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syndrone ("AIDS") -- a disease characterized by the destruction of
the immine system . particul arly—of CA+ ——T-cel | s—wth attendant——

susceptibility to opportunistic 25 infections -- and its precursor

Al DS-rel ated conpl ex ("ARC'") -- a syndrone characterized by synptons
such as WO 96/ 33187

PCT/ US96/ 0w 86133187 -2- PCT/PS9685433 ent
general i zed | ynphadenopathy, fever and uweight | oss.

As in the case of severdl o 0 'E§§%§, H V encodes the
production of a proteasd mh*ﬂﬁ£%@¢FFE§L{ ou? post}transl ati onal
formiton  © o of i nf 4B Peect v"?‘??‘aﬁéﬂeg “‘"’““‘;o?-‘.?féf A Del etion
Mutation in the 5 Part @?bﬁwﬁ ne ﬁaﬁa """ NUrine Leukem a
Virus Bl ocks Proteol ytid wpw@%)ng’asqd '16"' to pag ga_g and pol  Pol yprot ei ns”,
J.-Virol., 53, p. 899 DAbst(aﬂ:QSB)p)agedThesemgpﬂged prodlcts include pol,

whi ch encodes t hd.viri.on RNA.dependent—BNA-pe+ ner ase
(reverse transcriptase), an endonucl ease, H V prot ease, and gag,

whi ch encodes the core-proteins of the virion 15 (H. Toh et al., "COose
Structural Resenbl ance Between Put ati ve Pol ynerase of a Drosophil a
Transposabl e Genetic Elenment 17.6 and pol gene product of Ml oney
Murine Leukem a Virus", EMBO J., 4 p. 1267 (1985) L H Pearl et
al ., "A Structural NggetezOred-ReTeRo '.., AR IR STCAGES pg\at ure, pp.
329-351 (1987); MD. SDQWer Al L s SRV-l a
Type D Si m an Acqui et Y mav ' e Retrovirus"

Sci ence, 231, p. 1567 (1986)). A nurrber of synt hetlc
anti-viral agents have 25 opdaRet I OF THEATNUENTEGN OUS Stages in the

replication cycle of H Vmé%a%ggnigvﬁgﬁ#g%e&?tes EQ@O&M whi ch bl ock

viral binding to CD4[err] xanpl e, soI uble CH),
and conpouhds ©lass\pf Fulfpnamides W%Wﬁ%w%lm'&apwwmm bi ting

inhibitors. In one embodiment, this invention relates
to a novel class of HIV aspartyl protease inhibitors
characterized by specific structural and
physicochemical features. This invention also relates

10 to pharmaceutical compositions comprising these
compounds., The éampounds and pharmaceutical
compositions of this invention are particularly well
suited for inhibiting HIV-1l and HIV-2 protease activity
and consequently, may be advantageously used as anti-

15 viral agents against the HIV-1 and HIV-2 viruses. This
invention also relates to methods for inhibiting the
activity of HIV aspartyl protease using the compounds
of this invention. :

20 The human immunodeficiency virus ("HIV*) is
the causative agent for acquired immunodeficiency
syndrome ("AIDS") -- a disease characterized by the
destruction of the immune system, particularly of CD4*
T-cells, with attendant susceptibility to opportunistic

- 25 infections -- and its precursor AIDS-related complex
{"ARC"} -- a syndrome characterized by symptoms such as



30 viral reverse transcriptase (for exanple, didanosine and

Zi dovudi ne (AZT)) and i nhi bit—4ntegrati er—ef viral DNA into cellular
DNA (MS. Hrsh and RT. D Aqulia, "Therapy for Human
| ymunodefici ency Virus Infection”, N. Eng. J. Med., 328, p. 1686

(1993)). However, such 35 agents, which are directed primarily to early
stages of wooeesstsr WO 96/ 33187 PCT/US96/05473

PCT/ US96/ 05473 - 3- vi ral
replication, do not prevent the producti “of of i nfectious virions in
chronically infected cells. Furthernore, adm nistration of sone of

t hese agents i nfe(fs"s f At f §&id 24 1288 N Mphaderdiathy, Ceved Qi ty and

unwanted 5 ects, such as anem a and bone marrow
suppr essi on. weight loss. More recently, drug design efforts have been
directed toward creating Zsnigohes calecdf  sevedrial phber retrovigusesion of

[ nfecti ous viTi ey EkcbAbg I ipHediibt loh NSE ) prot@ase 9ed cirriiesal

pol yprotelﬁ precursgrs, - ProS\ﬁ g #e ecursor pr ot ei ns

requires tRe acPP§nPBpL-txa i‘i&? %nﬁ%ﬁ%‘@g&r §§8 W% h are essential

for repl i polypeptides in\aEprocess neowssayy EPY fhetfarmation

Z%gggl Eigsg ;); Vi ol ih?éé@iéﬁﬂ tv)ﬁ.rt.zehQC(SNaéﬂ'awfoﬁeadt aLi, @mleﬂﬁ&t; t85 ph
e anti-vjr e se i nhi bition has

been denonstr at E‘b‘t g athepgepp §I°€rﬁﬂ°mpf’3r§en%&tgt'% conpounds,

however , Mne‘i!l9 pheukenis Xﬁg@sa%bbmmenbMImmnseﬂﬁ to

exhi bi t onr bi Qﬁ&agagbéﬂdtpbla@amﬁﬁof@inmnw 53,CpNsgsbent with

oral adm nistrat Ac n I Il S for
conpounds t hat c(g'%geHec%% geXe é{J&ﬂ"hctt)s ”‘?ﬁsgacﬁ% w%?' viral proteases,
for use as enggdes st#%W$meWT$mweWrg°Wm¥ and acute
viral infectiondreterse aymiscripuasebe @ endondcleass,! KXV proseaséf ective

t herapeutic agegﬁae%t r;ﬁhrchowacgaggltt 'd%re i t@%ﬂ%tdf”&heSWE of Ney act

at a separate st VI I'us m pr evi ous y descri bed
antiretro¥?ral & en?%h ?thélad m" 798¢ a?"r'ﬁ’r?‘b‘l" Resemblance Between
Putative Polymerase of a Drosophila Transposable

Genetic Element 17.6 and pol gene product of Moloney
Murine Leukemia Virus®, EMBO J., 4, p. 1267 (198S5);
L.H. Pearl et al., "A Structural Model for the

20 Retroviral Proteases®", Nature, pp. 329-351 (1987); M.D,
Power et al., "Nucleotide Sequence of SRV-1l, a Type D
Simian Acquired Immune Deficiency Syndrome Retrovirus",
Science, 231, p. 1567 (1986)).

A number of synthetic anti-viral agents have

25 been designed to target various stages in the
replication cycle of HIV. These agents include
compounds which block viral binding to cp4t T-
lymphocytes {(for example, scluble CD4), and compounds
which interfere Vith viral replication by inhibiting

30 viral reverse transcriptase {(for example, didanosine
and zidovudine (AZT)) and inhibit integration of wviral
DNA into cellular DNA (M.S. Hirsh and R.T. D’Aqulia,
rTherapy for Human Immunodeficiency Virus Infection",
N.Eng.J.Med., 328, p. 1686 (1993)). However, such

35 agents, which are directed primarily to early stages of



conbi nati on of agents woul d be expected to result in 30 I ncreased

t-herapeutic efficacy : —SUMVARY -CF ~THE T NVENTT ON

The present invention provides a novel class of conpounds, and

phar maceuti cal |y acceptabl e derivatives thereof, that are useful as
inhi bitors of WD 96/ 33187

PCT/ US96/ 054635133187 - 4- PCTUSIHEATY |
proteases, in particular, HV aspartyl _ protease. These conpounds can
be used alone or in combi nati on witf ot her t her apeutic or

prophyl actic agents, such as anti-virals, antibiotics, 5

| mmunonodul at or Sy@kaY apghiRsaesicl, BCnbt GpeWRlt Che producpidivg axis of
vi ral |nfect|on: \ — ACCO%QIF%#%#% aiﬁ%e @L&eggfﬂ$fd'”?nt’ t he
conpounds of t hi iPFRGEIPNY VIFILTE, AR, FRYCH it TG V viral
replication i n hEuach€Bhare, adsiindstraticn mf Bomegof these Aagenhifodh ic
Iilnfas i?ﬁl udi ng meeemmd s has %eng@mt t-eaxe?_sitft&g: wmh' | di ;/e
cells. es ., coppounds are useful as apeutjc ro actic
agents to tgeat §ide, :q'nF@EgiBﬁ o 7an *ﬁffggﬁﬁga man“%?elgteg ziruses
whi ch may resul t suppressiamomti c 15 infection, AIDS-related conpl ex
fj'.' ARC"), acqui re]g he | imlﬂ?éhﬁifﬂw Ads2GR éif&:&iﬁ_' Jhavel beefil | alr

i sease of..the i ne syste . nci pa
objeot of this | FERCHEN hapard cregting componnds, which ot Rhel™: B3
whi ch are 20 fopration nfodafections Winjons bydiptexfexming mithHrhe
aspartyl pioteasprotdédind cf vikad POVIrctieins pebcursors Sulfroeessing i s

represented by f [ ; . D
|| | ggnall&e precursox mt’i“ﬁ gfﬂ’}m@mﬁf& rr-N-sqerr]-E
(1) virus-encoded proteases which are essential for

replication (Kohl, N.E. et al. "Active HIV Protease is
Required for Viral Infectivity" Proc. Natl. Acad, Sci.
5 -4 USh. 85, p. 4686 (1988)). The anti-viral potential of
HIV protease inhibition has been demonstrated using
‘peptidal inhibitors. Such peptidal compounds, however,
are typically large and complex molecules that tend to
exhibit poor bicavailability and are not generally
2D consistent with oral administration. Accordingly, the
need still exists for compounds that can effectively
inhibit the action of viral proteases, for use as
agents for preventing and treating chronic and acute
viral infections. Such agents would be expected to act
25 as effective therapeutic agents in their own right. 1In
addition, since they act at a separate stage in the
virus life cycle from previously described
antiretroviral agents, the administration of a
combination of adents would be expected to result in
30 increased therapeutic efficacy.

SUMMARY OF THE INVENTION

The present invention provides a novel class
of compounds, and pharmaceutically acceptable
derivatives thereof, that are useful as inhibitors of
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wher ei n: each R err] is independently selected fromthe

group consisting of -C(O-, =-S(O[ferr]-, -C(O-C-O0—, -O cO-,
-0S(02, -NRerr]-S(O2-, -NRerr]-C(O- and -NR[err]-C(O- 30 O -
each A is independently selected fromthe group consisting of 5-7
menber ed NORy@SI3RE7 C nonocycl i ¢ oxygenat ed het er ocyRCHUSSOMIAI ni ng
from1l-3 endocycl i c oxygens, which nmay be optionally benzofused,

WD 96/ 33187 PCT/ US96/ 05473
optionally attached through a (ferr] -C[érf']‘al kyl |inker and

optionally fused with a 5-7 nenbered rmnocycl I C het er ocycl e

containing fro et g&g_. erein

t et r ahydr of ur ag‘aéﬁgrﬁﬁ‘ﬂ%i’&%égﬁeg S ég ot et f uran tgﬁe expressly

excl uded:; protease. € s"#’n&@péﬁﬁgrﬂ]ﬂ}‘%@reéf‘ed fromthe
group consi sti ngoubigition wiltdr cthexrtiexapieuti€] errpragihylakctdcyl ; phenyl
fused wi th het ehgexed o eill! sB°hREOCYLILs St bTobINa, menber of *said

Het may be_opti onal | y suhstituted w 10 nore substituents
sel ected fTom th 'Q‘?%'ﬁﬁf ators °50Y%? SPro'f(’be W@PF‘F IRl err],

-N(Rlerr]) (R epréphylakieHef viralrinfddtion. -CN, -CJerr]Rerr],
-C(O-N(Rerr])(Rerr]), aé&@hmm&upre@&eéal (.Bhrr %i

O OCFH| e S,
0111 "ol b b o ks e AT o
and -O-Rl.err]; HEV viral replicat:.oxedgh ¢04% caidcpéndkuﬂixygsﬂ ected

ffom the s cogri j:a%ma'm.ﬂ ﬁcaaai%%%ro%%&]a gyl optionally

substituted w t I'S" i ndependent |y
sel ected from t s Apd Other neIPingive gellg: Theee ]| -Clerr] al kyl
and Cerr]-C er‘FqﬂmMyB&msefmanemheaapem:bmndobrephﬂﬁtﬁrd ], except

H may be ageritil icengkkit S&bsﬁz‘év%edmfé&mﬁ ngr 1 fﬁ”t | tuents
n TR

| ected f t
?é(éf[irr rﬁ?‘R[%?‘r%&”%#QFj'%é e, O ci o3 "\ err]-q(0

Rlerr]: :.nfection. Al sgeg;}; d; complien citARO")y dcquired 25

each D and D | immunddpEREOhty HRaromed (FADDB*), or similar disease
of the immune system.

It is a principal object of this invention to
provide a novel class of sulfonamides which are
20 aspartyl protease inhibitors, and particularly, HIV
aspartyl protease inhibitors. This novel class of
sulfonamides is represented by formula I:

D OH D’
Lo b |
25 A-R -NH-CH-CH-CHZ-N“SOI-E (1)

wherein:

each R' is independently selected from the
group consis:ing"%f -C(0)-, -8{0)y-, -ClO)-C{O)-, -O-
c(0)-, -0-8{0);, -NR*-8(0),-, -NR}*-C{0)- and -NR*-C{O)-

30 clo}-;

each A is independently selected from the
group consisting of 5-7 membered non-aromatic
monocyclic oxygenated heterocycles containing from 1-3
endocyclic oxygens, which may be optionally benzofused,



the group consisting of Rerr]; Cerr]-Clerr] alkyl, which my be

optional |y substituted with one-or—hbre groups—setected from
-OR[err], -Rerr], -SRerr] -ORerr] and Rerr]; CJerr]-Cerr] al kenyl,
whi ch may be optionally substituted with one or nore groups 30
sel ected fromthe group consisting of -OR[err], -Rerr], -ORerr

and R err] ,wasgsfhgerr]-Clerr] carbocycle, which may be op R

substituted with or fused with R err]; each E is

i ndependent|ly selected fromthe g‘réuﬁ consisting of Het; -O Het;

.Het-Het; -ORerr]; -NRerr]Rerr]; 35 . (err]-Cerr] alkyl which may be

optionally subst t }
P?:T/ Usoe/ %547 3 d%t"g‘%}gg gstached through a C, G2 alkyl linker and

rou seI ected from
the group consi @Rtignally fugsd yith p 55d wembeaiﬂ'}c’?' f al kenyl , which
may be opti onal Iheterocycleubsttadiniong from b2 endouycligr bepsrsatamst,ed from
t he grouﬁﬁ%b?Eiﬂ%ﬁrﬂg%kuﬂ-ﬂﬂ &kd: and phenyl fused with 5
5-6 nerrbersd heteroc¥‘ err& i's |{| ndent |y
sel ected from t F&EF Yd”ﬁ\”t‘ﬁﬁf"ﬁﬂ‘é’@?ﬁﬁﬁa’bf“m%?ef Ycg ‘Ni&e’err]
-S(Oferr]-NHR[err], hal ogpach Het isNRndepénd&rdly Ii[eé.ec}:eéntlrexﬂ‘the
each Rerr] is i ERARRE &y I _cbf&gpgg%ec GO {ng of H
and Cerr]-(err aPk F gpt?/or?lg:i‘%)/%a subst |Je'?u d‘ﬂ\’/\nqiﬁl gﬁéﬁ%nd
each Rlerr] is i ?lt’l‘%/‘%@ cted %n‘ﬁ%@m@ %’E@ub(ﬁ’y sting of
aryl, carbocycl @embérhefesu:;/d!e& may be oytmraldysanﬂsaiw;ed:a:md\cycl e or
helter?CéCh.e By ohe &2 mor&ﬁd%':h&nﬁ?bééiééwf%h %uﬂmre grOUpS
sel ecte up con i e
“NRerr]) (R eFPppietine BF Ry sR o i1 i‘é‘ﬂ o G
-COlerr]Rierr], =€ OyCRRY aQQQ)(—N[(B?)rW! » 68 (©)-N{RY) ( m’@r-r]
It is also an om(ggtppf .t:ht,;-gnvegt(bpn.nho .ZBQ:F .[ggw O, phgr(ﬁ'qc.eut i cal
conpositions co S t '#J m de for mil a and et hods
for their use agn& (IRQP m"m £&6F% o ‘?t fot ease
DETAI LED BESCRI PTI ON OF ™a&h n?/Ei\q'lmdependently selected from the
group consisting of H and C,-C; alkyl optionally
substituted with R%;
each R’ is independently selected from the
group consisting of H, Het, C,-C, alkyl and C,-Cs alkenyl
20 wherein any member of said R?’, except H, may be
optionally substituted with one or more substituents
selected from the group consisting of -OR!, -C(O)-NH-R?,
-S{0),-N(R?) (R®), Het, -CN, -SR?, ~COR!, NR’*-C(0)-R?};
each n is independently 1 or 2;
25 each D and D* is independently selected from
the group consisting of R®; C,-C; alkyl, which may be
optionally substituted with one or more groups selected
from -OR', -R’, -S-R% -O-R® and R%; C,-C, alkenyl, which
may be optionally ‘substituted with one or more groups
30 selected from the group consisting of -OR?, -R}, -O-R®
and R%; and C,-C¢ carbocycle, which may be optionally
substituted with or fused with R%;
each E is independently selected from the
group consisting of Het; ~O-Het; Het-Het; -O-R%; -NR®R};
35 C,~-Cs alkyl, which may be optionally substituted with




In order that the invention herein described 25 may be nore fully
under st ood, the foll ow ng detailed description is set forth. In the
descrlptlon t he fol |l ow ng abbrevi ations are used:

Desi gnati on Reagent or Fragnent Ac |mms96/9§i‘7§ yl

Ve wo 9s33t8Tet hyl Et et hy
benzyl Trityl tri phenyl net hyl Asn

D- or L-asparagine -6 -
PCT/ US96/ 05473 WO 96/ 33187 -7-
I'le D- or L-isoleucine Phe D or

L-phenyl al ani ngpe or more gr&@s selected frdm the brﬁaﬂalé‘&;szstzng Boc

er oo et SN s o wem, whicy ORISR .

DBU subst itutediwith obs. nroyme;cm,sneelected from thecC
di i sopropyl car Qgéhpm:&i‘smung of R' andFfet; and D'\:/gxerﬂﬂll gape@pyid hyl ani ne 10

DM
di met hyl sBli foxFag meabezed HELE %BEY"“' 1- ( 3- di met hyl ani nopr opyl ) - 3-
et hyl car bodi i mi de hydroottac)r Rieis independentYy @elected fromethe/| acetate 15

Frmoc 'é&iﬁ%i‘i‘@ ReXV6R, bORYb) -NHR?, -S(O), -NE8., halo,

1- hydroxybenzo Y HOSU - hydroxysucm ni m de
i Bu F‘é ch‘ﬁ’SyF and -CN; NCA N- car boxyanhydri de 20

t-Bu tert-butedch R* is indepefdigntly selectedtfrém (hvenacetic acid
THP i0 grBhb " SoNERsAVGABE H and C,-C, alk¥l optionaliy tetrahydrofuran
substituted with aryl; and
each R® is independently selected from the
group consisting of aryl, carbocycle and heterocycle,
wherein said aryl, carbocycle or heterocycle may be
1s optionally substituted with one or more groups selected
from the group consisting of oxo, -OR’, -R®), -N{R®) (R%),
-N{R*) -C(O) -R®, -R%-OH, -CN, -COR’, -C(O)-N{R%)(R’), halo
and -CF,.
It is also an object of this invmition to
20 provide pharmaceutical compositions comprising the
sulfonamides of formula I and methods for their use as
inhibitors of HIV aspartyl protease.

DETAILED DESCRIPTION OF THE INVENTION

In ordexr that the invention herein described
25 may be more fully understood, the following detailed
description is set forth. In the description, the
following abbreviations are used:

D .. II s R ! F

Ac acetyl
30 Me methyl
Et ethyl
Bn benzyl
Trityl triphenylmethyl

Asn D- or L-asparagine



TivsCdl chl orotrimet hyl sil ane 25 The follow ng terns

are enpl oyed herein: i Unl ess—exptressly stated t0o the
contrary, the terms "-SOerr]-" and "-S(Of[err]-" as used herein
refer to a sul fone or sulfone derivative (i.e., bot hpgplgendeg

groups |inkgghdeasishie S), and not a sulfinate ester. 30 The
term "backbone" refers to the structural representation of a conpound
of this invention, as set forth in the figures drawn in this

appl i cation. For the conpolnds of formula I, and

I nternmedi ates thereof, the stereochem stry of the WO 96/ 33187
PCT/ US96/ 05473 - - 8- explicitly
shown hydroxyl is deTI ned rel ative to°5 ] isoleuc:nehe adj acent carbon atom
when the nol ecul e isP&€awn in D- &% é’x?%?ﬁ’@c?lﬂ’lj‘ ag representation

(such as that drawn val for compeuecdsLevalimerula VI). If both CH and D
reside 5 on thegaame side of therdha Sxfé‘ii"ﬁlﬁﬁlby t he extended
backbone of the conpound, the ster ocheT str will

be referre® to as "sf®2 |f OH and m& o‘ﬁaﬁmgﬁ‘f%f es of
t hat pl ane, the DCCst er eochem mlcycmbhetueldrgMLy.mdell be referred to

as 10 "anti’ DBU AS gy szi@yao(tsha bfisedl Kodne al one
or in conbi nation with any qf. her ter m&g

straight-chain or br ®€h-chain sat GLiB Bar%PYnip‘Fﬁ%"E{ ©  hydrocar bon

radi cal containing tDEZEApeci fi ed ndiisopoépykethylamiben at ons, or where no

nunber isjgpecified, pyp pref era&b&tﬁ pf@,,gma},g&nd mor e pref erably from
1-5 carbon at Exanpl es qf, al Kg* oS i ncl ude, but are
not limted to, nethyl5 ethyl, n-p n- butyl ,

i sobutyl, sec-butyl, BPErt-butyl, pént(?l-dlmhylamybp}'hlmyl and t he

i ke. The term " alek8pYtarbedidiide’ hirfarsntdrliaid on

EtOAc ethyl acetate

15 Fmoc 9-fluorenylmethoxycarbonyl
HOBt 1-hydroxybenzotriazole
RHOSu 1-hydroxysuccinimide
iBu iso-butyl
NCA N-carboxyanhydride

20 t-Bu tert-butyl
TFA trifluorcacetic acid
THP tertrahydropyran
THF tetrahydrofuran
TMSC1 chlorotrimethylsilane

25 The following terms are employed herein:

Unless expressly stated to the contrary, the
texms *-S0,-" and "-S8(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.

30 The term "backbone® refexrs to the structural
representation of a compound of this invention, as set
forth in the figures drawn in this application.

For the compounds of formula I, and
intermediates therecf, the stereochemistry of the



with any other term refers to a straight-chain or br anched- chai n
mono- Qr pol y-unsaturated al i phatic hydr ocar ber—r adi cal cont ai ni ng

t he specified nunber of 25 carbon atons, or where no nunber is

speci fied, preferably from 2-10 carbon atons and nore preferably,
from2-6 camawswsdisans. Exanpl es of al kenyl radicals PGRYREBMHTHUt are
not limted to, ethenyl, E- and Z- propenyl, isopropenyl, E- and
Z-butenyl, E- and 30 Z-isobutenyl, E- and Z-pentenyl, E- and Z-hexenyl,
E E, EZ, ZE and Z Z-hexadienyl and? He i ke. The term
"aryl", alone or in conbination with any other term refers to a

car bocyclic aronggqg ?Qh ﬁ!b‘h(ogﬂgh 18SaP 5‘?% pat p &Pntaining
t he 35 specifie rﬁ}gr carbon ator’rg dp?e er ﬁla%fat Eﬁ‘-
WD 96/ 33187 the a jacent carbon atom, en themg FOS&? awn in
-9- caramrexttended 2ig-zag eeqprebentation r thuch- 28 thabodrawn

atoms. Exanpl es gy Qfdﬂpohﬂébcéfsfdﬁﬁhlid%)bUtrﬁrfoﬁhObH and D tddided 10

phenyl , naght hyl den | hda en ore thracenyl
and t he I|% n'tHe" Bhme 518 tét%?leﬁlé%#ﬂﬁ/ bYaFgﬁe ’6‘? d
conbi nati on wi t Fragkbomehof the gompouads the astersdchemistry afittheat ed

hydr ocar bon radl)%ai?ng@it a,hmr;get,_kg:fe&%gl tiesls "syn" cgbﬁ)aﬁ Gar bon atons,

preferably from radi cal s

i ncl ude, but 10 *®® e°ﬁo?p??7ﬁtt’e(f"fiﬁ 8§E%%‘rpc?§'ﬂ“e'c ?obutyl
cycl opentyl, cydtsrecghemistty afithe hydrokyl (wild. be referred to as The term

cycl oal kel ", adautgnQr in combi nati on vm' th any other term refers
to a cyclic hydr oc Spe |f|ed nunber of
15 carbon atons with at | ea%q’%ﬁ? hdglg‘yc 3&&5}1 ? bond.

Wier e no nunber SOMPERRBAAR Wit any opherftexm, yefers t'-‘e:;acl oal kenyl radi cal
preferably has fatomigh¥-chaiwror branchtéh®in Batukhesd Qiliphataal keny!

radi cal s i ncl udgyabdbarbon rﬁi aﬁo%k%xﬁ%etﬁ%ekgxg:??eﬁ S ¥ber of
cyclohexeg¥l, 20 CyClo&E”n or where no number is specified,
preferably from 1-10 and more preferably from 1-5S
carbon atoms. Examples of alkyl radicals include, but
are not limited to, methyl, ethyl, n-propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
20 isocamyl, n-hexyl and the like.

The term “alkenyl", alone or in combination
with any other term, refers to a straight-chain or
branched-chain mono- or poly-unsaturated aliphatic
hydrocarbon radical containing the specified number of

25 carbon atoms, or where no number is specified,
preferably from 2-10 carbon atoms and more preferably,
from 2-6 carbon atoms. Examples of alkenyl radicals
include, but are not limited to, ethenyl, E- and
Z-propenyl, isopitopenyl, E- and Z-butenyl, E- and

30 Z-isobutenyl, E- and Z-pentenyl, E- and Z-hexenyl,
E,E-, E,2-, 2,E- and 2,Z-hexadienyl and the like.

The term "aryl”, alone or in combination with
any other term, refers to a carbocyclic aromatic
radical {(such as phenyl or naphthyl) containing the

35 specified number of carbon atoms, preferably from 6-14



The term "THF" refers to a tetrahydrofuran ring attached at any ring

earbon resulting in a stable ———structure: The term
”carBocy le" refers to a stable 25 non-aromati ¢ 3- to 8-nmenbered carbon
ring radical which may be saturated, nnno-unsaturateg gg

pol y- unsat Wedea3i1s? The carbocycle may be attached at %ﬂﬁ%cycllc
car bon atom which results in a stable structure. Preferred
carbocycl es have 5-6 carbons. Exanpl es ofg carbocycle 30 radi cal s

i nclude, but are not limted to, cyclopropyl, cycl obutyl,

cycl opentyl, cycl ohexyl, cycloheptyl, cycl opent enyl, cycl ohexenyl,

cycl opent adi enydarbish aftems, andlmdwe preferably from 6-Toecazbon

Jheterocycl &, (LGS AabYes Sofhryl $abiBats NAidile,” Bhe Aréonse Stabl e

3-7 nenber ed

PCT/ US96/ 05473 limited to phenyl, naphthyl indenyl, jndanyl, monocycl i ¢
heterocyclic rlmmya,lﬂnandmyb.d anthyatenyl and thecfldkecyclic ring which
is either saturated or 1N be optional |

5%?!{1 ¢ th dHes o max p y
benzofused i f rmnoc c |c %heggr oc )}’8}1

conS|sts o{ one or nore
cli

5 carbon at cﬁ‘ﬁ:“‘b&?&tﬁpﬁﬂbﬂ‘k any HR?F’hE?EFDaﬁ 85 &Pt BYC3C fromthe
group conS| st i nestiratiedr hgdmcn&;q;erraélidal cont:aisu.mmhe,&spes:eﬁ-ﬁibrei n, the

Lerms * ni {r 0gerygiidhySblf Hhrbon y | £¥hiide 7 aguriu di zed f orm of
nitrogen and fur é gﬁg ze qﬁg{r flagé/ %il c nitrogen.
10 In addi t i¥FPPEany Exp mel ?ﬁt‘? d’??ﬁ’ 5 fﬂfﬁ £ ppe Yubst it ut ed
with a suigstit usre ndtelihited wef ioyedopropyl, fmJ-ObutYl:COTTpOUHdS of

formula I. A hehrnepentl Wchgyclompgylagnanghgnﬂmcl i c carbon or
het er oat om whi ch results Eﬁ' a staple structure. A

het erocycl e may 15 Tié?t%ﬁﬂ'écr%ggﬁgﬁ PEEc8Fbbh or heteroat om
whi ch results |qm8§ient?i)¢hcﬁnya°§b&§l temm, m,qfore to a cyqkiGerred

het erocycl es i M/dideabbdn "Padid] cORBAEHIAG Cthe specli€ied otyibeas cind 8- 10
member ed19f Y Clda 35! SEGEN Uk at 1east! ShE GRHbRIEEOCKESR. difHoned above
’ bond. Where no number of carbon atoms is specified, a
cycloalkenyl radical preferably has from 5-7 carbon
atoms. Examples of cycloalkenyl radicals include, but
are not limited to, cyclopentenyl, cyclohexenyl,

20 cyclopentadienyl and the like.

The term "THF" refers to a tetrahydrofuran
ring attached at any ring carbon resulting in a stable
structure.

The term "carbocycle* refers to a stable

25 non-aromatic 3- to 8-membered carbon ring radical which
may be saturated, mono-unsaturated or poly-unsaturated.
The carbocycle may be attached at any endocyclic carbon
atom which results in a stable structure. Preferred
carbocycles have $-6 carbons. Examples of carbocycle

30 radicals include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclchexyl, cycloheptyl,
cyclopentenyl, cyclohexenyl, cyclopentadienyl and- the
like.

The term "heterocycle®, unless otherwise

35 defined herein, refers to a stable 3-7 membered



20 exanpl e, benzim dazolyl, imdazolyl, imdazolinoyl,

Irm dazol i di nyl, quinolyl, iLsogunelyl, indolyl, ~—— indazolyl,

i ndazol i nolyl, perhydropyridazyl, pyridazyl, pyridyl, pyrrolyl,
pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazi nyl, quinoxol

pi peri di nylwo syl , 25 pyrazol i nyl, piperazinyl, py’r’mﬁmﬁ,

pyri dazi nyl nmor phol i nyl, thianorpholinyl, furyl, thienyl,
triazolyl, thiazolyl, [err]-carbolinyl, &Strazolyl, t hi azo- l'idinyl,
benzof uranoyl, thianorpholinyl sulfone,’ “ oxazolyl, benzoxazolyl,

oxopi peri di nyl, oxopyrroldinyl, 30 oxoazepi nyl, azepinyl, isoxazolyl,

I sot hi azol yl, s p y d iyl ,
t hi azol yl, thiadi a%?il#l%(zj?‘gggfo%fé%%x&ﬁﬁgliifgga%l Behifetdubetye

[ Lyl
h?%t?%ﬁé%ﬁiﬁﬁh?ﬁphen |, di oxanyl ,

benzodi oxol yl, BEEEFATKALIC RiBHERARD 18 _
di oxol anyl , 35 unsdtainatieddr shdrwhisth siaydbef optignally benzofused if
PCT/ US96/ 05473 mondyRA/53318Each heterocycle consists of one or morell -

t et rahydr qpyr anot et rahydr of ur anyl et rahydr of ur odi hydr qof ur anyl ,
t et r ahydr yraﬂﬁﬂﬁﬁ?ﬂﬁ%P@Paﬂ?&lXﬂ?ﬁ?ﬁ*%ﬁ?r ?Sﬁfhé&er°ag°ﬂfh§%ﬂ%$ﬁ#gnyl,
di hydr of ur ot et r fsromi tdieu gzayb , contsist igighofir nitrogen.coeygenratdir any| |

sul folanyl and gifrur. As Lb&® herein, the terms "nitSohehMandahlturefers to
a radi cal of hl ori ne I ne.

fluorin brom or i
The term"li nkel?“etr@aéf’g's% o’e‘%"é‘f allagfi 8?“%‘?1??5'%(5’“" °?h?bf@??%ia5'ﬁl two ot her
noi eties are j cduldir, Hpd the quatermiged forme afoamy' bpsie|nigragep.al kyl
i nk;er" rlteaf erts 10 addition, any ¥R AAt¥Bgn Wiy bedbplEbRELIYO Ot her
noi eti es toge 2’0 cycl e
unl ess o meracyres jwith » auosfiFutSt B, AN ELELRS RebEIgNG
aromati c or norRoRROWRABCof pfermuplay Iy ndnbekerpaycde may be attagheder ed
monocyclic or &Gtlhnyecehdocgelhic \irbon or heticatony ehfch arésAiltisndnl- 3, and

more preferabl pls Zreation SFLPPEALIE BEMILAE! CRORLLIFARA P mayendocyclic

15 be attached at any endocyclic carbon or hetercatom
which results in the creation of a stable structure.
Preferred heterocycles include 5-7 membered monocyclic
heterocycles and 8-10 membered bicyclic heterocycles.
Preferred heterocycles defined above include, for

20 example, benzimidazolyl, imidazolyl, imidazolinoyl,
imidazolidinyl, quinolyl, isoquinolyl, indolyl,
indazolyl, indazolinolyl, perhydropyridazyl, pyridazyl,
pyridyl, pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl,
pyrazinyl, quinoxolyl, piperidinyl, pyranyl,

25 pyrazolinyl, piperazinyl, pyrimidinyl, pyridazinyl,
morpholinyl, thiamorpholinyl, furyl, thienyl,
triazolyl, thiazolyl, B-carbolinyl, tetrazolyl, thiazo-
lidinyl, benzofuranoyl, thiamorphelinyl sulfone,
oxazolyl, benzoxazoclyl, oxopiperidinyl, oxopyrroldinyl,

30 oxoazepinyl, azepinyl, isoxazolyl, isothiazolyl,
furazanyl, tetrahydropyranyl, tetrahydrofuranyl,
thiazolyl, thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl,
benzodioxolyl, dithiolyl, thiophenyl,
tetrahydrothiophenyl, dioxanyl, dioxolanyl,

35 tetrahydrofurotetrahydrofuranyl,



nitrogen or sul fur heteroatons. Preferably, such 20 oxygenat ed

het erocycl es contain only endocyclic oxygesr—— heteroatons. Exanpl es of
oxygenat ed het erocycl es, i nclude, but are not limted to: dioxanyl,

di oxol anyl , t et r ahydr of ur anyl , tetrahydrofurotetrah¥%;ofuggggl,
Petrahydrogwsﬁﬁﬁhn t et rahydr opyr anot et r ahydr of uranyl , 25

t et rahydr ofuro ydr of uranyl , t et rahydr opyr anodi hydr of ur anyl ,

di hydr opyr anyl , di hydr of ur anyl , diQégrofurotetrahydrofuranyl and
dihydropyranotetrahydrofuranyl and the TiKe.” The ternms "H V
protease" and "HV aspartyl protease" are used i nterchangeably and
refer to the t he human i nmunodefi ci ency
virus type 1 or 5 r?ﬁﬁ@é EE% i od| nt o this WO

96/ 33187 tetrahydrdturodi uranyl. . pcT/ US96/ 05473

- 12 - tetveabydropyriansdihpdnefursnyl .t dibydropyranyl,

| munodef i i encyy ﬁ&ﬁf@f&ﬁﬂﬂ?ll aiﬂﬁéia%uiﬁﬂﬂﬁ%§§9&rofurany1. The term
“anti-viral agent troviral ilgf " ]{ g% to a conpound
or drug W ch d5hydx$g%§§§g§g§repyggb yranyile o ppLietany} @nd Ehen agents

I ncl ude reverselikenscriptase inhibitors (including nucl eosi de and
non- nucl eosi de anal ogs) aipd RephCasLon referbnabb&tfudicgﬁrg&erably the

pr ot ease i nhi bi rotease | bltor Exanpl es of
nucl eosi de anal%@“ﬂfﬁne'14998F§8etr%ﬁé§§q ®bitors include, but are
not limted to, ziThevaerme"Xjxkex" andeuayeqta(ﬂunyc@uae} unit

g;( danf)Sl rtﬁ%(ddl inréﬁlﬁy%;%ﬁ (:dl&Tanh&T %1%5%3ué5ﬁ2%% For anﬂ ﬁ?fV\Bl-
anpl es O non- nuc OSI nal o rqv a e I Iprtors
i ncl ude, but ar%”?ﬂﬁfa ﬁ%? g qc ?b §W'VFFB*% E% %eV|rap|ne
Exanpl es of H \carbon urﬁrtovb&sb attachesy tyoi qehmenomxear togethernited to,
saqui navir (Ro 31-8959), Tk 6efm “SyderatedSRetetocytler, unleds43, XM 412,

XNI450 BMS 186§é§ ﬁﬂﬂ 4 e "| eavi ng
group" or "LG' ers Cagsﬁugr%%ﬁg‘er é’&é“F“’msp’r a-(?elab e by a

nucl eophi¥Se, sR¥PMAric or ngh-areRaticy| pw Fr%%eaeeasm h% ol
nucl eophi | e or membered monocyclic or 8-11 membered bicyclic

heterocycle containing 1-3, and more preferably 1-2,
endocyclic oxygen heteroatoms and 0-2 endocyclic
nitrogen or sulfur heterocatoms. Preferably.'such

20 oxygenated heterocycles contain only endocyclic oxygen
hetercatoms. Examples of oxygenated heterocycles,
include, but are not limited to: dioxanyl, dioxolanyl,
tetrahydrofuranyl, tetrahydrofurotetrahydrofuranyl,
tetrahydropyranyl, tetrahydropyranotetrahydrofuranyl,

25 tetrahydrofurodihydrofuranyl,
tetrahydropyranodihydrofuranyl, dihydropyranyl,
dihydrofuranyl, dihydrofurotetrahydrofuranyl and
dihydropyranotetrahydrofuranyl and the like.

The tefms "HIV protease" and "HIV aspartyl

3o protease" are used interchangeably and refer to the
aspartyl protease encoded by the human immunodeficiency
virus type 1 or 2. 1In a preferred embodiment of this




their respective anions. Such | eaving groups are well known and

I hcl ude car boxyl ates, N hydroxysucci ni m de; -N-hydr oxybenzotri azol e,
hal ogen (halides), triflates, 25 tosyl ates, nesyl ates, al koxy,

t hi oal koxy, phosphi nates, phosphonates and the |ike. ot enti al
nucl eophi | eavosgdsiste or ganonetal lic reagents known to Pc!‘f’!%ﬁ?é@gé’il | | ed
in the art. In addition, the term "l eavi ng group” or "LG" is neant
to enconpass |eaving 30 group precursors (i.e., noieties that can be
easily converted to a |eaving grotptfipon SI npl e synthetic
procedures such as alkylation, oxidation or protonation). Such

| eavi ng group pr‘%g;érnggﬁﬁ aggese rhose 0F9g§ égrtl&oglk\ﬁﬁ?f‘l ng themto |eaving

groups are wel | ord| nar in the art. Leaving
WD 96/ 33187 1munodeficiency virus type 1 aspar}_:grl protease. gr oup

precursors include, for iTiseaeam "aatdrdiral agknt" or *amti+4 ary am nes. By

way of exampl e, JeigoBkal Yagent+ retebl™Ls1d loonpBhi' b} ol Ivhilh Teself

| )
bocause 55 | BIBERBES EHHY B HEPTEPT Wy PHEP RS S uch as
-N err] CH[ err] ( Rnednfe( Reesrde transcriptase inhibitdbe (imobudingt ecting

group” refers t%u%leoside ﬂ&%—ﬁuﬁf@&ﬁﬂ ﬂa‘i !"h pEdteldgedt t ached to
a functian groug g}: rem)vgd &ﬁa at er &9 o reveal 10 t he
i nt act functlond‘ln%é*J B (RRgtease 1 ﬁb‘r &6 #8 groups for
vari ous functi o#dV gmswari@hibitor.debmmdied ofi ifu&!eda:elenanahng G M
Wits, ProtectiVveeverse tiinBidpt sgmac%est BReldde 2 butEdre 480N Wl ey

Reagent s fof")“sléﬁ?c he*gﬁd?%s‘sﬁ%d y Siecy g a8 17"

Paquette, ed. E A48T ) Reataymdine (dc‘l‘)ioi!'l’c} RAFUSISy REH2ERS, John
W ey and Sons @ih69524w91. Examples of noti@uctesside laflalogetevérse a

trisubstituted bst|t ent re 20
|ndependeg§| y Ctrmiljﬂ neaf:gigile%gr %r‘r%& ﬁ f %[e”]
car bocycl ¥ an; navirapzne. mples of HIV
protease inhibitors include, but are not limited to,
saguinavir (Ro 31-8959), MK 639, ABT 538 (A80538), AG
1343, XM 412, XM 450, BMS 186318 and CPG 53,437.
The term "leaving group” or "LG" refers to
20 groups readily displaceable by a nucleophile, such as
an amine, alcohol, phosphorous or thicl nucleophile or
their respective anions. Such leaving groups are well
known and include carboxylates, N-hydroxysuccinimide,
N-hydroxybenzotriazole, halogen (halides), triflates,
25 tosylates, mesylates, alkoxy, thioalkoxy, phosphinates,
phosphonates and the like. Other potential
nucleophiles include organometallic reagents known to
those skilled in the art. In addition, the term
"leaving group® &r "LG" is meant to encompass leaving
30 group precursors (i.e., moieties that can be easily
converted toc a leaving group upon simple synthetic
procedures such as alkylation, oxidation or
protonation). Such leaving group precursors and
methods for converting them to leaving groups are well
35 known to those of ordinary skill in the art. Leaving




Exanpl es of silyl groups include, but are not |[imted to,
trimethylsilyl, triethylsilyl, triisopropHsityH— -
r-putyldi nethylsilyl, t-butyldiisopropylsilyl, t-

but yl di phenyl silyl, triphenylsilyl, 25 cyclohexyldineth | silyl and the
I’ ke. WO 96/33187 The term "pharmaceutical ly effecti \%’Mn

refers to an anount effective in treating HV infection In a patient
ei ther as nonot herapy or in conbination with other agents The term
"treating" as used herein 30 refers t@3the alleviation of synptons of a
particul ar di sorder in a patient or the irrproverrent of an

ascert ai nabl e neasurenent associ, at W t articul ar rder.

Speci fically, MHFWPWBPG'SHF‘QCf’é‘??'eC{]QR/é’% Eancet r%%ﬁ%ﬁryugl gg t he
conpounds and coeppiary awines.t By @iy of iexampleontbpumaietasult in an

i nprovement in gPrhl(i,), while not ¥t & B38éaving group, is

PCT/ US96/ 05473 . gggoci ated
ascertai nabl e nEACeFRARARS by the term ’r?@é’é&?eﬁﬁﬂ?% S| & PBGPUEFe not
linited tod reditt¢am be readily comegrtdeshdo a beaving @rowposhch aefi ned
tissue CONP&, (RBR, S Neasured by, e.g. RT-PCR or branched- 5

chain DNA PCR or culturahle virus_ neasurenents # m crogl obul in
or p24 levels, nunber of ERFP RYLECHing gEoup? at T F® EB Brry/CcDerr]
cells, or functseitdblkemchemicslicgroup which maﬁrbweinnuchqd goakity of life,
ability to carrfuﬁ&emnal graabﬁaﬁdfwﬁvbana: acrbdy Qtage €empevess or 10

| mmunosu essi r.eltat cgcts isncl udi nggxg)ut not 9*, m ted to,
opportunistic i Y3 zﬂf‘g grﬂ’i’g m?’e??n""fpfblﬁﬁ' Tticall y

ef fective anpurProtesting gyoups for vapioust funectiqnale groupscareiting H Vv
infection in a described uantr.wAsctwfb hﬁaepnc Mhaniwy, Wnag_&_c_eﬂh refers to
15 a nmamal , R

phar maceut i cal 1%
or adj uvant th.
conmpound 15 f

At . AR S re?e*nsa?o a carrier
f y(1991)v Ee Mﬁmw F%“%Flfyatmﬁé ther with a
Fiede A Di-ga e s, Jokhr wyléyeaand
Sons (1994), L. Paquette, ed W
for Organic Svpthesis, John Wiley and Sons (1995).
The term "silyl®* refers to a trisubstituted
silicon radical in which the substituents are
20 independently C,-C; alkyl, C;-C, aryl or C,-C, carbocycle.
Examples of silyl groups include, but are not limited
to, trimethyleilyl, triethylsilyl, triisopropylsilyl,
t-butyldimethylsilyl, t-butyldiisopropylsilyl, t-
butyldiphenylsilyl, triphenylsilyl,
25 cyclohexyldimethylsilyl and the like.

The term "pharmaceutically effective amount*®
refers to an amount effective in treating HIV infection
in a patient either as monotherapy or in combination
with other agent&: The term "treating" as used herein

30 refers to the alleviation of symptoms of a particular
disorder in a patient or the improvement of an
ascertainable measurement associated with a particular
disorder. Specifically, with respect to HIV, effective
treatment using the compounds and compositions of this

35 invention would result in an improvement in an HIV




20 phar macol ogi cal activity thereof and i s nontoxic when

adm ni stered in doses sufficient-to deli~wer a ---"therapeut‘T‘(T“?irmunt of
the antiretroviral agent. The term "point of attachment”
refers to the atom t hrough which a noi ety is attached to a specified
25 st r ugygysgisstgrVien a point of attachment may be ?’81’?%15

nmet hyl ated, the point of attachnent is the car bon atomthrough whi ch
a noiety is attached to a specif_i_% structure. The
term "substituted”, whether express or i npl i ed and whet her preceded
by the term"optionally" or not, refers to the replacenent of one or

nor e . dhyd[)a%%azaedacﬁé‘eﬁ:amamaemethe wseeht he radical of
a specified substituent re idio ven
tricture: may BERSHEEPRRH PLIRRS BUE R Bor. 1ipiBEY' 43 0 kodhchalh )

speci fied grougn vhsal load in lewgm r defined tissue

PCT/ US96/ 05473 comgartment as measured by, e.g. RT-PCRCor branched-

substituegts My, I"igéa t&ecﬁggﬁrﬁléj'\;xfr%r eﬂ&nﬁz’eme% ’ RU8ry position.
St

Typi cal ly,” when 3 structure é? tuted, 0-3
substitutions ZHigroglobulixn é’treP?édle‘éﬁkF'Onl‘ B5sef t TR oFedls st preferred.

S Most pref gated aﬂbw.ryw.ntet-.mse. tdiOfannbiataJerﬁmes such asprot ease

i nhibitory actiyit tra I %E!X
perm ssi ve rram%a ré\rg@%;’f ?t a? %nit’ﬁato Ia ceT‘I | i nes, or
whi ch enhance eemérémqws: red“c‘b';mb afePRRtLd @F | ity characteristics

or enhangong 1Qmmun@hﬂpﬁi!!ﬂﬂbﬂetetnﬁ!d[Hﬁﬁ@EEGOﬂuﬁEudihgpr bhtl ast as conpar ed
to the unsubst I'ﬁh%gl 3P oug qu{fegg_%ggrﬁghr mnsub.ﬁtlétuents
i

i ncl ude those use
tive; pmawRt orFefFﬁ'ﬁI BRI #Y the

As used hereinF®
conpounds of fsmma effentdve in pofentdagt BIVnihfek:igmadmaseutically

accept abl e patil@nd vatw%sear h@f&ﬁi UGhe! ReiROtpatiienthararesytical |y
accept abig derl vat i velo A2ods Y g argsans any
The term "pharmaceutically acceptable carrier
or adjuvant" refers to a carrier or adjuvant that may
be adminiocered to a patient, together with a compound
of this invention, and which does not destroy the
20 pharmacological activity thereof and is nontoxic when
administered in doses sufficient to deliver a
therapeutic amount of the antiretroviral agent.
The term "point of attachment” refers to the
atom through which a moiety is attached to a specified
25 structure. When a point of attachment may be
optionally wmethylated, the point of attachment is the
carbon atom through which a moiety is attached to a
specified structure.
The term *"substituted", whether express or
30 implied and whether preceded by the texm “optionally"
or not, refers to the replacement of one or wmore
hydrogen radicals in a given structure with the radical
of a specified substituent. When more than one
position in a given structure wmay be substituted with a
35 substituent selected from a specified group, the



pharmaceutically acceptable salt, ester, salt of an 20 ester, or other

derivative of a conpound of this | pvenrter—wht-ch, uporm—admini stration
ToO artecipient, is capabl e of providing (directly or indirectly) a
conmpound of this invention or an inhibitorily active net abolite or
fesi due th grarticularly favored 25 derivatives aREVSWEMIds are
those that 1 ncrease the bi oavai l ability of the conpounds of this

i nventi on when such conpounds are adm nistered to a mamual (e.g., by
all owing an orally adnini stered conpound®o be nore readi |l y absorbed
i nto the bl ood) or mhlch enhance 30 delivery of the parent conpound to a
bi ol ogi cal art s i ysSd em

relative to the ge eéeb%rl'ge"f’;thQg flélr%‘r Azymﬁ&'l&ﬁg ﬁée

erre
derivatives whegvery @Psési%t c P Hicaddys when aa%}%’é’&grgo?‘ﬁ%l'??ty or active
transport throusgtiichaldyt substituted, 0V® BGHERIMAitions are

PCT/ US96/ 05473 6 menbrane is
appended to t hé% exﬁrlrc?ldfl ?n%hovvn aﬁxbgrtétu]:ion is m& g?ﬁﬁ %‘g or to "E"

in fornul & (1) Most preferred subsmﬁaﬁﬁﬁeﬁr?c%mﬂgf aées t SR Its of the
conpounds of t prodeaseninhibiturhdetivisy oherinmcfeamulaﬁ antiviral

phar maceuti cal | t | p#][ | pafid dg zzgad bases.
Exanpl es of sw%/ tgl%%gc?gsﬁe I NC 58' 1%; droc s"(;Lrsglrc y I ’?om c,

sul furic, nitrikammalian cedl o '&ﬁﬁ'c°rf3%?1i‘ce ce del

gl ycol lic, by enhahiingssolubillity sharacterisgtics| oe nenhmimg:,

tartaricagaceti eS| formc
benzoi c, ar?al onl%aﬁh%%k%nfee%ge[&n iﬁﬂHnQE ! iu(l)zrﬁ pro%%ﬁlggnié'e ée%a?gr?l C aci ds
e’ unspbstruted; o t, %QFU é]ﬁﬁ‘?ﬂjl foni ¢ and

Preferred aci d&° t
et hanesul f oni c smbists.tunbt® ainssiudeothose cused simthe ﬂ:ﬁmponxpisefsekmd. O her

aci ds, such as jgxX@habte phile not in -~ t hensel ves phar maceutical ly

acceptabl e, nmay be enpl oyed epar atlon salts useful as

intermedi ates in a'ﬁﬁ% ’Fﬁ‘gn ﬁ%g °(‘)‘f’dfh %t ion and their
15 invention, includzng the compounds of fomula I, are

defined to include pharmaceutically acceptable
derivatives or prodrugs thereof. A *pharmaceutically
acceptable derivative or prodrug®" means any
pharmaceutically acceptable salt, ester, salt of an

20 ester, or other derivative of a compound of this
invention which, upon administration to a recipient, is
capable of providing (directly or indirectly) a
compound of this invention or an inhibitorily active
metabolite or residue thereof. Particularly favored

25 derivatives and prodrugs are those that increase the
biocavailability of the compounds of this invention when
such compounds are administered to a mammal (e.g., by
allowing an orally administered compound to be more
readily absorbed “into the blood) or which enhance

30 delivery of the parent compound to a biological
compartment {(e.g., the brain or lymphatic system)
relative to the parent species. Preferred prodrugs
include derivatives where a group which enhances
agueous solubility or active transport through the gut



pharmaceutically acceptable acid addition salts. 20 Salts
derived from appropri at e _bases i€l ude al kat+—retal (e g, sodi um,

al kal i ne earth netal (e.g., magnesium, anmmoniumand N-(Cerr]
alkyl)[err] salts. The term "thi ocarbamates” refers to
conpounds wosense@nt ai ni ng the functional group N-SJ err] PEI/USHO0S4T3

The conpounds of this invention contain one or nore asynmmetric carbon
atons and thus occur as racenmat es _gnd racem c m xtures, single

enanti omers, di astereoneric m xt'ur"gs'and i ndi vi dual di astereoners.

Al'l such isonmeric forns of these conpounds are 30 expressly included in

the present inygpbiOfe :LsEQE:Bended tS tHeL QUBNLELE tEHbdi@)&yE?oﬂ{rlthe Ror S
configuration. eixplmtly,,sp&v\%gﬁ‘%ox S alsop erred to be
syn to D, in thB d2| T8y ® e the nitrogens
shown in conpounds of f@hnmceutlcally acceptable salts of the

PCT/ US96/ 0547 3cfd Aida3 &2/ this znvention include those derived from

Conbi natipns of, substituyen Vi si onged

i nvent i oné)ar e Bh# "rﬁ')'é‘é'c?}li%’ 7%%%3%?& mm’?ﬁfﬁ[‘h@"?of’ﬁ??b %#/iie[ abl e
conmpounds. Theam@rbasea Exawples of suitablel agdds dnclu@ers to conpounds
which 5 PORy@SScHloric, Ihydﬁé&fdﬁlcenbumuﬂd owitgaef acture and

whi ch nai nt ai i_nt eg f th conp uf ficient period
of 1o to be Peions, “Eibiri il eie!PRHSpRatics ohyeat ik o

t her apeutic or Qﬁ@;ﬂwylﬂaéﬂ-mhc: sucmmim sprealuenesylfontenal or for use in
affinityoll t&fiaadet,ogeapiy, apitiricyt nethanesulensal | y, such

conpounds are ééx?ahl Buito hI:e tur&g&oﬁg[ Wllogigr foél?:hc?l[engnsl n the

absence of noisture or 0 react|ve for at
| east a week. 2-sulfonic and be “Hﬁé"'@b‘ 8%*&15‘?51‘3& -hePpeeexTrd ianidat i on may be
15 used i n irvduder hydfoshldzsi.cdelsmlEdric!.omtrhangaultoxﬂtc and organic

aci ds. | ncl uded raneaul g8l akddiesal hachsﬂéaumme&éﬂa' fa it | he

follomng% acetatﬂyeneglpa.gthg ds gln spartate,, benzoate,

benzeneddl f on&EE r acids, as oxalxc, while not in
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.

20 Salts derived from appropriate bases include
alkali metal (e.g., sodium), alkaline earth metal
(e.g., wmagnesium), ammonium and N-(C;4 alkyl},* salts.

The term “"thiocarbamates” refers to compounds
containing the functional group N-80,-0.

25 The compounds of this invention contain one
or more asymmetric carbon atoms and thus occur as
racemates and racemic mixtures, single enantiomers,
diastereomeric mixtures and individual diastereomers.
All such isomeric “forms of these compounds are

30 expressly included in the present invention. Bach
stereogenic carbon may be of the R or S configuration.
The explicitly shown hydroxyl is also preferred to be
syn to D, in the extended zig-zag conformation between
the nitrogens shown in compounds of formula I.



e —————TER TSSO

bi sul fate, butyrate, citrate, canphorate, canph- 20 orsul f onat e,

cycl opent anepropi onate, diglucanate. —-dedecytsulf at e,/ €t hanesul f onat e,
fumarate, gl ucohept a- noate, glycerophosphate, hem sul fate,

hept anoat e, hexa- noat e, hydrochl ori de, hydrobrom de é rghgdlde 2-
hydr oxyet h §ﬁ+?ﬁnate, | actate, nal eate, 25 met hanes uPEHN

2- napht hal enesultonate, nicotinate, oxal ate, pal noate, pectlnate,
persul fate, 3- phenyl propi onate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosyFa?@ and undecanoate. 30

This invention al so envisions the guat er ni zati on of any basic

ni trogen-cont ai ni ng grouegmbqua¥ern|zed mﬂgﬁ@ygggtéhgga ¥ag9aBgesi n. The

basi ¢ nitrogen can an nts kpown to ihose of
ordi nary skill eavisiongd bynthigi inyentdoncaEfPRLY | s5at re %ﬁ
hal i des, such agn retiehformatbyh, otwanﬁleandmpamgds The term mo 06/ 33187

PCT/ US96/ 05473 t 4 h;ch
chl ori des bron1d%sle'd |od|5ed he eﬁnk fe y comﬁU%n ®h

: u
di met hyl , Hi et Hpessess,gtabirity Suffic tent "to g’ul%t"?é‘ fPGﬁB’Eh%‘?% hal i des
such as decyl, *mwtylmaint.ams mlnm,dgranﬁ of cthe/|comploandd€er #roni des and

| odides; 5 y | udi I eg&h&y
brom des. Water i%hgo*’ g?&h %egglﬁ ro uc?’?gdtng Aesb
obt ai ned by SLuﬂPYﬁﬁ%ﬁgf ereinofe '9" therapeutid or P?ﬁ?“ﬁ&?%?‘%ulfonan1des

of this inventlanminmstratzon taosemmhuﬁoonutarIuaeﬂinl?ffzn;ty |

D R Rehroma ograph 1i ations) Typxca y.| such .

A-Rerr]- NH o Cl_lu[rx%ar Lrgs: e latta temperatu(re) of 40°C of Tess,
in the absence of moisture or other chemxcally reactive
conditions, for at least a week.

The compounds of the present invention may be

15 used in the form of salts derived from inorganic or
organic acids. Included among such acid salts, for
example, are the following: acetate, adipate,
alginate, aspartate, benzcate, benzenesulfonate,
bisulfate, butyrate, citrate, camphorate, camph-

20 orsulfonate, cyclopentanepropionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate, glucohepta-
noate, glycerophosphate, hemisulfate, heptancate, hexa-
noate, hydrochloride, hydrobromide, hydroiodide, 2-
hydroxyethanesulfonate, lactate, maleate,

25 methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, palmoate, pectinate, persulfate, 3-
phenylpropionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and
undecanoate. -

30 This invention also envisions the
guaternization of any basic nitrogen-containing groups
of the compounds disclosed herein. The basic nitrogen
can be guaternized with any agents known to those of
ordinary skill in the art including, for example, lower

3s alkyl halides, such as methyl, ethyl, propyl and butyl




each R err] is independently selected fromthe 15 group consi sting of

O -, -S(Oferr]-, -AQ—-LO— -0 9= - OS(O)TETT‘I
-NR-S(O[err]- -NR[err] C(O) and -NR[err]-C(O) - C(O-; preferably
Rerr] is -C(O)- or -O-C(O-; and nost preferably Flerr! isl?

-0 CO-; wo9633187 each Ais i ndependent |y sel ec he 20
group consisting of 5-7 nenbered non-aronmatic nonocycl i ¢ oxygenat ed
het er ocycl es containing from1-3 docyclic oxygens, which may be
optionally benzofused, optional Iy attached through a CJerr]-Cerr]
al kyl |inker, preferably not attached through a linker, and 25

optional ly fuseéhth;laea SpFofEdel ad HBa0des) idialkyl suhﬁﬁlfé)cycl ¢ "
y not fuse

containing from 1- endogycli.c het
and wherein tew % i ggy?ét?’éwt& o ?j'? ydrofuran are
expressly excl ates; 1°n$)r@faémabﬂ}lﬁe$sﬂ‘§8¥ a® 8gcy} ondauigr oup

(r:]onsi sti nlg of ?uq,risg; Gafmnbﬁﬁ@lnemafﬂm,l GbropiidesCand mqamsat\tla\ﬁ .
eterocycles c il e ns i ch may
be opti onal |y a da @gﬂﬁﬁ @%’#’é gﬂg?%ﬁ& dnd phﬂ? "I nker and
optionally fusé??"miﬂlﬂsa SW#%rﬂs'ePéél's"luble or &wm@am ucts

PCT/ US96/ 05473 may be obtained by such quatermzat:.on - 19 -

nonocycl i ¢ oxygenat ed he, ?)c%(‘éll Buﬁ&?ae@{tf% }‘X%%ai'i‘? gl oxanyl ,

di oxol anyl, di oxcl anyl ne uranyl
t et r ahydr opyr arfdxeser aﬁyéﬁ’m‘ﬂ@aﬁyl or t et r ahydr opyr anodi hydr of ur anyl ;
even nore preferably A Is 1, 3- d| oxanyl; and nost preferably Ais
1, 3- di oxan- 5- yl; each Het is i ndependent |y
selected_fromthe group consisting of (Jerr]-Cerr] carbocycle;
derr]- Cf' rr] aryl; phenyl 10 f uspd th eterocycl e; and heterocycl e;
wher ei n any menber of pSaqi1dyhie #@y dzogal |y subst(i{ uted with
one or nore substituents sel ected e g?oup consi sting of oxo,
-OR[err], -Rer N(Rerr]) (Rlerr]), -NHOH, -Rerr]-0H, - CN,
-Jerr]Rerr], 5‘EFGJ)‘“N(R[GH])(R[err]) -S(Q[err]-N(Rlerr])(Rerr]),
-N(Rerr])- each R' is independently selected from the
15 group consisting of -C{0)-, -S(0),-, -C{0)-C{O)~,

-0-C{0) -, -0-8(0);, -NR*-8(0);-, -NR*-C{0)- and -NR*-C{0}-
C{0})-; preferably R' is -C(0)- or -0-C(0)-; and most
preferably R' is -0-C(0)-;
each A is independently selected from the

20 group consisting of 5-7 membered non-arxomatic
monocyclic oxygenated heterocycles containing f£rom 1-3
endocyclic oxygens, which may be optionally benzofused,
optionally attached through a C;-C, alkyl linker,
preferably not attached through a linker, and

25 optionally fused with a 5-7 membered monocyclic
heterocycle containing from 1-2 endocyclic heteroatoms,
preferably not fubed, and wherein tetrahydrofuran and
tetrahydrofurotetrahydrofuran are expressly excluded;
preferably A is selected from the group consisting of

30 5-6 membered non-aromatic monocyclic oxygenated
heterocycles containing from 1-2 endocyclic oxygen
atoms, which may be optionally attached through a ;-G
alkyl linker and opticnally fused with a 5-6 membered



15 C(O-Rerr], -((O-Rerr], -S(Of[err]-Rerr], -OCF[err],
S(Olerr]-Rerr], -BRert])- S+err] (Rrerriy—halo, ~CTFerr],

-NdJerr], -Rerr] and -ORerr]; each Rerr] is

[ ndependent ly selected fromthe group consisting of H and

Clerr]-C envbogidd optional ly substituted with RESHUSICNSES

each Rerr] is independently selected fromthe group consi sting of
H Het, (err]-Clerr] alkyl and C[err]- qur] al kenyl wher ei n any
menber of said Rlerr], except H nay be optionally substituted with
one or nore substituents selected fromthe group consisting of
-Rerr], C(O) ndisRlA r;r nated(Hdtledoclche R nord rxfdferably Aeis - CN,

-SRlerr], - each n
is i ndependent Ié"%ﬁﬂ d"‘”‘ fan 10@”‘5;[1% yi%?aﬂﬁ'][) and D is independently

sel ected from tetrahmugﬁdsmmmﬂg of Rlerr]; derr]-Cerr] alkyl,
which may be tetrahydRop9Pahbiettilfdriofugdnyl tdrOne or nore groups

err]-ce a%ei%”%a%ﬁ”hmﬂﬂﬂ%na .onanﬁ SrkerRbhgeI

or more groups is 1,3-diexapydd #ﬂ%mﬁel’gﬁ ﬁ s‘+§ﬁ Ag3ofioxgprit]
-Rlerr], -ORepx] and R err]; and Cerr]-Cerr] carbocycle Wnich

may be opti onal ly éggsﬁéé Wt eq":%ﬁ;’nﬁaénﬂig:&&\%&gﬁg%%& the' ef erably

each Dis 35 Cerr]- su stltuted
wth group cone:.sting of g-c., carbocyc e; C,-C,o aryl; phenyl

PCT/ UC961@5473 fusdd %hﬁ31ﬁ3terocyc1e. and heterocycle; wherein any - 20 -

Het
Ty be opt | onaSAENroF; Eafd Y Wl Be LRI urgkitheediUfih |
Cerr]-Clerr] &%A 9AnAOTLcF QHW’CQF%BE ef,r%\/éﬁenﬁm“P
preferably D i sonslisting &£ coxd he-oy’pu-pt’comtm imig ,of-NHOﬁ, -x?eozyl :

i sobutyl, cycl Q@ﬁltybg?:hyl ?d‘;dm R? ,CY, y o
preferablé, Dis ¢ ( “R '? eg:t&’D is selected

re¥era
fromthel roupc‘o R QB 1§ GF) erT%e?? I'R%/rl -BI® onal | 'y
substituted wi 15109259!‘0} halo, -CFy \WheNgg|, n-z‘aahdR{-B-Fn‘] ;is i ndependent |y

| ected f the 10
ST 1 10 Aokt sl )y o

het erocycl e, er or car ocycle may be
optional |y subSEPPRt EEREI8Fih SR ABRCy e PBE'PEBa
substituted with R¢;
20 each R’ is independently selected from the

group consisting of H, Het, C;~-Cs alkyl and C,-C4 alkenyl
wherein any member of said R?, except H, may be
optionally substituted with one or more substituents
selected from the group consisting of -OR?, -C{O)-NH-R?,
25 -S(0),-N{(R?) (R}, Het, -CN, -SR?, -CO,R?, NR}-C(O)-R?;
each n is independently 1 or 2;
each D and D’ is independently selected from
the group consisting of R%; C,-Cs alkyl, which may be
optionally substifuted with one or more groups selected
30 from -OR?!, -R?, -S-R* -O-R® and R%; C,-C, alkenyl, which
may be optionally substituted with one or more groups
selected from the group consisting of -OR?, -R}, -O-R®
and R%; and C,-C; carbocycle, which may be optionally
. substituted with or fused with R®; preferably each D is
35 C,-Cs alkyl, which may be optionally substituted with



fromthe group consisting of oxo, -ORlerr], -Rerr], -N(Rlerr]) (Rerr]),

“N(R[err])-C(O-Rerr] ,— R err}-~c4- -CN, CCIerr]—Rf“e'rr]
-C(O-NRerr])(Rerr]), halo 15 and -CF[err] and each Rlerr] is

i ndependently sel ected fromthe group consisting of H ang
Jerr]-Cernwbposiddyl ), and nore preferably D is se m t he
group consi sting of Cerr]-Cerr] alkyl optionally substituted with
one 3-6 nenbered car bocycl e or onca%S 6 membered heterocycle, and
nost 20 preferably, D is selected fr the group consisting of

i sobutyl, cyclopentyl methyl and cyclohexylnethyl each E
i's i ndependent | breCbEChére Hed inB?e preferdbl9UD £816,-8] I.ﬂ.tkyqf WRich- O Het;

Het - Het; -O h
be optional | 5[2% tPFu?%'ieii'r‘fKiﬁlﬂ Y8 sﬁoﬂ‘b‘ﬁ &el’ﬁ?(ﬂef;?gp é%?gﬁg’mrgm {nﬁg
group consi sti nfrom Ce-Cyoax¥] eand GrGy Eerbocyale,| evpnrmdrel kenyl, whi ch may

be optionally referﬁlb’ﬂ?td il 818EEdd F¥mO thED wmﬁehﬁxgtsﬁ fromthe
group cons stln use th

an
het er ocycl Pﬁﬁ y&%‘JbW fe%ﬁ’r‘ip"é‘&pé’ﬁ X*:g I—%‘i and 30 nor e
preferably, E i syplaehg*yhp!tﬂlvﬁahhg msjsmrleﬁesdblm D lmnzviheonr nmor e

substituents seligghbgely isCREbecidd ¥xron thil §F

-N
olj,[ o g\| Cq( eR[r %H%% 'I('{}‘[ eroé(g ﬂf‘g}ﬁ ) “%QS“Lsﬁd&%#[%r r]; or
phenyl fused wi tiwhex&iy eashh tli)olseﬁ»sctedmm e; and even

nmore prefepabl ygr&up Scdtliidting of a 1 carbocycle and heterocycle,
PCT/ US96/ 05473 g Y ¥ 21

96/ 3
substituted withP %" Lﬂé’%??ﬁg}lt helieracysle, 8, FarPocycle may be . onsi sti ng
of -OH, -OCH erPPticngdis ﬁ}zbstwmmtﬁq one Sy {mane groups selgrked H err];
or phenyl fusedfsén heife Griog M@%yeke, -OR?, -x’@ndmmtxnnr ef erably,

E is phenyl SUbs{qkﬁ”)'tE?o)""ﬁ -N_'L)ﬁ”]-ﬁn Mpre&:?égte*énhg#ﬁ;? hggta- or

par a- position); I S Pect ed

fromthe 35~ aRd oifFacandieacmg’ ks Jm[eesnpentb( QelFﬂFIRFérffﬁ’m the
-S( O 2- NHR[ er r | grduip cronsisting- o and C(-Q,- RKyY)|, and méde

Grar G ol ) RSEBITTE g Ll B0y By S BBy eI 11 O
1l opt onally substituted with one

carbocycle or one 5-€ membered heterccycle, and most

20 preferably, D’ is selected from the group consisting of
isobutyl, cyclopentylmethyl and cyclohexylmethyl;

each E is independently selected from the

group consisting of Het; -O-Het; Het-Het; -O-R’; -NR¥R®;
C,-Cs alkyl, which may be optionally substituted with

25 one or more groups selected from the group consisting
of R' and Het; C;-C¢ alkenyl, which may be optionally
substituted with one or more groups selected from the
group consisting of R' and Het; and phenyl fused with
heterocycle or carfbccycle,- preferably each E is Het and

30 more preferably, E is phenyl optionally substituted
with one or more substituents selected from the group
consisting of -OR), -R?, -N(R}) (R}, -N(RY)-C(O)-R?, -RI-
OH, -CN, -COR?}, -C(0O)-N(R}) (R®, halo, and -CF,; or
phenyl fused with a 5-7 membered heterocycle or

35 carbocycle; and even more preferably, E is phenyl



each R err] is independently selected fromthe group consi sting of
aryl, carbocycle and heterocycle, -wheret n sai-d—aryts—carbocycl e or
hetrerocycl e may be 15 optionally substituted with one or nore groups
sel ected fromthe group consisting of oxo, -ORerr], -Rerr
-“N(R[err]) ﬂﬁbf‘g -N(R[err])-C(O-Rerr], -R[errﬁc'ﬁ?g’,‘mﬁk{- err],
-Cderr]Rerr], -C(O-NRerr])(Rerr]) halo and -CF[err].
In an alternate enbodi nent of this i nven%ﬁn_, 20 Ais selected fromthe
group consisting of 5-7 nenbered - ocyclic heterocycles containing
from1-3 het er oat ons, which are nethylated at the point of
attachment and Q¢ EE?EG?&} Yorle R48EYELhent¥ Rd192tkeldy £rom the at t ached

a

t hrough a err]-(err i nker__and tiopall fu wth a 5-7
rrerrbe?ed mﬂnocy!ﬁ Ph Pbﬁgt’i‘% oF -OH, B8t ﬁpﬁ@ %P@%%“ﬁz é%%géym ic
het er oat ons; pr eind alcHy; or phenfjli fusedd adithd 5f6 onenbexrey} heteroryriei ng of
5-6 nmenbered - ' cli : t S

w8l BEEFRHY T ROSK bhiny Y MIEARA e O8I OF ) R

cont ai ni ng fromaf-GZ enat are_3 nmet hyl at ed at

the point & attiRrefenabidingihe,meta- or PA¥A-REPMLIOR fached t hrough a
Clerr]-Clerr] alkyl linkesagliR* is indeppindenslyysélextidiifrbmatbe6 nenber ed

€1l ¥ OoKE, %(@Z}%?tﬁﬁéﬂwﬂ $alo,
-CN:

nonocyclic

met hyl t et r ahydr (ﬁr&?’ﬁgﬁgggs
PCT/ US96/ 05473 -NR?-C{0)-R* and -CN; - 22 -

met hyl t et rahydr of ur ot et r ayéh G uianitidependentty hoélekted from theoxanyl .
Except where ex I can erm"[variable] as
defi ned fg'ro for %@il Xoﬁg %‘?jé&é)§t€qﬁ't§"%§1éggﬁ r?Pﬁig;ﬁgﬁs*om directly
above. substituted with arydenp®dnds of fornula | include

those conpounds havi ng ateiclR® DecindependeatVefselstrad from thée

e 1 nf 1 on abovBEoRE; CoRPLeEEy oEREvE EIERA AR png hetfloE, BTO00 | oo
conpounds havi nyherein g?'i"e’e@{l't FRrbacYFie O, BetsEPEXclR MaY: e
i ndependesbly opticnally substituted with one or more groups selected
from the group consisting of oxo, -OR%, -R°, -N(R%} (R),
-N{R’}-C(0) -R®’, -R°-OH, -CN, -CO,R’, -C(0)-N(R%} (R%), halo
and -CF,.
In an alternate embodiment of this invention,
20 A is selected from the group consisting of 5-7 membered
monocyclic heterocycles containing from 1-3
hetercatoms, which are methylated at the point of
attachment and may be optionally benzofused, optionally
attached through a C,-C; alkyl linker and optionally
25 fused with a 5-7 membered monocyclic heterocycle
containing from 1-2 endocyclic heterocatoms; preferably
A is selected from the group consisting of 5-6 membered
non-aromatic monocyclic oxygenated heterocycles
containing from 1%2 endocyclic oxygen atoms, which are
30 methylated at the point of attachment and may be
optionally attached through a C;-C, alkyl linker and
optionally fused with a 5-6 membered monocyclic
oxygenated heterocycle; more preferably A is 3-
methyltetrahydrofuranyl, 4-




as the preferred, nore preferred, even nore preferred or nost
preferred definitions above. Mst preferred ~compounds of  fornul a

i ncl ude those conpounds having 15 at least four to five variables

i ndependent |y defi ned as the preferred, nore preferred, even nore
preferred wo 963l oSt preferred definitions above. PCT/US96/05473 Tabl e
| illustrates preferred conpounds of this invention:

PCT/ US96/ 05473 - 23 -
TABLE | COVPOBRD- A D

D E 1 [err] [err]
Lerr] methyltlégguydrofurote:rahydrofuranyl, or S5-methyl-1,3-
dioxanyl.

Except where expressly noted to the contrary,
the term " [variable] as defined for formula I™ refers

s to the definitions shown directly above.

Preferred compounds of formula I include
those compounds having at least one variable defined as
the preferred, more preferred, even more preferred or
most preferred definition above. More preferred

10 compounds of formula I include those compounds having
at least two to three variables defined independently
as the preferred, more preferred, even more preferred
or most preferred definitions above. Most preferred
compounds of formula I include those compounds having

15 at least four to five variables independently defined
as the preferred, more preferred, even more preferred
or most preferred definitions above.

Table I illustrates preferred compounds of
this invention:



2 [err] [err] [err]

{err] I Jerr}- —terr] [err]
Terr] WO 96/ 33187
PCT/ US96/ 05473 - 24 -
4 wo 9635187 ' | [err] PCRRPFPS47
[err] 5 [err] [err]
[err] [err] 6 [err]
[err] [err] .23 . lLerr]
TJABLE ]
H ?H D’

-
AIOTNN 50,€
b




7(1 somer A)

[err]

[err]
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15 [err]
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More preferred conpounds of this invention are selected fromthe
group consi sting of compounds 3; - 25 .4, 5 and 6 wherein each conpound
has the fornmula shown

in Table I. 5 The sul f onam des
of this invention may be synt hesi zed usi ng conventional techni ques.

CHj NH;
o 3| S

—CHa

[err] [err]
[ er t}—o [erT] [err]
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CH, NH;
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Advant ageously, these conpounds are conveniently synt hesi zed from

readily available startingmaterials. ——— The conpounds of
this invention are anong the 10 nost readily synthesized H V protease

i nhi bitors known. Previously described H V protease inhibitors often
contain fourwom®ées38x chiral centers, nunerous peptide PCTIUSSSH343S
and/or require air-sensitive reagents (such as organonetal lic

conpl exes) to effect their synthesis. 15 The rel ative ease with which

t he conpounds of this i nventi anggan be synthesized represents an
enor nous advantage in the | arge scal e production of these
conpounds. In general, sulfonam des of fornmula | are 20
conveniently obtained from[err]-am no acids and their f or mal
derivatives having the general fornula I1: (W (Q
N-CH (D) 1) whref-ei-a—WH-s—hydragen qr P P js defined as an
anm no i Q i s hydrogep, benzyl or AARerr]-; Y is 5
-C(O OH, DH: and [J \ - Rl erCGHy are}as Ngi i ed
above f g I Angd Q y ‘

t oget hel@ wi th t he}ni b whi ch ' he e attac

het er oc such a copstr ion is

Sui t abl protect|ng groups arej described in

referen n )

G oups in Organic Synthesis. 2d Ed., John Wley an 87
PCT/ US96/ 05473 - 28 - Sons
(1991); L. Fieser and M Fieser, Fieser and Fi eser's Reagents for

Organi ¢ Synthesis, John WIley and Sons (1994); and L. Paquette, ed.
Encycl opedi a of ,



Reagents for Organic Synthesis, John Wley and Sons 5 (1995).

Exanpl es of such am no_protecting groups Hrel ude,—but—areTot—
TTmTted to, groups such as Boc, Cbz or Alloc, or alternatively, the
am ne may be prot ected as an al kyl derlvatlve such as N, N-di benzyl
or trityl. ﬁ,r -amino acid derivatives are often lom"’ém’mally
avai l abl e or nmay be conveniently prepared fromcomercially

avail able [err]-am no acid derivatives usi ng known techni ques.

Al t hough this invention envi si ons 1hé use of racemc mxtures of
such starting materials, a single enantioner in the S configuration
15 is preferred. More preferre&‘stb dmynoteﬁﬁmmn:m

err]-amno acid v, eneral D),- COOH ma
l[oe ! r eadi | 9‘8&%‘?‘?%‘5 %%%3 ﬂ%“’%t c?ﬁ‘@" %a?l Ve ulidsCh gener al d
formula P-N (Q 4+Chi( &4 -&Cohejednr pasch oompcund hasqhmdfmula Bhewe as
defined for conmgguegpr@frformula Il and X is a | eavi ng group which

suitably agtivates the [eggr]-carbaon ease

suscepti bi %I ty of the ne% gr?fgff"gmde' °r1“( nggﬁh?&%t“% zngy]seSw tabl e

| eavi ng groups g¥Bthesized usingngopventionalstechniawesd ude hal i des, dial kyl
sul fonium 25  agehhCadgethsay, fena&e%o@&ﬁdasweta&mm&m te,

trifl uoromet hangoul foRAle Grod- LRLUENPINLLURYE, e %gg,‘gtergéfs be a

hydr oxyl conver
treatment with a trial ky/Thepcompounds rqfamahagmw@n RTehampRE g e of a
30 di al&yl azmdst ardadiliynspht hedbidd IVl prot&ssd Qnlbiedrefknown. such

057 ety e giieib yapi a7

(1973)) . I, 5OR3 §r PeFe FhiTaY ASPRETHN AURSEPVE: PoRE1AR o
WO 96/ 33187 linkages and/orxr require air-sensitive REAGERBS/ (audls as
I-n§9 g Wﬂh&t iééﬂ.ﬁ ¢8 Bffeds %&%C'&%kﬁé 'etegﬁgs

derivati v]l'esarray e, I{%eq-.'va eas ith which the compounds ogmtlrx]:.s
invention can be synthesized represents an enormous
advantage in the large scale production of these
compounds.
In general, sulfonamides of formula I are
20 conveniently obtained from a-amino acids and their
formal derivatives having the general formula II:

(W) (Q}N-CH (D) -Y (II)

wherein W is hydrogen or P; P is defined as an amino
protecting group; Q is hydrogen, benzyl or A-R'-; Y is

25 -C(0)OH, -ClO)H, or -CH,0H; and D and A-R'- are as
defined above for<the compounds of formula I. W and Q
may also be taken together with the nitrogen to which
they are attached to form a heterocycle, an example of
such a construction is phthalimide. Suitable amino

30 protecting groups are described in numerous references,
including T.W. Greene and P.G.M. Wuts, Protective
Groups in Oxgapnic Synthesis, 2d Ed.. John Wiley and



reduced to the corresponding am no al cohol, represented 5 by the

formula P-N(Q-CH(D) - CH_OH) - CH err]- X, wherein P,Q— and—b—are as
defined for conpounds of forrmula Il and X is a | eaving group.
Al ternatively, the am no ketone derivative can be reduced later in

the synthetywgogasigr Schene. Many techniques for reducti oRCHUSHMHE ket one
10 derivatives such as P-N(Q-CH D -COCH err]-X are well known

to those of ordinary skill in the art (GJ. Quallich and T.M
Wodal |, Tetrahedron Lett., 34, p. 785 (‘f993) and references cited
therein; and Larock, R C. " Conpr ehensi ve Organi c Transformati ons”,

pp. 527-547, 15 lJ she C g | a es cited
therein). A prefserrcgig)ﬁ? i ?'SLeSéP T’g&sl{) |§1§2r' "ﬁ.{fﬁ@&a ride..The
reduction react EAREEE" B RAAKSDEEHS -"~" -SYRRAREIR é’%B‘f Bﬁﬁ%ut
-40[err]Cto absuhs4()$§9¢)] Cand L. P(quﬁftar.abay Encvclopedial ofr] C t o about
20[err]Q), in ag : af Pk V@RIt 1IR3 EC TaNE ARy GAB S¥AST! e, aqueous
ro
g

t t et al . t hanol
othanol . APt houdhoP%, aneagh Ok asipg prorsitihegris Seci ic and

non- st er eospeci includeludnitomref nothclimited &oi normmcueaﬁvammve
P-N(Q - CH(D) - C%@[&:rm)‘gc 23y ué&ﬁ{m gcttu@ gnﬁq!échhgnbés preferred.

St er eosel ective reduction m C use i ral
reagents known Pﬁ°'f?%teéfta’ Pgbﬁflﬁa?g "ffgg"'&? 8h¥"r‘5¥b?‘&i}m ng agent
on a chiral subefrexityl.n Such a-aming acddt depivanives sreroften ective
reducti omemy bgomfercidlQyVavatiible i mAycHe ddtivenishalycprepiiaia non-

chel ating reduckng, coaa.m&cggi% [ 3 R O AR

for rred hydr oxyl ~group | e D gr oup
(i.e., FelKkin-An#ing knowadapsmms-hyaﬂﬁaeysh\@iﬁammntmy prefer 35
ster eosel ecti veerivibikinsO the\\igé b fh :tdutuiesui:‘:tms of such start:mg

Ty oS S547% eGSR teple soanctomar e e 8 comeiqmetald L
syn to D, 5the f*?]éf":ﬁﬁ”f"&ﬁam de
Using known techniques, the o-amino acid

derivative of general formula P-N(Q)-CH(D}-COOH may be
readily converted to an amino ketone derivative of
general formula P-N(Q)-CH(D)-CO-CH,-X, wherein P, Q and

20 D are as defined for compounds of formula II and X is a
leaving group which suitably activates the a-carbon
(i.e., increases the susceptibility of the methylene to
nucleophilic attack). Suitable leaving groups are well
known in the art and include halides, dialkyl sulfonium

25 salts and sulfonates, such as methanesulfonate,
triflucromethanesulfonate or 4-toluenesulfonate. X way
also be a hydroxyl which is converted jn gitu to a
leaving group (e.g. by treatment with a trialkyl- or
triarylphosphine 'én the presence of a

30 dialkylazodicarboxylate). Methods for the formation of
such amino ketone derivatives also are well known to
those of skill in the ari (see, for example, S.J.
FPittkau, J, Prakt. Chem., 315, p. 1037 (1973)).

Alternatively, certain amino ketone derivatives are




product is an H'V protease inhibitor of higher potency than the anti
di astereoner. 5 The hydr oxyl—greup—e+ t he—ammo—atTonol my

optionallTy be protected by any known oxygen protecting group (such
as trialkylsilyl, benzyl, acetal or al kyl oxynet hyl ) to yield a
protect ed g,ﬁhcohol having the fornmul a TUSI65473

P-N(Q - CH(gg6 ORlerr])-CHerr]-X, wherein P, 10 Q and D are as defined
for conpounds of formula I, X is a leaving group and Rlerr] is H or
any suitabl e hydroxy protecting gr88p- Several useful protecting
groups are described in T.W G eene and P.GM Wits, Protective

Goups in Oganic Synt I S 2d cpn J a@g 91); L.
Fi eser and M ‘3@'@/’ 1??’2 1e (0 éser P;o?QEé é%;szm C

Synt hesi s John Mid.ay P&idadelphiijor&m!?mﬁhd L. Paquette ed.

Encycl opedi a of Regegenamin® keBopender Syat i asinay d¢hen bél ey and Sons

(1995). 20 rﬁ*ﬁ’é“’@ o Bfie hA% A5A10L Bi¥nd NARSL! egg{,?é?&ééa a

nucl eophilic a
- D| 25 5 by :he formula PN {QHAR) cFB m -rqq, XH wheznein P,
| and D are as defzned for compounds @?[feﬁrfnixla 1t and X wherein

I

W Q and Dareasdfl r mul y suitable
oxygen prot eCtIJf'Fg g rbhﬁﬂdg{o\?s el tgrhﬁgi‘%i% t’?‘e aﬁé’s‘%m%ﬁ

conpounds of fclenivatiyeopan be regdugedgdater in the synthetiq ternatively,
an amno aci d dafhewdl.i VRafiycechniquee E6fCie@dhction ofnamimetetone nitro

COMPOUNd 368 - \adkivatived S ONSd I BIR (BT BB (SY - b-C8L ¥ Urle’ Gel BCkAGIR Whi C

can
PCT/ US96/ 05473 0 \3oge/ 88 1@xdinary skill in the art (G.J. Quallich 37 .

and T.M. Woodall, Tetrabedron Lett., 34, p. 785 (1993)
and references cited therein; and Larock, R.C.

"Comprehensive Organic Transformations", pp. 527-547,

15 VCH Publishers, Inc.® 1989 and references cited
therein). A preferred reducing agent is sodium
borohydride. The reduction reaction is conducted at a
temperature of from about -40°C to about 40°C
{preferably, at about 0°C to about 20°C), in a suitable

20 solvent system such as, for example, aqueous or neat
tetrahydrofuran or a lower alcohol, such as methanol or
ethanol. Although this invention envisions both
stereospecific and non-stereospecific reduction of the
amino ketone derivative P-N{Q)-CH(D)-CO-CH,-X,

25 stereoselective reduction is preferred.
Stereoselective reduction may be accomplished by use of
chiral reagents known in the art or by the use of an
achiral reducing agent on a chiral substrate. In the
present inventiorly- stereoselective reduction may be

30 conveniently achieved, for instance, under non-
chelating reducing conditions, where chiral induction
of the newly formed hydroxyl group is set by the
stereochemistry of the D group (i.e., Felkin-Ahn
addition of hydride). We particularly prefer

35 stereoselective reductions wherein the resulting



be reduced in one or nore steps to yield an I nternmedi ate of formula

[ HI. In a particularly advant ageous—synthetic -

schene, sinultaneous activation of the nmethylene and 5 protection of

t he al cohol may be acconplished by formng an N-protected am no
epoxi de frora&#&,%ygen and its adjacent methyl ene P&V

I nternmedi ate o formula I'V: WNQ -CH
(D) -CHderr] (rv) 10 [err]
/ - 30 0 wherein W Q and D
are as defined above for conpounds of formula Il. Suitable solvent

systens for preparin , the N-protected am no oxide include ethanol,
15 net hanol , Wérrﬁg%bahmem M%ydpﬁfﬁ%,&&"&ﬁﬁ&: wien 'the

di met hyl f or mani dwydxoatyl hgrougkeis( isyol tidi By thietfiinad sulfonanide eof ).

Sui tabl e bases fRlodReedisi L9 HINE peBRELSE inhibitorN6E Uﬂ_ﬁg(ﬁ&% tefial

hydr oxi des, potassi umt-but oxj.de DBU and the |ike. preferred base
i s potassium ZO%imhghPoWﬁg.dias‘temmet’ Al ternatively, the

N-protect e ani no epoxi deThe hydrguylhgroupemf shehaminadlarhodnmpyl kyl t hi o)
or (phenyldptiiehal®y i Ke Frictedtadi By iy kndwhY6kyderd\protecting
car boxyanhydri de of a gro%ect &d %H’iﬂ%qﬂ no,acid (sucTL s 25
BOC- Phe- NCA, avﬁtlogglé bpaoltif> 5& S ‘}YJ‘A EF&FXFre%“ al OTjcetic acid
di ani on is (netmtkyhosynethyld &oi wieldm @rotected aming adgohphg ani no
ketolnte_ may t_henhh?i dltlﬁedfdmaa, p-u(g)l-cum-eqdngrrchp{mh%esein ghe e b
resul ti ng,gm noa r conve e.am.no gpoxi de by
30 quaggrni za F%ﬁ 2%° “ v‘\in!e?ﬁnﬁgt ) "T%'%%H‘é?sf%# Ffo°\ﬁgﬁ'15;/rw' X ring
cl osure (using, iPoR LRAYANSE SrouRi and B disdd)or any suitable hydropgyaction of
the N- p(rj ot ec; edpzoteet 2P grdap(. O Several Wulsyﬂeﬁm@&uaﬁeobge o
i nternmedi ate ' Otﬁﬁag’ e absence
of solvent, orWP%EgE ) tﬂgd'?ésgﬁ%een%% %gFéird'so ve’ntéF?S%ﬁhg“é‘l ower
al kanol s, M%Ms_mmﬁddﬁ John Wiley and
PCT/ US96/ ¥%473 Sons (1991); L. Fieser and M. Fieser, Fieger and

d , John Wiley and

Sons (1994); and L. Paguette, ed. Encyclopedia of
i , John Wiley and Sons

{1995) .

20 The amino alcohol may then be reacted with a
nucleophilic amine compound to form an intermediate of
formula III:

1
25 W-N(Q) -CH-CH-CH,-NH  {III}
OR" L

wherein W, Q and f}.are as defined in formula II, R’ is H
or any suitable oxygen protecting group and L is either
30 D’ (as described for compounds of formula I) or
hydrogen.
Alternatively, an amino acid derivative may
be reacted with a nucleophilic nitro compound (e.g., a
nitromethane anion or a derivative thereof) which can



- 32 - wat er, dinethyl formam de or di nmet hyl sul foxi de. The
. reaction can be carried out conyenientl|y -betweer—about =30[err] C and
—120ferTTC~ preferably between about -5[err]C and 100[err] C.
Alternatively, the reaction nmay be carried out in the resence of an
-activatingwggggﬁ such as activated aluntna in an MG Yent,
preferably et her, such as diethyl ether, tetrahydrofuran
di oxane, or tert- butyI met hyl ether convenlently f rom about
roomtenperature to about 110[err]C, &s descrlbed by Posner 10 and
Rogers, J. Am Chem Soc., 99, p. 8208 (1977). O her activating

reagents inclugde |ower, & "haéhxr‘ﬁ’ more sRkdB 8Ny HDRT Ia@S. such as

triethylal um nim™ or | .al um_num hal i'de species, such as
di et hyi al um nuiptermediatepf jto fd¥-and Flippin, Tetrahedron Letters,
p. 15 195 (1981)) Ruaatpmd\ﬂm:tlyi agvﬂmwmnqtéc

conveniently ¢ uiBahd6id SRIVERLSnSUE LIRS methyleflh Sli@r oTet hane,
1, 2-di chl oroet ane to uene acetonitril \ggeggabout Oferr]C

and about® 110[%‘?‘?':]%?" on of &B?tﬂe‘f"q?é't K8 sPefaTFIm avi ng groups, or
20 openi ng eqsmm_l;eanvmt-bramam mmbeepo:exﬂa \ﬁxlcmnthesmen as

azides or tringth | ;&@% gm Sraedded B J- Am
Chem Soc. 104 &§4 ?f%g?)ﬂ&}( 288 nown imar?'(!jmvvl be apparent to

t hose of ordi n%?ﬁ“‘gﬁ in the art. Conpounds of
formulae I, 11l and IV and functlonallty pr ot ect ed derlvatlves

t hereof, are useful as i ntWeAHRA-SHER) {H-GHhe preparati on(BY) compounds
of G ormula I. In those cases where L re\;cgesents D, conmpounds

of formula I'll may be converted t o conmpounds of formula | by reaction
wi th sul fonyl - acti vat ed peci es to_form sul fonam des, sul fonyl ur eas,

t hi ocar banat eVBaFeipH ¥, | Q@nd I%t’rﬁ?dé‘f defined ahqys for comppypds
sul fonyl - acti wit ddraplei EX. arSuitablensbivent eystems fordpreparivg || of the

art. Tyl cal fene’W-paBteckda’ dithe’ dpoxi8h Cidbififhd QeBRha1 ) Sul fonam des.
Many sul_f ony

PCT/ US9&h05 47§\ethanol. isopropanol, tetrahydrofuran, dioxane,
dimethylformamide and the like {(including mixtures

thereof). Suitable bases for producing the epoxide
include alkali metal hydroxides, potassium t-butoxide,
DBU and the like. A preferred base is potassium

20 hydroxide.

Alternatively, the N-protected amino epoxide
may be prepared by reacting an {(alkylithio) or
{phenylthioc)acetic acid dianion with a cyclic N-
carboxyanhydride of a protected a-amino acid (such as

25 BOC-Phe-NCA, available from Propeptide). A preferred
acetic acid dianion is {(methylthio)acetic acid dianion.
The resulting amino ketone may then be reduced (e.g.,
with sodium horohggrida). The resulting amino alcohol
is readily converted to the amino epoxide by

30 guaternization {e.g., with methyl iodide) followed by
ring closure (using, for example, sodium hydride).

Reaction of the N-protected amino epoxide (or
other suitably activated intermediate) with an amine is
carried out neat, i.e. in the absence of solvent, or in

35 the presence of a polar solvent such as lower alkanols,




- 33 - hal i des are comercially avail abl e; others may be

easi |y obtai ned using conventional synt hetie—techni ques =Gl bert,
E.E. "Recent Devel opnents in Preparative Sul fonation and Sul fation”
Synthesis 1969: 3 (1969) and 5 references cited therein; Hoffrman, R V.

"M ';sbgﬂzorret hyl benzenesul fonyl Chloride" O g. RCAGEIENI4TI
Vol . % 0

Col I . n Wley and Sons (1990); Hartman, G D et. al.
"4-Substituted Thi ophene-and Furan- 2- sul f onam des as Topi cal

Car boni ¢ Anhydrase I nhibitors" 10 J.- 8Bd- Chem, 35, p. 3822 (1992) and
references cited therein. Sulfonyl ureas are usually obtained by the

reaction of an amne w sul fyryl chloride,,or I taple equival ent
such as sul f uryl M@ter; M’&%S%“m‘ée °%Lﬂ1FﬁF§V¥S'1"sf-% t'hy?hfm' gazol e.
Thi ocar bamat es aweagfion ¢ampibealchyried ute copyenhent by hetmeeds abpus| cohol

SUl Turyl-bi s i i ol eras LACE) pResbbsly Detweenchiiic Sans oot

sul furyl -bis-inmdazole or. sul furyl:bis-Nne | e

In theycase of c& gﬁnds‘{%ﬁeq’#%ﬁﬁ I'fhezd'ea@é%ﬁ&'g?%lle ?gg%g{io%%%
conversi on Bf thénrthelpresence of anjagtivagingcagent, suchnd&ry ami ne may be
Ca{ L i ed O:JL . la_c@!vkﬂéﬁ"lrhl}tulﬁﬁm: ﬂﬂeﬁta DieEt BBIVENE Preferhblp a;eaﬂ( i Iont_
Wi an a alide or_a Qr - L ve ation
with an al dghydeeﬁgefarﬁ%?{ﬁ'cagﬁ{:gyngre e Qﬁ%ﬁ@‘ﬁf‘é’é“&%ﬁ v(&i{‘?’\‘/ae ‘f‘hgreof
usi ng, for instanzetert-butydamerhyl cethan.ogonueniently fsamuapout

cyanobor ghydri deroom tedpé¥atiiré! tél about 1A0°CChes deurtibed by PPostied’

(1971)). ALt erpati elﬁ gﬂer@Hﬁ% anyge \ ed

f ol | owed b%oreduS%‘lsoﬁo#{‘H ) - ?bgtui ébﬁzteb%sgiwﬁir'educi ng
reagent, for exaffpher agtiyatdipghrergants dmeande lowentriplkyl- o g. Chem,
56, p. 4161 (199a)umilium speciesi csiich Guse trdeehpbalwinpmyserul i n conpounds

of formul a ’ e t.Sa ot | : ert -
but oxycar bonyl (%%‘@%ﬁb‘gﬁzx 0§§§§f%(i )Zﬁii%:b%i %ﬂu};gqgggﬂyf%ﬁgﬁ wher e
bot h W and Qare"g e { and F in, » B

15 195 (1981)). Reactions involving these species are
conveniently carried out in inert solvents such as
dichloromethane, 1,2-dichloroethane, toluene, or
acetonitrile between about 0°C and about 110°C.

Further methods of displacing leaving groups, or

20 opening epoxides with amines or their egquivalents such
as azides or trimethylsilyl cyanide {Gassman and
Guggenheim, J, Am, Chem. Soc, 104, p. 5849 (1982)), are
known and will be apparent to those of ordinary skill
in the art.

25 Compounds of formulae II, III and IV, and
functionality-protected derivatives thereocf, are useful
as intermediates for the preparation of compounds of
formula I. 1In those cases where L represents D’,
compounds of forttmla III may be converted to compounds

30 of formula I by reaction with sulfonyl-activated
species to form sulfonamides, sulfonyl ureas,
thiocarbamates and the like. Methods for preparing
such sulfonyl-activated species are well within the
ordinary skill of the art. Typically, sulfonyl halides

35 are used to obtain sulfonamides. Many sulfonyl



PCT/ US96/ 05473 WO 96/ 33187 - 34 -

D I - WNQ
—tCHCeHCHerr]-NSJerr]-E (V) 5

OR[ err] D If variables Wand Q of a particul ar
eonpound o@ f%{%a V represent renovable protecting Pa’ﬁ?’é’ﬂiﬁs’, renoval
of either 32 groups foll owed by reaction of the resulting am ne
with an appropriate 10 activated reagent will advantageously yield a

di fferent conpound of fornula V= ¥br instance, reaction with an
activated carboxylate, such as an acyl halide (e.g., acid fluorides,

acid chlorides, gnd acid bromd n . ctl t such as 2- or
4-ni trophenyl é’%‘?’é’gg,s hin c%r%z‘za)%geg?aeﬁé#eég%ﬁgﬁta ufér opher;yl or

pent achl or ophemaisilyopbtainest Msing: PRVERAORAIOSYpLhetic 'é%‘f%gpq“f

carbodi i m de acgiipeet, SPFE] eRecentaDéyélopents in Preparatsive symmetri cal
anhydri de (€. J.qu1l b 10 cag bpydggyphgaphori c or
carbonic- 20 “&ﬁ%@%ﬁ%’c‘%ﬁ;‘&%ﬁgégﬁ \?\ﬁ?t%‘elpdi?'g%' c%r(r)'{eysép;go)ndi ng

am de. Ur8as ndpfszenges; sitked rhexgin; otman, R.V. "Mycyanates or anines

i n the presencerrdflibfonétiyltiettenesul fomyD@hlorddet oy \Sytrithes such as
phosgene or - ooy CagRPMAAY | 0ken by Gld oons™(235H) #dBbhac 0Dt al ned 25
by reaction w tqn Chl orocarbonates, W ¥, Car bonat es esterified with

| eavi ng groups Ge®chels al hy#-Supgeityted Thiophepgsand Ruagdse-) Hosu, or
4-ni trophenol @ulfohimides asnlTopiechl CarhdrdcpAabpdrasefInliibizoretat ed

cqui val oits. ?nwmﬁe%ﬁg‘?ﬁ Y% °aRaCket el Rekea 30
carbonyl di i niaZ0eEe an%‘? d uiehs ard Ry obtained Byi&E®out are not

limted to, 1, Fedctiom-&f \in amine withisulfphydyrhteridmarea
3-nmet hyl t et r ahygdi phbi@Nequivalént such &8 HAZRSPYLbLE! fdiR1e or
8 oy an 4o ERRTS A Pt ppuaddolst ik Cormanaten are
15 typically obtained by the reaction of an alcohol with
sulfuryl chloride or a suitable equivalent such as
sulfuryl-bis-imidazole or sulfuryl-bis-N-methyl
imidazole.
In the case of compounds of formula IIIX
20 wherein L is hydrogen, conversion of the resultant
primary amine to a secondary amine may be carried out
by known techniques. Such techniques include reaction
with an alkyl halide or alkyl sulfonate, or by reduc-
tive alkylation with an aldehyde or carboxylic acid or
25 activated derivative thereof using, for instance,
catalytic hydrogenation or sodium cyanoborohydride
{Borch et al., J, Am, Chem., Soc., 93, p. 2897 (1971)).
Alternatively, the primary amine may be acylated
followed by reducdtion with borane or another suitable
30 reducing reagent, for example, as described by Cushman
et al., J, Org, Chem,, 56, p. 4161 (1991). <This
technique is especially useful in compounds of formula
III where W fepresent:s a protecting group such as tert-
butoxycarbonyl (Boc) or benzyloxycarbonyl (Cbz) and @
35 is H or where both W and Q are benzyl.
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carbonate, 4-nitrophenyl-tetrahydrof urodi hydref uran- 4- —TyI car bonat e,
and 4-nitrophenyl - t et r ahydr opyr anodi hydr of ur an- 4-yl carbonate and

t he | i ke (see also: A K Chosh, et al. J. Med. Chem 37 =

p. 2506 (1994&) 4 trophenyl carbonates nmay be obt BT reaction
of al cohol s aﬁgm4-nitrophenyl chl or of ormat es by net hods known to
those skilled in the art. In the reaction of 4-nitrophenyl

chl or of or mat e with glycerol formal*% g give 1, 3-di oxan-5-yl-4- 10

ni trophenyl carbonate and 1, 3-di oxol an-4-yl net hyl - 4- ni t rophenyl
carbonate, nore of the dioxanyl product ig produced relative to the
di oxol anyl product if nore basic conditions are utilized or if

bi s- 4-ni trophenyl car bonat e wWsN(SeCH-ICHRCHs-NN-8D,4Be 4AWii tr ophenyl 15
formate. Wiile it is preferable to separate fthe 1,]3-

di oxan- 5- yB- 4-ni t rophenyl carbonate and 1, 3- @Rbxol - 4-

yl met hyl - 4-ni trophenyl carbonate products prior to further reaction
wi th other am nes, the m xture of the two carbonates can be reacted
with a single am ne and 20 the two products separated at that stage. It
will be readi |y recogni Zédvaniables & apd Qoof axiparticulapecific

][eﬁct i ogsb theb%ﬁbeﬁ%a%f %:?am?o? PapredencCpbhévable protetfify | \ée %rOlﬁps
rodl {1 cat i on' o SERESSs TN of piCRtx or moth SHGMRKCTICLEA Y L SIS
ordi nary Feprrion ofidhe wesulting amine with anAPPXepriéRtey usef ul
fsynt hlet i \c/llflchiersraci:wrated reary&duwf.nnfauﬁﬂbgedusw fyied dediﬁfﬁ‘émgi 3} esvﬂ‘
and VI 11, Wand°§§%@£§%§#ﬂ§§9aﬁbv?ﬂm¥’%‘?ﬁ8*‘“% n e )
D and E are as3fEiyated car pteofsthas 8r ?5?%5%&33? ABEP is Hor
am no pr otcidi filpapricess: acid chlorides, and acid bromides), an
activated ester such as 2- or 4-nitrophenyl esters,
15 haloaryl esters (e.g., pentafluorophenyl or
pentachloxrephenyl), or l-hydroxysuccinimide (HOSu)
ester, a carbodiimide activated species, an anhydride,
such as a symmetrical anhydride {e.g., isobutyl
anhydride), or mixed carbonic-phosphoric or carbonic-
20 phosphinic anhydrides, will yield the corresponding
amide. Ureas may be obtained by reaction with
isocyanates or amines in the presence of bis-activated
carbonic acid derivatives such as phosgene or
carbonyldiimdazole {"CDI"). Carbamates may be obtained
25 by reaction with chlorocarbonates, with carbonates
esterified with leaving groups such as l-hydroxybenzo-
triazole (*HOBT"), HOSu, or 4-nitrophencl or with
alcohols in the presence of bis-activated carbonic acid
derivatives such as phosgene or its synthetic
30 eguivalents including diphosgene and triphosgene, or
carbonyldiimdazole. Examples of such carbonates
include, but are not limited to, 1,3-dioxan-5-yl-4-
nitrophenyl carbonate, 3-methyltetrahydrofuran-3-yl-4-
nitrophenyl carbonate, 4-nitrophenyl-tetrahydropyran-4-
35 yl carbonate, 1,3-dioxolan-4-ylmethyl-4-nitrophenyl
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carbonate, 4-nitrophenyl-tetrahydrofurodihydrofuran-4-

vyl carbonate, and 4-nitrophenyl-
tetrahydropyranodihydrofuran-4-yl carbonate and the
like (see also: A.K. Ghosh, et al. g, Med, Chem, 37,
p.2506 {(1994)). 4-Nitrophenyl carbonates may be
obtained by reaction of alcchols and 4-nitrophenyl
chloroformates by methods known to those skilled in the
art. In the reaction of 4-nitrophenyl chloroformate
with glycerol formal to give 1,3-dioxan-5-yl-4-
nitrophenyl carbonate and 1,3-dioxolan-4-ylmethyl-4-
nitrophenyl carbonate, more of the dioxanyl product is
produced relative to the dioxolanyl product if more
basic conditions are utilized or if bis-4-nitrophenyl
carbonate is used in place of the 4-nitrophenyl
formate. While it is preferable to separate the 1,3-
dioxan-5-yl-4-nitrophenyl carbonate and 1,3-dioxolan-4-
ylmethyl-4-nitrophenyl carbonate products prior to
further reaction with other amines, the mixture of the
two carbonates can be reacted with a single amine and
the two products separated at that stage. It will be
readily recognized that in order to facilitate specific
reactions, the protection of one or more potentially
reactive groups followed by subsequent removal of that
group may be required. Such modification to the
reaction schemes outlined above are within the ordinary
8kill of the arxt.

A particularly useful synthetic scheme for
producing preferred sulfonamide intermediates of
formula VIII is Shown below wherein for compounds of
formulas VI, VII and VIII, W and Q are as defined above
for compounds of formula II, D’ and E are as defined
for compounds of formula I, and P* is H or amino

protecting groups:



Conpounds of fornmula VII1 may be advantageously synthesized fromreadily
avail abl e starting materials such-as epoxige-Vl (see D.P Cetrmam, J. Med.
Chem, 36, p. 288 (1993) and B.E Evans et. al., J. Og. Chem, 50, p. 4615

(1985)). Each step of the above synthetic schene may be carried out as
general |y woogssi€ri bed above. As can be appr ecPEVESIRT he
skilled arti san, t he above synthetic schenes are not intended to
conprise a conprehensive |ist of all neagi by which the WO

96/ 33187 - ~  PCT/ US96/ 05473

- 37 - conpounds described and clainmed in this application may

be synthesi zed. Further nmethods will be evident to t hose of ordinary
skill in the art. Additionally, the vari ous synthetic steps

descri bed above nmay be 5 perfornmed in an alternate sequence or order to
gi ve the des] red conpounds. ‘The conpounds of this

i nvention nmay be di fi ed by appendi ngy ap prpate functifonalites to
enhance sel ective biolom?cal piperties. Sugh 10g nodi ficatiqns are known
in the art and,includeENQ§9‘\J whi ch i A i cal pgnetration
into a given pi O ogi €al conpawent¥W(e. g, bl ood, |ynphatic system
central nervous sysfem, iRgregse oral avail al®Rlity i ncfease
solubility to allow adm ni st h by 15 i nj eF , alter t abol i sm and
alter rate of excreti ong , jvel conpoginds of the
present invention are exC€llent |ligands for espartyl proteases,
particularly H V-1 jand H Y22 proteases. Accordi ¥8ly, 20 t hepe conpounds
are capable of targeting and inhibiting | ate stage event$ in HV
replication, i.e., [the processing of the jiral polyprotejns by HV
encoded prot gases. Such conpounds inhibit jthe proteol ytig¢

processi ng of viral{ pol yprotein precursors by

¢ g

WA N-50E

<

vili

Compounds of formula VIII may be
advantageously synthesized from readily available
starting materials such as epoxide VI (see D.P. Getman,
J. Med. Chem,., 36%.p. 288 {1993) and B.E. Evans et al.,

-3 g. Orag. Chem., 50, p. 4615 (1985)). Each step of the
above synthetic scheme may be carried out as generally
described above.

As can be appreciated by the gkilled artisan,

" the above synthetic schemes are not intended to
10 comprise a comprehensive list of all means by which the



25 i nhi biting aspartyl protease. Because aspartyl protease is

essential for the production of mature— ~ORsS, | nhibition of "t hat
ProcessI ng effectlvely bl ocks the spread of virus by inhibiting the
producti on i nfectious virions, particularly fromchronically 30
infected cey gpnpounds according to this invention  PCTUR#HThgeous!y
I nhi bit the ab Ity of the H'V-1 virus to infect immortalized human T
cells over a period of days, as de grn1ned by an assay of
extracel | ul ar p24 antigen -- a speli‘fic marker of viral replication.
PCT/ US96/ 05473 WD 96/ 33187 - 38 -

aher anti-virabofissiis RUeriobl! iniGlaineol 8N dlapplicatibhonsy
conpounds.

f. th b
enpl oyed in a chﬁmqriﬁ?élzeﬁanng?ﬂlﬁgﬁou ihgpga?'*ré%lwfeem‘é&g nglxr uges such
as H V and HTL\thow#e oif deddndrynskibhrinythe art. Rdditdenaldys BBEi gatory

vl o ang e e e by e ot Shghnahy ki1
n the art® f ronPSEETTRY 4R BUCCERATS BeRRPHTR ST [er Lo SATATERY °J

conpound of thléesxqunnompona98be conblned with a pharnaceutlcally
acceptabl e adj uvant for The comfburnds dfethes isventiicmikay- bef ect ed patient

ci'factive 10| CHRRHE Aofs By PRPFEOER aopaoprrare HibieiciRiEs |

al | evi at e pat hotwhancs seﬂpegweabmma mrenertie& He¥ehnf ecti on or
| MuUNosSUY essimigdEfidatidons are KivWal liwkhei art rﬁzm:t;mu&darmose ous

cancers.
i nventi on may behjt'J%he “Fr‘{'ﬁlr'%e%ﬂ?ﬂﬁ/. CS gﬁgg&:ﬁ)ﬂ@%}’ EO pr ot ecting
i ndi vi dual s agé9¥8*°§ﬁqiél°PﬁP!€¥WQﬁF(ﬁ$PEhg XHEBEF FcB¥8e®®: such as

childbirth, or mnnnru&nnerbeudeu&stem), nacrodoeﬁotahnavaIhabttﬂmmaunds may be
enpl oyed in suCiherease BB egdﬁgﬁyy%fyglggggyher wi th ot her
antiretrogral AdenlSe0 & :eaxr-‘cn?eéﬁlm aler 3ate of

excretion.

The novel compounds of the present invention
are excellent ligands for aspartyl proteases,
particularly HIV-1 and HIV-2 proteases. Accordingly,

20 these compounds are capable of targeting and inhibiting
late stage events in HIV replication, i.e., the
processing of the viral polyproteins by HIV encoded
proteases. Such compounds inhibit the proteolytic
processing of viral polyprotein precursors by

25 inhibiting aspartyl protease. Because aspartyl
protease is essential for the production of mature
virions, inhibition of that processing effectively
blocks the spread of virus by inhibiting the production
of infectious vifions, particularly from chronically

30 infected cells. Compounds according to this invention
advantageously inhibit the ability of the HIV-1 virus
to infect immortalized human T cells over a period of
days, as determined by an assay of extracellular p24
antigen -- a specific marker of viral replication.



25 agent. As such, the novel protease inhibitors of this I nvention

ean be adm ni stered as_agents far_treati ng—of —ptr event i mg—HV"
infection in a manmal . The conpounds of fornula I,
especially those havi ng a nol ecul ar wei ght of |ess than about 700 30
g/ mol e, mayebe tg@di |y absorbed into the bl oodstream of PCT/USSSIPATRI s upon
oral adm nistration; Conpounds of formula | having a nol ecul ar wei ght
of | ess than about 600 g/ nol e and aqueous solubility of greater than
or equal to 0.1 ng/nL are nost |7 k&Py~to denonstrate high and 35
consi stent oral ava| I ab| lity. This surprl singly WD 96/ 33187

- 39 - bi {@K&% h Jualall

excel l ent agents 'f %1%1 m nlag ere tlr%n nt %Hg pSE: pré?sevent i on
regi mens agai nsk %equwemisﬂ In addition to being
orally bioavailable, theThé comssundsiedsthistinventionnhaprbel so have an

| npressively e d S y versus
anti-viral effecﬁlo%(?ggpdlnng %nh'i ﬁ%un S Qf} IEE,Q Hé&ﬁl&é}&{ (r?\ft ntion are

ef fective At Io‘We"r"-“%ﬁ&"saQ!',"“*"e%‘%I’!sI Wé’t‘? v, W dﬁ?éﬁ’o%l%ﬁﬂfé?é’ bed
conventi onal anprotdases for dbligatayynesventrs in ahadirabifefcydle.severe toxic

effects es"tﬁ@%%%% f}é Thi @r “GﬁenT e gkeﬂ&lréis Qnd hese

conpounds tob ivere excee i,n ctive
antiviral | evel’%e%réa'ﬁaﬁ?a'b% ﬁ?]@F dhade o r°54’é%ﬁe‘?& i fféa

possibility of imdihet art fromaawailable melﬁm.ia)pmdgtechnzques. For The
conpoundg gof  t dyGanigiwenki E&:ﬁ@%&f’%f thia ﬁ%ﬁi&ehﬁﬁ lt:é’ conidkelhy or

Hl V-i nfected patl_g1 F%rﬁ‘éﬁ n%‘gﬁmg? ¢! conblnatlon W th
ot her anty l’aPhﬁﬁﬂﬁ??‘ Y] ﬁF‘é'F? H“Yﬁ‘é M i cation 20
cycle of H V. admindstrationity a viradlyoiniected pnttent in & nvention with
other anti-vi rq&hﬂeﬁ&bﬁcmmtﬁa@kmn maritierl @h@Nin caeNinfount the viral

life cycle, thQegectivhEl PEilds b’ Bebeity RESEnEOPRAIN tiedeRghont i at ed.

is or to alleviate pathological effects associated with
HIV infection or immunosuppression such as
opportunistic infections or various cancers.

Alternatively, the compounds of this

invention may be used in prophylactics and methods for

20 protecting individuals against viral infection during a
specific event, such as childbirth, or over an extended
period of time. The compounds may be employed in such
prophylactics either alone or together with other
antiretroviral agents to enhance the efficacy of each

25 agent. As such, the novel protease inhibitors of this
invention can be administered as agents for treating or
preventing HIV infection in a mammal.

The compounds of formula I, especially thoae

having a moleculdyr weight of less than about 700

30 g/mole, may be readily absorbed into the bloodstream of
mammals upon oral administration. Compounds of formula
I having a molecular weight of less than about 600
g/mole and agueous solubility of greater than or equal
to 0.1 mg/mL are most likely to demonstrate high and

35 consistent oral availability. This surprisingly




For instance, the co-admnistered anti-viral agent can 25 be one which

targets early events in the life cycle of the—-vi rus;—such as cel
entry, reverse transcription and viral DNA integration into cellular
DNA. Anti-HV agents targeting such early life cycle events jnclude,
i danosi new()?gggwi err] di deoxycytidi ne (ddC), d4T, 30 AT (AZT),
3TC, 93U83, 2U89, 524W01, pol ysul f at ed pol ysacchari des, sT4

(sol uble CH), gani clovir. trisodéﬁnlphosphonofornate, ef | ornit hi ne,
ribavirin, acyclovir, alpha interferon add tri - met r exat e.

Addi tionally, non-nucl eoside inhibitors of 35 reverse transcriptase,

h as TIBO, g i 9
such as T80 3%:?&/&&:@&1%:9999%11&111:;( makls 984 A Ibmpounds

- 40 - r
nevi rapi ne, me§XFRLIRAY] 898058t E‘Pﬁi%‘f’eutyﬁéd@?éﬁeﬁg treatmf’ﬁea%grrpounds of
t hi s i nventi onpresentdony reglimens cagadingt HIV infed¢tisnt.ors, inhibitors of

trans-activating protei i aqditiosUs beinkibrally Bhoavailabibi tens of the
atlon therapies fﬁcordl ng to

this 5 | oooume.ef Fhin inaatien 8180 REYe th pPERPeLTe
i nhi bi ting H \higiplthexapentbecindax cadlicbompaseres fpxicity versuf the
conbi nati on acige Qiyidradl bEeEES . SidcorlibbYy 1 Oche dotipolfidsi o8 thithe use of
such Cpnblnatl{%b%ﬁﬁ%ﬁﬁ? es ngg é&Igo advant a ea%§%¥ reduce the dosage
of a given BEBnEFieThive &5 9??5]ééﬁﬁ§% R d be
required for oanssinreyiouelypdeasribed poopentionalc antiretrdvival as
o nat ! i aa0sbia m ! vl certe aptacs o ST
(s:?ng: gaaln'?in-s W’J&%g?rao%"fgl t%%‘eetd:?ﬁgl’ aem%,ep"\?ﬁ?%%ég%o&i n ee;ﬁ ering with
the anti-recr RAMRGUNGS: £ by drlivered afcdeses fiaxs exceeding dhftdfat i ons
:ngﬁ:J(r:ngZipﬁt eg;iéﬂfw‘ti!ves'aatﬁﬁEﬂI Qevied§! £s MVmﬁwhphbﬁfﬁ&ﬁmg Wg: |Sg
I ncr easg_;J he ﬁiﬁg&? %gg yt}(;)? qr%??%g?i% t%%%%;%gﬁth e\n;%ﬁ%u&[ﬁ?%cr easi ng
oping.
The compounds of this invention may be
administered to a healthy or HIV-infected patient
either as & single agent or in combination with other
anti-viral agents which interfere with the replication
20 cycle of HIV. By administering the compounds of this
invention with 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-administered anti-viral agent can
25 be one which taxrgets early events in the life cycle of
the virus, such as cell entry, reverse transcription
and viral DNA integration into cellular DNA. Anti-HIV
agents targeting such early life cycle events include,
didanosine (ddl) /<dideoxycytidine {(4dC), 44T,
30 zidovudine (AZT), 3TC, 935U83, 1592089, S524W91l,
polysulfated polysaccharides, sT4 {soluble CD4),
ganiclovir, trisodium phosphonoformate, eflornithine,
ribavirin, acyclovir, alpha interferon and tri-
metrexate. Additionally, non-nucleoside inhibitors of
35 reverse transcriptase, such as TIBO, delavirdine {(U90}



the associated toxicity. In particular, we have di scovered that in
conbination with other anti-H V.25~ agenats; the-conpounds of Thi's

i nvention act in an additive or synergistical manner in preventing

t he replication of HHV in human T cells. Preferred conbi nati on
therapi es iyisbdadfert he administration of a conpound BEFTYIEAST Yy ent i on
with AZT, ddl, ddC, d4T, 30 3TC, 935U83, 1592U89, 524W91 or a

conbi nati on t hereof. Al ternatively, the conpounds of this
i nvention may al so be co-adm ni stered wit%h other HV pr ot ease

I nhi bitors such as saqui navir (Ro 31-8959, Roche), MK 639 (Merck),

AST 538 (A 5053 A000hbine Gaif pe, yhid ol iR TMce e WedeePBRL Wor k).,

41 - Nahec EPmPRwRAS RF FRIERIPYERT L0y 88 BaY YHIAL HTFOREERT
53, 437 (G ba CGdinhiipicors; cihhidsitorst b€ serans-agtivetiing protejaspounds to

increase the efdfgl 5 ftigeézal%évqror inhibi¥ddaN¥Eakhe #gadinst various viral
mut ants or. nenbers o H'V quasi speci es. W prefer

adm ni st ePi ng (&e8EAPBunds of this i nvention as single agents or in
conbi nation with Catbinatioh thexapies agaording a=xe thilki bitors, such

as nucl & ' eisﬁrgéég W8S add@it HHd'Ur ByMedgPstid lestecteage 10
i nhibitors, ing L?ﬂ nul tiple ;oanlatlonsa Cg”BL":ﬁ'é}%P ¢ from3-5
agents. W bel i ipg YV TSPIARAHICR REGAGS OPRBL AFTunds of
thi s inventionofi ther combinatilon acts on ayglifferennsaitiqposBIVnhi bitors or
TL_)V aspagpy!l tr_ei:li?ﬂﬁi)%&ﬁts%‘ﬂengbgi éf)rﬁ;dﬁi)éoﬂbfﬁitz?oxﬁtt!b%}riiﬁiéé'mﬂddi tive or
Feduci no of cOHEPCRETSRATSRREY REAHYS e SR el ion
or both, and s¥epventieral@ntdcyetrovirak pgenti vhichweuldohel |y, as the
viruses are capegufréd for a dedtyedOthéxhpettiitt 8AGsrdphyaactaen aspartyl
protease 20 oEBRLD! L 0L SodhiparBa’ 88! Wheh ciatPEGEAY % d MAninistered
s as a monotherapy. Such combinations may reduce or
eliminate the side effects of conventional single anti-
retroviral agent therapies, while not interfering with
the anti-recroviral activity of those agents. Thesge
combinations reduce potential of resistance to single
20 agent therapies, while minimizing any associated
toxicity. These combinations may also increase the
efficacy of the conventional agent without increasing
the associated toxicity. In particular, we have
discovered that in combination with other anti-HIV
25 agents, the compounds of this invention act in an
additive or synergistical manner in preventing the
replication of HIV in human T cells. Preferred
combination therapies include the administration of a
compound of this “invention with AZT, dd1, d44C, 44T,
30 3TC, 935U83, 1592U89, 524WS1 or a combination thereof.
Alternatively, the compounds of this
invention may also be co-administered with other HIV
protease inhibitors such as saquinavir (Ro 31-8959,
Roche), MK 639 (Merck), ABT 53B {A-80538, Abbott), AG
35 1343 {(Agouron), XM 412 (DuPont Merck), XM 450 (DuPont



adm ni stration of a conbination of agents may aid in sl ow ng the
.devel opnent of resistant viruses relative— —+6—5t ngl e agents arone.

rhe conpounds of this invention can al so be 25 adm nistered in

conmbi nati on with inmunonodul ators and I mmunostinul ators (e.g.,

bropi ri m ks human al pha interferon antibody, RCI/USSAMITSF,

I nt erfero%’%ﬂn di et hyl di t hi ocar bamate, tunor necrosis factor,

nal trexone, tuacarasol, and rEPO; and antibiotics 30 (e.g., pentanidine
i sethiorate) to prevent or conbat - 4intection and di sease associ at ed
with HV infect i ons such as AIDS, ARC and HI V-associ ated cancers.

When t he corrp of gg@ iagg}(gngé&rhﬁgl_ue eﬁs g‘ﬂ%ﬂy SEﬁBegPén conbi nati on

therapies wt h ent nistere sequent ially or
WO 96/ 33157 53, 437 (Ciba Geigy) or prodrugs of theseroysysiated s

- h42 et lco:ﬁ;smﬁwsr ebt iciéaddaheaetcact ot ttafemwvety,
armaceutli ca 0] I (0] conpri se
P . %gagng,asua Féffx?&? VHASUEOVEPAP ﬁ%‘éﬁ&t X rs 'BY conp

a conblnatlon pr ot ease 'S invention
and one ot WGPPQJ-GS or prophylactic agents.
Al t hough thl s i nvent i onweopréefer Gdrihtsuseimg the combm@wmmmds

di scl osed here%ﬂ)vgx{y ol ?¥eﬂiﬁé¥b mn“ °f it r%igg T e # ction, the

conmpounds of t I'nventi on so be us itory agents
for other viregFomiral meﬁ-eégewecsapawiah%ﬁmyw ushh@8ises for
obligatory evemicleosidecterivawivael er Etnme BIV aspartyl protieageude ot her

Al DS- 11 kg di Seﬁﬁﬁﬁzﬁ;@%ediﬂéﬁu&i mﬁﬁ, :?Hﬁ? % T o% t he

i munodefi ci en VI ru
conpounds of t P55 ‘9%9%nt i eye s{'}"d'e the. gor A ARREIChe

aspartyl ofpthiec aowpoundnl ofh thist isvénttioromith bewroviasdart yl
proteases, i NGlevdirae &Qawefwcéso%hﬁwéﬂ Qﬁseﬁvth artyl Process

endot hel | 1 Pr G305 innibitors may exert N SBSELLLER] SRIMIT! b2 of this

15 synergistic effect, thereby preventing, substantially
reducing, or completely eliminating viral replication
or infection or both, and symptoms associated
therewith. Additionally, as the viruses are capable of
developing resistance to certain aspartyl protease

20 inhibitors quite rapidly, we believe that
administration of a combination of agents may aid in
slowing the development of resistant viruses relative
to single agents alone.

The compounds of this invention can alsc be

25 administered in combination with immunomodulators and
immunostimulators (e.g., bropirimine, anti-human alpha
intexrferon antibody, IL-2, GM-CSF, interferon alpha,
diethyldithiocarbamate, tumor necrosis factor,
naltrexone, tuscarasol, and rEPO); and antibiotics

30 {e.g., pentamidine isethiorate} to prevent or combat
infection and disease associated with HIV infections,
such as AIDS, ARC and HIV-associated cancers.

When the compounds of this invention are
administered in combination therapies with other

35 agents, they may be administered segquentially or



20 conprise any of the conpounds of the present invention, and
pharmaceutical |y acceptable salts thereof—wth any— phartreceutical |y

acceptabl e carrier, adjuvant or vehi cl e. Pharmaceutically acceptable
carriers, adJ uvants and vehicles that may be used in the 25

phar maceut i gAposi tions of this invention include, FPCTUNEPSR ¢ not
limted to, 1on exchangers, alum na, al um num stearate, |ecithin,

sel f-emul sifying drug delivery systens (SEDDS) such as da-tocopherol
pol yet hyl enegl ycol 1000 succi nate, or ot % “similar 30 pol ymeri c
delivery matrices, serum protei ns such as human serum al bum n,

QQQQ{‘ES |DeTna€sv b| c acid, pot assi um
tures of s turated e et abl %F.fatty

buf fer subst anceczoﬁlsﬁﬁgpeg?
e

sor bat e, é*
aci ds, water, szﬂh‘?"éf’eﬁ ¥ (ﬂ°§“1’€§ itigns age nFRActREF 1nv,
di sodi um hydr ogm;;pl&enpbﬁie a poimbdsatiion of an aspartyl protease

PCT/ US96/ 05473 4 é this ipvention and one or more therapeutd8 -

hydr ogen phosphate I um c or i e 2| nc salts, colloirdal silica,

magnesi um eri si IqrcEFBP BYiAGKA S, pgents pyrrolidone, cellul ose- based

subst ances, pol yet hyl ene Althoughgthtal;nwd:izm facumes rut Ithlecebeudbse,

pol yacryl at es, compEdidy ;g%xswa :eolasexispémi%@eahhock pol yners,
xtrins

pol yet hyl ene ¢l coI
[err]-, and [er% g?%og(‘f rﬁ’ﬁ‘?‘cﬁi‘%heﬁ%@‘ﬂ“‘?" %othi‘ i’“’eﬂg???/at i ves
such as hydroxyahhyhﬂ:;olhde;etad Rs, inhib;to:ryncbadtngf@ coher viruses

mmy al S0’ bo. AUV aE SIEaer ‘*@‘X*&*“m""“‘g‘*‘yﬁan‘éb@%*‘ef“g o oLgomounds. of
Tormia 1. o SRLEGRERy Yovente 4n PRRxs dERaPY EbtpoAMaRE) YLEPSTR, <

i nvention may bénaélml%QMQIBSalﬂye %mr aaused W i nhal ati on
spray, topicall yettoeithdes, Baghl hy s:ﬂuﬁan ibuﬁﬁaaéﬂxcwﬂ:yn&hwsﬁ, via an

i mpl ant ed reserﬁ?ﬁr—: aXa BTLY-T 101 ef %'ioﬁd”w Bs%f this

adm ni stration I nj eC|on macéutii ca S|t|ons of this

i nvent i onttray cb%?ﬂ?#%;’”@’oﬁéﬁt%r&”%&? dphibit other ﬂspa!‘tyl

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

25 pharmaceutical compositions of this invention include,
but are not limited to, ion exchangers, alumina,
aluminum stearate, lecithin, self-emulsifying drug
delivery systems (SEDDS) such as da-tocopherol
polyethyleneglycdl 1000 succinate, or other similar

30 polymeric delivery matrices, serum proteins, such as
human serum albumin, buffer substances such as
phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or electrolytes, such as protamine

35 sulfate, disodium hydrogen phosphate, potassium



pharmaceutical |l y-acceptabl e carriers, adjuvants or 20 vehicles. |In sone
cases, the pH of the fornul ati qn_nmay —-be adjtusted—w th -

ptrarmaceut i cal |y accept abl e aci ds, bases or buffers to enhance the
stability of the formul ated conpound or its delivery form The term
parenteral @3 gy herein includes subcutaneous, 25 I nt S,

I ntravenous, 1 ntranuscular, intra- articular, intrasynovial,
intrasternal, intrathecal, i ntral esional and intracranial injection
or infusion t echni ques. - 43 - The pharnaceuti cal
conpositions may be in the 30 formof a sterile injectable preparation,

for exanple, ter f.abl us 0 nous
suspensi on. Thi bydy %ﬁiﬁ?p#?ﬁgebeé?‘g*ﬁlcgfl%%gﬁ z?xg%céoaﬁ. Mg _to techni ques
known in the arcolleidalk Hildohe magneswvsmgnﬂ»éceﬁemmﬂwwéent s (such

as, for exanple ndoﬁueeeeﬁﬂmaﬂd-wmbaﬂaﬁwl Ppolybthyiensi | e

PCT/ US96/ 05473 4
i nj ect abl e pr epg £9on ugl ggr%ox%n ".thgrllcfnu%?aeet apbqlgacryla:eéol ution or

suspensi on®i n awaA®es i @QW%&V&W@TMIM"OPY epe gk POlyMEEENt or
sol vent, for exﬁﬁp}@chﬁ%n% glycol & widcdnfae. 1, Gy&)wdﬁastd-uab séahng the

accept abl e vehi ¢} es _and 5ol t hat TBY, e

manni t ol , vvat er, F&‘n’g S | 6TF% %@%‘ﬂ‘& ot & ‘%@#’y Odﬁ’(:%q ori de
solution. In addeﬁmn&s‘sebhbn ad | hysiroxylaikylcyclodexxrdasyent i onal | y
enpl oyed as a seﬁaﬁ% fuanansi.xg?x gﬁdu:& clflex:BifispUsPOSE, any
bl and fixed oi l rPB I N nthetic nono- aqr

di gl ycer itfs. 1g§$£er ‘[?(H*"&? BREi in® 2Ayaptag i de

derivatives ar eunm:laftuﬁ enhanke geliveryt ofncofpounds of fpewuddl ks, as are

natural pharmaceutical |l yrge ﬁu&uucﬂl c iﬁ%lg 8% ehiye oil or

Coster o1 Sl et o I RACELERLY BRROERCRE s> ©

mhalation spray, topically, rect:a.lly, nasally,

15 buccally, vaginally 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

20 vehicles. In some cases, the pH of the formulation may
be adjusted with pharmaceutically acceptable acids,
bases or buffers to enhance the stability of the
formulated compound or its delivery form. The term
parenteral as used herein includes subcutaneous,

25 intracutaneous, intravenous, intramuscular, intra-
articular, intrasynovial, intrasternal, intrathecal,
intralesional and intracranial injection or infusion
techniques.

The pha’:’maceutica.l compositions may be in the

o 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,
3s Tween 80) and suspending agents. The sterile



di l uent or dispersant such as Ph. Hely or a simlar al cohol .

.The pharnmaceutical conpositions of this 20 i nventi on may beorally

adm nistered in any orally accept abl e dosage form i ncl udi ng, but not
limted to, capsul es, tablets, and aqueous suspensi ons and
Solutions”whgﬂ&h case of tablets for oral use, caPCR@BMAMTEch are
commonl y used 1 nclude | actose and 25 corn starch. Lubricating agents,
such as nmagnesi um stearate, are also typically added. For ora

adm nistration in a capsule form useful44iduents i nclude | actose and
dried corn starch. \Wen aqueous suspensi ons are adm ni stered orally,
the active 30 i ngredient is conbined with enulsifying and suspendi ng

agents. |f desiinjectableapreparation mgyaplporbe a sterije oiniRFtARtor

col ori ng agent ssdlRitikn addefspension in a non-tolliec phsenserallyal

conposi tions ofa Jg Sabl dii@! td'rogomn 'Sfbxb%:agﬁwi si&rfd in the form
of 35 supposi OF8s Tor Tectal admnistratlon. ese

WO 96/ 33187 solution in 1,3-butanediply/ | Amana)thezacceptable

-h_45 - 5 ediRQest aAtSsshvents khepangy By empioped aaxenpound of .
this invention su e —Lh L exclsp : swhich is
solid at room t‘@n’%{éﬁzgﬁmg;g%' |’|&g‘&‘3 ét%ﬁ%mn )éﬁl.i %gﬁ%% esr?'gépgt ure and
therefore will Shiorigs salutipn. Ip.additirn.cmtezdlenctinad Pdl8onponents.

Such NMatere gohventionkllybemplopedais la molwent cor campanding butter,
beeswax and polpeefshwl engogl saeql se, any fblaﬁxd £i40P £l n@PTbRI Stration
1trops of this

Dsef Ul 100 | TR IONEdiar TR BYRRERELS T OT BT eRe 0 ans |
readi | y accessifateybacidp; cmiclappl pteic avid-and its glyxeideati on topically
to the skin, thRAREEIVESUI€CaAseful in OMRASPRrALiSHAUE d be fornul at ed
with a suitable_ . ol nt ment cgggal. ng the activ lcq_r;gggegtaglesuspended
or 15 di ssoPPdgcEAPLea, 37 are W%r ATTRCFY T“c':% ¥ P
adni ni strat i on @dfLsy hauchmm idyeopil hpr Gastost pdh, especially in
15 their polyoxyethylated versions. These o0il solutions
or suspensions may also contain a long-chain alcochol
diluent or dispersant such as Ph, Helv or a similar
alcohol.
The pharmaceutical compositions of this
20 invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, and aqueous suspensions and
solutions. 1In the case of tablets for oral use,
carriers which are commonly used include lactose and
25 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 corn starch. When aqueous
suspensions are ddministered orally, the active
30 ingredient is combined with emulsifying and suspending
agents. If desired, certain sweetening and/or
flavoring and/or coloring agents may be added.
The pharmaceutical compositions of this
invention may also be administered in the form of
35 suppositories for rectal administration. These



I nclude, but are not limted to, mneral oil, liquid petrol eum

white petrol eum propyl ene glycol,—polyoxy———————ethytene

pol yoxypr opyl ene conpound, enul sifying wax and 20 water. Alternatively,
t he pharnaceutical conposition can be fornmul ated WML,;\M e
l-otion or cxRAhEIIeT containing the active conpound sus r

di ssol ved In a carrier. Suitable carriers include, but are not
limted to, mneral oil, sorbitan nonostearate, 25 pol ysorbate 60, cetyl
esters wax, cetearyl alcohol, 2- oct 9P dodecanol , benzyl al cohol and
wat er. The pharmaceutical conpositions of this invention may al so

be topically applied t.o.the i ' t.rag cLal

suppogi toryyf oEprﬁﬁ"?ﬁol ﬁ"% ®i %ga. Suiq@ﬁ%&é%ﬁ%&%&% gr?ﬁ'ﬁ?g{‘?pél?

Topi cal | y-t r ansckhimlinyeptien with & syitable nopqixFdgatingneXxcipiritt i on.

ghe phalr maceut i lcmiics:ptiaosb_u@ra Qfocimitemperatureltant ldguidyabetieeni Si stered
nasal aeroso i.Qn iat epare

a%:/cor ding 35 ﬁe?ﬁaécﬁﬁm%ggﬂm% l%ﬂg&%ﬁ?ﬁ&fﬂg&}& h%?' t a(ratnlgéceﬁt i cal

PCT/ US96/ 09473 Treftumctgirelease the active components. Such . 46 -

fornul ati on and mEterialpr £Rclwde, abutohpei At limited 86, cocoa enploying

benzyl al cohol er | I ' , absorption pronoters
to enhance %nt%r’%évg?#%%ﬁ%ﬁ "fﬁ&%’r‘@‘%ﬁ‘:”g‘{):@v"éﬁgmr other . S

sol ubi i zing or di spersi nEPRAfAk SORABARCTALIqR: of the pharmaceutical posage
| evel s of betweecompbslititndlofivhiasbdanirention isl@@pegidllpathefind ght per

day, prefgpably Jaeh"ehE d09iYed treatmént 1%9“5:2?3”@1’ Kk wei ght per
day of the (‘;_gl ve | ngredi egy cor‘rl)oun are usetrul 1n tthe prevention
10 and treat FEARLYY Serensibiec | BAPLEH appliGarfon. For nfection.
Typically, the ppplicstion cxipicaljystoitimes skin, thef phénmadeurdenilon will be
admi ni stered fregmpoaitidn (dhould be £8FHilatedd WEENPR sdlibatle &l ternatively,
as a continuous . ol b us on. Sﬁg& _a%?nni stration can tigmtéé d as a
chronic 15 oPRETER t%@w naTHA® ATHT® SPYREPEHES | T °Fhat

15 dissolved in a carrier. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liguid
petroleum, white petroleum, propylene glycol, polyoxy-
ethylene polyoxypropylene compound, emulsifying wax and

20 water. Alternatively, the 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,

25 polysorbate 60, cetyl esters wax, cetearyl 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

30 formulation. Topically-transdermal patches are also
included in this invention.

The pharmaceutical compositions of this
invention may be administered by nasal aerosol or

_ inhalation. Such compositions are prepared according

35 to techniques well-known in the art of pharmaceutical



may be conbined with the carrier materials to produce a si ngl e dosage

formw || vary depending upon the host —— treated and the particul ar
node of admi nistration. A typi cal preparation will contain from about

5% to about 20 95% active compound (W v). Preferably, such

Prepar atio@éﬁé‘%@wi n from about 20%to about 80% active ms"@éﬁﬁound.
Upon i npro of a patient's condition, a mai nt enance dose of a
conmpound, conposition or 25 conbi nation of this invention may be

adm ni stered, if necessary. Subsed@ently, the dosage or frequency of
adm ni stration, or both, may be reduced, as a function of the

synptons, to a_l eve t which the inproved ndi tiqQn i ai ned when
the synptons h§9€“‘ﬁi\% %‘b“% Qﬂ':% ?’eﬁ?’l’&dt 1] ﬂ%@?ﬁ%’&ﬁ & efglixr%e'at nent
shoul d cemployityg ibemzylnajcobmivorc othesosnitable er it t ent

treatnment on apfeg&&ﬁimég%;gsgy%k'_?f\»dmu_éfgrw_ml ance (i seas?a a5
synpt ons. R . . t S art Wi preciate, |ower

or hi gher dosegl?wé?r"]ﬁ*’d&lé'tréc?f‘é%% Hﬁy%ﬁot m:‘lher%gqui red. Specific
dosage an® tresehebilizigioronsdispersing agenhp lgwyws iy the art.

PCT/ US96/ 05|473 _ D_olsagg levels of between about 0.014and aboutf

any particul ar tient e 0 Y actors,
i ncl udi ng the %\Q?l‘{'ﬁ}tkg Mh"e"gi'é%gi#%c%& 3{»&?&’&‘1 cgenﬁgﬁﬁ% ae“”rrcf)"}toyed, t he
age, body wei gRt5 aptahouth@h| ngykg body weight pex gay e€xtheliet, tine of
adm ni strat ijonacfﬁi@ Gigredient Compoudhd agei aFefull U thEbpHSvemtiion he
severitys,@and c . ct , ient's
di sposi t%dgn toQ#%Z&éytment of vJ'zl.a‘n]'f eicti?(‘):%gan'd ’Erﬁée}"ﬁaaggngﬁ of the treating

physi ci an. infection. Typically.Tithe: PRREIARAVICAL,FOMPEREAGMS, are al so
useful as commef citds rimsgation winillh bef adainisteredd frtomoabout 1 ko

aspartyl protegsém P3inkslUpet | daylof -iie,éfﬁﬂiiﬁl@.eﬂﬁea continuous As

comer oA e Behlson " sSE RHE Figrak o can be used g £ ALY 1
target pdpti deomwragube thedapyvatTheeamount 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 the particular mode of administration. A
typical preparation will contain from about 5% to about
20 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
maintenance dose of a compound, composgition or
25 combination of this invention may be administered, if
necessary. Subsequently, the dosage or freguency of
administration, or both, may be reduced, as a function
of the symptoms, to a level at which the improved
condition is retdined when the symptoms have been
30 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, lower
3s or higher doses than those recited above may be
required. Specific dosage and treatment regimens for



to bind to a stable resin as a tethered substrate for 15 affinity

_chromat ography applications. For exanple, a compound of

—formora T may be tethered to an affinity colum to purify
recombi nantly produced HI'V protease. Derivatiz %ﬁ&ﬁ f t he
.conpoundsaﬁ§ Ly invention to pr oduce af fi M 6} mat ogr aphy
resins an net hods 20 used to purify proteases using such
resins are mell known and within the skill of the art. These
and ot her uses whi ch charact®fize conmercial aspartyl protease
inhibitors will be evident to those of ordinary skill in the

art. (See: Rittenhous Res.
COmmE] 171, p.®WOR g%ﬁ 1%&%@1‘%? Qzﬁli”bepena ugeh 3 Eﬂ@?@fas"f Ibid 164,
p. 955 (1989)) faccors. mcluding the activity RS the.sPeRifi€nvention be nore

fT El |y | ; a;;ﬁﬁmlyed h&h&o?ge}(\i ﬁpg:ﬂdms lgéﬂeﬁaet ﬁe;)ltdh .
€se exanpl €S Hatus?' @ md of AiBer3tiBH, Yrate of and are
mi Ry 1 Fhe

not to be const¥ued 4s € sCO ' nvention in
any way. ° excrenoneemwcme#&%o &he Wevegdsy and course of
Al tenperat ur anediafeetdbne ke pdegeness disposition €eltheis. Thin |ayer

chr omat ogr aphy S rJyl e
PCT/ US96/ 05473 1%9}:1% and vflle Qudgment of t.!}éot:%'gééiéé physician. out using

0.25 mmthick E. Merck sThe qpupounds of this inventign Axe &l@P ol ution with
t he indi cated sslefant asye:bmrcial reagenes vlrichokfféet Dvelyo s wes carried

out by t atl n %}W | el agent,
such 5 18 % A)so + % pho?lﬂ}gllg &Pl cﬁg g&?ﬂ&gﬁ: :nggegrgeé

0. 1% sol uti on &p ﬁﬂ‘mﬁﬂ? ‘Frlll |"?F'@PR§ ol th ?&m By his heating, and/or
by exposure toibventybn, cand diede denvat:hqmr payhbe vt ooy bdbek Thi ck

| ayer silica g ko:eaynafwmatca eHERIRICHOnEP b tbsiVacdseBd E. Mer ck
CEMLEG e e eyt S A

t hi ckness. Fol
is5 affin ty chromatography applications. For example, a

compound of formula I may be tethered to an affinity
column to purify recombinantly produced HIV protease.
Derivatization of the compounds of this invention to
produce affinity chromatography resins and the methods

20 used to purify proteases using such resins are well
known and within the skill of the art. These and other
uses which characterize commercial aspartyl protease
inhibitors will be evident to those of ordinary skill
in the art. (See: Rittenhouse, J. et al. Biochem,

25 Biophys., Reg, Commun. 171, p. 60 (1990) and Heimbach,
J.C. et al. Ibid 164, p. 955 (1989)).

In oxder that this invention be more fully

understood, the following examples are set forth.
These examples aré.for the purpose of illustration only

30 and are not to be construed as limiting the scope of
the invention in any way.

General Materials and Methods
All temperatures are recorded in degrees
Celsius. Thin layer chromatography (TLC) was carried



band of silica containing the desired conpound was | sol ated and

eluted with an appropriate sol vent Aral ytical HPLC was—Tarrti ed out
using a Water's Delta 15 Pak, 5 [err]Msilica, C18 reversed-phase
colum, 3.9 mMmID x 15 cmL with a flowrate of 1.5 nlL/mn usmg t he
f ol | owi Ng t 3 Se33187 Mobi | e phase: A = 0.1% CF[ RFFPPMI 1 H in
Herr]O B=0.1%CF[err]COerr]HIin CHerr]CN 20
G adi ent : T=0mn., A(95%, B(5°/g T =
20 min., A (0%, B (100% - T=22.5nmn., A (0%,
B (100% Preparative HPLC was al so carried out using C[err]

rever sed- phase tent C I n m nutes.
NMVR spectr al da?%ﬂm&“rqgégrggdﬁn éﬁ%é lgmaﬁe%% %086 ui pped with

ei ther a reverseplates apd @F%ﬁ’bb@-thaf‘hsoe"%t%&%méa% &% t he
i ndi cat ed sol vertbecect:.on of the compodndbawes wﬂeﬁdoubebyrltréauxgn

constants of 30 C ‘ﬁﬂﬁ" e?;ggﬁ g met hod
descri bed essentl %E.e Wu%gn | no?%%a& l[tﬂl‘ltﬁﬁé ‘1[‘) e 920,
G met, E. and Daﬁl\r?(ﬂy*e\ﬁ" 1pkion g Gacidnip g b%nés oF1890) .
WO 96/ 33187 0.1% solution of nz.nhydnn in ethanolPCFolESéed by 3

- 49 - r,gg,ll I e eféﬁ or their
antiviral potency |n gévera Vi %@ ca assa)i| hpﬁ‘: of q#e first assay,

the conpounds wefaPoXS)¥hens2PPXORTIALE ayegi AktisA A oxi de (DVSO)
to a test cell mhdomatography wammd outausingi®. Mexc®R4perr] hunan

T-cell | ym@homap platé‘se![("'%reﬁ y&gbsl\)gy &cgtg{}yllq:f glit ng\llhhhbH'lt V[err]
ngI QPV 1 pr ot eagg”‘laﬁfnﬁﬁrfgc? Seeﬂﬁ'ég#@"ﬂﬁf of the %%ﬁﬁ‘hntt | pleg'[]l de
anal ogues", Nat and Qﬂ3§lb}€@@0ﬂt‘lﬂlﬂg the desired compound was

isoclated and eluted with an appropriate solvent.

Analytical HPLC was carried out using a Water’s Delta

15 Pak, S uM silica, C18 reversed-phase column, 3.9 mm ID
X 15 cm L with a flow rate of 1.5 mL/min using the
following table:

Mobile phase: A = 0.1% CF,COH in R0

= 0.1% CF;CO,H in CH,CN

= 0 min., A (95%), B (5%)
= 20 min., A (0%}, B (100%)

20 Gradient:

5 +H 4w

Preparative HPLC was also carried out using C,
reversed-phase media., HPLC retention times were
25 recorded in minutes. NMR spectral data was recorded
using a Bruker AMX500, equipped with either a reverse
or QNP probe, at ‘300 MHz, and was taken in the
indicated solvent.
We have measured the inhibition constants of
30 each compound against HIV-1 protease using the method
described essentially by M.W. Pennington et al.,
Peptides 1990, Gimet, E. and D. Andrew, Eds., Escom;
Leiden, Netherlands (19%0).



10 (1990). Preferred conmpounds are those which are able to
inhibit 90% of viral jnfectivityat.a coreent+ation—of t—{ert] M or
"less. More preferred conmpounds are those which are able to inhibit
90% of viral infectivity at a concentration of 100 nMor |ess. 15
The ef f ect wafos3sm87 compounds on inhibiting the repl | RERPIOMI3 ¢ he
virus was neasured by determ ning the H'V extracel lular p24 antigen
concentration using a comer ci al er}zyme i mmunoassay (obtained from
Coul t er Corporation, Hialeah, FL).%%20 . Depending on the
cell type and the desired readout, syncytia formation,

Leverze-transcriptaie (Fﬁqyggunds aftfé%ﬁd&a Q&w@*&oﬁiifﬂdiﬂ%&i@hbg@slasfayed
y a dye upt ake od may al so used. as. o) 0 ivira
activity. See FF‘Q%A’ %ﬁi}}%"ﬁ XBr%ﬁ‘é‘?’fﬁ' vﬁ’ﬁ?ﬂif’?f‘éﬁfoﬁé%a‘ ? einvitro
infectivity antheyfiyst [Assayf,f the compounds were added Am@& BSIMELIORr s type
lj'l lj/ | ythoi'i.den?ﬁaémethylsullﬁgﬁéékﬁl?b)wtbuﬁ Eiﬁt\béill IdA¥urkyof' | 3' -

i deoxynugl eos rog. . Acad. e ol p.
1911- 1915§( 198%&&31%5) Bf 956??8‘6&1‘5?”30%“‘*'%‘? T-seH g’?'g’g%‘“% i ni cal
i sol ates of ot hells) \prieviouslysacutely iafedsed  withe @IV okaididi ng
| ow- passaged VifuSdard protoeBlLEl Yedd MeeikSdTab! edk 1N d n2andlifdod he ef fect
of the i nglﬁtirors in revgnt %nf'eﬁt_%on of the HV virus in
freshly prepar 88 Ft¥ih ﬁfé’\’ﬁegﬁﬁr ¥ efoAohympReGYtes bY o | s (pPRMCS).
WO 96/ 33187  synthetic peptide analogues”, Nature, 3437/ PS98P05473
- 50 - 10 (1990) . hefebmfwwnﬂﬁoﬁ viici age! aBl€ bl e toO

R e W
clinical utilily®r diess.5 More meaferredocoypounds axe shose which tests are
predictive  are abld fto dAREPUOCEDWIYE viyal Oimfeedivichl ¥epaot ease in
Vi vo. concentration of 100 nM or less.

15 The effect of the compounds on inhibiting the
replication of the virus was measured by determining
the HIV extracellular p24 antigen concentration using a
commercial enzyme immunoassay (obtained from Coulter
Corporation, Hialeah, FL).

20 Depending on the cell type and the desired
readout, syncytia formation, reverse-transcriptase (RT)
activity, or cytopathic effect as assayed by a dye
uptake method may also be used as readouts of antiviral
activity. See H. Mitsuya and S. Broder, *“Inhibition of

25 the in yitro infectivity and cytopathic effect of human
T-lymphotropic virus type III/lymphoadenopathy-
associated virus (HTLV-III/LAV) by 2',3’'-
dideoxynucleosides”, Pxoc, Natl. Acad. Sci, USh,
vol. 83, pp. 191331915 {(1986). The effect of compounds

30 of formula I on clinical isolates of other HIV-1
strains was determined by obtaining low-passaged virus
from HIV-infected patients and assaying the effect of
the inhibitors in preventing infection of the HIV virus
in freshly prepared human peripheral blood mononuclear

35 cells (PBMCs).




Experinmental Section Exanple 1 10

N-Cycl opentyl met hyl - N ((2_syn, 3§)=2- hydro*y—A phenyi -

3- (1, 3-di oxan- 5-yl - oxycar bonyl am no) ) but yl - 4- net hoxy-

benzenesul f onam de (Conpound 1). A G ycerol formal (1.2 ni, 10.0
mtol ) and Nweoegasis Met hyl norpholine (1.1 ni, 10.0 mmol) HRHBto a 15
sol ution of 4-nitrophenylchloroformate (2.01 g, 10.0 nmml) in 20 nL
of CH err]C[err] at O[err]C. The m xture was stirred overni ght at
roomtenperature then was washed wW5S0h-0.5 ag. HO, water, and brine.
The organi c phase was dried over MgSO, and concentr at ed.

Purification by 20 sil | ca gel colum ¢ tQgra hexangs: Et OAc, 4:1)
gave 1, 3-di oxan-5-yl - 4- ni IHaFRENHE € ”?oggﬁ“‘@‘v are ﬁﬁge ©
1, 3-di oxol an- 4- inhtbly| eke mepldpation afithenHI¥ virus {Ohe®ag). [err] H NWR
consi stent wit hgseay%%ﬁa fupgherfiore, sy Beo¥ansPeida bxalayopbenyl

carbonate (0.07 S ad d,to,a sql.uti
cycl opent yl net hV?'g'R? °§S;mg % 3?" ﬁ% %/I (1 ity for %tnd"
am no) but y$- 4- rrerbbmexm—:-rwfemwmﬁemncua hy‘bﬁseht@nﬂj@re predietive 0. 093 g,

0.198 mmol ) andePl e (Eonitfinkl: aBifly to inh#BDE)HIV prokkagé IgiF. The
m xture was stirred 30 overnight at R T. whereupon the solvent was

renoved in Yi¥Rcuo. Chromatography of this material (10%
Et OAc/CH err]Cl[err]) gave the title compound (0.119 Q).

PCT/ US96/ 0547?él_F‘gg%wle»_rz@.‘&gn - 51 -
Rl err]=0.77, err err t OAc, 6:4. HPLC retention tinme=14.99

mn. [err]H NVR consistent with structure.
Exanpl e 2 4- Ami no- N-cycl opent yEXRRRAELIN- ((2 syn, 3S)-2-hydroxy-4- 5
phenyl - 3-1d., 3- dvocyddpetitydmgeRy b @1ieyn) ) BS) y2 -hydroxy-4-phenyl -
3-(1,3 -dioxan-ssyl-oxycafbonylamino) Ybutyl-4-methoxy-
benzenesulfonamide {(Compound 1).
A. Glycerol formal (1.2 mL, 10.0 mmol) and N-
methylmorpholine (1.1 mL, 10.0 mmol) were added to a
15 solution of 4-nitrophenylchloroformate (2.01 g, 10.0
mmol) in 20 mlL of CH,Cl, at 0 °C. The mixture was
stirred overnight at room temperature then was washed
with 0.5N ag. HCl, water, and brine. The organic phase
was dried over MgsSO, and concentrated. Purification by
20 Bilica gel column chromatography (hexanes:EtOAc, 4:1)
gave 1,3-dioxan-5-yl-4-nitrophenyl carbonate (0.85 g)
and 1,3-dioxolan-4-ylmethyl-4-nitrophenyl carbonate
{(0.68 g). ly NMR consistent with structure.
B. 1,3-Dioxan-5-yl-4-nitrophenyl carbonate (0.079 g,
25 0.26 mmol) was added to a solution of N-
cyclopentylmethyl-N- ({2 syn, 38)-2-hydroxy-4-phenyl-3-
amino)butyl-4 —meEfibxy-benzenesulfonamide hydrochloride
salt (0.093 g, 0.198 mmol) and DIEA (0.086 mL, 0.496
mmol) in 1 mlL of THF. The mixture was stirred
30 overnight at R.T. whereupon the solvent was removed in
vacuo. Chromatography of this material (10%
EtOACc/CHyCl;) gave the title compound (0.118 g).



benzenesul f onam de (Conpound 3). A N- Cycl opentyl met hyl - N-((2 syn,
_3S) - 2- hydr oxy- 4-
—phenyT-3-(1, 3-di oxan- 5-yl - oxycar bonyl am no) ) but yl -

ni t robenzenesul f onam de (0.123 g, 0.213 mml) and a 10 cat al t,}’c anount
-of 10% Pd/vg‘o'?gﬁ%nt of MeOH was stirred overni ght l’ﬁﬂ@?"éﬂ

at nosphere o ydr ogen. The m xture was filtered and concentrated to

gi ve the crude product. Purification of this material by

chromat ography (20% Et OAc/CH err]Cd [err$} gave the title 15 conpound

(0.082 g). R=0.43; CHerr]Cd[err]/EtOAc, 6:4. HPLC retention

time=14.09 mn [err]H osstet str
Exanpl e 3 RF°47M%§¥2R’Z€% %(ﬁewtioﬁh §4'1 3-di oxan- 20

S-yl - oxycar bonyizumi ﬂn)myéod&ms&ehut yiah struct:lumezenesul fonam de (Conpound
4). A The procedure described in Exanple 2A was per f or ned
using N-((2 syn, 3S)-2-hydroxy-4-phenyl -

1, 3-di oxan-5-yl - oxycar bonyI am no) butBXamRlesgbut yl - 4- 25

ni t r obenzenes faids-tecye 1retRg2-RVD{2 dym,0i38¢-2- hydrd:k;e-a-u tle

conmpouzd (0. r e HPLC
retenti ons(tl mﬁ@yﬂ:ﬁ[(ﬁ 51? ?’ﬁ'ﬁs &#9 slfe&{?]tlaﬁt"ghb“%‘ﬁl str uct ure.
Exanpl e 4 30 berxenesydfapanide siGempgund3hydr oxy- 4- phenyl - 3- 1, 3- di oxan-
5-yl - oxycar bory) anNacyblépentyinetbylyN- ( (2 syn,has)epehydicapni-de (Conpound

5). 64,3318 ot -
PCT/ US96/ 05 47§h }8 5 %J: Z dioxan-5-yl oxycarbonylamigg))butyl 4 A The

procedure desciitFobeprenssplionamide,{0.123 g. Q223 MEALLA & ( (2 syn,
3S) - 2- hifr oxy-chtplynit- 8mount of 10% P4/C in S mlL of MeOH was

1, 3- di oxan- 5- Br3Q¥uaabLerN{igHE ket ¥h-dbhcuPidrd! of nydrogen. The
mixture was filtered and concentrated to give the crude
product. Purification of this material by
chromatography (20% EtOAc/CH,Cl,) gave the title

15 compound (0.082 g). Re=0.43; CHyCl,/EtOAc, 6:4. HPLC
retention time=14.09 wmin. g ar consistent with
structure.

Example 3

4-Amino-N- ({2 syn, 38)-2-hydroxy-4-phenyl-3-1,3-dioxan-
20 S-yl-oxycarbonylamino)butyl-N-isobutyl-
benzenesulfonamide (Compound 4).
A, The procedure described in Example 2A was
performed using N-{{2 syn, 38)-2-hydroxy-4-phenyl-3-
1,3-dioxan-5-yl-oxycarbonylamino)butyl -N-isobutyl-4-
25 nitrobenzenesulfonamide {0.128 g, 0.232 mmol) to give
the title campound"_.(o.ou g}. R=0.38; CHyCly/EtOAc,
6:4. HPLC retention time=13.11 min. !H NMR consistent
with structure.

Example 4
30 3-Amino-N-({(2 syn, 38)-2-hydroxy-4-phenyl-3-1,3-dioxan-
5-yl-oxycarbonylamino) butyl -N-iscbutyl-
benzenesul fonamide (Compound 5).



ni t robenzenesul fonam de (0.118 g, 0.213 nmol) to give 5 the title

conpound (0.051). Rerr]=0.23,—CHerr]d[err]/MOt—95:5. TTTHPLC
retention tinme=13.33 min. [err]H NVR consistent with structure.
Exanpl e 5 3- Ami no- N-cycl opentyl net hyl -N-((2 syn, 3S)-2-hydroxy-4- 10
phenyl - 3- ( lywgredissagfn- 5- yl - oxycar bonyl am no) ) but yl - f onam de
(Conmpound 6) . A. The procedure described in Exanple 2A was

performed using N-cyclopentyl nethyl-N((2 syn, 3S)-2-

hydr oxy- 4- phenyl - 3- (1, 3- di oxan-5-yl - 15 92~

oxycar bonyl am no) ) but yl - 3-ni t r obenzenesul f onam de (0.128 g, 0.221
nmmol) to give the ti ;@ﬂéﬁg ; E:ﬁ)npl R £ wdg0. 35;

CH err]C[err]/ MECH, Irbgé{’ . ?ng%%?%% n tfmazl .siGlm' n. [err]H
NMR consi stent Werkosmed yging N- ({2 syn, 38)-2-hydroxy-4-phenyl-3e, .. ¢ 6 20
N- Cycl opent y| methpl dhbk4R- Syl -okgrafbonyylaninc) buhyhyl-isobutyl-3-

3- (1, 3-di oxol anﬁe}%m%%xgegw%&wb-.ﬂn mmol) to give

nmet hoxy- benzenesul T onam de oyn . .
1, 3- Di oxol an- 4- fPgethlie £ hZHyPS%)aT bd‘m‘é&‘ﬁ‘ CHCIafMEQR: 9585 28 ol )
(prepared i n Exappterédentith 2dmed12533 mim alBaNR iconsdbtent with

N-cycl opent yl nmet h\é/_u- N-%%Z syn, 3S)-2-

hydr oxy- 4- phenyls-t ughit ) but yI - 4- met hoxy- benzenesul f onam de
hydrochl oride salt (0.102 g, 0.217 mrol ) and DI EA (0.087 nL, 0.544
mmol) in 1 nL of THF. The m xture was stirred overnight at R T.
wher eupon the 30 sol vent was rem)vgd irﬁv%uo. Chr omat ogr aphy of this
material (40% EtOQAc/CH err]C[err]) g itle conpound WO
96/ 33187 3-Amino-N-cyclopentylmethyl-N- ({2 synp3§lugobydrawy-4-

- 53 - 10 phéfly13%- (3),.3 -diokah—$-y1l-oxgidasbohil dntind) N BuePL: 6: 4. HPLC
retention benzenesulfonamide (Compound 6).

A. The procedure described in Example 2A was

performed using N-cyclopentylmethyl-N-((2 syn, 3S)-2-

hydroxy-4-phenyl-3-(1,3-dioxan-5-yl-

15 oxycarbonylamino} ) butyl-3-nitrobenzenesul fonamide

{0.128 g, 0.221 mmol) to give the title compound (0.037

g} . Re=0.35; CH)Cl,/MeOH, 95:5. HPLC retention

time=14.16 min. !H NMR consistent with structure.

Example €
20 N-Cyclopentylmethyl-N-{((2 syn, 3S)-2-hydroxy-4-phenyl-
3-(1,3-dioxolan-4-yl-methoxycarbonylamino) )butyl~4-
methoxy-benzenesulfonamide (Compound 2).
A. 1,3-Dioxolan-4-ylmethyl-4-nitrophenyl carbonate
(0.086 g, 0.28 mmol) (prepared in Example 1A) was added
25 to a solution of N-cyclopentyimethyl-N-((2 syn, 3S)-2-
hydroxy-4-phenyl-3-amino) butyl -4 -methoxy-
benzenesulfonamide hydrochloride salt (0.102 g, 0.217
mmol) and DIEA {0.087 mL, 0.544 mmol) in 1 mL of THF.
The mixture was stirred overnight at R.T. whereupon the
30 solvent was removed in vacuo. Chromatography of this
material (40% BtOAc/CH,Cl,) gave the title compound



time=16.02 mn. [err]H NVR consistent with structure.

Exanpl e 7 _3- A no- N- cyclopenty| mety—N<({t2-syn, 3Sj-Z-hydroxy-4- 5
phenyl - 3- ( 3- met hyl t et r ahydr of ur an- 3-

yl ) oxycar bonyl am no) but yl - benzenesul f onam de ( Conpound 152 .

A Met hylwidgsasi um i odide (2.0 Nin Et[err]O, 20 nl) /0 hdded to

a solution of tetrahydrofuran-3-one (1.6 g, 10 18.6 mmol) in 15 nL of

Et[err]Oat O [err]C. After stirring 4 h at O [err]C the m xture was
quenched with sat. aq. NHerr]d - 53ol~ution and extracted with
Et[err]O. The conbi ned extracts were dried over MgSq err|] and

Pur' 11 cati on by ek e ngr &S%’R?C%?éﬁfz#ﬁgﬁy € 1o M RS [ )

to 2% MeOH CH| eimd&lé 07 mingavéd MMR dromsiisSent with stomicghretr ahydr of ur an
(0.290 g). [err]H NWR consi stent W th structure. B. To a
solution of 4-nitrophenyl chloroformate (0.86 20 g, 4.27 mol) in 10 nL
of CH err]d[er]r was added N nethyl Example Zorpholine (0.43 g, 4.25 mol)

and 3-hydr oxy- 3=Amino-N- dmbﬁhheﬁﬁwﬂrmrm b9n 2 B5)2-hydéoxyed) in 5 ni

of er icred overnight at R T. The
sol uti on Tas ol %%*f%t%’d"‘ﬁ# g%%é#w&egéuée and 25 ° the resulting

material puri foWQmmgﬁawyl benzepgﬂxgqn}qu[d@( riFompoynd;,
Et[err]O CHertkfl[err]) to give 3-

et hy t et 1 ahydg of Ul gl biadallhi LRAIGAYe 13 BRAS £ej0, 20(FPCd) - [err]H

NMR consi st ent t
3- Met hyl t et r ahgdded ks Bojution|of Jiftaehydgofuran-d-emeat(d -609400 g, 0.374

nmol ) weasoaddeﬂato mla) in 15 mﬁc&ﬂtsqg at oreeycl ppedy VWaIRifAnG- -0 (2 syn,
m no

3S) - 2- dr Q phe I-3 n robenzen | tonam de
hydr ochl ori de %%‘5 ? “é?’l’d"??l satjaq. NHC VO
96/ 33187 solution and extracted with Et,0. 'rhe cBebihkd6/ 05473

- 54 -

extracts were dried over MgSO, and concentrated under
reduced pressure to give the crude material.

15 Purification by chromatography (CHyCly to 1% MeOH/CH,;Cl,
to 2% MeOH/CH,Cl,) gave 3-hydroxy-3-
methyltetrahydrofuran (0.290 g}. !4 MMR consistent
with structure.

B. To a solution of 4-nitrophenyl chloroformate (0.86

20 g, 4.27 mmol) in 10 mL of CHyCl, was added N-methyl
morpholine (0.43 g, 4.25 mmol) and 3-hydroxy-3-
methyltetrahydrofuran (0.290 g, 2.84 mmol) in S mL of
CHyCl,. The mixture was stirred overnight at R.T. The
solution was concentrated under reduced pressure and

25 the resulting material purified by chromatography
(CH)C1; to 10% Ety0/CH)Cly) to give 3-
methyl tetrahydrofuran -3-yl-4-nitrophenyl carbonate
{(0.560 g). Iy NMR consistent with structure.

C. 3-Methyltetrahydrofuran-3-yl-4-nitrophenyl

30 carbonate (0.100 g, 0.374 mmol) was added to to a
solution of N-cyclopentylmethyl-N-{{2 syn, 3S8)-2-
hydroxy-4-phenyl-3-aminobutyl-3-nitrobenzenesulfonamide
hydrochloride salt (0.200 g) and triethylamine in 5 mL



of CHerr]C[err]. The m xture was stirred overnight at R T.

wher eupon_t he sol vent was renoved 4-a-vacuo. - —€ht-omat ogr aphiy~of this
material  (CH err]C[err] to 10% Et[err]OCHerr]d[err] to 1%
MeOH CH err]C [err]) gave the nitro 5 sul fonam de (0.200 g). [err]H
NVR consi st el oghii8y structure. D. A sol ut | ®CTHEYAIESNi t r 0
sul fonam de prepared in Exanple 7C (0.200 g, 0.347 nmmol) and 10%
Pd/ C (50 nyg) in 5 m of EtOAc was stirred under an atnosphere of 10
hydrogen for 2 h. The crude product was=-i 8®lated by filtration of
the m xture and concentration of the filtrate. Purification by

h t h t.0 1% CH to 3%
NEO GHor 1] O [ o [GaGhae. (i FREETS oy A Tred Svernidne aB Rimr o o s,
CH err] C [ err]/ Meigddeupon theese]vehttvaslbemoveédiiar vacuperr]/ MeOH/ NH err] OH,
90:10:1. HPLC r(ﬁlﬁﬂﬁt@@ﬁbﬂ? 4B this materidi nfm#g é]% N\gg consistent with
t

structure. 3-Am no-N-((2
syn, 3S)-2- hydr d&z04CHykpy £031¥ MeOH/CHyCl;) gave the nitro
met hyl tetr gydr oédm@;aauuk) 0¥ VS5 gqnyl atn MR dorls s Bk e with

| sobut yl - benzenesul f onam de ( Conpound A. The procedure
descri bed i n Exd@RuetpEenas perforrred using N-(2 syn,
3S) - 2- hydr oxy- 4-phenyl sdlution of zhenabtity|sulfonamideyprepared in

éﬁdngtrSSbenzen%ﬁ&q@etrgﬁy YA & gyg??%ﬂ)lr %hds%% car%g%ggéng? 415 mol)

(0.100 g, O. 374 Lt BEGEERAG s, sEipred rri‘&eat‘m’l’ re °£60 g).
[err]H Nl\/Rﬁconsﬂaft&ngem fhrsz rhuct The. crude prdﬂucfhwaprmn&kﬂeﬂ tgscribed in

garrp: e ;2 vas m:rn@safafm kakggré wléo&ﬁaaukéemm&e thiecpar ed in ﬁo
FH1E compound (0I05a%s" cRopLe seadipn b pfhaloStlply (cncty o Ny é‘?\ct )
8:2. R err]=0. MeCHZFH#CY, €b| a%rl]lémmizﬁﬂ)erga]v@-lphem:ﬂﬂel .compound
_96{323_187 (0.141 g). Rm0.35; CHCly/MeOH, 8:5" R0 %3473
15 CH:CIZ/MeOH/NH‘OH, 90:10:1. HPLC retention time=13.7%
min. !H NMR consistent with structure.

Example 8

3-Amino-N-((2 syn, 3S)-2-hydroxy-4-phenyl-3-{3-
methyltetrahydrofuran-3-yl) oxycarbonylamino)butyl-N-

20 isobutyl-benzenesul fonamide (Compound 16).
A. -The procedure described in Example 7C was
performed using N-(2 syn, 38)-2-hydroxy-4-phenyl-3-
aminobutyl-N-isobutyl-3-nitro-benzenesulfonamide
hydrochloride salt (0.190 g, 0.415 mmol) and 3-

25 methyltetrahydrofuran-3-yl-4-nitrophenyl carbonate
{0.100 g, 0.374 mmol) to give the nitro sulfonamide
(0.160 g). I} NMR-consistent with structure.
B. The procedure described in Example 7D was
performed using the nitro sulfonamide prepéred in

30 Example 8A (0.160 g, 0.291 mmol) and stirring overnight
to give the title compound (0.095 g, 63%). R=0.33;
CH,Cl,/EtOAc, 8:2. Re=0.58; CHyCl,/MeOH/NH,OH, 90:10:1.



HPLC retention time-12.93 mn. [err]H NMR consistent with
Structure. —4FExanpl -9

3=Am no- N-cycl opentyl net hyl -N-((2 syn, 3S)-2-hydroxy-4- 5

phenyl - 3- (S) -t etrahydropyrano-[ 2, 3- b] t et rahydr of ur an- 4-

yl oxycar bogglegaisgp) but yl - benzenesul f onam de ( Conpound rcmmqymgﬂﬁ

3- Am no- N-cycl opentyl net hyl -N-((2 syn, 3S)-2- hydr oxy- 4- phenyl -

R) -t et r ahydr opyr ano-|[ 2, 3-

bi t et r ahydr of ur an- 4-yl oxycar bonyl am noj [8& yl - 10 benzenesul f onam de

( Conpound 8). A. The procedure of Exanple 7C was perfornmed using 4-
ni trophenyl -t etrahydr opyr ano- [2 3- b]tetrahydrqfuran 4- xk garbonate
(0.230 g, 0.74HRRE| Ferenrrien time=12:93 | ®iftn( y| HeiR cqRsisseny Wit

3S) - 2- hydr oxy- 4 piefyte 3- 15 am nobut yl - 3-ni tr o- benzenesul f onam de

hydr ochl ori de salt (0.360 g. 0.74 mmol) to give the nitro
sul f onam de (0.390 g). [err]H NWR consistent with structure.
B. The procedure described i n ExanBX3meievds performed using the

nitro sul fonamdmmew&mweymefmrm-e( (2As§, 356) @ -Hydxoxyswel ) and

(oL ono" 8V obHEby1 -3 () Tt rhiyALORALID 12} 3 Qf’a@mﬁ??&ﬁ% geqpound °
g, 39%. [err]mlm%wmommv%ﬂvmg fepamide ICOMPORrérr] =0. 21;
CHerr]d [err]hEtém 3&:ﬁn&hewaﬁpaﬁy1%wn}ﬁ-ka réynVe@d) -97: 3. 25

HPLC retentlon - Exanpl e 10

3- A no-I-((2 29, 39 el a: () setzanygropyrane- 12,3
tetrahydropyrah alnpdra P&h oyipxycarbenylamino) butyl-
yIoxycarbmnylahenm#ﬂn:qﬂﬁdﬁam&dbutgbnﬂnnnﬂamesuIfonan1de 30 ( Conpound 9)

and 3- Am no-N-£ 7C was perfotmed using 4-
phenyl - 3- (R) - ;ﬁ*rah dro yranogtz 3-b tetrﬁhydr uran
yl oxycar bonyl ?ﬁﬁé&ﬁ%ﬂi Yﬁ%ﬂ*abﬁﬁfb dsdrPb FEﬁﬁ?h?dr°f“ra?tﬁnpound 10).
WD 96/ 33187 Yyl carbonate (0.230 g, 0.74 mmol) and N- PCT/ US96/ 05473
cyclopentylmethyl-N- ({2 syn, 38)-2-hydroxy-4-phenyl-3-
15 amincbutyl-3-nitro-benzenesulfonamide hydrochloride
salt (0.360 g, 0.74 mmol) to give the nitro sulfonamide
(0.3%0 g). ly NMR consistent with structure.
B. The procedure described in Example 7D was
performed using the nitro sulfonamide prepared in
20 Example 9A (0.350 g, 0.567 mmol) and stirring overnight
to give compound 7 (0.055 g, 16%) and compound 8 (0.029
g, 9%) and a mixed fraction of the two compounds {(0.131
g, 39%). lg NMR consistent with structures. For 8:

Re=0.21; CHyClp/EtOAc, 8:2. Ry=0.24;.CHyCl,/MeOH, 97:3.
25 HPLC retention time=14.69 min.

. Example 10
3-Amino-N-{(2 syn, '38)-2-hydroxy-4-phenyl-3-(S)-
tetrahydropyrano- (2, 3-b] tetrahydrofuran-4-
yloxycarbonylamino) butyl-N-isobutyl-benzenesulfonamide
30 (Compound 9) and 3-Amino-N-({2 syn, 38)-2-hydroxy-4-
phenyl-3- (R) ~tetrahydropyrano- [2,3-b] tetrahydrofuran-4-
yloxycarbonylamino) butyl -N-isobutyl-benzenesulfonamide
{Compound 10).



- 56 - A The procedure of Exanple 7C was perfornmed using 4-

ni trophenyl -t etrahydropyrano- [ 2,-3-b] t et r aliydr of ur an=4- ——yl—carbonat e
(0.250 g, 0.81 mol) and N-(2 syn, 3S)-2-

hydr oxy- 4- phenyl - 3- am nobut yl - N-i sobutyl -3-nitro- 5 benzenesul f onam de
Hydr ochl or isognaisy (0. 380 g, 0.80 mol) to give tREHR 3

sul fonam de (0.310 g). [err]H NMR consistent with structure.

B. The procedure described in Exanple 7D was performed using the
nitro sul fonam de prepared in 10 Exanﬁﬁ € 10A (0.310 g, 0.524 mmol ) and
stirring overnight to give conpound 9 (0.034 g) and conpound 10

0. 047
(R[err] 3 29[ ez:li err éi%o‘@ gﬂgﬁﬁié‘@}id” pEQf jfggherr] / MeCH,
97: 3 HPEE?!PP@HPY% ??WK%’WW G- Ge"-ﬁr

CH err] C [err] /4t Gazboflafe (0250 700281 widlor ahgl xverz]dmaasrgz-s HPLC

retention ti me}’géﬁr - ) 23

3S) - 2- hydroxy -p Z’?? %henyl -3 am.négb r?n;%i%t% Szﬁht etrahydrofuran 4-
20 yl oRycar &ﬁﬁﬁﬁf‘b‘iﬂ‘%dﬁ\k ‘Pfe‘rﬁi;e &I Bn%ﬁﬂ & 0 ( Conpound
11). A micdd| tbi givefthe aderansulbfdiamidesyn,3B36)g)3- NAE-NMR

but oxycar bonyl aégg%ggé Q%d‘;wgifgggﬂg) but yl - N- et hyl -

bensenesul f onam mol ) _ and 10[err] HC in 25 Et OAc (20
n) was stirred®-for erP”%’%é&?Fﬁ#’%é Example oHhWdSe as j udged by TLC
anal ysi s. The gpelrfbrmedwsing the nitnsanilfonetidedsreparddcad pressure to

I ve 130 d I up in 5 nL of
gC;’:I—I[err] Gngrr] i“npi‘jgeﬂru‘ln qu?t e§ lr_gac?‘ragrr‘lngw:%gﬂdv%{ﬁﬁe procedure of
Exanpl e 10A vva?vﬁe?f'@ §Vi§g compound (5,40, B34 gH@ARG 3a3%d in
Exanpl e 11A (2.(8. ﬂ’log) . lu NMR| consimtenc witke stmcturee. cangpound (0. 051

g) . o Fggi{zgh I/ {:
CHerr]d [err]?de Eb&le{ J Nﬁg&l 2% éﬂzaR[’ﬁé@#"/ %S:ﬂé/ 05473
HPLC retent:ion time=13.58 min. For 10: R=0.25;
15 CH,Cl,/EtOAc, 8:2. Rm0.23; CH,Cl,/MeOH, 97:3. HPLC
retention time=13.72 min.

Example 11
4-Acetamido-N- ((2 syn, 38)-2-hydroxy-4-phenyl-3-
tetrahydropyrano- [2,3-b] tetrahydrofuran-4-

20 yloxycarbonylamino}butyl-N-methyl -benzenesulfonamide
{Compound 11).

A. A solution of 4-acetamido-N-{(2 syn, 3S)-3-N’-t-
butoxycarbonylamino-2 -hydroxy'- 4 -phenyl)butyl -N-methyl -
benzenesulfonamide (0.100 g, 0.203 mmol) and 10% HCl in

25 EtOAc (20 mL) was stirred for 3 h. The reaction was
complete as judged by TLC analysis. The solution was
concentrated und;r reduced pressure to give 130 mg of
crude amine-HCl salt which was taken up in 5§ mlL of
CHyCl, for use in further reactions.

30 B. The procedure of Example 10A was performed using
the amine-HCl salt prepared in Example 11A (2.5 mL of
solution) to give the title compound (0.051 g).
Rm=0.05; CHyCly/MeOH, 97:3. R=0.47; CHyCly/MeOH/NHOH,



WD 96/ 33187 - 57 - 90:10:1. HPLC

retention time-12.2 and 12.54 mn.-ferr] =—————/NWR consistent W Th
structure. 3- Ami no- N- cycl ohexyl met hyl -N-((2 syn, 3S)

- 2- hydroxy-4- 5 phenyl - 3- (S) -t etrahydropyrano-[ 2, 3-b] t etrahydr of ur an- 4-
yl oxycar boRy 9¢Bafe) but yl - benzenesul f onani de ( Conpound PC”"ﬂe//” A
3-Ni trophenyl sulfonyl chloride (0.270 g, 1.22 nmol ) and solid
NaHCO err] (0.140 g, 1.57 mmol) were added 10 to a solution of
N-(3(S)-benzyl oxycar bonyl am no- 2- - 57 -

hydr oxy- 5- met hyl hexyl ) - N- cycl ohexyl net hyl am ne (0. 310 g, 0.823 mmol)

in 10 nmL of CHerr]d]Jerr nd 10 nl. of_ sat..ag. NaHCO e ] . After
stirring overni §ﬂfl%i R #Pl%[ RE-SBELLR o“nis'“e'lz’9 #0e 17134 &40t hgi
CH err]d[err] NROcofgisetit! kethrgeauctdriers 15 separated, dried over

MySO err], and concentrated under reduced pressure. The resulting
crude material was purified bﬁ chromat ography (CHerr]C[err] to 1%
MeOH CH err]C [err]) to gi ve ne sul fonam de (0. 340 g)

[err]H NMR 3 - Amine-N-oyel chexPlmét hy-W-d (228yn, IE)-2- hi/'ﬂsﬁkyfi- m_,

gﬁi ? om )e“ﬁfeé Q)é%y R d‘%dtw%ﬁp@&wghsmﬂté%%é‘ ?ﬁ'% Nal

(0. 400 g, #ﬁhﬂﬂylr*ﬂl@{@ﬂwnm&“’sf amide .T., t he
or gani ¢ phases mre concentr at ed and the residue 25 partltloned bet ween
Et OAc and waterp . The qh3aBhe ﬁhﬁ fdée‘cbarzq Wg grwd over

MgSA err] and o cenE t resu an n S ta up in 5 L
of CHerr]d [erP®¥o Pn[%s ﬁg ﬁ#% Peéﬁ?l%n %7 fb dure

descri bedi@ n Extod escl@kioasoBN- (3 mr—fbennyﬂomx@dﬂy&mﬁnaez-pr epared in
Exampl & 1550/5_2-%%13? “k)ﬁzl %ES' 1)UN- @1 8hay i i1 ah a8 U6 T de (0- 120
g, 0.823 mL of CH,Cl, and 10 mL of sat. aq.
NaHQO3;. After stirring overnight at R.T., the sclution
was diluted with CHyCl, (100 mL) and the organic layers

15 separated, dried over MgSO,, and concentrated urder
reduced p:cssure. The resulting crude material was
purified by chromatography iCH,Cly to 1¥ MeOH/CH,Cl,) to
give the Cbz-amine sulfonamide (0.340 g). Iy NMR
consistent with structure.

20 B. T™SCl (1.5 mL, 11.8 mmol) was slowly added to a
solution of the Cbz-amine sulfonamide prepared in
Example 12A (0.340 g, 0.605 mmol) and Nal (0.400 g,
2.€7 mmol) in CH3CN. After stirring 8 h. at R.T., the
organic phases were concentrated and the residue

25 partitioned between EtOAc and water. The organic
phases were separated, dried over MgSO, and
concentrated. The resulting amine was taken up in 5 mL
of CH,Cl, for use in further reactions.

C. The procedure described in Example 10A was

30 performed using the amine prepared in Example 12B (2.5
mL of solution) to give the nitro sulfonamide (0.120 g,
66%). JH NMR consistent with structure.
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= 56 - D. _The procedure-described in Exanmple 7D was™
performed using the nitro sul fonanm de prepared in Exanpl e 12A (0.120
g, 0.201 mmol ) and stirring overnight to give the title co ound
(<0.029 g). wheemngierr]=0.25; CHerr]C[err]/MeOH, 97:3. PREQ P?‘f“"@
CHerr]C[err]/EtOQAc, 8:2. HPLC retention tinme=15.36 and 16. 79 m n.
[err]H NMR consistent with structure.

3- Am no- N-cycl opent yl net hyl - N- ((2 syn, “38- 2- hydr oxy- 4- 10
phenyl - 3-t et rahydr opyr an- 4- yl oxycar bonyl am no) but yl -

benzenesul f onanyde ( A
4- hydr oxyt etra%dropyrérﬁﬁ%%qgégl describe :m

CH err]d [err] Resteimed)using EB?L}FIW &ul °“a"‘£gm ePFGﬁﬂeﬁ?l chI or of or mat e
(1.18 g, 5.9 mmkampﬂridm X5.120 nget rwlzoaonqnbb)lauﬂ(&kﬂ%xgg 5.83 mol) in 10

. of £ Qe g1vll R kel b nildegag) R T.. the mixture

was concentr at ed un ? <i)ressure and Clr—figcgu& 8 gurlfled by
chr omat ography Rl 8$r]@iqcéz NeQH, BYs et [ Re=Préy tQAG) to
give 4- nitrOpheﬂwctﬁdﬁﬁéhoﬁiﬁﬁé\ﬂrﬂ-sﬁlaﬁarwmQnﬁﬂ lu(Ma28). [err]H NWR
consistent with structure. 4- Ni trophenyl -t etrahydr opyr an-4-yl

car bonat e CORFLRHEY, "Gtg?ﬁt’mﬁﬁ‘ﬁrewas added to a sol ution of N
cycl opentyl met _hyI N-((2 syn, 39S)-2-hydroxy-4-phenyl -

am nobut yl - 3-ni tro- benzenesul f onam dm oride 25 salt (0.200 g,

0.413 mol ) and,triethy] am 5.m_ of

CH[err]CI[err]d3 é{ ?ﬂﬁ&blv "'&N -N-{ mgg#é%%%r%yxture was

concent r ak%®d urmnkamrmdrméuYMmeimbleﬂed by

chromat ogr aphy benzenestufifbfahidé [ @ompoufid 103 Et [err] O CH err] Clerr] to 1%

MeCH CH err] D [ﬁ”]?ﬂa%lﬁﬂg?t& Ehyarol L eI GolQ 0)  err] T
roce

NMR consi st ent ur e “described in

Exanpl e 7D was 49-3 mmed) 1 4p % Ply 8, FHoFle WaS Gdéﬁ‘ﬂf'iﬂlém’&é“ﬁ%%a? din

4 -nitrophenylchloroformate (1.18 g, 5.9 mmol) and N-

is methyl morpholine (0.59 g, 5.83 mmol) in 10 mL of
CHCl,. After stirring overnight at R.T., the mixture
was concentrated under reduced pressure and the residue
purified by chromatography (CH,Cl, to 10% Et,0/CH,;Cl,)
to give 4-nitrophenyl-tetrahydropyran-4-yl carbonate

20 (1.28). !H NMR consistent with structure.
B. 4-Nitrophenyl -tetrahydropyran-4-yl carbonate
(0.100 g, 0.374 mmol) was added to a solution of N-
cyclopentylmethyl-N- ({2 syn, 3S)-2-hydroxy-4-phenyl-3-
aminocbutyl-3-nitro-benzenesulfonamide hydrochloride

25 salt (0.200 g, 0.413 mmol) and triethylamine (1 mL,
7.17 mmol) in 5 mL of CHyCl,. After stirring overnight
at R.T., the mixture was concentrated under reduced
pressure and the residue purified by chromatography
(CH5Cl; to 10% Ety0/CHyCly to 1% MeOH/CHyCly) to give the

30 nitro sulfonamide {0.110 g). I!H NMR consistent with
structure.
C. The procedure described in Example 7D was
performed using the nitro sulfonamide prepared in



PCT/ US96/ 05473 WD 96/ 33187 - 59 -
Exanpl e 13B (0.110_g,..0 191 mvl)—ard- st i++ng overnight to give the
fitTe conpound (0.050 g, 48%. Rlerr]=0.24; CHerr]d[err]/EtQAc,
8:2. Rlerr]=0.66; CHerr]d[err]/MO+4 N{err]CH, 90; ;}UW}C
retention tiyguehasdd mn. [err]HNWR S consi stent with structure.

Exanpl e 14 3-Am no-N-((2 syn, 3S)-2-hydroxy-4-phenyl -

t et r ahydr opyr an- 4- yl oxycar bonyl anm no) but yl - N-i sobut yl -

benzenesul f onani de” (Conpound 14). 10 ~2&? = The procedure described in
Exanpl e 13B was performed using N-(2 syn, 3S)-2-hydroxy-4-phenyl - 3-

am nobutyl -N-i s t nzengs d rochl oride salt
(0 190 g, 0. 415%?:35%4 e315§ {d) '.\{i% AU %ﬂm ‘inldf Sﬁ%ﬁf (0-*3;40 Q)

[err]H NMVR conngfﬁﬁ%gmt‘FP P&"e the, Hitls e°°mp°‘m% -050 'ﬁ‘re cedure
described in Ex&mp.24¢DCHESL,/ELOAC, pirZ .Or (RpeD 168 ;nFHY /Meoi-ldn&ﬂmonam de

prepared in npl 4 4 4 rring
overnight to gi ve %E:ftlt LJC n%g ﬁg )d%O'%é) 3'3”8&), %erﬁ‘l}i 0. 24;

CH err]C [&rr]/ EbOdistént? mﬁetr];cﬂuﬁﬂ CHerr]C[err]/MeOH NH err] OH,
90:10:1. HPLC retention time=12.55 mn. [err]H NWR consistent with
structure. We measured the inhibition constants of the
25 conpounds listed in Table Il against H V-1 protease usi ng the

above-cited nethod of Pennington et &Example 14 W al so neasured
the anti-viral Qomma.m.f((z §§}§.W4L e d3CEM cel | s by the

Table 11 Kger rfta%‘iﬁvampew AT N IRERTT N S
desi gnat i on " NDPepzengaulignamide {Fomppunshpadind was not t est ed.
10 A, The procedure described in Example 13B was

performed using N-{2 syn, 38)-2-hydroxy-4-phenyl-3-
aminobutyl -N-isobutyl-3-nitro-benzenesul fonamide
hydrochlaoride salt (0.190 g, 0.415 mmol) to give the
nitro sulfonamide (0.140 g). Iy NMR consistent with
15 structure.
B. The procedure described in Example 7D was
performed using the nitro sulfonamide prepared in
Example 14A (0.140 g, 0.254 mmol) and stirring
overnight to give the title compound (0.090 g).
20 Re=0.24; CHzclzlﬁtOAc. 8:2. R=0.59; CHzcl2/MeOH/mOH.
90:10:1. HPLC retention time=12.55 min. IH NMR
consistent with structure.

Example 15

We measured the inhibition constants of the
25 compounds listed.in Table II against HIV-1 protease

using the above-cited method of Pegpmington et al.

We also measured the anti-viral potency of
the compounds in CCRM-CEM cells by the above-cited
method of Meek et al. These results are also shown in

30 Table II. K; and ICoy values are expressed in nM. The
designation *ND" is used where a given compound was not
tested.
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-~ 60 - —. —_— e ~Fable Il — Comrpourd No
Ki[err] | err] 1 <0. 10
5, 2 0. 30 ND 5 3
0. 10 WO 96/33187 4 4 REI/NIS96/05473
12 5 0.15 7 6
<0. 10 5 7 _ eo - <0. 10
ND 10 8 <0. 10 ND 9
0. 10 ND 10 <0. 10
ND 11 160. ND 12
1.5 ND 15 15 0. 40
ND 16 1.5 ZIapledl ND VO
96/ 33187 PCT/ US96/ 05473
- 61 - Compound No As denonst gg™d in Table I, all w
conpounds tested displayed substant i<ad J_ionhi bitory and gn i-viral
activity. Moreover, several of these conpounds exhi bit®ed activity
| evel s anong thé& hi ghest 0.30 ND
5 3 0.10 4
4 0.30 12
5 0.185 7
6 <0.10 5
7 <0.10 ND
10 8 <0.;0 ND
9 0.10 ND
10 <0.10 ND
11 160. ND
12 1.5 ND
15 is 0.40 ND
16 1.5 ND



5 | evel s known to date for H V protease inhibitors.
Mhil e we have descrihed a nunber—ef— —enbodtrent s of this—Tmvention, it

i s apparent that our basi c constructions nay be altered to provide
ot her enbodi ments which utilize the products and net hods of 10

this i nvenwpogassiTherefore, it will be appreciated that Pams’f’?f'é”scope of
this invention is to be defined by the ~appended cl ai ns, rather than
by the specific enbodi ments whi ch have been presented by way of
exanpl e. WD 96/ 33187 - 61 -

PCT/ US96/ 05473 - 62 -

CLAI V5 We claim . 1. A_conpound of fqormula I:

DOH D As demonstrated cfn, Taplflfy ¥ii of -N-SQerr]-E
(1) wheceinpounds tested display&cﬂuua[tant]lal sinlnidsizenyemndy sel ect ed
from the Py £0005 | seli94 Hover, SoOhbat log ofdsd GO, -O

IR EL 1ctinel: Pt Cu M A gt

sel ect ed $rom levels kngyrotp datei £or rlgnbbrbtéaaenimminm aromatic

monocycl i c oxygenat ed hqﬁﬁlg_gcx.gl & WHHribad endocyclic
oxygens, which e opti na{x ¥ enzof.used, 0 t| onal I y attached
through a Cerf % 8, ofy Fhif nfayentign, it b%t? et tH8EOWFth a 5-7

menber ed nonochsdéic constm;éonsyuse heoRilsevedtd rmmovide enderyclic
het er oat ons, embo&m&xmewhaht@é{ﬂw&:%%%@é& and methods of
e g LBl A et U e ractared chae "
the scope of this invention is to be defined by the
appended claims, rather than by the specific
embodiments which have been presented by way of
example.



group consisting of CJerr|-C[&rri—carbocycle; Jerr]-Jerr] aryl; phenyl

fused wi_.th heterocycl eME . wherein anry— menber—of said
Het may be optionally mmmﬂ] E one or nore substituents
sel ected fromthe group® lcomsi s of oxo, -OQ[err],H-__%Jerrli73

-N(R err Opa3Ng?), -NHOH, -Rerr]-0H, -CN, - er ,
-CECRJg-N(]R%;?r])(Rn”]), -S(O)[Rgerr]!N(R[err])(R[err]?qN(R[err])-
CO-Rerr], -C(O-Rerr], -S(O)[err]-R[err], -OCF[err], -S(O[err]-Rerr],

-N(R[err]) - S(O[err](Rerr]), halo,®>~CF[err], -NJerr], -Rerr] and
-ORerr]; each R err] is independently selected fromthe
group consisting of H and C[err]-qerr]gm optionally substituted
with Rerr]; WO 96/ 33187

PCT/ US96/ 05473 wWe claim: - 63 -

each R err] is independenfly ,s %&@f . group consisting of H,
Het, Cerr]-Cerr] alkyl r%'ndACFgFG? - e‘?fr)]re al éﬁy ) wher ei n any nenber
of said R err], except H my be optionally substituted with one or
nore substituents sel ected fromnéhe?rgroupzconsi sting of -ORlerr],
-C(O-NHRerr], -S(O[err]<N(RErr Rerr]), Het, -CN, -SRerr],
-cerr]Rerr], NRerr]-C(O -RRAe F1I§H-CH-J*2-éh-N~SJz~E each n {&

i ndependently 1 or 2; each D and D is independently
selected from the group consisting of Rlerr]; C(err]-Cerr] alkyl,

whi ch may be whexr&Phl Onally substituted with one or nore groups sel ected
from -ORerr], -f{err], -S—R&fr‘r] -ORerr] and Rerr];_derr]-Cerr]
al kenyl, which may $%PoB1 iigh irdppendantly, medecred R SPenpre groups

sel ected from t geogp cegnetimringt ot g-0F0)--OR[-8110} ,- ,- RE¢0)Y 1€ ()G, R[-eFr |
and Rierr]; ande@bpr! ] dlsion] C-gfab% 28 WHECE(GPY B3 ORkIRNB)LY
h Rerr]; each E'is

substituted with or fused W
i ndependent |y sgl‘%gf'ed fromthe group consisting of Het; -O Het;
Het-Het; -0-R[err]; -NR] @achRAeis]independetfiyrgelgored] fabhythe whi ch may be
optional Iy subsgréup csbniisRing of SV ndmbePed sbpdiomaghiected fromthe
310D 90! * | omocysy il Ebdefl hasibori s leatipagl Sy y 1 ch, oy
group consi sti ngRdscldc pxygensictwhighl meirche | optinnaliyt henzofused,

optionally attached through a C,-C, alkyl linker and

optionally fused with a 5-7 membered monocyclic

heterocycle containing from 1-2 endocyclic heteroatoms,

and wherein tetrahydrofuran and

tetrahydrofurotetrahydrofuran are expressly excluded;

) each Het is independently selected from the
group consisting of C;-C, carbocycle; C,-Cyp axryl; phenyl
fused with heterocycle; and heterocycle; wherein any
member of said Het may be optionally substituted with
one or more substituents selected from the group
consisting of oxq, -OR', -R', -N(R’}(R’), -NHOH, -R*-OH,
-CN, -COR?, -C(O)-N{(R}) (R}, -5(0),-N(R) (R}, -N(R®) -
C(0)-R?, -C(O)-R?, -S(0),-R}, -OCF,, -8(0),-R®, -N(R%)-
${0),{R*), halo, -CF;, -NO,, -R® and -O-RS;

each R! is independently selected from the
group consisting of H and C,~-C; alkyl optionally
substituted with R%;



Fﬂdﬁpﬁﬂ-dﬁﬂl7 rrenbere|dyhggﬁgféa‘mm‘“lmmm“ﬂlgroupmee-ﬁs-i—st| ng of faa(R[—e*r—rT—"“Ch orrl i

C(O) NHR[ err], -S(O[®rrq-NHRert ], halo, -NR[err]-C(O -Rerr] and
each R err] is independently selected fromthe

group consi syosepsts? H and Clerr]-Clerr] alkyl optionally PCTUSHHI™Pt uted
with aryl; and each Rerr] is independently selected from

t he group consisting of aryl, carbocycle and heterocycl e, wherein
said aryl, carbocycle or heterocycle may “h&3 optionally substituted
Wi th one or nore groups sel ected fromthe group consisting of oxo,

- rl, -Rerr N(R[ er I

B TP B 3 s o O 0]

-C(O -N(Rlerr]) 9¥ewR (opsinsiag Of H:aﬁift- ['é?vrﬁllkyl and G-Cs alkenyl ) The
conpound accor di nghéxeitl any hwember ofVBAIA R’Aeza:ew "ot @aly fseom t he group

consi sting of 5-6 C C|IC

heterocyclges cont eﬁtﬁoﬁgﬁgb%@gﬁ& rkcFoc;;{){l% 882989 ug?égﬁﬂéﬁvﬁ may be
optional |y attachefilegresugron the rggoug @Pﬂ?isungaﬁﬂ(y‘loﬂzq M40} N~ R
optional Iy fused vs(d),an &% (nhn‘oabed -CN, “BWPCYCO,RE, MRY-GOMDL-RY;

het erocycl e. nd CCOI’dI g toclaim?2,
wherein A is dioxanyl, di o%ﬁfﬂn?lis cﬁ“g%g’gﬁﬁ Y@{ r}
t et r ahydr of ur odi hydr of ur angach D and &'y anyan@qmmmam anlectsd fnep  or

t et r ahydr opyr anociHey gzoup 86iikisting of R%; C,-C alkfl WHIHC fEpopad
according to cl a'@t%.’onally"‘@%féﬁu’%e'ds w§t§ g X&m‘nore groups selected
. from ~-OR?, -R’, -S-R® -O-R® and R%; C,-C, alkenyl, which
may be optionally substituted with one or more groups
selected from the group consisting of -OR?, -R%, -O-R®
and R% and C,-C, carbocycle, which may be optionally
substituted with or fused with R®;
each E is independently selected from the
group consisting of Het; -O-Het; Het-Het; -O0-R%; -NRR3;
C,-Cs alkyl, which may be optionally substituted with
one or more groups selected from the group consisting
of R* and Het; C,-C, alkenyl, which may be optionally
substituted with one or more groups selected from the
group consisting of R' and Het; and phenyl fused with
S$-7 membered heterocycle or carbocycle;
each R* is independently selected from the
group consisting of -OR!, -C(O)-NHR?}, -S({0},;-NHR?, halo,
-NR?*-C(0) -R* and -CN;
each R’ is independently selected from the
group consisting{__cf H and C,-C, alkyl optionally
substituted with aryl; and
each R® iz independently selected from the
group consisting of aryl, carbocycle and heterocycle,
wherein said aryl, carbocycle or heterocycle may be
optionally substituted with one or more groups selected
from the group consisting of oxo, -OR’, -R®, -N(R’) (R%),

This Sheet H

i



Dot I s e,

A-Rlerr]-NHCH CH CHerf]-'N-SQ érr[-E (1) wher ei n:

each R err] is independently selected fromthe group consi sti nsg of
QO -, -Skodemsmy-, -A(O-(O-, -OC (O -, -0-5(Of
-NR[err]-S(Oferr]- -NR[err]-C(O - and -NRerr]-C(O - C(O)

WD 96/ 33187 PCT/ U896/ 05473
- 65 - each A is indepBhdently selected fromthe

group consisting of 5-7 nenbered nDnocycIic het er ocycl es cont ai ni ng
from1-3 hetero sed ohaipt achment
and may be a,g !ﬂ benzo?aéed nallst‘a{talﬁ?dﬁi’hroug
derr]- C[%'F ]‘-'&]:kyl Ilnker and optlonally fused with a 5-7 rrerrbered
nmonocyclic heterocycle containing from1-2 endocyclic het er oat ons;

each Het is independently s r.o |st|ng of
Clerr]-Cerr] carbocycl e¥ err]- &F ng?rd"f? o BRa{E,Rn;? with

het erocycl e;  arthereidy 9&I%¢1%2ilfl¥°&n§ hé src'q?eﬁeéﬁxﬁﬁ%# ﬁé‘t‘ may be
optional | y subsfienbered wbhharomatiznmondcydlic wxysfenhtedt s sel ected fromthe

B - AT A e g PR
-S(O [ err] - N( REmsy ( MhiFp may he RPSippslly att ®-Rerr],
-S(O [err] - R eralkyl- OChkes r4nd ﬁt@bhanir Risud i thl R o5 r-aembered

2 e epeit Bib o O

3. The compound according to claim 2,
wherein A is dioxanyl, dioxolanyl, dioxolanylmethyl,
tetrahydrofurodihydrofuranyl,
tetrahydropyranotetrahydrofuranyl or
tetrahydropyranocdihydrofuranyl.

4. The compound according to claim 3,
wherein A is 1,3-dioxanyl.

5. The compound according to claim 4,
wherein A is 1,3-dioxan-5-yl.

6. A compound of formula I:

[
A-R!-NH-CH-CH-CH,-N-504-E (1

-

=
wherein:

each R' is independently selected from the
group consisting of -C(0}-, -8(0),-, -C(0)-C(O)-, -O-
c{0)-, -0-5{0),, -NR*-S(0),-, -NR*-C{0)- and -NR-C(O)-
c(o}-;

T



group consi sti ng”"l -“-“_-_-_C[ err] alkyl optionally substituted
with Rlerr]; , ”n I@ ” Rrerr]—s—independent |y sélected fromthe
group consisting &f H, ", ]-Jerr] alkyl and Cerr]-Cerr] al kenyl

wherein any nmenber of said Rerr], except H, may be optional |
subst i t ut eoWQPEIBI®Ne or nore substituents sel ect ed fraﬁw u
consisting of -ORerr], -C(O-NHRerr], -s(Oferr]-N(Rerr])(Rerr]),

Het -CN, -SRerr], -Cderr]Rerr], NRerr]-c(O-Rerr];
each n is independently 1 or 2; - 65 each Dand D is
I ndependent|ly sel ected from the group consisting of R (err]-(err]

al kyl , which may be poralk Ly gp%' ' gr oups

sel ected from - err], rp%[ I:eirkﬁrgﬁ - -ﬂ er‘rﬁiv W%}i gér@ %"r‘l‘gjw err];
Jerr]-Jerr] aPKERD|coRGighing of y’%‘é”é:: 2ePe ﬁ’agi tuted with one or
nmore groups hetézotyelida conthining framisidshengrodton@y] stiich akgerr],
-ORerr] apee RN BLt. n ? Y, , e My be
optionally sutt:)ﬁ?i th:[deﬁvx\FPg[gé%ﬁgéﬁivﬁkt;g g?r ;Cie mﬂplb% WO 96/ 33187
PCT/ US96/ 05473 SPtionally zofused, optionally atta¢hed through a C;-

each E is indepSnedkylylinkexrtaxdi optdohally fusedy wiphcans:sindinpediedHet ;

-O Het; Het- Het, ‘%’Eﬂ fel b Q&f [ PR r 1) - kyl, which
may be optional ggns s]f%ic': h’tegﬁ W élié %ﬂtg]%xeug? %Drgéeigrﬂoﬁ%gég%jé%%ed from
the group consi BEFFRPALOMEIGf Rierr] and Het; CJerr]-Jerr] al kenyl, which
may be optionally selachi Het eib virndependently el egitedpfror! eieé ed from

t he group gaee ddnsdseh rg..an . . pheayl s.e ' 5-7
menber ed hetero%}/%:.lccf 3r cgﬁigg[ﬁef’ é,@a'i‘ﬁbcyéf@, F&l %c%é%['egrhgh%g

i ndependent |y s sieh, Babergevele: andupeterRrygieigvheretm aRY |, - (O
-NHR[ err], -S(@sunber] ofHRaddrRet wayo be opticdi] Xy rdubStOrutberwitand - CN;
each Rlerr] is onulependes! bibse]tidits be2BLEE® from tHRO nsisting of H

cnch Rrer1] < qansisting B SR8 Rt 1w ) S, Miieime s Bing o
aryl, carbocyclEMandCReR er o€ {R) W (R) (RiMier8{0) ,sBIRM AR, -ddRBocycl e or
heterocycl e max (g -R?, -C(0)-R?, -8(0),-R?, -OCF,, -S(0),-R®, -N(R?)-
S(0),;(RY), halo, -CF,, -NO,, -R® and -O-R¢;
each R? is independently selected from the
group consisting of H and C;-C, alkyl optionally
substituted with R%;
each R’ is independently selected from the
group consisting of H, Het, C,-C alkyl and C;-C, alkenyl
wherein any member of said R’, except H, may be
optionally substituted with cne or more substituents
selected from the group consisting of -OR?!, -C(O)-NH-R?,
-8(0),~N(R?) (R?), Het, -CN, -SR?, -CO,R}, NR:*-C(0)-R%;
each n is independently 1 or 2;
each D'_and D’ is independently selected from
the group consisting of Rf; C,-Cs alkyl, which may be
optionally substituted with one or more groups selected
from -OR?, -R’, -S-R% -O-R® and R%; C,-C, alkenyl, which
way be optionally substituted with one or more groups
selected from the group consisting of -OR?!, -R’), -O-R®
and R%; and C,-Cs carbocycle, which may be optionally
substituted with or fused with R%;

This Sheet Has Been Reﬂlaoed

AR



optionally substitutedwth-one-or-nore-groups sel ected fromthe group

w0 e, e A )00 ke R,

hal o and -CF[err 7. The conpound accordin ,g to claim
B, Wh ewei96/37187 S sel ect ed fromthe group consi sting offCBNSNSB e her ed
non-aromati ¢ nonocyclic oxygenated het erocycl es containing from1-2
endocycl i c oxygen atons, which are nethylated at the point of
attachnent and may be optlonally art$&ted through a Clerr]-Cferr] alKkyl
| i nker and optionally fused with a 5-6 nenbered nonocycl i ¢ oxygenat ed
het erocycl e. g m 7,

y r§u}g§e§&q§é¥x€ﬂ HeRUPeB e Lo Ui

V\herelnA|53nethItetr 3,
net hyl t et rahydr‘-"tﬂ"l&‘PoFBPP% ?%‘?%qur §'F§I' -QrHek i ety Her; 3-0-R'; qWRRny| .
PCT/ US96/ 05473 Q)¥r0&1RP137which may be optionally substituted with 67 -

o Tg(e Oformoun%r@cw HbPe o sl bebia %:m ghewg%.gg, oFi{s%r ighS <O A9+
wher ein R err] 9fsK @ng Bet; C;-C¢ alkenyl, whichjmay he Waccor ding to

claim1 or 6, substibered will onetbiyhors atcupst adlu:téa Efxﬁ#hb&het uent

selected from r i L ocycl e and
phenyl, which ugeeg’g?l ona rH ;?Q[sgbsitnld?kl}t&efﬂ ?ﬂ%’% Qﬁ%dc‘?{&
- S-phenyl . 5- mbered heterocycle or carbocycle,

each R* is independently selected from the
group consisting of -OR?, -C(0}-NHR?, -S(0),-NHR?, halo,
-NR?-C(0) -R® and -CN;

each R’ ig independently selected from the
group consisting of H and C,~C, alkyl optionally
subgtituted with aryl; and

each R® is independently selected from the
group consisting of aryl, carbocycle and heterocycle,
wherein said aryl, carbocycle or heterocycle may be
optionally substituted with one or more groups selected
from the group consisting of oxo, -OR%, -R}, -N(R) (RY),
-N(R%) -C(O) -R%, -R°-OH, -CN, -COR’, -C{0)-N(R%) (R®), halo
and -CF,. '

7. The compound according to claim 6,
wherein A is selected from the group consisting of 5-6
membered non-aromatic monocyclic oxygenated
heterocycles containing from 1-2 endocyclic oxygen
atoms, which are methylated at the point of attachment
and may be opt:.onally attached through a -G, alkyl
linker and opr_:.onally fused with a 5-6 membered
monocyclic oxygenated heterocycle.

8. The compound according to claim 7,
wherein A is 3-methyltetrahydrofuranyl, 4-
methyltetrahydrofurotetrahydrofuranyl, or 5-methyl-1,3-
dioxanyl.
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12. The conpou
_group consi sti

13. The conpou
each D is sel

nd acc m 11, wherein Dis selected fromthe
ng of J ’Iwgm Iﬂ“]ill tyJ——aﬁd—cyclohexyI methyl.

nd acc wher ei n:

-opti onal | ywee@sss
sel ected fromthe group consisting of aryl, 3-6 nenbered

| ndependent |y

car bocycl e and
het er ocycl e or
nore groups se

-Rerr], -N(R

- CN, -CI{err]R[err]

each Rerr] is
and Clerr]-(e
claim 13,

i sobutyl, cycl

5-6 nmenbered heterocycle, wherein said aryl,

ected fromthe group consisting of C[errl-%eyig al kyl
gfuted with Rerr]; each

car bocycl e nay be opti onaéTy- substituted with one or

| ected fromthe group consi sting of oxo, -ORerr],

and

R

wheméape eml-yo—@dbéetezl $C(Oh-t.he group consisting of H
rr] al kyl. 14. The conmpound according to

wherein D is selected fron1tq%yﬁép%g ggnslstlng of

opentyl met k9t Fhe CPIPEHBRAGRR:

PCT/ US96/ 05473 wherein R! is -0-c(0)-.

15. The conpou

each E is independently phenyl optionally substituted with one or

nd according to claim1l or 6, mhereln.

aim $,) 96/ 33187

nore

substituents selected frdtn The compgundpaecnrding ig claimy @56, -Rerr],

-N(Rlerr]) (R ielrein- Di( £% ahdthyl- substifhtda Hh(tlhr k. subb€ityerddd -CN,

-CJerr|Rerr],

fused with a 5

each Rerr] is
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sfl%%dl\%% lleQ %@H}% Cs hﬁl& D ro'&/ &agpgﬁgéiélané’ r phenyl

pheawd e nebich ynaye lbec pptiiénaliy eubstituted with -0-R°
or -S8-phenyl.

12. The compound according to claim 11,
wherein D is selected from the group consisting of
benzyl, isobutyl and cyclohexylmethyl.

13. The compound according to claim 1 or 6,
wherein: '
each D’ is selected from the group
consisting of C,-C, alkyl optionally substituted with R%;

each R® is independently selected from the
group consisting of aryl, 3-6 membered carbocycle and
5-6 membered heterocycle, wherein said aryl,
heterocycle or carbocycle may be optionally substituted
with one or more groups selected from the group
consisting of oxo, -OR®, -R®, -N{R’) {(R®), -N(R%)-C(O)-RS,
-R’-OH, -CN, -COR), -C(0)-N(R®) (R’), halo and -CF,; and

each Kggs independently selected from the
group consisting ::f H and C,-Cy alkyl.

14. The compound according to claim 13,

vherein D’ is Belected from the group consisting of
isobutyl, cyclopentylmethyl and cyclchexylmethyl.
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-with Rlerr]; rr]—-i-s-“i ndependent |y SéTected fromthe
group consi sting of a«ryc, d car bocycl e and 5-6 nenbered

het er ocycl e, wherein said aryI carbocycl e or heter

"opt i onal | ywepessigrt uted with one or nore groups sel eﬁ%’Wt he group
consi sting of oxo, -ORerr] R[err] -N(R[err])(Rerr]).
-N(R[err])-C(O -Rerr], -Rerr]- -CJerr]Rerr],
-C(O-N(Rerr])(Rerr]), halo and - CF['eFP] and each Rl err]
I's independently selected fromthe group consisting of H and

Clerr]-Cferr] alkyl. 15. Th%g%.?%c{ué’(?lgccﬁ rqplgiqlﬁcgoggl g to claim

15, wherein E i s phényl one or nore stituents
sel ected from YR&EYHUp consisting of - -OCH err], - NH[ err],
-NHCOCH err], -S-CH err] eaghdE- m[mde}pendenpluerghednlseptionamyh 5-6

menber ed het er&%’ﬁéﬁdﬂe&%ﬁﬁcﬂﬁé Gr more substituents aé1edtieq c¥mOUN
according to c{‘)ﬁu m 16, wherein i,p egy ﬂ.l f&k utgg vyb)th -NH err] at
t he meta- e groun, sopsighing of -0 Hdtnd sel ect ed
fromthe groupC(O)-RonsR=s0HNg-Of, -COROURCSON=NR?) &*) 4; h&lo6and8 8; 9; 10;

L1 127 13 and.gd; YPepRiyPEaeaoROt Y 195 mbiBerea HeteRUfopOUR 11 Tabl e

WD 96/ 33187  carbocycle; - 69 - 19. The
conpound according to cl esan1® is indepeidentiyoselénreg drpmctheai sting of

conpounds 3; 4group cnsdBfifly JHY GhB BAE) LAPOWLiBRRIIE formula shown
in Table I.
substituted with RS;
each R® is independently selected from the
group consisting of aryl, 3-6 membered carbocycle and
5-6 membered heterocycle, wherein said aryl, carbocycle
or heterocycle may be optionally substituted with one
or more groups selected from the group consisting of
oxo, -OR®, -R%, -N(R’}(R’}, -N(R’)-C(O)-R’, -R*-OH, -CV.
-COR?*, -C(0}-N(R'} (R%), halo and -CF,; and
each R® is independently selected from the
group consisting of H and C,-C, alkyl.

group consi sting of I(EI -Clerr] alkyl optionally substituted

16. The compound according te claim 15,
wherein E is phenyl substituted with one or more
substituents selected from the group consisting of -OH,

-OCH,, -NH;, -NHCOCH;, -S-CH3, and -CH,; or phenyl fused
with 5-6 membered heterocycle or carbocycle.

17. 'rhe compound according to claim 16,
wherein B is phenyl substituted with -NH, at the meta-
or para-position.

18. A compound selected from the group
consisting of: compounds 1; 2; 3; 4; 5; 6; 7; 8; 9; 10;
11; 12; 13 and 14, wherein each compound has the
formula shown in Table I.
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20. A conpound selected f | con5|st|ng of conpounds 15 and
16, wherein each m l!agmg! showrmn Tabl & T.
21. A pharnaceuti cal conpos 4 On a pharmaceutically

effective anount of a conpound accordlng toclaiml1l or 6 and a

phar maceut {yedsh¥is7 acceptabl e carrier, adjuvant or vehi 96/05473

22. The pharmaceutical conposition according to claim 21, wherein said
pharmaceutical conposition is orally adn1n|strable 23.
The pharnaceutical conposition accordlrmf to claim?2l1, further
conprising one or nore additional agents selected fromthe group

consi sting of other anti-viral agents and inmmunosti nul ators.

24. The pharmaceuti cal conp05|t|on accordin . to claim23 wherein said
other anti-viral agent ot®- TBe&;ERPE ‘é?é %R@&?g fQ'ﬁh?g?’t'Br or reverse
transcriptase selecpédbftam the group consisting’Z@f Tompordsrece dt:i cal

COMpOSi {1 0n aCGyr dhH0s  whdiis| Yalh2bomblisicfithes ehil B6ARCES SHoR bitor or
. e

i nhibitors are H ease I nhibitors. _

pharnaceutlcaI180 glPt¥on accordi ng to claim?25, wherein said HV

prot ease i nhibitor or WO 96/ 33187

PCT/ US96/ 05473 0. A comp ound selected from thng d?nhlbitors are
0,3

selected fromthe co S|st|n qui 8959), MK 639,
ABT 538 (A8053§P,“‘g\ £ing gﬁﬁ"kﬁﬂﬂﬁs 284 440 3%*%{% €Al 13,

compound has the formula shown in Table I.

21. A pharmaceutical composition comprising
a pharmaceutically effective amount of a compound
according to claim 1 or 6 and a pharmaceutically
acceptable carrier, adjuvant or vehicle.

22. The pharmaceutical composition according
to claim 21, wherein said pharmaceutical composition is
orally administrable.

23. The pharmaceutical composition according
to claim 21, further comprising one or more additional
agents selected from the group consisting of other
anti-viral agents and immunostimulators.

24. The pharmaceutical composition according
to claim 23, wherein said other anti-viral agent or
agents are protease inhibitors or reverse transcriptase
inhibitors.

“.
.

25. The pharmaceutical composition according
to claim 24, wherein said protease inhibitor or
inhibitors are HIV protease inhibitors.

26. The pharmaceutical composition according
to claim 25, wherein said HIV protease inhibitor or

T



27. The pharmaceutical conposition according to claim 24, wherein said
reverse transcriptase mamm“lumll mhi-bi t or s—are nucl eosi'de anal ogs.
28. The pharnaceutical‘Hu““ di ng to claim27, wherein said
nucl eosi de analog or anatods - ™ ate 'selected fromthe gro éﬂﬂﬁﬁsting of
zi dovudi ne wo 96:33¢83ZT) , di deoxycyti di ne (ddC), didanosi ne f 3

stavudi ne (d4T), 3TC, 935U83, 1592U89 and 524W91. 29. The
pharmaceutical conposition according to claim 24, wherein said reverse
transcri ptase i nhi bitor or inhibitord%%re non-nucl eosi de anal 0gs.

30. The pharnmaceutical conposition according to claim?29, wherein said

non- nucl eosi de 'i%%?@ors aze %@i&&t&é AEfon PReDHESNp Qonldl'&'r.Ehé%E are

del avi rdi ne ﬁ@ thod for
i nhi biting aspaﬁ??imvxbr%ééea%ﬂ v €33mpRPT; TP ¢ °§?8SE cont acti ng
an aspartyl 1paBdi exdesda,t XM B0 cand BMSI 1863d8ding to claim 1 or 6.

32. A nethod for reversibly binding an aspartyl protease conprising the

step of contacting the aspart r ot ease th t he rrpound ccording to
claim 1 or 6, said cdpou gebé‘?‘é‘m g'F’B ‘?
mat ri x. to claim 24, wherein said reverse mnscnptase

inhibitor or inhibitors are nucleoside analogs.

28. The pharmaceutical composition according
to claim 27, wherein said nucleoside analog or analogs
are selected from the group consisting of zidovudine
{AZT), dideoxycytidine (ddC), didanosine (ddl),
stavudine (d4T), 3TC, 935U83, 15392U89 and 524W91.

29. The pharmaceutical composition according
to claim 24, wherein said reverse trxanscriptase
inhibitor or inhibitors are non-nucleoside analogs.

30. The pharmaceutical composit.on according
to claim 29, wherein said non-nucleoside reverse
transcriptase inhibitor or inhibitors are delavirdine
{(U90) or nevirapine.

31. A method for inhibiting aspartyl
protease activity comprising the step of contacting an
aspartyl protease with the compound according to claim

1l or 6.

32. A‘wmethod for reversibly binding an
aspartyl protease comprising the step of contacting the
aspartyl protease with the compound according to claim
1 or 6, said compound being covalently bound to a solid

matrix.
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33. A met hod for preventing HV infection in a mammal conprising the step

of administering to sai dl)mmmﬂ%m ewt-€al |y effective—ann'um""of a
ﬁharnaceutlcal conpositi ither claim 2l or

34. A method for preventidg A Vin ection in a mamal conpr|3|ng t he step
of adm ni s{ygygehsast 0 said mamal a pharnmaceutically effect?@@m of a
phar maceuti cal conposition according claim 23. A net hod for
treating H'V infection in a manmal conprising the step of adn1n|ster|ng to
said mammal a pharmaceutically effective7amount of a pharnaceuti cal
conposition according to either claim?21 or 22. 36. A nethod for
treating HV infection in _a mamml co r|S|n he S adm nistering to
said mammal a phar maceut Peal I% nethod; | %ﬁghg facktn o4t

conposi tion acanmﬂmmgltcompansﬁnﬁsthe step of aQMhntﬂmernaghod saisbrding to

ei ther claim 33 imaida {auaians‘ée&qraam Eﬁfééﬁ\ﬁé %o%cceaca:rrent ly or
sequentially a‘ﬁ%plsterln

sel ected from RBIJRSEHE Egﬂilﬁwlﬁﬁoﬁtﬁﬁ?"’éﬁ ?ggﬁnoga%gﬂem S

I mmunost i nmul at ens 22. 38. The net hod accordlng to claim 37,
wherein said other anti-viral agent or agents are protease inhibitors or

reverse Lranscriptase ingbitore,, o gor pr 293¢ intection in

a mammal comprising the step of administering to said
mammal a pharmaceutically effective amount of a
pharmaceutical composition according claim 23.

35. A method for treating HIV infection in a
mammal comprising the stép of administering to said
mammal a pharmaceutically effective amount of a
pharmaceutical composition according to either claim 21
or 22.

36. A method for treating HIV infection in a
mammal comprising the step of administering to said
mammal a pharmaceutically effective amount of a
pharmaceutical composition according to claim 23.

37. The method according to either claim 33
or 35, further comprising the step of concurrently or
sequentially adminiséering to the mammal one or more
additional agents selected from the group consisting of
other anti-viral agents and immunestimulators.

38. The method according to claim 37,
wherein said other anti-viral agent or agents are
protease inhibitors or reverse transcriptase
inhibitors.
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39. The net hod accordin wherein said protease inhibitor
—40. The

@r inhibitors are HA E ME'ﬁmﬂulnﬂMFk%ers
nmet hod according to clai n said HV protease inhibitor or

inhibitors are selected fron1the droup consisting of saquinavir (Ro
31-8959), Mo &28587ABT 538 (A80538), AG 1343, XM 412, XM PCTUSGEMI}/ng BMVS
186318. 41. The nethod according to clain138, wher ei n
said reverse transcriptase inhibitor or i nhi bitors are nucl eosi de

anal ogs. 42. The nethod d2cording to claim 41, wher ei n
sai d nucl eosi de anal og or anal ogs are sel ected fromthe group

TR LSO e e 8 (00 gt o

43. The method ¥Beseim repidh prospapeginhibitggepsi M%%P’a’—qf@véFSeKIV

transcri ptase | phobedse imhibitokshi bitors are non-nucl eosi de anal ogs.
44. The nethod according to cl aim43, wher ei n sai d non-nucl eosi de

reverse transcriptase i nhibitor or_inhibitors are del avirdine (U90) or
nevi r api ne. 40. The method according to claim 39,

wherein said HIV protease inhibitor or inhibitors are
selected from the group consisting of sagquinavir (Ro
31-8959), MK 639, ABT 538 (AB0S38), AG 1343, XM 412, XM
450, and BMS 186318.

41. The method according to claim 38,
wherein said reverse transcriptase inhibitor or
inhibitors are nucleoside analogs.

42. The method according to claim 41,
wherein said nucleoside analog or analogs are selected
from the group consisting of zidovudine (AZT),
dideoxycytidine {ddC), didanosine (ddI), stavudine
{@4T), 3TC, 935UB3, 1592U89 and 524W9l.

43. The method according to claim 38,
wherein said reverse transcriptase inhibitor or
inhibitors are non-nucleoside analogs.

44. The method according to claim 43,
wherein said non-nucleoside reverse transcriptase
inhibitor or inhibitors are delavirdine (U90) or

nevirapine.
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