N-t — -2R— ~4-
10 To a solution of 744.8 mg (2.65 mmoles) of 3S-(N-t-

butoxycarbonyl)amino-4-phenylbutan-1,2R~diol in 13 mL of
pyridine at 0 2C was added 914 mg of toluenesulfonyl
chloride in one portion. The mixture was stirred at 0 °C
to 5°C for 5 hours. A mixture of 6.5 mL of ethyl acetate

15 and 15 mL of 5% agueous sodium bicarbonate solution was
added to the reaction mixture and stirred for 5 minutes.
The product mixture was extracted three times with 50 mL
of ethyl acetate. The organic layers were combined and
washed with 15 mL of water, 10 mlL of saturated sodium

20 chloride solution and concentrated under reduced pressure
to give about 1.1 g of a yvellow chunky solid. The crude
-product was purified by silica gel chromatography {(ethyl
acetate/hexane 1:3 as eluting solvents) to give 850 mg
(74% yield) of 38-(N-t-butoxycarbonyl)amino-2R-hydroxy-4-

25 phenylbut-1-yl toluenesulfonate as a white solid.

EXAMPLE 18

e



30 0.604 nmol) was dissolved in triethylamne (300 nmL, 2.15 nol). The

M xture—was cool ed t o—d=2{-e++-C-and a-seLuL#on—oL—sulfur tri oxidelpyridine - .
conplex (380 g, 2.39 nol) in WO 96/ 28464

PCT/ US96/ 02685 53 DMSO (1.6 L) was added at a rate to maintain the

tenperature between 8-17[err]C (addition tine - 1.0 h). The solution was
stirred at aswlgogPsech eNPeErature under a nitrogen at nosphere fporubodmzbesur at
which time the 5 reaction was conplete by TLC anal ysis (33% et hyl

acet at e/ hexane, silica gel). The reactionqg xture was cooled with ice

water and quenched with 1 6 L of cold mater (10 15[err]C3 over 45 m nutes.

The resul tant sol piéod ‘ b S1071L)

with 5% 10 citri
g) and filtered. )
35-40[err]C and then dried under vacuun1to glve 198.8 g of

(23;9 [gl%)s (gﬂenyl et hylj)@énancaclulagaﬁeaepwwadodebydﬁnaﬁe@ ngsy@hJa@sév oi ltI
e ude pr u nou e.use irectly
in the next s&% &PF %ﬁ? #’831 :ﬁﬁ‘ﬁ§§;8§§r TP a*o¥1t he conpound
wer e consi st ent mﬁokmeﬁﬁsqiﬂmmasaeunlthﬂiammref is¢940pan092agd[@r$]m4(pf1.87,
C'Z[Bif g]C't [e”%; ESihddd NYB ﬁé&Qd'\/dﬁZloaCQ@J [, blsl :[uﬁ‘élfds) %fSM and 3. 6155 o
g_ 56- ystem 1sobuiyera.trl:|.ne The m1x E:'\c'rer lnas warmed %0 L:ergé ng )

stirred for 1.5 hours. The product mixture was

10 concentrated under reduced pressure at 40 to 50 °C and
purified by silica gel chromatography
{(chloroform/methanol, 10:1 as eluting solvents) to give
54.9 mg (76.8% yield) of 3S-[N-({t-butoxycarbonyl)amino]-
1-(2-methylpropyl)amino-4-phenylbutan-2R-0l as a white

15 solid.
EXAMPLE 19
0 _
l ,H
O ll\l N
H OH
20
Part A:
25 To a solution of 75.0g (0.226 mol) of

N-benzyloxycarbonyl-L-phenylalanine chloromethyl ketone
in a mixture of 807 mL of methanol and 807 mL of
tetrahydrofuran at -2°C, was added 13.17g (0.348 mol,
1.54 equiv.) of solid sodium borchydride over one hundred
30 minutes. The solvents were removed under reduced
pressure at 40°C and the residue dissolved in ethyl



(t, 1H, 7.1 Hz), 3.69 and 3.82 (AB-System 4H, JAB= 13.7 Hz), 7.25 (m 15.
H and 9.72 (s, 1H);..HRMS Calcd for—(Mr1l) (Jerr]H err] NO 330.450Q, found:
330.1836. Anal. Calcd. for err]Herr]O\N: C, 83.86; H 7.04; N, 4.25.
Found: C, 83.64; H 25 7.42; N, 4.19. HPLC on chiral stationary

phase: (S, S) Pirkle-Welk-O1 colum (250 x 4.6 mm1.D.), nobile phase:
hexane/ i sopiapsgbss( 99.5: 0.5, v/v), flowrate: 1.5 m/m n, pdensedo268s Wt h
WV detector at 210nm Retention tinme of the desired S-isomer: 8.75 mn.
retention tinme 30 of the Renantionmer 1052 mn. METHOD 2: A solution of
oxalyl chloride (8.4 m, 0.096 nol) in dichloronethane (240 m ) was cool ed
to -74[err] C. A sodtsteoNapbrogf DMSO Th2. Bopthitidh Wak wakhed n

dichloronethane intain the
tenperature at é‘?’ ﬁ)lew?gd‘tdbfg %:Mt&sgg%&g%“ﬂa Fehlbfi g 96/ 28464
PCT/ US96/ 02685 ﬁ@%t}&tmdeseﬂé%tmqaé@%ﬁesaw rﬁh%ﬁpéumt sdium on of a
sol ution of SS-2=hivridehenyhotdhy] ) aficee] beymw:soaanpar&& 074 mol) in

}gg[gr?‘(:)dl l ﬁ%%laﬁ%eaégggéé;%'ﬁfé afgggm err]seﬁgg%o%é"%ﬁ [%“g dUnder a
ni trogen at rmspﬁémler FeOUcR{| BReFRUNS 1. Zonthe@%tmg)ow@svvﬂﬁadd&dded over
10 mn. (tenp. -Hékdre -(@@bebk] QLURRM WheChixti®re warmed to 60°C with

swirling. After cooling to room temperature, the solids

were collected and washed with 2L of hexane. The

10 resulting solid was recrystallized from hot ethyl acetate

and hexane to afford 32.3g (43% yield) of

N-benzyloxycarbonyl-3(S) -amino-1l-chloro~4-phenyl-2(S) -

butanol, mp 150-151°C and M+Li+ = 340.

15 Part B:-

To a solution of 6.52g (0.116 mol, 1.2 equiv.) of
potassium hydroxide in 968 mL of absolute ethanol at room
temperature, was added 32.3g {(0.097 mol) of N-CBZ-3(S8)-
amino-l1-chloro-4-phenvl-2(S}-butanol. After stirring for

20 fifteen minutes, the solvent was removed under reduced
pressure and the solids dissolved in methylene chloride.
After washing with water, drying over magnesium sulfate,
filtering and stripping, one obtains 27.9g of a white
solid. Recrystallization from hot ethyl acetate and

25 hexane afforded 22.3g (77% vield) of N-benzyloxycarbonyl-
3(8)~amino-1, 2 (S) -~epoxy-4-phenylbutane, mp 102-103°C and

MH+ 298.
Part C:
30 A solution of N-benzyloxycarbonyl 3(S)-amino-1,2-

{S) ~epoxy-4-phenylbutane {1.00g, 3.36 mmol) and

isobutylamine (4.90g, 67.2 mmol, 20 equiv.) in 10 mL of

isopropyl alcohol was heated to reflux for 1.5 hours.

The solution was cooled to room temperature, concentrated
35 in vacuo and then poured into 100 mL of stirring hexane

whereupon the product crystallized from solution. The

product was isolated by filtration and air dried to give



ammoni um salt precipitated. The cold m xture was stirred for 30 mn. and

t hep—water (225 m) -was—added~ The 10-—di-chloromsthane | ayer-was—separated
fromthe aqueous phase and washed with water, brine, dried over magnesi um
sulfate, filtered and concentrated. The resi due was diluted with et hyl
acetate and hexane and then filtered to further renove the amoni um salt.
The filtrat guogisdéa concentrated to give as-|[bi s(phenyl netroaivysase26es
benzenepr opanal dehyde. The al dehyde was carried on to the next step w thout
purification. METHOD 3: 20 : To a m xypre of 1.0 g(3.0 mmol es) of
[err]S-2- [bis(phenyl nethyl)am no] benzenepropanol 0.531 g(4.53 mol es) of
N- net hyl nor phol ilnd8g2. 23% goHN-nidI3d Sk Fphesy Enarfd &p r banio¥l Yamiinoef (R) -
acetonitrile was Qy5 -ﬁ@hﬁJ&ﬁHi I@§é ﬁgt%¥1 &gﬁggpﬁ&@gﬁpnlum

per rut henat e( TPAP 5° The g g irre ? nutes at room
t enperature and ﬁ@éﬁF?9¥ed“h ce¢ pMESST 8. = B r esi due was
suspended in 15 nL of ethyl acetate, filtered through a pad of silica gel.

The filtrate was concentrated under rquﬁﬁgﬂﬁigﬁsure to give a product 30
cont-ai ni ng approxi mately 50% of aS-2- [Dis(phenyl net hyl)am no] benzene
propanal dehyde as a pale yellow oil. METHOD 4: 35 To a sol ution of
1.0 g (3.02 nmmoles) of [err]S-2- [bis(phenyl | ) am no] benzenepropanol in
9.0 nL of toluene was added 4.69 ng(0.03 mmol of 2,2,6,6-
X Lk
O NJLO
Y, &
Preparation of N-[(1,1-di lethoxyl)car 11-N-f2~
10 methvlpropyl]-3S-[Ni-({phenvimetho bonvl inol-2&-
-4-ph but ine

To a solution of 7.51g (20.3 mmol) of N-[3S-
[ (phenylmethoxycarbonyl)amino] -2R-hydroxy-4-phenylbutyl] -
15 2-methylpropylamine in 67 mL of anhydrous tetrahydrofuran
was added 2.25g (22.3 mmol) of triethylamine. After
cooling to 0°C, 4.4g (20.3 mmol) of di-tert-
butyldicarbonate was added and stirring continued at room
temperature for 21 hours. The volatiles were removed in
20 wvacuo, ethyl acetate added, then washed with 5% citric
acid, saturated sodium bicarbonate, brine, dried over
magnesium sulfate, filtered and concentrated to affcrd
9.6g of crude product. Chromatography on silica gel
using 30% ethyl acetate/hexane afforded 8.2g of pure N-
25 [ [358- (phenylmethylcarbamoyl)}aminc]-2R-hydroxy-4-phenyl] -
1-[(2-methylpropyl)amino-2-(1,1-
dimethylethoxyl)carbonyl]butane, mass spectum m/e = 477
(M+Li) .



WD 96/ 28464 PCT/ US96/ 02685 55
tetramet hyl - 1- pi peridinyloxy, free—radical (TEMRO . 0.32g(3.11.nmmles) of
sodi um brom de, 9.0 nL of ethyl acetate and 1.5 nL of water. The m xture
was cooled to O [err]C and an aqueous solution of 2.87 nL of 5% household 5
bl each containing 0.735 g(8.75 mmol es) of sodi um bi carbonate and 8.53 nL of
wat er was ag@psksi@WM y over 25 minutes. The mixture was stipcrasosu2esd [err] C
for 60 m nutes. Two nore additions (1.44 nL each) of bleach was added
followed by stirring for 10 minutes. The typ phase 10 m xture was al | owed
to separate. The aqueous | ayer was extracted twice with 20 nL of ethyl
acetate. The conbined organic |ayer wagxagghpdzwith 4.0 nL of a sol ution
containing 25 ng of potassiumiodide and water(4.0 nL), 20 nmL of 10%
aqueous sodiumthiosul fate 15 solution and then,brine solution. The organic
solution was dried over magnesium sul fate, fi
reduced pressure to give 1.34g of crude oi
t he desired product al dehyde, aS-[hj |y am no] 20

benzenepr opanal dehyde. NMETHOD X FE}I angg rocedures as descri bed

s(ghen [
oyl ng
in Method 1 of this Exanpl eBexcefjt 30 e ?:i\\ r
_ o]
I 7

~

#d and concentrat ed under
ning a small anmount of

5 - -N- - -3
Part A: ]
10 . To a solution of NfCBZ—L-tert—leucine (450 mg, 1.7

mmol) and N-hydroxybenzotriazole (260 mg, 1.7 mmol) in
DMF (10 mL) was added EDC (307 mg, 1.6 mmol). The
solution was stirred for 60 minutes at room temperature
and then 2R-hydroxy-3-[N-(3-methylbutyl)}~N-

15 (phenylsulfonyl)amino] -1S- (phenylmethyl)propylamine (585
mg, 1.5 mmol) in DMF (2 mL) was added. The reaction was
stirred for 16 hours at room temperature, then poured
into a 50% saturated solution of sodium bicarbonate (200
mL). The agueocus mixture was extracted thrice with ethyl

20 acetate {50 mL). The combined ethyl acetate layers were
washed with water (50 mL) and saturated NaCl solution (50
mL), then dried over magnesium sulfate. Filtration and
concentration produced an oil which was chromatographed
on silica gel (50 gm) eluting with 20% ethyl acetate in

25 hexane. The phenylmethyl [1S5-][[[2R-hydroxy-3-[(3-
methylbutyl} (phenylsulfonyl)amino]-15-
{phenylmethyl)propyl)amino] carbonyl}-2,2-
dimethylpropyl]carbamate was obtained as a solid Anal.
Calcd for C3asH4g7N30gS: C, 65.91; H, 7.43; N, 6.59. Found:

30 C, 65.42; H, 7.24; N, 6.55.



25 trioxide pyridine conplex was used and as-
[ bs{tphenylet hyl ) anmi-redbenrzenepr opa ; =50l at ed ln—coRparable .
yi el ds. EXAMPLE 3 30 [err] Preparation of N N-dibenzyl-3(S

-am no-1, 2-(S) - epoxy-4- phenyl but ane WD 96/ 28464

PCT/ US96/ 02685 56 METHOD 1: A sol ution of

as- [ Bi s( phenybogigisd ) am no] benzene- propanal dehyde (191. 7 gecrussgorsss) and
chl or oi.odonet hane (56.4 nL, 0.77 nol) in tetrahydrofuran (1.8 L) was cool ed
5to -30to -35[err]C (colder tenperature sgch as -70[err] C al so wor ked

wel | but warmer tenperatures are nore readily achieved in |arge scale
operations) in a pdmi B:ess steel reactor under a nitrogen atnnsphere A

solution of n- butyl | )

then added at -a rate tﬁ]tsgﬂr"fg}ér’l al né’g{&x(l%egrr’%%rg%gr[%gla %gr\r/t? Af ter
additi on the m xtRadviRytyl) fphepydsulfonyd) -amima)f18-f or 10 ni nutes. More
addi‘ti ons of reaganﬁmmﬁéehpzwﬁrdyimquhlhﬁléi&b&ﬁyﬂyxm pg manner: (1)

R ) SR b Sy DRSPSt

l'ithRium (110 L) er addi ure
(15 mL) was hy

ogenated over 10% palladium on carbon for
2 hours. The reaction was filtered through diatomaceous

earth and concentrated to an oil.

10 Part C:

The resulting free amine from part B (150 mg, 0.3
mmol) was combined with diisopropylethylamine (114 ulL,
0.33 mmol) in dichloromethane (5 mL). To this was added
bromoacetyl chloride (27 uL, 0.33 mmol) dropwise. The

15 reaction was stirred for 30 minutes at room temperature,
then diluted with dichloromethane (30 mL) and extracted
with 1 N HCl, water, and then saturated NaCl solution (25
mL each). The organic solution was dried over MgSO4 and
concentrated to a solid. The 2S-{[bromoacetyl]amino}-N-

20 [2R-hydroxy-3-{ (3-methylbutyl) (phenylsulfonyl)amino] -1S-
(phenylmethyl)propyl]l -3, 3-dimethylbutaneamide was
sufficiently pure for use in the next step. This
material can also be prepared by substituing bromoacetic
anhydride for bromoacetyl chloride, or one can use

25 chloroacetyl chloride or chloracetic anhydride.

EXAMPLE 22

30



was stirred at -30 to -35[err]C for 10 m nutes. Thi s was repeat ed once.
(2) Additional chloraoiodonethane (8.5 ni, 0.11 mol) was added, followed by
n-butyl lithium (55 nL, 0.088 nol) at <-25[err]C. After addition the

m xture was 20 stirred at -30 to -35[err]C for 10 mnutes. This was
repeated 5 tines. (3) Additional chloroiodonmethane (8.5 niL, 0.11 nol) was
added, foll oxgdemae- butyl lithium (37 L, 0.059 nol) at <-p&iresoshiess After
addition the mxture was stirred at -30 to -35[err]C for 10 m nutes. This
was 25 repeated once. The external cooling was stopped and the m xture
warmed to anbient tenp. over 4 to 16 hoursgghen TLC (silica gel, 20% ethyl
acet at e/ hexane) |nd|cated t hat the reaction was conpleted The reactlon

m xture was cool egré i : :

chloride solution _
1220 nL of water) - C e was
stirred for 10 m R-SRAQUYLINES R e-AgLGLRENLANAMICRer e separated
The aqueous phase was extract ed with ethyI 35 acetate (2x 500 nmL). The
et hyl acetate S s conbined with the tetrahydrofuran |ayer. The

conbi ned sol ut s “tried over magnesi um sul f at e WO 96/ 28464

PCT/ US96/ 02685 57 (220%9 ,a fsolueien ah®R-diydenky adedl omeshydpbroyy Bl ador at or

methoxyphenylsulfonyl)amino] ~1S- {(phenylmethyl}

propylamine (1.70 g, 4.18 mmol) in 40 mL of

dichloromethane was added N-carbobenzyloxy-L-isoleucine-
10 N-hydroxysuccinamide ester (1.51 g, 4.18 mmol) and the

solution stirred under nitrogen atmosphere for 16 hours.
The contents were concentrated in vacuo and the residue
was redissolved in ethyl acetate. The ethyl acetate
solution was washed with an agueous solution of 5% KHSO4,

15 saturated sodium bicarbonate, and saturated sodium
chloride, dried over magnesium sulfate, filtered, and
concentrated to yield 2.47g of crude product. The
product was purified by silica gel chromatography using 1
2:1 hexane:ethyl acetate eluant to yield 2.3 g. {84%

20 vyield) of 2S-[{carbobenzyloxy)amino]-N-[2R-hydroxy-3-{(3-
methylpropyl) {(4-methoxyphenylsul fonyl)amino]-~1S-~
(phenylmethyl)propyl] -3S-methylpentanamide.

Part B:

25 (1.18 g, 1.8 mmol) of the product from Part A was
dissolved in 50 mL of methanol, and to this was added 250
mg of 10% Palladium on Carbon while under a stream of
nitrogen. The suspension was hydrogenated using 50 psig
of hydrogen for 20 hours. The contents were purged with

30 nitrogen and filtered through celite, and concentrated in
vacuo to yield 935 mg of 25-(amino)-N-[2R-hydroxy-3-[(3-
methylpropyl) (4-methoxyphenylsulfonyl) amino)-1S-
(phenylmethyl)propyll -3S-methylpentanamide, which was
used without further purification.

35



at 65[err]C. The brown oil resi due was dried at 70[err]C in vacuo (0.8 bar)

forl1 h to give 2228 g of crude material(Ihe crude product ueight was
>100% Due to the relative 5 instability of the product on silica gel, the

crude product is usually used directly in the next step w thout
purification). The diastereoneric ratio of the crude m xture was determ ned
by proton NMgodsBsess (2R): 86: 14. The mi nor and nej or epoxi deCENSS4/RESSOTEr S
were 10 characterized in this_nixture by tlc analysis (silica gel, 10%

et hyl acetate/ hexane), Rf 0.29 & 0. 32, éfectively. An anal yti-cal

sanpl e of each of the di astereorrers was obtarned by purification on
silica-gel chroma taphy (3% ethyl acetate/hexane) and 15 characterized
as follows: N,N, as- rlsgphen yl met hyl ) - 2S- oxi ranenet hanam ne [err] H NVR (400
Mz, CDCl[err]) [err] 294B33r@ A %“{"R@Q@t@?ﬁ apyinep from Raxy B-wasg))

2.76 and 2.77 ( ABadpsbived lih 1H ey bf=dflokile aAdB8o(thifhas AdIRa& (8903

(AB-System 1H, J 1 , 5 YA S 4H,
Jerr] = 14.00 211(95]‘%’ °% = “‘%@‘Xﬁ?@?ﬁg’& ﬁ’/ﬁz&f%‘iéﬁ] 6 Pf?gn?

139. 55, 129. 45; 12884211101280&4; lmaggthzearﬂwrlﬂzs o7h e@ceaﬂ:m% 54. 23,
52.13, 45.99, 33. féxthRyovdal i fred Gfx&éf]ﬁtﬁ:rdg]eHOaﬁ%éﬂh&M #e73 found

243,2005 NN 25 R abenelLgR Nl 26 SALiar S DUEIOR Do R N
(m 1H), 3.14 (m ateratg. g5THeARthg}sacatagy)solntien(was 1Vﬁ§hq$mtbn5@h| ral
stati onary phase: o2l bkl 53 Vqidous kuSOh Irngatuie@ed HaBc®d) lan@ katurated
10 NaCl solution, dried over MgS0O4, filtered and
concentrated to yield 613 mg, (68% yield) of 2S-
[ (chloroacetyl)amino] ~-N- [2R-hydroxy-~-3- [ (3-methylpropvl)
(4-methoxyphenylsulfonyl)amino] -1S- (phenylmethyl)propyl] -
3S-methylpentanamide, after purification by silica gel
15 chromatography using 1l:1 hexane:ethyl acetate.

EXAMPLE 23

20 r tion of 2R- -3- 2,3-di fe) n-G~

Part A: Preparation of 5-(2,3-dihydrobenzofuranyl)
25 sulfonyl chloride

To a solution of 3.35g of anhydrous N,N-dimethylformamide
at 0°C under nitrogen was added 6.18 g of sulfuryl
chloride, whereupon a solid formed. After stirring for

30 15 minutes, 4.69 g of 2,3-dihydrobenzofuran was added,
and the mixture heated at 100°C for 2 hours. The



nobi | e phase: hexane/isopropanol (99.5:0.5, v/v), flow 35 rate: 1.5
m/mn, detection w thAM-detector-at—210nm Retention tine of(8).: 9.38
mn., retention tinme of enantioner of (4): 13.75 mn. WO 96/ 28464

PCT/ US96/ 02685 58 METHOD 2: A solution of the crude al dehyde 0.074 nol and
chl or oi odonet hane (7.0 m, 0.096 nol) in tetrahydrofuran 5 (285 m) was
cool ed to - ARb@Esdsés under a nitrogen atnosphere. A 1.6 M SpTUSYeD2688
n-butyl lithiumin hexane (25 m, 0.040 nol) was then added at a rate to
mai ntain the tenperature at -75[err] C (addiggion tine - 15 mn.). After the
first addition, additional 10 chloroi odonethane (1.6 m, 0.022 nol) was -
added agai n, fol|oewextion wabutydldd,t pouted2intd ,ide @a¢enpl extikeapdng t he

tenperature at -7 I ] €5 WA kT - m of the
reagents, chlor oi‘g%j%{rrete%gxgg‘%ﬁ%féﬁl,%eo. gfgé‘?m‘%@a&%bﬁé %ﬁ%:ﬂg%lﬁﬁﬁr&um (5 m,
0.008 nol) were 15-1t85&edandnepReqntRasegy khe oryde, maferiaki orfig washe
cool i ng bath was tdémystentdyeddafuwbn Rthytl HEetaxavaiorad tbed 22[ 43 1d cfoger 1.5

SOl utton The t e pahreRrbBbRr il bu B P Bl oflae S IO T hase 20°
was extracted wth ethyl acetate (1 x 300 m). The
' Part B: Preparation of Carbamic acid, 2R-hydroxy-3-

[[(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl-, phenylmethyl ester

10
To a solution of 1.11 g (3.0 mmol) of N-[3S-benzyloxy
carbonylamino-2R~hydroxy-4-phenyl] -N-isobutylamine in
20mL of anhydrous methylene chloride, was added 1.3mL
(0.94 g, 9.3 mmol) of triethylamine. The solution was

15 cooled to 0°C and 0.66 g of 5-(2,3-dihydrobenzofuranyl)
sulfonyl chloride was added, stirred for 15 minutes at
0°C, then for 2 hour at room temperature. Ethyl acetate
was added, washed with 5% citric acid, saturated sodium
bicarbonate, brine, dried and concentrated to yield 1.62

20 g of crude material. This was recrystallized from
diethyl ether-to afford 1.17 g of pure carbamic acid,
[2R-hydroxy-3-[[(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-
methylpropyl)amino] -1S- (phenylmethyl)propyl-,
phenylmethyl ester.

25
Part C: Preparation of [2R-hydroxy-3-[[(2,3-dihydro
benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
{(phenylmethyl)propylamine

30 A solution of 2.86 g of carbamic acid, [2R-hydroxy-3-
[[(2,3~-dihydrobenzofuran-5-yl)sulfonyl) (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl-, phenylmethyl ester in 30
mL of tetrahydrofuran was hydrogenated 0.%9%g of 10%
palladium-on-carbon under 50 psig of hydrogen for 16

35 hours. The catalyst was removed by filtration and the
filtrate concentrated to afford 1.99 g of the desired



combi ned organic layers were washed with brlne dried over magnesium
sulfate filtered and concentrated t 57, pil (27.4.9)—The
product could be used in the next step wi t hout purification. The desired

di astereomer 25 can be purified by recrystallization at a subsequent step.
The product could al so be purified by chromatography. METHOD 3: 30 A
sol ution of,gagﬁh§‘§(phenylnethyl)an1no]benzene- propanal depgrresssbzads84 g,
0.54 nol) and bronochl oronet hane (46 nL, 0.71 nol) in tetrahydrofuran (1.8
L) was cooled to -30 to -35[err]C (col der tggnperature such as -70[err]C

al so worked well but warner tenperatures 35 are nore readily achieved in

| arge scal e oper af 2R )drdkya 3S{ i D] B HidRBbeh 20£E:0n 531 salnmyn]g(m

oeznaba < O ibtiRfaufton1 ihtho] 1S HRe D ASERPR bR NGS5 0 5

nol ) -was then added at a rate that maintained the tenperature below
-25[err]C. After addition the mxture wggARPLEr2d at -30 to -35[err]C for
10 m nut es. NQge additi ons of reagents were carried out in the foll ow ng
manner: (1) 5~ additional bronochl or t hane (14 nlL) was added, followed by
n-butyl lithium (102 nL) at < -25[e After addition the mxture was
stirred at -30 to -35[err]C for 10 es.

0
AN X
S

o N N7
) NH
©/\ H OH \©:N3 2
R-h -3- 2~

-6~ lfon 2-methylipr 1 inol-
10 - T ) - 1lm 1

Carbamic acid, 2R—hydroxy-3—[[(4-aminopheny1)sulfonyl](2?
methylpropyl)amino] -1S- (phenylmethyl)propyl-,
.phenylmethyl ester 0.30 g (0.571 mmol) was added to a

15 well mixed powder of anhydrous copper sulfate (1.20 g)
and potassium thiocyanate (1.50 g) followed by dry
methanol (6 mL) and the resulting black-brown suspension
was heated at reflux for 2 hrs. The reaction mixture was
filtered and the filtrate was diluted with water (5 mL)

20 and heated at reflux. Ethanol was added to the reaction
mixture, cooled and filtered. The filtrate upon
concentration afforded a residue which was
chromatographed (ethyl acetate:hexane 80:20) to afford

0.26 g (78%) of the desired compound as a solid.
25



This was repeated once. (2) Additional bronochl oronethane (7 ni, 0.11 nol)
was added, followed.10—by n-butyl_Lithium (51— 0.082 nDI)_aL____
<-25[err]C. After addition the m xture was stirred at -30 to -35[err]C for
10 minutes. This was repeated 5 tines. (3) Additional bronochl oronethane (7
m., 0.11 nol) was added, followed by n-butyl lithium (51 nL, 0.082 nol) at
<-25[err] C. wA$depieackd addition the mxture was stirred at - peTRUSIsGREEser r] C
for 10 m nutes. This was repeated once. The external cooling was stopped
and the m xture warnmed to anbi ent tenp. J 4 to 16 hours when TLC (silica
gel, 20% et hyl acetate/ hexane) |nd|cated t t he reaction was 20
conpleted. The reaction m xture was co [err] C and quenched with
1452 g of 16% ammoni um chl ori de solutigﬁgggégﬁéged by dissolving 232 g of
ammoni um chl oride in 1220 nL of water) eeping the tenperature bel ow
23[err]C. The mi xture was stirred for I nutes and the organic-25 and
aqueous | ayers were separated. The a\ effus phase was extracted with ethyl

acetate (2x 500 nL). The ethyl acetat er wag, qulned with the
tetrahydrofuran |ayer. The conblned sﬁlut

on maS\Qy ed over magnesium
sulfate (220 g), filtered ape y .

3Q0gevapor at or at
65[err] C. The brown oil res) v?puo (0.8 bar)
for 1 h to give 222.8 g of s Fol | owi ng
t he sane procedures as descrlbed in thhod 3 of anpl e except the
reaction tenperatures were

5 . ¥ . - _a_

Method 1:

- 10 Carbamic acid, 2R-hydroxy-3-[[(2-aminobenzothiazol-
6-yllsulfonyl] (2-methylpropyl)amino] -158- (phenylmethyl)
propyl-, phenylmethyl ester (0.25 g, 0.429 mmol) was
added to a solution of iscamylnitrite (0.116 mL, 0.858
mmol) in dioxane {5 mlL) and the mixture was heated at

15 85°C. After the cessation of evolution of nitrogen, the
reaction mixture was concentrated and the residue was
purified by chromatography (hexane:ethyl acetate 5:3) to
afford 0.130 g (53%) of the desired product as a solid.

20 Method 2:

Crude benzothiazole-6-sulfonyl chloride in ethyl
acetate (100 mL) was added to N-{[3S-benzyloxycarbonyl
amino-2R-hydroxy-4-~phenyl] -N-isobutylamine (1.03 g, 2.78
mmol) followed by N-methylmorpholine (4 mL). After

25 stirring at room temperature for 18 hr., the reaction
mixture was diluted with ethyl acetate {100 mL), washed
with citric acid (5%, 100 mL), sodium bicarbonate
(saturated, 100 mL) and brine (100 mL), dried (MgSO4) and
concentrated in vacuo. The residue was chromatographed

30 (silica gel, ethyl acetate: hexane 1:1) to afford 0.340 ¢
{23%) of desired product.



at -20[err]C. The resulting N, N aS-tris(phenyl nmethyl)-2S- WO 96/ 28464
PCILLISA6/ 02685 60_oxiranenethanam ne waswa-diast.ereoneri ¢ mxtiuLe-of—lesser
purity then that of Method 3. METHOD 5: 5 Fol | owi ng the sane
procedures as described in Method 3 of tthis Exanpl e except the reaction
tenperatures were at -70--78[err]C. The resulting

N, N, as-tri s( Wiessss@t hyl ) - 2S- oxi ranenet hanam ne was a dlasﬂﬁnEHH@W#ﬁﬁ

m xture, which was used directly in the subsequent steps w thout 10
purification. METHOD 6: Follow ng the sanme ggocedures as described in

Met hod 3 of this Exanple except a continuous addition of 15

br onochl or onet hane and n-butyl lithiumwas used at -30 to -35[err]C. After
the reaction and work up procedures as q§§jgjggggin Met hod 3 of this
Exanpl e, the desired N, N as-tris(phenyl nethy - oXi ranenet hanam ne was
I solated in conparable yields and purities. 20 METHOD 7: Foll ow ng the sane
procedures as described in Method 2 I s Exanpl e except di brononet hane

[ ter the reaction and work up

1 “S”o |
0~ N N’ N,
©/\ B om | \©: s»- NH;

10 = i -18- -

The carbamic acid, 2R-hydroxy-3-[(3-aminophenylsulfonyl)
(2-methylpropyl)aminol] -1S- (phenylmethyl)propyl-,

15 phenylmethyl ester 0.36 g (0.685 mmol) was added to a
well mixed powder of anhydrous copper sulfate (1.44 g)
and potassium thiocyanate (1.80 g) followed by dry
methanol (10 mL) and the rsulting black-~brown suspension
was heated at reflux for 2 hrs. The reaction mixture was

20 filtered and the filtrate was diluted with water (5 mL)
and heated at reflux. Ethanol was added to the reaction
mixture, cooled and filtered. The filtrate upon
concentration afforded a rseidue which was
‘chromatographed (ethyl acetate:hexane 1:1) to afford 0.18



25 procedures as described in Method 2 of this Exanple, the desired N, N,
as-tris(phenyl net hyl)-2S- oxi rane-nethanam ne mas i sol at ed. _EXAVMPLE 4 30
[err] Preparation of N-[3 (S) -[N; N-bis(phenyl nethyl)am nol-2(R)-

hydr oxy- 4- phenyl but yl ] - N-i sobut yl ani ne WO 96/ 28464

PCT/ US96/ 02685 61 To a sol ution of crude N, N-di benzyl-3(S)-am no-

1, 2(S) - epoxwwdofippagw | butane (388.5 g, 1.13 nol) in isopropacriuse&o2sss ) (or
et hyl acetate) was added 5 isobutylamne (1.7 kgm 23.1 nol) over 2 mn.
The tenperature increased from25[err]C anggto 30[err]C. The sol ution was
heated to 82[err]C and stirred at this tenperature for 1.5 hours. The warm
sol ution was concgnt45#iedfunHer 7+isbiead agr assold.at Fargher | &l uthlom bfown 10

oi | residue was tg@%%oelq&ggggﬁgfgfﬁyf 28K 2 200 AL 3.9) VAP G 3 .58 HO)

for 16 h to give 2&%() ] .
bi s( phenyl nmet hyl )& 4f%14 a5herged ikt -TRsgrersan £igdddei | . 15 - An

anal ytical sanple of the desired major diastereoneric product was obtai ned

by purifying g snall sanple of crude prﬁgﬁﬁaﬁgézgilica gel chromat ography
(40%

10

Part A: N-benzyloxycarbonyl-3{S)-amino-l-chloro-4-
phenyl-2(S)-butanol
To a solution of N-benzyloxycarbonyl-L-phenylalanine -

15 chloromethyl ketone (75 g, 0.2 mol) in a mixture of 800
mL of methanol and 800 mL of tetrahydrofuran was added
sodium borohydride (13.17 g, 0.348 mol, 1.54 equiv.) over
100 min. The solution was stirred at room temperature

for 2 hours and then concentrated in vacuo. The residue

20 was dissolved in 1000 mL of ethyl acetate and washed with
N KHSO,, saturated agueous NaHCO,, saturated aqueous

NaCl, dried over anhydrous MgSO,, filtered and

concentrated in vacuo to give an oil. The crude product

was dissolved in 1000 mL of hexanes at 60°C and allowed
25 to cool to room temperature where upon crystals formed

that were isolated by filtration and washed with copious

amounts of hexanes. This solid was then recrystallized

from hot ethyl acetate and hexanes to provide 32.3 g 43%

of N-benzyloxycarbonyl-3{(S)-amino-l-chloro-4-phenyl-2(S}-
30 butanol, mp 150-151°C, FAB MS: MLi* = 340.



ethyl acetate/ hexane). Tlc analysis: silica gel, 40% ethyl acetate/ hexane;
Rf—=-0.-28; HPLC analysis.—20 ultrasphere QDS coluim,.. 25%
triethyl am no-/ phosphate buffer pH 3-acetonitrile, flowrate 1 nL/mn, W
detector; retention tinme 7.49 mn.; HRVMS Calcd for CJerr]JHerr]Nerr]O (M +
1) 417.616, found 417.2887. An analytical sanple of the m nor

di ast ereonerwo osghgsict, 3S- [N N 25 PCT/US96/02685

bi s(phenyl net hyl ) am no] 1- ( 2- net hyl propyl ) am no- 4- phenyl but an- 2S- ol was

al so obtained by purifying a small sanpl e gf7 crude product by silica gel

chr omat ogr aphy (40% et hyl acet at e/ hexane). WO 96/ 28464

PCT/ US96/ 02685 62 PEXAMPLE X g)el[N]- (beniy bparairbony bf amdfc3(-3), 2[( ) Nebosy -
(phenyl et hyl ) am go hg%;Q-uégﬁg{oxy-4-phenylbutyI]-N—isobutyIanine.oxalic
acid salt To a solutio ,o? oxalic acid (8.08g, 89.72 mmol) in _methanol (76
nL) was ‘added a s& 8PYOFLAF of pesaspiym hydyoxide (6.52 g. 0.116 mol, 1.2

bi s(phenyl net hyl ) agupe] r 1id 270embybpr Sipsdhits @@hdnoD ety Idr¢hted2¢Rh Q¥-

{39.68g, whichzco ' agg 14 6 _ _3( GR) ;ksoner and
about 4.49qg (1 .7%%? 0 l%’(’é?%? fi%%:%& |%18?%i/” ??ceg%étg(%go nm.) over
15 minutes. The nPRE@aR@l wWe2 -3t Orr B80T MRom t Ehpsr selitelons wapoplaperd 2
hours. Solid wasatspbéh atbrperbtkeafdPMs minutes and then concentrated

in vacuo to give a white solid. The solid was dissovled

in dichloromethane and washed with water, dried over

10 anhyd MgS0,, filetered and concentrated in vacuo to give
a white solid. The solid was crystallized from hexanes
and ethyl acetate to give 22.3 g, 77% of 3(S)-IN-
{(benzyloxycarbonyl) amino]-1,2(S)-epoxy-4-phenylbutane,
mp 102-103°C, FAB MS: MH' = 298.

15
Part C: N-[3(S)-benzyloxycarbonylamino-2(R)-hydroxy-4-
phenyl]N-isobutylamine
A solution of N-benzylcarbonyl-3(S)-amino-1l,2-(S)-epoxy-
4-phenyl butane (S0.0 g, 0.168 mol) and isobutylamine

20 (246 g, 3.24 mol, 20 equivalents) in 650 mL of isopropyl
alcohol was heated to refliux for 1.25 hours. The
solution was cooled to room temperature, concentrated in
vacuo and then poured into 1 L of stirring hexane
whereupon the product crystallized from solution. The

25 product was isolated by filtration and air dried to give
57.56 g, 92% of N([3(S)-benzyloxycarbonylamino-2(R)-
hydroxy-4-phenyl] -N-isobutylamine, mp 108.0-109.5°C, MH+

m/z=371.
30 . EXAMPLE 28
0
\ Y4
>
(o)

35



washed with ethyl acetate (2 x 20 nL) and dried in vacuo for about 1 hour
to yield 21.86g (70 1%-Jisoner recovery) of 97%.diastereonerically. pure salt
(based on HPLC peak areas). HPLC anal ysis: Vydec-peptide/protein Cl8 20
colum, UV detector 254 nm flowrate 2 nL/mn., gradient (A = 0.05%
trifluoroacetic acid in water, B = 0.05% trifluoroacetic acid in
acetonitril uoék8héd- 75% A/ 25% B, 30 min. 10% A/ 90% B, 35 mcwusisaess/ 90% B,
37 min. .75% A/ 25% B}; Retention tine 10.68 mn. (3(S),2(R) isonmer) 25 and
9.73 min. {3(S),2(S) isoner). M = 174.99[ggr] C, M.croanal ysis: Calc.: C
71.05% H 7.50% N 5.53% Found: C 71.71% H 7.75% N 5.39% Alternatively,
oxalic acid di hydterheda(119g, 0.94 30 nole) was added to a 5000 nL round

bottomflask fitted m%haasgfgﬁaéu (&&I 4s_5gr5e6f a&g@f%ggg?l&g_g funnel . WO

06/ 28464 , . , 685 63 Met hanol
(1000 m) was addd@eshylfpamamideuas 87G nd@ruRt FYOgR™ GIsuRRERIWAB 4Dl et e.

A sol uti OE of gr wie s3 Bhry N dhirddehewibr@ign JaagoDod - flodmedret Ayt et opyl )
B cohol | somePe fELg By 0Tt i ik eRa chits o BT, Fipeiodichitd BEE 04
The mi xture was f@Gdededandrths Migtuseaneaterd atol0Q Grisguet haussi sdthet ed by
centrifugation i RrealckiBAWa®Nodledd0Bbur&@cihtROLERORaES, extracted

with methylene chloride, dried over magnesium sulfate,

filtered and concentrated to give 7.32 g of crude

10 material as a black oil. This was chromatographed on
silica gel using 20% methylene chloride/hexane to afford
1.9 g of (1,3-benzodioxol-5-yl)sulfonyl chloride.

Method 2:

15 To a 22 liter round bottom flask fitted with a
mechanical stirrer, a cooling condenser, a heating mantle
and a pressure equalizing dropping funnel was added
sulfur trioxide DMF complex (2778g, 18.1 moles).
Dichloroethane (4 liters) was then added and stirring

20 initiated. 1,3-Benzodioxole (1905g, 15.6 moles) as then
added through the dropping funnel over a five minute
period. The temperature was then raised to 75°C and held
for 22 hours (NMR indicated that the reaction wes done
after 9 hours.) The reaction was cooled to 26° and

25 oxalyl chloride (2290g, 18.1 moles) was added at a rate
so as to maintain the temperature below 40°C (1.5 hours).
The mixture was heated to 67°C for 5 hours followed by
cooling to 16°C with an ice bath. The reaction was
quenched with water (5 1) at a rate which kept the

30 temperature below 20°C. After the addition of water was
complete, the mixture was stirred for 10 minutes. The
layers were separated and the organic layer was washed
again twice with water (51). The organic layer was dried
with magnesium sulfate (500g) and filtered to remove the

35 drying agent. The solvent was removed under vacuum at
50°C. The resulting warm liguid was allowed to cool at
which time a solid began to form. After one hour, the



washed with 125 nL of ethyl acetate. The salt was then 10 collected and
dried-overni ght at—l torto-yield 336.3«g—of—product (71% based-upontotal
am no al cohol). HPLC M5 (electrospray) was consistent with the desired
product (mlz 417 [M+H +). 15 Al ternatively, crude

3(S)-[ N, N-bi s(phenyl net hyl )

am no] - 1- ( 2-wolskyydapd opyl ) am no- 4- phenyl but an- 2(R)-ol (5 g) hEU6H2E5ved in
met hyl -tert-butylether (MIBE) (10 nL) and oxalic acid (1 g) in methanol (4
m.) was added. The mi xture was stirred for ggbout 2 hours. The resulting 20
solid was filtered, washed with cold MIBE and dried to yield 2.1 g of white
solid of about 98dRidliwast wasbedwitd hexpoee ({0 ged ,ofiikPedemid dirdes) .
EXAVPLE 6 25 Prepgg ngoqad@f th%[ééﬁred Nule8hel r:&;%éllﬁet fwbmry Nerl (R) -

h 4- ph I N- I f
C¥Sggxg(s)p[§ny g%%% ﬁgﬁlSyﬁ§|%5é§25y%a%ggtééa e resuatlng sé%iéﬂn on o

am nej - 1- ( 2- met hywashel Wiahi 400 Mphmqahhutanpﬁé\ﬁ)de @ddinional sulfonyl

met hyl -tert- by ty'd&pfebezgldévwglgHF’ t%:ﬁ 9 SILIE ICInBhg! POSTYS lkaas

added acetic aci ure was stirred for about 1

hour at room t enp&%R dr-d PFRECLHXAIR) -was renoved in vacuo to yield a brown
oil 35 about 85@6d|astereoner|cally pure product (based on HPLC peak
areas). The bro idog@s crystallized as follows: 0.2 g of the oil was

di ssolved in the f1rst Solvent with
4-benzodioxan-6-sulfonyl chloride was prepared

10 according to the procedure disclosed in EP 583960,
incorporated herein by reference.

EXAMPLE 29
0P
Ph N N’S©:°>
Ph on 0
15
P ion of 1-fN- - ioxol-5- -N-
thvlpropvl) ami -3(8)-Ibi = minol-4-
1- ~bu 1
20
Method 1:

To a 5000 mL, 3-necked flask fitted with a
mechanical stirrer was added N-[3(S)-[N,N-
_ bis(phenylmethyl)amino] -2 (R) ~hydroxy-4-phenylbutyl] -N-
25 isobutylamineeoxalic acid salt (354.7 g, 0.7 mole} and
1,4-dioxane (2000 mL). A solution of potassium carbonate
(241.9 g, 1.75 moles) in water (250 mL) was then added.
The resultant heterogeneous mixture was stirred for 2
. hours at room temperature followed by the addition of
30 1,3-benzodioxole-5-sulfonyl chloride (162.2 g, 0.735
mole) dissolved in 1,4-dioxane (250 mL) over 15 minutes.



WO 96/ 28464 PCT/ US96/ 02685 64 heat
to obtain a clear solution. the second sol vent_was added until_the solution
becanme cl oudy, the m xture was heated again to clarity, seeded w th about

99% di astereonerically pure product, cooled to room5 tenperature and then
stored in a refrigerator overnight. The crystals were filtered, washed with
the second swbvesshssand dried. The diastereoneric purity of RIRUSY268%| s was
calcul ated fromthe HPLC peak areas. The results are shown in Table 1. 10

TABLE 1 First Second - Sol vent " Regovery Diastereo- Solvent
Sol vent - Ratio Wi ght (9g) meric Purity (%9 MIBE Hent ane
1:10 0. 13 The reactSod MiBture wasHetapeed at robml@emperature Edr

00 i e ncngy g, e il Jboas

Hept ane 1:10 . : 1:10 .
0. 10 99. 7 MEXRGATCRE §0 Eheideantor- pRA N BIFge APREERYSA fors
am no] - 1- ( 2- met hyafisthad Nambae- 4- nt@raddé@h@niaﬁ& s EePadgredhimh contains

shou 50,009 (76 Se-aTBllRbadl ) A chsQRe UL 290, 5,00 A2, 2, Io1)
this solution wascmda@&hlfé ACSLRYSS. 1@0’81‘5 were WaShed with 25% brine
solution (500 mL) and dried over anhydrous magnesium
sulfate. After filtering and washing the magnesium
sulfate with ethyl acetate (200 mL), the solvent in the
10 filtrate was removed under reduced pressure yielding the
desired sulfonamide as an viscous yellow foamy oil
{440.2g 105% yield). HPLC/MS (electrospray) (m/z 601

[M+H]+].
15
ation of 1-{N-[(1,3-benzodioxol-5-vl)sulfonyl]-N-
20 - lpr inol - -amino-4-ph 1-2(R]} -
t smethanesulfonic acid 1t
Method 1:

Crude 1-[N-[(1,3-benzodioxol-5-yl)sulfonyl]-N-(2-

25 methylpropyl)amino]-3(S)-(bis(phenylmethyl)amino]-4-
phenyl-2(R) -butanol (6.2g, 0.010 moles) was dissolved in
methanol (40 mL). Methanesulfonic acid (0.969g, 0.010
moles) and water (5 mL) were then added to the solution.
The mixture was placed in a 500 mL Parr hydrogenation

30 bottle containing 20% Pd(OH)2 on carbon (255 mg, 50%
water content). The bottle was placed in the hydrogenator



20 nmL, 120.6 mmol) over a period of about 10 mn. The m xture was stirred

at —+eem-tenper at ur e Fer—about—i—-thour -and—-eencent+ated- under redvsed—m————m-o
pressure. The oily residue was purified by recrystallization from nmethyl -
tert-butylether (32 nL) and heptane (320 nL). Solid was 25 isolated by
filtration, washed with cold heptane and dried in vacuo for about 1 hour to

af ford 21. 34aveh dghsddp | soner recovery) of 96% di ast er eoner i c HATWSICP2S8S
nonoaceti c acid salt (based on HPLC peak areas). M = 105-106[err]C

M croanal ysis: Calc.: C 75.53% H 8.39% N 30 5.87% Found: C 75.05% H

8.75% N 5.71% WO 96/ 28464

PCT/ US96/ 02685 65 NPLE(%jf ar at i. e a5t ith
N-r3(S)- [N, N-bi s( FREnFHHET eﬁoT“ R‘S‘l rpgen an imes w

hydr oxy- 4- phenyl bivglrbgeni sdhe yeaskt hen wasiraldiowedatd doxeteedCagdasc

?n(e tS%] I[Nrgl- b: )Sg %hﬁgﬁ.ltﬁ'ekﬁ}’i’éﬂ'ﬂyaﬂo &n(gressure for lgm ?%%rscqntAgdﬁtlgg%t t

6. 725 ?16p>1/3 e 8?%?%)1% gﬁ% ‘E&‘?.%dlfé‘da g&tes. &‘9@9’(“?'8§§‘ fol ) of
3(9);2(9) |sorrér}modesstﬂmed:mmmeedafmraafdmamumﬂ [0) hotrst hi Ehe
sol ut i on'was addeg g 5ok ujd £t il ekehothibigh A cE2A0G Wb WBBhbl Bith

nmet hanol (5.0 nlL) ver a. perio abou e mxtyre wa i rred at
room t enper at ure P&F aﬁﬁﬁt(%i¥l%0 mLi5 aﬁRPYRﬁﬁﬂéﬁFF&t%ﬁFtﬁhﬁﬁd P%dﬁ%

pressure. Methyl - trethanol was removed under reduced pressure.

remaining methanol was removed by aziotropic distillation

10 with toluene at 80 torr. Toluene was added in 15, 10, 10
and 10 mL portions. The product crystallized from the
mixture and was filtered and washed twice with 10 mL
portions of toluene. The solid was dried at room
temperature at 1 torr for 6 hours to yield the amine salt

15 (4.5 g, 84%). HPLC/MS (electrospray) was consistent with
the desired product (m/z 421 [M+H]+).

Method 2:
Part A: N-[3(S)-I[N,N-bis(phenylmethyl)amino]-2(R)-
20 hydroxy-4-phenylbutyl]-N-isobutylamineeoxalic acid salt
(2800g, 5.53 moles) and THF (4L) were added to a 22L
round bottom flask fitted with a mechanical stirrer.
Potassium carbonate (1921g, 13.9 moles) was dissolved in
water (2.8L) and added to the THF slurry. The mixture was
25 then stirred for one hour. 1,3-benzodioxole~5-sulfonyl
chloride (1281g, 5.8 moles) was dissolved in THF (1.4L)
and added to the reaction mixture over 25 minutes. Aan
additional 200 mL of THF was used to rinse the addition
funnel. The reaction was allowed to stir for 14 hours
30 and then water (4 L) was added. This mixture was stirred
for 30 minutes and the layers allowed to separate. The
) layers was removed and the aqueous layer washed twice
. with THF (500 mL). The combined THF lavers were dried
with magnesium sulfate (500 g) for one hour. This
35 solution was then filtered to remove the drying agent and
used in subsequent reactions.



butyl ether (20.0 nL) was added to the oily residue and the m xture was
stirred at roomtenperature for about 1 hour._Salid was isolated by .
filtration to afford 7.50g of crude salt. The crude salt was purified by 20
recrystallization fromethyl acetate and heptane at roomtenperature to
yield 4.13g (45.2% i sonmer recovery) of 95%di astereonerically pure

L-tartaric %Jiwt (based on HPLC peak areas). M croanal ydtauseéinsss - C
67.76% H 7.41% 4.94% Found: C 70.06% H 7.47% N 5.07% 25 EXAWVPLE 8

Preparation of N-[3(S)-[N Nbis (phenylnetdyl)am no]-2(R)-
hydr oxy- 4- phenyl butyl ] - N-i sobut yl am ne. di hydrochl oric 30 acid salt Crude
3(S)-[ N, N-bi s(phenyl neaby| B: amtd@hel Th2-solution of crude 1-{N-{(1,3-

(15. 30 ol ) of SasoBrapst Jodl st basl Lt s ipl nhesTluns: Speut O 420
3(9), 2(S) i somer lbagdrherimarde L) amine I ArphesidrAAR | 20tanel) waFoadded

sol ution was addggrbyd{9eh|l) Eoatbred A Heth@nd 51 fic AchEr kgshef about
5 WD 96/ 28464 PCT/ US96/ 02685

66 min. The nPxtard FBE%Yir MR SPIVEHOR AR EFATERR $DATSHES: CI™ERRS and
concentrat ed undoixinduard gsidedstirea ThaaXlexi duboebave ecPperdinbnzed from
et hanol at Of errkechoyyt el{Zbog of 20% PA({OH)> on C/ 50% water) was added

to the autoclave with the aid of THF (500 mL). The

reactor was purged four times with nitrogen and four

10 times with hydrogen. The reactor was charged with 60
psig of hydrogen and stirring at 450 rpm started. After
16 hours, HPLC analysis indicated that a small amount of
the mono-benzyl intermediate was still present.
Additional catalyst (50g) was added and the reaction was

15 allowed to run overnight. The solution was then filtered
through celite (500g) to remove the catalyst and
concentrated under vacuum in five portions. To each
portion, toluene (500 mL} was added and removed under
vacuum to azeotropically removed residual water. The

20 resulting solid was divided into three portions and each
washed with methyl t-butyl ether (2 L) and filtered. The
residual solvent was removed at room temperature in a
vacuum oven at less than 1 torr to vield the 2714g of the
expected salt.

25 If desired, the product can be further purified by
the following procedure. A total of 500 mL of methanol
and 170g of material from above was heated to reflux
until it all dissolved. The solution was cooled, 200 mL
of isopropanol added and then 1000-1300 mL of hexane,

30 whereupon a white solid precipitated. After cooling to
0°C, this precipitate was collected and washed with
hexane to afford 123g of the desired material. Through
this procedure, the original material which was a 95:5
mixture of alcohol diastereomers was greater than 99:1 of

35 the desired diastereomer.



3.20g (42.7% isomer recovery) of 98% diastereonerically 5 pure

di hydreehter+c aci d—salt—basedon HRLC. peak areas) M croanalysis. _Calc.:

C 68.64% H 7.76% N 5.72% Found: C 68.79% H 8.07% N 5.55% EXAMPLE 9 10
Preparation of N-[3(S)- [N, N-bi s(phenyl net hyl)am no]-2(R)-

hydroxy- 4- phenyl butyl ] - N-i sobut yl am ne. t ol uenesul fonic acid salt 15

Crude 3(S)-[ Nwiboghgssphenyl met hyl ) am no] - 1-(2- PCT/US96/0268S

met hyl propyl } am no- 4- phenyl but an-2(R)-ol (5. 0g, which contains about 3.18g
(7.63 mol ) of 3(S),2(R) isonmer and about 0.56g (1.35 mml) of 3(S), 2(S)

i soner} was dissolved in nmethyl-tert-butylefBer (10.0 nL). To this 20
solution was added a solution of toluenesulfonic acid (2.28g, 12 mmol) in
nethyl -tert-butylether (2.0 nL) and met WRFAMELER34 nl) over a period of
about 5 mn. The m xture was stirred at roomtenperature for about 2 hours
and concentrated under reduced pr e. The residue was 25 recrystallized
from'net hyl -tert-butyl ether and h e at O[err]C, filtered, washed with
col d heptane and dried in vacuo to eld 1.85g (40.0% isomer recovery) of
97% di astereonerically pure nonotol uefesul f,08i coacid salt (based on HPLC
peak areas). 30 EXAMPLE 10 Preparatiof of N Y& (S

-[ N, N- bi s(phenyl met hyl ) am nol - 2( R)HN N~ 0
dnes iq;>

hydr oxy- 4- phenyl but yl ] - N-i sobut yl am ne.

Part A: Preparation of 2R-hydroxy-3-[[(1l,3-benzodioxol-
10 5-yl)sulfonyl] (2-methylpropyl)amino]-1S-(phenylmethyl)
propylcarbamic acid phenylmethyl ester

To a solution of 3.19 g(8.6 mmol} of N-[3S-benzyloxy
carbonylamino-2R-hydroxy-4-phenyl]-N-isobutylamine in

15 40mL of anhydrous methylene chloride, was added 0.87g of
triethylamine. The sclution was cooled to 0°C and 1.90g
of (1,3-benzodioxol-5-yl)sulfonyl chloride was added,
stirred for 15 minutes at 0°C, then for 17 hours at room
temperature. Ethyl acetate was added, washed with 5%

20 citric acid, saturated sodium bicarbonate, brine, dried
and concentrated to vield crude material. This was
recrystallized from diethyl ether/hexane to afford 4.77 g
of pure 2R-hydroxy-3-[{(1,3-benzodioxol-5-yl)sulfonyl] (2-
methylpropyl)amine] -1S- (phenylmethyl)propylcarbamic acid

25 phenylmethyl ester.

Part B: Preparation of'2R—hydroxy-3-[[(1,3-benzodioxol~
5-y1)sulfonyl] (2-methylpropyl)amino] -158- (phenylmethyl)
propylamine

30



35 acid salt WO 96/ 28464

PCT/ US96/ 02685 67 Crude-3(S)-[ N, N-bis{phenyl nethyl) amno]-1-{2-

met hyl propyl ) am no- 4- phenyl but an-2(R)-ol (10. 68g, which contai ns about
6.859 (16.44 mmol) of 3(S),2(R) isomer and about 1.21g (2.90 mmol) of
3(S),2(S) isonmer} was 5 dissolved in tetrahydrofuran (10.0 nmL). To this
sol uti on wagygsskhaskset hanesul fonic acid (1.25 nl, 19.26 mmicrusdsmesd xt ure
was stirred at roomtenperature for about 2 hours and concentrated under
reduced pressure. The oily residue was re 5L‘_ystal lized from net hanol and
water at 10 O[err]C, filtered, washed wth cold nethanol/water (1:4) and

dried in vacuo t ( % f SEIES, C )
di astereoneri cal | g‘y&gg{rjglﬁ%ﬁ%ﬂ 4t %gngseﬁf f onj éanggl QE%Y 2§J aseg&gn HPLC peak

areas). 15 benzodioxol -5-y et Hiqnyi] (prigtninrepyds amino) -
N- benzyl - L- pheny18dpheoy 1dthiv@DpiopPD-, phenylhzeE’lmhyésﬁammouS(ﬂB afl g,

0.592 nol es) was  dis 3 hﬁ,%g__ her e,
35.52 g (0.592 mlges?%%{%da%na%ﬁggg?%m%g&%ﬂ nggd‘ﬁ Btg%ano%ﬁ)
added fol | owed b)?VSrsBPJthFd# 30 3cpaladiy argraghrasyndsr l??@n?ﬁl‘-ae%‘;de in
100 nL of met hantlydrdben 2or m&hbnesm/asrm@cda&dlystam @enoeied py 15[ err] C
and a solution filtration and the filtrate concentrated to afford 1.82g

of the desired 2R~hydroxy-3-[1(1,3~benzodioxol-5-

vl)isulfonyl] {(2-methylpropyl)}amino]-1S-

10 {phenylmethyl)propylamine.

EXAMPLE 32

Q.0
A (2
°"S\EIS>
N

i5

Part A: Preparation'of N- (4-Sulfonamidophenyl)thiourea

20 . A mixture of sulfanilamide (86 g, 0.5 mole), ammonium
thiocyanate (76.0 g, 0.5 mole) and dilute hydrochloric
acid (1.5 N, 1 L) was mechanically stirred and heated at
reflux for 2 hr. about 200 mL of water was distilled off
and concentration of the reaction mixture afforded a

25 solid. The solid was filtered and was washed with cold
water and air dried to afford 67.5 g (59%) of the desired
product as a white powder.

Part B: Preparation of 2-Aamino-6-sulfonamidobenzothiazole

30 |
Bromine (43.20 g, 0.27 mol) in chloroform (200 mL) was
added over 1 hr. to a suspension of N-(4- '
sulfonamidophenYl)—thiourea (27.72, 0.120 mol) in
chloroform (800 mL). After the addition, the reaction

35 mixture was heated at reflux for 4.5 hr. The chloroform



of 134.6 g(2.14 noles) of sodium cyanoborohydr| de in 700 nL of nethanol was
addedin _approxi mtely 40m nutes, keeplhg-the temperature between 15lerr]C .

and 25[err]C. The mixture was stirred at roomtenperature for 18 hours. 30
The m xture was concentrated under reduced pressure and partitioned between
1 L of 2M amoni um hydr oxi de solution and 2 L of ether. The ether |ayer was
washed with {alg M anmoni um hydr oxi de sol uti on, tw ce w pbrfsSssozésswat er,
500 nL of brine and dried over magnesiumsulfate for 1 35 hour. The ether
| ayer was filtered, concentrated under red d pressure and the crude solid
product was recrystallized from110 nL of ethyl acetate and 1.3 L of WO

96/ 28464 was removed in vacuo and the remdué’@é(éﬁg%ﬁaéaﬁy 68 hexane

to give 115 g (81% of. b pheny| al a a Whl solid.
METHOD 2: 5 & %tﬁﬁ%mwtg‘n?ﬁ@% ’(%“% ?ﬂ%ﬁ g) r}glr?cf%g" f .83
mol es) of benzal dehydecbtaimedi was| veehtied S3thi wates A On bl fghbl@ded nert
at nosphere in a Pef,raz&h&laeﬁn %g}éraiafd@ e@&&ﬁk\@aic%ﬁm tQhéa[aaél&étcga 2.7

hours. The m xt ure_was_Co00 appr Xi mat 25[ err]C an of 5% 10
pl at i num on c§ boﬂtv\ﬁ%ﬂéﬂﬂet&rh Rthe ext‘iﬂogeézﬁ 85 aY %0 psi  of
hydrogen and 40[ efi}ltered, Washedrwitiheateat ahglsamvai;rnfad ttor efifofd 22 He
product was g (80%) of the desired product as a white powder.

Part C: Preparation of Benzothiazole-6-sulfonic acid

10
A suspension of 2-amino-6-sulfonamido-benzothiazole (10.0
g, 43.67 mmol} in dioxane (300 mL) was heated at reflux.
Isocamylnitrite (24 mL) was added in two portions to the
reaction mixture. Vigorous evolution of gas was observed

15 (the reaction was conducted behind a shield as a
precaution) and after 2 hr., a red precipitate was
deposited in the reaction vessel. The reaction mixture
was filtered hot, and the solid was washed with dioxane
and was dried. The solid was recrystallized from

20 methanol-water. A small amount of a precipitate was
formed after 2 days. The precipitate was filtered off
and the mother ligquor was concentrated in vacuo to afford
a pale red-orange solid (8.0 g, 85%) of pure product.

25 Part D: Preparation of 6-Chlorosulfonylbenzothiazole

Thionyl chloride (4 mL) was added to a suspension of the
benzothiazole-6-sulfonic acid (0.60 g, 2.79 mmol) in
dichloroethane (15 mL) and the reaction mixture was

30 heated at reflux and dimethylformamide (5 mL) was added
to the reaction mixture to vield a clear solution. After
1.5 hr. at reflux, the solvent was removed in vacuo and
excess HCl and thionyl chloride was chased by evaporation
with dichloroethane.

35



concentrated under reduced pressure and the crude solid product was
recrystallized from-150—l-of heptane to give 15 _.3.83 g (48 %yield) of

N- benzyl - L- phenyl al ani nol as a white solid. EXAMPLE 12 20 Preparation of
N- (t - But oxycar bonyl ) - N-benzyl - L- phenyl al ani nol N-benzyl - L- phenyl al ani nol
(2.9 g, 12 mmoles) was dissolved in 3 nL of triethylamne and 27 nL of

nmet hanol 25 59 (24.1 moles) of di-tert-butyl dic Iﬁ%g;g,@z S
added. The r#é?gqgg“%vas warnmed to 60[err]C for 35 m nutes a? concer???at ed
under reduced pressure. The residue was di gol ved in 150 nL of ethyl
acetate and washed twice with 10 nL of cold”(0-5[err]C, dilute
hydrochloric acid (pH 30 2.5 to 3), 1%9&5&@&L#3ter’ 10 nL of brine, dried
over magnesium sul fate, filtered and concentrated under reduced pressure.
The crude product oil was purified by silica gel chromatography (ethyl
acetate: hexane, 12:3 as eluting solve o0 give 3.98 g (97% vyield) of
colorless 35 oil. WO 96/ 23464
PCT/ US96/ 02685 69 EXAMPLE 13 Prepargtion
(t-But oxycar bonyl ) - N-benzvl - L- phen%l alpni

CY Y N

AT Y HI:Q

Part A: Preparation of N-[2R-hydroxy-3-[[(1,3-

‘ benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-

10 (phenylmethyl)propyl]-2S-[ (phenylmethoxycarbonyl)aminol -
3,3-dimethylbutanamide

To a solution of 118.8 g (0.776 mol) of N-

15 hydroxybenzotriazole and 137.1 g {0.52 mol) of N-
carbobenzyloxycarbonyl-L-tert-leucine in 750 mL of
anhydrous DMF at 0°C under a nitrogen atmosphere, was
added 109.1 g (0.57 mol) of EDC. After stirring at 0°C
for 2 hours, a solution of 273 g (0.53 mol) of 2R-

20  hydroxy-3-[{[{(1,3-benzodioxol-5-yl)sulfonyl] (2~
methylpropyl)amino]-1S- (phenylmethyl)propylamine
methanesulfonate, previously neutralized with 228 mL
(210g, 2.08 mol) of 4-methylmorpholine, in 250 mL of
anhydrous DMF was added. After stirring at 0°C for 30

25 nﬁnutes; the mixture stirred at room temperature for 18
hours. The solvents were removed under reduced pressure



5 METHOD 1: To a solution of 0.32 g(0.94 mmoles) of N-(t-
butoxycarbonyl ) - Nbhenzyl -1 - phenyl al aninal in 2 2 nd of toluene was added
2.4 mg (0.015 mmol es) of 2,2,6,6- 10 tetramnethyl-1-piperidinyloxy, free
radi cal (TEMPO, 0.1g (0.97 mmol es) of sodium brom de, 2.8 nL of ethyl
acetate and 0.34 nL of water. The m xture was cooled to O [err]C and an
aqueous solq&?g £4 4-2 nL of 5% househol d bl each cont ai ni ngcfiusydogsss 3. O
m., 2.738 93 of sodium 15 bicarbonate was added slowy over 30
mnutes. The mixture was stirred at O [erg LC for 10 mnutes. Three nore
additions (0.4 nL each) of bleach was added followed by stirring for 10

mhnut es aIter eacdt gméclt:prstrp SFOREHPE aéétat&ae adlbiall ngam&rm&h s¥hettwot |
pnase m Xt ure was a S ract e
e i e el Tre i, Bh i e e Re eV S e 100 56
m. of a sol ution aen amwdgoﬁsoﬁignysamneuhéstmmﬁnd&eded andi um -

Throtul ate 26 orRfciteh{ro bifgd 4043 ﬁ%s%’é“aﬁ%g%@g”wznzm%s of

b e oruti oB e enhes (h o HREchal on ) dren dnhl e At

filtered and concentgidtied gatllcusirgd 20&cd5pkesshyk doetgiedhexdie gaq 100%

yreld) of N(t- E’é&f@ﬁéc%b%ﬁ& ﬁdy%ykuhﬁmme%h@al m/ @0 METHOD 20 To

a solution of 2. 38 q&% 9%8%

10 Part B: Preparation of N-[2R-hydroxy-3-[{[(1,3~-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino)-1S-
(phenylmethyl) propyl]-2S-amino-3,3-dimethylbutanamide

. \i V4
\_U )

15 2 solution of 312g of the Cbz compound from above in 1L

of tetrahydrofuran was hydrogenated in the presence of
100g of 4% palladium-on-carbon catalyst under 60 psig of
hydrogen for 6 hours at room temperature. The catalyst
was removed by filtration and the solvents removed under
20 reduced pressure to afford 240g of the desired compound.

Part C: Preparation of N-[2R-hydroxy-3-[[(1,3-

benzodioxol-5-yl)sulfonyl] {(2-methylpropyl)amino]-1S-

{phenylmethyl)propyl]-25-1 (chloroacetyl)aminol-3,3-
25 dimethylbutanamide .

c1/ﬁrl\/ﬁ‘ \//

H OH )



but oxycar bonyl ) - N-benzyl - L- phenyl al aninol in 3.8 nL (27.2 nmmol es) of
triethylamne at 10 [err]C was added_a solutian_of 35 4.33 g (27..2_muol es)
of sulfur trioxide pyridine conplex in*17 nL of dinmethyl sulfoxide. The

m xture was warned to roomtenperature and stirred for one hour. Water (16
WD 96/ 28464 PCT/ US96/ 02685 70 L)
was added aRgobésegd Xt ure was extracted with 20 nmL of et hylpcrwsyenzsss The
organi c | ayer was washed with 20 nL of 5%citric acid, 20 nL of water, 20
mL of brine, dried over magnesiumsulfate ggpd filtered. The filtrate was 5
concentrated under reduced pressure to give 2.37 g (100% vyield) of

N- (t - But oxycar bonyl ) - N- benzyl - L- phenyl al ani nal . EXAMPLE 14 [err] 10

S epoxy - 4 kA PRARERER NEr R 37, L0 MR HBHN G e amine srem (7. 37
mol es) of N-{t- dhw&yealbom@In)e-tmyasnzychlomywammm L0 (32. Pl
chl or oi odonet hangy,i 1.38 #bl pfofT ldil\yaﬁréﬁyi&%ﬂ%mﬁ%[ eféi:@awe‘h 4y68nal of a
sol ution of n-but ||It§ é qb exane, [.42. %} s, .add ? CdI%owly,
keepi ng the t&np g] het \ﬁ°°7‘OF8WT’@t“ ‘Fné’ m@t% ﬂ\:@éssf“f’i f or
10 m nut es chloroacetic anhydride while maintaining the temperature
. below 35°C. After stirring for an additional 1 hour,
analysis by HPLC indicated a small amount of starting
material was still present, and 1.5 g of chloroacetic
10 anhydride was added. After 10 minutes, the solvents were
removed under reduced pressure, 1 L ethyl acetate added,
washed with 5% citric acid, saturated sodium bicarbonate,
brine, dried over anhydrous magnesium sulfate, filtered
and concentrated to yield 314 g of crude material. This
15 was chromatographeed in 3 portions on a Prep 2000
Chromatogram on silica gel using 20-50% ethyl
acetate/hexane to afford 165 g of the desired compound,
m/e=616 (M+Li), 98% by HPLC.

20 EKAMRLE.&Q

25 -25- inol-38-

Part A: Preparation of N-[2R-hydroxy-3-[[{(1,63-
benzodioxol-5-yl)sulfonyl]} (2-methylpropyl)amino] -15-
(phenylmethyl)propyl]l-28-[[{1,1-dimethylethoxy)

30 carbonyl]amino]-3S5-methylpentanamide



between -70 to -75[err]C. Two addltlonal portions of 0.22 nL of
chteretedenet hane argd—d—4—w=of-n-b - added s

the m xture was stirred for 10 m nutes betmeen -70 to -75 [err]C after each
addition. Four 25 additional portions of 0.11 nL of chl oroi odonet hane and
0.7 nmL of n-butyllithiumwas added sequentially and the m xture was stirred
for 10 m nutepdgesssgen -70 to -75[err] C after each additi onPCTNHE&MR68SUr e
was warmed to roomtenperature for 3.5 hours. The product was quenched at
30 below 5[err]Cwith 24 nL of ice-cold wgher. The biphasic |layers were
separated and the aqueous |ayer was extracted WO 96/ 28464

PCT/ US96/ 02685 71 twice with 30 nL of et acetate. The conbi ned organic

| ayers was washed three tinmes with 10 er, then with 10 nL bri ne,

dried over sodiumsulfate, filtered and centrat ed under reduced pressure
to give 2.8 g of a 5 yellow crude ol crude00//p (>100% vyield) is a

m xt'ure of the diastereonerig eppxi G§Ls S
bis(phenylnethyl)-N—(t-butoi;ﬁ’rb yl e and

N, as- bi s(phenyl met hyl )-N-(t - toxyca onnl ) - | :‘Irggnam ne. The
crude m xture 10 is used directly |ﬁe next st houU purification.
METHOD 2: To a suspension of 2.92 g {13.28 mmol es) 1 of

To a cooled solution of N-t-Boc-~L-isoleucine 2.02g (8.74
mmol) and 2.00g (13.11 mmol) of N-hydroxybenzotriazole in
5 17 mL of N,N-dimethylformamide was added 1.84g (9.61
mmol) of EDC and stirred at 0°C for one hour. To this
was added a solution of 3.67g { 8.74 mmol) of 2R-hydroxy-
3-1[(1,3~benzodioxol-5-yl)sulfonyl] (2-methylpropyl)
amino]-1S-(phenylmethyl)propyl amine in 6 mL of N,N-

10 dimethylformamide and the solution stirred for 16 hours.
The solvent was removed in vacuo, replaced with ethyl
acetate, and washed with saturated sodium bicarbonate, 5%
citric acid and brine. The organic layers were dried
over magnesium sulfate, filtered and concentrated to

15 vield 6.1 grams of crude product, which was
chromatoraphed on silica gel using 1:1 ethyl
acetate:hexane eluant to produce 4.3 g (78% yield) of N-
{2R-hydroxy-3-[[(1,3~-benzodioxol-5-yl)sulfonyl] (2~
methylpropyl)amino] -1S- (phenylmethyl)propyl]-25-[{(1,1-

20 dimethylethoxy)carbonyl]amino] -3S-methylpentanamide.

Part B: Preparation of N-[2R-hydroxy-3-[[(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -15-
(phenylmethyl)propyl]l-2S-amino-3S-

25 methylpentanamidechydrochloride salt

- 1 o 0
S Y
. H>oN . N N'SQ:O
' 0]



trinmethyl sul foxoniumiodide in 45 nL of acetonitrile was 15 added 1.49 ¢
(13.28 mmol es) of potassiumt-butoxide. A solution of 3.0 g.(8 85 nmol es)
of N-(t-butoxycarbonyl)- N benzyl-L-phenylalaninal in 18 nL of acetonitrile
was added and the nmixture was stirred at roomtenperature for one hour. The
m xture was diluted wth 150 nL of water 20 and extracted twice with 200
mL of ethyl wayoRhsadsg. The organic |ayers were conbi ned andpgeyobesmh2ssst h 100
m. water, 50 nL brine, dried over sodiumsulfate, filtered and concentrated
under reduced pressure to give 3.0 g of ajygllow crude oil. The crude
product was purified by 25 silica gel chromat ography (et hyl

acetate/ hexane: 1: 8 as eluting solvent) to give 1.02 g (32. 7% yield) of a

m xture of the tyo |
N-(t- butoxycarbonypﬁkg@gOX| iéyhanawn‘oaggggkm?§nxshlfonyl](2_
bi s( phenyl net hyl y& JEPlfﬁRYdﬁ?E‘a%anﬁ‘) (prRny 3petiayd innesndd hafahl He.1-VETHOD

3: To a suspensi aimethl&thoky( éadBoFlREho? tas:ﬁ\émykweﬁuhﬁaﬂiw iodide in

18 nmL of acetgni 5 ed_0. assi um
t - but oxi de. 3{‘ %?% f7371’“6‘8g3j éﬁﬁn??’g é %‘% g’)ﬁt g& ‘Eﬁ BShyl ) -
N-benzyl - L- phenyfap¥ane #ng ﬁurm‘: ofOl’aé’é]t SANuEes e premgﬁaatzeshm
PCT/ US96/ 02685 7groduct was stripped two times from diethyl ether and the

crude hydrochloride salt was used in subsequent

reactions.
10
Part C: Preparation of N-([2R-hydroxy-3-[[(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -15-
{phenylmethyl)propyl] -25-[ (chloroacetyl)amino]-3S-
methy lpentanamide
N.
c1/ﬁr :
15

N-{2R~-hydroxy-3-{[{1l,3-benzodioxol-5-vl)sulfonyl] {2-
methylpropyl)amino] -15- (phenylmethyl)}propyl] -25-amino-3S-
methylpentanamideshydrochloride salt (3.62g, 6.77 mmol)
20 was dissolved in 45 mlL of methylene chloride and to this
was added 1.3g (10.15 mmol} of N,N-diisopropylethyl amine
to neutrallize the salt, and another 0.923 g (7.10 mmol)
of diisopropvlethyl amine followed by 1.22g (7.11 mmol)
of chloroacetic anhydride. The solution was stirred at
25 room temperature for 30 minutes. The contents were
| concentrated on a rotory evaporator and the residue was
partitioned between ethyl acetate and water. The organic
layer was washed with 5% citric acid and then saturated
- sodium bicarbonate and brine. The organic layers were
30 dried over magnesium sulfate filtered and concentrated to
vield 4.12 g of crude product. Recrystallization from
ethyl acetate hexane yielded 3.5 g (85% yield) of N-[2R-



added and the m xture was stirred at roomtenperature for one hour. The

m xture was dilute ' water and.extracted twce wih 80 m of
et hyl acetate. The organic |ayers were conbi ned and washed with 100 nL 5
water, 30 nL brine, dried over sodiumsutfate, filtered and concentrated

under reduced pressure to give 1.04 g of a yellow crude oil. The crude
product was ?? e of the two di astereoners N, PCT/US96/02685
aS- bi s(phenyl nmet Eﬁ‘ N-(t- but oxycarbonyl)-2S-oxi ranenet hanam ne and N, aS-

10 bi s(phenyl nmet hyl)-N-(t-butoxycarbonyl) §ﬁ oxi r anemet hanam ne. EXAVPLE
15 [err] Preparation of 3S-[N-(t-But oxvcar% yl ) - N (phenvl net hyl)

ami nol - 1- ( 2- met hy}, &PMJBHITP na-4- gggmdlmg&agzﬁlpguﬂfb@qubutlon of 500 ny
(1.42 mol es) of t e C ude (S) ture H’é di ast ereoners
N, aS- bi s(phenyl nB¢ gEWP(Yt B'ﬂ'f"g?ijc%'bé}ﬁ]ﬁ“}’ E‘Sth%%l?’%ﬂi’é’ Wﬁﬁnam ne and N,
aS- bi-s( phenyl nmet hykFhMexdacdtytl) apino baifHnetbRipentampngichananamehitea 0. 98
nmL of isopropanol sg@gdaqgggjs (;Fggt%n(s/él_églrgrrqhgﬁb of 25 isobutyl am ne.

The mixture was warned to reflux at 85[err]Cto 90[err]C for 1.5 hours. The
mi xture was cohcentrated under reduced pressure and the product oil was
purified by silica gel chromatography (EERMPLE SN net hanol, 100: 6 as
“eluting solvents) to give 330 ng of 3S-[N-(t- 30

but oxycar bonyl ) - N- (phenyl net hyl ) am no] - -

met hyl propyl ) am no- 4- phenyl but an- 2R- ol colorless oil

O
N7

\i IS
Cl/\|r _=_ N
\_

10 - inol-18-

Part A : Preparation of N-[[2R-hydroxy-3-[(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-

15 (phenylmethyl)propyl]-2S-[{phenylmethoxycarbonyl)amino]-
3-methylbutaneamide

20 A 250 mL round bottom flask equipped with magnetic stir
bar was charged with N-Cbz-L-Valine (4.22 g, 16.8 mmol)
in 20 mL DMF. The solution was cooled to 0°C and charged
with HoBt (2.96, 21.9 mmol) and EDC (3.22 g, 16.8 mmoi)
‘and stirred 1 hour. The reaction was then charged wit

25 N-methylmorpholine (1.7 g, 16.8 mmol), 2R-hydroxy-3-
[([(1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -



WD 96/ 28464 - PCT/ US96/ 02685 73
(54.5% vyield). 3S-[N(t=Butoxycarhanyl)-N . .
(phenyl net hyl) am no] - 1- (2- met hyl pr opyl ) am no- 4- phenyl but an- 2S-0ol was al so
i sol ated. Wien purified N, aS- bis(phenyl nethyl)-N-(t-butoxycarbonyl)-2S- 5
oxi ranemet hanam ne was used as starting material, 3S [N

(t-butoxyca e\ (phenyl net hyl ) am no] - 1- ( 2- PCT/US96/02685
net hyl propyl ) am no- 4- phenyl but an- 2R-ol was isolated after purification by
chromat ography in an 86%yield. 10 EXAMPLE 16

[err] Preparation of 3S-(N-t-Butoxycar bonyl )zam no- 4- phenyl but an-1, 2R-di ol
15 To a sol ution 1Gf- (bnen ﬁné&ym? E}l&éu:?é (Nsls5 g, 14.6 mmol) in 30 mL

but oxycar bonyl ) a oXYy- | but anoi ¢ aci d. connerC|aIIy

avail abl e from Nlogﬁlgﬂ}r(ayéﬁ,r%’fﬁ&ﬁ? V&S SEEIRT &Sk OYRERIGNY e PPR was added
50 nL of borane- Héfperaphes @n cohcqutdatdd GnvivacudHi)d ﬂeaﬂ:p.longdt he
tenperatures bel Queglghr lf&le Ne-draie! 59 S’% UG NaSi e TR Bnb

tenperature and stirred hour s. m xture was cooled to 0 err]C

and 20 nL of wat é’rrg\ﬁ&%CaEI@é‘%F%l"fﬁﬁeyw?ﬁhﬁ@s‘ﬂ% SEhUTREeLOHYerr] and to
quench the produtticarbbnaee &ekrige} handSiriteeirpeeat sodivmelsulfalperr] C.

The quenched ”1Xkﬂ&%eﬁ@?aéiéﬁrfﬂjvacuo yielded 10 g crude product.
Purification by Prep HPLC (20-40% ethyl acetate/hexane)
vielded 5.8 g (61 %) of the desired compound.

10 |
Part B : Preparation of N-[[2R-hydroxy-3-[(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl] -2S-aminc-3-methylbutaneamide

0 QL
H?-N\)L E\// 0
i N N )
A HE oH \ S\C[O
15 |

A 300 mL Fisher-Porter vessel equipped with magnetic stir
bar was charged with N-[[2R-hydroxy-3-{{1l,3-benzodioxol-
5-vlisulfonyl] (2-methylpropvl)amino]}-15-

20 (phenylmethyl)propyl] -2S- [ (phenylmethoxycarbonyl)amino] -
3—methyibutaneamide (5.8 g}, 2.3 g of 10% PA-C in 75 mL
tetrahydrofuran. The reaction was charged with 50 psi H2
and hydrogenated overnight. The reaction mixture was
filtered thru Celite and concentrated in vacuo to yield

25 4.4 g of white foam that was used in subsequent reactions
without furthur purification.

Part C : Preparation of N-[[2R-hydroxy-3-[(1,3-
. benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino}-1S-
30 (phenylmethyl)propyl]-2S-[ (chloroacetyl)amino]-3-
methylbutaneamide



for 20 m nutes and concentrated under reduced pressure. The product mxture
threetimes with-60 nlof-ethyl -acetite The organic—ayers
were conbi ned and washed with 20 nL of water, 25 niL of saturated sodium 30
chloride sol ution and concentrated under reduced pressure to give 1.1 g of
crude oil. The crude product was purified by silica gel chromatography
(chl oroforni@%, 10: 6 as eluting solvents) to give POTABHG626634
PCT/ US96/ 026 0 ng (94.4%vyield) of 3S-(N-t-butoxycarbonyl)am no-4-
phenyl butan-1, 2R-diol as a white solid. E LE 17 5 [err] Preparation of
3S- (N-t - But oxycar bonyl ) am no- 2R- hydr oxy- 4- “phenvl but - 1-yl Tol uenesul f onat e
10 To a solution of 744.8 ny (2..88, moles) of 3S-(N-t-
but oxycar bonyl ) am no- 4- phenyl but an- 1, 2' ¥ in 13 nL of pyridine at 0
[err] C was added 914 ng of toluenesulfo pldchloride in one portion. The
m xture was stirred at O[eH]Cto erp] CYor 5 A mxture of 6.5 nL
of ethyl acetate 15 and 15 nL a~gﬁr |5 sodfgggﬂlcarbonate sol ution

NT ey The product

was added to the reaction n1£ﬂﬁ$§“§ O
m xture was extracted three timesy /ﬁi?OHnt.OH l

A 250 mL round bottom flask equipped with'magnetic stir
bar was charged with crude N-[[2R-hydroxy-3-[(1,63-
5 Dbenzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino}-1S-

{phenylmethyl)propyl]-2S-amino-3-methylbutaneamide (4.35
g) in 60 mL CH2Cl2. The reaction was charged with 1.19 g
diisopropylamine followed by 1.5 g of chlorocacetic
anhydride and stirred until TLC indicated no remaining

10 starting material {(about 1.5 hours). The reaction was
concentrated in vacuo and partioned between ethyl acetate
and saturated sodium bicarbonate. The combined organic
layers were washed with brine, and dried over sodium
sulfate. Concentration in vacuo yielded 5.17 g of

15 desired product that was used in subsequent reactions
without furthur purification.

20



of ethyl acetate. The organic |ayers were conbi ned and washed with 15 nL of
water, 10 nmL of saturated.sodium 20 __chloride_salution and concentrated
under reduced pressure to give about 1.1 g of a yellow chunky solid. The
crude product was purified by silica gel chromatography [ethyl

acet ate/ hexane 1:3 as eluting solvents) to give 850 ng (74%yield) of

3S- (N-t - but Gygegssagny! ) am no- 2R- hydr oxy-4- 25 phenyl but - 1-pdrsesn2685

t ol uenesul fonate as a white solid. EXAMPLE 18 [err] WO 96/ 28464

PCT/ US96/ 02685 75 Preparation of 3S [N t;Butoxvcarbonvl)am nol - 1-(2-

met hyl propyl ) am no- 4- phenyl but an-2R-ol To a solution of 90 ng (0. 207

mol es)  of 3S- (N-Bartda: bp&éﬁ&ﬁ@ii&ﬂﬂf)ﬂm[nm%ﬁrébﬁi&ozyiﬂlpilenw but - 1-vyI
toluenesulfonatekgw,wo:g]yio TL gr ﬁg?%# aP f IOlﬁé%e was added
0.103 nL (1.034 rAeleESy o8Pt 2 o R ART PR AN to 80 to
85 [err] C and stiﬂﬁEEWﬂBBtnYS)ERnnxil‘?ﬁe[pttm&nﬁlmmﬁhvmﬁdmwa§ 10

concentat ed undefareiasenhPSL thethy§Oni o) SibgssicthEaand purified by
silica gel chromatography (chl orof ornl nptss 10:1 as eluting sol vents)

to give 54.9 ng (76.8%yield) of 3S-[NL 7utoxycarbonyl)an1no]

H 0
BN
O N .S 0
:>T/ \“/ Y N )
0] ; H OH o
CH3’S

N-t-Boc-S-methyl-(L)~cysteine (2.80'g, 11.9 mmol), 1-
Hydroxybenzotriazole hydrate (1.92 g, 12.5 mmol), and 1-
(3-dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride

10 (2.27 g, 11.9 mmol) were mixed in N,N-dimethylformamide
(30.0 mL) at 0°C for 10 min. N-Methylmorpholine {(3.03 g,
33.0 mmol) was added and the solution stirred an
additional 10 min at 0°C. 2R-Hydroxy-3-[{(1,3-
benzodioxol-5-~yl)sulfonyl] (2-methylpropyl}amino] -1S-

15 (phenylmethyl}propylamine (5.00 g, 11.9 mmol) was added
and the solution was warmed to room temperature and
stirred for 2 hours. The reaction mixture was poured
into ethyl acetate (500 mL) and washed with 10% agueous
hydrochloric acid (3 X 100 mL}, saturated aqueous sodium

- 20 bicarbonate (3 X 100 mL) and brine (2 X 100 mL). The
organic layer was dried over sodium sulfate and
percolated through a bed of silica gel (50 g). The
desired product (7.13 g, 11.19 mmol, 93% yield) was
obtained as a white so0lid by removal of the solvent at

25 reduced pressure; m/e calcd 637; found (M + Li) 644.

Part B: Preparation of N-{[{2R-hydroxy-3-{(1,3-
benzodioxol-5-yl)sulfonyl) (2-methylpropyl)amino] -15-
(phenylmethyl)propyl] -2S-[{{1,1-dimethylethoxy)

30 carbonyl)amino]-3-(methylsulfonyl)propaneamide



15 solid. [err] 20 Preparation of NN [3 (S -benzyl oxycar bonyl am no- 2(R) -
hydroxy-4- phenyl butyl] -N.isobutyl am ne_Rart A 25 To a_solution of

75.0g (0.226 nmol) of N-benzyl oxycarbonyl -L-phenyl al ani ne chl or onet hyl
ketone in a mxture of 807 nL of nethanol and 807 nL of tetrahydrofuran at
-2[err]C, was added 13.17g (0.348 nol, 1.54 equiv.) of solid sodium

bor ohydri de Qygbssagy hundred 30 mnutes. The solvents wer epdRisdéosbssinder
reduced pressure at 40[err]C and the residue dissolved in ethyl WO

96/ 28464 PCT/ US96/ 02685 76 acetate
(approx. 1L). The solution was washed seque]hotlal ly with 1M potassium

hydr ogen sul fate, saturated sodi um bi carhgrate and then saturated sodi um
chl oride solutions. After drying over a us 5 magnesi um sul fate and
filtering, the solution was renoved unde £duced pressure. To the
resul-ting oil was added hexane (apprax aL) \and t xture warnmed to
60[err]C with swirling. After to roa tenp éture, the solids were
coll ected and washed with ZLJaT’he ane lid was

recrystallized from hot ethyl /é on P
CH; ~ =0
o . .

N-[[2R-hydroxy-3-[ {1, 3-benzodioxol-5-vl)sulfonyl] {2~
methylpropyl}amino] -1S- (phenylmethyl) propyl}-2S-([(1,1-
5 dimethylethoxy) carbonyl]amino]—B-
{methylthio)propaneamide (7.10 g, 11.1 mmol} was
dissolved in methanol (150 mL). A solution of oxone®
(20.8 g, 33.9 mmol) in water (150 mL) was added dropwise

to the solution at room temperature over 1.5 hours. The

10 solution became cloudy and a precipitate formed during
the addition. The reaction was stirred for an addit:ional
1 hour and tetrahydrofuran (200 mL) was added. After an
additional 1 hour of mixing the solution was poured into
ethyl acetate (1000 mL) and washed with water (3 x 200

15 mL) followed by brine (2 x 300 ml). The organic layer
was dried over anhydrous sodium sulfate and solvent
removed at reduced pressure. The desired product (5.75
g, 8.86 mmol, 79% vield) was obtained as an off white
solid; m/e calcd 669; found (M+H) 670.

20
Part C: Preparation of N-[{2R-hydroxy-3-[(1,3-
benzodioxol-5-yl}sulfonyl] (2-methylpropyl)amino] -1S-
{(phenylmethyl)propyl] -258-amino-3- {methylsulfonyl)
propaneamideshydrochloride salt

25



and hexane to afford 32.3g (43%yield) of

N- benzyl oxycar bonyl =3(S)-am no-| -chloro-4- phenyl=2(S)- butanal _—np

150- 151[err]C and MtLi[err] = 340. 15 Part B: To a solution of 6.52g
(0.116 nol, 1.2 equiv.) of potassium hydroxide in 968 nL of absolute

et hanol at roomtenperature, was added 32.3g (0.097 nol) of N CBZ-3(S)-

am no- | - chl woasAsdehenyl - 2(S)-butanol . After stirring for 2BCTASI6102688

m nutes, the solvent was renoved under reduced pressure and the solids

di ssolved in nmethylene chloride. After wagigi ng with water, drying over
magnesi um sul fate, filtering and stripping, one obtains 27.9g of a white
solid. Recrystallization from hot et acetate and 25 hexane afforded
22.39 (77%yield) of N-benzyl oxycar -

3(S)-am no-1, 2(S) - epoxy-4-phenyl but abeX np 102-103[err] C and M+ 298. Part
C. 30 A sol ution of N b#B2yl oxycdrbonyR ?%,05 -amno-1,2- -

(S) - epoxy-4- phenyl but ane (1.00g,83. ) anbisl s ut¥lanine (4.90g, 67.2
mmol, 20 equiv.) in 10 nL of isoprppylN-alYgoho tRd to reflux for 1.5
hours. The solution was cool ed to Foorg t epger §t ur entrated 35 in
vacuo and then poured into 1%%ém,s,gf stirring ane wher eupon the product
crystallized from sol ution. pWofuct was isdlated by filtration and air
dried to give 0

N-[ [2R-hydroxy-3-[(1,3-benzodioxol-5~yl)sulfonyl} (2-
methylpropyl)amino] -1S- (phenylmethyl)propyl]-2sS-[{(1,1-

5 dimethylethoxy)carbonyl]amino] -3~ (methylsulfonyl)
propaneamide (5.5 g, 8.20 mmol) was dissolved in
dichlorome;hane {100 mL) at room temperature. Anhydrous
hydrochloric acid was bubbled through the solution for 15
min. The solution was stirred at room temperature for 2

10 hours and the solvent was removed at reduced pressure.
The desired product {(4.91 g, 8.10 mmol, 99 % yield) was
obtained as a white scolid; m/e calcd 569; found (M+Li)
576.

15 Part D: Preparation of N-[[2R~-hydroxy-3-{(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl] -2S-[ (chloroacetyl)amino] -3-
(methylsulfonyl)propaneamide

20 o

N-[[2R-hydroxy-3-[{1,3-benzodioxol-5-yl)sulfonyl] (2-

methylpropyl)amino]-15- (phenylmethyl)propyl]-2S-amino-3-

{methylsulfonyl)propaneamide<hydrochloride salt (4.00 g,
25 6.59 mmole) was mixed at room temperature in acetonitrile
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1.18¢g—95% of N [[-3 =Taes z
hydr oxy- 4- phenylbutyl]N—[(2 nethylpropyl)]an1ne C[err]H[err]N[err]C{err]
np 108.0-109.5[err]C, M+ niz 371. EXAMPLE 20
Preparation of N-[(1,1- d|nethylethoxyl)carbonyl] N 2- 10

met hvl propyl |wo3déndsdd err] - (phenyl met hoxvcar bonvl ) am nol - 2R- PCT/US96/02685

hydr oxy-4- phenyl butyl ami ne To a solution of 7.5lg (20.3 nol) of N[3S-

[ (phenyl met hoxycar bonyl ) am no] - 2R- hydr oxy- ¢gphenyl butyl ] - 15

2-met hyl propyl am ne in 67 nL of anhydrous tetrahydrofuran was added 2. 25g
(1‘226'3 nmol ) gf tlri(QolmL)am Meriethi/l &ig®0({d.N9 4o 21 es mic1)4adg (20. 3 mmol )

o] i-tert- buty onat.e n |r [ t|

tenperature for ghﬁ%g% %ﬁyg?gﬁesﬁv\g're feﬁoggdﬁgi 8}4‘%@ él%dé,@eth I
acet ate added, th&hevaahidon was555iTred @tagiogm semeeratares Saruhb hours

bi car bonate, bri nﬁnd%ézﬁﬂed)\i@irton&g Biadettlel abso ) termé a8Bdu€DhE ey 0at ed
to afford 9. 6g. of crud vg_rtgleg%% 38“%‘%‘9%%? rapgélgn(fl 1%% %g'um ng 30%

et hyt acetat e/ exgﬁ%h
[ [ 3S- (phenyl net hy batutetasl [acpueons| _smmm@wbanph@nga Jx 100 mL}, and
1-[(2-met hyl propyb}mn % abolmfli meiky lRgRRX ¥ 14PE bR iRYEENGverBSS
spectumme = 477 (M -

anhy r us sodium sulfate and solvent removed at reduced
pressure. The product (1.20 g, 1.85 mmol, 28% yield) was
10 obtained as a white solid by crystallization from ethyl

acetate and hexanes; m/e calcd 645; found (M+Li) 652.

BXAMPLE 37
Q O
\V4
S ¢ o |ee,
A0 o
. CH'< - ‘ﬁ
- 0
15 o
Pr ation of N-[[2R- -3- - odioxol-5-y1
sul f ~ h i -1S- lmethyl)ipr 11-
= h i -3- -3- 1sulfonyl
butaneamide
20

Part A: Preparation of N-[[2R-hydroxy-3-{(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl]-25-[[ll,1-dimethylethoky)carbonyl]
amino] -3-methyl-3- (methylthio)butaneamide

25
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EXAMPLE 21 [err] 5 .Preparation of 2SS [[bromnacetyl]am no] -N .
[ 2R-hydroxy-3- [N err]-(3-nethyl-butyl) -Nerr]-(phenylsul fonyl)am nol-1S-
(phenyl net hyl ) propyl]-3. 3-di net hyl but aneam de Part A: 10 To a
solution of N-CBZ-L-tert-leucine (450 ng, 1.7 nmol) and
N- hydr oxybe kaz0l e (260 ng, 1.7 mmol) in DMF (10 nm) waetadskdegsDC (307
ng, 1.6 nnolg ihe solution was stirred for 60 m nutes at roon1tenperature
and then 2R-hydroxy-3-[ N-(3-net hyl butyl) - N 15
(phenyl sul f onyl ) am no] - 1S—(pheny|nethyl)propylan1ne (585 ng, 1.5 mmol) in
DVMF (2 nmL) was added. The reaction wa irred for 16 hours at room
tenperature, then poured into a 50% safur gted sol ution of sodi um
bi carbonate (200 nL). The aqueous m xt {was extracted thrice with ethyl
20 acetate (50 nL). The conbi nedBet hyl 3 etatexd79ers were washed with
water (50 nmlL) and saturate @ sdﬂutnon 50 nL) then dried over
magnesi um sul fate. Filtrati ‘onnﬁror n oil which was .
chr omat ogr aphed on silica gel (5 g I&tl iy Wilt h -t | acetate in 25
hexane. The phenyl net hyl [18—[[[2 Szigroxy 3-[( yl%utyl)
(phenyl sul fonyl ) am no] - 1S- (phéng t hyl ) propyl ] alm no] carbonyl]-2, 2-
di et hyl propyl ] carbamat e was obtai ned as a solid Anal. Calcd for
C[err]H[err]N[err]C{err]S C, 65.91; H 7.43; N, 6.59. Found:

The N-t-boc-S-methyl-L-penicillamine dicyclohexylamine

salt (4.00g, 9.00 mmol}, l-Hydroxybenzotriazole hydrate
5 (1.69 g, 11.00 mmol), and 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (1.71 g, 9.00 mmol) were
mixed in dimethylformamide (60.0 mL) at room temperature.
The heterogeneous mixture was stirred for 1 hour and 2R-
hydroxy-3-{[(1,3-benzodioxol-5-yl)sulfonyl] (2-
10 methylpropyl)amino]—1S—(phenylmethyl)propylamine (3.78 g,

9.00 mmol) was added and the heterogenous mixture was
stirred for 16 hours. The solution was poured into ethyl
acetate (600 mL) and washed with 10% agueous acetic acid
(2 x 300 mL),, saturated aqueous sodium bicarbonate (2 x

15 300 mL) and brine (300 mL). The solution was dried over
sodium sulfate and the solvent was removed in vacuo. The
desired product was purified by flash chromatography (0-
80% éthyl acetate/hexanes on silica gel). The product
{5.21 g, 7.83 mmol, 87% yvield) was obtained as a white

20 foam; m/e calcd 665; found (M+Li) 672.

Part B: Preparation of N-[{2R-hydroxy-3-[(1,3-

benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-

{(phenylmethyl)propyl] -25-[[ (1, 1-dimethylethoxy)carbonyl]
25 amino]-3-methyl-3-(methylsulfonyl)butaneamide



30 C, 65.42; H 7.24; N, 6.55. WO 96/ 28464
PCIL_uSQ.ﬁLO.ZGSS 79 P_a.LLB._A_s_QLut i on_of _ghenyl net hyl

[ 1S-[[[ 2R hydr oxy- 3-[ (3- net hyl butyl) (phenyl sul fonyl)-am no] - 1S-

(phenyl met hyl ) propyl ] am no] car bonyl ] -2,2- 5 dimethyl pr opyl ] car bamat e (200
ng, 0.31 nmmol) in nethanol (15 nlL) was hydrogenat ed over 10% pal | adi um on
carbon for 2vyhwelisasaThe reaction was filtered through di at orrOXI8isg602685 t h
and concentrated to an oil. 10 Part C The resulting free amne from part
B (150 ng, 0.3 mmmol) was conbined with diisqggopyl ethylamne (114 uL, 0.33
mmol) in dichloronmethane (5 nL). To this was added bronmoacetyl chloride
(27 uL, 0.33 nmmol) dropwi se. The 15 reacg=an was stirred for 30 m nutes at
roomtenperature, then diluted with dich pet hane (30 nL) and extracted
with 1 NHO, water, and then saturated N&GY solution (25 nL each). The
organi c solution was dried over I\/gSOflI;Iancb cocentr@&%’ to a solid. The
2S-[ [ bronmpacetyl Jam no] -N- 20 '

O N g S o)
[ 2R- hydr oxy- 3-[ ( 3- nethylbutyli?ﬁﬁ hWTs 0 3 13152:1; >
(phenyl net hyl ) propyl ] -3, 3-di net hyl bgit a kde vgs Kuff y pure for use
in the next step. This material can ag be prepare y substituing
bromoacetic CH3;~ w§o

N- [ [2R-hydroxy-3-[(1,3-benzodioxol-5-y1l)sulfonyl] (2-
methylpropyl)amino]-1S- (phenylmethyl)propyl]-2S-[{{1,1-

5 dimethyiethoxy)carbonyl] aminol]-3-methyl-3- '
(methylthio)butaneamide (5.01 g, 7.53 mmol) was dissolved
in tetrahydrofuran (250 mL). A solution of oxone® (13.8
g, 22.6 mmol) in water ({250 mL) was added dropwise to the
solution at room temperature over 2 hours. The solution

10 became cloudy and a precipitate formed during the
addition. The solution was poured into ethyl acetate
{500 mL) and washed with water (3 x 200 mL) followed by
brine (2 x 300 mL). The organic layer was dried over
anhydrous sodium sulfate and solvent removed in vacuo.

15 The product (4.72 g, 6.77 mmol, 89% yield) was obtained
as a white foam; m/e calcd 697; found (M+Li) 704.

Part C: Preparation of N-[[2R-hydroxy-3-[(1,3-

benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino)} -1S-
20 (phenylmethyl)propyl] -28-amino-3-methyl-3-

(methylsulfonyl)}butaneamideshydrochloride salt

HCl1 O

HoN N QH¢
et

cH f’mo



anhydride for bronopacetyl chloride, or one can use 25 chl oroacetyl
chloride or chloracetic anhydride._EXAMPLE 22 [err] 30 WO 96/.28464

PCT/ US96/ 02685 80 Preparation of 2S-[chl oroacetyl am no]-N-[ 2R- hydr oxy- 3-
[Nerr]- (2-nmethyl propyl)- Nerr]- (4-nmethoxyphenylsulfonyl) amno ] -

1s- (phenyl met hyl ) propyl ] - 3S- net hyl pentanam de 5 Part A: To a sol ution of

2R- hydr oxy- g dsRs4&kt hy! propyl) (4- PCT/US96/02685

met hoxyphenyl sul f onyl ) am no] - 1S- (phenyl net hyl ) propylamne (1.70 g, 4.18
mmol) in 40 nL of dichl oronmet hane was add'i% N- car bobenzyl oxy- L-i sol euci ne-
10 N-hydroxysucci nam de ester (1.51 g, 8 mol ) and the solution stirred

under nitrogen a q@ﬁefn@d{ _ga[hqugsber]'ﬂ?dlg%gegtyslyﬁnefd;&q gotrated in
vacuo and the resi was re |ssolv§d I n etHyI %gg§ate Egi ﬁcetate
sol ution was wasMEFHLPROBAL AR5 5180 RReBHISE W]e]r ]S at urat ed
sodi um bi car bonatdmeahyl sthaexydtoastbeogi Lnamtirodr-Bdmetoyl €3 over nagnesi um
sulfate, filteredue gﬂglggpf&ﬁ;lr)%h@gn myaE! & 251439 &4 @rn%q)p;,ﬁeuct. The

product was purifje y si]1ca romat ogr.ap 1‘\:‘Lum ng xane: et hyl
acetate el uanP t dipsefyed. @élc?’é@??methane (200 at “room
temperature. Anhydrous hydrochloric acid was bubbled
through the solution for 30 min. The solution was
stirred at room temperature for 1 hour and the solvent
was removed in vacuo. The product (4.02 g, 6.35 mmol,
10 99% yield) was obtained as a white solid; m/e calcd 697;
found (M+Li)} 704.

Part D: Preparation of N-[[2R-hydroxy-3-[(1,3-
benzodioxol-5-yl)sulfonyl] {(2-methylpropyl)amino] -15-

15 (phenylmethyl)propyl]-2S-{(chlorcacetyl)amino] -3-methyl-
3- (methylsul fonyl)butaneamide

: ‘\ //
¢ \)LC%Y 3

OH
CH- ’s\§

20 N-[[2R-hydroxy-3-[(1,3-benzodioxol-5-yl)sulfonyl] (2-
methylpropyl}amino]~1S- (phenylmethyl)propyl] -25-amino-3-
methyl-3- (methylsulfonyl)butaneamideshydrochloride salt
(3.90 g, 6.15 mmole) was mixed at room temperature in
acetonitrile (40 mL). Triethylamine'(l.86'g, 18.45 mmol)

25 and chloroacetic anhydride (1.05 g, 6.15 mmol) were
added. The solution was stirred at room temperature for
16 hours and poured into ethyl acetate (250 mL). The
solution was washed with 10% aqueous acetic acid (2 x 100
mb), saturated agueous sodium bicarbonate (2 x 100 mL),

30 and brine (2 x 100 mL). The organic layer was dried over
anhydrous sodium sulfate and solvent was removed in



20 yield) of 2S-[(carbobenzyl oxy)ani noj - N—[2R— hydr oxy- 3- (3-
met-hylpropyl ) (4- met-hoxyphenyl sul f onyl) amicnol - 1S

(phenyl net hyl ) propyl ] - 3S- net hyl pent anam de. Part B: 25 (1.18 g, 1.8
mol ) of the product fromPart A was dissolved in 50 nL of nmethanol, and to
this was added 250 ng of 10% Pal | adi um on Carbon whil e under a stream of

ni trogen. Thgodyssgssi on was hydrogenat ed using 50 psig of hgTussmasssor 20
hours. The contents were purged with 30 nitrogen and filtered through
celite, and concentrated in vacuo to yield; ??5 ng of

2S- (am no) - N-[ 2R- hydr oxy- 3-[(3- met hyl propyl’) (4- met hoxyphenyl sul f onyl)

am no] - 1S- (phenykaetsy! )mryamalo}»r351rre&hsllgaema&naﬁ't@lﬁ;ed/\/farﬁhpWﬁﬁé@day

wi t hout further cation. 35 6

hCTT s96) 02655, 5, thaEP %’r‘i"t‘?té’%aﬁhywp%lgfﬁé ;é 8, SpshietvY, B5REANS B was
di ssel ved in 15 nilnohegarasne Thedproduet s(2vdS gddedld Toelng 528 Beekdbl ) of
4- et hyl nor phol i ngagobpt@rhedy as0a3wRife foakmSmyevkal&d Mul;0reasat (8+Li)
anhydride. The reggalon m xture was stirred under nitrogen at nrosphere for 3
hours, concentT at fn vacuo, and redissolved in ethyl acetate. The et hyl
acetate solution was washed with 50

EXAMPLE 38

15 Part A: Preparation of N-[(1l,l-dimethylethoxyl)carbonyl] -~
N- [2-methylpropyl]-3S-[N1- (phenylmethoxycarbonyl)amino] -
2R~hydroxy-4-phenylbutylamine

L
Saaaaee

A solution of N-[3S-[Nl-(benzyloxycarbonyl)amino]-2R-
hydroxy-4-phenylbutyl] ~-N- (2-methylpropyl}amine {(18.5 g,
50 mmol), BOC-ON (12.35 g, 50 mmol) and triethylamine (7
mL) in tetrahydrofuran (400 mL} was stirred at room

25 temperature for 18 hours and then concentrated in vacuo.
The residue was dissolved in dichloromethane (1 L} and

20



m. of 5% agueous KHSO err], saturated NaHCJ err], and saturated 10 NadC
solution, dried over_MySQ4__ filtered and.concentrated to yield 613 ng, (68%
yield) of 2S- [(chl oroacetyl)am no]-N[2R-hydroxy-3-[(3-nethyl propyl)

(4- met hoxyphenyl sul fonyl ) am no] - 1S- (phenyl net hyl) propyl | -

3S- et hyl pent anami de, after purification by silica gel 15 chronmatography
using 1:1 heyxyowéemedyl acetate. EXAMPLE 23 [err] 20 PreparpdTuse6/0i68s

2R- hydroxy-3- [[(2, 3-di hvdrobenzof uran-5-

vl ) sul fonyl ] (2-nethyl propyl)am nol - 1S- (pheyy met hyl ) propyl amne Part A
Preparation of 5-(2,3-di hydrobenzofuranyl) 25 sulfonyl chloride To a
solution of 3. 359w@§hﬁlwdhosadm+h#dmhyxbf 05 ngyrizle av o0l U Briiheogen

was added 6.18 ¢ I C r SOl | 0, Af t er
stirring for 30 ésé] {‘# Q%@ l'ge”f c\gﬂgeggﬁg%er oﬁ‘enzggu{’a%gev\%fsfoggded and
the mxture heate%l3a'='t gld@@anénteth\mwelﬁheof tM)I-BB'/eZQ%HIEd product.

PCT/ US96/ 02685 82 reaction was cool ed, poured into ice water, extracted

with rrethylen ch or.i dried_over ul f ate, I ered and

concentr at ed £ ?ﬁf???ﬁ?tlﬁlo?%?#u& PR iécﬁi omethyl acetate

to afford 2. 45 g @img:hylethoxy) carbonyl] {2-methylpropyl)amino] -18-
(phenylmethyl)propyl] -2S-[ (phenylmethoxycarbonyl)amino] -

3,3-dimethylbutanamide
& XKk

CH

10

N-{(1l,1-dimethylethoxyl)carbonyl]-N-[2-methylpropyl]-3S-
[N1- (phenylmethoxycarbonyl)amino] ~2R-hydroxy-4-
phenylbutylamine in ethanol was hydrogenated at 45 psig
15 of hydrogen in the presence of 5% pd(C) catalyst to yield
N-[(1,1l-dimethylethoxy)carbonyl]-N-[2-methylpropyl]-3S-
[N1- (phenylmethoxycarbonyl}amino-2R-hydroxy-4-
phenylbutylamine to N-[(1,1-dimethylethoxy)carbonyl]-N-
[2-methylpropyl] ~3S-amino-2R-hydroxy-4-phenylbutylamine
20

o k
H
N N_J\O

H OH

Following standard workup, the crude amine (12.24 g,
36.42 mmol) was added to a mixture of N-
25 carbobenzyloxycarbonyl-L-tert-leucine (9.67 g, 36.42



5 (2, 3-di hydr obenzof uranyl )sul fonyl chloridée. Part B: Preparation of
Carbamc acid, 2R hydroxy=3- ..

[[(2, 3- dlhydrobenzofuran 5- yI)squonyI](Z nethylpropyl)

am no] - 1S- (phenyl met hyl ) propyl -, phenyl net hyl ester 10 To a sol ution of

1.11 g (3.0 mmol ) of N-[3S-benzyl oxy

car bonyl am naw@$d38yeédr oxy- 4- phenyl ] - N-i sobutyl am ne in 20nL HCLARIGOR68Y.S

nmet hyl ene chl oride, was added 1.3nL (0.94 g, 9.3 mml) of triethylam ne.

The solution was 15 cooled to O[err]C and19366 g of

5- (2, 3-di hydrobenzofuranyl) sul fonyl chloride was added, stirred for 15

m nutes at O err] @molherHOBT (2. WGug,aBGrm)mmOanpandtm@ (EtYylg,aB6td2e was

added, washed wi t B34 Ciﬁrﬂm&" atgo? gxg?t%ft?éxe fh% g@hPé%?éé)%tr‘i-eﬁbét ne,
cru

dried and concentrated to e materi al IS was
recrystal lized fr&RPH E‘F’f’Rﬁraé:t‘#@r fpy %1fkf*‘61“a 1.The BLEPULR MBS SBERERI aci d,

[ 2R- ydr oxy- 3-[ [ ( Z03- dni‘a{dﬁﬂh&:maof d8ahovrsy) ) Ml DMY| $d2-removed in
Yy P S SO PRPAVIA OBt B e T

C. Preparation of
benzof ur an- 5-yl ) sk onwﬂqi rYé{tIhyBQ ep‘ylbﬁiﬁm@]deléﬁ% 2 X 200 mL) and

Eggeﬂyljrret hyls) p{f(ﬂ&hﬁ@ @ochnL}A aehaalaﬁucﬁo&e&:éface?]%rmﬁel aci g, N

- hydr oxy- rohenzofura sul f.on nmet hyl pr opy

am no] - 1S- ( phenyl r!rgPﬁmg to’p‘ﬂﬁ °© &gﬁyﬁg‘?ﬁﬁ%‘iﬁ Pé'?f‘%‘r'xrn 30 nL of

tetrahydrofuran was hydrogenat ed . 999 of 10% pal | adi um on-car bon under 50

psig of hydrogen faktl€: Preparation of N-{2R-hydroxy-3-[[(1,1-
dimethylethoxy) carbonyl) (2-methylpropyl)amino}-1S-

{phenylmethyl)propyl] ~-2S-amino-3, 3-dimethylbutanamide

I LK
ANE on \_

15 N-{2R-hydroxy-3-[[(1,1-dimethylethoxy) carbonyl] (2-
methylpropyllamino]-1S- (phenylmethyl)propyl]-2S-
{ {(phenylmethoxycarbonyl)amino] -3, 3-dimethylbutanamide (20
g, 34.29 mmol) in methanol (250 mL) was hydrogenated at
room temperature in the presence of PA/C (10%, 5 g). The

20 catalyst was filtered off and the filtrate was
concentrated to afford 13.8 g (90%) of the pure desired
product. ’

Part D: Preparation of N-[2R-hydroxy-3-[[{1l,1-

25 dimethylethoxy)carbonyl) (2-methylpropyl)amino] -18-
{phenylmethyl)propyl]-25-[ (chlorocacetyl)amino}~3,3-
dimethylbutanamide



35 hours. The catalyst was renoved by filtration and the filtrate
concentrated to afford—1-99 g of the-desired D 96/ 28464 __
PCT/ US96/ 02685 83 [ 2R- hydroxy-3-[[ (2, 3-di hydr obenzof ur an- 5- yI)squonyI](Z-
met hyl propyl ) am no] - 1S- (phenyl net hyl ) propyl am ne. EXAMPLE 24 5 [err]
Preparation of Carbam c acid, 2R-hvdroxv-3-[[(2- '
am nobenzot hv@sétssbs ! ) sul fonyl ] (2- net hyl propvl am no] - 10 PCI/US96/02685
1S- (phenyl et hyl ) propyl -, phenvl met hyl ester Carbam c acid, 2R-hydroxy-3-]
(4-am nophenyl ) sul fonyl ] (2- met hyl propyl ) agugo] - 1S- (phenyl net hyl ) pr opyl -
phenyl net hyl ester 0.30 g (0.571 mmmol ) was added to a 15 well m xed powder
of anhydrous copper sulfate (1.20 g) and pge\assiumthiocyanate (1.50 g)
foll owed by dry nmethanol (6 niL) and the Qaabtlng bl ack- brown suspensi on
was heated at reflux for 2 hrs. The react¥ef{ m xture was filtered and the
filtrate was diluted with water (5 nf 2@ ajd heatemlég{rzeflux Et hanol

d

was added to the reaction m xtur C egl_ang ter e filtrate upon
concentration afforded a resi dtfe ch vasichrgmatidgr (et hyl

acet at e: hexane 80:20) to afford 0. 2B (8% obHth® desired conpound as a
sol i d.

To N-[2R-hydroxy-3-[[(1,1-dimethylethoxy) carbonyl](2-
methylpropyl)amino]-1S- {(phenylmethyl)propyl]-2S-amino-

5 3,3-dimethylbutanamide (12.45 g, 27.70 mmol) in
dichloromethane (200 mL) was added chlorocacetic anhydride
{(5.21 g, 30.48 mmol) and the reaction mixture was stirred
for 18 hours. The reaction mixture was washed with
citric acid (5%, 100 mL), sodium bicarbonate (saturated,

10 .100 mL) and brine, dried (MgSO4) and concentrated to
afford 12.0 g (82%) of the pure desired product.

Part E: Preparation. of 2S-[[N-

(phenylmethyl)aminoacyl]amino] -N- [2R-hydroxy-3-([(1,1-
15 dimethylethoxy)carbonyl} (2-methylpropyl)amino}-1S-

(phenylmethyl)propyl] -3, 3-dimethylbutanamide

The product from Part D is added to benzyl amine in
tetrahydrofuran with stirring at about room temperature.
20 The solvent is removed under reduced pressure using a
rotary evaporator and the residue is washed with dilute
HCl, saturated NaHCO3, water, brine and dried to provide

the product amine

catsesren

25 The material can be chromatographed if desired.



25 WD 96/ 28464 _ - PCT/ US96/ 02685
84-ferr] 5 Prepar ati-on—ef—Carbam. C —aCihaidRahiyrdoy-3- | - :

[ (benzot hi azol - 6-yl ) sul fonyl ] (2- et hyl propyl )am nol - 1S-
(phenyl net hyl ) propyl -, phenyl net hyl ester Method 1: 10 Car bam ¢
acid, 2R-hydroxy-3-[[(2-am nobenzot hiazol - 6-yl)sul fonyl]

(2- met hyl pr o)g osaids O] - 1S- (phenyl net hyl ) propyl -, phenyl et pgirussan268s( 0. 25
g, 0.429 mmol) was added to a solution of isoanylnitrite (0.116 nt, 0.858
mmol ) in dioxane (5 nL) and the mxture wagigeated at 15 85[err]C After
the cessation of evolution of nitrogen, the reaction m xture was
concentrated and the residue was purified by chromatography (hexane:ethyl
acetate 5:3) to afford 0.130 g (53% of é#ﬁﬁggﬁiéged product as a solid. 20
Met hod 2: Crude benzot hi azol e- 6-sul f onyl ' in ethyl acetate (100 ni)
was added to N—[SS-benzonxycarbonyI :

am no- 2R- hydr oxy- $rgpe

fol | owed by

.éﬁgﬁg£ 18
5 shed

hr., -the reaction
with citric acid

10 To a solution of the N-[3S-{(phenylmethoxycarbonyl)
amino] ~2R-hydroxy-4-phenylbutyl] -N- (2-methylpropyl)amine
(0.5 g, 1.35 mmol) in CHpCly (5.0 mL} containing Et3N
(0.35 mL, 2.5 mmol) was added 1,4-benzodioxan-6-sulfonyl

chloride (0.34 g, 1.45 mmol) and stirred at 0°C for 30

15 min. After stirring at room temperature for 1 hour, the
reaction mixture was diluted with CH2Cl2 (20 mL), washed
with cold 1IN HCl1l {3 x 20 mL), water (2 x 20 mL), sat4d.
NaHCO3 (2 x 20 mL) and water (3 x 20 mL), dried (Na2S04)
and concentrated under reduced pressure. The resulting

20 residue was purified by flash chromatography using 35%
EtOAc in hexane to give the desired product as a whice
amorphous solid which crystallized from MeOH as a white
powder (0.65g. 84% yield): m. p. 82-84° C, HRMS-FAB :
calcd for C3pH37N207S 569.2321 (MH+), found 569.2323.

25



(saturated, 100 nlL) and brine (100 m.), dried (MgJSH) and concentrated in
vacuo. The residue was _chromat ographed 30 (silica gel, ethyl_acetate:
hexane 1:1) to afford 0.340 g (23% of desired product. WO 96/ 28464
PCT/ US96/ 02685 85 [err] NH2 5 Preparation of Carbam c acid. 2R hydroxy-3 -
[[(2-am no benzot hi azol - 5-yl ) sul fonyl] (2-nmet hyl propyl)am nol -1S-
(phenyl met hyybRESRYL - phenvl nethyl ester; and Carbam c acipCTUS96/02685

2R- hydr oxy- 3- [ [ (2- am nobenzot hi azol - 7-yl )sul fonyl] 10 (2-nethyl propyl)
am no] -1S- (phenvl net hyl ) propyt -, phenyl mgyyl ester The carbamic acid,
2R- hydr oxy- 3-[ ( 3- am nophenyl sul f onyl)

(2- et hyl propyl ) am no] - 1S- (phenyl net hyl gyl 49 15 phenyl net hyl ester
0.36 g (0.685 nmol) was added to a well m xed powder of anhydrous copper
sulfate (1.44 g) and potassi umthi ocyang (1.80 g) followed by dry

met hanol (10 nL) and the rsulting blac pown suspensi on was heated at
reflux for 2 hrs. The reaction mxtureNwa# 20 filtered and the filtrate
was diluted with water (5 nL) and hgat%) A reflgx. oEt hanol was added to
the reaction mixture, cooled and filtefed.§The fN#rate upon

Part A . Preparation of 28-[[(1,1-

dimethylethoxy) carbonyl]}amino) -N- [2R-hydroxy-3-[[(1,3~
10 benzodioxol-5-ylisulfonyl] (2-methylpropylfamino]-1S-

{phenylmethyl) propyl]pent-4-ynamide

H o c O
o8 \/

H

>

To a cooled solution of N-t-Boc-L-propargyl glycine (5.0

15 g, 23.4 mmol) and 4.7g (1.5 equiv.) of N-
hydroxybenzotriazole in 40 mL of N,N-dimethylformamide
was added 4.6g (23.4 mmol) of EDC and stirred at 0 C for
one hour. To this was added a solution of 12.10g (23.4
mmol} of 2R-hydroxy-3-[[(1l,3-benzodioxol-5-

20 yl)sulfonyl] (2-methylpropyl)amino]-1S-
(phenylmethyl)propylamine in 6 mL of N,N-
dimethylformamide and the solution stirred for 16 hours.
The solvent was removed by rotory evaporation, replaced
with ehtyl acetate, and washed with saturated sodium



concentration afforded a rsei due which was chromat ographed (et hyl

acetate hexane 1:1) to-afford .0 18 WD 06/ 28464

PCT/ US96/ 02685 86 g (45% of the 7-isonmer as a solid. Further elution of
the colum with (ethyl acetate: hexane 3:2) afforded 0.80 g (20% afforded

the 5-isomer as a solid. 5 EXAMPLE 27 [err]

Preparati on &fodénsiéd (S) - benzyl oxycar bonyl am no- 2(R) - hydr oXyrCTII596/02685
4- phenyl ] N-i sobutyl ami ne Part A: N-benzyl oxycarbonyl - 3(S)-am no-1-chl oro- 4-

phenyl -2(S)-butanol To a solution of N-benzy-oxycarbonyl

- L- phenyl al ani ne 15

chl oronet hyl- ketone (75 g, 0.2 nol) in a mxture of 800 nL of methanol and
800 nL of tetrahydsidasbahaves BEdeitt<edaditiband tyrcliriede Thé3otdamicd w4 nol ,

ahﬁo&%fés@%ﬁr ate e for

1000-nL of ethyl detviteddand - JeSrans Wit Krefdepreiugt ] whighwe$ ed aqueous
NaHCO err], sat ura&mtaqueeua Bodsh . didthed evRér ar‘éﬁtﬂrrloa&ew&w ryimeld

filtered and c ncegtg %dzbnﬁlgfgf [16,[9% ? n’&’aﬂrm’%éfi%&?o cool

1.54 equiv.) over éxcioed“o%flﬂsgéé)éﬂ}d %%1%%&%%?&%

2 hours and then concentra

di ssolved in 1000 hexa owe

terrperature wher e m{ﬁﬁ?Wr‘?st[él(% I drenzpdioxol-5-yl) sulfonyl] (2-
methylpropyl)amino] -15- (phenylmethyl)propyl]lpent-4-

ynamide.

_was
0O room

10 Part B. Preparation of 2S-amino-N-[2R-hydroxy-3-[[(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl}amino] -1S-

{phenylmethyl)propyllpent-4-ynamide

w1 ¥ o AP
/ é
H

‘o

15 5.0g (8.12 mmol) of the product from Part A. was

dissolved in 20 mL of 4N HCl in dioxane and stirred for
30 minutes. The precipitated product was stripped two
times from diethyl ether and this crude hydrochloride
salt was used in Part C.

20
Part C. Preparation of 2S-[(chloroacetyl)amino]-N-[2R-
hydroxy-3-[[{1,3-benzodioxol-5-yl)sulfonyl] (2-
methylpropyl)amino] -1S- (phenylmethyl)propyl]pent-4-
ynamide '



that were isolated by filtration and washed wi th copi ous amounts of
hexanes. This solid was then recrystallized fromhot ethyl acetate and
hexanes to provide 32.3 g 43% of

N- benzyl oxycar bonyl - 3(S) - am no- 1- chl or o- 4- phenyl -2(S)- 30 butanol, np
150-151[err]C, FAB Ms: M.ii[err] = 340. WD 96/ 28464

PCT/ US96/ 02Qpoeibaddart B:  3(S)-[ N-(benzyl oxycar bonyl ) am n@jcriussesssep

4- phenyl but ane A sol ution of potassium hydroxide (6.52 g. 0.116 nol, 1.

equiv.) in 970 nL of absolute ethanol was jhkeated with N 5
benzyl oxycar bonyl - 3('S) - am no- 1- chl or o- 4- phenyl -2(S) - butanol (32.3 g,

nol). This solution was stirred at roory
concentrated in vacuo to give a white

gnperature for 15 m nutes and
The solid was di ssovl ed

di chl or onet hane and washed with water, Neded over 10 anhyd MgSJ err],
filetered and concentrated in vacuditocglv- a WHD Osolid. The solid was

crystallized from hexanes an hqac g to g|
(benzyl oxycar bonyl ) am no] - fﬂé%énrép "nylﬁht.

FAB Ms: MH err]

sol ution of N-benzyl carbonyl -3(S)

102-103[err

no- 1 (S) - e oxy-

= 298. 15 Part Co H OH
N-[ 3(S)-benzyl oxycar bonyl am no- 2(?%%f§droxy 4- |90butylanine

10

15

20

25

4.4g (8.12 mmol) of amine hydrochloride from Part B was
dissolved in 60 mL of methylene chloride and to this was
added 3.0g (24 mmol) of N,N-diisopropylethyl amine,
followed by 1.38g (8.1 mmol) of chloroacetic anhydride.
The solution was stirred at room temperature overnight.
The contents were concentrated on a rotory evaporator and
the residue was partitioned between ethyl acetate and
water. The organic layer was washed with 5% citric acid
and then saturated sodium bicarbonaté and brine. The
organics were dried over magnesium sulfate filtered and
concentrated to yield 4.3g of crude product.
Recrystallization from.ethyl acetate hexane yielded 3.6 g
(75% vield) of 2S5-[(chloroacetyl)amino]-N-[2R-hydroxy-3-
[[{1,3-benzodioxol-5-yl}sulfonyl] (2-methylpropyl)amino] -
ls—(phenylméthyl)propyl]pent—4-ynamide as a white solid.

EXAMPLE 41

%0

\_\Cl "

2- h 1 i ~1S- 1

oxy-
2

0. 097
t hen
n

77% of 3(S)-[ N

1C,



4- phenyl butane (50.0 g, 0.168 nol ) and isobutyl am ne 20 (246 g, 3.24
mol—20—egui-val ent s}—i-n-850—d=0f is - Lanas heat edto—treflux

for 1.25 hours. The solution was cooled to roomtenperature, concentrated
in vacuo and then poured into 1 L of stirring hexane whereupon the product
crystallized fromsolution. The 25 product was isolated by filtration and
air dried towthospssd. 56 g, 92% of N 3(S) - benzyl oxycar bony| amOTas8¢/62585

hydr oxy- 4- phenyl ] - N-i sobutyl am ne, np 108. 0- 109. 5[err]C, M+ i z=371. 30
EXAMPLE 28 [err] Preparation of 1, 3- benzodug§ole -sul fonyl chloride 35
WD 96/ 28464 PCT/ US96/ 02685 88

Met hod 1. To a solrafritoR:of Phepirag idh aBhgRFigHBE-INyN3-d{ (@t hyl f or mani de at

O[err] C under nitr Hgﬁ 0 Wwher eupon a
solid formed. After Qg'&gp@ﬁ% ng yﬁq%n %ﬁ@&lpl{ré%&%?mn%éﬁ%f benzodi oxol e
was added, and théFW@%V&m@th%ﬁR§99§ﬂCQGB?@#¢]QS#@bPhEDﬁ%m#%hylﬂﬁ§tﬁéact|on
was cooled poured into ice water, extracted with nethylene chloride, dried

over rragne5| ur’r]__.>suI,[foataesO_fLu tere e&ng confsznérat tog ﬁlst-Ybe%zzyQ.o% crude

carbonylamino-2R-hydroxy-4-phenyl])-N-isobutylamine in
50ml. of anhydrous methylene chloride, was added 4.5mL
(3.27g, 32.4 mmol) of triethylamine. The solution was
cooled to 0°C and 2.63g (11.9 mmol} of 4-nitrobenzene

10 sulfonyl chloride was added, stirred for 30 minutes at

' 0°C, then for 1 hour at room temperature. Ethyl acetate

was added, washed with 5% citric acid, saturated sodium
bicarbonate, brine, dried and concentrated to vield 5.9 g
of crude material. This was recrystallized from ethyl

15 acetateshexane to afford 4.7 g of pure [2R-hydroxy-3-
[[(4-nitrophenyl)sulfonyl] (2-methylpropyl) amino]-1S-
{phenylmethyl)propylcarbamic acid phenylmethyl ester,
m/e=556 (M+H) .

20 Part B: Preparation of 2R-hydroxy-3-[[{4-aminophenyl)
sulfonyl] (2-methylpropyl)amino] -1S- (phenylmethyl)
propylamine

A solution of 3.0g (5.4 mmol) of 2R-hydroxy-3-[I[(4-

25 nitrophenyl)sulfonyl] (2-methylpropyl) amino]-1S-
{phenylmethyl)propylcarbamic acid phenylmethyl ester in
20 mL of ethyl acetaﬁe was hydrogenated over 1.5 g of 10%
palladium-on-carbon catalyst under 35 psig of hydrogen
for 3.5 hours. The catalyst was removed by filtration

30 and the solution concentrated to afford 2.05 g of the
desired 2R-hydroxy-~3-~[[{(4-aminophenyl)sulfonyl} (2-
methylpropyl)amino] -18- {phenylmethyl)propylamine,
m/e=392 (M+H) .



10 material as a black oil. This was chronat ographed on silica gel using
20% net hyl ene chl oride/hexane to afford 1.9 gof
(1, 3- benzodi oxol -5-yl)sul fonyl chloride. Method 2: 15 To a 22 liter
round bottomflask fitted with a mechanical stirrer, a cooling condenser, a
heating mantl e and a pressure equalizing dropping funnel was added sul fur
trioxide DNG/WGQX (2778g, 18.1 noles). D chl oroet hane (#craotsnagsswas
then added and stirring 20 initiated. 1,3-Benzodi oxole (1905g, 15.6 noles)
as-then added t hrough the droppi ng funnel ge(er a five mnute period. The
tenperature was then raised to 75[err]C a?i hel d for 22 hours (NWR

i ndi cated that the reaction was done af hpairs. ) The reacti on was
cooled to 26[err] and 25 oxal yl chlorigggyggﬁﬁgg 18.1 nol es) was added at a
rate so as to maintain the tenperature below 40[err]C (1.5 hours). The

m xture was heated to 67[err]C for 5 ho X ol | owed by cooling to 16[err]C
with an ice bath. The reaction was quendcged with water (5 1) at a rate
whi ch kept the 30 tenperature bel ow g0[err] Aftgr tche addition of water
was conplete, the m xture was Stirrem 1§ m nutN# The | ayers were
separated and the organi c (ta S »=:. oY L) wat er (51). The
organic layer was dried with nhgneki ungsulif at8 (5p0 f}ltered to
renove the 35 drying agent. ThE so veﬂt\mé% r SHov ET ~oacuum at
50[err]C. The resulting warmliquid was all owed tofcool at which tine a
solid began to form After one hour, the :

5 -3- - joxol-5- -
j. l ]] -3

To 6.55 g {10.7 mmol) of N-{[2R-hydroxy-3-[[(1,3-

10 Dbenzodioxol-5-yl)}sulfonyl] {(2-methylpropyl)amino]-1S-
{phenylmethyl)propyl] -28-{ (chloroacetyl)amino]-3,3- '
dimethylbutanamide was added 25 mL of tetrahydrofuran,
the solvent removed under reduced pressure to remove any
ethyl acetate, and then 25 mL of tetrahydrofuran was

15 added. To this solution at 10°C was added 19 mL (214
mmol) of 40% agqueous methylamine. After 2 hours, the

_ solvents were removed under reduced pressure, added 1 L
ethyl acetate, washed with saturated sodium bicarbonate,
brine, dried over anhydrous magnesium sulfate, filtered

20 and concentrated to afford 6.0 g of crude material, which
was assaved by HPLC to be 98% purity.

EXAMPLE 43

HO(‘\H OHL
25 |



WD 96/ 28464 PCT/ US96/ 02685 89
solid was washed wi.th hexane (400 m.) . filtered and.-dried to_provide-the
desired sul fonyl chloride (2823g). The hexane wash was concentrated and the
resulting solid washed with 400 nmL hexane to provide additional sulfonyl 5
chloride (464g). The total yield was 3287g (95.5% based upon

1, 3- benzodi oxg ®)2saeyet hod 3: 1, 4- benzodi oxan- 6- sul f onyl chl GCTOIS96&R2E8S
prepared 10 according to the procedure disclosed in EP 583960, incorporated
herein by reference. EXAVPLE 29 [err] 15 Pregaration of
1-[N-[ 1, 3- benzodi oxol - 5- vI)squonyI] N- (2 nethylprropyl) an1no] 3(S) -

[ bi s (phenyl et hvIPrepaics IREh2dr e En A blEs-To a 5000
m., 3-necked flask.fi ‘.-nﬁ "u-f&-\ A0LES -luuo hl:&u‘inr‘ v (S)-[N N
bi s (phenyl net hyl yantn m OXy-Z-prenyr oot i -1

| sobut yl am ne. oxaRESR3éLd NEELOZL g NQIRCEMVEN ARRRC 1-2nT]i oxane (2000

m). - A sol ution ohmggggﬁgngﬂkgﬂuﬁpnate (241.9 g, 1.75 noles) in water (250
m.) was then agded

To 3.47 g (5.7 mmol) of N-[2R-hydroxy-3-{[{(1,3-
benzodioxol-5-yl)sulfonyl] {2-methylpropyl)amino] -1S-
(phenylmethyl)propyl]} -28-~{ {chloroacetyl)amino}-3S8-
methylpentanamide was added 50 mL of tetrahydrofuran. To

10 this solution was added 12 mL (135 mmol) of 40% agueous

' methylamine: After 6 hours, the solvents were removed

under reduced pressure, added ethyl acetate, washed with
saturated sodium bicarbonate, brine, dried over anhydrous
magnesium sulfate, filtered and concentrated to afford

15 3.5 g of crude material, which was assayed by HPLC to be
96% purity. The product was chromatographically purified
on basic alumina using methanol and ethyl acetate eluants
to vyield 2.88g (85%) pure desired product (100% by HPLC);
m/e CigHgqNgO7S calcd 604.77; found (M+Li) 611.

20

25 inol-N-[2R- ~3-{ D ; 5=

- A solution of 2.0 g 2S-[(chloroacetyl)amino]-N-[2R-
30 hydroxy-3-[[(1,3-benzodiox-5-yl)sulfonyl] (2~
methylpropyl)amino] -1S- (phenylmethyl)propyl}-3,3-
dimethyl-butanamide and 4.0 g 2-hydroxyethyl amine (20



The resul tant heterogeneous m xture was stirred for 2 hours at room
tenperature foll owed-by-the addition-of 30 1,3-henzodi oxol e-5-sul fonyl
chloride (162.2 g, 0.735 nole) dlssolved in 1,4-di oxane (250 nlL) over 15
m nut es. WD 96/ 28464

PCT/ US96/ 02685 90 The reaction m xture was stirred at room tenperature for
18 hours. Etwgwoesaggsate (1000 nL) and water (500 nlL) were chermgssobesst he
reactor and stirring continued for another 1 hour. The aqueous |ayer was
separated and 5 further extracted with etjyd acetate (200 nL). The

conmbi ned ethyl acetate |ayers were washed wth 25% brine solution (500 ni)

and dried over anéumrm:sawmneétmmean wad egtifﬁrbaeslmwé\catvmamng the

magnesi um sul f at g &4&; ;J%I et at e 20 a%/ , §: E i n a"[ he 10d
filtrate was renoV r'ed §‘§’ur‘é’ %?rﬁc g “EHE d’e’%‘F eq° &°
sul f onami de as arpw@ddi@eﬁebew¢m@h}mil pcedae Andl 6awyaked| ) aquarns/ VS

(el ectrospray) (rﬁdaiﬂﬁlbﬁwﬁkhﬁﬁﬁﬁé] The combined organlcs were washeBXAVPLE

30 [err] Preparati benzodi ox
(2- met hyl pr op% ) 'éfﬁr}hgir"?ﬁS) dﬁ’rf#‘ﬁ’o a&‘%ﬁ@ﬁﬁﬁnﬁfﬁe lb"u%/’ﬁ%lﬁ? 'ﬁ%&%‘fi%m c
acid salt Mt hod firee base. The product was dissolved in 25 mL

acetonitrile and 2.0 eg. aqueous HCl was added. After 10

minutes the reaction was concentrated in vacuo and chased
with 30 ml water and vacumn dried over P20s5.

10

15

A solution of 2.0 g of 2S-[ {chloroacetyl)amino}-N-[2R-

20 hydroxy-3-[[(1,3-benzodiox-5-yl)sulfonyl] (2-
methylpropyl)amino] -158-~ (phenylmethyl)propyl} -3, 3-
dimethyl-butanamide and 4.8 mL 2-methoxyethyl amine (20
eqg.) in 8 mL tetrahydrofuran was stirred 4 hours at room
temperature. The reaction was concentrated in vacuo and

25 partitioned between ethyl acetate and saturated aqueous
sodium bicarbonate. The combined organics were washed
with brine, dried, and concentrated in vacuo to the crude
free base. The product was taken up in 25 mL
acetonitrile and 2.0 eqg. agueous HCl was added. After 10

30 minutes the reaction was concentrated in vacuo and chased
with 30 ml water and vacumn dried over P205.



Crude 1-[N-[(1, 3-benzodi oxol -5-yl)sul fonyl]-N-(2- 25 nethyl propyl)am no]-3
)_LbLsthenylnethyL;anLQn;_4__phen¥L;2LEL;huLanaL_Lﬁ.Zg, : .
di ssolved-in nmethanol (40 nmiL). Methanesul fonic acid (0.969g, 0.010 nol es)
and water (5 nL) were then added to the solution. The m xture was placed in
a 500 mL Parr hydrogenation 30 bottle cont ai ni ng 20% Pd(OH) 2 on carbon (255
ng, 50% watey content). The bottle was placed in the hydrog

06/ 28464 ~ WO/ZB4E4 peT] Usoa, SoAn@anpses
purged 5 times with nitrogen and 5 tines mnth hydr ogen. The reacti on was
allowed to proceed at 35[err]C with 63 PSI ﬁ§drogen pressure for 18 hours.
Additional catalyst (125 ng) was added %ggmgg£%§% purging, the 5

hydr ogenati on continued for and additio rs. The m xture was
~filtered through celite which was washed with nmethanol (2 X 10 ni). )
Approxi mately one third of the nethanol enoved under reduced pressure.
The remai ni ng nmet hanol was renoved by az pic distillation 10 with
toluene at 80 torr. Tol uene ;add in nd 10 L porti ons.

The product crystallized frQm e m Xt ur \kzered and washed tw ce
with 10 nL portions of toIJ&h& al_AQopupt enper at ure at
1 torr for 6 hours to yleldtheHam eaalt %) HPLC/ VB

(el ectrospray) was consi stent vmtklo

A solution of 2.0 g of 2S-[{chloroacetyl)amino]~N-[2R-~

10 hydroxy-3-[[{1,3-benzodiox-5-y1)sulfonyl] (2-
methylpropyl)amino} -1S- (phenylmethyl)propyl]-3,3-
dimethyl-butanamide and 4.5 mL cyclopropyl amine (20 eg.)
in 8 mL tetrahydrofuran was stirred 24 hours at room
temperature. The reaction was concentrated in vacuo and

15 partitioned between ethyl acetate and saturated agueous
sodium bicarbonate. The combined organics were washed
with brine, dried, and concentrated in vacuo to the crude
free base. The product was taken up in 25 mL
acetonitrile and 2.0 eqg. agqueous HCl was added. After 10

20 minutes the reaction was concentrated in vacuo and chased
with 30 ml water and vacumn dried over P205 to yield 1.5g
white solid.

25



the desired product (mz 421 [ MtH +). Method 2: Part A

N-[3(S)-[N, N bi s(phenylnethyl)ammnal-2(R)- 20 .
hydr oxy- 4- phenyl but yl ] - N-i sobut yl am ne. oxalic acid salt (2800g, 5.53 noles)
and THF (4L) were added to a 22L round bottomflask fitted with a

mechani cal stirrer. Potassium carbonate (1921g, 13.9 noles) was dissol ved

in water (2. and added to the THF slurry. The m xture 2oy
stirred for “@#é‘%‘%r 1, 3- benzodi oxol e- 5-sul fonyl chl ori de ( 1%&6{& 5.8
nol es) was dissolved in THF (1.4L) and added to the reaction m xture over
25 minutes. An additional 200 nL of THF wd€4used to rinse the addition

funnel . The reactjqn. was _al | d L L for 14 hours 3 nd then_water (4
1) s added - Tt SR EeR SO E beBebkthopngo BRHE Snitae AU (616041
al l owed to separ d&t-d26Thelehyint chigrosuhborir &edd K5 abRidthis wagy skivpehed

twice with THF (%R0 okt)fod b eRARLEE Garkiat! ¥BhStéRsa-atured epktH magnesi um
sul fate (500 g) for._one hour. This 35. solution was_then filtered to renove
Frt eff? was

t he dryi ng agent k%?HJSUSe é‘&g rgecé%ltqr(%]s;eactm %84
PCT/ US96/ 02685 92cRaed Bnotdoan HeeFMEten| mixtwurenf(200 unle) 1-grkl [stirged at

benzodi oxol - 5- yI ) &idf @Bdbérdture FRENYbPRORAY dAMTRE] réé A ring

[bi s(phenyl met hyl ) am.nol - dc RAenY 2L R a P 81 sni3S w2 ehid water (500
mL). The solid was dried overnight under high vacuum in a
desiccator o&er NaOH pellets to give 5-chlorosulfonyl-2-

10 carbomethoxyamino-benzimidazole (5.9 g, 78%) as a grey

powder. 1H NMR (DMSO-dg) d: 3.89 (s, 3H), 7.55 (4, J =
8.4 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.88 (s, 1H).
(German Patent DE 3826036)

15 EXAMPLE 48

0, .0
N7

NS 2!
\(D: - NHCO,CH3

N

\" H

20

To a cold solution of N-{3S-[ (phenylmethoxycarbonyl)
amino] -2R-hydroxy-4-phenylbutyl] -N- (2-methylpropyl)amine
(5.0 g, 13.5 mmol) in dichloromethane (70 mL) was added

25 triethylamine {(5.95 g, 54.0 mmol) followed by the
addition of 5-chlorosulfonyl-2-carbomethoxyamino-
benzimidazole (4.29 g, 14.85 mmol) in small portions as a
solid. The reaction mixture was stirred at 0°C for 30
minutes and at room temperature for 2.5 hours when

30 reaction of the amino alcohol was complete. The mixture
was cooled and filtered, and the filtrate was
concentrated. The resulting residue was dissolved in



water (500 nL) followed by nmethane sulfonic aC|d (531g, 5 5.5 noles). The
solution was Stll’l’e_d_l_Q__I_DS.u.Lﬁ_Lil_|e c and added to_a 5 gallon

aut ocl ave. Pearl nan's catal yst: (200g of 20% Pd(C]—l)[err] on C 50% wat er)
was added to the autoclave with the aid of THF (500 nL). The reactor was
purged four tinmes with nitrogen and four 10 tinmes with hydrogen. The

reactor was char ed with 60 psig of hydrogen and stirring at CA.EQ Jeld
started.. Aft eY0 sﬂfﬁjrs HPLC anal ysis indicated that a smaIT anoun of t he
nono- benzyl intermedi ate was still present. Additional catalyst (50g) was

added and the reaction was 15 allowed to r#? overnight. The solution was
then filtered thr cel,l.t.e. (500 to renpve.t cqQnecentrated
under vacuumin f%}‘ﬁoﬁkpéﬂ'&?'%ﬁﬁgﬁs%ﬁfﬁwe I"ﬂ%ﬁ’exf’s\%% c%\ﬁé§ added
and renoved under agicduum xoSazwb) r FAtsxRERAr ague@s sedidnablierrhonatehd3 20

resul-ting solid was st wiLjednknk&t é:Ar@e xpPaodi A0S, mnea@mewa&lmezisoﬂ-)t,h met hyl
t-butyl ether (2 \IT’)a andtflk gred The reS|dduaI sol vent, was reémved at room
temperature in a VESUTREGISRY TG U BRAST  YITWTYy yTBFGER TS ¥R of t he

expected sal t. 525 trituratpfl dish mathanhd, pcodled, dddtezedurwamredmiithi ed by
the follow ng proggéi-erofct pial, Qf/vSOQnEILdPIeéTB.{rh%”Q'es@@éaéc?xo&d) ivaterial

e e PP R L SR
wher eupon a whit e solli)déupfenyp) taﬂmthylprbpylbfmi\mmg -1L.8-0thenyiingethyl)
preci pitate was CQlprhgdapRdn¥@SREY Whbhyimethyl ester (6.02 g, 72 %) as
10 a light brown powder: FABMS: m/z = 630 (M+Li); HRMS:
calcd. for C31H38N507S (M+H) 624.2492, found 624.2488.

15 . _ e ot Ty . .

Hg OH \:CE}'

20 A solution of N-[2R-hydroxy-3-[[(2-carbomethoxyamino-
benzimidazol-5~yl)sulfonyl] (2-methylpropyl)amino] -1S-
{phenylmethyl)propyll}carbamic acid phenylmethyl ester
(0.36 g, 0.58 mmol) in 2.5 N methanolic KOH (2.00 mL) was
heated at 70°C under a nitrogen atmosphere for 3 hours.

25 The reaction mixture was diluted with water (10 mL) and
extraéted with BtOAc (3 x 15 mL). The combined organic
extracts were washed with brine, dried (Na2504) and

. concentrated. The resulting residue was purified by
' reverse-phase HPLC using a 10-90% CH3CN/H20 gradient (30

30 min) at a flow rate of 70 mL/min. The appropriate
fractions were combined and freeze dried to give pure 2R-
hydroxy-3-[[ (2-amino-benzimidazol-5-yl)sulfonyl) (2-



hexane to afford 123g of the desired material. Through this procedure, the
original material which was a 95:5 mixture of_alcohol diastereqners was
greater than 99:1 of 35 the desired diastereoner. WO 96/ 28464

PCT/ US96/ 02685 93 EXAMPLE 31 [err] 5 Preparation of 2R hydroxy-3- [[ (1,

3- benzodi oxol -5- yl)sul fonyl] (2-nethyl propyl )am nol -1S- ( phenyl net hyl ) Part
A. Preparation of 2R-hydroxy-3- [[(1,3 -benzodi oxol- 10

5-yl) sul fonW‘ﬁ‘f‘-sﬂ@t hyl propyl ) am no] - 1S- (phenyl net hyl) progﬁé"é”?ﬁ%’ﬁ"‘c acid
phenyl net hyl ester To a solution of 3.19 g 8.6 mmol-) of N-[3S-benzyl oxy

car bonyl am no- 2R- hydr oxy- 4- phenyl ] - N-i sob §Ianine in 15 40nL of anhydrous

nmet hyl ene chl ori de added Q. f Lol ethyl am ti S
cooled to Of[err] Eeglr}%@ Fﬁﬁ“ Q‘P %3:93}géfé%%}y&#ggi’gfggogﬁgﬁkgcIiuﬁgzréllvge was
added, stirred f@n $8%hi asiteyhiteopevwdes (BAETMBom/27= Hod Mat) ¢ OTRMS:
tenperature. Et hyalaaet b€ osizatgegs washed 3ei.2be® %0 fdindidBri.e02si d,
saturated sodi um bi carbonate, brine, dried and concentrated to yield crude
material. This was recrystallized fromdiethyl ether/hexane to afford 4.77
g of pure 2R-Bydroxy-3-[[(1, 3-benzodi oFAMBLEL 3@ ul f onyl ] ( 2-

met hyl propyl ) am no] - 1S- (phenyl net hyl ) pr opyl car bam ¢ aci d

O
i O\sﬂ
0" N N \>_ NE
H OH K}__ N 2
H

10

To a solution of 2R-hydroxy-3-[[(2-amino-benzimidazol-5-
yl)sulfonyl] {(2-methyl-propyl)amino] -1S- (phenylmethyl)
propylamine (0.22 g, 0.33 mmol) in THF (3.00 mL),

15 triethylamine (0.11 g, 1.1 mmol) and benzyloxycarbonyl
succinimide (0.09 g, 0.36 mmol) were added, and the
reaction mixture was stirred at room temperature for 16
hours. The solution was concentrated, and the residue
was partitioned between EtOAc (15 mL) and saturated

20 aqueous sodium bicarbonate. The organic phase was washed
with brine, dried (Na28504), and concentrated. The
resulting residue was purified by reverse-phase HPLC
using a 10-90% CH3ICN/H20 gradient (30 min} at a flow rate
of 70 mL/min. The appropriate fractions were' combined

- 25 and freeze dried to give pure N-[2R-hydroxy-3-[[(2-amino-
benzimidazol-5-yl)sulfonyl] (2-methylpropyl)amino}-1S-
{phenylmethyl)propyl}carbamic acid phenylmethyl ester
(0.12 g, 61%} as a white powder: FAB-MS m/z = 566 (M+H);
HRMS: calcd. for C29H3gN50Os5S 566.2437 (M+H), found

30 566.2434.



25 phenyl nmethyl ester. Part B: Preparation of
2R-hydroxy-3:-[[ (1, 3-henzadi oxal: .
5- yI)squonyI](Z nethylpropyl)an1no] 1S—(pheny|nethy|) propyl am ne 30 WO
96/ 28464 PCT/ US96/ 02685 94 A

sol ution of 4 11 g of carban1c acid, 2R-hydroxy- 3-

[1(1, 3- benzo %%?J -yl') sul fonyl ] (2- et hyl propyl) am no] - PCT/US96/02685
1S—(pheny|net 5 opyl -, phenyl net hyl ester |n 45 nmL of tetrahydrofuran
and 25 nL of nethanol was hydrogenated 5 ove{ g of 10%

pal | adi um on-carbon under 50 psig of hydr for 16 hours. The catal yst

was renoved by filtration and the filtr trated to afford 1.82g of

t he desired 2R-hydroxy-3-[[(1, 3- benzodig§§¥ﬁ§£‘§ﬂ

yl)sul fonyl](2- nethylpropyl)anlno] 1S— 10 (phenylnethyl)propylanlne
-EXAMPLE 32 [err] : 5 BaRg 3 -ap[al2 ineri de Part

A Preparation of .\ ,4 '. ‘. ee||-- ‘, i.our ea .!J‘: i xt.ure of._
sul fani | ani de (86 T U514 ‘ ik l’ oyt & ,x.l'ﬁ%: 0.5 nole) and
di | ut e hydr och? or L8188 e“:‘!e ",°' PMRE rechanically stirred and heated
at
0 .0
- N7

. N

N N

4 o @: 1\‘?— NHCO,CH
H

A solution of N-[2R-hydroxy-3-[[(2-carbomethoxyamino-
benzimidazole-5~yl)sulfonyl] (2-methylpropyl) -amino]-1S-

10 {(phenylmethyl)propyl]carbamic acid phenylmethyl ester
(2.5 g, 0.4 mmol) in MeOH {10 mL) and THF (50 mL) was
hydrogenated in the presence of 10% PA/C (1.2 g) at room
temperature at 60 psi for 16 hours. The catalyst was
removed by filtration, and the filtrate was concentrated

15 under reduced pressure. The resulting residue was
triturated with ether and filtered. .The solid substance
thus obtained was washed with ether and dried in vacuo to
afford pure -2R-hydroxy-3-[[ (2-carbomethoxyamino-
benzimidazol-5-yl}sulfonyl] (2-methylpropyl)aminoc] -1S-

20 (phenylmethyl)propylamine (1.5 g, 77%) as an off whice
powder: Rt =12.8 min; FAB-MS m/z = 490 (M+H); HRMS:
calcd. for C23H32N5055 490.2124 (M+H), found 490.2142.

25




reflux for 2 hr. About 200 nmL of water was distilled off and concentrati on
of the reaction mxture afforded a 25 solid.__The solid was filtered and
was washed with cold water and air dried to afford 67.5 g (59% of the
desired product as a white powder. Part B: Preparation of

2- Am no- 6- sul f onam dobenzot hi azol e 30 Brom ne (43.20 g, 0.27 nol) in

chl orof orm was added over 1 hr. to a suspension o
sulfonanidogﬁgﬁgﬁk%thiourea (27.72, 0.120 nol) in chloroforn128%%nﬁf).

After the addition, the reaction 35 m'xttérse was heated at reflux for 4.5
hr. The chloroform WO 96/ 28464

PCT/ US96/ 02685 95 was.renoved in yaguo and the residue was repeatedly
distilled with additional anount g p chloroform The solid obtai ned was
treated with water (600 i) foIIo g by ammoni um hydroxi de (to make it
basic), then was heated 5 at. refd uxyfor I»O The cool ed reacti-on m xture

was filtered, washed with ﬂﬂ:ggn dr |&=d ford 22.0 g (80% of the
desired product as a white Ay alr(%tngffh

Benzot hi azol e-6-sul fonic acid AHsusPienyy o N

2- am no- 6- sul f onam do- benzot hi azol e -(10.0 43.67§nﬂnl) I n di oxane (300

m.) was heated at refl ux.

Part A: Preparation of N-[2R-hydroxy-3-[Ni-[(2-
carbomethoxyamino-benzimidazol-5-yl)sulfonyl] -N1-{2-

5 methylpropyl)aminol]-15-{(phenylmethyl)}propyl-2S-
[ {(phenylmethoxy-carbonyl)amino] -3, 3-dimethylbutanamide

@ (HI’N J\QY\ q:_b: B NHCOCH;

H OH

To a solution of N-carbobenzyloxycarbonyl—L—tert—leucine
(0.65 g, 2.45 mmol) in DMF (10 mL) was added HOBt (0.5 g,
10 3.22 mmol) and EDC (0.49 g, 2.55 mmol), and the resulting
mixture was stirred at 0°C for 2 hours. Then a solution
of 2R-hydroxy-3-[[(2-carbomethoxyamino-~benzimidazol-5-
yl)sulfonyl] (2-methylpropyl}amino}-1S- (phenylmethyl)
propylamine (1.2 g, 2.45 mmol} in DMF (4 mL) and N-methyl
15 morpholine (0.74 g, 7.3 mmol} was added, and the mixture
was stirred at room temperature for 16 hours. The DMF
was then distilled away in vacuo, and the remaining
residue was partitioned between cold 1IN agueous HC1l (100
mL) and EtOAc (200 mL). The organic phase was washed
20 successively with cold 1IN HCl (2 x 50 mL), brine (2 x 50
mL), 0.25 N NaOH {3 x 50 mL), brine, dried (Na2S04) and
concentrated in vacuo. The resulting residue was
purified by silica gel flash column chromatography using
BtOAc as the eluent to afford 1.5 g (83%) of pure N-{2R-
25 hydroxy-3-{[(2-carbomethoxyamino~benzimidazol-5-
vl)sulfonyl] (2-methylpropyl) amino]-1S-({phenylmethyl)
propyl-2S-[ (phenylmethoxy-carbonyl)amino] -3, 3-dimethyl



| soanylnitrite (24 m) was added in two portions to the reaction mxture.

Vigoraous evol ut i on—of—gas—was-—obser ved—1lb—{t-he—+eacti on was—cohducted— —

behind a'shield as a precaution) and after 2 hr., a red precipitate was
deposited in the reaction vessel. The reaction mxture was filtered hot,
and the solid was washed wi th di oxane and was dried. The solid was
recrystal |l i 398 of/4dagqd 20 nethanol -water. A small anount of PCUSSsiopissat e
was formed after 2 days. The precipitate was filtered off and the not her

| i quor was concentrated in vacuo to afford g pale red-orange solid (8.0 g,
85% of pure product. 25 Part D Preparati on of

6- Chl or osul f onyl bguggﬁa{h@d@-l eR'Ehi=0|yI 2 G 10 ipd@ 4 mky v AdeRd)! OHRMS :

e ot hone. (S6LTEA R MRS P800 e ot T THR o

and -di net hyl f ormam de (5 m_) was added to the reaction mxture to yield a

clear solution. Afpggf_] B:.5 ﬂq:r a%téan' e N_t[i‘ﬁ 3,9@43;& -y\agp frmoved in vacuo
and excess HO _and t er e was chase evaporatiQqn _wth
dlchloroethanes 3gar g@- benzimidazol-5-¥1} sulfonyl] (2~

PCT/ US96/ 02685 96meXiywRbFoRA }asinp] -1S- (phenylmethyl)propyl] -2S-amino-
3,3-dimethylbutanamide

A solution of N-{2R-hydroxy-3-[[(2-carbomethoxyamino-

10 benzimidazol-5-yl)sulfonyl] (2-methylpropyl}amino]-1S-
(phenylmethyl)propyl-2S-[ (phenylmethoxycarbonyl)amino] -
3,3-dimethylbutanamide (4.0 g, 5.4 mmol) in MeOH (15 mL)
and THF (65 mL) was hydrogenated in the presence of 10%
PA/C (2.0 g) at room temperature at 50 psi for 16 hours.

15 The catalyst was removed by filtration, and the filtrate
was concentrated under reduced pressure. The resulting
residue was triturated with ether and filtered. The
solid residue was washed with ether and dried in vacuo to
afford N-[2R-hydroxy-3-[[ (2-carbomethoxyamino-

20 benzimidazol—S-yl)sulfonyl](2—methylpropyl)amino]—1S—
{phenylmethyl)propyl] -25-amino-3, 3-dimethylbutanamide .
(2.9 g, 88%) as a pale vellow powder. A portion of the
material was purified by reverse-phase HPLC using a 10-
90% CH3CN/H20 gradient (30 min) at a f£low rate of 70

25 mL/min. The appropriate fractions were combined and
freeze dried to give pure N-[2R-hydroxy-3-[[(2-
carbomethoxyamino-benzimidazol-5-yl) sulfonyl] (2-
methylpropyl}amino] -15- (phenylmethyl)propyl-2S-amino-3, 3-
dimethylbutanamide as a white powder: R = 13.9 min; FAB-

30 MS m/z = 609 (M+Li), 603 (M+H); HRMS: calcd. for
C29H43Ng06S 603.2965 (M+H), found 603.2972.

35 i ~I2R- -3-11(2- ino-.



Preparation of N[2R- hydroxy-3- [[(1, 3-benzodi oxol-5- 5 yI)squonyI]
(2-met hyl propyl)am nal_-1S- (phenylnet hyl)
propyl ]-2S-[(chl oroacetyl)am no] -3, 3-di met hyl but ananm de Part A Preparat|on
of N-[2R-hydroxy-3-[[(1, 3-

benzodloxol 5-yl)sul fonyl ] (2- et hyl propyl )am no]-1S- 10

(phenyl net m(% gy 1-2S- [ (phenyl met hoxycarbonyl ) am noj - PCT/US96/02685
3, 3-di net hy utanan1de [err] To a solution of 118.8 g (0.776 nol) of N 15
hydr oxybenzotri azole and 137.1 g (0.52 nmghk), of N

car bobenzyl oxycar bonyl -L-tert-1eucine in 0 nL of anhydrous DVMF at O[err]C

under a nitrogend?%§€§£n§&%93m@§§added 109.1 g (0.57 nol) of EDC. After
stirring at O[err or ours, a gedution of 273 g (0.53 nol) of 2R 20
hydroxy-3-[[ (1, 3- benzodi oxol -5-yl ) § anyl](2-

.

met hyl propyl ) am no] - 1S- ( phenyl net hyM=R{r opyl m ne met hanesul f onat e,
previously neutralized with ZngnLo(Zl‘g 2 nDI) of 4-nmet hyl nor phol i ne,
in 250 nL of anhydrous Af at O[err]C for 30 25

m nutes, the m xture stirred t Eo0 ratur r ty; The solvents -
wer e reaned under reduced pr@s e ) 90y 2 N

PCT/ US96/ 02685 97 at 45[err]C, 1!5 L of ethyl acet at & added, washed with 5%
citric acid, saturated sodi um bi cabonate, brine, dri®Bd

A mixture of chloroacetic acid (0.32 g, 3.39 mmol), HOBt

5 (0.78 g, 5.0 mmol), and EDC (0.65 g, 3.39 mmol} in DMF (5
mL) was stirred at 0°C for 1 hour, and was then added to
a solution of N-[2R-hydroxy-3-[[(2-carbomethoxyamino-
benzimidazol-5-yl)sulfonyl] (2-methylpropyl)amino}l-15-
{phenylmethyl)propyl]-2S-amino-3, 3-dimethylbutanamide

10 (2.0 g, 3.3 mmol) in DMF (5 mL). The resulting mixture
was stirred at 0°C for 2 hours, and at room temperature
for 1 hour when the reaction was complete. The DMF was
removed in vacuo. The resulting residue was dissolved in
EtOAc (50 mL) and washed successively with saturated

15 aqueous sodium bicarbonate (3 X 25 mL), brine, dried
{Na2S0O4), and concentrated under reduced pressure. The
resulting material was crystallized from EtOAc to give
1.2 g (53%) of pure N-[2R-hydroxy-3-[[ (2-carbomethoxy
amino-benzimidazol-5-yl)sulfonyl] (2-methylpropyl)amino} -

20 1S-{phenylmethyl)propyl]-2S-[ (chloroacetyl)amino]-3,3-
dimethylbutanamide as a white powder: m.p. 253°C
{(decomp); Re 18.1 min; FAB-MS m/z = 679 (M+H)}, HRMS:
calcd. for C31H44Ng07SCl 679.2681 (M+H), found 679.2690.

25 XAMPL, 4
Preparation o - [2R-hvdr -3- 2-carbometh ino-
benzimidazol-5-yl)sulfo 2-methylpropvl)amino}l-1S-
nvimethyl)ipropvl-2S-[ (N-methylaminoacetyl)aminol -3, 3-

30 dimethylbutanamide



over anhydrous magnesium sul fate, filtered and concentrated to afford 4009
of—crude material . This.was 5.:chronnt agraphed in 3 batches on.a Prep 2000
Chromat ogram on silica gel using 20% 50% et hyl acet ate/ hexane as eluent to
yield 320g of purified material, me=674“(MLi), 98% by HPLC. 10 Part B:
Preparation of N—[2R—hydroxy-3-[[(1,3-

benzodi oxol - M@ fonyl ] (2-methyl propyl ) am no] - 1S- ( phenyp&Risaélodess
propyl ] - 28—an1no- -di net hyl butanam de [err] 15 A solution of 312g of

t he Cbz conpound from above in 1L of tetrgs%drofuran,was hydr ogenated in

t he presence of 100g of 4% pal | adi um on-c on catal yst under 60 psig of
hydrogen for 6 hours at roomtenperat yesy, The catal yst was renoved by
filtration and the solvents renoved uqdep 20 reduced pressure to afford
240g of the desired conpound. Part C. Weparation_of
N-[2R—hydroxy3[[(13 0 Q0

benzodi oxol - 5-yl ) sul for@ﬂa]{ 10 5!1

(phenyl net hyl ) propyl ]-2S-[ (ghl o oacetyl*a ]N Nﬁ@bngPUtana”ide
[err] WD 96/ 28464 / US96/ 02685
98 To a solution of 234.3 ¢ (0.43 |) of the @m ne fr£n1above in 1L of

nmet hyl ene chl ori de, was added 80 nL (59.5

N-[2R-hydroxy-3~[ [ (2-carbomethoxyamino-~benzimidazol-5~y1l)
sulfonyl] (2-methylpropyl)amino] -1S~ (phenylmethyl)propyl]-
5 28-[{chloroacetyl)amino}-3, 3-dimethylbutanamide {0.7 g,

1.03 mmol) was dissoved in THF (3.00 mL). Methylamine
(0.8 mL, 40% solution in water) was added and the
reaction was stirred at room temperature for 2 hours.
The mixture was diluted with water (10 mL), and extracted

10 with ethyl acetate (2 x 20 mL). The combined organic
extracts were washed with brine, dried (Na804), and
concentrated in vacuo. The resulting residue was
purified by reverse-phase HPLC using a 5-70% CH3CN/H20
gradient (30 min) at a flow rate of 70 mL/min. The

15 appropriate fractions were combined and freeze dried to
give pure N-[2R-hydroxy-3-[[(2-carbomethoxyamino-~
benzimidazol-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl) propyl-28-{ (N-methylaminoacetyl)amino] -2, 3-
dimethylbutanamide as a white powder: Rt 14.1 min; FxB-MS

20 m/z = 674 (M+H); HRMS: C32H48N707S calcd. 674.3336
(M+H), found 674.3361.

25 ' 1 =[2R- =3= i =6-
2~ inol-15-~ vll-



g, 0.46 nol) of diisopropylethylamne, followed by the 5 slow addition at
roomtenperature of 78 8 g (0.46 mol) of chloroacetic anhydride while

mai ntai ning the tenperature bel ow 35[err]C. After stirring for an
additional 1 hour, analysis by HPLC indicated a snmall amount of starting
material was still present, and 1.5 g of chloroacetic 10 anhydride was
added. Aft nutes, the solvents were renoved under ;@ﬁgﬁﬁg essure,
1 L ethyl a@ie’tggl?“%dded, washed with 5%citric acid, saturate sogﬁg

bi carbonate, brine, dried over anhydrous rmagnesium sulfate, filtered and
concentrated to yield 314 g of crude matetdal. This 15 was

chromat ographeed in 3 portions on a Pr 2000 Chromat ogram on silica gel
usi ng 20-50% et hyl acet at e/ hexane to d 165 g of the desired conpound,
m e=616 (MtLi), 98% by HPLC. 20 EXAMPLE 34 [err]
Preparati on of N- 2R-hydroxy- 3- [E(l 8- be zodlo%pw-S-

yl ) sul fonyl ] (2- met hyl pr opyl he propyl]-2S-
[ (chl oroacetyl)am nol - 3S- ent nanﬁUe tion of

N- [ 2R- hydroxy-3-[[ (1, 3- o OH

benzodi oxol - 5-yl ) sul fonyl ] (2-neth opyl)anino -1S-

(phenyl nmet hyl ) propyl ]-2S-[[ (1, 1-di net hyl et hoxy) "30
car bonyl ] am no] - 3S- net hyl pent anam de WO 96/ 28464

PCT/ US96/ 02685 Part A: Preparation of [2R-hydroxy-3-[(4-
aminophenylsulfonyl) (2-methylpropyl)amino] -1S-
5 (phenylmethyl)propylcarbamic acid t-butyl ester

i i O‘s 0.0
0" °N N'S
- _ OH kT—- NH,

A mixture of [2R-hydroxy-3-[{4-aminophenylsulfonyl) (2-
methylpropyl)—amino]—lS—(phenylmethyl)propylamine 3.7 g
{(9.45 mmol) and BOC-ON (2.33 g, 9.45 mmol) and

10 triethylamine (0.954 g, 9.45 mmol) in tetrahydrofuran (60
mL) was stirred for 16 h and concentrated in vacuo. The
residue was dissolved in dichloromethane (200 mL), washed
with sodium hydroxide (1N, 100 mL), citric acid (5%, 100
mL), dried (MgSO4), and concentrated to afford 1.18 g

15 {94%} of the desired product as a white solid.

Part B: Preparatioh of [2R~Hydroxy-3-[(2-
aminobenzothiazole-6-sulfonyl) - (2-methylpropyl)amino] -15-
{phenylmethyl)propylcarbamic acid t-butyl ester

Q .,
>LOJL O if@}_ N

The [2R-hydroxy-3-[{(4-aminophenylsulfonyl) (2-

20



99 H [err] To a cool ed solution of N-t-Boc-L-isoleucine 2.02g

(874 mml) and 2.00g (13 11 mnpl) of Nuhydroxybenzotriazole in 5 17 pl of

N, N- di met hyl f or ram de was added 1.84g (9.61 nmol) of EDC and stirred at

O[err]C for one hour. To this was added a solution of 3.67g (8.74 mmol) of

2R- hydroxy- 3-[[(1, 3-benzodi oxol -5-yl ) sul fonyl ] (2-nethyl propyl) _

am noj - 1S—(p‘g gﬁ,& hyl)propyl amne in 6 nL of NN 10 digg} Jhggsjo%sgam' de
u

and t he sol rred for 16 hours. The solvent was renbved I'n vacuo
replaced with ethyl acetate, and washed w_th saturated sodi um bi carbonate,
5%citric acid and bri ne. The orgam C Iayé13§ were dried over magnesi um

AL o S s Y PN ALy ARk TS Lt
el uant to producetzbatyyl (%%ryﬂerta)gdh@ Tmol) was added to a well
[2Rh hlydroxyl BaEn'[ gﬁlﬁe@q(mmaxowl aﬁhydﬁda.\é fdl@b?}:( sulfate (4.48 g) and
gﬁre%/h;clrg%oiy ca ony ‘gé.'n%n %pgﬁo ][g&ngﬁq'[l%éwe%’abﬁ%éy ’ﬁ?epar a]t i on of
N-[ 2R- hydr oxy-3-[ [$1 032611161!}9 )kgm%hypw ZSURREMFILFROWSS )heated
am no] - 1S (phEHYEﬂPf@ﬂhb@ﬁQHYQh 2 St FerctYon?ixture turned grey. The
et hyl pent anam de, hgd{fgﬂﬂﬁyQt%§eS%£§ gf?ééred and the filtrate was diluted
with water (50 mL) and heated at reflux. Ethanol was
added to the reaction mixture, cooled and filtered. The
16 filtrate upon concentration afforded a rseidue which was
chromatographed (ethyl acetate:methanol 90:10) to afford
0.80 g (78%) of the deprotected compound as a solid. This
was directly reprotected via the following procedure;
(2.25 g, 5.005 mmol) BOC-ON {1.24 g), and triethylamine
15 (0.505 g, 5.005 mmol) in tetrahydrofuran (20 mL) was
stirred at room temperature for 18h. The reaction mixture
was concentrated and the residue was dissolved in
dichloromethane (200 mlL) and was washed with sodium
hydroxide (1N, 100 mL), citric acid (5%, 100 ml) dried (Mg
20 SO4) and concentrated to afford a residue which was
chromatographed (ethyl acetate:hexane 3:1) to afford 1.8 g
(65%) of the desired product as a solid.

Part C: Preparation of [2R-hydroxy-3-[(benzothiazole-6-
25 sulfonyl) (2-methylpropyl)amino] -1S- (phenylmethyl)
propylcarbamic acid t-butyl ester

L

\"
The product of part B above (1.80 g, 3.2755 mmol) was
added to a solution of isocamylnitrite (0.88 mL) in

30 dioxane (20 mL) and the mixture was heated at 85°C.
After the cessation of evolution of nitrogen, the



WO 96/ 28464 PCT/ US96/ 02685 100

N-[ 2R- hydr oxy- 3-[ [ (1,.3-benzodi oxal - 5-yl ) sul f onyl ] (2- .

met hyl propyl ) am no] - 1S- (phenyl met hyl ) propyl ] -2S-[[ (1, 1-

di et hyl et hoxy) car bonyl ] am no] - 3S- net hyl pent ananm de 5 (4.29g, 6.77 mol)
was dissolved in 20 nL of 4N HC in dioxane and stirred for 20 m nutes. The

pr eci pitategvmoro t was stripped two tinmes from diethyl ?ﬁhﬁﬁﬂg‘ the

crude hydro salt was used in subsequent reactions.
Preparation of N[2R- hydroxy-3-[[(1, 3-
benzodi oxol - 5-yl ) sul fonyl ] (2- et hyl propyl1)3ém noj - 1S-

henyl net hyl I hl 3 t hyl p d
(12 ﬂ]{zg?hyérz)g;ggg % éﬂb’%ct z]%(rﬂ('?'oxo+é’{'§2 3{@)?3%90%‘?] ¥:es:|. an%ang ¢ Lerr]
met hyl propyl ) am I@}”liEEQ ghe sArerahoorapinpiexage set mok Feetate 1:1) to

net hyl pent anani dashygdgochi®rg dessdl 6f (thdHbsibed /promicr 33 aWas11lk ssol ved
in 45 nL of nethylene chloride and to this was added 1.3g (10.15 mol) of

N, N-di i sopropyl ethyl amine to neutrallize the salt, and another 0.923 g
(7.10 nmmol ) o3 diPRsbpP op\Bradayrataon nef f AR-twddoky -3~ Plenzpthlannig 6 -of
chl oroacetic anh\éditéﬁylﬁﬁnﬁ%ﬂb?&i@%ﬁh& Led- ffhed’ 1By | enperat ure

for 30 mnutes. The onIen%X con entrat ed on a rotory evaporator and
the residue was 859P¥ acetate and water. The organic

HC1 ™ %

The product of part C above was deprotected via the

10 following procedure; (1.25 g, 2.3385 mmol) was added
dioxane/HCl (4N, 10 mL) and was stirred at room
temperature for 2h and concentrated. Excess HCl was
chased with toluene to afford 1.0 g {quantitative yield)
of the desired product as its HCl salt.

15
Part E: Preparation ¢of N-[2R-hydroxy-3-~[{{benzothiazol-
6-yl}sulfonyl] (2-methylpropyl) ~amino] -1S- (phenylmethyl)
propyl] -2S-[[ (N-benzyloxy)carbonyl}amino] -3, 3-dimethyl
butanamide

20

A mixture of N-benzyloxycarbonyl-t-butylglycine (2.0 g,
7.538 mmol), HOBT (1.02 g, 7.55 mmol), and EDC (1.45 g,
7.55 mmol) in DMF (20 mL) was stirred at room temperature
for 1 hour. Then [2R-hydroxy-3-[[(benzothiazol-6-

25 yl)sulfonyl} (2-methylpropyl)amine] -15- (phenylmethyl)
propylamine hydrochloride (3.825 g, 7.54 mmol) and N-



| ayer was washed with 5%citric acr d and t hen saturat ed sodi um bi car bonat e
and-brine.- The orga \LELS \A i : gnesiumsulfate
filtered and concentrated to y|eId 4.12 g of crude product .

Recrystal lization fromethyl acetate hexane yielded 3.5 g (85%yield) of

N[ 2R- WD 96/ 28464

PCT/ US96/ 026‘? &I%fpydroxy- 3- [(1, 3-benzodi oxol - 5-yl ) sul f onge&tgscozsss

met hyl pr opyl noJ - 1S- (phenyl et hyl ) propyl ] - 2S-

[ (chl oroacetyl)am no] - 3S- et hyl pent anam de, as a white solid; mass spectrum
m z=616 (MtLi). 5 EXAMPLE 35 [err] Prepara%on of N- [ [2R-hydroxy-3- [

(1, 3- benzodi oxol - 5- 10 yI ) sul fonyl t hyl propyl) am no] -1S-

(phenyl met hyl ) pr L&fﬂ@rea%t &garrw@]a&xéaeshw aa-_eaml g Part A

(Przerr;g{ ﬁ;: grnog;I ;\I- oxy i8 hours ZOdEIIIFQ)érOals reX\ozrggl Juo,

gphe%l IrTEt Pyl ) pr aghyd }re%Sdhéphw;dnﬂdimey&cﬁnb@m&t]%cmmohane (500 mL(; .
me ut aneani gdes 0 as ed w
y h LdZQ%itﬁ AR AL 1@%&; go&rlrgr pp |

magnetic stir bar was 8mm|) in 20

nL DMF. The sél uthrMaEBOK%%Ot’@)O[?FPPE a%%oé‘ﬁ-ar'gédle filtered,
and concentrated to afford 4.69 g (91%) of pure N-[2R-

hydroxy-3-{[ (benzothiazol-6-yl)sulfonyl} (2-methylpropyl)
amino] -15- {phenylmethyl)}propyl} -2S~[N- {phenylmethoxy
carbonyl)amino]-3, 3-dimethylbutanamide.

10
Part F: Preparation of N-[2R-hydroxy-3-([{benzothiazol-
6-yl)sulfonyl] (2-methylpropyl)amino] -1S- (phenylmethyl)
propyl]-2S-{amino) -3, 3-dimethylbutanamide+dihydrobromide

2 HBr
H \w

15 A solution of N-[2R-hydroxy-3~[[(benzothiazol—G—
yl)sulfonyl] (2-methylpropyl)amino] ~1S- (phenylmethyl)

propyl] -2S- [N- (phenylmethoxycarbonyl)amino] -3, 3-dimethyl
butanamide {4.69 g, 6.89 mmol) in dichloroethane (200 mi)
was treated with HBr (48% in acetic acid, 7.1 mL}, and

20 the reaction mixture was stirred for 2 hours at room
temperature. The reaction mixture was concentrated and
the residue was washed with diethyl ether several times
to afford 4.88 g of the desired dihydrobromide product as
a powder: high resolution FAB-MS Calcd for C27H38N404S2:

25 547.2413, found: 547.2429 (M+H).

Part G: Preparation of N-[2R-hydroxy-3-[[(benzothiazol-~

6-yl)sulfonyl] (2-methylpropyl)amino] -1S- (phenylmethyl)

propyl]l-2S-[ {chloroacetyl)amino] -3, 3-dimethylbutanamide
30

A mixture of N-{2R-hydroxy-3-{{(benzothiazol-6-

yvl)sulfonyl] (2-methylpropyl)amino]-1S- (phenylmethyl}



with HoBt (2.96, 21.9 mml) and EDC (3.22 g, 16.8 mmmol) and stirred 1 hour.
The reaction was then charged with 25 N-nethylnorpholine (1.7 g, 16.8
nol ), 2R-hydroxy- 3-

[[(1, 3-benzodi oxol -5-yl ) sul fonyl ] (2-net hyI propyl ) am no] - WD 96/ 28464
PCT/ US96/ 02685 102 1S- (phenyl net hyl ) propylamne (7.55 g, 14.6 mml) in 30
mL of DIVF. tion was stirred overni ght at room tenppéEpisdsmndshen

concentrated in vacuo and partioned between ethyl acetate and 5% Ctric
acid. The conbined 5 organic | ayers were _washed with saturated sodi um
bi car bonate and brine, and dried over sodP@8m sulfate. Concentration in

bt at o hexane)  prerhisasySatahy - S ERbl Sluiodfu Bl BEhvatdpohlalt B!
Preparation of N} [2RhydP3% Emﬂ)l: Thloroacetic anhydr:.de (0.929 g,
benzodi oxol - 5-yl §sa4 frnl)] GAanes bt iemdnkami 1037 5 10.86 mmol) 1n

H Sher - por t ot veaterlorneiBale, rie il s PERRRE e Sbh dembralin,
N-[[ 2R- hydr 0Xy- 3f9(]16}h9g¢§0d|B&©|reactlon mixture was washed with

S-yl)sul fonyl ] ( 2cqetdyy lapiapyhdam eqir)l Ssod@um bicarbonate (30 mL),

(phenyl met hyl ) pr f&hg Egé h&@heg¥1g§tQPﬁxggggonXA)concen rated to afford

3.0 g of the desired product.

10 EXAMPLE 26

15 . —

To a solution of 2.0 g (3.3 mmol) 28-
[ [chlorcacetyl]amino)] -N- [2R-hydroxy-3-([[(1,3-benzodiox-5-

20 vyl)sulfonyl] (2-methylpropyl)amino]-1S-
(phenylmethyl)propyl] -3,3-dimethylbutanamide in 10 mL of
tetrahydrofuran was added 2.2 mL of benzylamine. After 1
hour, an additional 2.0 mL of benzylamine was added.
After 30 min, the reaction mixture was concentrated in

25 vacuo, hexane was added and the heaxne decanted away f£rom
the oil. The oil was dissolved in ethyl acetate, washed
with saturated sodium bicarbonate, brine, dried with _
magnesium sulfate, filtered and concentrated the crude
product. This was dissolved in diethyl ether and hexane

30 added, which resulted in an insoluble oil. The solvents
were decanted from the oil and the oily residue
concentrated under reduced pressure to afford 1.85 g.



3- et hyl but aneam de (5.8 @),
The reaction was charged with 50 psi

reaction m xture was filtered thru Celite and concentrated in vacuo to
yield 25 4.4 g of white foamthat was used in subsequent

furthur purification. Part C Preparation of N[[2R-hydroxy-3-[(1, 3-
benzodi oxol M0 9drdssedl f onyl ] ( 2- net hyl propyl ) ami no] 1S- 30 PCT/US96/02685
(phenyl net hyl ) propyl ]-2S-[ (chl oroacet yl ) am no] - 3- net hyl but aneam de
137 PCT/ US96/ 02685 103 [err] A
250 nmL round bottom fl ask equi pped with nmagnetic stir bar was charged with
crude N-[[2R- hydrihip $ap(dissoBbred in ethyl acetate and poured into

benzodi oxol - 5-yI Jlahanyhi 8- z%‘édl)ﬁ'e@rﬁ yé)xa{ﬁé&]tgﬁg oil. The solvents

96/ 28464

(phenyl met hyl ) pr
CHerr]dJerr].

foll.owed by 1.5 @ of theodesiedd pradigd| i tlte andssst i(Mabd) unti |

oEél | -.2S-am no- 3-neth but aneam

I n 60 nL
& ggCanted ARa ther gegidpe rF%wa‘t%aEI??s rfhArshilnat

no remaining 40 starting material (about 1.5 hours). The reaction was

concentrated n vacuo and partioned between et hyl
sodi um bi car bonate. The conbi ned organm»f-ég&ere washed with brine,

dried over sodiumsulfate. Concentration in vacuo yielded 5.17 g of

10

15

20

’\r”“\)]\ SE~

i OH 0

Preparation of 2S-[[N-{(phenylmethyl)aminoacyl]amino]-N-
{2R-hydroxy-3-[([(1,3-benzodioxol-5-yl)sulfonyl] (2~
methylpropyl)amino]l-15- (phenylmethyl)propyl] -3,3-
dimethylbutanamide

Part A: 2S-[([N-(phenylmethyl)aminoacyl]amino]-N-{2R-
hydroxy-3-[[(1,1-dimethylethoxy) carbonyl] (2~
methylpropyl)amino] -1S- (phenylmethyl)propyl]-3,3-
dimethylbutanamide from Example 38 is dissolved in
tetrahydrofuran and triethyl amine is added with stirring
and cooling to about 0° C. To the cooled solution is
added carbobenzyloxychloride (CBZ chloride) and stirring
is continued for about 24 hours at room temperature. The
solvent is removed under reduced pressure with a rotary

. evaporator and the residue is dissolved in ethyl acetate.

25

The organic phase is washed with 5% citric acid, sat.
sodium bicarbonate, brine, dfied over sodium sulfate and
filtered. The solvent is removed under reduced pressure
with a rotary evaporator to provide

2.3 g of 10%Pd-Cin 75 nL tetrahydrofuran.
H2.and hydrogenat ed overnightThe

acetate and saturat ed

reacti ons w t hout

WO

TLC i ndi cat ed

and



15 desired product that was used in subsequent reactions w thout furthur
purification. EXAMPLE 36 [err] 20 Preparationof N r r2R- hydroxy-3- [(1,
3- benzodi oxol -5-yl) sul fonyl] (2-nethyl propyl)am nol -1S- (phenyl net hyl ) _
propyl]- 2s- [ (chloroacetyl)am no]-3- nethylsulfonyl) propaneam de VO -
06/ 28464 PCT/ US96/ 02685 104 Part
A: Prepar at (yyeeRbaeht [ [ 2R- hydroxy-3-[ (1, 3- PCT/US96/02685
benzodi oxol - 5-yl ) sul fonyl ] (2- net hyl propyl ) am nol - 1S-
(phenylnethyl)propyl]-ZS—[[(l,1-dinethylgggoxy)
car bonyl ] am no] - 3- (net hyl t hi o) pr opaneam de [err]
N-t-Boc-S-nethyl-(L)-cysteine (2.80 g, 11.9 mmol)
hydrate (1.92 g, 12.5 mwol), and 1-
(3-di net hyl am nopropyl ) - 3- et hyl car bodi i m de hydr ride 10 (2.27 g,

11.9 nmol ) were mxed in N, N—dlnethylfor . at Oferr]C for 10
m n. N-Met hyl nor phol i ne . 03~Q s agded sol ution
2R

Hydr oxybenzotri azol e

stirred an additional | W at) [e y- T 3-
benzodi oxol - 5-yl ) sul f oyl 1 £J2- yI rop)d )a noj m}S— 15
(phenyl et hyl ) pr opyl ami n¥ (5. g9 was add d the solution

was warnmed to roomtenperature an

Part B: The protected compound from Part A is dissolved
in dioxane/HCl and it is stirred for about 2 hours at

5 room temperature. The solvent is removed and the residue
is dried in vacuo to produce the amine

which is chromatographed if desired. The amine residue

10 is stirred in ethyl acetate, 1l,3-benzodioxol-5-yl
sulfonyl chloride from Example 28 is added followed by
triethylamine and the mixture is stirred at about room
temperature. The reaction mixture is diluted with ethyl
acetate, is washed with saturated sodium bicarbonate .

15 (saturated) and brine, is dried (MgSO4) and is
concentrated to provide



stirred for 2 hours. The reaction m xture was poured into ethyl acetate
(500 nml) and washed with 10% aqueous.-hydrachlaric acid (3 X-100—)

sat ur at ed aqueous sodi um 20 bicarbonate (3 X 100 nL) and brine (2 X 100
m.). The organic |ayer was dried over sodium sulfate and percol ated
through a bed of silica gel (50 g). The desired product (7.13 g, 11.19
mol , 93% ywwilegheseps obtained as a white solid by renoval ocrhissssessvent at
25 reduced pressure; nfe calcd 637; found (M+ Li) 644. Part B:
Preparati on of N-[[2R- hydroxy-3-[(1, 3-

benzodi oxol - 5-yl ) sul fonyl ] ( 2- nethylpropyﬁ)anlno] 18—
(phenyl met hyl ) propyl ]-2S-[[((1, 1-di net hyl et hoxy 0
car bonyl ] am no] - 3- (net hyl sul f onyl ) pr opaneam de
PCT/ US96/ 02685 105 [err]

N-[[ 2R- hydr oxy-3-[ (1, 3- benzodi oxol - 5-yl )&ul fgnyl
nmet hyl propyl )am no] -1

{phery| nB¢ h

tmywﬁ b

> A SO|EtI0q&Of
e

06/ 28464

t hyl et hoxy)
) /was
»9 mmol ) in

carbonyl ] am no] - 3- (rf
di ssol ved i n net hanol
water (150 nL) was addé&l dr®pwi
1.5 hours. The 10 solution becd

the addition. The reaction was st for an additi onal

The residue is chrcmétographed if desired.

Part C: Compound from Part C is dissolved in ethanol and
S is hydrogenated at 45 psi of hydrogen in the presence of
5% PA{(C) catalyst. The solution is filtered to remove
the 5% Pd(C) catalyst. The filtrate is evaporated under
reduced pressure using a rotary evaporator to provide the

amine
o] [o) o
\ Y} 0.
N AN Y
R °
10
EXAMPLE S6B
[o} 0 0
Y e)
N/\rNH. N/S 7
by A h G KT c
15

Preparation of 2S-[[N-{(phenylmethyl}-N-methyl
aminoacyllamine] -N- [2R-hydroxy-3-([{1,3~-benzodioxol-3-



1 hour and tetrahydrofuran (200 nL) was added. After an additional 1 hour
of mxing the solution was poured into ethyl__acetate (1000 ni) _and washed
with water (3 x 200 15 nl) followed by brine (2 x 300 mM). The organic

| ayer was dried over anhydrous sodium sulfate and sol vent renoved at
reduced pressure. The desired product (5.75 g, 8.86 mol, 79%yvyield) was
obt ai ned asyg white solid; nmle calcd 669; found (M-H) perRsesiRegsart C.
Preparation o 2R- hydr oxy-3-[(1, 3-

benzodi oxol - 5-yl ) sul fonyl ] (2- et -hyl propy!l )ﬁrri noj - 1S-

(phenyl net hyl ) propyl ] - 2S- am no- 3- (et hyl 3’3 fonyl) propaneam de

hydrochl ori de sal{ £ 96428 1 . ‘1s-
PCT/ USO6/ 02685 156 T2 r°nyw‘ ¢Erbropy1) amino} -1

N L[ 2R hydlr oy 3PRees Ry 34PERRY LY By déme byt ytanamide
met hyl propyl ) am no] - 1S- (phenyl met hyl ) propyl ]-2S-[[(1,1- 5
ol ) e i a0l Nt HHEONT of o kbl Tt ybY EEVheo N ABRORGT) £2- 10, 0 O 820
Anhydr ous hyd ocReEN Prepyd ) amanel sl d@hrerydugthy Woropydd réd-for 15 nin.
The sol ution was{ shIdrshcatyl PRl AE IS R ddmet hpIbukaHamideu Esom NEkdnga e
sol vent was rem):y@'d lﬁaitrtr %dligegdgég %:SourNe—methyl—N—benzyl amine in

tetrahydrofuran with stirring at about room temperature.

The solvent is removed under reduced pressure using a

10 rotary evaporator and the residue is washed with dilute
HCl, saturated NaHCO3, water, brine and dried to provide

SatseRten

4\ OH

15 The N-methyl-N-benzylamine compound is dissolved in
dioxane/HCl and it is stirred for about 2 hours at room
temperature. The solvent is removed and the residue is
dried in vacuo to produce the secondary amine

20

The secondary amine residue is stirred in ethyl acetate,
1,3-benzodioxol-5-yl sulfonyl chloride from Example 28 is
added followed by triethylamine and the mixture is



The desired product (4.91 g, 8.10 mmol, 99 %yield) was obtained as a white
salid; me calcd 569; found (Mtlji) 57615 Part [ Preparation of

N-[ [ 2R- hydroxy-3-[ (1, 3-

benzodi oxol - 5-yl ) sul fonyl ] (2- net hyl propyl ) am no] - 1S-

(phenyl net hyl ) propyl ]-2S-[ (chl or oacetyl ) am no] - 3-

(et hyl sul f ONQI9§R846panean de [err] 20 PCTIUS96/02685

N-[ [ 2R- hydr oxy-3-[ (1, 3- benzodi oxol - 5-yl ) sul fonyl ] (2-

met hyl propyl ) am no] - 1S- (phenyl net hyl ) pr opyllil- 2S- am no- 3-

(et hyl sul f onyl ) propaneani de. hydrochl oride salt (4.00 g, 25 6.59 mol e)
was m xed at roonftErRRG Atuebouh wewn demperagsure. WIS r2@¢s4on mixture

PEIT/ US96/ ?_2685 ?1-0%5 _(ﬂﬂ\.fﬂlédlg-ﬂ:he% Prgdﬂéliaﬁ:%-,legwadﬁgjed)_lv_dgﬁm )s?@&fhted

chl oroacetic anhydride (L. .59 mo re ed. The solution was
stirred at roomt%ﬂ%’e‘f’% @rpgparl% Eﬁﬂn‘?gﬁ'ﬁg?pﬁﬂs Mo 18t YT ®Acet at e (250
m.) .. The sol uti on{¥N@S0H washas ePncertomtegusoupracide c acid (2 x 100 nl),

sat urat ed aqueous sodi um bi carbonate (2 x 100 d brine (2 x 100 ni).
The organic | ayer was dried over anhydrous sodi fate and sol vent

renoved at reduced pressure. The product (1.20_88 5 mol, 28%vyield) was
10 obtained as a white solid by crysifiijat on fronﬂkugyl o

5
The residue is chromatographed if further purification is
desired
EXAMPLE 57
10
1 hyl) {deshvdrochloride
HCl1 H g Q ,0
[ \ 7
CHs N b4 o
ASSEAQ e
CH; O ’,T\\ H OH o
15

To a solution of 2.0 g (3.3 mmol) 28-[([chloroacetyl]
amino] -N- [2R-hydroxy-3-[[(1,3~benzodiox-5-yl)sulfonyl] (2-
methylpropyl}amino}-1S-(phenylmethyl)propyl]-3,3-

20 dimethylbutanamide in 8 mlL of tetrahydrofuran was added
8.2 mL of 40% agueous dimethylamine. After 2 hours, the
solvents were removed in vacuo. The residue was
dissolved in ethyl acetate, washed with brine, dried with
magnesium sulfate, filtered and concentrated in vacuo tc

25 afford 1.97 g of the desiréd product, m/e = 6128 (M+H).



acetate and hexanes; me cal cd 645; found (MtLi) 652. EXAMPLE 37 H

[err] 15 Preparation of N [[2R- hydroxy-3- [__(1,3-benzodi oxal-5-yl)

sul fonvl ] (2- net hyl propyl ) am no] - 1S- (phenyl net hyl) propyl]- 2S-

[ (chl oroacet vl )am no] - 3- net hyl - 3- (et hyl sul fonvl ) butaneam de 20 Part A
Preparation of N[[2R-hydroxy-3-[(1, 3- benzodioxol-5-y|)su|fonékk

(2- et hyl prwpYs/28#M no] - 1S- PCT/US96/02685

(phenyl met hyl ) propyl]-2S-[[ (1, 1-di net hyl et hoxy) car bonyl ]

am no] - 3- met hyl - 3- (et hyl t hi o) but aneam de 25 WO 96/ 28464

PCT/ US96/ 02685 108 [err] The N-t-boc-S-nk#dyl - L-penicillam ne

di cycl ohexyl am ne salt (4.00g, 9.00 mol), 1-Hydroxybenzotriazole hydrate 5
(1.69 g, 11.00 mmol ), and 1-(3-dinethyl am nopropyl)-3- ethyl carbodiim de
hydrochloride (1.71 g, 9.00 nmol) wer cEXAMRIE 2] di et hyl f or mami de (60.0 )
at room tenperature. The heterogeneous m xture was stirred for 1 hour and
2R- hydroxy- 3- |

10 Part A: A solution of 1.0 grams (4.9 mmol) of N-t-BOC-N- .
methyl-D-alanine in 5 mL of anhydrous DMF was cooled to
0°C, charged with 0.9 grams (6.4 mmol) of HOBT and 0.9
grams (4.9 mmol) of EDC and stirred for four hours. The
reaction solution .was ‘then charged with a solution of 2.3

15 grams (4.3 mmol) of 2S-amino-N-[2R-hydroxy-3-[[(1,3~
benzodiox-5-y1l)sul fonyl] (2-methylpropyl)amino)-15-
{phenylmethyl)propyl] -3, 3-dimethylbutaneamide and 1.3
grams. (12.8 mmol) of 4-methylmorpholine in 5 mL of
anhydrous DMF and stirred for 15 hours. The solvents

20 were removed in vacuo and the residue was partitioned
between 150 mL of ethyl acetate and 50 mlL of 5% potassium
hydrogeh sulfate solution. The layers were separated,
and the organic layer was washed with 50 mL each of
saturated sodium bicarbonate solution, water and brine,

25 then dried over anhydrous magnesium sulfate, filtered and
concentrated to afford 2.9 grams of the desired product
as a white solid, m/e = 725 (M+Li}.

Part B: A 'solution of 2.5 g of the compound from par: =
30 in 20 mL 4N HCl-dioxane and stirred for 1 hour at room

temperature. Concentration in vacuo followed by

triturationwith Et20 vielded .2 g white sclid. The



9.00 nmmol) was added and t he heterogenous m xture was stirred for 16 hours.
The_sol uti on was eand washed—w-th—10%
aqueous acetic acid (2 x 300 nL) ‘'sat ur at ed aqueous sodi um bi carbonate (2 x
15 300 nmL) and brine (300 m.). The solution was dried over sodiumsulfate
and the solvent was renoved in vacuo. The desired product was purified by
flash chroneWeg6/284p4 (0- 80% et hyl acet at e/ hexanes on silicgcﬁgp

product (5.21 g, 7.83 mmol, 87%yield) was obtained as a white 20 foam

m e cal cd 665; found (N%Ll) 672. Part B: Eugparatlon of '

N-[[ 2R- hydroxy-3-[(1, 3-

benzodi oxol - 5- yl )stadusty Waé2vaeuity | drigdy byer Ppds &8 yield 2.1 g final
(phenyl net hyl ) pr ictS- [[ (1, 1-di net hyl et hoxy) carbonyl] 25 anmi no]

-3-ret hyl - 3- (nmethyl sul fonyl ) but aneamni de WO 96/ 28464

PCT/ US96/ 02685 109 [err] N-

[[ 2R- hydroxy-3-[ (1, 3- benzodi oxol - 5- yl)snxaumnﬁjﬂﬁ

met hyl propyl ) am no] - 1S- (phenyl nmet hyl ) propyl ] -2S-[[(1,1- 5

di net hyl et hoxy carbonyl an1no] 3 nethyl 3- (nethylthlo)butanean1de (5.01
g, 7.53 mvl) waskeRA§ i — A7 NQRERRXGIBOL LAINA0 A\~ it on of .
oxone[err] (13. 8IﬂEh2ﬁbéEEﬂﬂﬂi*3ihﬂﬁﬁdﬂigkﬁigiﬁiillﬁyifﬁﬂﬁﬁﬂiﬂ£0pWﬂSe to the
sol ution at roon15§qBﬂLat L8y Q¥el 2 4oyrs.  The solutio _begane cl oudy
and a precipitat rrred oot .

10

Part A: Preparation of 2S-[[2R-[ {phenylmethoxycarbonyl)

amino]propionyl]}amino) -N- [2R-hydroxy-3-[{ (1,3~

benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino]-1S- -
15 {chenylmethyl)propyl] -3, 3-dimethylbutanamide

To a solution of 1.0 g (4.5 mmol) of N-
carbobenzyloxycarbonyl-D-alanine and 1.03 g of HOBt in &
mL of anhydrous N,N-dimtheylformamide at 0°C, was added

20 0.95 g of EDC coupling agent. After 2 hours at 0°C, 2.39
g (4.5 mmol} of ZS-émino—N-[2R—hydroxy-3-[[(1,3-
benzodiox-5-yl)sulfonyl] (2-methylpropyl)amino]-18-
{(phenylmethyl}propyl] -3, 3-dimethylbutanamide was added.
After stirring overnite, the solvents were removed ir.

25 wvacuo. the residue was dissolved in ethyl acetate,
washed with 5% potassium hydrogen sulfate, saturated
sodium bicarbonate, brine, dried with magnesium sulfate,
filtered and concentrated in vacuo to afford 3.2 g c:=
crude material. This was chromatographed on 150 g c¢:

30 silica gel using 50-80% ethyl acetate/hexane as eluen: ¢
afford 2.3 g of the desired product, which was used
directly in the next step.



addition. The solution was poured into ethyl acetate (500 nL) and washed
with water (3 x 200_ni) _followed by brine (2.x.300 nl). The_arganic | ayer
was dried over anhydrous sodium sul fate and sol vent renoved in vacuo. 15
The product (4.72 g, 6.77 mol, 89% yield) was obtained as a white foam
me calcd 697; found (M+Li) 704. Part C. Preparation of

N[ [ 2R- hydr owg s@284¢41 , 3- PCT/US96/0268S
benzodi oxol - 5-yl ) sul fonyl ] (2- net hyl propyl ) am no] - 1S- 20
(phenyl net hyl ) propyl ] - 2S- am no- 3- net hyl - 3144

(met hyl sul f onyl ).but aneani de. hydrochl oride salt [err] WO 96/ 28464

PCT/ US96/ 02685 110 N-[[ 2R- hydroxy-3-[ 1, 3-benzodi oxol -5-yl)sul fonyl] (2-
met hyl pr opyl ) am 18-.(p SHLl LBr ,yg %g_“.{ -N-

di et hyl et hoxy) c &%kgﬂsz gﬁ%ﬁ%& %% BE 2? iz ahﬁésé?}omyﬁ5ﬂ§1 ane§n1de
(4.51 g, 6.46 TS @e& Pﬁn PEHPER o] éﬁ%l% I at room

t enper at ur e. Anhy@mhuiphqnylm&Mxmu]c1SeKﬂhdﬁgiﬂﬁﬂhbﬂ&ﬂrbﬁylnﬂﬂw3&he sol ution
for 30 min. The WEsn ed at roomtenperature for 1 hour and the
sol vent was rgnnvehglh9sgcuo %gpwoduct (4.02 g, 6.35 mmol, 10 99%yi el d)
was obtained as a white solid; nle calcd 697; found (MktLi) 704. Part D:

Preparation of N [saBubyonoxs/-B3 @lod-the product of Part A in 20 mL of
methanol was hydrogenated over 1.0 g of 4% Palldium-on-
carbon under 50 psig of hydrogen for 1 hour. The

10 catalyst was removed by filtration. The solvents were
removed in vacuo to afford 1.5 g of the desired product,
m/e = 611 (M+Li).

EX2MPLE 60
15
o)
&) ‘,O
HyN
20
Part A: Preparation of N-[2R-hydroxy-3-{((2,3-
dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -
1S- (phenylmethyl)propyl]-2S- [ (phenylmethoxycarbonyl)
amino) -3S-methylpentanamide
25

A solution of 5.8 grams (22.0 mmol) of N-CBZ-L-isoleucine
in ‘45 mL of anhydrous N,N-dimethylformamide {(DMF) was
cooled to 0°C and charged with 3.9 grams (28.7 mmol) of
N-hydroxybenzotriazole (HOBT) and 4.2 grams (22.0 mmol)
30 of 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC). The ice bath was removed after 2



benzodi oxol - 5-yl ) sul fonyl ] (2-net hyl propyl )am no] -1S- 15

(phenyl net hyl ) pr opyl }.-=2S-T (chl or oacety)ani-he}—3-ret hyl -
3- (nethylsulfonyl)butaneanlde [err] 20

N-[ [ 2R- hydr oxy-3-[ (1, 3- benzodi oxol - 5-yl ) sul fonyl ] (2-

met hyl propyl ) am no] - 1S- (phenyl net hyl ) propyl ] - 2S- am no- 3-

net hyl - 3- (W@ R&28déd f onyl ) but aneami de hydrochl ori de salt (3P§Bm§“m3“?5
nmol e) was m xed at roomtenperature in acetonitrile (40 nl).

Triethylamne (1.86 g, 18.45 mol) 25 antldThl oroacetic anhydride (1.05 g,
6.15 mmol) were added. The solution was stirred at roomtenperature for 16
hours and pour edIPHESSeRRG | StHiRge VRS SEORE Hnuet £0XoRht RAHL Wk dRed Wit h
10% aqueous acefmiguéeksd (fﬁhé< ﬂéﬂ&tﬁb}; s6dhitisn afhsaghenusha&pged milbicar bonat e

(2 x 100 nli), 30 ( I i roed over
anhydr ous sodi um HF%Q? gﬁsd ogtﬂr V\E/g)élr"%@ ??fgaﬂ-ﬁyé%y’g’%-%%i{é% 380 &Y
PCT/ US96/ 02685 M@ro}qeqmtmrmﬂ-ymsglggmm(mmmrmmqqled by
flash Chronasogrma héﬁyhh |pr 14pihEtdnd Age Eﬂ§ (mmmms ofhe

product (2.15 g 2%)Y| e foa

cal cd 674; found %V;nnr Ng%E¥§8°€é?§?' F?@%d?é i 16ghzs-

[[N-(phenvlnethﬁbwa&ﬁnhauy$]aﬂﬂmobomvents were removed in vacuo and the
residue was partitioned between 300 mL of ethyl acetate

and 120 mL of 5% potassium hydrogen sulfate solution.

10 The layers were separated, and the organic layer was
washed with 120 mL each of saturated sodium bicarbonate
solution, water, and brine, then dried over anhydrous
magnesium sulfate, filtered and concentrated to afford
16.7 grams of crude material. The crude material was

15 crystallized from ethanol, the solid was isolated by
filtration, rinsed with one 50 mL portion of hexane, and
air-dried to yield 12.0 grams (94%) of the desired
product, m/e = 672 (M+Li).

20 Part B: Preparation of N-[2R-hydroxy-3-[[(2,3- _
dihydrobenzofuran-5-yl}sulfonyl] (2-methylpropyl)amino] -
1S- ({phenylmethyl)propyl] -25-amino-3S-methylpentanamide

A Fischer-Porter bottle equipped with a magnetic stir bar

25 was charged with 11.9 grams (17.9 mmol) of the product
from Part A and 75 mL of tetrahydrofuran (THF). The
solution was hydrogenated in the presence of 5 grams of
10% palladium-on-carbon catalyst (50% water by weight)
under 50 psig of hydrogen for 4 hours at room

30 temperature. The catalyst was removed by filtration, and
the solvents removed in vacuo. The residue was dissolved
in 300 mL of ethyl acetate, washea with 120 mL each of
saturated sodium bicarbonate solution and of brine, then
dried over anhydrous magnesium sulfate, filtered and

35 concentrated under reduced pressure to afford 8.8 grams
of the desired product. m/e = 532 (M+H).



[ 2R-hydroxy-3- [ [ (1, 1-dinethylethoxy)carbonyl](2-

met hyl propyl ) am nol - 1S (phenyl methyl) pr opyl ] =3-3-—di net hyl butanani-de 15
Part A: Preparation of N-[(1,1-dinethylethoxyl)carbonyl]-

N-[ 2- et hyl propyl ]-3S-[ N[ err] - (phenyl met hoxycar bonyl ) am no] -

2R- hydr oxy- 4- phenyl butyl am ne [err] 20 A solution of

N-[ 3S- [ N[ er Mo g6ms468y | oxycar bonyl ) ani no] - 2R- PCT/US96/02685

hydr oxy- 4- phenyl but yl ] - N- (2- et hyl propyl )am ne (18.5 g, 50 mmol ), BOC- ON
(12.35 g, 50 mmol ) and triethylamne (7 m46in tetrahydrofuran (400 nL) was
stirred at room 25 tenperature for 18 hours and then concentrated in
vacuo. The residue was di ssolved in di d¥2MPhReéhane (1 L) and WO

96/ 28464 PCT/ US96/ 02685 112 washed
W th sodi um hydr Qxi ' dri ed HSO4) and t hen
concentrated in sjoam, pavE i — SRR s4Fhe pure
desi red product . methid R 1R 2l B o dpindnyinjeR By ¥ ciorosy ]
di met hyl et hoxy) gggﬁﬁﬂéghf%nﬁﬁkﬁﬁhgropyl)anino]-ls_ -
(phenyl met hyl ) propyl | -2Z25-1T (phenyl et car bonyl ) am no] -

3, 3-di net hyl but anam de [err] 10

o] 0 0

. LW
HZN\)L N N/
I}\ B oon |

Part A: Preparation of N-[2R-hydroxy-3-[(phenylsulfonyl)
(2-methylpropyl)amino] -15- {phenylmethyl)propyl]-25-
10 [ (phenylmethoxycarbonyl) aminc]-3S-methylpentanamide

A solution of 6.0 grams (22.6 mmol) of N-CBZ-L-isoleucine
in 45 mL of anhydrous DMF was cooled to 0°C and charged
with 4.0 grams. (29.5 mmol} of HOBT and 4.3 grams (22.6

15 mmol) of EDC. The ice bath was removed after 20 minutes:
and stirring was continued for an additional 40 minutes.
The reaction solution was then charged with a solution of-:
7.4 grams (19.7 mmol) of 2R-hydroxy-3-

[ {(phenylsulfonyl) (2-methylpropyl)amino] -1S-

20 {phenylmethyl)propylamine and 2.3 grams {(22.6 mmol) of 4-
methylmorpholine in 25 mL of anhydrous DMF and stirred
for 18 hours. The solvents were removed in vacuo and the
residue was partitioned between 300 mL of ethyl acetate
and 120 ml, of 5% potassium hydrogen sulfate solution.

25 The layers were separated, and the organic layer was
washed with 120 mL each of saturated sodium bicarbonate
solution, water and brine, then dried over anhydrous
magnesium sulfate, filtered and concentrated to afford 13
grams of crude material. The crude material crystallized

30 from ethanol, the solid was isolated by filtrationm,
rinsed with one 50 mL portion of hexane, and air-dried to



N-[ (1, 1-di met hyl et hoxyl ) car bonyl ] - N-[ 2- met hyl propyl ] - 3S-

[NL.&LL.]__(_phenyI nmet-hoxycarbonyly am nol-—2R«hydroxy.ds_ phenyl butylas-rein

et hanol was hydrogenated at 45 psig 15 of hydrogen in the presence of 5%
pd(C) catalyst to yield

N-[ (1, 1-di met hyl et hoxy) car bonyl ] - N-[ 2- net hyI propyl ]-3S

[ N[ er r] - ( pheWgI96a8466xy car bonyl ani no- 2R- hydr oxy- 4- pheny! buRFTHSPHE268S,
N-[ (1, 1-di met hyl et hoxy) car bonyl ] - N-

[ 2-met hyl propyl ] - 3S- am no- 2R- hydr oxy- 4- phad§l but yl am ne 20 [err] Fol | owi ng
standard workup, the crude amne (12.24 g, 36.42 mmol ) was added to_a

m xture of N 25 YigkthdheRz grangcB4ondf theedesixredinrodugte7mbe 3@

WO 96/ 28464 (M+Li) . PCT/ US96/ 02685 113
mol ), HOBT (4.92 g, 36.42 mol) and EDC (6.98 g, 36.42 mmol) in DVF (300
m.) after the m xture was stirred at roomtenperature for 1 hour. The

m xture was sti rrPatQ‘,— TEor Frepddvationaf N8 [RBuhydrdhe 3DNKFphenyiswbianyliin 5

vacuo, the reg dug %%yfﬂaxhihﬂ'-%@- bg(gﬁ%o S g;}l oprl 1 -2EsdiRichon th

sodi.um hydr oxi de % X brine ed and
concentrated to éﬁmﬁ%ﬁpsn ﬁﬁ%‘%’l’t% ative) of the desired product. 10 Part
C. Preparation of N[2R-hydroxy-3-[[(1, 1- dinmethyl et hoxy)
car bonyl ] (2- met hyd #iQHekaBbPRes St tle equipped with a magnetic stir bar
was charged with 10.2 grams (16.4 mmol) of the product
10 from Part A and 75 mL of tetrahydrofuran (THF). The
solution was hydrogenated in the presenc'e of 4 grams of
10% palladium-on-carbon catalyst (50% water by weight)
under 50 psig of hydrogen for 3 hours at room
temperature. The catalyst was removed by filtration, and
15 the solvents removed in vacuo. The residue was dissolved
in 300 mL of ethyl acetate and washed with 120 mL each of
saturated sodium bicarbonate solution and brine, then
dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to afford 7.4 grams of the desired
20 product, m/e = 490 (M+H).

30 Part A: Preparation of 2S-[[2S5-[N-{tert-butoxycarbonyl) -
N- (methyl)amino}propionyljamino) -N- [2R-hydroxy-3-[[(1,3-
benzodioxol-5~yl) sulfonyl} (2-methylpropyllamino}-1S-



(phenyl net hyl ) propyl ] - 2S-am no- 3, 3-di et hyl but anam de [err] 15

N[ 2R- hydroxy- 3-[[ (1. 1-di et hyl et hoxy) carbonyl](2-
met hyl propyl ) am no] - 1S- (phenyl net hyl ) propyl ] - 2S-

[(phenylnethoxycarbonyl)anino]-3,3-dinethylbutananide (20 g,
met hanol (250 nmL) was hydrogenated at roomtenperature in the presence of

Pd/ C (10% V@283 20 catal yst was filtered off and the 602683 a5

concentrated to afford 13.8 g (90% of the pure desired product.

Preparati on of N[2R-hydroxy-3-[[(1, 1- 25148
di et hyl et hoxy) car bonyl ] (2- net hyl prop I%anino]-ls-

( phenyl et hyl ) pr ofhenyinethyh) preradd eyl

WD 96/ 28464
[err] To N [2R-
met hyl propyl ) am

3, 3- di met hyl but arskandae( in. 45y oD Anhydrays ) DYME, whscfrel edetdHE. (200 nl)

afimebyi bntagampideynriroshd er dde
PCT/ US96/ 02685 114

S8 i A S o B 1

was added chl gr oagfidgecaRhyH! 6 08 drmdl (8.4 ndD) B0 KDBENENA NE. 9 aeinson
m xture was Stlrrég for i? hgﬂhﬁ?_lgg reactéo m turgamas hed with
Citric acid (5% Hod MFPLY S8t GrEaFhoREES (Rh ik Baura o

m.) and

brine, dried (MyS@4ctdot sobueivn aesdthen charged with a solution of 2.3

10

15

20

25

30

35

grams (4.3 mmol) of 2S5-amino-N-[2R-hydroxy-3-[{(1,3-
benzodiox-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl] -3, 3-dimethylbutaneamide and 1.3
grams (12.8 mmol) of 4-methylmorpholine in 5 mL of
anhydrous DMF and stirred for 15 hours. The solvents
were removed in vacuo and the residue was partitioned
between 150 mL of ethyl acetate and 50 mL of 5% potassium
hydrogen sulfate solution. The layers were separated,
and the organic layer was washed with 50 mL each of
saturated sodium bicarbonate solution, water and brine,
then dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to afford 3.1 grams (100%) of the
desired product as a white solid, m/e = 725 (M+Li).

Part B: Preparation of 2S-[[2S-(N-methylamino)propionyl]
amino] -N- [{2R-hydroxy-3-[[ (1, 3-benzodioxol-5-yl)sulfonyl]
{2-methylpropyl)amino] -1S- {phenylmethyl)propyl]~-3,3-
dimethylbutanamideeshydrochloride

A solution of 3.1 grams (4.3 mmol) of the product from
Part A in 10 mL of 1,4-dioxane was charged with 20 mL (40
mmol) of 4N HCl in dioxane solution and stirred for 2
hours. The solvents were removed in vacuo to yield a
white solid. The solid was triturated with diethyl ether
and isolated by filtration. This solid was triturated
with 35% acetonitrile/65% water (both with 1% HCl) and
again isolated by filtration. The solid was dried by
sequentially adding then removing under reduced pressure
three volume of ethanol then three volumes of water.
Final drying was done over phosphorous pentaoxide (P203.

34.29 mmol)

Part D:

in



afford 12.0 g (82% of the pure desired product Part E: Preparation of
2S-[[ N (phenyl me ey 3-[[ (1
d|nethylethoxy)carbonyl](Z nethylpropyl)anlno] 1S—
(phenyl met hyl ) propyl ] - 3, 3-di net hyl but anam de The product fromPart Dis
added to benzyl. am ne in tetrahydrofuran with stirring at a%&g% m

t enper at ur e. WO862846t sol vent is renoved under reduced press ﬁéﬁﬁﬂ”
rotary evaporator and the residue is washed with dilute HOd, saturated
NaHCO3, water, brine and dried to provi del4he product anine 0

O [err] 25 The naterlal can_ be chromat ographed if desired. WD 96/ 28464
PCT/ US96/ 02685 1¥HAeRakpiycesh DEegsura: #bnroAm SOReaRbYse Ang yiejded

4- be,nlzodl ogan 6- vl Bdﬁramsll {489l ]olf( ﬁhéﬁﬂés[’iﬁ?mﬂo)iﬂﬂtr'@# tﬁ;& (HojleB;]ELﬁELhyl )
propyl carbam c Ld_pheay Ryl ester [err] 10 To a solution of the
N—[SS-[(phenyIne?ﬁ%x?cggﬁohgﬁ?h’

am no] - 2R- hydr oxy- 4- phenyl but yl ] - N- (2- net hyl propyl )am ne (0.5 g, 1.35 nmol)
in CHerr]C [®rr] (5.0 nmL) containing BXaprEN6gO0.35 nL, 2.5 nmol) was
added 1, 4- benzodi oxan- 6-sul f onyl

10 dimethvlbutanamide

Part A: Preparation of 25-[[2S5-][ (phenylmethoxycarbonyl)
amino]propionyl}amino] -N- [2R-hydroxy-3-[[ (1,3~

15 Dbenzodioxol-5-yl}sulfonyl] (2-methylpropyl)amino]~1S-
(phenylmethyl)propyl}-3,3-dimethylbutanamide

A solution of 1.1 grams (4.9 mmol) of N-CBZ-L-alanine in
5 mL of anhydrous DMF was cooled to 0°C, charged with 0.9

20 grams (6.4 mmol) of HOBT and 1.0 grams (4.9 mmol) of EDC
and stirred for two hours. The reaction was then charged
with a solution of 2.3 grams (4.3 mmol) of 2S-amino-N-
[2R~hydroxy-3-{[(1,3-benzodiox-5-yl})sulfonyl] {2-
methylpropyl)amino] -1S- (phenylmethyl)propyl]-3,3-

25 dimethylbutanamide and 1.3 grams (12.9 mmol) of 4-
methylmorpholine in 5 mlL of anhydrous DMF and stirred for
18 hours. The solvents were removed in vacuo and the
residue was partitioned between 150 mL of ethyl acetate
and 50 mL of 5% potassium hydrogen sulfate solution. The

30 layers were separated, and the organic layer was washed
with 50 mL each of saturated sodium bicarbonate solution,
water and brine, then dried over annvdrous magnesium



chloride (0.34 g, 1.45 mol) and stirred at OC for 30 15 mn. After
stirring at roomtenperature for__1 hour, the_reaction m xture was diluted
with CHerr]dJ[err] (20 nL), washed with cold 1IN HO (3 x 20 nlL), water (2
x 20 mL), satd. NaHCO err] (2 x 20 m.) and water (3 x 20 nL), dried
(Na[err]SOerr]) and concentrated under reduced pressure. The resulting 20
resi due wasWOWsRe46ed by fl ash chromat ography using 35% Et ORETUERS8%ne t o _
give the desired product as a white anorphous solid which crystallized from
MeOH as a white powder (0.65g. 84%yieldl50 m p. 82-84 C, HRMS-FAB cal cd
for Jerr]Herr]Nerr](err]S 569.2321 (MH), found 569.2323. 25 WO
06/ 28464 sulfate, filtered and concentrated topgffopde} (»agsmsigf

EXAI[V[P(LE gob[ e”]dqﬂ{déloﬁ%@bkﬂﬂl f)f fé}ﬁlr %aalﬁ@@@ﬁwh%énhﬁpét&ﬂi%dﬁr@bﬁxy-3-
, o- benzodl,Qxol - o- Sulto - I ORY. a noj - .

1S- ( phenyl net hy!§ '] %%%ts‘i{’gﬁﬂ ' désgi?ﬁ?g‘ipby %\Iéﬁ%‘p’g‘;b?‘}bf:&’fs%- [[(1,1-
di met hyl et hoxy) ceitioopie] 4f1 Nb]PAFYIZR- BYdhexyng- [4ndl a3r-doied to yield
benzodi oxol - 5- yI3 suldramy! k8gsmedfHnr 8@¥5’.i—é&“§aﬁldu¥:§‘, m/e = 745 (M+Li).

(phenyl net hyl ) propyl’] pent -4-ynam de [err] To cool ed sol ution of
N-t-Boc- L-propargyl glycine (5.0
Part B: Preparation of 2S-[(2S-aminopropionyl]amino]-N-

[2R-hydroxy-3-[[(1,3-benzodioxol-5-yl)sulfonyl] (2~
methylpropyl)amino]-1S- (phenylmethyl)propyl]-3,3-
10 dimethylbutanamide

A Fischer-Porter bottle equipped with a magnetic stir bar
was charged with 2.9 grams (3.9 mmol) of the product from
Part A and 20 mL of tetrahydrofuran (THF). The solution

15 was hydrogenated in the presence of 1.3 grams of 10%
palladium-on-carbon catalyst. (50% water by weight) under
50 psig of hydrogen for 2 hours at room temperature. The
catalyst was removed by filtration, and the solvents
removed under reduced pressure. The residue was

20 dissolved in 150 mL of ethyl acetate and washed with 50
mL each of saturated sodium bicarbonate solution and
brine, then dried over anhydrous magnesium sulfate,
filtered and concentrated under reduced pressure to
afford 2.1 grams of crude material. Purification was

25 accomplished by flash chromatography on silica gel using
2-6% methanol/methylene chloride and vielded 1.9 grams
(83%) of the desired product as a white solid, m/e = 605
(M+H) .

30 EXAMPLE 64

35 methvlpentanamide-hvdrochloride salt



15 g, 23.4 mol) and 4.7g (1.5 equiv.) of N hydroxybenzotriazole in 40
mL_of N, N-di net hyl fornani de was added_ 4«69 (23.4 mvol ) of EDC-and-stirred
at 0 C for one hour. To this was added a sol ution of .12. 10g (23.4 mol) of
2R- hydr oxy- 3-[[ (1, 3- benzodi oxol -5- 20
yl ) sul fonyl ] (2- et hyl propyl ) am no] - 1S- (phenyl net hyl ) propyl anine in 6 nL of
N, N- di met hywoeezaaed de and the solution stirred for 16 hour BCT/PR¥W/03ERSy ent
was renoved by rotory evaporation, replaced with ehtyl acetate, and washed
wi th saturated sodi um WO 96/ 28464 151
PCT/ US96/ 02685 117 bi carbonate, 5% citric acid and brine. The organics were
dried over magnesiumsulfate, filtered a oncentrated to yield 13.3 grans
of crude product, which was crystallize di et hyl ether: ethyl acetate
to yield 5 6. 99 of 2S-[[(1,1- d| th\ﬁf )carbonyl!)am noj] - N-[ 2R-
gﬁgu
N

hydr oxy-3-[[ (1, 3- benzodi oxol -

nethylpropyl)anino] 1S—(ph§HyL qo 10 Part B.

Preparation of 2S-am no-N-[2R- gydr dxy 11‘1

benzodi oxol - 5-yl ) sul fonyl ] (2- nethyKb )En1 - nethyl
)propyl ] pent-4-ynanide [err] HHB 5.04 (8.12 nnDI) he product from Part
A. was

Part A: Preparation of ZS-[[ZR—[N-(tert—butoxycarbonyl)—"
N- {methyl)amino]propionyl)amino] -N~[2R-hydroxy-3-[[(1,3-
benzodioxol~5-yl})sulfonyl] {2-methylpropyl)amino]~1S-

5 (phenylmethyl)propyll]-2S8-amino-~-3S-methylpentanamide

A solution of 0.7 grams (3.3 mmol) of N-t-BOC-N-methyl-D-
alanine in 5 mL of anhydrous DMF was cooled to 0°C,
charged with 0.7 grams (5.0 mmol) of HOBT and 0.7 grams

10 (3.8 mol) of EDC and stirred for three hours. The
reaction solution was then charged with a solution of 1.8
grams (3.3 mmol) of 2S-amino-N-[2R-hydroxy-3-[[(1,3-
benzodiox-5-yl}sulfonyl) (2~-methylpropyl)amino]-15-
(phenylmethyl) propyll-3S-methylpentanamide and 1.0 grams

15 (9.9 mmol) of 4-methylmorpholine in 5 mL of anhydrous DMF
and stirred for 16 hours. The solvents were removed in
vacuo and the residue was partitioned between 150 mL of
ethyl acetate and 50 mL of 5% potassium hydrogen sulfate
solution. The layers were separated, and the organic

20 layer was washed with 50 mL each of saturated sodium
bicarbonate solution, water, and brine, then dried over
anhydrous magnesium sulfate, filtered and concentrated in
vacuo to yield the crude material. Purification was
accomplished using flash chromatography on silica gel

25 using 30-50% ethyl acetate/methylene chloride and yielded
1.9 grams (79%) of the desired product as a white solidg,
m/e = 725 (M+Li).

Part B: Preparation of 2S-{[{2R- (N-methylamino)propiony.]
30 amino)-N-[2R-hydroxy-3-{[(1l,3-benzodioxol-5-yl}sulfonvi:

(2-methylpropyllamino]-1S- (phenylmethyl)propyl]-25-amins-

3S-methylpentanamideshydrochloride salt



di ssolved in 20 mL of 4N HO in dioxane and stirred for 30 m nutes. The
precipitated product was stripped two tines from.diethyl ethe—ard-this
crude hydrochloride salt was used in Part C. 20 Part C. Preparation of
2S-[ (chl oroacetyl ) am no] - N-[ 2R-

hydr oxy-3-[[ (1, 3- benzodi oxol -5-yl ) sul fonyl ] (2-

met hyl pr opwiosssasa] - 1S- (phenyl net hyl ) propyl ] pent - 4- ynani ®ET/USNR685/ 28464
PCT/ US96/ 02685 118 [err] 4.4g (8.12 mml) of anine hydrochloride from Part
B was di ssolved in 60 nL of methylene chisaride and to this was 5 added
3.09 (24 mmol ) of N, N-diisopropylethyl amne, followed by 1.38g (8.1 mmmol)
of chl oroacetic anhydride. The solution was stirred at roomtenperature

overni ght. The goBLE SRl 10aNGEMhS A{£S Yot GF Kt AR BEoNd ( he

resi due was par d between et acetate and 10 ter. .. Th ani c
| ayer was washe&a%Fth Iol] Ml efaﬁi%'%‘rﬂi‘a(nr?eh’a%? o) W§'(§Eﬁ' ath cg‘*(gonat e
and bri ne. ghe manhos aeneldinedicxaie rmaduedibnnasd | tEtrered Eoer2d and
concentrated.to,yj f %%E’ eCL Y. [ Lamnsfrom et hyl
acetate hexahe g/llgg?%'ed % %1{%599?7%%) yi e _)eao? hYoddld t%?a%gmd é_ Y
2S-[ (chl or oacet yhibei se}idy [ Thengaldgywas dried by sequentially adding

then removing in vacuo three volumes of ethanol then

three volumes of water. Final drying was done over

phosphorous pentaoxide (F205} under reduced pressure at
10 room temperature and yielded 1.5 grams (88%) of the

desired product as the HCl salt, m/e'= 625 (M+Li).

EXAMPLE 65
15 ; = [ IN- j inol-N-
pentanamide
LA Evf
[
o) r‘\ H OH G
20

A solution of 1.5 grams (2.5 mmol) of 2S-[[chloroacetyl]
amino) -N- [2R-hydroxy-3-{[ (1, 3-benzodiox-5-yl)sulfonyl] (2~
methylpropyl)amino)-1S- {phenylmethyl)propyl) -3S-methyl
pentanamide in 10 mL of tetrahydrofuran (THF} ‘and 0.5 mL
25 of water was charged with 5.3 grams (49.2 mmol) of
benzylamine and stirred for 17 hours. The solvents were
removed in vacuo and the residue was partitioned between
150 mL of ethyl acetate and 50 mL of saturated sodium
bicarbonate solution, the layers were separated and the
30 organic layer was washed with 50 mL of brine, then dried
over anhydrous magnesium sulfate, filtered and
concehtrated in vacuo to afford 2.5 grams of crude



[[ (1, 3- benzodi oxol -5-yl ) sul fonyl ] (2-nmnet hyl propyl)am no]

1S (phenyl met hyl )pLapgd_]_p,e.n.ta.A_ynam_ds—as-—a—Wq-b-t—e—seJ—r EXAMPEE—44+—20——
[err] Preparation of 2R-hydroxy-3-[[(4-am nophenyl) sul fonyl ]

(2- met hyl propyl ) am no] - 1S- (phenyl met hyl ) propyl am ne 25 WO 96/ 28464

PCT/ US96/ 02685 119 Part A: Preparation of 2R-hydroxy-3-[[(4-

ni t ropheny! )wolsé/izsagd ] ( 2- met hyl propyl ) ami no] - 1S- PCT/US96/0268S
(phenyl net hyl ) propyl carbam ¢ acid phenyl nethyl ester 5 To a solution of
4.0 g (10.8 mml) of N [3S-benzyl oxy 153

car bonyl am no- 2R- hydr oxy- 4- phenyl | - N-i sobut yl am ne in 50nL of anhydrous
met hyl ene chl ori deatemisladd@urificatich #ag, aGlorplualled usingi £i4sh ani ne.

The sol ution was ga! r g i trobenzene
10 sulfonyl chior |$§%\j\/§?%§§§ 6"1‘5%’??%&9@ ué%%nﬁ%gktﬁgﬁ?;g% t hen
for 1 hour at rodMRetRHsBraFRLerids iARd é('&&lQF@ et &h 5%
citric acid, satulesiowdsptbdurbiasmrdoddte, sblide mtlyr i=ed8aAndMebientrated to
yield 5.9 g ofg crude material. This was recrystallized fromethyl 15

acet at e/ hexane to afford 4.7 g of pure [2R-hydroxy- 3-
[[(4-nitrophenyl)sul fonyl](2-nmethylpr op%m%ﬁ-ﬁﬁﬂ -1S

AN \)L
TR

A solution of 1.5 grams (2.5 mmol) of 2S-

15 [[chloroacetyl}amino]-N-[2R-hydroxy-3-[[{1,3-benzodiox-5-
vl)sulfonyl] {2-methylpropyl)amino] -15-
(phenylmethyl)propyl]-3S-methylpentanamide in 10 mL of
THF and 0.5 mL of water was charged with 2.8 grams (492.2
mmol) of cyclopropylamine and stirred for 16 hours. The

20 solvents were removed in vacuo and the residue was
partitioned between 150 mL of ethyl acetate and 50 mL of
saturated sodium bicarbonate solution, the layvers were
separated and the organic layer was washed with 50 mL of
brine, then dried over anhydrous magnesium sulfate,

25 filtered and concentrated in vacuo to afford 1.5 grams of
the desired product as a white solid, m/e = 637 (M+Li),
98% by HPLC.



( phenyl net hyl ) propyl car bami ¢ aci d phenyl methyl ester, m e=556(MH). 20
Part B: Preparation_of 2R-hydroxy-3-[[(4-amnophenyl) _sulfonyl]

(2- et hyl propyl ) ami no] -

(5.4 mmol) of 2R-hydroxy-3-[[(4- 25 nitrophenyl)sulfonyl](2-methylpro
am no] - 1S- (phenyl nmet hyl ) propyl carbam ¢ acid phenyl nethyl ester in 20
et hyl acet atyp yéradaydr ogenat ed over 1.5 g of 10% pal | adi umFCT/US6/02885

catal yst under 35 psig of hydrogen for 3.5 hours.
by filtration 30 and the solution concen

desired 2R- hydroxy-3- [(4- aninophenyl)sul%onyl](z-
met hyl propyl ) am no] - 1S- (phenyl net hyl ) prggasrup ge, M e=392( MrH) . WO

06/ 28464

Preparation of 2S- [ [(N-nethyl am no)acetyl)]
-5-yl)sul fonyl](2- nmethylp
propyl ]-3,3- dinethyl butanam de To 6. 55 g\
N-[ 2R- hydroxy-3-[[(1, 3- 10

(1, 3- benzodi oxol

PCT/ US96/ 02685 120 [er

) am no] - 1S- (phenyl nmet hy
g. 7 mol ) of

o O
benzodi oxol - 5-yl ) sul fon;glﬂ_k E)Z met hyl rogg/ m nP] - 1S- N F
(phenyl et hyl ) propy! ] mﬁ’gmy x R A oS 0

10

15

20

25

30

f\ G \__\CIJ

A solution of 1.5 grams (2.5 mmol) of 2S-[[chloroacetyl]
amino]-N-[ZR-hydroxy-3—[[(1,3—benzodiox—5-yl)sulfonyl](2—
methylpropyl)amino] -1S- (phenylmethyl)propyl]-3S-methyl
pentanamide in 10 mL of THF and 0.5 ml. of water was
charged with 3.7 grams (49.2 mmol) of 2-methoxyethylamine
and stirred for 18 hours. The solvents were removed in
vacuo and the residue was partitioned between 150 mbL of
ethyl acetate and 50 mL of saturated sodium bicarbonate
solution, the layers were separated and the organic layer
was washed with 50 mL of brine, then dried over anhydrous

ino]l-N-[2R- 5 hydroxy- 3-

1S- (phenyl met hyl ) propyl am ne A solution of 3.0g

pyl )
nmL of

The catal yst was renoved
¢gated to afford 2.05 g of the

r]
[ [
1)

magnesium sulfate, filtered and concentrated in vacuo to _

afford 2 grams of crude material. Purification was
accomplished using flash chromatography on silica gel
using 0-6% methanol/methylene chloride and yielded 1.3
grams {81%) of the desired product as a white solid, m/e
= 655 (M+Li).



di met hyl but anam de was added 25 nlL of tetrahydrofuran, the solvent renoved
under reduced pressure-to.trenove any etlyl.acetate . and t hen—25——of—
tetrahydrofuran was 15 added. To this solution at 10[err]C was added 19
m. (214 mmol ) of 40% aqueous net hyl am ne. After 2 hours, the solvents were
renoved under reduced pressure, added 1 L ethyl acetate, washed with
sat ur at ed sowibosnsieéscar bonate, brine, dried over anhydrous nBGHESA6(9RE8S
sulfate, filtered 20 and concentrated to afford 6.0 g of crude materi al,
whi ch was assayed by HPLC to be 98% puri tnyss EXAMPLE 43 [err] 25 WO

96/ 28464 _ PCT/ US96/ 02685 121
Preparation of N-[2R-hydroxy-3- [ [ (1, nzodi oxol -5- yl)

sul fonyl ] (2-net hyl propyl) am nol -1S-(p nmet hyl ) propyl]-2S-

[ [ (N- et hyl ami no) acetyl ] am no] - 8& nmet h ntananiquS To 3.47 g (5.7 mol)
of N-[2R-hydroxy-3-[[(1, 3- 0

benzodi oxol - 5- yI)squonyIF¥2< Nggdk
-2S-[(chl oroacetyl )am no] - SS-Hnet yl pent
tetrahydrofuran. To 10 this sol ubi opfuas addsd
aqueous HC1 ' :

Part A: Preparation of 2S-[[2R-[N-(tert-butoxycarbonyl)-
N- (methyl)amino]propionyl]amino] -N- [2R~hydroxy-3-[[ (4-

5 methoxyphenyl)sulfonyl] (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl] -3, 3-dimethylbutanamide

A solution of 0.7 grams (3.3 mmol) of N-t-BOC-N-methyl-D-
alanine in 5 mL of anhydrous DMF was cooled to 0°C,

10 charged with 0.7 grams (5.0 mmol) of HOBT and 0.7 grams
(3.8 mmol) of EDC and stirred for three hours. The
reaction solution was then charged with a solution of 1.7
grams (3.3 mmol) of 2S-amino-N-[2R-hydroxy-3-[[(4-
methoxyphenyl)sulfonyl] (2-methylpropyl)amino] -15-

15 {(phenylmethyl)propyl] -3, 3-dimethylbutanamide and 1.0
grams (9.9 mmol) of 4-methylmorpholine in 5 mL of
anhydrous DMF and stirred for 18 hours. The solvents
were removed in vacuo and the residue was partitioned
between 150 mL of ethyl acetate and 50 mL of 5% potassium

20 hydrogen sulfate solution. The layers were separated,
and the organic layer was washed with 50 mL each of
saturated sodium bicarbonate solution, water, and brine,
then dried over anhydrous magnesium sulfate, filtereé and
concentrated in vacuo to yield 2.3 grams (100%) of the

25 desired product as a white solid, m/e = 711 {(M+Li).

Part B: Preparation of 2S-[[2R-(N-methylamino)

propionyl)amino] -N-[2R-hydroxy-3-1{( (4-methoxyphenyl)

sulfonyl] (2-methylpropyl)aminol] -1S-{phenylmethyl)progy:. -
30 3,3-dimethylbutanamide«hydrochloride



met hyl am ne. After 6 hours, the solvents were renoved under reduced

pressure, added ethyl acetate, washed with saturated sodi um_hi carbonate,
brine, dried over anhydrous magnesium sulfate, filtered and concentrated to
afford 15 3.5 g of crude material, which was assayed by HPLC to be 96%
purity. The product was chromatographically purified on basic alum na using

met hanol andy@béadssgcetate eluants to yield 2. 88g (85% purecriesscnseds
product (100% by HPLC); mle Clerr]Herr]Nerr](err]S calcd 604.77; found
(MrLi) 611. 20 EXAVMPLE 44 [err] Preparati gggof 2S- [[N

(2- hydr oxyet hyl ) am noacetyl] 25 am nol - FZR— hydr oxy- 3- [

E(ﬁ 3- Ibentzcﬁd: ;)onA‘fscleU)tJ.&ul Bﬁnxtj (g'i-aiit&t h;al p(rjﬁ:ﬂai)) 235 ﬁihle ﬁ(‘jﬁoduct_ flrotm_ f
enyl me r amde chl ori de i )
2p0 y ytyp 8@%%%3% ?’a TF{EI\#{ lﬁ ?l‘} r%iil arged w1tI€‘ ng)n'\'}.. (QB
[(1

g, ggn[zggrlogrsmgq]))smff éNyH‘]:(- 2in dioxane solutlon and stirred for 2
ZEB hyl gr ﬁpélrzjam NedurkS (nﬁengbm:iw kidir@P¥bhoved-irflvaRuBYto byi éprd de and
PCT/ US6/ 02685 2‘@/‘& ﬂﬁds noe eﬁ%&%f 8?5%"\@% SEAPPPEIREIN ARG NG: room
t enper at ur e. Thethegaatenommgsn-nmq thired volwessiefaethpaol ithened
bet ween ethyl aceiiilde RdumelUsRiwtadUeeY¥Ral drying was done over
phosphorous pentaoxide (P205) under reduced pressure at
room temperature and yielded 1.9 grams (90%) of the
10 desired product as the HCl salt, m/e = 611 (M+Li).

\\//

o YK&JL \_‘Ctm

20 Part A: Preparation of N-[2R-hydroxy-3-[[ {4-methoxy
phenyl)sulfonyl] (2-methylpropyl)amino] -1S- {phenylmethyl)
propyl]-25-[ (chloroacetyl)amino] -3, 3-dimethylbutanamide

A solution of 4.4 grams (8.4 mmol} of 2S-amino-N-[2R-

25  hydroxy-3-[[{4-methoxybenzene)sulfonyl]} (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl} -3, 3-dimethylbutanamide
and 1.3 grams (10.1 mmol) of diisopropylethylamine in 30
mlL of anhydrous methylene chloride was cooled in an ice
bath and charged with 1.2 grams (7.1 mmol) of

30 chloroacetic anhydride and stirred for one-half hour.
HPLC analysis at this time showed the reaction to be B83%
complete. The solution was charged with an additional



sodi um bi carbonate. The conbi ned organics were washed 5 with brine, dried,
and_concentrated i : i pr oduct...was di-ssol ved
in 25 nmL acetonitrile and 2.0 eq. aqueous HO was added. After 10 m nutes
the reaction was concentrated in vacuo and chased with 30 M water and
vacuun dried over Plerr](Jerr]. 10 [err] Preparation of

2S- [ [ N- ( 2- rewibospeasdy| ) am noacetyl] 15 am nol - N-[ 2R- hydr ox PCTAUSP6/G268S,
3-benzodi oxol -5-yl) sul fonyl] (2-nmethyl propyl)am nol -1S-

(phenyl net hyl ) propl]- 3. 3-di net hyl but anamigy. hvdr ochl ori de A sol uti on of
2.0 g of 2S-[(chloroacetyl)am no]-N[2R 20 _

hydr oxy-3-[[ (1, 3- Belzaxhmx(15-2y Mol ) f ofiydHlcrroacetic anhydride and stirred

met hyl propyl ) am nebe 155 (RGN MehBY 5 PFad hiede3redbv®d M vRAdL,BNaAH denand
4.8 nlL 2-net hoxyet

hgl am ne &éo eg% In 8 nm tetrah%cairofuran was stirred 4
hours at room t enpE€PLERE dasTRRTLabipPRes Rpfivecsn A1y qthYvdagG8tatR 25
part. ti oned betweandeldy miacst S&ecitdic adairdisedu it P Uche Qdiversbwere bonat e.
The conbi ned gapj ' [ dr.i Qﬂgd e din
vacuo to the %udgéﬁr%e ﬁg‘éﬁsﬁlﬁg %%%%hﬂ% '}% St é’r‘%gﬂ"’%p |n.9§§?’m?bb%ﬁ
acetonitrile and 82ehRf safvcatedHePdinm higachonake csfoligm  nwpakersarde
reaction was concppiné} eshen drdetdooddt AifeRGuw inlgdésidm WRREatand vacum
dried over P[err]E{fEééed and concentrated to afford 5.1 grams of crude

material. Purification was accomplished using flash

10 chromatography on silica gel using 30-50% ethyl
acetate/hexane and yielded 4.1 grams (82%) of the desired
product as a white solid, m/e = 602 (M+Li).

Part B: Preparation of 2S-[[N- (phenylmethyl)aminocacetyl]

15 amino]~N-[2R-hydroxy-3-[[(4-methoxyphenyl)sulfonyl] (2-
methylpropyl)amino)-1S-{phenylmethyl)propyl]}-3,3-
dimethylbutanamide

A solution of 1.3 grams (2.2 mmol) of the product from
20 Part A in 12 mL of THF and 0.5 mL of water was charged
with 4.8 grams (44.6 mmol) of benzylamine and stirred for
16 hours. The solvents were removed in vacuo and the
residue was partitioned between 150 mL of ethyl acetate
and 50 mL of saturated sodium bicarbonate solution, the
25 layers were separated and the organic layer was washed
with 50 mL of brine, then dried over anhydrous magnesium
sulfate, filtered and concentrated to yield the crude
material as an oil. Purification was accomplished using
flash chromatography on silica gel using 0-4% methanol/
30 methylene chloride and yielded 1.3 grams (87%) of the
desired product as a white solid, m/e = 673 (M+Li).



WD 96/ 28464 PCT/ US96/ 02685 123
EXAMPLE 46 [err] Pregarat on of 28—| [ (N-cyclopropyl am no)acetyl]am nol -
5 [ 2R- hydroxy-3- [ [(1, 3-benzodi oxol-5-yl) sulfonyl](2-

met hyl propyl ) am no] - 1S- ( phenyl net hyl ) propyl ] -3. 3-

di et hyl but anam de. hydrochl ori de A solution of 2.0 g of

2S-[ (chl or owoessi2B46am no] - N-[ 2R- 10 PCT/US96/02685

hydr oxy-3-[[ (1, 3- benzodi ox-5-yl )sul fonyl ] ( 2-

met hyl propyl ) am no] - 1S- (phenyl net hyl ) pr opys4 - 3, 3- di-net hyl - but anam de and
4.5 mL cycl opropyl amine (20 eqg.) in 8 nL tetrahydrofuran was stirred 24
hours at roomtenperature. The reacti orEZaMPLEqcdBentrated in vacuo and 15
partitioned between ethyl acetate and saturated aqueous sodi um bi carbonate.
The conbi ned organi cs were washed with e, dried, and concentrated in
vacuo to the crude free base. The prod s taken up in 25 nL
acetonitrile and 2.0 eq. aqueous HO wa ded. After 10 20 mnutes the

reacti on was concentrated |n vacuo &nd ghaded mnt m water and vacumm
dried over Plerr](err] t 1. it SO|Id XAMPLE 47 25
Preparation of 5-chlorosul ﬂl Y6t ' g\ﬁﬁzji ni dazol e [err]
! H
/1‘\ Lw__ OCH3

A solution of 1.3 grams (2.2 mmol) of 2S-([[chloroacetyl]
amino-N- [2R-hydroxy-3-[ [ {(4-methoxybenzene)sulfonyl) (2-

10 methylpropyl)amino]-1S-(phenylmethyl)propyl}-3,3-
dimethylbutanamide in 12 mL of THF and 0.5 mL of water
was charged with 2.6 grams (44.6 mmol} of
cyclopropylamine and stirred for 18 hours. The solvents
were removed in vacuo and the residue was partitioned

15 Dbetween 150 mL of ethyl acetate and 50 mL of saturated
sodium bicarbonate solution, the layers were separated
and the organic layer was washed with 50 mL of brine,
then dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to yield 1.3 grams (93%) of the

20 desired product as a white solid, m/e = 623 (M+Li).

EXAMPLE 71

‘\\//O

¥O

<3ho\\/f\ ah\n,
H



WD 96/ 28464 PCT/ US96/ 02685 124 A
solution of 2-carbonethoxyam-no- benzidsdazole—(6—6-g, 0.026—Bter—~+a——
chl orosul fonic acid (35.00 nL) was stirred at O[err]C for 30 m nutes and at
roomtenperature for 3 hours. The resulting dark colored reaction m xture
was 5 poured into an ice-water m xture (200 nL), and stirred at room

t enper at ur eVP@6/28464 i nut es. The resulting precipitate was FCRUSPNFoEI g
washed with cold water (500 nL). The solid was dried overnight under hi gh
vacuum in a desiccator over NaCH pell et s18® gi ve 5-chl orosul fonyl -2- 10

car bonmet hoxyam no- benzi m dazol e (5.9 0 78% as a rey povvder [err]H NVR
(DVBO-d6) d: 3. Rrepaxasien of ok o s LG

1H), 7.88 (s, 1@.&@&2@& i (Omeg? S
EXAVPLE 48 Prepar 1R [OXY: 3- rrl~_k G2-car borret hoxyam no-
benzi m dazol - 5- = - = mo] - 1S-

(phenyl et hyl ) prdimethyibubanamids d phenyl met hyl ester [err] 20 To a cold
sol ution of B [3S-[(phenyl net hoxycarbonyl)

" G Shior Q%S{ R s aRRIRY SHLL T, et J8 e e s e Bl o)
fol | owed by t he amdaioff -NA [ 2R-1Brdxtdxy-3s-(I[ { 4 Apétbxgdrenaent hsuYtonyild-(2-
methylpropyl)amino]-1S- {phenylmethyl)propyl}-3,3-
dimethylbutanamide in 12 mL of THF and 0.5 mL of water
10 was charged with 3.4 grams (44.6 mmol) of 2-methoxy
ethylamine and stirred for 17 hours. The solvents were
removed in vacuo and the residue was partitioned between
150 mL of ethyl acetate and 50 mL of saturated sodium
bicarbonate solution, the layers were separated and the
15 organic layer was washed with 50 mL of brine, then dried
over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to yield the crude material.
Purification was accomplished using flash chromatography
on silica gel using 0-6% methanol/methylene chloride and
20 vyielded 1.1 grams (77%) of the desired product as a white
solid, m/e = 641 (M+Li).

EXAMPLE 72
25 i = [ [2R~ (N~ i i inol-N-
CH, Q ,0
T \//
CHs« N\)L
Y 5 Q
HC1 H— OCH:
30

Part A: Preparation of 2S8-[[2R-[N-(tert-butoxycarbonyi:-
N- (methyllamino]propionyl)amino}-N-[2R-hydroxy-3«[[(4-



benzi m dazole (4.29 g, 14.85 mol) in small portions as a solid. The
reaction mxture was stirred at O[lerr]C for 30 _mnutes and at_room
tenperature for 2.5 hours when 30 reaction of the am no al cohol was
conplete. The mxture was cooled and filtered, and the filtrate was
concentrated. The resulting residue was di ssolved in WO 96/ 28464

PCT/ US96/ 02 ipechss4aEt OAC (200nL), washed successively w th peanusos02688 t ri c
acid (3 x 50 nL), saturated aqueous sodi um bi carbonate (3 x 50 nm.) and
water (3 x 100 nL), then dried (Na[err]Sgfr]), concentrated and dried
under vacuum The residue was 5 triturated with nmethanol, cooled, filtered,

washed wi th MeOHnetRaRypRerdyl Mullfonidl] (2 +méthylproges ) afdicl-193 give pure

gﬁ;%?;ﬂ??;ﬁ??i?ékgégﬁ§?%$@%§#ggéﬁgﬁg??ﬁp- eﬁ%fag%ﬂ§}ge?§§ﬂ%ﬂﬁpgarbanic

‘acid phenyl nethyl ester (6.02 g, 72 % as 10 a |light brown powder: FABMS:
mz = 630 (MtLi) a Esw&tlsal&ﬂ 0 f0oigrhsr (3 H enid1) a&rhqemd-%aﬁ&h%én—[ :
y-

624. 2492, fou d 624. 2488 ation o R- hydr ox
(2- ami no- benzt 78108 1%) §gffgh9PP¥§rﬂ%ﬁﬁ@ﬁgﬁ@ﬁpﬁP?gﬁg 9
(phenyl met hyl) Drthygamwetlpé}-r’n gzemsA(S o) ymad) off HOBT and 0. 7 grams
N-[ 2R- hydr oxy- 3- [(B( 8- mb PP ®f ¢ @N8tirred for three hours. The
reaction solution was then charged with a solution of 1.7
grams (3.3 mmol) of 2S-amino~N-[2R-hydroxy-3-1[[(4-
10 methoxyphenyl)sulfonyl] {2-methylpropyl)amino)-~1S-
{(phenylmethyl)propyl] -3S-methylpentanamide and 1.0 grams
(9.9mmol) of 4-methylmorpholine in 5 mlL of anhydrous DMF
and stirred for 16 hours. The solvents were removed in
vacuo and the residue was partitioned between 150 mL of
15 ethyl acetate and 50 mL of 5% potassium hydrogen sulfate
solution. The layers were separated, and the organic
layer was washed with 50 mL each of saturated sodium
bicarbonate solution, water, and brine, then dried over

anhydrous magnesium sulfate, filtered and concentrated in

20 vacuo to yield the crude material. Purification was
accomplished using flash chromatography on silica gel
using 30-50% ethyl acetate/hexane and yielded 1.6 grams
(70%) of the desired product as a white solid, m/e = 711
{(M+Li) .

25
Part B: Preparation of Preparation of 2S-[{2R-(N-
methylamino)propionyl]amino] -N-[2R-hydroxy-3-{{{4-
methoxyphenyl)sulfonyl) (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl]-25-amino-3S-

30 methylpentanamide-hydrochloride salt

A solution of 1.6 grams (2.2 mmol) of the product from
Part A in 10 mL of 1,4-dioxane was charged with 20 mL (40
mmol) of 4N HCl in dioxane solution and stirred for 2

35 hours. The solvents were removed in vacuo to yield a
white solid. The solid was dried by sequentially adding
then removing under reduced pressure three volumes of



benzi m dazol - 5-yl ) sul fonyl ] (2- nethylpropyl)an1no] 1S-
(Rrhenyl met hyl) propy. " °3 2 (0.36 g0 58 mol)
in 2.5 N nethanolic KOH (2.00 nL) was heated at 70C under a ni t rogen

at nosphere for 3 hours. 25 The reaction mxture was diluted with water (10
m.) and extracted with EtOQAc (3 x 15 nlL). The conbi ned organic extracts
wer e washed wopsizdaed ne, dried (Na2SO4) and concentrated. ThBCHTUSIHORSg

resi due was purified by reverse-phase HPLC using a 10-90% CH err]CNH err] O
gradient (30 30 min) at a flow rate of 7Qgi/m n. TFhe appropriate fractions
were conbined and freeze dried to give pure 2R

hydr oxy- 3- [ [ ( 2- asthandkdien darek- ﬁehhjemldfomt]a(ﬂ FindlOAying4eds

PCT/ US96/ 02685 136naesbst RrRRphb60E Perks ?x@ xbzaﬁ ilded’ gauhagane (0. 22
g, 58% as a white powder = 432 Vi alcd. for

Cl ert] H err] N er PFepen¥e @Y PA BeppermsyIre @Hﬁdylgw%ﬂl-z grams (86%)
EXAMPLE 50 Prepapfitthe ddsideld?pProgac®xas THe HCL2salt nanfeerzisgnl damel: b-
yI)squonyI](g-nethyIpropyl)-aninol-lS— (phenyl net hyl ) Dropyl]carbam c acid
phenyl met hyl "ester [err] 10 To a solution of

2R- hydr oxy- 3- [ [ ( 2- ami no- benzi nmi dazol - 5 EXAMRLE 73

yl ) sul fonyl ] (2-nmet hyl - propyl )am no] - 1S- ( phenyl net hyl)

10 inol-15- ~3S-1

oY vtciro‘\”

Part A: Preparation of 28-[{chloroacetyl)amino}-N-[2R-
15 hydroxy-3-{[{4-methoxyphenyl)sulfonyl] (2-methylpropyl)
amino] -15- (phenylmethyl)propyl] -3S-methylpentanamide

A solution of 5.5 grams (10.6 mmol) of 2S5-amino-N-{[2R-
hydroxy-3-[[ (4-methoxybenzene)sulfonyl] (2-

20 methylpropyl}lamino)-1S-{phenylmethyl)propyl]-3S-
methylpentanamide and 1.6 grams (12.7 mmol)} of
diisopropylethylamine in 30 mL of anhydrous methylene
chloride was cooled in an ice bath and charged with 1.5
grams (9.0 mmol} of chloroacetic anhydride and stirred

25 for one-half hour. HPLC analysis at this time showed the
reaction to be 82% complete. The solution was charged
with an additional 0.3 gram (1.8 mmol) of chloroacetic
anhydride and stirred for 16 hours. The solvents were
removed in vacuo and the residue was partitioned between

30 300 mL of ethyl acetate and 100 mL of 5% citric acid
solution, the layers were separated and the organic layer
was washed with 100 mL each of saturated sodium



propylamne (0.22 g, 0.33 mmmol) in THF (3.00 nL), 15 triethylamne (0.11
g, 1.1 nmol) and benzyl oxycarbonyl succinimde (0.09 g, 0.36 omml) were
added, and the reaction mxture was stirred at roomtenperature for 16
hours. The solution was concentrated, and the residue was partitioned
between Et QAc (15 nlL) and saturated 20 aqueous sodi um bi carbonate, The
organi ¢ pha¥W@9%@M64ashed with brine, dried (Na[err]Sd err] FCIERp02685
concentrated. The resulting residue was purified by reverse-phase HPLC
using a 10-90% CH err]CNH err] O gradient6230 mn) at a flow rate of 70
mL/mn. The appropriate fractions were conbined 25 and freeze dried to
give pure N-[2R: Bgya e[T?¥pq%9pnowater and brine, then dried over

benzi m dazol - 5- wn)wulrbusyﬂuléﬂesﬁ&inh;hmfaagj ) fifiterledl Snd concentrated in

White. pouder: ) PAFSE §8,EEENE ¥ pdRBYpE N (akibEl Slodicdas® S @
Clerr] H err] N emiyieeespiid, 5%%24:6?2( KM#Bi) f ound 30 566. 2434, WO

96/ 28464 5 PCT/ US96/ 02685 127 EXAMPLE
benzi m aagol - deFELBr onEPERa AR P%’Z%%y ?ﬁﬁf ﬁggl?%’p%*&&ﬁaﬁsw
propyl ami ne [erﬁFunoﬂoNUIZEwhxﬂrquréﬁﬂ yéirosthy swoiasdd{gan no-
methylpropyl)amino] -1S- (phenylmethyl)propyl] -3S-methyl
pentanamide
10

A solution of 2.0 grams (3.4 mmol) of the chloroacetyl
product from Part A in 12 mL of THF and 0.5 mL of water
was charged with 7.2 grams (67.1 mmol) of benzylamine and
stirred for 64 hours. The solvents were removed in vacuo

15 and the residue was partitioned between 150 mL of ethyl
acetate and 50 mL of saturated sodium bicarbonate
solution, the layers were separated and the organic layer
was washed with 50 mL each of water and brine, then dried
over anhydrous magnesium sulfate, filtered and

20 concentrated in vacuo to yield the crude material as an
oil. Purification was accomplished using flash
chromatography on silica gel using 0-4% methanol/
methylene chloride and yielded 1.8 grams (80%) of the
desired product as a white solid, m/e = 673 (M+Li).

N/\(N\i%\r\ \\\i\©\

30 - 7 1 1-18-

25

OCH;




benzi m dazol e- 5-yl ) sul fonyl ] (2- et hyl propyl ) -am no] - 1S-

(pngnyLagthyl)propyLLQaLhanL;;1uuiL4ﬂuugA4n¥4¥A==esLeL—{
MeOH (10 nL) and THF (50 nL) was hydrogenated in the pr

10

2.5 gy—Brroty Q- - - -

esence of 10% Pd/ C

(1.2 g) at roomtenperature at 60 psi for 16 hours. The catal yst was
renoved by filtration, and the filtrate was concentrated 15

pressure. Fﬂ@’ﬂ@gﬁitlng'residue was triturated with et
The solid substance thus obtai ned was washed with ether
to afford pure 2R-hydroxy-3-[[(2-carbonet B6Xyam no-

her Sﬁﬁﬂgﬁﬁp dUCEd

and dried in vacuo

benzi m dazol - 5-yl ) sul fonyl ] (2- net hyl propyl ) am no] - 1S- 20

(phenyl net hyl ) propylamne (1.5 g, 779% as an off white

powder: Rt =12.8

mn;. FAB-M5 nil z amu@:ﬁ/bi-ﬂ) of HR\B: grasisc d3 . 4 ovmdé] erof] Bl-s-1[ [ dhbordaderyl]] S
e Rl e o
(2- et hyl propyl ) RaEM prwl{mg/lm*@rﬂp eyplmghyl)propyl
]PC_ZF;:‘:U gr9n6/r182 gég-glm&mwnﬁaﬁaﬁiq& in 13%:1?'6628@ and 0.5 mL of water.
N[ OR hydr oxy- 3. (T FPTUFE0R vd SRR IAER 5.8 o 46701 mgp) of
sul fonyl ] - N[ er r] -qvzlopropelaming emd saarnedl- fiex (¢hdeprset hThe psdplgﬁntzss-
were removed in vacuo and the residue was partitioned
between 150 mL of ethyl acetate and 50 mL of saturated
10 sodium bicarbonate solution, the layers were separated
and the organic layer was washed with 50 mL each of water
and brine, then dried over anhydrous magnesium sulfate,
filtered and concentrated in vacuo to yield the crude
material as a white solid. Purification was accomplished
15 using flash chromatography on silica gel using 1-4%
methanol/methylene chloride and yielded 1.8 grams (81%)
of the desired product as a white solid, m/e =623 {M+Li).

EXAMPLE 75
20

Q ,0
\//

CHION A~ H,\n, N\;IL @
H_ ot

25 methvlpentanamide

A solution of 2.0 grams (3.4 mmol) of 2S-~

{ [chloroacetyl]

amino) -N-[2R-hydroxy-3-[ [ (4-methoxybenzene)sulfonyl} (2-
methylpropyl)amino]-1S- (phenylmethyl)propyl]-35-

30 methylpentanamide in 12 mL of THF and 0.5 mL of water was
charged with 5.0 grams (67.1 mmol) of 2-methoxyethylamine

and stirred for 64 hours. The solvents were removed irn



[ (phenyl met hoxy- car bonyl ) am no] - 3, 3-di net hyl butanam de [err] H To a
solution of N carbgbenzyl oxycarbonyl-1-tert-leucine (0.65 g, 2.45.1mml). in
DMF (10 nmL) was added HOBt (0.5 g, 10 3.22 nmol) and EDC (0.49 g, 2.55
mmol ), and the resulting mxture was stirred at O[err]C for 2 hours. Then a
sol ution of 2R-hydroxy-3- [(2-carbonmethoxyam no-benzi m dazol - 5-

yl ) sul f onyl | WD-96a8464 | pr opy| ) ani no] - 1S- (phenyl net hyl ) pr opy| BET/REN602685 o
2.45 mmol) in DVF (4 nL) and N-nethyl 15 norpholine (0.74 g, 7.3 mmol) was
added, and the mi xture was stirred at roaé4 enperature for 16 hours. The
DMF was then distilled away in vacuo, and the remai ning residue was
partitioned betwyesueotnd ithenpesddue HERS (HOX iripnad doetv@en 1300ME 9f The

grgani Ethagg Vn\f%t §2§é'eNeél\)ﬁe Osglku@gses}gtéeén{ ﬂtﬁ;@aﬁ@hd%é&d}qbl\ila@%rbofgtgt) "
ri ne X 5 , . 0. X rine, | err err
and concentr at ed SP&“S&%‘&@F%&#’&E&W%@ #ééﬁr&ﬁggvﬁgépﬁ?‘? %@%“Mj f%?%a gel
flash col um chr exsat wgshehwich 5§ GLCGaclaof wateruand bwiref,f aheénldbied (83%
of pure N-[2R5 2 Pygﬁﬂﬁ/ﬁ: - = TERELA MR iJHgdazol - 5-
yl ) sul fonyl ] (2- m?’?’ﬁ'yl pr opyﬁi#ahﬁa%g%?%%?%}]er%l rren}[fE?/F a{H&j
propyl - 25- [ ( phenfPREEREXIEQS o YRFant o iel B thenstige matexdade/ 28464
PCT/ US96/ 02685 128rification was accomplished using flash chromatography
on silica gel using 0-6% methanol/methylene chloride and
yielded 1.6 grams (76%) of the desired product as a white

10 golid, m/e = 641 (M+Li).
EXAMPLE 76

Following the procedures of the previocus Examples, the
15 compounds set forth in Tables 2 through 15 can be prepared.

TABLE 2
J§ 12
o N N7 SR
H I
OH R®
20
Entxry R3 R4
1 'isobutyl 2-methyl-1,3-benzodioxol-5-yl
2 isobutyl 2-methyl-1,3-benzodioxol-5-yl
3 cyclopentylmethyl 2-methyl-1,3-benzodioxol-5-yl
25 4 cyclohexylmethyl 2-methyl-1, 3-benzodioxol-S-yl
5 cyclopentylmethyl 1,3—benzodioxol-5-yl_
6 cyclohexylmethyl 1,3-benzodioxol-5-yl
7 cyclopentylmethyl benzofuran-5-yl
8 " cyclohexylmethyl benzofuran-5-yl
30 9 cyclopentylmethyl 2,3-dihydrobenzofuran-5-yl
10 cyclohexylmethyl 2,3-dihydrobenzofuran-5-y1
11 isobutyl 1,3-benzodioxol-5-y1



butanamide: R[err] =21.2 nin;, FABMS mz = 737 (MrH), HRMS: calcd. for
ClerrlHerr]Nerr]Qerr]lS. 737 3333 (M. found 737. 3334. Rart—B:
Preparation of N[2R- hydroxy-3-[[(2- 5 carbonet hoxyam no-benzi m dazol -5-yl)
sul fonyl ] (2- nethyl propyl )am no] - 1S- (phenyl net hyl ) propyl ] - 2S- am no-

3, 3-di net hyl but anam de A solution of N

[ 2R- hydr oxy-v8OP§/2&aé4 ar bonet hoxyami no- 10 PCT/US96/02685

benzi m dazol - 5-yl ) sul fonyl ] (2- et hyl propyl )am no] - 1S-

(phenyl met hyl ) propyl - 2S-[ (phenyl net hoxycatémnyl ) am no] -

3, 3-di net hyl butanam de (4.0 g, 5.4 mmol) in MeCOH (15 nL) and THF (65 nl)
was hydrogenated in the presence of YABLEI/Z (conk.j) at roomtenperature at
50 psi for 16 hours. 15 The catal yst was renoved by filtration, and the
filtrate was concentrated under reduced pressure. e resulting residue was
triturated with ether and filtered. The solid reffduqq was washed with ether
and dried in vacuo to afford N-[2R-hydroxy- 3- [[(:\ ponet hoxyam no- 20
benzi m dazol - 5-yl) sul fonyl ] (2-met hyl propy! ) anjg0[ _
(phenyl net hyl) propyl ] - 2S- ami no- 3, 3- di mefjhyl buffanam de ( 9,9, 88% as a
pal e yell ow powder. A porti gy Qs i a P f i by reverse-phase
HPLC using a 10- 90% CH3CM O gradi enN™( 30 n) a fTRw rate of 70
25 nL/mn. The appropridg actions wer¥ cont ned :$p freeze dried to
gi ve pure N-[2R-hydroxy- 3- car bonet hoxyani n8-benzi ni dazol - 5-yl )

sul fonyl ] (2- nethyl propyl)am no] - 1S- (phenyl net hyl ) pr opyl - 2S- am no- 3, 3-
d|nethylbutananlde—ae—a—whr%e—pemﬂe+——$&-ih4H%4++ﬁﬁ+r—FAB——ee——hE%ﬁ+i-e~ 609

(M+Li), 603 (%kﬁgﬂﬂ@_al &P R4
12 isobutyl benzofuran-5-yl
13 isobutyl 2,3-dihydrobenzofuran-5-yl
14 isobutyl 1l,4-benzodioxan-6-yl
10 15 isoamyl 1, 3~benzodioxol-5-y1
16 isocamyl 2,3~dihydrobenzofuran-5-yl
17 iscamyl 1,4-benzodioxan-6-yl
18 isobutyl benzothiazol-6-y1l
19 isobutyl 2-amino-benzothiazol-6-y1l
15 20 isobutyl benzoxazol-5-yl
21 cyclopentylmethyl 2,2-difluoro-1, 3-benzodioxol-5-yl

22 cyclohexylmethyl 2,2-difluoro-1, 3-benzodioxol-5-yl1



C29HA3N606S  603. 2965 (M+H), found 603.2972. EXAVMPLE 53 35 Preparation of
N [ 2R-hydroxy-3- [[_(2-carbonet hoxyam no-

benzi m dazol - 5- vl ) sul fonyl ] (2- et hyl propyl )am nol - 1S-

(phenyl net hyl ) propyl -2S- [ (chl oroacetyl)am nol - 3. 3- WO 96/ 28464

PCT/ US96/ 02685 130 di met hyl butanam de [err] A m xture of chloroacetic acid
(0.32 g, 3.3PosamE4gs HOBt 5 (0.78 g, 5.0 mol), and EDC (BCTIBS9§/02685 39
mmol) in DM (5 nm) was stirred at O[err]C for 1 hour, and was then added
to a solution of N[2R-hydroxy-3-[[(2-cargggret hoxyam no-

benzi m dazol - 5-yl ) sul fonyl ] (2- net hyl propyl ) am nol - 1S-

(phenyl met hyl ) propyl ] - 2S- am no- 3, 3- di neTABLBUt3Nanmi de 10 (2.0 g, 3.3
mol) in DM (5 nmL). The resulting mxture was stirred at O[err]C for 2
hours, and at roomtenperature for gur when the reaction was conpl ete.
The DMF was renoved in vacuo. The r g i ng residue was dissolved in EtOAc
(50 nm.) and washed successively withWafurated 15 aqueous sodi um

bi carbonate (3 x 25 nlL), brine, dri [err]8degrr]), and concentrated
under reduced pressure. The resulitin erial Ws crystal lized from Et OAc
to give 1.2 g (53% of pure N o) - hoxy

am no- benzi m dazol - 5-yl ) sul foﬁyl ] (&- nﬂihyl hr ody! ) :

5 Entry A
CHy - CH .’ P -
N 3ISN CH N
cn/\n l/ﬁT 3 )
3 H O H
CH3 PRg ” A »’
H O  CHy H ©O % o



20 1S-(phenyl net hyl) pr opyI ]1-2S [(chl or oacetyl ) am no] - 3, 3-
dinet hyl but anam de : - R_18 -l

FAB-M5S mz = 679 (MH), HRIVB .cal cd. for C[err]H[.err]N[e’rr]qerr]SCI

679.2681 (M+H), found 679.2690. 25 EXAMPLE 54
Preparati on of N-[2R-hydroxy-3- [[(2-carbonet hoxyam no-

benzi ni dazoMOS6{2B464u| f onyl ] ( 2- met hyl propyl ) ani nol - 1S- PCTUS96/02685
(phenyl met hyl) propyl -2S- [ (N-net hyl an noacetyl)am nol -3.3- 30

di et hyl but anam de WO 96/ 28464 167 o

PCT/ US96/ 02685 131 [err] H

N-[ 2R- hydr oxy- 3-[[ ( 2- car borret hoxyamni no-RARREnd&azol - 5-yl)

sul f.onyl ] (2- net hyl propyl ) am no] - 1S- (phenyl nmet hyl ) propyl]- 5 2S-

[ (chl oroacetyl)am no] - 3, 3-di met hyl buj=essam de (0.7 g, 1.03 mml) was

di ssoved in THF (3.00 nmL). Methyl aignep(0.8 nl, 40% solution in water) was
added and the reaction was stirred a®foom tenperature for 2 hours. The

m xture was diluted with water (10 rg.), yand expracted 10 wth ethyl
acetate (2 x 20 nL). The conbired dygafi c ext ts were washed with brine,
dried (Na[err]SOerr]), and cpaten 0 VR Pesul ting residue
was purified by reverse-phase HPL& usﬂ'hg o (0% r!) H err] O gradi ent
(30 min) at a flowrate of 70 m_kﬁf\. The

5 Entry

ssalicastions
Y Q”ﬂ" Yy
@ - Oy O




15 appropriate fractions were conbi ned and freeze dried to give pure

N[ 2R- hydr oxy-3- [(2-carbomet hoxyam no-

benzi m dazol - 5-yl') sul fonyl ] (2- et hyl propyl ) am no] - 1S—

(phenyl net hyl) propyl -2S- (N-net hyl am noacetyl ) am no] -3, 3-

di met hyl but anam de as a white powder: Rt 14.1 mn; FAB-M5 20 mz = 674

(M+H); HRVE:wo@hms4sd H err]N[err]Jerr] S cal cd. 674. 3336 ( MrPET/UBSOXS

674.3361. EXAMPLE 55 25 Preparation of N[2R-hydroxy-3- [ [

(benzot hi azol -6-yl) sul fonyl] (2-nethyl propgs ) am no] - 1S- (phenyl net hyl)

propyl]- 2S- [(chl oroacetyl)am no] -3, 3-di net hyl but anam de WD 96/ 28464

PCT/ US96/ 02685 132 [err] Part A: PrepafABLBn 3¢ [2R-hydroxy-3-[ (4-

am nophenyl sul f onyl ) ( 2- net hyl propyl ) am no] -1S- 5

(phenyl net hyl ) propyl carbam ¢ acid t- | ester [err] A m xture of

[ 2R- hydr oxy- 3- [ (4- am nophenyl sul f ony,

nmet hyl propyl ) - am no] - 1S- ( phenyl net hy

BOC-ON (2.33 g, 9.45 mmol ) -and 10

tetrahydrofuran (60 nmL) was stirHed

residue was dissolved in dichl ged

hydr oxi de (1N, 100 nl), citri® aci é (589 12
. N

opylamne 3.7 g (9.45 mvol ) and

|et yl am e $0. 954 g, 9.45 mmol) in

6 h anW#concentrated in vacuo. The
NS W th sodium

5 Entry A
CH3w .’ CH3 o’ P o’
l;l/\“ ‘i’/\ll CH, lf/\“
CH; \/\ ﬁ[" (\Allq - AN/W"
IlI 0 CH; H 1!1 o

A
CHa N .
H 0]



m.), dried (MgSOerr]), and concentrated to afford 1.18 g 15 (94% of the
desired product as a white solid. Part B Preparation of [2R_Hydroxy-3-[(2-

am nobenzot hi azol e- 6- sul fonyl ) - (2- net hyl propyl ) am no] - 1S

(phenyl net hyl ) propyl carbam ¢ acid t-butyl ester 20 The

[ 2R- hydr oxy- 3- [ (4- am nophenyl sul fonyl ) ( 2- WD 96/ 28464

PCT/ US96/ 026@® ssasséret hyl propyl ) ] am no] - 1S- (phenyl met hyl ) pr B6FUS2685 c
acid t-butyl ester 1.12 g (2.279 muvl) was added to a well m xed powder of
anhydrous copper sulfate (4.48 g) and pot gggi um thi ocyanate (5.60 Q) '
foll owed by dry methanol 5 (35 nL) and the rsulting bl ack-brown suspension
was heated at reflux for 2h. The reacti ®AREEXIAPe turned grey. The reaction
m xture was filtered and the filtrate was diluted with water (50 nL) and
heated at reflux. Ethanol was added tg=the reaction m xture, cooled and
filtered. The 10 filtrate upon concgntrytion afforded a rseidue which was
chr anmat ogr aphed (et hyl acetate: net hanalL#90: 10) to afford 0.80 g (789 of

t he deprotected conpound as a soli d.oThi was 4rgctly reprotected via the
follow ng procedure; (2.25 g, 5. HO 'y BOC dM'(l 24 g), and
triethylamne 15 (0.505 g, grja N § )

stirred at roomtenperature f 18& THe r

5 Entry A

Y PY T T
H O ¥ o I B O




was concentrated and the residue was dissolved in dichloronmethane (200 ni)
and was washed with_sodi um hydroxide (1N, 10Q segitric acid (5% 100 nl)
dried (Mg 20 S(err]) and concentrated to afford a resi due which was
chromat ogr aphed (et hyl acetate: hexane 3:1) to afford 1.8 g (65% of the
desired product as a solid. Part C. Preparation of

[ 2R- hydr oxy-WOP§/28dédz ot hi azol e- 6- 25 PCT/US96/02685

sul f onyl ) (2- net hyl propyl ) am no] - 1S- (phenyl nmet hyl ) propyl carbam ¢ aci d
t-butyl ester [err] The product of part Blabove (1..80 g, 3.2755 mmol) was
added to a solution of isoanylnitrite (0.88 nL) in 30 dioxane (20 nL) and
the mixture was heated at 85[err]C Aft SABLEe 3Bssation of evolution of
nitrogen, the WO 96/ 28464

PCT/ US96/ 02685 134 reaction m xture
purified by chromatography (hexane:e
(78% of the desired product as a solY
[ 2R- hydr oxy- 3-[ (benzot hi azol e-6-
sul f onyl ) (2- net hyl propyl ) ani no] - hen | met hyﬁ! propyl ani ne. hydr ochl ori de
[err] The product of part C a o«r Epy e'e 10 follow ng

procedure; (1.25 g, 2.3385 mmoD ﬁ gdedOH |

pacetate 1:1) to afford 1.25 ¢

pasconcentrated and the resi due was
\-/ 5 Part D' Preparation of

0 1
H H o
CHgo\/\ .’ HO\/\ e
CH, © CHy; ©



di oxane/HO (4N, 10 nL) and was stirred at roomtenperature for 2h and

concentrated. Excess—Hol—was—chasedwh—-toluene to afford-34-6-—¢
(quantitative yield) of the desired product as its HO salt. 15 Part E
Preparation of N[ 2R- hydr oxy- 3-[ [ (benzot hi azol -

6-yl ) sul fonyl ] (2-methyl propyl)-am no] -1S- (phenyl net hyl)

propyl | - 2S- MA2428442y1 oxy) car bonyl ) ami no] - 3, 3- di met hyl- but HHYHY38 1 20
A m xture of N benzyl oxycarbonyl-t-butylglycine (2.0 g, 7.538 muol ), HOBT
(1.02 g, 7.55 mmol ), and EDC (1.45 g, 7.3%1mol) in DMF (20 nl) was stirred
at roomtenperature for 1 hour. Then [2R-hydroxy-3-[[(benzothi azol -6- 25
yl ) sul fonyl ] (2-nmet hyl propyl ) am no] - 1S- ( hyl ) propyl am ne
hydrochl ori de (3.825 g, 7.54 mol) and N WO 96/ 28464

PCT/ US96/ 02685 135 met hyl nor phol i ne @. g) were added and the stirring

continued for 18 hours. The DVF was{ enpved in vacuo, the residue was
di ssol ved i n dichl oranet hane (500 m¥~%and washed with citric acid (1N, 100
n.), sodium5 bicarbonate (100 nL)(,bru e (208 mL) dried, filtered, and
concentrated to afford 4.69 g (gg@@ Jur e N—

7
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hydr oxy-3- [(benzothi azol -6-yl)sul fonyl (2-methyl propyl)

am no] - 1S- (phenyl net hyl ) propyl ] -2S-_ N ( phenyl net hoxy

car bonyl ) am no] - 3, 3-di met hyl but anam de. 10 Part F:. Prepar ation of

N[ 2R- hydr oxy- 3-[ [ (benzot hi azol -

6-yl ) sul fonyl ] (2-nmethyl propyl)am no]-1S- (phenyl net hyl)

propyl ] - 2S- (woiesrggesd3, 3- di net hyl but anam de. di hydrobrom de [erqmasmms
solution of N[2R-hydroxy-3-[[(benzot hiazol -

yl ) sul fonyl ] (2- nmet hyl propyl ) am no] - 1S-( ptlem/l met hyl )

propyl]-2S-[ N-( phenyl met hoxycar bonyl ) am no] - 3, 3-di net hyl but anam de (4. 69
g, 6.89 nmmol) in dichloroethane (200 mMPABEE t3gated with HBr (48%in
acetic acid, 7.1 nmL), and 20 the reaction m xture was stirred for 2 hours
at roomtenperature. The reaction m re was concentrated and the residue
was washed with diethyl ether sever g ymes to afford 4.88 g of the desired
di hydr obrom de product as a powder: Wigh resolution FAB-MS Cal cd for
Clerr]Herr]Nerr]err]S[err]: @5 %47.8413, boumd: 547.2429 (MtH). Part G
Preparation of N-[2R-hydroxy-3-[4(bdpzoghi azol\//

6-yl ) sul fonyl ] (2-methyl propyl )z heT 48 vt
propyl]-2S-[(chl oroacetyl)am no]-3&3-di ut w de>30 A m xture of
N[ 2R- hydr oxy- 3-[[ (benzot hi azol -
yl ) sul fonyl ] (2-met hyl propyl)am -1S- (phenyl mgt hyl ) _
H
5 Entry A
CHy~ el CH R PN .
N 3~
CH; O H O H O

CH g e’ ,°

cnjo\/\' o HOA - O\ .
T Y v

CH3O Iﬁj/ﬁr" HO l:.l/\n"
CH, O CH; © O\N/ﬁr'
i

CH;



WO 96/ 28464 PCT/ US96/ 02685 136
propyl]-2S- (am no)-= i i i oni de (3.5.g..-4.-9388

nmol ), chl oroacetic anhydrlde (0 929 g, 5. 44 nnDI) and triethylamne (1.097
g, 10.86 mmol) in dichloronmethane (35 nL) was stirred at roomtenperature 5
for 16 hours. The reaction m xture was washed with citric acid (1IN, 30 nli),
sodi um bi caMRAeRB464 (30 nl), brine (30 nl), dried, filtered PETHSOHINt r at ed
to afford 3.0 g of the desired product. 10

EXAVMPLE 56 Preparation of 2S-:[[N (phenglaet hyl )am noacetyl]am no]-N

[ 2R- hydroxy-3-[ [ (1, 3-benzodi oxol -5-yl)sul fonyl](2- nethyl propyl)am no]
-1S- (phenyl nethyl propyl] -3,3- 15 diB&ELEB/| BHt anam de. hydrochl oride [err]
To a solution of 2.0 g (3.3 nmmol) 2S-

[[ chl oroacetyl ] am no] - N-[ 2R- hydr oxy-
yl ) sul fonyl ] (2- met hyl propyl ) am no]
(phenyl net hyl ) propyl ] -3, 3-di et hyl b
was added 2.2 nlL of benzylanlneH Af
benzyl am ne was added. After BONW|n

[ (1, 3-benzodi ox-5- 20

flani de in 10 nL of t et rahydr of uran
hour D additional 2.0 niL of

E rea:kg n m xture was concentr at ed
in 25 vacuo, hexane was added” anr t Tag” he way fromthe oil
The oil was dissolved in ethyl alé oy d adﬁrated sodi um

bi carbonate, brine, dried with gne3|un1sulf i IT®red and concentrated
the crude product. This was di | ved in diethyl ether and hexane




30 added, which resulted in an insoluble oil. The solvents were decanted
fromthe oil and the aily residue_concentrated-uader reduced—pressure to
afford 1.85 g. WO 96/ 28464

PCT/ US96/ 02685 137 This was dissolved in ethyl acetate and poured into
hexane which resulted in an insoluble oil. The sol vents were decanted and
the resi duewoss2sas4r ated to afford 1.56 g of the desired prmw = 687
(MtLi ). 5 EXAMPLE 56A [err] 10 Preparation of 2S-

[ [ N (phenyl et hyl ) am noacyl am no]-N- 174

[ 2R- hydroxy-3-[[ (1, 3- benzodi oxol -5-yl ) sul fonyl ] (2-

met hyl propyl ) am no] - 1S- (phenyl net hyl )prw- di et hyl but anam de 15
Part A 2S-[[ N ( phenyl met hyl ) am noacyl ] am no] - N-[ 2R-

hydr oxy-3-[[ (1, 1- di met hyl et hoxy) car bges] ] ( 2-

met hyl propyl ) am no] - 1S- (phenyl et hylQ prppyl ] - 3, 3- di net hyl but anam de from
Exanpl e 38 is di ssolved in tetrahydr¥® an and triethyl amne is added with
stirring 20 and cooling to about O[grrN C. To td”le cool ed solution is
added car bobenzyl oxychl ori de ( cH] oriYde) an& tigri qgjlds continued for

about 24 hours at roomterrperg y e Sgtve under reduced
pressure with a rotary /-]3\ H OH i
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evaporator and the residue is dissolved in ethyl acetate. 25 The organic
phase is washed wi th S%citric acid sats—sodi-tim bi car bonat e—b++re—dr+ed ——
over sodiumsulfate and filtered. The solvent is renmoved under reduced
pressure with a rotary evaporator to provide WD 96/ 28464

PCT/ US96/ 02685 138 [err] Part B: The protected conpound fromPart Ais

di ssol ved | wodiessaswe/ HCl and it is stirred for about 2 houETAISI&0268%0m
tenperature. The solvent is renoved and the residue is dried in vacuo to
produce the amne [err] which is chromat ggsaphed if desired. The am ne
residue 10 is stirred in ethyl acetate, 1, 3-benzodi oxol-5-yl sulfonyl
chloride from Exanple 28 is added fol | dEkBLEYy 48 i et hyl ami ne and the m xture
is stirred at about roomtenperature. The reaction mxture is diluted with
ethyl acetate, is washed with saturajagq sodi um bi carbonate 15 (saturat ed)
and -brine, is dried (MgSOerr]) andoncentrated to provide WO

96/ 28464 PCT/ US96/ 02685

O

0
H g
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H




139 [err] The residue is chromatographed if desired. Part C. Conpound from
Part Cis dissolved in ethanol and 5 is hydrogenated at 45_psi of hydrogen
in the presence of 5% Pd(C) catalyst. The solution is filtered to renove
the 5% Pd(C) catalyst. The filtrate is evaporated under reduced pressure
using a rotary evaporator to provide the amne [err] 15 Preparation of 2S-
[[ N (phenwyowkiesks - N-net hyl am noacyl ] am no] -N [ 2R- hydPORYUSSH02488 (1,

3- benzodi oxol - 5- WO 96/ 28464

PCT/ US96/ 02685 140 yl)sul fonyl ] (2-met hyl pjppyl)an no] - 1S

(phenyl net hyl ) propyl ] -3, 3-di net hyl but anam de

N-[ 2R- hydroxy-3-[[ (1, 1-di net hyl et hoxy) ceaReRY/4¢ 2- 5

met hyl propyl ) am no] - 1S- (phenyl net hyl ) propyl ] - 2S-

{(chl oroacetyl)am no] - 3, 3-di net hyl but gnam de from Exanple 38, Part Dis
added to N-net hyl -N-benzyl amne in ahydrofuran with stirring at about
roomtenperature. The solvent is re el under reduced pressure using a 10
rotary evaporator and the residue is wajhed with gilute HO, saturated

NaHCO err], water, brine and drigiiprvide (Y]

N\ OH 0

H o) H 8] I!I 0
CH]O\/\ -’ HO\/\ P
cH, O CH; O



[err] 15 The N-nethyl-N benzyl am ne conpound is dissolved in di oxane/ HC
and it is stirred_for about 2 hours.atroom-tenperature. The—selvept—ts———
renoved and the residue is dried in vacuo to produce the secondary am ne
[err] 20 The secondary anmine residue is stirred in ethyl acetate,

1, 3- benzodi oxol -5-yl sul fonyl chloride fromExanple 28 is added foI I owed by
triethyl aniweosesdss he mixture is WD 96/ 28464 PCTU

PCT/ US96/ 02685 141 stirred at about roomtenperature. The reaction mxture
is diluted with ethyl acetate, is washedi?@ th saturated sodi um bi carbonate
(saturated) and brine, is dried (MgSO4) and is concentrated to provide
[err] The residue is chromatographed i TABLEt MR purification is desired
EXAMPLE 57 10 Preparation of 2S-[[N, N-(dinethyl)am noacetyl] am no]-N

[ 2R- hydroxy-3- [[(1, 3-benzodi oxol - )sul fonyl ] (2- methyl propyl)

am no] - 1S- (phenyl net hyl ) propyl]-3, i met hyl but anam de. hydr ochl ori de




[err] 15 To a solution of 2.0 g (3.3 mml) 2S-[[chl oroacetyl]

am no] - N-[ 2R- hydroxy-3- [ (1, 3-benzodi ox-5-yl )sulfenyl](2- _____

met hyl propyl ) am no] - 1S- (phenyl met hyl ) propyl ]-3,3- 20 di net hyl but anam de in
8 nL of tetrahydrofuran was added 8.2 nlL of 40% aqueous di net hyl am ne.
After 2 hours, the solvents were renoved in vacuo. The residue was

di ssol ved | waedsmplssacet ate, washed with brine, dried w th rRGERSEDI6ES
sulfate, filtered and concentrated in vacuo to 25 afford 1.97 g of the
desired product, me = 619 (MH). WO 9G/328464

PCT/ US96/ 02685 142 EXAMPLE 58 Preparation of 2S- r

r 2R- ( N- met hyl am no) propi onyl ] am no] - N- EABLE _4E

[ 2R- hydroxy-3-[[ (1, 3-benzodi oxol -5-yl) sul fonyl](2- methyl propyl)am nol -1S-
(phenyl net hyl ) propyl ]-3. 3- di net hyl bpggnam de. hydrochloride [err] 10 Par t
A A solution of 1.0 grams (4.9 g@p N-t-BOC-N- nethyl-D-alanine in 5
mL of anhydrous DVMF was cooled to O[Nr#] C, charged with 0.9 grans (6.4
mol ) of HOBT and 0.9 granms (4.9 of EDC gngy stirred for four hours.

The reaction solution was then ghar Jith a & ution of 2.3 15 grans
(4.3 mmol) of 2S-am no-N[ZR—M S

5 Entry A
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/

benzodi ox- 5- yI)squonyI](2 met hyl propyl ) am no] - 1S-

(phenyl net hyl ) pr opyl}=3..3- dispet hyl but-arean-de—and. 1. 3 gr ams (+2-8—vet) of

4- et hyl norpholine in 5 nmL of anhydrous DMF and stirred for 15 hours. The

solvents 20 were renoved in vacuo and the residue was partitioned between

150 nL of ethyl acetate and 50 nL of 5% potassi um hydrogen sulfate

sol uti on. W962846dr s were separated, and the organic | ayerPCRUSHHBASEEd wit h

50 nL each of saturated sodi um bicarbonate sol ution, water and brine, 25

t hen dried over anhydrous magnesi um sulfagpe, filtered and concentrated to

afford 2.9 grams of the desired product as a white solid, me = 725 (M¢tLi).

Part B: A solution of 2.5 g of the colABLE]l 8Fom part A 30 in 20 nL 4N

HCl- - di oxane and stirred for 1 hour at roomtenperature. Concentration in

vacuo followed by triturationw th rr]Oyielded 2.2 g white solid. The

WD -96/ 28464 PCT/ US96/ 02685 143

preduct was vacumm dried over P[er err] toyield 2.1 g final product.

EXAMPLE 59 5 Preparation of 2S-[[2R-amy noprop ogyl]am no]-N-[2R-

hydroxy-3-[ [ (1, 3- benzodloonHS ) s Ifonyl}#(z methyl propyl) amino] - 1s-
I

(phenylnetLy ) pronyl ] -3, 3- ' \I:::I: :]
i = 'i:
(\ OH o

S5 ZEntry




di met hyl but anani de [err] 10 Part A: Preparation of
2S-[[ 2R-[ (phenyl met hoxycar bonyl ) 2
ami noJ propi onyl ] am no] - N-[ 2R- hydr oxy-3-[[ (1, 3-
benzodi oxol - 5-yl ) sul fonyl ] (2- net hyl propyl ) am no] -1S- 15
(phenyl net hyl ) propyl ] -3, 3-di met hyl but anam de To a solution of 1.0 g (4.5
nmol ) of Nwoe¢dsabenzyl oxycar bonyl - D-al ani ne and 1. 03 g of PGIIB396/02689 nl of

. anhydrous N, N-di nmt heyl formam de at O[err]C, was added 20 0.95 g of EDC
coupling agent.. After 2 hours at O[err]lg 2.39 g (4.5 mol ) of
2S- am no- N-[2R-hydroxy 3-1[(1, 3-
benzodi ox-5-yl ) sul fonyl ] (2- net hyl propw 1S- (phenyl net hyl
propyl ] -3, 3-di net hyl but anam de was adde er stirring overnite, the
solvents were renoved ir. 25 vacuo. the residue was dissolved in ethyl
acetate, washed with 5% potassi um gen sul fate, saturated sodi um
bi carbonate, brine, dried with mag m sul fate filtered and concentrated
in vacuo to afford 3.2 g of cryde na ial. was chromat ogr aphed on 150

g of 30 silica gel using 50-8 /oeﬁyl aceta exane as eluent to afford
2.3 g of the desired product,.

n t he next step.
WO 96/ 28464 | US96/ 02685 144
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Part B: Preparation of 2S-[[2R am nopr opi onyl ] am no] - N

[2R- hydroxy-3-[[ (
met hyl pr opyl )am noj - 1S—(pheny| rret hyI ) propyl]-3, 3- 5 di et hyl but anam de A
solution of 2.3 g of the product of Part Ain 20 nL of nethanol was

hydr ogenat ed over 1.0 g of 4% Pal | di umon- carbon under 50Q psig of hydrogen
for 1 hourWOPKas4s® catal yst was renoved by filtration. g‘f'% S were
renoved in vacuo to afford 1.5 g of the desired product, nmfe = 611 (M+Li).
EXAMPLE 60 15 [err] Preparation of 181

N[ 2R- hydr oxy- 3-[[ (2. 3-di hydr obenzof uran- 5-yl)sul fonyl ]

(2-net hyl propyl ) am nol -1S- (phenyl net RABLE 4H

propyl ] - 2S- am no- 3S- net hyl pent anam de 20 Part A.  Preparation of

N[ 2R- hydroxy-3-[[ (2, 3-
di hydr obenzof uran-5-yl ) sul fonyl ] ( 3§ yyl propyl )am noj -

1S- (phenyl et hyl ) propyl ] - 2S- [ ( phen¥-=t hoxycar bonyl )

anm no] - 3S- net hyl pent anani de 251iIA s@! ut\i on ofQ 5 @ granms (22.0 mmol ) of

N CBZ-L-isol eucine in 45 nL ofNanh dr gus NN\ &ethylfd)rrramde (DMF) was
cooled to O[err]C and char ged” WI O Yy any” f ) of

N- hydr oxybenzotri azol e ( HOBT) 4.12 graas (2280 30 of
1- (3- Di net hyl am nopropyl)-3-et carbodiimd yocorlde (EDC). The ice

bath was renoved after 20




/

WD 96/ 28464 PCT/ US96/ 02685 145
m nutes and stlrrlng was continued for an additional 40 mnutes. The.
reaction solution was then charged with a solution of 8.0 grans (19.1 mmol)
of 2R- hydroxy- 3- [[(2 3-
di hydr obenzof uran-5-yl ) sul fonyl ] (2- nethylpropyl)anlno]
1S- ( pheny| nwpiegi8464 opyl ami ne and 2.2 grams (22.0 ol ) of PCT/US96/02685
4- et hyl nor pholine in 25 nL of anhydrous DWF and stirred for 15 hours. The
sol vents were renoved in vacuo and the rggd due was partitioned between 300
m. of ethyl acetate and 120 nL of 5% potassi um hydrogen sul fate sol ution.
10 The layers were separated, and theTBRBRENiSa | ayer was washed with 120 niL
each of saturated sodi um bi carbonate solution, water, and brine, then dried
over anhydrous magnesi um sul fate, fi red and concentrated to afford 16.7
granms of crude material. The crude ial was 15 «crystallized from
et hanol, the solid was isol ated by ration rinsed with one 50 nL
portion of hexane, and air-dried tooyl d 12. anB (94% of the desired

- product, me = 672 (MLi). 20 Rart Preparvtlon of
N-[ 2R- hydroxy-3-[[ (2, 3-

di hydr obenzof ur an- 5- yl)sulfoﬁyl](i nEthI ro \agz:g;s
1S- (phenyl et hyl ) propyl ] - 2S- am - met hyt pe tan NA Fi scher-Porter

bottl e equi pped with a magnetic stir bar 25 S charged with 11.9 grans
(17.9 mol ) of the product

5 Entry A
CH " l'
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CH; H 0 H 0



/J

fromPart A and 75 nL of tetrahydrofuran (THF) The solution was
hydrogenated in the ' c

(50% wat er by wei ght) under 50 psi g of hydrogen for 4 hours at room 30
tenperature. The catalyst was renoved by filtration, and the solvents
removed in vacuo. The residue was dissolved in 300 nL of ethyl acet at e,
washed wi tMOSE46A each of saturated sodi um bi carbonate sBFUUS¥I2EAd of
brine, then dried over anhydrous nmagnesium sul fate, filtered and 35
concentrated under reduced pressure tolaBford 8.8 grans of the desired
product. nmfe = 532 (M+H). WO 96/ 28464

PCT/ US96/ 02685 146 Preparation of N-[RBARIE.LBBxy-3- [(phenyl sul fonyl)(2-
Part A: Preparation of N-[2R-hydroxy-3-[(phenyl sul fonyl)

(2- et hyl propyl ) am no] - 1S- ( phenyl Ayl ) propyl]-2S- 10

[ (phenyl met hoxycar bonyl ) am no] - 3§ 1

renoved after 20 m nutes
N~ . The reaction

%m(lgj mol ) of
5 @A/w TTY O IY

©/\‘?/\n" YT Y Y Y
CH, O CH, O CH; O
Q/.\E/\g" O/\N/\“ (j/\cng 0
O Y rY

Oy 1Y O

grans (22.6 15 nmmol) of EDC. &ITh
and stirring was continued feof
sol ution was then charged with

2R- hydr oxy- 3- [ (phenyl sul fonyl met hyl pro

adl um_an=-ca-r=ben—eax—al-—ysl———



-
20 (phenyl met hyl ) propyl am ne and 2.3 grans (22.6 nol) of 4-
met hyl mor pholine in 25 n. of anhydrous DMF and stirred for 18 haurs. The
solvents were renoved in vacuo and the residue was partitioned between 300
m. of ethyl acetate and 120 nL of 5% potassi um hydrogen sul fate sol ution.
25 The layers were separated, and the organic |ayer was washed with 120 nL
each of saMO98#4sodi um bi carbonate solution, water and HRCIIS%6 dri ed
over anhydrous magnesium sulfate, filtered and concentrated to afford 13
grans of crude material. The crude natengal crystallized 30 from ethanol,
the solid was isolated by filtration, rinsed with one 50 nL portion of
hexane, and air-dried to WO 96/ 284@ABLE _5C
PCT/ US96/ 02685 147 yield 10.3 grans (84% of the desired product, nie = 630
(Ma+Li). Part B: Preparation of N ,=R-hydroxy-3- [phenylsulfonyl) 5
(2- met hyl propyl ) am no] - 1S- (phenyl mg N) propyl ] - 2S- am no-
3S- net hyl pent anam de A Fi scher - Port\r4bottl e equi pped with a magnetic stir
bar was charged with 10.2 grams (16 4 Yol) o phe product 10 from Part A
and 75 nL of tetrahydrofuran (BF).J THe soluﬂgbn was hydrogenated in the
presence of 4 granms of 10%)§?H | ; (N (50% wat er by

wei ght) under 50 psig of hydrog : gur at |
AN

5 Entry A
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tenperature. The catalyst was renoved by filtration, and 15 the solvents
removed in vacuo. —Theresi-due was—disselved-—in 300 nL of-—ethyl—acetate-and
washed with 120 nL each of saturated sodi um bi carbonate sol ution and bri ne,
then dried over anhydrous magnesium sulfate, filtered and concentrated in
vacuo to afford 7.4 grans of the desired 20 product, me = 490 (MH).
EXAVPLE 62M82%6{384641 i on of 2S- [[(2S- (N-met hyl ani no) pr opi orRAT] N 25

[ 2R- hydroxy-3- [ [(1, 3-benzodi oxol -5-yl) sul fonyl] (2-

met hyl propyl ) am nol - 1S- (phenyl nmet hyl ) pa8pyl ] -3, 3- di et hyl but anam de
hydrochl oride [err] 30 Part A: Preparation of

2S-[[2S-[N-(tert-but oxycarbonyl ) - IABLE 5D

N- (-mret hyl ) am no] pr opi onyl ] am no] - N-[ 2R- hydroxy-3-[[ (1, 3- benzodl oxol -5-yl)
sul fonyl ] (2- et hyl propyl )am no] -1 WD 96/ 28464

PCT/ US96/ 02685 148
(phenyl net hyl ) propyl ]-3, 3-dinethyl b nam de. hydrochl ori de A sol ution of
1.0 grans (4.9 mmol) of N-t-BOC-N-gethkl -L- apapine in 5 nL of anhydrous
DVE was cooled to O[err]C, 5 arfled With 0.§S"brams (6.4 mol) of HOBT and
0.9 grams (4.9 mml) of EDC gt ( WS\ The reaction

r-fou
sol ution was then charged wi‘th aZol #io Hof|2 X 4.3 mmol ) of

2S-am no- N-[ 2R- hydroxy-3-[[(1, 3

5 Entry A




benzodi ox-5-yl ) sul fonyl ] (2- net hyl propyl )am no] -1S- 10

(phenyl net hyl) propyl]l-3, 3-di met hyl but aneam de-and 1. 3 grans {12-8-nmol ) of
4- et hyl norpholine in 5 nmL of anhydrous DMF and stirred for 15 hours. The
solvents were renoved in vacuo and the residue was partitioned between 150
m. of ethyl acetate and 50 nmL of 5% potassium 15 hydrogen sulfate

sol ution. TW@9/.28864 s were separated, and the organic | ayer PEHUSSEIREG with
50 nmL each of saturated sodi um bicarbonate sol ution, water and brine, then
dried over anhydrous magnesi um sul fate, fid& ered and concentrated in vacuo
to afford 3.1 grans (100% of the 20 desired product as a white solid, nle
= 725 (M+Li). Part B: Preparation of 2SIABEE- @R net hyl ani no) propi onyl ]

am no] - N-[ 2R- hydr oxy- 3-[ [ (1, 3- benzodi oxol - 5-yl ) sul fonyl ]

(2- met hyl propyl ) am no] - 1S- (phenyl met ks propyl ] -3, 3- 25

di met hyl but anam de. hydrochl ori de A ol upi on of 3.1 granms (4.3 mml) of the
product fromPart Ain 10 nL of 1,4-®&g&ane was charged with 20 nL (40
mrol ) of 4N HCQ in dioxane solution gnd\stirred for 2 30 hours. The
solvents were renmoved in vacuo t \glga(j whi t & oI|d The solid was
triturated with diethyl ether ey o N?ﬁ This solid was
triturated with. 35@6aceton|trlle/ @6ﬂbte bqt h HC ) and again
isolated by filtration. The soli drle by equ@ntlally addi ng t hen
removi ng under reduced pressure tthree vol une off et hanol then three vol unes
of water. Final drying was done over phosphorous pentaoxide (P[err](err]

5 Batry
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_ A
WO 96/ 28464 _ - PCT/ US96/ 02685 149
under.. reduced presswte—at-+room t enperatie—ard—yel-ded 1. 3—granws—{46%4—of-
the desired product as the HO salt, mle = 625 (MLi). 5
EXAMPLE 63 Preparation of 2S-[[2S-am nopropionyl]am no]l-N [2R
hydr oxy- 3- 1, 3-benzodi oxol -5-yl) sulfonyl](2- methyl oprl%{)ly o] -1S
(phenyl net Wyl ]-3,3- 10 dinethyl butanam de [err] Pa reparation
of 2S-[[2S-[(phenyl met hoxycar bonyl )
am no] propi onyl ] am no] - N-[ 2R- hydr oxy- 3- [1[3(71 3- 15
benzodi oxol - 5-yl ) sul fonyl ] (2- net hyl pr OEé |!am nol -1S-

(phenyl nmet hyl ) propyl ] - 3, 3-di net hyl but solution of 1.1 grans (4.9
mol ) of N-CBZ-L-alanine in 5 nL of anhydrous DMF was cooled to O[err]C,
charged with 0.9 20 granms (6.4 nmoy?
EDC and stirred for two hours. The §
solution of 2.3 grans (4.3 mmol) of Y
[ 2R- hydroxy-3-[[ (1, 3- benzodi ox- 5-vyl
met hyl pr opyl) am no] 1S- (phenyl rigt h i met hyl but anani de
and 1.3 grans (12.9 mmol) of p4* of anhydrous DVF
and stirred for 18 hours. The sol&ent e acuo and the

resi due was partitioned between¢l5 '
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el

and 50 nL of 5% potassi um hydrogen sulfate solution. The 30 |ayers were
separated, and the oraganic |ayer. was washed with 50 nL each of saturated
sodi um bi carbonate solution, water and brine, then dried over anhydrous
magnesi um WD 96/ 28464

PCT/ US96/ 02685 150 sulfate, filtered and concentrated to afford 3.2 grans

of crude WO8¥844 The crude mat

solid was isolated by filtration,
and air-dried to yield 5 3.0 grans (8488 of the desired product,

(MtLi). Part B: Preparation of
[ 2R- hydroxy-3-[[ (1, 3- benzodi oxol
met hyl pr opyl ) am nol

tetrahydrofuran (THF). The sol ut
1.3 grans of 10@6pal|adiun}on
50 psig of hydrogen for 2 houmﬁ
renoved by filtration, and e
resi due was 20 dlssolved in

15
each of saturated sodlun1b|cik?2;ate sol uti

ar

was crystallized f Vet the

rinsed with one 40 nL portion of hexane,
me 745

eri al

2S-[ [ 2S-am nopr opi onyl ] am no] - N-
- 5- yIDAMRME 0BG | ( 2-

-1S- (phenyl met hyl ) propyl ] -3, 3- 10 di et hyl but anam de A
Fi scher-Porter bottle equipped wt
2.9 grans (3.9 Mol ) of the produ

magnetic stir bar was charged with

om Part A and 20 nL of .

5 was hydrogenated in the presence of

at al 5096mater by wei ght) under

ro nltexgg ature The catal yst was .
¥Y reduced pressure. The

"QN nd washed wth 50 nL

n’LHOf & h

H
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el
brine, then dried over anhydrous magnesium sul fate, filtered and
concentrated under reduced pressure_towafford-2.-l.grans of crude—material —
Purification was 25 acconplished by flash chronatography on silica gel
usi ng 2-6% net hanol / net hyl ene chloride and yielded 1.9 grans (83% of the
desired product as a white solid, nmfe = 605 30
EXAVPLE 64 WPaH28464 i on of 2S-[[ 2R (N- et hyl ami no) pr opi ony| PSHPRS0268S
[ 2R- hydroxy-3-[[ (1, 3-benzodi oxol -5-vl)sul fonvl| (2-
met hyl propyl ] am no] - 1S- (phenyl net hvl) [A88pyl ] -2S-am no-3S- 35
met hyl pent anam de. hydrochl ori de salt WD 96/ 28464
PCT/ US96/ 02685 151 [err] Part A: Pr e RhRkEocsHof
2S-[[2R-[ N-(tert-but oxycarbonyl) -
N- (et hyl ) am no] pr opi onyl ] am no] - N-
benzodi oxol - 5-yl ) sul fonyl ] (2- et hy yl)am no]-1S- 5
(phenyl nmet hyl ) propyl ] - 2S- am no- 3S- | pent anam de A solution of 0.7 grans
(3.3 nmol) of N-t-BOC N nethyl ?) any\ne |n0 of anhydr ous DMF was
cooled to O[err]C, charged wthyO0. -I) of HOBT and 0.7 grans
10 (3.8 nmol) of EDC and stArr e ﬁo. % i i
was then charged with a sol ution $f ﬁ 8 Bfa (X3 Haqpf) of
2S- am no- N-[ 2R- hydroxy-3-[[ (1, 3;
benzodi ox-5-yl ) sul fonyl ] (2-net g1 propyl ) am no}-1S-

- hydroxy-3-[[ (1, 3-
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(phenyl net hyl ) propyl ] - 3S- net hyl pent anam de and 1.0 grans 15 (9.9 mol ) of
4- et hyl porpholine in 5 mM of anhydrous DVF_and stirred for_16_haurs. The
sol vents were renoved in vacuo and the residue was partitioned between 150
m. of ethyl acetate and 50 nmi of 5% potassi um hydrogen sul fate sol ution.
The layers were separated, and the organic 20 . | ayer was washed with 50 niL
each of saiW@%28#4sodi um bi car bonat e sol ution, water, and BrYvREs8%n dried
over anhydrous magnesium sul fate, filtered and concentrated in vacuo to
yield the crude material. Purification W9 acconplished using flash

chromat ography on silica gel 25 wusing 30-50% et hyl acetate/ nethyl ene
chloride and yielded 1.9 grans (79% of the desired product as a white
solid, me = 725 (M+Li). Part B: Preppgtg oBaof

2S-[[ 2R- (N- net hyl am no) pr opi onyl ] 30

am no] - N-[ 2R- hydr oxy-3-[[ (1, 3- banzodi oxol - 5-yl ) sul fonyl ]

(2-met hyl propyl ) am no] - 1S- (phegyl nyt hyl ) propyl ] -2S-am no-

3S- net hyl pent anami de. hydr ochl orRdé# sal t WO 96/ 28464

PCT/ US96/ 02685 152 A solution of 1\9 gra 4.3 mol) of the product from
Part Ain 10 nL of 1, 4-di ox¢gane s charge mth 20 nL (40 nmol) of 4N HO
in di oxane sol ution and SiA Bt e solvents were renoved
in vacuo to yield a whit® solid. H hefsol ByCesHdent i al | y addi ng

/I\ OH
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t hen renoving in vacuo three volunes of ethanol then three vol unmes of

Mater Final drying was—done over phosphoerous—pent aoxi de (PerSferr])
under reduced pressure at 10 roomtenperature and yielded 1.5 grans (88%
of the desired product as the HC salt, nme = 625 (M+Li). EXAMPLE 65 15

Preparation of 28—[[N— (phenyl net hyl ) anlnoacetyl]anlno §“%%§Qnﬁﬁgoxy 3-[
[(1, 3- benzRAWBI45_ y| ) sul fonyl ] (2- met hyl propyl ) am no] ny! et hyl )
propyl ] -3S-net hyl pentanam de 20 A solution of 1.5 grans (2 5 mmol ) of

2S-[[chl oroacet yl ] 191 :

am no] - N-[ 2R- hydr oxy-3-[[ (1, 3- benzodi 0x-5-yl ) sul fonyl ] ( 2-
nethylpropyl)anino]-lS—(phenyInethyl)ﬂﬂ@ﬂfﬁfkgs-nethyl pentanam de in 10 nL
of tetrahydrofuran (THF) and 0.5 nL 25 of water was charged with 5.3 grans
(49.2 mol ) of benzyl am ne and \'red for 17 hours. The solvents were
reroved in vacuo and the residige yhs partitioned between 150 nL of et hyl
acetate and 50 nmL of saturated ®e{i um bi carbonate solution, the |ayers were
separated and the 30 organic layey was s d with 50 nL of brine, then
dried over anhydrous magne unlsul ergd d concentrated in vacuo
to afford 2.5 grans of c<de

PCT/ US96/ 02685 153 /T\ 4 | NHCO,CH3
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~
material. Purification was acconplished using flash chromatography on
silica gel using 0-6%pethanol /_nethyl ene chlaoride and yielded 1 6 grans
(96% of the desired product as a white solid, mle = 687 (MtLi). 5 [err]
Preparati on of N- [2R-hydroxy-3-[ [(1, 3-benzodi oxol -5-yl) 10
sul fonyl ] (2-net hyl propyl ) am no] - 1S- (phenyl nmet hyl ) propyl]-_2S- _
[ (N-cycl opr¥Q@96/2846410) acet yl ] am no] -3S- A solution of 1.5 % mmol )
of 2S--15 [[chloroacetyl] am no] -N [2R-hydroxy-3- [[(1 , 3-benzodi ox-5-
yl)sul fonyl] (2-nmethylpropyl)am no] -1S-192
(phenyl met hyl ) propyl ] - 3S- net hyl pentanam de in 10 mL of THF and 0.5 nL of
wat er was charged with 2.8 grans (49. 2ZhBEE)&& cycl opropyl ami ne and
stirred for 16 hours. The 20 solvents were renoved in vacuo and the residue
was partitioned between 150 nL g&=et hyl acetate and 50 nlL of saturated
sodi um bi carbonate solution, t ayers were separated and the organic
| ayer was washed with 50 niL of fie, then dried over anhydrous nagnhesi um
sulfate, 25 filtered and concengrayd in gaguo to afford 1.5 granms of the

. . . s . 0

desired product as a white §Ei;k& 6§ZV(N%L|) 98% by HPLC. VO

96/ 28464 g N CT/ US96/ 02685 154
2~ % § NHCG,CH;
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EXAMPLE 67 [err] Preparation of 2S- |

JNE (2- met hoxyet hyl ) api-neacetyl 1 and-neleb—N-2R-hydr pxy- 3-
[[(1, 3- benzodi oxol -5-yl ) sul fonyl ] (2- _

met hyl propyl ) am no] - 1S- (phenyl net hyl ) propyl ] - 3S- n®et hyl pent anam de A
solution of 1.5 grans (2.5 mmol ) of 2S-[[chloroacetyl] 10

ani noj - N- [WR9sM6Hxy- 3- [ [ (1, 3- benzodi ox- 5-yI ) sul f onyl | ( 2- PCT/US96/02685

met hyl propyl ) am no] - 1S- (phenyl et hyl ) propyl | - 3S- et hyl pentanam de in 10 niL
of THF and 0.5 nL of water was charged w@8h 3.7 grams (49.2 mol) of

2- met hoxyet hyl am ne and stirred for 18 hours. The solvents were renoved in
15 vacuo and the residue was partiti SdfhBocbReen 150 nL of ethyl acetate
and 50 nL of saturated sodi um bi carbonate solution, the |ayers were
separated and the organic | ayer=#Rs washed with 50 nL of brine, then dried
over anhydrous magnesi um sul fage, #iltered and concentrated in vacuo to 20
afford 2 grans of crude materi N4 Purification was acconplished using

fl ash chromat ography on silicaggelyusi ng @-6% net hanol / met hyl ene chl ori de
and yielded 1.3 grans (81%% of it he deS|reu‘broduct as a white solid, nme =

655 (MrLi). 25 Preparatiof e ixg |onyl]an1no] N-
[ 2R- hydroxy-3- [[(4-net hoxvp ?sul SRy (2 ‘%W‘g pyl ) am no] -1S-
(phenyl net hyl ) propyl ] -3.3-7diwet hyl but a yat ochl ori de
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WD 96/ 28464 PCT/ US96/ 02685 155
[err] Part A Preparation of 2S[[2R-[N-{tert-butaexycarbonyl)-

N- (et hyl ) ami no] pr opi onyl ] am no] - N-[ 2R- hydroxy-3-[[(4- 5

met hoxyphenyl ) sul f onyl ] (2- net hyl propyl ) am no] - 1S-

(phenyl net hyl ) propyl ] -3, 3-di net hyl but anam de A solution of 0.7 grans (3.3
mol ) of NWOBEB48 net hyl -D- alanine in 5 nL of anhydrous PSFUHNE26830| ed to
Oferr]C, 10 charged with 0.7 grans (5.0 mmol) of HOBT and 0.7 grans (3.8
mol ) of EDC and stirred for three hourgg94The reaction solution was then
charged with a solution of 1.7 grans (3.3 mmwol) of

2S- am no- N-[ 2R- hydr oxy-3-[[ (4- TABLE 6E

met hoxyphenyl ) sul f onyl ] (2- net hyl propyl ) am no] - 1S- 15

(phenyl net hyl ) propyl ] -3, 3-di net jhbut anam de and 1.0 grans (9.9 mol ) of

4- et hyl norpholine in 5 nL of rous DMF and stirred for 18 hours. The
sol vents were renoved in vacuo wod# t he resi due was partitioned between 150
m. of ethyl acetate and 50 niL SY pot asgi @n 20 hydrogen sul fate
solution. The layers vver;ﬁsep at4d, andWhe organl c layer was washed with .
50 nL each of saturated ' R, water, and brine, then
dri ed over anhydrous naghesi &n Sl!lfa o NBeRSHsr at ed i n vacuo

iltg y
to yield 2.3 granms (100% o e 25 “desixe Bt as a white solid, me
= 711 (M+Li). Part B: Prepafation of 2S-[[]2R- (N et hyl anm no)
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e
pr opi onyI ] am no] - N-[ 2R- hydr oxy- 3- [ (4- met hoxyphenyl)

sulfonyl ] (2- net hyl-propyly)anm-nol - 1S-{pherymthyl ) propyl] --—36

3, 3-di net hyl but anam de. hydr ochl ori de WO 96/ 28464

PCT/ US96/ 02685 156 A solution of 2.3 grans (3.2 mmwol) of the product from
Part Ain 10 nL of 1, 4-dioxane was charged with 20 nL (40 mol ) of 4N HC
in di oxane WOW6846h and stirred for 2 hours. The sol vents RETASIMERSed in
vacuo to yield a 5 white solid. The solid was dried by sequentially adding
then renoving in vacuo three volunes of Egsanol then three vol unmes of

wat er. Final drying was done over phosphorous pentaoxide (Plerr](err])
under reduced pressure at roomtenper aRABRBarSF yi el ded 1.9 granms (90% of
the 10 desired product as the HO salt, mle = 611 (M+Li). EXAMPLE 69
Preparation of 2S- [[ N (phenyl ng | ) am noacetyl ]am no]-N- 15

[ 2R-hydr oxy-3- r (4-met hoxypheryl) gul fonyl](2-

met.hyl propyl ) ami no] - 1S- (pheny!| m&t.1 ) propyl ] - 3. 3- di met hyl but anami de [err]
20 Part A: Preparation of N[ZR-Nvdroxygp3-¢[ (4-nmethoxy

phenyl ) sul fonyl ] (2- et hyl pr®pyl §) am o] 1S-¥ghenyl et hyl)

propyl]-2S-[(chl oroacetyl yal?'maﬂii : Y de A solution of 4.4
grams (8.4 mol) of 2S-afti no-&[ 2R on | NHCO,CH;
N
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25 hydroxy-3-[[ (4-nmet hoxybenzene) sul f onyl ] (2- met hyl propyl)

am no] - 1S- (phenyl et hyl) pr opyl 1-3,3-.di net hyl_hut anam de and 1.3 grans (10.1
mrol ) of diisopropylethylamne in 30 nL of anhydrous methyl ene chloride was
cooled in an ice bath and charged with 1.2 granms (7.1 mmol) of 30 -
chl oroacetic anhydride and stirred for one-half hour. HPLC analysis at this
ti me showedvobessesact i on to be 83% conpl ete. The sol uti on REGHUWHBI6EEd wit h
an additional WD 96/ 28464

PCT/ US96/ 02685 157 0.2 gram (1.2 nmol) dafgechl or oaceti ¢ anhydri de and
stirred for 15 hours. The solvents were renoved in vacuo and the residue
was partitioned between 300 niL of ethyTARELE! G and 100 nL of 5%citric
acid solution, the layers were 5 separated and the organic |ayer was washed
with 100 nL each of saturated sggium bicarbonate .sol ution, water and bri ne,
then dried over anhydrous magn sulfate, filtered and concentrated to
afford 5.1 grans of crude matervalf. Purification was acconplished using
flash 10 chromat ogr aphy om3| lg caAgel ugi ng 30-50% et hyl acetate/ hexane
and yielded 4.1 grans (82% he desir groduct as a white solid, me =
602 (MrLi). Part B: Premrra ' Ry Eet h I)am noacetyl] 15

ami no] - N-[ 2R- hydr oxy-3- [ (4- niat hgxypBgnyl ) s I CO,CH
met hyl propyl ) am no] - 1S- (pheg¥! net hyl ) pro 73-N
H
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di et hyl but anam de A solution of 1.3 granms (2.2 mmol) of the product from
20 _Part Ain 12 mofJTHE and 0. 5—d—ofwater was charged wth-4-8 -grans
(44.6 mmol ) of benzylam ne and stirred for 16 hours. The solvents were
renoved in vacuo and the residue was partitioned between 150 nL of et hyl
acetate and 50 nL of saturated sodi um bi carbonate solution, the 25 |ayers
wer e separ WQ862846 t he organic | ayer was washed with 50 L PETIUSH6/0MBS t hen
dri ed over anhydrous nagnesium sulfate, filtered and concentrated to yield
the crude material as an oil. Purificatixy was acconplished using flash
chr omat ogr aphy on silica gel using 0-4% nethanol/ 30 nethylene chloride
and yielded 1.3 grans (87% of the destABIRpré®iuct as a white solid, me =
673 (M+Li). WD 96/ 28464

PCT/ US96/ 02685 158 [err] Prepar
(N-cycl opropyl am no) acet yl ] am ¢
(4--met hoxyphenyl ) sul fonyl | (qu-/
3 -di nmet hyl but anam de A solmwtigp o
2S-[[chl oroacetyl] am no- N 2R hyd oxy 3
10 et hyl propyl ) ani no] - & (e
12 mL of THF and 0.5 nlL of erﬁmasoﬁh ge

d=hOn of 2S5 [[

M- 5 [ 2R-hydroxy-3- [

yIpropyI ) am no] -1S- (phenyl nethyl]-3,
rags (2.2 nmmol) of

A (4- met hoxybenzene) sul f onyl ] (2-

3- di nmet hyl but anam de in
B3 (44.6 mmol ) of

5 EBEntry




cycl opropylanmine and stirred for 18 hours. The solvents mere reaned in

and 50 nL of saturated sodi um bi carbonate solution, the Iayers Were
separated and the organic |ayer was washed with 50 nL of brine, then dried
over anhydrous magnesium sul fate, filtered and concentrated in vacuo to
yield 1.3 Qbagmessd3% of the 20 desired product as a whit pchpkdsess’ € = 623
(MtLi). EXAMPLE 71 [err] WD 96/ 28464

PCT/ US96/ 02685 159 Preparation of 2S- %

(2- met hoxyet hyl ) am noacet yl ] am no] - hydroxy-3- [[

(4- met hoxyphenyl ) sul f onyl ] ( 2- net hyl pmh%m noj - 1S-

(phenyl net hyl ) propyl ]-3, 3- di net hyl butanamrde 5 A solution of 1.3 grans
(2.2 mol) of 2S-[[chloroacetyl] am no]-N[2R- hydroxy-3-[ |

(4- met hoxybenzene) sul f onyl (2- '

nmet hyl propyl ) am no] - 1S- ( phenyl
mL of THF and 0.5 nL of water

yl ) propyl]-3,3- dinethyl butanam de in 12
10 \was charged with 3.4 granms (44.6 mol) of
2-met hoxy ethylam ne and s§irrgd f 3?5. Thg solvents were renoved in,

vacuo and the residue vvas/]éq.)&l e SONnL of ethyl acetate and
'50 nL of saturated sodidm & N }—NHCOzcng
/T\ OH S_ N
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e

bi carbonate solution, the |ayers were separated and the 15 organic |ayer
was washed with 5 r OUS -NBGREE-+HA

sulfate, filtered and concentrated in,vacuo to vyi eId the crude materi al .

Purification was acconplished using flash chromat ography on silica gel

usi ng 0- 6% net hanol / met hyl ene chloride and 20 yielded 1.1 grans (77% of

the desirogopsssdect as a white solid, nmfe = 641 (MtLi ). ERCHIBES/AO268525

Preparation of 2s- [ [ 2R (N-nethyl am no) propi onyl ] am no] - N- [ 2R- hydr oxy- 3-

[ [ (4-nmethoxvphenyl)sul fonvl](2- 19

met hyl propyl ) am nol - 1S- (phenyl net hyl ) pr opyI ] -2S-am no- 3S-

met hyl pent anam de. hydrochl oride salt fxsrg 3@ Part A: Preparation of

2S:[[2R-[ N-(tert-but oxycarbonyl -

N- (et hyl ) am no] pr opi onyl ] am n@l=N-[ 2R- hydr oxy-3-[[ (4- WO 96/ 28464

PCT/ US96/ 02685 160 net hoxypherf ul fonyl ] (2- met hyl propyl ) am no] - 1S-

(phenyl met hyl ) propyl ] - 2S- ami noy met hyl pent anami de A solution of 0.7 grams

(3.3 nmol) of N-t-BOC- N nethyl-D\5 al ang in 5 nL of anhydrous DMF was

cooled to O[err]C, chargedgw tgh O. grams\;qs O mmpl) of HOBT and 0.7 grams
5}

(3.8 mmol) of EDC and St/N
)~ NHCO,CH;
OH L N
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reaction solution was then charged with a solution of 1.7 granms (3.3 mmol)
of 2S-am no-N-[2R-hydroxy-3-[[ (4-—_10 .

met hoxyphenyl ) sul f onyl ] (2- et hyl propyl ) am no) - 1S-

(phenyl net hyl ) propyl ] - 3S- net hyl pent anam de and 1.0 grans (9.9muvl) of

4- et hyl norpholine in 5 nL of anhydrous DVF and stirred for 16 hours. The
sol vents wepestsagdved in vacuo and the residue was parti t pCTIOsSh6OZEScen 150
m. of 15 ethyl acetate and 50 nlL of 5% potassi um hydrogen sulfate
solution. The |ayers were separated, angqhe organic layer was washed with
50 nL each of saturated sodi um bicarbonate sol ution, water, and brine, then
dried over anhydrous magnesium sul f atgapfg | i7er ed and concentrated in 20
vacuo to yield the crude material. Purification was acconplished using
flash chromat ography on silica,gel using 30-50% ethyl acetate/hexane and
yielded 1.6 grans (70% of thgq ired product as a white solid, me = 711 -
(MtLi). 25 Part B: Preparatior\off/ Preparation of 2S-[[2R (N

met hyl am no) pr opi onyl ] am no] - R- hydr o y1§ [[(4-

met hoxyphenyl ) sul f onyl ] ( 2-gret I opyl ) ami#o] - 1S-4, .
(phenyl et hyl ) propyl ] - 2S_2¥ pe ’ SRympepiBnani de. hydrochl ori de salt
A solution of 1.6 granms®(2.2 ) o )—FNHC@@O}QAln 10 nL of
1, 4- di oxane was charged w (0 ni @0 A HCl in di oxane solution
and stirred for 2 35 hours. The solventf were renoved in vacuo to yield a
white solid. The solid was dried by sequentially adding

t pe
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4%n removi ng under reduced pressure three vol unes of WO 96/ 28464 <
PCT/ US96/ 02685 161 _ethanol then three—voluwes—et—water. Final—dtyrag—was — f
done over phosphorous pentaoxide (P[err]Jerr]) under reduced pressure at
roomtenperature and yielded 1.2 grans (86% of the desired product as the !
HCl salt, me = 611 (MtLi). 5 EXAMPLE 73 Preparation of 2S- '
[ N- ( pheny|wobinsssani noacetyl | aminol-N- [ 2R- hydr oxy-3- [ PCT/US96/02685
(4- met hoxyphenyl ) sulfonyl] (2- 10
mat hyl propyl ) am nol - 1S- (phenyl et hyl ) pragay! ] - 3S- net hyl pentanam de [err]

Part A Preparation of 2S-[(chloroacetyl)am no]-N[2R- 15

hydr oxy- 3- [ [ (4- met hoxyphenyl ) sul f ony| $ABRE mFtbhy| pr opyl )

am no] - 1S- (phenyl met hyl ) propyl ] - 3S- net hyl pent anam de A solution of 5.5
grans (10.6 nmol) of 2S-am no- R- hydr oxy- 3-

[ (4- met hoxybenzene) sul fonyl ] ( 4 y nethyl propyl

am no] - 1S- (phenyl et hyl ) propy! Yo 35 net hyl pent anani de and 1.6 grans (12.7
nmol ) of diisopropyl et hyl am neoi N\30 nmL gf @nhydrous nethyl ene chloride was
cooled in an ice bath and gharped fith 1.%#grans £9.0 nmol ) of chl oroacetic

“anhydride and stirred 25_-%s = analysis at this tine \
showed the A £ H . e NHC%;CH; s
s H,_ N
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ol
reaction to be 82% conplete. The solution was charged with an additional
0.3 gram (1.8 nmmmol)._aof chl oroacetic anhydride_and stirredfor_16 hours.

The sol vents were renoved in vacuo and the residue was partitioned between
30 300 nL of ethyl acetate and 100 nL of 5% citric acid solution, the

| ayers were separated and the organic |ayer was washed with 100 nL each of
sat ur at ed wodsnss WO 96/ 28464 PCT/USI6/02685

PCT/ US96/ 02685 162 bi carbonate solution, water and brine, then dried over
anhydrous magnesium sul fate, filtered appk concentrated in vacuo to afford
6.2 grans of the desired product as a white solid, mlfe = 602 (MtLi). 5 Part
B: Preparation of 2S- [N (phenyl net hEABAEI nh&icet yl |

am no] - N-[ 2R- hydr oxy- 3- [ (4- et hoxyphenyl ) sul fonyl ] ( 2-

met hyl propyl ) am no] - 1S- ( phenyl yl ) propyl]-3S-nethyl pentanam de 10 A
solution of 2.0 grams (3.4 t he chl oroacetyl product fromPart A in
12 mL of THF and 0.5 nlL of wat s charged with 7.2 grans (67.1 nmol) of
benzyl am ne and stirred for 644hoxs. The sglvents were renoved in vacuo 15
and the residue was partitHonefl befween 18€ ni of get hyl acetate and 50 ni
of saturated sodi um bi cgrOMate N N N,

NHCO,CH
(=\ on |\ N‘}- e
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solution, the |ayers were separated and the organic | ayer was washed with
EDMHL_each of water—_and-brine, then-dried gover anhydrous naghesitmsulfate,
filtered and 20 concentrated in vacuo to yield the crude nmaterial as an
oil. Purification was acconplished using flash chromat ography on silica gel
usi ng 0-4% net hanol / nmet hyl ene chl oride and yielded 1.8 grans (80% of the
desired pr¥RRAS2844 5 white solid, me = 673 (MLi). 25 gﬁﬁﬁ%%rr]
Preparation of N 2R-hydroxy-3- r r (4-methoxyphenyl) 30 sulfonyl]

(2- et hyl propyl ) ami no] - 1S- (phenyl et hyl 2p8opyl ] - 25 |

(N-cycl opr opyl am no) acet yl ] am no] - 3S- net hyl pent anam de WO 96/ 28464

PCT/ US96/ 02685 163 A sol ution of 2.0 le mmol ) of

2-S-[[chl oroacetyl] am no]-N[2R-hydroxy-3-[[(4-methoxybenzene)sul fonyl] (2-
met hyl propyl ) am no] - 1S- (phenyl =Ryl ) propyl ] -3S- 5 nethyl pentanam de in 12
mL of THF and 0.5 nlL of water. ¢ » solution was charged with 3.8 grans
(67.1 nmmol) of cycl opropyl am me-€nd stirred for 64 hours. The sol vents
were renoved in vacuo and the gpesiyue was;partltloned bet ween-150 nL of

et hyl acetate and 50 ni ofﬁiilnlat-d
| \@ )~ NHCO,CH,
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10 sodi um bi carbonate solution, the layers were separated and the organic
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15C [err] Entry Rlerr] 5 [err] WO 96/ 28464
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[err] [err] WO 96/ 28464 —_—
PCT/ US96/ 02685 245 TABLE 15F [err] Entry Rlerr] [err]
WD 96/ 28464 PCT/ US96/ 02685 246
EXAMPLE 77 The conpounds of the present I nvention are effective HV

pr ot ease i rs. Uilizing an enzyme assay as 5 desCpihesdeth®W. the
conmpounds se orth in the exanples herein disclosed inhibited the H'V
enzyne. The preferred conmpounds of th% resent invention and their
calculated I1Jerr] (inhibiting concentr on 50% i.e., the
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concentration at which the inhibitor conpound reduces 10 enzyne activity

by 509 values are shown-in Table 16 _The.onzyne nethod i s described below
The substrate is 2-11e-Ne-Phe(p-NJerr])-@n-ArgNH err]. The positive
control is MT-101 (MIller, M et al, Science, 246, 1149 (1989)] The assay
conditions are as follows: 15 Assay buffer: 20 mM sodi um
phosphate,vﬂggéuﬂ 20% gl ycerol 1 mM EDTA 1 nM DTT O. 1@6C}M§§# above
descri bed su stré?e is dissolved in DMSO, then diluted 10 lﬁ |nag§say
buffer. Final substrate concentration in hg assay is 80 [err]M HYV
protease is diluted in the assay buffer t final enzyme concentration of
12. 3 nanonvol ar, based on a nol ecul ar 2 lﬁn;g t..0of 10, 780. The final
concentration of DVBO is 14% and the fifar cogeentration of glycerol is
18% The test conpound is dissolved in DVBQ
test 30 concentration; 10[err]l of the enz #oreparation is added, the
mat.eri.als m xed and then the mxture is incubaled at apgbient tenperature
for 15 mnutes. The enzyme reaction is jnit at~‘ by th 4&kﬂt|on of

40[err]l of substrate. The ireseas E = s,8pnjtored at 4 tine
points (0, 35 8, 16 and 24 mrun%s) t agbléﬁt t‘np at Re. Each assay is

carried out in duplicate wells. H 0 _A_ OH
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The precedi ng exanples can be repeated w t h—sim.| ar success—by-substituting
the generically or specifically described reactants and/ or operating
conditions of this invention for those used in the 5 precedi ng exanpl es.
The effectiveness of various conpounds were determned in the

above- descr.i be nzyme assay and in a 10 CEM cell assay. pdigpgobiiesshi bition

assay met MER? cutely infected cells is an automated tetrazolium based
colorinmetric assay essentially that rep rted by Paumes 15 et al, J.
Virol. Methods, 20 309-321 (1988). & were perfornmed in 96- mell tissue

culture plates. CEM cel l s, a CD4+ celhegﬁgggg¥€re grown in RPM -1640 nmedi um
(G bco) supplenented with a 10% f et al m and were then treated with
pol ybrene (2[err]Jg/m). An 80 [err]l volunme of 20 nediumcontaining 1 X
10[err] cells was dispensed into each well the tissue culture plate. To
each well was added a 100[err]l vol une of\ Y conpound di ssolved in tissue
cul ture nmedium (or nedium w thout test conpofdpnd as a control) to achi eve
the desired final concentration agg,2¥ tie cells weR é?ncubated at -

37[err]C for 1 hour. A frozen chtur% of JiH Vi1 uted in culture _
medi umto a concentration of# S‘N'l Y (TCID[err] = the
dose B /:g?,? H OH -
H
5 Entry R4
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of virus that infects 50%of cells in tissue culture), and a 20[err]L

Mol ume of the virus_sanmple{contalp-Rg-1t080-80—TCLD er r | —of—vH+rHsr—was——
added to wells containing test conmpound and to wells containing only nmedi um
(infected control cells). Several wells received culture nmedi um w t hout

virus (uninfected control cells). Likewise, the intrinsic toxicity of the

test conpo determ ned by 35 adding nediun1mﬁthoutﬂ@ﬂmgkéﬁh§everal
wel I s cont armi est conpound. In summary, the tissue culture plates

contained the follow ng experinents: VWO 96/ 28464
PCT/ US96/ 02685 248 Cel i's Drug 235 virus 5 1.
+ 2. + + 3. +

TARLE 148
+ 4. + + + 10 In

experinments 2 and 4 the final concentrations of test conpounds were 1, 10,
100 and 500 [err]g/m . Either azidothym di AZT) or dideoxyi nosine (ddl)
was included as a positive drug control. T onpounds were dissolved in
DMSO and diluted into tissue culture nmedi um so that the final DMSO
concentration did not exceed 1.5% igh,a case. C)maﬁ @dded to al
control wells at an approprlgﬁe concenggati
-~
YYY ¥

Hor-é-\non

R4




Foll owi ng the addition of virus, cells were 20 incubated at 37[err]Cin a
hum di fied, 5% CO02 atmmsphere for 7 days. Test conpounds could be added on
days 0, 2 and 5 if desired. On day 7, post-infection, the cells in each
wel | were resuspended and a 100[err]l sanple of each cell suspension was
removed for assay. A 20[err]L volume of a 5 25 ng/m solution of

3-(4,5-di lL.thiazol -2-yl)-2,5- diphenyltetrazolium befiidiﬁ:sﬁ&qus was
added to gg%ﬂ%fhg?err]L cell suspension, and the cells were I ncubated for 4
hours at 27[err]Cin a 5% C02 environnent. During this incubation, MIT is
met abolical Iy reduced by living cells re¢dPting in 30 the production in
the cell of a colored formazan product each, sanpl e was added 100[err]|
of 10% sodi um dodecyl sul fate in 0.01 NF%%?ETgUB§se the cells, and sanples
wer e incubated overnight. The absorbance at 590 nm was determ ned for each
sanpl e using a Ml ecular 35 Devices mcropgFane reader. Absorbance val ues
for each set of wells is conpared to asses$ g al control infection

uni nfected control cell response as well ~+€st conpound by cytotoxicity
and antiviral efficacy. WO 96/ 28854 o) Q 0

PCT/ US96/ 02685 249 Entry ConpBundH b | err]
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14 -2 WD 96/ 28464
PCT/ US96/ 02685 253 TABLE 16 (Cant d) Entry _—Conpound

1 Cerr] ECerr] 5 (nM
(nM [err] 19 3 The conpounds

of the present invention are 10 effective antiviral conpounds and, in
particular, are effective retroviral inhibitors as shownpaboNsuadssus. the
subj ect éyﬂﬁﬁﬁﬁﬁé are effective HV protease inhibitors. I's cont enpl at ed
t hat the subject conpounds will also inhibit other retroviruses such as
other lentiviruses in 15 particular ot#38 strains of HV, e.g. H V-2,
human T-cell | eukem a virus, respirator¥ iyngiéial virus, sima

i mmunodefici ency virus, feline | euke v=feline i muno-deficiency
virus, hepadnavirus, cytomegal ovirus and picornavirus. Thus, the subject

conmpounds are effective in 20 the treat propl yl axis of retroviral
I nfections and/or the prevention of the sgf d of retroviral infections.

The. subj ect conpounds are al so effective i® ﬂ'eventing t he growt h of
retroviruses in a solution. Both humgn afd ani @ell cultures, such
as T-lynmphocyte cul tures, a&g uti g zetﬁ\fﬂ ari ety wel I known

ur poses, = 3~ v N7 R¢

pure Y'Y Y ¥




such as research and di agnostic procedures including calibrators and
—controls. Prior to—-and—duwing the—gow-h—aRd=sterage of a ceH—ettttore—the— -
subj-ect conmpounds may be 30 added to the cell culture nediumat an

effective concentration to prevent the unexpected or undesired replication

of a retrovirus that may inadvertently, WO 96/ 28464
PCT/ US96/ Qg& 4 unknowi ngly or know ngly be present i npg&hpssshésscul ture.
The virus e present originally in the cell culture, for exanple HV is

known to be present i n human T-Iyrrphocyt%e’f? |l ong before it is detectable in
bl ood, or through exposure 5 to the vi“us. This use of the subject
conpounds prevents the unknow ng or im exposure of a potentially
| ethal retrovirus to a researcher or Compounds of the present

i nvention can possess 10 one or nore asymetric carbon atons and are thus
capable of existing in the formof optical mers as well as in the form
of. racem ¢ or nonracem c m xtures thereof! optical isoners can be
obtai ned by resolution of the racem c m xt according to conventi onal

processes, for 15 exanple by for@gi on ofg di st er eoi ric salts by -

treatment with an optically ?Ctlv aciﬁj or bade. anfffes of appropriate

acids are tartaric, diacetyF 7‘&?\*’ zenl_I I C,Riitoluoyltartaric
H 0 _AL OH




and canphorsul fonic acid and then separation of the 20 m xture of

di astereoi soners by_crystallization followed by |liberation of the optically
active bases fromthese salts. A different process for separation of

optical isoners involves the use of a chiral chromatography col um
optimally chosen to maxi m ze the separation of the 25 enantionmers. Stil
anot her axﬁbkagkg nmet hod i1 nvol ves synthesis of coval ent ghfﬁﬁﬁﬁﬁaksoneric
nol ecul es ting conmpounds of Formula | with an optically pure acid in
an activated formor an optically pure isocyanate. The synthesi zed

di ast er eoi soners can be 30 separated bg4Ronventional neans such as

chromat ography, distillation, crystalljizatiqn.or sublimtion, and then
hydrol yzed to deliver the enantioneri ' ‘ conpound. The optically
active conmpounds of Formula | can |ikew sg be\ obtained by utilizing
optically active starting 35 materials. Whgse isonmers may be in the form

of a free acid, a free base, an ester or a s t. MD 96/28464

PCT/ US96/ 02685 255 The conpounds cﬂstﬁe pfleseyt inve #rn can be used in
the formof salts derived f gan ghga SLd These salts

I nclude but are not limte ol | mnn§ aget af'e, §d|pate al gi nat e,

citrate, 5 aspartate, benzoate Hbeizzggsulfﬂnateﬁ biksul f at e,
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butyrate, canphorate, canphorsul fonate, digluconate,

_cycl apent anepr opi ona; - at e, glueoheptenoate——
gl ycerophosphat e, hem sul fate, heptanoate, hexanoate, fumarate,
hydrochl ori de, 10 hydrobrom de, hydroi odide, 2-hydroxy-ethanesul fonate,

| actate, nmal eate, nethanesul fonate, nicotinate, 2-naphthal enesulfonate,

oxal ate, RgoURsmsey Pectinate, persulfate, 3-phenyl propi onptEUsE0268t €,

pi val ate, proplonate, succinate, tartrate, thiocyanate, tosylate, 15

mesyl ate and undecanoate. Also, the basif ﬁitrogen- cont ai ni ng groups can
be quaternized wth such agents as | ower % kyl halides, such as nethyl,
ethyl, propyl, and butyl chloride, brgﬂhﬂﬁ?;lg?? i odi des; dial kyl sulfates
i ke dinethyl, diethyl, dibutyl, and diany ates, 20 long chain

aryl chlorides, brom des and
£t hyl brom des, and ot hers.

s &re thergby obtained. 25
pharnnabutlcally accept abl e

hal i des such as decyl, lauryl, nyristyl A
i odi des, aral kyl halides |ike benzyl and p\
Water or oil-soluble or dispersible pr duc6
Exanpl es of acids which nay be e éﬁ to
acid addition salts includecgycl] 4 ; hl oric acid,
sul phuric acid and phosphoric a &1 Dr g Ci as oxalic aC|d
mal ei ¢ acid, succinic acid and ditrlQnEdFd_ QIhe?H3O exanples i ncl ude salts
tals

with alkali metals or alkaline earth such as i um potassi um
cal cium or magnesiumor w th organic bases. Total dailly dose adm nistered
to a host 35 mg&%g;or divided doses may Bg in amounts, for exanple,

e S ~ .
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N N
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fromO0.001 to 10 ngy/ kg body weight daily and nore usually 0.01 to 1 ny.
Dosage unit conpositions may contain such MO 96/28464

PCT/ US96/ 02685 256 anounts of subnultiples thereof to make up the daily
dose. The anmount of active ingredient that may be conbined with the carrier
materials to produce a single dosage formw || vary dependi ng upon the host
treated aRgygsdsig Particular node of adm nistration. The ge5és¥60dsesi men for
treating a disease condition with the conpounds and/or conpositions of this
invention is selected in accordance Wthzeéfﬁ variety of 10 factors,
including the type, age, weight, sex, di and nedi cal condition of the
patient, the severity of the disease, e of adm nistration,

phar macol ogi cal consi derations such a Tvity, efficacy,

phar macoki neti ¢ and toxicol ogy profiles o 8 particular 15 conpound

enpl oyed, whether a drug delivery systemiNs Yilized and whether the
conpound is admnistered as part of a drug coybinatiqn. Thus, the dosage
regi men actually enployed may var )gﬂm qiel y nd her ef °

g may deviate from
the preferred dosage regi megusgl }Qﬁﬁma
0

Re_ssnpounds of the
present invention may be adm ni § rzal | 3{{ pa entferal®’y, by inhal ation
spray H O OH L

. ~ s
& >—NHCONH2 @ >—NHCONHCH2CH3
E): }-Nnco-N/\ O: ) — NHCOCHCH,N (CH )2
0
©: )— NHCOCH,CH,N (CH3) ; O:s,)— N
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rectally, or topically in dosage unit formulations containing conventional
-Rentoxi ¢ phar maceuti-calyp—25—aceeptable—ear+ers—adj uvan
as desired. Topical adm nistration may al so i nvol ve the use of transder mal
adni ni stration such as transdernmal patches or iontophoresis devices. The
term pare [ s used herein includes subcutaneous injegti

i nt ra\eeno&g’w ntramuscul ar, intrasternal injection, J f&’ﬁ%@?‘gﬁ

techni ques. Injectable preparatlons for exanpl e, sterile i nj ectable
aqueous or ol eagi nous suspensi ons nay be 4%rnu|ated according to the known

art using suitable dispersing or wetting age and suspendi ng agents. The
35 sterile injectable preparation na sterile injectable

solution or suspension in a nontoxic pare |y acceptabl e diluent or
sol vent, for exanple. WO 96/ 28464 \

PCT/ US96/ 02685 257 as a sol ution in 1, 3- butansdlol Anong t he acceptabl e
vehicles and sol vents that may be Sl oyed@ar Oﬁfhger s sol ution,

and isotonic sodi um chloridgggQl utAon, Nl n s;grlle fixed oils are
conventionally 5 enpl oyed as vt of s ‘|ngNnedBun1 For this
purpose any bland fixed oil may ge emplgled 1 nclowi n§ synthetic nono- or
diglycerides. In addition, fatty acids qu 2éﬁaoleic =d find use in the
preparation of
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i njectables. 10 Suppositories for rectal adm nistration of the drug can be
prepared by m xing the drug with _a suitable.nonicritating excipient such as
cocoa butter and pol yethyl ene glycols which are solid at ordinary 15
tenperatures but liquid at the rectal tenperature and will therefore nelt
in the rectumand rel ease the dru Solid dosage forns fof I

admi ni st r WP8H2MEY i ncl ude capsul gs tabl ets, g. Ils, pomgﬁﬁ%ﬁﬁﬁranul es
20 In such solid dosage forns, the active corrpound may be adm xed with at
| east one inert diluent such as sucrose |24t ose or starch. Such dosage
forms may al so conprise, as in normal practice, additional substances other
than inert diluents, e.g., lubricati nggmm as 25 nmgnesium
stearate. |In the case of capsules, tablet d pills, the dosage forns
may al so conprise buffering agents. Tablet® agl pills can additionally be
pr epared with enteric coatings. 30 Li qui d dosage fornms for oral

adm ni stration may include pharnmaceugi cal acgept abl %‘ | si ons,

sol uti ons, suspen5| ons, syrups, andg el ﬁ)&ico taigin nert diluents
comonl y used in the art, sucfra ’a\/\%r. Y ucg poS N |oR§ may al so

conpri se adjuvants, such as wettgng Roent's, epul 4i fyi ng and suspendi ng
agents, and sweetening, flavoring, and fﬁun‘i ng agen
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WD 96/ 28464 : : PCT/ US96/ 02685 258
Wi le the conpound i i deeid ed .as—the-sele-active
pharmaceutical agent, they can al so be used in conbination with one or nore
i mmunonodul ators, antiviral agents or other antiinfective 5 agents. For
exanpl e, the conpounds of the invention can be adm nister é%d? ﬁﬁplnatlon
Wi th AZT, W or with glucosidase inhibitors, such ég %ﬁ@
deoxynollrlny0|n or prodrugs thereof, for the prophylaxis and/or treatnent
of AIDS. Wen administered as a 10 conbi 24%i on, the therapeutic agents can
be fornul ated as separate conpositions which are given at the sane tine or
different tines, or the therapeutic a e given as a single
conposition. 15 The foregoing j rely illustrative of the
invention and is not intended to limt they nyention to the disclosed
conpounds. Variations and changes which are oRvi ous to one skilled in the
art are intended to be within the snppe an@ nagure of 9t i nvention which
are 20 defined in the appen cl agms. E;%Elth' fao egQ g description, one
skilled in the art can easiﬁ?géz er e ﬁ TiaN chafacterlstlcs of
this invention, and w thout depagtin f Bm tHe spiri { and scope thereof,
can nmake various changes and nodifications  of the inv ion 25 to adapt it
to various usages and conditions. '

Entry ré

O: )— NHCOCH; @ > NHCOCHz-O

O

O: }-mcocnzcrm(cm)2 O: >_NHJL

©: }—NHCO;CHZCHZ-N O: >_NH
>“ NH \0: NHCO,CH2CHa-

e O



WD 96/ 28464 PCT/ US96/ 02685 WHAT | S
CLAIMED I'S: 1. Conpound represented by the formila: [err] 5 or a
pharmaceutically acceptable salt, prodrug or ester thereof, wherein 10
Rlerr] represents al kyl of 1-5 carbon atons, al kenyl of 2-5 carbon atons,

al kynyl of 2-5 carbon atons, hydroxyal kyl of 1-3 carbon at xyal kyl
of 1-3 al KWD96R8464 - 3 al koxy carbon atons, cyanoal kyl of 1?§H§FV®%58arbon

atons, imdazolylnmethyl, -CHerr]CONH err], -CHerr]CHerr]CONH err], 15
-CHerr]S(Of[err]NHerr], -CHerr]SCH erehs -CH err] S(OCH err],
-CHerr]S(Oferr]CHerr], -C(CHerr])[err]SCH err],
-C(CHerr])[err]S(OCH err] or -C(CH ecERAMRIE7S(O) [err]CH err] radicals;

R2 represents radicals of alkyl of 1-5 carbon atonms, 20 aral kyl of 1-3

al kyl carbon atons, alfy|dchib8ahkiy! offtrle Prakkiut Ll awe. epfeddiveoal kyl
of 1-3_ al kyl carbon atons or ,gxclpal kyl al kyl ,of 1-3 al kyl carbon atons and
3- 6 ring nenber BEAMFAFEIEEN! 23“??%‘reﬂ%iéﬁf%g raéhle@i&?eo?sﬁ?%ﬁs r adi cal
of 1-5 carbors at@escriked belby| tiie Sedipoungsneebefoxrtir iny theaekgimistshy |
radical of S-6 !hOGSPHIY o0 ORI AR he Y AEAmeA! KYime ydr oxyal ky|
or 30_ al koxyal kyl" radi cal s, erel n_al kyl an al_oxey are ea&h 1-3 carbon
at ons; preferred compounds of the present invention and their
calculated IC50 (inhibiting concentration 50%, i.e., the
concentration at which the inhibitor compound reduces
10 enzyme activity by 50%) values are shown in Table 16.
The enzyme method is described below. The substrate is
2-Ile-Nle-Phe (p-NO2)-Gln-ArgNH2. The positive control is
MVT-101 (Miller, M. et al, Science, 246, 1149 (1989))
The assay conditions are as follows: ’
15 Assay buffer: 20 mM sodium phosphate, pH 6.4
20% glycerol
1l mM EDTA
1 mM DTT
0.1% CHAPS
20 The above described substrate is dissolved in DMSO, then
diluted 10 fold in assay buffer. Final substrate
concentration in the assay is 80 uM. HIV protease is
diluted in the assay buffer to a final enzyme
concentration of 12.3 nanomolar, based on a molecular
25 weight of 10,780.

The final concentration of DMSO is 14% and the
final concentration of glycerol is 18%. The test compound
is dissolved in DMSO and diluted in DMSO to 10x the test

30 concentration; 10pl of the enzyme preparation is added,
the materials mixed and then the mixture is incubated at
ambient temperature for 15 minutes. The enzyme reaction
is initiated by the addition of 40pl of substrate. The
increase in fluorescence is monitored at 4 time points (0,

35 8§, 16 and 24 minutes) at ambient temperature. Each assay
is carried out in duplicate wells.



Rl err] represents hydrogen, al kyl of 1 5 carbon atons, hydroxyal kyl of 1-4
-carbon atons, al kexy g 4 e

i m dazol yl met hyl , 260 -CH[err]CH[err]CCNH[err], -CH err]CONH err],

-CH err]CH err]SCH err] or -CH2SCH3 radicals or the sul fone or squOX|de
derlvatlves thereof; Rlerr] represents aryl provided R er r than a
hydr ogen WO, . o R4 represents benzo fused 5 to 6 &kﬁﬁﬁﬁgkgg

het eroaryl or benzo fused 5 to 6 ring nmenber heterocyclo radicals; or
radical of the forrmula [err] wherein A aRd47B each independently represent
O S SOor 10 Sgerr]; err] represent euter| al kyl qf 1-5 carbon
atons, fluoro or chloro r?&’lec gce %}@rﬁx @s&ﬂ? ﬁﬁ‘?%é"ﬁ% geri um
net hyl, fluoro cﬁimﬂﬂaareucadSSah$ suhsaitnadhgathaﬁganasrbadhular[err] 15
wherein Z represghic: feat1pl abbbr Al FeobRhES e/ dt o%@kﬁ@k f formla
[err] wherein Y re(gfsent or ; X represents a or NRlerr];
20 Rlerr] repre§§ﬂ{ YP8E08 nth%§L&RVQQt19nt5°5 ehessnsedofd thekenyl of 2
to 5 carbon &t orprecddiyigylexahpPes 0 5 carbon

EX2MPLE 78
The effectiveness of various compounds were
determined in the above-described enzyme assay and in a
10 CEM cell assay.

The HIV inhibition assay method of acutely
infected cells is an automated tetrazolium based
colorimetric assay essentially that reported by Pauwles

15 et al, J. Virol. Methods, 20, 309-321 (1988). Assays
were performed in 96-well tissue culture plates. CEM
cells, a CD4+ cell line, were grown in RPMI-1640 medium
(Gibco) supplemented with a 10% fetal calf serum and were
then treated with polybrene. (2ug/ml). An 80 Ml volume of

20 medium containing-l.x_104-cells was. dispensed into each
well of the tissue culture plate. To each well was added
a 100pl volume of test compound dissolved in tissue
culture medium (or medium without test compound as a

- control) to achieve the desired final concentration and

25 the cells were incubated at 37°C for 1 hour. A frozen
culture of HIV-1l was diluted in culture medium to a
concentration of 5 x 104 TCID5p per ml (TCID5¢ = the dose
of virus that infects 50% of cells in tissue culture),
and a 20uL volume of the virus sample (containing 1000

30 TCID50 of virus) was added to wells containing test
compound and to wells containing only medium (infected
control cells). Several wells received culture medium
without virus (uninfected control cells). Likewise, the
intrinsic toxicity of the test compound was determined by

35 adding medium without virus to several wells containing
test compound. In summary, the tissue culture plates
contained the following experiments:

ensuméxﬁﬁsfk——————__. —



atonms, aralkyl of 1 to 5 alkyl carbon atons, heteroaral kyl of 5 to 6 ring
menbers and 1 to 5 alkyl carbon_atons, 25 heterocycloalkyl of 5 to 6 ring
menbers and 1 to 5 al kyl carbon atons, am noal kyl of 2 to 5 carbon atons,
N-nmono- substituted or N, N-disubstituted am noal kyl of 2 to 5 al kyl carbon
atons wherein said substituents are radicals of alkyl of 1 to 3 carbon
atons, arawv@génsass 1 to 3 al kyl 30 carbon atons radical s, PEHPI6RIBS ky| of 1
to 5 carbon atons, al koxycarbonylal kyl of 1 to 5 al kyl carbon atons, WO
96/ 28464 248 PCT/ US96/ 02685 261
cyanoal kyl of 1 to 5 carbon atonms or hydroxyal kyl of 2 to 5 carbon atons;
Rl err] represents hyvdrogen radical or_alkvl radical t 0 n
atoms; or the radical o¥ Tormil a -Nﬁ err|ﬁ err| represents a 5 to 6 ring
menber heterocyclo radi cateldsd R err] rppugsents al kyl radvdatusof 1 to 3
carbon atoms or RlerrlRerrINalkyvl radical of 1. to 3 alkvl carbon atons;
and 10 R[erﬂszn1 Rlerr] each independently represent hydrogen, alKkyl

aral kyl, heteroaral kyl, cycloal kyl, cycl oal kyl al kyl, hydr oxyal kyl ,

al koxyal kyl , ary®-or hetervaryl radicals, wherein alkyl is 1-5 carbon
atons, cycloalkyj,is 3-6 rgng 15 nenber cycloal kyl optionallysbenzo fused,
and heteroaryl if 5to 6 u[ng menber heterggryl optionally bquo fused.

10 In experiments 2 and 4 the final concentrations
of test compounds were 1, 10, 100 and 500 pug/ml. Either
azidothymidine (AZT) or dideoxyinosine (ddI) was included
as a positive drug control. Test compounds were
dissolved in DMSO and diluted into tissue culture medium

15 so that the final DMSO concentration did not exceed 1.5%
in any case. DMSO was added to all control wells at an
appropriate concentration.

Following the addition of virus, cells were

20 incubated at 37°C in a humidified, 5% CO2 atmosphere for
7 days. Test compounds could be added on days 0, 2 and 5
if desired. On day 7, post-infection, the cells in each
well were resuspended and a 100l sample of each cell
suspension was removed for assay. A 20uL volume of a 5

25 mg/ml solution of 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT) was added to each 100uL
cell suspension, and the cells were incubated for 4 hours
at 27°C in a 5% CO2 environment. During this incubation,
MTT is metabolically reduced by living cells resulting in

30 the production in the cell of a colored formazan product.
To each sample was added 100pul of 10% sodium
dodecylsulfate in 0.01 N HCl to lyse the cells, and
samples were incubated overnight. The absorbance at 590
nm was determined for each sample using a Molecular

35 Devices microplate reader. Absorbance values for each
set of wells is compared to assess viral control
infection, uninfected control cell response as well as
test compound by cytotoxicity and antiviral efficacy.



2. Conpound of Claim1l, or a pharmaceutically acceptable salt, prodrug or
ester thereof, wherei-n20R-err}—epresents—alid—of-1-4 :

al kenyl of 2-3 carbon atons, al kynyl of 3-4 carbon atons, cyanonethyl,

i mdazolylmethyl, -CHerr]CONH err], -CHer]CH err]CONH err],
-CHerr]S(Of[err]NHerr], -CHerr]SCH err], CH[err]S(C»C}%grr;

~CH err] S(WPPE8LH err], -C(CH err])[err]SCH err], 6102685

-C(CH err])[err]S(OCH err] or ACXC}{err])[err]S(C»[err]CH[err] radi cal s;
R2 represents radicals of alkyl of 3-5 c&dlon atons, aryl nmethyl,

al kyl t hi oal kyl of 1-3 al kyl carbon atons, arylthionethyl or

cycl oal kyl nethyl of 5-6 ring nenber 30 RABIRn1&Et ons radicals; R3 represents
al kyl of 1-5 carbon atons, cycloal kyl methyl of 3-6 ring nenbers, cycl ohexyl
or cycl oheptyl —

4- met hoxypheny! , gfie £y dro ¢9§ﬁ8¥hd 3, 4- di net hoxyphenyl, 3- 3@ phg@gb or 4-
am nophenyl readi cal s prOV|d Rl err] is other than a WO (99428464 M )

PCT/ US96/ 02685 ZoZ nyorogen raorecar, ot - - zol -
5-yl, 2-am no-benzot hi azol - 6-yl, benzot hi azol -5-yl, benzothiazol -6-yl,
benzoxazol -5-yl, 2,3- dihydrobenzoffrap-5-yl, benzofuran-5-yl,

1, 3-benzodi oxol - 5 5-yl or 1, 4-beRgogfoxan-6-yl radicals; or a radical of
the formul a

o O
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[err] wherein A and B each represent O R err] represents deuterium

met hyl, ethyl, propyl, _isopropyl—or fluoro 10 _radicals; and R7 represents
hydr ogen, deuterium methyl or fluoro radicals; or a radical of the formula
[err] wherein Z represents O, S or NH; and R9 represents a radical of
formula [err] 15 wherein Y represents O S or NH, X represents a bond, O or
NR[ err]; RMWomwepsdésents hydrogen, alkyl of 1 to 5 carbon aPGHESI6HRSSS

phenyl al kyl of 1 to 3 al kyl carbon atons, heterocycloalkyl of 5 to 6 ring
menbers and 1 to 3 al kyl carbon atons, or 28pnono-substituted or :
N, N- di substituted am noal kyl of 2 to 3 al kyl carbon atons wherein said
substituents are al kyl radicals of TARBLER léarKQonktdds; and 25 R21
represents hydrogen or nethyl radicals; or the radical, of formla

-NR[err]Rerr] r

4- et hyl pi perazin - ben ' zi nyl, norpholinyl or thi p L pyl
radi cal s; and g30 (‘a:rr ] rei)‘%%lg Etﬁéﬁal kyl radical of 1 to 3 %g%n iﬁ'ﬁ

and

5 2 10
6 3 24
7 2 8

N &
10 8 ' 2

CH; H 9] 0

7 0 Y
CH}\ N N N'S 0
Y TV OCD
(@]

HC1 T~ S—
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b



WD 96/ 28464 PCT/ US96/ 02685 263 R12

-and R13 each i ndependently—represent—hydreger—atkyt of 1-5—earben—ators—
phenyl al kyl of 1-3 al kyl carbon atons, 5 to 6 ring nenber heteroaral kyl of
1-3 al kyl carbon atons, cycloal kyl of 3-6 ring nmenbers, 5 cycloal kyl net hyI
of 3-6 ring nenbers, hydroxyal kyl of 1-3 carbon atons, nethoxyal kyl of 1-

al kyl car bBi@ 92848 or phenyl radicals. 3. Conpound of CIM"’B%’%
pharmaceutically 10 acceptable salt, prodrug or ester thereof, wherein
Rlerr] represents iso-propyl, sec-butyl, 25&rt-butyl, 3- propynyl,

cyanonet hyl, im dazolylnethyl, -CHerr]CONH err], -CHerr]SCH err],
-CH[err]S(O)CH[err] CH[err]S(O)[ err])[err]SCH[err] 15
C(CI—I[err])[err]S(O)CH[err] or -C(CH[err])[err]S(O)[err]CH[err] r adi cals

R2 represents i

(2-napht hyl t hi o) gﬁ%lgg be@éﬁihouﬁ'ﬂ met hoxyphenyl met hyl, 0
4-hydr oxyphenyl net hyl, 4- 20 fl uorophenyl nethyl or cycl ohq a
radicals; R3 re ,

cycl oheptyl , cycl opentyl met hyI or_cycl ohexyl net hyI radi cal s; 25 R[err]
represents hydrogen, nethyl, et propyl, nethoxynethyl, nethoxyethyl,
hydr oxynet hyl or hydroxyethyl rayi ghls; 30 R err] represents hydrogen,

nmet hyl , ethyl, propyl, ié@prgpyl 8 ., geclytyl, isobutyl, tertbutyl,

g5 8 \/

10 2 22
CHy H o) (o) 0
CH3 I:T\)L E\S// o)
H : N N >
ANE O k o
11 1
o\\s //o
N” 0
U
12 2

o,/“\n onk
10 13 3



hydr oxynet hyl , hydroxyet hyl , net hoxynet hyl or net hoxyet hyl

radicals; 35 R4

represents phenyl, 2-naphthyl,_4-met hoxyphenyl or 4- hydroxyphenyl radicals
provided R err] is other than a hydrogen radical; or R4 represents

benzot hi azol - 5-yl, WO 96/ 28464

PCT/ US96/ 02685 264 benzot hi azol -6-yl, benzoxazol -5-yl, 2, 3-

di hydr oberwobea2saes 5- yl , benzof uran-5-yl, 1, 3-benzodi oxol - PCH$96/02685

2-met hyl - 1, 3- benzodi oxol -5-yl, 2,2-dinmethyl-1, 3- benzodi oxol -5-yl,

2, 2-di deut er o- 1, 3- benzodi oxol -5-yl, 5 2% difluoro-1, 3-benzodi oxol -5-yl or
1, 4- benzodi oxan-6-yl radicals; or a radical of the fornula [err] wherein Z

represents O S or NH, and R err] TABREcsk6! (Conty¥d@ical of fornula [err] 10

wherein Y represents O S or NH, X represents a bond, O or

represents hydr

benzyl, 2-(1-py g!t#e: nyl E?& '{% (1-pi per| di nyl ) et hyl

2- (1- pi perazgny ylplpera2|n 1- yI)ethyI

NR[err]; R20

' IC50 ECsQ

2-(1- nDrphollnyr751”yr4—2 it (nM) _ (nM)
2- (N, N-di net hyl am no) et hyl
H ocn3
14 5
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radicals; 20 R21 represents a hydrogen radical; and R22 represents nethyl
+adical; and 25 .RLeLpL4mmiJﬂjui;_eachJJMManuukﬁuiy represent hydrogen,

met hyl, ethyl, propyl, isopropyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclohexyl nethyl, benzyl, phenylethyl, 2-pyridylnethyl,
3-pyridyl methyl, 4- pyridylnmethyl, 2-(2-pyridyl)ethyl, 2-(3-pyridyl)ethyl,
2- 30 (4wo\oe2gigs ) et hyl , furyl nethyl, 2-furylethyl, 2- hypdmasyee2dss

2- met hoxyet hyl or phenyl radicals. WO 96/ 28464

PCT/ US96/ 02685 265 4. Conpound of C ai magzor a pharmaceutically acceptable
salt, prodrug or ester thereof, wherein n represents 1; 5 R err] represents
sec-butyl, tert-butyl, iso-propyl,8BLPr A&/ nYkoneydnonet hyl, or

-G(CH err])[err]S(OQ[err]CHerr] radicals; R2 represents benzyl,

4-f | uor ophenyl WMMFI I ’th I " I -
each i ndependent res ge met hyl or ethyl radicals _
representg phe #X 3'neth§§§ﬁﬁé§§? or 4 hydroxyphenyl 15 (§§$xﬂ%§§eOV|ded
Rlerr] is other

o "T\\ H CH k}——
19 3

The compounds of the present invention are

10 effective antiviral compounds and, in particular, are
effective retroviral inhibitors as shown above. Thus, the
subject compounds are effective HIV protease inhibitors.
It is contemplated that the subject compounds will also
inhibit other retroviruses such as other lentiviruses in.

15 particular other strains of HIV, e.g. HIV-2, human T-cell
leukemia virus, respiratory syncitial virus, simia
immunodeficiency virus, feline leukemia virus, feline
immuno-deficiency virus, hepadnavirus, cytomegalovirus and
picornavirus. Thus, the subject compounds are effective in

20 the treatment, proplylaxis of retroviral infections and/or
the prevention of the spread of retroviral infections.

The subject compounds are also effective in

preventing the growth of retroviruses in a solution. Both

25 human and animal cell cultures, such as T-lymphocyte

' cultures, are utilized for a variety of well known purposes,
such as research and diagnostic procedures including
calibrators and controls. Prior to and during the growth
and storage of a cell culture, the subject compounds may be

30 added to the cell culture medium at an effective
concentration to prevent the unexpected or undesired
replication of a retrovirus that may inadvertently,



or R4 represents benzothi azol -5-yl, benzothi azol -6-yl,

2, 3-di hydr obenzof uran-5-yl, benzofuran-5-yl, 1,3- benzodi oxol -5-yl,

2-met hyl - 1, 3- benzodi oxol -5-yl, 2,2- dinethyl-1, 3-benzodi oxol -5-yl,

2, 2-di deutero-1,3- 20 benzodioxol-5-yl, 2,2-difluoro-1, 3-benzodi oxol -5-yl,
1, 4- benzodi oxan-6-yl, 2-(methoxycarbonyl am no)benzot hi azol -6- yl or

2- (met hoxywewokresagd am no) benzi m dazol -5-yl radicals; R errPCHEPAB2BAt S
hydrogen or nethyl radicals; and 25 R err] represents hydrogen, nethyl,
ethyl, propyl, cyclopropyl, isopropyl, bemwayl, 2-phenylethyl, 2-
pyridyl met hyl, 3-pyridylnmethyl, 4-pyridylnmethyl, 2-(2- pyridyl)ethyl,

2- (3-pyridyl) et hyhkné@widgXy rardkinpefihgly 136 prieseptnieh hghie <@lflucylledbhy! or
2- met hoxyet hyl r%ﬁbc%.fu MBH@Q §E r%ﬁl‘ﬂ&ilﬂ’r‘h%e&ﬂé @ cul ure, for

pharmaceutical ly accef oric aclid sal sul g uric acid
sal t, phosphori c e%a&mg aI'PEV 1(5<§I“P&m3'5° be ipresgnt ipgdhupan é[lm Lympgpeytes
succini ¢ acid saﬂbnngéfafhzﬁu dsSdbteﬁtaE&§Itmnb&uba£NbK:ﬁhrdigﬂabkposuréND

96/ 28464 266 o dﬂ.f% Cr; @ \gs ﬁbge&?aé td' CﬁHew)lencsl

accept abl e sa t |s ri ¢ aci oxa fic
salt or nethanes@b?oﬁﬂthHinﬂ'§§Iﬂnadvertent exposure of a potentlally

lethal retrovirus to a researcher or clinician.

Compounds of the pfesent invention can possess

10 one or more asymmetric carbon atoms and are thus capable
of existing in the form of optical isomers as well as in
the form of racemic or nonracemic mixtures thereof. The
optical isomers can be obtained by resolution of the
racemic mixtures according to conventional processes, for

15 example by formation of diastereoisomeric salts by
treatment with an optically active acid or base.
Examples of appropriate acids are tartaric,
diacetyltartaric, dibenzoyltartaric,  ditoluoyltartaric
and camphorsulfonic acid and then separation of the

20 mixture of diastereoisomers by crystallization followed
by liberation of the optically active bases from these
salts. A different process for separation of optical
isomers involves the use of a chiral chromatograph&
column optimally chosen to maximize the separation of the

25 enantiomers. Still another available method involves
synthesis of covalent diastereoisomeric molecules by
reacting compounds of Formula I with an optically pure
acid in an activated form or an optically pure
isocyanate. The synthesized diastereoisomers can be

30 separated by conventional means such as chromatography,
distillation, crystallization or sublimation, and then
hydrolyzed to deliver the enantiomerically pure compound.
The optically active compounds. of Formula I can likewise
be obtained by utilizing optically active starting

35 materials. These isomers may be in the form of a free
acid, a free base, an ester or a salt.



7. Conpound of Claim1 which is
2S-f[ ( N- net hyl am no) acetyHamret—MNf2R-Ayrdroxy-3-[ [ (1,3
benzodi oxol - 5-yl ) sul fonyl ] (2- net hyl propyl am no]-1S- 10
(phenyl net hyl) propyl ] - 3, 3-di'met hyl - but anam de;
2S-[[ (N-net hyl am no) acet yl ] am no] - N- [ 2R- hydroxy-3-[ (1, 3-
benzodi ox WO %28#6dsul| f onyl ] ( 2- net hyl propyl ) ami no] - 1S- PCT/US96/02685
(phenyl net hyl) propyl | - 3- met hyl - but anam de; 15
2S-[[ (N-met hyl ami no) acet yl ] am no] - N- [ 2R-28&1r oxy-3-[[ (1, 3-
benzodi oxol - 5-yl ) sul fonyl | (2- net hyl propyl ) am no] - 1S- i
(phenyl net hyl ) propyl ] - 3- cYadofnmseandsi 0, the present invention can be |
gs- [ é N- melt mél a:abaal) ?ﬁeﬁrlyé |ﬁiﬁ*nﬂ@]§‘ lBhi@B-clt&)iet@@'f%%[ {doxganic or : |
enzodi oxol -5-yl )sul fonyl](2- pr o. am.nql - 1S- -

(phenyl met hyl ) pP ﬁ?f‘}gs%?’]rfg?:h;ﬁ'&‘ﬁéﬁt ARCE d’é‘,C]'“%L Bit are not limited

28- [ [ (N- et hyl akpnbhacteldquimgnopctk R adipate. 3algidad, 2htrate,

?gﬂz ?,SI %?'h;/%)F;E%pﬁ?kiﬁé‘,\gLklr]étr?zﬁgrﬁnbgg$9ﬁ9&1@3ﬂ@oﬁgké.1Sbisulfate..

25 [ [ ( N- et hyl a#ﬂ"%’f%‘&%‘t ﬁﬁ”ﬁ#ﬁé}"?nﬂ FarRRRAudfpnate, digluconate,
[ [ (benzof ur an- 5eyt)epéhtandhriopioadhy) pdadedylatilfiate | Setidthesulfonate,

henyl met hyl ) p 5 - djnet - Wol=% .

59935%]]5%%%%5% ng}bﬁgm ?é-%g:)g _jemisulfate,

-[ [ (N- met hyl am no .
enzof ur an- SPEPFaRPIRy INanRBERy | HiIMARAEanTHEFogitloride,

(p

2S

[[(b ;

(phenyl met hyo ) phpgiybbrdnids hiydeol adbde de2 -13kroxy -ethanesul fonate,

2o L et 2EeAege o ke AATS N AR, Shsqor snate,

( phenyl et hyl ) pPopdPhthpksnasyd foparem enalat®, palmoate, pectinate,

2S-[[ (N-net hyl apensppeste) [3phealiprbpfdbdutd,opicBate, pivalate,
propionate, succinate, tartrate, thiocyanate, tosylate,

15 mesylate and undecanocate. Also, the basic nitrogen-
containing groups can be quaternized with such agents as
lower alkyl halides, such as methyl, ethyl, propyl. and
butyl chloride, bromides, and iodides; dialkyl sulfates
like dimethyl, diethyl, dibutyl, and diamyl sulfates,

20 long chain halides such as decyl, lauryl, myristyl and
stearyl chlorides, bromides and iodides, aralkyl halides
like benzyl and phenethyl bromides, and others. Water or
oil-soluble or dispersible products are thereby obtained.

25 Examples of acids which may be employed to form
pharmaceutically acceptable acid addition salts inciude
such inorganic acids as hydrochloric acid, sulphuric acid
and phosphoric acid and such organic acids as oxalic
acid, maleic acid, succinic acid and citric acid. Other

30 examples include salts with alkali metals or alkaline
earth metals, such as sodium, potassium, calcium or
magnesium or with organic bases.

Total daily dose administered to a host in
35 single or divided doses may be in amounts, for example.
from 0.001 to 10 mg/kg body weight daily and more usually
0.01 to 1 mg. Dosage unit compositions may contairn such



benzof uran-5-yl ) sul fonyl ] (2- nmet hyl propyl ) am no] - 1S-

enyl nmet hyl ) propyl ] - 3S- net hyl—pent anam de; —

- [ [ (N- et hyl ami no) acetyl ] am no] - N[ 2R- hydr oxy- 3- 45

benzof uran-5-yl ) sul fonyl ] (2- et hyl propyl )am no] - 1S-

nyl met hyl ) propyl ] - 4- pent ynam de;

[ [ (N- moedngd/asaéano) acet yl ] ami no] - N-[ 2R- hydr oxy- 3-[[.(2-- PCT/US96/02685

nmet hyl - 1, 3- benzodi oxol - 5-yl ) sul fonyl ] (2- net hyl propyl) 50

am no] - 1S- (phenyl et hyl ) propyl ] - 3, 3- di nesdy!| - but anam de; 267

2S-[[ (N- et hyl am no) acetyl] am no]-N-[2R-hydroxy-3-[[ (2-

met hyl - 1, 3- benz caicmntks- 6£ ysylemu fiml ek ( Eheredf Itar mpke)up the daily

am no] - 1S- (phen t hy rfa¥; - 3- - b ﬁgﬁﬁj ;

28—[[(N—nethy|aﬁ*ﬁ%&acg%el anfﬁbﬁ?ﬂﬁfgééﬁy rqu-§gF[fg?t may be.

nethyl-1,3-benzdﬂW$%6Fd5W§ @s&hq(ﬁﬁiFPFQ-ﬂ%ﬁ?ﬁHﬂ%ﬁoﬁ?l?r°duce a single

zzigi FF](le-(ﬁthﬂdmbbytbﬁflomdﬂ -'\&:Qy[aépéﬁ@gﬁgﬁ&iﬁoﬁleﬂx? host treated and

- net a 0 ' - 2R _ -3 2- 10

met hyl - 1, 3- bénzo@&%&%&ggﬂ?ﬁ#gﬂyﬁ %@"% %ﬁ/ pr%ﬁyl ) -

anm no] - 1S- (phenyl met hyl ) propyl ] - 3S- et hyl - pent anam de;

ZsiL[f“ingtBy|anhﬂo)aregybPénafﬁﬁgéﬁﬂé€§m€M?ﬁ@%Ytﬁbiqﬂﬁéig disease

met hyl - 1, 3- benzadi - D- S on - ro . .

ami no] - 15- (ph enﬁoﬁ% QP?p‘gJo‘)p@ILHhﬁ-%@h&yﬂg%%@/%r %&m&osxtlons of this

2S- [ [ (N- et hy| arfinvepséenyis asslesiten faratgerdanre3withoasvariety of

glshyd[] obelnzqPﬁr fﬁ'&'ohébl). syiéém%ﬂdg( %h@ei:gyépré&y 11 RALHE] -sex, diet and

- (phenyl me ynkgﬁ%gﬁ LéndftlgﬂngEh¥ e Sééiﬁﬂ?, %he geverity of the

disease, the route of administration, pharmacological
considerations such as the activity, efficacy,
pharmacokinetic and toxicology profiles of the particular

15 compound employed, whether a drug delivery system is
utilized and whether the compound is administered as part
of a drug combination. Thus, the dosage regimen actually
employed may vary widely and therefore may deviate from

the preferred dosage regimen set forth above. .

20
The compounds of the present invention may be.
administered orally, parenterally, by inhalation spray,
rectally, or topically in dosage unit formulations
containing conventional nontoxic pharmaceutically

25 acceptable carriers, adjuvants, and vehicles as desired.
Topical administration may also involve the use of
transdermal administration such as transdermal patches or
iontophoresis devices. The term parenteral as used
herein includes subcutaneous injections, intravenous,

30 intramuscular, intrasternal injection, or infusion
techniques. Injectable preparations, for example,
sterile injectable aqueous or oleaginous suspensions may
be formulated according to the known art using suitable
dispersing or wetting agents and suspending agents. The

35 sterile injectable preparation may also be a sterile
injectable solution or suspension in a nontoxic
parenterally acceptable diluent or solvent, for example,




2S-[[ (N-net hyl am no) acetyl ] am no] - N-[2R-hydroxy 3- [[(2 3-

_di hydr obenzof uran-5-. y.
1S- (phenyl et hyl ) propyl ] - 3- et hyl - butanan1de 25

2S-[[ (N-net hyl am no) acet yl ] am no] - N- [ 2R- hydr oxy-3-[[ (2, 3-
di hydr obenzof uran-5-yl)sul fonyl] (2-methyl propyl)am no] -

1S- ( pheny| WOt98#8464r opy| ] - 3- cyanopr opanami de; 2S-[[ ( N- met hyRCAHSAEI2E %t v |

am no] - N-[ 2R- hydroxy-3-[[(2, 3- 30
di hydr obenzof uran-5-yl)sul fonyl ] (2- met hyl25fopyl ) ami no] -
1S- phenyl net hyl ) propyl ] - 3S- net hyl Xﬂ-’[ nt anam de;

2S- [ [ ( N- net hyl am$i® &8uEipaninol -

Wpéxy_ﬁgnqr{q xhe acceptable

di_.hydr obenzof uraVer!ﬁmaéssuhhoa&uéra:émﬂa\tl RaPPBe @fpIiled 3%e water,

1S- phenyl net hyl )
2S-[[(N-net hyl a

n?]h‘zé)%—c& fP?gﬁ}%lgar%cf ﬁ%ﬁ&?‘Sxﬁo@um chloride solution.

[ [ (benzot hi azol qumlponys;emm HEAledo Pyt 5 ot 1 corw@nt ionally

(phenyl et hyls) pr

S

[ (

ph

S-[[ (N-net hyl a

[ (benzot hi azol

ph

S-

[ (benzot hi azol -

ph

S

[ (

ph
15
20
25
30
35

anyldyved %‘sdhrTEéfﬂ\Yén@l&a @ﬁdl medium. For this

N- et hyl t R - 3- _ .
[ggzo?ﬁ | a)z/o?r?é? ‘3%?#‘@9 5?‘?@8 ‘Fr’éf% &%}93(%% $fRLoyed including

nyl met hyl )prmp;dl]et&ambh;al- botduglyickeidés. In addition, fatty

onyn?jggl ‘%ﬁf érl%;‘g; %’1 mﬁ}] g he greparat:.on of

nyl met hyl )pr’dﬂﬁf anopr opanami de;

6- yI)squ(§q4?k%g %lefgfnpgdkgglQ&&l&fﬁtration of the

nyl met hyl )pr opyl]-3S-
[ (N- et hy| arfiig £as pe ]aﬁemewt[yzmagowe FArug with a suitable
enzot hi azol -fond Dritlakanyl tkeiprddty |sicapuk) 66 IbutTerSand

b

e

[

b

e

[ [ (N-net Il am no) acetyl | am no] - N-[ 2R- hydr oxy-3- 50
b

e

[

b

enylnethyl)prgg&&éthyl e“tXQyQ%fL 'which are solid at ordinary

temperatures but liquid at the rectal temperature and
will therefore melt in the rectum and release the drug.

Solid dosage forms for oral administration may
include capsules, tablets, pills, powders, and granules.
In such solid dosage forms, the active .compound may be .
admixed with at least one inert diluent such as sucrose
lactose or starch. Such dosage forms may also comprise,
as in normal practice, additional substances other than
inert diluents, e.g., lubricating agents such as
magnesium stearate. In the case of capsules, tablets,
and pills, the dosage forms may also comprise buffering
agents. Tablets and pills can additionally be prepared
with enteric coatings.

Liquid do'sage forms for oral administration may
include pharmaceutically acceptable emulsions, solutions,

. suspensions, syrups, and elixirs containing inert

diluents commonly used in the art, such as water. Such
compositions may also comprise adjuvants, such as wetting
agents, emulsifying and suspending agents, and
sweetening., flavoring, and perfuming agents.
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2S-[[ (N- et hyl am no) acetyl | am-pel-N-[ 2R- hydr oxy-3-[[ ( 2, 2-

di fl uoro- 1, 3- benzodi oxol - 5-yl ) sul fonyl ] (2-net hyl propyl)

am no] - 1S- (phenyl net hyl ) propyl ] - 3, 3- di net hyl - but anam de; 5

2S-[[ (N- et hyl am no) acetyl ] am no] - N-[ 2R- hydroxy-3-[[ (2

di f | uor o- WaB96m84#sAodi oxol - 5-yl ) sul fonyl ] ( 2- nethylpropyl) rcnusmmnﬂw
anino]-lS—(phenyInethyl)propyl] 3- et hyl - but anam de;

2S-[ [ (N- et hyl ami no) acetyl ] am no] - N- [ 2R-25&Ir oxy-3-[[ (2, 2- 10

di fl uoro- 1, 3- benzodi oxol - yI)squonyI](Z met hyl propyl)

am no] - 1S- ( phenyl et hyl ) pWBp¥e] the Cpmmepndsphkhs invention can be

3_81; I[ [ (N rrgt gylbaradnghaaeléyé&ada rmh %h&%gﬂﬂfﬂm&mﬁtbé&)ﬂ-’cal agent,

| uor o- 1, o-benzaodl 0xo Su ne [ O

am nol - 15 phony RSt AU BRapyTd Ueelhinl GFuRHiabach, Fhpn one o more
2S-[[ (N-net hyl amnumpame yla}mn‘mo]anmﬁrzaahy@uw 3] pthep-antiinfective
di fluoro-1, 3sbenges t§X0|FérYéﬂéﬁﬂlkpnﬁhb(goﬁﬁﬁdﬁdspbgpyhé invention can

2 [T( et byt aehBpAet§F oA i REPSHERYon aipPaap BE. Doe or wien

benzodi oxan- 6- dekuabﬁmd;Sé(IhhmhﬂtprpuopythaasrNﬂbutSl -1-

h | met hyl
gg—??{hﬁﬁet%y?gg1no acé%gf an1ng%{ﬁ?£§%? éa§ [f?r Yhe prophylaxis
benzodi oxan- 6- ylizpﬁ'oﬁﬁ? Benfety AP ‘))’I'%‘? r?é?“li‘SSt?E%rﬁﬂ fet hyl ) propyl ]

- 3- et hyl - bupanastmiidnation, the therapeutic agents can be formulated as

25 [[(N-nmet hyl arg na) ag &t YL 3SR NQlon LARRYHLO04vin! bt lefle same time or
different times, or the therapeutic agents can be given
as a single composition.

15 The foregoing is merely illustrative of the
invention and is not intended to limit the invention to
the disclosed compounds. Variations and changes which
are obvious to one skilled in the art are intended to be
within the scope and nature of the invention which are

20 defined in the appended claims. From the foregoing
description, one skilled in the art-can easily ascertain
the essential characteristics of this invention, and
without departing from the spirit and scope thereof, can
make various changes and modifications of the invention

25 to adapt it to various usages and conditions.




30 benzodi oxan-6-yl)sul fonyl ] (2- met hyl propyl )am noj - 1S-

{phenyl net hyl ) pr

2S-[ [ (N- et hyl ami no) acet yl ] am no] - N—[2R—hydroxy 3-1[(1, 4-
benzodi oxan- 6-yl ) sul fonyl ] (2- net hyl propyl ) am no] - 1S- 35
(phenyl net hyl ) propyl ] - 3S- net hyl - pent anam de;

2S- [ [ ( \- meW@86a846h0) acet y| ] am no] - N-[ 2R- hydr oxy-3-[ [ (1, 4- PCT/USI6/02685
benzodi oxan- 6-yl ) sul fonyl ] ( 2- nethylpropyl)an1no] 1S-
(phenyl net hyl ) propyl ] - 4- pent ynam de; 40

25 L1 (1 al et am o) acety) om o] % 3Ry oy SO O O
1S- (phenyl et hyl ) propyl | - 3, 3-di net hyl - but anam de; 45

2S-[[ (N, N-di met hyl am no) .
[[ (1, 3- benzodi oxol - 5- §r)§§ﬁ%¢#fﬁ”& ets}%a[“l%ﬁfloé ?é%n ’:)% mula:
1S- (phenyl nmet hyl ) propyl ] -3-neth hoqQaanan1 e;
2S-[[ (N, N—dlnethylan1no)acet I]a 0] =N [ 2§ hy oxy-3-(§gy
[[(1, 3- benzodi oxol - 5-yl ) sulr? I ang

1S- (phenyl met hyl ) propyl ] - 3-cy B
2S-[[ (N, N-di gt hyl am no) acet ¥ij am ngj - N-p2R- hydr ogy
[[(1, 3- benzodT oxol - 5 yI)squonyI](Z nethylpropyl)amluﬁ 55 1S

(phenyl net hyl ) prog BS-nehﬂyl-pentananlde WD 96/ 28464

PCT/ US96/ 02685 28 ésv PeayreGe ATCeBFabdey LT RYCREYD R RFTEEY - 3-
[[(1, 3- benzod|0xohe5eqf)swﬁér&@d](2 met hyl propyl ) am no] -

10 Rl represents alkyl of 1-5 carbon atoms, alkenyl of 2-5
carbon atoms, alkynyl of 2-5 carbon atoms, hydroxyalkyl
of 1-3 carbon atoms, alkoxyalkyl of 1-3 alkyl and 1-3
alkoxy carbon atoms, cyanoalkyl of 1-3 alkyl carbon.
atoms, imidazolylmethyl, -CH2CONH2, -CH2CH2CONH2,

15 ~-CH2S(0)2NH2, -CH2SCH3, -CH2S({0O)JCH3, -CH2S(0)2CH3,
-C{CH3)2SCH3, -C(CH3)2S(0)CH3 or -C(CH3)2S(0)2CH3
radicals;

R2 represents radicals of alkyl of 1-5 carbon atoms,

20 aralkyl of 1-3 alkyl carbon atoms, alkylthiocalkyl of 1-3
alkyl carbon atoms, arylthioalkyl of 1-3 alkyl carbon
atoms or cycloalkylalkyl of 1-3 alkyl carbon atoms and 3-
6 ring member carbon atoms;

25 R3 represents radicals of alkyl radical of 1-5 carbon
atoms, cycloalkyl of 5-8 ring members or cycloalkylmethyl
radical of 3-6 ring members;

R10 represents hydrogen, alkyl, hydroxyalkyl or
30 alkoxyalkyl radicals, wherein alkyl and alkoxy are each
1-3 carbon atoms;

R1ll represents hydrogen, alkyl of 1-5 carbon atoms,
hydroxyalkyl of 1-4 carbon atoms, alkoxyalkyl of 1I-3
35 alkyl carbon atoms, benzyl, imidazolylmethyl,



1S- (phenyl met hyl ) propyl ] - 4- pent ynam de;
2S-[[ (N, N-di met hyl am no) acet yl_] am Hﬁ‘]m
[ [ (benzof uran-5-yl)sul fonyl] (2- nethy \““5._
(phenyl net hyl ) propyl ] -3, 3-di net hyl - m‘““‘w
2S-[[ (N, N—d|nethylan1no)acety|]an1no R hydr dxy 3- 10
[ [ (benzof wigsedsasd ) sul fonyl ] (2- met hyl propyl ) am no] - 1S- PCT/US96/02685
(phenyl net hyl ) propyl ] - 3- et hyl - but anami de;
2S-[[ (N, N-di net hyl am no) acet yl ] am no] - N- [a%fg- hydr oxy- 3-
[[ (benzof uran-5-yl)sul fonyl] (2-nmethyl propyl)am no]-1S- 15
(2 ghf[‘{:\lnﬁi gyl )ﬂ]-cmék:}{zeemﬁnommm deCH2CH2SCH3 or -CH2SCH3 radicals
i me nQ anm.n
[ [ (benzof uran- 5- % Fﬁ%f’f‘ 2- ﬁef‘ﬂg %’F%‘%}%%%%rﬁg’]y’f% thereot;
gghFF{Lnﬁtgyl)pE;Fyl] 3S- et hyl - pent anam de; 20
I met qgkﬁg% y lyggo.
[ [ (benzof uran- 5- él Esul fo%ﬁeg ékﬁmﬂgﬁ‘]’ Nkﬁé% ?/n%oiy?? than a hydrogen
(phenylnethyﬁ)pr qF 4- 9%n nﬁﬁ?ﬁ% eg enzo fused 5 to 6 ring member
[2[8( [2[ (N, hN-?I met h;émdmyaceryb}eazonﬁt]lsed[ﬁmmyﬁjmm giember heterocyclo
met hy ]%&ﬁ X @y oRy | fggﬂﬁﬁl propyl)
am noj - 1S—(pheny Zcﬁqﬁq %r o%y iahﬂ‘;';éi &’ 'h( bgtaanam de; 30
2S-[[ (N, N-di net hyl ami no) acet yl ] ami no] - Bxy- 3-
[[(2-nmethyl -1, 3-benzodi oxol -5-yl )sulfo ayl propyl)
am noj - 1S—(pheny|nethy|)propy|] 3- nmet hy[™® bthnan1de
[2[3( [2[ Erlglt hN-yfjl et M@EEJ.&P%)P@O%%TGYH léiabﬂoln&b &Eﬁ:lzébﬂw&ﬁép%esent 0, S, SO or
i 0% S 0
propyl)anln&] 1§9€ ﬁgfﬁye§p%d¥e ﬁé%édé &TE&Eny 1-5 carbon atoms,

fluoro or chloro radicals; R’ represents hydrogen,
deuterium, methyl, fluoro or chloro radicals; or a
radical of the formula

e Z
o
N

15 wherein Z represents O, S or NH; and R? represents a
radical of formula

0]
O
) ‘Sﬂ Rzg O“sﬂ
R 0 e / ~.. S,
le N\ N, \RZZ
RZI or H
wherein Y represents 0, S or NH; X represents a bond, O or

N'R21;

20 .

R20 represents hydrogen, alkyl of 1 to 5 carbon atoms,

alkenyl of 2 to 5 carbon atoms, alkynyl of 2 to 5 carbon

atoms, aralkyl of 1 to 5 alkyl carbon atoms, heterocaralkyl
of 5 to 6 ring members and 1 to 5 alkyl carbon atoms,

25 heterocycloalkyl of 5 to 6 ring members and 1 to 5 alkyl
carbon atoms, aminoalkyl of 2 to 5 carbeon atoms, N-mono-
substituted or N,N-disubstituted aminoalkyl of 2 to 5
alkyl carbon atoms wherein said substituents are radicals
of alkyl of 1 to 3 carbon atoms, aralkyl of 1 to 3 alkyl?

30 carbon atoms radicals, carboxyalkyl of 1 to 5 carbon
atoms, alkoxycarbonylalkyl of 1 to 5 alkyl carbon atoms,



cyanopr opanam de; 40

—2S=[[ (N, N- di net hylani-re) | 1 am no] - N- [ 2R-hydr oxy—3

[(2-nethyl -1, 3- benzodi_om m*’!)mu;wﬂr ] (2- met hyl

ropyl ) am no] - 1S- ( phenyl Y - met hyl - pent anam de; 45
S-[[ (N, N-di met hyl ani no) acet yl ] ami nof- N*[ 2R- hydr oxy- 3-

[ (2- met hNO9%6728464cnzodi oxol - 5-yl ) sul f onyl ] ( 2- net hyl PCT/USP6/02685

ropyl ) am no] - 1S- ( phenyl et hyl ) propyl ] - 4- pent ynam de;

S-[[ (N, N-di met hyl am no) acetyl ] am no] - N- RBR- hydr oxy- 3- 50

[(2,

m no] - 1S- ( pheng¥aReR¥ky b £, B-qfivharh ptopgt anafydeoxysikyl of 2 to

[ (N, N-di et hyl gncaebageh¥bhsyri no] - N-[ 2R- hydr oxy- 3-

[ (2, 3-di hydr obenzof uran-5-yl ) sul fonyl ] (2-met hyl propyl) 55

m no] - 1S- (phenyl et hyl ) propyl ] - 3- net hyl - but anam de; WO 96/ 28464

€T/ US96/ 02685 R?YH pepidgemts dydeogeharadorat eoy | §kiwhadjadidadRafydr bry3 3-

[ (2, 3-di hyds obggegbyr eoxﬁsy'ﬁ Lﬂﬁ&@adi(c%ﬂ.n%tfhxbggepag | INr20R21

m no] - 1S- (phenyl net hyl )y propyl ] - 3-cyanopropanam de; .
S-[[ (N, N-di met %‘ﬁ&ﬁ? B%gc%t 1§k r%jnq\l. exy iebgogyelo radical; and

[ (2, 3-di hydr obenzof uran-5-yl)sul fonyl ] (2-nmet hyl propyl)

-1S- ph t z | O£;
25 [T(N N i ot ;’! g*ﬁ%%%%%&%‘%%12%%%?32%%?&stﬁarf&n atoms or
[[ (2, 3-di hydr ob& adkylyradicabrof |1 ot mlikydogpirbon atoms; and
am no] - 1S- phenyl net hyl ) propyl ] - 4- pent ynam de;

3-di hydr obenzof ur an- 5- Iisulfonyl](z-nethylpro yl)
r@%y

[
P
2
[
P
2
[
a
[
[
a
P
[
a
2
[
a

R12 and R13 each independently represent hydrogen, alkyl,
aralkyl, heteroaralkyl, cycloalkyl, cycloalkylalkyl,
hydroxyalkyl, alkoxyalkyl, aryl or heteroaryl radicals,
wherein alkyl is 1-5 carbon atoms, cycloalkyl is 3-6 ring
15 member cycloalkyl optiocnally benzo fused, and heterocaryl
is 5 to 6 ring member heteroaryl optionally benzo fused.

2. Compound of Claim 1, or a pharmaceutically

acceptable salt, prodrug or ester thereof, wherein

20
Rl represents alkyl of 1-4 carbon atoms,'alkenyl of 2-3
carbon atoms, alkynyl of 3-4 carbon atoms, cyanomethyl,
imidazolylmethyl, -CH2CONH2, -CH>CH2CONH2, -CH2S(0O)2NH2,
-CH2SCH3, -CH2S(0)CH3, -CH2S(0)2CRH3, -C(CH3)2SCH3,

25 -C{(CH3)2S(0)CH3 or -CI(CH3)2S8({0)2CH3 radicals;

R2 represents radicals of alkyl of 3-5 carbon atoms,

aryvlmethyl, alkylthiocalkyl of 1-3 alkyl carbon atoms,

arylthiomethyl or cycloalkylmethyl of 5-6 ring member
30 carbon atoms radicals;

R3 represents alkyl of 1-5 carbon atoms, cycloalkylmethyl
of 3-6 ring members, cyclohexyl or cycloheptyl radicals;

35 R4 represents phenyl, 2-naphthyl, 4-methoxyphenyl, 4-
hydroxyphenyl, 3,4-dimethoxyphenyl, 3-aminophenyl or 4 -
aminophenyl radicals provided Rl is other than a




((N, N-di met hyl am no) acetyl ] am no] - N- [ 2R- hydr oxy- 3-
nzot hi azol - 6-yl ) sul f onyl | (2—frethytpropyt)yamnoj - 1S- 15
y

| met hyl ) propyl ] - 3, 3- di net hyl -
(N, N-di net hyl am no) acetyl ] am -3-
nzot hi azol - 6-yl ) sul fonyl ] ( 2- *no] 18-

yl met wd gspsaspy| | - 3- net hyl - but anam de PCT/US96/02685

(N, N-di net hyl am no) acetyl ] am no] - N- [ 2R— hydroxy 3-

nzot hi azol - 6-yl ) sul fonyl ] (2- et hyl pr @ggd ) am no] - 1S-

yl met hyl ) propyl ] - 3- cyanopr opanam de; 25

(N, N-di net hynyaiotEmaaidichan op] R4 :{'é’zﬁségem'qu-ﬁm:.no-benzothlazol-

[

e

n

[

e

n

[

e

n

[

enzot hi I I

nyl met Ih)e/‘IZ;)pr Op&% ?Sagﬂ%gﬁ]-?)%ngﬁ{:g%égéfpy ))f‘mﬂé%]zoqzﬁlazol -5-~vy1,

[ (N, N-di net hW%BﬂQfd’)lz?@@tly'ls]'H NBRDRPYFR yRithey 23330
ﬁnzothlaZOI Ehﬁﬁ d%ﬂﬁéﬁiﬂfhﬁanﬂstﬁylpbéﬁ&ﬁﬂﬁﬁﬂﬂuﬂdyIS 1, 3-benzodioxol-
[
met hy
[
y
[
y

yl met hyl pro nami e
(N, N-di glc'gt 3yﬂej“§|% ASTeRr P37 FAfkisa)s;. or @ radical of
2-di f | uor o- lt;mtfmzmmabxol 5-yl )sul f onyl ] (2- 35

propyl)am no] - 1S- (phenyl met hyl ) PR G g8l net hyl - but anam de;

I
28 (N, N-di net hyl am no) acet yl ] am no] - Xy- 3-
[[(2,2-difluoro-1, 3- benzodi oxol - 5-yl ) sulNg## ] Rﬁo
met hyl propyl ) am no] 1S- (phenyl et hyl ) propyl | - I]; yl - but anam de;
2S-[[ (N, N- di net hywkexeis) dcand Bagerb)| rﬁpf‘ﬁﬂe‘h‘ycﬁm&/ yepresents
ELE F di f1 uoro- ldéhﬁé&&ﬁﬂd'&k&hwﬁ yler syl { opybpy¢ P, opropyl or fluoro

propy!) gyt nol 53 {Phen T8¢ JbBE SRV Tighir 3R ORLARB0R TR ety

or fluoro radicals; or a radical of the formula

L Z
CL
. N

wherein 2 represents 0, S or NH; and R? represents a
radical of formula o o
- JYL 2 s }S,/\ R . O§sllo
s.N X,R ‘%] N\ ’ ‘.N/ \Rzz
15 H , R% or H
wherein Y represents O, S or NH; X represents a bond, O or

NR21;

R20 represents hydrogen, alkyl of 1 to 5 carbon atoms,

20 phenylalkyl of 1 to 3 alkyl carbon atoms, heterocycloalkyl
of 5 to 6 ring members and 1 to 3 alkyl carbon atoms, or
N-mono-substituted or N,N-disubstituted aminoalkyl of 2 to
3 alkyl carbon atoms wherein said substituents are alkyl
radicals of 1 to 3 carbon atoms; and

25 |
R2l represents hydrogen or methyl radicals; or the radical
of formula -NR29R21 represents pyrrolidinyl, piperidinyl,
piperazinyl, 4-methylpiperazinyl, 4-benzylpiperazinyl,
morpholinyl or thiamorpholinyl radicals; and

30
R22 represents alkyl radical of 1 to 3 carbon atoms; and



2S-[ [ (NN-di met hyl ami no) acetyl ] am no] - N—[2R—hydroxy 3-
25 2-di fl uor o- 1, 3- berzed-0X0| ~S5—y{3-sufenyt(2=—50
met hyl propyl ) am no] - 1S—(pheny|neth t hyl - pentanam de;
2S-[[ (N, I\I—dlrrethylamno)acetyl]a WEMW ‘W‘Wy 3- _
[[(2,2-difluoro-1, 3-benzodi oxol -
met hyl pr opqumms] 1S- (phenyl rret hyl ) propyl ] -4- pent ynani RCT/USISAWBDG/ 28464
/

CT/ US96/ 02685 271 2S-[[ (N, N-di et hyl am no) acet yl ] am no] - N-[ 2R- hydr oxy- 3-
[ (1, 4- benzodi oxan- 6-yl ) sul fonyl] (2- net hy2gs opyl ) am no] -

1S- (phenyl met hyl ) propyl ] - 3, 3-di net hyl - but anam de; 5

2S-[[ (N, N-di et B4 )RiGetepicharindebehdERR Nyremreseht hydrogen, alkyl

1,4-b di I I o]
LS (phenyl net byl Soropy aﬁ‘ﬂ"‘“‘)ﬁﬁ% PEEAELRPY 321 Pliliy) carbon
2S-[[ (N, N- di net H%I‘JIJ%WFF lr]l&ﬁh RETDRY [ betexeamdkyd of 1-3 alkyl
[[(1, 4- benzodihormkﬁ?ryla)wnisf ,ORycllo21kpl hyf P3 0Pyt irfgTinddbers,
1S- (ph I OREORA
25 L[N N df oot Qf%m b TheRr OB 8 ?i?riw 8. pwdppvalkyl of 1-3
[[ (1, 4-benzodi o I?PQMSIOWFFPPZYﬁ%kh I@#cﬂn&)a%hmiﬂcarbon atoms or

1S- (phenyl nmet hy | phemily IdaddZanet, hyl - pent anam de;
2S-[[ (N, N-di net hyl am no) acet yl ] am no] - N-[ 2R- hydr oxy- 3-
[[(1, 4- benzodi oxan- 6- yI)squonyI](2 met hyl propyl ) am no] -
. Compound of Claim 2, or a pharmaceutically

10 acceptable salt, prodrug or ester thereof, wherein

/T

Rl represents iso-propyl, sec-butyl, tert-butyl, 3-

propynyl, cyanomethyl, imidazolylmethyl,'-CH2CONH2,

-CH2SCH3, -CH2S(O)CH3, -CH2S(O)2CH3, -C(CH3)2SCH3,
15 -C(CH3)2S(0)CH3 or -C(CH3)2S(0)2CH3 radicals;

R2 represents isobutyl, n-butyl, CH3SCHCHa-,
phenylthiomethyl, (2-naphthylthio)methyl, benzyl, 4-
methoxyphenylmethyl, 4-hydroxyphenylmethyl, 4-

20 fluorophenylmethyl or cyclohexylmethyl radicals;

R3 represents propyl, isocamyl, isobutyl, butyl,
cyclohexyl, cycloheptyl, cyclopentylmethyl or
cyclohexylmethyl radicals;

25 '
R10 represents hydrogen, methyl, ethyl, propyl,
methoxymethyl, methoxyethyl, hydroxymethyl or
hydroxyethyl radicals;

30 R1ll represents hydrogen, methyl, ethyl, propyl,
isopropyl, butyl, secbutyl, isobutyl, tertbutyl,
hydroxymethyl, hydroxyethyl, methoxymethyl or
methoxyethyl radicals;

35 R4 represents phenyl, 2-naphthyl, 4-methoxyphenyl cr 4-
hydroxyphenyl radicals provided R1l is other than =
hydrogen radical; or R4 represents benzothiazol-5-u1,



20 1S-(phenyl net hyl') pr opy 4- pent

1] - nam d.
2S-[[ (N-benzyl am no) acet yl ] am-nel- m ﬁmm:wﬁ !“( 1, 3-
benzodi oxol - 5-yl ) sul fonyl ] (2-net hyl
(phenyl nmet hyl ) propyl ] -3, 3-di net hyl: - but anam de; 25

2S-[[ (N-benzyl am no) acetyl ] am no] - N-[ 2R- hydr oxy-3-[[ (1, 3-

benzodi oxoWOP684p4 ul f onyl ] ( 2- et hyl propyl ) am no] - 1S- PCT/US96/02685
(phenyl net hyl ) propyl ] - 3- et hyl - but anam de; 30

2S-[[ (N- benzyl am no) acetyl ] am no] - N-[ 2R- lngdr oxy-3-[[ (1, 3-

benzodi oxol - 5- yI)squonylLaZ-nethylpropyl)anino]-lS—

( phenyl et hyl ) pRgnadgthigzedthyyl pehenzexaziel-5281],[ gN3benzyl ami no) acet yl
ani noj - N‘[ZR‘hYthﬁﬁh%mEhzggurﬂﬁeﬁy §U|ﬁéH56ﬂd¥%nagt9X|pioﬁyﬂéﬁggéggxéf}

(phenyl met hyl ) pr, 3 apam de;

2S-[ [ ( N benzyi ar‘ﬁo% @eWFF‘Xgﬁd ‘RF LRRloxyYds [ B 2-dimethyl-1,3-
phenylsuIfonyl]G%ﬂnmﬁhykpﬂaﬁyy;aninz&dﬂdéuﬂﬂko— ,3-benzodioxol-5-y1,
(pheny|”EthYE)pr@ﬂdhfaugﬁbhil EZ_ 5- 1 gr 1, 4-benzodioxan-6-yl

2S-[[ (N-benzyl a am n
[phenylsquonyI]R%glﬁﬁﬁﬁylB oPyFRaHF ]Qﬁj;he formul
(phenyl net hyl ) propyl ] - 3S- net hyl - pentan- e

2S-[ [ (N- benzyl am no) acet yl ] am no] - N-[ 2K crogbugﬁ [
(4- met hoxyphenyl ) sul fonyl ] ( 2- nethylpro-. Fam

(phenyl met hyl ) pr 3,,3-di net - but anam de;

2S-[[ (N benzyl ar’ﬁ%)%@e?yrfﬁﬁ?ﬁ N?’ZFg iﬂFdF‘Eg(yaEd[F represents a

4-nethoxypheny|F@@Ib@ﬂybﬁ(zennuhqlpropyl)an1no] 1S

(phenyl met hyl ) propyl ] - 3- net hy| - but-anam &g;,° QL

2S-[[ (N-benzyl am no) acet,yjl\]]jm ng}c N—{,gﬁ- drw03 [[. - St?
<-

Pt S
R22

10 H . H R? of H

wherein Y represents O, S or NH; X represents a bond, O or
NR21;

R20 represents hydrogen, methyl, ethyl, propyl,

15 isopropyl, isobutyl, benzyl, 2-(l-pyrrolidinyl)ethyl, 2-
(1-piperidinyl)ethyl,.2—(1—piperazinyl)ethyl, 2-(4-
methylpiperazin-1-yl)ethyl, 2-(l1-morpholinyl)ethyl, 2-(1-
thiamorpholinyl)ethyl or 2-(N,N-dimethylamino)ethyl
radicals;

20

R2l represents a hydrogen radical; and
R22 represents methyl radical; and

25 R1Z and R13 each independently represent hydrogen,
methyl, ethyl, propyl, isopropyl., cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclohexylmethyl,
benzyl, phenylethyl, 2-pyridylmethyl, 3-pyridylmethyl, 4-
pyridylmethyl, 2-(2-pyridyl)ethyl, 2-(3-pyridyllethyl, 2-

30 (4-pyridyllethyl, furylmethyl, 2-furylethyl; 2-
hydroxyethyl, 2-methoxyethyl or phenyl radicals.



55 4-met hoxyphenyl ) sul fonyl ] (2- met hyl propyl ) am no] - 1S- (phenyl met hyl

p+oepyl ] - 3S- net hyl-~—pentahrari-de —We-06/-28464 _——— S—
PCT/ US96/ 02685 272 2S-[[ (N-benzyl am no) acetyl Jam no]J - N[ 2R- hydroxy-3-[[

(2, 3- di hydr obenzof ur an- 5-yl ) sul f onyl mmml o i
am noJ - 1S- (phenyl met hyl ) propyl ] - 3, 3- E"EEE Ide; 5
2S- [ [ ( N- beWD\P6a%640) acet yl ] ami no] - N-[ 2R- hyd¥ oxy- 3- | [ PCT/US96/02685
2, 3-di hydr obenzof uran-5-yl ) sul fonyl ] (2- et hyl propyl)
am no] - 1S- (phenyl et hyl ) propyl ] - 3- net hyl - lagsanam de; 10
2S-[[ (N-benzyl am no) acetyl | am no] - N-[ 2R- hydr oxy-3-[[ ( .
2, 3- di hydr obenzof ur an45- yCpmpannéngf | ¢airthydpeoppiaymaceutically
ani no] - 1S- ( pheny lasidprabpeopilt ; 3Sro@hhy | o 8¥t¥12Frd@eof, wherein n
2S-[ [ (N- benzyl am_no cetﬁl] m no] - N-[ 2R- hydroxy-3-[[ 15
(benzothiazol-6-fﬁﬁé PEBHYI 1€ 2- met hyl propyl ) am no] - 1S-
(phenyl net hyl ) propyl | - 3, 3-di net hyl - but anam de; g
23‘[[(N‘benzysa”@ﬂok%?§E¥5h€§1ngiﬁﬁtfﬁ%r%%¥fvﬁﬁﬁ?l iso-propyl, 3-
benzot hi azol - 6-yl ) sul fonyl [ (2- met hyl pro i nQL- 15 >20 _
(phenyl net hyl ) pr ngiﬁel:%ﬁ?%ﬁ m%)e/;" {8H3(325 (8) 2CH3 radicals;
28—[[(N—benzy|anino)acetyl]anino]-N—[2R—hYdroxy-3-[[(
benzot hi azol - 6- ylpps - r ) - 1S
(phenyl net hyl ) pr ?)Syr-‘%?%%?%%ﬁﬁ?‘%%ﬁ%Enﬁfnf’ld}e“;*%%ﬁﬁethﬂ or
25S- [ [ (N- benzyl anic¥Gteberyingrhyid] ragicelswdr oxy- 3-[ [

10

R10 and R1l each independently represent hydrogen, methyl
or ethyl radicals;

R4 represents phenyl, 4-methoxyphenyl or 4-hydroxyphenyl

15 radicals provided R1l is other than a hydrogen radical;
or R4 represents benzothiazol-5-yl, benzothiazol-6-yl,
2,3-dihydrobenzofuran-5-yl, benzofuran-5-yl, 1,3-
benzodioxol-5-yl, 2-methyl-1,3-benzodioxol-5-y1, 2,2-
dimethyl-1, 3-benzodioxol-5-yl, 2,2-dideutero-1,3-

20 benzodioxol-5-yl, 2,2-difluoro-1,3-benzodioxol-5-yl, 1,4-
benzodioxan-6-yl, 2~ (methoxycarbonylamino)benzothiazol-6-
vyl or 2-(methoxycarbonylamino)benzimidazol-5-yl radicals;

R12 represents hydrogen or methyl radicals; and
25
R13 represents hydrogen, methyl, ethyl, propyl,
cyclopropyl, isopropyl, benzyl, 2-phenylethyl, 2-
pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 2-(2-
pyridyl)ethyl, 2-(3-pyridyl)ethyl, 2-{4-pyridyl)ethyl,
30 furylmethyl, 2-furylethyl or 2-methoxyethyl radicals.

5. Compound of Claim 1 wherein said
pharmaceutically acceptable salt is hydrochloric acid
salt, sulphuric acid salt, phosphoric acid salt, oxalic

35 acid salt, maleic acid salt, succinic acid salt, citric
acid salt or methanesulfonic acid salt.



(2-napht hyl ) sul fonyl ] (2- et hyl propyl ) am no] - 1S-
(phenyl met hyl ) propyl ] -3, 3-di mnethyl - but anam de; ..30__.
2S-[[ (N- benzyl am no) acet yl ] am noj=Nf2Rhydroxy- 3-]] (

2- napht hyl ) sul fonyl ] ( 2- nethylprop Tl
(phenyl net hyl) propyl ] - 3- et hyl - $B§m1mm‘|“l“l
2S- [ [ (N- bemydsmeasao) acet yl | am no Xy-3=[[( 35 PCIUS%/02685
2- napht hyl ) sul fonyl ] ( 2- net hyl propyl ) am no] - 1S-

(phenyl net hyl ) propyl ] - 3S- net hyl - pent anami c%s

2S-[[ (N-benzyl am no) acetyl ] am no] - N-[ 2R- hydr oxy- 3-[ [

(1, 4- benzodi oxan- 6- yI )ssul totpblihd- 6Bt 1A i P Wher@imokald 40

(phenyl net hyl ) pr y
2S-[ [ (N- benzyl am™o ace{ey t]qgrgn?[%g Lﬁgfé%?s&lyt §'s[ Pe/drochlorlc acid
1, 4- benzodi oxan- Galit),.s exRIAF| aGanEG | qu @&aidosals- or

(phenyl met hyl ) pr YBthandsumicBnichatagagate; 45

2S-[ [ (N- benzylam no) acet yl ] am no] - N- [2R— hydr oxy-3-[[ (

1, 4- benzodi oxan- 6-yl ) sul f 23 ropyl L am ,nQl- 15

(phenyl met hyl )propyl ] %38- EQ%RLFA pen Jétér)n dgy %b‘ ' ]s

2S-[[ (N benzyl am no) acet yl %am nojl - N-[ 2R- ?droxy 3

benzodi oxol - 5- yl )&81 ldAy P@-‘ﬁag F%@W : _[3R-hydroxy-—3 [0(1,3-
h | h =T ] I fo (2 yvlpropyl)amino]-18-

R T TIN benydtan H‘g PRESRYL] ok JyAkmRE A -bgs anami de

[[ phenyl sul f onyl ]452 wﬁg&%&&g%ﬂm Qeétylffan(l%quw TSRO APERPYA- 11 (1, 3-

pent - 4- ynami de; yl)sulfonyl)] (2-methylpropyl)amino) -15-
PCT/ US96/ 02685 (phenylmethyl)propyl] ~3-methyl-butanamide;
15

2S~-[[ (N~methylamino)acetyllamino] -N-[2R-hydroxy-3-[[ (1,3~
benzodioxol-5-yl)sulfonyl) (2-methylpropyl}amino}-15-
(phenylmethyl)propyl] -3-cyanopropanamide;

20 2S—[[(N-methylamino)acetyl]amino]—N-[2R—hydroxy—3-[[(1,3~
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -18-
(phenylmethyl)propyl]-3S-methyl-pentanamide;

25-{[{(N-methylamino)acetyllamino] -N~[2R-hydroxy-3- [[(1.3-'
25 benzodioxol- S—yl)sulfonyl](Z—methylpropyl)amlno] -18~
(phenylmethyl)propyl]l-4-pentynamide;

2S-{[ (N-methylamino)acetyllamino]-N-| 2R—hydroxy'-3 -
[[(benzofuran-5-yl)sulfonyl] (2-methylpropyl}amino] -1S-
30 (phenylmethyl)propyl]-3,3-dimethyl-butanamide;

2S-[[ (N-methylamino)acetyl]amino]} -N- [2R-hydroxy-3-
[[ (benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl]-3-methyl-butanamide; _
35 ' -
2S-[[ (N-methylamino)acetyl]amino] -N- [2R-hydroxy-3-
{[{(benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -18-
{phenylmethyl)propyll-3-cyanopropanamide;

40 2S5-[[(N-methylaminolacetyll]lamino]-N-[2R-hydroxy-3-
[{{benzofuran-5~yl)sulfonyl] (2-methylpropyllamino]-1S-
{phenylmethyl)propyl] -3S-methyl-pentanamide;

2S-[[ (N-methylamino}acetyl]amino) -N- [2R-hydroxy-3-
45 [[{benzofuran-5-yl)sulfonyl]) (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl]-4-pentynamide;

2S-[ [ (N-methylamino}acetyll}amino] -N- [2R-hydroxy-3-[{(2-
methyl-1, 3-benzodioxol-5~yl)sulfonyl] (2-methylpropyl)
50 aminoj-1S-(phenylmethyl)propyl]-3,3-dimethyl-butanamide;



273 28—[[(N—benzy|an1no)acetyl]an1no] N—[2R—hydroxy-3-[[(4-
net hoxyphenyl ) sul f S-

(phenyl net hyl ) propyl ] pent - 4-ynam de; 5

2S-[ [ (N- benzyl am no) acet yl ] am no] -
[ [ benzot hi azol - 6-yl ) sul f onyl ] (2- net hyﬁm"mmmmmmmi (phenyl rret hyl)
propyl ] pentwé-ogngess de; 10

2S-[ [ (N- benzyl am no) acet yl ] am no] - N—[2R—hydroxy 3-[[(2, 3-

di hydr obenzof ur an- 5- yI)squonyI](2 nethylpropyl)anlno]

1S- (phenyl met hyl ) propyl ] pent - 4- ynam de;

28—[[(N—benzy|an1n ace I]an1no] N—[2R—hydroxy 3-

- —N— 2R-hyd -3-[[(2-
e R
é By et RRARYA) -3 -PEL iy} -butanamide;

2S-[[ (N-benzyl am

benzodi oxan- 6- yl)ggl&qqﬁlh ChyELMAPY £ty 138 %] LR= [2R-hyd -3-[[(2-
(phenyl et hyl ) pr ogskhpent g gg%&é‘oxol Sgyaijl.)sulfo é(2—m§tl§<y)gropyl)
2S-[[ (N-benzyl am aﬁmawt-yé}@ﬁhéﬁa}hhét{ ke -3 -ér

benzodi oxol - 5-yl ) sul fonyl ] ( 2- nethylpropyl)an1no]

(phenylnethyl)proﬁﬁkﬂﬁéﬂ%m&tymhmmrhp)dﬁbtyl]amlno]-N-[ZR hydroxy-3-[[(2-
28—[[(N—cyc|ob@oppﬁ&thoia Bgm o1 15{vanswldonyy] $2-methylpropyl)
[[ (1, 3-benzodi oxoamsnyﬂ)- & { 9113}@@%3@%&9|~)‘5§nmﬁ‘é]1yl-pentanamde.

1S- (phenyl met hyl) r 3 3 d I but an1de _

2S-[[ (N-cycl oprop F e 3 -gggiggrim%)(z

[[(1, 3- benzodi on p s 7 namide-

1S- (phenyl net yI)propy n !

2S- [ [ (N-cycl opr opgkarfi Qﬁlﬁeeﬁyiiﬁm&f&cé%ﬂl%ﬁhﬁyl@r}QWT 3R-hydroxy-3-[[(2,3-
dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -

18- (phenylmethyl)propyl]-3,3-dimethyl-butanamide;

fiogropanamide;

20
28-[[ (N-methylamino)acetyl}amino}-N-[2R-hydroxy-3-[[(2,3-
dihydrobenzofuran-5-yl)sulfonyl] {2-methylpropyl)amino] -
1S- (phenylmethyl)propyl] -3-methyl-butanamide;

25 28-[[{N-methylamino)acetyl]lamino]-N-[2R-~-hydroxy-3-({[(2,3-
dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -
1S-{phenylmethyl)propyl]-3-cyanopropanamide;

2S-[ [ (N-methylamino)acetyl]amino]-N-[2R~hydroxy-3-[({(2,3-
30 dihydrobenzofuran-5-yl)sulfonyl]} (2-methylpropyl) amino]-
1S-phenylmethyl}propyl] ~-3S-methyl-pentanamide;

25-[{ {(N-methylamino)acetyl)amino] -N-[2R-hydroxy-3-[[(2,3-
dihydrobenzofuran-5-yl})sulfonyl) (2-methylpropyl)amino] -
35 1S-phenylmethyl)propyll}l-~4-pentynamide;

2S-[[ {(N-methylamino)acetyl)amino] -N- [2R-hydroxy-3-
[[ (benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino] -1S-
{phenylmethyl)propyl]-3,3-dimethyl-butanamide;

40
2S-[[ {(N-methvlamino)acetyl]amino] -N- [2R-hydroxy-3-
[[(benzothiazol-6-yl)sulfonyl] (2-methylpropyl)aminoj-1S-
(phenylmethyl)propyl] ~3-methyl-~butanamide;

45 2S~{([(N-methylamino)acetyl]amino]-N-[2R-hydroxy-3-
{{{benzothiazol-6-vl)sulfonyl] (2-methylpropyl)amino] -15-
{phenylmethyl)propyl] -3-cyanopropanamide;

: 25-[[(N-methylamino)acetyl}amino]~N-[2R—hydroxy-3—
50 [[{benzothiazol-6-yl}sulfonyl] (2-methylpropyl}amino}-18-
(phenylmethyl)propyl]-3S-methyl—pentanamide;

2S-[{ (N-methylamino)acetyl)amino] -N-[2R-hydroxy-:-
[{ (benzothiazol- 6-yl)sulfony1](2-methylpropyl)am o -132-
S5 {phenylmethyl)propyl] -4-pentynamide;



35 [[(1, 3- benzodi oxol - 5-yl ) sul fonyl ] ( 2- nethylpropyl)an1no]
1S- (phenyl net hyl ) propyl ] - 3S- net hyl -
28—[[(N—cyc|opropy|an1no)acetyl]anlno\-N-[ZR-hy r oXy-
[ [ phenyl sul fonyl ] (2- et hyl pr opyl ) ami Hﬁm
(phenyl net hyl) propyl ] - 3, 3-di met hyl - I I””’”"ﬂ
S-[[ (N-cysbopgimsmgsl am no) acetyl ] am no]j - [2R— yds ox#/ - 3-
phenyl sul f onyl ] (2- net hyl propyl ) am no] - 1S-
nyl met hyl ) propyl ] - 3- net hyl - but anam de;,, 45
[ (N-cycl opropyl am no) acetyl ] am no] - f%é hydr oxy- 3-

e

[
phenyl sul fony! Jyg- rﬁw\beag t}niﬁgiéleéq} amigo] -N- (2R-hydroxy-3- ({(2, 2-

henyl met hyl ) pr @ BhYenPSai ket 2A4lfonyl) (2-methylpropyl)

[[ (N-cycl opr omﬁlamlnq)saqphyhi:mwl ot my-ckr @xdimethyl-butanamide;
(4- met hoxyphenyl ) sul fonyl ] (2- et hyl propyl ) am no] - 1S-
henylnethylﬁprgﬁyﬂﬂ($>®edhyéamynob@¢euuﬂﬂan;no]-N [2R-hydroxy-3-[[(2,2-
[[ (N- cycl opr oiiifamiore éeéryepand¥@$0l¢§1M1nﬂn%ﬁ9%¥13425sethylpr0pyl)
(4- et hoxyphenmzm I-d8yI(phenyiralinl kgm%ﬁ

henyl et hyl ) pr -buta an1d .

CT/ US96/ 02685 2 é &‘;@gﬁ‘ Fa R 1 E@?@&éﬁygy 3-
[ (4- nethoxyp en & ? f#%? 5
phenylnethyl)prop;1 P pent aha ;

S-T1

[
ph
S-
[
p
S-
[
p
S
[ gyl-butanamlde,
p

13Q propanamlde,

(N-cycl opr opg-ani (mh@eayxhhﬂﬁbn@&eﬁzi ]?ﬁiihw?]r-WX2ﬁ=-hydroxy-3- [[(2,2-
difluoro-1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)
15 aminol]-15-(phenylmethyl)propyl]-3S-methyl-pentanamide;

2
[
(
2
[
(
2
[
(
2
[
(
P
[
(
2

28-[ [ (N-methylamino)acetyl]amino] -N-{2R-hydroxy-3-[[(2,2-
difluoro-1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl]-4-pentynamide;
20 -
2S-[ [ (N-methylamino)acetyl}amino) -N-[2R-hydroxy-3-[[(1,4-
benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyl] -3,3-dimethyl-butanamide;

25 2S-[[{(N-methylamino)acetyl]lamino]-N-[2R-hydroxy-3-[[(1,4-
benzodioxan-6-yl)sulfonyl] (2-methylpropyl)aminol-1S-
(phenylmethyl)propyl]-3-methyl-butanamide; _

2S-[ [ (N-methylamino)acetyllamino] -N- [2R-hydroxy-3-[[(1,4-
30 benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino}-1S-
{phenylmethyl)propyl]}-3-cyanopropanamide;

2S8-[[ (N-methylamino)acetyl]amino]-N-(2R-hydroxy-3-[{(1,4-
benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino]-1S-
35 (phenylmethyl)propyl]-3S-methyl-pentanamide;

25-[[ (N-methylamino)acetyl)aminol-N-{2R-hydroxy-3-[[(1,4-
benzodioxan-6-yl)sulfonyl] (2-methylpropyl)amino}-1S-
(phenylmethyl)propyl]-4-pentynamide;
40 :
2S-[[(N,N-dimethylamino)acetyllamino] -N~ [2R-hydroxy-3-
[[{1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino] -
1S- (phenylmethyl)propyl}-3,3-dimethyl-butanamide;

45 25-[[(N,N—dimethylamino)acetyl]amino]-N—[2R—hyd:oxy73—
[[{1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino]-
18- (phenylmethyl)propyl] -3-methyl-butanamide;

ZS-[[(N.N—dimethylamino)acetyl]amino]-N-[2R—hydroxy73-
50 [[(1,3—benzodioxol-5-y1)sulfonyl](2—methylpropyl)am1no]-
1S- {phenylmethyl)propyl] -3-cyanopropanamide;

25-[ [ (N,N-dimethylamino)acetyl]lamino] -N-[2R-hydroxy-3-
{1(1,3-benzodioxocl-5-yl)sulfonyl) (2-methylpropyl)aminoj-
55 15-(phenylmethyl)propyl)-3S- meth}l pentanamide;



[[ (2, 3-di hydrobenzof uran-5-yl )
|

amno] - 1S- (phenyl methyl ) propy
2S-[[ (N-cycl opropyl am no) acety
)

I

on y ]1(2- rrethyl propyl)
2

ippihvl—but anani .de-
H e

H
(D)

o

| f
3

] am no] - N-[ 2R- hydr oxy- 3-
[[ (2, 3-di hydrobenzof uran-5-yl)sul fo ln Hyl)
anm no] - 1S- (phenyl met hyl ) pr opy nmll mlﬂmmlﬂ
2S- [ [ (N- cyWO 8§28464/ | anmi no) acet yl ] am nd] - N- [2R-"ydr oXy- 3- 1BCT/US6/0268S
[[ (2, 3-di hydr obenzof uran-5-yl ) sul f onyl ] (2- net hyl pr opyl )
am no] - 1S- (phenyl nmet hyl ) propyl ] - 3S- net hyl2gent anam de;
2S-[[ (N-cycl opropyl am no) acetyl ] am no] - N-[ 2R- hydr oxy- 3-
[ [ (benzot hi azol D (QUN-griyel b lanihg | acepnyl )awined]-NES2R2Bydroxy -3~

rgéﬁ

su
4
|
s
]-
|
s

(phenyl net hyl ) p 3~bepzedioxpy Sl heakferyl] (2-methylpropyl)amino] -

2S-[[ (N-cycl opr W)la@ébyll}’ BW%}IMTQ@‘}W@F 3-
[[(benzothla Yo 2 neth r am naj - el
prenyt o AL ﬁft‘* i R
2S- [[(N—cyclopr @&Qg % ? - %gg{qigﬁ f

[[ (benzot hi azol - 6- % e hylpropy m noj - henylnethyl)
propyl] - 3S- et h}ds-ﬂqrm\ﬂm@ld@thf@amlno)acetyl]amlno] -N- [2R-hydroxy-3-
2S- [ [ (N- cychopr opyfbenzeduaaat$-iarsabEoiy{ PR yetiaprdpyl) amino) -15-
[[(2- naphthyl)snmphnnwlh@mhyébbybpymDyB}methgm—ﬁuﬁanam1de,
(phenylnethyl)p y 3 dlneth I-butanan1de

2S-[[ (N-cycl opr hy aniED Tgrimedy-N3-[ 2B5hydroxy -3 -
[[(2- naphth |)su g iﬁgw Jlles;hylpropyl)ammol -18-
(phenyl et h P)pr PIBRY anant r°panamlde'

25 [[(Ncycl Opr iEHnQR% ﬁgfﬁ BN [ 2R-hydroxy-3-
[[(2- naphthyl)s ESQHY %ropyl)giinngls—
(phenylnethyl)pr@gng ot tﬁ?lhb oB?ﬂ a@ l-pentanamlde.

2S-[[ (N-cychkaopr opyl ami no) acetyl ] am no] - - hydr oxy- 3-

28-1[ (N, N~d1methylam1no)acetyl]amlno]—N [2R-hydroxy~-3-
[[ (benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
{(phenylmethyl)propyl] -4-pentynamide;

25 2S8-[[(N,N-dimethylamino}acetyl]lamino]-N-[2R-hydroxy-3-
{[(2-methyl-1,3-benzodioxol- 5—y1)sulfonyl](2-methyl
propyl)amino]-18- (phenylmethyl)propyl] 3-dimethyl-
butanamide;

30 2S8-[[(N,N-dimethylamino)acetyllamino] -N-[2R-hydroxy-3-
[[(2-methyl-1,3-benzodioxol-5-yl)sulfonyl] (2-methyl
propyl)amino] -1S- (phenylmethyl)propyl] -3-methyl-~
butanamide;

35 28-[[(N,N-dimethylamino)acetyl]amino]~N-[2R-hydroxy-3-
[[(2-methyl-1,3-benzodioxol-5-yl)sulfonyl] (2-methyl
propyl)amino] -1S~ (phenylmethyl) propyl] -3~
cyanopropanamide;

40 2S8-[[(N,N-dimethylamino)acetyl]amino]-N-[2R-hydroxy-3-
[[{2-methyl-1,3-benzodioxol-5-yl}sulfonyl] (2-methyl
propyl)amino] -1S- (phenylmethyl)propyl] -3S-methyl-
pentanamide;

45 28-[[{(N,N-dimethylamino)acetyl]amino]-N-[2R-hydroxy-3-
({(2-methyl-1,3-benzodioxol-5-y1l)sulfonyl] (2-methyl
propyl)amino] -1S- (phenylmethyl)propyl] -4-pentynamide;

ZS—[[(N,N-dimethylaminb)acetyl]amino]-N—[2R~hydroxy—3—
S0 {{(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl]-3,3-dimethyl-butanamide;

2S-[ [ (N,N-dimethylamino)acetyl]lamino] ~-N-[2R-hydroxy -3~
[{(2,3-dihydrobenzofuran-5-ylisulfonyl] (2-methylpropyl)
55 amino]-1S-(phenylmethyl)propyl]-3-methyl-butanamide;



[[(1, 4- benzodi oxan- 6-yl ) sul fonyl ] (2- nethylpropyl)an1no]
1S- (phenyl et hyl ) propyl ] - 3, 3- dLnnlhy -
25- [[(N—cyclopropylan1no)acetyl]an1 droxy 3-
[[(1, 4- benzodi oxan- 6-yl ) sul fonyl ] ( I@ Iﬁ"l_no]
1S- (phenyl met hyl ) propyl ] - 3- et hyl - but ara
2S-[[ (N- cywongeregsgl am no) acet yl ] am no] - N-| 2R— hydroxy 3-  PCT/US96/02685
[[(1, 4- benzodi oxan- 6-yl ) sul fonyl ] (2- et hyl propyl )am noj -
1S- (phenyl met hyl ) propyl | - 3S-net hyl - pent anagggge; 2S-
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28-[ [ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
35 3-[[(1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl]-3-methyl-butanamide;

25-[[ (N-2-methoxyethylamino)acetyl]amino) -N-[2R-hydroxy-
3-[[(1,3-benzodioxol-5-yl)sulfonyl](2-methylpropyl)
40 amino]-1S-(phenylmethyl)propyl]-3S-methyl-pentanamide;

2S-[[ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
3-[[phenylsulfonyl] (2-methylpropyl)amino] -15-
(phenylmethyl)propyl]}-3,3-dimethyl-butanamide;

45
25-[[ (N-2-methoxyethylamino)acetyl}amino] -N- [2R-hydroxy-
3-[[phenylsulfonyl] (2-methylpropyl)amino] -18-
{phenylmethyl)propyl]-3-methyl-butanamide;

50 ZS-[[(N-2-methoxyethylamino)acetyl]am@no]—N-[ZR-hydroxy—
3-[ [phenylsulfonyl] (2-methylpropyl)amino] -15-
{phenylmethyl)propyl]-3S-methyl-pentanamide;

25-[[ (N-2-methoxyethylamino)acetyl]lamino] -N-[2R-hydroxy-

55 3-{[t4-methoxyphenyl)sulfonyl](2—methylpropyl)aminc]—15—
{phenylmethyl)propyl]-3,3-dimethyl-butanamide;

* c L M H *




WO 96/28464 PCT/US96/02685

10

15

20

25

30

35

40

45

50

55

276

28-[[ (N-2-methoxyethylamino)acetyl]amino) ~N- [2R-hydroxy-
3-[[{4-methoxyphenyl)sulfonyl] {2-methylpropyl)amino]-15-
(phenylmethyl)propyl] -3-methyl-butanamide;

2S8-[ [ (N-2-methoxyethylamino}acetyl]amino] ~N- [2R-hydroxy-
3-[[ (4-methoxyphenyl)sulfonyl] (2-methylpropyl)amino]-15-
(phenylmethyl)propyl]-3S-methyl-pentanamide;

2S-[[ (N-2-methoxyethylamino}acetyl]amino]-N-[2R-hydroxy-
3-[[({2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino)-1S8- (phenylmethyl)propyl) -3, 3-dimethyl-butanamide;

2S-{ [ (N-2-methoxyethylamino)acetyl]amino] -N~- [2R~hydroxy-
3-[[(2,3-dihydrobenzofuran~5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- {(phenylmethyl)propyl] -3-methyl-butanamide;

28-[[ (N-2~-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
3-{[(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl] -3S-methyl-pentanamide;

28-[[ (N~-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
3-[[ {(benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino] -
1S- {phenylmethyl)propyl]-3,3-dimethyl-butanamide;

25-[[ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
3-[[ (benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino] -
18- (phenylmethyl)propyl] -3-methyl-butanamide; -

2S8-[[ (N-2-methoxyethylamino)acetyllamino] -N-[2R-hydroxy--
3-[ [ (benzothiazol~-6-yl)sulfonyl] (2-methylpropyl}amino] -
1S- (phenylmethyl)propyl]}-3S-methyl-pentanamide;

2S8-[ [ (N-2-methoxyethylamino)acetyl]amino] -N-[2R-hydroxy-
3-[[(2-naphthyl)sulfonyl] (2-methylpropyl)amino]-15-
(phenylmethyl)propyl]-3,3-dimethyl~butanamide;

25~[[ {(N-2-methoxyethylamino)acetyl)aminoc] -N- [2R-hydroxy -
3-1{(2-naphthyl)sulfonyl] (2-methylpropyl)amino) -1S-
(phenylmethyl)propyl] ~3-methyl-butanamide;

2S5-[[ (N-2-methoxyethylamino)acetyllamino] ~-N- [2R-hydroxy-
3-[{[(2-naphthyl)sulfonyl] {2-methylpropyl)amino]-15-
(phenylmethyl)propyl]-35-methyl-pentanamide;

28~ [[ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy -
3-1{(1,4-benzodioxan-6-yl)sulfonyl} (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl])-3,3-dimethyl-butanamide;

25~ [[ (N-2-methoxyethylamino)acetyl)amino] -N- [2R-hydroxy -
3-[{[¢1,4~benzodioxan-6-yl)sulfonyl] (2-methylpropyl}
amino]-ls—(phenylmethyl)propyl]—3-mephyl-butanamide;

2S-[[[N-Z-methoxyethylamino}acetyl]aminol-NQ[ZR-hydroxy—
3-[{{(1,4-benzodioxan-6-yl)sulfonyl] (2-methylpropyl)
aminol-1S- {phenylmethyl)propvl]-3S-methyl-pentanamide;

] ) O
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2S-[[ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
3-{[(1,3~benzodioxol-5-yl)sulfonyl] (2-methylpropyl)
amino]} ~1S- (phenylmethyl)propyl]lpent-4-ynamide;

25-[ [ (N-2-methoxyethylamino)acetyl]amino] -N- [2R-hydroxy-
3-[ [phenylsulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propyllpent-4-ynamide;

28-[[ (N-2-methoxyethylamino)acetyl)amino] -N-[2R~hydroxy-
3-[[ (4-methoxyphenyl)sulfonyl] (2-methylpropyl)amino] -18-
(phenylmethyl)propyl]lpent-4-ynamide;

2S-[ [ (N-2-methoxyethylaminoc)acetyl]amino] -N- [2R-hydroxy-
3-[[benzothiazol-6-yl)sulfonyl] (2-methylpropyl)amino}-1S-
(phenylmethyl)propyl]lpent-4-ynamide;

2S-[ [ {(N-2-methoxyethylamino)acetyl]amino}-N-[2R~-hydroxy-
3-1{[(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2-methylpropyl)
amino] -1S8- (phenylmethyl)propyllpent-4-ynamide;

25-[[ (N-2-methoxyethylamino)acetyl]amino] -N- [2R~hydroxy -~
3-[[2~-naphthyl)sulfonyl] (2-methylpropyl)amino] ~-1S-
(phenylmethyl)propyl]pent-4-ynamide; :

25-[ [ (N-2-methoxyethylamino)acetyllamino}-N- [2R-hydroxy-
3-[[(1,4-benzodioxan~6-yl)sulfonyl) (2-methylpropyl)
amino] -1S- (phenylmethyl)propyllpent-4-ynamide; or

2S8-[ [ (N-2-methoxyethylamino)acetyllamino] -N- [2R-hydroxy-
3-[[(1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl}.
amino] ~1S- (phenylmethyl)propyl]lpent-4-ynamide.

8. Composition comprising a compound of Claim 1 and
a pharmaceutically acceptable carrier.

9. Method of inhibiting a retroviral protease
comprising administering an effective amount of a
compound of Claim 1.

10. Method of treating a retroviral infection
comprising administering an effective amount of a
composition of Claim 8.

11. Method of preventing replication of a
retrovirus comprising administering an effective amount
of a compound of Claim 1.
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12. Method of preventing replication of a
retrovirus in vitro comprising administering an effective
amount of a compound of Claim 1.

5 13. Method of treating AIDS comprising
administering an effective amount of a composition of
Claim 8.
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cycloalkyl of 3-6 ring members, cycloalkylmethyl of 3~ 6
ring members, hydroxyalkyl of 1-3 carbon atoms,
methoxyalkyl of 1-3 alkyl carbon atoms or phenyl
radicals; even more preferably, R12 and R13 each

5 independently represent hydrogen, methyl, ethyl, propyl,
isopropyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclohexylmethyl, benzyl, phenylethyl, 2-
pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl, 2-(2-
pyridyl)ethyl, 2-(3-pyridyl)ethyl, 2-(4-pyridyl)ethyl,

10 furylmethyl, 2-£urylethyl, 2-hydroxyethyl, 2-methoxyethyl
or phenyl radicals; most preferably, R12 represents
hydrogen or methyl radicals; and most preferably, R13

. represents hydrogen, methyl, ethyl, prdpyl, cyclopropyl,
isopropyl, benzyl, 2-phenylethyl, 2-pyridylmethyl, 3—'

15 pyridylmethyl, 4-pyridylmethyl, 2-(2-pyridyl)ethyl, 2-(3-
pyridyl)ethyl, 2-(4-pyridyl)ethyl, furylmethyl, 2-
furylethyl or 2-methoxyethyl radicals.

Another family of compounds of interest within
20 Formula I as defined above wherein

. R4 represents

heterocyclo or benzo fused heteroaryl radicals provided
Rl is a hydrogen or alkyl radical; preferably, R4

25 represents aryl, benzo fused 5 to 6 ring member
heteroaryl or benzo fused 5 to 6 ring member heterocvclo
radicals provided Rl is other than hydrogen or alkyvl
radicals, and R4 represents benzo fused 5 to 6 ring
member heteroeryl or benzo fused 5 to 6 ring member

30 heterocyclo radicals provided Rl is a hydrogen or alkyl
radical. '

The absolute.stereoehemistry of the carbon atom of
-CH(OH) - group is preferably (R). The absolute
35 stereochemistry of the carbon atom of -CH(Rl)- group is
preferably (S). The absolute stereochemistry of the
carbon atom of-CH(R2)- groups is preferably (S).
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(S7) Abstract

Selected  bis-amino hydrox-
yethylamino sulfonamide compounds of
formula (1} are effective as retroviral protease
inhibitors, and in particular as inhibitors of
HIV protease. The present invention relates
to such retroviral protease inhibitors and,
more particularly, relates to selected novel
compounds, composition and method for

acid

inhibiting retroviral proteases, such as human immunodeficiency virus (HIV) protease, prophylactically preventing retroviral infection or
the spread of a retrovirus, and the treatment of a retroviral infection

e

apr s 4

e
R PR R A

(54) Title: BIS-AMINO ACID HYDROXYETHYLAMINO SULFONAMIDE RETROVIRAL PROTEASE INHIBITORS




