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{54) Title: SULFONYLALKANOYLAMINO HYDROXYETHYLAMINO SULFONAMIDE RETROVIRAL PROTEASE INHIBITORS t

{57) Abstract

Selected sulfonylalkanoylamino hydroxyethylamine sulfonamide compounds 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 inhibiting retroviral proteases, such as human immunodeficiency virus (HIV)

protease, prophylactically preventing retroviral infection or the spread of a retrovirus, and treatment of a retroviral infection.
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2 protease active-site thatp+ocesshrg—of—t-he gag

protein is prevented. Thus, attenpts have been nade to inhibit viral
replication by inhibiting the action of retroviral proteases. 5
Retroviral vwoedmatee | nhibition typically involves a ROTAIS96/0268 - St at e
m meti c whereby the retroviral protease IS exposed to a mnetic
conmpound whi ch binds (typically in a reversible manner) to the enzyne
in conpetition with 10 the gag and gag-pol proteins to thereby inhibit
specific processi ng of structural pﬁbteins and the rel ease of

man r 84L0 replication

retroviral protease itsel ,
pr ot eases can be effecti&%?§b‘ ; | asses of
conpounds have been pr oSSBEENAMLIDE REZROVEBM: RRQLEASE LML EITEN Of

pr 8t eases, such as for i nhibition of HV protease. WD 92/08701, WO
93/ 23368, WO 93/ 23379, WD 94/ O4R8BATHI®O @&EI0136 and WO 94/ 14793 (each
of which is incorporagfe rei . rence jn it 0 i AR .
exanpl e descrélnlbe sul 1?{6%% gﬁgng? %%ﬁ{‘g%tei& i #%Q%ﬁ oifygt%’hy?r’ggn&née&& Jo p%;’dmg
sul f onyl al kanoy| ampkication Sﬁy&abXSQﬂIﬁﬂ/Gpéa§3gulﬁi%?@ Mareh ol akig9s -

hydr oxyet hyl sul fonam de and sul f onyl al kanoyl am no

hydr oxyet hyl am nosul f onam de i kN troviral protease
inhibitors. Oher such conpouﬁgék&ﬁﬁn&p'%gf. egﬂy%&3§@§thylanine | sost eres
and reduced ami de The iprsseptetnvaion gelekaspte reEpofigas BroteaERe 0

I b
rotei nase I nhibitors ci ence, , 2¢ ca . ri ckson e
al, "Design Acti $PPEOURAR EPgﬁPf}E&R%ua&% metﬁ%ﬁr€3§tﬁd§‘8ﬁtén%2 Synmetric

| nhi bi t or Conpl exetreovindlypiroteases Prayabags, huwi einoenogd4ficbayy 1990). US

5,157,041, WO  viru@HBdA9hro¥bhdd! 0432 iNRRAH QD638 Bafe Lsuat ent
Application Serial_. No. 08/2 164§$%#{&Ied August 35 (each of

%;; 1994,
whi ch is incor pof 812Fhd%eiSHLIES ghoydamine  hydroxyethylaming) ¢ o
exanpl e desc¥s besuyfiomamigichpratease inhibitor compounds, composition and

method for inhibiting retroviral proteases,

prophylactiqally preventing retroviral infection or the
spread of a retrovirus, and treatment of a retroviral
infection, e.g., an HIV infection. The subject invention

20 also relates to processes for making such compounds as
well as to intermediates useful in such processes.

During the replication cycle of retroviruses, gag
and gag-pol gene transcription products are translated as
proteins. These proteins are subsequently processed by a

25 wvirally encoded protease (or proteinase) to yield wviral
enzymes and structural proteins of the virus core. Most
commonly, the gag precursor proteins are processed into
the core proteins and the pol precursor proteins are
processed into the viral enzymes, e.g., reverse

" 30 transcriptase and retroviral protease. It has been shown
. that correct processing of the precursor proteins by the
retroviral protease is necessary for assembly of
infectious virons. For example, it has been shown that
framesghift mutations in the protease region of the pol

35 gene of HIV prevents processing of the gag precursor
protein. It has also been shown through site-directed
mutagenesis of an aspartic acid residue in the HIV
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3 hydr oxyet hyl urea_or hydroxyet hyl sul fonani de isostere __
containing retroviral protease inhibitors. . Several cl asses of
conmpounds are known to be useful 5 as inhibitofs of the proteolytic
enzynme renin. See. for exanple, U. S. No. 4,599, 198; , 730;
aB WOSBHE > £p 0 264 795; G B. 2,200,115 and U. sp"éf’fzg‘"’% H725.
O these, G B. 2,200,115, GB 2,209,752, EP O 264,795, U S. SIR H725
and U S. 4,599,198 disclose urea- 10 containing hydroxyethyl am ne renin

I nhibitors. EP 468 641 di scl oses renkn inhibitors and internediates
for the preparati on of, the_inhigitors whi.ch i pcl.ude sul f onam de-
cont ai ni ng hydr oY BERIFE AT Yo Fi5EnHRat RFgressing ?E_the gag precursor

but oxycar bonyl ) aprobeiy cliorrepenttefphehiydsuldteempranhave beeh mafe) tdut anol .

G B. 2,200,115 aljg@iflis-os8s ehiagPYba inhi®?0E A4 LY Jdiexyet hyl ami ne =
renin inhibitors}igﬁgi%P 3%64 79§ndﬁggfkgés cg?tain °

sul f onani de- cont &BRFRYLral Prafe@dsgRyet hyl ami ne renin inhibitors. However,

it is known 5 that, although renin and H V proteases are both 20 -

classified as aspartykePeobfARCHrotaaRaUIHn il Abically AhAGELVE renin
for efTe e

I nhibitors generally are not predictive ctiyv prot ease
i nhi bition. transition-stategyipet pESthgreRyoRherr SRECY NENPrOkeass
The present inverilsi erpoetdties d mimekect esmpaindwhigh binds (@elieatey

e aah (s
ool Lo Compounds a 200LOPR Al hanmner) PHAIPSHLRELVCARRRRIBLEL R S,
as 30 sul f oR{I a|t%§n599am¢mcgargrmixpéph§+wtﬁe therebyadmfidit specifike bit or

conpounds. The i Btedessing WP @tETural pochitiaapaushy telddie ofetroviral
proteases, SUCh §crovirall ISt TL10UELE S SAPLAYS HEnbEE Ve L 525E

Ther ef ore, .
replication proteases can be effectively inhibited.

15 Several classes of compounds have been proposed,
particularly for inhibition of proteases, such as for
inhibition of HIV protease. WO 92/08701, WO 93/23368, WO
93/23379, WO 94/04493, WO 94/10136 and WO 94/14793 (each
of which is incorporated herein by reference in its

20 entirety} for example describe sulfonylalkanoylamino
hydroxyethylamine, sulfonylalkanoylamino
hydroxyethylurea, sulfonylalkanoylamino hydroxyethyl
sulfonamide and sulfonylalkanoylamino
hydroxyethylaminosulfonamide isostere containing

25 retroviral protease inhibitors. Other 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

30 Erickson et 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 94/04492, WO 94/05639 and US Patent
Application Serial No. 08/294,468, filed August 23, 1994,

35 {each of which is incorporated herein by reference in its
entirety) for example describe hydroxyethylamine,



this invention al so enconpasses pharnmaceutical 35 conpositions, nethods
far inhibiting retraviral proteases and..nethods for _treatnent or

prophyl axis of a retroviral i nfection, such as an H'V infection. The
subj ect . B 4-- i nvention al so

relates to wmgs for making such conmpounds as wel | pagnikésnzss2
I nt ermedi ates usetul in such processes. 5 DETAI LED

DESCRI PTI ON OF THE | NVENTI ON In accordance with the present
i nvention, there is provi ded a retroviral protease inhibiting conpound
of the formul a: 10 [err] or “a pharnaceutically accept abl e

salt, prodrug Or]§§§ ach_ i ndependent |y
represent 0, 15 %B%Eth htgéag 2 h&/ﬁ %( ]g’]?% % gfd?eﬁcgs? ifs 1 or
2: 20 contalnlng retrov1ral protease[{nﬁmbptpgp;esents hydr ogen,
alkyl of 1-5 carbon atons, al kenyl of 2-5 carbon atons, aIkynyI of 2-5

carbon at ons, hydroxyzg K a?f qt:fassecsarot%ocompoun s ar’e %koxy&l) l%/e useful
al kyl and 1- 35alkoxy Sarbon

as inhibitors of the proteolytic enzyme renin. See, for
example, U.S. No. 4,599,198; U.X. 2,184,730; G.B.
2,209,752; EP O 264 795; G.B. 2,200,115 and U.S. SIR
H725. Of these, G.B. 2,200,115, GB 2,209,752, EP O
264,795, U.S. SIR H725 and U.S. 4,599,198 disclose urea-

10 containing hydroxyethylamine renin inhibitors. EP 468
641 discloses renin inhibitors and intermediates for the
preparation of the inhibitors. which include sulfonamide-
containing hydroxyethylamine compounds, such as 3-(t-
butoxycarbonyl)amino-cyclohexyl-1- (phenylsulfonyl)amino-

15 2(5)-butanocl. G.B. 2,200,115 also discloses sulfamoyl-
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

20 classified as aspartyl proteases, compounds which are
effective renin inhibitors generally are not predictive
for effective HIV protease inhibition.

BRIEF DESCRIPTION OF THE INVENTION
25
The present invention relates to selected retroviral
protease inhibitor compounds, analogs and
pharmaceutically acceptable salts, esters and prodrugs
thereof. The subject compounds are characterized as
30 sulfonylalkanoylamino hydroxyethylamine sulfonamide
inhibitor compounds. The invention compounds
advantageously inhibit retroviral proteases, such as
human immunodeficiency virus (HIV) protease. Therefore,
this invention also encompasses pharmaceutical
35 compositions, methods for inhibiting retroviral proteases
and methods for treatment or prophylaxis of a retroviral
infection, such as an HIV infection. The subject



25 cyanoal kyl of 1-3 al kyl carbon atons, -CH2CONH2, -CHZCHZCCNHZ,
- CH2S(0) 2NH2, - CH2SCH3, - CH2S(O) CH3 or = CH2S(O) 2CH3 rt-at-eat=sr—
preferably, R err] represents hydrogen radical, alk THK% J%inéﬁfﬁfﬂ
carbon atons, al kenyl radical of 2-3 carbon atoms, §l kynyBcila8ERal of
2-3 carbon_30 _atons or cyanonethyl radicals; even nore pperBsstideese Rl err]
represent§”ﬂ n, nethyl, ethyl or cyanonethyl radicals; yet nore
preferably, R err] represents nethyl or ethyl radicals; and nost
preferably, Rlerr] represents a nethyl radical;

represents radicals of al Byl of 1-5 carbon atons, aralkyl
of 1-3 al kyl carbon atons, _al kyl thioal kyl of 1-3 al kyl 5 carbon
atons, arylthi odfWERtapn1akse ualates, borPERCRRSes tor making sueh oal kyl al kyl
of 1-3 al kyl cardompoahdssasngkld Gsr kbgintermediateseubeful ailbGucht ons; nore
preferably, R2 I %%igg% radi cal s of al kyl of 3-5 carbon atons,
aryl met hyl , Kyl t hi oal kyl of 1-3 al kyl carbon atons,
aryl t hi onet hyl 10 or cycloalkylnethyl of 5-6 ring menber car bon’
at ons 5 radi cal s; STLE ; eroRl g G TRERBEMES | sobutyl,
n- butyl, CH3SCH2CH2-, benzyl, phenylthronethyl (2-
napht hyl t hi o) met hyl , 4-nmet hoxy phenyl net hyl , 4-
hydr oxvphenyl net hyl , I fegerdapesWikdt jhe present inventgon) othend st hyl
radi cals; even rﬁi:"d%ul&iaafgrﬁ@ﬂ:ﬁbvﬂ%l procease IIALEALScOHRIFIMG of the

.j_ A

4- quorophenyHn% cycl ohexyl net hyl radicals; nobst
preferably, R2 reﬁ%‘& 8t s benzyl ; 20

Rerr] reprdfents radicals of alkyl radi cal of 1-5 carbon atons,
cycl oal kyl of 5-8 ring memgers RT cycl agl kgl met hyl radical of 3-6
ring nmenbers; noce pré¢feraly vy, re re ts propyl, isoanyl,

| sobutyl, 25 butyl, o) y [ O0Mexdyl met hyl , cycl ohexy
or cycl oheptyl radi ikl s; noré*preferably R3 represents

i sobutyl or cycl opentyl met hyl \d adi 8al s: D

or a pharmaceutically acceptable salt, prodrug or ester
thereof, wherein n and t each independently represent 0,

15 1 or 2; preferably n represents 1 and t represents 1 or
2;

Rl represents hydrogen, alkyl, alkenyl, alkynyl,
hydroxyalkyl, alkoxyalkyl, cyanoalkyl, -CH2CONH2,

20 -CH2CH2CONH2, -CH2S(0)2NH2, -CH2SCH3, -CH2S(0O)CH3 or
-CH2S(0) 2CH3 radicals; preferably, Rl represents hydrogen,
alkvyl 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,

25 cyanoalkyl of 1-3 alkyl carbon atoms, -CH2CONH2,
-CH2CH2CONH2, -CH2S(0)2NH2, -CH2SCH3, -CH2S(0O}CH3 or
-CH2S5(0) 2CH3 radicals; more preferably, Rl represents
hydrogen radical, alkyl radical of 1-3 carbon atoms, alkenyl
radical of 2-3 carbon atoms, alkynyl radical of 2-3 carbon

30 atoms or cyanomethyl radicals; even more preferably, Rl
represents hydrogen, methyl, ethyl or cyanomethyl radicals;
yet more pfeferably, Rl represents methyl or ethyl radicals;
and most preferably, Rl represents a methyl radical;
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30 R4 represents benzo fused 5 to 6 ring nenber
heteroaryl or benza fused 5 to 6 ring.uenher heterocycl

radi cal s; or R4 represents a radical of the TWSM‘%"’_]--&S 355“]
6 wherein A and B each independently represent] O, SREBGGED

S, prefer%%rnﬁsand B each represent. o; R6™ T QlrRE6M2882
deuterium al kyl" or hal ogen radicals; 5 preferably, R6 represents

deuterium al kyl of 1-5 carbon atons, fluoro or chloro radicals;
nore preferably R err] represents deuterium nethyl, ethyl,
propyl, isopropyl or fluoro radicas; 10 R err]
represents hydroggg, deut er or chloro

radi cal s; &%’@F&BP&J%H@P}y&l”?&&f&eﬁ’yw{}%g O‘}' deuterium
met hyl or aryluhdoaliondi enl yclealRydaiky hrehdicals) preferabdepeRdent |y
represent - ) lBepiddinia eadfa%péf o ralgksr}gl 8 zla-_rsﬂod%rr%ar 8bbnis, B[z%&g%rl?nd
rR[eS; re]seﬁ?g a radi ?:%dl'o‘{ %ﬁﬁfgifg?ﬁ?ﬁ% at%rrfgf‘yﬁﬁm%ﬂmﬂgr%ﬁh ai']g[épr esent s
O S or NH, arfid Rearlspy e¢emss arylthiocalkyl of 1-3 alkyl carbon atoms or
cycloalkylalkyl of 1-3 alkyl carbon atoms and 3-6 ring
member carbon atoms; more preferably, R2 represents
radicals of alkyl of 3-5 carbon atoms, arylmethyl,
alkylthioalkyl of 1-3 alkyl carbon atoms, arylthiomethyl
10 or cycloalkylmethyl of 5-6 ring member carbon atoms
radicals; even more preferably, R2 represents isobutyl,
n-butyl, CH3SCH2CHz2-, benzyl, phenylthiomethyl, (2-
naphthylthio)methyl, 4-methoxy phenylmethyl, 4-
hydroxyphenylmethyl, 4-fluorophenylmethyl or
15 cyclohexylmethyl radicals; even more preferably, R2
represents benzyl, 4-fluorophenylmethyl or
cyclohexylmethyl radicals; most preferably, R2 represents
benzyl;

20 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;
more preferably, R3 represents propyl, isoamyl, isobutyl,

25 butyl, cyclopentylmethyl, cyclohexylmethyl, cyclohexyl or
cycloheptyl radicals; more preferably R3 represents
isobutyl or cyclopentylmethyl radicals;

R4 represents hetercaryl or heterocyclo radicals;

30 preferably, R4 represents benzo fused 5 to 6 ring member
hetercaryl or benzo fused 5 to 6 ring member heterocyclo
radicals; or

R4 represents a radical of the formula
7
35 . B R
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radi cal of formula [err] wherein Y represents 0, S or NH X

represents a bond, 0 or .. NR[err]; VAS)

represents hydrogen, alkyl of 1 to 5 car bon at orn TH'%ISEE@I"‘#& BEEN ¢
5 carbon atons, al kynyl of 2 to 5 carbon atons, [aral kBEPIHCED to 5
al kyl carbgn_at : C- 2869/ 2

het er oar al &ﬁ%@ to 6 ring nenbers and 1 to 5 al kyI Pcrmsw?:zg?zoon
atons, heterocycloalkyl of 5 to 6 ring members and 1 to 5 al kyl
carbon atons, am noal kyl of 2 to 5 carbon =2 atons,

N- mono- substi tuted or N, N- di substltut ed arfi noal ky!l 5 of 2 to 5 alkyl
carbon atons wherein.sald_s ent adi cal s_of_ al kyl of 1
to 3 carbon at onterEHE Ry AR g 10 ependen%,lyalr@reégpbogl &rof® PEdical s,

car boxyal kyl of @z'oPSEferablY' A@@ﬁb@nembmpmsle@w@ar bonyl al kyl of 1 to
5 al kyl carbon atons, cyanoal kyl of 1 to 5 carbon atons or
hydr oxyal kyl 5 carbon preferably, R20

10 of 2t t Os;
represents RS rePRGarBLR P euh e Mo f akags%f BRABERD ¥ AFC MR ieny | al kyl of |

1 t5o Jprefiepabdys bBh wepresentst dewoerciumg| kykydfof 16 Garbdy
menbers and 1 t Oy, k3f|lu8§‘6b<91':‘ c?ﬁl% rgﬁlééi@n%ore Béeferal?é}’\%?;' tuted or

N, N- di substituted am noa rein said
substituents ar er%ﬂq&ﬁeqtgdﬁggpgnum. mer.hyl fetlhl’flo @ré’QYE‘Jonl%‘?Qi-’rﬁP,YlaﬁH nost
preferably, R20 fluoro radicepsesents hydrogen, nethyl, ethyl, propyl,

i sopropyl, i sobutyl, benzyl, 2-(1- pyrrolidinyl)ethyl 2-(1-

pi peri di nyI ).ethyl, % |€era2| nyl)ethyl, 2-(4-

met hyl pi per @4 n- ‘R’ pepzerent sZ“X@L‘-’"rﬁﬁ“ph@PPﬁ?ﬂ‘é‘t hplky3. (’{ halern

t hi anor phol i nyl )eddiydaler; br(e[\bf\hhﬂy’rem’lykeﬁté@rﬁi&%&drogen, deuﬁe&dhﬁt@' S;

R21 25 reﬂme%#:raéd[:gxg@lr&%m%al £9 oxat}ﬁ%? chﬁgrgaraé)lcajls, MOKE hy|

carbon atons; nore représen
radi cal s; and nﬂéﬁe%r@@b’abf‘y,r%ﬁe@ﬁﬁe@éﬁt@g@u deucermmhy@ﬁtckg'énoradl caI

or fluoro radicals; or R® and R7 each independently represent
15 fluoro or chloro radicals; and preferably, R® and R7 each
represent a fluoro radical; or

R4 represents a radical of the formula

N A
>—R9
N

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

Q 0
o 0O
oo - }s”\ _R¥ N
c.. ,R"’ “e ‘.~
NJ\( NTONQ L, N~ R22
R** or H
wherein Y represents O, S or NH; X represents a bond, O or

NR21;
25
R20 represents hydrogen, alkyl, alkenyl, alkynyl, aralkyl,
heteroaralkyl, heterocycloalkyl, aminoalkyl, N-mono-
substituted or N,N-disubstituted aminoalkyl wherein said
substituents are alkyl or aralkyl radicals, carboxyalkyl,
30 ‘alkoxycarbonylalkyl, cyanoalkyl or hydroxyalkyl radicals;
preferably, 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,
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30 the radical of formula -NRlerr]Rerr]

represents a. 5 to_6 ring nenber heterocyclo—tadi-cal— nor T -
preferably, the radical of fornula -NRerr]Rerr] represe ;’"‘"’,‘A
pyrrolidinyl, piperidinyl, piperazinyl, 4- 35  net hEI_oi pBEELAGER

4- benzyl pi p ' nmor phol i nyl or t hi anor phol i govilrogogtiess ! S;

and C Zgogg?*z’m‘h 8

R22 represents alkyl or R err]R err]Nalkyl radicals wherein

alkyl is 1 to 3 carbon atons; and pr ef 9rab|y, R22 represents

al kyl radical of 1 to 3 carbon atons; and 5 preferably R4

> B no- benzot i adsr eyt arpry SB Aok 8 ik membegp and¥'eo 5 aliyd
benzot hi azol - 5-y| CaFbapi ARMen ARtRrasHFlealfiyl of 5 to 6 ring members and

(rrEt’hoxycar Ibolnyl arg ©86) Sba&lieel haaboh- Atyhs, anlitivadkgzod§ 12 to 5 caibon
6- benzoxazol yl, 6- opyr s 20l r o] =.Or .
3?g§§%h5ﬁr§§?g sﬁ%sélgﬁg¥§ﬁﬁpgg§?axgﬁgsé&tuted amlnoaYﬂyl

7- benzopyranyl , enzopyran- ) ) .

di hydr obenzof upano4- ¢| toberadmir Farboy| atqms wheredni 8xid -substituents mxg
t2)- met g_yl -ll, 3-5be|nZQ§idQ&a!1350ﬂ|all&lZOGibIrEtdslyj_ cJarl?bog altoms, aralzchyl of 1 to
enzodi oxol - 5-yl , 3 ro-1, 3- 0 ol - 5z

2,2-difluoro-1, 3- geﬁggg;log%%&g’- fljt,‘)ﬁ‘f, ggéle‘gézjg%i g%glﬁgégy?,}lfyl of ? to 5

5- benzi mi dazol yl , CArpaet AbYardddexyaarkealivii 8828|t®-5 alkyl carboy|
6- qui nol i nyl, 7- quiteak, N¥andallgQdvitn! t6Yd &irbbn atoms or hyd&%ﬁﬁ&iﬁf’li nyl
radi cal s; m)rgopr%ffeéagl y. Rd.re r%sen'gs of ;n)}znz%%hl azol effﬁy ,
benzot hi azol - 6=yl 2 h&nz8x z%?’?‘?o"-‘§|a, oms; moxgy Prefergbly yihensBT SR RS- vI
benzof uran-5-yl, hy@rogen, alkyl dfedzbdi Hxeark®n/atoms, phenylalkyl of 1

2-met hyl -1, 3-benzqgy Qxah.kgl.)’éark?onz'atpms, heterocgcl‘oalkyl of 5 to 6 ring
di nmet hyl -1, 3- benzodi oxol - 5-

%I 2,§-dgﬁ§gter -1, 3-
benzodi oxol - 5-yI , "SPefFs ARG HEE 3 B (ﬁ?}azﬂn. BLQRS . 105 N-mono-
benzodi oxan- 6-yl , skbSgathoey cenr BoMydasubst itheedorminealkyl of 2 26 35-yl,

2- (et hoxycar hgnyl-aFhaa) BeSRPWHA%Ah- Ba¥d Slbstituents are alkyl radicals
(met hoxycar bonyl agp ) benzi m dazol - 5- vyl r{’;i‘fl cals; a t
e

: cand 20, . DS
preferably, R4 re efiPs® b¥ R4oBF i sagd most preferably,, R5i'hi azol - 6-yl |
2, 3-di hydr obenzof wepmreSents hydrogen, meblaynkofenhyd,Spydpyl, isopropyl,

1, 3- benzodi 0x0l - 5-j\ohuy It Bihzyh, ,32- (1-pyradL i A9 RXD! -R- ol
2, 2-di et hyl - 1, 3- benzodi -oxoi- 5-}}9 , % % ] ) , '
di deut er o- 1, 3- benPIPeS2Orm%L igthyd ) 25 rpiperaziayl) ethyl, 2-(4-
20 methylpiperazin-l-yl)ethyl, 2-(l-morpholinyl)ethyl, 2-(1-

thiamorpholinyl)ethyl or 2-(N,N-dimethylamino)ethyl
radicals;

R2l represents hydrogen or alkyl radicals; preferably, R21

25 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

30 the radical of formula -NR20R2l represents a heterocyclo
radical; preferably, the radical of formula -NR29Rr21
represents a 5 to 6 ring member heterocyclo radical; more
preferably, the radical of formula -NR20R21 represents
pyrrolidinyl, piperidinyl, piﬁerazinyl, 4~

35 methylpiperazinyl, 4-benzylpiperazinyl, morpholinyl or
thiamorpholinyl radicals; and
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benzodi oxol -5-yl, 1, 4-benzodi oxan-6-yl, 2-

(met hoxycar bonyl am no) benzot hi azol -6-yl or 2-___ THIS-SHEET HAS BEEN
(et hoxycar bonyl am no) benzi m dazol -5-yl radicals; and ' 35 REFLACED
Rlerr] represents an al kyl radical of WO 92/ 28418 —

PCT/ US96/ 0 9 1- t ons,

al kenyl ra%?‘ggqmﬂ}s 2-5 carbon atons, al kynyl radi cal Wbon
atons or aryl substituted al kyl of 1-5 carbon atons; nore preferably,
Rlerr] represents an al kyl radical of_ 1-5 carbon atons, al kenyl

radical of 5 3-4 carbon atons, alkynyl r&di cal of 3-4 carbon atoms or
RLorr] repr esent BoarRrRseRr R ORL oy Toorefpahv T Flasganss”o " hon Y
substituted al kypreferabllyaRédnrepraasnts alkyhdomRARAMEfadial| yadifals |
represents an ne{lytei®ldiMyl i401PEOPY|carditRPEEBME ; Cdnd wRFRNYLEESYAbLY,
radi cal s. Preferably, the gbs Iu%e st ereochem str Ofé%gﬁi
carbon atom of - BFf G§Ore5eBEE ggkxi?)ra(g.}&aﬁhg abs't? ut £arbon §F%’F%’o stry
of the carbonsatons of -CH(Rerr])- and 15 -CH(R err])- groups is (S).
A famly of conpgug ér&?ll}PQﬂt E%F&k@éeﬁf% Y ForWibhbbi-5-y1, BenIBtAid-& £
compounds enbraC%g ly %-;%;ﬁgﬂg%ngoLgié 0l-5-yl 2—fmeth rbonylamino)
vl; v1, oxyca ylam
benzothiazol~5-yl, 2-amino-benzothiazol-6-yl, 2-
{methoxycarbonylamino) benzothiazol-6-yl, S5-benzoxazolyl,
'10 6-benzoxazolyl, 6-benzopyranyl, 3,4-dihydrobenzopyran-6-
yl, 7-benzopyranyl, 3,4-dihydrobenzopyvran-7-vl, 2,3-
dihydrobenzofuran-5-yl, benzofuran-5-yl, 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-benzodioxol-5-yl,

15 2,2-difluoro-1,3-benzodioxol-5-y1, 1,4-benzodioxan-6-yl,
5-benzimidazolyl, 2-(methoxycarbonylamino)benzimidazol-5-
yvl, 6-quinolinyl, 7-quinolinyl, 6-isoquinolinyl or 7-
isoquinolinyl radicals; more preferably, R4 represents
benzothiazol-5-yl, benzothiazol-6-yl, benzoxazol-5-v1,

20 2,3-dihydrobenzofuran-5-yl, benzofuran-5-yl, 1,3~
benzodioxol-5-yl, 2-methyl-1,3-benzodioxol-5-v1, 2,2-
dimethyl-1, 3-benzodioxol~-5-y1l, 2,2-dideutero-1,3-~
benzodioxol-5-yl, 2,2-difluoro-1,3-benzodioxol-5-yl, 1,4-
benzodioxan-6-yl, 2-(methoxycarbonylamino) benzothiazol-

25 5-yl, 2-{(methoxycarbonylamino)}benzothiazol-6-yl or 2-
(methoxycarbonylamino)benzimidazol-5-yl radicals; and
most preferably, R4 represents benzothiazol-5-yl,
benzothiazol-6-yl, 2,3-dihydrobenzofuran-5-y1,
benzofuran-5-yl, 1,3-benzodioxol-5-yl, 2-methyl-1,3-~

30 Dbenzodioxol-5-yl, 2,2-dimethyl-1,3-benzodioxol-5-yl, 2,2-
dideutero-l.3—behzodioxol-5—y1. 2,2-difluoro-1,3-
benzodioxol-~5-¥1, 1,4-benzodioxan-6-yl, 2~
(methoxycarbonylamino)benzothiazol-6-yl or 2-
(methoxycarbonylamino)benzimidazol-5-yl radicals; and

35
RS represents an alkyl, alkenyl, alkynyl or aralkyl
radicals; preferably, RS represents an alkyl radical of
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or a pharmaceutically acceptable salt, prodrug or ester t her eof

MEHMLLJ&HW*JMKQFRN”Leﬂéukémuiaq.me&;@hnﬁ—

above. 25 A famly of conmpounds of further interest within
Formula Il are compounds enbraced by the fornula [err] 30 WO
96/ 28418 PCT/ US96/

10 o?voawﬁ?ﬁ? maceutical ly acceptable salt, prodrug o?&g@f&e‘:omz
thereof, wherein t, Rerr], Rerr], Rerr], Rerr] and Rerr] are as

defi ned above. 5 A nore preferred fanily of conpounds

W thin Formul a 1] consists of conpodnds or a pharmaceutically

U Sl F o2 Ul n L ABERTE rodlENTHE -5 canpERLEREN 2
benzyl, 4-fl uor opﬂiécuywem@icair of 2 5 eyvémmmﬁemwrylacﬁummwtedw R3
represents propylalxy308eyi-s lééilﬁéﬁﬂ’b.toﬁbli Ydlore prefefiSlPwhady lrepeseatept vl ,
cyclopentyl methyl, Of kvl ra¥HRPHLECEI M o 3H0G8) Silkenyl radical of
N 5 3-4 carbon atoms, alkynyl radical of 3-4 carbon atoms or
aryl substituted alkyl of 1-4 carbon atoms; even more
preferably, RS represents an alkyl radical of 1-5 carbon
atoms or phenyl substituted alkyl of 2-4 carbon atoms;
and most preferably, RS represents an methyl, ethyl,
10 propyl, isopropyl or 2-phenylethyl radicals.

Preferably, the absolute stereochemistry of the
carbon atom of -CH(OH)- group is {(R) and the absolute
stereochemistry of the carbon atoms of -CH(R!)- and

15 -CH(R2)- groups is (S).

A family of compounds of particular interest within
Formula I are compounds embraced by the formula

o) R* 0 0O
. Y
R\ /S\ 4
63 g T )
1 R}
20 t R OH (II)
or a pharmaceutically acceptable salt, prodrug or ester
thereof, wherein t, R1, R2, R3, R4 and RS are as defined
above.
25

A family of compounds of further interest within
Formula II are compounds embraced by the formula

® /H/\ \l/
R\

w ll'

(III)
30



R4 represents 2, 3-di hydrobenzofuran-5-yl, 1, 3-benzodi oxol - 5- 20 yl,

2-met hyl -1, 3-benzodi oxol -5:yl, 2,2-dinmethyl-1_3- benzodi oxol - 5-yl,
benzot hi azol - 6-yl, 2,2-dideutero-I, 3- benzadi oxol - 5-yl,

2, 2-di fluoro-1, 3-benzodi oxol -5-yl or 1, 4- benzodi oxan-6-yl radicals;
and err] represents nethyl, ethyl, propyl, isop r 2-

phenyl et thWS&GWQ Corrpounds of interest E’%ﬁ&ﬁ’é“?he

fol | ow ng: 30 N—[2R—hydroxy 3-[(2-net hyl propyl )[ (1, 3- benzodi oxol -5-yl)

sul fonyl ] am no] -1 S- (phenyl net hyl ) propyl ] - ZS-nethyI 3-
(et hyl sul fonyl ) propanam de;

Sul fony! ] am nol - IS %ﬁxsﬁéﬁﬁsv%%lb&lﬁxﬁc?egégﬂaﬁt'3p¥o?irug Or ester

(met hyl sul fonyl ) enﬁgfanwhereln t, WO, 9B3 24 &nd RS are as defined
PCT/ US96/ 02682 gpove. 11

N- [ 2R- hydr oxy- 3-[ ( 2- nethylpropyl) (benzot hi azol - 6- yI)

sul fonyl ] am no] - 1S- (phenyl et hyl ) propyl ] - 2S- net hyl -

(et hyl sul f or¥yl ) pr opananorgcpreferrdéld family of compounds within Formula

N-[ 2R-hydr oxy- 3-1{p dB?is'i\éEEVQPYéadﬁ&ﬁiaé%P' aZQha zﬁ?aéehtlcany

sul fonyl ] am nol - 1S- Lgéwqp I] 2S-neth

(et hyl sul f onyl )‘?)‘F‘if'é%r?%iﬁdéa GndProdrug ornesbex ﬁ;llﬂr@feyf gwherein t
[ (2- met hyl pr opyl J¢gxBs@ndtish@er obenzof ur an- 10

5- yI)squonyI]an1no)-IS—(phenylnethyl)propyl] 2S- et hyl -

3-(meth IsuI on | ropanam de.
( y Y ir%e resents methyl or ethyl radicals;

R2 represents a benzyl, 4-fluorophenylmethyl or
cyclohexylmethyl radical;

15 R3 represents propyl, isoamyl, isobutyl, butyl,
cyclohexyl, cycloheptyl, cyclopentylmethyl or
cyclohexylmethyl radicals;

R4 represents 2,3-dihydrobenzofuran-5-yl, 1;3—benzodioxol—5—

20 yl, 2-methyl-1,3-benzodioxol-5-yl, 2,2-dimethyl-1,3-
benzodioxol-5-yl, benzothiazol-6-yl, 2,2-dideutero-1,3-
benzodioxol-5-yl, 2,2-difluoro-1,3-benzodioxol-5-yl or 1,4-
benzodioxan-6-yl radicals; and

25 RS represents methyl, ethyl, propyl. isopropyl or 2-
rhenylethyl radicals.

Compounds of interest include the following:

30 N-[2R-hydroxy-3-({2-methylpropyl)[(1,3-benzodioxol-5-yl)
sulfonyl]amino] ~1S- (phenylmethyl)propyl] -2S-methyl-3-
(methylsulfonyl)propanamide;

N-[2R-hydroxy-3-[ (2-methylpropyl) [ (1,4-benzodioxan-6-yl)
35 sulfonyll]lamino]-1S8-(phenylmethyl)propyl] zs-methyl -3-
(methylsulfonyl)propanamide;



As utilized herein, the term"alkyl", alone or in combi nation, means

a-straight-chai n-or branched- chaiA—35wmaddeptradical cont-airi-Rg—

preferably from1l to 8 carbon atons, nore preferably from1l to 5
carbon atons, nost preferably 1-3 carbon atons. Exanples of such

radi cal s  woogdgfgl Ude nethyl, ethyl, n-propyl, isopropyl pcrnssénzes2

| sobutyl, sec-butyl, tert-butyl, pentyl, iso-anyl, hexyl, 20 octyl and
the like. The term "hydroxyal kyl", alone or in conbi nati on, nmeans an
al kyl radical as defined above mher%!n at least one hydrogen radi cal
Is replaced with a hydr oxyl radicaI,Jpreferany 1- 3 hydrogen radicals

e ogen ¢ SRR cabi b fahallypuchiZey 7

hydrogen radicals are ref ced b ydr o

preferably, one FpdESHEH! IRVl rép?%ﬁﬂﬁéﬁ§9Y3995°PY1]‘2SHVGFB¥§T3TadicaI.
The term "al kenyl{inet hi bl fonyil) propanamiddy nati on, nmeans a strai ght-chain
or branched-chain hydr ocar bon radi cal having one or nore doubl e bonds
and 30 containing preferably from2 to 8 carbon atons, nore

preferably fr@m M-éRshydremiratlddsmeHpskprnopyie f dbegzattymzol-5-yD) to 3

car bon ?t orzns. Eﬁmlfﬁﬁyl)farﬁiﬂdlab.lse (ﬁizl&@rmb eé;hylllpréﬁﬂéipﬁdss-lmieEﬁ#Llﬁi_ﬁ- et henyl ,
propenyl, 2-met hy, - but adi_enyl and the like. e term

"al kynyl ", alone(&8§§§?%¥i$?ingﬁﬁP E ?%%éeﬁnggﬁs a straight-chain or
branched chai n hydrocarbon radi cal having one or nore triple bonds

and cont ai ni ng pnefigrabydrd:608-2 (RomStISAI I VPyaAl N, 3 FAI 1 drobenzofudfa-

96/ 28418 . US96/,02682

1 or er SFE FROEREIomine) - 18 TRk B ROV B 2.
to 3 carbon at ons- (Reihplesl temyd|) pyapanamidiesal s i ncl ude et hynyl,
propynyl (propargyl), butynyl and the | i ke. The term "al koxy", al one

or in conbination, neans ..o, al kyl ether_radic erein the term al kyl
is as def i ned a§3v8F1%<%%Ih§§%P’ St <A aFEbYWg‘t f‘?g'lpnreaa’r-cé?s
i ncl ude met hoxy, compdration pmesmsya Btopidpoxpain- butlwanched-chaiso- but oxy,

sec-butoxy, fert-Au9xyadiéal @rtakRind referabliCEfom 1Lk 8akkybon al one

or in conbination, neans a
dtoms, more preferably from 1 to 5 carbon atoms, most

preferably 1-3 carbon atoms. Examples of such radicals
include methyl, ethyl., n-propyl, isopropyl, n-butyl, )
isobutyl, sec-butyl, tert-butyl, pentyl, iso-amyl, hexyl,
20 octyl and the like. The term “hydroxyalkyl®, alone or in
combination, means an alkyl radical as defined above
wherein at least one hydrogen radical is replaced with a
hydrqul radical, preferably 1-3 hydrogen radicals are
replaced by hydroxyl radicals, more preferably, 1-2
25 hydrogen radicals are replaced by hydroxyl radicals, and
most preferably, one hydrogen radical is replaced by a
hydroxyl radical. The term *alkenyl", alone or in
combination, means a straight-chain or branched-chain
hydrocarbon radical having one or more double bonds and
30 containing preferably from 2 to 8 carbon atoms, more
preferably from 2 to 5 carbon atoms, most preferably from
2 to 3 carbon atoms. Examples of suitable alkenyl
radicals include ethenyl, propenyl, Z2-methylpropenvl,
1l,4~-butadienyl and the like. The term "alkynyl", alone
35 or in combination, means a straight-chain or branched
chain hydrocarbon radical having one or more triple bonds
and containing preferably from 2 to 8 carbon atoms, more



10 saturated or partially saturated nonocyclic, bicyclic or

tricyclic alkyl radical _wherein each cyclic nopiety contai.ns
preferably from3 to 8 3 car bon atomring nenbers, nore preferably from
3 to 7 carbon atomring nenbers, nost preferably from5 to 6 carbon
atomring Sﬁyaﬁkﬁm and 15 which may optionally be a benzp-rhitseehets N0

syst em whi Is optionally substituted as defined herein wth respect
to the definition of aryl. Exanples of such cycl oal kyl radi cal s

i ncl ude cycl opropyl, cyclobutyl, cyclopentyl, cycl ohexyl ,

cycl oheptyl, octahydronaphthyl 2 3- dihydﬁé 20 | Hindenyl, adamantyl and

e Lk, B OYSLiLer Y exom 2" 18 1€ UGkGD BPolEChAIS! BrBedt ol RSO (0

SGeh 85°ha
[err]-carbolinyl2 to 3 Caa”ﬂ?@nsa!éQWtutFé@mPﬂ-ﬁg @?s%ﬁwylsa’éﬁlﬁél%l phenyl ,

phenlyl plylr< I fly: 3 Pm&w e%wn?&prﬁfé%ﬁwler(ﬁbg&gyﬂhe but%ﬁyltgﬁdnrﬁ]e ]
cycl oal kyl al kyl ", neans,_an_al kyl|_radi cal _as_def ve which is
substituted by alt¥% o} FeFRy %glfo’ﬁ’s ‘ onedtﬁ Hé(fogg’&%?ggl BadfiBE of

such cycl oal Kyl aakyalkxddlec;@les radica} nlieyedncybé opep ki hys  as

cycl obutyl met hyl defined a(Ber'ereﬂicdﬂ\;ﬂﬂsh)df, sgyewh@m taxher radicals

1- cyclopentylethgl 1ud -C cIo€? et hyl cyc) ent Iet X B

2-cycl ohexyl et hyfRelu & Tf&jp)ﬂ rf,’?eﬁ%pe’rﬁ{)ﬂ ~butoxy,
cycl ohexyl butyl aad—butoxy.tBQCFbkeoxﬂWMtanm~butb&mzzﬂd uheoﬂeker i The

conbi nati on, tenneeey%ltdaq@nval &lénd &2 Gl c&%ﬂna@h% Vﬁ@aﬁgoam benzene.

The term ", al one tion, neans e n ht hyl
radi cal mh|c¥5|5565T¥?ﬁﬁ§I9f ?ﬁﬁ§??¥i&eﬁ?9ﬂ§Fﬁe mon ?ﬁé} i tuents
sel ected from al kyicyalimyalkyl radidel ogmr,elhydaobrycydmonupletyr 0, cyano,
Eggfagg%}62682 cont¥fhs Yete4B1y from 3 to 8 carb%P atom rlggr%Fmbers.

Xy,
al koxycar bonyl , B9ERRekarably: &Ry 7 carboy Rtomwing REMPSHE do.
am di no, al koxycaobﬂryfaﬁamlnyrom 5 tal&kyaabbdi atom atilg asmbers, and

G e rous ghiyh o sonm g bty o ssscasfprsdn v
aryl radicals arésp%‘h’;f?na Y §P§°P iutid W&W éR§e hepein with "Fespect
(tert-butoxy)phenygl the-det indtiénnet haxypheExampde£FSE such cyphealikyl
4-f|u0ropheny|, 4&8?&5&§“¥H§¥Ud@ %9@&35§5Hyaqybyc§6butyl, cyclopentyl,
cyclohexyl, cycloheptyl, octahydronaphthyl, 2,3-dihydro-
20 1H-indenyl, adamantyl and the like. *“Bicyclic" and
“tricyclic" as used herein are intended to include both
fused ring systems, such as naphthyl and R~-carbolinyl,
and substituted ring systems, such as biphenyl,
phenylpyridyl, naphthyl and diphenylpiperazinyl. The
25 term "cycloalkylalkyl" means an alkyl radical as defined
above which is substituted by a cycloalkyl radical as
defined above. Examples of such cycloalkylalkyl radicals
include cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, cyclohexylmethyl, 1-cyclopentylethjl,
30 1l-cyclohexylethyl, 2-cyclopentylethyl, 2-cyclohexylethyl,
cyclobutylpropyl, cyclopentylpropyl, cyclohexylbutyl and
the like. The term “benzo®, alone or in combination,
means the divalent radical CgHs= derived from benzene.
The term “aryl*, alone or in combination, means a phenyl
35 or naphthyl radical which is optionally substituted with
one or more substituents selected from alkyl, alkoxy.
halogen, hydroxy, amino, nitro, cyano, haloalkyl,



am nophenyl, 3- acet am dophenyl , 4-acetam dophenyl, 2- 10
met hyl - 3- acet ami dophenyl , 2- net hyl_-_3.-_a.m_n.o.p.h.e.ngd..,_3;

nmet hyl - 4- an1nopheny| 2- am no- 3- et hyl phenyl . 2, 4-

di met hyl - 3- aninophenyl 4- hydr oxyphenyl , 3-nethyl - 4- hydr oxyphenyl ,
1- napht hyl , thyI, 3-am no- 1- napht hyl ; S96/02682

2- et hyl - ‘gﬁ?ﬂgﬁ -napht hyl, 6-am no-2- 15 naphthyl, PCTIO
4,6-dinethoxy 2- napht hyl , pi perazi nyl phenyl and the like. The terns
"aral kyl" and "aral koxy", al one or i n conbi nati on, neans an al kyl or
al koxy radi cal as defined above in which at |east one hydrogen atom

IS repl aced by an ar r adi s defin bove such as 20 benzyl,
benzyl oxy, 2-pheﬁ?FéP ih ﬁﬂEY yIcY°1°’%gyﬁ et hyl |

met hyl phenyl net hyallkadoph&mykn‘etahr_}kip am:.d:.mb,phékpkyreaﬂ'bpcry/lammo, N- )

4- et hoxypheny! ngf 'ik?ﬁmi‘@ijn& h%l']c'y&ﬁmmo, b?l%@&ﬁ% 6}¥ 1nk;‘§r>iléﬁ%gony'

al one or in conbi I.on neans

aral kyl -O-C(O) - ﬁhNWﬁFE%kY¥§quPheaFEF x¥ﬁ%ﬂh@ﬂylaﬁb§°tkﬁ?&¥%§HFPrcance gi ven
abodve. Examlkgdsol £ty lar allkeiyaatdorly landadhealiles Examples of

Taryl oyt means, ST aqraafELTI LR BRELTE TERUG R hethoxyoneb0R £LT o,
aryl has the si gnltﬁrEahEEm@fK@?Wﬁové"me@)’]}iﬁh@eﬁ%?ﬁp}éﬁw&noﬁl CF3 al one or
in combi nation, mheRyland- fluoro@mhynadamldi@pmﬁgllfr:o:nmophenyl 3-

e L  at At
"cycl oal kyl canowgﬁthyﬁean%C%n«ana@ppheanlca:! Rethyfe3faningrhenys .
cycl oal kyl - C( O - nigthyfii- ¢ hahiir®phRingl, CE AR IS -meBBg1phényl, 2, 45|gn|f|cance
et o! s, ooy AL ARUSHATE, o yoropyBHERILS L REDRL
PCT/ US96/ 02682 hydroxyphenyl, l-naphthyl, 2-naphthylj 3-amino-1-
teth rghydr 012 ngphidwy:hylZd?e&@én&ir?\'aldQ;%an&ﬂ-d@ﬁ:ﬁ?!d;\gaﬁnmo z-h napht hoyl ,
largngﬁgyl %ﬁeaég&ﬁhhggy R 1%§%E°xyyé %ﬁéﬁ%ﬂ&& *t PORY z%ﬁ%}ngﬁ%it?ﬁ%ted
al kanecar boxyl i c dlke 5 Thﬁuﬁenmg pavalake@pd, “argﬁbn94pregpoﬁy¢r
(hydroci nnanmoyl ) ,in comb:.ﬂa@i‘tﬁ‘ﬂWniéﬁhﬁr ¥h, ail?yl”%&hhﬁ!lébiﬁcﬁﬁdﬁ.oaﬂas
ChlorOhydrOCIan”gaelheé a ”°h¥9r ﬂn féést one hydrogen atom is
replaced by an aryl radical as defined above, such as
20 Dbenzyl, benzyloxy, 2-phenylethyl, dibenzylmethyl,
hydroxyphenylmethyl, methylphenylmethyl, diphenylimethyl,
diphenylmethoxy, 4-methoxyphenvlmethoxy and the like.
The term "aralkoxycarbonyl", alone or in combination,
means a radical of the formula aralkyl-0-C(0)- in which
25 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-
in which the term aryl has the significance given above.
30 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
*cycloalkylcarbonyl® means an acyl radical of the formula
35 cycloalkyl-C(0)~ in which the term "cycloalkyl" has the
significance give above, such as cyclopropylcarbonyl,
- cyclohexylcarbonyl, adamantylcarbonyl, 1,2,3,4-



met hoxyhydr oci nnanoyl , and the Iike; The term "aroyl" means an acyl

radi cal derived froman arylcarboxylic 10 _acid.  “aryl" having the
nmeani ng gi ven above. Exanples of such aroyl radicals include
substituted and unsubstituted benzoyl or napthoyl such as benzoyl,

4- chl or obenzoyl , 4- car boxybenzoyl , 4-(benzyl oxyca sz oyl , 1-
naphthoyl,“@l ?hoyl, 6- car boxy- 2 nap%thoyl( 6- Y 15 Yoo reRg Y
(benzyl oxycar bonyl ) - 2- napht hoyl , 3- benzyl oxy- 2- napht hoyl ,

3- hydr oxy- 2- napht hoyl , 3-(benzy|oxyfornanido)-Z- napht hoyl, and the
i ke. The terns "heterocyclo" al one 14 or in conbination, neans a

saturated or partla ated noc b rjcyclic
heterocycle  20%€F ‘?}%/ °'30HFBF ??ai ‘|a§§ i?ré’f’ ésl:ra Y rog’ nor e
preferably 1 to fapmthaydged- hmdygml-b.rz.§ul4f-ueta@hydm-rﬁgnapht oyheamser and

having preferabl yngd §ad, “ﬂ&% HEP?REKa&ana%Qh means dn ra&pn%@;éuﬁferabl y
3 to 7 ring menbers in_eac b 6.ring

refer
nmembers in each ApRyved %E?m'aHegEYBC§¥?§¥&99§nan?%$hﬂﬁf F*&Fﬁd%pg%lfones,
sul f oxi des, N5 oxisdes & ghemyilacetyl! rdguirenyilpgopiodek s(thydrocinnamaeiyl) .

carbocyclic fuseq_ ?anrgﬁg&r%bseq rhg%a,)ﬁt)gggtyfiucn het erocycl o

radi cal s nay be 0 Stitut | east one, preferably 1
to 4, nore pref ngBPWl'iY‘%?PcZnnamgb AR AT RELIIAM Y ugdi, al kyl ,
al koxy, hydroxy, mexRoxyhydrocisunghmoya adnd Ithehdtikeoartie teaerezonl Kyl ,

ko
am di no, Nthe lmﬁaﬂl;k Jafgmon@%glw% ﬁFéH’rf%ﬁ’(”LHOa ngsfbam@eyl am no

and secon ary nitrogen a

CNH-) by hyd#®xy acaBkylaryk s HegipgaFBe iyeaningg FA¥eR ab°V%5 Exapeles e kyl
Eheny! dor pngnyl Fulsyl aﬁwiil leadiJa:aast enéludey substituoed ragkumsubst{tueed =N-)
y oxi do. "Heter lL.kyl fadi I ngd above
in whi ch at Ieast%%g 9i‘ Jﬁy W%‘g)’}gﬁ%ﬁ@s %n@&x, }ia\%ﬁﬁlotﬁﬁzgﬁi, £

PCT/ US96/ 02682 carboxybenzoyl, 4-(benzyloxycarbonyljlBenzoyl, lsne hydr ogen

atom i s repl aced faph@hBgl £rPa@EpHEhogdi Cotcarboxy-2 nagitimed ,alseve, such as
e, e T8 "oemevherer SRR 13- BBR O, A peRird S P plbhe Al ) N2
“aromatic heterocﬁmedFQHYC%ﬂnéﬂhQQQVﬂnea Spenvay ot epmasido) -2 - optlonally
substituted as defdppBogDPVvandvidHe NE%XRECtTh® terms "heterocyclo,” alone
or in combination, means a saturated or partially
unsaturated monocyclic, bicyclic or tricyclic heterocycle
20 radical containing at least one, preferably 1 to 4, more
preferably 1 to 2, nitrogen, oxygen or sulfur atom ring
member and having preferably 3 to 8 ring members in each
ring, more preferably 3 to 7 ring members in each ring
and most preferably 5 to 6 ring members in each ring.
25 "Heterocyclo® is intended to include sulfones,
sulfoxides, N-oxides of tertiary nitrogen ring members,
and carbocyclic fused and benzo fused ring systems. Such
heterocyclo radicals may be optionally substituted on at
least one, preferably 1 to 4, more preferably 1 to 2,
30 carbon atoms by halogen, alkyl, alkoxy, hydroxy, oxo,
aryl, aralkyl, heteroaryl, heterocaralkyl, amidino, N-
alkylamidino, alkoxycarbonylamino, alkylsulfonylamino and
the like, and/or on a secondary nitrogen atom (i.e.,
-NH-) by hydroxy. alkyl, aralkoxycarbonyl, alkanoyl,
35 heteroaralkyl, phenyl or phenylalkyl and/or on a tertiary
nitrogen atom (i.e., =N-) by oxido. "Heterocycloalkyl"
means an alkyl radical as defined above in which at least



the definitions of aryl and heterocycl o. Exanples of such heterocycl o

and heteroaryl groups_are pyrrolidinyl —m—piperi di Nyl —piperazihy-—
mor phol i nyl, thianorpholinyl, 10 pyrrolyl, inmidazolyl (e.g., imdazol
4-yl, | - benzyl oxycar bonyl i m dazol -4-yl, etc.), pyrazolyl

pyridyl, 1-pi peridinyl)pyridyl and 2-(4-benzyl

pi per azi n- I“&“Pg‘ﬂ ridinyl, etc.), pyrazinyl, pyrim d| nyF ’0?“2
tetrahydrofuryl, thienyl, 15 tetrahydrothienyl and its sul foxide and
sul fone derivatives, triazolyl, oxazolyl t hi azol yl, indolyl

(e.g., 2-indolyl, etc.), quinolinyl (e.g.152- qU|noI|nyI

3-quinolinyl, 1- OXId ui nolin etc

S-au nol v A IO e 2451 Lo 7 ARhLBNL che radketias
1,2,3,4-tet rahydrdafz.ned abovquusmﬂylas pynrr)l,ldmylmethyl

b2 S 4ot e asyee Ty eyl pyridylmeciyl and the Like, The
[err]- carbollnzl ﬁf&?ﬁ?gﬁ%a 5ﬁ§Pe qx, %ﬁ comblnatapnt”means '

5- bénzi m dazolsyl amxtaltyhehedem«;ypﬁmr&dytal &5 defdnky| abed omppkbnis- yl |
et hyl enedi oxyphengle;onally Q@ﬂgﬂﬁﬂ t2a0hy¥! depﬁfgd)%@@y‘lut}p%%geﬁf:yko 2, 3-

dlhydrobenzofuryl benzgoxazol thio heng The term
"het er oar al kyl ", HoMeIdPLIERC rﬂﬁ ¥ oA ﬁ%%ﬁﬁf°cY°1° ahE%ﬂWBHesraélcal as
- defined above i n smkurcrheatarbegslo @ he@erbycy bgroupkoaré pyrplddéedyby an

het I di b
S uryipropyl.  Pireiging) PinaERl Crotin 3y %yfgﬁf’;y"#%’*ﬂ’%?ﬁ

pyrrol yl propyo 1plfrrﬁ‘§§ﬂ-ol i leéndet fe- | %‘R—Eal ze4r¥im

"cycl oal kyl al koxyr-asdrplbky tralenmainrd @uzolr 4l desticved pyifazdlyam a :

cycl oal kyl al koxy i goagi d of 4t y I 1 O COOH
wher ei n cycloalkSﬁyﬁﬁgyi Qe § 21 g§ﬁé9£&}%¥& R%§1d¥go§%9%#ﬁ§ P%E%#*
"aronxyaIkanoyI"P¥ﬁﬁﬁﬁ?1§nl'Yl “1- -pyrigdny /289% . pPyrazinyl,

PCT/ US96/ 02682 pyrlmldlnyl furyl, tetrahydrofuryl,lGhienyl, acyl radical of

the formul a aley Jﬁ’&?&:h%f'aﬂxdarﬁé% sulfoxi dagl k any %(L éﬁave t he

meani ng glven above erocycloa koxycar onyI nmeans an
acyl group derivederivativegentHazdiydycPEarRinl Otbderchiky einfolyl

het erocycl oal kyl {e.g..52a3ndeiyDedkrlovequihel iaIm "(eeger o livolkapoyl " 1s

an 3-quinolinyl, l-oxido-2-quinolinyl, etc.), isoquinolinyl
(e.g., 1l-isoquinolinyl, 3-isoquinolinyl, etc.),

20 tetrahydroquinolinyl (e.g., 1,2,3,4-tetrahydro-2-
quinolyl, etc.}, 1,2,3,4-tetrahydroisoguinolinyl {(e.g.,
1,2,3,4-tetrahydro-l-oxo-isoquinolinyl, etc.),
quinoxalinyl, R-carbolinyl, 2-benzofurancarbonyl, 1-,2-
.4~ or S5-benzimidazolyl, methylenedioxyphen-4-y1,

25 methylenedioxyphen-5-yl, ethylenedioxyphenyl,
benzothiazolyl, benzopyranyl, benzofuryl, 2,3-
dihydrobenzofuryl, benzoxazolyl, thiophenyl and the like.
The term "heteroaralkyl“, alone or in combination, means
an alkyl radical as defined above in which at least one

30 hydrogen atom is replaced by an heteroaryl radical as
defined above, such as benzofurylmethyl, 3-furylpropyl,
gquinolinylmethyl, 2-thienylethyl, pyridylmethyl, 2-
pyrrolylpropyl, l-imidazolylethyl and the like. The term
s“cycloalkylalkoxycarbonyl® means an acyl group derived

35 from a cycloalkylalkoxycarboxylic acid of the formula

- cycloalkylalkyl-0-COOH wherein cycloalkylalkyl has the
meaning given above. The term "aryloxyalkanoyl" means an



acyl radical derived froma heterocycl oal kyl carboxylic acid wherein

heterocycl 0 has the neani ng. gi ven above. [he-term _—
"het er ocycl oal koxycar bonyl " neans an acyl radi cal derived froma
het er ocycl oal kyl - OCOO—I wherein 10 heter ocycl o has the neaning given
above. The_term "“het er oaryl oxycar bonyl " means an ac

derived WORIME 2 car boxylic acid represented by heterogg@e%m%—(

wherein heteroaryl has the nmeaning given above. The term
"am nocar bonyl " alone or in conbination, neans an am no- 15 substituted
carbonyl (carbanoyl) group wherein the am A6 gr oup can be a prinmary,

secondary or tertiary_am.no.gr ont ai ni N ubst ent s, _sel ected
fromal kyl, aryl ,acyl raﬁ‘éf:gﬂ.@f?ﬂ&(ﬁoggp%l ;ar%' c(?%:}liﬁ?f’ K ]?eoftﬂ or:14 and
t he li ke. Tarsl tadkanouhi hareg Kheo pleanimangtvan abpiegr olipe te2® deri ved

froman ami no- sub-sﬁéttétbwc%gm&ejé&&hw-- afibshs an acPRegebip LW 19EaNO
group can be a p‘rs‘éJf secondar

aim no grou ont a| ni ng
substituents sel eterocy ¢ Lo Upidyo- CQPVIWh%ﬁ%ﬂ'{%eFeE%’? EEJSHV
cycl oal kyl al kyl as deﬁ:médcabsvand Thee tlerrie * hdttexrdoyraioahRboogeh :maans 25

fluorine, chlorin 1brx%.@l'aﬁloﬁefﬁ?’éd‘%romTthét‘?%fE%cyclgalgy %g nmeans

an al kyl radical | N he neanin |n one or

mor e hydr ogens ar%‘:’r gd4n hetem%q]i? QaﬁaF}b@é??a’Ek‘&nﬁFggno? Bifch
hal oal kyl radi calBhe term "hacémddm@tbybonﬁ}'bmmet awl acyl uor onet hyl ,

30 difl uoronethy}ad Jéﬂ:bggﬁgﬁgt %hfgte}o Aé&%&&ebhEB?ﬁfWh rein t he

like. The term' IeaV| ng grougﬁ gene ers to groups
readi |y di splitedpteusrysiquBpeohs I“{?amng glg%hal?f'é’ean ZhenkeT® thiol or

an al cohol nucl eoﬂh&daroaryloxy&mﬁbﬂyaavmgngrmmcﬂr gadekhl kdemivda t he

N hydr oxysucel ni ni i Ry BesTLe e upRpRBit iy, dlk BbcPPlose "0 T,

PCT/ US96/ 02682  wh ereln heteroaryl has the meaning given above. (The zezm
tosylates and the*amisecatbohglr edldRa\ordn combigdtiens @e@ns Nsh Galie@-herein

wher e apprOpri§u€§ubstituted carbonyl (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

20 derived from an 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 like. The term "halogen" means

25 fluorine, chlorine, bromine or iodine. The term
*haloalkyl®” means an alkyl radical having the meaning as
defined above wherein one or more hydrogens are replaced
with a halogen. Examples of such haloalkyl radicals
include chloromethyl, l-bromcethyl, fluoromethyl,

30 difluoromethyl, trifluoromethyl, 1,1,l-trifluorcethyl and
the like. The term "leaving group" (L or W) generally
refers to groups readily displaceable by a nucleophile,
such as an amine, a thiol or an alcohol nucleophile.
Such leaving groups are well known in the art. Examples

35 of such leaving groups include, but are not limited to,
N-hydroxysuccinimide, N-hydroxybenzotriazole, halides,



Procedures for preparing the conpounds of Formula | 5 are set forth

b at the_general —procedure_is shouwn as.|t
relates to preparation of conpounds having the specified

stereochem stry, for exanpl e, wherein the absolute stereochem stry
about the Moxyl group is designated as (R). However ﬁié?ﬂozdzo

pr ocedur es are grally applicable to those conpounds of opposite
configuration, e.g., where the stereochem stry about the hydroxyl
group is (S). In addition, the conmpounds having the (R

stereochemi stry can be utilized to pRdduce those having the (S)
stereochem stry. exa un haV| )

stereocheni stry cgn %}é%es' nﬁ%%ﬁ?%ﬂ?ﬁ%nggﬁegf &gF%855é§§¥ﬁQ%}n35|ng

wel | - known greurgi@re indicated herein wiewgpappropniate Conpounds of
Formula I 20 The conpounds of the present invention represented
by Formula | above can, re d utilizing the fal |l ow ng general
procedures as schenatl %%“5%8 °TrPrepar1§8hEW%§xWW§H&dFl°f Egymula VO
06/ 28418 5 are set forth below. It should be noteBCHTh&iSHH) eneral

18 procedud@ EY¥Eshol®ldd it relates to preparation of

compounds having the specified stereochemistry, for
example, wherein the absolute stereochemistry about the
hydroxyl group is designated as (R). However, such

10 procedures are generally applicable to those compounds of
opposite configuration, e.g., where the stereochemistry
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

15 example, a compound having the (R) stereochemistry can be
inverted to the (S) stereochemistry using well-known
methods.

mmﬁmf.&emmndm_mmlg_l
20 |
The compounds of the present invention represented
by Formula I above can be prepared utilizing the
following general procedures as schematically shown in
Schemes I and II.
25



a) deprotection; X = C or Br. W) 96/ 28418

PCT/ US96/ 02682 _ 19 —
SCHEME Il [err]
WO 96/28418 PCTIUS96/02682
18
SCHEME I

RZ
R3NH,
P=N . P=N NH
H o) H |
OH R
\ RiSO,X
N 3 %
Se== R4 a S=— R4
H,N Ii]/ \O e P_E&\lﬁ/ \\0
OH R?

OH R?
¢ coupling
0 R? o
\ﬁ > g IiT/ \\0
1
(o . R OH g

a) deprotection; X = Cl1 or Br.



a) protection;

deprotection,

96/ 28418
20
havi ng t he

P diliadls

b) sel ective deprotection;

cQ.u.pJ_I_n.g..___dJ___hydr_OJ_;Ls.l_s,__ _Ral _displacenent oxidation—e)

c) AcS(CH2) nCH(R1) CO2H

R4S02X coupling (X =d or Br). WO
PCT/ US96/ 02682

protected chl oroketone derivative of anpauessnes 2acid

[err]

19
SCHEME II
R? R?
R3NH-
P=N B P=N NH
0 H I

P’ b P!
H,N N~ - P—N 1?1’

0
O‘\s- R*
) IiT/ > o

0

a) protection; b) selective deprotection;

c) AcS(CH;),CH(R!)CO-H coupling; d) hydrolysis,
R°L displacement, oxidation; e) deprotection,
RYS0,X coupling (X = Cl or Br).



wherein P represents an am no protecting group, and R2 is as defined

above, is reduced to the coerresponding al cohol utilizing an
appropriate reducing agent. Suitable am no protecting groups are well

known in the art and include 10 carbobenzoxy, t-butoxycarbonyl, and the
like. A eferred am no protecting group i s carboben
,\!v&pm ng - 5880602682

preferred

ed chl oroketone is

N- benzyl oxycar bonyl - L- phenyl al ani ne chl oronet hyl ket one. A preferred

reduci ng agent

I s sodi um bor ohydri de. The 15 reduction reaction is

conducted at a tenperature of from 4] err] C to about 25[err]C,

preferably at about O

tetrahy%?c#tﬁ%ﬂ%ec§ﬁ8 Fhépf? nen deRiprbt ¥ (afg an amino

exanpl e,

|table soIvenI system such as, for

chl or oket ones ar ectdnmavricialthe fomirhbbi e, e.g., such as 20 from Bachem

Inc., Torrance,

California. Alternatively, t he chl oroket ones can be

prepared by the procedure set forth go S. J. Fittkau, J. Prakt. Chem,

315, 1037
which are wel |

preferably

(1973), and subsequently
known in the art
utilized directly, as descrlbed\bn ow,

protected utilizing procedures
he hal o al cohol can be
, pr@ferably, is reacted,
uitable base in a suitable

at room tenperature, whha

solvent systemto produce an N-protectdd am o epoxide of 30 the formnula:

WO 96/ 28418 5
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wherein P represents an amino protecting group, and R2 is
as defined above, is reduced to the corresponding alcohol
utilizing an appropriate reducing agent. Suitable amino
protecting groups are well known in the art and include
carbobenzoxy, t-butoxycarbonyl, and the like. A
preferred amino protecting group is carbobenzoxy. A
preferred N-protected chloroketone is
N-benzyloxycarbonyl-L-phenylalanine chioromethyl ketone.
A preferred reducing agent is sodium borohydride. The
reduction reaction is conducted at a temperature of from
-10°C to about 25°C, preferably at about 0°C, in a
suitable solvent system such as, for example,
tetrahydrofuran, and the like. The N-protected
chloroketones are commercially available, e.g., such as
from Bachem, Inc., Torrance, California. Alternatively,
the chloroketones can be prepared by the procedure set
forth in S. J. Fittkau, J, Prakt. Chem., 315, 1037

(1973), and subsequently N-protected utilizing procedures
which are well known in the art. ‘

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
the formula: .



wherein P and R2 are as defined above. Suitable solvent systens for

preparing the ami no_epaxide include ethanal 5 net hanol,—i-soprepanol

t et rahydrof uran, di oxane, and the |l i ke including m xtures thereof.
Sui t abl e bases for produci ng the epoxide fromthe reduced

chl or oket on i ncl ude potassi um hydroxi de, sodi um hyd 'gﬁmﬁg%tassium
t-butoxide,afﬁﬁpgﬂﬁ the like. A preferred base is 10 potgggPun1 ydr oxi de.
Alternatively, a protected am no epoxi de can be prepared, such as in
co-owned and co-pendi ng PCT Patent lication Serial No.

PCT/ US93/ 04804 (WD 93/23388) and 15 PCT/#594/12201, and US Pat ent
Application Attorney Docket No. C-2860 each of which is incorporated
her ei n by reference in their entiretyR® disclose methods of

, chlral am ne and ot her
n of retroviral protease

preparing chiral epoxide, chiral cyanohydri
chiral internediates useful in the 206\

inhibitors, starting with a DL-, or L3 no acid which is reacted
with a sui tabl e am no-protecting gpoup in 2 suitabl e sol vent to
produce an am no-protected am no acid ester. For the pur poses of

illustration, a protected L-am no acid with 25 the following formula w il

be used to prepargdfiey » anal #4did 95 Bk bl SN KON L LELH) vent

W 96/ 28418
22 wher ei nSY=k-emsp £e5eRYeParingokhe- prine @nargdgr daplude gthanol,

r?LhleQethyls ge@abﬂanduerﬁhaprbﬁuﬁqm,,tétrahydroﬁﬂaahoxaﬂéﬁanéIﬂahhythgnd fhe
i ke; is as de : err dependent | 'y
are selected frorr"!c'llp n%li égrﬁ oree urr“?g g %ﬁ%%g %gﬁl?jaf’;?d% not Mlinited
to, aralkylprqdnﬂgmgtebedeeaxﬂdeyﬁromyéhganedagpﬂaph prejpfone
substituted cycl ophkiaid pbkibsiwh IBaroxiBs] i ésd Rtk Hyd¥bxide, potassium

t-butoxide, DBU and the like. A preferred base is
10 potassium hydroxide.

Alternatively, a protected amino epoxide can be
prepared, such as in co-owned and co-pending PCT Patent
Application Serial No. PCT/US93/04804 (WO 93/23388) and

15  PCT/US94/12201, and US Patent Application Attorney Docket
No. C-2860, each of which is incorporated herein by
reference in their entirety) disclose methods of
preparing chiral epoxide, chiral cyanohydrin, chiral
amine and other chiral intermediates useful in the

20 preparation of retroviral protease inhibitors, 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

25 the following formula will be used to prepare the
inhibitors of this invention:

92

\ OP?
P2/ o)



acyl,

of

acylan1no and ac

salts.

al koxycar bonyl , aral koxycarbonyl and silyl.
I ncl ude,__
benzhydryl,

anthracenyl
cycloalkenylalkyl or substituted cycl oal kyl enyl al kyl radi cal s

cont ai ni ng cycl oal kyl s of C6-ClO. Suital®%& acyl
car bobenzoxy, t-

durenyl, 9-(9-phenyl fluorenyl) and phenant hrenyl,

but oxycar bonyl, iso- 20 butoxycarbonyl, benzoyl,

substitut ed benwhgreibhupyrndpresents eatbqﬁyl;prbtébutmgxgnaud,,e g..

tri-chloroacetyl . Qgih%wl a'i)%nz?/l t dlt\%_ gutf&efgrably p[err] and
ec

p[err] are |ndepen

metho rég@?:almegﬁhy aéﬂdo‘Fh?)[]é#‘re] RAdip[at efigegedbore; 25

ar al kyl .
Addi tional |y, thadp?éraidévﬁﬂaad E[ein@ep&nﬂemtl? apeosebddtedl from Qroups

att ached,

can forma het eraﬂﬁ)éﬁ' bi‘oéééﬁn‘i& ygghggngif Q%ﬁgfhgut not 1"12:{1%@ pgy are

Mor e

for exa

SUCC|n|n1dyI,

addi ti on,

the h

tri-substituted
silicon aton1opﬁ%@ﬂ§ﬂ¢§ OfiﬁiﬁihwdtFﬂelﬁﬂebﬁﬁﬁnérérnﬂ%rk@@ﬂﬂéﬂ toaryl and

ar al kyl

silyl protecti né:a(f;’r gﬁpgpﬁ%rr ld]‘é’ SB‘théFléted mthng?g???ﬁ"t &}ky& of

ara and substi t ut ed

enzene |n1dyl

groups incl ude

aze hﬁﬂelﬁﬂbﬁﬂlQﬂﬁﬁdtﬁ§a¥mk &G Rﬁék@n!iﬂiﬁylhépérocycl|c
groups can furt kbsthehte® Adjleoalkegydalkyan@laytl, oghkstdituted allpys.

10 gewR§l, ortho-metWP186hZPH L& rityl and benzhydryl, which
PCT/ US96/ 02682

trimethylsilyl,
tert- bUty|d|”EtQMJ ubﬁhno, acyléﬂﬂﬂ%taﬁﬁp 28N, Dl ¥heir salts, such as

e LBt 0% smrainos ol L slab sthane and.

1, 2- bi s(di net hyl
dlphenylnethyI5|

nono-

or

15
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25
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Q18w hyLEPFYd  hydroxy, t pit¥eo@ldpEEe} yamino,

bincladei phean .nelam:nhgiiewhe idwlanyai | emshuscerniyd ,

durenyl, 9-(S9-phenylfluorenyl) and phenanthrenyl,
cycloalkenylalkyl or substituted cycloalkylenylalkyl
radicals containing cyclocalkyls of Cg-Cjip. -Suitable acyl
groups include carbobenzoxy, t-butoxycarbonyl, iso-
butoxycarbonyl, benzoyl, substituted benzoyl. butyryl,
acetyl, tri-fluorovacetyl, tri-chloroacetyl, phthaloyl and
the like. Preferably Pl and P2 are independently
selected from aralkyl and substituted aralkyl. More
preferably, each of Pl and P2 is benzyl.

Additionally, the Pl and/or p2 and/or P' protecting
groups can form a heterocyclic ring with the nitrogen to
which they are attached, for example,
1,2-bis (methylene)benzene, phthalimidyl, succinimidyl,
maleimidyl and the like and where these heterocyclic
groups can further include adjoining aryl and cycloalkyl
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.

In

Exanmpl es of aral kyl

but are not limted to__10 benzyl, ortho-pnethyl benzyl, trityl and
whi ch can be optionally substituted with hal ogen, alkyl
Cl- C8, alkoxy, hydr oxy, nitro, alkylene, am no, al kyl am no,

or their salts, such as phosphogj nmoni um
X’? aryl groups 15 include phenyl, napht hEW%sgdanyl,

%\tcgriof:,ﬁ ‘li))t&gé%%ﬁ'gllcagﬁgfkoxycarbggﬂ? ?’é‘? llS'I yl refers to a

Sui t abl e



am noal cohol, am no acid, am no acid esters and am no acid amde. In

the case aof..am no acids,—am no ackd—i0—esters—and an no—ac-c-aA-ees;

reducti on of the carbonyl function provides the required nono- or
bi s-silyl am noal cohol. Silylation of the am noal cohol can lead to
the N, N, Ot%ﬁ%&iﬁ derivative. Renoval of the silyl pEESIer02¢B2f r oM
the silyl ether tfunction is readily 15 acconplished by treatnent wth,
for exanple, a netal hydr oxi de or amoni um fl ouri de reagent, either
as a di screte reaction step or in si% during the preparation

of the am no al dehyde reagent. Suitable si !\;/JI ating agents are, for

exanpl e, trinmethylsil . i - b ol i oride,

phenyl di net hyl sil yl chuér%?%?g gfly,f S{’I%Sﬁg?%%t#f?“é% %E@%?%r. e o%rqjet hei r

conbi nati on ngfy JdMaLsanwFeh ﬁ?ﬁ“&&g’ﬁﬂélwlmlm%a&#or silylation

?L am m;_sI ?ng _rentﬁ\ﬁa-lis@tbrsbi/ybiwp,t ]gt@&tggugymmrmye_ swevl, known to
ose skilled in the , 0 . am ne

derivatives fron1%£h%€%§%8%g$%£%§E?l' lé%iﬁ%gggﬁﬁé?ﬁg%gﬁgi5%%%?%%%’des or

am no aci d estder sladdis(dimephylsidyl) echanp and idiphenyikmetadlsidydhne art of

or gani c Chegi 5ia¢ ioAChEdE NG Adiine0 fat el GiE o Pebdi@s Mind! or
am noal cohol chengisg_r%i. . 3gam‘ e can br wg aglno-protected L-amno acid
ester is then r 5%&@ M= 1558 578 %ondﬁhﬁﬂalg hot . E%r exanpl e, the

ami no- prot ect ed Laminasdcabpd. eamino @nidheanine aidveshers and amino

di i sobutyl al um nuge ity Giide . at 1n 7€h& daded o Ubhad) @1cide, sRinemciguch as
t ol uene. Pr eferred reduci,n i

hydride. 11t FCm SOV ARdqgnine "eiq pmidet s e&lr"?%‘glf’%gq'b*?%ﬁcen%r%'f’lfj‘%i um
tri-ter- fupKien @fdg8ides the required mono- or bis-silyl
ECZ/U§96/82682 /TgTénoalﬁohol.Nbsilylation oF th?”amfﬁﬁﬁlcoh%fJﬁﬁbpﬁﬁébUFBPun1
T sobut yI al um nuthe SR RUFLGEL I GaziNPEIKe o MHBRYALTRE TS Hid¥Hg al cohol
IS t hen convéunedionf dromxthel & 1yly enher ofurctdwar isoxeadd iyon, 51to
the correspond Nga@dpideedl b NErd nBtedwith, for example, a metal

hydroxide or ammonium flouride reagent, either as a

discrete reaction step or in situ during the preparation

of the amino aldehyde reagent. Suitable silylating

agents are, for example, trimethylsilyl chloride, tert-

20 buty-dimethylsilyl chloride, phenyldimethylsilyl chlorie,
diphenylmethylsilyl chloride or their combination '
products with imidazole or DMF. Methods for silylation
of amines and removal of silyl protecting groups are well
known to those skilled in the art. Methods of

25 ©preparation of these amine derivatives from corresponding
amino acids, amino acid amides or amino acid esters are
also well known to those skilled in the art of organic
chemistry including amino acid/amino acid ester or
aminocalcohol chemistry.

30

The amino-protected L-amino acid ester is then
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

35 solvent such as toluene. Preferred reducing agents
include lithium aluminium hydride, lithium borohydride,
sodium borohydride, borane, lithium tri-ter-



[err] wherein p[err], p[err] and R err] are as defined above.
Thus, a 10 dichloronmethane sol ution of the_alcohol is added to a

cooled (-75 to -68[err] C) solution of oxalyl chloride in

di chl oronet hane and DVSO i n di chl oronet hane and stirred for 35

m nut es. 3“%9 Accept abl e oxi di zi ng reagents includ | e,

sul fur tri &Qyﬂyridine conpl ex and DVSO, oxal yl chliorrde and DVSO,
acetyl chloride or anhydride and DVSO, trifluoroacetyl chloride or
anhydri de and DVSO, met hanesul fonyl chl ori de and DMSO or tetrahydro
20 thi aphene-S-oxi de, oluenesulfonyl br 8&i de and DMSO,

trifluoronethan sulfoné aqﬂx ri tr f|IC "vdrldg and DMSO,
phosphor us pent AR id °r?ﬁ'“'f"r'” Fy 1998 Blior YW°%h! ori de and
DMSO and isobuty@referablyhltheﬁnndummagaadeﬁnmxs diligobutyhalwwmimundi ti ons

25 reported by jRrftigeet 99, 8 Angew"
Chem Int. Ed. Engl 1€e2éD§§Aifl¥%%\ﬂ %gmine THe r%g%@tm%x%]f cfﬁoq_hﬁ_)g]” de and
DVBO at -78C.  then conver ox%d’ﬁyor?fnét ﬁUﬂr‘éle%’@ranéﬂ‘“vn this
30 inventio i stmtﬂﬁwlcorresp(omﬂaxmyralldehgdeommltme formulatri et hyl am ne and

DMSO at roomtenperature. This system provi des excell ent yields of
the desired chiral protected am no algehyde usable w thout the need
for purification i.e., the need to pugify kilograms of internediates
by WD 96/ 28418 - p
PCT/ US96/ 02682 N Hs
/N
p2 o

wherein P1, P2 and R2 are as defined above. Thus, a

10 dichloromethane solution of the alcohol is added to a
coocled (-75 to -68° C) solution of oxalyl chloride in
dichloromethane and DMSO in dichloromethane and stirred
for 35 minutes;

- 15 Acceptable oxidizing reagents - include, for example,
sulfur trioxide-pyridine complex and DMSO, oxalyl
chloride and DMSO, acetyl chloride or anhydride and DMSO,'
trifluoroacetyl chloride or anhydride and DMSO,
methanesulfonyl chloride and DMSO or tetrahydro

20 thiaphene-S-oxide, toluenesulfonyl bromide and DMSO,
trifluoromethanesulfonyl anhydride (triflic anhydride)
and DMSO, phosphorus pentachloride and DMSO,
dimethylphosphoryl chloride and DMSO and isobutyl
chloroformate and DMSO. The oxidation conditions

25 reported by Reetz et al [Anggw_ghgm* 99, p. 1186,
(1987)]. Angew Chem. Int. Ed. Engl., 26, p. 1141, 1987)
employed oxalyl chloride and DMSO at -78°C.

The preferred oxidation method described in this
30 - invention is sulfur trioxide pyridine complex,
triethylahine and DMSO at room temperature. This system
provides excellent yvields 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 elimnated and | arge scal e operations are made | ess
hazardous. Reaction_at _roomtenperatut——also el i m nated-thewheed—For——-

the use of |ow tenperature react or whi ch makes the process nore

sui tabl e for 5 commercial production. The reaction may be
carried out n inert at nosphere such as nitrogepea ,

nor mal or W§Bg'%“ air, under atnospheric pressure or |nga sea?ﬁ{q reactlon
10 vessel under positive pressure. Preferred is a nitrogen

at nosphere. Alternative am ne bases include, for exanpl e, tri-butyl
amne, tri-isopropyl am ne, thylzéi peridi ne, N-methyl norpholine,

azabi cycl ononane diisopro y m,ne
2,2,6,6-tetranet ﬁp}'%teqqr(ﬁpﬁ:g B %%%Fﬂ?l IR SCALEI RRETRH Mt ur es
of these bases. are made dicsgl amzmedq’@-a Reetbiorchthaoom ARmpernaftineges to

pure DMBO ag; 88! élﬂiﬁlﬂdé‘éhuéﬁe%éédﬂf%'i Qﬁe%@@d&' 1w eBmpPéLdd e or
hal ogenat ed sol vents suc t et r ahydr of ur an, tate, tol uene,

xyl ene, di chl or ofBRREMe ¥ makes REOGLSFi ’B%r%rﬁi‘lttﬁ?lﬁ ® Dipol ar
aprotic co-sobverbtmmercial iprodudeiagetonitrile, di nethylformam de,

di met hyl acet am de, acetam de, tetranethyl urea and its cyclic anal og,
N- et hyl pyrrol i done, sulfolane and the |.i ke. Rat her than

N, N- di benzyl pheny! al ahfRdf e ReMaY 5P| HHTy S BRECHpASS; an fgert
phenyl al ani nol dermusphesss such asdnitrmssed oxbargonarohacumell $0 qaovi de t he

cor r espondi ng 3% gbﬁ@éps%gﬁgbhﬂ}ffi réxeéﬁ%% 8{-6{{5] aR%d ~rélc@ordN N

di substituted al reduction of an
ani de or est&f vessehelm%t Ppsigive @W@spoﬁﬁ?gﬁr@@nﬁl 3 (BEtrRAgeEy
suitabl e peemesphae gr alkraat 1 v aimipeobasé s dindlvidg, aEaﬁl ne,

substituted pheng{ a?fé n}ﬁr bg%%hoggnﬁ(é Q%Sggﬂélf__%?ydleham Rgen al ani ne

derivative can be cC rovi de dride
transfer is an ad@thybpiperisinsd N'methlblf Mg, ﬁ&ﬁ’ée'sﬁﬁaﬁ’%’l@ eReRAne.,
condi ti ons wher e dakigepysiss lethylamniiide s a,i606s tat camntiydpdpeeidid®penauer

gé%?ﬁ%bg?CZGég N,N—X%Aé%ﬂé%gﬁyﬁopyridine, or mixtures of these bases.

) Triethylamine is a preferred base. Alternatives to pure
DMSO as solvent include mixtures of DMSO with non-protic
or halogenated solvents such as tetrahydrofuran, ethyl
acetate, toluene, xylene, dichloromethane, ethylene

20 dichloride and the like. Dipolar aprotic co-solvents
include acetonitrile, dimethylformamide,
dimethylacetamide, acetamide, tetramethyl urea and its
cyclic analog, N-methylpyrrolidone, sulfolane and the
like. Rather than N,N-dibenzylphenylalaninol as the

25 aldehyde precursor, the phenylalaninol derivatives
discussed above can be used to provide the corresponding
N-monosubstituted [either Pl or P2 = H] or N,N-
disubstituted aldehyde.

30 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

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



26 The al dehydes of this process can al so be prepared by
nmet hods of reducing protegted phenylalanine and. . phenyl alanine anal ogs
or their am de or ester derivatives 5 by, e.g., sodiumamal gamw th HC
in ethanol or lithium ~or sodium or potassiumor calciumin amoni a.

The reaction tenperature may be from about -20[err] %ﬁ] BS’R
45[err] C, XYRi9678&Becr ably from abut 5[err]C to about 25[erﬁi s?vvo b

addi ti onal methods of obtaining the nitrogen protected 10 al dehyde

i ncl ude oxidation of the correspondi ng al cohol with bleach in the
presence of a catal ytic anount of 222 6, 6-tetranethyl -1-pyridyl oxy
free radical. In a second net hod, oxidation of the alcohol to the
al dehyde i s acconplished by a catal ytic anmount of 15
tetrapr0py|anﬂbniL”nFmﬂél&ﬂa%hgaesiﬂft&hiqmprbeass cén also be prepared

N- et hyl mor phol i pe- INe i ,?qyfg d chloride
derivative of a d%t é)gtg n%llp oé:nl ne or en ]%éalgﬁl ﬁlgaderl vative
as 20 discl osEhe@)bkﬁﬂ@w praledR By Whedr APYR %g%"ﬁ e(;rt;gr derivatives | yst
such as Pd ons bapj {ing car b e amoamdbFamiWith HCL Sl ¢ditmine) wirt hidsivm t hout

an addi tional cat al [ gl fu r a thiol
(Rosenmund R%%‘%fb‘f“? ooﬁ:) pogg%{’% o C%Qi%%"ﬁ%ﬁha@g“ﬁéde Jri‘egul ting from
the Swern oxi dat reaction temperphune rmaithe] fxomhahowal wREFNYPIFRIMtUM

rfﬁgﬁn't : hwhl ch 4sec, d%ﬁaﬁli‘%efébgerﬁ’foﬁ Qdﬁutns‘ﬁl tté Bpoteazstny Bo |
al kyl l'i thium it ound. .wi t resente
30 by the fornqud%féﬁ??%ﬁrﬁgPﬁi[g Y% t&% g%%ﬁ&%ﬁ? 398 é%%ndently
represent |, 1@r eﬂdéhydékﬂnQiHQWpbﬁldatsﬁnlRﬂ(ﬁheoFOFﬁéspondlng QFIQHQHe and

ChlbO{ 0: Fdfget ha”?uﬁﬂ Biads Jﬁp@h%dpi'@seﬂ& Gf a cataaﬁd:l.@ aﬁ:@gﬁtl ep of
n-butyllithiumin hexape is sultin r,oau S a
m xture of dlastgréoﬁﬁﬁs ?ﬁr %yl 15pyfiﬁ¥kﬁﬁ¥oﬁﬁfﬁg - prgbeéted

epoxi des of the fseconfiasethod, oxidawDogepH e alcohol to the aldehyde
PCT/ US96/ 02682 is accomplished by a catalytic amount of
15 tetrapropylammonium perruthenate in the presence of

N-methylmorpholine-N-oxide.

Alternatively, an acid chloride derivative of a .
protected phenylalanine or phenylalanine derivative as
20 disclosed above can be reduced with hydrogen and a
catalyst such as Pd on barium carbonate or barium
sulphate, with or without an additional catalyst
moderating agent such as sulfur or a thiol (Rosenmund
Reduction).
25
The aldehyde resulting from the Swern oxidation is
then reacted with a halomethyllithium reagent, which
reagent is generated in situ by reacting an alkyllithium
or arylithium compound with a dihalomethane represented
30 by the formula X1CH2X2 wherein X! and X2 independently
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
35 corresponding amino-protected epoxides of the formulas:



27 [err] The di astereoners can be separated e.g., by

chromat ography, or,_alternatively, Qoce reacted.in 5 subsequent.steps—the
di astereoneric products can be separated. A D-amno acid can be

utilized in place of the L-amino acid in order to prepare conpounds

havi ng an o). stereochem stry at the carbon bonded tg,

The additi orW%?‘”éﬂgsororret hyl i t hi um or br ononet hyl i t hi un"ﬁ@o a g#)ral

am no al dehyde is highly di astereosel ective. Preferably, the

chl oronmet hyl | it hi um or bromonethylithiumis generated in-situ fromthe
reaction of the dihal onethane and n-butyl | 2?hium 15 Acceptable

met hyl eneating hal onet hanes i nclLude chl or oi odonet h e,

br onochl or onet hane, di br ononet hgne, di i odonet hane r onof | uor onet hane
and the |ike. The sul fona¥e ester of the addition ¥roduct of, f_or

exanpl e, hydr oge®sgom | depyde P
20 agent. TetrahydrofuragNis the eflerd sol ven

alternative solvents s as tol uene,¥@ net hoxy
di chl ori de, nethylene chloride can be used as pure solvents or as a
m xture. Dipolar aprotic solvents such as acetonitrile, DV,

N-net hyl pyrrol i dofRe adfadtieledner 25ca e Sepapbtedre a3 ,payt of a sol vent
m xture. The chr&?ﬁ:p:# %gh§an gUt ?trﬁrzjn?ql%i undxgcre %gacggét At nospher e

such as nitrogen Or argo i um ubstitut ed
ot her organone? al FebsequRNt Stepagthe g31§1§@|¢r§§mer1c PriasueEEs| F@lml@ﬁ’n
tert-butyl lithi uafépsﬁtéwtyh bl—hﬁmﬁnam@caﬁhséyd&ntﬂleurmnpﬂsmé ofodi um

and the |ike. Ehreﬁ_ ! g 4) % gge%%tures of

bet ween about - 80 am]t(? geidut p?r & abl 9rﬁ%?’{/%ecr?m5’88f} TEHIPE to

-20C. The M6l preenchenisbrytatorthee eptbar baniest sobBfween - 40C to
10 The addition of chloromethylithium or

bromomethylithium to a chiral amino aldehyde is highly
diastereoselective. Preferably, the chloromethyllithium
or bromomethylithium is generated in-situ from the
reaction of the dihalomethane and n-butyllithium.

15 Acceptable methyleneating halomethanes include
chloroiodomethane, bromochloromethane, dibromomethane,
diiodomethane, bromofluoromethane and the like. The
sulfonate ester of the addition product of, for example,
hydrogen bromide to formaldehyde is also a methyleneating

20 agent. Tetrahydrofuran is the preferred solvent, however
alternative solvents such as toluene, dimethoxyethane,
ethylene dichloride, methylene chloride can be used as
pure solvents or as a mixture. Dipolar aprotic solvents
such as acetonitrile, DMF, N-methylpyrrolidone are useful

25 as solvents or as part of a solvent mixture. The
reaction can be carried out under an inert atmosphere
such as nitrogen or argon. For n-butyl lithium can be
substituted other organometalic reagents reagents such as
methyllithium, tert-butyl lithium, sec-butyl lithium,

30 phenyllithium, phenyl sodium and the like. The reaction
can be carried out at temperatures of between about -80°C
to 0°C but preferably between about -80°C to -20°C. The
most preferred reaction temperatures are between -40°C to
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28 -15[err] C. Reagents can he_added singly but nultiple .

additions are preferred in certain conditions. The preferred pressure
of the reaction I s at nospheri c however a positive pressure is

val uabl e un certain conditions 5 such as a high hum %%J dgpnment.
Al ternativ M'(fs of conversion to the epoxides of dl; 'S | nvent I on

i ncl ude substitution of other charged met hyl enati on precurser species
followed by their 10 treatnent with base to formthe anal ogous ani on.
Exanpl es of these species include trimnet hﬂs ul f oxoni um tosyl ate or
triflate, tetrarre% ni um hal i WQ'%’-\ Ifoxonlum

hal i de wherein ha*‘ j §eagents c?’ﬁ ?’edgddﬁ?o?ﬁ )é’ U‘L

The conversion oadditsicrsdempdprederndd sin nee‘neuorpondltlonat-o Tlhel r epoxide
derivative can a%:?@fé?ré??'ﬂr’e%@u?é'tof the reacﬁ'i!bﬁ' e Pﬁerf@rhcﬁ;&@l}gi'l €,

the addition of rom for, exanple,

h d
a butyl or 20 arg?g%'ilf"fr}ﬁ l?r'nergﬁ‘éﬁ%rr‘cs ‘f‘%"‘lai? gé%%?‘%%téﬁf‘nﬁaﬁl@’ew

oxi dati on of % hesuesag |awgu|gnohemi®¢\ammsohﬁmde. al cohol with well
known oxi di zi ng agents such as hydrogen peroxi de, tert-butyl

hypochl orite, bl each or sodi ym eriodate to glve a_sul f oxi de.

Al kyl ation of the 25R1 "s‘%ﬁm"&emﬁf? s 1Qf GORYRBEEON kA P eBAxHEeS of

br om de, rrehhgl mm;dmhe;nmﬁg/lsumw‘:atdapnm fodhetr chheged et hyl
brom de, isoprop , r in the
presence of an o)fﬂété C or |°rr110 Qgﬁn(': %L g&qeg fipf%ééréé?}?ver]eut he protected

ami nosul fi del®l cBReRtReRH e thaBasg) ‘k?/l%&ré'ﬂ thet ﬁna?‘?ﬁm’e%(é‘ﬁﬁpé t he
al kyl ating agent Examples of thestospeciegldnrladefl onimsarsalsud foRehivwi e

subsequent |y ;oo pOvETd:q b e L Ne: Sty £00HL G Wal BaLer t -anine or

m neral bases. epoxi ornmed, _USIng nost
preferred E‘SHHYW’(?E@Y&S&H@?‘%’S‘@ dliige| yhf-'ﬁe#fhthadléﬁnaﬁt s of at
| east about an 8ghldridé| bromiBE. ofhtodideluct can be

15

The conversion of the aldehydes of this invention
into their epoxide derivative can also be carried out in
multiple steps. For example, the addition of the anion
of thicanisole prepared from, for example, a butyl or

20 aryl lithium reagent, to the protected aminoaldehyde,
oxidation of the resulting protected aminosulfide alcohol
with well known oxidizing agents such as hydrogen
peroxide, tert-butyl hypochlorite, bleach or sodium
periodate to give a sulfoxide. Alkylation of the

25 sulfoxide with, for example, methyl iodide or bromide,
methyl tosylate, methyl mesylate, methyl triflate, ethyl
bromide, isopropyl bromide, benzyl chloride or the like,
in the presence of an organic or inorganic base
Alternatively, the protected aminosulfide alcohol can be

30 alkylated with, for example, the alkylating agents above,-
to provide a sulfonium salts that are subsequently
converted into the subject epoxides with tert-amine or
mineral bases.

35 The desired epoxides formed, using most preferred
conditions, diastereoselectively in ratio amounts of at
least about an 85:15 ratio (S:R). The product can be
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29 pui-fi-ed-by—chronmat ogr-aphy—t+e—g-re—the—diast er eererteatyp—m---—
and enantionerically pure product but it is nore conveniently used
directly without purification to ‘prepare retroviral protease

I nhi bitors. ggﬁugﬁge90|ng 5 process is applicable to m ¥g&tiigssnsds2opti cal

| soners as as resolved conpounds. If a particular optica

i somer is deS|red, |t can be selected by the choice of starting
material, e.g., L-phenylalanine, Pgenylalanine, L- phenyl al ani nol

D- phenyl al ani nol , 10 D-hexahydrophenyla ninol and the |ike, or

resolution can  purs QERUbyAtnt SARALAY 8 gfVd'dh & eRBc el effinidilicatly

auxiliaries such as one or two ui vi ants o oni c acid,

citric acid, canp®Rf igragtigmesicatiyo ﬁeﬁ?Pgﬁﬁﬁlqyta&Fdls m°reeand the Iike

can be used to foconwalientlgsused dnre@mngeelthdﬂi pufrifheaciospamends of this

I nvention. Thes k¥a be Y. d or
%P%Bn%gr@%ﬁ iral frofé%%blé i ﬁ%é&% T é %?Agﬁlﬁg

separ at ed Ica using elt chi ra
colum as is vl |PYQRRGS 2§ PHB%%F%Q&QIﬁ@dmﬁﬁt¥¥ﬁﬁeﬁﬁ opticabpisomers @fe anino
epoxi de is then reell et regodvédidaipornds. I8 \{ﬁ‘ﬂtl&ufﬁhﬂrﬁpwdall an equal

g[me)‘rjp} NH‘Z” %ZIZ[E@&:XexaQsRPesl S&‘C%ﬁé 5%‘}; b ngéétee% %g‘ Pfie Jcn 'E(;%er%rﬁ'ea

reaction can Sti‘i’e“étﬂnd‘éé?éélabveﬁ Qa vadEh?%mb%laé\‘mﬁerrEer at ures, e.g.,
25 from about 10i>1eértjxalbmabmm ﬁl%?{y&rall]aﬁanbm m@uyhgﬂambiﬁbl but

not necessarijgy, 9{3&%@ eig?ﬁr %H“Euﬁdaéhé’mn% h% pesg 1uc~°i%'n"%2£
begins to ref SuT I"é I'nC non-protic
and di pol ar apr ot PeCYHR g’éimléltermedl%"(ﬁ \ﬁ’é'ntfénéec-ﬁt%s f§hle§h@4>@htaﬁe§é
wherein the sol vesich a?d)onIeSoantﬁd; Chdhi18HES @8 dartplhaBOkum&rtmelcad

| sopr opanol , cif Q like, .ethers s?ch as etragg furan a%kgxane

and the |iKEe; and eﬁ%mp$?$¥%|ﬁ% hy?f@ﬁ?ﬁﬁﬁy
sul foxi de, and ni andrthe tlhéqeegan be pragide tpeform| sealtis i ssters or'r smpudepanol :

The resul ti nh9r ogeiCind compduhbs péf)tt@ﬁtse(inveﬁélon These compounds or
amno)-3-(Rerr]) erei nafter

2-
referred to as andsﬁﬁYﬁ§1§£ ﬁgﬁag 3 gaﬁllzeé ??ﬂﬁ%@?@ﬁf@é by the fornul as:

chromatographlcally using either a chiral or achiral

column as is well known to those skilled in the art.

20 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
be conducted over a wide range of temperatures, e.g.,

25 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
include protic, non-protic and dipolar aprotic organic
solvents such as, for example, those wherein the solvent

30 is an alcohol, such as methanocl, ethanol, isopropanol,
and the like, ethers such as tetrahydrofuran, dioxane and
the like, and toluene, N.N—dimethylformamide, dimethyl
sulfoxide, and mixtures thereof. A preferred solvent is
isopropancl. The resulting product is a 3-(N-protected

35 amino)-3-(R2)-1-(NHR3)-propan-2-ol derivative
{hereinafter referred to as an amino alcohol) can be
represented by the formulas:
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30 [err] wherein P, Plerr], Plerr].Rlerr] and RL,err] are as
descri bed above. 5 Alternatively, a hal oal cohol-can be utilized in place
of t he am no epoxide. - The am no al cohol defined above is
then reacted in a sui tabl e solvent with the sul fonyl gﬂb&d’(ﬂ& RASO2C
the 10 suMOS¥PMBroni de RASO2Br or the corresponding sul 2
anhydride, preferably in the presence of an acid: scavenger. Suitable
solvents in which the reaction can be conducted i nclude nethyl ene

chl oride, tetrahydrofuran and the |ik®. Suitable acid scavengers

i nclude 15 triethylamne, pyridine and the like. The resulting
t he epoxi de

sul f onam de derivative can be represented dependi ng on

utilized by the fornmnul as [erﬁﬁ : 20 whergin P,
Rlerr], Rlerr] and Rlerr] s defined abo¥g

are useful for preparing ' conpo

i nvent i on. 25

OH R3 OH

Plerr],
sent.

R3

wherein P, Pl, P2, R2 and R3 are as described above.
5 Alternatively, a haloalcohol can be utilized in place of

the amino epoxide.

Plerr],

Th se |nternediates

The amino alcohol defined above is then reacted in a

suitable solvent with the sulfonyl chloride R4S02Cl, the

10 sulfonyl bromide R4302Br or the corresponding sulfonyl
anhydride, preferably in the presence of an acid
scavenger. Suitable solvents in which the reaction can
be conducted include methylene chloride, tetrahydrofuran
and the like. Suitable acid scavengers include

15 triethylamine, pyridine and the like. The resulting
sulfonamide derivative can be represented, depending on

the epoxide utilized by the formulas

2 R
. ' L YN N
\N / \R‘ N / \R
H l P, | ’
OH R? OH R3
20
wherein P, Pl, P2, R2, R3 and R? are as defined above.
These intermediates are useful for preparing inhibitor
compounds of the present invention.
25 Alternatively, the protected amino alcchol from

the epoxide opening can be further protected at the newly
introduced amino group with a protecting group P' which is
not removed with the removal of the aminoc protecting groups

P or Pl and §2, i.e., P' is selectively removable.

One

30 skilled in the art can choose appropriate combinations of
P', P, Pl and P2. For example, suitable combinations are P

t|ve|y, tpe/ﬁrotect d am po al cohol from



t he epoxi de opening can be further protected at the newy I nt roduced

apino group with a protecting group.R.uhich.ls not Lenmoved—witht-he -
renoval of the am no protecting groups P or Plerr] and p2, i.e., P

is selectively renovable. One 30 skilled in the art can choose
appropriate_conbinati ons of P, P, Plerr] and Plerr]. | e,
suitable co %&H] ns are P WO 96/ 28418 PCRfusbiiiaiE

PCT/ US96/ 02682 31 = Cbz and P* = Boc;

PP = Cbz and P = Boc; pl = Cbz, p2 = benzyl and P' = Boc; and Plerr] =
P2 = benzyl and P = Boc. The resultlﬁ corrpound represented by the
formula [err] an _bg carr,ied hrou ind of Ehe
synthesis to = TR% i e BCihd of Fh ”? oz, 18

wherein n, t, , b&fizyY ]ancRPer #]| Bo® eénd Pand P&@rlb]enayb aryd def =n8dcabdihe

Theremai nder Of i@@uﬁ&’fﬁd“’c’%&nﬁo@ﬁ&”ﬁeﬁ%’%eﬁﬁeﬁaﬁyﬂ'% Frmdda desired

either by the addition of desired residues or groups 15 one at a tinme or
in a preforned nol ecul e nade ‘up of nor e t hat one resi due or group in

one step. The fornmer approach |s t he sequentia synt hesi s met hod and
the latter is the convpLge hesps rretph@l nt t|Cp-
transfornmations are

5
can be carried through the remainder of the synthesis to
provide a compound of the formula
Q R-
R: P
~‘S’(€>1”H\‘N”!\‘I’/\\N"
hy = ] l
_ o] Rl H OH R3
10 t

wherein n, t, P', Rl, R2, R3 and RS are as defined above.
The remainder of the synthesis above can be carried out as
desired either by the addition of desired residues or groups

15 one at a time or in a preformed molecule made up of more
that one residue or group in one step. The former approach
is the sequential synthesis method and the latter is the
convergent synthesis method. Synthetic transformations are
possible at this stage also. The protecting group P’ is

20 then selectively removed and the resulting amine is reacted
with the sulfonyl chloride R4s02Cl, the sulfonyl bromide
R4502Br or the corresponding sulfonyl anhydride, preferably
in the presence of an acid scavenger, to form the compounds
of the present invention

25
0 R* 0O O
o N/
~ A Ilg ‘/ ~gré
@t R? o R’



possi ble at this stage also. The protecting group P is 20 then

selectively renoved and the resulting anmne is_reacted with the

sul fonyl chloride RAS2C, the sul fonyl bromde . R4SO2Br or the
correspondi ng sul fonyl anhydride, preferably in the presence of an
acid scavenger, to formthe conpounds of the present J | 25
[err] 09%6128¢1806/ 28418 ‘ FERIGBARE

PCT/ US96/ 02682 32 wherein n, t,
Rlerr], Rerr], Rerr], Rerr] and Rerr] are as defined above. Thi s
sel ective deprotection and conversion to BRe sul f onam de can be
acconplished at either the end, of the synthesis or at any_appropriate

i ntermedi ate st epherein B, gesRied®?. &7 .cRAnpNd R axn Bendafinedahaye-| | .
The sul fonyl hal ¢gies g1 ddReveoaapter dtIchXananchieversion poepheed by the
reaction of a suitable aryl. heteroaryl .. d o.tus cyclo
Gignard or Ii t h ?‘?58' tsanl ° %:aq%lpé}ﬁf Efly' C ’Jf{g%dé‘?gog‘q%ﬁ S{h%di oxi de
foll owed by symbdieiits o @bt amy apirepraatpr tpeexmnadiatkl SEEREAS Aryl

heteroaryl angl bgagprdd!sednneksnery s datldnaadi®rscheme 1lri.t hi umreagents
can be prepared fromtheir correspondi ng hal i de (such as chloro or

bronmo) conpounds which are 15 conmmercially available or readily prepared
from comer ci al Tye sudifioayllehalides mf wheeframala RIGP2RnEaR be
methods in the aptepdfaP byt Rhel Sei®Byidif FXiadbgedable aryl, Betésityl

chl orides using chl'orine IZ‘S‘ tge gresenc of . wat gri&glnder carefully
control | ed condi RBnRenzo fysed HPESERH LY CLAPRITS O% HFd Ul ERAgLS

aryl sul foni cl@ci agdth sulfunydy chdoribdecrareculdusudionde Hfallldwed usy ng

feagents SUCh  oxia@@idithienSehdlofed) Prldebhb1 chiditne kearpnd al S0 to
anhydri des using SUitabl e de y at| n&‘rea ents. fonic acids

r . sul
may in turn be pPEPRFRIYis| PBegdtiesd 9§§r°ﬁ§Ff°%ﬁ8@WaFﬁ Phe art. Sone
sul foni c aci ds aléthium re=gemesccahllye guadaaiele from iaice cokrehponddrigony|

halide (such as chloro or bromo) compounds which are

15 commercially available or readily prepared from
commercially available starting materials using known
methods in the art. Also, thicls may be oxidized to
sulfonyl chlorides using chlorine in the presence of
water under carefully controlled conditions.

20 Additionally, sulfonic acids, such as arylsulfonic acids,
may be converted to sulfonyl halides using reagents such
as PCls, SOClz, Cl1C{0)C(0}JCl and the like, and also to
anhydrides using suitable dehydrating reagents. The
sulfonic acids may in turn be prepared using procedures

25 well known in the art. Some sulfonic acids are
commercially available. In place of the sulfonyl
halides, sulfinyl halides (R4SOX) or sulfenyl halides
{R4SX) can be utilized to prepare compounds wherein the
-S0,- moiety is replaced by an -SO- or -S- moiety,

30 respectively. Arylsulfonic acids, benzo fused
heterocyclo sulfonic acids or heteroaryl sulfonic acids
can be pfepared by sulfonation of the aromatic ring by
well known methods in the art, such as by reaction with
sulfuric acid, S03, SO3 complexes, such as DMF(SO3),

35 pyridine(s03), N,N-dimethylacetamide(S03), and the like.
Preferably, arylsulfonyl halides are prepared from
aromatic compounds by reaction with DMF (SO3) and SOCl: or



hal i des, sul finyl halides (R4SOX) or sulfenyl halides (R4ASX) can be

utilized to prepare conpounds whereih—the SO2- noi

an -SO or -S- noiety, 30 respectively. Arylsulfonic acids, benzo
fused het er ocycl o sul fonic acids-or heteroaryl sulfonic acids

can be pre sul fonation of the aromatic ring by wn
met hodspi npt%{fg a 1,8 such as by reaction with sul furi gcg{q%g&oz@g S03
conpl exes, such as DMF(SO3), 35 pyridine(SM),

N, N- di met hyl acet am de(S03), and the |ike. Preferably, aryl sul fonyl
hal i des are prepared from .. aromati ¢ &enpounds by reaction with

E'Cv.llz_} Sgg%/ ggS§m1%18Eo>C(0)c1. egraéazc 4i%§1s may b%:?erformedcfEfWJdeo' )oa _
The reactions mayibeapeinoer®dtst epwi se or in a single pot.

Aryl sul fonic acids, benzo fused heterocyclo sulfonic 5 acids, heteroaryl

sul foni c acids, aryl nefcapt .benzo fused terocycl o ner t.ans,
het er oar yl mer capt ans, Aryafsua]x%lﬁalafﬁgi’, Wﬁ?ﬁ?‘g?‘?ﬁeﬁr&%gﬁ 21 B4 hE e s,
het er oar yl hal i Blesacadsl. thardrdagyar sutfoeniey eicallsy arylmersmapkthnd) cdosmzecan be

readily prepared (988 ShéldrdtgdcldOn8Bt A4S RRPERSLhAY-ca¥ehAaD! e using

st andard net hods | knpown ip the art. For_. exanmple, a nunber of
sul foni c acFHglf‘?QA%-ﬂ) QﬁPeglé%?‘idie&FrPﬁ%c*%wlg?S' [err]
and wher ei nhéteBrad1ilddel, &hd@rule dideRhre rdommesrcdalitef i ned above,

have 15 been pree%sﬂaﬁwrerlc%_hbsezlemlgh59lepa3é§f§ﬁ%g@tsea£lbfﬂ&',

1, 2- benzenedi gé 2- am popenzot hi azol e, benzot hi azol
am nobenzi m da2ol BAtREIBHiGPIPSFELathg avRd lapie uging ptandard gpethods
commerci al | y avai Wabl ekndwn Gar e, aklS. Paoentexample, 4 Yimbéd 7¢ £ Eulefdmieund

et al., US Patent ad;834(iMe;nY0bresdhtels B the - £ddiughacycl . Chem

4:166-167 (1967); Col e ehoss a 6 HO3S 2
R :
\@ ><R’ \O: ¥
B and N

wherein A, B, Z, R®, R? and R? are as defined above, have
15 been prepared from 1,2-benzenedithiol, 2-mercaptanphenol,
1,2-benzenediol, 2-aminobenzothiazole, benzothiazole, 2-
aminobeﬁzimidazole, benzimidazole, and the like, which
are commercially available, by Carter, US Patent
4,595,407; Ehrenfreund et al., US Patent 4,634,465; Yoder
20 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.Pavs-Bas
25 108:395-403 {1989); and Rajihara & Tsuchiya, 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
R6R7C(L')3, where L' is as defined below, preferably, Br
30 or I, in the presence of a base, such as hydroxide, or
R6R7C=0 in the presence of acid, such as toluenesulfonic
acid, or P305., to prepare the substituted benzo fused

heterocycle of formula



al., Aust. J. Chem 33:675-680 (1980); Cabiddu et al., Synt hesi s
797-798 (1976); Ncube et _al.. Tet. Lletters _..2345-2348 (1978).; Ncube et
al., Tet. Letters 255-256 (1977); Ansink & Cerfontain, Rec. Trav.
Chi m Pays-Bas 25 108:395-403 (1989); and Kajihara & Tsuchlya EP 638564

Al, each of _which are incorporated herein by reference in

entirety. ﬂﬁ?’@?ﬁﬂble 1, 2-benzenedi thiol, 2- nercap?%%p%en%?&or

1, 2- benzenedi ol can be reacted with R6R7C(L')2, where L' is as
defined below, preferably, Br 30 or I, in the presence of a base, such as
hydr oxi de, or R6R7C=0O in the presen@@ of acid, such as

t ol uenesul foni c acid, or P205., to prepare the substituted benzo -
fused het erocycl e of formula AD_%6/ 28418

PCT/ US96/ 02682 .34 whi ch can
then be sulfonylated to the sulfonic &oove. For exanpl e, CF2Br2

or CD2Br2 can be eacted w 2- ned|t | ol mer capt anphenol or
1, 2- benzenedi ol WP&C quhé'-hﬁf‘eggnﬁ‘éfg?n «f 5%?%%![1%‘&%% caﬁg‘gunds
[err] r espeébbvel y Forh@xemple, a@feBEY2apt CDzAr2Scandb® reacted with

deuterium atom A §obemd%t@a@!&orzanéﬁﬂp%ﬁghe§olt&e 1,2-pefiybisdiSan be

oxi di zed using the met hods déscri bed bel ow he sul fone or sul f oxi de

derivati ves. in the preggn Gt g ?ﬁ%p"aﬁ RTOGHCBT tlf‘?le‘:‘g'mq”é‘ﬁém de

derivati ve, the amino p oup p2 am no
dr itio ch 15 not affect

protecting groups are renoved
M. 'Fhe&e rBeth ds are wel | known

the remai ning portion of the
in the art and include acid
respectively, wherein A and B are O or S and D is a
deuterium atom. Also, when A and/or B represent S, the
sulfur can be oxidized using the methods described below
10 to the sulfone or sulfoxide derivatives.

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

15 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
methed involves removal of the protecting group., e.g.,
removal of a carbobenzoxy group., by hydrogenolysis

20 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

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

Following neutralization of the salt, the amine is
30 then coupled to the sulfone/sulfoxidealkanoyl compound or
an optical isomer thereof (such as where the group
-CH(R1)- is R or S), corresponding to the formula



hydrol ysi s, hydrogenolysis and the |like. A preferred met hod i nvol ves
rempval of the protecting group, —e~g— empval of a—cakbeberzery—
group, by hydrogenolysis 20 utilizing palladiumon carbon in a suitable
sol vent system such as an al cohol, acetic acid, and the |ike or

m xtures tgﬁ% 18V\here the protecting group is a t-- PCERIsSei0se@ bony|
group, it ca removed utilizing an i norgani c or organic acid,

e.g., HCO or trifluoroacetic 25 acid, in a suitable solvent system e.gqg.

di oxane or met hyl ene chl oride. The resulting product is the am ne
salt derivative. Fol | ow ng ndutralization of the salt, the
amne is 30 then coupled to the sul fone/sul {oxi deal kanoyl conpound or

an optical isonmer thereof (such as where jhe froup -CH(R[err])- is R
or S), corresponding to the formula R“ss 96/ 28418

PCT/ US96/ 02682 co "35 Iferﬂ wherein n, t
and R5 are as defined above, and L is 0t;IBaving group such as hali de,
anhydri de, active ester, and .t he Iike'ﬁgﬂ: rggtivel ,, the
sul'f one/ sul f oxi d&erednafig h AR EonBHENRS FetinedpaPe%e: | 1Bher eof can be
coupl ed to the preswicigedranp neach [asr hhlide, anhyfioliteyesactivede@stetrecti on and
coupling o RASOZY oMaehe.  AlcdrhaChvlly BroiSuleonEPeuffodt RA 1S as

defi ned above. i ]
5 alkenoyl compound or an optical isomer thereof can be

coupled to the protected amine

R—
Pl
on .

followed by deprotection and coupling to R4S02X, where X
is Cl or Br and P', R2, R3 and R4 is as defined above.

10
Such sulfone/sulfoxidealkanoyl compounds where n is
1 can be prepared by reacting a mercaptan of the formula
R3SH with a substituted methacrylate of the formula

op?
R}

15 by way of a Michael Addition. Such substituted
methacrylates are commercially available or readily
prepared from commercially available starting materials
using standard methods well known in the art. The
Michael Addition is conducted in a suitable solvent and

20 in the presence of a suitable base, to produce the
corresponding thiol derivative represented by the formula

RS"“s op?
RF
wherein P3, R! and RS> are as defined above. Suitable
solvents in which the Michael Addition can be conducted

25 include alcohols such as, for example, methancl, ethanol,
butanol and the like, as well as ethers, e.g., THF, and
acetonitrile, DMF, DMSO, and the like, including mixtures



Such sul f one/ sul f oxi deal kanoyl conpounds where n is 1 can be prepared
by reacting a nercaptan_of the fornula R5SH. with a substituted

nmet hacryl ate of the forrmula [err] 15 by way of a M chael Addition. Such
substituted met hacryl ates are conmercially avail abl e or readlly
prepared from conrercially available starting materials p t andard
met hods welWORSBMB in the art. The M chael Addition is conguct ed in a
suitable solvent and 20 in the presence of a suitable base, to produce the
correspondi ng thiol derivative represented by the fornmula [err]

wherein Plerr], Rlerr] and Rlerr] are as &bfined above. Suitable

sol vents in which the Mchael Addition can_be conducted 23 irﬁluﬂ
al cohol s such asthe¥gokxafpisabiaiPRshi InGlHERFroWwP I MEEELLD %fh‘dietshe

li ke, as well asggtheis, fordexample sodium methoride) teddien BMEoxTMS0, and

the like, includin 9Q/.2 T
PCT/ US96/ 02682 t=Yo] 1umXbuLf:oFS‘c§de and the 1\”‘Re g ggi@ as Gx;[oHp Oxfnet A abl e

bases incl ude G bugridemt guch rexfedium hydrddep éEFIWQﬁngéﬂéﬁﬁP§e§odlun1
net hoxi de, sosli ughet&6Ki derhe thioodérivwaniivexidecanverted linke esewel | as

Group | rreErﬁL (hF 8FP %ﬁr;c!?r%}:gﬂg\/ UGBoRe 3Pd%&igogc3ig5' ?ﬁ ehd Fotflulg M xtures 5

t her eof . Fs-conver cor respondi ng
sul fone, or sul foxide of the formula &grr] by oxidizing the thio
derivative with a suitable ~ op?

(E)t R!

by oxidizing the thiol derivative with a suitable
oxidation agent in a suitable solvent. Suitable
10 oxidation agents include, for example, hydrogen peroxide,
sodium meta-perborate, oxone (potassium peroxy
monosulfate), meta-chloroperoxybenzoic acid, periodic
acid and the like, including mixtures thereof. Suitable
solvents include acetic acid (for sodium meta-perborate)
15 and, for other peracids, ethers such as THF and dioxane,
" and acetonitrile, DMF and the like, including mixtures
thereof.
The sulfone/sulfoxide is then converted into the
corresponding free acid of the formula

R3Q
Rl

utilizing a suitable base, e.g., lithium hydroxide,
sodium hydroxide, and the like, including mixtures
thereof, in a suitable solvent, such as, for example,
THF, acetonitrile, DMF, DMSO, methylene chloride and the
25 1like, including mixtures thereof. The free acid can then
be converted into the sulfone/suéfoxidealkanoyl compound

RS\
(.Si'oﬂ/u\l‘
o) 1
. R

wherein n, t and RS are as defined above, and L is
leaving group such as halide, anhydride, active ester,



oxidation agent in a suitable solvent. Suitable 10 oxidation agents

i_nclude, for exanple, hydrogen pero adlum et .a-~perbomat-e—exene——

(pot assi um per oxy nonosul fate), meta-chl oroperoxybenzoi c acid,

periodi c acid and the like, including m xtures thereof. Suitable

sol vents include acetic acid (for sodium neta-perborate) g5 {or

ot her pera(,‘f"ag‘,mé’tshers such as THF and di oxane, and acetonitrile, DWW
and the like, including mxtures t her eof . The

sul fone/sul foxide is then converted into the corresponding free acid
of the fornula [err] utilizing a3duitable base, e.g., lithium

hydr oxi de, sodi ym hydroxi d and .the |ike ncl udi,Qg m xt ures
thereof, in a su?’t“gbql}!ae gé?‘@entf‘fg%m‘?td’é'fﬁ?mé%%(agrﬁﬂee?mg car‘\'ﬁﬁ
acetonitrile, D\VFesdws@ imebhyteneptcidadr idemersl tshweh agbwhér«dahe ncl udi ng
mi xtures thereof grodhe diige) acig £ Ehefising well® kR ChéEhdNLA LhE

sul f one/ sul f oxi deal kanoyl coggognd _[ert% , mheﬁeln n, t and R err]
are as defined aBbbe, SWid3E orming LiashEr e s FatasOhATEES
anhydri de, adiivenéstmrstallizing od\@IBGM38ddBaphing, and then converted

PCT/ US96/ 02682 ﬁnt? the sulfone/sulfoxidealkan l(fqmpouﬁag the like.
Alternatively, the free acid can be resol’ved 1nto 1ts optical isoners
(such as where the group -CH(Rerr])- is Ror S) using well known

nmet hods in the axltersiativaly byrHeomhiogtHeassrerearespondithd S or esters

5 and crystalli zj L o] gfg][ingg and then converted into the
sul f one/ sul f oxi dggﬁg&%\toeﬁ]tgggn%ogﬁ .0 as 0

REQ P
RI or Rl ,

respectively, where n, L, R! and R® are as defined above,
can be coupled to one of the amines

10

R R- Q
P’ >s R*
H.N xir/ HoN xir \TO
' OH
R3 or CH R .

followed by conversion to the protease inhibitors of the
15 present invention. P4 is a sulfur protecting group, such
as acetyl, benzoyl and the like. The acetyl and benzoyl
groups can be removed by treatment with an inorganic base
or an amine, preferably ammonia, in an appropriate
solvent such as methanol, ethanol, isopropancl, toluene
20 or tetrahydrofuran. The preferred solvent is methanol.

For example, one can couple the commercially

available acid
0

AC /\*
g OH

CH,

25 to one of the amines
2

2
R P o% R4
HzNA'/\T’ H,N e Qo
T |

or



Al ternatively, the thioether or correspondi ng protected t hi ol of

f.ormul as [err] respectively. where n._L. Rlerr] and Rlerr] are as
defi ned above, can be coupled to one of the am nes [err]

foll owed by conversion to the protease inhibitors of the 15 present

I nventi on. Is a sul fur protecting group, such

benzoyl and™ $%§é+$% The acetyl and benzoyl gr oups cgﬁﬁygﬁﬁéﬁ%ved by
treatment with an |norganic base or an am ne, preferably anmoni a,

an appropriate sol vent such as nethanol, ethanol, isopropanol, toluene
20 or tetrahydrofuran. The preferred soﬂﬂ%nt S nethanol For

exampl e, one can .coupl e the al avail abl e acid err] 25
to gﬁe of the an@ﬁﬂg tylate t ég 8g%§yp. such as by hydrolysis £1th]

PCT/ US96/ 02682 a suitable base, such as hydroxid@8 or an aidaect ghéheag he
sul fur group, Sughngs;dy J}rﬁmw%éawéhe resui‘tgﬂétﬁﬁoel Qfﬁﬁt ﬁﬁﬂph as

hydr oxi de, or an_am ne, suc 5 hen Teact e resulting
thiol with R[errpgent. whepsdn R and di' a08 359defingd aboveef i ned above,

5 to afford compounds with one of the following structures

RZ
"\\v/j[* 4’\\~/j[s Q§s R
=2 H
CH—
oxr

CH, OH I

or specific diastereomeric isomers thereof. The sulfur
can then be oxidized to the corresponding sulfone or
sulfoxide using suitable oxidizing agents, as described
10 above, to afford the desired intermediate followed by
further reactions to prepare the sulfonamide inhibitor,
or directly to the sulfonamide inhibitor. Alternatively,
the acid or the P3 protected acid can be deacetylated,
reacted with R5L' agent, deprotected and oxidized to the
15 corresponding sulfone or sulfoxide using suitable
oxidiiing agents, as described above to afford the

compound ¢of formula
R /‘\v/ﬁ\
> Y~ oH
(‘ﬁJ)t CH,

wherein t and R5 are as defined above. This

20 sulfone/sulfoxide carboxylic acid can then be coupled to
the amine intermediate described above followed by
further reaction to prepare the sulfonamide inhibitor, or
to the sulfonamide amine compound to produce the
sulfonamide inhibitor directly. The L' group of the RS5L®

25 agent is a leaving group such as a halide (chloride,
bromide, iodide), mesylate, tosylate or triflate. The
reaction of the mercaptan with RSL' is performed in the
presence of a suitable base, such as triethylamine,
diisopropylethylamine, 1,8-diazabicyclo{5.4.0] undec-7-

30 ene (DBu) and the like, in a suitable solvent such as
toluene, tetrahydrofuran, or methylene chloride. The



5 to afford conpounds with one of the followi ng structures [err]
£ ' ¢ | soners—-theeof——-~Hre—sul fur ——eep—t-her~be——

oxi dized to the correspondi ng sul fone or sul f oxi de usi ng suitable
oxi di zing agents, as described 10 above, to afford the desired

I nt er medi atgaf d by further reactions to preparepéhs nam de
I nhi bitor, ﬁoswg?y"gi rectly to the sul fonam de inhibitor. Al ter’?g%%el Y,
the acid or the P3 protected acid can be deacetyl at ed, reacted with
R5L" agent, deprotected and oxidized to the 15 corresponding sul fone or
sul f oxi de usi ng suitable oxi di zi ng ag@%ts, as descri bed above to

attord the e 1RO bRl S Iene proscrrthelal L 300 RS are as

defi ned above. orie/_Sul'f oXI deé cdr boX aci d can"then be
coupl ed to tgedughene Yhers fediate mrw SsEUBRHRS'f 6BRORR dneshyl

further reaction dloRi@RArRettis Trbh@aa|r merHylhiiBHiee, & dimeth{y® the

sul f onam de am ne ound_to produ t he . sul.f onam de i nhibitor
directly. The L' % ﬁ%%geofa?émgégﬁ%raggg %Eﬁﬂ*liﬁé%édﬁeaving group such as a
hal i de (chl or Bde, brom de, iodide), nesylate, tosylate or triflate.

The reaction of theerRaEARB) W tlbEeLtuden RREKGEARIRYA dfhehe
presence of a suitable_base, such as triethylam ne,

di i soproepyl et hyl rmé’,al,S-diazabicyclo[5.4.g] undec-7- 30 ene (DBu) and

the like, in a suitable solvent such as t ol uene, tetrahydrofuran, or
nmet hyl ene chl oride. The VK)9§A£EN1fJL~OP3
PCT/ US96/ 02682 39 preferred base is
DBU and the preferred solvent is Ri¢

wherein L*' represents a leaving group as previously
10 defined, P3 is as defined above and R10 represents
radicals which upon reduction of the double bond produce
radicals of Rl, is reacted with R3SM followed by
oxidation, as described above, or a suitable sulfonating
agent, such as, for example, a sulfinic acid represented
15 by the formula R3S02M, wherein R® is as defined above and
M represents a metal adapted to form a salt of the acid,
e.g., sodium, to produce the corresponding sulfone
represented by the formula
RS

~ 1
0 o]

Rlﬂ
20 wherein P23, RS and R10 are as defined above. The sulfone
is then deprotected to form the corresponding carboxylic
acid. For example, when P3 is a tertiary-butyl group, it
can be removed by treatment with an acid, such as
hydrochloric acid or trifluoracetic acid. The preferred
25 method is using 4N hydrochloric acid in dioxane.

The resulting carboxylic -acid is then asymmetrically
hydrogenated utilizing an asymmetric hydrogenation
catalyst such as, for example, a ruthenium-BINAP complex,

30 to produce the reduced product, substantially enriched in
the more desired isomer, represented by one of the
formulas



toluene. Where R5 is a nethyl group, R err]L" can be nethyl chl ori de,
met hyl brom de, nethyl iodide, or_dinethyl —sulfate, and preferably

met hyl i odi de. 5 . Alternatively, a substituted methacryl ate of
t he formul a wherein L' represents a |l eaving group as

revi ousl ined, Plerr] is as defined above and R sents
PadlcaJs quéﬁ“H%ﬁh reductlon of the doubl e bond produce ﬁéﬁh&kﬁ%&gals of
Rlerr], is reacted with R err] SMfollowed by oxi dation, as described
above, or a suitable sulfonating agent, such as, for exarrpl e, a
sulfinic acid represented 15 by the forrdf a R5SO2M wherein R5 is as
defi ned above and M represents net al adapt ed tQy forma salt of the

aci d, e.g., sodium to _produce ft he correspondlng ul f one
represented by the formula Hs wherBr-n Dh.g)lﬁ err] and R err]
are as defined above. The sulg\ne & H's t hegryep tec ed to formthe

correspondi ng carboxylic O aoi k! For eégnphﬁ oh@A P[err] |s a
tertiary-butyl group,.it n_be_repoyved r eat an acid,
such as hy&'?’&gﬁF'Br?c g d{salarf’r g ’afteéfia&mé{ﬁrd @PF%d 25

nethod i s using 4dthyer dstmer lesache Rrstémecohemistry, a Ru(R-BINBP)esul ting
carboxylic acid iggyhiebras Wyllddenatidn cat lg)@ﬁd%?ﬂeﬂét@ﬁlllitﬂéd' zing an

asymetric hy ro enatlon cat al yst suc exa

r ut heni um Bl prgely gghers & Sd%‘éet"‘f'f'é:lr"&&éeﬂeﬁr%ﬁléthe Sabstantially
enriched in stelrechenistins,i reeGui(SERENAP Y aatadgst edam bt idfizelie
formul as

wﬁ@§E9ﬁ6@§4§é%mers are active, or where it is desired to
have a mixture of the two diastereomers, a hydrogenation
catalyst such as platinum or palladium on carbon can be
10 utilized to reduce the above compound. The reduced
compound is then coupled to an amine as described above.

PCT/ US96/ 02682

The chemical reactions described above are generally
‘disclosed in terms of their broadest application to the
15 ©preparation of the compounds of this invention.
Occésionally, the reactions may not be applicable as
described to each compound included within the disclosed
scope. The compounds for which this occurs will be
readily recognized by those skilled in the art. In all
20 such cases, either the reactions can be successfully
performed by conventional modifications known to those
skilled in the art, e.g., by appropriate protection of
interfering groups, by changing to alternative
conventional reagents, by routine modification of
25 reaction conditions, and the like, or other reactions
disclosed herein or otherwise conventional, will be
applicable to the preparation of the corresponding
compounds of this invention. 1In all preparative methods,
all starting materials are known or readily prepared from
30 known starting materials.



[err] wherein Rlerr] and Rlerr] are as defined above. Were the
noLe active isoner_has the R-_siemgesikertasBee Re;ﬂacRJ(R- -

asynmet ri ¢ hydrogenation catal yst can mmu 5 Conyer sel E\PM*EDG
the nore active isoner has the S— a h&_(Q-

catal yst can_be utilized. I'Somer's are actiy or where it
is desired t¥0%/28418 5,0 5 mxture of the two di astereoners, $96/02682

hydr ogenat i on catal yst such as platinumor palladiumon carbon can be
10 utilized to reduce the above conpound. T@f reduced conmpound i s
then coupled to an am ne as described above. The chem cal

reactions described abcwmhaﬁe &Qﬁﬁ{eaJ |e)1aborat16ﬂ Sfi'tO?xsdbémé\f‘édﬂ‘tthc bhE! T
br oadest applicati paration of pun

o) re
i nventi on. :}é gnéfll E/he %’c ~88¢t PN rﬁﬁf PGFCS 1%&)[5%5(9559519@
described to each mmﬁndhermtm whvenniomealiisel Gebllest extemcopeThdhe
conpounds for whi %I‘l@w&n?cﬁfﬁﬁeﬂ‘éd sB8cific e n{tﬁ:‘aq_hhﬁtéeéf@n'&fe‘}e@fr%hose

skilled in the art Ln al cas ej ther the reactions can
successful |y tq &5 SPREETY cacf’m’}‘c?ﬁ?i%nh} lynsderiver | A8 9@%wn to those
skilled in the artlimgtgtiveyofppreopematiader cdeatheodistlosure imaayfway ng
groups, by changi nghde@orl kel native conventional reagents, by routine
nodi fication of 25 reaction conditions, and the like, or other reactions

di scl osed herein or otherwise conventional , Wil be applicable to the
preparation of the corrddpovrdgemrs were aegfoamdecefiveli eitiwvantion. I n all
preparative mapho rlflcatlaﬁl %&f%%greeoﬂﬁéﬁﬁ'éﬁf%oﬁrﬁmérﬁaKbéPé Leadily

prepared from 3 knovvn start

41 W t houft t@&fﬂ@ﬁe?ﬂe%ﬁﬁﬁraﬁ Yarian VXR-BO0; eyeWKR R0 anelearskil | ed
In the art can, usiaynethe pesmmttide] sgpescrométen, utilize the present

I nvention to its fullest extent. The

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

-EXAMPLE 1

O O

20

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

Step 1:

30 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
heated to 97°C. Benzyl bromide (108.5 mL, 0.605 mol) was



followi ng preferred specific enbodinents are, therefore, 5 to be construed
as nerely illustrative, apnd not _ limtative of .the remainder_of the

di scl osure i n any way what soever. Al |- reagents were used as
received without 10 purification. Al proton and carbon NVMR spectra were
obt ai ned on either a Varian VXR-300 or VXR-400 nucl ear nmagneti c
resonance WoR62848et er . The fol |l owi ng Exanpl es ?FFG%

preparation of 15 inhibitor conpounds of the present invention and

i ntermedi ates (exanpl es 1-26A, 28, 29-46, 54-58, 61, table 2) useful
in preparing the I nhi bi tor conpounds o?zthe present invention. EXAMPLE

1 [err] -

28—(B|s(ohenvlné¥hnl é ﬁg%%eﬁ%gggagétéﬁg time zﬁETtﬁf)].The mixture

2S- (Bi s(phenyl rréiaﬁyls)':&ﬁ”ﬁ@] dentefe %p%\%\}muteSf HBASY He ItBR/ESReduct i on of
N, N- bi s( phenyl n&tdmdsbhlere T estuzliani wes P ddrebhybok sietiperature St ep 1:

Asopution of - Bhenlahankas {0 R1dend: PO2 B0 i, . RO Ox! e
wat er (500 nid) vﬁsrsganlc ﬂiéﬁ@-’é%l W@@?Féhﬁ}ioﬂlgéﬁﬁﬂerbﬁ@ﬁ @éneq-osirsem 0. 605
mol ) was over magnesium sulfate, filtered and concentrated to an
oil. The identity of the product was confirmed as
follows. Analytical TLC (10% ethyl acetate/hexane,
silica gel) showed major component at Rf value = 0.32 to
10 be the desired tribenzylated 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
product is pure encugh to be used directly in the next
15 step without further purification. 1y NMrR spectrum was in
agreement with published literature. IH NMR (CDCL3) 9,
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,
Jap=13.9 Hz), 3.71 (t, 1H, J=7.6 Hz), 5.11 and 5.23 (AB-
20 System, 2H, Jar=12.3 Hz), and 7.18 (m, 20 H). EIMS: m/z
434 (M-1).

Step 2:
The benzylated phenylalanine phenylmethyl ester

25 (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
{addition time - 1 hr). The mixture was stirred for 20

30 nminutes under a nitrogen atmosphere and then guenched at
-55°C by the slow addition of methanol (37 ml). The cold
solution was then poured into cold (5°C) 1.5 N HCl
solution (1.8 L). The precipitated solid (approx. 138 g)
was filtered off and washed with toluene. The solid

35 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
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42 then slowy added (additigndtine.. .25 mn). The mxiide ————was——
stirred at 97[err]C for 30 mi nutes under a nitrogen at nosphere. The
solution was cooled to roomtenperature and extracted with tol uene (2

x 250 nl). The conbi ned 5 organic | ayers were washed w tll%%

brine, dri Q09628418 0 magnesi um sul fate, filtered and concen ra% ed to an
oil. The identity of the product was confirned as foll ows. Analytical
TLC (10% et hyl acet at e/ hexane, sili gel ) showed nmj or conponent at

Rf val ue 0.32 to 10 be the desired tribenzyl ated conpound, N, N

bi s(Ehenyl m]get hél %eb @fwmﬁl @Eﬁﬁhﬂ%cﬁ’iﬁ‘)&;@%’b'ﬂiédesnﬁ{e toluene Th zfﬁﬁ}%ound
can be purifie colu rongt o 0 et hy

acet at e/ hexane) . SEBFERISF (g™ =he g‘ﬂ“f%d{/fctph?ge %R% “@ﬁgﬁfg ?‘B%b"éartﬁred
directly in the ssdtbrire.stiepedi oheutndanesion pulfdtecatiiidnerad adR spectrum
was 1n agr eeHESht Midda IEBbJa' § é 'otfeﬁétﬁli.e 891- )NNREEWeJaEE@ ],

3.00 and 3. 14 (ABX— tem %‘Q 1 Hz,

Jerr]z 5.9 1B), (85eHh AR Bekap ﬂlémwerﬁ ?P ed "co tﬁ’FeFFT“@&? gmrq?)
3.71 (t, 1H, J= 7wﬁlbh)t;hé3 cmsmad Slcﬂihc(JABrodﬂﬁtSlyeganntoZld;yé{:&lh]zéLZ Hz) ,
and 7.18 (m 20 I z élr’gﬁ.‘ ) p

The benzyl ated p eny%E ?@rﬂlrr?e Sﬂeﬁ ﬂ(lMgsthgIF he;iagxe 6@%% a&dﬁ t1‘rom t he
previ ous reacti Oprmgtg,fg.gr&h%dcmsta lzattdrPE}en'Eh? %%Yaﬁnﬁlé‘bﬁﬂ%’d
-55[err] C. A 1. 5okEsahditwashed witho30 RiitBAexianet 0b upine (3448. § of, f:‘ﬁ:s&66 nmol )

was added at 0 [ ttﬁ t i 5to
-50[err]C 16 f a8 %I&})&;}J%tl neng-g%[&ll!l‘ﬂg g@fpé <Ej]&"H-'r‘:\(/avas s}tl\??ﬁéa for 20 30
m nutes under a AFPLBERY Wit Mﬁﬁé?%l%&f{%éﬁtﬂ%n&%@rat The twe 5HIOREr ] C by
t he sl ow additi owepé mhﬂslﬁreﬂ ahd/rétyyscHla ieeldirom ethydl dteostsard hen

B(r)nggi !tg': gdcgl)ﬁl“‘%§Ea rox. a}foé%H%) ro %V%O#Ht eregéE ?f %a?_é\}/gsrﬁ'ed W th
t ol uene. The sol mgthy ke §F’-emrmndé8%ml%\l%f%Wre of toluene (400
) angs wat.ephéApladninelh@nnaddivionaas 7cgol Beh toF preaut€ el be
treated with 2.5 N, NaGkh (ARG TekrfB0ai 18N bF0 d32Whrrated
mother liquor. TLC of product Rf = 0.23 (10% ethyl
acetate/hexane, silica gel);1H NMR (CDC13) @ 2.44 (m,
1H,), 3.09 (m, 2H), 3.33 (m, 1H), 3.48 and 3.92 (AB-
20 sSystem, 4H, Jap= 13.3 Hz), 3.52 (m, 1H) and 7.23 (m,
15H); (xlp25 +42.4 (c 1.45, CH2Cl2); DSC 77.67°C; Anal.
Calcd. 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
phase: 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 85-2-[Bis{phenylmethyl)amino)
benzene-propanol from the N,N-Dibenzylation of
L-Phenylalaninol

35 L-phenylalaninel (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
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43 tenperature untjl solid dissolved. _The. toluene | ayer _was
separated fromthe agqueous phase and washed w th water and brine,
dried over magnesium sulfate, filtered and. concentrated to a vol une
of 75 mL (89 Et hyl acetate 5 (25 nmL) and hexane ( e added
to the resw&fg‘zlﬂb whi ch the desired al cohol produ??-r@g%‘éﬂ\%ﬁzo
crystallize. After 30 mn, an additional 50 nL hexane were added to
pronote further crystallization. The soligd was filtered of f and

washed with 50 nmL hexane to give 34.9 g of first 10 crop product. A
second crop of ghEEHd Rrdg@h ¥efos sphere. . ssaJ 8bede oy ' ieheping the not her

|l i quor. The two cr a rec stal]ized from ethyl
acetate (20 ‘ﬁg; a?ﬂ?%@xaﬁeﬁgd“?r{}) Jt“o Y {9@5 mL) was
[er r] S-2-[ Bi s(phkédgd-at a ratraaethyt)mnnu:a]:bmdzeheptermsmit,uréoyeyweérd from

15 L-phenyl al agpDggechAn agldi pi id s%l(zl%n%aé” 4rldcge ?é*'c fo

obtained fromrecrystallj zatl on concentr at not her Fl qguor .
TLC of produet RP Bip 3ngd then, ePH‘Pwed to codt ’é?e?'@\é:x&’l’réh ¥HIoRsyel ) ;

[err] H NVR (CDCs8)irfirig] Theldilm product HdlidiBied ifgy sddl)l 3.33 (m 1H),

m " asiy Fraplth ot poglth vefiupcth g pacty e el T

Anal . Cal @89 $BIrXeRHEoTOR mENURSS 3P dissplye: tlr@ ipoxganieg by
& ?3b43d :4 Z) §Qodﬁbté 22rhe pI:lBaGcenwa:é\urs'dla&batbpnﬂiMranon ahaéie

Cl obon | e
nmet hanol /t rr@t h ggd urﬁ%‘c% gflgn%é?l? w%ger um.'llq“( %3' , 7v3
flowrate of O. Ehm Fﬁ?@e RRABET Rtaiped Was airgdried G?V%tnlgé}enﬁ?and a
tfﬁpﬁr ag ure or(‘j Qlioer  GeemPt@At isdlid r4o7 grll vichlwad f&d’tysth&ﬂ.@ﬂ%%&g t2 i me
of the desire t n .
Preparation of %g 5 1['E?fs(e g’%y %he%tan? G2 1650% rY?el F opanol
fromthe N, N-Di B‘éﬂﬁzyra@%ﬁ Wi#s iso atedprnerﬁprlaﬂraﬁmal {at -836 )
L- phenyl al ansnokyachél- ﬁlgn 1L é%o@bbl&a&mderi tél:}ﬁrl acetaﬁéméﬁ:an%ol ution

of potassium Car(ﬁ.@?? 4(2?1}:19& an% alr -dried to g 3591 n(188gf y\i\lgig{ The

m xture was heat
of 8S-2-[Bis(phenylmethyl)amino)benzene-propanol, Mp =

71.5-73.0°C. More product can be obtained from the
mother liquor if necessary. The other analytical

20 characterization was identical to compound prepared as
described in Method 1.

25

METHOD 1:

30 25- [Bis (phenylmethyl)amino]}benzene-propanol (200 g,
0.604 mol) was dissolved in triethylamine (300 mL, 2.15
mol). The mixture was cooled to 12°C and a solution of



WD 96/ 28418 _ PCT/ US96/ 02682

44 = under a nitrogen-.at nosphere—A-solution of benzyl — - brom-do—
(400 g, 2.339 nol) in 3A ethanol (305 nlL) was added at a rate that

mai nt ai ned t he tenperature between 60-68[ err] C. The bi phasic sol ution

was stirre rr]C for 5 55 mn and then allowed ,f@g
10[err]Cw ﬁsggghfous stirring. The oily product sol?éﬁ |e@ﬂ?gto

snmal | granul es. The product was diluted with 2.0 L of tap water

and stirred for 5 mnutes to dissolve the g4snorganic by products. The
product was isolated by filtration under 10 reduced pressure and washed
with water until subfupHrioxide/pyridime combdegrr 038@ tg,0l2%.80nmdlwain ai r dri ed

overnight to AV Ladr [ 4 | s rystallized
from 191 L of et Rygbag"éiasat%é?hggt écr}lg&? 1‘?9:1553 %th\g/é];eaﬂ@hmwa Eﬁ%eypr oduct was
i sol ated by filt cahperayure bgtupepB417°C14addisiany timen-11 60 |hlof Thed
(;10[ggg]c %SG&hﬁblaeﬁ&ﬁh&kh%ﬂﬁaﬁed at amdikntOtéyperiouie) unddraar-dried to
Ive 0 V.I. . .

Pert) 2. (Bt of phBker S8em ATOSPHETS 0% &5, FOUE 3F Wijjghcine che

71.5-73. 0[ err] C. *RBEEiIQR dMRfc coPRAChR BhtTHthaaalyehs t B3% ethylppt her |i quor
i f necessary. Thacethes/rahangt i salic®gelohar eaberédddtican mikeukdamd cal to

compound prepar ededica wicy A8a°LhPES A ‘fleiHed witn 1.6 1 of cola

water (10-15°C) over 45 minutes. The resultant solution

10 was extracted with ethyl acetate (2.0 L), washed with 5%
citric 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 wvacuum
to give 198.8 g of 2S-([Bis- (phenylmethyl)amino]-

15 benzenepropanaldehyde as a pale yellow o0il (99.9%). The
crude product obtained was pure enough to be used
directly in the next step without purification. The

analytical data of the compound were consistent with the
published literature.[®]p25 = -92.9 ° (¢ 1.87, CH2Cl2});

20 1H NMR (400 MHz, CDC1l3) o. 2.94 and 3.15 (ABX-System,
2H, Jap= 13.9 Hz, Jax= 7.3 Hz and Jpx = 6.2 Hz), 3.56
(t, 1H, 7.1 Hz), 3.69 and 3.82 (AB-System, 4H, Jap= 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

25 C23H230N: C, 83.86; H, 7.04; N, 4.25. Found: C, 83.64; H,
7.42; N, 4.19. HPLC on chiral stationary phase: (S,S)
Pirkle—wWhelk-0 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

30 time of the desired S-isomer: 8.75 min., retention time
of the R-enantiomer 10.62 min.

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



Preparati on of 2S-[Bi s(phenyl net hyl)am no] benzenepropanal dehvde

METHOD 1: 30 2S- _(Bi.s(phenyl net hyl ) am nol.benzene- propanol (200 g,
0.604 nmol) was dissolved in triethylamne (300 ni, 2.15 nol). The

m xture was cooled to 12[err]C and a solution of - WO 96/ 28418

PCT/ US96/ 02682 45 sul fur

trioxi de/ pyW@8¢28418& onpl ex (380 g, 2.39 nol) in DVBO RAI/Es92682s added
at arate to maintain the tenperature between 8-17[err] C (addition
time - 1.0 h). The solution was stirred at anbi ent tenperature under
a 5 nitrogen atnosphere for 1.5 hour at ®hich time the reaction was

complete by TLC aaleftichre33th o il (agasciGE Yigielhicyangr) i hga gel) . The

reacti on m xture ice water and uenc'he with 1.6 L of

cold wat erm’(’i'ﬁ“rﬁf"érsr fé}r’é%v%c% Skt efolinwed Pguﬁfl‘éh't-l%l%ft gon 10
was extracted w sdlwtiop oficBsaRe[}$ik (phchylmashel) anind ] b¥nzene-prdganiot aci d

(2.0 L), and bripg dzs ﬁloli)) iflr 166 nQLV%f Ng.ts,gf'oromertha(r% Qagé gnd H‘H?e;ﬁg

The sol vent was renpve evapor
then dried urder-%%d%iRn: temp tb7%°icv§°19 8°g:Jg oFhe solution was

2S- [ Bi s- (phenyl neﬁhyﬂédamtne]ie% ¥or bsnﬁm@@é@mh:dahﬁﬁ@:@era pal e yell ow

oil (99.9%. Theg rud e S PULe &0 h to.be used
directly in the nexcfsl)l“ter(é ?ﬁ urﬁ'?ll gfl?o% I}‘Iﬁ'h 295 & gﬁq'f T80 dat a
of the conpound #gded cmmu épemn YeMEhe -78° to p§BPE)s adn whecatt;inee
[[err]] D25 = -92ar&nor(16.mﬂ.s31t preciated] TRE r&&id\lMixeﬁQQ Mz,stﬂi@@eé)

2. 94 X- Sy st =°7.3 He
gﬁcrjr!lsx = 6. gé”r 33%5?Aﬁ a4 ?'[‘Q’iﬁ’a“?r ﬁé? ﬁ‘&dgasz '-E%ﬁa] Syst em
4H, JAB= 13.7 1chl%)°me¥h§3e(heyq15wa)s senavavad (fsromlva)msa &M WGEal cd for

(Mrl) C23H24N0 3pRagkdGind QuBHed 3#l:n 83k erAnstindAldzd edf B{Ierzrﬁagrgs?ild%?’q\' G,

83.86; H, 7.04; 5. Foun 42; 4, HPLC on

chiral stati onar Y fﬁatzeé {éagfged anéalgof’l?feg@v'\ﬂté?c}( OT%' CSFE%UTZW X 4.6 mm

|.D.), nobile ilugash sid thhexank/dcesatepand| hé:gmes abdd5then viilddrad r at e;
1.5 15 to further remove the ammonium salt. The filtrate was

' concentrated to give aS-{bis{phenylmethyl)amino)

benzenepropanaldehyde. The aldehyde was carried on to

the next step without purification.

20 METHOD 3:
To a mixture of 1.0 g(3.0 mmoles) of Rs-2-

[bis (phenylmethyl)aminolbenzenepropanol 0.531 g(4.53
mmoles} of N-methyl morpholine, 2.27 g of molecular
sieves(4A) and 9.1 mL of acetonitrile was added 53 mg

25 {0.15 mmoles) of tetrapropylammonium perruthenate (TPAP).
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

30 concentrated under reduced pressure to give a product
containing approximately 50% of «aS-2-
[(bis (phenylmethyl)amino]lbenzene propanaldehyde as a pale
yvellow oil.

35 METHOD 4:
To a solution of 1.0 g (3.02 mmoles) of Rs-2-
[bis (phenylmethyl)amino]lbenzenepropanol in 9.0 mL of



m/mn, detection with UV detector at 210nm Retention 30 tinme of the
desired S-jsomer: 8. 75 min. . retention tine w0f the_B- '
m n. VETHOD 2: A solution of oxalyl chloride (8.4 m,
0.096 mol) in 35 dichloronethane (240 m) was cooled to -74[err]C. A

sol ution of DMSO (12.0 m, 0.155 nol) in dichloromnet )
was then sI"OP§284ded at a rate to naintain the %&gﬁﬁg

PCT/ US96/ 02682 tenperature at
-74[err]C (addition tinme -1.25 hr). The m'xture was stirred for 5
mn. followed by addition of a solution of [err]S-2- [Dbis

( phenyl net hyl )amtBQLQﬁ@Zv?e&e a@d‘éﬁaﬁob mg(O 030rmié#esPlor 12021806 OF

di chl oronet hane (additi -68[err] C
. The sol ution vvg'r? ame&%:'t lr'lpéé’eﬁf'dl%][%’ryr] érFSrr%%l‘f‘%%dE’légP Bhder a
ni trogen aond2gkerkl miileshybansodivm bremitie, (8 ZDmLof) eviagl t hen

added over 10 m aceegegrpand ABlse ] ?E%atﬁﬁ[ £righ¢) m%é"ﬁua%hcbg ed to 0

amoni um sal t preC|p|tate The co m xture vvas stirr 30 mn.
and then wateP ( §Saﬁ1i)a’9va%q"£ﬂ’él‘§ds° yhien of 2.87 Rb RHmt HSHéeP%%r was
separated from t ideaghecarstaining ph2a3®e g8l Mashellew) tdf waddur bri ne, dr| ed

Over magnesium p;co-pihdial Gnd lg 58750 S04, %%QC?QH%?@% }g‘?'l{’eé‘furt

diluted with ethyl acetate an hexane and t
remove the amonfiRPEEFt . Theh@iKEPERPes v%'s‘rre at cQniterforaf dm’c‘bu"g?sve

[err] S-[ bi s( phengwoeinbyt )additdlons (1.4dainz esaehn opénalekadty das ddded| dehyde
was carried ep t%ollow %;O%B?erﬁgeg %Ilfd”l b Qgglfl.@?&l%&zphasgo METHOD

3: am x
[ bi s( phenyl net hyl“ﬁléﬁf}‘ﬁ%]‘ﬁ%zaelﬂé’meépéﬂ&e@%f a( Zhs3aque°us AAYPE Wasf
N- et hyl nor phol iextradt@d tvide mAltBCRO afl. of ethylexesfatd. amHe9. 1 nL of

oot N L1 e 18 GBI i 2 1ay b s WIRLEY wELn £1 3 GRYL ammoni um

solution containing 25 mg of potassium iodide and

15 water(4.0 mL), 20 mL of 10% agqueous sodium thiosulfate
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 oil containing a small amount of the desired

20 product aldehyde, aS-[bis(phenylmethyl)aminoc]

benzenepropanaldehyde.

METHOD 5:
Following the same procedures as described in Method

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

[bis {phenylmethyl)amino)benzenepropanaldehyde was
isolated in comparable yields.

30 EXAMPLE 3

s
5



The m xture was stirred for 40 m nutes at room tenperature and

concentrated under_reduced pressure. The resi due was suspended in 15
nmL of et hyl acetate filtered through a pad of silica gel. The
filtrate was concentrated under reduced pressure to give a product
cont ai nin rOX|nater 50% of [err]S-2-

[ bi s(phenglvﬂg&@f Bani no] benzene propanal dehyde as a pal e PCTUSS¢M6BE\y o | .
35 METHOD 4: To a solution of 1.0 g (3.02 Mol es) of [err] S 2-

[ bi s( phenyl net hyl ) am no] benzenepr opanol i r,l89. 0 nmL of WO 96/ 28418
PCT/ US96/ 02682 47 t ol uene was
added 4. 69 nyg(0.03 nnnles) of 2,2,6, 6- tetranethyl-l-plperldlnyloxy
free radical (T ) : ( b , 9.0 n of
et hyl acetdre arf . arer e : SR 5
[err] C and an ackRkenwlbusanei on of 2. 87 L of 5% househol d bl each
containing 0.735 g(8.75 nnDIes) of sodi um bi carbonate and 8.53 nL of
wat er was ad ed sl owl y .over m nutes. The mi xture was stirred at O
[err]C for 6 *@aﬁll Tvvo nmore additions (1.44 nL each) of bleach

was added 10 foIIom&kiSg}usnpnreﬁgustﬁﬁlbdphEnnlmethYHWamwnoIbbﬁsene-
m xture was all os\;%én%h gﬂg&gt elgl‘rhpﬁaqgeggsm&fyearnd E%P‘g’%h?%em ra act ed

twice with 20
washed with 4.0 L., 77 rg%lhthrbﬁeéaﬂhwm%*% (Agy8ok) pﬁsamq;ndl od| de

and 15 vvater(4tcﬁ) mn) t029|3mc qfcola%aﬂsmt%tw@l ed th“éé’Wd"@tﬂS%ri ed over
h ol ution S
sol ution and %a{éq]%eiﬂ Bht y‘hrmg}e tcoﬁgpé%ra%s Fre meye, ﬁ%@g

magnesi um sul f at e, cen pressure
to give 1.34g ofac levedciﬂdéaﬁﬁ¢ $HHCa PRERJT tonHalin ansbainkdss Isceddsi red

20 product al dehyebstdrennfidr | disiyigen Behbypnedd NOA solution of n-
benzenepropanal dg(4AC.1 jthium in hexane (1.6 M, 365 mL, 0.58 mol) was

then added at a rate that maintained the temperature

15 Dbelow -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
lithium (110 mL) at < -25°C. After addition the mixture

20 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°C. After addition the mixture was
stirred at -30 to -35°C for 10 minutes. This was

25 repeated S5 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
repeated once. The external cooling was stopped and the

30 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
chloride solution (prepared by dissolving 232 g of

35 ammonium chloride in 1220 mL of water), keeping the
temperature below 23°C. The mixture was stirred for 10
minutes and the organic and aqueous layers were



VETHOD 5: | Fol I owi ng the same procedures as described in Method
| pt 3. 0 egiH-val-ert-s—of—sulfur

pyri di ne conpl ex was used and [err] S

[ bi s( phenyl net hyl ) am no) benzenepr opanal dehyde was" i solated in
conpar abl e Wi 30 EXAMPL

00 Ba/ 2nu V0 Serikits ARy L o

48 Preparation of N, N-di benzyl-3 (S)-am no-1.2-(S)-epoxy-4-
phenyl but ane 5 METHOD 1: A gol ution of

aS- [ Bi s(phenyl net hyl ) am nol benzene- propanal dehyde (191.7 g, 0.58

nol ) and chl oroi edgaﬁa&’me The aqibéud pﬁaseowzg ésaiﬁadc%dt fRLERhyERaf uran

(1.8 L) was cool err (col erature such as
-70[err] C al so %get%er ke ﬁl m%gt 3Ili'iemgr’; V%n%%?ta%ﬁ é? e"#re readil y
achi eved in | ar geoneined aisghathentgtrahysrofuran ebayen. eell‘he r eact or

under a nitrogencahbRsed A utAonollki Qf‘l@a di‘ver magnel.%%i:i' shlfé‘éélm i n hexane

d
{ne t onpor at uFe 12209 bo| Db EE3ef PP COMRREERERATR (b CEREY e AR bs

stirred at at365%c TBS[kreyiC didr regifuemass driledeatdii T ansvatuo
reagents Webes Ciedy ) &brOdt hi fo tdierd b0y ggofr&im'é mader B0 iy

chl or oi odonet hane‘ﬁggI %%d was_ add d f ol I];Z)\[a% n- but I'1thi um (110
m) at < - 25[ er r FERIRREGIUCE WELERE (WRS esFRIaE et -30 to

-35[err]C for 10imshabikity ofhtbewpsoduct onr epkmec{;eﬂncehe(él)ruwddl tional

chl or oi odoneg fan I nle ut yl
l'ithium (55 nL i@ §r6§u5tn§s usuallyo?ééld rZH?“:)eerrL ﬁ%’?%r 3§| t | on ‘fp%ceﬁmlext ure

was stir re&uﬁf‘fl%‘?flt%’) BS%E?r‘]"@? CPFCRI G o ?Ifl §hggerude

mixture was determined by proton NMR: (2S)/(2R): 86:14.

The minor and major epoxide diastereomers were

characterized in this mixture by tlc analysis (silica
15 gel, 10% ethyl acetate/hexane), Rf = 0.29 & 0.32,

"~ respectively. An analytical sample of each of the
diastereomers was obtained by purification on silica-gel
chromatography (3% ethyl acetate/hexane} and
characterized as follows:

20
N,N,aS-Tris{phenylmethyl) -2S-oxiranemethanamine

1y NMR (400 MHz, CDC13) @ 2.49 and 2.51 (AB-System, 1H,

Jap = 2.82), 2.76 and 2.77 (AB-System, 1H, Jap = 4.03),
25 2.83 (m, 2H), 2.99 & 3.03 (AB-System, 1H, Jap = 10.1 Hz),

3.15 (m, 1H), 3.73 & 3.84 (AB-System, 4H, Jap = 14.00)},

7.21 (m, 15H); 13Cc NMR (400 MHz,CDCl3) @ 139.55,

129.45, 128.42, 128.14, 128.09, 126.84, 125.97, 60.32,

54.23, 52.13, 45.99, 33.76; HRMS Calcd for C24H26NO (M+1}
30 344.477, found 344.2003.

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

1y NMR (300 MHz, CDC13) 9 2.20 (m, 1H), 2.59 (m, 1H),
35 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.),




25 repeated 5 tinmes. (3) Additional chloroiodonethane (8.5 m., 0.11
nol ) was added, followed by n-butyl lithium(37Z.. nmL, 0.059 _nol) at
<-25[err]C. After addition the m xture was stirred at -30 to -35[err]C
for 10 m nutes. This was repeat ed once. The external cooling was
stopped and the 30 mxture warned to anbient tenp. over 4 to 16 hours
Wnelrcl)p WPBSR4AIE i ca gel, 20% et hyl acet at e/ hexane) i ndi ESTRS

the reaction was conpleted. The reaction m xture was cooled to

10[err] C and quenched with 1452 g of 16% nium « chl oride solution
(prepared by dissolving 232 g of 35 anmmoniumchloride in 1220 nL of

water), keepi ngmbB€le phase: eﬁEﬁéﬁéM@oﬂ}%ﬁ&Wog?’[(% r4$o. STh%/m)Xt B & as
stirred for 10 finutes and,t oy gani.c and gqgeous ayers were

VO 96/ 28418 rate: ml/min, de ect with UV estEpr ass249mmo
49 separ Bebentifre tdqecofi$8pha3 3 8vasinext ratémdion ttimet byl

acetate (2x 500efbheidher @yla) 2Ces ¥ dsayer was conbi ned with the
tetrahydrofugan | ayer. The conbi ned sol ution was dried over magnesi um

sul fate 5 1220g), filtered and concentrated on a rotary evaporator
at 65[err] C. Th¥EBH@IMR i | residue was dried at 70C in vacuo (0.8

bar) for 1 h to gi VeA%’@h?tﬂ:nOBfCEHQecH?&@rallﬁle nyadhe. 974 me1CE yde product
wei ght was >1000 Due, t%y'lt t&are ative NSt roduct on

silica gel, t heSB B8udt - 9 bs P09¢ TRLY ’eﬂr':@i’-tq&FYF‘ﬁo Wearhext
step without (285pum fwasatcooied Hhe-78°ast endéeney mdtikagen of the crude

m xture wasjglet QepboskelY. PO 0@ AMR: - L , The mnor and
maj or epoxi de diastereomners & I@l\'("%‘h@r{ %(%:'t@e]rkl)z‘g)dll tthﬁum mxt ure by tlc
anal ysis (siliche*ase (g “‘110% Qﬁﬂwoh)céﬂta&t &hrexagddgd aF'%f a=rgteot® 0. 32,

respectively. mAineabt e alemparpterofatcadseof (dd@E tion tiféast®ey eoners was
obtai ned by purphCAt i Ofk Ak Shbl 682061 anqs ciopCLOER QLAY (3% et hy!

acet at e/ hexane) and characteri ze I
N [err]S- Tr| s( pRBAGTPRdRRethanes (i r il thd3anmad) was added agam,

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
added 4 more times over 45 min. at -75°C. The cooling

20 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 agueous phase
was extracted with ethyl acetate {1 x 300 ml). The

25 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
can be purified by recrystallization at a subsequent

30 step. The product could also be purified by
chromatography.

METHOD 3:
A solution of oS-[Bis(phenylmethyl)amino]lbenzene-
35 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



[err]H NMR (400 MHz, CDC13) [err] 2.49 and 2.51 (AB-System 1H,

llerr] = 2 82) 2 78 and 2. 77 (AB-System 1H _JAR.- 4.03), 25 283 (m
2H), 2.99 & 3.03 (AB-System 1H, J[err] = 10.1 Hz), 3.15 (m 1H),
3.73 & 3.84 (AB-System 4H, JAB = 14.00), 7.21 (m 15H); 13C NW\R
(400 MHz, CDC13 err] 139. 55, 129. 45, 128.42, 128.

126. 84, 128 54.23, 52.13, 45.99, 33. 76; m&ng”} for
C24H26NO (I\/H) 30 344. 477, found 344.20083. N, N, [err]

S-Tri s(phenyl net hyl ) - 2R- oxi r anemet hanam ng [err]H NVR (300 MHz,
CDC13) [err] 2.20 (m 1H), 2.59 (m 1H), 35 2.75 (m 2H), 2.97 (m 1H),

3.14 (m 1H), 3.&xH AR -70°c a1§$5h8£'ked“d)e117b%§ (:Q?mélé'ﬂ) EQcQPthi ral

stationary hase: Pirk|le % coi g
VO 96/ 28418 are more readlly ac 1eved in large sca Ej?Qﬁiﬂgagggézl
50° nobi | e sgtewisAessersteel imtopanntief B GtFofenvaumospgtens. A rate:

L5 mimn, deteglianal bl LMde)ealiehih E&%fm (1, 5% @400&11,“? of (8):

9.38 mn., retentlon time enant | oner
METHOD 2: > 4 mRldoMasi theadded eruler Y Bemel’?f?%f%ﬁﬂ
chl or oi odonet haneemﬂez&trmire Pel&H BT, | MAftehr ah;iditnf)mrtare mxtuté&k‘nasﬂ ) was

cooled to -78[ erét]_lqrelaﬁg@_r -3 Ni 2?%?7? f%zoola,@mﬁ phgre. M%f% :‘L"dgéygé’?% ution of

n-butyl lithiumi hexane was then a arate

to mai nt ai n°% H%eﬂgéﬁ‘ﬁér‘e{?{ﬁ AT Leds pRE 1 I8 t(’?déioﬂnleﬂl‘t’g fanneys (1)

(r)n' 8'2)2' A}‘ ; er theaddiﬁtonaddbtomhrftsitldmtetnaﬁg (14 énlnhha;éoa@diédmtﬂbaﬂewédbG()??,
: no 0 n i :

nol ), keepi ng tﬁﬂ?’ltle%té&a “ll,lr(ei azt %25?/: }w:lt %&éggi% irred

for 15 m nthEgirtyre: Nas reugaiads atchPoren G@én‘étf"%elo( ginpptes. m,

0.010 nol) and nriid Wad irebedted ornde. 0.(008a8d@iiomane added 4 nore

times over 45 ”‘QroégcﬁiQ§L%££$§%e'W@enESOBiTQ 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 5 times. (3) Additional
bromochloromethane (7 mL, 0.11 meol) was added, followed
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
20 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
completed. The reaction mixture was cooled to 10°C and
25 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
and agqueous layers were separated. The aqueous phase was
30 extracted with ethyl acetate (2x 500 nL). 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
evaporator at 65°C. The brown oil residue was dried at
35 70°C in vacuo (0.8 bar) for 1 h to give 222.8 g of crude
material.



20 bath was then renoved and the solution warned to 22[err]C over
1.5 hr. The m xture was paured into 300 M of _____ saturated._aqg. amoni um

chl oride solution. The tetrahydrofuran | ayer was separated. The
aqueous phase was extracted with ethyl acetate (1 x 300 m). The 25
conbi ned organic layers were washed with brine, dried nesi um
sulfate, f %288 and concentrated to gi ve a brown oiPF? . . The
product could be used in the next step w thout purification. The

desi red di astereoner can be purifiedpy recrystallization at a
subsequent 30 step. The product could also be purified by

chr omat ogr aphy. mpriop 4: METHOD 3: A sol ution of

S-[Bi h | h i b - 35 | dehyde, ((178.84 g, 0.54
o) and P omocER b BT The. PAES procearass RS dedcxtkad, o3 Hebha
(1.8 L) was cooBegaft thigExarplaspucedtT fhelrgactionpeenpenagures were WO

06/ 28418 at -20°C. The resulting N,N,aS-tris RBSHdnySaet8g6822s-

51 su§h as.-70%‘{e}%{}lc al.so worked.wel | but warnmer tenperatures

are nore reati| Y*ALAT FIRMIDE WAE (3| L ARTEFSOMERLT Pixtyre of 1@s$sern)| ess
steel reactor updeity vhen ddet efn¥ephed . A solution of n-butyl
lithiumin hexane (1.6 M 340 i, 5 0.54 nol) was then added at a rate
t hat mai ntai ned_t he tenperature below -25[err]C. After addition the
m xt ure was METHPP ?%d at -30 to -35C for 10 ninutes. More additions
of reagents were car Fokliowing ithet Baméopravéduyreznasedesédibed in MadHbd i onal

br omochl or oppt hgnef<eﬁ%ﬁ%§ae9e%tf&4 e - BipdbUEL Lt um (102
n éﬁs

m) at < -25[err]C ptron. . e ur at -30
to -35[err]C fOIatlg.?PﬂF , The resyiting N. eﬁg]él'fre’cf Bheay 1pekhwdin ¢ i onal
br onochl or onet h@seokYratemé:hbhanhy was adiadtetrebhombs mixturebywhidnt vl
lithium (51 rrL,,%Oﬁge )r l'?ﬁ[ﬁ 1$6n % %ﬁ_l i the m xture
was stirred at - S,t(_) - 3! e%ﬁé or fi%) ég&u%lhrtlu g%‘.jé |té1°\g/)1v§s repeated 5
tinmes. (3) Addi PughfEcation. proppehl oronet hane (7 ni, 0.11 nol) was added,
f ol | owed 15
METHOD 6:
Following the same procedures as described in Method
3 of this Example except a continuous addition of
bromochloromethane and n-butyl lithium was used at -30 to
20 -35°C. After the reaction and work up procedures as
described in Method 3 of this Example, the desired
N,N,aS-tris (phenylmethyl) -2S-oxiranemethanamine was

isolated in comparable yields and purities.

25 METHOD 7:
Following the same procedures as described in Method
2 of this Example except dibromomethane was used instead
of chloroiodomethane. After the reaction and work up
procedures as described in Method 2 of this Example, the
30 desired N,N,0S-tris(phenylmethyl)-2S-oxirane-methanamine

was isolated.



by n-butyl lithium (51 nm, 0.082 nol) at <-25[err]C  After addi tion
Lhe_nlxlure_mas_sLLLLed_aL_ 30 to-35[err]Cfor 10 20 mnutes. This was

repeat ed once. The external cooling was stopped and the m xture
warmed to anbient tenp. over 4 to 16 hours when TLC (silica gel, 20%
et hyl acet at e/ hexane) indicated that the reaction

conpl et ed. WRE8R i on ni xture was cooled to 10[err]C a\r,:?c'ﬁ%swamched
with 1452 g of 16% amroni um chl ori de sol ution (prepared by dissolving
232 g of amonium chloride in 1220 of water), keeping the
tenperature bel ow 23[err] C. The m xfUre was stirred for 10 m nutes
and the organic and aqueous | ayep eparated. The aqueous phase
was 30 extracted with ethyl acetate X m.). The ethyl acetate
| ayer was conbined with the tetrahydrofuran | ayer. The conbi ned

sol ution was dried over nagnesium sul fa 20 g), filtered and
concentrated on a rotary RS at r]C. The brown oi
residue was dried at 35 70[err vacugrT O par) for 1 h to give 222.8

g of crude mat eri al . DO O/ A
PCT/ US96/ 02682

Fol | ow ng the sanme procedures as
except the reaction tenperatures
N, N, [err]S-tris(phenyl nmethyl)-2S
di astereoneric m xture of |esser

NID2 METHOD 4:

d i };vetlg%/ 3 of this Exanple
at - 20][ ]C. The resulting

oxi ranemet hangn ne was a

purity then that of Method 3.

METHOD 5: Fol | owi ng the same procedures as descrlbed in Met hod
10 3 of this ) )
-70--78[err] ' ~Te ' .

2S- oxi r anenet hanbwdresurds pheny outy kot disobut vl ami [ was used
directly in the subsequent steps w thout purlflcatlon 15 METHOD
6:

To a solution of crude N,N-dibenzyl-3{sS)-amino-

1,2 (5)-epoxy-4-phenylbutane (388.5 g, 1.13 mol) in

10 isopropanol (2.7 L) (or ethyl acetate) was added
isobutylamine (1.7 kgm, 23.1 mol) over 2 min. The
temperature increased from 25°C and to 30°C. The
solution was heated to 82°C and stirred at this
temperature for 1.5 hours. The warm solution was

15 concentrated under reduced pressure at 65°C, The brown
oil 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~o0l as a crude
oil.

20

An analytical sample of the desired major

diastereomeric product was obtained by purifving a small
sample of crude product by silica gel chromatography (40%
ethyl acetate/hexane). Tlc analysis: silica gel, 40%

25 ethyl acetate/hexane; Rf = 0.28; HPLC analysis:
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
CogHyn N0 (M + 1) 417.616, found 417.2887. An analytical

30 sample of the minor diastereomeric product, 3S-[N,N-
bis(phenylmethyl)amino}1l-(2-methylpropyl)amino-4-



Fol |l owi ng the sane procedures as described in Mthod 3 of this
Exanpl e except a _continuous addition of .— bromachl or onet hane and
n-butyl lithiumwas used at -30 to 20 -35[err]C. After the reaction and
wor k up procedures as described in Method 3 of this Exanple, the
desired [err] S-tris(phenyl methyl)-2S-oxiranenet ' S

| sol at ed |‘H°méﬂ' able yields and purities. 25 METHOD ?:@Hﬁgﬂs}&%ﬁ’a
Fol |l owi ng the same procedures as described in Method 2 of this

Exanpl e except di brononet hane was used i ngf ead of chl or oi odonet hane.
After the reaction and work up procedures as described in Method 2 of

this Exanpl e, tBRenpbutasizsedl was also obtained by purifying a small

NN Lerr] S tri sCoheny! TPty a 9085 A9 JIRLAENGH S e onae MBS hel A0

53 ethyl acetate/hexanefEXAMPLE 4 5 Preparation
of N-[3(S)-[N N bis(phenvlnethvl)am nol -2(R)-
hydr oxy- 4- phgnyl butyl ] - N-i sobut yl am ne , To a solution of crude
N, N- di benzyl g3(S) am no- EXEMPLE 5
H;CQO‘
= Sl Nt
) OH
pPh
r - -— - - -
10 -4- -N-i ines

To a solution of oxalic acid (8.08g, 89.72 mmol) in
methanol (76 mL) was added a solution of crude 3(S)—IN,N-
bis (phenylmethyl)amino]}-1-(2-methylpropyl)aminoc-4-

15 phenylbutan-2(R)~-ol {39.68g, which contains about 25.44g
(61.06 mmol) of 3(S),2(R) isomer and about 4.49g (10.78
mmol) of 3(S),2(S) isomer} in ethyl acetate (90 mL) over
15 minutes. The mixture was stirred at room temperature
for about 2 hours. Solid was isolated by filtration,

20 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 HPLC peak
areas). HPLC analysis: Vydec-peptide/protein C18
.column, UV detector 254 nm, flow rate 2 mL/min., gradient

25 {A = 0.05% trifluoroacetic acid in water, B = 0.05%
trifluoroacetic 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)
and 9.73 min. (3(S).2(S) isomer). Mp = 174.99°C;

30 Microanalysis: Calc.: C 71.05%, H 7.50%, N 5.53%; Found:
C 71.71%, H 7.75%, N 5.39%.



1, 2(S) - epoxy- 4- phenyl butane (388.5 g, 1.13 nol) in 10 isopropanol (2.7 L)
(r_ethyl acetate)_was added isohutylamine (1 7 kgm—23 1 nonl) over 2

m n. The tenperature increased from25[err]C and to 30[err]C. The
solution was heated to 82[err]C and stirred at this tenperature for

1.5 hours. rmsolution was 15 concentrated under r ssure
at 65[err] C}IRS#@“S} own oil residue was transferred f(gﬂlgﬁg/o{% | ask
and dried in vacuo (0.8 mmHg) for 16 h to give 450 g of 3S-[N, N

bi s(phenyl et hyl ) am no- 4- phenyl but an- 2R- okgas a crude oil. 20

An anal ytical sanple of the desired major di astereoneri c product was
obt ai ned by purifying a snall sanpl e of crude product by silica gel

chromat ogr aphy (40% byl . acet at.e/ hexane).. T c_an is:. silica gel
40% 25 ethyl acet atAe]7 eé")r('%ié?;eﬁ' :o’f?%; aﬁ?—"%éﬁé#}?&es?ﬂ; ! 0uls‘"’tllr asphere
QDS col um, 25%meket mpsaadded / hes SI980emL rounsfHostopHE Bask diigtietri | e,

flow rate 1 n/niun Wnechanfed PidilireehAas kg /rdhdn 1. . HRVB Cal cd
LAN anal vy, IC%

saripl e of the mighafols (2pds P das %ﬁﬁgflf&%@%—zﬁ%ﬁmm s
bi s( phenyl net hy| yugdnalissp2ubiemmWas coyb)eabe no-A-solution of \Wrudé/ 28418

PCT/ US96/ 02682 3(S)—[N,N-bisfphenylmethyl)aminq]—l—(§4methylpropyl)
phenyl but an- 2S- ol

crude product bya'gj\r/\rliicfs' gl g‘gpg %‘?%T%%%égﬁ;}‘%%fa%ggl?{ﬁl (wgg&g} ﬁeg;ne) :
5 - 0.212g amino alcohol isomers/mL, 0.9160 moles) was added
10 over a twenty minute period. The mixture was stirred for
18 hours and the solid product was isolated by
centrifugation in six portions at 400G. Each portion was
washed with 125 mL of ethyl acetate. The salt was then
collected and dried overnight at 1 torr to vield 336.3 g
15 of product (71% based upon total amino alcohol). HPLC/MS
(electrospray) was consistent with the desired product
{m/z 417 [M+H]+).

Alternatively, crude 3(S)-[N,N-bis(phenylmethyl)

20 amino]-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
mixture was stirred for about 2 hours. The resulting
solid was filtered, washed with cold MTBE and dried to

25 wyield 2.1 g of white solid of about 98.9%
diastereomerically pure (based on HPLC peak areas).

30 ' =[3(8) - [N.N-bj lnol-2 (R} -

To a solution of crude 3(S)-([N,N-bis(phenylmethyl)
'amino]-l—L2-methylpropy1)amino-4-phenylbutan-2(R)—ol in
35 nmethyl-tert-butylether (MTBE) (45 mL, 1.lg amino alcohocl
isomers/mL) was added acetic acid (6.9 mL) dropwise. The
mixture was stirred for about 1 hour at room temperature.



Preparati on of N [3(S) [ N, N- bi s(phenyl et hyl ) am nol -2(R)-- 10

hydr oxy- 4- phenyl butyl ] - N-i,sobutyl am ne oxalic acid salt . To a
solution of oxalic acid (8.08g, 89.72 rrm)l) in met hanol (76 nlL) was
added a solution of crude 3(S)-[N N '

bi s(phenyl net hyl ) am no] - 1- ( 2- et hyl propyl ) am no-4- 15 phenyl but an-2(R) - ol
(39.68g, wh tai ns about 25.44g (61.06 nmol) of”"!@? | soner
and about 4.49g (10.78 mol ) of 3(S),2(S) isoner) in ethyl acetate

(90 nmL) over 15 m nutes. The mxtur.e was stirred at roomtenperature
for about 2 hours. Solid was isolated by ?lltratlon 20 washed with ethyl

acetate (2 x 20 gie) sgigestt Im em¥96H0in vacud @6 $0QYE 4 Mn beiyield
21.86g9 (70. 7% i s rrer 5?%03 of . 97% di astereonerically pure salt

(based on HPLC )eomﬁpﬁ@%|%espr9%gg bté%ﬁqddQPpFIB’e%l n C18
col um, UV det e(neak abdasm flhewbraws @ilriwas rrysgadbtised as?2Folldws: 0. 05%

trifl t , f

heton 11l e '8‘%‘%9 *7’5% 5, gos Hi8e0hea in thp EUPROHAVER N,
A 90% B, 37 fi nhepsofo obtaigy sselgpr R%’flé"rﬁ%n thengeqond Salivient( ¥es)  2(R)
i soner) ardided7dntih.tHe3 (sOluLi6h becnmy cloulp, —tHd idueer ¥as 30

M croanal ysis: Gal¢eq ggg%q%% %gi%ﬁoo/%eé\&e‘% KRN gg&gg 99% C71.71% H

7.75% N 5.39%
PCT/ US96/ 02682 diastereomerically pure product, coolgg to room

Al ternati vel y, @enipetatcrd shidytient ec6#4P0in & %frlg_era%ﬁ)odé&maﬂéed to a
2000 nL roufd bahlOom{Lagks Wdde®tiicered! WhhBPHIRA EAL Sldduger and a

dr oppi ng funnel
‘solvent and dried. The diastereomeric purity of the

crystals was calculated from the HPLC peak areas. The
results are shown in Table 1.

15 TABLE 1

First Second Solvent Recovery | Diastereo-

Solvent Solvent Ratio Weight (g) meric
Purity (%)

MTRBE Heptane 1:10 0.13 98.3

MTBE Hexane 1:10 0.03 99.6

Methanol Water 1:1.5 0.05 29.5

Toluene Heptane 1:10 0.14 98.7

Toluene Hexane 1:10 0.10 99.7

Alternatively, crude 3(S)-[N,N-bis(phenylmethyl)

amino] -1-(2-methylpropyl)amino-4-phenylbutan-2(R) -0l

20 {(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(8) isomer} was dissolved in methyl-tert-butylether
(45.0 mL). To this solution was added acetic acid (6.90
mL, 120.6 mmol) over a period of about 10 min. The

25 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
isclated by filtration., washed with cold heptane and

30 dried in vacuo for about 1 hour to afford 21.34g (58.2%



5 Methanol (1000 m) was added and the m xture stirred unti |

dissolution was conplete~ A SOl Ut-ER=—af—ttit———r
3(S)-[ N, N bi si phenyl nmet hyl ) am nol - 1- ( 2- net hyl propyl )
am no- 4- phenyl butan-2(R)-ol in ethyl acetate (1800 m, 0.212g am no
al cohol is , 0.9160 nol es) was added 10 over a't Rt €
peri od. Tﬁgﬁﬁﬁéﬁkre was stirred for 18 hours and thgeg%¥?d pr oduct
was i sol ated by centrifugation in six portions at 400G Each portion
was washed with 125 nL of ethyl acetgge. The salt was then
collected and dried overnight at 1 torr to yield 336.3 g 15 of product
(71% based upon itsotmek aed:amexai)ccaalfo%% dtidtErdomericallyelpeeter ospray) was

consistent wi th g ag j:q\ o QYL (pase &F%l%’ ilZ Mal_lue"'a)s) Mp =
o

Al ternatively, cru N—bIS(p eny

am nol - 1- ( 2- net 5;5?—86 ganabyets IbGta&ﬁ:2( ) 101535 B 8.3%%. Mhs

di ssol ved in rretsfml'?%t,eruMJi)d gshess( MiBE)75%,0NnE)71%. and oxalic acid (1
g) .in nethangl (4 nL) was added. The m xture was stirred for about 2
hours. The résulting solid was filtered, washed with cold MIBE and
dried to 25 yield 2.1 g of white sol EéaMRLEHout 98. 9%

di astereonerically pure (based on HPLC peak areas).

an1no]-|-(ZinethyIpropyl)anlno 4 phenylbutan 2(R-ol in 35
o s scet 1 o AVl ) OF e B i e T ST,
about 1 hour at WesdMlpeapel kamime-4-phenylbutans29g) 284 16L0.48g, which
PCT/ US96/ 02682 contains about 6.72g (16.13 mmol) of 3(S},2(R)} isomer and
about 1.19g ({2.85 mmol) of 3(S8),2(S) isomer)} was
15 dissolvéd in tetrahydrofuran (10.0 mL). To this solution
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.
and concentrated under reduced pressure. Methyl-tert-
20 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
recrystallization from ethyl acetate and heptane at room
25 temperature to yield 4.13g (45.2% isomer recovery) of 95%
diastereomerically pure L-tartaric acid salt (based on
HPLC peak areas). Microanalysis: Calc.: C 67.76%, H
7.41%, N 4.94%; Found: C 70.06%, H 7.47%, N 5.07%.

30 EXAMPLE 8

acid salt
35
Crude 3(S)-[N,N-bis(phenylmethyl) amino)-1-(2-
methylpropyl)amino-4-phenylbutan-2{(R)-ol (10.0g, which



56 The sol vent was renoved in vacuo to yield a brown oil about
85% di astereonerically pure product (based on HRLG.: peak areas). The
brown oil was crystallized as foll ows: 0.2 g of the oil was dissol ved
in the first solvent with 5 heat to obtain a clear solution, the second
sol vent was added until the solution becanme cloudy, %E@Eni ture was
heat ed agaWO@9%/@8488 arity, seeded with about 99% di ast |1y pure
product, cooled to room tenperature and then stored in a refrigerator
overnight. 10 The crystals were filtere ? washed with the second

solvent and dried. The di astereoneric pur %y of the crystal s was

calculated fromth S.,.dh resu S LN ble 1
15 con Egcalg)oqfé(_ﬁéﬁé (_15?9 mmol) E?rg:é) %&)Sgg\gglgk al:[&
Sol vent Recowdopt bi 339 efZed2 mmol) of SpiSle?t(S) ispmephiwas dispgalyed

géight Egg Mgy Qetra%ydrofuran (20.0 mL). bethis solution was addgd3
urity . . ne :

MTBE exandvarothitrig a“'ée%%o‘.“bg 6.0 ' 3ggr,a perldd s apou?®s
wat er 5: 1r8n. The(nDBure was gfipred at ropyl hemeeratuyxsepifane
1:10 0. 14bout 1 hé88r land conceh®r#€EE underH@¥dlied preskul@. The

0.10 99.7 Al ternative crude 3(S)-IN N-bis

(phenyl met hyl ) Tresidug.yas r?c-’fyf-tr?éﬁﬁfzf%r%%‘iﬁ )%‘E\aﬁ‘&i‘?éh@y FBuY 3RS (R) - ol
20 (50.0g, whixl20gorigai 7 domer 3@cO8gry V7DD &Idirsvéreomericglly, 2(R)
:jsomi‘lr agd abOUE ﬁélefit@gh{;é;?o?ﬁm hcqf salt (KHsdg %hsgxrputsomw a\le»@tss)

i ssolved in nmethyl-ter 0 sol_utiqn mas
added acetlgoambﬁ‘ 8= Qﬁiys"sy rﬁ_aqcléo%sﬁnéﬁg 8"/3)73%%%%&%# 56808+

mn. The 25 m0<t&8r§9\%/asHssz®7%3,dm15 B&bm t enperature for about 1 hour
and concentrated under reduced pressure. The oily resi due was

purified by recrystallization fromrretgéépﬁl%d2 tert-butylether (32 nl)
and heptane (320 nmL). Solid was by filtration, washed with

cold heptane and 30 dried in vacuo for about 1 hour to afford 21.34g
(58 2% 15 3 - - ~B1 1 ~2

acid salt

Crude 3(S)-[N,N-bis (phenylmethyl) amino]-1-(2-

20 methylpropyl)amino-4-phenylbutan-2(R)-ol (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
solution was added a solution of toluenesulfonic acid

25 (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
recrystallized from methyl-tert-butylether and heptane at

30 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).



WD 96/ 28418 ' PCT/ US96/ 02682

o/ isoner recovery) of 96%diastereonarically pure— ——RBROACEI-HE——
acid salt (based on HPLC peak areas). M = 105- 106[err] G

M croanal ysis: Calc.: C 75.53% H 8.39% N . 5.87% Found: C 75.05% H
8.75% N 5.71% 5 EXAMVPLE ptormisosin2682

Prepar at i orw(b?‘%m[ 3(S)-[ N, N bi s(phenyl met hvl ) am nol - 2(R) -
hydr oxy- 4- phenyl but yl ] - N-i sobut yl am ne L- tartarl c acid salt 10

Crude 3(S)-[ NN-bi s(phenyl net hyl )am no] - 1-

met hyl propyl ) am no- 4- phenyl but an- 2(R) - ol 9lO 48g, which cont.ai ns
about 6.72g (16.13 mmol) of 3(S),2(R)F§§§g€§nﬁ? about 1.19g (2.85
mol ) of 3(S),2(S) isoner) was 15 d n tetrahydrofuran (10.0 ni).
To this solution was added a sol utlon of L-tartaric aC|d (2 85g, 19
mol ) in 1p : g ; ; ' R

m xture was Stll’l’ ~al,_5ogm.

concentrated under-reguted p , : 70 B Jm 20.0 nl)
was added t o5t hacddl.galesi due and the mixture was stirred at room
tenperature for about 1 hour. Solid was isolated by fiItration to
afford 7.509g of  crude, sal t e ude sal S ,LII’Ier
recrystallization frgﬁ*‘g?hif )'(,Iéqtﬁlt'gl %‘i? ]'215 errperature to

yield 4.13g (45 n@kﬂwipnepylmmmry)pbénﬁﬁ%tan-z(Rdf@bt@%@ﬁgmw}aidzly pure

L-tartaric_aci dc%"i’:'ttalﬁgaéﬁ&@rh 85g (16PAL daRAY 6%39353} K3 Q8BALY S
Calc.: C 67,76%_ H 7419 N 4,94%" Found: C 6% H 7.47% N 5.07%

30 about 1.21g (2.20\pepL} gof 3(S) 2(§|)eb%191%ﬁq o Wast
N-[3(S)-[N, Nbi Shrslseliyédleiﬂnydétmalhydt‘eﬁéﬁn {10.0 mL). To this solution

hydroxy: 4 pheny M%:h heh Ba%ﬂfc wqﬂr( CBEORL.C 19.26 mALf. SaIt 35
ude 3(S) [ mpﬁﬁ?EHFe for about 2

met hyl pr opyl ) amTH&: E‘%ﬁ%ﬁ%l"fﬁﬁ SFATERY- B Yo

hours and concentrated under reduced pressure. The oily
15 residue was recrystallized from methanol and water at
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).
20

EXAMPLE 11

25 METHOD 1:

L-Phenylalaninel (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 ¢

30 (0.592 moles) of benzaldehyde in 100 mL of methanol. The
mixture was cooled to approximately 15°C and a solution
of 134.6 g(2.14 moles) of sodium cyanoborohydride in 700
nl, of methanol was added in approximately 40 minutes,
keeping the temperature between 15°C and 25°C. The

35 mixture was stirred at room temperature for 18 hours.
The mixture was concentrated under reduced pressure and
partitioned between 1 L of 2M ammonium hydroxide solution
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58 contai ns about :6..41g (15.39 mmol) of _3(S),.2(R) isoner—and
about 1.13g (2.72 mmol) of 3(S),2(S) isomer) was dissol ved in

tetrahydrofuran (20.0 mL). To this solution was added hydr ochl ori C

acid (20 m_ 6.0 N) over a period of about 5 5 mn.

stirred at MORSABBnperature for about 1 hour and coﬂ’gg}r?? éé‘#{‘@ under
reduced pressure. The resi due was recrystallized from et hanol at
Oferr]Cto yield - 3.209g (42.7% isomeggrecovery) of 98%

di astereonerically pure di hydrochloric acid salt (based on HPLC peak

areas). 10 M camanalysiESethé®] C.TheCetllebilaydt Wabblached. «w2A% 1FouBE:
C 68. 79% H807‘V N 5 55%

o VPLE
Preparati on of I\|]1 NAI\P%‘?%? deenflorlfgf:ﬁv?) atnvﬁ'lrﬁﬁ ‘"ifﬁ) 300 Mater,
hydr oxy- 4- phenyl iﬁﬂ i Dlﬂ— bsmmnchrﬂm@dt overrmagndgsipmc sulfate fsird Isal t

Crude 3(S5)-[N, N‘ﬁ&ﬁ( Phanel gehsy!1a éﬂﬁ‘ Wéb £1{dered,2@oncentrated under
met hyl pr opyl )am n e@(’uengl but an cont ai ns about

i, Shiedkrids O 4 S Bayoy a8 NS abot

15

3.18g (7.63

3(S),2(S) i soner:;remtalllzedl émrtvléd) mh o6t eyhyl ecetboeyaed hey3 LIOL0 nl).
To this SOhditd ) t‘e)a?l@'gdfﬁi Y S(%'ll%t 981 8f 69'1&%@%%9“-91" ¢ acid 25
(2.28g, 12 mmol) rt but et her 5%10 L) met hanol (2.0
m.) over a peri oﬂ“‘?ﬂyg&éﬁt‘ solid; xture was stirréd at room
tenperature for about 2 hours and concentrated under reduced
pressure. Thg reﬁﬁ.ﬂ;& recrystallized fromnethyl-tert-butylether
and hept ane at %fr%'g filtered, wa hed th cold hegt ane and dried
in vacuo to y| & §LERHDY, {5 Gre s 3r BRGYRS Y 2ngk 3959

di ast er eoner i cal imoXYes)e afo beheohlidelesid wetec dassollwal tin 55 m(:bﬁsé!da on HPLC
peak areas). ethanol under inert atmosphere in a Parr shaker and the
mixture was warmed to 60°C for 2.7 hours. The mixture
15 was cooled to approximately 25°C and 0.92 g of 5%
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
20 product was recrystallized from 150 mL of heptane to give
3.83 g (48 % yield) of N-benzyl-L-phenvlalaninol as a
white solid.

25
rphenvilalaninol

N-benzyl-L-phenylalaninol (2.9 g, 12 mmoles) was

30 dissolved in 3 mL of triethylamine and 27 mL of methanol
and 5.25 g (24.1 mmoles) of di-tert-butyl dicarbonate was
added. The mixture was warmed to 60°C for 35 minutes and
concentrated under reduced pressure. The residue was
dissolved in 150 mL of ethyl acetate and washed twice

35 with 10 mL of cold (0-5°C), dilute hydrochloric acid (pH
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
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59 e . EXAMPLE 10 Pr e par-ati-on—af=N-
[3(S)-[N N bis(phenyl net hyl)am nol - 2(R) - hydr oxy- 4- phenyl butyl ] - N

i sobut yl am ne net hanesul fonic 5 acid salt o Crude

3(S)-[N, N i&%@ﬁgyl met hyl ) am no] - 1- ( 2- _ PCT/US96/02682

nmet hyl propyl’)a - 4- phenyl but an- 2(R)-ol (10.68g, which cont ai ns about
6.859 (16.44 mmol) of 3(S),2(R) isomer and 10 about 1.21g (2.90 mol) of
3(S),2(S) isoner) was di ssol ved in tegyahydrofuran (10.0 nmL). To this
sol ution was added nethanesul fonic acid (1.25 nL. 19.26 mol).

The m xture was dHilicadgel clondtegpaphy ulecHydr azkodte 2 hexaneholR2s3 axngl
concentrated und C syre..:The.odd vy |
eéluﬁﬁ%# ggl’f’ér?t.s) o :.;Q %Oéé g (%?grif%&lﬁjﬁé{%r%éafless

recrystallized frommmethanol and waleéer a washed
wi th cold methan®¥water (1:4) and dried in vacuo to yield 2.40g
(28.5% i soner recovery) of 98% di astereonerically pure

nononet hanesulsf oni ¢ aci d salt (baag&%ﬁgzﬂﬁgc peak areas). 20
EXAMPLE 11 Preparati on of N benZyr-T-phenyl al ani nol 25 METHOD
1: L- Phenyl al ani nol (89.51 g, 0.592 nol es) was di ssol ved
in 375 nL of nethy gden ¢ AEAE :

Zelaxi ] 151e) Béno? 0. 592 nol es)
of gl aci al aceti§ﬂ§%h§632ﬂ%g£%nt of met hanol was added foll owed by a
solution of 62.8 . 992 nol es) of benzal dehyde in 100 nL of

met hanol .  The m xture was cooled to approximately 15[err]C and a

sol ution 100f Mrhdp a(¢2. 14 nol es) of sodi um cyanoborohydride in 700

Lenperature bet veen 15F0r PeRliipmat ot 3384 suolke), of ML of) ¢ red a
room t enper at ur e Yuroxy®ahbongl) -N-benzyl-L-phenylalaninol in 2.8 mL of
toluene was added 2.4 mg (0.015 mmoles) of 2,2,6,6-
tetramethyl-l-piperidinyloxy, free radical (TEMPO), 0.1g
15 (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 agueous solution of 4.2 mL of 5% household bleach
containing 0.23 g (3.0 mL, 2.738 mmoles) of sodium
bicarbonate was added slowly over 30 minutes. The
20 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

SRVER €Oon -N-benozl

kR

allowed to separate. The agueous layer was extracted

25 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% agueous sodium thiosulfate
solution, 1.25 mL of pH 7 phosphate buffer and 1.5 mL of

30 Dbrine 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.

35 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



The m xture was concentrated under reduced pressure and partitioned

between 1 L of 2M amoni um . hydroxide solution _ .. WO 96/ 28418
PCT/ US96/ 02682 60 and 2 L of
ether. The ether |ayer was washed with 1 L of . 1M amoni um hydr oxi de

sol ution, th 500 nL water, 500 nlL of brine over
magnesi um w%for hour The et her |ayer was fﬁ@’%@ﬁg’

concentrat ed under 5 reduced pressure and the crude solid product was

recrystallized from110 ni-of ethyl acet atg and 1.3 L of hexane to
give 115 g (81%yield) of N-benzyl- phenyl al ani nol as a white
solid. 10 MEmmeDe2] of trlethylam:ahwll@l agi et a(diiéa a3§omﬁei&§)o@nd

3.59 g (33.83 a re dissolved.in of 3A
et hanol under iné&rt>a rT{) eg‘g‘ogggg ?g &'1%%5"‘%;1% ?ﬁ’é{r" ine Fr?’ﬁ?

war med to 60[err @ 1drmp, 07f iWdmeshy Fheulfoxrigdee The mizgtweowWed warmed ‘
appr oxi mat el y 25Earf&>&nm&r89ugeoand5£é1rred fakaéﬁé]%&n CRaPeR added

and the mxtute e en and 4 err]C
for 10 hours. 5° HEY i) %da‘{%/lld??ﬁ gﬁ% lf"r’ftt‘brree&'gﬁf ?x“ﬁ%‘ g&ﬁ@t
concentrat ed underhyddacethter. es@heeomﬂmtdwelayeudﬂasoka@ed ﬁ@thpzoduct was

recrystallized f om0 iHi Sach@pt 890t GOkter, 20 nk G $rifl, "avi&d d) of
N- benzyl - L- phenyloal aninol as a

EXAVPLE 12 T mymesiun syhigge N’-f(‘{ fo}FSWGar Oy I ELLEBERZWRS |-
phenyl al ani noI concentrated Nnﬂenzyéducqememelsahael tolgive 2.87 ¢2(10eR es)

was 30 diggol yediaf é%rﬁ-ﬂﬂlBhEbﬁ§€ q -R0feR% fngéyheg§ﬁgfgﬁgﬁéd The

and 5.25 g (24.1 mmles) of di-tert |car ona
m xture was warned to 60C for 35 mnutes and

EXAMPLE 14
<4,
o~(
N
OJ :
15
METHOD 1:
20 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. A
4.64 mL of a solution of n-butyllithium (1.6 M in hexane,
7.42 mmoles) was added slowly. keeping the temperature
25 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 bétween -70 to -75 2C after each addition. Four
30 additional portions of 0.11 mL of chloroiodomethane and
0.7 mL of n-butyllithium was added sequentially and the



concentrated under reduced pressure. The residue was di ssolved in 150 _
nl_of ethyl acetate_and washed twice . 35..athd0 . n of cold{O-bferr{-G+——-
di lute hydrochloric acid (pH 2.5to 3), 15 nL of water, 10 nL of
brine, dried over magnesi um sul fate, filtered and concentrated under
reduced pr The crude product oil was purified by US96/02542

06/ 28413 WOSRBAIS PCT/ US96/ 09682

61 silica gel chromatography (ethyl acetate: hexane, 12:3 as
eluting solvent) to give 3.98 g (97% vyi el g3 of colorless oil. 5
EXAMPLE 13 Preparation of N- (t-Butoxycarbonyl)-N benzvl -

phenyl al ani nal  mixd@re MaEHEDitred for 10 minufes coegnieeni o0 oto 0-B2Cg( 0. 94
ol es) of N-(1-afcer e Cf@.tltgagxmxbonﬁﬂe %Qﬁﬁfé"w&s fmméha{:anfm in28n

of tol uene was a rrg es 2 6
tetranet hyl - 1- pi PEFPRF RIS FOrf P e l'l‘%ltﬁsc:al "Fg ucrowfﬁ q“i%‘:he(‘:b a7
mrol es) of sodi ubebswi’dewith &4rimiofofetibglcabktvaiter. The laipha3id4 nl of

water. The m tu n a 0, i on of
42 T of 53 housSHors e, Fpheated Gid kididqucqus, 1R, RHE RSl
mol es) of sodi ufyice Wlt*bl:‘@aF%oﬁﬁt%t%s a&&&éﬁesl d%ay CW?F“B@ PHIRRIEs. The
20 mixture was sayérednaeet washedr tkréeortikiz snvbth €50 mul aeer tien with

additions (0.4 S%IB%%I% bldgg 2] g@ér%%qqu ghipg\%j t%ﬁ.ltef él rring for

10 minutes after e o cons ng mat eri al .
The two phase m EPEFE“V@%FEG undera??%ﬁﬂﬁ PEeSEPRE gl‘f’ﬁezaﬁu%cﬁfs q ayer was
extracted 26 ielléwwtiideSolll.of Thid uan@e olbe(£T0UY Rad1ay gewiL | ayer

was washed wi th hﬁgvél = 8 téhes LH&%Q&&&H}I@ gbﬂﬂlé’e@%ﬁ ob- of

pot assi um i odi de isulfate(QO 125
bis( phenylmethyl) -N- (t- bu\:oxycarbonyl) -28-

oxiranemethanamine and N,0S-bis(phenylmethyl)-N-(t~

butoxycarbonyl) -2R-oxiranemethanamine. The crude mixture
15 1is 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
20 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 mlL of acetonitrile was
added and the mixture was stirred at room temperature for
one hour. The mixture was diluted with 150 mL of water
25 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 vellow crude oil. The crude product was purified by
30 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,0S-bis(phenylmethyl)-
N- (t-butoxycarbonyl) -2S-oxiranemethanamine and N, oS-
bis (phenylmethyl}-N- (t-butoxycarbonyl) -2R-
35 oxiranemethanamine.



water (1.1 m), 1.25 nL of 10% aqueous sodiumthiosul fate sol ution,
1.25 nmL of pH 7 phosphatehuffer and 1.5 nL of 30 brine solution. The
organi c solution was dried over magnesi um sul fate, filtered and

concentrat ed under reduced pressure to give 0.32 g (100% yi el d) of

N (- But oxycar bonyl ) -N-benzyl - L- phenyl al ani nal . THOD 2:
To a sol uYQMH$18 358 g(6.98 mmles) of N-(t- rCTIUSREE

but oxycar bonyl ) - N-benzyl - L- phenyl al aninol in 3.8 nL (27.2 WO

96/ 28418 64 PCT/ US96/ 02682

62 mol es) of triethylam ne at 10 [err]C was added a sol ution of
4.33 g (27.2 mmMeasibpoB: sul fur trioxi de pyridine conpl ex in 17 nmL of

Stirred for oneTod Sngrepipl ot W30"8] MElua muotel? BEOTL LSRR Ol L R
extracted with 2Zrimetbylsulfoniamhjodidet i cl8 The ofr gaatenityide was washed
with 20 nL added> 0 80814 C(AUW2d mmd0es} Of p¥tlaesiumOt Mbutdxilde.nea dried
oy e 4T LEnTEE 141" aag el RS opycitRiGR) ot o
N- (t - But oxycar bdindepzilberpienylaliaaippd| dni hal of acetonitrile was
EXAMPLE 14 added andlPhe mixture was stirred at room temperature for

one hour. The mixture was diluted with 80 mL of water

and extracted twice with 80 mlL, of ethyl acetate. The

10 organic layers were combined and washed with 100 mL
water, 30 mL brine, dried over sodium sulfate, filtered
and concentrated under reduced pressure to give 1.04 g of

a yellow crude o0il. The crude product was a mixture of
the two diastereomers N,0S-bis(phenylmethyli)-N-(t-

15 butoxycarbonyl)-2S-oxiranemethanamine and N,0S-~
bis (phenylmethyl)-N-{t-butoxycarbonyl)-2R-
oxiranemethanamine.

Re7ee
o L

To a solution of 500 mg (1.42 mmoles)} of the crude
epoxide (a mixture of the two diastereomers N,0S-

bis{phenylmethyl)~N- (t-butoxycarbonyl)-2S-

oxiranemethanamine and N, 0S-bis {phenylmethyl}-N-(t-
30 butoxycarbonyl)-2R-oxiranemethanamine) in 0.98 mL of

isopropanol was added 0.71 mL (7.14 mmoles) of



Preparation of 3 (S)-[N(t-butoxvcarbonyl)-N-benzvl am nol -

1.2-(S) - epoxvy- 4- phenvl hut ane METHORD L 20 A _solution of
2.5 g (7.37 mmoles) of N(t-.

but oxycar bonyl ) - N benzyl - L- phenyl al ani nal and 0. 72 nlL of

chl or oi odo LN 35 nL of THF was cooled to -78[err]C. 64 nL
of a sol ut ﬁ%‘ssbutyl lithium (1.6 Min hexane, Xg.m]sgﬁmmé

added sl owy, keeping the tenperature 25 bel ow - 70C. The m xture vvas
stirred for 10 m nutes between -70 tgs-75C. Two additional portions

of 0.22 nL of chl oroi odonet hane and 1.4 nL of n-butyllithium was
added sequenti al I:gscé;mtyﬂ.amnféxt urhe wastatre rwasl warmedlOto reflux aut @5°det ween

-70 to -75 [err] f?IOe n. ,ﬁ.géj gggl i ons of
0.11 mL of chl OI‘(()I}&(;)‘ n%tﬁane ang‘b&g ?lr)ﬁt_zagf n- édn ?&ﬁlggéﬁtlwas added
sequential |y and Wyier reduced pyssspregang the product 01 was purified

PCT/ US96/ 02682 by silica gel chromatography {(chlorof63m:methanoll,XL00esWas

stirred for 1@ ma{gj Eiﬁlt?.ﬁﬁv‘@@fberz&)t Q? %%Lgr:{ﬂocmgf 8?‘ %gf lﬁo‘ueaCh addi tion.

The m xture was ur e The product
was quenched at b“t°xY§éFBﬂP${-\e‘r1‘F‘]‘Qhﬁﬂvﬁmﬁﬂhﬂ)Q!i\‘mpéelt:b?'d wat er. The

bi phasi c 5 | ayesthyaprepg Epaniicd -pheny butiian+sll ayed MAsrasksast pd
twice with 30 nL 93*4 %t%h;}aﬁilr&wft atfs ['ﬁhqﬁ %}gﬁ&r% %ajt]&gwm_ o | ayers was

washed three tines ne, dried
over sodi um sul f atRhenvimeEhyd) aminol -1- (2cwekhknrepyd) amire-4-educed pressure
to give 2.8 ¢Oof phenyl®uyehl28val wte alko Tddvkamdidewheh fhaliFi%dyietd)y is a

lr)n; )S(E BLEnST rrta?ﬁyfjl) (%lh%g'g?oxg%e'ﬂbﬁﬂ b%géir%‘mé'%l)raﬁerret hanani ne and

N, [ er r] S- bi s( pherptianeperhapgmine was used as starting material, 3S-[N-
but oxycar bonyl ) - Z&Mcwemmmmq h&@lxﬁé&ﬂﬂ)mh&m (215 i's used

directly in the g%é%u§}e§§$ggaout @”rh%#§ tan -2R-0l1 waspggglate% after To

a suspensi on of
purlflcatlon by chromatography in an 86% yield.

EXAMPLE 16
>L I /(;
o/lLN OH
H
OH

To a solution of 1 g (3.39 mmoles) of 2S-(N-t-
25 Dbutoxycarbonyl)amino-1S-hydroxy-3-phenylbutanoic acid
(commercially available from Nippon Kayaku, Japan) in 50
mlL of THF at 0 ®C was added 50 mL of borane-THF complex
{ligquid, 1.0 M in THF), keeping the temperatures below
5°C. The reaction mixture was warmed to room temperature
30 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

20

temperature below 12°C. The quenched mixture was stirred



trinmethyl sul foxoniumiodide in 45 nL of acetonitrile was 20 added 1.49 g
(13.28 nmol es) of potassiumt-butoxide. A solution of 3.0 g (8.85
nmol es) of N-(t-butoxycarbonyl)- N- benzyl - L- phenyl al aninal in 18 niL
of acetonitrile was added and the m xture was stirred at room

t enper at ur one hour. The m xture was diluted w of
vva'[rgr qvé%“@&ract ed twice with 200 nL of ethyl acet #ém}gg'ﬂgn
organic Iayers wer e conmbi ned and washed with 100 niL wat er, 50 nL
brine, dried. over sodiumsulfate, filteregg and concentrated under
reduced pressure to give 3.0 g of a yellow crude oil. The crude
product was puri fd:ﬁdzmynimﬁ&ssahdca:rgﬁnt&htedaﬁmﬁwﬁduteﬁhyiressure

acet at e/ hexane: Jye %{:}ﬁmct m?'x%ﬁ{-é't&&g aé( %‘E@E& tt,lﬁ)rea%\l\{:?g%g ( ylné’et hyl ) -

yield) of a €r eOner's
N (t - but oxycar bof¥| gty WQHEnet%mgﬁélsnaam{%m comblned and

bi s(phenyl met hyl yaghdd wWitho 29CAL bofh WatezR- 25 BE OKidaAMeERENASSHH BE-
WD 96/ 28418 Cr1/ U§96 2682

6 veThopeloride seleion, and congentrated gunier, sg3unng Rgeye
trimethyl sul foni b deli @ 28 eruds aidet oh’hertt‘edmoduct waglded 0.495 ¢
(4.42 mmol es) of pRei Bisdd BP bibiEQXd&E chiromatBg r wition of 1.0 g (2.95

mmol es) of N-(t- benz L- h |naI |n 7 mL of

acetonitrile was Chf3 yo%&ﬁ‘gﬁlgg%an?%e 1: E’P Gﬁeekgl%qp &ng RV

tenmperature for 900 mgofdd.4éuyvielhe off BSurN-wabuthiyaasdonyl hagnodd of wat er

and extract egth t WoREnyithita80 1 Roal@Im@ Al abesoll; 10 organic |ayers
VbEENyL nh 2

wer e conbi ned and washed with 100 water, 30 nL brine, dried over
sodiumsul fate, filtered and concentrat ed under reduced pressure to
give 1.04 g of a yel l ow crude oi EXAMPE cXAide product was a m xture of
the two diastereoners N,[err]S-bis(phenyl nethyl)-N-(t- 15
but oxycar bonyl ) - 2S- oxi r anemet hanam ne and N, [ er L:S-
bi s(phenyl nmet hyl ) - N- (t - but oxycar bonyl ) - 2R- Xi ranenet hanam ne.
| ::J\s ajis
o) 1}\% OTs
OH
15

To a solution of 744.8 mg (2.65 mmoles) of 3S-(N-t-
20 butoxycarbonyl)amino-4-phenylbutan-1,2R-diol in 13 mL of
pyridine at 0 °C 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
and 15 mL of 5% aqueous sodium bicarbonate solution was
25 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 mL of saturated sodium
chloride solution and concentrated under reduced pressure
30 to give about 1.1 g of a yellow chunky solid. The crude
product was purified by silica gel chromatography (ethyl
acetate/hexane 1:3 as eluting solvents) to give 850 mg



EXAMPLE 15 20 Preparation of

3S-[N-(t-Butoxycarbonyl)-N (phenylireihyl 25 e—TFo—a—S ottt n——
of 500 ng (1.42 nmol es) of the crude epoxide (a m xture of the two

di astereonmers N, [err] S bi s(phenyl nmet hyl)-N-(t-but oxycarbonyl)-2S-

oxi r anemnet and N, [err] S bis(phenyl nethyl)-N(t-
butoxycarbgﬂgﬁghag(mdranenethananine) in 0.98 nL of iﬁ?@%ﬁ?ﬁ%ﬁnol was
added 0.71 nL (7.14 mol es) of WO 96/ 28418

PCT/ US96/ 02682 67 65 I sobut yl am ne.

The m xture was warned to reflux at 85[err]C to 90[err]C for 1.5

hours. The m xtur¢Z#ayieddteof ris-adi-t-butextsErboosltanins-resbydrary-4 he
product oil was ?Heinyl%g!é_%—yl Y6 13iehk alﬁsﬁa@%gnat §£@@%11a

(chl or of or m net hano as eluting solvents) to give 330 ng of
3S-[N-(t- but oxycar bonyl ) - N(phen%ﬁ%m noj - 1- ( 2-
nethylpropyl)%nlno 4- phenyl but an- 2R- ol riess oil (54. 5%
yield). 3S-[N(t-Butoxycarbonyl)-N

(phenyl net hyl ) am no] - 1- ( 2- et hyl pr opyl ) am no- 10 phenyl but an-2S-ol was
al so isolated. Wen purified N, [err]

D =

10
To a solution of 90 mg (0.207 mmoles) of 35-(N-t-

butoxycarbonyl)amino-2R-hydroxy-4-phenylbut-1-yl
toluenesulfonate in 0.143 mlL of isopropanol and 0.5 mL of
toluene was added 0.103 mL (1.034 mmoles} of

15 isobutylamine. The mixture was warmed to 80 to 85 °C and
stirred for 1.5 hours. The product mixture was
concentrated under reduced pressure at 40 to 50 °C and
purified by silica gel chromatography
{chloroform/methancl, 10:1 as eluting solvents) to give

20 54.9 mg (76.8% yvield) of 3S-{N-{(t-butoxycarbonyl})amino] -
1-(2-methylpropyl}amino-4-phenylbutan-2R-ol as a white
solid.

25

OH



bi s(phenyl nmet hyl ) - N- (t - but oxycar bonyl ) - 2S- oxi r anemet hanam ne was used
as starting materjal, 3S [N —(1t-but oxycarhonmyl) -N- —

(phenyl net hyl ) am no] -1 -( 2- met hyl propyl ) am no- 4- phenyl but an- 2R-ol was
isolated after 15 purification by chromatography in an 86%yield. [err]
20 Pr I n of 3S-(N-t-Butoxycarbonyl)am no-4- PCT/US96/02682

phenyl but an-T. I ol To a solution of 1 g (3.39 mmoles) of
2S-(N-t- 25 butoxycarbonyl)am no-I| S-hydroxy- 3- phenyl but anoi ¢ aci d
(comrercially available from Ni ppon Kayakgs Japan) in 50 m. of THF at
O [err]C was added 50 niL of borane- THF corrpl ex (Irqurd 1.0 Min
THF), keepi ng threpanasnonQ! ! , £ i m xt ure
was warned to r Qe sk ehl ie 16 hours The m xture
was cooled to O m. o water was added slowly to destroy
t he excess BH3 and to quench the product m xture, keeping the

t enperature bel cmaxk2[aerr] C. The quenched m xture was stirred WO

96/ 28418 Egg‘/ 92682
5 T lution of 75.
66 for 20 nrnutégaéng goﬁ%eﬁ%rateg 8er éﬁi pressure. The

product ni xture W%YQP%FEFQBI’?W%&“IHWE W"-?’Pr”tﬁ) q’f’l_l°r°'“et16¥1 diafPneacet at e.
The organi c | ayeirs avatitepgbofie80ANd: of mevhanhel axd 8020mpiodf water, 25 ni

0‘; e:gh;‘reat ed sOod{ WD nyarB3RLeLk dge SOlrt | 90s Ak LIRS AL S 4 GRN, r educed
P 1.54 equiv.} of so0lid sodium borchydride over one hundred
10 minutes. The solvents were removed under reduced
pressure at 40°C and the residue dissolved in ethyl
acetate (approx. 1lL). The solution was washed
sequentially with 1M potassium hydrogen sulfate,
saturated sodium bicarbonate and then saturated sodium
15 chloride solutions. After drying over anhydrous

magnesium sulfate and filtering, the solution was removed
under reduced pressure. To the resulting oil was added
hexane (approx. 1lL) and the mixture warmed to 60°C with
swirling. After cooling to room temperature, the solids
20 were collected and washed with 2L of hexane. The
resulting solid was recrystallized from hot ethyl acetate
and hexane to afford 32.3g (43% yvield) of
N-benzyloxycarbonyl-3 (S)-amino-l1-chloro-4-phenyl-2({S)}-
butanol, mp 150-151°C and M+Li+ = 340.
25
Part B:

To a solution of 6.52g (0.116 mol, 1.2 equiv.}) of
potassium hydroxide in 968 mlL of absolute ethanol at room
temperature, was added 32.3g (0.097 mol) of N-CBZ-3(S)-

30 amino-l-chloro-4-phenyl-2(S)-butanocl. After stirring for
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

35 solid. Recrystallization from hot ethyl acetate and
hexane afforded 22.3g (77% yield) of N-benzyloxycarbonyl-



to glve 1.1 g of crude oil. The crude product was purified by silica
aphy (chl or of or-H-ret-haret=—t0-6-as el ubrg—setverts—t+o—
gi ve 900 rrg (94 4% yield) of 3S-(N-t-butoxycarbonyl)am no-4- 10
phenyl butan-1, 2R-diol as a white solid.
EXAMPLE 17 15 Preparation of PCT/US96/02682
3S-[ N-t - But oxXycar Bonyl ) am no- 2R- hydr oxy- 4- phenyl but - 1-yl
Tol uenesul f onat e To a solution of 744.8 ng (2.65 nmol es) of
3S-(N-t- 20 butoxycarbonyl)am no-4-phenysbut an-1, 2R-diol in 13 nL of
pyridine at O [err]C was added 914 ng of toluenesulfonyl chloride in
“one portion. The3rBktaminords 2460 repakatd -Phlepyibitane, npo 18peld}T fod 5
hours. A m xturemgh $9§ nL of ethyl acetate and 15 nL of 5% aqueous
sodi um bi carbonate solution was 25 added to the reaction m xture and
sti'rred for 5 m nutes. The product m xture was extracted three tines
with 50 nmL ehretdyl acet ate The organi c layers were conbi ned and

washed with 15 nLof)Q/aé 37 gﬁQﬁ%@s—amﬁHEO éi
sol ution and concentrat e%{ %dg%gufe jCJ) ) lve about 1.1 g
of a yellow chunky)s8Peer- ‘Hﬁ’énbfih\él%ane GPgduét:”@\d@“&drPPﬁed by silica
gel chromat ogr apligobetylamine (4a00§at&7 Ixmmad, 1268 @quiri.ut inglsahvesH S) to
gi ve 850 ngy . P8128448 -
PCT/ US96/ 02682 1soprgg GaI%% 2: was heated to re%]7ux for 1.5 hours.
The solution was cooled to room temperature, concentrated
10 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
1.18g, 95% of N-[[3(S)-phenylmethylcarbamoyl}amino-2(R)-
hydroxy-4-phenylbutyl]N-[ (2-methylpropyl) ]amine,
15 C22H30N203, mp 108.0-109.5°C, MH+ m/z = 371.

EXAMPLE 20

-0
AN
07~ N N7

20

{phenvimethvlipropyllcarbamate

25 .Prom the reaction of N[3(S)-benzyloxycarbonylamino-
2 (R) ~hydroxy-4-phenylbutyl] N-iscamylamine (1.47 gm, 3.8
mmol), triethylamine (528 ulL, 3.8 mmol) and
benzenesulfonyl chloride (483 ul, 3.8 mmol) one obtains
phenylmethyl [2R-hydroxy-3-[(3-methylbutyl)

30 {phenylsulfonyl}amino]}-1S-{phenylmethyl)}propyl]} -
carbamate. Column chromotography on silica gel eluting
with chloroform containing 1% ethanol afforded the pure



(74% vyield) of 3S-(N-t-butoxycarbonyl)am no-2R- hydr oxy- 4-
phenyl but-1-yl toluenesul fonate as a white solid..

EXAMPLE |18 5 [err] _ Preparation of

3S-[ N-(t-But oxycarbonyl)am nol -1 - (2- met hyl propyl )

am no- 4- phenyl but an- 2R- ol 10 To a sol ution of %ﬁ%ﬁ@#%5207
nmol es) of%ﬂéggﬁf?- but oxycar bonyl ) am no- 2R- hydr oxy-"4= t-1-y

t ol uenesul fonate in 0.143 nL of isopropanol and 0.5 niL of t ol uene was
added 0.103 nL (1.034 mmol es) of 15 isopytylam:ne. The mxture was
warnmed to 80 to 85 [err]C and stirred for 1.5 hours. The product

m xture was prodneelt raner. waded Esfucsshiedsd:ecatedGd,05505( 6511 C

and purifi y.gilLca gel chropatogr hl or of or m' met hanol ,
10:1 as el uting S“gl eﬁ?sﬂ’?‘b‘“& Je Qszg?' 5‘%'. 360-%"‘( ?‘6.5%@1 el d) of
3S-[ N-(t-but oxycarbonyl)am noj -

1- (2- et hyl propyl ) am no- 4- phenyl but an- 3Mp1@&S2a White sol id.

EXAMPLE 19 55 WD 96/ 28418

PCT/ US96/ 0268 68 Preparati on of
N-[3(S) - benzyl oxycar bonyl am no- 4

hydr oxy- 4- phenyl butyl ] - N-i sobuty Part A:

10
Part A: Preparation of Carbamic acid, 2R-hydroxy-3-[[(4-
nitrophenyl)sulfonyl] (2-methylpropyl}aminoc)-1S-
(chenylmethyl)propyl-, phenylmethyl ester

15 To a solution of 4.0 g (10.8 mmol) of N-([3S-benzyloxy
carbonylamino-ZR-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

20 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 yield 5.9 g
of crude material. This was recrystallized from ethyl

25 acetate/hexane to afford 4.7 g of pure carbamic acid,
[2R-hydroxy-3-[[ (4-nitrophenyl)sulfonyl] (2-methylpropyl)
amino] -1S- (phenylmethyl)propyl-, phenylmethyl ester,
m/e=556 (M+H) .



5 To a solution of 75.0g (0.226 nol) of

N- benzyl oxycar bonyl - L- phenyl al ani-ne.chlatonethyl ket one ———ecdefeegeiduxt He—
of 807 nmL of nethanol and 807 ni of tetrahydrofuran at -2[err]C, was
added 13.17g (0.348 nol, 1.54 equiv.) of solid sodium borohydride

over one h 10 mnutes. The solvents were renoved uced
pressure a%%ﬁ&‘?]c and the residue dissolved in ethyl ng%(’:‘%@gte
(approx. 1L). The solution was washed sequentially with 1M potassium
hydr ogen sul f at e, saturated sodi um bipcarbonate and then saturated
sodium 15 chloride solutions. After drying over anhydrous

magnesi um sul f at pand:f i Prepaigsidh & £S aRuhy@roxes S[govatinophenyander

reduced pressure,. .l e i i ded (approx. 1L)
and the m xture ?A‘é]fér%r)enyiﬁ_é56@%%**%0%%1%%%3?%(ﬂhle%?ﬁ%ﬁ cooling to
room t enper at ur epremEagdneds 20 were collected and washed wth 2L of
hexane. The resulting solid was recrystallized from hot ethyl

acetate an ne to.afford .3 43%vyield) .of _ .
N- benzyl oxycasr bogﬁo%f%opa%fn%l_gc%ﬁqér ﬁﬂ-ﬁbh%%y‘f%rﬂ%)‘-g acid. 3Kt anol , nmp
150- 151C and MrLhwdroxy4(3.- [ (25nitrophemydd sglfonyl] (2-methgltoropydut i on of

6.52g (0.116 N0l agmind] -AGUI(BhenPimethy 1) pRBHRES] WAMAMRYLFE ddte368§nMhooOf
absol ute et hanol at -

oom t enper at ur.e, was ed 32.3g (0 nol ) of
N-CBZ-3(S)- 30" 'r?%—hi’-lcﬁFBF%'E%-“ﬁ?eﬁ?yPFé?@% &NEF . %'ifQé?f S'B%rri ng for
fifteen m nutes,pabadisinont canbon aredadystndeder eifupedy of hyduogesure and
the solids diEsokyeds i HERk-BY! efige QYANVEAE. was remdVeldChy VBSIH G iWhi h water,

by
dryi ng over nagnesium sul fate, filterin st i ppi ng,, one obtains
27.9g of a whi tean"i?rzp‘e §6’Ilf‘8?'°ané‘?ﬂ‘§f§{té'PFFQa‘E$££%’rr hgg %y I*8cet ate and

hexane afforded @@sied ZROhydedxy-f[ N4banigdphendrisadfbayl] (2~ WO
96/ 28418 thyl 1)amino] -1S- (phenyl i QZ@&?T,
69 3(9) -alrr;ie no}: fz(é:f%) -g?)%r;(?/]- 4- ph(gnﬁ%u?%ne, )r%%%z 103[err] C and
M+ 298. m/e=392 +H) .
15
EXAMPLE 22
0 O
Vo
HoN N” NH,
oH \_
20 i - =3- -ami 2-

Part A: Preparation of Carbamic acid, [2R-hydroxy-3-[(3-
nitrophenylsulfonyl) (2-methylpropyl)amino)-1S-
25 (phenylmethyl)propyl-, phenylmethyl ester

To a solution of 1.1 g (3.0 mmol) of N-[3S-benzyloxy
carbonylamino-2R-hydroxy-4-phenyl] -N-iscbutylamine in
15mL. of anhydrous methylene chloride, was added 1.3mL
30 (0.94g, 9.3 mmol) of triethylamine. The solution was
cooled to 0°C and 0.67 g (3.0 mmol) of 3-nitrobenzene



Part C 5 A solution of N-benzyl oxycarbonyl 3(S)-am no-1, 2-

(S) - epoxy- 4-phenyl butane (1.00g, 3.36 nmmol) and . isobutylam-ne (4.90g,

67.2 mol, 20 equiv.) in 10 nL of i sopropyl al cohol was heated to

reflux for 1.5 hours. The sol ution was cooled to roomtenperature,

concentrat ed 10 in vacuo and then poured into 100 niL ofl,é{.,hyjo%zhexane

wher eupon tW@9%#83Wict crystallized fromsolution. The a0 was

i solated by filtration and air dried to give 1.18g, 95% of

N-[[3(S) - phenyl net hyl car banoyl ) am no- 2(R) - 4, hydr oxy- 4- phenyl butyl | N- [

(2- met hyl propyl )] am ne, 15 C22H30N203, np 108.0-109.5[err]C, M+ nmlz =

g")?l- y f sulflonytlhchlorjl.geh w;sEXANg&E %@izfz%rd ltor ?0 rlnibm%tels'zgt
reparation of pheny yl r2R:hvdroxy-3-r(3- e

(phenyl sul f onyl ) gﬁgnoﬁ‘?&s&r 2 h°u(pﬁ€n’§ff%§ﬁ%’ﬂpe5?8}5§?] cra%l“&‘é(:jm%égta‘e 25

From t he reacti orwasf addeds) washed, lwitic akbohyt tgrianid, saturated sodium

M e ALy e oA ing b ibeafed fo el
uL, 3.8 nmol) Sone® d)lc# Srhge mate%ip???enyl'rﬁéﬁh‘ﬁs[%Wf&laég#%g[{@%tﬁ‘y butyl)
30 (phenyl sul f oredetaterhexbfe (phaffordt hy40pg opf/ Idure carbarid avdids.

Col unm chr omot ogr AR oL 5 C (%—et{'t% heRG1sult ')t('ﬂ-ﬁgkr BgP1)
cont ai ning | % et hanol "a f%?dedﬁt elburg f1su °Wxg 96/ 2 4§¥Fg 2
PCT/ US96/ 02682 amino] -1S- (phenylmethyl)propyl-, phenylmethyl ester,
m/e=562 (M+Li).
10
Part B: Preparation of [2R-hydroxy-3-{[(3-
aminophenyl)sulfonyl] (2-methylpropyl)amino] -1s5-

{phenylmethyl)propylamine

15 & solution of 1.33g (2.5 mmol) of carbamic acid, [2R-
hydroxy-3-[ (3-nitrophenylsulfonyl) (2-methylpropyl)amino] -
1S-(phenylmethYl)propyl-, phenylmethyl ester in 40 mL of
1:1 methanol/tetrahydrofuran was hydrogenated over 0.70 g
of 10% palladium—on-carboﬁ catalyst under 40 psig of

20 hydrogen for 1.5 hours. The catalyst was removed by
filtration and the solution concentrated to afford 0.87 g
of the desired [2R-hydroxy-3-[[{(3-aminophenyl)sulfonyl]
{2-methylpropyl)aminol -1S- {phenylmethyl)propylamine.

25 EXAMPLE 23

30 - i -18-



70 product. Anal. Calcd for C29H36N205S: C, 66.39; H, 6.92; N,

5.34. Found: C, _66.37; H 6.93;_N_.5.26
EXAMPLE 21 5 [err] Preparation of 2R-hydroxy-3- r
(4- am nophenyl ) sul f onyl) :
(2- et hyl pw}z@m nol - 1S- (phenyl net hyl ) pr opyl am ne 10 pcr/UsveRész A
Preparation o rbam c acid, 2R-hydroxy-3-[[(4-

ni t rophenyl ) sul f onyl ] (2- net hyl propyl ) am no) - 1S-

(phenyl net hyl ) propyl -, phenyl net hyl ester 73 15 To a solution of 4.0 g
(10.8 mol ) of N-[3S-benzyl oxy

car bonyl am no- 2R- hydr oxy- 4- phenyl ] - N-i sobutyl am ne in 50nm. of
anhydrous et hyl EQFI: A 0 dardBSor Wi 4258 dihydrotedzéfragiyt Mol ) of
triethylam ne. The_sol ution was cooled to O[err]C and Z.63g (11.9
mol ) of 4-nitroBBhE®¥MEL CMETIER| fonyl chloride was added, stirred for 30

m nut es at O[err]C, then for 1 hour at roomtenperature. Ethyl
acetate was.a , h i 9% Gl Il g fﬁ%ﬁ'

bi carbonate, bri Eg, g‘gér‘tlﬁeu Vig?lldsgo%méﬁe% r%a/fE %gh?gf;?&el»gm&%%hg{:ﬂ&f@o 0 J'gl?ude
material. This wads P& MperE MFRIST WRFetfYed 638 .08t s¥bFHdane to afford

4.7 g of pure cachasrideciwhereupon a[st¥idydoemyd3- After stirring for
o1 P e A B8, 08 S bpyproinoruran vas gdted 4y
and the ‘mixture heated at 100°C for 2 hours. The
10 reaction was cooled, poured into ice water, extracted
with methylene chloride, dried over magnesium sulfate,
filtered and concentrated the crude material. This was
recrystallized from ethyl acetate to afford 2.45 g of 5-
{2,3-dihydrobenzofuranyl)sulfonyl chloride.
15
Part B: Preparation of Carbamic acid, 2R-hydroxy-3-
[{(2,3-dihydrobenzofuran-5-yl)sulfonyl] (2 -methylpropyl)
amino] -1s- (phenylmethyl)propyl-, phenylmethyl ester

20 To a solution of 1.11 g (3.0 mmol} of N-[3S-benzyloxy
carbonylamino-2R-hydroxy-4-phenyl] ~-N-iscbutylamine in
20mL of anhydrous methylene chloride, was added 1.3mL
(0.94 g, 9.3 mmol) of triethylamine. The solution was
coocled to 0°C and 0.66 g of 5-{2,3-dihydrobenzofuranyl)

25 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
g of crude material. This was recrystallized from

30 diethyl ether to afford 1.17 g of pure carbamic acid,
[2R-hydroxy-3-1[(2,3-dihydrobenzofuran-5-yl)sulfonyl} (2-
methylpropyl)aminol] ~1S- (phenylmethyl)propyl-,

. phenylmethyl ester.

35 Part C: Preparation of [2R-hydroxy-3-[[(2,3-dihydro
benzofuran-5-yl)sulfonyl] (2-methylpropyl)amino] -1S-
(phenylmethyl)propylamine



WD 96/ 28418 PCT/ US96/ 02682

71 Part B:__Preparation of__2R-hydroxy-3-[[(4-an nophenyl)

sul fonyl ] (2- net hyl propyl ) am no] -1 s- (phenyl net hyl) propyl am ne 5
A solution of 3.0g (5.4 mmol) of carbam c acid, 2R

hydr oxy- 3- -ni.trophenyl ) sul fonyl ] (2- nmet hyl propyl)

am noj - | S—H‘)‘(ﬁéﬁal&mt hyl ) propyl -, phenyl nethyl ester in ZOPCWUS%'“ 2of et hyl
acet at e was hydrogenated over 1.5 g of 10% pal | adi um on- car bon

catal yst under 35 psig of hydrogen 10 fegg 3.5 hours. The catal yst was
renoved by filtration and the solution concentrated to afford 2.05 g
of the desired 2R-hydroxy-3-[((4-am nophenyl)sul fonyl | (2-

met hyl propyl ) am -l S~ (ph I ] . =392 .15
TEAnELE 92 ) & ek GBS 5 Iy ORPLAPATL s, (oSS
2R- hydr oxy- 3- [ [ (Bl @miSndpheaveyenaaiaw@n fovl) sul fonyddHérpedyipranydd] - 1S
E ggeﬂvljmet hvl ) Fzmmdoanﬁﬂse (phenylmetﬂ?llsﬁlt) F}@bp?fepgcilﬂirinﬁleaﬁy@éé)lﬁéﬂ Qni'igil)g,

- roxy- 3- - t - op noj - 1S-
25 (pheny! i il Soserr A RESRR Bls' B0¥cedTed 8. QG TU AR 10 OF )
g (3.0 mol) of p@{lﬁ&i@@ngprga on under 50 psig of hydrogen for 16
car bonyl am no- 2Fdytd.0X rhé- pREAW dt MaisS ebrbye@ By € illRration

il nf
anhydr ous net hyl chl oride, was ed 3 0 . 940, .9. 3 ) of
triethyl am ne. ﬁiﬁ;ﬁﬂ&euFPBEéV@E?téaﬂgo a%foga 1.§§ g g thg des;régn)

[2R-hydroxy-3-[[(2,Bjdihydrobenzofuran—S-yl)sulfonyl](2-
10 methylpropyl)amino]-1S-{phenylmethyl)propylamine.

EXAMPLE 24

LS

15
methvlpropvl]-35- (N1 =2R-
hvdroxv-4-phenvlbutvlamine

20 To a solution of 7.51g (20.3 mmol) of N-[3S-

[ (phenylmethoxycarbonyl)amino) -2R-hydroxy-4-phenylbutyl] -

. 2-methylpropylamine in 67 mL of anhydrous tetrahydrofuran
was added 2.25g (22.3 mmol) of triethylaminé. After
cooling to 0°C, 4.4g (20.3 mmol) of di-tert-

25 butyldicarbonate was added and stirring continued at room
temperature for 21 hours. The volatiles were removed in
vacuo, ethyl acetate added, then washed with 5% citric
acid, saturated sodium bicarbonate, brine, dried over
magnesium sulfate, filtered and concentrated to afford

30 9.6g of crude product. Chromatography on silica gel
using 30% ethyl acetate/hexane afforded 8.2g of pure N-
[[35-{phenylmethylcarbamoyl)amino] -2R-hydroxy-4-phenyl] -



cooled to O[err]C and 0.67 g (3.0 nmol) of 3-nitrobenzene W)

96/ 28418 - RCT/1US96/ 02682

72 sul fonyl chloride was added, stirred for 30 m nutes at

O[err]C, then for 1 hour at roomtenperature. Ethyl acetate was
added, was | 5%citric acid, saturated sodium pOTRRoheRe €.
brine, dried and concentrated to yield 1.74 5 g of crude material. This
was recrystallized from et hyl acet at e/ hexane to afford 1.40 g of pure
car bam c acid, [ 2R- hydr oxy- 3-[ ( 3- ni ty®phenyl sul f onyl ) (2- net hyl propyl)
am no] -1 S- (phenyl net hyl ) propyl -, phenyl net hyl ester, m e=562 (M+Li)
10 Part B: Prle@amethplpodpyliRmindrdx (1.3 [ 3-
anlnophenyl)Sulf(&gﬂék@%lgghgﬁ}fyéyybbh Ty DRl arley” mass_spectum m/e =
(phenylnethyl)proaglanlne solutlon of 1.33g (2.5 mol) of
car’bam c acid

hydr oxy- 3-[ ( 3- n|trophenylsulfonyl)(2 nmet hyl propyl ) am no] -

| S- (phenyl et &yl ) propyl -, phenylnethylﬁ%?ﬂﬁha_2%40 mL of 1:1

met hanol / t et r ahydr of uran was hydrogenat'ed over 0.70 ¢ of 10%

pal | adi um on-car bon catal yst under 40 psig of 20 hydrogen for 1.5 hours.

The catal yst was renoved by filtration gnd t?a: ol ution concentrated
to afford 0.87 g of the red N

[ 2R- hydr oxy- 3-[ [ ( 3- am nopheny[ el 0”

(2- nethylpropyl)an1no)-|S—(phenyInethyﬂﬁbro glanine. 5

EXAMPLE 23 [err] 3

10 ionic acid N-

Part A: A solution of methyl methacrylate (7.25 g, 72.5
mmol) and phenethyl mercaptan (10.0 g, 72.5 mmol) in 100
mL of methanol was cooled in an ice bath and treated with
15 sodium methoxide (100 mg, 1.85 mmol). The solution was
stirred under nitrogen for 3 h and then concentrated in
yvacuc to give an o0il that was taken up in ether and
washed with 1 N agueous potassium hydrogen sulfate,
saturated agueous sodium chloride, dried over anhydrous
20 magnesium sulfate, filtered and concentrated to give
16.83 g, 97.5% of methyl 2-(R,S)-methyl-4-thia-6-phenyl
hexanoate as an oil. TLC on Si0O2 eluting with 20:1
hexane:ethyl acetate (v:v) Rf=0.41l. Alternatively, one
can use methyl 3-bromo-2-methyl propionate in place of
25 methyl methacrylate.

Part B: A solution of methyl 2-(R,S)-methyl-4-thia-6-
phenyl hexanocate (4.00 g, 16.8 mmol) in 100 ni of
dichloromethane was stirred at room temperature and

30 treated portion wise with meta-chloroperoxybenzoic acid
(7.38 g, 39.2 mmol) over approximately 40 m. The
solution was stirred at room temperature for 16 h and
then filtered and the filterate washed with saturated
aqueous sodium bicarbonate, 1N sodium hydroxide,



Prenarati-on of 2R-hydroxy-3- r r (2.3-di hvdrobenzofuran-5- 30

yl')sul fonyl ] (2-nmethyl propyl). am no]-1S- (phenylnethyl) pr.opyl am ne
WD 96/ 28418 PCT/ US96/ 02682

73 Part A: Preparation of 5-(2,3-di hydrobenzofuranyl)

sul fonyl chloride 5 To a solution of 3.35g of anhydro

N, N- di net hy‘V?mm de at O[err] C under nitrogen was g‘é’d"%?"g’% g of
sul furyl chl oride, whereupon a solid formed. After stirring for

15 minutes, 4.69 g of 2,3-dihydrobenzofurapgwas added, and the

m xture heated at 100[err]C for 2 hours. The 10 reaction was cool ed,
poured into ice V@dtﬁfrat@ﬂt aaGéads sod;um%hlﬂoﬁﬂlé]y|di:ﬂ%d05{réfiéiﬂlydifdu%d over

magnesi um sul fat e %afqr}ezs’elé'mf f'ui%ef%yamt%?gﬁ %ﬁ&lt EEEQE‘%Q r’reg er| al. This |

was recr ySt ace
(2, 3-di hydr obenzof gyl P& ebrdesigiadysidéone. 15f'he unpupahecB St-lirfé'p&r ation
of Carbam c aC'd1wéHQd¥§%6Q¥¥d31n 100 mL of tetrahydrofuran and treated

[[ (2, 3-di hydr@benzpf uran- % ny h I
am no] - | S- ( pheny ! 'FThy ib‘é% ﬁ'@'rﬁﬁ S‘F@I HE%! %ﬁf‘g A })426 25 R ™8t i on
of 1.11 g (3.0 rmm)4Q)1’mu\|o[f38abenzy|'1&)ey solutlon was stirred at room
car bonyl am no- 2R—€&iﬁbéva\tu4epbsﬁyi]m Nrics @ Behy banddlerdated m vZ&H. Ofrthe
anhydr ous net hyl ene | ori de éiefg. (151 nL{1 1 aé;('u%o 8"2 .3 rrm)l) of
triethyl anine.  THESSAIR G GRED acidifish WATR b asepPRe RAL B,
5- (2, 3- di hydr obenlayduogeny Isplfaes tcslplf:(iny!hdchhemlejEtMedddhnee sumetsed for
15 mnutes atyp thtp[&rtﬁﬂlcacébéﬂefor'rr% %Hblﬁédréﬁﬂ)lt Feehed L&Ecﬂ é:@o%w
acetate was ad \ga dwth 5%citric acid satgiate I.u
was washe w1th saturated aqueous sodium chlori drle

over anhydrous magnesium sulfate, filtered and

concentrated to give a white solid. The solid was taken

up in boiling ethyl acetate/hexane and allowed to stand
15 undisturbed whereupon white needles formed that were

isolated by filtration and air dried to give 3.38 g, 79%

of 2-(R,8)-methyl-3(RB-phenethylsulfonyl)-propionic acid,

mp 91-93°C.

20 Part C: A solution of 2-(R,S)-methyl-3 (8-
phenethylsulfonyl)-propionic acid (166.1 mg, 0.65 mmol),
N-hydroxybenzotriazole (HOBT) (146.9 mg, 0.97 mmol), and
1- (3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC) (145.8 mg, 0.75 mmol) in 4 mL of

25 anhydrous dimethylformamide (DMF) cooled to 0°C and
stirred under nitrogen for 0.5 h. This solution is then
treated with a desired protected amino or sulfonamide
isostere intermediate and stirred at room temperature for
16 h. The solution is poured into 30 mL of 60% saturated

30 aqueous sodium bicarbonate solution. The agqueous
solution is then decanted from the organic residue. The
organic residue is taken up in dichloromethane and washed
with 10% aqueous citric acid, brine, dried over anhydrous
magnesium sulfate, filtered and concentrated. Flash

35 'chromatography of the mixture on silica gel eluting with
1:1 hexane:ethyl acetate can be utilized and will afford
the separated diastereomers.



bi carbonate, brine, dried and concentrated to yield 1.62 g of crude

material This was tecrystallizedf+om—30—di-et-hyl et herto—atiordd—d7—g—

of pure carbam c acid, [ 2R- hydr oxy- 3-
[ (2, 3-di hydr obenzof uran-5-yl ) sul fonyl](2-
et hyl propylg gissig! - 1S- (phenyl met hyl ) propyl -, phenylciRishsidzeest er

35 Part C reparation of [2R-hydroxy-3-[[(2, 3-di hydro

benzof uran-5-yl ) sul fonyl ] (2- et hyl propyl ) am nol - 1S-

(phenyl net hyl ) propyl am ne WO 96/ 28418

PCT/ US96/ 02682 74 A sol ution of
2.86 g of carbam c acid, [2R- hydroxy- 3-

[[ (2, 3-di hydrobenzofuran-5-yl)sul fonyl [gkameethyd pr opyl )

am no] -1 S- (phenyl et hyl ) pr opyl -, phenylnethyl ester in 30 5 nL of
tetrahydrofuran was hydrogenated .99g of 10% . _ Palladiumon-carbon

under 50 psig of hydrogen for hourg. Thg"stalyst was renoved by
filtration and the f||tratéhcun r %d 1.99 g of the
desired [ 2R- hydroxy-3-[[ (2, 3 dr ben?bfur. | ysul fonyl](2- 10
met hyl propyl ) am no] - 18—(pheny|neth )@rqulan1ne

EXAMPLE 24 [err] 15 Preparatlon of N-

(1, I-d|nethyléthoxvl)carbonyll -N [ 2- nethylpropyl] 38— [N[err]-
( phenvl met hoxvcarpieps g 2=me ! L ) i

Part A: A solution of methyl 2-(bromomethyl)-acrylate
10 {26.4 g, 0.148 mol) in 100 mL of methanol was treated
with sodium methanesulfinate (15.1 g, 0.148 mol) portion
wise over 10 m at room temperature. The solution was
then stirred at room temperature for a period of 1.25 h
and the solution concentrated jin vacuo. The residue was

15 then taken up in water and extracted four times with
ethyl acetate. The combined ethyl acetate solution was
washed with saturated sodium chloride, dried over
anhydrous magnesium sulfate, filtered and concentrated to
give a white solid, 20.7 g which was taken up in boiling

20 acetone/methyl tert-butyl ether and allowed to stand
whereupon crystals of pure methyl
2- (methylsulfonylmethyl} acrylate 18.0 g, 68% formed, mp
65-68 Q°C.

25 Part B: A solution of methyl 2- (methylsulfonylmethyl)
acrylate (970 mg, 5.44 mmol) in 15 mL of tetrahydrofuran
was treated with a solution of lithium hydroxide (270 mg,
6.4 mmol) in 7 mL of water. The solution was stirred at
room temperature for 5 m and then acidified to pH=1 with

30 1 N aqueous potassium hydrogen sulfate and the solution
extracted three times with ethyl acetate. The combined
ethyl acetate solution was dried over anhydrous magnesium
sulfate, filtered, and concentrated to give 793 mg, 89%
of 2-{methylsulfonylmethyl) acrylic acid, mp 147-14% 0°C.

35



hydr oxy- 4- phenyl but yl am ne 20 To a solution of 7.51g (20.3 mmol)-

of N-[3S [ (phenyl net hoxycarhonyl ) am nol-2R-hydr oxy- 4-phenyl butyl ] -
2-met hyl propyl am ne in 67 nL of anhydrous tetrahydrofuran was added
2.259 (22.3 mml) of triethylamne. After cooling to O[err]C, 4.4g
(20.3 mol f di-tert- 25 butyldicarbonate was added a WA Baly)
conti nued QP%P'B%M tenperature for 21 hours. The vol gﬁ‘?&%‘%‘r&e
renoved in vacuo, ethyl acetate added, then washed with 5%citric
acid, saturated sodi um bi carbonate, brineggdried over magnesi um

sulfate, filtered and concentrated to afford 30 9.6g of crude product.

Chr oma]E ogr aphy @arsi bk Caa0sdlution ofiSRAnSENPIRNFongleéciahaeapeiaf f orded
8.2g of pure N

[[ 3S- (phenyl net ﬁﬁigar(gg?m??') a4nﬁ2nso]m3“§|]-23 hi‘ar%&ﬁ“ 49 |§h'é‘ﬁ§/ﬁr-ml was chargpg

06/ 28418 into a Fisher-Porter bottle alomarCwigRo&P®wgdadium on
(715 vl ﬁ‘ [ ( |2'd§i'tb@d| Eléﬁﬁlﬁé@fﬂﬂ&rza( Aidrogen ritit:moi;phe_re. The _
5' met hyl et ogy )rceaarc 28}4 veﬁmﬁ ,lg{e aéngégﬁ.g ?ﬁ%&l B1lched éZ\Ze Fﬁ,:l('%ﬁ g,l'}’fé :1) 6f

2- et hvl - 3- [ ( 2- pHigmpgenhghd sthdrofilve tines wwtdpihydirogeri d The pressure

N- hvdr oxybenzot rja7glhenesiféd at 50 psFa’ Fof 16 1S Andl LR HhdBhi¥bgen
met hacryl ate (7.25 g, ZZ.S . mmlé and cE)hg_lneth | percaptan %18.0 g,
72.5 mmol) in 10/s Tep aced with nitrogen and the solution filtere

through a pad of celite to remove the catalyst and the
10 filterate concentrated in vacuo to give 682 mg 96%. of
2-(R,S)-methyl-3-methylsulfonyl propionic acid.

Part D: A solution of 2-(R,S)-methyl-3{methylsulfonyl)
propionic acid (263.5 mg, 1.585 mmol),

15 N-hydroxybenzotriazole (HOBT) (322.2 mg, 2.13 mmol), and
1-{3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC) (339.1 mg, 1.74 mmol) in 4 mL of
anhydrous dimethylformamide (DMF) is cooled to 0°C and
stirred under nitrogen for 0.5 h. This solution is then

20 treated with a desired protected amino or sulfonamide
isostere intermediate and stirred at room temperature for
léh. The solution is poured into 60 mL of 60% saturated
aqueous sodium bicarbonate solution. The aqueous
solution is then decanted from the organic residue. The

25 organic residue is taken up in dichloromethane and washed
with 10% aqueous citric acid, brine, dried over anhydrous
magnesium sulfate, filtered and concentrated to give the
desired product.



mL of nethanol was cooled in an ice bath and treated with 15 sodi um

). Fhe——sotution—was—— St++Fee—tnaes
nitrogen for 3 h and then concentrated in vacuo to give an oil that
was taken up in ether and washed with 1 N-aqueous potassi um hydrogen
sul f at e, ?ﬂﬁﬁ g¢/rated aqueous sodi um chloride, dried oveFT/eddMEEEPUS 20
nagne3|un1suP at filtered and concentrated to give 16.83 g, 97.5%
of nmethyl 2-(R, S)-nethyl-4-thia-6-phenyl hexanoate as an oil. TLC on
SiQ2 eluting with 20:1 hexane: et hyl sgetate (v:v) Rf=0.41.

Al ternatively, one can use nethyl 3-brono-2-nethyl propionate in

pl ace of 25 nmethyl nethacryl ate. EXAMPLIPZGA B: A sol ution of nethyl
2- (R, S)-nmethyl -4-thia-6- phenyl hexanoate (4.00 g, 16.8 nmol) in 100
mL of di chl oronet hane was stirred at roq/; enperature and 30

tréated portion wise with neta-chl oroperoxybe acid (7.38 g,
39.2 mmol ) over approximately 40 m The X tion was stirred at room
tenperature for 16 h and then fg |t erged the filterate washed with

sat ur at ed aqueous sodi um bi car 1IN sodi @m hydr oxi de,
U 02682
i over®anhydr ous

WD 96/ 28418 B
76 sat ur at ed aqueous Q?EE
magnesi um sul fate, filtered, ®and®copgentfatedgto glve 4.50 g, 99% of
desired sul fone. The unpurified sul ved in 100 nL of
tetrahydrofuran and treated 5 wth a solution of \lithium hydroxide
(1.04 g, 24.5 mol) in 40 mL of water. The sol kion was stirred at
room tenperature for 2 mand then concentrated in vacuo. The
resi due was then .C|d|f|ed W ih dr ogen sulfate
to pH=1 and t alt
conbi ned et hyl
sodi um chl ori de, i 6
concentrated to glve a
et hyl acet at e/ hexane and al | owed to stand

Part A: N-[{l,l1-dimethylethoxyl}carbonyl]-N-[2-

10 methylpropyll]-3S-[Ni-(phenylmethoxycarbonyl)amino]-2R-
hydroxy-4-phenylbutylamine

CTWZ

,.filtered and
up in boiling

15 from Example 24 dissolved in ethanol was hydrogenated at
45 psi of hydrogen in the presence of 5% Pd(C) catalyst
to vield N-{(1,1-dimethylethoxyl)carbonyl]-N-[2-
methylpropyl]-3S- [Nl-amino]l -2R-hydroxy-4-
phenylbutylamine. Following standard workup by

20 filtration of the 5% Pd(C) catalyst and evaporation of
the filtrate solvent under reduced pressure using a
‘rotary evaporator, the amine was obtained



15 undi st urbed whereupon white needles forned that were i sol ated by
filtration and air_dried to give 3.38 g, 79%______of

2- (R S)-methyl -3([err]-phenet hyl sul fonyl ) -propi onic acid,
91-93[err] C 20 Part C. A solution of 2-(R S)-rethyl-3([err]-

phenet hyl S&?}%M -propionic acid (166.1 ng, 0.65 mml), pcpusosozes2
1

N- hydr oxyb zole (HOBT) (146.9 ng, 0.97 mmol), and

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydr ochl ori de ( EDC)
(145.8 ng, 0.75 mmol) in 4 nL of 25 anhygrous di net hyl f or ram de ( DIVF)
cooled to OC and stirred under nitrogen for 0.5 h. This solution is
t hen treated with a desired proth ed am no or sul fonam de

i sostere internediate and stirred at rfo enperature for 16 h. The

solution is poured into 30 nL of 60% sg
bi car bonate sol uti on. The aqueous

2 dr ed 30 aqueous sodi um
olubion ihS then decanted fromthe~

organi ¢ residue. The organi cyresidue i § takgn _up in dichloromethane
and washed wi th 10% aqueous aCN A ARe, dried over anhydrous
magnesium sul fate, filtered and ncerfrat efi. Fl@sh 35 chromat ogr aphy of
the m xture on silica gel elutinggw thgy 1: 1 hexane: ethyl acetate can
be utilized and will afford - t he separ di ast ereoners. WO
96/ 28418 CT/ US96/ 02682

77 EXAMPLE 26 [*err] . 5

Preparation of 2-methyl-3-(nethyl sul fonyl)propionic acid

N- hydr oxybenzotri azol e ester
Part B:

The amine from Part A is reacted in DMF with 2-methyl-3-

5 (methylsulfonyl)propionic acid N-hydroxybenzotriazole
ester from Example 26 at or about room temperature. The
solution is washed with sodium bicarbonate solution and
extracted with ethyl acetate. The ethyl acetate extract
is washed with citric acid solution, brine and is dried

10 over sodium sulfate. The drying agent is filtered and
the organic solvent is removed to provide product

(o] a
HaC /JL\ /’L::
~ N N o
N, ]
CH; H OH



Part A: A solution of methyl 2-(bromomethyl)-acrylate 10 (26.4 g, 0.148

.mL of nethanol was treated with sodi um-nethaneewiinat-e——

(15.1 g, 0.148 nol) portion wi se over 10 mat roomtenperature. The
sol ution was then stirred at roomtenperature for a period of 1.25 h
and the SOHﬁﬁ& goncentrated in vacuo. The residue was plgnisdgepssrken up
in water and extracted four tinmes wth ethyl acetate. The conbi ned
et hyl acetate solution was washed with saturated sodi um chl ori de,
dried over anhydrous magnesium sul f ghe, filtered and concentrated to
give a white solid, 20.7 g which was taken up in boiling 20
acetone/ nethyl tert-butyl ether and alBxamedef26Bt and wher eupon
crystals of pure nethyl 2- (nethylsulfonylnethyl) acrylate 18.0 g, 68%
formed, np 65-68 O[err]C 25 PapF% A sol ution of methyl
2- (met hyl sul f onyl net hyl ) acrylate (9 }, 5.44 mol) in 15 nL of
t et rahydr of uran was treated with a dg #on of |ithium hydroxide (270
ny, 6.4 mmol) in 7 nL of water. sovitio sstirrd
roomtenperature for 5 mand then idijied to p N aqueous
pot assi um hydr ogen sul fate. ?Eiee tinmes
with ethyl acetate. The ¢ " a etate sowas dried
over anhydrous magnesi um sl f atee, , and fCentrated to give
793 ng, 89% of 2-(nmethyl sul fonyl methyl) ac fc acid, np 147-149
O[err]C 35 WD 96/ 28418
PCT/ US96/ 02682 78 Part C A
sol ution of 2- (nethylsulfonylneth I) acrylic acid (700 ng, 4.26 mol)
in 20 nL of rhetl 55?" alcloph of Mgl 2R-hydroxy <-dteshvdprenyl bidi.g-e al ong

i ] 4 ARl deg- a nitrogen atnosphere.

The
nitrogen and t he
mai nt ai ned at 504

inmnes with
T € was

10 N-[2R-hydroxy-3-[[(1,1-dimethylethoxy) carbonyl]{2-
methylpropyl)amino] -1S- (phenylmethyl)propyl]-38-{2-R,S-
methyl-3-(methylsulfonyl)]lpropanamide (Example 26A) is
dissolved in dioxane/HCl and it is stirred for about 2
hours at room temperature. The solvent is removed and

15 the residue is dried in vacuo to produce the amine

o]
H
H3C\ P
S N N
7N, |
CH- H OH

The residue is stirred in ethyl acetate, 1,3-benzodioxol-
. 20 5-yl sulfonyl chloride 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 (saturated) and

brine, dried (MgSO4) and concentrated to provide product.



was replaced with nitrogen and the solution filtered t hrough a pad of

celite to renove the catalyst and_the 10 filterate.concentrated.in vacuo
to give 682 ng 96% of 2- (RS) - net hyl - 3- net hyl sul fonyl propionic acid.
Part D. A solution.of 2-(R S)-nethyl-3(nethylsul fonyl) pr opi oni ¢
acid (263. 585 mmol ), 15 N-hydroxybenzotri azole 2.2 ny,
2.13 mol )‘,%gﬁ'b"i“ 1- ( 3-di net hyl am nopropyl ) - 3- et hyl ca?ﬁg%’r% g
hydrochl oride (EDC) (339.1 ng, 1.74 mmol) in 4 nL of anhydr ous

di met hyl f ormam de (DMF) is cooled to O[err]ZC and stirred under

nitrogen for 0.5 h. This solution is then 720 treated with a desired

protected am no 'ﬂ'ie %Jﬁﬁéﬂgechromatdaiﬁih‘éaelf NEGFRG phesdfdasidd red at

room t enperature tion i oured into 60 nlL of 60%
saturat ed AR SBBRENT B O B dERSE| T8 D, oo DEUAELL

solution is thendeeissd.ed fromthe organic residue. The 25 organic

residue is taken up in dichloronethane and washed w th 10% aqueous
citric acid, brine, dried over anhydr magnesi um sul fate, filtered
and concentrated to give the d product . WO 96/ 28418
PCT/ US96/ 02682 79

EXAMPLE 26A [err]

CH; S/\;iN \\ //
é?‘b éHz ﬁ Lw;:[:::[: )

—+—— ) L

10 o} ic Acid

Part A: A round-bottomed flask is charged with the
desired protected amino or sulfonamide isostere
intermediate (2.575 mmol) and coupled to L-({+)~S-acetyl-
15 Db-mercapto butyric acid in the presence of 1-(3-
dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride
(EDC) (339.1 mg, 1.74 mmol), in 10 mL of CH2Cl2 and is
allowed to stir at room temperature for 16 h. The
solution is concentrated in wvacuc and the residue taken
20 up in ethyl acetate, washed with 1IN KHSO4 sat. aq.
NaHCO03, brine, dried over anhydrous MgS04, filtered and
concentrated to give an oil which can be purified by
radial chromatography on Si02 eluting with ethyl acetate
to give the pure product.
25
Part B: A solution of the product of Part A (0.85 mmol)
in 10 mL of methanol is treated with anhydrous ammonia
for ca. 1 m at 0°C. The solution is stirred at that
temperature for 16 h and then concentrated ip vacuo to
30 give the desired product that can be used directly in the
next step without further purification.



5 Preparation of N[2R hydroxy-3- r (1, 1-dinethylethoxy)
carbonyl | (2-net hyl propyl)am no] - | S—(phenyloetlyl) oropyl | -

2- R S- et hyl - 3- (net hyl sul fonyl ) propanam de Part A
N-[ (1, 1-di et hyl et hoxyl ) carbonyl ]-N-[2- 10

met hyl pr opy. H@i@h [ err] - (phenyl met hoxycar bonyl ) am no] - 2R- :
hydroxy-4-dhb ylam ne [err] 15 fron1Exaﬁ%?gﬁggmgfssolved

i n et hanol was hydrogenated at 45 psi of hydrogen in the presence of
5% Pd(C) catal yst to yield N-((1,1-di ggt hyl et hoxyl)carbonyl)-N-[ 2-
met hyl propyl ]-3A-[ N[ err]-am no] - 2R- hydr oxy- 4- phenyl but yl am ne.

Fol | owi ng st andar gay®rdcup abgoldOidn |df aheoprodudtheH¥akd( E) (€84l ymbland
e apor vt or 7 A o B S SRl B Lesblgp g gt i o 2
PCT/ US96/ 02682 rapid succession with 1,8-diggab{q¥qqo[5.4.0]undec—7—ene,
(DBU), {128.1 mg. 0.841 mmol) and iodomethane {119.0 mg,
- 5 0.841 mmol). After 0.5 h at room temperature the
reaction is diluted with ethyl acetate washed with 1N
KHSO4, sat. aq. NaHCO3, brine. After the solution is
dried over anhydrous MgSO4. filtered and concentrated in
yacuo the desired product is obtained and can be used
10 directly in the next step.

Part D: A solution of the product of Part C {(0.73 mmol)
and sodium perborate (500 mg, 3.25 mmol) in 30 mL of
glacial acetic acid is warmed to 55°C for 16 h. The

15 solution is conentrated in vacuo and then the residue is
taken up in ethyl acetate, washed with water, sat. ag.
NaHCO3, brine, dried over anhydrous MgSQ4, filtered and
concentrated to give the desired product.

20 General Procedure for Coupling Sulfonyl Compounds to
Sulfonamides

A mixture of the sulfonyl alkanoyl compound
{approximately 1 mmol), N-hydroxybenzotriazole {1.5

25 mmol), and 1l-{3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC) (1.2 mmol) is dissclved in a suitable
solvent such as DMF and allowed to react for about 30
min. at 0°C. A desired protected amino or sulfonamide
isostere intermediate (1.05 mmol) is dissoclved in DMF,

30 added to the above mixture and stirred at room
temperature for a period of time sufficient for the
reaction to take place. The solution is then poured into

. saturated agqueous NaHCO3 and extracted with, for example,
" ethyl acetate. The extracts are washed, dried, filtered

35 and concentrated. The resulting material is then
crystallized from a suitable solvent or solvent mixture
such as hexanes and ethyl acetate to produce the product.



Part B: The amine fromPart Ais reacted in DVF with 2-nethyl - 3- 5

(et hyl sul fonyl ) propionic acid N hydroxybenzotri azole_ ester from
Exanpl e 26 at or about roomtenperature. The solution is washed with
sodi um bi car bonate sol uti on and extracted with ethyl acetate. The
et hyl acetate {ract I's washed with citric acid sol g ,5?1 ,L,ne and
Is dried %’6’”’%‘&5 sodiumsul fate. The drying agent is f?#@?e zgiér%d
the organic solvent is renoved to provide product [err] WO
96/ 28418 _ BeT/ US96/ 02682
81 [err] 5 Preparation of
N- [ 2R- hydr oxy- 3-[ (2- net hyl propyl ) [I, 3-

EX2MPLE 28

0

Ng OH

VAN
c o ¢

Acid

Part A: To a solution of 10g of D-(-}-S-benzoyl-b-

10 mercaptiocisobutyric acid t-butyl ester in 20 mL of
methanol was bubbled in gaseous ammonia at 0°C. The
reaction was allowed to then warm to room temperature,
stirred overnight and concentrated under reduced
pressure. The resulting mixture of a solid (benzamide)

15 and liquid was filtered to provide 5.21g of a pale oil
which then solidified. This was identified as 2(8)-
methyl-3-mercaptopropionic acid t-butyl ester.

Part B: To a solution of 5.21g of 2(S}-methyl-3-

20 mercaptopropionic acid t-butyl ester in 75 mL of toluene
at 0°C was added 4.50g of 1,8-diazabicyclo[5.40]Jundec-7-
ene and 1.94 mlL of methyl iodide. After stirring at room
temperature for 2.5 hours, the volatiles were removed,
ethyl acetate added, washed with dilute hydrochloric

25 acid, water, brine, dried and concentrated to afford
2.82g of a pale oil, identified as 2(S)-methyl-3-
{thiomethyl)propionic acid t-butyl ester.

Part C: To a soclution of 2.82g of 2(S)-methyl-3-

30 (thiomethyl)propionic acid t-butyl ester in 50 mL of
acetic acid was added 5.58g of sodium perborate and the
mixture heated to 55°C for 17 hours. The reaction was
poured into water, extracted with methylene chloride,
washed with aqueous sodium bicarbonate, dried and

35 concentrated to afford 2.68g of 2(S)-methyl-3-



benzodi oxol - 5-yl ) sul fonyl | am no] - 1s-

-[2-R S-nethyl -
(et hyl sul fonyl )] pronanam de 10 N [2R- hydroxy-3-[[(1, 1-di net hyl et hoxy)

car bonyl ] ( 2- net hyl propyl ) ami no] - 1S- (phenyl net hyl ) propyl] -3S-[2-R S-
met hyl | fonyl) propanani de (Exanple 26A) is cTlsdosyed 1 N
dloxane/Hcﬁﬁ%%%wa# Is stirred for about 2 hour s at ran1ﬁgnperature.
The solvent is renoved and 15 the residue is dried in vacuo to produce the
amne [err] The residugsis stirred in ethyl acetate,

1, 3- benzodi oxol - 20 5-yl sulfonyl chloride is added fol |l owed by
triethyl am ne (mehgr 1602 £ oyl \prepienst i dd¢ ikl tabuahbussteaxOmst @anpRiaé ure.

The reaction m xt is diluted with ethyl acetate, is washed with
sat urat ed sodi um™icarbonate (saturated) and brine, dried (MgSO™) and
coricentrated to provi de product. WO 96/ 28418

PC/ US96/ 02682 Part D: To 2.68g of 2(S)-methyl-382methylsullft@ynesi due is
s 0r aPng] ledeoblier aBl 1 il *hseer wad kel 26RA! Ye A OF he

i soner (e.g.,
hydrochloric acid/dioxane and the mixture stirred at room

temperature for 19 hours. The solvent was removed under
reduced pressure to afford 2.18g of crude product, which
was recrystallized from ethyl acetate/hexane to yield

10 1.44g of 2(S)-methyl-3-{methylsulfonyl)propionic acid as
white crystals.

\l ’
CH3\ OCH3
o £
CHj OCH;

15

20 Amethvlsulfonvlipropanamide

Part A: A solution of N-benzyloxycarbonyl-3(S)-amino-
1,2-(S)-epoxy~4-phenylbutane (50.0 g, 0.168 mol) and
isobutylamine {246 g, 3.24 mol, 20 eguivalents) in 650 mL

25 of isopropyl alcohol was heated to reflux 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
product was isolated by filtration and air dried to give

30 57.56 g, 92% of N-{3(S)-benzyloxycarbonylamino-2(R) -
hydroxy-4-phenyl]lN-isobutylamine, mp 108.0-109.5 *C, MH+
m/z=371.



[err] 5 EXAVPLE 27
Preparation of Sulfgne Inhibitors EromL-(+)-S.acetyl-[err]- .10

mer capt oi sobutyric Acid Part A: A round-bottomed flask is charged
with the desired protected am no or sulfonam de isostere

I nt er medi 5 mol) and coupled to L-(+)-S-acetyl - Skg3kgaCapt o
butyric a?&%’%"\? e presence of 1-(3- rtivs 2

di met hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de (EDC) (339.1
mg, 1.74 mmol), in 10 nL of CH2Cl2 and is gg allowed to stir at room
tenperature for 16 h. The solution is concentrated in vacuo and the

resi due taken 20 up in ethyl acetate, washed with I N KHS04 sat. aq.

NaHCG3, bri ne, ve So centrated

to give an oil %ﬁ B: %%gégigH dPg§qg(SB_kgﬁéﬁﬁﬁny%rbOQYOQrguhy on Si Q2
eluting with eth?KkakﬁQﬂ9¥Y ‘Pheﬂlﬂkﬂ1k§°PﬁéYéémén$kahi§§5 g.26.14 Part
B: A solution of mnbP) piradl 4GliethyPamineA (5228mgim®|17 mmol) ihn14Omiriosof

The soruti on T o SErp eAphdl RNl S48 AERRS wien 3,41 00 35 1 T8 fon 1 C
concentrated in @am@mhqubensenegu@énmxkeQHéﬂrﬂéa bt O3t a-hét 26ammde used
directly in the at room @fipeshelrsi thwutan . ur ther sglrdrdt Akl 88moved in VO
96/ 28418 vacuo and the residue taken up in etéJ&SgG/QZ gzand then
-washed with 1N KHSO4, saturated aqueous NaHCO3, brine,
10 dried over anhyd MgS04. filtered and concentrated to give
2.147 g, 90.5%, of a white solid, mp 124-127° C, HRFAB
MS; M+Li; calc’d. for C3pH38N2075+Li: 577.2560. Found:
577.2604.

15 Part C: A solution of carbamic acid, product from Part B
(513 mg, 0.90 mmol) in 30 mL of methanol was stirred with
20 mg of palladium black catalyst and 10 mL of formic
acid for 15h at room temperature. The catalyst was
removed by filtration through diatomaceous earth and the

20 filtrate concentrated in vacuo and the residue taken up
in ethyl acetate. The ethyl acetate solution was washed
with saturated aqueous NaHCO3, brine and dried over anhyd
Mgs0g4, filtered and concentrated in vacuo to give a white
solid, 386 mg, 98%, mp 123-130° C, FAB MS; M+Li+=443,

25 that was used directly in the next step without further
purification.

Part D: A mixture of 2(S)-methyl-3-methylsulfonyl
propionic acid (128 mg, 0.77 mmol)}, N-

30 hydroxybenzotriazole (179.9 mg, 1.17 mmol), and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) (177.3 mg, 0.92 mmol) was dissolved in 1.5 mL of
dimethylformamide (DMF) and allowed to react for 30 min
at 0°C. The amine from Part C (359 mg, 0.82 mmol)

35 dissolved in 1 mL of DMF was added to the above mixture
and stirred at room temperature for 48h. The solution
was then poured into 75 mL of saturated agueous NaHCO3



83 Part C. A solution of the product of Part B (0.841 mmol) in
tol uene under nitrogenis—troatoedn r-apd }

wi th 1, 8-di azabicycl o[ 5. 4. 0] undec- 7- ene, (DBU), (128.1 ny. 0.841

mmol ) and i odonet hane (119.0 ng, 5 0.841 mmol). After 0.5 h at room
tenper at ur g, 4 g reaction is diluted with ethyl acet gicquusstrass Wi th 1IN
KHS04, sat. agq. HCO3, brine. After the solution is dried over
anhydrous MgSO4, filtered and concentrated in vacuo the desired
product is obtained and can be used 10 ggirectly in the next step.

Part D. A solution of the product of Part C (0.73 mmol) and sodi um

perborate (500 nand3ex@ravted) with3éthitl eicetate. Jfleciezhyacatecatid is
warmed to SS[errifefote dGelte $hEhed Wicks BhULLAOS HRB4R! Ka1gd in vacuo and

then the residue 1S t aken up in ett%l. acetat e, washed th water,
sat’. agq. NERERERt a5t AR eolsi RRHCRRr PIARG or YeMgREE, a?‘f’%eb?%"i?‘land
concentrated to @fiveetdi atelsicondeptratet to giv@la dlevaer ailPr22@dag.e for
Coupl i ng Sul fony Eo,[.m%m lf.anam A m xture
of ‘the sul fonsil gP anoy %gr_rpbgﬁnalyswﬁizf gpgrg%'giq?rr%’%ae e)? fnc(lm%ﬂ}fl

N- hydr oxybenzot r PE2bREe (v givert78 gy )40%;/§ pure product with mp 130-

1- (3-di net hyl am a3pt opy| JHRFASt Mgt Mekbodidalicdd. for C27MadNQORSskide ( EDC)
(1.2 nmmol) is di I in it sol vent such as DW and

all owed to react gégfga out F%Bﬁg’ aé)éf‘rﬁ:;r?.s'at 0C. A desired protected am no
or sul fonam de isostere internediate (1.05 mol ) is dissolved in
DIVF, 30 atigled to the above m xture gxAMBLEr3ced at room

tenperature for a period of tine sufficient for the reaction to take
pl ace. The solution is then poured into sat urated agqueous NaHCO3 and
extracted with, for exanple, et hyl pte. The extracts are washed,
dried, filtered 35 and concentrat ed. gsulting material is then
crystallized froma suitable solvent gor ¥nt g xture such as

hexanes and ethyl acetate t% produce |k he ¥r oduct n,0
CHasg N N°

A

Hj OH NH,

15 —ami inol-1-

Part A: A solution of N-benzyloxycarbonyl-3(S)-amino-
20 1,2(S)epoxy-4-phenylbutane (11.54 g, 38.81 mmol) and
isocamylamine (66.90 g, .767 mol, 19.9 equivalents) in 90
ml. of isopropyl alcohol was heated to refiux for 3.1h.
The solution was cooled to room temperature and partially
concentrated in vacuo and the remaining solution poured
25 into 200 mL of stirring hexanes whereupon the product
crystallized from solution. The product was isolated by
filtration and air dried to give 11.76 g, 79% of N-
({3 (S)-phenylmethoxy)carbonyl)amino-2 (R) -hydroxy-4-
phenylbutyl]N-[ (3-methylbutyl) jamine, mp 118-122° C, FAB
30 MS: MH+=385.



W 96/ 28418 PCT/ US96/ 02682

84 [err] 5 w.Preparatian of i _

2(S) - net hyl - 3- (et hyl sul f onyl ) propi oni ¢ Acid Part A: To a
solution of 10g of D-(-)-S-benzoyl-b- 10 nercaptioisobutyric-acid t-butyl
ester in 2Q, 8 met hanol was bubbl ed in gaseous argpypsdegdesPlerrlC
The reaction was allowed to then warmto room tenperature,

stirred overni ght and concentrated under reduced pressure. The
resulting mxture of a solid (benzam de) ggl5 and liquid was filtered to
provide 5.21g of a pale oil which then solidified. This was
identified as 2(B3et B: A seliyloB-ofeNcd[iBOI ofplenyimethdxyedborylgst er .

helt obuiyl oo SHA G ngdfol. £RTIHIN 1 i <329f&“§aﬁ@%%%9@5%85%f
18 i azabi cycl of b VAisded- 97 mmol) aasietaaatnylmnmse SE28eT 199 i o
After stirring awméDoMn 20 witefpEicHlsrenkohade wdtd wreatbliewieh af- I es wer e

d, | 25
;gingvewat er, 5:‘br|elt’ﬂ¥ll°c]aae %%%ﬁéﬁagg%ﬁgen\ﬁ%{lgg ’gf'&) gtoe% BXQE%?%Q{ of a pale
oi I, identified ®8ObY @t xepmyLemperature (fpm b?rél‘ﬁyl )ﬁ‘h@psghven@m:st but yl
ester. Pogdoed T0 &a&abUandrtiRf r2sidge oéaleéxﬁhprr&hh&thﬁl 30

(thi omet hyl ) pr opj oai &@@ng Eh?ﬂté{é c}'ﬁﬁ]%l.thnlﬁoxﬂétgqﬁ aturacd &eédnggﬁ%% d was

added 5.58g of sodi um per err]C
for 17 hours ThaHGRt i nfasdried ovssyAahY R MESQt e‘-rllt'—éa’(‘?ﬂa%@%d with

net hyl ene chiori Qﬁncentratéﬂaﬁbeﬁlﬂf‘é th, ml@egl.ISoﬁoailwﬁ Riogaaboprie wali i ed and

35 concentrated £§E€gff¥;%d frgg ethy %Leta%e an&gpetroleum ether to
provide 870 mg, 50%, mp 130-132" C of pure product, HRFAB
MS; M+Li, calc’d. for C29H35N307SLi: 576.2316. Found:

576.2350.

15
Part C: A solution of product from Part B (574 mg, 1.01
mmol) in 40 mL of methanol, (the solution was not
completely homogeneous), was treated with 70 mg of 10%
palladium on carbon catalyst and hydrogenated at 42 psig

20 for 15h at room temperature. The catalyst was removed by
filtration through diatomaceous earth and the filtrate
concentrated in vacuo to give a white solid that was
crystallized from chloroform, mp 123-127°' C, FAB MS;
M+Li+=412, 400 mg. 91%, that was used directly in the

25 next step without further purification.

Part D: A mixture of 2(S)-methyl-3-methylsulfonyl
propionic acid (112.3 mg, 0.675 mmol), N-
hydroxybenzotriazole (159.1 mg, 1.04 mmol), and 1-(3-

30 dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) (147.8 mg, 0.77 mmol) was dissolved in 1.0 mL of
dimethylformamide (DMF) and allowed to react for 30 min
at 0°C. The amine from Part C {(261.9 mg, 0.646 mmol)
dissolved in 0.5 mL of DMF was .added to the above mixture

35 and stirred at room temperature for 16.5h. The solution
was then poured into 75 mL of saturated aqueous NaHCO3
and extracted with ethyl acetate. The ethyl acetate
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85 (et hyl sul f onyl ) propi onic—acidt-Lutyl_ester as_a-wiiig—

solid. Part D. To 2.68g of 2(S)-nmethyl-3-(nethylsulfonyl)- 5
propionic acid t-butyl ester was added 20 niL of 4N hydr ochl ori c

aci d/-di ox he m xture stirred at room t enper & 19

hour s. Thga@%ﬁggﬂé was renoved under reduced pressure to a 8rd 2.18g
of crude product, which was recrystallized fromethyl acetate/hexane
to yield 10 1.44g of 2(S)-nethyl-3-(meghyl sul fonyl)propionic acid as
white crystals. EXAMPLE 29 [err]

15 Pr eparexttiractsf wets-vwd dhedRWi LB S5% lachidoRshyiltoiy -a3xi[d, ( 2-

”EthylprOpyl)(53éﬁﬁyrgﬁﬁﬁoé?ﬁgﬁﬁyN&Mhbgny$}lﬁgﬂ rliel- over anhyd MgSO4,
(phenvl net hyl ) propyl | | sul fon pr opanam de

Part A A sol utifottéF 6@%2%9’&5%!35614%95(’3{ e Sniv bt oam, 326.3 mg.
1, 2-(S)-epoxy- 4- 'mmamaltbnnane»dé(pdhg;eﬂ By 8F Iradh) chndmatograpl'gobuéyl am ne

(245 g, 3.24 5ol g; 200U Val 648 WiRHOERE acebieeOto! SARIYIp13 go0l vas

heated to re qu uti on was room

tenperature, corfi®nté4%: @f pure produgt as %ﬁﬂ"t%ﬁ"ﬁ@ur%’&? iMtio ME+ESSS -

stirring hexane

10

15

Part A: A solution of N-benzyloxycarbonyl-3(S)-amino-
1,2 (S)epoxy-4-phenylbutane (11.54 g, 38.81 mmol) and
iscamylamine (66.90 g, .767 mol, 19.9 egquivalents) in 90
20 mL of isopropyl alcohol was heated to reflux for 3.1h.
The solution was cooled to room temperature and partially
concentrated in vacuo and the remaining solution poured
into 200 mL of stirring hexanes whereupon the preduct
crystallized from solution. The product was isolated by
25 filtration and air dried to give 11.76 g, 79% of N-
[ (3 (S)-phenylmethoxy)carbonyl)amino-2 (R} -hydroxy-4-
phenylbutyl]N~[ (3-methylbutyl)]amine, mp 118-122° C, FAB
MS: MH+=385.

30 Part B: A solution of N-[[3(S)-phenylmethoxy)carbonyl)
amino-2 (R) ~hydroxy~4-phenylbutyllN-{ (3-methylbutyl) lamine



wher eupon the product crystallized fromsolution. The ‘product was
isolated by filtration and air dried to give _30 57 .56 g, 92%of
N-(3(S) - benzyl oxycar bonyl ani no- 2(R) -

hydr oxy- 4- phenyl ] N-i sobut yl ‘ami ne, np 108.0-109.5 [err]C, M+ m z=371.
WD 96/ 2841 PCT/ US

86 Q\Q\W A solution of N[3(S)-benzyl oxycarbonylam noég2682

2(R) - hydr oxy- 4- phenyl ] N-i sobutyl am ne (1.5356 g, 4.14 mmol ) and
triethylamne (522 ng, 5.17 nmol) in 15 mgepf 5 di chl or onet hane was
treated with 3, 4- di met hoxybenzenesul fonyl chloride (1.0087 g, 4.26
nmol ) at rQeMsEREr 2t.9vemhol) 14hd Hideshl YaRina\a313e80Med 3 /M0

vacuo and the resid ta e C a t washed with
TN KHSOn sat ur aPBAL B tTb . hpbcaEeioreetndhy g Sbllea virhyG NySor
filtered and conéenetmwetmegﬂélfonyl @194169 (630 &/ maof 3a0hhmmelsol i d,

"p 124-127(er 1] GiaHEhAfhge. ThMSsollilion GkCudiriat £IQURAN0TSILI.
577.2560. Fou qQn of carbam c

Par t
acid, pr oductglfrBﬁi“%ﬁt"ge o2 40(%’1% , t&%ocm?’)'tﬁaﬁ 1RLVBFUPet hanol
was stirred withThe resi@® ngsofiipadlvetl um lechek acetdtss@ndnwagbeddi of

formc ackeehoin Jasoy, rsaeﬁtaeé@e&qﬂéah@. NIi@@o at&lm%t ¥@Sed

renoved by filtratiaon théfﬁﬁgo ceqt %ﬁ ne é? 20. filtrate
concentrated in YYEHOEN Aes k&t |5:°n°en ra'? &It Vecet ate. The
et hyl acetate solubb2ad guas Qﬁaahwulte foam ﬂﬁnesarudatmr;bchtqmewas NaHCG3,

bri ne and drjgd f d t n vacuo
vo arvan Wh|1§ %ﬂfﬁ@&l@ recrgst%ﬁ@ 8%/3& teebmda S o ﬁ%%%q?%s

123- 3
MrLi +=443, 25 PHaftiEl ARSEatE; FEC?P{Fl]rr]tmg Hex? %1 RMthBEPd‘F‘Eﬁ't her
purification. mp 95-9%ard. DHighnresolericdin FASE) Maes hgpectrmmt bgleudf onyl

propionic acid (28 BYoufan0680! k55N2529. Found: 555.2559.

15 Part c: A solution of the product from Part B (970 mg,
1.68 mmol) in 30 mL of methanol was treated with 70 mg of
10% palladium on carbon catalyst and hydrogenated at 41
psig for 16h at room temperature. The catalyst was
removed by'filtration and the filtrate concentrated in

20 vacuo to give a clear o0il that solidified upon standing,
mp 81-85° C, FAB MS; MH+=421, 764.1 mg that was used
directly in the next step.

Part D: A nmixture of 2(S)-methyl-3-methylsulfonyl
25 propionic acid (194 mg, 1.17 mmol)}, N-
hydroxybenzotriazole (276 mg, 1.34 mmol), and 1-(3-
dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride
(EDC) (256 mg, 1.34 mmol) was dissolved in 3.5 mL of
dimethylformamide (DMF) and allowed to react for 30 min
30 at 0°'C. The amine from Part C (451.1 mg, 1.07 mmol)
dissolved in 1.5 mL of DMF was added to the above mixture
and stirred at room temperature for 16h. The solution
was then poured into 20 mL of saturated aqueous NaHCO3
" and extracted 4 times with ethyl acetate. The combined
35 ethyl acetate extracts were washed with 5% aqueous citric
acid, saturated aqueous NaHCO3, brine, dried over anhyd
MgSO4, filtered and concentrated to give a clear oil that



30 hydroxybenzotriazole (179.9 ng, 1.17 mml), and 1-(3-

di met hyl am nopropyl) - 3-et hyl carbodiim de hydrachl ori de ERS—FF3
ng, 0.92 mmol) was dissolved in 1.5 nL of di et hyl f or mam de ( DMF)
and allowed to react for 30 mn at Jerr]C. The amne fromPart C
(359 ng, 0.82 nmol) 35 dissolved in 1 nL of DV was a%ﬂgﬁu above
mxture WO9%RB4MY stirred at roomtenperature for 48h. e ék@ﬂ%?gn

was then poured into 75 nL of saturated aqueous NaHCO3 WO 96/ 28418
PCT/ US96/ 02682 : 87 and extracted
with ethyl acetate. The ethyl acetate 91 extracts were washed with 5%
aqueous citric acid, sat ur at ed agueous NaHCO3,, brine, dried over

anhyd MySO4, crystalidzed upep fat ethe fafiSFdad ¥82ar oil, 220 my.
5 The materi al \mecnarsg;alah.lzedeﬂrcﬁm drecdaaeanasd atthydt agktate to m@teate to
give 178 g, 40%, t 3 rd B M5
MeLi +; cal ¢’ d. g @%ISE%N%%B o it E’r%"éé gf‘éz"p p2SIASS e 591 ©, gEas
EXANPLE 30 [err] MS; Calc or C27H 355. Foun

[1S- [ RF(RY) ,2S* 569 [eJ92-.hydr oxy- 3- [(3- 15

met hyl but yl ) (4- am nophenyl sul f onyl ) am no] - 1-

(phenyl net hyl ) propyl | - 2- met hyl - 3- gnethylsulfonyl)propananide

O llll-

2eages!
S’ 0CH3

10

15

Part A: A solution of N-benzyloxycarbonyl-3(S)-amino-
1,2-{S)-epoxy~-4-phenylbutane (50.0 g, 0.168 mol) and
igsobutylamine (246 g, 3.24 mol, 20 equivalents) in 650 mL
of isopropyl alcohol was heated to reflux for 1.25 hours.

20 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
product was isolated by filtration and air dried to give
57.56 g, 92% of N-[3(S8)-benzyloxycarbonylamino-2(R)-

25 hydroxy-4-phenyl]N-isobutylamine, mp 108.0-109.5 *C, MH+
m/z=371,

Part B: N-[3{S)-benzyloxycarbonylamino-2(R)-hydroxy-4-
phenyl]~N-isobutylamine (1.1131 g, 3.00 mmol} and

30 triethylamine (324.0 mg, 3.20 mmol) in 20 mL of
dichloromethane was treated with 4-methoxy-
benzenesulfonyl chloride (715.4 mg, 3.46 mmol). The



Part A: A solution of N-benzyl oxycarbonyl-3(S)-am no- 20

1, 2('S) epoxy- 4- phenyl but ane.(11.54_g. 38.81 nmol )_‘_a.n.d__ I soanyl am ne
(66.90 g, .767 nol. 19.9 equivalents) in 90 nmL of isopropyl al cohol
was heated to reflux for 3.1h. The solution was cooled to room

t enper at ure_an artially concentrated in vacuo and < l0i ng
sol ution p gﬂﬁ% into 200 nL of stirring hexanes mheret%‘g#’?ﬁgé'groduct
crystallized fromsolution. The product was isol ated by filtration
and air dried to give 11.76 g, 79%of N 45

([3(S) - phenyl met hoxy) car bonyl ) am no- 2( R) - hydr oxy- 4-

phenyl but yl | N-[ ( $oTathyh by | ddidFedcat "Bod &ehpélratite Go AR andOchd®:

%/26236 1 02682 wa\émcggéezgérla%ed in vacuo. The resigge was dis'gg}yeg. irA

sol ution of N-[(3thyl(prergteansovpshedowit) 1IN KHSO4, saturated aqueous

am no- 2(R) - hydromﬂéo@henﬂﬂwt )dﬂlHd 63eﬁ'&éﬂitwd3l!fgﬁbhlaﬁll‘@ered an@l. 1812 g,
3.07 nmmol) angtrlethﬁlam in 20 nL of

di chl or onet hane W28CE Eﬁ?%ﬁ‘?vﬁot H“Xe a El?ﬁ‘{ r%nzgﬁgu?*%rﬂ'ﬁs chloride (767
ng, 90% purity 3.ckystallizedmizomtethesntoegirer & whéteosolld 1i.273The sol vent

Was renovedgy) ¥aCHP-fent d s BRLAUSH4AIRN ¥Rs! ﬁsetrh%l-sn acetate
and t hen washed W|th 1N KHSO4, saturated aqueous NaHCO3, brine, dried

over anhyd MgSO™4, filtered and 10 concentrated to give 2.3230 g, of a tan
solid, that was Part Cerythelprahettf foomePayt BEcEBat mgand. §etmmaleuwast her
to Proviode didloThed SOt dhul 8 haghshs]l dndhyBibSed , HRFAB

VB ML cale 0. er CSerBEND TR o MoEt dndd byBbGeRd il gl TECAS |
Part C. A sol uti #P esigy S’tﬂﬁ’&tm r“%?m"lﬁallp Bpf(‘]Slﬁfhr\’ﬁ‘ op garbon at megm) in 40
mL of met hanol, (dempesakutréofomasiot The catzlym easl yehoved dieous), was

treated with 70 4@22[1%-5&9.:% thﬁouﬁ?%%@bﬂgbg&gaéal}q’ﬂ %ﬁﬁa&yéﬁﬁ.QQ'ate

hydr ogenat ed at roomtenperature al yst was
removed by vas FP&FFBEr?‘Fﬁ%LPQ'hVGF&PoF@c%B{% 84 pg ahP tHeA Pitat e
concent r at ed 16n \aGt0 sb@igifred Wit etaatifgl g 1085110°'C, FAB MS,

MH+=407, and was used directly in the next step without

further purification.

Part D: A mixture of 2-methyl-3 {(methylsulfonyl)propionic
20 acid (174.9 mg, 1.05 mmol), N-hydroxybenzotriazole (230
mg, 1.50 mmol) and EDC (220.5 mg, 1.15 mmol) in 2 mL of
DMF was stirred at 0°C for 0.5 mL and then treated with
the amine from Part C (401.2 mg, 0.99 mmol) in 1 mL of
DMF. The solution was stirred at room temperature for
25 16h and then poured into 20 mL of saturated agqueous
NaHCO3. The aqueous solution was extracted with ethyl
acetate and then the ethyl acetate solution was washed
with 5% agqueous citric acid, saturated agueous NaHCO3,
brine, dried over anhyd MgS04, filtered and concentrated
30 in vacuo to give a clear oil, 260 mg, which was purified
by flash chromatography on Silica gel eluting with
hexanes and ethyl acetate to provide.52.7 mg, 9.6%, mp
87-92° C, HRFAB MS; Calc’d for C2gH38N207S2: 555.2199.
Found: 555.2234.
35



crystallized fromchloroform np 123-127[err] C, FAB M5 M+Li +=412,

400 ng, 91% that was used dire

purification.
propionic acid (112.3 ng, 0.675 muol), N hydr oxybenzotri azol e (159.1
ng, 1.04 n’%)mgd 1-(3- 30 dinethylam nopropyl)-3-eth sbEikd2 de

step
Part D. A m xture of 2(S)-nethyl-3- nethylsulfonyl

hydrochl ori (EDC) (147.8 ng, 0.77 nmmol) was dissolved in 1.0 nL of
di met hyl f or mam de (DMF) and allowed to react for 30 mn at Jerr]C.
The amine fromPart C (261.9 ng, 0.646 mMmpi) di ssolved in 0.5 nL of
DMF was added to the above mxture 35 and stirred at roomtenperature for
16.5h. The solution was then pouredsQto 75 nL of saturated agueous
NaHCC3 and extracted with ethyl ace The ethyl acetate

WD 96/ 28418 PCT/ US96/ 02682

89 - extracts were washed wi th &% fueous Q{lc aci d, saturated

aqueous NaHCOB, brine, driggd ov aghyd 1.801

flltered and

concentrated to give a mh|t§:FQ {32413 IO material was
purified by flash chronmat ogr@ph® &ver 5 .|I| uting with ethyl
acetate to provide 213.6 mg, €% of pQHe 9 odu aPGhwhi te foam FAB
MS; MH+=554. ) LE 31 [err]
— * * * o\ - - -
5 - -3

10

15

20

25

30

Part A: From the reaction of (1.48 g, 5.0 mmol) of
N-benzyloxycarbonyl 3(S)-amino-1,2-(S)-epoxy-4-
phenylbutane and (7.314 g, 100.0 mmol) of n-butylamine,
one obtains 1.50 g (80%) of N-{3(sS)-
benzyloxycarbonylamino-2 (R) ~hydroxy-4-phenylbutyl]-N-
butylamine, mp 125-128°C, FAB MS, Spectrum: MH+=371.

Part B: The amine from Part A {1.52 mg, 4.10 mmol) and
triethylamine (488 mg, 4.82 mmol} in 30 mL of
dichloromethane was treated with 4-methoxybenzenesulfonyl
chloride (869 mg, 4.20 mmol) at room temperature for 3h.
The solution was removed in vacuo and the residue was
taken up in ethyl acetate. The ethyl acetate solution
was washed with 1IN KHSO4, saturated agueous NaHCO3,

brine, dried over anhyd MgSO4, filtered and concentrated
to give a white solid that was washed with ether and air
dried to provide 1.71 g, 77%, mp 118-120°C, FAB MS;
M+Li=547, of pure product.

Part C: The product from Part B (1.514 g, 2.80 mmol) in

30 mL of methanol was hydrogenated at 40 psig over 110 mg

of 10% palladium on carbon for 16h at room temperature.
The catalyst was removed by filtration through
diatomaceous earth and the filtrate concentrated to give




10 Preparation of [IS-[IR*(R¥).2S*1]-N [ 2-hydroxy-3-[(3-
net hyl but yl ) (4- net hoxyphenyl sul fonyl)amnnol -1-__
(phenyl net hyl) propyl ] -2-methyl -3- 15 (et hyl sul fonyl ) propanam de
Part A: A solution of N-benzyl oxycarbonyl -3(S)-am no-

1,2(S)epoxxméwgg§nylbutane (11.54 g, 38.81 nmol) and isgﬁ%@g m ne

(66.90 g, 19.9 equivalents) in 90 20 nL of coho
was heated to reflux for 3.1h. The solution was cooled to room
tenperature and partially concentratggd i n vacuo and the remaining

sol ution poured into 200 nL of stirring hexanes whereupon the product

crystallized frog geldd ignidihe. 9o gluctooss mbs bt sk ey, wAPapfikiration and
alr rre o gv
[[3(S)-phenyl %etﬁ%%@)%afr‘%oﬁﬁlfoéﬁ%t‘% 45 Ry P8Ry - Found:  413.2121,

“phenyl but yl | N- [ (8hieh wdshwsed) Bareeksly mn the- meztg stdp @itHeBt furthdvs:

MH=385. 30 ﬁﬁfifféatfgﬁxﬂLnlon of N-[[3(S)-phenyl net hoxy) car bonyl)
am no- 2(R) - hydr oxy- 4- phenyl butyl ] N-[ ( 3- net hyl but yl )] am ne WO
96/ 28418 PCT/ US96/ 02682

90 (1. 151Bagt 2: ORA mixtthreaotl 2 t3)etmMerhgit e (nfdlh¥ylsuifonBllo

mol) in 15 nL of gf&hfé%[gatahqagzstm rezatﬁdne%ih -

4- nethoxybenzenesu ony lorid g 3.05 Vi a syringe.
The sol ution wasP¥EFPRERPRAOTEIARPLE 5! ?%ﬂﬁ) atér@ngW°LdoaHanH§d(4
concentr at ed |n mgcub 33 mmol)THhe 1eSimue fv@MFdwas ostviat-ddn aet byl capwt at e and

washed wbsm 1&} r%ga UE?E&E’e&%etg‘.“%h@am é}ro&nn§a§g eéeﬁ'sls

over anhyd concentrate g
white foam The BPudé- ‘PdEl'ER,Jt Was2 Mo of IME. eTheymiRUReWEE| FEb’ET% from a
m xture of hexanes room tenpkrathye Bcetldle dnd gher poulrdd’ igro636omb dqaure

product P sdeurBeéd dduliouserIhtds Uhd 2RelBER SREYd Withidkendh

acetate. The ethyl acetate solution was washed with 5%

15 aqueous citric acid, saturated agueous NaHCO3, brine,
dried over anhyd MgSO4. filtered and concentrated in
vacuo to give 905 mg of a white foam. The product was
purified by flash chromatography on Silica gel eluting
with ethyl acetate/hexanes to provide 711.6 mg, 65%, of

20 pure product, mp 87-92°C, HRFAB MS, MiLi; Calc’'d for
C26H38N20782Li: 561.2281 Found: 561.2346.

EXAMPLE 34

25

30
Part A: A solution of N-benzyloxycarbonyl 3(S)-amino-
1,2-(S)-epoxy-4-phenylbutane (6.06 g, 20.4 mmol) and



for C30H38N20G6S: 555. 2529. Found: 555. 2559. 15 Part c: A solution of

the product fron1PaLL_B_4970 nyY ,-——————31—68—+—+n 30 nlL—of—rethaRet—was——
treated with 70 ng of 10% pal | adi um on car bon cat al yst and

hydr ogenated at 41 psi.g-for 16h at roomtenperature. The catal yst was
renoved by Ywblokbslg on and the filtrate concentrated in 2PCTusdeiossst O gi ve

a clear oil that solidified upon standing, np 81-85[err] C, FAB M5
MH+=421, 764.1 ng that was used directly in the next step.

Part D A mixture of 2(S)-nethyl-3-nethylsasfonyl’~ 25 propionic acid (194
ng, 1.17 mmol), N hydr oxybenzotri azole (276 ng 1.34 mmol ), and '
1-(3- di netmwrmﬁém@@w 0.3 evhPk é‘érm)l g 00yl ®hlisopteryl

(EDC) (256 nm, 1-é¥EdH8Q|ha&ﬂﬁeéﬂéaﬂﬂovﬁéflﬁx3f5%'ﬁh OfThe solutlon was
di met hyl f or mam de_( c) and allog\edto react for m% at Jerr]C.
TCOPRSERE HifC 2o YafHBI §° 91"3 adFE b?‘v’ia*&?ﬁ Wa€. 5 nL of

The amine from Pa
DMF was added to ¢ﬁxstaﬂdueed1ﬁramehexanes and ethyl edetéte comgieepér a3 ur e

for 16h. The s0l W] @ps, of cME@addIGRaPBYE Nty 4Q00h29fc S3HAW fked aqueous
NaHCG3 and%extr?%t gd times w t% e?ﬁy‘f tajlﬁc?)et ate. he ?E)rrblﬁrﬁed 35

et hyl acetate ext¥h were washed with 5% aqueous citric aci d,
satur ated aqueous NaHCQO3, brine, dried over anhyd MSH, filtered and

concentrated to cl ga a 2
concentrated PB#E B:C RaLoMididd'¥E the proaueéof%gén F4E a $629,591 | eq

upon st andi ng. THE'HEFEP}AIaﬂ%strlethylP@&P?sf%ﬁq|“§bd2f43dWH§%aﬁ§s andl et hyl
acetate to giMe of dichldr6merhar8b%asf tpeacedrviciict With nmp 125-129 [err]C

Eﬁ;@ELE o VB, C@lifetthoxdBEn fedd MR T2cn 285 £539371FRYN % .79 mRo2 928397
room temperature for 2.33h. The solvent was removed in
vacuo and the residue taken up in ethyl acetate and then
washed with 1N KHSO4, saturated aqueous NaHCO3, brine,

15 dried over anhyd MgSO4., filtered and concentrated to give

“';

1.0622 g, of a white foam. The crude product was
purified by flash chromatography over silica gel eluting
with hexanes and ethyl acetate to give 615 mg, 67%, of
pure product with mp 88-92° C, HRFAB MS; calc’d. for

20 C28H34N206S: 533.2298. Found: 6533.2329.

Part C: A solution of carbamic acid, product from Part B
(519 mg, 0.98 mmol) in 30 mL of methanol was treated with
70 mg of 10% palladium on carbon catalyst and

25 hydrogenated at 46 psig for 22h at room temperature. The
catalyst was removed by filtration through diatomaceous
earth and the filtrate concentrated in vacuo to give a
clear oil that solidified upon standing, mp 124-127° C,
FAB MS; M+Li+=399, 387 mg, 100%, that was used directly

30 in the next step.

Part D: A mixture of 2(S)-methyl-3-methylsulfonyl
propionic acid (138.5 mg, 0.83 mmol), N-
hydroxybenzotriazole (174.6 mg, 1.14 mmol), and 1-(3-
35 dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) (171.8 mg, 0.90 mmol) was dissolved in 2.5 mL of
dimethylformamide (DMF) and allowed to react for 30 min



0 0 10 Preparation of [IS[IR*(R")

2511-N-[ 2- hydroxy-3-[(2- .. methyl prorpyl )a —_

( 4- met hoxyphenyl! sul f onyl ) ani no] - 1- (phenylnethyl)propyll-z nethyl
(et hyl sul f onyl ) propanam de. 15 " Part A A solution of

N- benzyl ox ¥! - 3(S) -am no- 1, 2- (S) - epoxy- 4- phepdrRidbadgs( 50. 0 g,
0.168 nol) an i sobutyl am ne (246 g, 3.24 nol, 20 equivalents) in 650
L of isopropyl alcohol was heated to reflux for 1.25 hours. 20
The solution was cooled to roomtenperatupg, concentrated i n vacuo
and then poured into 1 L of stirring hexane wher eupon t he product
crystal lized fromt Sbl'@.i offhe Tareine from paotuct (30Hs 9 mgl adet8 bymdli)l t rati on
and air dried todfﬁs‘(ﬂved in 159 n&ﬁc& Dﬁg‘%v&i; added to the above mixture
N-[3(S)-benzyl oxyc rbqg% m no- &I

hydr oxy- 4- phenyl £ ahi TP ﬁ&mfﬁgaﬁu’i?)gf‘!? [¥é-rhe, The solutiop ;-371,
Part B: M[3(S)w¢mr123anopyuae@)oxmcar2i0nm2(>fe)s¢mane¢ 4queous NaHCO3
phenyl ] - N-i s@put é&QO an r m ne
(324.0 ny, 3% ‘%{@%ﬁ%%e&%}g ethyl0aBEPade Sthe dnyi afllesmne L\
4- net hoxy- extrackenwere wsted ish g8 aguepus pdtricsaciol ). The

WO 96/ 28418 saturated aqueous NaHCO3, brine, drle@ﬁéﬁsaﬁhﬁmm,
92 o EILYBREhH! £ dlnd:A0 0 BAPGLA W SaliRe G0180 iRD
was concentrated In vacuo o

and washed wi t h BAFSHE34 Vagar eF Y Hep lddgedugrom hexanes and ethyl

10 acetate to give 228 mg, 54% of pure product with mp 115-
118 "C. HRFAB MS; calc‘d. for C27H40N207S2: 541.2042.
Found: 541.2064.

acetate

EXAMPLE 35
15
o
o N’s
Saaaag et
20 ~ -

Carbamic acid, 2R-hydroxy-3-([(4-aminophenyl)sulfonyl} (2-
methylpropyl)amino] -1S- (phenylmethyl)propyl-,
phenylmethyl ester 0.30 g (0.571 mmol) was added to a

25 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)

30 and heated at reflux. Ethanol was added to the reaction
mixture, cooled and filtered. The filtrate upon



NaHCO3, brine, dried over anhyd MgSH, filtered, and 5 concentrated to
give a clear il The oil was crystallized-from et '

white solid 1.273 g, 78% np 97-10L[err]C, of pure product, FAB M5,
MH=541. Part C. The product fromPart B (930 ng, 1.68 nmol) was

10 dissolqﬁﬂg&#uﬁp mL of met hanol and hydrogenat ed at PCT/UN96/0068%) over
70 mg of 10% pall adi um on carbon at room tenperature for 17h. The
catal yst was renoved by filtration through di atomaceous earth and the
filtrate was concentrated in vacuo ©g give 704 ng of a clear oil,

15 that solidified upon standing, np 105-110[err]C, FAB M5, MH=407,
and was used direen¢sninatilon adkerded @ weshdue which whgrt her purification.

Part 1D05A m T; UrQhﬁfonaa'&:d&*abhledf(Q@W'a%dtﬁ@@%éﬁr@la@nlzm t@chfif.;%ﬁ:lddd(ééé 9
, nmo o nz rl az an
?22‘0 5 ny, 1.15 m @é%? ¥ ofbe esu%éF CamRowRd %e& P éﬂmr] Cfor 0.5

m. and then treated mnth the amne fromPart C (401.2 ng, 0.99 nmol)
in1nm of g DMF. The sol ution wasgghyprg®eat roomtenperature for 25
16h and then poured into 20 nL of saturated aqueous NaHCGO3. The
aqueous solution was extracted wth ejdaxl acetate and then the ethyl
acetate solution was washed MA\ J aqueous citric acid, saturated
aqueous NaHCGB, brine, dried oWgrLganhyd MySH, filtered and

concentrat ed 30 in vacuo to give Q3C|'
by flash chromat ography on Slllca gely el
acetate to provide 52.7 ng,
for C26H38N207S2: 555.2199.
96/ 28418
93 [err]

260 ng, which was purified
hexanes and et hyl

$RFAB MS; Calc'd
. VO

Method 1:
Carbamic acid, 2R-hydroxy-3-I[[{2-aminobenzothiazol-
15 6-yl)sulfonyl] (2-methylpropyl)amino] -1S- (phenylmethyl)
propyl-, phenylmethyl ester {0.25 g, 0.429 mmol) was
added to a solution of isocamylnitrite (0.116 mL, 0.858
mmol) in dioxane (5 mL) and the mixture was heated at
85°C. After the cessation of evolution of nitrogen, the
20 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.

Method 2:

25 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
stirring at room temperature for 18 hr., the reaction

30 mixture was diluted with ethyl acetate (100 mL), washed
with citric acid (5%, 100 mL), sodium bicarbonate



Prenaration of [ISIR*(R¥)2S*1]-N[2-hydroxy-3-[(butyl)
(4-met hoxyohenyl sul fonyl ) am no] - 1- _(henvl nmet hv] ) propyl) - 5_ _

2- et hyl - 3- (et hyl sul f onvl ) pr opanam de Part” A© Fromthe reaction of
(1.48 g, 5.0 mmol) of N- benzyl oxycar bonyl 3(S)-am no-1,2- (9S)

- epoxy- 4- henyl but ane and (7.314 g, 100.0 mmol) of ng e, 10
one obt ai ns?"??%’g“b‘ (80% of N-[3(S)- "$CHb%eRRE
benzyl oxycar bonyl am no- 2(R) - hydr oxy- 4- phenyl butyl ] - N but yl am ne, np
125-128[err]C, FAB M5, Spectrum MH+#=371. gg Part B: The am ne from
Part A (1.52 ng, 4.10 mmol) and 15 ¢triethylamne (488 ng, 4.82 mol) in
30 nL of - di sidvraved, haoe mias dnceairadewi 100 dnumet laeiphe mmesesuldnany |

chl oride (869 ny,_4 lJ) s at t e f . The solution
was renoved in v%%%%&lg:r%q% enr%e‘s’%(fo}gég wa%;ﬁg EFg&y&"?%l("g‘-’{rls %?} rf)rr'lla'é??ﬁﬁpq"aecit ate.
The ethyl acet at éskbica 963, ethylacekatiesd hgrane 1IN RHSO4 affardir@it3dd aqueous ”
NaHCQO3, bripss) df adsoyed provigtdVSA, filtered and concentrated

to give a\Mﬂge solid that was washed with ether and air dried to
provide 1.7179, 77% np 118-120[err]C, FAB M5, MtLi =547, of pure
product. 25 Part C. The product EXappdeait B (1.514 g, 2.80 nmol) in
30 nL of nethanol was hydrogenated at 40 psig over 110 ng of 10%

per at ur e. The cat al yst was
pomaceous earth and the filtrate

pal | adi um on carbon for 16h at room
renoved by filtration through 30 §
concentrated to give WO 96/

PCT/ US96/ 02682 JL 0“ 00
‘S N
] N N
E::rﬁ\ B om | ;»'NH?

10 . . . _ 4 _

15 phenvimethvl ester

The carbamic acid, 2R-hydroxy-3-[(3-aminophenylsulfonyl)
(2-methylpropyl)amino] -1S- (phenylmethyl)propyl-,
phenylmethyl ester 0.36 g (0.685 mmol) was added to a

20 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
filtered and the filtrate was diluted with water (5 mL)



94 a white solid, 1.20 g, 100% np 103-108[err]C, HRFAB M5

Calc' d for C2IHION20Q4S: 413, 2086. - FouRd—didmi2l

directly in the next step without further purification. 5

Part D: A m xture of 2(S)-nethyl-3-(nethylsul fonyl) propi onic acid
(354.4 ny, 1), N hydr oxybenzotri azol e (473.g-igkosin6s® "0l )
and EDC (4 %&uﬂﬂp ng, 2.33 nmol) in 1.5 nL of DWF was stirreJ at Of[err]
C for 10 25 min. and then treated with the anmine fromPart C (815

my, 2.00 nmmol) in 2 nL of DMF. The mi xturegrvas stirred at room
tenperature for 16h and then poured into 50 nL of sat urated agueous
NaHCO3 and then exdr Reaesd wid re€linyl Ethanoacetaat@ddﬁle:oelthyel r8&€t fire

sol ution mas masqSQtw%gh %?@%ﬁgggndaggfﬁﬁé%ﬁ't?hﬁtffi L4bat ed aqueous

NaHCO3, bri ere and oncentrated in
vacuo to gi ve 905°ﬁgeetrtatm taéfP6§ﬁ¢ Fhesedcygurhigh gvas purified by

flash Ch(r]I omr7at1 ogr Qﬂh&hﬁm@ﬂg/&tdph‘e@ gekhgl L&¢étcacde hexametié%e)g fztbl aacecf@tcelliAagxz'\a/ges
to provi ae , ure ro L - [ ,
it CCal e o Por 914587 Bt Vne 753 sofiet 4L P Wi TTeilendd Gk Een T
EXANMPLE 34 [err] the column with (ethylpaqgggqg;hgnaoe 3:2) afforded 0.80
[1S-[IR(R"), 25" Y -(blok?- Syetires %he -isondrPa8PY¥! do1id.

(4- met hoxyphenyl sul f onyl ) am no] - (phenylnethyl) propyl] -2-nethyl -
(et hyl sul f onyl ) pronanam de 30 Part A: A solution of
N- benzyl oxycar bonyl 3(S)-ani no- EXAMPLE)3&poxy- 4- phenyl but ane (6. 06

g, 20.4 mmol jeand

15
Part A: N-benzyloxycarbonyl-3(S)-amino-l-chloro-4-
phenyl-2(S)~butanol
To a solution of N-benzyloxycarbonyl-L-phenylalanine
chloromethyl ketone (75 g, 0.2 mecl) in a mixture of 800'
20 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

was dissolved in 1000 mL of ethyl acetate and washed with
25 1N KHSO, , saturated agueous NaHCO,, saturated agueous

NacCl, dried over anhydrous MgSO,, filtered and

concentrated in vacuo to give an ©il. The crude product
was dissolved in 1000 mL of hexanes at 60°C and allowed
to cool to room temperature where upon crystals formed
30 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%

. —Whi-chR=ifEE—tts-ogd—————



W 96/ 28418 PCT/ US96/ 02682

95 n-propylamne (20.9 g, 0.35 mml) ipn 100 m of isopropyl

al cohol was heated to reflux for 3h. The sol ution was t hen
concentrated in vacuo to give a solid that was crystallized from
hexanes andg acetate to give 6.53 5 g, 90% of t

pr oduct , ﬁéﬁ%f [err]C FAB M5: MH=357. WE&Z

sol ution of the product fromPart A (620 ng, 1.74 mmol) and
triethylamne (250 ng, 2.47 mol) in 15 oo 10 of dichloronethane was
treated with 4- met hoxybenzenesul fonyl chloride (371 ng, 1.79 nmol) at

roomdt ermerkat ur e Jfoly- Beﬁ?ﬁlo%z%nyg% (S\ﬁsarﬁﬁfm\ledhilﬁro-tl-pr?é@quﬂ(ﬁnd the
resi due taken up.in_ethy t.e.3 with 1IN KHSO4,

sat ur at ed aqueou H&t& Cﬁ@ 151 €5 i;%herhgd oVer an% ‘MySH4, filtered and
concentrated to give 1. 0622 g, of a white foam The crude product was °

purified by flashadr arat 9¢¢ AP @k §bkjr@§rt£tﬁiyl€)|ah‘§.h69-1 2(s) wﬁbayhexanes
and ethyl acetate t |X53615 ny, 67% pure product wt

88-92[err] C, “HREAR F22%. “for 20 C28H34N206S:  533. 2298. Found
533. 2329. A Raxlut@on Ao § gpandssiunf hydrdeide (#6538, gprOdildk modenilPart B

(519 ng, 0.98 m“&c)ul'\zn)?’@nn%@fmﬂ@fhéﬁgblﬁ‘@é étf}‘?&?fo‘idw%t@reated wh®nR- of
10% pal | adi um on ca zycln catab enat ed at 46 (lp%m g for 22h

25
at room t enper at & Pr¥car: gny]cgt@)yé’t“lﬂﬁs T 23469 1 72456n t hr ough
di at omaceous butegnoilh (A2d3 tde F.I0807r mbéd) cortieid rsailedion wax srirwedi ve a

clear oil thalp sold Q‘Joﬁnegetllﬁ@?aéhaé"@o'}g Snﬁlﬂxfé%s’l-%zlhefzﬁlan%loncentra%é@ MS;
M+Li +=399, 387 ng, 100% that,K was used e next ste

Lnt
Part D. A m xt ur etbivasus) tRefhyR %Wﬁyﬁg éon;ﬂhe Sdldp‘f'%?)lq}rﬁs@"ééiid
(138.5 ng, 0.83 nwldichllorometharyy dindx yashedtwitdr olatetl7dr bedrpvet. 14 mol ),
and 1-(3- 35 danmtchwgs 'noﬁiD@éx)ecBaaahybﬁ@éMdem de wyaioad givee
(EDC) (171.8 ng, 0.90 mmol ) was dissolved in 2.

di met hyl f or mam de (EE SR4idE | JTRal 50 ifeyes %fstﬁlﬂ‘ﬁﬁd from hexanes
15 and ethyl acetate to give 22.3 g, 77% of 3(8}-(N-

{benzyloxycarbonyl) aminol-1,2(S)-epoxy-4-phenylbutane,
mp 102-103°, FAB Ms: MH' = 298.

Part C: N-[3(S)-benzyloxycarbonylamino-2 (R)-hydroxy-4-

20 phenyl]N-isobutylamine
A solution of N-benzylcarbonyl-3(S)-amino-1,2- (S)-epoxy-
4-phenyl butane (50.0 g, 0.168 mol) and isobutylamine
{246 g, 3.24 mol, 20 equivalents) in 650 mL of isopropyl
alcohol was heated to reflux for 1.25 hours. The

25 solution was cooled to room temperature, concentrated in
vacuo and then poured into 1 L of stirring hexane
whereupon the product crystallized from sclution. The
product was isolated by filtration and air dried to give
57.56 g, 92% of N[3(S)-benzyloxycarbonylamino-2 (R)-

30 hydroxy-4-phenyl]-N-isobutylamine, mp 108.0-109.5°C, MH+
m/z=371.

Part D: phenylmethyl [2(R)}-hydroxy-3-[N-{2-
methylpropyl)-N- (4-methoxyphenylsul fonyl)amino] -1S-

35 {phenylmethyl)propyl] carbamate
The amine from Part C (936.5 mg, 2.53 mmol) and
triethylamine (2.88.5 mg, 2.85 mmol) was dissolved in 20



WD 96/ 28418 PCT/ US96/ 02682

96 at 0 [err]C __The am ne fromPart.C(304. .0 ny, 078 hwel)
di ssolved in 1.5 nL of DW was added to the above m xture and stirred
at roomtenperature for 14.5h. The sol ution was then poured into 20 niL

of saturatw g@g us NaHCO3 5 and extracted with ethyl W“@e et hyl
(]

acetate acts were washed with 5% aqueous citric aci

sat urated agueous NaHCCB3, brine, dried over anhyd MySO4, filtered and
concentrated to give a white solid. The 157 material was recrystallized
from hexanes and ethyl 10 acetate to give 228 ng, 54% of pure product
with np 115- mlL oELAikhlotémetindBalE; teedted] withr 4€27H4A0N207S2:

o41.2042. df%%%y%ﬁ%gﬁ%’%ﬂn%r knidPide (461 mg, 2.61 mmdiHEPLRLI ON Of

Carbamc acid 2

anminobenzot hi az@O%lgﬂopsuasoﬁmﬂezﬂ &t RPPPregmRerawgg| for okf hours and
1S- (phenyl et hyl déro Rdncepbeayedreihacast €rthe residuGawhendisstaivdd in
2R- hydroxy- 34 [ (deigii erbany! asdl 3Ry lsbidtion was washed with 1N KHSO

ety pronyl Y am 2Ql ol e lPISTALIE AP OB s, achen BIEPAREIoeBSt o O
sulfate (1.20 9)filtered®@NEnf0OtAssdritPaltBuOEY ol o L1alrdoif ol I20weg. by dry
The oil was crystallized from a mixture of ether and
hexanes, 729.3 mg, 56.5% mp 95-99°C, FAB MS: MH' = 511.
10
Part E: 3S-amino-1-[N-(2-methylpropyl)-N-{(4-
methoxyphenylsulfonyl)amino) -4-phenyl-2R-butancl
A solution of phenylmethyl [2(R)-hydroxy-3-{N-{2-
methylpropyl) -N- (4-methoxyphenylsulfonyl)amino]1-S-~
15 (phenylmethyl) propyl carbamate (671.1 mg, 1.31 mmol)
from Part D in 10 mi. of methanol was hydrogenated over 50
mg of 10% palladium on carbon at 40 psig at room
temperature for 15 hours. The catalyst was removed by
filtration through diatomaceous earth and the filtrate
20 concentrated to give a white foam, 474.5 mg, 96%, FAB MS:
MHY = 377.

: o )
|98
25 (9]

Method 1: _

30 To a solution of 4.25 g of anhydrous N,N-
dimethylformamide at 0°C under nitrogen was added 7.84g
of sulfuryl chloride, whereupon a solid formed. After
stirring for 15 minutes, 6.45 g of 1,3-benzodioxole was
added, and the mixture heated at 100°C for 2 hours. The

" 35 reaction was cooled, poured into ice water, extracted



met hanol (6 nL) and the resulting bl ack-brown suspension was heat ed
at reflux for 2 hrs. The reaction_mxture was ______filtered and. the
filtrate was diluted with water (5 mL) 30 and heated at reflux. Ethanol

was added to the reaction m xture, cooled and filtered. The filtrate
upon WO 96/ 28418

PCT/ US96/ 0 J§9$/28418 | 97 PCTOSAS%SH2 ot i on
af forded a residue which was - chronmat ographed (ethyl acetate: hexane
80:20) to afford 0.26 g (78% of thgydesired conpound as a solid.

5 EXAMPLE 36 .Preparation of

gar baﬂi f aci dI Zaiﬁudlﬁ@ﬁhgl%ne %ﬁloﬂhd@ﬁmtéai lairéf-lﬁagi'liés’ilﬂnf %ﬂlltét?]. |
vernod’ 1 7" 81188red Boa concenfRECHA 1T BvLPE 25 e o EBMETT L 001 <
15 6-yl)sul f onypereRiaktay lapbdpyk) aid no|This wpReahronatipgraphed onpropyl -,
phenyl methyl eskgliith o1 Ghisi®g?20% "Bty e chloridédfdiane foSQEEL+PN Of
|$oanyln|tr|%e §O 116°£n11f}{§§8 . °i?§%£ f n gloxgnﬁpg%i Z and the
m xture was heated &t PEPRIexoIg 2t ST OBt 5 evol ution of
nitrogen, the
Method 2:
To a 22 liter round bottom flask fitted with a
mechanical stirrer, a cooling condenser, a heating mantle
10 and a pressure equalizing dropping funnel was added
sulfur trioxide DMF complex (2778g, 18.1 moles).
Dichloroethane (4 liters) was then added and stirring
initiated. 1,3-Benzodioxole (1905g, 15.6 moles) as then
added through the dropping funnel over a five minute
15 period. The temperature was then raised to 75°C and held
for 22 hours (NMR indicated that the reaction was done
after 9 hours.} The reaction was cooled to 26° and
oxalyl chloride {2290g, 18.1 moles) was added at a rate
so as to maintain the temperature below 40°C (1.5 hours).
20 The mixture was heated to 67°C for 5 hours followed by
cooling to 16°C with an ice bath. The reaction was
guenched with water (5 1) at a rate which kept the
temperature below 20°C. After the addition of water was
complete, the mixture was stirred for 10 minutes. The
25 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
drying agent. The solvent was removed under vacuum at
50°C. The resulting warm liquid was allowed to cool at
30 which time a solid began to form. After one hour, the
solid was washed with hexane (400 mL), filtered and dried
to provide the desired sulfonyl chloride (2823g). The
hexane wash was concentrated and the resulting solid
washed with 400 mL hexane to provide additional sulfonyl
35 chloride (464g). The total yield was 3287g (95.5% based
upon 1, 3-benzodioxclel.



20 reaction m xture was concentrated and the residue was purified by

chromat ography (hexane:ethyl acetate 5.3) tQ w. . af f or - 0.130—g—(53%—of ——
the desired product as a solid. Method 2: 25 Crude
benzot hi azol e- 6-sul fonyl chloride in ethyl acetate (100 nL) was added
to NN[3S car bonyl - ani no- 2R- hydr oxy-“4- phenyl yl am ne
(1.03 g, 2%9§¥&8é¥ nmol ) foll owed by N nethyl norpholine (ﬂc@@%ﬁ%ﬂ% Arter
stirring at roomtenperature for 18 hr., the reaction 30 m xture was

diluted with ethyl acetate (100 ni), mas with citric acid (5% 100
m.), sodi um bi carbonat e W 96/ 284718

PCT/ US96/ 02682 Method 3: (saturated, 100

m.) and brine (100 Y trate The
resi due was chr onatgaa%ﬁjg&md%v’g?% 4 sgg.(%agyl cért‘ﬁ * gcgggtgréﬁaeregnf]e 1:1) to
afford 0.340 g accoxdiz® teof thespragedureddésclossl in EP 583960,

Exanpl e 37 [errincorporated herein by reference.

» 5
EXAMPLE 40
%’
Ph/\N N” 0)
OH o
£h
10 i =[N~ =~ i -5- -N-
phenvl-2 (R) -butanol
Method 1:
15 To a 5000 mL, 3-necked flask fitted with a

mechanical stirrer was added N-[3(8)-[N,N-
bis (phenylmethyl)amino] -2 (R) ~hydroxy-4-phenylbutyl] -N-
isobutylamineeoxalic acid salt {354.7 g, 0.7 mole) and
l,4-dioxane (2000 mL). A solution of potassium carbonate

20 {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
1,3~-benzodioxole-5-sulfonyl chloride (162.2 g, 0.735
mole) dissolved in 1,4-dioxane (250 mL) over 15 minutes.

25 The reaction mixture was stirred at room temperature for
18 hours. Ethyl acetate (1000 mi) and water (500 mL)
were charged to the reactor and stirring continued for
another 1 hour. The aqueous layer was separated and
furﬁher extracted with ethyl acetate (200 mL). The

30 combined ethyl acetate layers were washed with 25% brine
solution (500 mL) and dried over anhydrous magnesium



10 Preparation of Carbam c acid, 2R-hydroxy-3-[[(2-am no
benzot hi azol - 5- vl ) sulfaonyl 1(2- nethMLpropyI)anLnQL_LS__ —

(phenyl met hyl ) propyl - phenvl net hyl ester; and Carbanic aci d,

2R- hydroxy-3- [[(2- aninobenzothiazol-?-vl)sulfonyl]

(2-met hyl prop am nol - 1S- (phenyl et hyl )propyl-.- 15 ph | ester

The car ban’&?’é@% 2R- hydr oxy- 3-[ (3-am nophenyl sul f onyl) gﬂhgﬁtﬁ&z

(2-nethy|propyl)an1no]-|S—(phenyInethyl)propyl-, phenyl et hyl ester

0.36 g (0.685 nmmol ) was added to a 20 wehj mi xed powder of anhydrous

copper sulfate (1.44 g) and potassiumthiocyanate (1.80 g) followed by

dry . net hanghlfdde NLaraed EbErésifld iand BREEknP M nSYHBSHEH ON \tNﬁs
e

heat ed at refl ux e.reaction ,m.xtu S filtered and
filtrate was di Fﬁig%lt%“{’ﬁ?\/\ﬁgg YL (EeTH3te (208" Ly Che sodyept in che

PCT/ US96/ 02682 filtrate was removed under reduced pggssure vieddinddtied at
reflux. Et hanol auBsrédl AR foRahi8e ' 2 Yiscous yéfli‘év“rﬁanﬁoghfd and

filtered. | r ded due whi ch
vas o o omber i vigLahe o HRIR HE  ARLedtngeReavAr (878 SPhs 5 g

(45% of the 7 i(Medkt] as a solid. Further el ution of the colum with
(ethyl acetate: hexane 3:2) afforded 0.80 g (20% afforded the
5-i a solid. EXAMPLE 38 [err] 10
i somer as | [ ]
CH,;SO;H o 0

10

15
Method 1:

Crude 1~[N-[(1,3-benzodioxol-5-yl)}sulfonyl]-N-(2-
methylpropyl)amino]-3(S)-[bis(phenylmethyl)aminc]-4-
phenyl-2 (R) -butanol (6.2g, 0.010 moles) was dissolved in

20 methanol (40 mL). Methanesulfonic acid (0.969g, 0.010
noles) and water (5 mL) were then added to the solution.
The mixture was placed in a 500 mL Parr hydrogenation
bottle containing 20% PA(OH)2 on carbon (255 mg, 50%
water content). The bottle was placed in the hydrogenator

25 and purged 5 times with nitrogen and 5 times with
hydrogen. The reaction was allowed to proceed at 35°C
with 63 PSI hydrogen pressure for 18 hours. Additional
catalyst (125 mg) was added and, after purging, the
hydrogenation continued for and additional 20 hours. The

30 mixture was filtered through celite which was washed with
methanol (2 X 10 mL). Approximately one third of the



Preparation of 3S-am no-I_—[I\I—(2-rrethyI propyl)-N-(4-

met hoxyphenvl su ol -4-phenyl-2R.butanol.. 15 Rl

N- benzyl oxycar bonyl - 3(S) - am no-| - chl or o- 4- phenyl - 2('S) - but anol

To a solution of N benzyl oxycar bonyl - L-'phenyl al ani-ne chl or onet hyl
ket one (75 in a mxture of 800 20 L of net hekobseagstss00 Nl
of tetrahydgng?ah was added sodi um bor ohydri de (13.17’gf 0.3%8 nol ,
1.54 equiv.) over 100 mn. The solution was stirred at room

t enperature for 2 hours and then coywentrated in vacuo. The residue

was di ssolved in 1000 nL of ethyl acetate and washed with 25 1N KHSO4,
sat ur at ed aqueougetNeKIIB wasatanatedl wfseoneduced pridsCuredr itk over

anhydr ous sS4, fer o) oi
Theycr ude 2/9 oduc’f&hé i a(/jvagggano%)I%%Sd%&%?géo%?z@ﬁéggge%{% @16%?_138] C and
al | 'oned t oWyl talyengoftt BT -ur FORRERR WASoRIERPsiR| L5 f d0ned0 30
that were isol ateﬁdbm fmﬂ poat iefs Ancrim pheduttt tdryaRI10iSed from ameunt s of

hexanes. Thi soJFl Ia%@ag g@/@t&ld ia%ng\if}é%; i&ﬁ_%g Qg&hef&%_‘ acetate

and hexanes t0
PCT/ US96/ 02682 portlons of toluene The solid was drg@d at roomf

N-benzyl oxycar bopgmpexaphr@TaBol | t & - 4- BBERY |t Peld the amideaRahc NP
150-151{ err] C FAE QE; dﬂ% HPEE;hS (electrospray) was consistent with
the desired product (m/z 421 [M+H]+).
10
Method 2:

Part A: N-[3(S)-[IN,N-bis(phenylmethyl)amino)-2(R)-
hydroxy-4-~-phenylbutyl]-N-isobutylamineeoxalic acid salt
(2800g, 5.53 moles) and THF (4L) were added to a 22L

15 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
then stirred for one hour. 1,3-~benzodioxole-5-sulfonyl
chloride (128lg, 5.8 moles) was dissolved in THF (1.4L)

20 and added to the reaction mixture over 25 minutes. An
additional 200 mL of THF was used to rinse the addition
funnel. The reaction was allowed to stir for 14 hours
and then water (4 L) was added. This mixture was stirred
for 30 minutes and the layers allowed to separate. The

25 layers was removed and the agqueous layer washed twice
with THF (500 mL). The combined THF layers were dried
with magnesium sulfate (500 g} for one hour. This
solution was then filtered to remove the drying agent and
used in subseguent reactions.

30 Part B: To the THF solution of crude 1-[N-[(1,3-
benzodioxol-5-yl)sulfonyl]~N-(2-methylpropyl)amino}-~-3(S)-
[bis (phenylmethyl)amino]-4-phenyl-2 (R)-butanol was added
water (500 mL) followed by methane sulfonic acid (531g,
5.5 moles). The solution was stirred to insure complete

35 mixing and added to a 5 gallon autoclave. Pearlman's
catalyst (200g of 20% Pd{(OH)2 on C/ 50% water) was added
to the autoclave with the aid of THF (500 mL). The



Part B: 3(S)-[N-(benzyl oxycarbonyl)am no]-1, 2(S)- epoxy- 5 4-phenyl but ane

A sol ution of potassium hydroxide_(6.52 g. Oh_l_’Lﬁ_LmJ._,_ 1.2 equiv.) in
970 nL of absolute ethanol was treated with N ’

benzyl oxycar bonyl - 3(S) - am no- | - chl or o- 4- phenyl - 2(S) - but anol (32 3 0,
0. 097 nol) . Thi olution was stirred 10 at room t enpergiiy,

m nut es anb“f%@ﬁ"@oncentrat ed In vacuo to give a white 301"6236 The
solid was dissovled i n di chl oromet hane and washed with water, dried
over anhyd MpSO4, filetered and coRggntrated in vacuo to give

a white solid. The solid was crystallized from hexanes 15 and et hyl
acetate to gi ve réddc8of, wad Pudiged( Sput himes with( REBZyGEN A Foay! )

am nol -1, 2(S) - epox 4 e, 1 1 A

298. E’- & P% (%% %glnzyToxycarar?%ny?éﬁ\ Q%A%ﬁé %hyg ggy 4-

phenyl ] N-i sobut Psagi ﬁé hy rogern apduSrEFrisig at 450 rpm starced. After

Bkgggzyl f;ir b03y|163§)1§)1r§-mIEFL'Cl,a%'a(lﬁs:LQDi):)fdfrcated chécpg%manblahalaﬁtgéf) 0 9650
mol ) apd i_saobu m ne equi val ents) in

nL of isopropyl the °X31?13%1 \bé’§eﬁ‘é3$’e?i‘g‘? werselsltggifgrfesle hours. The 25°

sol uti on was coddddtionaboranadyssr 4609k, was meisiedr anédchen reactionvwasio and

then poured int %lJ.LoLvle téth{r{ 'd’b@rﬁ@éﬁﬂe The solN&@BﬁUxP&’é‘ die RLOEHEE
crystalllzedfromsol vvaswlatedé)yflltratlon

and air dried t hﬁF’\‘f ‘célice 5‘67‘5°§§)g‘,"°9€@/m%‘fe the catalyst an
N[ 3( S) - benzyl oxyoackonyated nnddrRyacuuBOin five portions. To each

hydr oxy- 4- pRgnylds rN‘bﬁObE'él/déHE N&00MRL § Offa §-aH¥edd na Mtimoved unde#=371.
Part D: phenylne

R r
met hyl propyl) - PEX‘H& ﬁé ‘Fﬁe/trﬁﬂ GPié{ﬁyifé'&Wr%]reissdual Jepter. The
(phenyl net hyl )pmﬁ}s}ﬂﬂ}’—&agbammicb was divided mmehreenpotion® @d6ebchy, 2. 53

| d t 2.8 | 2
miol) and o walshied! BEERT02 tiBuby Tecter S 2TER) dndios: fhicra0l veghd n

101 residual solvent was removed at room temperature 1n a
15 wvacuum oven at less than 1 torr to yield the 2714g of the
expected salt. |
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
20 until it all dissolved. The solution was cooled, 200 mL
of isopropanol added and then 1000-1300 mL of hexane,
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
25 this procedure, the original material which was a 95:5
mixture of alcohol diastereomers was greater than 99:1 of
the desired diastereomer.

EXAMPLE 42
30



mL of dichl oronethane and treated with 4- met hoxybenzenesul f onyl

chloride (461 ny, _2.61 mwvl). The __ sol uti-an-was stirred-atgem
tenmperature for 16 hours and t hen concentrated in vacuo. The residue
was di ssolved in 5 ethyl acetate and this solution was washed with 1N
KHSO4, H@g @ﬂ% ed aqueous NaHCO03, brine, dried over an

filtered, a 2 trated to give a clear oil 1.234 g. e Ol l was
crystallized froma m xture of ether and hexanes, 729.3 ng, 56.5% np
95-99[err]C, FAB M5 MH# = 511. 10 Rat E

3S-am no-I -[ N-(2-net hyl propyl ) -N-(4-

nmet hoxyphenyl sul f onyl ) am no] - 4- phenyl - 2R- but anol A sol ution of

J)

phenyl methyl [2(R);
met hyl propyl ) - N—(4-
propyl carbamat e X4
nmet hanol was hydrﬁnnnuﬂamgngver 50 ng of 10@6pal|ad|un1on carbon at 40
psig at room tenperature for 15 hours. The catal yst was renoved by
filtration through di atomaceous earth and the filtrate 20 concentrated to
give a white foarPat7A:5 RygeracdtignpiVBR-hydroxysd-f[31¥73-benzodioxol-

24 % 35k N %vqm%;;_r_mna_-genz%gm%mhﬁ_-
noxyoneny|sulrony am no phenyl_nmet hyl)

methylorop aminolelSs (phenyimerdivl) of

EXAMPLE 39 iEyl)sulfonﬁwp@:x@édrgup%pﬁlﬁamodsoxﬁ&lﬁn@dn&qmyl

chl ori de Met h 3 q? of 4.25 g of anhydrous
NN di et (AT PARES 25k ey IREERYLFERs added 7. 84 of
sul furyl chloride, whereupon a solid fornmed. After stirring for 15

mnutes, 6.45qg Of'o]a%cﬂ%&l@ﬂ'@foi 89')g8.6 mmoBdd¥dN-a88-bérezylodyur e heat ed

a;t é?o[ g)r({ ]r aCCI ga gar Soth Slacmlno Zi’lgsny %%t |498h¥\r@y51] 32 :Lsobugyfe{n%dnel r:]Ltno i ce

40mi, of anhydrous methylene chloride, was added 0.87g of
triethylamine. The solution was cooled to 0°C and 1.90g
of (1,3-benzodioxol-5-yl)sulfonyl chloride was added,

15 stirred for 15 minutes at 0°C, then for 17 hours at room
temperature. Ethyl acetate was added, washed with 5%
citric acid, saturated sodium bicarbonate, brine, dried
and concentrated to yield crude material. This was
recrystallized from diethyl ether/hexane to afford 4.77 g

20 of pure 2R-hydroxy-3-{[(1,3-benzodioxol-5-yl)sulfonyl] (2-
methylpropyl)amino] -1S- (phenylmethyl)propyvlcarbamic acid
phenylmethyl ester.

Part B: Preparation of 2R-hydroxy-3-[[(1,3-benzodioxol-
25 5-yl)sulfonyl] (2-methylpropyl)amino]-1S- (phenylmethyl)
propylamine

A solution of 4.11 g of carbamic acid, 2R-hydroxy-3-
[[(1,3-benzodioxol-5-yl)sulfonyl] (2-methylpropyl}amino] -

30 1s-iphenylmethyl)propyl-, phenylmethyl ester in 45 mL of
tetrahydrofuran and 25 ml. of methanol was hydrogenated
over 1.1 g of 10% palladium-on-carbon under 50 psig of
hydrogen for 16 hours. The catalyst was removed by
filcration and the filtrate concentrated to afford 1.82g

35 of the desired 2R-hydroxy-3-{{(1,3-benzodioxol-5~
vl)sulfonyl] (2-methylpropyl)amino] -15-
{phenylmethyl)propylamine.
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102 w th nethylene chloride,_drjied over pnagnesium sul fate,

filtered and concentrated to give 7.32 g of crude material as a bl ack
oil. This was chromat ographed on silica gel using 20% net hyl ene

chl ori de/ he to afford 5 1.9 g of (1, 3-benzodi oxol -5-y,

chl ori de. W&m&?t hod 2: To a 22 liter round bo‘%‘%‘i‘%’%
fitted with a mechani cal stirrer, a cooling condenser, a heating
mantle 10 and a pressure -equalizing dr ORRiNG funnel was added sul fur
trioxi de DMF conpl ex (2778g, 18.1 noles). Di chl oroethane (4 liters)
was then added and stirring initiated. 1, 3-Benzodi oxole (1905g, 15.6
nol es) as then added t hrough the Sgg@@%ggéiunnel over a five mnute
15 period. The tenperature was then 75[err] C and held for
22 hours (NMR indicated that the reaction was done after 9 hours.) The -
reaction was cooled to 26[err] and (%anlyl chloride (2290g, 18.1 noles)

was added at a rate so as to nai ef.»ﬁ QLARe ASnperature below 40[err] C
(1.5 hours). 20 The m xture was heated t [e[)]Cfor 5 hours foll owed

by cooling to 16[err]vaith an i ce banNgZ ™ reacti on was

quenched withgwater (5 1) at "a rate which kept the t enper at ure bel ow
20[err]C. After the addltlon of mater  \as conplete, the m xture was
stirred for 10 ni§R8FALIQR_OL RCNZl 2R dChderide: organic

| ayer was washed again tw ce W|th wat er (51) The organic | ayer was
dried Wi th FRENgsi u t.e (2009) fdlter Ve t

dryi ng agent. The sol \g}entﬁ}v\%grfag:r%%\?egguﬁd(el’?rgv{lalcfl?l?r?]%a?gphenyle)gg‘[lgprfﬁ The

resulting warmliquid was allowed to cool at 30 which tine a solid began
to form After enamikeute 6flesu1fan:.1§ﬁlhdé mgma@hgdmmw henrpGun400 ),

The oo “hexane auefvanatE hE B, bid METT el i ir et S od L
with 400 nL hexa@€ido (Br &N del éddmansOmachwicfairm st3sred gt idatedcdy) .
The total yield waE13Z8f6r (Dhb% hasad 200 mL WiORaled R5HZPAANILE) of f
and concentration of the reaction mixture afforded a
15 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-Amino-6-sulfonamidobenzothiazole
20
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
25 mixture was heated at reflux for 4.5 hr. The chloroform
was removed in vacuo and the residue was repeatedly
distilled with additional amounts of chloroform. The
solid obtained was treated with water (600 mL) followed
by ammonium hydroxide (to make it basic), then was heated
30 at reflux for 1 hr. The cooled reaction mixture was
_ filtered, washed with water and air dried to afford 22.0
g (80%) of the desired product as a white powder.

Part C: Preparation of Benzothiazole-6-sulfonic acid
35
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103— Method 3i—m8 —— 1, 4-benzodi-oxanr~b-sul-fonyl chlori-de-vas

pr epar ed according to the procedure disclosed in EP 583960,

i ncorporated herein by reference. 5 EXAMPLE
40 [err] 09 g 10 Preparation of PCT/US96/02682

1[N—[(13benz |0on 5-vl)sul fonyl]-N

(2- et hyl proryl ) am nol -3(S)-[bi s(phenvl nmet hvl ) am nol -

phenyl - 2( R) - but anol Met hod 1: 15 1p9 To a 5000 ni, 3-necked
flask fitted with a mechani cal stirrer was added N-13(S)-[ N, N

bi s( phenyl net hyl ) ansusger®ih- of d2 eeninb-phenyEdndnidolenzothiazole (10.0

Soputytam e oxa! R usehl (2%ickate Q300 Pkl legrea e Setigiane

(2000 m.). A solution pot, aSSI um car €s) in
wat er (250 ni) mésqmn&&aéae 4 mip,wascadiednin H'é’PePBﬁEh‘éféﬁJsmmtk*Fure was
stirred for 2 reditircn atixtapen t almrahurevénmmmdfbyaé hea &1 dsBdleir@ag of

1, 3- benzodi oxqf e- g%ﬁé”géygélloﬁh%% I%&%ﬁgdzg%ﬁ’ﬁd 73%h1 I e) di ssol ved

|n14d|oxane(2 I 64Ct |on mxture was
stirred at room tRFREAURIGN pB{ after 2 hrpepsred muepiribetatwasy 1000 nl)
and water (500 nLdepos1tedN&hethaWQ&utﬂdh {rBgséractme &édcﬁiéﬂfﬁﬂﬂiuQ@ntlnued

for anot her e uequs s.sepa d further
extracted with et‘ﬁ&? acet ate gg tlh% Blg@ & S§g‘§ %%Idlgécgpgte
| ayers were vvashe%ln i3 STdeBe | n%he SﬂlﬁoWéﬁW(l&I@lM)!ednﬂrml ed over

anhydrous nmagresiméthanol-water. A small amount of a precipitate was
formed after 2 days. The precipitate was filtered off
and the motherlliquor was concentrated in vacuo to afford
a pale red-orange solid (8.0 g, 85%) of pure product.

)

15 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

20 heated at reflux and dimethylformamide (5 mL) was added
to the reaction mixture to yield 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.

25
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104 sulfate__After filtering and washi ng_the magnesium __._. sulfate
with ethyl acetate (200 niL), the solvent inthe .. filtrate was renoved
under reduced pressure yielding the desi red sul fonam de as an vi scous
yeIIOM/foa%K ol l 5 (440.29g 105%vyield). HPLC M (ele 2(n1z
601 EXAMPLE 4§k?§$$?@%

10 Preparat|on of 1-[N-[(1.3-benzodi oxol -5-yl)sul fonyl]-

(2- et hyl pronyl ) am nol - 3('S) -'am no- 4- phenvh4g(R) -

but anol . met hanesul fonic acid salt 15 Met hod 1: Crude
1-[N—[(1,3-benzodioxo|-5-y|)sulfonyl][gxgugﬁﬁ;gg nmet hyl propyl ) am no] - 3(S)
- bi s(phenyl met hyl ) am nol - phenyl - 2(R) - but anol (6.2g, 0.010 nol es)
was di ssol ved i n, 40_4% g:ng A Qb VB PRNE S0 LS ; Agd.H 4Q ’699, 0. 010
nol es) and wate : =-then added to the solutTon. e m xture
was p| aced in a BUGLARL LD IO M IR SNN LY GIRLIIO | = ‘..o;" BRI I DT QDY %

Pd(OH) 2 on car bomaxdbaplcnecid ethi, g ¥t ent). The bottle was pl aced
i n the hydrogenator 25 and purged 5 times with nitrogen and 5 tinmes with
hydr ogen. The reaction was all owed tzii?pceed at 35[err]C with 63 PS

hydr ogen pressure for 18 hours. Addi§

To a solution of the N-[3S-[ (phenylmethoxycarbonyl)
‘amino} -2R-hydroxy-4-phenylbutyl) -N~ (2-methylpropyl)amine
(0.5 g, 1.35 mmol) in CH2Clz (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
min. After stirring at room temperature for 1 hour, the
reaction mixture was diluted with CH2Clz (20 mL), washed
with cold 1IN HC1l (3 x 20 mL), water (2 x 20 mL), satd.
NaHCO3 (2 x 20 mL) and water (3 x 20 mL), dried (Na2S04)
and concentrated under reduced pressure. The resulting
residue was purified by flash chromatography using 35%
EtOAc in hexane to give the desired product as a white
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.



catal yst (125 ng) was added and, after purging, the hydr ogenat i on
cantinued for and additional 20_hm-rc TRee30 m Xt Uur e was—fit-ered

t hrough celite which was washed with met hanol (2 X 10 nL).

Approxi mately one third of the WO 96/ 28418

PCT/ US96/ 0268 105 pCTRIsbaRgd: \as

r enoved uné@?avgﬂ@ced pressure. The remai ni ng nmet hanol™"was re#oved by
aziotropic distillation with toluene at 80 torr. Toluene was added in
15, 10, 10 and 10 nmL portions. The prgduct crystallized fromthe 5
m xture and was filtered and washed twice wth 10 nL portions of
toluene. The solid was dried at room gxampigy@serature at 1 torr for 6 hours
to yield the am ne salt (4.5 9, 849. HPLCYNB (el ectrospray) was

gdrly stent w tg e r_ Al - 01 o ’m ; 71' ,,._., _lﬁ_“ Mgf hod
h&/dr oXy- 4- pheny| RELGS .‘ DI ¢ ;.u:;u; RO T-r- T RS [e ,u‘ ldprapylamine hydooghler Kie
nol es) and THF (4L) were added to a 22L 15 round bottomflask fitted with
a rrechanical stirrer. Pot ag carbonate (1921g, 13.9 noles) was

di ssolved in water (2.8L) & dded to the THF slurry. The m xture

was then stirred for ohe holT\ 1, 3- benzodi oxol e- 5-sul f ony

chloride (1281g, 5.8 noles) was_di ssgl ved |o EHF (1.4L) 20 and added to

the reaction m xture over 25 m e d| onal 200 nL of THF
a

was used to rinse the addition HaN CNi on was allowed to
stir for 14 hours and t hen wat er ofgd %? This m xture was
stirred for 30 mnutes and the | ayers 0 separate. The 25

| ayers was renpved and the aqueous | ayer wa hed tmnce with THF (500
m.). The conbined THF | ayers were dried w th magnesi um sul fate (500 Q)
for one hour. This solution was then filtered to renove the drying
agent and uBRRF i sEpeRgtRtton efctlPBnkydrepy-3-1(4-part B: To the THF

sol uti on of crud&mﬂndﬂﬁdh&lsﬁlfonyll(2-methylpropyl)am1no] -1s-

L S b R e

o
S AL A
0~ TN N~
OH L
NH»

A mixture of [2R-hydroxy-3-[(4-aminophenylsulfonyl)} (2-
methylpropyl) ~amino] ~1S- (phenylmethyl)propylamine 3.7 g
(9.45 mmol) and BOC-ON (2.33 g, 9.45 mmol) and
triethylamine {(0.954 g, 9.45 mmol) in tetrahydrofuran (60
mL) was stirred for 16 hours and concentrated in vacuo.
The residue was dissolved in dichloromethane (200 mL),
washed with sodium hydroxide (1N, 100 mL) and citric acid
(5%, 100 mL), dried (MgSO4)}, and concentrated to afford
1.18 g (94%) of the desired product as a white solid.



water (500 nlL) followed by nethane sulfonic acid (531g, 5.5 nol es).
The solution was stirred to insure caonplete 35 .mxing and added to a 5
gal | on aut ocl ave. Pearlman's catal yst (200g of 20% Pd(OH)2 on C/ 50%
wat er) was added to the autoclave with the aid of THF (500 nL). The

WO 96/ 2841 PCT/US%?&Q@&@ 2
106 rq'é%%nwas purged four tinmes with nitrogen and four 268 tines

wi th hydrogen. The reactor was charged with 60 psi g of hydrogen and
stirring at 450 rpmstarted. After 1§1hours, HPLC anal ysi s indicated
that a small anmount of 5 the nono-benzyl internmediate was still present.
Addi tional cat al gstt (#00Preparaciat o d 2RRRy&EGQE4 T (MRS allowed to
run overni ght. The. i.on. then il N |4 5009) to
renove the catal %%E%ﬁgltzogﬂlﬁg%%c%ﬁ{lr)astb é%gégg]eP _v%ecttflg;r]f‘?’ ?%B* gséeﬁlﬁgor]g ions. To
each 10 porti onlSt @henydmethyl lpgordsazharic 2t ¢ ambusylungesr vacuum
to azeotropically renoved residual_water. The resulting solid was
divided into three portions and g washed with nmethyl t-butyl ether
(2 L) and filtered. The resiygugf sol vent was renoved at room .
tenperature in a 15 vacuumoven at \ess than 1 torr to yield the 2714g of
desirequthe product can be further

t he expected salt. o |

purified by t he foIIoWEJgg? cedyr e ~A Jsit of §00 nL of methanol

and 170g of material from abov SQ?E:;EE;é%QQHﬂtil it al

di ssol ved. The sol ution was cool ed, 200HrL ropanol added and
i

t hen 1000- 1300 nmlL of hexane, wher eupon e solid precipitated.
After cooling to Oferr]C, this precipithte was coll ected and washed
W th hexane to afford 123g of the desired material. Through 25 this

procedure, the Okhdl PAL bkl 1) SBitBondog et ganaa Tt S, o 2l oM

EXAMPLE 42 30 [methylpropyl)amino]-1S-(phenylmethyl)propylcarbamic acid
t-butyl ester (1.12 g, 2.279 mmol) was added to a well
mixed powder of anhydrous copper sulfate (4.48 g) and
potassium thiocyanate (5.60 g) followed by dry methanol
{35 mL) and the resulting black-brown suspension was
heated at reflux for 2 hours. The reaction mixture
turned grey. The reaction mixture was filtered and the
filtrate was diluted with water (50 mL) and heated at
reflux, Ethanol was added to the reaction mixture,
cocled and filtered. The filtrate upon concentration
afforded a residue 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 (0.505 g, 5.0C5
mmol)} in tetrahydrofuran (20 mL) was stirred at room
temperature for 18 hours. The reaction mixture was
concentrated and the residue was dissolved in
dichloromethane (200 mL) and was washed with sodium
hydroxide (1N, 100 mL) and citric acid (5%, 100 mL) dried
{(MgsS04) 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.
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107 Preparation—of 2R- hydroxye3-—_{{l~3~banzodi oxol-5
yl ) sul fonvl ] (2- met hyl propyl ) am nol - 1S- (phenyl met hyl ) propyl am ne 5
Part A Preparation of 2R-hydroxy-3-[[(1, 3-benzodi oxol -

5-yl)sulfo t hyl propyl ) am no] -1 S- (phenyl net hyl ) )PCI% rbam c
aci d phenylrwné%%m:ster 10 To a solution of 3.19 g(8. mmﬁ??ll‘%ﬁ?i‘

N[ 3S- benzyl oxy car bonyl am no- 2R- hydr oxy- 4- phenyl ] - N-i sobutyl am ne in
40nL of anhydrous net hyl ene chl ori de, wasiagded 0.87g of
triethylamne. The solution was cooled to O[err]C and |.90g of

(1, 3- benzodi oonPirtqu :S Prepayat dil erfi d@Rvwagdeasiqed,- [[15enmdhjracmblf-6F 15

m nut es at O[err f%%%i K '?’BH t 1)Et hyl
acetate was adde dﬁ &?(ZJTZ% DO l??ﬁiﬂoa]mlg (Eat ate SOdI um
bi carbonat e, br i PrePYiGagHamic a%ﬂﬂj bNE¥ht P8%U to yield crude material .

Thi s was recrystallized from g Ryl et her/hexane to afford 4.77 g 20
of pure 2R-hydroxy-3-[[(1, 3-benzodNgxgf - 5-yl)sul fonyl](2-

met'hyl propyl ) ani no] -1 S ( phenyl net hy X opyl carbam c acid phenyl et hyl
ester. Part B: Preparatijon 2 hydr om -8-[[ (1, 3-benzodi oxol - 25
5-yl ) sul fonyl ] (2-nethyl propyl SELAY ) ¢ propyl am ne

A solution of 4.11 g of carbamc‘hmé‘I 2 oX

[[(1, 3- benzodi oxol - 5-yl ) sul fonyl ] (2- et h>d1-pr yl) 30

1S- (phenyl met hyl ) propyl -, phenyl net hyl ester | 5 cl)\*

tetrahydrofuran and 25 nL of nethanol was hydrjogenat ed over 1.1 g of
10% pal | adi um on- carbon under 50 psig of hydrogen for 16 hours. The

catalyst was renPﬁ’Eﬂl}%éoxy%-H(2-aminobenzothiazol-6-yl)sulfonyl](2-
methylpropyl)amino] -18- (phenylmethyl)propylcarbamic acid
t-butyl ester (1.80 g, 3.2755 mmol) was added to a
solution of iscamylnitrite (0.88 mL) in dioxane (20 mL)
and the mixture was heated at 85°C. After the cessation
of evolution of nitrogen, the reaction mixture was
concentrated and the residue was purified by
chromatography (hexane:ethyl acetate 1:1) to afford 1.25
g (78%) of the desired product as a solid.

Part D: Preparation of [2R-hydroxy-3-([(benzothiazol-6-
¥l)sulfonyl] (2-methylpropyl)amino) -1S-{phenylmethyl}
propylamineshydrochloride.

HC1 QP

S
o
OR N

[2R-hydroxy-3-[ [ (benzothiazol-6-y1)sulfonyl) (2-
methylpropyl)amino] ~18- {phenylmethyl) propylcarbamic acid
t-butyl ester (1.25 g, 2.3385 mmol) was added dioxane/HCl
(4N, 10 mL) and was stirred at room temperature for 2
hours and concentrated. Excess HCl was chased with



filtration and the filtrate concentrated to afford 1.82g 35 of the
desired 2R-hydroxy-3-T[(1, 3- benzadioxol - 5-

yl ) sul fonyl ] (2- net hyl propyl ) am no] - 1S- (phenyl net hyl ) propyl am ne.

WD 96/ 28418 ' - PCT/ US96/ 02682

108 EXAMPLE 43 5 ation
of Benzothi‘%?%@-sulfonyl Chl ori de Part A Prepar%ﬂ'%%kﬁg

N- (4- Sul f onam dophenyl )t hi our ea 10 A mxture of sulfanilam de (86 g,
0.5 nol e), anmoni um thi ocyanate (76.9q9, 0.5 nole) and dilute
hydrochl oric acid (1.5 N, 1 L) was nechanically stirred and heated at

reflux for 2 hr.tcoliepet t308ffBrDfl . \gaen quant tisdivel ¢deDf of theand
concentration cﬁdég¥;ehegggéﬁgkn1xture afforded a 15 solid. The solid was
W C

filtered and was washed old water and air dried to afford 67.5 ¢
(59% of the desired product as a white powder. Part B
Preparation of 2-Am no-6-sul fonam dobepgapumael e 20 Brom ne (43.20
g, 0.27 nol) in chloroform (200 nL) was added over 1 hr. to a
suspensi on of N-(4- sul f onam dophenyl ) -thy ourea (27.72, 0.120 nol) in
chl oroform (800 mL). After the addition,llﬂf/ﬂs?ction
S Y OH
AN
O O CH;
{ - -3 -
id

Part A: To a solution of 200 g (1.23 mol) of D-(-)-3-
acetyl-b-mercaptoisobutyric acid in 1.0 L of methanocl,
was added 161.0 g (2.47 mol) of potassium hydroxide
dissolved in 500 mL of methanol while maintaining the
temperature below 10 C while cooling with an ice bath.
After stirring an additional 20 minutes, 117 mL (156 g,
1.23 mol) of dimethyl sulfate was added while maintaining
the temperature below 20 C. The ice bath was removed and
the mixture stirred for an additional 60 minutes. The
salts were removed by filtration., the scolvents removed
under reduced pressure and ethyl acetate added. After
separating the aqueous layer, it was acidified with
concentrated hydrochloric acid, extracted with ethyl
acetate, dried over anhydrous magnesium sulfate, filtered
and concentrated to afford 164 g (99%) of the desired 2S-
methyl-3-(methylthio)propionic acid, m/e = 133 (M-H).

Part B: To a solution of 10.0 g {74.6 mmol) of 2S-
methyl-3- (methylthio)propionic acid in 150 mL of acetone
and 30 mL of water, cooled to 18 C in an ice bath, was
added 161.8 g (263 mmol) of Oxone. After approximately
half of materiél had been added, the temperature rose to
24 C, the addition was stopped, temperature lowered to 18
C., then addition continued. After stirring at 15-20 C
for 15 minutes, the bath was removed and the reaction



25 mxture was heated at reflux for 4.5 hr. The chloroform was

remnved in vacuo—and-the resi due was—t-epeat-edy— di st i4|-ed=—ii=t-

addi ti onal anounts of chloroform The solid obtained was treated with
wat er (600 ni) foll owed by ammoni um hydr oxi de (to make it basic), then
was heat ed reflux for 1 hr. The cooled reaction fFeghis

filtered, \%@%ﬁ%th water and air dried to afford 22.0 P 360(2%%‘?/() of
the desired product as a white powder. Part C. Preparation of
Benzot hi azol e-6-sul fonic acid 35 11¥\O 96/ 28418

PCT/ US96/ 02682 109 A suspensi on of

2- ami no- 6- sul f onsxdrd@eddanzpbém azeiperatird for 1 hgur4d3. Pife nBulidsi wetle oxane
(300 m.). was hea{:ﬁﬂe%dr Sf'xh%aﬁhed mchSQéQ%’éng_t h €l Py was . added in
two portions to ous~evolution of gas was
observed 5 (tHheoneenterpsadues m@%tﬂéaebﬁmmdﬂaagﬁl ehe resiglue

precauti on) anfl diifésiﬂv%dhﬁ.p 260 rad ofFf @ﬁh?ltéééi:awf The etﬁi@ﬂ.o%bbgdtdﬁn thfe. |
reaction vesse CL P04 M XHUL s fi r t. and the soli
was washed with |yt(;ef<\ra %% arfda ﬁ‘ %%S nes&]’ﬁdgg\%%% écr ystal li zed
from 10 net hanbiltenes andmmntra#sdntoaf’@r& ddi-pi g0 amoil. f or med

after 2 days. Theniy wspaaaéslm :.fri lat ﬁiﬁ.ﬁﬂm@ﬁfof ethylagéeddte @aigher |iquor
was concentr at edl nvacu red oranger solid (8.0 g,

85% of pure produetee @ gfé t?’a‘fqu‘eﬁ a pﬁ?‘éb%fraﬂﬁeo 1S was
6- Chl or osul f onyl eehkastiedatol afford 6.95T| of\yttheclde(surelé prioduot wageadded to
a suspension of {&e (m+n). benzothi azol e-6-sul fonic acid (0.60 g, 2.79 mmol)

in di chl oroet hane (15 nL) and the reaction m xture was 20 heated at
reflux and di methyl formam de (5 nlL) was added to the reaction mxture
to yield a clear solution. After 1.5 hr. at reflux, the solvent was
removed in vacuo and EXAMPLE 47

To a solution of 5.0g (30 mmol} of 2S-methyl-3-
(methylsulfonyl)propionic acid and 6.90g (45 mmol) N-
hydroxybenzotriazole in 30 mL of anhydrous DMF at 0°C
under nitrogen, was added 6.34 g (33 mmol) of EDC. After
approximately 10 minutes, the EDC was all dissolved.
After 60 minutes at 0°C, a solution of 15.5 g (30 mmol)
of 2R-hydroxy-3-[[({1l,3-benzodioxol-5-yl)sulfonyl]} (2-
methylpropyl}amino] -1S- (phenylmethyl)propylamine
methanesul fonate in 30 mL of anhydrous DMF, previouly
neutralized with 3.4 mL (31.6 mmol) of 4-
methylmorpholine, was added. After 3 hrs at 0°C, the
mixture was then stirred overnight for 17 hrs. The DMF



excess HCl and thionyl chloride was chased by evaporation W th

di chl or oet hane. _25 WD 96/.28418 - -

PCT/ US96/ 02682 ' 110

EXAMPLE 44 Preparation of 2R-hydroxy-3-[[ (1, 4-benzodi oxan-6-yl)

sul fonyl ] (& propyl )am no] -1 S- (phenyl nmet hyl ) propy1 n6s8Ebness ¢ acid
phenyl et h%&;e“‘sﬂ!lp [err] To a solution ol:‘crt he

N-[ 3S- [ (phenyl et hoxycar bonyl )

am no] - 2R- hydr oxy- 4- phenyl but yl ] - N- ( 2- net hykpr opyl ) an ne (0.5 g, 1.35
mml) in CH2C12 (5.0 nlL) containing Et3N (0.35 nm, 2.5 nmol) was added

1, 4- benzodi oxan-wass tem6?y¥d under alddockdeptéssifrey, ethyd srerigceanddstrred at
O[err]C for 30 ' fader . Sti.rri at t re: ur, the
reaction m xtur e"’a\ﬁélse@dp?'ﬁ@e%fvﬁftﬁ%l&égga' (5{) %;t,e%mﬁggﬁg%ﬂ &Ja%ﬁog’ﬁpgbl d IN
HO (3 x 20 nlL) Wakerer Pring. Arifd ovey: gnhydrousngagnesivm eulFase) and wat er
(ﬁ x 20 lm-), driﬁ(it(ehsléadséléla concerx’t&df tegngamTM1ﬁnde6fr@ﬂiu“eed pressuggéy
The resul ting residu RANC] r toqr usi ng 0
Et OAc i n hexane ’?aé:egﬁ\%?‘g'tﬁ%y%gs"ipar%reéagr Baﬁét&égﬁg‘c\cﬂhi ggg pgo@‘%%?’ﬁﬁous solid
whi ch cryst al | i zZwomesaorepred om sidire gel usinwl@03¢-808sermBU% yield): m
p. 82-84 C, HRMzdeM3te/hexane to afford the pure product, which was

recrystallized from ethyl acetate/hexane to afford 8.84 g

of pure product, mp 131.8-133.8°C.

Alternatively, to a solution of 35.0g (211 mmol) of 2S-
methyl-3-({methylsulfonyl)propionic acid and 48.3g (315
mmol} N-hydroxybenzotriazole in 210 mL of anhydrous DMF
at 0°C under nitrogen, was added 44.4 g (231 mmol) of
EDC. After approximately 30 minutes, the EDC was all
dissolved. After an additional 60 minutes at 0°C, a
solution of 108.8 g (211 mmol) of 2R-hydroxy-3-{[(1,3-
benzodioxol-5-yl}isulfonyl) (2-methylpropyl)amino] ~1S-
(phenylmethyl)propylamine methanesulfonate in 350 mi of
anhydrous DMF, previouly neutralized with 24 mL (22.3q)
of 4-methylmorpholine, was added. After 2 hrs at 0°C,
the mixture was then stirred overnight for 18 hrs. The
DMF was removed under reduced pressure, 1L of ethyl
acetate added, washed with 5% citric acid, saturated
sodium bicarbonate, water, brine, dried over anhydrous
magnesium sulfate, filtered and concentrated to afford
120.4 g of crude material, which was 90% purity by HPLC.
The product was crystallized twice from 750-1000mL of
absolute ethanol to afford 82.6 g of the desired product,
>99% purity by HPLC material.



cal cd for C30H37N207S 569. 2321 (M#), found 569. 2323. WO 96/ 28418

PCT/ US96/ 02682 —— 311 Pre

r 2R- hydr oxy- 3-[ (benzot hi azol e- 6- sul fonyl ) - ( 2- met hyl propyl ) am no] - 1S-
(phenyl net hyl ) propyl am ne hydrochloride [err] Part A:
Preparat i f - hydr oxy- 3-[ (4-
aninophenSﬁ@ﬁ*?%ﬁgl)(2-nethy|propyl)anino]-lS— PCTIUS96/02682
(phenyl net hyl ) propyl carbam ¢ acid t-butyl ester [err] A

m xture of [2R-hydroxy-3-[ (4-am nophenyl 44 fonyl) (2-

met hyl propyl ) -am no] -1 S- (phenyl net hyl ) propyl am ne 3.7 g (9.45 mol)

and BOC-ON (2.33 g, 9.45 mmol) and EXaMPLEt B¢l am ne (0.954 g, 9.45 mol)
in tetrahydrofuran (60

™ %

8 P

To a solution of the N-[35-[ (phenylmethoxycarbonyl)
amino] -2R-hydroxy-4-phenylbutyl}-N- (2-methylpropyl)amine
{0.5 g, 1.35 mmol) in CH2Cl2 (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) (prepared according to the
literature procedure in EP 583960 a2, 1994) and stirred
at 0°C for 30 min. After stirring at room temperature for
l1h, the reaction mixture was diluted with CH2Cls (20 mL),
washed with cold 1N HCl (3 x 20 mL), water (2 x 20 mL},
satd. NaHCO3 (2 x 20 mL), water (3 x 20 mL), dried
{(Na2S04) and concentrated under reduced pressure. The
resulting residue was purified by flash chromatography
using 35% EtOAc in hexane to give the desired 1,4-
benzodixan-sulfonamide as a white amorphous solid which
crystallized from MeOH as a white powder (0.65g. 84%):
m.p. 82-84°C, HRMS-FAB : calcd for C3(QH37N207S 569.2321
(MH+}, found 569.2323.



m.) was stirred for 16 hours and concentrated in vacuo. The residue
was di ssol ved in dichl oronet hane (200 nl), —washed with sadi-um

hydroxide (I'N, 100 nL) and citric acid (5% 100 nL), dried (MSO),
and concentrated to afford 1.18 g (949 of the desired product as a
white solid. WO 96/ 28418 _ 2
PCT/ U96/ 026%9 96/28418 112 PEITE g

Preparation of [2R Hydroxy-3-[[(2-

am nobenzot hi azol - 6-yl) sul fonyl ] (2- met hyl py,gpyl ) am no] -

1S- (phenyl met hyl ) propyl carbam c acid t-but ]l ester

CH The (2R-hydroxy-3-[(4- anlgggﬁgng_gylfonyl)(z-

met hyl propyl ) am no] - 1S- (phenyl et hyl ) pr opyl carbam ¢ acid t - butyl
ester (1.12 g, 2.279 mmol) was added t wel | m xed powder of
anhydr ous copper sulfate (4.48 g) and pot assi um t hi ocyanate (5.60 g)
foll owed by dry nethanol (35 n) d the resulting bl ack-brown
suspensi on was heated at refluxfory2 hougs.0The reaction mxture
turned grey. The reaction m ure MBS|€I| ered é'the filtrate was
diluted with water (50 nlL) a noI was added to
the reaction mxture, coo 3%It ﬁe Itr te upon
concentration af f orded a‘?e9ldue @gr aphed (et hyl
acet at e: net hanol 90:10) to afford 0.80 g (78@@ deprot ect ed
conpound as a solid. This was directly reprotected via the foll ow ng

procedure; (2.25 g, 5.005

Part A: A solution of 1-[(2-methylpropyl)[{1,4-
benzodioxane-6-yl)sulfonyl]amino] -38-

[ (phenylmethoxycarbonyl)amino) -4-phenylbutan-2R-ol (0.6
g. 1.06 mmol) in THF (10 mL) was hydrogenated at 50 psi
.in the presence of 10% Pd/C (0.4 g, ) for 12 h, at room
temperature. . The catalyst was removed by filtrationm,
filtrate was concentrated under reduced pressure.

Part B: The resulting residue from Part A was dissolved
in CH2Clz (4.0 mL) and added to a cooled (0°C) mixture of
2s-methyl-3- (methylsulfonyl)propionic acid (0.2 g, 1.2
mmol), HOBt (0.25 g, 1.6 mmol) and EDC (0.24 g, 1.25
mmol) in a solvent mixture of DMF (2 mL ) and CH2Clz (2
nL) and stirred at 0°C for 2 h. After stirring for 3 h
at room temperature, the reaction mixture was diluted
with CH2Clz (15 mL), washed with cold 0.5N NaOH (2 x 10
mL), water(3 x 15 mL), dried (Na2504) and concentrated in
vacuo. The residue was purified by flash chromatography
on silica gel using EtOAc as the eluent to furnish the
.desired sulfonamide as a white amorphous powder (0.5 g,
82%). Rt = 19.9 min. FABMS m/z 589 (M+ Li)+; HRMS-FAB
calcd. for C27H3gN20g8S2 583.2148 (MH)+, found 583.2115.



mmol ) BOC-ON (1.24 g), and triethylamne (0.505 g, 5.005 mol )
tetrahydrofuran (20_d) was stirred at-room Tmnmrm4m344m—£LAGWAﬁ——
The reaction m xture was ' concentrated and the residue was dissol ved

in di chl oronet hane (200 nlL) and was washed with sodi um

hydr oxi de W mL) and citric acid (5% 100 nlL) dri ed peruseed2bpSO4) and
concentrate O afford a residue which was chromat ogr aphed (et hyl

acet ate: hexane 3:1) to afford 1.8 g (65% of the desired product as a
solid. WD 96/ 28418 119

PCT/ US96/ 02682 113 Part C

Preparation of [2R-hydroxy-3-[[(benzotIKaMRIE 60

yl ) sul fonyl ] (2- net hyl propyl ) am no) - 1S- (phenyl net hyl ) propyl carbam c

acid t-butyl ester [ dr oxy- 3-|

(2-"am nobenzot hi azol - 6-yl ) sul fonyl ] (
nmet hyl propyl ) am no] -1 S- (phenyl net hyl)

yl carbam c acid t-butyl ester

(1.80 g, 3.2755 nmmol) was added to a g squF&gﬁJOf isoanylnitrite (0.88
m.) in dioxane (20 nlL) dyyjt xt ated at 85[err]C. After
t he cessation of evol uti on, gl t oge i roQ nixture was
concentrated and the residue é\ uEh ued ogr aphy
(hexane: et hyl acetate 1:1) to afford %9 Of the desired
product as a solid. Part D Preparation of

[ 2R- hydr oxy- 3-[ [ (benzot hi azol - 6-

yI)squonyI](Z-nEthyIprqpyl)anino!-ls-(phenzlnethyli

A mixture of 2-(S)-methyl-3-methylsulfonylpropionic acid
(0.220 g, 1.325 mmol), hydroxybenzotriazole (0.178 g,
1.325 mmol), BDC {0.253 g, 1.325 mmol) in DMF (20 mL0 was
stirred for 1lh at room temperature. [2R-hydroxy-3-

[ {(benzothiazole-6-sulfonyl) - (2-methylpropyl)amino] -1S-~ .
{phenylmethyl)propylamine hydrochloride (0.620 g, 1.325
mmol) was added followed by triethylamine (0.260 g, 2.66
mmol) and stirred for 18h. The reaction mixture was
concentrated in vacuo and the residue was partitioned
between ethyl acetate (200 mL) and citric acid (5%, 100G
nL). The organic layer was washed with saturated sodium
bicarbonate {100 miL), brine (100 mL) dried (MgSO4) and
concentrated. Chromatography with ethyl acetate: hexane
3:1) afforded 0.330 g (43%) of the desired product as a
powder. Calculated: M=581; Found: M+Li=588.

EXAMPLE 51



propyl am ne. hydrochl oride. [err]
[ 2R-hydr oxy-3-[[ (henzot hi azol - 6-yl ) sul fonyl ] (2-

met hyl propyl ) am no] -1 S- (phenyl met hyl ) propyl carbam ¢ aci d t - butyl
ester (1.25 g, 2.3385 mmol) was added di oxane/HC1 - =~ (4N, 10 niL) and was
stirred at @mperature for 2 hours and concent r Jcqbisobrgdesss HCL
was chased wt WO 96/ 28418

PCT/ US96/ 02682 ' 114 tol uene to

afford 1.0 g (quantitative yield) of the 329 desired product.

EXAMPLE 46 [err] Preparati on of
2(S) - net hyl - 3- (et hyl sul f onvl ) propi oni c

Part A: Preparation of N-[2R-hydroxy-3-[(2-methylpropyl)
[(1.3-benzodioxol-5-yl)sulfonyllamino]-1S- (phenylmethyl)
propyl]-2S-methyl-3-(acetylthio)propanamide

N-Hydroxybenzotriazole (1.79 g, 11.6 mmol) was added to
solution D-(-)-S-acetyl-f-mercaptoisobutyric acid (1.26
g, 7.8 mmol) in 15 mL of dry dimethylformamide and cooled
in an ice bath. To the cooled solution, was added EDC
(1.64 g, 8.5 mmol) and stirred for 30 minutes. To this
was added (3.27 g, 7.8 mmol) of 2R-hydroxy-3-[[(1,3-
benzodioxol-5-yl)sulfonyl] (2-methylpropyl)amino)-18-
(phenylmethyl)propylamine and this was stirred 16 hours
with warming to room temperature. The solvent was
removed and the residue partitioned between ethyl acetate

and 5% agueous potassium hydrogen sulfate.

The organic

layer was washed with saturated sodium bicarbonate, and
brine, dried over magnesium sulfate filtered and
concentrated to vield 4.4 grams of a crude oil, mass

spectrum, m/z=571.8 (M+Li).

Part B: Preparation of N-[2R-hydroxy-3-[(2-methylpropyl)
[(1,3-benzodioxol-5-yl)sulfonyl]amino}l-1S~ (phenylmethyl)

propyl]-2S-methyl-3-mercaptopropanamide



Part A: To a solution of 200 g (1.23 nol) of D-(-)-3-

acetyl -h-nercaptoisohutyric aci d4-A—l-O—L—of—rBt-hanol , —was—addee—+61-0—
g (2 47 mol ) of potassi um hydroxi de di ssol ved in 500 nL of methanol
whi | e mai ntai ning the tenperature below 10 C while cooling with an ice
bat h. w gtirring an additional 20 mnutes, 117 nipcrisSsnges?

1.23 nol) of dinethyl sulfate was added whil e maintaining t he
tenperature below 20 C. The ice bath was renoved and the mxture

stirred for an additional 60 m nutes. Thel2li salts were renoved by
filtration, the solvents renoved under reduced pressure and et hyl
acetate added. After separati ng aqueous |l ayer, it was acidified

W th concentrated hydrochloric , extracted with ethyl
acetate, dried over anhydrous magnesium\sul f age, ofi |l tered and
coricentrated to afford 164 g (99% off t desté'd 2S-

nmet hyl - 3- (et hyl t hi o) propi oni ¢g Part B: To a

solution of 10.0 g (74.6 nmol) of H gret hy r’réthylthl 0) pr opi oni ¢
aci'd in 150 nL of acetone and mL of cofled to 18 Cin an ice

bat h, was added 161.8 ¢ (263 mmol ) of Oxohe. After appr OXI matel y
half of materi aI the 1058 t he
addition was sto peglulgs'gn § f eq 0 r'edmrf'%‘{) éwfh °mP§b‘6‘Ft| on
conti nued. Aftertzan mﬂrﬁgAa@laﬁab@dCln 100 frefp OJf-SGIanebbanqlhefal&at h was

renmoved and the ¢®AEd @R an ice bathl RAH¥E8ARE: ammonia was bubbled into
PCT/ US96/ 02682 stirred gt room

temperature for THAFFUTIRE £ iRe Mdpute- The I*é?&ﬂoﬁn‘ﬁaméﬁeﬁf h
acetone, the filandhtsgirred comceonm desneratarsayernit bbyrsi0 fheand t he

resi due di sésveatsi aezeocmcéﬂ‘tr%tcaal oﬁC£t1€a¢c%ryTEea§éMo:acahat e
| ayer was dried th an drous c?ra%? Hm sul f.ate red and
concentrated to =19 3° ¢ thyllhlaé:e\'fﬁgedl sstl VEFAPACa

m ni mum of et hyl srabmlamewaadwashed hexanvaaebdedartdo brdnse drimdeovertate to
form This was magndsmeshetat®, HilRedel & Tfcehbeatesite T iRnadycy, e

B grams of the free mercaptan which was used without
purification.

Part C: Preparation of N-[2R-hydroxy-3-[(2-methylpropyl)
[(1,3-benzodioxol-5-ylisulfonyl]amino}-1S- (phenylmethyl)
propyl)-28-methyl-3- (methylthio) propanamide

A solution of 1.65 g, { 3.15 mmol) of the mercaptan from
Part B in 25 mL of tetrahydrofuran was cocled in an ice
bath. To this cooled solution was added 0.52 g, 3.52
mmol) of DBU followed by 0.22 mL, (3.5 mmoL) of methyl
iodide and the ice bath was removed after 5 minutes.
After several hours at room temperature the contents were
concentrated on a rotory evaporator, and the residue was
dissolved in ethyl acetate. The organics were washed
with potassium hydrogen sulfate, sodium bicarbonate and
brine, dried over magnesium sulfate, filtered and



167 (MtH). EXAMPLE 47 [err]
Preparation of N _[2R-hydroxy-3- [(2-methyl propyl)[{1, 3- e

benzodi oxol - 5-vl ) sul fonyl | am nol -1 S- ( phenyl net hyl)
propyl ] - 2S- net hyl - 3- (rret hyI sul f onyl ) pr opanam de To a solution of 5.0g

(30 mol) ﬁZ"mt hyl - ~ (et hyl sul fonyl ) propi oni ¢ swanskossd. 909
(45 nmol) hydroxybenzotrlazole in 30 nL of anhydrous DMF at
Jerr]C under nitrogen, was added 6.34 g (33 muol) of EDC. After
approximately 10 m nutes, the EDC was all dissol ved. After 60 m nutes
at O[err]C, a solution of 15.5 g (30 rrrml1)22 of

2R- hydroxy-3-[[ (1, 3- benzodj oxol - H%I)sulfo

met hyl pr opyl )anF%Te’P‘S-"E(‘;ﬂ‘?eﬁ?I ¥eety | ) oriSp g 8Fn ﬂecruae whitenh£A®Rul fonate in
30 nL of anhydrous DMF, previouly neutralized with 3.4 nL (31.6 mmol)
of 4- net kgroob phdideparanaen aolfi ath [ 28+hpdr &xhr 3- [it2 -Geehy ] Gyomiie

m xture was the ter gL 06/ 28418
BCT/ US98/ 02682 (8!8 &tk MBI yiﬂul]f%ngﬁ?amﬂ?@]% (pheny\}\ggtl’g@én)oved

under reduced pPESRY}E 2HmRHYacet éﬂ“’eﬂéﬂﬁé‘&?mﬂ)pm@&‘iﬁﬁt h 5%citric

aci d, saturated sodi um bi car bonat e,
To a solution of 440 mg, (0.8 mmol) of thiomethylether

from part C above dissolved in 10 mL of methanol, was
added 1.52g, (24.0 mmol) of oxone followed by 10 mL of
water. The suspension was stirred at room temperature
for four hours. The mixture was concentrated on a
rototry evaporator, diluted with 50 mL of water and
extracted with ethyl acetate. The organic layer was
washed with sodium bicarbonate, dried over magnesium
sulfate, filtered and concentrated to yield 390 mg of
crude sulfone. Purification by flash chromatography
using 1l:;1 ethyl acetate ; hexane as the eluant yielded
330 mg of the desired compound; mass spectrum, m/z=575.4
(M+Li). '



water, brine, dried over anhydrous nagnesium sul f ate, filtered and
concentrated to affard 16 g of crudem—p@iem-al— Whic

HPLC. The product was chromat ogr aphed on silica gel using 20% 80%

et hyl acet at e/ hexane to afford the pure product, which was

recrystal | iwgdsdgapyn €t hyl acetate/ hexane to afford 8.84 g pcrusesbaepzir e
product, np 131.8-133.8[err]C Alternatively, to a solution of 35.0g
(211 mmol) of 2S- met hyl - 3- (et hyl sul f onyl ) propi onic acid and 48. 3g
(315 mrol ) N-hydr oxybenzotriazole ini240 nL of anhydrous DV at
O[err] C under nitrogen, was added 44.4 g (231 mmol) of EDC. After
approxi mately 30 mnutes, the EDC was EXAMPLE 52di ssol ved. After an
additional 60 mnutes at O[err]C, a solution of 108.8 g (211 nmol) of

2R- hydroxy-3-[[ (I, 3-

benizodi oxol - 5-yl ) sul fonyl ] (2- net hyl pr
(phenyl net hyl ) pr opyl am ne net hanesul fo e in 350 nL of anhydr ous DVF,
previouly neutralized with 24 nmiL (22. - et hyl nor phol i ne, was
added. After 2 hrs at O[err] CHy\ t SN hep stirred overni ght
for 18 hrs. The DVF was rengvedsunde ediced g gure, I L of ethyl
acet ate added, washed with 5% ciori cCBeitt, St sodi um

bi carbonate, water, brine, dried over anhydrous magnesi um sul f at e,
filtered and concentrated to afford and20.4 g of crude material, which
was 90% purity by HPLC. The produ was crystallized twice from

750-1 OOOmM. of absolute ethanol tg at§yord 82.6 g of the desired
product, >99% purity by HPLC mat eeidl . WO 96/ 28418

PCT/ US96/ 02682 0

EXAVPLE 48 [err] CHs« /ﬁ\’JL
i

= Nox@0>
0 CH, H OH L o)

To a solution of N-[2R-hydroxy-3-[(2-methylpropyl) [(1,3-
benzodioxol~5-yl)sulfonyl]amino]-1S- (phenylmethyl)
propyl]-2S-methyl-3-{methylthio)propanamide 1.04 g (1.94
mmoL) in 10 mL of glacial acetic acid was added 220 mg
(1.94 mmoL} of 30% hydrogen peroxide with stirring.

After one hour the reaction was stopped by diluting with
water and neutralization by the careful addition of
saturated sodium bicarbonate. The resulting agueous
suspension was extracted with ethyl acetate, and the
organics were washed with 5% aqueous potassium hydrogen
sulfate. The ethyl acetate layer was dried over
magnesium sulfate, filtered, and concentrated to yield a
mixture of diasteromeric sulfoxides. Separation of the
two diastereomers by careful flash chromatography yielded
250 mg of fast moving isomer 1, and 250 mg of slow moving
isomer 2, and 400 mg of the mixture, mass spectrum,
m/z=559.3 {M+Li) isomer 1, and m/z = 559.3 isomer 2 .



Preparation of 1- [(2-methyl propyl)[(1.4-benzodi oxane- 6-

yl)sul fonyll am nol - 3S-_[ (phenyl netho xycarbonyL;anLan 4- —
phenyl but an- 2R- ol To a solution of the

N-[ 3S-[ (phenyl et hoxycar bonyl )

anino]-ZRb&§@%§%¥ 4- phenyl butyl ] -N-(2-net hyl propyl)am ne pepudofosgssd: 1 35

nmmol ) in 0 m.) contai ning Et 3N (0.35 m., 2.5 mml) was added
1,4-benzodioxan-6-su|fony| chloride (0.34 g, 1.45 nmol) (prepared
according to the literature procedurgz24n EP 583960 A2, 1994) and
stirred at O[err]C for 30 min. After stirring at roomtenperature for
lh, the reaction mxture was dil uted HXAMPCEPE32 (20 nlL), washed with
cold INHO (3 x 20 nmL), water (2 x 20 ), satd. NaHC® (2 x 20 ni),
water (3 x 20 nL), dried (Na2SOH4) and concentrated under reduced
pressure. The resul ting residue ¥@spurified by flash chromat ography
using 35% Et QAc in hexane to give the %etired 1, 4-

benzodi xan-sul fonam de as a white annrﬁho S soﬂg whi ch crystallized
from MeCH as a white powder (@:;65g~\84%.; NPNDRS 84[ err] C, HRVS- FAB
cal cd for C30H37N207S 569. 2321 E ) g d }{ 3. WO

96/ 28418 ' oo CH ~ £o6P 02682

118 [err] '

To a solution of 0.170g (lmmol) of 2-{(S)-methyl-3-
methylsulfonylpropionic acid dissolved in 5 mL of dry
dimethylformamide was added 1.5 egquivalents of N-
hydroxybenzotriazole and the solution cooled in an ice
bath. To this cooled solution was added 0.19 g ( 1.0
mmol) of EDC and the solution stirred for 30 minutes. To
this was added 2R-hydroxy-3-[[(2,3-dihydrobenzofuran-5-
yl)sulfonyl] (2-methylpropyl)amino] -1S-~ (phenylmethyl)
propylamine 0.418 g ( 1.0 mmol) and the reaction stirred
for 16 hours. The contents were concentrated on a rotory
evaporator and the residue was dissolved in ethyl
acetate, washed with 5% potassium hydrogen sulfate,
saturated sodium bicarbonate, and brine, dried over
magnesium sulfate, filtered and concentrated to vield a
crude oil. Purification by flash chromatograpy (Si02)
using an eluant of 1:1 ethyl acetate:hexane yielded
purified product: mass spectrum, m/z= 573.5.

EXAMPLE 54



Preparation of N-[2R-hydroxy-3-[(2-nethvlpropvl)[(1.4-
benzodi oxane- 6- vl ) sulfonyl | am nol=

propvl | - 2S- et hyl - 3- (met-hyl sul f onvl ) propanam de Part A: A solution
of 1-[(2-methyl propyl)[(1, 4- benzodi oxane- 6-yl ) sul fonyl ] am no] - 3S-

[ (phenyl meyysngdagbonyl ) am no] - 4- phenyl but an- 2R-ol (0.6 perses02d8206 ol )
in THF (10 nL) was hydrogenated at 50 psi ~in the presence of 10% Pd/ C
(0.4 g, ) for 12 h, at room tenperature. The catal yst was renoved by
filtration, filtrate was concentrafpsl under’ reduced pressure.

Part B: The resulting residue fromPart A was dissol ved in CH2Q 2

(4.0 nm.) and added to a cooled (ORer,f]C m xture of

2S-met hyl - 3- (et hyl sul fonyl) propi of id (0.2 g, 1.2 nmol ), HOBt
(0.25 g, 1.6 nmol) and EDC (0. 24SY, m dr@gl in a solvent mxture
of " DMF (2 mL ) and CH2Cl12 (2 stir at O[err]C for 2 h.

After stirring for 3 h at roomtenpegrature, the reaction mxture was
dil uted with CH2C12 (15 L), washed with cold 0.5N NaCH (2 x 10
m.j, water(3 x 15 nlL), dried (Na2S04) and concentrated in vacuo. The

resi due was pura fécdaithhpnf bfish-cdnbomet bgxegiino-benzinhdazdlie 596! gusi ng
Et CAc as the e'd‘ed(ﬁs ‘inBlE‘)”£‘f~Sc?hltél%sulfoméeidfde%ﬁubéOxﬂﬁf“u&é% %&g{gé@' te

anor phous powder g¥
Li )+, HRVS- FAB at 0% gar P nfwteém@r@fosrg%ssm@a%v(err ound
583. 2115. hourd\D 26E28ddiflting dark colored reaction mixture was

PCT/ US96/ 02682 poured into an ice-water mixtu£é£%200 mL), and stirred at
room temperature for 30 minutes. The resulting
precipitate was filtered and washed with cold water (500
mL). The sclid was dried overnight under high vacuum in a
desiccator over NaOH pellets to give 5~chlorosulfonyl-2-
carbomethoxyamino-benzimidazole (5.9 g, 78%) as a grey
powder. 1H NMR (DMSO-dg) d: 3.89 (s, 3H), 7.55 (d, J =
8.4 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.88 (s, 1H).
(German Patent DE 3826036)

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
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



EXAMPLE 50 [err] Preparation of

N-[ 2R- hydr oxy- 3-[ (2-nethyyl ropyl) _ .. —_— i

[ (benzot hi azol -5-yl) sul fonyl ] am no] -1 S- (phenvl net hyl )

proypyl ] - 2S- net hyl - 3- (et hyl sul f onvl ) propanani de - “ A m xture of
2-(S)-net hyI | sul fonyl propionic acid (0.220 g, 1?@!3%9%
hydroxybenz‘Y P%@% e (0.178 g, 1.325 nmmol ), EDC (0.253 nmol )
in DVF (20 nlLO was stirred for | h at roomtenperature. [ZRhymoxyS-

[ (benzot hi azol e- 6-sul fonyl ) - (2- et hyl propyk»am no] - 1S-

(phenyl net hyl ) propyl am ne hydrochl oride (0.620 g, 1.325 mol ) was added

foll owed by tri etdollian nEhéOr?%ﬁﬁ.i@,n Rifbure wmt)l.rﬁﬁd atia"cedoi-o]o 18h. The
reaction mxture ¥as es af@NGEHJAH %@mpgﬁ%a% 2t Bentgsd Yhikn

partitioned bet ween et acetate and ci tr| C acl % (5% 100
M) . The of gani c JeRFEACRAQE vBim ARIfIoL ALEaHRT das] Commiare. Thy auKbURAL e

(100 L), brine (&R0 cobledrand fiNtS0é), aafld the dineeateabasl. Chronat ogr aphy
L g chel i G o dagloid g
[err] 4 280mL), washed succe551vely with cold 5% citric
PCT/US96/02682 acid (3 x 50 mL), saturated aqueoub?@odium bicarbonate (3
X 50 mL) and water (3 x 100 mL), then dried (Na2S04),
concentrated and dried under vacuum. The residue was
triturated with methanol, cooled, filtered, washed with
MeOH-EtOAc (1l:1, v/v) and dried in a desiccator to give
pure N-[2R-hydroxy-3-{[(2-carbomethoxyamino-benzimidazol-
5-yl)sulfonyl] (2-methylpropyl)-amino)-1S- (phenylmethyl)
propyllcarbamic acid phenylmethyl ester (6.02 g, 72 %) as
a light brown powder: FABMS: m/z = 630 (M+Li); HRMS:
calcd. for C31H38N507S (M+H) 624.2492, found 624.2488.

0 O
H V‘s‘y
L ] N NO
H OH \@:} NH
H

A solution of N-[2R-hydroxy-3-[[(2-carbomethoxyamino-
benzimidazol-5-yl)sulfonyl] (2-methylpropyl)amino]-1S-
{(phenylmethyl)propyl)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.
The reaction mixture was diluted with water (10 mL) and
extracted with EtOAc (3 x 15 mL). The combined organic
extracts were washed with brine, -dried (Na2S04) and



Preparation of N [2R-hydroxy- 3- [(2- met hyl propyl ) [ (1. 3-
henzodi oxol - 5-yl ) sul fonyl]am nol. - 1S-.(] :

proryl]-2S-met hyl - 3- (et hyl sul f onyl ) pr opanam- de Part A: Preparation
of N-[2R-hydroxy-3-[(2-nethyl propyl)

[ (1, 3- benzagl ~o- Yl )sul fonyl]am nol -1 S- (phenyl nethyl) permusosnies2
“WoBhahas.

propyl]-2S- (acetyl t hi o) propanam de [err]

N- Hydr oxybenzotriazole (1.79 g, 11.6 nmol) was added to sol ution
D-(-)-S-acetyl-[err]-nercaptoisobutyric aghg (1.26 g, 7.8 mol) in 15
mL of dry dinethylformam de and cool ed in an ice bath. To the cool ed

sol ution, was adcmiteridated. (Thé4eguldihgmediduencrast purifliddiby30 m nut es.
To this Wasréﬁlfk%%- $add HrpLd biMgPh) 10196 %Yo 3gtddind (30
benzodi oxol - 5-yl ) su fon3£/)l ]:iZ rreIf h)}%ﬁ?ﬁg%y{ian% no]d%g-m 40 . ¥ (
(phenyl met hyl ) pri&H) &F Retafd X% Qfad Osth PR 16NFogPBYOPYia%G t h war ni ng
to room tenper at ftsctibhe wergetdmbiaed and feeewnedrded tdegiesipliie 2R-
partitioned bet | t _ 00 AU | 4 hydr ogen
i fat e The o (arasb/8- (155 o henzifadzd AUIT11SUPOLAPEL (T

bi car bonat e, and®ethylpziopyd)aminel-l§rdphapyhaistivilderery taning dfed2and
concentrated to §j e388)4as granbtOdfpowdetrydeFABIMS MRS = 432 QPEDLT BIRMS:

m z=571. 8 ( MLi : i
N—[ZZR- h dréxy_'?z 3 gdﬁetfﬁfr g?%%&rgsdﬂrse%&%'%b %069, found 432.2071.

[ (1, 3- benzodi oxol - 5-yl ) sul fonyl ] am nol - 1S- ( phenyl net hyl )
propyl ] -2S-net hyl - 3- ner capt opr opanam dgxaMpLE 57 WO 96/ 28418
PCT/ US96/ 02682 :

)OL 0\\8”0
O ton-
H O©OH N
H

To a solution of 2R-hydroxy-3-[[(2-amino-benzimidazol-5-
yl)sulfonyl] (2-methyl-propyl)aminol} -1S- (phenylmethyl)
propylamine (0.22 g, 0.33 mmol) in THF (3.00 mL),
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
aqueous sodium bicarbonate. The organic phase was washed
with brine, dried (Na2s04), and concentrated. The
resulting residue was purified by reverse-phase HPLC
using a 10-90% CH3CN/H20 gradient (30 min) at a flow rate
of 70 mL/min. The appropriate fractions were combined
and freeze dried to give pure N-[2R-hydroxy-3-[[(2-amino-
benzimidazol~5-yl)sulfonyl] (2-methylpropyl)amino}l-1S-
(phenylmethyl)propyl]lcarbamic acid phenylmethyl ester



121 [err] A solution of 4.29 g, (7.8 mmol ) of S-acetyl

conpound frompart A dissolved_ in 100 nL of dry nethanol was. _.

cooled in an ice bath. Anhydrous anmonia was bubbled into t he sol ution
for one mnute. The sol ution was stoppered and stirred to room

t enper at ur hours. The contents were concentra otory
evgBoratorf%“@\r/?'g’rz&&8 the resi due was dissolved in ethyl acg?ngQm@ﬂ%
organic solution was washed with water, and brine, dried over
magnesi um sul fate, filtered and concentratjgg to yield 3.9 grans of the
free mercaptan which was used w t hout purification. Part C

Preparati on of N¢§ 22 hy,deaxy- 3s[ 4 Aeitidehyopaepy| )FAB-MS m/z = 566 (M+H):

[ (1, 3- benzodi ox yl fo ] 'ﬁEHN‘ - L)

propyl ] - 2S- et h%mgs%rgeatahwﬁt Elé%)%frgopanar’%%ge fg{s‘.ﬁ%ﬁ%ﬁm » foundy ol ution
of 1.65 g, ( 3.156%miA34-0f the nercaptan from Part Bin 25 nL of
tetrahydrof uran was cooled in an ice bath. To this cool ed sol ution was
added 0.52 g, 3.52 nmol ) of DBU f ﬂ@gégy 0.22 nm., (3.5 nmolL) of

met hyl i odi de and the ice bath wa after 5 m nutes. After
several hours at roomtenperature the contents were concentrated on a
rotory evapor at oprepaithtilts bESPRL ISy -3- [ [ dD SEM MR LhBxObRYhoacet ate. The
organi cs were waghed. ..., W_th potassiu grgae sul fate. .sodlum

bi car bonat e and “=Hetpriire—gret et SrragfieS P st Pat e 2 M RPtertd and

A solution of N-[2R-hydroxy-3-[[{2-carbomethoxyamino-~
benzimidazole-5-yl)sulfonyl] (2-methylpropyl)-amino] -1S-~
{phenylmethyl)propyl]lcarbamic acid phenylmethyl ester
(2.5 g, 0.4 mmol) in MeOH (10 mL) and THF (50 mL) was
hydrogenated in the presence of 10% Pd/C (1.2 g) at room
temperature at 60 psi for 16 hours. The catalyst was
removed by filtration, and the filtrate was concentrated
under reduced pressure. The resulting residue was
triturated with ether and filtered. The scolid 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)amino) -1S-
{phenylmethyl)propylamine (1.5 g, 77%) as an off white
powder: Rt =12.8 min; FAB-MS m/z = 490 (M+H); HRMS:
calcd. for C23H32N505S 490.2124 (M+H), found 490.2142.



WD 96/ 28418 PCT/ US96/ 02682

122 _~~ concentrated-to yield 1l-48—g—of—a—6cudewhite foam——=Rat—D—
Preparati on of N-[2R-hydroxy-3-[(2-nethyl propyl)

((1, 3- benzodi oxol -5-yl ) sul fonyl ] am no] - 1S- ( phenyl net hyl)

propyl]-ZS“QﬁkB¥§ g3- (et hyl sul f onyl) propanani de To pcpoketionewa of 440
ng, (0.8 nmo of thi onet hyl et her frompart C above dissolved in 10 nL
of net hanol, was added 1.52g, (24.0 mmol) of oxone followed by 10 nL
of wat er. The suspensi on was stirredz2st roomtenperature for four
hours. The m xture was concentrated on a rototry evaporator, diluted
with 50 nL of water and extract cEXBMPLE &9hy| acetate. The organic

| ayer was washed with sodi um bi carbonate, dried over nmagnesi um

sulfate, filtered and concentrate
Pufification by flash chronatogr
as the eluant vyielded 330 ngy t he deS|red conpound mass spectrum

m z=575. 4 (MFLi ) . 9 284&#
PCT/ US96/ 02682 CH_ A~ 1 E,XAI\/PLE 52 [err]

g\ 2 )
4N ok On | Y- NHCO,CH,

{methvlsulfonvl)propanamnide

o0 yield 390 ng of crude sul fone.
using |;1 ethyl acetate ; hexane

A mixture of 2-(8)-methyl-3-methylsulfonyl propionic acid
(157.0 mg, 0.94 mmol), l-hydroxybenzotriazole hydrate
(144.0 mg, 0.94 mmol), and 1l-(3-dimethylamino-propyl)-3-
ethylcarbodiimide hydrochloride (EDC) (180.0 mg., 0.94
mmol) was dissolved in dimethylformamide (5.0 mL), and
the solution was étirred at room temperature for 45
minutes. Then 2R-hydroxy-3-[[{2- (carbomethoxyamino}
benzimidazol-5~yl)sulfonyl] {2-methylpropyl)amino] -18-
(phenylmethyl)propylamine (459 mg, 0.94 mmol) and N-
methylmorpholine (202.0 mg, 2.0 mmol} were added, and the
reaction stirred at room temperature for 16 hours. The
solution was poured into ethyl acetate (75 mL), and the
ethyl acetate layer was washed with 10% aqueous acetic
acid (3 x 25 mL), saturated aqueous sodium bicarbonate (3
x 25 mL) and saturated agueous sodium chloride (25 mL).
The organic layer was dried over anhydrous sodium
sulfate, and the solvent removed in wvacuo. The resulting
residue was dissolved in hot ethyl acetate (25 mL). The
solution was cooled to room temperature and a precipitate
began to form. Hexanes (25 mL) were added and the
solution was stirred at room temperature for 2 hours.

The resulting product was collected by vacuum filtration
to give pure N-[2R-hydroxy-3-[(2-methylpropyl) [ (2-
(carbomethoxyamino) benzimidazol-5-yl)sulfonyllamino]-1S-



and [err]

Preparatlon of N-[2R-hydroxy-3-[(2- nethylpropyl]

L(1, 3- benzodi Ysul fonyl]am nol - 1S-(phgnv] net hyl )
proyl ] -2S-net hyl - 3- (nethylsulflnyl)propananlde 77 To a solutlon of
N[ 2R- hydr oxy- 3-[ (2- net hyl propyl ) [(1, 3-

benzodi oxolg ?%£+ qul fonyl]am no] - 1S- (phenyl met hyl) PCT/US96/0268
propyl]-2S- é 3-(net hyl t hi o) propanam de 1.04 g (1.94 crm"rt)L z

of glacial acetic acid was added 220 ng
peroxide with stirring.

diluting with

sat ur at ed sodi uniphienglieriat ). th@ynesm$%meqnym$seamethyl gnmﬂmﬂyiben was

extracted with
aqueous pot assi

wat er and neutralization by the careful addition of

In 10 nL
(1.94 molL) of 30% hydrogen
After one houizghe reaction was stopped by

S’t‘%#aggﬁ%@t;s aa%?gemlﬁ%g(%?ﬂ;nﬁs Vﬁfd] er was g(r%: ed
over magnesit®h SGP$ 3%“5935'4 &&d= Shb %ﬁ‘c?entfP‘dPgd""f% Ji6ddd a

m xture of diast@redagric sul foxi des. Separation of the t wo
di astereoners by careful flash chromatography yiel ded 250 ng of fast
novi ng i somer 1 and 250 ng of sl ow novin i somer 2, and 400 ng of the
m xture, mass spectrum nizz559.3§ﬁﬁ&§¥ﬁ—ﬁgoner 1, and mz = 559.3
| somer 2 WO 96/ 28418
PCT/ USQ6/ 02682
o
CH3‘S ‘\//
: N
v £ Y
AL TR
aminobenzothiazol-6-vl) =1S-

To a solution of 2-(S)-methyl-3-methylsulfonyl propionic

"acid (0.249 g, 1.5 mmol) in 5 mL of dry

dimethylformamide, was added 1.5 equivalents of N-
hydroxy-benzotriazole, and the solution was cooled in an
ice bath. To this cooled solution was added EDC (0.200g,
1.5 mmol), and the solution was stirred for 30 minutes.
To this was added 2R-hydroxy-3-[[(2-aminobenzothiazol-6-
yvlisulfonyl] {(2-methyl-propyl})amino] -1S- (phenylmethyl)
propylamine (0.673 g, 1.5mmol), and the reaction stirred
for 16 hours. The contents were concentrated in vacuo
and the residue was dissolved in ethyl acetate, washed
with 5% potassium hydrogen sulfate, saturated sodium
bicarbonate, and brine, dried over magnesium sulfate,
filtered and concentrated to yield a crude oil.
Purification by flash column chromatograpy on silica gel
using an eluant of 1:1:0.1 ethyl acetate: hexane:methanol
yvielded pure N-[2R-hydroxy-3-[(2-methylpropyl) [(2-amino-
benzothiazol-6-yl)sulfonyl]lamino]-1S- (phenylmethyl)
propyl]l-2S-methyl-3-(methyl-sulfonyl)propanamide; FAB-MS:
m/z = 598.6 (M+H).



124 EXAMPLE 53 J[err]
' of N_2R-hydroxv- 3-[ (2--ethylropul L2 3- _

benzof uran- 5-vl ) sul fonyl ] am nol - 1S- (phenvl net hvl ) pronyl ] -

2S- net hyl - 3- (et hyl sul f onvl ) pr opanam de To a solution of 0.170g
(1nmol ) of thyl -3- et hyl sul f onyl propi onic a ved in 5
mL of dry w?o%lgt hyl f or mam de was added 1.5 equi val ent ?tg?ﬁbéﬁﬁiz

hydr oxybenzotri azol e and the solution cooled in an ice bath. To this
cool ed solution was added 0.19 g ( 1.0 131 mmol ) of EDC and the solution
stirred for 30 mnutes. To this was added

2R- hydr oxy-3-[[ (2, 3-di hydr obenzof ur an- 5-
yI)squonyI](Z-nethyIpropyl)anino]-lSgﬁgﬂﬁﬂx#ggthyl) propyl am ne 0.418
g ( 1.0 mol) and the reaction stirre or 16 hours. The contents were
coricentrated on a rotory evaporator and the residue was dissolved in
et hyl acetate, washed with 5% pg si um hydrogen sul fate,

saturat ed sodi um bi carbonate, and brNog/ dried over magnesi um sul f at e,
fil'tered and concentrated to yield ag crue,®il. Purification by flash

chromat ograpy (Si O2) usi ng n efjlua
yi el ded purified product BSta spgct GmN”
EXAMPLE 54 Preparati on of SCQQHOrOQHIf

{ et hy§ acet at e: hexane
benzi m dazol e

bonethoxvan1no-

Part A: Preparation of N-[2R-hydroxy-3-{{2-methylpropyl)
[{1,3-benzodioxol-5-ylisulfonyljamino]l-18- (phenylmethyl}
propyl]l-25-methyl-3-(acetylthio) -propanamide

N-Hydroxybenzotriazole (1.64 g, 10.7 mmol) was added to
solution of D-({-)-S-acetyl-fR-mercaptoiscbutyric acid
(1.16 g, 7.1 mmol) in 12 mL of dry dimethylformamide and
cooled in an ice bath. To the cooled solution, was added
EDC (1.5 g. 7.8 mmol), and the reaction was then stirred
for 60 minutes. To this was added (3 g, 7.1 mmol) of
2R-hydroxy-3-[{(1,3-benzodioxol~-5-yl}sulfonyl] (2-
methylpropyl) -aminol -1S- (phenylmethyl)propylamine, and
this was stirred for 16 hours with warming to room
temperature. The solvent was removed and the residue
partitioned between ethyl acetate and 5% aqueous
potassium hydrogen sulfate. The organic layer was washed
with saturated sodium bicarbonate, brine, dried over
magnesium sulfate, filtered, and concentrated to yield
3.7 g (91%) of the desired product as a crude oil; mass
spectrum, m/z = 571.8 (M+Li).

Part B: Preparation of N-[2R-hydroxy-3-[(2-methylpropyl)
{{1,3-benzodioxol-5-y1l)sulfonyllamino]-1S-
(phenylmethyl)propyl)] -2S-methyl-3-mercaptopropanamide



WD 96/ 28418 PCT/ US96/ 02682

125 [err] . A solution qof 2-carbonmethoxyan no-benzi_m dazole (5.0
g, 0.026 mole) in chlorosulfonic acid (35.00 n.) was stirred at
O[err]C for 30 mnutes and at roomtenperature for 3 ~ hours. The

resul ting ggrwgored reaction m xture was poured i n&,gaﬁ]%o - wat er

m xture (2 , and stirred at roomtenperature for s. The
resul ting precipitate was filtered and washed with cold water (500
m.). The solid was dried overnight undebPi gh vacuumin a desi ccat or
over NaOH pellets to give 5-chlorosul fonyl - 2-

car bonet hoxyani Aasdiritdoni 68z0] 29 (B X798 hRGL) aSE &M@ 8YacetyD oundH NWR

20995, % B ool o i o A T 0

Hz, 1H), 7.88 (75, )
EXAMPLE 55 co dnaahokcefbath. Anhydrous ammonia was bubbled into

[ 2R-hy q(rjoxyl- 3-5[tN|Eé3 rsft.ill]}:[tﬁglncﬁd'i\lzbcﬁfﬁé *?c@)éx\ﬁ%@j[. Ro‘lrh$ Osollu)tir%nnglas 1%toppered

(phenvi et ot ) by PHaRF - S F <URERBEHLE FONSRa) BPusper (T

To a col d sol ut¢entests\wpas- ¢énptantrarethorya ardimryl evaporator, and

am noJ - 2R- hydr optye 4-di@0¥! R4é Vdisdb162aMBhN¥ERF PRHKARENE The organic
solution was washed with water, brine, dried over
magnesium sulfate, filtered and concentrated to yield 3.9

10 g (95.6%) of the free mercaptan which was used without

further purification; mass spectrum, m/z = 529.8 (M+Li).

EXAMPLE 62

Following the procedures of the previous Examples, the
15 compounds set forth in Tables 2 through 8 can be prepared.

ZABLE 2
O
A )74
o) N N" \\R‘
H i
OH R®

Entry R3 R4
20 1 isobutyl 2-methyl-1, 3-benzodioxol-5-yl
2 isobutyl 2-methy1—l,3-benzodioxol~5-yl
3 cyclopentylmethyl 2-methyl-1,3-benzodioxol-5-yl
4 cyclohexylmethyl 2-methyl-1,3-benzodioxol-5-y1
5 cyclopentylmethyl 1,3-benzodioxol~-5-yl
25 6 cyclohexylmethyl 1,3-benzodioxol-5-yl
7 cyclopentylmethyl benzofuran-5-y1
8 cyclohexylmethyl benzofuran-5-yl
9 cyclopentylmethyl 2,3-dihydrobenzofuran-5-yl
10 cyclohexylmethyl 2,3-dihydrobenzofuran-5-yl
30 11 isdbutyl 1,3-benzodioxol-5-yl
12 isobutyl benzofuran-5-yl
13 isobutyl 2,3-dihydrobenzofuran-5-yl



(5.0 g, 13.5 mol) in dichloronethane (70 nL) was added triethylam ne

.0 nmmol.) faollowed by the———addiiion of
5-chl or osul fonyl 2- car bonet hoxyam no- benzi m dazole (4.29 g, 14.85
mmol) in snall portions as a WD 96/ 28418
PCT/ US96/ 0368 dsrasa1s 126 PEaUsY6/02682C
reaction mxture was stirred at O[err]C for 30 m nutes and at room
tenperature for 2.5 hours when reaction of the am no al cohol was
conpl ete. The m xture was cool ed angifiltered, and the filtrate was
concentrated. The resulting residue was dissolved in Et OAc (200m),
washed successively with cold 5%ci tRABLE 2 cogitd (3 x 50 nL), saturated
aqueous sodi um bi carbonate (3 x 50 nmL) and yg@wgr (3 x 100 ni), then
dried (Na2SO4), concentrated and dried undg Jcuum The resi due was
tri‘turated with methanol, cooled, filtered, washked ¥ th MeOH- Et OAc
(1:1, v/iv) and dried in a desiccator t® give
N-[ 2R- hydroxy-3-[[ (2- car bonet hoxyam nodpenzi M

5-yl ) sul fonyl ] (2- net hyl pr gefs e ys\R,
propyl ] carbam ¢ acid phen ester (@ a |light
brown powder: FABMS: n12 : /e i); HRMS: OH caln:d. for C31H38NS5O7S

(MrH) 624, 2492, DR

Preparati on of 2ZRspd xy 3-[#3 2- am no- benzi m dazolg45- yI)
sul f onyl ] (2- met hﬁl - propyr). nLnol lb-T"hLenyrrret qygenzodm T opyrilm ne |err]

EXANPLE. 56

an-6-y
5 15 isoamyl 1, 3-benzodioxol-5-yl
16 isoamyl 2,3-dihydrobenzofuran-5-yl
17 isocamyl 1,4-benzodioxan-6-yl
18 isobutyl benzothiazol-6-vy1l
19 - isobutyl 2-amino-benzothiazol-6-yl
10 20 isobutyl benzoxazol-5-yl
21 cyclopentylmethyl 2,2-difluoro-1,3-benzodioxol-5-yl
22 cyclohexylmethyl 2, 2—d_ifluoro-1 »3-benzodioxol-5-yl
TABLE 33
15
0 \ V4
RS\S/\E)L];[ -5 o]
C{A\O CH; H OH \©: o>
Entxry RS
CH3- Ph-
20 CH3CHy- PhCH> -
CH3CH2CH2 -~ PhCH2CHz -
CH3CHCHCH2 - CgH11-
CH3CH2CH2CHaCHa ~ (CH3) 2CHz ~
CH,=CHCHp - 3-propynyl

25



A solution of N-[2R-hydroxy-3-[[(2-carbomet hoxyam no-

benzi m dazol -5-yl)sul fonykl(2-nmet hyl propyl ) an
(phenyl net hyl) propyl ] carbam c aci d phenyl met hyl

ester' (0._;’36 g, 0.58

mml) in 2.5 N nethanolic KOH (2.00 nL) was “heated at 70C under a
nitrogen a e for 3 hours. The reaction.m xtur ted W th
wat er (10 w&gﬁgﬁ extracted with EtOAc (3 x 15 nl). %ﬁ‘ﬁﬁ%g

organic extracts were washed with brine, dried (Na2SO»4) and

WD 96/ 28418 13 PCT/ US96/ 02682

127 concentrated. The resulting re5| due was purified by

reverse- phase HPLC using a 10-90% CH3CN H20 gradi ent (30 mn) at a

flowrate of 70 nmi/ mn.
freeze dried to give pure 2R

hydr oxy-3-[[ (2-am no- benzi m dazol - 5-yl

sul fonyl ] (2-

The appropri atwacti ons were conbi ned and

nmet hyl propyl ) am no] -1 S- (phenyl - nmet h opyl am ne (0. 22 g, 58% as a
white powder: FAB-M5S mlz = 432 ( M+ VS: cal cd. for C21H30N503S
(MtH) 432.2069, found 432.2071. EXAMPLE 57

Preparation of N-[2R-hydroxy-3-[[(20am wo-benziQmn,&azol -
yl ) sul fonyl ] (2- met hyl pr opyg} -Mls (phen s((et

oo CH; H

A

5
Entry RS

CH3 - Ph-
CH3CH2- PhCH2-
CH3CHoCH2 - PhCH,CH2 -

10 CH3CH2CH2CH, - CgH11-
CH3CH2CH2CH2CH - (CH3) 2CHy -
CH>=CHCH2~ 3-propynyl

TABLE 3C
15
R\ /\)(i\ \\//O
n &V N m
oo CHi H OH H_ K
Entry RS

CH3- Ph-

20 CH3CHa - PhCH3-
CH3CH2CH2- PhCH2CH3-
CHaCH2CH2CH2 - CeH11~
CH3CH2CH2CH2CH2 - (CH3) 2CH2 -
CH2=CHCHz - 3-propynyl

25



To a solution of 2R-hydroxy-3- [[(2-am no-benzi m dazol - 5-

yl)sul fonyl ] (2- et hyl=propyl ) aminol-1S-{pheryaethyl) .

(0.22 g, 0.33 nmol) in THF (3.00 nL). triethylamne (0.11 g, 1.1 mmol)
and benzyl oxycar bonyl succinimde (0.09 g, 0.36 mml) were added, and
t he r i m xture was stirred at room tenper at ur epé&fiisokdzesz

hours. The solution was concentrated, and the residue was partitioned
bet ween Et CAc (15 nl) and saturated aqueous sodi um bi carbonate. The
organi ¢ phase was washed with bringsdried (Na2SO4), and concentr at ed.
The resulting residue was purified by reverse-phase HPLC using a
10-90% CH3CN H20 gradient (30 mn) at a flowrate of 70 nL/mn. The
appropriate fractions were conbined oqapr@ndspreeze dried to give pure

N[ 2R- hydr oxy- 3-[[ ( 2- am no-

benzi m dazol - 5-yl ) sul fonyl ] (2- met hyl propyl ) am no] - 1S-

(phenyl net hyl ) propyl ] carbam ¢ aci d pheNyl net hyl ester WO 96/ 28418
PCT/ US96/ 02682 0128 (0.12 g, 61% as
a white powder: FAB-MS miz = 566 (N HRVS: cal cd. for C29H36N505S
566. 2437 (M+H), found AL EXAMPLE

(phenyl net hyl )

566. 243
58 Preparati on of hy g 0X -
benzi m dazol - 5-yl ) sul fonyl | ( \ma‘yl ri}op

propylam ne [err] oo CH H

5
Entry RS
CH;3 - Ph-
CH3CHa- PhCH2~
CH3CHCH2 - PhCHaCH2 -
10 CHaCHaCH2CHa - CgHi1-
CH3CHaCH2CH2CHa ~ (CH3) 2CH2-
CH2=CHCH2 - 3-propynyl
TABLE 23E
15
o} 9]
RS /\)L ol s
SR AQ oL
00 CHy H OH H__ N
Entry RS
CH3- Ph-
20 CH3CHa- PhCH3-
CH3CHCH2- PhCH3CH3 -
CH3CH2CH2CHo - CeH11~
CK3&ZH2CH2CH2CH2 - {CHa) 2CH2~
CH32=CHCH3- 3-propynyl

25



A solution of N-[2R-hydroxy-3-[[(2-carbomet hoxyam no-
benzi m dazol e-5-yl ) sul fonyl1(2-nmet hyl propyl )-anipal-1S-

(phenyl net hyl ) propyl ] carbam ¢ acid phenyl met hyl ester (2.5 g, 0.4
mmol) in MeOH (10 rrL) and THF (50 nlL) was hydrogenated in the presence
of 10% Pd/ room tenperature at 60 psi for The
cat al yst vvaqgsjgﬁgma enoved by filtration, and the filtrate aggmtg:ug’r?ge%trat ed
under reduced pressure. The resulting residue was triturated with
ether and filtered. The solid substance 135 thus obtained was washed w th
ether and dried in vacuo to afford pure

2R- hydr oxy- 3-[[ (2- car bonet hoxyam no-

benzi m dazol - 5-yl ) sul fonyl ] (2- et hyl pr Rpo] - | S-

(phenyl net hyl ) propylamine (1.5 g, 77% "as an off white powder: Rt

=12.8 mn; FAB-M5 niz = 490 (M+H);
490. 2124 (MtH), found 490. 2142.
PCT/ US96/ 02682

EXAMPLE 59 [err]

Preparati on of N-[2R-hydroxy-3-[ 2- thylp )[(2-

(car bonmet hoxyam no) benasm d -yl a nol ﬁlS—
- 3N é ) propanam de
;leﬁsul ay! pr a& 8Ca}p

HRIVS: cal cd. for C23H32N505S
WO 96/ 28418
129

H

(phenyl net hyl )propyl ]- 25
A mxture of 2-(S)- rrethyl

5
Entry RS
CH3- Ph-
CH3aCHz - PhCH> -
CH3CH,CHo - PhCHoCH> -
10 CHaCH2CHoCHa - CgHyq-
CH3CHCH2CH2CH - {CH3) 2CHz-
CH2=CHCH2~ _ 3-propynyl
TABLE 3G
15
2 L4
RS s/\./lL N
& Cu, B onm H_j@: P NHCOLCE,
Entry RS
CH3- Ph-
20 CH3CHz- PhCH2 -
CH3CH2CH2- PhCH2CHo~
" CH3CH2CH2CH2- CeHii-
CH3CH>CH2CH2CHa -~ (CH3) oCH3 -
CH>=CHCH3~ 3-propynyl

25



(157.0 ng, 0.94 nmol ), 1-hydroxybenzotriazole hydrate (144.0 ng, 0.94

mml), and 1-(3-di nethylam no- pr.opyll)-3 —et-hyl car bodiH--de

hydrochl ori de (EDC) (180.0 ng, 0.94 nmol ) was di ssolved in

di met hyl f ormam de (5.0 nL), and the solutioniwas stirred at room
tenperaturgYJ%Al? m nutes. Then 2R-hydroxy-3- ([ (2- (PeFrURedRESHOXyam no
benzi m dazol -5-yI")sul fonyl ] (2- met hyl propyl )am no] -1 S
(phenyl net hyl ) propyl am ne (459 ng, 0.94 nmmol) and N met hyl nor phol i ne
(202.0 ng, 2.0 mol ) were added, and the37 reaction stirred at room
tenperature for 16 hours. The solution was poured into ethyl acetate
(75 nm), and the ethyl acetate |ayer was washed with 10% aqueous
acetic acid (3 x 25 nL) , saturat u s sodi um bi carbonate (3

x 25 mL) and saturated aqueous sodi um chl ori (25 m.) . The organic

| ayer was dried over anhydrous sodium sul f and the sol vent renoved
in vacuo. The resulting reS|due mas dISSO| in hot ethyl acetate (25
m.). The sol ution Mﬁ&ﬂ§Q9| a precipitate
began to form Hexanes (25 nL merg a ed nd ﬁe tion was stirred
at roomtenperature for 2 ho o CH, he orsulktin was coll ected
by vacuum filtration to give pure

N[ 2R- hydr oxy- 3-[ ( 2- net hyl propyl ) [ ( 2- (car Qorret hoxyam no)

benzi m dazol -5-yl ) sul fonyl )am no] -1 S W) 96/ 28418

PCT/ US96/ 02682 13Q (phenylnethyl )

propyl ] -2S- nmet hyEnekey et hyl - sul f onyl r2 propananm de as a white solid

0 - —
o, 2% (LY ExanlGEeCh e | (4-FCeHs) Cr- ound
CH3CH2CH2CH2 - (naphth 2-y1)CHy~
CH3SCH2CH2 - CegH11CH2 -
10 CgHsCHa - CgH5SCH2~
(4~-CH30CgHs ) CHa~ {naphth-2-yl)SCHz-
IABLE 4B
" 15

CH3 /\)L 0\/,

&

I“
I 5 Cu kT——

Entry R2
{CH3 ) 2CHCHg - (4-FCgHg ) CHo -
20 CH3CH3CH2CHo -~ {naphth-2-yl1)CHs-
CH3SCH2CHz - CgH11CH2 -
CgHsCH2 - CsHgSCH2 -
{(4-CH30CgHs ) CHa - {naphth-2-y1)SCHz-

25



Preparation of N-[2R-hydroxy-3- [(2-nethvlpropyl)[(2-
am nobenzot hi azol - 6-yl ) sulfonyl ] am no] - 1S- (phenvl nethyl ) -

propyl ] - 2S- net hyl - 3- (et hyl sul f onyl ) pr onanami de To a sol ution of
2-(S)-net hyl -3-nmet hyl sul fonyl propionic acid (0.249 g, 1.5 mml) in 5
m. of dry thyl formam de, was added 1.5 equivalen

hydr oxy- beW?gf'Pg oI e, and the solution was cooled in an PeTA) g?‘(h:%s ath. To
this cool ed solution was added EDC (0. 200g, 1.5 mmol ), and the
solution was stirred for 30 m nutes. 13870 this was added

2R- hydr oxy- 3-[ [ (2- am nobenzot hi azol - 6-

yl )sul fonyl ] (2-nmet hyl - propyl )am no] - Itaspgergd net hyl) propyl am ne
(0.673 g. 1.5mmwl), and the reaction stirred for 16 hours. The
contents were concentrated in vacuo . zand the residue was dissolved in
et hyl acetate, washed W|th 5% ium hytﬁrmgen sul fate, saturated
sodi um bi car bonat e, §Hei %&1 FUsyl f at e,

filtered and concentratedto el & a cﬁ*ud oi | Jrifilcation by flash

o) 1:1:0.1 ethyl
acet at e: hexane: net hanol yi el ded pure

N-[ 2R- hydr oxy- 3-[ (2- net hyl propyl) [(2-am no-

benzot hi azol - 6-yl ) sul fonyl ] am no] -1 S- (phenyl net hyl )

propyl ] - 25- net yH—3—(rFrethy+—sti-Fenrytpropenarde—AB—o————+2=—=598. 6

col um chromat ograpy on silioa@elCHs H usPhg kn eNg@

(MtH) . 5 Ewrl6/ 28418 R2

PCT/ US96/ 02682 131
{CH3)2CHCH2 - (4-FCgHg)CHy~
EXANPLE 61 [err] 32 sisIm2
CH3CH2CH2CHa - {naphth-2-y1)CHs~
CH3SCH2CH> - CgH11CHx~
CsHsCH2 - CeHsSCH, -
10 {4-CH30CgHs } CH2 - (naphth-2~y1l)SCH>~

TABLE 4D

O CH; H OH l
15

Entry R2
(CH3) 2CHCH>~ {4-FCgHs)CHay~
_ CH3CH2CH2CH2 - {naphth-2-y1)CHs>-
20 CH3SCH2CH2~ CgH11CH2-
CgHsCH2 - CgHs5SCH2 -

{4-CH30CgHs ) CH2 - (naphth-~2-y1l}SCHa-



Preparati on of N-[2R-hydroxy-3-[[(2-nethylpropyl)[(1, 3-
henzaodi oxol - 5-yl )sulfonyl] - am noj.=LS-

(phenyl net hvl) propyl ] - 2S- net hyl - 3- mer capt opr onanam de Part A
Preparati on of N-[2R-hydroxy-3-[(2-nethyl propyl) -
[(1, 3- benzoﬂb%@“g yl)sul fony]] am no] -1 S-(phenyl net hyl)

propyl]-2S (acetyl t hi o) - propanam de N- Hydr'oxy se’rﬁlgot riazol e
(1.64 g, 10.7 mmol) was added to sol ution of
D-(-)-S-acetyl-[err]-mercaptoi sobutyric gggd (.16 g, 7.1 mol) in 12
mL of dry dinethylformam de and cooled in an ice bath. To the cool ed
sol ution, was added EDC (1.5 g, 7.¢Apum| 3 and the reaction was then
stirred for 60 mnutes. To this was added (3 g, 7.1 mol) of

2R- hydroxy-3-[[ (1, 3-benzodi oxol - 5-yl ) sul fonyl ] (& 4
met’hyl propyl ) - am no] - 1S- ( phenyl net hyl
stirred for 16 hours with V& ne. The sol vent was
renoved and the residue p ate and 5%
agueous pot assi um hydr ogeh Qul$Het &1 THE organi ar was washed

wi th saturated sodi um bi carbonate, brine, dried magnesi um
sulfate, filtered, and conce'ntrated to yield 3.7 ¢ (91% of the
desired product as a crude oil; nass spectrum mz = 571.8 (MLi).
Part B: PrepardllTommr of N[ ZRNyaroxy-3-1(2 2n‘ernyl propyT)

[ (1, 3- benzodidxoEREEM Y sulfonyllaningl IS

(phenyl met hyl ) propyl ] - 2S- met hytugy somnomapt opr opanam de4-rFCgHs) CHoWO 96/ 28418

H this was

PCT/ US96/ 02682 CH3CH2CHCHa - 13faphth-2-y1)CHa-
CH3SCH>CHZ - CgH11CH2 -
CgHsCH2 - CgsHs5SCH2 -~
10 {4-CH30CgHs5 ) CHy - (naphth-2-y1)SCHz-
IABLE 4F
0 R2 o 0
CH SA)L \\S/,
3N S
N N~
A Y- NHCO,CHj
J% cu, m om | \©:N’>_ =
15
Entry R3
{CH3 )} 2CHCH>- (4-FCgHg ) CHo-
CH3CH>CH,CHo - (naphth~2-yl)CHy-
20 CH3SCH2CHa- CgH11CHo-
CsHsCHa - CgHsSCH, -

{4-CH30CgHs ) CHy- {(naphth-2-y1)SCH3-



A solution of 4.29 g, (7.8 mol) of the S-acetyl conpound fromPart A
di ssolved in 100 nlL of dry nethanol was _cooled_in an ice. hath.

“Anhydr ous anmoni a was bubbled into the solution for one mnute. The
solution was stoppered 5 and stirred at roomtenperature over 5 hours. The
contents [re ncentrated on a rotory evaporator, and j due was
di ssol ved | %% acetate. The organic sol ution was P\/\c/‘algl%gg&\j‘inﬁ% h

wat er, brine, dried over magnesi um sul fate, filtered and concentrated
to yield 3.9 10 g (95.6% of the free mpygaptan which was used wi thout
further purification; mass spectrum mz = 529.8 (M+Li).

EXAMPLE 62 Fol | owi ng the procedur @apele t§¢ previous Exanples, the 15
conmpounds set forth in Tables 2 through 8 can be prepared.
. TABLE 2 [err] Entry R4 20 1

<

i sobut yl 2-met hyl - 1, 3- benzgdi o
2- et hyl - 1, 3- benzodi oxol - 5Ch

2- met hyl - 1, 3- benzodi oxol - 5-yl j% &4 ?
2-met hyl - 1, 3- benzodi oxol -5-yl 0 © CH3 H
1, 3- benzodi oxol -5-yl 25 6 cycl ohexyl net

i sobut yl

1, 3- benzodi oxol - 5-yl

7 cycl opentyl net hyl benzof uran-5-yl 8 cycl ohexyl net hyl
benzof ur an- 5-yl 9 cycl opent yl et hyl
2, 3- di hydr obenz ofurarm=5=y1 0 TycHotexytmettyt
2,3-di hydrobénzEBmEsN-S_yl 20 11 Lﬂgbufyl
1,3-benzodioxo|-5-y| 12 unh)ZCMQQQUtyl (4-PesEotupan- 5-yl
13 i sobut yl c%géﬁf@ﬂ}&QEQbenzofur?ﬂégﬁéﬂ-z-yl)cnz—
CH3SCHCHo - CgH11CH2~
CgHgCHo - CgHgSCHo -
10 {4-CH30CgHs ) CH2 - (naphth-2-yl)SCH;-
0 0
w7
oo €CH; H 3 'e)
15
Entry
~-CH,CH,CH; X
~CH,CH,CH,CH, O O
~CH,CH (CH3) 2 _O

~CH,CH,CH{CH3) 2



W 96/ 28418 PCT/ US96/ 02682

133 o — TARLE.2 cont. . [ork] R
R3 Rl err] 14 i sobutyl
1, 4- benzodi oxan- 6- vyl 5 15 I soanyl 1, 3- benzodi oxol - 5-yl
16 | QRAIE4ka 2, 3-di hydr obenzof uran- 5-yl CTAI$96/02682
I soanyl 18 1, 4- benzodi oxan- 6-yl 18 i sogut yl
benzot hi azol - 6-yl 19 i sobut yl
2- am no- benzot hi azol -6-yl 10 20 i1hsobutyl benzoxazol - 5-yl
21 cycl opentyl nethyl 2, 2-difluoro-1, 3- benzodi oxol - 5-yl 22
cycl ohexyl net hyl 2,2-difluoro-1, 3- benaRi@ o§Bl - 5- vyl
TABLE 3A 15 [err] ' Entry Rl err]
CH3- Ph- 20 CH3CH2- PhCH2-
CH3CH2CH2- PhCH2CH2- CH3CH2CH2CH2-
C6H11- CH3CH2CH2CH2CH (CH3) 2CH2-
CH2=CHCH2- 3- propynyl 00
- IOCHIOY y o) \\S,,
3\5\ v I? N'
(',"o CH; H OH 1'{3 o
5 Entry R3

~CH,CH,CH; .
~CH,CH;CH,CHy "O ‘_O O
-CH.CH (CH;) 2 _O _<:> |
-CH,CH,CH(CH3) 5

TABLE 5C
o) c O
“
B OO
10 oo CHy OH g2 o
Entry R3

~CH,CH,CH, -
-CH,CH,CH,CH; "O \—O O
-CH,CH(CH; ), N O __O

~CH,CH,CH (CH; ) 5

1s



25 WD 96/ 2841 8 PCT/ US96/ 02682

134 TABLE 3B [ers] . ——Entry
Rl err] CH3 - - Ph- - CH3CH2-
PhCH2- CH3CH2 CH2- PhCH2CH2- 10
CH3CH2CH2 G- CBHI | - . CH3CH2CH2CH?2
9
(CH3) 2CH2WO96/28418 CH2=CHCH2- 3-propyny | US6N2682
TABLE 3C 15 [err]
142
TABLE SD

(0N o)
7
N = 1 4

oo CH,
5 Entry R3
~CH,CH,CH, .
~CH,CH,CH,CH; O <j O
~CH,CH {CH;3) > .O ‘\“O
~CH,CH,CH (CH;) ;
TABLE SE
o) Q 0
“y H
CH3 | /\)L NS N
n & ] >
10 oo CH3 H OH R3 N
Entry R3

=CH,CH,CH, :
-CH,CH,CH2CHy "O _O 3 O
-CH,CH (CHa) 5 . O _O

-CH,CH,CH (CH3) _

15



Entry Rl err] CH3- Ph- 20
ol 7 N ___ PhCH2- - CHRCERCHD - RREHRCH2— —
CH3CH2 CH2CH2 - CBH | - CH3CH2 CH2CH2 CHR-
(CH3) 2CH2- CH2=CHCH2- 3-propynyl 25 WO
96/ 2841 8 PCT/ US96/ 02682 2682
135 W0 26128418 TABLE 3D [err] FETUSsa y
R5 CH3- Ph- CH3CH2-
PhCH2- CH3CH2CH2- 143PhCH2CH2- 10
CH3CH2 CH2CH2- CBH | - CH3CH2CH2 CH2CHR-
(CH3) 2CH2- TABLE 5F
* 34

5

10

o sl J

H
CH“s/\/'LN o N
N i D NHCO:CH;
00 CH3 OH R N
Entry

-CH,CH,CH;
-CH,CH,CH,CH, O ‘O O
~CH,CH(CH3) N O __O

~-CH,CH;CH (CH,) 2

N
c{,\\o R B OH l 0>

Entry

oo (110
) e
o
0 Ine
o
o
0
&
>||u-
. w
—>|l (11D L
e
“ny
oL

i H c i
HoNe / 2 2 i : ;
2 CHy ~ 7 s~g” : £ /
e g e = Z
o © o = /7 H



CH2=CHCH2- 3- propynyl | TABLE 3E 15

[err] B EnLL¥___ _— BRo.. —CH3-
Ph- 20 CH3CH2- "~ PhCH2- ¢ CH3CH2CHR-
PhCH2 CHe- CHBCH2CH2CHE- ' OBHL1-
CH3CH2CH2 CHR CHD- (CH3) 2CH?- CH2= i
3-propyny| W@9/2841s VO 96/ 28418 Ftisssnse
PCT/ US96/ 02682 136
TABLE 3F [err] Laa

TABLE 6B

O Q O

5 EBantry _R1
i H 2 £ £ £ i
H CH, CHCH A AN\ HvN\'( r
s i O NH &
HNo ./ : CH /= H ) 2
o T T 2 I
s S A _—
o Jo =" / 4
TABLE 6C
(o) Qg O
3\5 Y N N’ S
in R! ﬁ OH >
00 N
10

Entry rl

1 e
(o]l
s
e)
o]
(%)
)
=
>I g
]
N
,(

HoN £ CHy~..” H H
\”S<) CH; \S/ \”S¢ . 7 /— /



5 Entry RS CH3- Ph-

CH3CH?- —— PhCH2- CHSGHZCH2 - —_—e—eee P GO
10 CH3CH2CH2CH2- CoH11- CH3CH2CH2CH2 CH2-
(CH3) 2CH2- CH2=CHCH2- 3- propynyl

CH3- Wo serihts Ph- 20 CH3CH2- PCTIUSpRAsS
CH3CH2CH2- PhCH2CH2- CH3CH2CH2CH2- C6H1I -
CH3CH2CH2CH2 CH2- ( CH3) 2CH2- 145 CH2=CHCH2-

3-propynyl 25 WO 96/ 28418

PCT/ US96/ 02682 TABLE 6D

\#
- \S\/\‘/U\I;I . }-—NHco CH;
g“o R H k =

5 EBntry Rl
I='I EH3 CH,CH- /_\ 4\ H'INY I
- . = O NH” =
A S — 2
o ©° §o =~ / H
TABLE ©OF
o]
/~\/j\ tf N
NNy N~ N
n R! lli OH >
00 N
10 '
Entry r1l
: i & H H H H
H 'EH 3 CH,CH; /-\ 4\ HZN\l( I



137
Rl err]
CH3CH2CH2 CH2-

C6H 1CH2- 10

(4- CH3006H5) CH2-
TABLE 4B PaBANS
(CH3) 2CHCH2-
(naphth- 2-yl ) CH2-
C6Hl | CHe- |
(4- CH30OC6H5) CH2-

K

TABLE 4A [err] 5 Entry
2CHCH? - —_ (4- FCoHR) CH2-
napht h-2-yl) CH2- CH3SCH2CH2-
C6H5CH2- C6H5SCH2-
(napht h-2-yl) SCH2-
Entry PCT/US9£02682
(4- FC6H5) CH2- 20 CH3CH2CH2CH2 -
4 £H3SCH2CH2-
C6H5CI-?2 C6H5SCH2-

(naphth-2-yl) SfsEe 6r 25
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5 Entry Rl
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Entry rl
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R2 (CH3[err]) 2CHCH2 (4- FC6H5) CHz-
CH3CH2CH2 CH2- (napht h-2-yl ) CH2- CH3SCH2CH2-
C6Hl | CH2 - CoH5CH2- CoHp St Ao,
(4- CH3OC6HE Y@ 3628418 (napht h-2-yl) SCHe- "PCHOSs2ck?
TABLE 4D [err] 15 Entry Rl err]
(CH3) 2CHCH2- (4- FC6HS) CH24 47 CH3CH2CH2CH2-
(naphth-2-yl) CH2- 20 CH3SCH2CH2- C6H | CH2-
TABLE 7
. o] C 0
L Y
CH3 \S\/\:ll;r N/s\ R4
c{,\o =\ H OH
CH,
5 Entry RS

10
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TABLE 4E [err] 5 Entry R
CH3) 2CHCH2- (4- FCBH5) CH2- D-
(napht h- 2- y\VO*62#18 CH3SCH2CH?- CPeridesinzie
C6HL1CH2- C6H5CH2- C6H5SCH2- 10
(4- CH30CBH5) CH2- (napht h- 2-y1 ) $gk2-
TABLE 4F [err] 15
TABLE 8a
0 0
g
CHB\ /J\ os§ 4
P cmy e oom |
5 Entry R4

10




Entry R (CH3 ) 2CHCH2-

(4-FCAHR) CH2- —_— - CHI GO G ~+rRepht-ir—2—y—cH2—
20 CH3SCH2CH2- C6Hl | CH2-

CoH5CH2- C6H5SCH2- (4- CH3OC6H5) CH2-

(napht h- Z-W - WO 96/28418 PCT/US96/02682

PCT/ US96/ 0 140

TABLE 4G [err] 5 Entry R2

( CH3) 2CHCH2- (4- FC6H5) CH2- 149 CH3CH2CH2CH2-

(napht h-2-yl ) CH2- CH3SCH2CH2- C6H1l CH2-
CoH5CHR2- C6HSSCH2- MABLE 8B  (4- CH3OC6HS) CH2-

(napht h- 2-yl ) SCH2- TABLE SA [err]
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5 Entry

- CH2CH2CH2CH3 [err]
“CH2CH2CH (CH3) 2 [err]
10 Entry :
- CH2CH2CH2CH3 [err]
- CH2CH2CH (W848 [err]

PCT/ US96/ 02682

The compounds of the present invention are effective
HIV protease inhibitors.

R3 - CH2CH2CHB [err]
- CHPCH (CHR)2 .
TABLE 5E [err]
R3 - CH2CH2CHB
- CH2CH( CH3) 2 |
15 WO 96/ 28418"&%;91‘”2“2
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EXAMPLE 62

herein disclosed inhibited the HIV enzyme.
preferred compounds of the present invention and their

calculated IC5p {(inhibiting concentration 50%, i.e., the

Utilizing an enzyme assay as
5 described below, the compounds set forth in the examples

The

concentration at which the inhibitor compound reduces

10

enzyme activity by 50%) values are shown in Table 9.
enzyme method is described below.
2-Ile-Nle-Phe (p-N0O2)-Gln-ArgNH3.

The substrate is
The positive control is

MVT-101 (Miller, M. et al, Science, 246, 1149 {1989)]
The assay conditions are as follows:

15

20

Assay buffer:

20 mM sodium phosphate, pH 6.4

20% glycerol
1l mM EDTA

1 mM DTT
‘0.1% CHAPS

The above described substrate is dissolved in DMSO,
diluted 10 fold in assay buffer.
concentration in the assay is 80 puM.

Final substrate
HIV protease is

diluted in the assay buffer to a final enzyme
concentration of 12.3 nanomolar, based on a molecular

25

The final concentration of DMSO is 14% and the
final concentration of glycerol is 18%.

weight of 10,780.

is dissolved in DMSO and diluted in DMSO to 10x the test

30

concentration; 10ul of the enzyme preparation is added,

the materials mixed and then the mixture is incubated at

ambient temperature for 15 minutes.
is initiated by the addition of 40l of substrate.
increase in fluorescence is monitored at 4 time points (O,
8, 16 and 24 minutes) at ambient temperature.

35

is carried out in duplicate wells.

The enzyme reaction

The

Each assay

The

then

[err]

The test compound



TABLE 5F [err] 5 Entry R3

- GHRCH2 CH3. —_[err] _ CHRCHRCHRCHR _ [err]
- CH2CH (CH3) 2 [err] " - CH2CH2CH (CH3) 2
TABLE 6A [err] 10 Entry Rlerr] [err]
WO 96/28418 | " PCT/US96/02682
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The preceding examples can be repeated with
similar success by substituting the generically or
: specifically described reactants and/or operating
conditions of this invention for those used in the
- 5 preceding examples.

EXAMPLE 63

The effectiveness of various compounds were
10 determined in the above-described enzyme assay and in a
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 Wl volume of

20 medium containing 1 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-1 was diluted in culture medium to a
concentration of 5 x 104 TCID50 per ml (TCIDsQ = the dose
of virus that infects 50% of cells in tissue culture),
and a 204L volume of the virus sample (containing 1000

30 TCIDso 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:
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WO 96128418 PCT/US96/02682
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5 1. + - -
2. + + -
3. + - +
4. + + +
10 In experiments 2 and 4 the final concentrations

of test compounds were 1, 10, 100 and 500 pg/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 wvirus, 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 100pl 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-yl)}-2,5-
diphenyltetrazolium bromide (MIT) was added to each 100pL
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 100Ul of 10% sodium
dodecylsulfate in 0.01 N HCl1l 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.
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isomer 1, Example 52
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TABLE 8A [err] 5 FEntry — — Rerr].lerr]
WO 96/ 28418 _ PCT/ US96/ 02682
149 TABLE 8B [err]
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IABLE 9 (Cont‘'d)
Entry Compound ICs0 ECs590
5 {nM) {nM)
0 0
-y
H
c 3\S'A\Efn‘§ N'S cs
g CH; H OH k o
6
isomer 2, Example 52 7 80
10 The compounds of the present invention are

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

15 compounds will also inhibit other retroviruses such as
other lentiviruses in particular other strains of HIV,
e.g. HIV-2, human T-cell leukemia virus, respiratory
syncitial wvirus, simia immunodeficiency virus, feline
leukemia virus, feline immuno-deficiency virus,

20 hepadnavirus, cytomegalovirus and picornavirus. Thus,
the subject compounds are effective in the treatment,
proplylaxis of retroviral infections and/or the
prevention of the spread of retroviral infections.

25 The subject compounds are also effective in
preventing the growth of retroviruses in a solution.
Both 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

30  including calibrators and controls. Prior to and during
the growth and storage of a cell culture, the subject
compounds may be added to the cell culture medium at an
effective concentration to prevent the unexpected or
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TABLE 8D WO 96/28418 PCT/US96/02682
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undesired replication of a retrovirus that may

inadvertently, unknowingly or knowingly be present in the
. cell culture. The virus may be present originally in the

cell culture, for example HIV is known to be present in

5 human T-lymphocytes long before it is detectable in

blocd, or through exposure to the virus. This use of the

subject compounds prevents the unknowing or inadvertent

exposure of a potentially lethal retrovirus to a

researcher or clinician.
10

Compounds of the present invention can possess
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

15 optical isomers can be obtained by resolution of the
racemic mixtures according to conventional processes, for
example by formation of diastereoisomeric salts by
treatment with an optically active acid or base.

Examples of appropriate ‘acids are tartaric,

20 diacetyltartaric, dibenzoyltartaric, ditoluoyltartaric
and camphorsulfonic acid and then separation of the
mixture of diastereoisomers by crystallization followed
by liberation of the optically active bases from these
salts. A different process for separation of optical

25 isomers involves the use of a chiral chromatography
columm optimaily chosen to maximize the separation of the
enantiomers. Still another available method involves
synthesis of covalent diastereoisomeric molecules by
reacting compounds of Formula I with an optically pure

30 acid in an activated form or an optically pure

. isocyanate. The synthesized diastereoisomers can be
separated by conventional means such as chromatography,
distillation, crystallization or sublimation, and then
hydrolyzed to deliver the enantiomerically pure compound.

35 The optically active compounds of Formula I can likewise
be obtained by utilizing optically active starting
materials. These isomers may be in the form of a free
acid, a free base, an ester or a salt.
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152 EXAMPLE 62 The conpounds of
t he present invention are effective H'V protease inhibitors. Utilizing

an enzynme %S ) 5 descr.i bed bel ow, the conpounds set lt%do&si he
9")//?@? in

exanpl es di scl osed inhibited the HV enzyne.

preferred conpounds of the present invention and their cal cul ated I C50
(i nhibiting concentration 50% i.e., thejgg concentration at which the

I nhi bitor conpound reduces 10 enzyne activity by 50% values are shown in
Table 9. The enzyne nethod I s described below. The substrate is
2-11 e-N e-Phe(p-N02)-d n- ve_contral is

(Mller, M eE IOaI Sci ence émp(ﬁl}fgs ("%5’%‘?] presenr'l’ﬁé‘v§§‘§é9nc%?‘F6I| ‘? ons are
as fol l ows: 15 used lnA§bayf®UﬂfCeﬁr :saltgodaxivedi inomphoopbanss qH 6. 4

20% gl ycerol organic acids. These sal%snﬁﬁéiﬂaé but are not limited
1 nMDTT The above, descri bed

substrate is>di s<DINEd EPALPNARS tﬁ?ee?‘fate’ adﬁ?"l‘rtﬁ'e&‘lfén%?d FHIRE&y buffer.
Fi nal substrat e aspartatencbenzeatien hemzehesaifonaties 8dshkfatd) H V prot ease

S di | ut edoidy @, aggﬂgh&uggéar &&pﬁo?é@ﬂqﬁ#@’”ﬁlg uci% icentration

of 12.3 nanonol ar, .based on a npl ecul ar o]
cyclopentanepropionate, dodecylsulfate, ethanesulfonate,
glucoheptanoate, glycerophosphate, hemisulfate,

10 heptanoate, hexanoate, fumarate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate,
lactate, maleate, methanesulfonate, nicotinate,
2-naphthalenesulfonate, oxalate, palmoate, pectinate,
persulfate, 3-phenylpropionate, picrate, pivalate,

15 propionate, succinate, tartrate, thiocyanate, tosylate,
mesylate and undecanocate. Also, the basic nitrogen-
containing groups can be guaternized with such agents as .
lower alkyl halides, such as methyl, ethyl, propyl, and
butyi chloride, bromides, and iodides; dialkyl sulfates

20 like dimethyl, diethyl, dibutyl, and diamyl sulfates,
long chain halides such as decyl, lauryl, myristyl and
stearyl chlorides, bromides and iodides, aralkyl halides
like benzyl and phenethyl bromides, and others. wWater or

- oil-soluble or dispersible products are thereby obtained.

' Examples of acids which may be employed to form
pharmaceutically acceptable acid addition salts include
such inorganic acids as hydrochloric acid, sulphuric acid
and phosphoric acid and such organic acids as oxalic

30 acid, maleic acid, succinic acid and citric acid. Other
examples include salts with alkali metals or alkaline
earth metals, such as sodium, potass;um, calcium or
magnesium or with organic bases.

35 Total daily dose administered to a host in
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 contain such



The final concentration of DMSO is 14% and t he final concentration of
glycerol is 18% The test conpound s—ai=ss0lved | N -DMSO-afe—eitti-ad——-
in DMBOto | Ox the test 30 concentration; | Jerr]l of the enzyne
preparation i s added, the materials mxed and then the m xture is

I ncubat ed a[c?”m“ anbi ent tenperature for 15 m nutes. ThecepEssasszeacti on
Is initiated by t%e addition of 40[err]1l of substrate. The I ncr ease
in fluorescence is nonitored at 4 tinme points (0, 35 8, 16 and 24

m nut es) at anbient tenperature. Each assay is carried out in
duplicate wells. WO 96/ 28418

PCT/ US96/ 02682 amounts of submultiples thereof to mikg up the daily The
precedi ng exanpfgse can be repeated with simlar success by
substituting the generically or specifically described reactants

and/ or operatin congditions of this. .nvention for those used in the 5
or ecedi ng exarmlges_ W' 28B8ne of Mk i\a ?n&recﬂé&vﬁhggéay%e

The ef f ect i Venesembinedymishsthre i@y warer il sidoeprpdugeis aingle

above- descri bedge84ydTEc3ssS @Y 1 8Nva) dependin§pditithea®dal - treated and

The H V inhibition assay nethod.of acutel .infected cells is an
aut omat ed tetrabﬁ?i %B§§g§r mOdec 5#WH€¥?FEa%§§ﬁy essentially that
reported by Paumes 15 et al, J. Virol. Methods, 20 309-321 (1988).
Assays wer e perf or e Roge9fer¢ginens ferctreatinglagdéseasgM

cell Is a Cuéd celﬁhai&iruh ;@W@hftﬂéﬁmnddﬂm@%n&ﬁﬁ@ dmﬂ;buﬁrtﬁons dfthl)ﬁg) ]
suppl enmrented w t 10% f.etal ., c s.erumaﬁg wer e ., then tregted wt
pol ybrene (2] er%?‘é?nrﬁl)qn.lﬁnsﬁbe%é?c} ]JIn V2O 1RV 1) %hngd?ﬁﬂ%%’ntogit ning 1 x
10[err] cells whaceweherideduihng theitype, agel |wegioghthesekssddetc @ndur e
plate. To each WedicaBcorddeson of thelPakebhat] ol WReplicyest wyeMPOUNd
di ssolved in tlasue cuItuEe anI m _(or_nedi um w t hout. t est .conpound as
a isease, the route of administration, pharmacological
15 considerations such as the activity, efficacy,

pharmacokinetic and toxicology profiles of the particular

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

20 employed may vary widely and therefore may deviate from
the preferred dosage regimen set forth above.

The compounds of the present invention may be

administered orally, parenterally, by inhalation spray.

25 rectally, or topically in dosage unit formulations
containing conventional nontoxic pharmaceutically
acceptable carriers, adjuvants, and vehicles as desired.
Topical administration may also involve the use of
transdermal administration such as transdermal patches or

30 iontophoresis devices. The term parenteral as used
herein includes subcutaneous injections, intravenous,
intramuscular, intrasternal injection, or infusion
techniques.

35 Injectable preparations, for example, sterile
injectable aguecus or oleaginous suspensions may be
formulated according to the known art using suitable
dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile



control) to achieve the desired final concentration and 25 the cells were
Lncubated at 37[err]C for 1 hour. Afrozen ___ culture of H V-1 was.
diluted in culture nediumto a concentration of 5 x 10[err] TC D50 per
m (TCI D50 = the dose of virus that infects 50%of cells in tissue
culture), a 20[err]L volunme of the virus sanple ( 1000
30 TCI D50 8\{0%/@5’%} was added to wells containing test ms?fpk’gilfgg and to
wel |'s containing only medium (infected control cells). Several wells
recei ved cul ture nmedi um W t hout viryg (uninfected control cells).

Li kew se, the intrinsic toxicity of the test conpound was determ ned
by 35 addi ng ndejeotabldadlutiibns ot ossspaisdlonehl & BerdcdiRi Ng test

compound. | n SUBREKe et 1y 'a%%ég\s\%ﬂg%yé@%ﬁt 8% solved® 'R "8dalfife,

fol |l owi ng exper nts
PCT/ US96/ 02682 @s a solution in 1,3-butanediol. Among/the acceptable

Cells vebiglles and solvents tht Mufy be employed are water,

- = L] . 1 - 13 - +
i 3 5 Rlng$r's solut;&%, and 1§ot3h1c sodium chloride §olutionﬂ
In addition, sterile, fixed pils age conventionalllpy experinments

+
2 and 4 the fingkm Q&Qé@niéfﬂléar%ent or éﬂsﬂéﬁﬂin?oﬁagﬂﬂﬂs Weherhisl0, 100
and 500 [err]g/m . did oxy|n05|ne

t
(ddl) was incl u&é‘gpose anlésb];fﬂ&)?ﬁ{ﬁ@ %;]lr'nd‘baycg’ﬁt PHP- °”1%tm6 HgdBRds were
di ssol ved i n DvB@nshetif | nerer ont diglycerides.t ule addition,1Fatsp t hat the

final DMSO QO”C%&EHQ'[ 5Qbh Cﬁsﬂ dl@lceéﬁfédfilncﬁ%se in th® FBpatas§on PO vas
added to all contr.ol % at appropriate concentration.
Vlrus

Fol | owi ng the ad@°EFbA cells were 20 incubated at 37[err]Cin

a humdified, 5% C02 atnosphere for
Suppositories for rectal administration of the

drug can be prepared by mixing the drug with a suitable
15 nonirritating excipient such as cocoa butter and

polyethylene glycols which are solid at ordinary
temperatures but. liquid at the rectal temperature and
will therefore melt in the rectum and release the drug.

20 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,

25 as in normal practice, additionallsubstances 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

30 with enteric coatings.

Liquid dosage forms for oral administration may
include pharmaceutically acceptable emulsions, solutions,
suspensions, syrups, and elixirs containing inert

35 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.



7 days. Test compounds could be added on days 0, 2 and 5 if desired

n day 7, post-infection the cells—iih-cachmmm well

a 100[err]1 sanple of each cell suspensi on was renov Ol @f ABED A
2 err]L volume of a 5 25 rrg/m sol ution of -

3- (4, 5-di my{h¥ddshisazo! - 2-yI) - di phenyl tetrazol i W@mg@ (MIT)
was added to each 10C{e rjL cell suspension, and the cells were

i ncubated for 4 hours at 27[err]Cin a 5% C02 environment. During
this incubation, MIT is netabolicaldl reduced by living cells

resulting in 30 the production in the cell of a colored formazan product.
To each sanple was added Whd]ertlel copdGids orfi wine inventlpwecansbefate in

0.01 N HO to | yamih8e&rld s 3Rd sole acAR ﬁﬁaﬁé&dﬂ%ﬁaESQnQVer ni ght.
The absor bance eterm ned for each sanple using a

Mbl-ecul ar Iﬁ%\?yc%nn?%?‘bg’leaf‘éefjeh’ae?mblmé:&PBa‘ﬁ’c@ \P&'Ieu8§ Pote each
set of mells |5;ummnpamedulatarsseaatvvxzal<amummelor other mhedtindective

uni nfected cgnt (rf@ne BL1 FGSRORAGIES UL cdibounds of Ol SORRANGN an

cytotoxicity an ntiviral efflcacy
PCT/ US96/ 02682 administered in combﬂgﬁglon with AZT, DDI, DDC qupyithy

Entry Conp@logdosidase inhibitors, such as N-butyE+l] EC[err] 5
gnRO '(239 deR%hojirimycinl or prodrugs thereof, for the prophylaxis
and/or treatment of AIDS. When administered as a
10 combination, the therapeutic agents can be formulated as
separate compositions which are given at the 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

25 from the spirit and scope thereof, can make various
changes and modifications of the invention to adapt it to
various usages and conditions.
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[err] i somer 1, Exanple 52 52
WO 96/ 28418 PCT/ US9
162
WHAT 1S CLAIMED IS:

1. Compound represented by the formula:

0 R* 0, ,0
R°Q PR 4
s\ N N R
1 3
5 ('c)t R OH R
or a pharmaceutically acceptable salt, prodrug or ester
therecf, wherein n and t each independently represent 0,
1l or 2;
10

Rl represents hydrogen, 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

15 alkyl carbon atoms, ~-CH2CONH2, -CH2CH2CONHZ,
-CH2S(0)2NH2, -CH2SCH3, -CH2S(0)CH3 or -CH2S5(0)2CH3
radicals;

R2 represents radicals of alkyl of 1-5 carbon atoms,

20 aralkyl of 1-3 alkyl carbon atoms, alkylthioalkyl of 1-2
alkyl carbon atoms, arylthiocalkyl of 1-3 alkyl carbon
atoms or cycloalkylalkyl of 1-3 alkyl carbon atoms and 2-
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;

R4 represents benzo fused 5 to 6 ring member heterocaryl
30 or benzo fused 5 to 6 ring member heterocyclo radicals,
or a radical of the formula

-
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80 10 The conpounds of the present invention are
effectlve antiviral conpounds and, in particular, are effective
retroviral rs as shown above Thus, t he subj ds are
ef fective ij’Q/ p{?%isgase inhibitors. It is contenplated t Iﬁaét; the subj ect
15 conpounds will also inhibit other retroviruses such as ot her
lentiviruses in particular other strainsigf HV, - e.g. H V-2, human
T-cell leukem a virus, respiratory syncitial virus, sima
i mmnodgf}ci encyhereis, Af &hd e eadch inéepentisnyly Usepféddme 0, S, SO or
I mmuno- defi ci engy. Viksl Cy. g I_eU pL avi rus.
Thus, o the SoB] okt epEbsteRs” BELEY Pun A ARORYE 15 BaPhin USRIV T
propl yl axi s of E3dupsQi eal Chlﬁre%mwaéﬁdlﬁ r%resentqorhar@mgem of the
spread of retrodebkbriGhpChé®sl, fliforo or chloro THadiddlisschrcgnpounds are
al so effectlﬁe |nd 1 gfegﬁgtér¥%‘the grow h of retroviruses in a solution.
Both human and ARFHER ¢ cul ures,~ suc as T-1 ynphocyt e cul tures,
are utilized for a variety of well knby
and di agnostic procedures 30 including

purposes, such as research
&'s and controls. Prior to

and during the grom h and storage ® ”a Se!l culture, the subject
compounds may benadded porbfifeddlls ol LUbe FRY 4HA e Pepresentligetive
concentration prevent the unexpect'ed or
radlcal of formula o o
Y \0 an O\//o
R oSN ~R S oSN o
N . 1§ N\ a1 N Re<
H R R~ or H

10 wherein Y represents O, S or NH; X represents a bond, O or
NR21;

R20 represents hydrogen, alkyl 6f 1l to 5 carbon atoms,
alkenyl of 2 to 5 carbon atoms, alkynyl of 2 to 5 carbon

15 atoms, aralkyl of 1 to 5 alkyl carbon atoms, hetercaralkyl
of 5 to 6 ring members and 1 to 5 alkyl carbon atoms,
heterocycloalkyl of 5 to 6 ring members and 1 to 5 alkyl
carbon atoms, aminoalkyl of 2 to 5 carbon atoms, N-mono-
substituted or N,N-disubstituted aminoalkyl of 2 to 5§

20 alkyl carbon atoms wherein said substituents are radicals
of alkyl of 1 to 3 carbon atoms, aralkyl of 1 to 3 alkyl
carbon atoms radicals, carboxyalkyl of 1 to 5 carbon
atoms, alkoxycarbonylalkyl of 1 to 5 alkyl carbon atoms,
cvanoalkyl of 1 to 5 carbon atoms or hydroxyalkyl of 2 to

25 5 carbon atoms;

R2l represents hydrogen radical or alkyl radical of 1 to 3

carbon atoms; or the radical of formula -NR20R21

represents a 5 to 6 ring member heterocyclo radical; and
30

R22 represents alkyl radical of 1 to 3 carbon atoms or

R20R21N-alkyl radical of 1 to 3 alkyl carbon atoms; and



E%/ 2il.llﬁndesi red replication of _a retrovi Lus_.Lh.a.tPETrrﬁi;Jsgq/'!Imﬁmu “I" IlIII “ |!I|

i nadvertently, unknowi ngly or know ngly be present in the el " 3
culture. The virus may be present originally in the cell culture, for
exanpl e H wn to be present in 5 human T-1| ynphoc efore
it is detegpgﬁpéa@n bl ood, or through exposure to théRSﬁFﬁg&g$ﬁis use
of the subj ect conpounds prevents the unknowi ng or i nadvertent
exposure of a potentially lethal retrovipyg to a researcher or
clinician. 10 Compounds of the present invention can
possess ONRSOreFRE8eAtY HRT 4116y L ¥hBkaA @F5 1280 caFBoh hwoﬁ,pa?' .

e formo

of existing int formof..optical,isoners as well as 1n ,

racemic or nonr 3@2‘;%“3&&9%??& ?ﬁe%'e%fqarﬁ?é‘ atgms,,fi k¥R skl &f pe

obt ai ned by res@-5t cemboh atems or amdersubstiitutedsaikebrradirdlo of 1-5
conventional prQeeessaSatbRs. exanple by formation of diastereoisoneric
salts by treatment with an optically active acid or base.

Exanpl es of gppropriate acids are tartaric, 20 diacetyltartaric,

di benzoyl tartaric, ditol Goppouendavf cClaim landrcanpharmatéericalagi d and then
separation of t ré\‘?:c_et;;tas.bfﬂa»xE!si'iu?, rSHAR} Qﬁe@s%%@iﬁepﬁoff yﬁl%é:i‘é:!rfq} ' on

fol |l oned béﬁ%; eratloT of t'he optically active bases fromthese

salts. A differ &fPY5FEBESsfor separation of optical 25 isomers involves

the use of a chiral chromatography colum optinmally chosen to
maxi m ze thepsepanabreBefst Peor 2, €enantiomers. Still another available
nmet hod i nvol ves syntﬁesis of ‘ coval ent di ast ereoi someric nol ecul es by

reacti ng conpounds of Fornmula | with an optically pure 30 acid in an
activated form &1 axepepsenss|py@rsgen radidalgCuarRgleradiheas)yst hes zed

Chr omat ogr aphy, Saroon Seons | SFFBAE ST BY B0y CRFbel oAt on, “and

chr omat ogr aphy, Still Crys I"zat'i on~or

t hen hydr GNYBYL: 528ieal Pt 133 Gprharomspmearadigate eonpound. 35
The optical 1§ actianemeenpdynds of Fornmula | can |ikew se be obt ai ned
by utilizing optically active starting materials. These isoners may be
inthe formof a.free acid, a free base, an ester or a salt.

R2 represents radicals of alkyl of 3-5 carbon atoms,

arylmethyl, alkylthioalkyl of 1-3 alkyl carbon atoms,

arylthiomethyl or cyéloalkylmethyl of 5-6 ring member
20 carbon atoms radicals;

R3 represents alkyl of 1-5 carbon atoms, cycloalkylmethyl
of 3-6 ring members, cyclohexyl or cycloheptyl radicals:

25 R4 represents 2-amino-benzothiazol-5-yl, 2-amino-
benzothiazol-6-yl, benzothiazol-5-yl, benzothiazol-6-y1,
benzoxazol-5-yl, 2,3-dihydrobenzofuran-5-yl, benzofuran-
5-y1, 1,3-benzodioxol-5-yl or 1,4-benzodioxan-6-yl
radicals; or a radical of the formula

~,~QA>< RG
30 E R

wherein A and B each represent O; R® represents
‘deuterium, methyl, ethyl, propyl, isopropyl or fluoro
radicals; and R? represents hydrogen, deuterium, methyl
or fluoro radicals; or a radical of the formula



Vl\gﬁf?_/_zfllw ____Ih.&conpound.s_.oi_-t.he;p:-as-enl_ |P S\T{agf?iunm M““ “lll “ |“| .

used in the formof salts derived frominorganic or ‘organi ¢ aci ds.
These salts include but are not limted 5 to the follow ng: acetate,
adi pat e, aWRﬁﬁﬁs citrate; aspartate, benzoate, benppfgpsshesat e,
bi sul f at e, utyrate, canphorate, canphorsulfonate, digluconate,

cycl opent anepr opi onat e, dodecyl sul fate, ethanesul fonate,
gl ucohept anoat e, gl ycerophosphate, hem sy ate, 10 heptanoate, hexanoate,
fumarate, hydrochl oride, hydr obr om de, hydr oi odi de,

2- hydr oxy- et hanesul f onat e, | actqt malgeat e, net hanesul f onat e,
ni coti nat e, 2- napht hal enesul fona’@l g9 pal npate, pectinate,

persul fate, 3-phenyl propionate, picrat ate, 15 propionate,
suecinate, tartrate, thiocyanate, tosylate, nmesyl at e and undecanoat e.
Al so, the basi cwheteimeh-representst @i nSnor NMluEnEC R bephesemrsiazed with

such agents as o) ahalides, such as nethyl, ethyl, propyl, and
butyl chlori de, r%r%)rr%%\gg xﬁbﬁl odi des; cmll @ kyl sulfatesq | i ke di net hyl,

di ethyl, dibutyl, and dianyg sulfates, N kRong chai n Y4l i des such as

decyl, lauryl, nyristyl*a R- sté‘qry gt ori des, **b s and i odi des,

ar al kyl hal i des ik be}F‘lzyI and lbhenet\hnli Q;Iom dgs, and ot hers V\at er .
oi | - sol ubl e or_ di spersi bl'e_products _are thereby obt Z}ageg

Exarrpl es of Aci YEEHFIR Y FEPI5E S| Byed 05 Wor repreﬁﬁgF B 'alq

accept abl e aci dNBefdi ti on salts include such inorganic acids as

hydrochloric acid, sulphuric acid and phosphoric acid and such organic

aci ds as oxal i CRZGer%@s@ntgah?aﬁoééhdaﬁéﬂﬂ“di' q 86l § a8ebén tdidmsaci d. -
O her exanBI es. i hcl ude Its W FrYfl kali metal s o aI kalin

carth metals, SHORPEL? 50235 PRy cSrEhRmanems. hetgrdmeelontkyl wi ¢ n
organi c basks. o£35 to 6 rmg me‘ﬁtbtea‘ls dndl ¥ dosk aldyilnicatrboadatoms, hast in

single or di vi dROnIRSCSuBBY; it dd) &”ﬁ“ﬁtélsﬁﬂétm %mmoalkyir&fnzo Pl to

ggnggérglgggyngg ggt dal“éﬁgﬂd nDre Z%glnysald sué%é%%ugnt% gge alkape uni t

radicals of 1 to 3 carbon atoms; and

15 R?! represents hydrogen or methyl radicals; or the radical
of formula -NR20R2! represents pyrrolidinyl, piperidinyl,
piperazinyl, 4-methylpiperazinyl, 4-benzylpiperazinyl,
morpholinyl or thiamorpholinyl radicals; and

20 R22 represents alkyl radical of 1 to 3 carbon atoms; and

RS represents an alkyl radical of 1-5 carbon atoms,

alkenyl radical of 3-4 carbon atoms, alkynyl radical of

3-4 carbon atoms or aryl substituted alkyl radical of 1-4
25 carbon atoms.

3. Compound of Claim 2, or a pharmaceutically
acceptable salt, prodrug or ester thereof, wherein

- 30 Rl represents hydrogen, methyl, ethyl or cyanomethyl
radicals;

R2 represents isobutyl, n-butyl, CH3SCH2CH2-,
phenylthiomethyl, (2-naphthylthio)methyl, benzyl, 4-



\1/1!5)_996/ 28412m)unt s of subnultiples_thereof to make uﬁﬁgsggi ﬂﬂmmllluuum ” l"l
The amount of active ingredient that may be 5 conbined wi t'h fhetcdfriser *

materials to produce a single dosage formw || vary dependi ng upon the

host treat the particular node of adm nistrati
The dosagesgggﬂﬁgﬁ for treating a disease 10 ‘condition aﬁ?ﬁwrwgﬂ?bnpounds

and/ or conpositions of this. invention is selected in accordance with a
variety of factors, including the t , age, weight, sex, diet and
medi cal condition of the patient, the severity of the di sease, the

route of adp}niﬁé£§§§§5h3ﬂ¥FMégy@qknggybroﬁgphgﬁyﬁﬁégﬂyﬂj qn?_fuch ?s Lhe
activity, effic ar oki net i nd toxi.co] ogy. prqfiles of the
particurar gg%ﬂﬁﬁRHﬁPi}Wﬁéﬁﬁ;jPIWHXFﬁ8$e§Y£HWﬁ§“GLI' X %§ysten1is
utilized and whether the conpound is adm nistered as part of a drug
conbi nation. Thys, x %M%ﬂ@l@&s@ﬁk&ﬂ'ﬁo@&yﬁ”ﬁ%&%ﬁq may vary

wi dely and t?erefoiethy deviatefro t he Ereferre osage regi nen set
forth above.® CYclohexyl, cyciﬂi@p(;gg'poﬁ}{a;oggn Yeersde R i nvention may be -
adm ni st ered or artioheer bmetdndl Inadilglisnhahdti on spray, 25 rectally, or

topically in dosage unit formnul ations cont ai ni ng conventional nontoxic
pharnaceuticallé4 acceptabl e carriers, adjuvants, and vehicles as
desi r ed. TBBi ESPresrRt Rengathiaggy -Ar¥d. | PRRAU AR lneyds

transder mal adnbenséxatobib-RICh 23S -diagadebento Paties-yl, b¥zofuran-
| ont ophor esi@ gyl esy , 3 i HIBRALBLE! 25 AScHELN 3~ ped b L) NEL udes
subcut aneous |nk$ct|onﬁa_|ntravenous, _intr scul ar, intrasternal
injection, or iXfusfoh-dimethplednidgheazodigxol-5-y1, 2,2-digdeusesptré, 3-
preparations, fbengadigpkal-S4er, 128 2-diflubpecl abtSerfbtHiVID 105 -9l eggi nous

suspensi ons ”aylpg—benzoéfgigﬂ3§4y1 3550¢dh 09 ép érg%&%FQquggg using

sui tabl e dispersing or wetti'ng agéents and suspendi ng s. The
sterile injectabPEBt@paration may also be a sterile

\~ z
et
15 N

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

Q 0
JYL 20 e S R 4
oo . R 3 e N ‘s, e
N“X NN, N7 R™
H R R~ or H

wherein Y represents G, S or NH; X represents a bond, O or
20 NR21;

R20 represents.hydrogen, methyl, ethyl, propyl,
isopropyl, isobutyl, benzyl, 2-{l-pyrrolidinyl)ethyl, 2-
(l1-piperidinyl)ethyl, 2-(l-piperazinyl)ethyl, 2-(4-

25 methylpiperazin-l-yl)ethyl, 2-(l-morpholinyl)ethyl, 2-(i-
thiamorpholinyl)ethyl or 2-(N,N-dimethylamino)ethyl
radicals;

R2l represents a hydrogen radical; and
30

R22 represents methyl radical; and

RS represents an alkyl radical of 1-5 carbon atoms or
phenyl substituted alkyl radical of 2-4 carbon atoms.



Y\gﬂ 0o/ 284 1? nj-ectable-selut+on OF—-S-H-S-B-G-H-S-I—G'H—I-H—&-H-GE'[C-CI)Z( |U(? HlII“i m&'u,ll\"llj M,I,Ily —_—
accept abl e diluent or solvent, for exanple, as a solution in

1, 3-but anedi ol . Anong t he accept abl e vehi cl es and sol vents that may be
enpl oyed argg {8 S Ringer's solution; and isotonic sodp¢Hiusdbbsue: de

sol ution. n addition, sterile, fixed oils are conventionally

enpl oyed as a solvent or suspending nedium For this pur pose any bl and
fixed oil may be enpl oyed including igmt heti ¢ nono- or diglycerides.
In addition, fatty 10 acids such as oleic acid find use in the preparation
of i nj ect abl es. Suppositories for rectal

admi ni stration of the, conflolfaCaR EfalhePH L RhatkibBdei8e1dfug Wth a
suitable 15 nonirritating exclpi ent such as cocoOa but

er and .
pol4et hyl ene gl YVROFPLARIE SBLE - SBFPATUY oF Ry © ere°%enﬁ§?5fiﬁes but
liquid at the rectal tenperature and will therefore nelt in the rectum
and rel ease tde 1 e dﬁ%gﬁ%lform; for oral
admi ni stration rrlg{/ulgepre?s%r%lsug‘eet%psﬁ S% flab ets, Si'l | s, powders, and
granul es. In such solid dosage forms, the active conpound may be
adm xed with at R2asépreserntisebendi’ledt f bustoersimeakel or | actose or
starch. Such dos I ise, 25 as in normal practice,
addi ti onal subst C%%QO hggﬁ%xgnggdggg?%ért diluents, e.g., lubricating
agents such as magnesi um stearate. In the case of capsules, tablets,
and pills, tite dréagepieyermsmienabshiassD+5-86 bidneiithgazol-6agENtE, 3~
Tabl ets and pill g fodAddldARAL. %08 PRERALALLA2S M, B SOhER) Sa Rl NOS:
Li qui d dosage forns. for oral-adm nistfation na i'ncl ude
pharnaceuticalIyséﬁ%emﬁ?ﬂﬁﬁ?ﬂéﬁﬁh§TBﬁ§?°§t@¥R1T§%¥1' 2,2-dimpehgl ohs - syrups,
and elixirs contbenzodioxtr15-y35 202k aeaést &5 D3 -benzodibRol i8-y@rf, such
as vater. Such p »_afPIRASIY|,30BeHBSaPbROL SO 3S 2BEHYBR! Sxat el 25

wettin
g 15 2-(methoxycarbonylamino)benzothiazol-6-yl or 2-
{(methoxycarbonylamino}benzimidazol-5-yl radicals; and

RS represents methyl, ethyl, propyl, isopropyl or 2-
phenylethyl radicals.
20
5. Compound of Claim 1 which is

N-[2R-hydroxy-3-{ (2-methylpropyl) [ (1,3-benzodioxol-5-
yvl)sulfonyl]lamino] ~1S- {phenylmethyl)propyl]-2S-methyl-3-
25 (methylsulfonyl)propanamide;

N—[ZR-nydroxy-3-[{2~methylpropyl)[(1,4-benzodioxan-6—
vl)sulfonyllamino] -1S- iphenylmethyl)propyl) -2S-methyl-3-
{methylsulfonyl)propanamide;
30
-~ N-[2R~-hydroxy-3-[ (2-methylpropyl) [ (benzothiazol-6-
' v1l)sulfonyl)]amino] -1S- (phenylmethyl)propyl]-2S-methyl-3-
{methylsulfonyl)propanamide;

35 N-[2R-hydroxy-3-[(2-methylpropyl) [ {benzothiazol-5-
vl)sulfonyl]amino}-1S- (phenylmethyl)propyl]-2S-methyl-3-
(methylsulfonyl)propanamide; ar
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161 Wi | e the conpolinds df t'he®inVenti

adm ni stered as the sol e active pharnaceutical agent, t hey can
al so be us ' ination with one or nore iwﬂ%tors,
antiviral gg%%?g&@?bother antiinfective 5 agents. or exaﬁple,

t he conpounds of the invention can - be administered in

conbi nation with AZT, DDI, DDC or with 1¢gg gl ucosi dase inhibitors,
such as N-butyl-1- deoxynojirimycin or prodrugs thereof, for the
prophyl axi s and/ or treatnent of AIDS. Wen adm nistered as a

10 conbi nati ong_tibe_ uf i gl f lated, a _
separ at e conpos?%#ggshgﬁ%gﬁﬁgéefg?ven tféﬁégggéﬁg£P?n%i%xdréhenzofuran
different tines?> ¥t)EREIPAE} IRIACL-Teirhenydmebby §) peepyl] -2S-methyds a

si ngl e conposi t i3eMmethylsul ol Sé¥ciidhkinide .
PCT/ US96/ 02682 162 WHAT IS CLAIMED I S:

1. Conpound Tepresented by the fornula: -
6. Composition comprising a compound of Claim 1 and

a pharmaceutically acceptable carrier.

7. Method of inhibiting a retroviral protease
10 comprising administering an effective amount of a
compound of Claim 1.

8. Method of treating a retroviral infection
comprising administering an effective amount of a
15 composition of Claim 6.

9. Method of preventing replication of a retrovirus
comprising administering an effective amount of a
compound of Claim 1. '

20
10. Method of preventing replication of a
retrovirus in vitro comprising administering an effective
amount of a compound of Claim 1.
25 11. Method of treating AIDS comprising

administering an effective amount of a composition of
Claim 6.

This Sheet Has Been Rerlaced
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[err] - or ‘a pharmaceutically acceptabl e salt - pr JdREBLACEMENTESHEET _

t hereof, wherein n and t each independently represent |0, " 4—ef~2 10 "+
Rlerr] represents hydrogen, alkyl of 1-5 carbon atons, of 2-5:
‘carbon atons, al kynyl of 2-5 carbon atons, : hydr o car pon’
atons, al koxyal kyl of 1-3 al kyl and 1-3 al koxy c§

cyanoal kyl of 1-3 15 al kyl carbon atons, -CH2CONH2, {CH2CH2CONH2,

- CH2S(0) 2NH2, - CH2SCH3, - CH2S(O) CH3 or -%}QS(C»ZC}B —T-ati-eahss ]

S A Skl A R

al kyl carbon™atons, a hi a
aryl t hi oal kylcompoungsabkyiedadr Bsnto intarmediatesyuvke&likyfinl kykhof 1-3

al kyl car bon g% aad 3- 6 ring nenber carbon atons; 25 R3
represents radicals of alkyl radical of 1-5 carbon atons, cycl oal kyl

of 5-8 ring nenbers or cycl oal kyl net hyl radi cal of 3-6 ring nenbers;
R4 represgnts benzo fuserttaTIED GHHIOR ' Attey QAR & or benzo fused
5 to 6 .ring nenber heterocyclo radicals, or a radical of the fornula
[err] WD 96/ 28418 . PCT/ US96/ 02682
163 wher ei n Amtddreacitd ndepe i ignegery dsarintQonS, therer is  S02;

o _Or

| | kyl of . 1-5 .at. , fl ,
Chior o 1t CHECV LR 7 TPRPYRERLs PR ARn Lok LbiRate FOIRE L A5 AP uor o

. or chloro radiccauwla:or a 5 radical of the fornmul a

10

: 0 R? o, 0
\Y/4 _
S\ /a N 1}1 R -
" ol 3
R OH R
0.
or a pharmaceutically acceptable salt, prodrug or ester
thereof, wherein n and t each independently represent 0,
15 1 or 2; preferably n represents 1 and t represents 1 or
2;

20
. Rl represents hydrogen,

alkyl of 1-5 carbon atoms, alkenyl of 2-5 carbon atomé;.
alkynyl of 2-5 carbon atoms, hydroxyalkyl of 1-3 carbon
atoms, alkoxyalkyl of 1-3 alkyl and 1-3 alkoxy carbon atoms,

25 cyanoalkyl of 1-3 alkyl carbon atoms, -CH2CONH2,
-CH2CH2CONH2, -CH2S(0) 2NH2, -CH2SCH3, -CH2S(0Q)CH3 or
-CH2S (0) 2CH3 radicals; - preferably, Rl represents
hvdrogen radical, alkyl radical of 1-3 carbon atoms, alkenyl
radical of 2-3 carbon atoms, alkynyl radical of 2-3 carbon

30 atoms or cyanomethyl radicals; even more preferably, Rl
represents hydrogen, methyl, ethyl or cyanomethyl radicals;
_yet'more preferably, Rl represents methyl or ethyl radicals;
and most preferably, Rl represents a methyl radical;

'AMENDED SHEET



T Eryspet wherein Z represents 0, S or NH, and RO

-

radi cal of forrmula [err] 10 wherein Y represen sRBHJSENFMN%PHﬂ' o
represents a bond, 0 or NR21; = R20 represemt §HydT ogesT; ‘fy of 11
to 5 carbon atons, al kenyl of 2 to 5 carbon atols, éx@*% B 5
carbon 15 atons, aralkyl of 1 to 5 alkyl carbon at¢ng, 4

of 5to 6 ring nenbers and 1 to 5 al kyl S5carbon atong, t— oalkyl

of 5to 6 ring nenbers and 1 to 5 al kyl car bon tonB am noal kyl pf 2
to 5 carbon atons, N-nono- substituted or N, N-di i rroal kyl
of 2 to 5 20 ,al kyl carbon atons wherein said substituents are radicals

of al kyl of to 3 carbon atoms, aralkyl of 1 to 3 alkyl carbon atons

radi cal s, carePR§IERYs pRAiCRDbS pEaban of latSomarkark oo, b@rzyall:klyilyl of 1
to 5 alkyl cggbpns aapﬁgl carbaaa@@&h%y'aﬂéyﬂcﬁl%aimw a0 stJhl%x
ts rogen

hydr oxyal kyl of 2 to 5 carbon atons; repr esen
radical & aFR§PORABFERF. ofrYlehicalkyl of Hors 6&16??{31* TR Ftpmisc AT of

formula - NR[ @pel&é@wlalkylr@@rﬁssenﬁk@l cdrhdh rd dund eider3 hetanpeycl o

radi cal; and 3 FQ% regresepts al k adi.cal of to 3 carbon atons or

R[err]R[err]NFﬁP?§lc?5 PRaPtOPS1 FIFR éﬁr%E%XKNFEHQﬁRFeéﬁRFS VO

96/ 28418 radicals of alkyl of 3-5 carbon &Xons/SOHGHOIRGSIny], : '

164 alkylthiocalkyl of 1-3 alkyl carbon atoms, arylthiomethyl

10 or cycloalkylmethvl of 5-6 ring member carbon atoms
radicals; even more preferably, R2 represents isobutyl,
n-butyl, CH3SCH2CHz-, benzyl, phenylthiomethyl, (2-

" naphthylthio)methyl, 4-methoxy phenylmethyl, 4- '

hydroxyphenylmethyl, 4-fluorophenylmethyl or

15 cyclohexylmethyl radicals; even more preferably, R2
represents benzyl, 4-fluorophenylmethyl or

cyclohexylmethyl radicals; most'preferably, R2 reprasents
benzyl;

20
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;
more preferably, R3 represents propyl, isocamyl, isobutyl,
25 Dbutyl, cyclopentylmethyl, cyclohexylmethyl, cyclohexyizef
cycloheptyl radicals; more preferably R3 represents
isobutyl or cyclopentylmethyl radicals;

30 : R4 represents benzo fused S to 6 ring member

heteroaryl or benzo fused S to 6 ring member heterocyclo
radicals; or '

R4 represents a radlcal of the formula

) O UOxs



P

i?B-Zlﬂeqj?.esents an al kyl radi cal of 1-5 carbon atons,: REPbAG{MENT smm'c'l of
2-5 carbon atons, al kynyl radical of 2-5 carboen’ atUHb TOTT a{yl - e mees
substituted al kyl radical of 1-5 carbon atons.: |5 9 \ ‘péz EEEE

Conpound of Claim 1, or a pharnmaceutically - accegt b1@ S'QN[? odir ¢ig: ors
car bon a ons,

ester thereof, wherein n represents 1, 10 t rfe
Rl err] represents hydrogen radical, alkgl radical of
al kenyl radical of 2-3 carbon atonB al kynyl radi '

atons radi caﬁksemln % a:r;chrmrﬁdiylmdenended%z.yr Catjesnzi: o issnl rCB.dlsx;aISS) ok al kyl
of 3-5 carbay (q?% - r ga h bk ylg,0f 1-3 al kyl carbon
at ons, ar?ylt o:rTeeta}lnD ya ¥\ )Q IeI?'%rl Pe%@e% IES 6 ri ng nenber 20
carbon atons radicals; RS represents aIkyI of 1-5 carbon atons,
cycl oal kyl iyl s Jf A GndTe Y ¢l iaagﬂ l.ohept yl

radi cal s; R ? reersr rse resents. 2-a ?(? l?gnglo?'hl azolr%:g»i %)éclsz am no-
benzot hi ézoloﬁe%@*‘albbwzd’e ,r@g;[.sg.rgns deartAgtinimaz i ke ly|of s carbon

benzoxazol - 53¢/dms 2. &@éfwcthot@{uzﬁ&rﬁ&ﬁcans %F@fwé)ﬁérablv &yl
1, 3- benzodi oxol - 5-yl or 1, benzodloxan- ra dicals; or a radlcal of
'B‘éaaﬂ-

the fornmul a T3RFRJEntSs deutartEtn Betme Rt ORIy or
represents flucgeut£dicals pethyl, ethyl, propyl, |sopropyl or fluoro

radi cal s; and R7 represents hydrogen, deuteriun1 met hyl or fluoro
radi cal s; or a radical of the fornula
10 -
7

R’ represents hydrogen, deuterium, methyl,
fluoro or chloro radicals;
'orererabiv, R7 represents hydrogen, deutarium, methyl or
fluoro radicals; or R® and R7 each independently represent-
1S fluoro or chloro radicals; and preferably, R® and R7 each
represent a fluoro radical; or

R4 represents a radical of the formula

~

hS Z
RO

20 wherein Z represents O S or NH; and R? represents a
.radical of formula

Q 0
v Y 20 AL
. 20 e S R -, _S
R N7 TN N7 TN g22
H ,° R o H
wherein Y represents O, S or NH; X represents a bond, O or
NR21;
25 R20 represents hydrogen, alkyl of 1 to §

carpon atoms, alkenyl of 2 to 5 carbon atoms, alkynyl of 2
Eo'S carbon atoms, aralkyl of 1 to S alkyl carbon atoms,

#



A

WosfYda1s PCT/ US96/ DZAGEMENT SHEET
165 [err] wherein Z represents 0, S or NH, -and{R9 PepresentEL : E
radical of formula [err] 5 wherein Y represents:0, Estﬂ'MﬂR‘Kp7re esent §
*a-bond, 0 or NR[ err]; R20 represents hydropep, "al Kyl of 1 ko 5" 7
carbon atons, phenylalkyl of 1 to 3 al kyl carboh atons, ]
héterocycloalkyl 10 of 5to 6 ring nenmbérs and 1 tle—3.alkyl carbon dtons,

N- nono- substituted or N, N-di substituted am noal kyl of 2 to 3

al kyl carbon BREFECIFRME %%u% LRIbs 17 il ambaks A1 to F adilgd s of 1 to
3 carbon at ongirwew até@s Ré’écéwaémamcmwrt&rs rﬁﬁwlmén&sar%ala%d or
err
198

t he radical of fo err] _repr ts. p rroI I n
254 i b .

pi peri di nyl, 1t p?
nmor phol i nyl oat¢@manm*m®w¢+mwbsmaumnadsorENmN diﬁhbéﬁ&tumgueammﬁual

1%6 carbo aighss €6 SCRRBHE Bt rops et 0L CEAN Sl iy CaLaf’f

of 3-4 car@@hcalsmfoalkw%0§ubst¢t31t©%lrm1kyat¢m$h owaldfyll-oﬁf 25tocar bon
at ons. ) 1 ERPBOHNS: Ohs G281 2 td |
accept abl e salt l%?o drug or ester fhereo s? %?% Qﬁﬁgg %ﬁgf} represents

hydr ogen, met YFDORt AYPISr BfkpwvieerpenylalkyhdeEalsto S alkyRramlemesent s
i sobutyl, n-bytyhs, ERSEEROE1 of 1 to S carbon atoms or hydroxyalkyl

10 of 2 to 5 carbon atoms; preferably, R20 represents
hydrogen, alkyl of 1 to S carbon atoms, phenylalkyl of 1
to 3 alkyl carbon atoms, heterocycloalkyl of 5 to 6 ring

" members and 1 to 3 alkyl carbon atems, or N-mono- '
substituted or N,N-disubstituted aminoalkyl of 2 to 3

15 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-
piperidinyl)ethyl, 2-(l-piperazinyl)ethyl, 2-(4-

20 methylpiperazin-l-yl)ethyl, 2-(l-morpholinyl)ethyl, 2-(1-
thiamorpholinyl) ethyl or 2-(N,N-dimethylamino)ethyl
radicals;

r21
25 represents hydrogen radical or alkyl radical of 1 to‘3'r.
carbon atoms; more preferably, R2?l represents hydrogen or
methyl radicals; and most preferably, R2?l represents a
hydrogen radical; or

30
| the radical of formula -NR20R21
represents a 5 to 6 ring member heterocyclo radical; more
preferably, the radical of fdrmula -NR20R21 represents
pyrrolidinyl, piperidinyl, piperazinyl, 4-
35 methylpiperazinyl, 4-benzylpiperazinyl, morpholinyl or
thiamorpholinyl radicals; and



’phéﬁyﬁVhionethyl, (2-naphthy|thio)nethy|, benzyl, 4 WO-56~28418

PCT/ US96/ 02682 166 - REIMQBM!}NE&LEEEE hyl;,
.4- hydr oxyphenyl nmet hyl , 4- fl uorophenyl net hyl® or jc c\Q _‘ "
‘radi cal s; R3 represents propyl, isoanyl, |sobwt ' lﬂ

cycl ohexyl, cycl oheptyl, cyclopentyl nethyl or crclohexy nep%

radi cal s; and R4 represents benzotéhi azol - 5-yl ,
benzoxazol -5-yl, 2, 3-di hydrobenzof uran-5-yl, benzofg§ran- 10 5-yl,

1, 3- benzodi oxol -5-yl, 2- nethyl 1 3- benzodloxol 5- VAR

2, 2-di met hyl - 1, 3- benzodi 2- tero-do nzo |ox I-5 yl,
2,2-dif|uoro-1,3-benzod|geé g ?ss?ts Qiﬁfg %%n% |oxaﬁl§Y§ TR &Fé or
a radical of whiesrein dhhmhﬂu; pemp]3 carbomhetems; Zandpresenpseﬁer&bhy,NH;
and R9 represgnt di 0 yl rg] Lo, Y,
represents 0%@& §Fﬁﬁﬁ?eﬁege%§ggén%§&géggHgF 5 %§ %Oc%ﬁ$%¥Tf§8ﬁ§, an?&o
represent8 hydrogen, methyl, ethyl, propyl, | sopropyl, isobutyl,

benzyl, 2-(1-gped&tdihi 3ﬁ®‘¥éﬁﬁeséﬁts ben&%tﬁhﬁ%%ﬂdsﬂyh)ebﬁﬁ&othlazol-
2-(1- plpera2|nylgeth I 25 et hyl pi perazi n-1-yl

2- (1- nor phol |§1;M 'et%qul@‘( nzo‘:hltarﬂoé-nér Bhol 2yme cg;%onylamlno)
2- (N, N- di net hydedoaio)idH5-y1, radinddcsbenzothiazol-6-yl, 2-

(methoxycarbonylamino) benzothiazol-6-yl, 5-benzdxazolyl,
10 6-benzoxazolyl, 6-benzopyranyl, 3,4-dihydrobenzopyran-6-
yl, 7-benzopyranyl, 3,4-dihydrobenzopyran-7-yl, 2,3-
dihyvdrobenzofuran-5-yl, benzofuran-5S-vl, 1,3-benzodioxol-
T 5-v1, 24methyl—l,3-benzodioxol—5-yl} 2,2-dimethyl-1,3-
benzodioxol-S-yl, 2,2-dideutero-1,3-benzodioxol-5-y1,
15 2,2-difluoro-1,3-benzodioxcl-5-vl, 114Fbenzodioxan—6—yl,

S-benzimidazolyl, 2-(methoxycarbonylamino)benzimidazol-S-
vl, 6-quinolinyl, 7-quinolinyl, 6-isoquinolinyl or 7-
isoquinolinyl radicals; more preferably, R4 represents
benzothiazol-5-yl, benzothiazol-6-yl, benzoxazol-5-vl,

20 2,3-dihydrobenzofuran-S-yl, benzofuran-5-yl, 1,3-
benzodioxol-5-yl, 2-methyl-l1,3-benzodioxol-5-yl, 2,2-
dimethyl-1,3-benzodioxol-5-yl, 2,2-dideutero-1,3-
benzodioxol-5-y1l, 2,2-difluoro-1,3-benzodioxol-S-yl, 1,4-
benzodioxan-6-yl, 2-(methoxycarbonylamino) benzothlazol-

25 S-yl, 2-{methoxycarbonylamino)benzothiazol-6-yl or 2-
(methoxycarbonylamino)benzimidazol-5-y1l radicals; and
most preferably, R4 represents benzothiazol-5-vyl,
benzothiazol-6-yl, 2,3-dihydrobenzofuran-5-yl,
benzofuran-5-yl, 1,3-benzodioxol-S5-yl, 2-methyl-1,3-

30 Dbenzodioxol-5-yl, 2,2-dimethyl-1l,3-benzodioxol-5-v1, 2,2-
dideutero-1,3-benzodioxol-S-yl, 2,2-difluoro-1,3-
benzodioxol-S-yl, 1,4-benzodioxan-6-yl, 2-
(methoxycarbonylamino)}benzothiazol-6-yl or 2-

(methoxycarbonylamino) benzimidazol-5S~yl radicals; and
35

RS represents an alkyl radical of



"-R21 represents'a Hydrogen radi cal ; and 30 'R22 represents.methyl

radi cal ; and R5 represents: an- al’kyl radical of 1:5; carbon atons or; T
. phenyl substituted al kyl radical ‘of 244 carbon at oirs. .ﬂ,;w Wﬂ 96/2841&
" PCT/ US96/ 02682 ) 167 '

Conpound of CIaMMthQnteﬁqﬂﬁhﬁﬂnﬁiﬁh&ﬁﬂﬂ#@n: it a@c@sﬂabwedsaha; pnedrug or
ester ther eplsn REH the art @aﬁ[ Tt %?Fenlﬁ'e%tﬂlﬁb £1 es.—@}sh&ﬁd' cal s;
enzy ophen Re

R2 represents fluor y . .cyclo Bﬁ
radi cal s; utmk¥23{ﬁﬂﬁjpnaﬁﬁﬂ§sé¥ﬁ%€q&aﬂﬂoﬁﬁ1&Eélfgl}PSCbéﬁiéﬂﬁlaz €6-vyl,

2, 3- vpitwq; edi@?l@féﬂib@&lﬁre\‘ﬂts ;hr% benseairexa!l -
S5-yl, 2- nethyl enzod oon

di met hyl -
benzodi 8xol %38 constry lﬁser“@r béﬁi‘é&l Vyet': P & not

2, 2-di f | uor pidi Sathere ol et x&mdln&eﬂdﬁemmlwswlo&uﬁe inl%3ny way

2- (et hoxy @mgoqglan1no)benzothlazol 6-yl or 2- ‘

( met hoxycar )ben2|n1dazol 5-yl radicals; and R5 represents
nmet hyl , ethyl, propyl i sopropyl or 2- phenyl et hyl radicals. 20

5. Conpound Of QLfin}éadgﬁégr&éfe used as received without
10 purification. All proton and carbon NMR spectra were
obtained on either a Varian VXR-300 or VXR-400 nuclear
magnetic resonance spectrometer.

The following Examples illustrate the preparation of
15 inhibitor compounds of the present invention and
intermediates (examples 1-26A, 28, 29-46, 48,
54-58, 61, table 2) useful in preparing the
inhibitor compounds of the present invention.

EXAMPLE 1 REPLACEMENT € - !

& ' 19 MAR 199/
N{@
OH

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

Step 1:

A solution of L-phenylalanine (50.0 g, 0.302 mol),
sodium hydroxidé (24.2 g, 0.605 mol) and potassium
carbonate (83.6 g, 0.605 mol) in water (500 mL) was
heaced to 97°C. Benzyl bromide (108.5 mL, 0.605 mol) was



, 3- benzodi oxol - 5-
propyl]-2S-methyl -3- 25: " 1 .0
N-[ 2R-hydroxy-3-[(2- mmet hyl p]’opyl)[(l .

N 288943 dr oxy- 3- [ (2- net hyl propyl) [
yl ) sul fonyl ] am no] -1 S- (phenyl net hy
{ et hyl sul f onyl ) pr opanam de;

4- benzodi oxan- 6-

yl ) sul fonyl ] am no] - 1S (phenyl nmet hyl )prggxl ] - 2S- net hyl - 3-

(‘met hyl sul f onyl ) propanam de; 30

N-[ 2R hydr oxy- 3- [ (2- met jyil ) hi gz

yl)sul fonyl ] am no] - 1S- (p el%y%?ryeét hc%/ pr ogj{?l ]O%Zgi'1e ﬁven ion can be
(et hyl sul f onfmipisparsd @s; the gole active pharmaceut:.cal agent,

N-[ 2R- hydr oxyngsd Q%nn'%t.l.@él RicORlel] ﬁﬁeﬁéﬂbﬁlhééi?bn%lth one or more

(1
1)

o oA s 2 L vi2atPhoknes” B8 Bhes anciintective
168 5 NalgeRtay.dr eey- féx[a(rrﬁu—l@t h;ynlepra:ampbmn{iéZOB ‘dhby fhobrbzoh U 80-

3 (et hyl Ul i &ﬁ#ﬁ%ﬁiﬁ%ﬁ@% DLosRiSR\A g R2E HRE, (PBS BBH TR ng a

conmpound of @laicush dased :.nhlbza:q:tfsa,r rmimuialscul-bytgieépt able carrier.

7. Use of a ¢ ar, me apent tin
a retroviral %ﬁ@&é&?l@:{?ﬁn ojr Q:ro% Ugé@% g cgbgogﬁg 8?8@% %forg
preparing a ragzdi/mnmxtea‘tmentrexﬁmi@sa Wheny eﬂm&nﬂ-sabrﬁdf ast 2on.

9. Use of 2 comay U 1Qin O dN ch drpdiitaRAT 'g@ate Eaﬁ' B@”%Bhnﬁ@ét@&eé@”t' ng

15 repllcatl a retrovirus preventi ng
replication CfeRA%aRg GATRRSHH.ang r"é“&;’rr@resigﬁge&dﬁ“icnfc%eﬁﬁﬁ‘& time @

ef fective amuitrfert: COMAINGHOTcHd aiH8rhpeutic agents can be given
. as a single composition.
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N- [2R~-hydroxy-3-[(2-methylpropyl) ((2,3-dihydrobenzofuran-
S-yl)sulfonyl]amino] -1S-(phenylmethyl)propyl] -2S-methyl-
3-(methylsulfonyl)propanamide. '

|

s o i
5 6. Composition comprising a compound of Claim 1 and |
a pharmaceutically acceptable carrier. ' !

7. Use of a compound of Claim 1 for preparing a medicament for inhibiting
a retroviral protease.
10

8. Use of a compound of Claim 6 for preparing a medicament for treating a
retroviral infection. '

9. Use of a compound of Claim 1 for preparing a medicament for preventing
15  replication of a retrovirus.

10. Method of preverit’ing replication of a retrovirus in vitro comprising administering
an effective amount of a compound of Claim 1. |

20 11. Use of a composition of Claim 6 for preparing a medicament for treating AIDS.
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