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The present invention relates to prodrugs of a class of sulfonamides which are aspartyl protease inhibitors. In one embodiment, this
invention relates to a novel class of prodrugs of HIV aspartyl protease inhibitors characterized by favorable aqueous solubility, high oral
bioavailability and facile in vivo generation of the active ingredient. This invention also relates to pharmaceutical compositions comprising
these prodrugs. The prodrugs and pharmaceutical compositions of this invention are particularly well suited for decreasing the pill burden

and increasing patient compliance. This invention also relates to methods of treating mammals with these prodrugs and pharmaceutical
compositions.




United States Patent 5,585,397 describes a cl ass of sul fonam de
conpounds that are inhibitors of the

2 aspar wa 9988 ease enzyne. These conpounds il | ustrat ecrigesn7424
drawbacks conconitant to pharnmaceutical conpositions conpri sing
hydr ophobi'c aspartyl protese inhibitors. For exanpl e, VX-478

(4-am no-N-((2-syn, 3S)-2-hydroxy-4- 5

phenyl - 2((S) -t et rahydr of uran- 3-yl - oxycar bonyl am no) -

butyl - N-i sobut yl - benzenesul fonanm de) is an aspartyl pr ot ease i nhibitor
disclosed in the '397 patent. In its mesylate salt form VX-478 has a
relatively | ow aqueous solubility. While the oral bioavailability of
this 10 inhibitor in a "solution"” fornmulation is excellent, the dosage
of VX-478 in this formis severely limted by the anount of |iquid
present in the particular |iquid dosage - from e.g., encapsulated into a
soft gelatin capsule. A hi gher aqueous solubility would increase drug
| oad per 15 unit dosage of VX-478, Currentl the nesyl ate
formul ation of Vx- 478 PRODRUGH Q. ASRARRKE PROTRASE,INAERTEARS! \x. 478 |
each capsule. Gven a therapeutic dose of 2400 ng/day of VX- 478,

this fornul%tlon woul d req ESnf t%% ot 8F & %ﬂﬁm&ﬁlﬁﬁ capsul es per day.
Such a high™pill burden mo3té§l—£§§?kegy—resu3§ifﬁ—poor—patient conpl i ance,
t hus produci ng sub-optimal therapeutic benefit of the drug. The high
pill burden is also a dethRérghésdx iiitfeddioAgréhetedmcntprodrugk bbeadrug

adm ni stered p {aq%yo%osglggﬁéﬁggeré%m&ﬁp%rQS %égﬁgﬁgﬁ’n el pill burden

and the concom e treatnent of
chil dren |rﬁ¥RﬁR%§QﬁFth {p\pne embodlmentr t?%?t%ﬁﬁ?ﬂﬁﬁ? rRéadkessbPuti on”
formul ati on®y, a nsuwdhcaasshef mesyd@ios fodnHIHNt aspartayle ioteasat urati on 30

sol ubi 11y of VGiBeolll snareales: dg}ggye%'ave%ﬁmi%uégus solgﬁ\ﬂﬂ!g%t he

drug crystallize qut o u I on un varj ous I ppi ng
condi ti ons. Thl%lghr?qﬁ}rhloﬁﬁﬁ+¥ﬁbl 1y i@qdy fpeddet i %Yq(ﬁﬁ995ﬁ i8Re of the
o[al bi oavacof athd isicrizehinyeedienth, V4 &8invention also relates to

pharmaceutical compositions comprising these prodrugs.

15 The prodrugs and pharmaceutical compositions of this
invention are particularly well suited for decreasing the
pill burden and increasing patient compliance. This

invention also relateg to methods of treating mammals
with these prodrugs and pharmaceutical compositions.
20
BACKGROUND OF THE INVENTION

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



3 One way of overcom ng these problens is to devel op a

standard solid dosage form such as a tablet or a capsule or a
suspensi on f ortunately, such solid dosage for h | ower
or al bioavaiﬁéﬁ%?#?i 5 of the drug. Thus, tﬂg?ﬂe¥§aguﬁeed to -’
| nprove the drug | oad per unit dosage formfor aspartyl protease

I nhi bitors. Such an inproved dosage formwould reduce the pill burden
and i ncrease patient conpliance. It would2also provide 10 for the v
possibility of increasing the anbunts of the drug adm ni stered per day

to a patient. aspartyl protease enzymeSUMIARSe GRoMpRNCORVEATRERrate She

The pr ezent hi nvmwﬂa@ﬁe[) e&hs&ﬁimltop@ﬂdhugiéeuticaqf compbastidis su: f onani de.
conpounds that are i.nhibiiors o) r.ot ea Lk ti r, HV
aspartyl pr‘fﬁm é'sles.m?hég%r%?rbocﬁlu%s?%gfgggé%a?]gocﬁeesﬁ 3@ lgyg/tﬁ?gh C‘E%raaqueous

solubility, ince*asde bV8adal| tbianine-nd (AreypESeddbyirasyabol i zed into
the active isnhigidmi1s-2i(Nsy+¥étrahydrBrairpheseyl-diuaitivdonglakswo pF ovi des

phar et CA! iy YRR A1 GO AR RS P dspap el ocs o
phar maceut i cal REHRFSEt iiBRib1ERY chifsclpsed in the ‘397hpaéeptodrifysitSan be
used al one or imesylateoshlbatoni, WH-176t hes & heslapetely abwpagpdndsactic
e o o oY ) P, bicpd UL BSs of vacelpes
is a princilfal bH}&tost iphe s FaEkanoh TpEmulatinn, sy exa6¢ & br ddtfugs of a
cl ass of sul f ondvsaies ofhvkh478 imrighiasfarhyls pseateaady ilihibed ooy, thend
particularly, Hnoune o25R3Ehyh PAIRRSEn RALDPAASuIHY 3160Y8! asdaifs Of
sul fonam des is_represente y Tormula I: ,
from, e.g., encapsulated into a soft gelatin capsule. A
higher aqueous solubility would increase drug load per
15 unit dosage of VX-478,
Currently, the mesylate formulation of VX-478
produces an upper limjit of 150 mg of VX-478 in each
capsule. Given a therapeutic dose of 2400 mg/day of VX-
478, this formulation would require a patient to consume
20 16 capsules per day. Such a high pill burden would
likely result in poor patient compliance, thus producing
sub-optimal therapeutic benefit of the drug. The high
pill burden is also a deterrent to increasing the amount
of the drug administered per day to a patient. Another
25 drawback of the pill burden and the concomitant patient
compliance problem is in the treatment of children
infected with HIV.
Furthermore, these “solution” formulations,
such as the mesylate fomulation, are at a saturation
30 solubility of VX-478. This creates the real potential of
having the drug crystallize out of solution under various
storage and/or shipping conditions. This, in turn, would
likely result in a loss of some of the oral
bicavailability achieved with VX-478.



35 4 J[err]

(n wherein: 5 each Rerr] is independently sel ected
fromthe groapossares consisting of C(O-, -S(Oferr]-, -C (fdrnubsshédrs , -OC
(9 -, -0 S(OJferr], -NRerr]-S(O [err]-, -Nerr]-C (O and
-NR[err]-C(O-C(O-; each A is independently selected from
t he group consi sting of 5-7 nenbered _nonocyclic heterocycles 10
containing from 1-3 endocyclic heteroatons, which my be optionally
met hyl ated at the point of attachnent, .__optionally benzofused,
optional Iy attached throBgh X% OVLECERHY hes%l"@%%‘?“ﬁké? Ad

optional ly fusetewsilop a StIndenbecddd dosagendeyw isudretaer @cyebbe'cqm ai ni ng
from1-2 endocyacléa%sﬁe Bet 8T QU1 ANE oS! eife sRIANEI G, edudkiF i s

I d; each Ht ndepéndent sel ected
From ey r] - A 958ags Fomma evechurh] LoNeF 1Ty croavRetgPL LTy
Clerr]-derd afyltheodraghs-7 menber ed saturated or unsaturated

heterocycle, containing 2@usOngnd¥e T & hekEr 08! oFrSR! adleedrhifomih
N(R[err]), O S and_ . Sgoélléerr]' vvherelg ai d ar%/l ar S%I.g het er ocycl e
is optionally PST YisedoFgot) TRy iRt ASPAT H; RERRTS O AP T RF St s
optional |y subsiyatutead impravededesaderforsubouiduredece the pill burden
and increase patient gompliance. It would also provide
10 for the possibility of increasing the amounts of the drug

administered per day teo a patient.

SUMMARY OF THE INVENTION

15 The present invention provides novel prodrugs
of a class of sulfonamide compounds that are inhibitors
of aspartyl protease, in particular, HIV aspartyl
protease. These prodrugs are characterized by high
aqueous solubility, increased bicavailability and are

20 readily matabolized into the active inhibitors in vivo.
The present invention also provides pharmaceutical
compositions comprising these prodrugs and methods of
treating HIV infection in mammals using these prodrugs
and the pharmaceutical compositions thereof.

25 These prodrugs can be used alone or in
combination with other therapeutic or prophylactic
agents, such as anti-virals, antibiotics,
immunomodulators or vaccines, for the treatment or
prophylaxis of wviral infection.

30 It is a principal object of this invention to
provide novel prodrugs of a class of sulfonamides which
are aspartyl protease inhibitors, and particularly, HIV
aspartyl protease inhibitors. This novel class of

sulfonamides is represented by formula I:
35



ndependently selected fromoxo, -OR[err], SR err], -Rerr]- 25 N (Rerr])

i nde

(Rlerr]), -Rerr]-0H -CN, -CJerr]Rerr], -C(O -N(Rerr]) [err] -S
Oferr]-N err -N err C (O err err -S

Eog%err}-R[(eghe”H-'ng e]rr] -S(O)Es[rr] ])Q ( )rreREhyI]ene'EﬁT mF‘{L !

-N(Rerr])- S(O)[err](R[err]) hal o, -CF[err], -NJerr], Q -OQ

-OR[err], -SRerr], -Rerr], -N(Rerr]) (Rerr]) or N(R[err]) [err];

5 each Qis independentl|ys selected froma 3-7 menber ed-

saturated, partially saturated or unsaturated carbocyclic ring system

or a 5-7 menbered saturated, partially saturated or unsaturated

heterocyclic ring 5 containing or{ )Qr no het e?'oatom; selected fromQO N, .,
t

S, S (Oferr] or N(Rerr]); whgrein Q'IS optionally substituted with
one or nore groups selected A omgW err], -N(R[err])[err],
-N(R2) C(O) Rlerr], -Rerr]- RITN err err ,SGQ(—(E-N(RZ)Z hal o or

each R2 is indepgndently selected fromthe group

conS|st|ng of Hand Cerr]-Cerr] al kyﬁ optionally substituted with Q
each x is independently 0 or 1, each R3 is independently
selected fromthe group 15 consisting of H Ht, C(err]-Cerr] alkyl and
Cerr]-Cerr] al kenyl wherein any nenber of said R3, except H nay be
optionally substituted with one or(Ifore substituents selected from
the group consisting of -ORerr], -C(O-NHR2, -S(Oferr]- . N(Rerr])
(Rlerr]), H, -CN, -SRerr], qurr]R[err], NR[err]-C(O-Rerr]; 20

each n is indepgndeainy 1 or 2; G when present is

| ected f H, I
f:[ee?f] eC[ er ??n al k)F/{I[ o rG] anc?cgﬁ‘ﬁ rJ]'s Q[n%r Ele%ldentl? Meet@a er errt%er élr rectly

or through a [ EPPFigy T 1oF Crﬂ?er'togfcc‘)rzm —C (0l Gn@’eroc?cf:re Ting™ or 25
when G is not pegepnt -fiR*es (0)when-NR3-C (06 [ &td |-NEE-C (0) -©)Q) -t;hen the

nitrogen to which Gis atéa%%hidchsb}?@éiﬁﬁzdentlydbéf&&é’d tfq,ornhehg[ §t&lp 9r oup

on -CRerr]; 1s7in endently seleCted from
the group consi §PPRYSBIRQOTCPerr PeRPRTSF MANRFHC &ﬁr'&*ﬁ WeRFHE 80 optional Iy
substi t ut edl®i t konhaeimingroirengiodpsndetwritied heterodtoms Cwivich- GpErk¢
cycloal kyl, - ORLEEEInaI R Hdthy1202 at TR $An@ ofl £F¢dcaleany,]
optionally benzofused, optionally attached through a C;-C;
alkyl linker and optionally fused with a 5-7 membered
monocyclic heterocycle containing from 1-2 endocyclic
15 heteroatoms, and wherein unmethylated THF is expressly
excluded;
each Ht is independently selected from C;-C,
cycloalkyl; Cs—-C; cycloalkenyl; Cg—Cio aryl; or a 5-7
membered saturated or unsaturated heterocycle, containing
20 one or more heteroatoms selected from N, N(R?), O, S and
S(0)a; wherein said aryl or said heterocycle is optionally
fused to Q:; and wherein any member of said Ht is
optionally substituted with one or more substituents
independently selected from oxo, —~OR?, SR?, -R? -
25 N(R?) (R?), -R%*-OH, -CN, -CO,R?, -C(0)-N(R?),, —S(O)z-N(Rz)z,
- =N(R?)-C(0)-R?, -C(0)-R? =-5{0),~R%, =OCF;, =S(0),-Q,
methylenedioxy, -N(R?)-S5(0)2(R?), halo, -CF;, -NO;, Q, -0Q,
-OR’, -SR’, -R’, -N(R?*) (R} or -N(R');;



al kenyl, which may be optionally substituted with one or nore groups
sel ected fromthe group consisting of (Jerr]-(err] cycl oal kyl

-ORlerr], R ewopssddQ and Q Cerr]-Cerr] cycloal kyl, whi ch-pgasdiBYnpe

optionally substituted with or fused with Q@ and

6 Clerr]-ferr] cycloalkenyl, which may be optionally substituted
with or fused with Rerr]; each E is independently sel ected
fromthe group consisting of H; -OHt; SHt - Ht ; -OR[err]
-NRerr]Rlerr]; Cferr]- C[err] al kyl, 5 whi ch may. be optlonall

substituted with one or nmofach @ 1@&96?%%@%’&?36‘6 sferltﬂﬁttel‘i‘efﬁﬁa’éui) %o—’nm sting
of. Rlerr] and Ht memberadds&Rufienl kpaykialby céatmyateel opt unsathyated
substi tuted vaatrlaoepel% P .-g;s]% sg!l gesof Jen@(?xfet\eggwy ed,

consi sting of R[er?[‘_lc ?g err errL satura car bocycl e ch 10
i s optional ly suBSErLAtLY SREYF Btyrates heter°§é’Fé6Fe’6l“f‘? om Rlerr]
or H; or ebr] -Chérpihingsonelreat mrreahbbeyohmms selasttiedhfremopt iNna,l y

substituted wi thsqeg, 0r P(Ee) 9r@hPRein l%ebsﬂsﬂaiw@ﬂs%ﬁ;htga W tn

each R4 is i ndependentl sel ect ed f q?} % 8 r COQSI stl ng of, OR[err],
-(O-NHR[err], rﬁrﬁ%‘fﬁ 868 Nng%‘l‘r?x%( Ok’ R &M R and - ON;
each Rerr] is |n'@ﬁd hdei)+R*s et R +ENmM +@&@RGr ot®(0) -N (RRpnsihsflbngrof H
and (ferr]-Cerr]-ca,kyl optlonally substituted with aryl; and 20

each R err] i,g i ndependent ecte from consi ng of
aryl, car boc%@l e and heter 8%%6%2 1§nheparpen entlg’alsﬁgﬁf’{}? dﬁ'&ﬁcgg"’b‘?
het erocycl e may lwensggstondl ¥ H and SubSi ialidyddopi i bnahky crubsdriéugedups

sel ected fromtheaith g;group consisting of oxo, -ORerr], -Rerr],
N(Rerr]) (Rerr]), N(R[err -C(Q rr] O—I - CN,
COerr]Rerr], C(O-NRer ?%’%h (:;%JQE% rlﬂsdep%%ngm (gl[f’f each
Rerr] is i ndependent |y sebech &l fisohndependently selected fwgm]the group

15 consisting of H, Ht, C;-Ce¢ alkyl and C,-C¢ alkenyl wherein
any member of said R®, except H, may be optionally
substituted with one ar more substituents selected from
the group consisting of -OR?, -C(0)-NH-R?, -S(0).~
N(R?) (R*), Ht, -CN, -SR?, ~-CO,R?, NR?-C(0)-R?;

20 each n is independently 1 or 2;

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

25 when G is not present (i.e., when x in (G), is
0), then the nitrogen to which G is attached is bound
directly to the R’ group on —-OR’;

each D and D' is independently selected from
the group consisting of Q; C;~Cs alkyl, which may be

30 optionally substituted with one or more groups selected
from C3-C¢ cycloalkyl, -OR?, -R?®, -0-Q, -S-Q and Q; C,-C,
alkenyl, which may be optionally substituted with one or
more groups selected from the group consisting of C3;~Cs
cycloalkyl, -OR?’, R}, 0-Q and Q; Ci;-Cs cycloalkyl, which

35 may be optionally substituted with or fused with Q; and



wherein each Mis independently sel ected fromH Li, Na, K M, Ca,

Ba, -N(Rerr])[err], (err]-Jerr]-alkyl, Cerr]- C err]-al kenyl,
-Rlerr]; wherein 1 to 4 -CH2 radicals of the alkyl or al kenyl group,
other than tW8%28% that is bound to Z, 35 is optionally rEgVUUeMy a

het er oat om group sel ected

7 fromQO S, S(O, S(derr]) , or N(R err]); and wherein any hydrogen
in said alkyl, alkenyl or R6 is optionallysreplaced with a substituent .
selected fromoxo, -ORlerr], -Rerr], N(Rerr])[err], N(Rerr])[err],

Rlerr] OH, -CN, eGdeerdRi£rkdnyl, CoRich(iderdd btibhally substituted

S(O -N s -C (O - , 5 C(O , =S
9| N el (g (G109 T 5 €00 e
(Rlerr])-S(O[err] (R err]eachhEl &5 independeptlyopelagped from the group M

is H derr]-d eon}isting ofCHerr tofier rB-dtkerptR® - RNGFRY;; C,-C¢ adkelein 1
to 4 -CH2 raglic f al ; Ikﬁﬁy- : | L |1y

repl aced byag hg%lg?lgal%é m%éer gg)éhgfe?{ﬂé%e 1%19&??%?71 %lt%dr%;( §?:§°§% err]), or
N (Rerr]); andIhREPeiFPianfery fremethe groumcersystingiof &' kavyiHlar R6 is
optional |y repl an@dCamiCk hakenyl, shishiharerite spitdonedl §roubsbdduteOR err],

-Rlerr], -N(Regpil)[&6d lor MoReChEIMpS ddrected rbhCERd ThorptN
INCRLer1]) - (0} SomeiRt el B ?@e«{ r ﬁ;R[:‘é%qct’?sﬁ_%g;fgﬁj iﬁ@%@;; lnten
-OCF[err], 1@(Oigeopidjaly] subbkRfwred JwiStOpnpeor |m¢iy gmoups 15 hal o,

-CF[err], or -NGhetkded from R' or Ht; or c&-dSufsaturd¥dd &arbbbgeid, ofr,
when Mis absent :

Ho. . . YlIls Por. S Xis
Oor S; and whith is °Pt1°nahﬁ¥r§‘]‘b?"s“<‘:'(tﬁdef"ﬁﬁ‘ PR¢ 19T MSTE IKCERFerr]) :
and wherei n wheseYe¢se@®(fro®, RY 915 Higt S; and R6 is a 5-6
rrIE{ﬂtJered lsaturfit ed, partie%!tdhyR‘- is i&ﬁgweaaeﬂtw égl%ttt'téaatftesmcaﬁ@%&iﬂ c or
eterocycli rmn . . . SYS or = 2 r r e Har ally
sat ur at ed ofs Ungg?a%?i?]é@bqu%r'l c’%ﬂ@@&%ﬁ\iﬁe‘g’?ﬁnﬁ?go’ glgl%—g:f(bZai d

heterocyclic ri Ry anfst€N8 cont ains one or nore heteroatons sel ected
fromO N, S S(O[err] aadN RFeid lindependeadlly delreRitedamyoff tisi gkaupng

T om o, G er v coafORiR Y x poa'loity A BE Aty IdSRE ARG el ect ed
oCc(O d err]-d eFifhapkyd: a9 It is also an object of this
i nventi on t®»0 each R® is independently selected from the group

consisting of aryl, carbocycle and heterocycle, wherein

said aryl, carbocycle or heterocycle may be optionally

substituted with one or more groups selected from the

group consisting of oxo, -OR?, -R®, N(R®) (R’), N(R®)-C(0)-

25 R°, -R°-OH, -CN, CO,R®, C(O)-N(R’) (R’), halo and CFj;
each R’ is independently selected from
M

(o}
| _ }_JJ_ .
{CHz O}x ﬁ My or __{CHZ © X -(RS)XM ;
X

wherein each M is independently selected
from H, Li, Na, K, Mg, Ca, Ba, -N(R?),, C;-Cio-alkyl, Ci-
Ciz—alkenyl, -R®; wherein 1 to 4 -CH, radicals of the alkyl
or alkenyl group, other than the -CH; that is bound to Z,

30

35 1is optionally replaced by a hetercatom group selected



provi de pharmaceutical conpositions conprising the sul f onam des of

formula | and nethods for the| r use as I nhibitors of HV aspartyl

pr ot ease. D 99/33793 DETAI LED*DESCRI PPtiisssrR744IE

| NVENTI ON In order that the invention herein described

may be nore fully understood, the follow ng detailed 5 description is set
forth. In the description, the foll owing abbreviations are used:

Desi gnati on Reagent or Fragnent Ac aget yl
ll\)/gnzyl P‘%’Qv '8, s, t%ﬁ%hy?ﬂe‘ﬂ%‘ pé *hay! wherein, any Pyarogen

or L- asparaglneln said alkye, alkenyl or B.xﬁ-qpnlggaé@y|n@ph§ped withpge
D- or L-phenyl alsamsrmtuent seleM@dd from oxo, Ibazqr -hzvaumz, N(R*);, Boc

tert-butoxycarbqpyl, = _ ﬁ%gb -—C(O)-N(Rg)zﬂ g{;ih?\f( ariox ¥‘gr YSIQ B30

(car bobenzyl oxy)
DCC S dOH oheiW)O\aBE)ocﬁqu deS (0) n-R®, N(IB &S (0)af ), halo, -
di i sopropyl car bqqa‘al,nbgle-Noz, EDC

1- (3- di net hyl am nopropyl ) 5 fhayhcarpodi i m de
hydr ochl ori de t is H, G- C”la%kg%b y‘oecr’&c?tlr?(lea ol e g HOSu
1- hydr oxysucci nivherein 1 to 4 Tk radicald of t¥he |aldwdaest pLkeRYH group

DI EA CHSSﬁﬁﬁ@ﬂMUQ?hréﬁﬂﬁéﬁa by a hetePBbtom group selected
1, 8-di azabi CP{)Cl szsd 00) lénd§QO7 eQFOz) , or N(R?%); and wherein any hydrogen
in said alkyl, alkenyl or R® is optionally replaced with a
substituent selected from oxo, -OR?, -R?, -N(R%),, N(R?)j,
-R?0H, -CN, -CO,R?, -C(0)-N(R?),, -S(0),-N(R®),, -N(R*)-C(0)-
Ry, ~C(O)R?, -S(0)a~R?, -OCF3;, -S(0),~R?, -N(R®)-S(0):(R?),
15 halo, -CF;, or -NO;;
Z is 0, S, N(R®) ., or, when M is absent, H;
Y is P or 8;
X is O or S; and
R® is C(R®);, O or N(R?®) ; and wherein when Y is
20 S, Z is not S; and
R® is a 5-6 membered saturated, partially
saturated or unsaturated carbocyclic or heterocyclic ring
system, or an 8-10 membered saturated, partially
saturated or unsaturated bicyclic ring system; wherein

25 any of said heterocyclic ring systems contains one or
more heteroatoms selected from O, N, S, S(0). or N(R?);
and wherein any of said ring systems optionally contains
1 to 4 substituents independently selected from OH, C;~C,
alkyl, 0-C;-C4 alkyl or 0OC(0O)C;-C4q alkyl.

30 It is also an object of this invention to
provide pharmaceutical compositions comprising the
sulfonamides of formula I and methods for their use as
inhibitors of HIV aspartyl protease.

35



Et OAc et hyl acetate 30 t - Bu tert-butyl

i Bu i so-butyl DIVF di met hyl f or mam de

THP ahydr opyr an THF te ran 35
TiVsCd woﬁgﬁé‘fgé otri nmet hyl si | ane %%%%%w ’
9 DVSO di met hyl sul f oxi de The foll ow ng
ternms are enpl oyed herein: Unl ess expressly stated to the
contrary, the 5 terns "SOerr]-" and "S(Of[err]-" as used herein refer to -
a sul fone or sulfone derivative (i.e., both appended groups | i nked
to the S), and not a sul f CEARRLER;RRSCRIPTION OF THE TMYENMTAOM "backbone"
refers to the structural representation of a conpound of this

i nvention, as set 10 fort ag%éé}e t%: gueﬁé ﬁe LQE gp&)é ccﬂ{bﬁ n.

For the corrpounds of fornu ereo

stereocheni st ry "6¥ PReMOTR ERkly und3§§§99d4 stftféfﬁodé@WﬁEGa‘ti?w]te@ D on the

adj acent carBon descrapemn Wensdtheofphecui® tife deWhipbien, exteended zi g-zag

15 representatlg%ﬁﬁgwgggX§F$%ggﬁ%ya%g?hggé S ounds of formula X X,

X, Xl 7 and D reside on the same
side of the plan 8288 pReBGéne of the compound, the
stereochenlstry of the - CR[err] beabenglcarbon atomw || be 20 referred to

as "syn", If -OR[err}and D reside gg ngOSIte si des of that plane, the
stereochemstry of t e-OQ[e r] ring carbon atomw !l be referred to
as "anti". 10 As used h@F@Vﬁ the term"al kyl", alone or in

conbi nation with anyBother term r@bﬁzglto a straight- 25 chain or
branch-chai n saturat ed;ali phatic h%Qrﬁﬁé£§Embthyl radi cal containing the

speci fi ed nunber of gar bon at ons, or_where 'ng nunber is specified,
preferably from 1- 10%5Rd more prePErYpPSPEFAFHRE- 5 carbon at ons.
Exanpl es of al kyl Ile D- or L-isoleucine
15 Phe P- or L-phenylalanine
Val P= or L-valine
Boc tert-butoxycarbonyl
Cbz benzyloxycarbonyl (carbcbenzyloxy)
Fmoc 9~fluocrenylmethoxycarbonyl
20 DCC dicyclohexylcarbodiimide
DIC diisopropylcarbodiimide
EDC 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride
HOBt 1-hydroxybenzotriazole
25 HOSu 1-hydroxysuccinimide
TFA trifluorocacetic acid
DIEA diisopropylethylamine
DBRU 1,8-diazabicyclo(5.4.0)undec-7-ene
EtOAc ethyl acetate
30 t~Bu tert-butyl
iBu iso-butyl
DMF dimethylformamide
THP tertrahydropyran
THF tetrahydrofuran

35 TMSC1 chlorotrimethylsilane

I'm



radi cals include, but are not limted to, nethyl, ethyl, 30 n-propyl,

| sopropyl, n-butyl, isobutyl, sec-butyl, tert- butyl, pentyl, isoanyl,
n- hexyl and weoesshsdes. The term "al kenyl ", alremassesr27a2d
combi nati on with any other term refers to a straight-chain or

branched- chai n nono- or poly-unsaturated aliphatic 35 hydrocarbon radical
contai ning the specified nunber of g

10 carbon atons, or where no nunber is specified, preferably from
2-10 carbon atons an re preferab, carbon atons. Exanpl es
of al kenyl radicals ﬁn‘gpude but lal%gﬁ:féglgg%&g)xl %d to, ethenyl, E- and
Z-propenyl, 5 isopropenyl, E- and Z-butenyl, E- and Z- |sobutenyl E-

and Zz- pentenyl , E- and Z- hlee(efmll.ovﬁnE tekmd- are, dmplanyéd herdid: hexadi enyl

and the |ike. y gpnakgé)nwlth
any other term refers to F carbc?@rc |g§arg8?r5?éc ra |cé’jlan%8 %suc

phenyl or naght HaxRsco8Pei hiang ¢ ﬁé specids 8ged hepgdhbere i &8r Bon atom;
preferably fromduléneabbosul fonatduyyvagtitenpt ee pr Grfcﬁﬂﬁlabpehdem grdifpscar bon

Shenyl . napht ny L SHKs ené{*ﬂ*er@‘“ i o 2 SRR ST, T aceny
and the |ike. I@er"rﬂ"“@?éﬁoal’-‘ﬂ??"’s =8 Eﬁ’@ SEEPRERERDI nat i on

with any other tmspneseatatiohoof «ymnpousat ofatetls invéntdoacanboset adi cal

cont ai ni ng the R =Yo M Nyy ~T2] Wl gogh%o 1iyRfienably from 3-7
carbon atons. Exanp esl 28 of cuﬁ% oaﬁra radi cal s&lﬁ%cll udél but are not

limted to, cycl opropﬁ>r D& | R n dsc of| SpERELA 'cf@idohexyl
cycl oheptyl and irierdredddates thereof, theTIs&eteoahémys:ttmldfemyxle" —oa1 one or

in conbi nat i gwh i ik %QBflﬁééefeichIlrUe ft%f er énteh@ %de@m?éarbwf ocar bon
radi cal contai ni g the sgg(gﬁe ed % on atong wth at | east

one endocyclic c&rBY W&réwﬁolﬂu%e?xﬁﬁnq,e% BoA~"488ns i s
specified, a5 recgnmamﬂtla&nyh Kawdq:kca'is prheftedabivy fias domgnumds odr bon

atoms. Exanpl es gfrgiel 3l kenykrf Adi£ad S XxNCkWEe, alditxx11). If both -
OR’ and D reside on the same side of the plane defined by
the extended backbone of the compound, the
stereochemistry of the -OR’ bearing carbon atom will be

20 referred to as "syn", If -OR’ and D reside on opposite
sides of that plane, the stereochemistry of the —OR’
bearing carbon atom will be referred to as "anti".

As used herein, the term "alkyl"”, alone or in
combination with any other term, refers to a straight-

25 chain or branch-chain saturated aliphatic hydrocarbon
radical containing the specified number of carbon atoms,
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,

30 n-propyl, isopropyl, n-butyl, iscbutyl, sec-butyl, tert-
butyl, pentyl, isocamyl, n-hexyl and the like.

The term "alkenyl", alone or in combination
with any other term, refers to a straight-chain or
branched-chain mono- or poly-unsaturated aliphatic

35 Ihydrocarbon radical containing the specified number of



30 are not limted to, cyclopentenyl, cyclohexenyl, cycl opent adi enyl
and the |ike. The term "THF" refers to a tetrahydrofuran ring
attached at aakagéﬂ carbon resulting in a stable stru

11 e

3 to 8-nmenbered carbon ring which nmay be saturated, nono-unsaturated or
pol y-unsat urated. The carbocycl e may be attached at any endocyclic
carbon atom5 which results in a stable strificture. Preferred

car bocycl es have 5-6 carbons. : The term "heterocycl e, unl ess
ot herw se detanken Rfo3isn, orevhese trp pubell &s 3sFecidhinsh egpreferably
nmonocyclic heteregyfl2€0 ida@beh 8tds NBidaird breyetawi 0 £rdat e-ecyclic
ring which is eitheg sat.urate

d d d. .whi.ch
optionally benzo?ﬁgeﬁpi%toms' n%%é%@%??g£§%§%%%%gt5?%gﬁ% %;§§§%§?§f2§%$ one

or nore car bare sl iaid et e opehenyl,ofr- Redeforrananydel ect ed from

tEe group consi sig@gr@feﬁmlt,][ @geBnd Oxyi9eterdld sul faﬂdiz4i:_sob‘h&eh§_&g_ he(rje:cn,

the terns "nitro 1§ (N tLeno " Lu ANy 0% orm
of nitrogen and 853 g[ﬁ%n}%nygﬁdEt hae"b%uétheer%tne?&teid #:gl?rﬁ g‘f’ Zzllriy Zbgsi %ﬁﬁi t rogen.
I n addition, anyZrfmesadiesydnandythe bdts-onal |y substituted with a
substituent R2, as definechikerern feryP0 1efROLAISN Odorimatian! with

het er ocycl e may t Y VNN .he m

Whi oh rasults | nappotR e, rarePRYe S ARABOLGCER Ml U ROBAET o
be attached Afughy2erivayd| PE Raphetyildr cpetainirantithistiecifiedesul ts in
the creation of ausbeblef darbbehuatonds edsyfer@dbldy fheh e§-acy Jagbohncl ude 5-7

member ed ”D“OCYCLE%PS, axll?é&ﬁ:gtcé%?ér?ﬁﬂ B BETReLef O isC

het er ocycl es. eferre rocycl es defined above 1 nc

b
ude, for
exanpl e, benzi ni B%3BP1RS qMidddZoF§Picahs dIARoyPut are ingtyd7BLEaAnye
gui nol yl, isoqui phéyyl, inepdthly), 3dndemelaz dindapyil ndazwl émdl,ylfluorenyl,

perhydropyriggzygntﬁgg¢ékymﬂand thePY{kdy!, pyrrolyl, pyrrolinyl,
pyrrolidinyl, pyrazolyl,

The term "cycloalkyl”, alone or in combination
with any other term, refers to a cyclic saturated
hydrocarbon radical containing the specified number of
carbon atoms, preferably from 3-7 carbon atoms. Examples

20 of cycloalkyl radicals include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and the like.

The term "cycloalkenyl"”, alone or in
combination with any other term, refers to a cyclic

25  Thydrocarbon radical containing the specified number of
" carbon atoms with at least one endocyclic carbon-carbon
bond. Where no number of carbon atoms is specified, a
cycloalkenyl radical preferably has from 5-7 carbon
atoms. Examples of cycloalkenyl radicals include, but
30 are not limited to, cyclopentenyl, cyclohexenyl,
cyclopentadienyl and the like. i

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

term "carbocycle"” refers to a stabIeF&Hﬁgﬁ8ﬁﬁfonatic ;

T



pyrazi nyl, quinoxolyl, piperidinyl, pyranyl, pyrazolinyl, pi perazinyl,
pyrimdinyl, pyridazinyl, norpholinyl, t hi anor phol i nyl, furyl, thienyl,
triazolyl, tiicooogbws, [err]- 35 carbolinyl, tetrazolyl, thipezaispshraal
bénzof ur anoyl , 12

t hi anor phol i nyl sul fone, oxazolyl, benzoxazolyl, oxopi peridi nyl,
oxopyrrol di nyl, oxoazepinyl, azepinyl, ,i soxazolyl, isothiazolyl,
furazanyl, tetrahydropyranyl, t et rahydrof uranyl, thiazolyl,

t hi adi azoyl, dioxolyl, 5 nyl . OX&! t hi al,yl,, .b nzodloxol | i thiolyl,
thlophenyl tetrahydrothlgpﬁe ¥heuﬁfrtﬂqy lé eSS Sytabl%The term

"hal 0" refers tonQnarpdiagilc 8f to 8'@¢Whﬁﬁﬁ¢bca€épér¥h@g Wiigth #a@YoPei odi ne.
The term "l i nkergathefa®ied,t AodosthsigtalediBirt pdQytin oy adaih trwe ot her

i eties are JO'QaefLoagg}e nayPBETRL Eacil e A CLRy" LB ETddn Byl o nker”

refers to a 1- aches“two o es toget her.
The terms " oxygetiat@y Hespditsciel o skakle strugépspocyRFefedifthi ni ng
endocyclic oxyge@afﬁdﬁﬁtlearﬁauaeﬂ—&5cafﬁdﬁschangeably and refer to a

nonocyclic or bicyclic Cyﬁ%f fé%?d? nlngn§e§ egﬁéléwiggunber of

endocyclic oxygen atons era bdxygenat ed rocycl es
contain only end® %3%”%4:hﬁﬁﬁdén ﬁé?%?%a&Qnﬁ;StE?éﬁp ad pegmberedyyygenat ed
het erocycl es, i nebmstegcldut h@tereeycliﬁnﬁxnt to@: 8201 slemxerad bidverdkanyl ,

et ahydr of e AUEABARCLAT 01 1y drGhUERY kg L Ay 0Py anyT,

t et r ahydr opyr anodi ur an ahydrofurofuranyl
and tetrahydropyF%ﬁﬂ)Qﬁ%ﬂﬁH' Ina wnidn may beTWGtﬂéPﬂélyFPQP%RQH%%QS& and
"H V aspartyl 25mopsayciase” &aehubBetlerodyrlchaogsabky afidomefer moaret he

aspartyl prot easg, gRGOARLHRY ah efEHﬂaﬂhéWHPQ%%%fh%kEPﬁXtoms drdigeype 1 or

2. In a preferred enbo I ment o I nvention ese terns r?fer to

the human i it d %cqra\l@yceflﬁaét%%eofl%%m prygeRsnd sptt
The tern1"an15V|Aalu&gﬁnﬁéramn,"ahE|teemsomnrtﬁogen andesulfuefers to a

corrlpognd or drugnubb£ih RARSES$RIudL’ hy oxidiHMUDIELRY o BChi ¥dden AN agents
'netude reverse sulfur, and the quaternized form of any basic nitrogen.

In addition, any ring nitrogen may be optionally
substituted with a substituent R?, as defined herein for

20 compounds of formula T. A heterocycle may be attached at
any endocyclic carbon or hetercatom which results in the
creation of a stable structure. A heterocycle may be
attached at any endocyclic carbon or hetercatom which
results in the creation of a stable structure. Preferred

25 heterocycles include 5-7 membered monocyclic
heterocycles and 8-10 membered bicyclic heterocycles.
Preferred heterocycles defined above include, for
example, benzimidazolyl, imidazolyl, imidazolinoyl,
imidazolidinyl, quinolyl, isoquinolyl, indolyl,

30 indazolyl, indazolinolyl, perhydropyridazyl, pyridazyl,
pyridyl, pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl,
pyrazinyl, quinoxolyl, piperidinyl, pyranyl, pyrazolinyl,
piperazinyl, pyrimidinyl, pyridazinyl, morpholinyl,
thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl, /-

35 carbolinyl, tetrazolyl, thiazolidinyl, benzofuranoyl,



transcriptase inhibitors (including nucleoside and non- nucl eosi de
anal ogs) and protease inhibitors. Preferably 35 the protease inhibitor is

an HV pr ot €356 ;ggl bitor. 827424, 13

. PCT -
Exanpl es of nucﬂ €0Si de anal og reverse transcri ptase i AT or €% nel ude,

but are not limted to, zidovudine (AZT), dideoxycytidine (ddQ),

di danosi ne (ddl), stavudine (d4T), 3TC, 935U83, 1592U89 and 524V¥1.
Exanpl es of non- 5 nucl eosi de anal og revetse transcriptase inhibitors

i nclude, but are not limted to delavirdine (U90) and nevi r api ne.
Exanpl es of H \thjegosabelinnl Huldonelnekadelyl, bepgoxagelwbt |imted to,

?(ﬁ/lqziSBaV:BrNB( Tg oxbplp8ridinyl, o%di@r&&ldlﬁ@ﬂ_ 53&42%&@538) af@ﬁ% XM 412,
PPl SN, tpramrt, cortBubEONnann e i

"phar maceut i cal an a
treating H Vi rﬁeééﬁhaﬁrofurawla padipgpt véi tw@radd@wﬁot ﬁé%%ylar in
combi nat i on 5w tdioxiny0} hexatigisliyil, beazbeisxslylkadirgioaglused herein

refers 15 to thcqu%l 'h%k%‘t [ 9&%&( H;&%ggergghgg%f aq@gtguglfgggngisorder in a

patient or the inprove Laina nent associ at ed
with a particul ar d| sord@?e term ghadpef' Eafeys R thTpgspatioto HV,
effective treatfirnirine, uBloginde yemaands ssdimanpositions of this

i nvention 20 woul d resul &‘hént |.r§}1§&ggnepgféfg q.]rbugl gtgﬁée‘gfﬁ_ ehit

ascert ai nabl e neasurenent. neasurenments 1 n are not

limted tol0 edttHAVGH i"’HWFr’é“Im |¥AET AOPEELPS aTe JOAnEAot hEPT defi ned ti ssue
conpartnment as ereagpleedthyg, term "&;6C; RIKRPCRLdnkdéx'ancdi=tscliai a DNA PCR or

cul turabl e vi ”b%z%%nmﬁﬁ%ﬂr@ﬂ%ﬁ %tt%c%e@‘ E&B% '&1%%1@34%&&%{&:’ number

of CD[err] cells or ratio % g CD(][;e” i ,or functi onal
markers such as i nproventhE T—‘?\rr%ﬁj ygeppt ogyetetya™d 1o carry out
nor nal functlorféhejrenoed:d:moomtannmq ﬁmquslmroes&e@natemaf etreffsest s. The

term 30 prl@phyirﬁcaﬂc@ﬁhl;xasﬁ,e&ﬂa e FRFDYBL rﬁ&‘r{&fy%ltl‘& 3p sn@wﬁlc
effective in preventlng&HIV| ection in ag)(ﬁ%ent herein, the

term "patient" FErEPSYFSSaCRRMHILNT 2 SPREE d‘uémrﬁfnﬁﬁ end5&e Y

oxygen atoms. Preferably, such oxygenated heterocycles
contain only endocyclic oxygen hetercatoms. Examples of
oxygenated heterocycles, include, but are not limited to:

20 dioxanyl, dioxolanyl, tetrahydrofuranyl,
tetrahydrofurodihydrofuranyl, tetrahydropyranyl,
tetrahydropyranodihydrofuranyl, dihydropyranyl,
tetrahydrofurofuranyl and tetrahydropyranofuranyl.

The terms "HIV protease" and "HIV aspartyl

25 protease" are used interchangeably and refer to the
aspartyl protease encoded by the human immunodeficiency
virus type 1 or 2. In a preferred embodiment of this
invention, these terms refer to the human
-immunodeficiency virus type 1 aspartyl protease.

30 The term "antiviral agent™ or "anti-retroviral
agent” refers to a compound or drug which possesses viral
inhibitory activity. Such agents include reverse
transcriptase inhibitors (including nucleoside and non-
nucleoside analogs) and protease inhibitors. Preferably

35 the protease inhibitor is an HIV protease inhibitor.



The term "pharmaceutically acceptable carrier 35 or adjuvant” refers to a
carrier or adjuvant that nay be

14 adm woobmazesd to a patient, together with a conpound#CDUs98/2742¢ hi s

i nvention, and which does not destroy the phar macol ogi cal activity

t hereof and is nontoxic when adm ni stered in doses sufficient to
deliver a therapeutic 5 anount of the antjsretroviral agent.

The term "point of attachment” refers to the atom t hrough which a
noiety is attac I rict f attachnent
may be opti onal ?EQnéPesa osfﬁ‘?ﬂ% 1bggld%ea§£1&l%° éé%%rs\é“@?aﬁ‘s@ﬂﬂﬁas%

att achpent t he carbon
atom 10 throughlaﬁﬁlrl@h dPs Bpt 2Fed b 1&“@-5@%, F?ed“ ovuding:t yre.

The term "subst |(1\.Z|T)ed"d1d,dm¢ylw'tldxpee33d©)r. didanoslined (&) wetavadipeeceded

by the term "Opga@fiﬁ' 'ch OT935U83008 50588 hd &24NS 1" EPERGRIEIY S nene or
nore hydrogep 15 radicals in a given structure with the radical of a

speci fi ed subst PPﬁ%ﬁ?Sl%éPar?ﬁlgerﬁﬂﬁﬁs%ntérﬁjbsﬁrﬁpcyﬁsﬁn1ﬁhlblt‘b‘ﬁ/en structure
may be substitutedlwieh uts st nbtehinited sl estleyifrdonea(@p@cianded group,

Lhe substituent fef¥aPene. Sishidtks! BE ABMHRILdlid ShAlby Abr LWL RSl i on.
ypl cally,

en a structure optiponall ted 0-3
substitutions \zg?’gt ?’é?e‘i“?tedll%ngotf' q‘é’tfbas‘fll")[/u(ﬁo rﬁgggﬂ)‘st preferred.
Most preferred 735, é&bBche&&i?s (ABO58ADs AT 24P e fMand @, pXibt £xe BM$hi bi tory

activity oripntnaeehbulgd @gg ing,lgak ,activity in 25 perm ssive mamal i an
cells or imortalized man I ch,.enhance

deliverability by enhanci EEE termsopllﬁ‘BFW?fﬁquéﬁr% 5&‘{%5 FL¥e (i MHanci ng
phar macoki net i c refersr tphair racomn#fifecpi vé | irestreatogpHL¥din teatheon

unsubsti t ut ed cqapauiadtlé}meélm&t alar ﬁBﬁétl@éira%& Pbsthl EHﬁBiﬁa&fB}{ wiaH hose
used in the conp [ MAC utlcally

%%ngs Seﬁ%@‘ r]l‘he & ?r ? ng'h RS, (%S H P rete
accept abl e sal ts t A& conpo r?&'g‘ o] ?‘?‘l X ? nti°6 ﬁﬁ?ﬂae Tidse
derived frokP topkhenatieviatidry ofcsaprhone ¢hor avitd cupdar odigenderci ds

in a patient or the improvement of an ascertainable

measurement associated with a particular disorder.

Specifically, with respect to HIV, effective treatment

using the compounds and compositions of this invention
20 would result in an improvement in an HIV associated

ascertainable measurement. Such measurements include,
but are not limited to, reduction in viral load in plasma
or ancther defined tissue compartment as measured by,
e.g. RT-PCR or branched-chain DNA PCR or culturable virus

25 measurements, 0-2 microglobulin or p24 levels, number of
CD;' cells or ratio of CD,'/CDg’ cells, or functional
markers such as improvement in quality of life or ability
to carry out normal functions or reduction in
immunosuppression~related effects. The term

30 "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
35 or adjuvant" refers to a carrier or adjuvant that may be



35 and bases. Exanples of suitable acids include
15 hydrochl oric, hydrobromc, sulfuric, nitric, perchloric,

fumaric, mal gigoespipsphoric, glycollic, lactic, salicyk%gﬂﬁéggﬁinic,

p-tol uenesulfonic, tartaric, acetic, citric, methanesu

et hanesul fonic, formc, benzoic, 5 malonic, naphthal ene-2-sulfonic and
benzenesul foni c acids. Preferred acids include hydrochloric, sulfuric,
met hanesul foni ¢ and et hanesul fonic acids. *4 Met hanesul fonic acid is nost
preferred. O her acids, such as oxalic, while not in thenselves

phar naceut i cal | gdninisterest &bl 8, paderic dogebied with ve qomppandt ¢Hn of

salts usef uth £ irﬁie@artﬁf%ﬁ' abRs Mﬁcﬁpt&'e@' ﬁett@@s qgads of the

i nvention and their aDc rma%e tgcg %t (Cf:lepta? N ont additjon salts.

sl te o aag (PEAARYIREE Y LeBl v e P AHRRRER! Ea8 4 ontBiE WhER

sodi um), al kal m@nmthrﬁét ah deses sufflqspeghe*;@mllmr@nrtbﬁramquqerr]
al kyl) [err]s sabhéunt of the antiretifrir@iMagkhtpcarbanmates” refers to

conpounds cont ai ni ng ;4 he tg%lcoéé)lnnqj‘ oqrglégagg,becg@r rI]ef%rs to the

The conpounds of this |nvent|on C ain ymiyet ri ¢ carbon
atoms and t hus st@urthepudhcuhichsa moiefid isaabhpehed xttQJrae§Pe§P~ﬁ§¢‘é

enantioners, di Q’Sfﬁtﬁﬁfﬁirl @hen aNpoiny oF andabthdéwt dua) v& aptecrsneys. Al l

such 10T | ¢ - mer{ IR (hUSELCOTROUIIS Ahen Pl &3] LaRehudega 1 Lhe

pr esent |nvent|on t eréogéni ¢ car
confi guratith. QBqﬂh%§Pthm§H@WhJﬁyéﬂﬁﬁyheﬂsto a spesdfdedferred to be
synto D in thetﬁmémnﬂﬂd zi g- zag conformati on between the nitrogens

shown in conpounds of pnlOfEYlandypstst tgg"” whet KET:834i@NS Of
substituents and vari ables 3 envi Si one fhis invention are only those

that result inpl it ansk WRetbar d?r%ﬁefﬂﬂdebé’oﬁb%u?ﬂ@“ "AREieBRM Y Stebl e,
as used herein, noef ersfdre ¢onphanﬂspyﬂnaMEnmosSesse or mdndohwdtygsmff|C|ent

to allow meyf aea&{@afgﬂqnw@ Byen R % tReEROLEMId gk Lhe compound
for a sufficlient 35, Perlo time to use or t e Qses detail ed
specified substltuent When more than one 031 ion in a

given structure may be substituted with a substituent
selected from a specified group, the substituents may be
either the same or different at every position.

20 Typically, when a structure may be optionally
substituted, 0-3 substitutions are preferred, and 0-1
substitution is most preferred. Most preferred
substituents are those which enhance protease inhibitory
activity or intracellular antiviral activity in

25 permissive mammalian cells or immortalized mammalian cell
lines, or which enhance deliverability by enhancing
solubility characteristics or enhancing pharmacokinetic
or pharmacodynamic profiles as compared to the
unsubstituted compound. Other most preferred

30 substituents include those used in the compounds shown in
Table I.

Pharmaceutically acceptable salts of the
compounds of this invention include those derived from
pharmaceutically acceptable inorganic and organic acids

35 and bases. Examples of suitable acids include

FEE



16 herein (e.g., therapeutic or prophylactic adm nistration to a

mammal or for use in affinity chromatography applications). Typically,
such conmpoundwoessns abl e at a tenperature of “40[err] C Qg 8327454n t he
absence of noisture or 5 other chemcally reactive conditions, for at
| east a week. The conpounds of the present invention may
be used in the formof salts derived frominorganic or organi c
aci-ds. I ncl uded am)ng such acid salts, for 0 exanple, are the follow ng:
acetate, adipate i nate, spartate, benzoate, benzenesul fonate,
bi sul f at e, hﬁ?g Rlordiq, ei‘tyélrogﬁﬁ’ﬁhﬁf A FUrdenhdi 61 ol %ehloric,

cycl opent anepr opfumat &c, diglaiconghesphordicy|fidoatiac, laceidanesul fonate,

fumarate, gl ucoh l;xcepo , S h ate,
hexanoat e, 9 iiiwﬁf‘i@ shioc 193 6 Egﬁ%grfglf\gg‘ Egjrgéflc, et

Iorl‘rg1 eéX.erb om de
hydr oxyet hanesul F5hat® apesulfgpage eethan Sﬁ’étfl‘?&ﬁésuf‘f’%‘%'e benzoic,
2- napht hal eneSul hahares, mamtihedeae-2~-subfaliat endparnateespefdnitat e,

persul fate, 3- ZQCJ.@E'enYﬂ’ﬁéﬁl'I@aara@ldQ' fﬁ@ilﬁie @ifﬂ%‘o@k@or@éo%m:@’c,
succi nat e, tartratg %t hi Of an.ate | ate f n ecanoate

Thi's invention af'So &nvTstoly < i/ d & aﬁﬁ?‘é %nz’ft |a<§|’r dst any basic
ni t r ogen- cont ai nMaghgresptiaiiBcidhés coopownstadired.. osedther edaids,The

basic nitrogen c@ldch asbexaiad eME'll%dn&tfhaE}Yen%q%§ HQMaé%éﬂQﬁq_yOf
r

or di nar gki Ll h art i ncl ud|
hal i desy suc‘}l1 as arcrgFﬂi bfe WY bﬁr Egg t%ﬁen%repé‘ﬁ%?"?ﬂe%f 5 des

and i odi des; di aPRgfEu 9 altfé'sﬁmdllaﬁssuun nep th imsinigy (thed cembybndslidiuttyple and

di anyl sul fates; invent ooig éﬁ&ﬂﬂhd$%|pﬁﬁﬁméé@ﬂkf%%lﬂ%cﬁbcebEHBYé’aéﬂﬂw st_ and
stearyl chlori de%ﬁd?ﬁ%@ﬁd&s tand i odi des; and aral kyl hal i des i ncl udi ng
y

benzyl and phenet rom Wat er or oil-soluble or dispersible
products may be obt ai ned b§ﬂ]3¥§ deydNeduiren riprtdpgiate bases include

15 alkali metal (e.g., sodium), alkaline earth metal {e.qg.,
magnesium), ammonium and N-(C;-4 alkyl),*® salts.
The term "thiocarbamates" refers to compounds
containing the functional group N-S0,-0.
The compounds of this invention contain one or
20 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 stereogenic carbon may be of the
25 R or S configuration. The explicitly shown hydroxyl is
also preferred to be syn to D, in the extended zig-zag
conformation between the nitrogens shown in compounds of
formula I.
Combinations of substituents and variables
30 envisioned by this invention are only those that result
in the formation of stable compounds. The term "stable",
as used herein, refers to compounds which possess
stability sufficient to allow manufacture and which
maintains the integrity of the compound for a sufficient
35 period of time to be useful for the purposes detailed



17 The novel sul fonam des of this invention are t hose of

fognuladl: I [err] 5 wher ei n: each Rerr] is

i ndependent sel ected fromthe group consi sting of Q-. -S(Oferr]-,
L5(0-G0-YoBPH - o 10 s(Olerr], -NR[err]-s(@C{’g%fp?ﬁf,znﬁm[e”]-c
(O - and -NRerr]-C(O -CO - each A is independently

sel ected fromthe group consi sting of 5-7 nenbered nonocyclic

het er ocycl es containing from 1-3 endaeyclic heteroatons, which may be

optionally nmethylated at the point of attachment, 15 optionally

begzof used, I f)mém'ai | (¢ .3t { achethpdutauglrapehphyladiier mdministtr&§don i nker
and optionally AL 5¢ WEIDS &G fins gmgﬁyaﬂgi t,erocycl e

cont ai ni ng fro%é%fgﬂgﬁqocogl?% ] hetergé?éﬁs, and $ﬁ%fgﬁ ?u nmet hyl at ed
THF i s express?Bplicatdpps)gedTyRirally, such C%ERRPWQSiﬁfeiﬁggB fidtnid v
sel ected from €mpedatirer of 40°C eyclleabkyin tHecrablseGfer o] myidaiekeonyl ;
qerr]-derd] gtydr Hendcally readBRERAIRILAS! 6Oz tUNRAEYT At ed

het er ocycl e, contal ni ng one or nore heteroatons selected fromN,
N(Rferr]), O weekd S(OJ[err]; wherein said aryl or said heterocycle is
optionally 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

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

15 glycerophosphate, hemisulfate, heptancate, hexanoate,
hydrochloride, hydrobromide, hydroiodide, 2-
hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate, 3-

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

This invention also envisions the
quaternization of any basic nitrogen-containing groups of

25 the compounds disclosed herein. The basic nitrogen can
be quaternized with any agents known to those of ordinary
skill in the art including, for example, lower alkyl
halides, such as methyl, ethyl, propyl and butyl
chlorides, bromides and iodides; dialkyl sulfates

30 including dimethyl, diethyl, dibutyl and diamyl sulfates;
long chain halides such as decyl, lauryl, myrist__ and
stearyl chlorides, bromides and iodides; and aralkyl
halides including benzyl and phenethyl bromides. Water
or oil-soluble or dispersible products may be obtained by

35 such quaternization.



25 fused to Q and wherein any nenber of said H is optionally

substituted with one or nore substituents i ndependently sel ected from
oxo, -OR[errwodsksmsr], Rlerr], - PCT/US98/27424

18 N(Rlerr]) (Rerr]), R[err] OH, -CN, -CJerr]Rerr],
-C(O-NRerr])[err], -S(Oferr]-N(Rerr])[err], -N(R[err]) -C

(O-Rerr], -C(O -Rerr]/ -S (O [err]Rgrr], -OCF[err], -S (OfJerr]-Q
rrethylenedioxy, -N(Rerr]) -S(O)[err](R[err]) hal o, -CF[err], -NJerr], Q

( R[ er r])[er rO]Q[ o r5] "SR thé nove&angBm edseb’k) é%ﬁ?l %/I]I%ee ci eél Froma 3-7

menber ed sat ur atbdsepaf tfeimulasdtur at ed or unsaturated car bocyclic
ring system or a 5-7 nenbered saturated, partially saturated or
unsat urated heterocyclic ring cont ai ni ng one or nore heteroatons
selected fromO N, S, 10 S (O [err] or N(Rlerr]); wherein Qis
optionally substituted with one or nore groups selected from oxo,

-OR[err], -Rerr], -N(R r])[egﬁ?h |D- -N(R2) - C(O) Rlerr], -Rerr]-0H,
, ha

-CN, -Cerr]Rerr], -COQENR2 3; each
roup 15 con5| sting of H and
iL% with Q
O2—E each Rerr] is

R2 is independently sel ected frcsmthe
Clerr]-Cerr] al kyP~oRt+ I
each x is independentfy 0 or:1;

i ndependently sel ected from&Ehe group consisting of H Ht,
Clerr]-Cferr] alkyl and CerP]-Jerr] al kenyI wherein 20 any nenber of
said Rlerr], except H may be optionallyI} substituted with one or nore
substituents selected from t he group consisting of -OR[err],
-C(O-NHRebr], -S(Oferr]- N(Rlerr]) (Rerr]), H, -CN, -SRerr],
-CJerr|Rerr], NR[err] C(O-Rerr]; each n is

i ndependent |y 1‘,@{ 25 Ci Wnen present is selected fromH,
Rlerr] or (Jerr]- rr]' al ky % Cerr] alkyl, G
and R7are bound to one  €achri Hér 1E¢?P@Fd§i1trlé(ctsle}eGFe h?’b‘iibﬁ:% group

Cerr]-Cerr] |iaueesistdngooC(0)~,a —sgoes-ocyc (0¢ ~Ci(0y:, 0f0-C(0) -, -0-
when G is ngf prseﬁgnt _(NRzeS(Oy\man R D (&})_[ ehldl -Nﬁz-etf)ﬁO)Q)C(Ot) ben 't he

nitrogen to which ttac edls,oun I rect ytothe R7 group on
-OR[err]; each £ nl 9 iGgrerdeRt iy fglardE | §°§‘e|tlé\%t%’g°“fpr om
: consisting of 5-7 membered monocyclic heterocycles
containing from 1-3 endocyclic heterocatoms, which may be
optionally methylated at the point of attachment,

15 optionally benzofused, optionally attached through a C,-C:
alkyl linker and optionally fused with a 5-7 membered
monocyclic heterocycle containing from 1-2 endocyclic
hetercatoms, and wherein unmethylated THF is expressly
excluded;

20 each Ht is independently selected from Ci~C,
cycloalkyl; Cs—C-; cycloalkenyl; Cg—Cio aryl; or a 5-7
membered saturated or unsaturated heterocycle, containing
one or more heteroatoms selected from N, N(R?), O, S and
S(0)n; wherein said aryl or said heterocycle is optionally

25 fused to Q; and wherein any member of said Ht is
optionally substituted with one or more substituents
independently selected from oxo, -OR?, SR?, -R?, -



the group consisting of Q (err]-Cerr] alkyl, which may be
optionally substituted with one or nore groups selected 35 from

g[g”} g[g:\}rogy/gvﬁal kyl, -ORlerr], -Rerr], -0Q ‘S‘Qa%r%ss’s/zm«t

al kenyl, which may be optionally substituted with one or nore groups
sel ect ed fromthe group consisting of Cerr]-Cferr] cycl oal kyl
-OR[err], Rerr], OQand Q (err]- C[err]‘acycloal kyI vvhich may be
optlonally substltuted vvlth or fused with Q C[ (] Clerr,)
cycl oal kenyl , R{R*h (Rbly D& oPii orfd/| yCoObat rF&’Pé‘d‘] (R )Zw'tsh Be~¥{RBee with

Rlerr]; -N (R?) =C (Opa¢?) Ecueum’depemdemlzy set®|Gt ed (6. £10,t he group

consi sting of Héﬂﬁg%’e’dlgﬁ(ybnaw )th% é (tRz Nggﬂg]a[&rr]md;[,ebr] =ggerrl

al kyl , w t'h oné&” or nore 10 groups
sel ect ed from tHRR'gr o6B’ comei stV Ry ) dR )RQrahWH)z' and Clerr]-Cerr]
al kenyl, whixzh nay be optienadl ys siffdpendieadly seladtidd dmemoa Bote groups

sel ected fromt h&nk?éxoeléo satHragg&lSlggfﬁ%ﬁ% %@ﬁé%%@&‘%%ns%@fﬂeﬂ err]

saturat ed carbo¢ }/ stituted WI% one or nore
groups 15 sel e@@’é@%f%cRFéflﬁ] Slfﬁtﬂ' oFr acPer reRHed SGTLLREEM ed
car bocycl e, pavhi£ily Satpkeoedl dy Wwidathirbttédhetdrtroaynd ior rimge groups

sel ected from I 8a¢hs R diSed &(}%ﬁeade@t 'y,
sel ected from t%g“;mqngmone %nlg?g? |hneterfoa 3

err
S(Oferr]- I\QHR[eﬂ?)n Q&I H(RZNIR[ YhEFEER P - 192(93’-@'0&%&3’01"\}%39““% with each
Rlerr] is indepeneest Impreelgeotpd $elenttde fgomupxo, -OR?onsR%t i-NgRd¥2,H and
Gerrl-Clerr] aljfyhe\apibongl| Lxsubs! ilak,edcor?, W) A ,ANbLo or
ently

each Rerr] is |n epen sel ect'ed fromthe group 25 consisting of
aryl, carbocycl &CBxid heterocycle wherein said aryl, carbocycle or
heterocycl e may be optioramidhyR? is isulepentently viglecded Srompkke FXOWPs

lected f is Li
R CHINE (1 1 i s C A

CJerr]Rerr], R[err]) (Rlerr]), halo and CF[err]; 30
each R7 is mdependentlyeaeiheeit éd independently 0 or 1;

each R® is independently selected from the group
consisting of H, Ht, Ci1-Ce alkyl and C,-C¢ alkenyl wherein

20 any member of said R®, except H, may be optionally
substituted with one or more substituents selected from
the group consisting of -OR?, -C(O)-NH-R?, -S(O).-

N (R?) (R?), Ht, -CN, -SR?, -CO,R?, NR?*-C(0)-R%;
each n is independently 1 or 2;

25 G, when present, is selected from H, R’ or C;-C4
alkyl, or, when G is C;-C,; alkyl, G and R’ are bound to one
another either directly or through a C;-Cs; linker to form
a heterocyclic ring; or

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

30 0}, then the nitrogen to which G is attached is bound

directly to the R’ group on -OR’;

each D and D' is independently selected from
the group consisting of Q; C;-Cs alkyl, which may be
optionally substituted with one or more groups selected

35 from C3;-C¢ cycloalkyl, -OR?, -R), -0-0Q, -S-Q and Q; C,-C,



35 wherein each Mis independently sel ected

20 fromH Li, Na, K, Mj, Ca, Ba, -N(Rerr])[err],
Cerr]-Cerponlkps, Clerr]- Cl2- al kenyl, -R6; wher eiR€CTASPER27424- CH2
radi cal s of the al kyl or al kenyl group, other than the -CH err] that
is bound to Z, is optionally replaced by a heteroatom group sel ected
5 fromO, S S(O, S(derr]), or N(R errys); and wherein any hydrogen

in said al kyl, al kenyl or R6 is optionally replaced with a substi t uent

sel ected from gy a§[ p A b8t ut Mo REAO L% -
L e e e o
(Oferr]- R[ err kycDek]leyx,] ,~0RS, (1@,[ e~0] an& er rc}3, Ci <§3Rﬁlerarl]k)yl-,8w(10):{1err]
LT oo 18 ol Spnb s i o e ity B

-CH err] raal cRPCeofYERBaY H% %ﬁ'?i/’ Flod a1]1ys SBBFFEJ'F\%W?/ repl aced
by a het er oat omighoup Sui%@i:tved:h R®; fromO S S(O, S(derr]) , or
N(R[err]); and wherein any.ydrQog déﬁen&éhéﬂ} cé,ef’l' ‘gﬁkd abkghe Yrdperr] is

opiionelly [ RSt AT S we, B TU, S Leren e A
- C(O - N(R[ err | phérh] pay () qrericpalil R Subﬁ{mtfe]d WlN@RbﬂerW B -

_R[NeErR][ er;]C)l S jofbe] selstfd&d dz%r]tnB[ efs p cm:ﬂsﬁ:rlh]g’ o'fSR(Qr{oﬁ'i-Irt%, R[err]
Zis 0.8 N & PRXSBYL) gy sasertionally sthsththEell 20, |
Por S with one or moie g@capsSseidnadted from the group Rlerr] is
CRerr])lerr] coRs@st Rg[@f rd’) angnfc Whey-el ns g téd %arbocy§le Z Wsidiot S
and 25 saturated, partially

saturated or uﬁssatoﬁitéi’%?jlis%r%%tﬁn?ng wﬁg}tle‘?rbecfcrl mOTE ﬁéoups system or
an 8-10 nedPer etlestedatran Rapti HEfyor Cs-Csatngatnedted gashecyeked

bi cyclic ring mtcwrhsv\bst%ﬁhny sudBY ieht el wh et O ¥ Chibgel RgusY St ens
cont ai ns one orse?lo&t\r;ﬁ ?]é?et rg&tﬁ selected fromO, N, S, S(Oferr] or
e n

NRerr]); aid ring systens optionally contains
1 to 4 substituents indepesdieht Ly seﬁem@leﬁtﬂdmsgaecqeérf;om[férer Jgroup

consisting of OR?, -C(0)-NHR?, S(0),-NHR?, halo, NR?*-C(0)-
20 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 independently selected from the group
25 consisting of aryl, carbocycle and heterocycle, wherein
said aryl, carbocycle or heterocycle may be optionally
substituted with one or more groups selected from the
group consisting of oxo, -OR®, -R®, N(R®) (R®), N(R%)-C(O)-
R®, -R°~OH, -CN, CO,R°, C(0)-N(R®) (R®), halo and CF,;

30 each R’ is independently selected from
L ool |
L . CH—0 (R M
oK, o-};—lYl ZMy  or 2 X x
! .

35 wherein each M is independently selected



alkyl, Oderr]-Cerr] alkyl or OC(O Cerr]-Cerr] alkyl.
21

Preferred conpounds of formula | have the fol |l ow ng

definitions or nore of the bel ow specified s j ;
?vgh? @)’% gﬁe?%%?g’g@}‘zct ed

each R err] (O-; 5 each A is indepen

fromthe group consi sting of 5-6 nmenbered nonocyclic heterocycles
containing from 1-2 endocyclic oxygen atons, which may be optionally
nmet hyl ated at the point of attachnent, 2ptional ly attached through a

Clerr]-(err] alkyl linker and 10 optionally fused with a 5-6 nenbered
monocycl i c He&1o8Y ey bl e Bdntri MohgCrr oRe1--N &dloc ot Fe-dkrbn &rons,
and nore preferahlyalikdnyd,seRectdreianit be Qr-om radicOnsSicst ithg 8ikyl

di oxanyl (preferably, - di oxa , dj.oxoalany i 0 | get byl ,
3-nethyl THF, 15 t%tkféxgd?g#‘%?’o%rﬁaeﬁ It,ha?etk?é;hy%ohﬁ?g |%3J(§’r%gl¥iu?§n€%/,
t et r ahydr opyr andfSuCRy}Pnat by r%@ﬁé‘@ﬁy%&nédbﬁ%‘tﬁﬁﬂ%ﬁ%% selgghethyl
(ii gygyopyralr])ﬁl afbrt @, r ahysiopyrane) , DN (R?) ; puckfvereateliyy, aAyi Bydrogen
, 3-di oxanyl att; a s i Q. pé . ;
0 Redarh1 DE, Pl 8% &1 45 gprionsiyy SAAbd pith o

Cerr]-Cerr] al whi ¢ 'd![f?
nore H, nore pr%%é’rt&EPﬁnE) f'%yﬁt@r"r [From oxo o5-QRky TR ¥ (BA) aredY (Be) 37

optional | y substi*0H} e€lCNy t4CRRE -C (0) gNOB 25 e$ ettt (RT)am B{RTIHC-(O) eRg,] aryl
and Cferr]-(errdfyel oad ln"Rerv%FBi v A erPr @f (Reabd @q)D(j,\a) Selhegted from
hyl | hexy

rzrethyl and nost 25

benzyl, isohutyl cycl opentyl me and ‘cyclo
preferably, 1B i sCFBen?’fll' 27j sobut yl ; each D is selected
fromthe group consistingM is Rf GFerrplkyer rd.-alkulkepyl ond®ly

i har ot ar! el 18504 ik, raqieach 53 Shel al iyl WeRENdaRn yragp o0t o
50 Thet o oevabe i optipBalLy cferladel By KohSrerpain, rofpcpS1edls

ith one

or nmore groups siaacOedStrdf®thes Grbuper N(R’tonzidtwheredin exy, hv¥eger

-Rlerr], N(RBerrin satbeanky1, NMAtaiyl] brCROrRoptibnal R eFddraced wibhl a- CN,

v
e eenioen | sl Bk Al ek i 208, ERE hR8E SRBR oL 15

al kyl ), and nor eRPBf er@ y-a9:R} /s ~§dPcNER ey ond (Rle-N(R*) 2, -N(R®)-C(0)-
Rz, -C(O)R*, -S(0),-R?, ~OCFi, -S(0),-R%, -N(R?)-S(0):(R*),
halo, -CF3;, or -NO;;
20 Z is O, S, N(R?®,, or, when M is absent, H;
Y is P or S;
X is O or 8; and
R? is C(R?),, O or N(R?*; and wherein when Y is
S, Z is not S; and
25 R® is a 5-6 membered saturated, partially
saturated or unsaturated carbocyclic or heterocyclic ring
system, or an 8-10 membered saturated, partially
saturated or unsaturated bicyclic ring system; wherein
any of said heterocyclic ring systems contains one or
30 more heteroatoms selected from O, N, S, S(O). or N(R?);
and wherein any of said ring systems optionally contains
1l to 4 substituents independently selected from OH, C;-C
alkyl, 0O-C,-C4 alkyl or OC(0)C;-Cs alkyl.

EIT



22 group consisting of C1C4 al kyl optionally substituted with one

3-6 nenbered carbocycle or one 5-6 nenbered het erocycl e, and nost
preferably, vopmsszsl ected fromthe group consi sti ng of PCHULERIAR4

cycl opentyl nethyl and 5 cycl ohexyl net hyl ; each Eis H and
nore preferably, E is phenyl substituted with 0-2 substituents chosen
fromthe group consisting of OH ORerg] OCHerr], NHerr],

NHCOCH[ err], SCH err], and CH3; or phenyl fused with 5-6 nenbered

heterocycle, and even 10 p{g;feer&rdefc%gghxds%fsfm%@g Jopashithed w Lh one

substituent selected from rou nsistin L OCH err],
NH err], NHCOCHF@##PWSQ:HE%WP Jé?ﬁ'é &ng; ope %é‘fﬂﬁe Pfs&henPehow: 6

nmenber ed het er ospekefiaddsumstitresftenabl y, E i s phenyl substituted with
NH err], NHR[err] or N(R[ééé}l)ﬂ‘eﬁé] épé_e{@r_a.bly in the 15 neta- or

par a- p05|t|on) Preferab é errJ t l

[err] each A is independen elected from the group

consisting of 5-6 membered monocyclic heterocycles
containing from 1-2 endocyclic oxygen atoms, which may be
optionally methylated at the point of attachment,
optionally attached through a C;-C; alkyl linker and

10 optionally fused with a 5-6 membered monocyclic
heterocycle containing from 1-2 endocyclic oxygen atoms,
and more preferably, A is selected from the group
consisting of dioxanyl (preferably, 1,3- dioxanvyl),
dioxolanyl, dioxolanylmethyl, 3-methyl THF,

15 tetrahydrofurofuranyl, tetrahydrofurodihydrofuranyl,
tetrahydropyranofuranyl, tetrahydropyranodihydrofuranyl,
pyranyl, dihydropyranyl and tetrahydropyranyl. Most
preferably, A is 1,3-dioxanyl attached at the 5-position.

each D is C;-Cs alkyl, which may be optionally

20 substituted with one or more Ht, more preferably D is C;-
Cs alkyl, which may be optionally substituted with one
group selected from Cs~Cyo aryl and C;—-Cs cycloalkyl, even
more preferably D is selected from benzyl, isobutyl,

. cyclopentylmethyl, and cyclohexylmethyl and most

25 preferably, D is benzyl or isobutyl;

each D' is selected from the group consisting
of C;-C¢ alkyl optionally substituted with Rsn(wherein
each R® is independently selected from the group
consisting of carbocycle and heterocycle, wherein said

30 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 consisting of H and

35 C;-C; alkyl), and more preferably D' is selected from the



23 [err]
PJerr]Klerr], PJerr]Ca, PJerr]-spermne, P03- (spermdine)[err] or

PJerr]- (ne%g%_plgg [err]. 15 It will be unde]ﬁlfnzsgg@té)t¥4 t hose

of skill in art that conponent Mor M in the for forth
herein will have either a covalent, a coval ent/ zwitterionic, or an

I oni c association with either Z or R err] dependi ng upon the act ual
choice for Mor M. Wien Mor 20 M is M&drogen, al kyl, alkenyl, or

Rlerr], Mor M is covalently bound.to RO or Z If Mis a nobno- or

bi val ent MStreupo £ons het inth &g SeCs pdsydsoptianal YyHsubsFjtutemd ths an
;gni c interact id\%]é Bebvashbdd N Gafbabgcl 8€oF asiid t5-BOmembeg&drpound is a salt. .

fren tnat coculERERREGinE ol SRCBER G IF g REER e
group consisting of isobutyl, cyclopentylmethyl and
5 cyclohexylmethyl;
each E is Ht and more preferably, E is phenyl
substituted with 0-2 substituents chosen from the group
consisting of OH, OR’ OCHs, NH;, NHCOCHs, SCHi, and CHs;
or phenyl fused with 5-6 memberéd heterocycle, and even
10 more preferably, E is phenyl substituted with one
substituent selected from the group consisting of OH, OR’
OCH3, NH,, NHCOCH;, SCH;, and CHs; or phenyl fused with 5-6
membered heterocycle, and most preferably, E is phenyl
substituted with NH,, NHR’ or N(R’), (preferably in the
15 meta- or para-position).

Preferably R” is @ (N7, )c’)\/o\/\ 2
: AN 0
o o]
)\/\O/ ’ (l)-Lysine ’ P03 ", )\o/\/NMez r
O

(o}
0 .
Il /J\ /\/NH2 .
()-Tyrosine )LNJH: ﬂ , ()-Serine, SO;Na,,

0
0 H ),\N
)\/o\/\N’\NMez, \(N\/\/NHZ , Q ,

Me 0 NH>
25

o
/’\/O\/\o/\,OMe ’ 0

i



24 to produce a 0 net charge on the nol ecul e. Al ternatively, the

counter ion may | ocated el sewhere in t he nol ecul e. Except
where expressWP9BY9d ded to the 5 contrary, as used herei Npetii§9sn7424
definitions of variables A Rlerr]-Rerr], Rerr]-Rerr], H, B, X, n,
DD D, M Q X Y, Zand E are to be taken as they are defined above for
t he conpounds of fornmula I. 10 Table | illustrates preferred
conpounds of this i nventi on: 23 TABLE 1 [err]
o
H P

/"\,O\/\o/\,OMe ’ \(1)/ NH; ’ -l//NH 4
2

AN N A, A, A~e, ()Val, OGu.  O-Asps

o o |
5 ()y-t-bu-Asp, /"\OL), ()-(1)-3-Pyridyl-alanine ,  (1)-Histidine ,

-CHO,
o IO
o)
()-Valine and “‘cF,, A Y ;
0
N o J
0/\/\/0 H
0 OA¢ I
H )0A AR\ NHst
OACH 0. ,
10
0 Q 0
B NMe, + B !
7 go/\/ 3 /\Oa \\O_ /\OJR
0.
r

- ’ - ’

PO3K;, POsCa, POi;-spermine, PO;-(spermidine), or
POs;— (meglamine),.

15 It will be understood by those of skill in the
art that component M or M’ in the formulae set forth
herein will have either a covalent, a covalent/
zwitterionic, or an ionic association with either Z or R®
depending upon the actual choice for M or M’. When M or

20 M’ is hydrogen, alkyl, alkenyl, or R®>, M or M’ is
covalently bound to R’ or Z. If M is a mono- or bivalent
metal or other charged species (i.e., NH,*), there is an
ionic interaction between M and Z and the resulting
compound is a salt.

25 When X is 0 in (M),, Z may be a charged species.
When that occurs, the other M may be oppositely charged



[err]
27

WO 99/33793

10

15

25 J[err] 26 [err]

PCT/US98/27424

24

to produce a 0 net charge on the molecule.
Alternatively, the counter ion may located elsewhere in
the molecule.

Except where expressly provided to the
contrary, as used herein, the definitions of wvariables A,
R'-R*, R®°-R%®, Ht, B, %, n, D, D', M, Q, X, ¥, Z and E are

" to be taken as they are defined above for the compounds

of formula I.

Table I illustrates preferred compounds of this
invention:

TABLE 1
Ty
Q N A N.
a” \W/ \(/\\/ SOx-E
O D
COMPOUND A D D’ E
1
SgRte RS Rese
0
2
| O] o O

"Coj/ -—cH2—© —CHz—G ——@-NH:

LT



The prodrugs of the present invention may be synt hesi zed usi ng
conventional synthetic techniques. WO 5 96/ 33187 di scl oses the synthesis of
conpounds of fYPHH¥PHI [err] wherein A Rerr], D, Dpcpgshshrase as
defined above. 10 Prodrugs of formula (I) of the present invention can be
readily synthesized fromthe '187 conpounds using conventi onal

techni ques, One of skill in the art would be well aware of conventi onal
synthetic reagents to convert the -C}igr%up of the '187 conpounds to a
desired 15 - OR[ eqr] fynctipmarity of Jthe presemnt nvelrﬂ o, wherer mRer T

s as defined above. The relativeg ease w whlch
thi's i nvention can be synthe%L regr an ens__ Hs C
the |l arge scal e production|o t hgse conp S

N
exanpl e, VX-478, |a conmpoung d|§EIosed in Uni t pd~8Hat es pat|ent
5,585,397, can be _readily tonverted to the colrespondi ng hi s- phosphat ¢
ester derivative, as s shown below/| [err]

Al ternatively, ifl the nonoph gst er J\ VX-476njs degired, t
the synthetic schene can bg 30 rdadil|y—a@idpt$ y | begi &g, W th the
4-ni trophenyl derivatiye -478, as shuwl bel ay 4

J =0 =

14

2

(@)
é\z
)

5
HH _'CHZ _CH2 NH2
(Isomer g
a) L
(+) or '
(=)
8
(Isomer | [ ]y —-CHz‘@ -—CHz“G NH:
B) H Y
o—¢
{ + ) or
( -
9
)3 4 CH3 NH
{Isomer s H "'CHz‘Q )—C " 2
A) H ;
0._-" —CHa

~ +
o
H




[err]

t et rahydr of uran
excl uded fromthe preaent

5

Al t hough unnet hyl at ed
such as VX 478, are expressly

enbodi nents of formula I,
i nventi on,

one of

readily be Y¥BP¥3{H prepare the corresponding

bi s- phosphate esters of the present

condi ti ons.

techni ques (a
of the presen
t he di scl
Phar maceut i ca
I nventi on may
t he di sod
prepared as s

skill in th

e art wo

rmnophoé’ﬁﬁﬁ{s%s’ﬂ#d

I nvention using simlar

reacti

uld

on

Furt her exanpl es of specific conpounds which 10
may be converted to the prodrugs of this2fnvention by

simlar
nd the syntheses of those Fnternedi-ates-tp—t-he—cerpeynds
I neenti gn) arejdi sclosed i WO 94/05639| and ' 397 pdtent,
DS rcMare QL&#E i or at &lsby 15 Be, -
| y acceptjald. e Kayt s |of e donpoyhd€Haf ent
be PéadinH Rre€pared using krjowcHechni qu pxanpl e,
um salt dof th@&mono{phosphate eqter shown ab 20 he
nown below ( + ) or
( =)
11
__CHT_<(:j> —CH; —a<::>—nmm
12
CHg NH,
cHy | — e
...CH2
13
O] O <O
14
— CH3 2
—CH,
15 NH
__CHz_@ -—-CHz—‘O Sz
16
PO P | L
—CH, Chs
Sp AR




[err] 29 The conpounds of

this invention may be nodified by appendi ng appropriate functionalities
t o enhance 5waedsdstosve bi ol ogi cal properties. Such nodifi cATAI$98/27424

krnown in the art and include those which increase bi ol ogi cal
penetration into a given biological system (e.g., blood, lynphatic
system central nervous systen), I ncregge oral availability, increase
solubility to allow 10 adm nistration by injection, alter mnetabolism and
alter rate of excretion. Wt hout being bound by theory,
we believe that two di fferent nmechanisns are involved in converting the

prodrugs of this invention into the active drug, 15 depending upon the
structure of the prodrug. Thghprédrsis of thechaesemt iinsmEntdont heyepeynatic

?grﬁrequage onJgrﬁﬂ&kQFgnggﬂn fcéﬂV%ﬂ%ﬂ@ﬂETQs H@Eé@%b'HHE%ngHﬁeiCtlwgavage
of a functio all%{yafq%thglﬁF 8?%@ ? n%gF%aﬁc%Et?ﬁpgﬂHﬁdFe EL%B :

The chemi cal or enzymatic transfornatlon can i nvolve to transfer of a
functional group (i.e., R7) from roatgmwithin the nolecule to
anot her het eroat om Thi s transfer d nnnstrated in the chem cal
reactions 25 shown bel ow —’R’NH"“ H'— H"CHz‘N-'Soz'E

wherein A, R}, D, D' and E are as defined above.

10 Prodrugs of formula (I) of the present invention can be
readily synthesized from the ‘187 compounds using
conventional techniques, One of skill in the art would
be well aware of conventional synthetic reagents to
convert the -OH group of the ‘187 compounds to a desired

15 -~OR’ functionality of the present invention, wherein R’ is
as defined above. The relative ease with which the
conmpounds of this invention can be synthesized represents
an enormous advantage in the large scale production of
these compounds.

20 For example, VX-478, a compound disclosed in
United States patent 5,585,397, can be readily converted
to the corresponding bis-phosphate ester derivative, as
shown below:

25 i J:? %0 DCC, HPO, (_Z R ﬁ,o

pyridine, 80°C, 3h o_p.o 5_ NHPO,H,

Alternatlvely, if the monophosphate ester of
VX-478 is desired, then the synthetic scheme can be
30 readily adapted by beginning with the 4-nitrophenyl
derivative of VX-478, as shown below:



30 [err] and The cl eavage nechanismis
denonstrated by the reacti on bel ow where a phosphate ester-containing
prodrug 10 _j verted into the active formof the dru £iral of .
t he phospha‘fvé%/%’g%p. [err] 15 These protease i%,tﬁﬁbti]%ors and their
utility as inhibitors of aspartyl proteases are described in WO

96/ 33187, the di scl osure of which is incorporated herein by reference.
The prodrugs of the present invention ar & characterized by unexpectedly’
hi gh aqueous solubility.: 20 This solubility facilitates adm nistration of

hi gher doses of the prug, resulting in a greaterﬁg | oad
o)

o o pce, Hpo, ] 9
LZOJLN N‘g, — NN
5_ NO. pyriding, 60°C, 3h 0=P<° 5_ NO,
’ H “on

hexamethyldisilazane

(6] 0
—— (_Z ﬁ \é40 _.I-I_"”_P_dl.s
bis(trimethylperoxide O N N’ O EtOAc, 35 psi
120°C, 2h o==p; 5_ NO,

HO \OH
10
OEN N'SO
o=p;0 5_ NH,

Although unmethylated tetrahydrofuran

embodiments of formula I, such as VX 478, are expressly

5 excluded from the present invention, one of skill in the
art would readily be able to prepare the corresponding
monophosphate and bis-phosphate esters of the present
invention using similar reaction conditions.

Further examples of specific compounds which

10 may be converted to the prodrugs of this invention by
similar techniques (and the syntheses of those
intermediates to the compounds of the present invention)
are disclosed in WO 94/05639 and ‘397 patent, the
disclosures of which are herein incorporated by

15 reference.

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

20 Dbe prepared as shown below:



per unit dosage. The prodrugs of the present invention are al so
characterized by facile hydrolytic cleavage to

31 rel ewp®@9sives acti ve aspartyl protease inhibitor in ycywsesr7424The
hi gh agqueous solubility and the facile in vivo metabolismresult in a
greater bioavailability of the drug. As a result, the pill burden on a
patient is 5 significantly reduced, 29 The prodrugs of this
i nventi on may be enpl oyed in a conventional nmanner for the treatnment of
Vi ruses, such as H'V gud HTLV, which depend on aspart r ot eases
for obligatory evaemts in yr life cycle. Such nethgds 10 reatrrent
their dosage Ieve@z d requ\ Aj@ments1 uR€aq. NaH I g of
ordinary skill in tm@& "0 e oy matﬁd . For
exanpl e, a prodrug O=/qu nﬂ)mumcﬂézwonbl nqgjz)ﬂa h(?“

3 virgl | y-

pharmaceutical ly HaCcept abl e adj uv Yapgé‘%ﬁﬁ‘ﬁﬁ?ig':ré
15 infected patient in a pharnmaceuti %?'}y/opg

anount effective to | essen the severi

and in an
vi ral |nfect|on.

Alternatively, the prodrugs of this inventi on may be used in vaccines
and met hods for protecting,g0 £ I DSt e et hga gygy an
ext ended period of ti 21131% Mdﬂ%% tade Eﬁ E { in such *

vacci nes either %Y(ﬁ@%‘tdlf‘@géPﬂ’é? Waie %‘W&FlEBﬁbbﬁh%% "tﬂ enhancg; g
i nvention in %A neelsrticendisiegical tprdderties.cosuemtmadiofiaattiionsatren of

prot ease inhi bi tﬁ’i&uﬂ rlnzih\éaﬁgt ”§§d ﬁﬁlzﬁ?&a%ﬂbge fnPERUHG Lfsel Ni S

i nvention may be comhi ned arnmaceuti cal l ccept bI e adj uvant s
conventional |y APPRESFS np\?QEEFWé’s o P &R i HF%’F%r%ﬂO ‘?‘Flca systeh
prophyl acti cal | y(efd ecthilvedanbympiatic prsttest, rceadtvalusdivous sysE&eman

extended period ijfRe 202180 Elbé(llmfpiﬁﬁ mé§e39esy&iﬁbltﬂecw%elama@t ease

i nhibitors of_ thi lnv ntiqQn c i Stere ent s treating
or preventing H &PPOﬁyI ﬁn%le‘?‘?h’rﬁpal a2k ChEEals) AR ﬁﬁ &Fugs of
this invention rragrtebeof excyefinhstered to a healthy or HI V-i nf ected patient
ei t her Without being bound by theory, we believe that

two different mechanisms are involved in converting the
prodrugs of this invention into the active drug,

15 depending upon the structure of the prodrug. The first
mechanism involves the enzymatic or chemical
transformation of the prodrug species into the active
form. The second mechanism involves the enzymatic or
chemical cleavage of a functionality on the prodrug to

20 produce the active compound.

The chemical or enzymatic transformation can
involve to transfer of a functional group (i.e., R’) from
one hetercatom within the molecule to another heteroatom.
This transfer is demonstrated in the chemical reactions

25 shown below:



35 as a single agent or in conmbination with other anti-viral

32 agents which interfere with the replication cycle of H V. By
adm ni stering the conpounds of this invention with ot her anti-viral
agents which target different events in the viral life cycle, the

t her apeut i c W¥P88¥3 of these 5 conpounds is potentiated. POT/US®BSEraamce, the
co- adm ni stered anti-viral agent can be one which targets early
events in the life cycle of the virus, such as cell entry, reverse
transcription and viral DNA integration 30 into cellular DNA. Anti-HV
agents targeting such early 10 life cycle events include, didanosine
(ddl), alcitabine ddC)| d4T, zidovudine (AZT), polysul at ed

pol ysacchari des, sA%* | u CIM) gani cl ovir, didepxy i di ne,

trisodiuniphosphgnqur
interferon and tri -

3 n5hphne W.riln, pacy V|r al pha
L N\eyate? AddLLLQDa no -n
i nhi bitors of reve S C nscri ptase, such as TIBO Vi apine nay be

used to potentiate the ect of the conmpounds of this i nvention,

may viral uncoating inhibitors, inhibitors of trans-activating proteins
such as tat or rev, or 20 inhibitors of the viral integrase.

Conbi nati on t heaagi es according to this i nvention exert a synergistic
effect in inhibiting HYV replication because each conponent agent of

t he conbi nati;on aeys on,a different site of HV replication. 25 The
use of such conbiagk (£Q advant ageousl y reduces thﬁ)dpsage of a

gi ven conventional anti rov e

desired ther apeu'fAi Y

re Lral agent whi ch wo %e 1 quired for a
Nyar gt | 7t ect @ @. At
agent is adnmi ni st ekech ds0a—tonot herapy. Th cadrbi RapkGh® nay 30

52

reduce or elimnate the e effects of conventional gle
anti-retrovi?al agent the&fapies while not interfering th the
anti-retroviral activity of those agents. These conbi nati ons reduce

potential of resi stance to single agent therapies, while m nimzing
The cleavage mechanism is demonstrated by the
reaction below where a phosphate ester-containing prodrug
10 1is converted into the active form of the drug by removal
of the phosphate group.

O
Lo O
’/S\\ NH ——— 'r »
O o : g.j/ \g/ 0" o

0.0

oy

o

15 These protease inhibitors and their utility as inhibitors
of aspartyl proteases are described in WO 96/33187, the
disclosure of which is incorporated herein by reference.

The prodrugs of the present invention are
characterized by unexpectedly high agueous solubility.

20 This solubility facilitates administration of higher
doses of the prodrug, resulting in a greater drug load
per unit dosage. The prodrugs of the present invention
are also characterized by facile hydrolytic cleavage to

TIf



35 any associated toxicity. These conbinations may al so

33 I ncrease the efficacy of the conventional agent w thout
increasing t Mo®m3m8i ated toxicity. In particular, we hevtpusdssasy er ed
that these prodrugs act synergistically in preventing the replication
of HV in human T cells. 5 Preferred conbination therapies include the
adm nistration of a prodrug of this invention with AZT, ddl, ddcC or
daT. Al ternatively, the prodf”Ugs of this invention may

al so be co-adn ni stered with other H V protease 10.inhihitors such as Ro
31- 8959 (Roche) Felepss 5ba Ffkiys)aspart VPEo%e BeR%%)- RNk SR A- 80, 987
(Abbott) to incriasdigh agheows fmﬂtuhoﬂuttyeaapytm faaipgley liaxvd vagai nst

vari ous Vi I e tibdRba PESHEODE! S reqttegrbt&%mlm@cb@swe

We prefer adm nistering the prodru 1 |nvent|o .as SII’I | e agents
or Pn conbi nat i "\ﬁthgs 2 Fetiov gé'fe .Péég Eﬁrg?%n%rbra}ﬁ L&n, nﬁFgltorg

such as der isignifésaotl pZfieducedit her HI 'V aspartyl protease

i nhi bitors. W believe th%et @om@éjrgpltgggaghggngioﬂ r}@ay be CRBROY ggls of
this invention Wlth retrovira everse gtﬂrt nscrl itors or HV

aspartyl proteasd 2 C°PHﬁPB}?B? §uB§?§’f‘ff"?rH"I gﬁ'éfb‘?gfl c
ef f ect, t hersish pseWdht ang, H'ETui\b:stvmuqhaldleyenédW| Fgpawylc pxpkeasey

el i minating vi [ 3o AGGhYbEY ehéhtd slzascm%amée cyc BYNPisd®h ndBhods
The prodr ug of t stered in_conbination

T o i &F o atinegt, OInSEY Gty dever s2 0 et Sl <RIy P2 °
anti body, |L-2, Sele@l‘ﬁOCSE? theséai ohi erdigekapsiiilh, inntlke fartoframpha,

di et hyl di t hi OcarMﬁI&lé kh@@ho&@%z@&'ﬁecflﬁﬁfq‘ﬁres natéfeéml@ &ngrbﬁP@

anti biotics (eg ent am thlorate revent or ¢
"t ect o and d ba0e® WRvEelTon pay ¥ Gottosh b Ech) € elutioet %wi\ﬁbé and
ARC. accqmeaipheh@dpuuanngéorbfamr@stﬁaém@no\'cp at evirallygni ni stered

in conbinat i@ thefapieRb paftliBnet Der 3 qgeMintaced ibAEYy NBYcdit AW Ribshered
sequentially or 58 QH{Qﬁpth%uhg effective to lessen the severity of the
viral infection.
Alternatively, the prodrugs of this invention
may be used in vaccines and methods for protecting
20 individuals against wviral infection over an extended
period of time. The prodrugs may be employed in such
vaccines either alone or together with other compounds of
this invention in a manner consistent with the
conventional utilization of protease inhibitors in
25 vaccines. For example, a prodrug of this invention may
be combined with pharmaceutically acceptable adjuvants
conventionally employed in vaccines and administered in
prophylactically effective amounts to protect individuals
over an extended period time against HIV infection. As
30 such, the novel protease inhibitors of this invention can
be administered as agents for treating or preventing HIV
infection in a mammal.
The prodrugs of this invention may be
administered to a healthy or HIV-infected patient either
35 as a single agent or in combination with other anti-viral



34 the patient. Alternatively, pharmaceutical or prophyl actic
conpositions according to this invention nmay be conprised of a

conbi nati on drug of this i nvention and anot herpd ic or
prophylacticﬂgggﬁﬁgp 5 Al t hough this invention ?ocusggﬁ%% t he
use of t he prodrugs disclosed herein for preventing and treating

H V infection, the conpounds of this invention can al so be used as
inhibitory agents for other viruses which 32 depend on sinilar aspartyl
proteases for obligatory 10 events in their life cycle. These viruses

i ncl ude, as BNt nghdcheinne bRy Retdy $bgseeptitatd@nyveder ofi Klises,
such as sim an iByuabdefistieeify vhe Usdtpouddls aFetiDd inventiiBht @gdtho, HTLV-|

and HTLV._I . In qggéot%e 1—%§alt?ﬂ&%@ %i (t).gr Qfs%ﬂfye% OPV@WsaJh 0 be

used to inhibit I _aspar pr ot eases, ticu
human aspar t {re prigisdaddde Fvietewithe F@ﬁ?ﬁpéﬁﬁl%. gf of t ﬁ?%teases
that process Endesmishirispriecposenstiated. For instakigr raregbi-cal

composi tions of A IaMEN Bhes—vs FOMILRE 28X BL Jde SamOuadg.0f the

present invention armaceut i c acce salts reof, with
any pharnaceﬁ%¥¥¥HQKFQ§écéBt5%$e;%ﬁﬂrqy e gfj tRantits v eNchl s cell
PharnaceutlcalIyeﬁmxgxnnﬂﬁezseatraﬁsczlpﬂMvaanusvsmmn DNA \leltiegl-esidmat nmay

be used in the p{?@{ RElIGd! e, ATy AG8nel Ldchdikenbbaned ey ude.

but are not 25 um num_ st ear at e,

|on exchangers,,
lecithin, seflimp Eﬁeﬁ¥ﬁ¥e SHERtSst ?Eﬁ&é% GANGP RGN (FAT), algifapine
subst ances such a@d(phosﬂl‘l‘at esdogmqmmem@t)r,bpolysulﬁa;naﬁ pot assi um sor bat e,

partial gl yce“dﬁomé(éd!ﬂ%srlgtas sTéafdyriad &sgf :ﬁélwlx acids, water,
salts or 30 elegirol te such g t am SOdIH hydr ogen
phosphat e, pot as *?ﬁﬁ%%ﬁ¥ JgéReph Ei#héi¥m‘§ i §&1°%Tnc salts,
col | oi dal sili capivmigpmesiniaviring iatydlcatie, pbbywlxgﬁequmnuladdnExl-

cel I ul ose- bagsd meno@f@at@lceﬁddpei&%m eRBnIhYEPeos RRAIIWRiBItors of
carboxynethylcellulose acrgLates \axes,

versd ran criptase, as' TIBO or nevirapine, may be
used to potentiate the effect of the compounds of this
invention, as may viral uncoating inhibitors, inhibitors
of trans-activating proteins such as tat or rev, or
20 inhibitors of the wviral integrase.

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

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

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

35 any associated toxicity. These combinations may also

-



35 pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, pol yet hyl ene

gl ycol and wool fat. The .pharmaceuti cal conpositions of this
i nventi on mayWe¥/EW ni stered orally, parenterally, by 5 irfclesssem2spray,
topically, rectally, nasally, buccally, vagi nally or via an inplanted
reservoir. W prefer oral adm ni stration or adm nistration by

I njection. The phar maceutical conpositigns of this invention may
contain any conventional non-toxic pharmaceutically-acceptable 10

car i er's, adi uvanis. g eDlgl efes o HP ECEHLPRLEALE Alo A5 agontUBethiict ei 1

i ncl udes subcut aneous., racu raveno tramusc
intra-articul ar, iRCrepsipgsyRVARROCatedasrEiably- | ity ROFadsplar, we

i ntral esi onal haafed digtbaeraditlat skl aRodfugnfdtd @ynre@qhetm:esly 15
The phar maceut | Cal %%%ﬁh&hg”&é@/eﬁ%a‘h%ﬁeof HI\P Oirrl“h%fma% %tﬁ

i nj ectabl e prepar ron bl'e aqueous or
ol eagi nous sudperRisfierred C%P‘sn%tlﬂﬁbrﬁﬁe&ﬁpﬁﬁ§ b’écjf‘éﬁﬁnﬂhét ed according to

t echni ques krunmmrsttrhelantoﬂsa nrcitiugablfethi s parwEng oar wieht ABD, 20
agents (such as, for mgkegqfWeen 80) and suspendi ng agents. The
sterile |njectable preparatlon may, al so be a sterile_injectable

sol ution or suspension in ALEBRRRERYRIY. thﬁaPéﬁ?E?%ﬁl%Fa%ﬁéépﬂ&ﬂ?@taPPuent
or solvent, for emayqﬂhso be cesadniuistidrenl with, Stlveit & ipadoteAsang t he

acceptabl e 230 Vellihita1d saph Vel i 11AladERY (RECROP! WSRBRID 4MRAREER) )

wat er, Ringer's solut]on and S0t oni ¢ S0 |un1cﬁﬁor| sal uti on.
addi tion, steril &Mf33ddDyPentMerchand A-80y PB?}aFW%terI We&n&?ése
sol vent or suspenchegeifeditumt Eberapy dhiprophiypeses agpirdtarnvdrfioxed oi |l may

be enpl oyed 30 'G‘Hé&d'nﬂﬂ:a%)égt B8t h EmBDA0-6 O tﬂ'eSJ'HE‘@rd;@?s% spFe%tﬂa)é aci ds,
such as oleic acid and its %I écerlde ﬂd-' erivatives are uséf ul

preparation of injectabl es¥abT&Fgr injstering, EReREQATUSS 9F- §g&§ptable
oils, such aslbliveventicr as sipabd¢oagents cespeccahnbinatidrheiith

pol yoxyethyl ated et MSF¥ANSevéb8 et Piks SAlPHESRNEnRI b SUSAENThRARS sRRY al so
- derivatives of AZT, or other HIV aspartyl protease
inhibitors. We believe that the co-administration of the
compounds of this invention with retroviral reverse
20 transcriptase inhibitors or HIV aspartyl protease
inhibitors may exert a substantial synergistic effect,
thereby preventing, substantially reducing, or completely
eliminating viral infectivity and its associated
symptoms.
25 The prodrugs of this invention can also be
administered in combination with immunomodulators (e.g.,
bropirimine, anti-human alpha interferon antibody, IL-2,
GM-CSF, methionine enkephalin, interferon alpha,
diethyldithiocarbamate, tumor necrosis factor, naltrexone
30 and rEPQO); and antibiotics (e.g., pentamidine
isethiorate) to prevent or combat infection and disease
associated with HIV infections, such as AIDS and ARC.
When the prodrugs of this invention are
administered in combination therapies with other agents,
35 they may be administered sequentially or concurrently to



36 contain a |ong-chain al cohol diluent or dispersant such as Ph.

Helv or a simlar al cohol. - The pharnmaceutical conpositions of
this I NVQUeSdoashosay be orally admi nistered in any orall ¥ ,ﬁ RBIEP! abl e
dosage formincluding, but not limted to, capsul es, ta%Te%s, and
aqueous suspensions and sol utions. In the case of tablets for oral use,
carriers which are commonl y used include | actose and corn starch.
Lubricating agents, such as magnesi um stear*ate, are also 10 typically
added. For oral admnistration in a capsule form wuseful diluents

i ncl ude | actose the matirhicor Alterngtively, Whenmageebicalkspensi ons are

adni ni gt er ed i p@é@m/atcﬂihffc%gbbgﬁth&gé eﬁtdwulixg E@@{@Qﬁﬁﬂe&"&ig}‘mh§yf y-

i ng and suspendi a S, esir certai sweet e .and/ or
flavoring and/ orggo %mrelf nlgseéiggrﬁ:tg ﬁ%’)g/bjb%atlon g_dgd?m‘\ﬁeug J: chls The

phar maceuti cal cénpertidmrandopnphher thexapamiconr npyor YR did cagdehtstered

in the Ipr m o SUDDOSiAlgjhioﬁ§hf Bhi§ eDivaintadn mbaﬁsféh ig.thEhese 86
conpositl ons can e | G ung_ o 1S LNV n
RS PLORRLEY LR ER S GTIAN BrRlehliy pmg | DUERLAS

with a suitable non-i ' ! 1d dat Toom
tenmperature but HiYuirfestiome thetapmpoundsegfeithi ar tnvent idvecahoprésyi |l |

el It ijn tgg rgctum t19ed asI rigih@®3 ot Pea éritl s/ CorOBRRBE NV BrusysC Whiieher i al s

i ncl ude, ut o) A0t SN

pol yet hyl ene qg;l yg%%& <.§n éﬂ?l%g.Egpﬁ‘%%ﬁg%&g%%hg%%??gt I on g%fr{%trﬁ’e

phar maceut i ch¥ ~ everbspbyithedss léfet AYSle nvdbessnvisusapddicdiidg - udsf ul when
t he desired treawwaehtas rorereRIdcedskoOrdivagaes caaded YoBetaedzasbse by

t opi cal applicati ; i ' —_— ' 0 i t he
phgr rraceuﬂ)cal cg?e%s?%:%lr?a% 1@%%?%%?#%&%%2%%6%\5 t%‘ng assfjt%i Ekgllgl e

oi ntment cont ai ntagited te BV deaRdnpbiEntls sdBpafdktiRts dit€solved in a
carrier. Carriersohpoutdpiclthddninveht xin otayokhisbeb8uoatpmudahibitt hi s

invention ingsudgenBit, P L-MAL phbPLhESs, and in particular, other human
aspartyl proteases, including renin and aspartyl
proteases that process endothelin precursors.
Pharmaceutical compositions of this invention
comprise any of the compounds of the present invention,
20 and pharmaceutically acceptable salts thereof, with any
pharmaceutically acceptable carrier, adjuvant or vehicle.
Pharmaceutically acceptable carriers, adjuvants and
vehicles that may be used in the pharmaceutical
compositions of this invention include, but are not
25 limited to, ion exchangers, alumina, aluminum stearate,
lecithin, serum proteins, such as human serum albumin,
buffer substances such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
30 electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium
35 carboxymethylcellulose, polyacrylates, waxes,

BT



37 to, mneral oil, liquid petroleum white petrol eum propyl ene

gl ycol, pol yoxyet hyl ene pol yoxypropyl ene conpound, enul sifying wax and
wat er. Al ter o bvasies, the phar maceuti cal conposition carchesskerssl at ed
wi'th a 5 suitable lotion or creamcontaining the active conpound

suspended or dissolved in a carrier. Suitable carriers I ncl ude, but are
not limted to, mneral oil, sorbitan Qostearate, pol ysor bat e 60,
cetyl esters wax, cetearyl al cohol, 2-ocC yIdodecanoI benzyl al cohol

and water. The 10 &ngceutic O3 i,tion |nvent|on may al so

be toplcallyr%ﬁﬁﬂ FBefﬁ%f??wxﬁ °3%%§§F.§%?°krac  Yect al
supposi tory fornthkMaﬁhYéﬁanghYGQﬂt%ﬂﬂ4?09ﬁeﬁat fornulatlon

Tﬁpl Cﬁl ly- transdelrnal pat chas @h@x}sx@dééhtlcall aehpeedtishd s thagent i on. 13
The p armaceuti cal Qsitions o I nv I 0 tere
r}\pe%rmonnﬁlgp(a e adx}thHUC%ered org?i }a{@ﬁt%?aaqyé B§

by nasal aerosol on COmnmposi are prepa
according to 5 indeHmitdgeas spERY . ki rald wheegEal by, M%Hdeuppéﬁﬁllyl

formul ati on and rmeygielnrepar @daasn SpipllandRed ressatoie. p&@ﬁb@ybﬁgl
benzyl al cohol Oriéﬁrﬁ¥é€?ékﬁgglgrp£5§3 \g¥95%§38 y i ?ﬁ égf) rgLomoters to
[ /0 ub|

enhance bi oavai l or ocar bons |Z|ng or
di spersing gﬁﬁﬂ%ﬂ49ﬁ§H4cﬁﬁ EAEP@sitions of this an?ﬁ%%ﬁé“P§V§P§tB%n
bet ween about . Olamypcccibeiicidbal 1ROnEkig: podymaeegbicPdEry-dicepabiier abl y

between aboutyo 05 A 3aR0. 0L Keshadu el 6L Pl At ldthe gt i ve

i ngredi ent conpoun revention Sren vira
i nfection, includt$Rf Hrereiss dacipges subcaﬁangapﬁy lﬂhéaiﬂﬁﬂqﬂﬁﬂéutlcal
conposi tions of timSradendudpyeintoamuwsdbl e deitraFateiedldr,om about 1 to

about 5 times; per, %yﬁ?é¥’1a'EﬁEPQ£t%r ak, %%t%a%ﬂ@&éf“o}ﬁﬁgéﬁ'§ibﬂ$he

Such administration ca oni‘c “or
amount of active PRGrEfiafrardat Agjepkion °§n&ﬁ5Pﬁéﬁan?TP?*ﬂ¥%§arr|er
materials to Y oduce a sindghe phardesagel dadr mompbkitasoys degperd g &pen t he

host treated and forp of a sterile injectable preparation, for example, as

a sterile injectable aqueous or oleaginous suspension.
This suspension may be formulated according to techniques
known in the art using suitable dispersing or wetting

20 agents (such as, for example, Tween 80) and suspending
agents. The sterile injectable preparation may also be a
sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example,
as a solution in 1,3-butanediocl. Among the acceptable

25 vehicles and solvents that may be employed are mannitol,
water, Ringer's solution and isotonic sodium chloride
solution. 1In addition, sterile, fixed oils are conven-
tionally employed as a solvent or suspending medium. For
this purpose, any bland fixed oil may be employed

30 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 o0il or
castor oil, especially in their polyoxyethylated

35 versions. These oil solutions or suspensions may also



38 the particular node of adm nistration. A typical preparation
wll contain fromabout 5% to about 95% active conpound (ww),

Pref erably, epar ati ons cont'ain from about 20% ut 80%
active conpgﬁﬁgaﬂgé Upon i nprovenent of a patie%ﬁwggﬁ%ﬂﬁ?tion, a’“

mai nt enance dose of a conpound, conposition or conbi nation of this
I nvention may be adm nistered, if necessary. Subsequently, -the dosage

or frequency of adm ni stration, or bot¥, nay be reduced, as a function -

of 10 the synptons, to a level at which the-inproved condition S
retai ned when t ldensgipt ankorpnohavenlabheliditlagntoorhdisperstadi isaghl evel ,

treat ment shoul dscegsenelPadd eNsImiBYr alcolnever, require intermttent
treatment on a |ong-ternt ' recurr.ence of .di sease

basi s upon_an

symptoms. 15 oo ghe phadpepelhTee i onpoRi o P RTRS, | ower

or hi gher dosesinigntigoseay & oadliposdnimistisrededni aryl.orallySpecific

dosage and tseara]gfefaptasgé rmf&g}‘eogpaﬂyiﬂamamg,abup no@a%imedmtlol,, depend

uponavarlety act ors 1N udi the activit of _t he pecl Tl C

cmpound. enpl oy SAPSRREShoeB TS osRY aarent¥ SSkersiind it SRnETehECex.

diet, time of In 5Bfi kst raf itedleitat 8ovforade Udei ofaryiexs cavisibnatreon, the

Se¥eri ty anddcoutbmmiyhh@ed nfreQudenlatbesPaiieors stardh sposition to the

infection and t ' 0 e t ' si.ci 5 I n

order that rhi s Ry SHEPERS Bentds pupp, A8 PJRLANC KELACED are alse.

exanpl es ar é0settyPdFehly Bded. Foxyarpl cadmind stgatine Purpowpesyde

il lustration onlfprapdugétul dilmehtkoiheleédnsiddtodeaanti dtiddG¢drine scope of
le 1

t he i nventi L.y any, ) : . -
Gener al conditi%ﬁg%gh' Wﬂgﬁli§§%°ﬁﬁafﬁf?%%.“¥ﬁ18r81T86b&Q% mn, 1.5
nL/ min, A=00Fel EA the itdve BRgredsent 5 cepbipadtvith emulsifgrection
at 254 and 220 rMmy €H8 seseasAEnghagenvydaclf Hesitr@d?. defitdlin
15 sweetening and/or flavoring and/or coloring agents may be

added.

The pharmaceutical compositions of this
invention may also be administered in the form of
suppositories for rectal administration. These

20 compositions can be prepared by mixing a compound of this
invention with a suitable non-irritating excipient which
is solid at room temperature but ligquid at the rectal
temperature and therefore will melt in the rectum to
release the active components. Such materials include,

25 Dbut are not limited to, cocoa butter, beeswax and
rolyethylene glycols.

Topical administration of the pharmaceutical
compositions of this invention is especially useful when
the desired treatment involves areas or organs readily

30 accessible by topical application. For application
topically to the skin, the pharmaceutical composition
should be formulated with a suitable ointment containing
the active componeéents suspended or dissolved in a
carrier. Carriers for topical administration of the

35 compounds of this invention include, but are not limited

i



39 (B) 1/3 v/v Et OAc/ hexane (© 1/2 v/v Et OAc/ hexane

(D) Analytical HPLC 0-1009®/10 min, 1.5 niL/mn, A=0.1% TFA in water,
B=0.1% TFA i waea98sBitrile. 5 Detection at 254 and 220 nmPCTAS% ¥ se
phase Vydac, t0=2.4 nmin. [err] 197

198 10 A mxture of 2.0g (3,7 mwl) of 197 and 3.0g (16 mvol)
of di-p-nitrophenyl carbonate in 10 m of 37 dinethylformam de was treated
at- 25[err] with 4 m (4 mvol) of P4-phosphazene base (Fluka, 1Min
hexane). The tdl HiWe@a1as; 5t 'flrtﬁﬁcf ?Jet@Bl@\tlm Shgitd pétibhegh) of the 15
starting al cohol was consuped. reacti artitioned

bet ween et hyl ad¥ioRYdeRR{d9 KF‘P&/’erﬂ'}tﬂc’d‘rye(F y len%c??:lly‘)ﬁ%r&pa&%f’% | ayer was
washed with 1N somhipound, ehyilsbiyidey areck lndneatelri edlheamarigadyi ubbsul fate

and concent rﬂ&&%a&u\t@euﬂ ca_zhﬁdﬁfﬂi% wahhpdi ehh@i i anaen28 gave the

d d bonat wd
ooty o0, Xerh AL (0 S CL0PL AT Bl 1o CER0 0% Agkegindonel
(1/2 Et OAc/ hmdedonm dispsl®@d irHRALC228i6B- mSiJJ(t@)bleIVlS@ESJ—?rS 701

Eg/r_‘ll) 22 éHETan(ém&) bul- g?e(x@é‘h dﬂ)mltledgt()?"hﬂierﬂ J&Ll(,lﬁo'i‘ba.tan 2.8

(1H m), 5.17 2211“?‘r‘}°~”t7‘“{}r ?H fysm(ba?‘ie%eo'zﬁe‘d)’l sttt s( Cecc Ryl 48
(CDd 3): 155. 2 1@20@1011149—9Ct111€0@eca£851r9 benzgd. ®1C®§pll-1'¥81 8“31'-3{28 the
+127.2, +125¢, pHXAudbeutidblB8congSsiltions of this invention may also be
topically applied to the lower intestinal tract by rectal
suppository formulation or in a suitable enema
formulation. Topically-transdermal patches are also
included in this invention.

15 The pharmaceutical compositions of this
invention may be administered by nasal aerosol or
inhalation. Such compositions are prepared according to
techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,

20 employing benzyl alcohol or other suitable preservatives,
absorption promoters to enhance bicavailability,
fluorocarbons, and/or other solubilizing or dispersing
agents known in the art.

Dosage levels of between about .01 and about

25 100 mg/kg body weight per day, preferably between about
0.5 and about 50 mg/kg body weight per day of the active
ingredient compound are useful in the prevention and
treatment of viral infection, including HIV infection.
Typically, the pharmaceutical compositions of this

30 invention will be administered from about 1 to about 5
times per day or alternatively, as a continuous infusion.
Such administration can be used as a chronic or acute
therapy. The amount of active ingredient that may be
combined with the carrier materials to produce a single

35 dosage form will vary depending upon the host treated and



40 +75.8, -73.1, -66.9, -56.5, +52.7, -48.2, -35.9, -35.9, 32.6,
-+26.4, +19.9, +19.8. Exanple 2 [err] 5

198 o 0.20g (0.286 mW of 198 dissolved in THF
was added _01919/3579%_1_ 14 mV) of 1-Methyl-piperidine and 10P 'ﬁgegsgn;?‘t‘ure was
stirred -overnight at roomtenperature ("rt"). Al the solvents were

t hen evaporated and the solid residue partitioned betwen Et OAc and
wat er. The vol atiles were renoved an¥ where appropriate, the -

residue was treated with 1:1 TFA/DCM over 30 min at rt to 15 renove the Boc
prot ecting gr Gdns. PERELprbYIOdmSE admgnigbratden.n 8. RRPRPaTFA and 1.5 ni
THF. Hydr ogen@rgpiagationfwilllG:dnrdia FRoRr S5O S0ko38odEL i35¢10% Pd/ C gave

t he

reversed phas

desir

AR SR Ve BERR Aot Bbara e R Tl e

was 18 ml/mi ncontaip Frem 2Ryt 20§ 19 abouly 808 activgypempaund, 5 76, 8. 29
Clerr]H ers] N err] J er riSberidprovemeA€rpers |{33dnt 's EEAME(dES+R 632 (M)

1 peak at 4.7

(3H,d),
(3H, s),

1.80
2.92

10

15

20

25

30

35

poftenanepfdt ofte Ehbhily) SRS ot e
(ombijatiaopgot this ‘invention may be administered, if -
necessary. Subsequently, -the dosage or frequency of

administration, or both, may be reduced, as a function pof

the symptoms, to a level at which the improved condition - _

is retained when the gymptoms have been alleviated to the N
desired level, treatment should cease. Patients may,

however, require intermittent treatment on a long-term--

basis upon any recurrence of disease symptoms.

As the skilled artisan will appreciate, lower
or higher doses than those recited above may be required.
Specific dosage and treatment regimens for any particular-
patient will depend upon a variety of factors, including
the activity of the specific compound employed, the age,
body weight, general health status, sex, diet, time of
administration, rate of excretion, drug combination, the
severity and course of the infection, the patient’s
disposition to the infection and the judgment of the
treating physician. -

In order that this invention-be more fully _
understood, the following examples are set forth. These -
examples are for the purpose of illustration only and are
not to be construed as limiting the scope of the
invention in any way. -

Example 1

General conditions: o
(A) Analytical HPLC 0-100%B/30 min, 1.5 mL/nmin,

A=0.1% TFA in water, B=0.1% TFA in acetonitrile.

Detection at 254 and 220 nm, Cl18 reverse phase Vydac,

t0=2.4 min. ’

[



(4H m, 3.42 (3H M, 3.62 (2HmM, 3.75 (1H M, 4.05 (3H M, 4.97

(2H M, 6.2 (1H bs), 6.60 (2H M, 7.22. (5H M, 7.40 (3H M,

41 13C @WoMs@)793 156. 4, 154, 0, 153.8, 138.8, 129.6, 129.r61/US98274A28. 3,
126.5, 123.7, 112.7, 74.8, 72.9, 66.7, 58.2, 54.0, 53.1, 49.3, 42.3,
40.8, 36.0, 33. 3, 25. 8, 20.4, 20.3 5 Exanpl e 3
198 200 o The synt hesis of conpound
200 from conpound 198 was carried as described in Exanple 1, except

ni trophenyl carbonate, 0,82 (6H, dd), 1 83 (2H m,
2. 07 (1H M), 2.64(¢RHAY v/¥ & Oés}ihgyanq 90 (2H, ), 3.19 (1HM ,
?iﬁ8n§4H4”’96 ?133 (2H(p) , Arda 1RG i(chH, HrLc4o-1170d@/1(02§6lﬂnm1 g. ﬂﬂ/r(xﬁﬂ%n)z,g 4.56
(5H, M. 7.47 ng hé ?‘6}\ in wa(ia?&% gaclzg?‘c?#\% ace%ggté%gks 27.5, 33.4,
35.6, 43.8, 5 Dsbecticm gt 25 £ndsg§28 nwg dl8 GCPV&rS%PBaS?GVIQdaCﬁQ 9, 20
114.2, 118.3, 12%o42.428i®, 130.1, 130.3, 139.3, 153.4, 157. 0.

LG Ms: 1 peak, 621 (MH).

NO
e g

that NN 10 dinet hy(B) ekh iéAw?gekl;ed in place of di-

02

Qs J-LNH\/\/N o™ O‘ o A

e -
187 198
10 A mixture of 2.0g (3,7 mMol) of 197 and 3.0g

(16 mMol) of di-p-nitrophenyl carbonate in 10 ml of
dimethylformamide was treated at 25° with 4 ml (4 mMol)
of P4-phosphazene base (Fluka, 1M in hexane). The
mixture was stirred for 6h at 25° until all of the

15 starting alcohol was consumed. The reaction mixture was
partitioned between ethyl acetate and 1N hydrochloric
acid. The organic layer was washed with 1IN sodium
hydroxide and brine, dried over magnesium sulfate and
concentrated in vacuo. Titration with dichloromethane

20 gave the desired mixed carbonate {1.2g cropl and 0.6g
crop 2) as a fine powder. Combined yield: 69%. Rf=0.13
(1/3 EtOAc/hexane, conditions B), Rf=0.40 (1/2
EtOAc/hexane, conditions C), tHPLC=23.83 min (A), MS(ES+)
701 (M+1).

25 1H-NMR (CDC13): 0.82 (6H,dd), 1.9 (2H,m), 2.15 (1H,m),
2.8 (1H,m), 3.0 (4H,m), 3.5 (2H,m), 3.6 (1H,m), 3.8
(4H,m), 4.3 (1H,bs), 4.8 (1H,m), 5.17 (2H,m), 7.7 (7H,m),
7.95 {(2H,d), 8.35 (4H,m).
13C (CDC13): 155.2 152.2, 149.9, 145.6, 135.9, +129.0,

30 +128.8, +128.5, +127.2, +125.4, +124.4, +121.8, +78.1,



Exampl e 4 42 The

EinthFSii of conpouRd 201 fromconpound 198 = was carried as described in
anple 1, at N acetyl - et hyl enedi anmi ne was | ace of

di - p- ni r%% ‘{agtﬁyl carbonate, 5 C H, N?/ calc: 49.66, 5, ﬁ‘?x@gﬂs@gﬂkf ound

49. 76, 5.98, 8.93 Cerr]Herr]Nerr]derr]Serr] . 1.4CF[ err] COOH,

LG M5 (ES+) 634 (Mrl) 1 peak at 5.08 min. Anal ytical HPLC(A) t=15.92

m n. 1H. d-3 acetonitrile: 0.88 (6H dd®, 1.92 (3H,s), 1.94 10 (2H M, -
2.17 (IH M, 2,72 (2H M, 2.96 (2H nm, 3.07 (3H, M, 3.29 (1H mM, 3.42

(3H, M, 3.69 (1H78).8,3-7F.1, —66L18,n)y563582+F2LA, mr-48424333% 1% 354940
(1H bs), 5.05 35 62H-Pg. b 83 o 3H Mo, H, 10 (1H d), 6.78 (2Hd), 6.83
(1H bs), 7.28 (5A'nj, 7.58 (2Hd). 15 13C (d3-acetonitrile): 157.1, 157.0,

153.2, 139.6, +130. 3, +130. 2, +129.2, +127,2, 126.2, +114.2, +76.0,
+75. 4, - 73.6, -67.4, -58.2, +54 OExample 2.41.6, -39.8, -35.9, -
33.4, +27.3,5+23.1, +20.4, +20.2. 20 Exanpl e 5
[err] _ oN The, synt hesi s of conpound 202 from conpound 198
was carried as descr 9 pn anpl e 1, except thatyoOno 2 Boc- pi per azi ne
was used in placg~of di-Pgnitryphenyl o N~ 5\%

B T 0 ]

o NHE ’;_s;ONOz —_— @OLNH \/-.\/2% -

198 - 199
To 0.20g (0,286 mM) of 198 dissolved in 3 ml of
THF was added 0.11 g (1.14 mM) of 1-Methyl-piperidine and
10 the mixturé was stirred overnight at room temperature
(“*rt”). All the solvents were then evaporated and the
solid residue partitioned between EtOAc and water. The
volatiles were removed and, where appropriate, the
residue was treated with 1:1 TFA/DCM over 30 min at rt to
15 remove the Boc protecting group. The product was
dissolved in 0.25 ml TFA and 1.5 ml THF. Hydrogenolysis
for 10 hours in presence of 30 mg of 10% Pd/C gave the
desired compound. The final purification was on
preparative reversed phase C18 using conditions Example
20 1, except that the flow rate was 18 ml/min.
' C,H,N: calc: 49.27, 5.57, 8.25, found 49.15, 5.76, 8.29
C31HssNsO1S, . 1.9CFiCOOH
LC/MS (ES+) 632 (M+l1l) 1 peak at 4.71 min
Analytical HPLC(A) t=N/A min
25 1H:0.71 (3H,d), 0.74 (3H,d), 1.80 (2H,m), 2.03 (1lH,m),
2.63 (2H,m), 2.74 (1H,m), 2.82 (3H,s), 2.92 (2H,m), 3.20
(4H,m), 3.42 (3H,m), 3.62 (2H,m), 3.75 (iH,m), 4.05
(3H,m), 4.97 (2H,m), 6.2 (1H,bs), 6.60 (2H,m), 7.22
(5H,m), 7.40 (3H,m),



car bonat e. CHN calc:

48. 28, 5.68, 8.41,
CerrJ]Herr]Nerr]Qerr]S[err] x 2 CF[err] COOH

found 48.28, 5.36, 8.28
LC/ MB (ES+) 618 (M+1) 1

peak at 4.36w0933B3 Analytical HPLC(A) t=14.84 mn. PCT/US98/27424

43 1H d6-DVBO. 0.72 (3H, d), 0.77 (3H d), 1.78 (2Hm, 2.09  (1H m,
2.64 (2H,ny, 2.73 (1H, M, 2.80 (1H m), 3.08  (4H ). 3.32 (2H n), 3,41
(1H m), 3.50 (4H,n), 3.54  (1H n), 3.63 (&H M, 3,70 (1H ), 3.98 (1H ),
4-89 5 (1H m, 4.97 (1H ), 6,61 (2H d), 7.23 (5H ), 7.42 (3H, M,
8.88 (2H, bs) C Oqier 45512, 45 5 13 1 +129. 0,
S g oL 12% Emﬁ@ﬂs 156. 34 1%4 & 31?3 sl 313% gl §2é‘6%, 25 ]56 .
+53.1, -48.8, -4328.3:42®5 é@ o - %ézz 1'64+8267'2 9+26667r+-’13328 54.0,

Exanple 6 [err] 53, 1, 49, 3!,542 3, 40.8, 3'E|e0,sym fpsies.6f zompoudm 203 from

conmpound 198

N- Boc- et hyl engdl am ne was used in place

C,H N calc: 46.89,,5,29, 8.54, found 46
Clerr]Herr] N err] Cf ] S er
peak at 4.32 min.g ‘S/tl cyl HPLC(A)

o* NH\/\/ N '@“"z

d"

198

was carried as described in Exanple 1,

2 CF[ err] COOH.

except that nono-

of di ni t rophenyl carbonate.
1, 8.54 20
LC/I\/IS (ES$) 592 (M+l) 1

—_ Q;L'k"KV/’\\/’ -<:>

_p_

d"

200

The synthesis of compound 200 from compound 198

was carried as described

in Example 1, except that N,N-

10 dimethyl-aminocethanol was used in place of di-p-
nitrophenyl carbonate,
1HNMR (acetone-d6): 0,82 (6H,dd), 1.83 (2H,m), 2.07
(lH,m), 2.64 (2H,m), 2,82 (éH,s), 2.90 (2H,m), 3.19
{(l1H,m), 3.38 (4H,m), 3.63 (2H,m), 3.76 (1H,m), 4.17
15 (2YH,m), 4.40 (i1H,m), 4.56 (1H,m), 4.96 (1H,m), 5.06
(1H,m), 6.06 (1H,d), 6.68 (2H,d), 7.23 (5H,m), 7.47
(2H,d) .
13CNMR (acetone d6): 20.2, 20.3, 27.5, 33.4, 35.6, 43.8,
50.1, 54.2, 56.4, 58.5, 63.1, 67.4, 73.6, 76.2, 79.9,
20 114.2, 118.3, 127.4, 129,2, 130.1, 130.3, 139.3, 153.4,
157.0.
LC/MS: 1 peak, 621 (MH+).
Example 4
"
DJLNH\_/-\/::-F& NO; — &oo “Nu \/\/N _@"H
% :
2 © O



1H. d-6 DMSO 0.77 (6H,d), 1.82 (2H,m, 2.06 (1HM, 2.57 (2Hn) 2.82
(4H, M, 297(1H m, 3.30 (5H M, 3.55 25 (1H,m, 3.65 (1H M

(1H M, : 488 (1H, M, 4.95 (1H M, 6.62 20

(6H. M. 3’”‘9;‘#’3 H m, 7.78 (3H bs). 13C (-dmso) %Ej"g;””i’g’ﬁ

138. 5, 129.2, 128.9, 128.1, 126.1, 122.9, 112.7, 74.7, 74.5, 72. 6

66.2, 57.2, 53.2, 30 49.4, 38.8, 37.94, 35.1, 32.1, 26.3, 20.0, 19.8.

44 [err] Exanpl4@ 7 5 The -
synt hesi s of conpound 204 from conpound 198 was. carried as described in

Exanpl e 1, except that nolhe synthésBs db ardompoldnfl BoL - @rqumpmasdum in
pl ace of di-p- yas @éﬁficw%@’heﬁéfmé@tﬁx Examplei N et th3+0K- 5, 64,

8.89, f d 48. 95 N S 1.6
Crror ] oo 1 eyl RgaRning s R b B r%eqe%u A2 ) i cal

HPLC( A)
(2H M,
(2H m,

(1H m,
(1H d),

t=14. 72nntnophenyllr¢aetbanmo 0.78 (6H dd) 1.64 (2H m, 1.83

2.03g ¥ Malck 39.68H 9642, 87833(,4E|o{md 29 976 ,( BHom),, 83983 15
3.32(2 N 58(1EC c:ocg-x63(1H ©3.73 (1K, m), 3.87
4.84 (1H°mYs 61 (2H,d), 7.22 (6H.n), 7.36

7.28 (zr,r:dlys ESre 634 (8L hs) .peak at 5.08 min.
Analytical HPLC(A) t=15.92 min.

1H: d-3 acetonitrile: 0.88 (6H,dd), 1.92 (3H,s), 1.94

10 (2H,m), 2.17 (1H,m), 2,72 (2H,m), 2.96 (2H,m), 3.07
(3d,m), 3.29 (1H,m), 3.42 (3H,m), 3.69 (1H,m), 3.77
(l1H,m), 3.82 (1H,m), 4.133 (1H,m}, 4.40 (1H,bs), 5.05
(2H,m), 5.80 (l1H,m), 6.10 (1H,d), 6.78 (2H,d), 6.83
(l1H,bs), 7.28 (5H,m), 7.58 (2H,d).

15 13C (d3-acetonitrile): 157.1, 157.0, 153.2, 139.6,+130.3,
+130.2, +129.2, +127.2, 126.2, +114.2, +76.0, +75.4, -
73.6, -67.4, -58.2, +54.9, -50.2, -41.6, -39.8, -35.9, -
33.4, +27.3, +23.1, +20.4, +20.2.

20 Example 5
OzN
a. ., o)
s, b Ut X
(+)

A0 ""\/\/oxzi‘<3""z

d"
d...

198 202
The synthesis of compound 202 from compound 198
was carried as described in Example 1, except that mono
25 N-Boc-piperazine was used in place of di-p-nitrophenyl
carbonate.
C,H,N: calc: 48.28, 5.68, 8.41, found 48.28, 5.36, 8.28
CaoH43N50:8; x 2 CF3CO0H
LC/MS (ES+) 618 (M+1) 1 peak at 4.36 min.
30 Analytical HPLC(A) t=14.84 min.

EIT:



13C (dnmso): 155.8, 155.7, 138.5, +129.1, +129.0, +128.0, 20 +126.1, 122.9,

+112.7, +74.6, +74.3, -72.7, -66.2, -57.2, +53.6, -49.5, -37.4, -36.7,
-35.5, -32. 1lwo®B3B3 +26. 2, +20. 0, +19.8. PCT/US98/27424
Exanpl e 8 _ [err] o

45 The synthesis of conpound 205 from conpound 198 was
carried as described in Exanple 1, except that 1 4-

di ani no- 4- N-Boc but ane was used in place of di- ni t rophenyl

b t 4
((::[a;r(r)]nﬁ[g”] N[er qer?EE[zg § #, (%!—ﬁ?_” %C%A(BQ &ﬁ A%Bﬁég% %2205 ﬁ/ﬁl) 1
peak at 4.36 nin! ’ il ErmHPL A?) ‘tl“HlE‘) 932§ ¢, (LE, m)J:H 386 DIVISO

0.77 (6H,dd), 1.481,(dH, 19).321(88,%6PH 3)41 1QH,R)P33(3¢, 44, ®.,7B.64H m), 2.95

(3H, 1), 3.31 (2H {13, m 63 b H, 3.82
Ghn e (mllfl“) %663 g%l'g? 3, 7'30 (31 %\ mg, 9§ %1;2;11?)_' n)Qq)ae

(2H. d), 7.72 Y 3H ,)m), 4. 913(‘:3L 1’513 76 @52(2@* d413 %3 )y, +f§9 o
+128.0, 15 +126({3H, W123.88 42H2bJ) . +74. 4, +74.3, -72.7, -66.2, - 57. 2,

Iig ; -49.7, -3836, (oMboy: - 38547, - §3316 '1%@ 3, ? L2619 1244420180 1,

The synthesis of *toipourddPoé- f?%%%orﬁ%ﬂ’l §(562' +74.4, -72.5,

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

198 203
15 The synthesis of compound 203 from compound 198

was carried as described in Example 1, except that mono-
N-Boc-ethylenediamine was used in place of di-p-
nitrophenyl carbonate.
C/H,N: calc: 46.89, 5.29, 8.54, found 46.50, 5.51, 8.54
20 CygHy;INs0:S; x 2 CF3COOH.
LC/MS (Es+) 592 (M+1) 1 peak at 4.32 min.
Analytical HPLC(A) t=14.6% min.
1H:d-6 DMSO: 0.77 (6H,d), 1.82 (2H,m), 2.06 (1H,m), 2.57
(2H,m), 2.82 (4H,m), 2.97 (1H,m), 3.30 (5H,m), 3.55
25 (1H,m), 3.65 (1H,m), 3.70 (1H,m), 3.95 (1H,m), 4.88
(1H,m), 4.95 (1H,m), 6.62 (2H,d), 7.20 (6H,m), 7.39
(3H,m), 7.78 (3H,bs).
13C (dmso): 155.9, 152.9, 138.5, 129.2, 128.9, 128.1,
126.1, 122.9, 112.7, 74.7, 74.5, 72.6, 66.2, 57.2, 53.2,
30 49.4, 38.8, 37.94, 35.1, 32.1, 26.3, 20.0, 19.8.



was carried as described in Exanple 1,
(+)-3-Boc-am nopyrrolidine was used in place of di

, found 47.83tT§E§§W
LC/ M5 (ES+) 61 i peak at

except

carbonate. wpodashdsN: calc: 48.28, 5.36, 8.28
Clerr]Herr]Nerr](ferr]S[err] x 2 TFA
4.32 mn. Anal ytical HPLC(A) t=14.31 mn.

46 1H and 13C NVR conpl ex and overl appi ng m xtures of

47

synt hesi s of conpound 207 from conpound 198 5 was carried as described in
Exanpl e 1,

Exanpl e 10 [er¥

except that (3S)-

.10

15

20

25

that (3R)-

-p- 25 nitrophenyl

r ot oners.
The

Example 7
< Hah
Qs B !
‘"“NH 2 & ‘LNH

N
°6<:>N%

H éf'"

8

5<:>um

204

The synthesis of compound 204 from compound 198

was carried as descrlbed in Example 1,

except that mono-

1, 3-diamino-3-N-Boc—-propane was used in place of di-p-

nitrophenyl carbonate,
C,H,N: calc: 49.07, 5.64,
C2eH43N50:8; x 1.6 CF3;COCOH
LC/MS (ES+) 605 (M+1) 1 peak at
Analytical HPLC(A) t=14.72 min.
1H:d-6 DMSO: 0.78 (6H,dd), 1.64
(1H,m}, 2.57 (1H,m), 2,78 (4H,m)
(2H,m), 3.32 (2H,m), 3.58 (1H,m)
(l1H,m), 3.87 (lH,m), 4.84 (lH,m)
{24,4d), 7.22 (6H.m), 7.36 (1H,d)
(3H,ns) .

13C (dmso): 155.8, 155.7, 138.5,
+126.1, 122.9, +112.7, +74.6,
+53.6, -49.5, ~-37.4, -36.7,
+20.0, +19.8.

8.89,

+74.3,
-35.

found 48.95, 6.00, 8.92

4.27 min.

(2H,m), 1.83 (2H,m), 2.03
, 2.94 (1H,m), 3.03

; 3.63 {1lH,m), 3.73

» 4.92 (1H,m), 6.61
. 71.28 (2H,d), 7.76

+129.1, +129.0, +128.0,
-72.7, ~-66.2, -57.2,

5’ "32-1’ -27n6, +26.2’

Exanmple 8

<;)‘ o’ Ny g

\/\/ -.3 NH;

d"

205

Bl



(-)-3-Boc-am nopyrrolidine was used in place of di-p- ni t rophenyl

car bonat e. LG M5 (ESt+) 618 (Mtl) 1 peak at 4.19 mn. Anal yti cal
HPLC(A) t=14wom9msim3 10 1H and 13C NVR conpl ex and over | 26PUS2AH24t ur es
of rot oners. Exampl e 11

[err] - 15 198 308

48 The synthesis of conpound 308 from conpound 198 was
carried as described in Exanple 1, except that N triphenyl methyl-N, N
- di met hyl et hanedi am ne was léS ntHesls cpé fundl 205 nfﬁdr@r&lﬁﬁ:)bhnaanbenat e.

?zH,lEE NNzR 7g (72H£’6H dazg%‘?d( bn}*ﬂ%& E%‘?Plpﬁ% 15 PR r%hlatil 3 (2H br ,

5.05 (2H, bd), 62am1n0ﬂ(w-c$pc-bu2a(16|-wa§ useds 1@219|é|§ce Of dicmvs: 1 peak,

620 (M+). 10 nitrophenyl carbonate. Exanpl e 12
General Procegdurgsy v, £002%e%17, 5.59, 8.26, found 48.02, 5148, 5. 24

CaoH45N50,5; .2 CF;COCH
LC/MS (ES+) 620 (M+1l) 1 peak at 4.36 min.
Analytical HPLC{A) t=14.93 min.
1H: -6 DMSO: 0.77 (6H,dd), 1.43 (4H,mn), 1.82 (2H,m),
10 2.03 (1H,m), 2.77 (4H,m), 2.95 (3H,m), 3.31 (2H,m), 3.56
(1H,m), 3.63 (1H,m), 3,70 (1H,bg), 3.82 (1H,m), 4.85
(lH,m), 4.%92 (iH,m), 6,62 {(2H,d), 7.2 (7H,m), 7.38
(2H,d), 7.72 (3H,bs),
13C: 155.7, 152.9, +138.6, +129.1, +129.0, +128.0,
15 +126.1, +123.0, +112.,7, +74.4, +74.3, -72.7, -66.2, -
57.2, +53.7, -49.7, -38.6, -38.5, -35.4, -32.1, -26.3,
+26.2, -24.4, +20.1, +19,9,

" Example 2
Oy
O, \§
ST o “
’ NH\E_/\/:;:SE@N% _— N“\/\/ 5@ NH,
20 0 o
198 206

The synthesis of compound 206 from compound 188
was carried as described in Example 1, except that (3R)-
(+)-3-Boc-aminopyrrolidine was used in place of di-p-

25 nitrophenyl carbonate.
C,H,N: calc: 48.28, 5.36, B,28, found 47.89, 5.53, 8.57
C30H1aNs048; x 2 TFA '
LC/MS (ES+) 618 (M+1) 1 peak at 4.32 min.
Analytical HPLC{A) t=14.31 min.



To 200ng (.37mVW) of 197 dissolved in 5m CHerr]d[err] was added

N- CBz- L- Benzyl tyrosine 183ng (.41m\VM foll owed by 231 ng (1.12mM) DCC,
foll oned by 29 %23”1\/9 DVAP. The reaction is stirreggraisostrator 24hr. -
The preci piWQts’gfg” present were renoved by filtration. The filtrate was
then concentrated in vacuo. The final conpound was purified on
preparative reversed phase C18 using 6puri fication by HPLC C18 Waters
Delta Prep 3000 Col um: YMC- Pack ODS'AA 12S05- 2520WF 250X20 nm | . D.
S-5mm 120A, 25 0-100% B over 1/2h, flow=18 m/nin, r.mgitogeck at 220 nm
B=0. 1% tri f| uoridhesati & 3GcAMR{ rForpdesnpRfi PEeTIRRP PG, ™XEUEET (T or oacet i ¢

acid in water. Aaeyki.cal Col um: YMC- Pack ODS AAl 2S05-2520Wr
250X4.6 mm .D. S-5mm 120A, O- 100% B at 1.5 m/mn. over 1/2 h,

nmoni tored at 220 nm 49 B=0. 1%
trifluoroacetic acid in acetonitrile, A=0.1% trifluoroacetic acid in :
wat er, The aqueous phase was | yophilized to give 59 ny,

(16.3% GM31896X, (U11484-72-10) t[err]=11.71 mn., 5 MM966. 04,
LC M5=MH967. Reduction of the Nitro Functionality: [err]

e v —



|

209 210 A slurry of 209 (170 ng) and
10 ng of 10% Pd.C 10 in 95% EtOH was flushed with hydrogen in a
scintillati owo993378al equi pped with septum and a stir bar PCTaIS#82T83us

over ni ght hydrogenol ysi s under hydrogen ball oon resulted in a conplete
conversion. The crude preparation was then filtered off the catal yst,
and purified on RP C18 HPLC 15 (Prep Nova-Pack C186 um 60 A, gradient
0-100% B over 30 m n. The desired product was collected and |yophilized
affording a white fluffy solid (50 nU, p38nS28 10
Exanpl e 13 oN er my
Compound 211 was ob@nedof ow ng the acyl ati op~and reduction
procedures of Ex Ie 12X S+ 669.2 (M+l), tHPL -q% mRy (D), 13C NWR
(DVBO) 168.9, 25 xg 185. 7y 1, 138.1, 13075,0129.¢2, .1, 128.1,
50 126.2, 124.7, 1\22’.\5/.1 M0: 76 P 74iE, °J5NH\§,6'\L/ w,  53.6,
52.6, 49.2, 33.6, 32.1,32a.6, 25.3, 20.0. tHPLC=113 71 m , ES+ 967
(M) .

198 207

The synthesis of compound 207 from compound 198
5 was carried as described in Example 1, except that (3S3)-
(-)-3-Boc-aminopyrrolidine was used in place of di-p-
nitrophenyl carbonate,
LC/MS (Es+) 618 (M+l) 1 peak at 4.19 min.
Analytical HPLC (A) t=14.75 min.
10 1H and 13C NMR: complex and overlapping mixtures of

rotomers.
Example 11 e
-
°“< \é w
°L ""\;-/\/ dsO NO, oE NH \/’-Q\/':,s @ N,

15 198 08



5 _ Example 14 [err] 212 was
obt ai ned foll owi ng the procedures of Exanple 12. 10 tHPLC= 9.45 mn

(055" SRl 100200 JLE 1, Lepioh 19

57.1, 53.3, 49.2, 35.4, 32.4, 26.7, 20.1, 19.8. 1H(CDC13. 399. 42 KHz):
8.33 (2H, d, J=8.8), 7.95 (2H, d, 15 J=8.8), 7.23 (5H, m) 5.22 (m 2H),
5.08 (m 1H), 4.08 (m 1H), 3.80-3.45* 7H, n), 3.41 (3H, s), 2.98 (m
3H), 2.66 (m 1H), 2.57 (m 2H), 2.10 (s, 1H, 1.93 (2H m), 0.82
(3H d), 0.78 (3H, d). TheESWBEEiEMPE) compomdi308) fron eoRRaund d989 nin
(1 % N 12;3;: ng( CRSkfierr b :ddsklibedlBh. Bxargh® 9, b4ébept ARG N- 129. 2,
58. 7,
550, 531, a8, epenyighhyl b findenfethaneighipl wl: dsedlin

Exanpl e 15 place of di-p-nitrophenyl’ carbonate&l [err]
5 1H-NMR: 0.76 (6H,dd), 1.65 (2H,m), 1.95 (1H,m), 2.07
(1H,m), 2.7 (2H,m)}, 2,75 (3H,s), 2.95 (3H,m), 3.45
(2H,m), 3.7 (4H,m), 4,2 (2H,bm), 5.05 (2H,bd), 6.62
(24,4), 7.2 (5H,m), 7,5 (2H,d),
LC/MS: 1 peak, 620 (MH+). |

10
Example 12
General Procedures
Acylation: .

8n0

Q:L.nm&tf/\\“/ wpme — o f:l.ﬁfm ; \\g

N
° "mw//\\/’é%<:>mh

© A

15 197 208
To 200mg (.37mM) of 197 dissolved in 5ml CH,Cl,
was added N-CBz-L-Benzyl tyrosine 183mg (.41mM) followed
by 231 mg (1.12mM) DCC, followed by 29mg (.23mM) DIMAP.
The reaction is stirred at rt for 24hr. The precipitates
20 present were removed by filtration. The filtrate was

then concentrated in vacuo. The final compound was
purified on preparative reversed phase C1g using

purification by HPLC C18 Waters Delta Prep 3000 Column:
YMC-Pack ODS AA 12505-2520WT 250X20 mm I.D. S-5mm, 1204,
25 0-100% B over 1/2h, flow=18 ml/min, monitored at 220 nm,
B=0.1% trifluoroacetic acid in acetonitrile, A=0.1%
trifluoroacetic acid in water. Analytical Column: YMC-
Pack ODS AAl 2505-2520WT 250X4.6 mmI.D. S-5mm, 1204, 0-
100¢ B at 1.5 ml/min. over 1/2 h, monitored at 220 nm,



213 was obtained follow ng the procedure of 5 Exanple 12. tHPLC = 9,21 mn

(D); ESt+ 622 (M+l). 13C NWR (CDC13): 170,54, 156.2, 148.6, 136.8, 129.4,
129. 2, 128. 6wodees7és, 115.7, 76.7, 74.6, 73.2, 71.8, 70.6, PCT/G®8274266.9,
58.9, 57.3, 53.8, 49.4, 36.2, 33.1, 26.8, 19.8, 19.5. 10 | nt er medi at e:
t HPLC = 10.05 mn (D); ES+= 652 (M+H) 674 (MENa) .

Exanple 16 [err] 214 mas obtained follow ng the

pr ocedur e of Exanpl e 12. ES+ 634.4 (M+tl); t HPLC = 7.17 mn (D).

13C (DVBO): 169,3 126. 3,
122. gs, 11)2 0. 93 9: ilgst%‘f%%e?]‘m?%gg 9%’6&219“ ]acejtég g”gg 7 81%1, 49. 3,
38.4, 34.7, 32. §r1§bu<ir°azaetec acidpinwatgrg 20 0.

Exanple 17 The agqueous phase was lyophilized to give 58

mg, (16.3%) GW431896X, (Ul1484-72-10) typrc=11l.71 min.,
5 MW=966.04, LC/MS=MH+967.
Reduction of the Nitro Functionality:

&\/: ~° \é Meo\/\/\‘ \§

N
““\/\/d AL

d"
d"

209 210
A slurry of 202 (170 mg) and 10 mg of 10% Pd.C

10 in 95% EtCH was flushed with hydrogen in a scintillation
vial equipped with septum and a stir bar. Continuous
overnight hydrogenolysis under hydrogen balloon resulted
in a complete conversion. The crude preparation was then
filtered off the catalyst, and purified on RP C18 HPLC

15 (Prep Nova-Pack C186 um, 60 A, gradient 0-100% B over 30
min. The desired product was collected and lyophilized
affording a white fluffy solid (50 ng, 30.8%).

Example 13
Ho

o

C:l~ 2 o \Ng o WA

T o )

o*nH \E/\/g;sﬁ NO, - o™ Nt \/’\/ Vo -
20 C AW

197 211

Compound 211 was obtained following the
acylation and reduction procedures of Example 12.
ES+ 669.2 (M+1), tHPLC=8.06 min (D), 13C NMR (DMSO)168.9,
25 156.9, 155.7, 153.1, 138.1, 130.5, 129.2, 129.1, 128.1,



52 J[err] 215 was obtained follow ng the procedure of
Exanple 12. 5t HPLC = 9.12 mn (D) 1H (DMSO) all signals broad: 7.38

(3H br 1, HoRasas br m, 6.62 (2H, br m), 5.15 (1H, g‘t?)r/t’égﬁ(lm 9%(1H

m, 4.00 (3H m, 3.7-3.0 (16H, m, 2.78 (2H m, 2.
2 04 (m 1H), 1 78 (m 2H), 0.77 (6H m 10 13C (DMSO) 170.6, 156.3, 153.7,
139.1, 129.8, 128.4, 126.7, 123.7, 113.3, 79.8, 79,2, 77.3, 76.1, 75.4,
75. 2, 73.0, 71.9, 52.3, 51.8, 48.2, 46.7B9 39.9, 38.7, 25.8, 22. 6.

Internediate: 15t HPLC = 10.18 mn (D); ES+ 696.3 (M+l).
Exanpl e 18 [err] 126 2, 124.720122.5, 112286 a2 ,00tabned2 o |&BMlng S8hE,

E)rlacﬁ;jurg gf g' §21e, 49, 21H3E5"VB 92 97, (zfia;"st)zgélgs?izl_ldg" ”% 4% 20
(3H. ). 3.36 (1H%EF 31§ '?gﬂg (%é'?g? #ﬁw@lés (2H, ), 25 4.2 (2H dd),

5.1 (1H,bs), 5.4 (1H M, 6.8 (2H d, 7.4 (5H mM, 7.6 (2Hd).
5 Example 14

0 \\g
2
A e Ot 2 A,

197 212
212 was obtalned following the procedures of
Example 12.
10 tHPLC= 9.45 min (D), ES+ 592.2 (M+1).
13C NMR (DMSO) 171.5, 155.8, 148.9, 137.8, 129.5, 129.3,
128.5, 126.7, 115.2, 75.2, 73.8, 73.1, 68.3, 67.0, 58.7,
57.1, 53.3, 4%5.2, 35.4, 32.4, 26.7, 20.1, 19.8.
1H(CDC13, 399.42 KHz):; 8.33 (2H, d, J=8.8), 7.95 (2H, d,
15 J=8.8), 7.23 (5H, m) 5.22 (m, 2H), 5.08 (m, 1H), 4.08 (m,
iH), 3.80-3.45 (74, m), 3.41 (3H, s), 2.98 (m, 3H), 2.66
(m, 1H), 2.57 (m, 2H), 2.10 (s, 1H), 1.93 (2H, m), 0.82
(3, d), 0.78 (3H, d).
ES+ 622 (M+1l), 644 (M+Na)
20 tHPLC =10.29 min (D).
13C NMR (CDC13): 171.3, 155.5, 149.9, 145.6, 136.9,
129.2, 128.6, 128.5, 126.8, 124.4, 76.7, 75.3, 73.2,
72.9, 68.2, 66.3, 58.7, 55.9, 53.1, 48.3, 35.3, 32.7,
26.3, 12.9, 19.8.
25

Example 15

Fig



53 LCG-Ms: 1 peak, 692 (MH). Exanpl e 19

[err]

217 was obtained follow ng the procedure of

Exanpl e 12. woseasiedMR (CDCL3): 0.78 (6H,dd), 1.9 (2H m, 2chukdsdras, 2.3

10 (3Hs), 2.9 (8H M, 2,9 (2H ), 3.15 (1H m, 3.35 (1H M, 3.5
(1H ), 3.75 (4H ),

(1H bs), 5.2 (1H, bs),
ESMSP: 676 (MH+). 15

10

15

20

4.06 (2H s), 4.15 (2H, M, 4.9 (1H, dd), 5.05
6.63 (2H d), 7.2 <(5H M, 7.55 (2Hd), 8,0 (2H m.

HD\/f\o/NWF ‘\f;
& !LNH\/'\/ .5@"91 —— &oo

NH\/\/ 6@""'2
o

197 213

éf"'

213 was obtained following the procedure of

Example 12. +tHPLC = 9,21 min (D); ES+ 622 (M+1).
13C NMR (CDC13): 170,54, 156.2, 148.6, 136.8, 129.4,
129.2, 128.6, 126.6, 115.7, 76.7, 74.6, 73.2, 71.8, 70.6,

68.2,
19.8,

66.9, 58.9, 57.3, 53.8, 49.4, 36.2, 33.1, 26.8,
19.5.

Intermediate: t HPLC = 10.05 min {D); ES+= 652 (M+H) 674
(M+Na) .

Example 16
NH,

(o]

© NH\/:\/ N'S NO, @ ?L g
' o\.b 2 ————— 0" NH N,s —@NH
H o 2

197 214
214 was cbtained fecllowing the procedure of

Example 12.
ES+ 634.4 (M+1); t HPLC = 7.17 min (D).
13C (DMSO): 169.3, 155.8, 153.1, 138.0, 1292.1, 129.0,

128.1,
57.8,
21.4,

126.3, 122.6, 112.8, 94.3, 75.6, 74.6, 72.4, 66.1,

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

Example 17



54 Exanpl e 20 General Procedure for
N-acyl ated Conpounds [err] S A mxture of 0.5g (1 mwbl)
of (3S)-Tetr

3-furfuryl - ‘ﬂ?{% 3R) 1- benzyl - 2- hydr oxy- 3- (N-| sobut yl - 4 PCT/USI8127424

am nobenzenesul f onam do) propyl) carbamate, 0.4g.(1.5 mvbl ) of
Boc-(S)-3-pyridyl alanine, 0.29g (1.5 mwbl) EDCI and 0. 1g

4-di methylam no pyridine in 10 mi of N, N- 5320 dinethylfornmam de was stirred
at 25[err] for 12 hours. The vol atiles were renoved in vacuo and the

resi due was parti tioned tween et hyl g‘q,e%oe and 1N ochloric
acid. The organi gyer was wgshed with 1IN'so /\hﬁydro de and bri ne,

dri ed over magnesi uﬁul zat e concentra gn vaBuo. /The residue
was chromat ogr aphed \%H{g L@i‘ﬁ' |UQ_-O'T_§I|Ki)CL QW g@hﬂ:acetate:

hexane) to give the dest N-acyl at ed mat eri al . rotection by
treatment with 50 m of fl uoroacetic aci d, foll‘@i by

co-evaporation of residual acid with 20 net hanol gave e desired prodrug
as a white foam (0. 2&7 269 . H1- NVR (acetodi®rile-D3): 0.95

(6Hdd), 2.0 (2H n, 2 2215 wablBptdined &Folibwinl fle phdecdu@e(dt M, 4.25
(1H. m), 4.75 518 (LH M, 5.45 (1Hm, 7.0 (2H.d), 7.4 (5Hm,
25  7.75 (2H, d)F¥ ?113 . 8.8 (1Hd), 8.85 (1H.d), 9.15 (1H, s).

LC/ MS: 1 peak, BSﬁPTé(M%)SB 12 min (D) Exanpl e 21

1H (DMSO) all signals broad: 7.38 (3H, br m), 7.20 (5H,
br m), 6.62 (2H, br m), 5.15 (1H, br m), 4.92 (1H, br m),
4.00 (3B, m), 3.7-3.0 (16B, m), 2.78 (2H, m), 2.57 (3H,
m), 2.04 {(m, 1H), 1.78 {(m, 2H), 0.77 (6H, m)

10 13C (DMso) 170.6, 156,3, 153.7, 139.1, 129.8, 128.4,
12¢6.7, 123.7, 113.3, 79.8, 79,2, 77.3, 76.1, 75.4, 75.2,
73.0, 71.9, 52.3, 51.8, 48.2, 46.7, 39.9, 38.7, 25.8,

22.6.
Intermediate:
15 t HPLC = 10.18 min (D); ES+ 696.3 (M+1).

Example 18

k)\ 5 \§ m’\,&'\;;:/\‘: \g

H\/\/N 6@“02 _— \/7\/2-'% NH,

o

e

197 216
20 216 was obtained following the procedure of
Example 12,

1H-NMR: 0,97 (6H,t), 1.95 (2H,m}), 2.20 (1H,m), 2.9
(2H,m), 2.96 (6H,s), 3.00 (3H,s), 3.38 (1H,m), 3.42
(3H,m), 3.36 (1H,m), 3.6 (2H,m), 3.7 (6H,m), 3.98 (2H,m),

25 4.2 (2H,dd), 5.1 (1H€,bs), 5.4 (1H,m), 6.8 (2H,d), 7.4
{5H,m), 7.6 (2H,d).

ri



55 Jerr] 220 was obtai ned using the general

procedure in 5 Exanple 20. 1H NWVR (acet one-d6/ nethanol -d4): 0.95

(6H, t), 2.0 wodedbtom), 2.2 (1H M, 2.90 (1H dd), 2.95 (2H errnBest2424
(T'H,dd), 3.4 (2H M, 6 (1Hd), 3.8 (5H M, 4.4 (2H bm, 6.82 (2H,d),
7.20 (1H,s8), 7.4 (5H M, 7.65 (2H,d), 8.0 10 (IH,>s). LG Ms: 1 peak, 643
(VH) . Exanpl e 22 Jerr] 221
was obt ai ned using t he general procedure in Exanple 20. 1H NMR ( DVBO
d- 6): 0.76(6H 8 m 1H m, 3.7 (4H,m, 3.75 (3H,s),
3.2 (5H,m, 3.5 E‘% ?‘g%g% 6922@?%% 4. 97 (lH bm, 5.18 (I H bs), 6.7
(2H,d), 7.22 (5H , 7,45 (2H,d). L/ VB 1 peak, 646 (MH). 25
Exanpl e 23 Example 19

QM:
X\ "'""\/\:'é-@m, Ot g \§

"“~v/’\\~/’§;4{:>
\O \D
5 197 217

217 was obtained following the procedure of
Example 12.
1H-NMR (CDC13): 0.78 (6H,dd), 1.9 (2H,m), 2.1 (lH,m), 2.3
10 (3H,s), 2.9 {(8H,m), 2,9 {(2H,m), 3.15 (1H,m), 3.35 (1iH,m),
3.5 (1H,m), 3.75 (4H,m), 4.06 (2H,s), 4.15 (2H,m), 4.9
(1H,dd), 5.05 (1H,bs}), 5.2 (1H,bs), 6.63 (2H,d), 7.2
(3H,m), 7.55 (2H,d), 8,0 (2H,m).
ESMSP: 676 (MH+).
15



o6 [err]

218 I 222 222 was obt ai ned using the
genera pro Exanple 20. 5 1HNMR (acetonitri

(6H, t), C\?Q%/%ﬁs 2.2 (1H, m), 3.00 (6Hs); 3,02 (3H’J‘§"‘g§@f"(‘4H m,
3.5 (3H, n) 3.8 (8H M, 4.4 (2H,s), 5.15 (1H,bs), 7.4 (5H M, 7.97
(2H, d), 8.04 (2H,d), LG Ms: 1 peak, 692 (MH+). 10

Exanpl e 24 54 [err]

223 was obtained using the general procedure in 15 Exanple 20. t HPLC
= 9.22 min (D; ES+ 622 (Ml). Example 20

General Procedure for N-acylated Compounds

\§ \ /
o]
AL, 2 o

218 219
5 A mixture of 0.5g (1 mMol) of (3S)-Tetrahydro-
3-furfuryl-N-((1S,2R)-1-benzyl-2-hydroxy-3- (N-isobutyl-4-
aminobenzenesulfonamido)propyl) carbamate, 0.4g (1.5
mMol) of Boc-(8)-3-pyridyl alanine, 0.2%g (1.5 mMol) EDCI
and 0.lg 4-dimethylamino pyridine in 10 ml of N,N-

10 dimethylformamide was stirred at 25° for 12 hours. The
volatiles were removed in vacuo and the residue was
partitioned between ethyl acetate and 1N hydrochloric
acid. The organic layer was washed with 1N sodium
hydroxide and brine, dried over magnesium sulfate and

15 concentrated in vacuo. The residue was chromatographed
on a 2 inch plug of silica gel (1:1 ethyl acetate:
hexane) to give the desired N-acylated material.
Deprotection by treatment with 50 ml of trifluorcacetic
acid, followed by co-evaporation of residual acid with

20 methanol gave the desired prodrug as a white foam (0.2g,
26%) .,

H1-NMR (acetonitrile-D3): 0.95 (6H,dd), 2.0 (2H,m), 2.25
(ih,m), 2.8-3.1 (5H,m), 3.6-4.0 (7H,m), 4.25 (1H,m), 4.75
(1H,m), 5.18 (1H,m), 5.45 (1H,m), 7.0 (2H,d), 7.4 (5H,m),

25 7.75 (2H,d), 8.2 (1H,m), 8.8 (1lH,d), 8.85 (iH,d), 9.15
(1H,s) .

LC/MS: 1 peak, 654 (MH+).

Example 21



1H NMR d6-DVSO 0.76 (6H,dd), 1.0-1.8 (15H m, 2.03 (1H, m, 2.58
(2H M, 2.79 (2H M, 3.11 (1H m, 3.28 (3H,s), 3.3-3.5 (12H, M, 3.94
(1H, M, 4.08wobbi3smps 4.94 20 (1H m, 5.14 (1H m, 6.61 (2PCDUsIsRIL2
(5H, M, 7.40 (3H M. 13C (DMSO) 169.7, 165.9, 152.9, 138.4,
129.2, 129.1, 128.1, 126.2, 123.1, 112.8, 74. 4, 74.1, 72.5, T71. 2
69. 8, 57 66.1, 58.1, 57.1
52.9, 47.5, 33.4, 33.2, 26.3, 24.5, 18 9 18. 8.

Exanpl e 25

outlined in Exanple 20 a’tnua ess of
reagents was used ri;l®| ve to the starting materl a‘l“b

[err]

[err]
224 was obtai ned using the eral procedure in rrpl.{
Exanple 26 10 £ O N-d| acyl ated Pr odru The
gener al procedur(e]f»gl @ rrp(pundsogfol e protocol
Vexcept

18 20

220 was obtained using the general procedure in

5 Example 20,
1H~-NMR (acetone-dé/ methanol-d4): 0.95 (6H,t), 2.0
(2d,m), 2.2 (1H,m), 2.90 (1H,dd), 2.95 (2H,d), 3.12
(1H,dd), 3.4 (2H,m}), 6 (1H,d), 3.8 (5H,m), 4.4 (2H,bm),
6.82 (2H,d), 7.20 (1H,s), 7.4 (5H,m), 7.65 (2H,d), 8.0

10 (1H,s).

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

Example 22

o . (\NME
SN \j”\:é@m SuN \;;\:éﬁ@ﬂi:‘)
S R _

15 18 221

<

21 was obtained using the general procedure in

————

Example 20.

1H-NMR (DMSO d-6): 0.76 (6H,t), 1.80 (2H,m), 2.10 (l1H,m),
20 3.7 (4H,m), 3.75 (3H,s), 3.2 (5H,m), 3.58 (2H,s), 3.7

(4H,m), 4.97 (1H,bm), 5.18 (1H,bs), 6.7 (2H,d), 7.22

(5H,m), 7,45 (2H,4d).

LC/MS: 1 peak, 646 (MH+).

25 Example 23



t HPLC 9.26 min (D); ES+ 738 (Mr1) 760 (M+Na). 13C (DVBO): 170. 2,
169.8, 156.4, 143.4, 138.8, 129.5, 20 128.8, 128.5, 126.8, 119.7, 74.9,

74.2, 73.7, ?;§99§6% 70.3, 68.0, 67.2, 59.3, 57.6, 53.8 49 6, 35.7,
33. 8, 2 C1H (DVBO): 10.1 (1H, s), 7.84 (&CTASP8RIEY 5y
7.76 (d, J=8.7, 2H), 7.40 (1H, d, J=9.2), 7.22 (m 5H), 5.14 (1H,

58 M, 4.95 (1H, m, 4.1 (m 8H, 3.7-3.3 (m 13H), 3.28 (s, 3H) ,
3.26 (s, 3H), 2,86 (m 2H), 2.73 (m 1H), 58.59 (m 1H), 2.04 (m 1H),
1.83 (m 2H), 0.78 (m 6H). 5 Exampl g,.27 [err]

To a m xture of 197 (2.93 g, 5.47 mmol) and 10 phosphorous aci d (Al drich,
2.2 equiv., 12.03 mmol, 987  ng) in 20 m pyridine was added 1, 3-
MeN

D, NS

NH\/\/N 6@“, Ql JLNH\/\/N 5@ ,Q

18 222
22 was obtained using the general procedure in

Example 20.
5 1HNMR (acetonitrile 4-3): 1.0 (6H,t), 2.0 (2H,m), 2.2
(1H,m), 3.00 (6H,s), 3.02 (3H,s), 3.1 (4H,m), 3.5 (3H,m),
3.8 (8H,m), 4.4 (2H,s), 5.15 (1H,bs), 7.4 (5H,m), 7.97
{2H, d), 8.04 (2H,d),
LC/MS: 1 peak, 692 (MH+).
10

Example 24

C\a %“\g \g “‘Z

(o] NH\é./\/:-.sb NH; O‘ LNH\/\/M5®-N£
Y

218 223
223 was obtained using the general procedure in
15 Example 20,
t HPLC = 9.22 min (D); ES+ 622 (M+1).
1H NMR d6-DMSO: 0.76 (6H,dd), 1.0-1.8 (15H,m), 2.03
(l1H,m), 2.58 (2H,m), 2.79 (2H,m), 3.11 (1H,m), 3.28
(3H,s), 3.3-3.5 (12H,m), 3.94 (1H,m), 4.08 (1H,m), 4.94
20 (1H,m), 5.14 (1H,m}, 6.61 (2H,d), 7.22 (5H,m), 7.40
(3H,m) .
13C (DMSO) 169:.7, 165.9, 152.9, 138.4, 129.2, 129.1,
128.1, 126.2, 123.1, 112.8, 74.4, 74.1, 72.5, 71.2, 69.8,

d"



di cycl ohexyl carbodiimde (Aldrich, 2.1 equiv., 11.49 mml, 2.37 g) and

the reaction heated to 60 [err] C under nitrogen for 3h. Solvent was
renoved in vaeoigysstdde 15 residue treated with 200 nl 0. 1N rrpaesosrsras0di um
bi carbonate and stirred 1h at anbient tenperature. The m xture was -

filtered, the filtrate acidified to pH 1.5 by addi tion of conc. HO and
extracted with ethyl acetate (3 X 100 m), The conbined orgnic |ayers
were dried over 20 magnesiumsulfate, filtered and concentrated in vacuo

to give 3.15@,.(96%,0 i.red,prodygt . 2 i s,used directly
in the next reacg;lsd .'/%ﬁlpi’cd%tl’:%g.'gi ?n9h5’ 2é53'\(,Lg6f’c79{}','\é'IaIVISZ?/’5\124)246'056.5 (M) .
25 18.9, 18.§xanple 28 [err]

59 A suspension of 226 (~5.47 mmol) in 18 ni

hexanet hyl di si| azane was stirred at 1201€§|5_§Ilfé Wil honbgeneous

foll owed by addition of bis(trinethylsi eroxide (CGelewmt, Inc., 2.3
equiv., 12.58 mmol, 2.24 g, 5 2.71 m). After 1h the m xture{was cooled to
anbi ent tenperature, solvent renoved in vacuo, the residu stirred
with 100 m nethanol, solvent_renoved in vacuo, the residiye stirred
with 100 m 0. 1N ggueous sodi u bi car bonat e, aci di{ged to{pH 1.5 by
addi tion of conc. $#10, gaturated with bgine and extracted wth ethyl
acetate (3 x 100 nl)™® Thg-tapbladdyes gani c{DqXENrHs vi¥re drfed over
magnesium sul fate, filteted and °concent r at ed Mg@ gPve 2.98 ¢
(88% of desired product W T Was used #Higectly in the next
reaction. HPLC: Rt 15 9.28 nmin (90%, MS (AP+) 5 (MF1).

Al ternatively,” 227 can be synthesized directly rom197. In this

met hod, 197 was di ssol ved i 8pyri di ne (300m) 2Z%e resul ti ng sol ution
was concentrated in vagad vas alimhainks0usiingt tihd-dhieral] EroFhdusel in i on
was then Example 20.
Example 26
10 O,N-diacylated Prodrugs

The general procedure for N,0O-diacylated
compounds followed the protocol outlined in Example 20,
above, except that a five fold excess of reagents was
used relative to the starting material.

15
MeO

SN \é | ) \g m{

[¢]
\E/\/:‘;s.i;@m G -@n’io
H [] H

|||g

L°
o o

i R
————————. é
& O
218 225

t HPLC 9.26 min (D); ES+ 738 (M+1l) 760 (M+Na).
13C (DMsO): 170.2, 169.8, 156.4, 143.4, 138.8, 129.5,

20 128.8, 128.5, 126.8, 119.7, 74.9, 74.2, 73.7, 71.6, 70.7,
70.3, 68.0, 67.2, 59.3, 57.6, 53.8, 49.6, 35.7, 33.8,
27.1, 20.4.
1H (DMSO): 10.1 (1H, s), 7.84 (d, 2H, J=8.5), 7.76 (d,
J=8.7, 2H), 7.40 (1H, 4, J=9.2), 7.22 (m, 5H), 5.14 (1H,



20 cool ed under N err] to 5[err]C, and treated with POCl[err] (6.5 m,

1.24 equiv.) over 2 mnutes. The cooling bath was renoved and t he
reaction sti anbi ent tenperature for 2.5 hrs. j,0on was

t hen cool ed \{Wé@ SZ%Sr]C and water (300 m) was -added o%@ggl#lur?ut es. 25
The resulting m xture was extracted with 4- met hyl pent an- 2-one (M BK, 2
x 150 m). The conbi ned extracts were washed with 2N HO (2 x 250 m).
The acid washes were back extracted wi¥h M BK (60 m ), then the
conbined M BK solutions were treated with 2N HO (150 30 ml). The two phase
mxture was stimed4rapi 1§, and 4.1 Hwat &) it 3.50Besr @ B2 KodBs (SThe

reaction mxturgmass, 2e €90l ,te,86[ ey 14N ,t he 7phasgsings & Sepamated and -

the M BK sol utio s, washed wi ri (150 ). The product, 227,
was i sol ated by %BW gx\?hgn'szﬂﬁt’i m\%\?\n ?Iﬁ’ %dde?i'&g 38 SlE}?)f ate, ,(filtering of

the drying agent and concentrating

60 in vgcuo at 40[err]C to give tiganplediegt as a pale yellow foam
(31 g, 90%yield). : anple 29 J[err]

A solution of 227 (2.98 g, 84 mol) in 50 m et hyl etate was

treated with 10% pal | adi u car bon (Al drich, 300 nd put under 35
psi of hydrogenaémj o o Shaker for 15h. | yst len®ved by
filtration 10 o in VARWDCC t NS4, of
i ' 228.° HLCL R = I Meyil29 y @ :
desi red prroduct 8 CiyRt BNOrzn n;ly)-%&th/() VS (E§=‘|2<gH 586, N(o,NH)
H

197 226
To a mixture of 197 (2.93 g, 5.47 mmol) and
10 phosphorous acid (Aldrich, 2.2 equiv., 12.03 mmol, 987
mg) in 20 ml pyridine was added 1,3-
dicyclohexylcarbodiimide (Aldrich, 2.1 equiv., 11.48
mmol, 2.37 g) and the reaction heated to 60 °C under
nitrogen for 3h. Solvent was removed in vacuo, the
15 residue treated with 200 ml 0.1N aqueous sodium
bicarbonate and stirred 1h at ambient temperature. The
mixture was filtered, the filtrate acidified to pH 1.5 by
addition of conc. HCl and extracted with ethyl acetate (3
x 100 ml1). The combined orgnic layers were dried over
20 magnesium sulfate, filtered and concentrated in vacuo to
give 3.15g (96%) of desired product 226 which was used
directly in the next reaction. HPLC: Rt = 8.91 min
(96%), MS (AP+) 600.5 (M+1l).

25 Example 28

o] o o o]
<;]\,J\ O TMSO-OTMS <;3\ J %
0~ N N~ —_— . (] u N
g o 120 %I::l O=p-°
=p’ =P
'l’\OH NO: H(')\OH

H
226 227



Exanple 30 [err] Solid 228 (2.66 g, 4.54 mmol ) was
treated with 10 m aqueous sodi um bi carbonate (Baker, 3.0 equiv.,

13. 63 mmol , Wwoleagps and | oaded onto a resin colum 20 (M tpewhissdnizaidas ei
Corp., MCl-gel, CHP-20). Distilled wat er was run through until the

el uent was'neutral foll owed by product elution with 1% acetonitrile in
water. Pure fractions were pooled and |lyophilized to give 918 ng of
pure bis-sodiumsalt 229. 25 Exanple 31 30

[ze[rz] (2- Met hoxyet hoxy) et ho s‘]ISIQénSS%og’etg%cgzm Q 47 ngintfl& Stl rred

sol ution of 1. 2hﬁxametP31455h%ﬁﬂ§nquﬂ§ @t2r§eﬁlaﬁil%ﬁn9 PnHGAI 0.4 g (4.0

mol ) NWM i mokdgeheanby ds Dlswdd Nydiadat bybh o fragti JerikleehFdsi by Xt ur e was

stirred at roomJenperat YEE1£0f, 30,dT NYt 8Spquiv,, 12.58 mmol, 2.24 g,

5 2.71 ml). After lh the mixture was cooled to ambient

temperature, solvent removed in vacuo, the residue
stirred with 100 ml methanol, solvent removed in vacuo,
the residue stirred with 100 ml 0.1N aqueous sodium
bicarbonate, acidified to pH 1.5 by addition of conc.

10 HC1l, saturated with brine and extracted with ethyl
acetate (3 x 100 ml). The combined organic layers were
dried over magnesium sulfate, filtered and concentrated
in vacuo to give 2.98 g (88%) of desired product 227,
which was used directly in the next reaction. HPLC: Rt

15 9.28 min {90%), MS (AP+) 616.5 (M+1l).

Alternatively, 227 can be synthesized directly
from 197. 1In this method, 197 was dissolved in pyridine
(300mL). The resulting solution was concentrated in
vacuo to about 150 ml at 50~55°C. The solution was then

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

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

30 ml). The two phase mixture was stirred rapidly and
heated to 50°C for 2 hours. The reaction mixture was

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

solution was washed with brine (150 ml). The product,

227, was isolated by drying the solution with magnesium
35 sulfate, filtering of the drying agent and concentrating



then 0.5 g (1 mmol) of (3S)-Tetrahydro-3-furfuryl-N

((1S, 2R) - 1- benzyl - 2hydr oxy- 3- (N-i sobut yl - 4-

am nobenzen m do) - propyl ) carbamate was added to ution in
one porti onsﬁ#%;esg‘;r%?xture was stirred at 15 20[err]C for ggﬁgﬁgsfhen- at
50[err]C for an additional 12 hours. It was then cooleo to 20[err]C, 50
m of ether was added, and the solution was washed with water three
times. The aqueous phase was washed mﬁ%h ether, and then the

conbi ned organi c phases were dried with ananydr ous 20 magnesium sul fate and
filtered. The filtrate was, concentrated uynder reduced pressur d the
resi due was idurerPedebyA S FRaIHES %BEEHB‘QF aphy? tpc?%‘c?b?/ S??\O“tyhgoa%p -
desi red Mono- (N)@dykat eds (¢D&Adyg, 15 %9 and Bis-(ON) acyl ated (262 ng,
32% conpounds. 25 Mono-(N)-acylated:g MRGGDCl [err]): 0.85 (dd, 6H),
1.85 (m 2H), 2.08 (mH), 2.8-3.1‘)(1%&714)73.33(5 , 3.55 (m :
3H), 3.70-3.90 (m 8H), 4, s, 2H), 5.0 (d, 1H, 5.08 (s(br), 1H), 7.2
(m 5H), 7.70 (d@l—l)? (d 0 2H), 9.094‘25,7.14 [ 30" o)MB( FAB+): 666
(M) . Bi s- (® s VR( CHERS) . 8- 7g - (m

1H), 1.95 (m 1H), 2.0 =§ L 2L6- 3BoACir 6H), 3.4 o ’E\U,L ~e3- 332 (s,
3H), 3.338 (s, 3H), 3.5.308 ( T8HN 4.1 (s, 2H),rdi141(s, 2H7, 4.17
(m 1H), 5.05 (m 2H), ' 62

5.25 (s(br), 51H), 7.2 (mB3&), 7.69 (d, 2H), 7.78 (d 2H), 2289.06 (s, 1H).
MS( FAB+) : 826( M+1), 848( MaNaplutidm of 227 (2.98 g, 4.84 mmolExanilem32 [err]

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

586.3 (M+1).
Example 30
I
o (o} o o o o
L nanco, LA 5l
TEYCQ,, T TR
0=P<0 NH, °=P<o_ NH,
1™OH ao'Na |
15 HO Na'©
228 . 228

Sol:d 228 {2.66 g, 4.54 mmol) was treated with

10 ml aqueous sodium bicarbonate (Baker, 3.0 equiv.,
13.63 mmol, 1.14 g} and loaded onto a resin column

20 (Mitsubishi Kasei Corp., MCI-gel, CHP-20). Distilled
water was run through until the eluent was neutral
followed by product elution with 1% acetonitrile in
water. Pure fractions were pooled and lyophilized to
give 918 mg of pure bis-sodium salt 229.

25

Example 31

30



We dissolved 0.521g (1 mM of 1273W84 in 5 ni THF, then cooled to
-78[err] C under nitrogen, and added 1.56 15 m (2.5 nmMW) of a 1.6 M

sol ution of b%ﬂh% hexane. After 20 min at -78[err]C, we added 105 pL
(1.1 mv) of ethy chl orocarbamat e and war ned up the realEFHR%234%oom
tenperature, followed by addition of another 105 [err]L of et hyl

chl or ocarbamate. 20 After stirring for addgyional 4 hrs, the
reacti on was quenched with water and thglorganic q}%é?ggz gvapor at ed.
Part of the crude product was purified on a 1IN g.g) ;EBPSG’.\G@’*({\Z
et hyl acetate: hexane)), yigjding 0.131g of tiesgroduct. 25 C H N
cal c: 46.06, 4.97, S.MN @0, 4.97 ,5.88 .
Cerr]Herr]Nerr] 2P jS[rel. 2.2 TFA LC MBS { ES+ Msl) 1 peak at
6.96 mn. Anal-yTi c I§HPL A) t=24.57 mn. 4 189 6185~ 8~O
154.4, 149.9, 145.7, 1368, +129.2, 30 +128. 7 +126.§b°\;\204%%,~ 80. 1,
+76.9, -643, -56.2, -52.5, -48.7, -36.2, +283 +26.4, +20.0, +19.8,
+14. 3. 0.53 g (3.0 mmol) 2-[2-%2-Methoxyethoxy)ethoxy]

Exanpl e 33 [egéitic acid was added to a stirred solution of 1.2 g

(3.15 mmol) HATU 0.2 g (1.47 mmol) HOAt 0.4 g (4.0 mmol)
NMM in 10 ml anhydrous N,N-dimethylformamide. The

10 mixture was stirred at room temperature for 30 minutes,
then 0.5 g (1 mmol) of (3S)-Tetrahydro-3-furfuryl-N-
((15,2R)-1-benzyl-2hydroxy-3- (N-isobutyl-4-
aminobenzenesulfonamido) -propyl) carbamate was added to
the solution in one portion. The mixture was stirred at

15 20°C for an hour then at 50°C for an additional 12 hours.
It was then cooleu to 20°C, 50 ml of ether was added, and
the solution was washed with water three times. The
aqueous phase was washed with ether, and then the
combined organic phases were dried with anhydrous

20 magnesium sulfate and filtered. The filtrate was
concentrated under reduced pressure and the residue was
purified by silica gel chromatography to obtain the
desired Mono- (N)acylated (102 mg, 15 %) and Bis- (O, N)
acylated (262 mg, 32%) compounds.

25 Mono-(N)-acylated: 1H-NMR(CDC13): 0.85 (dd, 6H), 1.85 m,
2H), 2.08 (m,1H), 2.8-3.1 (m, 7H), 3.33 (s, 3H), 3.55 (m,
3H), 3.70-3.90 (m, 8H), 4.1 (s, 2H), 5.0 (d, 1H), 5.08
(s{br), 1H), 7.2 (m, 5H), 7.70 (d, 2H), 7.80 (d, 2H),
9.09 (s, 1H).

30 MS(FAB+): 666 (M+1).

Bis-(O,N)-acylated: 1H-NMR(CDC13}): 0.77 (m, 6H), 1.81 {m,
1H), 1.95 (m, 1H), 2.05 (m, 1H), 2.6~3.0 (m, 6H), 3.2
(m,1H), 3.332 (s, 3H), 3.338 (s, 3H), 3.5-3.8 (m, 18H),
4.1 (s, 2H), 4.14 (s, 2H), 4.17 (m, 1H), 5.05 (m, 2H),



di ssolved 0.131g of the above ethyl 5 carbonate in 4 mM DCM foll owed

e
by 4 mM of TFA  Sol vents were then renoved after 45 min at room
tenperature, ulting in the title conpound. 1H (DM@Q (2H d,.
197 2) B 1R Te 00 (24 d, J27.0). 7.37 (5H é’sﬁ’%’%
J:6.9), 406 (2H, 10 q, J=7.0), 3.82 ((1H, m, 3.35 (2H n) 2. 95 (4H n),
1.82 (1H m, 1.20 (3H, t, J=7.0), 0.72 (overl apping doubl ets, 6H,
J=6. 2), LG M5 1 peak at 4.76 m n. ES® 497.3 (M+1). 15
Exanpl e 34 0, N- Acyl oxy Rearrangenent [err] 20
C H N cal c: 53. 26256 (84br)7, 5#) ,f JuRd (88580, 75.604,(d7. B), 7.78 (d 2H),
C[err]H[err]N[ergrb@Iqeg[]ﬁﬁ)err] x 0.8 TFA L M5 (ESt+) 594 (M+l) 1 peak
at 6.96 A 7 mn.
64 11 (DI\/SO)MS gﬁé}l @ @FL@( )89§“ﬁ§” > (2H, d, J=8.0), 7.19  (5H,
m, 6.98 (1H, d, J72) 5.00 (1H, m, 3.83 (2H, q) 3.50 (2H, m, 3.06 .
(m 2H), 2.96 (2H, m, 2.43 (1H m, Exdue G2H m, 1.02 (3H t), 0.84
(3H, d), 0.82 (3H, d).

o 0

4 ~OH 0 e

%—O N _ %o'&m ~0 0
e "
so.-N — N
2 S0,”
10 ==

Y g)
N 1273wo4 NO, 232

We dissolved 0.521g (1 mM) of 1273W94 in 5 ml
THF, then cooled to -78°C under nitrogen, and added 1.56

15 ml (2.5 mM) of a 1.6 M solution of nBuLi in hexane.

After 20 min at -78°C, we added 105 plL (1.1 mM) of ethyl
chlorocarbamate and warmed up the reaction to room
temperature, followed by addition of another 105 ulL of
ethyl chlorocarbamate.

20 After stirring for additional 4 hrs, the
reaction was quenched with water and the organic solvent
evaporated. Part of the crude product was purified on a
silica gel (Rf=0.69 (1:2 ethyl acetate:hexane)), yielding
0.131g of the product.

25 C,H,N: calc: 46.06, 4.97, 5.88, found 45.90, 4.97, 5.88
C23H33Ns05S,. 2.2 TFA
LC/MS (ES+) 594 (M+1l) 1 peak at 6.96 min.

Analytical HPLC (A} t=24.57 min.
13C (CDCl13): 155.8, 154.4, 149.9, 145.7, 136.8, +129.2,

30 +128.7, +126.8, +124.2, 80.1, +76.9, -64.3, -56.2, -52.5,

-48.7, -36.2, +28.1, +26.4, +20.0, +192.8, +14.3.



5 13C (DVsO): 156.2, 150.1, 145.7, 140.0, +129.7, +129. 2, +128. 5,

+126. 3, +125.0, +71.8, -60.0, +56.2, -56.0, -51.8, -36.0, +26.3, +20.3,
+20. 1, +14. 6W0 99/33793 Exanple 35 [err] PpcCTrusesni424
Synt hesis of 235 was acconpli shed anal ogous to that set forth in Exanple
1. Yield 15.2% tHPLC=25.2 min (A). 15 Rf=0.54 (B); ES+ 687.3 (M1).
1H (CDC13): 8.34 (overlapping d+d, 4H), 7.97 (d, 2H, J=8.9), 7.35 (7H,
m, 5.09 (1H, m, 4.56 (1H, d, J=8.4), .20 (1H, m, 3.54 (1H, m, 3.00
(3H, m, 2.82 (1H, m, 1,84 (1H, m_, 1, 37 (3%H, s), 0.84 (3H, d), 0.82
(3H, d). 20 Exanpre—=3a—f€t1 |
65 W di ssol ved 150 ng of 2 in 3 mM of anhydrous
di oxane, added 0.35 m of S(+)-3-OH THF ¢ ) m triethyl am ne. The
m xture was refluxed gently under RHL e for 2 days. Conversion to
236 was quantitative. 5 Solvents were regoved and the conpound purified on
silica (B). t HPLC=22.98 m n (ApPSESt ©36. 2 (Mtl). 1H NWVR
(CDC13): 8.29 (2H, d), 7.91 (2H, d), 7 (1w :

NO;

233

We dissolved 0,131g of the above ethyl
5 carbonate in 4 ml DCM, followed by 4 ml of TFA. Solvents
were then removed after 45 min at room temperature,
resulting in the title compound.
l1H (DMSO): 8.37 (2H, 4, J=7.2), 8.15 (2H, m), 8.00 (2H,
d, 9=7.0), 7.37 (5H, m), 5.04 (1H, d, J=6.9), 4.06 (2H,
i0 gq, J=7.0), 3.82 ((1H, m), 3.35 (2H, m), 2.95 (4H, m},
l1.82 (1H, m), 1.20 (3H, t, J=7,0), 0.72 (overlapping
doublets, 6H, 0J0=6.2),
LC/MS 1 peak at 4.76 min.
Es+ 497.3 (M+1).
15
Example 34
Q,N-AcvyloxXy Rearrangement

(o e
WOH

NH O O T o/NNH

O TFAsadt Q

NO; NO,
233 234

20 C,H,N: calc:53.26, 6.14, 7.57, found 53.22, 6.14, 7.57
C23H33N5058; % 0.8 TFA
LC/MS (ES+) 594 (M+1l) 1 peak at 6.96 min.
Analytical HPLC(A) t=24.57 min.



5.13 (1H,
3. 44 (1H,

Exanpl e 37

n,
n,
(1H, m, 2.14

(6H, two over

10

15

20

?

4.96 (1H, m), 4.52 (1H, d), 4.02 (1H, m, 10 3.84 (2H, m,
3.36 (1H, m, 3.10 (3H m overlap), 2.88 (2H, m), 2.64

m, 2.05 (1H m, 1.84 (1H m, 1. , 0.78
b (10 1 3rhings)

Car bohydr at e- Based Prodrugs [err]

64

1H (DMSO): 8.34 (2H, d, J=8.7), 8.02 (2H, &, J=8.0), 7.19
(5H, m), 6.98 (1H, 4, J=7.2), 5.00 (1H, m), 3.83 (2H, q),
3.50 (2H, m), 3.06 (m, 2H), 2.96 (2H, m), 2.43 (lH, n),
1.97 (1H, m), 1.02 (3H, t), 0.84 (3H, d), 0.82 (3H, d).
13C (DMSO): 156.2, 150.1, 145,7, 140.0, +129.7, +129.2,
+128.5, +126.3, +125,0, +71.8, -60.0, +56.2, -56.0,
-51.8, -36.0, +26.3, +20.3, +20.1, +14.6.

Example 35

0 O NO,
:7'°JLNH ﬂOJL°J(:>’

sosN

NO,
235

Synthesis of 235 was accomplished analogous to
that set forth in Example 1.
Yield 15.2%; tHPLC=25,2 min (A).
Rf=0.54 (B); ES+ 687.3 (M+l).
1H (CDCl3): 8.34 (overlapping d+d, 4H), 7.97 (4, 2H,
J=8.9), 7.35 (7H, m), 5.09 (1H, m), 4.56 (1H, 4, J=8.4),
4.20 (1H, m), 3.54 (1H, m), 3.00 (3H, m), 2.82 (1H, m),
1,84 (1H, m), 1.37 (9H, s), 0.84 (3H, d), 0.82 (3H, d).

Example 36
s
o o]
:7—OJLNH e

o

NO;
36



238 A mxture of 0.54g (1 mwbl) of (3S)-Tetrahydro-
3-furfuryl-N-((1S, 2R) - 1- benzyl - 2- hydr oxy- 3- (N-i sobut yl -

anm nobenzenesv fs3zadi do) propyl ) carbamate, 0.46g (2 nmvbl) IfcTnoNos27424
5-dinmethyl -tert-butyosilyl oxypentanoic acid, 0.346g (1. 8mwbl ) of EDCI
and 0.556nL (4 mwol) of triethylamne in 10 m of dinethyl formam de
was stirred at rt for 24h. Anot her 3 mvg each of acid, EDCI and
triethyl am ne were added and stirring waS continued for an additi onal
96h. 15 A third batch of acid,and E S ad e 3 and the
mxture was stirred 72h to"€oRpFERE” I%ﬁel%a 93& S il 2PREIF@URL i on
m.xture was then didxaned wdded 0. 353t1tnlyloiac8e(t+at-é OHATER tarat t06d AWRLh 1N

hydrochl oric aci dgriethyBatatiiated mélmm@x@am@nabm@mdv&émy Eyager ati on

of £ %_;é sol vent a@d
purification on sttFeFYeIToF3806 YRy Convefcsétc’gt EOhERANYS JMPE &S r ed
product (500nth aSoklvents wexy gehpved and [{EWScorppaail, pyyDiied WNé)LlscalH
NVR (CDCL3): 0.01¢pH s), 0.78 (6H dd), 095(9H s), 1418(6Hn)
1.9 (2H M, 2.05 3 (2H 2.95 2Hrr) 3.22
(1H M), 3.4 (1H, n#ﬂ"t%é%z %ﬂr‘?}m E 3‘3 %)(H'38(1Hd) 1 (1H, bs),
5.2 (1H bs), 7.2 1H NMISI—(G@CB‘I 08.29H( %ﬁ: C2H 8}, db 7. 22 (5H, m2150rrg
of the 238 was di ssoBvery, &1)304019501‘(1}1, m)t,etzr zﬂzyctllgf ugpn aak tregt eg,With
20 m of vat ef ang 59 #ﬁ (II!HX'[HE gvzlso ¢H”%d at rt
'hexane ave 't he” desi

for 2h and evapor a . mllltrat
al cohol (290nm) agvarm)te %$18 d2Hism) . 2 64 (lHrAmmx?u%é O¥H,0 M5 2(-6524
mvbl ) of the al cohol, m), pr.aduqed, akpyel fzpmdH)e spr,evi. 8IS ( 6EACIWO BVe@ 12059
(0.5 mvbl ) of tetraacetyl gl ucosyl brom de and 0.191g (0.7 mnibl) of
silver carbonate rh"3 m of dichloronethane was stirred at rt for 6h.
150ng of additional glucosyl 20 brom de and 150 ng of silver carbonate
wer e added and t he m xture was stirred at rt overnight. The m xture was
| oaded onto a pad of silica gel and eluted with 30%



et hyl acet at e- hexane to afford the desired protected car bohydrat e

pro-drug as a white foam (200ng). 25 LCVS: 1 peak, 966 (IVH—|) 1H NWVR
(CDC13) : d, 1.9 (2H m, 2.00 (3H5s), 2.02

(3H s), 2. oa%%g’fgg‘?’ 2.1 (2H, M, 2.3 (2H, M), 2.7 (1H, T"ﬁ)ﬁ‘@?ﬂ“mH bd), -
3.35 (2H,m), 3.45 (2H.m, 3.8 (5HmM, 4.1 (3H M, 4.5 (1H d), 4.9
(1H,bs), 30 4.95 (1Ht,), 5.08 (4H m, 2Hd), 8.35 (2Hd).

Exanpl e 38 [err] 66 1.5 g (9.4 nmol) S03, py -
conpl ex was added to a 5 stirred solution of 1 g (1.87 mml) of 197 in 25
mL anhydrous tetrahydrofurane. TheExamtiler 87was stirred at 20[err] C
for 12 hours,

pressure,

(47

1.8-2.1 (m 3H),
M5 (ES-):

then filtered. Té?rﬂdﬂytg'%ﬁ}_@ -¥8Seq Pro%ﬂ-ﬁﬁgnt rated at reduced
and the residue was ca gel colum and

eluted with EtOAc 10 (neat), followed by EtOAc: EtOH (4:1) to obtain 471 ng

% 239 as a col orl¥ss foam 1H NVR( CDCl 3): £H80 (m 6H),

10

15

4.15 s(bry, 1 , s (br), 1H).
614 (M 1). [err]( H)1 SEf‘E'DEg(Cngentanmc 5.027(s (br) H)

O

o 2. AcOH /H 20/ THF

d"

Ac4-GlcBr/ Ag 2CQa

238
A mixture of 0.54g (1 mMol) of (3S)-Tetrahydro-
3-furfuryl-N-((1S,2R)-1-benzyl-2-hydroxy-3- (N-isobutyl-4-
aminobenzenesulfonamido) propyl) carbamate, 0.46g (2 mMol)

of 5-dimethyl-tert-butvosilyloxypentanoic acid, 0.346g
(1.8mMol} of EDCI and 0.556mL (4 mMol) of triethylamine
in 10 ml of dimethyl formamide was stirred at rt for 24h.
Another 3 mMol each of acid, EDCI and triethylamine were
added and stirring was continued for an additional 86h.
A third batch of acid and EDCI was added (3 mMol each)
and the mixture was stirred 72h to complete the reaction.
The reaction mixture was then diluted with

ethyl acetate and extracted with 1N hydrochloric acid,
saturated sodium bicarbonate and water. Evaporation of

:S,‘-)@an O‘o"’ NH\/TO\/CI\;&_@N%

¥

|



100 ng (0.162 nmmol) 239 dissolved in 15 ni anhydr ous tetrahydrofuran
and 200 ng Pd/ BaSO4 (5% was added to the solution. The m xture was
stirred undew@®msssnospheric pressure of hydrogen for 8 haourgusegdad hen
the catalyst was filtered. The filtrate was concentrated under reduced
pressure then dried under vacuum (~1 Hg mm 48 hrs.) to produce 80 ny
(81 %9 240 as a colorless foam 1H NVR( O-d6): 0.85 (dd, 6H), 0.90
(m 1H, 2.05 (m 25 2H), 2.58 (m 3H), 2.84 (dd, 1H, 3.05 (m 2H),

3.55-3.80 0 4.93

6.09 (s, 2H), 6n}iBeH%ﬂél‘é‘?4}2t %‘C’eé’ %fl.’t?&m‘;rﬁﬂs H)lzt 3 H{"l(%%l—ﬁthy% 51 (d
2H) . NB(Es-)achatanqgane) gave the desired product (500mg) as a
Exanpl e 39 [err] waxy solfd. 780 my (3 nmol)

2-Chl oro-1, 3, 2-di ph hol a ddedtoastirred solution of 1.07
g (2 mol) 197 LeﬁgndPO& Ok nﬁzg mnm?ﬁﬁﬁl-ulsop op?ll ethylam ne in 25 ni

di chl or omet habe aE W%rﬁ?l@l-whe Ori0tt UPB: fbs & 1% g8} waPr?S (PHyFltro room
tenperature and it 4wassstiénwd fiam azhwrs 2 M5 (filmg myl, XRUB € (35m)t,hen es00! ed

i chl or oot hane. TRLRH X 18\ 28 Mg S Ppy B Dt 1 mddf &L 207 %r i
fol l oned by evapérafi @ﬁH,m) ’ Lﬁ(?er(lﬁeéuceé br e¥&drsd ,&n2ad|i‘;|¥!oh%) sol4& i on
(50% of 15 - (SH,m), 7.95 (2H,d), 8.36 (2H,d).

10 450mg of the 238 was dissolved in 30 ml of
tetrahydrofuran and treated with 20 ml of water and 50 ml
of acetic acid. The mixture was stirred at rt for 2h and
evaporated. Titration with hexane gave the desired
alcohol (290mg) as a white solid.

15 A mixture of 0.15g (0.24 mMol) of the alcohol
produced above from the previous reaction, 0.205g (0.5
mMol) of tetraacetylglucosylbromide and 0.191g (0.7 mMol)
of silver carbonate in 3 ml of dichloromethane was
stirred at rt for 6h. 150mg of additional glucosyl

20 Dbromide and 150 mg of silver carbonate were added and the
mixture was stirred at rt overnight. The mixture was
loaded onto a pad of silica gel and eluted with 30%
ethylacetate-hexane to afford the desired protected
carbohydrate pro-drug as a white foam (200ng).

25 LCMS: 1 peak, 966 (M+H).
lH-NMR (CDC13): 0.78 (6H,dd), 1.9 (2H,m), 2.00 (3H,s),
2.02 (3H,s), 2.05 (3H,s), 2.06 (3H,s), 2.1 (2H,m), 2.3
(2H,m), 2.7 (1H,m), 2.%94 (3H,bd), 3.35 {2H,m), 3.45
(2H.m), 3.8 (5H,m), 4.1 (3H,m), 4.5 (1iH,d), 4.9 (1H,bs),

30 4.95 (1H,t,), 5.08 (4H,m), 2H,d), 8.35 (2H,d).

Example 38



m trinmethylam ne was added to the residue, and the 15 m xture was stirred
at 20 [err]C for 12 hours. Sol vents were renoved under
reduced presgyhfsarne and 50 m EtOAc: EtOH (9:1) was added to the residue.

d was Ti

The sol | iltered, washed with Et OAc: Et OH (9: 1) tWEfFseHEes )
filtrate was concentrated under reduced pressure. The 20 residue was
chromat ographed on a 3 inch plug of silica gel using ethyl acetate
(neat), then methanol (neat), as el uerBs to obtain 1.15 g (82 % 241 as-
an off-white sol i d. 1H- NVR(CDC 3): 0.60 (dd, 6H), 1.70 (m 1H),
1.95 (m 1H), 25 2.10 (m_lH), 2.8-3.2 (m 6H), 3.4(1?), 9H), 5.09
(s(br), 1H), 7.25 (m_.5 .83 (d, 2H), 8.28 (d, 2Hj. gﬁ(@+' 701 -,
1 ai E&gnple 40

(Mr1), 184 (phosphatiflyllc ,Ea:@..m - o N 4
70 [err] d °’n¥‘ 2 \ 5 rrgdeC(lo %°<Ja:5 adde tl&/a sol uti on of

H
250 mg (0.35 mmoMy 241 in "0 met hanol , and the m xture ¥4 0as stirred
under atnospheric pressure of hydrogen for 4 hours at 20[err]C. The
m xture was filtered, and the filtrate was concentrated under reduced
pressure. The resi®le was then dissolved in 10 i 28 er and | yophilized

to obtain 174 ng (74 % 24% s (vhist gmsD) igb3.§g colip RIS Qudek: £8. 82 (dd,
?IS_D ( b}) ,Soéa) ,90 gg}.rxz'gg’soz.[u]talon of(pglw.’mzmmolg n}af?’i__gl i3ri %% gn@ 2, 3.2
anhydrous tetrahydrofurane. The mixture was stirred at
20°C for 12 hours, then filtered. The filtrate was
concentrated at reduced pressure, and the residue was
transferred to a silica gel column and eluted with EtOAc
10 (neat), followed by EtOAc:EtOH (4:1) to obtain 471 mg (47
%) 239 as a colorless foam.
1H-NMR(CDC13): 0.80 (m, 6H), 1.8-2.1 (m, 3H), 4.15
(s(br), 1H), 4.8 (t, 1H), 5.04 (s (br), 1H).
MS (ES-}: 614 (M-1).

o (7] o] 02

LT \ch Y T ;0
15 SO3H \so;,H
239 240

100 mg (0.162 mmol) 239 dissolved in 15 ml
anhydrous tetrahydrofuran and 200 mg Pd/BaS04 (5%) was
added to the solution. The mixture was stirred under

20 atmospheric pressure of hydrogen for 8 hours, and then
the catalyst was filtered. The filtrate was concentrated
under reduced pressure then dried under vacuum (~1 Hg mm,
48 hrs.) to produce 80 mg (81 %) 240 as a colorless foam.
1H-NMR (DMSO-d6): 0.85 (dd, 6H), 0.90 (m, 1H), 2.05 (m,

25 2H), 2.58 (m, 3H), 2.84 (dd, 1H), 3.05 (m, 2H), 3.55-3.80
(m, 6H), 4.20 (t, 1H), 4.42 (m, 1H), 4.93 (s(br), iH),
6.09 (s, 2H), 6.70 (d, 2H), 6.80 (d, 1H), 7.15-7.40 (m,
4H), 7.51 (d, 2RH).

MS (ES-): 584 (M-1).




4.0-4.3 (m 4H), 4.91 (s(br), 1H), 6.08 (s(br), 2H), 6.67(d, 2H), 7.

(m 5H), 7.48 (d, 2H), 8.12 (d, 1H). MS(ES+): 671 (MrU), 184

(phosphat i dylyodsgsdesie+) . 15
0.175 m (2 mmol) phosphorus trichloride was

solution of 1.07 g (2 mol) 197 and 0.35 M (2 mmol)

N, N-Di i sopropyl ethylamne in 25 m
nmxture was stirred for 4 30 hours at 20[erP]C, then 1 m water was added

Exanpl e $tThesgidras
added to a stirred

dicQIoronethane at 20[err]C. The

and stirred for an additional 12 hours at 20[err]C. 3 g anhydrous

71 sul fate was

added to the mxture and it was stirrecEfample 3930 minutes, then filtered.

The filtrate was concentrgted under reduced pressuref@nd purified by

magnesi um

silica gel

(1:1), to obtain o
1H NVR( DVBO- d6) : 2082 (lddbH

chr omabo

1H), 2.68 (dd, 1H), 2.9-3.2 (m 4H), 3.6- 3.8 (m 31, P3. 94 Ny 1H),
4.30, (s(br),

(d, 2H).

5

10

15

20

25

1H), 4.97 10 (s(br), 1H), 7.30 (m 5H), 8.°%4 Pd,~ 2H), 8.43
MS(ES-): 598 XM 1). 241

780 mg (3 mmol) 2-Chloro-1,3,2-dioxaphospholane
was added to a stirred solution of 1.07 g {2 mmol) 197

and 0.7 ml (4 mmol) N,N-Diisopropylethylamine in

25 ml

dichloromethane at 0°C. The mixture was allowed to warm
up to room temperatufe and it was stirred for 2 hours.
The mixture was then cooled to 0°C and 1.5 g (9.3 mmol)
bromine was added in 5 ml dichloromethane. The mixture
was stirred for 1 hour at 20°C, followed by evaporation
under reduced pressure, BAn aqueous solution (50%) of 15
ml trimethylamine was added to the residue, and the

mixture was stirred at 20 °C for 12 hours.

Solvents were removed under reduced pressure
and 50 ml EtOAc:EtOH (9:1) was added to the residue. The
solid was filtered, washed with EtOAc:EtOH (9:1) then the

filtrate was concentrated under reduced pressure.

The

residue was chromatographed on a 3 inch plug of silica
gel using ethyl acetate (neat), then methanol (neat), as
eluents to obtain 1.15 g (82 %) 241 as an off-white

solid.

1H-NMR(CDC13}: 0.60 (dd, 6H), 1.70 (m, 1H), 1.95
2.10 (m, 1H), 2.8-3.2 (m, 6H), 3.4 (s (br), 9H),
(stbx}, 1H), 7.25 (m, 5H), 7.83 (4, 2H), 8.28 (d,
MS (ES+): 701 (M+1), 184 (phosphatidyl choline+).

Example 40

(m, 1H),
5.09
2H) .

30

hy, ysi ng Et OAc: Hexane (4: Iy, [t e,zqg§A5:EtCH 5
gg N‘g!nd 2271y (3 ( %{‘1 3 'f_ZZ X
, 1.84 (m 1H), 1. (m \§H), & 10 (m



243: (1:1 mx of diastereomners): IHNWR(CDC 3): 0.80 (m 6H), 1.8-2.1

(m 4H), 2.8-3.2 (m 6H), 3.7-3.9 (m 4H), 4,15 (m 1H), 4.8-5.15 (m

2H) 15 5.5 ((d,d), 1H), 7.25 (m 5H), 7.95 (dd, 2H), 8.35 (m
?‘E’ 532?9%80 (M 1), 598 ((M-H20)-1). &T’“S”W‘“ '

Exarrpl e 42 [err] The reduction was carried out as

described in Exanpl e 40; (Yield: 79% 1H NVR(DMSO-d6) : 0. 81 (dd,

6H), 1.82 (m 1H), 1.95 (m 25 1H), 2.08 (m 1H), 2.6-3.15 (m 6H),

3.6-3.75 (m 3H), 4.03 (t, 1H), 4.28, (m 1H), 4.96 (s(br), 1H), 6.07

(s, 2H), 6.65 (d, o2H) 25 (m 5H), 7.42 (d, 2H). M5(ES-): 568

(M1). 30 nobxampl e 43 J;SE

72 [err] de‘°JT{ i reduction was ijggéﬂ N§‘<E%§E#|bed in

NM
@o/ N\ e o / \ /\/NMea

241 242

250 mg PdC (10 %) was added to a solution of
250 mg (0.35 mmol) 241 in 10 ml methanol, and the mixture

5 was stirred under atmospheric pressure of hydrogen for 4

hours at 20°C. The mixture was filtered, and the
filtrate was concentrated under reduced pressure. The
residue was then dissolved in 10 ml water and lyophilized
to obtain 174 mg (74 %) 242 as white solid.

10 1H-NMR(DMSO-dé): 0.82 (dd, 6H), 1.80-2.00 (m, 2H), 2.10
(m, 1H), 2.80 (m, 3H), 3.00 {m, 2H), 3.2 (s (br), SH),
4.0-4.3 (m, 4H), 4.91 (s(bxr), 1H), 6.08 (s(br}), 2H},
6.67(d, 2H), 7.30 (m, S5H), 7.48 (d, 2H), 8.12 (d, 1lH).
MS(ES+): 671 (M+1l), 184 {phosphatidyl choline+).

15 Example 41
[ ; 0y
o(j‘o ——< >—N02
| _
H-—P=0
o 0, éH 228
20 I Lo, —

o} o}
R
H=p—0
25 Q243
0.175 ml1 (2 mmol) phosphorus trichloride was
added to a stirred solution of 1.07 g (2 mmol) 197 and
0.35 ml (2 mmol) N,N-Diisopropylethylamine in 25 ml
dichloromethane at 20°C. The mixture was stirred for 4
30 hours at 20°C, then 1 ml water was added and stirred for
an additional 12 hours at 20°C. 3 g anhydrous magnesium



Exanple 40; (Yield: 98 %9. 5 (1:1 mx of diastereoners):

1H NVR(DMSO-d6): 0.82 (m 6H), 1.75-2.0 (m 2H), 2.05 (m 1H), 2.6-3.2
(m 6H), 3.5¥%@B3ta 4H), 4.02, 4.22 (m t, 1H), 4.75 dawusbsBzaz4t. 90,
5.01 ((d,d), 1H, 6.12 (s, 1H), 6.68 (d, 2H), 7.30 (m 5H), 7:49 (d,
2H). 10 MS5(ES-): 550 (M1), 568 ((M+rH20)-1).

Exanpl e 44 Phar macoki netics In,sSprague-Daw ey Rats

Fol l owi ng Single Oral Dose 15 I'n order to study the

R R R e e
as VX-478, to mal¥ aidutesal éhopriiikemmdr efheafslt oo eAdasniconcantoated

nol ar equi val ent suferd re@hice8 pressurd ol pasieied by divientigen in a
vari ety of phar naégutl L est ed

g apny, e o FeieEahgis ey ESoPerBERR e

groups of male an
oral doses of onpbund %5 2Yapy 4PAInGaiBde, 22 amd f4&3emd Vidiendl é43at the

same dose equzzel ent (40 ng/ kg nol ar equi val ent of VX-478). The

di fferent vehicles;I ound, 229 : wat e, ; 5,411, ,3) PEG
400; 4) TPGS/ PEG RHONR(T HEEG 8%%6 (da, \j/%ll)li'c 284 Gy \)%2’4781'\?3«5%" 1) 33%
TPGS/ PEX400/ PEG, HHd 2-180 (2. tHde TPES PG 408) PES 9-3.2 (m, 4H), 3.6-

73 _ _ tkamd(nﬁamwd)ess}z\eqe(@{c)li}gc,t Q?3b()| ltobAp, 11?)a,dn1§[,rgi7strati 03 at
various tinme . jpte and.,an ed fo resence 0 npoun
229 and its #e?abg%/r}%@,’ @%-)' a}'§§8?mby§}HF’Lé'§ﬁdQ %*hoéd)‘s‘l.éjﬂ?g %gém ts of
this study 5 ar ¥ &inlgt &§8déMow ( Tabl e 1V).

TABLE |V 243: (1:1 mix of diastereomers):

1H-NMR (CDC13): 0.80 (m, 6H), 1.8-2.1 (m, 4H), 2.8-3.2 (m,
6H), 3.7-3.9 (m, 4H), 4,15 (m, 1H), 4.8-5.15 (m, 2H),

15 5.57, 5.72 ((d,d), 1H), 7.25 (m, 5H), 7.95 (dd, 2H), B.35
(m, 2H).
MS(ES-): 580 (M-1), 588 ((M+H20)-1).

Example 42
0 0, o) 0,
A )E§2L5—4C3»Noz )Lwlié?ws—<:}»Nm
0" N 0
qC]‘H—é——o kT’ o::]--H—ﬁ——c» kT/
20 : o]
243 44

The reduction was carried out as described in
Example 40; (Yield: 79%).
1H-NMR (DMSO-d6): 0.81 (dd, 6H), 1.82 (m, 1H), 1.95 (m,
25 1H), 2.08 (m, 1H), 2.6-3.15 (m, 6H), 3.6-3.75 (m, 3H),
4.03 (t, 1H), 4.28, (m, 1H), 4.96 (s{br), 1H), 6.07 (s,
2H), 6.65 (d, 2H), 7.25 (m, 5H), 7.42 (d, 2H).
MS(ES-): 568 (M-1).

30 Example 43



Conmpound 229 229 229 229 VX- 478 VX-478 vehicl e
Herr]O Herr] O PG E PEG TPGS/ P 33% 12. 5%

t OH 400 TPGS/  TPGS/ 5:4:

400/ PG PR WO, Fehssnrggy

400/ PG nunber 3 3 3 3 6 [err]3 of rats
Mol ar 40 PO 40 PO 40 PO 40 PO 41 PO 50 PO equiv. dose/ 478
Dose (my/ Kg) AUC 11.7[err] 10.6 f%rr] 7.4 [err] 8.2 [err] )
29.6 16.2 [err] (ug*hr/m 4.8 7.4 1.8 1.6 5.8 1.8
1 Cmax 7. l[err] err] 3.1 [err] 3.Q[e o, 14.0 [err] 6.0
[err] ([err]M 177 0.7 NH, 1. 0 hal f .
1. 7% 3.4* C'TBT,*-)L *”s @50[’err‘]_‘2'2 d €] )LN i ler K

0.9 1.0 r) °Re|at|ve 39.5[err] 5.8[errj 25.0[err]

27. 7] err] refere reﬁeﬁehc Avai | . 90. 2[ err] §14§Terr] 57. 1] err]
63.3[err] nce QH of VX- 478 - a

dose of 50 ng / Kg of C%gpound 229 is equal to 40 ng/245 Kg of VX-478.
74 - no compound 2 d 1 i rst
data point ). ;gﬁﬁﬁﬁ%% WEQ 8£f§¥§h‘§ﬁt ?s ?s?rlbed Jh
avai l abi | ity of ExRre8 GRen(Ebdshr &8 fd-a 5 prototype clinica
formulation 5

pr ot ot ype

10

15

20

25

30

* Represent arnoni ¢ nean

(tat: 1RmhatbfedfaenénﬁmMersy:of VX- 478 when conpared to a
1H-SRGBLSEYaé Py Bt @D em), 1.75-2.0 (m, 2H), 2.05 (m,
1H), 2.6-3.2 (m, 6H), 3.55-3.8 (m, 4H), 4.02, 4.22 (m, t,
1H), 4.75 (m, 1H), 4.90, 5.01 ((d,d), 1H), 6.12 (s, 1H),
6.68 (d, 2H), 7.30 (m, S5H), 7.49 (d, 2H).

MS (ES-): 550 (M-1), 568 ((M+H20)-1).

Example 44
Pharmacokinetics In Sprague-Dawley Rats

Following Single Oral Dose

In order to study the pharmacokinetics of the
prodrugs of this invention, we administered single oral
doses of a series of prodrugs of this invention, as well
as VX-478, to male and female Sprague-Dawley rats.
Administration of molar equivalents of a series of
prodrugs of this invention in a variety of pharmaceutical
vehicles was tested.

Separate groups of male and female Sprague-
Dawley rats (3/sex/group) received oral doses of compound
229 by oral gavage, in different vehicles at the same
dose equivalent (40 mg/kg molar equivalent of VX-478).
The different vehicles for compound 229 were: 1) water;
2) 5/4/1; 3) PEG 400; 4) TPGS/PEG 400; and 5) PEG. The
vehicles for VX-478 were: 1) 33% TPGS/PEG400/PEG; and 2)
12.5 $ TPGS/PEG 400/PEG.



We perfornmed a simlar study on dogs using both 10 a solid capsule

formul ati on of conpound 229 and an et hanol i ¢/ methyl cellul ose sol ution
formul ati on, wisseas7?ezconpared to a TPGS-contai ni ng sol uti on vcarusedsAdson of
VX- 478. The results fromthis study are presented belowin = Table

V. 15 ' TABLE V Conpound 229 229
VX-478 vehi cl e solid met hyl,, 22%

capsule cellulo TPGS/ PE se in G

5% 400/ PG ter

nunber of dogs 2 Blf°d samples werﬁvﬁo&rleggﬁ_‘/fl\\,/\%]d%%mlng 17 PO 17 PO

17 PO 478 Dosédm¥ﬁﬂﬁﬁﬂat1°nA@€ various time 1nte;3a?§eamq anakmgeg[épr]
23.5 [err] (ughérprdgdence of b02h7compéﬁhd3229 and. 4ts mé€ABOLiltRy/ wk)-

g é[erg? 3 [eff]478 Qb§3§ﬁig' d M% fethods 3 The resultd Qf ¢ £HEX %@g&

0.5 .

Rel ative Avai?. ¥ Fe Wib‘-llat%‘io $1°WJK"é$}é¥%rFV) VX- 478 (9 o8
ce TABLE 1V The results
denonstrate that oral adni ni stratl on——f_ﬁ)'r_rpound 229 as an agqueous
sol ution r esutted—rn-nproved—bi-eavaitabt-t Hreonpari-sop—to-—the
ot her vehicl es sEOFPe¥Rd N229  f 01328 ng ? ni st% 28 i on B&ﬁﬂ7§0'”¥?&Tﬂ'ﬂ‘§ 229,
none of that cofpenndlaas zjet ectiagoipc:E |ptde flrmis v 183g0i nt | bk osxd sanpl e

, q
Comari son T 8t the agupacs: dqaBFor cotbitnd BI5 wi t 1 LERS bt rest.
aqueous formul atfji ons used for VX-%47A8%i ndicat ed [4PYFRF yEEEnce {RE@el i verly
as illustrated by the range found 400/ 400/PG

PG

number 3 3 3 3 6 23

of rats

Molar 40 PO |40 PO 40 PO |40 PO 41 PO 50 PO

equiv,

dose/

478 Dose

(mg/Kg)

AUC 11.7% j10.6 & |7.4 % |8.2 X |29.6 % |16.2 *

(ug*hr/m [4.8 7.4 1.8 .6 5.8 1.8

1)

Cmax 7.1% 3.3 % 3.1 |3.0% |14.0 % hl

(M) 1.7 0.6 0.3 0.7 2.2

half 1.7 |3.4% 2.8% |2.8* 2.5 + 2t

life 0.9 1.0

(hr)

Relative {39.5%7 [35.8t 25,01 {27.7t |refere |referenc

Avail. 90,21t g1.8tt |57.11 |63.3TT |nce e

of VX- 1t

478

- a dose of 50 mg / Kg of compound 229 is equal to 40 mg/
Kg of wX-478.



for the bioavailability. Whi |l e we have descri bed a nunber of

enbodi nent s of this invention, it is apparent that our basic con-
structions may be altered to provide other enbodi ments 15 which utilize the
products an®w@s®dses of this inven- tion. Theref or e, PATUSR37TH24he
appreci ated that the scope of this invention is to be defined by the
appended clains, rather than by the speci fi c enbodi nents which have
been presented by way of exanple. ’
CLAI M5 W claim npound of formula I: 5 [Jerr]
wherein; - no compound 37 masy FiFtFEt?‘ﬁd’ébéﬂﬂéﬁ‘Fl FtsePBt2d $rom the group

10 consistingiestGi&a ,poi®tO).err]-, -C(O-C(O- -0CO-, -0
S(Oterrl. < NeLssd, en%%srﬂmdnmw q(O- and -NRerr]-0(0-CO-

each Ais i ent | ele h
P Relative a allabgilty o -4%8 wheg compared to a
5 prototype clinical formulation

T Relative availability of VX-478 when compared to a prototype
toxicology formulation

We performed a similar study on dogs using both
10 a solid capsule formulation of compound 229 and an
ethanolic/methyl cellulose solution formulation, as
compared to a TPGS-containing solution formulation of VX-
478. The results from this study are presented below in

Table V.
15 TABLE V
Compound 229 229 vX-478
vehicle solid methyl 22%
capsule |cellulo |TPGS/PE

se in G
5% , 400/PG
EtOH/wa
ter

number of dogs 2 2 >2

Molar equiv. dose/ |17 PO 17 PO 17 PO
478 Dose (mg/Kg)

AUC 16.7 * |14.2 * {23.5 %

{(ug*hr/ml) 2.7 3.2 7.4

Cmax (pg/ml) 6.1% 6.3 % 6.8 *
1.7 0.3 1.1

Tmax (hr) 2.3+ Jo.5% 1.0+ |
0.6 0.5 0.8 5

Relative Avail. of |71.1 60.4 referen

VX-478 (%) ce




consi sting of 5-7 menbered nonocyclic heterocycles containing from1-3
endocyclic heteroatons, which may be 15 optionally nethylated at the point

of attachmeniyggssre@pti onal |l y benzofused, optionally attacheganishsseah a

Cerr]-Cerr] al kyl linker and optionally fused with a 5-7 nenbered
nmonocyclic heterocycle containing from1-2 endocyclic het er oat ons, and
wherein unnet hyl ated THF is expressly 20 cl uded; each Ht
i s independently selected from C3-C7 cycloalkyl; Cerr]-Cerr]

cycl oal kenyl; Cerr]-Cerr or aturated or
unsat urated heterocycl e, g%ﬁ %ﬁp?\ gemod}%r&tegggbgh%f% oat oms sel ect ed
fromN, NR err]?dm@lsé’”ylartdo%OfSG@\P?lm¢ 1229 aer shnagag¢erairsdlugdosai d
heterocycle is Oﬁés@mid Vin mpr&Uésdbiéhﬁlmﬁm/@?r Ehnc@ﬁb'aﬁfgﬂ?ﬁftooi:héal d

Ht t tuted t uent
i ndla;s)endent IOS !sg$ ?]'yd%hq‘s Iegisgud%ér%?e OSR[fg?&fe’W%EQ[ éI?#nelHStsratmn
7 N(R[®r rpF ¢araurid 229 aepe- g, thayncompofadr &f edeected in

-AO-N(Rerr])[ere] f1r§t( @)1&@ bbiNtRbEs6d )danplle. (or 1atdk Riggles),C (O

- , -C(0O O
o et iy RS g R M SHLEAL, okt 2
-0OQ, CR[erfr> %FQ@(QO]“S R[SériB COIN( ? (‘RFE 1}9 ‘%YfOJN(nR[err])
[e% 1; d5 t taqueous ﬁﬂ@dﬁl@th&nsndeﬁ@rwmmxmsel eﬁHEGaiféd)m a3-7
Menber ed sat yih a g&}g gﬁéﬁ%& 1h %1%&?5@2? %erl%ssa&%%heﬁy the a{é 3%%&‘3

ring system or ed sa rtra Sat'ur
unsat ur at ed het efpEyERe cbllqa\’i’@llabllééht ai ning one or nore heteroatons
selected fromQO, N, S, 10 WS 1eOneehbayeodedRBed whaugber @ f Seniipidiaraltlky
substituted withg e oups e o] X ],
“Rlerr] . N(R[err 19 nt1RhS Ng EQ gal(featt gfxgc 1 su.gﬂo‘a_'
-Cd er r] R[ err], @twrpq &Y )bFeP }:erﬁgd girovide o gr embodlments
each R2 is |hﬁiepehdentxhtlllseﬂeemdpfrbdﬂttheargi @Hock3ses0nsi shingirnferd and
Cerr]-Cerr] al IEXEnOptTKE}?Aﬂ&EeSUQ%t Wivied appre\@ltatﬂe@Riéhat the scop

each x is |ndepen ent | IS 1nd epengently
selected fromthé& gFB % mventc‘&?snl& FAgPerdefingd by thp)2pPeRIed al kyl and
Cerr]-Cerr] al kéayhs wheatdiar 2hanaby heebsweaiff isaietbRdimextepthidh may be

Optl onal l'y have been presented by way of example.



substituted with one or nore substituents selected from t he group
consi sting of CR[err] -C(O-NHRerr], -S(Oferr]- N(R err])
(Rlerr]), H _SR[err], -Cqerr]Rerr], NRerr]-C(O): Bl ]
each nis |W8’é’5’83ﬂa3ently 1 or 2, 25 TG when BFEL8 5’% |
selected fromH, Rerr] or Jerr]-Cerr] al kyl , or, V\:h_eL_GIS
Cerr]-Cerr] alkyl, Gand R err] are bound to one anot her either

g rectly or through a et cterr] 1inket to torm | INIINIAHAAD <.,

is 30 0), then the nitrogen to which ttached i bound directly
to the Rerr] %rou on -OR[err]; each Dand D is -
i ndependent | y We| @E2%%F from the group consisting of QG derr]-Cerr]
al kyl, which may be 1.0pt pobakpyursdilast ifloartmedlawit h one or nore groups
selected 35 fromJerr]-Cerr] cycloalkyl, -ORerr], -Rerr], -OQ -SQ .
and Q C[er1r’]-C[err] 78

al kenyl, which may be opti onaIIy substituted with one or nore groups
sel ected fromthe grouggéonm soRTg ofpClerr]-Cerr] cycl oal kyl ,
-OR[err], Rerr], Ceerr] - Clerr] cycIoaIkyI whi ch may be
optlonally substltuted th or fused Q and 5 C[err]-C[err]

cycl oal kenyl , ipb ﬁw 315 itwed with or fused with
Rerr]; eacd E is indepe t;% sel ected fromthe group
consisting of H; -0-Ht; H=Ht; -ORerr]; -NRerr]Rerr]; Cerr]-err]

al kyl , whi ch may be opt'-?onally subfs:éltut ed with one or nore 10 groups
sel ected fromthe group consisting of and Ht; and C2-C6 al kenyl,

whi ch nmay be optionally substituted wi th one or nore groups sel ected
fromthe group consisting of Rlerr] and H; Cerr]-Cerr] saturated
car bocycl e, which is optionally substituted with one or nore groups 15
sel ected from Rpekelnor H; or Cerr]- C[err] unsat urat ed carbocycl e,

which is optionally substltu qd vvlth one I from
Rlerr] or Ht; tR hrﬁi %"]deng Vnﬁepenaééd?\t R tﬁg ‘?ﬁs rom

the group 10 O@@ﬁssttnmgcf)fc(@?[-errF(Olt(rO)'Cr(IPIRf%F?)]‘ S(OOF[QPr] MR err],
hal o, NR[err]-@Q);, 2QiHR2sapd,—, CNNR?-C (0) - and -NR?’-cda¢hcRDefr] is
i ndependently sel ect ed féégﬂtﬂ"isgﬁgﬂgpendently selected from the group
consisting of 5-7 membered monocyclic heterocycles
containing from 1-3 endocyclic heteroatoms, which may be
15 optionally methylated at the point of attachment,
optionally benzofused, optionally attached through a C,-Cs
alkyl linker and optionally fused with a 5-7 membered
monocyclic heterocycle containing from 1-2 endocyclic
heteroatoms, and wherein unmethylated THF is expressly
20 excluded;
each Ht is independently selected from C3-C;
cycloalkyl; Cs-C; cycloalkenyl; C¢-Cio aryl; or a 5-7
membered saturated or unsaturated heterocycle, containing
one or more heteroatoms selected from N, N(R?), O, S and
25 S(0),; wherein said aryl or said heterocycle is optionally
fused to Q; and wherein any member of said Ht is
optionally substituted with one or more substituents
independently selected from oxo, -OR?, SR?, -R?, -



consisting of Hand Cerr]-Cerr] alkyl optionally substituted W th
aryl; and each “ lmm mgndent |y selected fromthe
group 25 coRyg siabg of aryl, mﬁ&m “‘B“ terocycle, Weghbdnr424 said

aryl, carbocycle or het erocycl e may be '6pt| onaIIy substituted with one
or nore groups selected fromthe group consisting of oxo, -ORerr],
-Rerr], N(Rerr])(Rerr]), N(Rerr])-C(O - Rlerr], -Rerr]-0H -CN,

CJderr]Rerr], C(O-NRerr]) (R[err]) halo and CF[err] 30
h t df 2
I S %&ndesé%em? o121 B -5 (0 A,

79 from H-N(R? )mQO)KRZNg~CGa) a, ~SNOR&F r |9J@HFr ] 7S (0)a—Q,
Clerr]-Cerr]- aln{@thyl%saﬂxy, -N(Rqes(drﬁhkyemlalo RL@IFQ,] -Wg)er 8j n-goto 4
-CH2 radicals of_ tRhe ( gllﬁ-ﬁné %5&515) ot her than the -CH2 that
is bound to Z, © ptlrc?rfal Il‘t/)% b cBt y Fet er oat om group sel ected 5
fromQ S, S50 , s (qeeaicl) Q igr imderpodently seleaiedr diramaay3hYdr ogen

i nI sait dda:c kyl, &léﬁ@@&bdoéa%réﬁed%ptﬁa@&&hﬁ&!%{ §ﬂ1f§.€@éiad/\‘otrhuﬁsatura§éfﬁe3?” t uent
sel ecte rom o0x0 rr

oG o S H e Sy pEop 51 epoersa ShELERELd)

(O [err]-N(R] er marépi]ly spRieated g @psREereted heteroqyolir| eing,

-S(O) [err]-R errdont@Ehliagr bne - Qdr@ hetBr6stdms l\i(a[eee:rtreld) frsm(@) [ rd,

Gerr]: G er P afdP? S or A Ter BhFTeth @it ortipaprty Sodciuiites with o 4

-CH err] radi cal@®Prt Reral gFPuURF Sﬂh@@pr‘ §rempexo, -qRE, opRiom¥I(RY) 6 epl aced
by a het er oat om-gr @ip-sedpat’ed-r2-oH,f FeM, O-c&R?S {)o) X (RA £ Mallo, oer
N(Rlerr]) ; and wherein any hydrogen 15 in said alkyl, alkenyl or R6 is
optionally repl aced’with a substituent selected from oxo, -OR[err]

-Rlerr], -N(Rlerr])[err], eN(:IR[%r rlF) P.gﬁg?endently REeEELER| fr@N the group

-CJ er r] R ens] , cdi(s@)stmﬁa[ OE ) dxed rd,-C3 S(Wliebpli bR By rdudsrithted
-N(R[err])- C(O) Rerr], -C(O Rerr], -S(O [err]-Rerr],

-OCF[err], -S (63 t[he|9r] R[err] -N (Rerr]) ‘s (Oferr] (Rerr]), hal o,
-CF3, or -N2; 20 each’ x iy independenflw @r9q)Iierr], or, when Mis
absent, H each R® is independently selected from the group

consisting of H, Ht, C;-C¢ alkyl and C;~-C¢ alkenyl wherein

20 any member of said R?, except H, may be optionally
substituted with one or more substituents selected from
the group consisting of -OR?, -C(0)-NH-R?, -S(O).-

N(R?* (R*), Ht, -CN, -SR? -CO,R?, NR?-C(0)-R?%;
each n is independently 1 or 2;

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

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

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

directly to the R’ group on -OR’;

each D and D' is independently selected from
the group consisting of Q; C:~Cs alkyl, which may be
optionally substituted with one or more groups selected

35 from C3;-C¢ cycloalkyl, -OR?, =R} -0-Q, -S~Q and Q; C,-C,



Yis Por S Xis Oo and Rlerr] is
C(Rlerr])[err], O or N(R[err”“l“ﬂgﬂuma iHuLvl’uen Yis S, Zis not S
and 25 WO 99/33793 Rl err] sat ur at ed, %rr;dsggdgzgt .

saturated or unsaturated carbbcytli'c Sr ﬁet*erocycl-i cring or
an 8-10 nenbered saturated, partially saturated or unsaturated
bicyclic ring system wherein any of said heterocyclic ring systens
contains one or 30 nore heteroatons seleéted fromo0, N, S, S(Oferr] or
N(Rerr]); and wherein any of said ring systens optionally contains

1 to 4 substit hkenyvilndubéremy s opéderaly otatitoresr Yiep g or
al kyl, O ( err |mddeeigribupbkybl &t d(fok] €he] g£d@s rdordlils¥ling of C;-Ce -
8Rt)er rl] is selec %cc}o;gﬁ%%g?npwdﬁ'cc?le@lﬁﬁ% b(') El—%snb;dmﬂ'n Wlicheast one
may be optionally substituted with or fused with Q; and
5 Cs-C¢ cycloalkenyl, which may be optionally substituted
with or fused with R%;
each E is independently selected from the group
consisting of Ht; -0-Ht; Ht-Ht; -0-R%; -NR®R®; C,-Ce¢ alkyl,
which may be optionally substituted with one or more
10 groups selected from the group consisting of R’ and Ht;
and C,-C¢ alkenyl, which may be optionally substituted
with one or more groups selected from the group
consisting of R' and Ht; Ci;-C¢ saturated carbocycle, which
is optionally substituted with one or more groups
15 selected from R! or Ht; or Cs~-C¢ unsaturated carbocycle,
which is optionally substituted with one or more groups
selected from R* or Ht;
each R' is independently selected from the group
consisting of OR?, -C(0)-NHR?, S(0),-NHR?, halo, NR*-C(0)-
20 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 independently selected from the group
25 consisting of aryl, carbocycle and heterocycle, wherein
said aryl, carbocycle or heterocycle may be optionally
substituted with one or more groups selected from the
group consisting of oxo, -OR5, -R®, N(R®) (R*), N(R’)-C(O)-
R®’, -R’-0H, -CN, CO;R®, C(O)-N(R’) (R’), halo and CF3;

30 each R’ is independently selected from
M 0
—en, G}x\l'- ., ——{CH;—O];—“—(RS)XM' ;
L: _

35 wherein each M is independently selected
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3 The conpound according to claim1, wherein D is benzyl. '

4. The conmpound according to claim3, wherein 5 Ais selected from
3-(1, 5-di oxane)-OC(O -, or 3- 79

hydr oxy- hexahydr of uraf 2, 3-b] -furanyl -O C(O) - D is

(Gerr]-Cgerr]) fghlﬁyh V\mcmasz@pﬁgonég' yséubﬁiwzv e¢,—c,,-alkyh, ofe or rnore
groups selected fromthe_ gro up
. Ci-al enyl -R®; wherein 1 to 4 —-CH, radicals of the alkyl

or alkenyl group, other than the —CH, that is bound to Z,

is optionally replaced by a heterocatom group selected

g 5 from O, S, S(0), S{0,), or N{R?); and wherein any hydrogen
in said alkyl, alkenyl or R® is optionally replaced with a
substituent selected from oxo, -OR?, -R?, N(R?)., N(R%)j,
R20H, -CN, -CO;R?, -C(0)-N(R?*),, S(0),~N(R?),, N(R?)-C(0)-Rz,
C(O}R?, -5(0),-R?, OCF3;, -S(0),-R®, N(R?*)-S5(0).(R*, halo, -

10 CFs, or -NOg;

M’ is H, C;-Cj,—alkyl, C,-Ciz;—alkenyl, -RS;
wherein 1 to 4 —-CH,; radicals of the alkyl or alkenyl group
is optionally replaced by a heteroatom group selected
from O, S, S(0), S(0:), or N(R?); and wherein any hydrogen

15 in said alkyl, alkenyl or R® is optionally replaced with a
substituent selected from oxo, -OR?, -R?, -N(R?),, N(R%)sj,
~R?CH, -CN, -CO,R?, -C(O)-N(R?*) 2, -S(0),-N(R?),, -N(R®))-C(O)-
Rz, -C{O)R?, -5(0),~R?* -OCFs;, -S{0).-R%, -N(R%*)-5{0).(R%),
halo, -CF;3;, or -NO;;

20 Z is 0, S8, N(R%*,, or, when M is absent, H;

Y is P or S;

X is O or S; and

R® is C(R?) 2, O or N(R?; and wherein when Y is
S, 2 is not S; and

25 R® is a 5-6 membered saturated, partially
saturated or unsaturated carbocyclic or heterocyclic ring
system, or an 8-10 membered saturated, partially
saturated or unsaturated bicyclic ring system; wherein
any of said heterocyclic ring systems contains one or

30 more hetercatoms selected from O, N, 8, S(0), or N(R?®;
and wherein any of said ring systems optionally contains
1 to 4 substituents independently selected from OH, C,-C,
alkyl, 0-C;-C, alkyl or OC(0)C;-C4 alkyl.



consisting of (Clerr]-(err])= ty(':ToaIk |, err] err], -OQand Q 10

Eis ((Jerr]-(err])-aryl a“l“ urﬁmﬂ@ed]wtg[one or nor e
bstit t d f , err err

N(REer ) Ler g er ] on IO 0O 'R, G (O NRLCFSTITRE® s

(Oferr]2-N (Rlerr])[err], -N(R[err]) -C (O -Rerr], -{OQ -Rerr],

-S(Oferr],-Rerr], -OCF[err], -S (O J[err]-Q rrethylenedloxy

-N(R[err]) -S (Oferr]-Rerr], halo, -CF[&r], -NJerr], Q OQ 25
-OR[err], -SRerr], -Rerr], -N( err]) (R[errdlfé\gsr - N R[err [err]; or a

5- menber ed het er ocy@ti ¢ THhFEBRUAANAAEP t&n& B8R bnafherein

cont ai ni ng N astaneaddi bhenkl ilseseleatednfudrer ei n sai d het erocyclic
ring is optionally substot ut ed vv|d|.t; one t @ ,two gﬁ\/gs i ndependent |y
sel ected from - [_| _lﬂerr] H; 20j a 9) ~H S of Msof ar as it
is defined as par 2°0f % i med a claim1l except for the .
excl usi on of heterocycles 25 0 5. The conpound
according to cl N ofer eif) -1yside, SEbRagdi oxangt™-NMez/ 6.
The conpound accqrding to claimb5 wher ei n oAis 1,3-dioxan-5-yl. 30

7.  The corgpou}\ac or g, to claim 4, Mhdr etk Gis

hydr ogen; I'S | solﬁmytyr@‘sLne, - p'henylsMsubstl tuted with
N(Rerr])[err]; /b Nk 82

each Mis indepsiyleg) s_e(l:ﬁzc_bg gom H N’ Ner Ve Ca Ba,
Cerr]-Cerr] alksﬁ )X' (SRZZ) 83ﬁ each M(IT)NQFF

Cerr]-Cerr] al kyI o 8. The co ound accordl ng to
claim 3, WA Y NSNTNNMEz, —soaMg, 2sby (NH,) 5,

Me
O

" - )'\N:
-CH,~0S0sNa;, —-CH,~0SO0s (NH,) 2, \g N2, NH, *
O

H N
0 N A N 3
)\/0\/\0/\/()”9' \n/ NHz, UK,
2
— ] o
10 )L K\N ; acetyl, Ay )\/\/ ’

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

o) o]
- (L) -y-t-butyl-aspartic acid, AOJ/\)’

- (L) - (L) -3-pyridylalanine, -(L)-histidine, -CHO, “‘cF,

-{L)-valine,

o
P 6o
O/\/\/ H o
0 OAc I
P W GOk Rg s
0 ; OACH , O ,

1] 1} i
/P\\O/\/ NMe, + /\0’ P\\0_ /\0’ %
15 0. , o , 0.,
PO3;Kz, P0O;Ca, POs—-spermine, PO;-(spermidine), or
PO;- (meglamine).,.



E is a 5-nenbered heterocyclic rlnawﬂﬁ |ng one S and optionally

containing N as an additi onmul‘ ﬁ wherein said heterocyclic
ring i s opti swoed93g793ubsti t to two groups mmmamm |y

selected from-CHerr], *Rerr], or H. : The
conpound according to claim 3, wherein: 15 Eis Ht substltut ed
with N(Rerr])[err]; R7 in the gOR[err] group is -PQCOM 2 or

C (O CHerr]OCHerr]CHerr]OCH err]CH err]OCH err] and both Rlerr] in the

-SEO\(NIT[ Ie;]r] JLer 1[ Lr mul a %J(Pgt b u@%)%—"f er rn]%og—lFer r [ er r%léé@lt & ?Eg%égr P

RLerr] in the - N RAeAePZYerr] 20 substituent of Ht is
C(OCHerr]OCH err]CH err]OCCH err] and the other R err] in t he

-N(Rerr])[err] substltuet of ixn Li,
Na, Kor (err]-C er% q rht é&nﬂénr@:ﬂ%ecordni% tQI' &%gﬁrrgou%bggg%r di ng

to claim3, wherein lsRF@an]:t?ﬂ R 304[1er5r }ila?‘ﬁ’ﬁﬁo) TS C B oMPEerT] or
-C(O-M and M isydNxy-hexehylrofurai2, 3-b}-furanyl-g4cC (he conpound

?a:g;?i n%[ te gr]cl) a;lm 2,pv is (¢, Lgﬂc 9 which ﬂ% rt]loli}rﬁll substituted
cycl oal kyl, (( P12 réer%[:‘) mg%a PR y"i‘al e& Erg nﬁ% ééﬂ“ sat ur at ed
or unsaturated heowsistyigige oful6slh -anglomhidr, -ORZ of R eOrP asdoptional |y
substituted 4 th one O11dT0CE-cyo) -a SHDIFLIRRLSy98hSGE LXhIUPRLhe oflEOHE

t f
C (0 " NP R er | oSS O PRPRFPPISTERY JErompRo: CRPRrsiey 118 -

-C(OORerr] ant (R?) 2, N(Hé[-@ﬂv] yCRY O)CFQ[)@-TR]Z; 20P) -N(R%) 2, =3 (0)g-N(R?),,
(Cerr]-Cerr])- ahksﬂ)—@r(oﬂﬁ”]—cabkeﬂ%'1 serer®) Docks, -s(qgptopnal ly
Substi tut e?owggrogwfengav Sevd" OHRR2 28 @580, Pnal 5O LS Rb; OE! 2!

’ -OR’, -SR’, -R’, -N(R?) (R’) or -N(R"),; or a S5-membered
heterocyclic ring containing one S and optionally
containing N as an additional heteroatom, wherein said
heterocyclic ring is optionally substituted with one to
two groups independently selected from -CHs, R%, or Ht;

20 and
Ht, insofar as it is defined as part of R? is
defined as in claim 1 except for the exclusion of
heterocycles.

25 5. The compound according to claim 4 wherein
A is 1,3-dioxanyl.

6. The compound according to claim 5 wherein
A is 1,3-dioxan-5-yl.
30
7. The compound according to claim 4,
wherein:
G is hydrogen;
D’ is isobutyl;
35 E is phenyl substituted with N(R"),;



12. The compound according to claim 11, ‘wherein Rlerr] in the -OR err]

it onc it L AN o o % a5

12 in an effective to tréat "infection by a virus t

characterized by an aspartyl protease; and a pharmaceutical ly

acceptabl e carrier, adjuvant or vehicle. 15 14. The _
phar maceuti cal conposition according %0 claim 13, wherein said virus is
H V. 15. The pharmaceutical conposition according 20 to
claim 13, wherein seaeh phdmi®daprraentbmssdiecitefl fxom H, figrnifRat gd for

oral adm ni str®gj0pa, Ba, C;-C, alkyl orléN(RNe; pdrad naceutical conposition

accordi ng to C%géﬂnﬁﬁ,isf%rggeél_cd%n?{[}%ipg one or nore agents 25
' H

selected froman anti-viral agent, an r ot ease i nhi bitor other
than a conpound according to claim1, and an i mmunosti nul at or.

17. The phasmaceuti cal cohnpoghiei eompoond ddauprddngotel @ladnd 8, furt her
conpri sing one ~OPLe agents sel ected from zi dovudi ne (AZT),

zal ci t abi ne (dggf%, " di danosi ne (ddlg, st avudi ne (d4Te . 31C, 935183,
1592U89, 52408, 18 o7 TEFCRT RN SECBITKAL 1C| F3BE SMLaIZANg, PBE S ABRT

538 (A80538), AGdlagtiondl i ZonXklia®0g ICR(E 53, 484ditbondb Haisceion) .
84 wherein said heterocyclic ring is optionally substituted
10 with one to two groups independently selected from —-CHj,

R, or Ht.
9. The compound according to claim 3,
wherein:
15 E is Ht substituted with N(R’);;

R’ in the -OR’ group is -PO{OM), or
C (0) CH,OCH,CH,0CH,CH,0CHs and both R’ in the -N(R').
substituent of Ht are H; or R’ in -OR’ group shown in
formula XXII is C(O)CH,OCH,CH,0CHs;, one R’ in the -N(R'),
20 substituent of Ht is C(0)CH,OCH,CH,OCH; and the other R’ in
the -N(R’), substituent of Ht is H; and
wherein M is H, Li, Na, K or C,-C, alkyl.

10. The compound according to claim 3, wherein
25 R’ in the -OR’ group is —-PO(OM); or -C(0)-M’ and M is Na
or K.

11. The compound according to claim 2,
wherein:

30 R® is (C;-Ce¢)-alkyl, (Cz-Cs)-alkenyl, (Cs—Ce)-
cycloalkyl, (Cs-Cg)-cycloalkenyl, or a 5-6 membered
saturated or unsaturated heterocycle; wherein any member
of R® is optionally substituted with one or more
substituents selected from the group consisting of -OR?, -



18. A nethod for inhibiting aspartyl_ protease
conprising the step of contacting

phar maceut i c@o fRFRSSI tion 5 ‘\r\ \g“%

met hod for treating HV |nfect

activity in a manmal ,

“Sfrlng to said mammal a
m 13. _ PCT/US9S271424 19. A
*mammal conprising the step of

adm nistering to said mamak a‘ phar maceuti cal conposition according to
claim10 13. 20. The nmethqd according to claim 19, wherein
said manmmal is additionally adm ni stered one or nore addi ti onal agents
selected froman, anti - V|2ral ent pro se |n§1 bjf or .ot her than
a conpound accoFélPh 328571%?1 2'ang“:a ¥ vi mul‘q {3 lkEI er as a

part of a sNrﬁgf)e-Cd@éa@é fayxdn wit h sai d phar maceut I cal conposition
or as a separate dospge;d O(GTLC:,)-%Qkyl or C3 alk%iayl : TRRe BN OSY a_q,cordl ng to

claim 20, wherei ent is selected fromz vudi ne
o 2 e e bBrhonal Ty RiE s LR REL P RES fond or° SRy Rubt (adtected” I
935U83, 1592@89fr§@4mcstaqmmwl(rRUOB 8‘9‘5‘9) orl Q. 735,524, SC-52151,
ABT 538 (A80538), AG 1341, XN|412 XM 25 450 CPG 53, 437, or tuscarasol.

22. The net hod according cl.aim19, where i d.step, pf
adni ni stering conpri ses o)lt’% e E‘PP&F? ?\cmrdmg W C18LER )
wherein R’ in the -OR’ group is -PO(OM), or -C{0)-M’.

10 13. A pharmaceutical composition, comprising a
compound according to any one of claims 1 to 12 in an
amount effective to treat infection by a wvirus that is
characterized by an aspartyl protease; and a
pharmaceutically acceptable carrier, adjuvant or wvehicle.

15

14. The pharmaceutical composition according
to claim 13, wherein said virus is HIV.

15. The pharmaceutical composition according
20 to claim 13, wherein said pharmaceutical composition is
formulated for oral administration.

16. The pharmaceutical composition according
to claim 13, further comprising one or more agents
25 selected from an anti-viral agent, an HIV protease
inhibitor other than a compound according to claim 1, and
an immunostimulator.

17. The pharmaceutical composition according
30 to claim 16, further comprising one or more agents
selected from zidovudine (AZT), zalcitabine (ddcC),
didanosine (ddI), stavudine (d4T), 3TC, 935U83, 1592089,
524W91, saquinavir {Ro 31-8959), L-735,524, SC-52151, ABT
538 (A80538), AG 1341, XM 412, XM 450, CPG 53,437, or
35 tuscarasol.



10

15

20

25

WO 99/33793 , ,!""J mlﬂ "IMH "IISI l”*", PCT/US98/27424

84

18. A method for inhibiting aspartyl protease
activity in a mammal, comprising the step of contacting

- administering to said mammal a pharmaceutical composition

according to claim 13,

19. A method for treating HIV infection in a
mammal comprising the step of administering to said
mammal a pharmaceutical composition according to claim
13.

20. The method according to claim 19, wherein
said mammal is additionally administered one or more
additional agents selected from an anti-viral agent, an
HIV protease inhibitor other than a compound according to
claim 1, and an immunostimulator either as a part of a
single dosage form with said pharmaceutical composition
or as a separate dosage form.

21. The method according to claim 20, wherein
said additional agent is selected from zidovudine (AZT),
zalcitabine (ddC), didanosine (ddI), stavudine (d4T),
3TC, 935U83, 1592089, 524W91, saquinavir (Ro 31-8959), L-
735,524, SC-52151, ABT 538 (A80538), AG 1341, XM 412, XM
450, CPG 53,437, or tuscarasol.

22. The method according to claim 19, wherein
said step of administering comprises oral administration.

-



