WD 2006/ 083553 PCT/ US2006/ 001692 1 DI KETO ACI DS W TH NUCLEOBASE SCAFFCLDS:
ANTI - H V REPLI CATI ON I'NHI Bl TORS TARGETED AT HI V | NTEGRASE RELATED '
APPLI CATIONS 5 This application clains the benefit of priority of U'S

pat ent appWoCae6/8s5531/ 047,229 filed January 31, 2005, Pﬁ@“@ﬁ%ﬁ@@ﬁ? of whi ch
is incorporated by reference herein. ®he work leading to the instant patent

appl i cati on WapIREMEPACTOS WITEANUCLEDBASHSCAFFONDS: ANl | nstitutes
of Health, award nunber A143181. The United States 10 governnent retains

certain right SRERLIGATIOPNEYHIBITORS TARGREEDA T HIV| Erhe hunan

i mrunodeficiency virus, H'V, encodes three key viral enzymes through its
pol gene and these enzynes are critical for the replication of this virus

[ Fauci, Sci e 5 -822 (1988); Katz & Skal ka, Annu. Rev.

Bi ochem , Gwﬁ@émog ankel, Annu. Rev. Biochem, 67, 1-25
(1998)]. For_this reason, these enzynes of the pol gene_have _been targeted

as pot ent i alThi application glaime the beneb OHBR/ItY 9Fdhe. Ritentapphsatioy 1l 47,229
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D scovery, 11, 13-25 (2002)]. 20 Drug discovery involving two of these

enzynes, HLlV . reverse transecri.ptase nd. HV prot e (P and
subsequent Y cggﬁeagﬁg' °ct§ i“%ﬁ\asn% 81"1&]?(')-#8%6%10{1%?ﬁ?ﬁﬁ%;&éﬁpg%ﬁéﬁ% in
conbi nafkd@Nthe NatRAN TRtitdtese of I'EcIthE Atvaff naGled M43 18MunvBke fihdiednSitesyndr one
(AIDS) and AIDS related complex (ARC) in HAART (highly-active

antli0 etgaygmment retpins £exain pights in thedBeatialy t hat t hi s net hodol ogy of targeting
key viral enzymes represents a useful approach 25 in antiviral chenotherapy
[ Johnson & CGerber, in "Advances in Internal Medicine," vol. 44. Mbsby: St.

Louis, 1-40 ége%%?ﬁﬁg%gﬁfﬁ]“ d?@Vi ews: Drug Discovery, 11, 13-25

(2002); Ml Ier rren I'mron in Mcrobiology, 4, 535-539 (2001);
Asant e- Appi.gh .& Skal ka, Adv. Virus , 52, 351-369 (1999): ir,.in
Recent Ay aeduma mgopdEcionly iR s popd I Ko Y RgyPnes B or

Sci enceijts phtdané b iese Qﬁgmje@@re( &a5b3) for I8k FPhitAion Gf thidtvisus JFauBi, Seiape, Cel |

Bi ol . 36, 1800-1822 (200 .. Wile HV RT_and HV PR have been extensively

)
st utfi ed23f, OA7-683 (EBB):t Bate e rSkeliat Har. RemeBiogham, 6hz133=1TF (1994); Jornkgbne,
Annu. Rev. Biochem., 67, 1-25 (1998)]. For this reason, these enzymes of the pol gene have

been targeted as potential sites of attack in the development of HIV antiviral
chemotherapeutic agents [De Clercq, J. Med. Chem. 38, 2491-2517 (1995); Clin. Microbiol.
Rev., 10, 674-693 (1997); De Clercq, Nature Reviews: Drug Discovery, 11, 13-25 (2002)].
20 Drug discovery involving two of these enzymes, HIV reverse transcriptase (RT) and HIV
protease (PR), and subsequent clinical applications of some of these therapeutic agents in
combination therapy for the treatment of acquired immunodeficiency syndrome (AIDS) and
AIDS related complex (ARC) in HAART (highly-active antiretroviral therapy) have
suggested that this methodology of targeting key viral enzymes represents a useful approach
25  in antiviral chemotherapy [Johnson & Gerber, in “Advances in Internal Medicine,” vol. 44.
Mosby: St. Louis, 1-40 (2000); De Clercq, Nature Reviews: Drug Discovery, 11, 13-25
(2002); Miller & Hazuda, Current Opinion in Microbiology, 4, 535-539 (2001); Asante-
Appiah & Skalka, Adv. Virus Res., 52, 351-369 (1999); Nair, in “Recent Advances in
Nucleosides: Chemistry and Chemotherapy,” Elsevier Science: Netherlands, 149-166 (2002);
30  DeClercq, Intl. J. Biochem. Cell Biol. 36, 1800-1822 (2004)]. While HIV RT and HIV PR
have been extensively studied with respect to therapeutics, the third enzyme of the pol gene,

HIV integrase, has received much less consideration [Miller & Hazuda, Current Opinion in



H V i ntegrase, has received nuch | ess consideration [MIler & Hazuda,
Current Qpinion in WO 2006/ 083553 PCT/ US2006/ 001692 2 M crobi ol ogy, 4,
535-539 (2001); Nair, Rev. Med. Virol., 12, 179-193 (2002); Nair, Current
Phar maceut WO006(88355n, 9, 2553-2565 (2003)]. At present PEREB20gPM690 dr ugs
in clinical use for H V/ Al DS where thé nechani smof action is inhibition of

HV i | ' ] in of 5
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( 1999)Pharmpcatitad Design29,§i563-286v(2008)).us Res., 52, 319-333 (1999)]. It is

i lved in, the i £ f . H.V i.nt t cell .
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it is an attractive target for the discovery of inhibitors of therapeutic

potient3'#nd of ghe pebsprs bhsaste-Hppiah & Skilka,nddy. HEme Resr.o?bsdHaI6IDNARPK the cel |
nucl e a . i S L (o] I Lfically defined
Coquerigb8 s e, b REHAL o PRESAS o S e IR RdarfiRinel ot o
react i AW D[N%Cr &ivd ﬂtelhbgﬂ ﬁllvdartﬁhedohﬁ. dezuse ‘:i))ﬂtggt?ggas ng glﬁauang) i Iointerpaft aﬁn&ﬁ99) ;
Esposito & Craigie Ady irys Res., 52, 319- . Prior to e

i ni ti abgoase ligrays e ﬁlﬁtl%qnéﬁ;is ﬁ}R prpleting the pussion %f(téggw wl&e?khyrlﬁ‘}, DNA,

previ ogsly .Rr e i i e 1 H V

Pt egrhes) sl AaGER BEhC IS Mo aih@RcCh BLMBe 3 BefaoARELE Y] i ng
asEkenbl y oflnearperhtidd BV DiNAeirt@best clirhmogomuat ©3NA iythefcell nneleu¥dtalyzedcur s

where there is site specifjc endonhucl e,activity.and two nucl.eotides are
cl eavelitﬁy qerase Weg&gﬁcgﬂg@asg@%ca@y%g@gﬁec 3 'Worggﬁmfgl\%%?g’n&goduce t he
tai | or gl streficirarshyy inRBAJSA Feaclins [WBarieLApBiah i6ISHaled) O b Pk Besy S28851-nal

For this initial 3 -processi ngastep, 20 integrase-apparently

CAOH 3' . 0

act i va3@S(1991; Bsnesith&drrigie Adp ofitusthesm pas3 191383« AYW)]. Theor tecthe mitiationr 31 DNA
ar T PR = j ( |

t hr oucht B fihridor Fo086, theke 1D Seddfibly ot Ak DA HrbviGy pRMoldIol DT B0
t hE5 3' trffiscriptidnpén thedntegrasd. BNA ifitegrasermacdgaizph secificaseteanicedin thad TRs of

phosphadi r nd.in the host . I n _t.he subsequent step,_. re i s

cl eavaﬁ'@lgﬁ&&- ép WPW ??B?Pb]ﬁl\?ilvé‘fg‘d\lﬁm% og i g%?%wesé?gt‘ﬁfe‘”f%irﬁh’%g of

pr ocessRrsAPhere Reteds sité EtciffdhdemifealedactiPity Bud BRI RS Atclédved BEF host

DNA. Finally, there is repair of the resulti ngl %a&ped i nternedi ate nmedi at ed
ey

by hosfromeath ¥rend eédhe doub jeal airaldPNAHe prodpes redhvisy) 2N A reagsserls o
oSS b{)f two nucleotides and bearing a terminal CAOH-3'. For this initial 3’-processing step,

20 integrase apparently activates the phosphodiester bond towards cleavage. The recessed viral
‘ DNA thus produced is joined in the next step to host cell DNA in the nucleus through a trans-
esterification reaction. In this step, integrase positions the 3'-OH end of the viral DNA for
nucleophilic attack on the phosphodiester bond in the host DNA. In the subsequent step,
there is cleavage of 4-6 bp in host DNA and the coupling involves the joining of processed
25 CAOH-3' viral DNA ends to the 5'-phosphate ends of the host DNA. Finally, there is repair
of the resulting gapped intermediate mediated by host cell enzymes, although a role here for

the integrase is also possible.
A variety of compounds are inhibitors of HIV integrase but some of these compounds
are non-specific inhibitors of the enzyme while evidence suggests that others may possess
30 some specificity. The various classes include nucleotides, oligonucleotides, dinucleotides,
and miscellaneous small molecules including heterocyclic systems, natural products, diketo
acids, sulfones and others [Nair, Rev. Med. Virol., 12, 179-193 (2002); Nair, Current
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nol ecul es including heterocyclic systens, natural products, diketo acids,
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class of previously studied conpounds that are post directly relevant to
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only ransfer he I ntegrase’i nhibition data have been
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H V-1 integrase inhibitors,"

[ 2 J. Med. Chem 45, 3184-3194 1 02).
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der i vatdikees a¢ids, Hl Y- Biol.nChat.a2% , 12596312608 5(2002); Skétd, M.Cei eht “Design &@D8- 5310

(2004); Zhang,. et al., "Azido-containing ar -keto acjd. H V- i nt egrase
i nhi bi (yRtaesis ﬁ@bj?lg‘?d%%&é%‘d%ﬁ% ?Cl‘ig?‘?".ahg%ﬁas sfi i@aw%ig)WFs= &1 e

publ i cathenns7 829853t Q204RAZRING, ©f aREFARIIEcONtainil A biy? FRES dcl HIVSL pat ent
application. The mechani smof inhibition of HWint eﬂr ase by di keto_ acids may

be t he integraerinkibitors,’tRioaxet Mek Eern hest. flani&lPdRAP (2A08pOther pubdisetions ihounds

W t al _ions.in.th jve.site. of i e, resulting in a functional
se&gegﬁﬁ%ﬁrleaogegfp?@ixgrél %?%tt{ofl%gﬁ korr@?%ﬁ%o#%@?%u?’g' [ Gobler, J. A, et al.,
Proc. Nat! . TAE atbch®idm obirhiditio® 9f HEV Gite@aseSby aikefd) dcidsAflayf be tiskuleiof ect | y
rel ated patents to this application are: Selnick, H.L G, et al,, él\/brck &
Co. Lt dntyractiqn @fiihe Smchenaberayps pp dese egymronds wih mqtaliensoin the 2dive sHe 8% obut yri ¢
aci ds : J W] e TMAY - ; ., et

o (NEBghe bk o b MRUDEA SodtB i O frese AP eF b adB T olr

4- aryl -&, et-adli BroobNat) cad.a%+. dJ. s 9% H661-666612862)].

20 The most directly related patents to this application are: Selnick, H. G. et al., (Merck

& Co. Ltd.), “Preparation of nitrogen-containing 4-heteroaryl-2,4-dioxobutyric acids useful
as HIV integrase inhibitors,” WO 9962513; Young, S. D., et al., (Merck & Co. Ltd.),
“Preparation of aromatic and heteroaromatic 4-aryl-2,4-dioxobutyric acid derivatives useful
as HIV integrase inhibitors,” WO 9962897, Fujishita, T., et al., Yoshinaga, T., et al.
25 (Shionogi & Co. Ltd.), ‘“Preparation of aromatic heterocycle compounds having HIV
integrase inhibiting activities,” WO 0039086; Akihiko, S., (Shionogi & Co. Ltd.),
“Medicinal compositions containing propenone derivatives,” WO 0196329; Payne, L. S., et
al., Merck & Co. Ltd.; Tularik, Inc.), “Preparation of 1,3-diaryl-1,3-propanediones as HIV
integrase inhibitors,” WO 0100578; Egbertson, M., et al, Merck & Co. Ltd.), “HIV

30 integrase inhibitors,” WO 9962520.
Some of the patents cited above are closely related. However, none of the patents or
publications describe the class of compounds according to the present invention. In

particular, compounds according to the present invention have a nucleic acid base



as HV integrase inhibitors," WO 9962897; Fujishita, T., et al., Yoshinaga,
T., et al. 25 (Shionogi & Co. Ltd.), "Preparation of aromatic heterocycle
conmpounds _havi n,% HI V i nt egrase inhibiting activities,” W) 0039086; AKki hi ko,
S., (Shi on¥9R200%/0853 Ltd.),  "Medicinal conpositions corﬁcé'l’f?ﬁz%‘/‘}ﬂi@f)enone
derivatives," V\00196329 Payne L. st et al., (Merck & Co. Ltd.; Tularik,
I nc.) (nucPe!bS&% Edfﬂﬂd 0%hﬂeh3lsd b feMhireedt Fﬂno?@t%ﬁﬂ ety afd RiMch '\Mse%ﬁse

i nhi bitors, 0578; Egbertson , (Mérck & Co. Ltd.), "HV 30
i nt egrpéﬁé’@uﬁhhpqs’lgm@ﬁb " WD 9962520. Sorre of the patents cited above are
closely rela h t I r|be t he
class of co oun \ggﬁ%r%f%glﬂg%c&?‘ﬁ%e C%rf sen‘gg ifers]%br?fl R)ré\ﬁ@&s &@&[I cu

conpo pablicate:airel slmgvﬂ belowe Thep amrrbprbsmamrc ofithe dest of tlwpﬂeeiouslgcmbmﬁs e WO
2006/ 083553 PCT/ US| 06/ 001692 4 _(nucle scaffold, which is a
requi reiHeifars. 1 Sheypghibiithe strang trapsis em@ﬁi@?l%aseﬁﬁ%bahg?wéw%m zed.

St r uctghr 65, af: h BEBR I BRcedf pifpaedstgiescri bed in previous patents
and pub |8’%tnll%ﬁi;ﬁoare shgg/n E%ngw Tﬁey are representative of the best of
the previously known 5 inhibitors. They inhibit the strand transfer step in
the HV integrase assay but do not Lcant inhibition of the

3' -processing step of int egr&égﬂgﬁﬁﬁﬁ%?‘a’vﬁt‘{ﬁ anti-HV activity data F \
C2HN1 O16~ 02H N~ OF 10 Conpd. No: S-1360 L-731988 1-708906 I|C50
(M: 0.14* 1.0 5.5** CC50 (M: 110* Not G ven 88.3** her apeuti ¢ | ndex

—

786* Not G ven 16** Patents: WO 0196329 WO 9962513 962520 15
Publ i cations: Hazuda, D. J., et al., Hazuda, D. J., et ., Science 287,
646- 650 Sci ence 287, 646- / \
F
—-NH
10 Compd. No: S-1360 L-731988 L-708906
ICso (pM): 0.14* 1.0 5.5%*
CCso (M) 110* Not Given 88.3%*
Therapeutic Index  786* Not Given 16%*
Patents: WO 0196329 WO 9962513 WO 9962520
15 Publications: Hazuda, D. J., et al., Hazuda, D. ], et al.,
™ Science 287, 646-650 Science 287, 646-
650
(2000) (2000)
20 * Anti-HIV-1 data of Yoshinaga et al from Proc. 9* Conference on Retroviruses

and Opportunistic Infections, 2002 (no 8, p 55) cited by DeClercq, Int. J. Biochem. &
Cell Biol,, 36, 1800-1822 (2004).
** These in vitro anti-HIV-1 data were reported for compound L-708906 by the
DeClercq laboratory [Pannecouque, C., et al., Current Biology, 12, 1169-1177 (2002)].
25

However, the class of compounds described by us in this invention is not only
significant because of the strong inhibition of both the 3'-processing and strand transfer steps
of HIV integrase, but also because of its enhanced potency and therapeutic index as

evidenced by in vitro anti-HIV activity, Critical in the design of our compounds is the



650 (2000) (2000) 20 * Anti-H V-1 data of Yoshi naga et aI fromProc. 9"
Conf erence on Retrovi ruses and Qpportunistic Infections, 2002 (no 8, p 55)
cited by Dederc Int. J. Biochem & Cell Biol., 36, 1800-1822 2004) **
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DeC ercq | aboratory [ Pannecouque, C., et al . , Current Biology, 12, 1169-1177
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invention is not on ni ficant because of the strong inhibition of both
the 3' VErieteegions] yéﬁ%’ ‘gnd transfer steps of HV integrase, but also
because of its enhanced potency and therapeutic index as evidenced by in
vitro anti-H 'V activity. Critical in the design of our coppounds.is the WO
2006/ 08355APAT LYEIDIO6TDH FEIgDY 5d Mtwg%m&cﬁﬁg Belbvty( errepasisen Jath 4245 1 ol d,
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>
50 >200pM In vitro anti-HIV activity data for a compound of this invention

O O OH

ICso 0.02 M
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Therapeutic Index >10,000

SUMMARY OF THE INVENTION

20 A new class of diketo acids constructed on nucleobase scaffolds, and designed as
inhibitors of HIV replication through inhibition of HIV integrase, is described. These
compounds can be represented by the general formula I (and includes tautomers,
regioisomers, geometric isomérs and optical isomers thereof, as well as pharmaceutically
acceptable salts thereof, where applicable), in which the moiety illustrated as a square is a

25  molecular scaffold made up of a nucleic acid base (nucleobase) derivative. These compounds
have application in the prevention or treatment of infection by HIV and the treatment of
AIDS and ARC, either as the compounds, or as their pharmaceutically acceptable salts, with

pharmaceutically acceptable carriers, used alone or in combination with antivirals,



Ther apeutic I ndex >10,000 SUMVARY OF THE | NVENTI ON 20 A new cl ass of diketo
aci ds constructed on nucl eobase scaffol ds, and designed as inhibitors of- '
H 'V replication through inhibition of H'V integrase, is described. These
conpounds washedesssgPr esent ed by the general fornul a lpdiidode/oslssdes
tautonmers, regioisoners, geonetric ¢ soners and optical isoners thereof, as
wel | as pharnmaceutically acceptable salts thereof, where applicable), in

whi ch  t fieniBimedylatbls| atfiibiclice Gactines) afid BERELtheapéutid agéhtd. eNléinads sftidating d nade up
of a nuglelc aci d base (nucl eobase) derivative. These conpounds ave

appl i ca i Rhandypethedsiaf Bretige of preveptingintestion by HEY g alspdeseiedand t he
treatnent of AIDS and ARC, either as the conpounds, or as their
pharmaceutically acceptable salts, with pharmaceutically acceptable
carriers, used alone or in conbination with antivirals, WO 2006/ 083553

PCT/ US2006/ 001692 6 i mmunonodul ators, anti biotics, vaccines, and ot her

t herapeutic agents. Methods of treating AIDS and ARC and net hods of
treating or preventing infection by 1EV are al so described. WO 2006/ 083553
PCT/ US2006/ 001692 7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The fol | owi ng
terms shall be used throughout the specification to describe the present

i nvention. Unless otherwi se indicated, a termused to describe the present
invention shall be 5 given its ordinary nmeani ng as understood by those
skilled in the art. The term "conpound”, as used herein, unless otherw se
indicated, refers to any specific chem cal conpound discl osed herein and

i ncl udes tautoners, regioisoners, geonetric isoners, and where applicabl e,
optical isomers thereof, as well as 10 pharnmaceutically acceptable salts
thereof,. Wthin its use in context, the termconpound generally refers to
a single compound, but also may include other conpounds such as

stereoi soners, regioisoners and/or optical isoners (including racemc

m xtures) as well as specific enantioners or enantionerically enriched

m xtures of disclosed conpounds. 15 The term"patient” or "subject" is used
t hroughout the specification wthin context to describe an ani nal,
generally a manmal and preferably a human, to whom treat nent,



i ncludi ng prophylactic treatnent, with the conpositions according to the
present invention is provided. For treatnent of those infections,

condi tions e states which are specific for S ani mal such
as a hurranvgé?@glﬁ §§3t he term patient rs;f ers to that spec'lpcﬁc/{égzé{&ﬂ%q” 20 The
term"effective" is used herein, unless otherw se indicated, to describe an
anount of ammﬂmggmmmlmmNm@Nnt ext, iIs used to produce or
effect an intended result, whether that result rel ates to the treatment of

a viral, mcrobial or other disease state, disorder or condition associ ated

W th HIV ARC or AIDS or alternatively, is 25 used to produce anot her
conpound, agBrtfobewing rtgmﬂ shalb he usedithronghont Saispenifieatian to desseibe thefpresetti ve

amount Qr _effe |ve t] [ din the
ot esent TEBoRe Ao oRHRESE el telyRed Y8 ety btgbat il pullFT AT,
specs fi giabd Mbmmaemang 2indestosd sy tosbadiiediatiecired from uracil, xanthine,
hypoxant hi ne and purine which contain at |east four substi tuents at four

substitutable p03|t|ons on the nucl eosi de base, one of which is a ketoacid

e defimed Rarer ARBle ARSIt IR SR B ThBg iy By P, are

" het er ogpeyific chémichl crmmound Bisclosed-hereirhandduiclindes daudbemensaregioisomety, cont ai ni ng 1

to 2 heteroatons sele d fro en, .nitrogen d sulfur, which

het er oagm%‘%l SPIRES ??Q?rﬁl%{%)i%j/% i Samani g'ﬁerﬁ?at? %?ﬁ 1 to 3 substituents
sucho as phamegRicallyydeepiable sdbs tikradfk yWithial its useirkevtyexa e 8 cohpeurider ms

het eroaryl and "heteroaromatic ri ng are used i nterchangeabl 5 herein. The

term" hGWWﬁ%WdBéFW%‘iWWPH alsqypay inclyde gthsr porpRouRds spchds descr i be
hurman i B8 Glgys% fbmbtd MRS o ?n&ﬂﬁoﬁnn@h&u&m%'?gce’ﬁ!hé/nﬁ)}ture%pasml dserms " ARC’

and "Al er t syn romes o ne system caused human

i munod epscificenantiomersior, enahfiiarhericakly mhatmmszeﬁdlwos@dmmpwmﬁﬂ ity to
certain diseases and T cell counts which are depressed conpared to nornal
counts. HIV progresses from Category 1 (Asynptomatic HV Di sease) to

Cat ggory 2 (PR3erm tpaticat agsubject’ Bubdd)throughdubthelipecBytiontwithid cidiext €6 sease.

describe an animal, generally a mammal and preferably a human, to whom treatment,

including prophylactic treatment, with the compositions according to the present invention is
provided. For treatment of those infections, conditions or disease states which are specific
for a specific animal such as a human patient, the term patient refers to that specific animal.
20
The term “effective” is used herein, unless otherwise indicated, to describe an
amount of a compound or composition which, in context, is used to produce or effect an
intended result, whether that result relates to the treatment of a viral, microbial or other
disease state, disorder or condition associated with HIV, ARC or AIDS or alternatively, is
25  used to produce another compound, agent or composition. This term subsumes all other
effective amount or effective concentration terms which are otherwise described in the

present application.

The term “nucleobase scaffold” is used throughout the specification to mean a

30 nucleoside base selected from uracil, xanthine, hypoxanthine and purine which contain at
least four substituents at four substitutable positions on the nucleoside base, one of which is a
ketoacid as otherwise defined herein and the other three of which R!, R? andR3, are as defined

herein.



15 A Category 1 HIV infection is characterized by the patient or subject
being HN positive, asynptomatic (no synptons) and havi ng never had fewer-
than 500 CD4 cells. If the patient has had any of the AlDS-defining

di seases \igsdobgloshsxs categories 2 (ARC) or 3 (AIDS), tREWUSINE6/PEHEI2ent iS not
in this category. If the patient's t-8scell count has ever dropped 20 bel ow

500, that tient | j d eith Cat 2 (ARC). Cat eqd 3

(ADS) A CERIgER heleroARE) TR Riek 8 0 PR eretsr o @emat, Ao HRE i g

criteri@) ntfifoatdddy é&é&é@ﬁxmcﬁggsgga efll MRRGHuN &/ 1avh BeRrdardmAiR e el ow 200,
y

and that patient has never ha tegory 3 diseases (las set forth bel ow)
'/

but havoptidnally substitutedtwithhBowfl toesubsituenisisneh asimlagen; hydaeryill CinaliebCis o
Baci || S el oo DIPETIR . | . idiasis.
vut vou ASPSE R GER B8 Tefhs RGBS eI ARRRLE MRS ard bl hlbiflngdfy ¢ as! S

Ceryi cherelyspl asi a (noderate or severe)/cervical carcinoma in situ 30 o
Constitutional synptonms, such as fever (38.5 C) or diarrhea lasting |onger
than 1 nonth o Hairy | eukopl al da, oral WD 2006/ 083553 PCT/ US2006/ 001692 9 o
Herpes zostgfie (@i Aginea) immbMSlefitieBicp tvirugast “HIP” Ghall igeChse@PbSQP@HOr NOr e
than one dermatone o |diopathic thronbocytopenic purpura o Listeriosis 5 0
Pel vi c himan immenodefjcienoysdmees loandt2 (éﬁValrdnﬂfﬂN?%)orrpl i cated by tubo-ovarian
abscess o Peripheral neuropathy According to the U S. governnent, in
Category 2 ARC, the immne system shows sone signs of damage but it isn't

| i fie-t hr eat The fepms TARS”GANEPIDSE” Jeféritb BGadromeeof therimnsunesgstantansedesy by t he

follow ng criteria: ) ) ) . .
the human immunodeficiency virus, which are characeterized by susceptibility to certain

) )  diseases and T cell counts which are depressed compared to normal counts. HIV progresses
from Category 1 (Asymptomatic HIV Disease) to Category 2 (ARC), to Category 3 (AIDS),
with the severity of the disease.

15 |

A Category 1 HIV infection is characterized by the patient or subject being HIV
positive, asymptomatic (no symptoms) and having never had fewer than 500 CD4 cells. If
the patient has had any of the AIDS-defining diseases listed for categories 2 (ARC) or 3
(AIDS), then the patient is not in this category. If the patient’s t-cell count has ever dropped
20  below 500, that patient is considered either Category 2 (ARC) or Category 3 (AIDS).

A Category 2 (ARC) infection is characterized by the following criteria: The
patient’s T-cells have dropped below 500 but never below 200, and that patient has never had
any Category 3 diseases (as set forth below) but have had at least one of the following

25  defining illnesses --

o Bacillary angiomatosis
o Candidiasis, oropharyngeal (thrush)
o Candidiasis, vulvovaginal; persistent, frequent, or poorly responsive to therapy
o Cervical dysplasia (moderate or severe)/cervical carcinoma in situ
30 o Constitutional symptoms, such as fever (38.5 C) or diarthea lasting longer
than 1 month
o Hairy leukoplakia, oral



your T-cells have dropped bel ow 200 or you have had at |east one of the
followi ng defining illnesses -- o Candidiasis of bronchi, trachea, or |ungs
15 o Candi di asis, esophageal o Cervical cancer, invasivgas

Cocci di oi dWRPEWEPES3 di ssemi nated or extrapul monary o C??/gtl]gzcog%/g%ggizs,
extrapul nonary o Cryptosporidiosis, chronic intestinal (greater than 1

mont h' s dur at i en)Herpés zostey (shingipa), wiotwirsg atileastive dissinkibepisddasor morertharspl een,

or nodes) o Q/toner%ezl ovi, us retinitis (wth loss of vision) o

Encephal opat hy, HTy- P8 o Herpes sinplex: chronic ulcer(s) (greater than

1 nmonth's durat,i q@}dpa@;ctmﬂbﬁaﬁep@g@dmni tis, or esophagitis 25 o
Hi st opl asnosi s, disSem nated or extrapul nonary o |sosporiasis, chronic
intestinal (greatlstefipgid 1 nonth's duration) o Kaposi's sarcoma o Lynphoma,

Cord 50 o0Ly Bt Sty dheka DR FUMAORGAR b vt V2 o1

ter 30 o Lynphorme, prinmar erium avium conplex or M
kansasii, dissemamtesl or extrapuhnonary WO 2006/ 083553 PCTI US2006/ 001692

10 o Mycobacteri t ubercul osi.s, any site (pul nonary** or extrapul rnonary)
o Mycobacteriuf Uﬁ%"ﬂ’g‘g 5@&¢p@§ﬂor uni dentified species, disseninated or
extrapul nonary o Pneunobcystis carinii pneunonia 5 o Pneunonia, recurrent**

?estgéﬁ tS Si VR cEBling kP RRU.S SidveRRal PCARSHPY ATC, 3R FRARKd HsREPIHOGRM &,
some signs of damage but it isn't life-threatening.
10
A Category 3 (AIDS) infection is characterized by the following criteria:
your T-cells have dropped below 200 or

you have had at least one of the following defining illnesses --

o Candidiasis of bronchi, trachea, or lungs
15 o Candidiasis, esophageal
o Cervical cancer, invasive**
o Coccidioidomycosis, disseminated or extrapulmonary
o Cryptococcosis, extrapulmonary
o Cryptosporidiosis, chronic intestinal (greater than 1 month's duration)
20 o Cytomegalovirus disease (other than liver, spleen, or nodes)
o Cytomegalovirus retinitis (with loss of vision)
o Encephalopathy, HIV-related
o Herpes simplex: chronic ulcer(s) (greater than 1 month's duration); or
bronchitis, pneumonitis, or esophagitis
25 o Histoplasmosis, disseminated or extrapulmonary
o Isosporiasis, chronic intestinal (greater than 1 month's duration)
o Kaposi's sarcoma
o Lymphoma, Burkitt's (or equivalent term)
o Lymphoma, immunoblastic (or equivalent term)
30 o Lymphoma, primary, of brain
o Mycobacterium avium complex or M. kansasii, disseminated or

extrapulmonary



o Toxopl asnosis of brain o Wasting syndrone due to H'V 10 The term

"coadm ni stration" shall nean that at |east two conpounds or conpositions
are admnistered to the patient at the sane tinme, such that effective
amount s or YOM¥BS3t i ons of each of the two or nore cBREGIANEOWAS? be found
in the patient at a given point in ti A Al t hough conpounds according to
the present i nyeMycobaci@indfibeieuREis] dil sie(paiindrary *palck@fpulmstaryie sane tine,
the term enbraces both adm nistration of two or npre agents at the sane 15
time or at dif¢$ eMyeebacterpm, ofhes spegisa of wrdengfiedsnerice, dssgrinatedari ons of al |
coadm ni stered gg%gwgg&ﬁgr conpositions are found in the subject at a
given tine. The present 1nvention is directed to conpounds of the general

mol ecul ar f or nal néymoaystidcaniatiipoasndier eof , or pharmaceuti cal ly acceptabl e
salts thereof, i the inhibitign of H'V 20 integrase, the prevention or
treatment of HPV ﬁ‘*"%‘?ﬁ’t‘?’émﬁgin the treatment of AIDS and ARC. Conpounds
of fornula | age pipfédRd nadtiforhl 16 enceplididpafty \ ~/ ~ ~ Ra  <Scaffold ds\ S
R2/~\R3 | including tautonmers, regioisoners, geonetric isonmers, and where
appl i cabl e, op¢i SalmongHa septinemis, rep@rasbf , and phar maceutical |y acceptabl e
salts thereof, L .eobase scaffold and R groups are defined as:
(i) keto aci ds°m¥%§§l}%§égﬁﬁg eobase scaffold; 30 WO 2006/ 083553

PCT/ US2006/ 00169V astihg Byrfdrésht Ghe t8lHIM R4 R, R3 R4

10 The term “coadministration” shall mean that at least two compounds or compositions
are administered to the patient at the same time, such that effective amounts or concentrations
of each of the two or more compounds may be found in the patient at a given point in time.
Although compounds according to the present invention may be co-administered to a patient
at the same time, the term embraces both administration of two or more agents at the same

15 time or at different times, provided that effective concentrations of all coadministered

compounds or compositions are found in the subject at a given time.

The present invention is directed to compounds of the general molecular formula I,
combinations thereof, or pharmaceutically acceptable salts thereof, in the inhibition of HIV
20 integrase, the prevention or treatment of HIV infections and in the treatment of AIDS and

ARC. Compounds of formula I are defined as follows:
OH

R? /S<ffo;\ R

including tautomers, regioisomers, geometric isomers, and where applicable, optical
25 isomers thereof, and pharmaceutically acceptable salts thereof, wherein the nucleobase
scaffold and R groups are defined as:

(i) keto acids with uracil nucleobase scaffold;

30



ONR3I ONNMN~ RR R2 0 OH RlandRZareindependentIy: 5a) H b) d-6
alkyl, c) Cl-6 fluoroalkyl, d) Cl-6 alkyl S(O" R wherein n selected from
0-2, Ris selected fromCl 3 al kyl, phenyl and substlt W vvlth
subst i t ue W@ 2006/08355%d f r om 1) halogep, 2) hydroxy, '@gszg o

-3 alkoxy, 5) CF3, 15 e) C5.6 cycloalkyl with 1 to 3 substltuents
selected from @) lal ogen, 2) hydroxy, 30 Cl-3 alkyl, 4) Ci1-3 al koxy, 20
5) CF3, f) Ckib % Cl-6 al kyl R Rtherein n selected from1 and

2. Ra selected\r 1) &6 alkyl, 2) 2% h) Phﬁmyl i) Substituted
phenyl with |o#oy bstituents sel ecteg al ogen, 2) hydroxy, 3)
ad-3 alkyl, 30 4)2 Cl. 3 al koxy, 5) CF3, IlQZ O OH

R

R! and R? are independently:
5 a) H
b) Cis alkyl,
c) Ci.6 fluoroalkyl,
d) Ci1.¢ alkyl S(O),R, wherein n selected from 0-2, R is selected from Cj.3
alkyl, phenyl and substituted phenyl with substituents selected from:
1) halogen,
2) hydroxy,
3) C1.3 alkyl,
4) Cy.3 alkoxy,
5) CFs,
15 e) Cs.scycloalkyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Ci3 alkyl,
4) Cy.3 alkoxy,
20 5) CFs,
f) Ci.s alkenyl,
g) Ci.salkyl CO,R? wherein n selected from 1 and 2, R? selected from:
1) Ci6 alkyl,
2)H,
25 h) Phenyl,
i) Substituted phenyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy3 alkyl,
30 4) Cy.3 alkoxy,
5) CF,,
)] Benzyl,



]) Benzyl, WD 2006/ 083553 PCT/ US2006/ 001692 12 k) Substituted benzyl with 1
to 3 substituents selected from 1) halogen, 2) hydroxy, 3) Cl1-3 alkyl, 5
4) Cl1-3 al koxy, 5) CF3, 1) C2-6 alkyl substituted with phenyl, n) C2-6 al kyl
substi t ut edlowdasesisienyl , t he phenyl group may be subst i RCE/B820064016¢921 to0 3
substituents selected from 10 1) halBgen, 2) hydroxy, 3) Cl1-3 alkyl, 4)

CL-3 al koxy,  5)i(F3, shiiledBlop it § PhiincibBlebioig.vi th Ro. Wher ei n

each Ro is 5 or ere eteroaromatic ring containing 1 to 2

het er oat ons sel ect d) hélogen, oxygen, nitrogen and sul fur, the ring could be
substituted or not 0 carbon or nitrogen with 1 to 3 substituents sel ected
from 20 1) hal oge® WY¥PX¥vdroxy, 3) O-3 alkyl, 4) d-3 alkoxy, 5) CF3,
25 R3 is selected fopmaky) H b) A-6 alkyl,

5 4) Cy3 alkoxy,
5) CF;,
D C».6 alkyl substituted with phenyl,
m)  Cy alkyl substituted with phenyl, the phenyl group may be substituted
with 1 to 3 substituents selected from:
10 1) halogen,
2) hydroxy,
3) Cy3 alkyl,
4) C;.; alkoxy,
5) CFs,
15 n) R
0)  Cigalkyl substituted with R®,

Wherein each R® is 5 or 6 membered heteroaromatic ring containing 1 to 2
heteroatoms selected from oxygen, nitrogen and sulfur, the ring could be substituted or
not on carbon or nitrogen with 1 to 3 substituents selected from:

20 1) halogen,
2) hydroxy,
3) Cy3 alkyl,
4) C; alkoxy,
5) CF;,
25 R? is selected from:
a) H,
b)  Cigalkyl,
c) Halogen,
d) Hydroxyl,
30 e) Phenylthio,
f) Substituted phenylthio with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy3 alkyl,



c) Halogen, d) Hydroxyl, 30 e) Phenylthio, f) Substituted phenylthio with 1
to 3 substituents selected from 1) hal ogen, 2) hydroxy, 3) Cl1-3 alkyl, WO
2006/ 083553 PCT/ US2006/ 001692 13 4) d -3 al koxy, 5) |, h)
Subst it ut ¥ORNAPPMi th 1-3 substituents sel ected fromcggg/‘%}w?@%%zen, 2)
hydroxy, 3) Cl1-3 alkyl, 4) d-3 alkoxy, 5) CF3, 10 R4 is selected from

a) CO2R, wherein R4)jG.sdkegted from 1) C1-6 alkyl, 2) H 3) sodiumor

ot her pharmaceuti cag gfcept able salt, 15 b) P(O(ORd)(OR ), wherein Rd and
R could be sane or>htt»that are selected from 1) d-6 alkyl, 2) H 3)
sodi um or other phar megappyl, cal acceptable salt. 20 (ii) keto acids wth

xant hi ne nucl eobase scaffol d; i :
h) Substituted benzyl with 1-3 substituents selected from:

5 1) halogen,
2) hydroxy,
3) C1.3 alkyl,
4) C, alkoxy,
5) CFs,
10 R* is selected from:
a) CO,R", wherein R° is selected from:
1) Cygalkyl,
2) H,
3)  sodium or other pharmaceutical acceptable salt,
15 b)  P(O)(OR%(OR®), wherein R® and R® could be same or not that are
selected from:
1) Cigalkyl,
2) §H,
3) sodium or other pharmaceutical acceptable salt.
20
(ii) keto acids with xanthine nucleobase scaffold;
R1\ONOOH R1\023OOH
Y o
95 RZ R3 R2

R',R? and R® are independently:
30 a) H,
b) Ci alkyl,
) Ci.¢ fluoroalkyl,



3 XNWNOO0O OHR, OROM™MHNNRAI O, NN R4 25 R R3 R2 Rl, R2 and R3 are
i ndependently: 30 a) H b) C-6 alkyl, ¢c) d-6 fluoroal kyl, WO 2006/ 083553
PCT/ US2006/ 001692 14 d) Cl-6 alkyl S(O, R wherein n selected fromoO0-2, R
sel ect ed fw@pooéids3dss al kyl , phenyl and substituted phenyCTIS2006901582 i t uent s
selected from 1) halogen, 2) hydroy, 5 3) CI-3 alkyl, 4) d-3 al koxy,

Al ogen, 10 2)  Htr ongis g SRR wheoi ek U2, REGERLERBRGT | Ty
al kenyl , 15algyl, fHen6] aidlsybstitiited plrenylwiti sibstitnegetedataidiémom 1 and 2, Re

selected from 1) Cl-6 alkyl, 2) H h) Phenyl, i) Substituted phenyl with 1
to 3 substituents ébﬁ@%&e&d from 20 1) hal ogen,

2) hydroxy,
5 3) C1.3 alkyl,
4) C;3 alkoxy,
5) CF;,
e) Cs.s cycloalkyl with 1 to 3 substituents selected from.:
1) halogen,
10 2) hydroxy,
3) Ci.3 alkyl,
4) C;.; alkoxy,
5) CFs,
D C1.6 alkenyl,
15 g) C1s alkyl CO.R?, wherein n selected from 1 and 2, R* selected from:
1) Ci6 alkyl,
2)H,
h) Phenyl,
i) Substituted phenyl with 1 to 3 substituents selected from:
20 1) halogen,
2) hydroxy,
3) Cy; alkyl,
4) C; alkoxy,
5) CFs,
25 i) Benzyl,
k) Substituted benzyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cu alkyl,
30 4) C, alkoxy,
5) CFs,
D C,.s alkyl substituted with pheny],
m)  Cp alkyl substituted with phenyl, the phenyl group may be substituted
with 1 to 3 substituents selected from:



2) hydroxy, 3) Ci1-3 alkyl, 4) d-3 alkoxy, 5) CF3, 25 j) Benzyl, k)
Substituted benzyl wth 1 to 3 substituents selected from 1) hal ogen, 2)
hydr oxy, 8‘2 -3 alkyl, 30 4) d-3 al koxy, 5 CF3, 1) C2 kyl
substitute %(’Pﬂo’ﬁﬁ?nyl m C2-6 al kyl substituted with} ﬁﬂ@r‘\%}?“’“ﬁ’r‘?@z phenyl

group may be substltuted with 1 to 3'8ubstituents selected from WO

2006/ 083553 PCT/ US2padbgm]1 692 15 1) hal ogen, 2) hydroxy, 3) Cl.3 alkyl,
4) Cl1.3 al koxy, 5 % C%S n) Rb, o) ClL.6 alkyl substituted with Rb, Werein
each Ro is 5 or 6 HeH¥FEPEY heteroaromatic ring containing 1 to 2

het eroat ons sel ect @y ks amypxygen, nitrogen and sulfur, the ring could be
substituted or 10 not on carbon or nitrogen with 1 to 3 substituents
selected from 1) Wé@gé]k?xysZ) hydroxy, 3) C1.3 alkyl, 4) Ci1.3 al koxy,

5 5) CFs,
n) R®,
0)  Cigalkyl substituted with R®,
Wherein each R’ is 5 or 6 membered heteroaromatic ring containing 1 to 2
heteroatoms selected from oxygen, nitrogen and sulfur, the ring could be substituted or
10 not on carbon or nitrogen with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Ci alkyl,
4) C1; alkoxy,
15 5) CFs,
R* is selected from:
a) CO,R’, wherein R° is selected from:
1) Ci. alkyl,
2) H,
20 3) sodium or other pharmaceutical acceptable salt,
b) P(O)(OR%)(OR®), wherein R® and R® could be same or not that are

selected from:

1) C1-5 a]-ky]-:
- 2) H,
25 3) sodium or other pharmaceutical acceptable salt.

(iii) keto acids with hypoxanthine nucleobase scaffold;
30



15 5) CF3, R4 is selected from a) COZRC, wherein R is selected from 1)
ClL.6 alkyl, 2) H 20 3) sodiumor other pharmaceutical acceptable salt, b)
P(O (OR) (OR5, wherein Rd and Re could be sanme or not that are selected
from 1) CYOR0/983353 2) H 25 3) sodiumor other phar nREEHS2006P016%cept abl e
salt. (iii) keto acids with hypoxantM ne nucl eobase scaffold; 30 WO

2006/ 083553 PCTIpUS2006/ 001692 16 RR O NO CHRL, ,© R3 OCH N ~R4 NN, JL ~~
N 2 oR4lod Ty I N N Ra-' ~N

4 |y R N RIRN N 0 R3 R1~Nx N~R2rf$|\
OH 0 R3 OH 0 "R1,) are i ndependentty- NW_“G alkyl, c) C-6
R
fl uor oal kyl 'R2 \N r;: RZJ%N N/
R
0 O R3
RRNJ\/I[N}_ ) Ry /Uj:r'\l
»—R 2
R
Ry R‘/Y\;K\' ‘e
OH O R3 OH O
R!, R? and R? are independently:
a) H,
b) Ci.s alkyl,

) Ci.¢ fluoroalkyl,
d) Ci-6 alkyl S(O),R, wherein n selected from 0-2, R selected from C;.3
alkyl, phenyl and substituted phenyl with substituents selected from:
10 1) halogen,
2) hydroxy,
3) C13 alkyl,
4) C;; alkoxy,
5) CFs,
15 e) Cs.¢ cycloalkyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy3 alkyl,
4) Cy.3 alkoxy,
20 5) CF3,
1)) Ci.6 alkenyl,
g) C1- alkyl CO,R®, wherein n selected from 1 and 2, R® selected from:
1) Cy.6 alkyl,
2)H,
25 h) Phenyl,
i) Substituted phenyl with 1 to 3 substituents selected from:
1) halogen,



d) A-6 alkyl S(OYR, wherein n selected fromO0-2, R selected fromCl.3
al kyl , phenyl and substituted phenyl with substituents selected from 10 1)

hal ogen, 3) Ci1-3 alkyl, 4) Ci1.3 al koxy, ) C5-6
cycl oal kyl QOE%Q/E&?O 3 substituents sell ected from n"? é&ﬁ“ﬂéf@ﬁydr oxy,
3) C1.3 alkyl, 4) C1-3 alkoxy, 20 5) CF3, 0 Ci1-6 aI kenyl g) Cl-6 al kyl
COXRa, wherein n seRglgtdeskyf rom 1 and 2, Ra selected from 1) Cl-6 alkyl, 2)
H, 25 h) Phenyl, I)M tut ed phenyl with 1 to 3 substituents sel ected
from 1) hal ogen, j5 lp83553 PCT/ US2006/ 001692 17 2) hydroxy, 3) d-3
al kyl, 4) d-3 all Qf@Y 3 alky CF3, 5 j) Benzyl, k) Substituted benzyl with 1
to 3 substltuents sel ected from 1) hal ogen, 2) hydroxy,

5 ), Benzyl,
k) Substituted benzyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) C1.3 alkyl,
10 4) Cy.3 alkoxy,
5) CFs,
D C,.¢ alkyl substituted with phenyl,
m) Cz..6 alkyl substituted with phenyl, the phenyl group may be substituted
with 1 to 3 substituents selected from:
15 1) halogen,
2) hydroxy,
3) Cy3 alkyl,
4) C5 alkoxy,
5) CFs,
20 n R
0) C1.6 alkyl substituted with R,

Wherein each R® is 5 or 6 membered heteroaromatic ring containing 1 to 2
heteroatoms selected from oxygen, nitrogen and sulfur, the ring could be substituted or
not on carbon or nitrogen with 1 to 3 substituents selected from:

25 1) halogen,
2) hydroxy,
3) Ci alkyl,
4) C;.3 alkoxy,
5) CF,,
30 R* is selected from:
a) CO,R®, wherein R° is selected from:
1) Ci.s alkyl,
2) H,
3) sodium or other pharmaceutical acceptable salt,



3) -3 alkyl, 10 4) Cl1.3 alkoxy, 5) CF3, 1) C2.6 al kyl substituted with
phenyl, m C2-6 allcyl substituted with phenyl, the phenyl group may be
substituted with 1 to 3 substituents selected from 15 1) hal ogen, 2)
hydroxy, 02846/08338ky|, 4) C1.3 alkoxy, 5) CF3, 20 nPCRUS2950@89%5 al kyl
substituted with Rb, Wierein each Rb 1% 5 or 6 nenbered heteroaromatic ring

containing | to he el.ect.edafr oxygen itr n and sul fur,
the ring could be& sub ﬁ)@@@}ﬁ,w}ﬁﬁmgna% b%oﬁyoe%mgroéélgﬁ&\ﬂ?ﬁ 1to3
substi t uent selestdeérad from 25 1) hal ogen, 2) hydroxy, 3) C1.3 alkyl, 4)
Cl.3 alkoxy, 5) CF3, 30 R4 isg selected from a) CO2R, wherein R is
selected from 1) C s al Qyﬂ, ) H, 3) sodium or other pharmaceuti cal
acceptabl e salt, WO 2§06/ 0§3553 PCT/ US2006/ 001692 is b) P(O (ORd)(OR),

wherein R and R could be same or not that are selected from
5 3) sodium or other pharmaceutical acceptable salt.

(iv) keto acids with purine nucleobase scaffold;

1 1 3
R N O OH R }? O OH
RZ“SN N RZSNTN
R3
R1 R1 ITZ
N/ N\ 3 N/ N
R )\/l[ R | R
WN r}, w\(\n/l\\N N
OH O R? OH O
o |
o ) |
!
NN NN
N RS
J\\ /R
RN N R1J\\N N
10 R?
R!, R? and R® are independently:
a) H,
b) Ci6 alkyl,
15 c) C1.¢ fluoroalkyl,

d) Ci.s alkyl S(O):R, wherein n selected from 0-2, R selected from C;.3
alkyl, phenyl and substituted phenyl with substituents selected from:
1) halogen,
2) hydroxy,
20 3) Ci3 alkyl,
4) Cy.3 alkoxy,



1) C1-6 alkyl, 2) H 5 3) sodiumor other pharmaceutical acceptable salt.
(iv) keto acids with purine nucl eobase scaffold; R RL R0 OHOOH N, Jl

RAIIT N RA RZNNRRNNRZS RIRLR2Z RANNN~N N _ OH O R
ﬁuﬁﬁ%‘"’%"t"@kﬁz R1

OH O HO R4AM93eY8383| O Rz N-1 N1 3R3 NNs RINNR R2

and R3 are independently: a) H b) C.o alkyl, 15 c) Cl1-6 fluoroal kyl, d)
Cl.6 alkyl S(O" R 5)Ej,ein n selected fromO0-2, R selected fromCl.3

al kyl, phenyl and_substituted phenyl with substituents selected from 1)
hal ogen, 2) hydr®xy, ésszY@?alkébil-%g’al 14 Sugﬁat“@i% Sftle&FeBd?af{H

1) halogen,
2) hydroxy,
5 3) C1.3 alkyl,
4) Cy.3 alkoxy,
5) CF,,
) Ci.¢ alkenyl,
g) C1.6 alkyl CO.R?, wherein n selected from 1 and 2, R® selected from:
10 1) Ci.6 alkyl,
2)H,
h) Phenyl,
i) Substituted phenyl with 1 to 3 substituents selected from:
1) halogen,
15 2) hydroxy,
3) C1 alkyl,
4) C;. alkoxy,
5) CFs,
i) Benzyl,
20 k) Substituted benzyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy.3 alkyl,
4) Cy.5 alkoxy,
25 5) CFs,
) Ca.¢ alkyl substituted with phenyl,
m) Cas a]k'yl substituted with phenyl, the phenyl group may be substituted
with 1 to 3 substituents selected from:
1) halogen,
30 2) hydroxy,
3) Cy.3 alkyl,
4) C,.3 alkoxy,
5) CF3,
n) Rb,



WD 2006/ 083553 PCT/ US2006/ 001692 19 5) CF3, e) C5-6 cycloalkyl with 1 to 3
substituents sel ect ed fr'Om 1) hal ogen, 2) hydroxy, 5 3) Ci1-3 alkyl, 4)-
Cl-3 al kox%f 6) Cl -6 alkenyl, g) Cl-6 alkyl CO'Ra, wherein n

sel ected f "GmR% @?ﬁﬁsZ Re selected from 10 1) C1.6 al R?T’USMWPPN??) Phenyl ,
i) Substituted phenyl with 1 to 3 sub&ituents selected from 1) hal ogen,
15 2) hydroxy, &) O3 afitykyibstitufd vair R®,al koxy, 5) CF3, j) Benzyl, 20 k)
Substituted benzyl with 1 to 3 substituents selected from 1) hal ogen 2)
hydroxy, 3) é‘Ih%ﬂmanR i8)5 o1 -3 membgseg heteyoargmalgg-5ing 1gonginipg o ke |2

subst it Utigelrohhdrtl QBAM! froronbeen? nfttotth et il b g Wobl PO EMMlitudad 6y Pheny!

group nay tituted stltuents se ecte rom
not on carbon or nitrogen \mth 1to3 substltuents selected from:
5 1) halogen,
2) hydroxy,
3) Cy3 alkyl,
4) Cy3 alkoxy,
5) CFs,
10 R* is selected from:
a) CO,R°, wherein R° is selected from:
1) Cisalkyl,
2) H,
3) sodium or other pharmaceutical acceptable salt,
15 b) P(O)(ORd)((jR°), wherein R® and R® could be same or not that are
selected from:
1) Cisalkyl,
2) H,

3) sodium or other pharmaceutical acceptable salt.
20

Also included within the present invention are pharmaceutical compositions useful
for inhibiting HIV integrase, comprising of an effective amount of a compound of this
invention, and a pharmaceutically acceptable carrier. Pharmaceutical compositions useful for
treating infection by HIV or for treating AIDS or ARC are also included by the present
25  invention. The present invention also includes methods for inhibiting the viral enzyme, HIV
integrase, and a method of inhibiting HIV growth or replication, or treating an HIV infection
or for treating AIDS or ARC. In addition, the present invention is directed to a
pharmaceutical composition comprising, in combination, a therapeutically effective amount
of a compound of the present invention in combination with a therapeutically effective
30 amount of an agent for the treatment of AIDS selected from (i) an AIDS or HIV antiviral
agent, (ii) an anti-infective agent, (iii) an immunomodulator, (iv) other useful therapeutic

agents including antibiotics and other antiviral agents.
The compounds of the present invention may have regioisomers with respect to

R!, R? and R? and these regioisomeric forms are included in the present invention. The



1) halogen, 30 2) hydroxy, 3) d-3 alkyl, 4) d-3 alkoxy, 5) CF3, n) Rb,
WO 2006/ 083553 PCT/ US2006/ 001692 20 o) Cl.6 al kyl substituted with Rb,
Wherein each Ro is 5 or 6 nenbered heteroaronmatic ring ﬁﬂpﬁ@%ﬁ,@%ﬁ to 2
het er oat orf0 3WPEBEFY rom oxygen, nitjogen and sul fur, the ring coul d be
substituted or not on carbon or nitrogen with 1 to 3 substituents sel ected
from Sompounds ofjthe, preseht inyanttonymay Byve @syrBmafrikydenters4andanay oeduk @s ppticab) CP3,

10 R4 i. | . 3 r e . | . .6
10, % i G5t 6 L B o ICGEUR Tl SBLER) Bc o) 188,
P( O ( Odmp6dAd} , mivh diaeé rgebohetrivdisBmesoaidd thege foumes are imiudetiain theepresant ect ed

from 1) C -6 alkyl, 2) H 3) sodiumor other pharmaceutical acceptable
salt. BYIALo jncluded within the present invention are pharnaceutical

conposi tions gggberic fo¥s MHY Bk bNs WithvedniPolBdPSEthe pRITBN: ifvdAtioRl TRES,
effective amount of a conpound of this ] . .
the terminology “and tautomers thereof’ is used in describing tautomeric forms of

compounds of formula I such as Ia and Ib (shown below). By naming compounds as

’/Sc\a?\k’ R /tfm;\k’

m \\ % (ia)

o]

</Sﬂffold >
Rz \/ RJ
(Ib)

R

10 being represented by the general formula I and tautomers thereof, it is understood that
for the purposes of the present invention that tautomers Ia and Ib are also included.
Similarly, by referring to compound (la), it is understood for the purposes of the present
application that the tautomers (I) and (Ib) are also intended. The same holds true for
references to tautomer (Ib).

When the variables involving R!, R R*, R* occur more than once in any formula
1, its definition on each occurrence is independent of its definition at every other occurrence.
Combinations of nucleobase and variables are permissible only if such combinations result in
stable compounds.

The compounds of the present invention are useful in the inhibition of HIV

20  integrase, the prevention or treatment of infection by HIV and in the treatment of the disease
known as AIDS. Treating AIDS or preventing or treating infection by HIV is defined as
including the treatment of a wide range of states of HIV infection: AIDS, ARC and actual or
potential exposure to HIV (e.g., through blood transfusion, exchange of body fluids, bites,
needle punctures, exposure to infected patient blood during medical or dental procedures, and

25  other means).



i nvention, and a pharmaceutically acceptable carrier. Pharnmaceuti cal
conpositions useful for treating infection by HV or for treating Al DS or
ARC are also included by the present 25 invention. The present invention

al so incl Y¥R20048835%s for inhibiting the viral enzyme, BGNUS20608¥%se and a
met hod of inhibiting H'V growth or rezﬁl ication, or treating an H V infection
or for treati : Qf; it : ot 1l j i irected
to a phar nacgg}tef\(l? cgg(r)rl%(?g? ?Jfggﬁ&ggfn%irsﬁg‘ljer% ,Bﬁ'i g&g%%%%prll%ﬁ{ %ﬁ%rﬁ@%nh?ofi

t her ap&us invantion kfusefil uethermreparationfand execytion rodl sofeening agsags ot aritivireint i on i n
combi nation wth. a.therapeutical ffectiv 0 amount. of an agent for the

t reat nﬁ?‘ﬁf’pw\ﬁnﬂnﬁg lgéﬁeglﬁoq?'?%ﬂfl(‘%ff ?ﬁylﬂPE%‘?@ig ﬂ%\}ni‘f#l?e\’}i“? ?Sta‘%[}%?, (ii) an
anti - i fHeefikyie FIVERtegrdse.i 1) an i mmunonodul ator, (iv) other useful

t herapeutic %ggnt s 1ncluding antibiotics and other antiviral agents. The

conpounds of pr§ped impyent nreidesdgr thayee ofaqompourdbekstiyctrelr espect to
Rl, R2 (WYl 01 4 | esent
vent famagh @ 3RS RSO AR G DR il e DI o
i nvent iherireatyenhaf/AIDSYyNABCr i ¢ centers and may occur as optical isoners and
all of these [soneric for are included in the .present patent .nvention.
The  compound B egmpeRpds obs Brepemt ivemian ruav b edrpiBisteredin e o of ¥flfea i n
the pres&nt pharfBaitically adeeptableoBas! CTHeOlE: WBMteAdedOtoNEBle Wil tabcgpeapouNds  of
the present invention. Thus, the term nology "and tautonmers_ thereof' is

usdf | salgesyel phperiate.dactobipnate bepzepgsulfpnatedaaien Benzentes malatn, Hicarbonats, as | a

Secamnt RGP PEIE iy KR AT BEReD ™ b Bl IR -,

methylnitrate, calcium edetate, camsylate, mucate, carbonate, napsylate, chloride, nitrate,

clavulanate, N-methylglucamine, citrate, ammonium salt, dihydrochloride, oleate, edetate,
oxalate, edisylate, pamoate, estolate, palmitate, esylate, fumarate, phosphate, diphosphate,
15 gluceptate, polygalacturonate, gluconate, salicylate, glutamate, stearate, glycollylarsanilate,
sulfate, hexylresorcinate, subacetate, hydrabamine, succinate, hydrobromide, tannate,
hydrochloride, tartrate, hydroxynaphthoate, teoclate, iodide, tosylate, isothionate,
triethiodide, lactate, panoate, valerate, and others which can be used as a dosage form for
modifying the solubility or hydrolysis characteristics or can be used in sustained release or
20 pro-drug formulations. The pharmaceutically acceptable salts of this invention include those
with counterions such as sodium, potassium, calcium, lithium, magnesium, zinc, and from
bases such as ammonia, ethylenediamine, N-methyl-glutamine, lysine, arginine, ornithine,
choline, N, N'-dibenzylethylenediamine, chloroprocaine, diethanolamine, procaine, N-
benzylphenethylamine, diethylamine, piperazine, tris(hydroxymethyl)aminomethane, and
25  tetramethylammonium hydroxide.

Also, in the case of a carboxylic acid (-COOH) or an alcohol group being present,
pharmaceutically acceptable esters can be employed, e.g., acetate, maleate,
pivaloyloxymethyl and others, more preferably C;-Cy esters and those esters known in the
art for improving solubility or hydrolysis characteristics for use as sustained release or pro-

30 drug formulations. Pharmaceutically acceptable esters can also be employed in the case
where a phosphonic acid group [-PO(OH),] is present. Diketo phosphonic acids attached to
nucleobase scaffolds are also part of this invention.

Therapeutically effective amounts of the compounds of the present invention may

be administered to patients orally, parenterally, by inhalation spray, or rectally, in dosage unit



(1) 10 being represented by the general fornmula | and tautomers thereof, it
is understood that for the purposes of the present invention that tautoners
la and Ib are also included. Simlarly, by referring to conpound (Is), it

i s under st oRg 20ddfosiske Pur poses of the present applicatigp

tautoners (1) and (Ib) are also intendgd. The sane hol ds ﬁ/ggﬁk%éotf&z
references to tautoner (lb). Wien the variables involving Rl, R2, R3, R

occur rorenletions eprtaining mbarmasewisally-agcepiable ¢awiers, t pEVaES candh vehiclesr ence i s
i ndepe : é{’%“g B Lt 0! i.pabiQns of
nucl eogggg&g%gaé/ ri aE‘:Tt %@kg%gﬁﬁgégﬁ%s{a?%ﬁ g‘hgﬁ‘? %ﬁ%a?ﬁﬁgcgl%%a ilag%S 1?esul t in
st abl e meampdairidfer tAitethe ovapiarndiuent or rexcipiens anmist ibevenmipatibleawdh ukefattheri n t he

i nhi bition.of H 0 inntegrase, .the.prevention or treat t of infection by
MV and™BHEeHS of fepreHpiGT e anegidis s Branltudr memti Bamrr R ts or

pr event ¢gngpositiohd RAY b tHf Bk bPrally-alithMidtabRahbitasionsor tabletsUAdsA0spk:

treatment. of a wide range of states of H V infection: AIDS, ARC and_ actual

or pot &4t inigrtibde peenarations (mipctifle agneous py elgagenbnLESPELSIONS fof SPRRositeliashange of

body f144. i peed e r po e j t L e bl ood
during %gﬁ%ﬁd%r&sggn. a %)Sr%dgggﬁggsﬁ%a{lr@ﬁ’ nggt %Cfé@nfrsrggatgog)) W&%OE%&%SSS
PCT/ U5 2@o3ly0sx] 68lRatio2 3r Guipensien pilinowdidte nelease etabikisp ngmat tierobolt b mhalatiemt i on.
For exanple, the compounds af this invention are yseful in the. preparation
and exeliFCiblR sofutions OF FHRFSIQNS % rcklly Admigistery mcﬂ’ﬁp{?l}ﬁ SURBPAY | n ¢ he

I soj@t i PRoIQE teéhhiBhesqRAAFEWEMAMSindRlart Bf SHabhARLticA dtitlatiodi ng of the
enzynme, | TV integrase. 5 The present invention also provides for the use of

a conpound of TBhe gempeunds afcthisuinsiertion ¢ap bealedminigierad raaelbute dumagoipdsi ti on

ful E AR bitd L.Rteqr ' ARC.
The. conBOiAE 1o (4 sk ebicel) S8 A0 Hossh okt SRR 0. fo MRy 10
“wel |- bodyvweightainrdividetli doaed. y The epgeifithiase lewdltand fidyaencyt dfedosage fort aryded to
R g e e T S e
bi syk f atGmpotaa deiatye colipband mefaBolisiEmal ditfionW¥adidh, paRbkugh vy Righer om de,

general health, sex, diet, mode and time of administration, rate of excretion, drug

combination, the severity of the particular condition, and the condition of the patient
undergoing therapy.

The present invention also includes therapeutically effective combinations of the

20 HIV integrase inhibitor compounds of formula I with one or more other therapeutic agents

such as AIDS antivirals, other antiviral agents, immunomodulators, antiinfectives, antibiotics,

vaccines or other therapeutic agents. Some examples are given below.

ANTIVIRAL AGENTS
Drug Name Manufacturer Therapeutic Use
097 Hoechst/Bayer HIV infection, AIDS,
ARC (NNRT inhibitor)
Amprenivir Glaxo Wellcome HIV infection, AIDS,
141W94, GW141 ARC (protease inhibitor)
Abacavir (1592U89)  Glaxo Wellcome HIV infection, AIDS,
GW 1592 ARC (RT inhibitor)
Acemannan Carrington Labs (Irving, ARC
TX)
Acyclovir Burroughs Wellcome HIV infection, AIDS,

ARC, in combination



methylnitrate, calcium edetate, cansylate, mucate, carbonate, napsyl ate,
chloride, nitrate, clavulanate, N-nethylglucamne,  citrate, amoniumsalt,
di hydrochl ori de, ol eate, edetate, oxalate, edisylate, panpate, estolate,
pal mi t at e W@34P6/883853 f umar at e, phosphat e, di phosphate, f&'fé‘llﬁ}e o,
pol ygal acturonate, gluconate, sali cylzét e, glutamate, stearate,
glycollylarsanilate, sulfate, hexylresorcinatgy glfacet at e, hydrabam ne,

.9,

succi nat e, brom de, ta : ochl ori - kar aéﬁ)
hydr oxynaph g%?e, teocl at e, |%’§P{9§,ﬁ¥e?r%syl ate,iﬁﬁhg.' %‘E‘fa e,S’ tri et hi odi de,

n
| actate, pa , valerate, ,and Qt hers which ¢an, b sed a dosage form
for nodi fﬁﬁ?@he sol ubi | i t@nﬁﬁmte&ﬁ/si s ch 8’5?08 P’é’t"}@’or can be used
in sustained rel ease or, 20 pr. ug formul ati . The pharmaceutically
accept abl e Q?ff’gugwl‘f"l’ﬁls i n\f[@ E%;Cﬁ&l ude th m%cp

_ é flcounterions such as
sodi um pot&5si2im cal ci um Hihigen &es Angeletesi uARG: el HIN@ositiyen bases such

as ammoni a, et hyl enedi anmi ne,CA net hyl - gl ut ani AeDY ysi ne, arginine,

ornithine, choline, N, N -dibenzyl ethyl enedi am ne, chl oroprocai ne,

di et hanol aniipha Ifexderan ne, N-GlwenWellginenet hy| daposi’s shreetiay HiYH ne,

pi perazine, tris(hydroxynethyl)am nonmet hane, dndomBhmati&t r anet hyl anmoni um
hydr oxi de. Also, in the case of a carboxylic agRetr6@OON) or an al cohol group
bei ng presephsamyRfiar Maceut i Grla\l aB6aesb! € esARCS can be enployed, e.g.,
acetate, nefgedr, pival oyl QoY and others, nore preferably d-C20
esters and those esters knowpuln fhg. Ak r inproving solubility or

hydrol ysis characteristics for use'as sustai’ned rel ease or pro 30 drug
formul ati ong. ..Phar euti cal ac t.abl e este | so be enployed in the
case wher eiﬁt‘ % aci @gﬁ%&fs Y1) Z]Aﬁ)éseg&e@ent. Di ket o phosphoni c
aci ds attach SH 1i"oba §®oekidller " al so part of this invention.
Ther apeut i calphaaberraplct j ve a hts of the conpounds of the present invention
may be adnfrireed to patients orally, parenterally, by inhalation spray,
or rectally, in dosage unit WO 2006/ 083553 PCT/ US2006/ 001692 23

f or nul at i on8RdFMt ai ni ng pharAraseRhaoa| | y- accegiBbinéectianrABYSs, adj uvants and
vehi cl es including nanoparticle drug deliveryAR@proaches. The term

" phar maceut Betaiflupraadd&ept abl eNatiosal Gmecaninstitute nfAIDS-fssocistee diseases er, di | uent

or excipient nust be conpatible with the other ingredients of the

f or mul at i onBmsd23p8R3 del et er iBHstolMydre pat i entHIV inf&tiop] AIDS, Phar maceuti cal
S conposi ti @gp7eyaye in t heqhibb/Novhrtiar al | y- adargigroteakd hibiteHensi ons or

tabl ets, nasal sprays

BMS-234475 Bristol-Myers HIV infection, AIDS,

(CGP-61755) Squibb/Novartis ARC (protease inhibitor)

CI-1012 Warner-Lambert HIV-1 infection

Cidofovir Gilead Science CMV retinitis, herpes,
papillomavirus

Curdlan sulfate AJIPharma USA HIV infection

Cytomegalovirus MedImmune CMV retinitis

Immune globin

Cytovene Syntex Sight threatening CMV

Ganciclovir Peripheral CMV
Retinitis -

ddr Bristol-Myers Squibb HIV infection, AIDS,

Dideoxyinosine ARC; combination with

AZT/d4T



~and injectible preparations (injectable agqueous or ol eagenous suspensions or
suppositories). This nethod of treatnent is part of the invention. The

adm ni straty aches used (orally as solution or sl,lmf# i j mredi at e
rel ease taRb‘{de){boé&gésgal aerosol or inhgkation, injectible so ﬁ@@r%i or

suspensions or rectally admnistered in the formof suppositories) 10

i nvol ve teclDMPw t hat are WAID-(Klamden,INT) t he 3V iafectibgrAmsgut i cal
formul ati on. The conpounds of this invention caR®erarbddinbibaegd orally to
humans in a preferred form (such as tablets) and in a preferred dosage

range of abopfayifend (DRFEEEE) TOD@ondME K Wei ght | ny16i iFedB6h JOBRRS- The specific

dose level and frequency of dosage for any paripé@dinRosRaRT™RY be varied
and will depend upon a variety of factors incl Brl®> conpound activity,
conmpound net aboli smand duration of action, patient age, body weight,

general health,, sex, diet, e of admRj: ion, rate of
excretion, a‘ﬁf]glgo conbi nat i og?fé .ne I%/Il‘éﬂaty of ﬁ]@%%%cﬁ%)%ul ar condition,
(Gl “%ﬁ &

the conditi gé‘l of, .t he patient theray. The pr sent invention also
i ncl udes t he P3P Eal |y ef f SBE onbi nat i onS GPeSZREer, V integrase

i nhi bi tor conpounds of formula | with one or no¥8PXher therapeutic agents
such as AIDS antivirals, other antiviral agents, inmmunonodul ators,
antiinfecti VBEC anti biotics, Emgiy Sinfiessitr ot herHVhafespeniAlDSagent s. Sone
exanpl es are given bel ow. ANTIVI RAL AGENTS Dr ugARGmevérseiuf act ur er

Ther apeutic Use 097 Hoechst (Bayer H V infecti oryanédripBse inkilGitoqfNNRT i nhi bi t or)
Anmprenivir 3 axo Wellconme H 'V infection, AIDS, 141 W4, GM41 ARC (protease
inhibitor) @&bBadavir (1592U8®ilemiaxo Wl | come HHIW infdceiehj AIDS,Al DS, GW 1592
ARC (RT inhibitor) Acemannan Carrington Labs (AR@i(RgerséRC TX) Acyclovir

and

Burroughs Vel lcome HV infection, AIDS, ARC itfhneQ{ppiseiHibibryO 2006/ 083553
PCTI US2006/ 001692

HBY097 Hoechst Marion Roussel  HIV infection, AIDS,
ARC (non-nucleoside
reverse transcriptase
inhibitor)

Hypericin VIMRx Pharm. HIV infection, AIDS,
ARC

Recombinant Human  Triton Biosciences AIDS, Kaposi’s sarcoma,

Interferon Beta (Almeda, CA) ARC

Interferon alfa-n3 Interferon Scienes ARC, AIDS

Indinavir Merck HIV infection, AIDS,
ARC, asymptomatic HIV
positive; combination
with AZT/ddl/ddC

ISIS-2922 ISIS Pharmaceuticals CMV retinitis

KNI-272 Natl. Cancer Institute HIV-associated diseases

Lamivudine, 3TC Glaxo Wellcome HIV infection, AIDS,
ARC (reverse
transcriptase inhibitor);
also with AZT

Lobucavir Bristol-Myers Squibb CMV infection

Nelfinavir Agouron Pharmaceuticals HIV infection, AIDS,



24 wth AZT AD-439 Tanox Biosystenms H V infection, AIDS, ARC AD 519 Tanox
Bi osystens Hi V i nfection, AIDS, ARC Adefovir dipivoxil Glead Sciences HV
i nfection ajfo ESQI gen (Los Angeles, ARC, PG HIV positive, ~CA) AIDS

Al pha Interferon (axo Vellcone Kaposi: s sarcoma, HV i RCEESA0S(8R15Bn

w Retrovir Ansanycin Adria Laboratori %s ARC LM 427 (Dublin, OH Erbanont
(Stanford, CT) Antibody which Advanced Bi ot hersgmy (pfbiesse nﬁﬁg}toﬂyeut ralizes pH
| abi | e Concepts (Rockville, alpha aberrant MD) Interferon AR 177 Aronex

Pharm H V | Al DS, ro- ncer Institute
‘E%bglgsea BMs- 2325&5 %rl!léi'ﬂ %Mﬁ&?@lﬂ)@a

Al DS- associ at ses I stol - I\‘%g? ction, AIDS,
( CG&P- 73547) Squi bb/ Novartis ARC (pr ot ease inhi gkﬁ%ﬁ\/@&§34475

Bristol - eI(Is I\N i nfection, 61755 htgg?Novartl s ARC (protease
i nhi bi tor) @12 war ner - “infe ofovir G lead Science
cw retlnltls, herpes, papi }# Curdl an sulfate AJl Pharma USA H V

i nfection ) .
Peptide T Peninsula Labs (Belmont, AIDS
Octapeptide Sequence CA)

Trisodium Astra Pharm. Products, CVYV retinitis, HIV
Phosphonoformate Inc. infection, other CMV
PNU-140690 Pharmacia Upjohn HIV infection, AIDS,
ARC (protease inhibitor)
Probucol Vyrex HIV infection, AIDS
RBC-CD4 Sheffield Med. Tech HIV infection, AIDS,
(Houston, TX) ARC
Ritonavir Abbott HIV infection, AIDS,
ARC (protease inhibitor)
Saquinavir Hoffmann-LaRoche HIV infection, AIDS,
ARC (protease inhibitor)
Stavudine; d4T Bristol-Myers Squibb HIV infection, AIDS,
Didehydrodeoxythymidine - ARC
Valaciclovir Glaxo Wellcome Genital HSV & CMV
mfectlons
Virazole Ribavirin Viratek/ICN (Costa Asymptomatlc HIV
Mesa, CA) positive, LAS, ARC
VX-478 Vertex HIV infection, AIDS,
ARC
Zalcitabine Hoffmann-LaRoche HIV infection, AIDS,
ARC with AZT
Zidovudine; AZT Glaxo Wellcome HIV infection, AIDS,
ARC, Kaposi’s sarcoma,
in combination with other
therapies
Tenofovir diisoproxil Gilead HIV infection, AIDS,



Cyt onegal ovi rus Medl mmune CW retinitis Inmmune gl obin Cytovene Syntex Sight
threatening CW Ganciclovir Peripheral CW Retinitis ddl Bristol-Mers
Squi bb I—UVyégigw Al DS, Dideoxyinosine ARC, conbination with AZT/d4T
WO 2006/ 08 52006/ 001692 25 Qfxp 450 AVI D ( Cand & T/UN3§06{0p1g92
infection, AIDS, ARC (protease inhibi'tor) Efavirenz (DW-266) DuPont Merck
H V i nf ectfivafateAbDBViréd®) ( non- nucl eosi de RT i (RiTHihibito§L10 El an Corp, PLC
H 'V infection (Gainesville, GA) Fanticlovir Smth Kline Herpes zoster,
herpes siggawr® FTC Enory Uggrersity HIV i nf eqiioifeoffoRSATFRC (reverse
transcriptase inhibitor) GS 840 Glead H V infRatinBibitod)) DS, ARC (reverse
transcriptase inhibitor) HBY0O97 Hoechst Marion Roussel H V infection, AlDS,

e F , e 1on _ Lcin VI MR
Shar Ennoal %&Wéu@&natéiﬁr;e Gg@nscriptase i nhghy ffpoioky RASS,C1 N

guection, (reverse transcriptase
inhibitor)
Fuzeon® (or T-20) Roche/Trimeris HIV infection, AIDS,
viral Fusion inhibitor
IMMUNO-MODULATORS
Drug Name Manufacturer Therapeutic Use
AS-101 Wyeth-Ayerst AIDS
Bropirimine Pharmacia Upjohn Advanced AIDS
Acemannan Carrington Labs, Inc. AIDS, ARC
(Irving, TX)
CL246, 738 American Cyanamid AIDS, Kaposi’s sarcoma
Lederle Labs
EL10 Elan Corp, PLC HIV infection
(Gainesville, GA)
FP-21399 Fuki Immuno PHARM Blocks HIV fusion with
CD4+ cells
Gamma Interferon Genentech ARC, in combination
w/TNF
Granulocyte Genetics Institute AIDS
Macrophage Colony Sandoz
Stimulating Factor
Granulocyte Hoeschst-Roussel AIDS
Macrophage Colony Immunex
Stimulating Factor
Granulocyte Schering-Plough AIDS, combination
Macrophage Colony w/AZT
Stimulating Factor
HIV Core Particle Rorer Seropositive HIV
Immunostimulant



ARC Reconbi nant Human Triton Bi osci ences Al DS, Kaposi's sarcons,
Interferon Beta (Ahneda, CA) ARC Interferon alfa-n3 Interferon Scienes ARC,

Al DS I ndipavi k HV infection, AIDS, ARC, asynptomatic HV positive;
conbi nati o %WW“X?%T/ ddl / ddC 1 SI S-2922 1SI'S Phar maceut PEHUS2084RP16%t i niti s
KNI -272 Natl. Cancer Institute H V-asSoci ated di seases Lam vudi ne, 3TC

d axo Vel lgape H 'V infection, céupS, ARC (rever agpstin@bmbidagbase | nhibitor);

al so with pvdieupipucavir Bristol -Mers Squi bb

Agouron Pharmaceuticals H 'V infection,

PCTI US2006£001692 26 ARC (prgf 1l EQII{%I tor)
I ngl ehei m I nf efti on, AlD R%?{‘?t I'nhi bit
n i?m e%

lnc. HLV i
Phosphonof
i nfection,
Al DS

ibrtor  (Akron,

(aldeslukin
Immune Globulin
Intravenous
(human)
IMREG-1
IMREG-2
Imuthiol Diethyl
Dithio Carbamate

Alpha-2 Interferon
Methionine-Enkephalin
MTP-PE

Muramyl-Tripeptide

Granulocyte
Colony Stimulating Factor

Remune

rCD4

Recombinant Soluble
Human CD4-1gG
rCD4-IgG Hybrids

Recombinant Soluble

Human CD4
Interferon Alfa 2a

SK&F1-6528
Soluble T4

Thymopentin

ide T Penin
@dj um Astra Phar

Cutter Biological
(Berkeley, CA)

Imreg (New Orleans, LA)

Imreg (New Orleans, LA
Merieux Institute
Schering Plough

TNI Pharmaceutical
(Chicago, IL)
Ciba-Geigy Corp.

Amgen

Immune Response Corp.

Genentech

Biogen

Hoffman-LaRoche
Smith Kline

Immunobiology Research

Al DS, \C/:'\DW%%

ection Nelfinavir
/ 083553
eheri nger

Hngt

Al DS

§,}éﬁ€‘ﬁfv,
o R ovar e o
etinitis,

Cct apepti d equence CA) Tris m ggscts, .
Er' te Inc. infecti oR*bther CW PN SFefiaR a Upj ohn HV
sqr éRC (protease inhibitor) Prob&@b¥WHsrex H V infection,

Pediatric AIDS, in
combination w/AZT

AIDS, Kaposi’s sarcoma,
ARC, PGL

AIDS, Kaposi’s sarcoma,
ARC, PGL

AIDS, ARC

Kaposi’s sarcoma

w/AZT, AIDS

AIDS, ARC

Kaposi’s sarcoma

AIDS, in combination
w/AZT

Immunotherapeutic

AIDS, ARC

AIDS, ARC
AIDS, ARC

Kaposi’s sarcoma, AIDS,
AR, combination w/AZT

HIV infection

HIV infection

vaf eron Labs,



RBC-CD4 Sheffield Med. Tech HLV i nfection,
Al DS,

Abbott H V infection,
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Vertex H V infection,
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Spiramycin
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Trimetrexate

Drug Name

Daunorubicin

Recombinant Human
Erythropoietin

Glead HV infection,
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(RT

Zi agen(r)) ( A}s‘i‘P

(or T-20) Iﬁghﬁa;gel nmeris HV 'ﬂgfﬁéé on Al DS,

Al DS,
ARC (protease inhibitor)
Hof f mann- L% 8]—% ion, AIDS, ARC (protease inhi
d4T Bri st ol ers Squi bb HV infectiong Al DS,
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HSV & CW i nfections
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LAS, ARC VX-478

ARC Zal citabi ne Hof fi ann- LaRoche H V
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Pharmacia Upjohn
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Merrell Dow

LyphoMed (Rosemont,

1)
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Janssen Pharm
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NeXstar, Sequus
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PCP
Cryptococcal meningitis,
candidiasis

prevention of oral
candidiasis
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w/AZT therapy



viral Fusion inhibitor | MVUNO MODULATORS Drug Name Manufacturer Therapeutic
Use AS-101 Wet h-Ayerst AIDS Bropirimne Pharmaci a Upj ohn Advanced Al DS
Acemannan_Carrington Labs, Inc. AIDS, ARC (Irving, T)Q Aneri can
Cyanani d MO3806/8333si ' s sarconm Led 1 e Labs ELIO El aﬁ%éngﬁlg”l—ﬂ v
infection (Gainesville, GA) FP-21399 Fuki | nmuno PHARM Bl ocks HI V fusion

wi th CDARemaibimnt¥oian | nt er §eomn Genent ech ARAIDSelaediwaathg on W TNF

G anul ocyGeovidk MRimese | Nstitute Al DS Macr ophagecdegbginy Sandoz Stinul ati ng
Fact or G anul ocyte Hoeschst-Roussel AIDS WMacrophage Col ony | nmunex

Stimul at i NebAe] Abethteanul 0CYBEstSLIGES Rgnibh OUINTflbiRent 6 HYrBALI ON  Macr ophage
Col ony W/AZ% Stinulating Factor H'V Core Partiglg.: / opositive HV

| munost i fukafome VWO 2006/ OSmSSMf(HI?gOOG/ ooﬁ?ﬁggf §n tus AIDS, in

conbi nati on

Total Enteral Nutrition Norwich Eaton Diarrhea and
Pharmaceuticals malabsorption related to
AIDS

The combinations of the compounds of this invention with AIDS antivirals, other

antivirals, immunomodulators, anti-infectives, antibiotics, vaccines, other therapeutic agents

5  arenot limited to the list in the above Table, but includes, in principle, any combination with

any pharmaceutical composition useful for the treatment against infection by HIV or for

treating AIDS or ARC. Preferred combinations are simultaneous or alternating treatments of

a compound of the present invention and a protease iphibitor (e.g., indinavir, nelfinavir,

ritonavir, saquinavir and others), a reverse transcriptase inhibitor [nucleoside (e.g., AZT,

10 3TC, ddC, ddI, d4T, abacavir and others, and/or non-nucleoside (e.g., efavirenz, nevirapine,

and others), or some combination of two or more of these inhibitors (see Table above). A

few representative examples of relevant patents citing combinations are: EPO 0,484,071, U.S.
5,413,999, WO 9962513.

15 In such combinations the compound of the present invention and other active
agents may be separately administered or concurrently administered. In addition, the
administration of one element may be prior to, concurrent to, or subsequent to the
administration of other agent(s).

20 The following representative examples are provided to illustrate details for the
preparation of the compounds of the present invention. The examples are not intended to be
limitations on the scope of the present invention and they should not be so construed.
Furthermore, the compounds described in the following examples are not to be viewed as
forming the only set of compounds that is considered as the invention, and any combination

25  of components of the compounds or their moieties may itself form a set. This has been

addressed previously in this patent document. Those skilled in the art will readily



Interl eukin-2 w AZT 1L-2 Hoffman-LaRoche AIDS, ARC, ITV, in Interleukin-2

| nununex conbi nation w AZT |L-2 Chiron AIDS, increase in CD4 Interleukin-2
cell count kin) Immune d obulin Cutter Biol ogi i j ¢ Al DS,
in Intrav r(l)g)%ls’&%%;e#kel ey, CA) conbingjion w AZT (humlﬁ)ﬁ%h{\%@g@ﬁﬁm eg (New
Ol eans, LA) AIDS, Kaposi's sarcoma, ARC, PG IMREG 2 Inreg (New Ol eans,
LA Al DSonifaghesd that ksowarovariationSR(E, redeGbn tonditivne andbyathesic chirvdrsions desaribedut e

Al DS, Al .t hj o Carbamate pha-2 I nterferon Schering Plou Kaposi's

i corih g RIS PR ST OGRS ERibE SHEd P AroPRI SHTE CHIEL SOPPESS AL Do, AT
(Chicago, IL) MI?-PE G ba-CGeigy Corp. Kaposi's sarcoma Miranyl-Tripeptide
G anul ocyte Angen AIDS, in conbination Colony Stinulating Factor w AZT
Rermune | murfehemaieglayyashesisr p. | r nmunot herapeutic rCD4 Genentech Al DS, ARC
Reconbi nant Sol ubl e Human CD4-19G r CD4- | ?G Hybrids AIDS, ARC Reconbi nant

Sol Wbl e Bi ogémnm:zﬂ)s;hema@formwn@p?m examples 1 through 12 are Schemes 1 and 2

shown below.

o O o O
HN/UE/U\ RBr/K;CO3 RN)j/U\
O)\N DMF OJ\N

H R

1 2a-d

BnBr/K,CO4

DMF

o O o O
li)j)\ 4-F-BnBr/K,CO3 4-F-Bﬂ:“\/”)\
O~ "N DMF 0~ "N

Bn Bn

2e 2f

10
Ra-d: Bn, 2-F-Bn, 4-F-Bn, 4-CF3-Bn

Scheme 1
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Scheme 2 .
5
Representative Example 1
Methyl  4-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-yl)-2-liydroxy-4-
oxobut-2-enoate (3a).

10

Stepl: preparation of 5-acetyl-1,3-dibenzyluracil (2a).
15



5 OTHER AGENTS Drug Name Manufacturer Therapeutic Use Daunorubicin NeXstar,
Sequus Karposi's sarcoma Reconbi nant Human Ortho Pharm Corp. Severe anem a
assocat ed r ietin w AZT therapy WO 2006/ 083553 001692 30
Reconbi nanmmgggr ono AlIDS-rel atedspasting, Gowh Eo&@'ggoég@gg exi a
Megestrol Acetate Bristol-Mers Squi bg Treatment of anorexia associated
W Al DS Testosterone Alza, Smth Kline AI®S-Qel ated wasting Total Enteral
Nutrition Norwi ch Eaton Diarrhea and PR ticals mal absorption rel ated
to AIDS The conbinations of t§nd$ of this invention with AIDS
antivirals, other antivirals, i PN tors, anti-infectives,

anti biotics, vaccines, other therapeutic hgents 5 are not limted to the
list in the above Tabl e, but include h principle, any conbination with
any pharnmaceutical conposition usefu r the treatnment against infection by
H'V or for treating AIDS or ARC. Preferred conbi nations are sinultaneous or
alternating treatnents of a conpound of the present invention and a
protease inhibitor .(e.g., i.ndinavit, | finavir, .ri.tonawuir ui navir and
bt here) . a rhgeipensior afgsphibd (o 1ie, OF mihOf ol moisbrib e B 35 57t
ddC, ddmmoli4d DNIP MLy wadstirfddfer 20 mad) dher béRRt hrefli®n®. 0l (9. emol)skavi r enz,
nevi rapine,, and others), or sone conbination of two or _nore of these

i nhi bi t edded.(Ehecreyulting mikBye was Atirreds for &P raé seom dempesatusen MVIE svast diptiljedy ant
patents _cifti ol i : : . 9, 9962513.
e T ouidel bl ngﬁéf ftdg %?gﬁn%%oﬂ?“ﬁ e&%‘grg?g{rln’?“? 'nlégﬁnllt&?bc%%%ér}&\ﬁ?teher
active appyepriate fragtionewsse pancantedted amihenystsllised froor ethannd o ragford ¥.3ddgiofiast er ed.

In addition, the. adm njshratio ~Qne_eal . ITE r{\0 ncurrent
to, o ShiSeesicif e Phtpriath 1T ROR Clip kg3 ie ! 7 25 as b
10H), 5.17 (s, 2H), 5.01 (s, 2H), 2.62 (s, 3H). PCNMR (CDCl3): 194.5, 160.7, 151.0, 148.4,
10 136.2,134.4,129.2, 129.0, 128.9, 128.5, 128.2, 127.8, 112.2, 53.4, 44.9, 30.7. FAB-HRMS:
[M+H]" caled. for CaoH;oN203 335.1396, found 335.1412.

Step 2: preparation of methyl 4-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-
5-yl)-2-hydroxy-4-oxobut-2-enoate (3a).
15

To a stirred solution of sodium z-butoxide (577 mg, 6 mmol) in anhydrous THF (15

ml) at room temperature was added, dropwise, dimethyl oxalate (472 mg, 4 mmol) in THF (7

20 ml) followed by 5-acetyl-1,3-dibenzyluracil (2a) (669 mg, 2 mmol) in THF (8 ml). The
resulting mixture was stirred at room temperature for 4 h and then was acidified to pH=2.

THF was evaporated. The residue in CH,Cl, (100 ml) was washed with brine (20 ml) and
purified by column chromatography (hexane : ethyl acetate, 2 : 1). The appropriate fraction

was concentrated and crystallized from ethanol to give 254 mg of a yellow solid. Yield was

25 29.1%. Mp. 158-159 °C. "HNMR (CDCls): 15.04 (s, br, 1H), 8.36 (s, 1H), 7.72 (s, 1H), 7.29-
749 (m, 10H), 5.18 (s, 2H), 5.05 (s, 2H), 3.92 (s, 3H). *CNMR (CDCly): 185.7, 168.8,



20 The follow ng representative exanples are provided to illustrate details
for the preparation of the conpounds of the present invention. The exanples
are not nﬁ nded to be limtations on the scope of the present invention
and they s JPQf"W?ﬁS be so construed. _Furthernore, the BEHYSIe/W16Rscri bed
in the follow ng exanples are not to #e viewed as forni ng the only set of

conpounstss,t 15917, 150.50148, sletzmo af34101926.8Y §38.1,0100. m@sfsnnzs@mwmt 1@),25_of
corrponents of fhe cogBoun s or their noi et i es may it forma set. This

has bedt¥l.6,atfit.e8%53d4 e‘FlA&JHRMS nMHEE ¢sdade for E@MI@& 4210154@05If¢ﬂnﬂed in the
art whd; 14gdi 1y WO 2006/ 083553 PCT/ US2006/ 001692 31 conprehend that known
vari ations oT reaction conditions and synthetic conversions described in
the foll owi ng preparative procedures can be used to prepare these other
conmpounds. Chemi cal Synthesis 5 Chem cal schenes for representative

exanples 1 through 12 are Schenes 1 and 2 shown below. 00 O~ 00 00 " I \
RBr/ K2C03 RN' 1 \ O -N DVF DviRepresgntative Exgmple 20,5y / K2CO8 DVF 0j JOB OO

HN 4-F-BnBr/K2CO3 4-F-Bn~ O N DWVF OBn 2e 2f 10 Ra-d: Bn, 2-F-Bn,
4-F-Bn, 4- (}-?I,.5—%ibe%%ﬁ-ej;r?,3,]1-tgpawﬁé,ggﬁééﬁy#Wit?g%gﬂﬁ-/hggﬂo@?%-oxobut-2-
enoic acid (4a)
0O O OH

o

10

A solution of methyl 4-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-yl)-2-

hydroxy-4-oxobut-2-enoate (3a) (757 mg, 1.8 mmol) in dioxane (100 ml) was refluxed with

IN HCI1 (60 ml) for 4h. The solution was evaporated to dryness. The resulting solid was

recrystalized from hexane and ethyl acetate (3 : 1) to give 617mg a pale yellow solid. Yield

15  was 84.2%. Mp. 186-188 °C. 'THNMR (DMSO-d6): 8.89 (s, LH), 7.57 (s, 1H), 7.24-7.36 (m,

10H), 5.16 (s, 2H), 5.02 (s, 2H). >*CNMR (DMSO-d): 186.1, 169.0, 163.2, 159.9, 151.1,

150.2, 136.5, 135.8, 128.7, 128.4, 128.0, 127.8, 127.6, 127.3, 107.7, 100.9, 52.8, 44.2. FAB-
HRMS: [M+H]" caled. for C2,H;oN205 407.1243, found 407.1248.

20 Representative Example 3

Methyl 4-[1,3-bis(2-fluorobenzyl)-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-ylJ-2-
hydroxy-4-oxobut-2-enoate (3b).

25 :F

Step 1: preparation of 1,3-bis(2-fluorobenzyl)-5-acetyluracil (2b)



3200 00 00O RNMOCCOE RNO CH3 ONt-BuONa O-N R R
~OOH1NHC/dioxane )uu OH ON~OR 4a-f abcdef RBn 2-F-

2a-f 3a-f

e)
4-F-

4- H 4-F- %ﬁ& Bn Bh Rf Bn 2-F- 4-F- 4- Bn Bn Bn %;nggoo@aomﬁchene 2,

5 Represen
4- (1, 3-di ben, yyl -

oxobui

5-acetyl -1, 3-di benzyluracil (2a). 15 WO 2006/ 083553 PCT/ US2006/ 001692

10

15

20

arrpl e 1 Methyl

2-enoat e (3a). 10 OOOHOOCH3 ON Stepl: preparation of
saen
X,

The title compound for this step was synthesized using a similar procedure to that
described in Example 1, step 1, except that benzyl bromide was replaced with 2-
fluorobenzyl bromide. The yield was 43.9%. Mp. 149-150 °C. '"HNMR (CDCl;): 8.35 (d,
1H, J=1.0 Hz), 7.36-7.44 (m, 2H), 7.04-7.26 (m, 6H), 5.24 (s, 2H), 5.07 (s, 2H), 2.62 (s, 3H).
BCNMR (CDCly): 194.3, 161.1 (d, J=247.9 Hz), 160.7 (d, J=247.9 Hz), 160.6, 150.8, 148.8
(d, J=2.9 Hz), 131.3 (d, J=3.4 Hz), 130.9 (d, J=8.2 Hz), 129.19 (d, J=8.2 Hz), 129.17 (d,
J=2.9 Hz), 124.7 (d, J=3.8 Hz), 124.1 (d, J=3.8 Hz), 123.1 (4, J=14.5 Hz), 121.4 (d, J=14.5

Hz), 115.9 (d, ]=21.6 Hz), 115.5 (d, J=21.6 Hz), 112.2, 47.8, 38.8, 30.6.
FAB-HRMS: [M+H]" caled. for Cz0H;7F;N203 371.1207, found 371.1202.

Step 2: preparation of methyl 4-[1,3-bis(2-fluorobenzyl)-1,2,3,4-tetrahydro-2,4-
dioxopyrimidin-5-yl]-2-hydroxy-4-oxobut-2-enoate (3b).

O O OH
SSeae &

The title compound for this step was synthesized using a similar procedure to that
described in the Example 1, step 2, except that 5-acetyl-1,3-dibenzyluracil was replaced with
1,3-bis(2-fluorobenzyl)-5-acetyluracil. The title compound was crystallized from the mixture
of hexane and ethyl acetate (3 : 1) and obtained in 21.1% yield. Mp. 158-160 °C.
'HNMR(CDCls): 15.06 (br, s, 1H), 8.52 (s, 1H), 7.69 (s, 1H), 7.38-7.46 (m, 2H), 7.04-7.26
(m, 6H), 5.25 (s, 2H), 5.11 (s, 2H), 3.90 (s, 3H). "CNMR(CDCl3): 185.3, 169.2, 162.4, 161.2
(d, J=247.3 Hz), 160.7 (d, J=247.9 Hz), 159.6, 150.3, 148.9 (d, J=3.4 Hz), 131.5 (d, ]=3.4
Hz), 131.2 (d, J=8.7 Hz), 129.3 (d, J=8.2 Hz), 129.2 (d, J=3.4 Hz), 124.8 (d, J=3.8 Hz), 124.1

35
, 3, 4-tetrahydro- 2, 4-di oxopyri m dl n-5yl)-2-11iydroxy-4-



3300 0 ,N A suspension of 5-acetyluracil (3.1 g, 20 mmol ), and potassium
carbonate (6.9 g, 50 mml) in DVF (75 m) was stirred for 20 min. Then -
benzyl bro%&ﬁé(/ % , 50 mMvl) was 5 added. The resulting m xture was
stirred for 8 N & oom t enper at ur e. was distilled HAOYUP2006BUEM The
resi due was purified by columm (dichloronethane : nethanol 40 : 1). The
appr opéd, 39 Hz),c12208) (dyds14.6 HHN1212 @) Jaini3 ¢Hz)S116.0 (¢ ge21.1 )l k6 ed, t o

i s s ok g SRl Bl - oo

(s, 3Halodl AiPAIYRY/ )4571@141 Bound@97 7203151. 0, 148.4, 10 136.2, 134.4, 129.2,
129.0, 128.9, -128.5, 127.8, 112.2, 53.4, 44.9, 30.7. FAB-HRVE:

[I\/H—I]+ calcd. for CZOH19N203 335. 1396, found 335.1412. St ep 2: preparation
fet hyl 4-(1, 3-di benzyl -1, 2, 3, 4-t etrahydr o- 2, 4- di oxopyri m di n-
) - 2- hydr oxy- 4- oxobut - 2enoate(3a) 1500 O0H/ OOCH3 ONTo a

stl rred solution of sodiumt- b%d@d@ﬁigﬁgmﬁ nmml ) in anhydrous THE (15
nil) at roomtenperature was adde ropw se i methyl oxalate (472 ng, 4
mmol) in THE (7 20 m) followed by 5-acetyl -1, 3-di benzyluracil (2a) (669
my, 2 mmol )4-[3-Bist2-flyorabenzybnk2, 6dstanr¢hydgo-ﬁa4xdm@ym1§dmﬁy yij-@dtydroxyetom

t enper then was acidified to pH=2. THE was evaporated. The
resi du%&’l%n?%ﬁéef% ?’1‘8@&1) was washed with brine (20 m) and purified by

col utm chr omat ogr aphy (hexane F et hyloac tatQirl 2 The appropriate
fraction was concentrated an et hanol to give 254 ng of a
yellow solid. Yield was 25 2 58 159 C | HNVR (CDC13): 15.04 (s, br,

1H), 8.36 (s, 1H), 7.72 (s, 1, 749( 10H), 5.18 (s, 2H), 5.05 (s,
2H), 3.92 (s, 3H). 13CNMR (CDClB) 185.7, 168.8, WD 2006/ 083553
PCT/ US2006/ 001692 34

10 F

The title compound was synthesized using a similar procedure to that described in

Example 2, except that methyl 4-(1,3-dibenzyl-1,2,3 4-tetrahydro-2,4-dioxopyrimidin-5-yl)-

2-hydroxy-4-oxobut-2-enoate was replaced with methyl 4-[1,3-bis(2-fluorobenzyl)-1,2,3,4-

tetrahydro-2,4-dioxopyrimidin-5-yl]-2-hydroxy-4-oxobut-2-enoate (3b). The title compound

15 was crystallized from hexane and ethyl acetate (2 : 1) to give an off-white solid. The yield

was 56.5%. Mp. 178-179 °C. "H NMR(DMSO0-d6): 15.00 (br, s, 1H), 14.02 (br, s, 1H), 8.90

(s, 1H), 7.55 (s, 1H), 7.08-7.40 (m, 8H), 5.23 (s, 2H), 5.05 (s, 2H). *CNMR(DMSO-d6):

185.7,169.2, 163.0, 160.2 (d, J=246.0 Hz), 159.8 (d, J=244.6 Hz), 159.7, 151.2, 149.9, 130.2,

129.0 (4, ]=8.2 Hz), 128.4 (d, ]=3.9 Hz), 124.5 (d, J=3.3 Hz), 1243 (d, J]=3.3 Hz), 123.1 (4,

20 J=13.9 Hz), 122.3 (d, J=14.5 Hz), 115.4 (d, J=21.1 Hz), 115.1 (d, J=21.1 Hz), 107.6, 100.7,

47.8 (d, J=3.4 Hz), 38.2 (d, J=4.8 Hz).

FAB-HRMS: [M+H]" caled. for CooH17F2N206 443.1055, found 443.1045.

Representative Example S
25
Methyl 4-[1,3-bis(4-fluorobenzyl)-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-ylJ-2-

hydroxy-4-oxobut-2-enoate (3c).



162.4, 159.7, 150.5, 148.5, 136.0, 134.0, 129.4, 129.1, 129.0, 128.5, 128.3,
127.9, 109.0, 101.6, 53.7, 53.2, 45.0. FAB-HRMS: [M+H + calcd. for
C23H21N20 found 421.1418. 5 Representative =(1,3

Di benzyl - ?Wégéﬁ)é%g? rahydro 2, 4-di oxopyrin:idin-5-y!)- Z-Egg@rg%@(?@ﬁ%xobut - 2-
enoic acid (4a) OOOH "NOH O-N O?yl \ 10 A solution of nethyl

4- (1, 3-di benzyl -1, 2, 3, 4-t et rahydro- 2, 4 di@xopyri m di n-5-yl) - 2-

hydr oxy- 4- oxobut - 2- enoat e (3a) {75 8 o._in dioxane (100 m) was
refluxed with INHJ (60 n) @ 4ﬁXT e sol ufi offeas evaporated to
b

dryness. The resulting soli¢-nas talized from hexane and et hyl
acetate (3 : 1) to give 617ng a pale yellow solid. Yield 15 was 84.2% M.
186-188 C. 1HNWR (DWVSO- d6): 8.89 111), 7.57 (s, 1H), 7.24-7.36 (m
|OH), 5.16 (s, 2H), 5.02 (s, 2 MR (DVBO-d6): 186.1, 169.0, 163.2,

159.9, 151.1, 150.2, 136.5, 135.8, 128.7, 128.4, 128.0, 127.8, 127.6,
127.3, 107.7, 100.9, 52.8, 44.2. FAB- HRVS: [M+H] + cal ed. for C22H19N206
407. 1243, found 407.1248. 10 Representative Exanple 3 Methyl 4-[1, 3-bis(2
fl uorobenzl)-1, 2, 3, 4-t et rahydr o- 2, 4- di oxopyri m di n- 5yl J- 2-

hydr oxy- 4- oxobut - 2-enoate (3b). FOOOH\ NOCH3 NI O25 F Step 1:
pr epar ati on Siép 1, B3 i ¢-Thubtabenxybesragetylurdeib@e) yl uraci | (2b) WO 2006/ 083553

PCT/ US2006/ 001692
0 @]
N
jopen
F (o) N
5 iog

The title compound was synthesized using a similar procedure to that described in

Example 1, step 1, except that benzyl bromide was replaced with 4-fluorobenzyl bromide.
The yield was 51.8%. Mp. 134-135 °C. "HNMR (CDCls): 8.22 (s, 1H), 7.48 (dd, 2H, J=9.0,

10 5.5 Hz), 7.32 (dd, 2H, J=8.5, 5.0 Hz), 6.99-7.09 (m, 4H), 5.11 (s, 2H), 4.97 (s, 2H), 2.62 (s,
3H). *CNMR (CDCls): 194.3, 163.0 (d, J=248.3 Hz), 162.4 (d, ]=246.4 Hz), 160.6, 150.9,
148.2, 132.1 (d, J=3.4 Hz), 131.1 (d, J=8.2 Hz), 130.23 (d, J=8.5 Hz), 130.26 (d, J=2.9 Hz),
1162 (d, J=21.4 Hz), 115.3 (d, J=21.5 Hz), 112.4, 52.9, 44.2, 30.6. FAB-HRMS: [M+H]"
calcd. for Con17F2N203 371.1207, found 371.1220.

Tg Step 2: preparation of methyl 4-[1,3-bis(4-fluorobenzyl)-1,2,3,4-tetrahydro-2,4-
dioxopyrimidin-5-yl]-2-hydroxy-4-oxobut-2-enoate (3c).

O O OH

The title compound was synthesized using a similar procedure to that described in
20 Example 1, step 2, except that S-acetyl-1,3-dibenzyluracil was replaced with 1,3-bis(4-



35 FOO ONF The title conpound for this step was synt hesi zed using a
simlar procedure to that described in Exanple 1, step 1, except that
benzyl brom de was replaced with 2 5 fl uorobenzyl brom de. The yield was
43.9% MWOPRAW/O83E3 . 1HNVR (CDC13):.8.35 (d, 1H, J= 1P‘6T’Pr§3°°6’°f’¥%96-7.44 (m
OH), 7.04-7.26 (m 6H), 5.24 (s, 2H¥® 5.07 (s, 2H), 2.62 (s, 3H). 13CNWR

CDC1 3y of 28de 7 0 150. 8,
348 83ﬂ (o(rj 5- l&%gliln' g, T“ile th Q:oﬁ@mndl%sllé%ggtaﬁéﬁa‘] %giﬂz )ethaﬁ@l :'ang% 19 (d

J=8.2 dea)medeB.]S% gr8ld. M,:zn-mfc hfmmcu)ﬂsmm) s, mms;ss((el, 1H):3. 8 Hz),

(o 3+ B eTHE s b 34 g 307 e R G A g, B2 R o T

C20HL 7HPN2 03 s3§i=L) 120KMR Q@D¢13§37135 32@@ 2, 188 qr:(d,ZJ—zms 82 6205 (R T=n%4. 4y |
4-11,3-bi s | uor obenzy Ié etragldr -
di c§<op§1)rl'é2d4 A5%6y150-3 14§ r’c%l)ﬁ@,bs?’ P, le%@aﬂeg%ﬁ@) 1393 (@ &85 En).

i m LoD ko B F'ﬁ‘e&d‘:??q?é‘?%flﬁf‘*ﬁ@ T R

5- acet 44.3. FAB-HRMh f)1+# 5 caltd. dierCos B pF b0 4674211, found 457.1196.

1, 3-bi s(2-fluorobenzyl)-5-acetyluracil. The title conpound was crystallized
fromthe m xture 20 of hexane and ethyl acetate (3 : 1) and obtained in

21. 1% vyield. M. 158-160 C. 1HNVR(CDC13): 15.06 (br, s, 1H), 8.52 (s, AH),
7.69 (s, 1H), 7.38-7.46 (m 21-1), 7.04-7.26 m 6H), 5,25 (s, 2H), 5.11
(s102H), 3.90 (s, 3H). 13CI\INR(W9.2, 162.4, 161.2 (d,
J=247.3 Hz), 160.7 (d, J=247.9 Hz), 159.6, 150.3, 148.9 (d, J=3.4 Hz), 131.5
(d, J=3.4 Hz), 131.2 (d, J=8.7 Hz), 129.3 (d, J=8.2 Hz), 129.2 (d, J=3.4

Hz), 124.8 z(ﬂ, -BBB4 ﬂubﬂ;ﬁen@@ﬂ,ﬁﬁ,\mu?ﬂ@ﬂi@zZMoBﬁfhiﬁQ-G@ﬂ]—%sz&y—tlB6 (d,
J=3.9 Hp). 122 J=14.5 Hz), 121.2 (d, J=14.3 Hz), 116.0 (d, J=21.1 Hz),
115. 6 ¢! ut- -enoic actd(4)

0 0] OH
F O)\N ©
Fﬂj

15 The title compound was synthesized using a similar procedure to that described in
Example 2, except that methyl 4-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-yl)-
2-hydroxy-4-oxobut-2-enoate was replaced with methyl 4-[1,3-bis(4-fluorobenzyl)-1,2,3,4-
tetrahydro-2,4-dioxopyrimidin-5-yI]-2-hydroxy-4-oxobut-2-enoate (3¢). The title compound
was crystalized from hexane and ethyl acetate (3 : 1). The yield was 49.7%. Mp. 186-188 °C.

20 'HNMR (DMSO-dg): 15.07 (br, s, 1H), 14.02 (br, s, 1H), 8.90 (s, 1H), 7.56 (s, 1H), 7.34-7.46
(m, 4H), 7.10-7.21 (m, 4H), 5.13 (s, 2H), 4.98 (s, 2H). *CNMR (DMSO-dg): 185.8, 169.2,
163.1, 161.8 (d, J=244.1 Hz), 161.3 (d, J=243.2 Hz), 159.7, 150.8, 150.1, 132.6 (d, J=2.9 Hz),
131.8 (d, J=3.4 Hz), 130.2 (d, J=8.2 Hz), 129.9 (d, J=8.2 Hz), 115.4 (d, J=21.6 Hz), 115.0 (4,
J=21.0 Hz), 107.7, 100.7, 52.1, 43.5. FAB-HRMS: [M+H]" calcd. for CpH7F2NyOg

25  443.1055, found 443.1044.

Representative Example 7



J=21.6 Hz), 108.9, 101.5, 53.0, 48.2 (d, J=3.4 Hz), 38.9 (d, J=4.8 Hz).
FAB- HRVS: [ MtH] +  cal cd. for C23H19F2N206 457.1211, found 457.1203. 5
Representative Exanple 4 4-[1,3 Bis(2 PCT/US2006/001692

f1 uor obenWA306{083558 4 _+ et r ahydr o- 2, Ad-a_?ii oxopyrin:idin-5 ylJ-2-hydroxy- 4-
oxobut-2-enoic acid (4b). F 0O 0O OH i ONIQ 10 F The title conmpound
was synt hesMetbgl 458, fised-Griffupromashybibentyl) e, 2 34 tteteahydeesertrdiexppynmidinanpl e 2,
except .t >t h .

4-(1,3!85 é@giPW%?ﬁﬁﬁ?ﬁgﬁﬁ??%ﬁ§%Ho-2,4-dioxopyrinidin-5-y|)-

2- hydr oxy- 4- oxobut - 2- enoat e was repl aced Ov t DHet hyl

4-[1, 3-bi s(2-fluorobenzyl)-1,2,3.4 > O.

t et rahydro- 2, 4- di oxopyri m di - hyydnxy- 4 ox&bat - 2- enoat e (3b). The
title conpound 15 was crys zéd hexanéPand et hyl acetate (2 : 1) to
give an off-white solid. The yield was 56.5% Mp. 178-179 C. 1H
NVR(DVSO- d6) : 15.00 (br, s, 1H), E g2 (br, s, 1H), 8.90 (s, 1H), 7.55 (s,
1H), 7.08-7.40 (m 81D, 5.23 (s, 2HY 5.05 (s, 2H). 13CNVR(DMBO d6): 185.7,
169. 2, 163.0, 160.2 (d, J--24839 H), 159.8 (d, J--244.6 Hz), 159.7, 151.2,
149.9, 130.2, 129.0 (d, J=8.2 Hz), 128.4 (d, J=3.9 Hz), 124.5 (d, J=3.3
Hz), 124.3 $tdp 1Jpeparatitn) of 1, 3-BDis(4-(iflu@omathyhbénzid))S-acetyuracil @d)J=14. 5 Hz),
115.4 (d, 1=21.1 Hz), 115.1 (d, J=21.1 Hz),,1Qy.6, 100.7, 47.8 (d, J=3.4

Hz), 38.2 (d, J=4.8 Hz). FAB-HRMS: [M+H3+ [paljcd. for C22HL7F2N206 443. 1055,
found 443.1045. Representative Ex : bthyl 4 [1, 3-bis(4
fluoroben2yl)-1,2,3,4-tetrahydrg pyrim di n-5yl J- 2-

hydr oxy- 4- oxobut - 2- enoate (3c). 3553 PCT/ 1JS2006/ 001692 37 O O CH
i OOCH

5 F3C

The title compound was synthesized using a similar to that described in the Example

1, step 1, except that benzyl bromide was replaced with 4-(trifluoromethyl)benzyl bromide.

The yield was 65.1%, amorphous solid. 'HNMR (CDCly): 8.27 (s, 1H), 7.44-7.66 (m, 8H),

5.20 (s, 2H), 5.07 (s, 2H), 2.63 (s, 3H). *CNMR (CDCl3): 194.1, 160.5, 150.9, 148.3, 140.0,

10 138.2, 131.3 (q, J=32.7 Hz), 130.2 (q, J=32.7 Hz), 129.3, 128.4, 126.3 (q, J=3.8 Hz), 125.5

(q, J=3.8 Hz), 124.0 (q, J=272.0 Hz), 123.7 (q, J=272.3 Hz), 112.6, 53.2, 44.5, 30.6. FAB-
HRMS: [M+H]+ caled. for CooH7F¢N203471.1143, found 471.1148.

Step 2: preparation of methyl 4-[1,3-bis(4-(trifluoromethyl)benzyl)-1,2,3,4-
tetrahydro-2,4-dioxopyrimidin-5-yl]-2-hydroxy-4-oxobut-2-enoate (3d).
O O OH

OB VY Y o
A o}
FsC O~ 'N

F30/©)

The title compound was synthesized using a similar procedure to that described in

Example 1, step 2, except that S-acetyl-1,3-dibenzyluracil was replaced with 1,3-bis(4-
(trifluoromethyl)benzyl)-5-acetyluracil. The title compound crystallized from a mixture of

20  hexane and ethyl acetate (3 : 1) and ethanol and was obtained in 20.3% yield. Mp. 189-191
- °C. 'H NMR (CDCls): 14.98 (br, s, 1H), 8.41 (s, 1H), 7.70 (s, 1H), 7.46-7.68 (m, 8H), 5.21



3 FONFO Step 1: 1, 3-bis(4-fluorobenzyl)-5-acetyluracil (2c) OO F I ON
5 F/ The title conmpound was synthesi zed using a simlar procedure to that
descri bed e 1, step 1, except that benzyl bropm repl aced
with 4-fl u‘gpo ‘gﬁ’zy ébronri de. The yield was 51.8% M. %ﬁ-ﬁi%‘s’@?gﬂmm
(CcbC13): 8.22 (s, 1H), 7.48 (dd, 2H, J=9.0, 10 5.5 Hz), 7.32 (dd, 2H, J=8.5,

5.0 Hz)(s, A1)99:11. @%Hyn“@hﬂm&cbﬁ?s 18901) 16945 9132@8 15§ZBD 15024, 61?48(3S 1393'H)
L13OWR ( J--2 Hz), 160.86,

150 9, §@81321) 4 1%2‘12§£Z)JL%) 321(%2‘)‘32 ‘lﬂi@) 112?6; 1%&1@ 12’-6+3z§q JT%@PQZ:) 126.5 3=8. 5
112 413@'2]2? 7(%? 32‘238‘1’%&3%@3@'%&!}% ca 63509%%?01%%(%147&'3&2 33%371 1207,

f ound FAB-HRMS: [WVE-HY eglc@: fopCaHaFa¥;0a 85 D1 147 fduptl 557.1135.
4-11, 3-bi s(4-fluorobenzyl)-1, 2,3, 4-tetrahydro-2, 4-
dio opyri m di n-5-y|]-2-hydroxy-4-oxobut-2-enoate (3c). OOOH NCI OCH3 F

Il -"NF The title conpound WasRﬁgsteﬁgﬁi,@mﬂéglg a simlar procedure to
t hat descri bed in 20 Exanple 1, step except t hat

5-acetyl - 553

PCT/ U82006/ g—ﬂ’gﬁﬂ(w@”ﬁ?ug&o ”‘E’ﬁ?))g 'ﬂ’t Aﬁ?’am%p%ﬁp‘y@ ﬂnﬁ%und was

I ecr ystigtiaxp-alcoxiobar2-ehdvamoid (dd)d obt ai ned in 23.5%yield. M. 171-173 C.
1IHNVR (CDC13): 15.02 (br, s, 1H), 8.35 7 71 (s, 1H, 7.49 (m 2H),
7.34 (m 2H), 7.09 (m 2H), 7.00 (m 2 5.02 (s, 21-1),
3.92 (s, 3H). 13CNMR (CDC13): 1 "{d J=248. 8 Hz), 162.5 (d,
J=246.4

10 The title compound was synthesized using a similar procedure to that described in
Example 2, except that methyl 4-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-yl)-
2-hydroxy-4-oxobut-2-enoate was replaced with methyl 4-[1,3-bis(4-
(trifluoromethyl)benzyl)-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-yl]-2-hydroxy-4-oxobut-2-
enoate (3d). The title compound was recrystalized from hexane and ethyl acetate (3 : 1). The

15 yield was 68.2%. Mp. 176-178 °C. 'THNMR (DMSO-dg): 14.98 (br, s, 1H), 14.02 (br, s, 1H),
8.99 (s, 1H), 7.72 (d, 2H, J=8.0 Hz), 7.66 (d, 2H, J=8.5 Hz), 7.59 (d, 2H, J=8.5 Hz), 7.57 (s,
1H), 7.51 (d, 2H, J=8.0 Hz), 5.26 (s, 2H), 5.09 (s, 2H). *CNMR (DMSO-d¢): 185.8, 169.3,
163.1, 159.9, 151.3, 150.2, 141.2, 140.5, 128.4 (q, J=31.5 Hz), 128.3, 128.2, 127.9 (q, J=31.7
Hz), 125.4 (q, J=3.8 Hz), 125.2 (q, J=3.8 Hz), 124.2 (q, J=272.3 Hz), 124.1 (q, J=271.8 Hz),

20 108.0, 100.7, 52.6, 43.9. FAB-HRMS: [M+H]" calcd. for Cp4H;7FgN2Os 543.0991, found
543.1003.

Representative Example 9



5 Hz), 162.4, 159.6, 150.5, 148.2,131.8 (d, J=3.4 Hz),131.2 (d, J=8.2 Hz),
130.3 (d, J=8.7 Hz), 129.9 (d, J=3.4 Hz), 116.4 (d, J--21.6 Hz), 115.4 (d,
J=21.6 Hz), 109.2, 101.5, 53.14, 53.12, 44.3. FAB-HRMS. [ MtH + cal cd. for
C23HL9F2N2 B 2899845531 f ound 457. 1196. 10 Representative @016 1, 3
Bis(4-jIuorobenzl)-1,2,3,4-tetrahydr055,4-dioxopyrinidin-5 yl J- 2- hydr oxy- 4-
oxobut - 2- eNplefnyRgi(ILbbrS-1,2\8,4-ethalydro2;4-didkopyrinidin-SyD-I-hfurbxyL3- The title
conmpound was synthesized using a simlar procedure to that described in
Exanp| exgbut-gesage (3¢lat et hyl

4- (1, 3-di benzyl -1, 2, 3, 4-tetrahydr o2, 4 di gqopyri m di n-5-yl ) -

2- hydr oxy- 4- oxobut - 2-enoat e was regl aced it nmethyl 4-]

1, 3- bi s(4-fl uorobenzyl)-1, 2,3, 4-HN CHs
tetrahydro-2,4-dioxopyrinidin-Sb - hydr &xy- 4- oxobut - 2- enoate (3c). The
title conpound was crystalized frgm hexane and ethyl acetate (3 : 1). The
yield was 49.7% M. 186-188 T 1IHNVR (DMSO-d6): 15.07 (br, s, 1H), 14.02
(br, s, 1H, 8.90 (s, 1H), 7. , 1H), 7.34-7.46 (m 4H), 7.10-7.21 (m
4H), 5.13 (s, 2H), 4.98 (s, 2H)> 13CNWR (DVBO-d6): 185.8, 169. 2,

163.1,161.8 (d, J=244.1 Hz), 161.3 (d, J=243.2 Hz), 159.7, 150.8, 150.1,
132.6 (d, J=2.9 Hz), 131.8 (d, J=3.4 Hz), 130.2 (d, J=8.2 Hz), 129.9 (d,
J=852 Hz), Btem 12 preparatien of f-acptyl-1-benzylyracy (2€)3=21. 0 Hz), 107.7, 100.7, 52.1,
43.5. FAB-HRVB: [MrH + cal cd. for C22HIyF2j206 25 443.1055, found 443.1044.
Representati ve Exanple 7 WO 2006/ 083553)}) PC[/ US2006/ 001692 39 Met hyl

4- (1, 3-bis(4-(trifluoronethyl)ben;yl HN1, 273™-tetrahydro-2, 4-di oxopyri m di n-
S ylj-2-hydroxy- 4- oxobut - 2- enoat e (%Qﬂ\N OH/ NYI OOCHS3 F3CCO0F3C

o4

The title compound was synthesized in 69.9% yield by a similar procedure to that

described for Example 1, step 1, but using 1.1 equiv of benzyl bromide and 1.0 equiv of
potassium carbonate in DMF. Mp. 196-197 °C., 'HNMR (DMSO-dg): 11.69 (br, s, 1H), 8.54

10 (s, 1H), 7.30-7.36 (m, 5H), 5.03 (s, 2H), 2.44 (s, 3H). PCNMR (DMSO-d.s): 193.5, 161.6,
151.5, 150.3, 136.2, 128.7, 127.9, 127.7, 111.8, 51.1, 30.3. FAB-HRMS: [M-+H]" calcd. for
Ci13H;3N203 245.0926, found 245.0932.

Step 2: preparation of methyl 4-(1-benzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-
Y ¥D-2-hydroxy-4-oxobut-2-enoate (3e).
0O O OH

HN 2N O cH,

0~ 'N ©

o

The title compound was synthesized using a similar procedure to that described in

Example 1, step 2, except that 5-acetyl-1,3-dibenzyluracil was replaced with 5-acetyl-1-
benzyluracil. The title compound was crystallized from ethanol and obtained in 77.2% yield.

20 Mp. 197-199 °C. 'HNMR (DMSO-dg): 11.90 (s, 1H), 8.82 (s, 1H), 7.57 (s, 1H), 7.31-7.37
(m, 5H), 5.08 (s, 2H), 3.82 (s, 3H). *CNMR (DMSO-dy): 185.9, 167.8, 162.2, 161.0, 152.7,



Step 1: preparation of 1,3-bis(4-(trifluoronethyl)benzyl)-5-acetyluracil
~(2d). OOF3C OJ-N F3C5 The title conpound was synthesized using a
simlar t ribed in the Exanple 1, step 1, except that benzyl

br oni de Q‘gb?@% g% %I with 4-(trifluorgmethyl)benzyl bro 'ﬁgszoosﬁ%@ﬁl el d was
65. 1% anorphous solid. 1HNVR (CDC13):" 8.27 (s, 1H), 7.44-7.66 (m 8H)

5.20 (a49. 8>,H)35 % 19?7,( 1527 §;H)27 721@139 (190.9358.0, 51353!\1#@&@@38}61\4 H?’Zlcalcd ¥0. 5
150. 9, 148. 140. 138. 131.3 (q, J=32.7 Hz) 2 J=32.7 ru),

129. 3, Cl@hsl\hzosﬁééoﬁ?"%cfounﬁ—@l@%&) 125.5 (q, J=3.8 Hz), 124.0 (q, J=272.0
Hz), 123.7 (q, J=272.3 Hz), 112.6, 53.2, 44.5, 30.6. FAB- HRMS: [ Mt+H +
calcd. for C22H17F6N203 471. 1143, found 471.1148. Step 2: preparation of

nmethyl 4-[1, 3-bis(4-(trifl uorommmmwﬂx@ml&,l 3, 4-
tet ahydro- A4-di o m di_n-5 hydr o 4-q noate (3d). O O CH
% B #@’?I(}g}xﬂ ’J’d"’ J&@%ﬁéf@ﬁﬁ% t%ed using a
SI m | a@mm;ggg e to that descri bed in Example 1, step 2, except t hat
5-acetyl -1, 3-di benzyluracil was repl aced with 1, 3-bis(4-
(trifluoromethyl)benzyl)-5-acetyl ur&il® TRBE title conpound crystallized
froma mxture of 20 hexane and QB : 1) and ethanol and was
obtained in 20.3%yield. M. 189-1p1 Jc. 1H NWR (CDC13): 14.98 (br, s, 1H),
8.41 (s, 111), 7.70 (a, 1H), 7.467 8 (m 8H), 5 21 WO 2006/ 083553

PCT/ US2006/ 001692 40 (8, 2H), 5E11J(s, 2H). 13C NMR (CDC13): 185.0, 169.5,

162.3, 159.5, 150.4, 148.3, 139 138.0, 131.4 (g, J=32.5 FE), 130.3 (q,
J=32.4 Hz), 129.4, 128. 5 126. J=3.7 Hz), 125.5 (q, 7=3.7 Hz), 124.0
123. 7 J=272.3 109. % 101.5, 53,4 44. 6.

S gﬁiﬁlﬁe o e epiasisn b ol prposddls, it despita 1S

Example 2, replacing methyl 4-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-y1)-2-

10  hydroxy-4-oxobut-2-enoate with methyl 4-(1-benzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-

5-yl)-2-hydroxy-4-oxobut-2-enoate (3e). The title compound was crystallized from mixture

of tetrahydofuran and chloroform (2 : 3). The yield was 79.7%. Mp. 195-197 °C. 'HNMR

(DMSO0-dg): 15.10 (br, s, 1H), 13.97 (br, s, 1H), 11.87 (s, 1H), 8.79 (s, 1H), 7.54 (s, 1H),

7.30-7.36 (m, 5H), 5.08 (s, 2H). PCNMR (DMSO-dg): 186.0, 169.2, 163.2, 161.0, 152.5,

15 1499, 136.0, 128.7, 127.9, 127.7, 108.2, 100.8, 51.5. FAB-HRMS: [M+H]" calcd. for
C1sH13N,Og 317.0774, found 317.0769.

Representative Example 11

Methyl 4-[3-(4-fluorobenzyl)-1-benzyl-1,2,3,4-tetrakydro-2,4-dioxopyrimidin-5-ylJ-
2-hydroxy-4-oxobut-2-enoate (3f) ,
O O OH

N%O‘CH
I 3
JTLTT

Step 1: preparation of 3-(4-fluorobenzyl)-5-acetyl-1-benzyluracil (2).



Representative Exanple 8 4 [1,3

Bi s(4-(trifluoronethyl)benzyl)-1, 2,3, 4-tetrahydro-2, 4-di oxopyrl nei din-5
ylj-2- hyd - 4.- but-2-enoic acid (4d). O00 OH OH / | O-NO
lwo F3C | o,{‘},&%ﬁo%g title conpound wgs synthesized usi r%’?g:Tgrsél %OFIEB
procedure to that described in Exanple 2, except that nethyl

4- (1, 3-di benzyl -1, 2, 3, 4-t et rahydr o- 2, 4-di agopgri m di n-5-yl) -

2- hydr oxy- 4- oxobut - 2- enoat e was replac t thyl 4-[1, 3-bis(4-
(trifluoromethyl)benzyl)-1, 2,3, 4-:@5 ro4[2, 4- di oxopyri m di n-5-yl ]-2-hydro
Xy-4-oxobut-2- enoate (3d). The g+ nd was recrystalized from hexane
and ethyl acetate (3 : 1). The 15 yield waf 68.2% M. 176-178 C. ' HNMR
(DVBO-d6): 14.98 (br, s, 1H), 14.02 (Hh a, 1H), 8.99 (a, 111), 7.72 (d,

2H, J=8.0 Hz), 7.66 (d, 2H, J=8.5 Hz)| 59 (d, 2H, J=8.5 Hz), 7.57 (s,

111), 7.51 (d, 2H, J=8.0 Hz), 5.26 (s, 2H), 5.09 (a, 211). 13CNMWR (DVSO d6):
185. 8, 169. 3The i3 cdmpdifd ®Was dyaithelized & 92.7%l $ikl by befzydatioh28t d-a¢ejyl-I=31. 5

Hz), 128.3, 128.2, 127.9 (q, .J=31. , 125 ..J=3.8 Hr 25, ,
J=é. 8 Hbgnzylyragil ﬁzt’bd‘(lthaéwég sf 9m§%_;§gre ,fgeﬁgé?v(l&@wff?ﬁaz‘él%@? na 0897,
52.6,4.F-H'o§ﬂ1ﬁ?.. 776)206 9

543. 1oo§fﬁﬁgprﬁg’één _a%,?\[/gagr anp @gm\’/&)@'%g%ﬁ 0 ngs PCT. u?z Og})go(flrfggg% 41

Met hy| 819 Xs, ¥z $101 1(s22H),£2.6 £, 3D dPENVR (ADE%dplA4. hini i (B yER4@4 HaA)dr oxy- 4-
oxobut - 22008 %, 438%; 1949, BR3P 131N @ 182 H2), 1292, 1289, 1282,

1153 (d, J=21.6 Hz), 112.3, 53.4, 44.2, 30.6. FAB-HRMS: [M+H]" calcd. for CzoH1sFN;Os
353.1301, found 353.1310.

10

Step 2: preparation of methyl 4-[3-(4-fluorobenzyl)-1-benzyl-1,2,3,4-tetrahydro-2,4-
dioxopyrimidin-5-yl]-2-hydroxy-4-oxobut-2-enoate (3f).
O O OH

F @:j\MO\CH:,
o

The title compound was synthesized using a similar procedure to that described

Example 1, step 2, replacing S-acetyl-1,3-dibenzyluracil with 3-(4-fluorobenzyl)-5-acetyl-1-

benzyluracil. The title compound was crystallized from ethanol and obtained in 30.5% yield.

Mp. 165-167 °C. "HNMR (CDCls): 15.04 (br, s, 1H), 8.36 (s, 1H), 7.72 (s, 1H), 7.28-7.52 (m,

7H), 7.01 (t, 2H, J=8.5 Hz); 5.15 (s, 2H), 5.06 (s, 2H), 3.93 (s, 3H). *CNMR (CDCly): 185.4,

169.2, 162.5 (d, J=246.8 Hz), 162.4, 159.7, 150.5, 148.4, 134.1, 131.9 (d, 1=3.4 Hz), 131.2

20 (d,J=8.2Hz), 129.4, 129.1, 128.3, 115.4 (d, J=21.6 Hz), 109.1, 101.5, 53.7, 53.1, 44.3. FAB-
HRMS: [M+H]" calcd. for C33HaFN,Og 439.1305, found 439.1294.

Representative Example 12



5 Step 1: preparation of 5-acetyl-I|-benzyluracil (2¢). 00 HN O;~-N
(c)" The title conmpound was synthesized in 69.9%yvyield by a simlar
procedure to that described for Exanple 1, step 1, but usi ng 1.1 equiv of
benzyl br oMAHISE. 0 equiv of pot agsi um carbonat e i n PEMESZNH01Y6. 197 C.
"HNMR (DVBO-d6): 11.69 (br, a, 1H), 8%4 10 (s, 111), 7.30-7.36 (m 5H),
5.03 (s, 214/3-3. -benapi\B33 LR dP)- ; 7-351. 5, 150. 3,
136.2, 128. ?,[31(37.9?;071’5'%&7'?1 I:,Lll.8,’ ’g’(f 1, 0.3.2’%%5"?%'7\%?1"?%(% cal cd. for
C131113xdonyHexohgrd-envicand (#5. 0932. Step 2: preparation of nethyl

4- (1-benzyl -1, 2, 3, 4-tetrahydro-2, 4-dio I Mhdi

yl ) - 2-hydroxy- 4- oxobut - 2- enoate (3e). jSpr—B 0-~--,- NO The title
re to that described in

conmpound was synt hesi zed usi ng T mNar
, 3-di benzyluracil was replaced with
5-acetyl-1- benzyluracil. Th& titl eocorﬁ), ound was crystallized from ethanol

Exanple 1, step 2, except that ceIAd -

and obtained in 77.2%yield. 20 M 97-199 C. ' HNWR (DMSO-d6): 11.90 (s,
113), 8.82 (s, 1H), 7.57 (s, 1H), 1-7.37 (m 511), 5.08 (s, 2H), 3.82
(s, 3H). 13CNWR (DWVSO-d6): 185.9, 8, 162.2, 161.0, 152.7, WD 2006/ 083553

PCT/ US2006/ 6916Rfe cdhpohfld vwhs séﬁcﬁe&zed%%ﬁxga sibilar Procédifre fo thal deSoribk@Gn 9, 53.0,
51.5. FAB-FIRVS. | MFL1]+ calcd. for CL6HLEN206 331.0930, found 331.0928.

Repries dixasiple/ 2, ©pkaoipg andlylsh-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-y1)-2-
R TR NIRRT C o T R Spm——
2,4-dioxopyrimidin-5-yl}-2-hydroxy-4-oxobut-2-enoate (3f). The title compound was
crystallized from a mixture of hexane and ethyl acetate (2 : 1). The yield was 64.0%. Mp.
188-190 °C. 'HNMR (DMSO-dg): 15.05 (br, s, 1H), 14.01 (br, s, 1H), 8.87 (s, 1H), 7.56 (s,
10 1H), 7.30-7.37 (m, 7H), 7.12 (m, 2H), 5.15 (s, 2H), 4.99 (s, 2H). *CNMR (DMSO-de):
185.7, 169.2, 163.1, 161.4 (d, J=243.0 Hz), 159.7, 150.8, 150.1, 135.6, 132.6 (d, J=3.4 Hz),
129.9 (d, J=8.2 Hz), 128.6, 127.9, 127.7, 115.5 (d, J=21.6 Hz), 107.7, 100.7, 52.7, 43.5. FAB-

HRMS: [M+H]" caled. for C3,H;gFN,Og 425.1149, found 425.1156.

15 Representative Example 13
4-(9-Benzyl-9H-purin-6-yl)-2-hydroxy-4-oxo-but-3-enoic acid (11).

The relevant scheme is Scheme 3 shown below.



ON O The title conmpound was synthesized using a simlar procedure to that
described in Exanple 2, replacing nethyl

4- (1, 3-di benzyl -1, 2, 3, 4-t et rahydro- 2, 4- di oxopyri m di n-5-yl)-2- 10

hydr oxy- 4- sx@buetegdsssnoate wi th net hyl PCT/US2006/001692

4- (1-benzyl -1, 2, 3, 4-tetrahydro- 2, 4-di agsopyri m di n
5-yl)-2-hydroxy-4-oxobut-2-enoate (3e). The title conpound was crystallized
fromm xture dff2t et rahydof urqﬂﬁ‘l 2chl or of orm (%N V. The yield was 79. 7%
Mp. 195- 197 &~ tkiNVRwaH( BBBO- d3~¢ 6. 1Buihete s, 1N/ B3. 97 (br, s, 1H), 11.87
(s, 1H), 8. %ol el TTIowr 7. 54 (s, N¥10Gr  7ond 7. 36 (W=/5H), 5.08 (s, 2H)
13CNWVR (DVB(G¥ d6): 186.0, 169 163. 2, 161.0, 5, 15 149.9, 136.0, 128.7,
127.9, 127.7, 108.2, 100.8, 5’5, FAB-HRVS: [ M+ al cd. for C15H13N206
317. 0774, foudd 317.0769. Represéntative Exanmple {11 'Methyl
4-[3-(4-fluorobenzyl)-1-bentyl -1, 2,3, 4-t et rahydr of®2:Petoxopyri nsi di n-5 yl J-
2- hydr oxy- 4- oxobut - 2-enoate (3,f) OO COH 3 F I |j %Ef 0 OCH Step 1:
preparation of 3-(4-fluorobenzyl)-5-acetyl-I-benz gl (2t). WO

2006/ 083553 PCT/dd82006/ 001692 43paB: O F | O-N The title conmpound was

synt hesi zed i 3. 7% vyi el d by zyl ation of 5-acety—1- benzyluracil (2e)

wth 2 equiv of 728 uor obenzyl br/om de C?Clgzqui v @f potassi um car bonat e
in DVF. M. §1106- : VR SFt ; S B .30-7.50 (m 711), 7.00
. N

24

(m 2H), 5 NEE —5. 0 N 211) T 2761 ( . 13CNMVR (CDC13):
194. 3, 162. J=246. 4 Hz), 'ﬂ).?, 151.0, 148.¥=134.4, 132.1 (d, J=3.4
Hz), 131.1 , J=8.2 Hz), 129,2, 128.9, 128.2 115.3 (d, J=21.6 Hz), 112.3,
53.4, 44. 0. 6. FAB- HR\VE: H + calcd. for 01118FN203 353. 1301, found
353.1310. 10 Stwp 2: preparation?ff nethyl 8
4-[3-(4-fluorpbenzyl)-1-benzyl -1, 2, 3, 4-t et rahydr o- 2, 4-

THF

1 N NaOH

Scheme 3
Step 1: 9-Benzyladenine (6)
N NH,
r/
N—/
b -
5 To a suspension of adenine (5) (5.00 g, 37.0 mmol) in dry DMF (120 mL) was added

NaH (1.77 g, 44.4 mmol) at room temperature. The reaction mixture was stirred for 30 min
and the resulting white suspension was warmed to 60 °C for an additional 30 min. Benzyl
bromide (7.59 g, 44.4 mmol) was added and the mixture was stirred for 24 h at 60 °C. TLC

of the reaction mixture indicated the formation of two products. DMF was distilled off under



“di oxopyri mdi n-5-yl]-2-hydroxy-4-oxobut-2-enoate (3f). OOOHOOCH3 F ON
The title conpound was synthesized using a sim/lar procedure to that
described Exanple 1, step 2, replacing 5-acetyl -1, 3-di benzyluracil wth

3- (4-f1 uowoheusmyisys 5- acetyl -1- benzyluracil. The titl eP‘Z%’H%@ml%s
crystallized fromethanol and obtai méd in 30.5%yi el d. . 165-167 C. 1HNWR

710, 3BeCp gt e s idl8 & vgbhminiuger (B m%ﬁh i

13CNIVEhet GEat&d ol 5vat, ﬁlte‘r&Daﬁ?d dfii6P nfdef d/,accimx?lﬂiaparahlm) and GRricatidiOwds 150 5,

12 4 b ned ok et i ol o0 " AR 12
4 OO (50 o s, s e

4- 53- (CHP maﬂ-dlﬁsr(zry I7H, J&r&ém@NHl ),B. Bl &; 118 puaimg dseH)R 8328d(s oMb parineiCai n- S

yl J-2- 4- oxobut 2-eng cid 2e o ' EJ The title

conpoJﬁd¥\?‘3§ H’ésﬁ’?é@l r(él 2 arzsﬁrg gﬁm’\@%g‘tdﬁhég% ged in 5

Exanp I

PR s 0 ?9‘?4“ TR ”Lp‘af.mgxco*pf}’r E R SR

hydr oxiy, Apmmibuﬂ)z enoate wnth met hyl

4-13-(4-fluorobenzyl)-1-benzyl -1, 2, 3, 4-t et rahydr o-

2, 4- di oxopyrim di n-5-yl]-2-hydroxy-4-oxobut - 2-enoate (3fl. The title

co ound cr ﬁt al |ze fr.on@g m xture of hexane and ethyl acetate (2 :
The yi SR 2a5BERYESoMPUinggd 190 C. 1HNMR (DVBO-d6): 15.05 (br, s, 1H),

14.01 (br, s, 1H), 8.87 (s, 1H), 7.56 (s, 10 1H), 7.30-7.37 (m 7H), 7.12

(m 2H), 5.15 (s, 2H), 4.99 (s,?é\l—i). L3CNWVR (DMSO-d6): 185.7, 169.2, 163.1,

161.4 (d, J=243.0 Hz), 159.7, 1B0.8, /150.1, 135.6, 132.6 (d, J=3.4 Hz),

129.9 (d, J=8.2 Hz), 128.6, 127NQ/ 1¥¢.7, 115.5 (d, J=21.6 Hz), 107.7,

100.7, 52.7, 43.5. FAB- HRWVS: { MtHj=/cal cd. for C22HL13FN206 425. 1149, found

425. 1156.

To a stirred suspension of 9-benzyladenine (6) (1.00 g, 4.4 mmol) in anhydrous
acetonitrile (50 mL), was added diidomethane (5.82 g, 21.7 mmol) followed by z-butyl nitrite
(2.24 g, 21.7 mmol) at 0-5 °C (ice bath). While maintaining the cooling, the solution was
15 purged with nitrogen for 30 min. The ice bath was removed and the reaction mixture was
heated under an atmosphere of nitrogen at 60-65 °C for 5 h. Acetonitrile and the excess
reagents were distilled off and the residue obtained redissolved in chloroform (100 mL) and
washed with saturated aqueous sodium sulfite (2 x 50 mL) followed by brine solution (2 x 50
mL). The chloroform layer was dried over anhydrous sodium sulfate and concentrated to give
20  areddish oil which was purified by flash chromatography on silica gel using EtOAc/hexane
(3:7) for elution. Yield: 0.519 g. (34 %). Mp 152-153 °C. 'H NMR (DMSO-de): 3 5.51 (s,
2H, CHy), 7.31-7.36 (m, 5H, Ar-H), 8.65 (s, 1H, purineCs-H), 8.83 (s, 1H, purine C,-H). 1*C
NMR (DMSO-d¢): & 47.4, 123.2, 128.1, 128.1, 128.4, 129.2, 129.2, 136.5, 138.4, 146.9,
148.3, 152.4.
25

Step 3: 9-Benzyl-6-(c-ethoxyvinyl)purine (8).



15 Representative Exanple 13 4-(9-Benzyl-9H purin-6 yl)

2- hydr oxy- 4- oxo-but-3-enoic acid (11).

The rel evant schenme is Schenme 3

shown bel o 083553 PCTI US2006/ 001692 45 NH2 ( r N NaH /
BnBr N N t%%?@ﬁlg%?%te N HJ DVE NJ GHZI 2! CH3CN NJ g %Mﬁzﬁ%ﬁgduz
OEt SnBU3 OCH3 OCCH3 OO0 CHO O CH3000COCI N NN O FeCl3.6HZ0O Nomli \ CEt
pyridine N\ NNN 10 0 6 THE | NaCH OHOOH rNO 71 SN Schene 3
Step 1: 9-Benzyl adenine (6) N NH2

N

'

N=/

10

15

20

A mixture of 9-benzyl-6-iodopurine (7) (1.00 g, 2.8 mmol), bis(triphenylphosphine)-
palladium(Il) chloride (0.208 g, 0.02 mmol) and ethoxyvinyl(tributyl)tin (2.07 g, 3.8 mmol)
in dry DMF (4 mL) was heated under N, at 100 °C for 6 h. TLC indicated completion of
reaction. DMF was distilled off under reduced pressure and the resulting residue was
redissolved in EtOAc (50 mL) and filtered through a pad of celite. The solvent (EtOAc) was
distilled off and the residue obtained purified by flash chromatography. Yield 0.393 g, (47
%). Mp 114-115 °C. 'H NMR (CDCls):  1.55 (t, 3H, CHa, J = 7.5 Hz), 4.13 (q, 2H, CHy, J
= 13.7 Hz), 4.99 (d, 1H, CH, J = 3Hz), 5.48 (s, 2H, benzylic CH,), 6.16 (d, 1H, CH, J =3
Hz), 7.30-7.38 (m, 5H, Ar-H), 8.09 (s, 1H, purine Cg-H), 9.07 (s, 1H, purine C»-H). *C NMR
(CDCly): 814.3, 47.3, 63.7, 94.7, 127.8, 127.8, 128.6, 129.1, 129.2, 130.3, 135.0, 144.4,
152.1,152.3, 152.4, 155 4.

Step 4: Methyl 4-(9-benzyl-9H-purin-6-yl)-4-ethoxy-2-oxo-but-3-enoate (9)

HsCO._.O

To a stirred solution of 9-benzyl-6-(c-ethoxyvinyl)purine (8) ( 0.20 g, 0.70 mmol )
and pyridine ( 0.688 mL, 0.72 g, 28.5 mmol ) in dry chloroform ( 10 mL ) at 0 °C was added
methyl chlorooxoacetate ( 1.048 g, 0.784 mL, 28.5 mmol ) in dry chloroform ( 5 mL). The
reaction mixture was allowed to attain ambient temperature, stirred for 3 days and then
washed with water (2 x 10 mL) and dried over anhydrous sodium sulfate. The solvent was
distilled off and the dark reddish syrup was purified by column chromatograpy. Yield 110
mg, (42 % ). "HNMR ( CDCLy): 1.53 (t, 3H, CHs, J= 6.5 Hz ), 3.80 (s, 3H, CH; ), 4.36 (q
2H, CH,, J=6.5 Hz ), 5.49 (s, 2H, benzylic CH, ), 6.72 ( s, 1H, olefinic CH ), 7.36 (m, 5H,



N NO G6N-/ 5 To a suspension of adenine (5) (5.00 g, 37.0 mmol) in dry DV
(120 nmL) was added NaH (1.77 g, 44.4 mmol) at roomterrperature ‘The
reaction mxture was stirred for 30 mn and the resultl_*% &P? 3uspension
was war nevoeps@83se3 f or an addi ti onal 30 mn. Benzyl bFo ﬁ’ém)(/ B g, 44.4
mmol ) was added and the m xture was Biirred for 24 h at 60 C. TLC of the

of 1 unRBPNE 2o BeniERE G IERIP LR B eBk Gt DA bl 9 ohe

resul t?pln@ 47651509 6705 Ioreedn&d, yagd) 12818e124.20129.3,.131i%g l\ma ¢456) 150.0,t hat
separ at ed ggz s flé) _?d and dried under vaccum Separation and

purifi ﬂva &gﬁh flash col um chronat ography using CHC13:: MeCH

(9: 1D for elution. 9- Benzyladenine : yield 5.5 g. (66 %; np 231- 232 C 1H
NVR (DMSO- d6, : 8 5.38 (s, 2H, 5 CH2 ), 7.29-7.33 (m 7H, Ar-H and NH2),

8. 15 (s, 1Htembr Meshybd-(F ml-?ﬁ-l(lsm -6t)-2phpidroxy-4oxo-biyt-2-guaste19). adeni ne :
yield 1.8 g. (21 %. M 252-255 C. "H NWR (DMSO-d6): 8 5.53 (s, 21-L CH2 ),
7.29-7.48 (m 5H, Ar-H), 7.81o(s, 1H, purine C8-H), 8.0-8.1 (br, 2H, NH2),
8.6 (s, 1H, purine C2-HHC Step 2: 9-Benzyl-6-iodopurine (7) N N N N=
To a stirred suspension of 9-pétizyl adenine (6) (1.00 g, 4.4 mml) in
anhydrous acetonitrile ( o Was added diidonet hane (5.82 g, 21.7 mmmol)
foll owed by t-butyl nitrif (2.24 g, 21.7 nmmol) at 0-5 C (ice bath). Wile

mai nt ai ni ng the cool i ng, _(\fol ution was 15 purged with nitrogen for 30
mn. The ice bath was rvNe and the reaction m xture was heated under an

at nosphere of nitrogen 60-65 C for 5 h. Acetonitrile and the excess
reagents were distilledSeff and the residue obtained redissolved in
chloroform (100 nL) and washed with saturated aqueous sodiumsulfite (2 x
50 nm.) followed by brine solution (2 x 50 nl). The chloroform !l ayer was
dried over anhydrous sodiunlsulfate and concentrated to give 20 a reddish

ol | whi ch s, bpr by, Bl | 850 SHrANRLSY A% fleSlakd (6) BT 43 8%
mmole ) obtained in above step was stirred at room in CH,Cl; (20 mL) and treated with
10 FeCl3.6H,O ( 0.125 g, 0.40 mmole). The reaction mixture was stitred at 40 °C for 5 h.
Chloroform was distilled off and the resulting residue was treated with 1 N HCI (50 mL) for
1 h and then extracted with EtOAc (4 x 20 mL). The extract was dried over anhydrous
sodium sulfate and the EtOAc distilled off to give a brownish residue which was purified by
ion exchange chromatography (diethylamino sephadex anion exchange resin, CH;CN:H,O,
15  (1:1) eluent). Yield 5.2 mg. Mp 166-167 °C. "H NMR (CDCls) & 3.9 (s, 3H, CH3 ), 5.54 (s,
2H, benzylic CH; ), 7.35-7.41 (m, 5H, aromatic ), 7.9 (s, 1H, olefinic CH), 8.3 (s,1H, purine
Cs-H ), 9.19 (s,1H, purine C;-H ). ® C NMR (CDCl;) & 47.7, 53.4, 101.4, 128.0, 128.0,
1289, 129.3, 131.8, 134.5, 147.4, 152.3, 154.3, 162.1, 172.8, and 185.7. FAB-HRMS: [M +
H]" caled. for C;7H;5N404339.1093, found 339.1083.
20

Step 6: Synthesis of 4-(9-benzyl-9H- purin-6-yl)-2-hydroxy-4-oxo-but-3~enoic acid
1)



(3:7) for elution. Yield: 0.519 g. (34 %. M 152-153 C. 1H NWR (DMSO-d6): S
5.51 (s, 2H, CH2), 7.31-7.36 (m 5H Ar-H), 8.65 (s, 1H, purineC3-H), 8.83
(s, 1H pu 13C NWR (DMSO-d6): 8 47.4, 123.2, 1

(55,4 1bo Mooty 28 NG 146,9, 148.3, 152. 4. %’é‘%’@?‘gz

9- Benzyl 6- (a- et hoxyvinyl)purine (8). WO 2006/ 083553 PCTI US2006/ 001692 47 O
N~~ N NJ A mxture of 9-benzyl-6-jodopurine (7) (1.00 g, 2.8 nmol),

bi s(tri phenyl phosphi ne) pall adi ) chloride (0.208 g, 0.02 nmol) and

et hoxyvinyl (tributyl)tin (2.07 g, gymmol )  in dry DMWF (4 nL) was heated
under N2 at 100 C for 6 h. TLC ind¢cated conpletion of 5 reaction. DVF was
distilled off under reduced praggsurneoand the resulting residue was

redi ssolved in EtOQAc (50 ml) &n {Itered through a pad of celite. The
solvent (EtOAc) was distill ff Nand t he residue obtained purified by
flash chromat ography. Yield 9’3’1 (47 9% . M 114-115 C. 1H NWR (CDC13):
S 1.55 (t, 3H CH3, J =17.5 , 4. 13 (g, 2H, CH2, J = 13.7 Hz), 4.99 (d,
1H, CH, J = 3Hz), 5.48 (s, benzylic CH2), 6.16 (d, 1H, CH J = 3 10 Hz),
7.30-7.38 (m 5H, Ar-H), 8.09 (s, 1H, purine Cs-H), 9.07 (s, 1H, purine
C2-H). 13C NWR (CDC13): 614.3, 47.3, 63.7, 94.7, 127.8, 127.8, 128.6,
129.1, 129.2, 130.3, 135.0, 144.4, 152.1, 152.3, 152.4, 155.4. Step 4:

Met hyl 4- ( 9- Benzspirred I-SohmilohmfGH;eﬂjyl 4-(9{bhnz§4‘-9H—1uxbx-6}ort)-23hydaom-é-o(c@)but-B+3CO OO0
EtON "

9- benzyFn%te(g'\i{Wcl\l}fQ%\,q %P}%‘?ﬁ tﬁ?g n’tLl)I@ § IzlC gVap adi@drﬁﬁﬂlut}on of IN NaOH

(0.5 mL) and the reaction mixture was allowed to stir at 0 °C for 2 h. The reaction mixture

5 was extracted with diethyl ether (2 x 10 mL) and the aqueous layer was acidified with dilute
HCI and extracted with ethyl acetate (2 x 25 mL). The organic extract was washed with brine
solution, dried over anhydrous sodium sulfate and concentrated. The crude solid was purified
by trituration with diethyl ether to give 4 mg of product. Yield 25 %. Mp 152-153 °C.'H
NMR (CDCl3): & 5.27 (s, 2H, benzylic CH,), 6.39 (s, 1H, olefenic CH,), 7.23-7.29 (m, 5H,

10 Ar-H), 8.78 (s, 1H, purine Cg-H), 8.84 (s, 1H, purine C,-H). EIMS (m/z): [M + 1] calc for
Ci6H13N4O4 325, found 325.

Representative Example 14

15 4-(9-Benzyl-9H-purin-8-yl)-2-hydroxy-4-oxobut-2-enoic acid (17).

The relevant scheme is Scheme 4 shown below.



and pyridine (0.688 nL, 0.72 g, 28.5 mmol) in drychloroform (10 nL) at 0 C
was added nethyl chl oroOancet ate ( 1.048 g, 0.784 nL, 28.5 nnaol) in dry
chlorofor p178,355 reaction mxture was allowed to_attain anmb
tenperature, strrred for 3 days and then washed with wéfFEfUS@%‘“é‘?”lfﬁz rrL) and
dried over anhydrous sodi um sul fate. e solvent was 20 distilled off and
the dark reddi sh sy p Was purlfled by chromatogra Y| eld 110 ng
(42 %) 1HN|VR( 1.53 (t, (ﬁfz/l_% 6.5 Hz ), 3HCHS

2

4.36 (q, 2H, 5Ngq,g,,3,5 49 b emaritite CH s (s,

olefinic CH), 06/ 83963 Cﬁ-qagom/oo 2 48 Ar-H) 8.07
( s, 1H, purine Bs- 9. 10 (s urine C2-H). 13C (CDC13): S 14.1,

31.0, 47.5, 52.9, 67,996 1280 8.0, 128.8, 1293;293 131. 3,
134.7, 145.5, 152.@  152.6, 162.4, 167.¢g, and 179.7. 5 Stép 5 Met hyl
4-(9- benzyl -9H- puri n-6-yl) - 2-hydr oxy- 4- oxo- but - 2-enoat e (10)|.ygs® H3CO OH N
O NX\NNJ Mthyl 4-(9-benzyl-9H purin-6-yl)-4-et hoxy-2-{@Ho,but - 3- enoat e
(9) (100 nOu.d® 2@ mmol e) obtained in above step was stirred at roomin
CH2C12 (20 rﬁ.) nd treated with 10 FeCl13.6H20 ( 0.125 g, 0.40 mmol e). The
reacti on m xt was stirred at 40 C for 5 h. Chloroformwas distilled off
and the resultin i due was treatéd tg 1 NHA (50 niL)Br 1 h and then
extract ed V\ntI"F‘@t was dried overya rous

h

i x 20 nmL). Tﬁ@ e
i e Bt Wl ed SVt due whi ch
was purified by honNXchadd®®hr omat ody apNy” (di et bgl ani no pep

sodi um sul fate an

hadex ani on
exchange resin, - H20, 15 (1:1) eldent). YleFd 5.2 ny. 166-167 C. 1H
NVR (CDC13) 6 3. (s, 311, CH3 ), 5.5%¥s, 2H b8Wylic CRZ ), 7.35-7.41
(m 5H, aromatic),157.9 (s, 111, olefiniga,CH, 8.3 (s,IH purine Cs-H),
9.19 (s,1H, purijne C2-H ). 13 C NWR (CDC13) S 47.7, 53.4, 101.4, 128.0,
128.0, 128.9, %gﬂgsw&31.8,134.5, 147. 4, 152.3, 154.3, 162.1, 172.8, and
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185. 7. FAB- HRVS:
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Scheme 4
4-(9-Benzyl-9H-purin-8-yl)-2-hydroxy-4-oxobut-2-enoic acid. (17).
Step 1. Described in step 1 of Example 13.
5 Step 2: Synthesis of 9-benzylpurine (12)

N

g

N— N\
N="



H + cal cd. for C17HL15N404 339.1093, found 339.1083. 20 Step 6: Synthesis of
4- (9-benzyl -9H purin-6-yl)-2-hydroxy-4-oxo-but-3-enoic acid (11) WO

2006/ QSSS&O%I@}J%QOG/ 001692 49 0 HOOH rNO N\N NZ"‘/USJ%%&P?%‘ rred

sol ution - (9-benzyl - 9H pur n- 6-yl ) - 2- hydr oxy- 4-'0X0- enoat e
(10) (17 ng, 0.05 mml) in THE (5 nL) at 0 C was added a solution of I N NaCH
(0.5 ) an(I‘otmm’ed&ﬁiﬂeﬁﬂoﬁbeQ-bé&yMaﬁﬁé d@ﬁ@fn 5978 inmzoa)ln%ﬁ‘ydr@ﬁs?fgﬁ hThe
reactio ure 3 s extracte et et X and .t he
aqueous&)@?’é‘s drputdutpte 93:4 f‘gég éeéﬁtf%n%tt‘% heetgd

acet at yfdér gtixdgiﬂlere U?enﬂfo%é‘ﬁ“a%@-ﬁs fo@Clor WA, ’Fﬁﬁhﬁﬂ thé eRcdR§ r&i@entSRErdL | ON,

dried over anhydrous sodium'sul fate and concentrated. The crude solid was
pur| f [ ed:lstl offf artdutha tresidnendlithinefl retlissalvett inevhlarofogin (&0% miy a@ﬂ vmsb@thmﬂl Yield

53 8 5.27 H CH2 6. 39
Thy i oisg @%ﬂp (£ S0l b SbroRm fhyet e g oSkl sSaifpShura ) (
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found 325. Rpe resentative Exanple 14 4- (9-Benzyl - 9H ?grl n-

yl)-2- Jge}mlogﬁiQAdhm(&%ﬁme@t@m ‘dle{dllﬁ)& gﬂr?e3 V@lMPa?ﬁ Q¢ HemdlNMBchene 4
shown bedip¥,y. ¥8.4P 8558885 7541 M08 RS %8 10, Yl b 2o D6 s,/

1H, purine CgH), 9.20 (s, 1H, purine C,H).
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Step 3: 9-Benzyl-8-bromo-9H-purine (13)
Br: _N )
N— N
b -
15 To a stirred solution of 12 (10.68 g, 50.7 mmol) in chloroform (500 mL) was added

N-bromosuccinamide (45.20 g, 253.9 mmol) and the reaction mixture stirred under an
atmosphere of nitrogen and at reflux temperature for 5 h. The reaction mixture was
transferred to a separatory funnel and washed with saturated sodium sulfite solution (2 x 250
mL) followed by brine solution (2 x 250 mlL). The chloroform fraction was dried over

20  anhydrous sodium sulfate and concentrated and the reddish oil was purified by flash
chromatography on silica gel using EtOAc/hexane (4:6) for elution. Yield 6.05 g. (41.2 %).
Mp 119-121 °C; 'H NMR (CDCL): & 5.53 (s, 2H, CHy), 7.35-7.39 (m, 5H, Ar-H), 9.03 (s,
1H, purine Cg-H), 9.09 (s, 1H, purine C;-H).

25 Step 4 : 9-Benzyl-8-(o-ethoxyvinyl)purine (14)
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Scheme 4 4-(9-Benzyl - 9H puri n- 8-yl )-55- hydr oxy- 4- oxobut - 2-enoi ¢ acid. (17).
Step 1. Described in step 1 of Exanple 13. 5 Step 2: Synthesis of

9- benzyl purine (12) N ’N/OétN N=/

N

=
N=

A mixture of 9-benzyl-8-bromopurine 13 (1.0 g, 3.4 mmol) bis(triphenylphosphine)-
palladium(IT)chloride (0.242 g, 0.30 mmol) and ethoxyvinyl(tributyl)tin (1.49 g, 4.14 mmol)
in dry DMF (SO ml) was heated under N, at 65 °C for 48 h. DMF was distilled off under
reduced pressure and the resulting residue was redissolved in EtOAc (50 mL) and filtered
through a pad of celite. The EtOAc was distilled off and the residue obtained was purified by
flash chromatography. Yield 0.579 g, (59.7 %). '"H NMR (CDCls): § 1.33 (t, 3H, CHs, J=7.5
Hz), 3.99 (q, 2H, CH,, ] = 13.7 Hz), 4.66 (d, 1H, CH, ] = 3Hz), 5.34 (d, 1H, CH, J =3 Hz),
5.48 (s, 2H, benzylic CH,), 7.30-7.38 (m, 5H, Ar-H), 9.09 (s, 1H, purine Cg-H), 9.2 (s, 1H,

10  purine C;-H). ** C NMR (CDCL): 5 14.2, 47.3, 64.2, 91.8, 126.8, 126.8, 127.7, 128.6, 128.6,
133.1, 136.4, 148.2, 151.2, 151.9, 152.8, 153.0.

Step 5: Synthesis of methyl 4-(9-benzyl-9H-purin-8-yl)-4-ethoxy-2-oxo-but-3-enoate
15 (15).

To a stirred solution of 9-benzyl-8-(a-ethoxyvinyl)purine (14) ( 0.579 g, 2.0 mmol )
and pyridine ( 2.08 g, 24.7 mmol ) in dry chloroform ( 15 mL ) at 0°C was added methyl

chlorooxoacetate ( 3.03 g, 24.7 mmol ) in dry chloroform ( 10 mL). The reaction mixture
20 was allowed to stand in the refrigerator for 15 h. and then washed with ( 2 x 20 mL ) water



WO 2006/ 083553 PCT/ US2006/ 001692 51 To a stirred suspension of

- 9-benzyl adenine (6) (22.0 g, 97.6 mvol) in anhydrous THE (500 nmi) was added
t-butyl nitrite 9.34 g, 478.5 nmol) and the reaction [ ed under

an at rmsph‘@?é“‘lﬁf“gﬁﬁ-’trogen at 60-65 C for 4 h. THF and %@hg{(@%@z&?eagent

were distilled off and the residue obtained redissolved in chloroform (100

) andmiddish@ganic ldyebdiied oveer anhydrowsrsodiimxsubfdtelriBemoMabof uhinrofoanpavayer was
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N- br orm:m:fsmamm 1043, 268.9, 12253 150.9mb o, 23802, t1Ae. 11 @44 152.171153.5) Be251,i  r ed
under an at m)sphere of nltrogen and at refl ux terrperature for 5 h. The

reacti o0 xture was transferred to a separatory funnel and washed with
saturated sodiumsulfite solution (2 x 250 mnL) foll owed by brine solution
(2 x 250 mL). The chloroformfraction was dried over 20 anhydrous sodi um
sul fat e and Sten&eMiethyl ¢49-hauzyl-BH-pueideH8sy)-2hlydrag-4pxok-tit-Seenoytef(1@s h

chromat ography on silica gel using EtQAc/ hexane (4:6) for elution. Yield
6.05 9. (41.2 %. M 119-121,C J1H NMR (CDC13): 6 5.53 (s, 2H, CH2),
7.35-7.39 (m 5H, Ar-H), 9. , 1H, purine Cs-H), 9.09 (s, 1H, purine
C2-H). 25 Step 4: 9-Benzyl - 8yaxet hoxyvinyl ) purine (14) WO 2006/ 083553
PCT/ US2006/ 001692 52 OR

10

Methyl-4-(9-benzyl-9H-purin-6-yl)-4-ethoxy-2-oxo-but-3-enoate (15) (210 mg, 0.50
mmole ) obtained in above step was stirred at room temperature in CH,Cl, (60 mL) and
treated with FeCl;.6H,;0 ( 0.262 g, 0.9 mmole). The reaction mixture stirred at 40 °C for6h
and concentrated and the residue obtained was treated with 1 N HCl (50 mL) for 5 min and

15  extracted with EtOAc (4 x 20 mL). The organic layer was dried over anhydrous sodium
sulfate and concentrated to give a yellowish residue which was purified by ion exchange
chromatography. Yield 90 mg. (46 %). Mp 137-138 °C; '"H NMR ( CDCl;) & 3.98 ( s, 3H,
CH; ), 6.03 ( s, 2H, benzylic CH, ), , 7.29-7.41 (m, 5H, aromatic ), 7.68 (s, 1H, olefinic CH),
9.21 (s,1H, purine Cs-H), 9.39 ( s, 1H, purine C,-H ). '* C NMR (CDCl) & 47.6, 53.5, 102.2,

20 128.0, 128.0, 128.1, 128.3, 128.8, 132.8, 135.9, 146.8, 151.6,152.5, 155.3, 161.9, and 186.2.
FAB-HRMS: [M + H]J" caled for C17H15N404339.1093, found 339.1099.

Step 7: Synthesis of 4-(9-benzyl-9H-purine-8-yl)-2-hydroxy-4-oxo-but-3-enoic acid
7.



N N/ ~N N~ A mxture of 9-benzyl-8-bronopurine 13 (1.0 g, 3.4 mmol)
bi-s(triphenyl phosphine) palladiun(ll)chloride (0.242 g, 0.30 mol) and

et hoxyvinyl (tributyl)tin (1.49 g, 4.14 mol) in dry s heated
under N2 %@ 2086/0835%30r * 48 h. DVF was distilled off unde%ﬂ@&é@hkg%ssure and
the resulting residue was redi ssol véd in Et OAc (50 mL) and filtered through
a pad of celite. The EtOAc was distilled off and the residue obtained was
purified by flash chromatograph®. Yield 0.579 g, (59.7 %. 1H NWR (CDC13):
S1.33 (t, 3H CH3, J =7.5 Hz 3.99 (g, 2H, CH2, J = 13.7 Hz), 4.66 (d,
1H, CH, J = 3Hz), 5.34 (d, 1wb , J =3 Hz), 5.48 (s, 2H, benzylic CH2),
7.30-7.38 (m 5H, Ar-H), 9.09 1§, purine Cs-H), 9.2 (s, 1H 10 purine
C2-H). 13 C NWR (CDC13): S 14. 2 64.2, 91.8, 126.8, 126.8, 127.7,

B T

128.6, 128.6, 133.1, 136.4, 148. 2)<{51N2, 151.9, 152.8, 153.0. Step 5:
Synt hesi s of nmethyl 4-(9-benzyl-9H pWT'n-8-yl)-4-ethoxy-2-oxo-but - 3-enoat e
15 (15). H3COO EtON N/ \N / To a stirred sol ution of

9- benzyl - 8- (a- et hoxyvi nyl ) puri ne ) ( 0.579 g, 2.0 nmmol ) and pyridine (
2.08 g, 24.7 mol ) in dry chloroform (15 nL) at O0C was added net hyl

chl orooxoacetate ( 3.03 g, 24.7 mmol ) in dry chloroform (10 m.). The
reaction mxture 20 was allowed to stand in the refrigerator for 15 h. and
then washed with ( 2 x 20 m, ) water W) 2006/ 083553 PCT/ US2006/ 001692 53

dth i G i ' | f
bl or of or S Sir §ludi 8RR LOEARR R SR EL B 1R SREBYEY. ©
chr omghcey @gy é(g&(()egpb.@s%&&oa) n MEOFO(3 mL)ldtl ONNR wasCladéd h:solutidd of IN 3H, CH3,

7= 6.5 Hz) s,.SH,_CHSaé, 3.93 (q, 2H, CH2, 3=6.5 Hz), 5.35 (s, 2H,
benzyNa©HHm).) agl mwaction mixture allpwed 9 stir @0 °C  for30 mirpand then 3i-ampjen

5 temperature for 30 min. The reaction mixture was neutralized with 1 N HCl and the
precipitated solid was filtered dried and triturated with chloroform to give yellow solid.
Yield: 14 mg (73 %). Mp 162-163 °C. 'H NMR ( DMSO-dg): 5.90 ( s, 2H, benzylic CH, ),
7.26-7.37 (m, 6H, Ar-H and olefinic H ), 9.16 (s,1H, purine Cs-H ), 9.49 ( s, 1H, purine C;-H
). NMR (CDCl;) : & 47.6, 101.5, 124.7, 126.6, 127.5, 127.5, 127.5, 128.8, 128.9, 128.9,

10 137.1, 137.5, 153.0, 155.2, 163.9, 192.9. FAB-HRMS: [M + H]* calcd for C;sH;3N4Os4
325.0936, found 325.0924.

Representative Example 15

4-(1,9-Benzyl-6,9-dihydro-6-oxo-1H-purin-8-yl)-4-hydroxy-2-oxo-but-3-enoic acid
(24).

The relevant scheme is Scheme 5 shown below.



5), 899 (s, 1H, purine C6-H), 9.08 ( s, 1H, purine C2-H). 13 C NWR
(CDC13): 5 13.7, 46.8, 53.2, 67.2, 102.2, 127.8, 128.3, 128.7, 130.9,

133.0, 135 149.4, 152.1, 153.5, 162.1, 180.3. Step 6: Methyl

4- (9- benzyl\&b@pﬁsrslgsr?e 8-yl ) - 2- hydr oxy-g4- oxo- but - 3- enoat é’C(TﬂS%OWOPE???O 10 HO O
N /N"N NJ 1 10

Met hyl - 4- (9- benzyl @H— purin-6-yl)-4-ejhoxy, 2- oxo- but - 3- enoate (15) (210 nm,
0.50 mmol e) obtali ed in above step W tirred at roo nprRwAt ure in
CH2C12 (60 ni) ¢a p Ntremr@anamth Fe 6100 NBSOCHS2 g,

NB l e). The
reacti on m xtur Trredomt 40 C fgk 6 h and concent‘ﬂsat d the residue

&

obt ai ned Wastreated with 1 N HC m) for 5 mn 151extracted wth
Et OAc (4 x 20 nL). The organic |ayer”was dried over ydrous sodi um

sul fate and conceatrated to give a yel% owi sh residue whi g%yaﬁﬂepurifi ed by
i on exchange chromatography. Yield 90 ng. (46 %. M 13}- ; 1H NWR (
CDC13) S 3.98 (s, 3H CH3 ), 6.03 (s, 2H, benzylic CH2 ) PMF 7.29-7.41 (m
SH, aromatic), 768(s 1H, olefinic CH), 9.21 (s,1H purine C6-H), 9.39 (

s, 1H, purlne : NVR (CDC13) S 47.6, 53.5, 102.2,20,128,0, 128.0,
128.1, 128 8N8 d , 135.9, léé $52. 5, 15SB .9, and
186.2. FAB- E%'TFtbdszzor 1 54 9'3'1@9‘?1’ f 389. 1099.
Step 7: Synthesj " benggl - 9F p { I) 2 hydr oxy- _oR57 but - 3- enoi ¢
acid (17). éﬁ I683553 PET/ US2006/)0018%2 54 HO O HO NN/ \N
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Scheme 5
Step 1. Described in step 1 of example 13.
5 Step 2: Synthesis of 9-benzyl-8-bromoadenine (18).

Br\\//N NHZ
N\Z/_\<N
b -

To a stirred solution of 9-benzylpurine (6) (15.0 g, 66.5 mmol) in chloroform (750
mL) was added N-bromosuccinimide (59.26 g, 332.9 mmol) and the reaction mixture was



6N--/ To a stirred solution of nethyl 4-(9-benzyl-9H

purin-8-yl)-4-et hoxy-2-oxo-but-3 enoate (16) (0.020 g, 0.059 nmml) in MeOH
(3 n) at Qdaoeedssdded a solution of IN NaCH (1 ni) age FoR 5ok /bfigo2M Xt ure
allowed to stir at 0 C for 30 m n andg§ hen at anbi ent tenmperature for 30
mn. The reaction mxture was neutralized with 1 N HClL and the precipitated
sol i d whged inder ar @tmiospbete 2 aitragen atmﬂsutmnpdnatuw fgr aﬂofrﬂﬁﬁtrgacgpvmmm ow

lid. 73 0 63 C. 1 2H,
bonyy e i tandtl 881\ spsthiort Rif and Stied il SIS MR WP ooiin Jhely 200
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126.6, 127.5, 127.5, 127.5, 128.8, 128.9, 128.9, 10 137.1, 137.5, 153.0,
155. 2, oY@3nbydroupsagliun: apifateang canggnirate fo eme@creql@ eil.gvhighwes; puzitest 23936,
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(24). WheMpel 9201t °cs CHENBIR (CTRCIE)es6.35 (8 mw’memmo\@mm 29085 qR35H3 Ar-
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10 Step 3 : 9-Benzyl-6,9-dihydro-6-0xo0-8-bromopurine (19)

To a stirred suspension of 9-benzyl-8-bromoadenine (18) (2.60 g, 8.5 mmol) in DMF
15 (100 mL) was added t-butyl nitrite (4.31 g, 41.8 mmol) and the reaction mixture heated
under an atmosphere of nitrogen at 60-65 °C for 3 h. DMF and the excess reagent were
distilled off under reduced pressure and the residue obtained triturated with EtOAc (20 mL).
The yellow solid that separated was filtered off and dried under vaccum. Yield 1.41 g (54 %)
Mp 182-184 °C. 1H NMR (CDCI3) & 5.39 (s, 2H, benzylic CH2), 7.21-7.42 (m, 5H, Ar-H),

8.19 (s, 1H, purine C2-H), 12.59 (s, 1H, NH).

Step 4 : 1,9-Dibenzyl-6,9-dihydro-6-oxo-8-bromopurine (20).

é; NJb



SnBu3 21 b 20 19 CH3000COCI / Pyridine H3COO0 H3COO HOO 0) HO HO - EtO
NO/ \ O 0J, NN\ NMOHONO N FeCl3. 6H20 N=/ 1 NNaOH NN N 1

24 22 23 3;; gﬁﬁﬁloéss tep 1. Described in step 1 of exan%%%%mo?o gp 2:

Synt hesi s benzyl - 8- br onbadeni ne (g48). Br-N NH2 N a stirred
solution of 9-benzyl pur| ne (6) (15.0 g, 66.5 nunol) in chloroform (750 i)
was added N-DBo civesypension rafd®-bériz91-6,8-dihydBi36-02048Hrbinopurihet h@)r(éamt goi3.8m xture

s 0 O el LEROte RASaE 104 e Bl 20 BB BB

t r ansf eyg.soy 204 8 rﬁﬁBBr arTee Yniktuiftwhs aiebdV@s N8 ch. Vit trbore b Eata@@le JOMEOwEs sodi um
sulfite (2 X 250 nL) followed by brine solution (2 x 2 The

chl or of semaved asdergaduged piesswg and herregidng ehtained wes dispeleed maE A0 mL)
g(r)\Pgr?rgE 8‘3‘; ap eﬁar%ih\é? cé?elg‘g @s’?ﬁg“&% hagg%]l ﬂ{})ﬁ; %’?gfl%lr éurlta?lggdm% eld
9.72 (. séd@n sulfate and concenterated to give a yellow syrup, which was punﬁed by column
chromatography on silica gel (EtOAc: hexane, 4:6). Yield, 1.20 g (80 %). Mp 161-162 °C.
'H NMR (CDCls) & 5.27 (s, 2H, benzylic CH, ), 5.34 (s, 2H, benzylic CH ), 7.28-7.37 (m,
10H, Ar-H), 8.02 (s, 1H, purine C,-H). *C NMR (CDCls) 5 47.8, 49.3, 124.8, 126.0, 127.7,
10 127.7, 128.3, 128.3, 128.4, 128.9, 128.9, 129.1, 134.7, 135.8, 147.4, 149.0, 155.5, 184.1.
- FAB-HRMS: [M + 2H] calcd. for C;oH;sBrN4O 397.0487, found 397.0497.

Step 5 : Synthesis of 1,9-dibenzyl-6,9-dihydro-6-oxo-8-(ai-ethoxyvinyl)purine (21)

OEt
0
N\Z/_( N—
b ”

15 A mixture of 1,9-dibenzyl-6,9-dihydro-6-0xo-8-bromopurine (20) (1.20 g, 3.04 mmol)
bis(triphenylphosphine)palladium(IT)chloride (0.213 g, 0.3 mmol) and ethoxyvinyl-
(tributyl)tin (2.19 g, 6.07 mmol) in dry DMF (50 mL) was heated under N, at 70 °C for 22 h.
DMF was distilled off and the resulting residue dissolved in EtOAc (100 mL) and filtered
through a pad of celite. The solvent was distilled off and the residue was purified by flash

20  chromatography (EtOAc: hexane, 6:4). Yield 0.989 g (88 %). Mp 167-168 °C. '"H NMR
(CDCl3) 6 1.26 (t, 3H, CHj,J = 7.5 Hz), 3.86 (q, 2H, CH,, ] = 7 Hz), 4.46 (4, 1H, CH,J = 2.5
Hz), 5.26 (s, 2H, benzylic CH,), 5.32 (d, 1H, CH,J = 3 Hz), 5.60 (s, 2H, benzylic CH, ),
7.10-7.37 (m, 10H, Ar-H), 7.99(s, 1H, purine C,-H). 3C NMR (CDCl;) § 14.1, 47.8, 49.1,
63.8,90.2, 123.5, 126.6, 126.6, 127.5, 127.5, 128.2, 128.7, 128.7, 128.9, 129.1, 129.1, 136.2,

25 136.7, 146.2, 146.9, 148.9, 151.9, and 156.6. FAB-HRMS: [M + H]" calcd. for C23Hy;N40;
387.1821, found 387.1815.



% . M 199-201 C 1H NWR (CDC13) 3 5.39 (s, 2H, benzylic CH2), 7.29-7.33 (m
5H, Ar- H), 8.29 (s, 1H, purine C2-H). 10 Step 3 :

9- Benzyl - 6.,9: di - 6- 0Xx0- 8- bronopurine (19) Br\ -N O_(N NH -l To a
stirred sugg)eﬂ)gp%ggsgf 9- benzyl -8-bro denine (18) (2. 68 J,mlgé(.mg}(\'lm ) in DVF
15 (100 ni) was added t-butyl nitrite (4.31 g, 41.8 nmmol) and the reaction
m xture heatgyg 6 !J'M‘éiliylﬂf(l@itlg%iflF%%—@%b?ﬁro%-%ﬁ&@ﬁ%uﬁh—@ﬁ)ﬁ%tﬁhfﬁi—oﬁo—hu’cﬁDM: and

t he excess reagent were d f under reduced pressure and the

resi dus3-onsate @ed triturated with EtOAc (20 nL). The yellow solid that
separated was filtered off and dried under vaccum Yield 1.41 g (54 %9 M
182-184 C. 1H NMR (CDC13) 3 5.39 (s, 2H, benzylic CH2), 7.21-7.42 (m 5H,
Ar-H, 8.19 (s, 1H purine Gged) 0 12.59 (s, 1H, NH). Step 4:

1, 9- D benzyl - 6, 9- di hydr o- 6- oxo- 8/bronmopurine (20). Br NO IN N-/ WO

2006/ 083553 PCT/ Us2006/ 001692 To a suspension of

9- benzyl - 6, 9- di hydr o- 6- oxo- 8- br \ng (19) (1.20 g, 3.8 mmol) in dry DWF
(25 nmL.) was added NaH (0.113 g 4.6 N ly. foll owed by benzyl brom de (0.807
g, 4.6 mol). The mixture was stirfedN=6r]15 h. at roomtenperature. DVF was
removed under reduced pressure an e r@hdue obtained was dissolved in

Et CAc (50 nmL) 5 and washed with bri¥e so ion (2 x 50 nL). The organic

| ayer was dried over anhydrous sodium sulfate and concenterated to give a
yel l ow syrup, which was purified by colum chronat ography on silica gel

527 (s, or (paAoyH g §F 18 it SSRe Se i OB € ) o)
Ar-H), ®@62Pg,(K6 bl )mdipyeding(H)61 §,38.2Nkko( PRCAry)chBrdforn@, ( 30mB, ) &DACS,
1200 327, e o it O B S i e 0 S e
397. 048 tofl WS tupd WraOdifAved to stand in the refrigerator for 48 h. The reaction mixture was
washed with ( 2 x 100 mL ) water and dried over anhydrous sodium sulfate. Chloroform was
distilled off to give yellow syrup from which the product was isolated by column
10  chromatograpy (EtOAc: hexane, 4.6). Yield 0.584 g (77 %). 'HNMR (CDCls) 5 1.14 (t, 3H,
CHi,J=6.5Hz), 3.66 (s, 3H, CH3 ), 3.87 (q, 2H, CH,, J=7 Hz ), 5.19 (s, 2H, benzylic CH,
),5.23 (s, 2H, benzylic CH;), 6.25 ( s, 1H, olefinic CH ), 7.09-7.62 ( m, 10H, Ar-H ), 7.98 (s,
1H, purine, Co-H). *C NMR (CDCls) & 13.7, 47.3, 49.2, 52.8, 66.6, 102.6, 123.7, 127.4,
127.4, 128.0, 128.0, 128.2, 128.3, 132.1, 132.2, 135.4, 136.0, 143.8, 147.9, 148.6, 156.3,
15 1620, 162.7, 181.3. FAB-HRMS: [M + HJ" calcd. for CpeHzsN4Os 473.1824, found
473.1810.

Step 7: Methyl 4-(1,9-benzyl-6,9-dihydro-6-o0xo0-1H-purin-8-yl)-2-hydroxy-4-oxo-
20  but-3-enoate (23).



Step 5 : Synthesis of 1,9-di benzyl -6, 9-di hydro-6-o0xo- 8- (a-ethoxyvinyl)purine
(21) CEt NO NN N=~ 15 A mxture of ,

1, 9-di benzyl - 6, 9- di hydr o- 6- oxo- 8- brol opurine (20) (1.20 g, 3.04 nmol)

bi s(tri phemnyd pivesgassane) pal | adi unm(11)chl oride (0.213 g, OpSGr/o¥m0de)o0dddsl

et hoxyvinyl- (tributyl)tin (2.19 g, 6.97 mol) in dry DM (50 nL) was heated
under N2 at 70 C for 22 h. DW was distilled off and the resulting residue
di ssolved in Et OAc (100 nlL)H:80d_Dbiltered through a pad of celite. The
solvent was distilled off and the residue was purified by flash 20

chromat ogr aphy (Et QAc: hexan8Q .4) Yield 0.989 g (88 %9. M 167-168 C. 1H
NVR (CDC13) S 1.26 (t, 3H, 76Hz) 3.86 (q, 2H, CH2, J = 7 Hz),
4.46 (d, 1H, CH J = 2.5 Hz), 2H benzylic CH2), 5.32 (d, 1H, CH2

J =3 Hz), 5.60 (s, 2H, benzylic- X.10-7.37 (m 10H Ar-H), 7.99(s,
1H, purine C2-H). 13C NMR ( CDC13) 8 49.1, 63.8, 90.2, 123.5,
28 7 .7, 128.9, 129.1, 129.1, 136.2,

126.6, 126.6, 127.5, 127.5, 128.
25 136.7, 146.2, 146.9, 148.9, 1519, and 156. 6. FAB-HRMS: [M + H + cal cd.

for C23H23N402 387.1821, found 387.1815. WD 2006/ 083553 PCTI US2006/ 001692
58 Step 6: Met hyl

4- (1, 9- benzyl - 6, 9-di hydr o- 6- oxo- 1H puri n- 8-yl ) - 4- et hoxy- 2- oxo- but- 3-enoate
(22). HBCOO O DO NN To a stirred solution of

1, 9- di benzy| Msft$ di hyéh(b,QQBmﬂ-@{@hﬁm@wﬁaﬂH}muimi-&el)(@qt)loxﬁZ@xo-bgt- 1. 6

vas. AdaBtPRRRH Bileacwnlieatd (A 0 Vb Bl FGp g AN o8 or

(10 nl) gand mhR)tdn@Nthéiredcb® niRfurd wadWatted @t a0 200fdr™ Whe Thelsbiverr whor f or
48 h{ The reaction m xture was washed with (2 x 100 nlL) water and dried

overs anksnaoved and ghei ngsulting Yesidue wap [tispted oith HCI (50 mL) for 5 min, extracted
with EtOAc (4 x 20 mL) and dried over anhydrous sodium sulfate. The solvent was removed

to give a yellowish residue which was purified by ion exchange chromatography (CH3CN :
H20, 1:1). Yield 0.502 g. (91 %). Mp 178-179 °C. 1H NMR ( CDC13): 3.84 ( s, 3H, CH3
),5.21 (s, 2H, benzylic CH2 ), 5.77 (s, 2H, benzylic CH2), 7.19-7.30 (m, 10H, Ar-H), 7.65 (s,

10  1H, olefinic CH), 8.07 (s, 1H, purine C2-H ). 13 C NMR (CDCI3): 6 48.1, 49.5, 53.2, 102.5,
119.3, 124.8, 127.9, 127.9, 128.2, 128.2, 128.4, 128.7, 128.7, 128.8, 129.2, 129.2, 135.5,
135.9, 143.1, 149.4, 150.0, 156.7, 162.2, 162.2, 184.1, 185.9. FAB-HRMS: [M + H]+ calcd.
for C24H21N405 445.1511, found 445.1520.

15
Step 8: Synthesis of 4-(1,9-benzyl-6,9-dihydro-6-oxo-1H-purin-8-yl)-4-hydroxy-2-
oxo-but-3-enoic acid (24).
HO.__O

HO™ ™
)

o Ni7/—</N
570

To a stirred solution of 4-(1,9-benzyl-6-9-dihydro-6-0xo-1H-purin-8-yl)-2-ethoxy-4-
20  oxo-but-3-enoic acid methyl ester (23) (0.110 g, 0.24 mmol) in MeoH (10 mL) at 0 °C was



distilled off to give yellow syrup fromwhich the product was isol ated by
colum 10 chromat ograpy (EtQAc: hexane, 4:6). Yiel d 0 584 g (77 %9 . 1H NWR (.

CDC13) 8 1.14 (t, 3H CH3, J= 6.5 Hz ), 3.66 (s, , 211,
CH2, J=7 WO 20060088559 (s, 2H, benzyl i % cH2 ), 5.23 (s z'gﬁﬂ%zﬁ%‘?q"?‘ézmz) 6. 25
(s 1H olefinic CH, 7.09-7.62 (m OH Ar-H), 7.98 (s, 111, purine,

2, kil WRGGEANBIER f1) Tropiydniglfe s fafes a o ¥ty 1279,
148. 6,30lhin a’iud thén 4tGAofd, tethferatiire b8 1.13 ThisAkasHioNGwed b helffatizatidrowtith f1QN
CZGHZgSﬁ%]OS 24, found, 473. ?ﬁi&O St

o (1 ke tohd Hitnomreenbon b e APnd B il tithalishul fhes o sige

but - 3588161 Aka YERRNBEI0 8P Fo T (HEBHBS! SPRRRR (DMSOREPS SR, N O
4- (51, %IBdmn@yﬂle@I-E)d‘j RO ¢, GHGbmyhd.GHp);ﬂiZﬁ{ﬁ-l}] plefinetCH) 7-27-DXb@it0H3- enoat e
(22) (0.584 nmo|l e) 1 150 ) was trea wth FeCl3. 6H20 (
- 5b7 ARV (e PanE Gard )r Dd SRR DAl a 25 4B 1Pe W3 B0k Sor 3
The so t S t r r&sid e 1 N HCL
(L SopRINsE g STNCR S SELI, RS IRTSESERER WO

anhydr B9ss. SIMB-HRMSHI [Mitl-él] Thled ﬁ:mlO;gﬁthMsBrldﬁﬁ&d‘dund@lgﬁNé a yel | owi sh

resi due which was purified by ion exchange chromatography (CH3CN : H20
1:1). Yield 0.502 g. (91 %. M 178-179 C. 1H NVR ( CDC13): 3.84 ( s, 3H,
CH3 ),5.21 (s, 2H, benzylic CH2 ), 5.77 (s, 2H, benzylic CH2), 7.19-7.30
(m 10H, Ar-H), 7.65 (s, 10 111, olefinic CH), 8.07 (s, 1H, purine C2-H).
13 C NWR (CDC13): 5 48.1, 49.5, 53.2, 102.5, 119.3, 124.8, 127.9, 127.9,
128.2, 128.2, 128.4, 128.7, 128.7, 128.8, 129.2, 129.2, 135.5, 135.9,

143. 1, 149.4, 150.0, 156.7, 162.2, 162.2, 184.1, 185.9. FAB-FIRMS: [M +H +
cal cd. for C24H21N4A05 445. 1511, found 445.1520. 15 ,




Step 8: Synthesis of

4- (1, 9- benzyl - 6, 9-di hydr o- 6- oxo- | H puri n- 8-yl ) -4- hydroxy-2- oxo-but-3-enoic
acid (24). HOO HOO NO NN NI To a stirred solution of

4- (1, 9-benzyl - 6- 9-di hydr 0- 6- oxo-| H puri n-8-yl)-2-et hoxy-4 20 oxo-but - 3-enoic
acid nethyl ester (23) (0.110 g, 0.24¢mmol) in MeoH (10 nL) at 0 C was WO
2006/ 083553 PCT/ US2006/ 001692 60 added a solution of 1IN NaCH (2 nL). The
reaction mxture was allowed to stir at 0 Cfor 30 mn and then at room
tenperature fo&ll h. This was foll owed by neutralization with 1 N HC and
the solid that "SIt ed out was filtered dried and triturated with diethyl
ether to give 1YyglcbRpossl é(ﬂordmgetbﬁ!heg%&@ﬁl &BRuM8 of Mm@ 4: C (deconp. ). ' H NMR
(DMSO-d6) S 5.27 (s, 5 2H, benzylic 2 ), 5.§) (s, 2H, benzylic CH2), 7.25
(s, 1H, olefnlic CH), 7.27-7.37 gnyloH, QAr-H)} 8.77 (s,1H, purine C2-H).

13 C NMR (CDCL3) S 47,9, 49.4, 104 & 23l 9, 1p7.6, 127.6, 128.2, 128.2,
128.7, 128.9, 129.1, 137.2, 137.2,4504  6)N¥56.5, 163.9, 176.0,
179.5. FAB-HRVB: [M + H + cal cd KOlsimdHPONACE 431. 1355, found 431.1373. 61

W claim 1. A conpound according o t general structure of formula I: O
OHR R /Nu Scaffold RRZZVWR3 | r? I nNg’he nucl eobase scaffold is uracil
Rl and R2 are each independently H C -6 alkyl, C1-6 fluoroal kyl,
unsubstituted or substituted C5.6 cycljoal kyl, Cl -6 al kenyl, unsubstituted

or substituted phenyl,

wherein the nucleobase scaffold is uracil;

R' and R? are each independently H, C, alkyl, C; fluoroalkyl, unsubstituted or
substituted Csg cycloalkyl, Ci.s alkenyl, unsubstituted or substituted phenyl,
unsubstituted or substituted benzyl, C,¢ alkyl phenyl which phenyl moiety may be
optionally substituted, unsubstituted or substituted heteroaryl, C,.¢ alkyl substituted with
a heteroaryl group which heteroaryl group is optionally substituted, C,.¢ alkyl S(O)R or
alkyl (SO2)R where R is alkyl, phenyl or substituted phenyl, C, alkyl CO,R* where R® is
C.6 alkyl or H, C¢alkyl COR* where R is Cy.¢ alkyl;

R? is selected from H, C alkyl, halogen, hydroxyl, unsubstituted or substituted
benzyl, or unsubstituted or substituted phenylthio;

R* is CO,R® or P(0)(OR®)(OR®), where each R® is independently from H and Cy.
alkyl,

or a pharmaceutically acceptable salt thereof.

2. A compound of claim 1 according to the structure:

O O OH
R'-y | R
Pl

R2

wherein R' and R? are each independently a benzyl group or a substituted benzyl

group with 1 to 3 substituents on the aromatic ring selected from halogen, hydroxyl,



unsubstituted or substituted benzyl, C2.6 al kyl phenyl which phenyl noiety
may be optionally substituted, unsubstituted or substituted heteroaryl,
Cl-6 al kyl substituted with a heteroaryl group which heteroaryl group is
optionally substituted, C1-6 alkyl S(OR or alkyl (SQ2)R where R is alkyl,
phenyl or substituted phenyl, Cl1_6 al 6§l CO2Ra where Ra is Cl-6 alkyl or H
Cl 6 alkyl CORa" where Ra' is Cl1L 6 alkyl; R3 is selected fromH, ClL_6 alkyl,
hal ogen, hydroxyl, unsubstituted or substituted benzyl, or unsubstituted or

substi t ut I Qi I 0] ) L kb r e L 1S
i ndependeﬁt w%értr}}}&f gn}d":%obgl’ ggiz:(g;rlf tﬁ@%@@&t .‘%@ﬁ"&i‘@%@% le salt
t her eof . terdargbgmoomnd of claim |1 according to the structure: OO OH R N

~ R4 O-NR3 I rein R and R2 ar.e each independently a benzyl group
or a subski tutbcCreAlr GHBeE WEPY SeBtS S RerE BRRREh. oh e urOHET i ¢ Or i ng
sel ect ed pueaprhiahagento Myabseixiénts 62 the'Pleh@Xihg SRR frorehlben, By@RXYl, CF3, or
a -CH2 Ro group where Rb is a 5- or 6-nenbered heteroaryl group; is H,

C 6 al kyl methaxydesthylpethylyprop¥lu6Eti t ut ed benzyl, phenylthio, or substituted
phenylthio wt 1 Qy4 Ut ek (] selected from

hal ogen, hydr O\Qgﬁr?m{rréf ﬁg}é@%ﬁﬁﬁgﬁt&]eﬁ%ﬂ;&% %pggiql‘f a@g; wherein R4 is CO2R
where R is sel@dgdrhicemiddllandcdptabe saltkhydreof. or a pharmaceutically acceptabl e
salt thereof. 3. The conpound of claim| according to the structure: O O CH

~4 R\NR
3. The compound of claim 1 according to the structure:

wherein R' and R? are each independently a benzyl group or substituted benzyl
group with 1 to 3 substituents on the aromatic ring selected from halogen, hydroxyl,
methoxy, methyl, ethyl, propyl, CF3; or wherein R! and R? are independently —CH,R"
where R” is a 5- or 6-membered heteroaromatic ring;

wherein R? is H, C,. alkyl, halogen, benzyl, substituted benzyl, phenylthio, or
substituted phenylthio with 1 to 3 substitutents on the phenyl ring selected from halogen,
methoxy, methyl, ethyl, propyl, CF;.

wherein R* is P(O)(OR)(OR), where the R groups could be the same or not and
are selected from H or C; alkyl,

or a pharmaceutically acceptable salt thereof.

4. The compound of claim 1 according to the structure:




O-N R3 R2 wherein R1 and R2 are each independently a benzyl group or
substituted benzyl group with | to 3 substituents on the aromatic ring

sel ected from hal ogen, hydroxyl, nethoxy, nethyl, ethyl, propyl, CF3 or
wherein R and R2 are independently -CH2Rb where Ro is a 5- or 6-nenbered
heteroaromatic ring, wherein R3 is H, @6 alkyl, hal ogen, benzyl,
substituted benzyl, phenylthio, or substituted phenylthio with 1 to 3
substitutents on the phenyl ring selected from hal ogen, nmethoxy, methyl,
et hyl, propyl, ;: i L : uld be
t he sane or not“ggr:%n w{aj't(r%lfal&slf,agl %é%% Fl giés?r%(1 %fng%?gvggfkogﬁo?g?@g%@&@&ﬁp

phar maceutgraml with alc e ptsab$tduandd on tthe awofatic 4ing Téetected nfpora nichlagen ¢ hpdroxll,

according to, the structure: \ R3 N N R O, 63 erein R and
%o are oadhHGBRERBEAIY PEomE Ror SR Bronsihott FePda WS gr oup with 1
to 3 substiGHiERMtWwheddIRE ke RIoRBBAMbArédIEIEBABRIBEEiAF,0M hal ogen, hydroxyl,

met hyl , met hoxy,, et hyl%gro%. C|1:3 orlwherel n Rl and R2 are each =

i ndependent | y Xblﬁzsqj&?t Pra iesallgyl shalegen ghegppyip sithsttutrd: kangyly pheaylteior i ng; R3
i s select , I : : it

phenyl ¢ hi o Bt site ey Wi | P PSRRI b ung BESRY HERIORE Ko
phenyl ri ngplagehdytiecyf, nethoxiyainetyeh ethiply dropyly ICF;;aetihoxy, met hyl, et hyl

propyl, CF3; and .R4 is .Where Ris Hand C1.6 alkyl, or a
phar maceut i cal ﬂ@lé@é@%t“ﬁﬁ%iéﬁ@“?ﬁw %%le 5. The conpound of claim!l
according to theaphhedcbiitRally acceptable salt thereof.

5. The compound of claim 1 according to the structure:

| 0 OH

wherein R' and R? are each independently a benzyl group or substituted benzyl
group with 1 to 3 substituents on the aromatic ring selected from halogen, hydroxyl,
methyl, methoxy, ethyl, propyl, CF; or wherein R' and R? are each independently —CH,
R® where R® is a 5- or 6-membered heteroaromatic ring;

wherein R® is selected from H, C alkyl, halogen, benzyl, substituted benzyl,
phenylthio, or substituted phenylthio with 1 to 3 substitutents on the phenyl ring selected
from halogen, hydroxyl, methoxy, methyl, ethyl, propyl, CF3.

wherein R* is P(O)(OR)(OR), where the R groups could be the same or not and
are selected from H and C; ¢ alkyl,

or a pharmaceutically acceptable salt thereof.

6. A pharmaceutical composition for treating an HIV infection, comprising a
therapeutically effective amount of a compound according to any of claims 1-5 and a

pharmaceutically acceptable carrier, additive or excipient.



0 R,NRBRa ONR2O CHwhherein R and R2 are each i ndependently a benzyl
group or substituted benzyl group with 1 to 3 substituents on the aromatic
ring selected from hal ogen, hydroxyl, nethyl, methoxy, ethyl, propyl, CF3
or wherein R and R2 are each independently -CH2 Rb where Rb is a 5- or

6- menbered heteroaromatic ring; wherei6# R3 is selected fromH, Cl.6 alkyl,
hal ogen, benzyl, substituted benzyl, phenylthio, or substituted phenylthio
with 1 to 3 substitutents on the phenyl ring selected from hal ogen,

hydr oxyl, met hexyy - ; el n. [ S: ) (OR),
where the R gr2U§gheg§%%£%gﬁ%améhggﬁgé@%¥“ng agdmgélg Sgléjl eog?ﬂé)glt’fgglc?%ﬁ(a and
Cl. 6 al kylsaid 61l Vanfebtaesmimcmbibitiey HYV mtepegst abihe hambi hdodher eof . 6. A
pharmaceutical conposition for treating an HV infection, conprising a
therapeutically effective amount of a compound according to any of clains
1-5 and a phagmagRusiaehdenticd ¢oRbadich £6rdif to cBRdid ifYifhePlin E3rhbiRARAL . 64
7. The pharnmaceutical conposition of claim6 wherein said conposition treats
said HV iwwﬁweeclﬁlb@netwalilmgﬁ?mw agoritwiiahleasjoas eohpoundeelsoted fironoe gr@p The
phar maceut | - QSi Li,on Aaccore ~clalm urther jn i nation

W ih ot neoinE BT RRARREIR ke iFp P Ll Resckie bR ol BORRA BB
fromthe @IVWRentemASiiishn fgmofiorhgdudatoraddi tional anti-H V agent, ii) an
anti-infective agent other than an anti- H'V agent and iii) an

i mrunonodul ator. 9. The conposition of claim8 wherein said anti-infective
agent s an anol vigAlom@Afh SEISA! EhrANAD Sn@iAAIENHSE! Alhrblind
protease inhibitor, a reverse transcriptase inhibitor or a conbination

t her eof . B@entFhlectedivos ihtei gnup torsistingnod avineteaserinkiitor, revesrsetransanasei pt ase

i nhibitor .is,. nucl epsi de ¢o und.
mhlbl?or or a comoination GI%P

10. The composition of claim 9 wherein said reverse transcriptase inhibitor is a

nucleoside compound.

I1. The composition of claim 9 wherein said reverse transcriptase inhibitor is a

non-nucleoside compound.

12. The composition according to any of claims 6-11 in oral or parenteral dosage

form.

13.  The composition according to any of claims 6-11 formulated for

administration as an inhalation spray or a rectal suppository.

14. A pharmaceutical composition made by combining a compound according to

any of claims 1-5 with a pharmaceutically-acceptable carrier, additive or excipient.

15. Use of a composition according to any of claims 6-14 in the manufacture of a

medicament for treating an HIV infection in a patient.



11. The conposition of claim9 wherein said reverse transcriptase inhibitor
is a non-nucl eoside conpound. 12. The conposition according to any of
claims 6-11 in oral or parenteral dosage form 13. The conposition
according to any of clains 6-11 fornulated for admnistration as an

i nhal ation spray or a rectal suppositogy. 14. A pharmaceutical conposition
made by conbi ning a conpound according to any of clains 1-5 with a
pharmaceutical | y-acceptabl e carrier, additive or excipient. 15. Use of a
conposition according.to any.of clains 6-14 in.th nuf act ur g of

e canent f or 167 LAF PhE SuRPG i SETRAR oL e Celh 1 tae MR ety o
conposi ti gredamehtdion Gedulindie Akelfodd B8 aR HIY infecliBe iTRBLGE biFisk &r sBid

medi cament for reducing the likelihood of an HV infection in a patient at
risk for dafedioni nfection. 17. Use of a conposition according to any of
clainms 6-14 in the manufacture of a nedicanent for treating a patient with
Al DS or ARC. 18. Use of a conposition according to any of clains 6-14 in the
manuf act ure of 1& Usedf & asmpdsiticdraccerdingitd amgof-dldlmset Bgihake mafufactatedgfact . 19.
Use accordi¥§@to a§¥ of . cl ai ns 15-1§H§?erein said subject or patient is a
human. 20.Madi@msnt 197 HERHng FRFtISRI Y HY PoARRy of clainms 1-5 in the

manuf acture of a nedicanent for the treatnent of HHV in a patient. 21. Use
of a compound according to any of clains 1-5 in the manufacture of a

medi canent f or 1Bediseiofigcompoditiduedcicordong to hay ofclpiatsitevt inthé mavefactneecdf aan H V
infection. 22. Use.of a.co nd accordi to any of clainms 1-5 in the
manuf actur‘léed(%(fanlgnt f}?émh?dﬂ%nﬁf\?ﬁe%f?%d{‘?ﬁ& §°t‘pati ent wwth AIDS or ARC. 23.
Use of a conpound according to any of clains 1-5 in the manufacture of a

medi cament for inhibiting HV integrase in a subject. 24. Use according to
any of claims 28- 2dsenprepiing Wwasny eluplpianst 1018 phercanhsaid subjectroimpatient is a

human.

20. Use of a compound according to any of claims 1-5 in the manufacture of a

medicament for the treatment of HIV in a patient.

21. Use of a compound according to any of claims 1-5 in the manufacture of a

medicament for reducing the likelihood that a patient will contract an HIV infection.

22. Use of a compound according to any of claims 1-5 in the manufacture of a

medicament for treating a patient with AIDS or ARC.

23. Use of a compound according to any of claims 1-5 in the manufacture of a

medicament for inhibiting HIV integrase in a subject.

24. Use according to any of claims 20-23 wherein said subject or patient is a

human.



