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*ACTI ON*  THF- CONTAI NI NG SULFONAM DE | NHI Bl TORS OF ASPARTYL PROTEASE
TECHNI CAL FI ELD OF THE | NVENTI.ON The present invention relates to a-class
of _5 THE-cont-ai-Ri-pg—awfomanides whiTh are aspartyl protease inhibitors.
This invention also relates to pharmaceutical conpositions conprising
t hese conpounds. The conpounds and pharnmaceuti cal conpgéhhegmgn of this
i nventi on awogsasss cul arly well suited for inhibiting 1 1 and HI V-2
protease activity and consequently, nmay be advantageously used as
anti-viral agents against the H V-1 and H V-2 viruses. This invention also
relates to nethods for inhibiting the activity of H pr ot ease
usi ng the conpounds of this invention. 15 BACKGROUND mwmmmwmmmmmmTICN The
human i nmunodeficiency virus ("H V') is the causative aggpt.f or acquired
| mmunodefi ci ency syndrone ("AIDS') -- a dlsease-eha#agLeLl7nd by rhe
destruction of the imune system particularly of 20 T-cells, wt

attendant susceptibility to opportunistic |nfect|ogjmmmwmmﬂwm ﬁl
precutsor AlIDS-related conplex !"ARC'' -- a syndro ed by
synptonms such as persistent generalized | ynphadenopat hysachener and wei ght

| oss. 25 As in the case of several other retroviruses, H: V encodes t he
production of a protease which carries WO 96133184 PCr[US96105475

THF-CONTAINING SULFONAMIDE

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a class of
5 THF-containing sulfonamides which are aspartyl protease
inhibitors. This invention also relates to
pharmaceutical compositions comprising these compounds.
The compounds and pharmaceutical compositions of this
invention are particularly well suited for inhibiting
10 HIV-1 and HIV-2 protease activity and consequently, may
be advantageously used as anti-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.

15 BACKGROUND QF THE INVENTION

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~

20 T-cells, with attendant susceptibility to opportunistic
infections -- and its precursor AlDS-related complex
("ARC"} -- a syndrome characterized by symptoms such as
persistent generalized lymphadenopathy, fever and
weight loss.

25 As in the case of several other retroviruses,
HIV encodes the production of a protease which carries



'-2 out _post-tran j i “I "Ta& PrOCESS
~necessary for the formation of infectious virions (S. Crawford et al., "A
‘Deletion Mitation in the 5 Part of the pol Gene of Ml oney 5 Mirine
 Leukenia Virus Bl ocks Proteol yti c_Processi-ng—ef— the gag—ant—pol —
Pol yproteins", J. Viral., 53, p. 899 (1985)). These gene products include
'pg2,, which encodes the virion RNA-dependent DNA pol ynerase (reverse
transcri pt ag@essfibs €ndonucl ease, H V protease, 10 and sBEVUSRHPMT encodes
‘the core-proteins of the virion (H Toh et al., "Close Structural
.Resenbl ance Between Putative Polynerase of a Drosophila Transposabl e
'Genetic El enent 17.6 and pol gene product of Ml oney Mirine Leukem a
‘Virus*, =0 J., 4, p. 1267 (1985); 15 L.H Pearl et al., "A Structural Mbodel
gfor the Retroviral Proteases”, Nature, pp. 329-351 (1987); M D. Power et
tal ., *Nucl eoti deauSegmmanﬁlaﬁsbnh,l aldayageDof Pracarsprqui red | mmune
| Def i ci ency Synd"p.Qﬂ?p {&\é' ELHSa procehs iebesddty for th6 7£drd@iph. - 20 A
.nunber of synt he %lgnt | ,- %{floqm t‘lé—il {}ﬁya‘%fo ge& (jﬁSl gngchetl tggﬁget vari ous
C

stages in the %fftll&‘i" Vet &8 ents in conpounds
| whi ch bl ock vi ra!utBF#feﬂr?gl Fbee’mfavf: ?%61?089 e 8Ff M8HsYe, sol uble
CD4), and @onpoMustingSLekienha i Vitris Blecks Fwoveekyticepreesasdios 8% inhibiting

viral reverse tragsghd m,ﬁsgoifﬁlyg*am;&n dgdaysgine san(b .zisgevudi ne (AZT))
and inhibit int n P%@i (M S. Hrsh and
R T. D Aqulia, e(g‘_?ﬁé i %8¥ Mr%gé ?%‘.k%un?“lv rus I nfection", 30

N. Enc. J. Med. , ?8‘“5“ 1*6’&6"(- Slymerase
(reverse transcrip:aae), an endonuclease, HIV protease,
\ i0 and gag, which encodes the core-proteins of the virion

{H. Toh et al., "Close Structural 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 (1%85);
15 L.H. Pearl et al., "A Btructural Model for the
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)).
20 A number of synthetic anti-viral agents have
| 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,'aoluble CD4), and compounds
25 which interfere with viral replication by inhibiting
viral reverse transcriptase (for example, didanosine
and zidovudine (AZT)) and inhibit integration of viral
DNA into cellular DNA (M.S. Hirsh and R.T. D’Aqulia,
"Therapy for Human Immunodeficiency Virus Infection",
30 N.Enag,J.Med., 328, p. 1686 (1983)). However, such
agents, which are directed primarily to early stages of
viral replication, do not prevent the production of
infectious virions in chronically infected cells.
Furthermore, administration of some of these agents in
as effective amounts has led to cell-toxicity and unwanted




l-agent s, which—are—directed primarily to early stages of viral replication,
~do not prevent the production of infectious virions in chronically

infected cells. Furthernore, admnistration of:- sonme of these agents in 35
ef eetve—anptts has—TedT0O cell -toxicity and unwanted WO 96 194

Pcr Ms%b475 3 side effects, such as anem a and bone marrow suppression.

i More recentI%7 drugﬁdesign efforts have been directed t eomshsossaniti ng
. conpounds wh O™ bit the 5 formation of infectious virions by

interfering with the processing of viral polyprotein precursors.
Processing of these precursor proteins requires the action of

' virus-encoded proteases which are essentidl~for replication (Kohl, NE. et
ral. "Active HV Protease is 10 Required for viral infectivity" P =c. Natl.

|Acad. Sc . MA, P (1988)ds ahbRiANda ¥bh& I maz@oential of HIV
iprot ease i nhi bi ti%g'rd\eh%fs egr'l dermnsst ?at ed using peptidal inhibitors. Such

. pept i-dal conpoun®UPPRESRAAR-  are typically large and conpl ex nol ecul es
'that tend to 15 exhibit pdorebrerantilyabiryg Pesign HFTEE BRYR P0EPRy
|consi stent with @igecesdrivewakaatieatindceanmpiungbyyhidie inhsktt sthel | exi st s

for conpounds thgl, aans &f fRCiLYelthousNVitidnd BY Sold:FarshgWitedl theot easee,
for use as "agents tor prev nt%qg%an trq?%]ng ?gﬁéggf% ang éggg#? éo vi ral

i nfecti ons. Such PXGSRBERE PF(VHERL BRAYPERFSS REFCUIO 8t oct Ve ¢ her apeut i c
agents in their ®fntheegtPrecHrsex@TOtEANs FaQUATERLPeACEIPN Piseparate st age
in the virus |ifdragcescddednppotadsessvhicearei essentdali fetroviral agents,

the adm nistrati qpdicgefoh ARBALNA.ENeE aRIOREEL WO HIY beosugacted to
resu In

10 Required for Viral Infectivity" Proc, Natl, Acad. Sci.
UsSA, 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

15 exhibit poor bicavailability and are not generally
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

20 viral infections. Such agents would be expected to act
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

25 combination of agents would be expected to result in
increased therapeutic efficagy.

SOMMARY OF THE INVENTIION
The présent invention provides a novel class
of compounds, and pharmaceutically acceptable
30 derivatives thereof, that are useful as inhibitors of
agspartyl proteases, in particular, HIV aspartyl
protease. These compounds can be used alone or in
combination with other therapeutic or prophylactic
agents, such as anti-virals, antibiotics,

This Sheet Has Been Replaced.
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' dendrocytes and other permissive cells. These
compoundé are useful as therapeutic and prophylactic
agents to treat or prevent infection by HIV-1 and
10 related viruses which may result in asymptomatic
infection, AIDS-related complex ("ARC"), acquired
immunodeficiency syndrome ("AIDS"), or similar disease
of the immune system.

it is a principal object of this invention to

15 provide a class of THF-containing sulfonamides which
are aspartyl protease inhibitors, and particularly, HIV
aspartyl protease inhibitors. This clase of THF-
containing sulfonamides is represented by formula I:

D OH D’
20 fo L] |
THF-R!-NH-CH-CH-CHy-N-S09-E (1)
wherein:
each R' is independently selected from the

group consisting of -C(0O)-, -5(0),-, -C(0)-C(O)-,

25 -0-C(0)-, -0-8(0),, -NR?*-8(0),-, -NR-C(O)- and -NR}-C(O)-
c(0)-;

each Het is independently selected from the

group consisting of C;-C, carbocycle; (,-C,, aryl; phenyl
fused with heterocycle; and heterocycle; wherein any
30 member of said Het wmay be optionally substituted with
one or more substituents selected from the group
consisting of oxo, -OR?, -R?, -N(R?) (R?}), -NHOH, -R!-CH,
-CN, -CO,R?, -C(O)-N(R?) (R?), -3(0),-N(R?) (R?), -N(R?-




| 20———TFHF-RE=NHFCHCHTCH2-W S0Z2-E () wherein: each R is
alndepander tly selected fromthe group consisting of -C(O-, -S(O) 1-,
-C(0)-C(O-, 256 -OC (O -, -0S(0)21 -WS(0)2-1.-WC(O-_and -NP-C (Q .-

. C 6-e)—=-;-—erach +Het—s i mdependent| y selected fromthe group consisting of
. C3-C7 carbocycle; C6-Cl10 aryl; phenyl fused with heterocycle; and
“heterocycl €; Gaqn any 30 menber of said Het may be oppcrTrombbssrs
substituted w one or nore substituents selected fromthe group
cconsisting of oxo, -OR2, -R2, -N (R2) (R2) , -NHOH, -R2-OH, -CN, -Q02R2,
'-C (0) -N(R2) (R2) , -3(0) 2-N (R2) (RZ}, -N (R2) WD 96133184

- pr, T/ B96105475 C(O-R2, -C(D)-e, -S(O. -OCF3, -S(O.-R6, -N(V) -
.S(0)2(e), halo, -CF3, -NO2, -R6 and -0-R4; each R2 is independently
-selected fromt h@(ogxmp-c(ms.igs,t i-m;omf,-lﬂ amd:l’;;l*@(oa.l kS ~BdRPonal |y 5

'substituted with &gch@ e y,,&elo«aQt .ed fromthe group
consi sting of H, | ken Fv@ el nFﬁny menber of

'said R, except R nay be“SBt’i‘oﬁal %
substltuents 10 groeptashsiscdng wf ¢ eng @oﬁs#éh’hgc’nﬁi"neﬁ-lf -C(0)-NHR2,

-S (0) -N(R) (%%Lstiﬁ%edw RoBe -C2R2, NR2-C (O -R2; each nis
0foup consisting of R G b P w&?w%ﬁgﬂ@ﬂﬁ%}%* i on‘w F ©Supsti tut ed
'with one or or € POURpEonRissing PE ﬁ-oﬁ?‘d@ Y . C2-C4
‘al kenyl, which Rmereen ogiy eembsy cfulsaid rk eeb:mpu:hnormx)rbermre gr oups
i opticnally substituted with one or more substituents
10 selected from the group consisting of -OR?, -C(O)-NH-R?,
-5{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,-C; alkyl, which may be
15 opticnally substituted with one or more groups selected
. from -OR}, -R), -O-R% -8-R* and R%; C;-C, alkenyl, which
i 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 opticnally
20 substituted with or fused with R%;
each E is independently selected from the
grbup consisting of Het; -O-Het; Het-Het; -O-R); -NR'R';
C;-C¢ alkyl, which may be cptionally substituted with
one or more groups selected from the group consisting
25 of R* and Het; and C,-C, alkenyl, which may be optionally
substituted with one or more groups selected from the
group consisting of R* and Het;
each R* is independently selected from the
group consisting of -OR}, -C(0)-NHR?, -8(0),-NHR?, halo,
30 -NR}*-C(0)-R® and -CN; and
each R* is independently selected from the
group consisting of H and C,-C; alkyl optionally
substituted with aryl; and
each R® is independently selected from the
3s group consisting of aryl, carbocycle and heterocycle,

i
|



i-select , — ; and—E2=t———

- carbocycle, which may be optionally 20 substituted with or fused with R6;

‘each 5 is independently selected fromthe group consisting of Net; -0-Het;
Het-Het; -OR; -NRR+—Cl1-C6 alde~ which sray—be opti onatty-substituted

"with one or nore groups selected fromthe group consisting 25 of R4 and
Het; and C2-C6 al kenyl, which nay be optionally substituted with one or
nmore groupswosicssmed fromthe group consisting of R aRgUVREO4¥{ch R s
i ndependent|ly selected fromthe group consisting of -OR, -C (0) -NHR2,
-S(0)2-M2, halo, 30 -NR2-C (O -R2 and -CN;, and each Rs is independently
selected fromthe group consisting of -Héand Cl-Cs al kyl optionally
substituted with aryl; and each e is independently selected fromthe 35
group consi sting of aryl,, carbocycl e and, heterocycle, WO 96133184
PCT/ Q896105475 erﬁﬁﬁr%‘f’r&@ﬂg' aﬂﬁ%,”gﬁ}%o%ry(E:’ngﬁ?c)ﬁéfe}“%y Fe may be
optional | y substdrtiopaliy taubghitiefrediwieh onR 9% Tere EreyPsf FOMAATEE gr oup
consi sting of oxrom ERS,grdip, coRidtingRb gxo,- NORY, - R0 -R(RH RBRHYOH, - CN,

- CO3Rs, -0 -N(RS) d@BjLes, Ud-8m, 5-@ANd -co¥3.-dib) L (@) $@) 2ty ect of

this invention to b provide pharmaceutical conpositions conprising the THF-
cont ai ni ng Jul f "8 of fornula | and methods for their use as

i nhibitors of H V aspart it gsoalessan 9bl €T REL HY PEICRRPIPIONCOF THE
| NVENTI ON | n or gsfovi Bat plidifak8ieidalo sonpseitiode seondrddingeghebaumore ful |y

understood, the Jéﬂtk?ﬁiﬂﬁld%gkaﬁlﬁ¥ées of formula I and methods for
their use as inhibitors of HIV aspartyl protease.

10 DRETAILED DESCRIPTION OF THE INVENTION

In order that the invention herein described
may be more fully understood, the following detailed
description is set forth. 1In the description, the
following abbreviations are used:

15 Designation Reagent Qr Fragment
- Ac acetyl
Me methyl
Et ethyl
Bn benzyl
20 Trityl triphenylmethyl
Asn D- or L-asparagine
Ile D- or L-isoclaucine
Phe D- or L-phenylalanine
Val D- or L-valine
25 Boc tert-butoxycarbonyl
Cbz benzyloxycarbonyl (carbobenzyloxy)
Dee dicyclohexylcarbodiimide
DBU l,8-diazabicyclo(5.4.0)undec-7-ene
DIC diisopropylcarbodiimide
30 DIEA diisopropylethylamine
DMF dimethylformamide

DMSO dimethylsulfoxide
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Hott+oer—ts—set—fortn. Tn the description, the follow ng abbreviations
sed: 15 Designation Reagent or Fragnent Ac acetyl He nethyl Et
Bn benzyl 20 Trityl triphenylnethyl Asn D- or l:-aspatagine |}e—bB—

. or—+=t+soteucime—Phe D—or L-phenylalanine Val D or L-valine 25 Soc

~tert-butoxycarbonyl

Cbz benzyl oxycar bonyl (carbobenzyl oxy) DCC

di cycl ohexyl carbodiim de DBU 1, 8-di azabi cycl o(5. 4. 0) undeernissesars DI C
di i sopropyl XPAER i de 30 DI EA dii sopropyl et hyl am ne DMF

di met hyl f or mam de

DVSO di net hyl sul f oxi de WO 96/ 33184 PCr1U896105475 7

EDC 1- ( 3-di nmet hyl am nopropyl )-3- ethyl carbodiimde hydrochl oride EtOAc

et hyl acetate Fnoc

9- quorenyInethoxychBoﬁyl 5 HOBt

1- hydroxybenzotri azol e HOSu 1-hydroxyeuccinimde 1iBu iso-butyl PICA

. N-car boxyanhydri de

tgBe tart-butyli- (3ndlméeliylaminepeamani-e-aci d
ethylcarbodiimide hydrochloride

EtOAc ethyl acetate
Fmoc 9-fluorenylmethoxycarbonyl
5 HOBt 1-hydroxybenzotriazole
HOSu 1-hydroxysuccinimide
iBu iso-butyl
NCA N-carboxyanhydride
t-Bu tert-butyl
10 TFA trifluorocacetic acid
THP tertrahydropyran
THF tetrahydrofuran
TMSCl chlorotrimethylsilane
The following terms are employed herein:

15 Unless expressly stated to the contrary, the
terms "-50,-" and "-8(0);-" as used herein refer to a
sulfone or sulfone derivative (i.e., both appended
groups linked to the 8), and not a sulfinate ester.

The term "backbone" refers to the structural

20 repregentation of a compound of this invention, as set
forth in the figures drawn in this application. The
term "backbone' does not encompass the variables drawn
in those figures. :

. Por the compounds of formula I, and

25 intermediates thereof, the stersochemistry of the
explicitly shown hydroxyl is defined relative to D on
the adjacent carbon atom, when the molecule is drawn in
an extended zig-Zag representation (such as that drawn
for compounds of formula VI). If both OH and D reside

30 on the same gide of the plane defined by the extended

backbone of the compound, the stereochemistry of the
hydroxyl will be referred tec as "syn". If OH and D
reside on opposite sides of that plane, the
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£ 1he hvdroxyl il
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hydr ocar bon r adbydtocaxoai nadiralhgorpaigiingethe spesifded mmbeynofit ons, or

where no nunber

10

15

20

25

30

35

catb& At ed, or where no number is specified,
preferably from 1-10 and more preferably from 1-5
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,
isoamyl, 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-unpaturated aliphatic
hydrocarbon radical containing the specified number of
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, isopropenyl, E- and Z-butenyl, E- and
Z-isobutenyl, E- and Z-pentenyl, E- and Z-hexenyl,
E,E-, E,2-, 2,E- and Z,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
specified number of carbon aioms, preferably from 6-14
carbon atoms, and more preferably from 6-10 carbon
atoms. Examples of aryl radicals include, but are not
limited to phenyl, naphthyl, indenyl, indanyl,
azulenyl, fluorenyl, anthracenyl and the like.

The term "cycloalkyl®, alone or in
ccmbination with any other term, refers to a cyclic
saturated hydrocarbon radical containing the specified
number of carbon atoma, preferably from 3-7 carbon




—preferably—fromI=t0—and nore preterably from 1-5 carbon atons. Exahples
of alkyl radicals include, but 10 are not limted to, nethyl, ethyl,
n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-hutyl pentyl - —
| seamyt—m=trexyt—and the ITKe. The term "al kenyl ™, alone or in conbination
with any other term refers to a straight-chain or i5 branched-chain nono-
or poly-unsaturatl al i phatic hydrocarbon radi cal cont gpdtivsssisiye specified
nunber of Nt ons, or where no nunber is specified, preferably from
2-10 carbon atons and nore preferably, from 2-6 carbon atons. Exanpl es of
al kenyl radicals 20 include, but are not limted to, ethenyl, E- and
Z-propenyl , isopropenyl, E- and Z-butenyP,-E- and Z-isobutenyl, E- and
Z-pentenyl, E- and Z-hexenyl, EE-, E Z-, Z E and Z Z-hexadienyl and the
like. The term 3yl : liies! of byLaBRLAA AAALLeLH 1n€lugay widher ferm
refers to a carbocycClic_aronmatic adi cal ’such 2 ‘ﬁp nyl or napht hyl)
containing the a¥SeBPF|kiMiteALER: FYCLIPRORY Xt SPFE&E) drably from 6-14
carbon at ons, amyclopentylef eyabdlexylonrpcliahapsybomrd f8mbikExanpl es' * of
aryl radicals include, buheat@rfiOtcyzQohlrenyad,t aladeroel innapht hyl, indenyl,
| ndanyl . 3zul enyle; ELEOLE Rk & HcheeHdrndetlss ldd@ cydigs term
"cycl oal kyl™, alone or 1n conmbi ndti on xn#? % ot he{fj}e%rgh?\ﬁng%rts to a
cyclic saturat WIFPERERER FAALFAH ARG e n EPTHE ShecrTred 35 nunber
of carbon at ons,caxbeheatdns Witbnat3-12agh grm epdogpchin SarpemexPOR3475 - 9
atoms. Exanpl es gindiyChRéted o hanbertlof carbardatobatis apechdied, mited to,
cyclopropyl, cyclalilhYkenyl radical preferably has from 5-7 carbon
10 atoms. Examples of cycloalkenyl radicals include, but-
are not limited to, cyclopentenyl, cyclohexenyl,
cyclopentadienyl and the like.
The term "THF* refers to a tetrahydrofuran
_ ring attached at any ring carbon resulting in a stable
1s structure, but preferably attached at the 3-position of
the tetrahydrofuran ring (i.e., tetrahydrofuran-3-yl).
Preferably, the chiral carbon of THF is in the (8)

configuration.
The term "carbocycle" refers to a stable
20 non-aromatic 3- tc B-membered carbon ring radical which

may be saturated, mono-ungaturated or poly-unsaturated.
The carbocycle may be attached at any endocyclic carbon
atom which results in a stable structure. Preferred
carbocycles have 5-6 carbons. Examples of carbocycle

25 radicals include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclopentenyl, cyclohexenyl,'cyclopentadienyl and the
like.

The teim "heterocycle”, unless otherwise

30 defined herein, refers to a stable 3-7 membered
monocyclic heterocyclic ring or 8-11 membered bicyclic
heterocyclic ring which is either saturated or
unsaturated, and which may be optionally benzofused if
monocyclic. Each heterocycle consists of one or more

35 carbon atoms and from one to four heteroatoms selected



-cyctop ; ; - “eycl oal kepyd "~
alone or in 5 conbination with any other term refers to a cyclic

hydr ocar bon radi cal containing the specified nunber of carbon atons with
at .| east one. endocychkic carbon-carbon bond—her e—hre-—nurber—of carbon
atons is specified, a cycloal kenyl radical preferably has from5-7 carbon
10 atons. Exanpl es of cycloal kenyl radicals include, but are not limted
to, cycl operwess®isscycl ohexenyl, cycl opentadi enyl and tRCEOSMOMIS The term
"THF" refers to a tetrahydrofuran ring attached at any ring carbon
resulting in a stable 15 structure, but preferably attached at the
3-position of the tetrahydrofuran ring-(hpe-, tetrahydrofuran-3-yl).
Preferably, the chiral carbon of THY is in the (S) configuration. The term
"carbocycle"” refers to a stable 20 non-aronptic 3- to B-nenbered carbon

ring radical whit¥P™ F8¢ BEORCOPAIRERG G oBHREFETy aPB(FeSr 2B8I v- unsat ur at ed.
The carbocycl e neylihe.at Asciasd heredn, &hdotgmis Cnitrdgem aatiosmlthirch results
in a stable strugdder@arBref Anctdde GiyPosyal fd Fave &F Gic2b§ensandxanpl es of

carbooyel e 25 ofleAls, WIS IS U S anBLL P L) i HSLEBIERY
a2 gl ,

cycl obutyl, _cyclo cycl o

tvyl, C
cycl ohexeny?, cy AR e AW & W??é&%h& ?%%"HP L¥et er ocycl e",
unl ess ot her wi sesuld¥igotedodthencbubstitients R'o ap defbhed hetednnber ed
nonocycl i c het er ésngdun@s’ o Eoriuba Il MMhet @bHIY GhdyC behgt ©dcdianc! i ¢ ring
which i s ef ther SalgifALedo Qo1 iNSAhAbE e ANSaGH ShiTRY DS A ligN2I 1Y
benzofused i f nohocychl e Eac eterocycl e consists of One or nore
the creation of a stable structure. A heterocycle may
10 be attached at any endocyclic carbon or heterocatom
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
1s example, benzimidazolyl, imidazolyl, imidazolinoyl,
imidazolidinyl, quinolyl, isoquinolyl, indolyl,
indazolyl, indazolinolyl, perhydropyridazyl, pyridazyl,
Pyridyl, pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl,
Pyrazinyl, quinoxolyl, piperidinyl, pyranyl,
20 Pyrazolinyl, piperazinyl, pyrimidinyl, pyridazinyl,
morpholinyl, thiamorpholinyl, furyl, thienyl,
triazolyl, thiazolyl, 8-carbolinyl, tetrazolyl, thiazo-
lidinyl, benzocfuranoyl, thiamorpholinyl sulfone,
oxazolyl, benzoxazolyl, oxopiperidinyl, oxopyrroldinyl,
25 oxocazepinyl, azepinyl, isoxazolyl, isothiazolyl,
furazanyl, tetrahydropyranyl, tetrahydrofuranyl,
thiazolyl, thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl,
benzodioxolyl, dithielyl, thiophenyl,
tetrahydrothiocphényl, dioxanyl, dioxolanyl,

30 tetrahydrofurotetrahydrofuranyl,
tetrahydropyranotetrahydrofuranyl,
tetrahydrofurodihydrofuranyl, ,
tetrahydropyranodihydrofuranyl, dihydropyranyl,
dihydrofuranyl, dihydrofurotetrahydrofuranyl,




35 carbon atoems—ant—fromrome 10 Tour heteroatone selected wo 961 331s4
PGT1UB96105475 10 fromthe group consisting of nitrogen, oxygen and
sul fur. As used herein, the terns "nitrogen and sulfur hetereatons”" — -
I nel-wde—any—oxt+ei zed—form ol nitrogen and sulfur, and the quaterni zed form
of any basic nitrogen. 5 In addition, any ring nitrogen may be optionally
substituted with a substituent R2, as defined herein forecromssgesemds of
formula I. R"ﬂgngﬁcycle may be attached at any endocyclic carbon or

het eroatom which results in the creation of a stable structure. A
heterocycle may 10 be attached at any en quclic carbon or heteroatom
which results in the creation of a stabl@& structure. Preferred

het er ocycl es include 5-7 nmenbered nonocyclic heterocycles and B-10

menber ed bi cycl i gijRireppoaidtatranfirsfurangl hatifotgosyeandethaed above

i ncl ude, for 15 npl e, benzi m dazolyl, imdazolyl, imdazolinoyl,

oot s ooyt ey oot ooy i Sl R o R e, "o ALY
pyrazol yl, pyr agluogipequébioxdngl  bysmdaei ¥ nddingyranyl, 20 pyrazolinyl,
pi pefazinylg pyrimdinyl, ey rdedasi "giv provegder! iandl "HIViiawmperghbl i nyl
furyl, thienyl, {-ééﬁ%@'-y#xe %ieﬁzq\&/érchlﬁ-geﬁsﬂo|ahay£efé;etcba€9é yl, thiazo-
l'idinyl, benzof uFano t hi anor pho % su+for1‘% oxaz o\él figf azol yl ,
oxopi peri di nyl , EﬂRﬁgﬁYFoPﬂ??ﬁﬁaf 98¢ DY PR (B hﬁ?e§?¢%ﬂ, *r38Xazdl yl ,
i sothi azolyl, fuizsemsype «x 2hydiopy paaferrekepraginertturint®ie thiazol yi,
t hi adi azoyl, di oxflettiod| Otthedwl repusizuiferyto thechpmamoxol yl, dithiclyl,
thi ophenyl 34 tetighula@tdl AR ¥hrusl t34RNY | asgtiz®¥?! grotease.
The term "anti-viral agent” or "anti-
retroviral agent" refers to a compound or drug which
possesses viral inhibitory activity. 8Such agents
include reverse transcriptase inhibitors (including
15 nucleoside and non-nucleoside analogs) and protease
inhibitors. Preferably the protease inhibitor is an
HIV protease inhibitor. BExamples of nucleoside analog
~ reverse transcriptase inhibitors include, but are not
limited to, zidovudine (AZT), dideoxycytidine (ddC),
20 didanosine (ddI), stavudine (ad4T), 3TC, 9%35U83, 1592U89
and 524W91. Examples of non-nucleoside analog reverse
transcriptase inhibitors include, but are not limited
to delavirdine (U90) and nevirapine. Examples of HIV
protease inhibitors include, but are not limited to,
25 saquinavir (Ro 31-8959), MK 639, ABT 538 (A80538), AG
1343, XM 412, XM 450, BMS 186318 and CPG 53,437.
The term "leaving Qroup" or "LG*" refers to
groups readily displaceable by a nucleophile, such as
an amine, alcohol, phosphorous or thiol nuclecphile or
30 their respective anions. Such leaving groups are well
known and include carboxylates, N-hydroxysuccinimide,
N-hydroxybenzotriazole, halogen (halides), triflates,
tosylates, mesylates, alkoxy, thioalkoxy, phosphinates,
phoaphonates and the like. Other potential
35 nucleophiles include organometallic reagents known to




tetrahydrofurodlhydrofuranyl , tetrahydropyranodlhydrofuranyl

di hydr opyr anyl , dlhydrofuranyl di hydr of ur ot et r ahydr of ur anyl , 096033154
Pcrms o5Vo__- 11 ﬂLhydLopyranoteLLahydrofuLanyl sulfolany%—and the —1ike.
The term "hal 0" refers to a radical of fluorine, chlorine, bromne or
lodine. 5 The terns "H V protease” and "H V aspartyl protease" are used

i nt erchangewnlogsasd refer to the aspartyl protease encBEEEBH94Ihe human

i mmunodeficiency virus type 1 or 2. In a preferred enbodi nent of this

I nvention, these terns refer to the human 10 i nmunodefi ciency virus type |
aspartyl protease. The term "anti-viralizagent” or "anti- retroviral agent”
refers to a conmpound or drug which possesses viral inhibitory activity.
Such agents include reverse transcrlptase |nh|b|tors (i ncluding 15

nucl eosi de and KbReARNIGERAF She BYS) Iu2Prbtdefse Pt tors. Preferably
t he protease inhileaving iggoup” dfl VLEI ol aeent nte [Encompafx dieaivdng of :

nucl eosi de anal c@g,éfang_qm pt;ﬁ?&%tlieblhi&ﬁ)ﬁ;ﬁnl lda@dg1ybut are not
0 T i o i e (00
non- nucl eo Rﬁ&Fb@“’r’évéP%’é ag P&H%H‘i’x?f‘as@"r i} B’fs i ncl ude, but are
not |im ted topdetemmnhe (ved) leavinggreupiprecuERen®land of HI V prot ease
i nhibitors incl sdehodBitEor Bor¥rtingl tiesh 6, L@bvitg0drams areReeRll- 8959) , MK
639, ABT 538 (Aﬁgégﬁ)co @g’ose of ordinary skill in the art. Leaving
group precursors include, for instance, secondary and
10 tertiary amines. By way of example, the moiety -
N(R,) (R,), while not itself a leaving group, is
encompassed by the term "leaving group" or "LG" because
it can be readily converted to a leaving group such as
-N*CH, (R;) (R,) .
15 The term "protecting group® refers to a
suitable chemical group which may be attached to a
functional group and removed at a later stage to reveal
- the intact functional group. Examples of suitable
protecting groups for various functional yroups are
20 described in T.W. Greene and P.G.M. Wuts, Protective
Groups in Organic Synthesis, 2d. Ed., John Wiley and
Sons (15991); L. Fieser and M. Fieser, Fisser and
Eleser’s Reagents for Oraganic Svnthesis, John Wiley and
Sona (1994); L. Paquette, ed. Encvclopedia of Reagents
25 for Organic Svnthegis, John Wiley and Sons (1995).

The term "silyl" refers to a trisubstituted
silicon radical in which the substituents are
independently C,-C, alkyl, Cs-C, aryl or Cs-C, carbocycle.
Examples of silyl groups include, but are not limited

30 to, trimethylsilyl, triethylsilyl, triisopropylsilyl,
t-butyldimethylsilyl, t-butyldiiscpropylsilyl, t-
butyldiphenylsilyl, triphenylsilyl,
cyclohexyldimethylsilyl and the like.

The term "pharmaceutically effective amount"”

35 refers to an amount effactive in treating HIV infection




- ; O BVE 186318 and CPG 53,437. The term "l eavi ng group”
or "LO'" refers to groups readily displaceable by a nucl eophile, such as
an am ne, al cohol, phosphorous or thiol nucleophile or 30_their respectiwe—
ani tng groups are welT  known and incl ude carboxyl at es,
N—hydroxysuccininide, N- hydr oxybenzotri azol e, hal ogen (halides),
triflates, ates, nesyl ates, al koxy, thioal koxy, phasaised@aiBs,
phosphonat eé”%?é”t’ﬁe | i ke. other potential 35 nucl eophiles include
organonetal lic reagents known to WD 96/ 33184 PCTf US96l 6475 - 12 those
skilled in the art. In addition, the ternB "leaving group” or "LG' is neant
to enconpass | eaving group precursors ( e., noieties that can be easily
converted to a | eaving group upon sinple synthetic 5 procedures such as
al kyl ation, oxidaji QVbaQ&en@féli[tQi&&t h®&Moncthehapyeat tg comhimapienur sors and
et nods Tor coNVERLL A nbaelyddtd. e%@&e%oue;sem%gmaa udeROWErén t hose of

e ar

ordinary skill in eaV|n u recursor I ncl r instance,
secondary and 10¥E&f¥4 &Pyta?nﬂé'é’v 55& ?r%ar#g%u};zo_ N (R)

(R4), while not dtw:ﬁeraiheamtgeg:oqm tnesimmass@%i%y the term
"l eaving greup” QEceétGth@éluﬁauHam&m shsot baulid yichrw quaredctlazn | eaving

group such as - N %@ sﬁ{é@fmi?T'lﬁthempé&%s%wg &EQH@ivé efers to
al” group

a suitable chentta ttache s E&p% [ nal group and
renoved at a | at SFeRYUERE PBIREFBE © a%’f PP oRal group. %xarrpl es of

sui tabl e  pr ot ectihventjcsupsuldregul t ol ahypeRryeRenyr By HI¥ 20 descri bed
in T.W Greene aagsbcfatid WeédrtaPhabbe inieasurement. Such

i0 measurements include, but are not limited to, reduction
in viral load in plasma or another defined tissue
compartment as measured by, e.g. RT-PCR or branched-
chain DNA PCR or culturable virus measurements, &-2
microglobulin or p24 levels, number of CD,* cells or

15 ratio of CD,*/CDs* cells, or functional markers such as
improvement in quality of life, ability to carry out
normal functions, reduction of dementia or
immunosuppression-related effects including, but not
limited to, opportunistic infections and tumors. The

20 term "prophylactically effective amount" refers to an
amount effective in preventing HIV infection in a
patient. As used herein, the term "patient" refers to
a mammal, including a human.

The term "pharmaceutically acceptable carrier

25 or adjuvant" refers to a carrier or adjuvant that may
be administered to & patient, together with a compound
of this invention, and which does not destroy the
pharmacological activity thereof and is nontoxic when
administered in doses sufficient to deliver a

30 therapeutic amcunt of the antiretroviral agent.

The term "point of attachment" refers to the
atom through which a2 moiety is attached to a specified
structure.

The term "substituted®", whether express orxr

35 implied and whether preceded by the term "optionally"



—G-eups—n—O-gante—Synthests—2ad—Fd——Jolm—Wtey—and—Sons—(199%1);
Fieser and M Fieser, Fieser and Fieser's Reagents for organic Synthesis,
John Wley and Sons (1994); L. Paquette; ed. Encycl opedia of Reagents 25
for organi c Synt hesi-s—3Joehn WI ey—and Sons—1995). The term"silyl" refers
to a trisubstituted silicon radical in which the substituents are
I ndependently G -Cs al kyl, Cs-C~ aryl or Cs-C7 carbocycle. | es of
silll group¥ois¥¥de, but are not limted 30 to, trinet Wp
triethylsilyl, triisopropylsilyl, t-butyldinmethylsilyl,
t-butyldiisopropylsilyl, t- butyldiphenylsilyl, triphenylsilyl,
cycl ohexyl dinethylsilyl and the |ike. -Th8 term "pharnaceutically effective
anount” 35 refers to an amount effective in treating H'V infection WO

96133184 PCr1US96/ 05475 .13 in patient _eiih not herapy or in
conbi nation wi £f BPter®i§ERt° t?'ﬁeg%%]fearﬁgmfglfl{éa ]Jirnog'% g}s) Tjés%d herein refers

to the alleviat hyfiregensyapients df & Fiyen SHFUFTuURS ¥oElcihe Fagiead i ent or
t he i nprovenent odf a asperifiedrdubatiblentmea¥bern more dbancrai ed With a

particular di S%d?émﬁ&ﬁ%é&ff@d ¥eribdire AEPASE suBetldired Leek iae
treatment ysi _ngatuggt&ou%ggjg e 93@%5!3&&9?“‘3 g;?{@ %ﬂgvent i on woul d
result in an inprovenent in an associ at ed ascertal nabl'e neasurenent.
such 10 neasur e#SREiGUeRLEJBAY B¢ edbher, fhe| sane OF fbEiexedbcefon in viral

| oad in plasma evemyqidedtidef i mMygpitcalyie wvhenrpatenetereadayebeur ed by, e.g.
RT- PCR or branchggiokdlaiyn sibit iRuRedl ¢l bubsbitutichssarg@asurenents, L-2
moroglobulln ob R2sledlehia U REbst ruthon fiflrodeOprdfer@hl 0 Of CD &/ CDs"
cells, or funct onal markers such. as
10 Most preferred substituents are those which enhance
protease inhibitory activity or intracellular antiviral
activity in permissive mammalian cells or immortalized
mammalian cell lines, or-which enhance deliverability
by enhancing solubility characteristice or enhancing
15 pharmacokinetic or pharmacodynamic profiles as compared
to the unsubstituted compound. Other most preferred
substituents include those used in the compounds shown
in Table I.
As used herein, the compounds of this
20 invention, including the compounds of formula I, are
defined to include pharmaceutically acceptable
derivatives or prodrugs therecf. A "pharmaceutically
acceptable derivative or prodrug” means any
pharmaceutically acceptable salt, ester, salt of an
25 ester, or other derivative of a compound of this
invention which, upon administration to a recipient, is
capable of providing (directiy or indirectly) a
compound of this invention or an inhibitorily active
metabolite or redidue thereof. Particularly favored
30 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
35 delivery of the parent compound to a biological




Fpreverent—tn—quatTty of f1fe, ability to carry out normal functions,
reduction of denentia or inmunosuppression-related effects including, but
not limted to, opportunistic infections and tunors. The 20_term :
" prephyteettcattyef fecttve anount™ refers to an "anount effective in
preventing HV infection in a patient. As used herein, the term"patient"
refers to a mammal, including a human. The term " phar nagepgdobaseisy
acceptabl e (BPPVI 55 or adjuvant” refers to a carrier or adjuvant that
may be administered to a patient, together with a conpound of this

I nvention, and which does not destroy thg phar macol ogi cal activity thereof
and is nontoxic when administered in nod8s sufficient to deliver a 30

t herapeutic amount of the antiretroviral agent. The term "point of
attachnment” ref epgmbfrdmade @& 0,t RheusFaithoehlgmphaitdtysysteat)t ached to a

specified structure., The t . t} ", pheldee Asgs0l 35
I npl i ed and whet ﬁﬁ#a%irv;;cgaegﬂ%] yﬁgét%ééngﬁggt I onal | »d J1%961 3184

Pcr/ US96105495 inglude;dexiyatives,phere, § g& PBp‘FE}ccgﬁg BF=%ne or nore
hydr ogen radi cal aqueous giotebibityioruactive BrangperiditBapugyithe giecifi ed
substituent 5 WiepefiBffhe 18NaSpehdeOso t i ekpl fioiyilye showm Untdxogytay be

substituted with,a suhat i tue ehget ecified group, the
lﬁe?% (H‘i Y RCHE ﬁff s &b

subetituents may er e sanE 0, er ent, at yery sition.

Typi cal |y, when a struct uFBaTRAFeyE "B{J)t‘f &?&FP?/"T'}%]L?DgPﬂ'gﬁt%d,&g- 3
substitutions areoppmiraier of, tkiwl inventian dnelude thogenderivadefEpfed. 10
Most preferred sphsthiceriticaily ddeeptadle dhotgdmitccand organic acids

10 and bases. Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric,
perchloric, fumaric, maleic, phosphoric, glycollic,
lactic, salicylic, succinic, p-toluenesulfonic,
tartaric, acetic, citric, methanesulfonic,

15 ethanesulfonic, formic, benzoic, malonic, naphthalene-
2-sulfonic and benzenesulfonic acids. Preferred acids
include hydrochloric, sulfuric, methanesulfonic and
ethanegulfonic acids. Methanesulfonic acid is most
preferred. other acids, such as oxalic, while not in

20 themselves pharmaceutically acceptable, may be employed
in the preparation of salts useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts.

Salts derived from appropriate bases include

25 alkali metal (e.g., sodium), alkaline earth metal
(e.g., magnasium), ammonium 9nd N-(Cj4 alkyl),® salts.

The term "thiocarbamates” refers to compounds
containing the functional group N-S0;-0.
The compounds of this invention contain one

30 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
expressly included in the present invention. Each

35 stereogenic carbon may be of the R or 8 configuration.




—protease_inhibi - : et rrad ety
perm ssive manmalian cells or immortalized manmalian cell lines, or which

enhance deliverability by enhancing solubility characteristics or
enhanci ng 15 pharmacokinetic or Jphactnacodynam ¢ proefil es as—eenpared to
t he unsubatituted conmpound. OQther nost preferred subetituents include
t hose used in the conpounds shown in Table I. As used herein, the
conpounds oWwotsksae420 i nvention, including the compoundsPEHUSH a |, are
defined to include pharnmaceutically acceptable derivatives or prodrugs
thereof. A "pharmaceutically acceptable derivative or prodrug” neans any
pharmaceutically acceptable salt, ester,jgsalt of an 25 ester, or other
derivative of a conmpound of this invention which, upon adm nistration to a
recipient, is capable of providin directly or indirectly) a conmpound of
this invention G'Peaﬁxi?]rﬁﬁiﬁgb’o?‘?‘?‘? g@é?‘\’/’é’l &t &b iRTeLgFred HUBE t her eof .
Particul arly fawynete 30 der thetextesded zig-gégugsnormat hos eodtivakeni ncr ease
the bi gavai I abghgtai:fﬁ%g@ge sR5ROYRdsonoundieSof m&m&?gn; when 3$g|h|
r ni . i

gg?ﬁ??térgdecgn&un; teo%ﬁne'grgr%%e{‘?%?;g%iﬁ(%sg%ggg te’d%%ﬁt%g%]%éﬁgfood) )c/)r whi ch
enhance 35 >del i $8Vy8iAnad, By pehis £ n¥8RHIATHATECRL YHitYPaEi Ehat F8=Yst 33184 P
ri U696105475 - 1B thenframabben ofesgable [rpmppands or Thenpért i ¢ syst em
relative to the upaam-,saec{;m Herels/ rﬁiepgogks u;gﬁpohﬂ@g wa ceeri vati ves
where a group “’Bbsbefﬁg%%?fmi‘%%?gé%&m WBl hiidw Wm&f{.é:‘{&et gagsport
through the gut jp, JRTOIANS 1S GRPIRCES S bPCRX Romsbind fogonn hydroxyl
10 sufficient pericd of time to be useful for the purposes

detailed herein (e.g., therapeutic or prophylactic

administration to a mammal or for use in affinicy

chromatography applicatiéns). Typically, such

compounds are stable at a temperature of 40°C or less,
15 in the absence of moisture or other chemically reactive

conditions, for at least a week.

The compounds of the present invention may be

used in the form of salts derived from inorganic or

organic acids. Included among such acid salts, for
20 example, are the following: acetate, adipate,

alginate, aspartate, benzoate, benzenesulfcnate,

bisulfate, butyrate, citrate, camphorate, camph-

orsulfonate, cyclopentanepropionate, digluconate,

dodecylsulfate, ethanesulfonate, fumarate, glucchepta-
25 noate, glycerophosphate, hemisulfate, heptancate, hexa-

noate, hydrochloride, hydrobromide, hydroiodide, 2-

hydroxyethanesulfonate, lacﬁate, maleate,

methanesulfonate, 2-naphthalenesulfonate, nicotinate,

oxalate, palmoate, pectinate, persulfate, 3-

30 phenylpropionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and
undecanoate.

This invention also envisions the
quaternization of any basic nitrogen-containing groups
35 of the compounds disclosed herein. The basic nitrogen




fmmfornula (I). Pharmaceutically acceptable salts
of the conpounds of this invention include those derived from
pharmaceuti cal ly acceptabl e i norgani ¢ and _organic acids 10 _and hases———
Exanrptes—of—surtabl e acids Thcl ude hydrochl ori ¢, hydrobronic, sulfuric,
nitric, perchloric, fumaric, maleic, phosphoric, glycollic, lactic,
sallcyllc succinic, p-toluenesulfonic, tartaric, acetigcTnEbénss,
net hanesul f SYRP38E ot hanesul fonic, formc, benzoic, malonic, napht hal ene-
2-sul fonie and benzenesul fonie acids. Preferred acids include
hydrochl oric, sulfuric, methanesulfonic and ethanesulfonic acids.
Met hanesul fonic acid i s nost preferred.lzlher acids, such as oxalic, while
not in 20 thensel ves pharmaceutically acceptable, nay be enployed in the

preparation of sgif %euéﬁéﬁruii%eanﬁmdyai@&dﬂ knobh aicnithgsehet conpounds of

t he invention and he| rog I a Sanp1redldidéetn salts.

Salts derived fr%ﬁ? A‘EE?' E{f’ e bases&l@n(k:' g\ga%%t g%ﬁall m%%a% ﬂ

sodi um), al kal i netky3 8| Bugh 3p meti¥ie.§ + BRI WX (-4

al kyl )4' salts. dilorides) "hivmides bmdatiog‘ldcle;f atelkpl cyfekREs contai ning

the functiogal ofuipiabgOdideny mmwndmmtyuhaadlwvm on contain one

30 or nore asym"re car on ;'8 @1 “&&P%‘érdééyl”i‘ig??ies and racem c
I'as re

m xtures, single® di vi dual

&gfgééures
di ast er eoners. misﬂréhm%m#n f% ?rp‘wﬂ % expressly
included in the midcsralkyhvslides. iﬁd@ﬂias Mwéogeﬂlﬂi@aﬁbbh may be of the

R or S configuragiiiidedD Wekd3184 sXiHeWPEb1d) o/ dispeddible products

10 may be obtained by such quaternization.
The THF-containing sulfonamides of this

invention are thoge of formula I:

D OH D’

I |
15 THF -R}-NH-CH- CH- CH,y-N-80,-E (1)

wherein:
each R' is independently selected from the
group consisting of -C(0)-, -8{0Q),~, -C(0)-C(QO)-, -O-
c(0)-, -0-8(0);, ~NR?*-8(0);-, -NR!*-C(O}- and -NR*-C(O)-
20 C(0)-; preferably each R' is -0-C(0)- or -C(0)-; more
preferably each R' is -0-C(0)~;
each Het is independently selected from the
group consisting of C,-C, carbocycle; C¢-Cyp aryl; phenyl
fused with heterocycle; and heterocycle; wherein any
25 member of sa3id Het may be optionally substituted with
one or more substituents selected from the group
consisting of oxo, -OR?, -R!, -N(R?) (R}), -NHOH, -R!-OH,
-CN, -CO;R?, -C(O}-N(R}) (R, -8(0);-N(R}) (R}, -N(R))-
C(0) -R?, -C(0)-R?, -8(0),~R®, -OCF;, -8(0),-R®, -N(R?)-
30 8(0),(R?), halo, -CFy, -NO,, -R® and -O-R® ;
each R’ is independently selected from the
group consisting of H and C;-C; alkyl optionally
substituted with R%;



—The explicitly showr—hydroxy—s—atrso—preferredt—tobe——synto B —in the——

ext ended zi g-zag conformati on between the nitrogens shown in conpounds of
formula I. Conbinations of substituents and variables 5 envisioned by this
invention are only those that result— in thefornmatien of stabl e conpounds.
The term "stable", as used herein, refers to conpounds which possess
stability sufficient to allow manufacture and which maintains the
integrity owob&mmonpound for a 10 sufficient period of PEWEEEAS4She usef ul
for the purposes detailed herein (e.g., therapeutic or prophylactic

adm nistration to a mammal or for use in affinity chromatography
applications). Typically, such conpoundg are stable at a tenperature of
40C or less, 15 in the absence of npisture or other chemically reactive
conditions, for at |east a week. The conpounds of the present invention may
be wused in the form of §&FPs§dé1’i’tﬂé’(fPPP 25 1Yo BEART D ETOBr BRI ¢ aci ds.

| ncl uded anpng guwohp amrbisaing off #; RBéx exXarRl elkyr endh@é-Folallenyl: acet ate,

gdit patte, al ?i n?ﬂhﬁreﬁ?&ﬁx&t a&&ezb%wﬁai&n’bw” pesH) faRabe, tbi sul fate, t
utyrate, citrate,,canphorate,..c -.ar n opent anepr opi onat e,
di gl uconate, dSREESALY: & ?ﬁiettu%gﬁe“sdﬂ cs?ﬁgt_gz,'a#%ﬁargéﬂefﬁéfﬁgghgpta 25
noate, gl y&er op#E3pREAT ITRBNFRRIFFILR, CIHAILEIBAIY ~RBxa - CABLTNEH-RY
hydrochl ori de, hgdobppNORY) dR?) ,hHet oi-oMi, deSR™2- - ¢3:BY, oNRCHaheral f onat e,

| actate, nal eate, net haggggl,{qgaggdegémgbigai zesyl fonate, nicotinate,

oxal at e, pal npate, pect isgg%ﬁh%{)%%sygﬁﬁa ggp %q%gggyls eocl%iegng%(grF epi crate,

pi val at e, propionate, : . nate, tosy and
undecanoat e. the group consisting of R®; C,-& alkyl, which may be
10 optionally substituted with one or more groups selected

from -OR?, -R%, -O-Rf and R%; C,-C, alkenyl, which may be
opticnally substituted with one or more groups selected
from the group consisting of -OR}, -R’, -O-R® and R%; G,-
Cs carbocycle, which may be optionally substituted with

15 or fused with RY; and C4-C, cycloalkenyl, which may be
optionally substituted with or fused with R®; preferably
each D is independently C,-C, alkyl, which may be
cptionally substituted with one or more Het; more
preferably D is (;-C; alkyl, which may be opticnally

20 substituted with one group selected from C;-C)y aryl and
C-C¢ cycloalkyl; even more preferably D is selected
from benzyl, isobutyl, cyclopentylmethyl, and
cyclochexylmethyl; and most preferably, D is benzyl or
isobutyl; preferably each D’ is independently sgelected

25 from the group consisting of C,-Cs alkyl optionally
substituted with R®; and more preferably D’ is selected
from the group consisting of C,-C, alkyl optionally
substituted with one 3-6 membered carbocycle or one 5-6
membered heterocycle; and most preferably, D’ is

30 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; -0O-R’; -NRR’;
C;-Cs alkyl, which may be coptionally substituted with

38 one or more groups selected from the group consisting




This Tnvention al SO envisions the quaternization of any basic

ni trogen-contai ning groups 35 of the conpounds disclosed herein. The basic
nitrogen WD 96/ 33184 PCl11u596105475 17 can be quaterni zed wi_th any agents
known to those of ordinary ski.ll in the art including, for exanple, |ower
al kyl halides, such as nethyl, ethyl, propyl and butyl chlorides, brom des
and iodides;dujﬁﬂ%“ sulfates 5 including dinethyl, diethpdrusehiossssy! and

di anyl sul fates ong chain halides such as decyl, lauryl, rnyristyl and
etearyl chlorides, brom des and iodides; and aral kyl halides including
benzyl and phenethyl brom des. Water or oil-soluble or dispersible
products 10 may be obtai ned by such quarethizati on. The THF-contai ni ng

sul f onam des of thls i nvention are those of fornmula I: D OH Df 15

THE- R N G Cr G2 bt il rlae | V‘"&@.k@hgl 3adenfhay e Bgensuday |y sel ected
10°5(0) 2, .ng‘?éps%%s '%“ ARG L oF T8, Sioums B EXPR T, oo
is -0-C(O)- - P, cm-‘e“ipsePér%le?déﬁFH Rnd,ghenylc;@ged withch Het is

i ndependent | y sel:acd admbefea Hatergiyele ;Cppéfatably eackE Gb Het i/ cl e;
$6-Cl O aryl ;g phemt e bUas aasl Eeier 9he.uchuessrvsmcbﬁe gherein any

25 nenb f 5t bstituted wt
Substituents sel XA SPPEHITYRE g'rgéﬁﬁe thg LR (S GFOUR SonsiRsing &F N (o)
(R2) , -NHOH, - R2=@8, -OCH3\ -Nigj;2FVHCOQH, 0)SH, Nap®k?CHROr pheryl O 2-N (R2)

(R) , -N(Rs) - fused with 5-6 membered heterocycle, and most
preferably, E is phenyl substituted with -NH,
10 (preferably in the meta- or para-position);

each R* is independently selected from the
group consisting of -OR?}, -C(0)-NHR?}, -8(0),-NHR?, halo,
-NR?-C(0) -R* and -CN;
each R® is independently selected from the
15 group consisting of H and C,-C, alkyl optionally
substituted with aryl; preferably each R’ is
independently selected from the group coneisting of H
and C;-C, alkyl; and
each R® iB independenﬁly selected from the
20 group consisting of aryl, carbocycle and heterocycle,
wherein said carbocycle or heterocycle may be
optiocnally substituted with one or more groups selected
from the group coneisting of oxo, -OR%, -R%, -N(R%) (R%),
-N(R®) -C(O) -R*, -R°-OH, -CN, -COR®, -C(0)-N(R®) (R®), halo
25 and -CF,; preferably each R® is independently selected
from the group consisting of, 3-6 membered carbocycle
and 5-6 membered heterocycle, wherein said heterocycle
or carbocycle may be optionally substituted with one or
more groups selected from the group consisting of oxo,
30 -OR’, -R°, -N(R’) (R®), -N(R%)-C(O)-R%, -R*-OH, -CN, -COR’,
-C(0) -N(R’) (R%), halo and -CF,.
Except where expressly noted to the contrary,
the term " [variable] as defined for formula I" refers
to the definitions shown directly above.



-CF3, -NO=, -R and -0-R; each R2 is independently selected fromthe group
consisting of Hand C=-C3 alkyl optionally substituted with R6; WD

96/ 33] 84 PC fUS9610647S -—18— each-R3 is-+ndependently setected fromthe
group consisting of H Het, Cl1-C6 al kyl and C2-C6 al kenyl wherein any
menber of said R3, except H may be optionally substituted with one or
nore subst iwaesdssss5 sel ected fromthe group consisting RET/USEHEITIS
-C(O-NHR2, -S(O-NR2) (R2), Het, -CN, -SR2, -CO02R2, NR2-C (O -R2; each
n is independently 1 or 2; each D and D is independently selected from
the group consisting of R6; C -C6 al ky] ggwhi ch may be 10 optionally
substituted with one or nore groups selected from-0OR2, -R3, -OR6 and R6;
C2-C4 al kenyl, which may be optionally substituted with _one or nore groups
sel ected fromthe groupPreferzad sgmpsunderef foxpulaclpipdnders; C3- C6

car bocycl e, whi ehos@\cdmpoands Gianrihy stilishst utresl vartibble dmfihaedeab Wit h RG; -

and Cs- G5 cycl OQEF Jf*erﬁ@&?hncf@'ppgfeﬁ@di, 0B¢dr Ynotubptdidsirad ¥ th or fused
with R6; prefera ea}\%f D windeﬁﬁlg%rﬁltgly %-CB a Q/lln whi ch may be
optional |y subsPPBuIRREERFTRS 8t B! nbre Pprerer gblx Dis C2-Cs
al kyl, whi 8h magonecwstsi shafoxmuie Iuinalivda: EhPaf CATBARAYE HAKIR%| ected from
C6-Cl O aryl andatCBedst twysl omlttriee esmciabies cdgfiigiedr divigpeddestlel ected from
benfzyl : b: Sobl[J)tyksbea(&&;lmeawé_dteheﬂ,pﬁﬂrfsaplfhaxmbf@tﬂﬁélfe;ﬂw rmzt .
refrera ) 1'S_ben (0] | S . | ependen

gel ected ¥5 f roﬁft‘ﬁ%’ztyglp(’gﬁg)e%er?glgggly’lrﬂiti%%g%';I Egﬁbo‘gtelﬁﬁgf‘? P Y

compounds of formula I Pnclude those cogpoudea av ng

10 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:




substTtuted Wwth Ro, and nore preferably D is selected fromthe group
consisting of Cl1-C4 alkyl optionally substituted with one 3-6 nenbered
carbocycl e or one 5-6 nenbered heterocycle; and nost preferably, D is 30 .
sel®'cred~fTom the group consisting of 1sobutyl; - cycl opentyl net hyl and

cycl ohexyl nethyl ; each E is independently selected fromthe group

consi sting of Fbt -0-Het; Het-Het; -0-R3; -NR2R3; C, - Cocilkethsezs\hi ch may
be optionall?“?ﬁ@gf1tuted with 35 one or nore groups selected fromthe
group consisting W 96133184 PCl'/UB96AMA75 - 19 of R4 and Het; C=-C6

al kenyl, which may be optionally substltuted W th one or nore groups
selected fromthe group consisting of2lR4 and Hat: and phenyl fused with
5-6 nmenbered heterocycle; preferably each 8 is Net and 5 nore preferably, E
i s phenyl substituted with one or nore substituents selected fromthe.
group consisting of -OH, -OCH3, -NH=, -NHCOCH3, -SH, and -CH3; or phenyl
fused with 5-6 nenbered heterocycle, and nost preferably, E is phenyl

substituted with -NH2 10 (preferably in t ta- or para-position); each
R4 is independently sel ected fro thmﬂw nS|st|ng of -OR2, -C (O
-NHR2, -S (0) =-NHR2, hal o, (C» R2™an each Ris
|ndependently selected froﬁ? 1 groﬁp conS|st|ng of H and ClL-C4 al kyl
optionally substituted with aryl; preferably each Ris independently

sel ected fromthe group consisting of H and G-Cy alkyl; ' and each R6 is
i ndependent |y t f ycl e

and heterocy




‘wherern—said—carbocycteor—heterocyctremay—e—opttoftaH-y—subst i tuted-wth——
one or nore groups selected fromthe group consisting of oxo, -OR, -R5,
-N(R5) (RI), -NR) -C(O -R, -R-OH -CM -CO=R, -C (O -N(Rs) (Rs) ,
hal o 25 and-- CF3; preferably—each—R6 is independently seleeted fromthe
group consi sting of,3-6 nenbered carbocycle and 5-6 nmenbered heterocycle,
wherein said heterocycle or carbocycle may be optionally substituted with
one or norewgroeass sel ected fromthe group consisting oPCHHEISNSAT - OR
-Rs, -N(R) (R) , -N(Rs) -C(0) -Rs, -Rs-OH, -CN, -CO2R, -C (O -N (R
(Rs) , halo and -CFA. Except where expressly noted to the contrary, the
term"[variable] as defined for formuzm L" refers to the definitions shown
directly above. W 96! 33184 PCTI US96J0S475 20 Preferred conpounds of

formula I include those conmpounds having at | east one variabl e defined as
the preferred, nore preferred, even nore preferred or nost preferred
definition above. Mor e preferred 5 conpounds of fornula | |nclude t hose
conmpounds havgmg—gt asSt WO TO TNree yart antes der ined naeptly as
the preferre nor g Ry ¢f ghred, pr ef eé,r(sed or sPRef errid

definitions
conpounds ha
as the prefer
definitions ove.| Tablle | Jllustrates pyeferred conp
i nvention: 06/3B184 | PCTIJSO61 OS475
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—=CHs =nneas —A0-96133184—PCtra36/-C54F3—2F—s—Sss—CH2-H3—-C—91—s—
-CH2-0 CHs x14, --C rya 93 R-CH2-- CHS H3 -0-F C 2 94 wocnm8 Ry-n _CH2
H3 )-CH3 O ~-CH2 S~CHgK3$dA 93 .CHz~-CC Srya~"'""~-y CH3
Cl 99 ---0 -ce W0 96133184 RCF 1S96/865445 -24- S 186—=CH2-Q CHs
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—Z2—-CO2NH2—333—s—syn—CH2CH3 )-CHs -CH2 s syn 116 -CH --0 --CH2-.. - S syn
--CCH3 Hs 123 Hz~ )-CH3 -CH2 OCH3 WD 96133184 pcr!U396105475 - 25 s CHa
124 -CH2- H3 125 S syn -CK2 -CHZ--{ ( Or-H, s ~ 132 -CH2-0 -CH2 O F_S syn

133—E—CEt12—Tc—— NHCOCHI 34 $ryn CH2~ ~. H9 --- S gn 135 -CH2~
~~..../1 CH3 W 96/33184 PC 1U896/05475 -26 s ryn 0 136 -CH2- -CH2 F O
NHCOCHS WO 96/33184 PCT/US6/0347S

- 25 -
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13— S—CR2—HR2——s—+yr—eB—e—3—tf—o—€C3—C2—s+yn—140 —CH2—
-CH2~ D44 -CH2 CHg + -CCF3000 Srya 145 ... _CH2-0 CHg I~ H3 x s
-C92 wo 96J33184 Pcr FUSO6WA75 - 2? S 'ya 148 ---CH= --CHz 149 S syn _-C
-CH2-( J NS 'v CH3 | SOCH3— S syn 151 —e2—CH2 F3 S-=a-no—0 132 ~HZ CH3
)-CH3 -CH2 157 M -CH2--( ---CH2-0 J cocfh WD 96J371S4 PGINS96l O-S473

-28-

WO 96/33184 PCT/US96547S
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—S-eyp 159 —CHR2++—ST®'Yyma 139 --CH2- (r)] -CF S yn 160 -CH2-0 -CH2
- - ¢- NHCCCH3 OlGlSsyn_C~ CH>-~CH3 3 H2 165 syn -CH2 CH3 H3 'C H3
-CH2 167 S -CH2 CH3 H3 -0-NO2 -C W961331$4 PCT/ 06%$475 —-29-5 ~

. CHs—168—+2~H8+2~ s .yn 169 - CH2 S sya 170 ...~~ --CH2~ -O N2 Sgym
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WO 96/33184 PCT/USIGNSATS
-27 -
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CH3 CH3 C2 S ayo 176 --CH2~ -CH2 v~ s aya 180 --CH2~ --CH2~ O s sn 181
..C-CHR~ --OCN s syn 182 . C _CH2~ -0-F W9403134 rcr/0s96J05475 - 31

183 'yn -'-'CHZ oeH2- O ~—' =“J+4—s.y0o H3—3295 - CHZ—o—~€~M -~HZ 196 S
CH3 CH3 H5 Hg ~ CH,, S syn 197 --CH3 CHO H3 CH3 198 S rim-CHZ -CK2 -~
CH3
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s—E-SEiHE—199 CH3 - CH3 -C -C 2 H2 wo 9603184 PCrMS96/0S475 -32 200
gym-CH2-~0 -CHz --0-NKcH3h 201 --CH2 _CCH3 H3 -O-hKCH h S 'ya 202 ---CH2
-CH2~ Et . S anti 203 CH3 -CH2-K -C~—-Wm_-CH2 s CH3 204_-CH2 )-| CF%——
-CH2Z—s—=tm 205 CH3 H3—--CHZ~ -0-NO2 )--1C -CH2 WO 96/ 31184

pcr/ U896/ 05475 -33- S sy-n 206 i'CH3 -CH2 -C S anti ~ 207 CH3 _-CH2 S
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—208 ~CH—O-NZ—EH32—Sayrm209—Criz —CHZ TH3— 0 05 210 --CH2~ "CH3
H3 -~~ s ayn /~ 211 -CH2 -CH2 -~ ?--c02cH3 WD 96133184 PCT/ US96I1 C647S
-34- 5 syn CH3 212 --CH2 ). CH3 Siyn C213 NCHH 3 -CH2 ryn 214 S C
H3 ---(CHp)=~ -O-NH2 215s—yn CH— -CK2 €3 -CH2—s 1216 -diff
--CH2~ NH2 S an 2r7 -CH2 CH3 H3 NH2 ~~// [,-:¢c -CH2 ~nnsm

WO 96/33184 PCT/USSG/OS4TS

- 30 -

S syn CHa
— | Fow

s | om | CH
" e D] I

-CZ

S syn
176 _.CH,_O —CHz—-G

s | o
180 —CH2_<:> —cu,—O

5 gyn
o1

s syn
o e |




O O 4004
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v H3 220 s -CH2~ NHZ ~--/

9633184 PCIT US96n# 75
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-36 224°S syn - CH2-

-CH2-CN-H -C--MP13 226 S wn -CH2~ -CFl:
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-31-

“(CH2)2--0 H 225 S syn - CHZ
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-S-oyh-+ - —23t—CHr———(—N-MB—F= 6232 S—sya—CeH———CHR2—a+H3—233 S
rym4HS --CH2 fs cros 234 S syn -CHZ' "' QS -a0OCH3 235 S Bya --CH2 -N N H3
~. N wo 96/ 33184 Pcrro896W5 -38 236 S syn --CH2 --CH2 -CK2 ~unnt wo
96' 133184 PCrr 0s96l-0544—39— Mor e—pr ef er +ree—eoripounds of—this i nvention
are selected fromthe group consisting of compound 35; conpound 37;
conpound 48; conpounds 52; conpound 60; conpound 66; conpounds 86;
conpound 88wassapsund 91; 5 conpound 93; conpound 94; c&FPYNESES: conpound
99; conpound 100; conpound 112; conpound 113; conpound 116; conpound 124;
conpound 125; conpound 132; conpound 134; conpound 135; conpound 138;
conpound 140; conpound 144; conpound3345; conpound 148; conpound 149;
conmpound 150; 10 conpound 151; conpound 152; conpound 157; conpound 158;
conmpound 159; conpound 160; conpound 165; compound 167; conpound 168;
conpound 169; conpound 170; conpound 171; conpound 173; conpound 175;
conpound 176; conpound 180;
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181;
197,
203;

€ofpound
conpound
conmpound

conpound 216;

conpound 221; co

wher ei n eachWo

comnmpound 1382,
conpound 198;
conmpound 204;
conpourd—209;—Ttomnmpound —21I0; conpound 217;
conpound 217;
ound 222;

preferred conpounds of this

consi sting of:
conpound 148;
conmpound 171
conpound 181

The nost pref
consi sting of
168; conpound
217, wherein
THF- cont ai ni n
convent i onal

25 conpound 48;
conpound 158;
conmpound 173;
conpound 195;
conmpound 206; 30 conpound 211;
and conpound 220, wherein each conpound has the formnmul a

conpound 183;

conpound 200;
conmpound 205;

conpound 195; 15 conpound 196;

conpound 218;

conpound 224,
Bnd has the formula shown in Table I.
invention are selected fromthe group :
conpound 140;
conpound 169;
codf pound 180;
conpound 202;
conpound 219
shown in Table I|.

conpound

conmpound <8®;- conpound 168;
conmpound 176;
conpound 198;
conpound 217;
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conpound 216;

100; conpound
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conpound 20 219;
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Even nore
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-10-most—readi-ty—synthestzedH-—protease—+rhbttors—knowr—Previ-ous| y—-
described H V protease inhibitors often contain four or nore chiral

centers, numerous peptide I|inkages and/or require air-sensitive reagents
(such as organonet-alHec—conrpl exes)}—t o ef feet—their synthes+s—15 The
relative ease with which the conpounds of this invention can be

synt hesi zed represents an enornous advantage in the Iarge scal egproducti on
of these como®édU8 | n general, the THF-contai ning sulf 9eM?S 20 of
this invention are conveniently obtained froma- am no acids and
derivatives thereof having the general formula Il: (W (QNCHD-v (I1)
wherein Wis hydrogen or P; P is a sui3seble amino 25 protecting group; Qis
hydr ogen, benzyl or AR -; Yis -C(OOH -C(OH 'r -CH20H and D and

A-R - are as defined above for the compounds of fornula |I. Wand Q may

al so be taken together with the nitrogen to which they are attached to
forma heterocycle. An exanple of 30 such a construction is phthalimde.

Sui t abl e am PTPTECYT g PT oups_are degcribed In nunferous referenges,
including T. G egng dnga A G M C\%t s, Pfotect i"3104 PE\Qe 96185475
41 Goufls i W gpnic|Synthesis. Ed. | -t ,\@ gne—¢ 0RO ) ; L.
Fieser and Mg Fieser, FKieseg ;wgéer' s Reagen-s/T qgr 21l ¢ Synj hesi s,
John Wley an Sophs (1994) 2L. Paque¢tte, ed. Sngugl opedia of 5

Reagents for ganjr. ,| Johh Wley and Spns (1995). Hxanples of su
protecting grpups lincllude lbut are pot limited to RBdc Chz and Al

213 : ” BECH:; —(CHz)z—Q ——O—OH

~CH,

S om CHs |
214 3 Hy —(CHz)z—O —O—NHz

s
] g [ OO

-0~ <~

§ | om c CH NH,
>—°H3 <:;
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+ 1 ]
—Ateffattvery,;

N, N- di benzyl

avartapte—a- am™Mo aci d"deri1vatives using known

ttre—am e nay be protected as an al kyl

or trityl.
comercially avail abl e

derivati ve such as

Such a 10 am no acid derivatives are often

or

i nventi on envi sions the use

mat eri al s,
preferred.

Cafeaghite

| e enanti oner
wn t echni ques,
formula P-N(Q -CH(D)- OOOH may be

derivative of 20 general

of

t echni ques.
racem c m xtures of such starting
(preferably in the S codrugess#?on)
the a-am no acid derivative of genera
readily converted to an am no ketone
formula P-N(Q-CH(D)-CO-cH - X, wherein P, Qand D

are as defined for conpounds of formutFa&311 and X is a

suitably activates the a-carbon

nmet hyl ene to
sul fonat es,

a leaving gr
triaryl phosphi
for the formt
t hose of skill
Chem, 315, p.
derivati ves ar
(e.g., fromB

(i.e.,

may be conveniently prepared fromcomrerci aldly—

Al t hough this

is

| eavi ng group which

i ncreases the susceptibility of.the

nucl eophilic attack). Suitable |eaving groups are well 25
known in the art and include halides, dialkyl sulfonium salts and
such as nethanesul fonate, trifluoronethanesulfonate ot
é X npy gl so be a_hydrpxyl which is|converted in pCS to
p (d:¢,|{mtlre n hia tg,ial k¥ ar 30 J
2% thelpre eﬁ%%ﬂgf i IR o0 Hoxy)/B ot hods
on df such jnino ket one dgrivatives al 40 a\ RnPpwn t o
in tlhe art (dee, for exanple, S.J. Fittlkau, J. Prakt
1037 (19Y3)).{ In 35 additipn, certain arino ketone
_ RCTU306/3-54+4p——d2—eommetaty—avarthbl e
hem BIé)S i ghdes, I nc h| | adel phi Pgnnsyl va h’a).
219 —CH, —CH;
Hy
s syn
220 ——CHr-*<::j> GHs N
CH,
—CH,
S syn CH,
22) : —C -—{ > -—{ >-+(
" Lo i
...c
s fyn CHy '
dli O
H3 i
~CH, !
5 syn
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~TFhe-—am-no—ket one—dertvat-ve—rray—tiremr—e—reducet—to—the—corresponding—amno—
al cohol, represented 5 by the formula P-N(Q -CH(D)-CH(OH) - CH2- X, wherein

P, Q and D are as defined above for conpounds of formula Il and Xis a

| eavi ng group as defined abeve. AkHternatiwely the am no ketone derivative
can be reduced to the corresponding alcohol later in the 10 synthetic
schene. Many techni ques for reduction of am no ketone derivatives such as

P- N(Q - CH( DwoRersisz- X are well known to those of ordi nEFYUSRPMIS in the art
(GJ. Qallich and T.M Wodal |, Tetrahedron Lett., 34, p. 785 (1993) and
references cited therein; and Larock, 15 R C. "Conprehensive O ganic
Transformations”, pp. 527- 547, VCH Pyplishers, Inc.(c) 1989 and references
cited therein). A preferred reducing agent is sodium borohydride. The
reduction reaction is typically conducted at a tenperature of from about
-400C to about 20 40C (preferably, at about OC to about 20C), in a

sui tabl e sol vent system such as, for exanple, aqueous or neat

t et r ahydr of ug R h

- L ] ol P P | = + |
af—of—a—~howefraeehet—steh—as—retharol—er—etharel—Al t hough

this inventipn enyigigng, poth steyeogpecific and n- st eeegspeci f §ic
reducti on of §2hat he arfi no ket+Chig—eri Va Lquﬁb}%(ij§h(‘  CO/CHECH,
st ereosel ectjve reductlion | s prefensed. |Stereosel ilve ‘TEductionfmay be

acconpl i shedgby uge off chiral reagents {known in the |art or by theffuse of
an achiral rpducipg 4gent{on a chiral. |substrate. In the present }

i nvention, 3P stejeosedl ectjve reduction]may be converfiently achi evegd, for
i nstance, un@ler npn-chel atj ng reducing ¢onditions, ere_chiral iduction

of the new yj fqr nedShydeexyl royp i} set x<€g§ st gr eoghew
group (i.e.| #&kin-Ahn harEPen y’jiTﬁg). N=H

227 Sy -—CHT—{<:3> ‘”*”<:)P“”h ——<::>}—ocn,é

| 228 S | om —CH,—D ‘—CN—H —O—OCH;

' s sm ) ;
o || O O | O




35—part+edtarty—prefer—stereoserect |1 ve reducti ons wherein WO 96! 33184

PCTI U596A5475 43 the resulting hydroxyl is syn to D. W have found that
when the hydroxyl group is syn to D, the final sulfonam de product is.a——_
nore—petent—H-v-—protease TTNNibitor than I1ts anti diastereoner. 5 The

hydr oxyl group of the am no al cohol may optionally be protected by any
known oxygen protecting group (such as trialkylsilyl, beFpssesoseset al or
aIkonxynetHV£?mPB“yield a protected am no al cohol having the formula
P-NNQ-CHD-C(OR )-CH2-X, wherein P, 10 Q and D are as defined for
conmpounds of formula I, X is a leaving group as defined above and R is H
or a suitable hydroxy protecting group. ~Several useful protecting groups
are described in TW Geene and P.GM Wts, Protective Gougs in Organic
Synthesis. 2d 15 Ed., John Wley and Sons (1991); L. Fieser and M Fi eser,
Fi eser and Fieser'a Reaaents for Oganic Synthesis, John Wley and Sons
(1994); and L. Paquette, ed. Encvyclopedia of Reagents faor COrgani

Synt hesi s, n ['ey {and Eons (1.995). 120 The amnjpo lal cope
reacted with nucl @oph®ri £ _apine LonRoulind ﬁﬂ%ﬁ(:i> -
formula I11: PBS5 WN{Q - 1] n- ] ‘35

are as defindl in formjla I], R is H of any suitabld oxygen prote
group and L i either |30 @ (as describ¢d for conpounlds of formula

hydr ogen.
s < > oc

s | om Hy OCH,
Py —cuz—Q —cn,{-—ou —{ 3

o Hy —O—oe
23 _CH’—O —cmé—cw b

1L




Al t-er pati-vely, —an—amne—actd—dervreattrre—tray—pe—reacted—with—anucteophi-tic—
nitro conpound (e.g., a nitronethane anion or a derivative thereof) which
can 1 WD 96133184 PCT/ V896103475 - 44 be reduced in one or nore steps to
yield an internediate of fermula-+H. In aparticul arl y—atvant ageous
synthetic schene, sinultaneous activation of the nethylene and 5
protection of the al cohol may be acconplished by form nﬁ an N-protected
am no epoxi evossnmsa t he oxygen and its adjacent nethyle E"P?‘@& e an
internediate of formula IV: WN (Q -CH (D) -CHCH2 (IV) 10\ / O
wherein W 0 and D are as defined above for conpounds of fornula II.

Sui tabl e solvent systens for preparrrd§ -the N protected am no epoxide

i ncl ude et hanol, 15 nethanol, isopropanol, tetrahydrofuran, dioxane,

di met hyl f ormam de and the like (including mxtures thereof). Suitable

bases for producing the epoxide include alkali metal hydroxides, potassium

t-butoxide, DSU and the like. A preferred base is potassium 20 hydroxi de.

Al ternativelfy, THe v OT O1 gCl ed am no ep:)XI de may be ' [
0) or| S phewyl ' cid di an|

car boxyanhydy i?¥e |of a| prot _ act g

avail able f lom Priopep i de)j. A pref erred aceti c 1d

pcetilc acld dijani on.




—The—+esw-tt+nAg—amno kKetone nay then be reduced (e.g., wth sodium
borohydride). The resulting amno al cohol is readily converted to the

am no epoxi de by 30 quaternization (e.qg., wth nethyl iodide).followed-by—
ri rg—etosure{using, for exanple, sodium hydride). Reaction of the

N-protected am no epoxide (or other suitably activated internediate) with
an amne is _carrl out neat, i.e. in the absence of solpcemsysesnsin 35

t he presencew& Bl ar sol vent such as | ower al kanol s, WD 96/ 33184

PCT/ US961a5475 45 water, dinethylformam de or dinethyl oul foxide. The
reaction can be carried out conveni entIyAé)ft.ween about -30C and 120C,
preferably between about -5C and 100C ernatively, the reaction nay be
carried out 5 in the presence of an activating agent, such as activated
alumna in an inert sol vent pr ef erably an ether, such as diethyl ether,

tgt rahydrof uran, di oxane, Eg d #5ddnds etheru.s G.Qmiﬁﬂi&-nt I ydf rom
about roomtenperature to abo 0C as esGr an

Rogers, J. Am Cheth® ggiectesh Trpm éﬁ) e bgﬁg “act | @ag ng reagents

i ncl ude | ower trlmﬂlpphndaUmmm(ﬂses“md&s u®fhum or

di al kyl al um num f‘@&dﬁ&ﬁnapw-l ompSunds 3% ; dcetgouing| asnlmmpuudl ®ki de (Overman

?Rd Fl i ppi n, 5Tet r&ﬂ@%&g@ ! MPoutl 9J4§ J_.g,tﬁpc(@,,%ﬁ) Mhaoggt | n\r;ol Vi ng
i ohl or bt hane, eaowo&%%ﬂi%ﬂos%m” d 12 ombond°La PRokBBLRA SUED 00
about OC and aboutonereed 174 chepownd H35¢ ‘Eﬁmﬂﬁué‘ﬁlh%?'ng’wa\?‘?‘ﬁgndroups or
20 openi ng epoxi desmpsuhl 38 NesmpewidiAi38 ; ecprpeandnl 40 s wompowsd ddiddes or
trimethylailyl cyaiiflensCRésempotha 148; compound 149; compound 150;
10 compound 151; compound 152; compound 157; compound 158;
compound 159; compound 160; compound 165; compound 167;
compound 168; compound 169; compound 170; compound 171;
compound 173; compound 175; compound 176; compound 180;
compound 181; compound 182; compound 183; compound 1395;
1s compound 196; compound 197; compound 198; compound
200; compound 201; compound 202; compound 203; compound
204; compound 205; compound 206; compound 208; compound
209; compound 210; compound 211; compound 212; compound
213; compound 216; compound 217; compound 218; compound
20 219; compound 220; compound 221; compound 222; compound
224; compound 227; and compound 233, wherein each
compound has the formula shown in Table I.
Even more preferred compounds of this
invention are selected from the group consisting of:
25 compound 48; compound 100; compound 116, compound 140;
compound 148; compound 158; éompound 160; compound 168;
compound 169; compound 171; compound 173; compound 175;
compound 176; codipound 180; compound 181; compound 195;
compound 197; compound 198; compound 202; compound 206;
30 compound 211; compound 216; compound 217; compound 219
and compound 220, wherein each compound has the formula
shown in Table I.
The most preferred compounds of this
invention are selected from the group consisting of:




—Goggenher 3, —Am—Chent—Soc. 1045849 (1982 )—are —knowr=and wll be
apparent to those of ordinary skill in the art. 25 Conpounds of fornul ae

[1, I'l'l and 1V, and functionality-protected derivatives thereof, are
useful as i nternedi-ates fer—the preparati en—of—conpounds—of for mula I. In
those cases where L represents D, conpounds of fornmula Il may be
converted to conpounds 30 of fornmula | by reaction with_sulfonyl-activated
speci es to WA%3¥84 f onani des, sul fonyl ureas, thiocar hEFHPEEOHIY the 1i ke.
Met hods' for preparing such sul fonyl-activat ed species are well within the
ordinary skill of the art. Typically, sulfonyl halides 35 are used to

obt ai n sul fonam des. Many sul fonyl hali.dgs WO 96/ 33184 PCl'/ U896/ 05475 46
are comrercially avail abl e; others may be easily obt ai ned usi ng
conventional synthetic techniques G lbert, E.E. "Recent Devel opnents in
Preparative Sul FOPRAYNENI4d STPPURE P8 SHAMRANES 169+ (compound 11989) and 5
ref erences citedcompmuadnl 7% fdompayundr 216 ;" Akd Tdmpbund @, hwhéeenizenesul f onyl

g"DO” de” |Of g. 4%‘%miqotm§&hﬁt hhd h¥@l the/l ﬂomﬁ@hm%e!nafﬁiilf%oﬂs (21-990) ; _|I‘_|art mflln,
et. a " ubstitu £0 es as Topica

Car boni ¢ Anpydrage | nhi blfger:s&%'? ggﬁaﬁﬂggg %1& a&%ﬂj gg% (1992) and

ref erences Bited* (AP MaYSHer BYGThaftEed ‘é’r‘é‘gugﬂ‘&‘f‘?’}“@ﬂ?bl ned by the

reacti on of an aw¢chnigues. s Mdvanyagerhisdyi detheme gompaindabingy dspui val ent such

as sul furyl - bi e- ésnvkadehelPrsyntHésided £bof-ddadelydvailtadagol e.

Thi ocarbamat es ag& 3Ly RAGA kY0Pt @i ned by the reaction of an alcohol with

sul furyl chloride or a“sujtable e val_ent, sych as
y he ompo&kés of g%is %nventzon are among the

10 most readily synthesized HIV protease inhibitors known.
Previously described HIV protease inhibitors often
contain four or more chiral centers, numerocus peptide
linkages and/or require air-sensitive reagents (such as
organometallic complexes) to effect their synthesis.

15 The relative ease with which the compounds of this
invention can be synthesized represents an enormous
advantage in the large scale productlon of these
compounds.

In general, the THF-containing sulfonamides

20 of this invention are conveniently obtained from a-
amino acids and derivatives theraeof having the general
formula II:

(W) (Q)N-CH(D) -¥ (I1)

wherein W is hydrogen or P; P is a suitable amino

25 protecting group; Q is hydrogen, benzyl or A-R'-; Y is
-C(O)OH, -C(O)H, “6r -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

30 such a construction is phthalimide. Suitable amino
protecting groups are described in numercus references,
including T.W. Greene and P.G.M. Wuts, Protective




~—sutfuoryt=tire-tm dazol € or sulfuryl-bis-N-nmethyl 1imdazole. In the case of
conpounds of formula IIl 20 wherein L is hydrogen, conversion of the
resultant primary amne to a secondary amine nay be carried out by _known
t echimTqUES. Such techniques 1nclude reaction wth an al kyl halide or alkyl
sul fonate, or by reduc- tive alkylation with an al dehyde or carboxylic acid

or 25 activate ,g?ggjl vative thereof using, for instance, pcebshosirsC
hydrogenat|3’ sodi um cyanobor ohydride (Borch at al., J. Am Chem Soc.,

93, p. 2897 (1971)). Alternatively, the prinary amne nay be acyl ated
foll owed by redudhi on with borane or another suitable 30 reducing reagent,
for exanple, as described by Cushman et4alt, J. Oo. Chem, 56, p. 4161
(1991). This technique is espeC|aIIy useful in conpounds of formula Il

where Wrepresengs_ a. i ) Do (Sil ed £ TohR UWhveyC ar@onyl (Boc) or
benzyl oxycar bony ) 0" O 1S H O ot are benzyl Wo
96/ 33184 rcr/os9§P’@B4‘7"§91) 4‘7- ”WI\HJQ}“ gﬁﬁ%m D
dsgartls Repoenus <R RRLhSRLE I WP AR ot
renmovabl e prot ecgbﬂg a@@um,and movidzuéﬂ‘teel édergmgMMps fol | owed by
W1 advant SgeouBRiatied-Ala Rhsbalt ancHRadR) St B gep dad 20880 TEA0TT
V.V 0
\rMeact ?on Wi tﬁ an (&8¢ )v'at e&"‘%?r’&o?glﬁ‘f‘é‘ NB‘SE% pam%gﬁ];g'%u Bde (e.qg., ag?d
fluo- rides, aci dnchhde, des,arzmaotclimifiednteeRoc, afbacind, al |
: Alternatively, the amine may be protected as an alkyl
derivative such as N,N-dibenzyl or trityl. Such a-
10 amino acid derivatives are often commercially available.
or may be conveniently prepared from commercially
available a-amino acid derivatives using known
techniques. Although this invention envisions the use
of racemic mixtures of such starting materials, a
15 single enantiomer (preferably in the S configuration)
is preferred.
Using known techniques, the a-amino acid
derivative of general formula P-N{Q)-~CH(D)-COOH may be
readily converted to an amino ketone derivative of
20 general formula P-N(Q)-CH(D)-CO-CH,-X, wherein P, Q and
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 suaceptibility of the methylene to
nucleophilic attack). Suitable leaving groups are well
25 known in the art and include halides, dialkyl sulfonium
salts and sulfonates, such as methanesulfonate,
trifluoromethanesulfonate or 4-toluenesulfonate. X may
also be a hydroxyl which is converted jin gitu to a
. leaving group (e g., by treatment with a trialkyl- or
30 triarylphosphine in the presence of a
dialkylazodicarboxylate) . Methods for the formation of
such amino ketone derivatives also are well known to
those of skill in the art (see, for example, S.J.
Fittkau, J, Prakt, Chem,, 315, p. 1037 (1%73)). 1Im

35 addition, certain amino ketone derivatives are




-estef—-stueh—as—2-—otr—4hitrophenyt—eaters—hatoaryt—s—esters—<{e-g— -
pent af | uor ophenyl or pentachl orophenyl) or 1-hydroxysucci nim de (HOSu)
ester, a carbodiimde activated species, an anhydride, such as a
symmetrical anhydride (e.-g—— i sobutyl anhydr de),—or m xed——
car boni c- phosphori c or carbonic-phosphiric anhydrides, 20 will yield the
correspondi ng am de. Ureas may be obtained by reaction with isocyanates or
anines in tiwosgmdence of bis-activated carbonic acid FEAUFMBIEs such as
phosgene or carbonyl diindazole ("CDI"). Carbamates may be obtai ned by
reaction with 25 chl orocarbonates, with carbonates esterified wth |[|eaving
groups such as i-hydroxybenzotriazole (\'BBI"), HOSu, or 4-nitrophenol or
with alcohols in the presence of bis-activated carbonic acid derivatives
such as phosgene or its synthetic equivalents includin 30 di phosgene and
tri phosgene, or @QMW%XVM@ lefe GeanpFem fackgrnBiraciensast e i s
N-succi ni m dyl - ( 38¢-, tetinallelpldfaur 2anBeylvacdabonate. It will be readily
recogni zed that in order &»Qefm,Joi kag&,&mk{,&@ivg @At 1615 bet he protection

f N
]90| Fg\?\egr b;,m;ﬁbggéag%%g “%ﬁ@%“&f‘?? c?:g u%%:@ylaﬁiégol re%reagg%%xe groups
nodi ficati of to PHethe farmrdh %‘cﬂ*‘@hﬁ?’&ﬂfﬂq“r‘ v’&' é’lhng\H Hn& he

ordinary skill ahdtbeard as Sefinedr abovs aﬁohrycqm‘lmkissqhtﬁm&asmene for

produci ng prefergd f%f Qnmdﬁ:gl E:Sﬁ | @eesnéd abboeula VIII is shown
bel ow wherein for Iém pVand Q are as

defi ned above forgﬁﬁ Zg o';fhe am elr'l\éhelﬁyeuivgggv as defl ned

reduce to the correaponding alcohol later in

10 synthetic scheme. Many techniques for reduct;on of
amino ketone derivatives such as P-N(Q)-CH(D) -CO-CH,-X
are well known to those of ordinary skill in the art

(G.J. Quallich and T.M. Woodall, Tetrahedron Lett.., 34,

P. 785 (1993) and references cited therein; and Larock,

15 R.C. "Comprehensive Organic Transformations", pp. 527-
547, VCH Publishers, Inc.® 1989 and references cited
therein). A preferred reducing agent is sodium

borohydride. The reduction reaction is typically
conducted at a tamperatuie of from about -40°C to about
20 40°C (preferably, at about 0°C to about 20°C), in a
suitable solvent system such as, for example, aqueous
or neat tetrahydrxcfuran or a lower alcohol, such as
methancl or ethanol. Although this invention envisions
both stereospecific and non-stereospecific reduction of
25 the amino ketone derivative P-N(Q)-CH(D)-CO-CH,-X,
sterecselective 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 invention,
o stereoselective reduction may be 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., Pelkin-Ahn addition of hydride). We
35 particularly prefer stereoselective reductions wherein




+O0—or—conpounds
.NAVI] 0 OHD
formula VIIl may

of Tormulal, and P is Hor amino protecting groups:
WI =1 VIII W 96133194 M US96 75 49 Conpounds of
be advantageously synthesized fromreadily_avail able

9H

starting material's such as epoxide VI (see D.P. Getman, J. Med. Chem 36,
p. 288 (1993) and B.E. Evans at al., 5 J_ Oa. Chem, 50, p. 4615 (1985)).

Each step of
descri bed above.

above' synthetic schenmes are not
list of all nmeans by which the

application my
of ordinary skill

gi ve the desire

Agpove synt hetic schene may be carri ed oetrvsssogaseral |y
can be appreciated by the skilled artisan, the
intended to 10 conprise a conprehensive
conpounds, described and clainmed in this
be synt hesi zed. Furt her %ethods will be evident to
in the art. Additionally, the various synthetic steps
descri bed above rfmé bea\lﬁ;ipgr ﬁgﬁfmeyli dsagymlteeDnatWe dwoecficendthatder to
Owadﬁnpfcot B, sthd@nRLON may be

nodi fi ed by appen te functlon t sel ective
bi ol ogi cal propeﬁ‘ﬁlgg“ %fﬁ el éa?? °t§§§tkﬁn\’/\n?m@g§§e art and

i ncl ude those wHinkibirer &han bto|antiic SLaBka¥F@OM8Y: on into a gi ven
bi ol ogi cal opnpartment (e.mhe hplemdsl byowhaifi cheyaminn alcohol may

10

1s

20

25

30

optionally be protected by any known oxygen protecting
group (such as trialkylsilyl, benzyl, acetal or
alkyloxymethyl) to yield a protected amino alcohol
having the formula P-N(Q) -CH(D) -C(OR") -CH,-X, wherein P,
Q and D are as defined for compounds of formula II, X
is a leaving group as defined above and R’ is H or a
suitable hydroxy protecting group. Several useful
protecting groups are described in T.W. Greene and
P.G.M. Wuts, Protective Groups in Organic Svnthesie. 24
Ed., John Wiley and Sons (1991); L. Fleser and M.

Fieser, Fiesex and Fieser’'s Reagents for Oxrganic
Svnthegls, John Wiley and Sons {(1994); and L. Paguette,

John Wiley and Sons (1995)

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

D
l
W-N(Q) -CH-CH-CH,-NH (I11)
OR? L

wherein W, Q and-D are as defined in formula II, R’ is H
or any suitable oxygen protecting group and L is either
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

t hose



centTal nervous systenj, T hcreaseor ar—avarabt-ty—nerease-solubi ity —
to allow adm ni stration by 25 injection, alter netabolismand alter rate of
excretion. The novel conpounds of the present invention are excellent

| i gands for aspartyt—proteases, - particul aH~—H V=1 and H-\2-pr ot eases.
Accordi ngly, 30 these conpounds are capable of targeting and inhibiting

| ate stage events in KIV replication, i.e., the processing of the viral

pol ypr ot ei nsWRY&#IM8 encoded proteases. Such conpounds i?ﬁéhf??”f e
proteolytic processing of viral polyprotein precursors by 35 inhibiting
aspartyl protease. Because aspartyl WO 96/ 33154 PCT/US96105475 - so
protease is essential for the production «f -mature virions, inhibition of
t hat processing effectively blocks the spread of virus by inhibiting the
producti on I nf ecti,ous, virions articul arl chronlcally 5 infected
cells. Corrpounds Bec EEAUFSY iP0OPR ¥ 9'}? EnfTET tédvgojt ad8ously inhibit the
ability of the Hinterpedipre pf fopmyi@ IFhortal i zed human T cells over a
peri od of days, as deter mnnadpistiamlasiy\advhneageacelsbutbetizg?4 antigen --

a speci fic markerg gbmy ramu&enhe&ﬁ; Iaeeivawmg B?rtl?é“ulet)iyié’ﬁe agsays have
confirmed t e pot %@%éc:% egg ccirg%gug ?ﬁg%qﬂg gd th| S invention

may be enployed &t rohat Trenner rea Vi ruses,

such as HIV and minmrbw-aégweénaa%mriis LFo8¢ Eﬁ%e%"’fgﬁfl obl i gatory
events in their |anbdeitydiacestiaietinylboestofgive cat natermedicte désage | evel s
and requirenment somMiIdEnsel ected by those of ordinary skill

W-N(Q) -CH (D) -CH-CH, (V)
10 \ /
e}

wherein W, Q and D are as defined above for compounds
of formula II. Suitable solvent systems for preparing
the N-protected amino epoxide include ethanol,

15 maethanol, 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 (alkylthio) or
{phenylthio)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 borohydride)}. The resulting aminc alcohol
is readily converted to the amino epoxide by

30 gquaternization (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 sclvent such as lower alkanols,




T the art from avall abl e nmet hods and techni ques. For exanple, a conpound
of this invention may be conbined 20 with a pharmaceutically acceptable
adjuvant for admnistration to a virally-infected patjent in a
pharmaceutically acceptable manner and in an anount effective to |essen
the severity of the viral infection or to alleviate pathological effects
associ at ed W H V infection or inmunosuppressi on S@ChHnessns?s
opportunlst|é’ ections or various cancers. Alternatively, the conpounds
of this invention may be used in prophylactics and nmethods for protecting
I ndi vi dual s against viral infection during a 30 specific event, such as
childbirth, or over an extended period #% tine. The conpounds may be

enpl oyed i n such prophylactics either alone or together wi th ot her

antiretroviral agen g,g?ﬁq e8sKigeadethe AS such t he
:Ei gars %ﬁa o

novel protease i)

JU|V| V\D 96!1'33 1
i nvention can bﬁe%ﬁfrﬁc‘ﬁ‘l SRR Ry C3TTH 'bérﬁ‘% FEpVERLe 5‘%? %%grgg%n i ng HI v
infection in a r3YMlandTh20 tOpyafierabdy be\amraa!eowésﬁe'& y those having
a nol ecul ar wei ghgocof h@@érﬁm»eappwndeea&gsmabmmwew|y absor bed

into the bgoodsiﬁea{gr%% m p&q._i%gy_n dﬁ@h hst;&tﬂ Q8. Conpounds of
ecul ar

formul a havi nh ght  of g n abo é] r‘ﬁ?’go l_g/ nol e and
aqueous sol ubi | FFE’*‘E?I“QrE%t‘PH“’t ﬁn“brinéﬁ ‘teél R T L& nost i kel y
to denpnstrate Bthgr.asdchlas sHetbybrtheral t%ﬁﬁ'd'i%ﬁ?f-‘i‘t’i‘ FheXanS,r pri si ngl y
i npressive oral oavgdttabutyl \nethiyE Sethent) comyeniedtly cforcml mbatt agents for
oral l'y-adm ni st gepadl derbatifiie 28%about 110°C, as described by Posner

10 and Rogers, J. Am Chem. Soc., 99, p. 8208 (1977).

Other activating reagents include lower t:ialkyl-
aluminum species, such as triethylaluminum, or
dialkylaluminum halide species, such as diethylaluminum
chloride (Overman and Flippin, Tetrabedron Letters, p.

15 195 (1981)). Reactions involving these species are
conveniently carried out in inert scolvents 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 equivalents 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 thereof, are useful
as intermediates for the prebaration of compounds of
formula I. In those cases where L represents D',
compounds of formula 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 halides




—pr eventt+-on—tegrrers—agarnst—H-v—rmfectTom— T addrtTonrto being oratly
bi oavai | abl e, the 15 conpounds of this invention also have an inpressively
hi gh therapeutic index (which nmeasures toxicity versus anti-viral effect).
Accor di ngl y+—t he eespounds -ef -t hi s—t nvent+oen—are effecttve—at—| ower -dosage-
level s than nmany previously described conventional antiretroviral 20
agents and avoid many of the severe toxic effects associated w.th those
drugs. The pwiosesiied of these conpounds to be delivered PCYVUHEAT 1 ar
exceeding their effective antiviral levels is advantageous in slowng or
preventing the possibility of resistant variants 25 devel opi ng. The
conpounds of this invention may be admjpistered to a healthy or
H V-infected patient either as a single agent or in conbination wth other
anti-viral agent& which interfere with the replication 30 cycle of HV. By
adni ni st eri ng t hereccopoercinaldly avaidlablaycottiens MmRY [Peowedetlanti-viral agents
whi ch target didfranael €y Sohveritioniil réynthet tccoymdmiqhée therapeutic

effect of these g&{&gg@d is PRLEG ¥ %gg op“Fe%;s R rat {\fe

co-adm ni stered vita ent ne ets early events
inthe life cycl%‘léP"?\Bi%/‘S‘%lg‘A fP’(E% P8 12%2 tﬁ% éﬁ’r 389" such as

cel | entry,5revereferenams oritedi bh#r%ﬁd BokfmanpNA- Y nt"¥grati on into cellul ar
DNA. Anti-HV aﬂneirm%okaﬁaﬂiymsnwwmeamm Ichilertde ®regvesyrth.ncl ude,

di danosine (ddl), nglmc;l@%i(y ? a,;hd,'g,ong Hsiudipada?T) . 3TC,
935UB3, 1592089, I t h ar | ubl e CD4
ganiclovir, tri Bdi- uﬁphﬂspgdﬁg%?ﬁﬁfe’ gf’a’“ %eiur’ % (sol ubl e a

sulfonamides as Topical carbonic Anhydrase Inhibitors"
10 J. Med, Chem,, 35, p. 3822 (1992) and references cited
therein. Sulfonyl ureas are usually obtained by the
reaction of an amine with sulfuryl chloride or a
suitable equivalent such as sulfuryl-bis-imidazole or
sulfuryl-bip-N-methyl imidazole. Thiocarbamates 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 III
20 wherein L is hydrogen, conversion of the resultant
primary amine to a secondary amine may be carried out
by known techniques. 8uch 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 cyanoborchydride
(Borch et al., J. Am. Chem. Soc., 93, p. 2897 (1971)).
Alternatively, the primary amine may be acylated
followed by reduftion with borane or another suitable
30 reducing reagent, for example, as described by Cushman
et al., J, QOrg, Chem., 56, p. 4161 (1991). This
technique is especially useful in compounds of formula
III where W represents a protecting group such as tert-
butoxycarbonyl (Boc) or benzyloxycarbonyl (Cbz) and Q
35 is H or where both W and Q are beanzyl.




ri-bavirr—aeyetoviT—arpha interteron and tri- netrexate. Additionally,
non-rucl eoside inhibitors of 10 reverse transcriptase, such as TIRO

del avirdine (U90) or nevirapine, nmay be used to potentiate the—effect—ef—

t he—eetpounds—of—t hi s7Thventron, as may viral uncoating inhibitors,
inhibitors of trans-activating proteins such as tat or rev, or inhibitors

of the viral 15 integrase. Conbination therapies accor di pernsvseesaiss

i nvention ex¥PPA4,4ditive or synergistic effect in inhibiting HV
replication because each conponent agent of the conbination acts on a
different site of Hv 20 replication. The use of such conbi nation therapies
may al so advantageously reduce the dosaf® of a given conventional
anti-retroviral agent which would be required for a desired therapeutic or
prophylactic effect, as conpared to when that agent is adm nistered 25 as
a nonot herapy. Such conbi nations may reduge or elimnate the side effects
of conventional single anti- retroviral a%;nt t herapi es, while not

interfering with the anti-retrovi ralg@sténidn-cnf-N-Bog® agewis. These
conmbi nati ons reduce potential of resistance fo sirlgle 30 agent therapies,

while miningzing any associated toxicity. RRse &nbinations may al so

I ncrease the efficacy of the conventional agent w thout increasing the
associated toxicity. In particular, we have discovered that in conbination
with other anti-H 'V 35 agents, the conpounds of this, iqvention a%t in an WO
96133184 PGI/ (B96/ OS47S 1f arighies ¥, 808, Q8M& BFEH’&QF’nﬁﬂP%‘?““i n
preventing the ofpidrmalaon mprbbant removable protectiny srevpRd

removal of either or both groups followed by reaction
of the resulting amine with an appropriate activated

10 reagent will advantageously yield a different compound
of formula V. For instance, reaction with an activated
carboxylate, auch as an acyl halide (e.g., acid fluo-
rides, acid chlorides, and acid bromides), an activated
ester such as 2- or 4-nitrophenyl eaters, haloaryl

15 esters (e.g., pentafluorophenyl or pentachlorcphenyl)
or 1l-hydruxysuccinimide (HOSu) ester, a carbodiimide
activated species, an anhydride, such as a symmetrical
anhydride (e.g., iscbutyl anhydride), or mixed
carbonic-phosphoric or carbonic-phosphinic anhydrides,

20 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 ocbtained by reaction with

25 chlorocarbonates, with carbonates esterified with
leaving groups such as l-hydroxybenzotriazole ("HOBT"),
HOSu, or 4-nitrophenocl or with alcchols in the presence
of bis-activated carbonic acid derivatives such as
phosgene or its synthetic equivalents including

30 diphosgene and triphosgene, or carbonyldiimdazole.
An example of such a carbonate is N-succinimidyl- (3S)-
tetrahydrofuran-3-yl carbonate. It will be readily
recognized that in order to facilitate specific
reactions, the protection of one or more potentially
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35 admnistered in conbrnatron wth 1 nmunonodul ators and wo 961331s4
YCTN896Mb475 - 54 immunostinulators (e.g., bropirimne, anti-human al pha
interferon antibody, I1L-2, GMWCSF, interferon al pha,

di ethyrdiThi ocar banat & tunor necrosis factor, . naltrexone, tuscarasol, and
rEPO); and antibiotics S (e.g., pentam dine isethiorate) to prevent or
conmbat inf eg&%&pd di sease associated with HV infect irrasssesash as

Al DS, ARC an -associ ated cancers. \Wen the conpounds of this invention
are admnistered in conbination therapies with other 10 agents, they may
be adm ni stered sequentially or concurr ﬁgtly to the patient.

Al ternatively, pharmaceutical conpositio according to this invention nmay
conprise a conbination of an aspartyl protease inhibitor of this invention
and one or nore therapeut témpckinder oprfyximpllacvixr aggnbe. Al t hough this

brevent i ng and  BFipqedSoliffy BnchOLERNERIA Radlidy PoplabIE" " 0L
can al so be used®h&rting B‘PP%’F’;#@g@“?’é *’oFPSf%germ@i ﬂ%‘eg;'ftj \?ﬁf%*fndepend on
simlar aspartyl JpiMadachent or3é,obk i 288 J2P93l ands B B- tFiesne BEf@l oycl e.

These viruses igcloete @hegl, AoDSplideasdi(sesss. cEZaskdstimp ofetheviruses,
such as sim an | GEUPOGELLAI bt/ Sy beHdobiled?Bte Hid \yehbralty, addition,
t he conpounds of |S%E§%€1§l¥ic§h&nay al so be uesed to i\néﬁi bi t I(}f[her

aspartyl protead®88crihed BROYE: ti cul ar, other human aspartyl prot eases,
i ncl udi ng renin and aspar Agl cax becapreecinsed WG@Esgk%ﬁtﬁS‘t BEF1#8%r ecur sor s.

Pharrnadeutical epapdisdvie apatidtichschempecate ot intended to
10 comprise a comprehensive list of all meanse by which the
compounds described and claimed in this application may
be synthesized. Further methods will be evident to
those of ordinary skill in the art. hdditionally, the
various synthetic steps described above may be
15 performed in an alternate sequence or order to give the

desired compounds.
The compounds of this invention may be

modified by appending appropriate functionalites to
enhance selective biological properties. Such

20 modifications are known in the art and include those
which increase biological penetration into a given
biological compartment (e.g., blood, lymphatic system,
central nervous system), increase oral availability,
increase polubility to allow administration by

25 injection, alter metabolism and alter rate of
excretion.

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

30 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

35 inhibiting aspartyl protease. Because aspartyl
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The compounds of this invention may be
employed in a conventional manner for the treatmaent of
viruses, such as HIV and HTLV, which depend on aspartyl
proteases for obligatory events in their life cycle.
Such methods of treatment, their dosage levels and
requirements may be selected by those of ordinary skill
in the art from available methods and techniques. For
example, a compound of this invention may be combined
with a pharmaceutically acceptable adjuvant for
administration to a virally-infected patient in a
pharmaceutically acceptable manner and in an amount
effective to lessen the severity of the viral infection
or to alleviate pathological effects associated with
HIV infection or immunosuppression such as
opportunistic infections or various cancers.

Alternatively, the'compounds cf this
invention may be used in prophylactics and methods for
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
prophylactice either alone or together with other
antiretroviral agents to enhance the efficacy of each

agent. As such, the novel protease inhibitors of this




—25—buececatty,—vaginalrTy or via an I nplanted reservoir. we prefer oral
adm nistration or admnistration by injection. The pharmaceuti cal

conpositions of this invention nay _contain any conventiopal—Ren-toxic -
pharmaceuticalrTy-acceptabl e carriers, adjuvants or 30 vehicles. In sone
cases, the pH of the fornulation may be adjusted with pharmac-Putically
accept abl e agidsssedases or buffers to enhance the stabi PCTIYS96MS4The _
formul ated conmpound or its delivery form The term parenteral as used
herei n i ncl udes subcutaneous, 35 intracutaneous, intravenous,

intramuscul ar, intra WO 96/33184 PCT/U896]03475 56 articular,
intrasynovial, intrasternal, intrathecal,” intralesional and intracranial
i njection or infusion techniques. The pharmaceutical conpositions may be
in the 5 form offenit@bhl €ar Hecatmininteregaamtagentsffor axreaping oras a
sterile injectable | Usd¥@adi.on. Thi s suspension may
be formul ated adtor |§gg§oﬁ;veg’ %?9%{83&33 ﬁln 1N %he % Lﬁ& o abl e

di spersing or wetting agen'p%e ("é’&?ﬁ&ﬁ’ o?mé?'&rﬁ)l ¢, ° Cftweeﬂg%%u and
suspendi ng agent shaviing stweldaularnyeigiihpE easHban| ¥PYEay08| so be a
sterile injegtabl §/msAQ!, UkhP bed readSPE uDs0Bbed) intoothe dlicodparest axfal | y-

acceptabl e dil uen 0 t o] ?ﬁ&ﬁ kEridS. 2 compbitide®Bfi formula
1, 3- but anedi ol . A‘%rab“%[gal h{éi!grgcoera{l % e SrHaveFli n&gothat may be

| es d_sal
enpl oyed are nanhiBaying g wlec 'ﬁﬁe‘?’ja§h§o? ﬁle(?r? gﬁﬁ"i%ﬁﬁgm ¢ sodi um
chl ori de sol uti ong/naleaduilt apieoust 8plubdlity @kl SFEREEY Hhan: 8K @fMdlonal | y
enpl oyed as a sol ¢&nd. 10fg#hs faadnsgt likely to demonstrate high and

10 consistent oral availability. This surprisingly
impressive oral availability makes such compounds
excellent agents for orally-administered treatment and
prevention regimens agaidst HIV infection.

In addition to being orally biocavailable, the

15 compounds of this invention also have an impressively
high therapeutic index (which measures toxicity versus
anti-viral effect). Accordingly, the compounds of this
invention are effective at lower dosage levels than
many previously described conventional antiretroviral

20 agents and avoid many of the severe toxic effects
associated with those drugs. The potential of these
compounds to be delivered at doses far exceeding their
effective antiviral levels is advantageous in slowing
or preventing the possibility of resistant variants

25 developing.

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

30 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

35 be one which targets sarly events in the life cycle of




—fredi-tm-—For—thi-s purposer—anybiamd—rxed—ort—may—te—26—enptoyed—inctuding
synthetic nono- or diglycerides. Fatty acids, such as oleic acid and its
glyceride derivatives are useful in the preparation of injectables, as

are natural--phar mceut+ealty-acceptabl e oil s;—steh as olive oil or castor
oil, especially in 25 their polyoxyethylated versions. These oil solutions

or suspensions may al so contain a |ong-chain al cohol diluent or dispersant
such ag 211qu¥br a sinmilar alcohol. The ph& maceut FEXPP#Hfbositi ons of
this 30 invention nay be orally adm nistered in any orally acceptable.
dosage formincluding, but not limted to, capsules, tablets, and agueous
suspensions and solutions. In the case & -tablets for oral use, «carriers
whi ch are commonly used include | actose and 35 corn starch. Lubricating

agents, such as _magnesium 96/ 33164 rAvs 47 Y earate, are also
typically added.® o‘r’Eﬁ"rsa{I Y5 n?snics?g[?a?‘% ‘i %e‘ée csaepgﬁfrelg%ﬁérﬁqf°ﬁsef ul

di luents incl ud@d| ut¥as ONAnntAg=agien rinte sethulamh BNR aqUetdsEI¥uspensi ons
are admi ni st er echgents |targebingofucheesrlyngriddi eytle evenrdiiredude] h

emul si fying and 3 dgResitenddafpeHideocs cﬁqdagaed(d&qr,tam, sweet eni In@l and/ or
flavoring gnd/ or, I N0 t y e ceutica
corrpositio%s of ?légéjin%vén |)'(;'n%n'r'1§é1 2 ﬁbefg%zn%?%i'sggﬁg(}%i nthe formof 10

al so
suppositories f(?PW%H%I“QdPﬁW%‘FFngHﬁ.S'Tﬁgge“tﬂ}ﬂﬁégi‘F’-?‘dns can be prepared
by m xi ng a conmgenhclafir,t hrésddiumnphesphanofiormatei t eblexrnighinesitati ng
exci pi ent  whi ChibavEfin,dadfeInd®, t RIGHE dhbéffdddn hhquidd -at the
metrexate. Additionally, non-nucleoside inhibitors of
10 reverse transcriptase, such as TIBO, delavirdine (U90)
or nevirapine, may be used to potentiate the effect of
the compounds of this invention, as may viral uncoating
inhibitors, inhibitors of trans-activating proteins
such as tat or rev, or inhibitors of the viral
15 integrase.

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

20 replication. The use of such combination therapies may
also advantageously reduce the dosage of a given
conventional anti-retroviral agent which would be
required for a desired therapeutic or prophylactic
effect, as compared to when that agent is administered

25 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-retroviral activity of those agents. These
combinations rediice potential of resistance to single

30 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

35 agents, the compounds of this invention act in an




rectat—tenperature and therefore wll nmelt in the 15 rectumto rel ease the
active conponents. Such materials include, but are not limted to, cocoa
butter, beeswax and pol yethyl ene glycols. Topical admnistration.of the

ph'aT-n'aC'E'U't'r"(,“a‘r"‘corrpo‘“S|T|ons of this invention is especially useful 20 when
the desired treatnent involves areas or organs readily accessible by

topi cal application. For application topically to the scrusseosgs

phar maceut i 9 osition should be fornulated with a suitable ointnent
containing the active conponents suspended or 25 dissolved in a carrier.
Carriers for topical admnistration of {¢he conpounds of this invention
include, but are not limted to, mneral oil, liquid petroleum white
petrol eum propylene glycol, polyoxy- ethylene polyoxyiopyl ene conpound,
emul si fyi ng wax saaititevedt arynesgLerivadli natner tneppevantdd@utP®al conposition

can be formul at efL&:WiEEtﬁoﬁlﬂft abveid @l Preeli@am Prefieraedi ng the active
compound suspendee panaflSs Unkeloidd' Bo185k | e adHLAARLALG8ATETS | nCl UdC,
but are not T r}i'k aPror itan nmo fte 35 pol ysorbate
60, cetyl aster scmunée@%érh}lﬂ &F%Pn Iy Tz é%r g%?ﬁ5475 - 58
2- oct yl dodesanol 3Tdie9agtsnl ashaUesnG2aHbror Pheompiratinoctbexent .
conposi tions of this i nveﬁg%gw,p) S @he héonipeRingsl o taapl i ed to the | ower
i ntestinal tract rect al rx & mleQ-E&O@iéH oltﬂe tabl e enema
5 fornul ati on. TUBY ar?ggg ?ﬁgs are ? n %30 in this
i nvention. The pPFEHWGEu%M“EBﬁIR%’Iht FBn%“B'finPﬁf‘E q‘h\?éng? my be
admi ni st ered by Raxdml) ,amxosxs (Merck), ABT 538 (A-80538, Abbott), AG
10 1343 (Agouron), XM 412 (DuPont Merck), XM 450 (DuPont
Merck), BMS 186318 (Bristol-Meyers Squibb) and CPG
53,437 (Ciba Geigy) or prodrugs of these or related
compounds to increase the effect of therapy or
prophylaxis against various viral mutants or members of
15 HIV quasi species.
We prefer administering the compounds of this
invention as single agents or in combination with
retroviral reverse transcriptase inhibitors, such as
nucleogside derivatives, or other HIV aspartyl protease
20 inhibitors, including multiple combinations comprising
from 3-5 agents. We believe that the co-administration
of the compounds of this invention with retroviral
reverse transcriptase inhibitors or HIV aspartyl
protease inhibitors may exert a substantial additive or
25 synergistic effect, thereby preventing, substantially
reducing, or completely eliminating viral replication
or infection or both, and syﬁptoms agspociated
therewith. Additionally, as the viruses are capable of
developing resisfance to certain aspartyl protease
30 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 also be
35 administered in combination with immunomodulators and



-—+phal at+-er—Such—econpostttons—are prepared—according 10 to techni ques
wel | -known in the art of pharmaceutical formulation and nay be prepared as
solutions in saline, enploying benzyl alcohol or other suitable
preservatives, absorpiHer—pronoters—to enhance—bi oavartabriity,
fl uorocarbons, and/or other 15 solubilizing or dispersing agents known in
the art. Dosage |evels of between about 0.01 and about__100 /[ kCl' body
wei ght per weopesywdef er ably bet ween about 0.5 and about PV '6 body
wei ght per day of the active ingredient conpound are useful in the
prevention 20 and treatnent of viral infection, including HV infection.
Typically, the pharnmaceuti cal conpositTdﬁs‘ of this invention wll be
adm ni stered fromabout 1 to about 5 tinmes per day or alternatively, as a

conti nUﬁUS i nf %ﬁh@ﬂoséﬁfhﬁaégﬁ NfeS . At bdpiGaARI RS, WHed - ASmah Q‘hbﬁg! c 35 _0{ )
?ﬁgt gaﬁr?é?pxﬁt é‘rnigﬁasez’lfjotr%’t ﬁgéﬁﬁﬁ’;g%?%éﬁlﬁggalﬁgfﬁ iﬁ%’h\%gryl ggpe\rllmdi ng
upon the host ieshetAitbdormebanace; ckyRr REEE°L® 48FFAFstration. A
typi cal prepar atiadnrekdre,c tngcarasolonasd BPOES; rand anbbbiotd®s95% act i ve
compound (W W) . (Rrgf erpdcimi8iscd) i sRERDSFatle) 006 ¥vedt Nof rapmbabout 20% t o
about 80% active ,«olPoHy dbolhdREEYATREE Aleif D! Lofleriongndi L1 on, 2
mai nt enance dosé 0f a conpoun conposition,or 35 conbination of this
i nvention may b@USHNRHiAKCSy ARC i‘F‘dnBEX%“?&W."t IF2BGEERL |y, the dosage or
frequency of WD 96/ 33184 WREN/ thedeomISaris of tlyis davention areon, or bot h,
may be reduced, samiAidtEreld 97 cdbihReiQy Ehepapied @idhl &mdr at which the
i nproved ;g agents, they may be administered sequentially or
concurrently to the patient. Alternatively,
pharmaceutical compositions according to this invention
may comprise a combination of an aspartyl protease
inhibitor of this invention and one or more therapeutic
1s or prophylactic agents.
Although this invention focuses on the use of
the compounds disclosed herein for preventing and
treating HIV infection, the compounds of this invention
can also be used as inhibitory agents for other viruses
20 which depend on similar aspartyl proteases for
obligatory events in their life c¢cycle. These viruses
include other AIDS-like diseases caused by
retroviruses, such as simian immunodeficiency viruses,
HTLV-I and HTLV-II. In addition, the compounds of this
25 invention may also be used to inhibit other aspartyl
proteases, and in particular, other human aspartyl
proteases, including renin and aspartyl proteases that
process endothelin precursors.
Pharmaceutical compositions of this invention
30 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
as pharmaceutical compositions of this invention include,




condi-ti-en—is—retarmed—wenmr the Synpt ons have been alleviated to t he
desired |l evel, treatnent should 5 cease. Patients may, however, require
intermttent treatnment on a |long-term basis upon any recurrence of ___

di-sease—symptoms—As the SKiTTed artrsan wll appreciate, |ower or higher
doses than those recited above may be 10 required. Specific dosage and
treatment reginmens for any particular patient will depgpgpedpsa variety
of factorsWusBHBYi ng the activity of the specific co(rir’%gund en%l oyed, the
age, body wei ght, general health status, sex, diet, tinme of

adm nistration, rate of 15 excretion, drug conbi nation, the severity and
course of the infection, the patient's 58 sposition to the infectior and

t he judgnent of the treating physician. The conpounds of this invention are

al so wuseful as_comercial _rea ts which e el to 20 aspartyl
prot eases, part i &FF P %i%g%‘*]t E?%teé‘afmggg é/ ﬁum?%l al reageflltos, %/he

conpounds of thialuminemtateerated kecdchine galirepelsifydnodriged to bl ock
prot eol ysi s of &ella{rﬂﬁi dgy@itens c (SEDDSHY slich dar Huatocplierdd bind to a stable

resin as tetherg 39?@}1{@& 14861 3208 bisiinarel oFarapiwinRp! i cati ons.

F | e be teth f f t
cglr u%a[n; ﬁjr?f )P o7 rru”%aéggaﬁ”e ngﬁg‘{ g‘g" ‘?l vzaiat | Izzr;!t | gn of

t he conpounds ofhmhnsummntlbw!bob“ﬁﬂeﬁuﬂié”&#ﬁ?ﬁ t8PChCAf onmt ogr aphy resi ns
and the nethods piHdsphftes,0 glytiie, porbiasedd spotpsmial eexbate,are wel |

Chat actor i se. QB%@ e e e e A haty dent to
g8r v tﬁ Pﬁgt%p ? %rﬂ.ﬁgpkén%“%sgw é}“bﬁ%i% Si ochem

t hose of ordina
10 sulfate, diaodium hydrogen phosphate, potassium

hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl
pPyrrolidone, cellulose-based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyacrylates,

15 waxes, polyethylene-polyoxypropylene-block polymers,
polyethylene glycol and wool fat. Cyclodextrins such
as a-, 8-, and y-cyclodextrin, or chemically modified
derivatives such as hydrexyalkyleyclodextrina,
including 2- and 3-hydroxypropyl-B-cyclodextrins, or

20 other solublized derivatives may also be advantageocusly
used to enhance delivery of compounds of formula I.

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

25 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

30 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 subcutaneocus,

3s intracutaneous, intravenous, intramuscular, intra-




Hei nbach, J.C et aI 164, p. 955 (1989)) I n order that thIS I nvention be

nore fully wunderstood, the follow ng exanples are set forth. 5 These
exanpl es are_for the.purpose—of illustrati on—enrty and-are—net—to be
construed as limting the scope of the invention in any way. GCeneral
Materials and Methods Al tenperatures are recorded in degrees 10 Cel si us.
Thin | ayer stosssmsogr aphy (TLC) was carried out using @®CPYSHRS4Hi ck E.
Merck silica gel 60 F2u plates and elution with the indicated sol vent
system Detection of the conpounds was carried out by treating the plate
with an appropriate visualizing agent,_ngsch 15 as 10% sol uti on of
phosphonol ybdi ¢ acid in ethanol or a 0.1% solution of ninhydrin in

et hanol, followed by heating, and/or by exposure to WIight or iodine
vapors when appraopicalax, Ehtcksynopdalsi intrasgernalhdorgatheeglhy was al so
carried out usi QQatEal&H&J&lGQnaoldi%Hbia&:@iﬁS J.fz%@é@&ibrp'o%t e8fusidh 0.5 1.0, or
2.0 mMm thickne} JELOV\A ng devel opnment of the plate, the band of silica
contai ning the &siTe corrpound was isolated and eluted with an

appropriate solvent. Andh$t PhagmagepbiGals CORPPALLLARS: MaXi bRy 18 Mater' s Delta
25 Pak, 5 M sil ifgam 6118! meeribednjestabls prepard: i®namEeD examplecm L with a
flow rate of 1. %5g"h/Bidrilsi 184ddtableohduubuadot adlléagihodbi | € phase: A 0.1%
CR3CQ2H in H2O %u’apgngi%ng:?’% Ju'}p%g% may be formulated
according to technigques known in the art using suitable
dispersing or wetting agents (such as, for example,
10 Tween 80) and suspending agents. The sterile
injectable preparation may alsoc be a sterile injectable
solution or suspension in a non-toxic parenterally-
acceptable diluent or sclvent, for example, as a
solution in 1,3-butanediocl. Among the acceptable
15 vehicles and solvents that may be employed are
mannitol, water, Ringer’s solution and isotonic sodium
chloride solution. 1In addition, sterile, fixed oils
are conventionally employed as a solvent or suspending
medium. For-this purpose, any bland fixed oil may be
20 employed including synthetic mono- or diglycerides.
Fatty acids, such as oleic acid and its glyceride
derivatives are useful in the preparation of
injectables, as are natural pharmaceutically-acceptable
oils, such as olive oil or castor oil, especially in
25 their polyoxyethylated versions. These oil solutions
or suspensions may also contain a long-chain alcohol
diluent or dispernant such as Bh. Helv or a similar
alcohol.

The phirmaceutical compositions of this
30 invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, and aqueous suspensions and
solutiona. In the case of tablets for oral use,
carriers which are commonly used include lactose and
35 corn starch. lLubricating agents, such as magnesium




30 Gadiept—F—0O0 A (95%, B (5t) T 20 min., A(Ot), B (100%9 T -
22.5 mn., A(Ot), B (100% *9smm nrsn - WD 96133184 ft T/ US96P93473 - 61
Preparat|ve HPLC was al so carried out using Cl1 reversed-phase nedi a—HRLC
I et-ept+e—tt+mes—were —Tecorded in mnutes. NWVR spectral data was recorded
usi ng a Bruker AMX500, equipped with either a reverse 5 or QNP probe, at
500 MHz, and was taken in the indicated solvent. He havgriRsaudied t he
i nhibition NMP$O¥ s of each conpound agai nst H V-1 protease using the
met hod described essentially by MW Pennington at al., 10 Peptides 1990,
Gnet, E. and D. Andrew, Eds., Escom Leiden, Netherlands (1990).
Conmpounds of fornula | were tested for-t8®i«+ antiviral potency in several
virol ogi cal assays. In the first assay, the conmpounds were added as a

solution 15 in dinethyl sul foxide @) est I uIture of CCRM CEM
a stramﬁ“&fﬁg 5‘ éﬁDIY% l?ﬁS radhel® T‘Flaé

cells, hona reV|oust acutely
infected with Hlaﬁtinuhgﬂti@mahﬂaﬁ Fapey Bcfﬂ’é"‘ (5‘9% u?n H at al.
"Inhibition of ifcfudepIsiteaecand driledctech Btlaysbhodtheas aiye@® synt het i c
pept | de anal 0guesqneNaiony 433, alintAdeeldd Warnf; ot r&dwerrpounds are those
whi ch are ableto nhi D %O{Rﬁﬂj qg %g&gm’% 4 Bub atlon of
1 Mor |ess® I\/brje“ﬁ}}eefl'é?'?é(f & FLEP SPHSEE q%‘ are to i nhi bi t
90% of viral i nfagentei tyI%ltdeaiZSdccﬂ?@éﬁi-Fa‘!‘ﬁ?ﬁeﬁf"ﬂ_(ﬂ‘q{mor Iess The
effect of the comardsghd/obi bblcoringt hgents may be added.
The pharmaceutical compositions of this
invention may also be administered in the form of
10 suppositories for rectal administration. These
compositions can be prepared by mixing a compound of
this invention with a suitable non-irritating excipient
which is solid at room tdmperatuxe but liquid at the
rectal temperature and therefore will melt in the
15 rectum to release the active components. Such
materials include, but are not limited to, cocoa
butter, beeswax and polyethylene glycols.
Topical administration of the pharmaceutical
compositions of this invention is especially useful
20 when the desired treatment involves areas or organs
readily accessible by topical application. For
application topically to the skin, the pharmaceutical
composition should be formulated with a suitable
ointment containing the active components suspended or
25 dissolved in a carrier. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid
petroleum, white petroleum, propylene glycol, polyoxy-
ethylene polyoxypropylene compound, emulsifying wax and
30 water. Alternatively, the pharmaceutical composition
can be formulated with a suitable lotion or cream
containing the active compound suspended or dissclved
in a carrier. Suitable carriers include, but are not
limited to, mineral oil, sorbitan monostearate,
3s polysorbate 60, cetyl esters wax, cetearyl alcochol,




Tepl Tcationof theviTos—was neasured—py deternmtntng—the—H-V—extraceltul-ar —
p24 antigen concentration using a conmmercial enzynme i mmunoassay (obtai ned
from Coulter 30 Corporation, Hialeah, FL). Depending on the cell type and

t he desired — eadout—syncyt+a f orfatt on, reverse-transcriptase (RT)
activity, or cytopathic effect as assayed by a dye uptake nethod may al so
be used as readouts of antiviral 35 activity. See H Mtsuya and S. Broder,
"1 nhi bi ti on Wwo9%AI8d6! 33184 PCT/ US96/ OS475 62 the in viRCGIES¥AMEEt i vity and
cytopathic effect of human T-Iynphotropic virus type I11/1ynphoadenopat hy-
associated virus (HTLV-111/LAV) by 2',3' - dideoxynucl eosi des”, proc. Natl.
Acad. Sci. USA, 5 vol. 83, pp. 1911- 191% (1986). The effect of conpounds

of formula I on clinical isolates of other H V-1 strains was determ ned by
obtai ning | ow passaged virus fromH V-infected patients and assayi ng the
effect of the i2rbhetyldamdecancolw dearyl rajdohpcandwapert hdhel V virus 10 in
freshly prepar egnhvm@mieuegehpconposhbt 6tk BENORLK li@@ent £l may( £RMCs) . | nsof ar

as compounds of Lot glidhaya &jﬁ*&hecs%ha &Qb@ftir&%@fﬂﬁﬁ cgag;%sfoftg he HIV

virus in hunman rnore lver
Tl 5§ hey aFSSERL GHPROREERIN ABERTIARIO ¥ FA PHLCAAICaREh of H v
i nfecti on. 5Theséormelatigne pramdiceliyctragppdetvmalc pagcheriRrgbalsey to inhibit
. HI'V protease injin¥lydedianbhis In#entdori.hesi s of Conpound 35 A Conpound VI |
(D - isobutyl, W- tertsQyti¥maceutical compositions of this
invention may be administered by nasal aerosol or
inhalation. 8uch compositions are prepared according
10 to technigques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcochol or other suitable
praservatives, absorption promoters to enhance
bicavailability, fluorocarbons, and/or other
15 solubilizing or dispersing agents known in the art.
Dosage lavels of between about 0.01 and about
100 mg/k~ body weight per day, preferably between about
0.5 and about 75 mg/kg body weight per day of the
active ingredient compound are useful in the prevention
20 and treatment of viral infection, including HIV
infection. Typically, the pharmaceutical compositions
of this invention will be administered from about 1 to
about S5 times per day or alternatively, as a continuous
3 infusion. Such administration can be used as a chronic
25 or acute therapy. The amount of active ingredient that
may be combined with the carrier materials to produce a
single dosage form will vary‘depending upon the host
treated and the particular mode of administration. A
typical preparation will contain from about 5% to about
30 95% active compound (w/w). Preferably, such
preparations contain from about 20¥% to about BO% active
compound.
Upon improvement of a patient’s condition, a
maintenance dose of a compound, composition or
35 combination of this invention may be administered, if
necessary. Subsequently, the dosage or frequency of




—arbonyt;— Q- H P - H. Asolution of 4.1 g of epoxide VI (WBoc, QH)
in 30 nL of ethanol was treated wth 22.4 nlL of isobutylam ne and heated
under reflux 25 for 1 h. The mixture was concentrated to yield-the title
compoumnd—as a white Solrd which was used wi thout subsequent purification.
NVR (CDC13): 60.91 (d, 3H); 0.93 (d, 3H); 1.37 (s, 9H); 1.68 (br s, 2H);
2.40 (d, Zwo,a?mqg (d 2H); 2.87 (dd, 1H); 2.99 (dd, 1HCcINUBPSI780 (dd,
1H); 3.75 (br's 3.80 (br a, 1H); 4.69 (d, 1H; 7.19-7.32 (m 4H. R
Conpound 32. A soI utlon of 391 ng of the resultant conpound of Exanple I A
in 4:1 CH2C12/ saturated aqueous W 96133]84 PC r/ US% 05475 - 63 NaHCO3
was treated sequentially, at anbient tenperature under an atnosphere of
nitrogen, with 271 ng of 4- fluorobenzenesul fonyl chloride and 117 ng of
sodi um bi car bongaimanigtweationt, uoe hvarh.sma?r!w reguced, |89 g FREEOB with
CH2C12, washed wif lknaag a 118081 it adhielcthe MydBdved i | tered, and

concentrated in va HaQW sure silica gel
chr omat ography "ﬁgggg/noisetrﬁ ?1%%?1?% %ﬁgg‘? q:O ggé@gio yield 420 ?rg
of the title corAldeN élaﬁ?fse{‘% ¢cdagyred feve prmep t di ethyl ether
in CH2C12. 5 HPLGeeddie.- ik ikbtei may/( heyerhR (RERBIDG ASEITAEEME wit h

structure. C  Cofement/!dd a(W:u H.ez& Bakls lpon anmplueicykyedce of

4-fl uor ophenyl , d(r#gég#p A soI ution of 398 15 ng of the
resul t ant corrpou tle |B |n et acetgﬁg was tre tecio% -20C with

HCO gas. The HC1 was bulhf &&et B¥ gFesos SVer which
time the tenperat tnighensicedesovban tt@onarmqic;eéoéww e fol-l

10 required. Specific dosage and treatment regimens for
any particular patient will depend upen a variety of
factors, including the activity of the specific
compound employed, the age, body weight, general health
status, sex, diet, time of administration, rate of

15 excretion, drug combination, the severity and course of
the infection, the patient’s disposition to the
infectior and the judgment of the treating physician.

, The compounds of this invention are also
useful as commercial reagents which effectively bind to

20 aspartyl proteases, particularly HIV aspartyl protease.
As commercial reagents, the compounds of this
invention, and their derivatives, may be used to block
proteolysis of a target peptide or may be derivatized
to bind to a stable resin as . tethered substrate for

25 affinity chromatography applications. For example, a
compound of formula I may be tethered to an affinity
column to purify recomhinantiy produced HIV protease.
Derivatization of the compounds of this invention to
produce affinity” chromatcgraphy resins and the methods

30 used to purify proteases using such resins are well
known and within the ekill 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.




TVas- {heﬂ~bubb4—ed+th1gh+he—ﬁﬁm—ﬁﬂﬁ-n—mﬂ—zﬁ—SUWefﬁmred—m —
vacuo to yield 347 ng of the title conpound as a white solid. TLC Rf -
0.82, 5:10:85 NHAOH CH3OH CH2C12; (1H)-NWR (CDCl13) consistent with
structure. D. Conmpound 35.—A-sol ution of +++—+g of the 25 resultant
conpound of Exanple 1C in CH2C12 was added, at anbient tenperature under
an atnosphere of nitrogen, to a solution of 118 ng of
N-succi ni m N0 9sESL4 3- t et r ahydrof uranyl carbonate (herelrﬁﬁ'PF’é‘P“’sl'HF osu™)
and 133 ng N, N-diisopropylethylamne in CH2A 2. The m xture 30 was stirred
for 14 h, diluted with CH2C12, washed with saturated NaHCO3 and sat urat ed
NaCl, then dried over MSO4, filtered, gnd concentrated in vacuo. The WO
96133184 Pcr1U596105475 - 64 residue was subjected to preparative thin
| ayer silica gel chromatography using 51 CH3CH in CH2Cl1l2 to yield 98.8 ng
of the title cogiophve aRes . wWleMmUDSORVY. PFLEC (F¥90) @ndFHeixkachi3OH in
CH2Cl12. HPLC: Rig.c.let 1A .nMzBid SdelHp: NS ((€B6H)3). consistent with structure.
Bxample 2 Synthests of GaTRud il fhuCORMGHKbaVLL fs sty

tert-but oxycar bonyl , tion of conpound
VI (W Boc, QJ‘H?"(E_LWF nﬁB?)fqlr}%?%%rﬂﬁ‘mPEﬁ’ A% ﬂ/ﬁg g net hyl am ne
gas, at ant ent Thespeexampies sxe fog the) purppee Rf diiBeCIatdos PRYYd

overni ght, then aﬁxanﬁﬁéltrro&t ed bumbtwmdlmﬁss:gr ehé asagipecod. 47 g of the

title conpound i £ 2y t subsequent 15 purification. TLC Rf
= 0.19, 1:10: 90t Nng anol /YtCI-lg%l 2, -NMR (CDC13) consistent with

All temperatures are recorded in degrees
10 Celsius. Thin layer chromatography (TLC) was carried
out using 0.25 mm thick E. Merck silica gel 60 Fy
plates and elution with the indicated solvent system.
Detection of the compounds was carried out by treating
the plate with an appropriate visualizing agent, such
15 as 10% solution of phosphomolybdic acid in ethanol or a
0.1% solution of ninhydrin in ethancl, followed by
heating, and/or by exposure to UV light or iodine
vapors when appropriate. Thick layer silica gel
chromatography was also carried out using E. Merck 60
20 Fy plates ("prep plates®") of 0.5, 1.0, or 2.0 mm
thickness. Following development of the plate, the
band of silica containing the desired compound was
isolated and eluted with an appropriate solvent.
Analytical HPLC was carried out using a Water’s Delta
25 Pak, 5 uM gilica, 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:

we

Mobile phase: = 0.1% CF,CO,H in H,0

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

0 min., A (95%), B (5%)

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

= 22.5 min., A (0%}, B (100%)

30 Gradient:

H 33 W Y
]




strueture—B—Conmpound 1287 T0 a sol ution of the product of Exanple 2A
(0.15 g, 0.51 mml) in CHILC12 (6 nL) was 20 added a saturated sol ution of
sodi um bi carbonate (3 nmL), followed by addition of solid sodium bicarbonate

(96—mg—t0—Tmot)— f ol fowed by addi tTon of acetam dobenzenesul fonyl
chloride (0.24 g, 1.02 mml). The mxture was stirred at anbi ent
tenperature 25 overni ght. The organics were extracted i nperdddbostts CH2C12,
dri ed over aW{fl ﬁﬁ’bﬂs MySO4, concentrated under reduced pressure then
purified via medium pressure silica gel chromatography using a gradient
system of CH2C12 followed by 5:95 Et QAc/ CH2C12, followed by 10: 90 30

Et OAc/ CH2C12. The title conpound was obteitned as 244 ng of white solid.
TLC. Rf - 0.13, 3:97 nethanol /CH2C12, WD 9603184 PCr/U896f 85475 65 HPLC:

Rt 13.47 mn; ("H -NWR, (CDCL3 sj st ent str ctyre. C. Conpound
101. This corrpouﬁﬂ’%‘ﬁ?’ép’glé%i"f’?o ﬁchgarf'g%‘ﬁj "Euénf‘s WS#und of Exanpl e 2B

by treatment wthetedned-phase cieddai dHRIEs retertdan, Fbues werExanpl e i C and
subsequent reactf@ébﬂfeat i SmitRiteel. 2| NMH spedtFal Batanwad recordedr descri bed

i n Exanpl e 1D. fﬂ%\go B URe ! Pgblrlédg%sgégrl%@f %ng@gq.t rUGefs/ Er S€d- phase

C18 HPLC wusing a radi en H20 wth 10 0.11 TPA
as eluant oR a pBF¥ tPHh PEPBEhRt: PRA A « ARP M fhtehe titl e conpound
was obt ai ned as éndigated gelvent.TLC. Rf = 0.2, 41 M OH CH2A 2. HPLC. Rt =
11.53 min; (1H) -NWR ( CDGh&)ndianmbasireid whé hiriibieion cconsrants kef 3 15

Syntheni g of CO”QQ@K"Ldﬁgound against HIV-1 protease using the method
deascribed essentially by M.W. Pennington et al.,
10 Peptides 1990, Gimet, E. and D. Andrew, Eds., Escom;
Leiden, Netherlands (1990).

Compounds of formula I were tested for their
antiviral potency in several virological assays. 1In
the first assay, the compounds were added as a solution

15 in dimethylsulfoxide (DMSO) to a test cell culture of
CCRM-CEM cells, a strain of CD4* human T-cell lymphoma
cells, previously acutely infected with HIVy, using
standard protocols (see Meek, T. D. et al., "Inhibition
of HIV-1 protease in infected T-lymphocytaes by

20 synthetic peptide analogues", Nature, 343, p. %90
{1990) . Preferred compounds are those which are able to
inhibit 950% of viral infectivity at a concentration of
1 uM or less. More preferred compounds are those which
are able to inhibit 90% of viral infectivity at a

25 concentration of 100 nM or less.

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 enzymé immunoassay (obtained from Coulter

30 Corporation, Hialeah, FL).

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

35 activity. See H. Mitsuya and S. Broder, "Inhibition of



—A—Am-norethy-eyetopentane—Fo—ea—sotottomrof—trAHH——<S8—g—1 O nole)
diethyl ether (2 L) was added cycl opentanecarbonitrile (73.2 g, 0.77 nol)
as a solution in 250 nL ether. The solution was stirred 20 overni ght at
anbi ent tenperat we—-and thar—quenehed by -addttton of--the—organics to 3 L
of a saturated potassium sodiumtartrate solution. The am ne was
extracted into 3 L of ether, dried over anhydrous K2CO3 then concentrated
by distill awoessniss approxi mately 400 25 nlL total vol unePCHRO B e pr oduct
was purified via distillation to give 58.2 g of the title conpound as a
colorless oil. ("H)-NM (CDC13) consistent wwth structure. B. Corrpound VI |
(W= tent-butoxycarbonyl, Q- H D 30ccyclopentylnethyl, P H . To the
resul tant conpound of Exanpl e 3A (20 g, 0.2 nol) was added corrpound Vi (W
WO 96/ 33184 PCT/ Q596105475 66 - Boc, Q- H) (5.84 g) and the m xture was
stirred for 24tReain mk_erunﬁecmpeiatm cirpatdiat epfeara ol kumarent rat ed by

distillation ungd e?y“?qgﬂggﬁ @r@g@gr@ype e /1 pfphda@eiBsadhi-t urated with
hexane and the so ect ?H. d,&hgp ﬁt?;lzt.rgtlon and washed with
€ SO

hexane to give3?® ‘0%" v Whi

S used wi.t hout further
purification. Tétdewnucé)ew Ozﬁ%éaﬁr%t hanol /CH2C12)

, ("H -NMVB (CDebB) aaxoppl.slm-lau htiagslct UThe effret QEorpBRPRRGA || (W
t ert - but oxycar bggykonﬁlﬁ 1Dn c1igvEaV[Asoiyteetdfybrhér -HIM¥-¢hl or ophenyl ). The

resul tant conpound YoEnd 8861 vy
4- chl orobenzenegﬁrfg'ﬁ’ “(‘:'h %trelrﬁﬁnt%% f&);al n tdr; r’r‘g:rILnﬁ'(;l\ré“5 egc’asbed in
Exanpl e 8H. Vbrﬁﬁﬁm -infected patients d assazing the effe

the inhibitors in preventing infection of the HIV virus
10 in freshly prepared human peripheral blood mononuclear
cells (PBMCs).

Insofar as compounds of formula I are able to
inhibit the replication of the HIV virus in human
T-cells and furthermore, may be delivered orally to

15 mammals, they are of evident clinical utility for the
treatment of HIV infection. These tests are predictive
of the compounds ability to inhibit HIV protease in

yive.

Example 1
20 Svynthesis of Compound 35
A. Compound VII (D’ = isobutyl, W = tert-butoxy
carbonyl, @ = H, P’ = H). A solution of 4.1 g of
epoxide VI (W=Boc, Q=H) in 30 mlL of ethanol was treated
with 22.4 mL of isobutylamine and heated under reflux
25 for 1 h. The mixture was concentrated toc yield the
title compound as a white solid which was used without
subsequent purification. NMR (CDCl3): &0.91 (d, 3H);
0.93 (d, 3H); 1.37 (s, 9H); 1.68 (br s, 2H); 2.40 (d,
2H); 2.68 (d, 2H); 2.87 {(dd, 1H); 2.99 (dd, 1KH); 3.46
a0 (dd, 1H); 3.75 (br s, 1H); 3.80 (br s, 1H); 4.69 (4,
1H); 7.19-7.32 (m, 4H).

B. Compound 32. A solution of 391 mg of the resultant
compound of Example 1A in 4:1 CH;Cl,/saturated agueous




'_A

5—puriftcation by sitTca gel chronat ography using EtQAc/CHr12 as el uant
yi el ded the product as a white solid; ("H NWR (CDO 1) consistent with
structure. D. Conmpound VIIl (W- H Q- H D - cyclopentylnethyl, E- ___

4- chtoroptrenyt, nydrochl 6ride 20 salt). A solution of 320 ng of the
resul tant conpound of Exanple 3Cin 20 nL of EtOAc was treated with

anhydrous HCQ gas for 5 mn. The reaction mxture was pp&gosheddats ni trogen
t hen concent?ﬁ?@'ﬁ“*‘n vacuo to yeld a white solid which was used directly
for subsequent 25 reaction. E. Conpound 116. To a solution of 63.4 ng of
the resultant conpound of Exanple 3Din 1 nL of THE was added
sequentially 54 pL of diisopropylethyl améfe-and a solution of 39.9 ng of
THF-OSu in 1 nL THF. The 30 mixture was stirred for-24 hours and then

concentrated in vacuo. The resi,due wa i fied silica
gel col um chr onHeBERa RS Eﬁ%&dzbﬁﬂ‘ﬁ%&gﬁ’ﬁ' ﬁmé@g\ﬁ%?%‘f’ﬁsgalm -
67 CH: Cl2 el uenunéer \irchdmberitizre of nitrogen) ewitdnBdyrmg °ITc. Rf - 0. 71,
40% Et QAc/ CH2C12 £ 5Bl penBenéedffc§1 el orideNind/M1FCRE 18 sodisinst ent with

structure. EJ 5_9ynthesis of ' @014 @BV Qiluted
tart - but oxycar boR?#frT?“ﬁ:ﬁ,’ E}'h%)m?gsgéfzrégyg? % r%(#)of net a\f/*‘ Poer H. Toa
sol ution of § con¥athcCHzFlz\\maghed pith gat "rﬁ?& ﬁa 2R8I %) was
added tetrahydrohggéw ¥l 2éred, ( andcarcentfaretd(ipn. vadidihe Thext ure was war ned
Esgngggt ?ggezt irred oyer Q:'aghﬁurif-mﬁ gplﬂ;v; 99e¥‘@1§ref 'sﬂ?é@%él”d t he sol ution

chromatography using 5% diethyl ether in CH)Cl; as

eluent to yield 420 mg of the title compound as & white

10 solid. TLC: Rf = 0.20, 5% diethyl ether in CH;Cl;.
HPLC: Rt = 17.41 min; (!H)-NMR (CDCl;) consistent with

—t
-

structure.

c. Compound VIII (W= H, Q = H, D’ = isobutyl, E =
4-fluorophenyl, hydrochloride salt). XA solution of 398

15 mg of the resultant compound of Example 1B in ethyl
acetate was treated at -20°C with HCl gas. The HCl was
bubbled through the mixture for 20 min over which time
the temperature was allowed to warm to 20°C. Nitrogen
was then bubbled through the mixture for 15 min and

20 solvent removed in vacuo to yield 347 mg of the title
compound as a white solid. TLC: Rf = 0.82, 5:10:85
NH,OH/CH30H/CH)Cl,; (lH) -NMR (CDCls) consistent with
structure.

D. Compound 35. A solution of 111 mg of the
25 resultant compound of Example 1C in CH;Cl; was added, at

ambient temperatﬁie under an atmosphere of nitrogen, to
a solution of 118 mg of N-succinimidyl-(S)-3-
tetrahydrofuranyl carbonate (hereinafter "THF-OSu") and
133 mg N,N-diisopropylethylamine in CH)Clz;. The mixture

30 was stirred for 14 h, diluted with CH,Cl,, washed with
saturated NaHCO; and saturated NaCl, then dried over
MgsQ,, filtered, and concentrated in vacuo. The



—dhader—-reducetd—pressure—to—gtve1—29~g-uf—tietTtie—Tonmpound—whirtitrwas—used —
W t hout subsequent purification. TLC. Rf a 0.52, 1:10:90 15
NHr OH et hanol / CR2C12 Conpound 129. To a solution of the resultant
conpound of -Exanpl e-4A (200-—+9, 055 muvol) +€H2Cl2 (6—nt)—was added
4-fl uorobenzeneaul fonyl chloride (320 ng, 1.6 mmol) foll owed a saturated
sol ution of sodium 20 bicarbonate (3 nL) and solid sodi um bi carbonate (0.1
g, 1.2 mmomosBhas4ri xture was stirred at anbi ent tenpePaQVHMY¥er ni ght .
The solution was diluted with 100 mL CH3C13, the organics separated, dried
over anhydrous MgSO4, and the organics concentrated under 25 reduced
pressure. The crude product was purifiedggia nmediumpressure ;tquid
chromat ography using a gradient solvent system of CH2Cl12 foll owed by 5:95
ether/ CH2C12 followed by a 10:90 ether/CH2C13 solution to give 130 ng of
the title conpouredidse washisubieetdd) toTPrepaatige Ehiss lageywilica
met hanol / CH2C12,geliPkfiromiit ografhy fugiing, 5% (CHPHNMR GHCI1 3p pheld stent with
structure. WO 96/33184 PCr/ 5 - ' VI | W- H Q-
H D - (2- tet g&ﬁ?d?’%f%ﬁﬁg??rgg%/lﬂé?agognggﬂ go?o e%HP?d' h %rct()chl oride
salt). To a sol dfi 6n%ct8+ ¥ FEsQH tian?HZC&@rrpd'ffﬁ‘&’ogt Exﬁr?p?g B30 ny, 0.057
nmmol ) in Ets0Ac ((GHS-NNR (0acl{dceds 806ny witlt stmwcEr®c (1 nml). The mixture
was stirred overnight at anbient tenperature. The solution was
concentrated under reduced pressure to give 16 ng of the title conmpound as
a white solid which was used w thout subsequent purification. TLC: Rf 10
0.60 (1:10:90 NH{ OH net hanol / CH2Al 2) pxample 2

Synthesis of Compound 101

A, Compound VII (W = tert-butoxycarbonyl, Q = H, D’ =

methyl, P’ = H). To a solution of compound VI (W=Boc,
10 Q=) (1.7 mmol) in ethanol (20 mL) was added

methylamine gas, at ambient temperature, for 30 min.

The solution was stirred overnight, then concentrated

under reduced pressure to give 0.47 g of the title

compound which was used without subsequent

15 purification. TLC: Rf = 0.19, 1:10:90 .
NH,OH/methanol /CH,Cl,, ('H)-NMR (CDCl;) consistent with
gtructure.

B. Compound 128. To a solution of the product of
Example 2A (0.15 g, 0.51 mmol) in CH,Cl, (6 mL) was

20 added a saturated solution of sodium bicarbonate (3
mL), followed by addition of sclid sodium bicarbonate
{90 mg, 1.0 mmol), followed by addition of
acetamidobenzenesulfonyl chloride (0.24 g, 1.02 mmol).
The mixture was stirred at ambient temperature

25 overnight. The erganics were extracted into 100 mL
CH,Cl,, dried over anhydrous, MgSO,, concentrated under
reduced pressure then purified via medium pressure
silica gel chromatography using a gradient system of
CH,C1l, followed by 5:95 EtOAc/CH,Cl,, followed by 10:90

30 EtOAc/CH;Cl,. The title compound was cbtained as 244 mg
of white solid. TLC: Rf = 0.13, 3:97 methanol/CH,Cl,,




—bB—€Cefrpound—132.—To a solution of the resultant conmpound of Exanple 4C (16
My) in CH2Cl2 (5 nL) was added triethylamne (0.1 M., 0.72 nmol) foll owed
by THF-OSu (20 ng, 0.09 mml). The mi xture was stirred at l5-anbient— :
t enperature TOT 22 hours. The solution was concentrated under reduced
pressure and the crude product purified via medium pressure colum
chromat ogra%ﬁ/ usj.ng 20: 80 Et OAc/ CH2C12 as the sol vent poraisesess™ give 7.4

20 met hanol / CH2C12) , HPLC. Rt - 14.19 min, ("H -NWR
(CDC13) consistent with structure. Exanple 5 Synthesis of Conpound 134 A
Compound VIl (W- tert-butoxycarbonyl, 0 = H D 25 (isobutenyl, P - H)).
To a solution conmpound VI (W= tert-buté&gyecarbonyl, 0 - H (2.5 nmol) in
ethanol (30 nlL) was added a solution 2-methallylam ne hydrochloride (1.34

g, 12.5 mmol ) an 0.70.9 %.5 Long NiepehaRghs{ bt Wiche m xture
stirred 30 mn agpﬁiént’ g%)‘f’e ef agﬁg?e. h(e s%hutlo%s wer e conbi ned and
heated to 85C fetrwture.The solution was filtered and concentrated under
reduced pressure to give 0.82 g of the title conpound whi ch was used

W g 18 B i ;

o ZgouEL igb;gqgggéex‘? 961331%!\}%5:31/““6961 5475 69 ur i |cat|§£1 SILCToRfa

sol ution of the kesultsmtt coupopuwiund ma&ngbebssmrezemew WiGhGO mml ) in

CH2C12 5 (§ nl) pyas eHl1dr fifec lgali 49 Riseeibed!| froExhmpld @G dad (410 ny,

L. 76 mmol), foll O‘Gﬁseg}’en% Sl M A de SOMY maPerfi S20hUMIGER" RRNat e (3 ”L)

and sol id SOdlunkhe manner described in Example 1D. After workup and
purification by preparative reversed-phase C;g HPLC
using a linear gradient of 35% to 100% CH3CN/HO with

10 0.1% TFA as eluant on a portion of the crude mixture,
4.2 mg of the title compound was obtained as a white
solid. TLC: Rf = 0.2, 4% MeOH/CH)Cl,. HPLC: Rt = 11.53

min; (lH)-NMR (CDC13) congistent with structure.

Example 3

15 Synthegigs of Compound 116
A. Aminomethylcyclopentane. To a solution of LiAlEK,
(38 g, 1.0 mole) in diethyl ether (2 L) was added
cyclopentanecarbonitrile (73.2 g, 0.77 mol) as 2
solution in 250 mL ether. The solution was stirred

20 overnight at ambient temperature and then quenched by
addition of the organics to 3 L of a saturated
potassium, sodium tartrate solution. The amine was
extracted into 3 L of ether, dried over anhydrous K,CO,
then concentrated by distillation to approximately 400

25 mL total volume. The crude product was purified via
distillation to give 58.2 g of the title compound as a
colorless oil. ('H)-NMR (CDCl,) consistent with

structure.

B. Compound VII (W = tert-butexycarbonyl, Q = H, D' =
30 cyclopentylmethyl, P' = H). To the resultant compound
of Example 3A (20 g, 0.2 mol) was added compound VI (W



-—bi-earbenate{0—1t—g—t2 ot )—TheTrXture was stTTrTed —at anbrent T
tenperature overnight. The solution was 10 diluted with 100 nmL CHHCl12, the
organi cs separated, dried over anhydrous MyS04, and the organics
concentrat ed under +reduced—p+essure— The crude—product —was purified via
medi um pressure |iquid chromatography wusing a gradient solvent system of
CH2C121 fol l owed by 15 30: 70 Et OAc/ CH2C12 solution to giv of the
title conpovmes3aséa white solid. TLC Rf - 0.19, 3:97 Pﬁﬁftu CH2C12,
HPLC. Rt - 15.06 min, (3H -NWR (CDCl,) <consistent with structure. C
Conpound VIIl (W- H O - H D - isobutenyl, E 20 4-acetam dophenyl,
hydrochl oride salt). To a solution of -tEe fesultant conpound of Exanple 5B
(40 mg 0.075 mol) in EtCk.c (5 n) was added 30% w w HC1 in EtQAc (2

m.). The m xture was sti rrrgﬂd ;{grégiggg%ﬁga@r@mge Leimarigt U el Ne

sol ution was conZe®tGaled _ reSSLire,to Ive the title
conpound, which @fsh a¥seubignthSErPeIMEFuenfPHRIPFESRiHMP TLC Rf 0. 38,

1: 10: 90 NH4OH netbaceitretRCly ddst Cohgsdiondundelr rgduged @agssyre of t he
resul tant conpowd QfsiEM@Nle t2¢thPatddwleh (Kestink ¥RG tHdedlfd
triethylamge (0 1 f;detagégyza%}%g)ﬁP égieér%‘éﬁgn%aTEEaﬁw 1c26nBFand- 11 mmol ).

The mi xture>was §PT . _ rrpergture or 24 hours.. The solution
was WO 96133134 PRISDEPOSAYS of aowhitshEohid HIEh KR rMeesyHEE Y essure and
the crude produghrthesd pueifidaxioedi TBQr BEsurtk 5@olundP : 9hr omat ogr aphy

using a gradient cseéé&&%taa&hgmmeth@hem&,ci,m | Onpchigy (EDED,)
nmet hanol / CH2C12, folls \g%g b&':h s:é:rgztm_hanol [ CH2C12 as the solvent system

. cons w
to give

10 C. Compound VIII (W = tert-butoxycarbenyl, Q = H, D’
= cyclopentylmethyl, E = 4-chlorophenyl). The
resultant compound of Example 3B (252 mg) was reacted
with 4-chlorobenzenegsulfonyl chloride (175 mg) in the
manner described in Example 8H. Workup and

15 purification by silica gel chromatography using
EtOAc/CH."1l, as eluant yielded the product as a white
sclid; ('H) NMR (CDCly) consistent with structure.

D, Compound VIII (W= H, Q =H, D' =
cyclopentylmethyl, E = 4-chlorophenyl, hydrochloride

20 salt). A solution of 320 mg of the resultant compound
of Example 3C in 20 mL of EtOAc was treated with
anhydrous HC1l gas for 5 min. The reaction mixture was
purged with nitrogen then concentrated in vacuo to yeld
a white solid which was used directly for subsequent

25 reaction.

E. Compound 116. To a solution of 63.4 mg of the
resultant compound of Example 3D in 1 mL of THF was
added sequentially 54 uL of diisopropylethylamine and a
solution of 39.9 mg of THF-OSu in 1 mL THF. The

30 mixture was stirred for 24 hours and then concentrated
in vacue. The residue was purified by low pressure
Bilica gel column chromatography using 20% EtOAc in




—+6—+ngof—tte tirtre conpound. Rf - 0.11 (3:97 nethanol/CH2C12) , HPLC. Rt
- 12.86 mn, ('"H-NM (CDCL3) consistent with structure. Exanple 6 10

Synt hesi s of Compound 136 A Conpound VII_(W.-_ tert-hutoxycarbenyl, Q—=—H—
D —2=forfuryt,— 7P - H). To a solution compound VI (WBoc, QH) (2.5 mmmol)
in ethanol (30 nm.) was added furfurylamne (0-67 nL, 7.5 mml) and the

m xture msﬁ#@@aed to 85C for 24 h. The solution was PHusessd#Sand
concentrate reduced pressure to give 0.80 g of the title conpound
whi ch was used wi t hout subsequent purification. TLC. Rf - 0.38, 1:10:90
concentrated NHACOH nethanol/CH2C 2 . 20_B. Conpound VIIIT (W -
tert-butoxycarbonyl, Q- H D - 2-fur"yF,7 E - 4-fluorophenyl). To a
solution of the product of Exanple GA (0.20 g, 0.60 mmol) in CH2Cl2 (6

m.) was added a éﬁbg{ 24 66nS Ud/lyi@0d Of . £30@i &N dlieC 21 DO ampoAnAL) , f ol | owed
by addition of solf '

fl uor obenzenesul %?IS/IM(Z:%I a(r)‘flld’gmegl g%cﬂgcg,%q}s)ﬁuﬁ?- Ezgtbhr%ﬁ\?v:g gt irfed
at ambi ent t enpef') UNMR f GIDCA4) |fonsiBEens, YWARR BETHEFET®xtracted into 100 ni
CH2C12, dried over anhydrous Mg5M4, concentrated under reduced 30
pressure, then purified via nmedium pr Ilica gel chromatography
using a gradient systemof CH2C12 [ .29 net hanol / CH2C12. The
title conpofnd was obtai ned SIHRE ottt go L my). TLC. Rf WO
96133184 PCOr! B981054¢qp0dda w1l fw S €kt BLEGBR 12,0 HPHC.DRi= - 16.5
mni (,H - AR Q%@m&&;ﬁ‘&é}y‘i?t—mx\éﬁﬁ,%‘ u_Ct‘Hr_e. To a solution of
compound VI (W=Boc, Q=H) (3.3 mmol) in ethanol (30 mL)
was added tetrahydrofurfurylamine (1.03 mL, 10 mmol).
10 The mixture was warmed to 85°C and stirred overnight.
The solution was filtered and the solution concentrated
under reduced pressure to give 1.29 g of the title
compound which was used without subsequent
purification. TLC: Rf = 0.52, 1:10:90
15 NH,OH/methanol/CH,Cl,

B. Compound 129. To a soclution of the resultant
compound of Example 4A (200 mg, 0.55 mmol) in CH,Cl, (6
mL) was added 4-fluorcbenzenesulfonyl chloride (320 mg,
1.6 mmol) followed a saturated solution of sodium

20 bicarbonate (3 mL) and solid sodium bicarbonate (0.1 g,
1.2 mmol). The mixture was stirred at ambient
temperature overnight. The solution was diluted with
100 mL CH;Cl,, the organics separated, dried over
anhydrous MgSO,, and the organics concentrated under

25 reduced pressure. The crude product was purified via
medium pressure liquid chromatography using a gradient
solvent system of CH,Cl, followed by 5:95 ether/CH.Cl,
followed by a 10:90 ether/CH,Cl; solution to give 130 mg
of the title compound as a white solid. TLC: Rf =

30 + 0.35, 3:97 methanocl/CH,Cl,, HPLC: Rt e 16.37 min,
() -NMR (CDCl,) consistent with structure.



—C—Conpovpnd—-A4-H—(W—H—0—H—DB~—=2=furyr =4t uorophenyt; —

hydrochloride salt). To a solution of 5 the resultant conpound of Exanple
6B (16 ng, 0.031 muol) in EtQAc (3 nL) was added 30% w w HC1L in EtOAc (1
m.). The m xture was—stirred—overnight at anbi ent—tenperature. The
sol ution was concentrated under reduced pressure to give the title
conpound, which was 10 used w t hout subsequent purlflcatlon TLC Rf -
0.48, 1:100WssBI8H et hanol /CH2C12 . D. Conpound 136. FFEVE*¥™t i on of
the resultant conpound of Exanple 6C in CH2Cl2 (5 nL) was added
triethylamne (0.1 nL, 0.72 mol ), followed by THE-OSu 15 (11 ng, 0.05
mmol ). The m xture was stirred at anbiengg -tenperature for 24 hours. The
solution was concentrated under reduced pressure and the crude product
purified via medi um pressure colum chromat ography using a gradient
sol vent system 6F- Cre@mrurd YHI1 oled By 20: Ho Bt CACRCH2C12 as the sol vent
systemto give tétPanPdrofulyl Rimethyl28F « 3-FIuamdphenyl/ CH2C12, HPLC Rt -
14.57 mn, (1H gyﬁ%éﬁ&ﬁ)& s St @8t a idiRe 184 [ kHbCredutdiaht € 7 25
FERERK

 gynthesi s of # ofSExam%te?p?ygd VI%} 6¥¥ r?no?[g ;9%:3}%‘3?5 bonyl, Q-

H D cyclohex - Boc Q
~'H) (5.0 ol ) TN weRcadded I8¢ MY HES !a&aewcgﬂcmexywewﬁm ne (3.25
M., 2. 83 mol ) and sSirtedcowvemiighs whsanmhiiientectedparaguheur SThat anbi ent

tenperature. Thgoigkubh Gas\BSndddtrated wusr\\: Ak podsdiize ¥BI6I 05475 - 72
concentrated undgr 1 educed PLES U Se! Qotflotfialadh Wnttedolid which
was used without subsequent purification. TLC: Rf =
10 0.60 {1:10:90 NH,OH/methanol/CH,Cl,).

D. Compound 132. To a solution of the resultant
compound of Example 4C (16 mg) in CH,Cl, (5 mL) was
added triethylamine (0.1 ml, 0.72 mmol) followed by
THF-0Su (20 mg, 0.09 mmol). The mixture was stirred at

15 ambient temperature for 24 hours. The solution was
concentrated under reduced pressure and the crude
product purified via medium pressure column
chromatography using 20:80 EtOAc/CH,Cl; as the sclvent
system to give 7.4 mg. Rf = 0.37 (3:97

20 methanel/CH,Cl,), HPLC: Rt « 14.1% min, ('H)-NMR (CDCl,)
consistent with structure.

Example S
Synthesis of Compound 134
A. Compound VII (W = tert-butoxycarbonyl, Q = H, D’ =
25 (isobutenyl, P’ = H)). To a solution compound VI (W =

tert-butoxycarbonyl, Q = H} (2.5 mmol) in ethanol (30
mL) was added a solution 2-methallylamine hydrochloride
{1.34 g, 12.5 mmol) and KOH (0.70 g, 12.5 mmol) in
ethanol (20 mL). The mixture stirred 30 min at ambient
30 temperature. The solutions were combined and heated to
85°C for 24 h. The solution was filtered and
concentrated under reduced pressure to give 0.82 g of
the title compound which was used without subsequent




white softTdwich was used directly for subsequent reaction. TLC. Rf -
0.14, 3:97 nethanol/CH2C12. (1H)- NWVR (CDC13) consistent with structure. 5
B. Conpound VIII (K - tert-butoxycarbonyl, Q- H D - cyclohexylnethyl E
s 4=mettioxyphenyt). To a solution of the resultant conpound of Exanple 7A
(400 ng, 1.06 mmol) in CH2A 2 (10 nL) was added 4- net hoxybenzenesul f onyl
chl oride (0.66 3.1 mol) 10 followed by addition of apemtsssasersd sol ution
of sodium eagff(mate (3 nL) and 0.18 g of solid sodium bicarbonate. The
m xture was st| rred at anbient tenperature overnight. The solution was
diluted with 200 nL CH2Cl2, the organics separated, dried over 15
anhydrous MgSO4, and the organi cs concent®®ated under reduced pressure. The
crude product was purified via nedium pressure |iquid chromatography using

CH2C12, followed bysﬁﬁégﬁmat hﬁ&pl 2(;,124 1S 1 L {§: 5P lc¥RBEntSNEtle@M tO give

340 my of the tiPPE das tesolld 20 TLC. Rf s 0.39, 3:97

met hanol / CH2C12, NEQHY mekjap R e conS|stent with structure. C. Conpound
VIl (Ws H Q- H D cyclohexyl met hyl, E - 4-nmet hoxyphenyl ,

hydrochl oride sglt). @0l | 0ROk id1RicaeaUbS aiNe geswluamt of 25 Exanpl e

7B (0.34 g, 0.62 rmol n EE OAC ;(elghnkury\@%f agﬁ,gqmgg%mwg-u n Et CAc (5

mL). The mi xt ur e SREEC in%f]d’a Hre The
sol uti on was cond@nlﬂhhtw afded 4-aFatamidnhenzaperifony; of a white
solid which was uaed &/ actsymhal) ,3TodliwedgbEnt sataTered. 5°ﬂl1’@,i°1’2f @0. 42,

3:97 nmethanol / CtlgClaas unf HABHEDSATe" 15 (XY aMBYSSVEED sodium
bicarbonate (0.1 g, 1.2 mmol). The mixture was stirred
at ambient temperature overnight. The solution was

10 diluted with 100 mL CH,Cl,, the organica separated,
dried over anhydrous MgsSO,, and the organics
concentrated under.reduced pressure. The crude product
was purified via medium pressure liquid chromatography
using a gradient solvent system of CH,Cl,, followed by

15 30:70 EtOAc/CH,Cl, solution to give 140 mg of the title
compound as a white solid. TLC: Rf = 0.189, 3:97
methanol/CH,C1l,, HPLC: Rt = 15.06 min, ('H)-NMR (CDCl,)
consistent with structure.

C. Compound VIII (W =H, Q = H, D’ = iscbutenyl, E =

20 4-acetamidophenyl, hydrochloride salt). To a solution
of the resultant compound of Example 5B (40 mg 0.075
mmol) in EtOAc (5 mL) was added 30% w/w HCl in EtOAc (2
mL). The mixture was stirred overnight at ambient
temperature. The solution was concentrated under

25 reduced pressure to give the title compound, which was
used without subsequent purification. TLC: Rf = 0.38,
1:10:90 NH,OH/methanol/CH,Cl,.

D. Compound 134. To a solution of the resultant
compound of Example 5C in CH,Cl, (5 mL) was added

30 triethylamine (0.1 mL, 0.72 mmol), followed by THF-OSu
(26 mg, 0.11 mmol). The mixture was stirred at ambient
temperature for 24 hours. The solution was



of Exarrple 7C (100 ng 0. 21 mml) I n CI—|2C12 (8 rrL) was added trlethyl anm ne
(0.2 m, 1.44 mol) followed by THE-OSu (71 ng, 0.31 manol). The mixture 5
was stirred .at anbient tenperature—for 6 hows—The selut+er—was dil uted
with CH2C12, (200 nL) washed with a saturated solution of sodium

bi carbonate (30 nL), the organics separated, dried over anhydrous My804
and concentwodssstsuinder reduced pressure and the crude POT/EPEMEY purified
via nmedi um pressure colum chronat ography using a gradi ent solvent system
of CH2C12 followed by 10:90 Et QAc/ CH2Cl12 as the solvent systemto give
84.9 ng of the title conpound. TLC: Rf_a,0.48, 3x97 nethanol /CH2C12, HPLGCs
Rt - 16.35 min; (1H)-NWR 15 (CDC13) consistent with structure. Exanflle 8

Synt hesi s of Conmpound 195 A.
3( 8) - am no- 2( sy ngorvedtoatyedl -unkdenyteducell| prefayranend fthengredsal t. To a

sl Urhry Ff 13- 33 g d&uc%oi AP sleadi 1dNmedd ul Np¥eisios é&%by W8| ght) '62 35 .
met hanol and tet g o
éﬂ%ﬂg ;?rﬂf (.;é?xgg Irg-_gﬁﬁd%%ntm%g& n- dr O@/- phenyl but ane

3(S) - N- (- benzyl
((1923 77(rmgln)zyas Gl %i/ joedi BY erdfansthannd/ %fh &FE:P %\ﬁ’}'(l 2°W To 25

this slurryswas awemsmqmwmﬁ @aricbe o lyenp\f pygtem] Sohgivehe reacti on
mxture was filtgy qdmghwtma :dtﬂ QERpeaMS. eREtD @nd gonsentrat ed to

dryness. The re S rpied o] n \Y% t hen
triturated seque":? ?i/&’{:ﬁ% H%hdj Hét helrzngtﬁdk%g gl—@ kﬁt g&gé dw de 47.64 ¢
of product as. a"‘ﬁ’t’&ﬁﬁ?’%& wWith structure.

Example €
10 Synthesig of Compound 136
A. Compound VII (W = tert-butoxycarbonyl, Q = H, D’ =
2-furfuryl, P’ = H). To a solution compound VI (W=Boc,
Q=H) (2.5 mmol) in ethanol (30 mlL) was added
furfurylamine (0.67 mL, 7.5 mmol) and the mixture was
15 heated to 85°C for 24 h. The solution was filtered and
concentrated under reduced pressure to give 0.80 g of
the title compound which was used without subsequent
purification. TLC: Rf = 0.38, 1:10:90 concentrated
NR,OH/methanol/CH,Cl,.

20 B. Compound VIII (W = tert-butoxycarbonyl, Q = H, D’
' = 2-furyl, E = 4-fluorophenyl). To a sclution of the

product of Example 6A (0.20 g, 0.60 mmol) in CH,Cl, (6
mL) was added a saturated solution of sodium
bicarbonate (3 mbL), followed by addition of solid

25 sodium bicarbonate (0.1 g, 1.2 mmol) , then p-
fluorobenzenesulfonyl chloride (0.32 g, 1.6 mmol). The
mixture was stirfed at ambient temperature for 24 h.
The organics were extracted into 100 mL CH;Cl,, dried
over anhydrous MgS80,, concentrated under reduced

30 pressure, then purified via medium pressure silica gel
chromatography using a gradient system of CH,Cl,,
followed by 1:99 methancl/CH,Cl,. The title compound
wags obtained as a white solid (86.1 mg). TLC: Rf =




—sod—THEC—R=a 0717, 5t acefirc acid/ethyl acetate. WD 96/ 33184

PCTI US96105475 74 B. 3(S)-N-(3(S)-tetrahydrofuryl oxycarbonyl)-am no-1 -

chl oro- 2(syn) - hydr oxy- 4- phenyl butane. _To _a solution of the+esultant—"
compournd—of—Exanmple 8A(1.9/7 g, 7.95 mol) in CH2Cl12 (20 nL) was added a
saturated solution 5 of sodium bicarbonate (5 nL), followed by solid sodium
bi car bonateé&,";‘ﬁ , 17.9 mol), and THE-OSu (2.0 g, 8.FCHEBWMSINSThe

m xture was I'rred at ambient tenperature overnight. The sol ution was
diluted with 200 nL CH2Cl2, the organics separated, dried over 10
anhydrous MgSO4, and concentrated under éfdyced pressure. The residue was
recrystallized fromethyl acetate/hexané™to give 1.01 g of the title
conpound as a white solid. TLC. Rf - 0.35, 3:97 nethanol /CH2O 2 (' H)-NWR
(CDCL3) consi st egty i h 9t fetHanbe/cH,B1. HEDOPRNG V6. § \WinsH{HD-NMB(s) -
tetrahydr' furylo rbonyl ). T | Yiy .the resultant conpound of
Exanple 8B (1.0 Eﬁé’g Wftle%‘ q"'a’%gloP{:J%‘%a)"rl:éxft}fﬁanoI (15 n.) was added solid
KOH (0.21 g, 3.8 nmmol). The m xture was stirred at anbient 20 tenperature
for 1.0 h. The sol ut icompomsd MIIZeX®d= H.hQough P’'pad2ofuydi Ee=t4ren
concentrated undef,JRpneRel, HyRssehforibieesaEs) dugovassdlaitdonupt i n et her

100 nl), hed : ' : d d
Eeduced) pre sar ZtP%M%’\'ngﬁ&géfc’%%ﬁg? %P'%{:%gnﬁégg%gﬁm tgnsglri d.

TLC Rf - 0.49 (wmel) iﬁeﬁﬁ%l(%d‘&blﬁ’ ,‘d%"&) 4 istent with
structure. D. Cofpontild | The (idixtube was atdyred querpi@htiadi ambiens car bonyl, D

= benzyl, D temperature. The solution was concentrated under
reduced pressure to give the title compound, which was
10 used without subsequent purification. TLC: Rf = 0.48,

1:10:90 NH,OH/methanol/CH,Cl,.

D. Compound 136, To a solution of the resultant
compound of Example 6C in CH,Cl; (5 ml) was added
triethylamine (0.1 mL, 0.72 mmol), followed by THF-OSu

is {11 mg, 0.05 mmol). The mixture was stirred at ambient
temperature for 24 hourxrs. The solution was
concentrated under reduced pressure and the crude
product purified via medium pressure column
chromatography using a gradient solvent system of CH,Cl,

20 followed by 20:80 EtOAc/CH,Cl, as the solvent system to
give 4.9 mg. TLC: Rf = 0.28, (3:97 methanol/CH,Cl,,
HPLC: Rt = 14.57 min, (,H)-NMR {CDCl,;) consistent with
structure.

Example 7
25 Synthesis of Compound 156
A. Compound VII (W = tert-butoxycarbonyl, Q = H, D' =
cyclohexylmethyl, P’ = H). To a solution of compound
VI (W= Boc, Q = H (5.0 mmel) in ethanol (20 mL) was
added cyclohexylmethylamine (3.25 mL, 2.83 mmol) and
30 the mixture was stirred for 3 hours at ambient
temperature. The solution was filtered and



+30--eyelopentyHrmethy—RF—H—t—H—Fre—resuttant—compotnd—of—Exanpte8C -
(0.88 g, 3.2 nmol) was added to the resultant conpound of Exanple 3A (5.0
g, 50.4 mmol) and stirred for 24 h at anbient tenperature. The i~, nt Pc
TIUS9 475 WO M33184..75 solution was concent+ated by distillation under
reduced pressure. The residue was triturated with hexane and the solid
collected by suction filtration and washed w th hexane to give 0.93 g of
the title composmstes TLC. 5 Rf - 0.44, 1:10:90 concent r atREG/USI0S47S

NHACOH met hanol / CH2C12; (' H)-Ma (CDCl12) consistent with structure. E.
Conpound VII (W- H Q- (8)-3-tetrahydrofuryl, D - cyclopentylnethyl, P

- tart-butoxycarbonyl). To a solution of,264 ny of the resultant conpound
of Exanple 10 6D in 10 nL of CH2Cl2 was added 0.14 nL of

di sopropyl et hyl am ne and-175 ng of di-tert butyl pyrocarbonate. After
stirring for 4 hoonecentiraged minden eeduced ipresegreaitohgbve ny. 40f gCGRE@L2, washed

with 0.5N of HGihetél dyligewhilii @dsO¥Séd FPBEEIy TogUbliEejuedb filtered and
concentrated in ¥@g dn0 Vinghd ;,?)4_@ of 3t 5% ddd thaﬁof?fﬁ%%g‘d atsma whi te
u

solid which was use W't hout ™ subsequent’ purification 0. 58, 400
Et OAc/ CH2C12. F. Ws‘:ﬁ%’tlabr?@t‘issﬂnwléf‘ E‘F@thé%‘a}tant conpound of 20
Exanple 8E-in 5 nL of ethanol was hydrogenated under 30 pSI of hydrogen in

the presencg of g0 %oﬁﬁ@#ﬂﬂm(w(i \Qer@xb@z?o;{ﬁ rgé"% ghg.m xture was
filtered an concentr e.re |due f a Iow pressure
silica gel colunh heny
' solution of the reaultant compound of Example 7A (400
mg, 1.06 mmol) in CHyCl,; (10 mL) was added 4-
methoxybenzenesulfonyl chloride (0.66 g, 3.1 mmol)
10 followed by addition of a saturated aclution of sodium
bicarbonate (3 mL) and 0.18 g of solid sodium
bicarbonate. The mixture was stirred at ambient
temperature overnight. The solution was diluted with
200 mL CH,Cl,, the organics separated, dried over
15 anhydrous Mg80,, and the organics concentrated under
reduced pressure. The crude product was purified via
medium pressure liquid chromatography using CH,C1,,
followed by 1:99 methanol/CHp)Cl, as the solvent system
to give 340 mg of the title compound as a white polid.
20 TLC: Rf = 0.39, 3:37 methanol/CHyCly, (lH)-NMR (CDCLs)
consistent with gtructure.

C. Compound VIII (W=H, Q=H, D' =
cyclohexylmethyl, E = 4-methoxyphenyl, hydrochloride
salt). To a solution of the resultant compound of

25 Example 7B (0.34 g, 0.62 mmol) in EtOAc (10 mlL) was
added 30% w/w HCl -in EtOAc (5 mL). The mixture was
stirred for 3 hours at ambient temperature. The
solution was concentrated under reduced pressure to
give 0.3 g of a white s0lid which was used directly for

30 subsequent reaction. TLC: Rf = 0.12, 3:97
methanol/CHyCl,.




25 Ft OAc in CHR2EH2—etvent—to yierd 268 ng of the title conpound. TLC Rf -
0.55, 40% Et CAc/CH2Cl 2. (IH)-NMR (CDC13) consistent with structure. G. A
solution of 268 ng of the resultant conpound of Exanple 8Fkrin—30—+t—of
Et.0Ac was—t+eated W th—amhydrous 30 HO gas for 5 min. The reaction

m xture was purged with nitrogen then concentrated in vacuo and the WO

96/ 33184 PCi/11S96R)5475 76 resulting white solid use®CROsIeOSA™ subsequent
purificati oWEWP¥hsequent reaction. H Conpound 195. To a sol ution of 233
ng of the crude resultant conpound of Exanple BOin 10 nL of 5 CH2Cl12 was
added 2 nlL of saturated aqueous sodi um bicarbonate and 149 ng of

4- met hyl oxybenzene sul f onyl chloride.” A & 3 hours, the resulting mxture
was diluted with CH2A 2, washed wi th sodi um bi carbonate, brine, dried
over magnesi um 'faESmpédddt gEgd Walﬂommnbfatm resultanto. The resi due
was purified by pr e | i g ing OTC to
20% Et OAc/ 042012"{”6’%}’ ‘é %P%‘g“‘ﬁ% o"?"at t'&fl gnalc.gg%nqaug hg %,hlt?e sol i d.
TLC. Rf w 0. 40, ﬂ()%rEbm—ldethyllﬂPEEe (®-2 ¥&, 65-4ff gmol 1H) NMR ( CDC13)
consi stent W th gchl oba Us m-oﬁxamﬂ agQ o&a.nmhet) s GheCokpeuned 196 A
(15,2 syn)- é\l—(l Isolg:%t}é do’a(?: %op&)é)myboxm bonyI am ne.
To a sol ution of*Jb Z-leucine_c %@ Aﬁg) % mL of

net hanol was addeRiutipngeas fié“&%f" Bbri) ydri de YRe m xture was
stirred at anbi epdevdragparssluteoh oot sadim bicarbohate o3 OWBE) cdt€ent r at ed
under reduced  groanjce separated, dried over anhydrous MgsOs and

concentrated under reduced pressure and the crude

10 product purified via medium pressure column
chromatography using a gradient solvent system of CHyCl,
followed by 10:90 EtOAc/CH,Cl; as the solvent system to
give 84.9 mg of the title compound. TLC: Rf = 0.48,
3197 methanol/CH,Cly, HPLC: Rt = 16.35 min; (l®)-NMR

is (CDCl,) consistent with structure.

Example 8 .
sSynthegis of Compound 195
A. 3(8) -amino-2 (syn) -hydroxy-4-phenyl-l-chlorobutane
formate salt. To a slurry of 16.33 g of 10% palladium
20 on carbon (25% by weight) in methanol and
tetrahydrofuran (400 mlL, 1:1) was added, under Np,
65.35 g of 3(8)-N-(-benzyloxycarbonyl) -amino-1-chloro-
2 (8yn) -hydroxy-4-phenylbutane (195.77 mmol) as a
solution in methanol and tetrahydrofuran (1.2 L). To
25 this slurry was added 540 mL of formic acid. After
15 h, the reaction mixture was filtered through
diatomaceous earth and concentrated to dryness. The
resultant oil was slurried in toluene and evaporated,
then triturated sequentially with diethyl ethexr and
30 CH,Cl, to provide 47.64 g of product as. a granular tan
solid. TLC: REf = 0.17, 5% acetic acid/ethyl acetate.



~pressur-e—and—t-he+estdue—parti-tionmed=hetweermr 20— t—of—25—<saturatedaqueous—
MCI and 500 ml of diethyl ether. The organic fraction was separated, dried
over MgSO4 and r concentrated in vacuo and the residue purified by silica
gel chromat ography—to yi el-—3-8 g of white—sotid. 30 B. (1S

2S) - N- (1-1sobutyl -2, 3- epoxypropyl)benzyl oxycarbonyl am ne. To a sol uti on of

the resul tant conpound of Exanple 9A (300ng) in I X il uf %&%W}HMT 4"I'm
WO 96133184 WO IBIMBY6RP5475 - 77 absol ute et hanol was ng of

powdered KOH. The mxture was stirred for 3 h at anbient tenperature,.
filtered through di atomaceous earth, and concentrated in vacuo. The

resi due was dissolved in diethyl ether; & dried over Mp8™4, and
concentrated to yield 230 ng of colorless oil, which was used directly for

2> hydroxy- 5- ot f noRdi: t‘i%%ﬁ*e“i‘&?%*’%%%*‘*ﬁ&f%‘ r%iﬁ%‘“ S cgﬁpﬁhﬁ? of
Exanpl e 9B was %ﬁéﬁd@b‘ﬂ“ﬁ BYﬂ{‘”‘YGf‘ -PRYBIEPFARS ne T2nf BPBEHR B e stirred
overni ght at ardbecrestlugner abmpendlhé Exatpdee8iall .@8ngent 9%t ed in vacuo

80 yi e: d ]Ehe t't)&ﬁll?fmttﬁgcﬁﬂiﬂnmgw@é %aoddalieaa@ﬁhtdd Hblthonas usgd .
Q- b a¥i Softh gratis miZeehAse 1a ol Fpraced #évﬁ“*’f%‘%?ﬁ‘yw o
('S) - hydr oxy) . F&#Wﬂ@lft’nélp?%c%d&?@d@%‘i}r’l'béﬁd i -BRAnfA-® 89, a solution
of the resultants.conpoelnd The woctvrecwd® gtiroed)ati amBgl2 was reacted with
4 temperature overnight. The solution was diluted with

200 mL CH,Cl,, the organics separated, dried over

1o anhydrous MgSO,, and concentrated under reduced

pressure. The residue was recrystallized from ethyl

acetate/hexane to give 1.01 g of the title compound as

a white solid. TLC: Rf = 0.35, 3:97 methanol/CH,Cl,.

('H) -NMR (CDCl,} consistent with structure.

15 C. Compound VI (W =H, Q = 3(8)-
tetrahydr~furyloxycarbonyl). To a solution of the
resultant compound of Example 8B (1.0 g, 3.2 mmol) in
absolute ethanol (15 mL) was added solid KOH (0.21 g,
3.8 mmol). The mixture was stirred at ambient

20 temperature for 1.0 h. The solution was filtered
through a pad of Celite then concentrated under reduced
pressure. The residue was taken up in ether (100 mlL),
washed with brine, dried over MgsSO,, the concentrated
under reduced pressure to give 0.88 g of the title

25 compound as a white solid. TLC: Rf = 0.43 (3:97
methanol/CH,Cl,), ('H)-NMR (CDCl,) consistent with
structure. :

D. Compound III (W « H, Q = (S)-3-
tetrahydrofuryloxycarbonyl, D = benzyl, D’ =

30 cyclopentylmethyl, R, = H, L = H), The resultant
compound of Example 8C (0.88 g, 3.2 mcl) was added teo
the resultant compound of Example 3A (5.0 g, 50.4 mmol)
and stirred for 24 h at ambient temperature. The




20 _net hoxybenzenresutfonyl—cnrori de (150 ng) in the presence of aqueous
NaHCGO3. W)rk up and silica gel chromatography yielded 90 ng of product as a
white solid. E. Conpound V (W- H OQH._Do isobutyl —D—25—sobutyts—R7Vv
H—E—4—rrethoxyptrenyl , (Syn)-hydroxy). A solution of the resultant
conpound of Exanple 9D (90 ng) in ethanol was treated with 50 ng of 10%
pal | adi um on car@on and the mxture stirred under an aPOT/BYINEMES Of

hydr ogen. AP2¢? npl etion of reaction, the mxture 30 was filtered and
concentrated in vacuo to yield 60 ngy of the title conmpound which was used
directly for subsequent reaction. WO 96/ 33184 PCr'/ U896/ 05475 - 78 F.
Conmpound 196. Reaction of the resultar 7orpound of Exanple 9E (60ng) in
CH2C12 was reacted with THE-OSu (150 ng) as described earlier yielded,

following aquegus workyg, giyd et VeS| B‘@S@Auild:tiealwe:a&daﬁcea
concentration in vacuo, a_resl d |w§ hb’? hqg gel

chr omat ogr aphy 8§Fﬂ§f“ﬁ’et haR®1Y VAR TI t\'\gﬁagﬁ ?‘?“1 i'tle product
as 40 ng of whi tke m'lliaddm{.lﬁﬁ'—elwmnc%%?%’c"éﬁ cture

Exanpl e 10 10 Sy,mehwf t&0@U0d9203 of thactispgexrampyunghar BHCi n Exanpl e
9B (0.430 ¢, 1. ! T Enﬁﬁwlceaemwﬂahmammmﬁa c’,ec125. 0 ol )
or’

were stirréd at uted with 25 nL of

ethanol and conddht e R °°I‘§?F§O 3 g'%p]‘r essure The crude material was
purified via MPLC (gradient : CH2C12; It MeOH CH2Cl2; CH2CL2/ MeOH NHACH,
95:5:1) to giver430 G@ndotad) vl (Whe BNIQG psbehmgtrahydrofuryl.
D’= cyclopentylmethyl, P’ = tert-butoxycarbonyl). To &
solution of 264 mg of the resultant compound of Example
10 8D in 10 mL of CH)Cl, was added 0.14 mL of )
disopropylethylamine and 175 mg of di-tert
butylpyrocarbonate. After stirring for 4 hours, the
mixture was diluted with 50 mL of CH,Cl,, washed with
0.5N of HCl and brine, dried over magnesium sulfate,
15 filtered and concentrated in vacuo to yield 364 mg of
the title compound as a white solid which was used
without subsequent purification. TLC: Rf = 0.58, 40%
EtOAC/CH2C12-

F. A solution of 334 mg of the resultant compound of
20 Example 8E in 5 mL of ethanol was hydrogenated under
30 psi of hydrogen in the presence of 80 mg of platinum
(IV) oxide for 24 hours. The mixture was filtered and
concentrated. The reaidue was purified by a low
pressure silica gel column chromatography using 20%
25 EtOAc in CHyCl, eluent to yield 268 mg of the title
compound. TLC: Rf = 0.55, 40% EtORc/CHyCly. (IH)-NMR
(CDCl3) consistent with structure.

G. A solution of 268 mg of the resultant compound of
Example 8F in 10 mL of EtOAc was treated with anhydrous

30 HCl gas for 5 min. The reaction mixture was purged
with nitrogen then concentrated in vacuo and the



——H-—NVRA-EBCH)—eonst-stent—wth—structore—B—The—amme prepared
Exanpl e 10A (0.120 g, 0.331 20 mmol) was subjected to the procedure
described in Exanple 7B. Purification of the crude material via MLC
(gradi ents CH2C12; 2% Et 26+cH2d 2)—gave 16—ng—of Fraction A(2 syn, 3S

i somer) and 70 ng of Fraction B (2R 3S isoner). ['H -NWR (CDO 3)
consistent with 25 structures. C. The Cbz-am ne Fraction Amgre z%red in
Exanpl e 10BWQ®/33iB9 g, 0.019 nmmol) was taken up in 5 L Y& ’HQ% Ut e

et hanol and Pd/ C (15 ng) was added. The m xture was stirred under an

at nosphere of hydrogen for 24 h. The 30 solution was filtered and
concentrated under reduced pressure to g ve the am ne product in
guantitative WO 96/ 33184 PCTNS961(6475 - 79 yield. This nmaterial was used
wi thout further purification. D, The am ne prepared in Exanple 10OC (0.010
g, 0.025 nmol) SRESIEERS W’H’r‘?h@%t‘éﬁﬁr‘é“d‘@gﬁr YRagIRExanpl e 5 | D.
Purification of purdficardeonnfoerswdiseguant/Rie@ctiomadi ent: CH2Cl2; i.

McOH CH2C12) gave 2.8 ng (29V) of conpound 203. Exanol a 11 Synthesis of

Compound 212 10.A 2 _Ro 'onfagFi)(r. spl\g:i copl to 0 C and
treated dropw séﬁwi tAﬁ 2 Sgg 5'%#' su far# %ﬁ?g{:?de?a %ﬂegff)é%%l ting
suspensi on i s stFPPEFIBILEEDT TIPOURHTE BPERt2 PIitPntd. B0 9§ of benzyl
phenyl etheér. THE,@xwascaddedhdamkePlamagdraed sauerts sieddurool ed, 15
extracted wi th lyjicagnciiiteT8hEY1 SN RgCOF Of indeny PéMHdhzeRe MSbn)SOA.
Chor not ogr aphy Q:@xlgkléga Qﬂ:eéls_ hours, the resulting mixture was

diluted with CHyCl,, washed with sodium bicarbonate,

brine, dried over magnesium sulfate, filtered and

10 concentrated in vacuo. The residue was purified by low

pressure silica gel column chromatography using 0% to

20% EtOAc/CHyCly to yield 225 mg of the title compound

as a white solid. TLC: Rf = 0.40, 20% BtOAc/CH,Cl,;

HPLC: Rt = 15.65 min.: (!H)NMR (CDCl; consistent with

15 structure.
Example 9
Syntheais of Compound 196
A. (18,2 syn)-N-(1-Isobutyl-3-chloro-2-
hydroxypropyl) benzyloxycarbonylamine. To a solution of
20 N-Cbz-leucine chloromethyl ketone (2.0g) in 20 mlL of

methanol was added, at 0°C, 1.0 g of sodium borohydride
and the mixture was stirred at ambient temperature for
24 h. The solution was concentrated under reduced
pressure and the residue partitioned between 20 mlL of
25 saturated agqueous NH,Cl and 500 ml of diethyl ether.
The organic fraction was separated, dried over MgsoO, and
concentrated in vacuo and the residue purified by
gilica gel chromatography to yield 1.8 g of white
solid.

30 B. (18, 28)-N-(1-Isobutyl-2,3-
epoxypropyl)benzyloxycarbonylamine. To a solution of
the resultant compound of Example SA (300mg) in




—PrEH-hexanes)yreldS 4-benzyl oxybenzenesul fonyl chloride. B. The am ne
prepared in Exanple 7A (0.150 g, 0.398 20 nmol) and

4- (phenyl met hoxy) benzenesul fonyl chloride (0.170 g, 0.601 mml) were——
utt++t—zed—mtTe pr ocedure ~ descri bed in Exanple 79 to give after MPLC
purification (gradi ent : CH2C12; 5% Et 20/ CH2C12; 10% Et 20/ CH2C12) 120 ngy
(489%) of Chz- ama; 1QVR(CDCI 2) consistent with 2pcyisssmserse. C. The
Gbz-am ne p in Exanpl e 118 (0.120 g, 0.214 nmol) was subjected to
the procedure described in Exanple 10C to give 50 -g (59% of the crude
am ne which was used without further purification. 30 D. The am ne
prepared in Exanple 11C (0.050 g, 0.125 7m¥l) was used in the procedure
described in Exanple wo 96133194 PC ri 96/ 05475 - so 1D. Purification of

the crude materi al V|a MPLC (gradi 4 ZC% 2%

McOH/ CH2CL12) gavAPeody o%ﬁ&"?gz“"'f %e !\ﬁg%g consl s ent Wt h
structure. 5 Exanﬁpdwrgmmqth@ﬂ% 57 Sohpt M3 ent Lemperatuysi de descri bed
in Exanpl e 9B ((pf13efted ZK¥oughinaijtomasecencdaxthyi and Zopkenyratsedy| ani ne (5.0
the an nremg:‘%efsil\'/g%é phlrJIGf i Fﬁﬁmg?'ﬁ%f@%z?gmmﬁ% ' hen 10t
MoOH CHRC1 . T pgoOXeF MI80ke SR FoRcEaErake] 3%;5‘1:% 39 mol)
was subj ected tocd]m:lpne(,@d-uruh Maspuged rﬁ’-’-’Eﬁ'&?ﬁ)l@rlf Afe after MPLC

purification (gragic®ibn. 15 CH2Cl2; 5% t hen 10% net hanol / CH2C12) 110 ng
(45% of the

c. {2R, 38) -N’-Carbobenzyloxy-N'-isobutyl-1,3-diamino-
2-hydroxy-5-methylhexane. A 230 mg portion of the

10 resultant compound of Example 9B was suspended in 5 mL
of iscbutylamine and the mixture stirred overnight at
ambient temperature. The mixture was concentrated in
vacuo to yield the title product as 179 mg of a white
Bolid, which was used directly for subsequent reaction.

15 D. Compound V (W = benzyloxycarbonyl, Q = H, D =
isobutyl, D’= isobutyl, R’ = H, E = 4-methoxyphenyl,
(8) ~hydroxy). Following the procedure described in
Example B8H, & solution of the resultant compound of
Example 9C (170mg) in CH,Cl, was reacted with 4-

20 methoxybenzenesulfonyl chloride (150 mg) in the
presence of aqueous NaHCO,. Workup and silica gel
chromatography yielded 90 mg of product as a white
aclid.

BE. Compound V (W = H, Q »sH, D = isobutyl, D' =

25 isobutyl, R’ = H, E = 4-methoxyphenyl, (syn)-hydroxy).
A solution of the resultant compound of Example 9D (90
mg) in ethanol was treated with S0 mg of 10% palladium
on carbon and the mixture stirred under an atmosphere
of hydrocgen. After completion of reaction, the mixture

30 was filtered and concentrated in vacuo to yield 60 mg
of the title compound which was used directly for
subsequent reactien.



—Chz-am-

pr epar ed in Exanple 12B (0. 110 g,

Exanple 10C to

i ne -

0.177 mmol) was treated as descrlbed I n

give 40 ng (56% of the am ne which was used wi t hout 20

further purification.- ["H=NMR(CDGE3)— cons+stent- with struettre.

am ne prepared in Exanple 12C (0. 040 g,
described in Exanple 1D. Purification of the crude material via
(gradient: oseh®d?2; 1% MeOH Cli 2C12; 2% McOH CH2C12)
["H -NVR(CDC 3) consistent with structure.

Compound 223 JimIlium dN PCplp896l 05475 61 A. The procedure
in Exanple 1A was perfornmed using 30 ng,gf.epoxide VI (wBoc, Q@
pyrrolidinylethylamne (0.200 g, 1.75 nmol) to gi ve 25 ng (58t)
Hoc- am ne after chromatography (CHCL3/MeOH, 5 2:1 ' -NMR ( CDC13)
consi stent with Btrudcmpeun® 19Fhe Reagtd@nr efa*éy»crpse ﬁfﬁ'— ERERPARE 7B was
performed usingot t’&ﬁ@aegprmgedm ICHiCnpa e rbadtéd . wi4h TgHFOOSO6 mmol)
and substituting ped gus BaEler pacide, bafmmaate (i

solid and aqueous soI t| on or ms 3 520 BOC— am ne
txd et Bk, Pl R

sul fonani de af t ePTRIRHPES R

consi stent &ith semesntgasior MfI'NeC‘BDC-aaﬁFHed%I"F’éﬁhn‘ﬁﬁe pyréﬁ%s%

13B  (0.008 g,

Osflfrangel ) chitimatbgsaphic dsing aeehandl fdH,el,aa8 15

with 2N HCL. Thee?@i%e'ggswa thenbvad i?‘gdﬁ&e as 40 mg of white

10

15

20

25

30

solid. [('H)-NMR(CDCl,;) consistent with structure.

Example 10

A. The epoxide prepared in Example 9B (0.430 g, 1.63
mmol) and cyclopentylmethylamine (2.50 g, 25.0 mmol)
were stirred at R.T. for 48 h. The solution was
diluted with 25 mL of ethanol and concentrated under
reduced pressure. The crude material was purified via
MPLC (gradient: CH,Cl,; 1% MeOH/CH,Cl;; CH,CL,/MeOH/NH,OH,
95:5:1) to give 430 mg (73%) of the amine product.

['H] -NMR (CDC1,) consistent with structure.

B. The amine prepared in Example 10A (0.120 g, 0.331
mmeol) was subjected to the procedure described in
Example 7B. Purification of the crude material via
MPLC (gradient: CH,Cl,; 2% Et0/CH,Cl,) gave 10 mg of
Fraction A (2 syn,38 isomer) and 70 mg of Fraction B
(2R,3S isomer). ['H]-NMR(CDCl,) consistent with
structures.

c. The Cbz-amine Fraction A prepared in Example 10B
(0.010 g, 0.019% mmol) was taken up in 5 mL of absolute
ethanol and P4d/C (15 mg) was added. The mixture was
stirred under an atmosphere of hydrogen for 24 h. The
solution was filtered and concentrated under reduced
pressure to give the amine product in quantitative

D. The

0.098 mol) was treated as

MPLC

dund 213.
Exanpl e 13 Synthesis of

descri bed
H and 2-
of

n both

CDC13)

Yin Exanpl e
treated



raterat—dr+ed—over WgSO4. Thi s crude material was subjected to the
procedure described in Exanple IDto give 5 ng (59% of conpound 223 after

chromat ography (CHC13/MeCH, 10:1). ['H -NVR(CDC13) consistent w.th—20
st+ueture—Exanpte 14 Synthests of COMound 224 A. Cycl opentyl acetic acid
.(5.2 g, 41 mol) and thionyl chloride (10 nmL) were conbined then DVF (0.2

25 nm.) was adde @‘8} the solution was stirred 1.5 h at gerhussens4rs
Di chl or onet f9h M.) was added and the solution cooled in an ice bath

wher eupon 25% aqueous anmonia (30 nL) was added and the mi xture stirred
for 0.5 h. The solution was extracted with CH2C12 (3X) and 30 the conbi ned
extracts washed with i N HC1, dried over- MySO4, and concentrated to give
cycl opentyl acet acni de WO 96/ 33181 - 82 PCP/ U396105475 (2.699 g, 52%

"H - NVR( CDC13 tpyct | | acet ani de (2. 70
[ H] ( 3) (30081 SURML MhidisaS! L e wBenddiclaenby| acet ami de

g, 21.0 mmol) 20 whereupon lithium al um num
5 hydri de (2 2 gP“SB }FRFIPRas added and the nixture was heated to 60 C for
4 h. Follow ng standard work-up conditions the crude naterial was

distilled to give,2- eulaaRastprdapaisdoin Exampbe 108 (828310 . 9.0258 C at 4D

- [" H - NVR t gnt i = g
(Tensl(;?l bEadl_q n Exé%& ) COQEL& £De 0 bPosddute H&é‘crﬂ-ﬂdqn ﬁs& gcedure

erfao d us 14 e VI (WeBoc,
QH) and 2- Scycl & entW*@tfﬁﬁP‘é &% & 54%"‘6{] W%DI ve 12 ny (64%
of Doc-anine aft dgra@tentat C§Ciph\is U@ﬂ‘?ﬂz%ﬂ-ﬂm@-{s % ¥}) of
[*H -NVR(CDCL) ) eohposde 203,

Example 11
Synthesia of Compound 212

10 A. A 1.12 portion of anhydrous DMF is cocled to O °C
and treated dropwise with 2.06 g of sulfuryl chloride.
The resulting suspension is stirred for 30 min., then
treated with 1.50 g of benzyl phenyl ether. The
mixture is heated at 90 °C for 3h, then qooled,

1s extracted with brine and methylene chloride, and dried
over MgSO,. Chormotography on silica gel (i-
PrOH/hexanes) yields 4-benzyloxybenzenesulfonyl
chloride.
B. The amine prepared in Example 7A (0.150 g, 0.398

20 mmol) and 4- (phenylmethoxy)benzenesulfonyl chloride
(0.170 g, 0.601 mmol) were utilized in the procedure
described in Example 7B to give after MPLC purification
(gradient: CH,Cl,; 5% Et,0/CH,Cl;; 10¥% Ety0/CH,Cl,) 120 mg
(48%) of Cbz-amine. ['H]}-NMR(CDCl,) consistent with

25 structure.

C. The Cbz-amine prepared in Example 11B (0.120 g,
0.214 mmol) was subjected to the procedure described in
Example 10C to give 50 =g (59%) of the crude amine
which was used without further purification.

30 D. The amine prepared in Example 11C (0.050 g, 0.125
mmol) was used in the procedure described in Example



—15-w +h—strt—ture—B—TFheBECanre—prepared—ExampteH4C (0188 ¢g7—
0.5 mmol ) was dissolved in CH2C12 and TEA (0.09 niL) and

4- met hoxybenzenesul fonyl chloride (0.124 g, 0.6 crmol) were added. After
stirring for 2 h the-m xture-was 26-washed—wth-sat ur at ec~aq. NaHCO3 (3X),
10% aq. HCl1 (3X), and dried over MgJSOH4 to give 240 ng (88% of BOC-am ne
sul fonam de after chromatography (hexanes/Et OAc; 8:2). ' H| - NVR( CDCl 3)
consi stent wa%33s4 ucture. E. The BOC-am ne sul f onam de'{)T ®in Exanple
14D 25 (0.235 g, 0.43 mmol) was taken up in EtOAc and treated wth HCL to
give 214 ng (quantitative) of crude am ne- HCl salt which was used w thout
further purification. F. The crude ani ge-HCLl salt prepared in Exanple 14E
(0.211 g, 0.43 mmol ) was treated as described in mmw 9603184

PC rN896105475 83 Exanple 1D to give 178 74% of conpound 224. ['H)
Myt (CDC13) condPst Srifitearian g€t the cTrAe) iag Wi QLS of Confl ound 225
5 A 4-Piperidi fgcatieosantRiSl{;10%2MePH/TH,Q),mAM MePH/CHRD ¢avenl) was
treated with bepapoungotisle (2R Qmrlcpcl,pScohBilstent @it xture was diluted
wi th Et OAc and o ewith 1IN ag. M, 5N agq. NaCOH, dried over MpS™4, and
concentrated to give 5.90 g (35t) of N-benzyl-4 10 piperidi necarboxamn de.
("H)-NMR(CDC13) consistent with structure. B. The

N- benzyl - 45pi peri di necar boxani de (2Exdmgle J@& mmol) was treated as

described in Exanple 14B to ggxfthegi® lofd cofB&@ndf2aghe am no. (' H) -NWR

(CDC13) consistgnt mpe epoxide described in Example 9B (0.53 g, 2.01
mmol) was reacted with 2-phenylethylamine (5.0 mL, 40
mmol) as described in Example 9C to give 640 mg (B83%

10 Yield) of the amine after MPLC purification (gradient:
CH,Cl,; 1% then 5% then 10% MeOH/CH,Cl,) .

B. The amine prepared in Example 12A (0.150 g, 0.39
mmel) was subjected to the procedure described in
Example 11B to give after MPLC purification {(gradient:
1s CH,Cl,; 5% then 10% methanol/CH,Cl,) 110 mg (45%) of the
- Cbz-amine. ['H]-NMR(CDCl,) consistent with structure.

C. The Cbz-amine prepared in Example 12B (0.110 g,
0.177 mmol) was treated as described in Example 10C to
give 40 mg (56%) of the amine which was used without

20 further purification. ['H]-NMR(CDCl,) consistent with
structure.

D. The amine prepared in Example 12C (0.040 g, 0.058
mmol) was treated as described in Example 1D.
Purification of the crude material via MPLC (gradient:

25 CH,Cl,; 1% MeOH/CH,Cl,; 2% MeOH/CH,Cl,) gave compound 213.
('H) -NMR (CDC1,;) consistent with structure.




—A5-wth—strueture.—CThe procedure described in Exanple 1A was perforned
using 100 ng of epoxide VI (WBoc, QH) and the am ne prepared in Exanple
15B (0.100 g, 0.78 mmol) to give 25 ng (149 of Boc-am ne_after _—
ch+erategraptry—20 (hexanes  ETOAc; 10:1). |["H)-NVR(CDCl3) consistent with
structure. D. The procedure described, in Exanple 14D was performed using
t he BOC-ami ne prepared in Exanple 15C (0.106 g, 0.23 mpgrjusssesdds ve 92 ny
(65% of th® fonam de. [' H3- NMR(CDC13) consistent with structure. E
The sul fonam de prepared in Exanple 15D (0.065 g, 0.10 mmol) was treated
as described in Exanple 143 to give 64 ng of crude am ne-HCl salt. ['H]
-NVMR (CDC13) consistent with structure: 80-96133184 PCTI US9610547S 84 F.
The crude am ne-HCl salt prepared in Exanple 15E (0.055 g, 0.092 mml) was

treated as descrijbedy] m LOnekd i BkafBld §A%vadfperformed
N- benzyl pi peri di fe. T gﬁ]ﬁ%?ﬁ T3) con?vi,%tent%)t *Lnﬁt ucture. 5 G The
N- benzyl pi peri di W8ipg. 353y Of peps F) W=BeCa 8784 "% Exanpl e 15F was

treated as descr igyegol hdirslatpyaniDe 16-200/&.ale7 A oBRELXEAEh upon
purification by QEB¢ P H e RBY - 4f3n2Ch et df QarbiidEbgrapdy: 108QD3/Ye0R: conpound

225. [' H - NVR( CDC copsl sten wi %u o : QFB&@' 16 Synthesis
of Conpound 228 /¥.=1?A:wﬁﬁﬁ>i§?ﬁ¢?€#§i 38£ ﬁ%‘g‘!g%’y{l‘gf‘mﬁ%o and Et3N (17 ni,
123 mmol) in 80 nmL of CH2Cl2 was cooled in an 15 ice bath vvhere_ugon benzyl
chloroformate (16.3 mhe pricstedure described in Example 7B was perfoIme

using the amine prepared in Example 13A (0.040 g, 0.106

mmol) and substituting potassium bicarbonate for sodium

bicarbonate (in both solid and aqueous solution forms)

10 to give 30 mg (52%) of BOC-amine sulfonamide after
chromatography (CHCl3/MeOH, 5:1). ['H]-NMR(CDCl,)

consistent with structure.

c. The BOC-amine sulfonamide prepared in Example 13B
(0.008 g, 0.015 mmol) was dissolved in acetonitrile and
15 treated with 2N HCl. The solvents were removed and the
material dried over MgSO,. This crude material was
subjected to the procedure described in Example 1D to
give 5 mg (59%) of compound 223 after chromatography
(CHCl3/MeOH, 10:1). ['H]-NMR(CDCl,) consistent with

20 structure.

Example 14
Svnthesis of Compound 224
A. Cyclopentylacetic acid (5.2 g, 41 mmol) and
thionyl chloride (10 mL) were combined then DMF (0.2
25 mL) was added ang the solution was stirred 1.5 h at
R.T. Dichloromethane (10 mL) was added and the
solution ccoled in an ice bath whereupon 25% aqueous
ammonia (30 mL) was added and the mixture stirred for
0.5 h. The solution was extracted with CH,C1; (3X) and
30 the combined extracts washad with 1N HCl, dried over
Mg80,, and concentrated to give cyclopentylacetamide



ol )—-was—-added—AH-e+—stHFr+hrg—1-S5t—at—R-F—the—ntrxture—was—stubjected-to—
standard work-up conditions to give 13.9 g (55% of N Cbz-piperidine after
chromat ography (CHC 3/ MeCOH;, 10:1) . ['H -NVR(CDCl3) 20 consistent with
structure. B.. A solution-of DFAD (1.61 ni, -20—2 mol )--in 20 nk of THE was
added to a solution of triphenyl phosphine (2.69 g, 10.3 muol), the
N- Cbz- pi peridine prepared in Exanple 16A (2.36 g, 100 mml) and
pht hal i m de wésédd1@, 25 10.2 mmol) in 80nmL of THF. Aft erPCIUSP§S41§ 10.5 h at
R T. the m xture was quenched with water, extracted wth EtOAc (3X) and
t he conbi ned extracts washed with brine solution, dried over Na23O4 and
concentrated to give the crude product.gfurification of this material 30
by chronmat ography (hexanes/EtOAc; 2:1) gave 1.81 g, (50% of
1- benzyl oxycar bonyl - 4- pht hal i m dyl pi peridine. ['H -NVR(CDO 3) consi stent
with structure. (& 68018, MEMD'SD%ASN@QBZD@U reagbetey4pith- 85 C
| - Benzyl oxycar bogeghsedupllt hal i m dyl pi peridine (1.50 g, 4.27 mmol), prepared
in Exanpl e 163, was taken up in 20 nL of ethanol. To this solution was
added hydrazi ne nonohydrate (35 niL, 700 mmlrQL and this mxture was 5
heated at 100 C®or SYRlomgntydacehanicdsn (2410 &) 24rti ™Pdd %RF X2003 (60 nl)
wer e added and tdimsolyxedrin 348 mlexifr B&p@ WharewpHVLINETARTHEEBINEX) . The

°°|”bi ned eés_ragtﬁya&ﬂ.ae 8.5521%4 Bh thncA) @es dddka 20 dthe mer§4?ﬁkne(85% f
sol utl! on, rne over concen | C g, (0]
4- ami no- 1 benzyllb%;efc?gr 8n€q 6?;;}2% gi l?\'e. gfaliﬁ%féé&%y?g%éi Tent with
struct ure. conditions the crude material was distilled to give 2-
cyclopentylethylamine (750 mg, 32%); b.p.: 78 °C at 40
mm Hg. ['H]-NMR(CDCl;) consistent with structure.

10 c. The procedure described in Example 1A was
performed using 14 mg of epoxide VI (W=Boc, Q=H) and 2-
cyclopentylethylamine (0.045 g, 0.40 mmol) to give 12
mg (64%) of Boc-amine after chromatography
(CHC13/MeOH/NH40H; 90:10:1). ['H) -NMR(CDCl,) consistent

15 with struc.ture.

D. The BOC-amine prepared in Example 14C (0.188 g,
0.5 mmol) was dissolved in CH,Cl, and TEA (0.09 mL} and
4 -methoxybenzenesulfonyl chloride {0.124 g, 0.6 mmol)
were added. After stirring for 2 h the mixture was

20 washed with saturated aq. NaHCO, (3X), 10% ag. HCl (3X),
and dried over MgS80,; to give 240 mg (88%) of BOC-amine
sulfonamide after chromatography (hexanes/EtOAc; 8:2).
['H] -NMR (CDC1,) consistent with structure.

E. The BOC-amine sulfonamide prepared in Example 14D
25 {0.235 g, 0.43 mmol) was taken up in EtOAc and treated

with HCl to give 214 mg (quantitative) of crude amine-

HCl salt which was used without further purification.

F. The crude amine-HCl salt prepared in Example 14E
(0.211 g, 0.43 mmol) was treated as described in




B—Fhe—procedure described 1n Exanple 1A was perforned using 132 ng of
epoxide VI (WIBOCC, QH and 15 4-am no-|-benzyl oxycarbonyl pi peri di ne
(0.353 g, 1.51 mml), prepared in Exanple 16C_to give 168_ng (67% of
Hoc—ammne atter cnromafography (CHClB;NbCH/NH4OH; 95:5:1). ('H-NWR(CDC13)
consistent with structure. E. The procedure described in Exanple 14D was 20
per f or med usy(?ﬁég@BOC- am ne prepared in Exanple 16D (Gectiafdoepse?®. 320
nmol) to giv ude product which after chronatography
(CHC13/ MeOH/ NHAOH; 95:5:1) gave 141 ng (66% of the sul fonam de. -
("H-NWR(CDA ,) consistent wth structure. 25 F. The sul fonam de prepared
in Exanple in (0.050 g, 1.57 mml) was-tP2ated as described in Exanpl e 14E
to give 971 ng of crude am ne-HCl1 salt. ('H)-NMR(CDC13) consistent with
structure. G Theggl g 2P 6 dive 78 tmgdr(@aey et icombaiepl22416F['HBO (0. 118
g, 0.207 mol ) was t d as escrlb ép tF?%f3184 PCTI VS96/ 05475 - 86
Exanple 1D to glvﬁﬁﬁ ana e. NVR( CDC13) consi st ent
with structure. H The crude carbanate prepared in Exanple 16G (0.116 g,
0.163 mml) was treated as descri bed muaﬁnhmnub SOC. 5 Purification of the
crude material by chronatograp A {6 / irdiz285: 5: 1) gave 28 ngy
(319 of the_ conpound %38. ) |stggt Hy $hructure.
Exampl e 17 18 SynBhesi%sFoPeEstFSaRe ocedure escrl ed in
Exanpl e | A was pWQ)r(ﬁ@dmhblw éﬁﬁ?{‘f-ﬁfe"‘#h(%'té& bremide 32838 W 0. 11

168 mmol). The mixture was diluted with EtQAc and

washed with 1N ag. HCl, 5N aq.'NaOH. dried over MgSCy,,
and concentrated to give 5.90 g (35%) of N-benzyl-4-

10 piperidinecarboxamide. ['H)-NMR(CDCl,) consistent with
structure.

B, The N-benzyl-4-piperidinecarboxamide (2.19 g, 10

mmol) was treated as described in Example 14B to give

2.01 g (98%) of the amine. ['H]}-NMR(CDCl,) consistent
i5 with structure.

c. The procedure described in Example 1A was
performed using 100 mg of epoxide VI (Ws=Boc, Q=H) and
the amine prepared in Example 15B (0.100 g, 0.78 mmol)
to give 25 mg (14%) of Boc-amine after chromatography

20 (hexanes:EtOAc; 10:1). ['H]-NMR(CDCl,) consistent with
structure.

D. The procedure described in Example 14D was
performed using the BOC-amine prepared in Example 15C
(0.106 g, 0.23 mmol) to give 92 mg (65%) of the

25 sulfonamide. Pﬁf-NMR(CDCl,) consistent with structure.

E. The sulfonamide prepared in Example 15D (0.065 g,
0.10 mmol) was treated as described in Example 14E to
give 64 mg of crude amine-HCl salt. ['H]-NMR(CDCl,)
consistent with structure.



give-42 -

~frret)—and—2,2=¢i =5~ ! : ’ '
ng (quantitative) of Roc-am ne 15 after chromatography (CHCL3/ MeOH NH4AOH;
100:10:1). ['H -NMR(CDC13) consistent with structure. B. The procedure

descri bed i nExanpl e-14D was— per ferned us+ag—the BOC- amrfe—prepared in
Exanmple 17A (0.030 g, 0.082 mmol) to give the crude product which 20 after

chromat ography (CHC13/ MeOH NH40H; 150:10:1) gave 42.8 95%) of the
sul f onam de. WQ 9184 N\VR( CDC13) consistent with struct urrér’.%"’&?"?ﬁés
sul fonam de prepared in Exanple 17B (0.030 g, 0.056 mmol) was treated as
described in Exanple 14E to 25 give 29.3 ng of crude am ne-HCl salt. ['H]
-NMR (CDC13) consistent with structure. dd -The crude am ne-HCl1 salt
prepared in Exanple 17C (0.029 g, 0.061 mml) was treated as described in

Exanple ID to give 21.1 69% of conmpound 233. (' 30 NVR( CDC13)
consistent with Fstrug?ﬁrcgg‘%é%’ﬁ§fg4° PBSEB%&'?S%"WI%P%% 18 Svnt
esis of Conpound€2885/g, Ph&%3rmeaddumas dexeateets idesExsped dnlA was
performed using expepidan/ito( Yivwa1 AgHed30. 360N henyIpipdriaank) and

2- ani not hi azol e figdy 2ok | 54% of Doc-anine aft
Fomtogr aphy (CretsFEa ToRpetlt AR Cons st ont w th

chromat ography (CHCL3/ MO 10:1).
structure. B. The procedure described in Exanple 14D was 10 perfornmed using

t he BOC- amihe pRepar B iNtbenzyARiperddine 000095 . 0.092 mmed)) to give the
crude product wprepared tier Bxinglent 6P v ¢ rest¥d dsEBLNErivaddingave t he
Example 10C to give a crude product which upon
purification by chromatography (CH,Cl,/MeOH/NH,OH ;
50:10:1) gave compound 225. ['H] -NMR(CDC1;) consistent
10 with structure.

Example 16
Synthesis of Compound 228

A. 4-Hydroxypiperidine (10.8 g, 107 mmol) and EtaN
(17 mL, 123 mmol) in 80 mL of CH,Cl, was cooled in an
15 ice bath whereupon benzyl chloroformate (16.3 mL, 114
' mmol) was added. After stirring 1.5 h at R.T. the
mixture was subjected to standard work-up conditions to
give 13.9 g (55%) of N-Cbz-piperidine after
chromatography (CHClj3/MeOH; 10:1). [*H] -NMR (CDC1,)

20 consistent with structure.

B. A solution of DEAD (1.61 mL, 10.2 mmol) in 20 mL
of THF was added to a solution of triphenylphosphine
(2.69 g, 10.3 mmol), the N-Cbz-piperidine prepared in
Example 16A (2.36 g, 100 mmol) and phthalimide (1.50 g,

25 10.2 mmol) in 80 mL of THF. After stirring 10.5 h at
R.T. the mixture was guenched with water, extracted
with EtOAc (3X) and the combined extracts washed with
brine solution, dried over Na,;804 and concentrated to
give the crude product. Purification of this material

30 by chromatography (hexanes/EtOAc; 2:1) gave 1.81 g,
(50%) of 1-benzyloxycarbonyl-4-phthalimidylpiperidine.
['H] -NMR (CDCl;) consistent with structure.




—stHoenramde—1zH3I -N?ZR(CDC )) consistent with structure. C The
sul fonam de prepared in Exanple 18B (0.010 g, 15 0.019 ntr,;.7. ) was ..
treated as described in Exanple 14E to give the crude anine-HC] salt—7Fhis
mat-efr+at—was—subj ected 10 the procedure described in Exanple IDto give 6
ng (5B% for two steps) of conmpound 234 after chromat ography (CHC13/ MeOH;
10:1D). ([12 -NVR (CDC13) 20 consistent with structurepcriossosne 19
Synt hesis o qa@#ﬂ&hnd 235 A. 4- Met hoxybenzenesul fonyl chloride (0.035 g,
0.169 mol) was dissolved in pyridine and 4-amno-1,2,4 25 triazole (0.17
g, 0.202 mmol ) was added. After 4 days t RT. the mxture was subj ected
to standard work-up conditions to gi\7e8 3 ng of sulfonanide. B. The
sul fonam de prepared in Exanple 19A (0.356 g, 0.140 mmmol) was treated with
KOH (0.078 g, 0.139 nmol) 30 to give the correspondi ng potassiumsalt.
W9603184 PCr/ 0896105475 =+ 16 _ | ; Y¥&oa .4d. 049 g,
0.166 mml) ~ an ‘th@‘é&’ﬁglé?%ﬁﬁaga??’)%? ?ﬁgﬁﬁﬁnl\ﬁ%e ar eain'&}n:i le 19B
(0.044 g, 0.1699mbid7 REPY) r REEPEYST r?"b%ﬂ‘%‘{g g‘%s’ %" eéa 0 give 9 ng
(10% of Boc- ankoeml [¢fHpth&ndIVR( TGS sohutinn: was pdded hydedsine D The
sul f onam de preagﬁwtgxwl,@,,laéb (nhol4 3and tHls?dfxtowel wasas treated as
descri bed in Exsn]‘ol e, 14E ég ocOkdE S R Ch 3B werdiCl4a6amt) ahldi S materi al
was subj eCted 08 T%aﬁra dure déscri bed. I n E?a le., 1D to 10 give 97 ny
(66% for two stap%)adi KpeRmdERmID3xese agdded ap y@o%ﬂi Bt 378 CcHec12/ MeOH)
. ( ['H - NVR(Ckifdcte@0Wsts t5aMeOHICHG I (3X)ur eThe combined

extracts were washed with 2N ag. HCl, 2N aqg. NaCH,

brine solution, dried over Na;S04 and concentrated to

10 give 0.847 g, (85%) of 4-amino-1-
benzyloxycarbonylpiperidine. ['H] -NMR(CDCl,) consistent
with structure.

D. The procedure described in Example 1A was
performed using 132 mg of epoxide VI (W=Boc, Q=H) and
15 4-amino-1-benzyloxycarbonylpiperidine (0.353 g, 1.51
mmol), prepared in Example 16C, to give 168 mg (67%) of
Boc-amine after chromatography (CHCl3/MeOR/NH4OH;
95:5:1). ['H] -NMR(CDCl,) consistent with structure.

E. The procedure described in Example 14D was

20 performed using the BOC-amine prepared in Example 16D
{0.059 g, 0.320 mmol) to give the crude product which
after chromatography (CHCl3/MeOH/NH,OH; 95:5:1) gave 141
mg (66%) of the sulfonamide.- (['H]-NMR(CDCl,) consistent
with structure.

25 F. The sulfonamide prepared in Example 16E (0.050 g,
1.57 mmol) was treated as described in Example 14E to
give 971 mg of crude amine-HCl salt. ['H]-NMR(CDCl,)
consistent with structure.

G. The crude amine-HCl salt prepared in Example 16F
30 (0.118 g, 0.207 mmol) was treated as described in



“Exanpte—20—Synthesis—of—Conpounds—167—anmd—168—3+5—A—Conpound—16+—A
solution of 102 ng of N-((2 syri,

3S) - 2- hydr oxy- 4- phenyl 3- ((S) -t et rahydr of ur an- 3-

yl oxycar bonyt+aim no)=but yl y=N—+ sobttyt benzeresttf onamt de in 4:1
CH2C12/ sat ur at ed aqueous NaHCO3 was treated sequentially, at anbient

t enperature under an 20 atnosphere of nitrogen, with 65 ng of p-

ni t robenzenéUHB¢| chlori de and 51 ng of sodium bi caPS&NEWEM4™Yhe ni xture
was stirred for 14 h, diluted wth CH2Cl121 washed with saturated Nad ,
then dried over MSO, filtered, and concentrated in vacuo. The residue 25
was purified by |low pressure silica gel séhr-omat ography wusing 20% di et hyl

et her/ CH2C12 as eluent to provide 124 ng of the title product as a white
solid. TLC Rf .36, 20%di et hyl ether/CH2Cl2. HPLC. Rt = 15.15 m n.

(" H) - NMR ( CDCL3)EX88RaE IR /P ﬁh’% J’s‘te’r El‘gt?lge_é.méﬁ %?’.'b(fﬂ'ﬁﬁﬁtjnd[l&g& A sol ution
of 124 ng of cAMRIGREL:1eTonaisseny|wiHdesarectire treated, at anbient ~;nrtnm

rmmra - - WO 96/33184 PCr/US96005475 - 89 tenperature, with 13 ng of 10t
pal | adi um on canrpon. Tﬂl‘%x‘iﬁh&%’&ﬁa‘ﬁﬂ%eo f&&%df.@&_%ﬂmglgr% (@r_lé%%rmsphere

of hydrogen, filter t hr h a _pad lgte filter _agent,

conce%t ra?ed in %a?ﬂg& fﬁ‘&grg‘%‘rsd&g“’ﬂ/&% §8335f‘é§{be°(ﬁl ?8 fﬁ%ﬁ’gf’af‘?‘?/e HPLC to
yield 82 nf of thwificationpphdihe cayde matierdal iy ¢hrqmatogeaphy0. 10, 20%
et her/ CH=C12. HRIcBC1{}#MeOHIRH,bf; N95:5:Q1) Hyave\ldR mED(HIY) ofotisd Stent with
structure. RNl goprdodfs WaaTe2pH] Sl (4Bch))NLBALd UAnEOPRHANT S Of the

structure.
Example 17
10 Synthesis of Compound 233
A, The procedure described in Example 1A was

performed using epoxide VI (W=Boc, Q=H) (0.030 g, 0.11
mmol) and 2,2-dimethyl-3-hydroxypropylamine (0.24 g,
0.23 mmol) to give 42 mg (quantitative) of Boc-amine
15 after chromatography (CHCl3/MeOH/NH40H; 100:10:1).
' ['H] -NMR (CDC1,) consistent with structure.

B. The procedure described in Example 14D was
performed using the BOC-amine prepared in Example 17A
(0.030 g, 0.082 mmol) to give the crude product which

20 after chromatography (CHC13/MeCH/NH4OH; 150:10:1) gave
42.8 mg (95%) of the sulfonamide. ['H]-NMR(CDCl,)
consistent with structure.

c. The sulfonamide prepared in Example 178 (0.030 g,
0.056 mmol) was treated as described in Example 14E to

25 give 29.3 mg of crude amine-HCl salt. ['H]-NMR(CDCl,)
consistent with structure.

D. The crude amine-HCl salt prepared in Example 17C

(0.025 g, 0.061 mmol) was treated as described in

Example 1D to give 21.1 mg (69%) of compound 233. ['H)-
30 NMR (CDCl,) consistent with structure.




—conmpounds—-sted—+mm—Tapbte TT agai NSt H V-1 protease wusing the above-cited
nmet hod of Pennington at ai. W al so neasured the anti-viral potency of the
conpounds in CCRM CEM cells by the above-cited 15 net hod of Meek at—al——~
1Tm++eeu++s—are—shomn rrmTabre 111. Tn the Tables below, Ki and |1 C0 val ues
are 'expressed in nM The designation "ND' is used where a given conpound
was not tested l‘BT Table 111, the foll owi ng classificat ipgrasssd8emmave been
enpl oyed: AW ts HHV replication at concentration of 100 nM or |ess.
B; inhibits HIV replication at concentration of between 101 and 1,000 M
25 C inhibits HV replication at a concentration of between 1,001 and
10,000 nM D: inhibits HV replication” &7 & concentration of between
10,001 and 40,000 nM WD 96/ 33184 PCT/ U596105175 - 90 TABLE Il Conpound
Conpound A Conpound 91. 35 4.0 168 gxﬁmgaglll 0 37 0.1 189 <0.1 230 9, 300

548 1.4 170 0.2 231 1, 400 5 52 0.4 172 21 233 4.0
53 27 173 0.6 234 10, 000 0 4.0 175 0.1 236
700.0 86 0.4 17 <oT&ezsquﬁé“r891€Pf=i8ed<’d‘ F"‘“‘P e 1A was

performed using epoxide VI (WeBoc, Q=H) (0.200 g, 0.76
5 mmol) and 2-aminothiazole (1.2 g, 12.0 mmol) to give

150 mg (54%) of Boc-amine after chromatography

(CHCl;/MeOH; 10:1). ['H])-NMR(CDCl,) consistent with

structure.

B. The procedure described in Example 14D was

10 performed using the BOC-amine prepared in Example 18A
(0.004 g, 0.011 mmol) to give the crude product which
after chromatography (CHCl3/EtOAc; 3:4) gave the
sulfonamide. PH]-NMR(CDclﬂ'consistent with structure.

c. The sulfonamide prepared in Example 18B (0.010 g,
15 0.019 mmc)) was treated as described in Example 14E to

give the crude amine-HCl salt. This material was

subjected to the procedure described in Example 1D to

give 6 mg (58% for two steps) of compound 234 after

chromatography (CHCls/MeOH; 10:1). ( [*”H) -NMR {CDC1,)
20 consistent with structure,.

Example 19

Synthesls of Compound 235
A. 4 -Methoxybenzenesulfonyl chloride {(0.035 g, 0.169

mmol) was dissolved in pyridine and 4-amino-1,2,4-

25 triazole (0.17 g, 0.202 mmol) was added. After 4 days
at R.T. the mixture was subjected to standard work-up
conditions to give 33 mg of sulfonamide.

B. The sulfonamide prepared in Example 19A (0.356 g,
0.140 mmol) was treated with KOH (0.078 g, 0.139 mmol)
30 to give the corresponding potassium salt.



—88-5:0-1610-3—Be1+4182-0-2—159t+ 25185016308 1850-2—94-1. 7
198 ND 95 1.3 197 <.1 99 0.24 198 <.1 20 100 0.18 199 10.0 101 250 200

2.4 112 4.0 201 7.5 113 3.0 202 .1 116 <0.1 203 80.0 25 123 10 204 4.0
124 1.1 206-5-0 125-6—3—266— 60 —432 6. 0—267 33. 0—433 24268 5.5 30 134
8.4 209 .B 135 2.7 210 8.0 138 18 211 <0.1 137 26 212 1.0 138 1.4 213
5.0 35 140 <0.1 214 110.0 144 8.0 215 11.0 145 1.4 216 <Q.1 148 0.2 217
0.3 149 1.WVOS¢B18 0 40 150 8.0 219 1.0 151 0.8 220 0. SCPYBY™S; 551 1.0
157 0.7 222 0.5 158 <0.1 223 3, 800

- B8 -

C. The epoxide VI (WsBoc, Q=H) (0.04% g, 0.168 mmol)
and the potassium salt of the amine prepared in Example
19B {0.044 g, 0.169 mmol) were reacted in DMSO at 80
oc for 2 days to give 9 mg (10%) of Boc-amine. ['H]-

5 NMR (CDCl;) consistent with structure,

D. The sulfonamide prepared in Example 13C (0.143 g,
0.276 mmol) was treated as described in Example 14E to
give the crude amine-HCl salt. This material was
subjected to the procedure described in Example 1D to

10 give 97 mg (66% for two steps) of compound 235 after
recrystallization (CH)Cly/MeOH).  (['H] -NMR(CDCl,)
consistent with structure.

Example 20
Synthesis of Compounds 167 and 168

15 A. Compound 167. A solution of 102 mg of N-((2
8yri, 38)-2-hydroxy-4-phenyl-3-({8S)-tetrahydrofuran-3-
Yloxycarbonylamino) -butyl) -N-isocbutylbenzenesulfonamide
in 4:1 CH,Cl,/saturated aqueous NaHCO, was treated
sequentially, at ambient temperature under an

20 atmosphere of nitrogen, with 65 mg of p-
nitrobenzenesulfonyl chloride and 51 mg of sodium
bicarbonate. The mixture was stirred for 14 h, diluted
with CH,Cl,, washed with saturated NaCl, then dried over
MgSO,, filtered, and concentrated in vacuo. The residue

25 was purified by low pressure silica gel chromatography
using 20% diethyl;ether/cmclz as eluent to provide 124
mg of the title ;;roduct as a white solid. TLC: Rf =
0.36, 20% diethyl ether/CH,Cl,. HPLC: Rt = 15.15 min.
(H) ~-NMR (CDCl,) consistent with structure.

30 B. Compound 168. A solution of 124 mg of
compound 167 in ethyl acetate was treated, at ambient




25 159°0.2 224 1.0 160 1.0 225 1.500 181 20 226 3,000 165 0.4 227 9.0
167 0.45 228 4,550 *M m W 9&33184 PCT! U896l 05475 91 TABLE Il Conpound
Qmound Mbo 35 B 189 A 37 B 170 B 5 48 B 171 A 51 C 172 ND_52 B 173 A
53 NDI74 ND 60 C 175 A 10 68 B 176 N\D 89 NDISOND Be B 181 ND 88 B
182 B 91 B 183 B 15 93 B 196 A 94 B 198 ND 96 C 187 ND 99 8 198 ND 100
A 199 ND 20‘&8%&&&5200 ND 112 B 201 ND 113 B 202 NO 1pgriseéesars\D 123 ND
204 ND

- B9 -

temperature, with 13 mg of 10% palladium on carbon.
The mixture was stirred for 14 h under an atmosphere of
hydrogen, filtered through a pad of Celite filter
agent, and concentrated in vacuo. The residue was

5 subjected to preparative HPLC to yield 82 mg of the
title product as a white solid. TLC: Rf = 0.10, 20%
ether/CH,Cl,. HPLC: Rt = 13.16 min. ('H)-NMR (CDCly)
conslistent with structure.

Example 21

10 We measured the inhibition constants of the
compounds listed in Table 1l against HIV-1 protease
using the above-cited method of Rennington et al.

We also measured the anti-viral potency of
the compounds in CCRM-CEM cells by the above-cited

15 method of Mgak et agl., The results are shown in Table
III. 1In the Tables below, K; and ICgy values are
‘expragged in nM. The designation *ND" is used where a
given compound was not tested.

In Table III, the following classifications

20 have been employed:

A: inhibits HIV replication at concentration of
100 nM or less.

B; inhibits HIV replication at concentration of
between 101 and 1,000 nM.

25 C: inhibits HIV replication at a concentration

of between 1,001 and 10,000 nM.
D: inhibits HIV replication at a concentration
of between 10,001 and 40,000 nM.



25~ 124 D205~ ND— 125 B—206—B—132—ND—267ND—3+33—NB—208—ND— 134 ND-209 B30

135 C 210 ND 136 ND 211 A 137 ND 212 B 138 B 213 ND 140 A 214 ND 35 144
B 215 ND 145 B 218 A 148 A 217 A 149 B 218 ND 160 B 219 A 40 151 C 220
A 162 ND 221+8B 1548 222Nb- 158—-A-223 NB—159 B 224 ND-45-160 A 225 ND
161 ND 226 ND 185 B 227 ND 167 8 228 ND 168 A 229 ND wo 96/ 33184

Conmpound 190 230 ND 231 ND 232 ND 5 233 ND
OIS 05 O SEEER

- 90 -

Compound K, Compound K Sompound K -

36 4.0 168 0.6 229 11.0
37 0.1 168 <0.1 230 8,300
5 48 1.4 170 0.2 231 1,400
51 ND ”m 0.2 232 20.0
52 04 172 21 233 4.0
63 a7 173 0.8 234 10,000
b4 22 174 10 236 1,700
10 60 4.0 176 0.1 236 700.0
86 0.4 176 <0.1 237 ND
89 42 180 <0.1
88 8.0 181 0.3
88 1.4 182 0.2
15 91 2.5 183 0.1
83 0.8 196 0.2
94 1.7 198 ND
85 1.3 197 <.1
99 0.24 188 <.
20 100 0.16 1989 10.0
101 250 200 2.4
112 4.0 20 7.6
113 3.0 202 1
118 <0.1 203 80.0
25 123 10 204 4.0
124 1.1 208 5.0
126 0.3 208 60
132 6.0 207 33.0
133 24 208 5.8
30 134 8.4 209 .8
135 2.7 210 8.0
136 18 21 <0.1
137 26 212 1.0
138 1.4 213 6.0
35 140 <0.1 214 110,0
144 8.0 216 11.0
145 1.4 . 218 <0.1
148 0.2 217 0.3
149 1.7 218 5.0
40 160 6.0 219 1.0
151 0.8 220 0.2
152 2.5 221 1.0
167 0.7 222 0.6
158 <0.1 223 3,800
45 168 0.2 224 1.0
180 1.0 228 1,600
181 20 226 3,000
165 0.4 227 9.0

167 045 228 4,550




234 ND 236 ND 236 ND 237 NO 10 As denonstrated in Tables Il and 111, all
‘of the conpounds tested displayed inhibitory and anti- viral activity.

Mor eover, several of these conpounds exhibited activity levels which are
anong the highest |levels known to date for H 'V protease inhibitors. 15
Wil e we have described a nunber of enbodinents of this invention, it is
appar ent t hayywoQlsassdasi ¢ constructions may be altered topgfossedarot her
enbodi ments which utilize the products and nethods of this invention.
Therefore, it will be appreciated that 20 the scope of this invention is to
be defined by the appended clains, rather than by the specific

embodi nents whi ch have been presented ByShkay of exanple. ddl . . W9"184
PCT1U896105473 93 - {, MAM W claim 1. A conpound of fornmula |I: D OHD
THF- R1- NH- CH CH CH2-N- SQ2-E (1) wherein: each Rs is independently sel ected
fromthe group consisting of -C(O -, I&8ENP-, -C(0)-C(O-, -O0CO-,
-0-5(0)2, -NR2-S(0)3-, -NR1-C(0)- and -NR3-C(O - C (0) -; each Het is
i ndependently selected fro
P y Bobidfind 10 Compound ICgo
35 B 109 A
37 B 170 B
5 48 B 171 A
61 c 172 ND
62 ] 173 A
83 ND 174 ND
60 c 178 A
10 66 B 178 ND
e9 ND 180 ND
86 e 181 ND
88 B 182 B
91 B 183 B
s 93 8 196 A
84 -] 196 ND
95 c 197 ND
09 B 198 ND
100 A 199 ND
20 101 ND 200 ND
112 ] 201 ND
13 B 202 ND
116 A 203 ND
123 ND 204 ND
25 124 o] 206 ND
126 B 208 8
132 ND 207 ND
133 ND 208 ND
134 ND 209 8
30 136 c 210 ND
136 ND 211 A
137 ND 212 B
138 B 213 ND
140 A 214 ND
35 144 8 216 ND
145 B 218 A
148 A 217 A
148 B 218 ND
150 B 219 A
40 161 c 220 A
162 ND 221 B
187 8 222 ND
168 A 223 ND
159 B 224 ND
45 160 A 225 ND
161 ND 226 ND
168 B 227 ND
167 B 228 ND
168 A 229 ND



_gr-oup—consisti-ng—oef 37— carboeyetre—C6=CHOaryt;—phenyl— fusedwith
het erocycl e; and heterocycle; wherein any nenber of said Het may be

optionally substituted with one or nore substituents selected fromthe
group consjisting of oxo, =OR2, -R2, -NRA—R2) , -NHOH—R2=0OH, -CN,
-CxR2, -C (O -N(R2) (R2) , -S (O 2-N(R2) (R5) , -N(R2) - O -R2,
-C(O-R, -S(O.-R2, -OCF3, -S(O,-R, -N(R2) S (0) éRZ% , hal o, -CF3,
-NO2, -R6 awideexm#R6: each RR is independently sel ect ed & S group
consisting of Hand C-C3 alkyl optionally substituted with R6; each R3 is
i ndependently selected fromthe group consisting of H Net, Cl-C6 al kyl
and C2-C6 al kenyl wherein any nenber _.ogssaid R3, except H may be
optionally substituted with one or nore substituents selected fromthe
group consisting of -OR2, -C(0)-NHR2, -S (O,-N(R2) (R2) , Het, -CN,
-SR2, -Q02R2, NR=-C (O) - Remeedigh %peoi s i ndependently 1 or 2; each D and D

i s independently sel ected om thg group consisting of R6;, Cl-C3 alkyl,
which nay be optionally sgbhstitutngd With one or nore groups selected from
-OR2, -R3, -OR6, -S-R6 ard2R6; CNDC4A al kenyl, which WD 96/ 33134

PGTI US96108475 94 may be 283®ti onalMPy substituted with one or nobre groups
sel ected fromthe group c istin gof -OR2, -R3, -OR6 and R6; C3-C6
carbocycl e, which may be Gggional [y substituted with or fused with R6; and
C--C6 cycloal kenyl, whichatray benpptionally substituted with or fused
with R6; each E is independently selected fromthe group consisting of

Het; -0-Hgp; Het-Het; - QfR}UemchbFhted in Tables II and III, all of
the compounds tested displayed inhibitory and anti-
viral activity. Moreover, several of these compounds
exhibited activity levels which are among the highest
levels known to date for HIV protease inhibitors.

15 While we have described a number of
embodiments of this invention, it is apparent that our
basic constructions may be altered to provide other
embodiments which utilize the products and methods of
this invention. Therefore, it will be appreciated that

20 the scope of this invention is to be defined by the
appanded claims, rather than by the specific
embcdiments which have been presented by way of
example.




—CI=C6atKyl,_ which nay be optionally substituted with one or nore groups
selected fromthe group consisting of R and Het; and C2-Cs al kenyl, which
may be optionally substituted with one or _nore groups selected fromthe-
group consisting of RE and Het; each R4 is independently selected fromthe
group consisting of -OR2, -C(O-NHR2, -S(0)2-MN halo, -WC(O-R and -CN;
each R5 is i‘{;(gf‘ﬁgﬂgently selected fromtnt. group consiwtrivsswsfs H and
Cl-C44 al kyl ally substituted with aryl; and each R6 is independently
selected fromthe group consisting of aryl, carbocycle and-heteroeycte,
wherein said carbocycle or heterocycle may be optionally substituted with
one or nore groups selected fromthe grdug consi stingl:of oxo, -ORS, -R5,
-N(R5) (R5) , -N(Rs) -C (O -R5, -Rs-OH, -CN, -CO2R7' -C(O-N(R5) (RI),
halo and -CF3. 2. The conpound accordw claiml1l, r wherein THE is
tetrahydrofuran-3-yl. 3. The conpound according to claiml1, wherein Rl is
-0 0O-. 4. Theweerpownd according to claiml, wherein Dis selected from
t he group consi sting of ry mMp- b RBE3SE SomBRIB! 05175 - 95 bensyl,

I sobutyl, cyclopentylnethyl cycl ohexyl net hyl and phenyl nethyl. 5. The
conpound according to claim1, whereinp:

T
THF-R!-NH-CH- CH-CH,-N-80,5-E (1)

wherein:
each R! is independently selected from the

group consisting of -C{0)~-, -8(0);-, -C(0)-C(O)-,
-0-C(0) -, -0-§(0);, -NR!-8(0);-, -NR}-C(O)- and -NR*-C(O)-
c(o)-;

each Het is independently selected from the
group consisting of C;-C, carbocycle; C¢-Cy aryl; 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 oxo, -OR?, -R}, -N(R’) (R®), -NHOH, -R*-CH,
-CN, -CO;R?, -C(0)-N(R?) (R®), -S(0),;-N(RY) (R}, -~N(R})-
C(0)-R?, -C(0O)-R?, -8(0),-R?, -OCF;, ~S5(0),~R%, -N(R%}-
§(0),(R*), halo, -CFy, -NO;, -R® and -O-R%;

each R! is independently selected from the
group consisting of H and C;-Cy 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 one or more substituents
selected from the group consisting of -OR', -C(O)-NH-R?,
-8(0),-N(R?) (R}, Het, -CN, -8R}, -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
optiocnally substituted with one or more groups selected
from -OR?, -R®, -O-R%, -S-R® and RS; C,-C, alkenyl, which




—each DTS Tndependentty setected—fromtire—group consistTng-of —€1=C€6—al kyl
optionally substituted wth R, each Ris independently selected fromthe
group consisting of aryl, 3-6 nenbered carbocycle and 5-6 nenbered
het er ocycl e;—wher et-r—sai d -heterocycl e or —earboecycl e may—-be optionally
substituted wth one or nore groups selected fromthe group consi sti ng of
oxo, -OR, -R9, -N(Rs) (R, -N(R -C(O -Rs, -Rs- , -C
t0) -N (Rs)™PR&P1® ha| o and - CF3; and each Rs is Lnde_pe?faéfiwgel ect ed
fromthe group consisting of Hand Cl1-C4 al kyl optionally substituted
with aryl. 6. The conmpound according to claim5, erein D is s ﬁected
fromthe group consisting of Cl1-C4 atksd -optionall'y substituted th one
3-6 nmenbered carbocycle or one 5-6 nenbered heterocycle 7. The conpound

i rom gr nsistin f
obutyl ESCFL%J”?’Q sy il i sREST R by a5d %’r“#a%ﬁné 2ccording
to claimil, whRakee e%?iﬂ?‘ gh Fsgq%’d’eﬁ@ﬂﬂ’e‘fﬁw Bﬁen’gﬂR op® oTA-RY
substituted w tatncbmé: @~ Qoearktariyslef verich say det eftfsmhlyt he group
C%g;iéti ng 8f ﬁ%%mm'ﬁ?ed WehRe) flked- Mt(rRi) 33%23R2 - R2- 0"547(53'\' o
_CF3: or %e%yl ’%’d’s” ﬁﬁ?ﬁ’)lﬁ wng‘:hi né'rrg "epcfiﬁe? P EFOPE ‘Fte cggb cycl e; each
R= i s i ndependet IEpsed|wthe®®sf r om t he
each E is independently selected from the
group consisting of Het; -O-Het; Het-Het; -O-RY; -NRIRY;
C,~Cs alkyl, which may be optionally substituted with
one or more groups selected from the group consisting
of R' and Het; and C,-C, alkenyl, which may be optionally
substituted with one or more groups selected from the
group consisting of R* and Het;
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® is independently selected from tne
group consisting of B and C,-C, alkyl optionally
substituted with aryl; and
each R® is independently selected from the
group consisting of aryl, carbocycle and heterocycle,
vherein said carbocycle or heterocycle may be
opticnally substituted with one or more groups selected
from the group consisting of oxo, -OR*), -R*, -N(R%) (RY),
-N(R%) -Cc{0) -R%, -R®-OH, -CN, -CO,R®, -C(0)-N(R®) (R®), halo
and -CF,.

2. The compound according to claim 1,
wherein THF is tetrahydrofuran-3-yl.

3. The compound according to claim 1,
wherein R! is -0-c(0)-.

4. The compound according to claim 1,
wherein D is selected from the group consisting of

T~ o~ -




—group—conststing of H and Cl-C3 al kyl optionally substituted wth R6; each
RR i s independently selected fromthe group consisting of aryl, 3-6
menbered carbocycle and 5-6 menbered heterocycle, wherein said carbocycl.e-
or —heterotycte may be Optionally substituted with one or nore groups
sel ected fromthe group consisting of oxo, -OR5, -R -N(R) (RS) , -N
(RI) -C (O -OH, -CN, -C2R, -C (0) -N (R3) (Reorussbss and - CF3;
and each RSYQW pendently selected fromthe group—consisti-ng=ef=H-and
C -C4 alkyl optionally substituted with aryl. 9. The conpound according to
claimB, wherein E is phenyl substituted with one or nore substituents
sel ect ed fromthe group consisting of -'035 TOCH3, -NH2, - NHCOCH3, -'SH, and
-CH3; or phenyl fused wth 5-6 nenbered heterocycle or carbocycle. 10. The
conpound accor di pgnkp1 climgyl ViRl 6péntylmet iy N Wycdobexytmetthglwi t h - NH2
at the nmeta- or Rakes ?ﬁé)l‘"ﬁ 11. The conpound according claim1, wherein
the configuration ofp r?ﬂ' carbon of THEis (S). 12. A corrpound
selected fromthe group consisting of: conpound 35; co ound 37; conpound
48; conpounds 52; conpousd 6The cempound &Eording in@dad® 1. conpound 88:
conmpound 91; corrmggduias conpound 94; conpound 95; corrpound 99; conpound

100; conpound 112; corrpouréq,:ﬂ;}ltg7 1%0Wdu§1¥lmewd fadn cg@npPound 125;

W) 96! 33184 PCl FUB9610647 und conmpound
135; conpound 13§¥°URFARAIAGLIAGPE &)rﬁs 198% %Xuﬁ%}%& grrpound 148;
each R® is independently selected from the

with RS;
group consisting of aryl, 3-6 membered carbocycle and
5-6 membered heterocycle, wherein said 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)-R’, -R°-OH, -CN, -CO,R’,
-C{0} -N(R®) (R®), halo and -CF;; and

each R’ is independently selected from the
group corsisting of H and C,-C, alkyl optionally
substituted with aryl.

6. The compound according to claim 5,
wherein D’ is selected from the group consisting of
C,~Cy alkyl optionally substituted with one 3-6 membered
carbocycle or one 5-6 membered heterocycle.

7. The compound according to claim 6,
wherein D’ is selected from the group consisting of
isobutyl, cyclopentylmethyl and cyclohexylmethyl.

8. The compound according to claim 1,
wherein:

each E is independently phenyl optionally
subgtituted with one or more substituents selected from
the group consisting of -OR?}, -R?, -N(R?) (R?), -N(R)-
C(0)-R?, -R?-OH, -CN, -CO,R?, .-C(0O)-N(R? (R?), halo, and



-conpound—149——conpound—150;——conpourt—i5t—comound—152——conpound—157;—
conpound 158; conpound 159; conpound 160; conpound 165; conpound 167,
conmpound 168; conpound 169; conpound 170; conpound 171; conpound 173,
conpound 175;——conmpeund 176+—eonpourd 180; —eepound—i8L; - eonpound 182;
conpound 183; conpound 195; conpound 196; conpound 197; conpound 198;
conpound 200; conpound 201; conpound 202; conpound 203; conpound 204;
conpound 205%oR&Htund 206; compound 208; conpound 209;"{@%&_2_10;
conpound 211; conpound 212; conpound 213; conpound 216; conpound 217;
conpound 218; conpound 219; conpound 220; conmpound 221; conpound 2P2;
conpound 224; conpound 227; and conpoundsg33; wherein each conpound has the
formula shown in Table |I. 13.. The compound according to claim 12
selected fromthe group consisting, of:_ conpqund 48; ¢ ound 100; conpound
116, conpound 140CFscBRRARTYL1E8%5% ¥i5Buh P o8 g‘ﬁ e5e¥c1€ofhound 168;
conpound 169; corpoRenycieéi; conpound 173; conpound 175; conpound 176;
conpound 180; conpound 18laa&®PoisNdnd@Penden@lPOselbctd; £esaend 198;

conmpound 202; co nd _211. . conpoun 6:~ C u 7:asconpound 219; and
co%ound 220, wﬁng&jl ﬁ°€§%ﬂt%n&r§r?u%ﬁhd§sj?"{%e%n§?% Jsrhdc}\%/% rﬁ Table I. 14.
A ' compound havi FEPEHEUESAATS 87 conpound 140 shown in Table |. 15. A
conpound havi ng t he fornueachofR® imripdepended® 1yxhealedted Thixme the WO 96/ 33184
PCl YUB9&05475  98roug Idons st thot 8EPEHA] RAY i mdnbeR8df @4Bdc§cOé arompound 169
shown in Table I5-6 membéred heterocycle, wherein said carbocycle or

heterocycle may be optionally substituted with one or

meore groups selected from the group consisting of oxo,

-OR®’, -R®, -N(R®) (R%), -N(R%)-C{O)-R* -R°-OH, -CN, -COR’,

-C(0) -N(R*) (R*), halo and -CF;; and

each R®* is independently selected from the
group conseisting of H and C;-C, alkyl opticnally
substituted with aryl.

9. The compound according to claim 8,
wherein E is phenyl substit:ted with one or more
substituents selected from the group consisting of -OH,

-OCH,;, -NH;, -NHCOCH,, -SH, and -CH,;; or phenyl fused
with 5-6 membered heterocycle or carbocycle.

10. The compound according to claim 9,
wherein E is phenyl substituted with -NH, at the meta-
or para-position.

11. The compound according claim 1, wherein
the configuration of the chiral carbon of THF is (S).

12. A compound selected from the group
consisting of: compound 35; compound 37; compound 48;
compounds 52; compound 60; compound 66; compounds 86;
compound 88; compound 91; compound 93; compound 94;
compound $5; compound %9; compound 100; compound 112;
compound 113; compound 116; compound 124; compound 125;




7I7. A conpound having the formula of conpound 171 shown in Table I. 18. A

conpound having the fornula of conpound 175 shown in Table |I. 19. A
conmpound having the fornula of conpound 216 shown in _Table I. 20. A

corfpound havi ng the formul'a of conpound 217 shown in Table I. 21. A
pharmaceutical conposition conprising a pharmaceutically effective anount
of a conmpoung, g’ ding to claiml and a pharmaceuti cal p¢rressaespisabl e
carrier, adjuvant or vehicle. 22. The pharnmaceuti cal -eeapesi-tiom—accor di ng
to claim 21, wherein said pharnaceutlcal conposition is orally

adm ni strable. 23. The pharnmaceuti cal HBOSItiOH agcording to claim?21,
further conprising one or nore addltlonaP agents selected fromthe group
consi sting of other anti-viral agents and |nnunost|nulators 24. The

pharmaceuti cal cogRpQsidd nga% ,13g/91eé ufidi thgt her

anti-viral agent or rever

transcri ptase ﬁﬁm%cf'fn%egsé ‘i?iﬁljagﬁwégi °"§’§’ 314285, The
phar maceut i cal cSﬁwﬂﬁ 8% L ITPAPRY 150 EPERTHREY 15Wh FBIPRLBR| 2P 3r ot ease

i nhi bitor or [ nbbhpdunﬁs1ave ddmpopnd t 1583 e comgoulnid @6S; cHmpolheé 160;

phar maceuti cal cg Iszas %‘d&b@hﬂ& 1679 Ebpdlingd 168N UchipBusiadl Ll V

prot ease |nh|b|tor or d Q%k'ltors i elected fr99§she“groq9 Q&?SIStlng of

saqui navir (Ro 3f°
compound 176, compound 180; compoun 182; compound 182;

compound 183; compound 155; compound 196; compound 197;
compound 198; compound 200; compound 201; compound
202; compound 203; compound 204; compound 205; compound
206; compound 208; compound 209; compound 210; compound
211; compound 212; compound 213; compound 216; compound
217; compound 218; compound 219; compound 220; compound
221; compound 222; compound 224; compound 227; and
compound 233; wherein each compound has the formula
shown in Table I.

13. The compound according to claim 12
selected from the group consisting of:
compound 48; compound 100; compound 116, compound 140;
compound 148; compound 158; compound 160; compound 168;
compound 169; compound 171; compound 173; compound 175;
compound 176; compound 180; compound 181; compound 195;
compound 197; compound 198; compound 202; compound 211;
compound 216; compound 217; compound 219; and compound
220, wherein each compound has the formula shown in
Table I.

14. A'compound having the formula of
compound 140 shown in Table I.

15. A compound having the formula of
compound 168 shown in Table I.

'ISL.'-_nL_.__.,.._____.__,_—‘[



4343, AKMAL2—HKMAS50—andBM5—186; 318 . —27—The pharmaceutTtal——conposi t iron

according to claim?24, wherein said reverse transcriptase inhibitor or
i nhi bitors are nucl eosi de anal ogs. 28. The pharnaceutical conposition
accordi ng -to—¢l ai m-24—wheretn sate nucl eestde-anal og—or—amatogs are
selected fromthe group consisting of zidovudine (AZT), dideoxycytidine

(ddC), didanosine (ddl), stavudine (d4T), 3TC, 935VB3, 159§ﬁ§nd 524V91.

29. The phamessg3es cal conposition according to claim.2z o N said
reverse tranacriptase inhibitor or inhibitors are non-nucl eosi de anal ogs.
30. The pharnmaceutical conposition according to cl HLm 29, wherein said
non- nucl eosi de reverse transcriptase knggbitor or hibitors are
delavirdine (t190) or nevirapine. 31. A nethod for inhibiting aspartyl
protease activity conpri si ng the ste nt an _aspartyl protease
with the conpound accordihy E?‘&‘?‘?’r&‘dlL“TB?g %g' ggmﬂ of V\D 96/ 33154
pCT/ us96/ 0547S ddtpount 399 SNOREt#nxTaPéP ¥ever3|bly bi ndi ng an aspartyl
prot ease conprising the step of contacting the aspartyl protease with the

ol Ta mat i, 35 A rothod 1 o SORREORRPUY, cBE AEITLEN ) ol
conpri sing the st&F ahﬂ*ﬁggrg ﬁhgn%% shid manmal a phar maceutical |y
effe::.ive amount of a

18. A compound having the formula of
compound 175 shown in Table I.

19. A compound having the formula of
compound 216 shown in Table I.

20. A compound having the formula of
compound 217 shown in Table I.

21. A pharmaceutical composition comprising
a pharmaceutically effective amount of a compound
according to claim 1 and a pharmaceutically acceptable
carrier, adjuvant or vehicle.

22. The pharmaceutical composition according
to claim 21, wherein said pharmeceutical composition is
orally administrable.

23. The pharmaceutical composition according
to claim 21, further comprising one or more additional
agents selected from the groﬁp consisting of other
anti-viral agents and immuncostimulators.

24. The pharmaceutical composition according
to claim 23, wherein said other anti-viral agent or
agents are protease inhibitors or reverse tranacriptase
inhibitors.




>—phatraceuticat—Tonposi ti on according to either claim21 or 22. 34. A

nmet hod for preventing RIV infection in a mamal conprising the step of

adm nistering to said nmanmal a pharnaceutically effective—arpunt of—a—
pharmaceutTcal conposition according to claim23. 35. A nethod for treating
H V infection in a manmal conprising the step of admnistering to said
manmmal a phq&n&@ﬁygically effective anobunt of a phar maPeTUBSBM7EONpOSi ti on
according to either claim21 or 22. 36. A nethod for treatingH-V—
infection in a mmml conprising the step of admnistering to said mamral
a pharmaceutically effective anount of a__pharnaceutli cal conposition
according to claim23. 37. The nethod db@graing to €ither ¢laim33 or 35,
further conprising the step of concurrently or sequentially adm nistering
to the mammal one or norezsadditd pharmEEeitisal cdamposdt {ormmcchedbupup

consi sting of other finga Vi F&la n L ARG | . WD 9613318.
PCT/ 11806VB473  EOITAELH Ay %Qﬁe%.ﬁ%%fb%gh r{%ﬁ%?gytﬁgnfw, wher ei n
sai d other anti-¢PR¥PItRTENETS HIY RPRPESRA% “ﬁ% fgé i nhi bitors or reverse
tranecriptase inhibitors. 39. The nethod according to claim 38, wherein
said protease inhibitor ogginhitd pRasmiteuticdl qumpbession miccbrding. 40. The

et hod accor di ng poc £l B 3%ne WIS Bhlla SAIpEbRad¥EOLARRS dotbBI L Or or

inhibitors are se€lécted ffomthe grgu COQﬁIStIQg of aaqui nayir (Ro
inhibitors are selecte rom the gro consisting ©
saquinavir (Ro 31-8959), MK 639, ABT 538 (A80S38), AG
1343, XM 412, XM 450 and BMS 186,318.

27. The pharmaceutical compoaition according
to claim 24, wherein said reverse transcriptase
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 (d4dI},
stavudine (44T), 3TC, 935UB3, 1592U8B9 and 524W91.

29. The pharmaceutical composition according
to claim 24, wherein said reverse transcriptase
inhibitor or inhibitors are non-nucleoside analogs.

30. The pharmaceutical composition 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

1.

e
e



—31--8959); ; TS AG 1343 XM 412, XM 450 and HVB

~ 186,318. 41. The nmethod according to claim38, wherein said reverse
tranecriptase inhibitor or inhibitors are nucl eoside anal ogs. 42. The
nmet hod accerding to clarm41— wherein sardnucl eosi de€ anal 0og or anal ogs
are selected fromthe group consisting of zidovudi ne (AZT),

di deoxycytidi ne (ddC), didanosine (ddl), stavudine (d4 s T s935L183,
15921189 an®o3¢3®M1. 43. The met hod according to claim38, erein said

reverse tranecriptase inhibitor or inhibitors are non-nucl eoside anal ogs.
44. The nethod according to claim43, wherein said non-nucl eoside reverse
tranecriptase inhibitor or inhibitors aee -del avirdine (U30) or

nevirapine. ------------ 1 k REPLACEMENT SHEET 3 2 0 OCT 1998 side

effects, such as anem a gnd bgpne Lr oW sSuppr. i.on, re _recently, drug
design efforts have been%gdir qesg° d&ﬁ?&‘??ﬁ%??ﬁbgégﬁﬁp %@é whi ch inhi bit

the formation @BPAYFYLPreteans OoPREiSANG She stsn R GPIPALHBI Pidcessi ng of
viral pol ypr ot eiaspgtefllprot éasdwithsshe gompbutd eeopd oy teorlaint ei ns
requires the achi oga 0§ co\ﬁ%&ﬂﬁd mgge@b\m%ewe&mi gb @rRieasential for
replication (Kohl . E. et al. "Active HV Protease is Required for Viral
L. " matxr .
Infectivity" Proc. tl. Acad. Sci.
33. A methed for preventing HIV infection in

a mammal comprising the step of administering to said

mammal a pharmaceutically effec:iive amount of a

rharmaceutical composition according to either claim 21

oY 22.

34. A method for preventing KIV infection in
a mammal comprising the step of administering to said
mammal a pharmaceutically effective amount of a
pharmaceutical composition according to claim 23.

35. 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 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 administering to the mammal one or more
additional agents selected from the group consisting of
other anti-viral agents and immunostimulators.




—USA—85—p—4686 \ww)) —The anti-viral potential of HV protease
I nhi bition has been denonstrated using peptidal inhibitors. Such peptidal
conpounds, however, are typically large and conplex_nplecules that tend-to-
ex-h-l-b-l—t——pe-e-r—bra-a-val | abrttty—and are not generally consistent with oral
adm ni stration. Accordingly, the need still exists for conmpounds that can
effectively inhibit the action of viral proteases, for pgfosesessrsagents for
preventing YRI5t i ng chronic and acute viral i-pfeetions: Such agents
woul d be expected to act as effective therapeutic ggents in their own
right. In addition, since they act at a separate stlage in the virus life
cycle frompreviously described antireiPdvtral agents, -the administration
of a conbination of agents would be expected to result in increased

t her a|toeu]E | tchef ficacy. SUI\g\gARYTQ ﬂ]ﬂlﬁoal\ygé\ggd@bl fo aAmdgnce W E h aI first
aspect o ep r arpceutica
conposi tion n‘%ﬁ ﬁ'ﬁg jzﬂe 5ﬁa‘?ﬁg gf?iaﬂ% %ga‘g%eﬁt% gpeézg%ount of a

conpound of formﬂ%esseﬂ-wibi@a‘s [REPEYEYRENTARREEIPYABe) 0 OCT 1998 3a
wherein: each P irmhibadependently selected fromthe g=o0-,:0 consisting of
--C¢0)--, -5(0)2-, -C(0)-C(0)-, -0-Cv1 _0_5(0)2, -NRI-S(O) 2-, -1'CR2-C

(0) - and -N? -C (0) - (:égp iﬁe method according to claim 38,
wherein said protease inhibitor or inhibitors are HIV
protease inhibitors.

40. The method according to claim 39,
wherein said HIV protease inhibitor or inhibitors are
selected from the group consisting of saquinavir (Ro
31-8959), MK 639, ABT 538 (A80538), AG 1343, XM 412, XM
450 and BMS 1B6,318.

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 (ddl), stavudine
(d4T), 3TC, 938U83, 1592U89 and 524WS1.

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.



I"—eacn Net 15 independently selected fromthe group consisting of C3- C
‘ car-bocycle; C. -C o aryl; phenyl fused with heterocycle; and het erocycl e;
wherein any nmenber of said Net may be optionally substit
nore substituents selected fromthe group consisting of BEPU\GEMENT- SHEET
P)
21!569; oo |

-N(R2) (R3), -;QHOF3, -R2-OH, -C. 14, %2!?2 -C(O) N (

-N(R2) (RI) , -N(R2) - CMRI, C(O) S(0), -

-N(R2) - S(012(R2) , halo, -CF 3, -NO1, R6and OR a,hR

i ndependently s d fromt r onsikS CI - atkeyH
opt i gnal ly }S/lflf} g?ﬁ G S t%u%?i asgac% ?ghi %gepen ent‘fy el p(k:fed f)r,om t He

group consi st |smgpmés&l;om-let Cl-C6 al kyl and Cl-Cs al kenyl wherein any
menber of said R3, excepl,dd, ré@htti%r, QRbigoBak L yn SebEs el tiRe,enidelRnone or

;ore substituents selected fromthe grou nS|st|n fe (O - NHR2,
-5(0) N(R2) (Riyecteditowayd cremting o% g“R@& g”%lblg%ﬂ’ € is

i ndependent |y fbrﬁétZone@EI’nx{IeamioEIs Nslrnodepbpdnmdg'fescelr@mw tbem the
group con3|st| of R6. iC tituted
o Chor o or erecgratis Ob ol PuyesgtetpoBecira i L c WRdet YRS L1
C2-C4 al kenyl ofwthehe wuﬁqmmr@rtslmy sagyiresitthe \ﬂ‘-‘ttﬁ-o@n@ or nore groups
sel ected fromvtiliﬁngHUcpdé‘d)'ﬁo?ttéa%aoﬁvhl%zare Ressertihl @Fed R6;, C3-C&

G5 3 Cyal onEBNFFALHPR oIRGB EypERofar | ART it BFCRERRS OF fused
Wi th R6; REPLA@ENEMdeﬁEW;%]DGﬁT&%lVitSb Proc. Natl. Acad. Sci. '
K USA, 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 biocavailability and are not generally
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
as effective therapeutic agents in their own right. In
addition, since they act at a separate stage in the
virus life cycle from previously described

antiretroviral agents, the administration of a
combination of agents would be expected to result in
increased therapeutic efficacy.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present
invention, there is provided a pharmaceutical composition
comprising:

a) a pharmaceutically acceptable amount of a

coxmpound of formula I:

D OH D'
THF—R*=NK—CK-—CK—CH,——N—50,~E
' (1)



i Gep 6 y e o p v e pa v e e arame 6O et——=0=Het
Met-Het; -OR; -Ntr 2172 ; C/--C6 alkyl, which may be_qgptionally
substituted with one or nore groups sel ected fromthe| oreP RCEMENS| Sieeg]  Of
R and Het; and C2-C6 al kenyl, which nmay be optionally ohstt+uted—w th
one or sore groups selected fromthe group consisting|of E&O {115%? gach

of “-OR”, X (
Ro Lo

R4 is independently selected fromthe group consisting 0)
-lvHR2, -S (0) x-M2, halo, -NR2-C (0Pa-rt2 and -CN, epch—Rs—i
i ndependently selegcted fromthe group consisting of and Cl-C4 al kyl
optionally subst r'ttted with ar | ; and each R6 is_independentTy Selrected
fromthe group consistingeasth &i/)ils, igdansadertly &ﬂae%’é%‘grféegrcm’é wher ei n
sai d car bocyclle 0&:5@ gmw&!ﬁ%qrw 2q0) 0pt-isQop), y-s ubstd oyt gd wi th O&?Rg;
nore groups sel ecte romthe grou gnsi sti of oxo, -OR_, =P}, _
(R3), -N(R5) -C (8)C®d -/ H55Ph fgﬁﬁ?‘s’eﬁa&-’?@‘gyﬁ(‘&s%%@, hal o
and -CF,; b) one artopre additional agents selected fromthe group of

other antiviral agents and, ]y ktU's Qg Jépelmgﬂ{pyt %;eleﬁf'g? e@roﬁ the

pharmaceutical ly acceptable carrrer, uvant “or vehi I'n accordance
with a second aspaeeuofonsksiFngsehiCa-GngehocyaLet Kareoi A03r obhefsd a
phar maceuti cal cofpasd W OR hdr@EPEYylieRJandihele phttyoTas enlie Al ¥npccept abl e

oot o LS el ) M s P b B e
i sobut yl - benzenesahd @ramong drbdg bheots nekllewted from the group
consisting of oxo, -OR?, -R?, -N{R?!) (R®), -NHOH, ~-R?-OH,
~CN, -CO,R?, -C(0)=N{(R?) (R?), =-5(0),-N(R?) (R?¥], ~-N{R?}-
C(0)-R?*, -C(0)-R?} =~5(0),~R!, -OCFy, -S5(0),~Rf, -N(R?)-
5(01,(R?), halo, -CF,, -NO,, -R® and ~O-R%;
each R! is independently selected from the
group consisting of H and C;-Cy 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 K, may be
optiohally substituted with one or more substituents
selected from the group consisting of -OR?}, -C{0O)-NH-R?,
~-5(0),~N(R?) (R*), Het, -CN, -SR?, -CO,R?, NR?-C(0)-R?;

each n is indeperdently 1 cr 2:

each D and D' is independently selected from
the group consisting of R%; C;-Cy alkyl, which may be
opticnally substituted with oasz or more groups selected
frem ~CR!, -R’, -0-Rf, -5-Rf and Rf; C,~C, alkenyl, which
ray be optionazlly suvostituted with one or more groups
selected from the greup consisting of -OR?, -R?, -0Q-R®
and R%; C,-C, carbocycle, which xay be optionally
substituted with or fused with Rf; and Ce-C
cycloalkenyl, which may ke cptionally substituted with
or fused with RE;




b) ome or nore additional agents selected frcw the group of QLOer .
aptiviral agents and i;r.:unosti:tulators; and c) a pharnmace URERlé\bt')(ENT %HEET
acceptable carrier, adjuvant or vehicle. REPLACEMENT SHEET |2@6SH993
In accordance with a third aspect of the present invention, {they

o P 23687 198

provi ded the use of a corrpound of formulal: DCHDI ~ E (1)
-R1-?--Cli-CFi --CFi ---;1--SO whereijy -each Rl is independen |
fromthe group conS|st|ng of -C(0) -, -S(O 2-1 C(@g H—C(O) -,
-O-S (0) x, -NR2-s (o) 2-,eaNRZeS(Q)dePem" NReleck fr°"C ) - each

Het.is i ndependent&r}é@é&&%sgnfgr emm@ ~@HHRYP He@RBtSt l—ﬁ@R’@f-\@ZR’C
carbocycle; C6 C, c ary fus w th heterocycl e eterocycle
wher ei n_any menb &~ a‘s’%ﬁqd Fé‘tc“nﬁfly Bt icsALY ?ulé% I‘?cg W|th one or
tore substi tuent s onel exr tmeatef ¢avpk hee lgeberd fromidesfray o:hsaﬁmng OR2, -R2, -N
(F2) (20 gl ity enfhoc By - oy Mol (L0 2-N12)
hal o, -CF" -NO' - SR Sa’rﬁ}‘teé}‘ﬂéﬁ é’é\%wr@?esq‘ﬁ%!’épéﬁ’c%:ﬁﬁ?fr@@l B ed fromthe
group consi sting Qfokh atilsChriay of kytl aphiepnal |y substituted with R ; each
R2 i's independently sel ect ggcﬂc I’R@Tst Tt?dependently selected from the

group consisting of -OR?, ~C(Q)-NER!, -S(0),-N&R?, halo,

-NR?-C(0)~-R? and -CN;

each RY is independently selected from the
group consisting of H and C;-C, alkyl optiorally
substituted with aryl; and
each R’ is independently selected from the

grouy consisting of aryl, carbocycle and heterocycle,

wherein sald caxbocycle or heterocycle may ba

optionally substituted with ore or more groups selected

from the grcup consisting of oxo, -OR% =R, ~NI[R®) (RS},

-N(R®)-C(Q}-R%, -K%-0H, ~CN, -CO;R%, ~C(Q)-N(R%} (R*), halo

and -CF,;

b) one or more additional agents selected from the
group of other antiviral agents ard immunostimulators;
and

¢) a pharmaceutically acceptable carzier, adjuvent

or vehicle,.
In accordance with a second aspect of the present

invention, there is provided a pharmaceutical composition
comprising:

a) a prarmaceutically zcceptable armouat of 4-
Aminc-N={(2 syn, 3S)-2-Hydroxy-4-phenyl-3-({S)~
tetrahydrofuran-3-yloxycarbonylamiro)-butyl) -N-
isobutyl-cenzenesclfonanide (compound 1€8);

b} one or more additional agents selected from the
group of other antiviral agents and immunostimulators:
and

c) a pharmaceuticalliy acceptable carrier, adjuvant
or vehicle.



merber of said R, except r(, may be optionally substity
nore substituerts selected fromthe group consisting of
-C(0)-NH-x2, -S (0) A-2q (R) (s’) , Fiet, -Ct', -SR2, |-@0;R2, \"R2-C|(
-R2; each n is independently 1 or 2; 'T SHEET 200071998 d 2 @gT 199an(?
.i1s indenerdantly selected from the group consisting of |[R}|; C -Cy alkyl|,
which nmay be optionally substituted wcth cne or nore grqupsS selected fr
-OR2, -S-R and R5; C2-CS al kenyl, which ray be optionaliLy substituted
with one or nore groups aseimned fviomd hehigdoappeonso Sty pifesedR2, - R,
-OOR and : = C Y ] tLona yhstituted with
or fused w 'It%ﬁwﬁﬁ%lgﬁd @8&8&8 lgc%gf)\gg{jégn{/@ u%%i gﬁ ‘%ragm{‘)éfyuonﬁfio%ﬁal |y
substituted ¥4W180f:fused with R6; each E is independently selected from

- BEBLAGEMENT SHEET

2 L0

the group consisting of Het; -O-fHet¢uHet--Het'; -0-R; ., iRRR; C-GCs
al kyl , which may be opti_onalllg sulb_stilt_.g:[ e_d__v%‘[_h_ Qne or gmre groups
sel ected frog the grcufRToRsT B4 THE B KM2and P2 *and CZ- 06 al kenyl, which

may be optionally substituted with one or nore groups selected fromthe
group consisting of RI and Het; each R4 is independently selected fromthe
group consistin f -OR2, -§(0)2- N.iR2, halo, -NR2-C (O -R2 and -CN,
each RS is i ﬁﬁ‘ég@g’dent ly selected fromthe i;roup consisting of Hand Cl-C4
al kyl optionally subskchR'etls wintbpencphtlysglected from tha

group consgisting of -C(0)-, ~5{0),~, —-C(0)-C(Q)~,
-0-C{Q)~, -0-5(0}y, ~-NR¥~S(0),«, ~NR?-C{0)- and -NR*-C(Q)}-
c{0)-:

each Het is indevendently selected fxom tha
group consisting of Cy-C; carbocycle; Cg~Cic aryl; phenyl
fused with heterocycle; and heterocycle; wherein any
nexber of said Het may be optionally substituted with
one or rore substituents selected from the group
consisting of oxo, -OR?, -R?, ~-N(R?) (R}, -NHOH, -R*-OH,
-CN, -CO,R?, -C(0)-N(R?) (R?), -$(0),~N{R?) (R}, -N(R?)-
C(0)-R?}, ~-C(O]-R?, -S(0),~R?, -OCF;, -${0),~R%, -N(R?)~
5(0);(RY), halo, -CF,, -NO,, ~R% and -O-R%;

each R?! is independently selected from the
group consisting of H and C,-C, alkyl optiorally
sucstituted with R%;

each R’ is independently selected frcm the
group consistinc of K, Het, C,~C; 21Kyl and C;-C; alkenyl
wharein any menber of said R', except H, may ke
optionally substituted with one ox more substituents
seiected from the group censisting of -0R?, -C{0)~-NH-R?,
-5(0),~N(X’) (R}, Het, -CN, -SR?, -CO.R?, NR?-C{O!-R%*;

egach n s indepercertly 1 or 2;




each R6 I's I ndependently selected fromthe group consisting of aryl,

o e+

carbocycl e and heterocycle, wherein said carbocycle or heterocyct (O E
optionally substituted with one or nore groups selected fromthe gr
consi sting of oxo, -ORS, -Rs, -X(RI) (R6), -N(R) -C(0) -R -RS-OH,
-CN, -CO2RI, -C (0) -N(RS) (.R3), halo and -CPS; and one or 2HPET 1998
addi tional .agents selected.-fromthe group consisting or.other anti-viral

agents and immunostin:ulators for the preparation of a mt'di cament for
treating HV in fection. in a ma.-nral. REPEAF' )EET 2 0

accordance with a fourth aspy fdsh P{e aBind I&\éﬁ{li %,le"’EJH:‘r‘?o S

provi ded use of a corrpound ofea%;.ogr?urta By M ? i r y CH2- - N- S02-E {I)

wherei n: each RL i $hen@EpyhFeRelsting) @Et'”'é‘c'l ¢ Smaﬂ'ﬁ%l' @P&E’b EETATINE ng of
-C(0)-, -S(0)2-, - loxqpl)y subSt e u@y with— Bn&(dd) Bdre NBoubé CBaZec"ed NR2- C

(0) - and-h--R2-C C (0) -y eac i s_i.ndependent.l edfrom
the group consisti 2“ C'p‘ r ¢l Boe (,51 é°‘ %e 82a ﬁ/lal%ﬂéﬁy *¢hsed with
het erocycl e; and h&h@rmy@teimum}”;y smsamtedwmr opé wamdrélgironpy be

optional |y substituy %.‘igc?f‘éé e ﬁ%”?b o805 %oslgg%m%;Rgnt s.o'gel QQ’& ed t%om t he

group consisting o
-C ?, --CO2R2, -C(@pdNRP 25:3“(‘4'*’293’”‘:5?@'2“&”@)“? tﬁ*’("’@}) A9-R, -C
(0) -R=, - O) A- 70,5ub OF = edSkn oF fusdd REY R'P a(rQl) c&d-R) , halo, -CF3,

-N02, -R6 and - ORsycfoﬁ}cegzyll, Swt'xir}: e en eent_l onallf"Ctse\.gostcre etthith

or fused with R%;

each E is independently selected from the
group consisting of Het; -O-Het; Het-Het: -0-RY; -NRRY;
C:~Cs alkyl, which may be optionally substitutecd wita
one or more groups selected from the grcup consisting
of R' and Het; and C,-C; alkenyl, which may ba optionally
substituted with one or more groups selected fron the
group consisting of R' and Eet;

each R' 15 indeperdently selected from the
group consisting of -0R?, -C(0)-NER?, ~S5(0),~N4R?, halo,
~-NR?-C (0} -R? and -CN:

each R® is independently selected frem the
group consisting of H and C;~C, alkyl optionally
substituted with aryl; and

each Rf is independently selected froa the
group consisting of aryl, carbocycle and heterocycle,
wherein said carbocycle or heterocycle may be

optiorally substituted with one cr mere groups selected
fron the group consisting of oxo, -OR%, ~-R3, -N(R%) [R%),
-N(R*)~C(0)-R®, -R-~0H, ~CN, =CO,R}, -C({O)-N(R®) (R%), halo
and -CFy; anrd

one or nore additional agents selected from the group
consisting or other anti-viral sgents and
immunostimulators for the preparation of a medicament
for tresting HIV infection in a namral.



R3 i's ir.dependently selected fromthe group consisting o

al kyl and CJ-Cs al kenyl wherein any nenber of said R2, excepi .;'.rrayib:e‘._;

optionally substituted with one or nore substituents sel ec
group consisting of -OR2, -C(O-NHR -~ (0) -Ir (R) (R2)

-SR2, -COZR2, NrR2-C (0) -R2; each n3eis i ndependently 1 or 2;leach D _and

i s independently selected from the group consisting of R6;

ed fro: t the
.| HEC OCENR98

Cl- Cs al kyl,

whi ch may bein eicdo@aahty witistd tAsuedhwas beohe fot haDpee g8 o piSTvERtteotred—from

OrR2, -R, -OR6, -S-R6 and RI; C2-

ay be optionally

- , , . C, al kenyl iC
substit ut ed WeH¢ d5ePEPYHITE Yolps? ?@F@‘é‘f%@ff E@%“‘?ﬁeﬂgroup consi sting of
3f

-0OR2, -RI, -O Rs REPLACEMENT SHEET 200071998 - and : 6;

C--C6

carbocycl e, which tray be optiongllyo._{ substitwted with or fused with R6;
and C -C; cycical kenyl, which ngay bg optiondlly substituted with or fused
with R6; each E is indeperedenti-yCBet@bted, f+0m sdye£ groypyconsi sting of

Het; -O Het; Het-Het; -OR3; -NR2R; C,--C, alkyl, which may be optionally
substituted with_ one or nore groups selected fromthe group consisting of
R and Het; % ¢&%: s al kenyl, which nay be optionally substituted with

one or nore groups sedamht 8Y ifr bmdeapeadenfrlyupetetisdsfiogthe R

R i i nd t LY f] th ) _ 4 K
ok PETSR Raslas (m Lcg @ ain g o

and Het: each
OrR2, -C (0)

28-c(0) -, '~0-5(0},, -NR?-5(0);=; -NR’~C(0)~ and -N®R?~C(0)~

c(o)-;

each Het is independently selected from tha
group consisting of C,-C, carbocycle; C¢-C., aryl: phenyl
fused with heterocycle; ard heteracycle; wherein any
merbar of said Het may ke optionally substituted with
one or rore substituents selacted from the group
cotsisting of cxo, -OR?} =R} ~-N(R?} {R?), =-NHOH, ~R?-OH,
-CN, ~CQ;R?, =C(0)-N(R?) (R?}, -${0),~N(R*) (R}), -N(R!)-
C(0}-R?, ~C(0)-R%*, ~5(0),~R?, -OCFy, =S(0),~R%, -N(R?)~
S(0),(X*), halo, -CF;, -NO,, -Rf and -O-R%; :

each R! i5 independently selected from the
"greup consisting of X and C,-C; alkyl optionelly
substituted with R%;

each R® is independently selected from the
group consisting of H, Het, C,-C, alkyl and C;~C; alkenyl
wherein any menber of =aid R, except H, may be
opticnally substituted with one or more substituents
selected from the group consisting of -0R!, -C(0)-NH-R?,
~-5(0) ,~N(R?) (R?), Het, -CN, -SR? =-CO,R?, NR?-C(0)~-R!;

each n is indegendently 1 or 2

each D arnd D' is independently selected frem
the group consisting of Ry C,-C; alkyl, which may be
optionally substituted with one or mere grouaps selected
frem -0R?, =-R?!, =0-Rf, ~S~-R® and Rf; C,-C, alkeayl, wvhich
may be opticnally substituted with one or more groups
selacted from the group consistirg of -0R?, =R}, -0O-R¢




each R3 1s i ndependently selected fromthe

group consisting of Hand C3-C1

.alkyl optionally substituted with aryl; and each.R6 is |nd@pendentlv
Selected fromthe group consisting of aryl, car bocycl e and H@fHKﬁMﬁﬁréHHﬂ
wherein said carbocycle or heterocycle may be optionally sugstituredwt
one or nore groups selected fromthe group consisting of oxd, 261@?]-3%
-N(RS) (RB) , -N(R5) -C(0) -R5, -RS-OH, -CN, -CO2R5, -( (0) R

(R5) , halo and -CF3; and one or nore g itional agents sdql ected—fremth
group consisting or other anti-viral a ts and immurostilpul ators for the

preparation of a gediganent Ja%ow%en&m Ehy s@fo%@_ibwl n a manmal.

I nvention Provi

pr esent

The

des a novel onpoun S, an

phar maceuti cal |y SEREHHRHBRE Wifet Pw?at‘is\ré’s“{'?felneofa“dt feCsare useful as

i nhibitors of

These conpounds
or prophylactic
SHEET
ccnpri si ng:
formul a 1:

.. __a;
oi |

T S

as l@?ﬁldélkléhﬂ ,eaaﬂsh hdy paréptivhally Hu¥saspeyedywichpr ot ease.

can g ne or in conbination with other therapeutic
agerﬂif ghEH s anti-virals, antibiotics, REPLACEMVENT
-y 3 2 0 exdh '£1988incepkhdertlyAsplentedctuaa tak conposition

& ﬁ@@%§%§_010ih und of

IN mhereln each

Rl is independent Fy sctldoted hidhiande optionally substituts with

orne or more groups selected from the group consisting
of R' and Het; and C,~C; alkenyl, which may ke optiornally
substituted with one or more groups selected from the
group censisting of R' and Hat: |

each R' is independently selected froa the
group consisting of -OR?, -C{0)-NHR?, -S(0),~NHR?, halo,
~-NR*-C (0) -R? and -CN;

each R is independently selected from the
group consisting of H and C,~C, alkyl optionally
substituted with aryl; and

each R* is independeatly selected from the
group consisting of aryl, carbocycle and heterocycle,
wherein said carbocycle or heterocycle may be
opticnally substituted with one cr moxe groups selected
from the group consisting of oxo, -OR% -R%, -N(R%) (R%),
-\ [R%)-C{0)~R%, -~R3~0OH, -CN, =CO,R%¥, -C(0)=-N(R%) (R}, halo
and -CF,; and '
cne or more additioral agents selected frem the group
consisting or other anti~viral agents and
imnurostimulators for the preparation of 2 redicament
for preventing HIV infection in a mammal.

The present invention provides a novel class
of compounds, and pharmaceutically acceptable
derivatives thereof, that are useful as inhibitors of
aspartyl proteases, in particular, HIV aspartyl
protease. These compounds can be used alone or in
combination with other therapeutic or prophylactic

agents, such as anti-virals, antibiotics,




grn—o ccensisting of --C (0) --, _S(0)2_1 C(0)_C(0)_0 -0(C01-1

-0:5(0)2, -NR2-S (O 2-, -NR2-C (0) - and -R2-C(O each Fat is

‘i ndependently selected fromthe group consisting
C=0 aryl; phenyl fused with heterocycle; and hete ORBP‘LAEEMBNFN&G%EH
menber of said Het may be optionally substituted wjt]|
substi tuents set- ectedﬁam_g_he group consisting o
(R), -.1"dOH R=6eH— - CQZR2, @(30) (
(RL), -N(RI) '0) - R2 C(O) IW -S(O),,- : “ocr3| | ;
(012 (R2) , halo, - R6 and - GIRiMSeach i s i ndependent
sel ected fromthe croup conS| sting of Hand d-C3 alkyl optionally
substituted with R6; each. R3 is independently selected fromthe group
consisting of H Het, Cl-C6 al kyl and C2-C6 al kenyl wherein any nmenber of

said R, except H may be optionally substjtut ed th an €
substituents selected frorhthd %’GBC?}%FL‘?%‘B%* :.oaécﬁp%stla%r Nei - R2,
-S(0).-N(RI') (Kr), Herga)-£ amﬁféhucmmpcma&(mounmm[200cT19% 94
each n is independent| % acq D and D is independently selected
fro-r the croup cS‘?rﬁ°f‘ r&f'r SC5 alkyl, which may be op4_enally
substituted with o_e or nore groups selected iron -CR2, -R, -OR, -SR
and R6; C2-C4 al kenyl, which may be optiogally supstituted with one or
nore groups selected fromthe group c%nsustlng of |- OR2, -R', -0-R6 and
Rs; C,-CB carbocycle, which mﬂy-h’e'lﬁpﬁcﬁn'aqld'y‘mz N—50,~E

{I)

wherein;

each R' is independently selacted from the
gro:p ccnsisting of -C({0)-, -5(0),;~, -C(0)-C(O)-,
-0-C(0)~, ~0-5(0},;, -NR?-5{0),~, -NR?-C(O)~ and -NR*-C{0)~
c(o)-: .

each Ket is independently selected from the
grovp consisting of C;-C; carbocyela; Cg-C;o aryl; phenyl
fused with heterocycle; and heterocycle; wherein any
senmber of said Eat may be optionally substituted with
one or more substituents selected from the group
consisting of oxo, -OR?, -R% -N(R?}(R?), -NHOH, -R?-OH,
-CN, -COR?, -C(O}=N{R?) (R?), -5(0),-N(R?) (R¥), -N(R®}-
C(0)-8?, -C(0)-R:, -5(0),~R!, -OCF;, -5(0),~R%, -N(R!)-
$(0},(R?, halo, -CF;, -NO,, =R® and -O-R%;

each k! is independently selected from the
grougr consisting of H and C,~-C; alkyl optionally
substituted with RS;

each R is indepencently 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
opticnally substituted with one or more substituents
selected from the group ccnsisting of ~-OR?, -C{(Q)-NH-R?,
-S(0).~N(R?) {R*), Het, ~CN, -SR?, -CO,R*, KR®-C(0)-R%;



A

TAY,

stbst+ h—6 4 - 05— Oy A whi-ch—ra
optronally substituted with or fused with R6; each E is independently

selected fromthe grcup consisting of Het; -0-let; Het-Het;——6-R-—NRRR3;
C- 4 al kyl,_whi.ch_may be optionally substituted with one of- : ¥
selected fromthe group consisting of R and Het; and Cz- | kenyl ;| WHTTh
may be optionally substituted with one or nore groups sel e¢t ¢d g oert

group consisting of R4 and het; each R4 is independently selfe¢ted fromthe;
group consisting of -ORZ, C(0)_j-Fr -SA®1=NFL=, halo, -INRZ-TT0O) ﬁ—‘

and -CN;, each RS is independently selected fromthe grcup ¢tonsisting of :i
and C -Cl al kyl optionally e&%ib&ti$ dregrefdhthy i Cratd each R6 i s
i ndependently sel ected fromiden gioup coOnNsidetddi@noly avollectearbacycl e and

heterocycle, wherein said carbacycle or, hetearqg e b tionally
substituted with o;ééa_cf‘?m rcécngsr*éﬁ%%g S& ’r{edt ’OIES far')'cé)ﬁﬁ{’t @é?c‘ﬁ%}p%@nsi.sti ng of
0x0, -ORS, -R3, - NNPRE)aLRE)sutsiliutedRe}th @2¢0)r TR FHRUPSHSelaged- CO2RS,

-C(0)-N(R5) (W, hake. aed:,- CRy,: -§)repnes-an dier &,adgict i anebyagemi sasel ect ed
fromthe grcup of other antiviral agents and, i m ~nunostinmulators; and
REPLACENENT SHEET "B% 5 @R orgddy c5ucktpHuRatlt PBGIY "Bt UM% cars_er,
adj uvanL or vehi cltele2edAiphathaopueircadnsistapostt i-OR?coRdr i sd+Rj: a) a
pharmaceutical |y agggnisaty ec apQilcy@le #iihich may be optionally
substituted with or fused with R%; and Cy~C;
cyclealkenyl, which may ke optionally substituted with
ox fused with R%;
each £ is independently selected from the
Jrcep consisting of Het; ~O-Het; Eet-Het; -0-RY; -NRI¥R%;
C:-C¢ alkyl, which may ke optionally substiruted with
one or more groups selected from the group consisting
of R' and Het; and C,~C¢ alkenyl, which may be optionally
substituted with one or mecre groups selscted from the
group consisting of R!' and Het;
each R!' 13 independently selected from the
grovp consisting of -OR?, ~-C(Q)-NER!, ~S(0),~NHR?, halo,
-NR?-C (0)~R? and -CN;
each R® is independently selected from the
greup consiscing of H and C;~C, alkyl optionally
substituted with aryls and
each R is iadependently selected from the
group consisting of aryl, carbocycla and heterocycle,
wherain sald carbocycle or heterocycle may ba
optionally substituted with one or more groups selected
from the grcup consisting of oxo, -OR%, -RS, =N(R%) (R,
~N(R’)~C(0) -R®, -R3-OH, ~CN, -CO,RS, -C(O)-N(R}) (R%), halo
and -CFy;
L) one or more additional agents sslected from the
greup of other antiviral agents and immunostimulators;
and




s e

Pr+o=9=—((2—sym,—3S) - 2-1: ydroxy-4-phenyl-3- ( (S) -
t et rahydr of uran- 3-yl oxycarboryla. lir_o)-butyl)-N

+i scbutyl -benzenesul fonam de (conpound 168); b) ore or nor o REBUAGEMENTISHEET
agents~sefﬁ%ted—fr0nrthe group of other antiviral agents
I inmunostimul ators; and c) a pharmaceutically acceptabl ejc Tqﬂnpvan
or vehiaje. 3. The pharnmaceutical conposition according 0 c a|n11 or
wherein said pharnaceutical conposition-is erally adm ni gt Fabte= |ne
phar maceuti cal conposition according to clains 1 or 2, wherejn saj t herl
anti-viral agent or ageEnhspArERaCEVBIBEly meseINEaSH I-RRT b '“5. The
pharmaceutical compgsifijeaccording to claim4, wherein said reverse
transcriptaae inhibitor or inhibitors are nucl eoside anal ogs. 6. The

phar maceutical conposition according to claimb5, wherein said n:clecside
anal og or anal ogs are sel egted fpmemid@atgwaiup"@@ﬁétmn rQEBFigfrg: 935U83,

1592789 and 524W01. 7. The har mac i | }CcgEding to claim
4, wherein said reverse )t Iaaﬁg%?m&egg éaﬁ%ﬁhg%gp% E | n ibitors are

non-~ucl eosi de anal’o¢so-RERRASENEBNT- $+HI§T°XYZ4OP"&?Y 1@)’9‘8( Sd6 B. The

phar maceuti cal C0”%%ELﬁMo@GE&E-@—Wo:EY%a‘?b&*y'Ib-w?iroWﬂB'ﬁwm -5ai d
. on-nucl eosi de revers

di U0 9.
The use of a Conpouiﬁ&g‘é'f- #-ggﬁgéxhepsyﬁeﬁmggé dctoopro\_{n% dedyavirdine ( ) -

b} one or wore additional agents selected from the
group of other antiviral agents and immupostimulators;
ard

c) a pharmaceutically acceptable carrier, adjuvant
or vehicle.

3. The pharmaceutical composition according
to claim 1 or 2, wherein said pharmaceutical
ccmposition is orally administrable.

4. The pharmaceutical composition according
to claims ) or 2, wherein said other anti-viral agent
or agents are reverse transcripvtaese inhibitors.

5. The pharmacevtical coxposition according
to claim 4, wherein sald reverse transcrirtase
inhibitor or irhibitors are nucleoside analogs,

6. The pharmaceutical composition 2ccording
to clain 5, wherein said nuclecside analeg or aralogs
are selected from the group coasisting of 3TC, 935U83,
1532389 and S24Wel.

7. The pharwaceutical composition according
To claim 4, wherein said reverse transcriptese
irhibitor or inhibitors are non~nuclecside analogs.



THF-RL R —
sel ected fromthe group consisting of -C (0) -, -S(0)2 1 _C0)_CO0)_I -0-C
(0) -, -0-5(0) 2, -NR2-s (0) 2-, -Nt2-c (0) - and -N . ;
each Het is independentty seltected fromthe group consi SBLPH%\HWEWs@
ca: bocycle; C6-C. d aryl; phegyl fused with heterocyclqg; and het erocyc
wherein any nenber of said t may be optionally substilt yt 0WQG Th1998na or
nore substituents selected fromthe group consisting O [oQ_-0R2, -R' 1 4N
(R2) (R2) , -R2-0H, -CN, -Q02R2, -C (0) -N%R2) (R2) , }S (0) 2- N(R2)
(R2) , -N(R2Z) C(0) -C(0,1 -R2, -90),-R?, -CCF3, "SR5z -
S(0); (R2) , halo, -CF,, N@ meana@%cabﬁmmqlgm ?\@@p'dm@ntly
selected fromthe gooUPGOSI Sﬁdam:pfs Hh e -Shc163s 8K WevepEd Onal |y

substituted with R6;. _egach .R. is ] pendent |y sel ected _fromthe group
consi sting of g, ?et rgi‘?crc':@tﬁfﬁﬁ r]H‘r‘i’d % éﬁ(velﬁg V\Wngrn any menber of

said R, except q, ;may be optio ally substituted vmth one or nore
substituents sel ected fromr;he HOU SJ st f fC(O) NHR, -S
(0),-N (R2) (R2) , Het, -ON, -SRZ, iy ’EF&&’%? £ Igmheacrh nis

i ndependently 1 or 2; Pl ACEMENT SHEET 111 [20 OCT 1998 97 each D and D
is indepardantly selected fro3 the grouyp cemsisting:of R Cl-Cy alkyl,
.which may be optionally sut%‘stltuged wikh ¢re or nmdre groups S((el ect ed

oD

HF—R"'—NH—CH—CH~—CH,——N—50,~E

wherein:

each R' is independently selected from tha
group consisting of -C(0)-, ~5(0),~, -C{0)-C{O}~-,
=0-C{Jd)=, -0-S(0)a, -NR?~S(0),~, -NR?-C(0)~- and -NR?-C (0}~
C(0)-:

each Het is independently selected from tha
grcup consisting of Cy-C; carbocycle; Cy=Cie aryl; phrenyl
fused with heterocycle; and heterocycle; wherein any
merber of said Het may be optionally substituted with
ore or more substituents selected from the group
consisting of oxo, -OR?, -R?, -N{R!){R?), -NHOH, -R?-OH,
-CN, -CO,R?, -C(0)-N{R?) (R?), -§(0),~N(R?) (]?}, -N(R?) -
C(0})-R?, -C(0;-R* -$5(0),~R!, -OCF,, -S{Q),~R%, -N(R2)-
$(0);(R?), halo, -CF,, -NO,, -R¢ and -0Q-R;

each R! {s independently selected fror th-e
group consisting of H and C-Cy alkyl optiorally
sukstituted with RS;

each R’ is irdependently selectzed froa the
greup consisting of H, Het, €,-C; alkyl and Cy;-Cy alkenvl
wharein any member of said R', except H, may be
optionally substituted with ons or more sukbstituents
seiected from the group censisting of -0R?, -C{0)~-NH-R?,
-5{0),~N(R*} (R?}, EKet, -CN, -SR?, -CO,R?, XRI-C (0} -R?;

cach a 1is irdeperdertly 1 or 2;




from-OR2, -R3, -OR --SQ and R; C2-C4 al kenyl, which y_be
optionally substituted with one or nore groups selected f OFRﬁPE.h@EMBNdiLSHEET
consisting of -OR2,-—R3~-0-R6 and R6; Ca-C6 carbocycle, ywh (,'n maey e
optionally substltute with or fused with RI; and CS-C6 ¢yE gﬁléﬁfﬁ%s
whi ch may -be optlonally\ substituted wwth or fused with R6

i ndependent|y ‘sefected fromthe group cogsisting of Het ; -G Het-——Het—Hett
-OR; -NR2R3; dC-Ca al kyl, which may be optionally subst{tuted with one

or nore groups sel ected frgm gtbeagaoyp ,_%ogﬁaédgmagntlcyf sRleated ety and CZ-0Co
al kenyl, which may be optlonaf t|tu e(glb hl %rg o Jroups

sel ected fromt hethgrmﬂpcﬁ‘hfﬁjssttl’-ﬁg \é%fy eacf‘l s 1 ndependently
sel ected fromthe pg{&qmgog@i@jﬁtnge@fwit@?&e o€ e gipupY selgcted 2- NHR2,

halo, -NR2-C (O _-R2 and, , €ac | endept Ly i pct,,eld,ﬁromthe
group consi sting 5F°'H a8’ 'Ci'p‘q Zﬁ E ?‘T c?ﬂgleﬁgy @sgbs?%il aﬁ%ed Wi th h aryl;
and each R6 is |ndepea"ujeptb.tyna;leJyesubslthnﬂch RO 195 BRI FCHRY of aryl

carbocycl e and he I vwher gk HhsCa¥ ¥El e-onk, ha?,er—@egtl e my be
optionally substi %S é)ﬁ%'ﬁ ?ﬁom ? t&(l)ée rsoupigggel eﬁ%}?d romthe group

consi sting of oxoand RS, CyRs °”N°E¥8§e'( nyca rayn\pg -R5, -Rb-OH,
-CN, -CO R}, -C (QhbsNthiBed ¥ or bated wdbh R'CRaid anﬂtsone or nore

e 2o el venu by YR pR P pp PR Ty ApsBt chle GB!I -y ol
treating HV infeeoti nnseldnwathnﬁ& al . REPLACEMENT SHEET

each E is independently selected from the
group consisting of Het; -O-Het; Het-Hel; -0-R*; -NR?R%;
C,~Cs alkyl, which may be optionally substituted with
one or more groups selected from the grocup consisting
of R* and Het; end C,~C; alkenyl, which may ba optionally
substituted with one or more groups selected fron the
group consisting of R* and Het;

each R' is independently selected from the
group consisting of -OR?, -C(O)-NHR?, -S (0) ;~NER?, halo,
~-NR?*-C {0) -R? and -CN;

each R% is independently selected from the
group consisting of H and Cy~C, alkyl coptionalily
substituted with aryl; and

each R® is independently selected froam the
group consisting of aryl, carbocycle and heterocycle,
wherein said carbocycle or heterccycle may be
optionally substituted with one cr rere groups selected
from the group coasisting of oxo, -OR%, -R%, -N(R%} (R%),
-N(R})-C(0)-R®, ~R®~OH, -CN, ~-CO,R*, -C(0)-N(R®) (R%), halo
end -CF;; and
one or more additional agents selected from the group
consisting or other anti-viral egents and
{mmunostimulators for the preparation of a madicanment
for treating HIV infection in a mamwral.



IT—20— . , _l_.l_._n._. -
THF-R~-NH_CH G -~-i2-N-S02-E (I ) wherein: each R2 i s I nd pﬁﬂ-‘b i

selected fromthe gr_ggp__’onm sting of -C (0) --, -S (0) 2%, g @(TQHFET
0. C0) *—=0-S(OIT -NR-S(0) 2°, -NRR-C (0) - and -NR - -- CT(0

each Hat i g i ndependently sel ect ed fromthe grow consi sti hg 020<Beﬁ1993

car bocycl eﬂ C-C aryl; phenyl fused with heterocycle; an et erocycl e;

wherein any nenber of said Het may be optionally substituted wih omnmeor
nore substituents selected fromthe group egonsisting of oxe~—QR2 __-R2,
-N(R2) (RZ), -NHDH, -R2-0H, -C 1, -CQZRZ, --C(0)-N(R2) (R2), -S(0)2-NR2)
(RI), -N(RI) C(0) -R2, --C100) THR2us= S @) canRnd -«GCEGrmu1B(0). -RI" S (0) 2
(R) , halo, -CF3, -NO2, -R6 and -0-R ; each R2 is independently selected
fromthe group consisting of Hand C3-C3 al kyl optionally substituted
with R6; each R3 is independently sel ect edOﬂromth group consisting of H,
Het, C,,-Ca alkyl and C2-C, [EJ<erI ew_ y_DEnbe _Qp_f. sai d_ R3, except
P., may be cpticnally substitut 84 W one™ or-Ror & substttuenty  sel ect ed
fromthe group consisting of -OR2, C(O)-NH-R2, -5 (0 -N(R2) (R , .et,
-CN, -5R2, -CO=R2, wAlR2iG:(0) -R2; each n is indecendently | or 2; each 1)
and D is independently sel off | Sit | ; Od-CS
al kyl, which may be optiona %Fk?%su'bsgg}q?%g%ew sgggéeoer% Eg%c%lrgoups

sel ected from - omroumonsamg of 1(0nd 19 c2- S {ArKdRY T, which

-c-C(0)~, -O- S(0),, -NR?~S{0Q),~, -NR?*-C(0)~ and -NR?*~C(0O)-
c(c)~;

each Fet is independently selected from the
grovp consisting of C,-C, carbocycle; Ci-Cy aryl; phenyl
fused with heterocycle; and heterocycle; wherein any
membar of said Eet may ka cptionally substituted with
one or more substituents selscted from the groun
ccusisting of oxo, -OR? =R}, ~-N(R?)(R?), ~NHOH, -R?-OH,
-CN, ~CO;R?, ~C(0)-N(R?) (R?), ~S(0),-N(R?®) (R'), -N(R!)-
C(0)=]%, ~C(O0)-R% ~5(0),~R? —~OCF;, -=S{0),~R%, -N(R?)-
5{0),({R*), halo, ~CFy, -NO;, -R® and -0O-R%;

each R? is independently selected from the
greup consisting of H and C,-C; alkyl optionally
substituted with R%;

each R is indeperdently selected from the
grocup consisting of H, Het, C,-Cq alkyl and C,-C; alkenyl
wharein any menber of said R}, except H, may bs
cpticnally substituvted with one or more substituents
selected from the group consisting of -OR?, -C(0)-NH-R?,
~5{0),~N(R?) (R?*}, EKet, =-CN, -SSR} <-CO,R?, 'NRLCIO)"RI;

each n is indecerncdently 1 or 2;

each D and D' is independently selected from
the group coasisting of Ry C,~Cg alkyl, which may be
optionally substituted with one or rore groups selected
frem -OR?, -R! =~0-Rf, -S-R® ard X% C,~C, alkeayl, which
may be optiorally substituted with cne or more groups
selected from the group consistirg-of -0R?% =R}, -O-R®




may, be optionally substituted with one or nore groups selected fromthe

group consistirgof -0R?2, --R, -OR-- -- - REPLACEMENT SHEETRERRAOEMINT 15583
i~ 99 anT ro%; C, -c6 carbocycle, which r.ay, be optionally |{sgbsti+tutet—

u
with. or |fused with R6;.utnd C,-C, cyclcal keryl, which may belopt] ?Ib
substituted wwth or fuSed with R6; each E is independentlyi{se¢ g'cqgg f1%/§n!
the group consisting of get; -OHet; HetegHet; -O R ; -NR2R{;

al kyl, which may be optionally substituted with one or noré groups

sel ected from t heagd GEip Czemscsthoryclef vwRichmdsy-de, opbtbr@dl@6 al KenyT, Wi cim
may be optionally_ Rsid ] X t.e gpoglps. sel ected fromthe
PR a1 A8 R sty

group consisting © ‘ndependently selected fromthe
group consi sting ofclc@RgenylG @prish raysbegptt Y §apetitetgdcy it R2 and
-CN, each Rs is ipdepepdentdry g€l ected fromthe group consisting of H and
Cl-C1 al kyl optionally '

substituted with r)él' and each. R6 !t I ndependent | y
selected fromthe group GR% &t Mg mEEPERSAT 18&?%&&8&5% ﬁ%t erocycl e,
wherein sai d carbgeyipl o1 dtangr of it ABHele HeptHetnat®-R’ s uBEéRTuted with
N (o) "R * T TR Prai R o B e bt niREy SRR Re W ) N
, halo and - CF3; comdroreredrauPe SRdGrLed fonabiehisoLe| @Satiten t he group
consisting or othgf Pnifg Yot ardDepics sMeknyll; WHiRAShayHeabpt forfadlyt he
preparation of a nedicanent |
substituted with one or more groups salected from the
group conslsting of R' and Hat:
each R' is independently selected from the
group consisting of -OR?, -C(0)-NHR?, -$(0),-NHR?, halo,
~NR*~C (0) -R?* and -CN;
each R’ is independently selected from the
greup consisting of ¥ and C;-C, alkyl optionally
substituted with aryl; and
each Rf is independently selected from the
group consisting of aryl, carbocycle and heterocycle,
wherein said carbocycle or heterocycle may be
optionally substituted with one or moxe groups selected
from the group consisting of oxo, -ORS, -R%, -N(R%) (R},
-N(R%)-C{0)=R%, ~R*-OH, ~CN, =-CO;R%, ~-C(0)-N(R%) (R%), halo
and -CFy: and '
cne or more additional agents selacted frem the group
consisting or other anti-viral agents and
immurostirulators for the preparation of a2 medicament
for preventing HIV infection in a mammal.

11. The use according to claims 8 and 10
wherein the ccmpound of formula I is 4-Amino-N-{(2
syn, 35) -2-Hydroxy-4~phenyl-3-{(S) ~tetrahydrofuran-3-
ylcxycarbonylamino)-butyl)-N-isobutyl-
benzeresul fonamida (compourd 168).



for_preventing H N infection in geRedmel —ll—the—use-accordi-ng-to-clains—9—
and.-.lo wherein the conpound of fornmula | is 4-Amno-N1 (2

e ——
e et

sy_*., 3s) - 2-uydroxy-4-phenyl - 3- ((S) -tetrahydrofuran-3- j RtPHfEM“w T
yI cxycar bonyl am ro) butyIY ?r*-isobutyl - benteresU foraudde c mpote--l. &
i f~ 4iy i -f" ) Y{l1 11){ 160 12. The use according (:Ia)(rr?m o
and 1-0 wherein said other anti-viral agent or agents are } ¥

evefse-t! 373
rranscriptase inhibitors, 13. The use accgrpgding to clains 1 Mwherein. . sai J
reverse transcriptase i nhibitor or inhibitors are nucleosi g_anal ogs. 14.
The use according to claimig, whergid ac@@p&«@u% eqsiide @analdogoor anatogs--
are selected fromthe group consisting o 35093, 1592U89 and 524WB1
15. The use accor dFRgFeis et A-ESL LAk éﬁlﬁal §§Fﬁt BV EP8R T Pdfscri pt ase

i nhibitor or inhibiiteSeatLandtipbct eanidecanal ogs. 16. The use accordi ng
to claim15, wherein said non-nucl eoside reverse transcriptase inhibitor
is delavirdine (U90).

13. fThe use according to claims 12, Wnerein
said reverse transcriptase innibitor or inhibitors are

nucleosicde analogs.

) 14. The use according to claim 13, wherein
said aucleoside analog or analogs sre selected from the
group consisting of 3TC, 935033, 1592U892 and 524WSl.

15. The use according to claim 12, wherein
said reverse transcriptase inhibitor or irhibitors are

non-riucleoside analogs.

16. The use according ta claim 15, wherein
said non-nucleoside reverse transcriptase inhibiter is
delavirdine (U90).




