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DI KETO ACI DS W TH NUCLECOBASE SCAFFOLDS: ANTI - HI V

REPLI CATI ON | NHI Bl TORS TARGETEDAT HI V | NTEGRASE
WEBLWATRESAPPLI CATI ONS Thi s application claims PO®US2006/001692

benefit of priority of U S.1patent application

i RECETEPACTDE IR R rou sk BFofs Retudhy

| eaRERUICATION INHIBITORS!EARGHYED 2t HIV IMNPEEGRASE
supported in part by a grant fromthe National

Institutes of Health, award nunber A143181. The United
States governnment retains certain rights in the

RELAKER APHACGACR®ONS OF THE | NVENTI ON The human
i munodef i ci ency virus, H'V, encodes three key viral

"é]nﬁx;applscanbn els iths baeifit @€ peo ?dombg PaRA? ¥pRaféf 11/047,229
this virus [Fauci,

crit the replication o
filed J a@@%%@oos&;gge C@WW@%ZN telpisgncorposeted by sifareres hoxging .
Rev. Biochem, 63, 133-173 (1994); Frankel, Annu. Rev.
Bi ochem , 67, 1-25 (1998)]. For this reason, these
Bh&wnﬂsleaﬂing te the linstre @ateat epritieetivnt aageimdriad in part by a grant

from o NG RS, RE Bl oy enteer cEL BT Cq e Ui sttes

governnfdif FetaidScerBAPdighd  the 3@P}ion CHN. M crobiol . Rev., 10,
674- 693 (1997); De Clercqg, Nature Reviews: Drug

Di scovery, 11, 13-25 (2002)]. Drug discovery involving
two of these enzynes, H V reverse transcriptase (RT)
BACKGROIMND 2 & HIPRNVENTEIONibsequent cl i ni cal
applications of sone of these therapeutic agents in

Tloewimad imdnuhdifidfeyicy eirus, eIV, repaddee Mire®kepeaidi & es through
I mun def| ci ency syndroma (AIDS) .and AIDS rel ate
its pol &f@ﬁﬁpg f(sme;ym?ﬁ iR Agticah{og ﬁhfg/re@élewél Qs Wirdsolfanei) Science,

239, 617;6?32@ 9 géégz %gggﬁgﬁ%ﬁn@g&régr@égﬁ% %§d%9ﬁy3 Q1994); Frankel,
Annu. RappBiodedm., 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)].
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 antireiroviral therapy) have
suggested that this methodology of targeting key viral enzymes represents a useful approach
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);
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
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in antiviral chenotherapy [Johnson & Gerber, in

"Advances in Internal Medicine," vol. 44. Msby: St.
waameg3ss3 40 (2000); De Cercqg, Nature Revi ewsPCDUSZN06/001692

Di scovery, 11, 13- 25 (2002)2 MIler & Hazuda, Current

Microbio Eléggﬁ QMZ@Q? ; g%ﬁ E{gd&%@oﬁ 31 9] %8@%2 %@%?%gegg) Current

Pharmaldiibal DedignRe.C838E 2%@ ypweyg).i n Nucl eosi des: Chemistry
and Chendt her apy, " El sevier Sci ence: Netherlands,

&meszwhémg)m dvegy @r@uplcal ned for HIVAABIS etheratiel mejhahism of
3 0 H W RT
scion i B SRR i Ral Y s e S o S 34, FD e o e

3'-end of HBe Bl gen@mAydi@e-Npptahe&pglkalleewv W usi RECOFASSS1-BES (1999);
recei ve | ess consideration [M|ler & Hazuda,

Esposito Graigie, dgb.nliis Rem 25 dH3-3306h999), Tsissuwiued mgbg jntegration of

HIV DN&@?%E}{%G@E% }?\ﬁng%hgg 9& e. %éeca%Zeg 1%@&%%%9%&%0@§5x erpart and

because AlplPfs elseesigmﬁha{teoleroe cnmpwmg ¢hel ifivasidnnofaad husen telt cell by HIV,

HI VI Al DS wher e he mechani sm of action is inhibition
it is apf atrriﬁvwemte@iﬁas fgevd FSCPYﬁr-‘éng%ﬁ‘itbéto’é? Hoflisrapegtic gpotential.

I?B?%nt e A gﬁ ﬂé‘ﬁ%&g’to'&lggtdc'gg%mév%ﬁ}ag?%g gﬂ‘ﬁle 502611 n:lgmleus3 %egalyzed

by integiadOfPerenty posius by& s@e«aﬁgalbf deﬁdvd séduencs 2SS procS%,mg or tailoring

s G Ao Lo B S SO 58 % 351

369 (19997t E§oRRE shefaifie ATRH-uE Rldﬁt ez B@9133§f(@|9¢9933 aPFBr iot the initiation
ays the signrficant role of conpleting the invasion

of the mgratnea proaess, therd iscaskemiy ofjvizal PNA.prayvionsly paeduced by reverse
transcnptt1%{1 g&{ theolhte Se. d'fﬁ?/o asg } (%glg@ %\éf%%ﬁ'{c Jeﬁhé}ﬁ:%é‘fﬂ?&}e' I°TRs of

ral corpora n 0 ost
viral DN;lklr THobis o a@btﬁbl}nof hﬁalc]BNlA nmmtegmser; aheipmestil’cg/of Viral DNA

occurs vslg)ggq(j 126:1% @fa g ggécﬁg glggsgrac{ %{)qe &Ibg Igll(fé {qedef I eaved off
from eac,tgk? Q:Eiﬁ & de% (TH'L@% Rdiic 1fa? @%%A ¢Q Ero[dﬁéeat'% ( alﬁﬁ% ha%oNA recessed

I rus 1999 Esposito

by two &uéledtidps eanﬁdb!ean\igrali’eerﬂﬁﬁal CAQH-31¥o33Bis (ihBRY)I -prddehsitig step,
tothe initiation of the integration process, there is

integrase SppAFBNYY etivatos dhe phosphostiestsr boud jovprduecleddssy The W%S@d 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
CAOQOH-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
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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transcription, on the integrase. H 'V integrase

recogni zes specific sequences in the LTRs of viral
wOIe/088858B owi ng assenbly of viral DNA on integPasaS2d0h801692

processing of viral DNA occdirs where there is site

speci, fi{c. endo : t
Pramact R, By 5 PO SARTARPYL Kot Yp it 8 HCIRR) CHER. B 1
4815-481\’7' 08bH4)DNAirtaad RoRetkess, Thent Ghdnided, V22,867 DIS67T @08Hed

by two nucl eoti des and bearing a term na

Théickass wif tareyiowsly srusess somppuads ghat e é’@?%@éres&g?ls}lﬂqt yo this
patent ar%%&lie\’c@%&ﬁs LRk eﬁ?f)ﬁlp%ﬂ% Qﬁ/& @lﬁbsﬁﬁigﬁgn& O‘S@ﬁfésofcth&%vc%ﬂﬁmunds are

he recesse ced is joined in'the
inhibitor1@X tHISA épegrasendsit noest Icoﬁmtbnﬂyl of mbnum emmdt trempfierhstep.  The

ngrase SRR G e FBRT bt Sl Bl R R 406,
Aryl-2 4@9&40%%%&' RidBinhdsteroer Hhe 1phespRedhé sirel réplitalionnintdstls,”

DNA. In the subsequent ste there is cl eavage of
Med. Chame4bp492r?p -4036t CORM; Rais, Ché&- Cou pf g StwgBre aehivityeof 3-aryl-1,3-

b0 Ao B BRREEERS: i AR 81503150

(2002); Mﬁalha[ndot tdaeull esmhdﬂmagd@amﬁﬁdlts fdrefiedi 1ategra§edmlab1adn by B-
by host cel | enzyne rol e here for th

diketo a@ﬁ@ egradioli Lhgms 0276055%5% 52602 @ng)etss?"]é‘ﬁ Morfdtind ?eéllgé and
synthesﬁ m&)ei gi; iS1e Y etd et UcRE &ﬁ%ﬁpﬁst abss.’@f(;e 19htebES Rihibitors,” J. Med.

are non-speci ICIn itors of "t eenzyma
Chem. 4\77&1|5|2986\3|1@Ie(ﬁ0@4)s Lﬂjgﬁg,t o that Asidheostainiye Wﬁs&é:stosm HIV-1

e SER U bt ! TGPt LG AL PLgEbi s
the area acfg%lf#) Illﬁ%e?ﬁ Eﬁﬁoﬁs‘ﬂ? #4dh8 %a@ﬁ@ @6l C Syst ens,

nat u pro ucts keto aC|d sul fones and ot hers
Thilahechafem. ofMatlibitiér of HIV iRegaFoby @3{6@@ 004y malydier the result of

mteractl%etr ‘ﬁ%gt har %éhﬁﬁf@hth@%il (ﬁ@(ﬁlél{if Wltim gxfgg %)abtwe site of

ntegraseé 200 1%' funéithal %ﬁééﬁﬁhﬁm of theléTbrit@he Metad@6facb2?| Grobler, J.
671- 5 77 (2000) e class of preV|oust st udi ed

A, etal cBlmbNﬁﬂsAttCW'athla eS. 402, 666 16044 @0PBllevant "to this
suﬁlg(?q’tt tdﬁ c%%rdljeﬁ%éigpa%éﬂt ttﬁfg l%a)[lbn Qfe: r@eth?l[:ﬁ‘ﬁyd} et al., (Merck

npounds
& 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.
(Shionogi & Co. Lid.), “Preparation of aromatic heterocycle compounds having HIV
integrase inhibiting activities,” WO 0039086; Akihiko, S., (Shionogi & Co. Lid.),
“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
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
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inhibitors of HV integrase, but nobst commonly of only

the strand transfer step. The integrase inhibition
wdavw/0szse been reported in several scientifi cPCT/US2006/001692

publications [Wai, et al, "4- Aryl-2, 4-di oxobutanoic

acid inhibitars .of H V- r nd_.viral
(ctoonfSh b ER 9 et B SR e .y was o
Kff@&%},, Rais, G C. G, et al, "Structure activity of
previous Ie 3- d| ket o- cont ai ni ng conpounds as H V-1

i .Stragmmeof thhitliee @mt activelotpothdhiesgBbeBBpresipgy patents and

. h Str
a0 RSB, B L R R0 e
inhibitor® TheFhiBit thélstrahd 38sfE2 663 ir ﬂQCHDV irffefhde, ashhy bgttdoahot show

"Design and synthesis of nogvel indole beta-diketo acid
significapteinhipgianafdhed'-nupsessing fiep §f B¥eLrassicHPRor s, " J. Med.

Chem 47, 5298-5310 (2004); Zhang, et al,

"Azi do-containing aryl b-keto acid H V-1 integrase

i nhibitors,"” Bi oorfy. vilvednti®diBmctivatytdatd3, 1215-1219

(2003)]. O her publications in the area are of

peripheral relationship to this patent appli i on.
The nmechani sm of inhibition of HV integras di ket o
acids may be the result of interaction of th
functional groups on these corrpounds W th net i ons

in the active site of integrds resultlng in a

nal questr —rNbin of el ms
cofW roc Nat T~ Ag
ScL U.S. A 99, 6661 6%66 2 The nost dli rect by
rel ated patent§ tochlsF |cat|on ar e I ni ck, H.
G et al, (Merck & Co. Ltd.), "Preparati of

n con ng 4- heteroar 4- dloxobutyr
%ﬁg%@sef uI gjs"%{lll V integr asg ﬁljfﬁg% tors, 9%2%3%6
Youn%ﬂ et al, (Merck & Co. Ltd.), " Pr epa[ﬁajl% on
Igso Gt }ratlc an@ ¥t er oar omat i 18- aryl - 2, 4- di oxobltyric
acid derivatives useful as HV integrase inhibitors,"
O, 9@8P897: Fujlildhita, T., eNoaGiveroshi naga, T.S$8.2F*
al . (Shionogi & Co. Ltd. ), "“Preparation of aromatic

TREReREYRIdex COmgatinds havi ngNot ¥iven 16%*
Patents: WO 0196329 WO 9962513 WO 9962520
Publications: Hazuda, D. J,, et al., Hazuda, D.J., et al.,
Science 287, 646-650 Science 287, 646-
650
(2000) (2000)

* 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)].

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
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integrase inhibiting activities," W 0039086; Aki hi ko,

S., (Shionogi & Co. Ltd.), "Medicinal conpositions
woamicissasag propenone derivatives," WO 0196329PCPag2mde6/001692

L. S., et al, (Merck & Co. $td.; Tularik, Inc.),

. "P i i arvy - i i Y .
i o P RPCAIA ARG B o B4 OREATE BOER &t} Yo i
was not @kvio(dpredoghiz€d. Ltd.), "H V integrase inhibitors," WO

9962520. Sone of the patents cited above are closely
rel ated. However, none of the patents or publications

MestrkBgpth §a&sHPkide AN datATSOLHIVIY ddnddiBon with AZT

present Tnvention. Tn particular, conpounds according )

(PBMC ¢ajl-bived prsayhrthe cormponndaf thapesent pansnéipe shesyr below with a uracil
ase( nucl eobase f J: i [ N .

seatold G55 P 4eniRl FOpfi o, P ifbooglic 2 D[S sl active

than AZT§EREPedRe indSk FUS5UNESTINE cérhipounlrie alsofat mast acti®e than the anti-
conmpounds described in previousﬁgg{ents

. UNG3 l g . Is an .
HIV intgangsie; iwhibiiors previousiodscad o, the papligations é‘Bg dekmisapifsdeabove.
e; t ~0f reyi reToV el
The therBpghbC i of Jpe LR OB LR led AN Al [9RNtcd (sce
compourabimaybdp\$t 1 340 in Tubkhubovaiig i fiiro anti-REhassatsivery ofly 786k
3' -processing step of integrase action. In vitro
anti-HV activity data Conpd. No: S-1360 L-731988

L- 7089ﬂﬁvil‘l%tf-ﬁw:acgvi¥ffﬁa&- for a compoukd Of i knvehtiBn
Not G ven 88.3** Therapeutic |Index 786* Not G ven 16**

Patents: WO 0196329 WD 9962513, WO,962520

Publ i cati ons: Hazuda, D. JJ, €t ah, uda, D. J., et
ah, Sci ence 287, 6@(0\ ChRNCe” 287 646-
PN 0

ICsy  0.02 yM
CCsp >200uM
Therapeutic Index >10,000

SUMMARY OF THE INVENTION

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
molecular scaffold made up of a nucleic acid base (nucleobase) derivative. These compounds
have application in the prevention or ireatment 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,



650 (2000) (2000) * Anti-HrV-1 data of Yoshinaga et a
WO 506(96'93% oc. 9th Conference on Retroviruses a'i!‘i':T/Us 006/001692
Qpportuni stic Infectlons 62002 (no 8, p 55) CI é‘%

DeCl ercq, Int. . Blochen1 & Cell Biol.

immunotSQRathf2 &Qﬁgﬁ 49) Vaccme-s[haﬁl%ie th&%ﬁé@@%@n&éteﬁwgaﬂgﬁsaof treating

were reporte For conp ound erc
AIDS andl ART ahdmgtoda Bﬂﬁéﬂhgl@e prefentingd 1nﬁdt101€by FEWtarBhied agi¢ribed.
12, 1169-1177 (2002)]. Fbmever t he cl ass of conpounds
descri bed by us in this i nvention is not only
significant because of the strong inhibition of both
the 3'-processing and strand transfer steps of HV
i nt egrase, but al so because of its enhanced potency
and therapeutic index as evidenced by in vitro
anti-HV activity. Critical in the design of our
compounds is thenucleic acid base (nucl eobase)
scaffold, which is a requirenent for potent activity
and whi ch was not previously recognized. As an
exanple, in a side by side in vitro anti-HV activity
conpari son with AZT (PBMC cel | -based assay), the
conmpound of the present invention shown below with a
uracil scaffold (see also general formula T) had a
t herapeutic index of >10,000 and was nore active than
AZT (therapeutic index = 5,51 1). This conpound is
also far nore active than the anti- H V integrase
i nhibitors previously described in the publications
and patents cited above. The therapeutic index of the
best known HI V integrase inhibitor previously reported
(see conpound nunber S-1360 in Table above) in in
vitro anti-HV assays was only 786. In vitro anti-HV
activity data for a conpound of this invention |IC50
0.02 mv
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CC50 > 200 mM Therapeutic I ndex > 10,000 SUMVARY OF

THE | NVENTI ON A new cl ass of di keto acids constructed
wonowwssdsbase scaffol ds, and desi gned as i nhi BCTaIS$006/001692

HTV replication through inh7bition of HV integrase,

IS descrlbed These cO Lnds can epresented by
PETAJEFD RESCRIRATON O RE I%YEH@?S%‘%ut oners,

regi oi somers, geonetric |soners and optical isomers
thereof, as well as pharnaceutically acceptable salts

'H;q: fpjlt%pvérg%gengg @ﬁgiﬁ%‘ésre tr%éu ot }ﬁ@ @th@e?adi‘&?eqte%cnbe {fe present

inventidf Ufiles dtHEMEECindivhitdpatem (et tedddasie) thdairéseat invention shall be
These conpounds have a g l'ication in the prevention or

given its prsknare nreapingios vaderbton Bythqwsla ol #fbe fiteat nent of
ADDS and ARC, either as the conpounds, or as their
pharmaceutically acceptable salts, with
Phatemcedinpoatd’y asused ht@hl, enlesy sthamase iudiealtedj efees ®ranyn

conbi nat th t I d
specifichEPERA POV Y Nerg Aok ROPOAH RS BB [ IERRETS,
geomet%is%ﬁfé?s Shd WheRtdppHcMDepaa isORersaherciE B QH A

reating or preventr ng infection by H V are al so
phannad@gmalﬂjoe@.eplem selEthprRSER| WithioNtsase THEOH R ER [ta ouepound

ol L.owi ng .t erns shaI be use

sencrallyisty ok BBl RO [PLARHRY ko such o
stereoisbilefS fegddibfahvs a8d/oneptival Bomer (Inefuﬁlng&aderhm migaeed) aewell as

t he present i nvention_ shall ven_its ordinary
specificrRsanvomgera ST aRRTSIOSI S Bb“}m’tch%ﬁs@l’g‘kﬁeﬁ PEdisplasedrompaundsrh e

term "conpound”, as used herein, unless otherw se

i ndi cat ed, refers to any specific chem cal conpound

@hs cdros pdtibEt’ et r‘rsubjadt’i ino$addboughhot dilﬁespspiflrcetgim‘rv'sbin@petext to

eometr|C|so erea Ilcable ti
describg S8 RO ESBPGY o Tt} P RETE BB AORTET do Ry eetment,
1nclud1ﬁ%ﬁx%?ﬁﬁ9&tﬁ: $hent Wah e oomp\ééftliéhﬁ adcbfdibS & the Ip%%BﬁtQﬂ%ntion is

erm conpound general |y refers to a single
providedo oo traaimebtiof thbsoinfrationsy congditgons toh diseassrspbesrtikick astspagific

for a specific animal such as a human patient, the term patient refers to that specific animal.

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
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
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? andR?, are as defined

herein.
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stereoi sonmers, regioisoners and/or optical isoners
(including racemc mxtures) as well as specific

wenenstossaser s or enantionerically enriched m xt BCeaS2§06/001692
di scl osed conpounds. The te$m "patient” or "subject”

i sed..t hroughput ..t he specification wthin context to
&3@3?%41%0%{3’1) %lwa%acm j0g {CEQTHOHRIAT HRgemyjaining 1

to 2 heterdBRIR, selceteNB6in! 68AAEitroghl Ghd' ShIRG, RARANHERGLE dmatic ring is
. treatnment, with the conpositions according to the

optionallysyhsiituted yek from 1 to stittlerds sucbras helogemenytraxiyl, itGgsékyl, C;.3

[ [ i1i or, di sease st at.es,,whi ch .are
aﬂ{oxysa%gﬁﬁ c eo'%e?%@gl SEeeg? g ﬁlﬁgqro%ﬂgﬁu%gnﬁ Alfiyd mterchangeably
herein.patient, the termpatient refers to that specific

animal. The term"effective" is used herein, unless

otherwi se indicated, to describe an anount of a

qo (o L ddeB R R b 1), .G X ' 0 .

ok o ERARAdoADIHEY st e RN bhalf Be {1REH' 1) teserive
human iregwhedefisiency yirnsestlhmdtr @HVreatd BIV-2).vi ral , i crobi al

or other disease state, disorder or condition

associated with H'V, ARC or ADDS or alternatively, is

Thederh® ‘DROYER] BRIDEEkeGORRIHISMAIE Mhe Rhmyne system caused by
conposition, This term subsunes all other e ective

the hurgas immugpdefidiensyi visse sdidnereathamvetesized byhiustepdibdity to certain

. ' I: [ he .present, .application.
dscass PSR SIS0 Bl L RHERY CRRLUTILRE Al progrss
from Cstpgaiyfli (estyingrtorhatioHaW Disdase) |16 CaiedOrp2SARES] ROt ALY STTAIDS),
i ne, hypoxant hi ne and purine which

} ur aci.] , nt h
Wlthth%%eﬂfla{yﬁéﬁe é@%\asste four substituents at four
substitutabl e positions on the nucl eosi de base, one of
which is a ketoacid as otherw se defined herein and
fheatseerar 1 tHiMe enfedtiomhiscthaftierized dndRS, patiest as sulgédt ethg HIV

s in. Th erm "heteroaryl” shall a b or
vositiveg S oo () BmPGrShAR] Bovirh Gows HPG AN gthet 590 OD4 cells. 1¢
the patieet RAsORIDOARy SEkHASNEDSTdeANEXHAATs Ndd RIS Y (AHE) or 3
whi ch heteroaromatic ring Is ogél onal Iy substitute
(AIDS),\fhe, the pient isgo ins thisseateegent ¥ theptticatts hatld gemt has ever dropped

below %ﬁ%%dtienﬁ% condld¥d ittt 'C'étegory 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

defining ilinesses --

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

o Constitutional symptoms, such as fever (38.5 C) or diarrhea lasting longer
than 1 month

o Hairy leukoplakia, oral



al koxy and CF3. The terns heteroaryl and

"heteroaromatic ring" are used interchangeably herein.
wOheost083358 " hurman i nmunodefi ci ei ncy virus" or " PTYUS2006/001692

shall be used to descri be hwman i rmunodefi ci ency

Vi rus HTY-1 .and H V-2). The.terns."ARC' and
" Al Bs" ?ré?%%% (sg%/’}%?sgﬁ%%‘ﬂwg@ﬁ @a§trﬁ¥8 rﬁlé“’gﬁfs?l’éﬁﬂﬁ&%a"s@am than
by t heordwieanatbawunodefi ci ency virus, which are
characeterized by susceptibility to certain di seases
and°T Iélé’lpﬁthéfbtbfﬂf%bq{%ﬂo@ﬁmﬁmr essed conpared to
nor galy jeayedis. HV progresses from Category 1
(Asynmptomatic H 'V Disease) to Category 2 (ARC), to

5 Cat egdlejvi@ in{landBjtorywliscasd, iperticataclyiif gon@flichiea beiteRRAS Cariah
Cat eggatrbgcels H 'V infection is characterized by the
patie oF subj ect being HV positive, asynptonatic

(noosmPﬁm])n@p@ah@vi ng never had fewer than 500 CD4
cells. It the patient has had any of the AlDS-defining

di seases listed for categories 2 (ARC) or 3 (AIDS),
treprdinetoghe Ushigovernment, im Categery@aARGothe imkfunkhgstem shows

' ‘s h-cel.] | t has. ever dropped bel ow 500,
sote s’%ﬁ%\tb gg%tﬁ%enqu?ﬁég%@ﬁg{ﬁggﬁgﬁm& ther Category 2 (ARC) or
10 Category 3 (ATDS). A Category 2 (ARC) infection is
chgracteri ed by the following criteria: The patient's
# Cararyi(abs) sEpewnie Fleeaetzed by thefodlowing avtedo,
an 1 ' any Category 3 diseases
(aglogg? cfegﬁiﬁgfé?%?bgﬁ%?%%dﬁvgghad at | east one of the

f oydwhivediadef leastpge bf theebB@sing defiBAG A --
angi onat osi s o Candi di asi s, oropharyngeal (thrush) o
Candi dj asj s, . vul vovagi nal ; persistent, frequent, or

podt | {~2pdidigsissit Peonchi, fraelreapyr 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 Cervical dysplasia (noderate or severe)/cervical
carcinoma in situ o Constitutional synptons, such as

wobevwros§38. 5 C) or diarrhea |asting | onger thaRCL/USRINE/01692
o Hairy | eukopl aki a, oral o #erpes zoster (shingles),

i nvolyving at |ea t di stinct i 8% or
oné& d&i’yﬁ&i’ %&@mén f%%c\é{g Shr &% ﬁéépﬂ@g}? ?)1 per? ? 8’.‘%%“%&? a
Li 8§ enyesbaetdtivnel other shedidsasrmidentifiell peeies, disseminated or

particularly if conplicated by tubo-ovarian abscess o
Per i pheirapulmengBpat hy According to the U. S,

gover L ARC, the i mrune system shows
o ﬁH&ﬂﬁoog%@s déﬁn@gigﬂ—%ﬁ?&l}@ :

some s1gns isn't life-threatening. A
Cat £ gonsundorid)lrB&@renitf*ect i on i s characterized by the

followng criteria: your T-cel]s have dropped bel ow
200° OPI%WSWQWIH%%I@MF@QQP 164‘?83"&’ the fol | ow ng
def nbgﬂqdﬂeh{ﬂgﬁﬁﬁémfa Pecalgt di asis of bronchi,

urig

trachea, or gs o _Candi di asi s, esophageal o Cervical
canc eTpxoplssasdsieedPbrainCocci di oi donycosi s, di ssemni nat ed

or extrapul nonar CF pt.ococcosi s, extrapul nonary o

Cr ypt giap?gP‘?WBjE?%?%gﬁ% ¥ intestinal (greater than 1

nont h' s duration)

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
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
integrase, the prevention or treatment of HIV infections and in the treatment of AIDS and

ARC. Compounds of formula I are defined as follows:

" (ﬁ OH
\/\/C\)\ 4
<\Iucleobas> R
Scaffold
R2 /\/\\ R3
1

including tautomers, regioisomers, geometric isomers, and where applicable, optical
isomers thereof, and pharmaceutically acceptable salts thereof, wherein the nucleobase

scaffold and R groups are defined as:

(1) keto acids with uracil nucleobase scaffold;
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o Cytonegal ovirus di sease (other than |iver, spleen,
or nodes) o Cytonegalovirus retinitis (wth |oss of

woi28060083558 Encephal opat hy, HI V-rel ated o Her peBCT/US2006/001692

sinpl ex: chronic ulcer(s) (igreater than 1 nonth's
duratipn)g opgpbronchitis, pneunonitis, or esophagitis

H stjopl msi s di ssem nat e1d 0 e%ar apul nonary o
I§\J\p/gm\/a[§~?\@hromc |ntest|an ater than 1
QQ slldur ation) o Kaposi's sgtco Ly mdhona,

B ki t% ' °(or equi val ent tern@ oNy ,

[ rmunébl astic (or equivalent ter @ Lyophoma,

primary, of brain o Mycobacterium avium conplex or M

kansas di ssem nat ed or extrapul nonaryo Mycobacterium
1berg£gj osL S, ray ite (pul monary** or extrapul nonary)

228 4pdepsh eﬁﬁﬁﬁer speci es or unidentified

spe(:| eg, digsem nated or extrapul monary o Pneunocystis

carinii_pneunonia o Pneunonia, recurrent** o

Pr ogr @9si veCmalkylf ocal | eukoencepl i al opathy o

Sal nongl | e ce recurrent o Toxopl asnosi s of
br ai nrhg s@"ﬁﬁd%yarrﬂ&}?ltme due to HIV

d) Ci.6 alkyl S(0).R, wherein n selected from 0-2, R is selected from Cis
alkyl, phenyl and substituted phenyl with substituents selected from:

1) halogen,
2) hydroxy,
3) Ci3 alkyl,
4) Cy alkoxy,
5) CF3,
e) Cs.s cycloalkyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy3 alkyl,
4) Cy.3 alkoxy,
5) CF;,
1) Ci-¢ alkenyl,
g) Cisalkyl CO,R?, wherein n selected from 1 and 2, R? selected from:
1) Cy.6 alkyl,
2)H,
h) Phenyl,
1) Substituted phenyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3)Cis alkyl,
4) C, 3 alkoxy,
5) CFs,
J) Benzyl,
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The term "coadm ni stration" shall nean that at | east
two conpounds or conpositions are admnistered to the

weoabiemssssat t he sanme tine, such that effectiverPamwseios/001692

or concentrations of each o2 the two or nore conpounds

At ot conprsind SaBLIaR 148 e TRl 8k dduh o

may be cptatbreni stered to a patient at the same tine,
the termenhraces both adm nistration of two or nore
agents ad) WHEOXYane time or at different tines,

provi ded; t(ﬂ%ta if ective concentrations of all

coadmi ni'st ered "conpounds or conpositions are found in
t he subj®disalkaxygi ven tinme. The present invention is
di rect ed..t . conpounds of the general nolecular formula
I, corrbisr?a 3ons thereof, or pharmaceutically

accepyyabl e G3ahiks sivetieedd wittphdgl,i nhi bition of HV

i ntegrase, the prevention or treatnment of HV

i nf ect)ons Can@lliyhsubstutadasithvakanyb thewhogybgrgupray be substituted
CRRRoKNAS b -tu%ﬁggéig&edﬁ%e defined as follows: |
I'ncl'uding tautoners, regioisonmers, geonetric isomers,
and wher® lajpggencabl e, optical isomers thereof, and
phar mac:gtiéal | y acceptable salts thereof, wherein the
nucl eobagd: fold and R groups are defined as: (i)
keto aciglscwidiyjuraci | nucl eobase scaffol d; Rl and R2
are independently: a) H b) Cl1-6 alkyl, c) Cl-6
f 1 uor oal 4yT1,3 aljox@l- 6 al kyl S(O) nR, wherein n sel ected
fromO-2 (g:i s selected fromCl-3 al kyl, phenyl and
substitu%)e 3phenyl with substituents selected from

R

n) °,
0) Ci1.6 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:

1) halogen,
2) hydroxy,
3) Ci3 alkyl,
4) C;.3 alkoxy,
5) CFs,
R? is selected from:
a H
b) Ci.6 alkyl,
c) Halogen,
d) Hydroxyl,
€) Phenylthio,
f) Substituted phenylthio with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy.3 alkyl,
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1) hal ogen, 2) hydroxy, 3) Cl-3 alkyl, 4) Ci1-3 al koxy,
5) CF3, e) C5-6 cycloalkyl with 1 to 3 substituents
weoeebwmsed3f rom 1) hal ogen, 2) hydroxy, 3) Cl-BCaiusios/001692

4) Cl1-3 al koxy, 5) CF3, f) 18B1-6 al kenyl, g) Cl1-6 al kyl
Ra sel ected

COnRa, ei elected from1l and 2, ‘
from 1¥Q@§k%ﬂ%$9§|, 2) H, h) Phenyl, i) Substituted
phenyl whtdF,] to 3 substituents selected from 1)

hal ogen, 2)B hydroxy, 3) Cl1-3 al kyl, 4) C1-3 al koxy,
g) enzyl,

h) Substituted benzyl with 1-3 substituents selected from:

1) halogen,

2) hydroxy,

3) Cy.3 alkyl,

4) C;.3 alkoxy,

5) CFs,

R* is selected from:
a) CO,R®, wherein R® is selected from:

1) Cigalkyl,
2) H
3)  sodium or other pharmaceutical acceptable salt,

b) P(0)(OR%)(OR®), wherein R® and R® could be same or not that are

selected from:
1) Ciealkyl,
2) H,
3) sodium or other pharmaceutical acceptable salt.

(i1) keto acids with xanthine nucleobase scaffold;

0 0]
RL O OH R | O OH
A S A
A R A A R
o7 NT N o7 N
|IQ2 RS R2

R', R? and R are independently:
a) H,
b) Ci6 alkyl,
c) Ci.¢ fluoroalkyl,
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5) CF3, j ) Benzyl,k) Substituted benzyl with 1 to 3
substituents selected from 1) hal ogen, 2) hydroxy, 3)

wQ2ew/0abisyl , 4) Cl-3 al koxy, 5) CF3, 1) C2-6 aP&yius2006/001692

substituted with phenyl, m14C -6 alkyl substituted
1 BT IS, AR, PR RS .
bikgt, pkynyl 3hd GiibsBtatkyhenyhyitiCdutstialekexylectell ffond, n) Rb,
o) Cl-6 alkyl substituted with Ro, Wierein each Rb is
5 or 6 H’&ﬁ’rgé& heteroaromatic ring containing 1 to 2
het er patgqg,dﬁﬁgyect ed from oxygen, nitrogen and sul fur,
the ring coul d”be substituted or not on carbon or
ni t rogemdMiitsialylt o 3 substituents selected from 1)
hal ogen,4) Ci.3 alkoxy,
5) CFs,
)] Cs.g cycloalkyl with 1 to 3 substituents selected from:

1) halogen,

2) hydroxy,

3) Ci3 alkyl,

4) Cy3 alkoxy,

5) CFs,
) Ci-¢ alkenyl,
2) Ci.¢ alkyl CO,R® wherein n selected from 1 and 2, R? selected from:

1) Ci.6 alkyl,

2)H,
h) Phenyl,
1) Substituted phenyl with 1 to 3 substituents selected from:

1) halogen,

2) hydroxy,

3) Ci3 alkyl,

4) Cy.3 alkoxy,

5) CFs,
i) Benzyl,
k) Substituted benzyl with 1 to 3 substituents selected from:

1) halogen,

2) hydroxy,

3) Cy3 alkyl,

4) Cy3 alkoxy,

5) CFs,
D C,.6 alkyl substituted with phenyl,
m) Cz.6 alkyl substituted with phenyl, the phenyl group may be substituted

with 1 to 3 substituents selected from:
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2) hydroxy, 3) Cl-3 alkyl, 4) Cl1-3 al koxy, 5) CF3, R3

is selected from a) H b) Cl-6 alkyl, c) Hal ogen, d)
wolzdrems3ds3 e) Phenylthio, f) Substituted phenyPChius2006/001692

with 1 to 3 substituents sdbSected from 1) hal ogen, 2)

hydr oxy; lfa)l%g% -3 alkyl,4) Ci1-3 al koxy, 5) CF3, Q)
Benzyl , )h Stituted benzyl with 1-3 substituents
sel ect e?) Hydesry, 1) hal ogen, 2) hydroxy, 3) C1-3 alkyl,

4) C1-3 3)aéllf3o§il¥},’1,
4) C;.3 alkoxy,
5) CFs,
n) R,
0) Ci.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:

1) halogen,
2) hydroxy,
3) Cy3 alkyl,
4) Cy.3 alkoxy,
5) CF3,
R* is selected from:
a) CO,R®, wherein R° is selected from:
1) Ci.¢ alkyl,
2) H,
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) Cis alkyl,
2) H,
3) sodium or other pharmaceutical acceptable salt.

(iii) keto acids with hypoxanthine nucleobase scaffold;
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5) CF3, R4 is selected from a) CO2R, wherein Rc is
selected from 1) G alkyl, 2) H 3) sodiumor other

woheoeroas®sit i cal acceptable salt, b) P(O (ORd) ( BRENS2006/001692

wherein Rd and Re coul d be sane or not that are
selected from 1) Cl-6 alkyl, 2) H 3) sgdiumor other
ceutiegal oacceptabl e salt. (1i i)Oketl?o Cigsywith

i%zm; ' nucl egbase scaff ol d; RB,\N . and I3 are

inggpel dent |y a) 43 b) C1-6 al kyl,') c) [[C1) R

ReUoNGal Nyl , d) C1-6 al kyl S(O)nl?iz Nn n sel ected
a

fromO0-2z3 R sel ected from Cl1-3 kyl, phenyl and
substituted phenyl with substituents selected from 1)
hal ogen, 2) hydroxy, 3) Cl1-3 al kyl, 4) Cl1-3 al koxy,

@] e} R3
4 I \>_R2 N l />‘R2
R N 4 ~
= N 'Tl R = N N
OH O R3 OH O

R', R? and R? are independently:
a) H
b) Ci.6 alkyl,
c) Ci.¢ fluoroalkyl,
d) C1.6 alkyl S(O),R, wherein n selected from 0-2, R selected from Ci.3
alkyl, phenyl and substituted phenyl with substituents selected from:
1) halogen,
2) hydroxy,
3) Cy3 alkyl,
4) Cy.3 alkoxy,
5) CFs,
e) Cs. cycloalkyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Ci3 alkyl,
4) Cy.3 alkoxy,
5) CFs,
) C1.¢ alkenyl,
g) Ci.¢ alkyl CO.R? wherein n selected from 1 and 2, R® selected from:
1) Ci alkyl,
2)H,
h) Phenyl,
1) Substituted phenyl with 1 to 3 substituents selected from:
1) halogen,
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5) CF3, e) C5-6 cycloalkyl with 1 to 3 substituents
selected from 1) hal ogen, 2) hydroxy, 3) G -3 al kyl,

wapoiehsssal koxy, 5) CF3, f) Cl-6 al kenyl, g) Ceet/uakdoghoi1692

COnRa, wherein n selected ffom1 and 2, Ra sel ected
from 1) 31-6 al kyl, 2) H h) Phenyl, i) Substituted
phenyl WOHIPES 3" substituents sel ected from 1)

hal ogen,3)@1_3g}1@[,oxy, 3) Cl1-3 alkyl, 4) Ci1-3 al koxy, b5)
CF3, | ) 'Benzyl, k) Substituted benzyl with 1 to 3
subst i t gkhs alleikct ed from 1) hal ogen,

5) CFs,
) Benzyl,
k) Substituted benzyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy.3 alkyl,
4) Cy.3 alkoxy,
5) CFs,
1) C,.6 alkyl substituted with phenyl,
m) C,.s alkyl substituted with phenyl, the phenyl group may be substituted
with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Ci.3 alkyl,
4) Cy.3 alkoxy,
5) CFs,
n) R®,
0) C1 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:

1) halogen,

2) hydroxy,

3) Cy3 alkyl,

4) Cy.; alkoxy,

5) CF,

R* is selected from:
a) CO,R®, wherein R® is selected from:

1) C1 alkyl,
2) H,

3) sodium or other pharmaceutical acceptable salt,



2) hydroxy, 3) Cl1-3 alkyl, 4) Ci1-3 al koxy, 5) CF3, 1)
C2-6 al kyl substituted with phenyl, m C2-6 alkyl
weubsitossssed with phenyl, the phenyl group nayPO®US2006/001692
substituted with 1 to 3 sub$tituents selected from 1)
hal ogen, 2) hydroxy, 3) Cl-3 alkyl, 4) Cl-3 al koxy, 5
%) REM@JORSGR A Kysreis ki RricoBla e R mor Rk
Segece% is 5 or 6 menbered heteroaromatic ring

EEHS ™y 1 to 2 heteroatonms sel ected from oxygen,

ni trogen and suCfualkylt he ring coul d be substituted or
not on carbon of. nitrogen with 1 to 3 substituents

sel ected ffom {f) hal ogen, 2) hydroxy, 3) Cl1-3 al kyl,

5 4) Cl-3 al B(PXV, sodlurfPoBother pharmaceutical acceptable salt.

(iv) keto acids with purine nucleobase scaffold;

1 1 3
R O OH R E O OH
L e k\ﬁ ;TR
R2"NT N RZ“°NT N
R3
R1 R1 F‘{2
N* N\ 3 N~ N 3
R4 | >R | )—R
AR ey
OH O R2 OH O
HO. R4 HO R4
o | o. |
R2
7—R
10 R?

R!, R? and R? are independently:

a) H,
b) Ci.6 alkyl,
15 c) C1.¢ fluoroalkyl,

d) Ci.s alkyl S(O).R, wherein n selected from 0-2, R selected from Cy.3
alkyl, phenyl and substituted phenyl with substituents selected from:
1) halogen,
2) hydroxy,
20 3) Ci3 alkyl,
4) Cy3 alkoxy,
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R4 is selected from a) CO2RO, wherein Rc is selected
from 1) CG-6 alkyl, 2) H 3) sodiumor other

woheoeroas®sit i cal acceptable salt, b) P(O (ORd) ( BRENS2006/001692

wherein Rd and Re coul d be ®ane or not that are
sel ect ed f(:ﬁ%m 1) G-6 alkyl, 2) H 3) sodiumor other
phar rrace@t' al acceptable salt. (iii) keto acids with

hypoxapt hi ge. ; ; are
[ ndepeﬁden{qg )96%;%) ! a@)ﬁl %g@%gtgsgw&bsg)gi%%?@%ﬁg

f 1 uor oal KyHajog#h, C1-6 al kyl S(O nR, wherein n sel ected
from O-sz?[ Rdsel ected from Cl-3 al kyl, phenyl and
substi t )é]é' bor?(é’nyl with substituents selected from 1)
hal ogen,3)4}, haieyioxy, 3) C1-3 al kyl, 4) Cl-3 al koxy, 5)

’ 4) C,.3 alkoxy,
5) CFs,
1) Ci-6 alkenyl,
g) Cisalkyl CO,R?, wherein n selected from 1 and 2, R* selected from:
1) Cy.6 alkyl,
2)H,
h) Phenyl,
i) Substituted phenyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy.3 alkyl,
4) Cy3 alkoxy,
5) CFs,
1) Benzyl,
k) Substituted benzyl with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Ci.3 alkyl,
4) Cy.3 alkoxy,
5) CF3,
D Cy.6 alkyl substituted with phenyl,
m) Cas alkyl substituted with phenyl, the phenyl group may be substituted
with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) C13 alkyl,
4) C,_3 alkoxy,
5) CFs,
n) R®,
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e) C5-6 cycloalkyl with 1 to 3 substituents sel ected

from 1) hal ogen, 2) hydroxy, 3) Cl1-3 alkyl, 4) Ci1-3
wabkbwwg3sss) CF3, f) Cl-6 al kenyl, g) Cl-6 al kyPCODSRRE/001692

mherein n selected from1l ad 2, Ra selected from 1)

C1- 6 gl ky! ) i) substituted phenyl
ind Yl AR S o 1) hal ogen, 2)
hYW}Q%éln eaéh @P- 3 8ldeyb . ménbd&rdd Ierkdavonmatid yingFhntdiding 1 to 2

Benzyl, k) Substituted benzyl with 1 to 3 su t|t
hetergafoatist wipciedofiom OXYBEN, dg‘éﬁgenzf)ndr%@b@? rgp ceyl b%ﬁlijgﬁﬂmted or

not on carbon or nitrogen with 1 to 3 substituents selected from:
1) halogen,
2) hydroxy,
3) Cy.3 alkyl,
4) Cy3 alkoxy,
5) CFs,
R*is selected from:
a) CO,R", wherein R® is selected from:
1) Ci alkyl,
2) H,
3) sodium or other pharmaceutical acceptable sallt,
b) P(O)(ORd)(ORe), wherein R? and R® could be same or not that are
selected from:
1) Cialkyl,
2) H,

3) sodium or other pharmaceutical acceptable salt.

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
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
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
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4) C1-3 al koxy, 5) CF3, 1) C2-6 alkyl substituted with

phenyl, m C2-6 alkyl substituted with phenyl, the
woheosyis3gsoup nay be substituted with 1 to 3 PCT/US2006/001692

substituents selected from21l) hal ogen, 2) hydroxy, 3)

oo, 9 e I e U SR e s o

isomersremb ell axf thedeeisomencrdbings firerigclagst i tHeNgredent @a%nt 1r|1vfent10n The
er oat.ons sel ect.ed from oxygen, nitrogen and sul fur
°°mP°‘Fﬁ8 PR VB TP UBRTTS (AnduThsee fermsoate ardbededom. the present
inventidh.t rogen with 1 to 3 substituents selected from 1)
hal ogen, 2) hydroxy, 3) Cl1-3 alkyl, 4) Cl-3 al koxy, 5)
Cpg“aqumeglc demagman afsogxist with compounds of the present invention. Thus,

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

uclcobase Nucleobase
Scﬂffold Scaffold

® \\ / @

ucleobase
Scaffold

(Ib)

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
L, 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
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

other means).
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a) CO2RO, wherein Ris selected from 1) Cl-6 al kyl,

2) H 3) sodiumor other pharmaceutical acceptable
weoeabis/08355P( O) (ORd) (ORe), wherein Rd and Re coubPdThis2006/001692

sama or not that are select2d from 1) Cl-6 al kyl, 2)

sod .um or phar maceuti cal acceptabl e sal t.
( i W g PR lSRIoRS 21 fﬂw PATE PRS0 PP JHor SXaPls) the cpmpounds of

.. | b
this 111@’[_1%1{‘ gTengsreglEalﬁleflg %P?B%%Bg ahd éﬁ)emgzo g&gﬁm@e@éﬁys ot antiviral
compomlelb atleding irothe @soatioR of @imbmdnkmmtaﬁiaﬁd a fayther ywhiersydnding of

h nﬁﬂgStItUt ed phenyl with substituents sel ected
eenZWlB’ e gen, 2) hydroxy, 3) Cl-3 alkyl, 4) Cl-3

al ko }bre@)antqﬁi%&nti%}l afse gjﬁo\ﬁi&’&' f@ﬁihlé)(ﬂse ) Ebrﬁp&ﬁ‘ld%f structural
substituents selected from 1) hal ogen,
formula (T) to make a pharmaceutical composition useful for inhibiting HIV integrase and in

the treatment of AIDS or ARC.

The compounds of the present invention may be administered in the form of “well-
known pharmaceutically acceptable” salts. The latter is intended to include all acceptable
salts such as acetate, lactobionate, benzenesulfonate, laurate, benzoate, malate, bicarbonate,
maleate, bisulfate, mandelate, bitartrate, mesylate, borate, methylbromide, bromide,
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,
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
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
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-
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
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20

2) hydroxy, 3) Cl-3 alkyl, 4) Ci1-3 al koxy, 5) CF3, f )

Cl-6 al kenyl, g) Cl-6 alkyl COnRa, wherein n selected
wobnrawok3zamad 2, Ra selected from 1) Cl-6 al kyl PCRUSEH06/001692

h) Phenyl, i) Substituted pﬁenyl with 1 to 3

subst i tuents eI ecte

fonnulat@lqs cgpﬁa}p 4? qEpacen gf;?(l ng\;:ce b haI 9 %?%, 3 e]rlill‘z)%l‘ﬂg OXNa \$&=}hlcles
mcludm?ﬁ@&ﬁahﬁﬂl@dn&&{bﬁ%r Efba&hdsOTBe mgtphhﬁméﬁtu&ﬁb/%eé@tbble” i
meant t@{lgng%l%t ?hae:I c?arggr d1 uent g{ %;émplen% rr%lst %ea!:okn)l%atlbf'e with 8‘16 other
ingredients of the formulation and not deleterious to the patient or recipient. Pharmaceutical
compositions may be in the form of orally-administrable suspensions or tablets, nasal sprays
and injectible preparations (injectible aqueous or oleagenous suspensions or suppositories).
This method of treatment is part of the invention. The administration approaches used
(orally as solution or suspension, immediate release tablets, nasal aerosol or inhalation,
injectible solutions or suspensions or rectally administered in the form of suppositories)
involve techniques that are well-known in the art of pharmaceutical formulation.

The compounds of this invention can be administered orally to humans in a
preferred form (such as tablets) and in a preferred dosage range of about 0.1 to 200 mg/kg
body weight in divided doses. The specific dose level and frequency of dosage for any
particular patient may be varied and will depend upon a variety of factors including
compound activity, compound metabolism and duration of action, patient age, body weight,
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
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



5) CF3, 1) C2-6 al kyl substituted with phenyl, m C2-6

al kyl substituted wth phenyl, the phenyl group may be
woeubmissssed with 1 to 3 substituents sel ect edPETWISL008)01692

hal ogen, 2) hydroxy, 3) Cl1-8 al kyl, 4) Cl-3 al koxy, 5)

CF3, n) Rb,o0) Cl-6 alkyl substituted wth Rb V\herein

each Rb is 5 or 6 _menbered heter oar offiR]

H ning 1 to 2TaeaxBieatssims sel ectHHVﬂliféﬁaﬁ@xﬁé@ﬁa,

ni trogen and sul fur,

the ring could BGsubstituted or

AB-5Bh carbon or Wamcrxo@eaymmm 1 t o BI'€idfs¢tianAGDS,

sel ected from 1) hal ogen,

Afefovirdligiveoaky, SGilchkBSciBttess sel ectHDV fiifogdonra) CO R
wierHi n R is sel egtigenf (L05Angdles;1- 6 ARKYIPGL HIV positive,
CA) AIDS
Alpha Interferon Glaxo Wellcome Kaposi’s sarcoma, HIV
in combination
w/Retrovir
Ansamycin Adria Laboratories ARC
LM 427 (Dublin, OH)
Erbamont (Stamford, CT)
Antibody which Advanced Biotherapy AIDS, ARC
neutralizes pH labile Concepts (Rockville,
alpha aberrant MD)
Interferon
AR 177 Aronex Pharm HIV infection, AIDS,

2) hydrox)RC3) G -3 al kyl,

ARC

Beta-fluoro-ddA National Cancer Institute =~ AIDS-associated diseases
BMS-232623 Bristol-Myers HIV infection, AIDS,
(CGP-73547) Squibb/Novartis ARC (protease inhibitor)
BMS-234475 Bristol-Myers HIV infection, AIDS,
(CGP-61755) Squibb/Novartis ARC (protease inhibitor)

CI-1012 Warner-Lambert HIV-1 infection

Cidofovir Gilead Science CMYV retinitis, herpes,
papillomavirus

Curdlan sulfate AJI Pharma USA HIV infection

Cytomegalovirus MedImmune CMV retinitis

Immune globin

Cytovene Syntex Sight threatening CMV

Ganciclovir Peripheral CMV
Retinitis

ddI Bristol-Myers Squibb HIV infection, AIDS,

Dideoxyinosine ARC; combination with

AZT/d4T



2) H,£ 3) sodiumor other pharmaceutical acceptable

salt, b) P(O(ORd)(OR e), wherein Rd and Re coul d be
weoeanws/0885580t that are selected from 1) C -6 aPRyUS20§/001692

H, 3) sodium or other phar maceuti cal acceptable salt.

i_ncl uded wi thj pre I nvention are
M‘ﬁﬁ euti cal ﬁ&i@ da Bf ul %i[vll?fn?tlﬂnb AARSH v
i nt egr ase, corrprl sing of an effect i vé%@%?aséﬂlﬂﬁbltor)
conpound of this invention, and a pharmaceutically
HeesnznDMPe200) | ePuPemaVamkeut | cal cHiY asfecticon & IDSef ul
for treating infection by HV or forARC@bnmngclebidde RT
ARC are al so included by the presentinhibitenti on. The
present invention also includes nethods for inhibiting

Bhgoviral enzyme, gih\CdpiEOrase, andyay ki Of
inhibiting HV gr 1HesQ/Iller®|91' cation, or treating an

g‘%lgfzilcﬂ)fvﬁ}:tl on or g??l\%i niEGAL ”9 Al DS oﬁe%@g:zdsjt& herpes

tion, the present i1nvention is d
phar maceuti cal conposition conprising, "in conbi nat| on,

herapeutically_effective, amount o f
?P; present i nvenErSRY PRYEEISi nat i onﬁﬁgf&? MDg
therapeutically effective anount of eSS or t he
treatment of ADDS sel ected from (i) Hnsppigseinhibiter)
antiviral agent, (ii) an anti-infective agent, (iii)
&3 §40munonodul at ofsiledd v) ot her usef uHIY mefectpey AIDS,
agents including antibiotics and ot hARCa@évevder al

agents. The conpounds of the presenttraﬂs\tﬂp\thsﬁﬁh{mmg
have regi oi soners with respect to Rl, R2 and R3 an

d t
HEAR o “rnecon SSHRLTBreRAEL R M PR

have asymmetric centers and nmay occur_as 8%n E
reverse scnp ase
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

IS1S-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 CMYV infection

Nelfinavir Agouron Pharmaceuticals HIV infection, AIDS,



isomers and all of these isoneric forns are included
in the present patent invention. The conpounds may
woavw/0gessetri c i soners and these fornms are i neCuoasenosm01692
the present invention. Taut@neric fornms may al so exi st
Wi th conpounds of the present invent,i Thus,. 4.
term nol ogy "and tautoners thereof Qﬂggam?%nnﬁﬁﬁoﬂ
describing tautoneric forns of conpounds of for Ia I
Nevirbpias | a and | Bogheringsr braldhwim By Hlé(rﬁl tigny
as (D Pa) \ / (1b) being represent echBy ®Rhanhg }al
fornula | and tautoners thereof, it is understood that
Shaptdde pur poses Nyfvafdien bales@nt i nvé&HViiohibithmt
tauPoners la and (ARra ©FBl so included. Sinmlarly, by
referring to conpound (la), it is understood for the

gpga%es °f the Fiffﬁﬁ{ﬂ%L Bpgmgafohpnm the tautoners

gﬁ s are o Inten The sanme hol ds true
GHPPEFRPEREBE t o thut oner (1b). When the vari abl es

[ nvo[ ving Rl, R2 re on any
Trsofim |, its de‘?ﬁt’fﬁ]@a}}ﬂo}g‘i‘?%ﬁﬁ’h oC nct:Ise H&I&V
Rhegphanedamatof i tl8Cdefinition at evé &
occurrence. Conbi nati ons of nucl eobase and Y, é
RING- 10689 ssi bl e diflaymadia Elpichnc onbi ndt) Yoée @Qu‘#&

st abl e conpounds. The compounds of tARC ng@ge@mmhlbﬂor)
invention are useful in the inhibition of HTV
plabeaiase, the preyertion or treat neflV offedtiohediD®n by
HYV and in the treatment of the di sease known as Al DS.

R{#@ 4ng AlDS or prgyEBIdiNIGd.Ofechr eat | AV iiffetdn, AMDBY

I's defined as (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
infections
Virazole Ribavirin Viratek/ICN (Costa Asymptomatic 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,



including the treatment of a w de range of states of

H V infection: ADDS, ARC and actual or potenti al
wexpwdssBd3to H 'V (e.g., through bl ood transfusPomus2006/001692

exchange of body fluids, bi2’es, needl e punctures,

exposure to phfected patient blood duyging.nedical or
forppg ?éﬁt&%‘?&gdhr es, and ot her neans). g@ﬁé’%“ﬁ%?fbi cations
are glso part of this invention. For le, t
Combitpfounds of this T&ention are usefrﬁfﬁlﬁ1 ﬁcﬂén"&%s’
preparation and execution of screeni @Té’%@hﬁﬁ%ﬂfor
antiviral conpounds including in the isolation of
Abydavalsuenigatertornut arESKand in further UHYensctinni AP ST
ZidgBe®)enzyme, HIV integrase. The preselfteverse éanscniptagé so
provides for the use of a conpound ofinlsbitergt ur al
formula (1) to neke a pharmaceutical conposition
Fu%ér%gg Wy £.96) i nhi bi tg AGe/tinddit €9r ase any nfectiBs, AIDS,

tnment of AIDS or ARC. The conpoungs; ffsibbeniifsent
i nvention may be adm nistered in the form of

"wel | known pharmaceutically acceptable" salts. The
latter is intended to incl qcceptabl e salts
such as acet at e, IMMUNO-RHIDY. RESnesul fonat e,
| aurate, benzoate, nmal ate, bicarbonate, nal eate,
Driog Matnbat e, nandel aMenufactieert r at e, meshiespsUtioHset e,
nmet hyl bromi de, bronmi de, nethylnitrate, cal cium
ASetet at e, cansyl at eWysticAyest car bonat AlDfapsyl at e,
chloride, nitrate, clavul anate, N nethylglucam ne,
Br&pilifddee, amoni um sighnaciéiUpystmochl or i A@anoéEAIRS
edet at e, oxal ate, edisylate, panpate, estolate,
Acg?‘lal% ate, esyl at eq, b iBRLal:8s, TROOSPhat s, dihosphat e,
gluceptate, polygahagh ate, gluconate, salicylate,
gl utamate, stearate, g#yc Ilylarsanilate, sulfate,

exyl resorci nate, subacetate, hydrabagte, Gl
Cl%gr om de, tann%f@,m ?’%@W%ri de, HAPEH td gl, 3 dH ina
hydr oxynapht hoat e, “BS8ELEPE, i odi de, tosyl ate,

i sothionate, triethiodide, |actate, panoate,. valerate,
Eldfid ot hers whi ch cBlnKeomddd as a dosRbemestians or

A

(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 N

HIV Core Particle Rorer Seropositive HIV

Immunostimulant



nodi fying the solubility or hydrolysis characteristics
or can be used in sustained rel ease or pro-drug

woanmwisatss ons. The pharnaceuti cal |y accept abl ePeaius2006001692
this invention include tho28 with counterions such as
sodi um potassium calcium |lithium nmagnesium .zinc,

d from bases suc&e®$ ammoni a, et hyl gi BFOHInation

Infgrigkifyd - gl ut ami ne, |ysine, argini ne, WoA4ATt hi ne,
choline, N, N -dibenzyl ethyl enedi am ne,

ILedl or oprocai ne, di &olfiamol-baRovhe pr ocaiddBS, ARC, HIV, in

Intdplenkintphenet hyl anilmeunek et hyl am ne, péompkinatiomme/AZT
tri s(hydroxynet hyl ) am nonet hane, and

[tet ramet hyl anmoni umhipgdr oxi de. Al so, AIDEh@ceasEindDAa

InfedfeliRixyd i ¢ acid (-COOH) or an al cohol g ed#atei ng
aﬁe@lﬁﬁﬁE’ phar maceutical ly acceptable esters can be

enpl oyed, e.g., acetate, naleate, pival oyl oxynethyl

RRthOGRELR, T e PreterabhyGl C20 eshersandrdase

mEsL el s Known in ch$%§?e Of-, 1 provi ng _sof Ubi '%%M?f
@WW& s charact SPPEPIECRYr use asOTHEPANoh

(hp@merhse or prodrug fornul ati ons. Pharmaceutically
accept abl e esters can also be enployed in the case

IMiRBEel a phosphonicEmﬁ&ﬂﬁm%@ﬁﬁﬁthbikwéPSigﬂﬁﬁ€§éﬁpmn&
Di ket o phosphonic acids attached to ndRGIHse

IMREGED| ds ar e al so Iparg (Nefw OHeans hixenAlIDS, Kaposi’s sarcoma,
Therapeutically effective anbunts of MR, @GIpounds of
the present invention may be adm nistered to patients

Aol BictRAr ent er al heridh¥ thfi@kat | on SAIPY; ARC

th@%t@drﬁé{ﬁatén dosage unitfornul ati ons contai ni ng
armaceutical | y-acceptable carriers, adjuvants and

Y

venhi S i ncl udi ng ;nano ticle drug i ver
ARERPIEREY The | SeRTEBRA Rt | ol %ezg%%é@\gg% s

nmeant to infer that the carrier, dilu roexei pi ent

nmust be conggtible with the other ingredients of the
MetionineEnksphakiel nof(Ndlhatradediicrlt o t hé&IB&: ABRt or

reci pi ent. Phar macéGkicegs. Iebnpositi ons may be in the

form of orally-adrninistrable suspensions or tablets,
MA®sBE sprays and i @liecGelgydCqpepar at i Kapodiisspeotmabl e
Mathheyipepti®d eagenous suspensi ons or suppositories).

Granulocyte Amgen AIDS, in combination
Colony Stimulating Factor w/AZT

Remune Immune Response Corp.  Immunotherapeutic
rCD4 Genentech AIDS, ARC

Recombinant Soluble
Human CD4-1gG

rCD4-IgG Hybrids AIDS, ARC

Recombinant Soluble Biogen AIDS, ARC

Human CD4

Interferon Alfa 2a Hoffman-LaRoche Kaposi’s sarcoma, AIDS,
AR, combination w/AZT

SK&F1-6528 Smith Kline HIV infection

Soluble T4

Thymopentin Immunobiology Research HIV infection



This method of treatnment is part of the invention. The
adm ni stration approaches used (orally as solution or
weusEp®azisean, i nmedi ate rel ease tablets, nasal BeTAS2106/001692
or inhalation, injectible 28l utions or suspensions or
rectally adm nistered in the form of suppositories)
i nvol ve  t echni ques TRstste granapdple. Nown in the art of
phar maceuti cal formulation. The conpounds of this
TumerdNedrodis Eagiohe adranpiiseter ed oral |y ARG umeembinatien
(Ipeferred form (such as tablets) and wiganmpa &ftenferen
dosage range of about 0.1 to 200 ng/ kg body weight in
di vi ded doses. The specific dose | evel and frequency

of dosage for any paNTEINPECIFVEgnt may be varied and
wi || depend upon a Vvariety of tactors including

D& q@&qu activity, QR Hﬂgr met abol i s%ggg Lﬂlférﬁ%ei on of
M, patient ager—uﬁgﬁ—mﬁlght, gen , Sex,
diet, node and ti of administration ate of
c Hth g g cgﬁﬁﬁﬁﬁFﬁghwogﬁe seveFfy of the
PrHB2q4el ar condition, and the condition of the patient
under goi ng t herapy. The present invention al so o
Flpesiageles t her apeut iP8&pR1 y ef fecti ve cofiviiegdcedlgnesingitie
HI V integrase inhibitor conpounds of fardidibsis| with
one or nore other therapeutic agents such as ADDS
Patilleviral s, other &abibbiCap. agents, i pravastioachfaghlor s,
Nyxtdtid PAsgi@iei ves, antibiotics, vaccinescadidibdier
t herapeutic agents. Sone exanples are given bel ow
OANF1 VI RAL AGENTS Dayyg Manuf act ur eplher apeuti c
HI 'V I nfection, ADDS, ARC ( NNRT
brtor) Anprenivir daxo Wllcome H V infection,

- D97 Hoechst/ Bayer
EAGERAE
Al

Penfamidine LyphoMed (Rosemont, PCP treatment
Isethionate (IM & IV) IL)
Trimethoprim Antibacterial
Trimethoprim/sulfa Antibacterial
Piritrexim Burroughs Wellcome PCP treatment
Pentamidine isethionate Fisons Corporation PCP prophylaxis
Spiramycin Rhone-Poulenc Cryptosporidial diarrhea
Intraconazole-R51211 Janssen Pharm Histoplasmosis;
cryptococcal meningitis

Trimetrexate Warner-Lambert PCP

OTHER AGENTS
Drug Name Manufacturer Therapeutic Use
Daunorubicin NeXstar, Sequus Karposi’s sarcoma
Recombinant Human Ortho Pharm. Corp. Severe anemia assocated

Erythropoietin

w/AZT therapy
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14194, GM41 ARC (protease inhibitor) Abacavir

(1592U89) d axo Wellcone HV infection, ADDS, GW 1592
WORM6(0BISSB nhi bi t or) Acenmiinan Carrington LabsPCTgeeg 01692

ARC TX) Acycl ovir Burroughs3oWel |l conme H V infection,

Al in conbinationwi th AZT AD 4 Tano )
Reé%)gma@gﬁ%mﬁ?v i nf gEItOP%n, ADDS, ARC A@ﬁﬁﬁgﬁwﬁwun&
GrgwHLLITEORE Hi v i nfection, AIDS, ARC ASSR&XiRr di pi voxi |

G | ead Sciences H 'V infection AL-721 Ethigen éLOS .
Mogssiapledcetgtre,  paL Bristopdbyers Sauibtca)  ATmginmgn hfanorexia

Interferon d axo Wel |l cone Kaposi's saassosgied W XIID$
Testostisiongt i on W Ret r dlda; SiithKdmeci n Adr ABDS-adlated traisiins

ARC LM 427 (Dublin, OH Erbanont (Stanford, CT)
TofitBnbaayNwtitioh Advaleedh Baphher apy Al DRar®ARend

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
are not 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 inhibitor (e.g., indinavir, nelfinavir,
ritonavir, saquinavir and others), a reverse transcriptase inhibitor [nucleoside (e.g., AZT,
3TC, ddC, ddl, 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.

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).

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
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



neutralizes pH Il abile Concepts (Rockville, alpha

aberrant MD) Interferon AR 177 Aronex Pharm H V
wonimsosssa, Al DS, ARC Beta-fl uoro-ddA Nati onal PCaUS2006/001692

Institute ATDS-associ ated dilseases BMs-232623

ristol-Myers HIV infectjon, AIDS, (CGP-73547) . .
Compreg%ﬂﬂsf‘i}ﬁ/lﬁ%’%‘fai“éﬁwf{fﬁ%%&%@lﬂﬁlﬁ Bidpsypthelfponvgasions described
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Ra-d: Bn, 2-F-Bn, 4-F-Bn, 4-CF3-Bn
Scheme 1
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Representative Example 1
Methyl 4-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-yl)-2-hydroxy-4-
oxobut-2-enoate (3a).
10

Stepl: preparation of 5-acetyl-1,3-dibenzyluracil (2a).
15
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Reconbi nant Human Triton Bi osci ences Al DS, Kaposi's

sarcoma, Interferon Beta (Al nmeda, CA) ARC Interferon
wahkbw/0s3Bssnt er f eron Sci enes ARC, AI DS | ndi navi PCERIS2106/001692

H 'V infection, AIDS, ARC, asynptomatic H V positive;

conbi nati on w thAZT/ddl /ddC | SI.S-2922 I SIS

Pharmaceuticals CW retinitis ¢ @72 Natl. Cancer

Institute H V-associ at pdixgirseg am vudi ne, 3TC

d axo Wl | come HIVinf , ARC (reverse

transcriptase inhibitor)7 aDSoNwm th AZT Lobucavir

Bristol - Myers Squi bb CW ic ion Nelfinavir Agouron

Phar maceuti cal s H V infect , Al DS, ARC (protease

i nhi bitor) Nevirapi ne Boeheefnger |ngleheimH YV
infection, AIDS, ARC (RT inhibitor) Novapren Novaferon
Labs, Inc. HWinhibitor (Akron, OH) Peptide T

Reqispétsich dPRAcAHRITRATE 1 128 bhH2REPEHG IR BRESe BB g, 50
mmol) in DMF (75 ml) was stirred for 20 min. Then benzyl bromide (6.0 ml, 50 mmol) was
added. The resulting mixture was stirred for 8 h at room temperature. DMF was distilled
under vacuum. The residue was purified by column (dichloromethane : methanol 40 : 1). The
appropriate fraction was concentrated and crystallized from ethanol to afford 5.34 g of a
white solid. Yield was 79.8%. Mp. 92-93 °C. "HNMR (CDCLs): 8.23 (s, 1H), 7.29-7.49 (m,
10H), 5.17 (s, 2H), 5.01 (s, 2H), 2.62 (s, 3H). *CNMR (CDCl): 194.5, 160.7, 151.0, 148 4,
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;oN20; 335.1396, found 335.1412.

Step 2: preparation of methyl 4-(1,3-dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-
5-y1)-2-hydroxy-4-oxobut-2-enoate (3a).

To a stirred solution of sodium #-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
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
29.1%. Mp. 158-159 °C. "THNMR (CDCls): 15.04 (s, br, 1H), 8.36 (s, 1H), 7.72 (s, 1H), 7.29-
7.49 (m, 10H), 5.18 (s, 2H), 5.05 (s, 2H), 3.92 (s, 3H). *CNMR (CDCl;): 185.7, 168.8,
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4-(1,3-Dibenzyl-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-yl)-2-hydroxy-4-oxobut-2-

enoic acid (4a)

0o O OH

@:j\%w

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 HCI (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
was 84.2%. Mp. 186-188 °C. "HNMR (DMSO-d6): 8.89 (s, 1H), 7.57 (s, 1H), 7.24-7.36 (m,
10H), 5.16 (s, 2H), 5.02 (s, 2H). BCNMR (DMSO-dg): 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 CaHioN,Og 407.1243, found 407.1248.

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).

Step 1: preparation of 1,3-bis(2-fluorobenzyl)-5-acetyluracil (2b)
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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 (CDCls): 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, 1=247.9 Hz), 160.6, 150.8, 148.8
(d, J=2.9 Hz), 131.3 (4, 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 (d, J=14.5 Hz), 121.4 (d, J=14.5
Hz), 115.9 (d, J=21.6 Hz), 115.5 (d, J=21.6 Hz), 112.2, 47.8, 38.8, 30.6.

FAB-HRMS: [M+H]" calcd. for CaqH;7F2N,0; 371.1207, found 371.1202.

Step 2: preparation of methy! 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 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(CDCl): 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, J=3.4
Hz), 131.2 (d, J=8.7 Hz), 129.3 (d, ]=8.2 Hz), 129.2 (d, J=3.4 Hz), 124.8 (d, J=3.8 Hz), 124.1
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Representative Example 4

4-[1,3-Bis(2-fluorobenzy))-1,2,3, 4-tetrahydro-2,4-dioxopyrimidin-5-yl]-2-hydroxy-4-
oxobut-2-enoic acid (4b).
F 0O O OH

©/\N l = OH
O)\N ©

The title compound was synthesized using a similar procedure to that described in
Example 2, except that methyl 4-(1,3—dibenzy1—1,2,3,4-tetrahydro-2,4-dioxopyrimidin—5-y1)-
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
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(DMSO-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). BCNMR(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 (d, J=8.2 Hz), 128.4 (d, J=3.9 Hz), 124.5 (d, J=3.3 Hz), 124.3 (d, J=3.3 Hz), 123.1 (d,
1=13.9 Hz), 122.3 (d, J=14.5 Hz), 115.4 (d, ]=21.1 Hz), 115.1 (4, 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]" calcd. for CyH17F,N2Og 443.1055, found 443.1045.

Representative Example 5

Methyl 4-[1,3-bis(4ﬂuorobenzyl)—1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5—yl]—2-
hydroxy-4-oxobut-2-enoate (3c).
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Step 1: 1,3-bis(4-fluorobenzyl)-5-acetyluracil (2¢)

jou

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. 'THNMR (CDCL): 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). P*CNMR (CDCls): 194.3, 163.0 (d, J=248.3 Hz), 162.4 (d, J=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),
116.2 (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 ‘C20H17F2N203 371.1207, found 371.1220.

15 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).

0O O OH

7 Ve
F O)\N o
Fﬁ

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

20  Example 1, step 2, except that 5-acetyl-1,3-dibenzyluracil was replaced with 1,3-bis(4-
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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: [M+H]" calcd. for Cy3H;oF,N,Og 457.1211, found 457.1196.

Representative Example 6

4-[1,3-Bis(4-fluorobenzyl)-1,2,3,4-tetrahydro-2,4-dioxopyrimidin-5-yl]-2-lhydroxy-4-
oxobut-2-enoic acid (4c).

0O O OH

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-y1]-2-hydroxy-4-oxobut-2-enoate (3c). The title compound
was crystalized from hexane and ethyl acetate (3 : 1). The yield was 49.7%. Mp. 186-188 °C.
'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-dq): 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),
131.83 (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 (d,
J=21.0 Hz), 107.7, 100.7, 52.1, 43.5. FAB-HRMS: [M+H]" caled. for CpH;7F,N,Oq
443.1055, found 443.1044.

Representative Example 7
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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, SH),
5.20 (s, 2H), 5.07 (s, 2H), 2.63 (s, 3H). “CNMR (CDCls): 194.1, 160.5, 150.9, 148.3, 140.0,
138.2, 131.3 (q, J=32.7 Hz), 130.2 (q, J=32.7 Hz), 129.3, 128.4, 126.3 (g, J=3.8 Hz), 125.5
(q, J=3.8 Hz), 124.0 (q, 1=272.0 Hz), 123.7 (q, J=272.3 Hz), 112.6, 53.2, 4.5, 30.6. FAB-
HRMS: [M+H]" caled. for CpH,7FsN,03 471.1143, 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

Oy oy
FsC O)\N o
F30/©)

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 1,3-bis(4-
(trifluoromethyl)benzyl)-5-acetyluracil. The title compound crystallized from a mixture of
hexane and ethyl acetate (3 : 1) and ethanol and was obtained in 20.3% yield. Mp. 189-191
°C. 'H NMR (CDCL): 14.98 (br, s, 1H), 8.41 (s, 1H), 7.70 (s, 1H), 7.46-7.68 (m, SH), 5.21
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ot her agent(s). The fol | dawing representative exanples

are provided to i |l usfate details for the prepar ati on

of the conpounds of the present invention. The
&hartjleesonapaamdovas spinghredizad wsinger $imiiar gracsderedn thifedescribed in

xampfic? CSieERt, MELm BRG] crdr P e e o BNt Redk T fa-s-v)-

-hydrém Hobburvl fthagxamplas ar eepdedt 0 beitlyi ewesktizgd f ors{ NBbis(4-
the only set of conmpounds that is considered as the

(tﬂﬂuorqmeéhl'lbhmzylérde@ AfyeteadiBiondfidigropyrimidin-5-yl]-2-hydroxy-4-oxobut-2-

enoate (3d). The title compound was recrystalized from hexane and ethyl acetate (3 : 1). The
yield was 68.2%. Mp. 176-178 °C. "HNMR (DMSO-d): 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-de): 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),
108.0, 100.7, 52.6, 43.9. FAB-HRMS: [M+H]" caled. for Co4Hi7FgN,Os 543.0991, found
543.1003.

Representative Example 9




of conponents of the conpounds or their noieties may
itself forma set. This has been addressed previously

wonodeligssspat ent docunment. Those skilled in therartuszobioo1692
readi | yconprehend t hat known vari ati ons of reacti on

cond ns a nt het| rsions.de

N R A B e L e L AR
oxobut_ﬁgﬁp@g,?geghese ot her corrpounds Chemi cal Synthesis

Chem cal " schenes for representati ve exanples 1 through

12 are Schenes 1 and 2 Ffbow. 2e 2f Ra-d: Bn,

2-F-Bn, 4-F-Bn, 4-CF3; ~5H3a-f 4a-f abC

defRBnZF 4F|2\H|4FBn n CF3-Bn Bn R Bn
F- 4-F- A- Bn Bn Bo -Bn Bn Schene 2

2-

Representati ve Exanple Met hyl

4- (1, 3-di benzyl -1, -tetrahydro- 2, 4- di oxopyri m di n-
5-yl)-2-hydroxy-4- exgbut - 2-enocate (3a). Stepl:

preparation of 5-acetyl-1, 3-di benzyluracil (2a).A
suspensi on of 5-acetyluracil (3.1 g, 20 mol ), and

%’cﬂﬁsi‘sﬁ{e@ B?ﬁ%&&%ﬁ b%q%mé 1 in DVF (75 nl)

z bromde(6.0 m,

50 nmol) vvas
HN l
o//l\N

>l

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. THNMR (DMSO-dg): 11.69 (br, s, 1H), 8.54
(s, 1H), 7.30-7.36 (m, SH), 5.03 (s, 2H), 2.44 (s, 3H). "CNMR (DMSO-dg): 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
C13H13N,05 245.0926, found 245.0932.

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

HN N O ch,

0

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.
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). BCNMR (DMSO-d): 185.9, 167.8, 162.2, 161.0, 152.7,
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added. The resulting m xture was stirred for 8 h at
roomtenperature. DVMF was distilled under vacuum The

woesiethssssaas purified by colum (di chl or onet haReT/US2006/001692
nmet hanol 40 : 1). The approg@riate fraction was

1498, 305 0BT 3 o o 104 S 30y STS oA B RMs? 8595 Satoa. or
23 (s, IH), 7.29-7.49 (m 10H),
ClﬁHlShg@f 3]3?&58%?;{’%&5%109& 2.62 (s, 3H). 13CNMWR
: 194.5, 160.7, 151 0, 148.4, 136.2, 134.4,
1292 1290 128.9,,128 5 128 2, 1278, 112.2, 53.4,
44.9, 30.7. FAB- HRM@?L%EL@Q&Q C20H19N2CB
3—%@3125%@*1 3 90Uy -3Bnird- 1R dioRbHRimidin-By PRI PdRP-4Yx0but-2-

eliOlcaald((¥e)3 di benzyl -1, 2, 3, 4-t et rahydr o- 2, 4- di oxopyri mi di n-
5-yl) - 2-hydr oxy- 4- oxobut - 4 eny at H(Sa) To a stirred

sol ution of sodium -but ox de 6 mmol) in
anhydrous THF (15 m ) &N7r reﬂure was added,
dr opwi se, di net hyl oxalj.l\e 472 mp 4 mol) in THF (7

m) followed by 5-acet§l-N, 3-dibenzyluracil (2a) (669
ng, 2 mol) in THF (8 )< The resulting m xture was
stirred at roomtenpure for 4 h and then was

acidified to pH=2. TH”Wwas evaporated. The residue in

g'g %)Jl%)%uﬁél )W sciB&fjuyﬂl% ZIEF?(&)%QdLHé ko @1 described in
puri y col um c omat ography ane
Examplacz:;traplecmg methyl. 4-Th-diepryidr, 2,3 efralndta-2 4- d/uasopynmidin-s yl)-2-

oS S B a5l £ Rl 0 B 22

5-yl)-2- %gm%ﬁq;%?gb? -2+ en&a’ie Q§e)( The t?Ftle cloh')Inou§d 3hs Q;?ystellfﬁed ﬂorﬁzmlxture

of tetraﬁwafuran%d(csﬂorafdhn (I&CB\)[\/IRhé@EN]i&)as 791'35 Mp 195 197 °c 1HNMR
162, 4, 159.7, 150.5, 148, (136 0, 13
(DMSOI@@ 15 19;_(br G; 1111281%97 @285=31H)12Hg§ 52 60).8- 7% 1%1) %éH’S 1H),

3 5 Mserligd 1860 1@?‘?@@%1 0, 152.5,
7:30-7. 335 @14@3 9983 ?%ﬁ%@erﬁs@nt ative EXanp
149.9, 136.0, 128.7, 127.9, 127.7, 108.2, 100.8, 51.5. FAB-HRMS: [M+H] caled. for
C15H13N206 317.0774, found 317.0769.

Representative Example 11

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 O¢I\N ©

Step 1: preparation of 3-(4-fluorobenzyl)-5-acetyl-1-benzyluracil (2f).
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4- (1, 3-Di benzyl ~I, 2, 3, 4-t et rahydr o- 2, 4- di oxopyri m di n-
5-yl)-2-hydroxy-4-oxobut-2~ enoic acid (4a) A solution

WO RS BB PCT/US2006/001692
4- (1, 3-di benzyl -1, 2, 3, 4-t et3ahydr o- 2, 4- di oxopyri m di n-
5-

3a) (757 ng, 1.8
mol ) in dioxane (100 m) was r ked With IN HO (60
m) for 4h. The sol uti op aporat.ed to dryness.
The resulting solid was

' rysit aI i zed from hexane and
ethyl acetate (3 : 1)F [ N7ng a pal e yell ow

solid. Yield was 84.2% J188 0C. 1HNMVR
(DVBO d6): 8.89 (s, IH), (s IH), 7.24-7.36 (m
10H), 5.16 (s, 2H). 5.02 ( 13CNVR (DI\/BOd6) :

186.1, 169.0, 163.2, 159. 151 1, .150.2, 13
1B tigle mavormdl\m %’nﬂlezge@) in P37/%. YI@JéiOchBe@Zlﬁtlsn of 5-acetyl-1-

ol 488 S ST, A kg

in DM%)MP‘pl(ES -Bogve| PllsHNMRb(CDCh) 8.23 (s, 1H), 7.30-7.50 (m, 7H), 7.30 (m, 2H),
- i s(2-fluorobenz 4-tetr ro-2,4-dj
5.12 Gophi S0k Sy 0. A GRS 30BAdP LA o 28 1),

af30n(Pf1=3.4 Hz), 131.1 (d, J=8.2 H 1292 1289 128.2,
160.7, ﬁlfs’@b ‘g |udrojben 1) = 5- a%:)etyl ur(aC|I Z)‘I' tit

115.3 (d,dnﬁd)@nfdz)‘ a2 8h53s4$44923 Mefs BABHRBIS éMﬂiﬁu nglc@, for ﬁldeisFNzo3
ce that described in Exanple 1, step 1,

353'13@3@’6’%ﬂ§a113q8en2yl bromi de was replaced with 2-

fl uor obenzyl brom de. The yield was 43.9% Mp. 149-150

C. 1HNMR (CDO 3) : 8.35 (d, IH J=LO 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). 13CNMR (CDA 3) : 194.3, 161.1 (d,

Ste}b427 Prdpajatioh G riethiyl, 4-[B=QUuflu@obinkyl)U6kenByl- 1,3(3,48tetrahydro-2,4-

3.4 Hz), 130.9 (d,

dloxopﬂﬂéldzn &&351] %Héf% %axojbj&é Gﬁg%iﬁfiﬂlzg 17 (d, J=2.9 Hz),

124.7 (d, J=3.8 Hz), 1241©do]3(aﬁ Hz), 123.1 (d,

J=14.5 Hz) 121 4 ( J— ) A 159 (d, J=21.6
Hz), 115.5 ) 8,CB8. 8, 30.6.
(9]

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

yl ) - 2- hydr oxy- 4- oxobut - 2- enoat e

Example 1, step 2, replacing 5-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 (CDCl;): 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
(d, J=8.2 Hz), 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]" caled. for Cy3HyFN,05 439.1305, found 439.1294.

Representative Example 12
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FAB- HRVS: [ MtH] + cal cd. for C20H17F2N2G3 371. 1207,

found 371.1202. Step 2 : preparation of nethyl
wWa-2pd6/083338s( 2- f | uor obenzyl ) -1, 2, 3, 4-t et r ahydr oP@TAIS$2006/001692

di oxopyriinidin-5-yl]-2- hydMoxy 4- oxobut - 2- enoat e

e e conp or this step . was s i zed
it Encrohen - GhoRabre Listialdrogb dchagu pip T 5
A except t hat
hydmxﬁg%%ﬁt}w%k%?lgg(ﬁzyl uracil was replaced with
|, 3- bi s(2- fluorobenzyl) 5- ac tylQurea@itl . The title

corrpound was crystal cd e of hexane

and et hyl acet ate in 21.1%yvyi el d.

Mp. 158-160 C. 1HMVRMEDCoBYNT 15.06 {br, s, IH), 8.52

(s, IH, 7.69 (s, IH, 7.38-7.46 (m 2H), 7.04-7.26

(m 6H), 5.25 (s, 2H), (s 2H), 3.90 (s, 3H).
13CNVR(CDO 3) : 185. 3, 22, 162.4, 161.2 (d, J 247 3
Hz), 160.7 (d, J=247.9 Hz 159. 6, 150. 3, 148.

The tulereompouad veis(sinthgsizedi usipy 2 similap progeduyedo 1h4qz<iescnbed in

s 2 b 0 R 5 AR Aot 50>

hydroxyfl—zf]ox%bﬁfh edoatd - wWithizhethyil - @-(leuoﬂo‘b%ﬁzﬁ) Hb)snzﬂ ]152 8,4(tdtrahydro-
J—16Hzg_]_¥108,1015 53.0, 48.2 (d Hz) ,
2,4-dioggygingidin-3-¥i- Zghngyxy-ﬁﬂgohm%enc[am. H3 D Té]ec Cptlef ofompound  was

mystall%g %%%%%%ré Vf ibgdnk add PR Rtatd €03 1). AR GSRINVAL b¥8%. Mp.

188-19¢->Cl ‘I@NBIE (BMSmag)o D02 Ybr) sJ 1R), 341t @, rsah]Hd,r&)SZ (@ 1#)p%.56 (s,
yrim di n-5- % -h drox - oxobut - 2-enoi g
1m0, 7.8837 e 7D T2 o 6. 2Jie 108 Godtos PEBRR OMsO-do):

185.7, P4d1 | 3 1ﬁr1%‘f.‘2d(:dr 148 d ﬁQ}, 1985C 1 50891 40M, B%380h828: (d, J=3.4 Hz),
eXcept tRat net hyl
129.9 (d-JE8,23), behay12719, 223741 1565 (B biy2lk.6 F2), 408170100 537,135, FAB-

5-vl) -, 2-hydr oxy-4-aoxobut - 2- engat pl aced with
HRMS n@ﬁh%lil %l‘{‘]if ?%-‘Jg@%@ Nz @%ésoﬁle‘g?z &W&“?@-ﬁ égﬁi

t et rahydro- 2, 4- di oxopyri m di n-5-yl]-2-hydroxy-4- oxobut

-2-enoate (3b). The title conmpound was crystallized

from hexane and et hyRepsesentatine (Bxamplg 13 o gi ve an

off-white solid. The yield

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

The relevant scheme is Scheme 3 shown below.



was 56.5% M. 178-179 C. 1H NVR(DMSO d6): 15.00 (br,
s, IH, 14.02 (br, s, IH, 8.90 (s, IH), 7.55 (s, IH,

w6 208/083%0 (m 8H), 5.23 (s, 2H), 5.05 (s, 2H)PCT/US2006/001692
13CNI\/R( DVSO-d6) : 185.7, 16952, 163.0, 160.2 (d,

1=240.0 W), 159.8 (d.'§-244.6 Hp), 159.7, 1512,

1498, 130, 2, 129, % V5=8.2 Hz), 1284 (d, J==3.9

yﬁi*ma24N54@ﬁm J- /H& baghniGte(d, J ), 123.1
122 d,—g-mg;§lHu) 11%=4 (d, J=21.1
(

) 115.1 (d, 1 Hz) k0796, 10p7R, 47.8 (d.
J .4 Hz), 38.2 J=4.8 Hz). FAB-H JN%FH +
aﬁ cd. for C22HL7F2N2®% 443. 1055, foun 443, 1045.
Representative Exanple 5 thhyl (PhgP),PdCl,
4-11, 3-bi s(4-fluorobenzyl)-1I, 2,3, 4~t et ahy®r o- 2, 4- di ox
opyri mdin-5-yl]-2- hydroxy- 4 oxobut 21engat e
(3c)o&tep 1: |, 3-Dbi s(4chl uorobenzyl) - 5- acetyﬁuraC|
( The titl e conp@shd mas synt hesi zed QSLng a
S|n1 & procedure to 8t described in anple 1, step

pt that bengyl bgnl % e W th
< OISESRO br O Sﬂ%ﬁﬁ% 188%
4-835 C. 1HNMRA '%) : 8 22 (s —/7.48 (dd, 2H,
JJbe 5.5 Hz), %.3Y (dd, 2H J=8. 0 H),
.99-7.09 (m 4 5.11 (s, 2H), 4. (s, 2H), 2.62
(s,163H) . 13CNWR 8) : 194.3, 163.0 (dsgs J=248.3
), 162.4 (d, J=246.4 Hz), 160.6, 150.9, 148.2, 132.1
(dpyd=3.4 Hz), 131.1 (d, J=8.2 Hz), 130.23 (d, J=8.5
), 130.26 (d, J=2.9 Hz), 116.2 (d, J=21.4 Hz), 115.3
(d N2 5 Hz), 112.4, 52.9, 44.2, 30.6. FAB-HRVS:
H + cal cd. for C20HL7F2N2C3 371. 1207, found
37104220. Step 2: preparation of nethyl
O] , 3- bi s(4-fl uorobenzyl)-1, 2, 3, 4-tetrahydro-2, 4-
di gkdPYri m di n-5-yl ] - 2- hydr oxy- 4- oxobut - 2- enoat e (3c).
nhetd tl e conpound was synt hesized using a simlar
cedure to that described in

N N
b -
11

Step 1: 9-Benzyladenine (6)

-

Scheme 3

N—/ N
@Nﬂ

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
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Exanple 1, step 2, except that
5-acetyl -1, 3-di benzyluracil was replaced with

WO 28060983354 - f | uor obenzyl ) -5-acetyluracil. The t PCITAIS2006/001692
compound was recrystallizedéfrom ethanol and obtained

reduced %&egs%res Q%\;h%l gs@{g/ﬁ’% ge%1 uﬁ):\Lx/?ag tl%iltegiéﬁll%g? W%%?%(iéﬂ()mll%gg;hlte solid

that seﬁ‘ara&éd (onrt, R4 ﬁlt%re@%rﬁﬁdgéédl('%r’ideg l_vDQch:ﬁL’rgq C?\I at(tlolri Al ﬁlﬁIﬁcatlon was

throughy g%asg cgﬁgmg cl?crggla_tp phy ] u5iag. CHEK MeOF 5(9(]:1) f®1=241@t14n 9-

Benzylelid%znﬁl eict 5,489 (6%2{} 2313%?% o %%@ﬁqég -3&%8 (s, 2H,

CH,), 22378 ) - -
T 108 LAOEAI (g AR, I o

H). 7- B@&if}é@ﬂenm@r Yigld H1® 202 6). M 232285 °Co&ﬂimMR7(D1\196-d6) 8 5.53 (s,
28, CERSPT S5 3bdy SB1. PTE Ve L, g £l B B 258 N ,8.6

1H, purdey@+-H).di n- 5-yl ] - 2- hydr oxy- 4- oxobut-2-enoic acid
(4c). The title conpound was synthesi zed using a
simlar procedure to that described in Exanple 2,
except that methyl
dtep 2; D-Bengahyipdopueing (A- t et r ahydr o- 2, 4- di oxopyri ni di n-
5-yl)- 2-hydroxy-4-oxobut-2-enoate was replaced wth
met hyl 4-[1, 3-Dbi s(4-fluorobenzyl)-I, 2,3, 4-
t et r ahydr o- 2 4- dloxopxg dj'n- 5-yl ] - 2- hydr oxy- 4- oxobut
-2-enoate (Sc). The tif npound was crystalized
from hexane and et hy ac tatte (3 : 1). The yield was
49.7% Mp. 186-188 CL_1HNWR (DMBO-d 6) : 15.07 (br, s,
IH), 14.02 (br, s, 8.90 (s, IH, 7.56 (s, IH,
7.34-7.46 (m 4H), -7.21 (m 4H), 5.13 (s, 2H)
4.98 (s, 2H). 13CNWR (DVMSQd 6) : 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

'I'é)a 5838 % {I&Psullfqof E%?&ylaﬁéggg 6%5 9%, 3. zi;'zr&%]éllg athydrous

acetomtﬁlb (80 13, vas Baded-RIMBmefit] 582 8] 2107 nfrBs]) EARMEERRNAEyY1 nitrite
(2.24 g,424137 %nirn.s(%) a]; %USn dC4(ffce bact)1$4 While maintaining the cooling, the solution was
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
a reddish 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-dg): & 5.51 (s,
2H, CHy), 7.31-7.36 (m, SH, Ar-H), 8.65 (s, 1H, purineCs-H), 8.83 (s, 1H, purine C,-H). 1*C
NMR (DMSO-de): & 47.4, 123.2, 128.1, 128.1, 128.4, 129.2, 129.2, 136.5, 138.4, 146.9,
148.3, 152.4.

Step 3: 9-Benzyl-6-(ai-ethoxyvinyl)purine (8).
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Representati ve Exanpl e 7Met hyl

4-11,3-bis(4-(trifluoronethyl)benzyl)-I,2,3,4-tetrahyd
WO0Qe@/043338 oxopyri m di n- PCT/US2006/001692

5-yl]-2-hydroxy-4-oxobut - 2-48noate (3d). Step 1:

preparation of

|, 3-bis(4-(trifluoronmethyl)benzyl)-5-acetyl uraci

(2d). The title conpofhd was synt hesi zed using a

simlar to that d riped in the Exanple 1, step 1

except that benzylNnIgf oy de was replaced wth

4-(trifluoronethyl)berzyl brom de. The yield was

65. 1% anor phou lid. 1HNMR (CDC 3) : 8.27 (s, IH),

7.44-7.66 (m 8 5.20 (s, 2H), 5.07 (s, 2H), 2.63

(s, 3H. 13CNWR (CDd 3) : 194.1, 160.5, 150.9, 148.3,

140.0, 138.2, 131.3 (q, J=32.7 FE), 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,

Hn)uxtﬂm&f@-bﬁlzylzﬁ 1dﬂ4>PBﬂn@(7)61 Oﬁmﬂmmql)vﬂauﬂ(mpbamdﬂhosphme)

palladluﬁl(ila gﬁﬁo%ndgﬁgg%glg Igeﬁﬁ)%l dnd 5 uorkgfvﬁgfil(trilb]af‘ﬁ)tm 67 é 3.8 mmol)

f )dge fzYg h- TLE, iddidated letion of
n dry ﬂMﬁ gﬁt)}%r 3&% @%Fod;%%%tg?dg dsqp l']-2- hydrloxyajr oc>(<)og e

reactlon EDMR) atas (Qlﬁlnil)ed Pffeunder| @dmpmﬁﬂﬂﬂ‘ evagd s@lﬁt 1eauliing d 631due was

redlssolilgé g‘?gg)é nglg(f ﬁggrléé Lo t ha (gte cé’ei’% I?ﬁ %Jop\é% ?ﬁ@&c) was

distilled 6 Ap@aHe Ydsidue! ob&ﬁ)édsﬁlﬂ*lﬁed by ﬂash chromatography Yleld O 393 g, (47
(trifl uor onet hyl ) benz I% 5-acetyluracil. The t

04). MpcBHp DA Uy SR KEDBRIT S biab 4t g Clbos ot 78 it L 2. CHy, I

17 ST b bl gy SO -

Hz), 7. idw 38§m 5Hi) Arxg%la og %sl 11H4punﬂe ("ZQH() s9 01 (ﬂ) 1H/ peiiee’CHH) (/g NMR
) S
(CDC1318514)3 475 63.7184.7312789127. 85%% a, 121% 959 %3@3373 135.0, 144.4,

en 13 (g, J=32.5 Hz), 130.3 (q, J=32.4 Hz),
152-1’@93%2%%5 126.3 (q, J=3.7 Hz), 125.5 (q, J=3.7

@zégp , 4: 18191 41119-bém%17 DERpidin-6-y1)28 ethok g2-cka2i-Bertda)e (9)
109.4, 101.5, 53.4, 53.2, 44.6. FAB-HRVMS: [ M+H] +

calcd. for C25HL9F6
Represent ati ve Exanpl %

857.1147, found 557.1135.

To a stirred solution of 9-benzyl-6-(a-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 ( CDCL): 1.53 (t, 3H, CHs, J= 6.5 Hz ), 3.80 (s, 3H, CH3 ), 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,
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4-[1,3-Bis(4-(trifluoronethyl)benzyl)-1,2,3,4-tetrahyd
ro-2, 4-di oxopyrimdin-5-yl]-2-
wapaemeyssd- oxobut - 2- enoi ¢ acid (4d). The titl ercomnsewsdo1692
was synthesi zed using a sim8lar procedure to that
% cri bed in Exanple 2, exc;gt that et hyl
Ar-H), QC’ (8 Hilpewina Cy-HD), 8.19-¢ stlFappdine B df emm (@PALR-5 14.1,

31.0, 49: 9/'5>z 9 ﬂ%’%ﬁz@oﬁ%%&t 125 8" 5 P53 T8R! 2989 48 s, 150.0

152.6, (624f1670¢<anét1h9l7) benzyl)-1, 2,3, 4-tetrahydro- 2, 4-di oxop
yrimdin-5-yl]-2-hydroxy-4- oxobut 2- enoate (3d) The
title corrpound was recrystalized from hexane and et hyl

St ) M o-
) %‘«1 14- (é) benZ;blﬂ)H/ g&ﬂl Vxﬁ’f‘z%?glfoéy 4\’&6026%32 Ho%té)t}o)
I H), 899(s II—I) 772(d 2H, J=8.0 Hz), 766(d
2H, J=8.5 Hz), (d 2H, J=8.5 Hz), 7.57 (s, IH),
7.51 (d, 2H, J= éo dw 5.26 (s, 2H), 5.09 (s, 2H).
13CNWVR (DMVBO-d6) : 85.8, 169.3, 163.1, 159.9, 151.3,
150. 2, 141.2, .5/~428.4 (q, J=31.5 Hz)5 128. 3,
128.2, 127.9 (@~A0R1.7 Hz), 125.4 (g, J=3.8 Hz),
125.2 (q, J=3.8 Hgy, 124.2 (q, J=272.3 Hz), 124.1 (q,
J=271.8 Hz), .0, 100.7, 52.6, 43.9. FAB-HRMVS:
[ MrH + cal cd. r C24HL7F6N206 543. 0991, found
543.1003. Representative Exanple 9Met hyl
4- (1 -benzyl -1,
2,3, 4-tetrahydro-2, 4-di oxopyri m di n-5-yl ) -2- hydr oxy- 4-
oxohut - 2-enocate (3e). Step 1l: preparation of
SMabgt (9. behg 1w ptﬁﬁpﬁiyl)(ﬁ@ﬂmxybeoxbtﬁdt% -SRAROW) gY)@Smg, 0.20
%nthesnzed in 69.9%yie by a simlar proceddr
mmole ¢ Ifgitalﬁﬁ‘% &t pbeNe step WEﬁESﬁﬁ‘Ie@ al TO@tl dp ALBu2Usilygand. treated with

FeCl3-6 Oq Sb%e%ékﬁ%@g d?&gr}% o& m%z‘k\ﬁ//ﬁgf D{%%%%SSIAH)”LC for 5 h.

Chloromnazeas(dmﬂlea off &d, th8 re%&nﬁlg,redldﬁe wis t(%@agd whh § m ﬁdi (50 mL) for

2 2. s, 3
lh ancggfn{;extractelc_il)wﬂh EtOAg: 4 x I.;_DO mL) The extract was dried over anhydrous

sodium sulfate and the EtOAc distilled off to give a brownish residue which was purified by

s

ion exchange chromatography (diethylamino sephadex anion exchange resin, CH;CN:H,O0,
(1:1) eluent). Yield 5.2 mg. Mp 166-167 °C. 'H NMR (CDCl3) 6 3.99 (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 (CDCls) & 47.7, 53.4, 101.4, 128.0, 128.0,
128.9, 129.3, 131.8, 134.5, 1474, 152.3, 154.3, 162.1, 172.8, and 185.7. FAB-HRMS: M +
H]" caled. for C17H;sN404 339.1093, found 339.1083.

Step 6: Synthesis of 4-(9-benzyl-9H- purin-6-yl)-2-hydroxy-4-oxo-but-3-enoic acid
(11)
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15

151.5, 150.3, 136.2, 128.7, 127.9, 127.7, 111.8, 51.1,
30.3. FAB-HRMS: [ MtH] + cal cd. for CL3H13N2O3 245. 0926,
wobamsths245. 0932. Step 2 : preparation of net hyPC2ASR006/001692
-benzyl -1, 2, 3, 4-t et rahydr 0-43, 4- di oxopyri m di n- 5-
yl)-2-hydroxy- 4-oxobut - 2-enoate (3e). The title
conmpound was synt hesi zeg@ using a simlar procedure to
that described in e 1, step 2, except that
5-acetyl -1, 3-di benzyl urgebH was replaced with
5-acetyl -1 benzyluracil .{The title conpound was
crystallized from angtOand obtained in 77.2%yi el d.
Mp. 197-199 C 1%%@2? Qd 6) : 11.90 (s, IH), 8.82
(s, IH), 7.57 (s, _M'31-7.37 (m 5H), 5.08 (s,
oH), 3.82 (s, 3H) )\ _13ENMR (DVMBQJ 6) : 185.9, 167.8,
162.2, 161.0, 15 149.8, 135.9, 128.7, 127.9, 127.7,
107.9, 100.9, 53 51.5. FAB-HRMS: [MtH] + cal cd. for
G 6HL5N206 331. 0930, found 331.0928. Representative
Exanpl e 10
4- (I -Benzyl -1, 2, 3, 4-tetrahydro- 2, 4-di oxopyri m di n-5-y
Yoz Btmfbicyluuomﬁ binethyl 4&9&61@2}&&}813%)5 -YDFRdy oy - ot-but-3-

enoate f@g{z waG; exa}é ﬁ?hxgilgﬁlﬁf em;) n? 8 FZ ras a%dec? %%ﬁﬁﬂgﬁ &f iR NaOH

0.5 mLé) a{n!d tﬁe %é@ﬁaﬁ Yhixturdwas 4Hdveddr t@hs.‘{@' BPo 2(:4 £6H DHOPNS toati mixture

hydr oxy- 4- oxobut - 2- enoate wi t h net hyl
was extﬁac(cd;d mth zhjdthyl, 2heg, (2 xt Kt mbh gt dwzqneculsdwwas ricifiified with dilute

HC1 ang Sﬁg%ﬂsquw%ig §8‘9¥ 9@2{3313 ?f)é 2% rrrlre) b 0 )r(é e F wgs &Ias%ed with brine

solution, Rffed B)égpitﬂh?@fbué BeUiGHRl ARk ahdtdrentratpd. Th@cm'de kelidwas purified
79. 7% 95-197 C. 1HNMR DNSOdgq))‘ . 15.10 (br,

S,
by tnturaﬂ)o,n WBh QITethﬂreth@ to |g14)e 4 mig sf7product| Myeld 825 §o.(Mp 1|5p2|)153 °c.'H

o i B gt 5 e . bl 7339, .
Ar-H), fgf@ Q'ngzﬁﬁwﬁe ﬁﬁéa §.§Jé§s¥f1§1r, phffe &,-EHOO0ERUS Ph/A: [M + 1] calc for

C16H13N4O4 325, found 325.

Representative Example 14

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

The relevant scheme is Scheme 4 shown below.



C15H 3N20G6 317.0774, found 317.0769. Representative
Exanpl e 11 Met hyl

wWa-2p@/0838558 | uor obenzyl ) - | - benzyl -1, 2, 3, 4-t et r ahpdTWs$2)04/401692
di oxopyrim di n-5-yl]- 2-hydwoxy-4-oxobut-2-enoate (3j)
Step 1: preparation of
3- (4-fl ugwobenzyl)-5-acetyl o

titlggcolpound was synt hesi
benzyl dii gn ofta BBery - |
equi vNo NE-f u@i\/@benzyl

pot aSSI um carbonate in
3) : 8.23 (s, IH 5 7.30-7-%0 (m

5.12 (s5 2H), 5.01 (s, 2H), 2861 (s, 3H). 13CNMR (

3) : 194.3, 162.4 (d, J=246.4 Hz), 160. 7, 151.0, gﬁg(
148.4, 134.4, 132.1 (d, J=3.4 Hz), 131.1 (d J=8. s
AP, _029. 2, 128.9, 128.2, 115.3 (d, J=21.6 Hz), 112.3,
53.4] 44.2, 30.6. FAB-HRNB [ MHhH] + cal cd. for
C20HTBFN2C8 353. 1301, 353.1310. Step 2 :

pr _Non of net hyl LL

Br
_N
a- 5 (4F \%;@wobggg%%acggwbdﬂ A\ erispnabydr o g\if‘m

yl ur aci | (2f)r

I\ 3 70/ |eI d

L_.u'?'ac W t 2

e and 2TeEqui v of
106-108 C. 1H

7H), 7.00 (m 12H)

di oxopyr | oXobtt=2-enoate (3f)N='
The tixle conpound was synth zed usin '3 SI m |
proce to that descri bed mple 1,
repl ac g 5-acetyl -1, 3-di ben uraci l
3- (4-f11orobenzyl ) -5-acetyl -1 benzyl ur aC| I . The title
compound was crystallized from ethanol and obtained in

5%rmsbiebdo Mp. 165-167 C. 1HNMR (CDCl 3) : 15.04
(br, s, IH, 836 (s, IH, 7.72 (s, IH), 7.28-7.52 (m
7H), v7.01 (t, 2H, J=8.5 Hz), 5.15 (s, 2H), 5.06 (s,
2H), 3.93 (s, 3H). 13CNWR (CDC 3) : 185.4, 169. 2,
1la2 , J=246.8 Hz), 162.4, 159.7, 150.5, 148.4,
134. 1] 131.9 (d, J=3.4 Hz), 131P-29d, J=8.2 Hz),
X129.1, 128.3, 115.4 (d, Ji21.6 Hz), 109.1,
101. 5,537, 53.1, 44.3. FABHRIS: [ MktH] + cal cd. for

N

E?r439 13480 & ound 439.4

= N
b b -

16 17

O

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.

Step 2: Synthesis of 9-benzylpurine (12)

N
A

N="
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25

Represent ati ve Exanpl e

124-[ 3- (4- Fl uor obenzyl ) - I -benzyl -1, 2, 3, 4-t et rahydr o- 2,
Wa-20h60%883§ 1 i M di n-5-yl]-2- hydroxy-4-oxohut - 2- 2a0iUS2006/001692

acid (4b . The title conpountd was synt hesi zed usi ng a

simlar procedure to that_ described in _Exa
TQFﬂ sélgqeprguﬁﬁnﬁlyp of 9-benzyladenine (6) (22.0 g, 97.6 mmol) in anhydrous THF

(500 mﬁ% Was %dﬁé&’eﬂ; MU hinde$ A34 gt 5y MiRo1¥ aftd ¢ihd f@é@d?c}i{ hiMHieheated

dr Oxy- 4- oxobut- 2-enoate"w t h net hyl
under af- @tﬁm@p,hérb uxfr aitergey | o 60-G5e P2 for 4,12 Ti-lﬂ-anétthahychssueagent were

d1stllle(f g?f anldoxor%%/%llfhlrlre]e dlatawﬁq) a?dasswéfg dr o 4fp% ZE&# pﬁ% 8 Washed with

brine sﬁhﬁ&ﬁ' Szexojfo REXaTBe 3NMrEHRY |1ay%{3 %@Hﬁe& %Ver ékﬁlydrﬂﬂ@ sbldlﬁfndsulfate
0% Mp. 188-190 C. 1FNMVR d6)

and d1sgllecl piff, to ]gd,v@a_ r¢dsiish @il whigh was porified by ﬂ)ash thg@a(ogra bq)on silica

et usi, AR5 Rl oo i s 2 apy ) Mpclp-16o 6, ' o
ds sJm2A3: ; ,  Hd

(CDC13§.:83 .521492%@5 ?ﬁi g%;% 7(1.24?7210 (ih5 GxB Arlﬁg 8110 6535H68uﬁ1%%%§ %), 9.06 (s,

1H, puddSCEY, @,20Xs21H Gulring CZH{lD? 7, 100 7, 52. 7, 43.5.
FABHRVS: [ M+H] + cal cd. for C22HL8FN206 425. 1149, found
425.1156. Representative Exanple 13
4- (9-Benzyl - 9K puri n- 6-yl ) - 2- hydr oxy- 4- oxo- but - 3- enoi ¢
Stardd:1N-BenzphS-tremevdhpudehddr i s Scheme 3 shown
below. 2 THF 1 N NaOH Schene 3 Step 1; 9-Benzyl adeni ne
(6) To a suspension of adenine (5) (5.00 g, 37.0 nmol)
in dry DM (120 nL) was added NaH (1.77 g, 44.4 mmol)
at roomterrperagr(r(/eN The reaction m xture was stirred

f 30 m
or mn N\g/_\\N

N:/

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
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 (CDCly): & 5.53 (s, 2H, CH,), 7.35-7.39 (m, 5H, Ar-H), 9.03 (s,
1H, purine Cg-H), 9.09 (s, 1H, purine C,-H).

Step 4 : 9-Benzyl-8-(a-ethoxyvinyl)purine (14)



and the resulting white suspension was warnmed to 60 C

for an additional 30 min. Benzyl bromde (7.59 g, 44.4
waonle)ossgas added and the mixture was stirred fecTak2006/001692

at 60 OC. TLC of the reacti®n m xture indicated the

formati on of two products. DVF was distilled off

underreduced pressure and the resulting residue was

treated with wat eEt(20 nL). The white solid that

separated out, inltered and dried under vaccum

Separ ation and purll\}‘l ion was through flash colum

chr omat ogr aphy usi¢g 3::MeOH (9:1) for elution. 9-

Benzyl adenine : yijeld 5.5 g. (66 %; np 231-232 0C, 1H

NVR (DMSO- d6, ». 38 (s, 2H, CH2 ), 7.29-7.33 (m

7H, Ar-H and NH2 8.17 (s, IH, purine C8-H), 8.28

(s, IH purine C2- H). 7-Benzyladenine : yield 1.8 g.

(21 %9. M 252-255 C. 1H NWR (DVMsQd 6) : d 5.53 (s,

2H, CH2 ), 7!'29-7.48 (m 5H, Ar-H), 7.81 (s, IH,

purine C8-H), 8.0-8.1 (br, 2H, NH2), 8.6 (s, IH,

pumintere(Gf-HenzHl-8drémopiinBerdz{ilo g 3.0 dapol ibﬁbftﬂp'fl)snﬁph@plnne)

.stjrred 3 ensi on_of 9-benzyl adeni ne 4.4
paﬂad%@)yhlpﬁ 2 BUb3hewrddn 9@4 thexxvswlm‘é’utyufa% (548414 mmol)
i dry ]ﬁh/{ffﬁ@;gq%i (héatgé fﬂ(}e %g?@ofo 9%' o;f%gF B%’a%s @Hﬁ%g ?ff under

5 reducedTpm‘eﬁsthda ahd ghet i‘t@umﬁghbs‘i@ue Whe rétﬁésulvled)ﬁn\MGAm(ISQ&dL)Naﬁdl filtered
rogen for _3Q min. The ice bath was renoved and t

throughr @aacdt fliter xhgrOdees anecistilied obrnd th?]feé%dh% @bmeé B4 punﬁed by
flash cﬂ%ﬁlat%gﬁa?hgﬁm@{& @%&g @9"7 3 hH (ﬁﬁﬁ e j e§1 %ﬁeCHg, I=175

exces gents i st I

Hz), 3. 9yo(cglzﬂed:}r2¢ﬁr=slso7 ¥iey 4.66 @hllﬂr; ofipIm 3H@Qsm14)(danH oEs hed3 Hz),
th saturated aqueous sodiumsulfite

2
5.48 (51 G4 komeoy o nD-Lah 4 GH. (250 861e) I TmemerRoof &2 6. 15
h
10 purine CEHE NPMIICHCRIE LM . ST SR L AL 0 17 1286
133.1, 13p.4, 11481, t3rnmat 9gl15nBy153r0.si | i ca gel using
Et OAc/ hexane (3:7) for elution. Yield: 0.519 g. (34
% . M 152-153 0C. 1H NWVR (DMSO-d6) : d 5.51 (s,

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



10

15

20

2H, CH2), 7.31-7.36 (m 5H, Ar-H), 8.65 (s, IH,

purineC8-H), 8.83 (s, IH purine C2-H. 13C NWR
wOoDRMB@8s556) : d 47.4, 123.2, 128.1, 128.1, 128PdT/US2006/001692

129.2, 129.2, 136.5, 138.4,53146.9, 148.3, 152.4. Step

and theso'rgglﬁg?%rzegl " %E%r %ﬁh&()}é\g &E %10s ya{éz Iéen?lmﬁl n} cthllJ roform gave a
dark retidislf tytup h;elmyh e pRfiBeE by cbﬁirrhﬁéhrdﬂi@idg}ap‘h?' v{dldi@ 5(3@ 2087 % ).

' NV, OGN} T (e JEoE i BiSLA herd Rl OB R, 3098 G, 2H, CH,
=6.5 }ﬂz(bos%@ (@Q}ﬁbﬁzgﬁl:%ﬂszgg 3@‘(%‘11 0&8{3&% Of 1393 t('rﬁ”SH Ar-H

was disti t educe res ure an
), 899(e,sm1puug1er@§ﬂdu@oms allpI&’fmJ @£H ). r‘P ENOAR (GIBCRH):D 13.7, 46.8,
d filtered. t celite. The sol vent
532, 6 {2 LA 1RAS 48R 1 Thels 18DP. AFHOL 138, 4P Ui oo Hprieds3 5, 162.1,
1803, burified by flash chromatography. Yield 0.393 g, (47
/a Mp 114-115 C. 1H NMR (CDA 3): d 1.55 (t, 3H, CH3,
J =7.5 Hz), 4.13 (g, 2H, CH2, J:137Hz) 4.99 (d,

Pl ety TAg) oy Bek sty i s onong bug Somoi (16)

IH, purine C8-H), 9.07 (s, IH purine C2-H). 13C NWR
(CDCl 3) : 514. 3, H&D 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, 155467 Gtep 4 : Met hyl

4-(9-benzy|-9k+purir5 yIN) - 4- et hoxy- 2- oxo- but - 3- enoat e
(9) To a stirred solutign ok
9- benzyl - 6- (a- et hoxyvi fiy é\gzlﬁ”i ne (8 ( 0.20 g, 0.70

mmol ) and pyridine ( m., 0.72 g, 28.5 mol ) in
dry chloroform ( 10 at 0 C was added net hyl
chl orooxoacetate ( 1. g, 0.784 nm, 28.5 nmmol ) in
dry chloroform ( 5 nL). The reaction m xture was
all owed to attain anbi ent tenperature stirred for 3
@@é gﬂﬁ t hen washed with water x 10 nmL) and dried
W49y Reg vk O - wurinr dirreshaxy- QFHéO*bE! Yreneateils) (210 mg, 0.50

mmole 2'0%%5.1{14(#% Qlacfveaﬁ%) WA sHAE é F%ﬂ%%%nﬁ&%fﬁ?e YREEE, {éOel%L) and

um chr onat’ogr apy.
treated W1th FeCl3.6H,0 ( 0.262 g, 0.9 mmole). The reaction mixture stirred at 40 °C for 6 h

and concentrated and the residue obtained was treated with 1 N HC1 (50 mL) for 5 min and
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,
CHs ), 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,
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 + HJ" caled for C17H;sN404339.1093, found 339.1099.

Step 7: Synthesis of 4-(9-benzyl-9H-purine-8-yl)-2-hydroxy-4-oxo-but-3-enoic acid
7.
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15

ng, ( 42 %). IHNW ( CDA3) : 1.53 ( t, 3H CH3 J=

6.5 H ), 3.80 (s, 3H CH3 ), 4.36 ( g, 2H CH2,
wO0=2006988453) , 5.49 ( s, 2H, benzylic CH2 ), 6. 7RC{/U$2006/001692

IH, olefmc CH), 7.36 ( m545H Ar-H), 8.07 ( s, IH,

purine C8-H), 9.10 ( s, IH purine C2-H ). 13C NWR

(CbA3) : d 14.1, 3),0,,47.5, 52.9, 67.0, 99.6, 128.0,

128.0, 128.8, 129.3, 83 131.3, 134.7, 145.5,

152.0, 152.6, 162. 7.4, and 179.7. Step 5 : Methyl

4- (9- benzyl - 9H pur i -6- I)-2-hydroxy-4-oxo-but-2-enoat

e (10). Methyl 07 N

4- (9- benzyl - 9H puri n- 6- yln-#- et hoxy- 2- oxo- but - 3- enoat e

(9) (100 ny, 0.20 mmole ) o i ned in above step was

stirred at roomin CH d m.) and treated with

Fed 3. 6H20 ( 0. 125 g, mmol e). The reaction

m xture was stirred at OC for 5 h. Chl orof orm was

distilled off and the resulting residue was treated

with IN HOd (50 nL) for 1 h and then extracted with

EtOAc (4 x 20 nL). The extract was dried over

anhydrous sodium sulfate and the Et QAc distilled off

1o ags‘wxeeda s<bintmmm£fhne1hyl du(8-bahitytYHAasuriag -1yl - £thayy-2 Wk o-but-3-

enoate TEENANES) S BT epaeR ket *gl'@;‘af?&”éf@ﬁsss“:‘f@%élﬁ:@ﬁgn of IN

NaOH q%ﬁf%dlﬁegﬁ%ﬁr? bne KUt | Wé %t @587 %%1&? pam gﬁl{i 8 e?t 'ambient

temperatire nfat 130 )nm 7Tﬁe (18actioh, m@ltﬁifemwas Ghtraldred Wh! HN FHCI '&ﬁd the
purine C2- . .13 C NWR (CDA 3)

I
plec1p1t%d -?01)1(% gva& 19 ey fd Zgﬁieﬂzq;ldotntqrg’@downh Zhlagoformgtozgive 35{9llgw solid.

v 404 7oty 683970 O B0 098

7.26-7. 3ﬁduna}13m-}1@%oleﬁnmrﬂ6 0. By(smgqju&nsch{ §.9. me(]gyﬂH %ne C,-H
but - 3-enoi ¢ acid

). NMRPUEDALE 5 47 8 INESe ﬁ%yhpm 1275, 127.5, 1275 529 1289, 128.9,
137.1, B7(s9- 1%9@231'55%1%‘-3@ oSy m%-ﬁkﬁéﬁm“( o8 tédaf[%rdilé—IBN‘;O‘;

enoate (10)

325. 093%@%&%0%24’50I ut| on of IN NaOH (0.5 niL) and the
reaction m xture was allowed to stir at O OC for 2 h.
The reaction m xture

Representative Example 15

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

The relevant scheme is Scheme 5 shown below.



was extracted with diethyl ether (2 x 10 nL) and the
aqueous |l ayer was acidified with dilute HJ and
wexbieassdsl with ethyl acetate (2 x 25 nlL). ThePOTq&206/001692
extract was washed with brisde solution, dried over
anhydrous sodi um sul fate and concentr at ed. The crude

solid purified bytrl atién with di et ether
to Vex aglf roduct LN 25N§/g/de|315 PeH

2HNBenzyH-e—CHR) |
Iéf)enlcw-'lﬁ) 723- 9 (m 5H, Ar-H)
IH purine C8-H), 8.84 I H, purine C2- EIIVB
(mz): [M+ 1] calc for G 6HI3NAOC4 325, found 325.
Repr es®nt at i ve Exanpl e 14 t-Butyl nitrite

4- (9- Benzyl - 9H puri n- 8-yl ) - 2- hydr oxy- 4- oxobut -2y gnoi ¢
acid (1 7). The relevant schene is Schene 4 shjown
beI ow/ 15 14 13 Fed 3. 6H20 Schene 4

enzyl pur| n-8-yl)- 2 hydrox -4- oxobut - 28 /Nc o]
17 Descrl dni N cst ! n’pl \?‘/(
S?ep {S%)t '%d(%pf‘3)§'2benzy H/E)%a i rf ec, _NH

suspensj ot of 9 bepey| adeni _)N 22 O g, 97.6
in ydrous THF OO rTL) ded t-butyl nitr (
9 , 478.5 mol P"Had th action m xture heat 19

1atrmsphere of nitrogen28t 60-65 C for 4 h.
THF and the excess reagent were distilled off and the
resijdue obtained redissolved in chloroform (100 nlL)
and |washedosith brine solution (2 x 50 nmL). The

chl grrefiamem | ayer was dried over anhydrous sodi um

sul flate and distilled off to give a reddish oil, which
was ypurified by flash chronmat ography on silica

HyCO._.0 HyCO._.0
o HO™S
e o)k
Et0” o
y _N
NJ—/( \)_/( MeOH ‘Q
? N="" FeCly. 6H,0 TNNaOH N / N
N_/
24
22 23

Scheme 5
Step 1. Described in step 1 of example 13.

Step 2: Synthesis of 9-benzyl-8-bromoadenine (18).

Br\r/N NH2
N\Z/__\<N

Jas

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
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gel using Et OAc/ hexane (8:2) for elution. Yield 10.68

g (42.3 %9. M 99-100 0C. 1H NWMR (CDA 3) : d 5.49 (s,
WakGHRISS37. 34-7.40 (m 5H, Ar-H), 8.10 (s, | HPCPmIS2I96/001692

C6-H), 9.06 (s, IH purine3s8H), 9.20 (s, IH purine

sieed AL i e St o ol R i By o e
was thexf QL&{&&&{ 5 4 S%BQra rm% APRS] ﬁﬂﬂ@&’shbh RAQMREHAE] B@EE sodium sulfite

253. and the reaction mxture stirred
2x 25(Tlmﬂe)rfoﬂnwad bp:b;mhe lselutlbn 2 kr2d§enLandhechloeffbinx fraction was dried

over o B8 s St B LS T G R i by

flash ch%ﬁ&tﬁ@faﬁﬂ%%ﬁ@ﬁli@ &Y |u§1h F1OAlcHek e )Xf012 éﬁmﬁh) Yield 9.72 g. (48
y brine solution (2 x 25

%). Mpd@@él(lif?ﬁ’ rHHf AR (GPCRS 539 2Hvb¢nzahh@izb>u7s2%8@|3u(m 5H, Ar-
te an centrated and the reddi sh oil was
H), 829p¢§ ﬁa@ﬂmﬁ&zﬁﬁgsh chromat ography on silica gel using
Et OAc/ hexane (4:6) for elution. Yield 6.05 g. (41.2
% . M 119-121 0C, 1H NWR (CDA 3) : d 5.53 (s, 2H,

%Béb 9783‘%&Y?:§9dlﬁﬂro-§i%)fdﬁg 'b%m?_ﬁlrﬁr% (i9) IH, purine

9- Benzyl - 8- ( a- et hoxyvi nyl ) puri ne (14)A i xture of
9- benzyl - 8 brormpuné]e 13 .0 g, 3.4 mol)
bi s(tri phenyl phosphi ney | adi um(l1)chl oride (0.242

g, 0.30 mml) and eth N inygH(tributyl)tin (1.49 g,
4.14 mol) in dry DVF\ (5 ) was heated under N2 at
65 0C for 48 h. distilled off under reduced
pressure and the res ng resi due was redissolved in
Et OAc (50 nL) and filtered through a pad of celite.
The Et OAc was distilled off and the residue obtained
was purified by flash chromatography. Yield 0.579 g,

(5% oty oY o SR A -0 Pirhipihibd (13 60838 smigl) iR DME
(100 mi) wadHzdded 5t-Bdtyl ﬂ1tr1’te|'(4 ﬁHg, 1.8 IBmUZ)) and5thd Gefion dhixture heated

benzylic CH2), 7.30-7. (’m5 - 9.09 (s, IH,
under apuatinosplege b | mgogen( & 6Q -6p °C for 3 h. D ‘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).
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25

purine C2-H). 13 C NWVR (CDO 3) : d 14.2, 47.3, 64.2,
91.8, 126.8, 126.8, 127.7, 128.6, 128.6, 133.1, 136.4,

wa486d833651. 2, 151.9, 152. 8 153. 0. Step 5: SyRChAS2®6/001692
of nmet hyl

4-(9-b | - 9H 4 h
'4“9_5(5:3 suqe%%léogt ok ngrjsln@@rqg figwd&e% ogé%-brogl)égur?rlljet (19)e ?Pg(t) eg, 3.8

mmol) inn(%? %n%S P%de{%%}dé’d R )éﬁgtif% g%é? ﬁﬂn%%f fo;-l)lo?%g é)?;aegzﬁ bromide

(0.807 ghtt6rmfraim (l“ha:&'mmlw veets s(ﬁiﬁedla”sr dddeohtnebmytemperature DMF was
r oo cetate (3

hl 3
removeq g ORSRIR PrEB L g0 PR Tet o NEd i Fig 450 mL)
and waEH%dS\kﬁ‘l'i‘ @n‘n@ sbﬁ'ﬁfloﬁ &b i SIPhd) OrThfeQ:frgérﬁc Maye Miehs tdiied oves Agdrous
h (2 m. ) waterand the organic |ayer dried

sodmmowéﬁateam dommtesaj@ﬂ tamgivel & aelbow Ry athiel weR| rawidied rhyi column
ave _a dar. d Syru | ch i fied, by o
chromaflgt g B Tiphge TRahe R A il 70 eofier Mepdligfee -c.
1 t 32ﬁ8bé tic T 0)‘@8)737
H%éﬁlzfﬁﬂif@c@%@%% 5.3 Rof b lio YT RT37
10H, AEZEE 3.02Qs, 4 (plﬁl.neﬂi'—H)ﬂBﬂ NMR@EDD&)B 41.728 , AR, 12418, 15«5—10 127.7,
127.7, W bnkitch: 1284, P25 IBR 10B001aE 1859314734848, 355, 1841
H%@ M 9DLR calefl! 64871%% 30%Hd09, 135. 2,

FAB gl[,l\’}l%ﬁf,a 55"%?19]%%‘%13‘01%%72 180.3. Step 6

Met hyl

t%@(p(gg_g)e §§nt esls OP Lird Hl%enzy\{ I6)9 (%hI}?err()o X%o % (o- gx%lnyl)%lqrqne 21)

. Met hyl - 4- (9- benzyl - 9H purin-6-yl)-4-et hoxy-2- 0xo0- but -3

-enoate (15) (210 ng, 0.50 nmole ) obtained in above

step wis Stirred at roomtenperature in CH2A 2 (60 nL)

and trleated wth Fed 3.6H20 ( 0.262 g, 0.9 nmmle).

The readti m xture stirred at 40 C for 6 h and

concentsatied Nand_t he resi due obtained was treated with

IN HO W(50YAL) flory5 min and extracted with Et OAc (4 X

20 nmL he orgawrc | ayer was dried over anhydrous

sodi u | fate and concentrated to give a yellow sh

resi due which was purified by ion exchange

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
chromatography (EtOAc: hexane, 6:4). Yield 0.989 g (88 %). Mp 167-168 °C. 'H NMR
(CDCl3) & 1.26 (t, 3H, CH3, ] = 7.5 Hz), 3.86 (q, 2H, CH,, ] = 7 Hz), 4.46 (d, 1H, CH, J = 2.5
Hz), 5.26 (s, 2H, benzylic CHy), 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 Co-H). *C NMR (CDCls) § 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,
136.7, 146.2, 146.9, 148.9, 151.9, and 156.6. FAB-HRMS: [M + H]" calcd. for C33H3N,0,
387.1821, found 387.1815.
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chromat ography. Yield 90 ng. (46 %9. M 137-138 C, 1H
NVR ( CDCI3) d 3.98 (s, 3H, CH3 ), 6.03 ( s, 2H,
woemsys3s3CH2 ), , 7.29-7.41 (m 5H, aromatic PCT/SE®6/001692
(s IH olefmc C}D 9.21 (88,1 H, purine C6- H) , 9 39 (
S, urine . 13 C NW\R (CDC 3). d 47. 6, 5,
35D, 62 16; (wzlaen@yl-@ﬁshhydrqés)xy 1H-pgris-8-yik4- eéhOX.V-Z -oxo-but-
3—enoatéi%)9 146.8, 151.6,152.5, 155.3, 161.9, and 186. 2.
“HRMS: [M + H]+ calcd for CL7HI5NAO4 339. 1093,
found 339.1099. Step 7: Synthesis of
4- (9- benzyl - 9H puri ne- 8-yl ) - 2- hydr oxy- 4- oxo- but - 3- enoi
c acid (17).To a stPred sol ution of net hyl
4- (9- benzyl -9H puri -yl ) - 4- et hoxy- 2- oxo- but - 3-
enoate (16) (0.020 g, 0,059 ngol) in MeOH (3 nil) at O
C was added a sol uti 6% off OH( 1 n) and reaction

m xture allowed to stir 0 Bfor 30 min and then at
'?nn.iThe reaction mixture

anbi ent tenperature for

was neutralized with 1 the precipitated

solid was filtered dried™and trifturated wth
chloroformto give yellow solid. Yield: 14 ng (73 9.

Mp 162-163 C. 1 NVR ( DMBO-d6) : 5.90 ( s, 2H,

lI@neZ yﬂlﬂr&i §31Rtion of7 1 26l Fen3¥1- 6md116ydroAFom &(Bﬂh@iy@*iriymjpurihb (21) (

SSlH purlneCGH% s, I H _pur o
0.620 g;zl ol )1.61 g, k¥ @lamqlo)lmairyflzl@rqfonﬁzz(é%mL) at 0°C

o i Bl L. oSy e 1y

reactio® aligttrd Whs SHHHINACHIIR ThdRBfgeritorifod 4325 TioLrbaction mixture was
Represent ati ve Exanpl

washedwith ( §aH0ApL- )aw@eroarﬁva%eé e YIS §PiHmeiae. S-higrafogm was
dlstllledéy%fg texgwg ﬁ%ﬁvﬁ&% %Bh{j v &) -thel %Pi’/d&t %ﬁé&n’isoﬁié@ Mgy Solumn
chromatograpy (EtOAc: hexane, 4:6). Yield 0.584 g (77 %). '"H NMR ( CDCl3) & 1.14 ( t, 3H,
CHs, 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, C;-H). *C NMR (CDCl3) § 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,
162.0, 162.7, 181.3. FAB-HRMS: [M + HJ' caled. for CpsH,sN,Os 473.1824, found

473.1810.

Step 7: Methyl 4-(1,9-benzyl-6,9-dihydro-6-oxo-1H-purin-8-yl)-2-hydroxy-4-oxo-
but-3-enoate (23).
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Schene 5 Step 1. Described in step 1 of exanple 13.

Step 2 : Synthesis of 9-benzyl-8-bronoadenine (18). To
wa 2846i083%68 sol uti on of 9-benzyl purine (6) (15.8CHUSED6H01692

mol ) in chloroform (750 mS was added

N- br onosucci ni mde (59.26 g, 332.9 nmol) and the

reacti on m xtur éls @i rred under an at nosphere of

nitrogen at reflux tijenperature for 3 h. The reaction

m xture was then woa ferred to a separatory funnel

and washed wi th sat agoeous sodiumsulfite (2 x

250 niL) followed bg) olution (2 x 250 nL). The

br/

chl orof orm fraction Led gver anhydrous sodi um
sul fate and concentratied @- reddi sh oil, which
was purified by flas omato geaphy on silica gel

usi ng Et QAc/ hexane (4: for elution. Yield 9.72 g.

(48 %9. M 199-201 C 1H NWR (CDC 3) d 5.39 (s, 2H,

benzylic CH2), 7.29-7.33 (m 5H, Ar- H), 8.29 (s, IH,

purine C2-H). Step 3 :

9- Benzyl - 6, 9- di hydr o- 6- oxo- 8- bronopurine (19) To a

Mdtlli}ﬂe ds %Q@Blemfylflf@-aﬂbﬁftz ﬁhx&lbl—pm&@@ﬂl) Hethok§)2-oxo-but-3-

et Aot 13D e o VAR FRC R0 (056

cnosto b m@ gl Smitggic hin GG §TSRTRLY e T VO R HEO (0.567
g, 218 I%DR}%{] g%(rjre?ﬂlo%t IRsiRetas Qi bE ng ; ot ?% 65[ éo%ent was

e excess reagent mere | 'ed

removebll’lﬁiﬁrthé edukiad rpdidsswaetrased tilid rldﬁlH:(llle(SO i 1) faJedS min, extracted
triturated with EtOAc (20 The elllowrsolldt

with EtQeyslfas 2mhaand ﬂlﬂ%?%ea ahydigiipodiive i sqlEsgias removed

to glveg g%ﬂxflsh%ﬂgu%enzy %HZ dllg;ll?f)% e%( %@@Eﬁc@% -]Sis (CH3CN :
H20, 181)19141& 0.50Blg. gorr ¥4)e M:ﬁ-lﬁ‘l)} 1792(:5911{ MR K, CINEI3): B84 s43H, CH3

1521 (S 3BePaa GH29. baRdy12rh DSV IGTEn 51 B or b SFo A Dnd 65 (&

1H, oleﬁg}%)gg}fz@s i3, guHHé’f:} i Fen );b%)’élgj blasies, g)‘g@@@ 102.5,

119.3, 124.8, 127.9, 1279 128.2, 128.2, 1284 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.

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).

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



(0.807 g, 4.6 mmol ). The m xture was stirred for 15 h.
at room tenperature. DVF was renoved under reduced
wonres®ssB3and t he resi due obtai ned was di ssol vedTius2006/001692
Et OAc (50 nL) and washed wi@h brine solution (2 x 50
nic layer was dried over anhydrous sodi um

added g ﬁ%lflg?lé ogm%%éﬁtn@r)at% regctipnumixaurg evas @pryd ¢m$t1r at 0 °C for

30 mm"\ﬁﬂdct? H\%A 'ée?(ﬁﬁgatg% féf h Lﬁ:ﬁ“ Csh\g/e? “P@B%S‘ ?)gy e@gah%on with 1 N
HCI and@tie 461 tEat prMd(oﬁD@as 8terdd an&Y alﬁcﬁtnt&*a'ted%ﬂié{kﬂ@l &8s to give

2H, b CH 7.28-7.37 :
yellow i Viclt §b g (S, Wi 67 Coblonpmpa el NURR ( OOGS03s B 5.27 (5,

o, oo 48, Sagte gt D ot W gt 1P o o

Ar-H), 18497051H55p1ﬁme1@f1}11 FABNNRVRCTIAY] +8 ablls; C219'400101%0"
H17Br N4O 397. 0487 found 397.0 1239, 1276,

127.6, é%t%é% 3, b28.7, @m%&z&yl 135.%- 1c$|7mjdr5@46 16m 856.5, 163.9, 176.0,

1795, gL ARG b BT 1066 b ot g

(1.20 g, 3.04 mol)

bi s(tri phenyl phosphi ne) pal I adi um(11)chl oride (0.213 g,
0.3 mmol ) and et hoxyvinyl- (tributyl)tin (2.19 g, 6.07
mol) in dry DM (50 nL) was heated under N2 at 70 0OC
for 22 h. DMF was distilled off and the resulting

resi due dissolved in EtOAc (100 nL) and filtered
through a pad of celite. The solvent was distilled off
and the residue was purified by flash chromatography
(Et OAc: hexane, 6:4). Yield 0.989 g (88 %. M 167-168
C 1HNWR (CDA 3) d 1.26 (t, 3H, CH3, J 7.5 Hz),

3. 86 (q, 2H, CH2, J =7 Hz), 4.46 (d, IH CH J = 2.5
Hz), 5.26 (s, 2H, benzylic CH2), 5.32 (d, IH CH2 J =
3 ) 5.60 (s, 2H, benzylic CH2 ), 7.10-7.37 (m 1OH,
Ar-H)y, 7.99(s, IH purine C2-H). 13C NWR (CDO 3) d
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, 136.7, 146.2, 146.9, 148.9, 151.9, and
156. 6. FAB-HRMS: [M + H + calcd. for C23H23NAQ2



387.1821, found 387.1815.Step 6 : Methyl
4- (1, 9- benzyl - 6, 9-di hydr o- 6- oxo-| H puri n- 8-yl ) - 4- et hox
wW@-200608855BUt - 3-enoate (22). To a stirred sol uPComsefo6/001692
|, 9-di benzyl - 6, 9- di hydr o- 6-6dx0- 8- (et hoxyvi nyl ) puri ne
(21,%] (C 0.620 g, 1.6 mml ) and pyridine ( 1.61 g, 19.2
mmol’ S48 dry chl oroform ( 30 niL ) at OC was added
met hyl chl orooxoacetate ( 1.77 nL, 19.2 mmol ) in dry
dhl & cempeund aceerding)to Amiganetad sirastureiof fornailnb@nehdiapady
. LN .efrigerator for 48 h. The reaction
tautom%ﬁ?g%@g&nmgég%}‘gﬁégoﬁfﬁ caf‘lsﬁmfrs 00 nL ) water and dried
over anhydrous sodi umlsulfat eo Chl f orm was
distilled off to giv&yelNow $yrup [from which the
product was isolated b t ograpy (EtQAc:
hexane, 4:6). Yield 7%. 1HENWR ( DA 3) d
1.14 ( t, 3H, CH3, J=e 8™ , 3.66 (s, 3H CH3 ),
3.87 ( g, 2H, CH2, J@W C%3219 ( s, 2H, benzylic
CH2 ),5.23 (s, 2H, benzyllc ), 6.25 (s, IH,
5 olefmc CH), 7.09-7.62 (,m 1CH, Ar-H), 7.98 (s, IH,
purine, C2-H). 13C NMR (CBA 3) d 13.7, 47.3, 49.2,
52.8, 66.6, 102.6, 123.7, 127.4, 127.4, 128.0, 128.0,
rein thexpiclpobasg scaffold gyindependently uragdh xanthingghwoxanthine or
purine;147. 9, 148.6, 156.3, 162.0, 162.7, 181.3. FAB-HRMB: [M
+1H]+ %al cd. for C26H25N4C6 473. 1824, found 473.1810.
8t @pd R” atvbgakly independently H, Cy.s alkyl, Ci fluoroalkyl, unsubstituted or

substituj%/cg Q@%@%&%ﬁ&,&ﬁé@%&i glrﬁ%bgﬁglit(q%;;}rl_slﬁ sljclirtliltgc-l Is)flgnly)l,-u%l-sgl%/s?i‘rruqced or
10 substitrded ber2yBenz wiiybpRndi 1% | bionhly 4ivel

e Sryenii i Ve gHNG KIS ol S

unsubsfgipiged oy sphstignted heterparyltGiecallsd swhstinited @it aBieR®4ryDerb67 which

reternfy o ORGS0 5 R TSRS ORLIAEE €
phenyl pesibstifuteg phesyldde; alkgl COSEtvakaRE it @ Mikor 5@, Thikyf GOR®

. m n, racted with EtOAc (4 x 20 nL) and dried over
Whereé‘nﬁ)"grﬁ&i@}lsodi um sul fate. The sol vent was renpved

15 R’ is selected from H, Cy.g alkyl, halogen, hydroxyl, unsubstituted or substituted
benzyl, or unsubstituted or substituted phenylthio;

R*is CO,R® or P(O)(OR®)(OR®), where each R® is independently from H and C,

alkyl,

and pharmaceutically acceptable salts thereof.
20

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

O O OH

25 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,
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to give a yellow sh residue which was purified by ion
exchange chromat ography (CH3CN : H2O, 1:1). Yield
wO0260288853 (91 %9 . M 178-179 0C. I H NVR ( CDCLBYT1/US2(®4/001692
(s, 3H CH3 ),5.21 ( s, 2H2 benzylic CH2 ), 5.77 (s,
2H, benzylic CH2), 7.19-7.30 (m 1CH, %_—H) 7.65 (s,
methoxy, tetbyle Sthiyb pomyL, G0 q—eHz Rigroparvheee Rbisig 3- or 6ggengbered
heteroat g/RO& 13): d 48.1, 49.5, 53.2, 102.5, 119.3, 124.8,
Y299 P: 127,09, 128.2, 128.2, 128.4, 128.7, 128.7,
R*isH, 1?1% a&yl I dogtn, He%@yl? subbBtutéal behdfl, ﬁheniyllﬁ].ol or sidbStitdted phenylthlo
156.7, 162.2, 162.2, 184. FAB: HR M
with 1 ta 3H}1bstemeet§ ontthe pl@yxmqg\ﬁpéﬁt%%@@f gelfla&{YHEPXZh B0erho

fhesi s of
methyl, Zs(h}(%ﬁ) %D%ﬁhzy? 6, 9- di hydr o- 6- oxo-| H purin-8-yl)-4-hydro
Wjaerzm R%-GO{R Shemd® is selestdd ea) H and Grssiliylr ed sol ut i on

ﬁtld(ﬁ’}}%{nﬁ%m?ll%@@gi’fﬁma?lg-tgf-’r(?(}%-I H puri n- 8-yl ) - 2- et hox
y-4- oxo0-but-3-enoic acid nethyl ester (23) (0.110 g,
0.24 mol) in MeoH (10 nl) at 0O C wasadded a sol ution
3f The qeamqupg ofelpim Faecording to s S F e was al | owed to
stir at 0 Cfor 30 min and then at roomtenperature
for 1 O TRi s Qs foll owed by neutralization with 1 N
R1alr\} d that separated out was filtered

driedjand tritur®ted with di ethyl ether to give yellow
sol | kd 9 1 ny (86 %9. M 167 C (deconp.). 1H NWR
( DI\/SOd\6) d 5.27 ( s 2H, benzylic CH2 ) , 5.80 (s,
2H, berR¥lic CH2 ), 7.25 (s, IH olefmc CH,
7.27-7.37 (m 1CH, Ar-H), 8.77 (s,IH purine C2-H).
FhefoimiRRafCREa3) eadh AnklcPendéRtivia b&;ﬁ)z‘yl Agroﬂlﬂc’ﬁ Qbstiltﬁt%d benzyl
127.6, 128.2, 128.2, 128.7,. 128

group wiffy1 $0 3 gupstimentsn the arppiglis ring éeleeted Fopi leﬁlogf?gh%dmxyl

| ! £ R where
et Y e R e T earding. 1%
R’ is a f-her @eretbeteddtetancarametiofing;or mul a | (i ncl ud| ng any

e i o Rguse-daanr g oG Rl R ph R b

substit#éBShdny IR N 3 ByRaNARHdbRthePhenyl ring selected from halogen,
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 or Ci alkyl,

and pharmaceutically acceptable salts thereof.

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

0
1 3
Ry R
PN | R
o X \! X
Rz O 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,
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purine; RlL and R2 are each independently H, Cl-6
al kyl, Cl-6 fluoroal kyl, unsubstituted or substituted
wWQ3e®/08y3B oal kyL Cl-6 al kenyl, unsubstituted oPCT/US2006/001692

substituted phenyl, unsubsté3tuted or substituted

ben , C2-6 _al kyl phenyl which phenyl noiety may be
methoxé(p?fflﬁa BrapyL (s oF Mihgteay Ry am%&%)@neiemh isdepamdenthst CHuRE where R
is a 5- S1-BlcRB b@d'heﬁ}éﬁoﬂkﬁéqin%ljbm ituted with a heteroaryl

et

gr.oup mﬁlch eroary roup is optionally
Ri lmsﬁl(etctﬁddihﬁn (511 |(5-6 aﬂM,glaﬁ(_'g@),FbegZylﬁidbm:itufeg(l%)éﬂdVi \ﬁlféhl Q1tido, or
IS . phen r substitute enyl, -6 al ky
Su“““ﬁfﬁz@é?”&h’é‘roé” 1%¥ F%? gqbsgtutents pn the PE\?H)@IID@ sglerip frooRAalsgen,
hydr | < I ; .Lsyselected fromH Cl1-6
y oxgtlj %elﬁmag, fn§thGiL eﬁl%f;‘, JJ;%% ¢B,; bid

,kyl, hal ogén, , ‘unsubstituted or substituted
iFe iy §O,R ovheraB ubHtantl (it gadlkyl, substituted phenylthio; R4

' J A Wh h '
RO BRHEAEYY PP R L P6h ey and

pharmaceutically acceptable salts thereof. 2. A
conpound of claim1 according to the structure: O O CH
R2 noupd ofplginR} ageasdiagdmtherstiupiraient | y a benzyl
group or a substituted benzyl group with 1 to 3
substit"ents on the aromatic ring selected from
halRlggm, roxyl , met hoxy, nethyl, ethyl, propyl, CF3
,or aJ-CHl 2 Rb group where Rb is a 5- or 6-nenbered

; RBis H Cl-6 al kyl, hal ogen,
benzyl, |sulgstigut ed benzyl, phenylthio, or substituted
phenyltﬁl owth 1lto 3 substitutents on the phenyl

ring selected from hal ogen, hydroxyl, nethoxy,
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, CF3 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, Cy.s alkyl, halogen, benzyl, substituted benzyl,
phenylthio, or substituted phenylthio with I to 3 substitutents on the phenyl ring selected
from halogen, hydroxyl, methoxy, methyl, ethyl, propyl, CFs,

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

and pharmaceutically acceptable salts thereof.

6. The compound of claim 1 according to the structure:
O
j\ [ \>/U\/\R4
o $
R R’

wherein R, R?> and R® are each independently a benzyl group or substituted benzyl

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



met hyl , ethyl, propyl, CF3; wherein R4 is CO2R where R
is selected fromH and Cl-6 al kyl, and
woheoeroas®sit i cal | y acceptabl e salts thereof. 3. PTNAIS2006/001692
conpound of claim1l accorditdg to the structure:
wher and R2 are each independently a benzyl
methoxzs;r%%rgyl@ ethyls peenytl e scpr Héwzeym RorRUpndaR? are eaghgindependently —CH

hn%lﬁi’%h U g selected from
" whe hal ogetn5 %EBE? ﬁtr %@%{aﬁc;j#lﬁ et hyl, propyl, CF3
WhemhveRlélsrC@b‘R whete FRle aebctiedh ﬁeﬁeHdaﬁﬂtOl.)g aﬂ@ll—,l 2Rb where

heterparomatic ring; wherein

%R}ﬁanﬁ?ce@ilp%llya’i‘%ﬁffqgﬁﬁ5ﬁf§dg?¥?°’lgenzyI , substituted

5 benzyl, phenylthio, or substituted phenylthio with 1
to 3 substitutents on the phenyl ring selected from
hal ogen, nethoxy, nethyl, ethyl, propyl, CF3; wherein
R4 is P(O(OR) (OR), where the R groups could be the
Baitke compaindaofa]ame seddaioad the sttackirer Cl-6 al kyl, and
pharmaceutically acceptable salts thereof. 4. The
conpougd of claim1l according to the structure:

whe ei Rl a Hare each independently a benzyl
groupy ory's i benzyl group with 1 to 3

d
su s on thg aromatic ring selected from
halogenm, hydroxyl, nethyl, nmethoxy, ethyl, propyl, CF
10 or whereéi RR1 and R2 are each independently -CH 2 Rb
where Rb is a 5- or 6-nenbered heteroaromatic ring; R3
Is selected fromH, Cl-6 al kyl, hal ogen, benzyl,
substituted benzyl, phenylthio, or substituted

PRSBHANES MO0 o S SRl B0y SRblAR PRGN eyl
group weghHytio,3 snbsiptuents G Be aomatic ring selected from halogen, hydroxyl,
methoxy, methyl, ethyl, propyl, CF; or wherein R!, R?> and R® are independently —CH,R

15 where R is a 5- or 6-membered heteroaromatic ring;

wherein R* is P(O)(OR)(OR), where the R groups could be the same or not and are
selected from H and Cy.4 alkyl,

and pharmaceutically acceptable salts thereof

20 8. The compound of claim 1 according to the structure:
1 ? | O OH
R, N
)\ / R
N

wherein R', 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,

25 methoxy, methyl, ethyl, propyl, CF3 or wherein R', R* and R® are each independently —CH,R

where R is a 5- or 6-membered heteroaromatic ring;
wherein R* is CO;R where R is selected from H and Cy.g alkyl,

and pharmaceutically acceptable salts thereof,
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R4 is CO2R where Ris Hand C-6 al kyl, and
phar maceutically acceptable salts thereof. 5. The

woanpmsstd3of claim 1l according to the structur@CT/US2006/001692

wherein Rl and R2 are each éndependently a benzyl

2 8P PRt e aotiRs o b HErcbiebct ea om

hal ogen, h %r oxyl, methyl, nethoxy, ethyl, propyl, CF3
or v1vhe|0ei nt nd R are each independently -CH 2 R
whét I SNa B- or 6-nenbered heteroaromatic ring;

wher gj n 4ed fromH, Cl-6 al kyl, hal ogen,
ber‘@%l\,N Sulisti tuted benzyl, phenylthio, or substituted
phenyltlhio with 1to 3 substitutents on the phenyl ring
sel ect from hal ogen, hydroxyl, nethoxy, nethyl,
et hyl , prgpyl, CF wherein R4 is P(O(OR) (OR, where
whereR Byr, &ipandddiarel eash indrpendemba benzybdtereumorsubstyeted bemy
. O - al kyl n har euti cal accept abl e
ecoup vyl A feres 2 B oo BHRETB RS hahetdecB bR ¢
methoxy,1eethil, ettty ipeop M EF-drwirein R' aRdalll R &re@agihindependently

4 ndepenpdently a benzyl group or substituted benzyl
~CHR gwherp Rails 510100 30esiisead Retrsparematic FIAS ar omatic ri ng

4: f I
SR e ORI GRE N B R e e e R o ot gpd e
selected fnoke pelected titoym HGHARL c\fiede Rb is a 5- or 6-nenbered
grat roaromatic ring; vvhereijn R4 is COR where Ris
acHHEHDLRcsRfIe sHisheigpl. and phar maceutical Iy
acceptable salts thereof. 7. The conpound of claim1
according to the structure: wherein Rl, R2 and R3 are
tachhd erapamdeficlaymd dseording tg tlmgtruotursubst i t ut ed
benzyl

0
R1 0] OH
I
NS
R N7 N
R3

wherein R', R* and R are selected from benzyl groups or substituted benzyl groups
with 1 to 3 substituents on the aromatic ring selected from halogen, hydroxyl, methoxy,

methyl, ethyl, propyl, CF3 or wherein R', R* and R> are independently —CH,R where R is a 5-

or 6-membered heteroaromatic ring;
wherein R* is COR,
where R is selected from selected from selected from H and Cj.¢ alkyl,

and pharmaceutically acceptable salts thereof.

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

0 O OH
1
s /. R*
Re” N7 N
R3



group with 1 to 3 substituents on the aromatic ring

sel ected from hal ogen, hydroxyl, nethoxy, nethyl,
wetmeslog3zssopyl , CF3 or wherein Rl, R2 and R3 aPeT/US2006/001692

i ndependently -CH R where R6is a 5- or 6-nenbered

heteroafommtic ying, wherein R4 is P(O (OR (OR), where

pherern Br.dti panddd iareicdsd indapendantly orbenayl gnodp ar substituat enizyl

: L] - I pharmaceut i cal | cept abl e
sroup vPTLTS BIRupid oY deon 6 L RE SUPRES o Rt gbmo iR o
methoxyieethiyl, ethiyl) peopyMEF Lirfwiktein R2, RheandR@’ at @a@d@bependently —CH,

endently a benzyl group or substituted benzyl

[ 29)
R® Whe’&rr%ﬁ‘ﬁ anr Oho-fqmbesed pfsiorfomale Sngh t he aromatic ring
¢; f r I
’ APk KL OROIAUARE el S oy T IE R e TRd ygt g are
selected fromde a0t b 9Ik@H2R where Ris a 5- or 6-nenbered
heteroaromati.c ring;, wherein R4 is CO2R where Ris
%‘%@%&c IBﬁwcgﬁ‘g‘a@f-@tSathﬁrﬁ& and phar maceutical |y

acceptable salts thereof.9. The conpound of claim1
according to the structure: wherein RL, R2 and R3 are
each i ndependent a benzyl group or substituted benzyl
10 group with 1 to 3 substituents on the aromatic ring
sel ected from hal ogen, hydroxyl, nethoxy, nethyl,
€2.hVhe comopyl of ClBndracedding to tilstrucRr@nd R3 are each
i ndependently -CH 2Rb where Rb is a 5- or 6-nenbered
heterogyonptic ring; wherein R4 is P(O (OR) (OR), where

theR ou?js oul@i be the same or not and are sel ected
fromigel H, and Cl1-6 al kyl, and
phar [ﬁatce 'P/ ally acReptable salts thereof. 10. The

corﬁ%our%l of claim1l according to the structure:

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

wherein R* is CO,R where R is selected from Ci.6 alkyl, H, sodium or other

20  pharmaceutically acceptable salt;

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

0] R3
R‘l ] O OH
\N N>/U\/\
)\\ l R4
R2 N N

25

wherein R!, 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, CF; or wherein R!, R? and R® are each independently

~CH2R" where R? is a 5- or 6-membered heteroaromatic ring;



wherein Rl, R2 and R3 are sel ected from benzyl groups
or substituted benzyl groups with 1 to 3 substituents
wonodshs3sasomati ¢ ring sel ected from hal ogen, hydrmsios/001692
mat hoxy, met hyl, ethyl, prcqjyl CF3 or wherein Rl, R2
are_inde endently 2vahere Ris a 5- or

Whﬁ@ iscP(UQUDEARD Teher e theiBngrouphequdd he e smc 0oRet and are
selecte | 0 & f H
fect ";‘ﬁ‘%‘%ﬁeﬂﬁﬂsﬁ S of 088 HELER AT ALALATNICHAE (L PTs

141e7fh©tom11dund'ﬁfelaunrimwas1mr@‘toc]lmé.tmcﬂuraccor ding to the
structure:wherein R ,R and R are each i ndependently a
benzyl groupdor substituted benzyl group with 1 to 3
substi t LRt he aromatic ring selected from

hal ogen, dr gxy%,_gaet hoxy, nethyl, ethyl, propyl, CF3

or and R3 are each independently -CH 2
R wher e i'S al5- or 6-menbered heteroaromatic ring;
5 vvheré?"h Rais PBE))((R)((R) where the R groups coul d

be the s ﬁe jot and are sel ected fromH and Cl1-6
‘azhmm R PR rree eashiindsipbydeatly e beaky] egroap Dsstﬂob‘em&ﬂfbenzyl

sroun i S RESTRRHR e Bt ApE81E) BOLBHGoEE yarony
methoxy,nﬁangm éﬂﬂj}'l loYordy, M oy wl@Fn R ' O8? sbRY &k @aﬁﬁn@@ﬁeﬁaénﬂy
wmth 1to 3 substltuents on the aromatic ring

~CHst@4h@¥ﬁ%dISfarSoﬁrﬁﬁn%@1aﬁ eeroasoaticgimehoxy, et hyl
23] , a are each
10 g%gle%dfesn ka%gﬁbmmﬁégga anﬁ%l Qﬂ%,f@ 6- menber ed

hetIﬁrauaammtalbf acceygablekdtseheredd) | S COZR where Ris

selected fromCl-6 al kyl, H, sodium or other
pharmaceutically acceptable salt;

15. The compound of claim 1 according to the structure:
O
R\N N
2
R‘l\(\”/k\ , \>_R
= N 'TJ
OH O R3S

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

15

group with 1 to 3 substituents on the aromatic ring selected from halogen, hydroxyl,
methoxy, methyl, ethyl, propyl, CF; or wherein R!, R? and R are each independently

~CH, R® where R® is a 5- or 6-membered heteroaromatic ring;

20 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,

and pharmaceutically acceptable salts thereof,

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

25
0 lT3
R N /Uj[ N>‘
| )—R?

OH O



13. The conpound of claim 1l according to the
structure: wherein R, R and R are each i ndependently
wae 283353 gr oup or substituted benzyl group w POTASE@®6/B01692
substituents on the aronmatie8 ring selected from
hal ogen, hydroxyl, methoxy, methyl, ethyl, propyl,h CF3
vorereindt eRA aRd R°Ree eagl indgpéndentliag henzyl ep@imgesupsfitutedbenzyl

ere Rh - .Qr .6-f
sroup wif g asPafelof ta B By Ry AR PR AR B
methox g l(ﬁ:;}étld}lllpagifh prcgn_&mﬁm for Mﬁrea‘[' IE:'; & enmleﬂfeqm eTtlhfindﬂPﬁ‘menﬂgl
allcyl, H sodium aor ofher armaceutically acceptabl e
—~CH, Rwhete RUAs afnat EaRAIRRFL Retere Sﬂﬁ?r’ﬁg’cor ding to the
tRAE! (?m, | afd €, § Ak,
> \?frll%g%ewnxdlgrﬁ y aﬁ%gﬁgfelgﬁgﬁggrg?subsf?tEi?ed benzyl
agrdqpiprmadentigaltyncgedalils saltsilegreat. on t he aromatic ring
sel ected from hal ogen, hydroxyl, methoxy, methyl,
ethyl, propyl, CF3 or wherein RlL, R2 and R3 are each
i ndeReaseRiung of il asbedmeRb tiesstachre:or 6- menber ed
heteroaromatic ring; wherein R4 is CO2R where R is
sel ect ed frocgn Hgand Cl1-6 al kyl, and pharnaceutically
acceptabl e splty thereof. 15. The conpound of claim1
accor di MY~k structure: wherein Rl, R2 and R3 are
ea%z i ndep dénti(>y‘Ra benzyl group or substituted
benz oupvait'\h 1 to 3 substituents on the aromatic
10 ri nggelected from hal ogen, hydroxyl, nethoxy, nethyl,
ethyl, propyl, CF3 or wherein Rl, R2 and R3 are each
. dga nf alben®zy Sero@p obsubetitatidednzyl
@%%r’%ﬁcR%gﬁc%ﬁgﬁ {F%{Z i sn%z O%T( %) (OR), where Y
group withel R Ysubstitenis whdhberompdc yageelested Fomdrpsepcikreds ed

methoxg,&?l%ﬂ, %ﬂ%&%@%ﬁéf«‘y c;r’wh%?gn Rh,%ﬂgﬁ‘c?ﬁt %%h&ﬂimﬁ%ﬂéﬁw e
—CH, R? where R’ is a 5- or 6-membered heteroaromatic ring;

15 wherein R* is P(O)(OR)(OR), where the R groups could be the same or not and are

selected from Cig alkyl, H, sodium or other pharmaceutically acceptable salt;

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

N O OH
JN\/ | NNR“
RZSNT N
20 R

wherein R!, 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!, R? and R? are each independently
—CH, R® where R? is a 5- or 6-membered heteroaromatic ring; _
25 wherein R* is CO,R where R is selected from H and Ci.¢ alkyl,

and pharmaceutically acceptable salts thereof.



16. The conpound of claim 1l according to the
structure: wherein RL, R2 and R3 are each i ndependently

wae 283353 gr oup or substituted benzyl group w POTASE@®6/B01692
substituents on the aromatie® ring selected from

| agen, hydroxyl ,. nmet hoxy, methyl, ethyl, propyl, CF3
0. vERemporad eeisinnt pesouting bbn Srintasondent | y - GH 2

Ro where Rb is a 5- or 6-nmenbered heteroaromatic ring;

wherei R4 i's where Ris selected fromH and C1-6
al kyl dnph@r maceutical |y acceptable salts thereof.
17. e go u fréclaim 1l according to the

st rgeTi-€~Nwherein Rl, R2 and R3 are each
independenﬁhy a benzyl group or substituted benzyl
group with'1 to 3 substituents on the aromatic ring

Iiih R Reptgact ddentila bores! dmoniies e uisdienyl
5 group witld e peB etitituentsA Be BRMIRRIgRBleE®d Frort hAb %ﬁ&%&%ﬁ d
P(O) ( (]‘-\"53 } ére

het er oaromatic ri n%; wherein R4 is P(O
methoxypmethyyefiuperenyll @Fper wheseindreRoand B arerrdclamelepaidentiyd

. b, b kyl . [ or. ot her pharmaceutically
CH, %C@gé%bfseda%a t;m}f_@})g’%ggg{:yfaor%%ﬂg "% cl aim 1 accor di ng
tidetdiie RS isr R(E)(ORY(OR) ewhirs tHIRIR gRApbeh1RBe MiesafRW? not and are

I ndepend |y a benzyl group or substituted benzyl
Seleae‘i}ﬂ%ﬁi\ﬁp‘swb&a%l’s substituents on the aromatic ring

10 884 RdrBdcElRMP AR , nethoxy, nethyl,
et hyl , p?opyl ,yCFSQ%?IeS %%?Br%x , R2 and R3 are each

i ndependently -CH 2 Rb where Rb is a 5- or 6-nenbered
wherein R4 is CO2R where R is

teroaromati.c ring;
E@ 3@? 8‘().{“?9%91{0%% lceegraqadgithe $R¥TBEar maceut i cal | y
acceptabl e salts thereof.19. The conmpound of claim1l
accordiRﬁg E?) heoﬁructure: wherein RL, R2 and R3 are
each dédjelf fﬁiy/g benzyl group or substituted benzyl
V/

4
Rz/k\N N §

15 wherein R', R? and R® are each indendently 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', R?> and R> are each independently
—CH, R® where R is a 5- or 6-membered heteroaromatic ring;

wherein R* is CO;R where R is selected from H and C;.4 alkyl,

20 and pharmaceutically acceptable salts thereof,

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

R'I 3
E O OH
N7 >
J\\ l />/U\/kR4
RZ" N7 N

25
wherein R', 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, CF; or wherein R', R? and R3 are each independently



group with 1 to 3 substituents on the aromatic ring
sel ected from hal ogen, hydroxyl, nethoxy, nethyl,
wetmeslog3ssopyl , CF3 or wherein Rl, R2 and R3 aPeTaaei6/001692
i ndependently -CH R where RO is a 5- or 6-nenbered
heterogromatic ring, wherein R4 is P(O (OR) (OR, where
—CHa Ry jdere Ryrig@ps Ok bueiitisacs hteoaiomatic gt and are sel ect ed

ivg%aﬁkﬁﬂq’(gmgbﬁyrkwhe@ﬁ{e @il%g fc%éapd 524k ¥arR6 6L RS BRE e

ts thereo he conpou alm 1l accordi ng
selected oMt asd Cuctlyle: wherein RL, R2 and R3 are each

i ndendent | v. benzyl, graoup, or substituted benzyl group

W‘fﬁlafnﬁi)eﬂécglyb@ﬁlﬁ%gﬁé%&hﬂﬁﬂé aromatic ring sel ected
5 from hal ogen, hydroxyl, nethoxy, nethyl, ethyl,

propyl, CF3 or wherein RL, R2 and R3 are each

zzmd%@pmmunﬁ of cldim 1Rceprding tRithg irugtuse: or  6- nenber ed

het eroaromatic ring; wherein R4 is CO2R where R is

sel ected frgm H and C1-6 al kyl, and pharmaceutically
accept abl e sal tg thereof. 21. The conpound of claim1l

accgrdi ng’\{/o &>§[§:ructure: wherein R, R2 and R3 are

ea j Q |y a benzyl group or substituted

benz Igl oup with 1 to 3 substituents on the aromatic
el

ring cted ffom hal ogen, hydroxyl, nethoxy, nethyl,
ethyl, prgpyl, CF3 or wherein Rl, R2 and R3 are each
wherspeRddht Ingd Riarocasp indrpeedartlyiadenzy - greup ot sabrtikeddbenzyl

het er oar LG Il 0o .ej. ' ere
0 woun FLPHPERATIHB 5 08 PR B0l BRI Rt <
methox¥/f@8thil, @thg1, Groph/],alydr, wisneln R AR raedRE ire @hdlyindemadembl e
galts thereof. 22. The 1clorrpound of .claim1 according
—CH, Ry gvhereR sisia f=10f pamnembered heteroaromatic ring;

wherein R* is CO,R where R is selected from H and Ci.s alkyl,
and pharmaceutically acceptable salts thereof.
15

23. The compound of claim 1 according to the structure:
R']

N ’d N\ 3
R4 g ] >—R
= N I’Tl
OH O R?

wherein R!, 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,
20 methoxy, methyl, ethyl, propyl, CF; or wherein R, R* and R® are each independently
—CH, R® where R’ is a 5- or 6-membered heteroaromatic ring;
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,
and pharmaceutically acceptable salts thereof.
25

24. The compound of claim 1 according to the structure:
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wherein Rl, R2 and R3 are each independently a benzyl

group or substituted benzyl group with 1 to 3
weubsitosszent s on the aromatic ring sel ected fr®ear/us2006/001692

hal ogen, hydroxyl, nethoxy,7inethyl, ethyl, propyl, CF3

or wherein R R and R are each |ndependently -CH 2 Rb

where Rb is Rl 5R%0r 6-nenbered heteroaromatic ring;

wherein R4 R where Ris selected fromH and Cl1-6

al k%' , andeh r tically acceptable salts thereof.

23R of claim1l according to the

struchurg: OH O R2 wherein R1, R2 and R3 are each

i ndependently a benzyl group or substituted benzyl

t stituents on the aromatic r

g’i‘ g‘igld’ r%mf ndrpandsnfly a hepe ogrpup ﬁ’éfl}bﬁltute% benzyl

oup vEHWY to 3 BERANS tGE%h@ir WEBE BhB sflotedf ﬁﬂﬁl h
SHoTP |ndep0endently(/m-S b eregFigﬂwe © &8%@@

methOXM,emeﬂwh rethyétprcp}d; Gﬂ@p ormﬁwr@n R'FR? asd RE @)s(em) mdﬁpqndaﬁtbr e

t ou sarre not and are sel ected
—CHz K g’r?ﬁﬁ Wc?o%fr -rg?rfz Efre‘E E%SYOB%? d8% i cal |y acceptable
%Eﬁeﬁn Rhey @OIR whére RTRQ 161N WH%d@Fg'a'lRyl accordi ng
to the structure:wherein RL and are each

anchiphvsmaesviicyllvwadsepiaBle seftsdbereof. subst i t ut ed benzyl
group with 1 to 3 substituents on the aromatic ring
sel ected from hal ogen, hydroxyl, 1 X nethoxy, nethyl,

25.hYhe cqanpguid, of Clain dracedraigito iR strudnagtd R are each
i ndependently -CH 2 Rb where Rb is a 5- or 6-nenbered
heteroarormtij gt Nng; wherein R4 is COR where Ris

sel ect ed fraﬁi—”and Cl-6 al kyl,
)R
R‘H/\”/‘\\N N

=
OH O

wherein R', 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, CF; or wherein R!, R? and R? are each independently
—CH, R” where R® is a 5- or 6-membered heteroaromatic ring;

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,

and pharmaceutically acceptable salts thereof.

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

HO R4
o |
N/
R1J\\Nl N\>—R3



and pharmaceutically acceptable salts thereof. 25. The
conpound of claim1l according to the structure:
wohere®mssssRl, R2 and R3 are each i ndependentl|y BCDaIS2006/001692
group or substituted benzyl72group with 1 to 3
substituents on the aromatic ring selected frl{%

WapiseR,» Rnyanddiyare easbipdspgndenty pipenzyd §Rp opy rangiwed&aﬁgzyl
group fifs P51 Sl bors 06 AN oA CHiRy SAEReq ROFABIMIER, hotrsicll 2
methoxymﬁétﬁyn efR4l, ipsopga,@mmga@ﬁain Rhm?rl encfj nféara egcrloim;izpemdcntb'
e _the_sanme or not an re selecte romH and Cl1-6
—CH, Rgl"‘f%‘ﬁe, Rlz]ﬁé{l %Wéﬁﬁﬁ%‘@ﬁfﬁr?‘égﬁﬂ?ﬂ?mﬁ’ 5tH8t e salts thereof.

5 MerefR* GO VUeRR il selebled HRGCHAATY. stalkyhe
structure:wherein Rl, R2 and R3 are each independently

andphrrrphceptiselly stceptablesplistheigobenzyl group with 1 to 3
substituents on the aromatic ring selected from

hal ogen, hydroxyl, nethoxy, nethyl, ethyl, propyl, CF3
Q7. Thet@hporRl, ofitPaimridadedrdargtoghedtrichdependent |y - CH 2
Ro where Rb is a 5- or 6-nenbered heteroaromatic ring;
wher eigp R44 s CO2R where R is selected fromH and Cl1-6
atkyl, a pharmaceutically acceptable salts thereof.
27. onmpound of claim1 according to the
structdre: 1 X wherein R, R and R are each

i nde NIy a benzyl group or substituted benzyl
group\vvith 3 substituents on the aromatic ring
selpict Nom hal ogen, hydroxyl, nethoxy, nethyl,

ethyl, propgyl, CF3 or wherein RlL, R2 and R3 are each
10 + independently -CH 2 Rb where Rb is a 5- or 6-nenbered

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

15 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,

and pharmaceutically acceptable salts thereof.

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

20
HO R4
o |

RZ
|

N ‘e N
I Wa
RSN N
wherein R!, 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, CF; or wherein R’, R? and R® are each independently
25 —CH, R® where R" is a 5- or 6-membered heteroaromatic ring;

wherein R* is CO,R where R is selected from H and C;.6 alkyl,
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sel ected fromH and Cl1-6 al kyl, and pharmaceutically
acceptabl e salts thereof. 28. The conpound of claiml
weaeoewrodsisg to the structure: wherein RlL, R2 an#CRIS2006/001692
each i ndependently a benzyl73group or substituted
benzyl group with 1 to 3 substituents on the aromatic
pndpharmrequtiselly asapiablesglntherspfir oxyl , net hoxy, nethyl,
ethyl, propyl, CF3 or wherein RlL, R2 and R3 are each
i ndependently -CH Rb where Rb is a 5- or 6-nenbered
281 &he asrapmindwfrclai@; 1 adeerdendioRde sttucG®R where R is
sel ected fromH and Cl1-6 al kyl,and pharmaceutically
acceptihl exsal ts thereof. 29. The conpound of claim1
according to the structure: wherein Rl, R2 and R3 are
pendently a benzyl group or substituted
gropgps with 1 to 3 substituents on the aromatic
Med from hal ogen, hydroxyl, nethoxy, nethyl,
et hyU% p opErI-R‘”’ CF3 or wherein Rl, R2 and R3 are each
i nikdpendertly -CH 2 Rb where Rb is a 5- or 6-nmenbered
heteroaromatic ring; wherein R4 is P(O(OR) (OR), where
tvinereR BY, Ripsmdaolirel e ihdepdemely arbensyl gﬂfiﬁ) 8f QubRBuesl eyl

fromH and Cl1-6 al kyl, and pharmaceutically acceptabl e

groups wihtldo Brupgipentson th Jsomptidded selestad fEanhslogen diydfazyl,

r ' Ak ect | 0 L S| PY .
o SED0S1 RY Shd A SR W Ry pgpcnty
—CH, RisdheredR hig at5e oamymahbabdhetsrohrodthti@rthga phar maceutical |y

accept abl [ additive or excipient. 31. The
Wﬁ%ﬁh@gﬁﬁﬁ(@%@gﬁ%ﬁt%ﬂw ETOPB FRUMYOOHS SBR o8 pcpnd are
selecteCRHMAS hitd )¢ hemt s said HV infection by inhibiting

H V integrase in the human host.
and pharmaceutically acceptable salts thereof.

30. A pharmaceutical composition for treating an HIV infection, comprising a
therapeutically effective amount of a compound according to any of claims 1-29 and a

pharmaceutically acceptable carrier, additive or excipient.

31. The pharmaceutical composition of claim 30 wherein said composition treats said

HIV infection by inhibiting HIV integrase in the human host.

32. The pharmaceutical composition according to claim 30, further in combination
with a therapeutically effective amount of at least one compound selected from the group
consisting of i) an additional anti-HIV agent, ii) an anti-infective agent other than an anti-

HIV agent and iii) an immunomodulator.

33. The composition of claim 32 wherein said anti-infective agent is an antiviral

agent selected from the group consisting of a protease inhibitor, a reverse transcriptase

inhibitor or a combination thereof.
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30

32. The pharmaceutical conposition according to claim

30, further in conbination with a therapeutically
wehbwwsssse anount of at | east one conpound sel eCTAI82006/001692

fromthe group consisting o# i) an additional anti-HV

%ent ii) an anti-infective agent other than an anti -
Rty Thg spmbasion pf Yl 33 wikeisomiselicaense trag@ripBieinhibitor is a
nucleo S8 | ddn@n of claim 32 wherein said anti-infective

agent 1s an antiviral agent selected fromthe group
consisting of a protease inhibitor, a reverse

ranscriptase inhibjt r aco |nat|onthereof 34,
e B B R ObeIoiSt 55 MAGEs Ty FHU] BY Fo6 HREEcHE ey SWibior is a non-
1uwbog&@a§§@h@5ase i nhi bitor is a nucl eosi de conpound. 35.

The conposition of claim33 wherein said reverse
transcriptase inhibitor is a nonnucle03|de conpound.

. ~fhe di f cl 30-
36 ghaRoBROREP heeBRuRE oSgl ist 2085 ot St aionel Ropee
form. according to any of clainms 30-35 fornulated for

adm nistration as an inhalation spray or a rectal
suppository. 38. A phar rraceuti cal conposition nade by

i i ' to of ¢l ai -29 .

o7 g OB A RS FEE B AP 208K AP B B stration
asanirﬂmlaﬁmbpﬁ‘aﬁnfaréiﬁal sBppaitegd of treating an HV

infection in a patient, said nethod conprising

adm nistering to said patient an effective anount of a

P 08 b nly oP b Rl b b boraing o any
of claings 39 mathta pheaindcantic fibydacopipble shmgr, additive ot exdipignt. 0

said patient an effective anount of a conposition
according to any of clains

39. A method of treating an HIV infection in a patient, said method comprising

1}

administering to said patient an effective amount of a composition according to any of claims

30 to said patient.

40. A method of treating an HIV infection in a patient, said method comprising
administering to said patient an effective amount of a composition according to any of claims

30 to 38 to said patient.

41. A method of reducing the likelihood of an HIV infection in a patient at risk said
infection, said method comprising administering to said patient an effective amount of a

composition according to any of claims 30-38 to said patient.

42. A method of treating a patient with AIDS or ARC comprising administering to

said patient a therapeutically effective amount of a composition according to any of claims
30-38.

43. A method of inhibiting HIV integrase in a subject, said method comprising
administering to said subject a therapeutically effective amount of a compound according to

any of claims 1-29.



30 to 38 to said patient. 41. A nethod of reducing the

I'i kelihood of an HI'V infection in a patient at risk
wealm/ussssect i on, said nmethod conprising adm ni BCEMUSHEH6/001692

to said patient an effecti v anmount of a conposition

according to any of clainms 30-38 to said patient. 42.

A nethod of treating a patient with AIDS or ARC

L e R B

according to any of cI aims 30-38. 43. A nethod of

hi bi H vV b
Bor gL TR 1 TS fiuaig e ERlRte ofa
5 medlcarﬁélﬁrt‘&&ﬁéj%%{énYO?ﬁf\@ﬁ{ 4 y&ieafrount of a conpound

according to any of clains 1-29.44. The nethod
according to claim43 wherein said subject is a human.
45. Use. of a co c ABrule &
462 V?‘Peoﬁf’a?ﬁﬁ’?pé’é]t‘l Orllgmg?ogl{ (%:t}gn% gl?%%/mt Eeﬁlt r eat nent

medicarRént WMedﬁ‘cﬁ% ﬂ_@tm@nhood%at diraienf will @mtpciendTBE ddeaiong
to any of clains 1-29 in the manufacture of a

nmedi cament for reducing the likelihood that a patient
| ! hEGhY Hblaithé 1-25 8 BE nPnGRIRSISL

10 yc’c{o}r d?pnag&?ﬁo‘gmﬁla aE%(}(d git(?rsgﬁ}}l- Zéallﬁln t he manllJf acture of
medicaeEdi EedrRta fatient witlR AIDS on ARAL.i ent with AIDS or ARC.

48. Use of a conpound according to any of clainms 1-29
in the manufacture of a nmedi canment for inhibiting HV

l\k%t B Qisfcdrgp%dxgl%b&ﬁfng té gny 45@2iafsC100 9l i ¥Be nfinbfaatuie 48a

ereln sal ect human pat ient.
medicament for inhibiting HIV integrase in a subject.

15

49. Use according to claim 48 wherein said subject is a human patient.

20



