W98/ 40357 PCT/ US98/ 04735 HI V
PROTEASE | Nii&bg/49387 BACKGROUND AND SUVMARY OF THE | NVENTI ON PIGT&US98/0473% i on
jrelates to a novel series of chem cal conpounds useful as HV protease
ginhibitors and to the use of such conmpounds-as antiviral agents. Acquired
| mune Deficiency Syndrone (AIDS) is a rela- tively newy recognized

Tdi sease or condition. AIDS causes a gradual breakdown of the body's inmune
system as well as progressive deterioration of the central and peri pheral
nervous systems. Since its ini tHAV PROTEASEi DRHIBITORSear |y 1980's, AIDS
has spread rapi dIy and has now reached epi demc proportions within a

rel ativel y | BAGKSROIBIDIA MAR Y OF THHE ENAIONS| ve research has led to
he di scovery of W}ﬁ;‘ ;%q_era ’ t&‘é”%“n&z'e)i”@é‘%tﬂéémdf re@dmdgus |11
SCHTLV-111), now rmre comonly referre Sto as the human |mTunodef|C|enc

irus or H Vcorpeundss uaefivdr asf HIVe DEOkSassr 1phibdeLuenane 40 the
fretroviruses ofT%érPtJd?dﬁdLﬁidéJ%Ora%tllsu%rme@edxtef RNA which is converted
it o DNA by reverse transcrlptlon hi s retrow Itl#gn stablcly La-
fintegrated into a%l?él“gf‘%m &ﬁ @‘ Tive
jprocesses of wiRe1ostewast |r?ecdyxﬁcbds&$ilrse3asreetdm\aamhqam i cIPeIs’DSarcchtas:h@rﬂ:es
it he infection to, oth HIV r finty for
t he human T- @H%%ﬁe@q&dﬁﬂ eBﬁ%y Y vPr?n\{Jl t|térrlr?t £ eai é{gl mune
Isystem HI'V |p"n‘cgztemwm‘ ddteaaoniattaearblocfod:hﬁeld%ltm @tré% Rehff@hml’éﬂe cel |
popul at i on. L{fé s§f SHHL % AN &R H MORG ald Ueh&Nhrly

st various oppor

i neffective agaln uni st1c_di seases such as, anong others
loneurpcyst i ¢ 1389 '8, PGS, SHEaseh iTapisHne g hafd Tohasadred e

Isystem Al t hqugh 4,06 $3aGH dERiGhani N1 Ve, FIamiBd DNt D IdeE urm of the
iHI V virus is not” understood, |dent|f|cat|or}_l (ﬂ‘ast qe virus has.led to }?O”P

ibrogress |n(ﬂﬁﬂ#kﬁQ%Qﬁ;trﬁPt3n51ve researc d to the discover
the responsible agent, human T-lymphotropic retrovirus III

(HTLV-III), now more commonly referred to as the human

immunodeficiency virus or HIV.

HIV is a member of the class of viruses known as
retroviruses. The retroviral genome is composed of RNA
which is converted to DNA by reverse transcription. This
retroviral DNA is then stably integrated into a host cell's
chromosome and, employing the replicative processes of the
host cells, produces new retroviral particles and advances
the infection to other cells. HIV appears to have a
particular affinity for the human T-4 lymphocyte cell which
plays a vital role in the body's immune system. HIV
infection of these white blood cells depletes this white
cell population. Eventually, the immune system is rendered
inoperative and ineffective against various opportunistic
diseases such as, among others, pneumocystic carini
pneumonia, Kaposi's sarcoma, and cancer of the lymph system.

Although the exact mechanism of the formation and work-
ing of the HIV virus is not understood, ddentification of
the virus has led to some progress in controlling the
disease. For example, the drug azidothymidine (AZT) has
been found effective for inhibiting the reverse

transcription of the retroviral genome of the HIV virus,
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di sease. For exanple, the drug azi dothym di ne (AZT) has been found

effective f‘,gbgmggsziti ng the reverse transcription of the raOoTouSBMA¥73§enone
of the HV virus, SUBSTI TUTE SHEET (RULE 26) -2- thus giving a neasure
of control, though not a cure, for patientg-afflicted with AIDS. The sear ch
continues for drugs that can cure or at |east provide an inproved neasure

. of control ofthue gleadiy Hinkasurss ofRetardvialal theplghc adtom rowe negr
features post. 1ransl alionale o8 AGassiO! Rl M@ Sortify Y oR8SSi ng i s

function as anti - ReEXPYRFahgesrkicak AP TAYEIE L% Hieg e

acconpl i shed "0y "vi'ral I'y "éncoded protease enzynme. This yields mature
pol ypept i des drhags W4t st equentdy ati dgast RNk et e ot

i nfectious Viéﬂﬁ?ﬁéréfiéf, NDhECH A1 PrPBeSsing .1 s stifled, then the nornmal
production of HHVis termnated._ Therefore, inhibitors of Fﬂ\/¥rotease may

tansl at ed

glroggfﬁ za}‘ {Omﬁiﬁsﬂﬁﬁéy%ﬁ@é%ﬁ%ﬂmlpﬁEW_ ing s Tels Qfdedspimg ease
y cl eaves of her ruct ur o] ept at_discrete sites to

rel ease these'hFSPER Jr%?‘gob&'}”dfﬁ @%cfoocfee# ﬂgﬁ’ar? ocejcneza nees?n%héer eby
rendering therkisiphelé@pl heahironpcbypepteides Ashasuohill rhilbsequentoly takdH VvV

Pt ense b DO Dl CAIRGADSS TRPESIERI o B foled L A0 f 1810

i nhibit viralmpletebhytpropessingi by detifked: Shen dhe RREMaHPIPHHAF 9D

‘the protease 69%?17t9é Sy OBy HaVEat hﬁg}@?ﬁ'@f&?@?%ﬂh@ﬂd& '®f euteash-biease

avail able, longer lTived in virus, a ess toxic than currently avail able
drugs, possi bhgy dflencoieoneps apetiHI¥ivirabradentSetroviral protease.

HIV protease is one of the translated products from the

HIV structural protein pol gene. This retroviral protease

specifically cleaves other structural polypeptides at
discrete sites to release these newly activated structural
proteins and enzymes, thereby rendering the virion
replication-competent. As such, inhibition of the HIV
protease by potent compounds may prevent proviral
integration of infected T-lymphocytes during the early phase
of the HIV-1 life cycle, as well as inhibit viral
proteolytic processing during its late stage. Additionally,
the protease inhibitors may have the advantages of being
more readily available, longer lived in virus, and less
toxic than currently available drugs, possibly due to their
specificity for the retroviral protease.

In accordance with this invention, there is provided a
novel class of chemical compounds that can inhibit and/or
block the activity of the HIV protease, which halts the
proliferation of HIV virus, pharmaceutical compositions
containing these compounds, and the use of the compounds as
inhibitors of the HIV protease.

The present invention relates to compounds falling
within formula (9) below, and pharmaceutically acceptable
salts, prodrugs, and solvates thereof, that inhibit the
protease encoded by human immunodeficiency virus (HIV) type
1 (HIV-1) or type 2 (HIV-2). These compounds are useful in
the treatment of infection by HIV and the treatment of the
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{n accordance with this invention, there is provided a novel class of

hem cal c¢o 5ﬂ,§,3g,)1at can inhibit and/or block the activitypot/ushsodtss/
fpr ot ease, whic alts the proliferation of HV virus, pharnmaceuti cal
fconposi tions contai ning these conpounds, and3the use of the conpounds as
I nhibitors of the HV protease. The present invention relates to conpounds
falling wthindannmtel (9mired ade f ianicerpharayacndmes alAED3Hcc eplteh | ;omgadbursds ,

rodrugs, and V. .Eﬁ(ﬁgg ; i_nhi Rl e aﬁf:fgﬁgged by human
i munodefi ci encst%ev% SF:HA’ . %/1péeah%g_,( Ii}{%%ttaoﬁrl% ysgll)é[elq"tzr’(e ( -2). These
iconpounds ar e BEIAGeIEIRAL reenpAsitt ising fifediheoPARS SR PN resn et
bf the - 3- apdi rebAdTRIAe; el drl 814 1Y RN R K PQAnt ke Liypounds,
it heir pharmaceutically acceptable salts, and the pharnaceuti cal _
lconposi ti ons of IPRNGIRERRLITRe RGP ICH I A SRS RRE or GIRIMATI T drhe
| ];ttht her ant ipsdsdris iﬂmnﬁmdl Ltl'agi Qlso &Y idzée:a(;jiauss m‘odmsgsaﬂeﬁget@mwtmﬂs
iof the present inventio al s us as_prodr .. Methods o reatin
B DS, ot hods. GITRTELRY ML TEARES E P AR AL DT R T rpdapEhods
?rotease are dicft|iseibitdirey GOIpreteade tare piiesdnisediventi on are of the
formula (9) [err] ei n. ﬂpg #?Qg : C , a
sSubstituted or unsubs eltél}?né%) a y:%fdg{ er gér)eg{l}:g,eﬂ?éc%%e%rglil%d %{r 3{1%4_'
substituted witforemylG eft?) = Clerr])al kyl group or a (CJerr]- (err])al kyl-OH
igroup, a heterocycle group substituted with a (C[e&{]-C[err])aIkyI group or
| (Cerr]-Cerr])al kyl-OH group, an aIkyI-Qﬁ?Rﬁ\gﬁng, or an al kyl - S( X)

Me O ;

i Y)R4 group,
HO

H
H  oH

H

wherein:

R and R' are independently selected from H, a
substituted or unsubstituted alkyl-OR; group, a cycloalkyl
group substituted with a (C,-C4)alkyl group or a (C;-

C¢) alkyl-OH group, a heterocycle group substituted with a
(C,-Cg¢) alkyl group or a (C,-C¢)alkyl-OH group, an alkyl-NR,R,
group, or an alkyl-S(X) (Y)R, group,

wherein '

R, is H, a substituted or unsubstituted alkyl group, or

an acyl group;

R, and R; are each independently selected from H,

substituted or unsubstituted alkyl, cycloalkyl,

heterocycle, and aryl groups, and acyl and sulfonyl
groups;

R, is H, a substituted or unsubstituted alkyl,

cycloalkyl, heterocycle, or aryl group; and

X and Y are each independently selected from =0 and
nothing;
or a pharmaceutically acceptable prodrug, salt or solvate
thereof.
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{wherein Rlerr] is H a substituted or unsubstituted al kyl group, or an acyl

group; R2 aag);ﬁmggﬁ each independently selected fromH, subperiebssirss
funsubstituted al kyl, cycloal kyl, heterocycle, and aryl groups, and acyl and-

¥sul fonyl groups; Rlerr] is H a substitutedsor unsubstituted al kyl,
gcycloal kyl, heterocycle, or aryl group; and X and Y are each independently
iselected from =0 artefetrably, ior thepbhampaoadsi odl Eyractapbablre igr gdr Udiore

salt or solva A~ Prefegrably_in the ounds of fornmula 9, R
is H Mre pré?eer aei{a?/)fi i s gné‘ha ﬁi s* gygVSEngggr gap8eP E‘F&&effom
[err] PreferaBik@m:n the conpounds of formula 9 when at |east one of R and
'R is an alkyl-ORerr] group, Rerr] is H Particularly when at |east one

jof Rand R is an al kyl - ORcgloH] €#,0UBH,0l4he ablewl;- OR[err] is selected from
._-C(CH[err])Z[err]H[err]%m@[e@m[ , -CH err]CH err] OH,
-C(CHerr]) (CHerr]OH)[er, -SYCH ].) grar OCHerr]-OCHerr],
-C(CHerr])[ertr err] -G err]-O-CHerr], and
i-c(CH err])] e%?%%[ﬁ@&’rl}y 6%??%[‘3, c L‘Pﬁuﬁﬁér REcEQGETEAR ¥ WBEBpaEbRE2FEo@NEY,
Q sallt olr kSIO| vabé RhenedfR' Rrsgfaﬁ_r ahky1wbrp @:}:odae,asm Q@leHQ}c Raatd RB1drS 2
cycl oal kyl gr substituted wt epr]-Cerr yl._group or a
(derr] -C[err%}%gpkﬁ%- ﬁaéﬁtoﬁﬁ,e Pﬁeﬁcégioél kyf aflo%é;ﬁ;{i-e& HERPf i [err]
iPreferabl y whedkytl -OBasisonelett &l afwbrik - ¢ 6CHy ) hEH AHC IR QU0 CH,GHIPST i t ut ed
jwth a (Jerrlctenidn al kylcly uR,& 2 CElefl ~0-cr,-0-cn,, -c(cu,),cH,-0-
] CH,-0O-CH;, and -C(CH;),CH,-O-acyl, or a pharmaceutically
acceptable prodrug, salt or solvate thereof.

Preferably when at least one of R and R' is a
cycloalkyl group substituted with a (C,-C¢)alkyl group or a
(C,-Csralkyl-OH group, the cycloalkyl group is selected from:

CHy  CHy CH, CHy CHOH , CHs CH,OH CH,OH
W00 O S W
Preferably when at least one of R and R' is a heterocycle

group substituted with a (C,;-C4)alkyl group or a (C,;-
C¢) alkyl-OH group, the heterocycle group is selected from:

HaC HaC HC CH;,
S
O ) s S
HsG CH, H3C , Rs CHa HaC
@ !
, (O ) —R,» and N—R,

wherein R; is H, a substituted or unsubstituted alkyl,
cycloalkyl, heterocycle, or aryl group, or an acyl or
sulfonyl group.

A preferred species of the formula (9) is [3S-
(2 (28*,38*),3 alpha,4a beta,8a betal]l-N- (1,1-dimethyl-2-
hydroxyethyl) decahydro-2- [2-hydroxy-3- [ (3-hydroxy-2-
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‘provides a method of inhibiting HV replication co

Cerr])al kyl -OH group, the heterocycle group is selected from [err]
wherein R e{ydoegifssdd a substituted or unsubstituted al kyl, cpCTAIadHOAT3S
het erocycl e, or aryl group, or an acyl or sulfonyl group. A preferred
species of the fornula (9) is [3S [2(2S*,3%%), 3 al pha, 4a beta, 8a
beta]]-N- (1, 1-di net hyl - 2-
hydr oxyet hyl ) dethiyydenzoyld anidadxg-Iphesyiyddiorpusyl] -3-5.
nethylbenzoylhggh&ghb 4 P d@gRut yI 1 - 3- i soqui nol i necar boxam de H
[err] and its pharmaceutically acceptable salts, and its prodrug anal ogs.
Preferred prodrugs can be obtained by replacing theHydrogen in one of the
al cohol groups with an acyl group, and nor re%Fra y an amno acid acyl
group. The present invention fur?@er(prov' p ' formul ati ons
conprising an effective anbunt o apd) or a
phar maceutical |y accept abl #& hiRation wth a
phar maceutical ly acceptable ca itggor exci pient. The
present invention further prov g AI DS conpri sing
adm nistering to a host or patiemnt, such as a pgg/ an effective anount
of a conmpound of the present invention. The pre ention further
F{sing admnistering to
an HV infected cell, a cell susceptible2lo HV infection or a host or
patient, such as a primate, an effective anbunt of a conpound of the

. present invention.

and its pharmaceutically acceptable salts, and its prodrug
analogs. Preferred prodrugs can be obtained by replacing
the hydrogen in one of the alcohol groups with an acyl
group, and more preferably an amino acid acyl group.

The present invention further provides pharmaceutical
formulations comprising an effective amount of a compound of
formula (9) or a pharmaceutically acceptable salt thereof,
in combination with a pharmaceutically acceptable carrier,
such as a diluent or excipient.

The present invention further provides a method of
treating AIDS comprising administering to a host or patient,
such as a primate, an effective amount of a compound of the
present invention.

The present invention further provides a method of
inhibiting HIV replication comprising administering to an
HIV infected cell, a cell susceptible to HIV infection or a
host or patient, such as a primate, an effective amount of a
compound of the present invention.

Detailed Description o e Invention

The present invention provides new compounds falling
within formula (9), as described above, that are useful for
treating HIV infection and/or AIDS.

Applicants incorporate by reference U.S. Patent No.
5,484,926, U.S. Patent Application Nos. 08/708,411 and
08/708,607, and Japanese Patent Application Nos. JP 95-
248183 and JP 95-248184, with the caveat that the

definitions of preferences, terms, variables, labels and the
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Detai |l ed Description of the Invention The present invention provides new

conpounds %#@g th| n formula (9), as described above, t hgir dogsar3efl ul
for treating infection and/or AIDS. Applicants incorporate by reference

U S. Patent "No. 5,484,926, U S. Patent AppkiLcation Nos. 08/ 708,411 and "
08/ 708, 607, and Japanese Patent Application Nos. JP 95- 248183 and JP

95-248184, wiltitket hleetaa\aeateatdhataﬁﬁlq&ﬂj‘lldﬁ N apYl 218 310185 td &HB,

vari abl es, |abels a , |ke used in each appl.ication are

appl i cabl e oﬁ’lofre@ rde‘f‘p?gﬁcﬁ O fiate alprp(}rﬁc%% Ohpplication. In

| particular, since Iea@anﬁlddiﬁarabcmemajmdﬁ lcefd taneplabrate -ainkenticioirgabr at ed by

e ence WS RSl AN Sl U DP 1 LIPS Sy Use 17

sone | nstance e sarre erm arl a S
different. Faersxahsly, tthe caigiad "applisatsens masactsapin iseme on, but

each appl i catjipi Nased i Whdl %éx‘?c?t ltqa&féln'&x‘ Qa1 Yddd Usec%e(\ﬂﬁng

noi ety represent ed by this variab be apparent to t hose
in the art tKHEfeRetter ndFoy eea@}r@laand She ivadliedlie, "&ch appied att gpch

i ncor por at ed é@bl&&faﬁiﬂﬂ?e Bte dddH ta%&blsﬂiaﬁdﬂbri QdNe tH SSSJIQS&H&:H@E” t hat
application, e{é éifpl aced ot her suitable terns, |abels

vari abl es or dduntd t( tq’id‘}%eté'ubs‘iqﬂli%?ﬁ%t%ﬁl Y this
noi eti es. O‘vmsrks]fe trmseusllm IBeedappaﬁehft ard tkddde redaillilzad tiattlgnyarte

mor e spec 11 a1y Tl B VR e 3 SR AR R
1 application, mnmltnhna}et@rb];s,rdmrsze \eexre a]blrr@s:,°darﬂ13]t€rﬂa/ |ﬂ¢(d~‘—hﬁ]l versally
appl i cabl e t%félﬁém PG Gl Scfﬂﬂsﬂ{a?ﬁ&{, s may be replaced by
other suitable terms, labels and variables or the like
representing the particular substituents and moieties. Of
course, those skilled in the art will realize that any
suitable set of terms, labels and variables may be used to
generically or more specifically represent the subject
matter disclosed in the present application, including
terms, labels, variables, and the like universally
applicable to the incorporated disclosures of the
above-identified applications and the following disclosure.
Compounds of the formula (9) may be prodrugs, which can
serve to improve the pharmaceutical properties of the
compounds, such as pharmacokinetic properties, for example,
improved biocavailability or solubility. .The preparation of
prodrugs may be carried out by standard methods known to
those skilled in the art. A preferred prodrug can be
obtained by acylation or alkylation of the starting alcohol
when R or R' is CH(CH,),CH,0H.
All temperatures stated herein are in degrees Celsius
(°C). All units of measurement employed herein are in
weight units except for liquids which are in volume units.
The term "alkyl" as used herein refers to straight or
branched chain groups, preferably, having one to eight, more
preferably having one to six, and most preferably having
from one to four carbon atoms. The term "C;-C, alkyl"

represents a straight or branched alkyl chain having from.
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above-identified applications and the follow ng disclosure. Conpounds of

t he fornul g dR)sosgry be prodrugs, which can serve to inprove HITAUS98/04735
pharmaceutical properties of the conmpounds, such as pharmacokinetic
properties, for exanple, inproved bioavaitability or solubility. The
preparation of prodrugs may be carried out by standard nmet hods known to

t hose skil | egngntoheidr carkopr @temsed @Wm}l@nyarillbé?so@lhyhegrbypacyl ation

or al kylatiop, i n ohq| W
CH(CI—I[err])[grEi er%}tﬁgl %t% rrpglra ur sﬁstatec?%erel h are |n degr ees
Cel sius ([ erApEPUtil|, §ﬁ|ct‘§ué'ﬂ’ nedsidydnt REROyePIRTREE B e 1???%;84 ght

units except 1Eehebc Ui daaviineh 13k i n 1l Wamunid sc Thexy e mnalkiks as
used herein re rs to str ht ~or branched chain grﬁkﬁ pref erably, having
ol Ly

one to ei ght W1 llé‘ FE& tHER fgSoreT™ "1k C1 oh pref erably having
fromone to four m@b@er&t G@cloﬂl&yﬂe'rm ﬁﬁgﬂts::[aerga}m&dwéd"ofepresents

a straight or bran al_k in _havin eto Si x carbon
atons. ExenpP#& CP Pr fa&%ﬁt | AR 5%p q‘r%'lcif&ﬁeb?@f B9yl , n-
propyl, isopparpgflexabayylh,aws@)lst-ym Js.ergbuu;bqn tatinnsg/| | Enee'rnglarmeo pentyl,
hexyl , isohexyl. el 8 "si4cl udes
wthinits d)és %P%?’o#ltéhelntégﬁr%e' erﬁﬁ?caler r]?r{adﬁ(q}ﬁﬂf%zf erbm ?ym oal kyl "
represents apggtf@rr@béd' Gr-Sparcardidny adsme.atsEh rshecyekopeey¥kar bocyl i c
ring, preferably Jpaviag %ylﬂdﬁé?&ﬁarm AHUIB, 1 ExXarP] Map ey ! 98k kiths

I ncl ude nonocyclic rings having from preferably 3-6,.carbon atons
such as cycl épK6py| Anc FIeFBAAY, %Q%é?ﬁ]ylls (?chFSGIQex‘i}’Cl‘E?%kBﬁepY’?FChnd
the like. Aniexenmdadfirated ogidedcdrboh Aild |stehastdreyedodkyingWkreh is a

sat ur at ed hy%rocar bon ring structure cont aining from
ve to seven carbon atom

The term "alkoxyl" represents -O-alkyl. An example of
an alkoxyl is a C,-C; alkoxyl, which represents a straight or
branched alkyl chain having from one to six carbon atoms
attached to an oxygen atom. Exemplary C;-C¢ alkoxyl groups
include methoxyl, ethoxyl, propoxyl, isopropoxyl, butoxyl,
sec-butoxyl, t-butoxyl, pentoxyl, hexoxyl, and the like.
C,-C¢ alkoxyl includes within its definition a C;-C, alkoxyl.

The term "aryl" as used herein refers to a carbocyclic
or heterocyclic, aromatic, 5-14 membered monocyclic or
polycyclic ring. Exemplary aryls include phenyl, naphthyl,
anthryl, phenanthryl, thienyl, pyrrolyl, imidazolyl,
pyrazolyl, furyl, isothiazolyl, furazanyl, isoxazolyl,
thiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
triazinyl, benzo[b]thienyl, naphtho[2,3-b]thianthrenyl,
isobenzofuranyl, chromenyl, xanthenyl, phenoxathienyl,
indolizinyl, isoindolyl, indolyl, indazolyl, purinyl,
isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl,
qguinoxyalinyl, quinzolinyl, benzothiazolyl, benzimidazolyl,
tetrahydroquinolinyl, cinnolinyl, pteridinyl, carbazolyl,
beta-carbolinyl, phenanthridinyl, acridinyl, perimidinyl,
pPhenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl,
and phenoxazinyl.

The term "aryloxyl" represents -O-aryl.
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five to seven carbon atons. The term "al koxyl" represents -0-al kyl. An

exanpl e of o@hdsgxy! is a (err]-Clerr] alkoxyl, which reprgeaiossarss
straight or branched al kyl chain having fromone to six carbon atons

attached to an oxygen atom Exenplary ( erxrg-C6 al koxyl groups include -
met hoxyl , et hoxyl, propoxyl, isopropoxyl, butoxyl, sec-butoxyl, t-butoxyl,
pentoxyl, hexoxyl Thnd ¢ thkérolyeible Geoup® al KoXYyrbas] UGRSMI §RER 1tS
definition a %ne&é&-%eél{]o,é" koxyl . The termt'_:taryl ".as used herein refers
to a carbocyclic of et d cRNGFE TOTRRFE, 8t 9% ek ecPRobR ch¥irelyzed
pgl ycyclhi cI ridy . vilend a yhydyoxyl rgtods. phmmqrhplmpmj?dhpl?ﬂ&blgl %;oup?, I
enant hryl , i | r r i sot hi azo :
1I‘D ur azanyl y i s‘%ﬂ}acggl% e%%%%%}ylfy rgt%%‘gi%ﬁt%@%/a%%‘?ﬁ p%’c;#% HrRGELon, Y

pyridazi nyl, S¥ifenana ,fwﬁiﬂlb]imﬁ? gﬁws?/pmmtfwgczt;iaom] t hfemt éxamyle,
i sobenzof ur anyloh nyd&"@l}b’iabi‘é‘@mé ,irﬁ’é‘f@&’é%i‘éﬁg%é 'oF ﬂi‘h}icﬁa@é’é ' amino
ylI, qul nolyl,

i soi ndolyl, indo]yl, indazolyl,” purinyl, isoqulino [
pht hal azi nyl ,25EhHIFAIM nyA | DY FREGADA FE | Tegidneol 3791 2 Bieebimiteol yi |
benzi m dazol wesitdig .ahydroqui nolinyl, cinnolinyl, pteridinyl, carbazolyl,

bet a- car bol i nyl enganthridi nyl, acridinyl, perinidipyl, phenanthrolinyl,
phenazi nyl, isot hi%}}eolatﬁr,m p’ﬂbﬁ%?ﬁﬁ%zim?g%?ﬂg%h%}%’é’zg%yl gl“l%“?%r m
"aryl oxyl " rdproesierd or Gaitide. ThS-tdhe tealn® hyssodyambs ecliIOp, 1S a

group, which shen bo 0..an. oxygen, forns an ester, which can be
hydrol yzed in vi vocp’t cr&g&%y rlg&y?&%lg'roup. Exenpl ary hydrol yzabl e groups,

whi ch are optionalThe sigwn i teprehcyals Udeepogsedtmadn axomsat fonat ea f uncti on
and phosphat & Juncld o o AR Bry SHENLIWALS! ¥ZAP! fe B QURS dCL M ;
bl ocked or unbl ocked am no °
or polycyclic ring, such as a 5- to 7-membered monocyclic or
7- to 10-membered bicyclic ring, wherein all the ring
members are carbon atoms.

The term "heterocycle" represents an aromatic or a
saturated or a partially saturated, 5-14 membered, monocylic
or polycyclic ring, such as a 5- to 7-membered monocyclic or
7- to 1l0-membered bicyclic ring, having from one to three
heteroatoms selected from nitrogen, oxygen and sulfur, and
wherein any nitrogen and sulfur hetercatoms may optionally
be oxidized, and any nitrogen heteroatom may optionally be
quaternized. The heterocyclic ring may be attached at any
suitable heterocatom or carbon atom. Examples of such
heterocycles include decahydroisoquinolinyl,
octahydro-thieno({3,2-clpyridinyl, piperidinyl, piperazinyl,
azepinyl, pyrrolyl, pyrrolidinyl, pyrazolyl, pyrazolidinyl,
imidazolyl, isobenzofuranyl, furazanyl, imidazolinyl,
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl,
thianthrenyl, triazinyl, isoxazolidinyl, morpholinyl,
thiazolyl, thiazolidinyl, isothiazolyl, quinuclidinyl, iso-
thiazolidinyl, indolyl, quinolinyl, chromenyl, xanthenyl,
isoquinolinyl, benzimidazolyl, thiadiazolyl, benzopyranyl,
benzothiazolyl, benzoazolyl, furyl, tetrahydrofuryl,
tetrahydropyranyl, thienyl, benzothienyl, benzo [b] thienyl,
naphtho[2,3-blthienyl, thiamorpholinyl,
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t acid residue, a hem succinate residue, and a nicotinate residue. The term

i "hal ogen' rewor®mesgys chlorine, fluorine, bromne or iodine. Pogsesmazshal o

| represents chloro, fluoro, brono or iodo. The term "carbocycle" represents -
an aromatic or a saturated or a partially saturated 5-14 menbered :
¢ monocyclic or ﬁolycycllc ring, such as a 5- to 7-nenbered nonocyclic or 7-

{ to 10- nenber el bﬁ@?@phélﬂhNQSUWﬁ@Kedﬁ,athuamenphqjunyﬂﬁnkfane car bon

{atoms. The tepghg H35619§ych§1a%g@gﬁsegg% f%}??fﬁ%ég gﬁiﬁéﬁﬁé}

partially saturated monocy |c or ‘c TN
5- to 7- menbefBANRBABY el Pbeﬁpx?thtlén‘!@-:ném@rlédlmﬁyclhapmd@lyhaw ng from

one to three mgaaaamwﬁsp&%'lﬁ‘}hed £586LANL19AEN quUPHAL "‘ifl] { % dlﬁzlgimI
Aa e oxXl

wher ei n any nltrggg Hg | f ur het ergat ons nmay optlo
{ any nitrogen NBPEFBYTIA-RY: oSPFBﬁ&VP}lﬁg'qu@@éﬂﬁQ&&ﬁy”The het er ocyclic

lring may be atéa@aagdabqamyloaunyabl elhﬁmﬁmqrrpzreﬁahbﬁﬂ At QBrap] es of
i such heterocyglgs;gn%% g r ol ggulnolln

| oct ahydr o- t hi 8R6F3°27EPpyFY |n§ nBP% AEAVL, Ficgdcdnlyl Perdamidinyl,
pyrrolyl, pyrpbbndnnykplpmyazophbnapyngiolm@aﬂHLaZdhyxxaﬁnénothla21ny1

|sobenzofuran¥£d EHEBFQQ gn1dazollnyl I m dazol i di nyl, pyridyl,
pyrazinyl, pyrimdiny per azi nyl, oxazolyl, oxazolldlnyl |soxazolyl,

. thlanthrenyl tr|aihﬁypermsdkhiohthEmYIinnﬂM@H@Ianryhlﬂsunﬁyds
thiazolidin I 0 I , dol yl,
| y ﬁhéﬁ%lﬂh% l—mb nggherlghtﬂaey h%%er{c)v?a/gzlzlm gﬂ{e']%/ tﬂé‘ y

qui nol i nyl , ronenyl , xant g I soqui nolin
| thiadi azol yl , BEﬁEBEVFéﬁyPS B8 Eﬁtaﬁﬁaz@rrypartséﬁ;_léa'zcﬁa;nurm|

| tetrahydrof ur gl (ct-at,) abyen eay gyl aanhlse%\i'}gylbefERﬁh'aE‘é‘Yd ’—Cbeﬁ'f}girpﬁ}_ﬁbbenyl
E naphtho[ 2, 3- b}thkﬁ th1é2£ g?tpggglggryl the -heterocycle, the
-cycloalkyl and the -alkyl can optionally be substituted.
An example of a thiocether is "C,-C, alkylthio", which
represents a straight or branched alkyl chain having from
one to six carbon atoms attached to a sulfur atom.

Exemplary C;-C¢ alkylthio groups include methylthio,

ethylthio, propylthio, isopropylthio, butylthio, sec-
butylthio, t-butylthio, pentylthio, hexylthio, and the like.

The term "mercapto" represents -SH.

The term "amino" represents -NL,L,, wherein I, and L,
are preferably independently selected from oxygen,
carbocycle, heterocycle, alkyl, sulfonyl and hydrogen; or
NC(0)L;, wherein L; is preferably alkyl, alkoxyl, hydrogen or
-NL,L,. The aryl, alkyl and alkoxyl groups can optionally be
substituted. An example of an.amino is C,-C, alkylamino,
which represents a straight or branched alkyl chain having
from one to four carbon atoms attached to an amino group.
Exemplary C;-C, alkylamino groups include methylamino,
ethylamino, propylamino, isopropylamino, butylamino, sec-
butylamino, and the like. Another example of an amino is
di (C,-C,) alkylamino, which represents two straight or
branched alkyl chains, each having from one to four carbon
atoms attached to a common amino group. Exemplary di (C,-
C,)alkylamino groups include dimethylamino,
ethylmethylamino, methylpropylamino, ethylisopropylamino, -
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-9- thi anorphol i nyl sul foxi de, thianorpholinylsul fone, oxadiazolyl,

triazolyl, J8lgageesroquinolinyl, tetrahydriso- quinolinyl, pﬁ@ﬂ@?ﬁ%ﬂ%ﬁﬁyl
|ndoI|2|nyI i 'sol ndol yl , |ndazonI purinyl, isoquinolyl, qurnolyl,
phthala2|nyl naphthyrldlnyl qU|noxyaIinyho_quinzolinyl, :
tetrahydroquinolinyl, cinnolinyl, pteridinyl, carbazolyl, beta-carbolinyl,
phenanthridinyhtyhmetﬂymyh;nﬁerbabdbnyyleahgmamghbqlhmﬂ,tﬂguyyygrnMAn

i sot hi azol yl hiaziny and azi.n m "t hi oet her"

i ncl udes S—aryggﬁggéhbgsaﬁh8W§PPhﬁ§ gh 4n5&ﬁ§ﬁﬁ€ﬂﬁa?;i§ AT Raera
t he heterocycSérﬁsgbatqrabednoheﬂaaﬁkyﬂlyhaahuhav&dg $rom one to four
(dJerr]-derr S 52 r th| t he
t hi oet her, th£§¥§§h a@Bﬂ Ekgébgg g ?Hgkgh%gﬁgéﬁﬁ % § theé%ﬁqé%:%én
optlonally be sﬁhsﬁﬂkﬁﬁéﬁlfAﬁYéﬁaﬂpbegabuESthmm&uda‘me;HxI&nkﬂeﬂjIHmino,

al kyl t hi o", m@tﬁplggpfgﬁ9m5§lﬁost?gbg9gsgifgﬁgmgggg aIkyI chain having from
one to six carbon ato ?ttac ed enplary Cerr]-Cerr]
al kyl thio grohﬁgp¥ﬂEYﬂgB FEPNYRPARG, BHRYIERLEONEAEMIPChI €G-sopr opyl t hi 0,

butyl t hi o, sebutpusunfbnplamhatyttbua lBﬁmEMhﬂrmbﬁmnBeX)éhHh't@re angd he
" nts - "am no' repr esents

| i ke. The tern1"nei$ap 9 . fRresent nene QW
-NL[err]L[err] %i h*tfer ff¥and EPE??F E?e ﬂ? b WP LRIgh endd it Py

sel ect ed fronsnugbenbondrbeOyote Nhe&a&oﬁuﬁbhergh&ékelﬁutIO?i|pﬂéﬁeragly
hydr ogen; or Le ' refera al_kox hydrogen
or -NL[err]L[err)?a éié?yl §d QXYE nafggﬁg yPrg #%8 géﬁn optiFo A B &
substituted. ahgowxanpreups aananphoonaltyebe]sﬁbetntuabﬁylammn@xeMpway
represents a §é{f§' 981t 5 0f, 1 angRed abkybrchal griay g %@%{1@%0 four

carbon atons attached to an am no group xenpl ary 5iky|an1no
gr oups |ncIud%rﬁ%?%?@aﬁ%%%xyktﬁbﬁhﬁ1hBVlbgoﬁyP@nPﬁé Pséspgpy mo atoms

butyl am no, s&e€tached to a carbonyl moiety. Exemplary C,-C,
alkoxycarbonyl groups include methox&carbonyl,
ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl, and the like. Another exemplary acyl is a
carboxy wherein Ls is a single bond and L, is alkoxyl,
hydrogen, or hydroxyl. A further exemplary acyl is N-(C,-
C,) alkylcarbamoyl (L is a single bond and L, is an amino),
which is a straight or branched alkyl chain having from one
to four carbon atoms attached to the nitrogen atom of a
carbamoyl moiety. Exemplary N-(C,-C,)alkylcarbamoyl groups
include N-methylcarbamoyl, N-ethylcarbamoyl,

N-propylcarbamoyl, N-isopropylcarbamoyl, N-butylcarbamoyl,
and N-t-butylcarbamoyl, and the like. Yet another exemplary

acyl is N,N-di(C,-C,)alkylcarbamoyl, which has two straight
or branched alkyl chains, each having from one to four
carbon atoms attached to the nitrogen atom of a carbamoyl
moiety. Exemplary N,N-di(C,-C,)alkylcarbamoyl groups include
N,N-dimethylcarbamoyl, N,N-ethylmethylcarbamoyl, N,N-
methylpropylcarbamoyl, N,N-ethylisopropylcarbamoyl, N,N-
butylmethylcarbamoyl, N,N-sec-butylethylcarbamoyl, and the
like.

The term "sulfinyl" represents -SO-L;, wherein ILg is

_3}

preferably alkyl, amino, aryl, cycloalkyl or heterocycle.
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{ butylam no, and the |ike. Another exanple of an amno is

 di ((err] -qvgrggm,%ykyl am no, which represents two strai ght opdchnssheds
al kyl chai ns,” "'each having fromone to four carbon atons attached to a

{ common anmi no” group. Exenplary di(C[err]- Gir<+]) al kylam no groups incl ude -
di et hyl am no, et hyl nmet hyl am no, net hyl propyl am no, ethylisopropyl am no,
1 -10- butyl net Mgkarilky ]l ,sacyiiyt pyelllpllkypiln@ndantddwodydke cadm £XaAnpl e of an

jamno is qer%&%ﬁ%ﬁ]&.%a[b@lsﬂlﬂs 9_@@1:%@' no, which has a straight or branched

al kyl chain havin one "t O four carbon atonms attached to a

sul fonyl am no noi et Fhebtempl dpldoayl]"- Cepmeseaitsy/| s¥Pfdry| wheneigr dupss
¢ i nclude net hyl.sul ham At et%gulf lAHAR, OV SeN-&payland

{ i sopropyl sul f %%Iffaegia%o?ﬂgut Ils'ul nyl_ari né)?ﬂ c-' butyi su ofn)ylél%m:rlfg?no'

S

t - but yl sul f onfb&nidddyland e |Gvicdoathyli énd MREATOTEDIesed sall

i Llerr] (O L[ epplioniansg be[iddtituted.nglng RORApTO OF a Nsubfshfuribes
wherein L4 is preferably al kyl, am_ no, hydroxyl, "al koxgl or hydriqogen. The

al kyl and al kExyF+ GoopSELHEPBRt i R IR 2Bt 1IREdOT ARraRehpfapyydy |

| f, a CL err]- Cfbh'éﬁh allaloqng?afrﬁwmdn; Wai Eouirs @ﬁdmg@wm@ramﬁm@?dt@! Koxyl

¢ chain havin r one to .four c on.atonsg, agtached. to,a carbon noi ety.

| Exenpl ary C? erSP?[Pe[né(ﬁr ]"“O&Iel%é’Xyc%Wara'r”ghﬁg‘i @%ﬁ%ﬂr@?ﬂ%i{y%%%ﬁw , Y

et hoxycar bony inciudeo xmecinyticull fonydopredhydsarfmngl , hooxyeat bonyl, and

{ the I'ike. Anot | ar. Y r wh ' | i ngl e _bond

[and La s al koreProbyaRaataay B AR e (e ML foRdl) €

I N(Cerr]- ( eutlnahkfoegnbamyltHel [16ke. is a single bond and L[err] is an

am no), which is a_straight or, branched al kyl_chai n_havi ng fromonpe to_four
1 carbon atons attach&d lﬂ"tﬁﬂtor?éer‘ﬁ ERRYEn o & atqtear%ﬁw ot et RRBhpY ar y

I N ((err] - eubskiahitgdcar amfgdcetgr oufdsess specifically noted, all of the
groups defined by the terms defined in this application may
be substituted or unsubstituted. For instance, when the
term Yalkyl" is used, it should be understood to encompass
both substituted and unsubstituted alkyl unless specific
exclusion of one or the other is positively stated.
Examples of substituents for alkyl and aryl include
mercapto, thioether, nitro (NO,), amino, aryloxyl, halogen,
hydroxyl, alkoxyl, and acyl, as well as aryl, cycloalkyl and
saturated and partially saturated heterocycles. Examples of
substituents for heterocycle and cycloalkyl include those
listed above for alkyl and aryl, as well as aryl and alkyl.

Exemplary substituted aryls include a phenyl or
naphthyl ring substituted with one or more substituents,
preferably one to three substituents, independently selected
from halo, hydroxy, morpholino(C,;-C,)alkoxy carbonyl, pyridyl
(C,-C,) alkoxycarbonyl, halo (C,-C,)alkyl, C,-C, alkyl, C,-C,
alkoxy, carboxy, C,-C, alkoxycarbonyl, carbamoyl,
N- (C,-C;) alkylcarbamoyl, amino, C;-C, alkylamino,
di (C,-C,) alkylamino or a group of the formula
- (CH,) ,-R’ where a is 1, 2, 3 or 4; and R’ is hydroxy, C,-C,
alkoxy, carboxy, C,-C, alkoxycarbonyl, amino, carbamoyl,
C,-C, alkylamino or di(C;-C,)alkylamino.

Another substituted alkyl is halo(C;-C;)alkyl, which
represents a straight or branched alkyl chain having fxrom.
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I ncl ude N-net hyl carbanoyl, N ethyl carbanmoyl, N-propyl carbanoyl,

N-i sopr opyl car ba yl N-butyl carbamoyl, and N-t-butyl car ban%,, 8at38¢€
i ke. Yet exerrplary acyl is NN—dl(C[err] Cerr]al kylcar anoyl ,
whi ch has two stra| ght or branched al kyl cfains, each having fromone to
four carbon atons attached to the nitrogen atom of a carbanoyl nvoiety.

Exenpl ary N, Nn@d t(oC[ﬁQMﬂ ReC biafels| )ataideflvﬁaiwqmwlhagtr@m athsld€c tached to

N, N- di et hyl car banp N- |, N N
met hy! pr opyl &r bar‘Fﬁé ]ﬁ z'{anﬁ &goﬁf)ﬁ@%ﬁ EP% lINENJde chloromethyl,
but yl net hyl car-badmtdoeﬂ%hyfi— ses—d&ﬂlqﬂaléagﬁmmﬁa,n%flwmbpf@pyi ke. The term

"sul finyl" r esent. s Lrr erein.L rr] refera y al kyl,
am no, aryl, cf’c dgigﬁ&“fo eft e3]r og\{;@rmsom‘[ altk t}gjr cycl oal kyl
and heter ocyd:lraﬂaroxadmetdmll ared Iqhebelﬁifbst [ tut ed The ter m" suI fonyl"

crepresents - 50 er ilde Rl loudlhaiRid H%prf‘é q{f@‘l&f}%ﬁ:‘ﬁz) 2iKls, which

. cycl oal kyl, heterocyc

e e

e or am no.
het erocycl e EEPrESENSiR iSriflnai e subéqnarmfaﬁ ohia‘alléﬂul foapl is

a (ferr]-( eidde AV TiBHon Ml i th S f}ﬂ}%xﬁfﬁv%@ﬁ%@@a@%&' gghain

having from one to four. carbhon atons attached to a sulfon noi et
Exenpl ary d értr - (,F{’iﬁ“?‘ﬁlaamk)l}yéiﬂq"@’ngq -§ripeyt n%??l‘d%sn%’flﬁipgﬁl fonyl

. et hyl sul fonylh &F&%e&iﬁjlonﬂ-,h G&Qﬁ{ yEBH U fpwdr&wyf@p&ipnylh droxy-

[P,

oot i

[P T A  S e

sec- butylsulf but Ifo nd the I ndi cat ed above, many
of the groups B ol %AJ g‘ﬁﬁt C{]ﬁPﬁr l«'jtlcltk unl ess specifically
noted, all of the mmuiea‘n recband thited exlisyldefs mae Gy nalkysthppl(Ceati on
may be substi r stityt I nst ‘the " "
uaed, it shodi B8y ShabRIERCYs, ' BGraiGhe BY' BRARRACR,LEC JAT RSK
with a C;-C, alkylthio group attached to it. Exemplary C,-C,
alkylthio(C,-C,)alkyl groups include methylthiomethyl,

ethylthiomethyl, propylthiopropyl, sec-butylthiomethyl, and
the like.

Yet another exemplary substituted alkyl is
heterocycle (C;- C,)alkyl, which is a straight or branched
alkyl chain having from one to four carbon atoms with a
heterocycle attached to it. Exemplary
heterocycle(cf%h)alkyls include pyrrolylmethyl, quinolinyl-
methyl, 1l-indolylethyl, 2-furylethyl, 3-thien-2-ylpropyl, 1-
imidazolylisopropyl, 4-thiazolylbutyl and the like.

Yet another substituted alkyl is aryl(C,-C,)alkyl, which
is a straight or branched alkyl chain having from one to
four carbon atoms with an aryl group attached to it.
Exemplary aryl(C,-C,)alkyl groups include phenylmethyl,
2-phenylethyl, 3-naphthyl-propyl, 1l-naphthylisopropyl,
4-phenylbutyl and the like.

The heterocycle can, for example, be substituted with
1, 2 or 3 substituents independently selected from halo,
halo(C,- C,)alkyl, C,-C, alkyl, C,-C, alkoxy, carboxy, C,-C,
alkoxycarbonyl, carbamoyl, N-(C,-C,)alkylcarbamoyl, amino,
C;-C,alkylamino, di(C;-C,)alkylamino or a group having the
structure - (CH,),-R’ where a is 1, 2, 3 or 4 and R’ is
hydroxy, C,-C, alkoxy, carboxy, C,-C, alkoxycarbonyl, amino,
carbamoyl, C;-C, alkylamino or di(C,;-C,)alkylamino.
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{ both substituted and unsubstituted al kyl unless specific exclusion of one

or the ot hggglogupRsi tively stated. Exanples of substituents bperambiudsagnd
4 aryl incl ude nercapto, thioether, nitro (NOQ), am no, aryloxyl, hal ogen,

{ hydroxyl, al koxyl, and acyl, as wel | as aryl3- cycl oal kyl and saturated and -
partially saturat ed heterocycl es. Exanpl es of substituents for heterocycle
# and cycl oal kyl incExdepiieesefl issbed izhmesl fretedtdogtcload atiyludas wel | as

| | and al k t.ed | ud ht hyl
Db Substi t upl i PREg T cAPRRKR I R s D SRR R
! substituents, chnbopenddet by tsblydaed bienm [fal2o,clipydriodinyl,

| hol i |

{(Qerr] - Eféﬂ ST S DM %Wé ) ;5-1 SRR e

| al kyl, qerr]écpgwmptame@ yloaﬁbw &t Robgreabbrgkalinyl,

; b I, N I I
| al kyl am no, ﬁ%éﬁ?ﬁ“ YL S ethoRy bt ;;“lg‘??u%%l YRy fhry1,

-(CHerr])[erfT ifeardreligyl, $, 83 dFbnpmog el Jrrsﬂwd?mthyl-

jGerrl- Cl[e”] 1al2ke>$34, ceardbydr oisekuli ndlan] AN DA ino B 19-y1
car banoy

Anot her subst? B 8 far#’ I&(’%[ér’ léjgur JQI%TEF}’ Eﬂ'fy éir}’n?ggé]ﬁ?s a

i strai ght or branchélateaipllyxb:ych@ltlerba:vlcﬂgd namg systemoneepredonted abPON or

p at ith 1-
ﬁal()g? C[Wler r]- ?ﬁi%ﬁ% ﬁtlgr oup g@%%%%dgn%mc&cc}n%te@ll& Zgr%l%%sr’m%‘tl%}% as
1- chl or oi sopr (§py|eny3.,f pN@‘ﬁ@éydpyllmlﬂa@@YE{lommlyf& chixy bi sobut yI
i odo-t-butyl, 1%&'15%@ t hxhxﬁri(ang,lie liigdtBea AIQMNETE IBUDSST J 1 S0y 21#%' a?"E

hydroxy(( err] - C[err] al'kyl, which represents a strai ght or bran
I chain having fPdmP aﬁ@mpérﬁéum@acwrlgt GROURS FUChAR B¥E vl m'r%mm

it. ExenplaryphydeesyaGiier brCerihigl, K\t itiuRsl idid udee 1ike; and (3)
polycyclic heterocyclic rings groups, such as
decahydroisoquinolinyl, octahydré-thieno [3,2-c] pyridinyl,
benzo[b]thienyl, naphtho{2,3-blthianthrenyl,
isobenzofuranyl, chromenyl, xanthenyl, and fully or
partially saturated analogs thereof.

A cycloalkyl may be optionally substituted with 1, 2 or
3 substituents independently selected from halo,
halo(C,-C,)alkyl, C;-C, alkyl, C,-C, alkoxy, carboxy, C,-C,
alkoxycarbonyl, carbamoyl, N-(C;-C,)alkylcarbamoyl, amino,
C,-C, alkylamino, di(C;-C,;)alkylamino or a group having the
structure - (CH,),-R'where a is 1, 2, 3 or 4 and R’ is
hydroxy, C,-C,; alkoxy, carboxy, C,-C,; alkoxycarbonyl, amino,
carbamoyl, C,;-C, alkylamino or di(C,;-C,)alkylamino.
Exemplary substituted cycloalkyl groups include
3-methylcyclopentyl, 4-ethoxycyclohexyl,
5-carboxycyclo-heptyl, 6-chlorocyclohexyl and the like.

Exemplary substituted hydrolyzable groups include
N-benzyl glycyl, N-Cbz-L-valyl, and N-methyl nicotinate.

The compounds of the present invention have at least
five asymmetric centers denoted by an asterisk in the
formula (9) below:
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{ hydroxynmet hyl , 2- hydroxyet hyl, 3-hydroxypropyl, 2-hydroxy- isopropyl,

4- hydr oxyb I the like. Yet another substituted al kyl i rl=Clerr]
;:alkylthio(éﬁép??&ﬂ%n)alkyl which is a straight or branched €$§&§$y%f3rr] )
jalkyl group with a Cerr]- C[err] al kyl thi o;group attached to it. Exenplary.
Cerr]-Cerr] alkylthio(Cerr]-Cerr]) alkyl groups include
jmethyl thionethyl, ethylthionethyl, propylthiopropyl, sec-butylthionethyl,
and the |ike. Yet another exenplary suhgmltuted aIkyI S
het er ocycl e(Clerr] - C[err])alkylwwmblc §la R rai ght or branched al kyl
chain having fromone to fourH@g “{th a heterocycle attached to
st Exenpl ary heterocycle ((1:!!I Kyl s include pyrrolyl nethyl,
gquinolinyl- nethyl, 1-indolyl ethy yl, 3-thien-2-ylpropyl, 1-

} i m dazol yli sopropyl, 4-thiazolyl butyl9and t | i ke. Yet another substituted
talkyl is aryl(Cerr]-Clerr])alkyl, which is a straight or branched al kyl
fchain having fromone to four carbon atons with an aryl group attached to
tit. Exenplary arylidgarednsieuveidal &l tlye@eupasjrmétlﬂiacphenyéﬂgt hyhe

2- phenyl et hyl ap p &z phen Ibut
§ the |ike. Thecoggerocyg¥£ g%% #eS&%gan%?QHé%%gs% StTTOrEd Wi %H Y19 2 g
{ subst it uent s PeRREVRIRIcTE S YeabsemeriC f Formbal nd hodn (108 eused opem}c;airtew
1Jerr]-Cerr]oal é‘tyéreﬂ%lﬁér e&l‘ilcl"i‘l &KX Yne C@;S@Pé(a\/llg §{:Elyg i Lacemlc,

{ al koxycar bonyl, carhar g (derr]-Cerr])al kyl car bano
jderr]- C[err]%‘F KA H ot %ﬁi(‘@l‘é’i“?]a%:[%?ﬁ”}'é}%%lérﬁ%’éeo-‘Pt%rQilégmeﬁaw Aget he
ﬁt (rjuct ur eci (Gt exedsgt e%fl} kﬁhﬁé r] M%Brﬁsﬁmhétrllc 2foﬁn?>,r lﬂ'lﬁa-ﬂ'dl&{l%_[r] ! i's
ydr oxy, erg err] alko carboxy,. Jerr]-CJerr]_al koxycarbon
{ ami no, carbarm’lerlgl %ﬁgﬁf ?%%n?%mpﬁ?¥%+%%feﬁ%ﬁ%%%ﬁr]?%?kv}gﬂiﬂothe scepe
Exanpl es of substheu@edsaatexquntesnlnclude
The individual stereoisomers may be prepared from their

respective precursors by the procedures described above, by
resolving the racemic mixtures, or by separating the
diastereomers. The resolution can be carried out in the
presence of a resolving agent, by chromatography or by
repeated crystallization or by some combination of these
techniques which are known in the art. Further details
regarding resolutions can be found in Jacgues et al.,
Enantiomers, Racemates, and Resolutions, John Wiley & Sons
1981.

Preferably, the compounds of the present invention are
substantially pure, i.e, over 50% pure. More preferably,
the compounds are at least 75% pure. Even more preferably,
the compounds are more than 90% pure. Even more preferably,
the compounds are at least 95% pure, more preferably, at
least 97% pure, and most preferably at least 99% pure.

As mentioned above, the invention includes the
pharmaceutically acceptable salts of the compounds defined
by formula (9). A compound of this invention may possess a
sufficiently acidic, a sufficiently basic, or both
functional groups, and accordingly react with any of a
number of inorganic or organic bases, and inorganic and

organic acids, to form a pharmaceutically acceptable salt.
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3-N-t-butyl carboxam de decahydroi soqui nolinyl, 6-N-t-butyl carboxam de
« oct ahydr 0- tyyoepadssd7 2- c] pyri di nyl, 3-nmethylim dazol yl, 3-net hpgywgos/siyss
. 4-chl oroqui.nol i nyl, 4- an1noth|azolyl 8- et hyl qui nol i nyl ,
i 6- chlorqu|noxaI|nyI 3-et hyl pyridyl, 6-nmetibexybenzi m dazol yl,
. 4-hydroxyfuryl, 4-nethy|isoquino|iny|, 6, 8- di br onoqui nol i nyl, 2-nethyl -
11,2, 3, 4-tetrahydr oF8equerol I'phhrmilcapt hybliyi nokiept2bille salt”, as used
~2-t-butoxycarponyisl, 2eBefsi £80ULDOLI a
heterocyclic ring %yst%n% ?epresen %dBE tﬁE ég%pbﬁbd' %%fgé%gﬁ%ﬁ%%red
monocycl i ¢ rifRFBrbapshiakhass ﬁHbéh?ﬂthiVoh?h tioniida zol wlvm;g azol yI
furyl, isothi @i@éﬂismé ur aﬂﬁéixﬁblak?%ﬁé?!n%eu&ﬁb@ici y'ac%%t d4<a

|

;6nmmmedrmm)%$ rmls g aﬁ
| pyridazinly, %72 %y? il ?ﬁ tFl EEPéﬁﬁd( Y 58??@}@H¢9ﬂu& (ﬂgmﬁqundsrqﬁ

. groups, such ta}seq@ﬁmﬂtomoantm@hl Wyth achahkead-t Birerdadier Gty 'ddidy!
benzo[b]thle napht ho[ 2, 3- b%ﬁhlanthreng | sobenzof ranyl chronenyl
xant henyl , {ﬁ? Sr %ﬁ?tla § £aRararkd 3ﬁ8l8§§eFﬁ§ﬁ§oF° iagd ddt 19yl
may be opti onmhtwabu@slventeslumht as1di2thylathuabsbirt bemizens)deRandritd v

| selected fro er | k r rr

tderr]- C[err?aggtgaﬁgaégigé 6LC§% %]%?er¥ bh%ﬁ ;%Eg%ﬁﬁV% %%§¥Béﬁb

P N-(Cerr]- c1e$a}9a|kyTharﬁahbglnoamahby p?ecnpaC?eerpu&lbflamﬂmmlon
pdi(derr]- C[e&i&ﬂ@ﬁkyﬁéﬂlnQnQrhaugrQHpaBgﬁtngihhaa§EL§§; 5 1solated

-(CHerr])[err]-Rerr] ere a
i Cerr]-d err]PalkbkyTaEaPBoRY, OENeF r Foryentloapkone nyISwmh malts are

Eilr balmoyl CLm¢¢nC£§ra&1?I g&a@maﬁ %ddbé%eéah* @E%H] ls?aqlt%lyl am {10
! Exenplary substitufe cyc o roups. i ncl.ude 3-nethyl.cycl open
i 4- ethoxycyclohexy:J‘zg 538283 %%I %?%?Ye@ ERI PE@yéF&ﬁgﬁﬁﬂlﬁﬁ@ntﬁ@hqqaa

¢ Exenpl ary subsretumeﬂgmwﬂcoayzébleughousshydﬁbddeowibeaziﬁ ghy@tobromic

i N-Cbz-L-valyl,. [ na The conp unds of .t he present
| invention have at’ Iﬁgafg?géégaggégétéﬁ%f%gﬁ ef'S én8§ PRP*AS 5§P§V &rq n
! the the like, and organlc acids such as p-toluenesulfonic,

methanesulfonic acid, oxalic acid, p-bromephenylsulfonic
acid, carbonic acid, succinic acid, citric acid, benzoic
acid, acetic acid, and the like.

Examples of pharmaceutically acceptadble salts are the
sulfate, pyrosulfate, bisulfate, sulfite, bisulfite,
phosphate, monohydrogenphosphate, dihydrogenphosphate,
metaphosphate, pyrophosphate, chloride, bromide, iodide,
acetate, propionate, decanocate, caprylate, acrylate,
formate, isobutyrate, caproate, heptanoate, propiclate,
oxalate, malonate, succinate, suberate, sebacate, fumarate,
maleate, butyne-1,4-diocate, hexyne-1,6-dioate, benzoate,
chlorobenzoate, methylbenzoate, dinitrobenzoate,
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate,
phenylbutyrate, citrate, lactate, g-hydroxybutyrate,
glycollate, tartrate, methane-sulfonate, propanesulfonate,
naphthalene-1-sulfonate, napththalene-2-sulfonate, mandelate
and the like.

Preferred pharmaceutically acceptable acid addition
salts are those formed with mineral acids such as
hydrochloric acid and hydrobromic acid, and those formed .
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formula (9) bel ow -14- [err] As a consequence of these asymetric
jcenters, the conmpounds of the present invention can occur i bie

: p055|ble sf@@@@gg eric forms, and can be used in m xtures 2?é¥wm§wm;
‘Istereoi somers, which can be optlcally actiyg-or racemc, or can be used"
.{al one as essentlal |y pure stereisoners, i.e., at |east 95%pure. All
fasymmetric fog #:anﬁhguél:létse56811595%&@@8 §eNRi Aaki RBE hhhekeafforale
iwithin the scope o] he present invention. The individual stereoisoners nay
'be prepared fREAftheir respective precursors by the procedures described

rabove, by resol vi ngakBe aBasenbs maxtyr@ﬁcmaebyhseaaaamngdt fe-om
:di ast ereoners. The resol ut,ion can n the, Bresenc

.resol ving ageﬁf‘orﬁﬁ‘n&ﬁr 8Ret B3PaBhS B?SE§ rﬁBSgt 88' 8W?P§ M 23t & ﬂfa(}r:L A
{sonme conbi nat aQRanln'eheaethembnaﬁ]uhydnbxd:ﬂeal; ecanbanatest, hbigerboRatdser

det ai | |yt i f ' . _al E ' ,
[Racenst es. “andRotBEutrSRs. SURR WRrey soeshl 1858LERatial rneuAToLBY S
icompounds  of tlhespuasremtmnvehusomnailedsubgdanml hyByopade, pPotase@iam 50%
pure. Mre pr & LA % tQﬁm%ﬁEB%UH98ﬁ2%§Sgt 8€§ESZ§£’EH&%ona%%enégaf%m

:gpreferably, oﬁrﬁds are nore ure. Even nore_ preferably, the
“{conpounds arecatrbp@a§1e 0593 yme bigBrEOBRERer RBERSSAL™ PASATFPRASS e, and

st pref er abloy 13t uhed: r%&%&léur@alé&uﬁieabkgﬂﬁdtébahd, thize liikeant iTore

jii ncl udes the pharnaceu a@%”y accep ﬁblg salts of th g gp nds d |nedd by
fformula (9). ROLGFS ?ﬁ@%uf“m?é i 6R*MEy 2pEsBBES TE st ¥c i re
jacidic, a SUffICIemt“phb&&bﬁeumﬁcbmub acceptable prodrug" is 1ntended to
mean a compound that may be converted under physiological

conditions or by solvolysis to a compound of the formula 9.

A "pharmaceutically acceptable solvate" is intended to
mean a solvate that retains the biological effectiveness and
properties of the biologically active components of
compounds of formula 9.

Examples of pharmaceutically acceptable solvates
include, but are not limited to, compounds of formula 9 in
combination with water, isopropanol, ethanol, methancl,
DMSO, ethyl acetate, acetic acid, or ethanolamine.

It should be recognized that the particular counterion
forming a part of any salt of this invention is not of a
critical nature, so long as the salt as a whole is
pharmacologically acceptable and as long as the counterion
does not contribute undesired gqualities to the salt as a

whole.
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%functional groups, and accordingly react with any of a nunber of inorganic
ior organi.c {@seme3@nd i norganic and organic acids, to form aPCT/Usgs/04735

¢ pharmaceutically acceptable salt. -15- The term "pharmaceutically
;acceptable salt", as used herein, refers tapalts of the conpounds of the

i above fornul a mhlch are substantlally non-toxic to living organi sns.

i Exenpl ary phar mace® ipeaflerrack eptgichmds alld compedute 2hose sal ts prepared by
treaction of the conpounds of the present invention with a mneral or
organic acid or an inorganic base. The reactants are generally conbined in
a nutual solvent such as diethyl ether or benzene, fﬁor acid addition salts,
or water or alcohols for base addition sgp}s Thehﬁalts normal | y

preci pitate out of solution wMehi rOab one(a aboQH t en days and can
be isolated by filtrati or -ther con entional * ONke Such salts are
known as acid addition and ids that may be enpl oyed
ito formacid addition salts i norggani as hydrochloric acid,
hydr obrom ¢ aci d, hydroi odi sul f uPEE abid osphoric acid, and the
i ke, and organi c acids such as p-tol uenesul fgpfM t hanesul foni c aci d,

j oxalic acid, p-bronophenylsulfonic acid, carboni id, succinic acid,
citric acid, benzoic acid, acetic acidé and the | 1'ke. Exanpl es of
pharmaceutically acceptable salts are he sul fate, pyrosul fate, bisulfate,
isulfite, bisulfite, phosphate, nonohydrogenphosphate, dihydrogenphosphate,

met aphosphate [3BYI[2RBESDARkS,, 3C%|19;Had%,a byl 48, Headide. ffﬁr;tcgmeth 1:2a

pr opi onat e, oate igrylate acryl ate, formate, |so
hept anoat e, %F hyd,) Sesedy drg-dndite Rvsirceiirat el %ﬂhﬁ#?ﬁﬁy Zebacat e,
| fumar at e, methylbenzoyl)amlno] 4- (phenylthio)butyl] -3-

; isoquinolinecarboxamide.
: A process for making compound 21 is provided below.
Compound 21 has also been obtained as a metabolite from the
plasma of patients administered ([3S-
(3R,4aR*,8aR*,2’S*,3'S*)]-2-[2'—hydroxy—3'—phenylthiomethyl—
4'-aza-5'-oxo-5'-(2''-methyl-3''-hydroxyphenyl)pentyl]
decahydroisoquinoline-3-N-t-butylcarboxamide methanesulfonic
acid salt, which is disclosed in U.S. Patent No. 5,484,926,
The compounds of formula 9 can be prepared according to
the following Reaction Scheme I.
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mal eat e, butyne-1, 4-di oate, hexyne-1, 6-dioate, benzoate, chlorobenzoate,
nmet hyl benzoat e, d| ni trobenzoate, hydroxybenzoate, nethoxybe 8/04735
pht hal at e, WQP#8B4&Te, xyl enesul fonate, phenyl acetate, phenyl"prop}onate,
phenyl butyrate, citrate, |actate, g-hydroxybutyrate, glycollate, tartrate,
met hane- sul f onat e, propanesul fonate, naphthal ene-1-sul fonate,

napththalen_J%FEEﬁigﬂgéggﬁﬂggdelate and the |like. Preferred
pharmaceutically accep abl'e aci d addltlon salts are those forned with
m neral. aci ds sugi el B =1 PrandBaivghr om ¢ aci d, and those

for med -16- wth organic aC|ds such as maleic acid and nethanesulgonlc
aci d. Base addltkgq salts |nclude those derived fr i norgani c andoom%anlc
bases, such asy aIroN| Umesee al ka £oor al kal i ne r netal“h#drOX|de

car bonat es, bi Cf ate?““and t eLhi ker3HEH baSks eful N preﬁﬁ t he
salts of thls g tlon&;pus in e sodhun1hydr potasstum X1 de,
anmoni um hydr oxi pot assi um ca nate, sodiumc onat@””%%ﬂlum

bi car bonat e, potasS|un1b|carbonat&§ cal ci um hydr.oxi de.. calJ’unlcaerpate
and the like. The potassium and sodiumsalt fornms are partlcularly
preferred. A "pharnmaceutically acgégiable prodrug" is intended to nmean a
conpound that may be egriverted 4R ghysi ol ogi cal *conditions or b
solvolysis to a conpgund ‘of the forbaula 9. A “Phaetaceutigcally ac eptaﬁﬁ%

solvate" is int&nded an a Sebwabe t haku t he_bi ol ogisg NN,
ef f ecti venessans prop i es of —tHEe_trot ogi caldwy i ve gppponent s%of
conpounds of fsesmul a 9. anplegwﬁﬁnpharnaceutlc accept abl e solvﬁ

4

Step 4

Me

AcO, o0Q
\C/ Sl acetate SPh 0\/ ‘R
8 AO, \é/l NHL(\ renoval U{ NHL(\
anide coupling % Srep sb %

Step 6a

Compound la, perhydroisoquinoline, ‘which is

commercially available from NSC Technologies (Chicago, IL)
or Procos SpA (Milan, Italy). is subjected to prolonged acid
hydrolysis in step la to obtain compound 2a. A variety of
inorganic acids may be used in either an aqueous/organic
solvent mixture or in water alone at temperatures above 50
°C. An example of such an inorganic acid is 6N agueous HCl.

Substitutes for compound la include the corresponding esters

1b, thicesters lc or other amides 1d:

cooz Cc0sz CONZ,2,
P H\ { H i
N AN

H H H
H H

1b lc 1d

where Z, 2, and Z, may each independently be alkyl,
cycloalkyl, heterocycle, or aryl.

SUBSTITUTE SHEET (RULE 26)



include, but are not limted to, conpounds of forrmula 9 in conbination with

wat er, i sopiapaiiksy et hanol , nethanol, DVSO, ethyl acetate, gqinsagizd. or
et hanol am ne. It should be recogni zed that the particular counterion .

forming a part of any salt of this inventdil®is not of a critical nature,
'so long as the salt as a whole is pharnmacol ogically acceptable and as | ong
as the counterionCéopoumst 2eorts ithene paratesiteed agualtid iasins titrspdh 86 a
whol e. -17- A.Plreferred conpound i s conpound 21 [err] [err]

[ 3S-[ 2(2S*, 38PFadn, CRmROoNRG, 2B, 18, SkePalp--N- Thel PRYRaghin® group R, is

hydr oxyet hyl 2 dL,Q- 2- [2+ -3 - r -2- ,
=n%thyr%enzgypg§%?%§]%§:%p%éﬁQ%gﬁgg%gﬁg&%%Fg¥%i%géﬁFh&qlﬁﬁﬁﬂqxﬁﬁﬂﬁQﬁfd/\
process for RBRPRBoSafpemn@®2Bdtdvated dedboslydwteCaeanrt i3dedast al so been

iobt ai ned as a | bie 5 pl I 1, U red J|3S-
(3R 4are, oar orarns e BESPR 0 3A0R, DrckBETR Al Bl can

f4' -aza-5' - oxbebcatBampeer inmetdigling' hakytgoxy peeralpetinddture of
”decahydroisogPEQgggn§13-N—t-butylcarboxanide met hanesul fonic acid salt,
gwhich is disclosed in"U. S. Patent No. 5,484,926. The conpounds of fornula 9
gcan be prepared according to the followyng Reaction Schenme |. SUBSTI TUTE
{SHEET (RULE 26) REACTI ON SCHEME | RO JLL

11

The identity of R" in formula 11 can be any alkyl,

cycloalkyl, aryl, or heterocycle which can be removed easily
in a deprotection step after Step 2. Examples of R"

include, but are not limited to methyl, ethyl, propyl,
isopropyl, n-butyl, isobutyl, t-butyl or higher branched or
unbranched alkyl, 2,2,2-trichlorocethyl, 2-
trimethylsilylethyl, allyl, phenyl, substituted phenyl,
benzyl, substituted benzyl, 9-fluorenylmethyl, 9-
anthrylmethyl and higher polycyclic aromatic ring system.
The following materials, as defined below, can be obtained
from the Aldrich Chemical Co. (Sigma Aldrich Fluka) :

a
]

2.2.2-trichioroethyl= — CHp—C-01
a

]
2-trimeylslylethyl = — OHp—C-Si— O
H

alyls —CHy—CH=CHp

benzyl = _%_O

9-flourenylmethyl = w
g-anthrylmethyi = (I&)
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Schene |. General Synthetic Pathway for the Production of 9b and
Derivatives npound | a, perhydroi soqui noline, which is reially
avai l abl e fvbﬁf%é Technol ogi es (Chicago, IL) or Procos SpAP(CW?&}H}S ]%Fal y) ..
IS subjected to prolonged acid hydrolysis,in step la to obtain conpound.2a.
A variety of inorganic acids nmay be used Th either an aqueous/organic

sol vent m xture og ve_ 5
exanpl e of such anuFﬁo¥@gﬁ§%@%c ggﬁén%ﬁmggéeousfiﬁﬁggégﬁsgn% ?giegoﬁy an
conpound | a ?ﬁb’i"ﬁﬁéo’t‘-héeé%ﬂ%mﬁdﬁhﬁg eereespopding batoborxmateoesbelmer

am des 1d: [epa] ovwhgreidar¥beire fo¥. Z[err] may each independently be
al kyl, cycl oal kyl, heterocycle, or aryl. -19- Conpound 2a is then

protected at the ami ne nitrogen.to obtain cogpound 2b in step I b. The
protecting group R err] is defiyed as a sui ﬁﬂly conj ugating group to avoid
unwant ed deconposition of acgh d carb derivatives of conpound 2b
in Step 2. Such protecting groups typically can be carbamate in origin,

havi ng a general structure of f3@rnula 11: [®br] The identity of R' in
formula 11 can be any al kyl, *shebasal kyl , #rpEOR'or het erocycl e which can be
removed easily in a deprotection step after Step 2. Exanples of R' include,
but are not innthedpf@s@m¢@y¢f éﬂéuﬁtaﬁméﬂbﬁselﬁ@ tal NoByhdic |sobutyl

t-butyl or high ?ra edhe nbranch_ed alq?/ h%%ytrl chl or oet h%

trimethylsilyre ) yrie3he ST EPH i Poerabed tut ed

benzyl, 9- flaolﬁﬂytﬂﬁtﬂyheré -and hydrocarbons Such bases are typically
inorganic, such as metal hydroxides, bicarbonates and
carbonates or organic bases such as amines like
triethylamine, diethylamine, diethyl isopropylamine, 1,8-
diazabicyclo[2.2.2]octane (DABCO) or related di- or
trialkyl-amines, as well as amidine bases like 1,8-
diazabicyclo[5.4.0) undec-7-ene (DBU) and 1,8-
diazabicyclo[4.3.0]lnon-5-ene (DBN). The following
materials, as defined below, can be obtained from the
Aldrich Chemical Co. (Sigma Aldrich Fluka) :

DABCO = ‘NT&

DRU= Q"’m
DBN= @f’Nj

These reactions are typically run anywhere from below
room temperature to approximately 100 °C.

The amide coupling Step 2 can be accomplished in any

number of fashions depending on how the carboxyl group is
activated. A group J is installed in Step 2 by reaction of

the carboxylic acid 2b to produce the activated derivative

2c,
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&anthrylnethyl and hi gher polycyclic aromatic ring system The follow ng
tdmaterial s C;EL % gd bel ow, can be obtained fromthe Al dri chpd)g§asfanssCo.
#(Si gma AIdrlcﬁ 'uka): [err] -20- Such protecting groups typically can
gbe installed by an acylatlon reacti on of tpe-correspondi ng hal oformate -
fester 12a or a dicarbonate 12b: [err] in the presence of a suitable base in
gt ypi cal organic solvents for these types of reactions such as hal ogenated
gsol vents, ethers¥8nd hydrocarbons. Such bases are typically inorganic, such
tas met al - hydr oxi des, blcarbonates and rbonates of organic bases such as

am nes |ike triet2¥)gf1 diethylanin , diegpyl i opropylanine, 1,.8-1

jdi azabi cycl o[ 2. 2 58 an @&?ABQ%% r Iated‘dl of trikl -amn R
well as amidin ses ik % |azab|c oFS. 4. 0] undeg- 7-ene,(DBY) and
i1, 8- di azabi cyclp [4,B. 0] 5N e (DBN). | oitl owi ng Mt eri alBYNE
gdefined bel ow, c obtarmed—fTom t hg Al diN Chem cat—Co> ( Si gni gHi ch

§Fl uka): [err] ThH&Se reactions are typidall Hr
it enperature to app imately 100[err] C.| The am-d oupling Step 2 p
jacconplished in any nunber of fashions depending on how the carboxyl yfoup
§i s activated. mfkéy Bidprotectig gbupSt al | ed i n Bt Epeaindyour eacti on of the 3

fcarboxylic acid™2b to produce the activated derivative 2c.

The group J can be any of a variety of leaving groups
such as alkoxy, hydroxy, halogen, pseudohalogen (including
azide, cyanide, isocyanate and isothiocyanate), alkyl or
arenesulfonate, aromatic heterocycle (bonded through a
hetercatom) and N-hydroxyheterocycle, including

hydroxysuccinimide or hydroxybenzotriazole ester. The

following definitions apply to the terms above:

H azide —N—N=N

:; cyanide —0o=N

i is ocyanate —N=C=0

; is othioc yanate —N=C=§

i

’ alkyisulfonate —0- ?— alkyl
§

i

i

i arenesuifonate - O-ns—aryl

N-hydroxyheterocyclic HO~ O

§

!

f where O = nitrogen heterocycle
; Q

‘Z N-hydroxysuccinimide HO~ N¢

i d
, hydroxybenzotriazole O: N
¥ ’

H

«Z

o-~-Z
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[err] The group J can be any of a variety of |eaving groups such as al koxy,

hydr oxy, hal ogen, pseudohal ogen (i ncludi ng azi de, cyani de, i and
Lot hi o X9/ 4037 I, ) h RASARRs "

i sot hi ocyan¥i kyl or arenesul fonate, aromatic heterocycl
t hrough a heteroaton) and N—hydroxyheterggggle, i ncl udi ng
hydr oxysucci ni m de or hydroxybenzotri azol € ester. The foll ow ng

definitions applyrhQ 5@§1tﬁ5T§d899X§é,[§T£]%% o%@@f %%g ﬁéyéfgﬁékgﬁsagzc’ J

= hal ogen) nmay be prepared using inorganic ogenat agents” suc
t hi onyl .chl oukdagoinbi-gantde, hahegphat Ong sgénhs oshdle 88 PhOGHER, chloride

phosphor ous pentachl.qri de,or brom de_ot anic agents sych as oxal vl
Chiori de or BFi ERPBRASecPRRIPPEPARF dC ESRLr el 15 5F SPrdpidls | RBofbRgkppse
above) may bepeptepaiediide arvhrowigieobrwaysasiaragemgtsrsnrchhaesackdlehl ori de

2c where J iEhggrgﬁecggbEQ@Eh§?5¥%éQ%5HSrgSS%éf?b?é%ﬁggg (Bethg prggeyce of

an organi c or inofganic base r'evi ous € acylation o
conpound 12a (am gengefided2Bbodk) enadt b¥epyepihedeshes vayibeypoeduaed by
aci d- pronot ed_es [

erificati I n_the esence. of the desired.al cohol. The
sul f onat es (fE?r§199c§Ef%%£FﬁwéF} ,CﬁngéQ?W%?th?gea ky® g} Yyl) are
typically ”B@%mBan%QQE'Q@tﬁftBQed8§£P8é¥£180H81diﬁbtﬂétﬂréégﬁbeoéf an

aryl sul fonyl chlorides in the presence of an organi c amnhe base such as
triethyl ani n@YPATACNEA- pOPETaRsFVEAEL aBLRERPPREVF@4ShE| ERFOFBRr] C. Al kyl

and aryl sul f agyh agrendeffi eefdpasniiohbaver tempbuddeipseudanabedatively,
derivatives of 2c (J = pseudohal ogen)
the ester may be produced by acid-promoted esterification in

the presence of the desired alcohol. The sulfonates (2c¢, J =

OSO,W,, where W, is alkyl or aryl) are typically made by
reaction of the carboxylic acid 2b with alkyl or

arylsulfonyl chlorides in the presence of an organic amine
base such as triethylamine in a non-polar solvent at
temperatures below 0 °C. Alkyl and arylsulfonyl are defined

as follows:

0]
atkyl ulfonylchloride = 0_§-alkyl

0]
arenesulfonyl chloride = c-—‘:t_:',_aryi

The pseudochalogen derivatives of 2e¢ (J = pseudohalogen)
are typically made from the acid halides 2c¢ (J = halogen) by

reaction with inorganic pseudohalide in the presence of a
base. Such bases include, but are not limited to metal
hydroxides, bicarbonates and carbonates or organic bases
such as amines like triethylamine, diethylamine, diethyl
isopropylamine, 1,8-diazabicyclo[2.2.2]octane (DABCO) or
related di- or trialkylamines, as well as amidine bases like
1,8-diazabicyclo[5.4.0]Jundec~7-ene (DBU) and 1,8-
diazabicyclo[4.3.0lnon-5-ene (DBN). A particularly
preferred base is triethylamine. The heterocaromatic
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lare typically made fromthe acid halides 2c (J = hal ogen) by reaction with
i norgani ¢ pweigsMeass de in the presence of a base. Such bases PaTAISY8©4735ut
are not limted to netal hydroxides, bicarbonates and carbonates or organic
{bases such as anmines |ike triethylam ne, -@3ethyl am ne, di et hyl )
{isopropyl am ne, 1,8-diazabicyclo[2.2.2]octane (DABCO) or related di- or

}t ri al kyl am négriyatiaes of 2 dinge alssempadekdrom the acid halides 2c¢ (J
i1, 8-di azabi cycl o[.5. 4. Q] undeg-.7-.ene DBgé and .1, 8- .

“di azabi cycl or4.l“§.1€[9r?613-'5-“2‘ﬁ31(%§ﬁ) thep 5&1%&& gﬁ%tfrﬁae?%‘i‘arte’& HREPeend
,triethylanm nén the Ipetesreoarondt an amin23bader iivat vem-gfol2er adelwdis®. made
‘fromthe aci ald = | oge ut.i Lizi ng t ecific

i het er oar omat ﬁ‘g@cyﬁglﬁr@%y%‘%ttﬁel%% %gelr%)cgegflyg&lé’%%néﬁﬁazzcg 930 £ drade) Grom

I sol vent. ghe t&&ém%rwmqgi@re@cﬁ%: laboder byal mugs aqfs@%éa%bﬁrar@étg xgé_ .Pz'i@yfjhe
jaci al i des ove.and .may, al so_be_generafted using.a car bodi 1 ni des

i (al kyl - thzNa;%Y?LI ,ca\ﬁk?@:éélf'}’réiea?l Iéﬁﬂ?‘grldh’ﬁ§=’c\'é‘ﬁqﬂ§éfifhg%e&?% e @¥eekent) or
aryl carbodi igrictes (C@any beNtGeNsaigl orwdef€etdeatar Wr Groipclitiodei higesane
or different) _and an_.am ne hase.as condensi ng agents. Th ri.mary or
secondary am R Y((j'sgqg\/\cg aboy g’t HEeZe, gvp\l/ei Ar&ref 2v §(’a%%3eplt)h%@§ ¥ he
{coupl i ng prodess enmnti) nemdp@rattarisei balbke apr coadensg ngy ageEntgdependi ng on
;the functionality present in the aningaand t he mode of cqupling used. The
imode of coupling JF2@THATYa G SREAPOEEYs BEGRGarly %@hoéf? EHFF out
iin a varietyief sways 2dejfersdibesheorl)t heeddent thy ebupl \Weprodd®fe moyd i s

used (2c, J :ing% thetcou |, %%1can bs § r.f ormed usi ng, carbodii m de-based
{nethods uti| FRSYGPRAG ST SEHE Lo PE R OFE Séﬁ'ﬁsg&ouﬂ%'s pﬁ%‘{,lq%(ﬁrhcﬁ%
 di cycl ohexyl dantpgdionaildé yopresleattedndichlek pindaebadid rdhee snodeDG f{ sadusl Dig

fl'(S' used. The mode of coupling of 2¢ with a primary or

secondary amine can be carried out in a variety of ways
depending on the identity of J. When a free acid is used
(2¢, J = OH) the coupling can be performed using

carbodiimide-based methods utilizing any of the common
reagents of this class, including dicyclohexylcarbodiimide
or related dialkylcarbodiimides, EDC (salts of 1-(3-
dimethylaminopropyl) -3-ethylcarbodiimide) or related water-
soluble reagents along with an organic amine base in polar
organic solvents such as dioxane, DMF, NMP and acetonitrile
in the presence of an N-hydroxyheterocyclic compound such as
N-hydroxysuccinimide or 3-hydroxybenzotriazole.

Alternatively, haloformate esters, such as 124, may be used

to temporarily activate the acid to give mixed anhydrides of

general formula 24.

O _OR"
¢
O\/O
Rp< O
N
H
R“O* X

H

12d X = halogen
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“di met hyl am nopr opyl ) -3-ethyl carbodiimde) or related water- soluble

ireagents E*ﬁﬂggm%ﬁg7an organi ¢ amne base in polar organic sglyRRRbgysesh as

;di oxane, and acetonitrile in the presence of an
:N- hydr oxyhet érocyclic conpound such as N-pudr oxysuccini m de or -
13- hydroxybenzotriazole. Alternatively, haloformate esters, such as 12d, may

tbe used to t @y arElof aeldteatestiehe agled ti®igiate ymasedraphy A deta Above
"general fornula 2d. [err] -24- Such hal oformate esters are typically as

‘shown in 12d 3bvadide matiyd -neeiplyl - etiBpbPropydopr depbutyilsobutydutyl,
n-butyl, phepHemand ard Head tdlK ¥ k§1d a20Y b r$h! Q:hqfo‘%rdf%ﬁé’te%‘%f 'd@-ﬁi;@%%ow'
mul a to

[err] Fornulg ﬁd IS a possible intefnmediate in the step fromfor

iformula 3. F Y 2d is an intermedi ate, but the process described here
‘results in formula 3, without isolation of Formula 2d. These reactions are
;typically perfornmed in a variety of non-polar organic solvents |ike

thal ocarbons and et hers such as diethyl ether, thyl t-butyl ether,
_diisopropyl ether, dioxane and”THIR° % ”Ténpeg@; bel ow O[err] C
;acconpani ed by an organi c am ne base such as 'triethylam ne, diethylam ne,
{di ethyl isopropylam ne, DABCO or related di- or trialkylamnes, as well as
tam di ne bases |ike DBU and DBN. When J in conpound 2c is an al kyl or
§arenesu|fonate (J =0Csderr]Ror GsdJerr]Ar), ¢he coupling can be perforned
jin a variety of non-polar organhmmﬁohventsahg?&ﬂhalocarbons and et hers,
such as diethyl ether, nmethyl t-butylether, "diisopropyl ether, dioxane and

THF at tenperatur g»ri@lleW2@ is a possible intermediate in the step from
formula 2b to formula 3. Formula 2d is an intermediate, but

! the process described here results in formula 3, without

.. isolation of Formula 2d.

These reactions are typically performed in a variety of
non-polar organic solvents like halocarbons and ethers such
as diethyl ether, methyl t-butylether, diisopropyl ether,
dioxane and THF at temperatures below 0 °C accompanied by an
organic amine base such as triethylamine, diethylamine,
diethyl isopropylamine, DABCO or related di- or

trialkylamines, as well as amidine bases like DBU and DBN.
When J in compound 2c is an alkyl or arenesulfonate (J

= OSO,R or OSO,Ar), the coupling can be perfcrmed in a
variety of non-polar organic solvents like halocarbons and
ethers, such as diethyl ether, methyl t-butylether,
diisopropyl ether, dioxane and THF at temperatures below 0
°C, accompanied by an organic amine base such as
triethylamine, diethylamine, diethyl isopropylamine, DABCO
or related di- or trialkylamines, as well as amidine bases
like DBU and DBN.

When J in compound 2¢ is a halogen or pseudohalogen,

the coupling may be performed in most common organic
solvents such as THEF, diethyl ether, dioxane, methyl t-butyl
ether or other ethers; acetone, cyclohexanone, methyl

isobutylketone and other ketones; esters such as ethyl,
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[err] C, acconpanied by an organi c am ne base such as triethylam ne,

di et hyl am neg ogls@shy! i sopropyl am ne, DABCO or related di - @®CT/US98/64735
trial kyl am nes, as well as am dine bases |ike DBU and DBN. Wen J in
conpound 2c is a hal ogen or pseudohal ogerg5the coupling may be perforned in
nost conmmon or gani ¢ sol vents such as THF, diethyl ether, dioxane, nethyl
t-butyl ethereOiybtded b3PR¥epPYhcReirte vyl tasaatntt soktents such as

i sobut yl ket ofg) Speh £ L8 m&EL ORES arkS & BarfeeN A StdBdnze BTN BERSHEET
(RULE 26) -25- met h(gllaand I sopropyl . acetate; hal ogenated sol vents such

as hal ogenat2 agePahed ReRZeReRina3t tEh @ oA AREEORE i he? #afogenat ed
benz ?Ees; | ni éféﬂ)ﬁénﬁtlﬁil]léfe%@?éf raiti&:l@élﬁs Fé?ﬂ;hj cmslt téu'hkhalmol pwﬁéoplf@paﬁbi ,such
as et nanol, | SOopro 0] - an n r at ed, al conol s; an 0] 0) r organi c
ol vent o such SELaRaD. W) 155 haEraes THHEThe| ST St ars Shadi fyrobveRts
pyrrollidonesachd aelaiweetayl fiexmantde nidinsttylentsio dasaNisetheyunt |y
used and ”ay%fzgxé?g%in%{;rég %@bfél%iea ”%P@léo@ﬁﬁﬁﬁc&f&eﬁé al A page

hydr oxi des, carbonates ofF organic ses sUcCh as ‘am nes
li ke triethyianfrequenetnyhaed nand dhay ye arypebpy | renbey CABO®Bganékat ed

di- or trial ' Wl b | OBN,
skilled in t %‘L}%% saeh,) éﬁeﬂl‘\gﬁ%’%qﬁ%@%ﬁfﬁ% ﬁ?%%%?%ﬁﬁg St eﬁ%ex?mst h

other possi bPE 9rgrBipsbasas SEeph 32pr yREReS nkilef dupt e iean be
acconpl i shedgustRg1 anynef &bersyandssshr 5y Naind OrpAkEs abLecteéNgrad di-
particul ar cl ass of I?Arﬂc;t ecting %roug Si nmpl e.(g)lrflgéll - andef bstituted._al kyl
carbamat es c3h bEIPLFBLERINEEH SGusehy 29| ¥ 2R e RefBfures up
to about 100pBXI(]C,
One skilled in the art will be able to perform the
amide coupling Step 2 with other possible J groups.

In Step 3 protecting group removal can be accomplished

using any of the standard methods for deprotecting a
particular class of protecting group. Simple alkyl- and
substituted alkyl carbamates can be removed with agueous
solutions of base at temperatures up to about 100 °C,
employing any of the common inorganic metal hydroxides such
as sodium-, lithium-, potassium- or barium hydroxide or
hydroxides of other metals in at least stoichiometric
amounts. Carbamate protecting groups that contain benzyl
groups bonded to oxygen may be removed by hydrogenolysis
with a palladium or platinum catalyst. Alternatively,
aqueous base hydrolysis may be used at temperatures up to
about 100 °C, employing any of the common inorganic metal
hydroxides such as sodium-, lithjum-, potassium- or barium
hydroxide or hydroxides of other metals in at least
stoichiometric amounts. A variety of anhydrous acids may
also be used for deprotection of benzyl-based carbamates,
including HCl, HBr and HI. Lewis acids of boron and
aluminum such as AlCl,, BBr,;, BCl; in non-polar solvents are
also effective. Certain substituted benzyl, aryl or alkyl
groups in which the specific substitution pattern is chosen
for its ability to be removed under specific conditions may

also be used. For example, the 2-
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: enpl oying any of the common inorganic netal hydroxides such as sodi um,

v thium, p@b@ﬁﬁbggm or barium hydroxide or hydroxides of obppgjydsBEahs I N

- at least storchionetric anounts Carbamate protecting groups that contain

{ benzyl groups bonded to oxygen may be rempsred by hydrogenolysis with a -

pal | adi um or platinumcatal yst. Alternatively, aqueous base hydrol ysis may

¢ be used at tenpeseahyleslybetloy kduthoril0 Grenpl Meaw) ay ofpitdisecoimmn

“inorgani c netal. hy | C s sodi | ig hi tassium or barium
hydr oxi de or ﬁ?/’d?ogléggéggi 1(S#hée}’lr]élerre éé%snbglgr?eatoé re]:la{}sl%nss%egé)lc Ji%r%?al’cl’%l\é nts.
A variety of ofinbhdr dubrimethy heilwl etdible asa fior tdeprdepoet ert bén
benzyl.- based tes,mj LG r . e S; S
and al um nur’f?gg% gg'sa A?dj[’grﬁérﬁi}%?ererﬁ#ﬁé:ai errlr_|1 in nolrslji%glrg%y?{’) \t}g%lfgg
are al so ef f et Pyeteckr the naBins t1itedehaid (mavariadter ke KEeVerefdipesing
which the spgeitbesSUPSEL LI 11 tRich ias ahosen drdd Bky@iddyi bR be
renoved under_speci.fic conditions may al so be used. For exanple, the 2-
- 26- trineth§i§$F§@%tﬁ?iEﬁrbonyl group (Teoc) is a protecting group

~designed to take afvapépge, othé heespedtdi soqeianilid Ypidcd hef formula 4

[ 2-trimethylsilylethyl group in the deprotection process.

i 2-Tri met hyl siPyFrenpgreadbbaythe floloxralaghdle (REWWDrHt Te¢heme Bhiviga

i t d later b d_ usj f1uori de_i h HF
Cor tetraal kyPAnTBRRAFT FUBFTHETSATT ol 11 U 9 S1 N5 Darhy AT SoiTASF ine
| piece of forpwbgusel 8£COAREGLEMNAD ét‘f@oﬂﬁc}fﬂﬁﬁ& calike {Sporpd 5, Schere 1)

: via an epoxide internediate (13) generated via the base-induced cl osure of

i the vicinal chlorohydrin functionality. [err]
i SPh

CszNJ/\(‘O

13

Compound 5 is produced by Kaneka Industries, Japan. Several
close-open procedures in proceeding from compound 5 -

compound 13 -~ compound 6 may be used. The epoxide 13 may be

isolated or it may be reacted with 4 added either subsequent
to formation of 13 or 4 may be present from the beginning of
the sequence. The epoxide 13 can be generated using

inorganic bases such as metal hydroxides, carbonates and

i bicarbonates in solvents such as alcohols like methanol
ethanol or isopropyl alcohol, ethers such as THF and dioxane
or mixtures of the two. The epoxide can also be generated in
a 2-phase solvent system consisting of water and a
halocarbon solvent such as dichloromethane along with the
base. A phase-transfer catalyst such as a
tetraalkylammonium salt may be used to facilitate the

process. The process of opening the epoxide 13 with
compound 4 is accomplished in alcohol solvents or mixtures

of an alcohol and another solvent which may be an ether or a
dipolar aprotic solvent such as dimethylformamide or
dimethylsulfoxide. The opening of the epoxide 13 with
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Compound 5 is produced by Kaneka Industries, Japan. Several close-open
procedures iwo-pg/geedi ng from conpound 5 - conpound 13 - conpewRrefod¥ay be
used. The epoxide 13 may be isolated or it may be reacted with 4 added

lei ther subsequent to formation of 13 or 42Tey be present fromthe beginning
of the sequence. The epoxide 13 can be generated using inorganic bases such
fas netal hde@WP@@@d-éaﬁﬁbﬁﬁﬂ@sC@W@Obndaﬁb@ﬁabpslmaliylpemfsrmedho&@r a

:al cohol's 11 ke nol| Qor . i ggpro ,al cohol, ethers such as THF and
di oxane or ga %thhh fﬁe gpoxgﬁe Ean al so be generated in a

2- phase solvent sﬁmtétepoﬁSt&klmgrbbbwatyﬂoapdgaohplaaﬁrb@nréﬁbwéatt&ﬂCh as
di chl oronet hane along with the base. A phase-transfer catalyst such as a
ftetraalkyIanﬂ&ﬂﬁuﬁ@@aﬁ?eﬁaﬁﬂﬁéeuged Thipacnni bat donheupiogedBr 1he aweddess
fof opening t pPOXi. d S acco |ished_in alc hol

isol vents or %?%?U%é%g'f%gﬁ%gkggﬁgngggg ano#ﬁé? ?5 veRt mﬁFcﬁaﬁa? 58 &¢
‘ether or a dpﬁ§ﬁ9¢m§§r@ﬁn@QS@BQQdESSQéhbasodlauchyasoBBag1ahchCl3 or
_d'”Ethy|5U|fQ1k -su%@%l%@%@ﬁ?%o%% Bﬁlﬁggé'gﬁcﬁ3a§”&9 et ygﬁ rﬁgﬁpound 4
ito give conpoun 6 is optimal erfornmed over a P 7*R6urs at 50
i- 60 [ERR] C. brgmédep in o€, @Beﬁ?}Vé%?Sgléhs @ghoﬁéfﬁﬁmnaad to give the

Ifree am ne 7d4ithiisreaethandone u@h@ngBhréQ ﬁ&ﬁéiﬁgafkemué'ﬂa ﬁgsebve”ts
isuch as hal ocarhons. It can al so be orne u5|nﬁ des of Doron such

jas BBr[ERR] SRG8EY ERRPSIPtYFRy| Q&E§FPFE%8@150r6 ehaﬁreeéegayhoay
di met hyl bor ogrbupnicde be ketocadbby ﬁgﬂyemyslblkglﬁi|QQQ&@&HVaméohollc

di chl oronet h r S
;tenperature.g%ﬁ?@%ﬁ%%rgglﬁ%%ﬁﬁehgafg $g§§ %?Bh CaﬁoééuWengﬁéblHV
{hydrol ysis uskngoagesousy dlydobalide at temperatures above ambient for

i periods of hours.

Step 6a is the coupling of benzoic acid derivatives of
formula 8 to give 9a. In Formula 8, Q can be a leaving

group. Q can be any of the leaving groups discussed above
for Group J. The compounds of formula 8 where Q = OH or Cl

are commercially available from EMS Dottikon, Lenzburg,
Switzerland and Sugai Chemical Industries, Ltd. in Japan.
The coupling can be carried out in a variety of ways,
depending on the identity of Q. When a free acid is used (Q
= OH), the coupling can be performed using carbodiimide
based methods utilizing any of the common reagents of this
class including dicyclohexylcarbodiimide or related
dialkylcarbodiimides, EDC (salts of 1-(3-
dimethylaminopropyl) -3-ethylcarbodiimide) or related water
soluble reagents along with an organic amine base in polar
organic solvents such as dioxane, DMF, NMP and acetonitrile
in the presence of an N-hydroxyheterocyclic including N-
hydroxysuccinimide or 3-hydroxybenzotriazole. When Q =

halogen or pseudohalogen, the coupling may be performed in
most common organic solvents such as THF, diethyl ether,
dioxane, methyl t-butyl ether or other ethers; acetone,
cyclohexanone, methyl isobutylketone and other ketones;
esters such as ethyl, methyl and isopropyl acetate;
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solutions of netal hydroxides |ike barium sodium Ilithiumor potassium

hydr oxi de gratures above anbi ent for periods of hour IS
obﬁﬂ% PCTISGH04955
the couplin enzoic acid derivatives of formula 8 to give 9a. In

Formula 8, Q can be a | eaving group. Q cag-be any of the |eaving groups
di scussed above for Group J. The conpounds of formula 8 where Q = CH or d

are comrer citallogevsti ddll ol vierra EMShDatst ihlaarmgelnem:elam@th&uetsz%rﬂcﬁnd and
Sugai Chem cgl, 1 ndustr.i.es

i u n_be carried out
in a vari ety OfPeys c}hleoﬁler??%gengn t&?ﬁtl a§ #%t%\ﬁ PEYEE acid is
used (Q = OH)itrtiescayh rag:ectmmlyier famdn@@towslormgto:arll@oquwed:e adasdbls

t hod til he ent udi n '
g?cygl ihgxlyléc"gérﬂggadéi rgencﬁ)lr i gt e%a %glgk%l %grQbogﬁ %ngi H(sal tg of
1- (3- di met BAeehldr GRd )Poj—aét I@ﬂgé@rlﬁo@ﬂlme@é)s @ﬂl%la@c ed water sol uble

reagents al Qﬂgné\‘,ﬁﬂ@éh&{n&@ﬁ Cd%’iﬂe'&%y@%%@f'o&ﬂ&é‘ aly-HeFHP1C 250! vent s such as
di oxane, DMF,” NVP and acetoni'trile in the presence of an

Nhydroxyhet@f@%‘?ﬂc]}%‘%f"%(ﬁr{ﬂjﬁ?g}aﬂ-e Wlé@y%%%n@e splvents. A base
3- hyd b t
my” be part ot Sy WD ne o) MR, B SUHRORE, Sl | 1O

et her, di oxdrrsesresush ats etA 1 éwmoxgﬁie@t, @rlc-‘@mwd@te@c@mq@arbonates

cycl ohexanongy 6%‘§5}Yic IS e %@ea%a%e%t h@ncek%txqré%ylea%{ff{es such as
ethyl, methyl,K an |sopropyl acet at e; nat ed sol vents_such as

hal ogenat ed Gk Haxkam sHighhed, WP@H&%@H’@ 'a B(ﬁon@rr FEGd&tatid

benzenes; nléf'&@ﬁaﬁtﬂfh@(}f&@maﬁ iWeg 12R¢ RHABIR Daders 1ixeepE) eafpl s such
as et hanol propanol, t-butanol and rel ated al cohols, and pol ar organic

sol vents su 5
Acetate removal is accomplished in step 6b with agueous

or alcoholic solutions of inorganic bases such as metal
hydroxides, carbonates and bicarbonates at ambient
temperatures up to 100 °C. If there is a protected
functionality on the carboxamide group bonded to the
perhydroisoquinoline ring system, it is best removed at this

point (during or after step 6b). The nature of this step is

dependent on the exact identity of the protecting group.
A preferred method for accomplishing the entire process
shown in Scheme I is shown in Scheme II.

The Cbz-protected amino acid 15 was coupled with the amine
22 to give the amide 16. The Cbz group was removed by

hydrogenation to
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i

|

‘t

tdi met hyl f or mam de, di net hyl sul foxi de, N-nmethyl-2- pyrrollidone and rel ated
am de- cont ai ggmﬁg;vents A base is frequently used and may pbgsesdhs a
rnunmber of |norgan|c bases such as netal hydroxi des, bicarbonates and
carbonat es or organi c bases such as am nes2%9+ ke triethyl am ne,

:di et hyl am ne, diethyl isopropylam ne, DABCO or related di- or
trlalkylan1nes as well as am dine bases |ike DBU and DBN. Acetate renoval
‘is acconplished in step 6b with aqueous or al coholic solutions of inorganic
bases such as nehemtn bwtisiuiamidds  car bonat es and bi carbonates at anbi ent

‘tenperatures up to 100 [ ERR] C. If there is a protected functlonallty on
it he carboxam de grouP bonded to the perhydroisoquinoline ring s stlem it] is
ibest renmoved at, tT*™poi nt (dyJ i 9 or“&&é@hsst The nat urey &l
{step is depende?ﬂ;%p t héNeact Sitept i 14 Oz t e pi tNeCt i 3B gr PUBNR
{preferred metho a‘66ﬁﬁr'sh theentiTe progkss Shﬁﬂﬂ n me | jis
ishown in Schene ] Thé ®z- pro%ggged?§ﬁ9ﬁﬁ°acu was “Coup| ed™i_th t he

;am ne 22 to g ¥gudpBau MITEPAG. The Cbz sgeeBp Was ﬁﬁg%by ydr qgenati on
glve t

to -29- Schene II. Synthesis 8f Anide 21 [err]® e amne 17. This
was coupled with A8 chloroalcohol via the epoxide using the in sit
procedure to gi adduct nventlonal depfotectio with baseléjdmm
jcoupling of the free pr| ¥%an1 mﬂth Lheeaci d chl or*'ds-2o~gave ri to
anide 21. Detai 4™ th are pL9¥Lded-be Q) sl es 1-Ato FE-
The lettering A teiiR |n Schedﬁ orrespdids to Exanph YA tp FepStEGR:
B then S0%aq, NeOH
STEPD 18 STEPE 1 STEPF
l-‘l
Me O‘Ijigﬁﬁﬁzm
vo\©/‘LN N ],H
H OH
H

2]

give the amine 17. This was coupled with the chloroalcohol

via the epoxide using the in situ procedure to give the

adduct 18. Conventional deprotection with base and coupling
of the free primary amine with the acid chloride 20 gave
rise to amide 21. Details of this process are provided

below in Examples 1 A to F. The lettering A to F in Scheme
II corresponds to Examples 1 A to F below.

The following Examples illustrate aspects of the
invention. These examples are for illustrative purposes and
are not intended to limit the scope of the invention.

Abbreviations for the terms melting point, nuclear
magnetic resonance spectra, electron impact mass spectra,
field desorption mass spectra, fast atom bombardment mass
spectra, infrared spectra, ultraviolet spectra, elemental
analysis, high performance liquid chromatography, and thin
layer chromatography are, respectively, m.p., NMR, EIMS,
MS(FD), MS(FAB), IR, UV, Analysis, HPLC, and TLC. 1In
addition, the absorption maxima listed for the IR spectra
are those of interest, not all maxima observed.
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1The fol | owi ng Exanples illustrate aspects of the invention. These exanples

are for illust rogL"va purposes and are not intended to |imt tger56aR0s39f
the inventioW©9? viations for the ternms nelting point, nuclear magnetic -
resonance spectra, electron inpact nmass spggtra, field desorption mass =~ -
spectra, fast atom bonbardnment mass spectra, infrared spectra, ultraviolet
spectra, elenental ranabyguscthbahwiRehf eneergrR bpgutdachehentfoylaptiyg and

thin layer chromatography are, respectiyvel m R, , E VB(;E
MB(FAB) . - | R, BYPIENARFIPES AEECUSERG TE&:“giﬁtaég?tig%/feb}ﬁéwzgémé?%%et
maxi ma | i st eddffodcubaekR @6t r arapeethdse, ofjupmteredt)  nonlaipletxi(m .,
observed. -30- .1ln cenj unct.i it he S t |1 Qw
abbr evi at i ons SAPBLEEET TASIBLoEE) ,(ga“?mbf’%'%@d?%é%%& (BBl Pats (dd),
triplet (t), coadlet (&, diul brpaet teapletodbret) of andl Preret SUAdAPLebr oad
si ngl et (br.s), ad |+ r : ri Galbr it Hexq huead
imul tiplet (br (I%Ibl;n? i rqg?glgt%g:tsat%%et%ucl P%qugng‘?g%?ai n I}gr&ilé ggzi %nl SS
ot her wi se not émlaﬂﬁ?cﬁmwléﬁemoﬁiﬁdtfhgm tBag8L6F fRe t8G0i & G¥fo &rrd.
NVR spectra wehR Qhifidied c@mg@uggner al Electric QE-300 300MHz instrunent.

I

iIChemi cal shifts are éxpressed in 6 values in

| pm Mass spectra were.,

lobt ai ned on a VG ZABIRS s§E&HTR0 MsEEr © atlﬁl(?dS(?E’] S‘pgeﬁ(?&?;r%ﬁ‘elc%g it @Fe,:wl?a

Vol la, CA |nfymMmed isRectineer e Oheedicddd stii fa sMadec e@preesatd dm O

lspectroneter. spectra were obtained, .on Var i i NS Rt 5 Thin

§ ayer chronmat 6’5% Mo hr r iw'l%(fso&peﬁéﬁrr?g%sﬁrl%i g%gp é%ég%é{v% Itvfra e from E.

Ver ck. Mel ti ngspEmttanetsne atedhe dtriprs ReselaachFEes tipstteumd® Jdd ar e
ncorrected. ﬁﬁ@ﬁxnfﬂf&a-red spectra were recorded on a Midac Corporation

UV spectra were obtained on a Varian,Cary 3E

H
i
H

spectrometer.
instrument. Thin layer chromatography was carried out using

gsilica plates available from E. Merck. Melting points were

measured on a Mettler FP62 instrument and are uncorrected.

Example 1
Procedures for the Synthesis of Amide of Forxrmula 21

[38-[2(28*,35*),3 alpha,4a beta,8a betall-N-(1,1-dimethyl-2-
hydroxyethyl) decahydro-2- [2-hydroxy-3- [ (3-hydroxy-2-
methylbenzoyl)amino] -4 - (phenylthio)butyl]-3-

isoguinolinecarboxamide

H

SPh O _N
0 ~ OH
We iMéxgg

H

HO.
H OH

b

A. . Perhydroisoquinoline (26.4 g, 111 mmol) (commerically
available from NSC Technologies (Chicago, IL) or Procos SpA

(Milan, Italy)) was suspended in water (200 mL) and

concentrated aqueous HCl (200 mL). This mixture was heated
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] —_— - N —

rocedures for the Synthesis of Am de of Forrrula 21 [3S-[2(2S, 38*) 3

| pha, 4a bet ay8ashg@ka] 1 - N- (1, 1- di met hyl - PCT/US98/04735
ydr oxyet hyl ) decahydr o- 2- [ 2- hydr oxy- 3- [(3 hydr oxy- 2-

t hyl benzoyl ) ami no] - 4- (phenyl t hi 0) but yl ] --831+ soqui nol i necar boxani de [err]
. Per hydr oi soqui nol i ne é26 4 g, 111 mol) (comerically available from
NSC Technol ogite® ¥ehlwagand| sivredrinos? Sy Mdwring twihiygh wise sutpeaded

n water (200 f@r&o%’é’l&@i‘&ﬁnt ot & QAHEAUS v&@e(é’&ﬂb\%& uﬂ_éiklzﬁ PRAHULE was
1eat ed -31- to reflux and stirred for 3 days, UI‘II’IE |c time it went

into sol ution PURESWEE VEAtSIVRI2 Highivaelirrersokifice e3_L@ Y3Sgive a

i ght yell ow s@lufriddeisodigré@snsl U(F0E M) 1d! PPBeked ZOOI'Hé)fﬂDﬂrate
'iltered. The filtrate was r at ed ndg r educed ressure to an_oil

tt OAc (100 rrL)W%%de\ﬁ%?@Fa%igou ST G TR R SFRP TR e ‘bha%f‘”f%e SHFPRF 01 R48s
prought to 8. Onby &hé watéeti ON0OfmR) N@waﬂi&ed(&hd Beine VibH cbif o loé ogakti€ion

§15.8 nm., 111 ol ) dded, d e and the p s kept
et ween 7 and ‘éa%y JE?‘I%Shﬁd (?l on5 gi?y Ztsq\? C?Célot sorkc‘ﬁ‘I ﬁ'ﬁl\é TEXTUr 2 ’&g%yastl rred
Bt room terrper&emzxelf@thBOﬁQmste EtISAcB (112!0,0 Jrﬁ'U) sl hddesl added hdropgaaec
fayer was washggy ) 1r T-

br gani ¢ | ayer vvas dr|e err %’ﬁ ter , %%é%?afé%qug%e? E ticed
;pressure to am@ditignechr dﬁc@qmuq)l}?@fh edmﬁ/ %4#1?14:@ geas cﬁ?bﬁﬁ@@g@‘éphy,
pluting with 1réoﬂ%@f9p@§a£@£@umﬁt+@rmcﬁxﬁi\c fldoveth Oy AOP% &L RgaedNgng

fractions containing product were collected and evapor at ed under ,reduced
bressure to gi Vet AEIRBAPoLRYSE SRS Washpd iohh ok N 2@PeP R sECHi (100 ek H
NVR (300 MHz, & beind) (1eorduy. 43re 28rddnid Hyebd Wds (MFrisd 2vgho,)d. 76
Lerr], 1 H, gizgered, and evaporated under reduced pressure to an oil.
The product was purified by silica gel chromatography,
eluting with 1:1 40-60 petroleum ether/EtOAc followed by
100% EtOAc. The fractions containing product were collected
and evaporated under reduced pressure to give the compound

15 (11.3 g, 32%) as a colorless oil: 'H NMR (300 MHz, CDCl,)

5 7.43-7.28 (m, 5 H), 5.17 (br s, 2 H), 4.76 (m, 1 H), 3.79
(m, 1 H), 3.33 (m, 1 H), 2.19 (m, 1 H), 1.96 (m, 1 H), 1.88-
1.15 (m, 10 H).

B. 1-Hydroxybenzotriazole (4.2 g, 31.4 mmol) and EDC (6.0
g, 31.4 mmol) wexre added to a solution of acid 15 (8.3 g,

26.2 mmol) in DMF (128 mL) at ambient temperature. The
mixture was heated at 80° C for 10 minutes. 1,1-Dimethyl-2-
trimethylsilyloxyethylamine (5.1 g, 31.4 mmol, prepared from
1,1-dimethyl-2-hydroxyethylamine (Aldrich Chemical Co.) and
hexamethyldisilazane (Aldrich Chemical Co.)} by heating the
mixture neat under reflux for several hours followed by
evaporation of the volatile components was added and the
solution was heated at 80° C for 17 hours. The yellow
solution was poured into EtOAc (250 mL) and 2 N aqueous HCl
(250 mL). After stirring for 10 minutes EtOAc (750 mL) was
i added and the mixture was washed with H,0 (3 x 500 mL} and
brine (1 x 250 mL). The combined aqueous layers were
extracted with EtOAc (1 x 250 mL). The combined organic
layers were dried (Na,S0,) and purified by flash

N e

v e
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(m1H, 3.33(m 1H, 2219 (m 1 H, 1.96(m 1 H), 1.88- 1.15 (m 10
H) . B. 1- I nzotriazole (4.2 g, 31.4 mol) and EDC (

?‘mml) wer e al_%geg%{%?a solution of acid 15 (8.3 g, 26.2 mol )%C%W%fg8
gL) at anbient tenperature. The mi xture wagp heated at 80[err] C for 10
gmnutes. 1,1-Dinethyl-2- trinmethylsilyloxyethylamne (5.1 g, 31.4 mmol,
tprepar ed fr omhkchetidtdty 2¢30/ 0wt/ e HAY iR Lhad cal }:‘Bh)d
hexanet hyl di si | azane (Al drich Chem cal Co.)) by heat igﬁLg the m xtmre neaiit’kgj
under refl ux ¥or WAQElesoRisl 61 1%wd 1% )evapBr ¥MRori30D MHe, vabaoh) e5

icomponent s was, Rfldgsd and;t he s utd oy wag head ed jaty80[eryr far .47 hours.
tThe yel |l ow sol uti oﬁdwas )oured i n{ o Et OA? ZSOZe’rrL I-Ia)n’d sngé a@‘degugiI)HCI (250

i) . After ¥ iy o0 3t @8 Edose 13790 MLt W dddBd @ndQ hen, 2

jmi xture was washed 49 t{d Hers 110 (B e,500 gyl,) and-hrixe (ml % 2% ,ma%q.nghe
fgconbi ned aquepus | gyers \\gg:e extrac)ted with EtOAc (1 X 250 m.). The

fconbi ned or gari’c 3 gi)/e'rsl S ied (‘Na[err] SO err]) and purified by flash

- 32- chromat @yr aphy r{iéhire BfOAMexares)id o Yive,t e .compeind 21 a3 a
jcolorless oil (7.9.9, 78%: [err]H NWR (300 Mz, CD[err]0OD) [err] 7.36 (m
5 H), 5.20 (®alladigim qiy carhgn Gd/(F)((Hh- 61 B was 3yduagehaed Rt7S A gusi J
{= 13.2, 4.4 kg, i3 Hbso3ubl £8LH2 (Mo Arf8afdamdizndl £ 1951 25
(m 12 H). % (s 3.1 129 TR lﬁl)f1 c amﬁlﬁnﬁtﬁg‘é‘g%%”a%‘é?%aﬁé 2185
(7.9 g, 20.4%HES afhSRITHIAR G 1E&T56h HwergR £83 ige sl

thydr ogenat ed eMapufyqrsid Ha ivadhis ddlid viet @inkl@7Ma)s &t waihiee Nt AeiRanatiy e
iffor 18 hours. The m xture was filtered through Celite and evaporated in
dvacuo to gi v&Caridie ?iﬁ HMR, (3APt WHZor §BIGR) ihe A i I/ [Brsr [H NWR ( 30HNVHz,

jC{err] 0D) [ermle 3n63 A &) ,J 3527 Gddz, 2Hh1.8, 3.3 Hz, 1 H), 2.91 (m, 1
: H), 2.02-1.15 (m, 12 H), 1.32 (s, 3 H), 1.31 (s, 3 H).
D. Aqueous 10.2 N NaOH (2.4 mL, 24.5 mmol) was added to a

warm (27 °C) suspension of chloroalcohol (obtained from
Kaneka Industries in Japan) (10.4 g, 28.6 mmol) in

| isopropanol (IPA) (104 mL) with mechanical stirring. After 1
ﬁ hour 1 N agueous HCl in IPA (prepared by addition of 1 mL of
concentrated aqueous HCl to 12 wL of IPA) approximately
(ca.) 1 mL) was added to neutralize (pH = 7). Amine 17 (5.2
g, 20.4 mmol) was added as a solution in IPA (50 mL) and the
thin suspension was heated at 60° C for 10 hours. The IPA
was removed in vacuo. The residue was diluted with EtOAc
(150 mL) and washed with H,0 (2 x 50 mlL), saturated aqueous
NaHCO; (1 x 50 mL), and brine (1 x 50 mL). The combined
agueous layers were extracted with EtOAc (1 x 25 mL). The
combined corganic layers were dried (Na,S50,) and purified by
flash chromatography (75/25 EtOAc/hexanes, then EtOAc) to
give the compound 18 as a white solid (8.98 g, 76%): ‘H NMR
(300 MHz, CD,OD) & 7.33 (m, 10 H), 5.08 (AB, J,; = 12.2 Hz,
Ay = 12.1 Hz, 2 H), 3.96, (m, 2 H), 3.56 (g, J = 7.3 Hz, 2
H), 3.50, (m, 1 H), 3.20 (44, J = 13.6, 9.2 Hz, 1 H), 3.03
(m, 1 H), 2.64 (m, 2 H), 2.20-1.20 (m, 14 H), 1.28 (s, 6 H).
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I sopr opanol
faqueous HC
HC1 to 12 nL
= 7). Amne
and the thin
with Herr]O

(1 x 25 ni).

12.1 Hz,

(m 14 H),

land bri ne (1
IMIBE (1 x 15

renoved i n vacuo

13.34 (m 1 H, 3.27 (dd, J = 11.8, 3.3 Hz, 1 H), 2.91 (m 1 H), 2.02-1.15
i(m 12 H), Lyddskiss?3 H, 1.31 (s, 3 H. D Aqueous  10.2 NedsaU898(02735 nl,
24.5 rrm)l) was added to a warm (27 [err] Q) suspen5|on of chl oroal cohol
(obt ai ned from Kaneka I ndustries in Japam)33t0.4 g, 28.6 mml) in

(I'PA) (104 nL) with nmechanical stirring. After 1 hour 1 N
i | PAQ%preenecacs dacaddit. i’70|g ofL.B mi,0f3 3céncmwtl)atveds afldeds

of | PA) appr.oxi rrately (ca.) é@rﬂ_ s added to nelgtr,al |% (pH

tP (35 SPEnFy.op Ao IoP tREERL aY s & ruthilor i IPA ¥
%@S'a@ At eh %tra@Qix%rr] The HMidQA0Ws HdgdPA was

he resi due was luted with Et OAc (150 nml) and washed
Uritier Sefllyx fs:aiumt‘rmhmquemfs:emald@(’c’{lemg t(dl amtGiGend ), and

brine (1 x 50 nL). The conbined aqueous | ayers were extr Sct ed with Ft OAc

R QIR BITRod O1y SHRE UTEy #aS \Jerldlt@d o HNG GEYEYL and

Phe compouna Tage L SUTRE AERGFasnetsytn 308 sz%ﬁafg&%ﬁﬁ oe

ICD[ err] OD) [ @rineg . BB X m25lGath)., SHS c(o@rmqlnﬂobrarquscuslﬂa&dizs vfere] U[ err]

(m 1 H,

, = 3, 50,
3.20 (dd, J e)&ta'aecté W%’% (13&)%5(%‘“11) T}? &Pffl(gﬁnezi 1993037 _ 1. 20

33. 6 nmmol ) \/va]ga%’é%%sed%@ dlfslues%eﬁl i‘on* of car%gérr%tl%?(qgj(?%aé?g 159, élmel? [

i PA (34 nl) ahianiiendft tesmeiaidind akbte bendydr ealymshdrileai$chmrtdely retiite for
12 hours. After cooling to anmbient tenperature, the mxture was dilyted

i th methyl tsc&m@n eHh MR I\WPBE) MHgpOCRIIDhrd hedhelmuni 1$ Hbo £20% 280 A1)

)2315 %e CO%I ned o%n&gu@% | WY LHE ! ISP 1T
(m, 1L H), 2.05 (m, 1 H), 1.87-1.05 (m, 12 H), 1.30 (s, 3 H),
1.28 (s, 3 H).
F. Triethylamine (3.2 g, 4.3 mL, 31.2 mmol) was added to a
solution of the mixture of amine 19 (4.7 g, 10.4 mmol theory
from 18) and benzyl alcohol in EtOH (23 mL) at ambient
temperature. A solution of 3-acetoxy-2-methylbenzoyl
chloride (20) (obtained according to procedures set forth in
U.S. Patent Application Serial No. 08/708,411, filed
September 5, 1996, which is specifically incorporated by
reference herein) (2.4 g, 11.5 mmol) in THF (4 mL) was
added. After 2 hours 50% agqueous NaOH (4.1 g, 2.8 mL, 52.2
mmol) was added and the mixture was heated under reflux for
1 hour. After cooling to ambient temperature, the mixture
was neutralized to pH = 7 with 2 N agueous HCl (26 mL).
This mixture was diluted with EtOAc (500 mL) and washed with
H,0 (1 x 250 mL), saturated agqueous NaHCO; (2 x 250 mL), H,O
(1 x 250 mL), and brine (1 x 125 mL). The organic layer was
dried (Na,S0,) and purified by flash chromatography (75/25
EtOAc/hexanes) to give amide 21 as a white foam (1173-57A,
1.39 g, 23%). The 'H NMR indicated the presence of 11 wt %

EtOAc which could not be removed in vacuo.
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| ayers were dried (Na[err]SJerr]) and evaporated in vacuo to give a

m xt ure of 19 and benzyl al cohol as an oily mhlte S % ]H
NVR (300 MHZ. e%r]OD) [err] 7.34 (m 10 H), 4.63 (s, %Lﬂf? Byt
H, 3.58 (m 3 H), 3.03-2.60 (m 5 H), 2.33-(m 1 H), 2. 05 (m 1 H, :
41.87-1.05 (m 12 H, 1.30 (s, 3 H, 1.28 (s, 3 H. F Triethylam ne (3. 2
49, 4.3 i, 3Anglgggg) was added to a solution of the mxture of amne 19
(4.7 g, 10.4 mol theory from 18) and benzyl alcohol in EtOH (23 i) at
ambi ent terrpéfat{MReBOﬂO sI@HIxm@lh;;Qif 3 dcéBoxyd, 2-dmet y3béizzoy@ H)h ar.idge (t
*(20)(obta|ne o] set forth_ in S Pat ent Appllcatlon
iSerial No. O /70 f% épggngir =1998, Hﬁhl&h 3 gp@élfleaply

{i ncor por at edghy ﬁgfe&e e Qeggl )5} (% 4 g 11ﬁ 5 qng ) ngiHRrg(45m) S
ladded. After 2 hours 58‘5’/0 aqueoug OH (4 “ b ni, 52. 25 (' fjm-wg\é\@added
and the m xt Hee Wast)he&t é@ uUmdel Hef | exOBor(ml hoHl), Af.ter (ddol Ung 0.6,
tanbi ent tenp r t re nlxture was _neutralized to pH =7 wth 2 N aqueous

HO (26 nL). Zpi }tH e wad>diPBr edrit H1E00HE /( S¥ee rfL)l%er Rtasfedii t h
;H[err]0(1x2 atupat ed ugqo HB 62 0 H 1 250
fm), and bri ﬁe (1@12% m_)la %hqur gag?cl\qayer évagjdr%:é\edIil(_?i‘aZS%!l6(S (gl 2
purified by H)ash.ehr deat GgHaph)Z 225/(315 Bt D¢/ hemaneém), fLloHYi, ve .88+de231 as
famﬂtefoam&\l\}\;%?A 1.39 /()5 The [err MR i ndi cated t he

o éoﬁ‘

presence of % t’O&cl\?/m Ve hotBhdSre @ d in vacuo. - 34-
i Anal ¥s 3 3 = 3 , 2
7thY?;? J[g $I§Nﬁ537@ %QNMH? cﬁ%ﬁﬁf $C¥%5[?rr%73 %3 i%soé (138J88 ) ktrbl
), 6,92 (d, 136278 12I9Iz,8 113)8 96.836(d, 126.8,11B2,.41 EL8.4,42160p,1 H)

. =1
4.08 (m 1 Hy, 3635(dd o 31385 s, 549, s3.0, 36.5, 34.2, 34.1,

31.1, 30.7, 26.4, 26.0, 23.1, 23.0, 20.8, 12.1.
Example 2
HIV Protease inhibition activity and anti HIV activity in
cell culture of compound 21

Tight binding kinetics analysis was used to determine
the magnitude of the K, values of compound 21. The K= 5.6 +
0.91nM.
Methods
Expression of HIV-1 protease

HIV-1 protease gene was isolated from the viral strain
IIIB (Ratner, L. et al., Nature, 316, 227-284 (1985)). In
order to increase the stability of purified protease (Rose,
J.R. et al., J. Biol. Chem., 268, 11939-11945 (1993)), the
glutamine residue at position 7 (Q7) was mutated to serine
(8) by replacing the 33 base pairs segment between the Ndel
and BstEII sites of the protease gene sequence with
synthetic oligonucleotides encoding the Q7S mutation. The
modified gene sequence was inserted into the plasmid vector
PGZ (Menge, K.L. et la., Biochemistry, 34:15934-15942 (1995)

under the control of phage T7 promoter. The resulting
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4.0 Hz, 1 H), 3.45 (AB, J[err] = 11.0 HZ, [err]u[err] =18.0 Hz, 2 H), 3.29
(dd, J = .13wooeskdasy Hz, 1 H, 3.10 (m 1 H, 2.66 (m 2 H), 2(:28189&04735H)
2.22 (m 2 H, 2204 (m 1 H, 1.8-1.20 (m 11 H, 1.19 (s, 3 H), 1.18 (s,

3 H. [err]C NWR (75.5 MHz, CD[err]0D) [eBf} 175.7, 172.5, 155.9, 138.8,
1136. 7, 129.8, 128.9, 126.3, 126.0, 122.4, 118.4, 115.9, 70.3, 69.9, 68.2,

59.3, 58.8, 5d4n8%rB8L0, pGB/HP -38028#34. was3trans8orned2énto Zs. ©ol23. 1,
123.0, 20.8, 12.1. Exa % % H V P ote s |nhkb|t|on t|V|ty -and anti H V
lactivity in EEFPIE‘UP{"G é & )CBH'ﬁS A2 1L FPBNt “BPHE ng ~Knet i cs anal ysis was

tused to determ neg Pﬂ?:egg%ht Be¢eHey - &hQRK[ @ﬁﬂ.]:u&éé%ue}%r@f geemRoyRd 234 The
Klerr]= 5.6 + 0.91n Met hods Expression of H V-1 protease H V-1 protease

|gene was i somatied fllosRt Reyptiahsst Paphohl | B¥( Reesér extraet ,al..5 Rla NenCa,
1316, 227-284 (1985)). In_order t |ncrease th tabi lity of .pyrifi.ed

prot ease (Ro§§§ ap gnigdaj pH J.- S%I GPRteRBARg §8§ H# fg‘SQX‘Pi§&§Li(1i‘99§) 10% he
gl utam ne resi I ksl E ) epd e ( b pl aci ng
t he 33 base %a?%gmgggggﬁ(%Bgaﬁeé%g%hgﬂﬁhagugz QBE%%I? 2??2@ §%dt%gégrotease

gene sequenc&nﬂmbhdsbythﬁﬁu¢1oh|gﬁnmchﬂoﬁPmss(ésopdppgltmeDCﬁS mut at i on.

The nodified gene sequence was erted into the asm_d vector p&Z (Menge,
{K. L. et la. RSSﬁéﬁF§PPyra§@SI§§§4 15 EZtFnggftgﬁﬁePftﬁ cGH&F%Feof phage

tT7 pr onot er . .d&%gr% a]uc't&%n was?»%al%easwqtz cPEd/ KR-1AQLSH#9, was

ransformed into E. coli strain BL21(DE3) purchased from Novagen, Inc.

Expr essi on ofcduul aPRonGulcifutése wecempiaanti HIFYL protease as insoluble
inclusion bodies. After 2 hours at 42°C, cells were
harvested by crossflow filtration using Pellicon 0.1 pum
VVPPOO0OCS cassette #10 (Millipore) and the cell paste was
stored frozen at -70°C.

Purification of Recombinant HIV-1 Protease: All steps
unless otherwise indicated were carried out at 4°C. Protein
concentrations were determined using BioRad protein assay
solution with bovine serum albumin (BioRad, Richmond, CA) as
a standard. Chromatographic steps and the purity of HIV PR
was analyzed by sodium dodecylsulfate polyacrylamide gel
electrophoresis (SDS-PAGE). Final purity of HIV-PR was
> 98%. Typical final yield from each 100 L culture was 7120
mg.

Cell paste from 100L culture was resuspended in 300 mL
of lysis buffer (50 mM Tris-Cl pH 8.0, 25 mM NaCl, 20 mM 2-
mercaptoethanol) and microfluidized in Microfluidics
Corporation fluidizer at 22,000 psi. The crude cell lysate
was clarified by centrifugation at 14,000 rpm for 20
minutes. HIV PR was found predominantly in the pellet in the
form of inclusion bodies. The inclusion bodies were
subsequently washed multiple times in the lysis buffer
containing in addition 0.1% Trition-X100 and 1 M urea, and

after each washing procedure, the inclusion bodies were
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media (1.6% Trypticase Pepton, 1% Yeast extract, 0.5 % NaCl at an initial
- pH 7.5) contal pi 00 [err]g/L anpicillin in 100 L fernentor ' Lite
_SA) at 37[e%@’%}g?;5 hours and then i nduced by addition of fcﬁﬂﬁahﬁg}g .
- (I'sopropyl-[err]-D thiogal act opyranosi de)3gThe tenperature of the culture-
during induction was raised to 42[err]C to increase accunul ati ons of the

. reconbi nant p@&-l%&y@trga&r&s;ﬂﬁfgamﬁ 4t U OR-grPHS3S 20 Milfft s hours at
42[err]C, cells were harvested by crossflow filtration using Pellicon 0.1

[ err] m VWPPORDES. foass eitrtad uslitor( Mddiigsomesrearsb i ldeddd pasteafifese st or ed

frozen at -70[err].C.. Purification of. Reconbinant H V-1 Protease; Al steps
unl ess ot her\’léogé; ’ﬁ’diri?atgeod e i e Ol Gt %ﬂé‘M]l\ECIPr A% 2-

concentrat i opg NeLE AalbiHdined i BoRad Ju0h8idh 3RS UL D i th
bovi ne serum al bum n (Bi oRad, R chrmond, CA) as a standard. romat ogr aphi c

st eps and t heepumitfingst idinl/ 8RR P Ceh atprz ethd yapgidiadnado deo sdufpmture

pol yacryl am de gel_ el ectrophoresis (SDS-PAGE). Final purity of, HV-PR was >
58% Typi cal T AP G & FHOm ah PR ARG SO WD | EHATe iy, el |

paste from| Wdie WD Teauspendadd B399 tle Yady/H 1 M
¢ Tris-A pH 8?(?,50%5 %@ag@ 20 ms\%ﬁz- rrercaplt oet hanola) a?&ﬁrﬁg of nw I zed in

~ Mcrofluidi cshessparatdion ddaiRlizaR ati®@2d00ipsl toThheramdameldnd ysat e
Found pr edomSFRANSA 11 [RAT5IGhAI Yo TR 0 (518 GOt DU The
gy o PO SuOR OSHEL R S TRAASE 4965 oot
; each washi ng Fiooc éilegharuesd nod lusiroweboediceisa lyeresl agai3fst three changes
: of buffer containing 25 mM NaH2PO4 pH 7.0, 25 mM NaCl, 10 mM

DTT and 10% glycerol. After refolding, small quantities of
precipitated material were removed by centrifugation and
resultant enzyme preparation were concentrated, dialyzed
é against 0.5 M NaCl, 50 mM MES pH 5.6, 10 mM DTT, frozen in
small aliquots at 7“2 mg/mL and stored at -70°.
i Tight-Binding Kinetics Assay and Analysis
Proteolytic activity of purified HIV-1 protease was
measured using a modified chromogenic assay developed by
: Richards at al. (Richards, A.D. et al. J. Biol. Chem., 256,
; 773-7736 (1990)). The synthetic peptide His-Lys-Ala-Arg-
Val-Leu-Phe (paraNO2) -Glu-Ala-Nle-Ser-NH, (American Peptide
: Company) (Nle is norleucine) was used as a substrate. The
: assay was carried out in 0.5 M NaCl, 50 mM MES pH 5.6, 5 mM
DDT, and 2% DMSO at 37°C. Cleavage of the scissile bond
between leucine and paranitro-phenylalanine (Phe para-NO2)
; was asgsayed by spectrophotometric monitoring of the decrease

; on absorbance at 305 nm. Initial velocity was determined as

T

i the rate of decline of absorbance during the first 100

seconds of the enzymatic reaction. Under these conditions,

AL

and using Q7S HIV-1 protease, the Michaelis constant (Km)

for this substrate is 59 + 17 uM.
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pell eted by centrifugation at 5,000 rpmfor 20 mnutes. Purified inclusion
bodi es wer e wo®bsiosk? zed in buffer containing 50 MM Tris-C, pidruddsnsBs ™
_NaCl, 20 nM 2- nercaptoethanol, and 8 Murea. Solution was clarified by
‘centrifugation at 14,000 rpm and applied-&7+oomtenperature to a 300 nL
Fast Fl ow Q Sepharose col um (Pharnmacia, Piscataway, NJ) equilibrated with
the sane buffer. Bodedetleesd natidint bEnshld ¥YnRRbditd ofoto fhidtthgduridie colaim
and essenti al | ure enzynme was fqund in the flowthrough fractions. To
renature theS r'x'b‘gé‘itr’r,ngt REDCLRELREAST PEMSERSE rALEWOS SoPharbswcalaadh were
di al yzed agaij r nges ; t aieni.ng . H2PO4 pH 7.0,
25 mM Nad , ?%%kﬁ%%T%%a% al%&;§%§€g§%F%EA%g%r%Feﬁggﬁgﬁégyghaqrﬁnkﬂuities
of precipitatedlmmted ahdvthe veleeadybyicerbkiliogaiiagn maGuresuldtadach
enzynme preparati on were concentrated, dialyzed against 0.5 M Nad, 50 nmM
MES pH 5.6, FOMRFPETRE1PR02ENCPECEARPE abPyGot s The pePafFeny/Kil (&id apmir.ed
at -70[err]. cIigkt-Bindi Ki i n i.S_Protealytic activity
of purified ﬁ%b—?Bg?gtggggeWagg%eggﬁégggégﬁn%yggﬁhﬁﬁffgda@ﬁ?ﬁﬁ%ﬁ%ﬁFﬁ*ﬁssay
devel oped bylRnehar deast alquaiB ¢hatdsg AfDrhet daka ¢o BHE tf@ﬁ@“bid@gﬁg

§ 773-7736 (1990)). .The synthetic peptide H s-Lys-Al a-Arg-

' Val - Leu- Phe( Barakée- efuMarairre- séMoKKa sCameri-Ean Péprchea .Caiomys (N e is
" norl euci ne) us as syhstr he assay was carried out in 0.5 M
*NaCl, 50 mM )I\&/% af)H%g.S(S, zggnE/IIaED'I(,'%g%&ITZ% DMSO at 37[err]C. O eavage of the
{ scissil e bongxkepdeed | euci ne and parani tro-phenyl al ani ne (Phe para- NO2)

i was assayed by spectrophotonetric nonitoring of the decrease on absorbance
at 305 nm | APELZETRE| BEEAY ks odecerpprad gé ageingte H3V-dedin we@ldf

, absorbance dyphpg,Ehe first 100 seconds of the enzymatic reaction. Under

; these conditions, and using Q7S H V-1 protease, the Mchaelis constant (Km

ifor this subgeidteans 59rferslrainkerr] M

The CEM-S8S and MT-2 human T cell lines and HIV-1

i

RS

strains RF and IIIB were obtained from the AIDS Research and
Reference Program, Division of AIDS, NIAID, and NIH.
Cell protection assais:

The inhibitory effects of each agent on HIV-1
replication were measured by the MTT dye reduction method

(Alley, M.C. et al., Cancer Res. 48: 589-601 (1988)).

Compounds were dissolved in DMSO at a concentration of

40 mg/ml then diluted 1:200 in culture medium (RPMI,
supplemented with 10% fetal bovine serum). From each
diluted stock, 100 ul was added to a 96-well plate and
serial half-log dilutions were prepared. 1In separate tubes,
MT-2 cells and CEM-SS cells were infected with HIV-1 IIIB or
HIV-1 RF at a multiplicity of infection (m.o.i.) of 0.01 and
0.03, respectively. Following a 4-hour adsorption period,
100 ul of infected or uninfected cells were added to the
wells of the drug containing plate to give a final
concentration of 1 x 10? cells/well. Six days (CEM-SS
cells) or 7 days (MT-2 cells) later, MTT (5 mg/ml) was added

to test plates and the amount of formazan produced was
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- 37-
rconcentrati
iconcentrati
‘was neasured at each concentrati on as descrighed above.
set forth above, was determ ned by conputer assisted non-

bradsng gruat pamaofyeMear ri son
éhéhgﬂﬁlgh EB%CQ%bihBQX@FSIEEgEQYZ%9 282 ey aOlye

R

l

.app) ,
il east square

-(Morrison, i ochem "Bi o

phys

For determ nation of the inhibition of conpound 21, a saturating
strate of 200 uM was used. Between 13 an

3&g%&¥&#2hibitors were eval uated and the velocityqa

The apparent Ki

$98/04735
reaction

(Ki
i near

Exanpl e 3

“Anti viral actexptyseédcaspohadpzrcagaagstoﬂlﬁbtmananeprcdubedrencérug -and

4
r

WETTUW

AT R R R S R T L

SRR

AT YL I A mgh LNt iy e

NN e A%

virus strains: The CEM SS and

neDLALR,

agent on

.Di vi si on of Ahﬁ@

‘effects of eac

APl

.serum . From
tand seri al

naPr 56 P

uti1ons

%@n%%%?&g}

MT- 2

huna
and | 11B wer et5B2EPAcGeLLENCORPAAESSERe

N'f%eeC%telner ot egLi @

g T cel |

d Hl V-

i str%lns RF
eafnéﬁaanara Rgfanda P Jfa

1 replication were
reduction net hodcéAklrayioll 6 dtuglthacannereaesd 4Be 589C3©£a9£988))

Conpounds mere di ssol ved i.n DVBO at a
diluted 1: 2001PA™RERRUPECREGEIAR RPVERLEGHE e

e prepared

once

t f 40
s

%ggnkgﬁﬁhh wasygddedet gea186-wel | plate
I n Separate tubes,

8

2932 TalthA Jrd Rid ame
ndasur ed by the MIT dye

gg ghFaFObéylne

MI-2 cells

and CEM SS cebySOuekﬂcum@edﬂﬁgowmw&srﬁakduﬂaﬂdﬁ(asIﬂhéﬁbdﬁéantnatlon of
res ectlvel

o8t EpreRaBuPSPaRerl 45t ed

‘multiplicity of infection (m

concent ati on 6 PLeCT0Tar (T CerTER

uninfected, drug- free cells

0.1,

of 0.01 and O.
i Fol | owi ng a 4¢ ﬁHHrt§é§oﬂSFF@ﬁS§€rF§& PEFGEPERPRI ©

t&%dd \éqlgoeg;ge%nafpkﬁgg bogveqga ifki nal
' The therapeutic index (TI)

Si X

was

calculated by dividing the cytotoxicity (TCg,) by the

antiviral efficacy (EDsp).

Table 1

Antiviral Activity and Cytotoxicity Evaluations of Compound

21

in an Acute Infection of CEM-SS cells with HIV-1 RF

Compound

EDg
(nM)

EDgg
(nM)

(uM)

P-_—-_—_——-——_‘--———_—-—-—__.-—-——__—-—

Therapeutic
index *

21 34.2 154.1 96.6 2825
azidophymidine 52.3 543.1 >374.5 >7161
(AZT) '

dideoxycytidine 94.70 142.0 37.69 398
(ddc)
* Therapeutic index = Cytotoxicity (TCg) + Antiviral

activity

(EDsg) .
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fcells) or 7 days (Mr-2 cells) later, MIT (5 ng/m) was added to test plates
and the anownd oghoskpr mazan produced was -38- quantified  pcTAS9sN4T3s
{spectrophotonetrically at 570 nm Data were expressed as the percentage of
formazan produced in drug- treated cells -<Xfpared to formazan produced in
wel I s of uninfected, drug-free cells. The ED50 was cal cul ated as the
jconcentration of drug that increased theapgecentage of formazan production
in infected, drug-treated cells to 50% of that produced by uninfected,
.drug-free celdseiEyEot OK&:Eij{rYtérTgﬁ@) cy'fegtsﬁheﬁ tﬁ@aaﬁgttt{%n%%%e%"mg&@'u% of

Edrug t hat decreased the perceniage of rggzan roduced i n uni nfect
:drug-treated cells_tg 50%of that produc [.nh_unigfected, drug-free cells.
i The therapeutic i; eX™( Ff%ﬁagn%SFgﬁpﬁtgg @?'8i€ﬁgﬁﬁgwﬁﬁ8 EyVotoxit Bt y
(TClerr]) by th lviral efficacy (EDRQ) Tahle 1 Antjviral Actjvity and
1 Cytotoxicity Evhluations of Conpound 2§ in an Acutle I nfectiop of CEM SS

fcells with H V-l RoGeewadndl  ED5gEDSQ  EDgED95 TC5HC50 | TheFapeageut i c
£ (nM (nM ([err]lM (o)l NAex [ gnm) 21 (uM)
154.1 96. Z IOy T O e B55=3 S 74.5
>7161 (AZT) did 9470 142 Q0 37 69 39
1 (ddC) [err] Thefapeutic indek Cytotoxicity (TCgrr]) [err] jAntiviral
tactivity (EDerf43} 85.6 ND 92.6 1082
AZT 430.7 ND 109.4 254
ddcC 5924 ND 176.3 30

® Therapeutic index = Cytotoxicity (TC5q0) + Antiviral
activity (EDgg) .

As noted above, the compounds of the present invention
are useful for inhibiting HIV protease, which is an enzyme
associated with viral component production and assembly. An
embodiment of the present invention is a method of treating
HIV infection comprising administering to a host or patient,
such as a primate, an effective amount of a compound of
formula (9) or a pharmaceutically acceptable salt thereof.
Another embodiment of the present inventicn is a method of
treating AIDS comprising administering to a host or patient
an effective amount of a compound of formula (9) or a
pharmaceutically acceptable salt thereof. A further
embodiment of the present invention is a method of
inhibiting HIV protease comprising administering to an HIV
infected cell or a host or patient, such as a primate,
infected with HIV, an effective amount of a compound of
formula (1) or a pharmaceutically acceptable salt thereof.

The term "effective amount" means an amount of a

compound of formula (9) or its pharmaceutically acceptable-
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-39- Table 2 Antiviral Activity and Cytotoxicity Eval uations of Conpound 21
I n an Acut eyplg¥sipid;on of MI-2 cells with HV-1 111B Corrpoundchl.fi%sgé?lggég5 t'I
rr

RPN IR P

i ED[ err] err] Ther apeu (nM (nM ([e iC.
P21 ) 85. 6 ND -492. 6 1082 AZT :
430. 7 ND 109.4 254 ddC 5924 ND

176. 3 [err] Therapenat ciknderect SvbotexiahliKit TERA) HEQr plofRbicY fRlyijaGtvity
(ED50) As noted above, the conpounds of the present invention are usefu
“for inhrbitiﬁ@r@#vcﬁm99@§§§,Pﬁhﬁ@ﬂthgnaanénayﬁemhéyochahedspethfibrwose
“conponent progduct | d ol y. An_enbodi.nenf of.the. present invention
fisng nethog % ?é%§$?ﬁ§ ?F%Eﬁﬁ?é%??gnéSSHﬁgFggngoaﬁﬁ?ﬁié UPPREOPO TR host or
i patient, suchbesin Phérmpeutas &f Eﬁhi}é@téﬁguaffeété #eMpoupg eguE%fIU'b%
"(9) or a pharnmaceutically acceptable salt thereof. Another embodinent o

. the present ¢%§%ﬁm¥@ﬁdibYath%tn@utbtulaEaclngumﬁDSnceaps?s?ngnd?ﬁg?g%ber|ng
to a host or tient an,effective amount of. a conpound of formnula or a
pharnaceuticd? V' atée ?%ﬁ?%’s%?f fﬁ%?@g?: gp?u??ﬁﬁ?”@ 68Wh§h§?6fe§hethe
present invershed bp @dﬁ?ﬁb@QrQEibﬂh'btﬁéngohﬁyfpéﬁtS@§ﬁﬂceggghéangnd
administering to an HV infected cell or a host or patient, such as a

pri mate, irﬁégﬁe@ﬂ@@Yi@$@lﬂh@ﬁte@tepatvenanbahngotraatedpound akethpll Burlya

F (1) or a ph ut i cal acceptabl e salt.thereof. .The term"effective
: gn%unt" nea%%ﬁgﬁsa 6%%tk%?mbpﬁgﬁﬁﬁﬁﬁdlgfs}ggﬁﬁ|gr(g}vbﬁegtgoses)
phar maceut i cedbhya BES €Pt @Ds&ge level of from about 0.01 mg/kg to about 50

Jn e T IEITLE

AT TR e .

i,

mg/kg of body weight of a compound of this invention.

SRR A 8. A TN

Preferred daily doses generally are from about 0.05 mg/kg to
about 40 mg/kg and, more preferably, from about 1.0 mg/kg to
about 30 mg/kg.

R KT AT R Ao 4 R

The compounds of the invention may be administered by a
variety of routes, including oral, rectal, transdermal,
subcutaneous, intravenous, intramuscular and intranasal

routes. The compounds of the present invention are

preferably formulated prior to administration. Therefore,

1 another embodiment of the present invention is a

pharmaceutical composition or formulation comprising an

effective amount of a compound of formula (9) or a

pharmaceutically acceptable salt thereof and a

pharmaceutically acceptable carrier, such as a diluent or

BTN,

excipient therefor.

The active ingredient preferably comprises from 0.1% to
99.9% by weight of the formulation. By "pharmaceutically
acceptable" it is meant that the carrier, such as the
diluent or excipient, is compatible with the other
ingredients of the formulation and not deleterious to the
host or patient.

Pharmaceutical formulations may be prepared from the

compounds of the invention by known procedures using known-
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i-4 0- salt that is effective to inhibit the H V protease nedi ated viral

i conponent pwoolpgigssn and assenbly. The specific dose of conpethrdses/od7ss
radm ni stered_according to this invention to obtain therapeutic or
iinhibitory effects will, of course, be det&+i ned by the particul ar

t ci rcunmst ances surrounding the case, including, for exanple, the conpound
adni ni st er edandhzepddily @fvaadmbliestirgtriesii enttshe condagkiony betheng treat ed and

"the individual host qr pati entsﬂ being treated. An exenplary daily dose

" (admi ni st er ed°TROSAFGPDSH P i Wy &F SFeIes ) I Bty +hfo e Yo BloBedi eRtn
about 0.01 - X 0 : f.:aqdy. J,qhit . of : hi s

“invention. g?éngr Elga%gg% ﬁd(ﬁ?&ésl%g;&lﬁya \gde reoxgﬁ a oﬁc?ﬁg%%gr% k% to

i about 40 ny/ kgraneyr, more eprodfoaresb lwi t Hirora adesmiti ele 0 wiildg tigdy ab®uin 36he

{ ng/ kg. The c n?oun s of the_invention nmay be administered by a variety of

iroutes, incl 88' RgCbr & capsirla, sechitddemaner (0r  other suigakir aneous,
fintravenous, A} ul j ) G nds e

present i nveSti S are pr PSPLAT Fetiae, APt as SRR T St b

i Theref ore, aaoshéddenisediireril ief drhd igneisematienierdt ivini dis scthadsegeut i cal

i conposition or_fornulation conprising an effective amount of a_conpound of

Lformula (9) YFRASHRar RECSRLSRH 19F BHfier e adidiepfingrpdient.

i phar maceutic a p r.ri er, S j If\égqi i nient_.

i t herefor. Thghg%t'i \%gl%i %%?%&sg’?\:tl&ﬁgefcg?gb yalglo?rcpﬂrgl ses rogjm %. %f’%ptsg' 9%1.39]0/3 by
¢ wei ght of t hpoldemsl, alliomengds," phahsacsutdealdts acleipiialy e "'sudpdrss T@mad]

¢ that the carrier, such as_ the diluent or excipient, is conpatible with the
¢ ot her i ngredPBHE§16FSy h& A HANS i SYTHRE nASTRIRi%er (duS 194k Mostn ;@

|

| patient. PhaigBaeH! eali kil MY ialils A DLARRY Sty URAfi £OTROUS'S Of
i the invention by known procedures using known-
10% by weight of the active compound), soft and hard gelatin

t
% capsules, suppositories, sterile injectable solutions,
! sterile packaged powders and the like,

The following formulation examples are illustrative
only and are not intended to limit the scope of the
invention. The term "active ingredient" represents a
compound of formula (9) or a pharmaceutically acceptable

salt thereof.
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-41- and readily available ingredients. In neking the conpositions of the

‘ present |nv t the active ingredient wll usually be ad 4%

jcarrier, o S#@@%ﬂ by a carrier, or enclosed within a carrrg?§ﬂﬁ%$6 3?

‘be in the forn1of a capsul e, sachet, papegoar ot her suitable container.

. When the carrier serves as a diluent, it may be a solid, sem-solid or

L 1iquid matergglmyhiehoacis as a vehicle, excipient or mediumfor the active

~ingredient. us, e conpositions can be in the formof tablets, pills,
powders, | ozengesHasdcgelatinachpssles| axer prepaspdnasdang, téeulfeildrsying
sol utions, syrups, aerosols (as a solid or in a liquid nmedium, ointnents
(cont ai ni ng, ?%E d%SRBPe, up to 10% by weight of the active conpound), soft

-and hard gelatin capsules suppositories, %Q%ELE |njectable sol uti ons,

i sterile packaged powders and the like. The l owi ng formul ation exanples

.are illustrative only and are not intendédgfgapsuiel)t he scope of the

‘invention. The term "active ingredient” represents a conpound of formula

(9) or a pharmaceutically acceptable salt thereof. -42- Fornmulation 1

j Hard gel atinycapsul e géalgﬁgpared usi ng thig foll owi ng ingredients:
Cpantlty (mg/ capsul e? Active ingredi ent 250

¥ Starch, dried 200

§ Magnesium stearate 10

: Total 460 mg

Formulation 2

A tablet is prepared using the ingredients below:

Quantity
(mg/tablet)
Active ingredient 250
3 Cellulose, microcrystalline 400
: Silicon dioxide, fumed 10
Stearic acid 5
Total 665 mg

The components are blended and compressed to form tablets

each weighing 665 mg.
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?£

’Starch dried 200 Magnesium stearate 10 Tota
;460 mg For miyalos@pss?d A tablet is prepared using the ingredi enpgTRRhOHNT3S
antity (ng/tablet) Active ingredi ent 250 Cel | ul ose,
jmicrocrystal line 400 Silicon dioxide3-funed 10 Stearic
gacid 5 Total 665 ng
iThe conponentsranf dd eslesl and conpressed to formtabl ets each wei ghi ng 665

. -43- Formul ation 3 An aerosol solution is prepared containing the
foll owi ng conmpoggn hg (VIS

Aot hanol RENES ol IR 1AR L 0K g %&%%{OpelﬁgﬁF%i?lng the folkding

i Chl or odi f | uor onet hane 74.00 Tot a

1100. 00 The adtq RO und is mixed with ethanol and the mixture added to a
fpoortion of the propellant 22, cooled to -30[ and transferred to a
#filling device. The required amount is then Ted to a stainless steel

jcontainer and diluted with the remai nder of the propellant. The valve units

?gre t hen fltﬁingéétiﬁagg talger. For mul ati on 40‘25

Methanol 25.75

?5 Propellant 22
(Chlorodifluoromethane) 74.00
Tota 100.00

The active compound is mixed with ethanol and the mixture
added to a portion of the propellant 22, cooled to -30°C and
transferred to a filling device. The required amount is then
fed to a stainless steel container and diluted with the
remainder of the propellant. The valve units are then fitted
to the container.
Formulation 4

Tablets, each containing 60 mg of active ingredient, are

made as follows:

Quantity
% (mg/tablet)
; Active ingredient 60
g Starch 45
% Microcrystalline cellulose 35
5 Polyvinylpyrrolidone
% (as 10% solution in water) 4
2 Sodium carboxymethyl starch 4.5
; Magnesium stearate 0.5
Talc 1
Total 150
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{Tablets, each containing 60 ng of active ingredient, are nmade as foll ows:

jQuantity ( I Active ingredient 60 St {CQJZU
45 M crocrgg'{é\?qg‘f(ﬁé‘) cel | ul ose 35 Pol yvi nyl pyrrol i doneq; SPB9a735

solution in water) 4 Sodi um car boxyggthyl starch 4.5 Magnesi um
Stearate 0.5 Talc 1 Tot al

1150 - 44, The.actd yﬁlémm@,ntsdtﬁ@,{ Cghﬁw;/ef%i&égs&érﬁaggléﬁfg}ﬁ}%&ﬂgh

ta No. 45 mesh U. S. sieve and m xe or oug e aqueous” so
jcont ai ni g pod y 4 fythesh rdl 3 donieves arid edixed hehdmwougsly t anTheosgeeouand t he
im xture theqr;l assed through a No. 14 nesh U, S. sjeve, The granules so

I S, ;
foroduced &% RNEHERY CUNT PHERFEP HRE o R ded peskh LEBe sj eve.
The sodiu POXY; t , el I i Qusly
passed t hriscan ko Paiem Ml HE MG SRS B0d! EnBLEK 8150
iwhi ch, aftler mest g, S areieonpr eEsedrahul dabd@tprediced dpeydeiddt abl svec

each wei ghi ng 150 .. Formyl ation 5 Capsul es, each containing 80 ng of
jactive i ng’r’égi%"’l‘ﬁs,e TR &5 Nl 1 Idhdie st dnt S t ySYHTP capShf efOAL Ry e

11 ngredi enteaypoxymethyl statth Mhadflim stearate and talc, previogdi{¥
passed through a No. 60 mesh U.S. sieve, are then added to the
granules which, after mixing, are compressed on a tablet
machine to yield tablets each weighing 150 mg.
Formulation 5

Capsules, each containing 80 mg of active ingredient, are

made as follows:

Quantity
{mg/capsule)
Active ingredient 80 mg
Starch 59 mg
Microcrystalline cellulose 59 mg
Magnesium stearate _2 mg
Total 200 mg

The active ingredient, cellulose, starch and magnesium
stearate are blended, passed through a No. 45 mesh U.S. sieve,
and filled into hard gelatin capsules in 200 mg quantities.
Formulation 6

Suppositories, each containing 225 mg of active

ingredient, are made as follows:

Active ingredient 225 mg
Saturated fatty acid glycerides 2,000 mg
Total 2,225 mg

The active ingredient is passed through a No. 60 mesh U.S.
sieve and suspended in the saturated fatty acid glycerides

previously melted using the minimum heat necessary. The
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M crocrystal line cellul ose 59 ng Magnesi um stearate

12 ng Total wo 98/40357 200 ng The active i ngr edCIMUS98/04735
icellulose, starch and magnesium stearate are bl ended, passed through a No.
145 nmesh U.S. sieve, and filled into hard4gel atin capsules in 200 ny
qquantities. Fornmulation 6 Suppositories, each containing 225 ng of active
i ngredi entnixanaeade tdserd @dduwed Acto we sugpesti ety mold of nominal 2 g
225 ng Saturated fatty acid glycerides 2,000 ng Tot al

2,225 ny FREEEHR anhgehvsl 3 §RR%ed through a No. 60 mesh U.S. sieve
and susper%%q:qn ';lnag.tbq,l spturated fatty acid glycerides previously nelted
tusing the necessary. The -45- mxture is then poured into a
jsupposi tory nolghgfermitms) Sach camacatyimmds@lhgwell 4ot toel ingoedikati on 7
jSuspensi ons, each containing 50 ng of active ingredient per 5 m dose, are

{made as f @eTovs MAGQSR 3R deadmtas follows: 50 ngy Sodi um

tcar boxymethyl. celll : 50 ng Syrup

1.25 m Bt@rﬁ%g |\€e aci és‘g T t;'on 051% nﬁ? Fl avor

19.v. Col orsodium carboxymethyl cellulose sovingPurified water to tota

{5 m The active ingredient is passed through a No. 45 nmesh U. S. sieve and
1ni xed wi t BYERE sodi um car boxymet hyl cel | ul ose ant#Ps§+up to form a snooth

tpaste. Thefenzol ¢, agh d; AL sQN. 0.10 ml
Flavor qg.v.
Color g.v.
Purified water to total 5 ml

The active ingredient is passed through a No. 45 mesh U.S.
sieve and mixed with the sodium carboxymethylcellulose and
syrup to form a smooth paste. The benzoic acid solution,
flavor and color are diluted with a portion of the water and
added, with stirring. Sufficient water is then added to
produce the required volume.
Formulation 8

An intravenous formulation is prepared as follows:
Active ingredient 100 mg
Isotonic saline 1,000 mL
The solution of the above ingredients generally is
administered intravenously to a subject at a rate of 1 ml per

minute.
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§ifl avor and color are diluted with a portion of the water and added, wth
istirring. Syfficient water is then added to produce the requif .
For mul at i onwé)d,&%oﬁit ravenous forrulation is prepared as foll B’éﬂjsﬁé}{"ﬁg{
jingredient - 100 ng Isotonic saline _44- 1,000 nL The solution of the
jabove ingredients generally is admnistered intravenously to a subject at a
irate of 1 W@ggtqbgu@e. -46- Fornulation 9 A tablet is prepared using
the ingredients below. Quantity (ng/tablet) Active ingredient

292 ng cal ci umasitlabdatte is prepared usingl4fheny reyrmesicatttonselow:

146 ng Magnesi um stearate 5 ng Tot al

{589 ny -47- W claim 1. A conpo@@f%he formula (9): wherein:
l[err] Rand Rerr] are independentlyjﬁﬁégégﬂggy(nnFt a substituted or
funsubstituted al kyl-CR[err] group, ac yT - group substituted with a
(err]-Caetijpe dhgreldigntup cr a (Cerr] 2G2emdg )al kyl - OH group, a
'hezerocycIc%l rooup substituted with a (C[qus-ageﬁr])alky

ium silicate

crospovidone 146 mg
Magnesium stearate 5 mg
Total 589 mg
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‘group or a (Cerr] oup, an alkyl-NRerr]R err] group, cr
tan al kly-S( &)0 ﬁp@gm"u"mﬂmmm n Rerr] is H a substi tygGGsoRfngrss
;unsubsi t ut ed greup;, or an ac group; R err] and P[err] are each

i ndependent | y sel ected fromH, substl tutgg or unsubstituted al kyl,

»cyclcal kyl, heterocycle, and aryl croups, and acyl and sulfonyl groups;

‘R err] |swg| clzgHbstituted or unsubstituted al kyl, cyl oﬂm', | e,
‘or aryl group; and x and Y are each independently sel ec ,Hm& g}ﬁm
not hi ng;" or a phar macewrpsaind cfc céyet dvimnda t(Or: sol vate thereo e A
conmpound according to claim1, wherein Ris H or a pharmaceutically
acceptable salt or solvate thereof -48- 3. A conpound according to

.claiml, wherein when at |east one of Rand err]JRis an al kyl -OR[err]
fgroup, Rlerr] is H or a pharnacewigal lp Re salt or solvate

-thereof 4. A compound accoypdi ngl tojcl herein when at |east one of
‘R and Rlerr] is an alkyl-ORerr um S | OR[err] group is
selected from-C (CH err])CH er l'¢:H( e [ err] OH,
«-CH[err]CH[err]O—I -C(CH err])

i(CHerr]OH[err],-C(CHerr])[err]-OCH err]- O rl-C(CHerr])[err]CH err
¥] OCH err] C(CH[err])[err] CHerr]-Oayd,

-C(CH err])[err]-S-CHerr]-OCHerr], C(CH[err])[err]-S—CH[err]-C—CH[err],
C(CH[err] e err] - O acyl , C(CH[err])[err] S-CHerr]-OCHerr],-C(CH er
1)[err] CH S CH eid & g‘x‘[éarlrr]dep@identﬂr aphasvmseptbral] va agﬁﬁgéﬁ{?héeém t
r solvate thereof. 5. A conpound accordl ng to claim 1" wherei n when at

east one cof WRsuIBtRtUted ayoilcdlRvglrogpoup syiodoatliydd gxicup a

P(Cerr] AR lIAls R e 2l E ] 812 K e P 9u9u8n 28 ¢

cyclclakyl
group, a heterocycle group substituted with a (C,;-Cq)alkyl

ir
i 0
iy

R VL S L X L S

group or a (C,-C¢)alkyl-OH group, an alkyl-NR,R; group, or an
alkyl-s(X) (Y)R, group,
wherein
R, is H, a substituted or unsubsituted alkyl group, or an
acyl group;
R, and R; are each independently selected from H,
substituted or unsubstituted alkyl, cycloalkyl,
heterocycle, and aryl groups, and acyl and sulfonyl

groups;

§ R, is H, a substituted or unsubstituted alkyl, cycloélkyl,
! heterocycle, or aryl group; and
i X and Y are each independently selected from =0 and
nothing;
or a pharmaceutically acceptable prodrug, salt or solvate
thereof.

2. A compound according to claim 1, wherein R is H, or

a pharmaceutically acceptable prodrug, salt, or solvate

thereof.
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1 — ce—
§group Is selected from [err] or i | y acceptable salt or
isol vate thereof. 6. A corrpoundmnmmnm ﬂﬂulﬁ* im1, wherei Q},rﬁygg/n Al
1 east one OWQ?SA‘WBMR[ err] is a hetertcytl é gfoup substi uted Wi 047

(Clerr]-Clerr})al ky] group cr a (G -Cergglal kyl -CH group said heterccycle
group is selected from [err] wherein Rerr] is H a substituted O

unsubstituted of kyl o GuGRALINA o NELEIQEY AP LAY HOHDI, indh 2EY! O

sul fonyl -4 roup, a pharmace y dccept € sa vat e

thereof . - TeastA RMEUIN aer ®diing & LlaimdR, wheugi,nrsaid gpmeeuad has
the formula 21: H[err] or a pharmaceutically acceptable salt or solvate
t her eof . ®harmgasmiisiald Yacasrahtidlieo RUQHTHD, Shid 9 SPEYRTFE ckrg¢reaia

cycl oal kyl groyp substituted with a .gaerr -GJerr])al roup or
g( Cerr]-Cerr] ;ia‘l kylgi _ﬁgméjroéltflrﬁ%Mascé:lod:%l otac} k_cic/"il[alg“r1 o]?u'p Vi’l&g Ié%f%c%%nf? m
[err] or ackhar MmreWs caldnd acceap all e1sa)l-ox, sebval e shhier eQfky12or, A salt
according to claim1, having the formula (9b): [err|] 10. A pharmaceuti cal

conposi t i @¥osmnprs sledgetEd Laenef-fREH:Y eCRaM Nt~ C8F (@B, of CRIGHAHL; and
Compos: 11 o CobiE B S LA R St S s e b P 7 and
' -C(CH,) ,CH,-0-acyl, -C(CH,),-S-CH,-O-CH;, -C(CH,),CH,-S-CH,-0-CHjs,

¥ -C(CH,) ,-O-CH,-S-CH;, -C(CH;),CH,-0O-CH,-S-CH;, and -C(CH,),CH,-S-
i acyl, or a pharmaceutically acceptable prodrug, salt or

i solvate thereof.

5 5. A compound according to claim 1 wherein when at
least one of R and R' is a cycloalkyl group substituted with a
(C;-C¢) alkyl group or a (C,;-C¢)alkyl-OH group, said cycloalkyl

j group is selected from:

CH; CH:0H

CHs CH, CHs CHOH  CHs CH,0H
A TSR N A SITHS

or a pharmaceutically acceptable prodrug, salt or solvate
thereof.

6. A compound according to claim 1, wherein when at
least one of R and R' is a heterocycle group substituted with
a (C;-Cq¢)alkyl group or a (C;-C¢)alkyl-OH group, said

heterocycle group is selected from:
HsC HsC HsG CHs
S
O’ S! 3 S »
HaC CHy  Hec Rq CHs HaC
(0] N/
R 0~ , —Ry» and —Ry

wherein R; is H, a substituted or unsubstituted alkyl,

cycloalkyl, heterocycle, or aryl group, or an acyl or sulfonyl
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{b) a phar rraceuticallyna ﬁit T e carrier therefor. 12. Use of an
effective a nt co AE‘ ﬂltuﬂuor a pharmaceutically
;Ealt or sol \r/@;éegsf‘ﬁ@eof m C' LIH}I ls *8re of a nedi canment forp%ﬁﬁﬁ%@?’%?’gg

H V protease. - -50- 13. Use of an effeggive anount of conpound of claim
Y or a pharnmaceutically acceptable salt or solvate thereof in the

fgranuf act ur a di,c LnhLBLLI ro 4, onpound
‘accor di ng §58%Péi§?1? %ﬁ??ha%§§t§%%3?5{f oéﬂ%éééﬁié¥§§§%o’Jigigxggnpound
hccordi ng selohaentherwbicch has a purity of at least 95% 16. A conpound
pccording to claim1, which has a purity of at |east 97% 17. A conpound
Eccordi ng to cl irm 12 GRIERURES agceFAing & fl13idust, ggwrain saidonpound
ccordi ng | i.ch purity of nmore than 90% 19. A conpound
accordi ng {:§m§}>§{n§ gésﬁ%’%hfﬁgg’ugapérli'ty of at least 95% 20. A conpound
nccording to claim7, which has a purity of af least 97% 21. A conpound
according to claim?7, which has a purigp, ef & |least 99% 22. A

bhar maceut i cal conposi tion accdf&li 0 cl§{'75?;0Wherein t he conpound has
A purity of nore than 90% ) conposition according to
il ai m 10, wherein the conpoun Hat | east 95% 24. A

'phar maceuti cal conposition acc 0, wherein the conpound has
@ purity of at least 97% 25. conposition according to
cl ai m 10,

A phaf maceut i

or a pharmaceutically acceptable prodrug, salt or solvate
thereof.
8. A compound according to claim 2, wherein when R' is
a cycloalkyl group substituted with a (C,-Cg)alkyl group or a
(C,-C¢)alkyl-OH group, said cycloalkyl group is selected from:
CHOH CHs CH,OH

KA Y

or a pharmaceutically acceptable prodrug, salt or solvate

thereof.
9. A salt according to claim 1, having the formula
(9b) :
oN
H Me O gsih Y R .CH;SO3H
O\@’"NH NN g
OH
H
9b

10. A pharmaceutical composition comprising:

(a) an effective amount of compound of claim i; and
(b) a pharmaceutically acceptable carrier therefor.
11. A pharmaceutical composition comprising:

(a) an effective amount of compound of claim 7; and
(b} a pharmaceutically acceptable carrier therefor.
12. A method of inhibiting HIV protease, comprising

administering to a host an effective amount of compound of
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2wty of oAy J!llﬂll Hlﬂ

wherein the corrpound has a ur|t of at Ieast 99% -51- 27. A
Hlug claim 11, wherein the conpound has
ceutical conposition RIWBRYT360

claim 11, wherein the corrpound as a” purécqy of at least 97% 29. A

;a purity o

iyl ot e

pharnaceutlcal conposi tion accordlng to <iaim1ll, wherein the conpound has
; east 99# A u%g accordln% to clajm12, wherein the
conpound Ra8*® pufft§ & ar]FB‘raé:eluﬁéﬁ 6% agfePtablgspro é’@r'dlsﬁg}tt &kl aim 12,

wherei n tBg1¢arROwRdRas a purity of at |east 95% 32. A use according
to claim12, wherein the conmpound has a parity of at least 97% 33. A use
accordlng to clLdi.m R2menhedeiof tindibdbrpagnHINapratparsiet,y cafmpti dierst 99%

A us accordln to clgeﬁlls wherein the conpound has a purity of
rmre t han® 5‘%‘1§§em GSe2 BOEGr APn§LESCELYRnRTSUNfh SleicrmBRiKbRfound has

a purity ehadh be%§ta9§%5r%@ceuéch§%y %%%%bghﬁgetﬁr%hﬁb. 1%@.%@%&?'” the

conpound has a purity of at |east 979 use” according to aim 13,
wher ei n t Belvatpotheérkas.a purity of at |east 99%

14. A compound according to claim 1, which has a purity
of more than 90%.

15. A compound according to claim 1, which has a purity
of at least 95%.

16. A compound according to claim 1, which has a purity
of at least 97%.

17. A compound according to claim 1, which has a purity
of at least 99%.

~ 18. A compound according to claim 7, which has a purity

of more than 90%.

18. A compound according to claim 7, which has a purity
of at least 95%.

20. A compound according to claim 7, which has a purity
of at least 97%. .

21. A compound accordiﬁ% to claim 7, which has a purity
of at least 99%.

22. A pharmaceutical composition according to claim 10,
wherein the compound has a purity of more than 90%.

23. A pharmaceutical composition according to claim 10,
wherein the compound has a purity of at least 95%.

24. A pharmaceutical composition according to claim 10,
wherein the compound has a purity of at least 97%.

25. A pharmaceutical composition according to claim 10,
wherein the compound has a purity of at least 99%.

26. A pharmaceutical composition according to claim 11,

wherein the compound has a purity of more than 90%.
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e,

woswacer | I HNILRYR

wherein the

wherein the

has

has

has

has

has

27.

" wherein the

28.

29.

30.

PCT/US98/04735

-51-

A pharmaceutical composition according to claim 11,

compound has a purity of at least 95%.

A pharmaceutical composition according to claim 11,

compound has a purity of at least 97%.

A pharmaceutical éomposition according to claim 11,

A method

compound has a purity of at least 99%.

according to claim 12, wherein the compound

a purity of more than 90%.

31.

A method

a purity of at

32.

A method

a purity of at

33.

A method

a purity of at

34.

A method

according to claim 12, wherein the compound
least 95%.
according to claim 12, wherein the compound
least 97%.
according to claim 12, wherein the compound
least 99%.

according to claim 13, wherein the compound

a purity of more than 90%.

35.

A method

has a purity of at

has

has

36.

A method

a purity of at

37.

A method

a purity of at

according to claim 13, wherein the compound
least 95%.
according to claim 13, wherein the compound
least 97%.
according to claim 13, wherein the compound

least 99%.
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