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FI ELD OF THE | NVENTI ON The present invention relates to prodrugs of a class
of sul fonam de$ Which are aspartyl protease inhibitors. In one enbodi nent,
this invention relates to 10 a novel class of prod~' ugﬁmmmlmnmuMWrWI
protease inhibitors characterized by favorabl e agueous hi gh
oral bioavailability and facile in vivo generation of the agdikeve
ingredient. This invention also relates to pharmaceutical conpositions
conprising these prodrugs. 15 The prodrugs and pharnac sitions
of this invention are particularly well suited for decmmm\mmmmﬂmgr |1
burden and increasing patient conpliance. This invention algg.kelates to
met hods of treating manmals with these prodrugs and pharnaceutrcal

conposi tions. 20 BACKGROUND OF THE | NVENTI ON Aspartyl protease inhibitors
are considered the nost effective current drug in the fight against HV 25
i nfection. These inhifj ; o chemi ca
properties in order C , alexi >y : : . One of
these properties is hrgh hydrophobrcrty Unfortunately, this property
results £n poor agueous ;g ;I§§¥ jﬁ@rh vailability. United
St at es Pgtent 5, 585, 397 c éﬁgﬁgég&%?hgéi.ona.'Iéﬁconpounds that are
i nhibitors of the WO 991 33793 2 2 4 JUN 2002 PCT/ US98/ 27424 aspartyl
protease enzyme. TheseryOMHAMS: | iﬁb‘éﬁ%%ﬁ Ebeafleabgckeonengaisant to

phar maceutical co |t|ons conpri sing |c aspartyl protese
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phenyl - 2(( S)mram:aiw of urrarore yémw&méb@nytnns n@hbahytoht keoktkyl then~ene
sul f ona de) %ﬁg gfartyl prot ase in h E sed in_the " 397

pat ent . n it d egl‘]g/l PAECEE o/ 8 aip?ﬁ 4ti PEPYSRSW aqueous
solubillty LMhﬂbﬂtdns(nhar&ntﬁmmaédbbylfgvofabhesaﬁﬁebnbibbﬂubiﬂnta,

"sol ut~. on 7 iss.formis
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750 . oF VIR Tt Eeh o sre%rm@ﬁ@ﬁlaathsp BESt £aoBES8 Tort300 my/ day
of VX478, tmmémtmmaare)npa\ntliduleqmyreealpatmeati forcdesueasihgl@he

ot ont - conT ancart i cet St aps b B RHr  eRuFTabnEEs bR o0t e
drug. The hr?ghV?ﬁlﬂmbu@bléﬂ felates EOdEteéhDéﬁt Otfottﬁcuteagr Rgmad sanount  of
the drug ad”%f%§t€ﬁégepﬁfoé?ﬁgéOaﬂdpﬁhb§ﬁkceﬁQ9Eﬁqrc%ﬁp@%@%ﬁ%ﬁ& of the pil
bur den aBd t he concom tant pafient conpliance problentls in the treatnent
of childPen infected with HI V. Furthernore, these "solution"” fornulations,

such as the nesyl ate fonul aRACRGROUNRIOR TS UMNENTL ON

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



30 solubility of VX-478. This creates the real potenti al 012 4hdUNng02t he dr ug

crystall |@§9§)/F|579pf sol ution under various storage and/or sBipRisB7424
condi tions inturn, would likely result in a |loss of sone of the

oral bioavailability achi eved w th VX-978. WO 99/33793 32 4 J U N 2002
PCT/ US981 27424 One way of overcom ng these problens is to develop a
standard solid dosage form such as a taBlet or a capsule or a suspension
form Unfortunately, such solid dosage forns have much | ower ora

bi oavai | abi laistos rr yaf grtte: edidig. enlhjase . t hEi€sé 5c@mp@@ﬂdtsolums@yatéh@hdr ug

| oad per unlt dosage formfor as’gaﬁrtyl $rotease |ng bitors.. Such an

i mproved do$¥ aﬁﬁﬁﬁ\ﬂﬂBQP?%ﬁﬁﬁr PRI 6EPHER2 nﬂopﬂeféﬁégnﬁatlent
conpl i ance. cUmpmmﬂuhgﬂhyﬁquphahﬁrJibﬁamtyheppOSSSBlthybmtoracreﬁsmng t he

anount s of %@@Pﬁrg)rl resentﬂeﬁ&f %ﬁ% I@Ia}/ e_ssg%g§$5egt ¥§QW§\R Y_OF THE

| NVENTI ON 1 i nvention provi pro f ‘a class of
sul f onan? depél@mduﬁd(s Srfretarah yare Bixans3 oy L agpafeybopy baBaBe) —i n

particul ar, b‘d't‘{/law&rédﬂuﬁylmk%%‘eném@ﬁf‘oﬂéﬁﬂaé'gs:L§r gncagbagwm zed by high
aqueous SO|UbI| ~r~cr ased vai | b|||t gagre 20 read

mat abol i zed BFSE %/Sr?e I Jcﬁ"c T “(h% pPa5ERt - mantlltén al so
provi des pharawmdeittd csaallu:cfrrmm tVONS7TEOPS | Si nglhheselpr odwugguabdsnet hods

har mmceut | S GEaal 11 aHE toherbar o 45 HRet ReFaBl BELVIRE E8 00 al one or
i n conblGat il ikitieotitera t'teyhpeinn’t Horpudphybncisceagehlsptsutheas
anti-viral Sdo%'}atdfeb'cpft I\B&. 4 1 dmyp oyl ﬁéﬂﬁslgrsw%bﬂgsﬁlﬁg%eﬁh% yt Egat ment

or prophylaxis of viral infection. 30 It is pri nci of this
i nvention t GTOREVE RF NovBHLriRFR ERRL o%nat}é?aEér*é#CE&PFohéﬁPélésdﬁ/ﬁﬁﬁﬁ are
aspartyl praease d.hi blérocféps@mt@@rimwl arkyrtHp¥1aspar tepspnet eage

gghlb;tzrguﬁﬁgggﬁpovel cl ass f s .Eﬁqﬁghggséhgrégg;eagaéﬁgpé%nfornula | :
PCT/ US9B3 27424 t ckmzhgeRlof sVXﬂd’eqbendent ly selected fromthe group
consisting of (0)-, éﬁé@é&tly gaec%g%ylatg gégkulatgkn of VX-478
produces an upper limit 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,.



S (0 - ﬁ%nigﬁ ~, -NRZ-C (0) - and -NRZ-C (0) -C (0) 24 H02, ;¢
|ndepende ected fromthe group consisting of 5-7 ne®edrusdsanrecyclic
het er ocycl es 10 containing from 1-3 endocyclic heteroatons, which nay be
optionally nmethylated at the point of attachment, optional I y benzof used,
optional Iy attached through a Cl1-C3 al kyl; l'inker and optionally fused wth
a 5-7 nmenbered nonocyclic heterocycle cont aining from1-2 endocyclic 15

het er oat ons, and vvherebn unnet hyl at ed THE |s x ressl excl uded; each Ht is
i ndependent | y sel ect ed”?F off £3°E-CEGEFBRLRY £ €§eCpr dieF8 KényHo, CB- C, o
aryl; or a Sevekoibes estaadarat edl vd dosat;ur sy hetlehoekclse t apritaigy ng 20
one or nore sel S_and .S(0) wher ei n
sai d aryl or$§éa%&ﬁe§g§f)c§ gﬁgﬁgnéé I|[po%|‘f'31 QQES”&“@‘: eA¥d \ﬁﬁlé??’el n any
member of sa3QtiE desapei bewns yhavesmieht édwwrt brede bipavarid abihdttivt uent s

i ndependent lgf seh&cd fromoxo, -OR, SR, -R, 25 N(R) (R) , -R-OH
-CN, -ClZR', -C (0) - é Rz) -S(O ~~-N(R) ~, -N(R ) -C (0 -R, -C
(0) -R, -S(0) "-R, th%r?O)S a(j‘eﬁﬁt ﬁ?l éﬁ@dpﬁﬁythﬁNdQ-’RZ) logd(0) 2
(R) , halo,peCRmit NDsagk £6€Fn £6R as poRtyl- BrOtEHS@RZ..}lh(lBll)tOQ'% -N (R)

~; WO 99| 0 PCT/ 898/ 274 i ndegendent | y
sel ect ed fr%%%asnizlnér%ere% & AT 7 at g%rmpaPPiél 85‘5%?31%813& g%&@@r at ed
car bocycl i ¢ gl RGEeESE mtaexst 7compbiardesat mtaWed,ldparl’rsloablrybvaalteur at ed

b t
el cotod 11 om0, R e R e iAo B e BB n g yPEUAEER ut o

with one or Jé“g%‘%%ﬂb%ds%%c%ﬂ £? o?n BRBienORz, -R, -N(RZ) Z, -N(R) -C
(0) -R2, -Rz-OH, -CN, -COZRz, -C (0) -N (Rz) z, hal o or -CF3: 10 each Rz is

i ndependently sel ected fromt roup_consisting of H and C~-C3 al kyl
optional ly substituted with @mjm 5T ﬂgdmg‘gﬂ'ﬁﬁwy 0 or 1; each R is

i ndependent |y sel ect ed fromt,he group 15 consisting of H, Ht, Cl-C6 al kyl
and Cz-¢g§ al kenyl r e a

optional Ty substitut edﬂw téponge@%;)lﬂr;r%gétguﬁf ?uéﬁﬁ B8I"§8t 85%1‘1F8f5hst he
group consi i iy Grasorel s {@amivie ReompSuGy thAlt(Rze GRb)ibithirs - CN,

-SRzr - Rz 2; G wh
presrent Coljs sfeﬁgzﬁjﬂ@gﬁ;&te% eaﬁlp ﬂat%l E@?Penf}?{}mﬁgﬁééﬂ&% Cl-c4 aFEyI

G and R ar @Hfiffgo %%d?mrlé% h%FedFFééﬁF*yeéFZ?ﬁr SighighCl- C3 i nker
to forma hetereamyc|sclubimgit e, Apcrbesde& b§089&1@é§§§'ﬂ‘tg( bn@ grwhen x in

(G)X|s ), n Gis,attached ound directly to
the R g?ouprt%ﬁdhdg%ant c%%‘ﬁwd”\é‘b hh? nﬂEBéﬂﬁehPPﬁlbéépéét éd VEgm+t he
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w th one or r Kk

-S-Qand Q mﬁ%&aﬁgis Sﬂ%lﬁ‘%%%e ogﬁfgﬁg\lgg sé&f“?%ga %th one or
nore groups &ECEY HY rﬁﬁ@f&c‘gﬁf%plfedh@mﬂﬁgugin@ t@eseyplodrkyk, - ORz,
R3, 0-Q and &ad @T%Ke}/ﬁﬂté@élﬁ’icam&gbé§lE@Mn?etHQEEBQal l'y substituted

with or,fused with 'Fh C?
ese 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 viral 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



2 ~ suN 2002 PCT/ US98/ 27424 C5-C6 cycl oal kenyl, which may Bet JgNi 8821y
substi t utygg o¥si7b3 or fused with R6~ each E is independentl ypégﬁggﬁ%“f rom
the group consisting of H; -OHt; H-H: -0-R3; -NRZR3; Cl-CE " alkyl, 5
whi ch may be optionally substituted with one or nore groups selected from
the group consisting of Rg and Ht; and C~-C6 al kenyl, which may be
optionally substituted with one or nore groups selected fromthe group
consisting of Rgq and #~t | C, -CE saturated carbocycle, which 10 is
optionally substituted with one or nore grqyps selected fromR4 or H'! or

C, -C~, unsaturated carbocycl e, is @R1onaD'y substituted with one or
nore groups selected fromR4 or .~ eachZRq is qndependently sel ected from
the group 15 consisting o%\CR‘, - P;Sée%ﬁ%52§/$h£0) ~-NHR~, halo, NR--C (0)
R and -CN;, each RS is indepegde e rdhmégﬁagggup consi sting of
H and CrCa al kyl optionally Substituyted with aryl; each R6 is

i ndependently selected fromthe grougE consisting of aryl, carbocycle and
het erocycl e, wherein said aryl, carbé&tycle or heterocycle may be optionally
substituted with one or nore groups selected fromthe group consisting of
oxo, -ORJ, -R~', N(RS) (RS) , N(R) -C(O 25 R5, -R'-OH, -CN, CQZRS, C
(0) -N(R) (RS) , halo and CF;; each R is independently selected from ZM
-LCH2 0 ; | Z(Mx or ~ CH2 ~ ~~R~XM; {30 wherein each Mis independently
selected fromH, L1, Na, K My, Ca, Ba, -N(R) 4, C-Cl~-alkyl,

CCl -alkenyl, -R; wherein 1 to 4 -CH radicals of the al kyl or al kenyl
group, otherypdpgifhe -CH= that is bound to Z, 35 is optionally replaced by
a heteroatom group selected , WD 99/33793 7 2 4 J U N 2002 PCT/ US98/ 27424
from O, %, S (0) , S (EBfh, Rorify ¥ngsrendpptherltRCERT AYAF0GBR FROER d

al kyl, al kenygbnot sBongsoapcCi(onal, | ysreplagedcwi hcaosubstotaent -seleet ed
from oxo, - -Rz,, . N z, NALRz _ROd, _-ON, . - CO -C(0) -N(
Rz ) Z S (C%Q%S’)%'-N“{‘{YR%F%)@)Z’, 'Nr\%’g‘Rzeﬁgic‘i‘n% )Nﬁ;lz(‘:(m Rz, -S (0)
~-Rz, OCF3, -S (0) "-ReacN RRiy i8deOepndiehRl)y sdialaredCEXomortheNQzouw is
H Cl1-d z-al . Cz-Cl.7- al keny : i .t - jcals of the
al kyl or al kéé%{}flg?é% Pg gp?i %ﬁ%?}?egep%%%ﬁ%fcgl%&eeroé{%%sgroup

sel ect ed010 ¢pBERONIBY Srew) 1-3sepdprycldc RetRpatomsd Wwhdrdl maghye
hygrfgten ltn §1@’|cﬂ01t'vlbﬂ , mekkenyk eQr aIBGtE; %tNi'nEtrFngﬂ )étrt%f&rﬁzfeﬁitRz ?),vv'tgza N
substituent se] ecte rom oxq, - , ~Rz, - z, - -
-CzRz, -C (?ﬁt%ﬂn(i%}y g’?n?g%(léfgizﬂp(tﬁﬂnaill ﬁ‘%t@ﬂhe%c(t(}t%m}@, & &6 Re,
-S (0) n"RZ,al@ESlinSe@Ohnd—&h@tioNa(lRZj) fuSedwizH RBz)5-15 ntelksredCF3, or
-NOz; Zis O z r M | nt . Y.is P .o : is 0 or Sa
and R is C TRy ts peReral YL AT AR iar v % S0V not s
and R6 i1 a Bebeneatered &acduwaegeinpammedhint admdirTiRd orexpissatiat ed

carbocyclic ggchghenocyclic ring system or an 8-10 nenbered saturat ed,
partially saturated or unsaturated bjcyclic ring systeq& wherein 25 any of

sai d heterocyclic ringS&§st s lSottsdenerseatdy maeHaerika®fe§el ect ed
fromO0, N Scy&{Br1k9n;NCBzt; @nehodmewehy aAny,—ef,, satdljidg systens

o L CRBRBERRa st g et SNt R e ey Sl &7 S {4 08

20 one or more heteroatoms selected from N, N(R?®), O, S and
S(0)n; 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%),, -S5(0),-N(R%),,
~-N(R*)-C(0) -R*, -C(0)-R*, -S(0),-R°, =OCF:;, -5(0),-Q,
methylenedioxy, -N(R?)-S(0);(R?®), halo, -CF;, -NO., Q, -0Q,
-OR’, -SR’, -R’, =-N(R?) (R7) or -N(R"),;



.30 It is also an object of this invention to provide phar meggufyncadn?
conposi t i Woe99E8dm™pri sing the sul fonam des of fornula | and wetthads2iof their
use as inhibitors of HV aspartyl protease. 35 WO 99133793 2 4 ~ a N 2002
_ PCT/ US98/ 27424 a DETAI LED DESCRI PTI ON OF THE | NVENTI ON | norder that the

i nvention herein describedmay be norefully understood, the foll ow ng

det ai | ed5descriptionis set forth. In the description, thefollow ng
abbreviatioils are used: Desi gnati onReagent or

Fragnment Acacet yl Menet hyéd Okt @t hy| BnBepeypdénitilyl selelaceyd feomylaAsSrD- or
L-aspar agi nelj &l 0L 4 Léét?gkg’d%geéé?ﬁ?cﬁu r shrpbenylalani eVl R (Ya

L-val i neBoct ert - but oxycar bony zbenzyl oxycarbonyl

( car bobenzyl 533 P@YOk £ ubtRaYS HEERBXY O&r Bofy|’20BDbEr&Fe Isaitadtest-bodi i m de
Di Cdi i sopr opyp£2¢ bofi { nt deEPste 306 (BERAYLEHRAPHRRE N3 atiky Ixaardodi i m de
hydr ochl oL | deHOBt 1- h}/dr oxybenzotri azgl %ZSH%ul- hydr. oxysuccl ni m de‘Q:At rifluo
roacetic containing one or more heteroatoms selected from O, N, S,

aci dDI EAdi i sapt@pyloat hyirdi; neBBYE 8- ¢i azakiptyicie(8 . Q)weidets e neft DAcet hy
| 2 2 2

acet at 30t - BUT&Y t?f)ulflc))/ FB%F%BPBuFﬁﬁﬁﬁﬁgidngtrﬁﬁ Pgror?amogeTHP?e’rt r%‘%drszyr anT
HFt et r ahydr of T 8R35TMSOTdl or8f T PHet hGNs| FEReR’, 2 Q) W1 (R*2002halqydr

99/ 33793 PCT/Lg88/ 27424 9 DMSO di net hyl sul foxi de The following terns are
enpl oyed _herein:” Unless express|y stated to the contrary, the 5 terns
"SCz-" and "S(0)z-" as ﬁé@g Rerkt ninderendsnhlyupedfetef SuPRoRBEdEFPHRt i ve
(i.e., both appesdediggodpsul bhked,1©; td16\3) .opihbriwll @ Subdt Naiee@st er.
The term "backbone” refers to the structural representation of a conpound
of this invenftbh, ®4s set 10 forth in the figures drawn in this

application. For the coapohndsief ihdepenalentland ot dr;nedi ates t hereof, the

stereochem stry of the - §0 | i | gLt j.acent
carbon atom when the o e%uﬁe il% %ﬁ%%ﬁé#ﬁggﬁigxgé%gaé% g?}’gg E%E 89.“0%%
representlat i oro8uehing ehal . dH&WNCioEs conpourand df-—Cor alikanxl Xherxgpp,

XL, XX,_XX'an?”ﬂeﬁB%k)of'Ea?@th3crﬁxé€€tthfeﬁggeb@nobﬁﬁoﬁéﬁﬁySide of the
pl ane defi ned ‘3% t he extended backbone of the conpound, the stereochem stry
of the -OR bEAPPhyCEARPBONIARORPRI PF BOTS SERdtepRte &eleghpd fiom or

and Dbr esi de eneogpospt eoﬁis:iletigt_; bff_at-qmlzanec(oheNgt-R?,eomem,siérK of the ]
-OR bearing on.atom. w1 be ref.err 9] 2 anti" . ,As used herein, the
term "al kyl ﬁgﬁg‘gn&ﬁr’ i ’cor%\{)’nat | vm%t%ﬁa!nj&ot %glb)t&’m refers to a
strai ght 2® chai n or braeebhchais sSadersreikredliyphatdc Zyydr ocar bon radi cal
containing the specified n r._of rLbo t vgq% 0 Jyupher L
specified, preferably f?’bm%%pﬁol?gr?(?%?f%}rj’eqs?e erathil;/dfrvorlrr}3 -'5 E{gaggoglaté‘orrs.
Exanpl es of akklilra@ircawbernél ddeCibbt aFkYhotC|angtRdars, bRBpRAYEC &Ryl ,

30 n-propyl, kfgphepykitReRUbYledtIgPWyY |chiRbgOW Y, ~cherihréy! topepnl |

i soanyl, n-hexy nd the_ li ke.. The term "al kenyl", alone or in conbination

with any ot hef {‘ggﬁfoFé(FéFE 3P4 ’sfai ght - chai n or branched-chai n nono- or

pol y-uns&ur at ed al i phawhen3% Hydmnecadesdaradi Cale comleamingin heGspea fi ed

number  of 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;-Cg¢ 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 C;-Cs
cycloalkyl, -OR?, R}, 0-Q and Q; C3-C¢ cycloalkyl, which

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



WO 991 33793 10 2 4 J U N 2002 PCTNS98127424 carbon atons, o2 4wié\ Q0020 .
nunmber i syep®sIrdi ed, preferably from 2-10 carbon atons andpEB{§sRigfer ably,
from 2-6 carbon atons. Exanples of al kenyl radicals include, but are not
limted to, ethenyl, E- and Z-propenyl, 5 isopropenyl, E- and Z-butenyl, E-
and Z-isobutenyl, Eand Z-pentenyl, E- and Z-hexenyl, E E-, E Z-, Z E- and
Z, Z- hexadi enyl and the like. The term"ar®l", alone or in conbination wth
any other term refers to a carbocyclic aromatic radical 10 (such as phenyl
or napht hyl )Cceant aivaileg ltkee yane eiiicrd maynirey cft oatdlony ad st i pieder abl y
from6-19 car o] nd.aprespreferably from 6-10 carbon atons.

Exanpl es of E?%@ ?gd?gzsi § gﬁgﬁuge? but are not limted to phenyl, naphthyl,
i ndenyl , indanyl, azul eagh, Ef Lsodaggpentengihised@ndedarfdathe g krodkhe
term”cycl oa&&ﬂéist%enefomn-g@@i@;n@itt'-m_;w-tleany-ﬁM@r; eLe) %@Eﬁ,s to a
cyclic saturated hydrocarbon’radical’ containing the speci'fiéd humber” of
carbon afonsWhpFRf BRELPS PPEAPBAE1YAENES titered Bidiplode B FOX8/cl oal kyl

radi cal s i ncgHeepsbyt1aEeeno rbmithed gtr@upcb@)h%ﬁrs(t@.‘x‘l[?h df{cwoauayh,t;
e term

cycl opentyl, _cycl.ohexyl., cycl oheptyl and the |ike.

"cycl oal keny?né,{ éf'gﬁea&#qr%’ or‘f‘ﬁ&é’t Y Ke PRI HEY TERFTITEEeTs to a
cyclic 25 hyditkbaobenoradbeal geonpa sielgcttke Spem fuhed gnoadyer of car bon
atons with .Qne. endec i arbhon- nd. on r of
car bon at orrsa%?égggrééggi 83, Qa %§%I %téfkgsn%l r%%crriigggltg%r g:lﬁerr%g%{y%l%és %% 5-7
carbon aConsls ERBAPPEELIEY spbiSGAlNERH Vil eales drn@loyde JUNRPSB0 are not

limted to, syckepeantepyh rEYSEOREXesy! c.wychoperiadicaylcambdhad,i ke. The
term"THF" refers to a tetragﬁdrof ran rlt%%\lat,t ched at any ring carbon

resul ting i n"BlShahPeCRFLaREGHY. SUPSTALY WAG62 NG $F FPAF3 groups

PCT/ US98/ 274241 d&tdbeftemmr” car bpeycl e" refers to a stable nonaromatic 3 to
8- menber ed carbon ring Wnbcg;ma be saturatgg m)go- gn agurat g or

pol y- unsat urated. The E€&fFBofyct® MAJSBE 4EPhiKeds £C ﬁ§ 58803 Fi 8X84Pbon
atom 5 W3 chcorsibténignod SRabl €C40F tNVHRTe.S @ )efdHREd baibochBi-e3(hlave 5-6
carbons. Thepterm "hagerocycle”, unless otherw se defined herein, refers to
a stable 3-7 menbered nonocyglic heterocyclic ring or 8-11 nmenbered

bi cyclic ZO heterocycl P&CRj ﬁg Whi ¢RdpperfenetYsaeheated dromnsheunars®, and
whi ch may becepthieBahbyokenzahdsed-cf AMAPCYGt LondBrh Heh &f DEYEL@ consi sts
of one or nore _carbon atoms and fromone to four heteroatons selected from
t he group coﬁ%th Fﬁé’ of aﬁlgfrogen, oxygen and sul fur. 15 As used herein, the
teans "0 rogen and sukbeh REt £soshdepéndentldesangcoxtdifzed taemgabup

ni trogen and .yt andth uat exni z form pf. _any basi.c nitrogen. In
addi tion, anflg#{lggﬁé%ln?r géeﬁ?wgy l’):@rgﬁtcslgﬁgl Ia?dgﬁ)t?:ttélétotﬁyecdl% t‘LheaIsgleln
substituent faidasrygéfi sedboaysile foor E(ecomymiedsiayf Heoranfiional y
heterocycl e ga»ss@§takgachg@g%n%%@M@f&&f{%&%@&dﬁg&%% whi ch

results in the creation of stabl e structure, t erqcyc fay be
attached at GRYUBnE6BFEETtANGarBor?st hé&fer oaRom MR dH B esuMt{& ] FC { P~

creationsf m°stabl-@mst il ureg,rPr eteos ed (R heher oeye esd mot;ude 5-7
menber ed nonocyclic heter c%gl es and 8- 1q? ngfbereij b{:jlc cléi c_heterocycl es.
Preferred heterocycl es 8§64 Red- AbtRNEER FHLT efet Y £ 37+ 8% ?r%l 'O%%Benzi ni dazol yl ,

i m dazol yl, imdazolinoyl,zy m dazolidinyl, quinolyl .~ isoquino-lyl, indolyl,
30 i ndazol yl, indazolinolﬂl, per hydr opyri dazyl , rdazyl, pyridyl,
pyrrolyl, pyrral 5’ Fril)gl_,_oo_}_/r_r\p_l_i*dé M?’l : pyra-lglcwg— i yR-‘,')xrqui noxol yl ,

WVix " mmer adi nyl i i di nYl, pyridazinyl,

pi peridinyl, pyraryyl, pyr ﬁjm [
| ’

mor phol iyl , thianorphol i furyl, thienyl, triazolyl, thiazolyl, f3

wherein each M is independently selected
from H, Li, Na, K, Mg, Ca, Ba, -N(R’),, C:-Cy,-alkyl, C:-
Ci.~alkenyl, -R%; wherein 1 to 4 -CH; radicals of the alkyl
or alkenyl group, other than the -CH:; that is bound to Z,
35 1is optionally replaced by a heteroatom group selected



35 carbolinyl, tetrazolyl, thiazolidinyl, benzofuranoyl, 26!f%ﬁﬂ4¥%793 12 2
4 J U N 2N029BEIYNS98/ 27424 t hi anor phol i nyl sul fone, oxazol BET/UMSRZ¢4az0l VI ,
oxopi peri di nyl, oxopyrroldinyl, oxoazepinyl, azepinyl, isoxazolyl,

i sot hi azolyl, furazanyl, tetrahydropyranyl, tetrahydrofuranyl, thiazolyl,

t hi adi azoyl, di oxol yl, 5 di oxi nyl , oxathlolyl benzodloxolyl di t hiolyl,

t hi ophenyl tetrahydrothlophenyl and squBIanyI The term' han" refers to
a radical of fluorine, chlorine, bromne or iodine. The term"linker”

refers to a $womcOur &, @dﬁtrl@(ﬂhﬂmugﬁ WiREh/ t awd ovhere i eRYeBYAFeIEBi ned.

For exanpl e, jhheatier m1'eh- CRiialdaw L Idmker s sr @E@&%ntamg/ %e%l%@re@omlltm ta
whi ch attaches tva ot her |et| es to et her. g terps "oxygenat

het er ocycl e" S¥RE vlitéedo r‘Rf%'nd'&Pycl & oxY4Bn 2at Blré 'are used
15 i nt er chan@éah) y-ang rebgk? teca(mﬁ-mb(d%;u CS 00) BiNCYRE) b £ MERDr-ECHmI-R,,

cont ai ni ng acs(;bﬁcﬂzfl egégzbm A %fcfendogxg CROXYOeR, agggﬁé eref &l allg) y,_ such

oxygenat ed het'eroc{cl nonly & ycI i C oxyge dat ors.

Exanpl es of &tygenst elOhet erocycl es, include, but are not limted to: 20
di oxanyl , dioxol anyl, tpetriahydr of ug Bélldq}let r@htg{ qu;lhydrlgf uranyl,
tetrahydr opyr anyl ,. tetrahydr rano drof'ur any di_h ra

t et rahydr of urbereERy 1L &4 e‘t&éh?éﬂéﬁ?ﬁén@ffurta’ﬁyla 1k¥de Otrerar% “Ié?lv%'r%’d:éase

and "H'V asparst ﬂptz_%rmqt;eaﬁ@laeue&i W%lmﬁm&@a@im@nﬂew&@édto the
aspartyl Qr ase £nco Cg t%eoszhurran odefl Ci enc%éw rus § or

In a preterréd é‘hi?ddl rfe fr |’n\95n ’t?\légewP§F Dr 8Fer r?ﬁgnhuman
i mrunodef i ci émcysaidica wsl kyipe ajlmndrtqm Fpr atse@@etloml'lrhe regrlmceghtWavalr &

agent" or " rgtl_{ gtel?]tr \ﬂ{ag fregng&)ﬁ § 0 Byomeund_gr pdy ug whizgh

possesses vira |tory ac IVIt agent s include revérse

transcri pt ase & fHi br€8r s -COaRT udith mN:fPeé:s: deS At Mbiffidel eoli e Hhddloys)

and prot ease g,nhi-bi(byRS,; Pg@épr_abl y-32r, he-9rof ease LRYRB| L9(of s(rn H V
protease. nhibitor. — 2 4 3 UN 2002 WO 99133793 PET1US98/ 27424° 13 Exanpl es
of nucl 66§I de'ahal ogCFr3ev€|rse toli’anscrl ptase inhibitors include, but are not
limted to, zidovudine z(AZsT)o, & dgomwoyt | dkpewhddOy, idi dBBeaicneH(ddl),

st avudi ne (d4T), 3TC, 1592U89 and 524\W1. Exanples of non 5

nucl eosi de anal og rever ranoscr 'pt ase inhibitors include, but are not
~.imted to del avirdi neX (11909 &ndS neand api ne. Exanpl es of HI V protease

i nhi bitors Include, butgareg ?25 md ed 1,9 Rgaqlgn@awhrer(e@ Q3B id ' 735,
529, ABT_538 (A80538) AG 1343, ' XM 412, X‘\/I 50, BMS 10 186318 and CPG

53, 437, FRe trrk "PhANacRUt?RAl |y effective amount” refers to an anount

effective in treating Htf’\/llsnfaecg,t_u@&énﬂ)eafdwtg&ndraaiéd;erp@stlrgalnlq}z her apy or
nbi t t h { t f

15 Co the al RRRGHTSAR FF SRRt oree 079 LCBEIFLEF ST OF oof BeFOrNCAL pat iBH or

t he ! rrproverms;tstoém,armasmr&-aimabéxebemeadusamn&taésopaatedlﬂwt h a

particul ar d'§a0c_rlgf t |‘3ﬁ§§é*§(&t¥\&t$ ép_ggtrhqgll—%g 5§1f“t eg,fl%lzglhr eat nent

using the_conpounds OSitT10ons |s I nven result in
an i nprod¢énerany rp%rﬁEHld/ Ia%EWQY@hlGSEQEGasmab@éS neesbpéRenenespEh

measur enent s j el L}Sﬂ@teP&ét&@ Dot ekt Bht edoh0p, rRAUSE | 9@0 hn i netr3)oad in
pl asma or anot her defined tissue conpartnent as neasur e RT- PCR or

br anched- chai 3O\ gesipraey ofirapt e ’&Fpﬁssﬁét%ﬁs%’éﬁ’éﬁ?ﬁy CQgtalnS
m crogl obul i m omo p@%lhﬁy@iﬁueﬂt@beﬁd eﬁ?@ént¢9| belectedt fgomf OBDAT, €D

2bi1ity to cartsbuon }rﬁérsfl%xi[‘p%ﬁg'cﬁ?{& e R

|nnunosu§pre55|on rel ated eéfetss. afhebfjerm 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



30 "prophylactically effective anount” refers to an anount eff ggkijg in
preventi ngotdyNsdoRf ection in a patient. As used herein, thePHWﬁ/?‘%i ent" °
refers to a mammal, including a human. The term "pharnaceutically
acceptable carrier 35 or adjuvant” refers to a carrier or adjuvant that may
be WD 99/33793 14 2 4 JUN 2002 PCT/ US98/ 27424 admi nistered to a patient,’
together with a conpound of this invention, and which does not destroy the
phar macol ogi cal activity thereof and is nontoxic when adm nistered in doses
sufficient to deliver apghgtippsubtscRIamunt oof Thire 1aRtENTEIgNOVI ral agent.
The term "point of attachmment —Tefers to the atonmrthrough wiich a noiety is
attached to a specified structure. Ashen a point of attachnent may be
optional ly methyl ated, Irheoqidmttipdft athacihneshtisnt hereanbaasatromedo

t hrough whi ch noi ety i to a spegcif tructure erm

i s, attache p ied The t
" oubst 1 ut el e b Sl Wideng Fodl ahhe Whet RM BretBlead 85 the term
"optional by" desardiptiref ers det tfmrtlepl abenené désonéptionwpr éhkydr ogen 15
radical s in g.Qivefin Al E M s thee radigal of a specified substituent,
Wien nore than one position in a given structure may be substituted with a
substituent s&SSAUEREIOMN a speci%ﬁﬂiﬂnﬁi&ﬂnﬂ%ﬂi tuents may be either
the sanme or diffepent at every pogtdten. 20 Typically, when a structure nmay

be optionally subsjituted, 0-3 substriltrti ons are preferred, and 0-1
substitution is preferred. NB¥tP¥referred substituents are those which
enhance pfot ease iBthi bitory activetlyybr intracellular antiviral activity in

25 perm ssive ma ian cells or 15 rialized manmmal i an cell |ines, or

whi ch enhance deliverability by en A ng solubility characteristics or
enhanci ng phar macdkiiféts ¢ or phartakpRignakhetpydfiles as conpared to the
unsubstituted compaynpd. Qher nmosg_ prefgrred,3048HBstituents include those
used in the conpounds shown in Table I. Pharmacéutically acceptable salts
of the conpounds of1& his inventi o i 9El LakSeh84ELBEri ved from

phar maceusi cal | y amgept abl e i nor gghi 6r andpReganktanthds 35 and bases.
Exanpl es of sui tag;a?caci ds inclu 99133793 15 2 4 J U N Z002

PCT/ US98/ 27424 hydt®chl oric, hydrobrdhi ¢ V8utPbric, nitric, perchloric,
fumaric, mal efic, Bogwsphoric, gl ycett+ibutdbagtaebonglicylic, succinic,

p-tol uenesul fonic.cgartaric, ?‘Cet%&nzfi&ﬁ%&ar%ﬁ?ﬁ”%‘é&%@@e&z loxy)
et hanesul fonic, formc, benzoic, maf oni ¢, napht hal ene-"2-sul foni ¢ "and
benzenesul fonl ¢ adi®RS Preferred Qcfbgoraeyinethpdiveenioonyd, sul furic,

met hanesppf oni ¢ anst@t hanesul f oni g; a6k dshe Mot hangsulifigiige acid is nost
preferred. Oher acids, such as oxalic, whilTe not in thenselves

phar maceutical |y HtGcceptabl e, n@ylBePEABY&GBICPAIERE S eparation of salts
useful as internedimtes in obtaini~g3+iemebRpotndsoptoye )-3venti on and
their pharnaceutically acceptable acid addition.salts.. Salts derived from
appropriate bases include 15 al ka?ﬁh}lrgFgFg?g.ll&l,ges%‘HFﬁ C{htlé)lr % ne earth
netal (e. g., magrE@Bum , amoni inhpddokybéGiosrakkyple Qa salts.

25 HOSu l1-hydroxysuccinimide
TFA trifluorocacetic acid
DIEA diisopropylethylamine
DBU 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



The term "t hi ocarbamates” refers to conpounds contai ni ng thé Jubin2iz onal
group N 38Q299337PBe conpounds of this invention contain onePGFU30B7d24e
asynmetric carbon atons and thus occur as racemates and raceni c m xtures,
singl e enantionmers, diastereoneric mxtures and individual diastereoners.
Al such isoneric forns of these conmpounds are expressly included in the
present invention. Each stereogenic carbon may be of the 25 Ror S
configuration. The explicitly shown hydroxyl is also preferred to be syn to
D, in the extende®Pg-zag conf oﬁ#ﬁ‘teitérylﬁéltlvﬁé’éﬁ-cﬁe ni trogens shown in
conpounds of formula I. Conbinations of substituents and variabl es 30

envi sioned by this i nv&glti n ﬁre .on| X t hose t hat resul% in the formation of
st abl e conmpounds. The Emt°d B6+&9, e?srn\f's@(feneernéﬁlhcfyer RS conmpounds
whi ch possess stabilit {¥ndefssi exprtestsd valdtatethrhd attereoratmb mhi ctherai nt ai ns
the integgit t he ~comp dw ab I,cd ent rj fofi to be

usef ul f% t gg%gr pggés d%t’lgiIéegb)z_mu%%lg%%§3h%%egﬁ4fggﬁpNt%O%§

PCT/ US98/ 27484 1Eenei ar( sulgonet Herdya®iive ol 4fropiadrtarreigti STowWson to
a mamal or fionKdse tion taff isni, I W neh RO AL ARP| d Sadd ons) . Typi cal ly,
such conpounds are stable at a tenperature of 40C ox |ess, in the absence
of noisture or 5 other I&FehecH | 9%‘735’&99\@ TEFRRS i hstRe ot P EICTRERY a week.

The conpoundsgepfelskhe tprasento fi BV etrpauntw HeHisedinverdtiwod oras ofesal ts
derived from.nQrgani ¢,or Qrgani ¢ acids.. | ngl.uded ng.such acid salts,
for 10 elxcgnplfgf(%%lr gnt %gef c?loll \%ieﬁg'd%gc‘:”& a%’tne?&aldci paaqpe,l%efqrg%?rhat e, aspartate,
benzoat e, benzenesul f of&re, thy swmrauedshrfy riximuld t¥atand canphor at e,

canphor sul f oRak@rr@AGlARENHINSRANT XM &t HHUEINA Ery d&f"eﬁélé supgat e,
et hanesul fonate, fumarate, glucqheptanoate, 15 t_gg/c%p ate,
, R

phosp
heni sul f at e, IREFPanGade f NSt FGaE 1 Wy i dhIt | &R onFafebon
gydroih?di de, a%blytgrwh\é@at { hane %}[dﬂlfeQ{WL@tee,id imiaa&re,iﬂreéxfeaéﬁemtaé;@a{\ﬁ@uﬂ@nate,
- nap enesul f onat e, .ni cotinate, al at e, panpate ectipate
ot o R A e s R et ot coRramdRatt
succi nat e, tdotrmatle, X, hiXIcyaIdte XTIAsy Xy e XXM, noeedRt . If Thosh -
i nvention al 7e0V,SKO . he aternizati on ,of an asi-c :
ni t rogen- cont%% nlg}réfgi gr g%ﬁgggf 8§5Eﬁﬁeségﬁp§&ﬁl s ai 3s{:&%og)el&nﬁaerdeelfrzlL.n?‘ﬁwb%)asi c
ni trogen cantbhe @ritendad drbalioneamf ddenteonkomwrdt othéose of ordinary

skill in the syl difledflididhy I HEATMIE, pedW8h@ldatoaldtdes widucheas
nmet hyl ,szeéhyl ﬁépropyl and butyl chlorides,, brom des and i odides; dialkyl

sul f at e 80" INSEISIdISHY tR At hyAYR "o etdy I~ ORii By P &ifddHeamR RRISHS: | ong
Do dee. and - om o e e bewoy | auil” phenet hy!
rom des and.j odi.des; and ar hal i.des_incl uding benzyl ang phenet hy
br oni des. Mpgpr&p%iqqrg%ﬂmbq%r%rwﬁﬁsﬁg slf%{%r]b?%dﬁ%tgs mﬁngé bbt ai ned” by
35 such quater_ni zati on.As el hddreN1200h a\d &t 3BFZPBy PCT/ £898¢ 2G424n17 The

novel sul Tonanles, of; 401 dVEIY | Uh&S &cdfiRoerfefOrPY! 2 Lirk@NOR D A
, 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, iscamyl, 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 hydrocarbon radical containing the specified number of



(1) 5 wherein: each R is independently selected fromthe groupUNoREl sti ng
of C (O wo9@s18) 2-, -C(0) -C (O -, -0-C(0) -, -0 10 $chRisosnraalR -S -
(O ~-, -NRR-C (O - and -NRZ-C (O -C (O -; each Ais independ entF
selected fromthe group consisting of 5-7 menbered nonocyclic heter ocycl es
contai ning from1-3 endocyclic heteroatons, which may be optionally

net hyl ated at the point of attachnent, 15 1(9pt| onal |y benzofused, optionally
attached through a Cl1-C_ alkyl linker and optionally fused with a 5-7

menber ed nonogxebbs EQbQ\I’sQC)bQ‘| SrheafRt i imgnddron sl -sheanidbicd lmélﬁém}sayorrs
and wherein ugrret h% g ed THF is ex ress cI ude % a@ea? i 6

i ndependent |y E81ett A6 °&3a<§ &t oa erhy% C--CG ~
aryl; or a 5-Zanbobepédrsat utxasg les wfsallkeme]d MJeIa)lcg/cﬂrmltmx abwt ng
one or nore h rgato I d f N( ) 1%01% ~; wherein
said aryl or gglgd ﬁgt g]rig%%e(ack%s c?:)t?llrggr%é]] I yER ar}cgsze_? g{and wher ei n any
nenber of Xai HSPPrPQeBEtlvoﬁal apds @Sutanea it Rhe orsaRit e bstEt uent s

i ndependent | yagal gebed teh@m, 09, andRz-HekenyR E,E- W 98 33798 18n@ 4 J U

N 2002 PCT/US827424N OH -ON -CxRZ, -C (0) -N (Re
S (0) z-N (R8)Zzhexg ﬁ%)@ﬁ)é%th%zl%ecw) Rz, -S (0) ~-R§) OCFE% 2sz

(O ~-Q net hyI enedi oxy TheNtEeRn "s$Y10), z=)ldd or hial osomkﬁ-‘rﬁat::cNOzwl'Ql -0Q
-OR, -SR, ggz)teg:ﬁ ) ferjg ( )a Za xﬁ]adf?ﬂ?nwgf&t. 41

sel ect ed from ay3 %lhmsrrbered satifrat e par w% % ed or ‘unsaturat ed
car bocyclli® ri ﬁg@ygtSemhe@lylaOB?TlaPérﬁmrJéd Ce; 1910 55185 (9] t;imtszawyfsad ur at ed

or unsat urat eHuHBEer%cfy%la'r‘BoEd s R %%rmr@mt@é%

selected fromO0O, N, S, erein is optionally
substituted wAERATSne 25F MOLE @%%@%cﬁ%ﬁfmﬂo@@rquwmw -N (Rz)

z, ;]N (Rz) @dRQ}nplBé lo-fRéer?d, ra@!cal@a%h lude (Gut I‘éz{é?zaoiz 1hﬁ1#@e@rtacF3
each Rz is in ent cted the gro 15 consi of H an

G G al kol oBRENArT PR et hoagie et hoata:tt T4 ol

each R3 ils‘5|nelephmdele1r)ly5l. saeiobdilmj Jflrk]mthe group consisting of H Ht, CI CG

| kyl d Cz-C6 al kenyl | b
opt | onal “tut ed one or m)reémsa%}giar H é@édoﬁmeé%ﬁ?hﬁ%ﬂﬁy °

optionally substituted w stituents select rom
group consi st WaghoRnyoRtherC yegym,- e fers -1 (d)cycN ¢ Rajuyseeq | CN,

-Skz, -COzRz, pe%oQaQ%bn RZa €80 dbdsad e@ﬂ@”&ﬁ&bﬂfﬂ%dznuﬁéegioﬁhen
present, is selected fromH, or, when Gis Cl- ?Ik yl

G and R are G&GRA™ @tﬁ?@'arﬂﬁ%ra&iﬁheﬁrmr%c-{l%ﬁ?orﬂ R BRRR- a EXeFRIPPnker
to form ahet efoeyellica rkiyig; raﬂlcmbm ﬁ1¢budl@,t mesgﬂé Kot elimivbed xojn (G X

is 30 0), then. t nltr gen rectly to the
R group on - H% ack d‘;% V};?u %Z %gegg Iy sel?a%%)?%‘?xg%the group
consi sting of C@CMIB@QGM l@id e dhlkmy be optionally substituted with one

or more groups sel ected 3p fy O Gisfb SYEEQRKY! a1 02 RBn -0-Q -5 Q and
Cz-C4
Q combination with any other term, refers to a cyclic

25  hydrocarbon 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.

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



- WO 991 33793 3??/ J U N 2002 PCTI US98127424 al kenyl, which fréyJ¥b 2002
optionally QiFd P uted with one or nore groups sel ected frorCT/USYsI7@L4P
consisting of Cs-CE, cycloalkyl, -OR, R3, 0-Qand Q Cz-CE cycl oal kyl,

whi ch may be optionally substituted with or fused wwth @ and 5 C, -CE

cycl oal kenyl, which nmay be optionally subst,ituted with or fused with R6;
each E is independently selected fromthe group consisting of Ht; -0-Ht;
H-Ht; -0-R~; -NRZR3; C.m Cé‘baelk " V\/(}ﬁ) tlonaIIy substituted with
one or nore 10 groups sl ectSdF r Gk %t??\gao?t#‘l%md Ht: and
C~- C. al kenyl RORBRFrOmaa\ @et@ptﬁ-tmwlheyrailbsanndn el wd twih DEte &y NBE € gr oups

sel ected fromstlhe grt@@p R -Cb satur ted
car bocycl e, whi cg; pti onal l%;:/u sﬂzbstl tuc% ad(}dﬁlry Sao'f TR & gro'{}b% 15

sel ected fronfRE "‘3 g ycheca tnasdras aﬁtfecﬁmardjtﬁqmmlmkna:fbms atom
optional | subhiEhuredulitsh ione @Bl QP! eGadedrom R or H: each

R~ i s indepen | ected fr.omthe group consisting o , -C (O
_NHRZ, S (O nghhxy%‘égl hie 50@6)él %R and -CN: each R5 is

i ndependent |y sel ected flhemtelre: Jhete rowygi 1, Ngirdfe 43 aich&hy & al ky!l

optional ly sufskihubhed i tllpl ar.yl nd each Rx.i s endent | y sel ected
fromthe group 25 constﬁ ng %f’er?s ,qocgér bSt&P& e ja% cI e, wherein

said aryl, cafBBeG¥Félisr hﬁé@épéd’}fdll@ ray e roft-ildnaldmbestdis td fasfcedi wi t h one

or nore drioupseseleeteditr c OR5, -R5, N (RS
groupsesekeeyedit Qﬂaahqeauas %ri;'h%g %g)t%rﬁof{eﬁs) 285 el f,m d>

RJ) , N (R -
g:Fs) 30 egch)‘h“s?g %ﬁggﬁengéﬁt Iwbl§é| BeYeder PORIZMa0 IHDDZOf WA Xi or ~ CHZ

O ~(R~-xM ' x Xu@Boahel ecn eaabhl\/hle%eﬁb@@;@qréd@@tnls)is%eoi %Cftedike o\% 33793 20
4,

2 4 JUN 2002 S 424 from H,__Li
Cl-d z-al kyl <GS ?E%Z gndRérOU\‘MQP& 01 TPY £ hERE SR eI o b &l kyl
or al kenyl grf)ﬁfﬁ)m '@bﬁegrphanCDhelst:lngt bdt niis rbewnd TdSqu,eri Pl y

I dily du ) , N
(R2) a;°eaﬁdywafe??.‘ﬁéﬁﬁgsg‘e%°”§%§?Lﬁgg‘g?d SryPYeR By B (s opt i onal |y

repl aced wit Pa-etpet #n§éP@ét anvyf pemﬁ@xed fomm ofRnithoden) and N (Rz);

, RzOH, -CN, sfI¥k¥, akd(® Z C{0) -Rz,
Ci0) Re -5 zr&)ad Rﬁ: ( he a‘hégéi'nize@ (_‘91- o.hc] Qg@ 8%51’3 &ZRZt)rogﬁéul{ 0)

CF3, or - i Rlopy. i‘i‘¥ ot 9Inlé£°€ef &Fib(eﬁﬁl OP-tRIQHa\Mle’r ein1lto 4
-CHz radi caI ssWhstheubelykioh al kabytiguedp RS, 0@@&@9&%&!&&9&@5&%8&‘ a

\r/]\ﬁte(rare?ﬁt g?ygk%&?%&gllr}l %tgfqn%gﬁ] E |, A gégﬁ’ﬁPCgF R~ mlaé’ Qﬁt |a(§r§élcb)¢dr@rﬂ aced

with a substlﬁ”@érﬁn%‘éﬁé@ﬂ-é@ taohonxo¥ heReroaReom WNl(:RZ)reéule(th) the
-RzOH, -CN, cﬁ@&lon%foi sﬂaﬁv&) gucghgg) Zy N&%@Q: cyale "n(apé C (0) Rz~
-C (0) Rz, -st(‘_z%C ?i gcyet Penal o,
-CF3, or -NO& Izeqisab argy ‘N’“@‘P&)’C 1Coﬁarhﬁénom hgt&bgembm Whi¥his P or
S, Xis Oor swhils 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, isoquinoclyl, 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, B-

35 carbolinyl, tetrazolyl, thiazolidinyl, benzofuranoyl,



Rgis C(Rz) z, 0 or N(R4) ; and wherein when Y is S, Z is2notus; 208hd 25
R6 is a 3 red saturated, partially saturated or uns ‘
car bocycﬁygggifgﬁ%gterocycl ic ring system or an 8-10 nenberggy@gésﬁﬁg&‘t
partially saturated or unsaturated bicyclic ring system wherein any of
said heterocyclic ring systens contains one or 30 nore heteroatons sel ected
from0O, N S, S(0)n or N(Rz); and wherei d2any of said ring systens
optionally contains 1 to 4 substituents independently sel ected from CH,
Cl-C4 al kyl, tHlEhogﬁh@hKMilOEuiﬁbﬁQ} 6xa@6l lkybenzofﬁacﬂgﬂ33793 21243 U
N 200Z PCT/ US98/ 27424 Preterred _co ormul a | -have the follow ng
definitions POPPOREIOAIR¥;e 8F°Pﬁéngggﬁﬂgﬁécpréﬁegﬁﬁﬁ%tlﬁﬁﬁg‘ éach RL is
-0-C (0) -;i%cxrachlplisisntdependénilly faelheanyd ,f rterrahy dragmyxasonsi st i ng
O oen METDOLE( URIBEUELECRDT CEATHELSIC VM AL e nacy el i ¢

oxygen atons at "t He poi nt
attachnmert, %@xbnawyoaﬁfcaéﬁéuluhb@@@ﬁd&oaolaj,mdﬁwhuqlméer and 10

optional ly fusedpnehlia Ee@raama%wlm@%yql lagchetarfedya contai ning from
1-2 endocycl i C oxygen %I? . rrgre, %f erably, Al sell ecgoed fromthe
group consisting of di 6RENYE* f“pr@'la Pablty - €f 53 °d|ao>?£‘r‘£‘1c) xol anyl ,
di oxol anyl rrefhybriaenethybrIHE, b&om&weabydrl@fdmmf uranyl ,
tetrahydrofurodlh_ydrof|1|¥‘gn)ée,r 1%Q£%“°@§E%Q§f%Fa%Y%qruct ral unit

o] F iI"nydr a

t et r ahydr opyr anodi hydr of'ur any ranyl ] ran
t et r ahydriopy FanghghMgbe cpr &kier @ttlhysr mqwt@e@ @r@(amunemtacﬁmﬁ at the
5-position. gaghpbel Schl- @%rﬁ' oy, - CI"'IHBIEMWNQ&PPI& V#, yt80 SPb§t' tuted

with one or nore Ht, nore preferab Dis C CS
optional Iy sGBEPPPuPBA PR CBNE t ssél"@ctoédlefrr &ﬁ%lﬁ% teﬁ%ﬁt% C3- C6
cycl oal kyl , even _ norenpr Qb@fn@bll'bx@g@a&@d&eﬁe&;@Ifddmjlbgnzaﬁd i sobutyl,

I I d h I, h d 25 f D I
o i Sobutyl | BAERTBE Ve &L ErBABA e MR E G o HORATS g bf S e kyl

optionally subtertbaedeabilly BOd( wedeei rtoeac mdRivdysliimependartdisel ect ed
fromthe gro tin I cl Wmﬁ ald 30
het erocycl e g?t%g?% clglgoﬁgaq%l%%g%'%%ﬁgl 3%%@3?%§£§n5 6%gbor nor e
groups sel ecPEHIRLROALORS - gr@ﬂﬁﬁﬁﬂ&ﬁkﬂnrﬁyQﬂ ageresd RS enpgyEleg R5) |, N

(RS) -C (O =BatainRolly e@locdEIRS dxyidin HiddEdaddiy. . Hadmpredl &F3 and
each R5 is indep endentléﬁsel ectfed from't c%ﬂoup consi stl ngl of H nd 35

C - C3 al kyl ) O*¥HE AHRE prdérscayat ey iR ddot &1 AR (R 1 Buieqd e 2002
WO 991 33193 BCILERIBI, 28224 0d2any110 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.



15 group consisting of ClICs al kyl optionally substituted wi ttht gt 205
menber ed WAPYHEI9E| e or one 5-6 nenbered heterocycle, and nBET/UBEX7d24abl v,

D is selected fromthe group consisting of isobutyl, cyclopentyl nmethyl and
cycl ohexyl nethyl; each Eis H and nore preferably, E is phenyl substituted
with 0-2 substituents chosen fromthe group consisting of O4 OR OCH3,

NH2, NHCOCH3, SCH3, and CH3; or phenyl fused with 5-6 nenbered heterocycle

and even nnoﬁ¥$re erably, E.is Eaenél iﬂbstltuted with one substituent
sel ected fr FRLgTodp BBALESFLIAG BPaAY ERVEEER3 FIRMACINNEGES, SCH3, and
CH3; or phenythinsedrsi thchube nebher adeheber adydied ztm:d isloucdfrey ably, E

I s phenyl ut ] . NHR N (R .2 (pref ly | net a-
or para- p03|P§ g %g%%%%gg?%gggg%s(Q%Ej,~g}déegéé%- &B% ‘05 (aJ%'éfﬁ% O
~N~NHAc , O (d4TTyrd38Cne935U8RIH DES2URCNEDE BB 4B510-OempQeR03E nord- NMWez

, O ~H-Ngz, ﬁ&élé@éi&@ a§9§5§2revy~y52t;aQserytuﬁ% H Ny » O O N ~~~NHZ
WO 99| 33793 23 z ~ a PCT/ US98/ 27424 O O O Qv ~N~-NHz ~ ~N~
1nclude, but are not limited to delavirdine (U90) and

nevirapine. Examples of HIV protease inhibitors include,

but are not laimited to, saquinavir (Ro 318959), L-

735,524, ABT 538 (AB0538), AG 1343, XM 412, XM 450, BMS
10 186318 and CPG 53,437,

The term "pharmaceutically effective amount"”
refers to an amount effective in treating HIV infection
in a patient either as monotherapy or in combination with
other agents. The term "treating" as used herein refers

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

20 would result in an improvement in an HIV associated
ascertainable measurement. Such measurements include,
but are not limited to, reduction in wviral load in plasma
or another 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,"/CD¢" 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 terr "pharmaceutically acceptable carrier

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



SO —NHZ O' , AC -~~~ (1)-Val . (1)-Gu . (1)-Asp HWIw
(1)-y-t- W&%@5793 ~O -CHO, (1)-(1)-3-Pyridyl-alanine . (1PCOA/EoB@raae .  ~L
~0-0 (1) VahneandCFs,,OHOHO~HOOH~--OAC~P~~O~~S+OACH~O

10000~ P\ ~-O- N3 + ~O. P1.00O- . O . O . PO3K~, P03Ca, PO3-sperm ne,
PO; - (spermdine) Z or PO;- (meglamne) ,2. 15 It will be understood by

those of skill in the art that corcponent Mor M in the fornulae set forth
herein will haye either a coval ent, a coval ent/ zwntterlonlc £ gn ionic
associ at i on®@ERISTERER FC0f RAtdEFENdiTRY PHER @& FATRABIE P M or

M. Wen M ahlaolwkfenslbyidr@.glelnwha.ldhyldoea kﬁjtyldeiﬂ’rd?r tMor M is

Charged speb eteP83Satiad petaary KB Mnd S uRleRE alacn M ana 2

and the resatningstempduns d@sasseslufflzae\merto( deslivém g Mherapemyibe a
char ged =spe n a # ot may be oppositely charged
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WO 991 33793 24 2 4 JUN 0 produce a 0 net charge on the
mol ecul e. AIternatlvefrFe treTcopeiat iadh affrqhmeanted e khete thet he

mol ecul e. Exeeqt twﬁ*@n@hewi@%s lay nwl%\:;a% 0 ddren & aNtd Hplec PSi diged

h in, th f t h )
R iR S N 1) AP T e P P S A T 1 e

conpounds ohethyimkad,. the Palihe lof ldtrsiotates: preftere ek rospoatets of this
I nvent 1,qy: Iﬁ@ggg% %ﬁich a moiety is attached to a specified
structure.

The term "substituted", whether express or
implied and whether preceded by the term "optionally" or
not, refers to the replacement of one or more hydrogen

15 radicals in a given structure with the radical of a
specified substituent, When more than one position 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
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OCH3 ~O YONBYPIBCHZ ~ ~ -CH2--( /| ~ ~ oC H3 ~3 0 -CH ~ BCT/U$4B274240
99J33793 25 2 4 JUN 2002 PCTIUS98J27424 4 CH3 C -CH2 | \ CH3 ~i | NH2

CH3 N2 &4 -CH2 / \ ~CH3\O _CcH2\ / 6 /~C-CH2 I \ -CHz~ NH2 ~0 ~~
"7 HH-CHZ / \ -CH2---( [ NH2 ( I soure{5\~o HA y\ / ( +) or (-)
sourer HH-CH2 I \ -CH2~ NHz OB) H\ /"0 ( + ) or (-) 9 (lsonmer / \
NHZ OHH-CHa / CH3 A) H~ -CH2\ O( + ) or ( -
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hydrochloric, hydrobromic, sulfuric, ni%ric, perchloric,
fumaric, maleic, phosphoric, glycollic, lactic,
salicylic, succinic, p-toluenesulfonic, tartaric, acetic,
citric, methanesulfonic, ethanesulfonic, formic, benzoic,
malonic, naphthalene-2~sulfonic and benzenesulfonic
acids. Preferred acids include hydrochloric, sulfuric,
methanesulfonic and ethanesulfonic acids.
Methanesulfonic acid is most preferred. Other acids,
such as oxalic, while not in themselves pharmaceutically
acceptable, may be employed in the preparation of salts
useful as intermediates in obtaining the compounds of the
invention and their pharmaceutically acceptable acid
addition salts.

Salts derived from appropriate bases include
alkali metal (e.g., sodium), alkaline earth metal (e.g.,
magnesium), ammonium and N-(C;-. alkyl),” salts.

The term "thiocarbamates" refers to compounds
containing the functional group N-S50,-0.

The compounds of this invention contain one or
more asymmetric carbon atoms and thus occur as racemates
and racemic mixtures, single enantiomers, diastereomeric
mixtures and individual diastereomers. All such isomeric
forms of these compounds are expressly included in the
present invention. Each stereogenic carbon may be of the
R or S configuration. The explicitly shown hydroxyl is
also preferred to be syn to D, in the extended zig-zag
conformation between the nitrogens shown in compounds of
formula I.

Combinations of substituents and variables
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
period of time to be useful for the purposes detailed

WO
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2 4J UN 2002 WD 99/33793 26 PCT/ US98/ 27424 10 (| somner / %AC&UHH-ﬁUZNHZ HH

-C2 Obblfﬁft /[ o(+)or (-) 11 HH-..CH/ ~ NHCo O
H., .. P H OB | -~ N2 O/ CHB -CHz H ... ~ C %98’"3‘3“

-CHz | ~ -CHE /| ~\ / NHZ 19/ ~ CH3 NH2 O -C Hz )--C H3 ~/ -C H2 15 CH3
-CH/ ~-CH2 Nz 2 0 16 CH3 / ~ CH3 NHz -CHz ~--C H3 OJ -C Hz WD 99/ 33793
27 2 4 J U N 2002 PCT/ US98/ 27424 The prodkugs of the present invention my
be synt hesi zed using conventional synthetic techniques. WO

herein (e.g., therapeutic or prophylactic administration

to a mammal or for use in affinity chromatography

applications). Typically, such compounds are stable at a

temperature of 40°C or less, in the absence of moisture or
5 other chemically reactive conditions, for at least a

week. ,

The compounds of the present invention may be
used in the form of salts derived from inorganic or
organic acids. 1Included 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.



5 96/ 33187 di scl oses the synthesis of conpounds of fornul a2 DJON 22

A- R~- NH YO @RXPR- N- SOZ- E wherein A, R, D, D and E are arRCTiu$dsreaeb4above.
10 Prodrugs of formula (1) of the present invention can be readily

synt hesi zed fromthe " 187 conpounds using conventional techniques. One of
skill in the art would be well aware of c7onventi onal synthetic reagents to
convert the -CH group of the " 187 conpouhds to a desired 15 -OR
functionality of the present invention, wherein R is as defined above. The
rel ati ve ease wi th whiErethevebnpobhanapideni efi hhent iBHeBAAOBeaEENt hesi zed
represents amh&WIrsPuscARyagtage in the |arge scal e production of these
conpounds. 20 For exanple, VX-478, a conpound disclosed in United States
patent 5,585,397, can be readily converted to the correspondi ng

bi s- phosphate ester derivative, as showmn below i O~ 10 O~1 025 C- 0O
11,0 DCC, H3PO3 ~ ~ .SI ~OO-NNS~'" ONNO1--1 ~ NH p~~d~ne, 60C, 3h
O=P-O~I ~ NHPOHH OH Alternatiwvely, if the nonophosphate ester of VX-478

is desired, then the (gnt heti@Rgcheng'can be 30 readily adapted by
begi nning with the 4-qiﬁrophé§yl derijvative of V?C-478, as shown bel ow
WO 991 33793 28,2 4 ,~,J N 2002 PCT/ US98/ 27424 O C1O O 11,0 DCC, H3P0O3 O N O
NSI ~ PYr- 0C 1© = \I\Eé H é OH hexanet hyl di si | azane
bi s(trimethyl)perdkide 12QC, 2h i Ol O®Y2TB ~-O-N N S| ~ NHZ OH HO Hz,
Pdi C Et OAc 35 psi Al thougk unnet hyl ated tetrahydrofuran 5

D

(1)

wherein:

each R! is independently selected from the group
consisting of C(0)-, -§(0).-, -C(0)-C(0)-, -0O-C(0QO)-, -O-

10 S(0),, -NR®*-S5(0),~, ~NR?-C(0)- and -NR?-C(0)-C(0)-;

each A is independently selected from the group
consisting of 5-7 membered monocyclic heterocycles
containing from 1-3 endocyclic hetercatoms, which may be
optionally methylated at the point of attachment,

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

20 each Ht is independently selected from C;-C-
cycloalkyl; Cs—C,; cycloalkenyl; C¢-C;o 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°, -



10 15 20 enbodi nents of fornula |, such as VX 978, are expr@dsUyN e uded
frcmthe woasBsesi nvention, one of skill in the art woul d peaAjshysfags abl e -
to prepare the correspondi ng nonophosphate and bi s-phosphate esters of the
present invention using simlar reaction conditions. Further exanples of
speci fic compounds whi ch may be converted to the prodrugs of this invention
by simlar techniques (and the syntheses18f those internediates to the
conpounds of the present invention) are disclosed in WO 94/ 05639 and " 397

pﬁtent the ﬁ: lﬁt ) osyr,es-r3Eowhi chngr fecl@enél n-¢ pepp gL ed-by oy efrerrhce.

Phar maceuti ca sa of t 0 pun resent invention
may be read|F§ % éf@ﬁggg é:&ﬂoﬁ% te%ﬁﬁﬁ ng 9 %xa%ﬂfﬁ ?he di sodi um
salt of the menbymbnenhakg esNdR?5hBwWA) ﬁﬁVe m@dCbe-ﬁﬂbparﬁazasoshoaﬁ,

S VLTI g P T4 DO 0L 00
Mt subi Sff CHP- 20 b- p- ©AFh-ONiE FpdEReRsietloheee e Fiead rE ot =T 1 +~ 0%

to 5% CH3CN mambBQeNas@thu%e%) b)é(i-&fllél'l%ﬁ smwawwsmoéaﬁ&&&té@ventl on
may be nodified pengég% gp riate f%? |on lities to enhance 5
i & f

sel ective b|8FBBPE¥F pfo 'h Yodi Acat™ THS $GONP TSt he art
and i ncl ude phoseaWhychathan@edm(ﬁnxﬁuuﬂaﬂkﬂuﬁdtﬁrdny¢Iﬂc)fu@mven

bi ol ogi cal bl Qod, atlc syste fral neryo systen),
i ncrease ora%g%ggﬁﬁgﬁglpaf ngFﬁgngsﬁﬁﬂfq 'Qlefﬁ‘é ﬁ A niﬁﬁ&t ation
by i nj eclt@ on§ @Dsemrnﬁ(&bohwhﬁnﬂwnthzﬁ ¢mt50@aléxcsebsontuvwdhwmthbelng
bound by thegpy, owerRelk % ts e i fargnts ,ggﬁchaéuzsrr&Rare Nr@ﬁoj ved in

converting the andrug S |nvent|on I nto e acti've drug
dependi ng updf (Rhe~St bc%ureIbroﬁhe“ﬁ?hdréﬁhRThe ¢ (P5TN fROkan §%P|ﬁvblves

the enzymatiecer; chem cal transformation of the prodrug species into the
active form The second anism.i nvol ves e enzy mca

cl eavage of a functi on§la|r$'y%b l?hé“B?B&P(é&nt&gyZ@e r%t?éje f?‘}?@‘g- el \FEoup
conpoundl 5 Theotkéwmitdaly ef eéhzanaatd,;eCt rabkfbroptionatap snektweutedt r ansfer
of a functloagkpgrqup (i.e., R) fromone heteroatomw thin the nolecule to

anot her heter " This transfep is denonstrated in the chem cal reactions
25 shown bel ow WO 9@a®3793 is independently 0 or 1;

each R® is independently selected from the group
consisting of H, Ht, C,-C¢ alkyl and C,-Cs 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?’, -5(0),-

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;-Cs 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; Cy-C. alkyl, which may be
optionally substituted with one or more groups selected

35 from C:-C¢ cycloalkyl, -OR?, -R3}, -0-Q, -S-Q and Q; C,-C,
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20J 1A ~ 0O 02 15 These protease inhibitors and their utility as

i nhibitors of aspartyl proteases are descrlbed in WO 96/ 33187 the
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hydrol v ¢ 61.99vag8 1101 con N0 ORIIATIAL bl N 200 TSR 27424

rel ease "t he act aspart bro ease | in Vi aqueous
sol ubi | ity @hehtpe fﬁéeﬁewlﬁthvb nmet abolismresult in a greater

bi oavail ability of thgadhug.iés;iaqepetbbntlife sRilllotRiér deRORR RAtdgNt is
consisting of Ht; -O-Ht; Ht-Ht; -0-R%; =-NR’R’; C:-C¢ 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; Cs;~Cs 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 nmay 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*-QOH, -CN, CO;R>, C(O)-N(R®) (R’), halo and CF3;

30 each R’ is independently selected from
M Q
| ——-[CH-—O}——“—(R*)) M
—_{'CHz © i YT M, o : X X
X

35 wherein each M is independently selected



5 significantly reduced, The prodrugs of this invention nmad4ibiiNengRoyed in
a convent, nner for the treatnent of viruses, such HTLV, -~
whi ch degleé:%(;#%spartyl prot eases for obligatory events ?%W%%srﬁ‘ﬂ i4fe
cycle. Such nethods 10 of treatnment, their dosage |evels and requirenents
may be selected by those of ordinary skill in the art fromavail abl e

nmet hods and techni ques. For exanple, a prddrug of this invention may be
conbined with a pharmaceutically acceptable adjuvant for adm nistration to

a virally 15f'k?¥negt,_e@ipawae;ntx,i mgqhmmr IRC,e Ut ol I,,% @pqufapkfgl peoper and
In an anount _e tive to lessen the severity the.viral I.nfectiqn.
Al ternati vel 93_2—[aﬁ.§(e&y ru‘&e’of"%leﬁiesmi ﬁvetrﬂ i%n yrsglﬁééf& oF V- (?ciag&gland
met hods for proté&enyd 2@ oupdi witthes sregaitist +GHalthiaff et ibomrgléro &n

ext ended periqd A8 T r ]ggw%)g i.n.,s i nes
ei ther al onellgr o?%é%?hggrlywr}t c?%ngedrjg%o%%lué;%é 0 ﬁ%%%e#?%%@gﬁ a manner
consi stem WEER™ Re Sonwei®i-ofaliC2diti PFz 8t Roh/ on@r BReESEn| ARYDIYBFSIPR 25
Vﬁcm nes. t _Foalneéramal %,ltk@é.f?r %qu%yqf tdﬁmré 'i@V{:Q)@)ttli@:%la'IﬂX/ Q%ﬁ@fammam th
phar maceutical | y accepta adj uvants conventional |y enployed.jn,vacci nes
Bnd adm ni st SPRE it EPtp RALEAHEEA TRP T PU | VR ansant ShUB oty ) >

i ndi vi dual s BY@H, anCkxt endswt, peld (@d -N (Ré) agas 0} .- (R2) pf e {RON-C & -3Q,such,
t he novel prat e inhipitars qf..thiscinventdo _ dm,ni stered as
agents for t%?ﬁ?ﬂ@ og(gké\%{eht i%r?gFng Vsi(wéc i’onrh ffﬁ?agﬁrgﬁﬁ@ﬂ ’Trpearlp%’odr ugs
of this IhveRfsonorayNBe admini stered to a healthy or H V-infected patient
ei ther 35 as a single agents g7, id)-gonhinaji on- Wit L ot gntigeiral VO
99133793 32 2 4 JUN 2p02 PCSZT?{USQQI %’z%wg{;ent g vvh%lch ]‘Fﬁyerfere with the
replication YPEFEISF 1HYY ‘By GlntAPdCetionG &t Fdec Sidn @ S Rems iFhRMR i on
Wi th other anti optriainaAdgntrepiiddy ey geth el é £ o4 et evembd Sséhetbeqvir al

life cycle, the therapeyic effect of t @ 5 conpounds.is_potentiated. For
i nst ance, thgrc?gla M %Qs'tge(lr d %ﬁ"s\ﬂ Pal %ggehf égﬁpﬁgeBﬁénmﬁﬁgh%tygfﬁgFg
early events inn stiel lalkeyloydlkenfyl her VRY us, cgudiored loeldepdretiaed widiterase

transcripti ogu%gq “d}}fe%t H\%ﬁeé%eec?rﬂ&g%}wt o_ I u_IRar DN’?‘RZ nt %(32 3,agent S

targeting such Sar] cf e ‘events 1 nclude, df danosi né ¢ )

al ci t abi ne (d&EPH, dATN, zi-§OWRI mE (RZM (R ot ys&I PatBH Roky sal¢RAr T@ER), - sT4
(sol uble CDAk,, gapiie av r-s o emeycyigedine. sip) sad umnhospbengf st e,
eflornithine, ribavirin, acyclovir, alpha i ntertferon and tri 5

nmenot r exat e. hﬂt}(ﬂ't i"Grfar | Yr AdR2nucl eosi de i nhibitors of reverse
transcripbase, such as ZIiBO®r few (Rpi;peorpaywhbe Msed tbspatenti;ate the
effect of the corrpoundsY oif t icgs iovention, as may viral uncoating

i nhi bitors, inhibitors of*%rans-attivat i ng proteins such as tat or rev, or
20 inhibitors of the vi¥alsiOtaegraseandonbi nati on therapi es according to
this invention exert a R@yggrgj(?&i c edfectyime) nhily ting- 4V e ieatd on
because each corEpo_nent agent o fle conbinati'on acts on a different site of
HI V replication.?2 255 THE use &d such conbi nations al so advant ageously

reduces phe dosage of afgijuen GOV enalq adturfidoVvigalc BIENY Whi ch
woul d be required for a desired thergpeutl c or grﬁghy{lagtl c effect
S CnBhoth

as
conpared to WEFEHED e FILUkRT ¢ sERFRACYSL FaByYCTHESELRS
conbi nati ons syt al), redune ®f1@lhembatredt betardeedf f parsiallgonventi onal
single anti-retroviral agent_theraples i .not .| nt L1Ng,. W .t he
anti-retrovi rsﬁgua%%{evﬂ%t?/go rtl?%os%ggégn¥¥ey#§égegégﬁbg%ggfghsw}ofg%%é;e]
potential of amsict aswkd theséngtechgenrinbessptens whhteimsniomieziorg 35 any
associ atgg tqxi,clt j FoRsrBY 8l sR, s2 U N-2Q08¢y ; WO
55/ 33v0ss por s BT Ao TR DaL Lens LB B 57 8(9) ? 3

and wherein any of said ring systems optionally contailns

1 to 4 substituents independently selected from OH, Ci-C;
alkyl, 0-C,-C, alkyl or OC(QO)C;-C, alkyl.



i ncrease the efficacy of the conventional agent w thout incké¢ariNnngyphe
associ at ewotowswsty. In particular, we have di scovered thatrcrhesezpnodr ugs
act synergistically in preventing the rep~.ication of HHV in human T cells.
5 Preferred conbination therapies include the adm nistration of a prodrug
of this invention with AZT, ddl, ddC or ?4T. Al ternative~.y, the prodrugs
of this invention may al so be co-admnis éred with other HV prot ease 10

i nhibitors such as Ro 31-8959 (Roche), L-735,524 (Merck), XM 323 (Du-Pont
Merck) and A-80, 987 (ABbeferred rampedsdsthé &praetlaofl thiesreafheor

prophyl axi s aggi s3inyanbBYsi¥ibak FHLABLE 8k HBFRELE @hoiblWH V quasi
species. W prefer adm njstering the prodrugs of this 15 invention as
singl e agent3PerifhedoRBPRLEFBARGSEh retroviral reverse transcriptase

i nhibitors, such as deeawhtRVeiss of0-AZT(0p+; ot her H V aspartyl protease

i nhi bitors. We believe t,th - Lnistrati of_ t o unds_of this
inventioﬁ wth retrovi?épﬁrévggsggggggbg §§%§pﬁ§§§CFﬁﬁ?§ﬁﬁﬁH¥§% é%gﬂp
aspartyl proteaséstihgbbfobsbnngmbreet aopgbycadnc dleteyeeavyilsts ¢ ef f ect,

thereby prevesitagnisybekant iabl ¥naEEYE1RG, oQygedMRkehE! Y WBlildH Rady sk viral
infectivity and its_aSsoci ated synptoirs. 25 Thé prodrugs of this i'nvention

can al so be QERi ARt eYeBetRYéBRBANALI ShewPPRNtREnGHEANRH s (e. g.,

bropi ri m ne, oppibnBulBnNagt pBRelNtBEBAGHAN aant +OOHL kYL -Rinkdd GB  net hi oni ne
enkephaHin, ingerfeégn %Igh%, d%gthyggithigggrb mat e, tumor necrosis
factor, ‘Hal t RRORBAZOY ahHSPEPY} LRafd 22 ft MEFOEFES MOROFYC ént ani di ne

i set hi orat e)hébepoeyeht oontathahgi fifreat le2 andodiyzddse cagaem attedhayith HV
i nfections, h ' hen _t r.adr, f this_invention are
adninistered§#§ Egﬁﬁf%g?FgggFﬁgfééygg ﬁf?%cgf nggéb%ﬁf Qﬁ9ﬁ%ey may be
admi ni st er edcgeguehtinal Py diocsanydr Memelferedly, WD, 391 IBIRBA)Z 4 JUN 20p2

PCT/ US98/ 274d4o%BeaRgL | €8 oxBh bRLNALILKGNY. srhaLFRACHEEcal or prophylactic
conposi tions, acco is inven be Conprised of a conbination

ding to th tion m
of a prddr ugtsrr?ﬁwergﬁ%ﬁf‘-%ﬁna&d aﬁ&rﬁ@rydtyrﬁefﬂl&@@&hy@r@rf%aap\fﬁy| actic
g_genlt. 5dA|htbepgbhyhkspywﬁbth@anfyocuse&r_amyﬁhrel Vply&%_ frﬁi‘di_tﬂ”ﬁiﬁmﬁh’a,tgﬁl, |
i scl ose e r preventing and treatin i nf ectian, e .conpounds
of this inveé?%gﬁggan §ﬁ§§rsgygggg a8h ﬁfﬁ%ﬁgﬁﬁﬁﬁﬁﬁﬁﬁyﬁkﬂ é&ﬁ% UPruses
whi ch dependpofferablyr Aspar flyB-phiokeayes aftdrachleld gdat dihe 150-mesintison n
their life cycle. Thesg.ujrpses pnctuds s Wﬂcl@%%?ﬁ%i%‘??éﬁéff

n
di seases caused by retroviruses, Such as “si‘mian 1 ency.V|¥uses)
but are 4tbt PRRFteguted WILY- pngn@rHROVS HE,| moFddirtiedierathey drigouhds of

this itnyenlti en é'tP%yPJ ﬁ@hp@huﬁ&g }%leﬂmtghéli§ Qﬁﬂgl"cig_ﬁle%(it Wi tBr @tngeases, fm|d
in particular,_ other human aspar prot eases,. includi ng renin and asparty
pr ot eases tthOBPoégégcéﬁgogﬁgpiﬁ¥b?@cGF§ r?PdPﬁaFﬁﬁé@ﬂg}%%fk%%hp%g??ions
of this invembrenpecetfptriadbe yady i6f stelle oterpdunts e Ayl presantyinventi on

20 and phar ' t abl .S thereof , wth an armaceutically
accept abl e gg??#%?%%ggﬁﬁggﬁseér%§§h?§ké%hﬁﬁgpﬁﬁﬁéﬁﬁﬁégrffxﬁggeptable

carrier &5 adpuedrrebayd WPehiscbenzylaomeysdbatiyded i n the phar maceuti cal

conposi tions of this inyeRt ipdn jisnGldide,r ile A Ml Adp Bdeghi d©ind ON
exchangers, alumina, alumnumstearate, lecithin, serumproteins, such as

human serum 2Fbbnt s additleroRtirRahe sSWRthl Bt ¢hospHat Bs, (WHSk$ e, sorbic

acid, potassed@hs@fbaseinfapbhabnghyceeiderBuxtupbas tol alowpat ed vegetabl e
fatty acids, water, salts or 30 el ectrolytes, such as protanm ne sulfate,

di sodi um hydFERER SEBIp Rt &2 PREASSfuAM) YT Phosphat e T &1 $#t @hl or i de,
zinc sali®, teltkeaoddicls loirc&aragesicumdy itsd |dptaitena by ysiyt i pyteal i done,

car boxynet hy Feal Srosor Boryher i es e vasnad roff B0, vo 99y 33703
PCT/ USO8/ 27424083 sting of oxo, OR®, -R®, N(R®) (R%), N(R®)-C(0)-R®, -R°-
OH, -CN, CO;R®, C(0)-N(R®) (R®), halo and CF; 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



pol yet hyl ene- pol yoxypr opyl ene- bl ock pol yners, polyethyl ene 294 Y81 208hd wool
fat. The RajpAsfpsgutical conpositions of this invention nmay p Qf.;ﬁ'g mﬂbft ered
orally, parenterally, by 5 inhalation spray, topically, rectally, nasally,
buccal ly, vaginally or via an inplanted reservoir. W prefer oral

adm nistration or adm nistration by injection. The pharnaceuti cal
conpositions of this invention nmay conta?sh any conventional non-toxic
pharmaceutical | y-acceptabl e 10 carriers, adjuvants or vehicles. The term
par ent er al aéirdi.&edcch%:Eé@lﬂu@cdbﬂdexﬁﬂb&l}}'tlal’dpctli%,nailfltyr atsarienited with
intravenous, intra intra- art cul ar % gs%l |aI i ntrasternal,

i ntrat hecal ,Orﬁt:{ %ﬁ%ﬁ?édom‘aafg?ﬂéﬁ GnPal bpﬁj F 28 usi on

t echni ques. Hﬁ:e‘l’ﬂ"@cmhenaandltmcat poepeseblygnsDiraysheelectled ffaom ahea
e o SR e epat aL oD {QEoGERTP! EycaBentl ety NkaG! abl e
aqueous or o I NOUS suspe sron or mul at ed
accordi n§ t cYemexyERekvhh in the art u5| ng sui tabl e di spersing or

wetting 20 agents (suc@z@s ef o0& ﬁ%sagnhemoif\éegee%@raﬁw S¥spanginke yagents.
The sterile injectabl e preparation my, al so sterile injectable

sol ution or ¥YPehsibrdi vt hnBﬁ-tB’kPE bERERESr SPPFERCc EEFTAbRE FFPWeNt or
sol vent, forcmcﬁimtmgafst’a GHl uDRer(IHh 11\131-2buNaﬂedH9,l s@upnagrichemecept abI e

25 vehi cl es SO n b nni_t, ol t R nger's
sol ution and&pgpl? rrlﬁyf I“%%I% g?l ’%"H*jgé on. %ﬁ sdd Ftll(%énawgit %ﬁ’lepe 19| xed
oi | s ar &0cormert i pnaféyakhp) oﬁedsashansél sebstéotusedpwidingeedi um For
this purpose u@@&ﬁ@ué’ﬂg éé%@ét@&' ff’@x\ﬂ 9§e g%ﬂée@oﬁ@; Q%gd'o@fg niget i ¢

nono- or dlg élcerldes Fatty aci ds, suc iC aC| |t333:ycer|de

derivatives @ usthul NHROCHe: pPehar &b o) etreanlefused stichar ik al

phar”HCFFtlG@é?%?ﬁ@@eﬂfﬂékéc9thﬁ,t§ﬂ§2?6§t0bk%Qebe19r EaiFObﬁ@ﬂy
especially in ej 0 yox a % se ojl solutions or
suspensi ons TayS bt éﬁg gé¢9§8%§ 2L 4%{%18 §§fﬁ?£%8}§7ﬁ§§ cont ai n
a | ong- ¢Bai matzehot ﬁataepbsmtldn$persant such as Ph. Helv or a simlar

al cohol . The pharmaceutical conpositions of this invention may be orally
admnistered in any orally 5 acceptabl e dosage forn1u9c|ud|ng but not
limted to, capsules, pggkgggbl9n§7agyeous yaspensi o | utions.

the case of tablets for oral use, carrleﬂa,whpbh ar connn IyCUsed |nclude
| act ose and corn starch. Lubricating agents, such as magnesi um st ear at e,

are also 10 typically added. For oral adm nistration in a capsule form

usef ul dlluegﬁgv/ﬂglude | act ose and ered rn starch. When aqueous
suspensi ons dr evadihirstBrasineral 1805t he ty€Nwgedrent is conbined with
emul sifying angl suspendi ng agents. If desired, certain 15 sweetening and/or
flavori 2§ andise Lol gNHRg agents may be added. The pharmaceutica

conposi tions of N'hi s invention may al so be adm nistered in the form of
suppositories for rectal adm nistration. These 20 conpositions can be
prepared by m xing a cong ound of thi® |nvent|on mnth a suitable
non-irritatin eXC|p|en i's s&ﬂq hﬂ%ur% I|qU|d at
the rectal tépderasingre dandNgherefore \MII rrelt '| n he rec¢t Um¥ 02t el ease the
active conmponents. Such materials include, 25 but are not |limted to, cocoa
butter, beeswax and pol yet hyl ene glycols. Topical admnistration of the
phar maceuti cal conpositions of this invention i's e§§%cially useful when the

desired treat@nt i nvolves areas or ans re dily cyessi bl e by topical
appl i cati on. Pox-RpptigatiomMeopi ca 8Rakin, th N?lr?m';lceuti cal
conposi tion should be Mernul ated w th a SU|tabIe oi nt ment nt ai ning the

active cgyrponents suspended or dissolved in a carrier. Carriers for topical
admi ni stration of the 35 conpounds of this invention pnclude, but are not

l[imted H
0] /K

N~ N
/\/O\/\o/\,OMe ' \( NHz,

'II/NHz ’



WD 991 33793, 37..2 4 JUN 2002 PCTNS98/ 27424 to, mineral oil, 4% qlyNq2002

petrol eum 3t32193pet rol eum propyl ene glycol, polyoxyethyl #6&/US98/27424

pol yoxypropyl ene conpound, emul sifying wax and water. Alternatively, the
pharmaceutical conposition can be fornmulated with a 5 suitable |otion or
cream containing the active conpound suspgnded or dissolved in a carrier.
Suitable carriers include, but are not limted to, mneral oil, sorbitan
monost ear ate, pol ysorbate 60, cetyl esters wax, cetearyl alcohol,

2-octyl dodecanol, benzyl al cohol and wgter. The 10 pgapm eutica
conpositions of this invention may Jbestepijcal ly apMied to the | ower

i ntestinal trdc Q&%ﬂhﬂ?ﬂ\49M%osito y fornulabﬁan or i n—@wgyitabl e enema
formul ati on. Topically-transdernmal patches are also included’if this

i nvention. 15 The pharnmaceutical conpositions of this invention nay be

adm ni stered Ei PasqL aerosol opg inhal abi on. Such conpositions are prepared
accordi ng to teghniNjugs wht | - knéyr | nljhyfui,ofapbgnnac JGicAl ﬂ?g_ | ation
and may be prepaﬁéﬂ as solutions in saline, 20 enployi ng benzyl alcohol or
ot her suitable preservatives, absorption. pronoters to enhance

bi oavai l ability, fluorocargons, and/or other solubilizing or dispersing

agents kngwn . , age | evel spady.R i ut . &L ifsbout 25
100 ngy/ kg boda)nfm_/téjisgh‘?{p:)erpgs@, eferz(glc@ :ﬁg%m%]aglg%ut O@Hgsﬁ lngbout 50

ng/ kg body weC#, per day of the active ingredient conpound are useful in
the prevention and treatnent of viral infection, including HV infection.
Typically, the pharmaceutical conpgsitions of this 30 invention wll be

adm ni stered from about 1 &o about tifmes, per day or alternatively, as a

conti nuous i nf\usiian. %ﬁ@h/a inis OnCcan be used as a chronic or acute
t her apy. Theq@u§§ﬁg 0 actigggﬁngredient tHat may be conbined with the

carrier materials to produteya single 35 dosage formw | vary dependi ng
upon the host +Tegted-andC 4 8 UN 2002 WO 99/ 33793 38 PCT/ US98l 27424
the particul ar node of adm nj jon. A fypical preparation will contain
from about 5~ to about 95~ i oAmpounds (i) NHPr ef er abl y, such
preparations contain from ahgiglfyy20~ to ab 80% active conpound. 5 Upon
i nprovengpt of a patient's condi tion,’ a maintenance tHose of a conpound,
conposi tion orsconbi nation of thig invention yray be admnistered, if

necessary. Subgequentklége ihe dosage or frequepncy of adm nistration, or
both, may be réepoced; as?a functg onoof 10 the\synptons, to a | evel at which
the inproved co®dition is |etai nedOwhep the sydptons have been all evi at ed
to the desired | evel, treatnment should cease. Patients may, however,
require intermttent treatnment on a |l ong-term basis upon any recurrence of
di sease synptR§hK:, 1BOAS t ROssisiplelrad reert iRan (apkekkmagpneck ade, | ower or
hi gher doses gdiannlhaséikegi,t ed above may be required. Specific dosage and
treatment reginmens for any particular patient will depend upon a variety of
factors,lPncluding the Bet¥¥}}ybefunderspeesfby tbapeund ekplbyeén, thRe age,
20 body wei ghirt gaqer akofis@héht Sltabysyu’ sex, tHkekorhlhiMBeOEe@dRbALAL rati on,
rate of excretion, druP%conblnatlon, the severity and courgz of the

e

infection, tHETRAT SMLs RREPo_IERBR BoCPHRLIPRFechi 6AVAMED j udgment of
the treating phiystetsoni@p éf @desnt babskbesatn¥anivien betAerezf vkl r°

under st ood, t foll ow ng ex l es, are set .forth. These exanples are for
t he purpose(égﬁﬁqéﬁﬁgeﬁﬁbﬁ gﬁ?yagﬁﬂagrggﬂbFet OBeMc8ﬁsprUegﬁh§nl nPfing
t he scop@Oof M'hel$ nvedtdoeni nakkylwaglk8dyExanpl B*1 Meemerd] tonditions: (A)
Anal yti cal F%gé;é&gé%&%S@ nﬁ@, . R® I N, A= ~_ T L.y £y :9 ﬁngFA
in acetonitrile. Detec io%uat 5%9 aﬁ 2%2'0 n%f%]st r%ﬁnear)rg%m%%]as%l%d%c, 35
t0=2.9 mn. 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)x, Z may be a charged species.
When that occurs, the other M may be oppositely charged



WD 991 33793 39 2 4 J U N 2002 PCTI US98127424 (B) 1/3 v/v Et @)d\cﬂllﬂeme (O
1/ 2 viv BvoAssfwsane (D) Anal ytical HPLC 0-100B/10 mn, E ?/{217 40\—0 1%
TFA in water, B=0.1% TFA in acetonitrile. 5 Detection at 2 8 an ﬁ%)

Cl18 reverse phase VWdac, tp=2.4 min. OYNOOOOCHpP OONH O~ \ ~ Np~
OXNH~N. S NOy 1 197 19s 10 A m xture of 2.0g (3.7 mwl) of 197 and 3. Og (16°
mvbl ) of di-p-nitrophenyl carbonate in 1@4m of dinethylformam de was
treated at 25 with 4 m (4 mwbl) of P4-phosphazene base (Fluka, 1Min

hexane). Thetgl ptyaacwas st hralte@héeﬁeGI&natth%Snwltédulaell of the 15 starting
al cohol was sume}dj ge rggctl on_m xture was rt| tween et hyl
EREOVY C Haawae

acetate and ﬁ§8? Ei Sou?ﬁgroﬁﬁé’m“@yl H AN

sodi um hydr okhdemahdchikene, dried over magnesi um sul fate and concent rat ed
in vacuo. Titration w h m xed
carbonate (1.2g cropl EQSQBE m QEEE%%@%S%Q}H%‘{;%JJQJ\%??A Ctg‘rgr%l ned yi el d:
69% Rf (513CPZEFSaEt’OAéﬁhe)‘éadehee’@n@ut|t@|¢s dB)f 1 nRfEIED Ll /e aed hekane,
condi i ons Q- PRERS, 8% i (>A) nMEESS) 1 M+>’k )%, z28nbHENRe
(CDClB) 0. 82 (6H, dd}( (nw(r% .0 (4H m
5 (2H m , °9. Be(FRKAY a53 éey LYl ﬁif-fl pd O(vemorbstf)e cq;npoenqs 1H m
, 5. 17 ( 26if rfr):rmuIa 17 ( 7H nm 7. 95 (2H, d) , 8 .35 (4H, M . 13C
(CDC13): 155.2 152.2, 149.9, 195.6, 135.9, +129.0, 30 +128.8, +128.5,
+1 27.2, +125.9, +124.4, +121.8, +78.1, WO 99J33793 2 4 J U N 2002 ,
PCT/ USOFR7474 40 +75. §able3llilipastrgtestp@ferred -GBuhunds. &f &8s 9,
+19.8. +52. 7jn¢v88r20n-35.9, -35.9, Exanple 2

TABLE 1
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A~ Y \/\/ SOg-E
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O =00

7




. 510 15 20 25 O-N [ O-OMNNOOOOONI N OO ---~240UNH802NO, O \
/ NHZ 198 W98%3F9d. 20g (0.286 m\M) of 198 dissolved in 3 nl mfr/dsdsnps added
0.11 g (1.19 mV of 1-Methyl-piperidine and the m xture was stirred
overnight at roomtenperature ("rt"). All the solvents were then evaporated
and the solid residue partitioned between Et CAc and water. The vol atiles

~~|

were renoved and, where appropriate,

to-renpve fhs\ e-Boc nrn Df‘j‘_l an nr ouD-

TFA/ DCM over

was dissolved in 8.25 n TFA and 1. 5 m  THF. Hydrogenol ySIS tor 10 hours |n
presence of 80 ng of 10~ ®&d/ ave t des conpoGhd. The fi n
purificationjwas on prepangti e rever 018 usrgHgondi aNH? e
1, except that the flow ratg-was 18 rﬂlmn H N_qial c: 49. 27, 5 25,
found 99.15,}5.76, 8.29 C31H45N5~7S 1 . 9CF3lbooH Ea vs (EB+) 632 (I\/H) 1
peak at 4.71 rr'LJ:LAnnlyflr;aJ HDJ_(‘JALT—I\IIAnLn 1H: CL?L(QH \ —0Q 7Q_(
d , 1. 8 (2Hnp , 2 03 | H, rr) , 2.63 (2H, M| 2.79 (IH rr) 2.82 (3H,s)
2.92 (2H m, |3.20 (4H M . 3H m, 3.6 H M, RHgS(IH
, 4. 97 2H,rr),6£8 bs—¢H,—5 Dl ( 2H, 4.
7.40 (3H m, W O 991 337 10 15 20 25 %/ J U_N, 2002 E’C [
13C (DVBO) : %156.4, 154. 0 153.8, 138.8, 129.6, [129.572 128. 3,
112.7, 74.8,72.9, 66.7, 58.2, 54./0, S3.1, 99.3] 42. 3 40. 8,
25.8, 20.4, 1_197-3—54&%\1'3 3O=N+ =0 Mt =0 00D OONHN
6
(Y |0 =
0
7 NH
el Y| —on—J z
(Isomer
A)
(+ ) or
( =)
B8
(Isomer J Hy —CH2—® -—CHz—O NH,
B) H )
o—
( + ) or
(=)
’ H
CH N
1 H . 3 2
(Isomer 5 H CHz“@ }—CH3
: 2
O_=
( + ) or
(=)

30 min-at

-t

t he Résidue was treated with 1:1

The tals oduct

o




~S\ / NO- ~~kNH”~ 'N. 00~ ~O p ~/ NHS 1 198 200 TheZ $yitheaies of
conmpoundy@dds5958m conpound 198 was carried as described i pdprsBhfa2l

except that N, Ndi nmet hyl - am noet hanol was used in place of di-pnitrophenyl
carbonate) 1HNWMR (acetone-d6): 0,82 (6H,dd), 1.83 (2H m, 2.07 (IH M, 2.64
(2H, M, 2.82 (6H,s), 2.90 (2H M, 3.19 (IH M, 3.38 (4H M, 3.63 (2H M,
3.76 (IHM, 4.17 (2YH, M, 4.90 (IH M, 2856 (IH M, 4.96 (IH M, 5.06
(IHmM, 6.06e(lH d) 668 (2H d) 7 23 (5H n) 797 (2H d})  13CNMR
(acetone dg): 2002, 20.3, 27.5, 3 4, 35, 6, 49 8, 50.1, 54.p, 56.4, 58.5,
63.1, 67.4, %%'6’ 76. 12 4 11 118.2, \27.4, CR9, 2, 1B0.1, 13NB;
139. 3, 153.|4, "T57. |_ VB Y/ 1Hp I<,_ . QN @.;g)~ 0 O=Q¢(NH-N, s
NO ob\ 198 |[ExanBle 4 C~ OV _OKRH A \' / NHV
991 33793 42 5 10 15 20 25302 4|J U N 2002 PCT/Ug5§/27424 %he esi g of
conmpound 201 from conpound |98 . was carried as |described in Exanple 1,
except that] Nacetyl -e thyleneqlanlne was used ijn pl ace of d|Lpn|trophenyI
car bonat e.
11
e e e
12
=0 _~
13
14
CHj NH
>—Chs 2
—CH,
15
—‘CHZ—‘G SN
16
CH3 CH3
O I Fon
o) —CH,




C H N calc: 49.66, 5. 64, 8.83, found 49.76, 5.98, 8.93 CFatw/UNd®Bs 1 . 1
. 4 C F300¥49/33793C/ MS (ES+) 634 (Mrl) 1 peak at 5.08 nin. ACA/YIBEM24HPLC(A)
t=15.92 min. 1H d-3 acetonitrile: 0.88 (6H,dd), 1.92 (3H,s), 1.94 ( 2H, m
2 .17 (1H M , 2. 72 (2H m , 2. 96 (2H m , 3. 07 (3H M ,
3.29 (IH M , 3.42 (3H M , 3. 69 (I1H M., 3. 77 (IH m, 3.82 (IH M, 4.133
(IH ), 4.40 (I1Hbs), 5 05 (2H m, 5.80 {IH, .10 (I H d), 6.78 (2H, d),
6.83 (IH bs), 7.28 (SH m, 7.58 (2H,d) . 13C (d3-acetonitri|e); 157, 1,
157.0, 153.2, 139.6, +130.3, +130.2, +129.2, +127,2, 126.2, +119.2, +76.0,
+75.4, 73.6, -67.4, -58.2, +54.9, -50.2, -41.6, -39.8, -35.9, 33.9, +27.3,
+23.1, +20.4, +20. 2 ZN O.' H~ O - ~0 O NH ~
BN IO 202, EARIPLERCEN Qe eRoHie e Cry@iksay £ Ope0 N
of conpound mmeme@n@@m@ dosventionaldi eynabhedésciticloba ligneBxan@Ce 1,
except that 0, [ I s~ RN, nyl
carbonat o CTL R el PGEE5ge! B pBrptage Ll o RSty By "
C30H43N507S~ x 2 CF3COOH LC/ MB (ES+) 6I 8 (Mrl) 1 peak at 4.36 nin.
Anal ytical HPLC(A) t=14.84 nin. SN 2002pWO 991 33793 1H:

d6- DMSQO, 0. 72 (3H, d), (I H, 2642H
,2.73(4H m, 3(32(2%4% 3m) \ &#ﬁéﬂvcﬁﬁﬁ?-‘éoﬁﬁ rr) 4 . 97( 1H, m
.6 ( 61(3H,m,8.88(2H, bs) , PCT/ US981 27424 43 0.77 (3H,d), 1. 78 (2H ),

2.09( 1H, m .2 . 80( 1H m , 3 . 08(IH m,3.50(4H m,

‘;’524% | H, m &dB@féi‘hf’@a, 2 891, 2|‘ﬂ)1’g)ar7d 2@(1:&% M s alggzriéa%%é%@llzl% 775 )
toa a1 Jrrodfugs SEePatnyla®lnl: ok ERe prerehi s nyetigon ey B, T
+26. 2, +20 OJ;eadQlB SE);!Bh‘pEEZédOZND@ £he C)l®7H2NnIlsbo®rmis~mlsCtngO<NH NN - O
O------- %hﬂfor@a?oté'chnygug 1980 0%5 g}%lsmt %%' %rcﬁf Wt und 203

fron1conpound was carrié éscri Texcept t
monoN- Boc- etp§| @adli anane ﬂéscgsﬁantmophécéY@ﬁhmtdgnmﬁﬁ®¢méﬁyﬂxtarbonate

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
compounds 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:

o o o) o)
0 o [l_o
25 10 pcc, HPo, (] 2
A de e QLLOL
i o]
le) NH2 pyridine, 60°C, 3h O=/P<o k/ NHP03H2
) H oH

Alternatively, 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:



C,H N calc: 46.89, 5.29, 8.54, found 46.50, 5.51, 8.54 202 €28Qi0, s1 x 2
CF3COO—|W6§‘§,M$9§ ES+) 592 (M+l) 1 peak at 4.32 mn. Anal ytpeplussiisedsN
t=14.59 mn. |Hd-6 DMBO 0.77 (6H d), 1.82 (2H m, 2.06 (IHn), 2.S7 ( 2H
m, 2.8 (44 m , 2. 97 ( 1H m , 3. 30 ( 5H m , 3. 55 25 ,
(I1Hm, 3.65 (IHmM, 3.70 (IH M, 3.95 (IHM, 4.88 (IH M, 4.95 (IH M,
6.62 (2H,d), 7.20 (6H m, 7.39 ( 3H m?¥8, 7. 78 ( 3H bs ) . 13C (dnso):
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-]%0 49.4, 38.8, 37.94, 35.1, 32 26.3, 20.0, 19.8.
2 4 JUN 2002 991 33 ECTILSSQBI 7424 44 O OKNH~N. S NO
~/ Ob\ J 19&% HOO% EheG, oéL A 'cp NH vp~\ / s
209 5 The synt heQ of c 204 J)}f'l&ﬂ%% Jg)anoo 198 CI ed as
described in Exanple Nbgt monol, 3- di am nOZBC N Bye= pr o@ne was
used in place of di- pnltr phenyl carbonate C H N *3aMﬁi 49. 07, 5.64, 8.89,
found 48.95, 6.00, 8.92 10 C~9H43NSO S .6 CF3COOH L M5 (ESt) 605 (Mtl)

1 peak at 4.2 ] i.cal H A tE1DA72 nin. 1H d-6 1 0,78
(o oo ARSI, (B0 pere o, e oigs 070
2.94 (I1H mM, 3ifi@indhy(géloxide . 3 3 WN (IH M , 8®3, 3ddgdim |,
3.73 (IH N , Roe@2h(IH M , 9.84 (4,4_=|_,_, 4. Mgt m . 6.61 (2H d), 7.22
% ns ) .? 13C (dnso): 155. 8,
2o° 126.

(6H.m, 7.36 (IHd), 7.28 (2H, d), 7dz
155.7, 138.5, +129.1, +129.0, +128.0; 1, 122.9, +112.7, +74.6.
+53.6, -49.5, -37.4, -36.7, -35.5, -32.1,

+74.3, -72.7, -566.2,
-27.6, +26.2, ¢ jOL gxar’rpleS OZN HEN O\O ~N O O

o=p:0 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 ‘3897 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
disodium salt of the mono-phosphate ester shown above can

20 be prepared as shown below:



O~ O~XNH-N, - (| OO/ NO7 ~ ~O-NH~NS * / NHZ ~/ ~/ O20. 28N19f2 205 WO
99| 33793WaM9B31B 15 20 25 2 4 JUN 2~2 PCTI US98l 27424 The PomrUsaspm2of
conmpound 205 from conmpound | 98 was carried as described in Exanple 1,

except that 1, 4di am no-4- N Boc-butane was used in place of di-pnitrophenyl
carbonate. C, H N calc: 48. 17, 5. 59, 8.26, found 48 . 02, 5. 96, 8 .24
C3~Hq5N507S~ . 2 CF3COOH LC/ M5 (ES+) 620 ¢Mr1) 1 peak at 4.36 min.
Analytlcal HPLC(A) t=1A. 93 nln 1H d-6 DMBO 0.77 (6H,dd), 1.43 (4H m,

182(2H 03( .77(9Hm),2.95( m),3.31(
oH, , 1 . H, H, o, 3 82
1H 2)) , O 92 (| raquw-n%l Nedc@zﬁ)& 2 (29m 7(38

(2H, d) , 7 72 ( bs 3 L55. 72 ; . 6, +P29N1 + 29 +128 0,
+126.1, +123.0, %, Nidz 48) '59 5| go@ 5704 7
'38.6, -38.5, 381, O —263 ,,c 0 @6 M Exarrple9
O-N/ , HNwO\O ~ N\OO~~O SN ~O-NH~-N. S. \
/ NHS O 'O~ / 198 206 The synthe5|g conpound 206 fron1conpound 198 was
carried as described in Exanple 1, except that

(3R)(+)-3-Boc-aninopyr&gg gbﬂﬁoﬁ@ﬁsug?dthqspH%%%nQ A h&ﬂjﬁﬂ99m§ﬁﬁeied

car bonat e.

by appending appropriate functionalities to enhance

5 selective bioclogical properties. Such modifications are
known in the art and include those which increase
biological penetration into a given biological system
(e.g., blood, lymphatic system, central nervous system),
increase oral availability, increase solubility to allow

10 administration by injection, alter metabolism and alter
rate of excretion.

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 heterocatom within the molecule to another heterocatom.
This transfer is demonstrated in the chemical reactions

25 shown below:



CHN talc: 48.28, 5.36, 8.28, found 47.89, 5.53, 8.57 C30H43N50~S, x 2
TFA LCYNB (ES+) 618 (MFl) 1 peak at 4.32 mn. Analytical. ?Pé@&%hmk 14. 31
m n. U N 2002 WO 99/ 33793 PCTI US98127424 46 1H a conpl ex
and overWQﬁB’PW&‘m xtures of rotomers. WO 991 33793 COpN PCOUSYBR®RO
OKNH-N. S pJO OO / Z 4? 5 10 2 ~4 J U N 2p02 PCT/ U S98/ 27424 Exanple 10
HONCN\OOOO«----..~. ~01~"NH-N, S NH ~ ~/ p O / 198 207 The synthesis
of conpound 207 from conpound 198 was cayyied as described in Exanple 1,
except that (3S)(-)-3-Boc-am nopyrrolidine was used in place of

di - pni trophenyl cartponate. LC/ M5 (ES+) 618 (M+rl) 1 peak at 4419 mn.

Anal yti cal HPLQpAbjE514u;iLrﬁ n. 1H and 13C NWR conple41anﬁ/gyerlapping

m xt ures of ;otoners

- HN :‘fs\\-o—O—NOz pH 7.6 \/01( ’}s\gQ-NOZ

and

T X
TFA- HoN o J_<C::>h_

7.6 g \:izg 07<€:>—NH2
5

The cleavage mechanism is demonstrated by the

reacticn below where a phosphate ester-containing prodrug
10 1s converted into the active form of the drug by removal
of the phosphate group.

SQ?Na

\

- ~
Ty ﬁE O —— OO

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 aqueous 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



...0.._
NSNHy~)'V

~O-NN H ~,/ ~-~ NOz Exanple 11 Mel NH O Mew O2G JUN~200x NH-~

/3393~ 308 15 198 WO 99133793 48 z 4 ~ a NPEOOIS9827424

PCT/ US98l 27424 The synt hesis of conmpound 308 from conpound 198 was carried
as descr ied in Exanple 1, except that

Nt ri phenyl met hyl -N, N - dlnethylethanedlan1ne was used in place of

di - p-ni trophenyl carbonate. 5 1H NMR O. fﬁ'(GH dd), 1.65 (2H m, 1.95

(IH M, 2.07 (IHNM, 2.7 (2H M, 2,75 (3H's), 2.95 (3H M, 3,45 (2H m , 3
. 7 (4H M) , rElERaSEHIA acEveREATtBH)Proteas® {DhBitoy In wivey, 7.5
(AZHI d% LC/BI‘zgse hiRgak d%?&lél\éﬂsh)ubllﬂlﬁfgmetﬂ@ £rperal 1ﬁ’resegures

Cyl a i on: n

p5~ \ / No= DPft

f%’ofglﬁ“?cfaeslf“‘étzo’dhga (TG T 3?1%‘?5‘[\%%6%%8 PR E]Hﬁ CHZC12

was added N @GBiard.- Benz\d ﬁeysrmlsu NecHSB83InH1 { . Hhirdgn f oh | awedt byn23isng (1. 12mV)
DCC, foll me% §%€§¥H£4tl ]Eyﬁf The reaction is stirred at rt for 24hr.

The preC|p|tat

resent mere renoved by filtration. The filtrate was

then concentrated in v&&ﬁ)pﬂﬂﬁ¥u¢$m9fcbmbbmmWQﬁ$l©urmﬁYebeoﬁmpﬂéwaﬁat|ve

reversed phasg @ gsdmé}gumﬂﬁ | CB 1 O

Col um: YMC- Pack ODS AA 12S05-2520W 250X20 nm | Snmm

10

15

20

25

30

35

such as HIV and HTLV, which depend on aspartyl proteases
for obligatory events in their life cycle. Such methods
of treatment, their dosage levels and requirements may be
selected by those of ordinary skill in the art from
available methods and techniques. For example, a prodrug
of this invention may be combined with a pharmaceutically
acceptable adjuvant for administration to a virally-
infected patient in a pharmaceutically acceptable manner
and in an amount effective to lessen the severity of the
viral infection.

Alternatively, the prodrugs of this invention
may be used in vaccines and methods for protecting
individuals against viral infection over an extended

period of time. The prodrugs may be employed in such

PYr Fgﬁé:é}QayﬁéﬁESoEEbiﬁugégp 3000

vaccines either alone or together with other compounds of

this invention in a manner consistent with the
conventional utilization of protease inhibitors in
vaccines. For example, a prodrug of this invention may
be combined with pharmaceutically acceptable adjuvants
conventionally employed in vaccines and administered in
prophylactically effective amounts to protect individuals
over an extended period time against HIV infection. As
such, the novel protease inhibitors of this invention can
be administered as agents for treating or preventing HIV
infection in a mammal.

The prodrugs of this invention may be
administered to a healthy or HIV-infected patient either
as a single agent or in combination with other anti-viral



25 0-100% B over 1/2h, flow=18 m/min, nonitored at 220 nm 2 B=0UN %002
trifluoreoaselisgeacid in acetonitrile, A=0.1%trifl uoroacetpEr/o§ishiida wat er.
Anal ytical Columm: YMCPack ODS AAl1 2S05- 2520WI 250X4.6 nm . D. S-5msn, 120A,
0100% B at 1.5 m/mn. over 1/2 h, nonitored at 220 nm WO 991 33793 49 2
4 J U N 2002 PCT/ US981 27424 B=0.1%trifluoroacetic acid in acetonitrile,
A=0.1%trifluoroacetic acid in water. The*aqueous phase was |yophilized to
give 59 ng, (16.3% GM31896X, (U11484-72-10) tHpLC=11.71 mn., 5

MAE966. 09, IJEd@ﬁﬂéﬂ%KﬂthF%nhnﬁféwecW1thethEtrepEﬂnatﬁonabWtye o0 HIVQ MeO-

0 00 ~O NH / % 9 A slurry
of 209 (170 ij d”ilcféhgll”}\&c_"d%/e rhghas BEHtE%%Hl{W%n iRt O

hydr ogen |nzpﬁhﬁnnanﬂxﬂvxﬂﬁlnaﬂemmﬁu%bedhmﬁahgsépﬂmﬁfaﬁén& svientisadn

Cont i nuOUS OU&INI G, NYIG AJENA VS Stl&’é‘dﬁﬁe?é{ﬁé%?e Q@Ifleg‘?.norfe%%lets%d ina

conpl ete conver5|on The crude preparation was then |tered off the
cat al yst, an&ﬂﬂRQWQQﬁjkﬁ]H@iQHEF4F%Q:15F?PréBSN6956Pa5?eCf@6lnn 60 A,

gradi ent 0- 10fiBh ioedr & dAth - x?rr@aﬂeagéﬁd @aﬁdb@t oﬂ@Sw?@bheQTa@@e@@d
2P 2t AP A LU LR e 8. B0,
Conmpound 211amﬂryﬂnnﬂVEﬂSé(ﬁﬁaww¢@ppheoacghdtV@naénDNAedu¢E@mmtpp@cedures
Sy Lot () NSy Bl SN0
99|337931g0 glfe 'cycle events include, didanosine (ddI), alcitabine

(ddC), d4T, zidovudine (AZT), polysulfated

polysaccharides, sT4 (soluble CD4), ganiclovir,

dideoxycytidine, trisodium phosphonoformate, eflor-

nithine, ribavirin, acyclovir, alpha interferon and tri-

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

20 inhibitors of the viral 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



t HPLC=11.71 nin (D), ES+ 967 (Mrl). 2 4 J U N 2002 PCT/ US98% 474N 20026. 2,
124.7, 122099/337%2.8, 76.2, 74.5, 72.5, 66.1, 58.0, 53.6, SpcPrsddhidrs 33. 6,
32.1, 26.6, 25.3, 20.0. O p OHO"'~ NN~ NS NO ~/ Example 14 ~0~0 O O C ~
O----~- ~0~ NH™ " Np.S~ ~/ NHV v 2 197 212 212 was obtained foll ow ng

t he procedures of 10 15 20 25 Exanple 12. tHPLC= 9.45 mn (D), ES+ 592.2
(Mr1l). 13C NWR (DVMBO) 171.5, 155.8, 198.923137.8, 129.5, 129.3, 12%.5,
126.7, 115.2, 75.2, 73.8, 73.1, 68.3, 67.0, 58.7, 57.1, 53.3, 99.2, 35.4,
32.4, 26.7, 20ndredfe8théHefEDCA3y 3¥9th2 Kdnyent8.ohd i 2derd; whthdl)t, 7.95

(20 9 278, Bhorelstgl P DBestill Bhceed, 005 dibicu k08,4 110,
, 2. 10 (s, 1kpve discesef2Hd, thpt, thesg2prddrugs ady YN ishicalEss 622

(Ml ) , 644 iﬁ”%@évéh@&ﬁg %gezgeﬁhﬁcﬁghonl%@ NMB-QGP%HQanJﬁWcé&1§55 S5,
| 49.9, 145.6, 13 , 126.8, 124.4 6.7, 75.3, 73.2,

72.9, 68. 2 ocBreferpged Ceybgnagsoll tlm'répl:% jncinde til?s 19.9, 19.8.
Exanms | p a 15admW¥i 88+38783 2% @ prodrug of this invention with AZT,

ddl, ddC or dd4rT.
Alternatively, the prodrugs of this invention
may also be co-administered with other HIV protease

10 inhibitors such as Ro 31-8959 (Roche), L-735,524 (Merck),
XM 323 (Du-Pont Merck) and A-80,987 (Abbott) to increase
the effect of therapy or prophylaxis against various
viral mutants or members of other HIV quasi species.

We prefer administering the prodrugs of this

15 invention as single agents or in combination with
retroviral reverse transcriptase inhibitors, such as
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 assoclated
symptoms.

25 The prodrugs of this invention can also be
administered in combination with immunomocdulators (e.g.,
bropirimine, anti-human alpha interferon antibody, IL-2,
GM-CSF, methionine enkephalin, interferon alphsa,
diethyldithiocarbamate, tumor necrosis factor, naltrexone

30 and rEPO); 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



~O-NH=N. p° ,p \ / NO= - 197 2 4 J U N Z002 PCT/ US98/ 27424 HOANOgp ~O < ~
O ~O-NH~N®0S9%3793NH 213 213 was obtai ned foll owi ng the proeaaiyogrfhs 5
Exanple 12. tHPLC = 9,21 nmin (D); ES+ 622 (M+1). 13C NMR (CDCl3): 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, 66.9, 58.9, 57.3, 53.8, 49.4, 36.2, 33.1, 26.8, 19.8, )
19.5. 20 Internediate: t HPLC = 10.05 min ¥4D); ES+= 652 (MH) 674 (MNa ) .
OOHO- NHNSNO~0~~\ / s 1/ 15 20 Exanple 16 Ny ZNOOOGC~- O _ ----~

~fO~EXH~N IS NthhEgpabl\en/t .z A&Ee&lﬂaﬁ%ﬁéem Mm@@@uto&épv\wg the pr ocedure
o] anpl e + t =

155.8, 153.1 PISBMY. af’éécl f%’@so‘th%s 1accl%d§‘g1 .%k,‘lilé‘(“ée“‘ég;o% m% 6,
74.6, 72.4, 6691poﬁ¢r1&ed53f a7,ca®indtict9. o8B, a 3BrodBug34f. tHi82 .2, 29.

1, 26. 6, 21'4nv%9t¥b %ﬂ% J@gﬁﬁgfaéﬂ%raﬂg%é¥%3§39§r§8hylactlc agent.
5 Although this invention focuses on the use of
the prodrugs disclosed herein for preventing and treating
HIV infection, the compounds of this invention can also
be used as inhibitory agents for other viruses which
depend on similar aspartyl proteases for obligatory
10 events in their life cycle. These viruses include, as
well as other AIDS-like diseases caused by retroviruses,
such as simian immunodeficiency viruses, but are not
limited to, HTLV~I and HTLV-II, 1In addition, the
compounds of this invention may also be used to inhibat
15 other aspartyl proteases, 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 albunmin,
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,



510 15 20 25 z 4 a a ~ zooz PCTNS98/27424 Meo~0~~0 -H " H4adWN 2002 o O NH
~..p \ /AT .t ONH~ NS NH Qb\ / z 197 215 215 was ROI/usIsed424

foll owi ng the procedure of Exanple 12. t HPLC = 9.12 min (D) 1H (DVSO al
signals broad: 7.38 (3H, br m, 7.20 (5H, br nm, 6.62 (2H, br m, 5.15 (1H,
br 'm, 4.92 (1H br m, 4. 00 ( 3H m , 3. 7-3. 0 ( 16H m , 2. 78 (
2H, M) , 2. 57 ( 3H, m, 2.0A (m 1H), 1?%8 (m 2H), 0.77 (6H, nm 13C
(DVSO) 170.6, 156.3, 153.7, 139.1, 129.8, 128.4, 126.7, 123.7, 113.3, 79.B,
79.2, 77.3, Pelyetiy/lengmpolyggypropylenesblgckspodymagsy 46.7, 39.9,

38.7, 25.8, 2b16retH}Ren@ i By€s1t ahlPLio5110a28 nin (D); ES+ 696.3 (Mrl).
Exanple 18 Me Ne~N=N-A N2 ----- ~

@) ~(CO~0Oy' NH~ N O, ~[ ~ Ss /.
~O-NH-N.S'\ / NH O ti~f%ﬁ%ﬁghﬁréi%eﬂggcﬁgtQPWBBSFBFPBﬁAﬁé %Hésprocedure of
Exanpl e 12. IhwNyR idh Quay Gbetadmind5téLeindpra2l 20 phhenfkera1dy( BY, m , 2
(R, 5% (IRt (R eaptgfi by peefind) nafanyly biEeRyE TG
bs ) , 5. 4VadiRaly 0B vig gn2Hpplpnted regefvsir.m We prefer( ozml d) .
WO 99133793 administration or administration by injection. The
rharmaceutical compositions of this invention may contain
any conventional non-toxic pharmaceutically-acceptable
10 carriers, adjuvants or vehicles. The term parenteral as
used herein includes subcutaneous, intracutaneous,
intravenous, intramuscular, intra-articular,
intrasynovial, intrasternal, intrathecal, intralesional
and intracranial injection or infusion techniques.
15 The pharmaceutical compositions may be in the
form of a sterile injectable preparation, for example, as
a sterile injectable agqueous 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 sclvent, for example,
as a solution in 1, 3-butanediol. Among the acceptable
25 vehicles and solvents that may be employed are mannitol,
water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conven-
tionally employed as a solvent or suspending medium. For
this purpose, any bland fixed o0il 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 0il solutions or suspensions may also



LC- MS

1 peak, 692 (M )

53 2 4 J U N 2002 PCTI Us9g127s4Utdlpi e 19 0

( ~ O OHwedbaNE ~ d ~~ ~NOOO.QO NH~ ~ NH Z d 5 ¥iR&binzi7 was
obtained followi ng the procedure of Exanple 12. 1H NVR (CDC13): 0.78

(6

Hdd), 1.9 (2Hm, 2.1 (IH M, 2.3 10 (3Hs), 2.9 (BH M, 2,9 (2H ),
3.15 (1 H M),

3.35 (IH, M, 3.5 (IHM, 3.75 (4H ), 4.06 (2H's), 4.15

(2H, M, 4.9 (IH dd), 5.05 (IHbs), 52 (13 bs), 6.63 (2H d), 7.2 ( 5H,

7.

Co
/

56 ( 2H, d) , 8. 0 ( 2H, m . ESMSP: 676 (MH), 15 WO 99133793 2
U N 2002 PCTco828127 424 vy -otanpl e RiblEhed bl uénbcedulespersadhacyhahed

m
4]

mpounds \ <0 pR Ola1Q-MENS MQQ UELr, O i 1 /= ONHO 11 H O~/ )

10

15

20

25

30

35

The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,

capsules, tablets, and aqueous suspensions and solutions.

In the case of tablets for oral use, carriers which are
commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule
form, useful diluents include lactose and dried corn
starch. When aqueous suspensions are administered
orally, the active ingredient is combined with emulsify-
ing and suspending agents. If desired, certain

sweetening and/or flavoring and/or coloring agents may be

added.

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

compositions can be prepared by mixing a compound of this

invention with a suitable non-irritating excipient which
is solid at room temperature but liquid at the rectal
temperature and therefore will melt in the rectum to
release the active components. Such materials include,
but are not limited to, cocoa butter, beeswax and
polyethylene glycols.

Topical administration of the pharmaceutical
compositions of this invention is especially useful when
the desired treatment involves areas or organs readily
accessible by topical application. For application
topically to the skin, the pharmaceutical composition
should be formulated with a suitable ointment containing
the active components suspended or dissolved in a
carrier. Carriers for topical administration of the
compounds of this invention include, but are not limited



218 219 5 A nixture of 0.5g (1 mbl) of 2 4 JUN 2002

(3S) - Tetwelwdsm3-furfuryl - N-( (1S, 2R) - 1- benzyl - 2- hydr oxy- 3pERissobmdt4y | - 4ami n
obenzenesul f onam do) propyl) carbamate, 0.4g (1.5 mvbl) of Boc-(S)-3-pyridyl
alanine, 0.29g (1.5 nmwl) EDCI and 0.1g 4-di nethylam no pyridine in 10 m

of N, N 10 di net hyl formam de was stirred at 25 for 12 hours. The vol atiles
were renmoved in vacuo and the residue wa¥ partitioned between ethyl acetate
and 1IN hydrochloric acid. The orga:~ic |layer was washed with 1N sodi um

hydr oxi de are,bmiimeradr ioeid,oﬂeirquﬁa:gmﬁmﬁ@mm,f atlel eedegbrebeemnt rated in

vacuo. The F%b@i%n‘@%l%&”ﬁt M & Ig@gpo,py gogyléhél ca gel (1:1

et hyl aceta hexane)” t'o give thHe desired N acylate eri al
DeprotectloﬁOHPQﬁWQHlﬁﬂﬁl%ﬁﬁﬁiQQ)WﬁxcﬁnqrW%W%%rod%%??En%E%HelYolFBﬁed by

g Wﬂ’%t %p‘”m‘j‘;@*mm m‘%ﬁ&ﬁ%"fzOc@?tm@‘?"d’f'g@%ﬁfﬁﬁw‘g’?;@ﬁddgi °d£“8
as a Ite 10a % . - acetonjtrijl.e- .. U, , , .
(2H M), 2. rq en.) ot Qr £re afn( in 3the6a th% f’ o5
( 1H, m ] zsuspkﬁxcxeomd;r n:)lsscﬂvedl&r( aLH;axm)lerS S\Alﬁablal-l;:anjlerg :

2H, d) , H, ( 8 85
(1Ha) . o fg’%(l%f?% Bt (o de o] A “%:}g%sﬁo’( nﬂ%ﬁ’)@@“f BeFb B ou S350a
55 2 4 JUi ~ WW@S/W@I'NW Hapkers waxamwrml ~psl ~

\ 218 220 Oa@ldocaz:lw Y iMe%W%&bﬁ@l n@ﬁc@q@wgaﬁaewgeaﬁral The
procedng 10 15 Exa one- d6/ net hanol - d4

(6H, 1) POBETRCeuL i rﬁpwmposzfglcmméﬁdyhl% HBVEDRLy may 15l )(’PHbﬁd)
3.9 (2H m, topilddld)y abfl (& 19 ,tie 4l<$\2é‘l:bm)te§tn8£l(€t-bcd)by Ye20al1lH, s)

i;le'rr& (GSSQH)SWPPOSlQZS I(f%ordr?mlatlo dEHS) - S M T RERK, 643 (MH).

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 biocavailability,
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



w 218 22Wo28dB3was obt ai ned using the general procedure inpdgnmoanie .
1H NVR (DMSO d-6): 0.76 (6H,t), 1.80 3.7 (4Hm , 3.75 (3H, s) , 3.2 (SH'mM
, (4H M, 4.97 (IHbm, 518 (IHbs), (5HmM , 7, 45 (2H d) . LOM 1
peak, 646 (MH*). (2Hm , 2.10 (IHmM , 3.58 (2H,s), 3.7 6.7 (2H, d) , 7
.22 25 Exanple 23 WD 99133793 56 2 4 J¥N 2002 , PCTNS98127424 NMeZ MeN O
OH- OO-NHN~-NH~O~O0O.b\ / =OXKXKNH-NSNO_ O ~\ [/ H/ 218 222 222

was obt ai necthesiper t heupenatede podcedni risorkxaonl e R0tybitbllVR

(acetoni L1 5 blacdo 41 Uongafnl ZER avfu? Hhr) aof 0sERH 2 .02
(5H, m, 7.9RqHEYe gonp@nd4(W ) , d)Preferaslyl peak, P69RagRELPNSI0O Exanpl e
24 contain from about 20% to about 80% active compound.

5 Upon improvement of a patient's condition, a
maintenance dose of a compound, composition or
combination of this invention may be administered, if
necessary. Subsequently, the dosage or frequency of
administration, or both, may be reduced, as a function of

10 the symptoms, to a level at which the improved condition
is retained when the symptoms have been alleviated to the
desired level, treatment should cease. Patients may,
however, require intermittent treatment on a long-term
basis upon any recurrence of disease symptoms.

15 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,

20 Dbody 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.

25 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.

30 Example 1
General conditions:

(A) Analytical HPLC 0-100%B/30 min, 1.5 mL/min,
A=0.1% TFA in water, B=0.1% TFA in acetonitrile.
Detection at 254 and 220 nm, Cl8 reverse phase Vydac,
35 t0=2.4 min.




MO OOHOOO-NHNS NHKOHOD\Y / ONHNSNO _~0OD /24 JUN 2002218 223
223 was OMPAPA¥A3 usi ng the general procedure in 15 Exanpl ePQUUSYS/3R4C =
9.22 nmin (D); ES+ 622 (M+l). 1H NVR d6-DVBO. 0.76 (6H,dd), 1.0-1.8 (I5H m),
2.03 (IH M, 2.58 (2H m, 2.79 (2H, m), 3.11 (I H, m), 3.28 (3H,s), 3.3-3.5
(12H,m, 3.99 (IH M, 4.08 (IH M, 4.94 2 , 5.19 (IH M, 6.61

(2H, d), 722(5Hrr) 740( 3H, m . 130??1\/50) 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, 2
4 J U N 2p02 WO 99/B37b33 pdv@'g@mmaaw 66.1, 58.1, 57.1, 52.9, 47.5,

33.4, 33.2, 26.3, 29 51/4Bv% #Bofc/Ke@EnONH ~ "NV G50 \ / NH= Exanpl e 25

Oove O O O OH OxNH @) 2 bt th I
procedure in Exanp”@ 9@1 %&€%5?§ ééﬁgog ﬁé%PZ@§I§PESIEegdpgﬁg‘fheeggﬁgfgﬁ
procedure forAdN) G%il'amlamedatenpoﬁﬁdslfsolrlE‘amd ehetpnattaddle .outl i ned in
Exanpl e 23, ahoveer L3gOPt 15ataAalbYE LA dceuceaveeter BRMRN! YR Used

relative to the f frtlng mat er |

et o T3S

s :
(o} NH\/\/N.
S o]
- NO2 o NH\\///~\\V/,N NOz

o'b

h, Y

197 198

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 1N sodium
hydroxide and brine, dried over magnesium sulfate and
concentrated in vacuo. Titration with dichloromethane

20 gave the desired mixed carbonate (l.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 (CDCl13): 0.82 (6H,dd), 1.9 (2H,m), 2.15 (1lH,m),
2.8 (lH,m), 3.0 (4H,m), 3.5 (2H,m), 3.6 (1H,m), 3.8
(4H,m), 4.3 (1H,bs), 4.8 (1lH,m), 5.17 (2H,m), 7.7 (7H,m),
7.95 (2H,d), 8.35 (4H,m). .
13C (CbCcl3): 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,



Op OH~OxNH-Na NHp O M-~ Me0O "OL'O 0O <1 OO0 ~O-NH-N. 2 spus@od / H 218
225 t HPH GodGo3rin (D); ES+ 738 (M+l) 760 (MrNa). 13C ( DMeriisskA9423

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 (DVMBO : 10.1 (1H, s) , 7.84 (d, 2H, J=8.5) , 7.76 (d,
J=8.7, 2H), 7.40 (1H, d, J=9.2), 7.22 (m*4S%H), 5.14 (1H, WD 99/ 33793 58 5
2 4 J UN 2002 PCT/US98r27424 m), 4.95 (1H, m, 4.1 (m 8H), 3.7-3.3 (m
13H) 3.28 (s4718H), —37261(5 68Hp, 25865(mr52Hy, 24B32(m-3BHP, 23599 m 1H)
, 2. 04 (m 8( 2 8(m6H).ExarrpIe2700\~oo\
Nv O-S O\ I—%{’D@ eagte mgh@-8+b9\gpyrld|ne OHO\~ NO60 C. 3h O= p'
~ NyOH ~ 02 H 197 226 10 15 20 To a m xture of 197 (2.93 g, 5.47 mmol) and

phosphorous acid (Al drich, 2.2 equiVv. gl 3 rpol, 987 ngy) in 20 n
pyri di ne was added 1, 3di cycl ohexyl car (Aldrlch 2.1 equiv., 11.99
mol , 2.37 g) and the reaction heated to 60 C under nitrogen for 3h

Sol vent was rengV in vacuyoy the residue treated with 200 m 0. 1N aqgueous
sodluntblcarb nat tirned 1h at anbi ent tenpend?qtee m xture was
filtered, the téate cid' ied to pH 1.5 by Qﬂdltﬁ&ﬁ"ﬁf conc. HC1 and
extracted with b’jﬂm a @g‘ o100 nil). The@mﬁ ned Hrgnic lLayers were
dried over rragne5| um sul fat & 0 {&r ed AT TBNCENTY d'f"e,d/\lwgt vm gi ve
3.15g (960) of desires duct 226 which was used directly in the next

reaction. HPLC. Rt = 8.9/ nin (96%), M5 (AP+) 600.5 (NP{Z) 25 Exanple 28 o
\ \~o0a'o
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 mixture 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 Cl8 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
C31H4sNsO7S, . 1.9CF;COOH
LC/MS (ES+) 632 (M+1l) 1 peak at 4.71 min
Analytical HPLC(A) t=N/A nin
25 1H:0.71 (3H,d), 0.74 (3H,d), 1.80 (2H,m), 2.03 (1H,m),
2.63 (2H,m), 2.74 (1H,m), 2.82 (3H,s), 2.92 (2H,m), 3.20
(4H,m), 3.42 (3H,m), 3.62 (2H,m), 3.75 (lH,m), 4.05
(3H,m), 4.97 (2H,m), 6.2 (1lH,bs), 6.60 (2H,m), 7.22
(5H,m), 7.40 (3H,m),



'O~ NN\ TMSOOTMB H1 ~ crMS)yH O p O ~ ~ Noy 120 C, | A6 i -\ -
0,,S 0 ~WolNoadez\ O-Q-O ~ ~ "NO2 ~~OH HO 227 WD 99| 3379BCHUSWB/W424 U N
2002 PCT/ US98/ 274Z4 A suspension of 226 05.47 mmol) in 18 nm

hexanet hyl di si |l azane was stirred at 120C until honopgeneous fol |l owed by
addition of bis(trinethylsilyl) peroxi de4 Gelest, Inc., 2.3 equiv., 12.58
mmol, 2.24 g, 5 2.71 m). After Ih the mxture was cool ed to anbi ent
terrperature sol vent renoved in vacuo, the residue stirred with 100 m

met hanol , sol 3@n{DMEPby el 6 nd vatbs; Ot hd SPe8i ddd8sBir Led -firt #2866 m 0. 1N
aqueous sodlmbj; cai pengt ey 2 ach di ilgd—;tomHgl 52b39 a@adi tiomgQb,cens.o,10
HCl, saturated with brine and extrac cetat ( x 100 n1)
The conbi neds%)rjgan’?% ?aye?s wef 8- ﬁrlé QVeE’gné éélg é@ gatéo iltered and
concentrated .in vacuo to give 2.98 g (88~) of desired product 227, which

was used dlrectly in the next reacti RLC.. Rt =15 9.28 mn (90~), M
(AP+) 616I5 5 (I\4+N’L) Al ternatively, Zz%l{eé@jh%—synt hesi zed directly from 197.

In this nethod, | was sgol ved in pyridine (300m). The resul ting

sol ution was qconcente-af ed | <§1 vacuo to about 150 Y\ \ o The sol uti on
was then 20 ole:d under Nz/to 5C andtreate thP 1.24
equi v.) over rﬂh‘Wés nbng bat h_was ctl on

stirred at anbient terrperaf’d’r for 2.5 hrs. The soI on 2cooled to
5C and water (300 m added over 30 mi nutes. esultl ng m xture
was extracted with 9 | pent an-2-one (M BK, 2 x 150 . The conbi ned

extracts were washed with 2N HCL (2 x 250 m). The acid washes were back
extracted with MBK (68281 ), then the combined M BK sold®%J ons were treated

with 2N HC1 (150 30 m i‘heTg$ ntWasPRASE Hoxlpdid dVas oS tirdie & Iy 1ag"ml
heated to 50C for 2 hoyrs he reactiqgn m xture Wwas cool ed S'ﬁrzg‘]g

phases were ¥8Pafafedeanast ABSRIEBRESo M EFFHE was FSFSRY IS I‘f’150 m).
The product, dQﬁé’tthamSﬁbatﬁdnby ey NG eldhe ns @llwdeo fMdik-pragnesi um 35
sul fate, filte gg ghe d agent and concentrating 2 4J UN 2002
WO 991 33793 %6 lf’ 1575 Vacuo at 40"C to give the product as a
pal e yel | ow LBNMR( (8¢egpn96d6y| elbdB2. (6H,dd), 1.83 (2H,m), 2.07

(l1H,m), 2.64 (2H,m), 2,82 (6H,s), 2.90 (2H,m), 3.19
(1H,m), 3.38 {(4H,m), 3.63 (2H,m), 3.76 (1H,m), 4.17

15 (2YH,m), 4.40 (l1H,m), 4.56 (l1H,m), 4.96 (1H,m), 5.06
(l1H,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
L
/=) AcHN H
o °= LAN~°
«)\ i g p (o} [o]
° NH\¥//\\\//233 NO, . <\:l~o“~ =

. © o
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Example 295101 / 00 ~~00~i 0O0ONN S~ H, Pd/&

~EtOAch&ggJ,9HO p\ / NO- O p 'O/ O ~~ NH HO OH ~ ~ prPnidog31439 227
228 A solution of 227 (2.98 g, 4.84 mol) in 50 m ethyl acetate was

treated with 10~ pal | adium on carbon (Al drich, 300 ng) and put under 35 psi
of hydrogen on a Parr shaker for 15h. Catal yst was renoved by filtration
and solvent renpved .in vacuo to give 2.68 g (94~) of desired product 228.
HPhC. Rt = 7.23 mn (920), M5 (ESt+) 586.3 (M+l). Exanple 30 15 20 25 o _~ o

BH ~00s a N~xco, ~~.Thé Syhthesis~Of coMpdulNdH2010frcm tdmﬁwﬂrﬁgglfm ~~TH
~~ ~ o
was treat ed V??htiﬁrh?daaﬁegﬁgcgbéﬁgnﬁﬁlggﬁgg%gti——égfé?g %jﬁaequ 13. 6%

mol, 1.14 gdcendltetbgienativaminesiwascalsenn ihMptlagte sifi ddaget Corp

Ml - gel , CHR; 2P I was run through until the eluent was
neutr al foIIO\/\/edoggeﬁ&Il Lg?bgﬁéggon with 1~ acetonitrile in water. Pure

fracti on$ we@erBG)I @@Ilﬁhd49yééh| Bi. 84d 6o 8girvEoSDE i -6 puir-© i £ DI um
salt 229. Exaypl, ﬁqség.s 30 1. ZC%;;@O@*‘IN 2002 WD 991 33793 PCT/ US98/ 27424 61 O Oz

M g~f JH C)F{BC/ﬁg (gg+)ogé4 %ﬁgl) 1 peak at 5.08 min,
Analytical HPLC(A) t=15.92 min.
1H: d-3 acetonitrile: 0.88 (6H,dd), 1.92 (3H,s), 1.954

10 (2H,m), 2.17 (1H,m), 2.72 (2H,m), 2.96 (2H,m), 3.07
(3H,m), 3.29 (l1H,m), 3.42 (3H,m), 3.69 (1H,m), 3.77
(l1H,m), 3.82 (1H,m), 4.133 (1lH,m), 4.40 (1H,bs), 5.05
(2H,m), 5.80 (lH,m), 6.10 (1H,d), 6.78 (2H,d), 6.83
(1H,bs), 7.28 (SH,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

oS 01 Y
o]
° N”\/\/ —@No; @ % :
)
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
C3oH43Ns04S1 X 2 CF3;COOH
LC/MS (ES+) 618 (M+1l) 1 peak at 4.36 man.
30 Analytical HPLC(A) t=14.84 min.



O~0~S~~~NR >002HM™MH-~MN 00218~Ho~51041JSUN2(§00%5 30 231
0.53 g (WO IB) 2-[ 2- (2- Met hoxyet hoxy) et hoxy] acetic acPETNS88/Zdeed to a
stirred solutionof 1.2 g (3. 15mp 1) HATUO . 2 g ( 1. 9i mo 1)

HOAt 0. 9 g ( 9. Omop 1) NNLMin 10 m anhydrous N, N-di net hyl f or mam de.
The mixture was stirred at roomtenperatyre for 30 mnutes, then 0.5 g (1

nol ) of

3S) - Tet rahyd furfuryl -N((1S, 2R | - 2hyd N-i sobyt yl - 4
benrenosur | SRAmCHOP A 7ol Bhrfh o ek Al o EhiP6fRtion tnddne

portion. The1H,xd)yr e vés &IH,)ed 257 20CLH af) an2 heor (Lthen) at 350€ for an

addi ti onal rs.g I en .copl e of , et her ,was added,
and the sol u(tzqi}{(;(r?ln vias '\/zgvazs\kllvgzg'I an t'h é/:\la erFfo{H’r e)g ti hgg nbrﬂ ugoéé phase was
washed with @they),, ahd3 herH the cbibd nebH ongand c9§)ha$1ésm\heré 8Pied with
anhydr oug rra%rllp%umzxsl.g—f a%lq,{ amd feléeresh dhe $ibgra Eg m@s gopeent r at ed
under reduc ressure an resi due was purified by'silica gel

chr omat ogr aphfi % obft < T Q%ttﬁe)sq red Mono- (N) acylated ( 102 ngy, 15 ~)

iESNI\B/:Q?-CDg?}j‘@Oa%DgsZG ed (1525672, n%BVBQ ~153co>rrppysld$ +m/9901(l\%1agygat id(
7H , 3. *) d%6 %ﬁl% 1@-75 59 %m éé@)m‘] 4H)12(§ "

(d, 1H), : G&sq.sz,(bfe)s 9,1H)53 T, 2-{8n85|—|}42 %, 7040ds, 2HpS. 07. 862(6 2H) ,
9.09 (s3n01 + M+1) . Bis- (O, -acyl ated: 1H NWR
(CDClg)lo H)J'2767|\és "ﬁﬁ)a 4 (1(m) 1H | N 920(m 205 (m 1H |
2.6-3.0(m6|—|) 3.2(m1|—|),3332(s 3H),3338(s 3H , 3.
5-3. 8 (m 18H) , 4 . 1 (s, "9 pxhdolS € .17 (m 1H , 5. 05
(m 2H) V\za, 3793 65 4 3 & Lo 57424 5 35 (s (br) , 1H

, 7 .2 (m 5H) % , 7. 78 (d 2H , 9.06 (s, }H) . MS(FAB+);
826( Mt1), 84& °~3Ex le 32 000 !" i~;.,’”gj~~<° \<

ot NH\/\/N "@NO‘ * % N —< >'NH
O‘so 2

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  CHsNsO9S; x 2 CF;COOH.
LC/MS (ES+) 592 (M+1) 1 peak at 4.32 min.
Analytical HPLC(A) t=14.69 min.
l1H:d-6 DMSO: 0.77 (6H,d), 1.82 (2H,m), 2.06 (l1H,m), 2.57
(2H,m), 2.82 (4H,m), 2.97 (1H,m), 3.30 (5H,m), 3.55
25 (l1H,m), 3.65 (1H,m), 3.70 (1H,m), 3.95 (1H,m), 4.88
(l1H,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 4%9.4, 38.8, 37.94, 35.1, 32.1, 26.3, 20.0, 19.8.



W OH\ ~~01~-H' ,OO (N~ SO SO- N'~ 10 v NOz 1273V\9244|\’@N 0082 z e
di ssol vedvO9&2trg3 (1 mV) of 1273V04 in 5 nl THF, then cool egt ,?Sgséggi“under ‘
nitrogen, and added |.56 15 mM (2.5 mW of a 1.6 Msolution o
hexane. Rfter 20 mn at -78C, we added 105 uL (1.1 m\M) of ethyl
chl orocarbamate and warned up the reaction to roomtenperature, followed by
addition of another 105 uL of ethyl chlor®carbamate. 20 After stirring for
additional 4 hrs, the reaction was quenched with water and the organic
sol vent evaporated. Part of the crude product was purified on a silica gel
(RfF=0.69 (1:2 ethyl acetate: hexane))E }n Igl g 0.131g of the product. 25
C, H h: calc: 46x06. 4.97, 5.88, found .97, 5.88 C23H33NS(ySI. 2.2
TFA LC-M5 (ES+) @ (I\/Hrl) \lgpeak at 6.96 min. Anal ytical HPLC(A) t=24.57
15
9

mn. 13C ( ) 1588, .4, 149.9, 145.7, _318&%9 30 +128. 7,
+126.8, +124.2.89.1, €76 64.3, -56.2, é\i +28. 1,

+26. 4, +20.0, +18. 8 +Th 35 ®Q91 33793 ag N Q>pp~ S98127424
Exanple 33 | NH2 ~10£i0 S02 ‘N Awt N QZ 233 W d| sWQS ¢Hof t he
above ethyl 5 car bona n4m DCM followed by 4 mz TFA. Sol vents were
then renoved after 45 at room tenperature, resultn the title
conpound. 1H (DVMBO) : 8. 37 (2H, d, J=7.2) , 8.15 (2H, , 8. 00 (2H, d,
J=7.0) , 7.37 (5H, m) , £ (1H d, J=6. 9) , 9. 06 (2BL410 g, J=7.0),
3.82 ((1H ), 3.35 (2HheNsyridsidhbs Romdo8ia (2by Ehomlcdfob 3kl Lo

518 ° P A it e Rt I
~ pf+7.6 NH2 dDamﬂaﬂjQ+NHB¢CPﬁiﬁpiheEWESPhsed in place of di-p-
nitrophenyl carbonate.
C,H,N: calc: 49.07, 5,64, 8.89, found 48.95, 6.00, 8.92
10 CasH43N:0-S, x 1.6 CF3COOH
LC/MS (ES+) 605 (M+1) 1 peak at 4.27 min.
Analytical HPLC(A) t=14.72 min,
1H:d-6 DMSO: 0.78 (6H,dd), 1.64 (2H,m), 1.83 (2H,m), 2.03
(l1H,m), 2.57 (1H,m), 2,78 (4H,m), 2.94 (1H,m), 3.03
15 (2H,m), 3.32 (2H,m), 3.58 (1H,m), 3.63 (1H,m), 3.73
(l1H,m), 3.87 (1H,m), 4.84 (1H,m), 4.92 (1H,m), 6.61
(2H,d), 7.22 (6H.m), 7.36 (1H,d), 7.28 (2H,d), 7.76
(3H,ns) .
13C (dmso): 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, -32.1, -27.6, +26.2,
+20.0, +19.8.

Example 8

SN0 By

O o

25 98 205



TEA ult s \ / \ NOy NOZ 233 234 20 C H N calc:53.26, 6.14% N3¢ 5ung
53.22, 6wbbonFeb7 CZ3H33NSOSSL X 0.8 TFA LC/ MB (ES+) 594 pamUPISRTsmak at
6.96 min. Analytical HPLC(A) t=24.57 min. \\D 99133793 64 2 4 J U N 2002
PCT/ US98I 27424 1H (DMBO) : 8.34 (2H, d J=8,7), 8,02 (2H d, J=8.0), 7.19

(

5H m , 6 .

98 ( 1H d, J=7 . 2) , 5.,00 (1H m , 3. 83 ( 2H q)

3.50 (2H, m, 3.06 (m 2H), 2.96 (2H, n) 2.43 (1H, m, 1.97 (1H m,

(3H, t), O.

84 (3H, d), 0.82 (3H, d). 5 13C (DMSOL. 156.2, 150.1, 145.

1

02

140. 0, +129.7, +129. 2 Theogysthesds gf Gempognd 205 frOGbC@mP%l@dz__%G 0,
-51. 8, -36 Qda§'2(,6a§r1é80a§ déQQrﬂ-bedlﬂnﬁExEMPWE| e 35xlce@>t\ tQat NQ4—~O ~NH

~10~0-\

5 Synt hesi s ,of anpl i shed

g r \ |/ %0 NOz
analogousix){§ﬁﬁn%éf' B?PE'P %&ﬁnﬂﬁé Eseqlépdp §cf0 QBLELZS 2 min (A.
(B dr &xote68Y. BathbdatelH (CDC13): 8. 34 (overlapplng d+d, 4H),

15 Rf=0. 54

7.97 (dj 52H’CJH§\J ggi Zs 13 § 35‘ 5?56 5fo#?x% (451'620875( 9§|4£| -852@ (21!*’

d, J=
(1H m ,

1cao§¢bN(5@I?$ r’r)2 CFZbCOQI?I (9H s) , 0. 84 (3H d) , 0. 82 (3H,

20 Exanpl e 3fc A PesPrNebolQmP: $02 Neb¥ 2236 . 36VR:99! 33793 65

10

15

20

25

Analytical HPLC(A) t=14.93 min.

1H: d-6 DMSO: 0.77 (6H,dd), 1.43 (4H,m), 1.82 (2H,m),
2.03 (1H,m), 2.77 (4H,m), 2.95 (3H,m), 3.31 (2H,m), 3.56
(l1H,m), 3.63 (1H,m), 3.70 (1H,bq), 3.82 (1H,m), 4.85
(l1H,m), 4.92 (lH,m), 6.62 (2H,d), 7.2 (7H,m), 7.38
(2H,d), 7.72 (3H,bs).

13C: 155.7, 152.9, +138.6, +129.1, +129.0, +128.0,
+126.1, +123.0, +112.7, +74.4, +74.3, -72.7, -66.2, -
57.2, +53.7, -49.7, -38.6, ~-38.5, -35.4, -32.1, -26.3,
+26.2, -24.4, +20.1, +19.9.

Example 9

OQNO\ HaN
Q
[} 2 O
Ot 2 °
o A Mo R 3
: R} ? _— ° NH\/\/N'S-QNH‘?

£ : °%v

198 206

The synthesis of compound 206 from compound 198
was carried as described in Example 1, except that (3R)-
(+)-3-Boc-aminopyrrolidine was used in place of di-p-
nitrophenyl carbonate.
C,H,N: calc: 48.28, 5.36, 8.28, found 47.89, 5.53, 8.57
C30H43N,048; x 2 TFA
LC/MS (ES+) 618 (M+1l) 1 peak at 4.32 min.
Analytical HPLC(A) t=14.31 min.

d)

82



2 4 JUN 2002 PCT/ US98/ 27?424 We di ssol ved 150 ng of 235 in gl g ogphydrous
di oxane, vaoldess793 35 m of S(+)-3-OH THF and 0.14 m triet hsiwaggsr&g.zﬁhe '
m xture was refluxed gently under nitrogen for 2 days. Conversion #3 236
was quantitative. 5 Solvents were renoved and the conpound purified on
silica (B) . tHPLC=22.98 nin (A); ES+ 636.2 (Mtl). 1H NWR (CDC13): 8.29
(2H, d), 7.91 (2H, d), 7.22 (5H, m, 5 28 ( 1H mM , 4. 9 ( 1H m , 9.
52 ( 1H, d) , 4 . 02 ( 1H m , 10 3. 84 (2H, m , 3.49 (1H, m , 3.36 (1H
m , 3.10 (3H apdovwékl HPR:, cempdex( 2hd mverlaprhithd MHxtOres »f 14 (1H m

, 2. 05 (1H r&tome2s84 (1IH m , 1 .27 (9H, s) , 0.78 (6H two overl. d) .
2 4 J UN 2002 WO 991 33793 PCT/ US98/ 27424 66 Exanpl e 37 Carbohydrat e- Based
Prodrugs 197 237 1. 5- TBDMBO pentanoic acid, EDCI HO~-~O O OH 2. AcOH | H yO
| TH ~v ~F X NH- ~~ Np~ O~ V~O\ / ~ QU NHNO~~O / 1/ H OAc
Ac4-GcBr | Ag 2C03 Ac HO AcO 7-% HOA HOOOO- NHNO ~o0\ 1~ 5 238 A

m xture of 0.59g (1 mwvbl) of

(3S)-Tetrahydro3-furfuryl -N((1S, 2R) - 1- benzyl - 2- hydr oxy- 3- (N-i sobut yl - 4am n
obenzenesul f onam do) propyl) carbamate, 0.46g (2 mvol) 10 of

5-dinmethyl -tert-butyosilyl oxypentanoic acid, 0.396g (I.8nmWw1) of EDCH and
0.556nL (4 mwl) of triethylamne in 10 m of dinethyl fornmam de was
stirred at rt for 24h. Another 3 mwbl each of acid, EDCl and triethyl am ne
were added and stirring was continued for an additional 96h.



- 15 A thi rq,ép hof acid and EDCI was added (3 m\bl each) andJumexgp xture
was stirre to conplete the reaction. The reaction m XtPOTEUSHBSIHLMEN
diluted with ethyl acetate and extracted with 1N hydrochloric acid,

» saturated sodi um bi carbonate and water. Evaporation of WO 991 33793 67 2 4
J U N 20Q PCT/ US98/ 27424 the sol vent and gurification on silica gel (300

et hyl acet at e- hexane) gave the desired product (500ng) as a waxy solid.

LOVB: 1 peak, 772.5 (MrNa) 5 1H NMR (OCL3): .0 01 (6H,s), 0.78 (6H,dd),
0.95 (9H, s), 10,4 8 (6H, m ,19(2H—éf’—E§€od_(|H ,23(2Hm), 2.65 (

1H m , 2. 1H m Vi m , 3. 6 ( 2H
rr),375(3 48*?%H\g 51(IHbs) 52(IH, SH m, 7.95
(2H d), 8. 36 . 45 of the 238 was glissol m|n%§ m of

t et rahydr of ur an &n 020 m_ of watéf/L\@nﬂ 50 B of /acetic acid.
The m xture was sti rEed at r? or 2h and evapor at &d" \'l:rf‘ﬁaizl” s hexane
gave the desired alco @ (290ny) as a white solid. 15 A mi xtu? & of 0. 15¢
(0.24 mwol) of the al coHfol produced above fromthe preéy S reaction,
0.205g (0.5 mwl) of tetraacetyl gl ucosyl brom de and 0.19%g (0.7 mwbl) of
silver carbonate in 3 md28f dichl oronet hane was stirred alprt for 6h. 150ngy

of additional glucosylTR® byerhesi andsl f. si.Lver carbonate were added
and the i xtyxe Lis rod at rtlﬁvgfn?éﬁ?g 2R 207 o YEGPE SREPOYRGed Snt o a

pad of silica ge an% 31 4% W FF T HosP-1Bt YRApéeale- kexape thaaf f(@sd-t he
desired prot éck'é@'%%b@rhymzayﬁrqslmﬂmggwgg aswhitg | %g( QOQg)_ 25 LOMVS: 1
peak 966(|\ﬂ|1|'ﬁr5é.}téw %ﬁg 0.78 (6H,dd), 19((? rr?’ 0(3H s) ,
2.02 (3H,5s) I\? %Hs), 2.1 (2HmM, 2.3 (2H M , 7 (IH M
, 2.94 (3H, b‘d’jz/ (2¢4&r)<M+13) 95 gedknmpt 3. B9(§thrr) 4.1 (3H, rr) 4. ~
(|Hd) 49P(ddisbtsn)ca13Qﬂ4Lc 14; % %n 5. 08 (4H m , 2H d) , 8
I—%Od) @}}ﬁ{ﬁ%%& 99I 33793 BE'2 4 (! U N 2002 PCTNS98127424 ~I
L VR NGPIPISR gndover tapipg ik ek ©H ~S03H 197
239 1.5 g (Fotomexs. S03. py conpl ex was added to a 5 stirred solution of 1
g (1.87 mmol) of 197 in 25 nL anhydrous tetrahydrofurane. The m xture was
stirred at 20C for 12 hours, then‘filtered. The filtrate was concentrated
at reduced pressure, and the resi dugxeadplld ansferred to a silica gel colum

‘\@ RN
15 196 \%8



10 (neat), followed by Et OAc: EtOH (4:1) to obtain 471 my (474284 222 |
col or | esgofogammes 1H- NMR(CDC13): 0.80 (m 6H), 1.8-2.1 (m B8éefrusdsrifazds (br)
, 1H) , 4 . 8 (t, 1H) , 5. 09 (s (br) , 1H . M5 (ES-) : 614 (M1) . o ~_ |
~1 OOHNS~\ | ~ONSZ\ / O~O | HO15 ~S~H ~ ~S03H 239 240 100
ng (0.162 mol ) 239 d| ssolved in 15 nm anhydrous tetrahydrofuran and 200 ng
Pd/ BaS04 (5~) was added to the sol ution. “®The mixture was stirred under 20
at nospheri c pressure of hydrogen for 8 hours, and then the catal yst was
filtered. The filtrat ellveassyurivesits a0 Bdcompund e308efirpressupeuntea98ri ed
under vacuu ~ 4 p ( 2 sya col orl ess
P 1H—NM§ %éﬂ%'@ﬁ aé‘&géﬁglﬁég Iﬂdyﬁgmﬁpe”gb gﬁceét ﬁgagSNZH) =
(m 3H , ztr mem)yl,' crsd{lﬁ?t*z%eth%ne%saremsowem ugps, 19. 20 (t,
1FD 9.42 ( léU@,oflé&LﬁéﬁiﬁﬁopﬂéﬂylGCQEbéﬁatQFD 6.70 (d, 2H), 6.80 (d,

592 4 a ﬁ%é\éﬁi o ok Al kil b2ag0 1 b Bost il 2- 907 Rox

0 0~H N s~/ (NG, @)of 2 ~0~(ZH, IP~O-NVES 131, @41 23 980 (BY, £3, mBOKP

2-Chloro-1 3 jOX e fo ine d | utl of 1.07 g
(2 mol) 197:%%2ﬁ ??2? E@an£1 Eﬁ?h@%ﬁ?ﬁ%progy %thyﬁaﬁ?ge Fn%25
di chl ororreth(a?ﬁ“bcb)t: 0oG2T %Hm\b('tu?e5wé% afll ewed to warmup to room

t enper at ur e 1anasd & yw§e§ﬁ réeg f@i+ 2. hours. 10 The m xture was then cool ed
to 0C a?&al 59 (9.3 é brom ne was added in 5 m dichl oronet hane. The

m xture s stirred for 1 hour at 20C, followed by evaporation under
reduced pressure. An aqueous sol uti cfx#&mdDg DI 15 ni trimethyl am ne was
added to the residue, and the 15 XL UJ e, was o8 irred at 20 C for 12 hours.
Sol vents were renoved under redd@%@iﬁ%eggéa%—ééﬂggo m EtOAc: EtOH (9:1) was
added to thedgwsithien: The solid was filtered, washed with Et OAc: Et OH (9: 1)
then the filtrate was concentrated under redul® essure. The 20 residue

was chromat ographed on a.3 fnch plug of silica g sing ethyl acetate
(neat), then_methanol (nea , as el uents to obtain 1. 15,9\@%? 0) 291 as an

of f-whi te sofTy. olH N 0.60 (dd, 6H)e_1. 76N 1.95 (m 1H),

m
25 2.10 (m ofamg- 352 ( @ 3. 4 S (br)wﬁm% C1H) L 7

.25 (m 5H) , 7 . 83(d 2P1) ¥o: 184
(phosphati dyl chollne{TB Exanple 40

15 197 08
To 200mg (.37mM) of 197 dissolved in 5ml CH,Cl.
was added N-CBz-1-Benzyl tyrosine 183mg (.41mM) followed
by 231 mg (1.12mM) DCC, followed by 29mg (.23mM) DMAP,
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 C18 using

purification by HPLC Ci1g Waters Delta Prep 3000 Column:
YMC-Pack ODS AA 125S05-2520WT 250X20 mm I.D. S-5mm, 120A,
25 0-100% B over 1/2h, flow=18 ml/min, monitored at 220 nm,
B=0.1% trifluorcacetic acid in acetonitrile, A=0.1%
trifluoroacetic acid in water. Analytical Column: YMC-
Pack ODS AAl 2505-2520WT 250X4.6 mmI.D. S~5mm, 120A, O-
100% B at 1.5 ml/min. over 1/2 h, monitored at 220 nm,



2 4 J U N 2002 WD 991 33793 70 PCT/US98/27424 O ~ Oz O ~ | &4 JuN 2002,
O~-QJJ. H Qo9gNanga*N N S2 v / NHz O ----~ O- H O O-F~ Ot es peQrustsR74y

O 0/ P~O~-NMe3 241 242 250 ng PdC (10 0) was added to a solution of 250 ng
(0.35 mol) 241 in 10 M nethanol, and the m xture 5 was stirred under

at nospheri c pressure of hydrogen for 4 hours at 20C. The m xture was
filtered, and the filtrate was concentrat®d under reduced pressure. The
resi due was then dissolved in 10 mMl water and | yophilized to obtain 174 ny
(74 ~) 242zﬁ;&Mﬁ%ei&iﬁlmbrdité&£®m5¢tﬁmihd5¢et0n82r@ad, BHpP,.1%. 80-2.00 (m

2H), 2.10 m 2 , 3.2 (s (br) , 9 , 4 .
O-HZl .3 (m(mﬁ)@“%‘;%i@‘? én%) ?5')“1953'“9% (08 (ls_i)(br , (2H)(, 23 67sz 2H)
, 7. 30 (m , z(quecm ph@sawag lzwhllwse@ESqa) givg7H9( MH1) |

184 (phosphaﬁg dy(l@:mﬁs) NEw) 318 96X Exarpl €84472¢10) ~tGB1,20 10+t HnhinS, ~ /| NOz

P=0 226 OH197 'i O~ O _ O-AJI.N N
S ~ / FﬂéﬁéséémﬁiaéLé/ﬁggyé%é%£+nnDI) phosphorus trichl ori de was added
to a stirreResblaticm of ThONptf@ Punt}idldland:0.35 m (2 mol)
N, N- Di |sopr02¥Iethylanin iy 25 m dichloromethane at 20C. The m xture was
e

stirred for 39"he C, then 1 ml wat ermev@s~a ddgg and/stirred for an
addi ti onal ours at o2 3 g anhydrous nmag um

o* NH\/\/ N, NO; ———

o ©

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

10 in 95% EtOH was flushed with hydrogen in a scintillation
vial equipped with septum and a stir bar. Continuous
overnight hydrogenolysis under hydrogen balloon resulted
in a complete conversion. The crude preparation was then
filtered off the catalyst, and purified on RP Cl18 HPLC

15 (Prep Nova-Pack C1l86 um, 60 A, gradient 0-100% B over 30
min. The desired product was collected and lyophilized
affording a white fluffy solid (50 mg, 30.8%).

Example 13
HO
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© o

197 11

20

Compound 211 was obtained following the
acylation and reduction procedures of Example 12.
ES+ 66%.2 (M+l), tHPLC=8.06 min (D), 13C NMR (DMSO)168.9,
25 156.9, 155.7, 153.1, 138.1, 130.5, 129.2, 12%.1, 128.1,



WD 99/33793 71 2 4 J U N 2002 PCT/ US98/ 27424 sul fate was addedJUd 200 _
m xture aRI993379%8as stirred for 30 mnutes, then filtered. pddgusdslbiate was
concentrated under reduced pressure and purified by silica gel
chromat ogr aphy using Et OAc: Hexane (4:1), then EtQAc:EtOH 5 (1:1), to obtain
402 nmg (480) 226 and 427 nmg (36%) 293. 226: 1H NWVR (DVMSO-d6) : 0. 82 (dd,
6H , 1. 8 (m 1H , 1. 98 (m 1H) , 23%10 (m 1H , 2 . 68 (dd, 1H , 2
. 9-3. 2(m 44 , 3. 63. 8 (m 3H , 3. 94 (t, 1H , 4 . 30, (s (br) ,
1H) , 4 . 97 1D6(3, (bey.7, 1+p2,57.130.6m 78HR,, 78..5147@d,5,2H96.1,8 58 A8 (d,
2H) . MS(ES-)qs,598 ). .89 f diast er,goner H NVR ( CDC13)
0. 80 (m 6H)53€ 531804 §§ %rjfv%miﬁg 6% 2%§2?§’139(m 4H) |
4.15 (m 1H), tIzﬂPBC51157%nleH}D)15E5+5$675 (M21(>(d d, 1H, 7.25 (m 5H),
7.95 (dd, 2H), 8.35 (m 2H) . M5 (ES-) : 580 (Ml) , 598 ( (MrH20) -1 ) (

rrple42,i o] o] O-NVN S2 v /_N02 ~0 p~-NNS2 ~/ NH2 HP-O ~ ~
H P-0 O 020 243 249 The reduction waEX¥28PEeed?out as described in Exanpl e
40: (Yield: 79$). 1H NVR( d6): 0.81 (dd, 6H), 1.82 (m 1Hy, 1.95 (m 25
1H),2.08(mo . 2.6-3.15m 6H), 3.6-3.75 (m 3 (t, 1H , 4
.28, (m 1H) 25,96 (%"(br 1H) , 6. 07 (s,°<’]H, (d 2H), 7.25 (m
5H), 7.42 (d, 2H?° 360 O(Ml)____ﬁ.O.,EQp&‘quS WONI9/83793 Z 4 J
U N 2002 PCT/U898r17424 72 ~~ ~ 02z SNHOOQOQI~R'Ng-vags L O-O-H

N~V 20~"~[~ H-PE@POO-IO-I -\Q
21

~J

1
212 was obtained following the procedures of
Example 12.
10 tHPLC= 9.45 min (D), ES+ 582.2 (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, 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, 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
(3H, 4), 0.78 (3H, d).
ES+ 622 (M+l), 644 (M+Na)
20  tHPLC =10.2% 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, 66.9, 58.7, 55.9, 53.1, 48.3, 35.3, 32.7,
26.3, 19.9, 19.8.
25

Example 15




226 245 The reduction was carried out as described in Exadpl dUN0200Z Yi el d:
98 0). BVPPYI37A} x of di astereoners): 1H NVR(DVBO d6): 0. 8PCT/HEIS@H24
1.75-2.0 (m 2H), 2.05 (m 1Hy ( 2. 6-3.2 (m 6H) , 3.55-3. 8 (m 4H) , 4 .
02, 4 .22 (m t, 1H , 9 .75 tm 1H) , 4 . 90, 5. OL ( (d, d) , 1H , 6. 12
(s, 1H , 6. 68 (d, 2Hy , 7.30 (m 5H) ,517.49 (d, 2H) . 10 M5 (ES-) : 550
(M1 ) , 568 ( (MtH20) -1 ) . Exanpl e 44 Pharmacokinetics In Sprague- Daw ey
Rats Followi ng Single Oal se 15 In order to study the pharnmacokinetics
of the prodrygs of this inyention, we adm ni sty ed si e~qyal doses of a
series of pro ru s of duhls nvention, as wellgas VX247 Y, to\mal e and fenal e
Spr ague- Dawl quzz gation of nolar eQU|vahents of _a series of
prodrugs of thls |nvent|on arléf———r”bharnﬁcguLVGék/voaGE}&s was
tested. Separate gr of male and femal e SpragueDawy rats (3/sex/group)
recei ved oral doses(}g@orrpound 25 229 by oral gavage\@ di fferent
vehicl es at the sane dose equivalent (90 ng/ kg nolar e val ent of VX-978).
The di fferent vehiclestddr conpound 229 were: 1) Ovate2r32) 5/4/1; 3) PEG
400; 9) TPGS/ PEG 400; and 5) PEG The vehicles for VX-478 were: 1) 33~
TPGS/ PEXA00/ PEG, and 3g 30 12.5 a TPGS/ PEG 400/ PEG WD 99133793 2 4 J UN
2002 PCT/ US98/ 27424 7 E?[maﬁxphﬁﬂqn@@ fwl bowong echedpfoteduiragot

admi ni st bat il arj ousc A d 1% efvah ey ang) Anabyzedyl gfAfie presence of

both conpound 229 and its netabolite, HPLC nmet hods. The
results of th%S NHRud\FREE )t apul Gty b%i’%v\?(Th‘b e64\/}36Tﬁ“aT129 AT Conpound
;229 _ _-1r29.2) vEhig)l eede R0 12297, 228, 1/_7_4 6; 1322971 .8, VX04é3 |
. _VX- 47 - O PG E1P TP “33012. 59 t
T e 1 E e Feg i L, 3812 P8 B o
19.8, 19.5.
10 Intermediate: t HPLC = 10.05 min (D); ES+= 652 (M+H) 674
(M+Na) .
Example 16
R,
O
O™"NH . N 2
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15 197 214
214 was obtained following the procedure of

Example 12.
ES+ 634.4 (M+1l); t HPLC = 7.17 min (D).
13C (DMSO): 169.3, 155.8, 153.1, 138.0, 129.1, 129.0,

20  128.1, 126.3, 122.6, 112.8, 94.3, 75.6, 74.6, 72.4, 66.1,
57.8, 52.7, 52.0, 49.3, 38.4, 34.7, 32.2, 29.1, 26.6,
21.4, 20.1, 20.0.

Example 17




|
6 -_- ~Wo089/33793 ;" Mol ar 40 PCI}lO PO i 40 PQJ~40 POQ1 PO-SRECTAISIS226dui V.
~ T -~ dose/ 478 Dose~il~g / K g )~~~ ' _ 1 AUC_ '11.710.6 __ _-_
j7.4 8.2 _ '29.6 '~__ o
52

10

15

20

25

..900/ ~400/ PG nunber A_ ' :of rats_, 3 10 3. 243JuN30023. - ~

MeO ™\ -0 0

0

o] OH \§ o] O/\‘
n =

q O
O""NR N,
\:/\/O‘S‘EQ NO: I o N“\/\/N —@NH:
0%
197 215
215 was obtained following the procedure of

Example 12.
t HPLC = 9.12 min (D)
1H (DMSO) all signals broad: 7.38 (3H, br m), 7.20 (5H,
br mj, 6.62 (2H, br m), 5.15 (1H, br m), 4.92 (1H, br m),
4.00 (3H, m), 3.7-3.0 (l16H, m), 2.78 (2H, m), 2.57 (3H,
n), 2.04 (m, 1H), 1.78 (m, 2H), 0.77 (6H, m)
13¢ (bMso) 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, 46.7, 39.9, 38.7, 25.8,
22.6.
Intermediate:
t HPLC = 10.18 min (D); ES+ 696.3 (M+1).

Example 18

Me
MeN~_-N 0
o 2 \/\o
<;1\ b 9”‘\N§ o /\X
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——————

o NH A N NO, ot 3 N
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197 216

216 was obtained following the procedure of
Example 12.
1H-NMR: 0.97 (6H,t), 1.95 (2H,m), 2.20 (1H,m), 2.8
(2H,m), 2.96 (6H,s), 3.00 (3H,s), 3.38 (1H,m), 3.42
(3H,m), 3.36 (14,m), 3.6 (2H,m), 3.7 (6H,m), 3.98 (2H,m),
4.2 (2H,3d), 5.1 (1H,bs), 5.4 (1H,m), 6.8 (2H,d), 7.4
(SH,m), 7.6 (2H,d).

_f
I



16.2 i(ua*rhr/m;4.8 Q7.4 i1.8 1.6 i5.8~i ' ~PG 1.8 ' 1) 2-4CatN 2021 i 3.3

(3.1 ;30938830 ~6.0 ; (IiM 1.7 '.0.6 10.3 ~0_._7 ;RCPUSI82"24al f ; 1
T '~ 3041 2., 8 -2 8 . 2,5+ ;2 .2+ 0 ~~, life . ~
i .0.9'~2.0~, , ¢(thry ~~ . v~ Rel ative 39.5t 35.8t '25.0t
27.7t .;refere ~referenc ' Avail. '~90. %%t 81.8tt .57.1t ~63.3tt 'nce a .,
,of VWX- ~t ' a478 ~ 1 ~ ;' - a dose mg / Kg of conpound 229 is

equal to 40 ng/ Kg of VX-478. WD 99l 33793 74 2 4J UN 2002
PCT/ US98/ 274824MS:nd perpou®22Yhtds detected in plasma at 15 min. first
data point ). * Represents the harnonic nean t Relative availability of

VX-478 when conpared to a 5 prototype clinical fornulation tt Relative
availability of VX-478 when conpar eiﬁ‘}&&—pg&t otype toxicol ogy fornul ation

We perfornmed a simlar study pn dogs using both 10 a sc{l’T "tapsul e
formul ati on of conpound 22§\§

nd an et hanolic/ nmethyl ceJN~g#0ge sol ution
f or mul atlon@corrpareg‘ to TPGS- cont ai ning solution.fo | ati on of
VX478. The r ps,.,,fro t hi are pr @red below In Table V. 15 TABLE
V : Conpound |229 QR2y ~47 |d| e sol nﬁvwsﬁ.@eﬁpel lul o
TPGS/PE T , , , use\© G ~50 ~400/ PG
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 (1H,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
(5H,m), 7.55 (2H,d), 8.0 (2H,m).
ESMSP: 676 (MH+).
15



"EtOH/wa i ' ~ter nunber of dogs~2~2;>2! Mol ar equiv. dose/d42UNOA0R2 po, 17
PO 478 DaookimsKg) | AUC, 16.7 1;14.2 ;23.5 '~ ' ' (ug*hr/ mprrmuses/Zrais 3- 2~ |
7.4 _ Cmax (ug/m ); 6. 1~'" 6. 36 . 8 ;1.70.31.1" Tmax (hr),2.3 "0.5
1.0 '0.60.50. 8Rel ative Avail. of.71.160. 4ref erenVX-478 ($)ce WO 991 33793
75 2 4 J UN Z002 PCT/ US98/ 27424 The results denonstrate that oral

adni ni stration of conpound 229 as an aqufous solution resulted in inproved
bi oavailability in conparison to the other vehicles studied. Al so,

followi ng adm ni stration 5 of conpowxhnd®I% 2ne of that conpound was
detected in the flrﬁgnlfgalﬁygge. D4 £S)

suggesting first pas abo e-agueous dose

of conpound 229 with the VX- 478
i ndi cated 10pequi val ence iR delivery as illustrate t he~rfange found for
the bioavai llab{l pty. ile have descgibed a nunber\of enbbdi ments cf

o=

to provide ot her embodi men? & whi ch utlle@KLh”\ppdb armd processes of
this invention. Ther e, It w-H—be—sappreciated that t e scope of this
invention is to be de ed by the appended cl ai rat her than by the
speci fi c enbodi nents whi ch have been presented b y of exanpl e. WO

991 33793 76 CLAIMS Woid aim 1. A conpound of forpuba I:

5 A mixture of 0.59 (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-(S)-3-pyridyl alanine, 0.29g (1.5 mMol) EDCI
and 0.l1g 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

this invention, °|F&L$/anaN higat oum;Egsgc cof%t r ugt |§ may be altered

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 trifluoroacetic
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
(lth,m), 2.8-3.1 (5H,m), 3.6-4.0 (7H,m), 4.25 (1H,m), 4.75
(lH,m), 5.18 (1H,m), 5.45 (1H,m), 7.0 (2H,d), 7.4 (5H,m),
25 7.75 (2H,d), 8.2 (lH,m), 8.8 (lH,d), 8.85 (1H,d), 9.15
(1H,s).
LC/MS: 1 peak, 654 (MH+).
Example 21




5 (G A, NN~ R-S02-E D (l) wherein: 2 4 J U N 2002 PCT/ U%981¥0 7424 each
R is in&'éb%‘%‘r’ﬁé‘ﬁtly sel ected fromthe group 10 consi sti ng PEITAGI§)424, - S
(0) 2-, -C(0) -C(0) -, -0-C(0) -, -0S(0) Z, -NRZ-S (O ~-, -NRZ-C (O
- and -NRZ-C (O -C (0) -: each Ais independently selected fromthe group
consi sting of 5-7 menbered nonocyclic hetgerocycles containing from1-3
endocyclic heteroatons, which may be 15 optionally nethylated at the point
of attachnent, optionally benzofused, optionally attached tkrough a C, -C,
al kyl |inker and optional fused with a 5-7 nenbered rmno\?y lic

het er ocycl e eqnt ai ni n)g@yfro 1- 2 endocyclic heteroat , a erein

unmnet hyl at ed(%ldfq s exressdAy 20 excludgd; each Hz is\in ehdent |y

sel ected from C;°-JLC“{;¥C1\&&I’K )G C- cﬂzﬂqaf_kenyg*;' C~/C rdlzﬁa yl; or a 5-7
menber ed saturated gr unsatdrated heterocy8l B eontailsiQgyeie or nore

het er oat ons sel ect ed\@m N, N(R9—96—S and 25 S(0)~; wherein said aryl or
said heterocycle is o onally fused to Q andei n any menber of said
Ht is optionally substituted with one or nore sub$tituents independently
sel ected fromoxo, -BB, SR, -R-, WO 99/33793077 2 4 J U N 2D02

PCT/ US981 27424 N (Rz) (Rz1 , -Rz-OH, -CN, -COzRZ, -C (0) -N (Rz) z, -S (0)
z-N (Rz) -N(Rz) -C(Q_-Rz, -C(O -R2, -S (O n-RZi -OCF3, -S (O n-Q
met hyl enedi oxy, -N (RZB2E YaH oPYRNed huing tigF3gendicz] Broc@ireORh,
-SR, -R, fMargde () or -N (R) z; 5 each Qis independently selected
froma 3-7 ed saturated, partially saturated or unsaturated
carbocycl i ¢ ¥i NG sy &EHON: °/5-“’99trﬁﬁﬂ)%¥‘e%‘4)sht%r%§eﬂ§Hp‘éhi&LDy sat ur at ed
or unsat ur at(e@#,et,er2oy c{ i, o)i,N@ CINt @i H @) ONB, 95  BH £ et g pat ons

selected fr w3 ANy 0 n Qg ( ; er ei is optionally

substi t ut edo(vrg 'rﬁidc}lde%o'rqln{)%%ér’ouﬁ;)sﬂsyglz@c’t &'#rtﬁi{'g&b’, é)d?zszF&IP) :N (Rz)

2, -N (Rz) €C8RO)(2HRA) ,- Rz-AH, (11N - CQrRz(SH G X 0)7 -6 (R, @), el o or - CF3;
each Rzips indgprgndently selected fromthe group 15 consisting of H and
Cl-C3 al kyl optionally substituted with Q each x is independently 0 or 1;
each R3 is Hrd&Fendemadk sttt @B 4)rom the group consisting of H, H, Cl-CE
al kyl and Cz-C6 al kenyl wherein 20 any nenber of said R3, except H may be
optionally substituted with one or npre substituents selected fromthe

group consisting of -ORz, -C(O) -NH BXaMd€2Z N (Rz) (R') , Ht, -CN, -SRe,
-COzRz, NRz-C (0) -Rz; e n is independently 1 or 2; 25 G \en present,
is selected $#nomH, R _ or G§l-CS al kyl, or, when G , - C4 kw', G and R
are bound to iﬂp\g;ﬁé;/e';t r directlg or_throygh a\Cl- c:3/<|.- ker to form
' a heterocyclicC riwgs SN @,k 3
- TN O )
15 21 221

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 (1H,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

(SH,m), 7,45 (2H,d).

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

25 Example 23




when Gis not present (i.e., when x in (G x is 30 0), th@n e 202rogen to’
whi ch G o ed/i3agthed is bound directly to the R group on -KdRus®acksD and
D is independently selected fromthe group consisting of Q@ C,-C=. alkyl,
whi ch may be optionally substituted with one or nore groups selected 35
fromC3-C6 cycloal kyl, -OrRz, -R3, -0-Q -S-Qand Q Cz-Cqg WO 991 33793 7s
2 4 J UN 2002 PCTNS98/ 274724 al kenyl , whr&h may be optionally substituted
with one or nore groups selected fromthe group consisting ofug—- CG
cycloalkyl, -OR, R3, OQand @ C3-Cs cycloal kyl, which may{be optionally
substituted with or fused with Q and 5 C5-C6 cycl oal kenyl, ich may be
optionally substituted with,yor fused with Réa each Eis in endent |y

sel ect ed fron1the group co sisting of H; -0-H; H-H/ -0-R/; -NRR;
Cl-C~, al kyl 2yphigh maygy b ptlonally substituted w tK one o o, more 10
groups sel ect $*mn1t e n5|st| ofp R' agwd Ht andj§~-Cb al kenyl ,
whi ch may be optlona éd W t Ne Y e Yy ¢l ected from
t he group consistingo R~ and H. Cs-Ce saturated caPBoefd¢l e, which is
optionally substitute th one or nore groups 3 el ected fromR' or Ht;
or CS-C6 unsaturated carbocycle, which is optié%giiy substituted with one
or nore groups selecsgr fron1R or H1l each Rq i S ndependent |y sel ected
fromthe group consi ng of OR2, -C (0) -NHR2, g2—(0) Z-NHR , halo, NR -C
(O 20 R2 and -CN; eacB2R5wis pb&@p@@@e%llp%él@:t@&&@mﬁmqﬁu@ in
consi sting oﬁxghﬁmg 6d-C4 al kyl optionally substituted with aryl; and each
R is independently sel ected fronlthe group 25 conS|st|n of aryl

carbocycl® amHNMBt dR6€FERA Erdkéer &9 ) saild CarfH/ tar Ko clad/gh) het ef ocycl e
may be opti omm{l }) $Ubs Dot u%adsw,t I3 .@2e (@H,wre nrloum,&tﬂl eC3esi fmnm;he

group consi s 0Xxo0, 5) (R5 (0) OH,
“CN, CQZRY, ? %fHNméR Ay F&QH)' s( 'hgﬂ &% (&(*gf—% '38} AaRgF‘ 7%
|ndependently2HeId¢te6 DMOWQHNHI, , ~~ ~CH2 O~(R~xM . |, Hz O ~X Y Z(MX or
L Jx X 35 Myl s d ently sel ected WO 99133793 79 2 4 J U
N 2002 PCT/ U@S&@mgﬁﬁk o2 qm‘%ﬁ K,”My, Ca, Ba, -N (Rz) 4,

C -Cl~-d&%yl, Cczd z-al kenyl, '_R6: wherein 1 to 4 -CHz radicals of the al kyl
or al kenyl group, other than the - CHExlh@fi & 9 4bound to Z, is optionally

repl aced by a heteroatom group sel ec 0, S, S(0) M«s (Qz) , or N
(Rz) ; and wherein any hy gen in said al kyl, alkenyl or s optionally
replaced wt substlt ent el ected fromoxo, -ORz, , ( z, N (FZ)

o T B S o SRS ﬁz © o
10CF3, or -
Q 0

18 223

223 was obtained using the general procedure in

15 Example 20.

t HPLC = 9.22 rin (D); ES+ 622 (M+1).

1H NMR d6-DMSO: 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), 4.08 (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,




M is H Cl-Gz-alkyl, Cz-Gz-alkenyl , -R6: wherein 1 to 444 20adicals
of the awy99/33793al kenyl group is optionally replaced by aPagrEEssatam gr oup
selected from0O, S, S (0) , S(O) , or N(Rz) ; and wherein any hydrogen
15 in said alkyl, alkenyl or R6 is optionally replaced with a substituent
selected fromoxo, -ORz, -Rz, -N (Rz) z, N(Rz) s, -RzOH, -CN, -CzR2, -C
(0) -N(Rz) 2, -S (0) z-N (Rz) z, -N (Rz)’’-C (0) Rz, -C(O) Rz, -5(0)
~-Rz, -OCF3, -S (0) n-R6, -N (Rz) é&f) z (Rz) , halo - -NQOz; 20 zZ
is O S, N (RE)lz, 58r 1, Wﬁénllvl |5§ Shs SiH33 45 B s 8?6X34 s2‘b%r S~ and
RO is C(R2)1%8.90 gg N.(Rz) ; and wherein when Y is S, Zis not S and 25
R6 is a 5-6 menbered saturated, partially saturated or unsaturated
carbocyclic or heterocyclic ring system or an 8-10 nenbered saturat ed,
partially saturated or unsaturated bExample r251g system wherein any of
said heterocyclic ring systens contains one or 30 nore heteré?tons sel ected

from0O, N, S, S (0 ~ or N(Rz) ; and wherein any of said r\ng systens

optionally contains 1 to 4 substituents independently sel ectgd from CH,
C -C- alkyl, 0-C -C4 al ky r C (0) C-C4 al kyl . WD 99/33793 80 1 w
JIi N ~pp2 PCT{US98~~~4 2. e conpound according to~glAaiml, {wherein at
| east one R (g _selected fr 0 --HzCG-Q-L~ NHs ~i~.r O~ "' 0O0- (L)

-lysine, -PO3Na °“~(t»&mgg/ wyNH ééﬁ; °WV~N c L) -tyrosine,
O-P03 (NHQ) :, -CHE-OPO3MA2 —"~N-NHz, f(m”f‘ OpSNa~,  ~O-Me
NVe2 ~ -S03My, -S03 ) 2, O H—N—OHz - OSGsNaz2, CHz OSOS( NHa) z,

~fN ~NH2, ~ , flI NH2 OTF N2 ~ N ~O-. O\e. H. ,~~NH, 2 O~N~ 0O
10 ~N J ,5acetyl, ~. ~, - (L) -valine, -(L)-dl m c acid, -(L)-aspartic
acid, OO-(L)-y-t-butylgaspartic acid, O- (L) 224L) -3-pyridylalanine, -

(L) -histidine, -CHO —gFgwcs obtained using the general procedure in

Example 20.
Example 26
10 0,N-diacylated Prodrugs
The general procedure for N,O-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]\ MeO
° {
o
(;l\ 2 o 0 LTQ °
0"~ NH H N o o
~ N J.S‘ONH: w T £
- o 0*~NH N,
: ~ ’ e e
218 225

t HPLC 9.26 min (D); ES+ 738 (M+1l) 760 (M+Na).
13C (DMSOQ): 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 (lH, s), 7.84 (d, 2H, J=8.5), 7.76 (d,
J=8.7, 2H), 7.40 (l1H, 4, J=9.2), 7.22 (m, 5H), 5.14 (1lH,



OHHOHOOO~ ~CAc H ~~''~'QAc i P~~O-~3+ O~ QAc H ( 024 HNo2Wii i,

ii ~ Pl~-0vObd3793 ~O P1.0_ 15 O , O , 0_ , PO3K2, PO3CapchOsosrakar m ne,

PO;- ( spermidine ) 2 or PO;- (neglamne) ~. WO 99/33793 81 5 10 15 20 25
30 3. Dis benzyl. 2 4 J UN 2002 PCT/ US98/ 27424 The conpound according to

claim1l1, wherein 9. The conpound according to claim3, wherein Ais

sel ected from 3-(1, 5-di oxane)-O-C(0)-, or38

hydr oxy- hexahydrofural 2, 3-b] -furanyl-0-C(0)-; D is (Cl-CS)-al kyl which is

optionally substi4 Lﬁsed MM ,t miones oy (wy eslyy pups7sel ected LBHIM t Be2gr «)up

consi sting of cl.gal kyl , E bsg
-aryl optlonaIHI()y subsﬁ 5%/Jte Vi t %bﬁgﬁgr Z‘Bﬁé S&Stl Ue%g sgl'e%tcgla from

oxo, -ORz, SRH),-Rz,04 N{,RAH2, LB O, -ZN),-C-79) (m REH)-C (0) -N (R2) z.
-S (O 2-N(RZ) z. -N(RZ) -C(0) -R2, -C(0) -RZ, -S(0) r:-RzZi -OCF3, -S
(0) ~-Q npnethylenedioxy, -N (RzZ) -S (0) Z-R2, halo, -CF3, -NOZ, Q -0OQ
-OR, -SSR, -R, -N(R2) (R) or N(Ef?‘amp’en@aS menber ed heterocyclic
ring containing one S and optionally containing N as an add~.ti onal

het eroat om wherein sai g-keterocyclic ring is optionally stituted with
one to two groups |ndep gntly selected from - ; and Ht,
insofar as it?° d C ad;mol except for

so\p/@rt of R, is def@gg ﬁ
t he excl usion 9 es. The_sesspeund CFajim4 wherein
Ais 1,3-dioxanyl. 6H T nﬂ@}i accq.prd.hcng to cl al mH5 erei ﬁ@s
13d|oxan5yl X \(—/Noz

60 °C, 3h O=p7
1 ~OH
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., 11.49
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 1lh at ambient temperature. The
nmixture was filtered, the filtrate acidified to pH 1.5 by
addition of conc. HCl and extracted with ethyl acetate (3
¥ 100 ml). 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+1).

25 Example 28
4 7
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o N N7 TMSO-OTMS o N ~N7
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7. The conpound according to claim4, wherein: Gis hydrogénUND20®s
| sobut yIWO33389s phenyl substituted with N(R ) ~; 2 4 JPUINSZEIDA24 WO
99| 33793 PCT/ US98/ 27424 82 each Mis independently selected fromH, Li, Na,

K M,

Ca, Ba, Cl-Cq alkyl or -N (RzZ) 4; and each M is H or Cl-

8. The conmpound according to claim 3, rein: Eis a 5-nmenbered
het erocyclic ring containing one S and optionally containing N as an

addi tional heteroatom_ wherein said heterocyclic riqg IS q@%i
substituted 10 with ofe SUSRERS iGDWDE 1atieendEht™P Skl Bt ¥ Yo

or Ht.

9. ThexearRouWNdiaGadAdintg s Cdairtad aherzoe BbeH is H

substituted. with

CHZOCHZCHZ

or R

C, alkyl. 5

onal |y

m - CH3, R-,

CRPCRIOE ST oo Y AR aqt (FR 505 Linkerthelt B TH e

in - ORergrdde sltmirestm flovaw &2 XXléquiv G (19 . BHzeQ-RCHR0Hsg, one R

in the - 0 s ' t | t he ot her
:R’ in th%I f%(‘%)l) %lgdbsﬁée%ﬁq{;ftﬁ ﬁxﬁr%}vgﬁw i, Na, K or

C, -C4 al kyl tergerpiarg

NFSUE e SRR YR t BN cYAF W9 3, thiheX¥e$ WS R in the

-OR group istirPQ@d Wt 100 8 @dthdMhoBndsMvSnay Ofio¥ed 1dn JhEusoMPOUNd

according tq claim.2, wherein:

(C5-CB) cycl Maﬂs,l%ﬁéa‘)r-ra%?vg’a"r

ekt b Ul eidniber Sty

- al kenyl ,
rated or

unsat ur at ed tietzetecyytes; adietief iredinyo nerrbers dby R8dd st et | @hatdryc substi t ut ed

with o
2 4]

ng, or re.s tituent.s.selected fromithe group.consistjng of -OR
FR 2603 ve SRS M e S e S 2L R 08U
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:
15 9.28 min (90%), MS (AP+) 616,5 (M+1).

Rt

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 HCl1 (2 x 250 ml). The acid
washes were back extracted with MIBK (60 ml), then the
combined MIBK solutions were treated with 2N HC1l (150

300 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 magnes

ium

35 sulfate, filtering of the drying agent and concentrating



C(O -NH+R2, -S(0) ~N (Rz) ~, N(R2) -C (O -R: and D i&*(N. &8 4 kyl
optional wosuisgeituted 5 from (C3-C6) -cycloal kyl, -H, -GT/ESBR7424C (0)
O Rz and or C3 al kenyl; wherein D is ,rith one or nore groups sel ected
-OR2, -0-Qor Q 12. The conpound according to claim1ll, wherein R in the
-OR group is -POQOOMZ or -C(O-M. 10 13. A pharmaceutical conposition,
conprising a conpound according to any one of clains 1 to 12 in an anount
effective to treat infection by a virus t%at is characterized by an
aspartyl protease; and a pharmaceutically acceptable carrier, adjuvant or
vehicle. 15 140 RBeEPhak ng@’é?utti%miV@orﬁQ&inmﬁu%@ﬁroﬁrfgak@ x¢ bl o 180am
wherein said yatus, isotl Wiel® , The pharmaceutical conposition according 20
to claim 13, wherein said pharmaceutical conpgsition is fornmulated for ora
admi nistration. 16. The pharmaceutica® bﬁsﬁéion according to claim13,
further conprising one re agents 25 selected from nti-viral agent,
an HV protea i nky bi ther than a conpou acepr dj o claiml, and
an innunostinﬁiALqﬂ\ ﬂ%f/lﬁ@g%h\fnaceugiggl cggﬁgsﬂti n acorling 30 to

o t

claim 16, further®cofiprifsifig sel ept eg” fwvom ovudi ne

(AZT), zal citabine (adgp, pe (ddr)® st avudi ne. (84T, _3TEA 935083,
1592U89, 529W91, saquin&¥ir (Ro 31-8959), L-735,524, 9052151, ABT 538
(A80538),§AG 1341, XM 9 XM 450, CPG 53,437, or 35 tuscarasol. 2 4 JUN
2002 84 18. Use of the ound according to any one of cldéfis 1 to 12 in

t he manufacture of a nedisabeniofiosfi phvbiRi.og aspar syl mpoo)eas aCtmeity in

a rnam-mal . 1 e ccording.to_a 1e_of cl ai 1to 12
in the nanufa%%ﬁ#%_%?éggﬁgdﬁggﬁgﬁgg¥%§ ?#ggtggﬁ ﬂf@xﬁﬁgggtPBncﬁﬁggnnanwal.
20. The use atRbfuidly. t30€Imem and makrendesafd pEV PAf bytirogenr eat Aent

includes the step ohaREr PHStEELNY OREL Oy sEOLEsaddhblanal,2gents,gebact ed
front an_anti-viral_ agent, an HN proteas” i nhi bitor other Fhan-a caonpound
accordi ngd %o 2Pdi APAYERhd* BROY8FuiBsYRAHPat P EiVRer-88 & pAAE) oPfsaid

nedi canent ordasiaedepacaher dpsage HPLot Ri. =The2gsgiaceopdhngMso (gkaim 20,
wherein said gg%igigggi agent is selected from 2i dovudi ne (AZT),

zal ci tabi ne (ddCj; |dahbsine (ddl'], stavudine (d4T), 3TC, 935U83, 1592U89,
52491, saquinavir (Ro 31-8959)) L-735, 524, SC-57151, , ABT 538 (A80538),

AG | 341, XM

Example 30
7~ \l;
O\ o \ ,;
\ j’.\ o, O 1% o_ 0
' -3¢ NeHCO, ji o~ 87
0" N N7 —_— . o N N7
WL -
O=p, kw—— NH; Pl e NH;
| a '
15 HO Na'0

228 229
Solid 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



412, XM 450, CFG 53, 437, or tuscarasol. 22. The use accoig ﬂﬁ‘ (Lj)@zcl aim 19,
wher ei N %R SQBEF\! infection treatnent involves oral adm n| tra of said
medi canent . A2 . A A AF.A(.ALr.ALY. AA9. A Y PCTRISo27434
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upkf a[ V] ¢4 2Pca] aéie&‘aﬁyl Ak X d]rpd%)f ~5] SRR t‘]3@61J] cta] ca] cal] ca] ca] c”a] ca] ca
V]ca]ca]@ﬁaPOQEQZﬂHE hﬂ@ﬂamﬂQGXﬂnanyﬂrn;arnamate was added to
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T B S -

K 2O/ [EPm\ 330 G(Wﬁfb]@(kf YienzhUcd)eayeal] cal cal c
a] ca] ca] qal el G:&Je(‘rﬂ]cfocﬁ!]&ﬁ]t@]md Cad@@dlcadﬁaé&?élcav}ﬁ]&@d@lﬂ &adca] ca] cal

mAOASAF%Lﬁ%%{QWW% [y WAL =i &% 8% s * [W1§] ca] ca] ca] ca] ¢
a] ca] ca] eafjexalsc headec atdlsc ajazidld adica] cadroad cadrehUilea] catjea) ca] ca] ca] ca] caU
][gﬂ‘ f?IU]GI &]nﬁ]qlnleldl ,cmgpan; c?r astesu[m%m%j{e}d Witlh ba]%] %% 1‘(l:a] ca] ca]ca]ca]ca]c
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calca]ca
rsuzdy| \Amm]—xm -[axt]}]l]a:l&]d:au]}b‘a\]bﬁ?a]GEMhE] :ca(] c%.‘] cadaa] 6:141] cal c&} capcal] ca] ca]

calU] ca]c ca al,ca a
ZSE]I Og} {éu}] [CZFJ ailjl] ]%O‘]ﬁ]cfa] lcrg (L:'Ha ?ca%d] ca] I)]xca] caical]lca] cajcalc
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| mpyJ| toics e [Mcalrcal cg,] cafdcaltaid 1 el cab] cal cad cad cadgp] cal ca] cal cal
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ca] ca(] caMsa(ana] oadf cal«aa) cal] ca] ca] ca] ca] ca] c™a] cal c™a : 1 UXg8; EY .

o slem S thdle cadenlanharlcaled) eolonl ctgd eal) o7l ek gal coul cau
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a] cal] ca] cal] ca] caU] ca] caU] ca] caU] ca] cal] caU] ca]jcaUca ; "

?CJ vpke_ZUgb] XSj e] ] ca] caU] cal] ca] caU] cal] ca] ca] cal] ca] ca] ca] ca)] calcalchalc
a] cMa] ca] c™aU] ca] cal] ca] caU] cal] ca] cal] cal] ca] c*a] caGQW j npt { ?M

#}wr | ga\ Vgb] XSj e] ] ] c*a] cal] ca] cal] ca] caU] ca] caU] cal] ca] c*a] ca] ca] ca] ca] ca]c
aJ cMa] ca] c™a] ca] ca] cal] ca] cal] ca] cal] ca] caU] ca] cha#&) 257: =@ x|
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' #0QYs '
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] caU] ca] caU] ca] ca] ca] ca] ca] c”a]ca]c”ajcalc”a s w
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cal] cal] ca] cal] cal] ca] cMaU] cal] ca] ca] ca] c”a] ca] c™a
$DHLORZnr XdgX~| vgkf " [ Ui c"XSj e] ] c”a] cal] c#cal] ca] cal] ca] cal] ca] cal] ca] c*a] c
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Ui c*XSj e] | CaEJl 2&] Gawb&a],ca]m“alj] LalUrcaig] caldzajda] Zrj cal cag) ca] zrj ca] chal
ca] c”al] cal %aU] ca] c”fa] ca] c”a] ca=@FI {)[), 3DFMYP{} yt ni c*XSj e] cal]
ca] cal ca] ca ca] a]c aU] ca] cal] cal] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] craU] Ma)(EaBf¢a] 62Q|@=1), 848 (M+Na).
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"a] ca] ca] ca] caU] ca] calU] ca] cal] caU] ca]ca]calcalc™a Knb6 A W\ | mt X
{upje YT]’E:’\YTJ e] ] ca] c”a] c’\a] cal] ca] cM&a] cal] ca] caU ca] c*a] ca] ca] ca
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were then removed after 45 min at room temperature,

resulting in the title compound.

1H (DMSO): 8.37 (2H, d, J=7.2), 8.15 (2H, m), 8.00 (2H,

d, J=7.0), 7.37 (5H, m), 5.04 (1H, 4, J=6.9), 4.06 (2H,

10 q, J=7.0), 3.82 ((1H, m), 3.35 (2H, m), 2.95 (4H, m),

1.82 (1H, m), 1.20 (3H, t, J=7.0), 0.72 (overlapping

doublets, 6H, J=6.2),

LC/MS 1 peak at 4.76 nmin.

ES+ 497.3 (M+1).
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Example 34

0,N-Acyloxy Rearrangement

O Tnzma buffer
M e Q
NHy \O” "0 —_— OJLNH WOH

soz'N"L / Nt

SOy

TFA st O

NO, NO,
233 234
20 C,H,N: calc:53.26, 6.14, 7.57, found 53.22, 6.14, 7.57
C23H33N50:S; x 0.8 TFA
LC/MS (ES+) 594 (M+1) 1 peak at 6.96 min.

Analytical HPLC(A) t=24.57 min.
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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)
10 of 5-dimethyl-tert-butyosilyloxypentanoic 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 96h.
15 A third batch of acid and EDCI was added (3 mMol each)

and the mixture was stirred 72h to complete the reaction.

No2

The reaction mixture was then diluted with
ethyl acetate and extracted with 1IN hydrochloric acid,
saturated sodium bicarbonate and water. Evaporation of



10%s& () -

109%! & ()- L. 10%s& ()- | NR bij kI | [ NA41010r %R0y SUAr 94

33810% %o(oprabro33810% #&' ()- L310%r%& ()- E &9- s10% \ SE&u6dsatazs
s& ()-1x{{Z9NA41010 Y 109 T & ()- Y 10%& ()-!'Y 10% & ()-

L&I-s10%s" !

L" 1090B&' () -

10% ()-G
1096 $#& () -

L10%& ()- L10%& ()- =aj|[: NAA1010 RLI 10%& ()-G LI

LO109%& ()- }109A#1& ()- L109%& ()- ( Y 1098& ()-jn|[: NA41010
e US#10%S$E ()-Y UBHI0%& ()-Y < LI 1088/& ()-G 40LI 10%! & ()-G oLl

G LI 109%& ()-G | mo{~vU410 L "109089%0& ()-9 L109089B& ()-

LS1099899& (Yhd0$4D$A0NS andoBHtOFSeat)ioN nh eSE108Kk$&1()(392" e5hylvU410 L L

10998%0& ()
& ()- 04"

St R AR e e

06""109% & ()¥axy solid

10

15

20

25

30

LCMS: 1 peak, 772.5 (M+Na)
1H NMR (CDCL3): 0.01 (6H,s), 0.78 (6H,dd), 0.95 (SH,s),
1.4-1.8 (6H,m), 1.9 (2H,m), 2.05 (1H,m), 2.3 (2H,m), 2.65
(l1H,m), 2.95 (2H,m), 3.22 (1H,m), 3.4 (l1H,m), 3.6 (2H,m),
3.75 (3H,m), 4.8 {(1lH,d), 5.1 (l1H,bs), 5.2 (1lH,bs), 7.2
{5H, m}, 7.95 (2H,d), 8.36 (2H,d).

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.

A mixture of 0.15g (0.24 mMcl) 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
bromide 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 (200mg).
LCMS: 1 peak, 966 (M+H).
1H-NMR (CDCl3): 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 (1H,d), 4.9 (1lH,bs),
4,95 (1H,t,), 5.08 (4H,m), 2H,d), 8.35 (2H,d).
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1.5 g (9.4 mmol) SO3.py complex was added to a

5 stirred soclution of 1 g (1.87 mmol) of 197 in 25 mL

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)

\

15 SO3H
33_9 240
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), 1H),
6.09 (s, 2H), 6.70 (d, 2H), 6.80 (d, 1H), 7.15-7.40 (m,
4H), 7.51 (d, 2H).
MS(ES-): 584 (M-1).
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780 mg (3 mmol) 2-Chloro-1,3,2- dloxaphospholane

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 azllowed to warm
up to room temperature and it was stirred for 2 hours.

10 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. An aqueous solution (50%) of 15
ml trimethylamine was added to the residue, and the

15 mixture was stirred at 20 °C for 12 hours.

Solvents were removed under reduced pressure
and 50 ml EtQOAcC: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

20 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 (m, 1H),

25 2.10 (m, 1H), 2.8-3.2 (m, 6H), 3.4 (s (br), 9H), 5.08
(s(br), 1H), 7.25 {(m, SH), 7.83 (d, 2H), 8.28 (d, 2H).
MS(ES+): 701 (M+1), 184 (phosphatidyl choline+).
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0.175 ml (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
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The reduction was carried out as described in
Example 40; (Yield: 79%).
1H-NMR (DMSO-dé6): 0.81 (dd, 6éH), 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 (4, 2H), 7.25 (m, 5H), 7.42 (d, 2H).
MS(ES-): 568 (M-1).

30 Example 43
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The reduction was carried out as described in

Example 40; (Yield: 98 %).

5 (1:1 mix of diastereomers):
1H-NMR (DMS0O-d6): 0.82 (m, 6H), 1.75-2.0 (m, 2H), 2.05 (m,
1#), 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, 5H), 7.49% (d, 2H).

10 MS(ES-): 550 (M-1), 568 ((M+H20)-1).

Example 44

Pharmacokinetics In Sprague-Dawley Rats

Following Single Oral Dose

15

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.

20 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

25 229 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)

30 12.5 % TPGS/PEG 400/PEG.
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‘half 1.7% (3.4% .8* 8% 2.5 % 2.2 %
life | | 0.9 1.0
' (hr) - . L o o
‘Relative '39.57 :35.81 %25.0T 27.77 refere 'referenc '
‘Avail.  90.27t s1.8tt 57,11 .63.3"t ‘nce e
of VX- |t !
1478 ' - |

- a dose of 50 mg / Kg of compound 229 is ecual to 40 mg/
Kg of VX-478.
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* Represents the harmonic mean

T Relative availability of VX-478 when compared to a

5 prototype clinical formulation

TT 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 1229 |VX-478
fvehicle isolid imethyl i22%
| icapsule jcellulo 'TPGS/PE
f i Ese in G !
§ | '5% . 400/PG
5 | 'EtOH/wa -
| | ter | ]
number of dogs i 2 12 ' >2

iMolar equiv. dose/ {17 PO ;17 PO .17 PO
Lﬂ78 Dose (mg/Kg) '

|AUC 116.7 £ 14.2 % !23.5 *

' (ug*hr/ml) 2.7 3.2 7.4
.Cmax (ng/ml) 16,11 6.3 * 6.8 1+

! 1.7 0.3 1.1 :
'Tmax (hr) ;2.3 * 0.5* 1.01%

i 0.6 0.5 0.8
fRelative Avail. of .71.1 60.4 referen

IVX-478 (%) ce
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cf this invention, it is apparent

hat our basic con-
structions may be altered to provide other embodiments

15 which utilize the products and processes of this inven-
tion. Therefore, it will be appreciated that the scope
of this invention is to be defined by the appended
claims, rather than by the specific embodiments which

have been presented by way of example.
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wherein:
each R! is independently selected from the group
10 consisting of C(0)-, -S(0).-, -C(0)-C(0)~, -O-C{({O)~, -O-
S(0)2, -NR*-5(0),-, -NR*-C(0)- and -NR?-C(0)-C(0)~;
each A is independently 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;-C;
alkyl linker and optionally fused with a 5-7 membered
monocyclic heterocycle containing from 1-2 endocyclic
heterocatoms, and wherein unmethylated THF is expressly
20 excluded:;
each Ht 1s independently selected from C;-C
cycloalkyl; C:-C-» cycloalkenyl; C¢-Cy¢ 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?, -
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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(0O)-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;-C4 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)x is

30 0), then the nitrogen to which G is attached 1s bound

directly to the R’ group on -OR’;

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

35 from Ci;-C¢ cycloalkyl, -OR?, -R?, -0-Q, -S-Q and Q; C,-C,
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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(O)=-N(R®) (RY, halo and CFai;

30 each R’ is independently selected from

M
i

@)
| .
{ ~ L CH—O R: .M
TCH; o Ix EY ZMy  or { 2 ]x ( 9)x .

35 wherein each M is independently selected
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& “CH#H10% ~&f & ()- & &@#10%&& ()- & P U0%&& ()-: & Y%40% & ()-

9409 ()-:bt[\<vUs/ /| &L09B& ()- &L0%B& ()- , #109B& ()- & ' #10%& ()-
CH1098 & ()- fCU#10WN & ()- _2vU4// 2&109B& ()- &109B& ()- &109B& () -

- #3(&109%& () - &10%5&' () gKvU4// 8&&1096& ()- &10%& ()- &10Y%B& ()

O/ o . .
aiose () Eithee (0 Sucblale: Slonke () Erbusk () itk (0
&109%& () - (&16%&2(1)11 #38 rwhlgyein/ 1 #8(4169B& 3di@aDIBREL (Yhe RADRBE' () -
&10%& () - or alkenyl group, other than the -CH; that is bound to Z,
is optionally replaced by a heterocatom group selected
5 from O, S, S(0O), 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,
R?OH, -CN, -CO,R?, -C(0)-N(R?);, S(0O),~N(R?),, N(R?)=C(O)=R,,
C(O)R?*, -5(0)~-R?* OCFs;, ~S(0),-R%, N(R?)-S(0),(R?), halo, -
10 CF3, or -NO,:;

M’ is H, C;-Ci;-alkyl, C,-C;,-alkenyl, -RS;
wherein 1 to 4 -CH; radicals of the alkyl or alkenyl group
is optionally replaced by a heterocatom 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?);,
~-R’0H, -CN, -CO;R?*, ~C(0)-N(R?)2, -S(0),-N(R?),, -N(R®)-C(O)-
Rz, -C(O)R?*, -S(0),~R?, -OCF3;, -S(0),-R® =-N(R?)-S5(0):(R%),
halo, -CF;, or -NO;;

20 Z is 0, S, N(R?¥,, or, when M is absent, H;

Y is P or S;

X is O or S; and

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

25 R® is a 5-6 membered saturated, partially
saturated or unsaturated carbocyclic or heterocyclic ring
system, or an 8-10 membered saturated, partizlly
saturated or unsaturated bicyclic ring system; wherein
any of said heterocyclic ring systems contains one or

30 more heterocatoms selected from O, N, S, S(O), or N(R?);
and wherein any of said ring systems optionally contains
1 to 4 substituents independently selected from OH, C,-C,
alkyl, 0-Cy-C; alkyl or OC(O)C--C; alkyl.
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heterocyclic ring is optionally substituted with one to
two groups independently selected from -CH;, R, or Ht;
20 and
Ht, insofar as it is defined as part of R?, is
defined as 1in 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’);;
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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 (O) CH,OCH,CH,0CH,CH,0CH; and both R’ in the -N(R’);
substituent of Ht are H; or R’ in -OR’ group shown in
formula XXII is C(0)CH,OCH,CH,OCHs, one R’ in the -N(R'),
20 substituent of Ht is C(0)CH,OCH,CH,0CH; 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(0O)-M’ and M is Na
or K.

11. The compound according to claim 2,
wherein:

30 R® is (C;-Ce¢)-alkyl, (C,-Cq)-alkenyl, (Cs-Cs)-
cycloalkyl, (Cs-C¢)-cycloalkenyl, or a 5-6 membered
saturated or unsaturated heterocycle; wherein any member
of R® is optionally substituted with one or more

substituents selected from the group consisting of -OR?, -
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12. The compound according to claim 11,
wherein R’ in the -OR’ group is -PO(OM); or -C(O)-M’.

10 13. A pharmaceutical composition, comprising
compound according to any one of claims 1 to 12 in an
amount effective to treat infection by a virus that is
characterized by an aspartyl protease; and a

pharmaceutically acceptable carrier, adjuvant or vehicle.

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

6Ti nes

L #$%

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 (adC),
didanosine (ddI), stavudine (d4T), 3TC, 935U83, 1592U89,

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.
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18.  Use of the compound according to any one of ¢laims 1 to 12 in the manufacture of

a medicament for inhibiting aspartyl proteas activity in a mammal.

19.  Use of the compound according to any onc of claims 1 to 12 in the manufacture of

a medicament for treating HIV infection in a mammal,

20.  The use according to claim 19, wherein said HIV infection treatment includes the
step of administering one or more additional agents selected from an anti-viral agent, an HIV
proteas inhibitor other than a compound according to claim 1, and an immunostimulator either as

a part of said medicament or as a separate dosage form.

21.  The use according to ¢laim 20, wherein said additional agent is selected from
zidovudine (AZT), zalcitabine (ddC), didanosine (ddI), stavudine (d4T), 3TC, 935U83, 1592189,
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 use according to claim 19, wherein said HIV infection treatment involves oral

administration of said medicament.



