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TECHNI CAL FI ELD OF THE | NVENTI ON The present j i | ates to prodruéﬁb
of a 5 class of sulfonam des which are aspar“Wﬂ“@ﬂ@Nﬂwwﬂrinhibitors. I n one
enbodi nent, this invention relates to a novel rodrugs of HV
aspartyl protease inhibitors charadterized by faVé#%¥bl e aqueous sol ubility,
hi gh oral bioavailability and facile in vivo generation 10 of the active

| ngr edi ent 'SUEWO%AMfUﬁeﬂtkaAT%E%OAE quR%bﬁﬁest BF p@%ﬁﬁﬁe‘ﬂkbﬁﬂsscmhbwns
conprising these prodrugs. e prodrugs and pharnmaceuti cal conpositions of
this invention are particularly well suited for decreasing the pill burden
and increasing patient copphiaocge FINID TF iTHES NN @%m relates to

met hods of treating manmals wth these prodrugs and pharnmaceuti cal
conpositions. BACKGROUND OF THE | NVENTI ON Aspartyl protease inhibitors are
consi dered the nost eThécpresendr iavenfrigp ivelakes yhtpugdrugs HEVa20
infecti@n. These inhibitors. .however., .require ce i n_physi cochem ca
broper t Fes TRESRdRF POLEORAIESFo st ks Sefrel hESKSERe “Cre of
these propeifshebitsrBi.gh 1hy dnhepkadicd inentnfeisinbiedyt ibhi SePEOBES kY

results in poor aqueous solubility and | ow oral 25 bioavailability. United
St at es Pat edt ngV835c3gpsdedcpiriosrugscIdb I aspaninhi proeeapéunds that are

i nhi bitors of e.aspartyl _praotease, enzyne. These conpounds illustrate the
T LN SobBn bR BER, EhtraRt A0t A o IO SRR S pbg AL Y,
conpri si ng hyghophabi diaspanilvbinYeteased i fadd e t 08 SvivergexaspkeonVX- 478

(4-am no-N-((2-syn, 3S)-2-hydroxy-4phenyl -3((S)-tetrahydrofuran-3-yl-oxycarb
onyl anitfo) SILbhh@| 2aREEYEh dHEresderdnes THbhalm Ryt ien anl a8 pEel gk epr 6ease

i nhi bitor dj i \ y .
ol ubi 11ty PORTTECERE Pl cgibalilils  qomifiefhd ad pyonfit@guecus
"sol ution" Thenpratiragsi aneX pélareniceuticalbsagepad i 82eHT 8of nthhiss

invention are particularly well suited for decreasing the

pill burden and increasing patient compliance. This
15 invention also relates to methods of treating mammals

with these prodrugs and pharmaceutical compositions.

BACKGROUND OF THE INVENTION

Aspartyl protease inhibitors are considered the
most effective current drug in the fight against HIV
20 infection. These inhibitors, however, require certain
physicochemical properties in order to achieve good
potency against the enzyme. One of these properties is
high hydrophobicity. Unfortunately; this property
results in poor agqueous solubility and low oral
25 Dbioavailability.
United States Patent 5,585,397 describes a
class of sulfonamide compounds that are inhibitors of the

aspartyl protease enzyme. These compounds illustrate the
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10 formis severely limted by the amount of liquid present .n the
partic~:lar liquid dosage from e.g., encapsulated i:~to a soft gelatin
capsul e. A higher aqueous solubility would increase drug | oad ‘per ugig§ jyn 2002
dosage of VX-478. Currently, the solution fornulation o~ VX-Q78 15 produces
an upper limt of 150 nmg of VX-478 in each capsule. Gven a therapeutic
dose of 2400 ng/day of VX478, this fornulation would require a patient to
consune 16 capsul es per day. Such a high pill burden would likely result in
poor patie L La hus.pr edughog 2 - opt i 4@ eutic benefit
of the eré%a§8$@E$h?§ﬁCB?rF Bgrggnﬁb§gglgﬁﬁgﬁ%éﬁkﬁé§§ﬁ6€gf?ﬁ@%easing t he
amount of ¢depdf sitngdnydrspbrokdcpespday ytlo proisdd sntinkiiot ters dr afback e.
the pill aurde:~ ar~d the conconm tant patien~ conpl_ance prob_emis in the
treat ment ©faBPIEdr ¥R-438i AfzanéBonNsH (KN Y RS TRYEE OXYiet® "sol ut _on"

Sat urat Torb Ra bt 8] P ERbirESth: BpE S Y MBI E, o o

havi :: g theudyuanerysbatyli-peneeheeilFoindnier underavaaspast 30 st o=age

and/ or shipping ccnditions. This, in tu=n, weuld likely result ir. a |loss
cf sone ofPXPEcaFal iBhbREEPFaBiisFipsashileyvddian t1P Weafent. 212 Bas 200z WO
99/33815 __3 : 84 Q4595 f :qver.comngs 2 pLpblens is to
devel op aﬁ%tgﬁég§%6§§?igggo§§§§g§8?%¥l§%€%J§éFh 3@%1%?e§$eaéga%su|e or a
suspensi orbfoamei UsboLt agabél yhisudhhdpliigbdasage foohwtban® nuch | ower

oral bioavailabjlity 5 of the\dru%. Thus, there is a neeg to inprove t he
drug | oad He¥mun?El@BshgeeK6EMIEBL  adper AASaFOIRRsE T ARP brRoFBISSuUch an

| mpr oygd dPéfrge- Oggwg?ahg} &%Mggdgg@f g.irﬂejt a%&ﬂ@@.cgf‘dli ﬁ£§a§§eeaﬁ£¢nt

i
conpl i"ance. Wou SO~ provi he possibility o ncreasing the

amount s of i hehdrpgradotiest @iedigedodayyd Eromate emnt, SUBAPERY1EOFedHE

| NVENTI ON The present invention provides novel prodrugs of a class_ of

sul f onani dE ERnPpoEREE ERABLAPe CRRAMERLOr & 15 PICasPREYES pFoteaséltn
part i cul aryolly 23peELk BEALCBEy [Res e AROUdLsarsr chRaseri zed by
excel I ent aqueous solubility,” increased bioaval hability and are readily
met abol i zed i nto t heCactrienéliynhithiet eod utrion viorrifthka pieseaf VHvérsi on al so

provig s pharnmaceutical 20 c Qsitio conprising ﬂ se_prodyugs and

et hod? ofPXPRATS RoSH VPPRFeLtRon Pif Hafdis el W PEet pFatPugs and ¢ he

phar maceut d £3k, £OMPOGE LeANE theraSkurTRETH Y Q8 UBBo G angPEaYS8E gkane or in

conbi nation W th other therapeutic or prophylactic 25 agents, such as

anti - vi ral 478 anthbsof ormulatmonowodlldatre@iiore vaqed heentf bp chvstmeat nent

or 16 cepsules per day. Such a high pill burden would
likely result in poor patient compliance, thus producing

20 sub-optimal therapeutic benefit of the drug. The high
pill burden is also a deterrent to increasing the amount
cf the drug administered per day to a patient. Another
drawback ¢f the pill burden and the concomitant patient
compliance prob.lem is in the treatment of chilcren

25 infected with HIV.

Furthermore, these “soliution” formulzations,

wn

uch &s the mesvlate formulation, are at a saturation
solubility of VX-478. This creates the real potential of
having the drug crystailize out of solution under various
30 storage and/or shipping conditions. This, in turn, would
T e 1 4 S = = H -.l
likely resulit in a loss cf some of the ora

tiocavailability achieved with VX-478.



prophylaxis of viral infection. It is a principal object of this i nv?‘[]gi @E'Z
to provide a novel class of prodrugs of sulfonam de 30 conpounds lzhl%i
aspartyl protease inhibitors, and 2 ~ JUN 2002 WD 991 33815 _ 4 -
PCTJUS98I1 44595 particularly, HV aspartyl protease inhibitors. This novel
cl ass of wayddiasam des is represented by fornula I: DI H ACBUR0845p5C H N
SO2 ES51 721, (1) (X OR D wherein: Ais selected fromH, Ht; -R-Ht;
-R1-Cl1-C6 al kyl) which is optionally substituted with one or nore groups

i ndependent |y sel ect ednkr warthﬁr Xercemifig altewey prdbléms -{xHo - NR2- CO-N
(R2) 2 or -CON(R2) a; -R-C2-C6 alkenyl, which is optionally substituted
with one or W%Oar%u§§apﬁéé'§eﬁ@éﬁfil fosage: faF™r SHHAY ADF, t&alen aFkoxy,

, -0-Ht 1
[ ndependent?l\{"‘?é%@1 5%12 %0%1%88%%- ggé)f%ﬁv% %nf(?!g%rf\a%%% %écl:h- CC (0 -.
-GS (O 2iselzd AdéBage- forts2Rail) muchH loWed ©xl) bivd@ilabehttyHt is

| ndependent I ﬁEseI ected from cycl oal kyl ; CS-C~ cycloal kenyl ; C6-Co aryl ;
or a 5-7 @r8HUGat urat ed or unsat ur at ed het er ocycl e, cont ai ni ng one

or nore het er oat ons sg%lggt ed ek amiN 5 gfg?g J’ %grgi,neg(% rfbgdsal d

aryl or said heterocycle is optlonally erel n”any nenber
of said Ht peramibndbbrgeulistt fioed aspElrtedie pprotaase sifisibitenss 25

R L e o ol i ety
-R-, -S (O)aﬁ‘d@nchQEé’ pgtﬁ%tnc@gp’ﬁta@ﬁéeene@@%uld\' [\PJ:SO(rQeZ (RZ) ,
halo -CF3, - Q R )2; 30 each

R2is |1r®dep.‘émjenheypsesebnédtm om H;ncmeael@a]; mﬂqlamrpmmmf ytlseubérugut ed

wth Q a m:‘?rllJJl}Is QZédWB 99/d?é§r8%:osa_ p5at_1 P%T/ ~JS98/ 04595

SUMMARY OF THE INVENTION

The present invention provides novel prodrugs
of a class of sulfonamide compounds that are inhibitors
15 of aspartyl protease, in particular, HIV aspartyl
protease. These prodrugs are characterized by excellent
aqueous solubility, increased biocavailability and are
readily metabolized into the active inhibitors in vivo.
The present invention also provides pharmaceutical
20 compositions comprising these prodrugs and methods of
treating HIV infection in mammals using these prodrugs
and the pharmaceutical compositions thereof.
These prodrugs can be used alone or in
combination with other therapeutic or prophylactic
25 agents, such as anti-virals, antibiotics,
immunomodulators or vaccines, for the treatment or
prophylaxis of viral infection.
It is a principal object of this invention to
provide a novel class of prodrugs of sulfonamide

30 compounds that are aspartyl protease inhibitors, and



. B, when present, is -N(R-) -C(R3) z-C (O -; each x is independently O
or 1; each R3 is independently selected fromH, Ht, Cl-C6 al kyl, ZTA- N 2002
al kenyl, C3-C6 cycl oal kyl or C5-C6 5 cycl oal kenyl; wherein any nenber of
said R3, except H is optionally substituted with one or nore substituentse
sel ect edywg Bz, -C (O -NHR2, -S (0) n-N(R2) (R2) , HicTrsd¥/04588R2,
-CO2R2, NRZ-C (0) -R2; each n is independently 1 or 2; 10 G when present,
is selected fromH R or Cl1-C4 alkyl, or, when Gis C1-C4 alkyl, Gand R *
are bound t r ghth [ t I ; ﬁr | ¢ r to form
a heterocyc ?geglcﬁggk?)?'mﬁgg %%Pgrlril:gfti #@?&rﬁ% iq&g{.l,h?l en% i?\ﬂ%%)x is 15
0), then theonelrojenst ofwsudlfioGamidatst dshepredenmetl dy ebdimpula Ihe R
group on -OR; Dand D are independently selected from@ C6 al kyl, which
is optionally substituted th one or nore groups selected from C3-C6
cycloalkyl, -ORZ, -R3, 20 -|lO0Qor Q@ C2-Ca alkenyl, which is optionally
substituted with one or norle grélps sel ected from C3-C6 cycl oal kyl, OR2,
-R3, -OQ oA'Q,_@gGN:W 1RyIC— G T Nopri$RartE substituted with or
fused to Q@ or CS (1yclo kenyl ) xh i optionally substituted with or
fused t@ Q 25 each ?'s i ndependently sellcted froma 3-{nenbered
saturated, partially Kxur at ed unsat urated carbocyclic ring system or a
5-7 nenber e¥h8EELRat ed, partially saturated or unsaturated heterocyclic
ring containing one o Gq@r Loa | edfirgm O_ N, ~S, ~30 S(0)n or
N(R2); wherein Qis o%tggngF?;g/Egﬁgst%lg%zg \?\'A&E'h cl){neﬁg:’ oY ecbr%‘Ups sel ect ed
fromoxo, -&RRyl; Réhich (B2ppzionbllRY) suBs@itufad wWitiOkne @t mék¥RZ, 2
4 JUN 2~2 WD 99/33815 - 6 - PCT/ US98/ 04595 -C (0).-N (RZ) 2, halo or -CF3;
E is sel ect38O¥PSnipEergriently. pelected fray RARG®), ;CicfacBLEPRY!, which
is opthenal SuBStskt ut gdz Wwhi b 0 -0 | s.selected fromR or H;
CZ- C6 %%al kﬂé%'l ,8V\ﬁlt('3h ?g ;%?W)giglqlzygszﬂgsct%i ?{J@QZZWW one or nore groups
sel ected froeRTRL-a% &ilkefglCowhdthr dbedptadanadyigt esubstiduted opitional |y

substituted with one or nore groups selected fromR4 or H; or CS-C6
Unsat ur at edOBSr BECYEFE, STAPER 1BOBBEPORIILY SRIGAIHSH dor o LY SFRSSr mor e
groups 10 sg].est O ddite eagkBRed-§ ¢ dergl ec from

- COR2, -SR2,@,1;C4( %ﬁiﬁd@%ms (%th’- NE%{Z, cﬁﬁ&ﬂ*?ﬁ%f%m%; -tl\clﬁ‘(jRZ) 2 or
-CN, each RR'is independently selected fromzM 15 Ho ( Z(M or CH2 p

RO XM:; --~ z XI1 X wherein, each Mis.i dent Lected fromH, Li,
e K 6, Ca, B, - NEROTAE ChE CRSSPRIRCRESE) B TPRERST EGR R Oliherein 1

to 4 -CHZ radpsal s of (bhecabky! oo-ek&gnyl -ereyp) , ot her?tdes f-he MR t hat
is bound 20 to Z, is optionally replaced by a heteroatom group sel ected
fromO, S, SO ors-NRC(ObrCAPIRZ) ; and wherein any hydrogen in said

L o L, D RRPIENEOTE WhpeiaRa g e pg et
2. S (O 2 2pchoéREYyl? CsN{ RE)cldalKdnyR?,CLEA0)aRR]; -6x (8O 5a7R2, OCF3, -S
(O n- '3% Nmér'r:%%rég gg}:ugaggé) or r*\]nglls%’tu_rca:mlf:?’e’d ?{et_el\rpozc;ycle, containing
one or more heterocatoms selected from N, N(R?*), O, S and
S(0O),; wherein said aryl or said heterocycle is optionally
fused to Q; and wherein any member of said Ht is
optionally substituted with one or more substituents
25 independently selected from oxo, -OR?’, SR?, -R?, -
N(R?) (R®), -R*-OH, -CN, -CO;R?, -C(0)-N(R?).,
-5(0),-N(R?),, -N(R?)-C(0)-R?, -C(O)-R?®, -8(0),-R?, -OCF,, -
S(0)x-Q, methylenedioxy, -N(R?)-5(0).(R?*), halo, -CFs,
-NO;, Q, -0Q, -OR’, -SR’, -R’, -N(R?) (R") or -N(R");
30 each R? is independently selected from H, or C:-

Cs alkyl optionally substituted with Q;



M is H, CI-C12-aIkyI', CzZ- C12- al kenyl, or -R6; wherein 1 to 4 -CHZ radicals
of the al kyl or al kenyl group is optionally replaced by a heteroatz)mwhp%hz
selected 30 fromQ, S, S(0) , S(Q2) , or N(RZ) ; and wherein any

hydr ogen 2 4 ~uN 2002 WD 99133815 - ~ _ PCT/ US98/ 04595 in said al kyl,
al kenyl ovoB¥33sss optionally replaced with a substituent sepettusdsd450s oxo,
-ORS, -R2, -N(R2) 2, N(RY) 3, -RZOH, -ON, -C02R2, -C (O -N (R2) Z, -S

(0) z-N(Rz) 2, -N(R2) -C(0) -R2, -C(0) R, -S (O a-Rz, -OCF3, -S (0)

a-R6, 5 -N (RZ) -S (Of 2 22 prdutht, - 53y 082 - RGP Z-E300E2, O S, N (RD)
2 or, when Mis absent, H Yis Por S Xis (Bor( S;)zang gg'is C(RZ) Z 0
or N (R2) ; and wher eiemabhen i iimddpe)dent by notoss;1and R6 is a 5-6

menbered saturated, partiallsy.saturated or unsaturated, carbocycljc or
heterocyclic ring sys®&ft & aF SNEEPRERS éﬁlilﬁ%eéjdgb%f?t al#‘”s'/'

sat urated of, UASA{LEAL edcRicGy ahienkilng (§yBL esycbSIRyD 4B epycof said

het erocyclic ring systens contalins one or nore heteroatons selected fromQ,
N, S, SO cycdoalkeRl ; wheteserany menbef chisaidng’ systeept obti osal |y
contains 1 to 4 sn@sltitu nts, i nde en.de}gtll%/ selected fromOd, C al kyl,

0- Cl- C4 al k§PPEIPTEE LYOSUWREtAG UhSq (With PRe 9% TOLE sTHRRCIBPERESof thi s
invention tgeN@die R MRFSUt iLeglo)Camnesi,t Lens) cogpk?)sigry t g sul f onam de
prodrugs of formJIa2I and net hods for thir use as prodrugs of HV aspartyl
prot ease i nhidit o15R?, DECORLEDRIESIR) PR’ON OF THE | NVENTI ON 25 I n order
that the invention hergj des.cri.becg maa/ be i’r;;rﬁ fully understood) the
follow ng detail ed deSET DL o i EHE %??th. It The® tescri ption, the

fol l owiag abbrevi ati ors, aRferl!sRtEsd®s) ahat s@he Beg@eftonr HET ”RYNBAL C30C AC
acetyl Me nethyl Et ethyl 2 4 JUN 712 WO 99/ 33815 gz; Trityl Asn lle 5
Phe Val - 8alkydT/ 9398MIBDS bieh G- Cur Apk¥Ay| Fethgll RDaxg hourdatagPhre D-

or L-isol euging 2y s i W AIAY NS Enbudn V& 41T, 1inker to form
a heterocyclic ring; or
when G is not present (i.e., when x in (G)x is

15 0), then the nitrogen to which G is attached is bound
directly to the R’ group on -OR’;

D and D' are independently selected from Q; Ci-
Ce¢ alkyl, which is optionally substituted with one or more
groups selected from Ci~C¢ cycloalkyl, -OR?, -R?,

20 -0-Q or Q; C;-C; alkenyl, which is optionally substituted
with one or more groups selected from C3;-C¢ cycloalkyl, -
OR?, -R?®, -0-Q or Q; C3-Cs cycloalkyl, which is optionally
substituted with or fused to Q; or Cs-C¢ cycloalkenyl,
which is optionally substituted with or fused to Q;

25 each Q is independenﬁly selected from a 3-7
membered saturated, partially saturated or unsaturated
carbocyclic ring system; or a 5-7 membered saturated,
partially saturated or unsaturated heterocyclic ring
containing one or more heteroatoms selected from O, N, S,

30 S(0)y or N(R?); wherein Q is optionally substituted with
one or more groups selected from oxo, -OR?, -R?, -N(R?) 2,

-N(R?) -C(0) -R?, -R?-0OH, -CN, -CO,R?,



, 2 4 JUN 2002
Boc tert-butoxycarbonyl Cbz benzyl oxycarbonyl (carbobenzyloxy) Fnmoc

9-fl uor enyl nmet hoxycar bonyl 10 DCC di cycl ohexyl carbodiimde DI C

di i sopropyl carbodii m de EDC 1-(3-di nmet hyl am nopropyl ) - 3et hyl car bodi i m de
hydr ochl ori de HOBt 1-hydroxybenzotriazole 15 HOSu 1-hydroxysuccini m de TFA®*
trifluorapeebmmiaci d DI EA diisopropyl ethgl am ne DBU PCT/US98/04595

1, 8-di azabi cycl o(5. 4. 0) undec- 7-ene Et OAc et hyl acetate 20 The foll ow ng
ternms are enployed herein: Unless expressly stated to the contrary, the
terms " -SOZ-.C(@qu(R%Q)aqalgsoysedpper ein refer to a sulfone or sulfone
derivative (i.e., both appended groups linked to the S), and not a

sul finate ester. 25 F& isheslmfporddereon Hor nfrHCF, Han tiintOrRedi at es

t hereof, the e ghem, stry ef e

adj acent car'lgl(s)(ki nsate(\gni]’ ('rt ﬁgfk eé’Jthsle&f s dr%vn ér?éi n}?ex\?bgéggu{%lgg- zag
represent at i@t h( Y o35 nidiad @kcayp\sf@éle@ﬂ@@uﬁﬂmok‘ B fot pucaof , XV,

XXI'T, XXIlT1T and XXXI). If both and D reside on the sane side of t he

pl ane de$ i nédkepytlhe Whichh de Q%m%lﬁfs’tﬂﬁétkﬁ)%éénﬂltbhénﬁ SFeHH @i stry
of 2 4 JU I@CU / Q45 b f to as
"syn". Ggrouﬁg % re:%:% on ot%pom t%%?dg% %? % Fgﬁe%arrﬁowcq%

st ereoc hem siiyhofi OSpuiidrialiey refiest ttuted awitAnbhe. ofhmoter aroapd

alone or in cqonbination with 5 any other term refers to a carbocycllc
aromati c r adied&Cteshifian iy OFe Fpe @ i%dCaunBeRrtBFaE8AL6ATROGHE L Fhe term

" het erocycl 'uﬁzlcfth:]%r S dhatAP! t?;EEH@SrthHDBHEYBL:emBEeB g%%er ed

bi cyclic heterocyc I's ‘'either saturate unsat ur at ed ich
my 10 be optdlecaddd/ ﬂmudi“umdﬂn‘ m)nocycl ic. Each heterocycl e consists of
carbon atons and from one tq four, het er sel ect ed f#omth gr oup

consi sting of ni t r ogerf @3B yyert Sardd SR PR Ri FEOPheRer ns
"ni trogen anggsul Lunohelggeat ogqo)gqqﬁﬂde o OX gk Zed d)UH™, _(IJ_LNmRm;ggen 15

and sulfur, and’'the quaternized fofm of ‘any basic nitrogen.
het erocycl i @7 i#@N;may be attached by any het eroatom of the cycle which

results in the creation qf stabl e str e Pr.ef het erocycl es
defi ned above i ncl ude,e%‘%} éqxéﬁ‘pF"é‘, ep& &Xz&leg'l %lerﬂe

i m dazol i noyl, imdazolidinyl, quinolyl, |squ|nonI |ndonI pyrldyl,
pyrrolyl, pyrrolinyl, pyréZolyl, pyrazinyl quinodeyI piperidinyl,

mor phol i gyl , thi anorphol i pyl furyI ilazol i azal yl,
f 3car bo ?ny%—,—{—et—q—a—z—ab%—l—v-t-mz(ml i d| nyI éhzof anoy Rg)aépt hi @anmor phol i nyl

sul f one, benzoxazol yl, “xXapi peri i nyl , oxopyrrol I nyI oxoazepi nyl ,
azepi nyl, isoxazolyl, tetgahydropyr anyl t et rahydrof uranyl, thiadiazoyl,

benzodi oxolyl, thi Oth«Flyérei:@té@&‘HdMOiBi onbepyhdandigukbaleatya 30 The
terms "H 'V protease” and "H V aspartyl protease! are used interchangeably

and refer td%qR I‘hrsrialr:t Wa:prlétefé%e €aAcoBad bY (Rhks hFrafi TARIRGHefF21 ency
2 4 ~u~ 202 56, 8/ 0479
u %gdgfkéﬁg ?ﬁl SR égl?g é. ég 2 Vbﬁusrééggaisogbﬁetﬁkn a

preferred e I nmen |hve ron, théSe ternd er tot uman
i mmunodef i cialioyl Vo UsLkamel lgﬂs\p)prtythptothaaeth&hectieruhéphasrrboamij cally
effectiye anount" 5 refers to an anpunt effective in treating H 'V infection

in a pafPentt® Hre A2rORLINRPIYY aEEPLAFPT BYf BcPPYETRASAM 95 ¥Rers to an
amount ef f ectdM&ddl EEMENS I g, HEYo), s(0,), or N(R?); and wherein any

hydrogen in said alkyl, alkenyl or R® is optionally
replaced with a substituent selected from oxo, -OR?, -R?,
N(R®),, N(R*) 3, R?0OH, -CN, -CO;R?, -C(0)-N(R*);, S(O):-

25 N(R%),, N(R®)-C(O)-R,, C(O)R?, -S(0),-R?®, OCF;, -5(0)a-R%,
N(R?*) -5(0)2(R?*), halo, -CFs;, or -NO;;

M’ is H, Cy-Cy,-alkyl, Cz-Cjp-alkenyl, or -R%;

wherein 1 to 4 -CH, radicals of the alkyl or alkenyl group
is optionally replaced by a heteroatom group selected

30 from 0, S, S(0), S(0;), or N(R?); and wherein any hydrogen



infection in a patient. As used herein, the term"patient" refers to a
mammal , including a human. 10 The term "pharmaceutical ly acceptabpe, ggw rasr
or adjuvant” refers to a non-toxic carrier or adjuvant that nay be

adm nistered to a patient, together with a conpound of this invention, and
whi ch do®9 #838idest roy t he phar macol ogi cal- activity ther eoPCT/Y898/04595

Phar maceutically acceptable salts of the conpounds of this invention

i ncl ude those derived from pharnaceutically acceptabl e inorganic and

organi ¢ aciits senild bakkgl, Exakehed of ®bi fabbptachdlliynaepdadeddmicdt ari c,
hydrobrom c, sulfuric, nitric, perchloric, 20.funmagic, Rra; efic tl{ihosphori c,
glycol lic, FHRstrtuentsslpeted Trm OXOol-ORe- pRul TEARC 21t AFarec,
acetic, ci t_r}'%bu'ne_témne_s&l) f}gr)i (_:C([)(yr_?ﬁi(@,z)plen_zg Y, Fgryizg,

napht hal ene-2-sul fonic an enzenesul foni ¢t aci ds. er “acids, such as

oxal i ¢, whi+2(ROt-Q (024, heG@NRSs pSdoraerly | calFy, atepta®’e, my be
enpl oyed in t preparati,on of _salts _useful as intermedi ates in obtaining

t he conﬁounﬂgugp @%7 &gﬁtigﬁland'pﬁéiroﬁhawﬂabeuticaIIy acceptabl e acid

addition salts. Saltsgdegi &f@' f6ong apRIRPY, all bIgas, ic ydg 30,2l kal i

metal (e. g., sodium, alkaline earth netal (e.' g., magnesiun®, amohi um
and N-(C1_4 al kyl)4* ¥alissP or2S4 JUN 2002 WO 99133815 _ 11 -

PCT/ US98/ 04595 The term. "tgi ocarbamat.es” refers to conpounds containing the
functional group N-SCb-85 $h8TcSrip8ifids of this invention contain one or

nmore asymret ric car bon? af HNB( Q,t bu%ro‘ﬁc(@t!z) ?Sahécﬁmkﬁﬁ_&% wacleem c
m xtures, single enantioners, iastereoneric m xtures and i ndi vi dual

di ast eR€one¥s.Z2 18 BOEhSisamdric fornms of these conpounds are expressly
included in the presegt inveniion,. ch_stereogeni ¢ carbon be of the R
or S configuration. The Je§<p‘-f1i%T?I@egﬁ%ﬁﬁah%ﬁ&gﬁp‘eﬁs P&t l?gq%_r eferred to
be syn to Dsat@ridbedesienredtardzed ¢arRIciRIIRN dethdedr-ddec1i & r p98ES

shown in conpounds of formula |I. Conbinations of substituents and variables
envi si oned $ysStans Pnvant Bodlamembered Isesarated r aanttiablyn the formation

f stabl h " | e, . d._h i f d
ohi oh posscSSLerabEt 0) "ehPrEurAREY Bi Rat e e M A H ot r ot on
to a mammal ahy oetbada keeemocyclie aihg EypRiteald sorftins avpousds are

stable at a tenperature of 20 40C or_|ess, in the absence of npi,sture or
ot her cheni BaFEyREEEEPRYEME0RELECERE from & PMeadt: & (Rekor N(RY);

and wherein any of said ring systems optionally contains
1 to 4 substituents independently selected from OH, C;-C;
alkyl, 0-C;-C4 alkyl or 0OC(0O)C;-C4 alkyl.

20 It is a also an object of this invention to
provide pharmaceutical compositions comprising the
sulfonamide prodrugs of formula I and methods for their

use as prodrugs of HIV aspartyl protease inhibitors.

DETAILED DESCRIPTION OF THE INVENTION
25 In order that the invention herein described

may be more fully understood, the following detailed
description is set forth. 1In the description, the
following abbreviations are used:
Designation Reagent or Fragament
30 Ac acetyl
Me methyl
Et ethyl



The conpounds of the present invention may be used in the formof salts
derived frominorganic or organic acids. Included anong such acid salts

for 25 exanple, are the follow ng: acetate, adipate, alginate, é%baﬂWaﬂ@?
benzoate, benzenesul fonate, bisulfate, butyrate, citrate, canphorate, '
canphor sulicpaadsgrs cycl opent anepr opi onate,g di gl uconat e, dodeaayingssisioasos,

et hanesul fonate, fumarate, gl ucoheptanoate, 30 gl ycerophosphat e,
hem sul f at e, heptanoate, hexanoate, hydrochl oride) hydrobron de,
hydroi odi de, 2-hydroxygthanesul fgpatg, | actate, mal eate, nethanesul fonate,
2 2 4 J UN ~r_ WD 99/33815 - 12 _ PCT/ US98/ 04595 napht hal enesul f onat e,

ni coti nate, oxal ate, panbayd, petriphesylpetdwilfate, 3-phenyl propionate,
picrate, pivalate, propionate, s ccinahe tartrate, thiocyanate, tosylate
and undecanoate. 5 10 48°Thi s i n¥anPfok 8FB5 8RS ons the quaterni zation
of any basi c nitrogen-gpat ai ni ngpgr g¥ps,-9kotlleacaa@ounds di scl osed herein.
The basic nitrogen can be quaternized with any agents known to those of
ordi narySskill in the Bhe incIuangPrfbrpbﬁawéﬁéﬁmi®ﬁer al kyl halides, such
as methyl, ethyl, propyl,and butyl chlorj . .hrom des and i odi des; dial kyl
sul fates including diﬁé?%yl, die%ﬁyﬁr 'H%?%P%and di anyl sulfates; |ong
chai n halides such as desyl, Iautykt-ﬁutbgyﬁhr@@%yqtearyl chl ori des,

brom des and i odi des; and aral kyl halides I ncluding benzyl and phenet hyl
broni des. Water or oilCB8l ubl e oPeBR¥pHEKYFBEEOPYIJUEET nFy lsB8ai ned by

such aust ernizati on. hgopovel <yl EQIBRLAGEABLALAR KRG on are 20 25

10 DCC dicyclohexylcarbodiimide
DIC diisopropylcarbodiimide
EDC 1-(3-dimethylaminopropyl) -3-
ethylcarbodiimide hydrochloride
HOBt l-hydroxybenzotriazole
15 HOSu l1-hydroxysuccinimide
TFA trifluorocacetic acid
DIEA diisopropylethylamine
DBEU 1,8-diazabicyclo(5.4.0)undec-7-ene
EtOAC ethyl acetate
20 The following terms are employed herein:

Unless expressly stated to the contrary, the
terms "-850,-" and "-S(0),-" as used herein refer to a
sulfone or sulfone derivative (i.e., both appended groups
linked to the S), and not a sulfinate ester.

25 For the compounds of formula I, and
intermediates thereof, the stereochemistry of OR’ is
defined relative to D on the adjacent carbon atom, when
the molecule is drawn in an extended zig-zag
representation (such as that drawn for compounds of

30 formula XI, XV, XXII, XXIII and XXXI). If both OR? and D
reside on the same side of the plane defined by the

extended backbone of the compound, the stereochemistry of



(GGx ORNSO02 E(lI) D Ais selected fromH Ht; -R-H,; -R-C-C6 al kyl,
which is optionally substituted with one or nore groups independently

sel ected from hydroxy, Cl1-C4 al koxy, H, -OH, -NRZ-CON (RZ) z2qr gy

(R2) 2. -R-C2-C6 alkenyl, which is optionally substituted with 30 one or
nore grou s |nd endently selected fromhydroxy, O-C4 alk SO HE

- NR2- CO- S “CON(R2)2; or R 2 2 JUN ~ WO 99l 33813&’”55%’3“599
PCT/U898/04595 each Rl is independently selected from-C(O-, S (0) 2-, -C
(O -C (0) .-OC (O -0-S_(0) -NRz- S ( %2-,,-NR20(0) or -NR2-C
(0) -C (0) OR’ whth pe I-'%f?ﬁH%éeF\eeﬁFIysé@l ect &d QFonPod. 6, TEiAs o kyl |
CS-C, cyclo 0 ~gf 0 7 el u urated
heterocycleeb§§%¥gfn%§8g%ne§o¥hat 5ﬂ%g§%roaton§£§€?ectg@§% gﬁ]hf

S and S(0) nwidhebei refairdedr to @s amrtitet erocycle is optionally fused to

Q and wherein any nepber of said Ht is 10 optionally substituted with one
or nmore substituents %&eﬁ@ﬁ'ﬂ‘enﬁrylse EHRE 12D 10X 3/ mbERBtigRoWitR. N

R2 ) ~ -N
ERZ% (g'?:%o)afx ’bEHer( %)Nrinmc?%@érs Qo(@ cal\l'lﬁ %12108 %éét%}t%c“‘rggil:aa

met hyl enedi gw;aamoszyhessp@):lil(elézmum cpf -@Rhorimatdige, Q -0Q -OR,
-SR, -R, -N(R2 . R~ d dent | | ect ed
fromH or C4 aIkil(Rﬁ%ﬁo%&FWycgé%§HQHﬁé;P9mt#é?ég%f ton egb?éééﬁﬁeclg -
(R2) -C (R3herbEre® monoedeh eX orS gi-NdeRQAISA Y &@yclllc 21%@@98 Cg?&é

i ndependently selected fromH, H, Cl1-C6 al kyl, - al kenyl

cycl oal kyl which- &6 eythexl lsemalratwwercm mmgfcmmttm oainéawhllézﬁ meycept H,
i s opti.gnal S |t ed with_one re sub 1tue ected fr n1-CR2,
2 00 1 RE BBER PRI\ R e V& SR SeE BB ORI |

-RZ; each ncbasisdepefideairbynl a@oms a@dvnafmw@@em ,fémerBéeét:@att:h@m H,
R or d-C4 alkyl, or, when Gis O-Cqg alkyl, Gand R are bound to one

anot her ei t FBReBERECEFPMoEhEhBEONP £ TSIt Ing ek motlr@gmaooayg@nerocym ic
ring; or thmﬁlghiégls a?g;@%%g(hé%el\M“¥hé ﬁé%ééaxhlérggén 58 the

nitrogen to 56uHd
sulfur heterocatoms" include any oxidized form of nitrogen

15 and sulfur, and the quaternized form of any basic
nitrogen. The heterocyclic ring may be attached by any
heteroatom of the cycle which results in the creation of
a stable structure. Preferred heterocycles defined above
include, for example, benzimidazolyl, imidazolyl,

20 imidazolinoyl, imidazolidinyl, quinolyl, isoquinolyl,
indolyl, pyridyl, pyrrolyl, pyrrolinyl, pyrazolyl,
pyrazinyl, quinoxolyl, piperidinyl, morpholinyl,
thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl, R-
carbolinyl, tetrazolyl, thiazolidinyl, benzofuranoyl,

25 thiamorpholinyl sulfone, benzoxazolyl, oxopiperidinyl,
oxopyrroldinyl, oxoazepinyl, azepinyl, isoxazolyl,
tetrahydropyranyl, tetrahydrofuranyl, thiadiazoyl,
benzodioxolyl, thiophenyl, tetrahydrothiophenyl and
sulfolanyl.

30 The terms "HIV protease" and "HIV aspartyl
protease" are used interchangeably and refer to the

aspartyl protease encoded by the human immunodeficiency



2 4 J UN 2002 WD 99133815 - 14 _ PCT/ US98/ 04595 directly to the R group
in -OR with the conconitant displacenent of one -ZM- group fromR ; D and
D~ are independently selected fromQ C6 alkyl, which is optiongly yyy ?

substi t ut ed with one or nore 5 groups selected from C3-C6 cycl oal ky\J “&?2

-R3, -O Cq al kenyl, which is optionally substit ne or
nore gro %’gségzed from C3- CG cycl oal RYl - OR2, -R3) OQQE?H@%/ 99

cycl oal kyI which is optionally substituted with or fused to Q or C5 Co6

cycl oal kenyl 10 which_is o tlonally substitufed wth or fused to Q each Q
i 5 i ndepend%hF¥S Egpﬁc}eﬂrf om 3™ & 73&??%&1‘&1% Et? tfy

saturated ofnhyBseighat efecar RAGHE ixe fldr G S HHEL Hurln @ 5 7 menber ed
saturated, partially saturated or unsaturated heterocyclic ring 15

cont ai ni ng bmeuncdedieibetyr varmss typleedt edHfahylOophtensS(O) n or N(RZ) ;

wherein Qis optional SbStIt'U ed W|th ane ro sselec ed from
oxo, -OR2, -R2, -N(Rzlf}é 2 th 1%%?&@\}’3 F-C(O) N

(R) z, 5ha|9e9érscfg aﬁoaﬁohﬁtSQW@ﬁdﬂid€“¥H*ﬁreé%fﬂg ﬂfv*ﬁnfeéffgn -N (RZ)
(R3) ; Ci1-C6 alkyl, which is optionally substituted W th one or nore groups

sel ected from ®4potient .C2Toe alemyprqnhydraqtgqﬂl}or@ﬁfeyc%mstl tuted W|th

f R4 -.C6 d b
uhi ch i 3 opETORAF ]y SEREE: Lt B8 BTN AE e Ghne ghbite CRELt 8ot fom R or

H; or CS-Cbnpesgighaifdacpabaeytl.e, Athiuged heiironalley sethatituted with
one or nore groups selected fromR4 or H; each R is independently

sel ected frbRptOREt"3gefeRrs toca( MrMMYHRY inag yddng a\NHRFmamal o, - NR2- C (O

2005 10%6153810 _%lrhgagtr‘fﬁs%ﬁﬁiggg’%ﬁqﬁ%yy %(%%ﬁe&ié %’:ﬁgeé( i]?g;\l XM

% x wher ei noeagh;jWaatrndefenden v seirecicd d rapH et ior Nedjlvary, Ca) Ba,
-N(Rz) 4, Cl-Giz-alkyl, Cz5 . d z-alkenyl, or -R6; wherein 1 to 4 -CHz
radi cal s of thak ‘&PKyPeoPdE‘P-Rléﬁgiler&rdot‘}& 2o@adiantan tAREtREE WiER s bound

to 2. Is 9PLbApLhN eptased siveacisher aalomE G sleditomg. S

(0) , S(O™x wherein ‘an sard a al kenyl
or R6 is opthenphlaym&eoﬂegh.aaeda\mthhrla:ysmretdfe.nt sel ect ed from oxo, -ORz,
-Rz, N_(Rz , N (Rz 0) -N (Rz S (O N
(Rz) z1 %Ri) c((ogpgﬁe{maéeyé)lcﬁzuy §C(°®Ptr? ( ) ( %é&ﬁ n(R%S N (Rz)
-S (0) z (Fgémpoﬂﬁhg ofCERd sOK nvieii oM ﬂﬁ%ﬂﬁdéjfﬂaééEHé%@vedC?réhz al kenyl

or -R6
pharmaceutically acceptable inorganic and organic acids

and bases. Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric, perchloric,
20 fumaric, maleic, phosphoric, glycollic, lactic,
salicylic, succinic, toluene-p-sulfonic, tartaric,
acetic, citric, methanesulfonic, formic, benzoic,
malonic, naphthalene-2-sulfonic and benzenesulfonic
acids. Other acids, such as oxalic, while not in
25 themselves pharmaceutically acceptable, may be employed
in the preparation of salts useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts.
Salts derived from appropriate bases include
30 alkali metal (e.g., sodium), alkaline earth metal (e.g.,

)4+

magnesium), ammonium and N-(C;., alkyl salts.



15 wherein 1 to 4 -CHz radicals of the alkyl or alkenyl group is optionally
repl aced by a heteroatom group selected fromQ S, S{O , S(Oz) , or N
(Rz) ; and wherein any hydrogen in said alkyl, alkenyl or R6 is @u Uonaigy
replaced with a substituent selected fromoxo, -OR2, -Rz, -N (Rz) z, N (Rz)
3, 20 - R3flhoszzeld - COZRz, -C (O -N(Cx% -S (0) z-N (RzPCR/USHS/@4R25 ) -C
(0) -R ~-C(O RR ~-S(0) a-Rz r % -S(0) n-R6 -N(Rz) -S (0) z
(Rz) , halo) -CF3, or -NOz; Zis CHz, O S, N (Rz) z, or, when Mis not
present, H 25 Y is PrReé Serd *‘Eh@o@&r%an@'&‘é@r‘e’ife@s(% c?odéb@ﬂidy (Rz) ;

and whereln when Yis S Zis not S; and R6 is a 5-6 nenbered saturated,
partially 3oorta imdr@dthe fiusatdraedd geanipody-&0z¢ Oor het erocyclic ring 2

~ uuH 2~? WD 99I 33815 - PCT/.US98/ 04595 .s 8- 10_ nenbered
saturated, partially 'Ela?uFaP‘BBuBFisuﬁg % J’X’tﬁ“&fﬁ "rrfrkrfg“%y%rﬂ%n?rv\her ein
any of sai dndigeé eéf\?fm et €iki BErBYal arﬁan@oah@l EhuNS Ui £ ARt RLeELNS

sel ected from Q S, S(O" or N(Rz);, 5 and wherein any of said ring

syst ens 50pt$@@a¥¢9e%bﬁtaiﬁ§u£e§® sizgher |9P@@rﬁl§m%péiﬂo9eﬁrﬁﬁ1§ﬁ@e¢écced from

oH d-c4 fe

| east one %H%Yéur ?ec{l ﬁ?gﬁkd%gbﬂggaggﬁfégh% 1 I@}F%led-éo rp?\gif) O 10
~O- , ~0 ~ Nbhis -of L&hekascaﬁa oufi@dNaze @xpiddely-limdtded G3M-hdl
-(L)-tyrosine, O ~N-NH2 -P03 (NH4) z, -CHz- CPOSNaz H~- (L) -serine, O

- SO3Naz, @RP%WE? mvg’ggp@n S@QC@NFI&FISOQW@JG -C@be%@ﬂ\lé beypf CS@E( NH )
, "NNHZ N G 2g cghfgggrgtonHz 9 QQBlNéyﬂfy:Q%oégvh§34%xyl fs
10 also preferred to be syn to D, in the extended zigzag
conformation between the nitrogens shown in compounds of
formula I.
Combinations of substituents and variables
envisioned by this invention are only those that result
15 in the formation of stable compounds. The term "stable",
as used herein, refers to compounds which possess
stability sufficient to allow manufacture and
administration to a mammal by methods known in the art.

Typically, such compounds are stable at a temperature of

20 40°C or less, in the absence of moisture or other

chemically reactive conditions, for at least a week.
The compounds of the present invention may be

used in the form of salts derived from inorganic or
organic acids. Included among such acid salts, for

25 example, are the following: acetate, adipate, alginate,
aspartate, benzoate, benzenesulfonate, bisulfate,
butyrate, citrate, camphorate, camphorsulfonate,
cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, glucoheptanoate,

30 glycerophosphate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-hydrox-

yethanesulfonate, lactate, maleate, methanesulfonate, 2-



OO/NHz O~ _ OO~N~, acetyl, ~, ~~ _ (L) -valine, -(L)-glutam c acid,
-(L)-aspartic acid, OrO-(L)-Y-t-butyl-aspartic acid, 2 4 JUN 20p2 WO
99133815 _ 1 ~ _ PCT/US98/04595 O - (L) - (L) -3-pyridylalanin@i gyt
-histidine, -CHO, ~OF3 ~0~0 5 10 15 20 25 OHOH OH O 1~0Ac H QAc c HO
~ P\~O- x> ikQ@O0 ~ PL.O NV~ + ~0O P,.O O 0. 0. PO3KTUSBREHS, PO3 -
spermne , P03 - ( spermdine ) z or PO3- (neglamne) 2 . It wll be
understood by those of skill in the art that conponent Mor M in the

fornmul ae sefafiihin fgEehirdhbteNayecBtingted ewalRR!, paraa ent/
zwitterionic,” or an i1onic association wth either Z or "RO dependi ng upon

the actual pectiimater peosulMfat@hed-phenylpriopilopdtegepicaiadd, al kenyl, or
R6, Mor M_js covalently, bound to R9.or Z. I|f M i% a no-_or__hi val ent
netal or ot%‘faﬁ?ﬁ?geﬂrgé QRate(i SUCCIRAkSy “AREFENCs gﬁ‘ﬁoﬂ%‘% eraction
between M anglsyd a6 4h8 nR&ELEhBEre0mPound is a salt. Wen x is 0 in (Mx,
Z may be a charged species. Wen that occurs, the other M may be oppositely

charged5t o produce a DhhstinyWengidovnalse spvdsdions Aheernatively, the
counter ion

o O BEE 008! SERL oLl R R GR BorRaeb RS Bl
Rl- R~, R6- RYe HtomPourdsndi&clbsed Mer@inX, YheZband Ermneddgerbe-dmmken as
they are defined above for the conpounds of formula |.
be guaternized with any agents known to those of ordinary
skill in the art including, for example, lower alkyl
10 halides, such as methyl, ethyl, propyl and butyl
chloride, bromides and iodides; dialkyl sulfates
including dimethyl, diethyl, dibutyl and diamyl sulfates;
long chain halides such as decyl, lauryl, myristyl and
stearyl chlorides, bromides and iodides; and aralkyl
15 halides including benzyl and phenethyl bromides. Water
or oil-soluble or dispersible products may be obtained by
such quaternization.
The novel sulfonamides of this invention are

those of formula I:

20
D
A——(B)—N C E C N SO—E
X H | H, 2 (1)
(G)y OR’ D'
wherein:
25 A is selected from H; Ht; -R*-Ht; -R'-C;-C

alkyl, which is optionally substituted with one or more

groups independently selected from hydroxy, C;-C; alkoxy,

Ht, -O-Ht, -NR?*-CO-N(R?), or -CO-N(R?),;

~-R'-C,-C¢ alkenyl, which is optionally substituted with
30 one or more groups independently selected from hydroxy,

C1-C; alkoxy, Ht, -O-Ht, -NR?-CO-N(R%*); or -CO-N(R?®),; or

R’;



2 4 ~uH Zppp WO 99I 33815 _ 1 a _ PCT/ US98/ 44595 According to a preferred
enbodi nent, the conpounds of this invention are those represented by
formulas XXII, XXIIl or XXXI: HORS D ~N-N-SO--E A (XXI'l1) 5\ Hi’oJUNam

Het - (CHZ}X~ONOXJ R3 R3. OR7 D, 10 A~ NH-.\~N' SQz"" E N (XXXI) H \

wherein A, H, Db D-, x, E are as defined above 1~ Jr.ﬁof[' %94}“8$unds of
formul a YO SFfl’éﬁ'm(-:“‘ase of reference, the-tw® R3 noieties pres P mul a
XXXI' have been |abeled R3 and R3 ~ . For conpounds of fornula XXII, nore

preferred conpounds are those wherein: 20 A is selected from
3-tetrahydrof uryl - O §&§k R3(S 5’&4%@?“613(%31306?01 from -C(O)-, -

3- hydroxy dr of [ b_] f 0-C(L) . NR 002 N329/ 33815
CEF@%/ 04€J(g3 e | s Cl1- &a@ﬁy Whlé)C ?)52 optI\llona Ioél substituted
vvrth one oOrC (or-e cgzroum’-@a(lcec-tce(cb)f-r;omthe group consi sting of C3-C6

cycloal kyl, -ORz, -R3, -OQ and E i go aryl opti onal Icy substituted
with one of 5 more sBACH (Benis %’é‘li%EFBéePF M §gdecterd froms, N (R2)

o B e S e A B (7

-S (O) 2 (Rjmbered csat¥Fdred NO2, ufsatORateGRheteBRcyclie,, cduy(dA)ifdR ) or
-N (R) 2; or a 5-nmenbered 10 heterocyclic ring containing gne_S and
opt § onal |y Bt T NHSEeB0R Hts t PORSECRE: CROm S RS & R7o8 @

het erocycl ig(d) N0 W r@iid eald Bél%klbséftéléﬁé MetbrORPcie LWOLGHARR1]
I ndependent | y selected from-cH3,” R Ht, insofar as it is defy ned

as part of fResed stqaldeam@e‘dhaseaboae}’emmblerf of shddetd dsi on of
heterOfch optf‘onrgally substituted with one or more substituents
independently selected from oxo, -OR?, SR?, -R?, -
N(R?*) (R®), -R*-OH, -CN, -CO,R?*, -C(O)-N(R?),,
-5(0)2-N(R?*),, -N(R®)-C(0)-R?*, -C(O)-R®, -S(0),-R?, -OCF;, -
S(0)n-Q, methylenedioxy, -N(R?)-5(0),(R?), halo, -CF;,

15 -NO;, Q, -0Q, -OR’, -SR’, -R’7, -N(R?®) (R") or -N(R")j;

each R? is independently selected from H, or C;-
C; alkyl optionally substituted with Q;

B, when present, is -N(R?) -C(R3),-C(0)-;

each x is independently 0 or 1;

20 each R® is independently selected from H, Ht,
Ci1-C¢ alkyl, C,-Cg¢ alkenyl, C3-Cg cycloalkyl or Cs-Cg
cycloalkenyl; wherein any member of said R?®, except H, is
optionally substituted with one or more substituents
selected from -OR?, -C(O)-NH-R?, -S(0),-N(R?®) (R®), Ht,

25 -CN, -SR?, -CO;R?>, NR*-C(0)-R?*;

each n is independently 1 or 2;

G, when present, is selected from H, R’ or C;-Cy
alkyl, or, when G is C;-C; alkyl, G and R’ are bound to one
another either directly or through a C,-C; linker to form

30 a heterocyclic ring; or

when G is not present (i.e., when x in (G)x is

0), then the nitrogen to which G is attached is bound



all other variables are as defined for formula |I. Even nore preferred are
conpounds of formula XXIl, wherein Ais 3-tetrahydrofuryl-0O C(O) - G is 20
hydrogen; D is isobutyl; E is phenyl substituted with N(R ) 2; ?c

i ndependently selected fromH, Li, Na, K, My, Ca, Ba, d-C4 al ky

-N(R2) 4; and each M is Hor CO-C4 alkyl. Another preferred enbodi rrent for’
the formWe99838tXI | conpounds are thoseherein: E is a 5- MErieP8§4ses

het erocyclic ring containing one S and optionally containing N as an

addi tional heteroatom wherein said heterocyclic ring is optionally
substrtut eddwehthetpothngrgupgpr mdep@Rde\mtly theecoBgOMAGRNLCH3, 3 0 R4

, or Ht % g%geg o%rrable re as é; neg for formula I. 24 aaN
~p2 5 VO 9 }§§ 15 P4 C?FGSQ Thor é preferred are any of the

fornula XXI'l conmpounds ags bor rafreali@rde émﬁrﬁ:l]nl RBeldtt &R fom-§O(EM 2 or
(O CHzOCH-CH20CHZCH20CH3 and both R _in -N (R) 2 are H_ wherein Mis H,
Li, Na, K ofs @lkylalwiichoiswapEapRaRlYi fubsRitused Wit

one R iwn 0 Qf}ﬁc}gg the ther 3s H. The nDst
preferréﬁ c%%%ﬁ%%dggFgFgFéu% ggi & %t%%fggl e’ strdcture 00'0
"N HO S OColy brPQ;Na,3c2 dertyl, celipehunils oﬁtionam[lgt EXblsit i tnirld

preferred conpounds are those wherein:
with one or more groups selected from C3;-C¢ cycloalkyl, -

OR?, -R?, -0-Q or Q; Ci3-C¢ cycloalkyl, which is optionally
substituted with or fused to Q; or Cs-Cg¢ cycloalkenyl,

10 which is optionally substituted with or fused to Q;

each Q is independently selected from a 3-7
membered saturated, partially saturated or unsaturated
carbocyclic ring system; or a 5-7 membered saturated,
partially saturated or unsaturated heterocyclic ring

15 containing one or more heteroatoms selected from O, N, S,
S(0)a or N(R?); wherein Q is optionally substituted with
one or more groups selected from oxo, -OR?, -R?, -N(R?),
-N(R?*) -C(0) -R?, -R®*-OH, -CN, -CO;R?,

-C(0) -N(R?*),, halo or -CFi;

20 E is selected from Ht; O-Ht; Ht-Ht; -O-R%;
-N(R?) (R®); C;-C¢ alkyl, which is optionally substituted
with one or more groups selected from R* or Ht; C,-Cs
alkenyl, which is optionally substituted with one or more
groups selected from R* or Ht; C;-C¢ saturated carbocycle,

25 which is optionally substituted with one or more groups
selected from R* or Ht; or Cs-C¢ unsaturated carbocycle,
which is optionally substituted with one or more groups
selected from R or Ht;

each R* is independently selected from -OR?,

30 -SR?, -C(0)-NHR?, -S(0).-NHR?, halo, -NR®*-C(O)-R?, -N(R®),

or -CN;

each R’ is independently selected from



R3 is C1-C6 al kyl , C2-C6 al kenyl, CS-C6 cycloal kyl , CS C6 cycl oal kenyl or
a 5-6 nenbered saturated or unsaturated heterocycle, wherein any nenber of
said R3 may be optionally substituted with one or nore substituemgtsg jyn o
selected fromthe group consisting of -OR2, -C (O -NHR2, S (O nN FRZ?n
(R2) , H, - -SR2, -C (O zR2 and NR2-C (O -R2; and D _j - | kyl
or C3 al Wéﬁ?ﬂ%}ls%erei n said alkyl or al kEBnyl may optionall 9&@3%86@?%% ut ed
with one or nore groups selected fromthe group consisting of C3-C6
cycloalkyl, -ORS, -O-Qand Q (with all other variables being defined as
above for conpounds of fepmula |). Even nore prefexred are conpounds of
formula XXIIl described dbove, wherein R. is - Zor -C(O-M. For

P
conpounds of mul a_XXXI!, prerer+eﬁ (o] R tfose mwherein Ais
R1- Ht eacﬁ_—f[_%R' s 973 ‘TUNngébQ WO 991 3 812 PO%% - PLT/XIS08) 04595
i ndependently O -C6 al ky Imhich may be optionally substituted with a
substituent selected frokthe group consisting of -OR2, -C (O -NHR2, -S
(O nN (R2) (R2) , Htynhafhin- h MCPER21AEne 3 )e s 1% dD is Cl-C4
al kyl, which 5 may bewogg?%ﬂaﬁﬁé substitﬁtege%ﬁ% Q§®§F§3§§§é ected fromthe
group consiftomgH pf LC3- N8, cKel Mgl kgk, BOR2-N (RO @nd.E-askyl, €-H and

-NR2R3. _Even no referred _gre those c ounds f or,mul | descri bed
above mﬁeréﬂﬁ-ﬁiEFEYiPCfﬁiwiz6rw§5rgtp(gggpwg TC%QBEEdFCﬂﬁéfééo €~-ONN

i SIO 15 O QUMD &¥ NIR8y1 ngaub+OothérNeaah%heNH%H;NthaNN&s2Q>Q>un~d2 ~=
NMe2 2 ~ JUN 200Z WO 99133815 ~ 22 _ PCTNS98/ 04595

CVPDR7W201' tNMHzZ-N~-NFiARPR §20R 1 2 Y NKERY 8 ced~ RYNBR Rt £4@0aLah-HOUR05- - - NHzN
NH2H206-NF@Q%fgg@ggC%%g%hbz,gw E%O), S{0;), or N(R?*) ; and wherein any

hydrogen in said alkyl, alkenyl or R® is optionally

10 replaced with a substituent selected from oxo, -OR?, -R?,
N(R?)>, N(R®);, R?OH, -CN, -CO,R?, -C(0)-N(R?*)., S(O),-
N(R?*) 2, N(R?)-C(O)-R;, C(O)R?, -5(0),-R?, OCF;, -S(O)n-R®,
N(R?) -S(0)2(R?*), halo, -CFs;, or -NO,;

M’ is H, C,-Cj;-alkyl, C,-Cjz-alkenyl, or -RS;

15 wherein 1 to 4 ~-CH, radicals of the alkyl or alkenyl group
is optionally replaced by a heteroatom group selected
from O, S, S{0), S(0,), or N(R*; and wherein any hydrogen
in said alkyl, alkenyl or R® is optionally replaced with a
substituent selected from oxo, -OR?, -R?, -N(R%*),, N(R?)a,

20 -R%0H, -CN, -CO;R?, -C(0)-N(R?);, -S(0)-N(R?)2,

-N(R?) -C(0) -R;, -C(O)R?, -S(0),-R?, -OCFs;, -8(0)a-R%,
-N(R®) -S(0)2(R*), halo, -CF;, or -NO,;

Z is CH;, O, S, N(R?*,, or, when M is not
present, H.

25 Y is P or S;

X is O or S; and

R® is C(R?,, O or N(R? ; and wherein when Y is
S, Z is not S; and

R® is a 5-6 membered saturated, partially

30 saturated or unsaturated carbocyclic or heterocyclic ring
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system, or an 8-10 membered saturated, partially
saturated or unsaturated bicyclic ring system; wherein
any of said heterocyclic ring systems contains one or
more hetercatoms selected from O, N, S, S(0), or N(R?);

5 and wherein any of said ring systems optionally contains
1 to 4 substituents independently selected from OH, C;-C,
alkyl, 0-C;-C; alkyl or 0-C(0)-C;-C, alkyl.

Preferably, at least one R’ is selected from:

o

0O
. 0]
_HZC—O—'U\ O/\/N\CH3 )OK,O , /'"\/O\/\O/ ,

0 o)
10 ANg” NMe., ,
S - (L) -lysine, -POs;Na,, /J\O/\/ ®2

Q )(J).K‘NH
/“\N/\/NHAC, - (L) -tyrosine, NI -POsMg,
o
-PO3 (NH)z, -CH,-OPOsNag, /K,':‘,/\/NHZI - (L) -serine,

o]
-S0;Na,, /\’OV\QA;\NMGZ. -SO3Mg, -SO;(NH,) 2,

O

: e
-CH,;-0S03Na,, -CH,;-0S0; (NH,4) 2, \'O(N\/\,NHZ ,

NH, '
O
0] o \n/n\/\/\NH )J\N
15 /J\/ \/\o/\,OMe ' o) 2, "’/NHZ !
') O
rN— g
)LN\) ; acetyl, A ’ )j\/v ' -(L) -valine,

- (L) -glutamic acid, -(L)-aspartic acid,

0 o)
- (L) -y-t-butyl-aspartic acid, /\OJ/\)'
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H~-O-O-OVeN22500~CH3™ H~O~" OVeON2260- NO2rr P. H OH227Q NOzr)
[ P~OHOH2280 NH2ri  / P~OHOH2290 NH2r ~ / P10° NaO N a2300 -H ~0~ ~0- g?gN 2002
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. 0
- (L) - (L) -3-pyridylalanine, -(L)-histidine, -CHO, /ACF3,
A My
0/\/\/ H
0 O OAc
0 , OAc¢ H ,
; Q 2 ?
/P\SO/\/ NH3 + /Pgo/\/ NMCJ + /\0’ Pgo_ /\0’ %O

PO3K,, PO;Ca, PO;-spermine, PO;- (spermidine), or
5 PO;-(meglamine),.

It will be understood by those of skill in the
art that component M or M’ in the formulae set forth
herein will have either a covalent, a covalent/
zwitterionic, or an ionic association with either Z or R’

10 depending upon the actual choice for M or M. When M or
M’ is hydrogen, alkyl, alkenyl, or R, M or M’ is
covalently bound to R® or Z. If M is a mono- or bivalent
metal or other charged species (i.e., NH;"), there is an
ionic interaction between M and Z and the resulting
15 compound is a salt. -

When x is 0 in (M)x, Z may be a charged species.
When that occurs, the other M may be oppositely charged
to produce a 0 net charge on the molecule.

Alternatively, the counter ion may located elsewhere in
20 the molecule.

Except where expressly provided to the
contrary, as used herein, the definitions of wvariables A,
R*-R*, R®-R®, Ht, B, x, n, D, D', M, Q, X, Y, Z and E are
to be taken as they are defined above for the compounds

25 of formula I.
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According to a preferred embodiment, the

compounds of this invention are those represented by
formulas XXII, XXIII or XXXI:

Togep
A,N\/'\/ —80,—E

(XXI1)
: S

D'
t gl
o. _N N_
Het—(CH, )5 T " 50,~E (CXXT)
N
R3
p OR D
10 A\I;I NH\/\/N—-SOf'—E
ko4 (XXXI)

wherein A, R®, R’, Ht, D, D', %, E are as defined above

15 for compounds of formula I.
two R?

For ease of reference, the

moieties present in formula XXXI have been labeled
R?® and R®'.

For compounds of formula XXII, more preferred
compounds are those wherein:

20 A is selected from 3-tetrahydrofuryl-o-c(0)-, 3-

(1,5-dioxane) -0-C(0) -, or 3-hydroxy-hexahydrofura{2,3-b) -
furanyl-0-C(0)-;



H-NHCHO 256 OH ~N | HNH 257 OH\ HCH3 258 OH\ ~ CH3 N H 25s O H CH3
NH?260 OHHCFa 26i OONCH CH3 H262 Op CH\ ~CH3 N H 263 O?@J@ﬁ%
H 264 P03 K2 -~z 2 4 JUN 2002 WD 9913385 _ 2 g _ PCT/ US9810459

W 265 P03Ca -~z 266 P03My 267 O COOtBu -NHz ~NH2 308 NHz 402 o H.O 4 03
OC H O 4WR9%381 O 1~d 405 NHAcC H ~N NHR90-406 - NHAc H H REZUSPYB#FOS

D is C;-C; alkyl which is optionally substituted
with one or more groups selected from the group
consisting of Ci;-C¢ cycloalkyl, -OR?, -R®, -0-Q and Q;

E is C¢-Cjp aryl optionally substituted with one or

5 more substituents selected from oxo, -OR?, SR?, -R?, -
N(R®),, -R®*-OH, -CN, -CO;R?, -C(O)-N(R?),, -S(0)2-N(R?),,
-N(R?) -C(0) -R?*, -C(0)-R?, -S(0)p-R*, -OCF3;, -S(0)s-Q,
methylenedioxy, -N(R?®) -S(0).(R?®), halo, -CF;, -NO., Q, -0Q,
-OR’, -SR’, -R’, -N(R®) (R") or -N(R"),; or a 5-membered

10 heterocyclic ring containing one S and optionally
containing N as an additional heteroatom, wherein said
heterocyclic ring is optionally substituted with one to
two groups independently selected from -CH;, RY, or Ht.

Ht, insofar as it is defined as part of R®, is

15 defined as above except for the exclusion of
heterocycles; and

all other variables are as defined for formula I.

Even more preferred are compounds of formula
XXII, wherein A is 3-tetrahydrofuryl-0-C(0)-; G is

20 hydrogen; D’ is isobutyl; E is phenyl substituted with
N(RU;; each M is independently selected from H, Li, Na,
K, Mg, Ca, Ba, C;-C; alkyl or -N(R?),; and each M’ is H or
C,-C; alkyl.

Another preferred embodiment for the formula

25 XXII compounds are those wherein:

E is a 5-membered heterocyclic ring containing one S
and optionally containing N as an additional heteroatom,
wherein said heterocyclic ring is optionally substituted
with one to two groups independently selected from -CHj,

30 RY or Ht; and

all other variables are as defined for formula I.
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. Even more preferred are any of the formula XXII
compounds set forth above, wherein R’ in -OR’ is -PO(OM),
or C(O)CH,0CH,CH,0CH,CH,OCH; and both R’ in -N(R’), are H,
wherein M is H, Li, Na, K or C;-C; alkyl; or wherein R’ in
5 -OR’ is C(O)CH,OCH,CH,OCH;, one R’ in -N(R"), is
C (O) CH,OCH,CH,0CH; and the other is H.
The most preferred compound of formula XXII has

the structure:

O
O
SU S OEY
S
o

N N
H
PO;Na,
NH,
10 For compounds of formula XXIII, most preferred

compounds are those wherein:
R® is C;-C¢ alkyl, C.-C¢ alkenyl, Cs-C¢ cycloalkyl, Cs-
C¢ cycloalkenyl or a 5-6 membered saturated or unsaturated
heterocycle, wherein any member of said R® may be
15 optionally substituted with one or more substituents
selected from the group consisting of -OR?, -C(O)-NH-R?, -
S(0)aN(R*) (R?*), Ht, -CN, -SR?®, -C(0);R* and NR?*-C(0)-R?*; and
D' is C;-C; alkyl or C; alkenyl, wherein said alkyl
or alkenyl may optionally be substituted with one or more
20 groups selected from the group consisting of C;3-Cs
cycloalkyl, -OR?, -0-Q and Q (with all other variables
being defined as above for compounds of formula I).
Even more preferred are compounds of formula
XXIII described above, wherein R’ is -PO(OM), or -C(O)-M’'.
25 For compounds of formula XXXI, most preferred

compounds are those wherein A is R!-Ht, each R? is
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independently C;-C¢ alkyl which may be optionally
substituted with a substituent selected from the group
consisting of -OR?, -C(O)-NH-R?, -8(0).N(R?) (R?®), Ht, -CN,
-8R?, -CO,;R? or -NR?-C(0)-R?*; and D' is C;-C,; alkyl, which
5 may be optionally substituted with a group sellected from
the group consisting of C;-C¢ cycloalkyl, -OR?, -0-Q; and
E is Ht, Ht-Ht and -NR?R’.
Even more preferred are those compounds of
formula XXXI described above wherein R’ is -PO(OM), or

i0 -C(0)-M’.

TABLE 1

O OR7\§ = l w
H :
@O\”/N\/\/N\S: AN
: /7 o
O :\©O

15

CMPD r7 W
198
'e) -NO,
Fo- O
199
0] -NH»

200




510 15 W 99133815 R- 33 ~(P). R loo? CHB OR / (NHH R S H3 HC
\Cl-t3 2 4 JUN ~2 PCT/ US98/ 04595 1008 1010 ' wherein, in corrpoun(}SéOBg,
when R is POBM (G x is not H and wherein R is selected fromi p’ pgm
or cyclopentyl; R11 is selected fromNHR or OR; and x, R and G are as
defined a(@y&s3sfdre prodrugs of the presgpt _invention nay beCsyssiesized
usi ng conventional synthetic techniques. United States patent 5,585, 39?

di scl oses the synthesis of conpounds of fornmula: 1009 , or 2 4 JUN 2~2
WO 99r BBBIWW Dt W
201
0 -NH;
)LN/\,NHAc
H
202
0 -NH,

203
O "NHz
A NH
H
204
@] -NH;
)L”/\/\NHZ
205
O -NH;
H
206
O -NH;
/KN: ,NH,
207 :
0 -NH>




A(BBXNHCHNS02 E5 (X OR D wherein A, B, n, Db D, and E are as
defi ned above. Prodrugs of formula (1) of the present invention can be
readily synthesized fromthe 397 conpounds using conventi onal 2 ol 202es.
One of skill in the art would 10 be well aware of conventional synthetic
reagent sw®osiRByert the -OH group of _t_h§3‘§97 conpounds t oP@TAI6%A/04825 - OR
functionality of the present invention, Wherein R is as defined above. The
rel ative ease with which the conpounds of this invention can be synthesized
represents—gﬁggn ETToT ToUS ddvgntdge T g Targe scat eyproductionufy t hese
conpounds.| For ekanple, VX- 4% , a conpound disclosed in the 397 patgnt,
can be redUilgg CTPNVETTEU 1O LITE COTrTespongt ng bl S-phosphiate ester
derivativg, as shown 2g below. o ~p ~I Ig Q~O DCC, .{8P0 0 NN S~ 1~ ~3 O
NNS~-O1 ~ pyridine, )60C, 3h O-P-OI ~ NHPOH ~NHz . ~"s z H OH 25
Alternatively, i1 the ‘ st e ester [of VX-478 is desired, then|the
synt heti c [schene|can be deadi Hapt ed by beginning with the 4-nitrpphenyl
derivativg of VX}478, asNéhowdnphe V@)99/33815 51~\ ~~0 ONNO ~
NOz hexamgt hyl d | sil azane bis(trine&h?l)peroxide 120C, 2h - 35 2 4 JUN 2W2
PCT/ US98/ 44595 O ~I ~ DCC, H3P03 ~ ~ I1SIiOf ON N pyridine, 60C) 3h G=P-O I
~ NOH™H[T 2990 PN N

O -NO;

210
0 -NH,
0]
//H\V/ \V/’\XDMB
211
0 -NH,
NH.» OH
212 0)
-NH,
/)L\V/“\O/CHa -
213
@] -NH;
/U\/O \/\OH
214
0] -NH,»
/ka/“\v/\\/NHZ
NH,
215

0 -NH:
/JL\/O\/’\O/\\/OMG




O~~~ ~ NOz HO OH i
HZ~PdI Et OAC,

35 psi

10 p Q~~0 O 'N N-S

| ~ O=p-O ~NHZ ~ \OH HO

Exanpl es of specific conpounds in addition to 15 VX-478
whi ch may be converted to the prodrugs of this invention by sim)arynN

2

techni ques (and the syntheses of those internediates to the conmpounds o

t he present

invention) are disclosed in WO 94/05639 and WO 96/ 33184,

t he

di scl osurwe 99f3sshi ch are herein incorpokrated by 2 0 ref er BREAISIB/04595

Pharmaceutically acceptable salts of the conpounds of the present
may be readily prepared using known techni ques.

For exanpl e,

i nvention
t he di sodium"

salt of tgfcm@@o-phospﬁate egler shown above can 25 be yprepared as spown
bel ow. | ~\ ~|~01) 3 equiv. ag. NaHC03} ~ 110 ONNI| ~ ----~ 0O NN S
O=P D ~ NH2 226 M[t subi shi CHP-20 ~p-O | ~ |NH OH ~ pol yaromati c resin|col um
30 HO 0% bjo 5% Ci, CNoi n HZO Na O O Na* 3) [l yophilize -NB,4 JUN 2002 B 6
PCT/ US98/ 04595 mb 99 33 65 e cR ﬂﬁgy nds of this invention may bg
nodi fi ed by appendi rlﬂ nctionalities to enhance sel ectiye

bi ol ogi cal propertles Such nDUﬁflcatlons are known in the art and ipcl ude
t hose whi cjh incr#ase 5 blologlcal penetratfion into a given biol ogica
system (e.[ 37 Ot uuu*‘1ynpndllc SYyStTem C%mTTHPﬁﬁﬁTREETSVSTEﬂT“FﬁC’ease
or al availabﬁlit , increase ub|I|ty to allom/adnlnlghratlon by
injection,|alter |metab |sn1an l\hlter rat g of excretion. 10 Wthout peing
bound by tfeory, [we beI eve hat two different mechanisnms are involved in
convertingl the prodr invention jinto the active drug, depepding
upon the Stlﬂ(% gof—tte mvurug Frre—frrst—mechanTsmrrnvotves—the
enzymati c jor chemical 15 trangformati on of] the prodpug species into | he
active forim The}second mechani sminvol ves| the enzyigatic or chem cal

cl eavage of a fu%ctionality on the prodrug to pre e conpound.

The chem ¢
functi onal
anot her he

shown bel o

al or enzymatic transformation can 2 0 ﬁnvolve tlo tnansfer| of a
group|(( i a. , R) fromone heteroatom NHAI mol eful e to
teroatdm This transfer is demonstrated in the chemcal rehctions
220
H O
N N, NH=
221
i O TNMe
\14/u\V’N‘\/J
N -
222
H
\HJ\/O\/\N/\/NM&
N Me
223
H




TFA-
TFA -

H2 25 and HH _
H2N N\ NHS ~b ~ /

"NOH7.6 NN NO2 \

37 pH 7.6 NHZ The cl eavage nechan
denonstrated by the reaction bel ow where a phosphate ester-cont
prodrug is converted into the active formof the drug

| O 2 4 JUN 2002 WO 991 33815

ZF Ay o0

by renoval 5 of the

phosphameo gsseps O O H _ a O ~ O PCTNS98/ 04595 These pr ot BEEYSPHMSE t or s

and their

utility as inhibitors of aspartyl
United States Patent 5,585, 397,

t he di scl

prot eases are described in
osure of which is incorporated

herei n by cwper ence. 10 Thegprodrugs of tlhe present 1 mwention are
char acterji zed by unexpectedFy hi gh aqueous solubility. This solubiljty
facilitatlegamdm ni stration of higher dosgs of the prod rug, resultipg in a
greater qrug |opd per unit dpsage. The prjodrugsQof the present inveption 15
are al so|characterized by facile hydrol ytjic clgggg tg relea he} acti ve
aspartyl |proteage inhibitor in vivo. The hithaq ggs/gboﬁﬁbkgﬁvgand t he
facile in vivo petabolismresult in a grdaterNbioavailability of the drug.
As a resdlt, the pill burden on a patient] is 20 significantly reduced. The
prod rugs "ijéh S—refRteR—ay—be—erphoyet—r—ea—tconrvrent+oenal—rarre! for
t he treatﬁgﬁ of viruses, such as HV and HTLV, Qgich depend on aspprty
pr ot eases ? ’u\~/
//L\V/O\V/A\O/CHa \n O\"/\OMe
226
0O -NO
"
AH
OH
227
O ~-NO2
]
~R~on
OH
228
O -NH:
(1]
~R~0oH
OH
229
o) -NH,
1"
,R~0"Na
O" Na
230 0
§ o :
\N \/\O/\/ \CH3
H
231 o 0
|
0 . J o
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life cycle.

Such net hods of treatnent,

38

may be sel ected by those of ordinary skil

met hods and techni ques.

For exanpl e,

PCT/ US98/ 04595 for obligatory events in their
their dosage | evels and requirenents

in the art from availall gn

2
a prodrug 5 of this invention nayzgg

e adj uvant for ad:r@mgh/romgson to

conbi ned jRharmaceutical ly acceptét
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t he active conponents suspended or dissolved in a 10 carrier. Carriers for

topi cal adm nistration of the conpounds of this invention include, but are
not limted to, mneral oil, liquid petroleum white petroleunldgrqgﬁh%ﬁg

gl ycol, pol yoxyet hyl ene pol yoxypropyl ene conpound, emnul sifying ﬁ 1
water. Alternatively, the 15 pharnaceutical conposition ca ﬁ ég | at ed

with a s¥Qa3813 oti on or cream contai g the active corrpgﬁ /@S %@g%nded or
di ssolved in a carrier. Suitable carriers include, but are not limted to, .
mneral oil. sorbitan nmonostearate, polysorbate 60, cetyl esters wax,
cetearyl PROCMRRRdhol, 2-octylglbdecanol) behzyl al cohol ®Wnd water. The
pharmaceutical donpositions of this invention nay also be tapicallylapplied
to the | op@08i ntlestinal tract Ey rectal spppository fornulation or Un a

sui tabl e ¢nema flormul ation. Topically-trahsdermal patdfés are also 25
included {n thid inventionthCTRe—Mhr maceutical compositions of this
dnventionymay bg adm ni stered §y nasal aefosol or inhalation. Such
conpositi pns arg prepared according to teghniques well-known in thelart of
pharmaceuttcal 34 Tornmulation and nay Dbe prepared as soruatitons rmnsaline,
enpl oyi ng benzyl al cohol or other suitable preservatives, absorption
pronoters to enhance bioavail abilitygpi,p27r4 ,1UN 200 WO 9913381 ~ _ Q5 _
PCTNS98/ 04595 fl uorocarbons, and/or ot her sol ubilizing or dispersing agents
known in the art. Dosage |evels of between about .OL and about 100 ng/ kg

body wei ght per day, preferably between , about 5 0.5 and about 50 ng/ kg body

wei ght per day of the active ingredi conpound are useful in the
prevention and treatnent of viral Agfeckion 9 ¥¥ng HI V infection

Typi cal Iy, the pharnmaceuti cal yconppsiti gns is invention will be
admi ni stered from about 1 to.Nko 04 imts. per day or alternatively, as

a continuous infusion. Suc adninistratié%=0an be used as a chronic or
acute therapy. The ampunt of active ikpgPedient that may be conbined with
the carrier materials to produce.a gl e dosage formw || vary dependi ng
upon the host treated and 15 the pg <’;ular node of adm nistration. A
typical preparation will contain fro#rabout 5% to about 95% active conpound
(ww). Preferably, such preparations contain from about 20%to about 80%
active %onpound. Upon inprovenent of a patient's condition, a 20

mai nt enance dose of a conpound, conposition or conbination of this
invention nmay be adm nistered, if necessary. Subsequently, the dosage or
frequency | of CaMROUNBt r at i on, or both, may be reﬂuced, as g7 functionjof the
synptons, {to a level at which the inproved condiition 25 is retainediwhen

t he synpt ¢ns ha&s& been alleviayed to the desired levelg treatnent should

cease. Pafients may, hpwever, require jinternmttgnt trdptment on a I gng-term
%\ o™ e,
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basi s upon any recurrence of disease synptons. As the skilled artisan wl|
appreciate, |lower 30 or higher doses than those recited above may be
required. Specific dosage and treatnent regi nens for any parti c%gr‘{@a%ﬁnt
wi || depend upon a variety of factors, incI udi ng 2 ~4J UN?2

99133815w0 #B3815sPCTNS98/ 04595 the acti,ty of the specifi ecmpgeonsys

enpl oyed, the age, body weight, gener al 1health status, sex, diet, tinme of
adm ni stration, rate of excretion, drug conbination, t he severlty and

course of [TTE P o[ tiepatTegt—s 5 dr spositi n and
the judgnent of the treating physician. In ordeA that thi% inventiof be
nmore ful | FOMOgRE 004, rne‘T0||umnng exanples ane ser fortit. —Thesegxanpl es
are for the purpose of |IIust"|‘: y and ar¢ to not t const ued as
limting fhe scope of the inve /ﬂ%any way. I Gen raI

condi tions: (A) Analyt{cal I-‘II‘BEC 009®/ 30 nin, A=0. [to TFA

in water,{B=0.1% TFA i h acetonit =I e. Detection 25 and 220 nm (€18
reverse phase \ydac_ D=2 4 min (R) 1/3 v/y Ft d]Ar‘/ hexane 20 25 (Q) 11/2 v/v
Et OAc/ hexane (D) Anal ytical HPLC 0- 10098/ 10' ni n, 1.5 nm./mn, A=0.1% TFA in
water, B=0.1% TFA in acetonitrile,_ _Detection at 254 and 220 nm C18 reverse
phase Wdac, t0=2.4 min. 0 p OH ~BAGEE EINOp b\ / 0 O NHOSb \ ~ NOZ

5
COMPOUND R7 W
243 |
H'—ﬁ_" "NOz
o]
244 |
H—P— -NH;
o]
400 l
OH —fl"_ -NO;
0
401 |
OH _‘ﬁ—’l— -NH,
o

According to another embodiment, the invention

provides compounds of the following formulae:



1~7 198 A mxture of 2. O ( 3. 7 mwl ) of 197 and 3 . g 2 4 JUN 2002
5 10 15 20 25 WD 99133815 _ 47 _ PCTI US98/ 04595 (16 mwbl) of
di -p-nitrophenylw(ggg/#}(gnate in 10 m of dinethylformam de was treated at 25
with 4 ni (4 mvol) of °P4- phosphazene base (Fluka, 1Min hexane). The
m xture was stirred for 6h at 25 until all of the starting al cohol was
consuned. The reaction nmixture was partitioned2between ethyl acetate agd‘ JUN 2
hydrochl oric acid. The organic | ayer was washed with 1N sodi um h?@mxj;g)&sg

. . . . 5
and brine, dried over magnesi um sul fate and concentrated in vacuo.
Titration with dichl oronet hane gave the desired m xed carbonate (1.2g cropl

r.

and 0.6g crop 2) a] yned yield: 69% Rf=0.13 (1/3
Et OAc/ hexane, co iony B
t HPLC=23.83 mn (A)y, M

2 Et CAc/ hexane, conditions C),
(2H M, 2.15 (IH M, 2.8J(I H M

(CDC13): 0. (6H, dd), 1.

, 3.5 (2H m %23. H,m)I,R’9
3.8 (4HmM , 4.3 (IHDb 4.8(IHOn') . 7 X7TH[m A OBH
(2H,d) , 8.35 (4H m . 1’%CDC13). ~2 152. 499, SBN, c@’
+129.0, +l28.8, +128.5, ¥F1XN.2, +1254, +124.4, +12108, 78. 1, g,
-73.1, -66.9, -56.5 +52.7, -48.2, -85.9, -3S.9, 32.6, 4,099 9,
+19. 8. O~NOOOO4~Q<NH~N~%~/vOO~'ExarrpIe2M~ X
~OXNN~0~O\ ~ NH? 2 4 J 1J 02 WD 991338I5 _ 4 8 _ PCITUS98/ 04595 To
0.20g (0.286 mVW) of 128 dissolved in 3 mM of THF was added 0.11 g (1.14,mV)
of 1-Methyl -piperidine and the m xture tirred overnight at rogm
tenperature ("rt"). > | en evaporated and the 5 solid
residue partiti . The volatiles were renoved
and, where appr eated with 1:1 TFA/ DCM over 30
mnat rt to A product was dissolved in
0.25 m TFA an ) ) groge@ol ysi s 10 1'orN10 hours in presence of
\ ed Rbmpound. THe’final purification was on
M8&/using conditions Exanple 1, except that the

preparatgve reversed phase
flowrate was 18 ni/ m n.

Y



N. talc: 49.27, 5.57, 8.25, found 49.15, 5.76, 8.29 15 C31Hg5N50~-S
CF3COCH LC/ M (ES+) 632 (MFl) 1 peak at 4.71 mn Anal ytical HPLC(A
Amn1H071(3Hd),074(3Hd),180(2Hn),203(|Hﬁ) .
m , 2.74 (IHM , 2.82 (3H,s) , 2.92 (2H,n) , 3.20 20 4H 3.42
. m "‘3).9233é‘§Hn') . 3.75 (IHM , 435 43H ) , 4. @WJ?H}‘S%G 2
H, bs) 6 . 60 (2H m , 7. 22 (SH M, 7.40 (3H m, 13C ( DVBO) : 156.4,
154. 0, 153. 8, 138.8, 129.6, 129.5, 128. 126.5, 123.7, 112.7, 74.8, 72.9,

3
66.7, 58.2, 54.0, 25 53. 49.3, 42 36.0, 33.3, 25.8, , 20.3
02 nnle 3 1 N Al~~N
D ) ' 0 \ /ot

WO 99/ 33815 PCT/ US98104596 2 R’ f Ul

0 O~ ~O O ~OxHH~-N; ~. ! C

198 i,00 The_synyhedi s D fron1c rﬁf%HMried as
descri bed i e W , Ndi et hyl - anol was used in
pl ace of di phenyl HNNR (aceto s ]2 (6H,dd), 1.83

(2H, M, 2.07 (IHm, 2.
3.38 (4H,n) , 3.63 (2H, . YFY M . 4
4.56 (IH.m . 4.96 (IH, 5.06 (IH, Hd§G)x6i€8
(SH, m), 7.47 (2H, d) . 13CNMR (acetone d6): 20.2, 20.3, 27.5, 33.4, 35.6,
43.8, 50.1, 54.2 56.4, 58.5 6087 67.4, 73.6. 76.2, 7941808114 2 118 3
127.4, 129.2, 130.1, 130.3, 139.3, 153.4, 1S7.0. LC/NMS: 1 peak, 621 (MH+).
20 Exanple 4 O-N OO OO0 Ox ONHH-O\ / NO- VV O

19 (IHm ,

5
CH,
OR’ (NH)XR7
S
HC~ 7 ch,
10 1010 H,C
wherein, in compound 1005, when R’ is PO3M, (G)x is not H;
and wherein R’ is selected from isopropoyl or
cyclopentyl; R is selected from NHR’ or OR’; and x, R’
and G are as defined above.
15 The prodrugs of the present invention may be

synthesized using conventional synthetic technigues.
United States patent 5,585,397 discloses the synthesis of

compounds of formula:



198 ACHN, HO OOV ~OUNH~N.s NH V 201 2 4 JutJ 2002 5 10 15 20 25 WD

991 33815 - 50 PCT/ US98/ 04595 The synt hesis of conpound 2~1 frcwacoqpound 1
8 was carried as described in Exanple 1, except that 4 JUN 2002
Nacet yl - et hyl enedi am ne was used in place of di-pnitrophenyl carbonate. .
C, H N C%ﬁ ’R}%l 6, 5.64, 8.83, found 49.76, 5.98, 8.93 C3pt4rioskdsbs. 1. 4
CF3COH & ES+) 634 (M+1) 1 peak 3t 5.08 nin. Analytical HPLC(A)
t=15.92 mn. 1H d-3 acetonitrile 0.88 (6H,dd), 1.92 (3H,s), 1.94 (2H, m.
2 .17 (1H mM , 2. 72 (2H, , 2. 96 (2H m , 3. 07 (3H M , 3.29

(IH M , 3.42 (3H M , 3.69 (HP 3.77 (IH M, 3.82 (IH M, 4. 133

(IH m, 4.40 (IH bs), 5.05 (2H ), 5.80(IHrr) 6.10 (I1Hd), 6.78 (2H, d),
6.8 (IHbs) , 7.28 (SH m,,, 7.58 ( (d3 topitrile): 157.1,
157.0, 153.2, 1@‘?—@;9‘%\' 14077, 129% = g@esg +114.2, +76.0,
+75.4, 73.6, -67.4, -58.2,|+54.9, -50.2, -a1.6, 39 8, -35.9, 33.4, +27.3,
+23.1, +20.4, +20.2. Exa 5N Q=@ HH > QWO ~ /N~ d ~O~O-NHN-' O
OV I MO . ------- a ~0 "N+~ N, S EOO\ 202 The synt hesis of conpound

202 from conpound 198 was carried as described in Exanple 1, except that
nmono N- Boc WHieg&iay ifne Brad wded B’ ;ﬁr&%eE ATYi 3D- ‘ﬁ?ﬁ’éﬁﬁeﬁ?Pvéar bonat e.

CHN ool grcdntlh o Gkl (foUdl 4R, 28re e s valc E3RMGANERST X 2

readily synthesized from the '397 compounds using
conventional techniques. One of skill in the art would

10 be well aware of conventional synthetic reagents to
convert the -OH group of the ‘397 compounds to a desired
~OR’ functionality of the present invention, wherein R’ is
as defined above. The relative ease with which the
compounds of this invention can be synthesized represents

15 an enormous advantage in the large scale production of
these compounds.

For example, VX-478, a compound disclosed in
the ‘397 patent, can be readily converted to the
corresponding bis-phosphate ester derivative, as shown

20 Dbelow:

(SZ ji J\/‘:ﬁjfﬁ,,o DCC. H,PO, (SZ j)\ ﬁ,o
O"°N T N>:©\NH2

pyridine, 60°C, 3h o—p'o 5_ NHPO,H,
H "o

25 Alternatively, if the monophosphate ester of

VX-478 is desired, then the synthetic scheme can be
readily adapted by beginning with the 4-nitrophenyl

derivative of VX-478, as shown below:



2 4 JUN 2~2 5 10 15 20 25 WD 99133815 - 51 PCT/ US98/ 04595 Anal yti cal
HPLC(A) t=14.84 min.1H d6-DVSO 0.72 (3H,d), 0.77 (3H d),1.78 (2H m,

ggg('(ﬁ m, 2. 646(2§Hm 2. 53522 FHn)mz goggl(al ﬂ)’m)s 28(73H(| , 3. 32@2wm2m2
2890 H PR D) G BT (DM by 35 33(SH N o 7. as( g agstetssst ™

8. 88(2H, bs) .13C (DIVBO):155 7, 153.6, 153.0,138.4, +129.1, +129.0, +128.1,
+126. 1, 123.2, +112. 7, +75.2,+74.4, -72.5,-66.2) -56.9, +53.1, -48.8,
-42.5,-40.8, -35.0,_-32.2, +26.2, +20.0, +19.8. Exagple 6 O-HO \ ~ 0 ~O

HEN N 0 ~O5-OxHH~ OO~/~/O~SO~~I\CIS)~~--~%NH~"'HSHH1/1
198 203 TKeEIsynt %ofo conpoug@cz Pdro Bovas carried as
descri bed ; eedagi ne was used in

0
o BN cep RoN- Bo N »
pl ace of di-pnitr@pheny ar bonaisedineCebiCN3h cal g 45. 980 8. 54, found
46.50, 5.S1, 8.54 C28 201@,1 X 2 CF3COOH . LTINS 580 M-1) 1 peak
at 4.32 min. Analytical HPLC(A) t=14.69 mn. |H d~ DVMSO 0.77 (6Hd) ,

.82 (2H,m , 2.06 (IH M , 2.57 (2 , 2.82 (4H,m , 2.97 (IHm , 3.30
SH M |, , 3. 65 IH 0 (IHm , 3. L4 m , 4.88
(T | emepddimne - 00 0 N%;OEGH”’ RPN 7T
(3H, bs) . bis(BiméthjlyberAaia2 V\D 9 d) PCT/ US98/ 0B%9E, 353Gi ( dnSO)

155.9, 15220°C,1288. 5, 129.2, 12%9:p-028! ol. 122.9, 112.7, 74.7, 74.5,
72.6, 66.2, 57.2, 53.2, 49.4, 3 \O‘W 4, 35. % 32.1, 26.3, 20.0, 19.8. 5
exanple 7 O:Np ~ ~ OOtN N

10 (SZ i R/,o

Examples of specific compounds in addition to
15 VX-478 which may be converted to the prodrugs of this
invention by similar techniques (and the syntheses of
those intermediates to the compounds of the present
invention) are disclosed in WO 94/05639 and WO 96/33184,
the disclosures of which are herein incorporated by
20 reference.

Pharmaceutically acceptable salts of the
compounds of the present invention may be readily
prepared using known techniques. For example, the
disodium salt of the mono-phosphate ester shown above can

25 Dbe prepared as shown below:

o) ?\ 0]
u jﬂ 170 1 ) 3 equiv. aq. NaHCO, i 1§%e]
T,
o._p— NH, 2) Mitsubishi CHP 20 0_—=p -0
H O OH polyaromatic resin column  ~_ /
30 0% to 5% CH,CN in H,0 NaOoNa+

3) lyophilize



,.00~~-0~-O-HHH. S NOKO _\ |/ 7 ------ r ONH HOSNHO\ / _ 198
204 The synthesis of conpound 204 from conpound 198 was carried as
described in Exanple 1, except that nonolO 1, 3-di am no- 3- N- Boc- prdpaji ?m3
used in place of di-pnitrophenyl carbonate. C H N calc: 49.07, 5.64, 8.389,
found 48.95, 6.00, 8.92 C2gH43N50O-,S1 x 1.6 CF3COCH LC/ M5 ( ES+ 60 (N%l) 1
peak at WOPABK 15 Anal ytical HPLCLAB6t=14.72 nin. |H: d-

(6H,dd) , 1.64 (2HmM , 1.83 (2HmM , 2.03 ( 1H m , 2 . 57 ( 1H, n) , 2,
78 (4H m , 2. 94 (1H m , 3. 03 {2HmM , 3.32 (2HmM , 3.58 (IH M ,
3.63 (IH M , 3. 73 (Thenpomgogndel BEnEhis. SBVENRiIPN MR DY neddfiedel 20

Eﬁﬁsgi 3 12‘% sa‘gﬁg?t%g;“gléﬁpgc’ ﬁ?g) ’fui’f%é"&%'ji@ 280 %07%%%19%2' 913f112. 2,

+74.6, +74s@lect2ve, b15§o%1ca57p20pé5%1@s - 48uh mdAi%icaibions -abe 5,
-32.1, -27.6, +26.2, 25 + +19.8 - 2 ~ JUN 2002 WO 99/ 33815

PCT/ US98/ 0#Bown - in3theyars| and snedugs 2@)\0@eNWﬂqalqho~1@cq¢a@® HO~OxNH ~ 'N

| 0°0 OURO by Nlsecne for 0L o esio0bodia Lo 208, The

syntheSis © oun P5A Compoind scribed in

Exanpl e 1, (exgeptblbad, 11§lrﬁlphatme- 4yitBag- hehamelmm&eﬁa isysieme, of
di - pnltrophenyl car bonat e. H N. calc: 48.17, 5.5%9, 8.26, found 48. 02,
5.96, 8.2/ RaEPASRSETRE SyagksbbRiEre WBCEESFF 690 WBiBtY tRAL MY 4. 36

Anal 4 7 1.43
?14&, m n? ){ég'g?%lzﬁ%%%ﬁ % %?ie@t%?'wl?‘gg %}_@Q?o Zr%(aq'% dg%t %1 (2H M,
3.56 (| H nyat8.68 ékere}ios.70 (I H. bq), 382(IHrr) 485(IHrr) 4,92

IH M , 6.62 (2H,d 2H 2 (3H, . 13C
(155. ?1 0152. 9, i138 %Wlﬁli‘%tlge%f%b@un%i?& (ShePfé’e fe ( gye +t1 at7

t74.4, +74:30 dfgfzren§6m3ch§ﬁ1§ms+5§e7anv%@v%d 138 Bnved& thg -39 4 -32.1
-26.3, +26. 2, -24. . 9. Exanple

prodrugs of thlS 1nventlon into the active drug,
depending upon the structure of the prodrug. The first
mechanism involves the enzymatic or chemical
15 transformation of the prodrug species into the active
form. The second mechanism involves the enzymatic or
chemical cleavage of a functionality on the prodrug to
produce the active compound.
The chemical or enzymatic transformation can
20 involve to transfer of a functional group (i.e., R’) from
one heterocatom within the molecule to another heteroatom.
This transfer is demonstrated in the chemical reactions

shown below:

A 2
TRA- HaN r‘é}/s\\-<3—rqoz PH 76 \/OYN ':;,sg@_ruo:
o)

25

and



OENH=NO~O~N ,I0O~-0~0% O- OUHHN- <1 O0O0_ ~ NO= w ~OxHHNS NH
~ 1 11 2 ~ JUN 2002 WO 99] 33815 PCTI US98f 04595 - 54 The synthesis of
conpound 206 from conpound 198 was carried as described in Exam2 & JUN 2002
except that (3R)(+)-3-Boc-am nopyrrolidine was used in place of
pnltrggygg%khcarbonate 5 CHN ca%&:_48.28, 5.36, 8. 28¢cTAI9oEMsdk’- 89,
5 53, 8 3N5~7S1 X 2 TFA LC/ MG S+) 618 (M+l) 1 peak at 4.32 mn.
Anal ytical HPLC(A) t=14.31 min. 1H and 13C NMR conpl ex and overl appi ng
m xtures of 10 rojoners. Exanpl a 10 O=N/ ~ NIN\ O\0 CN 10 O ~O-NH N -

/O~ OQ,57~\l _OXNi H OO~0~SO~ 1 Ni=v 198 207 The
synthesis o 0 from conpound 198 15 wa I e s described in
Exanpl e 1, TraxaeRt - 3- Beez.aum nop oH(cﬂ: useehi n place of
di - pni trophenyl” ¢ 3 —@7 (ESH—648 p ak aH,SNHz
Anal yti cal HPLC( ANAER[4.775 min. 20 1H and 1 ‘Qno over | appi ng

m xtures of rotone 2~1 JUN ~pp~ WO 99/33815

The cleavage mechanism is demonstrated by the
reaction below where a phosphate ester-containing prodrug
is converted into the active form of the drug by removal

5 of the phosphate group.

¥
Fc

m/*%%@w — m&gﬁg@w

These protease inhibitors and their utility as
inhibitors of aspartyl proteases are described in United
States Patent 5,585,397, the disclosure of which is
incorporated herein by reference.

10 The prodrugs of the present invention are
characterized by unexpectedly high agueous solubility.
This solubility facilitates administration of higher
doses of the prodrug, resulting in a greater drug load
per unit dosage. The prodrugs of the present invention

15 are also characterized by facile hydrolytic cleavage to
release the active aspartyl protease inhibitor in vivo.
The high aqueous solubility and the facile in wvivo
metabolism result in a greater biocavailability of the
drug. As a result, the pill burden on a patient is

20 significantly reduced.

The prodrugs of this invention may be employed
in a conventional manner for the treatment of viruses,

such as HIV and HTLV, which depend on aspartyl proteases



0O~ NO O NH- ~0 \ ~ NO= 198 PCTI US98104595 - 55 ExanrJ1l a 11 Mew NH O Men

O----r ~ 0~ NH K NH= 308 5 The synthesis of conmpound 308 from conpound 198

was carried as described in Exanple 1, except that N 24 JUN 2002

triphenylnethyl N, N - di net hyl et hanedi am ne was used in place of

p n|tr henyl _carbonate. 1H-NVR O . 76 ( 6H, dd) , 1. , 1

SBBIST07 10 (IHM . 2.728m ., 2. 75 (3H, s)@?ﬁz”ggg"{%ﬁ,m ,

3 45 (2H m, 3. 7 ((4HmM , 4 .2 (2H bm , 5. 05 (2H bd) , 6 . 62 15 .

(2H,d) , 7.2 (SH.M

L 7.5 (2H,d) . LG MB: Exanpl e 12
General Pr 6€&dQPad IBEATM |%‘fﬁnr(§~mc§l’ﬁ+r-d~?\£ﬁ—l435‘31?\la S}“Cb @e °d§~o 0

N=N~ O O Cz£0O nggro e vDBs 2
di ssol ved |or11E %mf 8:1 tz v%vanga ﬁ%%z L- Ben%%-oféggglyﬁée?géng%e’om mv)
fol  owed bpeddtrmg by thrde RIC ofdinamedshyl 2oy the3awy OWAR. The

reaction 19341 5H% Hetod S add Wecnnfqfls®! PhES! ERampl®, 92 22843ug

5 of this invention may be combined with a pharmaceutically
acceptable adjuvant for administration to a virally-
infected patient in a pharmaceutically acceptable manner
and in an amount effective to lessen the severity of the
viral infection.

10 Alternatively, the prodrugs of this invention
may be used in vaccines and methods for protecting
individuals against viral infection over an extended
period of time. The prodrugs may be employed in such
vaccines either alone or together with other compounds of

15 this invention in a manner consistent with the
conventional utilization of protease inhibitors in
vaccines. For example, a prodrug of this invention may
be combined with pharmaceutically acceptable adjuvants
conventionally employed in vaccines and administered in

20 prophylactically effective amounts to protect individuals
over an extended period time against HIV infection. As
such, the novel protease inhibitors of this invention can
be administered as agents for treating or preventing HIV
infection in a mammal.

25 The prodrugs of this invention may be
administered to a healthy or HIV-infected patient either
as a single agent or in combination with other anti-viral
agents which interfere with the replication cycle of HIV.
By administering the compounds of this invention with

30 other anti-viral agents which target different events in
the viral life cycle, the therapeutic effect of these

compounds is potentiated. For instance, the co-



- 56 2 ~~1 JUN 2002 PCT/ US98/ 04595 present were renoved by filtration. The
filtrate was then concentrated in vacuo. The final conpound mavéfgrlfled on
preparative reversed phase C18 using purification by HPLC C18

Prep 3000 Colum: 5 YMC-Pack ODS AA 12S05-2520WI 250X20 mm | . D.

120A, 0-wOQ¥Bidver 1/2h, flow=18 nl4 rEM,- nonitored at 226CH{HS9E¥“€F9§%
trifluoroacetic acid in acetonltrlle A=0.1%trifl uoroacetic acid in water.
Anal ytical Columm: YMCPack ODS AAl1 2S05- 2520WI 250X4.6 mm .D. S-5mm 120A,
0 10 100%Bmanistered raim:.-oxderall/adeknt e toe echeat wi2éh noar8e8s1%
trifluoroaceglc acid in ac to Ile, A=0. é@btrlfluoroacetlc acid_ in water.

The aqueoB8TpKaS¥eRES o Y Y E L EI NG, VIEES goFUuehu3sesEx !

(U11484- 72510}, t gRbErkl EEEﬂEdEﬁgFﬂéh“@%@ 1 04 ﬁﬁ%“@%%@ﬁ@§€1oﬁedUCt'OnOf
t he Nltro Functionalit MeOwW O MeO- O- ~0 0 NH N, , ~ ~p~NH

N, O0'D ~1nte/ cel3ular- DNA= 2091t2i1-0'ITA7 SAgenys oﬁamxngosugbl aadlllo mg of
10% Pd. C 20 95% Et OH f1 s intillati i al
Squi poed SAER SYRiEmeTte drdiEs, i e B rbaPoBEna vei o
under hydrgaen,balmon ilRsaidiek | (A2r CONRbBFSuLreswed si on. The crude

preparation was then filtered off the catalyst, and purified on RP C18 HPLC
25 (Prep Novaspechagcig@sumsB0 (olgiuks €ER4 D | DY FLewbr, 30 min. The

o ey 0 S SO R A 11
nithine, ribavirin, acyclovir, alpha interferon and tri-

10 menotrexate. Additionally, non-nucleoside inhibitors of
reverse transcriptase, such as TIBO or nevirapine, may be
used to potentiate the effect of the compounds of this
invention, as may viral uncoating inhibitors, inhibitors
of trans-activating proteins such as tat or rev, or

15 inhibitors of the wviral integrase.

Combination therapies according to this
invention exert a synergistic effect in inhibiting HIV
replication because each component agent of the
combination acts on a different site of HIV replication.

20 The use of such combinations also advantageously reduces
the dosage of a given conventional anti-retroviral agent
which would be required for a desired therapeutic or
prophylactic effect as compared to when that agent is
administered as a monotherapy. These combinations may

25 reduce or eliminate the side effects of conventional
single anti-retroviral agent therapies while not
interfering with the anti-retroviral activity of those
agents. These combinations reduce potential of
resistance to single agent therapies, while minimizing

30 any associated toxicity. These combinations may also
increase the efficacy of the conventional agent without

increasing the associated toxicity. 1In particular, we



- 57 Exanple 13 PCT/ US98/ 04595 HO O 0 O OH pH 11 -- ~O0O0~0 NH” "N s'
NO- ~k Nv OO\ / ONHA”A"'O50\ / NHS 197 211 Conpound 211 was obt ai ned
following the acylation and reduction procedures of Exanple 12. E$+JI06%%2
(Mr1), tHPLC=8.06 nin (D), 13C NMR (DMBO) 168.9, 156.9, 1S5.7, 153.1, 138.1;
130. 5, 12Q0%933449. 1, 128.1, 126. 2, 1244% 122.5, 112.8, 76.PLT/USH86H45982. 5,
66.1, 58.0, 53.6, 52 6, 49.2, 33. 6 32 26.6, 25.3, 20.0. tHPLC=11l.7?1 nln
(D), ES+ 967 (Mr1). 0 O OH OXNH~H.s NO ~/ v Exanple 14 io 10 OO ~~ O.

~Ox NH~~ 1 1 cgtg;%g f ocedur es
of Exanple ?gé ?%EE%Zéggg géﬁ% h%%% 92 E%%EQéyﬂ {%ﬁ}?&lp ) 171.5,
155. 8, 14819 ptéveB8tit@othe r@@lﬁcatz&rﬁ of1 25V i Iuwan 75.QelY¥8. 8, 73.1,

68. 3, 5 35.4 324 26.7. 20.1, 19.8. 1H(CDCL3,
399. 42 FQ ‘z’feg%régg( Eﬁmanaglgnaf%efa%le(szﬁn‘éu‘%& 7.23 (5H, rr§ 5. 22
(m 2H) ( 8aRSalgyration 408 oF 80rid %«gﬂmm WS AEBH o).

8 (m 3H), 2.6 P O B0 S NSaaI Cas0s W O 58] AT (m

1H) 2557 @&, 2dpic erdws, 1), 1.93 (2H m. 0.82 (31 d) . 0 78 (3H d)
ESt 622 (M) . 644, (MiNAY LERLC =10, 29 D 13C NVR (CDC13)
171. 3, 155(5 )149 9, }ﬁgrga)ciggﬁ g(6‘)01‘523”“‘515 HRVEHEI9]. 4 76.7)

75.3, 73.2hay2af5068e2cob8dfinitbresh u&ttﬁ%tlhefl&ﬁl trotease. /, 26. 3,
19.9, 19.8. 10 Exanple 15 O HO-O-O p H p
inhibitors such as Ro 31-8959 (Roche) L-735,524 (Merck),
XM 323 (Du-Pont Merck) and A-80,987 (Abbott) to increase

10 the effect of therapy or prophylaxis against wvarious
viral mutants or members of other HIV quasi species.

We prefer administering the prodrugs of this
invention as single agents or in combination with
retroviral reverse transcriptase inhibitors, such as

15 derivatives of AZT, or other HIV aspartyl protease
inhibitors. We believe that the co-administration of the
compounds of this invention with retroviral reverse
transcriptase inhibitors or HIV aspartyl protease
inhibitors may exert a substantial synergistic effect,

20 thereby preventing, substantially reducing, or completely
eliminating viral infectivity and its associated
symptoms.

The prodrugs of this invention can also be
administered in combination with immunomodulators (e.g.,

25 Dbropirimine, anti-human alpha interferon antibody, IL-2,
GM-CSF, methionine enkephalin, interferon alpha,
diethyldithiocarbamate, tumor necrosis factor, naltrexone
and rEPO); and antibiotics (e.g., pentamidine
isethiorate) to prevent or combat infection and disease

30 associated with HIV infections, such as AIDS and ARC.

When the prodrugs of this invention are

administered in combination therapies with other agents,



~O-NH N. OO 1 NO= OXNH NS NH I s v 197 213 Conpound 213 was obt ai ned
follow ng the procedure of Exanple 12. tHPLC = 9.21 mn (D); ES+ QZ} 15
(M1 ) . 13C NWR (CDC13): 170.54, 156.2, 148.6, 136.8, 129.4, 12 HoJUN 38026
126.6, 115.7, 76.7, 74.6, 73.2, 71.8, 70.6, 68.2, 66.9, 58.9, 57.3, 53.8,
49.4, 3609931 26.8, 19.8, 19.5. 204Anternedi ate: t HPLECTURISBAIS n
(D); ES+= 652 (MtH) 674 ( M:Na ) . ~ 4 JUN 2002 WD 99/33815 _ 5 9 _

PCT/ US981 04595 NHs HN O 0O OGH O O-NH ~ /N, OO 1l NO~ ---~ ~OxNH-H s ~ |
HH~ O Q97 thay2miywhe ebmindiedefreld esigwentialdnocstwenofrfefkiypke 12. ES+

634.4 (Mr1): t HPLC = 7.17.mn (D). .13C_(DVBO): 169.3 155.8, 153.1, 138.0,
129. 1, 129‘.}6? B3 ?F?tlzeﬁ,tef@f.(“e?"e}i’z.ﬁ e ,3“17“5% 21 QY6 72.4, 66.1,
57. 8, 52-7pr5§hglaégi§’c%ﬁﬁﬁmi%ioks %%déréﬁﬁﬁﬂ é“%ﬁﬁsjihaénéiogomly 20. 0.
Exanple 17 1520 0 '/ ~ O ~OXNH~H' 5 HO V VO-O~- | Exanple 16 Mo "~o~p~o0
O ~O ~~ 0 be coxNpibedOof R KNI NaZIP F \GaPrsdzdhedt f ohiswi ng t he

proced%re gﬁvgﬁ@gghea%é'a%ogggg %H%r%%éﬂélélgr prophylactic agent.
Although this invention focuses on the use of
the prodrugs disclosed herein for preventing and treating
HIV infection, the compounds of this invention can also
be used as inhibitory agents for other viruses which
10 depend on similar aspartyl proteases for obligatory
events in their life cycle. These viruses include, as
well as other AIDS-like diseases caused by retroviruses,
such as simian immunodeficiency viruses, but are not
limited to, HTLV-I and HTLV-II. In addition, the
15 compounds of this invention may also be used to inhibit
other aspartyl proteases, and in particular, other human
aspartyl proteases, including renin and aspartyl
proteases that process endothelin precursors.
Pharmaceutical compositions of this invention
20 comprise any of the compounds of the present invention,
and pharmaceutically acceptable salts thereof, with any
pharmaceutically acceptable carrier, adjuvant or vehicle.
Pharmaceutically acceptable carriers, adjuvants and
vehicles that may be used in the pharmaceutical
25 compositions of this invention include, but are not
limited to, ion exchangers, alumina, aluminum stearate,
lecithin, serum proteins, such as human serum albumin,
buffer substances such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of
30 saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium

hydrogen phosphate, potassium hydrogen phosphate, sodium



1H (DVBO) all signalé broad: 7.38 (3H) br m, 7.20 (5H, br m, 6.62 (2H, br
m, 5.15 (1H, br m, 4.92 (1H, br m, 4. 00 (3H, m , 3.7-3.0 (16H

m
2.78 (2H, , 2.57 (3H, , 2. 04 (m 1 , 1 .78 (m 2 , 7
13C (ENBC»W17Q 6, 15% 3, Q%B 7, 139. g, 125?8 128. 4, (126 ;2 1202} J@?Zhgnx

79.8, 79‘%‘3 %%8% 76.1, 75.4, 75.2, 270 JWN 2002 vwggp@g,%ggsms@p _
PCT/ US98/ 033 0, 71.9, S2.3, 51.8, 44872, 46.7, 39.9, 38.7, 25. 6

Internmediate: t HPLC = 10.18 mn (D) ; ES+ 696.3 (N%l) . 5 Exangle 18 C)/'O

N 0 0 i oride 0z ine FRtR: oEPOLPREenE iSRRI I Exanpl 6 12 ¢

1H NVR: (Jéﬁﬁéfﬁi&&te| géiyath?l g%r%%l&ﬁﬂd@n o213 l¥de Hased. 96 (6H s)
3. 00 (3H 8) ., 3. 42 (3HmM , 3.36 (IHmM , 3.6 (2Hm ,

3.7 (6H, rr)subst@ac(:eH pplyenhyl(eaa qaycoa 1S{qd|a4u§s) 5 ~{IHm, 6.8
ESHH% S &Eﬁﬁ&lﬁﬁz?“%/c’ﬁgz 0%6"6%83'%?'@{%%‘“ ?920( 2/‘;;)'215)( 7 1/\28
obt ai ngd fpblpatngléhe-podoesipecpllExevpllock? polymers,

polyethylene glycol and wool fat.

The pharmaceutical compositions of this
invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally,

10 wvaginally or via an implanted reservoir. We prefer oral
administration or administration by injection. The
pharmaceutical compositions of this invention may contain
any conventional non-toxic pharmaceutically-acceptable
carriers, adjuvants or vehicles. The term parenteral as

15 used herein includes subcutaneous, intracutaneous,
intravenous, intramuscular, intra-articular,
intrasynovial, intrasternal, intrathecal, intralesional
and intracranial injection or infusion techniques.

The pharmaceutical compositions may be in the

20 form of a sterile injectable preparation, for example, as
a sterile injectable agueous or oleaginous suspension.
This suspension may be formulated according to techniques
known in the art using suitable dispersing or wetting
agents (such as, for example, Tween 80) and suspending

25 agents. The sterile injectable preparation may also be a
sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example,
as a solution in 1,3-butanediocl. Among the acceptable
vehicles and solvents that may be employed are mannitol,

30 water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conven-

tionally employed as a solvent or suspending medium. For



2 ~J UN 2pp2 WO 99133815 - 61 - PCT/ US98/ 04595 1H NMR (CDC13) : 0. 78
(6H, dd) , 1.9 (2H M , 2.1 (IH M , 2.3 (3Hs) , 2.9 (BH M , ?
3.15 (IH M , 3.35 (IHM , 3.5 (IH M X 3.75 (4H m 406(2H

1(2?,@5;5“,@?&?;81&%—1,?%3,.5.05(IH,bs) 5.2 (I'H,bs), 66§(2HP@| %93’%8?5(% m)

0 (2H, m . ESMBP: - 676 (M) ner al
Procedure for N-acylated Compounds - NOp OH ~O-NH~ / ~ 'N NH O O pH HEN JL

- ONH- N 0 ~ H10 218 21 xture of 5 1 mwbl) of
(3S) - Tetr&lW‘c?r c?a“% nmt(](aifsdz z%xﬁ b%ﬁinyina?é hsdﬁa?}og@ isob?JtyI -4anin

obenzenesylfan s‘%&ﬁﬁ}’ Hhat |
Boc-(9S) - 3lip§{/dr1|u?ﬁr%l ani neér)loc'c%g '8r Ql?gyéér§dé§a"%’?‘%t? cﬂcrrledtshyl anm no

pyrldlnelsmchJaﬂ aﬁéﬂ¢rahxﬂﬂdqdfrﬁmngiﬁeemaéesderiedtaNGSSdﬂﬂ 12 hours.

Th lati | d d,t ) tit d bet
eyl acetier i 7L S GTAREH TR £oB 00 Bt 09 THEDOF Banke PRFer ARt Shshed

wWith 1N s dimawaéﬂqw%égp%lérwﬂsovgﬁcﬁaageénweswlflat& and
concentra in vacuo. The resi'due was chromatographed on a 2 inch plug of

silica gelca(SIZOI atify| espmcitat lhekantheis peiroxyetbrdrted N acyl at ed

mat eri al . %s?%‘%{;m eclg}lﬁ b%lftrea_i} %ngncég %Q%engflghrs' ];“{?%N acetic acid,

fol | owed b apor Ty WO

99/ 33815 vt airPGl/1 @%8/&&% a[TPédileSlmdgauénth@rd§§bbé§sah@_dr§iﬂ:kﬁ5 a white
foam (0. 2g, 26@6 MR (acetonitrile-D3): 0.95 (6Hdd), 2.0 (2H m, 2.25

(Ih,m , 2sBh]Hedw gr a Zimidan ahephpl, 425(|Hm),4755(|Hm),
NS Lt bR oo S o e (2092
654 (M) invemnigre nly B&léiﬁriﬁ)£Ehrﬁ¥§tbréd/thChnypHrHENyi NH= ~ k' G
0 NH AI;gé%ptégfé\éé%ééévéogkjfkg%gdggg, but not limited to,
capsules, tablets, and aqueocus suspensions and solutions.
In the case of tablets for oral use, carriers which are
15 commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule
form, useful diluents include lactose and dried corm
starch. When aqueous suspensions are administered
20 orally, the active ingredient is combined with emulsify-
ing and suspending agents. If desired, certain
sweetening and/or flavoring and/or coloring agents may be
added.
The pharmaceutical compositions of this
25 invention may also be administered in the form of
suppositories for rectal administration. These
compositions can be prepared by mixing a compound of this
invention with a suitable non-irritating excipient which
is solid at room temperature but liquid at the rectal
30 temperature and therefore will melt in the rectum to

release the active components. Such materials include,



220 was obtai ned usfng t he general procedure in Exanple 20. 15 1H NMR
(acetone-d6/ nethanol-d4): 0.95 (6H,t), 2.0 (2H m , 2 . 2 ( 1H m , 2

90 ( 1H, dd) , 2. 95 (2H, d) , 3 . 12 (IHdd) , 3.4 (2H M Q}ﬁbg)
3.8(SHn),44(2H,brr),682(2Hd),720(|Hs),74(SHﬁ)

(2H, d) 9% Sgn . 20 LO M 1 peak 643 (MH) . 2 ~ ptgiNsdpas9s\O
99/33815 - ? CT/U898/04595 Exanpl e 482" NM OH N J ~OxNH-N. s NH CO~ O OH
~/ 0'b~~~~ONHN O VvvVvVvO0O5G~~H--~w218 221 5 221 was obtai ned

7 e B B O B 80 8 (SR

3.58 (2H, 1561 e@—;}?léﬂé-lgjycoffsw (IH bn) , 5.18 (IH, bs) , 6.7 (2H, d) |, 7.22
10 (SH,m -, 7,45 (2H,d)" . LU MS; 1 peak, 646 (NL~i +) . Exanple 23 NA1~_ MAN
OC- 00 N O ~O-NH NPopigal P«F-Bl@lskl’-'@tlonoolleth@P armagegtical ~/ ~~ p

N A2 R oA BR Gl S OnbS| A ERE 10RNTEOESRERISHHLE R TR 20
6H, s)5, Xhe Q?eéﬁi‘édSt)reaSmeﬂt(éleomyes 3reas 6¥Hormhans 2@a®ily, (BH, M) , 4

.4 (2H, s) 5.15 H bs) ,.7.4 (SHm , .7. 97 _(2H, d 8.04 (2H, d)
2 ~ JUN ~ 3HSSH R %amr:e}mppilﬁé&&onegzFew;op)hcatlon

topically to the skin, the pharmaceutical composition
should be formulated with a suitable ointment containing
the active components suspended or dissolved in a

10 carrier. Carriers for topical administration of the
compounds of this invention include, but are not limited
to, mineral oil, liquid petroleum, white petroleum,
propylene glycol, polyoxyethylene polyoxypropylene
compound, emulsifying wax and water. Alternatively, the

15 pharmaceutical composition can be formulated with a
suitable lotion or cream containing the active compound
suspended or dissolved in a carrier. Suitable carriers
include, but are not limited to, mineral oil, sorbitan
monostearate, polysorbate 60, cetyl esters wax, cetearyl

20 alcohol, 2-octyldodecanol, benzyl alcohol and water. The
pharmaceutical compositions of this invention may also be
topically applied to the lower intestinal tract by rectal
suppository formulation or in a suitable enema
formulation. Topically-transdermal patches are also

25 included in this invention.

The pharmaceutical compositions of this
invention may be administered by nasal aerosol or
inhalation. Such compositions are prepared according to
techniques well-known in the art of pharmaceutical

30 formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives,

absorption promoters to enhance biocavailability,



Exanpl e 24 PCTNS98/ 64595 MO OOH p O-NH-N.S. \ / NH ~ 0 OH V v 02R JUN 2002
XNHNO b HO -r w5 21B 223 223 was obtai ned using the general procedure
in Exanple 20. t HPLC = 9.22 mn (D); ES+ 622 (Mtl). 1H NWR d6- DVSO O. 76

(6H,dd), 1.0-1.8 (I5H ), 2.03 10 (IH ), 2.58 (2H N, 279 2
(IH m, WORBYE s) , 3.3-3.5 (12H, ™ 45 3.94 (IH M , %’P%}Sm‘s” 4. 94
(IHm, 514 (IH M, 6.61 (2H d), 7.22 (SH M, 7.40 (3H rr) . 13C (DMSO)
169.7, 165.9, 152.9, 138.4, 129.2, 129.1, 15 128.1, 126.2, 123.1, 112.8,
74. 4, 74.1f170r6carbeds, 68n8/086 okhe3s sb1\gYi Miz 58y Br 4¥iSpessing 33. 2,
26.3, 24.5, 18.9, 18.8. .EX ~Ie2500—|k0HH~NOSO~~NHSOVBOOOO—|
OKHH-N. 0 Y8ERtgphhcwn ang €333%2 2 ~ JUN ppp2 WO 991 33815

PCT/ US98~04595 - 65 pdddgwas eolliaj e Hedweder Nbdiener@l fM@cgevne in
Exanpl e 20. Exanpl e 26 O N-di acyl ated Prodruas 5 The general procedure for

N, O di acyl aedmgdkpobndy Welilohkeparhalayr otietakly reet weeExahphs 20,
D0V £ R0 HIR'aBpliiRs’ B TER U RIS 7 Secphgchative to (e
ingredient compound are useful in the prevention and
treatment of viral infection, including HIV infection.
Typically, the pharmaceutical compositions of this
invention will be administered from about 1 to about 5
10 times per day or alternatively, as a continuous infusion.
Such administration can be used as a chronic or acute
therapy. The amount of active ingredient that may be
combined with the carrier materials to produce a single
dosage form will vary depending upon the host treated and
15 the particular mode of administration. A typical
preparation will contain from about 5% to about 95%
active compound (w/w). Preferably, such preparations
contain from about 20% to about 80% active compound.
Upon improvement of a patient's condition, a
20 maintenance dose of a compound, composition or
combination of this invention may be administered, if
necessary. Subsequently, the dosage or frequency of
administration, or both, may be reduced, as a function of
the symptoms, to a level at which the improved condition
25 is retained when the symptoms have been alleviated to the
desired level, treatment should cease. Patients may,
however, require intermittent treatment on a long-term
basis upon any recurrence of disease symptoms.
As the skilled artisan will appreciate, lowex
30 or higher doses than those recited above may be required.
Specific dosage and treatment regimens for any particular

patient will depend upon a variety of factors, including



| ~ONH-N'S\ | N0 _ V ~ OO-H-,--~ w10 1 / 218 225 t HPLC 9. 28 “m’HN (282
ES+ 738 (Mrl) 760 (M Na). 13C (DMBO: 170.2, 169.8, 156.4, 143.4, 138.8,
129.5, 128.8, 128.5, 126.8, 119.7, 74.9, 74.2, 73.7, 71.6, 70.7, 15 70.3,
68.0, 67.2, 59.3, 57.6, 53.8, 49.6, 35.7, 33.8, 27.1) 20.4.1H (DVBO: 10.1-

(1H, S), W&doksdrs 2H J=8.5), 7.76 (d,J=8.7,_ 2H), 7.40 (1H, BCDAISIL595
7.22(m5H) . B.14 (1H,m), 4.95 (1H, n, £ 1 (m 8H), 3.7-3.3(m 13H), 3.28
(s,20 3H) , 3.26 (s, 3H) ( 2.86(m 2H) , 2 .73(m1H , 2.59 (m1H), 2.04

1H), 1 e, - 3381 7 eni0ads /1 0
(N WA | et B @ﬁfé‘g)f.t’poé%@ﬁ{@p?ﬁﬁldfi\&%e% O RFRoged] Bnd0ade . e To a

m xture of btdy (eighty, dentraindidalaid statphoroes, adigt¢ Abdmechkf 2.2

iv., 12.03, | , 987 i 200 m i di dded. )
TSl eyl SRET PRtk v S rath dt ExcEreiel §88 18858 pagion, shey ang

the reacti @evRealsd drl Gourdidsy dlid rogesct 06n 3heh&0pyenbnyag renoved in
vacuo, the residué treated with 200 m 0. 1N aqueous sodi um bi carbonate and

stirred 1hddspasiiitéen ttanpdraatinfectian mnd urke whedgmensr ef, thee filtrate
acidified EoepH.l.S addi tion of cone. HClL and extracted with ethyl
acetate (3 'd ﬁ&iq%jp *&hbi ned orgnic layers were dried over nagnesium

sulfate, filtered andrf @Ry riiad dHL & ativeh©i@hVBe Smdre €88%y of desired
product 226 which was used directly in the next reaction. HPLC. Rt - 8.91

nmn (96% , WBerALordhtin (Agldowing examrlas sapegset ofpreh,  sThese-N N\
TMBO OTM5 examples are for the purpose of illustration only and are
10 not to be construed as limiting the scope of the
invention in any way.

Example 1

General conditions:
() Analytical HPLC 0-100%B/30 min, 1.5 mL/min,
15 A=0.1% TFA in water, B=0.1% TFA in acetonitrile.
Detection at 254 and 220 nm, C18 reverse phase Vydac,
t0=2.4 min.
(B) 1/3 v/v EtOAc/hexane
(C) 1/2 v/v EtOAc/hexane
20 (D) Analytical HPLC 0-100%B/10' min, 1.5 mL/min,
A=0.1% TFA in water, B=0.1% TFA in acetonitrile.

Detection at 254 and 220 nm, Cl8 reverse phase Vydac,

0
)
N O‘ 0 =
$ﬁ<:>N% i :
o b

2 —

to=2.4 min.

1o

0
S
o™ NH

25 \X::> 1\(:>
137 138

A mixture of 2.0g (3.7 mMol) of 197 and 3.0g



Hi (TM5)?NH O-p'O~/ NO 120°C.lh I~OH H 226 2 ~ JUN Z~2 PCTIUSQQMO&&@%QQ
0 0O~~0""0- '"NNS\ HCGP-OI / nOH~ NO- H~.p~~NO P; i HO 0~~5 .
~\ (0 / ~NO ~OH 227 2 ~ JUN 20p2 'O 99/338t 5 - 6 ~ _ PCIT/ US98/ 04595 A
suspensi on of 226 (-5.47 mmol) in 1B m hexamnet hyl di sil azane was stirred at
120C unt wo svmyegeneous fol | owed by addighi an of bi s(tri met BAWUSNBIRSSer oxi de
(CGelest, Inc., 2.3 equiv., 12.58 mmol, 2.24 g, 5 2. 71 m). After |h the

m xture was cooled to anbient tenperature, solvent renoved in vacuo, the

residue stiigegmelt hok08;0h-rethapelenydolcsdModa2®@ved 10 Ay, the residue
stirred with 100 ml 0. 1N agueous Sodi um bi carbonate) acidified to pH 1.5 by

addi ti on ofivehbylformamnideawasataeakiech air i2%¢ aridhext mcted miieh) et hyl
acetate (3 0 .. The_conbi ne rgani ayers were drigd over magnesi um
sul fate, f?ft%?_eawggahééﬁ%n fﬁFegFﬁH%?acf}gl t%] &e\?‘@nf%% 889 of desired
product 22fixwhirehwaas susesed Feet by @t % Rexlilr edqt icm.cH®¥LC R 15

9.28 mn (90~) , M5 (AP+) 616.5 (Mrl) . Alternatively, 227 can be
synt he§i zeGtartasgl plrebml192s rensHmedhet The TrEFTLIRN MisStTedvas

pyridine ( . L.tin utian S raied.isn.yvacuo to about
150 M at éggg%%m%%g é%?ﬁ? %‘éng\%/g‘g’llt %g(r% cc?gql%gg'?\ﬂtrl{‘ errqc\iﬁ{]t%y%%, and
treated wi 4biBOC18heborghiclldfeequas WwadtRyd wiButesodiigncool i ng bath

was removed and the reaction stirred at ambient tenperature for_2.5 hrs.
The sol utiBYARa¥18ReANdoBF&ReY 0 AT EEN P VEOFaMRSTESGO TSN MR il over 30

inutes. 2 i 1 f; R -2-
(M Bk BpEREFaLhH, 38 TRkl e Mat Rt AT MR 5 %50
m ). Ilbe agadewakkesesetredbadkeexcaxbiosdbw t(1 . MBI T rdnid ¢ hém t he

conbi ned M BK so&uti ons were treated with 2N HCL (150 30 m). The two phase
mi xture waSTSPi £f e@Sr 8pfdP§ RRUAEEat eFAPIRGE M3e1E &R, Ml rkdction

SUN 2002 WD 581 T581E BERRRS SABRRTIRgT e SMRIALY Ak the MBE - —im -

EtOAc/hexane, conditions C), tHPLC=23.83 min (A), MS(ES+)
701 (M+1).

15 1H-NMR (CDCl13): 0.82 (6H,dd), 1.9 (2H,m), 2.15 (1H,m),
2.8 (lHm), 3.0 (4H,m), 3.5 (2H,m), 3.6 (1H,m), 3.8
(4H,m), 4.3 (1H,bs), 4.8 (1H,m), 5.17 (2H,m), 7.7 (7H,m),
7.95 (2H,4), 8.35 (4H,m).
13C (CDC1l3): 155.2 152.2, 149.9, 145.6, 135.9, +129.0,

20 +128.8, +128.5, +127.2, +125.4, +124.4, +121.8, +78.1,
+75.8, -73.1, -66.9, -56.5, +52.7, -48.2, -35.9, -35.9,

32.6, -+26.4, +19.9, +19.8.

Example 2

25
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o X A~
ALs @ o o
° NKE//\\//ﬁ% NO - <;1~ <

R
2 o N“\/\/N.'S‘ONH:
: : oo

e 0

198 139



sol ution was washed with brine (150 m). The product, 227, was Rdolél 2802y
drying the solution with nagnesiumsulfate, filtering of the drying agent
and concentrating in vacuo at 40C to give the product as a pale yell ow foam
5 (31 g, 90%vyield) . Exanrple 29 0O N\ NSOH .Pd/CH~~J 0O NNEOAt. 35
psi 9@ 723815NO O-P~O ~~ / NH ~~OH ~ ~ , O0H | z HO HO 2@Fr/88d/04s%ol ut i on
of 227 ( g 4.84 mol) in 50 m 10 é*hyl acetate was treated with 10%
pal | adi um on carbon (AIdrlch 300 ng) and put under 35 psi of hydrogen on a

Parr shaker for 15h ?ng)% 6ergak‘),/)edopyl é;zg%&)ﬂﬁﬁcg SR?| ;ﬁng renoved

I n vacuo to give 2. 63 S|red pr 3 mn
(92% V5 ¢E§+Wa%5aaaéd3 o(. Ma.l)g <~1 de\Han @& P; 1 tMéthyl Opi pOr Ndife/ ahIHIS OH

Exanple 30 [ 0 O NaH®1 ~ O-~S-O g%a~o ~/ NH PLO Na Na' O 228 229
20 Solid 28Be(pigsuge Ha§4%1)e%v%’?%’eﬂ 3% tFPID ﬁ?maaﬁés%esodi um

blcarbonatq“ggager 213 thquiveqﬁ%(%%jgnghe&éo) ﬁ%fstl eghgnto aresin

col um (M t'subi Shi ase Corp CHP- mater was run
t hr ougls untblitheesldaet paxs ineidreal ﬁEtW&ﬂncEEQA@yamdoﬂmtEreluThen with 1%
acetonltrlbglgglle; ;e%nggﬁg%ed and, where appropriate, the
residue was treated with 1:1 TFA/DCM over 30 min at rt to
remove the Boc protecting group. The product was
dissolved in 0.25 ml TFA and 1.5 ml THF. Hydrogenolysis
10 for 10 hours in presence of 30 mg of 10% Pd/C gave the
desired compound. The final purification was on
preparative reversed phase C18 using conditions Example
1, except that the flow rate was 18 ml/min.
C,H,N: calc: 49.27, 5.57, 8.25, found 49.15, 5.76, 8.29
15 C31HysNs04,8; . 1.9CF3;CO0H
LC/MS (ES+) 632 (M+1l) 1 peak at 4.71 min
Analytical HPLC(A) t=N/A min
1H:0.71 (3H,d), 0.74 (3H,d), 1.80 (2H,m), 2.03 (1H,m),
2.63 (2H,m), 2.74 (1H,m), 2.82 (3H,s), 2.92 (2H,m), 3.20
20 (4H,m), 3.42 (3H,m), 3.62 (2H,m), 3.75 (1H,m), 4.05
(3H,m), 4.97 (2H,m), 6.2 (1H,bs), 6.60 (2H,m), 7.22
(SH,m), 7.40 (3H,m),
13C (DMSO): 156.4, 154.0, 153.8, 138.8, 125.6, 129.5,
128.3, 126.5, 123.7, 112.7, 74.8, 72.9, 66.7, 58.2, 54.0,
25 53.1, 4%5.3, 42.3, 40.8, 36.0, 33.3, 25.8, 20.4, 20.3



'O 9913381 S - 6 9 - PCTI US98l 04595 water.. Pure fractions were po@ dedUlnig?
| yophilized to give 918 ng of pure bis-sodiumsalt 229. Alternatively, 7 g
of 228 was dissolved in 100 M of EtOAc with warm ng and the sol uti on was
extracted 5 with 100 mM of aqueous 250 mM tri et hyl anmoni um bi car bonate

( TEABC) e aqueous extracts were conbined and dilu

with Wat”g ;/“fﬁng solution was applied 4% a 300 ni DEAE-52tP§§(d£8/a man)
whi ch was eqU|I|brated with 50 mM TEABC. The col umm was 10 washed mnth 8 L
of 50 mM TEA3C and the TEA salt was eluted with 2 L of 250 mM TEABC. The
sol ution was evaporated en vacuo t&X80@L@ 3 hen |yophilized to yield the
TEA salt (1.5 TEA equi valents). The TEA salt was (5.8 g) was dissolved in
200 i matebm mM of 1 N HCl1 15 was added and the m xture was extracted
W th EtOAc(B oom he ethyl acetate solutlon was_drji ed with MyS04

t hen evapoa te I‘H’(acuo ovyield 4 g of the fréQ/as( grans of the
free aci d Qi ssolved i Om of acetomé&lg andga solbution of 573 ny
NaHC03 in 200 °n1“”~29’%e.t/e sadded.__The péwwas i yo _i_@gd yi el di ng
2.1 g of the bis godium sal (conmpound 229). Exanpté 3t aBo c~z , ~ O-

N ~NH2 H OH 21a a -~NH h ~ 0~.0.~ per. Ow H CE * 230 S?-~.-NH O~ ~
N1" \ p~.0.~ O-. Ov 10.53 g (3. O nmol) 2- (2- ( t hoxyet hoxy) et hoxy]
acetic acid was added to a stirred solution of 1.2 g S ~_ ;JUN 2002 'O

99/33815 - 70 - PCTNG®B104595 ( 3. 15 mom 1) HATU@O0 2 g ( 1. 47 mmo 1
) HOAt 0 . 4 g ( 4 ....0 Mo NM\/I'n10n1n r Qus

N N di et byl £ or tar e TRERRS L eobagoBrPEPdadtl FEGm compead A or 30
m nut es, Maeen A iked ladM@bicPibédSin TekanpYdr - 3ekeebi! ¥l ¥, N-

((1S, 2R) - 1- benzyl - 2hydr oxy- 3- (N-i sobut yl - 4am nobenzenésul f onam do) propyl)

car bamat e didre thidethninoshandlit vas waednénppierenofTHE -Bi-xt ure was stirred
at 20C for t-he t 50C for an additional 12 hours. It was then
cool ed torfg%giﬁ%'[n f' "Lf]a e?t%s added, and 10 the sol uti on was washed

Wi th wat erlHNMRE(dddEsne ThE) aq@le@yS(maaa)wai washed w)t,h2etdver, and then
t he conbi ned organl C ghases were dried with anhydrous magnesi um sul fate and
filtered. (BHE™ilt3ef% (BB @bnc%n@?aﬂéﬁ ahdeﬁ PedUeHd™miresdsd®% and the

Voot R acthnh (Arf B8l ) $268Ck0 %”%?9 AR TR LAl
corrpoundS-(zl\me(J\l)eactyl at B gn) ;LF%B/R(CDE;L@, . 9% ((d@t,,rrﬁH) 5.0685 (m 2H),

2.08 I H), .1 55 20 3, 3.70-3.90
8H) , S,_ml( LH Q)é(nga_qlé g@g (ZHL_I% 7.23 ((?H m), 7. (m

(2H,d).

13CNMR (acetone d6): 20.2, 20.3, 27.5, 33.4, 35.6, 43.8,
15 50.1, 54.2, 56.4, 58.5, 63.1, 67.4, 73.6, 76.2, 79.9,

1i14.2, 118.3, 127.4, 129%9,2, 130.1, 130.3, 139.3, 153.4,

157.0.

LC/MS: 1 peak, 621 (MH+).

20 Example 4
(o] AcHN
Y AN
————————— O NH\/\/

198 201



(s (br) ( 1H , 7.2'(m SH , 7.70 (d, 2H) , 7.80 (d, 2H) , 9.09 43,

M5 (FA3+) : 666 (Mtl) . Bis-(O N-acylated: 1H NVR(CDCl3): 0.77 (m ‘é ,2002
1.81 (m 25 1H), 1.95 (m 1H), 2.05 (m 1H), 2.6-3.0 (m 6H). 3.2 (mIH),
3.332 (s, 3H), 3.338 (s, 3H, 3.5-3.8 (m 18H), 4 . 1 (s, 2H 4 .14 (s,
2H , 4 . 17 (m 1H) , 505 (m 2H) , 5.25 (s (br) , 1H m _S5H) ,

7.69 (d, WEH)933815, 78 (d 2H) . 9.06 (s, sbH- . 30 MS ( FAB4) PCTé’é%’IS’ O#2)"  s4B
(MeNa) . 2 ~. JUN ?ppp WD 99133815 _ 71 _ PCT/ US98/ 04595 Exanple 32 5 10
152025/\ 0 _00 ., OHOH~0O-=H.,0 .0 SOZ. N~ SO, N~ z | NO- 1273\4
Nor 232 W di ssol vedT@eSEygxthhsmyp odf cbRpSvHE i;m;'s fmonirrdﬁ;mpdwud chéBed to

-78C under nitro and ded  1.56.m (2.5.mV) a sol ution of
nBuLi in hBX3ne2 ﬁﬁ?gr afO%ﬁisﬁr&ﬁe%S@) E&?@“ﬁ’&&e& 1@3<ce|9t( 1tI¥Ii tm\III of et hyl

chi orocar baget 91 aB€h ‘f@%ﬁ%@l‘éﬁub@e waaGideln itrP g1 Fperaiure, fol lowed by
addi ti on of anot her of ethyl chlorocarbamate. After stirring for

addi ti onal nithpphenyd caxbonatewas quenched with water and the organic

I ted,_,Part .of _th d d f I I
(R =0. 69 (ﬁ‘p% R RL5eelSe 80 naxdie) ¥ %I;?eIf?wﬁdaé.%?g o190 Srdtuct . O
C, H N caleg;o14 5@@514 9_1_7 4@3&&QHI ound 45.90, 4.97, 5.88 C23H33NSCSS1 2 .2

TFA LC M5 ( ES% 594 1 peak at 6.96 mn. Anal ytical HPLC(A) t=24.57
mn. 13C (EB0i3) (Efss. 53415(M+4) l4pegk 45570813618, +129.2, +128.7,

28,5 Sty B kR, (2.5 g T 32
PCT/ US98/ 0O#B95dEzaabetbhierile: 0.88 (6H,dd), 1.92 (3H,s), 1.94
10 (2H,m), 2.17 (1H,m), 2.72 (2H,m), 2.96 (2H,m), 3.07
(3H,m), 3.29 (1H,m), 3.42 (3H,m), 3.69 (1H,m), 3.77
(1H,m), 3.82 (1H,m), 4.133 (1H,m), 4.40 (1H,bs), 5.05
(2H,m), 5.80 (1H,m), 6.10 (1H,d), 6.78 (2H,d), 6.83
(1H,bs), 7.28 (5H,m), 7.58 (2H,d).
15 13C (d3-acetonitrile): 157.1, 157.0, 153.2, 139.6,+130.3,
+130.2, +129.2, +127.2, 126.2, +114.2, +76.0, +75.4, -
73.6, -67.4, -58.2, +54.9, -50.2, -41.6, -39.8, -35.9, -
33.4, +27.3, +23.1, +20.4, +20.2.

Example 5
QL
e O
SN s ¢
; 0..50 NO, —————— 0 NH\/\/';;SO_QNHz
20 O
198 202

The synthesis of compound 202 from compound 198
was carried as described in Example 1, except that mono
N-Boc-piperazine was used in place of di-p-nitrophenyl

25 carbonate.
C,H,N: calc: 48.28, 5.68, 8.41, found 48.28, 5.36, 8.28
CaoH4aN50O9S; x 2 CF;COOH
LC/MS (ES+) 618 (M+1l) 1 peak at 4.36 min.



~O NH2 ~~0SQz N TFAral i N0O2233We di ssol vedO. 131g of the above ethyl5
carbonatein 4 ml DCMfollowed by 4 m of TFA. Sol ventswere t henr @riovdl e
after4d5 mn at roomtenperature,resultingin the titleconmpound. 1H

(DMBO): 8.37 (2H, d,J=7.2), 8.15 (2H, m), 8.00 (2H,d, J=7.0),7.37 (5H m,
5.04 (1H wa9ob3$159), 4.06 (2H, 10 q, J_=759),_3.82 ((1H, M, 3p3pubdtiesd®d
2.95 (44, m,1 . 82 (1HmM , 1.20 (3Ht7"J=7.0) , 0.72

(overl appi ngdoubl ets, 6H, J=6.2).LC M5 1 peak at 4.76 mn. ES+ 497. 3(M+1l) .15
Exanpl e 3428 \Hz0X Ngal\s,100Trtnrbvifer ~\ OH ~~ ~NH2-.-~
O NH 1N ~SOyS0 N}er%wﬁrrﬁcmgi)ﬁlo% 4,@*—“'3_ 234 20 C,H, N cal c: 53. 26,

6. 14, 7.S731H:066d DYER2,0.6124(3H, &Y, ~earaakBRsd) ,x1078 TBA,m)3 2.d9 UN

Z WO 99| 5 - 73 - 598104595_|.C/ ES+) 594 (Mrl) 1 K at 6.96
?/npﬁ. Anal y?ilc%gﬁ‘%lqpﬁqf’?ﬁ) &‘ﬁg}“!\}m oM i#l(@kgo%.-sg? éhH(m&, a?. 0£=g.e$),a8.02
2H, d, J=84®),m)7. 39 2HDm),, G ! NEY 5 00 (1H, , 3.83
( A®), m) 3@5H 2Hm) S%Q?hféggﬁﬂ%, 3 3§)f§§rmgy é.gg'ﬁ

2H, , 5.3 .50 (2H ., 3. 27! 43 (1H m ,
(1. 97 ?)PH rblH,rmi.ro%-@@H,r?lﬁlm) 0.3 80 (GHi, w), ,3098821K3M) ,dx.8913C (DVSO) :

156. 2, 150. 5. %, 0. +129 7, + . +128.5, +126.3, +125.0, +71.8,
-60. 0, +56§%f{'ﬂ“g6.é,' 9-1731(.1%,'"1)36.%,6%2@’21&1@0732,3 +5BHIM) +12.42 10 Exanpl e
35 O\ O I (BE2mD;NE.880QH,bsy .SOZ N N 02 235 Synthesis of 235 was

acconpl i shg%can Io%ous to 15 that set forth in Exanple 1. Yield 1S. 2%
t HPLC=25 213Fh ?;@4 ORf:=0154 .(7B) L53ES, 6853 0 (M3F.4, +129.1, +129.0,

+128.1, +126.1, 123.2, +112.7, +75.2, +74.4, -72.5,

10 -66.2, -56.9, +53.1, -48.8, -42.5, -40.8, -35.0, -32.2,
+26.2, +20.0, +19.8.

Example 6

0
° N H
«J\ i *9' k/N\Y \§
X < o
0" "NH N & o [)
\:_/\/o\so NO, X =

&
e

158 203
15 The synthesis of compound 203 from compound 198
was carried as described in Example 1, except that mono-
N-Boc-ethylenediamine was used in place of di-p-
nitrophenyl carbonate.
C,H,N: calc: 46.89, 5.29, 8.54, found 46.50, 5.51, 8.54
20  CygHNs0,S; x 2 CF;COOH.
LC/MS (ES+) 592 (M+1) 1 peak at 4.32 min.
Analytical HPLC(A) t=14.69 min.
1H:d-6 DMSO: 0.77 (6H,d), 1.82 (2H,m), 2.06 (lH,m), 2.57
(2H,m), 2.82 (4H,m), 2.97 (1H,m), 3.30 (5H,m), 3.55
25 (1H,m), 3.65 (1H,m), 3.70 (1H,m), 3.95 (1H,m), 4.88
(1H,m), 4.95 (lH,m), 6.62 (2H,d), 7.20 (6H,m), 7.39
(3H,m), 7.78 (3H,bs).



1H (CDC13): 8.34 (overlapping d+d, 4H), 7.97 (d, 2H, J=8.9), 7.35 (l. UQN”@BZ

5.09 (1H, nm), 4.56 (1H, d, J=8.4), 20 4 .20 (1H, m) , 3.54 (1H,
(3H m , 2.82 (1H, m , 1, 84 (1H m , 1.37 (9H, s) , 0. 84 (3H d) , o.
82 (3H, d) . 2 4 JUN 2002 WD 991 33815 PCT/ US98/ 04595 - 74 Exanp"l a 3 6

t r0 0~ OONH~~0-0SOy N NO2 236 W dissolved 150 ng of 235 in 3 m of
anhydr ousvdoshisgxaane, added 0.35 ml of_ %&+L-3-CH—THF and 0. adTAR® 045 hy |
am ne. The m xture was refluxed gently under nitrogen for 2 days.

Conversion to 236 was quantitative.

purified
(CDC13 )

.96 (1H,
.36 (1H,

(1H m

overl . d)

10

15

20

25

Sol vents were renoved and the conpound:

onzel [adoh 1551@ U822 19 19,0 A oo ES.L*2863§ 2 4441). 1H NWR

8 .29 (2 2R 722 50013 (1K,
ApS. 21 522(219,, a)12 4, 0274(m 9.5.3 72 .84 (mzmsrz 3, 483 (2H,
64 (1H m

nr590% 1%% |§r?) @4'0\5%2 apﬁ’ﬂ) b1 32?’2(%% 53)9 80.78 (6H, two

m,

m ., 3
2.14

: ~ 4 JUN 2002 WD 99133815 - 75 - PCTNS98/ 04595 Exanpl e 37
Car bohydr at e- 3ased Prodruas 197 237 1. 5-TBOMSO pentanoi ¢ acid, EDC
o ff 25AcOH! Hy0 ! THF Ox N H ~ ExampleQ7~~~0 \ | NO2 ~p NH N, N ~~o\ /
oleOACAg;,s@fBr/Ag 2C4 Ac) I O

03 b o1

o Nm\//\\//n

) 5

204

The synthesis of compound 204 from compound 198

was carried as described in Example 1, except that mono-
1l,3-diamino-3-N-Boc-propane was used in place of di-p-
nitrophenyl carbonate.

C,H,N: calc: 49.07, 5.64, 8.89, found 48.95, 6.00, 8.92
C2sH43N:0,58; x 1.6 CF.COOH

LC/MS (ES+) 605 (M+1l) 1 peak at 4.27 min.

Analytical HPLC(A) t=14.72 min.

1H:d-6 DMSO: 0.78 (6H,dd), 1.64 (2H,m), 1.83 (2H,m), 2.03
(1H,m), 2.57 (i1H,m), 2.78 (4H,m), 2.94 (1H,m), 3.03
(2H,m), 3.32 (2H,m), 3.58 (iH,m), 3.63 (1H,m), 3.73
(1H,m), 3.87 (1H,m), 4

(2H,d), 7.22 (6H.m), 7

(3H,ns) .

.84 (1H,m), 4.92 (1H,m), 6.61
.36 (iH,d), 7.28 (2H,4d), 7.76

13C (dmso): 155.8, 155.7, 138.5, +129.1, +129.0, +128.0,
+126.1, 122.9, +112.7, +74.6, +74.3, -72.7, -66.2, -57.2,
+53.6, -49.5, -37.4, -36.7, -35.5, -32.1, -27.6, +26.2,
+20.0, +19.8.

HO~\ ~p



AcOHHOAHOOONH~j® HOW~/ 0.~. ~~s 05 238 Anmixture of 0.54g (1
mvbl ) of ' 24 JUN 2002
(3S) - Tetrahydro3-furfuryl -N((1S, 2R) - 1- benzyl - 2- hydr oxy- 3- ( N-i sobut yl - 4am n
obenzenesul f onam do) propyl) carbamate, 0.46g (2 mwol) 10 o

5- di met hMO 29%63¥8L%ut yosi | yl oxypent anci s:ci d, 0. 346g (. 8n1\}§>(i.5m8%méf)%§l and
0.556nL (4 mwl) of triethylamne in 10 m of dinethyl fornmam de was
stirred at rt for 24h. Another 3 mwbl each of acid, EDCl and triethyl am ne
were added and stirring was conti ngrdmbde 8n additional 96h. 15 A third

bat ch of ach gnd EDCI was added (3 mvwbl each) and the m xture was stirred
72h to conp zehe reqct/i on. The reaction gixture was then diluted with
ethyl acetate 3ndo racted with 1IN hydrochl o?‘i‘t\ﬁ?m{l) 4 JUN 2002 WO
99/ 33815 %o- PCE/ t JS98/ 04595 sat urated dig bi'‘car bopat e and water.
Evaporati o e 89| v 3eb,purificatio ilica gel/(3Q% et hyl

acet at e- hexane) gave the°‘red product ~(500mD) " "ag” a~welgsisgtd. 5 LOVS: 1
peak, 772.5 (M-Na) NVR (CDCL3): 0.01 (6H,s), 0.8 (6H,dd), 0.95 (9H,s))
1.4-1.8 (6Hm ( 1.WA2Hm , 2.0S (IHm , 2.3 (2%@, 2.65 (1H, m , 2 .
95 (2H, m , 3. 22 (1H m , 3. 4(dH m , 3. 6 2H mM , 3.75 (3H m,
4.B (IHd), 5.1 (IHibg, 5.2 (IHbs), 7.2 10 (SH mM2957.95 (2H,d) , 8.36
(2H,d) . 450md of the 238 was dissolved in 30 M of tetrahydrofuran and
treated with 20 m dGhevatyertheri Sk compeird 208cfgomTremaPRNdr 38as

ti t f . d R i i t he desired
15 ol cohor Fo SO s A OO (e Al 00 L B RBE A RBagR E Y OF L he
al cohol paadEer -abR-BIdBat diee pray i wesd reachlete 6£28%9pc0.5 mwbl) of

tetraacetyl gl ucosyl brom de and 0.191g (0.7 mwl) of silver carbonate in 3
m of di cRLSFORRGTIHe GHPMARirred at rt for 6h. 150nD of additi onal

gl ucosyl b gyrivle and. 150, ny of, sidvey £4r ogale we! gpaddedgang blje mixture
. e X

was stirred dat rt overni gl ure’ was 1 oaded ohto'a pad of silica
gel and elyiedNydidh 3QUCELOQOHCet at e- hexane to afford the desired protected

25 cay bohydr at -d white f 200m0) , LCVB: 1 peak, 966 (M+H).
1P N ( CPOTRS B @b GRyFLN S ReRl It .96 MRS 2 05 (3H9). 09

3H,s), 2, LS, , 2 , 2.7 (I'H , 2.94 (3H, bd) ,
3756 (o iy Ry R G e BIGAR D L T shm ) 45 (1M 46

(1 H bs) , 1¥: 9% OME0O1,0)77 66H,dB) (4H, 43) (4H2M) , d).828 (2H3B)(2H, d) . 2
~ JUN =7 07 BETLYRR 04025, Vﬂl?%)?’?’szl?s% (?ﬁf?&?[es?’gl (2H,m), 3.56
(1#,m), 3.63 (iH,m), 3.70 (1H,bg), 3.82 (1H,m), 4.85
15  (1H,m), 4.92 (1H,m), 6.62 (2H,d), 7.2 (7H,m), 7.38
(2H,d), 7.72 (3H,bs).
13C: 155.7, 152.9, +138.6, +129.1, +129.0, +128.0,
+126.1, +123.0, +112.7, +74.4, +74.3, -72.7, -66.2, -
57.2, +53.7, -49.7, -38.6, -38.5, -35.4, -32.1, -26.3,
20 +26.2, -24.4, +20.1, +19.9.

Example 9



0. 02O0O~ONhS~~NZN. S~~NX----- wpHO~0H-~O ~0W197
239 1.5 g (9.4 mvol) S03.py conpl'ex was added to a 5 stirred sol {’ £00
g (1.87 mml) of 197 in 25 nL anhydrous tetrahydrofurane. The m xture was
stirred at 20C for 12 hours, then filtered. The filtrate was concentrated -
at reducgg gy8gsure, and the residue was transferred to a T804S col um
and eluted with Et OAc 10 (neat), f ol I Gited by EtOAc: EtOH (4:1) to obtain 471
ng (47 % 239 as a colorless foam 1H NMR(CDC13): 0.80 (m 6H), 1.8-2.1 (m

o (1) oo - BH aviftheste! g Hdhpoing g ik Joqpistps L0173

~SO~H SOthSZaarz-é@dla@ @ sce-ibed mlE)caEz@ﬁajllsscdxmbu ntHdt M 3RNAydr ous
tetrahydrofuran and 200 ng Pd/ BaS04 (5% was_ adde to the olution. The
mi xture wdg)sBrPPEdaMASOPYXE CAdAdaehMaST Yhak st mPtor 8 hours,
and t hen ta ikiered. The filtrate was concentrat ed under
reduced p%xggg‘é?h@%xﬁi ri eg’.l utr?der vacuum (-1 Hg nm 48 hrs. ) to produce 80
ng (815 % CRAQNascalec| amsl.e8s Boam, BHSVREMIG db) .89, 85. §3d,865) 0.90 (m
1H), 2.05 (rH 25 2H), 2.58 (m 3H), 2.84 (dd, 1H, 3.05 (m 2H), 3.55-3.80
(m 6H) , Caolegs QS 418 TFR 42 (m 1H) , 4 . 93 (s (br) , 1H', 2 -4 J U
N 2p02 V\DL@ZM§3Qt§+ &g (Mhusfa%/e%s%a 609 Gfin2H. 670 (d 2H), 6.80
(d, 1H 2 4H) : (ES-) : 584 (M1) . 5
Exarrpl e 39naé}’®l€adzH®LC(H)Ntslz \31/ rerrOZ -"'--... OONNS\ / NOOOH

was. addedPo 2RI TAT SHFCoREIPOR TS GPAf (P RAkS! R teE b 0.7 ml (4

mol )1 N, Ny-Briosepisopy! et hyl amine in 25 m di chl oronet hane at 0C. The m xture
was allowed to warmup to roomtenperature and it was stirred for 2 hours.
The ni xture was then cooled to OCExXa8PRLles1® (9.3 nmol) brom ne was added in
5 m dichl oromethane. The m xture 15 was stirred for 1 hour at 20C

fol | oned byo,e oration under reduced pressure.uxyAn aqueous sol ution (50%

of 15 nl tr| Iamn s added to the residue*_and the xture was
stirred ato 61*(12 h&ur s. Ce
[+
JL
: \/\/ss'@
198 07

e

The synthesis of compound 207 from compound 198
15 was carried as described in Example 1, except that (3S)-
(-) -3-Boc-aminopyrrolidine was used in place of di-p-
nitrophenyl carbonate. ‘ '
LC/MS (ES+) 618 (M+1l) 1 peak at 4.19 min.
Analytical HPLC(A) t=14.75 min.
20 1H and 13C NMR: complex and overlapping mixtures of

rotomers.



Sol vents were renoved under reduced pressure 20 and 50 nml Et OAc: E24OKUN9208)
was added to the residue. The solid was filtered, washed with Et OAc: Et OH
(9:1) then the filtrate was concentrated under reduced pressure. The

resi due was chromat ographed on a 3 inch plug of silica gel using ethyl

acet at e Wmexs3s15 t hen net hanol (nea s.25 el uents to obParAsys /&4§9§g (82 %
241 as an off-white solid. 1H NVR( 1 0.60 (dd, 6H), 1.70 (m 1H~ 1.95
(m 1H), 2.10 (m 1H), 2.8-3.2 (m 6H), 34 (s (br), 9H), 5.09 (s (br) ,

1H , 7 .25 (m 5H , 7. 83 (d, @am%lgezﬁl(d 2H) . 2 4 JUN 2002 WO

991 3381 ~ PCTNS98I 04595 _ 79 (Mr1), 184 (phosphati dyl
choline+). Exanple a0 5 10 15 20 25 O ~ Gz O~ N.S ~/ N '\,J~"'~ O
~0- 0 O-\ P-0°

added to a solu ny (0.35 mol) 241 in 10\ n, anol, and the

m xture wamrred gder t nospheric pressure ofmm'fa'(‘ogen for 4 hours at

20~C. The Hwas-filke J, and the filt teomas @oncenptrated under

reduced pressure. THE eS8 85 t hen—di-ss0 WRU&\V/‘A'

| yophilized to obtd& n 174 ny (74 % 242 as mhlte sofid 2| :

0.82 (dd, 6H), 1.80® O(rn 2H), 2.10 (m 1H), 28&:—)\@ 3H), 3.00 (m 2H)
r)

O O C%%;CF Oz n , NVe~ 241 242 50 ng Pd/C (10 %9 was

3.2 (s (br), 9H), 4 -4 .3 (m 4H) , 4 . 91 (s (b 1H) , 6. 08 (s (br)
, 2H , 6. 67 (d, 2 . 7.30 (m 5H , 7 .48 (d, 2H ,-8.12 (d, 1H) .
MS(ES+): 671 (|v++1} 4 (phosphatidyl choline+). ExanpR&8-1 0 ~ &z O-QI~H
NSv/ Nz 0O | HPO226 O~ O OHO-O-HN S\ / N -

5 The synthesis of compound 308 from compound 198

was carried as described in Example 1, except that N-

triphenylmethyl-N,N’-dimethylethanediamine was used in

place of di-p-nitrophenyl carbonate.

1H-NMR: 0.76 (6H,dd), 1.65 (2H,m), 1.85 (1H,m), 2.07
10 (1H,m), 2.7 (2H,m), 2.75 (3H,s), 2.95 (3H,m), 3.45

(2H,m), 3.7 (4H,m), 4.2 (2H,bm), 5.05 (2H,bd), 6.62

(2H,d), 7.2 (5H,m), 7.5 (2H,d).

LC/MS: 1 peak, 620 (MH+).

15 Example 12

General Procedures

Acvlation:
8n0
o 0
Qg @ R
= C\ 2
° NH\/\/O\S,O NO, —— X

S
¥s3

197
20 To 200mg (.37mM) of 197 dissolved in 5ml CH.Cl:
was added N-CBz-L-Benzyl tyrosine 183mg (.41mM) fcllowed
by 231 mg (1.12mM) DCC, followed by 29mg (.23mM) DMAP.

The reaction is stirred at rt for 24hr. The precipitates



-WJJ~-H~+19 70~~~ _ OONNS\ / NXZ '~~" HP-0O0O 4 Ju¥ B
2002 WD 991 33815 PCT/ US98/ 04595 - 80 0.175 m (2 muol) phosphora
trichloride was added to a stirred solution of 1.07 g (2 mml) 197 and 0. 35
m (2 mmol) N, N-Diisopropylethylamne in 25 m dichl oronet hane at 20C. The,
m xture sfirred for 4 5 hours at 20C, then 1 m water asldipd,and
stirred $@$9%ﬁ ddi tional 12 hours at G 3 g anhydrous nﬁg§83|ung%ulfate
was added to the mxture and it was stirred for 30 mnutes, then filtered.
The filtrate was concentrated under reduced pressure and purlfled by silica
gel 10 chipaese rapme u:sa mey et G Hekerrtiani) TheehircaseEVeR (1 (1) , to

btain 40 80 427 369 4 2 C}d6 0. 82
(()dd(:il gH) %I‘%gh % Aerfar Q’g a”‘%ﬁé /%’1% mali °mé5E§M‘é )2 9-3.2
(m 4H, 6Li5i3d o @ﬁep’ﬂ':bat.lxﬁe rdetsed Iphase 4C§0us(1$19( br) ( 1H) , 4.97

s (br) , 1H) , 7.30 8.14 (d, 2H)_, 8.43 2F) . M8 (ES-) : 598
EM (1) ) 2w@1€1C9tmc>n &Y d&& eCF:eoWéF§}‘S EDFQNWRFGBEEPOOSD Cod ymn : (6H))

i 5.5 95 QU SR ol s DR g Pedont focudo (i £18 &-oRgl Aty ) g s
(m 2H) . oMBoOESD) over8Q /oW, 1)f 1owdBs8 (mI Mid20)moditore® E¥xappben? .t 0 ~ O
O O-N vN.S ~ ~NXZ QI-NN'S2 v/ NH2 O- HP-O O 243 244 The reduction was

carried o#=0ad3désddilyayrdarabdamprel dqoin (acerenitynije, A2041% U N 2002 WO

99'33818 82 (m
1 05 AT LEAFORs e Ay e 15 P ety §8%umet ey U o
(t 1H) Pazk, oam AI\HI) 2909 (3w )25d%) ,6 GmB7. s, S26Hhm, H20A650(d, 2H) ,
725( Iai) &d 2H). . 5 MB (ES-). : 568 (M1) . Exanple 43 'i O ~~
1 .36 oBo@ﬁ N-F B/ NGy - QVeRG4R N g TORifpFed at 220 nm,

B=0.1% trifluorocacetic acid in acetonitrile, A=0.1%
trifluorocacetic acid in water.
The aqueous phase was lyophilized to give 59
mg, (16.3%) GW431896X, (Ul1484-72-10) typre=11.71 min.,
15 MW=966.04, LC/MS=MH+967.

Reduction of the Nitro Functionalit

MeO o
<\J\o‘“‘NH N, é:]~ o g
\/\/ 5@»40, . - P ",
" o'
209 210

A slurxry of 209 (170 mg) and 10 mg of 10% P4d.C
20 in 95% EtOH was flushed with hydrogen in a scintillation
vial equipped with septum and a stir bar. Continuous
overnight hydrogenolysis under hydrogen balloon resulted
in a complete conversion. The crude preparation was then
filtered off the catalyst, and purified on RP Cl1l8 HPLC
25 (Prep Nova-Pack C186 um, 60 A, gradient 0-100% B over 30
min. The desired product was collected and lyophilized

affording a white fluffy solid (50 mg, 30.8%).



HP.OHP--OOH OH 226 245 |0 The reduction was carried out as des@di BN 200
Exanple 40; (Yield: 98 %9 . (1:1 mx of diastereoners): 1H NVR(DVSO d6):
0.82 (m 6H), 1.75-2.0 (m 2H), 2.05 (m 1H), 2.6-3.2 (m 6H), 3.55-3.8 (m
4H), 4. 0RoHn3As(m t, 15 1H), 4.75 ;@ 4.90, 5.01 ((pa-To)S98bkhes 6. 12
(s, 1H), 6.68 (d, 2H), 7.30 (m 5H),” 49‘(d 2H). M5 (ES-) : 550 (M1) ,
568 ( (M+rH20) -1) . Exanple 44 20 Pharmacoki netics I n Sprague-Dawl ey Rats
Following Sindle Oral Dose In ord%{xafmg S l{(é;y t he pharnmacokinetics of the
prodrugs of this invention, we ad single oral 25 doses of a
series of prodrugs of this invention, as well as.VX-478, to nale and fenal e
Sprague-Dawl ey rats. Adm ni stration of nol art tvalents of a series of
prod rugs of this inveQtion in a variety of ceutical, vehicles was

t est ed. 2.4 JUN 2002 10 15 20 WD 99133815 - 82) RBCTNQE8/ 04595 Separ ate

groups of Ieoand foema e SpragueDawl ey ratg_(3/%&X/Yyroup) received oral
doses of c ., gavage, in dl((JQrEnt vehi cl t the sane
dose equi val ent ( 6 ar equt varent of WS@ﬁkerent
vehi cl es for conpéd 229 vvere 1) water; 2) 5/4/1: 3 PEG 400; 4) TPGS/ PEG

400; and 5) PEG Th ehicles for VX-478 were: 1) @ PGS/ PEXA00/ PEG, and
2) 12.5 % TPGS/ PEG 400/ PEG. Bl ood sanpl es were col | ec¥ed fol |l ow ng

adm ni stration at vamyous time intervals and anal yzegh for the presence of
bot h compound 229 and its netabolite, VX478, by HPLT and Ms net hods. The
results of this stud-‘jvﬂmo&lrtélﬁﬂ_latvas wmm%tﬁ@lldwlngwha(NM 1 7.11. 7;

Caoa 1 gatiption’ ahed Heddior procedures eI AL AVR 1 of '~ 30,5t
35.8t 81.88+~6235.0ti(M3A)7t sHPIRIAS W Gndn fﬁi)e,fefw NMR (DMSO)168.9,
156.9, 155.7, 153.1, 138.1, 130.5, 129.2, 129.1, 128.1,
126.2, 124.7, 122.5, 112.8, 76.2, 74.5, 72.5, 66.1, 58.0,
53.6, 52.6, 49.2, 33.6, 32.1, 26.6, 25.3, 20.0.
10 tHPLC=11.71 min (D), ES+ 967 (M+1).

Example 14

o‘LNH\:/'\/
187 212
15 212 was obtained following the procedures of
Example 12.

tHPLC= 9.45 min (D), ES+ 592.2 (M+1).-

13C NMR (DMSO) 171.5, 155.8, 148.9, 137.8, 129.5, 129.3,

128.5, 126.7, 1is5.2, 75.2, 73.8, 73.1, 68.3, 67.0, 58.7,
20 57.1, 53.3, 49.2, 35.4, 32.4, 26.7, 20.1, 19.8.

1H(CDC13, 399.42 KHz): 8.33 (2H, 4, J=8.8), 7.95 (2H, d,

J=8.8), 7.23 (5H, m) 5.22 (m, 2H), 5.08 (m, 1H), 4.08 (m,

1H), 3.80-3.45 (7H, m), 3.41 (3H, s), 2.98 (m, 3H), 2.66



VX- 478

90.2tt 57.1 tt.

~63.3at ~ | TABLE IV i Conpound~ 22922% ¢ 25Y§ 2002

~229i VX-478~ VX-478~ vehicle~ H-0; NzO PG Et OH. PEG 400 ! TPGSI PEG- 33!
TPGSI ~ 12. 5% TPGSf | ~ 5: 4:1j ~4001PG- PEG 4001 PG ; PEG 400l PG j nunber of

ratsl 3 il 3 ~I 3 ~ ~

,3~ 6 .1 D3' Mlar equiv. 1; 40 PO

; 40 PG 40 PO |

, ,40 PO~ 41 PO ~~ 50 PO! ~ ;1 dose! 478 Dose v;, , ~i " (nmB/ K9) ; ~,
1 AUC~ 1WOd/B38fs 6+ 7. 4~7.4* 1.8 18. 2%36; 29.65.8' 16.21. 8 PqTf?%ijW%m) j

~ ~1 : a dose of 50 ng / Kg of conpo

VX- 478.
point ).

when conparéd to'a“prototype clini'ca

d 229 is equal io 40 ngl Kg of

no conpound 229 was detected in plasma at 15 min. ( first data

{mRepresent 8ot

h&, hgﬁnnnbclgqubrlgglaq]@%,qwg;lqgllléyg@f VX- 478

mul'ati'on "t-fi Rel'ative

avai | abi | (B}, 08)YX0478 wB&n donpared to a prototype toxicol ogy formulation

10

15

20

ES+ 622 (M+1),

644 (M+Na)

tHPLC =10.29 min (D).
13C NMR (CDC13): 171.3, 155.5, 145.9, 145.6, 136.9,

129.2, 128.6,

128.5, 126.8, 124.4, 76.7, 75.3, 73.2,

72.5, 68.2, 66.9, 58.7, 55.9, 53.1, 48.3, 35.3, 32.7,
26.3, 19.9, 19.8.

1387

Example 165

HO
\/\o/\‘ \g
ka/l\v/m
NO
o 2 ————— o NH\/\/ \s

213

Compound 213 was obtained following the

procedure of Example 12. tHPLC = 9.21 min (D); ES+ 622

(M+1) .

13C NMR (CDCl3): 170.54, 156.2, 148B.6, 136.8, 129.4,

129.2, 128.6,

126.6, 115.7, 76.7, 74.6, 73.2, 71.8, 70.6,

68.2, 66.9, 58.9, 57.3, 53.8, 49.4, 36.2, 33.1, 26.8,

19.8, 19.5,
Intermediate:
(M+Na) .

t HPLC = 10.05 min (D); ES+= 652 (M+H) 674



2 4 JUN 2002 WD 991 33815 PCT/ US98/ 04595 - 83 W perforned a Si"i%§r1ﬁ1$&E
on dogs using both a solid capsule fornulation of conpound 229 an dﬁ

et hanol i ¢/ met hyl cellul ose solution formulation, as conpared to a
TPGS- cont ai ning solution fornulation of W 5 478. The results fromthis
study angopwessgted below in Table V. TABLE V a Conpound, p2a@se8/889- 478i
vehi cl esol i d capsul ei nethyl22@@e||h|%%e‘in 5% ~ TPGSI PEG ~I

Et OH wat er 4001 PGhunber of dogs2l 21 >21 Ml ar equiv. dose) 418 Dose

(mgl Kg) 17 PG 17 PO~ 17 PO|,AUC~316. 7éE7| 614. 23.2:23.5--*7.4i (ug' hrim);~
~jCmax ImM (Ng ); +, 6.1 1.7+ =30~ +1 ( 6.8-1.1, i Tmax(nr) -~
2.30.6 ~ 0.50.51 1.00.8 i Relative Avail. of VX-478 (% i 71.1j 60.4 ~
reference The results.detonstrate that oral 10 admmni strajgion of conmpound
229 as any,aqueous soluthon resulted in iq@wgygﬁ\pﬁQ?ya' ility in
conpari sdn X oot he @wher xehicles studied. SO& foloomﬁn adm ni stration of
conpound Z29% " nqne~qf ound was d dinghe fAr ti me point

bl ood sanpl e (o??%;?37L§é gﬁ?, 15 suggesting st pask: holismto
VX-478. Conpari sé t he aqueous dose of conpound 229 with the two
nonaqueous fornul ati®ns used for VX-478 indicated val ence in delivery

as illustrated by the range found for the bioavaila ity. 20 WO 991 33815

214 was obtained following the procedure of

(=]

~J

|

5 Example 12.
ES+ 634.4 (M+1); t HPLC = 7.17 min (D).
13C (DMSO): 169.3, 155.8, 153.1, 138.0, 129.1, 129.0,
128.1, 126.3, 122.6, 112.8, 94.3, 75.6, 74.6, 72.4, 66.1,

57.8, 52.7, 52.0, 49.3, 38.4, 34.7, 32.2, 29.1, 26.6,
10 21.4, 20.1, 20.0.

Example 17

:é oo NH\/\/:$€ON”:
427 215
15 215 was obtained following the procedure of

Example 12.

t HPLC = 9.12 min (D)

1H (DMSO) all signals broad: 7.38 (3K, br m), 7.20 (5H,

br m), 6.62 (2H, br m), 5.15 (1H, br m), 4.92 (1H, br m),
20 4.00 (3H, m), 3.7-3.0 (16H, m), 2.78 (2H, m), 2.57 (3H,

m), 2.04 {(m, 1H), 1.78 (m, 2H), 0.77 (6H, m)

13C (DMSO) 170.6, 156.3, 153.7, 13%9.1, 125.8, 128.4,

126.7, 123.7, 113.3, 79.8, 79.2, 77.3, 76.1, 75.4, 75.2,



olf NN_wi o~0l, 24 JUN 20p2 PCTNS98/ 04595 N ~0-~--0 ~f N
197 400 5 10 15 20 W added 0.28 m (3.0 mol) POCL3 to a stirr

2 9ot

of 1.07 g (2.0 mml) of conmpound 197 in 10 mM anhydrous pyridine at 5C. The
m xture was allowed to warmup to roomtenperature and stirred at 20C for -3

hour s.

Thveo p9/338E € was cool ed to OC,

quen

as'bd

ched with 10 RAT/UBABEMSISThe

sol vents were renoved under reduced pressure, the residue was dissolved in

100 m et hyl

The organi-g @f)asyq \uas 5%r.i3§d.§’f.t8hr ?f@.@’r QUs SR

concent r at ed.
conpound 22Q6(Yield = 23%.
2.84 (d, 2. 95
4.20 (m
2H) . VB (ESipLc 596 .4M
45 OHCF 1~-''-01 ~ | N~

Chr omat ogr aphi ¢ pu

, dd, 1H),3.06 1H),
%E)Dt,erme?s-a GE 1H)|_?7.2-7.Sfm(m H)SH), 7.98 .

hin @ CEQ4J J¥z N

1H NVR( DVBO- d6)
3.2

n 400 401

i‘cdtion ('Sig%g',sd 'létrg&g 'f

Y,

acetate and washed with 20 mM 1M sodi um bi carbonate sol ution."*

,ofiltered then
gér%d%te 280 ng of
0.86 (dd, 6H), 2.05 (m 2H),
5 (dd, 1H), 3.50-3.70 (m 4H),
1 (m 2H) , 8 .40 (m
n vCY 'O - 84 Exanple

‘JUN 2002 WO 99/3381 S - 8

5 - PG/ US98/ 04595 Conpound 400 wiExampdeedi8ed to conpound 401 using the
standard hydrogenati on net hod descri bed above enpl oyi ng H2/ PdC(10% ,

at nospheric pressure, 4

Yeld of 401 5 68% 1H
4H), 4.15 8% dH) , 4,40 (
?H . M ( 0%

A

197

e —

21

-4

10 Example 12.
1H~-NMR:
(2H,m), 2.96
(3H,m), 3.36
4.2 (2H,dd),
(5H,m),

LC-MS:

0.87

5.1
15

1 peak,

-

20 197

ours at

( DNVBO- d6) : 0-§5—§'Eh‘
1H), 6.1 (s™tbr :

Ww063( M 0 Exanpl e 46

r5\5/\/0.'5,‘;<-:-;N€’: —— &oinu

(6H,t),
(6H, s),
(1H,m) ,
(1H,bs),
7.6 (2H,Q4).
692

roomtenpera

1.95 (2H,m), 2.

3.00 (3H,s), 3.
3.6 (2H,m),
5.4 (1H,m)
{(MH+) .

Example 19

3.7 (6H,m}),

ture, solvent: MeOH H20(5:1).

«6H), 2.0 2H), 2.6-3.1
Aoyl AT 5

2,2-2.5 (m
°

= K
\‘///\\\'//osb NH,

216

was obtained following the procedure of

20 (1H,m),
38 (1H,m),

2.5

3.42
(2H,m) ,
7.4

3.58

, 6.8 (2H,4d),

217 was obtained following the procedure of

Example 12.



Nf-Boc n I~-Rw ~ G~ ~b 350A n=2,R=H 350B n=3,R=H 350C n =2 , R 24 JUN

- C(=NH) NHCbz 218 W added 1.0 g (2.8) mol Na-t-Boc-nd-Cbz-L 15 C)rnltHln@02
was added to stirred solution of 1.2 g (3.15 muol) HATU, 0.2 g (1.4? mol)
HOAt, 0.4 g (4.0 mol) NMWMinlO mM DW. The mixture was stirred at room
tenperature f or 2 hrs . then 0. 5 g ( 1. 0 mol ) of conpound 218 was
added anwovhesssdl ution was stirred at 50C for 12 20 hour s PCTRE}PIPYre was
cooled to roomtenperature, 100 m et%er was added and extracted with 5x 50
m water. The organi c phase was dried w th anhydrous nagnesi um sul f at e,
filtered dngon V-8 £dy Ungle e ed,pge rey Theqresi urified
by silicéggél 25 ¢ f%%éig%igghgs%Fggghe?E?CZ%H(%?i)Bfﬁeﬁiéﬁéﬁdm?ﬁégt)) to
yield 410(3H) £)48% . f (&ompbunzl. 3502H, m) , WD. 291 3381m)-, 86352 AH,WN 2002 .

PCT/ US98/.04595 _Co d 350 A 1H NMVR . .0.85_(dd,_ 6H)., 1.41 (s, 3H),
1.~5 (s, %%S,Flﬁﬁgp'?lrjﬁn-% ?“ic‘@br(?n‘g%,%g)z?i'(ﬁr 1%%3?“‘2%5- 355 Efn 6I|:|)|),
3. 60- 3. 9q 1HMabH) .5 2L S({Bldhs ZH) 5 72 21 TH4pEM, 0K, é@l—ﬁd?s g, 4H). M5 (ES
) 1 852 (M1 ) "M (ES+) " 854 (Mr1) . "Conpound 350 B 10 IH NVR(CDC13):

0. 81 $dd,(5Hm) 1. BFSH s{20H) , 18 40- 2Hpm{m 9H), 2.70-3.20 (m 8H),

3.60-3.9 6H)., 4 1H, 4 . 80 (d, 1 5. 04 bry , 2H) , 7
%5(,%%?7% (,,}I_gj,({n ZDI-D . ( H ( (s (br) H)

1-7. 3 ( s, MBS (ES-) : 866 (M1) . 15 MS (ES+) : 868
(Mr1) . Conpound 350 C 1H NVR(CDC13): 0.86 (dd, 6H), 1.40 (s) 3H), 1.a6 (s,
6H), 1.60-2.10 (m 7H), 2.70-3.15 (m 6H), 3.60 (d, 1H), 3.7020 4.10 (m
6H), a.81 (d, 1H), 5.05-5.30(m 7AYamI&2q. 4 (m 17H), 7.55 (d, 2H). M
(P 0 (Mo D052 (M) o8, 22 3508 uRoSudasR - 1 35081=3, Ret 350

10
218 219
A mixture of 0.5g (1 mMol) of (3S)-Tetrahydro-
3-furfuryl-N- ((1S,2R)-1-benzyl-2-hydroxy-3- (N-isobutyl-4-
aminobenzenesulfonamido)propyl) carbamate, 0.4g (1.5
15 mMol) of Boc-(S)-3-pyridyl alanine, 0.29g (1.5 mMol) EDCI
and 0.1g 4-dimethylamino pyridine in 10 ml of N,N-
dimethylformamide was stirred at 25° for 12 hours. The
volatiles were removed in vacuo and the residue was
partitioned between ethyl acetate and 1N hydrochloric
20 acid. The organic layer was washed with 1N sodium
hydroxide and brine, dried over magnesium sulfate and
concentrated in vacuo. The residue was chromatographed
on a 2 inch plug of silica gel (1:1 ethyl acetate:
hexane) to give the desired N-acylated material.
25 Deprotection by treatment with 50 ml of trifluorocacetic

acid, followed by co-evaporation of residual acid with



A

HN~HGCHiIi nI~tRO I ~ 402 n= 2, R=H 403n=3, R=H 404 n = 2 , - C{ =NH) NHi
25 Conpounds 350A, 350B and 350C were converted to Conpounds 4022‘4 2802d
404, respectively) using the standard hydrogenati on nethod set forth dbove:
2 4 JUN 20p2 CVO 991 33815 - 87 - PCT/ US98/ 04595 H2/ PdC. (10%, atnospheric

pressure hours, roomtenperature, solvent: EtCH, Yleld ound
402 5 1I—|—W:( 13) : 0. 80 (dd, 6H) g2 138 (s, 9H) |, P%%%r@s’%‘lﬁ 2.10
(m 2H) 2.75-3.30 (m 8H), 3.50-4.00 (m 7H), 4.55 (s (br) , 1IH) , 7 .2
(m 5H) , 7.60 (d, 2H) , 7.81 (d, 2H) . M5 (ES+) : 720 (M¥1l) . 10 Cbnpound
403 1H NNREEDED®). gavey tiud deftdred .phfodsyg 9, a lwsDed. B6afim(08B, 2.08 (m

2.75,3,15 (m 8H), 3.60 (d, 1H), 3.753.90 (m 5H), 4.28 (s(br), 1H),
492 (d, fg)% 5.11 (m 1H), 5.27 (s(br), 1H), 7.28-7.35 (m 5H) 7.70 (s,

Ccmpg)gl 0 0 (dd,
o) . 1. 38 (s, oo B PR R N R 5 382860 (i

5H) 5.0(§(1E?r,)n) ,11)..8 -B..05- (EHZ,IT()m 5@ 470 5078, 8D, (mzwxlwan ES4) 75 762

N T B EALEE AR T L A N S A P

- O( =NH) NHEh 753528, @) =38R @m@ nER aRa; Q(—M)Mi@ba) Veoagged 5 n TFA
to a stirred solution of 260 ny (0 3 mol) Cbnpound 350A, 350B, or 350C in
20 nl chl 8#8#8'm The mixture was stirred for 5 hours at room tenperature,

and t hen LE9M§oIg§ }yeggqrqggygd under

Example 21

10
£18 20

220 was obtained using the general procedure in
Example 20.

15 1H-NMR (acetone-dé/ methanol-d4): 0.55 (6H,t), 2.0
(2H,m), 2.2 (1H,m), 2.90 (1H,dd), 2.95 (2H,d), 3.12
(1H,dd), 3.4 (2H,m), 6 (1H,d), 3.8 (5H,m), 4.4 (2H,bm),
6.82 (2H,d), 7.20 (1H,s), 7.4 (5H,m), 7.65 (2H,d), 8.0
(1H,s) .

20 LC/MS: 1 peak, 643 (MH+).



2 4J UN zooz WD 99133815 - 8 8 - PCT/ US98/ 04595 reduced pressure. The
resi due was dissolved in 20 ml dichleronethane, 2 m (11 nmol) 24& JuN

N, N-di i sopropyl ethylamne and 1 m (10 mmol ) acetic anhydride was adde

the reaction m xture. The solution was stirred for 1 hour, 5 then the

sol vent syayeaigignoved. The resi due mag purified by S|I|capgehm9mmw9:
chromat ogr aphy (el uant: Et OAc- Et OH(9: ?) to obtain 170 ng (71 % of
conmpound 351A, 351B or 351C, respectively. 10 Conmpound 351A 1H NMR(CDC13):
0.85 (dd) 6H), 1.60 (m 3H), 1.805;2 0 m,3H), 2.06 (2, 3H), 2.7S (dd,
1H), 2.80-3.20 (m 5H), 3.60-3.9 4.85 (d, 2H), 5.10 (m 3H), 6.46
(d, 1H, 7.25 (m 10H), 7.67 (s, 4H), 9. 30 (s, 1H. 15 M5 (ES+) : 796 (M+l)
, 818 (MtNa) . Conpou 51B 1H NVR(CDC13): 0.80 (dd, 6H), 1. 1.70 (m 2H
, 1 .85 (gL 2H , 2.00 R0 2.75-3.20 (m 7H), 3. d, 1H){\1 ., 4.83 (d,
1H), 4.9 ,olkb gd, , 7.20 ( 10H) , 7.61 s, M ) : 810 (M+l)
, 832 (MtNa) © .g;%ﬂao (n1 o(s, 8H), 70 (€gd, 1H), 3.75 (m
6H) , 4.45 (q, 5 03 (s°(° , 46"*&4;9/\,9"2_9@ H . 25 Conpound

351C 1H NMR (CDCl - 0. 85-edd——6¥® , 1 .i70-2 P (%] 6H) , 2 . 07 (s,
3H), 2.70 (dd, 1H) .80-3.00 (m 3H), 3.10 1H), 3.60 (d, 1H)
3.65-4.00 (m 6H), 4.1(m 1H), 4.62 (q, 1FD 2 (d, iH, 5.00-5.30 (m
5H), 7.10-7.40 ( §0 15H),7.55 (d, 2H), ggz¥n1 3H) 9.18 (s(br), 1H)
9.45 (s (br) , 1 > 9. 56 (s (br) , 1FD FAB+): 972 (Mtl), 994
(MtNa) . 2 4 JUN 2002 WD 99/ 33815 - NI-~ n NR L~ w5 10 15 20
PCTJUS98104595

5 221 was obtained using the general procedure in

Example 20.
1H-NMR (DMSO d-6): 0.76 (6H,t), 1.80 (2H,m), 2.10 (1H,m),
3.7 (4H,m), 3.75 (3H,s), 3.2 (5H,m), 3.58 (2H,s), 3.7
(4H,m), 4.97 (1H,bm), 5.18 (1H,bs), 6.7 (2H,d), 7.22

10 (5H,m), 7,45 (2H,4).
LC/MS: 1 peak, 646 (MH+).

Example 23

%

N
= 0o
RO {5 -
218

15 222

222 was obtained using the general procedure in
Example 20.
1HNMR (acetonitrile d4-3): 1.0 (6H,t), 2.0 (2H,m), 2.2
(lH,m), 3.00 (6H,s), 3.02 (3H,s), 3.1 (4H,m), 3.5 (3H,m),
20 3.8 (BH,m), 4.4 (2H,s), 5.15 (1H,bs), 7.4 (5H,m), 7.97

(2H, d), 8.04 (2H,d).



NHAC NN R I w H 75 O 351A n=2, R=H 351Bn=3,R=H 351 C n = 2 . R = -C(=NH) NHa
405 n = 2, R = H 406 n=3, Ft H407n:2, R = -C(=NH) NHa The con\zérsmu
conpounds 351A, 351C, and 351C to 405, 406) and 407, respectlvely Was

achi eved by standard hydrogenati on using H2/ PdC( 10% at nos erl c essure
4 hours YO 99/81hf t enperat ure) sol vent:(gFtOH Yield = 46% BB

1H NVR(DVMSO-d6): 0.85 (dd, 6H), 1.62 (m 3H), 1.81 (m 2H) , 1. ~ (s 3H),
2.00-2.2 (m 2H), 2.75-3.00 (m 5H), 3.10 (m 2H) , 3 .50-3 . 80 (m 5H ,
4 .54 (mLcds: 15.pdk,(rg92lHMEH. 11 (d, 1H), 7.2-7.4 (m 5H)) 7.80-8.00 (m
5H), 10, 72 (s, 1H) . MS (ES+) : 662 (M+1l) . Conpound 406 1H NVR(DWVSO d6):
0.80 (dd, 6H), 1.30-1.80 (m 7H), 1.85 (s 3H) , 1. 95-2.10 (m 2H , 2 .70
(m 4H) , 2.99 (m 2H) , 3.30 (Mpaidn1a3.A40-3.80 (m 4H), 4.3S (m 1H),
4.9Q (s, 1H), 5.00 (d, 1H), 7. 08-7'7'%(——'5 7.50 (s(br), 1H, 7.71 (d,
2H), 7.79 (d, 2H), 10.54 (s, 1H. M5 (ES+) : 676 (M+1) . Corrpound 25

1H NVR(DVSO- d6): 0.80.(dd, 6H). 1.40-1.60 (m 4H), 1.75™ 1.86 (s,
3H), 2.00.(m 2H), 2.75%\(dt, 2F-:), 3.00 (m 2H) ~_3.10 (q 2H) '3.40-3. 70
(m 5H), 273 9o(q) IH) , 2 4 JUN 7002 WO 991 33815XPCT/ US¥g/ 04595 - 90

4.92 (s ( %W %_gt_}m) 2@9(5 5H) ,e#7.7Q (d+m¢ 3H) , 7. 81 (d,
2H) 830(d 1 0¢’ ”Fw_@)‘ &xanpl e 48 Bn H
~ Nz ~ O=R- ~~N._NQ’_SQ..050_| 539 52 W added 1.0 ¢
(7.5 mmol ) net hane sphonyl dichloride to a\@rred solution of 2.14 g
(4.00 muol ) of compound 197 in 20 m tol uene ntai ning 10~ 10 pyridine.
The mxture was stirred at 100C for 5 hours, then cooled to 40C, 2 g i18.5
nmol )Sbenzyl al cédd was added to the reactlor‘%?-%md the mxture was stirred
at 20C for 12 hour T \é%ég t ol uene
and the filtrate w%jtgﬁacée%é%e dé 5 re pr eégaggﬁu%ge%em due
was puri fHxechpds r&p silica gel chr omat ography (eluants: Hexane-EtQAc (1:1))

then Et OA t)). t | d 550 20_ 9. of d 352. 1H NVR (CDCL3

0 6 Caé’riec"él%) z%yf%lgl(bu) Br@ng* (‘122 3 )mcogag)u? 20 1 . 90-2 .(10 (m)
2H) 2 Gﬁr%MRZQie(Iﬁmﬁﬂ) Qo -ﬁs Péi (&) 1Fﬁ 0 33 8 8951(1”%)3% 034 10 (m 1H ,
4.70 (q, 1H) 4 (m 10H), 7.90

(d, 26, Gﬁﬁmcdzz@(m{mL 279(2HmL 311(1Pm),328
(3H,s), 3.3-3.5 (12H,m), 3.94 (1H,m), 4.08 (1H,m), 4.94
(1H,m), 5.14 (1H,m), 6.61 (2H,d), 7.22 (5H,m), 7.40
(3H,m) .
13C (DMSO) 169.7, 165.9, 152.9, 138.4, 129.2, 129.1,

15 128.1, 126.2, 123.1, 112.8, 74.4, 74.1, 72.5, 71.2, 69.8,
' 66.1, 58.1, 57.1, 52.9, 47.5, 33.4, 33.2, 26.3, 24.5,

18.9, 18.8.

Example 25

20



M5 (ESt)

hydr ogenati on nethod: H2/ PdC(10% ) atnospheric pressure,
t enper af

(dd, 6H

2H)

enbodi ne
may be al

M5 (ES-)

. 704 (N%l)', 726 (MrNa) . 2 4 JUN 2002 WD 991 33815
PCT/ US98/ 04595 - 91 OH~P HOH ~ N~ HON ~ ~1 --~ . N, ~ | 24IJUN-2002 i
i 352 408 Conpound 352 was converted to conpound 408 5 using standard

2 hours, room

%rg%f_,’igl vent: MeOH Yield: 78% 10 15 20 1H NVR (doMGxed@)ses O . 84

(d, 3H , 1. 82 (m &H);, 1.90-2.10 (m 2H

2.95 (m 2H, 3.10 (d, 1H), 3 39 (d 1FD 3 45 3.80 (m 4FD

4.53 (m 1H), 5 00 (br), 68 (d 7.2-7.4 (m
é& vas © wn%d wmetlaeseene’éalapﬁaﬁﬁeeref in

ﬁgﬁéﬁ invention, it is apparent that our basic constructions

& to prOV|de ot her enbodi ments which utilize the products and

2.62 (m 2H),
4 14 (t, 1H),
7.50 (d,

processes of this invention. Ther{zmele i26 Wil be appreciated that the

scope of this invention is to be deflned bé t.he appended cl ai nms, rather

than by the specific enbod

TS oh e s A g s 15

exa

10

15

20

e

Soresent ed by way of

compounds followed the protocol outlined in Example 20,

above, except that a five fold excess of reagents was

used relative to the starting material.

MaO

[*]
Q;l\ 2 0
0 NH N
\/\/ \s—@ «lO}LNH -@ i
—————————— o
218 ' 225
t HPLC 9.26 min (D); ES+ 738 (M+1) 760 (M+Na).

d"

> Yy

13C (DMSO): 170.2, 169.8, 156.4, 143.4, 138.8, 129.5,

128.8, 128.5, 126.8, 119.7, 74.9, 74.2, 73.7, 71.6,

70.7,

70.3, 68.0, 67.2, 59.3, 57.6, 53.8, 45.6, 35.7, 233.8,

27.1, 20.4.

1H (DMSO): 10.1 (1H, s), 7.84 (d, 2H, J=8.5), 7.76

(d,

J=8.7, 2H), 7.40 (1H, 4, J=9.2), 7.22 (m, 5H), 5.14 (1H,

m), 4.95 (14, m), 4.1 (m, 8H), 3.7-3.3 (m, 13H),

3.28 (s,

3H), 3.26 (s, 3H), 2.86 (m, 2H), 2.73 (m, 1H), 2.59 (m,

1H), 2.04 (m, 1H), 1.83 (m, 2H), 0.78 (m, 6€H).



Ais selected fromH, iiz; -Rl-H; -R- (C1-C) alkyl, which is ogptionally
substituted with one or nore groups independently selected from R)‘dﬂtmymz
Cl-C, al koxy, Ht, -0-H, -NR--CONR2) ~or -CON (R) ~; -Rl- (CzZ-C5)

al kenyl, which is optionally substituted with one or nore groups :
|ndepen0leot9b/ysasel ected from hydroxy, 6CéL CS al::oxy, H, -BCHUSIS/MSHER ) -C
(0) -N(R2) ~or "=CON (R) ~; or ’®>each R is independently sel ected
from-C(Q-, -S (O = -C (O C(O) -, -0-C(Q -, -0S (0 ~ -N(R2) -S
(0; ~-, r -N(RZ) - (0) - or -N (Rdmpfe () -C (0) -; each .it is
_ndependently sel ected from C:-ﬁtv%%—r, oal ky=; C,-C cycloal kenyl; C6-C, ~
aryl: or a 5-7 nenbered satura=ed or unsaturated heterccycle, co:.ta _:. _ng
one or acre |:eterogtonys selected fromN, N (R=) , O aid S (O ":
wherein said aryl ~S4i d heterocycle is cpt_o::all ised to Q and
whersir. nbefr o Caa,pd H is opptional y {suljst i uteob\wjoth one or nore

subst i tue c d sel esﬂ’.ﬁc_‘iro O N :

R -0 b@Yine- N (R) Hg ') -NN((RR'))
=, - -0: - ine- = - —| - =
m\[—s (0)*o M o2rii =S i%jeig,,-jﬁ-rr T yog
oQ
ac:

1, - A
-C(0) -R, -C(O -
ened_oxy, -N (R) S(O) ~-R‘ hal o, -C -NO~-, QH- ', -SR, -:c ,
-N(R) (R ) or -NdR ; ~ 2 4 JUN 2002 _ 03 R is
~rl dcpG'nde-Itly selected fromH or (C-C)-alkyl cp~|or.aIII~ substituted
with Q 9, wen prdder mixtule (CF&)___'.C (Ry§3~9C %0317 mmeéthandi S

)

|ndep ntly Q or eac ndently te ro Ht,
~Sitigphok s &g RS ot hy 8 PRRREREY Y 17, 55" Gl 867

(C~CS) Cyid)oalkenyiml WigFdihaRyadreddd@édof , sai d R3, except H is op=Tonally

substituted with one or nore substituents sel ected fron -OR~, -C (0

-N ~i - R dicyqlmhex qarhodd imdde - @ drir, 2cG-Ravivh, (RL)49C (0) - Rz

each n i r4l d tl r 2 ese S,Selected fromH R
or (C1CQ rrl l %O%ﬁﬂ a/ndlvﬁq'é% zeje%t:(%l%§§ 3 'f’%yisb éeﬁ are bound to
ore anot Iaﬂrtzejgéterf&;rmt | Yo vdrid ugd Bethovéd EhnkgEUbY f:ﬁéf" a

het e=ocyclic rTrg, or whey. Gis absent, the atomto which Gis attached is

bourkP di FE&idre Frercee wirduRqh o wiNeanecwsneedivant di spl acenent of
one -ZM @1%){]&9493and %La%dr u@ﬁseaé n&ﬁ.@f@ﬂ@“&é%ﬁgf{%gﬁ}gd f&‘ﬂg‘ Q (ClCa)

-al kyl, w.i I's optio: tuted wt ner e
sel ect ed rrfnﬂ:mr(eCw&)fJ:mmi'@ii,l ke £fiRyat® acififlied €o pH}-H.CS by—

(St S PR Ll O PR B0 S B RUR 38 e,
i's optionalig smst' tath@dccmrsihéﬁ éf@?ﬂctpagrgrwé& &?Eisacboakkenyl

w~ic:~ _s cp~io®_ally substituted W sh Q eac: QISII’]C
epeh%ler magrgﬁ%lmr@@te]dfaitre)m i E ered-anderenucent ratadedn parzoakpy

ol ot e U 0l UGS SBORYEL obed o BB LGB Bp S OT 20

cc: : ~ai mdmmq,r Oin M€ Iﬁ‘é{t‘%@@é@.{%SaHEEC@de:rQWBGQINEnlﬁ _ 9% _ 24

JUN 2002
(96%), MS (AP+) 600.5 (M+1).
20 Example 28
7 I'
N

o o) o o)
O3 e BB OC;
N,SO TMSO-OTMS N N,S
(TMS);NH H
=p-° Kl,_ NO, 120°C.1h Osp 0



S(0) ~, or N(R) ; w:ereinany r ing in Qis optional=y substituted w ~~
one or nore groups selected fromecxo, -OR2, -R"', -N(R) _~, -NQKRJIUN 202
(0) -R', -R-0OH, -CN, -C (0. OR, -C (0 -N(RZ) 2, halo or -CF;;; Eis
selected fromH; O-H; H-H; -0-R; -N(R) (R3) ; (C=-CE) -alkyl, waich
i s optiwoagsisubsti tuted with one gy, nore groups sel ectP€d/¥SBMHRE or H;
(CL-~d)al kenyl, which is optionally substituted wwth ore c. nore groups
selected from R~ or Ht; (G -Ca) -saturated carbbcycle, vvhich is optionally

substituted with op gnsqgrnecggm%%ﬁ% {5%%%&[’)0”18 Ht; or

(CS-CF) -unsat ; ~ra= ed ca bocycle Is opt_onally su stltuted wthc ~e
cr nore gea:apvsthgllda'sedafza@m Rasrstiirrehadt R20%Ciwependent |y sel ect ed

f C~ R’ ~- | - z O - R‘ ,
"N (k) beogRnecis Erdiovd Brs A iduimndhirys Lor ety 1T oAy O
1!‘,ro>n(1 0 ZEMcox@Hé @G@B%s%'v' I’ﬁco' >§ "Bheéc?lﬂr eaclkg '\ée srsmaﬂep@_rjgsggl {CEEEES ec
- al kényl 2.32 mR) .. V\Béitelrn 1h ttdne4 mmvzdzreadvaﬁ:szqoled Heo adiklyient d kenyl

, th th to Z, | t |1 =epl db
het e oat ETPeGFES Uxh" S srtveny rgped SR vagyd, i (hasPAie' Y (B o °

Who=7=' . sr1krkdh¥dEaden ol MISHetiRidol, WA Mndved SiAPYRELAI W~
r epl aced wWith a subs~i tuent selected " rom oxo, -C' L NR)~ N(R);

. R OH, t8HW, regfdperstirecel) -wlw.l(tm 100 ;¥ . 1N Mqu?ec;us ~scNi(urR -) -C~C)
-=c:~ C ( R= S(O =R . halo,
-C. -, 1Cﬁc’3bbna§§ g‘i}ﬁlf&eegic §§E P‘ivlsii 3 kif{%”c“% 2’&1 ?é , (Cz-cC1=)
- al I@ﬂyl HCQr, sBtureheseiith Brark =GO ¢xatdiaaled ofitheeghyky! o. al kenyl
group is optionally replaced by a heteroatom group selected fromO0O, S, S

(0) , S eG)Stateor(BNX( R2P mlind e dombimA Mrgdyenh Javess dwarkyl, al kenyl

?m%_ :ng%gtedoggl 7 ﬁa%%e%(i&gb‘guﬁ SUb ]léé&en%a?ﬁ%emr?%% %?éo, :gj’o )
2 N ( RZih Zacud £BZpive (20)98-@2 (8‘8C%)( )t Resired Prod@s 2825, -S (0)

,,-RE, -N (RZ) -S (0) 2-R2, halo, -CF;,, or -N02;, Zis CH, O, S, N (Rz) 2,
or, whenWhHicd Wes p\ﬁ@éeﬁtlreﬁtlv i mhe meXtX YeAqrin s BAMCROREs=C (Rz) 2,

0 orlé\l (BZh g milﬂdé%%&el BISW'I?J Ydi% S &lls) not S; and R6 is a 5-6

menber ed saturate rtiall'y saturat’ed or ‘Unsaturated carbocyclic or
het erocyclic ring S.)‘st&‘mﬂatd.l‘veﬂ.ly 82y rrenbéwead;pﬁh&sai:wld parécalyy
saturated or unsaturated bicyclic_rin sys erein any of .,said

het er ocyeFPE ABdg syt &fd Sc Bisthsy J@ oty Eefttted from 0,
N, S, S ((Qborf .N CRE) resdd 'é%ﬂhéﬁﬁh(waéﬁ%éhééﬂEkéﬁééefﬁ optionally

contains 1 to 4 substifuents independentiy selected fromOH, C -CS al kyl,
0- (C, - Cyarucaltiylabout01Go( &)l at( GO-GH°C.al Rjle solution was then

20 cooled under N, to 5°C, and treated with POCl; (6.5 ml,
1.24 equiv.) over 2 minutes. The cooling bath was
removed and the reaction stirred at ambient temperature
for 2.5 hrs. The solution was then cooled to 5°C and
water (300 ml) was added over 30 minutes.

25 The resulting mixture was extracted with 4-
methylpentan-2-one (MIBK, 2 x 150 ml). The combined
extracts were washed with 2N HCl (2 x 250 ml). The acid
washes were back extracted with MIBK (60 ml), then the
combined MIBK solutions were treated with 2N HC1l (150

30 ml). The two phase mixture was stirred rapidly and

heated to 50°C for 2 hours. The reaction mixture was

cooled to 20°C, the phases were separated and the MIBK



2. The conpound accor di ng to claim1l1, wherein at |east one R ? sel ect ed
from 2 4 uuN 2002 0 OCHB O~N ~ ~O-H2CGO-L~ ~N\\ ~ J'~ N.

~O~ NWe2 , - (L) -lysi ne, -FO Na~, O O ~N~NHAc, - (L) -tyrc~ine, ~ ~NH -
pOM, O~ N -PO; (NH,) , -~.H=-0OPQ'~Ta~/ H~ - (L) -serir e, - SO
Na~, ~ OMQSNB®S~ - SO My, -S0; (NH, ;. )gZ= Me O H N -CHI -OS@TW’“@H: 0S0;
(NHa) =, o NNHz ~NH2 ' OHOO0O ~ Nz NI-/ ~O--O® ~O~NH~ ~/NHz OOO
~ ~'N acetyl, ~, NJ - (L) -valine, - (L) -glutamc aci d, - (L) '
-asparticsagifiof Was \Jalshé& byrid Wriasnaris e r@' d, '@ne é{#&dnc{:l—l
-.--pyridy' alani ne, - (L) -ni stidire, -CHO HOH _ OO

H-~0AC i p220r| waH *s@la by dxying @1‘@ @C*ltFtllCm NIPJffel'l magpespPumO_ 0. ~ O
PO K~ PC.(3¢,EY fl&%errng of ¥he RS irid éaeég and" concenérgggngan]ne)
in vacuo at 40°C to give the product as a pale yellow foam
5 (31 g, S0% yield).

Example 29

O fo) ) (o)
LI S o wrae L L8
o] ﬁ N i \~| —_— . o) N N7
EtOAc, 35 psi H |
(o] e o}
Oxp~ =
Pl on j—— NO; Osp? NH,

|
HO H

227 228

O-71

A solution of 227 (2.98 g, 4.84 mmol) in 50 ml
10 ethyl acetate was treated with 10% palladium on carbon
(Aldrich, 300 mg) and put under 35 psi of hydrogen on a
Parr shaker for 15h. Catalyst was removed by filtration
and solvent removed in vacuo to give 2.66 g (94%) of
desired product 228. HPLC: Rt = 7.23 min (92%), MS (ES+)
15 586.3 (M+1).

Example 30

0
S S
07 TN N _— OJkN N
H o L A o) k
Os=pZ NH3 °=p NH,

' OH 0 Na
HO Na 'O
228 229
20 Solid 228 (2.66 g, 4.54 mmol) was treated with

10 ml agueous sodium bicarbonate (Baker, 3.0 equiv.,
13.63 mmol, 1.14 g) and loaded onto a resin column
(Mitsubishi Kasei Corp., MCI-gel, CHP-20). Distilled
water was run through until the eluent was neutral

25 followed by product elution with 1% acetonitrile in



2 4 JUN 2002 - G/ 3 . The conpound accerdi r:g to claim 2, Mﬁ:ﬁEZin sai d
conmpound has formula XXIl: HORS D ,N-~N-S02-E A (XXII) wherei , U 2002
and E are as derived in claiml1l. S. The conpound according to claim 3,
where_ n Ais selected from 3-tetrahydrofuryl-0-C(0)-, 3 ( 1, 5-di oxane)
-0-C (0),+ r..o3- hydr oxy- hexahydrofura [2, 3-b] furanyl-Q: os D 1S
(C-Ca) -X\a? wfﬁsl- ich is optionally subs2ituted caith or_e g?%gaé‘)ﬁ?%ups
selected fromthe group consisting of (C, -C6) -cycloalkyl, -OR2, -R3, -0-Q
and QEis (Co-C ~)-aryl optionally substituted with one or nore

subst i zuw¥AteTsel dvtaed Fraghiong ware poRied-&d 1xopRijlized-Ro-0H, -CN, -C

0) 0-RZ_.-C -~T -) ~ =S (0 -N ') =.o-N(R2) -: (0) -Ri -C (0
RS Bays. sl éé;‘%“‘%?ﬁﬁﬁgq’é&mn%%él%%%di 0§<y,)-N ((Rzg s (0) R
ha 1 0, -C;, -NO-AlRerfRivdRy, 7 W of -8 wdk(RiysbRvkdoin NoOR ) ~; cr

a 5-nmenoered heteYocycli ¢ =ir_g con_taining_one S and optionally
cont ai ni Ag RfaFt@huddith warmeing Aandrohe orpluticnevapneshrackeder ocyclic

rir _gis i | y substitu~ | n roups._i ndependent| vy

sel ec edwgﬁgﬁﬁﬁgiﬁdFég)iéJébégi%%%qﬂﬁ, ?%%%%E?aggspgups defined as pare of
Rr, is defiicaethormtien CiRpu)l exce~—~ Tie ddee6us! ¥stoacek wsekerocvcles .

2 ~JUN ~ - 98 5. The conpound CGccording to claim4, wherein: Ais

3-tetrahyordrinegd argl diduted ia IR dabriwvith vatesebuThis

solution was applied to a 300 ml DERE-52 column (Whatman)
which was equilibrated with 50 mM TEABC. The column was

10 washed with 8 L of 50 mM TEABC and the TEA salt was
eluted with 2 L of 250 mM TEABC. The solution was
evaporated en vacuo to 100 ml then lyophilized to yield
the TEA salt (1.5 TEA equivalents). The TEA salt was
(5.8 g) was dissolved in 200 ml water, 300 ml of 1 N HCl

15 was added and the mixture was extracted with EtOAc (3 x
200 ml). The ethyl acetate solution was dried with MgSO4
then evaporated en vacuo to yield 4 g of the free acid.
Two grams of the free acid was dissolved in 50 ml of
acetonitrile and a solution of 573 mg NaHCO; in 200 ml

20 water was added. The mixture was lyophilized yielding

2.1 g of the bis sodium salt {(compound 229).

Example 31

25 /{f?
o} 02

s—< }wH

q:j-cﬂwi miﬁ%/ 0P~ OO
o} o]
o)kﬁ” S-Z—-Q—Nl-l? » + -2_3_9-

O— R on 2 .02 H

o AR

o)vowof\;ck

231
0.53 g (3.0 mmol) 2-[2-(2-Methoxyethoxy)ethoxy]

acetic acid was added to a stirred solution of 1.2 g



E i s phenyl substi tuted with N(R )z; each Mis independently sel egtﬁqwhr
H Li, Na, K, My, Ca, Ba, C-C alkyl or -N(Rz) 4, and each M is

Cl-C~ alkyl . 6. The conpound according to claim3, wherein: Eis a
5-menbered heterocyclic ring containinc one S and optionally containing N
as an additional heteroatorc, wherein said heterocyclic ri,(?gmgﬁ,@ggsl onal | y
subst i ~NR¥REtH one to two groups i miependently sel ected Trom

H . 7. The conpound according to claim3, wherein: Eis H substltuted .
with N(R )~ R in the -OR group shown in formula XXIl is -PO (OVY or C

(0) aﬂomazwmmm @izl doth. 4 mol) gHOMC(R-% g ddbSt At of Ht
are H or - shc: , in.fo XXLI . i,S CH20CHZCH~-OCH-~,
one R ﬁ‘"&hé‘ nNQ F?‘]) ggrﬁpgdqq%%é?%-€+me£g§# Oenf@j'dﬁl—izcég CHZCCH; and the
otze= R mﬂkédFé wﬂé?saf%ﬁéﬁﬁﬁdtf6%% @émb@rhﬁuf% apd woemehntMsi,s H Li,

Na, Kor C--C4 kyl . 24J UN?20 .1 8. the structure: ~he
conpound té.’tﬁ?br(ﬂ-rﬁg g o(k|wmmed 3, 0f1a03$18 'iregrghydg: 3- @ur-fury@ <N-~Ni ..~ ~N~g.

o0 O el NS N obRegi . O e compound
aminobenzenesulfonamido) -propyl) carbamate was added to
the solution in one portion. The mixture was stirred at
20°C for an hour then at 50°C for an additional 12 hours.
It was then cooled to 20°C, 50 ml of ether was added, and

10 the solution was washed with water three times. The
agueous phase was washed with ether, and then the
combined organic phases were dried with anhydrous
magnesium sulfate and filtered. The filtrate was
concentrated under reduced pressure and the residue was

15 purified by silica gel chromatography to obtain the
desired Mono- (N)acylated (102 mg, 15 %) and Bis- (O,N)
acylated (262 mg, 32%) compounds.

Mono- (N) ~acylated: 1H-NMR(CDCl13): 0.85 (dd, 6H), 1.85 (m,
2H), 2.08 (m,1H), 2.8-3.1 {(m, 7H), 3.33 (s, 3H), 3.55 (m,

20 3H), 3.70-3.90 (m, 8H), 4.1 (s, 2H), 5.0 (d, 1H), 5.08
(s(bx), 1H), 7.2 (m, S5H), 7.70 (d, 2H), 7.80 (4, 2H),
.08 (s, 1H).

MS (FAB+) : 666 (M+1).
Bis- (O,N) -acylated: 1H-NMR(CDC13): 0.77 (m, 6H), 1.81 (m,

25 1H), 1.95 (m, 1H), 2.05 (m, 1H), 2.6-3.0 (m, 6H), 3.2
(m,1H), 3.332 (s, 3H), 3.338 (s, 3H), 3.5-3.8 (m, 18H),
4.1 (s, 2H), 4.14 (s, 2H), 4.17 (m, 1H), 5.05 (m, 2H),
5.25 (s(br), 1H), 7.2 (m,5H), 7.69 (d, 2H), 7.78 (4 2H),
9.06 (s, 1H).

30 MS(FAB+): 826 (M+1), 848 (M+Na).



10. The conpound accor di ng to claim2, wherein said conmpound has fornul a
XXI11: D H ORS Het-(CH2) X O N=N~S02-E O ~R3 (XXI11) 11. The conp@dndUN 2002
according to claim10, wherein: R is (C-C,;) -alkyl, (C-Co) -alkenyl,
cycl oalkyl, (C~--CO -cycloal kenyl, or a 5-6 nenbered saturated

-~{ G, - Co)
or unsaturated heterocycle; w-~erein any nenber of R
substi t yiepshWeid one or nore substit

is optionally
ts selected "rom tREr/gsmUAS9S

consisting of -OR, C (0) -NHR, __Su%elg)_~:l (RR') ~, -H, -Cl, -SR-, -C
(0) -Rar d N( R ) -C(0) -R ; and 2 4 J°'UN 2002 - 100 D is

(Cl- C-)

-al kyl or C~ al kenyl; wh R '2'3 cptionally substituted
or nore grcups sel ected from(C~§%ib-—cya—oal kyl, -ORz, -CGQor Q

conmpound according to claim11l, wherein R

wi th one
12. The

inthe -OR group depicted ir_

formula XXIl'l is -PQ 2 or -C(0) -M . 13. The conpound according to
claim2, .~~ ~erein lsaild conpound has formula XXxI: @y R~ ~ ORS D' A-N ~'"
| ~' ~I ~N- SO~-- E IJ?H ( |; 14. The conpound accgy di ‘0 claim 13, wherein
- A; s R %-d}. N~ > 6Hch R3 is independentl ég:: -C(_jé»’égT—kyl whit i s
optional | y'substituted with -OR2, -C (0) /%I -R - § ) IN(R) ¢, -:~~,
-CN, 5SR, -CO?RgonrN R) ‘68— ; and D 1sy(C+C4)-alkyl, which is
optionally subst@% ed with (Cz-Cp) -cyc_oal kyl SO,’'OR2, -0-Q and E is H~,
cr=-Ft
NO; NO
1273Wo4 2 232
We dissolved 0.521g (1 mM) of 1273W94 in 5 ml
10 THF, then cooled to -78°C under nitrogen, and added 1.56
ml (2.5 mM) of a 1.6 M solution of nBuLi in hexane.
After 20 min at -78°C, we added 105 gL (1.1 mM) of ethyl
chlorocarbamate and warmed up the reaction to room
temperature, followed by addition of another 105 uL of
15 ethyl chlorocarbamate.
After stirring for additional 4 hrs, the
reaction was quenched with water and the organic solvent
evaporated. Part of the crude product was purified on a
silica gel (Rf=0.69 (1:2 ethyl acetate:hexane)), yielding
20 0.131g of the product.
C,H,N: calc: 46.06, 4.97, 5.88, found 45.90, 4.97, 5.88
C23H33N5055;. 2.2 TFA
LC/MS (ES+) 594 (M+1l) 1 peak at 6.96 min.
Analytical HPLC(A) t=24.57 min.
25 13C (CDCl3): 155.8, 154.4, 149.9, 145.7, 136.8, +129.2,

+128.7, +126.8, +124.2, 80.1, +76.5, -64.3, -56.2, -52.5,
-48.7, -36.2, +28.1, +26.4, +20.0, +19.8, +14.3.



and -~ ( R ) ( R3) . The conpound according to claim.4, whe= . wR=in
;. a-OR"' group depicted in =c=m—~ 1 a X~ ::1 ' _ -PO(O'-"-‘)ezLE ‘852@2
(0) -~~" . 2 4J UN 2002 - 101 16. The conpound acco=dire to claim1,
whereir. said conpound is selected froma:~y one of conmpo~; nd nunbers 198-
to 231, w@®MIBes1R42, 245 to 267, or 30% depicted i n Tabl e PCT/E899/0¢838 oOf
conpound nunbers 232 to 236 depicted i'n Table Il; or any one of conpound
nu: rbers 243 to 249 dep=cted in Table IIl. 17. The conpound accord_ng to

claim1 selected from R 7 R ~N Fxgmglg738~ "'/ NHN W' ~"~~0o0\oi
1001 -N~ " O0S 1 Q3, R-~i~~GX (— \ _N~_ Q (G?x =C05,

0

—
NH w0™d

N—L-

S0y
TFAmlt
NO,
233
We dissolved 0.131g of the above ethyl
5 carbonate in 4 ml DCM, followed by 4 ml of TFA. Solvents
were then removed after 45 min at room temperature,
resulting in the title compound.
1H (DMSO): 8.37 (2H, 4, J=7.2), 8.15 (2H, m), 8.00 (2H,
d, J=7.0), 7.37 (5H, m), 5.04 (1H, &, J=6.5), 4.06 (2H,
10 g, J=7.0), 3.82 ((1H, m), 3.35 (2H, m), 2.95 (4H, m),
1.82 (1H, m), 1.20 (3H, t, J=7.0), 0.72 (overlapping
doublets, €H, J=6.2).
LC/MS 1 peak at 4.76 min.
ES+ 497.3 (M+1).
15

Example 34

O,.N-Acvloxv Rearrangement

O Tnzoma tadter
M r— pH7.6
NH, W0" 0 —'——P'OJLNH \\OH

N
TFA salt O
NO, NO,
233 234

20 C,H,N: calc:53.26, 6.14, 7.57, found 53.22, 6.14, 7.57
C23H33Ns0sS; x 0.8 TFA
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LC/MS (ES+) 594 (M+l) 1 peak at 6.96 min.

Analytical HPLC(A) t=24.57 min.
1H (DMSO): 8.34 (2H, 4, J=8.7), 8.02 (2H, 4, J=8.0), 7.19

(SH, m),

6€.98 (1H, d, J=7.2), 5.00 (1H, m), 3.83 (2H, q),

3.50 (2H, m), 3.06 {(m, 2H), 2.96 (2H, m), 2.43 (1H, m),
1.97 (1H, m), 1.02 (3H, t), 0.84 (3H, d), 0.82 (3H, d).
13C (DMSO): 156.2, 150.1, 145.7, 140.0, +129.7, +128.2,

+128.5,

+126.3, +125.0, +71.8, -60.0, +56.2, -56.0,

-51.8, -36.0, +26.3, +20.3, +20.1, +14.6.

Example 35

o o
:7—OJLNH uo)l0’4::7’Noz

NO,
235

Synthesis of 235 was accomplished analogous to

that set forth in Example 1.
Yield 15.2%; tHPLC=25.2 min (A).

Rf=0.54

(B); ES+ 687.3 (M+1).

1H (CDC1l3): 8.34 (overlapping d+d, 4H), 7.97 (4, 2H,

J=8.9),

7.35 (7H, m), 5.09 (1H, m), 4.56 (1H, 4, J=8.4),

4.20 (1H, m), 3.54 (14, m), 3.00 (3H, m), 2.82 (1iH, m),
1,84 (1H, m), 1.37 (%H, s), 0.84 (3H, d), 0.82 (3H, 4d).



HsC CHs H3 C 1010 , Rl is selected fromisopropo~il or cycloperayzu UUﬁl'z
is selected from?~HR or CR; in conpound 1005, when R is POM (G, g@
not H and x, R and G are as defines in c'a_m?. 18. A pharnmaceuti cal
conposition, conprising a conpound according to any one of clains 1 to 17
in an anygsedikective to treat in‘ecé-og by a virus that pcsrushsneses eri zed
by an aspartyl protease; and a pharma éu~ical|y acceptabl e carries,

adj uvant or vehicle. 19. The pharmaceutical conposition according to claim
18, wherein said virus is H V. ZOEXJHEFthgnaceutical conposi tion according
to c'aim18, 4:herein said pha=nac=a:.1cal conpos~tior_is formul ated f or
ora 1l ad_~nir.i stration . 21. The pharm d cal conposition ~cco-ding to
claim 18, further conprising one or no-a ® ts selected from an
anti-t=ira= agen=. an HV pro~ease diri pirt’o0 ot: ~er than a conpound
Geecord_:~c tc ¢'_ai~n ? , and an igiunastiAfsy ator. 2 4 JUN 2002 104 22.
The pharnmaceutical conposition Gortiing to claim21, further conprising
one or nore agents selected fro zidovqmind (AZT), zal citabine (ddQ),

di danosi ne (ddl], stavudine (d4T), 3$8 935U83, 1592U89, 524W01, saqui navir
(Ro 31-8959), L-735, 524, SC- 52I51, 538 (A80538), ACr 1341, XM 412, XM
450, CPG 53, 437, or tuscarasol. 23. e of the conpound according to any
one of claims 1 to 17 in the manufagiyre of a medi canent for inhibiting
aspaxtyle protease activity in a mamual. 24. Use of the conpow-d according
tv any one of clains 1 to 17 in thg3fmnufacture of a nedi canent for

treating HLV infectjon.in a . m 25. Th se_according_t |_.aim 24,
wherein said HLV in %C?fﬁﬁo%yagyﬁéﬂtW9n8gu§%§ the sFépogfaﬁg% °% eri ng
one ok Nodf£oRe || andkdagenssmeebected)trogHaruankhdvor.ak agent) an H'V
protease inhibitor other tk~an a conpound according to claiml1, and an

i munost i Foletlyl ecembne. asThepaiktyreswrg wedlvxaengenktlysuadsgpar at e
dosage fq£n1 26. T?e ﬁ?e accord'ng to cggig122g%~g¥herein $ iq.%ﬂditional
agent is dETELTRY $7D z?ﬁ%ﬁudi 8 Yﬁf?f, zaPc bI'Ag 888&%, §i-danosi ne
(ddn, st ageIh-aet §dddre Bdkov83d5hBad, the92b8Bound4patifsagubnaiin id3o
31-8989),(%;735, 524, SC-52151, ABT 538 (A80538), AG 1341, XM

C

10 tHPLC=22.98 min (A); ES+ 636.2 (M+l).
1H NMR (CDCl3): 8.29 (2H, d), 7.91 (2H, d), 7.22 (5H, m),
5.13 (1H, m), 4.96 (1H, m), 4.52 (1H, d), 4.02 (1H, m),
3.84 (2H, m), 3.44 (iH, m), 3.36 (1H, m), 3.10 (3H, m,
overlap), 2.88 (2H, m), 2.6¢4 (1H, m), 2.14 (1H, m), 2.05

15 (1H, m), 1.84 (1H, m), 1.27 (9H, s), 0.78 (6H, two overl. -
d) .
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412, XM 450, CPG 53, 437, or tuscarasol. F:~~ 27. The use aCcoﬁh*n@Ntﬂmz
claim?24, wherein said HV infection treatnent involves oral adm nistration
of said nedi canment.
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a] ca] ca] caj ca] ca] caU] ca] ca] ca] ca] ‘ca] ca] cal] ca] cal] ca] ca! SWo&' ' (*((L)))),

R b.//}2~ysnid_Zi d_ZU] cd4a] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca]
ca] c”a] ca] ca] c"a] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca

222228(9499: N: L
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a] ca] ca] captuleakdakodica] dajceajbraiatad caa]d:a]atae]mal)]mmqtcmn caf ca! J. KKKKK
KmLNNk O P RRSTT VJVX | gh,
ca] ca] ca] EEEQ%%EB&] ES]{ B &é}%ﬂ%}"g‘agsa]aﬁ% @g% 3(;% é]ﬁafl]a]c;]i]cg]i]c;?]\{
YZ[[[\]]]acetate-hexane) gave the desired product &500m
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780 mg (3 mmol) 2-Chloro-1,3,2-dioxaphospholane

was added to a stirred solution of 1.07 g (2 mmol) 197

10 and 0.7 ml (4 mmol) N,N-Diisopropylethylamine in 25 ml
dichloromethane at 0°C. The mixture was allowed to warm
up to room temperature and it was stirred for 2 hours.
The mixture was then cooled to 0°C and 1.5 g (9.3 mmol)
bromine was added in 5 ml dichloromethane. The mixture

15 was stirred for 1 hour at 20°C, followed by evaporation
under reduced pressure. An aqueous solution (50%) of 15
ml trimethylamine was added to the residue, and the
mixture was stirred at 20 °C for 12 hours.

Solvents were removed under reduced pressure

20 and 50 ml EtOAcC:EtOH (9:1) was added to the residue. The
solid was filtered, washed with EtOAc:EtOH (9:1) then the
filtrate was concentrated under reduced pressure. The
residue was chromatographed on a 3 inch plug of silica
gel using ethyl acetate (neat), then methanol (neat), as

25 eluents to obtain 1.15 g (82 %) 241 as an off-white
solid.
1H-NMR (CDC13): 0.60 (dd, 6H), 1.70 (m, 1H), 1.55 (m, 1H),
2.10 (m, 1H), 2.8-3.2 {(m, 6H), 3.4 (s (br), SH), 5.09
(s(br), 1H), 7.25 (m, S5H), 7.83 (4, 2H), 8.28 (4, 2H).
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was stirred under atmospheric pressure of hydrogen for 4

HL0URRE ()-1.1ef f#10

hours at 20°C. The mixture was filtered, and the

10 filtrate was concentrated under reduced pressure. The
residue was then dissolved in 10 ml water and lyophilized
to obtain 174 mg (74 %) 242 as white solid.
1H-NMR (DMSO-d6): 0.82 (dd, 6H), 1.80-2.00 (m, 2H), 2.10
(m, 1H), 2.80 (m, 3H), 3.00 (m, 2H), 3.2 (s (br), SH),

15 4.0-4.3 (m, 4H), 4.91 (s(bxr), 1H), 6.08 (s(bxr), 2H),
6.67(d, 2H), 7.30 (m, SH), 7.48 (d, 2H), 8.12 (d, 1H).
MS(ES+): 671 (M+1), 184 (phosphatidyl choline+).
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1H-NMR (DMSO-d6): 0.82 (dd, 6H), 1.84 (m, 1H), 1.98 (m,

1H), 2.10 (m, 1H), 2.68 (dd, 1H), 2.9-3.2 (m, 4H), 3.6-
15 3.8 (m, 3H), 3.94 (t, 1H), 4.30, (s(br), 1H), 4.97

(s(bxr), 1K), 7.30 (m, S5H), 8.14 (d, 2H), 8.43 (d, 2H).

MS (ES-) : 598 (M-1).

243: (1:1 mix of diastereomers):

1H-NMR(CDC13): 0.80 (m, 6H), 1.8-2.1 (m, 4H), 2.8-3.2 (m,
20 6H), 3.7-3.9 (m, 4H), 4.15 (m, 1H), 4.8-5.15 (m, 2H),

5.57, 5.72 ((4,d), 1H), 7.25 (m, 5H), 7.95 (dd, 2H), 8.35

(m, 2H).

MS(ES-): 580 (M-1), 598 ((M+H20)-1).

25 Example 42
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The reduction was carried out as described in

Example 40; (Yield: 79%).
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5 MS(ES-): 568 (M-1).

Example 43
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10 The reduction was carried out as described in

Example 40; (Yield: 98 %).

(1:1 mix of diastereomers):

1H-NMR (DMSO-d6): 0.82 (m, 6H), 1.75-2.0 (m, 2H), 2.05 (m,

1H), 2.6-3.2 (m, 6H), 3.55-3.8 (m, 4H), 4.02, 4.22 {(m, t,
is 1H), 4.75 (m, 1H), 4.%0, 5.01 ({(d,d), 1H), 6.12 (s, 1H),

6.68 (d, 2H), 7.30 (m, S5H), 7.4% (4, 2H).

MS(ES-): 550 (M-1), 568 ((M+H20)-1).

Example 44

20 Pharmacokinetics In Sprague-Dawley Rats
Following Single Oral Dose

In order to study the pharmacokinetics of the
prodrugs of this invention, we administered single oral
25 doses of a series of prodrugs of this invention, as well
as VX-478, to male and female Sprague-Dawley rats.
Administration of molar equivalents of a series of
prodrugs of this invention in a variety of pharmaceutical

vehicles was tested.
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12.5 % TPGS/PEG 400/PEG.
Blood samples were collected following
10 administration at various time intervals and analyzed for
the presence of both compound 229 and its metabolite, VX-
478, by HPLC and MS methods. The results of this study
are tabulated below (Table IV).

IABLE IV

15
i Compound ‘ 229 229 ' 229 i 229 i VX-478 ! VX-478
§ vehicle H.0 | FHOPGEIOH [PEGA00 | TPGSIPEG | 3%TPGS | “125% TPGS)
| | | 5:4:1 | |400PG | PEG 400/ PG { PEG 400/PG
Enumberofrats |3 §3 ;'3 |3 "6 ![13 ]
* Molar equiv. 140 PO t40PO t40PO  |40PO 141 PO 'S0 PO |
i dose/ 478 Dose f E ‘ | !
| (mgiKg) f : : g | ; !
1 AUC (117248 106174 74318 182216 1296158 162218 ,
! (ug™ht/mi) ; ! , : ;
|Cmax (M) 171247 133206 131203 30207 @14.0:2.2 '6.0%1.0
hatlite ()} 477 134" |28 128" 125208 2210 '
- Relative Avail. of | 395t . 3587 8187 250t 27.7% reference | reference ;
| VX-478 '

, ' g0.21t statt eastt |
1 | t |
! ; : ’
. ' i
- adose of 50 mg/ Kg of compound 229 is equal to 40 mg/ Kg of VX-478.
- no compound 229 was detected in plasma at 15 min. ( first data point ).
' Represents the harmonic mean
T Relative availability of VX-478 when compared to a
20 prototype clinical formulation
1T Relative availability of VX~478 when compared to a prototype
toxicology formulation
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Tmax {hr) 123208 0505 !1.0.'.’.0.8
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The results demonstrate that oral

10 administration of compound 229 as an aqueous solution
resulted in improved biocavailability in comparison to the
other vehicles studied. Aalso, following administration
of compound 229, none of that compound was detected in
the first time point blood sample (or later samples),

15 suggesting first pass metabolism to VX-478. Comparison
of the aqueous dose of compound 229 with the two non-
agueous formulations used for VX-478 indicated
equivalence in delivery as illustrated by the range found
for the biocavailability.
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350A

n=2,R=H
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o™ Selo

(=NH)NHCbz
218

We added 1.0 g (2.8) mmol Na-t-Boc-nd-Cbz-IL-

15 Ornithine was added to stirred solution of 1.2 g (3.15
mmol) HATU, 0.2 g (1.47 mmol) HOAt, 0.4 g (4.0 mmol) NMM
inl0 ml DMF. The mixture was stirred at room temperature
for 2 hrs. then 0.5 g(l1.0 mmol) of compound 218
was added and the solution was stirred at 50°C for 12

20 hours. The mixture was cooled to room temperature, 100
ml ether was added and extracted with 5x 50 ml water.
The organic phase was dried with anhydrous magnesium
sulfate, filtered and concentrated under reduced
pressure. The residue was purified by silica gel

25 chromatography (Hexane-EtOAc (1:1) then EtOAc (neat)) to
vield 410 mg (48%) of compound 350.
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Compound 350 B

10 1H-NMR(CDCl3): 0.81 (dd, 6H), 1.39 (s, SH), 1.40-2.10 (m,
9H), 2.70-3.20 (m, 8H), 3.60-3.90 (m, 6H), 4.10 (m, 1H),
4.80 (d, 1H), 5.04 (s(br), 2H), 7.1-7.3 (m, 10H), 7.61
(s, 4H).
MS (ES-): 866 (M-1).

15 MS (ES+): 868 (M+1).

Compound 350 C

1H-NMR(CDC1l3): 0.86 (dd, €6H), 1.40 (s, 3H), 1.46 (s, 6H),

1.60-2.20 (m, 7H), 2.70-3.15 (m, 6H), 3.60 (4, 1H), 3.70-
_20 4.10 (m, 6H), 4.81 (4, 1H), 5.05-5.30(m, 7H), 7.18-7.4

(m, 17H), 7.55 (d, 2H).

MS (FAB+): 1030 (M+1l), 1052 (M+Na).

Trrlotme Loty

0 do
350A n=2,R=H
350Bn=3,R=H 2n=2 R=H
350C n=2, R =-C{(=NH)NHCbz 403n=3 R=H
404 n=2, R=-C(=NH)NH;
25 Compounds 350A, 350B and 350C were converted to

Compounds 402, 403, and 404, respectively, using the

standard hydrogenation method set forth above:
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Example 47

:j H NHBoc /‘P H HAc
(o}
o) N Cbz O_N N Cbz

N
P P
?;’ 0" _— \g o™
350A n=2,R=H
3508 n=3,R=H 351A n=2,R=H

350C n=2, R = -C(=NH)NHCbz 3248 n =3 R=H
351C n=2, R = -C(=NH)NHCbz
25 We added 5 ml TFA to a stirred solution of 260

mg (0.3 mmol) Compound 350A, 350B, or 350C in 20 ml

chloroform. The mixture was stirred for 5 hours at room

temperature, and then the solvents were removed under
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10 Compound 351A
1H-NMR(CDC13): 0.85 (dd, 6H), 1.60 (m, 3H), 1.80-2.00 (m,
3H), 2.06 (2, 3H), 2.75 (44, 1H), 2.80-3.20 (m, 5H),
3.60-3.90 (m, 7H), 4.85 (d, 2H), 5.10 (m, 3H), 6.46 (d,
iH), 7.25 {(m, 10H), 7.67 (s, 4H), 9.30 (s, 1H).

15 Ms (ES+): 796 (M+1), 818 (M+Na).

Compound 351B

1H-NMR (CDCl3): 0.80 (dd, 6H), 1.;8 (m, 2H), 1.50 (m, 2H),

1.70 (m, 2H), 1.85 (m, 2H), 2.00 (s, 3H), 2.70 (dd, 1H),
20 2.75-3.20 (m, 7H), 3.55 (d, 1H), 3.75 (m, 6H), 4.45 (q,

1H), 4.83 (d, 1H), 4.95 (t, 1H), 5.03 (s(br), 3H), 6.46

(d, 1H), 7.20 (m, 10H), 7.61 (s, 4H), 9.29 (s, 1H).

MS (ES+): 810 (M+1), 832 (M+Na).

25 Compound 351C
1H-NMR (CDC13): 0.85 (dd, 6H), 1.70-2.00 (m, 6H), 2.07 (s,
3H), 2.70 (&4, 1H), 2.80-3.00 (m, 3H), 3.10 (dd, 1H),
3.60 (4, 1H), 3.65-4.00 (m, 6H), 4.1(m, 1H), 4.62 (q,
1H), 4.82 (d, 1H), 5.00-5.30 (m, 5H), 7.10-7.40 (m,

30 15H),7.55 (4, 2H), 7.65 (m, 3H) 9.18 (s(bxr), 1H), 9.45
(s(br), 1H), 9.56(s(br),1H).
MS (FAB+): 972 (M+1l), 994 (M+Na).
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Ms (ES+): 662 (M+l).
15
Compound 406
1H-NMR (DMSO-d6) : 0.80 (dd, 6H), 1.30-1.80 (m, 7H), 1.85
(s, 3H), 1.95-2.10 (m, 2H), 2.70 (m, 4H), 2.99 (m, 2H),
3.30 (m, 5H), 3.40-3.80 (m, 4H), 4.35 (m, 1H), 4.90 (s,
20 1H), 5.00 (d, 1H), 7.08-7.25 {(m, 5H), 7.50 (s(br), 1H),
7.71 (4, 2H), 7.79 (4, 2H), 10.54 (s, 1H).
MS (ES+): 676 (M+1).

Compound 407

25 1H-NMR (DMSO-d6) : 0.80 (dd, 6H), 1.40-1.60 (m, 4H), 1.75
(m, 2H), 1.86 (s, 3H), 2.00 (m, 2H), 2.75 (dt, 2E), 3.00
(m, 2H), 3.10 (g, 2H), 3.40-3.70 (m, S5H), 4.39 (g, 1H),
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We added 1.0 g (7.5 mmol) methanephosphonyl
dichloride to a stirred solution of 2.14 g (4.00 mmol)
of compound 197 in 20 ml toluene, containing 10%

10 pyridine. The mixture was stirred at 100°C for 5 hours,
then cooled to 40°C, 2 g (18.5 mmol) benzyl alcohol was
added to the reaction, and the mixture was stirred at 20°C
for 12 hours. The solid was filtered, washed with 2 x 10
ml toluene and the filtrate was concentrated under

15 reduced pressure. The residue was purified using silica
gel chromatography (eluants: Hexane-EtOAc (1:1), then
EtOCAc (neat)) to yield 550 mg (20 %) of compound 352.

1H-NMR (CDC13): 0.67 (dd4, 6H), 1.53 (4, 3H), 1.70 (m, 1H),
20 1.90-2.10 (m, 2H), 2.65-3.20 (m, 6H), 3.55 (d, 1H), 3.80

(m, 3H), 4.10 (m, 1H), 4.70 (g, 1H), 4.90-5.20 (m, 4H),

6.37 (4, 1H), 7.2-7.4 (m, 10H), 7.90 (4, 2H), 8,30 (d,

2H) .

MS (ES+): 704 (M+1), 726 (M+Na).
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Compound 352 was converted to compound 4

gl #10%mX&n& ()- b
10 10! 7109%& ()- /

5 using standard hydrogenation method: H2/PdC(10%),
atmospheric pressure, 2 hours, room temperature, solvent:

MeOH; Yield: 78%.

1H-NMR (DMSO-dé6): 0.84 (dd, 6H), 1.44 (4, 3H), 1.82 (m,

10 1H), 1.90-2.10 (m, 2H), 2.62 (m, 2H), 2.95 (m, 2H), 3.10
(d, 1H), 3.39 (d, 1H), 3.45-3.80 (m, 4H), 4.14 (t, 1H),
4.53 (m, 1H), 5.00 (s (br), 1H), 6.68 (4, 2H), 7.2-7.4
(m, BH), 7.50 (4, 2H).

MS (EsS-): 582 (M-1).

15 While we have described a number of embodiments of
this invention, it is apparent that our basic construc-
tions may be altered to provide other embodiments which
utilize the products and processes of this invention.
Therefore, it will be appreciated that the scope of this

20 invention is to be defined by the appended claims, rather
than by the specific embodiments which have been

presented by way of example. -
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Ht, -0-Ht, -N(R?)-C(0)-N(R?); or -CO-N(R?):; or R;
each R' is independently selected from -C(Q)-
-5(0)2=, -C(0)-C(0)-, -0-C(0)-, -0-S(0)2, -N(R?)-5(0:!:-,
-N(R?) - (0)- or -N(R%-C(0)-C(0)-
each Ht is independently selected from C:-Z:
cycloalkyl; C:-C- cycloalkenyl; Cg¢~Ci: arvl; or az 5~7
membered saturated or unsaturated heterccycle, contziring
one or more heteroatoms selected from N, N(R°), O, £ a=nd
S(0O)n; wherein said aryl or said heterocycle is cptionzlly
fused to Q; and wherein any member of said Ht is
optionally substituted with one or more substituents
independently selected from oxo, -OR®, SR*, =-R-,
-N(R"):, -R"-OH, -CN, -C(0)0~R*®, -C(0)-N(R%):,
~S{0):-N(R"}:, -N(R®)-C(0)-R?, -C(O)-R% =-S(0).-R%, -LIF:,
-${0}»-Q, methylenedioxy, -N(Xf)-5(0);-%", halec, -Crf,

-NO:, Q, -0Q, -OR’, -SR’, =R, -N(R-}(R’) or =N(R ::;
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each R*> is independently selected from H, Ht,

(C.-Ce¢) —alkyl, (Ca.-Cq)-alkenyl, (C:-C¢)-cycloalkyl or (Cs-
C¢) -cycloalkenyl; wherein any member of said R®, except H,
is optiocnally substituted with one or more substituents
selected from -OR®, -C(C)-NH-R?}, -5(0),-N(R%*),, Ht,

-CN, -SR%, -CO:;R*, N(R®)-C(O)-

each n is inderendently 1 or 2;

G, when present, is selected from H, R’ or (C;-
Cq)-alkyl, or, when G is (C:-Cs)=-alkyl, G and R’ are bound
to one another either directly or through a C:-Cs: linker
to ferm a heterocyclic ring; or when G is absent, the
atom to which G is attached is bound directly to the R’
group in -OR" with the concomitant displacement of one -ZM
group from R’;

D ara D' are independently selected from Q; (C,-
Cs)-alkyl, which is optionally substituted with one or
more groups selected from (Cs-Cs)-cycloalkyl, -OR?, -R3,
-0-Q or Q; (C;-C;)-alkenyl, which is optionally
stbstituted with one cr mecre groups selected from (C3~Cg)-
cyclealkyl, -CR®%, -R* -0-Q or Q; (Cs;-Cg)-cycloalkyl, which
is cotionally substituczed with or fused to Q; or (C3-Ce¢)-
cycicalkenyl, which Is cptionally substituted with or
fused to C;

eacr. Q 1s inderendently selected from & 3-7
membered saturated, partially saturated or unsaturated
carpocyclic ring system; cr a 5-7 membered saturated,
partially saturated or unsaturated heteroccyclic ring

ccontéining one cr mcre hetercatoms selected from O, N, S,
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5(0), or N(R*); wherein any ring in Q is optionally
substituted with one or more groups selected from cxo,
-OR?, -R?, -N(R"):, -N(R%)-C(O)- 3, -R*-QH, -CN, -C(0O, OR-,
~-C(0)-N(R?)2, halo or -CFs;

E is selected from Ht; O-Ht; Ht-Ht; -0-R%;
-N(R?) (R®); (C.-C¢)-alkyl, which is optionally substituted
with one or more groups selected from R* or Ht; (C:-Cg)-
alkenyl, which is opticnally substituted with one cr more
groups selected from R* or Ht; (C;-Cs)-saturated
carbécycle, which is optionally substituted with one or
more groups selected from R* or Ht; or (Cs-C¢)-unsazurazed
carbocycle, which is opticnally substituted with cxne or
more groucs selected from R or Ht;

each R' is independently selected from -CRY,
-SR?, -C(0)~NHR?, -S(0),~NER?, halo, -N(R?)-C(O)-R* -N(R%):

or -CN;
each R’ is independently selected from
M 0
: . —{CH—O]—-“-(RS) M’
(CHy— 07 M ZM)y o 2 X X

X
wherein each M is independently selectec
from H, Li, Na, K, Mg, Ca, Ba, -N(R%)4, (C:-C:2)-alkyl,

(C:-C:2) ~alkenyl, or -R%; wherein 1 to 4 -CH; radiczls c=

n

the alkyl or alkenyl g¢group, other than the -CH; thz:t ZIs
bound to Z, is cpticnally replaced by a hetercatom ¢grcup
selected from C, S, S(O), S(O):, or N(R’); and whersin any
hydrogen in said &alkyl, alkenyl or R® is opticnall:
replaced with a substituent selected Zrom oxo, -0z-, -3¢,
N(R%):, N(R")s;, R°OH, -CN, -C(O)CR", -C(C)-N(R%);,
S(0):=N(R*;:, NiR%}-C.C)-R:, C(C)R", -S(0).~R", OCF:, -3 Ti:-
Ré, N(R")-3(0)--R°, hzlo, -CT¥:, or -NO:;
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Y is P or S,

X is O or S; and

R’ is C(R%),, O or N(R?); and wherein when Y is
S, Z is not S; and

R® is a 5-6 membered saturated, partially
saturated or unsaturated carbocyclic or heterocyclic ring
system, or an 8-10 membered saturated, partially
saturated or unsaturated bicyclic ring system; wherein
any of said heterocyclic ring systems contains one or
more heteroatoms selected from O, N, S, S(O), or N(R?);
and wherein any of said ring systems optionally contains
1 to 4 substituents independently selected from OH, C:-C;

alkyl, 0-(C;-C4)-alkyl or 0-C(0O)=-(Cy~Cq)~alkyl.

2. The compound according to claim 1, wherein

at least one R’ is selected from:
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Ht, insofar as it is defined as part oif R7, 1is
defined as in claim 1 except for the exclusion of

heterocycles.
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each M is independently selected from H, Li, Ng, K,
Mg, Ca, Ba, C:-C; alkyl or -N(R?*); and

each M’ is H or C;-C; alkyl.

6. The compound according to claim 3,
wherein:

E is a 5-membered heterocyclic ring containing one S
and optionally containing N as an additional hetercatom,
wherein said heterocyclic ring is optionally substituted
with one to two groups independently selected from -CHs,
R*, or Ht.

7. The compound according to claim 3,
wherein:

E is Ht substituted with N(R’)z;

R’ in the -OR’ group shown in formula XXII is
-PO(OM)2 or C(0O)CH,0CH,CH,OCH,CH,0CH3s and both R’ in =zhe
-N(R?), substituent of Ht are H; or R’ in -OR’ groug shcwn
in formula XXII is C(O)CH,OCH,CH.OCH3, one R’ in the -N(R):
substituent of Ht is C(C)CH,OCH.CH,CCH; and the othexr R’ in
the -N(R’); substituent of Et is H:; and

wherein M is H, Li, Na, K or C;-C; alkyl.
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PO,M,

wherein each M is Na or K.

9. The compound according to claim 8, wherein

each M is Na.

10. The compound according to claim 2, wherein

said compound has formula XXIII:

H
eyd
Het—(CH, )5 \”/ \/\/ S0~E oo

0 E\R3

11. The compound according to claim 10,
wherein:

R® is (C:-Cs)-alkyl, (C--Cs)-alkenyl, (Cs-Cg)-
cycloalkyl, (C:~C;)-cycloalkenyl, or a 5-6 membered
saturated or unsaturated heterocycle; wherein any member
of R? is optionally substituted with one or more
substituents selected from the group consisting of -OR", -
C(0)-NH-R*, -S(C)N(R%):, -Ht, -CN, -SR°, -C(0C)0-R’ anrd
N (R?)-C(0)-R%; and
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14. The compound according to claim 13,

wherein:

A is R-Kt;

each R® is independently (Cy-Cs)-alkyl which is
optionally substituted with -OR?, -C(O)~-NH-R?,
-8(0)N(R*)z, -Ht, -CN, -SR%, ~-CO,R? or -N(R")-C(0)-2%; and

D' is (C.-Ci)-alkyl, which is optionally substituzed
with (Ci-Cs) -cycloalkyl, -OR?, -0-Q; and E is H%t, Ez-E:
and -N(R%) (R?).

15, The compound according to claim 14,
wherein R in the -OR' group depicted in formula XMXI is

-PO(OM), or -C{O)-M'.
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R
CH,
OR’ (NH).R’
) X
R |
@]
S
O
HC™ /™ cn,
H,C ;
1010 ,
wherein:

R'® is selected from isopropoyl or cyclopentyl;
R is selected from NHR’ or CR’;
in ccmpound 1005, when R’ is PO:M, (G). is not H; and

%, R’ and G are as defined in claia 1.

18. A pharmaceutical composition, comprising a
compound according to any cne of claims 1 to 17 in an
amount effective to treat infection by a virus that is
characterized by an aspartyl protease; and a

pharmaceutically acceptable carrier, adjuvant or vehicle.

19. The pharmaceutical composition according

to claim 18, wherein said virus is HIV.

20. The pharmaceutical composition according
"to claim 18, wherein said pharmecesutical composition is

formulated for oral administratio=.

21. The pharmaceutical composition according
to claim 18, further comprising cne or more agents
selected from an anti-viral agent, an HIV protease
inhkikitor other then & cecmpound according to cleim 1, and

an immunostimulator.
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22.  The pharmaceutical composition according to claim 21, further comprising one or
more agents selected from zidovudine (AZT), zalcitabine (ddC), didanosine (ddl), stavudine
(d4T), 3TC, 935U83, 1592U89, 524W91, saquinavir (Ro 31-8959), L-735, 524, 8C-52151, ABT
538 (A80538), AG 1341, XM 412, XM 450, CPG 53, 437, or tuscarasol.

23.  Use of the compound according to any one of claims 1 to 17 in the manufacture of

a medicament for inhibiting aspartyle protease activity in a mammal.

24.  Use of the compound according to any one of claims 1 to 17 in the manufacture of

a medicament for treating HIV infection in a mammal.

25, The use according to claim 24, wherein said HTV infection treatment inc¢ludes the
step of administering one or more additional agents selected from an anti-viral agent, an HIV
protease inhibitor other than a compound according to claim 1, and an immunostimulator either

as a part of said medicament or as a separate dosage form.

26.  The use according to claim 25, wherein said additional agent is selected from
zidovudine (AZT), zalcitabine (ddC), didanosine (ddI), stavudine (d4T), 3TC, 935U83, 15921789,
524W91, saquinavir (Ro 31-8959), L-735, 524, SC-52151, ABT 538 (A80538), AG 1341, XM
412, XM 450, CPG 53, 437, or tuscarasol.

;;{%ﬁ- 27. The use according to claim 24, wherein said HIV infection treatment involves oral

administration of said medicament.



