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FIELD OF THE INVENTION

The present invention relates generally to
phosphatidylinositol 3-kinase (PI3K) enzymes, and
more particularly to selective inhibitors of PI3K

activity and to methods of using such materials.

BACKGROUND OF THE INVENTION

Cell gsignaling via 3'-phosphorylated
phosphoinositides has been implicated in a variety
‘of cellular processes, e.g., malignant transforma-
tion, growth factor signaling, inflammation, and
immunity (see Rameh et al., J. Biol Chem, 274:8347-
8350 (1999) for a review). The enzyme responsible
for generating these phosphorylated signaling prod-
ucts, phosphatidylinositol 3-kinase (PI 3-kinase;
PI3K), was originally identified as an activity
associated with viral oncoproteins and growth factor
receptor tyrosine kinases that phosphorylates phos-
phatidylinositol (PI) and its phosphorylated deriva-
tives at the 3'-hydroxyl of the inositol ring



(Panayotou et al., Trends Cell Biol 2:358-60 (1992)). The |evels of
phosphati dylinositol -3,4,5- triphosphate (PIP3), the primry product of Pl
3- ki nasewgrcdiisigdgi on, i ncrease upon treatnent of cells W /@sovasI1€ty Of
agoni sts. Pl 3-kinase activation, therefore, is believed to be involved in
a range of cellular responses including cell growh, differ- entiation,
and apoptosis (Parker et al., Current Biology, 5:577-99 (1995); Yao et
al ., Science, 267:2003-05 (1995)). Though the downstreamtargets of
phosphoryl ated |ipids generated follow ng PI 3- kinase activation have not
been wel | cherpatiest@edet £ef orAgneyi denteBsuygestsst hat
pl eckstrin- hglm)l og)yjO domai n- and FYVE-finger domai n-containing proteins

[

are activate i nding to.various phosphatidyl- inositol |ipids
(Sternmark et al., J Cahé Bsiels 1d2 gld5pB83t{dPOtMosiesmon, gfsal ., Trends
Cell Biol, 7:237-42 (1997)). In vitro, sone isoforns of pro- tein kinase C

(PKO) are ditetRISSRRITS af BEP DY, PFPS: PrARATY NeTPREST ePALBE BFotein ki nase,

PKB, has beemnsfowct Ovdei et | vt edaby Iﬁ’%oﬁ ki-83s@ehBUbgEEEDNYsCt  al .,
Nature, 376:599-602 (1995)). Presently, e Pl 3-kinase enzynme famly has

been di vi ded'iit @ t freke ey REcaIPakEES on Phedrkingpat ratévapeeniiciti es.

dass | Pl 3*@h&§é‘fc9lhé>5'1§h@él/ié&§dp@QS}QQaih%mf@QSiﬁ% fgﬁé ghosphat i dyl -
i nosi tol - 4-phosphate, and phosph ati)d% i nosi tol -4, 5- biphosphate (PIP2) to
'S

produce pho IFJGWJFNF\%%P@WESBHE% hlageciiblerWth differ-
phOSphat'dyléﬂ%§%E£%n,’én@ £§8§t051s (Parker et al., Current

Biology, 5:577-99 (1995); Yao et al., Science,
267:2003-05 (1995)). Though the downstream targets
of phosphorylated lipids generated following PI 3-
kinase activation have not been well characterized,
emerging evidence suggests that pleckstrin-homology
domain- and FYVE-finger domain-containing proteins
are activated when binding to.various phosphatidyl-
inogitol lipids (Sternmark et al., J Cell Sci,
112:4175-83 (1999); Lemmon et al., Trends Cell Biol,
7:237-42 (1997)). In vitro, some isoforms of pro-
tein kinase C (PKC) are directly activated by PIP3,
and the PKC-related protein kinase, PKB, has been
shown to be activated by PI 3-kinase (Burgering et
al., Nature, 376:599-602 (1995)).

Presently, the PI 3-kinase enzyme family
has been divided into three classes based on their
substrate specificities. Class I PI3Ks can phos-
phorylate phosphatidylinositol (PI), phosphatidyl-
inositol-4-phosphate, and phosphatidylinositol-4,5-
biphosphate (PIP2) to produce phosphatidylinositol-
3-phosphate (PIP), phosphatidylinositol-3,4-biphos-
phate, and phos@hatidylinositol—3,4,S—triphosphate,
respectively. Class II PI3Ks phosphorylaté PI and



phate, and phosphatidylinositol-3,4,5-trip hosphate, respectively. C ass
Il Pl 3Ks phosphorylate PI and WD 01/81346 PCT/US01/13315 - 3

phosphat i gy 139%d6t Ol - 4- phosphate, whereas Class |11 Pl 3Kpcaaiko@Rbiis
phosphorylate PI. The initial purification and nol ecular cloning of PI

3-kinase revealed that it was a het- erodi mer consisting of p85 and pl10
subunits (OGsu et al., Cell, 65:91-104 (1991); Hles et al., Cell,
70:419-29 (1992)). Since then, four distinct Cass | PI3Ks have been
identified, designated P13K a, (3, 5, and y, each consisting of a distinct
110 kDa cat;ﬁhcyépleatsnbyﬂnﬁoﬁwb}arzrqgm@pmyesubh@ré?s MJ]I.?SSSJDBEI fi calhl Y,
three of the_ catal ytic subunits pli0a, p110(3 and pl105, eac
interact wit %IF% 955}?%?}2)1? %ju%’il?n]?]: p85; whereas pll Oyinteracts

with a distinct regul am@éylrsitbwm tpuplPilcaBsofieangChbbedubai-ow, the
patterns of ex re55| on of each of these PI3Ks in human cells and tissues
are also diStPHet ough? a]“v%%‘f? hESYe HEdr Haet oht hWeSheeRetaccumul ated in

recent past @fbaﬂﬁeleeééﬁ&féti 0;?@5 Qxﬁdpﬂzlﬁokéﬁﬁﬁﬁ§tsn(©€Q§Va| t he
roles played by the individual isoforns are |argel g unknown. C10n| ng of

bovi ne pl 1 0@t hds- been! He-63ct1 bt Th?3Lhbr oTtIéjrﬁSv@ fdent FPiléd as rel ated
Lo |Lhe Sacoppromyoss eeseys acs Pl olfn YE3dp. gstphoLecalevol ved in

vacuol ar proteln processing.” The reconbi nant Oa product was al so shown
to associate Rike p8bee heryifental P1SK, a@@ﬁwmyted PI3K o, B,

o, and vy, each consisting of a distinct 110 kDa
catalytic subunit and a regulatory subunit. More
specifically, three of the catalytic subunits, i.e.,
plloa, pllof and pll0d, each interact with the same
regulatory subunit, p85; whereas pllOy interacts
with a distinct regulatory subunit, pl0l. As de-
.scribed below, the patterns of expression of each of
these PI3Ks in human cells and tissues are also
distinct. Though a wealth of -information has been
accumulated in recent past on the cellular functions
of PI 3-kinases in general, the roles played by the
individual isoforms are largely unknown.

Cloning of bovine pll0a has been de-
scribed. This protein was identified as related to
the Saccharomyces cerevisiae protein: Vps34p, a
protein involved in vacuolar protein processing.
The recombinant pllO0x product was also shown to
associate with p85a, to yield a PI3K activity in
transfected COS-1 cells. See Hiles et al., Cell,
70, 419-29 (1992).

The cloning of a second human pll0 iso-
form, designated pll0pB, is described in Hu et al.,
Mol Cell Biol, 13:7677-88 (1993). This isoform is
said to associate with p85 in cells, and to be

ubiquitously expressed, as pll0B mRNA has been found



transfected COS-1 cells. See Hiles et al., Cell, 70, 419-29 (1992). The
cloning of a second human pl110 iso- form designated pl101, is described in
Hu et al.wod®hisfel | Biol, 13:7677-88 (1993). This isofor mdgusosasfst o
associate with p85 in cells, and to be ubiquitously expressed, as pl1101
nMRNA has been found WO 01/81346 PCT/USO1/ 13315 4 in nunmerous human and
nouse tissues as well as in human unbilical vein endothelial cells, Jurkat
human | eukemic T cells, 293 hunan emyyonic kidney cells, nouse 3T3
fibroblasts, HeLa cells, and NBT2 rat bl adder carcinoma cells. Such w de
expr essi on ﬁug@@ﬁéﬁotﬁ%u@é]hﬁah&%@ﬁﬁbi a;‘béaaal ¥si WROLt ast ihn Sidgnal i Bgd
pat hways. ldentification of the pllQ6 jsoformof_ Pl _3-kinase is describe
in Chantry u@ﬁ?,ugbﬁﬁbFa hehi 9739&%936@31063é§7)9ur a8 BB8er ved t hat
the human pld@femsofor 821 3sEXPoeSEeMahNeRbi-y 6800 kKhagkll ekedsf ashion. It
is expressed at high levels _in Iythocytes and Iynggoid tissues,
suggesting tHatse $hd pibrebhrastgnt Hpbaycalisr e2PA PPT3- kKPhase- nedi  at ed

si gnal i ng i%1£@dém@§c§ﬁ§ﬁ§%eméai|§u@HnwideC§£<g§fégsEB§ P1105 isoform
also can be found in U S. Patent Nos. 5,858, 753; 5, 822,910; and 5, 985, 589.

See al so, VatiERReh? oBBRT cbhaf . 1sPEBEMNAE 1bRRaE ] BeilMPOSAANY41A330-5 (1997),
and internatyonadi pybl HeahiQps. WO 97/ 46688. In each of the PI3Ka, (3, and 5

subt ypes, . .
Identification of the pll100 iscform of PI

3-kinase is described in Chantry et al., .J Biol
Chem, 272:19236-41 (1997). 1t was observed that the
human pll00 isoform is expressed in a tissue-
restricted fashion. It is expressed at high levels
in lymphocytes and lymphoid tissues, suggesting that
the protein might play a role in PI 3-kinase-medi--
ated signaling in the immune system. Details con-.
cerning the P110d isoform also can be found in U.S.
Patent Nos. 5,858,753; 5,822,910; and 5,985,589.
See also, Vanhaesebroeck et al., Proc Natl Acad Sci
USA, 94:4330-5 (1997), and international publication
WO 97/46688.

In each of the PI3Ka, B, and & subtypes,
the p85 gsubunit acts to localize PI 3-kinase to the
plasma membrane by the interaction of its SHZ domain
with phosphorylated tyrosine residues (present in an
appropriate sequence context) in target proteins
(Rameh et al., Cell, 83:821-30 (1995)). Two iso-
forms of p85 have been identified, p85wa, which is
ubiquitously expressed, and p85f3, which is primarily
found in the brain and lymphoid tissues (Volinia et
al., Oncogene, 7:789-93 (1992)). Association of the
p85 subunit to the PI 3-kinase pllOa, B, or & cat-
alytic subunits appears to be required for the cat-

alytic activity and stability of these enzymes. In



the p85 subunit acts to localize PI 3-kinase to the plasm nenbrane by the
interaction of its SH2 domain wth phosphoryl ated tyrosine residues

(present Wwo @miz@ppropri ate sequence context) in target preiraides/13diRaneh et
al., Cell, 83:821-30 (1995)). Two iso- fornms of p85 have been identified,

p85a, which is ubiquitously expressed, and p85(3, which is primrily
found in the brain and | ynphoid tissues (Volinia et al., Oncogene,
7:789-93 (1992)). Association of the %85 subunit to the Pl 3-kinase pll0a,
(3, or 6 cat- alytic subunits appears to be required for the cat- alytic

activity andagdabidnf ycié bhesengnzgnRss pho¥€: N3/ 81846uPedsUSOl/ 13315 5
addition, the bindin roteins al so upreg- ulates Pl 3-kinase

of Ras
activity. Th%;%ﬁ%ﬁl%g %kaﬁiﬁ§ PeVtutEd-still fur- ther conplexity within

the P13K fam ly of enzwn33c1&ﬁi appvpeiodl reveeilenceri269£690-93 (1995)).
The pl1Oy isoformis closely ated to gllOCC,and 5110(3 (45-48%
identity in ?m%rc%ﬁﬁp§%¥%tﬁo%%P%}n bie BE3Knbeedldoss RBEYWERe use of p85

as a targeti (\G:Spbnownit - al NSt sadenpd! Ods608581 55 anoaddytiopglk domain
termed a "pleckstrin honnlogy domai n" near its amno termnus. This domain

al l ows interREtdonisetprnoys aienciviersyataduhPt B1aPOhener 8liPReric G

proteins  ansd1igy | GeRaFLy OnaPREaESLLO/ELOULSRS, A S BAE ¥s 1Y The plOl
regul atory subunit for PI3Kgamma was originally cloned. in swine, and the
human ort h- -ncted does not make use of p85 as a targetlng sub-

unit. Instead, pllO0y contains an additional domain
termed a "pleckstrin homology domain" near its amino
terminus. This domain allows interaction of plloy
with the By subunitg of heterotrimeric G proteins
and. this interaction appears to regulate its activ-
ity.

The pl0l regulatory subunit for PI3Kgamma
wag originally cloned in swine, and the human orth-
olog identified subsequently (Krugmann et al., J
Biol Chem, 274:17152-8 (1999)). Interaction between
the N-terminal region of pl0l with the N-terminal
region of pll0y appears to be critical for the PI3KY
activation through GRYy mentioned above.

A constitutively active PI3K polypeptide
is described in international publication
WO 96/25488. This publication discloses preparation
of a chimeric fusion protein in which a 102-residue
fragment of p85 known as the inter-SH2 (iSH2) region
is fused through a linker region to the N-terminus
of murine pll0. The p85 iSH2 domain apparently is
able to activate PI3K activity in a manner compar-
able to intact p85 (Klippel et al., Mol Cell Biol,
14:2675-85 (1994)).

"Thus, PI 3-kinases can be defined by their

amino acid identity or by their activity. Addi-



olog identified subsequently (Krugmann et al., J Biol Chem 274:17152-8
(1999)). Interaction between the N-termnal region. of pl01 with the

N-t er mi nalyo gigg@s@n of pll Oy appears to be critical for thediy1331s
activation through 3y nentioned above. A constitutively active P13K

pol ypeptide is described in international publication WD 96/25488. This
publication discloses preparation of a chineric fusion protein in which a
102-residue fragnment of p85 known as 4 he inter-SH2 (i SH2) region is fused
through a linker region to the NNterminus of murine pl10. The p85 i SH2
domai n apparidial irﬁem]@@ﬂr@ cb@ @@ié V@f@wﬂa@@@ﬁéi ﬂiithylifnlﬁcﬁl’ﬁﬂéer conpar -

ablet0|nta Kl i . 14:2675-85 (1994)).
Thus, PI Cﬁ?géi;l% ?‘E}%db%/l]?hgl ?ndam:ﬂ‘beé]&]ﬂlpaﬁﬁﬁl ty or by their
activity. Admcm% PﬁapéiJSOéﬁ&%@ﬁz of 6sattpaabmyrespers of this

growi ng gene famly include nore distantly related [ipid and protein
ki nases i ncFeirwhPiAs 3 nrhe Hh duauyrel b3 SaeRphPefyeBsh @8revisi ae (and

thei r mammal ¢@b homp! RESR S UCHH@Sa £ ERAP @@ga,q%rg&tagbg %gﬁél a tel angi ectasi a

gene product (ATR) and the catal ytic subun ependent protein
ki nase ( DNA-BRQducee(Afeerand ythe Humtatyttel subegiy.- qf(@@%S) PI 3- ki nase

also appear s34 A VoL N ﬁaé'g"tﬂﬁmoﬁxgspegéé ghaleukepyt
activati on. Poo- i at ed :T I hase acC IVIty h een ovvn to

Hunter, Cell, 83:1-4 (1995)

PI 3-kinase also appears to be involved in
a number of aspects of leukocyte activation. A p85-
associlated PI 3-kinase activity has been shown to
physically associate with the cytoplasmic domain of
CD28, which is an important costimulatory molecule
for the activation of T-cells in response to antigen
(Pages et al., Nature, 369:327-29 (1994); Rudd,
Immunity, 4:527-34 (1996)). Activation of T cells
through CD28 lowers the threshold for activation by
-antigen and increases the magnitude and duration of
the proliferative response. These effects are
linked to increases in the transcription of a number
of genes including interleukin-2 (IL2), an important“
T cell growth factor (Fraser et al., Science,
251:313-16 (1991)). Mutation of CD28 such that it
can no longer interact with PI 3-kinase leads to a
failure to initiate IL2 production, suggesting a
critical role for PI 3-kinase in T cell activation.

Specific inhibitors against individual
members of a family of enzymes provide invaluable.
tools for deciphering functions of each enzyme. Two
compounds, LY294002 and wortmannin, have been widely
used as PI 3-kinase inhibitors. These compounds,
however, are nonspecific PI3K inhibitors, as they do

not distinguish among the four members of Class I PI



physically associate with the cytoplasm c domain of CD28, which is an
i nportant costimulatory nolecule for the activation of T-cells in response
to antigewo diljages et al., Nature, 369:327-29 (1994); Ruddthcr/ddmimssisy,
4:527-34 (1996)). Activation of T cells through CD28 |owers the threshold
for activation by .antigen and increases the magnitude and duration of the
proliferative response. These effects are '|linked to increases in the
transcription of a nunber of genes ingluding interleukin-2 (IL2), an
inmportant T cell growmth factor (Fraser et al., Science, 251:313-16
(1991)). Mitatkdieods CDZBoﬁU@iaath}bBé,ithecaﬂsonﬁraﬂulég;erofi Ricefttact W th Pl
3-kinase leads tp a failure to i t ate 112 Fguctlon suggesting a

t

critical rol PR RIBLEFHRRRNOF £BFI VEELPY ASSspelLf ¢ i nhibitors

agai nst i ndiyigheds HeEDERStIRE Bahgli bf Qf-lﬁnﬁMn'ESSE)fr@YbQ@yl nyakuabl e
tools for deC|pher|ng functions of each enz conpounds LY294002
and wor t manntfee Kave Eegﬂrmﬁﬁépéooaséﬂaé§sple§cﬁiﬁ§s§hﬁﬁﬁlﬁ't§rs These

conpounds,  hoveyEs , i & Lodenspegirf i -3k éehabl tOhsn &yt BEY- not
di stingui sh anong the four nenbers of Cd ass WO 01/ 81346 PCT/USOl/13315

7 3-kinaseschemr exuhdle>0Thel?EBD) valﬁ@@cgf ﬁb?tutﬁﬁhﬁVnoﬁgalnst each of
the various ({ ass éoﬁ%gﬁgdg' Sgéuﬁg%ngacﬁgg¥5ﬁﬁgeoﬁfﬁﬂgigﬁﬁﬂgls'”"arly

the 1C50 values for 400 agail ese P I nases i s about

1 pM (FrumarCkasal I, PAnh-RenaBee- igheéhmnis@d481- 507 (1998)). Hence, the

utility of Based on studies using wortmannin, there
is evidence that PI 3-kinase function also is re-
quired for some aspects of leukocyte signaling
through G-protein coupled receptors (Thelen et al.,

. Proc Natl Acad Sci USA, 91:4960-64 (1994)). More-
over, it has been shown that wortmannin and LY294002
block neutrophil migration and superoxide release.

- However, inasmuch as these compounds do not disting-
uish among the various isoforms of PI3K, it remains

unclear which particular PI3K isoform or isoforms

are involved in these phenomena.

LY294002



t hese conpounds in studying the roles of individual dass | Pl 3-kinases
is limted. Based on studies using wortmannin, there 1is evidence that PI

3- ki nase {wnfisisyg al so is re- quired for sone aspects of IRRUKERYHSS1S
signaling through Gprotein coupled receptors (Thelen et al., Proc Nati
Acad Sci USA, 91:4960-64 (1994)). More- over, it has been shown that

wor trnanni n and LY294002 bl ock neutrophil mgration and superoxide

rel ease. However, inasnmuch as these conpounds do not disting- uish anong
the various isofornms of P13K, it remains unclear which particular P13K
isoformor isoforns are involved in these phenonena. O / I | ONO
LY294002 WO 01/81346 PCT/ US01/ 13346C0O- 8 CH30CCOO H3C 130 CH2 CH3 0 0 1
-0 wortmannin In view of the above!codsidefjations, it is clear that

exi sting know edge is | ackiGipQE structural and functiona
features of the !

wortmannin

In view of the above considerations, it is
clear that existing knowledge is lacking with re-
gspect to structural and functional features of the
PI 3-kinase enzymes, including subcellular localiza-
tion, activation states, substrate affinities, and
the like. Moreover, the functiomns that these
enzymes perform in both normal and diseased tissues
remaing to be elucidated. In particular, the func-
tion of PI3KO in leukocytes has not previously been
characterized, and knowledge concerning its function
in human physiology remains limited. The coexpres-
sion in these tissues of other PI3K isoforms has
heretofore confounded efforts to segregate the
activities of each enzyme. Furthermore, separation
of the activities of the various PI3K isozymes may
not be pogsible without identification of inhibitors
that demonstrate selective inhibition character-
istics. 1Indeed, Applicants are not presently aware
that such selective, or better, specific, inhibitors
of PI3K isozymes have been demonstrated.

Thus, there exists a need in the art for
further structural characterization of the PI3Kd

polypeptide. There also exists a need for func-



Pl 3-kinase enzynes, including subcellular |ocaliza- tion, activation
states, substrate affinities, and the |like. Mreover, the functions that
these. ewgydmBg3g@erformin both normal and di seased tissuqgT/ii®ias3is to be
elucidated. In particular, the func- tion of PI3K5 in | eukocytes has not.
previ ously been characterized, and know edge concerning its function in
human physiol ogy remains limted. The coexpres- sion in these tissues of
ot her P13K isofornms has heretofore confounded efforts to segregate the
activities of each enzyne. Furthernore, separation of the activities of

the various Plciel s@zymmRst dByza hddn bef pPssKkd| e mitbpagtmbdent bhircati on of
inhibitors that denonstrat sele$tive inhib%tion chaiagter-,istics.
| ndeed, ApplY% gtap %%togr%%%% | jeANAFeS tREtRSHCRISBPEREFOR, or better

speci fic, |nhf biROrs-r@fcil3K i s0YES: hayeobesni denopsthayeedh Thus, there
exists a need in the art for _ further _structural characterization of the
Pl 3K6 pol ypept i tRIV e 8y af gkt s33d avhide O Fof ™ f RRet 901181346

PCT/ US01/ 1334% 111 onphesbad B6d erégathons Ohe &h 3KSr EM1LBEIGBr e, our
under st andi ng of PI3K5 requires further el aboration of the structural

i nt er act i onsCBfSRAADELC bR EArs| 5 PEYNI BE@FYSBbuUATt OBABETW t h ot her

proteins in e oalls,Jbelondl s é@&@iD§o§¥ﬁ@99a£05esﬁé€ﬁé£Ve or specific
i nhibitors of P13K isozymes, in order that the functions of each isozyne

can be bett ethaggreicteed zedln | papat evbar arsesetetVeveropPspeEifi c
inhibitors of PI3K® are desirable for exploring the

role of this isozyme and for development of pharma-
ceuticals to modulate the activity of the isozyme.
One aspect of the present invention is to
provide compounds that can inhibit the biclogical
activity of human PI3KS. Another aspect of the
invention is to provide compounds. that inhibit PI3K&
selectively while having relatively low inhibitory
potency against the other PI3K isoforms. Another
aspect of the invention is to provide methods of
characterizing the function of human PI3Kd. Another
aspect of the invention is to provide methods of
selectively modulating human PI3K® activity, and
thereby promoting medical treatment of diseases
mediated by PI3Kd dysfunction. Other aspects and
advantages of the invention will be readily appareht

to the artisan having ordinary skill in the art.

SUMMARY OF THE INVENTION

It has now been discovered that these and
other aspects can be achieved by the present inven-
tion, which, in one aspect, is a method for disrup-
ting leukocyte function, comprising contacting

leukocytes with a compound that selectively inhibits



i nhibitors of P13K5 are desirable for exploring the
and for devel opnent of pharma-

role of this isozyne
ceuticals to nodulate the activity of the

i sozyne. Woeiaipect of the present invention is to provi geegNiwaessiss t hat
the biological activity of human Pl 3K5. Anot her aspect of the

can i nhibit

invention is to provide conpounds. that inhibit P13K5 selectively while

having relatively low inhibitory potency against the other P13K isoforns.

Anot her aspect of the invention is-tagprovide nethods of
the function of human PI 3K5. Anot her

net hods of

ed b

characteri zing
aspect of the invention is to provide
siebeslha vedyl tRdul adbl ng-humbe PAdKbaagPr koY, aaftdvither eby

pronoting nmedi cal treatnent of djseas
e e

PI.3K5, dysfuncti on.
Ot her aspects™a

gs nedlah ¥
ATBGRE - of AERRTFARENEPORRR MPEBRYr e58Fi y appar ent
the artisan havikd@yosdi dahycsiptisencehesagtl e SUMYARYoFtHEE | NVENTI ON | t

has now been di scovered that these and ot her_aspects can be achi eved by

to

the present FFREN-CORHRSCIWRT AL PRUBREPASpBet B L¥™RIREVRSE f 6r disrup- ting

| eukocyte f

UNEh 19bey €8P 48k N8 6§8phatki ng | eukocytes with a conpound that

selectively inhibits WO 01/81346 PCT/US01/ 13315 - 10 phosphatidylinosito

3-ki nase delta (Pl 3K6)FaEt ¥rEpLei nlEheafefkoByVBIChAEESr dBHECT 0 t he

516l LeSakenbadchropLERe: 58" oup

net hod, the o}eukogcyh §i§énnéQHPég ,
consi sting of neutrophils, B Iynphocytes, T |ynphocytes, and basophils.

disrupting at least one neutrophil” function selected

from the group consisting of stimulated superoxide

.releage, stimulated exocytosis, and chemotactic

migration. Preferably, the method does not substan-
tially disrupt bacterial phagocytosis or bacterial
killing by the neutrophils. In cases wherein the
leukocytes comprise B lymphocytes, the method can
comprise disrupting proliferation of the B lympho-
cytes or antibody production by the B lymphocytes.
In cases wherein the leiukocytes comprise T lympho-
cytes, the method can comprise disrupting prolifera-
tion of the T lymphocytes. 1In cases wherein the
leukocytes comprise basophils, the method can com-
prise disrupting histamine release by the basophils.
- In the methods of the invention wherein a
selective PI3K® inhibitor is employed, it is pre-
ferred that the compoﬁnd be at least about 10-fold
selective for inhibition of PI3Kd relative to other
Type I PI3K isoforms in a cell-based assay. More
preferably, the compound is at least about 20-fold
selective for inhibition of PI3KO relative to other
Type I PI3K isoforms in a cell-based assay. Still
more preferably, the compound is at least about 50-
fold selective for inhibition of PI3KS relative to

other Type I PI3K isoforms in a biochemical assay.



For exanple, in cases in which the | euko- cytes conprise neutrophils, the
nmet hod can conprise disrupting at | east one neutrophil function selected
fromthe giHBis@Nsi sting of stinulated superoxide .rel easgrgdohA3818t ed
exocytosis, and chenotactic mgration. Preferably, the nethod does not
substan- tially disrupt bacterial phagocytosis or bacterial killing by the
neutrophils. In cases wherein the |eukocytes conprise B | ynphocytes, the
nmet hod can conprise disrupting prol-i ieration of the B | ynpho- cytes or

anti body production by the B | ynphocytes. |In cases wherein the | eukocytes
conprise T | ynpho- cyteseféheetietdddctate cooppbarnddi sgayptiing prolifera-
tion of the T | hocytes.. In cases wherein the |eukocytes conprise
basoph | 5. tHCTEET Carc RonTS pide SRGrHRE: HgTRPSLAR: HavisFease by ¢ he
basophi | s. Ithd hecreétheds of)the invention wherein a selective P13K5
inhibitor is enployed, it is pre- ferred that the conpound be at | east
about 10-fold selective for inhibition of PI3K5 relative to other Type |
P13K isoforns in a cell-based assay. More preferably, the conmpound is at

| east about 20-fold selective forOinhibition of PI3K5 relative to other
Type | P13K isoforms in agréel|l-basjgd assay. Still nore preferably, the
conpound is at |east about %6 otBCtive for inhibition of Pl3K5
relative to other Type 1 ' in a biochem cal assay. WO 01/81346

PCT/ USO01/ 13315 - 11 Prefeyg ive cgffﬁifgf usefu
X-Y A

sel
N

wherein A is an optionally substituted
monocyclic or bicyclic ring system containing at
least two nitrogen atoms, and at least one ring of
the system is aromatic;

X is selected from the group consisting of
CHR®, CH,CHR®, and CH=C(R®);

Y is selected from the group consisting of
null, S, SO, SO,, NH, O, C(=0), 0OC(=0), C(=0)0, and
NHC (=0) CH,S ;

R! and R?, independently, are selected from
the group consisting of hydrogen, C, alkyl, aryl,
heteroaryl, halo, NHC(=0)C, ;alkyleneN(R?*),, NO,, OR?,
OCF,, N(R%®),, CN, OC(=0)R*, C(=0)R?, C(=0)OR?, arylOR®,
Het, NR®*C(=0)C,_;alkyleneC(=0)0R?, arylOC, ,alkylene-
N(R*),, arylOC(=0)R?, C,,alkyleneC(=0)0OR?*, 0OC, ,alkyl-
eneC (=0) OR?, C,_,alkyleneoC, ,alkyleneC (=0)OR*, C(=0)-
NR?SO,R*, C, ,alkyleneN(R?),, C, .alkenyleneN (R?),,
C(=0)NR*C,;_,alkyleneOR®, C(=0)NR%C, ,alkyleneHet, OC, ,-
alkyleneN (R®),, OC, ,alkyleneCH (OR®)CH,N(R®),, OC, ,al-
kyleneHet, 0C, ,alkyleneOR®*, 0C,_,alkyleneNR*C (=0)OR?,



according to the nethods include conpounds having the structure (1) O
X::Y- (1) wh erein Ais an optionally substituted nonocyclic or bicyclic

ring systewaaiig ning at least two nitrogen atons, and gicteashszage ring
of the systemis aromatic; X is selected fromthe group consisting of

CHRb, CH2CHRb, and CH=C (Rb) ; Y is selected fromthe group consisting of
null, S, SO S2, NH, 0, C (=0 , CC (=0 , C (=0 O and NHC (=0) CHz2S;
R1 and R2, independently, are sel ected2from the group consisting of
hydrogen, Cl1_6al kyl, aryl, heteroaryl, halo, NHC (=0 Cl.3al kyl eneN (Ra)
2, NO2, O?aNRa@;ZFQ:Lk%jIl(eRaN(Ra 2CNNR@E((=GQ)P Rayr=C (coON (Ra) ,,C (=O ORa,

oL el L S ot e (o
C1. 4al kyl ene€Gh 4@1@&1@1@@( )amﬁ,er@}(eem c,. GHR&%%R@DRQ;L dalkyl enen (Fe)
2, c2 -6al kenylen.e 4al e neCRa,  C_(
NRaCl_4al ky|<’en@|11é<ty e@@é“@ Y k@,fe%%wm) _]ﬁﬂc &aT%ﬁléﬂéeqe(mb) CH2N
g 3)1/2 b1596 Tlb GBI UGE, A Haenes el k L ?'Raka?”-‘fel”eﬁﬁg 2_8 NS
NRaC (=0 NQRaf M@r{e@b@éiz_4amm€§z= M RyfylensepN (Ra) 21
GS02CF3, C;. gheterocycloalkyl, NHC (=0) 1_3alk;ylencHet, 0C,_,al-
kyleneOC,_,alkyleneC(=0)ORP, C(=0)C, ,alkyleneHet, and
NHC (=0) haloC,_,alkyl;
or R* and R? are taken together to form a
3- or 4-membered alkylene or alkenylene chain
component of a 5- or 6-membered ring, optionally
containing at least one heteroatom;
R? is selected from the group consisting of
optionally substituted hydrogen, C, calkyl, C,cyclo-
alkyl, C, gheterocycloalkyl, C, ,alkylenecycloalkyl,
C,.salkenyl, C,jalkylenearyl, arylC,,alkyl, C(=0)R?,
aryl, heteroaryl, C(=0)OR?, C(=0)N(R%*),, C(=S)N(R?),,
SO,R®, SO,N(R%),, S(=O)R%, S(=0)N(R%),, C{=0)NRC,.,-
alkyleneOR?, C(=0)NR®C, ,alkyleneHet, C(=0)C, ,alkyl-
enearyl, C(=0)C, ,alkyleneheterocaryl, C,,alkylenearyl
optionally substituted with one or more of halo,
SO,N (R®),, N(R?),, C(=0)OR?, NR®*SO,CF,, CN, NO,, C(=0)R?,
OR?®, (C, ,alkyleneN(R?*),, and OC, ,alkyleneN(R*),, C;,-
alkyleneheteroaryl, C, ,alkyleneHet, C, ,alkyleneC(=0)-
C,,alkylenearyl, C,,alkyleneC(=0)C; ,alkylenehetero-
aryl, C,.,alkyleneC(=0)Het, C, ,alkyleneC(=0)N(R?),,
C;.,alkyleneOR?®, C, ,alkyleneNR*C(=0O)R?*, C, ,alkyleneO-
C,.,a2lkyleneOR?, C, ,alkyleneN (R?),, CLAalkyléneC(=O)—
OR*, and C,.,alkyleneOC,_,alkyleneC (=0)O0R?;
R* is selected from the group consisting of
hydrogen, C; calkyl, C,gcycloalkyl, C, jheterocyclo-
alkyl, C;JalkyleneN(Rﬂz, aryl, arylC,.,alkyl, C,.,-



Cl. 3al kyl enearyl, Cl1-4al kyl eneHet, C1.6al kyl eneORb, Cl1. 3al kyl eneN (Ra) 2,
C (=0) N (Ra) 2, NHC (=0) Ci-cC3al kylene- aryl, C3.8cycl oal kyl,

C3. 8het erqeyilsasdsky! , aryl - OC . 3al kyl eneN (Ra) 2, aryl OCp@@sodkzziAHC (=0
Cl- 3al kyl ene- C3. 8het erocycl oal kyl, NHC (=0) Cl1_3al kyl eneHet, OCl_4al -

kyl eneOCl 4al kyl eneC (=O) ORb, C (=0) Cl.4al.kyleneHet, and NHC (=0)

hal o _6al kyl; or RL and R2 are taken together to forma 3- or 4-nmenbered
al kyl ene or alkenylene chain conponeng of a 5- or 6-nenbered ring,
optionally <containing at |east one heteroatom R3 is selected fromthe

group consi stling eafeampl | onat dyostyps] | ekt @tbdydl ogern, kydl, Gatdkyl ,

C3"3cycl . o- al kyl, .C3 8het erocycl oal kyl, CL1. 4al kyl enecycl oal kyi ,

C2. 6al kenyl , 1Gfﬁﬂlfﬂ%%lﬁégyi;yl C 3alkyl, C(=0) Ra, aryl, heteroaryl,
C (=0) GRa, C (=0 N (F)eido 1€ (e8| (He) thierS@RIRS@N L B2, S (=0
Ra, S (=O N (Ra) % NRC1, 4- al ky] eneORa, C (=0),6 NRaCl 4al kyl eneHet ,
C (=0) C1_4& k%ﬂ Qr &é%ﬁ‘w red (Lﬁ}gCPEﬂaJrWJeHéh%‘P% dEARI 249 4al kyl enearyl
optional |y suhsdt td{{@%é/ﬂéfbﬁ@nor nore of halo, SO2N (Ra) 2, N (Ra) 2, C

(=0 ORa, NRaSQ2CF3, Cl, 26@21 Ra, ORa, Cl_,.alkyleneN (Ra) 2, and
OC1_4al kyl eneN (Ra) 2, R'cdsg Se&l Erere 54 )‘Blro%?l C@W%—I&

C, __4dalkyle 1 rI Iegg_a;j

Cl. 4al ky?/engﬁyg% er arCC A@thﬁ,al kyl e%glgtg&:(fﬁ t (gfa%%(lyl eneC (=O N
(Ra) 2, %ﬂé(%ia;a]@fhal%waeMRa’@a@”@) Rmd &-:24 KRyl ene0-

C1- 4al kyI eneég%@et Kyl eneN (Ra) 2, G _4alkyleneC (=0) - ORa, and

Cl.. 4al kyl eneOC1 4al kyl'eneC (=0) ORa; Ra is selected fromthe group
consi sting of hydrogéfet @s Galkylor €Ingayeredl kgteregzyghéter ocycl o-

ring, saturated or partially or fully unsaturated,
containing at least one heterocatom selected from the
group consisting of oxygen, nitrogen, and sulfur,
and optionally substituted with C, ,alkyl or C(=0)0OR?;

and pharmaceutically acceptable salts and
solvates (e.g., hydrates) thereof,

wherein the compound has at least about a
10-fold selective inhibition for PI3K® relative
other Type-I PI3K isoforms in a cell-based assay.

In another embodiment, the invention is a
method for treating a medical condition mediated by
neutrophils, comprising administering to an animzl
in need thereof an effective amount of a compound
that selectively inhibits phesphatidylinositol 3-
kinase delta (PI3Kd®) activity in the neutrophils.
Exemplary medical conditions that can be treated
according to the method include those conditions
characterized by an undesirable neutrophil function
selected from the group consisting of stimulated
superoxide release, stimulated exocytosis, and
chemotactic migration. Preferably, according to the
method, phagocytic activity or bacterial killing by

the neutrophils is substantially uninhibited.



al kyl, C1.3al kyl eneN(Ra) 2, aryl, arylCl. 3al kyl., Cl1-3 WO 01/81346
PCT/ US01/ 13315 - 13 al kylenearyl, heteroaryl, heteroaryl C, __ aal kyl, and

Cl _3al kyl geehgtissoaryl ; or two Ra groups are taken toget herrit@ifissisn a 5-
or 6-nmenbered ring, optionally containing at |east one heteroatom Rb is

selected fromthe group consisting of hydrogen, C, -,alkyl, aryl,
heteroaryl, aryld 3a.lkyl, heteroaryld 3alkyl, C, _3al kylenearyl, ' and
Cl. 3al kyl - eneheteroaryl; Het is a 5-1ar -6-nmenbered heterocyclic ring,
saturated or partially or fully unsaturated, containing at |east one

het er oat om sel ect ed from &hethgr ogpbeanaest | nghef iaxggenonntikr agen, and

sul fur, and optionally.substituted with Cl.,4alk or .C (=0) ORa; and

ohar maceut | CIEPCaEhi ST R b TY Enien g ot 68 PEEEOCIRghPat es) i her cof
wher ei n t he eapolsthdascatateasy abodbcBasi8-fotd sekesbbuadi nhi bition for
PI 3K5 rel ative other %ype-l P13K i soforns jn a ciLI-base assay. In

anot her enbdditerici¢d Y%%%n%FBHbFESaPhﬂEPEBHl@B }F?EéFP_g3a medi cal

condi tion nedigded dyicaeubt orb | Sct €Oy $hnghadskhkskerihg.t 0 an ani nal
in need thereof an effective anmount of a conpound that selectively

inhibits phd%ﬁﬁ%ﬁ@%@$i%%s??%lm%thﬂﬂnaEEedﬁPmﬁoFP@3R5¥ aevpPvirE¢ Pn t he
neut rophi | s.qof By ﬁ@@f@g&nggagiyigpﬁdghgg p8Rebe treated according

to the nmethod include those conditions

In another embodiment, the invention is a
method of ameliorating a bone-resorption disorder in
an animal in need thereof comprising administering
to the animal an effective amount of a compound that
inhibits phogphatidylinositol 3-kinase delta (PI3KJ)

ractivity in osteoclasts of the animal. A preferred
bone-resorption disorder amenable to treatment
according to the method is osteoporosis.

In another embodiment, the invention is a
method for inhibiting the growth or proliferation of
cancer cells of hematopoietic origin, comprising
contacting the cancer cells with a compound that
selectively inhibits phosphatidylinositol 3-kinase’

"delta (PI3Kd) activity in the cancer cellsg. The
method can be advantageous in inhibiting the growth
.or proliferation of cancers selected from the group
consisting of lymphomas, multiple myelomas, and
leukemias.

In another embodiment, the invention is a
‘method of inhibiting kinase activity of a phospha-
tidylinositol 3-kinase delta (PI3KO) polypeptide,
comprising contacting the PI3Kd polypeptide with a
compound having the generic structure (I).

Preferred compounds useful according to
the method include compounds selected from the group

consisting of:



characterized by an undesirable neutrophil function selected fromthe
group consisting of stinulated superoxide release, stimulated exocytosis,
and cheniga@lshssem gration. Preferably, according to the pgaltGa3315
phagocytic activity or bacterial killing by the neutrophils is
substantially uninhibited. WO 01/81346 PCT/US01/13315 - 14 |In another
enbodi nent, the invention is a nethod for disrupting a function of
osteocl asts conprising contacting oestgocl asts with a conpound that
sel ectively inhibits phosphatidylinositol 3- kinase delta (P13K5) activity
in the osteoclasts. According to the nethod, the conpound can conprise a
noi ety that preferentially bind® to bone. In another enbodi nent, the
invention is a nethod Rt anel|m ati a bone-resorption disorder in an
ani mal in need thereof coXpPX nistering to the aninmal an effective
anount of a conpound th |b|t phosphati dyl i nositol 3-kinase delta
(P13K5) activity in OSt“v §&t's the animal. A preferred
bone-resorption disorder:‘a -nab £ toYreatnent according to the method is
osteoporosis. In anoth enbodlnent he invention is a nethod for
inhibiting the growth or prollferatl xgancer cells of hematopoietic
origin, conprising contacting the can c ﬁ azth a conpound t hat

[

sel ectively inhibits phosphatidylinosit 9 delta (PI3K5) activity
in the cancer cells. The .nethod capbe

rowt h
g %——NH

wherein Y .is selected from the group
consisting of null, S, and NH;

R* is selected from the group consisting of
H, halogen, NC,, OH, OCH,, CH;, and CF,;

R® is selected from the group consisting of
H, OCH,, and halo;

or R* and R® together with C-6 and C-7 of
the gquinazoline ring system define a 5- or 6-
membered aromatic ring optionally containing one or
more O, N, or S atoms;

R® is selected from the group consisting of
C;-Cealkyl, phenyl, halophenyl, alkoxyphenyl, alkyl-
phenyl, biphenyl, benzyl, pyridinyl, 4-methylpiper-
azinyl, C(=0)0C,H;, and morpholinyl;

RY, independently, is selected from the
group consisting of NH,, halo, C,..,alkyl, S(C,;alkyl),
OH, NH(C, ,alkyl), N(C,,alkyl),, NH(C, ,alkylenephen-
vl), and



cor proliferation of cancers selected fromthe group consisting of
| ynphomas, nultiple nyel omas, and |eukem as. |In another enbodi nent, the

i nvent i onwigso1g134¢et hod of i nhibiting kinase activity of a phoas®nassis
tidylinositol 3-kinase delta (P13K5) pol ypeptide, conprising contacting

t he P13K6 pol ypeptide with'a conpound having the generic structure (1).
Pref erred conpounds useful according to the nethod include conpounds
selected fromthe group consisting-ofis WO 01/81346 PCT/US01/13315 - 15 O
RAN,REE RS NY- NRI g NN ~NH (Il) wherein Y.is selected fromthe
group consisting of null, S, and NH, R4 is selected fromthe group
consisting of H, halogen, NO2, OH |OCH3, CH3, and CF3; R5 is selected from
the group consisting of H OCH3, a haleg or R4 and R5 together with C'6
and C 7 of 0

CH,OH OH

; and

qg is 1 oxr 2,

provided that at least one of R* and R® is
other than H when R® is phenyl or 2-chlorophenyl.

More preferably, the compound is selected

from the group consisting of:

Y Ny
AN

N

N
(ITI1)

wherein Y is selected from the group con-
sisting of null, 8, and NH;

R’ is selected from the group consisting of
H, halo, OH, OCH,;, CH,, and CF,;

R® is selected from the group consisting of

is H, OCH,, and halogen;



t he qui nazoline ring systemdefine a 5- or 6- nenbered aromatic ring
optionally containing one or nore 0, N, or S atons; R6 is selected from

t he groupwepn®hisdsi ng of Cl-C6al kyl, phenyl, hal ophenyl, aldsopophssy! ,

al kyl - phenyl, biphenyl, benzyl, pyrid.inyl, 4-nethylpiper- azinyl, C (=0
OC2H5, and norpholinyl; Rd, independently, is selected fromthe group
consisting of NH2, halo, Cl.3alkyl, S (Cl.3alkyl), OH NH (CL. 3alkyl) , N
(C1_3al kyl) 2, NH (C1.3al kyl enephen- yhk) . and WO 01/81346 PCT/US01/13315 -
16 OH OCHZOH OH and qis 1 or 2, provided that at |east one of R4 and
R5 is other than H when &b argl |iedybebhe?- ghtar opbeayld. c-Woeeg preferably,
e somPound ks Sl ect o [ OM AN LOUR SpsLeting.ofy 60 7RO N RB VN

membered aromatic ring optionally containing one or
more O, N, or S atoms;

R? is selected from the group consisting of
C,-Cgalkyl, phenyl, halophenyl, alkylphenyl, biphen-
vl, benzyl, pyridinyl, 4-methylpiperazinyl, C(=0)-
OC,H;, and morpholinyl;

R%, independently, is selected from the
group consisting of NH,, hélo, C,,alkyl, S(Cyjalkyl),
OH, NH(C,,alkyl), N(C,.,alkyl),;, NH(C, .alkylenephen-
v1l); and

g is 1 or 2,

provided that at least one of R’ and R? is
different from 6-halo or 6,7-dimethoxy groups, and
that R’ is different from 4-chlorophenyl.

In another émbodiment, the invention is a
method for disrupting leukocyte function, comprising
contacting leukocytes with a compound having a
general structure (I).

In another embodiment, the invention is a
class of compounds that have been'observed to
inhibit PI3K® activity in biochemical and cell-based
assays, and are expected to exhibit therapeutic
benefit in medical conditions in which PI3K3
activity is excessive or undesirable. Thus, the
invention provides a class of compounds having the
structure (II).

Preferably, the compounds have a general

structure (IV)



(') wherein Y is selected fromthe group con- sisting of null, S and NH
R7 is selected fromthe group consisting of H, halo, OH OCH3, CH3, and
CF3; R8 iwoAlsgsdsed fromthe group consisting of is H O@ddyuandsfigl ogen;
WO 01/81346 PCT/US01/13315 - 17 or R7 and R8 together with C-6 and C 7 of
t he qui nazoline ring systemdefine a 5- or 6- nenbered aromatic ring
optionally containing one or nore 0, N, or S atons; RI9 is selected from
the group consisting of Cl-C6al kyl - plenyl, hal ophenyl, al kyl phenyl,

bi phen- yl, benzyl, pyridinyl, 4-methylpiperazinyl, C(=0- OC2H5 , and

nmor phol inyl ; Rd, independently, is selected fromthe group consisting of
NH2, halo, Cl1 3alkyl, S (Cl.3allkyl), OH NH (Cl.3alkyl) , N (Cl-3alkyl) z
, NH (C,.-3al kyl enepher!?® yl); @nd q_j;3 1 or 2, provided that at |east one
of R7 and R8 is differem o -kr§|o_ or 6, 7-di met hoxy groups, and that
RO is different fromd4. - ophenyl . I n another enbodi nent, the invention
is a mnethod for disrupt auk te function, conprising contacting

| eukocytes with'a conmoL aviNg a WQeneraI structure (1). In another

enbodi nent, the inventton is a N
. l X
\| J—-(Rd»
. =N 4
N Y
\

Y
\
\—~NH

(1IV)

wherein Y is selected from the group con-
gisting of null, S, and NH;

R is selected from the group consisting
of H, halo, OH, OCH,, CH,, and CF,;

R is selected from the group consisting
of H, OCH,, and halo;

or R! and R' together with C-6 and C-7 of
the quinazoline ring system define a 5- or 6-
membered aromatic ring optionally containing one or
more O, N, or S atoms;

R* ig selected from the group consisting
of (¢,-Csalkyl, phenyl, halophenyl, alkylphenyl,
biphenyl, benzyl, pyridinyl, 4-methylpiperazinyl,
C(=0) CHs, and morphclinyl;

R?, independently, is selected from the
group consisting of NH,, halo, C;;alkyl, S(C,,alkyl),
OH, NH(C,.alkyl), N(C,,alkyl),, NH(C, ,alkylenephen-
vl), and

g is 1 or 2,

provided that:



cl ass of conmpounds that have been observed to inhibit PI3K5 acti

bi ochem ca

benefit i|iwWwoRAGER!

undesi rabl e.
structure (I
WO 01/ 81346

vity in

and cel |l -based assays, and are expected to exhibit therapeutic

conditions in which PI3K5 activity is @gxeessiyssor

Thus, the invention provides a class of conpounds having the
) . Preferably, the conmpounds have a general structure (1V)

PCT/USO01/13315 - 18 0O R10 /R12 N R11 ° (Rd.) q

INNT

-NH (1V) wherein Y is selected from titlhe -group con- sisting of null, S, and
NH, R10 is selected fromthe group consisting of H halo, OHLOCH3, CHS,
and CF3; R' is selectedafroattheagtoupeCcofskst bng ROT ik OCH3, and hal o; or

R Q and R11 together wi.th C6 and C7 of .the_guinazoline ring system
define a 5- ﬁérﬁ%ﬁﬂi¥%ﬂ QFBﬁg?ierr?n&'@bP?Bﬂ8¥Vy958HP§Fning one or nore
0, N, or S atorms; (b) R¥ is different from 4-chlorophenyl;

and

(c) at least one of R'Y and RY™ ig differ-
ent from H when R?? is phenyl or 2-chlorophenyl and X
is 8.

These and other features and advantages of
the present invention will be appreciated from the
detailed description and examples that are set forth
herein. The detailed description and examples are
provided to enhance the understanding of the inven-
tion, but are not intended to limit the scope of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the effect of a selective
PI3K® inhibitor of the inventicn on the activity of
three PI3K isoforms:

Figure 2 shows the effect of a selective
PI3K® inhibitor on superoxide generation by human
neutrophils in the presence of TNF or IgG.

Figure 3 shows the effect of a selective
PI3K® inhibitor on superoxide generation by human
neutrophils in the presence of TNF or fMLP.

Figure 4 shows the effect of a selective
PI3Kd inhibitor on elastase exocytosis in the
presence of EMLP by human neutrophils.

Figure 5 shows the effect of a selective
PI3Kd inhibitor on fMLP-induced chemotaxis by human

neutrophils.



R12 is selected fromthe group consisting of Cl-C6al kyl, phenyl,
hal ophenyl , al kyl phenyl, bi phenyl, benzyl, pyridinyl, 4-nethylpiperazinyl,
C (=0 C2Wa oiishgnor pholinyl; Rd, independently, is sel ected/fidopaziibe
group consisting of NH2, halo, Cl.3alkyl, S (C -,,alkyl) , OH NH
(C _3alkyl) , N(C1_3alkyl) 2, NH (d _3al kyl enephen- yl) , and q is 1 or 2,
provided that: WO 01/81346 PCT/US01/13315 - 19 (a) at |east one of R10
and R11 is different from6-halo or @p7-di nethoxy groups; (b) R12 is
different from 4-chl orophenyl; and (c) at |east one of R70 and R -' is
differ- ent fromH whehidtlZei s pheny| tioat 2achbdeopheaybiard X is S. These
and other features and. advantages_of the present invention will be
appreci at ed FFoTHET WRTRIT1RY %I’gg?:ﬁ p?}il%%g%\%doﬁkﬁnﬂl‘gsﬂfﬁg%n%re set forth
herein. The slet ag | eshitlessrbpthon: aashexanpl es are .provi ded to. enhance the
under standi ng of the inven- tion, but ar_?ﬁggt intglnded olimt the scope
of the invention. BRI%?QIEE%CFI W‘@\I Bee ‘f:fFQFB\V@ B B ‘EFEl‘ieshovx/; t he
effect of a seirstineibPtSKSohnbiblipsratibheahlventipBdgnplkBe activity of
t hree P13K i sof or ns:

duction by human B lymphocyvtes.

Figure 8 shows the effect of a selective
PI3K® inhibitor on anti-IgM stimulated mouse splenic
B lymphocyte proliferation.
Figure 9 shows the effect of a selective
PI3KO inhibitor on elastase exocytosis in an animal

model.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention provides compounds that
selectively inhibit the activity of PI3Kd. The
invention further provides methods of inhibiting

~ PI3K® activity, including methods -of selectively
modulating the activity .of .the BFI3KO isozyme in
cells, especially leukocytes, ostéoclasts, and
cancer cells. The methods include in vitro, in
vivo, and ex vivo applications.

Of particular benefit are methods of
selectively modulating PI3KO activity in the clini-
cal setting in order to ameliorate disease or dis-
orders mediated by PI3KO activity. Thus, treatment
of diseases or disorders characterized by excessive
or inappropriate PI3KO activity can be treated
through use of selective modulators of PI3Kd accord-
ing to the invention.

Other methods of the invention include en-

abling the further characterization of the physio-



Figure .2 shows the effect of a selective PI3K5 inhibitor on superoxide
generation by human neutrophils in the presence of TNF or 1gG Figure 3
shows t heweff18G8460f a sel ective PI3K5 inhibitor on super gtdssoggssEgat i on
by human neutrophils in the presence of TNF or fM.P. Figure 4 shows the
effect of a selective PI3K5 inhibitor on el astase exocytosis in the
presence of fM.P by human neutrophils. Figure 5 shows the effect of a
selective PI3K5 inhibitor on f MLP-induced chenotaxis by human
neutrophils. WO 01/81346 PCT/US01/13315 -0 Figure 6 shows that

a' sel ecti ve RigKkm1 i nhidi ddreloessaomaf f eedbrpbagorythsi snasd-killing of
S. aureus by neutro hi(%s. Fi%%‘%e 7 shows the effect of ‘a selective Pl3K6
Chhi bi tor orf HPOIRTEr ST PRk ey, pr GTP Rt FORC b§ORRAAR B

| ynphocyt es.seldttigive BrskdOWsnhilei ebfect Risa gebectiedearll 3K6 inhibitor on

anti-1gMsti rruJ ated nouse splenic B | ynphocyte proliferation. gi gure 9
shows t he efFectChis L% MWt KSR RIFHIY o7 DRLeFhivasBléX8cytosis in

an ani mal  mdelp i DRI AR RESCR P T Ghh&Fnd & PREFERFERHEVBODLNENTS - The

i nvention provides conpounds that _selectively inhibit the activity of
P13K(). The CoTRAEhiioMh FoP t HERPPHRYI dRRd nbthbEsChE ORAnf BFt RGN

the compound. Details of these and other useful

embodiments of the invention are now described.
The methods described herein benefit from
. the use of compouhds that selectively inhibit, and
preferably specifically inhibit, the activity of
PI3KO in cells, including cells in vitro, in vivo,
or ex vivo. Cells useful in the methods include
those that express endogenous PI3KE, wherein endo-
genous indicates that the cells express PI3K3 absernt
recombinant introduction into the cells of one or
more polynucleotides encoding a PI3Kd polypeptide or
a biologically active fragment thereof. Methods
~also encompass use of cells that express exogenous
PI3K®, wherein one or more polynucleotides encoding
PI3KO or a biologically active fragment thereof have
been introduced into the cell using recombinant pro-
cedures.

Of particular advantage, the cells can be
in vivo, i.e., in a living subject, e.g., an animal
or human, wherein a PI3K® inhibitor can be used as a
therapeutic to inhibit PI3Kd activity in the sub-
ject. Alternatively, the cells can be isolated as
discrete cells or in a tissue, for ex vivo or in
vitro methods. In vitro methods also encompassed by
the invention can comprise the step of contacting a
PI3KO enzyme or a biologically active fragment

thereof with an inhibitor compound of the invention.



P13K5 activity, including nethods-of selectively nodulating the
activity.of .the PI3K5 isozyne in cells, especially |eukocytes,
ost eocl asiy® 01&ske cancer cells. The nethods include in vi gomgso1hss1sVi Vo,
and ex vivo applications. O particular benefit are nmethods of selectively
nodul ating PI3K5 activity in the clini- cal setting in order to aneliorate
di sease or dis- orders nediated by PI3K5 activity. Thus, treatnent of
di seases or disorders characterized-bgoexcessive or.inappropriate Pl3K6
activity can be treated through use of selective nodul ators of Pl 3Ko
accord- ing Tiee tME3KOVEntiea. c&hheénchetibodspatithedi anantisenakeel ude en-
abling the further characterjzation of the, phys|o 01/ 81346
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PCT/ US01/ 13882Y 1 0 1Whe gt Rat BF of R26FSt h8 FE829hEd MoPBofeP2tthe i nven-

tion provi desrphagsmeeslt (€ay. OsPLBEt bONEiEONPEI 8hAY nsehattive PlI3K5
i nhibitors. Al so provided articlgs of nanufaétute conprising a

re | ,
sel ective PIBKy© %h?b?%%?chﬂﬁﬁﬂﬁHt% ? aPPREFNBEEUEERE1O8MPYsiti on

conpri si ng thecsarpesmne) t afEnb NGy HChL-0NSol 8 8SEREM the1eoppaynd. Details
of these and._other useful  enbodinments of the invention are now descri bed.

The net hods ‘deR< riPhetr FeFei AebenetFRNiF0RF tPhE¥DEESEF S¥BHEBARES t hat

sel ectively diphjit, and preferably specifically inhibit, the activity of
PI3K5 in cells, including cells in vitro, in vivo, or ex vivo. Cells
useful in the net hods iFfefyeerm "selective PI3KO inhibitor" as

used herein refers to a compound that inhibits the
PI3K® isozyme more effectively than other isozymes
of the PI3K family. A "selective PI3K® inhibitoxr"
compound is understood to be more selective for
PI3Kd than compounds conventionally and generically
designated PI3K inhibitors, e.g., wortmannin or
1LY294002. Concomitantly, wortmannin and LY294002
are deemed "nonselective PI2K inhibitors." Com-
"pounds of any type that selectively negatively reg-
ulate PI3Kd expression or activity can be used as
‘selective PI3KO inhibitors in the methods of the
‘invention. Moreover, compounds of any type that
selectively negatively regulate PI3KO expression or
activity and that possess acceptable pharmacological
properties can be used as selective PI3KO inhibitors
in the therapeutic methods of the invention.

The relative efficacies of compounds as
inhibitors of an enzyme activity (or other biologi-
cal activity) can be established by determining the
concentrations at which each compound inhibits the
activity to a predefined extent and then comparing
the results. Typically, the preferred determination
is the concentration that inhibits 50% of the activ-
ity in a biochemical assay, i.e., the 50% inhibitory

-concentration or "IC;." IC,, determinations can be



t hose that express endogenous P13K6, wherein endo- genous indicates that
the cells express PI3K absent reconbinant introduction into the cells of

one or MAiR1IRsynucl eoti des encodi ng a Pl 3K6 pol ypepti de piT/uf@1/13315
bi ol ogically active fragnment thereof. Methods also enconpass use of cells

t hat express exogenous P13K5, wherein one or nore polynucl eoti des encodi ng
PI 3K5 or a biologically active fragnent thereof have been introduced into
the cell using reconbinant pro- cedures. -O particul ar advantage, the cells
can be invivo, i . e. , in aliving subject, e.g., an animal or human,

wherei n a Plakbomgih dihédrusang beorsedt asnal to&ehapeuesckhownnbhbit P13K5

activity in the sub- ject. Alternatively, the cells can be.isol ated as
discrete celt gt in af]?i%%%eefpa Ora%xféi"vSaBr bFndegfatrfnén gds. In vitro

met hods al saneneorpes seite byct {hecynyenki giveaneaoipei $8 the step of
contacting a _PI3K5 enzynme or a bjol ogical I% active_fr rrenfj}, thereof with
an i nhi bi t orPTIHPYTRE 0f 2 tFREIRvRht FORCCWEr B4/ 89548T PEFF USBRF 83315 - 22

The Pl 3K6 enzydre edded NSt wahe. a Pk i Ekpdrandnt 0L 4t 6BrtahgiNe, wherein the
enzynme is isolated froma nat- ural source (e cells or tissues that

. Q. .
normal |y exfREies £P SEYR2| §pebt ¥ BBERnerfoBL PFESEI 8A2BYSEr econbi nant
technol ogy) e i Sohatedofrommeeht sardhs fiked. byrheceshiaantat.echni ques to

eXPress exogenous £ R Ean bt o8 That Sahont 'S0k Shryme aceivity
-(as compared to the activity in the absence of any
inhibitor) is taken as the IC,, value. Analogously;
other inhibitory concentrations can be defined
through appropriate determinations of activity. Fox
-example, in some settings it can be desirable to
establish a 90% inhibitory. concentration, i.e., ICg,
etc.

Accordingly, a "selective PI3Kd inhibitor"
alternatively can be understood t¢ refer to a
compound that exhibits a 50% inhibitory concentra-
tion (ICs;) with respect to PI3Kd that is at least at
least 10-fold, preferably at least 20-fold, and more
preferably at least 30-fold, lower than the IC.,

‘value with respect to any or all of the other Class
I PI3K family members. The term "specific PI3KO
inhibitor" can be understood to refer to a selective
PI3K® inhibitor compound that exhibits an IC,;, with
respect to PI3KO that is at least 50-fold, prefer-
ably at least 100-fold, more preferably at least
200-fold, and still more preferably at least 500-
fold, lower than the IC,, with respect to any or all
of the other PI3K Class I family members.

Among other things, the invention provides
methods of inhibiting leukocyte function. More par-

ticularly, the invention provides methods of inhib-



used herein refers to a conmpound that inhibits the PI3K6 isozyne nore
effectively than other isozynes of the P13K famly. A "selective PlI3K5

i nhi bi torwo @a@ip@und i s understood to be nore sel ective fager/od3ss1Ehan
conpounds conventionally and generically designated P13K inhibitors, e.g.,
wort mannin or LY294002. Concomitantly., wortmannin and LY294002 are
deened "nonsel ective PI3K inhibitors.” Com pounds of any type that

sel ectively negatively reg- ulate PL3K3 expression or activity can be used
as selective PI3K5 inhibitors in the nethods of the invention. Mreover,
conpounds ofi@dwyg typestpwatess sl ecthyel ynsegat heet yoprgukatad P13K5

expressi on or tivity and that possess acceptabl e_phaymmcol ogi cal
properties d@%jg% %%@%X%SYE%?eotW£EDP¥§RBeFEh %iFSPEEOSﬁQ?ﬁe fﬁerapeutic
met hods of ties i venbéoredINebeeh atbiad et hheachrsbot i6aNpoUNTSKAS

inhibitors of an enzypme activity (or other biologi-, 6 cal activity) can be
est abl i shed %Sﬁ%ﬁ&%ﬁf&%ﬁﬂﬁl?%e%u%%ﬁb%ﬂ?rafiBﬁgtﬁgpﬁhiﬁh eBeR conpound

inhibits thesxafdiy) tyctwad peedebbaedvedt enbt apHet BeRp6AARArbAY the
results. Typically, the preferred determnation _is the_concentration that
i nhi bi ts 509%%% %¢¥?%&%?@-91%91Fnl%thbEh%ﬁiEEICé@%%&?ai.B?PtFﬂé 50%

i nhibitory enih @t 1 Os Ofuch BY. st i &8P debesihaabkons gan be WO 01/81346
PCT/ US01/ 13315 - 23 acconplished using conventional techniques known in

the art. |n bR#e?alStHRL}Thed caropetaeter nfRedoBymoreasiifi RgIFrhe activity
of a given enzyN® ifohdfer, it has been further observed that

the method of the invention permits suppression of

certain functions of neutrophils, while not substan-

tially affecting other functions of these cells.

For example, it has been observed that phagocytosis

of .bacteria by neutrophils is not substantially

inhibited by the selective PI3KO inhibitor compounds

of the invention.

Thus, the invention includes methods for
inhibiting neutrophil functions, without substan-
tially inhibiting phagocytosis of bacteria. Neutro-
phil functions suitable for inhibition according to
the method include any function that is mediated by
PI3KO activity or expression. Such functions in-
clude, without limitation, stimulated superoxide
release, stimulated exocytosis or degranulation,
chemotactic migration, adhesion to vascular endo-
thelium (e.g., tethering/rolling of neutrophils,
triggering of neutrophil activity, and/or latching
of neutrophils to endothelium), transmural diapede-
sis or emigration through the endothelium to periph-
eral tissues. In general, these functions can be
collectively termed "inflammatory functiomns," as
they are typically related to neutrophil response to

inflammation. The inflammatory functions of neutro-



presence of a range of concentrations of the inhib- itor under study. The
experinental |y obtained values of enzyne activity then are plotted agai nst
t he i nhi biyigfsigggcentrati ons used. The concentra- tion of gdyeudonhsikt or
that shows 506 enzyne activity .(as conpared to the activity in the
absence of any inhibitor) is taken as the IC50 val ue. Anal ogously; other
i nhibitory concentrations can be defined through appropriate

determ nations of activity. For exanpke,~ in sone settings it can he
desirable to establish a 90%inhibitory. concentration, i.e., 1C90, etc.
Accor di ngl y,plailset@ctbe ed Bk SKigu hhddt orém Bhéebaateveby rabhlbe under st ood

tb refer to a ound t hat, exhi bits a 50% i nhibitory concentra- tion
(1C50) with Jrl?e%p’g RO R TRLE o b%ttﬁl%aétcﬁﬁsreﬁg? 10Pg898,‘ pref erabl y

at | east 20- é}@&@lgmwh@uwllm@f@fa}bwt@fléeaSAcaarfi@hglyl ome than the

| C50 .value with re e’g an%%{(g of hg ot her d ass P13K fam |y
menbers. The F&FHY %‘g ‘ﬂ??l&e]ﬁl uilehi Betards cgh Bgeﬁﬁaﬁgsiﬂbod to refer to
a sel ective gl 35t e Hi 107 wie 0BPOYAE éb%oﬁéhbbl tBeainkCoAmULt h  respect
to PI3K5 that is at |east-50-fold, prefer- ably at |east 100-fold, nore

preferably aioTBasinCHERRT oPf, NN SPELs dke %P%‘Pém%l gratnfeast 500-
fold, |ower dhantde 1 C50 wi th respect to any or all of the other P13K

Class | famly menbers. Anpbng ot her things, the invention provides nethods
of inhibiting | eukocytEt fhmet FeRthabrieepar estrbli aRe§, thheushventi on

provides nethods; ofehtbP that PI3KS plays a role in the stim-
ulated proliferation of lymphocytes, including B

cells and T cells. Moreover, PI3Kd appears to play
a role in stimulated secretion of antibodies by B
cells. Selective PI3K® inhibitor .compounds of the
invention have been employed to establish that these
phenomena can be abrogated by inhibition of PI3KS.
Thus, the invention includes methods of inhibiting
lymphocyte proliferation, and methods of inhibiting
antibody production by B lymphocytes. Other methods
enabled by the invention include methods of treating
disease states in which one or more of these lympho-
cyte functions are abnormal or undesgirable.

It has now been determined that PI3Kd
activity can be inhibited selectively or specifi-
cally to facilitate treatment of a PI3KO-mediated
disease while reducing or eliminating complications
that are typically associated with concomitant inhi-
bition of the activity of other Class I PI 3-kin-
ases.. To illustrate this embodiment, methods of the
invention can be practiced using members of a class
of compounds that have been found to exhibit selec-
tive inhibition of PI3Kd relative to other PI3K

isoforms.



WO 01/ 81346 PCT/US01/13315 - 24 iting or suppressing functions of
neutrophils and T and B | ynphocytes. Wth respect to neutrophils, it has

unexpect edioyoildgsds found that inhibition of PI3K5 activitywdidopiiiss
functions of neutrophils. For exanple, it has been observed that the

conmpounds of the invention elicit inhibition of classical neutro- phi
functions such as stinmul ated superoxide re | ease, stinulated exocytosis,
and chenotactic mgra- tion. However, 2ist -has been further observed that

the nethod of' the invention permts suppression of certain functions of
neut rophil s, mhile notTB@bﬁéﬁhedﬁiaflyhﬁéfembbdgméhhebahubétions of these
cells. For mg it has been aerved t hat ghag ¥t23|s . bacteria
by neutrophlqgg? l?ﬁﬁ %%b@?aﬂ??@??? SlHﬂVﬁPQeHh yIFHETE I@EFPVe Pl 3K5

i nhi bitor conpesindsIIpf theeforesdi @thdbysembheyi a¥epblOAsi Behudes net hods
for inhibitin eutrophi| fun %IOHS wi t houyt su%stan- tially inhibiting
phagocyt osi $*¥C bAetRr %Plﬁkﬁ?f Y ORFETRLREE Bﬁse§HFPé5I@tféFa§ﬁhlb|t|on

accordi ng t010ifl@lcﬂfEé@DélctﬂGéUQﬁh@BYtiHﬁCéEOPIER@t rek3afBdieated by Pl 3K5
activity or expression. Such functions in- clude, without [imtation,

stiml ated SUFeROEFHK +2PERLES - st Fatil a¥aEPERocREesMetBPIge§RBNUI at i on,

chemotacti c y8 gl dOce@INESAGNLEE YISEH 8hgeBERoLARLL UM (€. g.
tethering/rolling of neutrophils triggering of neutrophil act|V|ty,

and/ or | at chinR - BFOrieerY bpRETEL{ 05 eRabENRAT 2 uk§H-PREREMEr %Il -di apede-
sulfanylmethyl) -3H-quinazolin-4-one;

5-chloro-2- (9H-purin-6-ylsulfanylmethyl) -3-o-tolyl-
3H-quinazolin-4-one; ‘
5-chloro-3- (2-fluorophenyl) -2~ (9H-purin-6-ylsulfan-
vlimethyl) -3H-guinazolin-4-one; '
3-(2-fluorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-

" ylmethyl) -3H-guinazolin-4-one; '

3- (2-methoxyphenyl) -5-methyl-2- {(9H-purin-y-ylsulfan-

“ylmethyl-3H-quinazolin-4-one;
3-(2,6-dichlorophenyl) -5-methyl-2- (9H-purin-6-yl-

- sulfanylmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl) -6-fluoro-2- (9h-purin-6-ylsulfan-
ylmethyl)—3H—quinazolin—4;one;
5-chloro-3-(2-chlorophenyl) -2- (9H-purin-6-ylsulfan-

. ylmethyl) -3H-gquinazolin-4-one;
3~ (2-chlorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;
3~ (3-methoxyphenyl-2- (9H-purin-6-ylgulfanylmethyl -
3H-gquinazolin-4-one;
3~ (2~chlorophenyl) -5-fluoro-2- (9H-purin-6-ylsulfan-
yimethyl) -3H-quinazolin-4-one;
3-benzyl-2- (9H-purin-6-ylsulfanylmethyl) -3H-gquin-
azolin-4-one;
3-butyl-2- (9H-purin-6-ylsulfanylmethyl) -3H-quin-

azolin-4-one;



sis or emgration through the endotheliumto periph- eral tissues. in
general, these functions can be collectively ternmed "inflanmmtory

functi onswo @gizdshey are typically related to neutrophil rRSPXI$E3HS
i nflammati on. The inflammatory functions of neutro WO 01/ 81346

PCT/ US01/ 13315 - 25 phils can be distinguished fromthe bacterial kill-
ing functions exhibited by these cells, e.g., phago- cytosis and killing of
bacteria. Accordingly, the inventioenofurther includes nethods of treating
di - sease states in.which one or nore of the inflamm- tory functions of
neut rophi | s &+ €2 alimbsnapheny]l bAdeflgbrabbe.(shtphasntgri/henllbean establi shed
t hrough the invgﬁt'on %hat,PI3K§.8lays aroleinthe stim ulated
proliferati oA BFt ?%bh% yEBSPAEREIBAFAGPB cells and T cells. Moreover,

PI 3K6 appears-horphdyina4 Fpl e2inogt pbuuk at edysean ebhonmetnhgny ibgdi es by B
cells. Selective PI3K5 inhibitor conpounds of the 1nvention have been

enpl oyed t o FStBIFPEH T haP EhedEStphenBAtha can be abrogated by inhibition

of PI3K5. Thusnidhs-3nyenth0BrbpakHges - et bads,efniabibishiifgn-1 ynphocyte
proliferation, and nethods of inhibiting antibody production by B
Iynphocytes.Y%T@Eﬁy%ét%%d%ulﬁﬁéﬁﬂéa”ﬁyoﬁﬁé i nvention include nethods of

treating di§e@§Eb§1@£@§héﬁymmléhvoangﬁoﬂetg-Qbﬂtga§§ntxﬂpmeulcyte
functions are abnormal or undesirable. It has now been detéerm ned that

PI 3K5 acti viagyEeatiell nhiibavéaasel éerfvengior specifi-
3-(2-methoxyphenyl-2- (9H-purin-6-visulfanylmethyl) -
3H~quinazolin-4-one;
6-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-

: ylmethyl)—3H;quinazolin—4~one;
3-(3-chlorophenyl) -2~ (9H-purin-6-ylsulfanylmethyl) -
3H-guinazolin-4-one; '

2- (9H-purin-6-ylsulfanylmethyl) -3-pyridin-4-y1-3H-
guinazolin-4-one;
3-(2-chlorophenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
trifluoromethyl-3H-gquinazolin-4-one;
3-benzyl-5-fluoro-2-(9H-purin-6-ylsulfanylmethyl) -

- 3H-quinazolin-4-one;
3-(4-methylpiperazin-1-yl)-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one, acetate salt;
3-(2-chlorophenyl) -6-hydroxy-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-gquinazolin-4-one;

[5-fluoro-4-oxo-2- (9H-purin-é-ylsuifanylmethyl) -4H-
guinazolin-3-~ylJacetic acid ethyl ester;
3-(2,4-dimethoxyphenyl) -2- (SH-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one;
3-biphenyl-2-yl-5-chloro-2- (9H-purin-6-
ylsulfanylmethyl) -3H-quinazolin-4-one;

2- (6-aminopurin-9-ylmethyl) ~3- (2-isopropylphenyl) -5-

methyl-3H-quinazolin-4-one;



cally to facilitate treatnment of a PlI3K5-nediated disease while reducing
or elimnating conplications that are typically associated with
concon t aflo ¢g13s4s bition of the activity of other O ass | pr/olhssisases.
To illustrate this enbodi ment, nethods of the invention can be practiced
usi ng nenbers of a class of conpounds that have been found to exhibit
selec- tive inhibition of PI3K5 relative to other P13K isoforns. WO

01/ 81346 PCT/USO1/ 13315 - 26 The metbods of this enbodi nent can be
practiced using conpounds having the general struc- ture (lI1l). Preferred
met hods enploy(e-omaunsisrihad - vhayehpepns enpthvcab l y-del el rdned to exhibit
at least 10-fold selective inhibition of PI3K6 relative to other P13K

i sof or ns. Fd?u%ﬁﬁﬁégiﬂ' he&'fet hods can be practiced using the fol | owing

conpounds: B-(-disopsepylphenyl heShye] - h- i pRehPH puyins 6-yl -
sul f anyl net hyl) - 3H qui nazol i n- 4- one,
5- chl or 0- 2- (GHPUF1 -Eﬁ%&%%??%h?Tﬁé?%?f)-3-0-to|yI- 3H qui nazol i n- 4- one;
- 5-chl or o- 3-{ 2= 1 a8 ophenythe £ Rok Ibhdbiy1 N= 6= ydsubhain -6-yisul -
yl met hyl ) - 3H qui hazol i n-4-one; . 3- (2-fluorophenyl) -5-nethyl.-2-
(9H- pur i n- 6-L3/PEUTFERCL i1 et Byl 2 3t fair ha2efi n- 4- one; :
3- (2- met hoxyphendn t mop@E 1yl 9 20 {m&EhPUs L H1= Y2 VF 8UbE8Phenyl) -5-
"yl net hyl - 3H qui nazol i n- 4-one_"
3-(2, 6-di chl's? Tﬁﬂ)?@#%%¥®%+n24(9¥ﬁpurin-6-y|-;
sul fanyl met hyl )g -3 Qb 0AZ0L & Do @8y 1) ~5-chloro-3- (2- fluoro-
phenyl) -3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -8-chloro-3- (2-chloro-
phenyl) -3H-guinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -5-chloro-3- (2-chloro-
phenyl) -3H-quinazolin-4-one;
2-(6-aminopurin- 9-ylmethyl) -3- (2-chlorophenyl) -5-
methyl-3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -5~
fluoro-3H-quinazolin~4-one;
2- (6-aminopurin-9-ylmethyl) -3-benzyl-5-fluoro-3H-
guinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3-butyl-3H-gquinazolin-4-
one;
2- (6-aminopurin-9-ylmethyl) -3-morpholin~4-yl-3H-
guinazolin-4-one;
2~ (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -7-
fluoro-3H-guinazolin-4-one;
3-(2-chlorophenyl) -2- (9H-purin-6-ylsul fanylmethyl) -
3H-quinazolin-4-one;
3-phenyl-2- (9H-purin-6-ylsulfanylmethyl) -3H-gquin-
azolin-4-one;
2- (6-aminopurin-9-ylmethyl)-5-chloro-3- (2-isopropyl-

phenyl) -3H-quinazolin-4-one; and



3- (2-chl orophenyl) -6-fluoro-2-- (9h-purin--6-ylsulfan-

yl met hyl ) - 3H qui nazol i n- 4- one;

5- chl or o- g @rsGhds0r ophenyl ) - 2- (9H puri n- 6-yl sul f an PCT/US01/13315

.yl met hyl ) - 3H qui nazol i n- 4- one;

3-(2-chl orophenyl ) -5-net hyl - 2- (9H purri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4- one;

3- (3- net hoxyphenyl - 2- (9H- puri n- 6- yl subbanyl net hyl - 3H- qui nazol i n- 4- - one;
3.- (2-chlorophenyl) -5-fluoro-2- (9H purin-6-ylsulfan-

yl met hyl ) - 3FﬂqU$ﬂaﬁnm®puﬁ1@n9 videbepryls2chloro-3-o-tolyl-3H-
(9FLpur|n 6 Isulff%x { | et hyl) -3H quin- azolin-4-one;

3-butyl - yT st fanyl net hyl ) - 3H qui n- azol i n-4-one; WO 01/ 81346
PCT/USOl/13315 - 27 Be mgschu@t@@%emyéﬂ dt&Monea2thb&QHeprri n- 6-yl
sul fan- yl neth 3 35%gflnazolln 4-one

3- nor phol i n- %?%ﬁ |hn%e§Y%%?I?%ﬂy@ﬁn?ﬂyﬁ?tégfoﬂﬁﬂﬁazoI|n 4-one,

acetate SaJtpra@bﬁ@é&r@5§n§2m§ﬁ$@f@DB§”¥'&135@9bEDHBMﬁo§nMESHhB§n‘

yl met hyl ) - 3H qui hazol i n--4-0
3- (2- ch|oropﬁg%y¢3tGP%G%éf%ﬂ%%%léO{Erﬁﬁa%VﬁtE‘yFéereby facili-
fanylnEthyl)té%iﬁ?”f@@ﬂ&i@lén@ngf PI3K® activity 1n digeases

3-(2- nethoxyphe (9H purin-6 ylsulfanylnethg -- 3H qui nazol i n- 4-one;
6- chl or o- 3- (P2EHHERGPHRRYEYY 2- (BPF peraARECy| 50| FARS embodiment,

yl met hyl) - 3FEKE“ﬁE€K$&§ 4t Ofige 1§ven£§onC@&ﬂr98h§9¥bilhea usid&purin- 6
-yl sul. f anylmethyl) - 3H qui nazolin-4-one,

compounds hav1ng the general structure (I).

0
RY N/R3
P
(T)

wherein A is an optionally substitucted
monocyclic or bicyclic ring system containing at
least two nitrogen atoms, and at least one ring cf
the system is aromatic;

X is selected from the group consisting of
CHR®, CH,CHR®, and CH=C (R®);

Y is selected from the group consisting of
null, 8, 80, 80,, NH, O, C(=0), 0OC(=0), C(=0)0, and
NHC (=0) CH,S;

R' and R?, independently, are selected from
the group consisting of hydrogen, C, .alkyl, aryl,
heterocaryl, halo, NHC(=0)C,,;alkyleneN(R*),, NO,, OR?,
OCF,, N(R?),, CN, OC({(=0)R?*, C(=O)R?, C(=0)O0OR?®, arylOR®,
Het, NR?C(=0)C;jalkyleneC (=0)0OR?*, arylOC, ;alkylene-



2- (9H purin-6-yl sul fanyl met hyl ) - 3-pyridin. -4-yl1-3H qui nazolin--4-one;
3-(2-chl orophenyl) -2- (9H puri n-6-yl sul f anyl net hyl ) - -

trifl uorowetfiyhssdH qui nazol i n-4-one; PCT/US01/13315

3- benzyl - 5-f 1 uoro-2- (9H=puri n- 6-yl sul fanyl met hyl ) - 3H-qui nazol i n- 4- one;

3- (4- et hyl pi perazin-1-yl)-2-(9H purin-6-yl sul fan-

yl nmet hyl ) - 3H qui nazol i n-4-one, acetate salt;

3- (2-chl or ophenyl) - 6- hydr oxy- 2- (9H pusion--6-yl sui ~-f an-

yl met hyl ) - 3H qui nazol i n- - 4- one;

[ 5-f1 uor o- 420" 2; (af!ypoci(aeaRw sl faamny rezidtyd o 4dk?, qmicr]lqamkifm 3--yl]acetic
aci d et hyl

este , 4- d| hox hen oH | sul fanyl -
met hyl ) - 3H dqut (g&é?) 6heal HVFXE;}FH%CéﬁBK 2 ?éFP urin-6-
32/| ?gl fanyl n&tmbgaarkcqugﬁn@qlelﬂe%ﬂ(mm% c2 alkenylenem
am nopur nmet 1 SO n
met hyl - 3H quff @ﬁ%ﬁw%@% &1/ 8<i séi%yllﬁlﬁéietr 28
2 (6- am nopusd n-al%yﬂerfpémyft))--%@ptMyl?e&e@z@tmh%ﬂqunazol i n- 4-one;

' (6-ami nopuri n-9-yl nethyl ) -3 bi phenyl - 2 -}%/
chI or o- 3H qUitaddl R eRgIR: - OC.. alkyLenes OC2 ,alkylene-

5-chl oro- 3- Q%F@QLGQ&%PheNMk) A1GSHRHEN (=6 Y e (Soamyl
met hyl ) - 3H qui nazol i n- 4-
2- (6- ani nopufi {60y NHEE hy )Ngﬁqzﬁiw&br’ébheri\m (50,C,_,alkyl),

net hyl - 3H quidazakj n- 4%%9@F?, C,..alkylenearyl, C14alkyleneHet
2-(6- anlnopurln 9-yl'nmet hyl ) --5-¢chl or'o- 3- (2-fl uoro-

phenyl ) - SFFdBLﬁd%MlQﬂQQ%nqu3a1kyleneN(R”2, C( O)N(R?),,
NHC (=0) C,-Cyalkylenearyl, C,  cycloalkyl, C,  hetero-

cycloalkyl, arylOC, .alkyleneN (R?),, arylOC (=0)RP,
NHC (=0) C,_;alkyleneC, jheterocycloalkyl, NHC(=0)C; -
alkyleneHet, OC,,alkyleneOC; ,alkyleneC (=0)OR®,
C(=0)C, ,alkyleneHet, and NHb(:O)halocbéalkyl;

or R' and R? are taken éogether to form sz
3- or 4-membered alkylene or alkenylene chain
component of a 5- or 6-membered ring, optionally
containing at least one heteroatomn;

R?® is selected from the group consgisting of
optionally substituted hydrogen, C, .alkyl, C, cyclo-
alkyl, C, g heterocycloalkyl, C, ,alkylenecycloalkyl,
C,.¢alkenyl, C,,alkylenearyl, arylC,,alkyl, C(=0)R?,
aryl, heteroaryl, C(=0)OR?*, C(=0)N(R*),, C(=S)N(R?),,
SO,R*, SO,N(R*),, S(=0)R?, S(=0)N(R%*),, C(=0)NR3C, -
alkyleneOR?, C(=0)NR*C, ,alkyleneHet, C(=0)C,_ ,alkyl-
enearyl, C(=0)C, ,alkyleneheterocaryl, C, ,alkylenearyl
optionally substituted with one or more of halo
SO,N(R?®),, N(R*),, C(=0)OR?, NR3SO,CF,, CN, NO,, C(=0)R?,
OR?, C, ,alkyleneN(R?),, and 0C, ,alkyleneN(R?),,
C,.,alkyleneheterocaryl, C, ,alkyleneHet, C, ,alkylene-
C(=0)C,,alkylenearyl, C,,alkyleneC(=0C)C; ,alkylene-
heterocaryl, CLAélkyleneC(=O)Het, C,.,alkyleneC(=0) -



2- (6-am nopuri n-9-yl met hyl ) - 8-chl or o- 3- (2- chl or o-

phenyl ) - 3H qui nazol i n- 4- one;

2- (6- am najisisR- Yl met hyl) - 5-chl or o- 3- (2- chl or o- PCT/US01/13315
phenyl ) - 3H qui nazol i n- 4- - one;

2- (6-am nopurin-9-yl net hyl ) - 3-(2-chl orophenyl ) - 5-

nmet hyl - 3H qui nazol i n- 4- one;

2- (6-am nopuri n-9-yl net hyl ) - 3- (2- chl-onaphenyl ) -5

f I uor o- 3H qui nazol i n- 4- one;

2- (6-am nopuﬂ'mma 9 ybpga]nwleaebaﬂ,zwl 2ifidyleaiedir28K=00BF nazol i n- 4- one;

2--(6- amnop Irre SH qui I in- one;
2- (6-am nopu rﬁé‘%/?%? € ]éqﬁloer% irn$a4§ F}a%g' eHgR ¥razol i n- 4- one:
2- (6- ani nopucj. [Hqu)’ié@é@YJ:@}@R"’( 261 @rlgam@;wle}webcl_4a1ky1ene-

fl uoro- 3H qui nazol I n-4-one;
3-(2-chl oropq:u ‘n?/ 9 2 (9H purin-6-yl sul f. anyl met hyl )- 3H qui nazol i n- 4- one;

3-phenyl - 2- (9H puri n--ﬁaﬁ@t&é@%éﬁﬂﬂ%ﬁ -t R+ kbl @éﬁéi@tﬂn@r@f
2- (6-am nopurln 9-yl met hy E ]a 5-chl oro-3- (2-isopropyl -
Yan

phenyl ) - 3H &V HE2DFRNn- %s- dCMBO%LJ/‘@ELJQMP(%/@%ﬁWL@O“

2- (6-am nopugigyt 9- cylm@y&ﬂeﬁtﬁjlz éoy§ oa§¢9wl ~3ky1qui nazol | n 4-one. It
has further been deferm ned" th he o S of ’the i nvention can be

advant ageous‘FysaldﬂéJe%lil%@ﬁYleﬂh%tWe‘ﬁ%‘éY}s ohie EPasylef.Hmpburdied t hat
exhibit Pl 3Ks inhipidLyeaetbyiyy, thereby facili-

or two R?* groups are taken together to form
a 5- or 6-membered ring, optionally containing at
least one heteroatom;

R° is selected from the group consisting of
hydrogen, C,  alkyl, aryl, heterocaryl, arylC, ,alkyl,
heterocarylC, ;alkyl, C, i alkylenearyl, and , ,aikyl-
eneheterocaryl;

Het is a 5- or 6-membered heterocyclic
ring, saturated or partially or fully unsaturated,
containing at least one heteroatom selected from the
group consisting of oxygen, nitrogen, and sulfur,
and optionally substituted with C, ,alkyl or C(=0)OR?;

and pharmaceutically acceptable salts and
solvates (e.g., hydrates) thereof.

For example, methods of the invention can
employ compounds that possess PI3KO inhibitory
activity, as follows:

- (2-isopropylphenyl) -5-methyl-2- (9H-purin-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one;
5-chloro-2- (9H-purin-6-ylsulfanylmethyl) -3-o-tolyl-
3H—quinazolin—4—one;
5-chloro-3- (2-fluorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;



tating inhibitions of PI3K5 activity in diseases nediated thereby. For
exanple, in this enbodinent, the nmethods of the invention can be practiced

using coweruRrdsichavi ng the general structure (1). 0 1 :%cdrwsé115313
wherein Ais an optionally substituted nonocyclic or blcycllc ring system

containing at least two nitrogen atons, and at |east one ring of the
systemis aromatic; X is selected fronlthe group consisting of CHRDb,
CH2CHRb, - and CH=C (R b) ;. Y is selegbed fromthe group consisting of
null, S, SO S021 NH, 0, C (=0 , CC (=0 , C(=0) 0, and NHC (=O CHZS;
R1 and R2, imdepemlm&yneﬂyb) seleetledl 2 onvHt bergno6pytensiahi ng of

hydr ogen, heteroaryl, halo, NHC (=0) Cl.3al kyl eneN (Ra)
2, NO2, CRa ‘E%#“sﬁy % &?:‘5@%5 C(=O Ra, C(=0O) ORa, aryl ORb,
Het, NRaC (=0)( iﬁméﬁ%$@@§%§£&IFﬂg @Eﬁhyﬁryliﬁn gatkyl enel ¥ 64481346

PCT/ US01/ 13315 f =0) Ra, Cl.4al kylen_eC (=0) ORa,
oC7_4al kyl - Yéﬁ%?ff(@eb %ﬁlaqu aa% Jk%T‘én ’_’L 4al kyl eneC (=0) OR a, C (=0) -

NRaSCPRa, Oz @ wl&f@&h&?@@hgm 2. @%gﬂawl,@n@bhéﬁahﬁr G{50) -
NRaCl. 4al . kyl eneCRa, %% NRaCl 4a|ky|enellet OC2- 4al kyl eneN (Ra) 2,
OCL. 4al kyl erfe?ewl(m}}y]dﬂ (Rayngzolin-4-one;

3-(2-chlorophenyl) -6-fluoro-2- {(9h-purin-6-ylsulfan-
yvlmethyl) -3h-quinazclin-4-one; '
5-chloro-3-(2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(2-methoxyphenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
‘3H—quinazolin—4—one;
3-(2-chlorophenyl) -5-fiuoro-2- (9H-purin-6-ylsulfan-
vimethyl) -3H-quinazolin-4-one;
3-benzyl-2- (9H-purin-6-ylsulfanylmethyl) -3H-gquin-
azolin-4-one;
3-butyl-2- (9H-purin-6-yisulfanylmethyl) -3H-quin-
azolin-4-one;

3-(2-chlorophenyl) -7-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-morpholin-4-yl1-2- (9H-purin-6-ylsulfanylmethyl) -3H-
guinazolin-4-one, acetate salt;
8-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-gquinazolin-4-one;
3-(2-chlorophenyl) -6, 7-difluoro-2- (9H-purin-6-ylsul -
fanylmethyl) -3H-quinazolin-4-one;
3~ (3-methoxyphenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
3H-gquinazolin-4-one;
6-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;



OCl1_4al kyl eneHet, OC2. 4al kyl eneORa, OC2. 4al kyl ene- NRaC (=0 ORa,

NRaCl. 4al kyl eneN (Ra) 2, NRaC (=0) Ra, NRaC (=0) N (Ra) 2, N

(S02C1 - dahlydsizis NR (SO2C 1 -, al kyl) SO2N (Ra) 2, OSCRCHR&T/Usoi/i331s

C, _3al kyleriearyl, Cl_.4alkyl eneHet . , Cl.6al kyl eneORb, C1-3al kyl eneN (Ra)
2i C (=O N (Ra) 2, NHC (=0) Cl-C3al kyl enearyl, C3-8cycl oal kyl,
C3..8hetero- cycloal kyl, aryl OCl. 3al kyleneN (Ra) 2, aryl OC (=0) Rb, NHC
(=0) C1. 3al kyl eneC3. 6het erocycl oal kyl 33NHC (=0) Cl1. 3- al kyl eneHet,

OCl. 4al kyl eneCC, . _, al kyl e neC (=0) ORb, C(=0) C1i-4alkyleneHet, and NHC
(=0) halOC;L3663kthormpﬁénﬁhﬁ—fQ(ﬁﬂepﬂﬁkﬂn6tpgehhéanymméﬁhyla~ 3- or

4- menber ed ene or_ al k | ene chain conponent of a 5- or 6-nenbered
ring, option T?Ul%%mjajr%l%g 3% | east one heteroatorl; R3 is selected from
the group cmS(smpugrm 60j31$1@llﬁéuhylrﬁélb§$fﬂUBeﬁyhydﬁﬁgeﬂylciHGal kyl,
C3_8cycl o- al C3-8het erocycl oal kyl , C1.. 4al kyl enecycl oal kyl

C2. 6al kenyl qlén%‘PJKJyIlle hedr§i, aryld _3alkyl, C(=0) Ra, aryl, heteroaryl,

C (=0) ORa, £ (Eﬂéh%f@eﬁylpﬁ =81 N> Re) - 2. 1 02 Rany DR th B,a) 2, S (=0)
Ra, S (=0 N (Ra) 2, C (=0 NRaCl-4- al kyl ene C(—O)NRa14aIkerneHet,
C (=0) Cz 4atPF<Jy¢ luereme iyl Si=gyirazabi Ryt afBRet eroaryl, CL. 4al kyl enear yl

optional Iy subsihi B@'—ﬂ&@r@%‘— @§Hf%§1ﬁf6h§h9u H?/ﬁﬁéihgl)bl (Ra) 2, C
(=0) ORa, NRaSO7CF3, CN C, kyl eneN (Ra) 2, and
OCl4al ky_| en@i‘\r%ﬁa}}a@o 11@14 4%]11?(yl enehet eroaryl, Cl.4al kyl eneHet,

Cl. 4al kyl ene;. @(n&hﬁpfﬁé%&&ﬁ'ﬁeﬁl%@) _£1 ohabkyk aDgS isQifQA 4al kyl ene-
heteroaryl , Cl. 4al k eneC (=0) Cl 4afi | eneC ) WO 01/ 81346

PCT/USOl/lSS&B“ethX%_ -3H-quinazolin-4-one, acetate sa
—(Z—Chlorophenyl)—6~hydroxy¢2-(9H~purin—6«ylsulfan—
vimethyl) -3H-quinazolin-4-one; |
[5-fluoro-4-oxo-2-(9H-purin-6-ylsulfanylmethyl) -4H-
gquinazolin-3-yl]lacetic acid ethyl ester;
‘Bnbiphenyl*z—yl—5—chloro—2—(9H~purin—6~ylsu1fanyln‘
methyl) -3H-quinazolin-4-one;
5-chloro-3- (2-methoxyphenyl) -2- {9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl)} -3~ (2-isopropylphenyl) -5-
methyl-3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -5-methyl-3-o-tolyl-3H-
quinazolin-4-one;
2- (6-aminopurin-92-ylmethyl) -3-biphenyl-2-yl-t-
chloro-3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-fiuorophenyl) -5-
methyl-3H-guinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -5-chloro-3- (2-fluoro-
phenyl) -3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -8-chloro-3- (2-chloro-
phenyl) -3H-quinazolin-4-one;
- (6-aminopurin-9-ylmethyl)-5-chloro-3- (2-chloro-

phenyl) -3H-quinazolin-4-one;



.N (Ra) 2, Cl.4alkyleneCRa, d -4al kyl eneNRaC (=0) Ra,
Cl _4al kyl eneCC1. 4al kyl eneORa, Cl _4al kyl eneN (Ra) 2, Cl1_4al kyl eneC (=0

ORa, 'andw@ gi%kdsdy! eneOCl_4al kyl ene- C(=0) ORa; Ra is sel egicadydoiass1s he
group consisting of hydrogen, Cl.6al kyl, C3 8cycloal kyl ; C3.8heterocycl o-

al kyl, C, _3al kyl eneN(Ra) 2, aryl, aryl Cl.3al kyl, C, _3al kyl enearyl,
heteroaryl, heteroaryl Cl1. ,alkyl, and Cl1_3al kyl eneheter. oaryl ; or two Ra
groups are taken together to form a 34 -or 6-nenbered ring, optionally
containing at |east one heteroatom Rb is selected fromthe group
consi sting of- (éydndgepurCh-Balkyibthglyh 3 -Hetehoatybheart1Ct-3al kyl ,
het eroaryl C1_3al kyl ,__C, . 3al kyl enearyl,. andl,.3al kyl eneheteroaryl; Het
is a5- or‘Gmﬁgﬂ%%F%%"ﬂgfﬁ?58 anl "Oﬁﬁhg, saturated or partially or fully
unsat ur at ed, 2 - ¢on&Ri AbPPrah-beashetnglhebergatbmosehbeehed )fsom the  group
consisting o oxggen nitro eT” and sul fur, and optionally substituted
with C -,al kit C?%Eﬁyl Sl3na4pRLfraceut i cal |y acceptabl e’ salts and
sol vat es (e.gv(6hgﬂiﬁbgﬁiiﬁhgt§pﬁetﬁgug_gx@gggga_gegmgggpogﬁphe i nvention
can enploy coppounds that possess P13K5 inhibitory activity, as follows:
3-(2-isoprop??b%%ﬁ?%}?Sﬂﬁ%Fﬁyl-2-(9H—purin-6-.y|4
SU|fany|nEthyl163£hﬂﬂbﬁ§%QhL9=§1ﬁ@€hﬁl\—3—butvl—3H—quinazplin—4;
5-chl oro- 2- (9H puri n- 6-yl sul f anyl et yf)-3-b-fo|y|- 3H qui nazol i n- 4- one;
one;
- 2-(6-aminopurin-9-ylmethyl) -3-morpholin-4-y1l-3H- -
guinazolin-4-one; ,
2- (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -7~
fluoro-3H-quinazolin-4-one; ”
3-(2-chlorophenyl) -2~ (9H-purin-6-ylsulfanylmethyl) -
3H-gquinazolin-4-one;
"3-phenyl-2- (9H-purin-6-ylsulfanylmethyl) -2H-quin-
azolin-4-one;
" 2-(6-aminopurin-9-ylmethyl) -5-chloro-3-(2-chloro-
phenyl) -3H-gquinazolin-4-one;
3-(4-chlorophenyl) -2- (9H~purin-6-ylsulfanylmethyl) -
3H-quinazolin-4-one;
3-(2-chlorophenyl) -6, 7-dimethoxy-2- (9H-purin-6-
ylsulfanylmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl) -7-nitro-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -6-bromo-3- (2-chloro-
phenyl) -3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -6, 7-
dimethoxy-3H-quinazolin-4-one;
6-bromo-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfanyl-
methyl) -3H-gquinazolin-4-one;
3-(2-chlorophenyl) -2- (9H-purin-6-ylgulfanylmethyl) -

3H-benzo [g]lgquinazolin-4-one;



5-chloro-3- (2-fluorophenyl) --2- (9H purin-6-ylsul fan-
yl nmet hyl ) - 3H qui nazol i n-4-one; WO 01/81346 PCT/US01/13315 - 32 3-(2-f

| uor ophenylo gim1swt hyl - 2- (9H puri n- 6-yl sul f an-
yl met hyl ) - 3H qui nazol i n-4-one; 3- (2-nethoxyphenyl)

PCT/US01/13315
- - 5-net hyl - 2-

(9H pur.in-6--ylsu.lfan- ylnethyl)-3H qui nazolin-4-one;

3-(2, 6-di chl orophenyl ) -5-net hyl - 2- (9H puri n- 6-yl sul -

-3H qui, . nazol i n-4-one; - 35 -

3-(2-chl orophenyl)-6-fl uoro-2-(9h-purin-6, -yl sul fan-

yl met hyl ) - 3h2 qué nrazbvhopurdneneylmethyl) -5~-chloro-3-o-

5-chl oro-3.-(2:chl or ophen 2- (9H puri n-6-yl sul f an-
SRRfathe; ahd

yl et hyl ) - 3HEGHARHAS

fanyl net hyl)

tolyl-3H-

3-(2-chlor opmeneylamisnaphhyh 2 ~{ Qe pUy il N=-6-yhsublkbaB- (2-methoxy-

yl met hyl ) - 3FFQUInf olin-4-o0

3- (2- met hoxy P f %H(QFEBﬁFP%lg §F88Ffanylnethyl)
3- (2- chlorophenyl) -5--fluoro-2- (9H - purln 6-yl sul f
-3H-qu.irlazolin-4-one; 3-benzyl-2- % urln 6-yl su
azol i n-4-one; 3-butyl - ?he(QPVeEEFPH

3H qui nazol i n- 4- one;
an- yl methyl)
f anyl net hyl ) -3H qui n-

uyF GFf REGVAEERY FPTPSHESi n- -

azol i n-4-oneghac (Frehberepbeny! iniiibkueea- 3£( Bl RBr bArévyksul fan-

yl ' met hyl) -SFFqU|nazoI|n--4-on

3- nor phol i n-B0§| compoyRdsr pRREPLY| sahikAayiaet Rl PI3KS dbi nazol i n. - 4- one,
acetate sal tiiB86bhor91 326256 @RAPBENYEY 1721y ( AHePULENEArY SHLS a. n-

yl nmet hyl ) - 3FLqU|nazoI|n-4-on e,
of

PI3KO-expressing cells in cell-based assays. As

" described elsewhere herein, the compounds of the

invention have been demonstrated to inhibit certain

functions in neutrophils and other leukocytes, as

well aé functions of osteoclasts.

In general, compounds provided
invention have the general structure (I),
ceutically acceptable salt thereof, or a

thereof:

by the
a pharma-

prodrug

wherein A is an optionally substituted

monocyclic or bicyclic ring system containing at

least two nitrogen atoms, and at least one ring of

the system is aromatic;

X is selected from the group consisting of

CHR®, CH,CHR®, and CH=C(R®);



3- (2-chl orophenyl) -.6, 7--difluoro-2- (9H purin-6-ylsul--

f anyl net hyl ) - 3H qui nazol i n- 4- one;

3- ( 3- net haxyahkeny! ) - 2- (9H puri n- 6-yl sul fanyl met hyl ) - 3H qyiciazel hss14- one;
6- chl or o- 3- (2- chl or ophenyl ) - 2- (9H puri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n-4-one; WO 01/81346 PCT/US01/13315 - 33

3-(3-chl orophenyl ) -2-(9H puri n-6-yl sul fanyl met hyl )- 3H qui nazol i n- 4- one;
2- (9H puri n-6-yl sul fanyl met' hyl ) - 3- pygisdi-. n- 4-yl - 3H qui nazol i n- 4- one;
3-(2-chl orophenyl)-2-(9H puri n- 6-yl sul fanyl net hyl ) -

trifluoromethyl - 3H— quimazs)ld;aaléema@;from3thengybu15 ébngtgtiﬂg of

(9H-purin-- rre yl H quj nazol i n- 4- one
(4- et hyl pi prélﬁai é@ %Hopuﬁ’%_ ﬁ(guﬁq)a’n ()0, and
yl met hyl ) - 3I-jq1m1(m)zgﬂ1;m-4 one, acetate salt; 3- (2-chlorophenyl)

- 6- hydr oxy-2- (9H purin-6--yl sul fan- 3H qui nazol i n- 4- one;
[ 5-f | uor o- 4- oxo- 2- (9H—% r’i‘iiy 2 %EHjFBﬁVHE %{Pf)yl ?r«?rHseaﬁpﬁ&?oFFﬁmS yl Jacetic

acid ethyl eshergrous- c@m@hgﬂyﬁg%ylh%@mgeﬁo @ &ﬂkypura B; yl sul fanyl - -
met hyl ) - 3H qui nazol i n- 4-one; 5-chl oro- 3- - %phe”é - 2-
(9H puri n- - 1§ LRIT G- Baket WW%WEUB%Q@&W@W% ar OR?,

(6-am nopurl@bﬁ--w(m@§ hylon - e (2o) BoPropy)@aenyl Loy Sr2, arylor®,
met hyl - 3H qui nazol i n- 4% one;

2- ( 6- ami nopUF®h- IFIH R ):28 kv (=5) R ol §¥YBPCL- st REYOne n- 4- one;
‘N(R%),, arylOC(=0)R*, C, ,alkyleneC(=0)0R?*, 0OC, ,alkyl-
eneC(=0)0R?*, C, ,alkylene0C, ,alkyleneC(=0)0R?*, C(=0) -
NR®*SO,R?*, C, ,alkyleneN (R?),, C;ﬁalkenyleneN(Rﬂz,
C(=0)NR*C,_,alkyleneOR?, C(=0)NR*C, ,alkyleneHet,
0C, ,alkyleneN(R?®),, 0C, ,alkyleneCH(OR") CH,N (R?),,
0C,.,alkyleneHet, 0C, ,alkyleneOR?®, 0OC, ,alkylene-

NR?C (=0) OR®, NR?C, ,alkyleneN (R®*),, NR2C(=0)R%,
NR2C (=0) N (R®),, N(80,C, ,alkyl),, NR®(S0,, ,alkyl),

' SO,N(R?) ,, OSOJE@, C, s;alkylenearyl, C, ,alkyleneHet,
C,.calkyleneOR®, C,,alkyleneN(R®),, C(=0)N(R?),,
NHC(=0) C;-Cyalkylenearyl, C, cycloalkyl, C, g hetero-
cycloalkyl, arylOoC, .alkyleneN(R®),, arylOC(=0)RP,
NHC(=O)CLJalkylenec}ﬁheterocycloalkyl,‘NHC(=O)Cb3—
alkyleneHet, 0C, ,alkyleneOC, ,alkyleneC (=0)ORP,
C(=0)C, ,alkyleneHet, and NHC(=0)haloC, alkyl;

or R! and R? are taken together to form a
3- or 4-membered alkylene or alkeﬁylene chain
component of a 5- or 6-membered ring, optionally
containing at least one heterocatom;

R® is selected from the group consisting of
optionally substituted hydrogen, C, .alkyl, C, gcyclo-
alkyl, C, ¢heterocycloalkyl, C,,alkylenecycloalkyl,
Cy.¢alkenyl, C,ialkylenearyl, arylC,,alkyl, C(=0)R?,
aryl, heteroaryl, C(=0)OR*, C(=0)N(R?),, C(=S)N(R?),,

21

SO,R*, SO,N(R*),, S(=0)R?®, S(=0)N(R*),, C(=0)NR?C,_,-



2- (6-am nopuri n-9-yl net hyl ) - 3- bi phenyl -2-yl -t- chl oro- 3H qui nazol i n- - 4- one;
2- (6-am nopurin-9-yl net hyl )-3-(2-fl uorophenyl) - 5-

met hyl - 3Hy@1kaz@l | N- 4-one; 2- (6-am nopurin-9-yl net hyl) pdaredah@sss 3-
(2-fluoro- phenyl)-3H qui nazol i n-4-one;

2- (6-am nopuri n-9-yl met hyl ) - 8-chl or o- 3- (2- chl or o-

phenyl ) - 3H qui nazol i n- 4- one;

2- (6-am nopuri n-9-yl net hyl ) - 5- chl or e- 3%7( 2- chl or o-

phenyl ) - 3H qui nazol i n-4-one; WD 01/81346 PCT/US01/13315 - 34

2- (6- am nopuxl oy Barydoret, hyd (FCBNPECQhékaD@ﬁGHéﬁ; 5€ 0)C, ,alkyl-

(2- ch. 1 or optresY L 8- TRE o S F AR O S HE AL Ghe. Cr LRy Tencary]

g Eg ami noptwpmcgaainget@ubétﬁtu@@dﬂlzwgf &héoasgl ﬁﬁ&iqugzaémbl n-4-one;
am nopurin - - Il Naz | -

2- (6- ani noBu‘%‘?zﬁT @ E%//I) 3CED(P%W%|’I FEQRCBH. N Nhaz6I(FR) B one;

2- (6- am nopusra)- %xbm&gfméh)emaaé?z,cfarm aEh ey 1éneN (R?),, C,_,-

fl uoro-3H qu%lf%ol in- 4?&%W13-(3§4§qﬁ2| Orgghggﬁléneazlkylenec( o)

(9H purin-6- %?m i ==

3- phenyl - 2- (@Haqugrylrg&ea&}wl f@”%éll@ﬁ}l@ﬂe)c @hbﬂull Pr1182QHdhA-ane

2- (6- amnopur|n9 | met hyl) | dro- 3-(2-chl oro-
phenyl ) - 3H if oz oti- i UcplrneC (=0) Het . C, ,alkyleneC (=0)N(R?),,

C,.,alkyleneOR?®, C, ,alkyleneNR*C(=0)R*, C,_,alkyleneO-
C,.,alkyleneOR?®, C, ,alkyleneN(R?*),, (,,alkyleneC(=0)-~
OR*, and C, ,alkyleneOC, ,alkyleneC (=0)0OR?;

R* is selected from the group consisting of
hydrogen, C, calkyl, C,cycloalkyl, C, g heterocyclo-
alkyl, C,;alkyleneN(R?),, aryl, arylC,,alkyil,

C,.,;alkylenearyl, heteroaryl, heteroarylclaalkyl “and

C, ;alkylenehetercaryl; ' '

or two R* groups are taken together to form
a 5- or 6-membered ring, optionally containing at
.least one heteroatom;

R® is selected from the group consisting of
hydrogen, C,alkyl, aryl, heterocaryl, arylC, .alkyl,
heteroarylC,_ ;alkyl, C,;alkylenearvl, and Cbaalkyl—
eneheteroaryl;

Het is a 5- or 6-membered heterocyclic
ring, saturated or partially or fully unsaturated,
containing at least one hetercatom selected from the
group consisting of oxygen, nitrogen, and sulfur,
and optionally .substituted with C,_,alkyl oxr C(=0)O0R?;

and pharmaceutically acceptable salts and
golvates (e.g., hydrates) thereof.

As used herein, the term "alkyl" includes
straight chained and branched hydrocarbon groups

containing the indicated number of carbon atoms,



3- (4-chlorophenyl) -2.- (9H purin-6-ylsul fanyl nethyl) --

3H qui nazol i n-4-one; 3-(2-.chl orophenyl)-6, 7-di net hoxy-2- (9H puri n- 6-
yl sul f any{yieegiRs4s- 3H - qui nazol i n- 4- one; PCT/US01/13315
3-(2-chl orophenyl)-7-nitro-2-(9H purin-6-yl sul fanyl -

met hyl ) - 3H qui nazol i n- 4- - one;

2- (6-am nopuri n-9-yl net hyl ) - 6- br ono- 3- (2- chl or o-

phenyl ) - 3H qui nazol i n- 4- one; - 38 -

2- (6-am nopurin-9-yl net hyl ) -3-(2-chl orophenyl ) -6, 7-

di met hoxy- 3H:wtl (DY | MedhPhe; ethyl, and straight chain and
ﬁefasr?_ngéa%%%§%§$H§ﬁ¥%%%;§n&9£t€§ Igrgu¥é§U|%ﬁgykydrocarbon

3- (2- chl or ophedsiyd ) catn (ObhPaihMup- ¥bsukf aaybent Bybhs, preferably
3H-benzo[ g] qui nazol i p-4-one; WO 01/81346_PCT/ US01/13315 = - 35
2-(6-aninopd??%-@?y?h%@%y??gggﬁh?B?BSSJOTPSI§F¥§F+a§EV azol i n- 4-one; and

2- (6- am nopWhdr Xy Mebhydded- £0kPLO# 31 (8- ; MBL BOXY,; bicyclic or
phenyl ) -3H qui nazol j n-4-one. The invention further_provides conpounds that
are sel ecti I b}t or BYSFOPRIRBaBEPYPL y fOTr TREEBABouRBELEXRI b t

i nhibition 9&1P1§£§néﬂty?iQﬁbéﬂ&fék2§§$§Y§ctgm¢ sekpetbvely disrupt
function of PlI3K6-expressing cells in_cell-based assays. As_ descri bed
el sewher e hetRHL t Helevapolds - bl oFREL. | AYeAtFBRYARVB2BEERYdenmpnstrated to

i nhi bit certaid refHNELONSal RyDEULEORBEL S-8Nds0LhEY chepkecytes, as  wel |

as functions of osteoclasts. In general, conpounds provided by the
hydrocarbon group, e.g., cyclopropyl, cyclobutyl,"
cyclohexyl, and cyclopentyl.

The term "alkenyl" is defined identically
as "alkyl," except for containing a carbon-carbon
double bond. "Cycloalkenyl" is defined similarly to
cycloalkyl, except a carbon-carbon double bond is
present in the ring.

The term "alkylene" refers to an alkyl
group having a substituent. For example, the term
"C, ;alkylenearyl" refers to an alkyl group contain-
‘ing one to three carbon atoms, and substituted with

..an aryl group.

The term "halo!" or "halogen" is defined
herein to include fluorine, bromine, chlorine, and
iodine.

The term "haloalkyl" is defined herein as
an alkyl group substituted with one or more halo
substituents, either fluoro, chloro, bromo, iodo, or
combinations thereof. ' Similarly, "halocycloalkyl"
is defined as a cycloalkyl group having one or more
halo substituents. .

The term "aryl," alone or in combination,
is defined herein as a monocyclic or polycyclic

aromatic group, preferably a monocyclic cr bicyclic



I nvention have the general structure (1), a pharma- ceutically acceptable
salt thereof, or a prodrug thereof: O RINR3 ~ R2 Y (I) wherein Ais

an optiongld oi/sisasti tuted nonocyclic or bicyclic ring syfcam@wemtakni ng at
| east two nitrogen atons, and at |east one ring of the systemis aromatic;

X is selected fromthe group consisting of CHRb, CH2CHRb, and CH=C (Rb) ;
WO 01/81346 PCT/US01/13315 - 36 Y is selected fromthe group consisting of
null, S. SO S, NH, 0, C (=0 , C 30 , (=00 and NHC (=0 CH2S; R1
and R2, independently, are selected from the group consisting of hydrogen,
Cl. 6al kyl , andpatiheteroapyle.dal ophdidl (0)n&dhS8aykyl eueN=gRa) NO2, ORB,
OCF3, N (Ra) OC (70 Ra, C (.=0O , C (=0 a, aryl ORb, Het, NRaC
(20 C1. 5o WSS <o) Brn e o ) Tahr k) SheP Kperds ShHHRYI oc (20 Re.
C, . -4al kyl enaG {ut€d &RasuldsH i dat&ky) - fenes&xédmele ORAith one or

Cl. 4al kyl eneQCl. 4al kyl eneC :Og ORa, C (=0 - .NR aSp2R-,_Ci1_4al kyl eneN
(R 2. C, GRTenyeheN! (75 £ 1 T ERRFEEL HEf Ry | AnboRae LE F0)

NRaCl. 4al kylanetet, hii2o#ph ki Enedi kRey, 22165 y4akky| eneChu{ORb) CH2N (Ra)

21
yl, nitro, amino, alkylamino, acylamino, alkylthio,

alkylsulfinyl, and alkylsulfonyl. Exemplary aryl

‘groups include phenyl, naphthyl, biphenyl, tetra-
hydronaphthyl, chlorophenyl, fluorophenyl, amino-

" phenyl, methylphenyl, methoxyphenyl, trifluoro-
methylphenyl, nitrophenyl, carboxyphenyl, and the
like. The terms "arylC,; ,alkyl" and "heterocaryl-
C,;alkyl" are defined as an aryl or heteroaryl group
having a C,_;alkyl substituent.

The term "hetercaryl" igs defined herein as
a monocyclic or bicyclic ring system containing one
or two aromatic rings and containing at least one
nitrogen, oxygen, or sulfur atom in an aromatic
ring, and which can be unsubstituted or substituted,
for example, with one or mere, and in particular cne
to three, substituents, like halo, alkyl, hydroxy,
hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkyl, nitro,
.amino, alkylamino, acylamino, alkylthio, alkylsul-
finyl, and alkylsulfonyl. Examples of heteroaryl
groups include thienyl, furyl, pyridyl, oxazolyl,
guinolyl, isoquinolyl, indolyl, triazolyl, isothia-
zolyl, isoxazolyl, imidizolyl, benzothiazolyl, pyra-
zinyl, pyrimidinyl, thiazolyl, and thiadiazolyl.

The term "Het!" is defined as monocyclic,
bicyclic, and tricyclic groups containing one or
more heterocatoms selected from the group consisting
of oxygen, nitrogen, and sulfur. A "Het" group also

can contain an oxo group (=0) attached to the ring.



OCl1_4al kyl eneHet, OC2. 4al kyl eneORa, OC2-4al kyl ene- NRaC (=0) ORa,

NRaCl. . 4al kyl eneN (Ra) 2, NRaC (=0) Ra, NRaC (=O) N (Ra) 2, N

(S02C1- dalvkyisizs NRa (SC2CA. 4al .kyl) , SC2N (Ra) 21 OSCR@RHS01/13315

Cl., 3al kyl enearyl, C1..4al.kyleneHet, Cl-6alkyleneORb, C, _.3al kyl eneN (Ra)
2, C(=0 N (Ra) 2, NHC(=0O) Cl-C3al kyl enearyl, C3_8cycloal kyl, C, _8hetero-
cycl oal kyl, aryl OC1. 3al kyl eneN (Ra) 2, arylOC (=0) Rb, NHC (=0

Cl. 3al kyl eneC3. 8het erocycl oal kyl , NHC24(=0) Cl-3- al kyl eneHet,

OC1- 4al kyl eneOCl1 4al kyl eneC (=0) ORb, C (=0) Cl1.4al kyl eneHet, and NHC (=0)
hal oCl_6al k)l\lcjnl)lrmﬂfliragldeﬂnpl&taf(emeit ogedhes 11&1@4&@1 a,33- or 4-nmenbered
al kyl ene or Ciio Og_[yl ene %hal n gﬁonent of f‘ﬁ} ered ring,
optionally Hitg atPYedEY e HBYE7 03t n?ee P%rg é@f%ﬁ fromthe

gr oup COHSISl:tlwa)iln@ptdxMi&ﬁm@stzﬁ%ﬁﬂaﬂﬂydéwgpﬁraﬁ -mékgylt, C3.8cyclo-
al kyl , ter ocy oaI k , Cl.4al necycl oal ki/ , ., C2.6al kenyl

Cl- 3al kyI en Jy"fe' dr 1 p{??zﬁ%%' 1oty tl%?’é?oa??@ C( =0) ORa,
C (=0 (R@@d&xm@ N(Ra)2 SO02Ral SO2N (Ra) 21 S (=O Ra, S (=O N
(Ra) 21 C (—O) NRaCl_4 V\D 01/81346 PCT/ USO1/ 13315 - 37 _al.kyleneOR2, C
(=0 NRI C1_4al kyl enebethie ¢¢em) "leyduarky| is &pebrsd, 2 (90)

Cl. 4al kyl enehet eroaryIThgtéﬁhkyép}g@,@yyllSO&)éfm@aI Y=Supstituted wth one
or nore of halo S2N (Ra) N (Ra) 2, C (==0 ORa, NR- SC2CF3, CN, N2, C

(=0 Ra, oméﬁe@lmﬁkwe@f@mi?a) 2, and OCL_. 4al kyl eneN (Ra) 2, Cl- 4-

al kyl enehet er oaryl , Clﬂ@l@f@n%ﬁg@}{ﬁ.}}éﬁi ky{@n@gfﬁﬁg as‘C<1m4al kyl enearyl ,
Cl- 4al kyl eneC (=0) d _-4al kyl en. ehetero- ‘aryl, Cl_4al kyl eneC (=0) Het,

Cl_4al kyl ened KE0)9rpRayherein-a hydrogen has beén replaced by
an alkoxy group. The term " (alkylthio)alkyl" is

defined similarly as alkoxyalkyl, except-a sulfur
atom, rather than an oxygen atom, is present.

The term "hydroxyalkyl" is defined as a
hydroxy group appended to an alkyl group.

The term "amino" -is defined as -NH,, and
the term "alkylamino" ig defined as -NR,, wherein at
least one R is alkyl and the ‘second R is alkyl or
hydrogen.

The term "acylamino" is defined as
RC(=0)N, wherein R is alkyl or aryl.

The term "alkylthio" is defined as -SR,
wherein R is alkyl.

The term "alkylsulfinyl" is defined as
R-S80,, wherein R is alkyl.

The term "amino" is defined as -NH,, and
the term "alkylamino" is defined as -MNR,,. wherein at
least one R is alkyl and the second R is alkyl or
hydrogern.

The term "acylamino" is.defined as
RC(=0)N, wherein R is alkyl or aryl.

The term "alkylthio" is defined as -SR,

wherein R is alkyl.



Cl. 4al kyl eneORa, Cl1_4al kyl ene. NRaC (=O) Ra, Cl1.4al kyl eneO Cl1-4al kyl eneCRa,
Cl. 4al kyl eneN (Ra) 2, C1.4al kyleneC (=0 - ORa, and

Cl- 4al kyl geefdsizgal k-yl . eneC (=0 ORa; Ra is sel ected fromdiiagso1a5asp

consi sting of hydrogen, Cil-6alkyl, C3. _8cycl.oal kyl, C3_8het:erocyclo-

al kyl , C1.3al kyleneN (Re) 2 , aryl., arylcl_3alkvl, Cl1_3alkylenearyl,

heteroaryl, heteroaryl Cl1_3al kyl,' and C, _3al kyl eneheteroaryl ; or two Ra
groups are taken together to form a %i eor 6-nenbered ring, optionally
containing at .least one heteroatom. Rb is selected fromthe group

consi sting of hydrogeThe Gletal kylkvasyl £ihel ervargefineyl &_3al kyl
heteroaryl d_, al kyl, C, .3al kyl enearyl, and C _, al kyl - eneheteroaryl; Het is
a 5- or 6- ZedWFEFEFﬁbg%beaﬁiﬁﬁg, saturated or partially or fully

unsat urat ed, . contai niTige atetrasillopeshet enpat onssebeched Hsom the group
consi sting of oxygen, niitrogen, and _sulfur, and optionally .substituted
with Cl_4al K§1°%r @gfgﬁfncﬁaﬁsaﬁajﬁﬂarnaCeuticalIy acceptabl e salts and
solvates (e.g., hydratess tdeneohitrds usedehenelinast hgojerm "al kyl"

i ncl udes straight chained and branched hydrocarbon groups . containing the
i ndi cated nunber of carbn-&EBnEtTWH BAr@ISUBY PLTH B1ISB2F 1884525 38
typically netdwl, ethyl, and straight chain and branched propyl and butyl

groups. The hy&rocarbon group can contain up to 16 carbon’
atons, - preferably The term "trifluoromethoxy" is defined as

-OCF, .

The‘term "cyano" ig defined as- -CN.

In preferred embodiments, X is selected
from the group consisting of CH,, CH,CH,, CH=CH,
CH(CH,;), CH,CH(CH;), and C(CH.},. In further pre-
ferred embodiments, Y is selected from the group
consisting of null, S8, and NH.

The A ring can be monocyclic or bicyciic.
Monocyclic A ring systems are aromatic. Bicyclic A
ring systems contain at least one aromatic ring, but
both rings can be aromatic. Examples of A ring
systems include, but are not limited to, imidazolyl,
pyrazolyl, 1,2;3—triazolyl, pyridizinyl, pyrimidin-
.yl, pyrazinyl, 1,3,5-triazinyl, purinyl, cinnolinyl,
phthalazinyl, gquinazolinyl, quinoxalinyl, 1;8~
naphthyridinyl, pteridinyl, 1lH-indazolyl, and benz-
imidazolyl.

In a preferred group of compounds of
formula (I), A is represented by an optionally
substituted ring system selected from the group

consisting of



one to eight carbon atons. The ternfal kyl" includes "bridged alkyl," i.e.,
a C6-Ci6 bicyclic or polycyclic hydrocarbon group, for exanple, norborn-

yl, adamesioydisikiscyclo [2 .2 . 2] octyl, bicyclo [2 . 2 .hknh@@muknsbicyclb
[3 .2 . 1] octyl, or decahydz:onaphthyl. The term "cycloal kyl" is defined

as a cyclic C3--Cll ' hydrocarbon group, e.g., cyclopropyl, cyclobutyl,.
cycl ohexyl, and cycl opentyl. The term "al kenyl" is defined identically as
"al kyl ," except for containinga carbom2carbon double bond. "Cycl oal kenyl"

is defined simlarly to cycloalkyl, except a carbon--carbon double bond is
present in the ring. The term"al kyl ene” refers to an al kyl group having a
substituent-. For exanple, the term -3al kyl enearyl " refers to an

al kyl . group contain- ing one to thrfe catbon atons, and substituted with
-an aryl group. The term "halo" or "Rhal og¢n" is defined herein to include
fluorine, bromne, chlorine, and iodirwe” The term "hal oal kyl" is defined
herein as an al kyl group substituted with one or nore halo substituents,
either fluoro, chloro, brono, iodo, or conbinations thereof. Simlarly,

"hal ocycl oal kyl" is defined as a cycloal kyl group having one or nore halo
substituents. The term"aryl," alongyor in conbination, is defined herein

as a nonocyclic or polycyclic a$gngiégfghg%P, preferably a nonocyclic or

bi cyclic
WA



WO 01/ 81346 PCT/US01/13315 - 39 aromatic group, e.g., phenyl or naphthyl:
Unl ess otherw se indicated, an "aryl" group can be unsub- stituted or
substi t ut @@ o1fses4sexanpl e, with one or nore, and in parti QgarsePASs1E0
three, halo, alkyl, phenyl, hydroxyal kyl, al koxy, al koxyal kyl, hal oal k-
yl, nitro, am no, alkylam no, acylamno, alkylthio, alkylsulfinyl, and

al kyl sul fonyl . Exenplary aryl groups include phenyl, naphthyl, biphenyl,
tetra- hydronaphthyl, chlorophenyl, -f kgorophenyl *, am no ' phenyl "’

met hyl phenyl , net hoxyphenyl, trifluoro- nethyl phenyl,

ni t rophenyl ,' carboxyphen.yl, and the 1like. The terns "aryl Cl_3al kyl" and
"heteroaryl - Ci1,3alkyl" are defined as @n aryl or heteroaryl group having
a Cl _3al kyl substituent. The term™Nyetegioaryl” is defined herein as a
nmonocyclic or bicyclic ring syste akni ng one or two aromatic rings
and containing at |east one nit<gge .~ oxyigen, or sulfur atomin an
aromatic ring, and which can be™un stitlyted or substituted, for
exanple, with one or nore, and inkbartuﬁularCH@e to three, substituents,
i ke hal o, al kyl, hydroxy, hydroxyal kyl, al koxy, al koxyal kyl, hal oal kyl,

nitro, .amno, alkylamno, acylam no, alkylthio, a_l.kylsul- finyl, and
al kyl sul fonyl . Exanples of heteroaryl groups include thienyl zfqryl,
pyridyl, oxazolyl, quinolyl, isoquinolyl, indolyl, triazolyl, isothia-
zolyl, isoxazolyl, imdizolyl, benzothiazolyl, pyra- zinyl, pyrimdiriyl,

t hi azol yl, and thi adi azol yl .

N
N
N\%;.N

The A ring system optionally can be sub-
stituted with one to three, and preferably one to
two, substituents selected from the group consisting
of N(R*),, halo, C,;alkyl, S(C,,alkyl), OR?, and

g

CH,OH OH

Specific substituents include, but are not limited
to, NH,, NH(CH,), N(CH,),, NHCH,C.H,, NH(CH.), Cl, F,
CH,, SCH,, OH, and



The term"Het" is defined as nonocyclic, bicyclic, and tricyclic groups
contai ning one or nore heteroatons selected fromthe group consisting of
oxygen, niwogAages and sul fur. A "Het" group al so can contpimig@iis9i® group
(=0);, attached to the ring. WO 01/81346 PCT/US01/13315 - 40 Nonlimting
exanpl es of Net groups include 1,3- dioxolane, 2-pyrazoline, pyrazolidine,
pyrrolidine, piperazine, a pyrroline, 2H pyran, 4H pyran, norph- oline,

t hi ophol i ne, piperidine, 1,.4-dithianég and 1, 4-dioxane. The term
"hydroxy" is defined as -OH.  The term "al koxyf is defined as -OR, wherein
Ris alkyl. The term "al koxya.l.kyl" is defined as an al kyl group
wher ei n~a hydrogen has been repl aced,|by an al koxy group. The term

"(al kylthio)al kyl" is defined simlak]y al koxyal kyl , except-a sul fur
atom rather than an oxygen atom ®s prwsent. The term "hydroxyal kyl" is
defined as a hydroxy group append dto an aIkyI group. The term"am no"-is
defined as -NH2, and the term’ am is defined as -NR2, wherein at

| east one Ris aIkyI and the se is éﬁﬁyl or hydrogen. The term
"acylam no” is defined as RC(=ON, wherein Ris alkyl or aryl. The term
"al kylthio" is defined as -SR, wherein Ris alkyl.

In another preferred group of compounds of
formula (I), R' and R?, independently, are repre-
sented by hydrogen, OR?, halo, C, .alkyl, CF,, NO,,
N(R?),, NR*C, ,alkyleneN(R?*),, and OC, ,alkyleneOR?.
Specific substituents include, but are not limited
to, H, OCH,, Cl, Br, F, CH,, CF,, NO,, OH, N(CH,),,

NHCH,CH, -N 0
_/

and O(CH,),0CH,C,H.. R' and R? also can be taken
together to form a ring, for example, a phenyl ring.

In a preferred embodiment, R® is selected
from the group consisting of optionally substituted
C,.¢alkyl, aryl, heterocaryl, C, ,cycloalkyl, C,; hetero-
cycloalkyl, C(=0)OR?, C,_,alkyleneHet, C, ,alkylene-
cycloalkyl, C; ,alkylenearyl, C,,alkyleneC(=0)C, ,-
alkylenearyl, C, ,alkyleneC(=0)0OR?, C, ,alkylene-
C(=0)N(R%*),, C, ,alkyleneC(=0)Het, C, ,alkyleneN(R?),,
and C, ,alkyleneNR*C(=0)R®. - Specific R?® groups

include, but are not limited to



The term"al kylsulfinyl" is defined as R-S02; wherein Ris alkyl. The term
"amno" is defined as -NH2, and the term "al kylam no" is defined as -NR21

wher ei nw@togie@st one Ris alkyl and the second R is' al lpdr/@o1158i8lr ogen.
The term "acyl am no" is.defined as RC(=ON, wherein Ris alkyl or aryl.
The term"alkylthio" is defined as -SR, wherein R is alkyl. WO 01/81346
PCT/ US01/ 13315 - 41 The term"alkylsulfinyl" is defined as R-S02,

wherein Ris alkyl. The term "al kyl suktonyl". is defined as R-S03, wherein
Ris alkyl. The term"nitro" is defined as -NO2. The term
"trifluoronethyl." is defined as - CE3 . The term"trifluoronmethoxy"” is
defined as -OCF3 . The term "cyano’ defined as,-CN. In preferred

enbodi ments, X is selected from ttg !p consi sting of CH2, CH2CH2,

CH=CH, CH (CH3) , CH2CH (CH3) , and ¢H3) 2. In-further pre- ferred
enbodi ments, Y is selected fromthe group consisting of null, S and NH

The A ring can be nonocyclic or bicyclic. Mnocyclic Aring systens are
aromatic. Bicyclic A ring systens contain at |east one aromatic, ring, but

_CHz\(\,\\J

-N 0
__/
"
™

-N N-~CHj



both rings can be aromatic. Exanples of A ring systens include,

limted to,

pyri m di nwo Mls1zdeyr azinyl, 1,3,5-triazinyl, purinyl, cinngdmydo1/13315

pht hal azi nyl
1H i ndazol yl
formula (1),

sel ected fromthe group

N CH3 and

i m dazolyl, pyrazolyl, 1,2,3-triazolyl, pyridizinyl

but are not

, qui nazolinyl, quinoxalinyl, 1,8 naphthyridinyl, pteridinyl,
, and benz- imdazolyl. In a preferred group of conpounds of
A is represented by an optionally substituted ring system

consi sting -of4s\WO 01/ 81346 PCT/ USO1/13315 -

NHN NNN N H N CH3 WO 01/81346 PCT/US01/13315 - 43 O NN
—CHz_—<l
-CH,CH, =
™
and

The R® group can be substituted with one to

three substituents, for example, halo, OR*, C, alkyl,
aryi, heterocaryl, NO,, N(R%*),, NR®*SO,CF,, NR>C(=0)R?,
C(=0)OR®*, N(R?)C, ,alkylene(R?),, SO,N(R*),, CN, C(=0)R?,
C, ,alkyleneN(R?*),, and OC, ,alkyleneN(R?),. Specific

o

substituents for the R’ group include, but are not
limited to, Cl, F, CH,, CH(CH,;),, OCH;, CH;, NO,, NH,,
NHC (=0) CH,, CO,H, and N (CH,) CH,CH,N (CH,),.

As used herein, the quinazoline ring

structure, and numbering of the ring structure, is

42 ANT
N~



IV N,,-N The Aring systemoptionally can be sub- stituted wth one to
three, and preferably one to two, substituents selected fromthe group
consi sti ngo AfsiN¢(Ra) 2, halo, Cl.3alkyl, S (Cl_3alkyl) , peRagsoanssi&H CH2
OH OH Specific substituents include, but are not limted to, NH2, NH (CH3)
, N (CH3) 2, NHCH2C6H5, NH (CzZH5) , d, F, CH3, SCH3, OH, and WD 01/81346
PCT/US01/ 13315 - 44 OH O CH2OH OH In another preferred group of
conpounds of formula (1), R and R2, arndependently, are repre- sented by
hydrogen, ORa, halo, C7__6al kyl, CF3, NO2, N (Ra) 2, NRad _3al kyl eneN (Ra)
2, and OC1_3al kyl eneCRa. SpeC|f| Cc substjtuents include, but are not
linmited to, H OCH3, O, Br, F, CH3, CF3, N®; OH, N (CH3) 2, NHCH2CH2-N 0
and O (CH2) 20CH2C6H5. Rl and R2 M. _be $aken together to forma
ring, for exanple, a phenyl ring ferred enbodiment, R3 is
selected fromthe group consisti opt| gnal |y substituted C1.6alkyl,
aryl, heteroaryl, C3_8cycloal ky ,~§ @ -3cycl oal kyl, C (=0 ORa,

Cl _4al kyl eneHet, Cl1_4al kyl ene- cyclgal kyjl C17 4al kyl enearyl Cl. 4al kyl eneC
(=0) C1.4-

The purine ring structure, and numbering oi the ring

structure, 1is

6 -
7

1
N7 —N—H

[
AG W
3

The compounds provided by the invention
are exemplified as follows:
3-(2-isopropylphenyl) -5-methyl-2- (9R-purin-6-ylaul-
fanylmethyl) -3H-quinazolin-4-one;
5-chloro-2- (9H-purin-6-ylsulfanylmethyl) -3-o-tolyl-
3H-quinazolin-4-one;
5-chloro-3- (2-fluorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl)—3H—quinazoiin—4—one;

- (2-fluorophenyl) -5-methyl-2- (SH-purin-6-yisulfan-
. ylmethyl) -3H-gquinazolin-4-one;
3- (2-methoxyphenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-cne; '
3-(2,6-dichlorophenyl) -5-methyl-2- (9H-purin-6-ylsul-
fanylmethyl) -3H-quinazolin-4-one;



al kyl enearyl, Cl1_4al kyl eneC (=0) ORa, Cl.4alkylene C (=0) N (Ra) 2,
Cl. 4al kyl eneC (=0) Het, C1_4al kyleneN (Ra) 21 and d _4al kyl eneNRaC (=0

Ra. Speci{ioco183344r oups include, but are not limted to W@ HB134As
PCT/US01/ 13315 45 -CH2 -NO -N~~N-CH3 WD 01/81346 PCT/USO01/13315 - 46

-CH2--< -CH2CH2 and The R3 group can be substituted with one to three
substituents, for exanple, halo, OR, Cs_6a kyl, aryl, heteroaryl, NO2, N
(Ra) 2, NRaSQ2CF3, NRaC (= O) R, C ¢80 ORa, N (Ra) c1 _4al kyl ene (Ra)
SN (Ra) 2, CN, C (=O Ra, - C,1_4alkyleneN (Ra) 2, and OCl. 4al kyl eneN (Ra)
2 . Specific- Mldﬂ@ﬁﬁ@l}f‘b)‘ $hﬂlmlR3r@¥Dup9hnp1lmﬂﬁ 6byisaiéanoet |imted
to, d, F, Cg% 1 , NO2, NH21 NHC (=OQ CH3 , CO2H ,
and N (CH3) yASiNazQ Julée "Herein, the quinazoline ring
structure, aambmusmexa ne oéhldaﬂoph@@ym wctsmepumnmméﬂlséﬁ-

PCT/ US01/ 133 %msgﬁyl) 3H- é&lngggiln -one;
3-(2-chlorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;
3-(2-methoxyphenyl) -2~ (9H-purin-6-ylsulfanylmethyl) -
3H—quinazolin—4~one;
3-(2-chlorophenyl) -5-fluoro-2- (9H-purin-6-ylsulfan-
yvilmethyl) -3H-quinazolin-4-one;
3-benzyl-2- (9H-purin-6-ylsulfanylmethvl) -3H-quin-
azolin-4-one;
3—butyl—2—(9H~purin—6~yisu1fany1methy1)—3H~quin—
azolin-4-one; é '
3-(2-chlorophenyl) -7-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazclin-4-cne;
3—morpholin—4—yl—2—(9H—purin—6—ylsulfanylme£hyl)—,’
quinazolin-4-one, acetate salt;
8-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl)-6,7-difluoro-2- (9H-purin-6-ylsul-
fanylmethyl) -3H-quinazolin-4-one;

3- (3-methoxyphenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
3H-quinazolin-4-one;
6-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
- (3-chlorophenyl) -2- (9H-purin-6-ylgulfanylmethyl) -
3H-quinazolin-4-one;
2- (9H-purin-6- ylsulfanylmethyl) -3-pyridin-4-y1-3H-
" gquinazolin-4-one;
3-(2-chlorophenyl) -8-trifluoromethyl-2- (9H~purin-6-
- ylsulfanylmethyl) -3H-quinazolin-4-one;



fanyl met hyl ) - 3H- qui nazol i n- 4- one;

3 54 The purine ring structure, and nunbering oi~ the ring structure,
6 57 1 N-NH 24 N $ 3 9 The conpounds provi ded by the invention
exenpl i fi @@ agiiel | ons: _ PCT/US01/13315
3-(2-isopropyl phenyl)-5-net hyl -2- (91l - purin-6-yl sul -

is
are

5-chl oro-2-(9H purin-6-yl sul fanyl net hyl )-3-o0-tol yl - ' 3H qui nazol i n- 4- one;

5-chl oro-3- (2-fluorophenyl) -2- (9K puri-n-6. -1yl sul fan-
yl met hyl ) - 3H qui nazol i n- 4- one;
3- (2-f | uor ophamm )y 5- pref hybxr3- 2 9kbpupunih-giglubtidfanylmethyl) -
.yl methyl)-3 q%inazol%£-4-one;
3- (2- et hoxypheRyH12 %2 nERAyT €32 ( 9H- puri n- 6-yI sul fan-
yl met hyl) - 3k qud nazehy Do #pOA8zin-1-yl) -2- (9H-purin-6-ylsulfan-
3--(2, 6-di chl.orophen I%$5-neth -2-(9H-purin--6-yl sul -
F anyl et hyl )£ SPEGR Taz T AL BL100F 02 813862 PEYPLEDLF 13315 48 3-
(2-chl or opheny()-cBrbreiehendt ) (@hnparbRyb2=Ybsuphiain-=6-ylsulfan-
yl met hyl ) - 3h-_qui nazol i n- 4- one; .
5- chl or o- 3- (2Lt Br bpheRy By 122 Eolt Buf r AR®: yI sul f an-
yl met hyl) - 3Hfluf Nageb Ll H=-4x8D8; (9H-purin-6-ylsulfanylmethyl) -4H-
3-(2-chl orophenyl ) -5-net hyl - 2- (9H-puri n-6-yl sul f an-
guinazolin-3-yllacetic acid ethyl ester;
3- (2-methoxyphenyl) -2- (9H-purin-6-ylsulfanylmethyl} -
3H-quinazolin-4-one;
- 3-biphenyl-2-yl-5-chloro-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-gquinazolin-4-one;
5-chloro-3- (2-methoxyphenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-gquinazolin-4-one;
2-{6-aminopurin-9-ylmethyl)-3- (2-isopropylphsnyl) -&5-
methyl-3H-quinazolin-4-one;
© 2= (6-aminopurin-9-ylmethyl) -5-methyl-3-o-tolyl-3H-
quinazolin-4-one;
. 2-(6-aminopurin-9-ylmethyl) -3 -biphenyl-2-yl-5-
chloro-3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-£luorophenyl) -5~
methyl-3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl)-5-chloro-3- (2-fluoro-
phenyl) -3H~-guinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -8-chloro-3- (2-chloro-
phenyl) -3H-quinazolin-4-one;
© 2-(6-aminopurin-9-ylmethyl) ~-5-chloro-3- (2-chloro-.
phenyl) -3H-quinazolin-~4-one;
- 2-(6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -5-
methyl-3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3~ (2-chlorophenyl) -5~

fluoro-3H-gquinazolin-4-one;



yl met hyl ) - 3H qui nazol i n-4-one; 3 - (2 -nethoxyphenyl) -. 2 - (9H purin-
-yl sul f anylnetliyl) - 3H quinazolin-4-one; 3-- (2-chlorophenyl)
-5--fl.uowerdrsis@H purin-6' -yl sulfal.i- ylmethyl)-3H qui nggalide143age;
3- benzyl - 2- (9H purin-6-yl su. | fanyl net. hyl )-3H qui n- azol i n-4-one;
3-butyl -2-(9H purin-6-yi sul fanyl net hyl ) - 3H qui n- azol i n-4-one; 3-
(2-chl orophenyl) --7-fluoro-2- (9H puriin-6--ylsulfan-

yl met hyl ) - 3H qui nazol i n- 4- one; - 50 -

3- nor phol i n-4-yl - 2- (9H puri n- 6-yl sul fanyl net hyl ) - 3H- - qui nazol i n- 4- one,
acet ate sal t2- (B-ahospaBif 29 el we OpPenys }beR= ¢ OHs pt or6-gHsul . f. an-
yl met hyl ) - 3H-qui nazpl i n- 4- one,;

3- (2- chl or opH& 302381,1'7'-%!7?]11%&0- 2- (9H puri n- 6-yl sul -

fanyl m et hyl) - G+ amimegot 1 0- 4-pNeethB3l 5 - § Sbudpl hexypgheAykplin24 -
(.9Hpurin- 6 --ylsulfanyl nmethyl) - 3H quinazolin-4-one;

6- chl or 0- 3- (¢*%hl or ophenyl ) - 2- (9H puri n- 6-yl sul f an-

yl net hyl ) - 3k g6 1 frazebpiir fn 098y 1 mdt hy{ 8- 3 chbeprphenyk)yi23g-(9H purin-. 6

-yl sul f anyl, net h%/] .) - 3H. -quinazolin-4-one;
2- (9H pur i n-BAXZR ¥Ry nRERY| ) - 3- pyri di n-4-yl - 34 qui nazol i n- 4- one;

3- (2- chl or opheyl amBadpif1 405 OpBh8yhy 2y ( 9 PUEhDoBophenyl) - 7-
yl sul fanyl met hyl ) - 3H- qui nazol i n-4-one; WO 01/81346 PCT/US01/13315 - 49
3- benzyl - - 5-FHiRfro- - woippeel He= 6918 ul f anyl net hyi ) -

2-(6-aminopurin-9-ylmethyl) -6-chloro-3- (2-chioro-
phenyl) -3H-quinazolin-4-one;

: 3—(4—chlorophenyl)~2—(9H~purin—6—ylsu1fan§lmethyl)—
3H-quinazolin-4-one;
3-(2-chlorophenyl) -6, 7-dimethoxy-2~ (9H-purin-6-
yvisulfanylmethyl) -3H-gquinazoline-4-one;
3-(2-chlorophenyl) -7-niitro-2- (9H-purin-6-ylsulfan-
vimethyl) -3H-quinazolin-4-one;

" 2-(6-aminopurin-9-ylmethyl) -6-bromo-3-~ (2-chlorophen-
y1l)-3H-quinazolin-4-one;

2- (6-aminopurin-9-ylmethyl) -3~ (2-chlorophenyl) -6, 7~
dimethoxy-3H-quinazolin-4-one;

6-bromo-3- (2-chlorophenyl)-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-{(2~chlorophenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
3H-benzo[glgquinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -5-chlorc-3-o-ctolyl-3H-
gquinazolin-4-one; and
2-(6-aminopurin-9-ylmethyl) -5-chloro-3- (2-methoxy-

phenyl) -3H-quinazolin-4-one.

The preferred compounds provided by the
invention have the structure (IV), exemplified as

follows:

6



3H qui nazol i n-4-one; 3-(4-nethyl pi perazin-1-yl)-2-(9H purin-6-yl sul fan-
yl nmet hyl ) - 3H qui nazol i n-4-one, acetate salt;

3- (2- chl oweph@yde) - 6- hydr oxy-2- (9H purin”-6-yl sul f an- PCT/US01/13315

yl met hyl ) - 3H qui nazol i n-4-one; [5-fl uoro-4-oxo0-2-

(9H puri n-6-yl sul fanyl met: hyl) -4H quinazoiin-3-yl]acetic acid ethyl
ester; 3- (2-nmethoxyphenyl) -2- (9H purin-6-y.I|sul fanyl nethyl) -

3H- qui nazol i n- 4-one; 3-bi phenyl -2--y155%-¢hl oro-2- (9H purin-6-yl sul fanyl -
met hyl ) - 3H qui nazol i n-4-one; 5-chl oro-3- (2-nethoxyphenyl.) -2-

(9H'- puri n- & y(zul dorepyl piedinyl ) - SHaghnazd! ( 95 dpanen -6 -ylsul -

2- (6-am noputi n-9-yl hyl)--3:-(2-1 sopropyl phenyl) - 5-
net hyl - 3H qtﬁ%‘i‘%ﬁﬁ’? )oh%l%'qulnémiln’i“gge?
2- (. 6- am no@H dHTEOry 1t dyl Ypubimes hyl 53t Bahel yibc Bt ) quii dagel yn=4- one;

2- (6-am nopur.i n-9-yl net hyl ) - - 3- bi phenyl - 2-yl - 5-
chl or o- 3H qlﬁ%%%?ﬁr&%%h%‘;on%i (6-ami nopurin-9-yl nethyl) -3-

(2-f1 uor ophenydniods- et vk 1 3btSphdRZD) 1 = do@NgurirR=6-ylsul fan-
(6-am nopurin-9-ylmet hx%l )" -5-ch] oro-3- (2-fluoro-
phenyl ) - 3H- - ot} mi-@unazolin-4-one;

2- (6- am nopwi (> 9 Mhaeshydy By Chl Qe Bt (2= ¢ OF@rin- 6-yisul fan-
phenyl ) - 3H qui nazol i n- 4- one, .

2- (6- am nopufi TR} et Rydy1nszehi®rb-a¢ 2- chl or o-,

phenyl ) - 3H qii pazol d Nt @RS henyl) -5-methyl-2- (9H-purin-6-ylsul-
2- (6-am nopuri %—619-yl nmet hyl )- 3??%-)chl pnrl%phl(/anyl )-5- putan yies
net hyl - 3H quf dazoNe HEYl bn@ii-quinazolin-4-one; -

2-(6-am nopui.i iy Qs SES Y Ay Br = 4 2 Gl L5 0Phedyl daPin-6-ylsul fan-
vimethyl)-3h-quinazolin-4-one;
5-chloro-3- (2-chlorophenyl) -2~ ({9H-purin-6-ylsulfan-
ylmethyl) -3H-guinazolin-4-one;
3-(2-chlorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl)—3H—quinazolin—4—one;‘
3-(2-chlorophenyl) -5-fluoro-2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;
3~-benzyl-2-(9H-purin-6-ylsulfanylmethyl) - 3H-quin-
azolin-4-one; ' .
3—butyl—2—(9H—purin—6~ylsu1fanylmethyl)—3H—quin—
azolin-4-one; ,
3- (2-chlorophenyl) -7-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-moxrpholin-4-~yl-2- (9H-purin-6-ylsulfanylmethyl)-3H-
quinazolin-4-one, acetate sgalt;
8-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
vimethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl)-6,7-difluoro-2-(9H-purin-6-ylsul

fanylmethyl) -3H-quinazolin-4-one;
6-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;



fl uor o- 3H qui nazol i n-4-one; WO 01/81346 PCT/US01/13315 - 50

2- (6-am nopurin-9-yl net hyl ) - 3- benzyl - 5-f | uoro- 34 - qui nazol i n-4-one; 2-
(6-am nopuo bisB4¢/1 net hyl ) . - 3- but yl - 3H qui nazol i n-4- one; PCT/US01/13315

2. -(6-am nopurin-9-yl nmet hyl) - 3-nor phol i n-4-yl - 34 qui nazol i n-4-one; 2-
(6-am nopurin-9-ylnethyl) -3- (2-chlorophenyl) -7- fluoro-3H qui-nazolin-
4-0.ne; 2-.(6-amnopurin-9-ylmethyl) -6-chloro-3.- (2-ch.loro-

phenyl ) - 3H qui nazol i n-4-one; 3- (4-chyzor-ophenyl)

-2-(9H purin-6-yl sul fanyl neth.yl) - 3H qui nazol i n-4-one;

3- (2-chl or ophenytghboXodhary/ DXy - 2909buptifh-EAvEsul fanyimethyl) -

yl sul f anyl ne €y| - 3H-qui nazol i ne-4-one; -3- (2-chlorophenyl) -7-nitro-2-
(9H—pu.rin-6£ Tgéf?ﬁﬁgE§Pﬁéf99F5-3H-quinazolin-4-one;

2- (6- ami nopuz i noB-yhaehhylyi6ubrampidetByehloropheain-4-y1-3H-

yl .)-3H qui nazol i n- 4- one;
27(6-aninopuﬁ?h?§z9%ﬁﬁfﬁyP??3--(2-ch|orophenyl)-6,7-
d'nEthOXY‘3FBQWBD@KPstpﬂeﬁg§)—2—(9H;purin~6— lsulfanyimethyl) -
6-bronn-3-(2-ch|orophengl)- -(9H purin-6-yl sul fan-

yl net hyl ) - 3Hguf hae 6Pt Yl oaE-quinazolin-4-one;

3-(2-chlorop@eﬁah%?zzé9thgagbnz61whsghkaay%nyﬁgﬁhkanylmethyly-
3H- benzo[ g] qui nazol i n- 4- one;
2- (6- am nopupnd9iGRABLAPHF-8n6kI or 0- - 3- 0- -t ol yl - 3H qui nazol i n- 4-one; and
2- (6-am nopugi Nz Y ARTBYberazehl 0101802 (RN Y- 6-visulfan-
yvimethyl) -3H-quinazolin-4-one, acetate salt;
:3- (2-chlorophenyl) -6-hydroxy-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
[6-fluoro-4-oxo-2- (9H-purin-6-ylsulfanyimethyl) -4H-
quinazolin-3-yllacetic acid ethyl ester;
3-biphenyl-2-yi-5-chloro-2- (9H-purin-6-ylgsulfanyl-
methyl) -3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-isopropylrhenyl) -5-
methyl-3H-quinazolin-4-one; '
2- (6-aminopurin-9-ylmethyl) -5-methyl-3-o-tolyl-ZH-
quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -3-biphenyl-2-y1-5-
chloro-3H-gquinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-fluorophenyl) -5-
methyl-3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -5-chloro-3- (2-fluoro-
phenyl) -3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -8-chloro-3-(2-chloro-
phenyl) -3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -5-chloro-3- (2-chloro-
phenyl) -3H-quinazolin-4-one;
2-(6-aminopurin-S-ylmethyl) -3- (2-chlorophenyl) -5-

methyl-3H-quinazolin-4-one;



phenyl ) -3H qui nazol i n-4-one. The preferred conpounds provided by the
i nvention have the structure (1V), exenplified as follows: WO 01/81346

PCT/ USO1/ w3hm1346 51 3- (2-isopropyl phenyl) -5--methyl -2-pcr/use1/13315

(9H purin. - 6Lyl sul -- fanyl met hyl ) - 3H qui nazol i n- 4- one;

5-chl oro- 2- (9H puri n- 6-yl sul fanyl met hyl ) -3-0-tol yl - 3H qui nazol i n-4-one;
5-chl oro-3-(2-fl uorophenyl)-2-(9H purin. - 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n-4-one; 3- (256l worophenyl) -5-nmethyl -

(9H purin.-6--ylsul fan- yl methyl)-3H qui nazol i n- 4-one;
3-(2,6-diChIIHCﬂ#&mmm@pﬁﬁﬁﬁtbyylﬂetEyEDuBLMQﬁeylsubphenyl)—5~

fanyl net hyl ) - 3H qui nazol i n-r 4- one; - (2-chl orophenyl) -6-fluoro-2-
(9H puri n- 6- 9%%?? CAYiPRERYTY: %ﬁoﬂﬁr nazol i n- 4- one;

5-chl or o- 3- (2- thl fiDipbenyin - 2- ¢ Bk phyl n-8-yeauliap- fluoro-3H-

yl met hyl ) - 3H- qui nazol| i n- 4- one;

3-(2-chl oroﬁi‘g]rfy’?ﬁokl%‘th?eQ (9H puri n- 6-yl sul f an-

yl met hyl') - 3F2£K6IEHE&b?bﬁiﬂngrylmethyl -3- but¥l 3H-quinazolin-4-
3-(2-chl or-ophenyl)-5-1tluoro-2-(9H purin-6--yl sul fan-

yl met hyl) - 3K%fti nazol i n- 4- one 3-benzyl -2- (9H purin-6-yl sul fanyl met hyl)
3H qui n- . azzntgnarﬂx aris @uwrhegh@ri:@umﬂ ﬁoyh§Uht9mybﬁet hyl) - 3H qui n-
azol i n- 4- one; (2 ch oropheny | uor o- %QH- purin-6-yl sul fan-
yl met hyl ) - BI-UHWW biPnt 20%0Re;
2- (6-aminopurin-9-ylmethyl) -3~ (2-chlcrophenyl) -7-
fluoro-3H-quinazolin-4-one; and
- (6-aminopurin-9-ylmethyl)-5-chloro-3-o-tolyl-3H-

quinazoline-4-one.

The term "prodrug" as used herein refers
to compounds that are rapidly transformed in vivo to
a compound having structural formula (I) herein-
above, for example, by hydrolysis. Prodiug design
is discussed generally in Hardma et al. (Eds.),
Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 9th ed., pp. 11-16 (1996). A thorough
discussion is provided in Higuchi et al., Prodrugs
as Novel Delivery Systems, Vol. 14, ASCD Symposium
Serieg, and in Roche (ed.), Bioreversible Carriers
in Drug Design, American Pharmaceutical Association
and Pergamon Press (1987). Briefly, administration
of a drug is followed by elimination from the body
or some biotransformation whereby biological
activity of the drug is reduced or eliminated.
Alternatively, a biotransformatioh‘process'can iead
to a metabolic by-product, which is itself more
active or equally active as compared to the drug
initially administered. Increased understanding of

these biotransformation processes permits the design



3- nor phol i n-4-yl -2- (9H puri n- 6-yl sul fanyl net hyli)-3H qui nazolin-4-one,
acetate gait; 8-chloro-3-(2-chlorophenyl)-2-(9H purin-6-ylsul fan-
yl met hyl) whi@4sdgazol i n- 4- one; _ PCT/US01/13315
3-(2-chl orophenyl)-6, 7-di f| uor o- 2- (9H puri n- 6-yl sul -
fanyl met hyl ) - 3H- qui nazol i n-4-one; 6-chloro-3- (2-chlorophenyl) -2-
(9H purrin-6-yl sul fan- yl nethyl)-3H qui nazol i n--4-one; WO 01/81346
PCT/ USO01/ 13315 - 52 .3 - (3 -chlorophenyl) - 2 - (9Hpurin- 6 -vl sul f
anyl nethyl) - 3H qui nazolin-4-one; 2- (9H purin-6-yl sul fanyl net hyl)
- 3--pyridi n-dE yde 3b 1 ed nazobdhudgs pneyhich, following a bio-
3-(2-chl orophenyl )-2-(9H purin-6-yl sul fanyl net hyl ) - .
trifluoronet gé#?%ﬁé%%%@1i?¢%9% eTore p%y810¢¥g}cally active
. 3-benzyl -5-in | tlos Dr 22 O&-Par sate 6- ybsolirhigsyl seebyfdre, en-
3H-qui nazol i n-4-one; 3- (4-nethyl piperazin--1-yl) --2-
(9H—purin-6-??@Qﬁ?%h93a§$%%$ﬁ9$¥9§i£§uFﬂ%QBFVﬁ-ﬁéﬁﬁg?nﬁﬁeFﬁ?E salt; 3-
(2-chl or opheqyéd ) covdye@Xyo 2bi b Bbb1 BHLE B~ a6t Y sUhEBAbolites.
yl met hyl ) - 3H qui nazol i n- 4- one;
[5-f1 uor o- 4- 0x0- 2- (9H-PRrt htuetyrset fBRYFRBIAYFIL4RE GAPKEZEPHN- 3-yI | acetic
acid ethyl estes;a ShdirhedyVbgleylip- 88L OG- Eor&m%h?@ﬁ%ﬁ‘ﬁy&k@yuanw . -
met hyl ) - 3H qui nazol'i n-4-one; ~2- (6-am nopurin-9-yl net Kl) - 3-
(2-i sopr opyiPheny?d . -5 nRENYPLSH- i ABEGFiI AT42BREe linkage,
2- (6- am nopui B Sy | 1Bt Ryhde PagebPYLbxBo01 48! ¥ £3kkt 9uhagzglbnp4- one;
on the resultant product. The prodrugs can be de-
signed to react with an endogenous compound to form
a water-soluble conjugate that further enhances the
pharmacological properties of the compound, for
.example, increased circulatory half-life. Alter-
natively, prodrugs can be designed to undergo
covalent modification on a functional group with,
for example, glucuronic acid, sulfate, glutathione,
amino acids, or acetate. The resulting conjugate-
can be. inactivated and excreted in the urine, or.
- rendered more potent than the parent compound. High
molecular weight conjugates also can be excreted
into the bile, subjected to enzymatic cleavage, and
released back into the circulation, thereby effec-
tively increasing the bioclogical half-life of the

originally administered compound.



2- (6-am nopuri n-9-yl net hyl ) - 3- bi phenyl - 2-yl -5- chl or o- 3H qui nazol i n- 4- one;
2- (6-am nopurin-9-yl net hyl )-3-(2-fl uorophenyl) - 5-

met hyl - 3Hy@1kaz@l | N- 4-one; 2- (6-am nopurin-9-yl net hyl) pdaredah@sss 3-
(2-f.luoro- phenyl)-3H qui nazol i n-4-one;

2- (6-am nopuri n-9-yl met hyl ) - 8-chl or o- 3- (2- chl or o-

phenyl) - 3H qui nazol i n-4-one; 2- (6-am nopurin-9-ylnethyl) -5-chloro-3-
(2--chl oro- phenyl)-3H qui nazol i n-4-o8e; -

2- (6-am nopurin-9-yl net hyl ) - 3- (2-chl orophenyl ) - 5-

met hyl - 3H quidEEed s NEdr ON@en WEPIAG 18462 PLGFEUSOL/ 13315 - 53

2- (6-anm nopugddnBatb ARt byl DT Ix b 260 9L ephenyl ) - 5-

fl uor o- 3H qui nazol | n- 4- one;

2- (6-am nopurin-9-yl methyl)-3-benzjrl-5-fluoro-3H quinazolin-4-one;

2- (6-am nopurin-9- ylanﬂJ'ﬁI?KguﬁfbtéthquhEa%@hﬂnaﬁ £988ments

2- (6-am nopurin-9-yl net hyl) - 3- nDrpholln-4-y qui nazol i n- 4- one;

2- (6- ani nopukrereRy |m@w@;fﬁl@g(lzl@h@w@@heﬂyt}wty, can be used
fluoro-3Hq z

2- (6 am nopur a- 8- 3T aet g 5 CBELYR Bea2E e FEPUI SR GRTRR¥ ne- 4- one
The term "priodrary @b @s@@rh@thlQfr@f@gsSC¥©en©n90uﬁdhﬂEgaesareArapldIy

t ransf or ned ﬁg%ﬂ%v&étpé%@%g $€08Pdp 9%%”95 %rgﬁgﬁgahquhgyla (1) herein-

above, for ex SI'S
diminisheg or abolishes the abllity of PI3Kd to.

carry out any of its biological functions. An

- example of such compounds is an agent that decreases
the ability of a PI3Kd polypeptide to phosphorylate
phosphatidylinositol or to target appropriate struc-
tures within a cell. The sgelectivity of a compound
that negatively regulates PI3KO activity can be
evaluated by comparing its activity on the PI3Kd to
its activity on other proteing. Selective negative
regulators include, for example, antibodies and
other proteins or peptides that specifically bind to
a PI3K® polypeptide, oligonucleotides that specifi-
cally bind to PI3Kd polypeptides, and other nonpep-
tide compounds (e.g., isolated or synthetic organic
molecules) that specifically interact with PI3KD
polypeptides. Negative regulators also include com-
pounds as described above, but which interact with a
specific binding partner of PI3Kd polypeptides.

| Presently preferred targets for the devel-
opment of selective negative regulators of PI3Kd
include, for example:

(1) cytoplasmic regions of PI3Kd polypep-

tides that contact other proteins and/or localize
PI3KO within a cell;



is discussed generally in Hardma et al. (Eds.), Goodnman and G|l nman's The
Phar macol ogi cal Basis of Therapeutics, 9th ed., pp. 11-16 (1996). A

t hor ough w@y @a4sei on i s provided in H guchi et al., Prodruygsuasiiye
Del ivery Systens, Vol. 14, ASCD Synposium Series, and in Roche

(ed.),"'Bioreversible Carriers in Drug Design, American Pharnmaceuti cal
Associ ati on and Perganon Press (1987). Briefly, admnistration of a drug
is followed by elimnation fromthe-bgdy- or sone biotransformati on wher eby
biological activity of the drug is reduced or elimnated. Alternatively,
a biotransformation' pr(zessregivheadt PD3IES npdbabpeptibigspraduct, which is
itself nore ive or_eq active as conpared to the drug initially

I 1y,
adninistere&?ﬁ$ cﬁ%ﬁﬁ%&ﬁ%ﬁ%%?%¥%%d?%ﬁt%?rsfhese bi ot r ansf or mati on processes

permits the design WO 01y 813461 ST/ &503hd 3815kS- pbdypeptsaeeal | ed
"prodrugs, " W?icg%%fgllomﬁn a bio-. transformation, becone nore
physi ol ogi cdf13F detideSUPHEERe?+ altered state. Prodrugs, therefore, en-

conpass phar macol ogi caldy iaBCééverconpoyntstbhpt siaes eenyaeted to
biologically .active metabolites. To illustrate, prodrugs can be converted
.into a 'phé?%%%%lE@&%@?P?lg%%i9%a¥o?%¥tﬂFoG@HnﬁngBF?I?§Fs of, for

exanpl e, an @st&Er Of - dKlerhd nkageve éh@ée@?ohnkéggygkagyor exposi ng
a.functional grou on the resultant product. The prodrugs can be de-

signed to reakd’atth an endogenous conpound to form a water-soluble
conjugate that further gnhapcesotdesr the PI3KS polypeptides

that mediate multimerization.

For example, one target for development of modu-
lators is the identified reégulatory interaction of
P85 with p1103, which can be involved in activation .

and/or subcellular localization of the pil08 moiety.
Still other selective modulators include those that
fecognize specific regulatcry or PI3Kd-encoding
nucleotide sequences. Modulators of PI3KS activity
can be therapeutically useful in treatment of a wide

'range of diseases and physiological conditions in
which aberrant PI3KS activity is involved.

Accordingly; the invention provides

‘methods of characterizing the potency of a test
compound as an inhibitor of PI3KS polypeptide, said
method comprising the steps of (a) measuring
activity of a PI3K® polypeptide in the presence of a
test compound; (b) comparing the activity of the ‘
PI3KS polypeptide in the presence of the test com-
'pound to the activity of the PI3K® polypeptide in
the presence of an equivalent amount of a reference
compound (e.g., a PI3KYO inhibitor compound of the
invention as describedAherein), wherein a lower
activity of the PI3K® polypeptide in the presence of

the test compound than in the presence of the refer-



phar macol ogi cal properties of the conpound, for .exanple, increased
circulatory half-life. Alter natively, prodrugs can be designed to undergo

coval ent wediifsig@ti on on a functional group with, for examleso1g4suronic
acid, sulfate, gl _utathione, amno acids, or acetate. The resulting

conjugate can be inactivated and excreted in the urine, or, rendered nore
potent than the parent conpound. H gh nolecul ar wei ght conjugates. also
can be excreted into the bile, subjectied to enzymatic cl eavage, and

rel eased back into the circulation, thereby effec- tively increasing the

bi ol ogi cal haide lid&i@dtébechat i ghaatéytadonpobshér ed gompeand. WO 01/ 81346

PCT/ US01/ 13315 - 55 thods _for |ldentifying Negative _Regul.ators of PI3K5
Activity 1Tmpﬁﬁ%ﬁ&ibﬁ%?%?ﬂ?raghﬁﬂlFgﬁsr?%éﬁﬁgﬁ?sgopﬁ8Pﬁgf %BQS@ssing

bi ol ogi cal -acigheit yaceanibe osethef DI3REr peni/pgpptitiat ivetnegati ve regul ator
conmpounds in any of a_v riet% of drug sgreenin techni ques. A negative
regul ator ofP¥% € QT B RBNpOBHdCPRRPURF Nt RPBNER bRCaBOPFERES the ability

of PI3K5 toofaiiy Ssteddycof ihdischtekoghssl thungbkensomPBunexappl e of such
conpounds is an agent that decreases the abl|lt¥ of a PI3K5 polypeptide to

phosphor yl at® 1$Hosphetibyi bR Eer bRefothar §etcapRFEpFPEPEUEEruc- tures

within a cell. The selegéivhityneioA eQPPRHROLrbhakcBeRaEhYEBLY oFEgUl ates
Pl 3K5 activity.can be eval uated bg conparing its activity on the PI3K6 to
ency of a test compound as an

characterizing the po
inhibitor of PI3Kd polypeptide, comprising the
steps of (a) determining an amount of a control com-
pound (e.g., a PI3KO inhibitor compound of the in-
vention as described herein):  that inhibits an activ-
ity of a PI3KO polypéptide by a reference percentage
of inhibition, thereby defining a reference inhibi-
tory amount for the control compound; (b) determin-
ing an amount of a test compound that inhibits an
activity of a PI3KO polypeptide by a reference per-
centage of inhibition, thereby defining a reference
inhibitory amount for the test compocund; (c) compar-
ing the reference inhibitory amount for the test
compound to the reference inhibitory amount for the
control compound, wherein a lower reference inhibi-
tory émount for the test compound than for the con-
trol compound indicates that the.test compound is a
more potent inhibitor than the control compound, and
a higher reference inhibitory amount'for the test
coﬁpound than for the control compound indicates
that the test compound 1s a less potent inhibitor
than the control compound. In one aspect, the
method uses a reference inhibitory amount which is
the amount of the compound than inhibits the
activity of the PI3KS polypeptide by 50%, 60%, 70%,

or 80%. In another aspect the method employs a



its activity on other proteins. Selective negative regulators include, for
exanpl e, anti bodies and other proteins or peptides that specifically bind
to a Pl 3®we Aasghygepti de, oligonucl eotides that specifi- caldyudaimssiso Pl 3K6
pol ypepti des, and ot her nonpep- tide conpounds (e.g., isolated or synthetic
organic nolecules) that specifically interact wth PI3K6 polypeptides.
Negati ve regul ators al so include com pounds as described above, but which
interact with a specific binding partmser of PlI3K5 pol.ypeptides. Presently
preferred targets for the devel - opnment of selective negative regul ators of
Pl 3K5 i ncl ugkefefatcexapllel tdty ayboptashat tegtiasaadbuRt3Kb pol ypep-

ti des that cantact othe roteins.and/or. localize Pl 3K5 w in.a cell; WO
b1 81340 Poibomsre Bhas i BrEe Phne SRt b Sk GE I ChBPraRE bt bi o
speci fic bi nshngppariderisy 683, regipnsrobothe Phakd petypeapttédmas that bind

substrate; (4), Oallosterjc,regulatory sites of the PlI3K5 pol ypeptides that
can or camnﬁ2%§ﬁe %i?rm%ﬁ+%%t$9€mf? eFﬂ%C%c%?Uéb%F?Eyuﬁ@ﬂgPEgggatory

signal; (5) tegi @tpodinddei Rl 3K6: pol,ypept bdeshehabl medEaye in _
mul tinmerization, For exanple, one _target for devel opnent of nodu- lators is
the identifidd ¥egulBrorgethtieraedi ansay, or in an in vivo

assay.
The invention further provides methods of
identifying a negative regulator of PI3KE activity,
comprising the steps of (i) measuring activity of a
PI3KS polypeptidé in the presence and absence of a
test compound, and (ii) identifying as a negative

‘regulator a test compound that decreases PI3KD
activity and that competes with a compound of the
invention for binding to PI3Kd. Furthermore, the
Ainvention provides methods for identifying compounds

. that inhibit PI3K® activity, comprising the steps of

" (1) contacting a PI3KO polypeptide with a compound
of the invention in the presence and absence of a
test compound, and (ii) identifying a test compound
as a negative regulator of PI3KO activity wherein
the compound competes with a compound of the inven-
tion for binding to PI3Kd. The invention therefore
provides a method for screening for candidate nega-

. tive regulators of PI3KO activity and/or to confirm
the mcde of action of candidate such negative reg-
ulators. Such methods can be employed against other
PI3K isoforms in parallel to establish comparative
activity of the test compound across the isoforms
and/or relative to a compound of the invention.

In these methods, the PI3Kd polypeptide
can be a fragment of pl10d that exhibits kinase

activity, i.e., a fragment comprising the catalytic



p85 with pl1105, which can be involved in activation, and/or subcellular

| ocal i zation of'the pl105 noiety. Still other selective nodul ators include
t hose thatyo q18G8@ni ze specific regulatory or Pl 3K: 6--encodidiggsoidsidigot i de
sequences. Mdul ators of PI3K6 activity can be therapeutically useful in
treatment of a wide range of diseases and physi ol ogical conditions in.

whi ch aberrant PI3K6 activity is involved. Accordingly, the invention

provi des nmethods of characterizing-the potency of a test compound as an

i nhi bitor of PI3K5 pol ypeptide, said nethod conprising the steps of (a)
nmeasuring asiteidy mifl@ P13kKbrpohypepely decha PDEKbrpSEppepaida t est

o oonce | A b 3 DRI G BT LD AT E) OPRERE Prako

pol ypep;i <(1|e pab dhe %E%Sﬂ@h@b@fm@ih&ﬂutcvaﬂa@ék?tﬂ;?w@ll@ét@ri@f er egce bed
conpoun e a Pl 3K6 inhibitor conpoun of the invention_as describe
herein), eﬁ%ﬁqﬁ%%q¥ﬁwﬁ BE1EQi t yI8¢ TRENPEIKEEPOPS peP iﬂ@eﬁn¢Fhe presence

of the teStcéllOle)%bgtﬁréé'@ih & NedNes pEgsSeNeE: 0 bhexseber i MO 8481346
PCT/ US01/ 13315 ence |nd|cates that the test conpound is.a nore

pot ent |nh|Bﬁi%ﬁsmrﬁ&F@§ﬁe?Qﬁ%ﬁ%ﬁ@%ﬁ%bﬂ%ﬁuﬁﬁmg%ﬂﬁu% Yhi gReFOBRti vity of the

PI 3K5 pol ypelm% de, ithd NSo1prEse &eﬁﬁ $QPRoHAdLhanc4n the
presence of t reference |nd|cates %h the test.. conpound is a |less

potent i nhi 8?8 drrahaln t9el teier ertbl B6HOUNE THELR nTEREFBR. f ur t her
provides methodsr0fy to be displayed on a cell surface, cr

located intracellularly. The modulation of activity
or the formation of binding complexes between the

- PI3KS polypeptide. and the agent being tested then
can be measured. ) o

Human PI3K polypeptides are amenable to
biochemical or cell-based high throughput screening
(HTS) assays according to methods known and prac-
ticed in the art, including melanophore assay sys-
tems to investigate receptor-ligand interactions,

- yeast-based assay systems, and mammalian cell ex-
pression systems. For a review, see Jayawickreme
and Kost, Curr Opin Biotechnol, 8:629-34 (1997).
Automated and miniaturized HTS assays also are
comprehended as described, for example, in Houston
and Banks, Curr Opin Biotechnol, 8:734-40 (1997).

Such HTS assays are used to screen

. libraries of compounds to identify particular com-
.pounds that exhibit a desired property. .Any library
‘of compounds can be used, including chemical librar-
‘ies, natural product libraries, and combinatorial
libraries comprising random or designed oligopep-
tides, oligonucleotides, or other organic compounds.

Chemical libraries can contain known com-

pounds, proprietary structural analogs of known



characterizing the potency of a test conpound as an. inhibitor of P13K5
pol ypeptide, conprising the steps of (a) determ ning an anount of a
control cqigoidesyad (e.g., a. PI3Kd inhibitor conpound of tilg ida1/1y¥RHti on as
described herein): that inhibits an activ- ity of a Pl3K6 pol ypeptide by a
reference percentage of inhibition, thereby defining a reference inhibi-
tory amount for the control conpound; (b). determn- ing an anmount of a
test conpound that inhibits an activepy-of a Pl 3K6 pol ypeptide by a
reference per- centage of inhibition, thereby defining a reference

i nhi bi tory amwpdudde, tde ¢tespoaodpotnsg; {££¢ toapatfiedgrfiba reference
i nhi bitory amunt %or t%e %est conpound to the reference inhibitory anount
for the cort?otr ZonpoRHet WhSTEF A9t ower reference inhibi- tory anount

for the test conpound Ndxawnrd Drptbeueont ibroticonpoendoindceabas that
i nhi bitor_than the control conpound,

the.test co und is, npr e, pot en

and a highgﬁ9ﬂﬁQﬁ¥%é§Fi+ﬁﬁ % yE%ﬂ%uﬂ?t9?%}stﬁ8uF%§F!.tXBhﬁound t han for
the control comppungicidsh§ahesms | hahihdes| eslage8podRdunbsiael €ss potent
inhibitor than the control conpound. In one aspect, the nethod uses a

reference i MFEARLFTYE antimE UGt chr PEUCE her BRotfe . 8FEhEXeBnpBEAY t han

i nhibits theso@eddyity obrhbe £l 3Kd 90 ¥Depbs 8By B0% 60%,d0% or 80%
I n anot her aspect the nethod enploys a WO 01/81346 PCT/US01/13315 58

reference i b b ERFSt B UMD t WEETRSCERe @fobe BPTTEREAESRPoUNd t hat
inhibits-the,actiyidy 0 dheedd 3Kbrraction from the microorgan-

isms or tissueg (plants or animal)"thémselves. Nat -
ural product libraries include polyketides, nonribo-
somal peptides, and variants (including nonnaturally
occurring variantsg) thereof. For a review, see Cane
et al., Science, 282:63-68 (1998).

Combinatorial libraries are composed of
large numbers of related compcunds, such as pep-
tides, oligonucleotides, or other .organic compounds
as a mixture. Such compounds are relatively
straightforward to design and prepare by traditional
automated synthesis protocols, PCR, cloning, or pro-
prietary synthetic methods. Of particular interest
are peptide and oligonucleotide combinatorial 1i-
braries.

Still other libraries of interest include
peptide, protein, peptidomimetic, multiparallel
synthetic collection, recombinatorial, and polypep-
tide libraries. For a review of combinatorial
chemistry and libraries created thereby, see Myers,
Curr Opin Biotechnol, 8:701-07 (1997)..

Once compounds have been identified that
show activity as negative regulatcrs of PI3KO
function, a program of optimization can be under-

taken in an effort to improve the potency and or



pol ypeptide by 90% 95% or 99% These nmethods com prise determning the
reference inhibitory amount of the conpounds in an in vitro bi ochem cal
assay, inwoai/sisye Vi tro cell-based assay, or in an in VipeQuasssds The
invention further prOv4 des nethods of identifying a negative regul ator of
P13K6 activity, conprising the steps. of (i) neasuring activity of a
P13K5 pol ypeptide in the presence and absence of a test conpound, and (ii)
identifying as a negative regulator gitest conpound that decreases Pl 3K5
activity and that conpetes with a conpound of the invention for binding to
Pl 3K6. Furt hesereivithe of i thenhcoivptovi dekisebhatlgsfier oifdent i fyi ng
compounds that inhibit Pl|3K5 activity, conpri si he.steps of (i)

cont acti ng f%ﬁqﬁ&?fﬁﬂ?ﬁ%ﬁY? & ﬁ?#ﬂtégﬁﬁhbggnégAgg %HBlFﬁigﬁtion in-the
presence andighsense of dcetgsiveospouad, oandelbktildenbiifying a test
compound as a negatiye regul ator of PI3K5 activjt mhereig t he conpound
conpet es thqﬁgﬂ?é%wﬁﬁnﬁp OPRE PhYBAREUFEBN2RIr BRAHI AGTFELRFARE. The

invention thesebDsEhe! O¥1 85 BiBBLYOHat OscsEveeP. NgFhAL 1¢aBdbdat e nega-
tive regulators of PI3K6 activity and/or to confirm _the npde of action of

candi dat e suUch! et FUBPP RS ufaboPe. deatanadt ABas 2an BEhéRpFoyed agai nst

other Pl3K {is0f @ aBrdd PaE Y1, tRiept 8bltsncpanseaki ¥e aetivity of the
test conpound across the isofornms and/or relative to a conpound of the

invention. IfPthese MTdbdsthofie PPSRSSpENgpEpiFablechiab®aa fragment of
p1105 that extidi{sSaKiPASLiles, potentially qualifying as thera-

peutic candidates.

Therapeutic Uses of Inhibitors
of PI3K® Activity

The invention provides a method for selec-
tively or specifically inhibiting PI3KS activity
therapeutically or prophylactically. The method
comprises administering a selective or specific
inhibitor of PI3Kd® activity in an amount effective
therefor. This method can be z2mployed in treating
humans or animals who are or can be subject to any
condition whose symptoms or. pathology is mediated by
PI3Kd expression or activity.

"Treating" as used herein refers to pre-
venting a disorder from occurring in an animal that
can be predisposed to the disorder,Abut has not vyet
been diagnosed as having it; inhibiting the dis-
order, i.e., arresting its development; relieving
the disorder, i;e., causing its regression; or
ameliorating the disorder, i.e., reducing the
severity of symptoms agsociated with the disorder.

"Disorder" is intended to encompass medical dis-



activity, i.e., a fragnment conprising the catalytic W 01/81346
PCT/ US01/ 13315 - 59 site of pll05. Alternatively, the P13K5 pol ypeptide

can be a {yoagEs fromthe pll05-bi nding domain of p85 an@drrwyhnsks a
method to identify allosteric nodulators of PI3K5. The nethods can

be. enpl oyed in cells expressing cells expressing PI3K6 or its sub- units,
ei t her endogenously or exogenously. Accord- ingly, the polypeptide enpl oyed
in such nmethods can be free in solutikan- affixed to a solid support,,

.nmodi fied to be displayed on a cell surface, or located intracellularly.
The nodul at iedefs acdiyedyes predheit oonaf | epndtoheadi agdcoenpl exes, bet ween

the PI3K6 polypeptide . d the agent being tested then can be neasured.
Human P13K §5P§§ed¥$§%§u%?£l h%%%b%%'to bi ocheni cal or cell-based high

t hr oughput screening ThH SheBSSAYSoaCERE di igeh0iBBt BAYSakBOWn and prac-
ticed in the art, incl diqg nelanoghore'assa iys- tens to i pvestigate
recept or - | | gFAE T SPALEF oNE, LrFRELETI bAR ed 48R4y SEDEEEhE, PARES M i an

cel | ex- pressipn SYShedBs, fOfe pFevteabl S8, JAYAMEEKr 8AB sandi Kost, Curr
Opi n Biotechnol, 8:629-34,(1997). Automated and miniaturized HTS assays

al so are cOMFerarfeRir 2 MecriBRY; fRARORIaME e M2 188t on and Banks,
curr Opin Bigd 8601 th: 734n 49e (99T e Suieh, HIS-assays1ar ecysed to screen

..libraries of conpounds to identify particular com ~.pounds that exhibit
a desired F"Rﬁﬁﬁq@_aqgma1$b§@?9s), including dogs and cats; farm

animals, including cattle, horses, sheep, pigs, and
goats; laboratory animals, including rats, mice,
rabbits, guinea pigs, and nonhuman primates, and zoo
Sspecimens. Nonmaﬁmalian animals include, for
example, birds, fish, reptiles, and amphibians.

In one aspect, the method of the invention
can be employed to treat subjects'thérapeutically or
prophylactically who have or can be subject to an
inflammatory disorder. One aspect of the present
invention derives from the involvement of PI3K® in
‘mediating aspects of the inflammatory process.
Without intending to be bound by any theory, it is
theorized that, because inflammation involves
processes are typically mediéted by leukocyte (e.g.,
neutrophil, lymphocyte, etc.) activation and chemo-
‘tactic transmigration, and because PI3KS can mediate
‘such phenomena, antagonists of PI3Kd can be used to
suppress injury associated with inflammation.

"Inflammatory disorder" as used herein can
refer to any disease, disorder, or syndrdme in which
an excessive or unregulated inflammatory response
leads to excessive inflammatory syﬁptoms, host
tissue damage, or loss of tissue function. "Inflam-

matory disorder" also refers to a pathological state



of conpounds can be used, including chemcal |ibrar- ies, natural product
|l ibraries, and conbinatorial |ibraries conprising random or designed

ol i gopep-wld A®33460! | gonucl eoti des, or ot her organi c conpoydsysoissiscal
| i brari es can contain known com pounds, proprietary structural anal ogs of

known WO 01/81346 PCT/US01/13315 60 conpounds, or conpounds that are
identified from natural product screening. Natural product libraries are
collections of materials isolated om natural s sources, typi- cally,

m croorgani snms, animals, plants, or Tarine or gani snms. Natural products are

i sol ated fr g}i sl%ggggtcﬁg %kwﬂenﬁ}}} %mn %]g,orr lfmhggllg}@gg by

i sol ation an cti‘on S or
extraction fromt he "rﬂircﬁ’lcacumgﬂ:mon'SrEBs arsdd she;uesu@ p}b@fmss otro aam rral )
t hensel ve al__pr.od Gl ibraries i yketides, nonribo- somnal

t.
pepti des, Slo nd vlazrelci’;(ntpl HHE Vbe ﬁ"besr%or{h rr%rcf fie (go%brjrl?%% a7 ant s)
t her eof . Em’stafLI(EMJCﬁWOfSGﬁ.E@IHES ethidh oeﬁcve&mctea 282t 63y 68 (1998) .

Conbi natord I|brar| es_L ar onposed of . l.arge ugberrls of related
compounds, lg]ﬁ’c l[%féi qlbeo‘htiﬁll” e%?t?r&ie .ot Gt heEPE or gani c.
conpounds agaag @rm W&nﬁuﬁd coigaLnds m@l&@h@&idﬁelyg strai ghtf or ward to
desi gn and re tradition a ma synt hesi s ocols
cl oni ng. r5$ %ﬁd apﬁgoéijﬁﬁﬁ‘i%tﬁéﬁm rfbgsl O‘f)\é‘r??c “F nt erest “are
peptide amkdﬂﬂdﬁﬂﬂﬁﬂdﬁgmdﬁhxaﬁﬁﬂrﬁﬁﬁﬁiﬁ&aﬂiﬂn can result from

infection with pathogenic crganisms and viruses and

from noninfectious means such as trauma or reper-

fusion following myocardial infarction or stroke,:

immune response to foreign antigen, -and autoimmune

responses. Accordingly, inflammatory disorders

amenable to the invention encompass discrders

associated with reactions of the specific defense

gystem as well as with reactions of the nonspecific

defense system.

As used herein, the term "specific defense

system" refers to the compeonent of the immune system

that reacts to the presence of specific antigens.

Examples of inflammation resulting from a response

of the specific defense system include the classical

regsponse to foreign antigens, autoimmune diseases,

and delayed type hypersensitivity response mediated

by T-cells. Chronic inflammatory diseases, the

rejection of solid transplanted tissue and organs,

e.g., kidney and bone marrow transplants, and graft

versus host disease (GVHD), are further examples of

inflammatory reactions of the specific defense

system.

The term "nonspecific defense system” as
used herein refers to inflammatory disorders that

are mediated by leukocytes that are incapable of



braries. Still other libraries of interest include peptide, protein,
peptidom netic, nultiparallel synthetic collection, reconbi,natorial, and

pol ypep- ¥WwodAdisder ari es. For a review of conbinatorial chemsdoinzzagd
| ibraries created thereby, see Myers, Curr Opin Biotec.hnol, 8:701-07

(1997).. Once conpounds have been identified that show activity as
negative regulators of PI3K5 function, a program of optim zation can be
under- taken in an effort to inprove she-potency and or WO 01/ 81346

PCT/ US01/ 13315 - 61 selectivity of the activity. This analysis of

st ruct ur e- actmmviniyl sl @il onshops (SAR) , typagal byytepyokuds of iterative
series of selective nodjfi- catiﬁns of coppound struchgges ang their
correl ati on T&FETRRAERT cal TFBRbFBgPEat PAteTURE yORFaRRFi S85BLE  rel at ed
conpounds ﬁ%&ﬂﬂb%&ﬁhgmegai@?tfﬁém @rh&@%ﬁiohh@fdeﬁéfﬁdn@@EEYEF&, Wi th
certain nmenbers of the fam nanel y_those, possessing suitabl e-
pharna-colo&%ﬁ%nﬁﬁ(ﬁY$E%W %%%%%@?a}?glﬁﬂﬁ?F¥9Pn@S§§C%%EF§-WbEHtic

candi dat es. dhedapesid csblsgSa®fadnhi biiense) ofcEb3Ka:Aeli Miky The invention
provides a nethod for selec7 _tively or specifically inhibiting Pl3K6
activity tHerePRuYRATPVR of AR DbhYT aBe 6AP1§. OTHRRMAEABEY conpri ses
adni ni st er i ng a3SGhes! | WBoOF £ 8PEGH f 167 ut-phi Beboe g oRb3KBoackhYi ty in.
an. anount effective , , o

ritis; reactive arthritis; dermatoses with acute

inflammatory components; acute purulent meningitis

or other central nervous system inflammatory dis-

orders such as stroke; thermal injury; inflammatory

bowel disease; granulocyte transfusion associated

syndromes; and cytokine-induced toxicity.

"Autoimmune disease" asg used herein refers

to any group of disorders in which tissue injury is

associated with humoral or cell-mediated responses

to the body's own constituents. "Allergic disease"

as used herein refers to any symptoms, tissue

damage, or loss of tissue function resulting from

allergy. "Arthritic disease" as used herein refers

to any disease that is characterized by inflammatory

lesions of the jointis attributable to a variety of

etiologies. '"Dermatitis" as used herein refers to

any of a large family of diseases of the skin that

are characterized by inflammation c¢f the skin

attributable to a variety of etiologies. "Trans-

plant rejection" as used herein refers to any immune

reaction directed against grafted tissue, such as

organs or cells (e.g., bone marrow), characterized

by a loss of function of the grafted and surrounding

tissues, pain, swelling, leukocytosis, and thrombo-

cytopenia.



therefor. This nethod can be enployed in treating humans or animls who
are or can be subject to any condition whose synptons or. pathology is

medi at ed Wy o1lh3S expression or activity. "Treating" as uygaddaensip refers

to pre- venting a disorder fromoccurring in an ani mna

that can be

predi sposed to the disorder, but has not yet been diagnosed as having it;

inhibiting the dis- order, i.e., arresting its developnent; relieving the
di sorder, i.e., causing its regressi-oms or aneliorating the disorder,
i.e.," reducing the severity of synptons associated with the disorder.

“"Di sorder" is intendedThe: eneoapassigetethbddi 8f\Wohe1p82346:PCT/ USO1/ 13315

62 orders, diseases, conditions,, syndrone and the i ke, W thout
linitation. %ﬂ%eﬁ%%%%d§n8 u ﬁem?hbgﬁ?i%ﬁreﬁbﬁagﬁeag§?PguQ%néaéé of treating
an ani mal subir&ets peedbeiatabdl yianhmaAmRhongBbeyprefer abkyvartpehmate, and
still nore pre%frabl a hunﬁg. AnDn% ;he manmal i an ani nal s .t hat can be

B omr P L

LRENPPEY € ghi8

treated are,

ArraFStEpst §9, HPRciBEAG dogs and

cats; farm wenbfabg,ai Seinding ¢ahtleding, sesr HBeepimiPkAStoand goats;

| aboratory animals, including rats, mce, rabbhits

ui nea pigs, and

. 4 : . g
nonhuman pri PAtYsINeRd 2BbIISPECPReAStONBRFRRAELPEN RAi ARPEOI ncl ude, for

exanpl e, birgdsfefdshvereplilhesr A88p8ARYI btABSHrbAuLRE-aASBect, the nethod
of the invention _can be enployed to treat subjects"” therapeutically of
soluble mediators {including but not limited to

cytokines, oxygen radicals, enzymes, prostanocids, or

vasoactive amines), or cell surface expression of

new or increased numbers of mediators (including,

but not limited to, major histocompatability anti-

gens or cell adhesicon moleculesg) in inflammatory

cells (including but not limited to monocytes,

macrophages, T lymphocytes, B lymphocytes,

granulo-

cytes (i.e., polymorphonuclear leukocytes such as

neutrophils, baéophils, and eosinophils), mast

cells, dendritic cells, Langerhans cells,

and endo-

thelial cells). It will be appreciated by persons

skilled in the art that the activation of one or a

combination of these phenotypes in these cells can

contribute to the initiation, perpetuation, or

exacerbation of an inflammatory disorder.

The compounds of the invention have been

found to inhibit superoxide release by neuterhils.

Superoxide is released by neutrophils in response to

any of a variety of stimuli, including signals of

infection, as a mechanism of cell killing.

For

example, superoxide release is known to be induced

by tumor necrosis factor alpha (TNFo), which is

released by macrophages, mast cells, and lymphocytes

upon contact with bacterial cell wall components

such as lipopolysaccharide (LPS). TINFx is an extra-



prophyl actically who have or can be subject to an inflammtory disorder.
One aspect of the present invention derives fromthe involvenent of PI3K5
in  med aijig@/sas@ects of the inflammatory process. Wt hoycrwkogashii§g t o be
bound. by any theory, it is theorized that, because inflanmation involves
processes are typically nmediated by | eukocyte (e.g., neutrophil

| ynphocyte, etc.) activation and chenpb- tactic transm gration, and because
PI 3K5 can nediate such phenonena, antggoenists of PI3K6 can be used. to
suppress injury associated with inflammation. "Inflammatory disorder” as
used herei n eahinaefey potay aiﬂlcseiasmlgidzxs@meactww@md@bnfnin which an

excessive or_unrequl ated i nfl ammat.or eads to excessive
i nf | anmat or yF Qﬁ%ﬁes??ssU%e%%%abgvgﬁYe@o%% BFLTTRELRY funct i on.

" lc?; I g(r)n / ng@ﬂ' méh%:gwlﬁiﬂiea aéxs@dmfﬁ@s? }@tl@ej@aﬁ&@pi ogy e, silgg}a@om 01/ 81ﬁ4|6
PCT/ US01/ 13315 - medi at in eukocyt es and/ or neutrophi
chempt axi s. C¥hitanmeitfenrt Z %égkp?%ﬁ C?%*e? oAt ocal i zed,

protective rgsRonse, edhghtess bynd ngugys of pﬂ@@&é@f&hona@a &t sgues, which
serves to destroy dilute, or wall off_(sequester) both the, _injurious

agent and t He At QR Rf t3RF1IRICNEHES armil FRRNRSIVRLY abPYPREBENAt ed wi t h

influx of. | edkecydescANAOrst NRYT L0801 by C Faxyse -1L.of L pEation can result
from infection with pathogenic organi sns and viruses and  from

noni nf ect i ousEMERINCB IRANSE PeRubdcdroTeperd atstlen ¥ol PBWAYS nyocar di al
infarction gy, stdQfflated methionine. Such peptides are not

normally found in eukaryotes, but are fundamentally
characteristic of bacteria, and signal the presence
of bacteria to the immune system. Leukocytes
expressing the fMLP receptor, e.g:, neutrophils and
macrophages, are stimulated to migrate up gradients
of these peptides (i.e., chemotaxis) toward loci of
infection. As demonstrated herein, the c¢ompounds of
the invention inhibit stimulated. superoxide release
by neutrophils in response to either TNFx or fMLP.
Cther functions of neutrophils, including stimulated
exocytosis and directed chemotactic migration, also
have been shown to be inhibited by the PI3K® inhibi-
tors of the invention. Acccrdingly, the compounds
of the invention can be expected to be useful in
treating disorders, such as inflammatory discrders,
‘that are mediated by any or all of these neutrophil
functions. '

The present invention enables methods. of
treating such diseases as arthritic diseases, such
as rheumatoid arthritis, monoarticular arthritis,
osteocarthritis, gouty arthritis, spondylitis; Behcet
disease; sepsis, septic shock, endotoxic shock, gram
negative sepgis, gram positive sepsis, and toxic

shock syndrome; multiple organ injury syndrome



i mmune response to foreign antigen,-and autoi mune responses. Accordingly,
i nflammatory di sorders anenable to the invention enconpass di sorders
associ at eglgmiigisggeacti ons of the specific defense systempgsgihhzas wWth
reactions of the nonspecific defense system As used herein, the term
"specific defense system refers to the conponent of the imune system
that reacts to the presence of specific antigens. Exanples of inflammuation
resulting froma response of the speeirfi-c defense systeminclude the
classical response to foreign antigens, autoi mune di seases, and del ayed
type hypersensidndaty tespopmsecemis atedauhy, Toeehésorthagaic 1 nfl ammat ory
di seases, the  rejectio olid transglggied tissue,and _organs, e.g.,

. of
i dney and BORERATT oM T SHERPERt SUCBNh g7 ot E-948r SOR RBSE L UT sease ( GVHD) |

are further exaaplesroil doidandeliefyiseagtéonsspfahbecspeeifiic def ense
system The term "nonspecific defense systenl as  used herein refers to
i nf | anmat or YPRELOrHeFS PR HPRPHERY at 89S bYOPRUkOE yPE_N RGN ar e i ncapabl e

of WO 01/ 813461 Xzl 503+ 1%:5-§irat&gi ANHOPEOPE C3licHEAB! YstBmd,
granul ocytes, and. _macrophages). anpl es of inflamation that result,
_at least irryenic ihepmelieht idhlerItherhonspeei f PRDSdeFBHSBISY St em

i ncl ude i nf | AT DR, aSSOChARS1, t 81 698di (L0gS suhoascadylt (acute)

respiratory dis- tress syndrone éﬁRDS) or multiple organ injury
structive pulmonary disease), silicosis, pulmonary
sarcoidosis, pleurisy, alveolitis, vasculitis, -
emphysema, pneumonia, bronchiectasis, and pulmonary
oxygen toxicity; reperfusion injury of the myocardi-
um, brain, or extremities; fibrosis such as cystic
fibrosis; keloid formation or scar tissue formaticn;
atherosclerosgis; autoimmune diseases, such as sys-
temic lupus erythematosus (SLE), autoimmune thyroid-
itis, multiple sclerosis, some forms of diabetes,
and Reynaud's syndrome; and transpiant rejection
disorders such as GVHD and allograft rejection;
chronic glomerulonephritis; inflammatory bowel
diseases such as chronic inflammatory bowel disease
(CIRD), Crohn's disease, ulcerative colitis, and
necrotizing enterocclitig; inflammatory dermatoses
such as contact dermatitis, atopic dermatitis,
psoriasis, or urticaria; fever and myalgias due to
infection; central or peripheral nervous system
inflammatory disorders such as meningitis, enceph-
alitis, and brain or spinal cord injury due to minor
trauma; Sjdgren's syndrome; diseases involving.
leukocyte diapedesis; alcoholic hepatitis; bacterial
pneumonia; antigen-antibody complex mediated di-
seases; hypovolemic shock; Type I diabetes mellitus;
acute and delayed hypersensitivity; disease states

due to leukocyte dyscrasia and metastasis; thermal



. syndr ones;
arthritis;

meni ngi tiwo @Ars1fisher central

as stroke;

t ransf usi on
" Aut oi nmune
whi ch tissu
to the body

reperfusion injury; acute gloraerul oneph- ritis; reactive

dermat oses with acute inflanmatory conponents; acute

pur ul ent

nervous system i nflammatory dicgru®idens such

thermal injury; inflammtory bowel disease; granul ocyte

associ ated syndrones; and cytokine-induced toxicity.

di sease" as used herein refers to any group of disorders in

e injury is associated witds hunoral or cell-nediated.
s own constituents. "Allergic disease” as used herei

responses
n refers

to any synptomburyj sspendhcagee orahesasbntbssuveibuadt sga-resul ting from
allergy. "Arthritic disease", as used herein refers to any disease'that is
3 s Sneshrt

characteriz
-variety of
| arge fam |
i nflanmati o

characteriz

et BY=T hf T4 ¥B?§lnFé§P gt
etiol ogi eshe"etnalli Ehs" haseugedliber ennti-ebersgt 0

¥§ﬁ# di seases of the skin that  ,are characterized by

PHe“fo¥nts attributable to a

any of a

JeRes SWRA 258t PFLGRBOPE EYPASGAr FEt yeBETENFAPBgi es. " Trans-

pl ant rejectigirgs Used, hengipyr ebsnisttAganyolMBYRBatheact Ean directed
agai nst grafted tissue, such as organs or cells (e.g., .bone marrow),

1Y A FHIBUB OF UREEFBNCIEPEERENGRES ReBSEARSSGEr oundi

ng

ti ssues, paifiscisaeldingl1bpulopyt peharrafdohhr ofie- ceyfopeaia. WO 01/ 81346
315 - 65 The therapeutic nmethods of the present invention

PCT/ US01/ 13
i ncl ude net

HeRRMidT ¥TRES¥PebPnifAfabizafistissue anemia due to

obstruction of the inflow of arterial blocd. Tran-
sient_ischemia followed by reperfusion character-
istically results in neutrophil activation and
transmigration through the endothelium of the blood
vessels in the affected area. Accumulation of acti-
vated neutrophils in turn results in generation of
reactive oxygen metabolites, which damage components
of the involved tissue or orgarn. This phenomenon of
"reperfusion injury" ig commonly associatéd with
conditions such as vascular stroke (including global
and focal ischemia), hemorrhagic shock, myocardial
ischemia or infarction, organ transplantation, and
cerebral vasospasm. To illustrate, reperfusion
injury occurs at the terminaticn of cardiac bypass
procedures or during cardiac arrest when the heart,
once prevented from receiving blood, begins to
reperfuse. It is expected that inhibition of PI3KS
activity will result in reduced amounts of reper-
fusion injury in such situations.

With respect to.the nervous system, global
ischemia occurs when blood .flow to the entire brain
ceases for a period. 'Global ischemia can result
from cardiac arrest. Focal ischemia occurs when a
portion of the brain is deprived of its normal blood

supply. Focal ischemia can result from thromboembo-



orders associated with inflammatory cell activation. "Inflammatory cel
activation" refers to the induc- tion by a stinulus (including, but not
limted t@oo1®i4@Kki nes, antigens or auto-antibodies) of apergsohihirngative
cellul ar response, the production of, soluble nediators (including but not
limted to cytokines, oxygen radicals, enzynes, pzostanoids, or
vasoactive amnes), or cell surface expression of .new or increased
nunbers of nediators (including, butspot limted to, nmjor
hi stoconpatability anti- gens or cell adhesion nolecules) in inflanmmtory
cells (incl udrtiy htchesidbhndfed torabhatyvessel pacraphages, hdablynphocytes,
B | ynphocytes,. granul o- cytes (i.e., polynorphonuclear |e' ukocSrtes such as
neut rophi | s, b5 hi?g?m%ndoﬁoé¥%bﬁhFV@?¥'nag encéFlgFaHEﬁathic cell's,
Langer hans aebtls,gboitaenge® fothel i abheribsyanl takkl whaeappeegai at ed by
persons, skilled if he art thft the activatjon of Qne or a conbination

i

of these pheHoty PRl A2TRdSe cofFROLER NeBHEr FHEFESt G2PAESI niti ati on,

per pet uat i orbc®@irs e¥aser hat-onodf evdni Ab{anmel Doy idySsendebnsdhe conpounds
of the invention have been found to inhibit superoxide rel ease by

neut r ophi | 5.°F SLFfRrERIYe FIMPPREERESHY RRLYRophFFYS H2P@gB0RSB to any of

a variety ofgsfdraihiini febudhngi sl onshsc8E rbnissihgninascasggchani sm of
cell killing., For ~—exampl e, superoxide release is known to be induced by
tunor necr 0sikO® £ Bt BFoaR phioY TREa} e wAFR i s  rel eased by macrophages,

mast cells, and | ynphogytRsmia URPHs CORL a6E-WHt bnbagtenkglccehl wall

conmponent s
myocardial infarction. and other cardiovascular
disorders in which the coronary arteries have been
obstructed as a result of atherosclerosis, thrombus,
or spasm. Accordingly, the invention is believed to
be useful for treating cardiac tissue damage, par-
ticularly damage resulting from cardiac ischemia or
caused by reperfusion injury in mammals.

In another aspect, selective inhibitors of
PI3KO activity, such as the compounds of the inven-
tion, can be employed in methods of treating di-
seases of bone, especially.diseases in which osteo-
clast function is abnormal or undesirable. As shown
in Example 6, below, compounds of the invention
inhibit osteoclast function in vitro. Accordingly,
the use of such compounds and other FI3Kd selective
inhibitors can be of value in treating osteoporosis,
Paget's disease, and related bone resorption dis-
orders.

In a further 'aspect, the invention in-
cludes methods of using PI3KO inhibitory compounds
to inhibit the growth or proliferation of cancer
cells of hematopoietic origin, preferably cancer
cells of lymphoid origin, and more preferably cancer

cells related to or derived from B lymphocytes or B



such as |i popol ysaccharide (LPS). TNFa is an extra WO 01/ 81346

PCT/ US01/ 13315 - 66 ordinarily potent and prom scuous activator of in-
"l ammat owp ArsesLsses, being involved in activation of negmephisssand
vari ous-other cell types, induc- tion of |eukocyte/endothelial cel

adhesi on, pyrexia, enhanced MHC class | production., and stim ulation of
angi ogenesis. Alternatively, superoxide release can be stinulated by
formyl - Met - Leu- Phe (f MLP) or other peptides blocked at the N-term nus by
formyl ated net hi oni ne. Such peptides are not normally found in eukaryotes,
but' are fundamstictitye shagacteststi cCaicdast@&nénabhndesi gnabhtthe presence

of bacteria to the | e.syste Leukocyt es expressi the f MLP receptor,
e. g, neutrd%ﬁfié“%ﬁﬂguﬂ%%r %E%%%s?faﬁ%ﬁs%?ﬁ%?gi | %%Cﬂﬁﬁ?ate up gradients
of these pepiitdesut i1eitcaehenpt ByhsShohaard. 4oci mef ighahecheen. As

denonstrat ed hherein, the co unds of _the inyention I nhibit stinulated.
super oxi de rRIERE % Y@Qﬁ$¥%h§¢ i?@?%ﬁﬁﬂﬁﬁ?@x?%h% +HLr CARBYLBr f MLP.

Q her functiqns ofs etk ophi & S1yidiedis] NGosSk M at BaphExaCyhESLS and
directed chenotactic mgration, also have been shown to _be inhibited by
the P13K6 i A¥FKInHr LY BPheHRS | nvEmRRorY T 1e chy@PRenss #Re EBfpounds of the

invention can ke, expPrel e tRydroHsef Uhsihe1lrgatingrdhsasdsnsn such as
inflammatory disorders, that are nediated by any or _all of these

neutrophi | FUnEfTRARCYTHe PPesRtas nveRPBihC ehddl esd mtteds - of

genous) leukemias, and the like. -In a preferred
embodiment, PI3Kd inhibitory compounds can be used
to inhibit or control the growth or proliferation of
chronic myeloid (myelogenous) leukemia cells.

In another aspect, the invention includes
a method for suppressing a function of basophils
and/or mast cells, and thereby enabling treatment of
diseases or disordergs characterized by excessive or
undesirable basophil and/or mast cell activity.
According to the method, a compound of the invention
can be used that selectively inhibits the expression
or activity of phosphatidylinositol 3-kinase delta
(PI3KS) in the basophils and/or mast cells. Prefer-
ably, the method employs a PI3KO inhibitor in an
amount sufficient to inhibit stimulated histamine
release by the basophils and/or mast cells. Accord-
ingly, the use of such compounds and other PI3Kd
selective inhibitors.can be of value in treating
diseases characterized by histamine release, i.e.,
allergic disorders, including disorders such as
chronic obstructive pulmonary disease (COPD),

asthma, ARDS, emphysema, and related disorders.



treating such diseases as arthritic diseases, such as rheumatoid
arthritis, nonoarticular arthritis, osteoarthritis, gouty arthritis,
spondyl i t wicsi1/sBsfgcet . di sease; sepsis, septic shock, endaicgxigwisEKck, gram
negative sepsis, grampositive sepsis-, and toxic shock syndrone; nultiple
organ injury syndrone WO 01/81346 PCT/US01/13315 - 67 secondary to
septicem a, trauma, or henorrhage; ophthalmc disorders such as allergic
conjunctiv- itis, vernal conjunctivitizg, -uveitis, and thyroid- associated
opht hal nopat hy; ecsinophilic granul oma; pul nonary or respiratory disorders
such as ast rigarmedeobicabroagposisionsabEergic rhinitis, ARDS, chronic

pul monary i nfdiwRESry &f Seased(Begiwviehtroni c ob- structive pul nonary

di sease), silicosis, pulnonary sarcoidosis, pleurisy, alveolitis,
vasculitis, enphysema, pneunonia, bronchiectasis, and pul nonary oxygen
toxicity; reperfusi Or_A'BbH%é{uﬁcfi &hetﬁx%@égbwuahveh@wn ehnexkremties;
fibrosis such as cystic rosis; keloid formation or scar tissue
formation: ARERbIEPEPSsPS: that BPARUALETEFadashyt dlichSasY®ys- temic | upus
er yt hemat 0SUs, {5 B)xe AUEQLTEUAS ABYERY decit | the BUkbbohE sel ehesis, some
forms of diabetes,” and Reynaud's syndrone; and nsplant rejection

di sorders su’%ﬂ?ﬂfraso%\mmlammw%@m& T:eyn@@isnehon elr éprgulation.

gl oner ul one flagﬂgt e C r.oni c
|nflannator3Q% ase %?%E§ng£nﬁgh?§8§|§é§§e9?9§éggatlve colitis,
and necr ot |9haﬂgnm@tbc@li @@@pOSIhi©amhatyCd@Pmses@s chemical

.or biological compound ("agent") that is active as a

‘modulator of FPI3KO activity and a. biocompatible
pharmaceutical carrier, adjuvant, or vehicle. The
composition can include the agent as the only active
moiety or in combination with other agents, such as
oligo- or polynuclectides, oligo- or polypeptideg,
drugs, or hormones mixed with excipiént(s) or other
pharmaceutically acceptable carriers. Carriers and
other ingredients can be deemed pharmaceutically
acceptable insofar as they are compatible with other
ingredients of the formulation and not deleterious
to the recipient”thereof..

Techniques for formulation and administra-
tion of pharmaceutical compositions can ks found in
Remington's Pharmaceutical Sciences, 18th Ed., Mack
Publishing Co, Easton, PA, 1990. The pharmaceutical
compositions of the present invention can be manu-
factured using any comnventional method, e.g.,
mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping,
melt-spinning, spray-drying, cor lyophilizing proces-
ses. However, the optimal pharmaceutical formula-
tion will be determined by one of skill in the art

depending on the route of administration and the



such as contact dermatitis, atopic dermatitis, psoriasis, or urticaria,
fever and nyalgias due to infection; central or peripheral nervous system

i nf | ammat @igyo1diis@r ders such as neningitis, enceph-- aliti crandiRsasn or
spinal cord injury due to mnor trauma; Sjogren's syndrone; diseases

i nvol ving. | eukocyte diapedesis; alcoholic hepatitis; bacteri al

pneunoni a; antigen-anti body conpl ex nedi ated di - seases; hypovol em ¢ shock;
Type | diabetes nellitus; acute and del ayed hypersensitivity; disease
states due to |eukocyte dyscrasia and netastasis; thermal WO 01/81346

PCT/ USO01/ 133d&sired8dosagar y; Sgeanfbenyiettibagstuai anfassackatad syn-

drones; and t oki ne-i nduced toxicity. The methaod can have utility in
Lreating  sUBISCtSahro are of ‘CANT bEYsUBRGEL SEo Pefar PUSPOR=“Fnj ury, i .e.,
injury resuldhdgrdtO@msi fHaviepsciBarvhbeho@ thesHEm@higEgaBdexperi ences a

period of ischema followed by reperfusion.. The term"is- chem a" refers
to | ocal i zecP¥$Rkue BRRFAPAIHHeCPotBhSPRHEELER BE1RALFRRESH  of arteri al

bl ood. . Tranthéé@ﬁ%héﬁ@@@@ﬁ@i&@i'98@909Yt&6ﬁ§rEH§iB@ ¢hamnaghecy istically
results in neutrophil activation and transnlgratlon t hr ough the

endot hel i um ¥rdt & ERbBECT9esSEPECMACRhéYaPFeéPEdlaea. Accunul ation of

acti- vated neutrophi | gnknohirR EesHEES1T BoABRERALLAR Qhe EBARLLVE OXygen
met abol i tes, whi ch danage conponents of the involved tissue or organ. This

phenonenon ofated cpereosianni apbEgblespbanmerEytassdévapederith
able carriers, and can optiOnaily'cdmprisé excipi-
ents and auxiliaries that facilitate processing of
the active compounds into preparations that can be
used pharmaceutically. The administration modality
‘'will generally determine the nature of the carrier.
For example, formulations for parenteral‘administra—
tion can comprise aqueous solutions of the active
compounds in water-soluble form. Carriefs suitable
for parenteral administration can be selec¢ted from
among saline, buffered saline, dextrose, water, and
dther physiologically compaﬁiblé solutions. Pre-
‘ferred carriers for parenteral administration are
physiologically compatiblelbuffers such as Hank's
solution, Ringer's solution, or phyéiologically
buffered saline. For tissue or cellular adminis-
tration, penetrants appropriate to the particular
barrier to be permeated are used in the formulation.
Such penetrants are generally known in the art. For
preparations comprising prcteins, the formulation
can include stabilizing materials, such as polyols
(e.g., sucrose) and/or surfactants‘(e.g., nonionic
surfactants), and the like.

Alternatively, formulations for parenteral

use can comprise dispersions or suspensions of the

active compounds prepared as appropriate oily injec-



conditions such as vascul ar stroke (including global and focal ischem a),
henorrhagi ¢ shock, nyocardial ischema or infarction, organ

transpl anivgt di@izqgand cerebral vasospasm To illustrate, rgpardoyssaAs
injury occurs at the termnation of cardiac bypass procedures or during

cardiac arrest when the heart, once prevented fromreceiving bl ood, begins

to reperfuse. It is expected that inhibition of PI3K5 activity wll

result in reduced amounts of reper--fgsien injury in such situations. Wth

respect to.the nervous system global ischem a occurs when blood.-flowto

the entire brbdm seessesidos. a peitadled opaphiscbesbaveansresult from

cardiac arrest., Focal,isch nig occurs. when a ortion of the brain is
inefedy fa et

deprived of T$4l7HTT e Wppl 1 Eocar Refr3*Can°resuftef r om

t hr omboenbo AR Bil346a PGH 4504/ d38dbs , - s68h-akybtEyDcehustencef a
cerebral vesse|, traumatic head, injury, edema, or brain tunor. Even if

transient, DotHGFObEFCANCY ot HPOFLIERBNI AAERACLEUSBI GFHESPread neurona

damage. Al t haughe el s t &85 USoFoBEesuBEEHhEc8VERaROUAErBhs8VBRedaYS
followi ng the onset of ischem a, some pernmanent nerve,tissue.danmage can

devel op in tHESFPFETaIOR Hut eSUFRENBIPRg PHENCRSSBCAEHBNCBELBKBod 1 ow to

the brain. lgchem derls0o6aN O66MItbD, 1B HERFEahN BYyecandial,, infarction
and ot her cardi ovascul ar disorders in which the coronaré arteries have

been obstrUEtREEIPAFEIN 219 ARNRcFOBERER0SEstabheofbabllizers

or agents that increase the solubility of the com-
pounds to allow for the preparation of highly con-
centrated solutions.'”Aqueous polymers that provide
pH-sensitive solubilization and/or sustained release
of the active agent also can be used as coatings or
matrix structures, e.g., methacrylic polymers, such
as the EUDRAGIT® series available from ROhm America .
Inc. (Piscataway, NJ). Emulsions, e.g., oil-in-
water and water-in-oil dispersions, also can be .
‘used, optionally stabilized by an emulsifying agent
or dispersant (surface active materials; surfac-
tants) . Suspensions can contain suspending agents
such as ethoxylated isostearyl alcohols, polyoxy-
ethlyene sorbitol and sorbitan esters, micro-
crystalline cellulose, aluminum metahydroxide,
bentonite, agar-agar, gum tragacanth, and mixtures
thereof.

Liposomes containing the active agent also
can be employed for parenteral administration.
Liposomes generally are derived from phospholipids
or other lipid substances.. The compositions in
liposome form also can contain other ingredients,
such as stabilizers, preservatives, excipients, and
the like. Preferred lipids .include phospholipids

and phosphatidyl cholines (lecithins), both natural



or spasm Accordingly, the invention is.-believed to be useful for
treating cardiac tissue danage, par- ticularly damage resulting from

cardi ac i @@hAmis4cOr caused by reperfusion injury in mamyalcEyudoiiggiot her
aspect, selective inhibitors of PI3K5 activity, such as the conpounds

of -the inven- tion, can be enployed in nmethods of treating di- seases of
bone, especially-.diseases in which osteo- clast function is abnormal or
undesirable. As shown in Exanple 6-, 7helow, conmpounds of the invention

i nhibit osteoclast function in vitro. Accordingly, the use of such
conpounds anthdthert i Bikb. saiechdode of nhbbhing sl Capsbeeof aval ue in treating

ost eoporosis, Paget's disease,_ and rel ated bone resgrption dis- orders. In
a further asp&tt: thrh ﬁ?%\/%ﬂii o TR Tt fdest HePHs gjf‘duii ng Pl 3K6

i nhibitory cespeedésintCelnhBbblogpe voOM RIol Probsfesatsenief cancer
cells of hematopoietic origin ,F)r eferably cancer cells of |ynphoid origin,
and nore preteRel WeAnkerK £5978) related to or derived from B | ynphocyt es

or B WO 01/81346 PCT/ U3/ didddmaceut/Peal YORROSYL €1 HHOYESIDLE Sin&ancer s
anenable to treat- nent using the nethod of the invention include, wthout

limtation, Hanidthis, i dsagedigrbbheciopl et dimMigapRERd and
reticul oendathgl i &ln thSSHeSmy 1 SUEH @S: BYr kbl fnScLyppagrR,, Hodgki ns'

| ynphoma, non- Hodgki ns | ynphomas Ig;nphocyt! c lynmphomas and the 1iKke;
mul tiple nyeﬁrmt;alzﬂse VAT T R  eikehi lggowychn the art. The

preparations formulated for oral administration can
-be in the form of tablets, pills, capsules, cachets,
dragees, lozenges, liquids, gels, syrups, slurries,
elixirs, suspensions, or powders.” To illustrate,
pharmaceutical preparations for oral use can be
-obtained by combining the active compounds with a
solid excipient, optionally grinding the resulting
mixture, and processing the mixture of granules,
after adding suitable auxiliaries if desgired, to
obtain tablets or dragee cores. Oral formulations

- can employ liquid carriers similar in type to those
~described for parenteral use, e.g., buffered aqueous
solutions, suspensions, and the like.

Preferred oral\formulations inalude
tablets, dragees, and gelatin capsules. These prep-
arations can contain‘one or excipients, which in-
clude, without limitation:

a) diluents, such as sugars, including
lactose, dextrose, sucrose, mannitol, or -sorbitol;

b) binders, such as magnesium aluminum
silicate, starch from corn, wheat, rice, potato,
etc.;

a) cellulose materials, such as methyl-
cellulose, hydroxypropylmethyl cellulose, and sodium
carboxymethylcellulose, polyvinylpyrrolidone, gumsg,



as | ynphocytic | eukem as, chronic nyeloid (nyel o- genous) | eukem as, and
the like. In a preferred enbodinent, PI3K5 inhibitory conpounds can be

used to Wwayilitseor control the growmh or proliferation ofpcrgtNo9RsssMyel oi d
(nmyel ogenous) | eukem a cells. In,another aspect, the invention includes a

met hod for suppressing a function of basophils and/or mast cells, and
thereby. enabling treatnent of diseases or disorders characterized by
excessive or undesirabl e basophil and/sor- mast cell activity. According to
t he met hod, a compound of the invention can be used that selectively

i nhibits thesexipressgon anabacthnﬁtgumftphqaphathdyhhdophb@L:askin ase
delta (PI3K5 ﬂn t he f €0$ a mast cells. Prefer- ably, the method
enpl oys a PIZKS i ffi BTt dF 1n?a c8 ﬁﬁFnSUff|C|ent to inhibit stinulated

hi stami ne rel ease by dhe basephtksrandhgr omasblaghlis ziAgcarentisngl y, the
use. of such coqﬁounds and ggher Pl 3K6 selectlve%gagibitors,. can be of

value in tredtThe?S dFERates BharaBPLYV2BY L bYYRTS R&'rel ease, i.e.,

al l ergi c di serslefises | nebad] ng1diaordaesdassehaasaleheapi-ecshskuust i ve
pul monary di sease_(COPD), , asthma, ARDS, enphysenm, and related di sorders.

WO 01/ 81346 w%b&ml% ginatey OrpREfREEEEERRRI COBRASIFAPHRS of

I nhibitors of PlI3K5 Acgjvityubreegpedndsgbnt B8 pLesent kavention can. be
adm ni stered as the neat chem cal, but it is ty? cal l preferable to
alciu

adni ni ster tHeeTohPpormEdi ALt hes magnesium or c m salt, and
polyethylene glycol;

£) flavorants and sweeteners;

g).  colorants or pigments, e.g., to
identify the product or to characterize the quantity
(dosage) of active compound; and

h) other ingredients, such as preserva-
.tives, stabilizers, swelling agents, emulsifying
agents, solution promoters, salts for regulating
osmotic pressure, and buffers.

Gelatin capsules include push-fit capsules
made of gelatin, as well as soft, sealed capsules
made of gelatin and a coating such:as glycerol or
sorbitol. Push-fit capsules can contain the active
ingredient (g) mixed with fillers, binders, lubri-
cants, and/or stabilizers, .etc. Ih soft. capsules,
the active compounds can be dissolved or suspended
in suitable fluids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycol with or
without stabilizers.

Dragee cores can be provided with suitable
coatings such as concentrated sugar solutions, which
also can contain gum arabic, talc, polyvinyl pyrrol-
idone, carbopol gel, polyethylene glycol, and/or
titanium dioxide, lacquer solutions, and suitable

organic solvents or solvent mixtures.



.formof a pharnmaceutical conposition or fornulation. Accordingly, the
present invention also provides pharnaceutical conpositions that conprise

a chem calyg 01®i3481 ol ogi cal conmpound ("agent") that is. actpcMeuas/18315
nodul at or of P13K6 activity and a, bi oconpati ble pharnmaceutical carrier,

adj uvant, or vehicle. The conposition can include the agent as the.only
active noiety or in conbination with other agents, such as oligo- or

pol ynucl eoti des, oligo- or polypepti-dgs, - drugs, or hornmones m xed with
exci pient(s) or other pharnaceutically acceptable carriers. Carriers and
ot her ingredi ents can Tiee dekeardacphat oateubinpaklyioacecept Bbl e i nsof ar as

they are conpatible . with oth Lngredients of the fo ation .and not
deleteriousqy?%v¥ %gr%%i%i%%fétﬂﬁrgg?.aﬁgéﬁﬁiaagggforgggkﬁurﬁpgon and
adm ni stra- té die afiophaganalelei €Al agoapasi birossheanpbetbatnd in

Rem ngton's Pharmaceut.ical Sciences, 18th Ed_, Mack, Publjshing Co, Easton,
PA, 1890. TﬁﬁggﬁgﬁﬁﬁC%%??CE?e EBﬁﬁ%ﬁP?FéﬁggoFrFﬁedﬁﬂgsBﬁtk?ﬁ@ention can be

manu- fact ur@skmisi NgplaaymEe8NENELDDR] aBBEPOEDL1E. HaltsMaxknge1di ssol vi ng,
granul ati ng, dragee-nﬁging, Ievigatin%, enul si fying, encgapsul ati ng,
entrappi ng, FHEYE - W ngt tspr a9TBPYPHE, CBREI GBBRREPZPR§IPFoces- ses.

However, then®pided @harreeeubhsahabentubaiili gacwbtbpbe detegm ned by one
of skill in the art, depending on the route of adm nistration and the WO

01/ 81346 PCT\8017483Y3! e - caolgRs; r eudb3hYe. PBRERFERRLFALIBNs can
i nfluence tr&bceptable cations include, for example, alkali

metal (e.g., sodium or potassium) and alkaline earth
(e.g., calcium or magnesium) cations.

Compounds of structural formula (I) that
contain basic moieties can form pharmaceutically
acceptable acid addition salts with suitable acids.
For example, Berge et al. describe pharmaceutically
acceptable salts in detail in J Pharm Sci, 66:1
(1977). The salts can be prepared in situ during
the final isolation and purification of the com-
pounds of the invention or separately by reacting a
free base function with a suitable acid.

Representative acid addition salts in-

~clude, but are not limited to, acetate, adipate,
alginate, citrate, aspartate, bhenzoate, benzenesul-
fonate, bisulfate, butyrate, camphorate, camphorol-
sulfonate, digluconate, glycerophosphate, hemisul-
fate, heptanocate, hexanoate, fumarate, hydrochlor-
ide, hydrobromide, hydroiodide, 2-hydroxyethane-
sulfonate (isothionate), lactate, maleate, methane-
sulfonate or sulfate, nicotinate, 2-naphthalene-
sulfonate, oxalate, pamoate, pectinate, persulfate,
3-phenylpropionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, phosphate or

hydrogen phosphate, glutamate, bicarbonate, p-



physical state, stability, rate of in vivo release, and rate of in vivo
cl earance of the adm nistered agent. Depending on the condition being

treated, wioghwagesgghar maceuti cal conpositions can be fornul gicgdysodishis
adm ni stered systemcally or locally. The pharmaceuti cal conpositions are

fornlu- lated to contain suitable pharmaceutically accept- able carriers,
and can optionally conprise excipi- ents and auxiliaries that facilitate
processing of the active conpounds-i nvo-preparations that can be used
pharmaceutically. The adm nistration: nodality wll generally determ ne
t he nat ure dfolumnearif@iate Foan@xanideandatreaul akxanslégropar ent er al

admnistra- tio n_conpri.se a ous.solutions of the activ conmpounds in
wat er - sol ublaéCJngsf ?ﬁ%%r%%rk%es qﬁ?ujg%Y%d ?%r%%ﬁrpe?l}llﬁpﬁ?cﬁldﬁilﬁ?aﬁ"ati on can be
sel ected fromcepmuiglsaddn®, adddf f es€dssht & nEncTedér osechyater, and ot her
physi ol ogi cal |l y. conpati bl e soJutions, Pre: ferred, carriers for parenteral

admi ni st r at i ‘o Hra T Fhy sTHFHO R I3 LS it 191 @5 baf FErSsaEhCas Hank' s

sol ution, Riagel, shydtelbidic Gicphyséel ogital dyidpuhhergHosal i ne. For
tissue or cellular admnis- _tration, pepetrants appropriate to the

particul ar BRTIRrRTE b rFet e IR UsRA +h RheCFot MGl 3E18n.  Such

penetrants aigl genefaldy knewhid d&edardnd FOIcrPEepatat i ons conprising
proteins, the forrmulation can include stabilizing nmaterials, such as

polyols (e.g., sucrosE) uHiftforosurfact@rtdcted g. 2noRebATENCSuUr fact ants),
and the |ikeo Aldsdiatdyely, cHOrsed 8AhONSHFOh - PR eRbsEaking

herein is intended to include compounds of struc-
tural formula (I)-(V), as well as pharmaceutically
acceptable salts and solvates, as well asg prodrugs,
thereof.

Basic addition salts can be prepared in
situ during the final isolation and purification of
the compounds of the invention or separately by
reacting a carboxylic acid-containing moiety with a
suitable base such as the hydroxide, carbonate, or
bicarbonate of a pharmaceutically acceptable metal
cation, or with ammonia or organic primary, second-
ary, or tertiary amine. Pharmaceutically acceptable
basgic addition salts include, but are not limited
to, cations based on.alkali metals or alkaline earth
metals such as lithium, sodium, potassium, calcium,
magnesium, and aluminum salts and the like, and
nontoxic quaternary ammonium and amine cations
including ammonium, tetramethylammonium, tetraethyl-
ammonium, methylammonium, dimethylammonium, tri-
methylammonium, ethylammonium, diethylammonium,
triethylammonium, and the like. Other representa-
tive organic amines useful for the formation of base

addition salts include ethylenediamine, ethanol-



use can conprise dispersions or suspensions of the active conpounds
prepared as appropriate oily injec WD 01/81346 PCT/US01/13315 73 tion

suspensi oW® o134sdsabl e i _poph_i.lic solvents or vehicles ippalude13asty
oils, such as sesane oil, and synthetic fatty acid esters, such as ethyl

ol eate or triglycerides, or |liposones. Aqueous injection suspensions can
contai n substances that increase the viscosity of the suspension, such as
sodi um car boxy- nethyl cel | ul ose, sorbizgol, or dextran. Optionally, the
suspensi on al so can contain suitable stabilizers or agents that increase
t he sol ubi | idwimé, tdieetcloamo pouiwds, tipipdtdaiher pheepaepaeatead of highly
con- centrahﬁh ;ﬁlutlons Aqueous polynmers that provide pHsensitive

sol ubi l'i zat i dfor sustained rel ease of the active agent al so can be

used as coatings or mMBAEix BitHcHe eSontadningeyhacpyl canppeyners, such
as the EUDRAG é%% series, va|I bl e from Roh AA”EV'i | pc ,&Plscataway,
NJ). Enul si dREAEREyZedi Yifh. eTISRES VT et OFRE o KU sBBILFBRs, al so can

be used, opiuenadd ymstiapi ) icedyby BRogy) shhdi P fUephloehddksper sant
(surface active terials; surfac- tants% Suspensi ons. can contain

suspendi ng ayeNtsIes RPA akot Fs | Gt aHKY o%?%%???saﬁéﬁﬁoﬁé pol yoxy-

ethl yene sornm@kg,lrl awlwgtaalm&yis afid C Pam$l yShakht Bg ; cebhyl ose,
al um num net ahydr oxi de entonite, agar-agar, gun1tragacanth and m xtures

thereof. LipdsoiesiEent dinmt et heudet?vedageht bpasyl, myristyl,

and stearyl chlorides, bromides, and 1od;des; aryl-
-alkyl halides such as benzyl and phenethyl bromides;
and others. Products having modified solubility or
dispersibility are thereby obtained.

Compositions comprising a compound of the
invention formulated in a pharmaceutical -acceptable
carrier can be prepared, placed in an appropriate
container, and labeled for treatment of an indicated
condition. Accordingly, there also is contemplated
an article of manufacture, such as a container com-
prising a dosage form of a compound of the invention
and a label containing instructions for use of the
.compound. Kits are‘also contemplated under the
invention. For example, the kit can comprise a
dogsage form of a pharmaceutical composition and a
package insert containing instructions for use of
the composition in treatment of a medical condition.
In either case, conditions indicated on the label
can include treatment of inflammatory disorders,

cancer, etc.



can be enployed for parenteral adm nistration. Liposones generally are
derived from phospholipids or other |ipid substances.. The conpositions in
| i posone Hw@yonisadq0 can contain other ingredients, such ap@atedihizAsrs,
preservatives., excipients, and the like. Preferred |ipids include
phosphol i pids and phosphati dyl cholines (lecithins), both natural WO
01/81346 PCT/US01/13315 - 74 and synthetic. Methods of form ng |iposones
are known in the art. See, e.g., Preseott (Ed.), Methods in Cell Biol ogy,
Vol . XIV, p. 33, Academic Press, New York (1976). The pharnmaceuti cal
conposi ti onMeegds SbAgadinbriageation d@sages suitable for oral adm nistra-
tion can be fonimd ebed @§|9g3pbagaa@eg_ycally acceptable carriers well.
known in the art. The preparations fornmulated for oral adm nistration can
be in the formof tablets, pills, capsules, cachets, dragees, |ozenges,
liquids, gels, syrups; Pﬁéﬂﬁéb@§tlc§h'éb&ﬁos§H$Bﬁ§5b%&%rlgﬁngoﬁﬁer5 -, To
illustrate,  pharmaceutical preparations for oral use can b& obtained by
conbi ni ng thén%b@l§@rc©ﬁp89%§§ WEERVAtYsepndbexerpilaaetegpt 6ral |y grinding
the resul ting,e ndxbirey epdaﬁyoesmﬂelgﬁslmnéwaa of g aaukes, after
adding suitable auxiliaries-if desired, to obtain'tablets or dragee cores.
oral fornul @apetexah @ﬁﬁl@?tﬁtqélﬁe@aﬂnﬁéﬁg si Relcgntiematlypé-t o t hose
described fop;pALEOLErah HS8a18cdes PHEIGREU-AOMECYS WROLY! LABS,

suspensi ons,

pompOQ1tlon is administered by a route other than
through the gastrointestinal tract, for example,
intravenous, intraarterial, intraperitongal, intra-
medullary, intramuscular, intraarticular, intra-
thecal, and intraventricuiar injections.v Enteral
administration modalities include, for example, oral
(including buccal and sublingual) and rectal admin-
istration. Transepithelial administration mcdali-
ties include, for example, transmuccsal administra-
tion and transdermal administration. Transmucosal
administration includes, for example, enteral
administration as well as nasal, inhalation, and
deep lung administration; vaginal administration;
and rectal administration. Transdermal administra-
tion includes passive or active transdermal or
transcutaneous modalities, including, for example,
patches and iontophoresis devices, .as well as
topical application of pastes, salves, or ointments.
Parenteral administration alsc can be accomplished
using a high-pressure technique, e.g., POWDERJECT®.

Surgical techniques include implantation
of depot (resexrwvoir) compositions, osmotic pumps,
and the like. A preferred route of administration
for treatment of inflammation can be local or

topical delivery for localized disorders such as



Preferred oral fornulations include tablets, dragees, and gelatin
capsul es. These prep- arations can contain one or excipients, which in-.-

clude, Wi {yiopafsiddemi tation: a) diluents, such as sugars, ingltagiondssisact ose,
dextrose, sucrose, mannitol, or sorbitol.; b) binders, such as magnesi um

alum numsilicate, starch fromcorn, wheat, rice, potato, etc.; c)
cellulose materials, such as nethyl- cellul ose, hydroxypropylnethyl

cel lul ose., and sodi um carboxynet hyl gel |I-ul ose, pol yvinyl pyrrolidone, guns,
WO 01/ 81346 PCT/US01/13315 - 75 - such as gum arabic and gum tragacant h,
and proteinsartbnrMi@s gel aysvemnd dollagen; £d) dﬁstmﬁegtaﬁing or
sblubilizing,a such as cross-link edﬂg?é vi nyl Eyrrolidone, st ar ches,

agar , alglnl% %F %ﬁ £sAtt TheFREFCUEC SL¥dfim aPHPRate, or

effer vescentf@@imﬁ)silﬁj@fiﬁ o#) fbubgireasise &Uﬁﬂlaioﬁtd bkGah halc, stearic
acid or its nesi um or cal ci um sal.t,- and %g aglene glycol f)
H ng

fl avorants a% %H%@?%%ersFoﬁ)OtE%¥ogéﬁ?§Sﬁ? pFB BO=%to identify

the product DivdDvLhgrees erédgitheogpanthty, édgsag@hr@méctl ve conpound;
and h) other ingredients, such as preserva- tives, stablllzers swel i ng

agent s, erru|%@%W%@tl‘éﬁeﬁw%m%mt%ﬁea?%mﬁgizémasaﬁf@ £BPRYsgul at i ng

sema, administration can bé accomplished by
inhalation or deep lung administration of sprays,
‘aerosols, powders, and the like.

For the treatment of neoplastic diseases,
especially leukemias and other distributed cancers,
parenteral administration is typically preferred.
Formulations of the'COmpounds to optimize them for
biodistribution following parenteral admiﬁistration
would be desirable. The PI3KS inhibitor compounds’
can be administered before, during, or after admin-
istration of chemotherapy, radiotherapy, and/or
surgery . '

Moreover, the therapeutic index of the
PI3K® inhibitor compounds can be enhanced by modi-
fying or derivatizing the compounds for targeted
delivery to cancer cells expressing a marker that
identifies the cells as such. For example, the
compounds can be lirked to an antibody that recog-
nizes a marker that is selective or specific for
cancer cells, so that the compounds are brought into
the vicinity of the cells to exert their effects
locally, as previously described (see for example,
Pietersz et al., Immunol Rev, 129:57 (1992); Trail
et al., Science, 261:212 (1993); and Rowlinson-Busza
et al., Curr Opin Oncol, 4:1142 (1992)).\ Tumoxr -
directed delivery of these‘compounds enhances the

therapeutic benefit by, inter alia, minimizing



osnotic pressure, and buffers. Celatin capsules include push-fit capsul es
made of gelatin, as well as soft, sea.led~capsules made of gelatin and a

coati ng sWehi1/s35469! ycerol or sorbitol. Push-fit capsul es gangwpeatasn the
active ingredient(s) mxed with fillers, binders, lubri- cants, and/or

stabilizers,. etc. In soft. capsules, the active conpounds can be

di ssol ved or suspended in suitable fluids, such as fatty oils, liquid
paraffin, or liquid polyethylene glycek with or w thout stabilizers..
Dragee cores can be provided with suitable coatings such as concentrated
sugar sol ut imrsentwid € hoedsec e clomt At ht feisn @nabi cant aésulpol yvi nyl

pyrrol - idon carb |, gel ol yethyl ene glycol , and/or_titani um dioxide,
| acquer sol ]i}%?ﬁsr,acgiﬁ%%%?t%%’?%t %l?bacﬁc&%%f‘%télﬁ?gagy'so%@ent m xtures. WO
01/ 81346 PCHNSMHLA I3Pect, 703D el phab Meseutbepbunespasdt raaican be

provided as a salt of the active agent,. Salts tend  to be . nore soluble in

aqueous or otFHETORFOITni CEEIHRIREE Y hER RASPLOr FREpBRIFAG Free acid or

base fornms.gdhad s etlid Codhy acceptahbe satisoare well  known in the art.
Conpounds that-contain acidic  noieties can form pharnmaceutically

acceptabl e salts wit it ereatioms. oSuPeap| ephaPhbeRuti®al |y
accept abl e cE#dONS dNCdttenc Dt BXSIDA €ed B kadbide ABL abnéepPaxs sodi um or

potassium ang & Kl %eaty adfiSre§ Ay Sy OLuTEIDES' mednogt! ons:
Focal administration can be desirable, such as by
intraarticular injection. .In somé cases; it can be
desirable to couple the compounds to a moiety that
" can target the compounds to bone. For example, a
PI3Kd® inhibitor can be coupled to compounds with
high affinity for hydroxyapatite, which is a major
constituent of bone. This can be accomplished, for
example, by adapting a tetracycline-coupling method
developed for targeted delivery of estrogen to bone
(Orme et al., Bioorg Med Chem Lett, 4(11):1275-80
(1994)) .

To be effective therapeutically in
modulating central nervous system targetsg, the
agents used in the methods of the ‘invention should
‘readily penetrate the blood brain barrier when
peripherally administered. - Compounds that cannot
penetrate the blood brain barrier, however, can
still be effectively administered by an intravenous
route.

As noted above, the characteristics of the
agent itself and the formulation of the agent can
-influence the physical state, stability, rate of in
4vivoArelease, and rate of in vivo clearance of the
administered agent. Such pharmacokinetic and pharm-

acodynamic information can be collected through



Compounds of structural fornula (1) that contain basic noieties can form
pharmaceutically acceptable acid addition salts with suitable acids. For

exanpl e, Wer@®isd a.|. describe pharnmaceutically acceptallcgsahitssisn
detail in J Pharm Sci, 66:1 (2.977). The salts can be prepared in situ

during the final isolation and purification of the com pounds of the

i nvention or separately by reacting a free base function with a suitable
acid. Representative acid addition saBks-in- clude, but are not limted to,
acetate, adipate, alginate, citrate, aspartate, benzoate, benzenesul -
fonate, bisufetleinibedlyrahevicaophedaie, veéaapioudiessul hoeat e, di gl uconate,
| ycer ophosphat e, hem sul - fate, heptanoate, hexanoate, .funmarate,

ﬁy)(;rochl or - Cf%ﬁlﬁ%‘inoﬁo%na%r}s h%ﬂfﬁ?%d?la%,\’:%ﬁ?ar%} y%@ﬁﬁﬁ%gi sul fonat e

(i sot hi onat &)ridBet atBhudpl £t eanyetbapeansuhfenat s ohesukinbg, nicotinate,
2- napht hal ene- sul fonat e, , oxal ate, panoat e, ggcti nate, perstlfate,

3- phenyl pr og? ondt®, "t @1 pf vEFRTR0BF bpR bkt 8E T eChE¥PndPES tartrate,

t hi ocyanat e, chasphad i dt e YO g1 Phospbat Bi oghthasat eanliyear bonate, p WO
01/ 81346 PCT/USO1/ 13315 - 77 taoluenesul fonate, and undecanoate. Exanples

of .. acids Thlat R2IFDL IR Dy ed BRI f of AP PHAr FABHE] Earmylabtgdept abl e aci d

addi tion sali;$ dichdidenodbl Hors abhiddats ofles$HUSH1ENLE gaNL SrapLds as _
hydrochloric acid, hydrobrom c acid, sulfuric acid, and phos-"phoric acid,

and such or giPieeRiciafsl @’ BxRYE cthrf grodulates PI3KS expression

or activity. As human studies are conducted, fur-
ther information will emerge regarding the appropri -
‘ate dosage levels and duration of treatment for
various diseases and conditions.

Toxicity and therapeutic efficacy of such
compounds can be determined by standard pharmaceut-
ical procedures in cell cultures or experimental
animals, e.g., for determining the LDy, (the dose
lethal to 50% of the population) and the ED;, (the
dose therapeutically effective in 50% of the pop-
ulation). The dose ratio between toxic and thera-
peutic effects is the "therapeutic index,f which
typically is expressed as the ratio LD50/ED50.
Compounds that exhibit large therapeutic indices,
i.e., the toxic dose is substantially higher than
the effective dose, are preferred. The data
obtained from such cell culture assays and addi-
tional animal studies can be used in formulating a
range of dosage for human use. The dosage of such
compounds lies preferably within a range of circu-
lating concentrationg that include the ED;, with
little or no toxicity.

For the methods of the invention, any
effective administration regimen regulating the

timing and sequence of doses can be used. Doses of



mal ei ¢ acid, succinic acid,, and citric acid. In |light of the foregoing,
any reference to conpounds of the present invention appearing . hereinis

i nt ended o ¢13Gs4de conpounds of struc- tural fornmula (1)-pMusorssmel |l as
pharmaceutically acceptable salts and solvates, as well as prodrugs,

thereof. Basic addition salts can be prepared in situ during the final
isolation and purification of the conpounds of the invention or separately
by reacting a carboxylic acid-contaigdng noiety with a suitable base such
as the hydroxi de, carbonate, or. .bicarbonate of a pharmaceutically
acceptablelnﬁeuagénﬂipmeferamiyhiﬁnhnaéapbarmagentﬁcanidasygesecond ary,
or tertiary amn Phar maceuti cal %%%accegta | e c.addition salts

i ncl ude, but Qﬁ??rﬁﬁmg¥%f}%% ape® FOh %ﬁgﬁﬁtoﬂ aF?ﬁl? fBFal s or

al kal i ne eardd uded absrsieh asffetbiua asedhum rgpeasstonmancal ci um

magnesi um and alum n salts and the_ |i an nont oxi,c quaternary
anmoni um and ¥ He %%#E%ﬁ%enFnE?uﬂ? ﬁlﬁnﬁnﬁiﬁﬁg ?éPFSﬁﬁﬂﬁ?lSﬁnnnlun1

tetraethyl - @:fﬁmtlﬁl afi®@f by | aeP0iE U mdh sBt Al anERahya) ihl b- -
nethylannnnlun1 et hyl ammoni um di et hyl anmoni um,  tri et hyl ammoni um and the

li.ke. Othe X%lpﬁle%%waal W%m%Faan?E B neebigek uFh¥ekItne for mation of

base additifihsal disrdcdider ebhyl enedbagi e, + B hgRknYE-014 84346

PCT/US01/ 13315 - 78  am ne, diethanol am ne, piperidine, piperazine, and
the |ike. -dosage units.

Exemplary dosage levels 'for a human sub-
. Ject are of the order of from about 0.001 milligram
of active agent per-kilogram body weight {(mg/kg) to
about 100 mg/kg. Typically, dosage uhits of the
active agent comprise from about 0.01 mg to about
-10,000 mg, preferably from about 0.1 mg to about
1,000 mg, depending upon the indication, route of
administration, etc. Depending on the route of
administration, a suitable dose can be calculated
according to body weight, body surface area, or
organ size. The final dosage regimen will be
determined by the attending physician in .view of
good medical practice, considering various factors
that modify the action of drugs, e.g., the agent's
specific activity, the identity and severity of the
disease state, the responsiveness of the patient,
the age, condition, body weight, sex, and diet of
the patient, and the severity of any infection.
Additional factors that can be taken int¢ -account
~include time and frequency of administration, drug
combinations, reaction sensitivities, and toler-
ance/response to therapy. Further refinement of the
dosage appropriate for treatment involving any of
the formulations mentioned herein is done routinely

by the skilled practitioner without undue experimen-



Basi ¢ nitrogen-containing groups can be quaternized with such agents as

| oner al kyl halides such as nethyl, ethyl, propyl, and butyl chlorides,

br om des vemdi/813dé des; di al kyl sulfates |ike di- nmethyl, dpetrigbi/13315

di butyl,.and dianyl sulfates; long chain alkyl halides such as decyl;

| auryl, myristyl, and stearyl chlorides, brom des, and iodides; aryl-

-al kyl halides such as benzyl and phenethyl brom des; and others. Products
having nodified solubility or dispergibility are thereby obtained.

Conposi tions conprising a conpound of the invention forrmulated in a

phar maceut i ceht acaepeéapkeiatayriar 1¢gacberprapasedagp! aa€drng-an

appropriate _container, and l.abeled for trea nt an_i ndi cat ed,
Coni ] on. SR ERE) §EoRHEr BAELE5RY. Bt Bl abEdC PanPPEIEEE -of

manuf act ur e, ksHehiasdat §08baLREACORY hphbai BYiaidesageikosm of a conpound
of the invention and a | abel containing instructions for use of the
compound. KifEPEPRT4PES EBAPEREI SPBICENAEFCFRheinefnrERONGR. U86r exanpl e,

the Kit.can €pnpst s8] ashdasagsalar mef garphaiRegutbaakneeaResht i on and a
package insert containing instructions for use o t he_conposition in

treat nent of Ok He®li d8geNEondi & BRAY FAudft REr OERSE, S8BRAFt t6ns i ndi cat ed on

the | abel cgorhoel ydent peatmeptpehsbnhhagmat ory disorders, cancer, etc.
WO 01/81346 PCT/US01/13315 - 79 - Methods of Admi nistration of Inhibitors
of PI3K5 Activity The frequency of dosing will depend on the

‘pharmacokinetic parameters of the agent and the
route of administration. Dosage and administration
are adjusted to provide sufficient levels of the.
active moiety or to maintain the desired effect.
Accordingly, the pharmaceutical compositions can be
administered in a single dose, multiple discrete
dosesg, continuous infusion, sustained release
depots, or combinations thereof, as required to
maintain desired minimum level of the agent. Short-
acting pharmaceutical compositions {(i.e., short
half-1life) can be administered once a day or more
than once a day (e.g., two, three, or four times a
day) .  Long acting pharmaceutical compogitions might
be administered every 3 to 4 days; every week, or
once every two weeks. Pumps, such as subcutaneous,
intraperitoneal, or subdural pumps, can be preferred

for continuous infusion.

The following Examples are provided to
further aid in understanding the invention, and pre-
suppose an understanding of conventional methods
well-known to those persons having crdinary skill in
the art to which the examples pertain, e.g., the
construction of vectors and plasmids, the insertion

of genes encoding polypeptides into such vectors and



Phar maceuti cal conpositions conprising an inhibitor of P13K5 act
be adm nistered to the subject by any conventional nethod, including

par ent er alyganid184st er al techni ques, Parenteral ad- m ni strgidagkoiasaki ti es
i nclude those in which the conposition is adm nistered by a rout
than through the gastrointestinal tract, for exanple, intravenous,
intraarterial, intraperitoneal, intra- medullary, intranuscul ar,
intraarticular, intra- thecal, and ingBsaventricular injections. Enteral
adm ni stration nodalities include, for exanple, oral (including
sublinguaJ),pkmmmiésta¢raﬂhénints®d@¢t0@r Jfansepbtbehhalpadginistration

dali- ties include, for n c adm |stra 1 on
rfaﬁshernarI% MY e 2P Bh. Cafgﬁsnu %§% Bgﬂgﬁlgf?a ?8ﬁr3985u885,
exanpl e, entdstedil athii mingérabs Opulebivetioas Nasaldingnhabat &R,

| ung adm ni
Tr ansder nal

transcutanequébapgebrylﬁgmuamcl@91@95pi9ﬁgeﬁaﬂpb§ LaB8t6h8syand
i ontophoresis devices,.as well. as topical Ellcatlon of pastes

or oi nt ment sPreg®mr ER9@9hl Adaibektehtabn AELS-

hi gh- press“*@bi 'ﬁ@f c8189r BF E?gﬁﬁ)W1§E§9&C§Bnéec9ﬂbq“es
e

i npl antati on

pot reservolr np03|t|ons osnotl Cc punps,

anCB&rgeéofpPshed

ivity can

e ot her

buccal and

and
f or

and. deep

ration.

stration; vaginal adnjnistration; and rectal adm nist
%Eéh?ﬂs%?%bg?g% e?n%}ude¥°§ SE{9E 6LCRIEFVe fransdernal or

sal ves,

using a

i ncl ude
and the

like. A prefél?%@)roym@ kmsabm1nestahtlémdsfbr Sheatn@mbtoteilaf | anmati on
can be local; or, Rl g8l geLiysyy heh Lgcal hzgd fi$ardgrs gych as

Inc. (1999). The particular materials and condi-
tions described hereunder are intended to exemplify
particular aspects of the invention and should not

be construed to limit the reasonable scope thereof.
EXAMPLE 1

Preparation and Purification of
Recombinant PI3Ka, B, and &

Recombinant PI3K. heterodimeric complexes
consisting of a pll0 catalytic subunit and a p85

regulatory subunit were overexpressed using the BAC-

-TO-BAC® HT baculovirus expression system (GIBCO/-

BRL), and then purified for use in biochemical
assays. The four Class I PI 3-kinases were cloned
into baculovirus vectorg as follows:

pl10&: A FLAG®-tagged version of human
pl10d (SEQ ID NO:1) (see Chantry et al., J Biol
Chem, 272:19236-41 (1997)) was subcloned using
standard recombinant DNA techniques into the BamH1-
Xbal site of the insect cell expression vector
pFastbac HTb (Life Technologies, Gaithersburg, MD},

such that the clone was in frame with the His tag of



WO 01/ 81346 PCT/US01/13315 - 80 arthritis, or systemc delivery for
distributed disorders, e.g., intravenous delivery for reper- fusion injury

or for sy@iaiisisgonditions such as septicem a. For ot her pH19ea%$85315
i ncluding those involving the respiratory tract, e.g., chronic

obstructive pul nonary di sease, asthma, and enphy-' sema, admi nistration
can be acconplished by inhalation or deep lung adm nistration of sprays,
‘aerosols, powders, and the |ike. Forsgthe treatnent of neoplastic diseases,
especially | eukem as and other distributed, cancers, parenteral

adm ni str at itde iwedtypt cal Tye predA@? r edstethrof sullattohbedf ihhe.eonmpounds to

optim ze themfor iodistri_bution follow ng parenteral administration
woul d be de§$%EﬁﬂEag&¥ﬁe‘%15@%'¢@%ib%t éﬁcﬁ%%0u§dégg'géﬁ’b@nghninistered
before, durimgioro®d | esinddidaddent Staaéi Q0a0f abhenptbrr apy¥rmaadi ot her apy,

and/ or surgﬁ;%%khpreover, the therapeutic index of the P13K5 inhibitor
conpounds ¢ erfhanced by nodi- fying or derivatizing the conpounds for

targeted delivery to ganegr ceihslExXPE6SShAdmarABAKAEekh@by identifies the
cells as such. For exanple, .the conpounds_can be |inked to an anti body

that recog- M3 AAREFKkEPSENRPOVR, s8I BehFUet8PISHetPFFéoPoPT cancer cells;
so that the COMREUNLISe ar61 PROHOBE 4D O EABMYES) Nbly 30t sbhes6ells to exert

their effects locally, as previously described (see for exanple,

(1994)) was subcloned in BamH1l-HindIII sites of

. pFastbac HTb (Life Technologies) such that the clcne
was in frame with the His tag of the vector.

' pll0B: A pll0oPB (see Hu et al., Mol Cell
Biol, 13:7677-88 (1993)) clone was amplified from

- the human MARATHON® Ready spleen <¢DNA library
(Clontech, Palo Alto CA) according to the manufac-
turer's protocol using the following primers:

5' Primer
5'- ,
GATCGAATTCGGCGCCACCATGGACTACAAGGACGACGATGACAAGTGCTTC
AGTTTCATAATGCCTCC-3"' (SEQ ID NO:3)

3' Primer

5 ' -GATCGCGGCCECTTAAGATCTGTAGTCTTTCCGAACTGTGTG-3
(SEQ ID NO:4)

The 5' primer was built to contain a FLAG® tag in
frame with the pll0fR sequence. After amplification,
the FLAG®-pll0R sequence was subcloned using
standard recombinant techniques into the’ EcoRl-Notl
‘sites of pFastbac HTa (Life Technologies), such that
the clone was in frame with the His tag of the
vector.

pll0y: The pllOy cDNA {(see Stoyanov et

al., Science, 269:690-93 (19295)) was amplified from
a human Marathon Ready spleen cDNA library (Clon-



Pietersz et al., Immnol Rev,' 129:57 (1992); Trail et al., Science,
261:212 (19'93); and Row i nson-Busza et al., Curr OQpin Oncol, 4:1142

(1.992)) . wolsT®i346di rect ed delivery of these conpounds enhagagssoiissis
t herapeutic benefit by, inter alia, mnimzing WO 01/81346 PCT/US01/ 13315

- 81 potential nonspecific toxicities that can result fromradiation
treatnent or chenotherapy. In another aspect, P13K6 i nhi bitor conpounds
and radi o- isotopes or chenotherapeutisgg agents can be conju- gated to the
sanme anti-tunor antibody. For the treatnent-of bone resorption dis- orders
or osteoclasuemmhia¢edrdiﬁ@rderBhetmanﬁféKBurénhbbptotSnoaanEngelivered by
any SUItab|%: adm ni stration can be, desirabl e, such as by

met
|ntraart|cula1?e ﬁ?g%?tbﬂg ?ﬁl@%ﬁﬁ cases, it can be .desirable to couple the

conpounds to e PPiméy that can target the conpounds to bone. For exanpl e,
a PI3K6 inhibitor can be c to conmpounds with gh affinity for

hydr oxyapat i ¥ e; 26 ERCFECa Jﬁ%f%@AGQE%g%G Gﬁ@T%%ASBﬁGCCTﬁ.s’éEQ

be' acconp_| .4;shesl,sfor exanple, by adapting a tetracycline-coupling nethod
devel oped for targeted, delivery of estrogen to bone (One et al., Bioorg
Med ChentLetiT_B%££$T1375 80 (1994)). To be effectlve therapeutically in

modul ating Genté@bsdprueusasusteMiatsetiertiercageaL s, useddl At he et hods
of the-invention §ﬁ§§?% rea% #y pene E %? bral Sarrler when

NO:8)
A FLAG® tag was subsequently attached to the 5' end
of the pll0y ‘sequence and was cloned in the BamH1l-
Spel sites of pFastbac HTb (Life Technologies)'using
standard recombinant DNA techniques, with the FLAG®-
110y sequence in-frame with the His tag of the
vector.

p850: A PamHl-EcoRl fragment of FLAG®-
tagged p85 cDNA (see Skolnik et al., Cell, 65:83-89
(1991)) was subcloned into the BamHl-EcoRl sites of
the vector pFastbac dual (Life Technologies).

Recombinant baculoviruges containing the
above clones were generated using manufacturer's
recommended protocol: (Life Technclogieg). Baculo-
viruses expressing His-tagged pll0c, pllofB, or pllod
catalytic subunit and p85 subunit were coinfected
into Sf21 insect cells. To enrich the heterodimeric
enzyme complex, an excegs amount of baculovirus
expressing p85 subunit was infected, and .the His-
tagged pll0 catalytic subunit complexed with p85 was
purified on nickel affinity column. Since pllOy
does not associate with p85, S£21 cells were infec-
ted with recombinant baculoviruses expressing His-
tagged pll0y only. In an alternate approach, pl0l
‘can be cloned into baculovirus, to . permit coexpres-

sion with its preferred binding partner pll0y.



peri pherally adm ni stered. Conpounds that cannot penetrate the blood brain

barrier, however, can still be effectively adm nistered-by an intravenous
route. Aswioligdz@bove, the characteristics of the agent ipgcsaidorassdst he
formul ati on of the agent can -influence the physical state, stability,

rate of in vivo release, and rate of in vivo clearance of the adm nistered
agent. Such pharnmacoki netic and pharm acodynam c information can be
col l ected through WD 01/81346 PCT/USOBR13315 - 82 preclinical in vitro
and in vivo studies, later confirnmed in humans during the course of
clinical trials. ThusThé072ahgunoppsﬂndnﬁsedeanbfhe gelhed (30f the

i nvention, ﬁ%thera eutlca% ¥ gtlvg'ggse can _he.esti ted initially
from bi oche @ndforc CBtY<H %% d*3%s y@?g?ﬂéﬁ? dégaae Xgﬁ be formul ated
i n ani mal nud@msctmuﬂﬁ@revzoamMeHEPEbLEOHirpHIatBngs eEngentrati on range

t hat nodul at es B{SKS exgre55|on hh# act|V|t%t AS g studi es are
conducted, fTTTBIRES PRTGFAEE] bARRPLEOBEPGEt patartBPRGSt REOR opr i - ate
dosage | evel scang, dunai heapoiist rems neasihera E@ﬁh@éshdmégéﬁes and
conditions. Toxicity and therapeutic efficac ounds can be

det er mi ned bY?Standatd PRATABRREES TELF S?BE%H%F@? |ﬁtcéP888uFtﬁres or
experiment al fo@ni $ehsn . €. ghe s@bedBbeaAt Bl RErtheukDRB-(thgrgose lethal to

50% of the populatlonl and the ED50 (the dose therapeutlcally effective in

50% of t he p@ﬁge at 10,000 x g for 20 min, followed by ultra-
centrifugation at 100,000 % g for 60 min. The
soluble fraction was immediately loaded onto 10 mL
of HITRAP® nickel affinity column (Pharmacia,
Piscataway, NJ) equilibrated with 50 mL of Buffer A
(50 mM HEPES-KOH, pH 7.8, 0.5 M NaCl, 10 mM imid-
azole) . The column was washed extensively with
Buffer A, and eluted with a linear gradient of 10-
500 mM imidazole. Free p85 subunit was ;émoved from
the column during the washing stép and cnly the
heterodimeric enzyme complex eluted at 250 mM
imidazole. Aliquots of nickel fraqtions were
analyzed by 10% SDS—bolyacrylamide gel electrophore-
sis (SDS-PAGE), stained with SYPRO® Red (Molecular
P;obes, Inc., Eugene,'OR), and gquantitated with
STORM® PhosphoImager (Molecular Dynamics, Sunnyvale,
CA). The active fractions were pqoled and directly
loaded onto a 5 mL Hi-trap heparin column preequili-
brated with Buffer B containing 50 mM HEPES-KOH, pH
7.5, 50 mM NaCl, 2 mM dithiothreitol (DTT) . The
column was washed with 50 .mL of Buffer B and eluted
with a linear gradient of 0.05-2 M NaCl. A single
peak containing PIBK“eﬁzyme complex eluted at 0.8 M
NaCl. SDS-polyacrylamide gel analysis showed thaf
the purified PI3K enzyme fractions contained a 1:1

stoichiometric complex of pll0 and p85 subunits.



ulation). The dose ratio between toxic and thera- peutic effects is the
"therapeutic index," which typically is expressed as the ratio LD50/ED50.
Conmpoundswigh@lsigxhi bit | arge therapeutic indices, i.e., thaiwiihssigose is
substantially higher than the effective dose, are preferred. The data
obtained fromsuch cell culture assays and addi- tional animl studies can
be used in formulating a range of dosage for human use. The dosage of such
conpounds lies preferably within a rasge-of circu- lating concentrations
that include the ED50 with, little or no toxicity. For the methods of the
i nvention, ame efdecin terathi«isf retie oon zeae nedmp gl @diriggt he tim ng and
sequence of .doses, can be used. ses of WD 01/81346_PCT/US01/13315 - 83

t he agent anﬁQﬁEﬂﬂ;5%?&W%ﬁﬁ9ﬁﬁéﬁ§nﬁﬁiﬁ?%%?n%%gab% t%%?t%§c%ﬁﬁ+ sing an
effective amiuidsofadtheragent . Thé\sadisede hergtbioneffess i yeoasaunt” refers
to an anount. sufficient. to dul] ate, P13K6 expression or activity and/or
derive a nedSift IFChaHYET nl 1EUHHyRT6FEFRal paraneter of the subject
through adm nistration of one or nore of the pharnaceutical .dosage
units. Exenpl ary dosage levels for_a human sub- ject are of the order of
fromabout 0.001 nmilligram of actBXAMEIferd per kil ogram body wei ght

;mg/ kg) to about 100 ng/kg. Typically, dosage units of the active agent

conprise fromabout 0.01 ng to about
PI3KO High Throughput Screen (HTS)

and Selectivity Assay

A high throughput screen of a proprietary
chemical library was performed to identify candidate
inhibitors of PI3KS aéﬁivity. PI3KO catalyzes a
phosphotransfer from vy-[*?P]ATP to PIP,/PS liposomes
at the D3' position of the PIP, lipid inositel ring.
This reaction is MgCl, depeﬁ&ent and is quenched in
high molarity potassium phosphate buffer pH 8.0
containing 30 mM EDTA. 1In the screen, this reaction
is performed in the presence or absence of library

. compounds. The reaction products (and all unlabel-
led products) are transferred to a 96—we11, pre-
wetted PVDF filter plate, filtered, and washed in
high molarity potassium phosphate.' Scintillant is

"added to the dried wells and the incorpofated radic-
activity is quantitated.

The'majority of assay operations were
performed using a BIOMEK® 1000 robotics workstations
(Beckman) and all plates were read using Wallac
liguid scintillation plate counter protocols.

The 3X assay stocks of substrate and
enzyme were made and stored in a trough.(for

robotics assays) or a 96-well, V-bottom, polypropyl-



10,000 ng, preferably fromabout 0.1 ng to about 1,000 ng, dependi ng upon
the indication, route of admnistration, etc. Depending on the route of
adm ni st reftg AR134 Sui tabl e dose can be cal cul ated accor dipga/tw1Redy

wei ght, body surface area, or organ size. The final dosage reginmen will be
determ ned by the attendi ng physician in ,view of good nedical practice,
considering various factors that nodify the action of drugs, e.g., the
agent's specific activity, the identisoy -and severity of the disease
state, the responsiveness of the patient, the age, condition, body weight,
sex, and di e¢nefplihe phdrembnuabdatbaysever Reygehtanyeirhf ettiboe.

Addi t i onal fgctors ihat c nh be taEen into-accougt .include tine and
frequency' of -Qbnthi ??%Pign,oﬁrﬁga cOMBINEETBREA FESct i on sensitivities,

and tol er- ance/ responsket 8xt BebapyatEuEbhetheefiirserentaghetihe . cdosage
appropriate for_treatnment invqhy t he fornulatbons ment i oned

| ving a ?f
herein is ddfé Y&dtihelQr L byt éﬂls%ﬁ F%E PFBcNEN onB P PHEER  undue

experimen WA/ 8434 PER/ SO k33dSmes Bdvatil imnaespesiakly in light of
the dosage informa- tion and assays disclosed, as well as the pharmaco-
ki netic dat al®bserbbderhdnuidh: cEin?a™t FERES: PHpprépri ate dosages can be

ascertained through usenheoOfxeshaPhbshedcrsgaysthar udet ebmkniRgd .
concentration of the agent in a body fluid or other sanple to- gether with

dose responsk- a4, PTREST r £50eHey b ngEsEnd I |(sgeherd Yorst Re
stabilizer), 15 mM MgCl,, 3 mM DTT in 20 mM HEPES, pH

7.4.

The chemical high throughput screen (HTS)
library samples (each containing a pool of 22 com-
pounds) in dimethylAsﬁlfoxide (DMSO) were diluted to
18.75 UM or 37.8 uM in double distilled water, and
20 uL of the diluticns were placed in the wells of a
96-well polypropylene plate for assaying. The nega-
tive inhibitor control (or positive enzyme control)
was DMSO diluted in water, and the positive inhibi-
tor controls employed concentrations of LY294002
‘sufficient to provide 50% and 100% inhibition.

To the 20 nlL pooled chemical library dilu-

tions, 20 uL of 3X substrate was added. The reac-
tion was initiated with 20 uL of 3X enzyme, incu-
‘bated at room temperature for 10 minutes. This
dilution established a final concentration of 200 uM
ATP in the reaction volume. The reaction was

- stopped with 150 uL guench buffer (1.0 M potassium
phosphate pH 8.0, 30 mM EDTA). A ‘portion of the
guenched solution (180 UL) wasg then transferred to a
PVDF filter plate (Millipore #MAIP NOB prewetted
with sequential 200 pL washes of 100% methanol,
water, and finally 1.0 M potassium phosphate pH 8.0

wash buffer).



phar macoki neti c paraneters of the agent and the route of adm nistration.
Dosage and adm nistration are adjusted to provide sufficient |evels of

the. actiyweses@ty or to maintain the desired effect. AgganeNongsys t he
phar maceuti cal conpositions can be administered in a single dose, nultiple
di screte doses, continuous infusion, sustained release depots, or

conbi nations thereof, as required to maintain desired mninmmlevel of the
agent. Short- acting pharmaceutical -cenpesitions (i.e., short half-life)
can be adm ni stered once a day or nore than once a day (e.g., two, three,
or four tinmes a day).ThenpvREt fhgtphaphaceuvasabhspdrposdt uadsrm ght be
adm ni stered eye every week veréPEmo weeks.

ry. 3 to' 4 days, or . ong
Punps, suchI%%.e%%%%dY%%%%ﬁs¥§_%nTTa 3t 1 t BRgard %?tgugdﬁr ptifips, can be
preferred fof ot ibubbsr| Ndtdi Ohen Thei éal bpwasgi Exanphes ane provided to
further aid in understandi ng the |nvention, an re- suppose . an
understandih%ﬁ%ﬁeﬁdﬁ%%nngﬁgﬁu ?L%dEPOEE?@Lkﬁg%ﬁw?g'FﬂogérnggonS'having
ordinary skiddmpretdhe, ashdt onybi-ebat berexanphesapesbahning. 9., the
construction of vectors and plasnm.ds, the insertion. of genes_ encoding

pol ypept i de<CFFRY SucH MactOrilant ¥ersdintlaeiperi U3biPE3Se5K~- 85

plasm ds, orcdie ddie@doet iwa1Df vegdolscahgopPhess Ahdsohhtovhest cells.
Such net hods are described_in detail in nunmerous publications 1ncluding,
for ex- anpl&®s SErbbkaetdal 20d MeeRUYEFS CRBRLNGEdA after

normalizing to the enzyme pcsitive control (set at
100%), to identify the curve intersection at the 50%
inhibition value to estimate.I1C;, values for the
inhibitors.

A total of 57 pooled master wells were
selected for deconvclution, based on combined
criteria of <42% residual actiVity at the tested

.concentration, and a total accepted hit rate of no
more than 0.2%. At 22 compounds per well, a total
of 1254 compounds were identified through thisg
deconvolution and individually assayed at the 1X
concentration of 27.7 uM to identify which compounds
exhibited the desired activity. From these assays,
73 compounds were selected and assayved further to
~develop IC., curves. From the IC;, curve results, 34
compounds were selected for gelectivity aésays
against PI3Ka and PI3KR (see assay protocol in

- Example 11).

From the selectivity assays, one compound,
3- (2-chlorophenyl) -2- (9H-purin-6-ylsul fanylmethyl) -
3H-guinazolin-4-one (Compound D-000), was selected
as being a relatively potent and selective compound.
Catalog searches and selectivity assays of many
analogous compounds of the potent and/or selective

hits yielded only one compound that was both an



Laboratory Manual, Cold Spring Harbor Laboratory Press (1989), Ausubel et
al. (Eds.), Current Proto- cols in Ml ecular Biology, John Wley & Sons,
Inc. (1994 o1/s384¢ Ausubel et al. (Eds.); Short Protocols pdr/ddehgsskar
Bi ol ogy, 4th ed., John. Wley & Sons, 1Inc. (1999). The particul ar
materials and condi- tions described hereunder are intended to exenplify
particul ar aspects of.the invention and should not be construed to limt
t he reasonabl e scope thereof. EXAMPLES2: -Preparation and Purification. of
Reconbi nant Pl 3Ka, 5, and 6 Reconbi nant P13K. heterodi neri c conpl exes
consi sting cictaiyeE Eha adal ¢t it Tves udnanl dg@mdof P8®H0O0 r eghihad ocymsubuni t wer e
overexpressed using the BAC . TO BAC(r bacul ovirus expressi on system
(G800 - BRI Eh A R Tod 3P CRATHC bl BN 3 CORRaE9S. The four
Class | Pl Fiomasescakese €1 D3Emb4) rﬁz@dhﬁtﬁ@ﬂémtsrmcmgmsoamfolclhoms:
1106: A FLAG-tagged version of human pl105 (SEQ I.D NO see antry et
P00 B of SRS 5 Shai 19RO S PO RG st andar 3
reconbi nant g eshmques. i nto the BarH Xbal site of the insect cell
expression vector pFastbac HTb (Life Technol ogi es, Gaithersburg, M),

such that the clone was in frame with the Hs tag of WO 01/81346
PCT/ US01/ 13315 - 86 ,the vector. The FLAG S systemis described in U S

D-000

As described above, the PI 3-kinase
inhibitor 1L,Y294002 (Calbiochem, La Jolla, CA) does
not. have significant selectivity among the different
PI 3-kinase isoforms tested. Under our assay condi-
tions, LY294002 inhibited all three isoforms of PI
3-kinases with an IC;, of 0.3 to 1 uM. However, when
the compound D-000 was tested against the same PI 2-
kinase isoforms distinct selectivity was observed.
Specifically, as shown in Figure 1, D-000 inhibited
the activity of the © isoform of PI3K with an IC,, of
approximately 0.3 uM, whereas under similar condi-
tions it did not inhibit activities of the o and f
isoforms at a limit of 100 uM compound. These
results show that D-000 selectively inhibits PI3Kd

activity.



5,011,912, and reagents are available from Eastman Kodak Co. pl110c:
Simlar to the nmethod used for pl1106, described above, a FLAGr)-tagged
versi on ofyo Alshea (see Volinia et al., Genomics, 24(.3): 421:1314[7%1/1@15994) )
was subcloned in Ba.mHl--.H ndlll sites of pFastbac HTb (Lif

Technol ogi es) such that the clone was in franme with the Hs tag of the
,vector. pliO~: A pl1l0(3 (see Hu et al.,...MIl Cell Biol, 13:7677-88.
(1993)) clone was anplified from thegshurman. MARATHON(r) Ready spl een cDNA
library (Contech, Palo Alto CA) according to the manufac- turer's
protocol using the follow ng pri RERRPLES Bri7ner 5'
GATCGAATTCEECECCACCATGGACTACAAGGACGACGATGACAA.GTGCT'TC
AGTTTCATAATGCCTCC-3' (SEQ ID NO3) 3" Priner 5

GATCGOGGCCGCTTAAGATCT@M&HﬂW@I&J&%@d a{SE h@fh@aﬂi The 5° primer
was built to contain a . FLAGr) tag in frame wth t EIIO(S sequence.

After anplifieri%enly hn Flﬂéi%?§¥‘bﬁ%04%eh%eh%%o%§n§u el 8h8dY usi ng

standard recoidid@idct £Chni Gpespi Hk9-toea-ECOR 1hRtd skt es of pFastbac
HTa' (Li fe Technol ogleg such that the clone was in frame with the His tag

of the vectl?ukeeIoy: fumet e Arperdtesly oyaRevetfechs. ofSci ence,

269 690-93 (A998 ):.880 4L 1206 701 2 PHEENoRE 8RBy Beatiesal een. cDNA

examined. Neutrophils were examined to determine

the effects that selective inhibition of PI3KO might
elicit (Example 3, below). It surprisingly was
found that selective inhibition of PI3KS act1v1ty
appears to be 81gn1flcantly associated w1th inhibi-
tion of some but not all functions characteristic of
activated neutrophils. 1In addition, the effects of
PI3KO inhibition on B c¢ell and T cell function also
were tested(Examples 4-5, below). Moreover, as
PI3Kd also is expressed in osteoclasts, the effect
of PI3KY inhibition on the function of these

-specialized cells was studied (Example 6, below).
EXAMPLE 3

Characterization of Role of
.PI3KS in Neutrophil Function

The effects of a PI3KO inhibitor of the
invention, i.e., D-000, on neutrophil functions such
as superoxide generation, elastase exocytosis,

chemotaxis, and bacterial killing were tested.



WO 01/81346 PCT/US01/ 13315 - 87 tech) according to the manufacturer's
protocol using the following primers: 5 Primner

5' - AGAAI ' W HSESIeAT GGAGCT GGAGAACTATAAACAGCCC- 31 (SEQ | D Netsod/1331E1 mer

5' - CGCGGATCCTTAGECTGAA. TGTTTCTCTCCTTGITTG 3" (SEQ ID NGO 6) A FLAGr) tag
was subsequently attached to the 5 end of the pil Oy sequence and was
cloned in the BanHlL Spel sites of pFastbac HTb (Life Technol ogi es) using
standard reconbi nant DNA techni ques;- sith the FLAG 110y sequence in-frane
with the Hs tag of the -vector. p85a: A Ea.nHl-EcoR I. fragnent of

FLAG-' - tagged p85 cDNA (SPeefkohtidnedf aheutrobRlills 65:83--89 (1991))
was subcl oned into the Banr&toRmsht®bo®f the vector pFastbac dual (Life
Technol ogi es). Reconbi nant bacul ovi ruses containing the above clones were
generated using manufacturer's reconmended protocol, (Life Technol ogies).
Bacul 0- viruses expressif\g.4is-180ges H2108p2P1A0Pea0b183d05ofat al ytic
subunit and p85 subunit were coi nfected m%jo Sf21 insect cells. To enrich
t he het er odiliRa}thy erpliwet evnpl exre ahrBxeedscanduiit 8FSBaenro9firus
eXpressing pBS, subimbis wassi atect ed, ABdrbhendh Saphaggedipll0 catalytic
subunit conpl exed wth p85 was purified on nickel affinity colum. Since
pl10y HYPAQUE® (Sigma) and centrifuged at 900 rpm for 30

min at room temperature in a table top centrifuge
‘(Beckman). The neuﬁrophil;rich band just. above the
FICOLL®-HYPAQUE® cushion was collected and washed
with Hanks' balanced salt solution (HBSSj containing
0.1% gelatin. Residual erythrocytes were removed by
hypotonic lysis with 0.2% NaCl. The neutrophil.
preparation was washed twice with'HBSS cpntaining

0.1% gelatin and used immediately.

B. Measurement of superoxide
production from neutrophils

Superoxide generation is one of the hall-
marks of neutrophil activation. A variety of acti-
vators potentiate superoxide gene¥ration by neutro-
phils. The effect of the PI3KZ inhibitcx D-000 on
superoxide géneration by three different agonists:
TNFlo, IgG, and fMLP, each representing separate
classes of activator, was measured. Superoxide
generated by the neutrophils was measured by moni-
toring the change in absorbance upon reduction of
cytochrome C by modification of the method described
by Green et al., (pp. 14.5.1-14.5.11 in Supp. 12,
Curr Protocols Immunol (Eds., Colligan et al.)
(1994)), as follows. Individual wells of & 96-well
plate were coated overnight at 4°C with 50 uL of 2



does not associate with p85, Sf21 cells were infec- ted with reconbi nant
bacul ovi ruses-express-ng His- tagged plI Oy only. In an alternate approach,

pl0l , canwieepi@isysed i nt o bacul ovirus, to.permt coexpres- pit@rikovitdisi ts
preferred binding partner pl10y. WO 01/81346 PCT/US01/13315 - 88 The

72-hour post-infected Sf21 cells (3 liters) were harvested and- honogeni zed
in"a hypo- tonic buffer (20 mM HEPES-KOH, pH 7.8, 5 nM KCl, conplete
protease inhibitor cocktail (Roche Bieshemicals, Indianapolis, IN, using
a Dounce honogen- izer. The honpbgenates were centrifuged at 1,000 x g for
15 m n. The myfper natlant somese Hundhef isehhodgenfogedgat 10h600 x g for 20

m n, followed. ultra-- centrif Lon a 00, 000, x for 60 mna The
sol ubl e frac"ﬁ@?qS was T r‘?%%?%cﬁ eﬂ/%lﬁ?g%%‘gda%‘it%hiogﬁﬁlo%?nﬁ TRAP(r) ni ckel
affinity colagan{Phasrmcidded RtscademayelNJ) =guili bEaedswoth 50 nlL of
Buffer A (50 mM HEPES- KOH, pH 7.&1 0.? M NaCl , 10 ?rfd\/lim'd-: azol e). The
col utm was vagHEP S et BEAse t Al Baf Pt A0l 8FuEBISwWPEh a 1 near
gradi ent of hor1H00svhd pivdaz ob €. 1Er et p8hrswbuQi qzvvasmggﬁigyed from the

colum during the washing step_and only the heterodineric enzyme conpl ex
eluted at 259 OQri‘ilea‘igll%‘?r%ﬁ%‘go?‘ém%F RPEkEPPREAcBIBRENAEPR anal yzed by

10% SDS- pol ygery| agv de10@)/ngl)ect mepheyien sSivad RIrtRAGRIgeStRined w th
SYPRO(r) Red (Ml ecular Probes, Inc., Eugene,.OR), and9 gquantitated with
STORM r) Phd&hct fregfe? ¥%I%@|I%}PSW%S§¢ SemPyal was moni-

tored for 2 hr. To measure the relative amounts of
superoxide generated, values obtained from the
superoxide dismutasé—containing wells were subtrac-
ted from all, and normalized to the values obtained
from the wells without any inhibitor. )

As shown in Figure 2, the PI3K® inhibitor
D-000 inhibits TNF-induced superoxide generation by
neutrophils in a concentration dependent manner.
Superoxide generation induced by TNF was reduced to
its half-maximal value at about 3 UM D-000. Figure
2 also reveals that superogide generation induced by
IgG was not signifiééntly inhibitéd by D-000. 1In
fact, even at 10 uM this PI3KS inhibitor did not
4héve any effect on superoxide gengfation induced by
igG. . , ‘ |
7 Next, the effect of D-000 on superoxide
generation induced by another potent inducer, the
bacterial peptide, formylated-Met-Leu-Phe (fMLP) was
studied. Like the TNF;induced suﬁeroxide genera-
‘tion, fMLP-induced superoxide genérationialso was
inhibited by'D—OOO (FigureVB). These results show
that the PI3KS inhibitor D-000 can prevent stimulus
specific induction of superoiideyéeneratidn by
neutrophils, indicating that PIBKS.is involved in

this process.



CA). The active fractions,were pooled and directly |oaded onto a 5 nL

H -trap heparin colum preequili- brated with Buffer B containing 50 niv
HEPES- KOHwoph/is13462, 50 MM NaCl, 2 mM dithiothreitol (DTT).pcliingo1G8815inm was
washed with 50.nL of Buffer B and eluted wth a linear gradient of 0.05-2
M NaCl . A single peak containing P13K enzyne conplex eluted at 0.8 M

NaCl . SDS- pol yacryl am de gel anal ysis showed that the purified PlI3K enzyne
fractions contained a 1:1 stoichionmetri ¢ conpl ex of pl1l0 and. p85
subunits. WD 01/81346 PCT/US01/13315 - 89 The protein profile of the
enzyme conpl ex during chepaneaschéensntogr aphystcaseecapoogedstie that of |ipid
ki nase activity. The activerfomctb@bso¥ei€spool ed and frozen under |iquid
ni trogen. EXAMPLE 2 PI3K6 Hi gh Throug%put Screen (HTS) and Selectivity
Assay A high throughput screen of a proprietary chemcal library was
perforned to identify P§n9&§§£§on'88'Qﬁ%@féx?&eRbéﬁérégibﬁbty- Pl 3K6
catalyzes a phosphotransfer fromy- [32P] ATP to -PIP2/PS |iposones at
the D3' posidfolvaied heewrpprhipsdalaesredPonringy rheasigdction is Myd 2
dependent ?ngeﬁérﬁyﬁgfgﬁgaégs bigh QPéa£ééﬁoﬁQiB§é'EB&pEHéPHéLe buffer pH
8.0 containing 30 EDTA. In the screen, " this reaction is performed in

t he presencesorugibsemcef ofifspear gndconpbiuhadse dheingasnfdamproducts (and

all unlabel -.{&d products) afe,t1ansberLedeto-2 28148LL, PhLE-

effect of D-000 on elastase exocytosis was measured.

Elastase exocytosis was quantitated by modification
of the procedure described.Ey Ossanna et al. (J Clin
Invest, 77:1939-1951 (1986)), as follows. Purified
human neutrophils (6.2 x 10%) (treated with either
DMSO or a serial dilution of D-000 in DMSO) were
stimulated with fMLP in PBS containing 0.01 mg/mL
cytochalasin B, 1.0 pM sodium azide (NaN,). 5 pg/mL
L-methionine and 1 uM £MLP for 90 min at 37°C in a

. 96-well plate. At the end of the incubation period,
the plate was centrifuged for 5 min at 1000 rpm, and
90 ﬁL of the supernatant was transferred to 10 uL of
10 mM solution of an elastase substrate peptide,
MeO-suc-Ala-Ala-Pro-Val-pNA, wherein MeO-sguc =
methoxy-succinyl; pNA = p-nitroanilide (Calbiochem,
San Diego, CA) . Absorbance at 410 nm was monitored
for 2 hr in a 96-well plate reader. To measure the
relative amounts of elastase excytosed, all absorb-
ance vaiues were normalized to the values without
any inhibitor. As shown in Figure 4, the PI3KO
inhibitor D-000 inhibits fMLP-induced elastase
exocytosis significantly, and does so in a dose-
dependent fashion. Inhibition was half-maximal at a

concentration of about 2-3 uM D-000.



wetted PVDF filter plate, filtered, and washed in high nolarity potassium
phosphate. Scintillant is added to the dried wells and the incorporated

radi o- act{yigvjilsyzdeS quantitated. The majority of assay operpif Gng/1¥8E e
performed using a Bl OVEK(r) 1000 robotics workstations (Beckman) and all

pl ates were read-using Wallac 1liquid scintillation plate counter
protocols. The 3X assay stocks of substrate and enzyne were nade and
stored in a trough (for robotics assays) or a 96-well, V-bottom

pol ypropyl WO 01/81346 PCT/US01/13315 - 90 ene plate (for nanual assays).
Reagents were stable Dor aehea@asémanbosf SEMLYFOAGLEedPRUALHr €. The 3X
substrate for the HIS cont ah&eerfohil M B2 ER 0.10 nC/nlL y- [32P] ATP
(NEN, Pittsburgh, PA), 6 1.1M PIP2/PS |iposones (Avanti Pol ar Lipids,

Inc., Atlanta, GA), in 20 nM HEPES, pH 7.4. The 3X enzyme stock for the HTS
contained 1.8 nM Pl 3%131:115&911‘1?94‘ ”f&a@@réﬁel91%£}_'ﬁ§§c085iz§aé§tg ggtabilizer),
15 MMwd 2, 3 MM DIT in 20 MM H pH . _The _chem cal high throughput
screen ( HTS)Migyajrarheeigh osi seaeh, cont arhengna psoFhef f27skom pounds) in
dimethyl sul do deDIEC) Aer e, gl Lut elot0icd8. 35 pMEOEMAZ SopMbEn doubl e
distilled water, and 20 pL of the dilutions were placed in the wells of a
96- - wel | pO|W@{ﬁj|3é'Ff€JWat eThereateayi f Ihelfega- neitgsobhhibi t or control

(or pOSit'VQn1§¥5%@P§1qg9&éf&% a concentration gradient of fMLP

was measured. The day before the migration assays

were performed, 6-well plates were-coated with
‘recombinant ICAM-1/Fc fusion protein (Van der Vieren
et al., Immunity, 3:683-690 (1995)) (25 pug/mL in
bicarbonate buffer, pH 9.3) and left overnight at
4°C. After washing, 1% agarose solution, in RPMI-
1640 with 0.5% bovine serum albumin (BSA), was added
to wells with or without an inhibitor, and plates
were placed into a refrigerator before punching
‘holes in the gelled agarose to create plaques (1
central hole surrounded by' 6 peripheral ones per
well) .

Human neutrophils were obtained as de-
scribed above, and resuspended in RPMI medium
supplemented with 0.5% BSA at 5 x 10° cells/mL.
After combining equal volumes of neutrophil suspen-
;8ion and medium (either with DMSO or a serial dilu-
tion of the test compound in DMSO), neutrophils were
aliquoted into the peripheral holés, while the
central hole received fMLP (5 uM). Plates were
incubated at 37°C in the presence of 5% CO, for 4 hr,
followed by termination of migration by the addition
of 1% glutaraldehyde solution in D-PBS. After re-
moving the agarose layer, wells were washed with

distilled water and dried.



was DMSO diluted in water, and the positive inhibi-- tor controls enpl oyed
concentrations of LY294002 sufficient to provide 50% and 100% i nhi bi ti on.
To the 20wl o1Redsed chenical library dilu- tions, 20 pL ofpcdyspyhssisate was
added. The reac- tion was initiated with 20 j.IL of 3X enzyne, incu- bated
at roomtenperature for 10 mnutes: This dilution established a final
concentration of 200 pM ATP in the reaction volune. The reaction was
stopped with 150 p. L~quench buffer (198 M potassium phosphate pH '8.0, 30
mM EDTA). A portion of the quenched solution (180 I1L) 'was then
transferred to a PVDRAfalyetspbatee(M-bbhpdraigihALPoNOBapr evetted w th

sequenti al L mashes of 10 nol , ter, and fina 1.0 M
potaSS|un1pH%§ ﬁ Ot gl gko gﬁ%g§¢$gr}?vﬁfga§/@}éﬁ%SEE?Fuéé¥/13315 - 91
The PVDF fi |d}9’(ecp&i:a¢re€) wasdaes pivd ek etla tpdRr usihgdetakeNyacuupsL(2-5 mm Hg) ,

washed with 5 x 200 ~iL . of wash. buffer, a d t en g i ed b aspiration. The
filter was éﬁ%%%ﬁﬂ@ntl?sb?%tM%ﬂroﬁ? € okiEdet o | ; Petely, and

inserted intsepddihac, conwntbyg m;ssle&&@rmnéh 50mﬂ§raf:15ﬁ0§ﬁliék
scintillation cock- tail added per wel|. The incorporated radioactivity

was quant it af@d, O%ﬁﬁP%@@afﬁér%aﬁhaP§zEHe afFveieforFRBALELRESt 0 the enzyne
posi tive contf@kak 564 Bhae0P%R. abeihe@nkisf YnthareHr uaakpt gr section at the

50% inhibition value to estinmate.]| C50 val ues. for the. inhibitors.
curve representing number of migrated neutrophils
versus the net distance of migration per cell.

As shown in Figuré 5, the PI3K® inhibitor
D-000 had a profound‘effecﬁ‘on neutrophil migration,
inhibiting this activity in a dose—depen&ent manner.
The EC;, of this compound for inhibition of neutro-
phil migration in this assay is about 1 uM. Based
on a visual inspection of the recorded paths of the
‘cells in this assay, it appears that the total path
length for the neutrophils was not significantly
affected by the test compound. Rather, the compound
affected neutrophil crientation or sense of direc-
tion, such that instead of migrating along the axis
of the chemoattractant gradient, the cells migrated

in an undirected or less directed manner.

E. Measurement of bactericidal
capacity of neutrophils

Given that the PI3K® inhibitor D-000
affects certain neutrophil functions detailed above,
it was of interest to see whether the compound
affects neutrophil-mediated bacterial killing. The
affect of D-000 on neutrophil-mediated Staphylo-
coccus aureus killing was studied according to the

method described by ' Clark and Nauseef (pp. 7.23.4-



A total' of 57 pooled nmaster wells were selected for deconvol ution, based
on conbined criteria of <42% residual activity at the tested
.concent rafg @miz@nd a total accepted hit rate of no nore gdiako9a3fEs At 22
conpounds per well, a total of 1254 conpounds were identified through this
deconvol ution and individually assayed, at the 1X. concentration of 27.7
liMto identify which conpounds exhibited the desired activity. Fromthese
assays, 73 conpounds were sel ected-apd assayed further to devel op | C50
curves. Fromthe IC5 curve results, 34 conpounds were sel ected for

sel ectivity assays imgabhst2 Pl Sl . and EhBK(Bréseeoassaymprol ocol in
Exanple 11). Fromthe sel ectivity assays,. one co un

3-(2-chl orop Io-géi%ﬁ$?ﬁw?%- -yﬁsﬁ4¥%$&ﬁnet%?¥ -1%éi%ﬁmﬂﬁzolin-4-one
(Compound DO®)nopras] select erhs ae1hei/mg)a (telida®hy tiotantheand sel ective
conpound. Catal og searches and sel ectivity assays_of many anal ogous
compounds ofPM¥e Poterichirt) ot e e e PHIYY Vi PYED o%3e one compound
that was botyy.am WR 01/ 81346, 6T USOLH 3318y e rn 920t a6tbMe and sel ective

anal ogue of D-000. This com Ppound was purchased from Contract Services
Cor por a- ti GH{E Ay #7939 5 shedl, di¢sesrendedniD-89S| nandsubsti tuti ng

a phenyl gr oy dPre d G- SO ah BRG] 2 @M OMP: Pk P00 Ui N .1
ratio. Neutrophils were allcwed to internalize the
bacteria by phagocytosis by incubation at 37°C for
20 min. The noninternalized bacteria were killed by
10 units/mL lysostaphin at 37°C for 5 min aﬁd the
total mixture was rotated at 37°C. Samples were
withdrawn at various times  for up to 20 min aﬁd the
neutrophils were lysed by dilution in water. Viable
bacteria were counted by plating appropriate dilu-
tions on trypticase-soy-agar plate and counting the
S. aureus colonies after overnight growth.

Ag shown in Figure 6, neutrophil-mediated
killing of S. aureus was similar in samples treated
with DMSO (control) and with D-000. These results
indicate that the PI3K® inhibitor does not signifi-
cantly affect the ability of neutrophils to kill S.
aureus, suggesting that PI3KO is not involved in

this pathway of neutrophil function.
EXAMPLE 4

Characterization of Role of
PI3KS in B Liymphocvte Function

The effects of the PI 3-kinase inhibitor

on B cell functions including classical indices such



~Cd ~TCH2 SNN D000 N\~--NH As described above, the PI 3-kinase
i nhi bitor LY294002 (C. al bi ochem La Jolla, CA) does not. have significant

sel ecti viiwh @mang t he

different Pl 3-kinase isoforns testgdyyddpdsyisour

assay condi - tions, LY294002 inhibited all three isofornms of Pl 3-Kkinases
with an 1C50 of 0.3 to 1 1iM However, when the conpound D-000 was tested

agai nst the sane Pl 3-

ki nase isoforns distinct selectivity was observed.

Specifically, as shown. in Figure 1; I3®00 inhibited the activity of the 5
isofdrmof P13K with an IC., of approximately 0.3 jaM whereas under
simlar condas amtﬁhoﬂy ﬂfddnotibnhéﬂdtspettﬁitiesimﬁlhbeiad&ndd(S

isoforne at -a |

100 pM conpound. .Th results show that D-000

sel ectively ??ﬁ%t%???tﬂ. 52T ER YOT £ ySE VDB /81346 PCT/ USO1/ 13315 93

EXAMPLES 3-7 Since P13K6 is expressed at significant .levels only in
| eukocytes, it is inmportant_to study the effects of the P13K5- sel ecti ve

i nhibitor on |eukocyt®: fun%??BﬂEat¥@%o?ﬂﬁ

inhibition in several
exanm ned to determ ne

.Fymu%ﬂélaFfeétE of Pl 3K6
t ypesCe+-Ff B\ReKLR alchumaRellomdyt r ophils were
t he effects that seIectlve i nhi bition of PI3Kb m ght

Heparinized blood (200 mL) from healthy

volunteers was mixed with an equal volume of D-PBS,

layered on 10 x 10 ﬂL FICOLL-PAQUE® (Pharmacia), and

centrifuged at 1600 rpm for 30 min at room tempera-

ture. Peripheral blood mononuclear cells (PBMC)

were collected from the FICOLL®/serum interface,

overlayed

on 10 mL fetal bovine serum (FBS) and

centrlfuged at 800 rpm for 10 min to remove plate-

lets. After washing, cellg were Jncubatea with

DYNAL® Antibody Mix (B cell kit) {Dynal Coxp., Lake

Success, NY) for 20 min at 4-8°C. Following the

removal of unbound antibody, PBL were mived with

.aﬁtl mouse IgG coated magnetic beads (Dynal) for 20

min at 4-8°C with gentle shdktng foilowed by elimi-

nation of

separator

labeled non-B cells on the magnetlc bead

This procedure was repeated once more.

The B cells were reeuspended in RPMI- J64ﬁ with 10%

FBS, and kept on ice until further use.

aliquoted

B. Measurement of antibody production
by human B cells

To study antibody production, B cells were

at 50-75 x 10% cells/well into .96-well

plate with or without inhibitor, te which IL-2 (100

U/mL) and

PANSORBIN® (Calbiochem) Staphylococcus

aureus cells (1:90,000) were added. Part of the



elicit (Exanple 3, below). It surprisingly was found that selective
inhibition of P13K6 activity appears to be significantly associated with
i nhi bi - twoni/8f34sone but not all functions characteri sticrof/usactssisat ed
neutrophils. In addition, the effects of PI3K5 inhibition on Bcell and T
cell function also were tested (Exanples 4-5, below). Mreover, as P13K5
al so is expressed in osteoclasts, the effect of PI3K5 inhibition on the
function of these specia.lized cells ywas studied (Exanple 6, bel ow).
EXAMPLE 3 Characterization of Role of .PI3K5 in Neutrophil Function The

effects of anBh8KSwhBhi-bhboedokrtBe 2un¥enNtirQnand -feeshDuldlQa ON. neutrophil
functions such, as superoxi de generation, el ast ase exocytosis, chenotaxis,

and bact eri alWkFl| PRgWHEREUEeIPBAPIAOT)1 POI346 BCIEUSOESESTHS - 94 A

Prepar ati on ef;1 BgHbEORBLLS 1nELSHBUTER Bhoed Al gyl prdiold. ofr hepar i ni zed
bl ood from healthy volunteers were |ayered on 3 nL cushions of . 3%

FI COLL(r) (SRgRB; IStcubanps, fma%ﬁt-‘i@l@/ﬂI—WQJE(?—‘?*“PS?@nﬁ)TO@nd
centrifuged %CQOQOMM% 39n mﬁaflca%m Lemerayed nad able top

centrifuge (Beckman). The neutro ["-rich band just above the
FI COLL(r) - HyPpalEEey €ashileR aas ééMLe@ﬁe@eéﬁ@Iwébﬁ@dEhmsﬁh Hanks' bal anced

sal t sol utiop, (EBBS) ¢ARbALRGNY o8- h¥mgelatin, Residual.erytfocytes vere

renoved by y , .
uL/well) with either 150 ng/mL donkey antihuman IgG

(H+L) (Jackson ImmunoResearch, West Grove PA), or 2
ug/mL donkey antihuman IgG+IgM (H+L) (Jackson
ImmunoResearch) in bicarbonate buffer, and left
overnight at 4°C. After 3x washihg'with phosphate
buffered saline containing 0.1% TWEEN®-8G (PBST)
(350 puL/well), and blocking with 2% goat serum in
PRST (100 uL/well) for 1 hr at room temperature,
samples (100 uL/well) of B cell speﬁt media diluted
in PBST were added. For IgG plates the dilution
range was 1:500 to 1:10000, and for IgM 1:50 to -
1:1000. After 1 hr, plates were éxposed to biotin-
conjugated antihuman IgG (100 ng/mL) or antihuman
IgM (200 ng/mL) (Jackson ImmunoResearch) for 30 min,
following by streptavidin-HRP (1:20000) for 30 min,
and finally, to TMB solution (1:100) with H,0,
(1:10000) for 5 min, with 2 x PBST washing between
gteps. Color development was stopped by H,S80, solu-
tion, and plates were read on an ELISA plate reader.
As shown in Figufé 7, D-000 significantly
inhibited antibody production. IgM production was
affected more than IgG broduction; half-maximal
inhibition of IgM productidn was observed‘at about 1
1M, versus about 7uM for comparabie inhiﬁition of

IgG production.



hypotonic lysis with 0.2% NaC . The neutrophil preparation was washed
twce with HBSS containing 0.1%gelatin and used i medi ately. B.

Measur enely Algi$iPer oxi de  production from neutrophils  SypRglbhA%1s
generation is one of the hall marks of neutrophil activation. A variety of
acti- vators potenti ate superoxi de generation by neutro- phils. The effect
of the PI3K6 inhibitor D 000 on superoxide generation by three different
agonises: TNFla, 1gG and fMP, each.gyepresenting separate classes of
activator, was neasured Super oxi de generated by the neutrophils was

measured by moni- tori@g thee£d@n&fehd SPSHrHaNCepHPRrEpdbchhon of

cytochronme C by nodificati opno;eélggnggtdicgﬁcghpggcebygl@' een et al., (pp.
14.5.1-14.5.11 in Supp. 12, W a£r gt ocol s I munol (Eds”, Colligan et al.)

(1994)), as follows. Indi vi% tate were coat ed
overnight at 4Cwith 50 p.L of 2 WO 01/ 81346 PCT/ US01/ 13315 - 95 nmg/ L
sol ution of human fi brj hogen ¢ O_V_ GXTQ&mV"E % ﬁ)ed with PBS and
the followi ng re- agents were ad ed" 10" eath vvel or

super oxi de dstsimit besteed m@gﬁgrLl)’ANMRBimoof TBSSeﬁfectTNEicD 050) og/ ML), 50
~. 1L cytochr ied hu:]r;rgn neut r ophi |

suspensi on X 25 R LR T& TSR ne R aRes R ehEFY | (58 FRE™S: m n at 200

rpm and absdrdasdeciatobP i ascabhi sutdaed fow. u2ihy. adoinregEure the

relative anqgggfbégy also was measured. Murine splenocytes
(Balb/c) were plated into 96-well microtiter plates
at 2 x 10° cells per well in 10% FBS/RPMI. Approp-
riate dilutions of test inhibitor in compléte medium
were added to the cells and the plates wefe incubat-
ed for 30-60 minutes prior to the addition of stim-
ulus. Following the preincubation with test inhibi-
tor an F{ab'), preparation of goat antibody specific
for the u-chain of mouse IgM was added to the wells
at a final concentration of 25 ug/mL. The plates
were incubated at 37°C for 3 days and 1 uCi of [*H] -
thymidine was added to each well for the final four

" hours of culture. The plates were harvested onto
fiber filters washed and the incorporation of radio-
label was determined using a beta counter (Matrix
96, Packard Instrument Co., Downers Grove, IL) and
expressed as counts per minute (CPM).

Figure 8 shows the effect of D-000 on
anti-IgM stimulated proliferation of B cells. The
compound inhibited anti-IgM-stimulated B cell pro-
liferation in a dose—dependént manner. At about 1
UM, proliferation was reduced to its half-maximal
value. | ‘

Because the compéund D-000 inhibits B cell

proliferation, it is envisioned that this compound



super oxi de generated, values obtained fromthe superoxide

di snmut ase-containing wells were subtrac- ted fromall, and normalized to

t he val ue gned fromthe wells without any inhibitor. in

Fi gure 2,§¥ﬁ@h€#%K5 inhibitor D000 inhibits TNF-inducedI§ﬁ§g§2§¥@g
generation by neutrophils in a concentrati on dependent manner. Superoxi de
generation induced by TNF was reduced to its half-maxinmal value at about 3
}1IM D-000. Figure 2 also reveals thatgsuperoxi de generation induced by

| gG was not significantly inhibited by D-000. In fact, even at 10 pMthis
Pl 3K5 i nhi bidey shigknobrzhavenayiebfectoandsypengxadeogsngpatian i nduced
by 1gG Next, the effect of D 000 on superoxide  generation induced by
anot her pot et9gifiRRle RFRlikRiEieinal opeht Faelsf bR nyl dRe82 et - Leu- Phe
(fMLP) was @é&@h@zgﬂs:Llﬂ@rt@;@a@\fanﬁHngdcéyp%Qrigﬁaﬁ@g,erg- tion,

f MLP-i nduced superoxi de generation also was inhibited D-000 (Figure 3).
These resul t&eshdwt tTRFLIORe FIa¥®s | ohi &t fberert babieanspeevent stinul us
speci fic induchionQf SUPEloxide genergiion by +ReulLophiLsshbpgdi cating
that PI3K5 is involved in this process. WO 01/81346 PCIT/USO1/13315 - 96
C. Measur eneRroOGE, ePstede bxbrytokis PI36em aelerbphe| snhhbabdisi on to

super oxi de GENer @t ONysedcld Vab & aeut] ARNL! Soal $0n1£3PORoRYLT €l easi ng
of such cells. ; |

EXAMPLE 5

Characterization of Role of
PI3KS in T Lymphocyte Function

T cell proliferation in response to
‘costimulation of CD2+CD28 was measured. T cells
were purified from héalthy human blood by negative
selection using antibody coated magnetic beads
according to the manufacturer's protocol (Dynal)'and\
:resuspended in RPMI. The cells were treéted with
‘either DMSO or a serial dilution of D-000 in DMSO
and plated at 1 x 10° cells?Well on a 96-well pilate
precoated with goat"éﬁtimouse IgG. Mouse monoclonal
anti-CD3 and anti-CD28 antibodies were then added to
each well at 0.2 ng/mL and 0.2 ug/mb, reé?ectively.
The plate was incubated at 37°C for 24 hr and [ﬁﬂ-
iEhymidine (1 uCi/well) was added. After another 18
hr incubation the cells were harvested with an‘
automatic cell harvester, washed &nd the incorp-
orated radioactivity was quantified.

Although the PI3K® inhibitor D-000 inhib-
ited anti-CD3- and anti-CDZ2-induced proliferation

of T cells, its effect is not as strong as its



several proteases that are responsible for the de- struction of tissues and
cartilage during inflanma- tion. As an indication of protease release, the
ef fect of wigAR934n el ast ase exocytosis was neasured. El agficasssoeeayt osi s
was quantitated by nodification of. the procedure described by Ossanna et
al. (J din Invest, 77:1939-1951 (1986)), as follows. Purified human
neutrophils (0.2 x 106) (treated with either DMSO or a serial dilution of
D-000 in DVMSO) were stinmulated with f0MP-in PBS containing 0.01 nmg/ L
cytochalasin B, 1.0 pMsodiumazide (NaN3) .. 5 ug/nL L-nethionine and 1
uM f MLP for &ffantn at B7€:1hs aor 9%6n webihe pbat ehe Afuhbieiend of the incubation
period, the plate centrjfuged.for 5 mn.at 1000 r .and 90 uL of the
super nat ant %tﬁ?%{ryh\jgf%rrg‘%aj(%_ ?)ijrﬂa{)fln]ihbwg%lﬂgi'éﬁ%f*géﬂeel ast ase
subﬁt rate p%dfiﬁgoﬁﬁﬂ:@rﬂﬁﬂa@; andt a?agpex»@dil-ﬁblﬂtkrl]@hm@jé@sﬁ/b@esu@d&)

met hoxy-succi nyl; pNA = p-njtroanjlide (Calbi ochem an Di ego, :
Absorbgnce at® Wtﬁ?ﬁ‘%@?mﬁ?or et W%ré2oﬁp'i na 96-well plate reader. To
nmeasure the relative anounts of el astase excytosed, all absorb- ance

val ues were normalized to the values without any inhibitor. As shown in
Figure 4, the PI3K5 inhibitor D GBBNEIEHR ts f MP-induced el astase
exocytosis significantly, and does so in a dose- dependent fashion.

I nhi bition was hal f-maximal at a concentration of about 2-3 jiM D 000. WO

01/ 81346 PCRhiBr¢HggiEation7of RoMeasfir enent of fMP-i nduced human
PI3KO® in Osteoclast Function

To analyze the effect of the PI3KS inhib- .
itor D-000 on osteoclasts, mouse bone marrow cells
were ilsolated and differentiated them to‘osteoclasts
by treating the cells with Macrophage Colony Stimu-
lating Factor™ (mCSF') and Osteoprotegerin Ligand
(OPGL) inAserum—containing medium (GMEM with 10%
heat-inactivated FBS; Sigma) for 3 days. On day
four, when the osteoclasts had developed, the medium
was removed and cells were harvested. The osteo-

. clasts were plated on dentine slices at 10° cells/-
well in growﬁh medium, i.e., OMEM containing 1%

- gerum and 2% BSA with 55 ug/mL OPGL and 10 ng/mL
.mCSF-1. After 3 hr, the medium was changed to 1%

- serum and 1% BSA, with or without osteopontin (25
Hg/mL) and the PI3K inhibitors (100 nM). The medium
-was changed every 24 hours with fresh osteopontin
.and the inhibitors. At 72 hr, the medium was
removed, and the dentine surfaces were washed with
water to remove cell debris and stained with acid
hematoxylin. Excess stain was wasghed and the pit

" depths were quantitated using confocal microscopy.

As shown in Table 1, in ‘two experiments,

the PI 3-kinase inhibitors had an inhibitory effec



neutrophil mgration Neutrophils have the intrinsic capacity to mgrate

t hrough tissues, and are one of the first «cell types to arrive at the
sites of wofdigasgti on or tissue injury. The effect of D QRG/Na1asHEr ophil
m gration towards a concentration gradient of fM.P was neasured. The day
before the .nigration- assays were perforned, 6-we-11 plates were-coated
with 'reconbinant |CAM1/rc fusion protein (Van der Vieren et al..,

| mmunity, 3:683-690 (1995)') (25 .gfnmosn- bicarbonate buffer, pH 9.3) and
| eft overnight at 4C. After washing, 1% agarose solution, in RPM- 1640
with 0.5% bown nestseschaat bfrahat { &5A) , Beek aHddedontpeweflis whhbber without
an inhibitor,_and |l aced into erat or ef re punchi ng
“hol es in the Y& @%Za%@@?%s%nsoﬁgrgﬁ?ﬁanaﬁﬁgég {;[e c8ntrar ﬁﬁ e surrounded
by 6 peri phescaﬂmm@ pemow@oedak) thel-igmanénenhlibphbksweoe ahtai ned as de-
scri bed abov and fesus end Lp RPM nedj um Sﬁ@p enment ed V\nta 0. 5% BSA
at 5 x 106 celf FAFE PAPTRED oﬁ%gﬁi:ﬁg gguaf vBPuR¥stBfSnEQIPSPRAI suspen-
sion and ”ECblkﬁ&é’@l@&Q@léﬁ\téhyDb@@i@itédsﬁhéabsﬁébb!iaétOacﬁivﬁ_lﬂﬁ.t est,
conpound in DMSO.), neutrophils-were aliquoted into the peripheral holes,
while the central hole received fMP - (5 p.M. Plates were incubated at

37C in the gresence of 5% CO~ for 2 -nr——forTowed by termmnarion of
mgration by the addition of 1%glC 1f8t%'dehyde-sol ution in D-PB$. After

re- noving tlhesagasesen! ayer, wel I's wefe wRshamWi tf  wortmannin
(OPN) . D-000 + OPN + OPN + OPN
10+0.5 1 4.640.22 5.7+0.6
910.4 1 5.840.5 ' 5+0.5"
EXAMPLE 7

.Characterization of Role
of PI3Kd in Basophil Function

Agssessment of the effect.of a compound of
the invention cn basophil function was tested using
a conventional histamine release assay, generally in
accordance with the method described in Miura et
al., J Immunol, 162:4198-206 (1999) . Briefly, en-
riched basophils were preincubated with test com-
pounds at several concentrations from 0.1 oM to
1,000 nM, for 10.min at 37°C. Then, polyclonal goat
antihuman IgE (0.1 UQ/mL) ot FfMLP was added, and
allowed to incubate for an additional 30 min.
Histamine released into the supernétant was measured
using an automated fluoromet ric technique. Two

compounds were tested, shown below.



distilled water and dried. WO 01/81346 PCT/US01/13315 - 98 - Analysis of
neut rophil mgration was con- ducted on a Ni kon DI APHOT(r)'inverted

m cr oscop@ooigiz4ebj ective) video workstation using the N hBcly®bi/159199r am
Usi ng M crosoft Excel and Table Curve 4 (SSPS Inc., Chicago IL) prograns,
a mgration index was obtained for each of the studied conditions.

M gration index was defined as the area under a curve representing nunber

of m grated neutrophils versus the-netsdi stance of mgration per cell. As
shown in Figure 5, the PI3K5 inhibitor D-000 had a profoun:d effect on
neutrophil mgration, inhibiting this activity in'a dose-dependent manner.

seutro- phil mgration in this
on of the recorded paths of
he total path length for the
af Nected by the test conpound. Rather,
the conpound affected neutflophi | ori ntatuﬂﬂ or sense of direc- tion, such
that instead of migrating al X of- t he chenvattract ant gradlent
the cells mgrated in an undirected or'|ess directed nmanner. E.

Measur enent of bactericidal capacity ofgeutrgphils G ven that the Pl 3K6
inhibitor D000 affects certain neutrophi fu%%rions detail ed above, it
was of interest to see whether the conpoun

The EC50 of this conpound for dgphibkition
assay is about 1M Based on Vi sypl i nb
the cells in this assay, it
neut rophil s was' not signifi

4¢N

D-026

D-999

A dose-dependent decrease in histamine release was

- observed for 3-(2-chlorophenyl)-5-methyl-2-(9H-
purin-6-ylsulfanylmethyl) -3H-quinazolin-4-one
(D-026) when the basophils were stimulated with
anti-IgE. This suppression of histamine release was

essentially 100% at 1,000 nM, with an EC., of about



affects neutrophil-nedi ated bacterial killing. The effect of D000 on
neut rophi | - medi at ed St aphyl o- coccus aureus killing was studi ed according

to-the malghadisigscri bed by G ark and Nauseef (pp. '7.23. $Md1A84346
PCT/ US01/ 13315 - 99 7.23.6 in Vol. 2, Supp. 6, Curr Protocols I nmunol

(Eds., Colligan et al.) (1994)). Purified human neutrophils (5 x 105
cells/nm) (treated with either DMSO or a serial dilution of D000 in DVBO
were mxed with autol ogous' serum Ovuegnight-grown S. aureus cells were
washed, resuspended in HBSS, and added to the serum opsonized neutrophils
at a 10:1 rz8iaM. Nentooipdt | somesend) | owezl-thl onbehaaylze2tlien-bacteri a by
phagocytosi s by incubatjon at 37C for 2 1n. The ninternalized bacteria
here ki | | ed Byteagahdy ST Sy SEGaRre 7 heTsheny SFeBRRA - EHa the- t ot

m xture was dotadedl at-876he Sappd es) Wei e whMithdeAwnpatkimarirodg times for up
to 90 min. and the neutrophils were |ysed by dilution in wateﬁ. Vi abl e
bacteri a wer¥cunted by P %%?%@9%épr%%?: &t% ArfFucarigHs on the
trypticase- -s@yrepeloR! 8 enanea@ONAt F8DedBEe. Svedbhe¥SceRbenhas after

overnight gromh, As' shown in Figure 6, neutrophil-nediated killing of S.
aureus was sthtfhred PREnptE_CE rekeRdth%i PASERBOECUREFOPF1BHd with D--000.

These resul tparéadicaherhat ther R at D8RI t Phe dRBASBDECEIGRI fi- cantly
affect the ability of neuttophils to kill S. = aureus, suggesting that Pl 3K6
i s not invol VE¥ | Hnhipikopak 0t veutFophef REnttiopM and

10,000 nM, showing close to.loo% inhibition of
histamine release at the highest concent#ation.
These data indicate that inhibitors of PI
3-kinase delta activity can be used to suppress
release of histamine, which is one of the mediators
of allergy. Since the activity of various PI 3-
kinases are required for protein trafficking, secre-
tion, and exocytosis in many cell types, the above
data suggest that histamine release by other cells,
such as mast cells, alsé can be disrupted by PI 3-

kinase delta-selective inhibitors.

CHEMICAI, SYNTHESTS EXAMPLES

Specific nonlimiting examples of compounds
of the invention are provided below. It‘is under-
stood in the art that protecting groups can be em-
ployed where necessary in accordance with general
principles of synthetic chemistry. These protecting
groups are removed in the final steps of the syn-
thesis under basgic, acidic, or hydrogenolytic con-
ditions readily apparent to those persons skilled in
the art. By employing appropriate manipulation and
protection of any chemical functionalities, synthe-

sis of compounds of structural formula (I) not



EXAMPLE 4 Characterization of Role of PI3K5 in B Lynphocyte Function The
effects of the PI 3-kinase inhibitor on B cell functions including

cl assi cal wig\disges such WO 01/81346 PCT/US01/13315 - 100 prsy@sihbady
production and specific stinulus-induced proliferation also were studied.
A. Preparation and stinulation. of B cells from peripheral human bl ood
Heparini zed bl ood (200 nL) from healthy volunteers was m xed with an equal
vol ume of D-PBS, |ayered on 10 x 10 mds A COLL- PAQLTE(r) (Phar.m acia), and
centrifuged at 1600 rpmfor 30 mn at roomtenpera- ture. Peripheral blood
nmononucl ear s;c&id:sf:(d?ﬂ\@ s@mr&zcu’ulmrceﬂnfdim bdeadt&ibli seednbi Nt er f ace,

overl ayed on fet bOVI ser FBS) and ent i fuged at 800 rpm for
10 ri n to T ST AT i vSHTRE Rt ESRbRebF Letibat ed wi t b
LYNAL(r)' Anti body M)UI(BE§@|¢t1‘kéﬁ‘v)lf£&/Ih3’@éde€§Dl sthakengSuccess, NY) for
20 mn at 4-8C. Fol|ow n ng[)vg of unbound ]ant‘j bogx, PBL were m xed
with anti- C BeadsCByhat 3~ f 6rPRO“hn at 4-8C with

gentle shakiamif@écpvveﬁtkMu@Ifﬁthéua boni of cdabshed non-Begells on the
magneti c bead, separatqr. This procedure was repeated once nore. The B

cell's were reRHETREIFPRPMITRBED WAt 192DV EBSANARYZREPPYon i ce unti |
further use:1B.n Measdl eRmPE oAU AIRRAYTIEPAMEL 300 mm silica gel

plates, visualized with ultraviolet {(UV) light or
iodine (I,) stain. Products and intermediates ware
purified by flash chromatography or reverse—phaée
high performance liquid chromatography.

The following abbreviations are used in
the synthetic examples: ag (agueous), H,0 (water),
CHCI, (chloroform), HCl (hydrochloric acid), MeOH
(methanol), NaOH (sodium hydroxide), NaOMe (sodium
methoxide), TFA (trifluoroacetic acid), K,CO,
(potassium carbonate), SOCl, (thionyl chloride),
CH,Cl, (methylene chloride), EtOAC (ethyl acetate),
DMF (dimethylformamide), EtOH (ethanol), HMSO (di-
methyl sulfoxide), NaHCO; (sodium bicarbonate), TLC
(thin layer chromatography), HPLC (high performance
liquid chromatography), HOBT (hydroxybenzotriazcle),
EDC (ethyldiethylaminopropylcarbodiimide), DIEA
(diisopropylethylamine), and HOAC (acetic acid).



by human B cells To study anti body production, B cells were aliquoted at
50-75 x 103 cells/well into .96-weli plate with or wiwthout inhibitor, to
whi ch | L-@och@@346U ML) and PANSORBI N(r) (Cal bi ochen) St aphpdiaeegssss aur eus
cells (1:90,000) were added. Part of the WD 01/81346 PCT/US01/13315 - 101
medi a was renoved after. 24-36 hr, and fresh nmedia (with or w thout
inhibitor) and IL-2 were added. Cultures were incubated at 37C, in the
presence of a CO2 incubator for additeonal 7 days. Sanples from each
condition (in triplicate) were renoved, and analyzed for 1gG and I1gM as
measured by Ell SfenebBsl ePrycedidbbON(r) 4 96-well plates were coated (50
liL/well) with either 150 ng/nL donkey anti human 1gG (H+L) (Jackson

| mmunoResearch, West Grove PA), or 2 p /nL donkey anti human |1 gG+l gM ( H+L)
(Jackson | npppeReseargh) in bicarbonate buffer, and | eft overnight at 4C
After 3x washing"w th phosphate buffered saline containing !'b.1%
TWEEN(r)-80 (PBST) (350 4L/well), and blocking with 3% goat serumin PBST
(100 pL/well) for 1 hr t , s..( well) of B
cell spent nedia dil utTel?il&ofngP ?’gP\Agé% gégeagagapks }Pgtlgg.‘/yt he dilution
range was 1:800rrind: a@b@@ioandff@nthg&mi.lw gldIOIobenZAﬁCer 1 hr, plates
wer e expose bj t - nj t t ) or antlhuman
I gM (200 ng?arﬁt_f (J\Jrg %%ﬁeﬁqﬁfm%% egfgg?@h%{gﬁ %g Q}QQ ?\/_\A ng by

strept avi di R 1£@00D0Yof 8 BOumen, The redctlon was

concentrated in vacuo, and stripped down twice with

benzene. The resulting oil was dissolved in CHCL,
and to that solution was added the appropriate
aniline. The reaction mixture was heated to reflux
and stirred until complete, as determined by TLC, at
which point the reaction mixture was cooled to
ambient temperature. The precipitate was removed by
filtration, and the filtrate concentrated in wvacuo.
The crude product was purified by chromatography
and/or recrystallization from MeOH to provide amides

la-1ir.

Procedure B

To a rapidly stirring suspension of an
amide in glacial acetic acid was added chloroacetyl
chloride. The reaction mixture was heated to 120°C,
and allowed to stir at that temperature until com-
plete, as determined by TLC. After brief cooling,
the reaction mixture was concentrated in vacuo. The

- crude regidue was purified by extraction, chroma-
tography, and/or recrystallization to provide chlor-

ides 2a-2r.



and finally, to TMB solution (1:100) with H202 (1:10000) for 5 mn, with 3
x PBST, washi ng between steps. Col or devel opnent was stopped by H2SO4 sol u-
tion, andwp @isgsscwere read on an ELI SA pl ate reader. As shewndok3igure 7,
D-000 significantly inhibited antibody production. |1gM production was
affected nore than 1gG production: half--maximal inhibition of I gM
producti on was observed at about 1 i1M versus about 711M for conparable
inhibition of 119G production. W 01/80846 PCT/US01/13315 - 102 C
Measurenent of B Cell Proliferation in response to cell surface |gM

stinmul ati on Brodddumdaye experinment, the B cells were stinulated using
PANSORBI N(r). The effect of D-000 on B cell proliferation response when
they were stimu- lated through their cell surface 1gM using anti-I|gM
antibody al so was neasuyrggkeMEi 62 SpEENOEYESs &£Bahblic) Mereopbated into
96--well nmcrotiter plates. at 2 x 105 cells per well in 106, FBS/ RPM .
Approp- riat¥ dt IS} oHs BiEcteerhihhi bﬁ%rexﬁmﬁgﬁm@@EC%HPHMl%re added to
the cells a%ﬂ&@yd@}ﬁ@sowa&eﬁm@baame@ d@r 130ph@ whBukes pelor to the
addition of stim” ulus. | owi ng t he relncubatlon ‘W th test inhibi- tor
an F (ab') Zﬂbr@%ﬁﬁa§¢mﬁﬁ¥ﬁt©6%t tl%oﬁ% Bpeesf i cThe oFesnetpo@hai n of
mouse | 9. M vassaadefod 4, dbeodetls 1atoaydtoa) &Hﬂcﬁ%E%t%‘ oof 25 p.a.g/nt.

The plates were incubated at 370C for 3 days an g H1 --
for several hours. The crude solid. was tlltere

washed with water, and purified by chromatography or

recrystallization to provide the final products.

EXAMPLE 8

Preparation of Intermediate Compounds: Amides

2-Amino-N- (2-chlorophenyl) -4, 5-dimethoxybenzamide
(1a)

Prepared according to Procedure A using
4,5-dimethoxyanthranilic acid (5.0 g, 25.4 mmol) and
socl, (5.5 mL, 76.1 mmol) in benzene (100 mL),
followed by 2-chloroaniline (6.7 mL, 63.5 mmecl) and
CHC1l, (75 mL). The product was washed with aqueous
NaHCO, (2 x 25 mL) and HCl (0.5 M, 75 mL) and puri-
(fied by chromatography in CH,Cl, to provide 4.3 g of
é brown foam (55%). :1H NMR (CDC1,) o: 8;42 (dd,
.J=l.5, 8.3 Hz, 1H); 8.32 (br s, 1H); 7.40 (d4d, |
J=1.4, 8.0 Hz, 1H); 7.31 (dt,.J=l.4, 7.9 Hz, 1H);
~7.05 (dt, J=1.5, 7.7 Hz, 1H); 7.03 (s, 1H); 6.24 (s,
1H); 3.88 (s, 3H); 3.87 (S,.3H). MS (ES): m/z
307.0 (M+). |



t hym di ne was added to each.ivell for the final four hours of culture. The
pl ates were harvested onto fiber filters washed and the incorporation of
radi o- | a®g) o1asuedet ermned using a beta counter (Mtrix Rayudaghkasd

I nstrunent Co., Downers Grove, IL) and expressed as counts per mnute
(CPM. Figure 8 shows the effect of D000 on anti-IgMstinmlated
proliferation of B cells. The conpound inhibited anti-IgMstinulated B
cell pro- liferation in a dose-dependert -mnner. At about 1 pM
proliferation was reduced to its half-maximal val ue. Because the conpound
D- 000 i nhi biZ-sand ! 8 -bymd iN-e( B dlorophésy EYést afedet hab) t hi s conpound
WO 01/81346 PCT/US01/13315 - 103 and other PI3K5 inhibitors could be used
to suppress undesirable proliferation of B cells in clinical settings.

For exanple, in B cel lprepd edneyzoRiifglts pfovadhpesastages of
differentiation show un regul ated proliferation, Based_ on the results shown
above, one IR ROEMRLPIZKE” 2FEét (Fe0 i Bhi BF t brEOLHuPAobe. used to

control, |imdg1,0r(7i.BNibi,t ogr. @Who19f ﬁ%rpz@rles (FXAYBLE 5
Characterization of Role of Pl 3K(5in T .Lynphocyte Function T _cell

proliferati drPiPwesd Jonse el oremiti himat ﬂm3 oflb COBFCHIBMAL deAsured. T
cells were q@usified oM el by-Jamn J00Mb) fhees) ik

chromatographies in CH,Cl, to provide 1.48 g of a’

yellow orange solid (20%). 'H NMR (CDCl,;) &: 8.36
(dd, J=1.2, 8.2 Hz, 1H); 8.20 (br s, 1H); 7.62 (d,
J=2.1 Hz, 1H); 7.42 (dd, J=1.3, 8.0 Hz, 1H); 7.34
(dd, Jd=2.2, 8.8 Hz, 1H); 7.28-7.33 {(m, 1H); 7.09
(dt, Jd=1.4, 7.7 Hz, 1H); 6.62 (d, J=8.7 Hz, 1H);
5.57 (br s, 2H).

2-Amino-N- (2-chlorophenyl) -4-fluorcbenzamide (1lc)

Prepared accorxrding toc Procedure A using 2-
amino-4-fluorobenzoic acid (1.15 g, 7.41 mmol) and
socl, (1.4 mL, 18.5 mmol) in benzene (25 ml), ‘
followed by 2-chloroaniline (1.6 mL, 14.8 mmol) and
CHC1l, (25 mL). The product was chromatographed in
CH,Cl,, then triturated from hexanes to provide 1.02
'g of an off-white solid (52%). 'H NMR (CDC1,) O:
12.91 (br =, 1H); 8.72 (dd, J=2.7, 12 Hz, 1H); 8.34
(dd, J=6.4, 9.2 Hz, 1H); 8.29 (dd, J=5.9, 8.8 Hz,
C1H); 7.81 (dd, J=6.2, 8.8 Hz, 1H); -7.28 (dt, J=2.4,
8.4 Hz, 1H); 7.21 (dd, J=2.4, 9.0 Hz, 1H); 6.92
(ddd, J=2.4, 7.3, 9.1 Hz, 1H); 6.54 (ddd, J=2.4,
7.8, 8.8 Hz, 1H); 6.45 (dd, J=2.4, 11 Hz, 1H); 5.93
(br s, 2H). MS (ES): m/z 265.0 (M+).



sel ection using anti body coated. magnetic beads according to the

manuf acturer's protocol (Dynal) and resuspended in RPM. The cells were
treat ed wigvysesdsher DMBO or a serial dilution of D 000 i pddMxe/1881¢ pl at ed
at 1 x 105 cells/well on a 96 '"well|l plate precoated with goat'anti nouse

| gG Muse nonocl onal anti-CD3 and anti-CD28 anti bodi es were then added to
each well at 0.2 ng/nL and 0..2 [ig/nL, respectively. The plate was

i ncubated at 37C for 24 hr and. [3H zi2thymidine (1 p C/well) was
added. -' After another 18 hr incubation the cells were harvested with an
automati c cellahbiyestehlorashed2 agnlbhephenyd) benaustldeadiaacti vity was
quantified. Although the PI3K5 inhibitor D-000 inhib- ited anti-CD3- and
anti-CD28-induced proliferation of T cells, its effect is not as strong as

its WO 01/81346 PCT/ UP1LA38d8 accdPdingf tecbrepeBueel hsuehngnosonme of the
functions of npeutrophils. Half-maximal. inhibition of.thym dine

, . y
i ncor por at | GHWRR ™ Mot EehHPRYRECAE BR&Eh(ghBsT t ddt dd™MEoAcEREr ation, i.e.,

10 ~. 1. M D 0861 BEXANELE6 JGhar agisrni zat ilh AfndRol £ ofr,) PI 3KS in Ost eocl ast
Function To anal yze_the effect of the PI3K5 inhib-. itor_D-000 on
ost eocl ast s, fdbtREeBomE #aFhbirednisingeld - Psolat éd - dntm@ils f 8Rent i at ed t hem

o ost eoc astscy bydg fali ng e seldsuifdy WerophagenColopyy St i mu- | ating
Factor ' ( mCSF- 13) and- t eoprotegerin Ligand

tallization from MeOH to provide 1.72 g cf a dark

yvellow solid (52%). 'H NMR (CDC1,;) &: 8.37 (dd,

J=1.5, 8.3 Hz, 1H); 8.22 (br s, 1H).; 7.48 (d, J=2.3

-Hz, 1H); 7.42 (dd, J=1.5, 8.1 Hz, 1H); 7.31 (dt,

J=1.4, 7.8 Hz, 1H); 7.22 (dd, J=2.4, 8.8 Hz, 1H);

7.09 (dt, J=1.5, 7.7 Hz, 1H); 6.67 {(d, J=8.8 Hz,

1H); 5.56 (br s, 2H).
2-Amino-N- (2-chlorophenyl) -6-fluorobenzamide (le)-

Prepared according to Procedure A using 2-
amino-é6-fluorobenzoic acid (2.0 g, 12.9 mmol) and
SOC1, (2.3 mL, 32.2 mmol) in.benzene (50 mL),
followed by 2-chlorocaniline (2.7 mL, 25.8 mmcl) and
CHCl; (50 mL). The product was purified by chroma-
tography in EtOAc/hexanes to provide 2.06 g of a
pale orange solid (60%). 'H NMR (CDCl,) &: 9.00 (d,
J=17 Hz, 1H); 8.47 (d, J=8.3 Hz, 1H); 7.41 (d, J=8.0
Hz, 1H); 7.30 (t, J=7.9 Hz, 1H); 7.10-7.20 (m, 1H);
7.07 (t, JI=7.7 Hz, 1H); 6.49 (d, J=8.3 Hz, 1H); 6.03
(br s, 2H). MS (ES): m/z 265.0 (M+).



(OPA) in serumcontaining nedium (ot MEMwi th 10% heat-inactivated FBS;
Sigma) for 3 days. On day four, when the osteoclasts' had devel oped, the
medi um wa®) iised and cells were harvested. The osteo- qd@stsiMmess pl at ed
on dentine slices at 1.01 cells/- well in growmh medium i.e., <MEM
containing 1% serumand 2% BSA with 55 p.g/nL OPG and 10 ng/nL , nCSF-1.
After 3 hr, the nmediumwas changed to serum and 1% BSA, with or

wi t hout . osteopontin (25 1lig/nL) and the P13K inhibitors (100 nM. The

medi um ,was changed every 24 hours with fresh osteopont.in .and the

i nhi bitors. AtarPnobhé-chbersentym-vhiokepheadl) Badzbheddentliene suif aces
were washed with water to renove cell debris and stained with acid
hemat oxyl i n. Excess stain was washed and the pit depths were quantitated

usi ng confocal mcr OSCP@é!paﬁédSQ@&\Bramn abbeptockAutwoneypenyments, the Pl
3-kinase inhibitors had an-inhibitory fect WO 01/81346 PCT/USO01/ 13315 -

105 on ost eYBIBRTC f tREPTBReNRBEA Pﬁédnéasﬁeavfﬂé PnAmed)i 88s LY294002 and

wor t manni n i ghdbi ted psﬁ;_eocj@% @St Vid ybeﬂ—gy@é/e(r;_g thue) PI 3K6 i nhi bitor
D-000 had the nbst profound effect, as at nM this compound al npst

conpl etel y | Bl bpved Pre2osheserast laaei \93t9‘ mfrabP@ i meeéopsndi n LY294002

\ébgot gagg' g"cz(xéfl\l)wd}r&go + 1PN g RN KN i@y Paphéla 60n 28,20 70- 6 90.4 1
to provide 1.05 g of a yellow orange solid (26%). 'H

"NMR (CDC1l,) &: 8.54 (d, J=8.1 Hz, 1H); 8.30 (br s,
1H); 7.41 (dd, J=1.5, 8.0 Hz, 1H); 7.33 (t, J=7.8
Hz, 1H); 7.10 {t, J=8.1 Hz, 1H); 7.09 (dt, J=1.6,
7.8 Hz, 1H); 6.78 (dd, J=0.4, 7.9 Hz, 1H); 6.63 (dd,
J=0.9, 8.2 Hz, 1H); 4.69 (br s, 2H). MS (ES): m/=z
303.0 (M+22), 281.0 (M+).

2-Amino-N- (2-chlorophenyl) -6-methylbenzamide (1lg)

Prepared according to Procedure A using 2-
.amino-6-methylbenzoic acid (2.5 g, 16.5 mncl) and
©80C1, (3.0 mL, 41.3 mmol) in. benzene (75ImL),

followed by 2-chlorocaniline (3.5 mL, 33.0 mmol) and
CHC1l, (75 mL). The product was chromatographed in
CH,Cl, to provide 2.19 g of a brown oil (51%). H
NMR (CDCl,) &: 8.58 (d, J=8.1 Hz, 1H); 7.99 (br =,
1H); 7.40 (dd,.J=1.4, 8.0 Hz, 1H); 7.34 (t, J=7.7
Hz, 1H),; 7.11 (t, J=7.8 Hz, 1H); 7.09 (dt, J=1.5,
7.7 Hz, 1H); 6.64 (d, J=7.5 Hz, 1H); 6.59 (d, J=8.1
Hz, 1H); 4.29 (br s, 2H); 2.45 (s, 3H). MS (ES):
m/z 283.0 (M+22).



EXAMPLE 7 Characterization of Role of PI3K6 in Basophil Function
Assessnent' of the effect of a conpound of the invention on basophil
functi on Wwasoiisesdced using a conventional histam ne rel easgeTASHING31S
generally in accordance with the nethod described in Mura et al., J

| munol ; 162:4198-206 (1999) Briefly, en- riched basophils were

prei ncubated with test com pounds at several concentrations fromO0.1 nMto
1,000 nM for 10 mn at 37C. Then, payglonal goat antihuman IgE (0.1
~ig/m) or fM.P was added, and allowed to incubate for an additional 30
mn. H st am +enisd enseil ohd oNt (B- SHperophanyl Vasna@nsdeedihusi ng an
automated fluoronetric technique. Two conpounds were tested, shown bel ow.
WO 01/81346 PCT/US01/13315 -- 106 - CHB ON "/ d NSNN N--NH

D-026 ON Prepared according to Procedure A using 2-
-amino-3-chlorobenzoic acid (1.0 g, 5.82 mmol) and
SOCl, (1.1 mL, 14.6 mmol) in benzene (25 mL),
followed by 2-chlorocaniline (1.2 mL, 11.7 mmol) and
.CHC1, (25 mL). The product was recrystallized from
MeOH to provide 1.29 g of a yellow solid (78%). ™
NMR (CDC1l,) &: 8.43 (dd, J=1.4, 8.2 Hz, 1H); 8.20
(br s, 1H); 7.47 (dd4, J=1.1, 8.0 Hz, 1H); 7.42 (4,
.J=8.0 Hz, 2H); 7.33 (dt, J=%.4, 7.9 Hz, 1H); 7.09
(dt, J=1.5, 7.7 Hz, 1H); 6.68 (t, J=7.9 Hz, 1H);

-~ 6.13 (br s, 2H). MS (ES): m/z 281.0 (M+).

2-Amino-N-biphenyl-2-yl-6-chlorobenzamide (11)

Prepared according to Procedure A using 2-
amino-6-chlorobenzoic acid (2.0 g, 11.7 mmol) and
SOCl, (2.1 mL, 29.3 mmol) in benzene (60 wmL),
followed by 2-aminobiphenylamine (4.15 g, 24.5 mmol)
and CHCl, (60 mL). The product was chromatographed
‘in CH,Cl, to provide 2.16 g of a foamy dark-amber
residue (57%). 'H NMR (CDCl,) &:. 8.48 (4, J=8.2 Hz,
1H); 7.79 (br s, 1H); 7.34-7.46 {(m, 6H); 7.20-7.30
{m, 2H); 7.00 (t, JU=8.1 Hz, 1H); 6.63 (dd, J=0.6,
7.9 Hz, 1H); 6.54 (d, J=8.3 Hz, 1H); 4.58 (br s,
©2H). MS (ES): m/z 323.1 (M+).



NSN" ), N dNNH D999 A dose-dependent decrease in histam ne rel ease
was observed for 3-(2-chl.orophenyl)-5-nethyl-2-(9H

puri n- 6- y\wdifsasyl net hyl ) - 3H qui nazol i n-4-one (D 026) whagptitiAggophil s
were stinmulated with anti-1gE. This suppression of histam ne rel ease was
essentially 100% at 1,000 nM with an EC., of about WO 01/81346

PCT/ US01/ 13315 - 107 25 nM Anot her conpound, 3-(2-chlorophenyl)-2-(1H
pyrazol of 3, 4-d] pyri m di n-4-yl sul fanylimet hyl ) - 3H qui nazol i n-4-one (D--999),
in which the purine ring structure is rearranged, was | ess efficacious in

the inhi bi t3-Gisfo 16 sileIB 1e-N-eb oSy 1Nt divideonppund elicited any effect
when t he basophils were stinu- lated with fM.P. For conparison, the
nonsel ective P13K inhibitor LY294002 was tested at 0.1 nMand 10,000 nM

showi ng cl ose to 100%pidpiRid i Qc@fqidy st@mAscé@hease akihdez hi ghest
concentration. These data indicate that inhibitors of Pl - 3-kinase delta
activity cafHeUfetrPhpnedtc ei@ate: Of9 hi 3t &di HEOLWhdRA is one of the

medi ators ofocl,| hgY. Bl NEQ themRAli Vit Y.eof 4R | @Us offl) 3- kinases are
required for protein trafficking, secre- tion, and exocytosis in many cell
types, the dboMewed by o-toluidine (1.4 mL, 12.8 mmol) and CHCI,

(30 mL) . The product was chromatographed in CH,CI,

to provide 840 mg of an oily yellow solid (55%). ‘H

NMR (CDCl;) &: 7.96 id, J=7.9 Hz, 1H); 7.60 (br s,

1H); 7.23-7.30 (m, 2H); 7.14 (t, J=7.5 Hz, 1H); 7.11

(t, J=8.3 Hz, 1H); 6.78 (d, J=7.9 Hz, 1H); 6.64 (d,

J=8.2 Hz, 1H); 4.73 (br s, 2H); 2.35 (s, 3H). MS

(ES): m/z 261.0 (M+).
2-Amino-6-chloro-N- (2-fluorophenyl)benzamide (1k)

Prepared according to Procedure A using 2-
amino-6-chlorobenzoic acid (2.0 g, 11.7 mmol) and
S0Cl, (2.1 mL, 29.1 mmol) in benzene (60 mL),
followed by 2-fluorcaniline (2.3 mL, 23.4 mmol) and
CHCl, (60 mL). The product was chromatographed in

*CH,Cl, to provide 1.05 g of a yellow solid (34%). 'H
NMR (CDCl;) O: 8.45 (t, J=8.0 Hz, 1H); 8.01 (br s,
1H); 7.02-7.22 (m, 4H); 6.78 (dd, J=0.5, 7.9 Hz,
1H); 6.64 (dd,‘J=O.8, 8.2 Hz, 1H); 4.73 (br s, 2H).
MS (ES): m/z 265.0 (M+).



data suggest that histam ne rel ease by other cells, such as mast cells,
al so can be disrupted by PI 3- kinase delta-selective inhibitors. CHEM CAL

SYNTHESI SyiiMrsdS Specific nonlimting exanpl es of conpoyrdsyse9fizdibe
invention are provided below. It is under- stood in the art that protecting

groups can be em ployed where necessary in accordance with general
principles of synthetic chem stry. These protecting groups are renoved in
the final steps of the syn- thesis undes -basic, acidic,' or hydrogenolytic
con- ditions readily apparent to those' persons skilled in the art. By

enpl oyi ng apprafindcd @- dildPoH R DimatoxPbhérel ) banebmady ¢hzi ca
functionaiities, synthe- sis of conmpounds of structural fornmula (I) not WO
01/81346 PCT/US01/ 13315 - 108 specifically set forth herein can be

acconpl i shed by net hodsegnab@gosscteihfer scheseedset hotnkhngebow.  Unl ess
otherwi se noted, all starting materials were obtained from comerci al

suppliers éﬁﬁu&ﬁﬁr9@¥¢ﬁﬁﬁe$%@%%e?°b@rﬂ?i%a@?oﬁ?-ZjWmPéécﬁn@ions and
chr omat ogr apgt_yclfzr aet iiopg, Were 1angldnzed Pwediids | gyermehr omat ogr aphy (TLC)
on 250 mmsilica, gel plates, visualized with ultraviolet ( | i ght or
i odine (12) Sekdewedrivguetanantding ef fredli Bhes2hefe™Bd) i PREdCHY LS | ash
chromat ogr aphyp Qfir,y eVeFrise-PhRasect 8h PerEQRLIBOcSphbauid err@mat ography.
The foll ow ng abbreviations are used in the syntﬁetlc exanpl e€s: aq
(a. queous), HR@YEtEe)2.61 g of a dark yellow oil (81%). -“H NMR

(cpcl,) &: 8.53 (dd, J=1.7, .7.% Hz, 1H); 8.39 (br

s, 1H); 7.11 (dt, J=1.6, 7.8 Hz, 1H); 7.09 (t, J=8.1

Hz, 1H); 7.02 (dt, J=1.4, 7.8 Hz, 1H); 6.92 (dd,

J=1.4, 8.0 Hz, 1H); 6.62 (dd, J=0.9, 8.2 Hz, 1H);

4.66 (br s, 2H); 3.87 (s, 3H). MS (ES): m/z 277.0

(M4+) .

2-Amino-N- (2-chlorophenyl) -3-trifluoromethylbenz-
amide (1m)

Prepared according to Procedure A using 3-
trifluoromethylanthranilic acid (2.0 g, 9.75 mmol)
and SOCl, (1.8 mL, 24.4 mmol)‘in beniene (50 mL),
followed by 2—chloroaniline}(2.1 mL, 19.5 mmecl) and
CHCl, (50 mL). The product was purified by recrys-
tallization from MeOH to provide 2.38 g yellow
crystals (78%). *H NMR (CDCl,) &: 8.40 (dd, J=1.4,
v8.3 Hz, 1H); 8.25 (br s, 1H); 7.71 {4, J=7.8 Hz,
1H); 7.60 (d, J=7.8 Hz, 1H); 7.43 {(dd, J=1.4, 8.0
Hz, 1H); 7.34 (dt, J=1.3, 7.9 Hz, 1H); 7.11 (dt,
J=1.5, 7.7 Hz, 1H); 6.77 (t, J=7.8 Hz, 1H); 6.24 (br
s, 2H). MS (ES): m/z 315.0 (M+).



CHC. 7.3 (chlorofornm), HA (hydrochloric acid.), MeOH (nethanol), NaOH
(sodi um hydroxi de), NaOwe (sodium nethoxide), TFA (trifluoroacetic acid),

K7CO  ( paloaa®hsyd car bonate), SOCL2 (thionyl chlor_ide), pefshz/18318t hyl ene
chloride), EtQAC (ethyl acetate) DM (dinethylformam de), EtOH (ethanol),

I MBO (di- nethyl sul foxide) , NaHCO3 (sodi um bi carbonate) , TLC (thin

| ayer chromat ography), HPLC (high performance |iquid chromatography), HOST
(hydroxybenzotri.azole), EDC (ethyldiethylam nopropyl carbodiimde),, D EA
(diisopropyl ethylam ne), and HOAc (acetic acid). WO 01/81346 PCT/ USO1/ 13315
- 109 |. GCenezmindraprthakeneProcadbogyPidhhenyl (ehkanbdepwas-added to a
rapidly stiygrjagigel gthpn of anthranilic acid or benzoic acid in benzene,
and the mxture was stirred at reflux for 5 to 18 hours. The reaction was
concentrated in vacuo, and stripped down.twice with benzene. The resulting

oi I was dissolved in Gl areangcéera@a% §8|P£be@dﬂ@% @dngnghe appropriate
aniline. The reaction nlx?ure was heated to ref and stirred. until

conpl et e, asameRerArpetByigLacidt (2whi g@h b@lﬂtmmﬁé)réﬁétﬁ@ﬁlﬂlxture was
cooled to ap§|§n&Lteg@e§a&H5g }Hebgﬁggﬁgi%ﬁbe ﬂ@s Fepued by, filtration,

and the filtrate concenirated Jr., vacuo e crude product mgs purified
by chromat og? aphioreadibineeciystabl i 24t # ommpl omreNEORHED; pfo¥i de ani des

la-1r. mL) . The product was recrystallized fxrom MeOH to

provide 1.71 g of a brown solid (54%). 'H NMR
(cpcl,) &: 10.88 (br s, 1H); 9.21.(s, 1H); 8.91 (s,
1H); 8.70 (44, J=1.0, 8.3 Hz, 1H); 7.95-8.01 (m,
1H); 7.87-7.94 (m, 1H); 7.60-7.68 (m, 2H); 7.41 (dd,
J=1.3, 8.0 Hz, 1H); 7.34 (dt, J=1.2, 7.8 Hz, 1H);
7.07 (dt, J=1.4, 7.7 Hz, 1H). MS (ES): m/z 297.1
(M+) .

2-Amino-N- (2-chlorophenyl) -4-nitrobenzamide (lo)

Prepared according to Procedure A using 4-

“nitroanthranilic acid (5.0 g, 27.5 mmol) and SOC1,
(5.0 mL, 68.6 mmol) in benzene (150 mL), followed by
2-chloroaniline (5.8 mL, 55.0 mmol) and CHCI1l, (150
mL) . The product was purified by chromatography in
CH,Cl, followed by recrystallization from MeOH to
provide 2.20 g of an orange-brown sSolid (31%). H
NMR (CDC1,) &: 8.41 (dd, J=1.3, 8.3 Hz, 1H); 8.31
(br s, 1H); 7.67 (d, J=8.6 Hz, 1H); 7.57 (4, J=2.1
Hz, 1H); 7.52 (dd, J=2.2, 8.5 Hz, 1H); 7.44 (d4dd,
J=1.3, 8.1 Hz, 1H); 7.35 (dt, J=1.3, 7.9 Hz, 1H);
7.13 (dt, J=1.4, 7.8 Hz, 1H); 5.88 (br s, 2H). MS
(ES): m/z 292.0 (M+).



Procedure B To a rapidly stirring suspension of an amde in glacial acetic
acid was added chl oroacetyl chloride. The reaction m xture was heated to

120C, angoadilsgwgd to stir at that tenperature until com pRITAI®1/1855
determ ned by TLC. After brief cooling, the reaction m xture was

concentrated in vacuo. The 'crude residue was purified by extraction,
chroma- tography, and/or recrystallization to provide chlor- ides 2a-2r. WO
01/ 81346 PCT/US01/13315 110 Procedures C A m xture of a chloride, either a
nitrogen or a sulfur nucleophile, for exanple, nercaptopurine nonohydrate
or adeni ne, DHEhIEC- (D-EWMorEShehy1) €8-hydiokgoshianpaeaiupe for 1.5-72
hours. The resulting suspension was poured into water, and kept at 4C for
several hours. The crude solid was filtered, washed with water, and

purified by chronat ogrgpdya®éd afcOedysyatdi 2abE0AuLE RroNigdg. bhe final
products. EXANMPLE 8 Preparation of, Internedi ate Conpounds: Am des
2- Ani no- N- ( 2RO dpRERyPFYRen B4 net hdxYbehzani 32+ 7 1ra}) PrePar ed
accordi ng t asdFpCca@uine i\ USIING nhod-)diietdeeant hrany lirg acid (5.0 g, 25.4
mol ) and sSociZ (5.5 n, 76.1 nmmol) in benzene (100.n), followed by
2- chi or oani 1 5#el 82 i, 2 62 boFoend L il (€HEIBL( 765 nt ) mhe pRéduct was
washed Wi th' @gEOUS 50 mL). The product was purified by two
“chromatographles in MeOH/CH,Cl, to provide 990 mg of
a brown solid (12%). *H NMR (MeOH-d,) &: 7.92 (dd,
J=1.6, 8.1 Hz, 1H); 7.48 (dd, J=1.5, 7.7 Hz, 1H);
7.34 (dt, J=1.5, 7.7 Hz, 1H); 7.20 (dt, J=1.7, 7.7
Hz, 1H); 7.16 (d, J=2.7 Hz, 1H); 6.83 (dd, J=2.7,
8.7 Hz, 1H); 6.76 (d, J=8.7 Hz, 1H); [6.24 (br s,

2H)). MS (ES): m/z 263.0 (M+).

2-Amino-N- (2-chlorophenyl) -4,5-difluorobenzamide
(1q)

Prepared according to Procedure A using
4,5—aif1uoroanthrani1ic acid (2.0 g, 11.6 mmol) and
'S0CL, (2.1 mL, 28.9 mmol) in benzene (60 mL),
followed by 2-chlorcaniline (2.4 mL, 23.2 mmol) and
CHC1, (60 mL). The product was purified by two
. chromatographies in CH,Cl, and EtOAc/hexanes to pro-
vide 769 mg of a yellow solid (23%). 'H NMR (CDCL,)
5: 8.69-8.82 (m, 1H); 8.00 (dd, J=8.4, 9.0 Hz, 1H);
-7.90 (dd, JU=8.9, 12 Hz, 1H); 7.39 (dd, J=6.8, 10 Hz,
1H); 6.53 (dd, J=6.6, 12 Hz, 1H); 6.41 (br s, 2H);
5.79 (br s, 1H). MS (ES): m/z 283.1 (M+).



NaHCO3 (2 x 25 nmL) and HC1 (0.5 M 75 nL) and puri- fied by chromatography
in CH2C12 to provide 4.3 g of a brown foam (55%. 1H NVR (CDC13) rb5: 8.42
(dd, J=lwoBaeHz, 1H); 8.32 (br s, 1H); 7.40 (dd, J=lpgm&odsis 1H),
7.31 (dt, J=1.4, 7.9 Hz, 1H); 7.05 (dt, J=1.5, 7.7 Hz, 1H) ; 7.03 (s, 1H)
; 6.24 (s, 1H) ; 3.88 (s, 3H ; 3.87 (s, 3H. M5 (ES) : mz 307.0 (Mt).
WD 01/81346 PCT/US01/13315 -- 111

2- Ami no- 5- br omo- N- ( 2- chl or ophenyl ) benzegri de (1 b) Prepared according.to
Procedure A using 2- .am no-5-bronobenzoic acid (5,0 g, 23.1 nmol) and
SOC12 (7. 0Iﬁ:AﬂﬁhdLNﬁﬁﬂ)chnobﬁﬁﬂéﬂﬁlf59 flyorobehkamedeby12) chl oroanili ne
(7.3 n, 69.3 mml) and CHC13 (50 ni). The product was purified by two
chromat ographies in CH2Cl12 to provide 1.48 g of a' .yellow orange solid
(200) . 1H NMR (CDC. 1391‘%51&@6:3(:&5%1}1 1ed, Pgogeﬁﬁrelﬁ)usgrﬁoz(br s, 1H);
7.62 (d, J=2.1 Hz 42 (dd, Jl% 1H) ; 34 (dd, J22
8.8 Hz, 1H): affr%*ér% BgRebangoly. oid( i ; 0J91 ﬁ 45, fﬂmﬂz> 5 662 (d,
J=8.7 Hz, 1H6c1,5-(27 2R, S162H) mmol) in benzene (30 mn),

2- Ami no- N—(2 chl’oro henyl )-4 f1uorohenzande (ic) Prepared according to
Procedure A imiiryed Rini hoclaleroprébingol - 4chl, (1218 §ro¥) 4anfmol ) and
SOC12 (1.4 eSS TH)). lrmgewc(@&@vagt)brnma{@@dfmz chi or oani | i ne
(1.6 mL, 14.8 mmol) and 'CHC13 (25 he product was chronat ographed in.
CH2C12, theru@anqlb u‘q‘c@t@@owdm ﬂéﬁaﬁ@soﬁfoapme\‘?itéédi}’@i1OW solid

(58%). 'H NMR (CDCl,) &: 7.66 (dd, J=2.9, .8.7 Hz,
1H); 7.52-7.55 (m, 1H); 7.32-7.37 (m, 3H); 7.09 (dt,
J=3.0, 8.5 Hz, 1H); 6.71 (dd, J=4.3, 8.7 Hz, 1H).

MS (ES): m/z 305.0 (M+40).

EXAMPLE 9

Preparation of Intermediate Compounds: Chlorides

2-Chloromethyl-3~ (2-chlorophenyl) -6, 7-dimethoxy-3H~
quinazolin-4-one (2a)

Prepared according to Procedure B with la
(2.95 g, 9.63 mmol) and chlorcacetyl chloride (2.3
mL,.28.9 mmol) in acetic acid (30 mL). Purified by
extraction from aqg. K,CO, and recrystailization from
isopropanol to afford 1.61 g of a brown crystalline
‘solid (46%). 'H NMR (CDCl1l,) O&: 7.59-7.66 {(m, 2H);
7.45-7.56 {(m, 3H); 7.20 (s, 1H); 4.37 (d, J=1i2 Hz,
"1H), 4.08 (d, J=12 Hz, 1H); 4.04 (s, 3H); 4.00 (s,
'3H). MS (ES): m/z 365.0 (M+).



‘g of an off-white solid (52%. '"H NWR (CDC13) 5: 12.91 (br s, 1H); 8.72
(dd, J=2.7, 12 Hz, 1H); 8.34 (dd, J=6.4, 9.2 Hz, 1H); 8.29 (dd, J=5.9, 8.8
Hz, 1H) ;w6 @kif@d, J=6.2, 8.8 Hz, 1H);.7.28 (dt, J=2.4, pdydsoidssidH);
7.21 (dd, J=2.4, 9.0 Hz, 1H); 6.92 (ddd, J=2.4, 7.3, 9.1 Hz, 1H); 6.54
(ddd, J=2.4, 7.8, 8.8 Hz, 1H); 6.45 (dd, J=2.4, 11 Hz,, 1H); 5.93 (br s,
2H). M5 (ES) : mz 265.0 (M+). WD 01/81346 PCT/US01/13315 - 112

2- Ami no- 5-chl or o- N- (2- chl or ophenyl ) berz@ni de (1d) Prepared according to
Procedure A using 2- am no-5-chl orobenzoic acid (2.0 g, 1.1.7 mol) and
SCC12 (2.2 md-BZdhn@- 29@h)otSmEEREENS- (20cALdrophehi dWedHbyuZnchl or oanil i ne

(2.5 n, 23.Zpin-andhe GISOL3 (5U nL). The product was purified by recrys
tallization fromMeOH to provide 1.72 g of a dark yeIIowsoIid(SZ% . 1H
NVMR (CDC13) b: 8.37 (dd, .J=1.5, 8.3 Hz, 1H) ; 8.22 (br s, 1H).; 7.48 (d,

J=2.3 Hz, 1H); 7.42 (gde a?réd%c@o%dﬂ% 1:_Uo'|) PrScééuéQtB w:ltllt 4y 7.8 He,
1H): 7.22 (dd, J=2.4, 8 8 tz, 1H): 7,09 ( 10 6.67 (d,
J=8.8 Hz, 1}&5905m56 %b$4smeL® and chloroacetyl chlorlde (O 37

2- Ani no- N- ( 2chl propheny! ) ) fahuorpbenzag (ds (he)  Bhepaigd spoording to

Procedure A using 2 amo-6 uor o. benzoic acid ) anal.
SOC12 (2.3 ntecygstaldvbk flﬂnbém@nes@ﬁﬂoml)w‘ tol ﬁﬁﬁeddb992 ol or oani | i ne

Gy e SRRSO T gy sy g hrom
(d, J=2.3 Hz, 1H); 7.91 (dd, J§=2.2, 8.7 Hz, 1H);
7.67 (d, J=8.7 Hz, 1H); 7.60-7.65 (m, 1H); 7.47-7.56
(m, 2H); 7.52 (t, J=5.3 Hz, 1H); 7.47-7.56 (m, 1H);
4.37 (d, J=12 Hz, 1H), 4.06‘(d, J=12 Hz, 1H). MS

(ES): m/z 385:0 (M+).

2-Chloromethyl-3- (2-chlorophenyl) -7-fluoro-3H-quin-
azolin-4-one (2c)

Prepared according to Procedure B with lc
(500 mg, 1.89 mmol) and chloroacetyl chloride (0.45
mL, 5.67 mmol) in acetic acid (10 mL). Purified by
extraction from aqueous K,CO,, followed by recrys-
tallization from isopropanol to afford 501 mg of a
yellow crystalline solid (82%). 'H NMR (CDCl,) o:
"8.32 (dd, J=6.0, 8.9 Hz, 1H); 7.59-7.66 (m, 1H);
7.50-7.55 (m, 3H); 7.44 (44, J=2.4, 9.4 Hz, 1H);
7.27 (dt, J=2.5, 8.5 Hz, 1H); 4.37 (d, J=12 Hz, 1H),
4.07 (d, J=12 Hz, 1H). MS (ES): m/z 323.0 (M+).



pal e orange solid (60-0.). 1H NWMR (CDC13) 6 : 9.00 (d, J=17 Hz, 1H); 8.47
(d, J=8.3 Hz, 1H); 7.41 (d, J=8.0 Hz, 1H); 7.30 (t, J=7.9 Hz, 1H)

7.10-7. 20wo9sisds; 7.07 (t, J=7.7 Hz, 1H); 6.49 (d, J=8. IdysoimBs156. 03
(br s, 2H. M5 (ES) : mz 265.0 (M+). WD 01/81346 PCT/US01/13315 - 113

2- Am no- 6-chl oro- N-, (2- chl orophenyl ) benzam de (if) Prepared according to
Procedure A using 2- am no-6-chl orobenzoic acid (2.5 g, 14.6 mmol) and
SOC12 (2.7 mL, 36.4 mmol) in benzene (5 +), - followed by 2-chloroaniline
(3.1 nm, 29.1 mmol) and, CHC13 (75 nlL) . The product ch.romat ographed in
CHzCl2 to p-mhlerd-D5Scloforeyieyl o3 02 aggEo86phENT2HYBH - qulth - NVR ( CDC13)
d : 8.54 (d,azkBird-4ZondH]24)8.30 (br s, 1H); 7.41 (dd, J=1.5, 8.0 Hz,
1H); 7.33 (t, J=7.8 Hz, 1H) ; 7.10 (t, J=8.1 Hz, 1H) ; 7.09 (dt, J=1.6.,
7.8 Hz, 1H); 6.78 (dd, J=0.4, 7.9 Hz, 1H); 6.63 (dd, J=0.9, 8.2 Hz, 1H ;
4..69 (br s, 2H). M5 (&= ar@ézau§9§d9n§N%gzﬁroggéuge(ﬁM%lth 1d

2- Anlno N-(2 chlorophenyl§ 6- net hyl benzam de repared according to
Procedure A tEihgie- 1. Z@nmmp%ln@@%y¢%%®§@@@etﬁgl@h%QISdg (8648 mmol) and
SCC12 (3. O 1 n 5.4.) fo Yb
2- chloroanlf?%elféyg m%?i? = ag@?§8a§%£gcﬁ%% m%%S n%§9mgﬂ%gpr%duct was
chronatograGﬁ&iﬁ&tdl}QEan@@ provi deopragagobf ta HEHMAOPP5(BI% . 1H NMWR

e s 7.3t PP R e e o Pogtar 1S

e, 9 Hz, 7. 74 (m, 2H); 7.60-7. 06 (m, lH

7.48-7.57 (m, 3H); 4.37 (4, J=12 Hz, 1H), 4.07 (4,
J=12 Hz, 1H). MS (ES): m/z 339.0 (M+).

2-Chloromethyl-3- (2-chlorophenyl) -5-fluoro-3H-quin-
azolin-4-one (2e)

Prepared according to Procedure E with lie
(500 mg, 1.89 mmol) and chloroacetyl chloride (0.45
mL, 5.67 mmol) in acetic acid (10 mL). Purified by
extraction from aqg. K,CO, and recrystallization from
isopropanol to afford 430 mg of an off-white
crystalline solid (70%). *H NMR (CDC1l,} &: 7.76
(dt, J=5.3, 8.2 Hz, 1H); 7.56-7.65 (m, 2H); 7.47-
7.56 (m, 3H); 7.16-7.25 (m, 1H); 4.35 (d, J=12 Hz,
1H), 4.07 (d, J=12 Hz, 1H). MS (ES): m/z 323.0
(M+) .

5~Chloro-2-chloromethyl-3- (2-chlorophenyl) ~-3H-
quinazolin-4-one (2f)

Prepared according to Procedure B with 1f
(1.00 g, 3.56 mmol) and chloroacetyl chloride (0.85%
mL, 10.7 mmol) in acetic acid (15 mL). Purified by
recrystallization from isopropanol to afford 791 mg

of an off-white crystalline solid (65%). 'H NMR



7.7 Hz, 1H) ; 6.64 (d, J=7.5 Hz, 1H); 6.59 (d, J=8.1 Hz, 1H); 4.29 (br s,
2H) ; 2.45 (s, 3H). M5 (ES) : mz 283.0 (M22) . WO 01/81346

PCT/ USO1/ wWd3hm134s 114 2- Am no- 3-chl or o- N- ( 2- chl or ophenyl )peanzaiisias (1 h)
Prepared according to Procedure A using 2- am no-3-chlorobenzoic acid (1.0
g,.5.82 mol) and SOC12 (1.1 m, 14.6 nmmol) in benzene (25 nL), followed
by 2-chloroaniline (1.2 nL, 11.7 mmol) and CHC13 (25 nL). The product was
recrystallized from MOH to provide 1229 g of a yellow solid (78%. 1H
NVR (CDCl1~} o : 8.43 (dd, J=1.4, 8.3 Hz, 1H) ; 8.30 (br s, 1H); 7.47 (dd,
J=1.1, 8.0 I-tz:DdJ.I-zl) 67 42 (b, () 8,1{) Hzy, . e2H) (4,7.83 (dtgz J=uM, 7.9 Hz, 1H);

7.09 (dt, J=1.5 7.9 Hz, 1H); 6.13 (br s, 2H. M
(ES) : mz 27816]07(|\ﬁ+§ hz %E?Fr?n N"?%| Eﬁ%‘%nﬂ 991 -%: %;%%rob% Pzam de (1i)
Prepared accorgh nglt ayPs Qpe;dw elm U$|51@ 25, apnp-6:ehl papbgnzeic acid (2.0
g,.11..7 rnnol) and SOClZ(i I% in benzene é:%(% m.) ,

fol  oned by anithobi bhehy | m“ﬁel%éle_LS ng) 24 .15 BAHE 18 (60 nlL).

The product was) chromatographed. in CH2C12 to prOV| de 2.16 g of a foany
dar k-anmber residue (57% . 'H NWR (CDC1,) 5: . 8.48 (d, J=8.2 Hz, 1H);
7.79 (br s, 1H); 7.34-7.46 (m, 6H); 7.20-7.30 (m 2H) ; 700(t J=8.1

Hz, 1H) ; 6. 8% boneOndl-37 94éﬂlo%$?he@V§ﬂ 1334z, 1H); 4.58 (br
s, 2H) . M {ESlazolid. £25nd Zi\é‘? . WO 01/81346 R ORG T 15315

Prepared according to Procedure B with 1g
(2.18 g, 8.36 mmol) and chloroacetyl chloride (2.0
mL, 25.1 mmol) in acetic acid (40 mL). Purified by
two chromatographies - -in CH,Cl, and EtOAc/hexanes,
followed by reérystailization from isopropanol to
afford 638 mg of an off-white crystalline solid
(24%) . 'H NMR (DMSO-dy) &: 7.73-7.80 (m, 3H); 7.58-
7.64 (m, 3H); 7.41 (4, J=7.4 Hz, 1H); 4.40 (d, J=12
Hz, 1H), 4.26 (d, J=12 Hz, 1H); 2.74 (s, 3H). MS
(BES): m/z 319.0 (M+).

8-Chloro-2—chlorometh§1-3-(2;chlorépheny1)-3H~
quinazolin-4-one (2h) -

Prepared according to Procedure B with 1h
(500 mg, 1.78 mmol) and chlorocacetyl chloride (0.49
mL, 6.13 mmol) in acetic acid (10 mL). Purified by
extraction from aqueous K,CO;, followed by recrys-
tallization from isopropanol to afford 448 mg of a
yellow solid (74%). 'H NMR (CDCL;) &: 8.23 (dd,
J=1.4, 8.0 Hz, 1H); 7.90 (dd, J=1.4, 7.8 Hz, 1H);
7.61-7.66 (m, 1H); 7.51-7.55 (m, 3H); 7.47 (t, J=8.0
‘Hz, 1H); 4.48 (d, J=12 Hz, 1H), 4.12 (4, J=12 Hz,
1H). MS (ES): m/z 339.0 (M+).



115 . 2- Ami no-6-chloro-N-o-tol yl benzam de, (1j) Prepared according to
Procedure A using 2- am no-6-chl orobenzoic acid (1.0 g, 5.83 nmrnol) and
SOC12 (1.Wwodi/s134.- 6 nmol) in benzene (30 nL), followed by@ni@usdasne (1.4
m., 12.8 mmol) and CHC13 (30 nL). The product was chronmatographed in
CH2C12 to provide 840 ng of an oily yellow solid (55%. '"H NWR (CDC13) 6:
7.96 'd, J=7.9 Hz, 1H); 7.60 (br s, 1H); 7.23-7.30 (m 2H); 7.14 (t, J=7.5
Hz, 1H); 7.1.1 (t, J=8.3 Hz, 1H); 6,7/ (d, J=7.9 Hz, 1H); 6.64 (d, J=8.2
Hz, 1H); 4.73 (br s, 2H); 2.35 (s, 3H. M5 (ES) : mz 261.0 (M)

2- Ami no- 6- cmmipﬂ\é:(}&iiLyaIomreuﬂyéz}@emzmldeozﬁ&khylP.mp@ﬁeﬂaaecor ding to
Procedure A usinNg che am;n)o 6- chl or obenzoic acid (2.0 g, 11.7 nmol) and
SOC12 (2.1 m, 29.1 mml) in benzene (60 nmL), followed by 2-fluoroaniline
(2.3 nm, 23.4 mml) and CHC13 (60 niL). The product was chromat ographed in

CH2Cl12 to prOVide . 058 r@dygéé5¥ﬁ§ﬂ% Qo(ﬁﬁd@edufé'ﬂNﬁE££IE43) 5: 8.45
(t, J=8.0 Hz 8.01 (br s ). 6.78 (dd, J=0.5,

7.9 Hz, 1FD¢36)631(@d20JmmpB %n@ ¢h10499cemyrscbb®rsdezﬂu 5 M (ES) : mz
265.0 (Mr). nw) q_]é %%%of)d:{rpsgﬁée%g?l cid %33-@ m%lfl.) Purified

2- Ami no- 6- chl or o- N- - (2- met hoxyp enzam de Pr epar ed gccor ding to
Procedure A dwianptgeamg- 62 cPitlabefizdilowadi By ( 2e0rystalli? mmol ) and.

SOCL2 (2 -1éQtiéﬁléréﬁ“&éoéfbﬁ%%%f“@o(QPfg}& 1.44 g of an off-

white solid (61%). *H NMR (CDCl;) ©: 7.61-7.64 (m,
+1H); 7.58-7.59 (m, 1H); 7.54-7.57 {m, 2H); 7.52-7.53
(m, 1H); 7.45-7.52 (m; 2H); 7.24 (s, 5H); 3.92-4.03

(m, 2H). MS (ES): m/z 381.0 (M+).

‘5-Chloro-2-chloromethyl-3-o-~tolyl-3H-quinazolin-4-
one (27j)

Prepared according to Procedure B with 11

(750 mg, 2.88 mmol) and chloroacetyl chloride (0.69
mL, 8.63 mmol) in acetic acid (15 miL). Purified by
chromatography in CH,Cl,, followed by recrystalli-
zation from isopropanol to afford 340 mg of a white
solid (37%).  'H NMR (CDCl;) &: 7.69 (d, J=2.1 Hz,
1H); 7.68 (g, J=7.4 Hz, 1H); 7.54 {(dd, J=2.2, 7.0
Hz, 1H); 7.35-7.47 {(m, 3H); 7.21-7.25 (m, 1H); 4.27
(d, J=12 Hz, 1H); 4.11 (4, J=12 Hz, 1H); 2.18 (s,
- 3H). MS (ES): m/z 319.0 (M+).

5-Chloro-2-chloromethyl-3- (2~fluorophenyl) -3H-
quinazolin-4-one (2k)

Prepared according to Procedure B with 1k
(1.0 g, 3.78 mmol) and chloroacetyl chloride (0.90
mL, 11.3 mmol) in acetic acid (20 mL). Purified by
chromatography in CH,Cl, to afford 484 mg of a pale



foll owed by o-anisidine (2.6 nL, 23.4 mmol) and CHC13 (60 nlL). The
product, was chromatographed in CH2ClL, to provide 2.61 g of a dark yellow

oi | (81%wo dishMg (CDC13) b : 8.53 (dd, J=-1. 7, . 7 . 9pld2rmsbhh§315 8. 39
(br ,s, .1H: 7.11 (dt, J=1.6, 7.8, Hz, 1H): 7.09 (t, J=8,1 .Hz, 1H): 7.02
(dt, J=1.4, 7.8 Hz, 1H); 6.92 (dd, J:1.4, 8.0 Hz, 1H); 6. 62 (dd J=0.9,
8.2 Hz, 1H): 4.66 (br s, 2H) : 3.87 (s, 3H). M5 (ES) : mz 277.0 (M),
2- Ami no- N- (2- chl or ophenyl ), -3-tri fluarmpet hyl benz- am de (in) Prepared
according to Procedure A using 3- trifluoronethylanthranilic acid (2.0 g,
9.75 mml) Sﬂﬁnﬁj(ﬂ4®/ht 24 MIRM@nCli,n benzenGO(H@ may) ; foll owed by

2- chloroanll ) and_CHC13 roduct was
purified by éLté??l%é%?on1¥i0n7hﬁﬁrﬁ@o br de é%pg yeFﬁow
Crystals7(;§&§d JJ3;bNm&{(£ﬁX$37 5o - g 43 (g, 1QF1 4, i5873%853m15% ? i54(bf
S,

8.0 Hz é)7 34347 - %121 B, %Hb § Hfd 7“_‘&2(%% H@H %,-157 7 Hz, 1H):
6.77 (t, i 7@ Hr=1dH)z, 6124, (bug $E_S?H)m/z|\@2§l5§) (4+piz 315.0 (M) . WO
01/ 81346 PCT/USOl/13315 - 117 3-An1nonaphthalene-Z-carboxyI|c acid

(2-chl orophen- yl)am de (in) Prepared according to Procedure A using 3-

am no- 2- NPt A0k 36 O (28 Bomd 1 1D - A0EnSEneny ) SagL, 267 ol i
benzene (50 fdnafolioWedoRy (21)

Prepared according to Procedure B with 11
(2.6 g, 9.41 mmol) and chloroacetyl chloride (2.2
mL, 28.2 mmol) in acetic acid (40 mL). Purified by
chromatography in CH,Cl,, followed by recrystalli-

- zation from isopropanol to afford 874 mg of a pale
yellow solid (28%). 'H NMR (CDCl,;) &: 7.55-7.74 (m,
2H); 7.47-7.54 (m, 2H); 7.34 (dd, J=1.7, 7.8 Hz,

"1H); 7.13 (dt, J=1.2, 7.7 Hz, 1H); 7.08 (dd, J=1.0,
8.4 Hz, 1H); 4.29 (d, J=12 Hz, 1H); 4.11 (d, J=12
Hz, 1H); 3.80 (s, 3H). MS (ES): m/z 335.0 (M+).

‘2-Chloromethyl-3- (2-chlorophenyl) -8-trifluoromethyl-
3H-quinazolin-4-one (2m)

Prepared according to Procedure B with 1m
(500 mg, 1.59 mmol) and chloroacetyl chloride (0.38
mL, 4.77 mmol) in acetic acid (10 wmL). Purified by
recrystallization from isopropanol to afford 359 mg
of a white crystalline solid (61%). 'H NMR (CDC1,)
&: 8.51 (dd, J=1.0, 8.0 Hz, 1H); 8.14 (4, J=7.3 Hz,
1H); 7.65 (dd, J=2.5, 5.6 Hz, 1H); 7.62 (d, J=3.9
Hz, 1H); 7.48-7.60 (m, 3H); 4.44 (d, J=12 Hz, 1H),
4.12 (d, J=12 Hz, 1H). MS (ES): m/z 373.0 (M+).



2-chloroaniline (2.3 nm., 21.4 mmol) and CHC13 (50 nl). The product was
recrystallized fromMeOH to provide 1.71 g of a brown solid (549H 1H N MR

(CDCL3) chio hid18@ (br s, 1H) ; 9.21.. (s, 1H) ; 8.91 (s, pHyseuFAs(dd,
J=1.0, 8.3 Hz, 1H); 7.95-8.01 (m 1H); 7.87-7.94 (m 1H); 7.60-7.68 (m
2H); 7.41 (dd, J=1.3, 8.0 Hz, 1H); 7.34 (dt, J=1.2, 7.8 Hz, 1H); 7.07
(dt, J=1.4, 7.7 Hz, 1H. M5 (ES) : nmz 297.:1. (M)

2- Ami no- N- (2- chl orophenyl ) - 4-ni t robenzagri-de (10) Prepared according to
Procedure A using 4- nitroanthranil.ic acid (5.0 g, 27.5 mmol) and SOC12
(5.0 nL, 68.5-chdYorhdtENzene2 {dhlordpheh @l ) oO3RdbENzo ZgTHluOROaNi i ne (5.8

m., 55.0 mulomul £KAS (F®P nlL). The product was purified by
chronatography in CH2Cl12 followed by recrystallization fromMOH to

provide 2.20 g of an orange brown 'solid (31% 1H NWR (CDC13) 5:

8.41(dd, J=1. 3, 8.3 Hzpyd re@ éécoféﬁni *ékﬁr@cgdgge(ﬁawitﬁ @nFE 1H)
7.57 (d, J=2.1 Hz, 1H); d, J=1. 3,

8.1 Hz, 1H): (50®50qdtl- @8:1m1301)7 aancﬁelzchlwoacertm @hl.oryéq 40 ?08 Hz, 1H);
5.88 (br s 0, & M) (10 VIR, 1/8%ﬁ§$ff 01/ 13315 -
118 2- Anln5g$?(2N§%Iorophenyl%cg@%§dréxybenzarn? de Pr epar ed
accordlng11?H¥Qmﬁﬁng¥aﬂhmslmgﬂﬂﬁﬂanfﬂbl5Wﬁ§dbﬁx¥béﬁ2§réléérd (5.0 g, 32.7
mml ) and 0 ﬁﬂj gggﬂ) n ) wed by
2-chl oroani |1 ne fgagua %g&rg%nn tédaPPQEE Eiﬁlﬁg 8t)a iQéEQ

brown golid (39%). 'H NMR (CDCl;) 3: 8.92 (s, 1H);

8.29 (s, 1H); 8.81 (d, J=8.3, 1H); 8.32 (d, J=8.3

‘Hz, 1H); 7.51-7.69 (m, 4H); 7.55 (d, J=5.2 Hz, 1H);

7.53 (4, J=3.8 Hz, 1H); 4.43 (d, J=12 Hz, 1H), 4.12

(d, J=12 Hz, 1H). MS (ES): m/z 355.0 (M+).

2-Chloromethyl-3-(2-chlorophenyl)-7-nitro~3H~quin- "
azolin-4-one (20)

Prepared according to Procedure B with lo
{500 mg, 1.71 mmol) and chloroacetyl .chloride (0.41
mL, 5.14 mmol) in acetic acid (10 mL). Purified by
extraction from aqueous K,CO,, followed by two
chromatographies in CH,Cl, to afford 338 mg of a
yvellow oil (56%). 'H NMR (CDCl,;) &: 8.64 (d, J=2.2
Hz, 1H); 8.48 (d, J=8.8 Hz, 1H); 8.32 (dd, J=2.2,
8.7 Hz, 1H); 7.66 (dd, J=2.5, 6.0 Hz, 1H); 7.52-7.59
(m, 3H); 4.41 (4, J=12 Hz, 1H), 4.10 (d, J=12 Hz,
1H). MS (ES): m/z 350.0 (M+).

.Acetic acid 2-chloromethyl-3-(2- chlorophenyl) -4-0x0-
3,4-dihydro-quinazolin-6-yl ester (Zp)

Prepared according to Procedure B with 1p
(670 mg, 2.55 mmol) and chlorocacetyl chloride (0.61
mL, 7.65 mmol) in acetic acid (10 mL). Purified by



CHC13 (150 mL). The product was purified by two chromatographz_es in
MeOH CH, C12 to provide 990 ng of a brown solid (12%. '"H NVR (MeOH-d4) 5:
7.92 (dd,wolris 8.1 Hz, 1H); 7.48 (dd, J=1.5, 7.7 Hz, 1Hcrush13ss1§dt,
J=1.5, 7.7 Hz, 1H); 7.20 (dt, J=1.7, 7.7 Hz, 1H); 7.16 (d, J=2.7 Hz, 1H)
6.83 (dd, J=2.7, 8.7 Hz, 1H); 6.76 (d, J=8.7 Hz, 1H); '[6.24 (br s, 2H)).
M5 (ES) : mz 263.0 (M+). 2-Am no-N-(2-chl orophenyl)-4,5-difl uorobenzam de
(Iq) Prepared according to Procedure ¥®aising 4,5-difluoroanthranilic acid

(2.0 g, 11.6 mol) and SOC12 (2.1 nm; 28.9 nmol) in benzene (60 ni),

foll owed by éhxwmaﬂdgwaﬁmﬁelﬁ2043%1Medﬁ/eﬁﬂngl)famdowgﬂCb§~(60 m.) The
product was urlflqufy ronat hles in CHCl12 d_Et QAc/ hexanes
to pro- Vi e %a’iﬂe‘?% QB0 %n‘)‘l 59 %D%%é) mJ5. 8. 69- 8. 82

Egh 1506 g Qﬂf(ﬂﬁb &cékét%&?g dlelﬁ&ac% Jﬁgﬁtéﬂg 9?8)94 ﬁ@gh@a 1FD : 7.39
; r s
5.79 (br s, CPBCl R/BB( ES)8 (/d(z 2% 7 @) 1o 071/%%3% Phét?SOl/ 13315 -

119 , 2- Ami ngz N1 @r cﬁlmwh@@ytr}l - burf } uprobengam dex (1) s . Brapar ed
accordlng to Procedure A usi 2- am no-5-fluoro en20|c acid (1.0 g, 6.45

o2 ) and  K00157 (oL 20t S16:1 Whol 3E) h BeRdent: (B0 m$ .38 6 oned
by, 2- chi or oafi1s nef 1. ApL. 19s S(@mmily and;, GHEL3 £396 L) . afthe product was

triturated from CH2Ci2 to provide 985 ng of a nustard- yeIIOM/solld
MS (ES): m/z 363.0 (M+).

k]

"2-Chloromethyl-3- (2-chlorophenyl) -6, 7-difluoro-3H-
qulnazclln 4-one (2q)

Prepared according to Procedure B with 1g
(700 mg, 2.48 mmcl) and chlorcacetyl chloride (0.€0
mL, 7.43 mmol) in acetic acid (12 mL). - Purified by
chromategraphy in CH,Cl,, followed by recrystalli-
zation from isopropanol to afford 219 mg cf a yellow
crystalline solid (26%). 'H NMR (CDCLl;) d: 8.07
(dd J=8.5, 9.7 Hz, 1H); 7.64 (dd, J=2.5, 5.6 HZ,
1H); 7.60 (dd, J=3.5, 11 Hz, 1H); 7.55 (g, J=2.9 Hz,
3H); 7.52 (d, J=1.9 Hz, 1H)} 7.49-7.51 (m, 1H); 4.36
(d, J=12 Hz, 1H), 4.06 (d, J=12 Hz, 1H). MS (ES):
m/z 341.0 (M+). '

2-Chloromethy1-3-(2-chlorophenyl)-6—f1uoro-3H—
quinazolin-4-one (2r)

Prepared according to Procedure B with 1r
(850 mg, 3.21 mmol) and chlorocacetyl chloride (0.77
mL, 9.63 mmol) in acetic acid (15 mL). Purified by
extraction from aqueous K,CO,, followed by chromatog-
raphy in EtOAc/hexanes. A second chromatography in

acetone/hexanes afforded 125 mg of a white solid



(58% . 1H NWR (CDC13) b: 7.66 (dd, J=2.9, 8.7 Hz, 1H); 7.52-7.55 (m 1H);
7.32-7.37 (m 3H); 7.09 (dt, J=3.0, 8.5 Hz, 1H); 6.71 (dd, J=4.3, 8.7 Hz,
1H), M5 (WO o115z 305.0 (M+40). EXAMPLE 9 Preparati on ofpdingifigdsat e
Conpounds: Chl orides 2-Chl oronet hyl - 3-(2-chl orophenyl ) -6, 7-di met hoxy- 3H
qui nazo.lin-4-one (2a) Prepared according to Procedure Bwth la (2.95 g,
9.63 mml) and chl oroacetyl chloride (2.3 nlL,.28.9 nmol) in acetic acid
(30 mL). Purified by extraction fromag.- K2ZCO3 and recrystallization from
i sopropanol to afford 1.61 g of a brown crystalline 'solid (46% . 'H NWR
(CDClB) 5: 7(HS%)7. 661 MMR2HICDC1,Y. 85- 77565( r(bldSH):r,_279208(a ukH) ; 4.37 (d,

J=12 Hz, 4.08 (d 12 Hz 4. 04 , 400 (s, 3H. M5 (ES):
m 2 365 0 (K%DW VO B4/ @1‘%46‘7#,*@%%1?1%%151&? 12051~ ]

6- Br ono- 2- CW}QYOHPt@W|@ﬁj(23£®|@[09h§nﬂﬁ) §hﬁguvn57aZ@HInJ4zom¢ (2Db)

Pr epar ed accordlng to Procedu

54 mmol

chl or oacet yI8 ¢hlfri det) 0. @752nfdd4 %13n%nl§ ?nHécegﬁb a3|52(i%rnt)
Purified by'Sreggyst@Jjgzaﬁlqmﬁiﬁogklsp@yop@n@g Qg affLopdy490 ny of an
off-white SO|Id (83% . 'H NWVR (CDClBS : 8.43 (d, J=2.3 Hz, 1H); 7.91 (dd,
j=2.3, 8.7 HA) 1HMS 7(BF [/ 3=825- ﬁHz(M*lH) 7.60-7.65 (m 1H): 7.47-7.56
(m 2H) ; 7.52 (t, J=5.3 Hz, 1H) ; 7.,47-7.56 (m 1H); 4.37 (d, J=12 Hz,
1H , 4.06 (d, J=12 Hz, 1H) . M

EXAMPLE 10

Preparation of PI3KS Inhibitor Compounds

Compound D-001

2- (6-Aminopurin-9-ylmethyl) -3- (2~ chlorophenyl) -6,7-
dimethoxy-3H- qulnazolln 4 -one

Prepared according to Procedure C using
Intermediate 2a (200 mg, 0.546 mmol), adenine (81
mg, 0.601 mmol), K,CO; (83 mg, 0.601 mmol), and DMF
(4 mL). The crude product was recrystallized from
ethanol (EtOH) to provide 164 mg of a beige solid
(65%), mp 281.5-282.7°C (decomposes). 'H NMR (DMSO-
ds) &: 8.06 (s, 1H); 8.04 (s, 1H); 7.76-7.81 (m,
1H); 7.70-7.76 (m, 1H); 7.60-7.67 {(m, 2H); 7.45 (s,
1H); 7.22 (s, 2H); 6.%0 (s, 1H); 5.08 (4, J=17 Hz,
1H); 4.91 (d, J=17 H=z, 1H); 3.87 (s, 3H); 3.87 (s,
3H). *C NMR (DMSO-d,) ppm: 1592.9, 156.2, 155.4,
152.9, 150.0,‘149.7, 149.4, 143.0, 141.9, 133.7,
132.1, 131.9, 131.2,.130.8, 129.3, 118.4/ 113.6,
108.4, 105.8, 56.5, 56.1, 44.7. MS (ES): m/z 464.1
(M+). Anal. calcd. for CanclNﬁh;O.1CJ%OOO.OSKC1:
‘C, 56.47; H, 3.97; Ci, 7.88; N, 20.76. Found: C,
56.54; H, 4.05; C1, 7.77; N, 20.55.



(ES) : mz 385.0 (Mt). 2-Chloronethyl-3- (2-chl orophenyl)
-7-fluoro-3Hqu:i.n- azolin-4-one (2c) Prepared according to Procedure B

with 1c. wobfA®is@. 1.89 nmol) and chl oroacetyl chloride (Gd2soik3ts. 67
mmol) in acetic acid (10 nL). Purified by extraction from aqueous K2C03,

foll owed by recrys- tallization fromisopropanol to afford 501 ng of a
yellow crystalline solid (82 0) . "H NWR (CDC13) 6: 8.32 (dd, J=6.0, 8.9
Hz, 1H); 7.59-7.66 (m 1H); 7.50-7-5kdm 3H); 7.44 (dd;, J=2.4, 9.4 Hz,
1H; 7.27 (dt, J=2.5, 8.5 Hz, 1H) ; 4.37 (d, J=12 Hz, 1H), 4.07 (d, J=12
Hz, 1H). M ddzfpound z03@820 (M+). WO 01/81346 PCT/USO1/13315 - 121

6- Chl or o- 2-chl oronet hyl -3-(2-chl oro henyl) 3H qui n- _azolin-4-one (2d)
Prepared accor (f ifrterpisteder sleeibyh) r 8-browe-4g(21. 78 mmol ) and

chl or oacet ylclelorpplenyb) 430 -gqeingzgBimmbtynen acetic acid (10 ni).
Purified by recrystallization fromisopropanolto afford 555 ng of a
yellow solid (92% . 'iH NWR (CDC13) 5: 8.27 (d, J=1.9 Hz, 1H)-; 7.74-7.78
(m 2H);'7.60-7.66 (mPia¢hared. d8cFrdingnto3PocedusZ (Cdusidggl2 H z, 1H),

g ?:EI E)?orrefh t%‘@r?ezéf%? or oph? ?)mqiff)u%gg gﬂ@ﬁ n?dg% (21-9one (2e)
Pr epar ed accxmgjdlmgMG) notedukKgL£B Whohmbe O( 5(8@ myoll., 89nrﬂrrBM)? and
EEL?¥?2geL§|C?H%5ereTﬁg ééudngfoguct HQB eégygggiigzg igrg%o m).
EtOH to provide 52 mg of an off-white solid (41%),
mp 284.2-284.7°C (decomposes) 'H NMR (DMSC-dg) O:
8.24 (d, J=2.0 Hz, lH) 8.05 (s, 1H); 8.03 (s, 1H);
7.98 (dd, J=1.9, 8.6 Hz, 1H); 7.74-7.83 (m, 2H);
7.59-7.68 (m, 2H); 7.46 (d, J=8.7 Hz, 1H); 7.22 (s,
C2H); 5.12 (d, J=17 Hz, 1H); 4.94 (d, J=17 Hz, 1H).
3C NMR (DMSO-d,;) ppm: 159.5, 156.2, 152.9, 152.0,
i50.1, 145.8, 141.8, 138.4, 133.1, 132.2, 131.9,
131.1, 130.9, 130.1, 129.4, 128.9, 122.4, 120.4,
©118.4, 45.0. MS (ES): m/z 482.0 (M+). Anal. calcd.
for C,,H,;,C1BrN,0e0.1KCl: C, 49.0%1; H, 2.67; C1,
7.96; N, 20.00. Found: C, 48.82; H, 2.82; Cl, 8.00;
N, 19.79.

Compound D-003

' 2-(6-Aminopurin-o-ylmethyl) -3~ (2-chlorophenyl) -7~
fluoro-3H-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 2¢ (100 mg, 0.310 mmol), adenine (46
mg, 0.340 mmol), K,CO, (47 mg, 0.340 mmol), and DMF
(1 mL). The crude product was recrystallized from
EtOH to provide 57 mg of a beige solid (44%), mp
216.8-217.2°C. 'H NMR (DMSO-d¢) &: 8.22 (dd, J=6.3,
8.7 Hz, 1H); 8.05 (s, 1H); 8.03 (s, 1H); 7.78-7.80



extraction fromaq. K2C03 and recryst

430 ng of an off-white crystalline solid (70% .

(dt, J=5.\ko f/sdsdez, 1H); 7.56-7.65 (m 2H);
(m 1H) ; 4.35 (d,. J=12 Hz, 1H),
323.0 (M) 5-Chl oro-2-chl oronet hyl - 3-

qui nazolin-4-one (2f) Prepared according to Procedure Bwith if
chloride {#85 nL, 10.7 mmol)

3.56 mml ) and chl oroacetyl

(15 mL). Purified by recrystallizati

4.07 (d, J=12 Hz,

allization from isopropanol to afford

"-H NWR (CDC13) d: 7.76

7.47- 7.56 (mpc@hso1133146-7. 25
1H. M5 (ES) : mz

(2-chl orophenyl) -3H

(1.00 g,

in acetic acid

on fromisopropanol to afford 791 ny

of an Off-mhhﬁﬁ:EINﬁtﬁJdiﬂ@u§@|Kﬂ (BB 7.4&1baE{VML91181§4§ RPLT/ US01/ 13315

122 (CDCL3) 6: 7.70 (s, 1H): 7.68
7.55 (dd, J=97 &% HA 11159, 87%1%
(d, J=12 Hzy= 11”H)Hz4 09 (. §l§1?dHZJ

2- Chl or orretg% ' chl orophenyl ) -
Prepared ac ﬁdPﬁ’ﬁ‘ to

chl oroacetyli£dlprideg (2. 03, Mh=1254)
by
recrystal | i zZat}

Hz), 44.6. MS (ES)
for CyoH;,C1FN,080. 1H,0
Cl, 9.38; N, 22.55.
9.12; N, 22.30.

: m/z

Compound D-004

two chromato ra hies -in CH2C12 and Et OAc/ hexanes

¥ § sobt Opanol 29 o8 é@fo?ﬁlBS%zhg 529af: of f-whi t e
crystalline spd 'P' 124, 14 NVREDNES 86)-H; 717377

(0.15KC1:
Found: C,

, J=3.8 Hz, 1H); 7.65 1
k%,fﬂs?% 8- Zﬂiw % %6 %@ 2H)(m4 3?
ﬂ#DHzNEiﬁES) Lol FMB3DRsol MF) .
qui nazol i n-4-one (29)

1I5r50éed|53rfe§'\ﬁ5t3h Eizd (1§9185'g 1% %% A -)° -and
MDAy 4N agetie @§1d8f40 m.). Purified
foll owed by

dSOJLQQ 3H) ; 7.S8-
calcd.
3.06;

clL,

422.0 (M+). Anal.
¢, 55.25;'1

55.13; H, 2

T
2y

.92;

2—(6-Aminopuriﬁ—Q—ylmethyl)—6—chloro—3—(2"
chlorophenyl) -3H-quinazolin-4-one

Prepared accord
Intermediate 2d (100 mg,
mg, 0.323 mmol), K,CO,

(1 mL). The crude produc

(45 mg,

~

ing to Procedure C

0.294 mmol),

using
(44
and DMF

adenine
0.323 mmol},

t was recrystallized from

EtOH to provide 50 mg of a yellow solid. (39%), mp

294 .5-294 .8°C
8.10 (4, J=2.2 Hz, 1H); 8
7.86 (dd, J=2.4, 8.8 Hz,
7.59-7.67 (m, 2H); 7.53
2H); 5.13 (d, J=17 Hz,
1H) .
'151.9, 150.1,
‘132.2,-131.9,
122.0, 118.4,

(decomposes

8,

145.5,
131.1,
44.9.

for C,,H,,C1,N,O
C, 54.72;

141

calcd.

Found: H, 2.87;

(d, J=8.7 Hz,

3C NMR (DMSO-d,) ppm:
.8,
130.9,
MS (ES}

c,

).
.05
1H) ;

'H NMR (DMSO-d,) &:
(s, 1H); 8.03 (s, 1H);
.75-7.82 (m, 2H);
1H); 7.22
4.95 (4, J=17 Hz,
159.7, 156.2, 152.9,
135.7, 133.1, 132.3,
'130.0,°129.4, 125.9,
: m/z 438.0
54.81; H, 2.99; N,
N, 22.18.

7
(br
1H) ;

Anal.
22.37.

{(M+) .



T.64 (m 3H) ; 7.41 (d, J=7.4
J=12 Hz, 1H) 2.74 (s, 3H. M
8- Chl or o- R sh gygonet hyl

chl or oacet yl
Purified. by
tallization from.isopropano
1H NWR (CDC13) 5: 8.23 (dd,

1H); 7.61- 7CCﬁﬁac(1.fﬂd bH00%. 51-
(d, J=12 Hz, 1
01/ 81346 PCH

3- Bi phenyl -
according to Procedure B with
chloride (1.5 ni, 18.6 muol)

J=1.4, 8.0 Hz,

4.12 (d, J=12 Hz, M5 (ES):
yﬁggpr;njggylmethyl) ~3-(2-chlorophenyl) -5-
Ziom cHi-viwigazdl B ohe?@®§| - 3H- qui nazo- |in-4-one (2i) Prepared
6.20 mmol ) and chl or oacet yl

4.40 (d, J=12 He,
mz 319.0 (M)

Hz, 1U); 1H),

(Es)

(500 ng, 1.78 nmmol) and
in acetic acid (10 ).
foll owed by recrys-

4. 26-

("d,

-3-(2-chl or6phenyl ) -3H qui nazol i pchreNee1§:45. )
Prepared according to ProcedureB with |h
chloride (0.49 nL, 6.13 nmol)
extraction from aqueous K2CQO3,

to affarxb 448 ng of a vyellow solid (74%

1H); 7.90 (dd, J=1.4,
7.47 (t, J=8.0 Hz lH)
Mz 339.0 (M),

7.55 (n1 3H);
H)

i (2.0 g,

in acetic acid (30 nL). Purified by

7.8 Hz,
. 4.48
WO

chr omat ogr aphy in CH2@ﬂ?pdxﬂdmwmmbtﬁam@ctqs?a¢¢$duzetConSin9n1|sopropanm

R R I U
7.45-7.52 (mg2H). 6T 2dngk), SHCO, 89824, 08.66M mael))., aN8 DES) : nl

(M) 5= On| priyy2- chisQl

ORI 5 Qa0 W s kb QL P8ELLR4 18ne (21)

MeOH/CH,Cl, to provide 168 mg of an off-white solid

(64%),
(DMSO-d,) ©O:
3H) ;
(d, J=11 Hz,

J=17 Hz, 1H);
de¢) ppm: 160.8
155.8, 152.4,

J=11 Hz), 133.
123.8 (d, J=3.
110.2 (d, J=6.
Anal. calcd.
8.40; N,

N, 21.29.

(m,

1H) ;

0,

23.24.

Compound D-006

mp 159-172°C
8.10

7.57-7.71

' 7.30 (d, J=8.3 Hz,
4 .94
(d, J=264 Hz),
152 .4,
132.2,
6 Hz),
0 Hz),
for C,,H;5ClFN,O:
Found: C,

(gradually decomposes). 'H NMR
1H); 8.08 (s, 1H); 7.73-7.89
2H); 7.37-7.48 (m, 2H); 7.34
1H); 5.14 (d,
B3¢ NMR (DMSO-
(d, J=4.2 Hz),
142.1, 136.4 (4,
131.2, 130.9, 129.4,
114.5 (4, J=20 Hz),
MS (ES): m/z 422.0 (M+).
¢, 56.95; H, 3.1i; cCl,
54.62; H, 3.32; Cl, 9.40;

(s,
(m,
(d, J=17 Hz, 1H).
157.5
150.0, 1l4g.7,
132.1,
118.4,
44.9.

2-(6-Aminopurin-o-ylmethyl) -5~-chloro-3-(2-
chlorophenyl) -3H-quinazolin-4-one

Prepared according to Procedure C using

Intermediate 2f (300 mg, 0.883 mmol), adenine (131
mg, 0.972 mmol), K,CO; (134 mg, 0.972 mmol), and DMF
(4 mL) . The crude product was chromatographed in

MeOH/CH,C1l, and recrystallized from EtOH to provide

188 mg of a pale orange crystalline solid (49%), wp

.61-7.64

z 381.0



Prepared, according to Procedure Bwith 1; (750 ng, 2.88 nmmol) and

chl oroacetyl chloride (0.69 nlL, 863 nmmol) in acetic acid (15 n).

Purified W o1@is@nat ography in CH2C1l2, followed by recrystpdidisoigggison from
i sopropanol to afford 340 ng of a white solid (37%. 1H NWR (CDC13) 6:
7.69 (d, J=2.1 Hz, 1H); 7.68 (q, J=7.4 Hz, 1H); 7.54 (dd, J=2.2, 7.0 Hz,
1H); 7.35-7.47 (m 3H);-7.21-7.25 (m 1H); 4.27 (d, J=12 Hz, 1H); 4.11 (d,
J=12 Hz, 1H); 2.18 (s, 3H . M5 (ES)1mz-319.0 (M).

5- Chl oro- 2-chl oronet hyl - 3-(2' -fl uorophenyl ) -3H qui nazolin-4-one (2k)
Prepared accorsli hegp4®. PP ocetaresBowi shedk at12009¢) 3. 78I mmmt) and

chl or oacet yl ori.d 0. 90 , 11.3 1) jn tic id (20 rnL).

Purified bz (]%Pﬁf%f %&ﬁémﬁ,ﬁ%%«zéf@ "t-ggr‘gc}% o{sd’ Z@% g’ g?é?fp te WO

(s, 10 & T8 (de ac3 3 g am eh (o aTae eI 2ed (4, 3%, 0
s, 1 ; . - J=3. , : . , =3. , ; . , =3.

Hz, 1H):; 7.40-% 4gd(rf:f=%l—B;H7! 35%’7:’3@%% ?bﬂff; %H%-?:% Ay 1H): 4.35 (d,

J=12. Hz, 1H)g=A7 48z, (th) J=420kZ (a1Hr=1¥Ba&ES) gy . M B2A3RFRO (OMS0)--

5- Chl or o- 2- chl or onet hyl - 3- ( 2- met hoxyphenyl ) - 3H qui nazol i n-4-one (21)

Prepared acct diPR§t o Proceddr® B it P Y2 #g,1%0 44 nkb? )2 and

chi or oaeetyl1ghl of i tes (2, 213913, 2832 sMDL)oin, acebip,aghd 640 tnl).
Purified by chromat ograph in CH2Cl2, followed by recrystalli- zation from
i sopropanol t¥0aff ok’ 8¥4 #g°of: alpaté, 118.4, 117.7, 44.5. MS

(ES): m/z 438.0 (M+). Anal. calcd. for
' ChomsC1,N,000.1C,H.000.05H,0: C, 54.67; H, 3.11; C1,
15.98; N, 22.09. Found: C, 54.35; H, 3.00; C1,
15.82; N, 22.31.

Compound D-007

2- (6-Aminopurin-9-ylmethyl) -3- (2-chlcrophenyl) -5-
methyl-3H-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 2g (250 mg, 0.783 mmol), adenine (115
mg, 0.862 mmol), K,CO, (119 mg, 0.862 mmol), and DMF
(4 mL). The crude product was recrystallized from
EtOH to provide 93 mg of a pale yellow solid (28%),
mp 190.7-190.9°C. 'H NMR (DMSO-dy) &: 8.05 (=, 1H);
8.03 (g, 1H); 7.76-7.79 (m, 1H); 7.71-7.74 (m, 1H);
7.59-7.€7 (m, 1H); 7.34 (d, J=7.4 Hz, 1H); 7.28 (d,
J=8.2 Hz, 1H); 7.24 (br s, 2H); 5.07 (d, J=17 Hz,
1H); 4.92 (d, J=17 Hz, 1H); 2.73 (s, 3H). *3C NMR

- .(DMSO-d,) ppm: 161.1, 156.2, 152.8, 150.9, 150.1,
148.3, 141.9, 141.0, 134.6, 133.6, 132.2, 131.9,

- 131.3, 130.8,‘130.3,.129.3, 125.9, 119.1, 118.4,
44.8, 2z.8. MS (ES): m/z 418.1 (M+). Anal. calcd.
for C,,H,;,C1N,0eH,0: C, 57.87; H, 4.16; Cl, 8.13; N,



yel low solid (28%. 1H NVR (CDC13) 5: 7.55-7.74 (m 2H); 7.47-7.54 (m
dd, J=1.7, 7.8 Hz, 1H); 7.13 (dt, J=1.2', 7.7 Hz, 1H 7.08 (dd,

2H) ;
J=1.0,

(s,

Procedure Bwith im (500 ng, 1.59 mmol) and chl oroacetyl.

7.34 (

8wh himisdH) . 4.29 (d, J=12 Hz, 1H) ; 4,11 (d, J=le&rbéhi/ 13k

3.80

3H. M5' (ES) : mz 335.0 (M+). 2-Chloronmethyl-3- (2-'chlorophenyl)
-8-trifluoronethyl- 3H quinazolin-4-one (2m Prepared according

co

chloride (0. 38

m., 4.77 mol) in acetic acid (10" i+md2 Purified by recrystallization

fromisopropanol to afford 359 ng of a white crystalline solid (61%. 1H
NMR ( CDC13) 22I 48, 51Fc61ddd:Jc—*,1.©7.‘889 iz,31¢H; 81148(ds;JIm7.3 Hz, 1H); 7.65
(dd J=2.5, 5.6 Hz, H) 7.62 (d, J=3.9 Hz, 1H); 7.48-7.60 (m 3H) ;

.44 (d, 321?2%% . 4.12 (d, J=12 Hz, 1H) . M8 (ES) : mz 373.0 (M)

WD 01/81346 PCT/USOl/13315 - 125

2- Chl oronet h

Prepared ac

Purified by

i sopr opanol

5:

1H);

.92 (s,

ity (1758 YL lprdnPed Gedorafnd ?alb%%&e%e(ﬁsysm%z

- 3- (2 chl orophenyl ) - 3H benzo[ g] qui n- . azolin-4-one (2n)
IEH‘?H;F PHO&edure Bwith In (500 ng, 1.68 mml) and
chl prpacetylzﬂﬁ ﬂ?o;ﬁ@rﬁ@-&?”}lmétﬂ% ldnigrgoglis-acid (10 ).

1 oned y recrystalli- zation from

b a%ﬂ%g%:gp i Q:g%l gJﬁ]{1 brown sol i d (39% . 1H NWMR (CDC13)

1"); 8.29 (s, 1H) 881(d J=8.3, 1H):'.8.32 (d, J=8.3

Intermedlate 2h (100 mg, 0.294 mmol), adenine (44
mg, 0.324 mmol), K,CO, (45 mg, 0.324 mmol), and DMF
(1 mL). The crude product was chromatographed in
MeOH/CH,Cl, to provide 50 mg of a pale yellow solid
(39%), mp 273.3-273.5°C (discolors). *H NMR (DMSO-
de) O: 8.11 (dd, J=1.3, 8.0 Hz, 1H); 8.08 (=, 1H);
8.05 (s, 1H); 8.00 (dd, J=1.3, 7.8 Hz, 1H); 7.7
7.83 (m, 2H); 7.63-7.66 (m, 2H); 7.56 (t, J0=7.9 Hz,
1H); 7.21 (br &, 2H); 5.17 (d, J=17 Hz, 1H); 4.97
(d, J=17 Hz, 1H). *3C NMR (DMSO-d,) ppm: 160.2,
156.1, 152.8, 152.2, 150.2, 143.3, 142.0, 135.6,
133.1,.132.3, 131.9, 131.1,"131.0, 130.9, 125.4
128.4, 126.0, 122.5, 118.4, 45.0. MS (ES): m/z
438.0 (M+). Anal. caled. for
C,oH,,C1,N,0e0 . 1CH,000.6H,0(0.15XKC1l: ~ C, 52.09; H,
3.18; N, 21.15. Found: C, 51.85; H, 2.93; N, 21.01.

Compound D-009

2- (6-Aminopurin-9-ylmethyl) -3-biphenyl-2-yl-5-
chloro-3H-quinazolin-4-one -

Prepared according to Procedure C using
Intermediate 2i (400 mg, 1.05 mmol), adenine (155
mg, 1.15 mmol), K,CO, (159 mg, 1.15 mmol), and DMF (5

mL) . The crude product was recrystallized from EtOH

Hz,

355.0

1|'|)

-Hz,

(M)



2- 0hl or onet hyl - 3- (2-chl orophenyl )-7-.nitro-3H quin-' azolin-4-one (20)
Prepared according to Procedure Bwith lo (500 ng, 1.71 nmol) and

chl or oaceiywy m@s@ride (0.4:1. nL, 5.14 mmol) in acetic agc/sh? 15813 -
Purified by extraction from aqueous K2CO3. followed by two

chromat ographies in CH2C12 to afford 338 ng of a vyellowoil (56%. 1H NWR
(CDC13) C5.: 8.64 (d, J=2.2 Hz, 1H); 8.48 (d, J=8.8 Hz, 1H); 8.32 (dd,
J=2.2, 8.7 Hz, 1H); 7.66 (dd, J=2.5,1%,: 0. Hz, 1H); 7.52-7.59 (m 3H) ;
4.41 (d, J=12 Hz, 1H), 4.10 (d, J=12 Hz, 1H). M5 (ES) : m/z 350.0 (Mk).
. Acetic aci dc@Z-giberdaret byl m3-¢2-&hhiet ophesyl gi- 460%P; mp 299.9-

3 &d v o-gHinAzg! LGr Sl oester 4 3Rk rispar el ageordiag o Procedure. B
mol) in acejm)c, atigo (19, mMy) ; Ptlr5§l'¢d’7j;)y(ﬂ;{\0 04y 813461 PCH/ US01/43315 - 126

chromat ogr aphy i n_0-3% MeOH/ CH2C12, fol | owed by recrystallization from
i sopropanol %% afflor 0 598 Ry &7/ t hefacetht & 352Ba7e4éeé@h 3ystals (57%.

'H NMR (CDCGL3)4cH:28. O, (3?'51)3—@ 174H(d lh'&¢77H§2 fd);Jz8s8 (hiz, 1H);
7.60-7.66 (m 1H); 7.56 (dd, J=2 1Hj ; 51(tJ47Hz 2H) ;

7.50 (s, 1H)9=Y7 38 (dH J= 1’QCFEMR1#PM804<?1§>0&>RF@|, Jlri% iz 151%2 2.36 (s,

3H M (ES), 13’528361"5 dMHso 0, 149,0, 141.7, 140.2, 137.
2- Chl or orret hyl - 3-( 2-chi or &ﬁ?nyi) 6, 7-di fl uor o- 13I—I— qui nazolln 4-one (2Qq)

Prepared acc %ii‘hg 13 B oceture: BW\M%:I%PO 7. 130.1, 129.8,
129.5, 128.8, 128.6, 128.4, 127.1, 118.4, 117.6,

45.3. MS (ES): m/z 480.1 (M+). Anal. caled. for
C,.H,;,CIN,O: C, 65.07; H, 3.78; Cl, 7.39; N, 20.43.
Found: C, 64.77; H, 3.75; Cl, 7.43; N, 20.35.

Compound D-010

5-Chloro—2—(9H-purin-6-ylsﬁ1fanylmethyl)—3—o—tolyl-
3H-quinazolin-4-one :

Prepared according to Procedure C using
Intermediate 23 (200 mg, 0.626 mmol), 6-
mercaptopurine monohydrate (93 mg, 0.546 mmol), K,CO,
(95 mg, 0.689 mmol), and DMF (4 mL). The crude
product was recrystallized from EtOH to provide 125
mg of an off-white sclid (46%), mp 213.9°C. 'H NMR
(DMSO-d,) &: 13.53 (br s, 1H); 8.49 (s, 1H); 8.44
(s, 1H); 7.78 (t, J=7.9 Hz, 1H); 7.63 (d, J=8.2 Hz,
iH); 7.59 (d, J=7.7 Hz, 1H); 7.49 (d, J=6.9 Hz, 1H);
7.24-7.41 (m, 3H); 4.32-4.45 (m, 2H); 2.14 (s, 3H).
BC NMR (DMSO-d4) ppm: 158.9, 157.2, 154.2, 151.5,
149.7, 14°9.6, 143.5, 136.1, 135.9, 135.1, 133.2,
131.3, 130.3, 130.0, 129.9, 129.1, 127.6, 127.1,
117.8, 32.4, 17.5. MS (ES): m/z 438.0 (M+). Anal.
calcd. for C,H,,CINOS: C, 58.00; H, 3.48; Cl, 8.15;



(700 ng, 2.48 mmctl) and chl oroacetyl chloride (0.60 M., 7.43 mmol) in
acetic acid (12 nmL).- Purified by chromatography in CH2C12, foll owed by

recryst al Wogo1&atdeon fromisopropanol to afford 219 ngy of paldooMs31s
crystalline solid (26%. '"H NWR (CDC13) 6: 8.07 (dd, J=8.5, 9.7 Hz, 1H);
7.64 (dd, J=2.5, 5.6 Hz, iH; 7.60 (dd, J=3.5, 11 Hz, 1H); 7.55-(q, J=2.9
Hz, 3H); 7.52 (d, J=1.9 Hz, 1H"; 7.49-7.51 (m 1H); 4,36 (d, J=12 Hz,
1H), 4.06 (d, J=12 Hz, 1H. M5 (ES) 132z 341.0 (M) .

2- Chl or onet hyl - 3- (2- chl or ophenyl ) - 6-fl uor o-3H qui nazol i n-4-one (2r)

Pr epar ed accmrotimgaz,o Froresiur e wwd h ¢t 58(850 Hy, 33381 ompl ) and

chl or oacet yl or 0,77 9.63 mml) in acetic acid (15 nL).
Purified by8 Egstl al\i'tljo ?fg‘t)rﬁ'g‘%e%%s K2CO3, followed by chromatog- raphy in
Et OAc/ hexanes. A second chromat ography in acetone/ hexanes afforded 12'5 ng
of a white solid V\D 01/81346 PCT/USO1/ 13315 - 127 (12% . 1H NWR (CDC13)
5: 7.95 (dd,Coppeund P04y, 1H); 7.81 (dd, J=4.8, 9.0 Hz, 1H);.7.61-7.66

(m 1"') 751357C1(f%0é]3‘2(54fﬁ1@r$¥her1}|r'ﬂ) 7- 551{ erﬂ 8.6 Hz, 1H); 7.52
dd, J= 7 55w, 1 4.08 (d,
S =12 Hz 1H=5q“19’7\%ﬁ”r§%ﬂhyl’ 2‘2‘5’&‘ T\ﬁéﬂ)‘ %x% LE 10 ' Prepar atlHZ)n of PI gKb

I nhi bi tor Conpounds Corrpound D001

2-(6-Am nOpu“ n-9-yl maJ:I’ 21: (azcccct]:lr 1n<§he8y£>%69égﬁr¢ C using
Intermediate 2k (210 mg, 0.650 mmol), 6-mercapto-
purine monohydrate (122 mg, 0.715 mmol),  K,CO, (99
mg, 0.715 mmol), and DMF (4 mL). The crude product
was recrystallized from EtOH to provide 240 mg of an
off-white solid (84%), mp 244.0°C. 'H NMR {DMSO-dy)
&: 13.56 (br s, 1H); 8.50 (s, 1H); 8.45 (s, 1H);
7.81 (t, J=8.0 Hz, 1H); 7.74 (t, J=7.7 Hz, 1H); 7.67
(d, J=8.1 Hz, 1H); 7.62 (d, J=7.7 Hz, 1H); 7.46-7.55
(m, 1H); 7.29-7.42 (m, 2H); 4.47-4.59 (m, 2RH). C
NMR (DMSO-d,) ppm: 158.4, 157.3 (d, J=249 Hz),
156.4, 153.8, 151.0, 149.1, 143.2, 135.0, 132.9,
131.8 (d, J=8.0 Hz), 130.8, 129.9, 126.7, 125.3 (4,
J=3.5 Hz), 123.6 (d, J=13 Hz), 117.0, 116.2 (d, J=19
Hz), 31.7. MS (ES): m/z 439.0 (M+). BAnal. calcd.
for C,H,,C1FN,0S: C, 54.74; H, 2.76; Cl, 8.08; N,
"19.15; 8, 7.31. Found: C, 54.42; H, 2.88; Cl, 8§8.08;
N, 18.87; S, 7.08.



di met hoxy- 3H qui nazol i n-4-one Prepared according to Procedure C using
Internmediate 2a (200 ny, 0.546 mmol ), adenine (81 ny, 0.601 mmol), K2C03

(83 ng, Owefh/sizgsl ) , and DMF (4 nl). The crude product vksmeehayssallized
from ethanol (EtOH) to provide 164 ng of a beige solid (650-.), np

281. 5-282. 7C (deconposes) . 1H NWR (DMSO- d6) b: 8.06 (s, 1H) ; 8.04 (s,
1H) ;' 7.76-7.81 (m 1H); 7.70-7.76 (m 1H); 7.60-7.67 (m 2H); 7.45 (s,
1H) ; 7.22 (s, 2H) ; 6.90 (s, 1H ;-5908 (d, J=17 Hz, 1H ; 4.91. (d, J=17
Hz, 1H) ; 3.87 (s, 3H) : 3.87 (s, 3H). 13C NWR (DVBO-d6) ppm 159.9,
156. 2, 155. Lompgdind, DA6020, 149.7, 149..4, 143.0, 141.9, 133.7, 132.1,
131.9, 131.2, 130.8, 129.3, 118.4, 113.6, 108.4, 105.8, 56.5, 56 1, 44.7.
M (ES): nif 7 26 Amingmyrinndrylparhyl) orekdorg-8c(Ar080. 1C2HEO. 0. 05KJ :

C, 56.47;, HfBoppkenyl) s¥H-auingzgbinfdupde C, 56.54; H, 4.05; C,"7.77;
N, 20.55. WD 01/81346 PCT/US01/13315 - 128 Conpound D-002

2- (6- Am nopuri n-o-yl net hyl ) - 6- br ono- 3- ( 2-

chl or ophenyl) -, 3H qui nazepared- zpecofiepar ed Brooediing COUPI'LDQedure C using

| nt er nedi at . 2 ).~ adeni mmol ) , K2CO3
(40 ng, 0.2 n%rﬂ?@l%%ﬁ?l@%ﬂo%ﬁg @ﬁa%e pro uc’%2 §7r ecrystallized
from EtOH trggprovide dmohp, ok,C8n dbP- mhi t € .306i dmpd1%) andnpMa84. 2- 284. 7C

gdggoggosiigtérﬁJNMthe orﬁgg prod§0g4w£g rgc%ystggllzgg fr005 (s, 1H);

EtOH to provide 137 mg of a tan solid (50%), mp
295.6-295.8°C (decomposes). 'H NMR (DMSC-d,) O:

8.05 (s, 1H); 8.04 (s, 1H); 7.75 (t, J=7.6 Hz, 1H);
7.74 (¢, J=7.9 Hz, 1H); 7.62-7.69 {m, 1H); 7.61 (d,
J=7.6 Hz, 1H); 7.47-7.55 (m, 1H); 7.48 (d, J=7.8 Hz,
1H); 7.41 (d, J=8.0 Hz, 1H); 7.24 (br s, 2H); 5.19
(d, J=17 Hz, 1H); 5.03 (4, J=17 Hz, 1H). *C NMR
(DMSO-d¢) ppm: 158.7, 157.6 (d, J=250 Hz), 156.2,
152.8, 1i52.4, 150.0; 149.2, 141.8, 135.4, 133.3,
132.5 (d, J=8.0 Hz), 131.0, 130.4, 127.3, 126.2 (4,
J=3.5 Hz), 123.1 (d, J=14 Hz), 118.4, 117.6, 117.2
(d, J=19 Hz), 45.1. MS (ES): m/z 422.0 (M+). Anal.
caled. for C,,H,,ClFN,00.05C,HO: C, 56.92; H, 3.16;
cl, 8.36; N, 23.12. ‘Found: C, 56.79; H, 3.20; CI,
8.46; N, 22.79.

Compound D-013

3-Biphenyl-2-yl-5-chloro-2- (9H~-purin~-6-ylsulfanyl-
methyl) -3H~-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 21 (400 mg, 1.05 mmol), 6-mercapto-
purine monohydrate (196 mg, 1.15 mmol), K,CO; (159
mg, 1.15 mmol), and DMF (5 mL). The crude product
was ch;omatographed in MeOH/CH,Cl, and subsequently



7.98 (dd, J=1.9, 8.6 Hz, 1H); '7.74-7.83 (m 2H); 7.59-7.68 (m 2H); 7.46
(d, J=8.7 Hz, 1H); 7.22 (s, 2H); 5.12 (d, J=17 Hz, 1H); 4.94 (d, J=17 Hz,

1H) . 13Gy\RsGBWBO d6) ppm 159.5, 156.2, 152.9, 152.0, pkaOushi1s. 8,
141.8, 138.4, 133.1, 1:32.2, 1.31.9, 131.1, 130.9, 130.1, 129.4, 128.9,

122. 4, 120.4, 118.4, 45.0. M5 (ES): mz 482.0 (Mt). Anal, calcd. for
C20H13C Br N7(90. 1KC1: C, 49.01; H, 2.67; d, 7.96; N, 20.00. Found: C
48.82; H, 2.82; d, 8.00; N, 19.79 L£yrpound D003

' 2- (6- Ami nopuri n-o-yl net hyl ) - 3- (2- chl or ophenyl ) - 7-

fl uoro-3H CIL!L'reEb?h_Z}BA:t'tafﬂ:]éh:@étﬁé £r & ok e0H aes op Bbnddé 04 B o ddf ea Goakéng

I nternmediate 2c. (100 0, 310 rmfh% adenine (46_. ng._0.340 mmol ) , K2CO3
(47 mg, 0.34(§ )ELY B 99 )(84I'F1}9 PRide2Pr Ottt - AaS recrystalli zed

from EtOH tygspvi der @mmwfscaaggal ge SQ|3I 35(45% 8, rrnH)gl@ 85217 2C. 1H
NVR (DMBO-d6) 5: 8.22 (dd, 1H) mﬁL 8.03 (s,
1H) ; '7.78-¥©80-W0 o%/‘éisﬁ%l P@ﬁ U561713é"15 J= 81%9HZ( H&H) -§461.7.64 (m

2H); 7.46 (dhi\héb]ﬂ ﬁ&G 1) ; iFﬁo 77532 &d 4ﬂF9 B k. 71k (m7.22 . (s,
2H),; 5.13 (d,  J=17 1H) ; 5 (d, I—% 13C NVR éDI\/SO d6)
ppm 166.1 (¥l a —"25%35%)38 159; 65H>15548411§@ 5J 1q49z7 14hg &-{8, J=14 Hz),

141.4, 132.8;3133-Bs @31. fr) 1308, ykRO. gMg-,ggda) (EgpmJ =14l 4iz) 129.0, 118.1,
117. 4, 116.2 (d J=24 Hz), 112 7 (d, J—2 . E’S) : mz 422, 0
(M . Anal. ¥alc®. 153.7, 151.5, 149.7, 149. 3 '143.5, 139

137.8, 135.1, 134.1, 133.3, 131.5, 130.5, 130.3,

130.1, 129.1, 128.9, 128.4, 128.4, 126.9, 117.5,

32.3. MS (ES): m/z 497.0 (M+). Anal. calcd. for

C,eH,,CIN,OS: C, 62.84; H, 3.45; Cl, 7.13; N, 16.91;

S, 6.45. Found: C, 62.60; H, 3.47; Cl, 7.15; N,

16.65; S, 6.41.

Compound D-014

5-Chloro-3- (2-methoxyphenyl) -2- (9H-purin-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 21 (250 mg, 0.746 mmol), 6-mercapto-
purine monohydrate (140 mg, 0.821 mmol), K,CO; (113
mg, 0.821 mmol), and DMF (4 mL). The crude product
was recrystallized from EtOH to provide 254 mg of an
off-white solid (76%), mp 237.0°C (dec; discolors at
154.6°C). 'H NMR (DMSO-d,) &: 13.53 (br s, 1H);
8.52 (s, 1H); 8.45 (s, 1H); 7.78 (t, J=7.9 Hz, 1lH);
7.64 (d, J=8.0 Hz, 1H); 7.59 (d, J=7.7 Hz, 1H); 7.48
(d, J=7.3 Hz, 1H); 7.42 (t, JI=7.7 Hz, 1H); 7.15 (4,
J=8.2 Hz, 1H); 7.03 (t, J=7.5 Hz, 1H); 4.45 (s, 2H);
3.76 (s, 3H). C NMR (DMSO-d¢) ppm: 158.9, 157.1,
154.8, 154.7, 151.5, 145.6, 143.6, 135.1, 133.2,
131.3, 130.4, 130.0, 127.0, 124.8, 121.2, 117.8,



for C20H13C1FN700. 1H20 (O . 15KC1 : C, 55.25; ' H, 3.06; d, 9.38; N,
22.55. Found: C, 55.13; H 2.92; d, 9.12; N, 22.30. Conpound D004

2- (16- Am n@jLg1iss- yI et hyl ) - 6- chl or o- 3- ( 2- _ PCT/US01/13315

chl or ophenyl ) - 3H qui nazol i n-4-one Prepared according to Procedure C using
Internediate 2d (100 ng, 0.294 nmol ), adenine (44 ng, 0.323 nmmol) , K2CO03
(45 ng, 0. 323 mmol) , and DM (1 nlL). The crude product was rectystall
zed from EtCOHto provide 50 ng of-aiyellow solid (39%, np 294.5-294.8C
(deconposes). 1H NWR (DVBO-d5) 5: 8.10 (d, J=2.2 Hz, 1H); 8.05 (s, 1H);
8.03 (s, 1H)112 77865$d11 I=z204, Bs8(ER) : liyz 457507.(R2) (mAalai)L 7.59-7.67

2H): 7.53 (d, J= . 7.22 5.13 (d, J=17 Hz, 1H):
(m95 (sz J= 1‘%‘5‘1(% Eﬁlﬁ C@%@C@%( %%51 %E%O!ﬁ:%%l 5235% 1352 9, K

" 151. 9, 150. Il 4457 p,c1418 80713k, 718138; 1g, 18298. @aana, , £31.9, 131.1,
130.9, ' 130. 0, 129. 4, 125.9, 122.0, 118 4 44.9. B _(ES): nfz 438.0 (M
Anal . cal c®5 o7 GROHLSEioNGD: €952 ¥1; 11:82/98; R 832.37. Found: C
54.72; H, 2.87; N, 22.18. WO 01/81346 PCT/US01/13315 - 130 Conpound D- 005
2- (6- Am nopurin-9-yl net hyl ) - 3- (2-chl or ophenyl ) - 5-

f | uor o- 3H qUY PIERDTRG - B= Qﬂvax'% Prepared according to Procedure C using

| nt er medi at Zgzjfg)p P%%; 9-?3?&-210::8959'(9ﬁ-£>83_1nr—rg=-y9—681 nmmol ) , K2CO3

(94 ng, O.68 -3H-quinazolin-4-one .
‘Prepared according to Procedure C using

Intermediate 2e (200 mg, 0.619 mmol), 6é-mercapto-
purine monohydrate (116 mg, 0.681 mmol), K,CO, (94
mg, 0.681 mmol), and DMF (5 mL). The crude product
was recrystallized from EtOH to provide 152 mg of a
white solid (56%), mp 222.7-223.8°C (discolors). 'H
NMR (DMSO-d4) &: 13.56 (br s, 1H); 8.48 (s, 1H);
8.44 (s, 1H); 7.89 (dt, J=5.6, 8.1 Hz, 1H); 7.76
(dd, J=1.6, 7.3 Hz, 1H); 7.67 (d, J=7.4 Hz, 1H);
7.56 (d, J=8.1 Hz, 1H); 7.47 (t, J=7.1 Hz, 1H),
7.41-7.53 (m, 2H); 7.37 (dd, J=8.7, 11 Hz, 1H);
4.38-4.52 (m, 2H). C NMR (DMSO-d4) ppm: 160.9 (4,
J=264 Hz), 157.6, 156.8, 154.1, 151.5, 149.6, 149.0,
143.6, 136.4 (d, J=11 Hz), 133.9, 132.2, 131.7,
131.6, 130.5, 130.2, 128.8, 123.6, 114.4 (d, J=20
Hz), 110.2, 32.0. MS (ES): m/z 439.0 (M+). Anal.
calcd. for C,,H,,C1FN,0Se0.5C,H,0: C, 54.61; H, 3.27;
cl, 7.68; N, 18.19; S, 6.94. Found: C, 54.37; H,
3.26; Cl1, 7.89; N, 18.26; 8, 6.55.



(4 mL). The crude product was chromatographed in MOH CH2Cl12 to provide
168 ng of an off-white solid (64%, np 159-172C (gradual |y deconposes)

IH NWVR  (Wdfsds 6: 8.10 (s, 1H) ; 8.08 (s, 1H) ; ' 7.73- pGPsoimszisH) ;
7.57-7.71 (m 2H); 7.37-7.48 (m 2H); 7.34 (d, J=11 Hz, 1H); 7.30 (d,
J=8.3 Hz, 1H);. 5.14 (d, J=17 Hz, 1H) ; 4.94 (d, J=17 Hz, 1H) . 13C NMR
(DVMBO d6) ppm 160.8 (d, J=264 Hz), 157.5 (d, J=4.2 Hz), 155.8, 152.4,
152.4, 150.0, 148.7, 142.1, 136.4 (d:13¢8)=11 Hz), 133.0, 132.2, 132.1,
131.2, 130.9, 129.4, 123.8 (d, J=3.6 Hz), 118.4, 114.5 (d, J=20 Hz),
110.2 (d, ‘kdbﬁbdﬁﬁd #4006 NB (ES) ; niz 422 0 (Mt). Anal. calcd. for
C20H13C1FN70:; 56. 95; H, 23.24. Found: C, 54.62; H,
3.32, d, 9%0(2'%1%0%%%@6%@@6%“3’ - (3n purin-a-

2- ( 6- Ami nopurisnlsEanyereliryl b- 3B htwipagof fn-4-one

chl or ophenyl ) - 3H qui nazol i n-4--one Prepared according to Procedure C using
Internmediate 2f (300 ny, 0.883 mol), adenine (131 ng, 0.972 mmol) , K2CG3
(134 tng, 0.972 mol . )Prepade®Mrccondimy . tFhereraderpr 6dustngas

185 mg of & i B UROE croela 11 g oo ot (109377 ns VO bErbRaa0 |
PCT/USOl/13315ﬂ1kSNKMM%Wdr2ﬂ6 ore? m§1a®t5010mmméht BEfCQ@206B. 1H NMR
(EUS0-18) 008,000 S| B0%s e T fRe T Mgl 172 (0,
5.11 (d, was recrystallized from EtOH to prov1de 172 mg of an

off-white solid (65%), mp 160-180°C (gradually

decompoges) . *H NMR (DMSO-d;) &: 13.55 (br s, 1H);

8.49 (s, 1H); 8.44 (g, 1H); 7.72 (d, JT=6.9 Hz, 1H);

7.66 (d, J=6.9 Hz, 1H) 7.38-7.54 (m, 3H); 7.22 (s,

1H); 4.36-4.52 (m, 2H); 3.94 (s, 3H); 3.89 (s, 3H).

3C NMR (DMSO-d,) ppm: 160.1, 155.4, 151.5, 151.1,

149.4, 143.2, 134.6, 132.3, 131.6, 131.5, 130.4,

i28.7, 113.6, 108.4, 105.8, 56.5, 56.1, 32.0. MS

(ES): m/z 481.1 (M+). Anal. calcd. for

C,,H,,C1N,0,Se0.5C,H.0e0.05KCl: C, 54.41; H, 3.97; C1,

7.33; N, 16.55; 8, 6.32. Found: C, 54.43; H, 3.94;

Cl, 7.69; N, 16.69; S8, 6.52.

Compound D-017

6-Bromo-3- (2-chlorophenyl) -2~ (9H-purin-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 2b (200 mg, 0.519 mmol), 6-mercapto-
purine monohydrate (97 mg, 0.570 mmol), K,CO; (79 mg,
0.572 mmol), and DMF (5 mL). The crude product was
recrystallized from EtOH to provide 123 mg of an
off-white solid (47%), mp 212-242°C (gradually
decomposes) . 'H NMR (DMSO-d;) &: 13.07 (br s, 1H);



J=17 Hz, 1H) ; 4'.93 (d, J=17 Hz, 1H). 13C NMR (DMBO- d6) ppm 158.5,
156.2, 152.9, 152.2, 150.1, 149.2, 141.8, 135.4, 133.3, 133.2, 132.1,

132.0, 13§o1/81330- 9, 130.4, 129.4, 127.3, 118.4, 11.7.7, 1,{41\,&01,1}@15(5)
mz 438.0 (I\/Hrﬁ Anal . calcd. for C20H13C12N70 O . 1C2H60’ 05H20: C,

54.67;* H 3.11; d, 15.98; N, 22.09. Found: C, 54.35; H, 3.00, a,
15.82; N, 22.31. Compound D-007 2 - (6 -Am nopurin- 9 -ylnethyl) - 3 (2 -
chl oropherivl) - 5 - nethyl-3H qui nazold n- 4-one Prepared according to
Procedure C using Internediate 2g (250 ng, 0.783 mml), adenine (116 ny,

0.862 mml ) 5 4&0B (1H)9; @, 4. 862 P! )s. 2@nddpl\@==z(él wt) The, crude
product was recrystal lized '"fromEtOH to provid of a pale yellow

93
solid (280),8- Orﬁpd@oJF%gb 9%71III—FNW{)(DI\/FSCY@6(;‘1% %—659(5 ‘4H) : 8.03

(s, 1H); 7. @7 189 { n‘) ﬂd") a JJé 7 ﬁéf (i@l) 1"*);667(c§9 3:@71(1@@: 1H); 7.34
(d, J=7.4 Hz, '1H): dicg % .75 07 (d, J=17
He, 1H) ; 452 7d51J =49 2T = m 72971?32(31HBH)7 @C‘F\Iﬁ/RJbe%OdG) ppm

161.1, 156.2; 91—5}?2 BadpD: £,4750s 1, ouil 38 B¢ i QDMééldo)’ ggt: 6, 1336,
132.2,'131.9, " 1371.3, 130.8, 30. 3, 129.3, 125.9,119. , 118.4, 44.8,

22.8. M5 (ES)59ml7z: 416 18(M+§3 @nal 51 ¢l cH6 - 1orl@1§1 6E1R7OH20: C, 57.87;
E7 ;1816H 319 13; 1'\52\’%7 %?%“ %ggépsﬁé.lé”?lﬁo.liz 23949, Found: C,
128. 9 128.8, 122.2, 120.3, 32.0. MS (ES): m/z
499.0 (M+). Anal. calcd. for
C,oH,,C1BrN,0Se0.2C,H000.05KCl: C, 47.79; H, 2.59; N,
16.39; S, 6.25. Found: C, 47.56; H, 2.54; N, 16.25;

S, 6.58.

Compound D-018

3-(2-Chlorophenyl) - (9H-purin-6-ylsulfanylmethyl) -
trifluoromethyl-3H-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 2m (200 mg, 0.536 mmol), 6-mercapto-
purine monohydrate (100 mg, 0.588 mmol), K,CO; (82
mg, 0.593 mmol), and DMF (4 mL). The crude product
was recrystallized from EtOH to provide 148 mg of a
white solid (56%), mp 218.5-219.4°C. 'H NMR (DMSO-
de) O: 13.52 (br s, 1H); 8.48 (g, 1H); 8.44 (s,
1H); 8.43 (4, J=6.0 Hz, 1H); 8.26 (d, J=7.5 Hz, 1H);
7.84 (dd, J=2.5, 6.7 Hz, 1H); 7.70-7.75 (m, 2H);
7.51-7.59 (m, 2H); 4.40-4.55 (m, 2H). C NMR (DMSO-
d,) ppm: 160.0, 157.2, 154.2, 151.4, 149.6, 144.4,
143.4, 133.8, 133.0 (g, J=5.1 Hz), 132.0, 131.9,
131.6, 131.4, 130.6, 129.0, 127.3, 125.2 (g, J=30
Hz), 123.6 (g, J=273 Hz), 121.8, 32.6. MS (ES): m/z
489.0 (M+). Anal. calcd. for C,;H;,C1F;N,OS: C,



Compound D-008 2- (6-Am nopurin'-9-ylmethyl) -8-chloro-3- (2-

chl or ophenyl ) - 34 qui nazol i n-4-one Prepared according to Procedure C using
I nt er medi @ig18#34100 ng, 0.294 mmol ), adenine (44 ng, 0. 3¢4/wRmhizis K2CO3
(45 nmg, 0.324 mmol), and DMV (1 nL). The crude product was chronat ographed
in MOH CH2C12 to provide 50 ng of a pale yellow solid (39%, np

273. 3-273.5C (discolors). 1H NWR (DVMSO- d6) 5: 8.11 (dd, J=1.3, 8.0 Hz,
1H); 8.08 (s, 1H); 8.05 (s, 1H ; 8.0p(dd, J=.1.3, 7.8 Hz, 1H) ; 7.79-
7.83 (m 2H) ; 7.63-7.66 (m 2H) ; 7.56 (t, J=7.9 Hz, 1H); 7.21 (br s,
2H); 5.17 (b1 X7 iz, 2 aH) ;c4, 97. 244, N)=17. Hz; dH) 6.38C NMRuf®DMSO d6) ppm
160.2, 156.1, 152.8, 152.2 15Q12, 143.%ﬁ 142'05.1§5'§’ 133.1,.132. 3,
131.9, 131. L1 ¢Lladh - 320,91, 12874 N2k 09°129:5°-448.4, 45.0. M5
(ES): mz 438.0 (M. Anal. calcd. for C20H13C12N7Q0 . 1CH40.0 . 6H20 (O .
15KC1 : ' C,_52.09; H 3.18; N, 21.15. Found: C, 51.85; H, 2.93; N, 21.01.
Conmpound D- 68RRYwEd AN Wbdur i n- 9- yI net hyl ) - 3- bi phenyl - 2-y| - 5-

chl or o- 3H quj NaZ. Qi =4~ epa _ dir usi ng

S o A LU S LR Y o
(159 ny, 1.1 ol ! % 45 ). The crude product was recrystallized
fromEtOH WO 01/81346 PCT/US01/ 13315 - 133 to provide 344 ng of a white
solid (680), np 299.9-

I

Prepared according to Procedure C using
Intermediate 2n (200 mg, 0.563 mmol), 6-mercapto-
purine monohydrate (105 mg, 0.619 mmol), K,CO, (86
mg, 0.619 mmol), and DMF (4 mL). The crude product
was recrystallized from EtOH to provide 128 mg of a
dark yellow solid (48%), mp 247.8-254.4°C (decom-
poses). 'H NMR (DMSO-d,) &: 13.56 (br s, 1H); 8.90
(s, 1H); 8.50 (s, 1H); 8.46 (s, 1H); 8.34 (s, 1H);
8.27 (d, J=8.2 Hz, 1H); 8.16 (d, J=8.2 Hz, 1H); 7.81
(dd, J=1.6, 7.3 Hz, 1H); 7.70 (t, J=7.5 Hz, 1H);
7.61-7.74 (m, 2H); 7.49 (t, J=7.5 Hz, 1H); 7.44-7.53
(m, 1H); 4.44-4.56 (m, 2H). C NMR (DMSO-d4) ppm:
161.3, 151.6, 151.5, 143.9, 142.2, 136.7, 134.4,
132.5, 131.8, 131.6, 130.5, 129.7, 129.3, 128.8,
128.6, 128.3, 128.3, 127.1, 125.2, 119.5, 32.4. MS
(ES): m/z 471.0 (M+). Anal. caled. for
C,,H,;C1N,0Se0.2C,H0e0.05KC1l: C, 60.57; H, 3.37; C1,
7.69; N, 17.37; S, 6.63. Found: C, 60.24; H, 3.46;
Cl, 7.50; N, 17.34; S, 6.69.



300. 1C (discolors). "H NVR (DVMSO-d6) 5: 8.08 (s, 1H); 7.89 (s, 1H);
7.58-7.73 (m 5H); 7.51 (d, J=7.9 Hz, 1H) ; 7.46 (d, J=7.5 Hz, 2H) ;
7.27-7. A0wooys3sds ; 7.14-7.27 (m 3H); 5.14 (d, J=17 Hz, pbfysoda$8ids (
J=17 Hz, 1H). 13C NWR (DWBO-d6) ppm 159.6, 156.2, 152.8, 152.5, 150.0,
149.0, 141.7, 140.2, 137.7, 135.0, 133.3, 133.2, 131.8, 130.7, 130.1,
129.8, 129.5, 128.8, 128.6, 1.28.4, 127.1, 118.4, 117.6; 45.3. M5 (ES):
mz 480.1 (M+). Anal. calcd. for Q6HIBCIN/O: C, 65.07; H 3.78;, d, 7.39;
N, 20.43. Found: C, 64.77; H 3.75; d, 7.43; N, 20.35. Conpound D010
S5- Chl or 0- 2- (Chypeund-B-§26ul f anyl met hyl ) - 3-o-tol yl - 3H qui nazol i n-4-one
Prepared according to_ Pr ocedure C usin Internmediate 2] (200 ny, 0.626
mol ), 6- metca@ptopRr né? nohbpyerReRyt 832 SHoPYAETFAOKYL . K, 03 (95 ny,
0.689 mml ), S%@Wfﬁh}’r{) 3%@%%%1@11@ deB€ was recrystal lized from
EtOH to provide 125 ng of an off-white solid (46%, np 213.9C. '"H NMR
(DVBO-d6) 5: 13.53 (br s, 1H) ; 8.49 (s, 1H) ; 8.44 (s, 1H); 7.78 (t,
J=7.9 Hz, 1H) 7.63 (dPrgesred Hegeconding 7o5Brodeduxg, ¢ HsingH) ; 7.49 (d,

‘IiINg (9DH|sto d6 n%%#e%%%g%“%%gi %§F%%44%3g81g1é@°i 4%%”%3%%8(814??3 13201

135.9, 135. IpunB3: 2pondBdBatd 30189 1wSP. 0, 6489m@p1]129KIG0,12A206, 127. 1,

G 1 saanead € Pt bR 5 Jad B s 1M L B0P6muBR et PalSt 15515

was recrystallized from EtOH to provide 113 mg of a

vellow crystalline solid (42%), mp 237.1-238.2°C
(decomposes) . M NMR (DMSO-d,) d: 13.55 (br g, 1H);
8.48 (s, 1H); 8.4% (s, 1H); 8.11 (s, 1H); 7.94 (d,
J=8.3 Hz, 1H); 7.78 (d, J=8.1 Hz, 2H); 7.66 (d,
J=6.7 Hz, 1H); 7.48-7.56 (m, 2H); 4.48 (s, 2H). *1C
NMR (DMSO-ds) ppm: 159.8, 156.8, 153.5, 151.5,
145.6, 145.8, 143.6, 135.7, 134.0, 132.2, 132.1,
i31.7, 131.5, 130.5, 130.2, 129.8, 128.8, 125.8,
121.9, 32.0. MS (ES): m/z 455.0 (M+). Anal. calcd.
for C,.H,,C1,N,0Se0.1C,H,000.6H,0(0.15KCl: C, 50.34; H,
2.89; Cl, 15.82; N, 17.44; S, 6.65. Found: C,
50.02; H, 2.63; Cl, 15.51; N, 17.39; S, 6.81.

Compound D-021

8-Chloro-3- (2-chlorophenyl) -2- (9H-purin-6-yl-
sulfanylmethyl) -3H~-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 2h (200 mg, 0.589 mmol), 6-mercapto-
purine monohydrate k124 mg, 0.726 mmol), K,CO; (100
mg, 0.726 mmol), and DMF (4 mL). The crude product
was recrystallized from EtOH to provide 202 mg of a
white solid (75%), mp 211.9-212.7° (decomposes). 'H
NMR (DMSO-d,) ©: 13.54 (br s, 1H); 8.47 (s, 1H);



- 134 N, 19.32; S, 7.37. Found: C, 58.05; H 3.38; d, 8.89; N 18.38; S
7.00. Compound D-011 5-Chloro-3-(2-fluorophenyl)-2-(9H purin-6-yl -

sul f anyl matdwilghs4dH qui nazol i n-4-one Prepared accordi ng t o pernageduskas C usi ng
Internediate 2k (210 ng, 0.650 mml), 6-nercapto-- purine nonohydrate (122

ng, 0.715 mol), K2C03 (99 ng, 0.715 mml), and DVF (4 nL).. The crude
product was recrystallized fromEOH to provide 240 ng of an off-white
solid (84%, nmp 244.0C. 1H NWVR (DMSOWH) -b: 13.56 (br s, 1H); 8.50 (s,
1H); 8.45 (s, 1H); 7.81 (t, J=8.0 Hz, 1H) ; 7.74 (t, J=7.7 Hz, 1H) ; 7.67
(d, J=8.1 HB.4ddH)(s,7.62) (dg.I=x7(d, Hzz7 1¥)H=z /. 4B} 7. 8507 ( e, 15'-&7 67.29-7.42

m 2 ;4474 9 13C O - d6 58.4,.157.3 (d,
\(J:249H)Hz) 1&??3&%%1% 1%%?1(% 9 %égl?g] %32 Z131. 8((d,
J=8.0 Hz), h&@ 8'7&29 Q; 126779 H2p. BHXﬂ 7. 423755&EXm,123 4d52J=13 Hz),

117.0, 116.2 (d, J 19 12;, SiP I\/g Esg m z 439 0 Anal . cal cd.
for C20H12C YR (DM507¢s) @@pmy k50 £g - 11. 1%: s 7.31. Found:

C, 54.42; H:u238£, £§1 § OBio. N, 18384, £3577Q813¥[b01481346 PCT/ US01/ 13315
- 135 Corrpound D- 012 -( - Ami nopuri n- 9- Imsthak/la?3 5-chl oro- 3-(2-

f 1 uor opheny! 33 B8 qui Wazdl i B2 4-bnel PY epartti® adcotdPng- t 62Prdcedure C using

126.1, 122.4, 32.5. MS (ES): m/z 455.0 (M+). Anal.
calcd. for C,H,,C1,NOS: C, 52.76; H, 2.66; CL,
15.57; N, 18.46; S, 7.04. Found: C, 52.65; H, 2.79;
cl, 15.32; N, 18.47; S, 7.18.

Compound D-022

3—(2-Chlorophenyl)—7-fluoro—2-(9H-purin—6—yl-
sulfanylmethyl) -3H-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 2c¢ (200 mg, 0.619 mmol), 6-mercapto-
purine monohydrate (116 mg, 0.681 mmol), K,CO; (95
mg, 0.687 mmol), and DMF (4 mL). The crude product
was recrystallized from EtOH to provide 143 mg of a
white crystalline solid (53%), mp 151.4-154.2°C
(discolors). 'H NMR (DMSO-d,) d: 13.55 (br s, 1H);
8.48 (s, 1H); 8.44 (s, 1H); 8.23 (dd, J=6.3, 8.7 Hz,
1H); 7.77 (dd, Jd=1.7, 7.4 Hz, 1H); 7.64 (4, J=7.4
Hz, 1H); 7.57 (d, J=9.8 Hz, 1H); 7.45-7.52 (m, 3H);
4.48 (s, 2H). 3C NMR (DMSO-d4) ppm: 169.0 (d,
J=253 Hz), 162.6, 159.3, 157.0, 154.0, 152.2, 151.7
(d, J=13 Hz), 146.1, 136.5, 134.7, 134.2, 134.0,
133.0, 132.6 (4, J=11 Hz), 131.3, 120.2, 118.9 (d,
J=24 Hz), 115.3 (d, J=22 Hz), 34.6. MS (ES): m/z
439.0 (M+). Anal. calcd. for C,H,,Cl1FN.0S®0.4-
C,H,0e0.4H,0(0.15KC1: C, 52.52; H, 3.22; Cl, 8.57;



I nternediate 2k (210 ng, 0.650 mml ), adenine (97 ng, 0. 715 mmvol) , K2CO3
(99 ng, 0. 715 mmol) , and DM (4 nlL). The crude product was

recryst al Wozagii4som EtOH to provide 137 My of a tan sol i e &dihz318P
295. 6- 295. 8C (deconposes). 1H NVR (DVBO-d6) 5: 8.05 (s, 1H) ; 8.04 (s, 1H)

. 7.75 (t, J=7.6 Hz, 1H) : 7.74 (t, J=7.9 Hz, 1H) : 7.62-7.69 (m 1H) :
7.61 (d, J=7.6 Hz, 1H) : 7.47-7.55 (m 1H) : 7.48 (d, J=7.8 Hz, 1H); 7.41
(d, J=8.0 Hz, 1H); 7.24 (br s,'2H);- 549 - (d, J=17 Hz, 1H); 5.03 (d, J=17
Hz. 1H). '-3C NVR (DVBO-d6) ppm 158.7, 157.6 (d, J=250 HQ 156.2, 152.8,
152. 4, 150.Qy, 1#8.Q; . 14do@ad 135, 452 188; 34, 13215 €Y, 9=800 i), 131.0,

130. 4, 127. 3 12v2 (d, J=3.5 Hz), 123.1 (d, J=14 Hz), 118.4, 117.6, 117.2
(d, J=19 Hz) 7451, M (ES): mlz 422.0 (M). Anal. calcd. for

C20H13C FN700. 05C2H60 C, 56.92; H 3.16; d, 8.36; N, 23.12. 'Found: C,
56.79; H 3.20; d, 46 N, 22.709. COITpOUI’ld D- 013

3- Bi phenyl - ZC‘EH‘P@%‘F]I]BTQ)Z - (9H puri n-6-yl sul fanyl -

net hyl ) - 3H i pa 45008y T d gcgo 8i:ngu 1 9 PEogedure C using
I nt er medi at e, 2 f% iﬁ% . ai‘ - lz ag § %urlfr}le nonohydrate (196
ng, 1.15 ot j} ¥L)9 , and DVF (5 nlL). The crude

product was chromat ographed |n IVEO—V CI—|2C12 and subsequently WO 01/81346

PCT/ US01/ 13315 - 136 _recr allized. from ELOH t L OMi 439 ng of a pale
yel l ow crystalline sol |16Ie]?%%/a% acco“égﬁn% g](i %cegug ¥ 8143

Intermediate 20 (216 mg, 0.617 mmol) 6-mercapto-
purine monohydrate (116 mg, 0.681 mmol), K,CO, (94
mg, 0.680 mmol), and DMF (4 mL). The crude product
was recrystallized from EtOH to provide 212 mg of a
yvellow crystalline solid (74%), mp 218.0-218.3°C
(decompoges) . 'H NMR (DMSO-d,) &: 13.56 (br s, 1H);
8.49 (s, 1H); 8.42 (s, 1H); 8.38-8.45 (m, 2H); 8.31
(d, J=8.4 Hz, 1H); 7.81 (4, Jd=6.5 Hz, 1H); 7.68 (d,
J=6.7 Hz, 1H); 7.43-7.58 (m, 2H); 4.53 (8, 2H). 1C
NMR (DMSO—dﬁ) ppm: 157.7, 154.4, 153.3, 149.8,
149.3, 147.6, 145.2, 141.4, 131.5, 129.8, 129.7,
129.2, 128.4, 127.1, 126.7, 122.7, 120.3, 119.4,
29.9. MS (ES): m/z 466.0 (M+). Anal. calcd. for
C,oH,,C1N,0,500.4C,H0e0.05KCl: C, 51.19; H, 2.97; CIl,
7.63; N, 20.09; S, 6.57. PFound: C, 51.27; H, 2.88;
Cl, 7.40; N, 20.04; S, 6.52.

Compound D-024

3-(2-Chlorophenyl) -6-hydroxy-2- (9H-purin-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 2p (200 mg, 0.552 mmol), 6-mercapto-
purine monohydrate (117 mg, 0.685 mmol), K,CO; (95
mg, 0.687 mmol), and DMF (4 mL). The crude product



(dec) . "H NWR (DMSO-d6) d: 13.56 (br s, 1H) ; 8.55 (s, 1H); 8.45 (s, 1H)
7.73 (t, J=8.0 Hz, 1H); 7.64 (d, J=7.7 Hz, 1H); 7.50-7.59 (m 4H);
7.41-7. A8wOW1/8134d) ; 7.25-7.38 (m 5H); 4.41 (d, J=16 Hz, ¥Pdruhiissis(d,
J=16 Hz, 1H). 13C NWR (DMVMBO-d6) ppm 160.2, 157.0, 153.7, 151.5, 149.7,

149.3, 143.5. 139.9,

137.8, 135.1,

134.1, 133.3, 131.5, 130.5, 130.3,

130.1, 129.1, 128.9, 128.4, 128.4, 126.9, 117.5, 32.3. M5 (ES): mz 497.0
(Mt). Anal. calcd. for C26H17CLN6OS:143 62.84; H, 3.45; d, 7.13; N,
16.91; S, 6.45. Found: C, 62.60; H 3.47; d, 7.15; N, 16.65; S, 6.41.

Conpound DO,aaas zﬁe@‘tj@t{@}&:éadnﬁ&awp@enyd))pﬂo((%bpmiz nm&- ¥f-a

sulfanylnet
| nt er nedi ate

t3I—|— u}éazolln 4-o0ne

B. Bt ‘%‘BI?

d acc rding to Procedure C using
ehrercapred BAPARE: nofdhydrate (140

nmg, 0.821 mmhe),ad@@@ dd#3vave 0. 8121p<srﬁ@iam andc PMVE xﬁétaicialThe crude

pr oduct

solid (769, (3

13.53 (br

7.64 (d, J=8.0 Hz,

was recrz_és]talllzed fromEtCOH to

provi de 254
0% dRESPHRSRD| P s2 a1 X1 8YS 6DE)

,arid'{)aquecguézNéﬁco 1H)sa 8 . 45 1 Sar.)1HHa 7st718:1(éd
1H); 7.59 (d J=7."7 Hz, 1H); 7.48

off-white

Me(%% KR/R“T(Jszo d6) 5.
T

lH)
154. 8,

7.42 (t, J=7tor v hoyys. 7.Tme (ixtyes. ‘zawcomlﬁ»ntva’e@d(%n yaqug, Hz
4.45 (s, 2Hgyueghrd@d Sin JH.QOCITNNR QP8 410%80% 427 1,
154.7, 151.5. 149.6, 143. 155 ™38 2, 131.3, 130.4, 130.0, 127.0,

124.8, 121. 2119}117 8, Tiv \@11118613@61P@:W%O<1¢313@c15ed and dried to

103 mg (66%), mp 186-214°C (gradually decomposes) .

'H NMR (DMSO-d,) o: 8.48 (s, 1H); 8.45 (s, 1H); 7.71
(d, J=6.8 Hz, 1H); 7.62-7.64 (m, 2H); 7.43-7.51 (m,
2H); 7.40-7.43 (m, 1H); 7.35 (d, J=8.8 Hz, 1H);
4.39-4.52 (m, 2H). 3C NMR (DMSO-d,) ppm: 160.6,
157.1, 156.2, 151.4, 150.8, 149.3, 144.1, 140.2,
134.5, 132.2, 131.6, 131.4, 130.4, 129.3, 128.7,
124.8, 121.7, 109.8, 32.0. MS (ES): m/z 437.0 (M+).
Anal. calcd. for (2 C,H,,ClN,0,S0.1C,H0.6H,0: C,
49.68; H, 3.88; Cl, 7.26; N, 17.21; S, 6.57. Found:
C, 49.43; H, 3.62; C1, 7.32; N, 17.07; S, 6.58.

Compound D-025

5-Chloro-3- (2-chlorophenyl) -2- (9H-purin-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one

Prepared according to Procedure C using

Intermediate 2f (300 mg, 0.883 mmol), 6-mercapto-
purine monohydrate (165 mg, 0.972 mmol), K,CO, (134
mg, 0.972 mmol), and DMF (4 mL). The crude product

was recrystallized from EtOH to provide 341 mg of a

pale orange crystalline solid (85%), mp 233.7-

234.4°C (decomposes). 'H NMR (DMSO-d) ©: 13.58 (br
s, 1H); 8.50 (s, 1H); 8.47 (s, 1H); 7.77-7.85 (m,
2H); 7.68 (d, J=8.1 Hz, 2H); 7.65 (d, J=7.7 Hz, 1H);



137 112.7, 56.1, 32.0. MS (ES):

C21H, 5C1N602S0. 15C2H600. 05KC1: C, 55. 43;

6. 95. FOUﬁQﬂn@mM655.49; H 3.68; d,
D- 015 3-(2-Chl or ophenyl)-5-fl uoro-2-(
sul fanyl net hyl ) - 3H qui nazol i n- 4- one
using Internediate 2e (200 ng, 0.619

mz 451.0 (M).

Anal . calcd. for

H 3.47; d, 8.07; N, 18.21;
7.95; N, 17.82; S, 6..83%yusoyasgaeound
9H- puri n- 6-yl -

Prepared according to Procedure C
nol ), 6- ner capt o-

81

puri ne nonohydrate

(116 ny, 0.681 mmol ), K2C03 (94 ny; 04%81 mmol ), and DMF (5 nmL). The crude
product was recrystallized fromECOH to provide 152 ng of a white solid
569 , rrp 227. 41 22358C(fdi zﬁbtoas;w 18, SWR.QDNBO- 46) .5: 38R (br s, 1H) ;
8.48 (s, 1H) t 6, 8 71. 76 (dd,
J=1.6, 7.3 kéDMSl(Z)é% (pé’f“ 15J87 '4911%9 81%{)15%378561%%%0 %ﬂ% Sty L 7,47
(t, J=7.1 Hz149H), 17343, 7153-4n112&01 713%.6dd133=8,71311 6Hz, FD
4.38-4.52 ( . o p 60. 9 6 157. 6,
156.8, 154. 213%%'. 5{%{{‘4%'!\/21&%{ o,gg?glgzafné?;l’lgﬁ.EtgL d° 'J3% OHz)hSlss. 9,

132.2, 131.7(ES181ImBz 486.5, (130. 2, rd
110.2, 32.0. 2-43 Mt

C20H12C1FN6C%%/5%?%§§E8 3 486155 28
Found: C, 5418758H,3, 362@3 CIFanSQ ch
PCT/ USO1/ 13315 , - 138 COnEound D-016

!

Compound D-026

28.8calda. 6foilémﬂhQﬂLNg 20 Hz),
Anal calfd for
Bi.3 683-RPi1¥:19; S, 6.94.

N, 518026 H$ 36355 cWO 01/ 81346

3-(2-Chlorophenyl) -5-methyl-2- (9H-purin-6-yl-

sulfanylmethyl) -3H-quinaz

Prepared accord
Intermediate 2g (300 mg,
purine monohydrate

1.03 mmol), and DMF (

mng,
was recrystallized from E
white crystalline solid (
(decomposesg) .
8.49 (s, 1H);
(d, J=7.3 Hz,
2H); 7.36

(s, 3H).
152.4, 151.5,
132.3, 131.7, 131.4, 130
119.0, 32.0, 22.8. MS (E
calcd. for C,H,.CIN.0Se0.6
4.13; Cl, 7.60; N, 18.01;
H, 3.96; Cl, 7.45; N, 17.

8.47 (s, 1H
1H) ; 7.55 (
(m, (d, J=6.9 H
2.74

148.6, 143.

(176 mg,

H NMR (DMSO-d.) &:

3C NMR (DMSO-d,) ppm:

.4,

olin-4-one

ing to Procedure C using
0.940 mmol),
1.03 mmol),
5 mL) .

6~mercapto-
K,CO, (142
The crude product
tOH to provide 324 mg of a
79%), mp 227.8-230.1°C
13.57
)i 7.69-7.78
d, J=7.9 Hz,
1H) ;

(br s, 1H);
2H); 7.66
7.39-7.52
4.38-4.50 (m, 2H);
161.2, 156.3,
141.0, 134.6, 134.5,
130.2, 128.7, 125.7,
S): m/z 435.0 (M+). Anal.
5C,H,0e0.1H,0: C, 57.40; H,
S, 6.87. Found: C, 57.11;
79; S, 6.90.

(m,
1H) ;

Z,

2,



3- (2- Chl or ophenyl ) -6, 7- di net hoxy- 2- (9H- puri n- 6-
yl sul f anyl nmet hyl ) - 3H qui nazol i n- 4-one Prepared according to Procedure C

usi ng In{oﬁf [te 2a (200 ng, 0.546 mmol ), 6-nmercapt o- hydr at e
(102 ny, G%Wmml) K2C03 (83 ny, 0.601 mmol ), and DWVF (f/liﬁk?)fﬂpﬂr e crude

product was recrystallized fromEOH to provide 172 ng of an off-white
solid (65%, np 160-180C (gradually deconposes). 1H NVR (DVBO d6) 5: 13.55
(br s, 1H) ; 8.49 (s, 1H ; 8.44 (s,144)-; 7.72 (d, J=6.9 Hz, 1H) ; 7.66
(d, J=6.9 Hz, 1H) 7.38-7.54 (m 3H); 7.22 (s, 1H) ; 4.36-4.52 (m 2H ;
3.94 (s, 3H)Com1?b1§:9d(]§+0§'ﬁ) 13C NWR (DVBSO-d6) ppm 160.1, 155.4, 151.5,
151.1, 149.4, "143.2, 134.6, 132.3, 131.6, 131.5, 130.4, 128.7, 113.6,

108. 4, 105. 8- 65-Chleeonherpl D- SNB-d(-ES)IOrm‘-% 48H - EUFW)G'KhaI . calcd. for
C22H17C1N6 O3Sl farCREEy 1) 03KSiuingzobind4-ohe 3.97; O, 7.33; N, 16.55;
S, 6.32. Found: C, 54.43; H 3.94; d, 7.69; N, 16.69; S, 6.52. Conpound
D-017 6-Bronp- 3-(2-chl orophenyl)-2-(9H purin-6-yl -

sul fanyl nmet hyl ) - 3H qui Rﬁépdaj:ed4aooer<ﬁ>iﬁ<patedPaoceddi:egCt osPngcedure C using

e oo o 20 200, 8y 8521900TRL) 0 SHIET 63810 kL pe paohycrat e (o7
product was puetid shahbhzadateonlEd Gyt oo peeyi dﬁolz;% ngagf @9 off-white
3918 (4790 P12 2020 0rodual L decamposer), (AL LONEE60) 5

wag recrystallized from EtOH to provide 143 mg of a

pale yellow crystalline solid (53%), mp 207.8°C

(discolors; sweats at 136(C). 'H NMR (DMSO-d,) O:

13.57 (br s, 1H); 8.49 (=, 1H); 8.46 (s, 1H); 8.11

(¢, J=9.4 Hz, 1H); 7.88 (dd, J=7.3, 11 Hz, 1H); 7.77

(dd, J=1.7, 7.3 Hz, 1H); 7.67 (d, J=7.4 Hz, 1H);

7.42-7.55 (m, 2H); 4.48 (s, 2H). '¥C NMR (DMSO-dy)

ppm: 159.5 (d, J=2.5 Hz), 154.6 (dd, J=14, 255 Hz),

154.0 (4, J=1.5 Hz), 151.5, 149.3 (dd, J=14, 250

Hz), 145.1 fd, J=12 Hz), 143.9, 133.9, 132.1, 131.8,

131.4, 130.5, 128.9, 118.0 (d, J=4.9 Hz), 115.8 (d,

J=18 Hz), 114.6 (d, J=20 Hz), 32.0. MS (ES): m/z

457.0 (M+). Anal. calcd. for C,H,,ClF,NOS: C,

52.58; H, 2.43; Cl, 7.76; N, 18.40; S, 7.02. Found:

¢, 51.81; H, 2.37; Cl, 7.49; N, 18.04; 8, 7.55.

Compound D-028

- (2-Chlorophenyl) -6-fluoro-2- (9H-purin~-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one

Prepared according to Procedure C using
Intermediate 2r (118 mg, 0.365 mmol), 6-mercapto-
purine monohydrate (68 mg, 0.402 mmol), K,CO, (56 mg,
0.402 mmol), and DMF (2 mL). The crude product was
recrystallized from EtOH to provide 103 mg of an



9 8.48 (s, 1H); 8.44 (s, 1H); 8.24 (d, J=2.3 Hz, 1H); 8.06 (dd,

.3, 8.7 Hz, 1H); 7.76 (dd, J=1.9, 7.4 Hz, 1H ; 7.70 (d, J=8.7 Hz, 1H)
.66 (dwolA®idseHz, 1H); 7.51 (dd, J=2.1, 7.9 Hz, 1H); BcABydodldss1d=1.9,
7.9 Hz, 1H) ; 4.47 (s, 2H) . 13C NWR (DMSO- d6) ppm 159.7, 156.8, 153.86,
151.5, 146.1, 143.6, 138.5, 134.0, 132.1, 131.8, 131.5, 130.5, 130.2,
129.9, 128.9, 128.8, 122.2, 120.3, 32.0. M5 (ES): mz 499.0 (M+). Anal.
calcd. for C20HL12C1Br N6OSO. 2C2H60.0.06KCL: C, 47.79; H, 2.59; N, 16.39;
S, 6.25. Found: C, 47.56; H, 2.54; N, 16.25; S, 6.58. Conpound D018
3-(2-Ch|oropﬁ@myﬁﬁ:&@kbpyﬁtﬂlﬁiyésgbia@ykﬁe%hylmp 232.8-233.0°C

trifluoronethyl-3 umazo e Prepared accgor i to Procedure C using
I nt er medi at e aé]rﬁ Rmawso'éﬁﬁe&aptié: 5gur fie m)l]rglﬁydrat e (100
my, 0.588 mmw|4s KQCCQHXBZS qy, (9, 598) ol 31 -ands D, (éHnL)v Tbe crude
product was recrystallized from EtO-l to_provi de 148 a_ white solid
(56% , np 21685-516: 22 1HRMR ( DRBO Ad6y=5: > 1325 21](Ibr <: 4@H7 548 48 (s,

1H) ; 8.44 (@m 11'&); 8.48 (Sr 621@ Hz, 133—:HNMR QDﬂlﬁoéd ) J5gmd Hz, 1H) 7.84
(dd, J=2.5, 6. Qf ér% 58 (m 2H) : 4. 40-4.55
(m 2H). GW(E% A6y %5?11 &6 (@57J23 %5&Zb 159-8; 149.6, 144. 4,

143. 4, 133 81 A33. gdﬁcb 93 5 ﬂz!"z)lsi?’g 014§3i 9144131, 643131. 4, 130.6,
129.0, 127.3, 125 qd, g J— 73 FE) 121 8, 32.6. M
(ES): mz 134.1, 48 1, Ecth 7 )51 5 130.4, 130.

128.8, 124.0 (d, J=24 Hz), 122.0 (d, J=8.7 Hz),

111.7 (&, J=24 Hz), 32.0. MS (ES): m/z 439.0 (M+).

Anal. calcd. for C,H,,C1FN,OSe0.2C,H0e0.1H,0: C,

54.46; H, 3.00; Cl, 7.88; N, 18.68. Found: C,

54.09; H, 2.73; Cl1, 7.80; N, 18.77.

Compound D-029

2- (6-Aminopurin-9-ylmethyl) -3-(2-isopropylphenyl) -5-
methyl-3H-quinazolin-4-one

Thionyl chloride (2.2 mL, 30 mmol) was
added to a stirred solution of 2-amino-6-methylbenz-
oic acid (1.51 g, 10 mmol) in benzene (50 mL) and
the mixture was heated at reflux for 18 . h. Once
cooled, the solvent was removed in vacuo and
stripped down twice with benzene (25 mL). The
residue was dissolved in CHCl, (50 mL) and treated
with 2-isopropylaniline (2.83 mL, 20 mmol). The
slurry was then heated at reflux for 3 h. At that
time TLC (50% EtOAc/hexane) indicated that the
reaction was complete. After cooling to room temp-
erature, the reaction mixture was poured atop a 4 cm
plug of silica gel and flushed through with 20%
EtOAc/hexane. The product containing fractions were

combined and concentrated in vacuo. The residue was



489.0 (Mt). Anal. calcd. for C21H12C1F3N6CS : C, WO 01/81346 PCT/ US01/13315
- 140 51.59; H 2.47;, d, 7.25; N, 17.19; S, 6.56. Found: C, 51.51; H,
2.55; O ,wb@k3d, 17.05 S, 6.38. Conpound D-019 PCT/US01/13315
3-(2-Chl orophenyl ) -2- (9H puri n- 6-yl sul fanyl net hyl ) -

3H benzo[ gl qui nazolin-4-one Prepared according to Procedure C using
Internmediate 2n (200 ny, 0.563 mmol ), 6-nercapto- purine nonohydrate (105
ng, 0.619 nmol), K2C03 (86 ng, 0.61%4wmwl), and DMF (4 nL). The crude
product was recrystallized fromEOH to provide 128 ng of a dark yellow
solid (48% ,digscdided- %%@z&b(dﬁ@m) p@ﬁ@sﬁreé_tbcﬂll\fﬁlt]DIMdﬁa) 5: 13 56 (br

a, g 28Hf10t11§4) %ﬂﬁ%l ?ﬁzésx?,ﬂz 1@5\01? {34 %5% mﬁxﬁuge Sagth) H§3 27

7.70 (t, J'kéhﬁﬁd é&ﬂrefﬂbﬁ1f3r7ﬂ8(ﬂ1 2the Fed8cf{bn W=<. 5obZeleD
7.44-7.53 1H) ; 4.44-4.56 (m 2H) . 13C NMVR. ( DVBO- d6) @Q 161. 3,
151. 6, 151. @%4%0@6%‘2112&112@%% Vaf-’li@zl 4Thel§9m§ln1§3 IéOA?s 8, 130.5,

129.7, 129. Speddfed by Q@e&réﬁﬁquwﬂ-gﬁ Boldddel(282g1.2, thE8e>, 32.4. M5
(ES) : mz 471.0 (N&% Anal ., calcd. for (C24H, 5CLIN6CS. 0. 2C2H60. 0 05KC1: C,
60.57; H, 3.Zimesy Theepesidugway, dssselysd Feukaiuencs@lfaml) H, 3. 46;
862(7) 50; Narld- ;%hréd EnPugh, 04/ §%3ﬁ§u§CEéU§Qiéé§3éél - fi¢4nConpound

ing through with 20 % EtOAc/hexane. The product

containing fractions were identified by LCMS (MS

(ES): m/z 327 (M+)), and concentrated in vacuo to

afford 975 mg (30%) as a white foam. The white foam

chloride (450 mg, 1.36 mmol) was dissolved in DMF

(10 mL) and treated with adenine (275 mg, 2.04 mmol)

and K,CO; (281 mg, 2.04 mmol) and the mixture was

stirred overnight at room temperature. The suspen-

sion was then poured into 200 mL of water, stirred

at room temperature for 30 min then chilled in the

refrigerator for 30 min. The resultant solid was

collected by vacuum filtration and recrystallized

from EtOH to afford 285 mg (49%) of an off white

solid. mp 258.0-258.2°C. 'H NMR (DMSO-ds) &: 8.19

(s, 1H), 8.09 (s, 1H), 7.60 (m, 3H), 7.45 (m, 2H),

7.23 (m, 3H), 5.11 (4, J=17.5 Hz, 1H), 4.71 (d,

J=17.5 Hz, 1H), 2.68 (s, 3H), 2.73 (g, J=6.9 Hz,

1H), 1.34 (d, J=6.8 Hz, 3H), 1.13 (d, J=6.8 Hz, 3H).

3C NMR (DMSO-d¢) ppm: 161.9, 156.2, 152.8, 151.6,

150.1, 148.4, 146.1, 142.2, 140.8, 134.3, 133.7,

130.6, 130.0, 129.0, 127.7, 127.6, 125.8, 119.2,

118.4, 44.8, 28.3, 24.4, 23.3, 22.9. MS (ES): w/z

426.4 (M+). Anal. calcd. for C,H,;N,0: C, 67.75; H,

5.45; N, 23.04. Found: C, 67.66; H, 5.45; N, 22.82.



6- Chl or 0- 3- (2- chl orophenyl ) - 2- (9H- puri n- 6-yl -
sul fanyl net hyl ) - 3H qui nazol i n-4-one Prepared according to Procedure C using

I nt er medi @ig18434200 ng, 0.587 mol ), 6-nmercapto- purine mpnoiRednsdie (110
ng, 0.646 mol), K2CAB (90 ng, 0.651 mmol), and DMF (5 ). The crude

product was recrystallized fromEOH to provide 113 ng of a vyellow
crystalline solid (42%, np 237.1-238.2C (deconposes) . 1H NVR (DMSO d6)
5: 13.55 (hr s, 1H) ; 8.48 (s, 1H5 ®%4 (s, 1H); 8.11 (s, 1H); 7.94 (d,
J=8.3 Hz, 1H); 7.78 (d, J=8.1 Hz, 2H); 7.66 (d, J=6.7 Hz, 1H) ; 7.48-7.56
(m 2H) ; 4.cdhhgsundH)-03d3C NIVR(DIVBOd6) ppm 159.8, 156.8, 153.5,
151.5, 149.6, 145.8, 143.6, 135.7, 134.0, 132. 132.1 131.7, 131.5,
130.5, 130. 2- (©dminapgrin-9ssipethyb)-o- meEhﬁl RECrESFYL-Aflz 455.0 (M).
Anal . cal cd.qu¥RAZTROMIPCIPNGOS0. 1C2HBQD. 6H20( 0. 15KCl C, 50.34; H 2.89;
a, 15.82; N, 17.44; S, 6.65. Found: C, 50.02; H 2.63;_C1, 15.51; N,
17.39; S, 6.81. Cowpound D- 021

8- Chl or 0- 3- ( 2- chl or ophHBmi$)yYR-¢Qppide n{B- gl mL, 30 mmol) was

sul fanyl met n*yec!éa @?%g%“%gﬂ@a ggggi%rg{;?rgdamﬁgre' mgthglggﬂgedure C

using Inter 6- mer capt o- rine nonohydrate
(124 ng, 0. 726 rawid, (sz(m@ mngl ) 0if2Benmehy, éﬁdeWFatld m.). The

e Poduci gty L grLiskal LLaedy OB L ooBr gyl fe 20D of o, e

s, 1H ; 8. 45b¢$edlkﬁhe M6 G4 B1846 PEROWSAL1L2384B6uo and
stripped down twice with benzene (25 mL). The
residue was dissolved in CHCl, (50 mL) and treated
with o-toluidine (2.13 mL, 20 mmol). The slurry was
then heated at reflux for 3 h. At that time TLC
(50% EtOAc/hexane) indicated that the reaction was
complete. After cooling to room temperature, the
reaction mixture was poured atop a 4 cm plug of
silica gel and flushed through with 20% EtOAc/hex-
ane. The product containing fractions were combined
and concentrated in vacuo. The residue was dis-
solved in HOAc (50 mL) and treated with chloroactyl
chloride (1.6 mL, 20 mmol) and the mixture was
heated at reflux for 18 h. The reaction was cooled
and concentrated in vacuo. The remaining HOAc was
removed by azeotroping with toluene (25 mL) three
timeg. The residue was dissolved in toluene (10 mL)
and poured through a 4 cm plug of gilica gel,
flushing through with 20 % EtOAc/hexane. The
product containing fractions were identified by LCMS
[MS (ES): m/z 299 (M+)), and concentrated in vacuo
to afford 476 mg (16%) as a white foam. The white
foam chloride (470 mg, 1.57 mmol) was dissolved in
DMF (10 mL) and treated with adenine (423 mg, 3.14
mmol) and K,CO, (433 mg, 3.14 mmol) and the mixture



- 142 8.44 (s, 1H); 8.12 (d, J=7.9 Hz, 1H); 8.07 (d, J=7.6 Hz, 1H); 7.78
(d, J=7.5 Hz, 1H); 7.67 (d, J=7.1 Hz, 1H); 7.58 (t, J=7.9 Hz, 1H);

7.42-7. S4wiodusikls. 4.52 (s, 2H). 13C NMR (DMBO-d6) ppm  16Gyidko145fis 9,
153.9, 151.5, 149.7, 143.5, 135.7, 134.0, 132.1, 131.8, 131.4, 131.1,

130.5, 130.3, 128.9, 128.3, 126.1, 122.4, 32.5. M5 (ES): mz 455.0 (M).
Anal . calcd. for C20H12d 2N60S: C, 52.76; H 2.66; d, 15.57; N, 18.46;

S, 7.04. Found: C, 52.65; H 2.79; -QAs5015.32; N, 18.47; S, 7.18. Conpound
D- 022 3-(2-Chl orophenyl)-7-fluoro-2-(9H purin-6-yl -

sul f anyl net hydg ﬁ&iqmé@aaméfnlghbn&tPre@mredmpezatdreg t ther ocedure C using

Internedlate 2c 200 rc i he nDnohydrate (116
g, 0. 631 IR ROtes o8 Chg BOR nhBrs LR L (40 | The. o ude
pr oduct wasStrjle:feydst@ttlrrz@zd Eé@mﬁaﬁréowfoyodmﬂ%hag afualewhi te
crystalllne SO|Id (53 151. 4- 154, 2C. (di scol ors . (DVBO- d6) 5:
13.55 (br s,*AHhe r%fgég%gatﬁ}ﬂ§°r83ﬁ4m%§ 1&&8 rgsééteaa Sgiéés, 8.7 Hz,
i;b?1Z6777(3§b%3%%1fec€%& b?,véé%u?7f§gtf§t1%ﬁ7aﬂd k%ﬁé%&%alz 57 (d, ngtg
, ; m . 4.48 (s . 13C_ N\ pm 169.0 (d,

J=253 Hz), 1622%d ﬁs@msEE%%7t® afEarg, 1§%2m§ ?§8¥$ gf(an 9%i3 Hz), 146. 1,
136.5, 134. ZMhﬂéé 3@1ﬂ§4 fp 2é§35028i329@ Qdecémﬁésé@) 1831 .8¥r 120. 2, 118.9
(d, J=24 Hz), 115.3 (d. J=22 Hz), MS (ES): miz 439.0 (M. Anal
cal cd. for OCIENEOS0. %07 () e 05 (5 1) £ e )

J=7.8 Hz, 1H), 7.48 (m, 4H), 7.25 (m, 3H), 5.09 (d,

J=17.4 Hz, 1H), 4.76 (d, J=17.4 Hz, 1H), 2.73 (s,

3H), 2.18 (s, 3H). C NMR (DMSO-d¢) ppm: 161.3,

156.2, 152.8, 151.4, 150.0, 148.5, 142.2, 140.9,

136.1, 135.4, 134.3, 131.7, 130.1, 130.0, 129.0,

128.0, 125.8, 119.2, 118.5, 44.8; 22.9, 17.4. MS

(BES): m/z 398.2 (M+). Anal. calcd. for C,H;;N,0: C,

66.49; H, 4.82; N, 24.67. Found: C, 66.29; H, 4.78;

N, 24.72.

Compound D-031

3-(2-Fluorophenyl) -5-methyl-2- (9H-purin-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one

Thionyl chloride (2.2 mL, 30 mmol) was
added to a stirred solution of 2-amino-6-methyl-
benzoic acid (1.51 g, 10 mmol) in benzene (50 mL)
and the mixture was heated at reflux for 18 h. Once
cooled, the solvent was removed in vacuo and
stripped down twice with benzene: (25 mL). The
residue was dissolved in CHCIl, (50 mL) and treated
with 2-fluorocaniline (1.93 mL, 20 mmol). The slurry
was then heated at reflux for 3 h. At that time TLC
(50% EtOAc/hexane) indicated that the reaction was

complete. After cooling to room temperature, the



C2H60. 0. 4H20 (0. 15KC1 : C, 52.52; H, 3.22; A, 8.57; WO 01/81346
PCT/ USO01/ 13315 - 143 N, 17.67. Found: C, 52.25; H 3.11;, d, 8.20; N

17.69. Cowoudsde- 023 3-(2- Chl orophenyl ) -7-nitro-2- (9H pydre®iNisis
sul f anyl net hyl ) - 3H qui nazol i n-4-one Prepared according to Procedure C using

Internediate 20 (216 ng, 0.617 mml), 6-nercapto- purine nonohydrate (116
ng, 0.681 mmol), K2CO3 (94 ny, 0.680 mmol), and DMF (4 nL). The crude
product was recrystallized fromEtOH43D provide 212 ng of a vyellow
crystalline solid (74%, np 218.0-218.3C (deconposes). 1H NVR (DVSO d6) b5:
13. 56 (br S, rddtion Sm#ARL(Be Wy pobBrdd £8oplH)4; cl. 38ug. 45 (n1 ZFD ; 8.31

(7d43J7 58 (rﬁl%t%éi ﬂegsa%‘g f%?ffheﬁ;%‘ R‘h@%ﬁ(ﬁsfs’% égf Efnﬂg i??x7 154 4,

153. 3, 149. &ne 149TBe éﬂad@ct165n2a1ﬂﬁﬂg4fré8&15ns1ﬁ8r8 cd@Bided 129. 2,
128.4, 127.1, 126.7, 122.7, 120.3, 119.4, 29.9. M5 (ES):. nlz 466.0 (M),
Anal . cal cd.3ForCORSOMIDEIRG BB, B24E2HECEDS0BREIUE, Wag. §8S-H 2.97; O,

7.63; N, 20.491v&y §n5ﬁ©AEOW9@ mk) 8hd2¥iebked. 8#8th EChiofodBiyN 20.04; S,
6. 52. Conpound. D- 024 %2 Chl orop heng/ %-6 h dr oxy- 2- (9H- puri n- 6-yl -
e

sul f anyl met Ay eBiaguihag on- 40 oEO P! epaf el ﬁc@é?i*él}lﬁg ¥85Procedure C using
I nt er medi at e, 2pr 209 MY £ PuRO2oPME) 1. 6- PBECRRLLtion was cooled

and concentrated in vacuo. The remaining HOAc was
removed by azeotroping with toluene (25 mL) three
times. The residue was dissolved in toluene (10 mL)
and poured through a 4 cm plug of gilica gel, flush-
ing through with 20 % EtOAc/hexane. The product
containing fractions were identified by LCMS [MS
(ES): m/z 303 (M+)), and concentrated in vacuo to
afford 1.12 g (37%) as a white foam. The white foam
chloride (455 mg, 1.50 mmol) was dissolved in DMF
(10 mL) and treated with 6-mercaptopurine mono-
hydrate (510 mg, 3.0 mmol) and K,CO, (414 mg, 3.0
mmol) and the mixture was stirred overnight at room
temperature. The suspension was then poured into
200 mL of water, stirred at room temperature for 30
min then chilled in the refrigerator for 30 min.

The resultant solid was collected by vacuum filtra-
tion and recrystallized from EtOH to afford 487 mg
(77%) of an off white solid. mp'151.9—152.2°C. H
NMR (DMSO-ds) ©: 8.48 (s, 1HO, 8.44 (s, 1H), 7.70
(m, 2H), 7.48 (m, 2H), 7.33 (m, 3H), 4.55 (d, J=15.1
Hz, 1H), 4.48 (4, J=15.1 Hz, 1H), 2.73 (s, 3H). 3C
NMR (DMSO-d,) ppm: 161.3, 157.8 (d, J=249.1 Hz),
156.9, 152.8, 151.5, 14%59.6, 148.6, 143.6, 140.9,
134.7, 131.9 (d, J=8.0 Hz), 131.4, 130.2, , 125.6
(d, J=3.6 Hz), 125.5, 124.4 (d, J=13.5 Hz), 118.8,
116.6 (d, J=19.6 Hz), 56.4, 22.9. MS (ES): m/z



purine nonohydrate (117 ng, 0.685 mml), K2CO3 (95 ng, 0.687 nmol), and
DVF (4 mL). The crude product WO 01/81346 PCT/US01/ 13315 - 144 was
recryst al Wozadki1i460m Et OH to provide 182 ng of a white solpddyusifizziture of
the desired product and the acetyl derivative. A portion of this materi al
(120 nmg) was suspended in a mxture of MeOH (2 nL) and aqueous NaHCC3
(satd., 1 nL) and stirred rapidly for 4 hours. The m xture was
concentrated in vacuo, suspended in H2O {10 nlL), and stored at 4C over-
night. The white solid was collected and dried to 103 ng (660), np

186- 214C (gr@ﬂ@a$ldebconmnaks)caléﬂ NFRr ( DMBOHIGDSS0 . 8548, 8, 1H)-; 8.45

(s, 1H ; 7.71 d, ,J 2 7 64 _( 3-7.51 (m 2H);
740743(rﬁ?1 1473@(dH;3 8?1241 12%’452(ﬂ2H) 13C NVR

( DVBO- d6) ppmmuﬁ@O ®,591589; 11, 15682 F15144 1509842148, 3.2344. 1, 140. 2,
134.5, 132.2, 131.6, 131.4, 130.4, 129.3, 128.7, 124.8, 121.7, 109. 3,
32.0. Ms (ES): mz 437.0 (M+). Anal. calcd. for (2

C20H13d NGOZﬁﬂm&Qab@CbﬁbE@ C, 49.68; H 3.88; d, 7.26; N, 17.21; S,
6.57. Found: 49.43; H 3.62; d, 7.32; N, 17. 07 S, 6.58. Conpound
D-025 5- Chl o?oié ApinePBFEphenyinedbydir Burhhogoyp-o-tolyl-3H-
sulfanylnethw¢én%$Phumnﬁz@m$n 4-one Prepared according to Procedure C
using Internmediate 2f (300 ng, 0.883 mmol), 6-mercapto- purine nonohydrate
(165 mg, 0.972 mmol ), K2C03 (134 ng, 0.972 mol ), and DMF (4 nlL). The
crude product Prepared according to Procedure C using 27
(200 mg, 0.626 mmol), adenine (93 mg, 0.689 mmol),
K,CO; (95 mg, 0.689 mmol), and DMF (3 mL). The crude
product was chromatographed in MeOH/CH,Cl, to provide
101 mg of an off-white solid (39%), mp 262.0-
266.5°C. 'H NMR (DMSO-d,) d: 8.08 (s, -1H); 8.07 (s,
1H); 7.70 (t, J=8.0 Hz, 1H); 7.58 (dd, J=0.6, 7.9
Hz, 1H); 7.43-7.57 (m, 4H); 7.36 (dd, J=0.7, 8.0 Hz,
1H); 7.26 (br s, 2H); 5.12 (d, J=18 Hz, 1H); 4.78

(d, J=18 Hz, 1H); 2.20 (s, 3H). C NMR' (DMSO-d,)
ppm: 158.7, 156.2, 152.9, 152.7, 150.0, 149.4,
142.1, 136.1, 135.1, 135.0, 133.2, 131.8, 130.3,
130.1, 128.9, 128.1, 127.:2, 118.5, 117.9, 44.9,

17.4. MS (ES): m/z 418.1 (M+). .Anal. calcd. for
C,,H,(C1N,0e0.1H,0e0.05KCl: C, 59.57; H, 3.86; C1,
8.79; N, 23.16. Found: C, 59.65; H, 3.80; Cl, 8.70;
N, 22.80.



was recrystallized fromEtOH to provide 341 ng of a pale orange
crystalline solid (85%, np 233.7 234.4C (deconposes). 1H NVR (DMSO d6) " 5:
13.58 (brwgoisiks; 8.50 (s, 1H); 8.47 (s, 1H); 7.77-7.85 (parusdihizzid. 68 (d,
J=8.1 Hz, 2H); 7.65 (d, J=7.7 Hz, 1H); WD 01/81346 PCT/US01/13315 - 145
7.41-7.56 (m 2H); 4.45 (d, J=1.2 Hz, 2H). 13C NVR (DWMSO-d6) ppm 158. 7,
156.8, 153.8, 151.5, 149.6, 149.5, 143.5, 135.4, 134.1, 133.3, 132.2,
131.6, 131.6, 130.5, 130.2, 128.8,- 131, 117.6, 32.0. M5 (ES) : mz
455.0 (Mt). Anal. calcd. for C20H12C12N6- OSC2H60.0.3H2: C, 52.14; H, 3.70;
ad, 13.99; Mompduh8,D335. 33 Found: C, 52.07; H 3.37; d, 13.40; N
16.65; S, 6.42. Conpound D-0

3-(2- Chi or opretf/ WF‘% xw 1h=§-ghloro-3- (2-methoxy-

sul f anyl net ghen qiﬂmvﬁﬁohl%n -PRepared according to Procedure C using
Internediate 2g (300 ng, 0.940 mml ), 6-nercapto- purine nonohydrate (176
ng, 1.03 nmol ), K2CA3 (142 ny, 1.03 mmol), and DMF (5 nml). The crude
product was recrystal?fqmﬁédm@@tﬁlng probidec@raenyg véing Ahite

135y (b ENE Ty g e @fw?"sséé% 5@%””50962365

(d, J=7. FM%CDH){II356g(dQ 927. @mHi) 1Hﬁd PMBO-(%. B2) . H,;, 7.36 (d,
2o 9 L B (e 2o 8 e AR AR ES) P
recrystalllzed from EtOH to provide 124 mg of a
brown solid (38%), mp 257.0-257.1°C. 'H NMR (DMSO-

de) O: 8.06 (s, 1H); 8.01 (s, 1H); 7.71 (t, J=8.0
Hz, 1H); 7.57 Kdd, J=0.9, 7.9 Hz, 1H); 7.52-7.59 (m,
1H); 7.50 {(dd, J;l.6, 7.8 Hz, 1H); 7.38 (dd, J=1.1,
8.2 Hz, 1H); 7.27 (4dd, J=0.6, 8.3 Hz, 1H); 7.24 (br
s, 2H); 7.17 (dt, J=0.9, 7.6 Hz, 1H); 5.07 (d,'J=l7
Hz, 1H); 4.97 (4, J=17 Hz, 1H); 3.79 (s, 3H). ¥cC
NMR (DMSO-d,) ppm: 158.8, 156.2, 154.7, 153.2,
152.8, 150.1, 149.3, 142.0, 135.i, 133.2, 131.8,
130.1, 130.1, 127.2, 123.8, 121.6, 118.4, 117.9,
113.1, 56.2, 44.8. MS (ES): m/z 434.0 (M+). Anal.
caled. for C21H1601N70200.5H2000.O4KC1: c 56.57; H,
3.84; Cl1, 8.27; N, 21.99. Founa: C, 56.29; H, 3.75;
Cl, 8.21; N, 21.61.

The following compounds were made gener-
ally in accordance with the above-described methods
and serve to further illustrate specific embodiments
of the compounds of the invention:
3-(2,6-dichlorophenyl) -5-methyl-2- (9H-purin-6-ylsul-
fanylmethyl) -3H-quinazolin-4-one (D-034)

3- (2-isopropylphenyl) -5-methyl-2- (9H-purin-6-ylsul-
fanylmethyl) -3H-quinazolin-4-one (D-035)



132.3, 131.7, 131.4, 130.4, 130.2, 128.7, 125.7, 119.0, 32.0, 22.8. M
(ES): mz:435.0 (Mt). Anal. calcd. for C21H15C N6OS9 0. 65C2H600. 1H2O C,
57.40; Hwohoik3z46Cl, 7.60; N, 18.01; S, 6.87. Found: C, 5%drkgsoihssi3- 96;
a, 7.45; N, 17.79; S, 6.90. WO 01/81346 PCT/US01/13315 - 146 Conpound
D- 027 3-(2-Chl orophenyl)-6, 7-di fluoro-2-(9H purin-6-yl -
sul f anyl net hyl ) - 3H qui nazol i n-4-one Prepared according to Procedure C using
Internmediate 2g (200 ng, 0.586 mmol 3}, 1%4 nmercapto- purine nonohydrate, (110
ng, 0.645 mmol) , K2CA3 (89 ny, 0.645 mmol), and DMF (4 nL). The crude
product was3f ézrysthbkipednyt bre E(QH-porpnevi-gdéstdBangloktaylpal e yel | ow
crystalline 1id. (539 np_207. 8C iscolors; sweats at 136(C). 1H NMR
( DVBO- d6) b:ﬁgﬁ.. a%/%irs}@l%le;%.ﬁég?s, 1H) : -8.46 (s', 1H) ; 8.11 (t,
J=9.4 Hz, 1H}:ben8Bl{dd(9H=pgudinlé-HizsulEhhyIméZhy(dd3Hdghin- 7.3 Hz, 1H)
7.67 (d, J=7.4 ; 42-7.55 (m 2H) ; 4.48 (s, 2H). 13C NWR
( DVBO- d6) p%%?f%%g‘.}gg’?a,zﬁ‘:é?é’ Hz), 154.6 (dd, J=14, 255 Hz), 154.0 (d,
J=1.5 Hz), 15bbGtyl49-3oldgurdald,v2bQlfkaylmédhyl) (du-duia-Hz), 143.9,
133.9, 132.1, 1 1.84 131. 4, 1%8.5, 128.9, 118.0 (d, J=4.9 Hz), 115.8 (d,
J=18 Hz), 112%8719;%3238 (Py°°82.0. M5 (ES) : mz 457.0 (M+). Anal. calcd.
for C20H110 F2h68Sho1Gn-45¢1 585 (b -Bu#dn-6lyv1 ulBanM md8ndQ) -Su-7. 02.
Found: C, 51.81; . 2.37; A, 7.49; N, 18.(24; S, 7.55. Conpound D- 028
quinazolin-4-one, acetate salt (D-039H)
3-(3-methoxyphenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
3H-gquinazolin-4-one (D-040) '
3—(3—chlorophenyl)—2—(9H—purin—6—ylsu1fany1methyl)—
3H-quinazolin-4-one (D-041) '
2—(9H~purin—6—ylsulfanylmethyl)53—pyridin—4—y1—3H—
gquinazolin-4-one (D-042)
3-benzyl-5-fluoro-2- (9H-purin-6-ylsulfanylmethyl) -
3H—quinazolin~4—one (D-043)
3-(4-methylpiperazin-1-yl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one, acetate salt (D-044)
[5-fluoro-4-oxo-2- (9H-purin-6-ylsul fanylmethyl) -4H-
quinazolin-3-yllacetic acid ethyl ester (D-045)
3- (2-methoxyphenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
3H-quinazolin-4-one (D-046)
3-(2-methoxyphenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one (D-047)
2-(6-aminopurin-9-ylmethyl) -3- (2-fluorophenyl) -5-
methyl-3H-quinazolin-4-one (D-048)
2- (6-aminopurin-9-ylmethyl) -3-benzyl-5-fluoro-3H-
gquinazolin-4-one (D-049) '
2-(6-aminopurin-9-ylmethyl) -3-butyl-3H-quinazolin-4-
one (D-050) '
2~ (6-aminopurin-9-ylmethyl) -3 -morpholin-4-yl-3H-

quinazolin-4-one, acetate sgalt (D-051)



3-(2-Chl orophenyl ) -6-fl uoro-2-(9H purin-6-yl -

sul fanyl net hyl ) - 3H qui nazol i n-4-,one Prepared according to Procedure C
usi ng | nteigAdiade 2r (118 ny, 0.365 mmmol ), 67mercapto- pydmgsoTekydr at e
(68 nmg, 0.402 mmol), K2C03 (56 ng, 0.402 mml), and DVF (2 nlL). The crude
product was recrystallized fromEOH to provide 103 ng of an WD 01/ 81346
PCT/ US01/ 13315 - 147 off-white crystalline solid (64%, np 232.8-233.0C
(discolors) . 1H NMR (DVMSO-d6) 5: 13.158 (br s, 1H) ; 8.48 (s, 1H); 8.44
(s, 1H); 7.81-7.86 (m 3H); 7.76 (d, J=7.5 Hz, 1H); 7.67 (d, J=7.5 Hz,
1H); 7.40- 7:£M-4(dhlé&®pheﬂyﬂﬁ fbros; p@fﬂn a3ﬁl§MEféﬂyfﬁédﬁylppnl 160.8 (d,
J=247 FE) 160.2 (d, J=3 156. 152.3 (d, J=1.9 Hz), 151.5, 149.7,
144.0, 143.6H C!L@ziﬂaizoﬁ%ﬂ% Ai‘ori 1457 0-“1%’1 5, 130.5, 130. 4 130.2, 128.8,
124.0 (d,- J=24 Hz), 122.0 (d, J=8.7 Hz), 111.7 (d, J=24 Hz), 32.0. MB
(ES): mz 439.0 (M+). Anal. calcd. for C20H12CLFN6OS0. 2C2H6C0. 1H2G:  C,
54.46; H, 3.00; O, 7.5%inonalegompownds @f tBa BESSEt2. 73; O, 7.80; N,
18. 77. Conpol%;ler&mr@ weré 6;#@@@@@@%? @lm&'f@lf%&né é%ntﬁ@@i@pw phenyl ) - 5-
met hyl - 3H qui nazol i n- 4-one Thi onyl oride (2.2 mmol) was added to
a stirred sAERFHHEPS 2- ani no- 6- met hyl benz- oic aC|d (1.51 g, 10 nmmol) in
benzene (50 nL) and tﬁ@éniéiPéﬁlM@515€é£ﬁQd§été§fwéﬂé beEpdBel. Once

cool ed, the solvent was renoved i n vacuo and
by the above-described Procedure A.

3a R=cyclopropyl

3b R=cyclopropylmethyl

3¢ R=phenethyl

3d R=cyclopentyl

3e R=3-(2-chloro)pyridyl

3f R=4- (2-methyl)benzoic acid
3g R=4-nitrobenzyl

3h R=cyclohexyl

3i R=E- (2-phenyl) cyclopropyl

Additional compounds of the present inven-
tion (D-053 through D-070) haviné the following core
structure are discussed in the following Experimen-
tal Section. All were prépared following Procedure

C.



stripped dowmn twice with benzene (25 nL). The residue was dissolved in
CHC13 (50 nL) and treated wth 2-isopropylaniline (2.83 nL, 20 nmol ). The
slurry wagdhaisfgeated at reflux for 3 h. At that time TEeEhY331s
Et OAc/ hexane) indicated that the reaction was conplete. After cooling to
roomtenp- erature, the reaction m xture was poured atop a 4 cm plug of
silica gel and flushed through with 20% Et OAc/ hexane. The product
containing fractions were conbi ned- amgk concentrated in vacuo. The residue
was WO 01/81346 PCT/US01/13315 148 dissolved in HOAc (50 nli)and treated
with chl or o-caed ydteidoiide (1.6 nl, 20 nmol) and the mixture was heated
at reflux for 18 h. The reaction was cooled and concentrated in vacuo. The
remai ni ng HOAc was renoved by azeotroping with toluene (25 nmL) three
times. The residue was dissolved in toluene (10 n.) and poured through a 4
cmplug of silica gel, flush- ing thrgugh with 20 % Et QAc/ hexane. The
product containing fractions werle iddntified by LCMS (M5 (ES): mz 327
(M+)), and concentrated in vac QLeR 975 ng (30% as awhite foam
The white foam chloride (450 ol
I
t

£ Q
o ) was dissolved in DV (10 ni)
o ) and K2C03 (281 ng, 2.04 nmol)
and the m xture was stirred overtfi g a

and treated wth adeni ne (275
om tenperature. The suspen-

sion was then poured into 200 m. of water, stirred at roomtenperature for
30 min then chilled in the refrigerator fdt'30 min. The resultant solid
was

Compound No. | R R?
D-053 cyclopropyl C
D-054 cyélopropylmethyl B
D-055 cyc10propylmethyl. A
D-056 cyclopropylmethyl. c
D-057 phenethyl B
D-058 phenethyl c
D-059 cyclopentyl B
D-060 cyclopentyl A
D-061 3-(2-chloro)pyridyl B
D-062 3-(2-chloro)pyridyl A
D-063 4-(2-methyl)benzoic acid B
D-064 cyclopropyl B
D-065 cyclopropyl A
D-066 4-nitrobenzyl B
D-067 cyclohexyl . B
D-068 cyclohexyl A
D-069 cyclohexyl C
D-070 E- (2-phenyl) cyclopropyl B



coll ected by vacuumfiltration and recrystallized fromEOH to afford 285
nmg (49% of an off white solid. np 258.0-258.2C. '"H NVR (DMSO-d6) 5: 8.19
(s, 1H), WdAsise6 1H), 7.°60 (m 3H), 7.45 (m 2H), 7.23 dcyysdnssid. 11 (d,
J=17.5 Hz, 1H), 4.71 (d, J=17.5 Hz, 1H), 2.68 (s, 3H), 2.73 (q, J=6.9 Hz,
1H , 1.34 (d, J=6.8 Hz, 3H) , 1.13 (d, J=6.8 Hz, 3H) 13C NWMR (DVSO d6)
ppm 161.9, 156.2, 152.8, 151.6, 150.1, 148.4, 146.1, 142.2, 140.8, 134.3,
133.7, 130.6, 130.0, 129.0, 127.7,-1P576; 125.'8, 119.2, 118.4, 44.8,
28.3, 24.4, 23.3, 22.9. M5 (ES): mz 426.4 (M+). Anal. calcd. for
C24H23N7O. C, 67.75; H, 5.45; N, 23.04. Found: C, 67.60; H 5.45; N

22.82. WO 01/81346 PCT/ US01/ 133154149 Conpound D- 030
2- (6- Am nopuri n-9-yl net hyl ) - 5- met hyl - 3-o-t ol yl - 3H qui nazol i n-4-one Thi onyl
chloride (2.2 nL, 30 mml) was € a stirred solution of

2- am no- 6- met hyl benz- oic acid (A 51 gffl mmol ) in benzene (50 nL) and

the m xture was heated at reflux K& 8 h/ Once cool ed, the solvent was
removed in vacuo and stripped down t wi th benzene (25 nlL). The

resi due was di ssolved in CHC13 (50 nLy and treated wth o-toluidine (2.13
m., 20 mmol). The slurry was thenHpdated at reflux for. 3 h. At that, tine
TLC (50% Et OAc/ hexane) indicated that the reaction was conplete. After
cooling to roomtenperature, the reaction m xture was poured atop,a 4 cm
pl ug of A




silica gel and flushed through with 20% Et QAc/ hex- ane. The product
containing fractions were conbined and concentrated in vacuo. The residue
was di s- @@ Madzdsn HOAC (50 nlL) and treated with chloroactpduwhhesisde (1.6
mL, 20 nml) and the m xture was heated at reflux for 18 h. The reaction
was cooled and concentrated in vacuo. The, remaining HOAC was renoved by
azeotroping with toluene (25 nL) three tinmes. The residue was dissolved in
toluene (10 nmL) and poured through-ai49scm plug of silica gel, flushing
through with 20 % Et QAc/ hexane: The product containing fractions were
identified hy-[Momihd/SOEEShrinAbzy28Ql €My lme8hglyoReentrated in vacuo to

afford 476 ngyéléffopglaswhbthylioam qhhaavbiia-4team ¢hlospge (470 ng, 1.57
nmol ) was dissolved in DWW (10 nL) and treated with adenine (423 ny, 3.14
mmol ) and K2CO3 (433 ng, 3.14 mml) and the m xture WO 01/ 81346

PCT/ US01/13315 - 150 Pﬂf\@ﬁaﬁ?éaré@goQ&@ﬁQ' gbt pabceaamet emperatusg. The
suspensi on was then poured into 200 of 8 stirred at roomtenperature

for 30 min thEROBH; | Ped m‘i“ﬁlihe2r@WF@eﬁaﬁ‘@‘FCfiQFOBGrWﬁ ($ReMPesul t ant

solid was c&l,i@cﬁg(gl?y gﬁgukr@@l It ﬁa;ﬂbon 0aR’G reenYystakmd ized fromEtOH to
afford 123 ng (20% an of te sol'id. np 281.5-282. 7C (deconposes) .

1H NVMR  ( DVBEXe@ycs: wasoszu(sflmil) by Brosugation) from H10(t ,"H FMR 8 Hz, 1H),
iy 27 (b D%ia?5d%”‘16832 T GR Tonet ) o (e
Hz, 1H) 7.34 (d, J 8.1 Hz, 1H); 7.19 (d, J=7.2 Hz,
1H); 6.28 (s, 2H); 4.94 (s, 2H); 2.70 (8, 3H); 1.24
(d, J=6.5 Hz, 2H); 0.91 (s, 2H). MS (ES): m/z 380
(M+H), 190.

3-Cyclopropylmethyl-5-methyl-2- (9H-purin-6-
ylsulfanylmethyl) -3H-quinazolin-4-one (D-054)

Prepared according to procedure C using 3b
(300mg, 1.14 mmol), 6-mercaptopurine monohydrate
(214 mg, 1.26 mmol), and K,CO, (189 mg, 1.37 mmol).
The product was purified by trituration from H,O,
followed by recrystallization from MeOH. 'H NMR
(DMSO-d,) ©&: 13.60 (br s, 1H); 8.72 (s, 1H); 8.48
(¢, 1H); 7.63 (t, J=7.8 Hz, 1H); 7.42 (d, J=8.0 Hz,
1H); 7.28 (d, J=7.3 Hz, 1H); 5.01 (s, 2H); 4.11 (d,
J=6.8 Hz, 2H); 2.78 (s, 3H); 1.35 (quint, J=6.2 Hz,
1H); 0.44-0.59 (m, 4H). MS (ES): m/z 379 (M+H),
325.



156. 2, 152.8, 151.4, 150.0, 148.5, 142.2, 140.9, 136.1, 135.4, 134.3,
131.7, 130.1, 130.0, 129.0, 128.0, 125.8, 119.2, 118.5, 44.8, 22.9, 17.4.
M5 (ES) wodis13R8.-2 (M+) . Anal. calcd. for C22H19N70: Cpc1tsodQi31k, 4. 82;

N, 24.67. Found: C, 66.29; H 4.78;, N, 24.72. Conpound D031

3-(2-Fl uor ophenyl ) -5-net hyl - 2- (9H puri n-6-yl -

sul fanyl net hyl ) - 3H qui nazol i n-4-one Thionyl chloride (2.2 nL, 30 mmol) was
added to a stirred solution of 2-am nos®-+nethyl- benzoic acid (1.51 g, 10
reflux for 18 h..
Once cool ed, 2t be- sl vephr RS9 eIy Elly 1 N- Yasyelaptopgline phgll-Hown twice with
benzene, (25 rﬁg_hahﬁ,il'hgg_ Shalke1 yasa dbssolyedssn CHCL3 (50 nL) and treated

mmol ) in benzene (50 nL) and the m xture was heated at

with 2-fl uoroani

ine (1.93 nL, 20 mmol ). The slurry was then heated at

reflux for 3 h. At that time TLC (50% Et QAc/ hexane) indicated that the

reaction was conpl et ep,- &h4 £L3COOLLRY:1 19 £808L-LEARELA Ul §sihfes¥O 01/ 81346
PCT/ US01/ 13315 - 151 reaction mxture was poured atop.a 4 tm plug of

silica gel ah0¢maishbd 4 Hreegh, wvidenPoes £ TAchdex! - ahemmPhe, product
g&§g@9edThe residue

containing f i e ¢o
535! SEghgie 5o

was dis- so i n” HOAC™(

)

i Hglgé) a”%ﬁ@”ﬁ%ﬁh@“a@ﬁ;ais”

treated wth chloro

ctyl

chloride (1.6

m., 20 mmol )brnedritierat kowr tromst.thedtwdd cated diy wedwrstigl hi- The reaction
was cool ed and: congeqfralsd imyagha. ol Ieaisni ng BOAG wasy) |

8.10 (s, 1H); 7.52 (t, J=7.7 Hz, 1H); 7.18-7.31

3H); 7.06 (4, J=8.1 Hz, 1H); 5.68 (s, 2H);
J=6.8 Hz, 2H); 2.77 (8, 3H); 1.34 (qguint,

1H); 0.45-0.60 (m, 4H). MS (ES): m/z 362

308.

2- (2-Amino-9H-purin-6-ylsulfanylmethyl)-3-cyclo-
propylmethyl-5-methyl-3H-quinazolin-4-one (D-056)

(m,
4.14 (d,

J=6.4 Hz,
(M+H) ,

Prepared according to procedure C using 3b

(280mg, 1.1 mmol), 2-amino-6-mercaptopurine (200 mg,

1.2 mmol), and K,CO; (180 .mg, 1.3 mmol). The product

was purified by trituration from. MeOH.  'H NMR

d;,) 6: 12.70 (br s, 1H); 7.95 (s, 1H); 7.64 (t,
J=7.8 Hz, 1H); 7.44 (4, J=7.9 Hz, 1H); 7.28 (d,
4.05 (d,
1H) ;

J=7.4 Hz, 1H); 6.41 (s, 2H); 4.91 (s, 2H);

J=6.8 Hz, 2H); 2.78 (s, 3H); 1.26-1.43 (m,

0.36-0.56 {(m, 4H). MS (ES): m/z 394 (M+H),

340.

5-Methyl-3-phenethyl-2- (9H-purin-6-ylsulfanyl-

methyl) -3H-quinazolin-4-one (D-057)

(DMSO- -

Prepared according to procedure C using 3c

(750mg, 2.4 mmol), 6-mercaptopurine monohydrate

mg, 2.6 mmol), and K,CO, (398 mg, 2.9 mmol).

product was purified by trituration from H,O.

The
1H NMR

(442



removed by azeotroping with toluene (25 nlL) three tines. The residue was
di ssolved in toluene (10 nL) and poured through a 4 cmplug of silica gel,
flush- i nggddirsasggh Wi th 20 % Et OQAc/ hexane. The product cqittagdaiAss1s
fractions were identified by LCM5S [M5 (ES): nmlz 303 (M+)), and
concentrated in vacuo to afford 1.12 g (37% as a white foam The white
foam chloride (455 ng, 1.50 nmol) was dissolved in DV (10 nL) and
treated wi th 6-nmercaptopurine nono--hyedoate (510 ng, 3.0 mmol) and K2CC3
(414 ng, 3.0 nmol) and the m xture was stirred overnight at room

t enper at ur e. (Jheosagpensi arB v@s (dhemmpouredzint®, 200; nd. o8 wafer, sti rred
at roomtenperature for 30_ mn then_¢ |IIed |3 the refrigerator for

mn. The resHftanf 8ol (8 was7cdl Féct &8’ by "vaéulf f PFYr 3- HEi onHan

recrystal lizedidrpmEt G, tQHﬁf-f@l‘ g94f@g rrgH (7Z%ggof(b@nt9f fj'_Wm9te solid. np
151.9-152.2C, 1H NVR (DVBO-d6) 5: (s, 1H, 7.70 (m
2H), 7.48 (mMiZ2Hi) 7. %So?n]bgk& = %58(52 JZEQ 12 ﬁ& (fvo HA-48 (d, J=15.1

He 1M, 2. T (sasBH) niaCobMR(MBO1d8) pom 1613, 1578 (d, 1=249.1
Hz), 156.9, 152.8, 151.5, 149.6, 148.'6, 143.6, 140.9, 134.7, 131.9 (d,

J=8.0 Hz), 131.4, 130.2, , 125.6 (d, J=3.6 Hz), 125.5 124.4 (d, J=13.5
Hz), 118.8, 5118.Ln{gh- §Hlﬁuélﬁtk»y@éuﬂfaﬂ§1ﬂetﬂ§1§E§l ethe1 V9. 01/ 81346

corvomn el Tgene i el tete]Tor STrCheoss 15 creo
F,4.42; N, 19.42; 5,7.23.
Prepared according to.procedure C using 3c

(750mg, 2.4 mmol), 2-amino-6-mercaptopurine (435 mg,
2.6 mmol), and K,CO, (398 mg, 2.9 mmol). The product
was purified by trituration from H,0. 'H NMR (DMSO-
dg) &: 12.61 (s, 1H); 7.95 (s, 1H); 7.65 (t, J=7.7
Hz, 1H); 7.45 (d, J=7.9 Hz, 1H); 7.14-7.32 (m, 6H);
6.44 (s, 2H); 4.81 (s, 2H); 4.24 (br t, J=7.9 Hz,
2H); 3.04 (br t, J=7.8 Hz, 2H); 2.81 (s, 3H). MS
(ES): m/z 444 (M+H), 340. ' '

3-Cyclopentyl-5-methyl-2-(9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one (D-059)

Prepared according to procedure C using 3d
(lL00mg, 0.36 mmol), 6-mercaptopurine monohydrate (73
mg, 0.43 mmol), and K,CO; (100 mg, 0.72 mmol). The
product was purified by recrystallization from MeOH.
'H NMR (DMSO-d;) ®: 13.62 (br s, 1H); 8.77 (s, 1H);
8.48 (s, 1H); 7.62 (t, JI=7.7 Hz, 1H); 7.42 (d, J=7.8
Hz, 2H); 7.26 (4, J=7.4 Hz, 1H); 5.03 (=, 2H); 4.80
(quint, J=8.0 Hz, 1H); 2.76 (g, 3H); 2.12-2.31 (m,
2H); 1.79-2.04 (m, 4H); 1.44-1.58 (m, 2H). MS (ES):
m/z 393 (M+H), 325.



Conpound D- 032 2-(6-Am nopurin-9-yl nethyl)-5-chloro-3-o-tolyl -3H

qui nazol i n-4-one Prepared according to Procedure C using 2j

mol ) ,
m.)

ad@i (18483 N,

The crude

0.689 mml ), K208 (95 ny,

product was chromat ographed in MeOH CH2C12 to provide

(200 ngy, O.626

0. 689 m@avso1/18918 DM:lg ?

ngy of an off-white solid (399, nmp 262.0- 266.5C. 1H NWVR (DVMSO-d6) 5: 8.08

(s, -1H) : 8.07 (s, 1H): 7.70 (t, J=8.0 Hz, 1H): 7.58 (dd, J=0.6, 7.9 Hz,
1H); 7.43-7.57 (m 4H); 7.36 (dd, J=0i&1, 8.0 Hz, 1H); 7.26 (br s, 2H);
5.12 (d, J=18 Hz,'1H); 4.78 (d, J=18 Hz, 1H) : 2.20 (s, 3H) . 13C NMVA-

(DVSO-d6) i 6 -Idafli lopubin 29 -t e Ohy 1523 7ecyd bOpnt 195 dnethg?-1, 136. 1,
135.1, 135. BylfdirazdBinds-ds80. Bp-048p. 1, 128.9, 128.1, 127.2, 118.5,
117.9, 44.9, 17.4. M5 (ES) : mz 418.1 (M+). Anal. calcd. for
C21H16C1N700. 1H200. O5KC1: C, 59.57; H, 3.86; O, 8.79; N, 23.16. Found: C,

59.65; H, 3. 80;
Conmpound D- 033

2- (6- Ami nopurin-9-ylr
phenyl ) - 3H gt bl | h-26 opec bt ep@%@lla@c%w Y, t O

a, Sar - i / / 3 - 15
S Opardy 22 §!|_9d ?#?%%éﬁ%ﬁi@dﬁg ©SQ44A333a

e or o- 3- (2- net hoxy-
-8 oeBelt e €dsing 21

3

(200, ™, 0, epelay, adenbiea(utiary, Sofcbeml, 2R L . 0.0
MeOH CH2Cl 2 Bndrecmcs et bl kazben f FoemBYeHHt o 1B OMRe(DMEO 1) of :a

8.15 (s, 1H); 8.11 (s, 1H); 7.52 (t, J=7.7 Hz, 1H);

7.16-7.31 (m, 3H); 7.10 (d, J=8.0 Hz, 2H); 5.68 (s,

2H); 4.78 (guint, J=8.3 Hz, 1H); 2.74 (s, 3H); 2.09-

2.32 (m, 2H); 1.86-2.04 {(m, 2H); 1.68-1.86 (m, 2H);

1.43-1.67 (m, 2H). MS (ES): m/z 376 (M+H), 308,

154.

3-(2-Chloro-pyridin-3-yl) -5-methyl-2- (9H-purin-6-
vlisulfanylmethyl) -3H-quinazolin-4-one (D-061)

Prepared according to procedure C using 3e

(500mg,

mg, 1.7 mmol), and K,CO; (262 mg, 1.9 mmol).
product was purified by trituration from H,O.
m/z 436 (M+H), 200.

(ES) :

1.6 mmol),

6-mercaptopurine monohydrate

(289
The
MS

2- (6-Aminopurin-9-ylmethyl) -3-(2-chloro~-pyridin-3-
vl) -5-methyl-3H-quinazolin-4-one (D-062)

Prepared according to procedure C using 3e

(500mg, 1.6 mmol), adeniﬁe (230 mg, 1.7 mmol), and

K,CO; (262 mg, 1.9 mmol). The product was purified
by trituration from H,0. 'H NMR (DMSO-d,) o: 8.59
(dd, J=1.7, 4.8 Hz, 1H); 8.22 (dd, J=1.7, 7.8 Hz,

1H) : 8.025 (g, 1H); 8.017 (s, 1H); 7.60-7.72 (m,

2H) ;

7.35 (t, J=8.2 Hz,

2H); 7.22 (s,

2H); 5.12 (d,



brown solid (38%, np 257.0-257.1C. 'H NVR (DVMBO- d6) b: 8.06 (s, 1H) ;
8.01 (s, 1H) ; 7.71 (t, J=8.0 Hz, 1H); 7.57 (dd, J=0.9, 7.9 Hz, 1H);
7.52-7. 59%0%91/81348) ; 7.50 (dd, J=1.6, 7.8 Hz, 1H); 7.38 (ddhcrhibiid33158. 2 Hz,
1H); 7.27 (dd, J=0.6, 8.3 Hz, 1H); 7.24 (br s, 2H); 7.17 (dt, J=0.9, 7.6
Hz,.1H); 5.07 (d, J=17 Hz, 1H) ; 4.97 (d, J=17 Hz, 1H); 3.79 (s, 3H). 13C
NVR (DMSO d6) ppm 158.8, 156.2, 154.7, 153.2, 152.8, 150.1, 149.3, 142.0,
135.1, 133.2, 131.8, 130.1, 130.1,- Ix2 2, 123.,8, 121.6, 118.4, 117.9,
113.1, 56.2, 44.8. M5 (ES): mlz 434.0 (Mt). Anal. calcd. for
C21H16CIN7020-: BH2OMHDAKGL) ; G . &66. &I, 173084z, AH) 8.2772N(s21. 99. Found:
C, 56.29; H_3. 75; 8.21; N, .61. _The follow ng conpounds were nade
gener- ally %1% acd6t gkﬂ%%)e’ vvirf"ﬁzt?é&ag%%)- descri bed nethods and serve to
further illustrate specific enbodinents of the conpounds of the invention:
3- (2, 6-di chl orophen I%-S- met hyl - 2- (9H puri n-6-yl sul -

fanyl met hyl )3 3f¢ :K'a bf?frfl“a‘-: 1%“&129’6%213‘ (9H‘Purln76'ylsulfanyl'

3-(2-i sopropy? 4H sawragelint Dty pblurbensojesapid (D-063)

fanyl met hyl ) - 3H qui nazol i n-4-one (D-035) WO 01/81346 PCT/USO01/13315 - 154
3- (2- met hoxyphenyl ) -2- (9H- puri n- 6-yl sul f anyl met hyl ) - 3H- qui nazol i n-4-one
(D-036) 3-benzyl - 2- (¥Preparied cagteud inmyt rephgredBreqdi wsingoBfn- 4- one

Eg:gg;g 3- but ¥d gufeg ( Ot PHr s By Y1 SURL ADYLOBLEYY ) e 3EEAUL Darazg! | n- 4- one
(219 mg, 1.29 mmol), and K,CO; (226 mg, 1.64 mmol).
The product was purified by recrystallization from
MeOH. *H NMR (DMSO-d,) &: 13.54 (br s, 1H); 8.44 (s,
1H); 8.42 (g, 1H); 7.80 (=&, 2H);. 7.71 (t, Jd=7.7 Hz,
1H); 7.59 (d, J=8.6 Hz, 1H); 7.52 (d, J=7.9 Hz, 1H);
7.34 (d, J=7.4 Hz, 1H); 4.46 (d, J=15.4 Hz, 1H);
4.34 (d, J=15.7 Hz, 1H); 3.17 (d, J=4.4 Hz, 1H);
2.73 (s, 3H); 2.17 (s, 3H). MS (ES): m/z 459
(M+H) .

3-Cyclopropyl-5-methyl-2- (9H~purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one (D-064) '

Prepared according to procedﬁre C using 3a
(100mg, 0.40 mmol), 6-mercaptopurine monohydrate (90
mg, 0.53 mmol), and K,CO, (97 mg, 0.7 mmol). The
product was purified by trituration from H,0. 'H NMR
(DMSO-d,) &: 8.69 (d, J=0.8 Hz, 1H); 8.47 (s, 1H);
7.57 (4, J=7.9 Hz, 1H); 7.37 (d, J=8.1 Hz, 1H); 7.23
(d, J=7.3 Hz, 1H); 5.08 (=, 2H); 3.06-3.18 (m, 1H);
2.74 (s, 3H); 1.14-1.36 (m, 2H); O.92~}.O6 (m, 2H).



3- nor phol i n-4-yl - 2- (9H puri n- 6-yl sul fanyl net hyl ) - 3H qui nazol i n- 4- one,
acetate salt (D 039) 3-(3-nethoxyphenyl)-2-(9H purin-6-ylsul fanyl net hyl) -
3H qui nazgig firsgsene (D-040) PCT/US01/13315
3-(3-chl orophenyl)-2-(9H puri n-6-yl sul fanyl net hyl ) - 3H qui nazol i n- 4- one
(D-041) 2-(9H purin-6-ylsul fanyl met hyl )=3-pyridin-4-yl-3H
qui nazol i n-4-one (D-042) 3-benzyl-5-fluoro-2-(9H purin-6-yl sul fanyl net hyl) -
3H qui nazol i n-4-one (D 043) - 163 ~ .
3- (4-net hyl pi perazin-1-yl)-2-(9H purin-6-yl sul fan-
yl met hyl ) - 3t 908 1rADh b A NS, v BEStRY B) SBt &y DoP44pyl-5-methyl -
[ 5-fluoro- 4-nxon2id 6Pkl D-Eny| epil dewyl net hyl ) - 4H qui nazolin-3-yl] acetic
acid ethyl ester (D 045)
3- (2- et hoxyphenyl ) - 2- (9H- puri n- 6-yl sul f anyl met hyl ) - 3H- qui nazol i n- 4-one
(D-046) 3-(2-net hoxyp;b@gaé}eé &@é@yélgg(@&ﬁyeb@dérwéuhéﬁﬂg 3a
yl met hyl ) - 3H qui nazol i n- 4- one 47)
2- (6- anlnopulep@Byl%E@%ymmoél(2a¢¢®bm©ph%ﬁym$ 50.7 mmol), and
met hyl - 3Hq oI ne 0

(6- anlnopﬁi?%;g %?1 mﬁylg(gbb§ﬁ§§? 5- FP oPgo ﬁ?tqgﬁﬁazo ﬁg 4dbne (D-049)
( 6- ami nopupy rk1gL ket hyh ) E8oth U -- SFHQVMRaZBMBR-4%) ohe (®-0%0)
(
al

6- anmi nopu )- y. iNs4:-y nazol pn-4-one, acetate
L (D 05y o b slaHe) ] by fabts D1 YBgHE, ) RarekbMe;
- (4-chl or ophehy8 Y)Hz 2- [BH; purih-B-39 sthf ady) mevhot) {d3HTgai hakZel i n- 4- one
D-052). 1H); 5.74 (s, 2H); 3.00-3.13 (m, 1H); 2.73 (s, 3H);
1.18-1.38 (m, 2H); 0.94-1.09 (m, 2H).

2-
2-
2-
S
3
(

5-Methyl-3-(4-nitro-benzyl)-2- (9H-purin-6-ylsul-
fanylmethyl) -3H-quinazolin-4-one (D-066)

Prepared according to procedure C using 3g
(200mg, 0.58 mmol), 6-mercaptopurine monohydrate
(148 mg, 0.87 mmol), and K,CO; (160 mg, 1.16 mmol).
The product was purified by trituration from MeOH. 'H
NMR (DMSO-d,) &: 13.44 (br s, 1H); 8.50 (s, 1H);
8.31 (s, 1H); 8.03 (d, J=8.6 Hz, 2H); 7.58 (t, J=7.9
Hz, 1H); 7.37 (4, J=8.3 Hz, 3H);.7.22 (d, J=7.5 Hz,
1H); 5.44 (s, 2H); 4.70 (s, 2H); 2.66 (s, 3H). MS
(ES): m/z 460 (M+H).

3-Cyclohexyl-5-methyl-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one (D-067)

Prepared according to procedure C using 3h
(150mg, 0.52 mmol), 6-mercaptopurine monohydrate (97
mg, 0.57 mmol), and K,CO, (86 mg, 0.62 mmol). The
product was purified by trituration from MeOH. 'H NMR
(DMSO-d,) &: 13.66 (br s, 1H); 8.82 (s, 1H); 8.50
(s, 1H); 7.62 (t, J=7.7 Hz, 1H); 7.42 (4, J=8.0 Hz,



Addi ti onal

by the abayen@dgsgri bed Procedure A, eN NC

conmpounds of the present invention were prepared by the
follow ng synthetic procedures. The followi ng internedi ates were prepared

R=cycl opr opyl net hyl 3c R=phenet hyl 3d R=cycl opentyl 3e

R=3- (2-chl or o) pyri dyl

3a R=cycl opr opdr/édi/13315

present inven- tion (D-053 through D-0§9)-having the follow ng core
structure are discussed in the follow ng Experinmen- tal Section.
prepared folimw ny. Psocedure7 . € WD Od) 818461 PCE, USAL;1831% (brl56 Core

structure:

cyclopropyl%%yh ) qugfggggcggﬁbgi5%%?%%?ag|%ﬁf|835?pX[5g-195854

(m, 4H); 1.37-1.57 (m, 1H); 0.71-1.26 (m, 3H). MS
(ES): m/z 407 (M+H), 325. '

2-(6-Aminopurin-9-ylmethyl) -3-cyclohexyl-5-methyl-
3H-quinazolin-4-one (D-068)

Prepared according to procedure C using 3h
(150mg, 0.52 mmol), adenine (77 mg, 0.57 mmol), and
K,CO, (86 mg, 0.62 mmol). The product was purified
by trituration from MeOH. 'H NMR (DMSO-d,) O: 8.15
(s, 2H); 7.54 (t, J=7.9 Hz, 1H); 7.06-7.35 (m, 4H);
5.65 (s, 2H); 4.09 (br s; 1H); 2.73 (s, 3H); 1.41-
1.90 (m, 6H); 0.99-1.34 {(m, 4H). MS (ES): m/z 390
(M+H), 308.

2-(2-Amino-9H-purin-6-ylsulfanylmethyl) -3-cyclo-
hexyl-5-methyl-3H-quinazolin-4-one (D-069)

Prepared according to procedure C using 3h
(150mg, 0.52 mmol), 2-amino-6-mercaptopurine (95 mg,
0.57 mmol), and K,CO, (86 mg, 0.62 mmol). The
product was purified by reversed-phase HPLC (C18
Luna column, 4.6 x 250 mm, 4.7 mL/min, 10-75%
acetonitrile/water over 15 min, 100% acetonitrile at
18 min, detector at 220 ). MS (ES): m/z 422 (M+H),
340, 170.

5-Methyl-3- (E-2-phenyl-cyclopropyl) -2- (9H-purin-6-
yvlsulfanylmethyl) -3H-quinazolin-4-one (D-070)

Prepared according to procedure C using 31

and 6-mercaptopurine monohydrate). The product was

Al

3f R=4-(2-nethyl)benzoic acid 3g R=4-nitrobenzyl 3h
R=cycl ohexyl 3i R=E-(2-phenyl)cycl opropyl Additional conpounds of the

wer e



D- 056 cycl opropyl methyl. C D- 057 phenethyl B D 058 phenethyl C D 059
cyclopentyl B D-060 cyclopentyl A D061 3-(2-chloro)pyridyl B D062

3-(2-chl ow@g)awisEyl A D063 4-(2-nethyl)benzoic acid B PcdbdsoeN§d19pr opyl
B D065 cyclopropyl A D066 4-nitrobenzyl B B D067 cycl ohexyl D- 068

cycl ohexyl A D-069 cycl ohexyl C D070 E-(2-phenyl)cyclopropyl B WO
01/81346 PCT/US01/13315 157 ~N N\ N H2ZNA | W SNN N ~-H BS
NYNH2 - 165 -

purified by reversed-phase HPLC .(Cl8 Luna column,

4.6 x 250 mm, 4.7 mL/min, 10-75% acetonitrile/water

over 15 min, 100% acetonitrile at 18 min, detector

at 220 ). MS (ES): m/z 441.

Additional compounds of the invention
follow, together with the synthétic route to com-
pounds D-071 to D-118.



NT C ~H C W 01/81346 PCT/US01/13315 - 158

2- (2- Am no- 9H puri n- 6-yl sul f anyl net hyl ) - 3-

cycl opr opwlo Grsigishy! - 3H qui nazol i n-4-one (D-053) Prepar epcaggmidsiig to
procedure C using 3a (100ng, 0.4 mmol ), 2-am no-6-nercaptopurine (80 ny,
0.48 mml ), and K2CO3 (77 nmg, 0.56 mvl) . The product was purified by
trituration fromH2O 1H NWVR (DVMSO-d6) 5: 7.89 (d, J=0.9 Hz, 1H) ; 7.54
(t, J=7.4 Hz, 1H) ; 7.34 (d, J=8.1_HzgglH) ; 7.19 (d, J=7.2 Hz, 1H); 6.28
(s, 2H); 4.94 (s, 2H); 2.70 (s, 3H); 1.24 (d, J=6.5 Hz, 2H); 0.91 (s, 2H).
M5 (ES): mliz 380 (M+H), 190. 3-Cycl opropyl net hyl - 5- met hyl - 2- (9H puri n- 6-
yl sul f anyl net hyl) - 3H qui nazol i n-4-one (D-054) Prepared according to

procedure C using 3b (300ng, 1.14 mol), 6-nercaptopurine mono rate (214
mg, 1.26 mmol) , and K208 (18%ng, 1.37 mmol) . Therﬁ%ﬂ; purified

by trituration from H2Q| flol Ifowgd by—recryseal lizatio 1H NMR
(DMBO- d6) 5Prak8dwe®D( br )

72 (s, 1H); 8.48 63 (t, J=7.8
Hz, 1H) : 7.42 (d, J=8 , . 7.28 (d, J=7.3 Hz, : (s 2H) ;
4.11 (d, J=6.8 Hz, 2H)> 2N#8 (s, 3H); 1.35 (quint, J= 6 254142

0.44-0.59 (m 4H). Ms (ES); mz 379 (MH),

Procedure £ N7 N o -
>
O
XJ%N m N
N o N/)ﬁ N==\

"
5¢ ’ X
FE O
Procedure F F 0
@ !
H &'E i
i N
NH, H

4b 6a



325. WD 01/81346 PCT/US01/13315 - 159
2- (6- Am nopuri n-9-yl nmet hyl ) - 3-cycl opr opyl net hyl -

met hyl - 3Hy@j1ka3@l | N- 4-one (D-055) Prepared according to pageyhssis usi ng
3b (300ngy, 1.14 mml), adenine (170 ng, 1.26 mmol), and K2CO3 (189 ny,

1.37 mmol ). The product-was purified by trituration fromH20, foll owed by

recrystalli- zation fromMOH 1H NWR (DVMSO-d6) 5: 8.21 (s, 1H) ; 8.10 (s,
1H ; 7.52 (t, J=7.7 Hz, 1H) ; 7.187na81 {m 3H) ; 7.06 (d, J=8.1 Hz, 1H)

; 5.6:8 (s, 2H) ; 4.14 (d, J=6.8 Hz, 2H); 2.77 (s, 3H); 1.34 (quint, J=6.4
Hz, 1H) ; 0.45-0.60 (Pm'odéﬂuré/BJ(ES) mixntzr862f (Mrifle 4308r 4b,

2-(2- Am no- 9H i fanyl nmet h

propy! met hyE D@&ﬁﬁ %ﬁ revasl |?1n% %J%%Cf?)ilo%%sftl?’rﬁﬁéﬁieﬂaﬁccord| ng to
procedure Crs,@atr@i&ba(ﬁﬁ@w fdrll ntr@lz) h@udl NoTke NBESAPE 0RYr i ne (200 ny,
1.2 mol) , and K2C03 (18 O : mmol) .. The product ~was purified by
trituration MPHFHIMVIGE QWWJ(@R%lHGYa‘Suol?nq’OP‘(”é%féedlw 7.95 (s,

1H) ; 7.64 (Elaéhﬁgﬁ%éﬂétééﬁa ﬂy4€og%roQIae9tﬁg ﬂ&ﬂecgea8 J=7.4 H,
1H); 6.41 (s, 2H); 4.91 (s. 20" (d & e 2 % (s, 3H);
1.26-1.43 (rﬁyqu)zed oar%n@ 56TRHG mHjerMEL (W - cmlegd ViviFR) 10340,

5- Met hyl - 3- phanard s (St puein: 51 yéﬁ&”iaé‘é(&alxjr'@i@yé%oéﬁ'tqldfnazo' I n-4-one

(D-057) Prepared according to procedure using 3 ng, 2.4 mol),
6- mer capt opRBhel mofihyrirdt et {yged at amblent temp untll

consumption of starting material was indicated by
LCMS. The reaction was poured directly onto a flash
column (equilibrated in CH,Cl,) and eluted with 0-5%
MeOH/CH,Cl, to provide the free amine, 5a or 5b.
Compound 5c was prepared in an analogous manner
using (x) FMOC-alanyl-chloride in place of FMOC-
glycyl chloride.

Procedure E: Equimolar amounts of 5a or
5b, the appropriate 6-chloropurine, and DIEA were
combined with EtOH in a small vial and heated to
80°C. The reaction was monitored regularly by LCMS

and purified as stated.

Procedure F: A mixture of amide 4b,
acetoxyacetyl chloride, and glacial acetic acid was
heated to 120°C and stirred for 2 hoﬁrs. The cooled
reaction was filtered and the solids washed with
CH,Cl, to provide the cyclized acetate as a white
solid. This material was combined with K,CO, in
agueous methanol and stirred for one hour, then
concentrated in vacuo. The resulting solids were

triturated from H,0 to provide 6a as a white solid.



ng, 2.6 mmol ), and K2CAB (398 ng, 2.9 mml ). The product was purified by
trituration fromH20. 1H NVR WD 01/81346 PCT/US01/13315 - 160 (DVBO-d6) b
1 13.61 (wodidsse 8. 71 (s, 1H) ; 8.48 (s, 1H); 7.65 (t, pta/usbiiBsis1H) ;
7.44 (d, J=7.9 Hz, 1H); 7.16-7.35 (m 6H); 4.89 (s, 2H); 4.29 (br t, J=7.9
Hz, 2H) ; 3.08 (br t, J=7.8 Hz, 2H) ; 2.81 (s, 3H. M5 (ES) : mz 429
(M+H), 105. 2-(2-Am no-9H puri n-6-yl sul fanyl net hyl ) - 5- net hyl -
phenet hyl - 3H qui nazol i n-4-one (D 058)14% epared according to. procedure C
using 3c (750ng, 2.4 mmol ), 2-am no-6-nercaptopurine (435 ng, 2.6 mol) ,
and K2CO3 (398 ng, 2.9 mmol) . The product was purified by trituration
fromH2O 1H NVR (DMSO d6) 5: 12f6% ( 1H ; 7.95 (s, 1H) ; 7.65 (t,
J=7.7 Hz, 1H) ; 7.45 (d, J=7.9 . 7.14-7..32 (m 6H) ; 6.44 (s,
2H) ; 4.81 (s, 2H) ; 4.24" (br t5 .9Gkgﬂ 2H); 3.04 (br t, J=7.8 Hz,
2H); 2.81 (s, 3H). M (ES) m z 444 (ki) ~H340.
3-Cycl opentyl - 5- et hyl - 2- (9H- pur i n- 6- yl gullf anyl -
met hyl ) - 3H qui nazol i n- 4-one (D-059) Prep‘ofred according to"procedure C using
3d (100ng, 0.36 mml), 6-nercaptopurine nmonohydrate (73 ny, 0.43 mmol),
and K2CO3 (100 ng, 0.72 mmol ). The product was purified by
recrystallization from MeOH  1H NVR (DMSO-d6) 5: 13.62 (br s, 1H); 8.77
(s, 1H ; 8.48 (s, 1H) ; 7.62 (t, J=7.7 Hz, 1H) ; 7.42 (d, J=7.8 Hz, 2H);
7.26 (d, J=7.4 Hz, 1H); 5.03 (s, 2H); 4.80 (quint, J=8.0 Hz, 1H); 2.76 (s,
3H); 2'12'21§J(1I@hlorophenyl)—5-f1uoro—2-[(9H—purin—6-ylamino)—.

methyl] -3H-quinazolin-4-one (D-072)

Prepared according to procedﬁre E using 5b
(50 mg, 0.165 mmol) and 6-chloropurine (26 mg, 0.165
mmol) in 1 mL EtOH. After 5 days, reaction purified
by HPLC (C18 Luna column; 4.6 x 250 mm, 4.7 mL/min,
10-75% acetonitrile/water over 15 min, 100%
acetonitrile at 18 min, detector at 220A). 'H NMR
(DMSO-d,) ©: 12.99 (br .S‘, 1H); 8.14 (br s, 1H);
8.12 (s, 1H); 7.85 (dt, Jd=5.7, 8.1 Hz., 1H); 7.68-
7.79 (m, 3H); 7.57 (t, J——j6.2 Hz., 1H); 7.57 (4,
J=7.7 Hz., 1H); 7.50 (d, J=8.1 Hz., 1H); 7.35 (dd,
J=8.4, 10.7 Hz., 1H); 4.'ZAI.5—4.55 (m, 2H). MS (ES):
m/z 422 (M+H), 211.



2H); 1.79-2.04 (m 4H); 1.44-1.58 (m 2H). MS (ES): mz 393 (M+H) , 325.
WD 01/81346 PCT/US01/13315 - 161

2- (6- Am n@jeLgilgisd- vl net hyl ) - 3-cycl opent yl - 5- et hyl - 3H quiprazidoiA3xds one
(D-060) Prepared according to procedure C using 3d (100ng, 0.36 mol),
adenine (58 ng, 0.43 mmol), and K2C03 (100 ng, 0.72 mmol ). The product was
purified by recrystallization fromMOH , "HNW (DVMSO-d6) b : 8.15 (s,
1H) ; 8.11 (s, 1H) ; 7.52 (t, J=7.7-Hegeo1lH) ; 7.16-7.31 (m 3H); 7.10 (d,
J=8.0 Hz, 2H); 5.68 (s, 2H); 4.78 (quint, J=8.3 Hz, 1H);. 2.74 (s, 3H);
2.09-- 2.32 A0 (2Hmido 86H 2p0Ai A AE -2Hhmido BBedhPb] (B3 (2H); 1.43-1.67 (m
2H) . M5 (ES)ahi8zoptény M-t - £B08ro-3h4quinazolin-4-one (D-074)
3-(2-Ch|oro-pyridin-3-y|)-5-nethy|-2-(%&+purin-6-

yl sul fanyl met hyl ) - 3H qui nazol i n-4-one . (D-061) Prepared according to

procedure C using 3e (50 ed- 8c8TPY) ng 6c BBLLAPLQRMET R, aDAghydrate (289
ng, 1.7 nnnl%, and K2CXB (.262 ng, 1.9 mmol). The product was purified by
trituration fTOMIRA - M> TES}) : ahdl 22 4881 0KEY) chhogopurine (28

2-(6-Am nop%%,n-@:yéﬁ% i?-%(f-fﬂlﬁﬁgyﬁqwrmtgﬁs days,

yl') - 5- met hyl -3H qui nazol I n-4-one (D-06 Prepared according to procedure C
usi ng 3e (509 ian cowmbf}ed ddenitReC ( 2308 njuna. Foawph) | 4afdx K2C03 (262

eSS 2o, U P, PUE LS achret L sathan s 0 1 N
15 min, 100% acetonitrile at 18 min, detector. at
220A). 'H NMR (DMSO-d,) &: 12.13 (br s, 1H); 7.86
(dt, J=5.6, 8.2 Hz., 1H); 7.76-7.83 (m, 2H); 7.68
(br &, 1H); 7.61 (t, J=5.7 Hz., 1H); 7.61 (d, J=7.2
Hz., 1H); 7.53 (d, J=8.2 Hz., 1H); 7.35 (dd, J=8.2,
10.9 Hz., 1H); 5.66 (br &, 2 H); 4.16-4.50 (m, 1H);
4.09 (g, J=5.3 Hz., 2H). MS (ES): m/z 437 (M+H),
219.

5-Methyl-2-[(9H-purin-6-ylamino)methyl] -3-o0-tolyl-
3H-quinazolin-4-one (D-071)

Prepared according to procedure E using 6-
chloropurine (11 mg, 0.072 mmol) and 5a (20 mg,
0.072 mmol). After 5 days, the reaction was
quenched with water and the resulting suspension
filtered. The solids were purified by HPLC (C18
Luna column, 4.6 x 250 mm, 4.7 wL/min, 10-75%

acetonitrile/water over 15 min, 100% acetonitrile at



1H): 8.025 (s, 1H); 8.017 (s, 1H); 7.60-7.72 (m 2H); 7.35 (t, J=8.2 Hz,
2H); 7.22 (s, 2H); 5.12 (d, WD 01/81346 PCT/USO1/13315 - 162 J=17.0 Hz,
1H) ; 5. 0koldsmislsl7. 0 Hz, 1H); 2.72 (s, 3H)- M5 (ES) : nmipgerddihddik) .

3- Met hyl - 4-[ 5- met hyl - 4- oxo- 2- (9H- puri n- 6-yl sul f anyl -

met hyl ) - 4H qui nazol i n-3-yl ] -benzoic acid (D-063) Prepared according to
procedure C using 3f (400ng, 1.17 mol), 6-nercaptopurine nonohydrate
(219 mg, 1. 29 mmol) , and K2CAB (22611@,- 1. 64 mmol) . The product was
purified by recrystallization from MOH 1H NVR (DVSO-d6) 5: 13.54 .(br s,
1H) ; 8.44 (13 mih H detec&;éhz a(t s2204H) 71}8@J1V(Rs (rﬁ@q d57 dr (t, J=7.7 Hz,
1H); 7.59 (d,.J=8.6 Hz, .52 ( (d, J=7.4 Hz,
1H): 4. 46 (d1239:815&2tr Hl%-b 41%4836 a—&%)v ?Liz 16—()* g’f}?w (d J=4.4 Hz,
1H); 2.73 (B.58H).792¢ nEL7 41) ; 3H) 37 M. 4£SIm, M)z 459%(%1%

3- | | -5-neth |-2 oH 6-vyl
metq,hgl ?pglc—)ll?éﬁ n'agi? =9 e(‘(“F[)}u%IIéQ) %’ﬁ%g f2d %/%}:or%lri“u% {8 p?%l:edure C usi ng

3a (100ng, Mk 40zl )m/ H-9@g capl@purine nonohydrate (90 ng, 0.53 mmol),
and K2CO38 (97 ng, 0.7 mmol ). The product was purified by trituration from
H20. '"H NVR (DMSO-d6) 5: 8.69 (d, J=0.8 Hz, 1H) ; 8.47 (s, 1H); 7.57 (d,
J=7.9 Hz, 1H); 7.37 (d, J=8.1 Hz, 1H); 7.23 (d, J=7.3 Hz, 1H); 5.08 (s,

2H); 3.06-3.18 (m 1H; 2.74 (s,,3H; 14-1.36 (m 2H); 0.92-1.06 (m
2H). WO 01/ 81346 PCT/ US01/13315
WAW N=\

2-[(2-Amino-9H-purin-6-ylamino)methyl] -5-methyl-3-o-
tolyl-3H-quinazolin-4-one (D-073)

Prepared according to procedure E using 5a
(189 mg, 0.677 mmol) and 2-amino-6-chloropurine (115
mg, 0.677) in 3 ml EtOH. After 3 days, the reaction
was filtered to remove excesgss purine and the fil-
trate purified by HPLC (C18 Luna column, 4.6 x 250
mm, 4.7 mL/min, 10-75% acetonitrile/water over 15
min, 100% acetonitrile at 18 min, detector at 220A)
to provide 7 mg of the product as the TFA salt. 'H
NMR (DMSO-d,) &: 8.88 (br s, 1H); 8.21 (s, 1H);
7.71 (¢, J=7.7 Hz., 1H); 7.45-7.56 (m, 2H); 7.38-
7.44 (m, 3H); 7.35 (d, J=7.5 Hz., 1H); 7.30 (br s,
1H); 4.40 (dd, J=4.5, 17.5 H=z., 1H); 4.27 (d4dd,
J=5.3, 17.4 Hz., 1H); 2.75 (s, 3H); 2.09 (s, 3H).
MS (ES): m/z 413 (M+H), 207, 163.



- 163 2-(6-Am nopurin-9-vlnethyl)-3-cycl opropyl - 5-net hyl -
3H qui nazol i n-4-one (D-065) Prepared according to procedure C using 3a

(100mg, Owgh1®i®ds) , adenine (94 nmg, 0.7 mmol), and K2CO3 fclAlsoiEs319- 88
mol ). The product was purified by trituration fromH2O 1H NVR ( DMSO- d6)

5: 8.19 (d, J=0.9 Hz, 1H); 8.09 (d, J=1.0 Hz, 1H); 7.48 (t, J=7.8 Hz,
1H); 7.13-7.29 (m 3H); 7.04.(d, J=8.1 Hz,' 1H); 5.74 (s, 2H) ; 3.00-3.13
(m 1H) ; 2_.73 (s, 3H ; 1.18-1.38q {m 2H ; 0.94-1.09 (m 2H

5- Met hyl - 3- (4-nitro-benzyl)-2-(9H purin-6-yl sul -

fanyl met hyl ) - 3H qui nazol i n-4-one (D-066) Prepared according to procedure C

using 3g (200ng, 0.58 mmol), 6-nergap rine nonohydrate (148 ng, 0.87
mmol) , and K2CO3 (160 ng, 1.16 piggrproduct was purified by
trituration fromNeOH 1H NWR ( %’gﬁ) 5: 13.44 (br s, 1H) ; 8.50 (s, 1H)
; 8.31 (s, 1H); 8.03 (d, J=8.6 , ; ¥=68 (t, J=7.9 Hz, 1H); 7.37 (d,
J=8.3 Hz, 3H);'.7.22 (d, J=7.5 Hz, 1M} ~5"34 (s, 2H) ; 4.70 (s, 2H) ;
2.66 (s, 3H). M8 (ES) : miz 460 (MH). {1
3-Cyc|ohexyl-5-nethy|-2-(9k#purin-6-y|surfényl- met hyl ) - 3H qui nazol i n- 4- one
(D-067) Prepared according to procedure d:using 3h  (150ng, 0.52 mmol),

6- mer capt opuri ne nonohydrate (97 ny, 0.57 mol), and K2CO3 (86 ny, 0.62
mol ). The product was purified by trituration from MeOH 1H NWR

(DVMBO-d6) 5: 13.66 (br s, 1H) ; 8.82 (s, 1H) ; 8.50 (s, 1H); 7.62 (t, J=7.7

Hz, 1H); 7-42—ﬁ@b-ﬁ&ﬁ%fbrgﬂ—purin—6-ylamino)methyl]-5-methyl-3—
o-tolyl-3H-quinazolin-4-one (D-076)

Prepared according to procedure E using 5a
(20 mg, 0.072 mmol) and 2-fluoro-6-chloropurine (16
mg, 0.094 mmol) in 1 mL EtOH. After 18 hours, the
reaction was purified by HPLC (C18 Luna column, 4.6
X 250 mm, 4.7 mL/min, 10-75% acetonitrile/water over
15 min, 100% acetonitrile at 18 min, detector at
220A) and subsequently recrystallized from EtOH to
provide 14 mg of the product as a yellow solid. 'H
NMR (DMSO-d,) O: 13.12 (br s, 1H); 8.40 (br s, 1H);
8.15 (s, 1H); 7.66 (t, J=7.7 Hz, 1H); 7.35-7.49 (m,
4H); 7.31 (d, J=7.2 Hz., 1H); 4.00-4.22 (m, 2H);
3.17 (s, 1H); 2.74 (s, 3H); 2.18 (g, 3H). MS (ES):
m/z 416 (M+H), 208.

SN o
Cft”
2 Cl
N)\ N=\
NH
S

]
N\¢N



WO 01/ 81346 PCT/US01/13315 - 164 1H); 7.26 (d, J=7.3 Hz, 1H); 5.01 (s,
2H); 4.11 (br s, 1H); 2.75 (s, 3H); 2.3'8-2.65 ~(m 2H); 1.58-1.90 (m
4H); 1. 37wb Ak 1H); 0.71-1.26 (m 3H). MS (ES): mz 4iniduthBsis325.

2- (6- Am nopuri n-9-yl net hyl ) - 3-cycl ohexyl - 5- met hyl - 3H- qui nazol i n- 4-one
(D-068) Prepared according to procedure C using 3h (150ng, 0.52 mol),
adenine (77 ng, 0.57 mol), and K2C03 (86 ng, 0.62 mmol). The product was
purified by trituration from MeOH -1HyNVR (DVSO-d6) 5: 8.15 (s, 2H); 7.54
(t, J=7.9 Hz, 1H); 7.06-7.35 (m 4H); 5.65 (s, 2H); 4.09 (br s 1H); 2.73
(s, SFD 1. 412 -3L96r 6phehil) ) - dOmABRhTF1 3AiH6) (4H) puBnBS) : mz 390 (MH)

308. 2-(2- AR neaPrhpythathyy) sebfgayhaBbNYh) 2306XC(0~075)
hexyl - 5- met hyl - 3H—qU|nazoI|n 4-one (D-069) Prepared according to procedure

C using 3h (150nmg, 0.52 nmol), 2-am no-6-nercaptopurine (95 ny, 0.57

ol ) , and K2Q03 (86 #Up18. @206“95) 0. IQQ mﬂ&@ U%bsw%%m%&%bh!Ed by
rever sed- phase HPLC (C18 Luna colUm, 4. nm./ mn, 10-750

acetonltrlIéWMhhe@mWQEFUTShﬁﬁﬁoxlégwdaéeﬁéﬁvtﬁlWé)aﬂn P@Fnlﬁ m§et ect or at

220 . M5 4 7
5- N@%hyl 3- E%?% %ﬁ%ﬁ% %éc%gggzpyﬁgég : gagurin 8 reaction was

yl sul f anyl nepwyi¥ie® gui HBRG! (F14- bnaa(gp@mmp Pr. épar @@ Oavwor di-fig to
procedure C ysing,3i;§n4s8- JELEAAL PRYE LDGaFRPORYdrate) i The ;pheduct was

acetonitrile at 18 min, detector at 220A) to provide
the product as a yellow solid, ~2mg. 'H NMR (DMSO-
dg) O: 13.52 (br s, 1H); 8.46 (s, 1H); 8.42 (s,

1H); 7.69 (dd, J=2.1, 7.3 Hz, 1H); 7.62 (dd, J=1.6,
7.6 Hz., 1H); 7.61 (t, J=8.0 Hz., 1H); 7.37-7.48 (m,
2H); 7.05 (d, J=7.9 Hz., 1H); 6.96 (d, J=7.8 Hz.,
1H); 4.32-4.45 (m; 2H); 2.80 (s, 6H). MS (ES): m/z
464 (M+H), 232.

5-(2-Benzyloxyethoxy) -3- (2-chlorophenyl) -2~ (9H-
purin-6-ylsulfanylmethyl) -3H-quinazolin-4-one
(D-078)

To a solution of 2-benzyloxyethanol (0.3
mL) in DMF (1.0 mL) was added NaH (50 mg, 2.08
mmol) . After stirring for 5 minutes, 0.5 mL was

added to a solution of 1IC-87185 (50 mg, 0.114



WO 01/81346 PCT/US01/ 13315 - 165 purified by reversed-phase HPLC "(C18
Luna colum, 4.6 x 250 nm 4.7 nL/mn, 10-75% acetonitrile/water over 15
mn, 100%wacAls@sistrile at 18 mn, detector at 220 ) . NSpER)so1/15812 441.
Addi ti onal conpounds of the invention follow together with the synthetic
route to com pounds D-071 to D-118. WO 01/81346 PCT/US01/13315 - 166 O
O/ N Procedure DLNI NHNHZ NHZ 5a 4a FOFO I \' N HI j NO NH
Cl NH2 5b 4b d NO Procedure ENKOAN( XINT NIV N\ Nfi / NN N
HN' NH NHZ t~~"" N
mmol) in anhydrous DMF (0.75 mL). The reaction was

heated to 50°C and stirred for 3 days. Purification
by HPLC (C18 Luna column, 4.6 x 250 mm, 4.7 mL/min,
10-75% acetonitrile/watef over 15 min, 100%
acetonitrile at 18 min, detector at 220A) provided
the product as a heterogenous solid, 150 pg. MS
(ES): m/z 571 (M+H), 481. ‘

OTO |
N
)

HN

6-Aminopurine-9-carboxylic acid 3-(2-chlorophenyl) -
5-fluoro-4-oxo-3,4-dihydro-quinazolin-2-ylmethyl
ester (D-079)

To a solution of 3b (20 mg, 0.066 mmol) in
CH,Cl, (500 uL) at 0°C was added phosgene (2M/tolu-
ene, 36 UL, 0.072 mmol), followed by adenine (10 mg,
0.072 mmol), and DIEA (25 uL, 0.145 mmol). The
reaction was allowed to attain ambient temperature
and stir for 8 days. Purification by HPLC (C1l8 Luna
column, 4.6 x 250 mm, 4.7 mL/min, 10-75% aceto-
nitrile/water over 15 min, 100% acetonitrile at 18
min, detector at 220A) provided the product as a
mixture. 'H NMR (DMSO-d,) &: 11.04 (br s, 1H); 8.61
(s, 1H); 8.40 (s, 1H); 7.85-7.95 (m, 1H); 7.76 (dd,
J=5.4, 9.6 Hz, 1H); 7.70-7.78 (m, 1H); 7.52-7.63 {(m,



58 X O N>FO NNNFOXNH/ N i I NNN=\H / N~d FIN ~/ NHZ N
N Y 5bd XNN OX-NNNN N\ NHV NH NHZT 5c Procedure F F N
2] ?1 i N wobdysdheba WO 01/81346 PCT/ USO01/ 13315 - 167 Progadwog18315A
m xture of am de 4a or 4b, FMOC-glycyl-chloride, and glacial acetic acid
was heated to 120C for 1 to 4 hours. The resulting mxture was
concentrated in vacuo and purified by
- 174 -
3H); 7.38 (dt, J=8.3, 10.6 Hz., 1H); 4.76-4.89 (m,

2H). MS (ES): m/z 466 (M+H), 331, 305.

N- [3- (2-Chlorophenyl) -5-£fluoro-4-oxo-3,4-dihydro-
guinazolin-2-ylmethyl] -2- (9H-purin-6-ylsulfanyl) -
acetamide (D-077)

(9H-Purin-6-ylsulfanyl) -acetic acid (63
mg, 0.296 mmol), 5b (108 mg, 0.355 mmol), EDC (68
mg, 0.355 mmol), HOBT (48 mg, 0.355 mmol), DIEA (62
1L, 0.355 mmol), and DMF (1 mL). were combined in a
flask and stirred at ambient temperature for one
hour. The reaction was diluted with EtOAc (20 mL)
and washed with dilute brine (2 x 13 mL). The
organic phase was concentrated in vacuo and chroma-
tographed in 5% MeOH/CH,Cl, to provide the 91 mg of
the product as a viscous, peach foam. 'H NMR  (DMSO-
ds) o: 12.88 (br s, 1H); 8.72 (s, 1H); 8.62 (t,
J=5.0 Hz, 1H); 8.49 (s, 1H); 7.88 (dt, J=5.6, 8.2
Hz, 1H); 7.73-7.78 (m, 1H); 7.67-7.72 (m, 1H); 7.57-
7.65 (m, 2H); 7.38 (d, J=8.1 Hz., 1H); 7.36 (d4dd,
J=8.3, 11.1 Hz., 1H); 4.11-4.24 (m, 2H); 3.96 (dd,



flash chromat ography to provide the protected, cyclized amne. This

mat eri al was conbined with 10 equivalents octanethiol and a catalytic
anount of woBldis4¢ THE and stirred at anbient tenp until geASENIRLEXE Of
starting material was indicated by LCMS. The reaction was poured directly
onto a flash colum (equilibrated in CH2C12) and eluted with 0-5%

MeOH CH2C12 to provide the free amne, 5a or 5b. Conpound 5c¢c was prepared
in an anal ogous manner using () FMOCtabanyl-chloride in place of FMOC

gl ycyl chloride. Procedure E: Equinolar anobunts of 5a or 5b, the

appropri ate &=ght propusine, anal;DsEAswWedd, cesbined 7wkt FzEt OH)i.n a smal |
vial and he d 80C, The reaction s nonitored regularly by LCM5 and
purified asﬁ?af%‘(%). : Pr‘Bé%dﬁ§g EL%%S i %%‘vgre of amide 4b, acetoxyacetyl
chloride, and glacial acetic acid was heated to 120C and stirred for 2
hours. The cooled reaction was filtered and the solids washed with CH2Cl12
to provide the cyclized acetate as a white solid. This nmaterial was
conmbined with K2C03 in aqueous nethanol and stirred for one hour, then
concentrated in vacuo. The resulting, s were triturated fromH2Oto
provide 6a as a white solid. WO OL1/813 CT/US01/13315 - 168 F OClI HM

NH N
s
A
NH

HN X

|
NN

T

2-[1-(2-Fluoro-9H-purin-6-ylamino) ethyl] -5-methyl-3-
o-tolyl-3H-quinazolin-4-one (D-080)

Prepared according to procedure E using 5c
(50 mg, 0.17 mmol) and 2-fluoro-6-chloropurine (35
mg, 0.204 mmol) in 1.2 mL EtOH. Purification by
HPLC (C1l8 Luna column, 4.6 x 250 mm, 4.7 mbh/min, 10-
75% acetonitrile/water over 15 min, 100% acetoni-
trile at 18 min, detector at 220A) provided two
atropisomers as white solids. Data for one of these
follows: 'H NMR (DMSO-d,) &: 8.48 (br d, J=6.4 Hz,
1H); 8.17 (s, 1H); 7.69 (t, J=7.8 Hz, '1H); 7.53 (d,
J=7.8 Hz, 1H); 7.44 (d, J=7.8 Hz, 2H); 7.33 (d,
J=7.2 Hz, 2H); 7.07 (br t, J=7.2 Hz, 1H); 4.80 (br
t, J=6.8 Hz, 1H); 2.74 (s, 3H); 2.09 (s, 3H); 1.38
(d, J=6.7 Hz, 3H). MS (ES): m/z 430 (M+H), 215.



11 NON 3-(2-Chl orophenyl)-5-fluoro-2-[, (9H purin-6-yl am no)

nmet hyl ] - 3H qui nazol i n-4-one (D-072) Prepared according to procedure E using
5b (50 myo A/siels nmol ) and 6-chl oropurine (26 ng, 0.165 pyfbgorissid nl
EtOH. After 5 days, reaction purified by HPLC (C18 Luna colum, 4.6 x 250
mm 4.7 nb/mn, 10-75% acetonitrile/water over 15 mn, 100% acetonitrile
at 18 mn, detector at 220A). 1H NVMR (DMSO-d6) 5: 12.99 (br s, 1H) ; 8.14
(br s, 1H ; 8.12 (s, 1H); 7.85 (dt; 6.7, 8.1 Hz., 1H); 7.68- 7.79 (m

3H) ; 7.57 (t, J=6.2 Hz., 1H) ; 7.57 (d, J=7.7 Hz., 1H); 7.50 (d, J=8.1
Hz., 1H); 7.35 (dd, J=8.4, 10.7 Hz., 1H); 4.15-4.55 (m 2H). M5 (ES): nmz
422 (MtH), 211. F O N CI Nom N oN N NH2 WD 01/81346 PCT/ US01/ 13315
- 169 2-[(2-Ami no-9H purin-6-yl aqi yl]-3-(2-

chl or ophenyl ) - 5-f 1 uor o- 3H. - qui ng -one (D-074) Prepared according to

procedure E using 5b (50 ng, O. 1% Bg 2- am no- 6-chl oropurine (28

ng, 0.165 mml) in 1 nL EtOH After ayzlrm?eaction purified by HPLC (C18
I

N\yN

Luna columm, 4.6 X

5-Methyl-2-[1-(9H-purin-6-ylamino)ethyl] -3-o0-tolyl-
3H-quinazolin-4-one (D-081)

Prepared according to procedure E using 5c
(50 mg, 0.17 mmol) and 6-chloropurine (32 mg, 0.204
mmol) in 1.2 mL EtOH. Purification by HPLC (C18
Luna column, 4.6 x 250 mm, 4.7 mL/min, 10-75%
acetonitrile/water over 15 min, 100% acetonitrile at
18 min, detector at 220A) provided two atropisomers
as yvellow solids. Data for one. of these follows: 'H
NMR (DMSO-d,) ©&: 8.39 (br s, 1H); 8.34 (s, 1H);
8.18 (s, 1H); 7.71 (t, J=7.7 Hz, 1H); 7.56 (d, Jd=7.9
Hz, 1H); 7.49 (4, J=6.9 Hz, 1H); 7.28 -7.43 (m, 3H);
7.20 (br g, 1H); 5.06 (br s, 1H); 2.73 (s, 3H); 2.04
(s, 3H); 1.51 (d, J=6.6 Hz, 3H). MS (ES): m/z 412

(M+H) , 206.
O 0
N XH N
= K2CO3 =
N DMF N
__._.—_>



250 mm 4.7 nib/mn, 10-75% acetonitrile/water over 15 mn, 100%
acetonitrile at 18 mn, detector,at 220A) . "H NWR (DVMSO-d6) 5: 12.13 (br

s, 1H) | wolfsikdt, J=5.6, 8.2 Hz., 1H); 7.76-7.83 (m 2HpcT/u®d1308r s,
1H); 7.61 (t, J=5.7 Hz. 1H); 7.61 (d, J=7.2 Hz., 1H); 7.53 (d, J=8.2 Hz.,
1H); 7.35 (dd, J=8.2, 10.9 Hz., 1H) ; 5.66 (br s, 2 H.;. 4.16-4.50 (m
1H ; 4.09 (q, J=5.3 Hz., 2H). M5 (ES) : mz 437 (MtH), 219. o N N-')
N\ HN\ NH TTI "7 11 NON - 177 -

5- Met hyl - 2-[ (9H puri n-6-yl am no) net hyl ] -3-o0-tol yl - 3H qui nazol i n-4-one
(D-071) Prepared accordhagfsdbdbpowieducentousdagod- todl prepantne (11 ny,

0.072 mmol ) and 5a. (20 0.072 nnol) ter_ 5 days, the reaction was
quenched wi t]rpmstejr&én&g%%%zrté]%ﬁ?‘fg?lgﬂ)é%ugéian‘g?ﬁﬁ p?%??ﬁ?(gd?SThe solids were
purified by ¢iliiG <€l 8in Lehace@lvang, 4ubing 250chmdrdmdt izl rER, 10- 75%

acetonitril e/ water over 1%)#“ nH 100% aCftoni trile at WO 01/ 81346
PCT/ US01/ 13348 Y 1 1300~ 48l v i3 Hgdhdee 6P L8 - 9201%) (10 1P NVREEBIVO- d6) 5

12.98 (br s,addhoBrldcd bhiusledbhile8xd0(£6, mdH) exde88y 7. 48a(m 2H)
b3 [ A8 s [ 20 e Rkl (18 0 3R 30 Y ALY 2l (o 3P
: (s, 3HE

reaction mixture was stirred 16 h at room tempera-

ture, quenched with water, and the crude solid

product was collected by filtration and air dried.

The crude material was dissolved in 0.5 mL of DMSO

and purified by reversed-phase HPLC (C1l8 Luna

column, 4.6 x 250 mm, 4.7 mL/min, 10-75% aceto-

nitrile/water over 15 min, 100% acetonitrile at 18

min, detector at 220A). Appropriate fractions were

concentrated in vacuo to yield the final products.

2- (6-Dimethylaminopurin-~9-ylmethyl) -5-methyl-3-o-
tolyl-3H-quinazolin-4~one (D-082)

~r~

NN
x= //\:{

/N

N

Yield: 8.1 mg.

'H NMR (300 MHz, d,-DMSO) &: 8.13 (s, 1H), 8.11 (s,
1H), 7.60 (t, J=7.8 Hz, 1H), 7;54—7.38 (m, 4H), 7.30
(d, 0=7.4 Hz, 1H), 7.20 (d, J=8.1 Hz, 1H), 5.11 (d,
J=17.4 Hz, 1H), 4.76 (4, J=17.4 Hz, 1H), 3.33 (s,
6H), 2.73 (s, 3H), 2.20 (s, 3H).

LRMS (ES pos.) m/z = 426 (M+1).



M5 (ES): mz 398 (MtH), 199. o it N W~ N~ HNI /NH 1 NN NH2

2-[ (2- Am no- 9H puri n- 6- yl am no) net hyl ] - 5- net hyl - 3- o-

t ol yl - 3H- Qi) N@&asi N- 4-one (D-073) Prepared accordi ng to prpegecksigsdgsusi ng
5a (189 ng, 0.677 mml) and 2-am no-6-chloropurine (115 ngy, 0.677) in 3
mL EtOH. After 3 days, the reaction was filtered to renove excess purine
and the fil- trate purified by HPLC (C18 Luna colum, 4.6 x 250 mm 4.7
m./mn, 10-75% acetonitrile/water over745 mn, 100% acetonitrile at 18
mn, detector at 220A) to provide 7 ng of the product as the TFA salt. 'H
NVR ( DVBO- d63-MetlgyB82 { b2 -methidl -6-8x811(¢ 6§ dikfydro7pidtift7-J=7.7 Hz., 1H);
7.45-7.56 (ngldhhyl) 3B-o7tdAy(ABH3Ghindz3bifhd4-dad. §DHR83)1H); 7.30 (br s,
1H); 4.40 (dd, J=4.5, 17.5 Hz.,'1H); 4.27 (dd, J=5.3, 17.4 Hz., 1H); 2.75
(s, 3H; 2.09 (s, 3H. M (ES): mz 413 (M+H), 207, 163. WO 01/81346
PCT/US01/ 13315 171 o N N N=~ Hyg /yH

N
X = (;1/4m4
N N’i\

Yield: 3.3 mg

H NMR (300 MHz, ds,-DMSO) O: 12°.06 (s, 1H), 8.12 (s,
1H), 7.60 (t, J=7.8 Hz, 1H), 7.55-7.38 (m, 4H), 7.30
(d, J=7.4 Hz, 1H), 7.15 (4, J=7.9 Hz, 1H), 5.26 (d,
J=17.4 Hz, 1H), 4.94 (d, J=17.4 Hz, 1H), 2.73 (s,
3H), 2.32 (s, 3H), 2.24 (s, 3H). Alkylation at
purine N, assigned arbitrarily based on downfield
shift of methylene protons due to the carbonyl
group.

LRMS (ES pos.) m/z = 413 (M+1).



N,, N F 2-[(2-Fluoro-9H purin-6-yl am no) net hyl | - 5- net hyl - 3-
o-tol yl - 3H qui nazolin-4-one (D-076) Prepared according to procedure E using

5a (20 myo A/893 nmol ) and 2-fluoro-6-chloropurine (16 mgrdo9ds18m0l ) in
1 m EtOH After 18 hours, the reaction was purified by HPLC (C18 Luna

colum, 4.6 x 250 mm 4.7 nb/mn, 10-75% acetonitrile/water over 15 mn,
100% acetonitrile at 18 mn, detector at 220A) and subsequently
recrystallized fromEtOH to provide 14ong of the product as a yellow
solid. "H NWR (DVSO-d6) 6: 13.12 (br s, 1H) ; 8.40 (br s, 1H ; 8.15 (s,
1H); 7.66 (t5-MethylHz; (2HhetByB56 704816 -ddblydrd-Bhrid-93=7.2 Hz., 1H);
4.00-4. 22 (nyleehhyl B-370(Eol¥t) 3H2qidnbktol8h)4-0Rel8Dl9843H). M5 (ES)
mz 416 (MtH), 208. W O/ N\ / NC N gNH 11 NON WO 01/81346

PCT/ US01/13315 - 172 (2-Chlor opheny.L',; di met hyl am no- (9H- puri n- 6-
yl sul fanyl net hyl ) - 3H qui nazol i n- D075) D- 015 (100 ng, 0.228 mol)

was conbined with ammoni um hydr ox |_de 1m) in DWW (2 n) and
heated to 80C. After 2 days, the rea(N

Purified from same reaction mixture as
D-083. Yield: 3.6 mg.
'H NMR (300 MHz, d,~DMSO) 12.17 (s, 1H), 7.96 (s,
1H); 7.63 (t, J=7.8 Hz, 1H), 7.57-7.39 (m, 4H), 7.32
(d, J=7.4 Hz, 1H), 7.26 (d, J=8.1 Hz, 1H), 5.08 (d,
J=17.2 Hz, 1H), 4.70 (d, J=17.2 Hz, 1H), 2.73 (5,
3H), 2.27 (s, 3H), 2.17 (s, 3H).
LRMS (ES pos.) m/z = 413 (M+1).

2- (Amino-dimethylaminopurin-9-ylmethyl) -5-methyl-3-
o-tolyl-3H-quinazolin-4-one (D-085)

Yield: 6.7 mg.

'H NMR (300 MHz, d,-DMSO) &: 7.66 (s, 1HO, 7.61 (4,
J=7.8 Hz, 1H), 7.55-7.40 (m, 4H), 7.32-7.26 (m, 2H),
6.74 (s, 2H), 4.94 (d, J=17.2 Hz, 1H), 4.63 (d,
J=17.2 Hz, 1H), 4.63 (d, J=17.2 Hz, 1H), 2.97 (s,
6H), 2.73 (s, 3H), 2.17 (s, 3H), 2.08 (s, 3H).

LRMS (ES pos.) m/z = 441 (M+1).



purified by HPLC (C18 Luna colum, 4.6 x 250 mm 4.7 ni/mn, 10-75%
acetonitrile/water over 15 mn, 100% acetonitrile at 18 mn, detector at

220X) to Wwioomisdsye t he product as a yellow solid, -2ng. 1HpdNROPVESs d6) 5:
13.52 (br s, 1H) ; 8.46 (s, 1H) ; 8.42 (s, 1H); 7.69 (dd, J=2.1, 7.3 Hz,
1H); 7.62 (dd, J=1.6, 7.6 Hz., 1H) ; 7.61 (t, J=8.0 Hz., 1H) ; .7.37-7.48
(m 2H); 7.05 (d, J=7.9 Hz., 1H); 6.96 (d, J=7.8 Hz., 1H); 4.32-4.45 (m
2H); 2.80 (s, 6H. M5 (ES): mz 464 1(dd+H), ' 232. o \ N\ NC N g NH
~'\ NON 5-(2-Benzyl oxyet hoxy) - 3- (2- chl or ophenyl ) - 2- (9H
puri n- 6-yl sut f eandnvaidyd - Bid: D+ Hrag Db DE dnphwe thik P78} mdbhal s®L uti on of
2- benzyl oxyed had )1 { D 3quithd zb DidM- dde O(Ldg®ps added NaH (50 ng, 2.08
mol ). After stirring for 5 mnutes, 0.5 nL was added to a sol ution of
| C-87185 (50 ng, 0.114 WD 01/81346 PCT/US01/13315 - 173 mmol) in
anhydrous DVF (.0.75 nL). The reaction was heated to 50C and stirred for 3
days. Purification by HPLC (C18 Lu colum, 4.6 x 250 mm 4.7 nL/mn,
10-75% acetonitrile/water over 15 mf, 3}00%.,

N

X= |

Yield: 9.5 mg.

'H NMR (300 MHz, d,-DMSO) &: 12.54 (s, 1H), 7.89
(s, 1H), 7.69 (t, J=7.8 Hz, 1H), 7.51 (d, J=8;O Hz,
1H), 7.51 (d, J=8.0 Hz, 1H), 7.43 (t, J=3.9 Hz, 1H),
7.34 = 7.26 (m, 4H), 6.16 (s, 2H), 4.32 (AB quartet,
Jp=14.8 Hz, An=23.7), 2.74 (s, 3H), 2.09 (s, 3H).
LRMS (ES pos.) m/z = 430 (M+1).

2-(4-Amino-1,3,5-triazin-2-ylsulfanylmethyl) -5~
methyl-3-o0-tolyl-3H-gquinazolin-4-one (D-087)

Yield: 5.8 mg.

'H NMR (300 MHz, d,~-DMSO) &: 8.10 (s, 1H), 7.70 (t,
J=7.8 Hz, 1H), 7.58 (s, 1H), 7.52 (4, J=8.0 Hz, 1H),
7.48-7.26 (m, 6H), 4.08 (s, 2H), 2.73 (s, 3H), 2.09
(s, 3H). '

LRMS (ES pos.) m/z = 391 (M+1).



acetonitrile at 18 mn, detector at 220A) provided the product as a
het erogenous solid, 150 p.g. M5 (ES) : mz 571 (M+tH), 481. FONa W)

OYO G N ~\Wo d¥s1Ne¢ |t N 6- Ami nopuri ne-9-carboxylic acid 3-( 2canwiepieny! ) -
5-f luoro-4-o0xo- 3, 4-di hydr o- qui nazolin-2-ylnethyl ester (D-079) To a
solution of 3b (20 ng, 0.066 mmol) in CH2C12 (500 uL) at OC was added
phosgene (2Mtolu- ene, 36 pL, 0.072 nmmol), followed by adenine (10 ng,
0.072 mml ), and DI EA (25 pL, 0.145m®l)- The reaction was allowed to
attain anbient tenperature and stir for 8 days. Purification by HPLC (C18
Luna col unm5-MeBhx1230 (FAametdhy¥l AL nparid06 7$Ysat Eunyilnethylle/-vat er over 15
mn, 100% acetbolyliBr-atid8zolrin-4deheciproas)220X) provi ded the product
as a mxture. 1H NWVR (DMSO-d6) 5: 11.04 (br s, 1H) ; 8.61 (s, 1H); 8.40
(s, 1H); 7.85-7.95 (m 1H); 7.76 (dd, J=5.4, 9.6 Hz, 1H); 7.70-7.78 (m
1H); 7.52-7.63 (m WO 01/81346 PCT/U%QJ/13315 - 174 3H); 7.38 (dt, J=8.3,
10.6 Hz., 1H); 4.76-4.89 (m S Ny,

X = | )N

—~—

N
\=nN

Yield: 3.1 mg.

'H NMR (300 MHz, d,~DMSO) &: 8.52 (s,‘lH), 8.49 (s,
1H), 7.70 (t, J=7.8 Hz, 1H), 7.50 (d, J=7.8 Hz, 1H),
7.45 (d, J=7.1 Hz, 1H), 7.35-7.20 (m, 4H), 4.41 (AB
quartet, J,z;=15.3 Hz, Av=19.2 sz, 4.08 (=g, 3H), 2.73
(s, 3H), 2.12 (s, 3H).

LRMS (ES pos.) m/z = 406 (M+1).

5—Methyl-2—(2-oxo-l,2—dihydro—pyfimidin—4-ylsul-
fanylmethyl) -3-0o-tolyl-3H-quinazolin-4-one (D-089)

Yield: 2.4 mg.

'H NMR (300 MHz, d,-DMSO) &: 11.49 (s, 1H), 7.70 (t,
J=7.8 Hz, 1H), 7.60 (bxrt, J=6.0 Hz, 1H), 7.53-7.48

(m, 2H), 7.46-7.28 (m, 4H), 6.31 (4, J=6.7 Hz, 1H),
4.05 (s, 2H), 2.73 (s, 3H), 2.12 (s, 3H).

LRMS (ES pos.) m/z = 391 (M+1).



2H). M5 (ES) : mz 466 (MrH), 331, 305. NN) O NH N H

N-[ 3- (2- Chl or ophenyl ) - 5-f | uor o- 4- oxo- 3, 4-di hydro

qui nazol i Wwolnhswt hyl ] - 2- (9H puri n-6-yl sul fanyl ) - acet am de1(d9{s

(9H Pur-in-6-yl sul fanyl)-acetic acid (63 ng, 0.296 mmol), 5b (108 ny,
0.355 nmmol ), EDC (68 ng, 0.355 mmol), HOBT (48 ng, 0.355 mmol), DIEA (62
jiL, 0.355 mmol), and DMF (1 nL) were conbined in a flask and stirred at
anbi ent tenperature for one hour. Thgskeaction was diluted with Et OAc (20
m) and washed with dilute brine (2 x 13 nL). The organic phase was
concent r at ed5 tMevhylo2apdrihr BrmlmetobyapBed -ito 1y%-BEOGuUTHAEH2 ithe pr ovi de
the 91 ng of4-bhe ppedso) as a viscous, peach foam 'H NVR (DVSO- d6) b :
12.88 (br s, 1H) ; 8.72 (s, 1H ; 8.62 (t, J=5.0 Hz, 1H); 8.49 (s, 1H);
7.88 (dt, J=5.6, 8.2 Hz, 1H) 7.73-7.78 (m 1H); 7.67-7.72 (m 1H); 7.57-
7.65 (m 2H); 7.38 (d, J=8. Hz., 1H),..X.36 (dd, J83 11.1 Hz., 1H);
4.11-4.24 (m 2H); 3.96 (dd MD 01/ 813%6 PCT/US01/13315 - 175 J=5. 0, 17.4

Hz, 1H); 3.78 (dd, J=5.2, 17.4 K7 1I—(IN§\,(ES) . mz 496 (M¥H) , , 248 .
o N _J
N=

'H NMR (300 MHz, d,-DMSO) &: 9.04 (s, 1H), 8.97 (s,
1H), 8.48 (s, 1H), 7.65-7.54 (m, 2H), 7.53-7.39 (m,
3H), 7.31 (d, J=7.4 Hz, 1H), 7.13 (d, J=8.0 Hz, 1H),
5.31 (d, J=17.6 Hz, 1H), 5.16 (d, J¥l7.6 Hz, 1H),
2.73 (s, 3H), 2.09 (s, 3H). Alkylation at purine N7
was determined by NOE enhancement between the purine
6-position proton and methylene protons on the
linker between the purine and quinazolinone groups.

LRMS (ES pos.) m/z = 383 (M+1).

5-Methyl-2-purin-9-ylmethyl-3-o-tolyl-3H-quinazolin-
4-one (D-091)

NN
\ /B
N—L__

From same reaction that produced D-090.

'"H NMR (300 MHz, ds,-DMSO) o: 9.17 (s, 1H), 8.86 (s,
1H), 8.55 (s, 1H),A7.59 (t, J-7.8 Hz, 1H), 7.55-7.42
(m, 4H), 7.30 (d, J=7.4 Hz, 1H), 7.13 (d, J=8.0 Hz,
1H), 5.26 (d, J=17.5 Hz, 1H), 4.92 (d,’J=17.5 Hz,
1H), 2.73 (s, 3H), 2.19 (s, 3H). Alkylation at
purine N9 suggested by the lack of NOE enhancement



NN HWI® ~1ONH W/ N F

2-[1-(2-Fluoro-9H purin-6-yl am no) et hyl ] - 5- met hyl -

o-tol yl - 3lWauisisgol i n- 4- one (D-080) Prepared accordl ng to peraeedysasE usi ng
5¢ (50 ng, 0.17 mmol) and 2-fluoro-6-chloropurine (35 ng, 0.204 muvol) in

1.2 nL EtOH Purification by HPLC (C18 Luna colum, 4.6 x 250 nm 4.7
m./mn, 10- 75% acetonitrile/water over 15 mn, 100% acetoni- trile at 18
mn, detector at 220A) provided two- aBBopi soners as white solids. Data for
one of these follows: 1H NVR (DVSO-d6) 5: 8.48 (br d, J=6.4 Hz, 1H); 8.17
(s 1H) 7 6betveey=pugine, \Sipl)asi’iiba pdotads7 agdHthelBinkex44 (d, J=7.8

I_@étég}a]in% gr§ Hﬁsz N 7.07 (br t, J=7.2 Hz, 1H); 4.80 (br t,

J 68 Hz (s, 3H; 1.38 (d, J=6.7 Hz, 3H). M5

(ES): m 43DRNISMKES RDS. V\®/61/=813346 (METHUSO1/ 13315 - 176 o N N '~Y N=\

HN\ NH NON  5- Met hyl -2-[ 1- (9H purin-6-yl am no)et hyl ]-3-o0-tol yl -

3H qui nazol i n-4-one (D-081) Prepared according to procedure E using 5¢c (50

nmg, 0.17 nmobjMasHyb-ehl(orapuhiyle 9633 uiin-@.-204ul fanylmethyl) -3 -
o-tolyl-3H-quinazolin-4-one (D-092)

'H NMR (300 MHz, d,-DMSO) &: 8.52 (s, 1H), 8.42 (s,
1), 7.69 (t, J=7.7 Hz, 1H), 7.50 (d, J=8.0 Hz, 1H),
7.44 (d, J=7.6 Hz, 1H), 7.36-7.27 (m, 4H), 4.38 (AB
quartet, J,;=15.5 Hz, Av=21.0 Hz), 3.80 (s, 3H), 2.73
(s, 3H), 2.12 (s, 3H). |

LRMS (ES pos.) m/z = 429 (M+1).

2-(2,6-Diamino-pyrimidin-4-ylsulfanylmethyl) -5~
methyl-3-o-tolyl-3H-quinazolin-4-one (D-093)

'H NMR (300 MHz, d,-DMSO) &: 7.70 (t, 3=7.7 Hz, 1H),
7.54 (d, J=8.0 Hz, 1H), 7.45-7.27 (m, 5H), 6.22 (br
s, 1H), 5.80 (br s, 1H), 3.99 (AB quartet, J,;=14.6
Hz, Av=26.9 Hz, 2H), 2.73 (s, 3H), 2.08 (s, 3H).
LRMS (ES pos.) m/z = 405 (M+1).



mmol) in 1.2 nL EtOH Purification byBPLC (C18 Luna colum, 4.6 x 250 mm
4.7 mL/mn, 10-75% acetonitrile/water over 15 mn, 100% acetonitrile at

18 mn, dgiFR gat 220X) provided two atropisoners as vy

Dat a' f or one.;sg¥ these follows: 'H NWR (DMSO d6) 5: 8. BQQ(%T%O%HI—&J 8.34
(s, 1H ; 8.18 (s, 1H); 7.71 (t, J=7.7 Hz, 1H); 7.56 (d, J=7.9 Hz, lH)
7.49 (d, J=6.9 Hz, 1H); 7.28 -7.43 (m SFD; 7.20 (br s, 1H ; 5. 06 (br s,
1H ; 2.73 (s, 3H ; 2.04 (s, 3H 5 1gpl (d, J=6.6 Hz, 3H),. M5 (ES) niz
412 (M+H), 206. OO N XH N K2CG3 DM Cl1 X WD 01/81346 PCT/US01/13315 -
177 The fO'd%ﬂIﬂrPDZm@U}ﬁ’étﬂjllhﬁ D] £PEPLazbTWED} 5 04 D82 through
D-109) wver e jorenared, A%, 1 £ Aeth Ty Pﬁo&QQ&Iﬁ%HU&&i‘Hagofbﬂl%Q”Et hyl - 5-
net hyl - 3- o- tg é’(%”t nazo I n-4-one (10 ngy the appropriate nucleophile
XH (20 nyg, excess and potaSS|un1carbonate (10 ng) in DMF (0.25 nL). The
reaction m xture was stirred 16 h at roomtenpera- ture, quenched wth

wat er, and the crude solid product was collected by filtration and air
dried. The crude material was dissdlved in 0.5 nL of DMSO and purified by
rever sed- phase HPLC (Cl8 Luna >EO|UﬁhT/%\F/X 250 mm 4.7 nmi/mn, 10-75%

acet o-
NY

'H NMR (300 MHz, d,~-DMSO) &: 8.57 (s, 1H), 7.73 (t,
J=7.8 Hz, 1H), 7.55-7.35 (m, 4H), 7.18 (s, 1H), 4.27
(s, 2H), 2.74 (s, 3HO, 2.55 (s, 3H), 2.08 (s, 3H).
LRMS (ES pos.) m/z = 429 (M+1).

5-Methyl-2- (2-methylsulfanyl-9H-purin-6-ylsulfanyl-
methyl) -3-0-tolyl-3H-quinazolin-4-one (D-095)

T

N
N\ NH

'H NMR (300 MHz, d,~-DMSO) o: 13.30 (=, 1H), 8.29 (s,
1H), 7.72 (t, J=7.8 Hz, 1H), 7.54 (d, J=7.8 Hz, 1H),
7.47 9d, J=6.3 Hz, 1H), 7.38-7.26 (m, 4H), 4.34 (AB
quartet, J,=16.1 Hz, Av=23.6 Hz, 2H), 2.74 (s, 3H),
2.32 (s, 3H), 2.10 (=, 3H).

LRMS (ES pos.) m/z = 461 (M+1l).



nitrile/water over 15 mn, 100% acetonitrile at 18 mn, detector at 220A).
Appropriate fractions were concentrated in vacuo to yield the final
product s. wokr(s@3dg net hyl am nopuri n-9-yl met hyl ) - 5- net hyl - 3-p@*1/US01/13315

tol yl -3H qui nazolin-4-one (D-082) NN x=( _N~N Yield: 81 ng. 1H NWR
(300 MHz, d6-DVSO) 5: 8.13 (s, 1H) , 8.11 (s, 1H), 7.60 (t, J=7.8 Hz, 1H),
7.54-7.38 (m 4H), 7.30 (d, J=7.4 Hz, 1H), 7.20 (d, J=8.1 Hz, 1H), 5.11
(d, J=17.4 Hz, 1H), 4.76 (d, J=17.4 W5 41H), 3.33 (s, ©6H), 2.73 (s, 3H,
2.20 (s, 3H. LRWS (ES pos.) mz = 426 (M+l). WD 01/81346 PCT/US01/13315 -
178 5- Met hy2 - 2 {Rydedthyt 9B-puoid; 6-dl sylifanplmethyl) -5-methyl-

yl met hyl ) - 3-p-é otyly BB guiriiatoDid- 0n6né D(O8BI6) -r 0 ~N X= \N NH N~
Yield: 3.3 ng 1H NVR (300 MHz, d6-DMSO 5: 12'.06 (s, 1H), 8.12 (s, 1H),
7.60 (t, J=7.8 Hz, 1H), 7.55-7.38 (m 4H), 7.30 (d, J=7.4 Hz, 1H), 7.15

(d, J=7.9 Hz, 1H), 5.26 (d, J=17.4 , 1H), 4.94 (d, J=17.4 Hz, 1H), 2.73
(s, 3H), 2.32 (s, 3H), 2.24 (s, 3H AIN\yca{ion at
X= |
_N
N
N\ _NH

H NMR (300 MHz, d,-DMSO)} O: 8.08 (s, 1H), 7.69 (t,
J=7.8 Hz, 1H), 7.50 (brd, J=t.8 Hz, 2H), 7.33-7.50
(m, 4H), 4.28 (AB quartet, J,=15.5 Hz, Av=21.3 Hz,
2H), 2.74 (s, 3H), 2.12 (s, 3H).

LRMS (ES pos.) m/z = 431 (M+1).

5-Methyl-2- (1-methyl-1H-imidazol-2-ylsulfanyl-
methyl) -3-o0-tolyl-3H-quinazolin-4-one (D-097)

M
w

'H NMR (300 MHz, d,~-DMSO) &: 7.69 t, J=7.8 Hz, 1H),
7.46~7.37 (m, 5H), 7.32 (d, J=7.3 Hz, 1H), 7.20 (d,
J=1.0 Hz, 1H), 6.48 (d, J=1.0 Hz), 3.83 (AB quartet,
Jap=15.0 Hz, Av=18.8 Hz, 1H), 3.55 (s, 3H), 2.73 (s,
3H), 2.09 (s, 3H).

LRMS (ES pos.) m/z = 364 (M+1).



purine N7 assigned arbitrarily based on downfield shift of nethylene
protons due to the carbonyl group. LRVS (ES pos.) ml z = 413 (Mtl). WO
01/81346 REld1ldpshk/ 13315 - 179 _ PCT/US01/13315

5- Met hyl - 2- (2- net hyl - 6- oxo- |, 6-di hydr o- puri n-9-

yl met hyl )-3-o0-tol yl -3H qui nazolin-4-one (D-084) N N NN OPurified from
sane reaction mxture as D-083. Yield: 3.6 ng. 1H NVR (300 MHz, d6-DMSO)
12.17 (s, 1H) , 7.96 (s, 1H), 7.63 (186 3=7.8 Hz, 1H), 7.57-7.39 (m 4H),
7.32 (d, J=7.4 Hz, 1H), 7.26 (d, J=8.1 Hz, 1H), 5.08 (d, J=17.2 Hz, 1H),
4.70 (d, J=BlMedtgl-dHo-toIR3L{D; (1BH)1, 2, LTtftbazdh3-P14ad1l¢s, 3H). LRMVS
(ES pos.) nMgarm Eﬁ%iﬂf@ﬂJBH uinazolin-4-one (D-098)

2- (Am no- di et hyI am nopurl n- 9-yl met hyl ) - 5- et hyl -

o-tolyl -3H qui nazolin-4-one (D-085) N X= N~- N/ N H2N Yield: 6.7 ng. 1H
NMR (300 MHz, d6-DMSO) 6 7.66 (s JJ?Q 7.61 (d, J=7.8 Hz, 1H), 7.55-7.40
(m 4H), 732726(m 2H) ,

N‘H

M NMR (300 MHz, d,-DMSO) ©: 13.98 (s, 1H), 8.47 (s, .
1H), 7.70 (t, J=7.8 Hz, 1H), 7.4%9 (4, J=7.9 Hz, 1H),
7.44-7.31 (m, 5H), 4.04 (AB guartet, J,,=15.5 Hz,
Av=19.1 Hz, 1H), 2.74 (s, 3H), 2.10 (s, 3H).

LRMS (ES pos.) m/z = 364 (M+1).

2-(2-Amino-6-chloro-purin-9-ylmethyl) -5- methyl -3-0-
tolyl 3H-quinazolin-4-one (D-099)

X N
= N
Y\\j L\E/NHZ
cf

LRMS (ES pos.) 432 (M+1).



6.74 (s, 2H), 4.94 (d, J=17.2 Hz, 1H), 4.63 (d, J=17.2 Hz, 1H), 4.63 (d,
J=17.2 Hz, 1H), 2.97 (s, ©6H), 2.73 (s, 3H), 2.17 (s, 3H), 2.08 (s, 3H).
LRVS (ES Weso1)sisdez = 441 (Mrl). WO 01/81346 PCT/ US01/ 1331%cTrush$@3sis

2- (2- Am no- 9H puri n- 6-yl sul f anyl net hyl ) - 5- net hyl - 3- _
o-tolyl-3H qui nazolin-4-one (D-086) S NZZ NH2 X= N N-NH Yield: 9.5
1H NWR (300 MHz, d6-DMBO) (5: 12.54 (s, 1H , 7.89 (s, 1H), 7.69 (t, J=
Hz, 1H),, 7.51 (d, J=8.0 Hz, 1H), 7.5&7(d, J=8.0 Hz, 1H), 7.43 (t, J=3.
Hz, 1H), 7.34 =7.26 (m 4H), 6.16 (s, 2H), 4.32 (AB quartet, JAB=14.8
Hz, Z~n=23 .2} (6-BmiAopuriBHy -ylae@By(s - 53 e thiyRMS -cESq1g9d.-3aH z = 430
(MFl). 2-(4gAimaeelild-B8-bhkeazDr120y! sul f anyl nmet hyl ) - 5- .

met hyl - 3- o-t ol yl - 3H qui nazol i n- 4- one (D087) X=s NY NNH2 Yield: 5 8 ng.
1H NVR (300 MHz, d6-DMSO) 6: 8.10 (s 1H) .70 (t, J=7.8 Hz, 1H), 7.58

ng.
7.
9

(s, 1H), 7.52 (d, J=8.0 Hz, 1H), 6 (m 6H), 4.08 (s, 2H), 2.73 (s,
3H), 2.09 (s, 3H). LRI\/IS(ES pos% mz(l?ﬁ{m(wl)
A\
/NJ

'H NMR (300 MHz, d,~DMSO) d: 8.19 (s, 3H), 7.66 (t,
J=7.8 Hz, 1H), 7.59-7.43 (m, 5H), 7.34 9d, J=7.4 Hz,
1H), 7.23 (d, J=8.0 Hz, 1H), 6.90 (s, 2H), 5.21 (AR
quartet, Ju=17.4 Hz, Av=22.1 Hz, 2H), 2.72 (s, 3H),
1.93 (s, 3H). Alkylation at purine N7 was confirmed
by NOE enhancements between the following protons:
1) Exocyclic amine and methylene protons; 2) Exo-
cyclic amine and toluyl methyl protons.

LRMS (ES pos.) m/z = 398 (M+1).

2-(7~Amino-1,2,3-triazolo[4,5-d]pyrimidin-3-yl-
methyl) -5-methyl-3-0-tolyl-3H-quinazolin-4-one
(D-101)

X
X: N/

S
—N

H,N

'H NMR (300 MHz, d;,~-DMSO) &: 8.43 (br s, 1H), 8.19
(s, 1H), 8.10 (br s, 1H), 7.62 (t, J=7.8 Hz, 1H),
7.49-7.28 (m, 5H), 7.22 (d, J=8.1 Hz, 1H), 5.49 (d,
J=17.0 Hz, 1H), 5.19 (4, J=17.0 Hz, 1H), 2.73 (s,
3H), 2.11 (s, 3H). Alkylation at purine N7



WO 01/81346 PCT/US01/13315 - 181

5-Met hyl -2-' (7- et hyl - 7H puri n- 6-yl sul f anyl net hyl ) - 3-

o-tol yl - 3koaMisiggol i n-4-one (D-088) S N X= -N \N Yiel dpdydsoimszidH NVR
(300 MHz, d6-DVSO) 5: 8.52 (s, 1H), 8.49 (s, 1H, 7.70 (t, J=7.8 Hz, 1H)),
7.50 (d, J=7.8 Hz, 1H), 7.45 (d, J=7.1 Hz, 1H), 7.35-7.20 (m 4H), 4.41

(AB quartet, JA =15.3 Hz, Ov=19.2 Hz), 4.08.(s, 3H), 2.73 (s, 3H) , 2.12
(s, 3H . LRVMS (ES pos.) nmlz = 406 {Mtd3. -

5- Met hyl - 2- (2- oxo- 1, 2- di hydr o- pyri m di n-4-yl sul -

fanyl met hyl )detearmbﬂlgdi Bjrl—quﬁnhhani'tyn-éeonmr(Dp@B@)rumXef~NFD3oO Yield: 2.4

1H NWR ( 5: 4 1H), 7.70 (t, J=7.8 Hz, 1H),
7760 (brt E%‘Q%ths -7%%9 ?‘?‘hﬁbm, 7.46-7.28 (m 4H), 6. 31 (d,
J=6.7 Hz, 4. 05 (s 2H) 2.73 (s, 3H, 2. 12 (s 3H). LRMS (ES pos.)
mz = 391 V\D 01/ 46 PCT/ USO1/1331
5- Met hyl - ( % f §r 3t ’61?6‘?%9 éH—sqgi’ HKEbWFﬁln41o¥é ( D- 090)
methyl) —met yv1l-3-o0o-tolyl-3H- qulnazolln -one

(D-102)

From same reaction mixture as D-101.

'Y NMR (300 MHz, d,-DMSO) o: 8.27 (s, 1H), 8.20 (br
s, 1H), 8.05 (br s. 1H), 7.70 (t, J=7.8 Hz, 1H),
7.47-7.26 {(m, 6H), 5.61 (AB quartet, J,;=16.0 Hz,
Av=20.7 Hz, 2H), 2.75 (s, 3H), 1:98 (=, 3H)).
Alkylation at purine N7 determined by similarity to
nmr spectrum of D-100. '

LRMS (ES pos.) m/z = 399 (M+1).

2-(6-Amino-9H-purin-2-ylsulfanylmethyl) -5-methyl-3-
o-tolyl-3H-quinazolin-4-one (D-103)

T
= S N NH,
X Q
N~
J/N
N

‘H NMR (300 MHz, d,~-DMSO) &: 12.62 (s, 1H), 7.93 (s,
1H), 7.69 (t, J=7.7 Hz, 1H), 7.51 (4, J=8.1 Hz, 1H),
7.42 (dd, J=7.6,1.7 Hz, 1H), 7.35-7.15 (m, 6H), 4.12



X=Nc N_ 1H NWR (300 MHz, d6-DMSO) 5: 9.04 (s, 1H) , 8.97 (s, 1H), 8.48
(s, 1H), 7.65-7.54 (m 2H), 7.53-7.39 (m 3H) , 7.31 (d, J=7.4 Hz, 1H) ,
7.13 (d, oDz, 1H) 5.31 (d, J=17.6 Hz, 1H), 5.16 (d,pcdydsb1ishig, 1H),
2.73 (s, 3H, 2.09 (s, 3H. Alkylation at purine N7 was determ ned by NOE
enhancenment between the purine 6-position proton and nethyl ene protons on
the |inker between the purine and qui nazolinone groups. LRVS (ES pos.)
mz = 383 (M+1l). 5-Methyl-2-purin-9-y89ret hyl - 3-o0-t ol yl - 3H qui nazol i n-
4-one (D-091) X= NN N N From sane reaction that produced D-090. 1H NWR
(300 MHz, d6tAmBPabte®, 17,634 .5H1z, 8v868(.2, HzIHRH)8. B5 713s,(<lH), 7.59 (t,
J-7.8 Hz, 1 7.55-7.42 4H), 7.30 (d, J=7.4 Hz, 1H), 7.13 (d, J=8.0
Hz, 1H), 5&%%)(d?'5i1¢$5 %@2'1%0, 4.92 (d, J=17.5 Hz, 1H), 2.73 (s, 3H),
2.19 (s, 3HLrRMSkykEatpos. atm/pusi 480 NgMsupggested by the [ ack of NOE
enhancenent WO 01/81346 PCT/USO1/13315 - 183 between purine 6-position
protons and the |inker nethylene protons. LRMS (ES pos.) mlz = 383 (Mtl).
5- Met hyl - 2- (D- (Bt AiinOF6 PetEh Pt SnihSubyADML dBA DY L y18ulfanyl -

o-tolyl - 3H il f1efD) L H=fla @1 (- 0923 14F- FrDNyuinazolin-4-one

(D-104)

'H NMR (300 MHz, d,-DMSO) &: 7.70 (T, J=7.8 Hz, 1H),
7.53 (d, J=8.0 Hz, 1H), 7.44-7.31 (m, 5H), 6.69 (br
s, 1H), 5.83, (br s, 2H), 5.61 (s, 1H), 4.03 (d,
J=14.6 Hz, 1H), 3.95 (d, J=14.6 Hz, 1H), 3.22-3.11
(m, 2H), 2.73 (s, 3H), 2.08 (s, 3H), 1.06 (t, J=7.1
Hz, 3H).

LRMS (ES pos.) m/z = 433 (M+1).



IN NN 1H NWR (300 MHz, d6-DMSO) 5: 8.52 (s, 1H), 8.42 (s, 1H), 7.69
(t, J=7.7 Hz, 1H), 7.50 (d, J=8.0 Hz, 1H), 7.44 (d, J=7.6 Hz, 1H),
7.36-7. 27wo91/s45s, 4.38 (AB quartet, J,,,=15.5 Hz, Av=21.¢¢1thd1/13180 (s,
3H), 2.73 (s, 3H , 2.12 (s, 3H LRM5 (ES pos.) mz = 429 (M1l) . ..
2-(2,6-D am no-pyri m di n-4-yl sul fanyl net hyl ) - 5-

nmet hyl - 3-o-t ol yl - 3H qui nazol i n-4-one (D-093) S NyNHS X= N NH2 1H NWR (300
MHz, d6-DMBO) 5: 7.70 (t, J--7.7 Hzy 1#h,- 7.54 (d, J=8.0 Hz, 1H),

7 .45-7.27 (m 5H), 6.22 (br s, 1H) , 5.80 (br s, 1H , 3.99 (AB quartet,
JAB=14.6 Hz2- A3 vAal6tnd-bizmelhylsAlEan{3-138) 4-2xr08208-13ML- LRVS (ES pos.)
mz = 405 ' (drihyl W5 O0hé B8R3A63 PETLUDQ1- 38340 inazd84n-4-one

5- Met hyl - 2- (bpoebbyl -[ 1, 2,4]triazol o[ 1, 5-a] pyri -

m di n-7-yl sul fanyl et hyl ) - 3-o-tol yl - 3H qui nazolin-4- one (D-094) s/ Y XN
N1 N 1H NWR (300 MHz, d6-DwWsO) 5: 8.57 (s, 1H), 7.73 (t, J=7.8 Hz, 1H),
7.55-7.35 (m 4H), 7.18 (s, 1H), 4.27v]M(s, 2H), 2.74 (s, 3HO, 2.55 (s, 3H),

2.08 (s, 3H).
X= /N S
L
H,N

Yield: 5.0 mg.

'H NMR (300 MHz, d,~MeOH) ©&: 7.67 (t, J=7.8 Hz, 1H),
7.55-7.37 (m, 4H), 7.35-7.27 {m, ZH), 4.77 (4,
J=17.1Hz, 1H), 4.60 (d, J=17.1 Hz, 1H), 2.80 (s,
3H), 2.43 (s, 3H), 2.14 (s, 3H).

LRMS (ES pos.) m/z = 393 (M+1).

2-(5-Amino-3-methylsulfanyl-1,2,4-triazol-1-
ylmethyl) -5-methyl-3-o0-tolyl-3H-quinazolin-4-one
(D-106)

Yield: 0.6 mg.

Purified from same reaction mixture as D-105.

'H NMR (300 MHz, d,-MeOH) &: 7.67 (t, J=7.8 Hz, 1H),
7.50-7.24 (m, 6H), 4.83 (d, J=16.5 Hz, 1H), 4.70 (d,
J=16.5 Hz, 1H), 2.79 (s, 3H), 2.47 (s, 3H), 2.14 (s,
3H) .

LRMS (ES pos.) m/z = 393 (M+1).



LRVS (ES pos.) m .z = 429 (M1l).
5- Met hyl - 2- ( 2- net hyl sul f anyl - 9H puri n- 6-yl sul f anyl -
met hyl ) - 3wey d1@i¥ds- 3H qui nazolin-4-one (D-095) M S x= | NMctheditissik NVR
(300 MHz, d6-DVSO) 5: 13.30 (s, 1H), 8.29 (s, 1H), 7.72 (t, J=7.8 Hz, 1H),
7.54 (d, J=7.8 Hz, 1H), 7.47 9d, J=6.3 Hz, 1H), 7.38-7.26 (m 4H), 4.34
(AB quartet, JAB=16.1 Hz, A\ =23.6 Hz, 2H), 2.74 (s, 3H), 2.32 (s, 3H,
2.10 (s, 3H. LRWVS (ES pos.) mz = 4619({M+1). WD 01/81346 PCT/US01/13315 -
185 2-(2-Hydroxy-9H purin-6-yl sul fanyl met hyl ) - 5- net hyl -
3-o0-tolyl - 3Hs gMie bz bt R n{ d-maehiyDafi96ppSrihl- 9XglmetNyll) -3-NH aH NVR (300
MHz, d6- DVMBGobyl8388g(snazbllin/468n6t (DIX678 Hz, 1H), 7.50 (brd, J=t.8 Hz,
2H), 7.33-7.50 (m 4H) , 4.28 (AB quartet, J,,,=15.5 Hz, Lv=21.3 Hz, 2H),
2.74 (s, 3H, 2.12 (s, 3H . LRVS (ES.pas.) mz = 431 (M+l).
5-N®thy|-2-(|-nethy|-|H-inidaz§1;2-yl ul fanyl -
nmet hyl ) - 3-o-t ol yl - 3H qui nazol i -Zl-ong “Q797) X= SI'N\

N

=N

HN
N

Yield: 5.0 mg

'H NMR (300 MHz, d,-MeOH) &: 8.17 (s, 1H), 8.03 (s,
1H), 7.54-7.43 (m 4H), 7.31-7.23 (m, 2H), 5.14 (d,
J=17.5 Hz, 1H), 4.90 (d, J=17.5 Hz, 1H), 3.14 (br s,
3H), 2.79 (s, 3H), 2.22 (s, 3H).

ILRMS (ES pos.) m/z = 412 (M+1).

2-(6-Benzylaminopurin-9-ylmethyl) -5-methyl-3-o-
tolyl-3H-quinazolin-4-one (D-108)

N
N
g

Wy

Yield: 6.7 mg. ‘

'H NMR (300 MHz, d,~MeOH) &: 8.13 (s, 1H), 8.04 (s,
1H), 7.58 (t, J=7.8 Hz, 1H), 7.51-7.21 (m, 11H),
5.15 (d, J=17.5 Hz, 1H), 4.91 (d, J=17.5 Hz, 1H),
4.83 (s, 2H, under H,0 Peak), 2.79 (s, 3H), 2.22 (s,
3H) .

LRMS (ES pos.) m/z = 488 (M+1).



1H NMR (300 MHz, d6-DVBO) b: 7.69 t, J=7.8 Hz, 1H), 7.46-7.37 (m 5H),
7.32 (d, J=7.3 Hz, 1H), 7.20 (d, J=1.0 Hz, 1H), 6.48 (d, J=1.0 Hz), 3.83

(AB quart@loo1/s1i8=15.0 Hz, nv=18.8 Hz, 1H), 3.55 (s, 3H), perA%o0t433153H .
2.09 (s, 3H) . LRVB (ES pos.) mz = 364 (M:1) WO 01/81346 PCT/US01/13315 -

186 5-Methyl-3-o0-tolyl-2-(1H[1,2,4]triazol-3-ylsul -

fanyl net hyl ) - 3H qui nazol in-4-one (D-098) m X= srl NN |HNW (300 MHz,
d6-DVsO) 5: 13.98 (s, 1H), 8.47 (s,- 18p,-7.70 (t, J=7.8 Hz, 1H), 7.49 (d,
J=7.9 Hz, 1H), 7.44-7.31 (m 5H) , 4.04 (AB quartet, JA2=15.5 Hz, Av=19.1
Hz, 1H), 2.72-(2,63bfiam2ndépufin-3HylmeBVB1(|ES-peshylrBzo=t3R¢1(M-1).

2- (2- Ami no- 63Bhgoinapolin-2-yphaet(bylpod- met hyl - 3- o-

tol yl - 3H qui nazolin-4-one (D-099) X= NNNHZ N N C LRMS (ES pos.) 432
(M+1). WO 01/81346 PCT/USO1/13315 - 7

2- (6- Am nopurin-7-yl net hyl )-5->g1_3_t hyl -3-o-tol yl - 34 qui nazol i n-4-one (D 100)

N
igz;;?/N%

H,N

Doubled the amounts of all reactants. Yield: 14
mg. :

'H NMR (300 MHz, d,-DMSO) o: 8.53 (br s, 2H), 8.01
(s, lI—I), 7.64 (t, J=7.8 Hz, 1H), 7.53-7.40 (m', 4H) ,
7.33 (d, J=7.4 Hz, 1H), 7.27 94, J=7.9 Hz, 1H), 4.96
(d, J=17.5 Hz, 1H), 4.64 (d, J=17.5 Hz, 1H), 2.74
(s, 3H), 2.17 (s, 3H).

LRMS (ES pos.) m/z = 413 (M+1).

Compounds D-110 through D-115 of the
following general structure were prepared from the

following Intermediates E-1 through E-3.



NH2 X= N~ N NJ 1H NWR (300 MHz, d6-DVBO) 5: 8.19 (s, 3H), 7.66 (t,

J=7.8 Hz,

1H), 7.59-7.43 (m 5H), 7.34 9d, J=7.4 Hz, 1H), 7.23 (d, J=8.0

Hz, 1H), ®@fsisse 2H), 5.21 (AB quartet, J,,=17.4 Hz, v= %T;LUgd;/,Bﬁy) 2.72

(s, 3H),

1.93 (s, 3H). Alkylation at purine N/ was confirmed by NOE

enhancenments between the follow ng protons: 1) Exocyclic am ne and

nmet hyl ene,

protons; 2) Exo- cyclic am ne and toluyl nethyl protons.

(ES pos.) mz = 398 (Mtl). 2-(7-Am neil,2, 3-triazol o(4,5-d]pyrimdi
met hyl ) - 5- met hyl - 3-o-tol yl - 3H qui nazolin-4-one (D-101) X= NNNN N ~ N
H2N 1H NVR (300 MHz, d6-DMSO b : 8.43 (br s, 1H) , 8.19 (s, 1H), 8.10 (br

s, 1H), 7.62 (t,

LRVS
n- 3-yl -

J=7.8 Hz, 1HY-N#,49-7.28 (m 5H)O 7.22 (d, J=8.1 Hz, 1H),

11 (s,

5.49(d,J17Hz,H) 5.19 J170Hz 273(s 3H), 2.
3H). Alkylatign xitNane N7 fi/81 6 PC 188 det er mi ned
by simlarity spgctru gb? i .) mz = 399 (M1)
2- (7-Amno-1 -tr] olonil d] pyr|
met hyl ) - 5- met hyF<"3- ox¢ 0l yiN 3H qui nazol i n- 4- one N
S N S N
" Y
=N =N
N
N\ xm Ny

(0]
(o]
NS OH neat
f\ * Cl)j\\ 115deg C @iU\
7 NH, Cl 9

Intermediate E-1.

5-Methyl-2- (9H-purin-6-ylsulfanylmethyl)-3,1-
benzoxazin-4-one

Step 1 Step 2
® I
=N 0
\——NH . N/)ﬁ
S N
>
K,CO,, DMF | W
~N
N
N\

NH

HS

Intermediate E-1

Step 1. A suspension of 6-methylanthran-
ilic acid (2 g, 13.2 mmol) in chloroacetyl chloride
(12 mL, large excess) was stirred at 115°C in a
sealed vial for 30 min. The resulting solution was
cooled to room temperature and treated with ether

(~5 mL) . After cooling at 4°C overnight, the re-



(D-102) NHz X=IN N/ J Fromsane reaction m xture as D-101. 1H NWR (300

Mz, d6--DVMBO) 6: 8.2.7 (s, 1H), 8.20 (br s, 1H), 8.05 (br s. 1H),

7.70

(t, J=7.8wizoysdkds, 7.47-7.26 (m 6H) , 5.61 (AB quartet, pbryahbussise,

Lv=20.7 Hz, 2H), 2.75 (s, 3H), 1:98 (s, 3H)). Alkylation at purine N/
determned by simlarity to nnr spectrumof D-100. LRMS (ES pos.) nmz =
399 ' (MHl). 2-(6-Am no-9H purin-2-yl sul fanyl net hyl ) - 5- net hyl -

o-tol yl -3H qui nazolin-4-one (D-103)-X£946(-N NHz | I NNN~N H1 1H NWR

(300 Mz, d6-DMBO) 5: 12.62 (s, 1H), 7.93 (s, 1H), 7.69 (t, J=7.7 Hz, 1H),
7.51 (d, J=8sulthmg 1EHn p?eaip@ddteJwas6pm12eblzedlbly £118%aFids,(m 6H),

4,12 90 0L i3t SOUAZHS o .o BaBliey Justb e, Ornia'2

2-(2- Am no 6elel hiyd aimbhoxrpydiatdi 11439l gul Ea%yl

methyl) - 5 el O g mhks SES 13% T 0n , (RA%, 1wy

30 (M+1)

7.46 (d, J=7.9 Hz, 1H), 7.35 (d, J=7.6 Hz, 1H), 4.39
(s, 2H), 2.81 (s, 3H).
LRMS (ES pos.) m/z = 210, (M+1).

Step 2. A mixture of the chloro intermed-
iate (50 mg, 0.25 mmol), 6~mercaptopurine monohy-
drate (43 mg, 0.25 mmol), and potassium carbonate
(25 mg, 0.25 mmol) in dry DMF (0.5 mL) was stirred
at room temperature for 30 min. The mixture was
poured into ethyl acetate (20 mL) and all insoluble
material was filtered off and discarded. The fil-
trate was concentrated in vacuo to remove all ethyl
acetate, and the residue was treated with ether, re-
sulting in a light orange precipitate. The precipi-
tate was collected by filtration, washed with ether,
and dried in vacuo to afford Intermediate E-1 (41
mg, 51%). ,

M NMR (300 MHz, d,~DMSO) &: 8.64 (s, 1H), 8.39 (s,
1H), 7.73 (t, J=7.8 Hz, 1H), 7.44-7.37 (m, 2H), 4.69
(s, 2H), 2.69 (s, 3H).

LRMS (ES pos.) m/z = 326 (M+1).



X=s NYNH2 N /NH IH NWR (300 M1z, d6-DVMsO 5: 7.70 (T, J=7.8 Hz, 1H)
7.53 (d, J=8.0 Hz, 1H), 7.44-7.31 (m 5.H), 6.69 (br s, 1H), 5.83, (br s,
2H), 5. 61wososisds, 4.03 (d, J=14.6 Hz, 1H), 3.95 (d, J=14d¥1/133,
3.22-3.11 (m 2H), 2.73 (s, 3H), 2.08 (s, 3H), 1.06 (t, J=7.1 Hz, 3H)
LRVMS (ES pos.) mz = 433 (Mr1l). WD 01/81346 PCT/US01/13315 - 190

2- (3- Am no- 5-net hyl sul fanyl -1, 2, 4-triazol -1 -yl -

nmet hyl ) - 5-met hyl - 3-o-tol yl - 3H qui hazal9h-4-one (D-105) X N\NS N HzZN
Yield: 5.0 mg. 1H NMR (300 MHz, d4-MeOH) 6: 7.67 (t, J=7.8 Hz, 1H),
7.55-7.37 (nmMnéddnedildbe7E27 (m 2H), 4.77 (d, J=17.1Hz, 1H), 4.60 (d,
J=17.1 Hz, 1H), 2.80 (s, 3H , 2.43 (s, 3H) , 2.14 (s, 3H LRWVs (ES pos.)
mz = 393 (M+l) 2-(5-Am no-3-nethylsul fanyl-1,2,4-triazol-I-

yl met hyl ) - 5- net hyl - 3- o-t ol yl - 3H qui nazol i n-4-one__ (D-106) X = H2ZN--\ N. N

NA S O Hy, Pd/C
——————————
ON EtOH HN
HNYO HN\fO

Intermediate E-2

A solution of 2-nitroacetanilide (1.0 g,
5.6 mmol) in EtOH was purged with nitregen, treated
with PA(OH), (20% by wt.-on C, 200 mg, cat.), and
shaken for 2 h under H, (20 psi). The catalyst was
removed by filtration through a 0.22 um cellulose
acetate membrane (Corning), and the filtrate was
concentrated in vacuo to afford the white crystal-
line solid product (800 mg, 96%).
M NMR (300 MHz, ds,~-DMSO) -d: 9.12 (s, 1H), 7.14 (dd,
J=7.8, 1.3 Hz, 1lH), 6.88 (dt, J=7.6, 1.5 Hz, lH),
6.70 (dd, J=8.0, 1.3 Hz, 1H), 6.52 (dt, J=7.5, 1.4
Hz, 1H), 4.85 (br s, 2H), 2.03 (s, 3H).
LRMS (ES pos.) m/z = 151 (M+1).

S\

Intermediate E-3

| H,, PA/C
O,N ~  ON EtOH HN

F NaHCO,, EtOH N~ /N\/\T/

Intermediate E-3

A mixture of 2-fluoro-nitrobenzene (1.41
g, 10 mmol) and NaHCO, in EtOH (20 mL) was treated
with (N,N,N'-trimethyl)-1,2-diaminoethane (1.1 g, 11



Yield: 0.6 ng. Purified fromsane reaction m xture as D-105. 1H NWR (300
MHz, d4-MeOH) d: 7.67 (t, J=7.8 Hz, IH), 7.50-7.24 (m 6H), 4.83 (d,

J=16.5 Hzwolisiz4- 70 (d, J=16.5 Hz, 1H), 2.79 (s, 3H), 2.pein(v1a3B. 2. 14
(s, 3H). LRMS (ES pos.) nlz = 393 (M+l). WO 01/81346 PCT/US01/13315 - 191
5- Met hyl - 2- (6- net hyl am nopurin-9-yl net hyl )-3-0- tolyl-3H qui nazolin-4-one
(D-107) X=CNN N HN Yield: 5.0 ng 1H NWR (300 MHz, d4-MeOH) 5: 8.17 (s,
1H , 8.03 (s, 1H), 7.54-7.43 (m4H)1°24.31-7.23 (m 2H), 5.14 (d, J=17.5
Hz, 1H), 4.90 (d, J=17.5 Hz, 1H), 3.14 (br s, 3H), 2.79 (s, 3H), 2.22 (s,
3H) . LRVS (ESnpbs.3ndiwas 4i2r¢Mil)6.h at 80°C. Solvent was

2o Sosem | SLRRRAL, SR YL AN e Boge bl S gufnacol it one

8.13 (s, 1H)Na@2041%26,mL1H) and. bBe(hixdasfe8whE, ekthactellwitBl (m 11H)

5.15 (d, legtgyftécéggte4181x(go %E%?'STE%’O%gghic layers were
combined and washed with 20 mL of water (1x) and
brine (2x), dried with sodium sulfate, and
concentrated in vacuo to an orange liquid (2.2 g,
100%; ESMS: mw/z = 224, M+1).

This intermediate was dissolved in EtOH,
the solution was purged with nitrogen, treated with
Pd(CH), (20% by wt. on C, 180 mg, cat.), and shaken
for 2 h under H, (50 psi): The catalyst was removed
by filtration through a 0.22 um cellulose acetate
membrane (Corning), and the filtrate was
concentrated in vacuo to afford the red liquid
product E-3 (1.8 g, 95%).
'H NMR (300 MHz, CDCl,) &: 8.64 (s, 1H),

7.03 (dd, J=8.3, 1.4 Hz, 1H), 6.91 (ddd, J=7.6, 7.2,
1.4 Hz, 1H), 6.73-6.67 (m, 2H), 4.20 (br g, 2H),
2.95 (t, J=6.7 Hz, 2H), 2.68 (s, 3H), 2.41 (t, J=6.7
Hz, 1H), 2.26 (s, 6H).
LRMS (ES pos.) m/z=194 (M+1).

Compounds D-110 through D-115 were

prepared as follows:



3 (s, 2H, under H20 Peak), 2.79 (s, 3H), 2.22 (s, 3H). LRWVS (ES pos.)

2.
(

Yield: 14

7.27 9d, J=7.9 Hz,

, 2.74 (s,

4.8
mz = 488 (Mrl). WO 01/81346 PCT/US01/13315 - 192
(

2, 6- Di a9 @t N- 9- yl met hyl ) - 5- net hyl - 3-o-t ol yl - 3H quipggzdoh A3xdsone
D-109) -T X=/ NrNH2 N/ N H2N Doubled the anbunts of all reactants.

my. 1H NMR (300 MHz, d6-DMBO) 5: 8.53 (br s, 2H) , 8.01 (s,
1H), 7.64 (t, J=7.8 Hz, 1H), 7.53-7.40 (m 4H), 7.33 (d, J=7.4 Hz, 1H), "
5 Hz, 1

3H , 2.17 (s, 3H) . LRVB (ES pos.) mz = 413"' (M+l).

1H), 4.96 (d, J=179% Hz, 1H) , 4.64 (d, J=17.

Conmpounds

D110 t hr ough-Beilipl of - ( BE-pholihedt pYsgefiengllmethyd) uBeowendyfirepared from
the follow 3g-d4quirvasgetiatésofel (DhLoogh E-3. WO 01/81346 PCT/ USO1/ 13315
193 O Y-NH2 0 neat I-ly O N 100C N N

e

A mixture of Intermediate E-1 (40 mg) and o-tolui-
dine (0.3 mL, large excess) was warmed at 100°C in a
sealed vial for 16 h. The reaction mixture was
cooled, treated with 1IN HCl (2 mL) and ether (2 mL),
and the resulting gray precipitate was collected by
filtration, washed with ether, and air dried (19 mg
crude) . The crude solid was dissolved.in 0.5 mL
DMSO and purified by HPLC (C18 Luna column, 4.6 X
250 mm, 4.7 mL/min, 10-75% acetonitrile/water over
15 min, 100% acetonitrile at 18 min, detector at
220A) . Appropriate fractions were concentrated in
vacuo to yield the final product as a white solid (4
mg) .

'H NMR (300 MHz, d,-DMSO) &: 13.52 (=, 1H), 8.47 (s,
1H), 8.43 (s, 1H), 7.69 (t, J=7.8 Hz, 1H), 7.50 (d,
J=7.9 Hz, 1H), 7.46-7/43 (m, 1H), 7.37-7.25 (m, 4H),
4.37 (BB quartet, J,=15.4 Hz, Av=22.4 Hz, 2H), 2.74
(5, 3H), 2.12 (5, 3H).

LRMS (ES pos.) m/z = 415 (M+1).



SNSNN NN ~-NH~NH Internediate E-1.

5- Met hyl - 2- (9H puri n-6-yl sul fanyl net hyl ) -3, 1- benzoxazin-4-one Step 1 Step
20 OO0OWhhiysiaeOH & -* N + C neat p - _ NNH O 115 deg1@wdor/izdsS \ Z
K2CO3, DMV C I i N N %-NH Internediate E-1 Step 1. A suspension of

6

-nmethylanthran- ilic acid (2 g, 13.2 mmol) in chloroacetyl chloride (12
m., |large excess) was stirred at 115C in a sealed vial for 30 mn. The
resulting solution was cooled to reolbBenperature and treated with ether
(-5 mL). After cooling at 4C overnight, the re WD 01/81346 PCT/ US01/ 13315
- 194 suitibglisehupyéebpmeahelnds (04-pactied 6by lisultfratyilathylashed Wt h
ether, and dBHeduihavattia-#ooykeel(d-tthe) chloro internediate (1.39. g, 500).

Gt

A mixture of Intermediate E-1 (40 mg) and isobutyl-
amine (0.4 mL, large excess) was warmed at 120°C in
a sealed vial for 16 h. Excess .igobutylamine was
allowed to evaporate, residue was dissolved in 1 mL -
DMSO and purified in two portions by HPLC (C18 Luna -
column, 4.6 x 250 mm, 4.7 mL/min, 10-75% acetoni-
trile/water over 15 min, 100% acetonitrile at 18
min, detector at 220A). Appropriate fractions were
concentrated in vacuo to yield the final product as
a white solid (4 mg).

'H NMR (300 MHz, d,~-DMSO) ©&: 13.75 (br s, 1H), 8.73
(s, 1H), 8.50 (s, 1H), 7.63 (t, J=7.7 Hz, 1H), 7.42
(d, J=8.0 Hz, 1H), 7.28 (d, J=7.3 Hz, 1H), 4.96 (s,
2H), 4.00 (d, J=7.5 Hz, 2H), 2.77 (8, 3H), 2.30-2.15
(m, 1H), 0.98 (d, J=6.7 Hz, 1H).

LRMS (ES pos.) m/z = 381 (M+1).



1H NMR (300 MHz, CDC13) d: 7.67 (t, J=7.8 Hz, 1H), 7.46 (d, J=7.9 Hz, 1H),
7.35 (d, J=7.6 Hz, 1H), 4.39 (s, 2H), 2.81 (s, 3H). LRVS (ES pos.) nlz =
210, (Mtlwo Qlsgsue2. A mi xture of the chloro interned- iatedkoidssid. 25
mol ), 6-nercaptopuri ne nonohy- drate (43 ng, 0.25 mmol), and potassium
carbonate (25 ng, 0.25 mol) in dry DMF (0.5 nL) was stirred at room
tenperature for 30 mn. The m xture was poured into ethyl acetate (20 nli)
and all insoluble nmaterial was filtered of f and di scarded. The fil- trate
was concentrated in vacuo to renove all ethyl acetate, and the residue was
treated withWef{hei5-Methgl-4iagoin-49Hightinrdngespléanplitate. The preci pi-
tate was colmethel) byrfghinakolin-aghpdphehhrl gt heetamagd dried in vacua to
afford Interppdiate E-1 (41 ng, 510). '-H NWVR (300 MHz, d6-DMSO) 5: 8.64
(s, 1H), 8.39 (s, 1H), 7.73 (t, J=7.8 Hz, 1H), 7.44-7.37 (m 2H), 4.69

(s, 2H), 2.69 (s, 3H). LRWS (ES pos.) nlz = 326 (M+l). WO 01/81346

PCT/ US01/ 13315 195 Internediate E-2 H2, Pd/C 02N Et OH H2ZN HN- O HNO
Internmediate E-2 A solution of 2-nitrod anilide (1.0 g 5.6 nol) in

Et OH was purged with nitrogen, tYeateyg

HN

T

A mixture of Intermediate E-1 (80 mg, 0.25 mmol) and
Intermediate E-2 (75 mg,;0.5 mmdl, 2 eqg) was warmed
until melted in a sealed vial using a heat gun. The
reaction mixture was triturated with ether and the
solids were collected by filtration. The crude
material was dissolved in 1 mL DMSO and purified in
two portions by HPLC (Cl8 Luna column, 4.6 x 250 mm,
4.7 mL/min, 10-75% acetonitrile/water over 15 min,
100% acetonitrile at 18 min, detector at 2201).
Appropriate fractions were concentrated in vacuo to
yield the final product as a white solid.

'H NMR (300 MHz, d,-DMSO) &: 13.52 (s, 1H), 9.52 (s,
1H), 8.48 (s, 3H), 8.42 (s, 3H), 8.02 (d, J=8.0 Hz,
1H), 7.69 (t, J=7.8 Hz, 1H), 7.51 (4, J=7.9 Hz, 1H),
7.45-7.37 (m, 2H), 7.31 (d, J=7.3 Hz, 1H), 7.19 (t,
J=7.5 Hz, 1H), 4.38 (s, 2H), 2.74 (s, 3H), 1.93 (s,
3H) .

LRMS (ES pos.) m/z = 458 (M+1).



with PA(OH)2 (20% by wt. on C, 200 ng, cat.), and shaken for 2 h under H2
(20 psi). The catalyst was renoved by filtration through a..0.22 um

cel | ul osewfgigdse nenbrane (Corning'), and the filtrate was/y®easaHtrat ed
in vacuo to afford the white crystal- line solid product (800 ng, 960). 1H
NVR (300 MHz, d6-DMBO 5: 9.12 (s, 1H) , 7.14 (dd, J=7.8, 1.3 Hz, 1H)
6.88 (dt, J=7.6, 1.5 Hz, 1H), 6.70 (dd, J=8.0, 1.3 Hz, 1H), 6.52 (dt,
J=7.5; 1.4 Hz, 1H) , 4.85 (br s, 2H)2@003 ('s, 3H LRVS (ES pos.) nz =
151 (M+l). Intermediate E-3 i | \ H2, Pd/C\ (O2N 02N Et OH H2N F NaHCGCB,
Et OH N N | nf eMea€dyht 8- FE32 -Aethylurgcdbhaxi/ilore{pEtpabenzene (1.41 g, 10
mrol ) and NayiG&sl £ anylabichy0) rl-gasnbhkeatiad4 -vheh (D-113)

(N,N N -trinethyl)-1, 2-di am noethane (1.1 g, 11 WO 01/81346 PCT/US01/ 13315
- 196 mmol) and was stirred 16 h at 80C. Solvent was renoved in vacuo,
residue was treated with 0.1 M NaOH (12Q0.nm), and the m xture was

extracted with ethyl acetat K(:Z X E{J@Q The organic | ayers were
conbi ned and washed with, 20 of watzer (lIx).and brine (2x), dried with
sodium sul fate, and concentrated in vacuo to an orange liquid (2.2 g,
100% ESMS: mz = 224, M+l)

A mixture of Intermediate E-1 (80 mg, 0.25 mmol) and
trans-2-methyl-l-aminocyclohexane (0.25 mL, large
excess) was warmed in a sealed at 100°C for 16 h.
The reaction mixture was triturated with ether and
the solids were collected by filtration. The crude
material was dissolved in 0.5 mL DMSO and purified
by HPLC (C18 Luna column, 4.6 x 250 mm, 4.7 mL/min,
10-75% acetonitrile/water over 15 min, 100% aceto-
nitrile at 18 min, deétector at 220)). Appropriate
fractions were concentrated in vacuo to yield the
final product as a white solid (1.5 mg).

M NMR (300 MHz, d,-DMSO). 6: 13.5 (br &, 1H), 8.82
(s, 1H), 8.51 (g, 1H), 7.63 (t, J=7.7 Hz, 1H), 7.43
(d, J=7.9 Hz, 1H), 7.27 (4, JI=7.4 Hz, . 1H), 5.11 (d,
J=14.5 Hz, 1H), 3.78-3.69 (m, 1H), 2.73 (s, 3H),
2.55-2.40 (m, 3H), 1.88-1.46 (m, 4H), 1.31-1.11 (m,
1H), 0.90-0.65 (m, 1H), 0.74 (d, J=6.7 Hz, 3H).
LRMS (ES pos.) m/z = 421 (M+1).



This internedi ate was dissolved in EtOH, the solution was purged with
nitrogen, treated with Pd(OH)2 (20% by w. on C,' 180 ng, cat.), and shaken

for 2 h uwdedysise(50psi) . The catal yst was renmoved by figdm@doh@ss15hr ough
a 0.22 umcellul ose acetate nenbrane (Corning), and the filtrate was

concentrated in vacuo to afford the red liquid product E-3 (1.8 g, 95%.
1H NWR (300 MHz, CDC13) 6: 8,.64 (s, 1H), 7.03 (dd, J=8.3, 1.4 Hz,-1H),
6.91 (ddd, J=7.6, 7.2, 1.4 Hz, 1H); B0¥3-6.67 (m 2H), 4.20 (br s, 2H),
2.95 (t, J=6.7 Hz, 2H), 2.68 (s, 3H), 2.41 (t, J=6.7 Hz, 1H) , 2.26 (s,
6H) . LRVES (ES[padethyl 7416480 ¢ M (PH-CorpodfdglBul f@nyhmetthlylD-115 were
prepared as 4mtdnoinsazO1LIMD- 91y B1386nkPeTLUS0141381514) 197

5- Met hyl - 2- (9H- puri n- 6-yl sul fanyl met hyl ) - 3-o-tol yl - 3H qui nazol i n- 4- one
(D-110) Y= A mxture of Internediate Ex1 (40 ng) and o-tolui- dine (0.3
m., |arge excess) was warnmed at 100C i sealed vial for 16 h. The
reaction mxture was cool ed, tf¥eate th iNHCL (2 nL) and.ether (2 ni),
and the resulting gray precipitate wasc@Ll ected by filtration, washed
with ether, and air dried (19 ng crude). The crude solid was dissolvedlin
0.5 nL DMSO and purified by HPLC (C18 Luna colum, 4.6 x 250 mm 4.7

mL/ mn, 10-75% acetonitrile/water over
A mixture of Intermediate E-1 (80 mg, 0.25 mmol)

methyl anthranilate (0.25 mL, large excess) was
warmed in a sealed wvial at 100°C for 16 h. The
reaction mixture was triturated with ether and the
solids were collected by filtration. The crude
material was dissolved in 0.5 mL DMSO and purified
by HPLC (C18 Luna column, 4.6 x:250 mm, 4.7 mL/min,
10-75% acetonitrile/water over 15 min, 100% aceto-
nitrile at 18 min, detector at 220A). Appropriate
fractions were concentrated in vacuo to yield the
final product as a white solid (8 mg).

'H NMR (300 MHz, d,~DMSO) &: 13.51 (s, 1H), 8.51 (s,
1H), 8.42 (s, 1H), 8.11 (dd, J=7.4, 1.1 Hz, 1H),
7.88 (dt, J=7.7, 1.4 Hz, 1H), 7.70 (d, J=8.0 Hgz,
1H), 7.57 (t, J=7.2 Hz, 1H), 7.49-7.35 (m, 3H), 4.58
(d, J=15.5 Hz, 1H), 4.35 (d, J=15.5 Hz, 1H), 2.44
(s, 3H).

LRMS (ES pos.) m/z = 445 (M+1).



15 min, 100% acetonitrile at 18 mn, detector at 2201). Appropriate _
fractions were concentrated in vacuo to yield the final product as a white

solid (4 waisiddd NVR (300 MHz, d6-DVSO) b: 13.52 (s, 1H).pdyésbhifissis 1H),
8.43 (s, 1H), 7.69 (t, J=7:8 Hz, 1H), 7.50 (d, J=7.9 Hz, 1H), 7.46-7/43
(m 1H), 7.37-7.25 (m 4H), 4.37 (AB quartet, j.=15.4 Hz, Ov=22.4 Hz, 2H),
2.74 (5, 3H , 2.12 (5, 3H . LRVMS (ES pos.) mz = 415 (Mt1). WO 01/81346
PCT/ US01/ 13315 - 198 3-1sobutyl-5-nmebhyl-2-(9H puri n-6-yl sul f anyl nmet hyl ) -
3H qui nazolin-4-one (D-111) "VY Y= A mxture of Internmediate E-1 (40 ny)
and i sobut yl 3-§@+hé2¢Diterhylbange -etteds ) meabylanmidodt-ph2@@1iln a seal ed
vial for 16 B-mExheds2i-S0Hubylrdn-6e yiasnlfanyowedhlyq )esapor ate, residue was
di ssol ved i nqlhifhzoDVBROsaBdepybi-fingd in two portions by HPLC (Cl8 Luna
colum, 4.6 x 250 nm 4.7 nL/mn, 10-75% acetoni- trile/water over 15 mn,
100% acetonitrile at 18 mn, detector_at 220A). Appropriate fractions were
concentrated in vacuo to yield the f | product as a white solid (4 npg).
"H NWVR (300 MHz, d6-DWVSO) 5: %3.75 s, 1H', 8.73 (s, 1H), 8.50 (s,
1H), 7.63 (t, J=7.7 Hz, 1H), 7.42 {(dpJ=8§0 Hz, 1H), 7.28 (d, J=7.3 Hz,
1H), 4.96 (s, 2H), 4.00 (d, J=7.5 Hz, 2H), 2.77 (s, 3H), 2.30-2.15 (m
1H), 0.98 (d, J=6.7 Hz, 1H).

A mixture of Intermediate E-1 (40 mg, 0.25 mmol)
Intermediate E-3 (0.2 wmL, large excess) was warmed
in a sealed vial at 100°C for 16 h. The reaction
mixture was triturated with ether and the solids
were collected by filtration. The crﬁde material
was dissolved in 1 mL DMSO and purified by HPLC in
two portions (C1l8 Luna column, 4.6 x 250 mm, 4.7
mL/min, 10-75% acetonitrile/water over 15 min, 100%
acetonitrile at 18 min, 0.05% TFA in all solvents,
detector at 220A). Appropriate fractions were
concentrated in vacuo to yield the final product as
the TFA salt (11 mg).

'H NMR (300 MHz, d,~DMSO) o: 13.4 (br s, 1H), 9.27
(s, 1H), 8.52 (s, 1H), 8.44 (s, '1H), 7:72 (t, J=7.8
Hz, 1H), 7.53 (d, J=7.9 Hz, 1H), 7.40-7.33 (m, 4H),
7.10-7.04 (m, 1H), 4.42 (s, 3H), 3.5 (m, 2H), 3.23-
3.03 (m, 3H), 2.75 (8, 3H), 2.68-2.56 (m, 8H).
LRMS (ES pos.) m/z = 501 (M+1).



LRVS (ES pos.) mz = 381, (M+l) . WO 01/81346 PCT/US01/13315 - 199
N-{2-[ 5- Met hyl - 4- oxo0- 2- (9H puri n- 6-yl sul f anyl -

met hyl ) - 4Aoadigiggol | n- 3-yl ] - phenyl }-acetam de (D 112) Y= pd¥R6ofy1581%t ur e of
Internediate E-1 (80 ng, 0.25 mml) and Internediate E-2 (75 ng, 0.5 nmol,
2 eq) was warnmed wuntil nmelted in a sealed vial using a heat gun. The
reaction mxture was triturated wth ether and the solids were collected
by filtration. The crude material waso3lissolved in"'1 niL DVSO and purified
in tw portions by HPLC (C18 Luna colum, 4.6 x 250 nm 4.7 nlL/mn,

10- 75% acetoni tri | e/ waCempoweds 15- i 6, thi00dh akel bdi verrke at 18 m n,
detector at 22032redA£ rggﬁate fractl ons were concentrated in vacuo to
yield the fifiar product as a CWhite solid. 1H NWR (300 WHz, d6-DVSO b5:
13.52 (s, 1H), 9.52 (s, 1H), 8.48 (s, 3H), 842(s 3H) 802(d J=8.0 Hz,
1H), 7.69 (t, J=7.8 Hz, 1H), 7.51 (d, J79Hz 7.45-7.37 (m 2H),
7.31 (d, J=7.3 Hz, 9 (t, J=7.5 Hz, 38 (s, 2H), 2.74 (s,

3H), 1.93 (s, b pos.) mz 458( Pt . WO 01/ &7
PCT/ US01/ 13315  hyl - 3- (E- 2- rret hyl - cyc| ohe yI)
yl sul f anyl qui mazol i n- 4 one %D 113)

R-NH, or
Ccl
N 50°C cl

puri n- 6-

3-(2- Chlorophenyl) -5-methoxy-2- (9H- purln 6-ylsul-
fanylmethyl) -3H-quinazolin-4-one (D- 116)

(R = Me, X = 0)

A mixture of D-015 (25 mg) in 0.5 M NaOMe
(2 mL in MeOH; large excess) was stirred at 50°C for
16 h in a sealed vial. The reaction mixture was
cooled to room temperature, treated with water (5
mL), and the resulting precipitate was collected by
filtration, washed with water, and air dried. The
crude material was dissolved in 0.5 mL DMSO and
purified by HPLC (Cl8 Luna column, 4.6 x 250 mm, 4.6
X 250 mm, 4.7 mL/min, 10-75% acetonitrile/water over
15 min, 100% acetonitrile at 18 min, detector at
220A) . Appropriate fractions were concentrated in
vacuo to yield the final product as a white solid

(5.3 mg) .



Y= A mxture of Internediate E-1 (80 ng, 0.25 nmmol) and
trans-2-net hyl -i -am nocycl ohexane (0.25 nL, |arge excess) was warned in a
seal ed atwiAgis@r 16 h. The reaction m xture was tritur glqdysmhtiksiet her
and the solids were collected by filtration. The crude nmaterial was

di ssolved in 0.5 nL DVSO and purified by HPLC (C1l8 Luna colum,- 4.6 x 250
mm 4.7 nL/mn, 10-75% acetonitrile/water over 15 mn, 100% aceto- nitrile
at 18 mn, detector at 220X). Appropriete fractions were concentrated in
vacuo to yield the final product as a white'solid (1.5 ng). 1H NWMR (300
MHz, d6- DMVBOX. NER KBOOSMmhr 3% mm&o) 8:8213(52 ,(slHLH) ,885%8(gg,1H), 7-.63

EZI: JJ71z71 E‘Z%l@ 4%(% 639H)(m Tf_;; ilg')ﬁ..%si éd fH %Hglz;o (m53i|)1

1.88-1.46 (m. Gﬁ-l) m,l ﬁ—l)-,l Als{n7.34Hm, 028D0; 07653(I(r<ﬂ 1&9:8 0.#4,(d, J=6.
Hz, 3H). L QP mz = 81346 PCT/USOl/13315 - 201

/
5 o Met hyl Ao IR Il AP Chee s

4H—qU|nazolugm35yi]ﬁgengogg3aglQZ(D2314)3Y35TQ5H 3A m xture of | nt er nedi at e
E-1 (80 nmg, 25 mol met hyl anthranilate (0.25 nL | arge excess) was

war med in a@ﬁ%ﬂeiﬁ%w%@s%ﬁlﬁ%bcﬁf%r~lﬁ5h (Mh&) - reaction m xture was
triturated with ether and the solids were collected by filtration. The

crude
3-(2-Chlorophenyl) -5- (2-morpholin-4-yl-ethylamino) -

2- (9H-purin-6-ylsulfanylmethyl) -3H-quinazolin-4-one
(D-117) ‘

A mixture of D-015 (25 mg) and 4- (aminoeth-2-y1l)-
morpholine (650 mg, large excess) was stirred at
50°C for 16 h. The crude reaction mixture was
purified by HPLC (C18 Luna column, 4.6 x 250 mm, 4.7
mL/min, 10-75% acetonitrile/water over 15 min, 100%
acetonitrile at 18 min, detector at 2207A). Appro-
priate fractions were concentrated in vacuo to yield
the final product.

'H NMR (300 MHz, d,-acetone) o: 8.57 (br s, 1H),
8.47 (s, 1H), 8.37 (s, 1H), 7.72 (dd, J=7.7, 1.6 Hz,
1H), 7.65 (dd, J=8.0, 1.2 Hz, 1H), 7.57 (t, J=8.1
Hz, 1H), 7.49 (dt, J=7.7,1.6 Hz, 1H), 7.40 (dt,
J=7.7,1.5 Hz, 1H), 6.86 (d, J=7.4 Hz, 1H), 6.82 (d,
J=8.3 Hz, 1H), 4.55 (d, J=15.0 Hz, 1H), 4.42 (d,
J=15.1 Hz, 1H), 4.05-3.90 (m, 4H), 3.90 (t, J=6.9
Hz, 2H), 3.75-3.4 (m, 4H), 3.54 (t, J=6.9 Hz, 2H).
LRMS (ES positive) m/z = 549 (M+1).



material was dissolved in 0.5 nL DMSO and purified by HPLC (C18 Luna
colum, 4.6 x,250 mm 4.7 nL/mn, 10-75% acetonitrile/water over 15 m n,
100% acet idi§4sl € at 18 min, detector at 220A). Approprlﬁst.ﬁ1 i ons
wer e concg]ntdrlgs{ﬂeg in vacuo to yield the final product as a |0E/g§3§%)l id (8
ng). 1H NMR (300 'MHz, d6-DMSO d: 13.51 (s, 1H), 8.51 (s, 1H), 8.42 (s,
1H, 8.11 (dd, J=7.4, 1.1 Hz, 1H), 7.88 (dt, J=7.7, 1.4 Hz, 1H), 7.70 (d,
J=8.0 Hz, 1H), 7.57 (t, J=7.2 Hz, 1Hyp57-49-7.35 (m 3H), 4.58 (d, J=15.5
Hz, 1H), 4.35 (d, J=15.5 Hz, 1H), 2.44 (s, 3H). LRMB (ES pos.) mz = 445
(M+l). WO 01/81346 PCT/US01/13315 - 202

3-{2-[(2- Di met hyl am no- et hyl ) - net hyl - ami nol - phenyl } -

5- net hyl - 2- ( 3HBpBEYA- G- Feshoramdl-reHEhpLyr-im6 é{&lSN&zfé‘WﬁﬂEt@Né)(‘D 115) Y=
gN A ni xt uBg-ghihpzelimdidaveeE-(D-@46)ny, 0.25 mol) Internediate E-3
(0.2 m," large excess) was warnmed in a sealed vial at 100C for 16 h. The
reaction mxture was triturated with ether and the solids were collected
by,filtration. The crude material was di ssol ved in 1 nL DVSO and purified

by HPLC in two port,;on§ (C18 Luna col um, 250 mm 4.7 L/ mn,
10- 75% acetonitril e/ r over 15 mn 100% aetonltrlle at 18 mn, 0..05%
TFA in all sol vent de Ar‘ prNat actions were
CH30H
50 deg C ﬁ
\\«-NH N\

A mixture of D-043 (25 mg) in 0.5 M NaOMe (2 mL in
MeOH; large excess) was stirred at 50°C for 16 h in
a sealed vial. The reaction mixture was treated
with 1 N HCl (1 mL) and aliguots of this solution
(0.5 mL each) were purified by HPLC (C18 Luna
column, 4.6 x 250 mm, 4.7 mL/min, 10-75% acetoni-
trile/water over 15 min, 100% acetonitrile at 18
min, detector at 220A). Appropriate fractions were
concentrated in vacuo to yield the final product as
a white solid (6.6 mg) .

H NMR (300 MHz, d,-DMSO) O: 13.57 (s, 1H), 8.60 (S,
1H), 8.45 (s, 1H), 7.72 (t, J=8.1 Hz, 1H), 7.42-7.30
(m, 2H), 7.30-7.1% (m, 3H), 7.15 (d, J=8.0 Hz, 1H),
7.06 (d, J=8.3 Hz, 1H), 5.43 (s, 2H), 4.80 (s, 2H),
3.87 (s, 3H).

LRMS (ES positive) m/z = 431 (M+1).



concentrated in vacuo to yield the final product as the TFA salt (11 ng).
"-H NWR (300 MHz, d6-DMSO) b : 13.4 (br s, 1H), 9.27 (s, 1H), 8.52 (s,
1H), 8. 44wisosiks, 7.72 (t, J=7.8 Hz, 1H), 7.53 (d, J=7. SdizysoihBsis
7.40-7.33 (m 4H), 7.10-7.04 (m 1H), 4.42 (s, 3H), 3.5 (m 2H), 3.23-
3.03 (m .3H) , 2.75 (s, 3H), 2.68-2.56 (m 8H). LRM5S (ES pos.) mz = 501
(M+1). WO 01/81346 PCT/USO1/13315 - 203 Conpounds D-116.through D- 118
were prepared as follows: F Ol RX®6tNg RNH2 or RRONa C1 50C C1 S N
~) S\ NI NN ~ -NH~~\r -NH

3- (2- Cnl or optenydnd- Desﬁbxyeamﬁathﬁmvéh 6 ylsu
fanyl met hyl ) - 3FLq azol one D-116) = 0), Amxture of D015
(25 ng) in 3541 #Bgﬁé % %PPYFQF é°é§cés§9P%€§m§§PPréd at 50C for
16 hin a sé%}%ﬂlﬁ?%ylm?ﬁﬁy¥éa%ﬂr%ﬁlﬂﬁ§9ﬁié fasmecool ed to room
tenperature, treated with water (5 nL), and the resulting precipitate was

col l ected by
An analog compound, 3-(2-chlorophenyl)-2-

(lH-pyrazolo[3,4-dlpyrimidin-4-ylsulfanylmethyl) -3H-
quinazolin-4-one, also was synthesized generally in
accordance with the described methods, except that a
4-mercapto-1H-pyrazolo[3,4-dlpyrimidine was substi-

tuted for the mercaptopurine in the final step.

EXAMPLE 11

Biochemical Assayvs of PI3K Potency and Selectivity

A. Biochemical Assay using 20 pM ATP

Using the method described in Example 2,
above, compoundg of the invention were tested for
inhibitory activity and potency against PI3Kd, and
for selectivity for PI3Kd versus.other Class I PI3K
isozymes. In Table 2, IC,, values (uM) are given for
PI3Ka ("Alpha"), PI3KB ("Beta"), PI3y ("Gamma"), and
PI3KY ("Delta"). To i1llustrate selectivity of the
compounds, the ratios of the IC;, 'values:of the com-
pounds for PI3Ko, PI3KP, and PI3Ky relative to PI3KD

- are given, respectively, as "Alpha/Delta Ratio,"
"Beta/Delta Ratio," and "Gamma/Delta Ratio."

The initial selectivity assays were done
identically to the selectivity assay protocol in
Example 2, except using 100 pL Ecoscint for radio-
label detection. Subsequent selectivity assays were
done similarly using the game 3X substrate stocks

except they contained 0.05 mCi/mL Vv [3*?P]ATP and 3 mM



filtration, washed with water, and air dried. The crude material was
dissolved in 0.5 nL DMSO and purified by HPLC (C18 Luna columm, 4.6 x 250
mm 4.6 wolA®s 4.7 mb/min, 10-75% acetonitrile/ water gafysoiAssisn, 100%
acetonitrile at 18 mn, detector at 220A). Appropriate fractions were
concentrated in vacuo to yield the final product as a white solid (5.3
ng). WO 01/81346 PCT/USO1/13315 - 204 1H NWMR (300 MHz, d6-DVSO) 6: 13.52
(s, 1H , 8.48 (s, 1H), 8.44 (br s; 28fy,-7.77 (t, J=8.2 Hz, 1H), 7.71-
7.60 (m 2H), 7.51-7.34 (m 2H), 7.23 (d, J=8.2 Hz, 1H), 7.10 (d, J=8.4
Hz, 1H), 4.3BIPAB fithsequediABSl & iHryi ity 23s@y$izal M) used. 8he (s, 3H).
LRMS (ES posjtive = 45 ) . .
3-(2-&h|oPopﬁ%ﬁ%l%Xgé§EYW§r%ﬁépgéf4?§F?th§P§¥iﬁ8¥-contalned 3

2- (9H puri n-8MybSubhanglimethPIpK3Hsqgtibrazol i n-4-one (D-117) 0 R= ON X=NH

A m xture of D015 (25 ) d 45 (am.,noet h-2-yl) - rpholine (650 ng, |arge
excess) was stirred athgOei?oFe}%C }V*ﬁg 8Fﬁé¥%regEFi5ﬁsﬁjxture was
purified by HPhGowd8 wana welighmd 4ub %xha5aiBBblded iRkbMin.-550- 75%

tonitril el wat er_ 1 LN 0%. acetonitrile at 18 mn, detector at
gggle?{ LLp?%Maﬁgéﬁgé f?ai?g%ngMégré%EBﬁEQﬁﬁgaPEdtpﬁ1€a5§§pﬁ6‘yieId t he

final productivéHsdMR{B00idklE, afl8- acetregert5-28°67 (bbmpoudHk,

were thawed (to room temperature or 37°C), diluted

to 300 puM in water from which a 3-fold dilution
series into water was done. From these dilutions,
20 pL was added into the assay wells alongside water
blanks used for the enzyme (positive) control and
the no enzyme (background) control. The rest of the
assay was essentially done according to.the selec-
tivity assay protocol in Example.2.

For those cases in which the greatest con-
centration used in the assay, i.e., 100 uM, did not
inhibit activity of the enzyme by at least 50%, the
table recites the percent activity remaining at that
concentration (i.e., at 100 uM). In these cases,
the true activity ratio(s) for the compounds cannot
be calculated, since one ‘of the required IC,, values
is missing. However, to provide some insight into
the characteristics of these compounds, a hypothet-
ical activity ratio is calculated using 100 UM sub-
stituted for the missing value. -In such cases, the
selectivity ratio must in fact be greater than the
hypothetical value, and this is indicated by use of
a greater than (>) symbol.
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Identically to the selectivity assay protocol
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the characteristics of these conpounds, a hypothet- ical activity ratio is
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B. Biochemical Assay using 200 uM ATP

In Part A, above, compounds of the inven-
tion were tested to establish their IC;, for inhibi-
tion of the alpha, beta, delta, and gamma isoforms
of PI3K using 20 uM ATP. A further screen was
performed to establish the IC;, for inhibition of the
four PI3K isoforms at a final concentration of 200
uM ATP, 10-fold greater, and substantially closer to
the normal physiological concentration of ATP in
cells. This selectivity protocol is identical to
that described above, exéépt the 3X stock ATP con-
centration was 600 uM. Data from this assay are
gummarized in Table 3, below. The observed sensi-
tivity to ATP concentration suggests that these

PI3KO inhibitor compounds act as ATP competitors.
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EXAMPLE 12

Cell-Based Assay Data for
Inhibitors of PI3KJO Activity

Using the methpds described in Examples 3-
5, above, compounds of the invention were tested for
inhibitory activity and potency in assays of stim-
ulated B and T cell proliferatibn, neutrophil (PMN)
migration, and neutrophill(PMN)‘elastase release.
Data from these assays afe set forth in Table 4,
below. In Table 4, the vélues shown aré effective
concentrations of the compound (ECN; uM) . Where no

value is given, no assay was performed.
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Table 4
Human PMN Human PMN
Mouse BCR Mouse TCE Elastase Migration
Compound Stim (EC,,) Stim (ECg,) (ECg,) (BC,,)

D-000 0.940.4 5.5+44 2.212 1-5

D-003 3.9 5.7

D-005 0.7£0.1 3.9 4.3+1

D-006 0.210.1 5.3 0.3+0.1

D-007 0.3+0.1 4.2 0.4

D-008 1.0

D-009 0.3+0.2 10.5

D-010 0.210.1 0.3x0.3

D-011 0.3+0.1 0.920.7

D~012 0.3+0.2 0.3

D-013 1.4

D-014 0.2+0.1 4.3

D~015 1.2+0.2 1.8 1.3+0.4 2.0

D-019 0.9+0.01 0.9

D-021 1.8 3.5

D-022 1.8 2.3

D-024 2.9

D-025 0.320.1 4.4+0.6 0.3+0.2 0.3+0.3

D-026 0.320.1 3.5 0.2+0.2 0.3+0.3

D-027 >2 2

D-028 0.440.2 1

D-029 0.11+0.03 3.412 0.5+0.6 0.3

D-030 0.1+0.1 6 0.4+0.5 0.2

D-031 0.240.1 0.7+0.1

D-034 0.6+0.4

D-035 0.2x0.1 2.9+0.7 0.31+0.1

D-036 0.9+0.04 4.1 5.5%5 0.2

D-037 1.2+0.4 1.34+0.4 2.0

D-038 1.4+0.1 2.9 5
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Table 4
Human PMN Human PMN
Mouse BCR Mouse TCE Elastase Migration
Compound Stim (EC,,) Stim (ECs,) (EC,,) (ECs,)
D-039 0.9+0.1 5
D-043 1.4 2.6
D-045 . 9.0
D-047 "0.3+01. ©0.5x0.2
D-048 -0.410.2 5 0.9120:.2
D-049 2.0 6.3 5.0
D;121 1.4
D-999% 3.1+0.7 5.9 >20° 1
1LY294002 0.9+0.5
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212 B. Biochem cal Assay using 200 UM ATP In Part A, above, conpounds of
the i nvenwgdigizqeere tested to establish their 1C50 for i nigfasorhis®ap of the
al pha, beta, delta, and gamma isoforns of P13K using 20 pM ATP. A further
screen was perfornmed to establish the 1C50 for inhibition of the four P13K
isoforms at a final concentration of 200 }M ATP, 10-fold greater, and
substantially closer to the nornmal- pliysi-ol ogi cal concentration of ATP in
cells. This"selectivity protocol is identical to that described above,
except the 3X stock ATP con- cent EXAMPnEWVAS 600 p. M Data fromthis assay
are summarized in Table 3, below The observed sensi- tivity to ATP
concentration suggests that these P13K5 inhibitor conmpounds act as ATP
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The effect of compounds of the invention
on cancer cell proliferation was evaluéted by test-
ing one of the compounds against a panel of Chronic
Myeloid Leukemia (CML) cell lines, including KU812,
RWLeu4, K562, and MEG-01.

The inhibitory activity of the compound
(D-000, dissolved in DMSO) was determined as
follows. The tested compound was added in a series
of concentrations (0.001 uM to 20 uM) to 96-well
microtiter plates with cells (1000 to 5000 cells/-
well) . Plates were incubated for five days at 37°C
during which the control cultures without test com-
pound were -able to undergo at least two cell-divi-
sion cycles. Cell growth was measured by incorp-
oration of [*H]-thymidine for eighteen hours added at
days three, four, and five. Cells were transferred
to a filter, washed and the radiocactivity counted
using a Matrix 96 beta counter (Packard). The

percentage of cell growth was measured as follows:
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(average counts of cells
incubated with a given
inhibitor concentration)
x 100

% Cell growth = -
(average counts of the

cells without inhibitor)

The EC,, value in these experiments was determined by
the concentration of the test compound that resulted
in a radiocactivity count 50% lower than that ob-
tained using the control without inhibitor. The
D-000 compound exhibited inhibitory activity with an
EC,, of approximately 2 uM for the KU812 and RWLeu4
lines. The compound was not found to exhibit an
effect in the K562 and MEG-01 lines.

PI3K® inhibitors of the invention appear
to inhibit CML cell growth and therefore could be
useful in the treatment of benign or malignant
tumors. PI3K® expression has been demonstrated so
far mostly in cells of hematopoietic origin. How-
ever, it could be present‘in a broader variety of
proliferating cells. Therefore, the compounds of
the invention could be used to induce tumor re-
gressgion and to prevent the formation of tumor
metastasis in both leukemia and solid tumor oxr in
proliferation of nontumoral origin. In addition,
the compounds could be used both alone and in com-
bination with other pharmacologically active com-
pounds or in combination with radiation as a

sensitizing agent.
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The effect of D-030 on leukocyte influx
and neutrophil elastase exocytosis in animal models
was tested; The six-day air pouch model is an in
vivo inflammation model that histologically
resembles a joint synovium. A lining of organized
mononuclear cells and fibroblasts develops that
closely resembles a synovial cavity. The model
represents an "acute" model of a chronic disease
(e.g., rheumatoid arthritis). This model allows for
the in vivo evaluation of agents to block cellular
influx into the air pouch under the influence of an

inflammatory stimulus.
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The test was performed as follows: on day

D-030

zero, groups of rats were shaved and 10 ml of air

was injected subcutaneously on the back of each,



H
\o
J~

\

214 Cd 1) Ha) o 01 NNOO dl 0o mH. df mH(n Hm43 (d (d Lt') 00 N
rt HMV~- NO1 HC/ td r1 O a) 1 NLOO tomN. OOO0O0 rHI Nco
m m O NN ma~ (dV a o Arl Nmmmco IP 0Q/1§31500H
'LOWLQ)nd_lé%HLnNWhr-I 4SCdmoHHLtocoAP +H 11

NtoLnOOLh~10\0Orml HLn "NO0, It Ln LOIV mrni Ln mNN M

a)

- 221 -

forming a pouch. On day three, 10 ml of air was

reinjected. Six hours prior to TNF challenge on day

six, one group of rats (n=6) received D-030 (100
mg/kg ‘in PEG 400 vehicle) orally, and another group
(n=12) received vehicle alone orally. Six hours
following dosing, the air pouches of both groups

received 2.5 ng of TNF. Twelve hours following

dosing, the pouches were washed with saline, and the

resulting lavage fluid was analyzed for leukocyte
counts and neutrophil elastase activity. 1In addi-
tion, blood was drawn to determine the levels of
D-030 in circulation. The results were as follows:

rats that received D-030 for twelve hours had an

average of 8.7 uM of compound in circulation and had

an 82% reduction in total leukocytes in the lavage
fluid compared to vehicle controls. Reductions in
specific leukocyte counts were as follows: neutro-
phils (90%), eosinophils (66%), and lymphocytes

(70%) . Quantitation of neutrophil elastase showed

that D-030-treated rats had elastase levels that

were somewhat reduced (15%) versus vehicle controls.

In another test, an area of the mouse back

was shaved using clippers, and an air pouch was
created by injecting 3 ml air subcutaneously. On
day three, the air injection was repeated. On day
six, the animals were dosed with either D-030 (32
mg/kg in LABRAFIL®) or LABRAFIL® only one hour be-
fore and two hours after challenge with TNF-a (0.5
ng in 1 ml PBS), or PBS only. PBS isg phosphate
buffered saline. Four hours after TNF challenge,
the animals were anesthetized and the pouches were
lavaged with 2 mL of 0.9% saline with 2 mM EDTA.

The lavages were centrifuged at 14,000 rpm in a
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microcentrifuge. Fifty microliters of the
supernatant was used to measure elastase exocytosis
according to the procedure described above.

As shown in Figure 9, TNF challenge in-
duced a high level of elastase exocytosis compared
to PBS challenged animals. However, when the TNF
challenged animals were treated with D-030, a sig-
nificant decrease in the elastase activity in the

air pouch lavages was observed.

All publications and patent documents
cited in this specification are incorporated herein
by reference for all that they disclose.

While the present invention has been de-
scribed with specific reference to certain preferred
embodiments for purposes of clarity and understand-
ing, it will be apparent to the skilled artisan that
further changes and modifications can be practiced
within the scope of the invention as it is defined
in the claims set forth below. Accordingly, no
limitations should be placed on the invention other

than those specifically recited in the claims.



I nhi bitors of PI3K6 Activity Using the nethods described in Exanples 3- 5,
above, conpounds of the invention were tested for inhibitory activity and
potency woassBye of stim ulated B and T cell proliferatpPonvuseessrsophi l
(PMN) mgration, and neutrophil (PWN).elastase release. Data fromthese
assays are set forth in-Table 4, below. In Table 4, the values shown are
effective concentrations of the conpound (ECso; }JM . Were no value is
given, no assay was perforned.. WO-0R281346 PCT/USO1/ 13315 - 216 Table 4
Human PWN Human PMN Mouse BCR Mouse TCE El astase M gration Conpound Stim
(EC50) Sti mNHRGEG)S (EESFHMER ES50) D-000 0.9+0.4 5.5+4 2.2+2 1-5 D-003 3.9
5.7 D005 0.7+0.1 3.9 4.3+1 D006 0.20.1 5.3 0.30.1 D007 0.3+0.1 4.2 0.4
D-008 1.0 D-009 0.30.2 10.5 D010 0.2+0.1 0.3+0.3 D011 0.30.1 0.90.7,
D-012 0.30.2 0.3 D013 1. A rédItbd. 20 dsruX h@lbedk@epPt 1.8 1.3+0.4 2.0
D-019 0'9+0f%£é%f%n comprising contacting leukocytes with a
compound that selectively inhibits phosphatidyl-
inogitol 3-kinase delta (PI3KD) activity in said
leukocytes relative to other Type I phosphatidyl-
inositol 3-kinase (PI3K) isoforms in a cell-based

assay.

2. The method of claim 1 wherein said
leukocytes comprise cells selected from the group
consisting of neutrophils, B lymphocytes, T lympho-
cytes, and basophils.

2. The method\of claim 1 wherein said
leukocytes comprise neutroéhils, and wherein said
method comprises disrupting at least one neutrophil
function selected from the group consisting of stim-
ulated superoxide release, stimulated exocytosis,

and chemotacticd migration.

4, The method of claim 3 wherein bacter-
ial phagocytosis or bacterial killing by said neu-

trophils is substantially undisrupted.

5. The method of claim 1 wherein said
leukocytes comprise B lymphocytes, and wherein said
method comprises disrupting proliferation of said B
lymphocytes or antibody production by said B lympho-

cytes.



D-021 1.8 3.5 D022 . 1.8 2.3 D024 2.9 D025 0.3+0.1 4.4+0.6 0.3+0.2
0.340.3 D026 0.3+0.1 3.5 0.240.2 0.3+0.3 D027 >2 2 D028 0.4+0.2 1
D029 0. 1®8:PA/s33442 0.50.6 0.3 D030 0.1+0.1 6 0.4+0.5 0. crayddizAs2+0. 1
0.7+0.1 D034 0.6+0.4 D-035 0.2+0.1 2.9+0.7 0.3+0.1 D-036 0.90.04 4.1
5.55 0.2 D037 1.2+0.4 1.3+0.4 2.0 F D-038 1.4+0.1 2.9 5 WO 01/ 81346

PCT/ USO1/ 13315 - 217 Table 4 Human PMN Hunan PMN Mbuse BCR Mouse TCE

El astase M gration Compound Stim (ECS Stim (ECSO (EC,,) (ECso) D039
0.9+0.1 5 D=043 1.4 2.6 D045 9.0 D047 0.3+01. 0.5+0.2 D--048 0.4+0.2
50.90.2 D049 2.0 6.8.5. 0Th® d@thddd4ob- 099i8. &+0hérbif ®2@d 1 LY294002
0.9+0.5 method comprises disrupting proliferation of said T

lymphocytes.

7. The method of claim 1 wherein said
leukocytes comprise basophils, and wherein said
method comprises disrupting histamine release by the

basophils.

8. The method of claim 1 wherein said
compound exhibits at least about a 10-fold selectiv-
ity for inhibition of PI3Kd relative to other Type I

PI3K isoforms in a cell-based assay.

9. The method of claim 8 wherein said
compound exhibitg:at least about a 20-fold selectiv-
ity for inhibition of PI3Kd relative to other Type I

PI3K isgsoforms in a cell-based assay.

10. The method of claim 9 wherein said
compound exhibits at least about a 50-fold selectiv-
ity for inhibition of PI3Kd relative to other Type I

PI3K isoformg in a biochemical assay.



WO 01/ 81346 PCT/US01/13315 - 218 EXAMPLE 13 Assay of Inhibitors of Pl3K6
Activity in Cancer Cells The effect of conpounds of the invention on
cancer ceWo Qrssdsf erati on was eval uated by test- ing one gictii®ig87POUNds
agai nst a panel of Chronic Meloid Leukemia (CWM) cell lines, including
KU812, RW.eu4, K562, and MEG 01. The inhibitory activity of the conpound
(D000, dissolved in DVMSO was determned as follows. The tested conpound
was added in a series of concentratizas {0.001 ~aMto 20 h7M to 96-well
mcrotiter plates with cells (1000 to 5000 cells/- well). Plates were

i ncubated for five daySLat'EH&Zmehhédmpﬂwnlﬂﬁmhb wlosteoh saldures w t hout
test com pound meng abl e_.t undergg at least two cell-divi- sion cycles.
Cel | gromﬂh Lﬂ%ﬁi?%ﬁi?E%ﬁ oration of [ 3H] -t hym di ne for eighteen
hours added at days three, four, and five. Cells were transferred to a
filter, washed and the radioactivity counted wusing a Matrix 96 beta
counter (Packard). The percentage of cell growh was neasured as foll ows:
WO 01/ 81346 PCT/ US01/ 1331b (average counts of cells incubated with
a given inhibitor concent
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wherein Y is selected from the group con-
sisting of null, S, and NH;

R7 is selected from the group consisting of
H, halo, OH, OCH,, CH;, and CF,;

R® is selected from the group consisting of
igs H, OCH,;, and halogen;

or R’ and R® together with C-6 and C-7 of
the quinazoline ring system define a 5- or 6-
membered aromatic ring optionally containing one or
more O, N, or S atoms;

R’ is selected from the group consisting of
C,-Csalkyl, phenyl, halophenyl, alkylphenyl, biphen-
vl, benzyl, pyridinyl, 4-methylpiperazinyl, C(=0) -
OC,H., and morpholinyl;

R¢, independently, is selected from the
group consisting of NH,, halo, C,j;alkyl, S(C,,alkyl),
OH, NH(C,,alkyl), N(C,,alkyl),, NH(C, ;alkylenephen-
yl);



Cell growmh = (average counts of the cells wi thout inhibitor) The EC50

val ue in these experinents was determ ned by the concentration of the test
conmpound Wwhaadsissul ted in a radioactivity count 500 | owerpdringdaiifas ob-

tai ned using the control without inhibitor. The D000 conpound exhibited
inhibitory activity with an EC50 of approximately 2 p.Mfor the KU812 and
RW.eu4 |ines. The conpound was not found to exhibit an effect in the K562
and MEG 01 |ines. PI3K5 inhibitors -of22ée- i nventi on appear to inhibit CWML
cell growth and therefore could be wuseful in the treatnent of benign or
mal i gnant tunors. Pl 3KS5express?on has been denonstrated so far nostly in
cells of hematopoietic origin. How, ev it coul e present_iLn a broader
variety of prolifer atairh‘% %E?]frg?c%%Jr%ﬁ%é,a?%eep%%ﬁ%%ugﬁgé%fan he invention
coul d be usesbtvntiguge=tam®y re- gression and to prevent the formation of
tunmor netastasis in both |eukem a and solid tunor_or,in r.ol.i feration of
nontunoral ori gin. In%‘ﬁ‘?iﬁ‘?%%,t%? o %%Fﬁo‘%n%o%?d&%@q?s i BSth al one and
in com binatioremith Dtdheres phalsess! ogy calhytiasky vereaps , peu@ds or in
conmbination wth radiation as a _sensiti zi ?P?f a WO 01/ 81346

\ _ _agent .
PCT/ US01/ 1338t 90 1SERAVPRESTE TSRS dr&ieh Oé)%eéjlya]st ase exocytosis



in nouse air pouch lavage The effect of D-030 on |eukocyte influx and
neut rophi |l el astase exocytosis in animl nodels was tested. The six-day

ai r pouchwgpd@hsdes an in vivo inflammtion nodel that hi Sicale@igsdiky
resenbles a joint synovium A lining of organized nononuclear cells and

fibroblasts devel ops that closely resenbles a synovial cavity. The nodel
represents an "acute" nodel of a chronic disease (e.g., rheumatoid
arthritis). This nodel allows for the2Fn-vivo eval uation of agents to

bl ock cellular influx into the air pouch under the influence of an
inflammat ory stinul us. 18H3 ObR\ meCH®d NEfNcNaim [LINwher@id3@hNH2 The test

was per formed as fall ggs ggcg@ﬁ £480 0, 1. ar ?g%%uﬁ’a&?n aLs, were aved and 10

m of air was Tnjecte cut'aneousl'y on eac 01/ 81346
PCT/ US01/ 13335 (2~ 13@@r0pyﬁphagxya pouaieth@i da)ﬂ%lmﬂ"ln]:@~lﬁl—0f air was

el ected, Shxehauaebnes (o el ange en dey oi one grow of rats
group 5-chloro-2- (9H-purin-6-ylsulfanylmethyl) -3-o-tolyl-
3H-quinazolin-4-one;
5-chloro-3- (2-fluorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(2-fluorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;
3- (2-methoxyphenyl) -5-methyl-2- (9H-purin-y-ylsulfan-
ylmethyl-3H-quinazolin-4-one;
-(2,6-dichlorophenyl) -5-methyl-2- (9H-purin-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl) -6-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-gquinazolin-4-one;
5-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3- (3-methoxyphenyl-2- (9H-purin-6-ylsulfanylmethyl-
3H-quinazolin-4-one;
- (2-chlorophenyl) -5-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-benzyl-2- (9H-purin-6-ylsulfanylmethyl) -3H-quin-
azolin-4-one;
3-butyl-2- (9H-purin-6-ylsulfanylmethyl) -3H-quin-
azolin-4-one;
3-(2-chlorophenyl) -7-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-morpholin-4-yl-2- (9H-purin-6-ylsulfanylmethyl)-3H-

quinazolin-4-one, acetate salt;



(n=12) received vehicle alone orally. Six hours follow ng dosing, the air
pouches of both groups received 2.5 ng of TNF. Twel ve hours foll ow ng

dosi ng, tWe Asysfes were washed with saline, and the resyldimeihsage
fluid was anal yzed for | eukocyte counts and neutrophil elastase activity.

In addi- tion, blood was drawn to determine the levels of D030 in
circulation. The results were as follows: rats that received D030 for
twel ve hours had an average of 8.7-J:2Mof conpound in circulation and had
an 82%reduction in total |eukocytes in the lavage fluid conpared to
vehi cl e cont3otlsloRedBie({Ronklonopkpeelfie-(edkpoytie-coyhsldane as fol | ows:

neutro- phils, (902 e0si nophi |l s, (669 and | ynphocytes (70%.
Cuantitatiohy%ﬁe%%%%}6%ﬁfﬂuepgg?%i%~é%8ﬁ8d that D-030-treated rats had

el ast ase | evel $2tdiat orgphengdiredhat di eétuced-£15%1-vearsus évghikalle control s.

I n anot her tgst,lan arfg 9% t he nnuie back was shaved using clippers, and
an air pouch WasIMerREt b3 By IrAfREPTAG 3 WPai r subcut aneously. On  day
three, the ad+ (2 pechoviphesyl epeabrdpuindayylsiut fahemanngahs were dosed
with either D030, (32 /' kg in LABRAFIL(r)) or LABRAFIL(r) only one hour
be- fore and>Ewd" %?%lggféfoﬁﬁéllenge with TNF-U (0.5 ngin 1 m PBS), or

PBS only. PBS-ts1phesphabechbot-bpnedysalpneonFgui-ihogrgiatieanTNF
chall enge, the aninals were anesthetized and the pouches. were |avaged
with 2 nL of YO9eh%hl i A~ GHER2EOHVPEBTANSThe | avages were centrifuged at

14,000 rpm in- a3 Vh D34 8384Ry PCTAUSOEL 3334R-6-yv1sul fanylmethyl) -
3H-quinazolin-4-one;
2- (9H-purin-6-ylsulfanylmethyl)-3-pyridin-4-y1-3H-
quinazolin-4-one; -
3-(2-chlorophenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
trifluoromethyl-3H-quinazolin-4-one;
3-benzyl-5+-fluoro-2- (9H-purin-6-ylsulfanylmethyl) -
3H-quinazolin-~4-one;
3-(4-methylpiperazin-1-vyl)-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one, acetate salt;
3-(2-chlorophenyl) -6-hydroxy-2- (SH-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
[5-fluoro-4-o0oxo-2- (9H-purin-6-ylsul fanylmethyl) -4H-
quinazolin-3-yl]lacetic acid ethyl ester;
3-(2,4~-dimethoxyphenyl) -2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one;
3-biphenyl-2-yl-5-chloro-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one;
2~ (6~-aminopurin-9-ylmethyl) -3- (2-isopropylphenyl) -5~
methyl-3H-guinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -5-methyl-3-o-tolyl-3H-
quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -3-biphenyl-2-y1-5-

chloro-3H-quinazolin-4-one;



- 222 mcrocentrifuge. Fifty mcroliters of the supernatant was used to
nmeasure el astase exocytosis according to the procedure described above. As
shown i n WigHrse34,. TNF chal l enge i n- duced a high | evel ofpcal@siasss
exocytosis conpared to PBS chall enged ani mals. However, when the TNF

chal  enged animals were treated with D-030, a sig- nificant decrease in the
el astase activity in the air pouch | avages was observed. All publications
and patent docunents cited in this sjexification are incorporated herein
by reference for all that they disclose. Wile the present invention has
been de- scri-bad atdh3 speenétiRoxghlesepte-2 o (gBrparimpeefesukd enbodi nents
for purposes_of clarit understand- in it will be apparent to the
skilled arti%%ﬁyﬁ%%.hy¥h?$ﬁégu%%%ﬂﬁg NAhd®HBdi fi cations can be practiced

Wi thin the szope-ahitdgutrinest{dhedlsyl)-3s (deflaedophanybe-slains set forth
bel ow. Accordigglf, no linitﬁtions shoul d be placed on the invention other
than those SPECHYtCHTGU+BRFPeH T H PR@/ cl ai ms. WD 01/81346 PCT/ USO1/ 13315

- 223 WHAT 4 S(£Lph hBinlo- M wet hed) of -ghsoupt Bng2l eukeeyte function
conprising contactin eukocytes with a conpound that selectively inhibits
phosphatidylph¢?ﬁ%xt ~QukPAEeetdef r9¢PI 3K6) activity in said |eukocytes
relative to ot @LanlyREphr PROSPPEREENTT) -8 -chloro-3- (2-chloro-

phenyl) -3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -5-chloro-3- (2-chloro-
phenyl) -3H-quinazolin-4-one;

2- (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) ~5-
methyl-3H-quinazolin-4-one;

2- (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -5-
fluoro-3H-quinazolin-4-one;

2- (6-aminopurin-9-ylmethyl) -3-benzyl-5-fluoro-3H-
quinazolin-4-one;

2- (6-aminopurin-9-ylmethyl) -3-butyl-3H~quinazolin-4-
one;

2- (6-aminopurin-9-ylmethyl) -3-morpholin-4-yl-3H-
guinazolin-4-one; -

2- (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -7-
fluoro-3H-gquinazolin-4-one;
3-(2-chlorophenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
3H-quinazolin-4-one;

3-phenyl-2- (9H-purin-6-ylsulfanylmethyl) -3H-quin-
azolin-4-one;

2- (6-aminopurin-9-ylmethyl) -5-chloro-3- (2-isopropyl-
phenyl) -3H-quinazolin-4-one; and

2- (6-aminopurin-9-ylmethyl) -5-chloro-3-o-tolyl-3H-

quinazolin-4-one.



inositol 3-kinase (P13K) isofornms in a cell-based assay. 2. The nethod of
claim1 wherein said |eukocytes conprise cells selected fromthe group

consi sti ngoafi/sisgdt rophils, B | ynphocytes, T |ynpho- cytes,pcangkopasaphil s.
3. The method of claim1l wherein said |eukocytes conprise neutrophils, and

wherein said nethod conprises disrupting at |east one neutrophil function
sel ected fromthe group consisting of stim ulated superoxide'rel ease,
stinmul ated exocytosis, and chenotact2¥ mgration. 4. The method of claim3
wherein bacter- ial phagocytosis or bacterial killing by said neu- trophils
is substantially undi stipt edl. n&chdhefoet dddroptthgi hetkobetei n sai d

| eukocyt es cor rise B “anhoc tes nd._wherein saig net@gd conpri ses
0

di srupting pro TreratToPot®s ?dC%P€?§Ebﬂ%c§?%§OSY aht I'bo yaproduction by

sai d B | ynphoemmyies . hAWi 03/ 81346uPETF4S01/ 13315 - 224 6. The net hod of
claim6 wherein said nethod conprises disrupting proliferation of said T
| ynphocytes. 7. The nmethod of claim 1l wherein said |eukocytes conprise
basophils, and wherein sai,d nethpd conprises disrupting histamne rel ease
by the basophils. 8. Thé& hod Jaf ngBn11 wherein said

N .

47L\

wherein A is an optionally substituted
monocyclic or bicyclic ring system containing at
least two nitrogen atoms, and at least one ring of
the system is aromatic;

X 1s selected from the group consisting of
CHR®, CH,CHR®, and CH=C(R®);

Y is selected from the group consisting of
null, S, SO, 80,, NH, O, C(=0), 0C(=0), C(=0)O, and
NHC (=0) CH,S;

R' and-R?, independently, are selected from
the group consisting of hydrogen, C, ,alkyl, aryl,
heteroaryl, halo, NHC(=0)C, j;alkyleneN(R?),, NO,, OR?,
OCF,, N(R®),, CN, OC(=0)R?, C(=0)R®*, C(=0)OR?*, arylOR®,
Het, NR*C(=0)C; j;alkyleneC (=0)0R?, aryldcb3alkylene—
N(R%*),, arylOC(=0)R*, C,,alkyleneC(=0)0OR?*, O0OC, ,alkyl-
eneC(=0) OR?, C, ,alkyleneOC,_,alkyleneC (=0)0R?, C(=0) -
NR*SO,R*, C;_,alkyleneN(R?),, C,..alkenyleneN(R?),,

C (=0)NR*C,_,alkyleneOR?, C(=0)NR*C, ,alkyleneHet,
0C,_,alkyleneN(R?),, 0OC, ,alkyleneCH (OR®)CH,N(R?),,
0C,.,alkyleneHet, 0OC, ,alkyleneOR?, OC, ,alkylene-
NR3C (=0) OR?*, NR*C, ,alkyleneN(R®),, NR3C(=0)R?,
NR>C (=O) N(R%),, N(S0,C, ,alkyl),, NR*(S0,C, ,alkyl),



compound exhibits at |east about a 10-fold selectiv- ity for inhibition of
PI 3K5 relative to other Type I Pl3K isofornms in a cell-based assay. . 9.

The nmet hoggafysis@i m 8 wherein said conpound exhibits at |gastsoahsyis a
20-fold selectiv- ity for inhibition of PI3K5 relative to other Type |

P13K isoforns in a cell-based assay. 10. The nethod of claim9 wherein said
conpound exhi bits at |east about a 50-fold selectiv- ity for inhibition of
PI3K5 relative to other Type | Pl13K R8aferns in a biochenm cal assay. WO
01/81346 PCT/USO01/ 13315 - 225 11. The method of claim 1l wherein said
conpound hasSPHE(RY s ucPEPELF0 CREaRBy1IRBe¥rMl(Rd; galNyNen8sidH, wherein Y is

From the o1 oub Corer ot rat orC A ol e - E B Mlaa Cra R s
sel ect ed- f r oNHEHeOYF ot adduysiestaanty lof C,isvid1c@IM31 ,amy_hal-egen
cycloalkyl, arylOC; j;alkyleneN(R?),, arylOC(=0)RP,
NHC (=0) C,_;alkyleneC, sheterocycloalkyl, NHC (=0)C, ,-
alkyleneHet, 0OC,_ ,alkyleneOC, ,alkyleneC (=0)OR®,
C(=0)C; ,alkyleneHet, and NHC (=0)haloC, ;alkyl;

or R' and R? are taken together to form a
3- or 4-membered alkylene or alkenylene chain
component of a 5- or 6-membered ring, optionally
containing at least one heteroatom;

R® is selected from the group consisting of
optionally substituted hydrogen, C, . alkyl, C, .,cyclo-
alkyl, C,gheterocycloalkyl, C; ,alkylenecycloalkyl,
C,.salkenyl, C, i alkylenearyl, aryliC, ,alkyl, C(=0)R?,
aryl, hetercaryl, C(=0)OR?*, C(=0)N(R?),, C(=S)N(R?),,
SO,R*, SO,N(R%*),, S(=0)R*, S'(=0)N(R?),, C(=0)NRC,,-
alkyleneOR*, C(=0)NR*C, ,alkyleneHet, C(=0)C, ,alkyl-
enearyl, C(=0)C, ,alkyleneheterocaryl, C,,alkylenearyl
substituted with one or more of SO,N(R%*),, N(R?),,
C(=0)OR®, NR®S0,CF,, CN, NO,, C(=0)R*, OR®, C,,alkyl-
eneN (R*),, and OC,,alkyleneN(R?),, C, ,alkylenehetero-
aryl, C,,alkyleneHet, C, ,alkyleneC(=0)C, ,alkylene-
aryl, C; ,alkyleneC(=0)C, ,alkyleneheterocaryl,
Ci.,alkyleneC(=0)Het, C, ,alkyleneC(=0)N(R?),, C, ,alkyl-
eneOR?*, C, ,alkyleneNR?*C(=0)R?, C, ,alkylene0C; ,alkyl-
eneOR®*, C; ,alkyleneN(R?*),, C, ,alkyleneC(=0)0R?, ‘and
C, salkyleneOC, ,alkyleneC (=0) OR?; .

R* is selected from the group consisting of
hydrogen, C, ,alkyl, C;,cycloalkyl, C, jheterocyclo-
alkyl, C,;alkyleneN(R?),, aryl, arylC,,alkyl,
C,.;alkylenearyl, heteroaryl, heteroarylC, ,alkyl, and
C,.;alkyleneheterocaryl;



or R7 and R8 together with C-6 and C7 of the quinazoline ring system
define a 5- or 6- nenbered aromatic ring optionally containing one or nore

0, N, or woPd1®i%4 RO is selected fromthe group consistingdiusogizssdal kyl ,
phenyl, hal ophenyl, al kyl phenyl, biphen- yl, benzyl, pyridinyl,

4- et hyl pi perazinyl, C(=0 - OC2H5, and norpholinyl; Rd, independently, is
selected fromthe group consisting of NH2, halo, Cl1 _3alkyl, S (Cl.3alkyl)
, OH NH (Cl.3alkyl) , N (C -,alkyt)222 NH (C1.3al kyl enephen- yl); WD

01/ 81346 PCT/USO1/13315 - 226 qis 1 or 2, and pharmaceutically

acceptabl e salts and ool vabeB® tdwrgsf ,aye cdvalded tdpttladr | ®asioane of R7

d R8 i di f f 6- hal 0. 6, 7:di h RO
11 orent fronta. Gh orUINERGFC Wiid1/ BXBAB BCTYUMBE 133169 20207 12! The

different fronm 4-2hiorB
met hod of clhaxillombehetarbeomgonpound is sel ected fromthe group

consisting of 3-(2-isgpropyl phenyl)-5-nethyl -2-(9H purin-6:yl -
sulfanylnethyl)-3FLqui%§£6?ﬁﬁ&£éﬁ%§ S 9réup donsistidg of

5- chl or o- 2- (RyHpogén; 6eylSLtFBNYAPRL Nyhdt Sroatel Y| arpteguinazp) i n- 4-on. e;

5-chl oro-3-(2-fl uorophenyl)-2-(9H pur.i n- 6-yl sul f an-

yInethyl)-SFDﬁE?ﬁ%Q%g?ﬂbﬂéiﬁéa’ Clﬁéikylen aryl, and C, ;alkyl-
eneheteroaryl; * ‘ ‘

Het is a 5- or 6-membered heterocyclic
ring, saturated ox partially or fully unsaturated,
containing at least one heteroatom selected from the
group consisting of oxygen, nitregen, and sulfur,
and optionally substituted with C,_,alkyl oxr C(=0)O0OR?;

and pharmaceutically acceptable salts and
solvates,

in an amount sufficient to inhibit phos-
phatidylinositol 3-kinase delta activity in said

leukocytes.



3-(2-f luorophenyl)-5-nethyl-2-(9H purin-6-yl sul fan-

yl met hyl ) - 3H qui nazol i n- 4- one;

3- (2- met haxyakesy! ) - 5- met hyl - 2- (9H-purin-y-yl sul f an- PCT/US01/13315
yl met hyl - 3H qui nazol i n- 4- one;

3- (2, 6-di chl orophenyl ) - 5- net hyl - 2- (9H- puri n- 6-yl -

sul fanyl net hyl ) - 3H - qui nazol i n- 4- one;

3-(2-chl orophenyl ) -6-fl uoro-2-(9H pur2d36-yl.sul fan-

yl met hyl ) - 3H qui nazol i n- 4- one;

5- chl or o- 3- (2- chl or ophéfyl ) TRe( gEtpadi pceoyHsdnbf &r- claim 13

yl met hyl ) -3
J et iyt SHauLDRROD. g, s petegron, frpy,the sroup
yl met hyl ) - 3Hcqué hazdhgnod- one;

3-(3- nethoxy%éﬁyl W§-§$5595r%nzgw%%§¥?ﬁa3y§ Fggﬁopﬁéguhna%obln 4- one;

3-(2-chlorop uoro-
yl met hyl ) - SHlguenlagrl i+ BH4gohaazolin-4-one

S butyl - 2- (5P o TR BoBTSal t Byt HEERYL) - SreaarR- 2ader P SoRBER -
3-(2-chl or ophenydy-gduihaesdid-49bnpuri n- 6-yl sul f an-

%lgg:g%t?lﬁkaq?%ng%%%éBHE?PnOGY§W§EPYéﬁyPné?ﬁ?b}°§ﬂphaﬂyﬁézgrln 4- one,

acetate saltflMEk@iéBi@éﬁnEEE&UﬁOlLéﬁél5 - 228

- N | f an-
Ji et hy 1) - 3t P TRRhPRER: Porey tnelhyd I-8-hi6x0%8 (2-cniovo-

3- (2- chl or opbeayy) ¥ 63-dif huarvid= @9bh§ur|n-6-ylsuL-

Fanyl methyl) BFLg%%?ﬁégh£2n49oylmethyl) 3- (2-chlorophenyl) -5-
fluoro-3H-quinazolin-4-one

- (6-aminopurin-o-ylmethyl) -5-chloro-3- (2-chloro-

phenyl) -3H-gquinazolin-4-one
2-(6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -5-
methyl-3H-quinazolin-4-one
2- (6-aminopurin-9-ylmethyl) -8-chloro-3- (2-chloro-
phenyl) -3H-quinazolin-4-one
2-(6—aminopurin—9—ylmethyl)—3—bipheny1—2—yl—5»
chloro-3H-quinazolin-4-one
5-chloro-2- (9H-purin-6-ylsulfanylmethyl) -3-o-tolyl-
3H-quinazolin-4-one
5-chloro-3- (2-fluorophenyl) -2- (9H~purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one
2~ (6~aminopurin-9-ylmethyl) -5-chloro-3- (2-fluoro-
phenyl) -3H-quinazolin-4-one
3-biphenyl-2-yl-5-chloro-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one
5-chloro-3- (2-methoxyphenyl) -2- (9H-purin-6-ylsul-
fanylmethyl) -3H-guinazolin-4-one
3-(2-chlorophenyl) -5-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one



3- (2- met hoxyphenyl - 2- (9H puri n-. 6-yl sul f anyl met hyl ) - 3H- qui nazol i n- 4- one;
6- chl or o- 3- (2- chl or ophenyl ) - 2- (9H puri n- 6-yl sul f an-

yl met hyl ) wi@sgeazol i n- 4- one; PCT/US01/13315
3-(3-chl orophenyl ) -2-(9H purin-6-yl sul fanyl net hyl) 3H qui nazol i n- 4-one;
2- (9H purin-6-yl sul fanyl met hyl). - 3-pyri di n-4-yl - 34 qui nazol i n- 4- one;
3-(2-chl orophenyl ) - 2- (9H puri n- 6-yl sul f anyl met hyl ) -

trifluoronethyl-3H quinazolin-4-one: 234 -

3-benzyl - 5-fluoro-2-(9H purin-6-yl sul fanyl met hyl) - 3H-qui nazol i n- 4- one;
3-(4- nEthyIpip@laihlmt@gh¢nﬁl(96+Eudume6hykyu2féaH purin-6- A

yl nmet hyl ) - 3H— zol ,.Aacetate_s
3-(2-chl oro&ﬁeny E;}%3-4*{?/%”0 y- 2:-3%911}-%{}? ?%nyﬁsu{l?an-
ylnethyl)1N${bmwmaﬂ$i024€hheroph5nyl 2- (9H-purin-6-ylsulfan-

| uor o- 4- oxo H- |l sul f | et h | )-4H qui nazolin-3-yl] acetic
acid ethyl e‘é"& thﬂ;{ (%{4q%fﬂ%?ﬂi§<§pﬁeﬂ9 )-2-(9H puri n- 6-yl sul f anyl -

nmet hyl ) - 3H—qu4032dﬂléméphﬁﬁyl) 8- trlfluorom??hyl 2- (9H-purin-6-

3- bi phenyl - -2-(9H-purin-6 sul fanyl - ,

met hyl ) - 3H ﬁ%%ﬁ%ﬁ‘ Bﬁ?aé{?‘ AR

2- (6- ani nopu (E%Mcﬂﬁcb@&éﬁyﬁ)(? (sRPpAPYhPBeRYENi Banylmethyl) -

met hyl - 3H qui_nazol i n-4-0
2- (6- ani noputii @WH%%WHE%O%%%O@% tol yl -3H qui nazol i n- 4- one;

2- (6- am nopugd dh Lowd et hytéhﬁobbgngﬂyitﬂzyk@ﬁ pGPiAre=3sauiaazol i n- 4-one;
WO 01/ 81346 PCT/USOl/13315 -

ylmethyl) -3H~quinazolin-4-one :
8-chloro-3-(2-chlorophenyl) -2~ (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one
3-(2-chlorophenyl) -7-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one
3-(2-chlorophenyl) -7-nitro-2- (SH-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one
3-(2-chlorophenyl) -6-hydroxy-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one
5-chloro-3-~ (2-chloxrophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one
3-(2-chlorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one
3- (2-chlorophenyl) -6, 7-difluoro-2- (9H-purin-6-yl-
sulfanylmethyl) -3H-quinazolin-4-one
3-(2-chlorophenyl) -6-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one

- (6-aminopurin-9-ylmethyl) -3- (2-isopropylphenyl) -5-
methyl-3H-gquinazolin-4-one
2-(6-aminopurin-9-ylmethyl) -5-methyl-3-o-tolyl-3H-
quinazolin-4-one

- (2-fluorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one



5-chl oro- 3-' (2- met hoxyphenyl ) - 2- (9H puri n- 6-yl sul -

f anyl net hyl ) - 3H qui nazol i n- 4- one;

2- (6- am n@g1isisR- Yyl met hyl ) - 3- (2-f1 uor ophenyl ) - 5- PCT/US01/13315
met hyl - 3H qui nazol i n- 4- one;

2- (6-am nopurin-9-yl met hyl ) -5-chl oro-3-(2-fl uoro-

phenyl ) - 3H qui nazol i n- 4- one;

2- (6-am nopurin-9-yl net hyl ) - 8- chl oro-33¢ 2- chl or o-

phenyl ) - 3H qui nazol i n- 4- one;

2- (6- am nopua-i mgawimmpm:yiljl $-¢hhetly3B) (2-chloro-3-o-tolyl-3H-
phenyl) - 3H UI nazoljn-4; one;

2- (6-am nopu e Jr‘%t[hy?? 3- (2-chl or ophenyl ) - 5-

met hyl - 3H—qm4W£Hﬂmihdp@ﬂEm 9-ylmethyl)~5-chloro-3- (2-methoxy-

2- (6-am nopur.i n- th 2- chI or ophenyl )-5-
f1 uor o- 3H qlﬁ}}ﬁﬁé %‘%éﬂazo{

2- (6-am nopuyrd m%ryiﬂ@tMlﬁ)uﬁnbeazyiséifiauymeBhtzlﬂUB nazeéllbprog=one;
2- (6-am nopurin-9-yl net hyl ) - 3-butyl -3H-qui nazolin-4-. one;
2- (6- am nopufi rﬁ@%%h%ﬁ)q@l%?“%bﬁ f=80¢| - 3H qui nazol i n- 4- one;

2- (6- a”‘n0pugiéyéﬁ&$f@%§Y%éﬁ§yi259M£9ﬁ99h§n¥bZFﬁurln 6-ylsulfan-

f I uor o- 3H qui nazol i'n-
3-(2-chlor omﬂéﬁﬁ/ﬂf)ym(@H#@mn@z‘ﬁlyns@f@aﬁyl met hyl ) - 3H qui nazol i n- 4- one;

3- phenyl - 29mé°5§r{§?n§?#%ﬂ ga%#ngﬁﬁ{ﬂ&)%?’t%g% ?5%&9&19@@;

2- (6-am nopur or o- 3- ( opr
phenyl ) - 3H qué tragbt 3 H-dubnazohhd-4 -one

2-(6-am nopuyi p; 9-v! Bt OYl )i 21 §NEOL P2 31 Pabi@hMbe AP ) 941 RaZRLLN- 4- one.

propylmethyl-5-methyl-3H-quinazolin-4-one
5-methyl-3-phenethyl-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one

—(? -~amino-9H-purin-6- ylsulfanylmethyl) -5-methyl-3-
phenethyl 3H>qu1nazolln 4-one
3-cyclopentyl-5-methyl-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one

—(6—aminopurin—9—ylmethy1)—3—cyélopentyl—5—methyl—
3H-gquinazolin-4-one
3—(2~chloropyridin43—yl)-5—methyl—2—(9H¥purin—6—
ylsulfanylmethyl)—3H¥quihazolin—4—one
2—(6-aminopurin—9—ylmethyi)—3—(2—chloropyridin—3—
yl);S—methyl—3H>quinazolin-4—one
3—methy1—4—[5—methyl—4—oxo—2—(9Hﬁpurin-6-ylsulfanyl—
methyl)—4H—quinazolin—3—yi]—benzoic acid
3-cyclopropyl-5-methyl-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-guinazolin-4-one
2- (6-aminopurin-9-ylmethyl) -3-cyclopropyl-5-methyl-
3H-quinazolin-4-one
5-methyl-3- (4- nltrobenzyl) 2—(9H>pur1n 6-ylsulfanyl-

methyl) -3H-gquinazolin-4-one



WO 01/81346 PCT/US01/13315 - 230 13. A nethod for disrupting, |eukocyte
function conprising contacting | eukocytes with a conpound having a
structurew@o1fdisss-R3 N R2 X-Y-CD wherein A is an' opti ongldyygswhshikt ut ed
nonocyclic or bicyclic ring systemcontaining at |east two nitrogen atons;
and at least one ring of the system is aromatic; X is selected fromthe
group consisting of CHRb, CH2CHRb, and CH=C (Rb) ; Y is selected fromthe
group consisting of null, S, SO SOX3NH 0, C (=0 , CC (=0 , C (=0 0,
and NHC (=0) CH2S; R and-R2, independently, are selected from the group
consi sti ng of-dydogenyl Cl-Batkyl ;2 algH;puhéhefogt glil fhalyd, NHC (=0)

Cl 3al kyleneN ((Ra), 2, NO2, ORa, ., OCF3, N(Ra)2, CN, OC(=0)Ra, C(=0)Ra,

C(=0) ORa, ar%’%@g}?) —?’-{é’rf?um@a%l:@%ﬁ?%al. kyl eneC (=0 ORa,

aryl OO0 . 3al ky} eneatd fi&er 20 - aryl @& h70) - Racy €l ohakkyl ene€c670) ORa,

OC, . _4al kyl -_eneC (=0)_ OrRa, Cl 4al kyl eneQOCl. 4al ky, l eneC (=0) ORa, C (=0) -
NRaSO2Ra, cﬁ%fﬂlkly‘%%% N RAYOBE C2- 6al kenyl eneN (Ra) 21 C (=0)

NRaC, __4al kyd eneQRain&- 65 um;ﬁﬁéo%yfsﬁyméthymaéré kybeneN (Ra) 2,

OCl. 4al kyl eneCH (ORb) CH2N (Ra) 2, . __4al kyl eneHet , _4dal kyl eneCORa,
OC2. 4al kyl efeexyl-5-methyl-3H-quinazolin-4-one
5-methyl-3- (E-2-phenylcyclopropyl) -2- (SH-purin-6-
yvlsulfanylmethyl) -3H-quinazolin-4-one
3-(2-chlorophenyl) -5-£luoro-2- [(9H-purin-6-ylamino) -
methyl] -3H-quinazolin-4-one
2-[(2-amino-9H-purin-6-ylamino)methyl] -3 - (2-chloro-
phenyl) -5-fluore-3H-quinazolin-4-one
5-methyl-2-[(9H-purin-6-ylamino)methyll] -3-0o-tolyl-
3H-quinazolin-4-one '
2-[(2-amino-9H-purin-6-ylamino)methyl] -5-methyl-3-o- -
tolyl-3H-quinazolin-4-one
2- [ (2-fluoro-9H-purin-6-ylamino)methyl] -5-methyl-3- -
o-tolyl-3H-gquinazolin-4-one
(2-chlorophenyl) -dimethylamino- (9H-purin-6-ylsulfan-
yvlimethyl) -3H-quinazolin-4-one
5—(2—benzyloxyethoxy)—3-(2—chlorophenyl)—2—(9H—
purin-6-ylsulfanylmethyl) -3H-quinazolin-4-one
6-aminopurine-9-carboxylic acid"3- (2-chlorophenyl) -
5-fluoro-4-oxo-3,4-dihydro-quinazolin-2-ylmethyl
ester '
N- [3- (2-chlorophenyl) -5-fluoxro-4-0ox0-3,4-dihydro-
gquinazolin-2-ylmethyl] -2- (9H-purin-6-ylsulfanyl) -
acetamide
2-[1-(2-fluoro-9H-purin-6-ylamino)ethyl] -5-methyl-3-
o-tolyl-3H-gquinazolin-4-one
5-methyl-2-{1- (9H-purin-6-ylamino)ethyl]-3-o-tolyl-

3H-quinazolin-4-one



NRaC (=0 ORa, NRaCl_4al kyleneN (Ra) 2, NRaC (=0) Ra, NRaC (=O N (Ra) 2,
N (S02C, 4alkyl) 2, NRa (S02Cz_4al kyl ) WO 01/81346 PCT/US01/13315 - 231
S02N( Ra) 2wod@254k3, Cl. 3al kyl enearyl, Cl_4al kyl eneHet, ClpcaaidoyhsyieORb,
Cl_3al kyleneN (Ra) 2, C (=O N (Ra) 2, NHC (=0) C1-C3al kyl en. earyl,
C3_8cycl oal kyl, C3.8hetero- cycloal kyl, aryl OCL. 3al kyl eneN (Ra) 2, aryl OC
(=0) Rb, NHC (=0) C1.3al kyl eneC3. 8heterocycl oal kyl, NHC (=0 C173-

al kyl eneHet, OC1. 4al kyl eneCC1_4al kyl em®T {=0) ORb, C (=0) C1.4al kyl eneHet,
and NHC (=0) halod _6alkyl; or RlL and R2 are taken together to forma 3-
or 4-menber ezl- a$k@ireqata\hylaxaikepyj:enwepamethymvrpanmathgﬁ a-b- or 6-nenbered
ring, optionaljrg % nt ai ni n %Least one heteroatom R3 is selected from
the group condt¥ti 13%‘?111%?) b]ﬁa T§™Substituted hydrogen, CL.6alkyl,
C3_8cycl o- abkydtheB- Bhezem@@upioawxbu% éahwk@npgy@hoakal , :
C2_6al kenyl , C1. 3alﬁll enea'?g a}.él Cl1_ 3al k{ (=0) Ra, aryl, heteroaryl,
C 0) ORa, by N 1Ry 801 {2y anipaayplsn- 4S@§Ra S02N (Ra) 2, S (=0)
Ra, s (=0 N{Rajhgi - él(fQ)leNE’;\QaAOX@LKy!sea@@g@rocg(lr% 9-

NRaCl. 4al kyl eneHet, C(=0) C1. 4al kyl - enear

Cl. 4al kyl enefbietaat it 3-e1tabyky? Bneai przosiBstroneed with one or nore of

S02N (Ra) 25 N fiplo 23 6450 B 5020 )1 NOB, o f50) o B O

Cl_4al kyl - eneN (Ra) 2 0Cl1.4 ene enehet er o-
aryl, d _4al Ryt@llﬁlrleiéH-@llﬂ%Mliyi@n%OmQO) C1. 4a| kyl ene- aryl, CL.4al kyl eneC

(0 -2l el g oapns e S U PIEGL D0 Rt oneC 00 N

Cl_, al kyl ene®@Cio¥pnl kKyH-quinazolin-4-one
2-(4-amino-1,3,5-triazin-2-ylsulfanylmethyl) -5~
methyl-3-o-tolyl-3H-quinazolin-4-one
5-methyl-2- (7-methyl-7H-purin-6-ylsulfanylmethyl) -3-
o-tolyl-3H-guinazolin-4-one
5-methyl-2-(2-oxo-1,2-dihydro-pyrimidin-4-ylsulfan-
ylmethyl) -3-o0-tolyl-3H-quinazolin-4-one
5-methyl-2-purin-7-ylmethyl-3-o-tolyl-3H-quinazolin-
4-one ' 4
5-methyl-2-purin-9-ylmethyl-3-o~tolyl-3H-gquinazolin-
4-one
5-methyl-2- (9-methyl-9H-purin-6-ylsulfanylmethyl) -3-
o-tolyl-3H-quinazolin-4-one
2-(2,6-Diamino-pyrimidin-4-ylsulfanylmethyl) -5-
methyl-3-o-tolyl-3H-quinazolin-4-one
5-methyl-2- (5-methyl-[1,2,4]triazolo[1l,5-alpyri-
midin-7-ylsulfanylmethyl) -3-o-tolyl-3H-quinazolin-4-
one
5-methyl-2- (2-methylsulfanyl-9H-purin-6-ylsulfanyl-
methyl) -3-o0-tolyl-3H-quinazolin-4-one

- (2-hydroxy-9H-purin-6-ylsulfanylmethyl) -5-methyl-

3-o-tolyl-3H-quinazolin-4-one



eneORa, O _4al kyleneN (Ra) 2, ' d -4al kyleneC (=0) ORa, and
Cl. 4al kyl eneCC1. 4al kyl eneC ('=0) ORa; Ra is selected fromthe group.

consi sti ngoafi/sigdr ogen, Cl1_6al kyl, C3_8cycl oal kyl, C3_8hgiaihewnyssns al kyl ,
Cl. 3al kyl eneN (Ra) 2, .aryl, aryld 3alkyl, C1.3alkylenearyl, heteroaryl,

het eroaryl d _3al kyl, and C1. 3al kyl eneheteroaryl ; W) 01/81346

PCT/ US01/ 13315 - 232 or two Ra groups are taken together to form a 5- or
6- menbered ring,, optionally containimnggat |east one heteroatom R is
selected fromthe group consisting of hydrogen, Cl1_6al kyl, aryl,

het eroaryl , arwméChyBabkyl ;mehkyeroarymCialdalkytyl€hliahkyl-enearyl, and

Cl _3al kyl - eneheteroaryl ; is a 5- or_6-nenbered heterocyclic ring,
sat ur at ed orm%€?¥ng?y 6Fo¥§ﬁF?HﬁﬂEéFaFaﬁéH;4"88ﬁtaining at | east one
het er oat om sglgstedl {508 £bey19poURHCONSLShL BEi8ko0X YYD suNifhhogen, and

sul fur, and optionallg substituted wth C ,-,alkyl or C (=O ORa; and
phar maceut i calP§th¢teptHbAeisarediand-o86l vates, in an anount sufficient to

| nhi bi t phos, phaihelybl BoR Lok Sukhnasey deklayAgLiVibynid said _
ytes. WO 01/81346 PCT/US01713315 = 233 "14. The nethod according to

claim 13 wheekih-3Hequbnpoahidni-4-sskected fromthe group
2- (6-aminopurin-7-ylmethyl) -5-methyl-3-o-tolyl-3H-
guinazolin-4-one
2-(7-amino-1,2,3-triazolo[4,5-dlpyrimidin-3-yl-
methyl) -5-methyl-3-o-tolyl-3H-quinazolin-4-one
2-(7-amino-1,2,3-triazolo[4,5-dlpyrimidin-1-yl-
methyl) -5-methyl-3-o-tolyl-3H-quinazolin-4-one
2- (6-amino-9H-purin-2-ylsulfanylmethyl) -5-methyl-3-
o-tolyl-3H-quinazolin-4-one
2-(2-amino-6-ethylamino-pyrimidin-4-ylsul fanyl-
methyl) -5-methyl-3-o-tolyl-3H-quinazolin-4-one
2-(3-amino-5-methylsulfanyl-1,2,4-triazol-1-yl-
methyl) -5-methyl-3-o-tolyl-3H-quinazolin-4-one
2-(5-amino-3-methylsulfanyl-1,2,4-triazol-1-
ylmethyl) -5-methyl-3-o0o-tolyl-3H-quinazolin-4-one
5-methyl-2- (6-methylaminopurin-9-ylmethyl) -3-o0-
tolyl-3H-quinazolin-4-one
2- (6-benzylaminopurin-9-ylmethyl) -5~methyl-3-o-
tolyl-3H-gquinazolin-4-one
2-(2,6-diaminopurin-9-ylmethyl) -5-methyl-3-o-tolyl-
3H-quinazolin-4-one '
5-methyl-2- (9H-purin-6-ylsulfanylmethyl)-3-o-tolyl-
3H-gquinazolin-4-one
3-isobutyl-5-methyl-2- (9H-purin-6-ylsulfanylmethyl) -
3H-gquinazolin-4-one
N-{2-[5-Methyl-4-oxo0-2- (9H-purin-6-ylsulfanyl-
methyl) -4H-quinazolin-3-yl] -phenyl}-acetamide



consi sting of - 2-(6-am nopurin-9-ylnmethyl)-3-(2-chlorophenyl)-6, 7-

di met hoxy- 3H qui nazol i n- 4- one

2- (16- am n@j1isiz4- Yl et hyl) - 6- br ono- 3- (2- chl or " ophen- PCT/US01/13315
yl)-3H qui nazol i n-4-one 2-(6-am nopurin-o-yl nmethyl)-3-(2-chl orophenyl)-7-
fl uor o- 3H qui nazol i n- 4-one

2- (6-am nopurin-9-yl net hyl ) - 6-ch|oro-3-(2-ch|oro-

phenyl) - 3H qui nazol i n- 4- one

2- (6-am nopurin-9-yl methyl)-3-(2- chlorophenyl) 5-

f 1 uoro- 3H qui DaZEh{N-4- 0RE2 et Vl cyclohexyl) -2- (9H-purin-6-
2- (6-am nopurin-o-yl nmet hyl)-5-chlforo-3-(2-c Ioro-

phenyl ) - 3k+qnlﬁ@kﬁ$nﬁlmebhgl) 3H>qu1nazolln 4-one

ﬁEgﬁy?ngEfgﬂ%hHB g&ﬂgithgxg~§2(gﬂLghgggggybisglfanylmethyl)—

2-(6- anlnopuﬁﬂﬂqﬁlyhnelhyky githbeneol<( 2edhl or o-
h ) -3H
DY ani oput 20y At ROFRYAami BRERGY LI EL amiRePBSSH iBazol i n- 4- one

5- chl or 0- 2- (&t pyl i n- 6oyt put-f anglpebhy Fhingiectal ) ~ 383Hqgdnrazol i n- 4- one
5-chl oro- 3-( 2- fiuorophenyl) 2- (9H purin-6-yl sul fan-
yl et hyl ) - 34T HAz6r PR 4- one

2- (6-am nopugi r(lz%ﬂiﬁ@bbuéﬁyﬁach%@haxgﬂztl g@t@umn 6-ylsul-
phenyl ) - 3H qui nazol i n- 4- one
3- bi phenyl - 2fwy15m%hms¥b %HCQHJBE}FP%JG-ﬂtl‘@HIEf anyl -

net hyl ) - 3H qyi pazohi H=-4pRB8y 1) - —(2 -morpholin-4-yl-ethylamino) -
5-chl or o- 3- (2- net hoxyp henylz urin-6-ylsul-

f anyl met hyl ) 2 3k GupwazBlfny sgh anygmethyl) -3H-quinazolin-4-one .
3-(2- ChlOr0p§£ﬂ¥ﬁ%y§—g—HQEBogycgthBﬁtbﬂrgny%§§hgﬁ@fanylmethyl)—

3H-quinazolin-4-one.

15. A method of ameliorating a medical
condition mediated by PI3KO activity in leukocytes
comprising administering to an animal in need
thereof a therapeutically effective amount of a
compound that selectively inhibits phosphatidyl-
inogitol 3-kinase delta activity in said leukocytes
relative to other Type I PI3K igoforms-in a cell-

based assay.

16. The method of claim 15 wherein said
medical condition is characterized by an undesirable
neutrophil function selected from the group consist-
ing of stimulated superoxide release, stimulated

exocytosis, and chemotactic migration.

17. The method of claim 16 wherein phago-
cytic activity or bacterial killing by said neutro-

phils is substantially unaffected.



yl met hyl ) - 3H qui nazol i n- 4- one WD 01/81346 PCT/US01/13315 - 234
3-(2-chl orophenyl) -6, 7-di net hoxy- 2- (9H puri n- 6-

yl sul f any{wigesiRys4- 3H qui nazol i n- 4- one PCT/US01/13315
6- br ono- 3- (2- chl or ophenyl ) - 2- (9H puri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4- one ‘

3-(2-chl orophenyl)-8-trifluoronethyl-2-(9H purin-6-

yl sul f anyl net hyl ) - 3H qui nazol i n- 4- one240 -

3-(2-chl orophenyl ) -2-(9H purin-6-yl sul fanyl net hyl )- 3H benzo [g]
qui nazol i n-4-one 6-chl®r o-B8-f2ckhblioodplecaylpt 2ag98t puncnibaybsul f an-
yl met hyl ) - 3H- qui nazol | n-4-one, . . : .
B-chl of o- 3- (22 CHT o1 SRHBRG PR 3E F 5P piPThe gt yPeuPPRROCTasES with a
yl net hyl) - 3kectiphazd| thad- @8Bectively inhibits phosphatidylinos-
f;l (2 ﬁC: . g@gg,f i1 80T 9 £ L OGEPYTE D301 ) 81 6285 eoctasts
3-(2-chl or ophenyt Jvel - b t OhSr (BYbeuULi DT BKYL SEESBRASs in a cell-

yl met hyl ) - 3H- qui nazol i n- 4- one

3- (2- chl or opPRFSF)2BERY dr oxy- 2- (9H puri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4- one

5-chl oro- 3- (2-chl or ophenyl ) - 2- (9H puri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4- one

3-(2-chl orophenyl)-.5-net hyl - 2- (9H puri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4- one

3-(2-chl orophenyl ) -6, 7-di fl uor o-2- (9H puri n- 6-yl -

sul f anyl net hyl ) - 3H qui nazol i n- 4- one

3-(2-chl orophenyl ) -6-fl uoro-2-(9H purin-6-yl sul fan-

yl met hyl ) - 3H qui nazol i n- 4- one

2- (6-am nopuri n-9-yl nmet hyl ) -3-(2-i sopropyl phenyl ) - 5-



met hyl - 3H qui nazol i n- 4- one

2- (6-am nopurin-9-yl net hyl ) -5-net hyl - 3-o-tol yl -3H qui nazol i n-4-one
3- (2-f | uoweph@yds) - 5- met hyl - 2- (9H- puri n- 6-yl sul f an- PCT/US01/13315
yl met hyl ) - 3H qui nazol i n-4-one WO 01/81346 PCT/US01/13315 - 235

2- (6-am nopurin-9-yl met hyl ) - 5-chl oro- 3-o-tol yl -3H qui nazol i n- 4-one
2- (6-am nopurin-9-yl nmet hyl ) - 5- chl or o- 3- ( 2- net hoxy-

phenyl ) - 3H qui nazol i n- 4- one - 241 -

2- (2-am no- 9H puri n- 6-yl sul f anyl net hyl ) - 3- cycl opr op-

yl - 5- met hyl - 3H qui nazol ¢ n- 4TD®emethod of claim 18 wherein said

3-cycl opropyl neth net hyl urin-6-ylsul fan

yl met hyl ) - 3H YU (ﬂé¥%5?%s4@o %ru LRI

2- (6-am nopuri n-9-yl met hyl ) - 3- cyckepropylnethyl-

met hyl - 3H qui nazol i n- 4- one
t hyl )s 3- cycl o-
A

2- (2- ani no- 9H-purin-6-yl s | f anyl

propyl et hyl - 5- met hyl - 3H=qQUX Mg ot

5- net hyl - 3- phenet hyl - 2- (9 -6-ytsul fanyl - nethyl)-3H qui nazol i n-4-one

2-(2-am no-9H purin-6-yls daret By ) - 5- net hyl - 3-

phenet hyl - 3H qui nazol i n-

3-cycl opentyl - 5- net hyl - ﬂ%QFFpurln 6- ylsulﬁﬁnyl

net hyl ) - 3H qui nazol i n- 4-one

2- (6-am nopurin-9-yl net hyl ) - 3-cycl opent yN\} 5- ;;khymd)ék+qU|nazolln 4- one

3-(2-chl oropyridin-3-yl)-5-nethyl-2-(9H

ylsulfanylnethyl) 3H qui nazol i n-4-one N
2- (6-ami nopuri n-9-yl net hyl ) - 3- ( 2- chIorde_N%!n 3-

wherein Y is selected from the group
consisting of null, S, and NH;

R’ is selected from the group consisting of
H, halo, OH, OCH,, CH,, and CF,;

R® is selected from the group consisting of
is H, OCH,, and halogen;

or R” and R® together with C-6 and C-7 of
the quinazoline ring system define a 5- or 6-
membered aromatic ring optionally containing one or
more O, N, or S atoms;

R’ is selected from the group consisting of
C,-Cealkyl, phenyl, halophenyl, alkylphenyl, biphen-
yl, benzyl, pyridinyl, 4-methylpiperazinyl, C(=0)-
0OC,H;, and morpholinyl;

R?, independently, is selected from the
group consisting of NH,, halo, C,,alkyl, S(C,.,alkyl),
OH, NH(C,,alkyl), N(C,;alkyl),, NH(C, ,alkylenephen-
y1);

g is 1 or 2,



yl)-5- et hyl - 3H qui nazol i n- 4- one

3-net hyl - 4-[ 5- net hyl - 4- oxo- 2- (9H puri n- 6-yl sul f anyl -

et hyl ) - 4gaMisisgol i n- 3-yl | -benzoic acid PCT/US01/13315
3-cycl opropyl - 5- et hyl - 2- (9H puri n- 6-yl sul f anyl -

met hyl ) - 3H qui nazol i n- 4- one

2- (6-am nopurin-9-yl net hyl ) - 3-cycl opr opyl - 5- net hyl - 3H qui nazol i n- 4-one
5- met hyl - 3- (4-ni trobenzyl ) -2- (9H purizeBH-yl sul f anyl -

met hyl ) - 3H qui nazol i n-4-one WD 01/ 81346 PCT/US01/13315 - 236

3-cycl ohexyl - 5- et hyl -2ad 9bkhpunbaett ytall faagteptrebhyl palbsqandazol i n- 4- one
2- (6-am nopurin-9-yl net hyl ) -3-cycl ohexyl - 5- net hyl - 3H qui nazol i n-4- one
2-(2-anino-éi?%@ﬁ?%ég€§?%%%Fanylnethyl)-S-cycIo-

hexyl - 5- met hyl - 3H qui nezovided-bN&t at least one of R’ and R® is

J1 Sl {Any] mEEVSASESHE Ef FB7 BT R RLe. Bhet . |-aihelhdky groups, and

3- (2-chl or opheryhdr SpFbuoaed 2t h&OHRPpUId MiEFAd AN rom 4-

nmet hyl ] - 3H qui hazol i n-4-one 2- [ (2-am no-9H purin-6-ylam no)nethyl] -3-
(2-chl oro- pHESAIREERY Hor o- 3H qu' i nazol i n- 4- one

5-nmet hyl - 2-[ (9H puri n- 6-yl am no) net hyl ] - 3-o-tol yl - 3H qui nazol i n-4-one
2-[ (2-am no- 9H puri n- 6-yl am no) net hyl ] - 5- net hyl - 3- o- . _
onI-3H—quinazoIin-4-%§e The method of claim 18 wherein said

[ (2-f1uor a-SibRutd NeOmyt 88803 "RE D¥EY - BriBt BYhA3- to bone.
tol yl - 3H qui nazol i n- 4-one
2- chl or ophenyl ) - di net hyl am no- (9H- puri n- 6-yl sul f an-

21. A method of ameliorating a bone-

t
2.
O_
(
resorption disorder in an animal in need thereof
comprising administering to the animal a therapeut-
ically effective amount of a compound that inhibitsg
phosphatidylinositol 3-kinase delta (PI3K®) activity

in osteoclasts of the animal relative to other Type

I PI3K isoforms in a cell-based .assay.

22. The method of claim 21 wherein said

bone-resorption disorder is osteoporosis.

23. A method of inhibiting the growth or
proliferation of chronic myelogenous leukemia cells
comprising contacting the cells with a compound that
selectively inhibits phosphatidylinositol 3-kinase
delta activity in the cancer cells relative to other

Type I PI3K isoforms in a cell-based assay.



yl met hyl ) - 3H qui nazol i n-4-one 5- (2-benzyl oxyethoxy) -3- (2-chlorophenyl)
-2- (9H purin-6-ylsilfanyl nmethyl)-3H qui nazol i n-4-one

6- am nopuywig\Ars?sar boxyl i ¢ aci d"3-(2-chl orophenyl) - PCT/US01/13315

5-fl uor o- 4- oxo- 3, 4-di hydr o- qui nazol i n-2-yl met hyl ester

N[ 3- (2-chl orophenyl ) - 5-f | uor o- 4=0xo0- 3, 4- di hydr o-

qui nazol i n-2-yl nmet hyl ] -2- (9H- purin-6-yl sul fanyl)- acetam de
2-[1-(2-fluoro-9H purin-6-yl am no) et y43]- 5- net hyl - 3-

o-tol yl - 3H qui nazol i n- 4- one

5-met hyl - 2-[ 1- (9H- pur i 24 6- yI'ag me}koliybf - 31aithoR§l whdikedui nazdl i n- 4- one WO
01/ 81346 PCT/USOl/%g%%S - 237 v
2-(6-dinethy?%ﬁﬁ?ﬁﬁ)ri%§9§y?ﬁﬁ?ﬁyV§?5-nethyl-3-0- t ol yl - 3H qui nazol i n-4-one
5- met hyl - 2- (2- et hyl - 6- oxo- | , 6- di hydr o- puri n-7-

yl met hyl ) - 3-o-t ol yl - 3H qui nazol i n-

2- (am no- di met hyl ami nopur i thym’-R5- net hyl - 3-
o-tol yl - 3H qui nazol i n-4-on
2-(2-am no-9H purin-6-yl su
o-tolyl - 3H qui nazol i n- 4- o
2-(4-amno-1,3,5-triaz,in.-2-ylsul fanyl get hylg - 5-
met hyl - 3- o-t ol yl - 3H qui nazol i n- 4- one Qj
5-nmet hyl - 2- (7- met hyl - 7H puri n- 6-yl sul f anyl et hyl|) - 3-
o-tol yl - 3H cqui nazol i n- 4- one =N

ul fan-
NH

t - 5- et hyl - 3-
i y

5- met hyl - 2- (2- oxo- 1, 2- di hydr o- pyri m di n-M-yl

wherein R’ i1s selected from the group con-
sisting of H, halogen, OH, OCH,, CH;, and CF,;

R® is selected from the group consisting of
H, OCH,;, and halogen;

or R’ and R® together with C-6 and C-7 of
the gquinazoline ring system define a 5-. or 6-
membered aromatic ring optionally containing one or
more O, N, or S atoms;

R’ is selected from the group. consisting of
C,;-Cealkyl, phenyl, halophenyl, alkylphenyl, biphen-
yl, benzyl, pyridinyl, 4-methylpiperazinyl, acetic
acid ethyl ester, and morpholinyl;

X is NH or S; and

pharmaceutically acceptable salts and

solvates thereof,



yl met hyl ) - 3- o-t ol yl - 3H qui nazol i n- 4- one

5-nmet hyl - 2- puri n-7-yl net hyl - 3 o-tol yl - 3H qui nazol i n- 4-one

5- nethyl ampmﬁhﬂmQ yl met hyl - 3-0--tol yl - 3H qui nazol i n- 4- o T/US01/13315
5- et hy . (9- net hyl - 9H puri n- 6-yl sul f anyl met hyl ) - 3-

0- tonI 3H—qU|nazoI|n 4- one

2-(2,6-D am no-pyrimdin-4-yl sul fanyl net hyl) - 5-

met hyl - 3- o-t ol yl - 3H qui nazol i n-4-one 248t et hyl -2- (5-nmethyl- [1, 2, 4]

triazolo [1, 5-a] pyri-
m di n- 7-yl sul f anyl net hytoyided- tiohy| aSBH gusnagnti 0£4R” anel R® is

vet hy 1)+ 3 o4 ot GTESFE G Ay FhL. Ghot 7 “0SHet Ay groups, and

2- ( 2- hydr oxyE@tt e | e dv ydsdl tlagy | Retihy |Ji-fEdmity | from 4-chloro-
3-o0-tolyl- 3H—qU| zolin-4-one WD 01/81346 PCT/USO1/13315 - 238
5- net hyl - 2- (¥ %%Qﬁyl-lFLinidazoI-Z-yIsquanyI-

nmet hyl ) - 3-o-tol yl - 3H qui nazol i n- 4- one

5-nmet hyl -3-o0-tolyl-2-(1H[1, 2, 4]tr|azo % fan-

yl met hyl ) - 3H qui nazol i #12 4- on method of 1n 1bltln9 kinase

2-(2-am no- Ga@@&@E@yp@fIQ ShytpRAOVEY T PndBL BYL - 3=Rinase delta
tol yl - 3H qui nazol i n- 4- one

2- (6- am nopUrPHYIRRE i ngPYPBL HEREyFOoRt3CE NG| LBR PRLYAGRELAR- 4- one

2- (7-am no- Ly 2:13-4 ré &9 @hd Ra ¢l RY" & Mk h-HeBayé - _
nmet hyl ) - 5- net hyl - 3-o-tol yl - 3H qui hazol i n-4-one 2- (7-amno-1, 2,

3-triazolo [4, 5-d]-pyrimdin-I-yl-
met hyl ) - 5- met hyl - 3-o-t ol yl - 3H qui nazol i n- 4- one
O
Rl
R3
N

¢9L\

wherein A is an optionally substituted
monocyclic or bicyclic ring system containing at
least two nitrogen atoms, and at least one ring of
the ‘system is aromatic;

X is selected from the group consisting of
CHR®, CH,CHRP, and CH=C (R®);

Y is selected from the group consisting of
null, 8, 80, S8O,, NH, O, C(=0), 0C(=0), C(=0)0O, and
NHC (=0) CH,S;

R' and R?, independently, are selected from
the group consisting of hydrogen, C, .alkyl, aryl,
heteroaryl, halo, NHC(=0)C, ,alkyleneN(R?*),, NO,, OR?%,
OCF,, N(R®),, CN, OC(=0)R?®, C(=0)R%*, C(=0)OR?, arylORP®,
Het, NR?C(=0)C,_;alkyleneC (=0)OR?*, arylOC,_;alkylene-



2- (6-am no- 9H puri n- 2-yl sul fanyl net hyl ) - 5- net hyl - 3

o-tol yl - 3H. - qui nazol i n-4-one

2- (2- am nargfn@u gl am no- pyri m di n-4-yl sul fanyl - PCT/US01/13315

met hyl ) - 5- met hyl - 3-o-t ol yl - 3H qui nazol i n- 4- one

2- (3-am no-5-nethyl sul fanyl -1, 2, 4-triazol -1 -yl -

nmet hyl ) - 5- met hyl - 3-o-t ol yl - 3H qui nazol i n- 4-one

2- (5-am no- 3-net hyl sul fanyl -1, 2, 4-tfi2&®l -1 - .

yl met hyl ) - 5-met hyl - 3- o-t ol yl - 3H qui nazol i n- 4- one

5- met hyl - 2- (B(Rﬁ&hyhayﬂ@@ﬁaﬂiRaQiHIEﬂHBmenéG(bOl@Ryl<Khhﬁﬂkﬂazolin-4-one
2- (6-benzyl yl net ,th - 3-0- 1.0l ¥l -3H qui pazol i n-4-one-
2-(2, 6- dlan1%%%§? Iﬁ%t%:¥%§ yﬁﬁgyﬁ?P§F$r§%§Eiqug éggfin-4-one

5- et hyl - 2- (mﬂsméRi’,n CQ ;el]siq,ﬂfeafm\t mt) bylcyz 2 0ed oy ydrneBERYY|, nazol i n- 4- one
3- but yl - I ui nazol i n-4-one
2 ST S UL Yl (BN e 8

met hyl ) - 4I—I;1q®|a:{1@210{ylbﬁewﬁ[1?f~)9he¢)§zj }ia}a}eﬁlmge(w YO &1&4)62 PCT/ US01/ 13315 -
239 5-net net -C H pur

yl sul f anyl rre{)‘ﬁyﬁl%ﬁ%fa?% b0l §%% %Qneo R BDicdiene-

2- [ 5- net hyl -MrEXE-R-A(RH Napml_4ﬁw1%ﬂémwl) petimdd ¢=0) re,

4H—qU|nazoI|n 3- yI ben oic_acid .

3-{2-[ (2-di Mt} hyWﬂ%?zﬁyuéH{H&])phe%? 45GC:alkyl),

net hyl - 2- (9%@1«%79 ych@@glcﬁ.:qnyt Mie@é&ﬁyln cpz8l kit dnomer,

3-(2-chlor Ophf?glllgylenemg’ XC1 12 kylglrjlelNr}R )2,I C(I =0)N(R?),,
NHC (=0) C,;-Cyalkylenearyl, C, g cycloalkyl, C;  hetero-
cycloalkyl, arylOC, ;alkyleneN(R?),, arylOC(=0)R®,
NHC (=0) C,_jalkyleneC; ;heterocycloalkyl, NHC (=0)C,.,-
alkyleneHet, OC1_4alkyleneOC1_4alky'1eneC (=0) OR®,
C(=0)C, ,alkyleneHet, and NHC (=0) ﬁalocl_salkyl;

or R! and R? are taken together to form a
3- or 4-membered alkylene or alkenylene chain
component of a 5- or 6-membered ring, optionally
containing at least one heteroatom;

R® is selected from the group consisting of
optionally substituted hydrogen, C, ,alkyl, C,  cyclo-
alkyl, C, gheterocycloalkyl, C,_,alkylenecycloalkyl,
C,.salkenyl, C,j alkylenearyl, arylC, ,alkyl, C(=0)R?,
aryl, heterocaryl, C(=0)OR?, C(=0)N(R*),, C(=S)N(R?),,
SO,R*, SO,N(R?),, S(=0)R®, S(=0)N(R%¥),, C(=0)NR3C,,-
alkyleneOR®, C(=0)NR?C, ,alkyleneHet, C(=0)C, ,alkyl-
enearyl, C(=0)C,_,alkyleneheteroaryl, C, ,alkylenearyl
optionally substituted with one or more of halo,
SO,N(R*),, N(R®),, C(=0)OR*, NR3*SO,CF,, CN, NO,, C(=0)R?,
OR*, C, ,alkyleneN(R?%*),, and 0C,_,alkyleneN(R?),,
C;.,alkyleneheterocaryl, C,,alkyleneHet, C; , ,alkylene-
C(=0)C, jalkylenearyl, C,,alkyleneC(=0)C, ,alkylene-
heteroaryl, C,,alkyleneC(=0)Het, C, ,alkyleneC(=0)-



f anyl met hyl ) - 3H qui nazol i _n-4-one
3- (2-chl orophenyl ) - 5- ( 2- nor phol i n- 4- yl -ethyl am no) -

2- (9H purier Qreissul f anyl met hyl ) - 3H qui nazol i n- 4- one . PCT/US01/13315

3- benzyl - 5- net hoxy- 2- (9H puri n- 6-yl sul fanyl net hyl ) - 3H qui nazol i n- 4- one.
15. A method of aneliorating a nedical condition mediated by P13K5
activity in | eukocytes conprising admnistering to an animal in need
thereof a therapeutically effective-apmant of a conpound that selectively
i nhi bits phosphatidyl- inositol 3-kinase delta activity in said | eukocytes
relative to EKR@rz,TSZp@allkE[LGKebgbfcﬁfnpcliky]armmc (sas &d, a@ﬁay 16. The

nmet hod of cl ai % gﬁ re| di cal diti % rized by an
undesi rabl e Q%gg [ f“‘? ?%%Olgg’l ecfft@&cf{fi’}ﬂt?ﬁetl\ﬁ@ z)Fou t- ing of
stinul at ed sepe@@x@&i@Rf,elaﬁecl mmmml_wmcsc Ga)mzkachermt actic
mgration. 17. The method. of cha @%6 V\/neréa% bg a‘%tg)) ﬁ\4tlc activity or
bacterial killing by s&i d-hetttoctphi FE T s-ubdt AP P15 thiff et ed. WO
01/ 81346 PCM&JSQ&@&BSlEl_SalIZﬁD, ¢§Bcfcmh0ﬂlpfcggl$étb@ﬁ¢¢5gcpoi unction of
osteoclasts ¢ i si,ng_cont act j osteocl asts ound t hat
sel ectively ?ﬁﬁ%ﬂ t 51 pﬁﬁ%}ﬁ%ﬁ??ﬁgﬁl)ﬁosalﬁy ol 38YKG Zkéfg 1-attivity in said
osteocl asts aekaléneat9lot heteTypeyiPl ﬁlétes_r@fagmlualﬁygel kndbased assay:
WD 01/ 81346 PCT/%?Q%/lSSlS

C,zal eneheterocaryl;

or two R* groups are taken together to form
a 5- or 6-membered ring, optionally containing at
least one heteroatom;

R° ig selected from the group consisting of "
hydrogen, C,alkyl, aryl, heterocaryl, arylC,,alkyl,
heteroarylC,_ ;alkyl, C,jalkylenearyl, and C,.,alkyl-
eneheterocaryl; : '

Het is a 5- or 6-membered heterocyclic
ring, saturated or partially or fully unsaturated,
containing at least one heterocatom selected from the
group consisting of oxygen, nitrogen, and sulfur,
and optionally substituted with C,_,alkyl or C(=0)OR?;

and: pharmaceutically acceptable saltg and

gsolvates thereof.

26. The method of claim 25 wherein R! is
selected from the group consisting of H, halo, OH,
OCH,, CH,, and CF,; and

R’ is selected from the group consisting of
C,-Csalkyl, phenyl, halophenyl, alkylphenyl, biphen-
yl, benzyl, pyridinyl, 4-methylpiperazinyl,
C(=0)C,Hs, and morpholinyl;

wherein at least one of R' and R? is
different from 6-halo or 6,7-dimethoxy, and R® is

different from 4-chlorophenyl.



- 241 19. The nethod of claim 18 wherein said
R N,RO RBNYN(Rd g N\ /

conpound has a structure O
-NH wherein Y is selected fromthe group

consi sti ngoafi/sisds!
H, hal o, OH, OCH3,

of is H OCH3, and hal ogen; or R7 and R8 together with CG6 and C7 of the
qui nazoline ring systemdefine a 5- or 6- nenbered aromatic ring optionally

cont ai ni ng one or

S, and NH, R7 is selected fromthe grq¢acenssssi ng of

CH3, and CF3; R8 is selected fromthe group consisting

nore O, N, or S at®#48;-R9 is selected fromthe group

consi sting of Cl-C6al kyl, phenyl, hal ophenyl, alkyl phenyl, biphen- yl,

benzyl, pyridinyl,

4- nefhyl pi pemapingl ha€ing) a 6E2H8Luamd nor phol i nyl; Rd,

i ndependently, is selected fromthe group consisting of NH2, halo,

Cl.3al kyl, S (C, .-,
(d _3al kyl enephen-

alkyl) , OH oNH (Cl_3alkyl) , N (Cil_3alkyl) 2, NH
yl); ﬂ4is 1 o1 2, :

N/'R6
—
RS N
Y _N
N (pa
(RY)
=N 4
. ,
' \L—NH

wherein Y is selected from the group con- .

gsisting of null, S, and NH;

R* is selected from the group consisting of

H, halocgen, NO,, OH, OCH,, CH,, and CF,;

H, OCH,,

R® is selected from the group consisting of
and halo;

or R* and R® together with C-6 and C-7 of

the quinazoline ring system define a 5- or 6-

membered aromatic ring optionally containing one or

more O,

N, or S atomg;

R® ig selected from the group consisting of

C,-Cgalkyl, phenyl, halophenyl, alkoxyphenyl, alkyl-

phenyl,

azinyl,

biphenyl, benzyl, pyridinyl, 4-methylpiper-
C(=0)0C,H,, and morpholinyl;

R?, independently, is selected from the

group consisting of NH,, halo, C,.alkyl, S(C,.,alkyl),
OH, NH(C,,alkyl), N(C,;alkyl),, NH(C, ;alkylenephen-
yvl), and



WO 01/81346 PCT/US01/ 13315 - 242 and pharnmaceutically acceptable salts
and solvates thereof, provided that at |east one of R and R8 is

di fferentwig@mishal o or 6, 7-di met hoxy groups, and furthgicrpryhshks t hat
RO is different from4 chlorophenyl. 20. The nethod of claim 18 wherein
said conpound conprises a noiety that binds to bone. 21. A nethod of
aneliorating a bone- resorption disorder in.an animl in need thereof
conprising adm nistering to the ani+fe24@& therapeut- ically effective anmount
of a conmpound that inhibits phosphatidylinositol 3-kinase delta (P13K5)
activity 1in osteoclasts of the animal relative to other Type | P13K
isoforms in a cell-based.assay. 22. The nethod of claim 21 wherein said
bone-resorption disorder is osteoporasis. 8. A nmethod of inhibiting the
growh or proliferation of chroni@ nyefogenous | eukem a cells conprising
contacting the cells with a conpound that selectively inhibits
phosphati dyli nositol 3-kinase éﬁ act'gj y in the cancer cells relative
to other Type 1 P13K isoforns 2acel | - ed assay. WD 01/81346

PCT/ US01/ 13315 - 243 24. The nmethod of claim 23 wherein said conpound
has a structure O

g is 1 or 2; and pharmaceutically accept-
able salts and solvates thereof,
provided that at least one of R* and R® is

other than H when R® is phenyl or 2-chlorophenyl.



R7~N RBN N XNN N2\ H wherein R7 is selected fromthe group con-
sisting of H, halogen, OH, OCH3, CH3, and CF3; R8-is selected fromthe
group CongioStiis?sh H, OCH3, and hal ogen; or. R7 and R8 thgaidi¢hsinsth C6
and G -7 of the qU|nazoI|ne ring systemdefine a 5-.or 6- nenbere
aromatic ring optionally containing one or nore O, N, or S atons; RI is
sel ected fromthe group. consisting of Cl-C6alkyl, phenyl, hal ophenyl,

al kyl phenyl , bi phen- yl, benzyl, pyrigiayl, 4-nmethyl pi perazinyl, acetic
acid ethyl ester, and norpholinyl; X is NH or S; and pharmaceutically

acceptable salts and selvatas bbﬁpeahd YO 01684346 BEIeUBRY 13315 - 244
provided that at | east one of R7.,and R8 is different from6-halo or
6, 7- dlnethoxér%ToB%§ IEAYP FOPEREFiBPoPEded that RO is different from

4-chl oro- phenyd-isopropylphenyl) -5-methyl-2- (9H-purin-6- -ylsul-
fanylmethyl) -3H-quinazolin-4-one;
5-chloro-2- (9H-purin-6-ylsulfanylmethyl) -3-o-tolyl-
3H~-quinazolin-4-one;
5-chloro-3- (2-fluorophenyl) -2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;

- (2-fluorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(2-methoxyphenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;
3-(2,6-dichlorophenyl) -5-methyl-2- (9H-purin-6-ylsul-
fanylmethyl) -3H-gquinazolin-4-one;
3-(2-chlorophenyl) -6-fluoro-2- (9h-purin-6-ylsulfan-
vimethyl) -3h-quinazolin-4-one;
5-chloro-3-(2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(2-methoxyphenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
3H-guinazolin-4-one;
3-(2-chlorophenyl) -5-fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-benzyl-2- (9H-purin-6-ylsulfanylmethyl) -3H-quin-
azolin-4-one;
3-butyl-2-(9H-purin-6-ylsulfanylmethyl) -3H-quin-
azolin-4-one;
3-(2-chlorophenyl) -7-fluoro-2- (9H-purin-6-ylsul fan-
yvlimethyl) -3H-quinazolin-4-one;
3-morpholin-4-yl-2- (9H-purin-6-ylsulfanylmethyl) -3H-

quinazolin-4-one, acetate salt;



25. A nethod of inhibiting kinase activity of a phosphatidylinositol
3-kinase delta polypeptide conprising contacting the polypeptide wth a
conmpound Wayiigs4s Sstructure 0 RL N/R3 R2 X-Y-~~ wherei pck/iHi1a8s1s
optionally substituted nonocyclic or bicyclic ring system containing at

| east two nitrogen atons, and at |east one ring of the-",systemis
aromatic; X is selected fromthe group consisting of CHRb, CH2CHRb, and
CH=C (Rb) ; Y is selected fromthe gromp €onsisting of null, S SO SQ2,
NH 0, C(=0) , OC (=0 , C(=0) O and NHC (=O CH2S; Rl and R2,

i ndependent | §;claterseBec¢e edhlbnnphéhglgp9up)9Hepsir$hLBgymfsuwdnegen

Cl. 6al kyl , h NHC (=O) C1_3al kyl eneN (Ra) 2, NC2,
GRa, | OB, a%f{‘?%‘iliyfg\ﬁﬁ&% iR aio&( )C( O)C]?{a yaryl CRE) )Het NRaC

(=0 Cl_3al ky} e:me&hléﬁ))p@aylar-yl mlaahbybege (V@-DLA85346yPEHAUS0L/ 13315
- 245 N ( % %}HC& g 4a| kyl eneC (=0) CRa OCl. 4al kyl - eneC
(=0) ORa, Cl %%Y%‘W o053 aﬂH&P@ﬁ@ ip= 6;%@ a, C( . NRaSO2Ra,

Cl. 4al kyl ened (Rape2hoZphahienybeneN-pRain2é- ﬁéu@faﬂ?@&e&aykwene% C
(=O) NRaC1_ 4a| kyl eneHet, . OC2_4al kyl eneN (Ra) 2, OC1.4al kyl eneCH (ORb) CH2N
(Ra) 2, Iﬁa‘H‘RW%ﬁ‘éL%P 4T#BC4al kyl eneORa, OC2. 4al kyl ene-

6-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(3-chlorophenyl) -2- (9H-purin-6-ylsul fanylmethyl) -
3H-quinazolin-4-one;

2- (9H-purin-6-ylsulfanylmethyl) -3-pyridin-4-y1-3H-
quinazolin-4-one;

3-(2-chlorophenyl) -8-trifluoromethyl-2- (9H-purin-6-
vlsulfanylmethyl) -3H-quinazolin-4-one; .
3-benzyl-5-fluoro-2- (9H-purin-6-vlsulfanylmethyl) -
3H-gquinazolin-4-one;

3-(4-methylpiperazin-1-yl)-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one, acetate salt;
3-(2-chlorophenyl) -6-hydroxy-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;

[6-fluoro-4-oxo-2- (9H-purin-6-ylsulfanylmethyl) -4H-
gquinazolin-3-yllacetic acid ethyl ester;

3- (2-methoxyphenyl)-2- (9H-purin-6-ylsulfanylmethyl) -
3H-quinazolin-4-one;

3-biphenyl-2-yl-5-chloro-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one;

5-chloro-3- (2-methoxyphenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -3- (2-isopropylphenyl) -5-
methyl-3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -5-methyl-3-o-tolyl-3H-

guinazolin-4-one;



NRaC (=0) ORa, NRaCl_4al kyl eneN (Ra) 2, NRaC (=0) Ra, NRaC (=O N (Ra) 2,
N (S02CL 4alkyl) 2, NRa (S02CL_,alkyl) , SN (Ra) 21 OSCRCF3,

C1. 3al kyl « Cl.4al kyl eneHet, Cl_6al kyl eneORb, C1.3 Ra) 2,
C (=0) N wy%{m NHC( =0) C1- C3al kyl enearyl, C3_8cycl oal ky?{&&.ﬁgﬁglgr 0-

cycl oal kyl, aryl OCl. 3al kyl eneN (Ra) 2, aryl OC (=0) Rb, NHC (=0)

Cl. 3al kyl eneC3. 8het erocycl oal kyl, NHC (=0) Ci-3- al kyl eneHet,

OCl. 4al kyl eneCCl. 4al kyl eneC (=0) ORb,>4£5 (=0) Cl1. 4al kyl eneHet, and NHC (=0)
hal oCl _6al kyl; or RL and R2 are taken together to forma 3- or 4-nenbered

al kyl ene or al k@%ﬁ@@pﬁbﬁhng—ym@eﬂﬁm-Qibﬂpﬁen91-§=yen‘9er ed ring,
optionally containing at |east one heteroatom R3 is selected fromthe
group consi sStHyFor3HopeiBRaPtystpSef{ ut ed hydrogen, C1.6al kyl, C3.8cycl o-

al kyl', C3.8het %%ﬁ@%ﬁkybgcflméuﬁyi ngcysl palikybphefgi fakkenyl
Cl. 3al kyl enearyl , |'d _3al kyl, C (:of Ra, aryl, ﬁet eroaryl, C (=0) ORa,
C (=0) N (Rdyevl 3ESyUNRRA}1R;4-SBPRal SN (Ra) 2, S (=0 Ra, S (=O N

(Ra) 2, C (=0 lndpul kY b epetRen, £ (goéhﬂBﬁgle,é%bkﬂae@Het, C (=0)
Cl. 4al kyl - enearyl, C (=0) Cl.4al kyleneheteroaryl, Cl_4alkyl enearyl
optional |y seiylutad-aiinasadierénene; of hal o, S02N (Ra) 2, N (Ra) 2, C

(Z0) Cra,  NRaSCROES: oSy MR OLE Ny P o 0 Gladabkyhend (Fa) 2, and
OCl1. 4al kyl eneNg(Z% 11}&%%%& %/‘ﬁ%%%e?eroary r Cl_A4al kyFeneHet,
Cl. 4al kyl enechaniyE0) 3Cigdankybeheat ybneCl 4al kyl eneC (=0) Cl. 4al kyl ene-

ooy LSRR A0 R 2 sl peC Gl et s

d.4- phenyl) -3H-guinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -5-
methyl-3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -5-
fluoro-3H-quinazolin-4-one; '
2- (6-aminopurin-9-ylmethyl) -3-benzyl-5-fluoro-3H-
quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3-butyl-3H-quinazolin-4--
one;
2- (6-aminopurin-9-ylmethyl) -3-morpholin-4-yl-3H-
quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-chlorophenyl) -7-
fluoro-3H-quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -6-chloro-3-.(2-chloro-
phenyl) -3H-guinazolin-4-one;
3-(4-chlorophenyl) -2- (9H-purin-6-ylsulfanylmethyl) -
3H-gquinazolin-4-one;
3-(2-chlorophenyl) -6, 7-dimethoxy-2- (9H-purin-6-
yvlsulfanylmethyl) -3H-quinazoline-4-one;
3-(2-chlorophenyl) -7-nitro-2- (9H-purin-6-ylsulfan-
vlmethyl) -3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -6-bromo-3- (2-chlorophen-

yv1l)-3H-quinazolin-4-one;



al kyl eneQOC, _4al kyl eneOR a, C _4al kyleneN (Ra) 2, d -4al kyl- eneC (=0 ORa,
and C _4al kyl eneQOCl1. 4al kyl eneC (=0) ORa; Ra is selected fromthe group
consi st i ngggfysifigdr ogen, C, -, al kyl, C3_$cycl oal kyl , C3_S$hegicargwygsss al kyl,
Cl. 3al kyl eneN(Ra) 2, aryl, aryl Cl_3al kyl, C1-3- al kylenearyl, heteroaryl,
het eroaryl C1_3al kyl, and C1_3al kyl eneheteroaryl ; or two Ra groups are
taken together to form a 5- or 6-nenbered ring,,optionally containing at

| east one heteroatom Rb is selected J¥pmthe group consisting of

hydr ogen, Cl.6al kyl, aryl, heteroaryl, aryld _3alkyl, heter oaryl C _3al kyl,
Cl. 3alky|eneﬁryévaﬁﬂﬁo r§§1§¥§lm§@ §$e§0@§¥hh15@5phén9l5 60 -6- menber ed
heterocyclic ring, saturated or ialTy or fully unsaturated,

cont ai ni ng acilm%ta%@xﬁén%f{h‘é‘tl@%é@bhﬁlsér@?@@ed fromthe group COI’]SI sting of
oxygen, it 1@gsPomandl eul il oroBAthoP! L SN3bVosUBSLELYLEA1MLLD - C1_dal ky!
or C (=0) ORa; pharmaceutical |y accept ab?e salts”and sol vates

t hereof . 26. YhTh%tlﬁixélhoﬁHoqutm@ZQi% fherein RL is selected fromthe group

consisting of_H, _ ]9;!%11 2 d i | ected from
t he group cgjrm sti ng 4 ky%‘s%ﬁjé?l{;l 6C§1§F%p gﬁgﬁegﬁ‘(’%?phenyl ,
bi phen- yl, szow}qdlmftolﬂnﬁ@thyepl perazinyl, C (=0 CH5 , and

mor phol 'nvl%oxy, af%a%g%lﬁeas}sla@@hgi ) R andoR3-hSo-ghifgrept from 6-halo

or 6, 7-dinet
guinazolin-4-one; and

2- (6-aminopurin-9-ylmethyl) -5-chloro-3- (2-methoxy-
phenyl) -3H~gquinazolin-4-one.



different from 4-chl orophenyl. WO 01/81346 PCT/US01/13315 - 247 27. A
conpound having a structure O RA R RS YN(Rd) g rNNH wherein Yis

sel ect ed {yoiysih® group con-. sisting of null, S and NHpdMudes1sRkect ed
.fromthe group 'consisting of H, halogen, NO2, OH OCH3', CH3, and CF3;
RS is selected fromthe group consisting of H, OCH3, and halo; or R4 and
R5 together with G6 and CG-7 of the quinazoline ring systemdefine a 5- or
6- nenbered aromatic ring optionally geftaining one or nmore 0, N, or S
atons; R6 is selected fromthe group consisting of Cl-C6al kyl, phenyl,

hal Opheny| al kOXypheni’b aJﬂ'%' corﬁgéﬁﬂh oki phenyl 27b@Hé¥E1n Ryrig' nyl,
4- met hyl pi per- azi né nmor phol i nyl ; Rd, 1 ndependent I y, IS

sel ected froweteete tﬂawcbh@gwm epnpiEtingl of & Balryl OHS (C, -, al kyl)
,  OH, NH (CgC}:fBa,I I@ﬁa), anly @%; -,alkyl) 2, NH (C1. 3al kyl enephen-

R® ig selected from the group consisting of
C,-Csalkyl, phenyl, halophenyl, alkylphenyl, biphen-
v1l, benzyl, pyridinyl, 4-methylpiperazinyl, C(=0)-
OC,Hs;, and morpholinyl; wherein (a) R* and RS,
independently, are different from 6-halo or 6,7-
dimethoxy groups; .

(b) R® is differxent from 4-chlorophenyl;
and

(c) .at least one of R* and R’ is different
from H when R® is phenyl or 2-chlorophenyl and X is
S.



yl), and WO 01/81346 PCT/US01/13315 - 248 OH 0 CH2OHOHqis 1 or 2; and
phar maceutically accept- able salts and sol vates thereof, provided that at
| east onavod1/884@nd RS is other than H when R6 is phenyl POT/US01/13315

2-chl orophenyl . WD 01/81346 PCT/USO1/ 13315 - 249 28. The conmpound of
claim?27 selected fromthe group consisting of :

3-(2-isopropyl phenyl ) -5-net hyl -2- (9H puri n-6-yl sul -

fanyl met hyl ) - 3H qui nazol i n-4-one; . 254 -

5-chl oro- 2- (9H puri n- 6-yl sul fanyl net hyl ) - 3-o-tol yl - 3H qui nazol i n- 4- one;

5-chl oro-3- (2-fl uorophgoyl ) TRe( 8bmpBuihA- BfyksHlifians is selected
yl met hyl ) - 3H-qui nazol i n- 4- one;

3- (2-fi uor ophBAYI Fh5- ﬁEPHQIQQnﬁgﬁFbﬂglﬁfG yl sul f an-

yl methyl ) - 3F§QW2“§§9ngp?19H6n ~5-methyl-2- (9H-purin-6-ylsul-
3-(2- nethoxFEhenx é - (9H-puri n-6-yl sul f an-
yl net hyl ) - 3HE gV nligbhyh) 438nguinazolin-4-one;

3- (2, 6-di chl grephgpyl b= 59ﬁeijﬁ¥5n26(§ﬁ"s{1'ﬂ!Ebﬂy@mﬁé‘dﬁ%‘)—3—o~tolyl-
f anyl met hyl ) - 3H qui nazol I n-4- one;

3-(2- chloropﬁﬁngu}nezpﬂ&@ré onegh- purln 6- yIsquan-

yl met hyl ) - 3h=q L _ B
5-chl oro- 3- (% ghpg%gp enyl ?mﬁofSEE |n 6 y SUPFé%F 6-ylsultan

yl met hyl ) - BWhmehhyéDraquumeazolln 4-one;

- (2-fluorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
ylmethyl) ~-3H-quinazolin-4-one;
3-(2,6-dichlorophenyl) -5-methyl-2- (9H-purin-6-ylsul-
fanylmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl) -6-fluoro-2- (Sh-purin-6-ylsulfan-
yvlmethyl) -3h-quinazolin-4-one;
5-chloro-3-(2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
vimethyl) -3H-gquinazolin-4-one;
3-(2~chlorophenyl) -5-methyl-2- (9H-purin-6-ylsulfan-
vlmethyl) -3H-gquinazolin-4-one;
3-(2-chlorophenyl) -5-fluoro-2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;
3-benzyl-2-(9H-purin-6-ylsulfanylmethyl) -3H-quin-
azolin-4-one;
3-butyl-2-(9H-purin-6-ylsulfanylmethyl) -3H-quin-
azolin-4-one;

3- (2-chlorophenyl) -7-£fluoro-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;

3-morpholin-4-yl-2- (9H-purin-6-ylsulfanylmethyl) -3H-
guinazolin-4-one, acetate salt;

8-chloro-3- (2-chlorophenyl) -2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one;
3-(2-chlorophenyl) -6, 7-difluoro-2- (9H-purin-6-ylsul-
fanylmethyl) -3H-quinazolin-4-one;



3-(2-chl orophenyl ) -5-net hyl - 2- (9H puri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4- one;

3- (2- met haxyahkeny! ) - 2- (9H puri n- 6-yl sul fanyl met hyl ) - 3H qyiciagel hss14- one;
3-(2-chl orophenyl)-5-fl uoro-2-(9H purin-6-yl sul fan-

yl met hyl ) - 3H qui nazol i n- 4- one;

3-benzyl - 2- (9H puri n- 6-yl sul f anyl net hyl ) - 3H qui n- azol i n- 4-one;

3- butyl - 2- (9H puri n- 6-yl sul f anyl net-hydgs 3H qui n- azol i n- 4- one;

3-(2-chl orophenyl)-7-fluoro-2-(9H purin- 6 yI sul f an-
yInEthyI)1N${nhlmmmﬂ3ﬂémFCMEprophenyl (9H-purin-6-ylsulfan-

3-nor pholin pur|n6 sufa Irrethyl) 3H qui nazol i n- 4- one,
acetate sal t¥ tﬁ%k@i]/ %g 250

8-chl or o- 3- (;9_-Cj’ﬂ(ﬁlﬁhﬂl‘@ﬂyél).yﬂ)-(ﬂl-l(Sp)IHHpﬂitf:Bndedelﬁﬁlallfanylmethyl)-
yl met hyl)-3 ui nazol 'f' one,
3- (2- chl or optterHH L& F- Wi ude 2- (9H puri n-6-yl sul -

f anyl net hyl )23l'§1q-tﬂ>lﬁh_a-il@ldsnyﬂs@llf_anylmethyl) 3-pyridin-4-y1-3H-
3-(3-net hoxy(gJl en - 2-(9H purin- 6-yl sul fanyl net hyl ) - 3H qui nazol i n- 4- one;
6- chl or 0- 3- ( Jc‘H% e‘hy‘P&Q (9H—pur| n- 6-yl sul f an-

yl met hyl) - 3F§LKQIEE16f6Efe@@§) -2- urin-6-ylsulfanylmethyl) -
3-(3-chl oroph 1)-2-(9 urin- 6y|sufany|nethy|) 3H qui nazol i n- 4- one;
2- (9H puri n- tG‘nyg W#%??%%h%)q%l%%?%ﬂ% #=9P€BH qui nazol i n- 4- one;

3-(2-chlor opﬁ%e&ha% —érfiwﬁéoﬁﬁz@ylp@rlﬁ%kwéunfénylmethyl)

yl sul f anyl net hy(lzt)llnell—;gijllgazocla;lgl 4- one; |
3-(4-methylpiperazin-1-yl)-2- (9H-purin-6-ylsulfan-
ylmethyl) -3H-quinazolin-4-one, acetate salt;
3-(2-chlorophenyl) -6-hydroxy-2- (9H-purin-6-ylsulfan-
yvlmethyl) -3H-quinazolin-4-one;
[5-fluoro-4-ox0-2- (9H-purin-6-ylsulfanylmethyl) -4H-
quinazolin-3-yllacetic acid ethyl ester;
3-biphenyl-2-yl-5-chloro-2- (9H-purin-6-ylsulfanyl-
methyl) -3H-quinazolin-4-one;
2- (6~aminopurin-9-ylmethyl) -3- (2-isopropylphenyl) -5-
methyl-3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -5-methyl-3-o-tolyl-3H-
quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3-biphenyl-2-y1-5-
chloro-3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -3- (2-fluorophenyl) -5-
methyl-3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -5-chloro-3-(2-fluoro-
phenyl) -3H-quinazolin-4-one;
2- (6-aminopurin-9-ylmethyl) -8-chloro-3-(2-chloro-
phenyl) -3H-~quinazolin-4-one;
2-(6-aminopurin-9-ylmethyl) -5-chloro-3-(2-chloro-

phenyl) -3H-quinazolin-4-one;



3-benzyl - 5-fl uoro-2- (9H puri n-6-yl sul fanyl met hyl ) - 3H qui nazol i n-4-on_e;
3-(4-net hyl pi perazin-1-yl)-2-(9H purin-6-yl sul fan-

yl met hyl ) werhausqgazol i n-4-one, acetate salt; PCT/US01/13315
3-(2-chl orophenyl) - 6- hydr oxy- 2- (9H puri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4=one;

[ 5-fl uoro-4-oxo-2-(9H purin-6-yl sul fanyl net hyl ) -4H qui nazolin-3-yl]acetic
acid ethyl ester; 3-(2-nmethoxyphenyl3s2-{9H purin-6-ylsul fanyl net hyl) -
3H qui nazol i n-4-one; 3-Dbi phenyl -2-yl-5-chloro-2-(9H purin-6-yl sul fanyl -
met hyl ) - 3H g4 fezahimeduone: 9-ylmethyl) -3~ (2-chlorophenyl) -5-

5-chl oro- 3- (2- et hoxyphenyl ) - 2- (94 puri n- 6-yl sul f an-

et hyl) - 2SSt AR e has 1h o BHE]

2- (6- am nopuz + (6 Saimebliyin- 8- {Pmeshpl DpyHpheapl prbphenyl) -5-
nethyl-3k+q3$fazoli$-4-one; 13

2- (6- ani nopurtHeR v e RV 282 Bt fiyPPSi0-t ol yI - 3H qui nazol i n- 4- one; WO
01/ 81346 PCTZ UgH14dB3d:5urin2blylmethyl) -3-benzyl-5-fluoro-3H-

2- (6-am nopuri n-9-yl pet hyl ) - 3- bi phenyl - 2-yl -5- chl or o- 3H qui nazol i n- 4- one;
2-(6-aninopd??h@@z%}h%fﬁy? €8- (2-fl uorophenyl)-5-

met hyl - 3H qup NAZ Ohhindp@Pen-9-ylmethyl) -3 -butyl-3H-quinazolin-4-

2- (6-am nopurin-9-yl net hyl ) -5-chl oro-3-(2-fl uoro-

phenyl) - 3H defitfiazol i n- 4- one;

2- (6- am nopu i (s Al ABHHYE )= 8= ¢hhetRy3) (2-&BLPROI in-4-y1-3H-

phenyl ) - 3H qui nazol i n-'4- one;

2- (6- am nopuEFhe®dz9f Het AyPRes- chl or o- 3- (2- chl or o-

phenyl) - 3H i p@zQhiRofuPPE: 9-y1methyl) -3- (2-chlorophenyl) -7-

fluoro-3H-gquinazolin-4-one; and -
2- (6-aminopurin-9-ylmethyl) -5-chloro-3-o-tolyl-3H-

guinazoline-4-one.



2- (6-am nopurin-9--ylnmethyl.) -3- (2-chiorophenyl) -5-
nmet hyl - 3H qui nazol -i n- 4-one;
2- (6- am n@g1isisR- Yyl met hyl ) - 3- (2- chl or ophenyl ) - 5- PCT/US01/13315
f I uor o- 3H qui nazol i n- 4- one’
2- (6-am nopuri n-9-yl nmet hyl ) - 3- benzyl - 5-fl uoro- 3H qui nazol i n- 4-one;
2- (6-am nopurin-9-yl net hyl ) - 3- butyl - 3H qui nazol i n-4 one;
2- (6-am nopurin-9-yl met hyl ) - 3- nor phol 2%7 4- yl - 3H qui nazol i n- 4- one;
2- (6-am nopurin-9-yl me-thyl)-3-(2-chiorophenyl)-7-
fl uor o- 3H qui nazol i n-43bne;A compound having a general struc-
2- (6-am nopur.in-9- Inetf | )-6-chl oro-3-.(2-chl oro-
phenyl ) -3Hq hazo ?ﬁmﬁ-%ne;
3- (4-chi orophenyl ) -2-(9H purin-6-yl sul fanyl net hyl )- 3H qui nazol i n- 4-one;
3- (2-chl or ophenyl ) - 6, 7- di net hoxy<$2- (9H puri n- 6-
yl sul f anyl net hyl ) - 3H quikazol i ne ‘-OE%Q
¥f1= 6-yl sul f an-

3-(2-chl orophenyl)-7-nitr O
yl met hyl ) - 3H qui nazol i n- 4 .

2- (6-am nopurin-9-ylnmeth 8 - ( 2- chlerephen-
yl) - 3H qui nazol i n- 4- one; , 40701/ 88846 RC 15 - 252
2- (6-am nopuri n-9-yl net hyl ) - 3- (2-chl or ophen =6, 7-

di met hoxy- 3H qui nazol i n- 4- one;

6- br ono- 3- (2- chl or ophenyl ) - 2- (9H puri n- 6-yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4- one;

3-(2-chl orophenyl ) =2- (9H puri n- 6-yl sul fanyl net hyl ) -
3H-benzo[ g] qui nazol i n-¢n@P&in A is an optionally substituted

monocyclic or bicyclic ring system containing at
least two nitrogen atoms, and at least .one ring of
the system is aromatic;

X is selected from the group consisting of
CHR®, CH,CHR®, and CH=C(R"); '

Y is selected from the group consisting of
null, 8, sO, SO,, NH, O, C(=0), 0OC(=0), C(=0)0O, and
NHC (=0) CH,S;

R* and R?, independently, are selected from
the group consisting of hydrogen, C, . alkyl, aryl,
heterocaryl, halo, NHC(=0)C, ,alkyleneN(R?®),, NO,, OR?,
OCF,, N(R®),, CN, OC(=0)R*®, C(=0)R?, C(=0)OR?, arylOR®,
Het, NR*C(=0)C;.,alkyleneC(=0)0R?*, arylOC, ,alkylene-
N(R*),, arylOC(=0)R?*, C, ,alkyleneC(=0)0OR?, 0OC,_ ,alkyl-
eneC (=0)0OR?, C, ,alkyleneOC, ,alkyleneC (=0)0OR?, C(=0) -
NR?*SO,R?*, C,_ ,alkyleneN(R?®),, C, alkenyleneN(R?),,
C(=0)NR*C,_,alkyleneOR?, C(=0)NR*C, ,alkyleneHet,
0C,_,alkyleneN (R?®),, 0OC, ,alkyleneCH (ORP)CHN (R?),,
0C, ,alkyleneHet, 0C, ,alkyleneOR?*, O0OC, ,alkylene-

NR2C (=0) OR®, NR?C, ,alkyleneN (R®),, NRC(=0)R?,
NR?C (=0)N(R?®),, N(SO,C, ,alkyl),, NR?*(S0,C,,alkyl),
SO,N(R?),, OSO,CF,, C,,alkylenearyl, C, ,alkyleneHet,



2- (6-am nopuri n-9-yl nmet hyl ) -5-chl oro- 3-o0-tol yl -3H qui nazol i n-4-one; and

2- (6-am nopurin-9-yl nmet hyl ) - 5- chl or o- 3- ( 2- met hoxy-

phenyl ) - 3¥6quspazol i n-4-one. WO 01/ 81346 PCT/ US01/ 13315 PCPBH801/13315 The

conmpound of claim27 wherein R4 is selected fromthe group consisting of

H, halo, OH OCH3 , CH3, and CF3; R6 is selected fromthe group consisting

of Cl-Co6al kyl, phenyl, hal ophenyl, al kyl phenyl, biphen- yl, benzyl,

pyridi nyl, 4-methyl pi perazi nyl, C(=Ops5g0C2H5, and norpholinyl; wherein (a)

R4 and R5, independently, are different from6-halo or 6,7- dinethoxy

%Loupz Rgb)cR%aﬂ&ydbhkﬁmﬁntcj5@mkﬁi@%%@(mmhﬁnylrO)amd?X§? at - Leas} ong ;f
an is_different i's e or 2-chl.orophenyl “an i's

S W0 01/ 813%E (567 /%S@ﬁ%%%ﬂear‘égzt ssefy%r%ar%bﬁfﬂp LMY m28 is

sel ect ed frc%ltdaﬂ]@ﬂoummw stall 1®neN (R*),, arylOC (=0)R?,

3-(2-isopropyl henyl) 5 nethyl (9H puri n-6- & sul -

f anyl net hyl Gafdkde e@heheterocycloal v1l, NHC(=0)C, ;-

5-chl oro- 2- (afi lgﬂéyeﬁfyl@@yjaq 1@idnd, ), =3 1tegl|eyj —o3drgui nazol i n- 4- one;
5-chl oro- 3- ( 2- uorophenyl) 2- ( H-purln 6 sul f an-

yl met hyl ) - 31 G ‘azelkylergiet, and NHC( haloClGalkyl

or R' and R? are taken together to form a
3- or 4-membered alkylene or alkenylene chain
component of a 5- or 6-membered ring, optionally
containing at least one heteroatom;

R?® ig selected from the group.consisting of
optionally substituted hydrogen, -C, (alkyl, C, gcyclo-
alkyl, C; gheterocycloalkyl, C, ,alkylenecycloalkyl,
C,.¢alkenyl, C,,alkylenearyl, arylC,,alkyl, C(=0)R?,
aryl, heterocaryl, C(=0)OR?*, C(=0)N(R?®),, C(=S)N(R?),,
SO,R*, SO,N(R?),, S(=0)R?, S(=0)N(R%),, C(=0)NRC,,-
alkyleneOR?, C(=0)NR*C, ,alkyleneHet, C(=0)C,_,alkyl-
enearyl, C(=0)C, ,alkyleneheterocaryl, C,,alkylenearyl
optionally substituted with one or more of halo,
SO,N.(R?),, N(R®),, C(=0)OR®, NR2SO,CF,, CN, NO,, C(=0)R?,
OR?*, C,_,alkyleneN(R?*),, and 0C, ,alkyleneN (R?),,

C, ,alkyleneheterocaryl, C,,alkyleneHet, C, ,alkylene-
C(=0)C, ,alkylenearyl, C, ,alkyleneC(=0)C, ,alkylene-
heteroaryl, C, ,alkyleneC(=0)Het,.C, ,alkyleneC(=0)-
N(R*),, C,,alkyleneOR®*, C, ,alkyleneNR2C (=0)R?,
C,..alkyleneOC,; ,alkyleneOR?, C, ,alkyleneN(R?),,
C;.,alkyleneC (=0)OR?*, and C,_ ,alkyleneOC, ,alkylene-
C(=0) OR?;

R®* is selected from the group consisting of
hydrogen, C, calkyl, C; scycloalkyl, C, jheterocyclo-
alkyl, C,jalkyleneN(R?*),, aryl, arylC,,alkyl,
C,.;alkylenearyl, heteroaryl, heteroarylC, ,alkyl, and
C, ;alkyleneheteroaryl;



3-(2-f luorophenyl)-5-nethyl-2-(9H purin-6-yl sul fan-

yl met hyl ) - 3H qui nazol i n- 4- one;

3-(2, 6-di ¢ @rsapgeeny! ) - 5- net hyl - 2- (9K puri n-6-yl sul - PCT/US01/13315
f anyl met hyl ) - 3H qui nazol i n- 4- one;

3-(2-chl orophenyl ) -6-fl uoro-2-(9h-purin-6-yl sul fan-

yl nmet hyl ) - 3h- qui nazol i n- 4- one;

5-chl oro- 3- (2-chl or ophenyl ) - 2- (9H pur23® 6- yl sul f an-

yl met hyl ) - 3H qui nazol i n- 4- one;

3- (2-chl or ophenyl) - 5- net hiylve 2R YFqpurd rexte Waswdif arpgether to form

yl met hyl ) - 3H- qui nazolin-4-one;, _. . o

3-(2-chl orop%e%/l?fS%T %Iﬁ?%yi@(ﬁﬁE%Ur?ﬁg%???%}’f gRntaining at

yl met hyl ) - 3H g thazod | nedebb@iom;

3- benzyl - 2- (9H purin-6-yl.sul f anyl me | ) -3H-qui n- azolin-4-opone;

3 buty ] 22 (O pur 1 1 5.5 S 1SR hy OB A O U 6T S e of

3|— (2- ﬁh: ;)r gp}ﬁlﬁﬁuyd)gjeﬂ,l- fC Ui 02k ( Bkpuy | e tbeybsty T anarylc, ;alkyl,

yl met hyl ) - ui nazol j n- 4-.ane;

3- mor phol i n-2SyFER¥ *thﬁﬁﬁfe]ﬁ'- Y e ATRARA ) 3518 Guidid2d1 T n- 4- one,
acet ate sal téneSe€dt®&0yB; (2- chl or ophenyl ) - 2- (9H puri n-6-yl sul f an-
yl met hyl ) - 3H qui nazol i n- 4- one; ,

3- (2- chl or ophenyl ) - 6, 72%F f 1807 0° 2- PYHE pUETREBSY| BFFerocyclic
fanyl net hyl ) r Bkl QU fedeh £ 83 4o BNEar VWL 01484346, PCY/ USQ4L433k8a,- 255
6- chl or o- 3- (2- chl or ophen Ii)- 2- (9H puri n-6-yl sul fan-
yInethyl)-SFFﬁ%?%%&ﬁmgna%- Past one heteroatom selected from the

3- (3-chl or ophesy ) odné Dbt DG | Bf Boxtyg&h| anyt PBEEY! ) andHeQuienazol i n- 4-one;
and optionally substituted with C, ,alkyl or C(=0)0R?;
and pharmaceutically acceptable salts and
solvates thereof,
with the provisos that' if X-Y is CH,S, then.

R® 1g different from



2- (9H purin-6-yl sul fanyl met hyl ) - 3- pyri di n-4-yl -3H qui nazol i n- 4- one;
3-(2-chl orophenyl ) -2- (9H puri n-6-yl sul f anyl net hyl ) -

trifluor oWt Rwhs«sH qui nazol i n-4-one; PCT/US01/13315

3- benzyl - 5-f 1l uoro-2- (9H purin-6-yl sul fanyl met hyl ) - 3H- qui nazol i n- 4- one;

3- (4- et hyl pi perazin-1-yl)-2-(9H purin-6-yl sul fan-

yl nmet hyl ) - 3H qui nazol i n-4-one, acetate salt;

3- (2-chl or ophenyl) - 6- hydr oxy- 2- (9H puzém-6-yl sul f an-

yl met hyl ) - 3H qui nazol i n-4-one; [5-f

| uor o- 4- oxo- 2- (9H puri n- 6-yl sul f anyl net hyl ) - 40 qui nazol i n-3-yl]acetic acid
ethyl ester; 3-biphenyl-2-yl-5-chloro-2-(9H purin-6-yl sul fanyl -

met hyl ) - 3H qui nazol i n- 4- one; c1
2- (6-am nopurin-9-ylnmethyl)-3-(2--i
met hyl - 3H qui nazol i n- 4- one;

2- (6-am nopurin-9-yl met hyl ) - 5- met hyl = ol yl - 3H qui nazol i n-4-one;

2- (6-am nopuri n-9-yl net hyl ) - 3- bi phenyl - 2-yl -5- chl or o- 3H qui nazol i n- 4- one;
2- (6-am nopurin-9-yl net hyl )-3-(2-fl uorophenyl)-5-

met hyl - 3H qui nazol i n- 4- one; d

2- (6-am nopurin-9-yl net hyl )-5-chl oro-3--(2-fl uoro-

phenyl ) - 3H qui nazol i n- 4- one;

2- (6-am nopuri n-9-yl met hyl ) - 8-chl or o- 3; (2- chl or o-

phenyl ) - 3H qui nazol i n- 4- one;
2- (6-am nopurin-9-yl net hyl ) -5-chl oro-
phenyl ) - 3H qui nazol i n-4-one; WD 01/ §

ot opy!l phenyl ) - 5-

and if X-Y is CH,S, then R?® is different
from -CH,CH (OH)CH,0H substituted phenyl.



2- (6-am nopurin-9-yl net hyl ) - 3-(2-chl orophenyl ) - 5-

nmet hyl - 3H qui nazol i n- 4- one;

2- (6- am n@1isisR- Yyl met hyl ) - 3- (2- chl or ophenyl ) - 5- PCT/US01/13315
f I uor o- 3H qui nazol i n- 4- one;

2- (6-am nopuri n-9-yl nmet hyl ) - 3- benzyl - 5-fl uoro- 3H qui nazol i n- 4-one;
2- (6-am nopurin-9-yl net hyl ) - 3- butyl - 3H qui nazol i n-4 one;

2- (6-am nopuri n-9-yl net hyl ) - 3- nor phel 2é% 4-yl - 3H qui nazol i n- 4- one;

2- (6-am nopurin-9-yl methyl)-3-(2'-chl orophenyl)-7-
fluoro-BFLquinazolin-43@ne;Thadcompound of claim 31 wherein X is

2- (6-am noputjh-9- thyl):5-chl oro- 3- uin ne- 4-one. WD
51 a1oue porreledsdaTPEOK! Lo SRAEOS3REILE Nt RavFﬁ %g#éral st ruc-
tural fornul@H@CH;xCHV@H;)xlGE@GH(Eﬂ3bptam@a¢K@H§qbst|tuted wher ei
nonocyclic or bicyclic ring systemcontaining at |east two nitrogen
atons,-,and at least.one ring of the systemis aromatic; X is selected

fromthe group consist3dng oTheCHBhpoGHACHRO-1anth Gi-GheRebh v Ysi s sel ected
Ergg]zﬁeaggougkﬁgnsé £E§§SEL6 S%ELp gongggtlng o?Hnugl = ( C%d (=9 . ¢

34. The compound of claim 31 wherein the
A ring system is selected from the group consisting
of imidazolyl, pyrazolyl, 1,2,3-triazolyl, pyridi-
zinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
purinyl, cinnolinyl, phthalazinyl, quinazolinyl,
gquinoxalinyl, 1,8-naphthyridinyl, pteridinyl, 1H-

indazolyl, and benzimidazolyl.



R1 and R2, independently, are selected from the group consisting of

hydr ogen, Cl1_6al kyl, aryl, heteroaryl, halo, NHC (=0 Cl1_3al kyl eneN (Ra)
2, N®R2, GRaois8%w3. N (Ra) 2, CN, OC (=0 Ra, C (=0 Ra, G@dr7d1/4%3s

aryl ORb, Het, NRaC (=0) C1.3al kyleneC (=0) ORa, aryl OCl_3al kyl ene N (Ra)
2i arylOC (=0 Ra, Cl.4al kyleneC (=0 ORra, OC1.4al kyl- eneC (=0 ORa,

Cl _4al kyl eneCC1. 4al kyl eneC (=0) OR a, C(=0) - NRaSQ2Ra, Cl1. 4al kyl eneN (Ra)
2, C2.6al kenyleneN (Ra) 2, C (=0) NRagk 4al kyl eneORa, C (=0)

NRaCl. 4al kyl eneHet, OC2. 4a|ky|eneN (Ra) 2, OC1.4al kyl eneCH (ORb) CH2N (Ra)
2, OC1. 4al kyl eneHet, 2 _4Eh& yd@nstiiRad decBaiMyBEnﬁheﬁEmﬂ:th@) OR-,

NRaCl. 4al kyl eneN (Ra) 2 NRaC (

(S02C1_4al kyt)*T Jznél\fﬁ% %ﬁ‘é‘?@ fr Raﬁ“‘% %O‘éli E%%ﬁt%%mg

Cl. 3al kyl eneaf yl , CI. 4a|ky|eneHet WO 01/ 81346 PCT/US01/13315 - 258
Cl_6al kyl eneORb, C _3al kyleneN (Ra) 2, C (=O N (Ra) 2, NHC (=0)

Cl- C3al kyl enearyl, C3_8cycl oal kyl, C3.8phetero- cycl oal kyl,

aryl o 3al kyl eneN (Ra) 2, aryl OC (= NHC (=0)

Cl. 3al kyl eneC3_8het er ocycl oal kyl , (=0)] C1-3- al kyl eneHet,

OCl. 4al kyl eneCCl1 4al kyl eneC (=0) ORbN.C ) O _4al kyl eneHet, and NHC (=0
hal o _6al kyl; or R1L and R2 are taken together to forma 3- or 4-nenbered
al kyl ene or alkenylene chain conmponent of a 5- or 6-nenbered ring,
optionally <containing at |east one heteroatom R3 is selected fromthe
group. consi sting of optionally substituted hydrogen, Cl-,alkyl, C3.8cyclo-
al kyl , C3.8heterocycl oal kyl, C1.4al kyl enecycl oal kyl, C2.6al kenyl ,
Cl_3al kyl enearyl, aryl d _3alkyl, C (F0) Ra,

N

N
+)
H



aryl, heteroaryl, C (=0 OrRa, C(=0) N(Ra) 2, C(=S) N (Ra) 2, SO02Ra
SN (Ra) 2, S (=0) Ra, S (=0) N (Ra) 2, C (=0) NRaCl_4- al kyleneOra, C
(=0) NRaGhoApldfydeeneHet, C(=0) Cl1_4al kyl- enearyl, C (=0) pcr/uso1/1331s

Cl. 4al kyl enehet eroaryl, Cl.4al kyl enearyl optlonally substituted with one
or nore of halo, SO2N(Ra) 2, N (Ra) 2, C (=0) ORa, NR-S02CF3, CN, N2, C
(=0) Ra, ORa, Cl.4alkyleneN (Ra) 2, and OCl. 4al kyl eneN (Ra) 2,

Cl. 4al kyl enehet eroaryl, Cl.4al kyl eneHed3 <Cl. 4al kyl ene- C (=0)

Cl. 4al kyl enearyl, Cl1. 4al kyl eneC (=0) Cl1. 4al kyl ene- heteroaryl,
Cl_4al kyl eneC (=0) Het, C1.4alkyleneC (=0) N (Ra) 2, C1.4al kyl eneORa,

Cl 4al kyl eneNRaC (=0) Ra, Cl1_4al 1 4al kyl eneCRa, Cl1. 4al kyl eneN (Ra)
2, Cl.4al kyl eneC (=0) ORa, and Cl.Mal kj{l eneOCl14al kyl ene- C(=0)CRa; Ra is
selected fromthe group consisti ogen, Cl. 6al kyl, C3.8cycl oal kyl,

n
C3. 8heterocycl o- al kyl, C1_3al ky ene 2, aryl, aryld _3al kyl,
%}L\glkyl and
USOIH&§315 - 259 or tw Ra

Cl. 3al kyl enearyl, heteroaryl, het
Cl. 3al kyl eneheteroaryl ; WO 01/ 813% 6 P

groups are taken together to form a 5- or 6-nmenbered ring, optionally
containing at |east one heteroatom Rb is selected fromthe group
consisting of hydrogen, d _6alkyl, aryl, heteroaryl, aryl d _3aikyl,

het eroaryl C _3al kyl, Cl1 3a|ky|eneary| and Cl. 3al kyl - eneheteroaryl; Het is
a 5- or 6-nenbered heterocycllc ring, saturated or partially or.fully

unsat ur at ed,
N
£
N\%N

36. The compound of claim 31 wherein the
A ring system is substituted with one to three
substituents selected from the group consisting of
N(R*),, halo, C,,;alkyl, S(C,,alkyl), OR?*, halo, and

OH

CH,OH OH



containing at | east one heteroatom selected fromthe group consisting of
oxygen, nitrogen, and sulfur, and optionally. substituted with Cl-, al kyl
or C (=OwdRajs1s4ad pharnaceutically acceptable salts and mwalhwatigssishereof,
with the provisos that' if X-Yis CH2S, then. R3 is different fromCF3 d
C WD 01/81346 PCT/US01/13315 260 d \ CF3 C.-H3 CH3 NNCH3 "J~I CH3
and if X-Yis CH2S, then R3 is different from-CH2CH (OH) CH2OH
substituted phenyl WO 01/81346 PCT/USP44 13315 - 261 32. The conpound of
claim 31 wherein Xis selected fromthe group consisting of CH2, CH2CHZ,
CH=CH, CH (CH3) , CH2 &H.(CHB: coapdufd(6H3rl2im 33. wheeedampbend of claim

31 wherein Y, is. selected fromthe.grou co |st|n null, S, and NH.
34. The cor‘rp%ujﬁjdn%fsgfg?% 3% ﬁﬁ%?gﬁgugﬁg ggt %H‘FI FS selected from
t he group cogsbstitigents selected from the group consisting of

NH,, NH(CH,), N(CH,),, NHCH,CH., NH(C,H,), Cl, F, CH,,

SCH,, OH, and

OH

CH,OH OH

38. The compound of claim 31 wherein R?
and R?, independently, selected:from the group
consisting of hydrogen, OR?*, halo, C, .alkyl, CF;, NO,,
N(R®),, NR®C, j;alkyleneN(R%*),, and OC,;alkyleneOR®.
Specific substituents include, but are not limited
to, H, OCH,, Cl, Br, F, CH,, CF,, NO,, OH, N(CH,),,

NHCH,CH,-N 0
N

and O (CH,) ,0CH,C.H;.

39. The compound of claim 31 wherein R*
and R? are taken together to form a five- or six-

membered ring.



of imdazolyl, pyrazolyl, 1,2,3-triazolyl, pyridi- zinyl, pyrimdinyl,
pyrazinyl, 1,3,5-triazinyl, purinyl, cinnolinyl, phthalazinyl,

qgui nazol i Wy o01/818441 noxal i nyl , 1, 8-napht hyri di nyl, pteridi nyWor/ddthaszigazol yl,
and benzi m dazolyl. WD 01/81346 PCT/USO01/13315 - 262 35. The conmpound of
claim 31 wherein the A ring systemis selected fromthe group consisting
of 1:) H/ N NNN H CH3 W 01/81346 PCT/US01/13315 - 263 O YNN <
N CH3 and N~/N 36. The conpound of-ct@sm 31 wherein the A ring systemis
substituted with one to three substituents selected fromthe group

consi sting of 40. The compound of claim 31 wherein R® is

selected from the group consisting of C,  alkyl,

aryl, heterocaryl, C,cycloalkyl, C, ;heterocycloalkyl,
C(=0)0OR?*, C,,alkyleneHet, C, ,alkylenecycloalkyl,
C,.,alkylenearyl, C, ,alkyleneC(=0)C, ,alkylenearyl,
C,.,alkyleneC(=0)0OR?*, C,_,alkyleneC(=0)N(R*),, C, ,alkyl-
eneC (=0)Het, C, ,alkyleneN(R?*),, and C, ,alkyleneNR>C-
(=0)R?.



N (Ra) 2, halo, Cl_3alkyl, S (Cl_3alkyl) , OR halo, and OH O CH2OH OH WD
01/81346 PCT/US01/13315 - 264 37. The conpound of claim 31 wherein the A
ring systewjgisisigbstituted with one to three substituent pEai®ehsdsfrom
the group consisting of NH2, NH (CH3) , N (CH3) 2. NHCH2 C6H5 , NH (C2Hb5)
, d, F, CH3 1 SCH3, OH and OH O CH20H OH 38. The conpound of claim 31
wherein RI  and R2, independently, selected fromthe group consisting of
hydrogen, ORa, hal o, Cl_6al kyl, CF3, 2N&®,- N (Ra) 2, NRaCl_3al kyl eneN
(Ra)2, and OC1. 3al kyl eneORa. Specific substituents include, but are not
limted to, H OCH31 €1, Brhe Fco@BInCrIf ANRimCB]l WERB) A, RNHGH2CH2- N ~0
and 0 (CH2) 20CH2C6 39., .The conpound of cl ai m. 31 _wherei and R2 are
Caken { oget KT 18 ForFTanT 1o o0 (B Son b EPador 1 18 o GLAT345
PCT/ USO1/ 133H5,1 - 1285 rddryTheNcgnmpo®id, of Nrdcai=n) &t , whére) ocRB,is sel ected
fromthe gro onsi sting of Cl.6alkyl, aryl, heteroaryl, C3_8cycloal kyl,
JeRGH g T

C3_Shet eroc 21
_CH2\©



C (=O ORra, Cl_4al kyl eneHet, d _4al kyl enecycl oal kyl, Cl. 4al kyl enearyl,

Cl 4al kyl eneC (=0 d _4al kyl enearyl, Cl.4al kyl eneC (=0 ORa, Cl. 4al kyl eneC
(=O N (Rajo A/s15dk- 4alkyl - eneC (=0 Het, C1.4al kyl eneN ( Rdrndso1454s

Cl_4al kyl eneNRaC- (=O) Ra. WD 01/81346 PCT/US01/13315 - 266 41. The
compound of claim31 wherein R3 is selected fromthe group consisting of
ORa, Cl_6al kyl, aryl, heteroaryl, N2, N (Ra) 2, NRaC (=O Ra, C (=0
OC2H5, CH2CH (CH3) 21 -CH2 -N O J-24¥ W) 01/81346 PCT/US01/13315 - 267
-NN-CH3 -CH2--a -CH2CH2 and WO 01/81346 PCT/US01/13315 - 268 42. The
conmpound of claim31 wherein R3 is _substituted with a substituent sel ected
fromthe group consisting of hal m Cl. 6al kyl, aryl, het- eroaryl,

N2, N(Ra) 2, NRaSRCF3, NRaC (=, Ra, X>-CHg) ORa, SO02N (Ra) 2, CN, C (=0
Ra, C _4al kyl eneN (Ra) 2, OCl.4al kyl-—£neN (Ra) 2, and N (Ra) Cl1_4al kyl eneN
(Ra) 2 . 43. The conpound of claim31 wherein R3 is substituted with a
substituent selected fromthe

—<

‘CH2—<]

, and

-
g



group consisting of d, F, CH3, CH (CH3) 2, OCH3, C6H5, NO2, NH2, NHC (=0
CH3 , C2H, . and N (CH3) CH2 CH2N (CH3) 2 .
WO 01/81346 PCT/US01/13315

- 268 -

42. The compound of claim 31 wherein R® is
substituted with a substituent selected from the
group consisting of halo, OR?®*, C, alkyl, aryl, het-
eroaryl, NO,, N(R%,, NR2SO,CF,, NR3C (=0)R?, C(=0)OR?,
SO,N(R%*),, CN, C(=0)R*, C,,alkyleneN(R*),, OC, ,alkyl-
eneN (R?),, and N(R?)C, ,alkyleneN (R?),.

43. The compound of claim 31 wherein R® is
substituted with a substituent selected from the
group consisting of Cl, ¥, CH,, CH(CH;),, OCH,;, CgH,
NO,, NH,, NHC (=0)CH,, CO,H,- and N(CH,)CH,CH,N (CH,),.



