WD 03/074083 PCT/ 1 B03/00615 5 10 COVBI NATI ON THERAPI ES FOR TREATI NG
METHYLTHI QADENGCSI NE  PHOSPHORYLASE DEFI Cl ENT CELLS 15 Field of the

| nvent i orwd®30h083 i nvention rel ates to comnbi nati on t her apipes/iBaoobreat i ng
cell proliferative disorders in methylthi oadenosine, phosphorylase (" MIAP")
deficient cells in a mammual. The conbination therapies selectively kil
MIAP-deficient cells when an inhibitor of de nova inosinate synthesis is
adm nistered with an anti-toxicity agent. Mre particularly, this
invention relates to conbination therapies 25 conprising an inhibitor of de
nova i nosinate synthesis selected frominhibitors of glycinam de

ri bonucl eotide fornyltransferase ("GARFT"), am noini dazol ecar boxi m de

ri bonucl eotide fornyltransferase ("Al CARFT"), or both, and an
anti-toxicity agent selected from MIAP substrates, precursors of

met hyl t hi oadenosi ne ("MIA"), anal ogs of MIA precursors, or prodrugs of MIAP
30 substratgs. WO 03/074083 PCT/|1B03/00615 -2- Background of the Invention
Met hyl t hi oadenosi ne phosphoryl ase ("MIAP") is an enzyne involved in the
met abol i sm of pol yam nes and purines. Al though MIAP is present in all 5
heal thy cells, certain cancers are known to have an incidence of

MIrAP- defi ciency. See, e.g., Fitchen et al., "Methylthi oadenosi ne
phosphoryl ase deficiency in human |eukem as and solid tunors,"” Cancer
Res., 46: 5409-5412,(1986); Nobori et al., "Methylthioadenosine
phosphryl ad€@ deficiency in human non-small cell lung cancers," Cancer

Res., 53: 1098-1101 (1998HpMBINAAIONTPHERAPIES FOTeTREAFI®IGOSI ne
5'-triphosphate ("ATP") production rellns on tg al vage or synthesis of
adenyl ate ("AMP"). In heal t hy, MFREYZIHIO: gﬂﬁ AWP is produced
primarily through one of tmd@mkﬂhsnfmmmmocmmt hesis of the
internediate inosinate ("IMP"; i.e., the de novo pathway), or (2) through
t he MIAP-nedi at ed sal vage pathmay. In contrast, in MIAP-deficient 15 cells,
AMP productison proceeds primarily through the de novo pat hway, while the
MIAP sal vage pathway is closed. Accordingly, when the de novo pathway is

al so

Field of the Invention

20 This invention relates to combination therapies for treating cell proliferative
disorders in methylthioadenosine phosphorylase (“MTAP”) deficient cells in a
mammal. The combination therapies selectively kill MTAP-deficient cells when
an inhibitor of de novo inosinate synthesis is administered with an anti-toxicity
agent. More particularly, this invention relates to combination therapies

25  comprising an inhibitor of de novo inosinate synthesis selected from inhibitors of
glycinamide ribonu‘cleotide formyltransferase (“GARFT"),
aminoinidazolecarboximide ribonucleotide formyltransferase (“AICARFTI”), or
both, and an anti-toxicity agent selected from MTAP substrates, precursors of
methylthioadenosine (“MTA”), analogs of MTA precursors, or prodrugs of MTAP

30  substrates.



turned off, MIAP-deficient cells are expected to be selectively killed. The
MIAP- deficient nature of certain cancers therefore provides an opportunity
t o desi grwohanapses that sel ectively kill MIAP-defici ent @®@€riBo3nw61s
preventing toxicity in 20 MIAP-conpetent cells. Several attenpts have been
made to selectively target cancers def| cient in MIAP in manmmal s by
inhibiting the de novo pathway. One att-enpt enpl oyed the inhibitor

L-al anosine, the L isoner of an antibiotic obtained from Streptonyces

al anosi ni cu i ch ﬁwenuo conversion of IMP to AMP by inhibition of 25
adenyl osucci%%k%—g%glg%?se——éee e.g., Batova et al., "Use of Al anosine as
a Methylthi oadenosi ne Phosphoryl ase-Sel ective Therapy for T-cell Acute
Lynphobl astic Leykemg.In vitro: ch 59:; 7 (1999);
W99/ 20791; U.S. W-‘é‘ﬁFo .OS%‘,“’@%*P%Q”GL( gﬁ%&’a PR g‘g‘%ul"%é?‘%s early
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or differentjate tients 30 whose cancers were Furt her
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antitunor activity. Bl ockage of earl jer st ngvo AMP  synt hesi s
pat hway, i . eleukegigiand gelidypmaes, {cRpsen e %@ﬁgﬁég#@(ﬁéﬁé RSt Hlgat ed usi ng
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"DDATHF"). Ininitial clinical trials m ni stration of |onetrexol

resul ted in casesret EangesRased: 163801 (1993 ) Alati et al. asserted that
| ometrexol's severe toxicity was attributable to lower folate levels in

hlﬁman pl ggma as C&i@h@{ﬁvfﬁ(ih Figuiidi 1C@de|nos(uﬁs| lttiptdkphate. (“Awgl]ﬁdmwdﬁegh@; ]the b
Terapeutlc Act|V|ty of Lonetrexo ) e tra rof ol ate y
Oral Folic A e salygeseppynghesis Ogﬁienﬁétgi %9 ?ﬁ@’%ﬁ’} %ﬁ%ﬁ & toxicity
probl ems havgjbeenpg Mb%@bﬁﬁax\i‘l‘ytﬂﬁo 3&88%0 Msemiﬂhd’%rr@vo pot ent | MP
synthesis inhibitor t | onet r exol . rzalla, et al "Antit

Ther apeut i c $ynthesis @fthw%msmteu%osmﬁﬁsr(‘mof -tthe ‘fl%@r"é@%t@}ffaﬁo?rl(% ACI d

Suppl ement at 00 of, thMe&p M dtid ARFe PRV O s Rtk fih MIEAR-dElicRint * Proc. AACR
37: 0197-016X 51996) 15 Lonetrexol and LY309887 relied predom nantly on

t he menbianecdls| AVE prctﬂuﬁtenmowdﬁrémwn(y'thﬂsgh fhedg povo paser Vhiledhe cel Is. As
menti oned ab gé y;%lﬁ{refyalg Elggédokcé;&ﬂﬁél&e%ﬁ)én tﬁ@ge M@Q%@Zy ikegyl ted in

mar kedly hig X1 Ci 1ativel ower circulating folate
|l evel s (e.qg. tumy;d&)rﬁ%MT\A%dﬁﬁcmhMﬁelﬁemﬁCWé@ye SeleptlYﬁéESklﬂ%nT@%B&'t ed that

the undesirakl lf%le}n &rle% c?e?s ﬁ&ei}oﬂ,;ﬂrml?é%raﬁ 8pﬂ(ﬂ'ﬁﬂﬁt§;w QLiby in mammal s

with | ower citcu eve
therapies that selectwely k111 MTAP-deficient cells by preventing toxicity in

20 MTAP-competent cells.

Several attempts have been made to selectively target cancers deficient in

MTAP in mammals by inhibiting the de novo pathway. One attempt employed the
inhibitor L-alanosine, the L isomer of an antibiotic obtained from Streptomyces
alanosinicus, which blocks the conversion of IMP to AMP by inhibition of

25  adenylosuccinate synthetase. See, e.g., Batova et al., “Use of Alanosine as a
Methylthioadenosine Phosphorylase-Selective Therapy for T-cell Acute
Lymphoblastic Leukemia In vitro”, Cancer Research 59: 1492-1497 (1999);
W099/20791; U.S. Patent No. 5,840,505. L-alanosine failed in its early antitumor
clinical trials. Those early trials, however, did not identify or differentiate patients

30  whose cancers were MTAP-deficient. Further clinical trials have been initiated.



to their high affinity for the nFBP, which is unregulated during tinmes of
folate deficiency. See Antony, "The Biological Chemstry of Folate
Recept or swO oBloows3 79: 2807-2820 (1992); see al so Pi zzor mOTABOZI0615

"5, 10-Di deazatetrahydrofolic Acid (DDATHF) Transport in CCRF-CEM and MA104
Cell Lines, " J. Biol. Chemstry, 25 268: 1017-1023 (1993). These toxicity
pr obl ens have led to the use of folatd- supplementation in later clinical
trials with inhibitors of GARFT. Since MIAP provi des a sal vage pat hway for
AMP producti on ( e ATP ! on of a
substrate for efé“hg" {ors qud?ﬁmft hi oagll‘{ﬁéosés‘lq{r%l’e %ﬂ,@k&;\%}%ﬁ%ﬁ with a de
novo AMP ini’dukﬂletdctbnanwaﬁnoenaemtyeBlo’&ﬁage@fearhmsapautthe d@navoMty of the

i nhi bi tor AR- Cc et ent

PCT/ | BO3/ ooe‘i’BNq;eSISzlP 8y it Wléflkﬂﬁ%g 8§?Ylot nstyr‘@“‘s W\/\an%ét%ZéQ &M s. This

theory has btﬁ@IMBX)trﬂ{tSﬂs wehlibitor aidaai:aedaﬂy;amfmemamtmxoﬁf ofMTA wi t h
L- al anosi ne. See

Met hyl t hi oadé?%nﬁ%’) ﬁb‘gﬁﬁt‘ﬁ E la%e"rderg’ﬂ'is@agm‘?’ﬂje]roﬁlﬁge’foiFes"?lte?é]ilI Acut e

Lynphobl ast i &vd:6WsRiEokibitivs. t Alati et {loaseted Raslemendkob9 sevirk3xidi07 (1999); S
Batova et al., "Fr eﬁent Deletion in i\he Met rrlﬁ/l t hi oadegom ne Phosphoryl ase
Gene in T- CEyattribyietle aperdBlatdlpyeds ip panplastags comagre © Hisy-

Enzyme- Tar ge(chgl et-gheAﬁ‘@Hentatﬁh%Pﬂle TB&apcti8 AcHRILL R0l [:@Rﬂ/l20791 U.S.
Pat ent No. 840, 505 Eurfﬁﬁbean Pat ent Publicati on (l}ﬁ 22 o‘ig

descri bed ab’é\ﬁéﬁzaﬂ?ﬁﬁyé’f?@el y Qraf EoljeAgich CRpder fese SE v b INP to AVP,
after thg de; ro RS Slefhs HévelﬂyE’n enbBuntéted wnﬁtqemsn@n%me@ descri bed

above assert t age of earlier ste in the de novo AMP synt hesi s
pat hway, epot%ﬂMéJgéhQSﬁ HéeblF%\ﬂ@nll‘PWﬂr%ﬂﬂnt #lla, etby ARG t i n

i nhi bition A Y08 oro RAlW B Bk EoiSXGHNeS S as wel |, and
woul d t hus prev nt i rom sel ect .‘?/pé"y rescui ng P- conpetent cells.

Hori et al, Siyplamentetioroinddicedaimsaimdonshionase Bg@lwtif rag d45RSdt i on Al ters
Sensi tivi ty 6@7@ 199@ of Purine and Methionine in A549 Lung Cancer

Cel l s", Cancer Res " 56, 5656 (1996). This hypothesis was borne out by
experi ments i nvol vi ng the sinultaneous in vitro admnistratjion of MIA with
ei ther | bet r exol Logreirakal BndrbY PRASS & xedicd preflemipanty,qI the Semhrang iyl t or of

gl yci nam de 1;%&9?2&% 8 Pf’PFoWMsf)@{‘ﬁlft@&ﬂ§eA£ m&HRELd dbovyher eas

nmet hot r exat e rily di h{rdr of ol at e reductase i nhi bi tor that al so
inhibits GAdermamatloamfmqmemm& 30998 % rasilted in maeksdly highttpdety in

formyl transfgr %ﬁﬁls wifh! (SaRely o e{/ﬁfculaﬁﬁ%ﬁﬂi@ﬁ%ﬁ @@hmﬁé}ﬂ WRighot r exat e,

si mul t aneous " adm Ni St rati o o did not conpletely
restore cel | canmuddo atice).nk hapleen suggpsted th@ﬂ@r@ldﬁ@ablerﬁ@eqﬂw%ihe%s of the

I nhi bit obg- Sn?l%ltors, part?ctula%g"m (ARGl vﬁﬂﬁoweéc@rculé%ﬁfofag&g@l& is related

to their high affinity for the mFBP, which is unregulated during times of folate
deficiency. See Antony, “The Biological Chemistry of Folate Receptors,” Blood,
79: 2807-2820 (1992); see also Pizzorno et al., “5,10-Dideazatetrahydrofolic Acid
(DDATHF) Transport in CCRF-CEM and MA104 Cell Lines, * J. Biol. Chemistry,

25 268:1017-1023 (1993). These toxicity problems have led to the use of folate
supplementation in later clinical trials with inhibitors of GARFT.

Since MTAP provides a salvage pathway for AMP production (and
therefore ATP production), administration of a substrate for MTAP, e.g.,
methylthioadenosine (“MTA™), along with a de novo AMP inhibitor, was expected
30 to counteract the toxicity of the inhibitor in MTAP-competent (i.e., healthy) cells



25 There is a need for effective conbination therapies for treating cell-
proliferative disorders having incidence of WAY-deficiency. SUWARY OF THE
| NVENTI ONWOTRhi0st08hvention rel ates to a nethod of sel ecti velcy/aRoddostrsg

net hyl t hi oadenosi ne phosphoryl ase (MIAP)-deficient cells of a mammal by 30
adm nistering a therapeutically effective anount of an inhibitor of

gl yci nam de WD 03/ 074083 PCT/ | BO3/ 00645 -5 ri bonucl eoti de

formyl transferase (" GARFT") and/ or am noi m dazol ecar boxi m de

ri bonucl eoti,de for r " FE a6k, By ' an
anti-toxici tb fn é&b@ﬂqﬁ) dagﬁle% %éﬁfce FI i\ﬁ(lalg Ehga?glgreasgh? Sgd >9<] mal |'y
tgl er at 1(_'ad dgﬁlgwdﬂay'rchlﬁbmatlﬂmdﬁM'm wghheaimomne .n8ceangi Batoya abiaty'Usgent i s
adm ni stere urjn after.5 a ti Lnpi ki tar.
Preferably, ‘Atl?ﬂé’s’&ﬁg? gp%%yﬁ‘lf’%fie%sg}?t ?5ct% 213&¥Vr6 tgﬁgra%)ﬂ%e&qrctggp consi sting
?L MFAfP S:JbSth&tI%&npﬁﬂbla@chﬁﬁkegﬁa MszAE’awbﬂtJeataé§9 1192-169hEPHHL | ons
ereo n_one e the anti-toxi.city a of MIA
havi ng Por R#fyagt v\g]é:‘?e%‘feﬁf ]pg@mnpa% l\éﬁgﬂ&ﬁ?fémﬁ% Eﬁqsgp nlaser@e e]g i ned bel ow:
tw NH2t R:ll i @(%éll%t&ﬁnﬂéﬂla&ielﬁﬁk&ma |suafégib@fdkzgazﬁ4e5Targbted AI ternatively,
eanl-OX|C|ya IS a r For | .ncWherein Rm
and R' are adeuer. BEednts: 4463- ﬁ)ﬁﬁl(l%ﬁb%%{@ﬁﬁqgg@tw‘% %826 Sf)g (XI). Ina
preferred emhedicalPiteR Publitftidn NS bTBB2A1 s ﬁ&ﬂhﬂ)d@l&ﬂ)b&ﬂuamﬁbﬁm’ i ncl udes
one or nore inhibitors of GARFT and/or Al CARFT which a Sfiﬁefil}#at I ves

5-thia or 5-askiteinbipjtthasoayeses ef MEMAMBLIEHIE 4F APHGYH c acid
nmoiety. In this enbodiment, the 5-thia or 5-sel enopyrm d| nonyl conpounds
contai nijpg a The L-alanosine studies described above assert that blockage of earlier

steps in the de novo AMP synthesis pathway, i.e. blockage of de novo IMP
synthesis, would result in inhibition of not only AMP synthesis, but guanylate
synthesis as well, and would thus prevent MTA from selectively rescuing MTAP-
-competent cells. Hori et al, “Methylthioadenosine Phosphorylase cDNA

15 Transfection Alters Sensitivity to Depletion of Purine and Methionine in A549
Lung Cancer Cells”, Cancer Research, 56, 5656 (1996). This hypothesis was
borne out by experiments involving the simultaneous i# vitro administration of
MTA with either lometrexol or with methotrexate. Lometrexol is an inhibitor of
glycinamide ribonucleotide formyltransferase (“GARFT”), whereas methotrexate

20 is primarily a dihydrofolate reductase inhibitor that also inhibits GARFT and
aminoinidazolecarboximide ribonucleotide formyltransferase (“AICARFT”). For
both lometrexol and methotrexate, simultaneous administration of MTA with the
drug did not completely restore cell growth at therapeutically desirable
concentrations of the inhibitors. See Hori et al, Cancer Res., 56, 5656 (1996).

25 There is a need for effective combination therapies for treating cell-

proliferative disorders having incidence of MTAP-deficiency.

SUMMARY OF THE INVENTION
This invention relates to a method of selectively killing
methylthioadenosine phosphorylase (MTAP)-deficient cells of a mammal by

30  administering a therapeutically effective amount of an inhibitor of glycinamide




20 glutamc acid noiety have the Fornmula |, wherein A, Z, Rl, R2 and R3 are
as WO 03/074083 PCT/1B03/00615 -6- defined herein below 0 0 CO2R2 A HN
ZN CO R wo-+#3/0H088 JN a HNR H (I). Preferably, the compCcmaBometsher apy
conprises GARFT inhibitors having 5 Formula VI1, and the tautoners and
steroi soners thereof, whereinlL, M T R20 and R21 are as defined herein
bel ow. CO2R20 O HN L CO2R21 HN~ M s 70 HZNNN NH (M1). Mst preferably,
the GARFT inhibitor is a conmpound haV| ng the chemcal 10 structure: O\ N

C2H NH - Py ucI%Atlde %%ﬁranﬂgllgse “ W ") ahﬂ/o?&ﬂﬁlgﬁﬁ g&%l%%b&%ﬂ% el he

|nh|b|torso smates esi’'s are Itors specific to GARFT
and are pr efmoab¢1yotﬁé\ﬂ2ﬁiﬁyltmhstbnaseo(f‘émmlﬂﬁg, aad a&nm&di)@g@ﬁaﬂﬂtbxt@ﬁsr/ | BO3/ 00615

-7 glutam c aci d or fine F la | \Vh, wherein n, Db M
Ar. R0 an Ga%o;&tfn an ala ﬁfgg& eroye 1In(hre S€ ﬁw maxﬂnélﬂl 1612fat0d' Bse o the
inhibitor, wherem the anti-toxicity agent is administered during and after
5 administration of the inhibitor. Preferably, the anti-toxicity agent is selected from
the group consisting of MTAP substrates and prodrugs of MTAP substrates, or

combinations thereof.

In one embodiment, the anti-toxicity agent is an analog of MTA having

Formula X, wherein Ry1, Ras, Ru3, Rag and Rys are as defined below:

R41 N / \
R4 - Raa Q/N
10 Rss BRus
X)-
Alternatively, the anti-toxicity agént is a prodrug of MTA having Formula
X1, wherein Ry, and R, are as defined below:
s o ~ N NH;
~Or
e %
3 Q
I:km/ Ry
15 (XD.

In a preferred embodiment of the invention, the combination therapy
includes one or more inhibitors of GARFT and/or AICARFT which are derivatives
of 5-thia or 5-selenopyrimidinonyl compounds containing a glutamic acid moiety.
In this embodiment, the 5-thia or 5-selenopyrmidinonyl compounds containing a

20  glutamic acid moiety have the Formula I, wherein A, Z, Ry, R, and R3 are as



OH ""I'" ArYN CO2R20 )--**'~ /(CH2)n 0 CO2R21 RN NN H (IV). 5
Alternatively, the present invention includes conbination therapy with

i nhi bi t orwogpecioBs c t o Al CARFT and are preferably Al CARFTPCRhB@/G615s havi ng
a glutamate or ester noiety as defined in Fornmula VIII, wherein A, W R1,
R2 and R3 as defined herein below OO0 CQR2R1 R2 HNWNI HO H2N\N
NHR3 10 (VI11). Additional inhibitor&-specific to Al CARFT are al so

di scl osed bel ow. This conbination therapy is adm nistered to a mammal in
need t hereof. Prefera?lvy., the manmal is a human and the anti-toxicity
agent is adiFHISPSIRPYS" t he marmal parenterally or orally. In a further
preferred enbodinent, the anti 15 toxicity agent is adm nistered during and
after each dose of thefinhibitor In £%fother enbodi nent the anti-toxicity
agent is admnistered flo thg ma IMpI e bolus or punp dosing, or
by sl ow rel ease for athefis >4 anNtost™pr ékewr; ed enbodi nent, the net hod
is used to treat a cell d oliferatie disorder selected fromthe group
conprising lung ca Eg_'a, glioma, urothelial 20 cancer, colon
cancer, breast caficer, prosHat€® cancer, pancreatic cancer, skin cancer,
head and neck cancer. WO 03/074083 PCT/1B03/ 0615 -8 The present invention
is alternatively directed to a conbination thérapy wherein the inbhibitor

of GARFT and/ or RieGARNE, titoembiration thewpn compisebGARER gnhibifdrs kaving t o a

menbr ane _bi ndi n at ot ei n . t henk rRhpbiter is
predom nant | y @35@;38‘?@5%{%“% c?rsca(éﬂggf%sf aegsretééj%%lgﬁﬂ?rglﬁgf lé}[’?gﬁoiagég pr ot ein.
In a 5 furt ey aernelidheébereintbeldwvrent, the inhibitor is an inhibitor of GARFT

having Fornula VII. Mre preferably, the inhibitor is a conpound havi ng
t he chem cal ) CO4Rz0

T ‘<_/
0 HN
HN I M S
Ty
HoN N N
H

0]
Most preferably, the GARFT inhibitor is a compound having the chemical

(VID).

10  structure:

0 H
I \_ N COH
NH o S \A/\/
/k I O  COgH
HNT SN N
H .

In another embodiment, the inhibitors of de novo inosinate synthesis are

inhibitors specific to GARFT and are preferably GARFT inhibitors having a

15



structure: O/ NCO2H NH,,a0 S~ ~1 OC2H HN' "N N H BRIEF

DESCRI PTION OF THE DRAWNGS 10 FIG 1 is a chart depicting the

i ntracel Iwbas/omesiabol i ¢ pat hway for production and sal vageTaBoxzmersyl at e
(AMP). FIG 2 is a chart depicting the de novo inosinate (I MP) synthesis
pathway. FIG 3 is a graph indicati ng7the growt h inhibition of

MIAP- conpetent SK- 15 MES-1 non-snall”cell lung cancer cells treated with
varying concentrations of Conpound 7 alone or with a conbination therapy of
Compound 7 a f gmﬁ&{aﬂqp FIG 4 is a
tabl e indica |tﬁél9%¥ld%d%ﬁfﬁgﬁ%fd%@\%¥ro se élgﬁe%eﬁ g\?g ggflR Conpound
7 grow h i nhatslRay endefimedAlesginbelnpet ent ver sus MIAP-defi ci ent cel I s 20
treated with Conpound 7 and MIA, as in Exanple 3(A) below. FIG 5ais a
chart depicting the in vitro cytotoxicity of BxPC-3 cells transfected with
t he MIAP gene when treat ed with vary| concentratl ons of Conpound 7

ei ther alone or i 882M dcSAMe, as in Exanple
3(B) below. 25 0740 3 PCJF/IBO /00615 -9 FIG 5b is a chart depicting
the in vitro cy i t yoaf)y, MTAP- def i ci @mi,;, BxPC-3 treated with varying
concentrati o of ®onpo 7d 7 in combination with either 50 .tM MIA or 50
gM dcSAMe, as in Exanple 3(B) below. FIG 6 is a table indi cating t he

sel ective reduction of Conmpound 7 5 cytoxicit{¢Vby MIA in isogenic pairs of

MIAP- conpet ent and MIAP-deficient cell lines. FIG 7 is a table show ng
the reduced gr owt AyidrtivBily ! th@ PreSnt ﬁ%’ﬂ%ioﬂ%dhfa@s c&ﬁ\ﬂﬁe{%@ﬂtﬁé%p?%tﬁ'ther Conpound
1 or Conpound 3, in conbination wth MIA P- conpet ent_ NCI - H460

cells, as debbibitorsdpicificeddBnRIEen) am@rqféxﬁblxmme@tO@ﬁ hgvigpl showi ng t he
reducti on | n%gfa ﬁtw@stzr HNEG QUL Ll Yo FRmuB TS whbk R AVRA IEXROsHTE for

varyi ng peri
as defined herein below.

10 (VIID).
Additional inhibitors specific to AICARFT are also disclosed below.

This combination therapy is administered to a mammal in need thereof.
Preferably, the mammal is a human and the anti-toxicity agent is administered to
the mammal parenterally or orally. In a further preferred embodiment, the anti-

15  toxicity agent is administered during and after each dose of the inhibitor. In
another embodiment the anti-toxicity agent is administered to the mammal by
multiple bolus or pump dosing, or by slow release formulations. In a most
preferred embodiment, the method is used to treat a cell proliferative disorder
selected from the group comprising lung cancer, leukemia, glioma, urothelial

20  cancer, colon cancer, breast cancer, prostate cancer, pancreatic cancer, skin cancer,

head and neck cancer.



FIG 9 is a graph depicting the decreased wei ght |oss induced by Conpound
7 in mce treated wwth doses of MTA. FIG 10 is a graph depicting the

ant i t unouwoasir4m8s y of Conpound 7 when 15 adm ni stered WPCA/IBORH0GAX hout
MTA, in mce bearing BxPC-3 xenograft tunors. DETAILED DESCRI PTI ON OF THE
| NVENTI ON AND | TS PREFERRED EMBODI MENTS A chart depicting the rol e of

met hyl t hi oadenosi ne phosphoryl ase 20 " (""MIAP") in relation to the sal vage of
adenine in the netabolismof healthy cells in mammuals is provided in

Figure 1. As depigt gflsdi idvBRidnN@bitematiPay Biréid th WRokBihiesm thétypywhi ch

adenyl ate ("AWMP") is produced, Ty sal vage of adenine via =

met hyl t hi oadwelesein the ighikionof GARE iapé/OpAK(ge‘tﬁl%Bii%e,s ngihigve g high bindips avp
synthesis Vje.: ' . ' "(al¥BP). - PriferaBRSthR@afbilohgOr i zed t hat
tunor cell s,d%ﬁgt?g%ﬂgﬁﬁ%%é@ngn ?cgél(nucl 9ei cr a_rcai gssynt ﬁelsi s and genetic
al terati ons predosehangdyérangpart¢iliatp csHypnerduced felate garpigikeotsinr ilhds by t he de

novo pat y. IC . R- [ GJ : |3 AR e to cleave MIA
into ademe@ﬁgﬁﬁp@%@d\%@g}}ﬁﬁ%ﬂwf ﬁ%%‘g%glgd{g? -10 Tlé%ﬁ%gquent |y unabl e
to produce AlPmulad/IMIMPreeefcmblydtha dbihiteissabmaound hawing the cheikélng MIAP ar e
particularly retl iant on de novo purine synthesis, and are therefore
peculiarly v Retabl e to di sruptions to the de novo pathway. Therefore,
MIAP-deficient cells rely on production of AWP via production of inosinate
5 ("IMP"). Referring to Figure 2, IMP\(s in turn produced by one of two

pat hways, by sal vage of hygoxant hi ne, r\by dﬁ novo I3, synthesis.
Hypoxant hi ne sal vage al oneA{ s Apad e r a §ufficient supply of
I MP. As used herein, "deMNjovo]lMP synt heSi s"oref&,pm to the process by which
| MP is produced fromth ' poi nt of 5-phosphori bosyl -1 -pyrophosphate
10 ("PRPP"), as illustr@ated in ﬁql:i gure 2. The starting point is the
formation of 5 phospho-(3-D-ribosylam ne from PRPP by gl utam ne PRPP

am dotransferase (step _1 fol |l owed by convers (t} gl yci nam de

ri bonucl eotide ("GAR') BRIGABESERIRFIQNLQRTHEDBAWNGEAR {5 then fornyl at ed
to N-forgyl gl yci nam dine ribonucleotide ("FGAR') by GAR fornyltransferase
("GARFT") (step %gG 1R 205 Bgtm fﬂsymrawmﬁawmamibgamﬁml on’ of

N-f ornyl gl yci nam di ne ri bonucl eotgl de "FGAM') by FGAR am dot ransferase
(step 4), fopoduetian pd sslyeseelsdewylaotAME) on  of 5-ani noi m dazol ecar boxi ni de
ri bonucleotide ("AIR') by AIR synthetase (step 5),

5- Ani no- 4- car boxyaai PRiIEhgR AgiQink RABUBLERbISRe OMPIsRiRsDakykASE (St ep

6), N-succinyl o-5-am noi m dazol e-4-carboxam de ri bonucl eoti de ("SAl CAR') by

N

FIG. 3 is a graph indicating the growth inhibition of MTAP-competent SK-
15 MES-1 non-small cell lung cancer cells treated with varying concentrations of
Compound 7 alone or with a combination therapy of Compound 7 and 10 pM

MTA, as performed in Example 3(A) below.

FIG. 4 is a table indicating the magnitude of in vitro selective reversal of
Compound 7 growth inhibition in MTAP-competent versus MTAP-deficient cells
20 treated with Compound 7 and MTA, as in Example 3(A) below.

FIG. 5a is a chart depicting the in vitro cytotoxicity of BxPC-3 cells
transfected with the MTAP gene when treated with varying concentrations of
Compound 7 either alone or in combination with 50 uM MTA or 50 uM dcSAMe,
as in Example 3(B) below.

25



20 SAI CAR synt hetase (step 7), 5-am noi m dazol e-4-carboxam de

ri bonucl eotide ("AlICAR') by adenyl osuccinate |yase (al so known as SAI CAR
| yase) (swep3@j408mnd N-Fornyl am noi m dazol e- 4- car boxanm d@Critbaieciseot i de
("FAICAR') by AICAR, transfornylase ("Al CARFT") (step 9). Finally,
dehydration and ring closure of FAICAR (step 10) |eads to production of

| MP, which goes on to becone either 2%- AMP or guanyl at e nonophosphat e
("Gw"). A decrease in cellular levels of IMP therefore causes a decrease
in the pools alo . 1 MivEp y. 1.

| nhi bi tors of Degﬁﬁg?ﬁ %@@ﬁélﬁ?@?“g@%ﬁﬁ%&ﬁ’gﬁ [ nf theaga%%}%n?"i nhi bi tor"

i ncl udes, i BxPCS3 wentddovith gryamgenicaiatio3Of Compeundd. ig combingtipnpyith: |

e/ | Boa) 006tk Vi M PaTh et B on W mp AR BENY, &, U g el o

elimnating the activity of an enzymatic target involved in the synthesis
of a target prodBiG..6iFatabeiadipdtiag tiwrselettiveedictiaroféfompeuntbiyo | MP synt hesi s"

i ncl udes _.an agent, ca | & .0f disr.uptd | r-Nat § activity of
at | east soné’wg’ﬁf }(R@%lgr‘ﬁ’gfﬂlf R eOfW‘%P'?%%ng%dtlﬁgg?geﬁggﬁt glslcri bed y

above with nepkerence to Figure 2. An inhibitor of de novo |M synthesis
may have nultiple enzymatic targets. Wien the inhibitor has nmultiple
enzymati c target the inhi bitor pr YREKRRLPARmRaRL! Y through

i nhi bition of onzl%rﬂ?r%lrtagpetsg?%lfe% élpeorg&%é(ggl e novllgﬁlloﬁ/lg?syntlﬂagls?_s pat hway. In
particul ar, thdrepyi wshighitheCompbutdieonCagentd B.riv eorabinatiopvathéVidbl i i nhi bit t he

enzynes 10 ql ycinam de rj | eotide fqrovltransf "GARFT") and/or
ani noi ni daz %’Ii ‘FB’E}Q?‘FH%‘@%?@@&%@% 3So‘fels‘ale e%%ﬁﬁ%ﬁéﬁ%ﬁ%‘&é (" Al CARFT"). The
inhibitors of the present invention also include specific inhibitors which
have reltative sFéGi§ iseigtaph slovarg the réduction i Gompernidyi daytatekidi®yliy one t ar get
enzynme on the. de. o | MP synt hesi s e.g., an inhibitor specific
to GARFT. 1§C}I%W8E%%‘88?uﬁ%ﬁr@tr?’a?wgpfnﬁ??ltsgl oFs of de novo I|MP synthesis
include . inhibitors of GARFT, Al CARFT or both, which are derivatives of
5-thia or 5- sel &homyisigraphdepistingdbngeotented veeight lsnindgped byl ut ari ¢ aci d
noi ety. GARFJ0 ao%%?“nrﬁ‘icgﬁgﬁgd&/ﬁﬂ%iﬁsieggfﬁT ich are derivatives of 5-thia or
5 sel enopyrim |nonyl1 conmpounds, el r internedi ates and net hods of naking
the 20 same, are disclosed in U S Patent Nos. 5,739,141, 6,207,670,
5,945, 427; and FIG28),i34 graph Hepidting chepmtituapupfctiniy eﬁpcail@um’hw#lﬁ%r ated by
ref er encey hef glifhecl ARGHE R RIRREL TRRce delifg IR 4tbogilt fiforgovo | MP

a conpound of the al:

synthesis is ormu

DETAILED DESCRIPTION OF THE INVENTION
AND ITS PREFERRED EMBODIMENTS

A chart depicting the role of methylthioadenosine phosphorylase
20  (“MTAP”) in relation to the salvage of adenine in the metabolism of healthy cells
in mammals is provided in Figure 1. As depicted in the chart, there are two routes
by which adenylate (“AMP") is produced, by salvage of adenine via
methylthioadenosine (“MTA”) and its precursors, and by de novo AMP synthesis
via production of inosinate (“IMP”). It has been theorized that tumor cells, due to
25  ahigh demand for nucleic acid synthesis and genetic alterations in salvage
pathway enzymes, tend to make purines by the de novo pathway. In particular,

MTAP-deficient cells are unable to cleave MTA into adenine, and are



00 CO2RR AHNZ HOQZ2R | '"!'J) HNNNR3 25 (1) wherein: A
represents sul fur or selenium W 03/074083 PCT/I1B03/00615 -12 Z

repr esentwo oap7@shoncycl i ¢ spacer which separates A from Proag/Bex 6yl
carbon of the amdo group by 1 to 10 atons, said atons being i ndependently
sel ected from carbon, oxygen, sulfur, nitrogen and phosphorus, said spacer
bei ng unsubstituted or substituted wi 1%t one or nore suitabl e substituents;
3) ad5 cYcLoalkyl, het erocycl oal kyl, aryl or heteroaryl diradical, said

i radi cal bejn u 0 ' M ui tabl e
substi t uent s°¢ q%enﬂgggn%ﬁén%ﬁ &;&rqc%‘é@w;fsggts -%%%X\%# g%g{ﬁg Sérq\{éar%gggﬁlscsz spacers
fandbat dI gaztlaMrglMTAEairecbartwutaﬂwrdiahmn detvevepuinglserthesii ahdron- cycl i ¢ spacer

i s bonde I.|ec tQ. said, . non-cyel i er t om one of
sai d diradi di r&‘t"ﬁe‘i‘(ﬂ{a@yé{t&@‘ﬁ?""ié’o Jerigdonsgo HERERlnoRERRS. Mokl O ONC O
non- cycl i ¢ guaaerdefisicit@sltkadlydinpeciibtjontof AN eiaperdoctinn of sinate of t he al ni do

group, said -cygcllic. spager se at.es the . carbonyl.carbon of the am do
group from 6%2%5 gﬁﬁeﬂméit? W}@%ﬁgﬁlﬁw‘%}i byfﬁg%tg ;a&lﬂfysand R2

L e gr els ent ¥ lw@aﬁﬁgwlhyﬂédk%ﬂhyﬁ! @ by G2 nbv® TN Shihydis. Bypoaartiiacisalwage 15

ydrol yzabl e _group; . an represepnt.s hydro a cyclic C1 to C6 al kyl or
cycl oal kyl garl‘?i’ﬁﬁslnﬂfﬁ%‘éfqrtrﬂ‘flgeoa%‘?H%%é'%/ﬂpﬁyu‘i’fg&ﬂ)by one or nore hal o,
hydroxyl or amino. In one enbodiment of Formula I, the noiety Zis
represented by QA%uA¢d herdigrde novolNPQyathetSaefts tath€prdCBssdly kdivhl , or a C2- C5

al kenyl ene aor al k | ene radjcal, | tuted bst i db
more subst i tMPe‘ﬁPé’%?et‘ﬁ@ﬂéméﬁmnﬁ pg@?éﬁ?’%héspﬁgfhoéht'@% 0%1%%‘7?, C% '? (r)\ecgr
al kenyl , 10C1 (EPJRﬁﬁR a8lilk@dted BIFiguee TOTR fanyg S3lnttiothEBraation of G2 t 0 CB

al kynyl, acyl, halo, amno,. . .
phospho-B-D-ribosylamine from PRPP by glutamine PRPP amidotransferase (step

1), followed by conversion to glycinamide ribonucleotide (“‘GAR”) by GAR
synthetase (step 2). GAR is then formylated to N-formylglycinamidine
- ribonucleotide (“FGAR”) by GAR formyltransferase (“GARFT”) (step 3).

15  Synthesis continues with the formation of N-formylglycinamidine ribonucleotide
(“FGAM”) by FGAR amidotransferase (step 4), followed by successive formation
of 5-aminoimidazolecarboximide ribonucleotide (“AIR™) by AIR synthetase (step
5), 5-Amino-4-carboxyaminoimidazole ribonucleotide by AIR carboxylase (step
6), N-succinylo-5-aminoimidazole-4-carboxamide ribonucleotide (“SAICAR”) by

20 SAICAR synthetase (step 7), S-aminoimidazole-4-carboxamide ribonucleotide
(“AICAR”) by adenylosuccinate lyase (also known as SAICAR lyase) (step 8), and
N-Formylaminoimidazole-4-carboxamide ribonucleotide (“FAICAR”) by AICAR.
transformylase (“AICARFT”) (step 9). Finally, dehydration and ring closure of
FAICAR (step 10) leads to production of IMP, which goes on to become either

25  AMP or guanylate monophosphate (“GMP”). A decrease in cellular levels of IMP
therefore causes a decrease in the pools along the GMP pathway as well as the
AMP pathway.

L._Inhibitors of De Novo IMP Synthesis

As used herein, the term “inhibitor” includes, in its various grammatical

30 forms (e.g., “inhibit”, “inhibition”, “inhibiting”, etc.), an agent, typically a



hydroxyl, nitro, mercapto, a cycloal kyl, heterocycl oal kyl, aryl or
heteroaryl 25 ring; X represents a nethyl ene, nonocyclic cycloal kyl,
het er ocycWoaBkydoss aryl or heteroaryl ring, sulfur, oxygeRCE®MBEMIONLS
radi cal, unsubstituted or substituted by one or nore substituents
mdependently selected fromCl to C6 alkyl, C2 to C6 al kenyl, Cl1 to C6
al koxy, Cl to C6 al koxy(Cl to C6)al k‘y1I - 30 C2 to C6 al kynyl, acyl, hal o,

am no, hydroxyl, nitro, mercapto, cycl oal kyl, heterocycl oal kyl, aryl or
heteroaryl rigq ule%‘? ugg’/ c g%g&ff f&gaﬁg%&%@iﬁnmméale'%m‘l@mfﬁﬁent S a
nonocyclic or |cyc |c cycl oa[ ocycl oal k ar or heteroaryl

ring, wher eienzyiratinteygeh melys@m th@ S}th@SIﬁﬁfﬁ)@Sg@t pr@duqt; yEQr@éfIﬂRE/lPa an .
het er ocycl Oa‘lné}lblltb{ %tr a)élno% II\I/ﬁe nﬁrﬂ%glr Y ncﬁlh&%ngéen)t(c &ysc@feq)f &irsrullpﬁngju nsubsti t ut ed

or substitute substi tuent ependent selected from
Cl to C6 al Iaydi/pr &Eﬂnhajln@ﬂleadc’&ﬂt}ydf at [@astone @ylaatﬁgjmgget iacte n@vodMP al koxy(C1 to

) al kyI tﬁeé}s %%}J(?F%%%é( alfove ¥V1th r&gxle&ha t? mrgg.ge'r 1 h&?fnﬂﬁl)tl%ﬂyetnro% mer c apt 0,

cycl oal k aryl ri term"al kyl"
refers to a Ms&n@éﬁigmwhheaﬁmmdemmatm wlgewumedleonhlblmhpﬁrt ially

unsat ur at ed, havi Q 0.abou I ,
preferably f‘?@ﬂﬂhg ‘ng ‘gﬁfg ot @gﬁ *H{néPTS abyw?rks P a‘?lﬁg‘&%fg‘tﬁg%ry al kyl
groups i nC|1tﬁdBit1B@6ﬂ‘t)ﬁb of Mere mzige@hnaiesia nﬂﬁymﬂesmtheslspaxhwhy yIndepi cted by /),
ethyl (Et), pr o i SO but tert-butyl
(tBu), pent ;Ha“ICP@b%HP%)thorF %I?‘gg Pfﬁéﬁﬁ‘? %xeﬂ“ﬁ eral?i% B‘r‘fb}@’f‘e e‘%&‘&‘est he |ike. 15
The termg' hefipiRalidetiboni@ésids fdr@ynraﬁgﬁmeqmmn‘”)mn&m hed- chai n, saturated
Pr cf br abl y  FHBHR e ecHSTmGY HROHGETIR S TEHEPIR ALBR o Shof whi ch | S
a heteroat Ommlﬁi%rﬁﬁtﬁgplfe§e‘ﬁﬂin$&ntﬁn aRbthclde ﬁ%@ﬂi@hﬂﬁbﬁtdﬂ@ifﬁbﬁ)&i\kyl s include

al kyl ethers, secondar and tertiar an nes, g’%@ﬁsul fides, and

the like. THélatl‘@rSﬂ??Mﬁ‘Fléfé}W‘FleCtWEY éqrénbcﬂa%/ g %Itbf atiegtﬁltget FEBE 84- chai n
al kenyl grO%vomMﬁﬂlefsfs%h%am AhAulhitiRr GRGiIRAo alARF, preferably from2 to

about 6 carbon atonms, in the chain. Illustrati ve al kenyl groups include

prop- 2-enyl, but-2- enyI 25 but-3-en I hex- 2- enyl ,

et heny! , 15ent eny [ ongrfaptodisnent, ghe inhi %?Zerﬁ‘”’% ?fespél?cé'ﬂse to a straight-

or branched- hBitdts 8f GXRYT, AJFCQ‘KFT &%%thn@’hfch@fél(ﬁrlhﬁwabﬁﬂﬂthila?orGar bon at ons,

and preferabl F\.‘/f from 2 to about car bon at ons, %I;\m [Ilustrative
8 01ety

al | cynyl gro% OHYﬁmlilﬂ@Yb?%%ﬁozn‘}srﬁ?mal%a PUtmiA 2 acid)
and/or AICARFT inhibitors which are derivatives of 5-thia or 5-
selenopyrimidinonyl compounds, their intermediates and methods of making the
20  same, are disclosed in U.S. Patent Nos. 5,739,141; 6,207,670; 5,945,427; and

5,726,312, the disclosures of which are incorporated by reference herein.

In another embodiment, the inhibitor of de novo IMP synthesis is a

compound of the Formula I:

25

wherein:

A represents sulfur or selenium;



30 but-3-ynyl, 2-nethyl but-2-ynyl, hex-2-ynyl, ethynyl, propynyl, pentynyl
and the |ike. WO 03/074083 PCT/1B03/00615 -14 The term"aryl" (Ar) refers
to a nonowpaBiozisdr fused or Spiro polycyclic, aromatic eerhBeywbs (ring
structure having ring atons that are all carbon) having from3 to about 12
ring atons, and preferably from3 to ﬁﬁOUt 8 ring atons, per ring.

Il lTustrative exanples of aryl groups tnclude the followi ng noieties: 5

CO andthel i ke. The term "heteroaryl"™ (heteroAr) refers to a nonocyclic, or

fused or Spiro g}ﬁ%yeﬁjcs a If%ﬁ%ﬁ& LaclShBiRe F‘Erh 18s AToRfins bar¥&hur € havi ng

ring atoms sel ected from 'carbon atonms as well as nitrogen, oxygen, and
sul fur het ercagonmwf jhermidorgyotprtynh 1@ 10@tams, stideiems being ingensndsmdly and pref er abl y

from3t b I f h
or oups | ot ol Sopl B D ecn Slok Mlbeen pid RMIRK GIARRTE) £ L 1 SL R

~ N/ ONEQ uaSutstituddd r sulistitifed with ol oOne\suitgble substitgntsne) & he |i ke. N 20

Yo 03074055 FTL RSO0 1 PSR, o

saturate par |c of glro pol ycycli c,
carbocycl e h&mub‘sguﬁafdmm%sumteﬂlmmdng or mbmrw;talﬂmsilbgrtwnsrcabl y from3 to about

,? h(ral ? gl ?E)\C,)Mns‘émm!ﬂr i ngat legst olrjlg E) (11'31’0%(:}% ic'’s acgrss an@ at lé:ag’ccon%%lfls(a?ﬂ groups include

diradicals, wherein when sa1d non-cyclic spacer is bonded directly to A, said
non-cyclic spacer separates A from one of said diradicals by 1 to about 10
10  atoms, and further wherein when said non-cyclic spacer is bonded directly to
the carbonyl carbon of the amido group, said non-cyclic spacer separates the
carbonyl carbon of the amido group from one of said diradicals by 1 to about
10 atoms;
R, and R, represent, independently, hydro, C; to Cs alkyl, or a readily
15  hydrolyzable group; and
R; represents hydro or a cyclic C; to Cs alkyl or cycloalkyl group
unsubstituted or substituted by one or more halo, hydroxyl or amino.
In one embodiment of Formula I, the moiety Z is represented by Q-X-Ar

wherein:

20 Q represents a C;-Cs alkenyl, or a C,-Cs alkenylene or alkynylene
radical, unsubstituted or substituted by one or more substitutents
independently selected from C; to Cs alkyl, C; to Cs alkenyl, C; to Cs
alkoxy, C; to Cs alkoxy(C; to Cg)alkyl, C, to Cs alkynyl, acyl, halo, amino,
hydroxyl, nitro, mercapto, a cycloalkyl, heterocycloalkyl, aryl or heteroaryl

25 ring;

X represents a methylene, monocyclic cycloalkyl, heterocycloalkyl,
aryl or heteroaryl ring, sulfur, oxygen or amino radical, unsubstituted or
substituted by one or more substituents independently selected from Cy to
Cs alkyl, C; to Cs alkenyl, C; to Cs alkoxy, C; to Cs alkoxy(C; to Ce)alkyl,

30 C, to Cg alkynyl, acyl, halo, amino, hydroxyl, nitro, mercapto, cycloalkyl,
heterocycloalkyl, aryl or heteroaryl ring; and



i1~0 ID 0 0, cc, &C'~k, 0001 2z-- /7" 0, 0:~> CCDO CO athe like.
10 A "heterocycl oal kyl" refers to a nonocyclic, or fused or spiro

pol ycycl iwp 03074083 structure that is saturated or partial | yCsaBuwwabesd and
has from 3 to about 12 ring atons, and preferably from3 to about 8 ring
atons, per ring selected fromC atons,_ and N, 0, and S heteroatons.
Il1lTustrative exanpl es of heterocycl o'a]I3k'yI groups 15 include: 0 0 O0 00O
\W 0o/ S S<>N"NNOO-"0" N CCS ~NNN, OS(O () NNOO NNN

NN'-b, ONS z-0 ke biovell ey 74083
PCT/ | BO3/ 00615 - 16 T%Engf‘émmé'%é’P‘g)é’gﬂ# rle)g?]%sgg?lga c r%@?%‘ﬂfg@an ne,
brom ne or i odi netyl GiHeteroasylringhethesein A prag de hiassd trthomenodytlifor o, brono or

i odo. An "am no" [ ' ' s2. A "nercapto”
group is int endea%{lga le{l%te{(%?g&gér]g}aida(@%r- glg-] alkﬂﬁnégf;ji("%%g oup is int endeg to
mean any car boxyhbhsmbstivuted ordutigtmtebwitls omesdremqre kubstinentoindersadenddy nul a - C(O) H,

-C(OH, ~-CORt %@(RF rein IS | Kyl nyles al kynyl ,
het er oal I?yl , cycrb’%%{"l ?m é%é%@%’l@té? Ef/?l}(ag%{’ycﬁ,tggﬁﬁ alkg)k}}’(&%cé
alkoxy(C; to Cg)alkyl, C, to Ce alkynyl, acyl, halo, amino, hydroxyl, nitro,
mercapto, cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring.

The term “alkyl” refers to a straight- or branched-chain, saturated or
10  partially unsaturated, alkyl group having from 1 to about 12 carbon atoms,
preferably from 1 to about 6 carbon atoms in the chain. Exemplary alkyl groups
include methyl (Me, which also may be structurally depicted by /), ethyl (Et), n-
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl (tBu), pentyl, isopentyl, tert-
pentyl, hexyl, isohexyl, and the like.
15
The term “heteroalkyl” refers to a straight- or branched-chain, saturated or
partially unsaturated alkyl group having from 2 to about 12 atoms, and preferably
from 2 to about 6 atoms, in the chain, one or more of which is a heteroatom
selected from S, O, and N. Exemplary heteroalkyls include alkyl ethers, secondary
20  and tertiary alkyl amines, alkyl sulfides, and the like.

The term “alkenyl” refers to a straight- or branched-chain alkenyl group
having from 2 to about 12 carbon atoms, preferably from 2 to about 6 carbon
atoms, in the chain. Illustrative alkenyl groups include prop-2-enyl, but-2-enyl,

25  but-3-enyl, 2-methylprop-2-enyl, hex-2-enyl, ethenyl, pentenyl, and the like.

The term “alkynyl” refers to a straight- or branched-chain alkynyl group
having from 2 to about 12 carbon atoms, and preferably from 2 to about 6 carbon
atoms, in the chain. Illustrative alkynyl groups include prop-2-ynyl, but-2-ynyl,

30  but-3-ynyl, 2-methylbut-2-ynyl, hex-2-ynyl, ethynyl, propynyl, pentynyl and the
like.



het eroaryl . Exanpl es of acyl groups include, but are not limted to,

formal dehyde, benzal dehyde, di nethyl ketone, acetone, diketone, peroxide,
acetic aGWOJBb@WSDiC aci d, ethyl acet at e, peroxyacid, acipdTanésysisde, and
the Iike. 10 An "al koxy group” is intended to nmean the radical -ORa, where
Ra is an al kyl group. Exenplary alkox% groups include nethoxy, ethoxy, and
propoxy. "Lower al koxy" refers to ar k Xy groups mherein the al kyl portion
has 1 to 4 carbon atons. 15 An "hydrol yzabl e group” is intended to nean
any group which g <Ryl 2 r acidic or-
al kaline, toits rQ é%ﬁca Aq} %?eggtofag? (?}n{?)g Ee%g%egggwpﬁ%%&% . An
exenpl ary hyatrwhtjcsatioeyalg @mg S’irlsttl!rh baghgningrtems thet age el earban) h@ill@t er whi ch
can be hydro gl ut anat e
cal . pr ot or o g MReF LABE ubhE ah BRSNS Sl Plink Hims e |

hydr oxyal kyl Ijln@JIH@dﬂﬁthd examdleaowrkl;groupls mcarle tredalivanginpteties: convent i on used
inthe art, is used in structural formulae herein tQ depict the bond that

structures, unles pa bot h
stereoi sonmeric fl -'oed -. gphasg
i nhibitors of the “presen

enanti oners and/or diastereoners. Al such
within the broad scope~gqf
referred to herein @ t the phenonmenon of tautonerism Although the
nonet hel ess enconpasses all tautomeric forms. The term "substituted” nmeans
The t erm " supalydyelife Atomatie he't@'gwtcé@t{rleg situsre hayingringjatonsfeleaigéfomt o nean any
ot her wi si) |10Iahswtrlétrihgetomaanplp@erdﬂyﬁqmiablabogabmlatmnp@rmgcl ude al kyl ,

is the point of attachnent of the noiety or substj ‘ ht to the core or
backbone structure. Where chiral ar-on ar i ncl n 25 chem cal
@ ytt her, the specific
i NVent’i on nay exi8§t as 3Single étere0|soners
racemates, and/or m xtures of
singl e stereoi soners, racenateg, and mxtures thereof are intended to be
present invention. 30 The chem cal fornul ae
structurq% fornmul ae Oeprct _ome aafl tiiehepossi bl e WO 03/ 074083 PCT/ 1 B0O3/ 00615
-17 tautoneric forns, it should be understood that the invention
that the specifi e QLAURRfoa @E%ro%ﬁre&rm%mo'}loeychar%@usawassrphauent s. The
term™ unsubstltuteg neans t he specified group bears no substituents.
sui tabl e sub qgg; I b E@ﬁﬁfﬂmr fs through
routine test?%%% ystggggas 10?%35%&&?%@&%??9 f@f)ss exp} y indicated
het eroal kyl , Plll(JgTatl% %Hf)yes of He%rgl%f{ EIIOUpshﬁ‘J:lﬁ)(feyrﬁé %ﬁ%%}ﬁl ’mcﬁ&l g)het erocycl oal kyI
aryl, cycloa

o PR N

N S o) 0 N S S

) @u,“\/ NNV

N o Nx AN AN N\\N AN

4 %;j? | = N N [[ ;J , | . d\égk ,
15
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, ' = N , and the like.
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het er ocycl oal kyl, heteroaryl, -NO2, -NH2, -N-CRe, -(CH2)a CN where z is
0-4, halo, -OH, -ORa ORb, -ORb, -CORD, -OCOR, -COORE, -0 COORc,

-0 CO OWOoRe7408D OR, keto (=0), thioketo (=S), -S02-Rc, PC3@BRA6SNRIRe,
-CO NRdRe7 -0O CO NRdRe, -NRc-CO NRdRe, -NRc-CO Re, -N& CO2-ORe, -CO NR, 15
CORd, -OSX2-Rc, -O0SO &, -0S & -S-CORc, -SOCOORe, -S02-COCRS, -

O S8, -N& SRd, -N& SO Rd, - N& S02-Ril=CO SRe, -CO SO & -CO S2-Rc,
-CS-Re, -CSO-Rc, -CSM2-&, -NRa-CS-Rd, -OCS-Rc, -OCSO &, -0 Cs2-Re, -

S e MR SO M SRl SR, S

al kyl , 20 henerogydlicyr fused tresniyd polpeyglialchpagicle IRping Srowed Tedflemgf romthe group

"0 R, - Gl e R0 O PEAE L el iR, 0y

het er oaryl , dfeydoalkygranas nglude thadolloswnd waiktigst ; Re, Rd and Re are each

independently sel ected fromthe group conS|st|ng of hydro hydroxyl hal o,
al kyl , heteroalXyl, haloal kyl, Ikenyl al kynyl vo'E

_0OCOORf, - Rf, O3> ary, “

heterocygloa or Rd—and I;z- o oar

het erocycl oal kyl group; and Rf is selected fronlthe group conS|st|ng of

hydro, al kyl, and heteroal kyl; and wher e any of the al kyl, heteroalkyl,

al kenyl, aryl, cycl oal kyl het ycl». ‘et eLoa Di eti es
present in tEg abo e su- ue
nore additioral: s QT|tu '- se ed W0

d wth one or
PCT/ 1 B0O3/ 00615 -18 fromthe group COI’]SI sting of - NQ2, -NH -(CH2) ,

where z is 0-4, halo, al oal halqaryl , kefho ( -N-OH, N& Q&
-NRdRe, -CO > ORe, Re <I0 dReLE%b 7 - NRe- CO- Rd,
-0 CO O Re, 0 5 7- ubstltuted

al kyl , unsubst i t ut ed aryI unsubstl tut ed cycI oa’l kyl , unsubsti'tuted

het erocycloa 2 upayl tute h teroaryl, where Ra, Rb, R, Rd, and
Re are as de ov d d| ment of Formula I, the inhibitors
are conpounds~he “ o & Gepdkthe like.( gr oup) - (ring) /HN~ H

CZR, HzN' N N-Rs H(II)
10

A “heterocycloalkyl” refers to a monocyclic, or fused or spiro polycyclic,
ring structure that is saturated or partially saturated and has from 3 to about 12 ring
atoms, and preferably from 3 to about 8 ring atoms, per ring selected from C atoms
and N, O, and S heteroatoms. Illustrative examples of heterocycloalkyl groups

15  include:

) 0 0 /IOL N
éS’Q,N\&N,%/N1 /o L;

O
/
N\S/:O N/]
(/}y C@ ] and the like.

20



wherein: A represents sulfur or selenium 15 (group) represents a
non-cyclic spacer which separates Afrom(ring) by 1 to 5 atonms, said

at ons beiwg@ oBnoumpendent | y sel ected from carbon, oxygen, s®CTaB(3/00sis r ogen
and phosphorus, said spacer being unsubstituted or substituted by one or
nore substituents independently selected fromCl to C6 alkyl, C2 to C6

al kenyl, C1L to C6 alkoxy, Cl to CG'allﬁKoxy(CI to C6)alkyl, C to C6

ﬁl {<ynyl , ?cy: 3 IhaI o, am no, 20 hydroxyl, nitro, nmercapto, cycloalkyl,

et erocycl oal ky « L alo oy : t cycl oal kyl ,
het er ocycl oal kyl Thgt% girb%gt ge:p gegérr%% Chﬁrfri:lg’,ﬂm&l%%u sntulhfgg{%gﬁgrfhseﬁbs{i t ut edy
wi th or nor eersifthalol’ tepesstigts stdbrectlendo, foramm @lodoo AT6 aaibgyigroupd? t o C6 al kenyl ,

Cl to C6 al kox 1to | k G, & I " |, |,
hal 0, ani no,lmﬁ%f‘g%}‘l%}n tﬁ?fﬁa%%?f)‘ry%é?cé%t@?r%oglgg% p&%@“ﬁ%‘%@?‘?@l&%ggl kyl ?Cgr yl
glr kyl25 gtrat :rrﬁxgg@v:—?HJ Aggﬁél @odp Rﬂaterelpdmm,anywbwﬁdedd,laydehy%edro, Cl to C6

' za r | r ts. Cl
o6 al kyl “or €% ?Staf\{??ﬁlﬁegiogﬂ%‘a Uﬁ@?@gt(&bﬁ?gd' rbgpﬁés'&g@c?@&%g? mt)rﬂ l%r)ﬁeotr)r am)r et 0
Cpect e6”of Pat mil ALl At conmounde v e the folLovk g chers cal <.

. e .

struct ures: heterpand Bxasples qieyl groups Ngﬁ}iﬁlﬁgﬁ\?rw lﬁlg%ggn@fd?@@pﬁggund 1:
N-[5- (2[ (2, GreialithyiR; dinthyt RAGRY idetthe] idikebnk,)defux@depddatid adid)iberroic2-

|]-L-glutamc acid); and o S N CR2H NH S H H2N
vl J acid, ethyl a%:etate, peroxyacid, acid anhydride, anc? th(e?i €. N N2

10
An "alkoxy group" is intended to mean the radical -OR,, where R, is an
alkyl group. Exemplary alkoxy groups include methoxy, ethoxy, and propoxy.
“Lower alkoxy” refers to alkoxy groups wherein the alkyl portion has 1 to 4 carbon
atoms.
15

An “hydrolyzable group” is intended to mean any group which can be
hydrolyzed in an aqueous medium, either acidic or alkaline, to its free carboxylate
form by means known in the art. An exemplary hydrolysable group is the glutamic
acid dialkyl diester which can be hydrolyzed to either the free glutamic acid or the

20 glutamate salt. Preferred hydrolysable ester groups include C; — Ce alkyl,
hydroxyalkyl, alkylaryl and aralkyl.

In accordance with a convention used in the art, :LL/'- is used in structural
formulae herein to depict the bond that is the point of attachment of the moiety or
substituent to the core or backbone structure. Where chiral carbons are included in

25  chemical structures, unless a particular orientation is depicted, both stereoisomeric
forms are intended to be encompassed. Further, the specific inhibitors of the
present invention may exist as single stereoisomers, racemates, and/or mixtures of
enantiomers and/or diastereomers. All such single stereoisomers, racemates, and
mixtures thereof are intended to be within the brdad scope of the present invention.

30 The chemical formulae referred to herein may exhibit the phenomenon of

tautomerism. Although the structural formulae depict one of the possible



(Compound 2: N-[5-(3-[(2, 6-diam no-4(3H)-oxopyrimdin-5yl)thiojpropyl)-4-
10 nethyl -thieno-2 ylJ-L-glutamc acid). In yet another enbodi nent of
Formul a I'wotoh®7408hi bi t ors are conpounds havi ng Fornul a | PCT/IBOCORR2 X

2)n~ Ar HQ2R, | A ,,,(CHX HN- HZN N NH2 15 (I1l) wherein: nis an
integer fromO to 5; A represents sulfur or selenium X represents a
di radi cal of nethylene, a nonocyclic Eycloal kyl, 20 heterocycloal kyl, aryl

or heteroaryl ring, oxygen, sulfur or an am ne; WO 03/074083 PCT/IB03/ 00615
-20 Ar represents. r t] | radi Eeln. Ar rma fused
bicyclic ri %‘gorg%afgrrrﬁ%\?\ﬁts ug(g?ecd“nrd?%{éﬁg#ha ;gglnéﬁﬁﬁngﬁﬁ 9 represent,

| ndependent |epcorhpadses albtaufOine@6 famkyl . 5 I n an alternative enbodi nent, the
inhibitors of de novo I MP synthesis include inhibitors of GARFT having a
glutam c acid or ester noiety. GARFT inhibitors having a glutamc acid or
ester noiety, thdihe et aubsidiedt msamitht thetspaified ceduproakioirgy bdaeramef , are

di sclosed in U S. Patent s. 5,723,607, 5,641 771; 5,639, 749; 5, 639, 747;
5,610, 319, STEMLS #ﬁt}m@%%fam; uﬁWBStg?tg‘ééf??f%@?hmitﬁ%SWﬁlﬁﬁ §%MBsures of which
are hereby iteRmpGiRtiRenthYTHAEeE BNBRinicAt"tof BiuitalBakibstueSis iktendepar ti cul ar,
GARFT i nhi bitors havin aw%l ytam c acid or est Il ety include conpounds

;
havi ng t he FBMFAR &0y yita stfgpent thef may %%gor\ﬁ ecfefl sughdh)y n 0 Co2R21
A"~ N~ H2N Nprough routine testing, by those skilled in the art. Unless expressly indicated

otherwise, illustrative examples of suitable substituents include alkyl, heteroalkyl,
10  haloalkyl, haloaryl, halocycloalkyl, haloheterocycloalkyl, aryl, cycloalkyl,
heterocycloalkyl, heteroaryl, -NO,, -NH,, -N-OR,, -(CH,),-CN where z is 0-4,
halo, -OH, -O-R;-O-Ry, -OR}, -CO-R,, -O-CO-R, ~CO-OR,, -O-CO-OR, -O-CO-
0O-CO-R,, -0-0OR,, keto (=0), thioketo (=S), -SO5-R;, -SO-R¢, -NRgR,, ~CO-
NRyRe, -O-CO-NRyR¢, -NR-CO-NRyR,, -NR—~CO-R¢, -NR-CO,-OR¢, -CO-NR,-
15 CO-Rg, -0-SOz-Rq, -O-SO-R,, -O-S-R,, -S-CO-R, -SO-CO-OR,, -SO,-CO-OR, -
0-S03, -NR¢-SRy, -NR-SO-Ry, -NR-SO2-Ry4, -CO-SR,, -CO-SO-R,, -CO-SO,-R.,
-CS-R,, -CSO-R,, -CSO,-R,, -NR—~CS-Ry, -O-CS-R,, -O-CSO-R¢, -O-CSO»-R, -
SO2-NR(R., -SO-NRgRe, -S-NR¢Re, -NR¢-CSO2-Rg, -NR-CSO-Ry, -NR:-CS-Rg, -
SH, -S-Ry, and —PO,-OR., where R, is selected from the group consisting of alkyl,
20  heteroalkyl, alkenyl, and alkynyl; Ry, is selected from the group consisting of alkyl,
heteroalkyl, haloalkyl, alkenyl, alkynyl, halo, -CO-R,, -CO-OR¢, -O-CO-O-R,, -O-
CO-R, -NR-CO-Ry, -CO-NRyR., -OH, aryl, heteroaryl, heterocycloalkyl, and
cycloalkyl; R, Rq and R, are each independently selected from the group
consisting of hydro, hydroxyl, halo, alkyl, heteroalkyl, haloalkyl, alkenyl, alkynyl,
25 -CORg -COORg, -O-CO-0-Ry, -O-CO-Rg, -OH, aryl, heteroaryl, cycloalkyl, and
heterocycloalkyl, or Rq and R cyclize to form a heteroaryl or heterocycloalkyl
group; and Ry is selected from the group consisting of hydro, alkyl, and
heteroalkyl; and where any of the alkyl, heteroalkyl, alkenyl, aryl, cycloalkyl,
heterocycloalkyl, or heteroaryl moieties present in the above substituents may be

30 further substituted with one or more additional substituents independently selected



H(1V) 15 wherein: n represents an integer fromO to 2; D represents

sul fur, CH2, oxygen, NH or selenium provided that when nis O, Dis not
CH2, and wben/omoBs 1, D is not CH2 or NH, Mrepresents sulPCoaBoxoggen, or a
di radi cal of O -C3 al kane, C2-C3 al kene, 20 C2-C3 al kyne, or am ne,
wherein Mis unsubstituted or substityted by one or nore suitable
substituents; Ar represents a diradicdl” of a cycloal kyl, heterocycl oal kyl,
aryl or heteroaryl ring system said Ar is unsubstituted or substituted
with one or nore substituents independently selected fromCl to C6 al kyl,
C2 to C6 alkenyl, Cl to C6 25 alkoxy, Cl to C6 al koxy(C to Co6)alkyl, C2 to
C6 al kynyl , fesythe gtrap sonsistingof Ny xyﬂCth'rQN@/heWérl% thel Oacycl oal kyl ,

het er ocycl o r d NR%% &pr esent,

i ndependent fﬂai&i#l%l ?%X%) paOﬁan%egoigé? ‘hat orms Rf oget her Wt ethe attached
C02, a readiOR, {@HRo|-YRaH0NBR1C-GOSMR NRCOB0-004083, -BeTO1 BO3/ 00615
-21 In one di ggnt gf Koy raiha k) NPl DIt or I unds havi ng
the  For mul gﬁ%&eogﬁ BQrRN gﬁ}' by rg\éé} ‘%gﬁﬁﬂg‘ﬁb‘{“ﬁi B A BooR (V) 5
wherein: A nmprbsﬁmteﬂsydodlli}{]runwbsﬁmtedmbiumcydlba*lle}p,raadansubstma@d sul fur, oxygen
or NH, Ar r ese het er ocycl oal kyl, aryl or
het er oar yl ?10% Qa’s@éeﬁ%ﬂ gt;% are ‘%e(%a ‘{(de)’v substituted vmth one or
nore 10 substituents |ndependently sel ect ed from CI to C6 alkyl, C2 to C6

g: tiz)}i: : g(%yf? Cirr altl{:?ﬁfznﬁgodd ment of IAC6rmuHakIO%f1¥ gr%b&ors are ompoYlnds h%%m%;o C6

10 FormulaII:

o 0 COR,
A—(group)—(ring) A
HN ‘ N COsRy

AN

HoN N N—R;
ey

wherein:

A represents sulfur or selenium;

15 (group) represents a non-cyclic spacer which separates A from (ring) by 1

to 5 atoms, said atoms being independently selected from carbon, oxygen, sulfur,
nitrogen and phosphorus, said spacer being unsubstituted or substituted by one or
more substituents independently selected from C; to Ce alkyl, C, to Cs alkenyl, C;
to Cg alkoxy, C; to Cs alkoxy(C; to Ce)alkyl, C, to Ce alkynyl, acyl, halo, amino,
20  hydroxyl, nitro, mercapto, cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring;
(ring) represents a cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring,
unsubstituted or substituted with or more substituents selected from C; to Cq alkyl,
C; to Cs alkenyl, C; to Cs alkoxy, C; to Cs alkoxy(C; to Ce)alkyl, C; to Cs alkynyl,
acyl, halo, amino, hydroxyl, nitro, mercapto, cycloalkyl, heterocycloalkyl, aryl or
25  heteroaryl ring;
R; and R, represent, independently, hydro, C; to Cg alkyl, or a readily
hydrolyzable group; and
Rs represents hydro or a C; to Cg alkyl or cycloalkyl group unsubstituted or
substituted by one or more halo, hydroxyl or amino.
30



hydroxyl, nitro, mercapto, cycloal kyl, heterocycl oal kyl, aryl or heteroaryl
ring; and R20 and R21 represent, independently, hydro or a noiety that
forms, twoaBkewswi th the attached C02, a readily hydrol yrabliBoa®ber group.
15 I n anot her enbodi nent of Fornula IV, the inhibitors are conpounds
having the Formula VIi: BC 0o ONC&RM, NHS | M Y H\~ HN N O CQRZR21 H
(VI) 20 wherein: D represents oxygen, “sulfur or selenium M represents
sul fur, oxygen, or a diradical of Cl-C3 al kane, C2-C3 al kene, C2-C3

al kyne, or  ani ne,Pmﬁ!n«éd%ecieSc)ﬂmuﬂ&tﬁax% SUndSheVS thélfo@r@lwmg one or nore
sui tabl e substituents: 25 WO 03/074083 P | BO3/ 00 -22- 'Y represents '
O S or NH T é‘s‘écﬁlﬂrgszhydro or halo; C represents hydro or halo or an
unsubstituted or substituted C1-C6 alkyl; and 5 R2o0 and R21 represent

i ndependently hydro_or a noiety that forns, together wth the attached
C02, a readily hydrpzyable ester groupo One preferred species of GARFT

|nh| bitor of Formu VI_d.s oun hagPs#y the chem cal structure: OH
N CO2H HN S ~ "o H2 N B find 3: 4-[2-(2 Anino-4-o0xo0-4, 6,
7, 8-tetraydro- 3/I—Kr\)yr‘mdo[5 4 nP/Q\/\

HoN NH, COLH

(Compound 1: N-[5-(2[(2,6~diamino-4(3H)-oxopyrimidin-5yl)thio]ethyl)thieno-2-
yl]-L-glutamic acid); and

I\
NH s
S I o CO.H
HoN N NH;

ZT

CO.H

(Compound 2: N-/5-(3-/(2,6-diamino-4(3H)-oxopyrimidin-5yl)thio [propyl)-4-
10 methyl-thieno-2-yl]-L-glutamic acid).

In yet another embodiment of Formula I, the inhibitors are compounds

having Formula III:
0 CO.R,
0 A~
. /(CHZ)H\X AT ” CO,R,
HN l
AN
HoN N NH,
15 I

wherein:

n is an integer from 0 to 5;
A represents sulfur or selenium;
X represents a diradical of methylene, a monocyclic cycloalkyl,

20  heterocycloalkyl, aryl or heteroaryl ring, oxygen, sulfur or an amine;



b][1,4]thiazin-6 yl)-(R) -ethyl)-3-nethyl-2-thienoyl -5-am no-L-glutamc

acid). In another alternative enbodi nent of the invention, the inhibitors
of de 15 wowa/074uB3 synt hesis are inhibitors specific to GARET/IR@ORL t he
Formula VII: COaR2o T p HN L CO2RR1 H-N~ MS OHEN NN H wherein L

represents sulfur, CH2 or selenium Mrepresents a sulfur, oxygen, or a
diradical of O-C3 al kane, C2-C3 al kRéfe, C2-C3 al kyne, or am ne, wherein M
is unsubstituted or substituted by 20 one or nore suitable substituents; T

represents Cl-C6 : = : ;. - ; wWherein E
represents hydr o,&léég%éwngﬁaﬁ;%nﬁ%g?g&%ﬁl %ﬁﬁ,ﬂé%{%ﬁ %;%\i%&ﬂ&%g C3 al koxy,
or NRI10R11, wherwigsyf¥m vahdaiRribgioéls emlent i ndependently hydro, d -C3

al kyl, C2-C3 25 23 | kenyl , C2-C3 al kynyl ;
or NR1OR11l, wher e%n&%@éﬁt%&ﬁti %ggééé‘? %ﬁfg%%(ge%eéﬁdagﬂgl y hydro, Cl1-C3

al kyl, C2-C3 al kenyl, C2-C3 al kynyl; hydroxyl; nitro; SR12, wherein R12 is

hydro, Cl:C6 al ky{, - Co. al kenyl - C6.al kyny. C . or . ((Cl-C3) alkyl;
and 5 F€205 and mlﬂlgPé% %rrg%we Frr?gcé%uélﬁrggﬁ? %nm%{jér/oro% dlgpovgﬁ%%gp@e?%at forns,

t oget her w inbluibhamhivitvaofiGARBIhaviag aghdinhiy abiy dr estey alidte @ARBT group. GARFT
i nhibitors haying Formula VII., and the tautqgners and.  stereojsomnmers

ther eof - ar onbLAUIIERVBY > Bt 0P 1A B AT e AR PO ED. 10
These i nhi bi bfnskisy thereaab ldiclofediavi.S) PateBRos0f, 3285607¢ 5,84 1,9T1; const ant s t hat
are at |east _thi fLv i ter an | tr ng are disclosed in
U.S. Patent ﬁdgg’%%s’ég%?ﬂti%261399;%%6376%%’&?%‘@{%?%g’ég‘gﬁfgeg‘eof which are

her eby i ngor giedladuesd obWhich efe@ieRBG trchipotatdi vy réffehéctth RS enfiftiby @her red speci es
of a GARFT i nhi bitor of ﬁ%rrml a VIl are conpounds having the follow ng

chenical st r PREtigHaIsGARF Tyinhibiigrs havingeyghytamic acid or ester moiety include

compounds having the Formula IV:

(e}
H
DY\ /ArTNWCOERZO
| M
_ACHz)n o CO2Ry1
HoN N «
H
av)

15  wherein:

n represents an integer from 0 to 2;

D represents sulfur, CHy, oxygen, NH or selenium, provided that when n is
0, D is not CH,, and when n is 1, D is not CH, or NH;

M represents sulfur, oxygen, or a diradical of C;-C; alkane, C,-C; alkene,

20  C,-Csalkyne, or amine, wherein M is unsubstituted or substituted by one or more
suitable substituents;

Ar represents a diradical of a cycloalkyl, heterocycloalkyl, aryl or
heteroaryl ring system, said Ar is unsubstituted or substituted with one or more
substituents independently selected from C; to Cs alkyl, C, to Cs alkenyl, C to Cs

25  alkoxy, C; to Cs alkoxy(C; to Ce)alkyl, C, to Cg alkynyl, acyl, halo, amino, |
hydroxyl, nitro, mercapto, cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring; and

Ry and Ry represent, independently, hydro or a moiety that forms,

together with the attached CO,, a readily hydrolyzable ester group.

30



HN O C0O2H H2N N H (Compound 4: 4-[2-(2Am no-4-o0xo0-4, 6, 7,

8-tetraydro-3H pyrimdo[5, 4 20

b] [ 1, 4] t Wa2B07693 ) - (R) - et hyl ) - 3- met hyl - 2-t hi enoyl - 5- am n®CILABAarS C
acid), o SNC2H S OCO2H H2N N H (Conpound 5: 4-[2-(2Am no-4-o0x0-4, 6,
7, 8-tetrahydro-3Hpyrirnido[5, 4 25 b][1,4]thiazin-6

yI) (S)-ethyl)-3-nethyl -2-thienoyl - 5-Zimi no- L- gl utarnlc acid), and WO
03/074083 PCT/1B03/00615 -24- o~ /CO2H NNHS ,,v OCO2H HZN NH

(Conpound 6: N-( %‘é} - a1l NP~ - |do[2 3-
dJpyrimdin-6 yl )= ?g%‘%@;ﬂﬁg&ﬁ(&ﬁ?%ﬁ?‘g%@m% b °L°@f’%@%% |Ed) 5 A
nor e pref erfednelpdci es of a GARFT inhibitor having the formula VI1, and

which has limted B nding affinity to nFBP, is a conpound having t he
chem cal structure]] O\ HNH NCO2ZH S 0 CO2H H2N N N 10 ( Conpound 7:

7, 8At et r abhydr opyri do[ 2, 3-
ﬁ\fﬁo- %/ZL glutanmc acid). In

dJpyri m di n- 6yINH{S) -

anot her alter n‘a/tdg , the inhi s of de novo | MP synthesis
i ncl ude inhiKFE‘A ] to Al CARFTnwhi C 0 have a glutamate or ester
15 noi ety. APRCARFT ibytors having a gl utanmate @kpRester noiety, their

\)
5  wherein:

A represents sulfur or selenium;

U represents CHp, sulfur, oxygen or NH; .

Ar represents a diradical of a cycloalkyl, heterocycloalkyl, aryl or
heteroaryl ring system, said Ar is unsubstituted or substituted with one or more

10  substituents independently selected from C; to Cs alkyl, C; to Cs alkenyl, C; to C

alkoxy, C; to Cs alkoxy(C; to Ce)alkyl, C; to Cs alkynyl, acyl, halo, amino,
hydroxyl, nitro, mercapto, cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring; and

Ryo and Ry; represent, independently, hydro or a moiety that forms,

together with the attached CO,, a readily hydrolyzable ester group.

15
In another embodiment of Formula IV, the inhibitors are compounds
having the Formula VI:
COgRgo
j/\ CozR21

(VD
20  wherein:
D represents oxygen, sulfur or selenium;
M’ represents sulfur, oxygen, or a diradical of C;-Cs alkane, C,-Cs alkene,
C,-C;3 alkyne, or amine, said M’ is unsubstituted or substituted by one or more
suitable substituents;
25



i nternedi ates and net hods of nmaking the sane are disclosed in U S. Patent
Nos. 5,739, 141; 6,207,670; 5,945,427; and 5,726,312, the disclosures of
whi ch ar ewohanedys3 i ncor porated by reference in their enti PETIIBE/O06TH
particul ar, Al CARFT inhibitors havi ng a glutamate or ester noiety include
conpounds haV| ng the 20 Fornula VIII: 0 CO2RL R2 HNI WN H /1\ 0 H2N
NHR3 (VII11) wherein: WO 03/074083 PC%‘% B03/00615 - 25 A represents

sul fur or selenium Wrepresents an unsubstituted phenyl ene or thinylene
diradical; Rl anq{dllggﬁegeqlpsr sbe&INHJ ndependently, hydro, Cl1 to C6 al kyl, or
ot her readlly zab group; and 5 R3 represents hydro or a Cl-C6

al kyl or cycl oal Il%/ﬂeplwfmsdiydmil tituted or substituted by one or nore
hal ogen, hydr oxyl | CGHARE IS useful in
the present inven qlgér??eglcrsg&d |og:1:{ @Qﬂﬁsfu Sﬁlﬂgérdnégtsl ona-[ecwllhijébd{1 t7on No.
W)13688, theandi scl osure of which |s hereby i ncorporated by reference in

its entirety. |Inpartigular are
conpoundssehaw ng (handl'}%} i Te’senltt %egﬁa%lg%&& ]Og % f@l&ﬁgﬂ@%%g&@%ﬁ wher ei n:
15 R30 r epr es#nths atcdeddCOs, a@ddilRBidrompble seatgrpipenyl or t hi enyl,
unsubstituted or substituted with phenyl, phenoxy, thienyl, tetrazol yl, or
4- nor phol i nyl; and

One preferred species of GARFT inhibitor of Formula VI is a compound

having the chemical structure:

i s I\ N COH
N s b
)\ | o) CO-H
oN Y N
H

(Compound 3: 4-/2-(2-Amino-4-oxo-4,6,7,8-tetraydro-3H-pyrimido[5,4-
- b][1,4]thiazin-6-y))-(R)-ethyl]-3-methyl-2-thienoyl-5-amino-L-glutamic acid).

10

In another alternative embodiment of the invention, the inhibitors of de

15  novo IMP synthesis are inhibitors specific to GARFT having the Formula VII:
CO2Rz0

o ‘<—/
CO2Rp4
HN

PN |

H,N N N
2 H

wherein L represents sulfur, CH; or selenium;
M represents a sulfur, oxygen, or a diradical of C1~Cs alkane, C»-Cs3
alkene, C,-Cs alkyne, or amine, wherein M is unsubstituted or substituted by
20  one or more suitable substituents;
T represents C;-Cs alkyl; C,-Cg alkenyl; C>-Cs alkynyl; -C(O)E, wherein E
represents hydro, C—C; alkyl, C;-C; alkenyl, C,-Cs alkynyl, OC;-C; alkoxy, or
NR;oR1;, wherein Ry and Ry; represent independently hydro, C;-C; alkyl, C>-Cs

25



R32 is phenyl substituted with -S02NR33R34 or NR33SO2R34, unsubstituted or
substituted with C1-C4 al kyl, CL-C4 al koxy, or halo, wherein R33 20 is H
or Cl-C4 wbloglo7sassl R34 is CL-C4 al kyl, unsubstituted or s®klostuBeutoers Wit h
het er oal kyl, aryl, heteroaryl, indolyl, or is R35 (CH2] O wherein nis an
integer of from1l to 4, R35 is hydroxg%, Cl-C4 al koxy, or a glutamc-acid
or glutamate-ester noiety linked thrdagh the ami ne functional 25 group. WO
03/ 074083 PCT/1B03/ 00615 -26 Preferred species of Al CARFT inhibitors

useful in th I ' ' iRN PITRA kg the
foll ow ng chgnr%%:mg%s%g(g?ﬂ? irsl\:mlgk ﬁﬂ%hﬁa? quélug&% | ~I Fﬁ?ﬁﬁﬁh%éﬁu NHS CH 5

0 NH S NS shwirexd:-@ alkyl Qo+ Gyralkeny, ©cEigalkynyl; hxdroxpdsnigro(FR12, wherein
Ry is hydro, C;-Cs alkyl, C2-Cs alkenyl, C,-C¢ alkynyl, cyano; or O(C;-Cs) alkyl;
and

5 Ry and Ry are each independently hydro or a moiety that forms, together

with the attached CO,, a readily hydrolyzable ester group.

GAREFT inhibitors having Formula VII, and the tautomers and
stereoisomers thereof, are capable of particularly low binding affinities to mFBP.
10  These inhibitors are capable of having mFBP disassociation constants that are at
least thirty five times greater than lometrexol and are disclosed in U.S. Patent Nos.
5,646,141 and 5,608,082, the disclosures of which are hereby incorporated by

reference in their entireties.

15 Preferred species of a GARFT inhibitor of Formula VII are compounds

having the following chemical structures:

9 H
/ \ N COoH
" s ““\\\ s Y\/
/k | j 0 COgH
x
HoN N N
H

(Compound 4: 4-[2-(2-Amino-4-oxo-4,6,7,8-tetraydro-3H-pyrimido[ 5, 4-
20  b][1,4]thiazin-6-yl)-(R)-ethyl]-3-methyl-2-thienoyl-5-amino-L-glutamic acid),

/\C‘)Isj/\ﬂ“/ H coen
HN S \‘/\/
/k | O  COH

x

HoN N N

(Compound 5: 4-[2-(2-Amino-4-0x0-4,6,7,8-tetrahydro-3H-pyrimido[5,4-
25 b][1,4]thiazin-6-yl)-(S)-ethyl]-3-methyl-2-thienoyl-5-amino-L-glutamic acid), and



O NHINKS IS ~OH O WO 03/074083 PCT/1B03/00615 -27- 0 NH No's S CH 0J
O N ,CNH SI NSSO SI OH 0O~NHSO IN "SCOON / HN~ COOH, 0O NBC
NHO S )wo30a@Bks S NS NH COON, OOH O COOH NH N N | NBCHIBO@N610 5 /

-24 -

COsH

COoH

(Compound 6: N-(5-[2-(2-amino-4(3H)-ox0-5,6,7,8-tetrahydropyrido[2, 3-
d]pyrimidin-6-yl)-(R)-ethyl]-4-methylthieno-2-yl)-L-glutamic acid).

5 A more preferred species of a GARFT inhibitor having the formula VII,
and which has limited binding affinity to mFBP, is a compound having the
chemical structure:

0
I\ A COLH
NH .‘\\\\\ S Y\/
)\ | O  CO.H
x>

10  (Compound 7: N-(5-[2-(2-amino-4(3H)-0x0-5,6,7,8-tetrahydropyrido[2,3-
d]pyrimidin-6-yl)-(S)-ethyl]-4-methylthieno-2-yl)-L-glutamic acid).

In another alternate embodiment, the inhibitors of de novo IMP synthesis
include inhibitors specific to AICARFT which also have a glutamate or ester
15 moiety. AICARFT inhibitors having a glutamate or ester moiety, their
intermediates and methods of making the same are disclosed in U.S. Patent Nos.
5,739,141; 6,207,670; 5,945,427, and 5,726,312, the disclosures of which are
hereby incorporated by reference in their entireties. In particular, AICARFT
inhibitors having a glutamate or ester moiety iﬁclude compounds having the

20 Formula VIII:
O2R4

o) o)
A /U\ ; OR.
HN | \/\W m/\/\ﬂ/ z
/K ' O
H,N N

NHR,

i1l (@]

(VIID)

wherein:



OCOOH N NH ~"~. /~\1 HI NS SCOOH O 0 NH Nl1g O\~ COOH H COON
NoCONH S\ I NS H 0 SOF W 03/074083 PCT/1B03/00615 -28- NN O NH
NS CH3 3SwvNo®o@oss O N ,CNH S NSH SSN NNO ' NH BCRHB03B0bNNS-

-25 -

A represents sulfur or selenium;

W represents an unsubstituted phenylene or thinylene diradical;

R; and R; represent, independently, hydro, C; to Cs alkyl, or other readily
hydrolyzable group; and

5 R3 represents hydro or a C;-Cs alkyl or cycloalkyl group, unsubstituted or
substituted by one or more halogen, hydroxyl or amino groups.

Additional AICARFT inhibitors useful in the present invention are
disclosed in International Publication No. WO13688, the disclosure of which is
hereby incorporated by reference in its entirety. In particular, the disclosed

10  AICARFT inhibitors are compounds having the Formula IX:

0]
Rao
| NH
Raq N S/\Rsz

(IX)

wherein:

15 R represents hydro or CN;
" Ry represent phenyl or thienyl, unsubstituted or substituted with phenyl,
phenoxy, thienyl, tetrazolyl, or 4-morpholinyl; and
Ra, is phenyl substituted with —SO;NR33R34 or -NR33802R34 ,

unsubstituted or substituted with C;—Cy alkyl, C;—C; alkoxy, or halo, wherein Ra3
20  is H or C;—C; alkyl and R, is C—Cy alkyl, unsubstituted or substituted with

heteroalkyl, aryl, heteroaryl, indolyl, or is

\fg\(crl;;l@\’(%

wherein n is an integer of from 1 to 4, Rss is hydroxyl, C;—C, alkoxy, or a
glutamic-acid or glutamate-ester moiety linked through the amine functional

25  group.



OON,CONH SNSO0,0 SNSHF, N,CONHC SI NO~, SI \ H S/ SN

\' OO0O05/ NO ™ CNH \ I
-29- 0 NWH o740 /11 NS 1\
N: S~

NN S S ~0SO 0 WO 03/074083 PCT/ 1 BO3/ 00615
0,0 SNSH1/ F 0N C RAT/IBO3/MN&I, 0 S

-26 -

Preferred species of AICARFT inhibitors useful in the method of this

invention include compounds having the following chemical structures:




HF ONO CNHOCH3 1 N~S|I OO S/ .S HF NO C'NH SN S OO
OCHBHF 50 NBCI NH1\\ F SNSg"-~HN, v CS000 O HNNNHN,, I 1
SO NI1woN38480H and N CO 1 NH ~ NSI / NS 0SO PCHHBOLD61S

-27-




WD 03/ 074083 PCT/1B03/00615 -30 The inhibitors of de novo | MP synthesis
useful in the nethods of the present invention include any

phar macewpDa®abtr4psaccept abl e salt, prodrug, solvate or phacraBeuostsal |y
active nmetabolite thereof. As used herein, a "prodrug” is a conpound that
may be converted under physiol ogi cal ﬁgnditions or by solvolysis 5 to the
speci fied conpound or to a pharmaceutically acceptable salt of such
conmpound. An "active netabolite"” is a pharmacol ogically active product
produced through petabolismin the body of a specified conpound or salt

t hereof . Prodrugs tive nmetabolites of a conpound nmay be routinely
identified using techhiques known in the art. See, e.g., Bertolini et al.,
J. Med. Che ; ; 16¢H,10 Shan et al., J. Pharm Sci. (1997)
86 (7):765-76%¢ Bagshawe, Dr N . (1999), 34:220-230; Bodor,
Advances in Drug Res. (1984), 13 Zif%Ll; Bundgaar d, Design of Prodrugs
(El sevier Press 1985); Larsen, Design¥and, Application of Prodrugs, Drug
Desi gn and Devel opnent (qugsgaard Larsen et al. eds., Harwood Academ c
Publ i shers, 1991); Deatsetjal., J. Chromatogr. B (2000) 15 748: 281-293;
Spraul et al ., J. Pharnmedeut¥ical & Bi onedi cal Anal ysis (1992), 10
(8):601-605; and RNQX f,@«iﬁzj?IH (1992), 3 (2):103-112. A

"phar maceuti cal | y~sac table s Si,ed to nean a salt that retains

t he biol ogical effectiveness of the'd acgl ds and bases of a specified

conpound and that is not biologically or” &t herwi se undesirable. Exanples

of pharmaceutically agceptable salts include 20 sul fates, pyrosulfates,

bi sul f at es, i Ne bi sul fites, phosphates, nonohydrogenphosphat es,

dlhydrogenphosphates, aphosphat es, pyrophosphates, chlorides, brom des,
i odi des, ace JRIRIE dgcanoates, caprylates, acrylates,

fornates i sott yrat es, cap N ept anoat es, propi ol ates, oxal ates,
nalonates, succi nat es, suberat @,o sSebgcates, fumarates, nmleates, 25

but yne- 1, 4- di oat es, hexyne-1, 6-di oat€s,F,benzoat es, chl orobenzoat es,

met hyl benzoat es, dinitrobgnzoates, hydroxybenzoates, nethoxybenzoates,

pht hal at es, sulfonate§w: Jgnesul fonates, phenyl acet at es,

phenyl pr opi onat es, ern ngt rates, citrates, lactates, (hydroxybutyrates,
glycol l ates, tart et ha uiﬁnnates (mesyl at es), propanesul f onat es,
naphthalene- I-suIFonates 30 naphnm: e-2-sul fonates, and nmandel ates. A
"solvate" is intended to nean a phar itically acceptable sol vate form
of a specified conpound that retains the ’‘biological effectiveness of such
conpound. Exanples(pf Osol vates include conpounds of the invention in

conbi nati on wi t h watgr NHi sopeiopanol , et hanol, nethanol, DVSO et hyl
acetate, acei ' fﬁs olgnine.
s o N

5 F




WO 03/074083 PCT/1B03/00615 -31 In the case of conpounds, salts, or
solvates that are solids, it is understood by those skilled in the art

t hat t he weaBabr408nhi bit or conpounds, salts, and sol vates @CT/IB#BN0sIBVent i on
may exist in different crystal forns, all of which are intended to be 5

wi thin the scope of the inhibitors of ,the present invention and their
specified fornulae. The inhibitor coffpounds according to the invention, as
wel | as the pharnaceutically acceptable prodrugs, salts, solvates or
pharmaceutically active netabolites thereof, may be incorporated into
conveni ent dosage To mych capsul es, tablets or injectable
preparations. Solid ULQUid phar maceutically 10 acceptable carriers may
al so be enpl d/ca@\ngl ude starch, |actose, calciumsulphate
di hydrate, t a, sucrose, 385G ~gel atin, agar, pectin, acacia,

magnesi um st earate and stearic adi d‘.;*gui d carriers include syrup, peanut
oil, olive oil, saline solution and Wateér,, anong other carriers well known
in the art. 15 As nentioneg above, the inhibitors of de novo | MP synthesis
useful in the presentNinvdntion are preferably capable of inhibiting GARFT
and/ or Al CARFT and have gﬁiative affinity that is higher for GARFT

and/ or Al CARFT th wAes S én the de novo | MP synthesis

pat hway. More pre the i i $r sy useful in the invention are
specific to either GARFT or Al CARHT, ﬁb?\,\havi ng a relative affinity that
is higher for either GARFT or Al CARFT. IWarpreferred enbodi nent, the
inhibitors useful in the methods of the present invention do not have a
high affinity to magbrane folate binding protein ("nFBP") and preferably
have a di sassoci ati onycomst ant o€y nFBP that is greater 25 than | onetrexo

by at |east N4&Q;. i rty-five. The di sassociation constant to
nFBP may be de i fled by usiﬂjiacb Apetitive binding assay with nFBP, as
descri bed bel oW, Accordi ngly, YhenNlmi bt ors useful in the present
i nvention are predom nantly transBort ipto cells by an alternate

mechani sm ot her than that involving nFBP, *for exanple, via a reduced
folate transport protegin. dhe 30 reduced folate transport protein has a
preference for reduced f @S but will transport a nunber of folic acid
derivatives. WO 034074083 RLT/ L B0O3/ 00615 -32 A. Deternination of

I nhi bi ti on Const ahts—{of 1Mhhi%hi .@. %f° De Novo |MP Synthesis The
determination of ifhibition constanys mii de novo I MP inhibitors may be
conducted as per the assays discl®8ed ~NAY:S. Patent No. 5, 646, 141 or

| nternational Publication No. WO 13688, the’disclosures of which are hereby

10



5 incorporated by reference in their entireties. In particular, the
inhibition constant can be determ ned by nodifying the assay nethod of
Young et wbD,03Bro8hem stry 23 (1984) 3979-3986 or of Bl aclecCetiBed/qoenal .

Bi ochem 90 (1978) 397-401, the disclosures of which are al so hereby
incorporated by reference in their entjyeties. Generally, the reaction

m xtures are designed to cont ain the cat ‘alytic domain of the 10 human
enzyme and its substrate (i.e., GARFT and GAR, or Al CARFT and AlICAR), the

subj ect test i nhi Bhe iphibitendf dnyova ER@SSRhesissbRt MaheSiethbdsor ly10- f or myl -

5, 8- di deazaf tion is initiated by addition of the enzynme and
then nonit o?legén?lnvemlonllﬂ@?%dﬂ% PhaymagsUtically aeeeriablesalh s, sAwLs orThe

i nhi bi tion cophsmacuti¢dly)actarmdsboliethssimad ufsédeé}etlﬁ‘%"?l%H giadgnce of the 15
st eady-state cat al ﬁg%gglra e on inhihitor and substrate concentration. The

type of inhBrH9"8 eeprvertedimder phygiglogienl conditiansoeby salvodysisss wi t h

respect t6 anythesptbﬁ‘baadi hd bR al hbARleRIAIN R4 | rmyl HA folate
or its anal o forny rgp di deazap%o atee cﬁ%b@esaNOEﬂkET and Al CARFT

i nhi bitors). éfﬁ%oumi cﬁ‘ée‘f‘ﬁ“ge meghelfty nlﬁath’}fmé?OlMlcal i o¢tinglprodact mbdiced or FDDF i s
t hen determ ﬂ@@ghﬂfiﬁb@ﬁﬂﬁﬁithybw A9 s %&ﬁmﬁ%&ﬂ@&lﬁ%ﬁ’sa%fth%fgffe%d% tic rate on

substrate concentration. Data for bo t he rmnations are
fitted by noffd THEPerRliEs®f 2 comporad pay Il?aecmtlselye@maﬁevdmmgdechhﬂqmsM chaelis
equat i on f or kIR el drtY b, MY, BdroRiet &S I'ting from
tight-bi ngl ng i nhi bi ti onel shgt enoana(teltgi JZIMQ g@én {169’{3@@@11&@3# by fitting
the data!l lP?éefiﬂgI°(tB’Eﬂ”ﬁﬁ%dl%‘ﬂl)ba%l(ﬁ)ﬁ766f76%mgsm DBigbheRes3i ophys Acta 25
185 (1969), 28672 SHoNgoqieN _ ation of

Di sassoci at i on &onst ants 8@14%%2’2&%%}72%‘? IQ%Q 39524 ng Protein The

di ssoci ati on Ef&gé%fér@es(gﬂd’f Plﬁd’l!gi\‘éEbﬂeffr@N’ss:di9850;fﬁabﬂeh,db@zg@zfanb’he pr esent

ot erm ned S NG B8] OF RS Relb el BBk ARt O beF i b b nai ng

assay usi ng ¢AsBHapyaoddycedentic Brblishérs,Usel); B&reedll, 9. CAombREr. me@mmﬁar yngeal
646, 141 e

carcino ce

di scl os 3?5 es Jé%gsz\)lf\;/r%%%dgﬁaq{]gfagb‘] B ”’6‘%‘*‘6@‘3&2 ‘ggglwa{”é‘r’é?“é}%ﬂ?%h s 5
entirety. Hu@ﬁﬁohéﬂfomi%oteﬂm Xemml(wzmqn)elm ran Abehaiasdugesdlyf rom KB
cells by ey | s, are washed, sonicated for

cell lysis ang%qasolé,\%h Py %H]%O ?18% sﬁ&lﬂ}aé’feéad“sé P‘QIOgIFﬁ]éffﬁéWe@iss can then be
stripped of dmhm@@mmds andluserchflaGhéifedRpmpesidshe Bt Rol BloRgiAlyorouf f er

(KHZPO4- KOH &ﬁ'erwwe undesirable. Examples of pharmaceutically acceptable salts include

20  sulfates, pyrosulfates, bisulfates, sulfites, bisulfites, phosphates,
monohydrogenphosphates, dihydrogenphosphates, metaphosphates,
pyrophosphates, chlorides, bromides, iodides, acetates, propionates, decanoates,
caprylates, acrylates, formates, isobutyrates, caproates, heptanoates, propiolates,
oxalates, malonates, succinates, suberates, sebacates, fumarates, maleates,

25  butyne-1,4-dioates, hexyne-1,6-dioates, benzoates, chlorobenzoates,
methylbenzoates, dinitrobenzoates, hydroxybenzoates, methoxybenzoates,
phthalates, sulfonates, xylenesulfonates, phenylacetates, phenylpropionates,
phenylbutyrates, citrates, lactates, (hydroxybutyrates, glycollates, tartrates,
methane-sulfonates (mesylates), propanesulfonates, naphthalene-1-sulfonates,

30  naphthalene-2-sulfonates, and mandelates. A "solvate" is intended to mean a
pharmaceutically acceptable solvate form of a specified compound that retains the
biological effectiveness of such compound. Examples of solvates include
compounds of the invention in combination with water, isopropanol, ethanol,

methanol, DMSO, ethyl acetate, acetic acid, or ethanolamine.




10 nercaptoethanol) and centrifuged again. The pellet is then resuspended
and the protein content quantitated using the Bradford nethod wth bovine
serum al bwein/o740BEA) as standard. Di sassoci ati on const ant CanBoM®bEr m ned
by allowing the test inhibitor to conpete against 3Hfolic acid for

bi nding to nFBP. Reaction m xtures are 15 designed to generally contain
nFBP, 3Hfolic acid, and various corcéntrations of the subj ect test
inhibitor in acidic buffer (KH2PO4- KOH and 2-nercaptoethanol). The
conpetition reaction is typically conducted at 25. Because of the slow
nature of release of bound 3Hfolic acid, the test inhibitor my be
prebound pri or t i theldist bheomgoutdsusadts, deisdlvdtesthat@iedsolids, itdy undhistoRdt he reacti on

shoul d be all oawed .t.o .20 equj l.i.br i | i ! res then
shoul d be dPEWMPS F}?@ﬁlglﬂ%er??#b%ggel s EumnbSy doiobul SNkl A Db 8 |

menbr anes withdintamtion m3jefistlin diffarinticrysthl dorntsy alppfodhichrBPintanded fode washed and
measured _by scintill ati counting. The data ..can.then be.ponlinearly
fitted ad goaii Hesognaile i“ﬁ%f’%'fsé’?ﬁherﬁr??&“ gaventighang et BT ol i
acid, used frednutl qué ahivigr édaoandipetdrdiag tddte ineamiobmsotedlas tted by 25
directly titrating nFBP with 3H-folate. The nFBP Kd can then be used to
cal cul ate PhEMAGHS! Ytaa?epkglew#ﬂs%ﬁ faﬁtéaﬁf’n]aﬁef & W@“‘@Felﬁﬁgﬁ%%fflge to an
equati on f omydidb@iies BieRdE By bKincorporiddlifto bolehiemt qokap¢ifelas sudheaskd val ues of

several GARFT inhibitors using the  assay described above. 30 WO 03/074083
PCT/ | BO3/ 00&apsulesdabletygnnjgctgble @&W@Iﬁhi%’ﬂlgm liqeid PharpacetistEBP  Lomet r exol

0.019  GgMPQETiaBietaRicfsERAUNADe 310 2 SokPemad s thc khdd stich,Gaigseund 5 0. 71
Conmpound 7 Zg%glal .e Anltei - Toxi ci tym%gents To reduce the tqxici tg of an I MP
0

i nhi bi tor ol wipheteddiydrataenpals. wieiopefanecladn Agan REIRAFIIE oxi city agent
I's adm ni St%hﬁﬁeénﬁn CRAHAL DA diORic\WhdD LIARI cabritid RALTLEY syb, Eﬁﬁ‘ﬁ“‘ &g a supply of
adenine or AVMP. The anti-toxicity agent conprises_an MIAP substrate (e.qg.
met hyl t hi oadérosilnelingsotufigmpend wagerpanaengroghsy carriers well known in the art.

15 As mentioned above, the inhibitors of de novo IMP synthesis useful in the
present invention are preferably capable of inhibiting GARFT and/or AICARFT
and have a relative affinity that is higher for GARFT and/or AICARFT than for
other enzymes in the de novo IMP synthesis pathway. More preferably, the
inhibitors useful in the invention are specific to either GARFT or AICARFT, by

20  having a relative affinity that is higher for either GARFT or AICARFT.

In a preferred embodiment, the inhibitors useful in the methods of the
present invention do not have a high affinity to membrane folate binding protein
(“mFBP”) and preferably have a disassociation constant to mFBP that is greater

25  than lometrexol by at least a factor of about thirty-five. The disassociation
constant to mFBP may be determined by using a competitive binding assay with
mFBP, as described below. Accordingly, the inhibitors useful in the present
invention are predominantly transported into cells by an alternate mechanism other
than that involving mFBP, for example, via a reduced folate transport protein. The

30 reduced folate transport protein has a preference for reduced folates but will

transport a number of folic acid derivatives.



of MIA, an anal og of an MIA precursor, a prodrug of an MIAP substrate, or a
conbi nati on thereof. As used herein, an "MIAP substrate"” refers to MIA or a
10 synt hewpo3anmbdg of MIA, which is capabl e of providi ngPaTaBXW6E: € f Or
cl eavage by MIAP for production of either adenine or AMP. MIA is
represented by the chemcal structure below. rNNH ON NON HO OH
(Conmpound AA). 15 MIA can be prepareazaccordi ng to known nethods as

di sclosed in Ki kugawa et al. J. Med. Chem 15, 387(1972) and Robins et al.
Can. J. M BRrehit B8 fl A dibiti Al C oL &AL GRS BPB. Kby SHS §6HZ ng MIA i s-
pr ovi ded |n |:xanp| Z(A) Delfow. WO 037074083 PCI/ 1 BO3f UUbJ.b - used
herein, an "anal og of MIA" refers to any conpound related to MTA I n

physi cal st r uct urkheaatgrmintisn of énhihitiesisionstertts for de neyoryPankibikesvmge site for

MTAP. nt h te f I
by MIAD,  wi e R R ERGE UG PN O PeTES Cbodi ment, the

anti -t oxi ci thlteavgaeinna:l Poblidatien No.e¥0rB68& therdisclpsuras ef whicladroherelyf MTA havi ng
the Formy a AR o Rl NeARRI N NP Bk ) Vher el 1 A1

S selected Consrstl I'ng represents a
Cl-C5 al kyl, caﬁZbeﬁStewlhe:hly}I ndifydng thahdswétborbofrﬁécdmgat gl, Ringhabpstry 8t ed or

substituted bt| t IectedfromClto
C6 al koxy, Cﬁ¥§[§%%%§)g?%?) {%ﬁlj %G%ng?]lgfﬁcm'ﬁgﬁ%%gg%xal’ ynyI acyl, hal o,
ﬁrrit no, hyldr ookigdlosufustof @/gﬁgjafeﬁotlﬁrebymbmaﬂa’zeﬁlby refhteh?rmmwlenmtekqsl aryl or 0
et eroaryl ; - Rg - ne ove aresent s
NH, S, or néttfm@n@}eﬁfaowx dReg@B?degéﬂt i bai‘%‘cﬁélﬂ?‘ﬁ'i) oLl "1 (ii) a
A -C9 al kyl , m@ananzyme and its substrate (i.e., GARFT and GAR, or AICARFT and
AICAR), the subject test inhibitor, and any necessary substrates (i.e. Nlo-formyl-

5,8-dideazafolate). The reaction is initiated by addition of the enzyme and then

monitored for an increase in absorbance at 298 nm at 25°C.

. The inhibition constant (K;) can be determined from the dependence of the
15  steady-state catalytic rate on inhibitor and substrate concentration. The type of
inhibition observed is then analyzed for competitiveness with respect to any
substrate of the target enzyme (e.g. N'°-formyl H, folate or its analog, formyl-5,8-
dideazafolate (“FDDF”), for GARFT and AICARFT inhibitors). The Michaelis
constant Ky, for N?%-formyl H, folate or FDDF is then determined independently by
20  the dependence of the catalytic rate on substrate concentration. Data for both the
K and K; determinations are fitted by non-linear methods to the Michaelis
equation, or the Michaelis equation for competitive inhibition, as appropriate.
Data resulting from tight-binding inhibition is then analyzed and K;; is determined
by fitting the data to the tight-binding equation of Morrison, Biochem Biophys Acta
25  185(1969), 269-286, using nonlinear methods.

B. Determination of Disassociation Constants for Human Membrane Folate
Binding Protein

The dissociation constant (Kq) of the preferred inhibitors of the present

invention for human membrane folate-binding protein (mFBP) can be determined

30



C2-C6 al kenyl or al kynyl, unsubstituted or substituted by one or nore
substitutents 20 independently selected fromCl to C6 al koxy; Cl to C6

al koxy( Clwow3@sss kyl ; C2 to C6 al kynyl; acyl; hal o; am ReI/1R§3A06KY| ;
nitro; nmercapto; -NCOORO; -CONH2; C(ONRo)2; C(ORO; or C(O ORO, wherein
Ra is selected fromthe group consistjng of H Cl1-C6 al kyl, C2-C6
het er ocycl oal kyl, cycl oal kyl, heteroaryl, aryl, and anmino, unsubstituted
or substituted with C1-C6 alkyl, 2- to 6- nmenbered 25 heteroal kyl,

het er ocycl oal kyl, cycl oal kyl, Cl-C6 boc-am noal kyl ; cycl oal kyl ,

het er ocycl oal kyl , aryl or het er oar yI ;oor (iii) a rmnocycl i c or bicyclic

cycl oal kyl, .hetero 0 etero uted or

substi t ut ed \/Wf‘ﬁm%g%&? éaés%ﬂért‘g ?ﬁ%ﬁp@p?rﬁﬁﬁé@ﬁagwﬁqij é’é ltcted fromcl
E:g) g?k?l kyl , (manarma%haﬂyh@d’aygarcllﬁzima g:lucg)@s gﬁl’lﬁ?ﬁ“‘g %ﬁ%%%igggxy( a to
PCT/ | BO3/ 0061%&69319&‘%%'?%%9{63 ﬁWP%C is heieby sprporasdhyaeferepee in its

het er ocyclsoalégpitety. aryl heteroaryl, -COCRO, -NCORO wherein Ro is as defined
above, 2 to 6 nenbered heteroal kyl, Cl to CG al kyI cycl oal kyl, Cl to C6

al kyl -heterocycloal kyl, Cl to | kyl al kyl -aryl; 5 (c)
C(O NRIRK wher ei nﬁlﬁﬁéﬁﬁﬁmé?nf’éﬁ?ﬁtgg@ﬁ%gpﬁ ’éf@rhf a'l“}e %T)Kﬁlcel&r bY(ii) a

Cl- 6 al kyl, rﬂdﬂldﬂ@welﬂm@@n ahoat. KQB cellSAre GRisiail Mﬁhﬂ@& lfor c@lt;@@ and

boc- am noal kyI - al kenyl ene, C2-C6

| oal k Cl - al
al kynyl ene r aca?fegged Wf@‘inép l%ﬁ%% 111% Tﬂ%ﬁpea‘l}eécﬁﬁmfgl??a?“ﬂ&i’eﬁi@f Hdegengifet her to

form toget hebouw folatd BierestishdnSigR th adidic Wes (KiPeY-1&h18 aRP2Nd, a
heterocycl oal kyl or heteroaryl ring containing two to 10 five carbon atons

and wher i tEcaptoeihrpglrgad @P@U‘Blgpéagam tThepella s then resuspandedand thybst i t ut ed by
one or nore sHAsh bt E}h&tﬁa‘?&i‘%ﬂﬁ%@ﬁé‘ﬁﬂa&foﬁﬁhaﬁ&ﬁ%ﬁ B&Wﬂe ég{uﬁ ggun 2 -0 ORO

wherein Ro is_as defined above , Cl to C6
al koxy, Cl tdB®)askedyrda to Cs)alkyl, C2 to C6 al kynyl , acyl, halo,
am no, hydroxyl, nitro, nercapto, cycl oal kyl, heterocycl oal kyl, aryl or

het eroaryl; or 15Dﬁs@§so§ﬁt@n@3ﬂstﬂﬁ§§1€ U&eﬁﬁnéd%yaaﬁogﬁl et 2RMiR: to R42 and R44

represent, independentl| %{ OH, and R43 _and R45 represent,
i ndependent | fomPFte Eainsh ﬁ&wﬁldrf%ﬂ binding fe B Regstioneixeyesiatsal kyl |
het er OCyCﬂSOa'dKé{éned% Ydneral$ L&HAR B PRI ﬁ;lfc%éldpe[ @%ﬂ us cBnceH?ﬁloﬁ?

(gfve may be
further substituted with one or nore ad |t|onaltll stituent
i ndependent | yheswbigetitestiinhibifey infgeidip byl @hgﬁsﬁ%aWZ-mﬁmﬂMQetmho -(CH2) Z

Ayl Co to s ol RactlBiPRpMAy RGN g, BCAREY e BEM Bl L Fea
cycl oal kyl , wisildast oftbotuet?H-folic acid, the test 1nh1b1tor may be prebound prior to
addition of bound *H-folic acid, after which the reaction should be allowed to
20  equilibriate. The full reaction mixtures then should be drawn through
nitrocellulose filters to isolate the cell membranes with bound *H-folic acid. The
trapped mFBP are then washed and measured by scintillation counting. The data
can then be nonlinearly fitted as described above in determining K;. The mFBP Kq4
for *H-folic acid, used for calculating the competitor Kq, can be obtained by
25  directly titrating mFBP with *H-folate. The mFBP K4 can then be used to calculate
the competitor K4 by nonlinear fitting of the data to an equation for tight-binding
Kc. Table 1 below provides the K values of several GARFT inhibitors using the

assay described above.
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het er ocycl oal kyl , unsubstituted aryl or unsubstituted heteroaryl; and salts
or solvates thereof. 25 In another enbodinent, the anti-toxicity agents of
the presewD n0w®8s i on are anal ogs of MIA havi ng the For meiCa/nBedae6is N N R46
R4l ~Q N R42:~9- RA4 N N~ R43 R45 30 (XII) wherein R46 represents (i) H;
(i1) a C1-C9 alkyl, or a C2-C6 al kenyl or WO 03/074083 PCT/1B03/00615 -37

al kynyl , unsubstituted or substitut€&4by one or nore substitutents

i ndependently selected fromdd to C6 al koxy; C to C6 al koxy(Cl to

C6) al kyl ; aE%lCB al kynyl; acyl; halo; am no; hydroxyl; nitro; mercapto;
cycl oal kyl, 'heterocycl oal kyl, aryl or heteroaryl; or (iii) a nonocyclic or
bicyclic cycloalkyl, heterocycloalkyl aryl or 5 hprprnarvl unsybstit ut ed

or substit JtGAREF Ihitiiee or nore subst | KuéAdso mERPependent | y sel e¢ted from
Cl to C6 allkyl, C2 to C6 alkenyl, Cl to C6 al koxy, Cl to C6 al koxy(Cl to
Co6) al kyl, C2 arkynyt,, acyl, hal no, hydroxyl, nitro, |nercapto,
cycloalkylf%ﬁgtgéggycloalkyl, aryl or %g?%}oaryl and mherein R4l, R42,
R43, R44 and R45 are as described abhove 10 _MIrA_anal ogs can be prepared
via |iterat/rapesnhdds. The 5' thio a1éﬁbgs of adenosine can be|prepar ed
from5' -chl|oro-5' -deoxyadenosi ne (Ki khgawa et al. J. Med. Chem |15, 387
(1972) and " ombou mﬁylns er. al. Can. Jgopiem 69, 1468 (199I)), |i ncl uding
- deoxy 5'-nethy I oadenosi ne (Ki kugawa et al.), 5 -deoxy 5 15
et hyl t hi oadenosine (Kikugawa et al ) |5 -deoxy
-phenyltkKB@ﬂ@ﬁ@%%ne(Kikugama et. a0 and M J. Robins et al.), 5 -deoxy
- hydr oxyet hyl t hi oadenosi ne (Ki kugawa et. al.), 5 -iso-butylthio
- deoxyadgrEggt gndgxalg and Mftatt gheosrdes Nucleotides 5, |399
(1986)) 3-ladenosi n-5' -yl sul fanyl -propionic acid (H | desheimet |al.
Bi ochime ([1972), RA 431) S-tert-butyl -5 -thio-adenosine{(Kuhnjet al.
Chem 20 Beﬂbnﬁwgﬁkj 98, 1699), S—bu1§$Q5'-thio-adenosine (Hi | deshei m et
al.), S (2-lam no- ethyl)-5"-thio-adenpsine (H |desheimet al),
S-pyridin-Z2-yT-5"-tThi 0-adenosi ne

II. Anti-Toxicity Agents

To reduce the toxicity of an IMP inhibitor on non-cancerous, MTAP-

5  competent cells, an-anti-toxicity agent is administered in combination with the
inhibitor to provide a supply of adenine or AMP. The anti-toxicity agent
comprises an MTAP substrate (e.g. methylthioadenosine or “MTA”), a precursor
of MTA, an analog of an MTA precursor, a prodrug of an MTAP substrate, or a
combination thereof. As used herein, an “MTAP substrate” refers to MTA or a

10  synthetic analog of MTA, which is capable of providing a substrate for cleavage by
MTAP for production of either adenine or AMP. MTA is represented by the

chemical structure below:

HO  OH (Compound AA).
15
MTA can be prepared according to known methods as disclosed in Kikugawa et al.
J. Med. Chem. 15,387(1972) and Robins et al. Can. J. Chem. 69,1468 (1991). An
alternate method of synthesizing MTA is provided in Example 2(A) below.



(Nakagawa et al. Tetrahedron Letter (1975), 17, 1409.-a different synthesis
net hod), S-benzyl-5'-thio-adenosine (Ki kugawa et al.), S-phenethyl

-5' -t hi o-wadsnosshe (Anderson et al. J. Med. Chem (1981) PCTABOIRGL. ),
S-met hyl butyl 25 5'thio-adenosine (Vedel M Bi ochem Bi ophysical Res.
Comm (1981) 99(4), 1316-25, O her ?f erred speci es of 5' adenosine

anal ogs of MIA can al so be prepared” ¥a literature met hods, i ncl udi ng

5' -cycl ohexyl am no-5' - deoxyadenosi ne (Mirayama, A et. al. J. Og. Chem
(1971), 36, 3029. ol L35 horgne, M
(1o71), 35 30 cl% y 5?13%@% ahan?é TR’ reféir@w@%fﬁaédna@elst%'w

di et hyl am ndt md@mgﬂémfimwmlﬁ capable@tfproaidmg]a cl@egasitRéyr. M ni print

(1065), Vo O SyPendR AL B3R 00N S Bl Ll oyl cfilagety Mo Chem

05' - benzyl abdidds whish (iCamprovideseiderihe or8MPahedr on (1990), 46(1), 151.),

and 1-(6-am no- put.i X furanuronlc aci d
et hyl est%r (l\/bn't%é’ﬁ%rmM(L(%Hmérf?’z t%gﬂt‘bl-é%“%hg%%ens f%ng) éée‘?%%? Slonafi 211.). 5 5
Deoxyadenosi mmldgs of M¥firehavinglthe/FoamalalXabl e from Si gma- Al dri ch Corporation and
can be prepared by nethods disclosed in Robins et al, (1991). The

adenosi ne-5' - car boxam de derivative can be prepared from2', 3" -0-

i sopropyl i deneadenosi ne-&N- car yI ic acid (Harmon et. al. Chem Ind.
(London) 10 1141 @196%& Hoand Hanpton J. Org. Chem 35, 1688 (1970);
Si ngh Tet r ahElt 23807 (1992)) using a variation of the nethod

descri bed by By, Ry Med. NChem 39, 4162 (1996): OO NNH N Ate; NON
15 HO of f In adg_-{ ti O:ﬁ th ‘o\ﬁenom ne-5'-carboxylic acid sodiumsalt (Prasad
et. al. J. “®hem%19, 1180 (1976)) can be prepared from

adenosi ne-5' -car boxylic acid 3( E. Harnmon et. al. Chem Ind. (London)
1141 (1969); Harper and Hanpton Org Chem 35, 1688 (1970); Singh
Tet rahedt®dn Whergin 33 2307 (1992)) and NaOH: Of~ NNH2 + NN Na N=~ Hd

"CH Ry is selected from the group consisting of:

(a) -R; wherein R, represents a C;-Cs alkyl, C,-Cs alkenylene or
alkynylene radical, unsubstituted or substituted by one or more substitutents
independently selected from C; to Cg alkoxy, C; to Cg alkoxy(C; to Ce)alkyl, C; to

15  Cealkynyl, acyl, halo, amino, hydroxyl, nitro, mercapto, cycloalkyl,
heterocycloalkyl, aryl or heteroaryl;

(b) -Re(Y)RyR; wherein R, is as defined above, Y represents O, NH, S, or
methylene; and Ry, and R; represent, independently, (i) H; (i) a Ci-Co alkyl, ora
C,-Cs alkenyl or alkynyl, unsubstituted or substituted by one or more substitutents

20  independently selected from C; to Cs alkoxy; C; to C alkoxy(C; to Ce)alkyl; C; to
Cs alkynyl; acyl; halo; amino; hydroxyl; nitro; mercapto; -NCOOR,; -CONHy;
C(O)N(R,)2; C(O)R,; or C(O)OR,, wherein R, is selected from the group
consisting of H, C—Cjs alkyl, C,-C¢ heterocycloalkyl, cycloalkyl, heteroaryl, aryl,
and amino, unsubstituted or substituted with C;—Cs alkyl, 2~ to 6- membered

25  heteroalkyl, heterocycloalkyl, cycloalkyl, C;-Cs boc-aminoalkyl; cycloalkyl,
heterocycloalkyl, aryl or heteroaryl; or (iii) a monocyclic or bicyclic cycloalkyl,
heterocycloalkyl, aryl or heteroaryl, unsubstituted or substituted with one or more
substituents independently selected from C; to Ce alkyl, C, to Ce alkenyl, C; to Cs
alkoxy, C; to Cg alkoxy(C; to Ce)alkyl, C; to Cs alkynyl, acyl, halo, amino,

30



25 Additional species of MIA anal ogs of Formula X are conpounds having 30
WO 03/074083 PCT/1B03/00615 -39- the follow ng chemcal structures: H2N
NH2 - - NH WbBi23/0M08D N N N HO OH HO OH rN NH2 N., \'N szrbTHiEDs‘/(mHs_N NH2
rNNH2 ON\ ON\ S NONNEON 5 HOOHHO[=:=NNH2 NNH2 S ONNS O-N
N OHHOF NNHR2 OS ~~NNand HO QH . The Iatter four compounds can be
made via literature nmethods (Mont gomépy et. Al. J. Med. Chem 17, 1197
(1974); Gavagnin and Sodano, Nucl eosi des & Nucl eotides 8, 1319 (1989)

Allart et al pygHugl oS indes o] £ heoto t8SidP ard Btcfok 9&) roreferably,
I%T Ngg ?%s%ﬁ prog 5/?

the anti-toxiCity agents a stra pro 8|ng MTAP
substrates wiYeh ahe—relaR(m aseigﬁnquQﬂvelQGOﬁlnm@e(ﬂmtemaﬂwhﬁltco‘ﬁs MIA.  More

5wt o s PR ERRALR I B € 8RR Rl oy ot B Y B By e red
anti-toxicitglkgeaylt s i ncl ude IVrI'AP subst rates, or prodrugs thereof,
5 (c) C(O)NR;R wherein R; and Ry represent, independently, (i) H; or (ii) a
C1-Cs alkyl, amino, C;-Cg haloalkyl, C;-Cs aminoalkyl, C;-C¢ boc-aminoalkyl, Cy
- C¢ cycloalkyl, C;-Cg alkenyl, C»-C¢ alkenylene, C,-Cs alkynylene radical,
wherein R; and Ry, are optionally joined together to form, together with the nitrogen
to which they are bound, a heterocycloalkyl or heteroaryl ring containing two to
10 five carbon atoms and wherein the C(O)NR;Ry group is further unsubstituted or
substituted by one or more substitutents independently selected from -C(O)R,,
-C(O)OR, wherein R, is as defined above, C; to Cs alkyl, C, to Cs alkenyl, C; to Cs
alkoxy, C; to Cs alkoxy(C; to Ce)alkyl, C, to Cs alkynyl, acyl, halo, amino,
hydroxyl, nitro, mercapto, cycloalkyl, heterocycloalkyl, aryl or heteroaryl; or
15 (d) C(O)OR;, wherein Ry, is as defined above;
R4 and Ryy represent, independently, H or OH; and
Ry4s and Rys represent, independently, H, OH, amino or halo;
where any of the cycloalkyl, heterocycloalkyl, aryl, heteroaryl moieties present in
the above may be further substituted with one or more additional substituents
20  independently selected from the group consisting of nitro, amino, -(CH,),-CN
where z is 0-4, halo, haloalkyl, haloaryl, hydroxyl, keto, C; to Cs alkyl, C, to Cs
alkenyl, C; to Cs alkynyl, heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl or unsubstituted heteroaryl;
and salts or solvates thereof.
25
In another embodiment, the anti-toxicity agents of the present invention are
analogs of MTA having the Formula XII:

0 - N NRyg
R4 N/ 3
R4 ~—& Ras Q/N
Ras  Rus
30 (XI1)

wherein Ry represents (i) H; (ii) a C;-Co alkyl, or a C,-Cg alkenyl or



whi ch have a Kcat/Kmratio that is greater than 0.05 s 1M 1. Mre
preferably the anti-toxicity agents are MIAP substrates or prodrugs

t her eof h&oiag7@sKcat/ Km 20 ratio that is greater than 0PQI/IBO30KSL WO
03/074083 PCT/1B03/00615 -40 Exanples 2(B), 2(D, 2(E), 2(F) and 2(Q

bel ow provi des synthetic schenmes for the synthesis of MIAP substrates. 5
In healthy cells, natural precursors‘é?‘MTA w Il be converted to MIA for
action by MIAP. As used herein, a "precursor is a conpound fromwhich a
target conpo I hﬂg} eactions that
occur in vi @g%&%ngl{r%éﬁgg\é#& ?ﬁ}wg\%y?%@&t ere otrﬂjg{eﬂlg %@%mfdl ate which
occurs in vi sai;ectadrfrohh@l todksrmitorysrCi06 Ch/AlkoxyKOr todlmiipld.: tpCealiybr s of MIA

include S 10_a neth oni " SAME" a t
S- adenosy! maf“ﬁ'? "‘Hd’é’ mh(o merc?ggk,‘ °)V°1°%§@eﬁé§%éw&§°§m Yl s pect i vel v,
are descri betietémaryher (1@)mmmmykﬂ1cbapdlc@@1bﬂkﬂyhet&ﬂadycﬁmﬂ afddH2 O N\ NN

N HO OH Co ound B Conmpound CC) 20 In
addi ti on, T‘fg?riylc%Bﬁt%ﬁgyﬁsu%%tﬁﬁgm?@oqgloﬁ%ﬁl[gqémws(epar ed. As used

hﬁr ein, | an g ﬁqﬂ@ﬂeﬁ@nﬁff sélectddTifori Cg eUC Sy, T,ab €% slké@l&:lcompalmcy Cetoated in
physi ca struct ur c SAMe. O SAMe, and which in
vivo acts as® 6%4% @?f%/{rg 9918 ﬂ&y LFF‘PEI}?&%E‘W“ W‘fl’(ﬁl"l "fhstrate. 25

Pr odr ugs of MEAE‘ptgle&bﬂﬁﬂeﬁet@b@c&Jaﬁ@l dsebieterdbrlne i nvention as anti -
toxicity agents. Prod ru&s may designed tao |(£;P?80ve physi cochem cal or WO

03/ 074083 PCH ‘HisinBe1 iRﬁﬁaﬁiﬁﬁéEﬂ"édP%HPe V&cteristics of the MIAP
substrat ¢g For exanple, a prodrug of

MTA analogs can be prepared via literature methods. The 5° thio analogs
of adenosine can be prepared from 5’-chloro-5’-deoxyadenosine (Kikugawa et al.
J. Med. Chem. 15, 387 (1972) and M. J. Robins et. al. Can. J. Chem. 69, 1468
(1991)), including 5°-deoxy 5°-methythioadenosine (Kikugawa et al.), 5’-deoxy 5’-

15 ethylthioadenosine (Kikugawa et al.), 5°-deoxy 5’-phenylthioadenosine(Kikugawa
et. al. and M. J. Robins et al.), 5°-deoxy 5’-hydroxyethylthioadenosine (Kikugawa
et. al.), 5°-iso-butylthio 5°-deoxyadenosine (Craig and Moffatt Nucleosides
Nucleotides 5, 399 (1986)), 3-adenosin-5’-ylsulfanyl-propionic acid (Hildesheim et
al. Biochimie (1972), 54, 431), S-tert-butyl-5’-thio-adenosine (Kuhn et al. Chem.

20  Ber. (1965), 98, 1699), S-butyl-5’-thio-adenosine (Hildesheim et al.), S-(2-amino-
ethyl)-5’-thio-adenosine (Hildesheim et al), S-pyridin-2-yl-5’~thio-adenosine
(Nakagawa et al. Tetrahedron Letter (1975), 17, 1409.-a different synthesis
method), S-benzyl-5’-thio-adenosine (Kikugawa et al.), S-phenethyl -5’-thio-
adenosine (Anderson et al. J. Med. Chem. (1981), 24, 1271.), S-methylbutyl-

25  5’thio-adenosine (Vedel, M. Biochem. Biophysical Res. Comm. (1981) 99(4),
1316-25, Other preferred species of 5° adenosine analogs of MTA can also be
prepared via literature methods, including 5°-cyclohexylamino-5’-deoxyadenosine
(Murayama, A. et. al. J. Org. Chem. (1971), 36, 3029.), 5’-morpholin-4-yl-5’-
deoxyadenosine (Vuilhorgne, M. et. al. Hetercycles (1978), 11, 495.), 5°-

30 dimethylamino-5’-deoxyadenosine (Morr, M. et. al. J. Chem. Res. Miniprint
(1981), 4, 1153.), O” -methyl-adenosine (Smith, C. G. et al. J. Med. Chem. (1995),



a MIAP substrate may have functional groups added to increase its
solubility and/or bioavailability. Prodrugs of MIAP substrates which are
nore sol wbaswphars MIA are di sclosed, for exanple, in J. @cygaB@Gmms (1994)
49(3): 544-555, the 5 disclosures of which are hereby incorporated by
reference in its entirety. In the present invention, preferred prodrugs of
MIAP substrates include ~carbanates, - #sters, phosphates, and diam no acid
esters of MIA or of MIA anal ogs. Additional prodrugs can be prepared by
those skilled in the art. For 10 exanple, the 2', 3'-diacetate derivatives
of 5'-deoxy 5'-nethylthioadenosine (J. R Sufrin et. al. J. Med. Chem 32,
997 (1989)),3%12)MR262), & -batfiyddeistmdEhars Lnw ahAdrraigdrond BRI HH(1.hi o

5' - deoxyadengsi.ne cap be pre e cor di to t t hods . described in J.
oo, Cnom SB1 g 1 ain SRR PR IR o e RaRioie K& N1 5
N=1 15 Ae0 "ethfllestdQMdntzoMeAR alSEeHab80:cl. €hgm, (18BN Al 21.). et- al ., J. Med.
Chem (1997), 40:2011-2016; Shap et . al.. J... Ph ci. (1997), 86
(7):765-7%7;D@%@§%%ﬂ%ﬂeTf%@ﬂﬂﬁvﬁyﬁ@gaﬂfE@@@?@nﬁnggb-° 5§m% r, Advances
in Drug Res.cahb88fthared By ddthoddisclRBunmgRsbind et Hegbgr). of 20 Prodrugs (El sevier
Press 1985); Larsen, Design andApplication of Prodrugs, Drug Design and
Devel opnment (Krogsgaard-Larsen et al. eds., Harwood Academi c Publishers,
1991); Dear et alfhe adenobié-9 1B QRBRKEmid8 deARHNG can/fbSrepBied 20 2°Spicaul et al .,

J. Pharmaceutical & Bionedical Analysis (1992), 10 (8):601-605; and Prox et
al ., Xenobi iseprogyligempdengsiyery’-cagmxyhcacidilapmornteal st ndedorndahe

anti -t oxj it ipet R RAGRENT. 0BVERLL. 85, 188§ (1936); ¥RR3/ 074083
PCT/IBOS%%OG]égqgggiprg)rugs 5®§NWAP’gubstrates hgv?ﬁé tﬁe Formula XI: N
NH2 N -~/ NGoekedroRLey. 33,2307 (1992)) using a variation of the method described by S.

Wnuk J. Med. Chem. 39, 4162 (1996):

_N
0 o £~/ \Nm
A~
A N=/
15 HO OH

In addition, the adenosine-5’-carboxylic acid sodium salt (Prasad et. al. J.
Med .Chem. 19, 1180 (1976)) can be prepared from adenosine-5’-carboxylic acid
20 (R.E.Harmon et. al. Chem. Ind. (London) 1141 (1969); Harper and
Hampton J.Org. Chem. 35, 1688 (1970); Singh Tetrahedron Lett. 33, 2307 (1992))
and NaOH:

25

Additional species of MTA analogs of Formula X are compounds having
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M~ 5 Rn (X)

group consisting of 10 H, a

(O N(RO)w0 060 @083 or C(0) 0&,

consisting of H Cl1-C6 al kyl,
heteroaryl, aryl, and am no,
al kyl, Cl1-C6 heteroal kyl, C2-
boc- am noal kyl ;

N Nzsl~ -0 1-

wherein Rm and R'

15 and solvates or

PCT/ 1 BO3/ 006475 follové’i% clgﬂllca?gfﬂlcﬁﬂesmy each,

are, independently, selected fromthe
phosphate or a sodium salt thereof;
wherein Ro is sel ected fromCTrhBox 0615

C2-C6 heterocycl oal kyl, cycl oal kyl
unsubstltgted or substituted with Cl1-C6
6 het erd ycl oal kyl, cycl oal kyl, C1-C6

salts thereof. WO 03/074083
i ndependently, represent: O Mew
HNG NaO- Boc NaO O Oand O HN N Additional

prodrugs of NWAP substrates can be synthesized as shown in Exanple 5 2(QO

below II1.

dentificatiyon
present ?é

of ML

-Deficignt Cells The nethods of the
Bng MIAP-deficient cells,

| acki ng t he

10 MIAP gene

is a cell incapabl e of

|nvenf|on Bepl e @Eﬂﬁgl At
preferably nan#ﬁﬁiéEéV| g rlnarQ"ggg?f I
product. As used, ei nN=an " MTAP- .ClentCel | "

producing a fuf@io

10

15

20

MTAP enzyr¥ necdd

NH,
, . N=/
HO OH

N N=/

HO  OH . HO ,
o [N N o TN NH;
N~/ , . N</N

OH HO F

. The latter four compounds can be made via
literature methods (Montgomery et. Al. J. Med. Chem. 17, 1197 (1974); Gavagnin
and Sodano, Nucleosides & Nucleotides 8, 1319 (1989); Allart et al., Nucleosides
& Nucleotides 18, 857 (1999)).

Preferably, the anti-toxicity agents are MTAP substrates or prodrugs producing
MTAP substrates which have a Km less than 150 times (330 uM) that of MTA.
More preferably, the anti-toxicity agent is an MTAP substrate or prodrug thereof
which has a Km less than 50 times (110 pM) that of MTA.

Other preferred anti-toxicity agents include MTAP substrates, or prodrugs thereof,
which have a Kcat/Km ratio that is greater than 0.05 s™uM™. More preferably the
anti-toxicity agents are MTAP substrates or prodrugs thereof having a Kcat/Km
ratio that is greater than 0.01 s™-pM™.

sary for, producti on of adeni ne



t hrough the sal vage pat hway of purine synthesis. Generally, the
MIAP-deficient cells useful in the present invention have honbzygous

del eti onswofosat408br a part of the gene encodi ng MIAP, or PRauB03/00615

i nactivations of the MIAP protein. These cells 15 WO 03/074083
PCT/ 1 BO3/ 00615 -44 may be NWAP—def|C|Snt due to cellular changes including
genetic changes, e.g. gene deletion § mut ati on, or by disruption of
transcription, e.g. silencing of the gene pronotor, and/or protein

i nactivation or degradation. The term "MIAP 5 deficient cells" also

enconpasses cells deficient of allelic variants or honol ogues of the
MTAP- encodi ngxayemes, 2(B), 263} PE&)) 24Ekdnd g(@kheipyeprevidessyntetis schemasttbonal  MIAP
protein to p vage of purines. Methods and assays for
detecting EQ%%#%ﬁﬁE&}k@?ﬁﬁ%»%ﬂ%[s of a mammal are described bel ow. The
pr esent inventlon is directed to treating cell proliferative disorders 10
whi ch have incid ollferatlve
dlsorders§mh|ch qﬂ@%ﬂﬁ&g%ﬂﬁ@gggl ?&%&ﬁé@ﬁw&%ﬁﬁﬁgé?rgg%ﬁ@§5#%g ude, but are
not Ilnltedaanbbh@%&R.mamwéhmemamﬁneEMmﬁHsanmmmmn&ﬁamwdﬁdameck cancer,
pancreatic ancer . cer prostr nmel.anopa or sk

cancer, acute Farge 08%(} ‘33?‘?1%? Vé & 28U Ogﬁﬁ%‘em dsa% &8%%’{’8@%& ccurnon smal |
cell lung c amewOs Adfpdechsotio VAL isgtheteforaras iftenmgdiatebltdedecus anaes ) . Cancer

cell samples. sho for MIAP defi linically

i ndi cat ed. E:§ %“3§§§§@¥ﬁ#)ﬁXﬂBWFéW?H@?Sofh@ﬂhﬁﬁﬁ@ﬁgse to assess gene
status, 10 ansdbnothn@Inomﬁmd‘SpW’poﬂueba&U@dyla&rds‘aﬂaﬁ@symialhl ibhie U. S. Pat ent No.
5, 840, 505; U,S. t.ent, D) nt er nat | onal, Pu ation

099/ 20791 pk e e T AR T oS AT nd G AN g A S et BRI ot ror 5
cells, and at@nfoan®BB bfdooc paoat ed by reference in their entlretles.,A

pol ynucl eoti de sequence of the human MIAP gene is on deposit with the
Anerican Type Culture Col l ection, Rockville, MD, as ATCC NM 002451. The

MIAP gene has, b JHocat ed on chr onosome 9 at region p2l. It is known that
the MIAP honﬁzwgous de|6t|E%%T§S al so been correlated wi th honpbzygous
di

del etion of 25 the, gen e §HP16 tunor suppressor and interferon-a.

Det ecti on of honD ygg?%rd ions of the pl6 tunor suppressor and
interferon-a geddd na aafdi ti onal neans to identify MIAP-deficient
cells. Table 2 bel owd ndiarat es t he Bowld BBHAP defi ci ency, including those

inferred based on rates of p 16 deletlon in a sanple of human primary
cancers. 1930 WD 03/ 074083 PCT/ | B03/ 00615 '

HoN
W\u PN NH,
) O N
@'
N=/

4 \

HO  OH (Compound CC)

20 In addition, synthetic analogs of MTA precursors can be prepared. As used
herein, an “analog of an MTA precursor” refers to a compound related in physical
structure to an MTA precursor, e.g., SAMe or dcSAMe, and which iz vivo acts as

an intermediate in the formation of an MTAP substrate.

25 Prodrugs of MTAP substrates are also useful in the invention as anti-

toxicity agents. Prodrugs may be designed to improve physicochemical or



-45 Tabl e 2: MIAP Del etions in Human Primary Cancers Non-small cell [ung
cancer 35-50% Osteosarcoma 30-40% Leukema (T-cell ALL) 30-40%

d i obl astwoa3B04H% Breast cancer 0-15% Prostate cancer PCTABA00PENCr eati C
cancer 50% Mel anoma 10-20% Bl adder cancer 25-40% Head and Neck cancer
-30% To identify patients whose cell-proliferative disorders are
MTAP-deficient, a nunber of nethods Known in the art may be enpl oyed.
These net hods include, 5 but not are not limted to, hybridization assays

for hompzygopg, neledo@dglrcqncuafacfehem&/ﬂ;ﬂﬁemémte CF @ exaniS A Rkug JF » Fri tsh,
E.F., and Maniatis Mol ecul ar Cloning: A Laboratory Mnual. 2r'd ed.

Col d Spring HAFIAT substise mexhaye funstional gioppsagdediodusreasabioldtality Press, Col d
Spring Har boand/&‘\élc(a%%a%hl Q*}S'dr%kf Jf‘fNﬁAP Eﬁlﬁﬁ?i@%ﬁlc]‘l Be M ESHiAE tnfh 01 ogy. eds.

Ausubel et al, y Sons (19 For exanple, 1t I's convenient

to assess thM"Jié\f ergéﬁébsﬂffompmebéh@rg @mm O99)AKI: e4hShethet er ni ned by

Sout hern ana Qﬁ%% ue sanple is
extract edélang%ﬂb Teséﬁ) “)P(gh }ﬁ%?}l ab aI‘f'rdodlg)o epe?Lémq{Senﬁlje%S | enent ary
nucleic acid nDIecuIes) and the probe is detected. The | abel can be a

radi oi sotope, a f]:nqgér rg&g@;we%?gﬁ) edapge(ﬁ:geésyrfgd dﬁf@st?a’?@sy 20~ factor. 15

MIAP encodi ng nucleic acrd can dlFs quan % ed usi ng PCR
met hods, gel cabawdtesoertaps, ehwwhatwhn%amiho evid esigrs apMTA @arod MTA

i mTUI’thI stochem str d be ed | the art. O her
ot hodul ot caTess. (AR NG cRT bR ed f BASNRBS bf e’ "G Sor der
i nvol ve det ee;tampme dfe NGB’ IdltaaetstemeMvmmnded@GfMyltmogienoﬁMJﬂm raction

20 from a ce or t hybrj di zati on. of | abel ed
probe (i.e., ‘86’?113" ?rr‘g’%{ Wrﬁ?@?%’%b%g ﬁ%‘? %‘Yfﬂgﬁaé%ﬁsimf afl‘ilr the target
(I;/ITAP RNA tof Shﬁo %b)yﬁ&b@{-é&&?ad%ﬁ&'s&ﬂ&ﬁﬁb@?&ﬂ;&ed a?ﬁrdﬂ?ﬁtté lﬂfétrﬁdhdaNA and
etection of the pr.ohe (i er otting). The | abel can be a

radi oi sot opedesé'l“l?qp e@’éeﬁ?e”l:gﬁﬁp%gr%éb‘l n enzyne, or an enzyme co-factor.
The MIAP protein can al so be detected using antibody screeni ng net hods,

such as N
e Bt N
N/ \ N/ S N
\s/\@” y /\S/\é, \2\<N ) -
NS N=/ S % N=/ \(\ AO  Orc
15 A0 om A0 oA

See also, e.g., Bertolini et al., J. Med. Chem. (1997), 40:2011-2016; Shan et al., J.
Pharm. Sci. (1997), 86 (7):765-767; Bagshawe, Drug Dev. Res. (1995), 34:220-
230; Bodor, Advances in Drug Res. (1984), 13:224-331; Bundgaard, Design of

20  Prodrugs (Elsevier Press 1985); Larsen, Design and Application of Prodrugs,
Drug Design and Development (Krogsgaard-Larsen et al. eds., Harwood Academic
Publishers, 1991); Dear et al., J. Chromatogr. B (2000), 748:281-293; Spraul et al.,
J. Pharmaceutical & Biomedical Analysis (1992), 10 (8):601-605; and Prox et al.,
Xenobiol. (1992), 3 (2):103-112.

25

In one embodiment, the anti-toxicity agents of the present invention are
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Western bl ot analysis. Another nethod for identifying patients with an MIAP
5 deficient disorder is by screening for MIAP enzymatic activity in cell or
ti ssue SwOPBO308AN assay for MIAP-deficient cells can comrpmiB&/@nlsassay
for honbzygous deletions of the MIAP-encodi ng gene, or for |ack of nmRNA
and/ or MIAP protein. See U S. Patent . 5,942,393, which is hereby
incorporated by reference in its 10 efftirety. Because identification of
honbzygous del eti ons of the MIAP-encoding gene involves the detection of
low, if any, quantities of MIAP, anplification may be desirable to
increase sensitivity. Detection of the MIAP-encodi ng gene would thus

i nvol ve t he niebugsfofMPAR pibsisatpshaving theFosaradr ase chain reaction (PCR),
such as anchor PCR or RACE PCR, or, alternatively, in a ligation chain
reaction (LCR) 15 (see, e.g., U S. Patent Nos. 4,683, 195; 4,683, 202;
Landegran et al. (1988) Science 241:1077-1080; and Nakazawa et al. (1994)
Proc. Mail. Acad. Sci ~ USA 91:3Q0- 364, each of which is hereby

i ncorporated by referenge 'bn i FS\enjNHzety). PCR and/or LCR nmay be
desirable to use as a p I T nplification step in conjunction wth
any of the techniques use or Rt i ng del etion of the MIAP gene. 20
Alternative anplificati gd mephods for anplifying any present MIAP-encodi ng
pol ynucl esoti des incl ud® sel f ‘anust ai ned sequence replication (Guatelli, JC
et al., 7(1990) Proc. Natl. Acad. Sci. USA 87:1874-1878), transcriptional
anplification system (Kwoh, D.Y. e(XBl., (1989) Proc. Natl. Acad. Sci. USA
86:1173-1177), @Q Beta Replicase (Lizard i,P.M et al. (1988)

Bi o- Technol ogy 6:1197), or any other 25 nucleic acid anplification nmethod,
fol | owed by wikseidet ecti on of the anplified nolecules using techniques
known to those of, ski.lJ _in. I -deficient cell
sanpl es are obt aiRr‘fb dt%?at)el’ gltf)i eng‘%ngly’s%{eg'ifega gﬁ%%@ff%@@ gd(gorti ons of tunor
ti ssue flomHjrephvsphatl drasodiostsalt oreef; COORN(BraBI(P)R4 treCE@PR,sanpl es are free

posi C1ves, VB3R o7 0B R REb ROB Loty AR 70 o e

| nhi bi t or ofheReodyoloalky VB cByiityt dsicmaryh chrydyenid-afdnd, oasupstitigleort Once a manmal

in need of treatnent. e i deptified, a essin AP- defi ci ent
cells, the ﬁﬁ’ﬁ‘%ﬁ?m&rﬁ’?ﬁg%#@aj&légr% lt“ﬁte%?a‘t‘%@@%zﬁ%t?fc??{ %?H%/?:f ective 5 dosage
of an i nhi bi ¢yeloalid], dg-0 Moo-allidatkyht hesi s and an antitoxicity agent in an
anount eI ecti ve1 to i nc&ﬁeﬁse %he maxi mal |y tol erated dose of such

vaigs rsaify PRfept

i nhi bi tof® 1309Q t he scope of the invention that nore than one
i nhi bitor may be



concurrently admnistered in the present invention. Wile rodent subjects
are provided in the exanples of the present invention (Exanples 4 and 5),
conbi nat iwo 030740Br apy of the present invention may ulti nRCEIBOIW615
applicable to human patients as well. Analysis of the toxicity of other
manmal s may al so be obtained using obyious variants of the techniques
outlined bel ow. The nethods of the prééent i nvention are suitable for al
manmal s i ndependent of circulating folate levels. See Alati et al.
"Augnent ation of £hgy liqnégj@mmféﬁeﬁglw ty of Lometrexol ‘

[6-R)t, 10- Di deazat et rahydrof ol’ate] by al Folic Acid, Cancer Res. 56:
2331- 2335 (19p8peniThe present invention is therefore advantageous in that
folic acid sup mentation is not required. Therapeutlc ef fi cacy and
toxicity of the mbi_nati ons of inhibitor]| and an TN/TqX|C|ty agent can be

determ ned by s anHEEEjpr -clinica cldwni cal LQQ@ in 20 cel
cul tures, experimen Naa?hﬁls or

patients. Therap utically effective
dosages of the conpounds | ncl ude pharmaceuti cal dosage udits conprising an
effective amount off the active conpound. A "therapeutically effective
amount " of an"iwbiii€or of dg novm | MP syntheXszmweans an anount
sufficient to ipkibit the q;jnvvﬁﬁgyrlne pat.brwery nd 25 derive the

benefi cial effect3sicherefrom th°teference to t ese standards, a

determ nation of therapeutically effective dosages for the I MP |nh|b|tors

to be used int i nventi oRy be readily mage by those of ordinary skil
in the oncolagic 3aart In {he present |nvngL the anti-toxicity agent
is adm ni ster i n"a dosage a effeetTv& to’ aecrease the toxicity

of the inhibitor. In regards to inovitro cell WD 03/074083 PCT/1B03/ 00615
-48 culture experknents, a decrease in toxicity can be determ ned by
detecting an | ase in the IC50, i.e., the concentration of inhibitor
needed to inhibjt{ cell growth or induce cell death by 50% In nmammals, a
decrease in toxici can be determ ned by detecting an increase in the
maxi mal | y toleratégrdose. As used in 5 the present invention, a dose of an
anti-toxicity agg useful in this invention contains at |east "an anpunt
effective to incfease the maximally tol erated dose" of the inhibitor. A
"maximal |y tol erated dose" as used herein, refers to the highest dose that
is considered tol erable, as determ ned agai nst accepted pre-clinical and
clinical standards. Toxicity studies can be designed to determ ne the
inhibitor's 10 maximally tol erated dose ("MID'). In experinental aninal
studies, the MID can be defined as the LD50 or by other statistically
usef ul st andaddiiona popdrugs of M ARrspbsttates can be synthesized as shown in Example

5  2(C) below.

1I1. Identification of MTAP-Deficient Cells

The methods of the present invention are applicable to mammals having
MTAP-deficient cells, preferably mammals having primary tumor cells lacking the
10 MTAP gene product. As used herein, an “MTAP-deficient cell” is a cell incapable
of producing a functional MTAP enzyme necessary for production of adenine
through the salvage pathway of purine synthesis. Generally, the MTAP-deficient
cells useful in the present invention have homozygous deletions of all or a part of

the gene encoding MTAP, or have inactivations of the MTAP protein. These cells

15



causi ng no nore than 20% wei ght | oss and no toxic deaths (see, e.g.,
Exanple 4 below). In clinical studies, the MID can be determ ned as that
dose at vWwDwob/o748er than one third of patients suffer do®PeTBoA/GbIEY
toxicity, which is in turn 15 defined by pertinent clinical standards
(e.g., by a grade 4 thronbocytopeni a 9.2 grade 3 anemi a). See National
Cancer Institute's cancer therapy eval'lation programfor common toxicity
criteria; and Mani, Sridhar and Ratain, Mark J., New Phase | Trial

Met hodol ogy, Seninars i n Oncol ogy, voI. 24, 253-261 (1997), the

di scl osures of whi ch are hereby i ncorporated by reference in their

entireties. he d ti betwentOX|c therapeutic effects is the
t herapeutic Waﬁ %MT&SJ Fdpsde sl ﬁrﬁ]EPé‘ﬁesdaﬂ ‘g%g SF RIS FE-t he ratio of
maxi mal |y t ob&fedfeRbon BHOBRaINCEr By HBsriptidh B Fhdsb@stRASYS isfidicing oefeect i ve dose.

In the present invention conbi nation therapies whi ch increase the

t her apeuti c BFR§@Xometen ARdipranqteig inapiiyasion Bt %g}’?élﬁlthnr de &am | “MlAR-ur e assays and
ani mal sty gencaRcdIR WSEehobiipasa bl B Rhd JPEIQICVARAE GhoiRRAAGS and

schedul es of admnistration for the inhibitor and anti-toxiCity agent when
used in humaﬁ%t e MHeARtecadiag aenesercslls lapking qd@ﬁuatftbmimﬁfa@tlpnaéﬁ\@ ly yields a
circul ating g NAGEReink QllvaleD BF piring Bassh R0kt | nC! udes

t he therapeu Jﬁefgecﬁve am)g pf”l T?le |nﬁd8%int Ssrs v§ t he anmount

t hat causes d@é\éTAPWﬁfrlmjC@lbﬂf@mylmmﬁewembejﬂ?Wthe dosage of any 30
anti-toxicity agent preferably yields a circulating plasm concentration

Lhat |ies VIO 03/ OfdNgeRGT|d: RZEABAS! o ARiickhifriRQBORBAL | ncl udes Lhe

anount effective to increase dosage of inhibitor whi ch causes

dose- | i ml®i niyhichshipyd ingidenpp ef M@M@eﬁmlvaﬁyard@pwm}hgrwmw he form
enpl oyed a”dgfs&%eﬁs%fl&l h%@e%@ %lbé%&@%vﬁtﬁm APJiéﬂ%&%ﬂcyi'ﬁ LByt dr@ﬁl&tb' tor

conpound used 1n the netho e i nvention erapeutlca |y
effective 5 pinitshto, brsast eancerapanorsaticaganéss, head anverteekicnadrt paabtegticf r om cel |

culture data n%ér § QX\&nké} prggfﬁ%pc]ag ?npe%n%%a O§H81I;|CAH@% tion can be used to

nore accur at e?fy determne’ dgses 1on Hunans s in plasma may be
neasur ed, f otyngphabipstie, ledkymms,gloma:peabwsammaynoﬂmdk@ﬂﬂm@%ncem andal dose of

the inhi ?5 L(p){llio ! 1eatlr}um(r)rggél der %Qet f@ ncer ce sggo}llglgééss%gg?&l Ses an

anount o squar er o area of the
host, prefer MITAP dnfmegcmchmnallyrmdleatm eAesayiﬁo;asseadMﬂIAPmﬁcwnwl |'i grans or

| t b d rf t
nwent Fon pr Borde ot ReSerett avt Sendregmggtivo 6 Tadl Fad R0t ng anc
after ad mhnl BiS. RhteN@ 5 8t4b,605 h$.[Hatent N6. Lﬁg%zpb?hnd hlfbl’l&flbﬁﬂﬁ’ﬁbl&ﬁtl(ﬁﬂ']te aglelnt

t thr r i cient ce
25; \S;: \S;al ang % 3@5?%@;"8 g éfr}haratﬁ? é%?“%ﬁﬁ# Mfgpriig%?f %% he

anti -toxpgit yeIE%lﬂTardTl&Yeb?encorporated by reference in their entireties.

A polynucleotide sequence of the human MTAP gene is on deposit with the
American Type Culture Collection, Rockville, MD, as ATCC NM_002451. The
MTAP gene has been located on chromosome 9 at region p21. It is known that the
MTAP homozygous deletion has also been correlated with homozygous deletion of
25  the genes encoding p16 tumor suppressor and interferon-a.. Detection of
homozygous deletions of the p16 tumor suppressor and interferon-o genes may be

an additional means to identify MTAP-deficient cells.

Table 2 below indicates the rate of MTAP deficiency, including those

inferred based on rates of p16 deletion, in a sample of human primary cancers.
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performed by any suitable nmethod, including but not limted to, during and
after each dose of the inhibitor, by nultiple bolus or punp dosing, or by
sl ow r el exo@3/0f483rul ati ons. I n one aspect, the anti-toxi CiPCY/IBEEOGIS S

adm ni stered such that the effects of the agent persist for a period
concurrent wth the presence of the 2@sinhibitor. The in vivo presence of
the inhibitor can be determ ned using pharmacokinetic indicators as
determ ned by one skilled in the art, e.g., direct neasurenent of the
presence of %Wﬂ2MNHMU?DﬁhpmasnémnmnPnsmu@§mcmm another aspect, the

hat o £

anti-toxicity agg |Bﬁl§u€éf“h’§$8ah§yw steh S%SQ%Q re—etf-eets—ef t he agent

persist until n has sub Pally ceased, as determi ned
by using 25 phar@ste@dlgcnmm C i ndl cators, e[ 3-40%@S purine nucl eosi de | evels
in plasma. As e—4—bel-ow—the anti-toxicity agent increased
the MID of the St%%r%i gﬁmgéﬁﬁgund in mceoUHeh it was adnlnlstered for an
addi tional 4 daysliefliseima t he Tast dose of| §gugel, nhi bi TOT. |l e 3(D)
further denonst ici drarrat ically in cell
cul ture sanpl es| W58 C#¥85 ni stration with ﬂhB”@O anti-toxicity agent was
prol onged | ong Bph@htc@ARENT W T UITEe TTIH '_g‘z(ﬁ% conpound—was-| t er m nat ed.
The agents of the invention, both the IMR 1nhibitors and thefanti-toxicity
agent, may be i npegepfigantsy adni ni st er ed tﬁj)%;my clinically acceptabl e neans
to a WO 03/0740 PCT 1 BO3/ 06615—50—Trant —a—hurah—patient, in need
thereof. di ncJﬁﬁfgg%%%ptable neans for xm%oﬁpsterlng a dose include
topically, for |[@Xaddekegncas an 0| nt ment or| 8-4peeam orally, Including as a

nout hwash; rectjakty,— exanple—as—a—suppesitory;—parenteral ly or
infusion; or ¢ ;I%[?aﬁ%%gﬁ}“@?c "ntravagi nal|,30¥t r anasal , intrabronchial, 5
intraaural or int raocul ar | nfusion. Preferably, The agents the invention
are admni stere;} Q parenterall Preferred enbodi nents of the
invention are il 0S4 Yéﬁtlﬁ‘iﬁs Wh@eé%hwllésat@eﬂlsomwm MéEnBwefidgientni | | be

under st ood, addugibet dFenERRTRA venti on,
which is defal nedeby the a p(gﬁldﬁe{gh{:?{al}iwswéé?%% zg&gggeh\?ﬁgﬁf%&rl\ég are 10 used
t hr oughout tOHENGERISHSE Bmitecsigclybsidization apsgys fwmmmyg@rs deletiptt ofths hour and " ng"
for mlligrangr Corrpound 6:
ENPRE R Wﬂ“g&? N ar Ty o Mprdctir

d] pyri m di n-Eenrg A fporsiary Maraaket tedl, Onidepong Harhor LabpratoaniColdaci d o °

Spring Harbor Laboratory Press, Cold Spring Harbor, NY (1989), and Current
Protocols in Molecular Biology, eds. Ausubel et al, John Wiley & Sons (1992)).

10 For example, it is convenient to assess the presence of MTAP-encoding DNA or
cDNA can be determined by Southern analysis, in which total DNA from a cell or
tissue sample is extracted and hybridized with a labeled probe (i.c. a
complementary nucleic acid molecules), and the probe is detected. The label can
be a radioisotope, a fluorescent compound, an enzyme or an enzyme co-factor.

15 MTAP encoding nucleic acid can also be detected and/or quantified using PCR
methods, gel electrophoresis, column chromatography, and immunohistochemistry,

as would be known to those skilled in the art.

Other methodologies for identifying patients with an MTAP-deficient
disorder involve detection of no transcribed polynucleotide, e.g., RNA extraction
20 from a cell or tissue sample, followed by hybridization of a labeled probe (i.e., a

complementary nucleic acid molecule) specific for the target MTAP RNA to the




NN /CO2H NH S TA v O CO2H H2N N H 20 Compound 7:

N-(5-[2-(2-am no-4(3H)-oxo0-5,6, 7, 8-tetrahydropyrido[2,3- d]pyrimdin

6-yl) - (S)wetobyr40831- et hyl t hi eno-2-yl)-L-glutam c acid 0 HPCHNB03/086t5 \ N
COzH S 0 CO2ZH HZN N N H 25 WO 03/074083 PCT/1B03/00615 -51 EXAMPLE
1(A): Synthesis route for Conpounds 6 and 7 In one nethod, conpounds 6 and
7 were synthesized by the follow ng “~process. 5 Step 1:

5- br ono- 4- net hyl t hi ophene- 2-carboxylic acid Br /g \ CO2H This conpound was

prepared ac ' 0 - | .
o[ To7a) - SRR R o o o e S by 1 o
[ 2, 3- g] pyri mlddlneotome,a@uHNSO@HB@r@@NN anenqymermrgn @m@@&ﬂﬁa%s l'?)bs? epar ed
according t Tayl o |. 54
(1989), 3613\4%%? g“’“’égx "ﬁst° f&eﬁ‘g'ff%t%én%mgﬁd’;SC{e%lﬁ% H‘egetlﬁgé:g Y1 - \(Ogl ut amat e
H CO2Et Br SNMtem@loCﬂﬁEAslszanmheramsthmd foe tllestillying ipatientsfwith an MTAP-

5- br ono- t.h - 2- b d

1- hydr ox ben‘%gglﬂnéf%)% ﬁ%g%rmglo %A CI {t% $ﬁlg%hgégcg¥m§ et hyl

samples.

An assay for MTAP-deficient cells can comprise an assay for homozygous
deletions of the MTAP-encoding gene, or for lack of mRNA and/or MTAP protein.
See U.S. Patent No. 5,942,393, which is hereby incorporated by reference in its

10 entirety. Because identification of homozygous deletions of the MTAP-encoding
gene involves the detection of low, if any, quantities of MTAP, amplification may
be desirable to increase sensitivity. Detection of the MTAP-encoding gene would
thus involve the use of a probe/primer in a polymerase chain reaction (PCR), such

-as anchor PCR or RACE PCR, or, alternatively, in a ligation chain reaction (LCR)

15  (see, e.g., U.S. Patent Nos. 4,683,195; 4,683,202; Landegran et al. (1988) Science
241:1077-1080; and Nakazawa et al. (1994) Proc. Mail. Acad. Sci. USA 91:360-
364, each of which is hereby incorporated by reference in its entirety). PCR and/or
LCR may be desirable to use as a preliminary amplification step in conjunction
with any of the techniques used for detecting deletion of the MTAP gene.

20  Alternative amplification methods for amplifying any present MTAP-encoding
polynucleotides include self sustained sequence replication (Guatelli, JC. et al.,
(1990) Proc. Natl. Acad. Sci. US4 87:1874-1878), transcriptional amplification
system (Kwoh, D.Y. et al., (1989) Proc. Natl. Acad. Sci. USA 86:1173-1177), Q-
Beta Replicase (Lizardi, P.M. et al. (1988) Bio-Technology 6:1197), or any other

25  nucleic acid ampliﬁcatic\m method, followed by the detection of the amplified

molecules using techniques known to those of skill in the art.

Preferably, the MTAP-deficient cell samples are obtained by biopsy or
surgical extraction of portions of tumor tissue from the mammalian host. More
preferably, the cell samples are free of healthy cells which may contaminate the

30  sample by providing false positives.



ester hydrochloride (3.98 g, 16.6 nmol) and diisopropylethylamne (2.9 nl,
2.15 g, 16.6 mmol) in dinethylformam de (DVF) (40 m) was added 1-(3

di met hyl awDrepr4gy/1 ) - 3- et hyl car bodi i m de hydrochl ori de (3PL&1803/M616 nmol ).
25 The resulting solution was sti rred under argon at anbi ent tenperature
for 18 hours, poured into brine (300 , diluted with water (100 nm) and
extracted with ether WD 03/074083 PCT/ B03/ 00615 -52 (3x120 m). The
conbi ned organic extracts were washed with water (150 m), dried over

MySO4 and cOoRC eiak@slidndr URIMALIER 08 DY oo W%tﬁéé@an%nﬁhfo%ivd purified by

fl ash chromatography. ution w exane: provi ded the

product as ahgest ange oil (5.05 g, 83%yield). Analyses indicated that the

product 5 was di ethyl N-(5-brono-4-nethylthieno-2-yl) glutamate. NVR(CDC13)

6:7.22 (1H 's), (ﬁlcgﬁn(a%lﬂnalqaneéigft%aﬁ@nthéjslﬁgn fd@ﬁﬁﬁe@%igoséesﬁn , 1.5, 9.4

Hz), 4.23 (2H, q, J=7. 2 (2 d, 39 (2H, m,

2 35 2.22 (1MT deﬁszlell@ekls the m%l)malﬂlayimre@ad wmathﬁapelﬂlcz@y ¢Hgativg | g=7.1
1.23% (3 , Br. 10 Step

4 b ot hyl NP L T bl 8t g0 iyt %@S&'ﬁ*éﬁ%*“%@‘i%%éﬂ*“%. T din- o y1)

et hynyl ] - 4- nasadupt @ffnc@vmtozneﬁa)se typmaa 1§t01®aﬁd@952E{f su @hﬂpmr/%w\ N~

(H3C) 3CANN | r y

N (5. br om- 45t 1 feisedbs of e bl i &) Uho ARRGREAET

acetonitril ecmaﬁ“ramtly admnisterwn drequescrttimesivre r Whilgroderd dehiets 4% s

P B DR Bl AT s 00

6- et hynyl10 2-théepy off thy prasenhinyentioB ey okipyely bofidlisatdd toyhoivan titieats@§. 68 g, 21
mrol ). The 20 .resul.tant spens was_ heat ed re 6 hours. After
cooling to r¥% %%&Fbﬁe‘?’fﬁ% %cm{cﬁ%t S e FPeacti |g§n°br%°%kalijn§gfug£% filtered and
t he preci pi téivioup@srianashigdeskinignescdinedibtloivl e (50 nl) and et hyl acetate
(EtOAc) (2x50 nl). The conbined filtrates were concentrated in vacuo to
give a brown resi h o1y aphy. Elution
wth CH2 d2 Cl-ls:lrh&qje( fﬁﬁgprege%ie&&g@n%ﬁ sfuhg%%tfjogtgﬁas %%%{)r ange solid
(4.16 g, 67%§1emhdb)nt oﬂ\mahlﬁemfolatﬁ:levm ette WimtettahéAugm@an ofhe di et hyl

et hynyt 114 e s S PR RAPERIb ARG LB R B, o 1o,

Folic Acid, Cancer Res. 56: 2331-2335 (1996). The present invention is therefore

advantageous in that folic acid supplementation is not required.

Therapeutic efficacy and toxicity of the combinations of inhibitor and anti-
toxicity agent can be determined by standard pre-clinical and clinical procedures in
20  cell cultures, experimental animals or human patients. Therapeutically effective
dosages of the compounds include pharmaceutical dosage units comprising an

effective amount of the active compound.

A “therapeutically effective amount” of an inhibitor of de novo IMP
synthesis means an amount sufficient to inhibit the de novo purine pathways and
25  derive the beneficial effects therefrom. With reference to these standards, a
determination of therapeutically effective dosages for the IMP inhibitors to be used
in the invention may be readily made by those of ordinary skill in the oncological

art.

In the present invention the anti-toxicity agent is administered in a dosage

30  amount effective to decrease the toxicity of the inhibitor. Inregards to in vitro cell



Hz), 8.59 (1H, d, J=2.2 Hz), 7.33 (1H, s), 7.03 (1H, d, J=7.4 Hz), 4.73
(1H, ddd, J=4.8, 7.4, 9.5 Hz), 4.24 (2H, q, J=7.1 Hz), 4.13 (2H, q, J=7.1
Hz), 2.55wP.0407402H, 30 WO 03/074083 PCT/ |1 B03/ 00615 -53 mCI/IBOBB6(3H, s),
2.35-2.24 (1H, m, 2.19-2.05 (1H, rr) 1.34 (9H, s), 1.30 (3H, t, J=7.1
Hz), 1.24 (3H, t, J=7.1 Hz). Anal. Cﬁg H33 N5 07 S.0.75H2 0) C, H N, S.
Step 5: Diethyl N-(5-[(2-][pival oyl am nd]-4(3H)-oxopyrido [2,3,d] 5
pyrimdin-6-yl)ethyl]-4-methylthieno-2-yl) glutamate O HHCQZEt [|1zz IO
HIN S\ N (H3Ga3 AN &R agéreasynﬁoﬁel%p&ﬂ% QBefhinél B3 d¥dcting an
N-(5-[(2-[pival oyl am no]-4( H) - oxopyr i

[ 2, 3-d] pyri ningiepsedn {he)Eiohiyd. ]thmcqmuﬁrw@wfeﬂbb@rypqde@rqmbzhﬁtcdl gosth ny, 1.6
nmmol) and 1 hhﬂnj | uoroacetic acid
(30 M) was Qréhg'%ggah(?l@fgr 586/%51?@ Téd\é\ér%ebggﬂio%}rﬂlgﬂy&{]egecr ude reaction

m xture was diétéroined by WetettingldR i®rease fmthq wadgalihiotenged dospads ofed@el it e

(di at omacgou I c d, |0 obt ai ned was

di ssol vedgal nﬁlﬁﬁl% S%%w?ﬁtg)&’ %@‘%,g%irgén\?\gtg lgl(?y%%pﬁlseﬂ; ﬁ‘rtfé?ﬁldg '!l’isa(ﬂCCB (2x100 m),
dried over Neint£8(%t basi “gromuant efitotide to increcae the nmaxingallydoleratedalose” glim  whi ch
was purified Qhrom ¢ El ut | w th 2 ,Cl2 OH (49:1)
provided t hethfi)r{o d@)f male/r W%)vlv‘%gtg%{d%se e&)ﬂerelnﬂrﬁg?g_éo tlTe lgheqr;‘gl yses

i ndi cat ed t héadse tHaempomliwdd tolambld md'eyelrmhde(( Egaﬁr(sﬂaccepted pre-clinical and

[pivaloylam . d Ay n- 6-vl ) et hyl.] - 4; met
hyl t hi eno- 2 %‘“@%’[ﬁgaﬁg i?lt%Be‘gﬁO dégﬂé‘.négw(‘%‘ﬁl’m& S0 Hz) |
a.z ;19 g 1 %o ?rl maﬁ)nally ﬁ%e%i’ce({ ddde ( mgmgjz SIBeHygﬂEilmzﬂtaI?%airﬁall_l bl;udm,jﬂlma dad H, 4d11J( ZHS
q, J=7.1 Hz)F bt adhigs %s_tE%U?émsrf Z}'ﬁftjher S'z%ti?&i@%?f&iéf@fﬁ%@ﬁ%»%’@a %S%K%awn% 1H, ),
i %g (23a4 'E 1dtus1ﬂﬁ no &oﬁb&h&rﬁiﬂ)% ﬁ/):lghﬂloﬁs%nﬁﬂbitoxuﬁdeath& (?& é@!‘E}édén éeJ4=H7 leHZ)S
{ e
6: Diethyl npf(lw (Iac'prawgruew al?ﬁMSP C&véggﬂweé aethﬁt @OSPéw%}ﬁ%r opyri do| zps-
d] pyri m di n- vl ha®bitythird éfﬁﬁﬁéﬂykﬁfﬁ/ﬁdg\é'h?mﬂﬂgtoﬁbiﬂ}t HMedhgs Mu@3/ 074083

PCT/ | BOS/ 00615 -54 OH Q2Et [~ |
defined by pertinent clinical standards (e.g., by a grade 4 thrombocytopenia or a

grade 3 anemia). See National Cancer Institute’s cancer therapy evaluation
program for common toxicity criteria; and Mani, Sridhar and Ratain, Mark J., New
Phase I Trial Methodology, Seminars in Oncology, vol. 24, 253-261 (1997), the

disclosures of which are hereby incorporated by reference in their entireties.

20 The dose ratio between toxic and therapeutic effects is the therapeutic
index. The therapeutic index can be expressed as the ratio of maximally tolerated
dose over the minimum therapeutically effective dose. In the present invention,

combination therapies which increase the therapeutic index are preferred.

Data obtained from cell culture assays and animal studies can be used in
25  formulating a range of dosages and schedules of administration for the inhibitor
and anti-toxicity agent when used in humans. The dosage of such inhibitor
compounds preferably yields a circulating plasma concentration that lies within a
range that includes the therapeutically effective amount of the inhibitor but below
the amount that causes dose-limiting toxicity. Consequently, the dosage of any

30 anti-toxicity agent preferably yields a circulating plasma concentration that lies



(H3C)3C N ~N N O CO2Et H H A suspension of diethyl

N-(5-[(2-[ pi val oyl am no] - 4( 3H) - oxopyri do

[ 2, 3- d] pywOrmBai74085- yl ) et hyl | - 4- net hyl t hi eno- 2-yl) gl ut anaP€T(B®/@61F, 59
mmol), 5 10% Pt on carbon (25.12 g, 78% wt. eqg.), 10% Pd on carbon (10.05
g, 30%w. eq.) and PtO sub.2 (10 g, ,30% W . eq.) in trifluoroacetic acid
(170 mM) was shaken wunder 900 psi of ¥ sub. 2 for 330 hours. The crude
reaction mxture was diluted with CH2 Cl12, filtered through a pad of
Qelite, and GafSaHIRIRikRARY AnodREtTedise it RPLRIn Y}P?hi@i&so' ved in
CH2 Cl12 (600 nl), wagg : satu(rnfatteel N C%B 2x40 érled over
Nat SO4, andwhis @@ﬁ@&@@@@nﬁmgm‘w tlhe gpspee may mmenélgg nponth¢ ch was
purified by t OH (24:1)
provi ded i ni %ﬁ%ﬁ&@?%ﬁ@%@tﬁgwsu?g&%@@‘%ﬂ%%?%an %@bﬁ’_‘gl d) and then
the pr oduct cqr@olundwsdﬂtifii@ mgthods ofithe ventiof, thé thetapauticatiyreffe¢tive06 g, 11%

n (el5d% (2-1pi gﬁﬁ% 9% o'ﬂgen?r% %%gﬁ B@Estﬁﬂ?ed%@gl%?ﬁo%éﬂ gﬂtﬁlr'eh&élta as shown in

4( 3H) 0X0- 5, BxamBe 3 belowhguhhom@brmdm)n[cﬁh&uk}%qbyrmm dccurately determine

yI)ethy nmet Ith|e - 2=yl | ut amat e. . N 6: 7.24
(T Ly o el fReg Whghogh "y R nprhesth Wb PF Gl T gabie it 5 2,
7.6, 12.6 Hzép,ectﬂorﬂéfry( A, exétnpldﬁ?imilall-db}e of4hél.ﬂah{bﬂb+ or aﬂm-tokiﬂty]agéﬂz for a3.43-3. 36
(1H m, 3.06-2. 98 é 2.52-2. 40
> 37-2.23 (1HAOpRL anz‘wftsm%ﬁsesgy ainging pf W@ﬁ?mwr Sfigqmeterl (lH M, 20
1. 73-1. 68) ( 2bbdyshsfack arbd of hElhsst, préfe&@ly(o’ﬁb"gra’&n addiork préfdrably, ab3ut(7@bl, t, J=7.1
Hz). Anal. (C29 H41 N5 07 S. 0. 5H2§) % Thi s diastreoneric mxture
was further BUREFPEAT 135 R PIUENCBAES ﬂmzlenals odY FB18CE ¥ a Chi ral pak col umn
wi t h hexane: et hanol : di et hyl am ne (70:30:0.15) at 25 a tenperature of 40C
and a flow rate ofhehrfentlidventivatRoda\ha ed atieosepapait e dindsittercéomer s as

yel | ow solid 1.0 and, 1.34 g, ctiv MR spectra of the
i ndi vi dual s?%&@}ﬂisﬁeéﬁ@nwaﬂan&ﬂt@wﬁ@ﬁ?réﬁﬁb%é thq RIS AERe BB, and £ r om
ts the spect r umphttahroetholiQhe pdrd BT Hihibiter acBQity\Or OFiSékQ8B sV 4llaB@3/ 00615 - 55

N- ( 5- [é 12- afiphibty pf fia)orgriss Agiminigtration of the P ERKG T G2§S M8y 8 pyr i mi di n- 6-
(R -yl) et hypdrforfted B dhyIshitib@NRetRody inclvatdgtoaihdt liaGled! tof @mﬁg%adﬁ&) LA

suspensi on of the sl ower-eluting diastereonmer of diethy (5-[(2 5
[ pi val oyl ani sk desethe dsbvbitor, éymtéUmlebﬁ»laﬁwawﬁowae[ozbsslefvgwasm di n-6-yl)eth
yl'l- 4-met hyfBihgiGs2 1 ble 4hast, BdrRi- t(»lic&laz%m i€ admifTRked shéh &N hNaCH (40 nl)

was stirred at anbient terrperature for hours, then filtered to renove
any remai ni negffects of the agent persist for a period concurrent with the presence of the

20  inhibitor. The in vivo presence of the inhibitor can be determined using
pharmacokinetic indicators as determined by one skilled in the art, e.g., direct
measurement of the presence of inhibitor in plasma or tissues. In another aspect,
the anti-toxicity agent is administered such that the effects of the agent persist until
inhibitor activity has substantially ceased, as determined by using

25  pharmacodynamic indicators, e.g., as purine nucleoside levels in plasma. As
shown in Example 4 below, the anti-toxicity agent increased the MTD of the
inhibitor compound in mice when it was administered for an additional 4 days after
the last dose of the inhibitor. Example 3(D) further demonstrates that cytotoxicity
decreased most dramatically in cell culture samples when administration with the

30 anti-toxicity agent was prolonged long after dosing with the inhibitor compound

was terminated.

The agents of the invention, both the IMP inhibitors and the anti-toxicity

agent, may be independently administered by any clinically acceptable means to a



particulate matter. The filtrate was subsequently adjusted to pH 5.5 with
6N HCl. The precipitate that formed was collected by filtration and washed
wi th wat ew0(02/0198%x10 m ) and ether (2 xI 0 m) to provi dePChaBgy@disct as a
yellow solid (794 mg, 79%yield). Analyses indicated that the product was
N-(5-[2-(2-am no-4(3H) -oxo- 5, 6, 7, -tetrahydropyrido [2, 3 -d]
pyrimdin-6-yl) ethyl] -4-nethylthiens-2-yl) glutanic acid. NVR ( DVMSO- d6)
6:12.35 (2H, broad), 9.83 (1H, broad), 8.41 (1H, d, J=7.7 Hz), 7.57 (1H,
), 643 ( THmabmniSjes.6 hilad Fifenbin b (érede-Cird i(alzbépta{ﬂe mn@fy15 3. 19 (2H.
n),283274r& e”%d h&g J=7.3 Hz) s), 2.08-2.00
(1H ), 1.93%%MmEjeringa dosgime eé%m&aﬂafgfo( ?ﬁﬂﬁ?}e aso@wmtn{e@m APBING 06

S. 0. 8H20) CPHHN I&IUCBh@@ @mouthwash; rectally, for example as a s 1p gsitory

N-(5-[2-(2-anin %& x-5678tetrahéglro pyrid F §él]pyr|md|n6 20
(S)-yl) et hyPTrellfer Y Ay LﬁP@n‘B contipupusky it ig ‘cagml dltl(awnlpmtrh]dom)hlal A

suspensi ofl oinuhﬂ&alfcﬁaitﬁbctﬂéruﬁﬂlﬁ& df’réﬁﬁa%fyeﬁl% ﬂh@h@%ﬂnox{f\k QS [ (2
[ pi val oyl am g{% I—Iq 0XO- fetr ydropyrl 3 -d]

pyri ni di n- 6- g{qrgﬂqra_ycz{_pﬁ@pqulyh, eno 2-yl) glutamate (1.02 g, 1.7 mol)
in 2N NaCH (35 m) was 25 stirred at anbient tenperature for 120 hours,

then filtered to mefmweramalmaimmma nﬁ@ﬁ'ﬁu‘ GltlsBhd iItrate was
Bl HC ° 'IS H?Me%a agt-[%esfﬁat f or med

subsequent |y u with 6N recipit

was col | ect eg’“&}’ r“é{ﬁ bgﬁn‘g‘%‘)%@?fé@ GiemRlonde apt l(ellltthﬁi@)pcrbﬁthand ether (2
x 0m) to mwaﬁioﬁawﬁlﬂelsméﬂﬁgd t dﬁ@ S % yield).
Anal yses (L}ndl cated that the ?)gduc ﬁe “Bﬂ)ﬁs ?tlah&ﬁ&gor’i#eﬁg%ﬁ Sﬁ oxo 30

5, 6, 7, 8- 1t r K9 dirensh ﬁltdtsﬁtléxaaméﬁswphm‘aul’hfoemqulecmvm] fot hoetahy Fp? eno- 2-yl )
glutam c amﬁi,mﬁ (DM5O-d6) 6:12.52 (2H, broad), 9.69 (1H, broad), 8.36
(1H, d, J=7. Mg‘ 7.56 (1H, s), 6.26 (1H br s), 5.93 (2H br s),
4.32-4.25 (1H m, 3.24- 3.16 (2H, nm), 2.81-2.73 (3H, n), 2.31 (2H, t,
J=7.2 Hz), 2.12 (3H, s), 2.07-1.9&XAMBREN74083 PCT/ |1 B03/ 00615 -56 (1H,

m, 1.91-1.79 (2H, M, lP¥lrhE (%ﬁb G%ﬁ 25 N5 06 S. 0. 7H20)
CHNS Step 8: Crystallograpﬁ bf%l_&&o ounas (f(an 7H 5 The GART donmin
(residues 808-1010) of the trifuncti onal human GARS- Al RS- GART enzyne was
puri fi edisacc@itidify banih et al., J.
Protein Chem n(%il 467- 43 ?2?%138 48%@%‘%&&279?%&?%@@%@&3 3 GART  was
concent r at ecﬁ]P)GmEerﬁgYMR) ¢thyd|-hufethytthionn? 3i)Hi-plytadfic adll Tris pH 7.0 and 1nM
10 DTT. Crystallization was done by hangi ng-drop vapor diffusion, mXxing
the protein and reservoir solution (38-44% MPD, 0.1 M Hepes, pH 7.2-7.6)
inal:l
COH

COgH

20 Compound 7: N-(5-[2-(2-amino-4(3H)-0x0-5,6,7,8-tetrahydropyrido[2,3-
d]pyrimidin 6-y1)~(S)-ethyl] -4-methylthieno-2-yl)-L-glutamic acid

ZT

o AN
l o s \‘/\/
o )\ ol COzH

CO.H

=z

25




ratio, and equilibrating at 13 C. Crystals would typically grow wthin 3
days and neasure 0.2 x 0.25 x 0.3 mm 15 X-ray diffraction data were

col | ect edwDroanr4083 nary conpl ex crystals of GART, GAR 1 amdTilRéw/dstsor at 4
C using a San Diego Multiwire Systens 2-panel area detector and a Ri gaku
AFC- 6R nonochomatic Cu Ka X-ray source and goniostat (Table 3). The space
group was determined to be P3221, witH-the cell constants shown bel ow. The
crystal structures of both conpounds 6 and 7 20 conpl exes were sol ved by

nol ecul ar r in R Fi .M D. MERLOT, an

I nt egr at ed %@ggﬁgﬁﬁ%ﬁ}egrﬁqgéﬁd&gﬁﬁ ﬁ%nd get erm nation of Crystal
Structures by Ml ecul ar Replacenent. J. Appl. Crystallogr. 21:273-278
(1988)). The search nodel, consi s f, residues_1- n E. coli GART
ternary conpl ex (Fnﬁcﬁ%}oél’ fqg?pgflgﬁﬁsﬁédﬁgt7§vel§%§¥ﬁl 5(53%%%@30#0;@%& nber | cde). The
hi ghest pealprécasst he cross rotation function (Crowther, R A The Fast

Rot ati on Functi o In The l.ecyl ar , Repl acenent Met hod, 1972) was used in
3- di mensiPon tept]r'}ﬁErPQPT%ﬁe%HE?H%Sﬂ?Z'(’@BWﬁ8‘?‘1? RA, et al., A method of
Positioning a Known Ml ecul eN\in an Unknown Crystal Structure. Acta
Crystallogr. 23:544-548 (12’6?&5 in search of Harker vectors. The top peak
inall five searches 30 (iBre’ g goghe nol ecul e to each of the five
symmetry rel ated nol ecul es) produced a WO 03/ 074083 PCT/ | B0O3/ 00615 -57
consi st ent Sidis compoenstwasprepated apessding wAddNemes, Geldrstion Ggeckasiovni t i al

refinenent w 193‘(0@ 981 Pod- X-PLOR Ver sion 3.1: A Systemfor
X-ray Cryst\g[‘]feglg?éghy ” an'd?'@rl\(ll\/R. )’New Haven, CT (1992)), density was seen for

the substrate GAR 1 and 5 the inhibitor. The final structures were obtained

by manual | 5. buid di ng_ i I e | 26l on density maps
foll OWE‘(ajlob;%! %r% E(’gér:thﬁ{g? ?rggﬁ%%@g%mt% E@ﬁ@%‘ﬁ{#&ﬁ’gﬁ@ﬁ%ﬁ)e 3. Sunmmary of
X-ray Data and Refinenent for Conpounds 6 and 7 10 6 7 Resolution (A

10-2.3 10-3.2 cell (a, A 77.17576.77 cell (c, A) 102.67 101.45 Rnerge

(%a 6.51 12.75 Total rels 5952 25756\ Uni que refis 16606 6858 R factor
(%9b 17.8 17.1 O HN | X
~

(Hsc)sc)J\” SNTON

This compound was prepared according to E. C. Taylor & G. S. K. Wong, J. Org.
15  Chem., vol. 54 (1989), 3618.

Step 3: Diethyl N-(5-bromo-4-methylthieno-2-yl)-L-glutamate

CO.Et
7\, H
N
Br S

O CO,Et

20 To a stirred solution of 5-bromo-4-methylthiophene-2-carboxylic acid (3.32
g, 15 mmol), 1-hydroxybenzotriazole (2.24 g, 16.6 mmol), L-glutamic acid diethyl
ester hydrochloride (3.98 g, 16.6 mmol) and diisopropylethylamine (2.9 ml, 2.15 g,
16.6 mmol) in dimethylformamide (DMF) (40 ml) was added 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (3.18 g, 16.6 mmol).

25  The resulting solution was stirred under argon at ambient temperature for 18 hours,

poured into brine (300 ml), diluted with water (100 ml) and extracted with ether



No. solvent 65 62 a R ,,erge: 100 x EhEl 1(h)>/ EhE I(h)l where I(h)i is
the ith neasurenent of reflection hand I(h)i is the nean intensity fromN
measur enew030f408%f | ection h. bR factor:EIIF,, |- |FlI/EPET/IB300615Aver age
deviation fromideal values. 15 Exanple 1(B): Alternate Synthesis Route
for Conmpound 7 Conpound 7 can be synthesized by an alternate route,
according to the follow ng schene. Eﬁ%ﬂ) 1 1) n-BuLi/hexane N, N, N,

N-t et ranet hyl et hyl enedi amine, MIBE, -10 to -20 COH S 2) C02 (gas) S O
3-methyl 20 ARtBe ke Lufffihed dOMICRHBE Vet DRAI Wit it (15¢mDT1 OSE! ect i ve
lithiation a he 5" position O commerci al ly avail abl e 3-nrethylthi phene
(La Porte Peiried omaddeS@Ghandicondestratesdin, vacudrid @ivearbgown sum, NhighBE and 800 mnil

(- Theba") “wli Eeity APehRER AP A PAAARS RO LRI las then
added over 3fediSt asianwtange aih(h.GHl 4, 83%qyidld). egualyséstindicated(thgti®produsy . Al so under

argon, 5Q0 ni_ of .3- | t hi,phene.and 4. k. in a separate
flask and co qs&gt@y&%?@%mq:ﬁ-emeﬁl} tllftelns) 'Fl\?gfﬂht\%/%{gét en %@gggs? %gt he 3 5
met hyl t hi phem/ )6 o, dili=0.5, HaMH.6%( 18T ddd, T+v8,4t5, &.4tHapel3a@ti ¢ bel ow 20C.

After warm ) re .t e ur, t tion was
then cool ed T4 HAGHLRH p I BEr SaCTh POt >4 Cak "Burb Rebwi ¢h oz,
the reacti o). xt-2104 (188 %) JUBNGHe J+.1 Rz 4.28 (SMLtel=7.1d0d). tAel.¢€gani c phase
was separated and exéi%ts d with NaOH The aqueous extract was acidified
to pH 2 wi t HH0s ’ eci pitated product 1(B2) was then coll ected by
filtratign, washed twice with water and dried in vacuo at 60-65 C. The

mat eri al thus obtained was an. approxinmately 90 i xture of the desired
broduct 4- e D) MHon@aaB B Rl TP oPas (2 B ARSotiLr | ¢

3- net hyl - 2- tdy phRRAesaRRMAbICyIPSIEmaeR4L 0; 3. 81

o]
H CO,Et
o) HN | S /S\ N
(H30)3C)]\N/k\N NZ O COEt
15 To a stirred solution of diethyl N-(5-bromo-4-methylthieno-2-yl) glutamate

(4.21 g, 10.4 mmol) in acetonitrile (55 ml) under an argon atmosphere were added
bis (triphenylphosphine) palladium chloride (702 mg, 1.0 mmol), cuprous iodide
(200 mg, 1.1 mmol), triethylamine (1.5 ml, 1.09 g, 10.8 mmol) and 6-ethynyl-2-
(pivaloylamino)-4(3H)-oxopyrido[2,3-d]pyrimidine (5.68 g, 21 mmol). The

20  resultant suspension was heated at reflux for 6 hours. After cooling to room
temperature, the crude reaction mixture was filtered and the precipitate was
washed with acetonitrile (50 ml) and ethylacetate (EtOAc) (2x50 ml). The
combined filtrates were concentrated in vacuo to give a brown resin, which was
purified by flash chromatography. Elution with CH, Cl, :CH; OH (49:1) provided

25  the product as an orange solid (4.16 g, 67% yield). Analyses indicated that the
product was diethyl N-(5-[(2-[pivaloylamino]-4(3H)-oxopyrido[2,3-d]pyrimidin-6-
yl) ethynyl]-4-methylthieno-2-yl) glutamate. NMR (CDCls) 5:8.95 (1H, d, J=2.2
Hz), 8.59 (1H, d, J=2.2 Hz), 7.33 (1H, s), 7.03 (1H, d, ]=7.4 Hz), 4.73 (1H, ddd,
J=4.8,7.4, 9.5 Hz), 424 (2H, q, J=7.1 Hz), 4.13 (2H, q, J=7.1 Hz), 2.55-2.41 (2H,
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nol ; 66%vyield of 1(B2)). 15 Step 2 Bronmine | ~ Acetic Acid OH OH S 15 to
25 CBr § C 00 1(B2) 1(B3) The product m xture containing 1(B2) was

br om nat eaowBHM083 sol uti on of bromne in acetic acid (19FCFiIBi®ARiIsNe i n
2.8 L acetic acid), added to a stirred 20 solution of 1(B2) over 1.5 hours.
After 30 mnutes the reaction m xture was quenched in 19 L water at room
tenperature with vigorous stirring. -Bdring quenching the desired product
5- br ono- 4- net hyl - 2-t hi ophenecarboxylic acid 1(B3) precipitated out, and

was coll ecte u il 4,1 @ t biyh nd dried in
vacuo at 65-“%0%?8 éﬁgg)p%éhzc4@%388%tlwgé%q§4%ﬁé@¥§%@ 3%{’13}25 by proton
NMR (692 g; J37.1BIzyal24 (8% J+7el H). Anbl. &y By ¥dOi H0.75HNe) AAESi red i somer of
1(B2) was only partially brom nated and that the unreacted naterials and
unwant ed i somers remained in solution. WD 03/074083 PCT/1B03/00615 -59-
Step 3 Et hasgdp 5: et S45-Ro-[Fivaleylaminel-4(3%])-ok8pyridBI2,281 \ ~r O O 1(B3) 1(B4)
Fi sher esterificatio f acid B3) wi.th ethanol and 1.8 equivalents of 5
concent r at e ®YERER7P1 E)efgéﬂ]' 'IB?tB%héeélﬂ"Z@fl%g]}“a %er 1(B4) as an oil, after an
extractive work-up. 690 g of 1(B3) (in 7.4 L of EtOH) was conbined with
270 nL H2S04 and the reaction was refluxed under a cal ciumsul fate drying
tube for 18 hours. After Gcooling rgem rature, the solution pH was
adjusted to pH 8 withy seaxi i and the resulting slurry was

concentrated in vacuCQlLtoJQs e 10 et langbe Vater was added and this
m xture was extrd€P&d ﬂvm ce with-4 L of

A suspension of diethyl N-(5-[(2-[pivaloylamino]-4(3H)-oxopyrido
10 [2,3-d]pyrimidin-6-yl)ethyl]-4-methylthieno-2-yl) glutamate (959 mg, 1.6 mmol)
and 10% Pd on carbon (1.5 g, 150% wt. eq.) in trifluoroacetic acid (30 ml) was
shaken under 50 psi of H, for 22 hours. The crude reaction mixture was diluted
with CH, Cl, filtered through a pad of Celite (diatomaceous earth) and
concentrated in vacuo. The residue obtained was dissolved in CH, Cl, (120 ml),
15  washed with saturated NaHCO; (2x100 ml), dried over Na, SO4 and concentrated
in vacuo to give a brown gum, which was purified by flash chromatography.
Elution with CH, Cl, :CH; OH (49:1) provided the product as a yellow solid (772
mg, 80% yield). Analyses indicated that the product was diethyl N-(5-[(2-
[pivaloylamino]-4(3H)-oxopyrido[2,3-d[pyrimidin-6-yl)ethyl]-4-met hylthieno-2-
20 yl) glutamate. NMR (CDCl.sub.3) 8: 8.60 (1H, d, J=2.2 Hz), 8.49 (1H, broad),
8.32 (1H, d, J=2.2 Hz), 7.22 (1H, s), 6.78 (1H, d, J=7.5 Hz), 4.72 (1H, ddd, J=4.8,
7.5,9.5 Hz), 423 (2H, q, J=7.1 Hz), 4.11 (2H, q, ]=7.1 Hz), 3.12-3.00 (4H, m),
2.52-2.41 (2H, m), 2.37-2.22 (1H, m), 2.16-2.04 (1H, m), 2.02 (3H, s), 1.33 (9H,
s), 1.29 (3H, t, J=7.1 Hz), 1.23 (3H, t, J=7.1 Hz). Anal. (Cy H37 N5 O7 8.0.5H, O)
25 CH)N,S.

Step 6: Diethyl N-(5-[(2-[pivaloylamino]-4(3H)-0x0-5,6,7,8-tetrahydropyrido[2,3-
d]pyrimidin-6-yl)-ethyl]-4-methylthieno-2-yl) glutamate



MIBE. Sol vents were renoved in vacuo to give 726 g of ethyl 5-brono-4-
nmet hyl t hi phene- 2-carboxylate 1(B4) as an oil (2.92 nol; 93%yield). Step 4
1 ~~ox 2.WOoag/oaEs3 0. 005 eq Pd(Ph)4 Ot Br S S O 0.01 eq @a/IBB/@6151 Et 3N,
CH3CN, 1(135) (134) reflux 15 Under argon, the bronothi ophene ester 1(B4)
was conbined with 3-butyn- 1-01(2 equivalents), triethylam ne, and CH3CN in
the presence of catalytic tetraki s(t?‘i‘phenyl phosphi ne) pal | adi um and
copper(1)iodide and warned to 78-82C for 18 hours. The m xture was then
cool ed to about 50C, diluted with yater, and 20 concentrated in vacuo to
renove CH3CN. The reaction] m xt [ e s thenr %t her diluted with 4 L ethyl
acetate and 4 L waterQ. ahtl s e was extracted further with 2
L additional ethylc After washe ngosf the conbi ned organic extract
(2.5 L of 0.5 Maq HClHand 4H. water), the excess water was renoved by
azeotropic distillation with ethyl acetate and MIBE to provide the al kyne
1(B5) as 25 a dark oil (1.7 kg; 85%yield). WD 03/074083 PCT/|B03/ 00615
J60- Step 5 1 1 cpusneysiopaf dicthy WE-[(2dpivaloRemmebA (3@ pides 65 C 1(B5)
1(B6) Al kyng sl MBSe ] 2h_ ' | eanly give
2. B s P D PR RHED D paR (BT g

al cohol 1(B6 kyne 1 I ssolved Ih hanol and
charged 5 i ntQ3 Bt ongearboh g2 o A8Yoovt. emll é9%edidtonsgban (0451 23R Wiyed)he addi ti on

of a slurry of 0 9 i The

hydr ogenat or&&géﬁgébgzsélé%f %ée}’{ﬂ%t%%%gg{s“.grd&%tﬁi‘%d@éﬁ{éﬁW%%‘L‘ a\lﬁeennt ed with

stirring, fomset¥0apsi ft.gibdyfor ) hobsl Theenidbieaction nainfitie Wanrhilited cycl es at

100 el and, ARELASCELSHLERENARL R Tl AR BB T 10, e
residue obtained was dissolved in CH; Cl, (600 ml), washed with saturated

10  NaHCO; (2x400 ml), dried over Nay SOy, and concentrated in vacuo to give a
brown resin, which was purified by flash chromatography. Elution with CH,
Cl,:CH; OH (24:1) provided initially an unreacted substrate (10.33 g, 32% yield)
and then the product, yellow solid, as a mixture of diastereomers (4.06 g, 11%
yield). Analyses indicated that the product was diethyl N-(5-[(2-[pivaloylamino]-

15  4(3H)-0x0-5,6,7,8-tetrahydropyrido-[2,3-d]pyrimid in-6-yl)ethyl]-4-methylthieno-
2-yl) glutamate. NMR (CDCl.sub.3) 8: 7.24 (1H, s), 6.75 (1H, d, J=7.6 Hz), 5.57
(1H, broad), 4.72 (1H, ddd, J=4.8, 7.6, 12.6 Hz), 4.22 2H, q, }=7.1 Hz), 4.11 (2H,
q, J=7.1 Hz), 3.43-3.36 (1H, m), 3.06-2.98 (1H, m), 2.89-2.68 (3H, m), 2.52-2.40
(3H, m), 2.37-2.23 (1H, m), 2.15 (3H, s), 2.14-2.03 (1H, m), 1.94-1.83 (1H, m),

20  1.73-1.63 (2H, m), 1.32 (9H,s), 1.29 (3H, t, J=7.1 Hz), 1.23 (3H, t, J=7.1 Hz).
Anal. (C Hy1 N5 O7 S.0.5H, O) C,H,N,S.

This diastreomeric mixture was further purified by chiral-phase HPLC.
Elution from a Chiralpak column with hexane:ethanol:diethylamine (70:30:0.15) at
25  atemperature of 40°C and a flow rate of 1.0 ml/minute provided the separate
diastereomers as yellow solids (1.07 g and 1.34 g, respectively). The 'H NMR
spectra of the individual diastereomers were indistinguishable from each other and

from the spectrum obtained for the mixture.
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10 of Celite and subsequently recharged into the hydrogenator along with
100 g of fresh 10% Pd/C in ethanol. The rechargi ng was repeated as

descri bedwelwematoBdur tinmes, with 1.5 - 2 days between ea®hTnsechmstie of
catal yst. Upon conplete consunption of any unsaturated species, the
reaction was filtered through a Celite pad and dried in vacuo to yield

et hyl 5-(4-hydroxbutyl)-3-nethylthi p‘n@n‘e-z 15 carboxylate 1(B6) (1.55 kg;
6.40 mol; 96%yield). Step 6 HOORLIOHHO/ ~ OH STHE H2O_ S 045 CO

1(B6) 1(B7) { 7 RPhCH ) [ S\ ¢ s g:l;%f’ Nz 0 0 23 C
1(B7) 1(B8) Stgbﬂ@gég,ﬂ?g_@g@f’é f0§éts%7’§§e(sgﬁg A#%f}lé‘%) [y’l e (@malt cohol -aci d
1(B7), whi chR)whdathyleemethetidguos-y1p glutentihadidZoppobndmMi:de to gi ve

al cohol -ester 1(B8). 306 g WO 03/074083 PCT/1B03/ 00615 -61 aqueous Li CH
was added to a solution of ethyl ester 1(B6) (1.55 kg ethyl ester

1(B6)/ 6.5 L THF) A suspknkios ofthx sluwer-elatingwhasteeebnteo oAGGhYIoN-(SH2-hrs. The

reaction_ mXxfure was.t coal 2C an i uted wit BE. After
phase sépar[ﬁltvla]{?ﬁlam]'é%gﬁfﬂ’%gpfﬁg%i:e%éﬁﬁg%?gﬂgglgﬁ( @p%r%]%'gr}{&%]!twlﬁﬂrM NaCH) ,
t he aqueous pmpihakigencsByl sluciate@d 1 2nel2 wasdipih 2NANa@H W hl)vas L MIBE. The
aqueous phase, s acidified to wth H nd extracted.three timnes
with 2 L rnetsltﬂjrl"'&lf?ul m%’é‘f]illt E?mparé‘mr‘i?g ll_‘*)sog;l'l“{}‘é%H?H%Frggforfgwo‘fee%\%amplﬁgvacuo and
¥\ﬂ|t Ier rgﬂqu%ntbnlat@fﬁw.ﬁm@imr@%ﬁad dub@ﬁhélhﬂy\a‘ij’gk'te(ﬂtolpl-fmﬁ Whmge{@lhl OL i Fle ;
ol | owed by L MIBE to _provide co -aci.d 1(B7 1.21 cohol - aci
1(B7) and belheyrechiigie thet f((@le%a%&me ?Ehﬂ@f% @%th)éhedd‘Klﬁg‘éS?t% in DVF (8
L), and 1&1'@%15%%&%2 y%lomw'dpfahsaﬂlébrdaa@ a8dgetbw Mitierosang! i ng t he
reaction te%ra_ ure to 15C,__and then warmn (téo rgomte rature
over ni ght, YeyicldhoANahBES ipdicaied thakthe P’FQFlE“élwasg’h e« APt ofiT*Y he aqueous
phase was T e£hagahnyibPyrddd, Bl 8510y BAtndBAIGEIRYINI ng | nor gani c
salts were washed thifee tines wih MIBE, "and all orI_(lganlc
glutamic acid. NMR (DMSO-d6) 8:12.35 (2H, broad), 9.83 (1H, broad), 8.41 (1H,

d, 1=7.7 Hz), 7.57 (1H, s), 6.43 (1H, br s), 6.20 (2H, br s), 4.34-4.26 (1H, m), 3.29-
15 3.19 (2H, m), 2.83-2.74 (3H, m), 2.32 (2H, , J=7.3 Hz), 2.12 (3H, s), 2.08-2.00

(1H, m), 1.92-1.81 (2H, m), 1.68-1.49 (3H,m). Anal. (C Has N5 OgS.0.8H,0)

CH)N,S.

Step 8: N-(5-[2-(2-amino-4(3H)-0xo0-5,6,7,8-tetrahydropyrido-[2,3-d]pyrimidin-6-
20 (S)-yl) ethyl]-4-methylthieno-2-yl) glutamic acid (Compound 7):

A suspension of the faster-eluting diastereomer of diethyl N-(5-[(2-
[pivaloylamino]-4(3H)-ox0-5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-yl)ethyl]-
4-methylthieno-2-y1) glutamate (1.02 g, 1.7 mmol) in 2N NaOH (35 ml) was

25  stirred at ambient temperature for 120 hours, then filtered to remove any remaining
particulate matter. The filtrate was subsequently adjusted to pH 5.5 with 6N HCL
The precipitate that formed was collected by filtration and washed with water (2
x10 m]) and ether (2 x10 ml) to provide the product as a yellow solid (531 mg,
68% yield). Analyses indicated that the product was N-(5-[2-(2-amino-4(3H)-oxo-

30  5,6,7,8-tetrahydropyrido[2,3-d]pyrimidin-6-yl)ethyl]-4-methylthieno-2-yl)
glutamic acid. NMR (DMSO-d6) 8:12.52 (2H, broad), 9.69 (1H, broad), 8.36 (1H,
d, J=7.7 Hz), 7.56 (1H, ), 6.26 (1H, br s), 5.93 (2H, br ), 4.32-4.25 (1H, m), 3.24-
3.16 (2H, m), 2.81-2.73 (3H, m), 2.31 (2H, t, J=7.2 Hz), 2.12 (3H, s), 2.07-1.98



15 phases were conbined for extraction of the aqueous phase. The organic
extract was washed with aqueous sodi um bi carbonate and water then
evapor at ewoiop/ovmsyio to provide benzyl ester 1(B8) (1.61 gI/1Bo3aBerol ; 93%
yield). Step 8 PyridiniumO HO S OCH2Ph Di chromate HO S OCH2Ph 0 DWF O
1(B8) 1(B9) 20 Al cohol 1(B8) was oxidized with four equivalents of
pyridinium dichromate to give acid '15689). 5.5 kg of pyridiniumdichromate
was added in 500 g portions to a flask charged with 8 L DWF, and the

sol uti on was 4l 4t r ta 118G C | (J,sld7it@) was di ssol ved
in1.5L Dlvzng’nll&)?g%geldﬂz(gﬁ%p}ﬁ%slé tng égggr(l%(?ﬁ%n)l\gi%hs:%nate solution at a
reaction tergEMNgdure of 23- 24C. The reaction was allowed to warmto room
tenperature overnight, then was quenched into a 50 L extractor containing
18 L water, 8 L MIBE and 0.5 L nethylene chloride). After phase

separ ati on, Stdpes: aCyystolltpraphpoECompounss 6 ack’ed twice with 4 L MIBE. The solid
salts were conbined with 4 L water and the 30 resulting slurry was
extracted with MIBE. The conbined MIBE extract was then WO 03/ 074083

PCT/ 1 B03/ 00615 162 GARTKddha (résidiied808-10C0) afiti trifitnetionabmenan{@ARS-oduct was

back-extracted i aqueous sadi um carbonate. After . hi t he aqueous
phase with I\ﬁllgﬁ'(?‘&gTﬁF%%"%aSé’HPg%‘faéﬁor lgggqﬁleme{ dlgﬁcflwe:d;‘bcy @%é product was
extracted into, MIBES AbBRin (WERBE1E467-403 (1883). WeslledharutificatoneGARTd washed and
dried in vacuo to provide 5 produc B9) (81 X 56 - 10% yield).
Step 9 1) Tryareemgnsated {920y i"&l%?’“%*& CE’%t%‘g{tng’?*ﬁg!M?riléplé%a OCH2Ph o 0
N OCH2Phig O 3T QéryMallizatn a8 dbne %#lﬁﬁéin%haﬂdr&ﬂﬁdsionﬂm&mg thhexanes, THF,
-70 C Step 10 1) I:Fi Cl 4, CHadC 2, C .

protein and reservoir solution (38-44% MPD, 0.1 M Hepes, pH 7.2-7.6) ina 1:1

ratio, and equilibrating at 13 °C. Crystals would typically grow within 3 days and

measure 0.2 x 0.25 x 0.3 mm.

15 X-ray diffraction data were collected from ternary complex crystals of
GART, GAR 1 and inhibitor at 4 °C using a San Diego Multiwire Systems 2-panel
area detector and a Rigakli AFC-6R monochomatic Cu Ko, X-ray source and
goniostat (Table 3). The space group was determined to be P3,21, with the cell
constants shown below. The crystal structures of both compounds 6 and 7

20  complexes were solved by molecular replacement using MERLOT (Fitzgerald,
P.M.D. MERLOT, an Integrated Package of Computer Programs for the
Determination of Crystal Structures by Molecular Replacement. J. App!.
Crystallogr. 21:273-278 (1988)). The search model consisted of residues 1-209
from an E. coli GART ternary complex structure (Protein Data Bank accession

25  number lcde). The highest peak in the cross rotation function (Crowther, R.A. The
Fast Rotation Function. In The Molecular Replacement Method, 1972) was used in
3-dimensional translation functions (Crowther, R.A., et al., A method of
Positioning a Known Molecule in an Unknown Crystal Structure. Acta Crystallogr.
23:544-548 (1967)), in search of Harker vectors. The top peak in all five searches

30 (i.e. from one molecule to each of the five symmetry related molecules) produced a



002 DIPEA, 0 CI10 O OCCH2Ph ) N OCH2Ph o /N S 3) N-nmethoxynmethyl O O /
S CH Ph 0 benzyl carbamate, CH Ph NHCO2CH2PhO 2 -70 C 2 1(810) 4) Ti C 4,
-70 to O WwODGB1@E3 10 Acid 1(B9) is converted to the m xe@CpiiBed/@yis
anhydride 1(B10), which is immediately reacted with the lithiated

benzyl oxazol i di none chiral auxiliary (o give acyloxazolidinone 1(Bl1).
Triethylam ne (214 nL) was added to = ‘sol'ution of 15 car boxylic acid 1(B9)
(423 gin 3.2 L MIBE) and the reaction was cooled to -16C. Pival oyl
chloride was added and the reaction was stirred, then allowed to warmto
roomtenperature. The slurry was filtered through a pad of Celite 545,

ri nsed w t h c8nsist¢nt MFBEyectonsithatnositionss! theimodel-Afpciniti) refemenieyiir at e 1 ask, a

2ot 3 o L PR VG a0 gy e copmita, o =

t et r ahydr of ndNMRNEvwcAaoleedCT (19970, ehsity Waslseenvprt the subistrate GdR ITand | i t hi at ed

oxazol i di.no was. added .t he nm xed j f . our the
reaction Smgﬁﬁﬁgﬁgﬁeg%ﬁgnqﬁéu% ?vargr?%%fmé g%tglg?uagg%fl%&hg%%i {shgzlﬂ:ﬁ]’m hydr ogen
sul f ate. Af t-eF, aid5F,phBsteciapdenaity maps fbhevairtydmither pifmsmemadthnvashed wit h
aqueous sodm&%g@g{%&sate, wat er and brine, and then dried in vacuo to
renove sol v ‘er. WD 03/074083 PCT/1B03/00615 -63 The first
permanent chiral center was installed by the diastereosel ective alkylation
of the titanium enol ate of acyl oxazolidinone 1(B11) with O benzyl N

met hoxymet hyTableek: Sametagy, o X% -rayi Data @RR¢fmemen tferdCammonedsi(@@id) . Starting with
a 5 sol utdi on of acyl oxazolidinone 1(B11) (884 g in 3.1 L nethylene
chlride), a1 M solution of titaniumtetrachloride in nethyl ene chloride
(1. 05 equi vatsolutgn d3s added dropw se 162 1.25 hout®3.at 3-7C and stirred
for an addi téeg@lA)hour. Huni gs base (1.71.1&qui val ent s76."as added dropw se,
and the m xtdgnge,sirred for 1 hr. The 18pbuUti on was btiotsed to -70C and then
a solution of Nt hoxynethyl 0 10 benzydl carbanmate (2725 equi val ents) (453
g in 496 nL reiikykene chloride) was addsezk The O bexgb N-net hoxynet hyl
car bamat e i syghleadened in two steps viaieksvown |iterasdsge net hods

Tet rahedr on, g #dior pRPS- 5614 (1998). Aftgr.830 m nutes, 17.2. 31 L of EL M
titaniumtetyachived! de in nmethyl ene chlggride (1.25 eepival ents) was added
over 1.5 hr and the reaction was continued for 1 hour. The reaction was

® Rimerge: 100 X Z4%; | I(h)> | / Z4Zd(h) where I(h)i is the ith measurement of
reflection # and I(h)i is the mean intensity from N measurements of reflection 7. R
factor: Z|| F, | — | Fo|l/ 2| Fo | -

¢ Average deviation from ideal values.

15
Example 1(B): Alternate Synthesis Route for Compound 7
Compound 7 can be synthesized by an alternate route, according to the
following scheme.
Step 1
1) n-BuLi/hexane
N,N,N,N-tetramethylethylenediamine,
/R MTBE, -10 to-20 °C LUV o
5" 2)C0,(gas) S 1
3-methyl-
20 thiophene 1(B2)

The synthesis begins with the regioselective lithiation at the 5° position of
commercially available 3-methylthiphene (La Porte Performance Chemicals, UK).

Under argon, 4.4L MTBE and 800 mL N,N,N,N-tetramethylethylenediamine



15 then placed in a 4Croomfor 16 hr, after which the reaction was
quenched into a 50 L extractor containing a solution of water and ammoni um
chl ori de WO okgy740B844CL in 8 L water). The flask then was mPCrgaBaB/ostsh

nmet hyl ene chl oride, the phases were separated, and the organic phase
washed i n aqueous ammoni um chl ori de. 'ghe met hyl ene chl ori de was renoved in
vacuo and the resulting product 20 so'I di fi ed overni ght and was
subsequently slurried in 3.8 L nmethanol. The product was collected by
filtration amﬂrmshummﬁmlbmemdwaféh td Wiee, 2081 asre sSH-BaLilwhs vacuo, to

gi ve carbamate 1%%10% (714 q). ar ation of N Mthoxynethyl O Benzyl
Carbamate 2812 a&%’o‘l?smmeﬁ%a allywiplgo saurtifratp@ 0G0 mlanAmnch C, 0.5 hr

H 23C 3 hr B@aﬁyéoo%ﬁrmaﬁylwﬁéﬁéﬁ@%d@4LNTBE%§‘W1B%&1%S Z (cat.) \ |

O-Hne nethyl ene chl oride 23 hr N- Met hoxyne ® car bamat e

WO 03/ 074083 fledqamdsededios18°C. Ewn-@eléﬁfMEDévzasme@Bmedwn%@ 3®CHZPh v S
OCH2PN HOs= ekt hiphlendiv o <R wHICCRIALEN derhsctfre BolowNIRO24HRPNO - 1(B12)

1(B13) The chiral "auxiliary was renove uctively to give alcohol
1(B13). A 2 Hapnagthgmigiyredp rodm tmwmatm @riye)y thel eolintion T thieh cédleé qui val ent s)

was added dr o_gwa@gndé ‘gasso%mgaﬁlpo .S stﬁsél{rég‘g?’(il)tr %%)%gh%?a%étlo% in 2.0 L THE

and 27.2 niL water). reacti on ours, and then
quenched by éﬁﬁpw\’%thﬁ‘uﬂl Bf L 9ar,land tf ofzaMcaphade@las sdaetedemdt i on was

wor ked up bye}ggaq hlv&gt'ﬂ I@abl—fl %’E‘g&%k Effact hLilgldltdeﬁ’t%le% x%ﬁaaﬁﬁls %r €

separ at ed, an e organi c e WasS wasne
10 precipitated product 1(B2) was then collected by filtration, washed twice with

water and dried in vacuo at 60-65 °C. The material thus obtained was an
approximately 90/10 mixture of the desired product 4-methyl-2-thiphenecarboxylic
acid 1(B2) and regioisomeric 3-methyl-2-thiphenecarboxylic acid (541 g; 3.81
mol; 66% yield of 1(B2)).

15
Step 2

Bromine / \

/ \ Acetic Acid

< OH ——— g \g OH
15t0 25 °C o

0
1(32) 1(B3)

The product mixture containing 1(B2) was brominated with a solution of

bromine in acetic acid (195 mL bromine in 2.8 L acetic acid), added to a stirred

20 solution of 1(B2) over 1.5 hours. After 30 minutes the reaction mixture was
quenched in 19 L water at room temperature with vigorous stirring. During
quenching the desired product 5-bromo-4-methyl-2-thiophenecarboxylic acid
1(B3) precipitated out, and was collected by vacuum filtration, washed twice with
water, and dried in vacuo at 65-70°C. The product was obtained as a single isomer

25 by proton NMR (692 g; 3.13 mol; 82% yield). It appeared that the undesired
isomer of 1(B2) was only partially brominated and that the unreacted materials and

unwanted isomers remained in solution.



10 saturated sodi um bi carbonate sol ution. The organic solvents were renoved
in vacuo to give product 1(B13) (716 g) containing cleaved chiral

auxi | i ar ywo(0¥letsxzhi ral auxiliary is not renoved during tReTaBodop1sand i s
carried on through the next two reactions.) Step 12 Met hanesul fonyl 0 0 HO
S OCH2Ph chl oride, Et3N H3cO S OCHzPh 5gNHCO2CH2PhO CH2CI 2, -8 C NHCO2CH2PhO
1(B13) 1(B14) 15 Step 13 OO 1) D ethyl nmalonate HCEO S OCHZPh NaH, THE
EtO /S \ OCHZPh 3 NHCOR2CH2PhO 2) Nal, reflux Et O O NHCO2CH2PhO 1(B14)
1(B15) 20 WD 03/ 6®#@83 PCT/ | B03/ 00615 -65 Treatnent of al cohol 1(B13)

wi th et hanesul f onyl chl ori de pr VAR d?s mesylyate 1(B14), which is reacted
/o ate | n t%@s@resence mm ytic sodiumiodide to

wi th sodi o diethyl

give very crude magpnag odtut i on of al cohol
1(B13) (432 gin 2.60 L thyI ere&uxcirﬂhorl de)B t Bi eflhyl ami ne was 5 added and
the reaction cooled to 33 3C, after which 86 t hanesul fonyl chloride
was added dropw se. After about 2.25 hours, the |(e ction was quenched by
addition of 1 L of Mag HCI. The organi c phase was separated, washed with
aqueous sodi um bi carbonate, and dried in vacuo to renove solvent and water
to give nesylate 1(Bl14) as an oil (661 g). To a solution of the nesylate

1(B14) (580 10 g Fishee8&ificalitd)f ankaist (BY)ewitingtbkd] andsS(d duivarnglor sodi um sal t  of

di et hyl | o di onat 2 L. T in a flask charged
with 50 g 0 ?‘%cgﬁ“”%ef 1#3““%88%8?8%66 ’%84 Y2 B Qili 5% #MPYPCYes added and
t he reactl Onwmdeumeéﬂ(lagioft(BSﬁ(Z}QLllr]lIdflEt@HWhﬁéoﬁlbm'EHQnﬂh%OtrﬂLQHZS@S quenched
into a mxture L s t.urated aqueous sodi um bi carbonate.

4
After phase glécbglf’ 5?%’%% Watsﬁ%ﬂ%fegﬁ‘i‘ﬂe a ¢ Clﬁﬁéggatml%%r {#dwrs3 L saturated

aqueous sodi Amebcm@mnaérﬁt@ﬁpérmaﬁﬁé SlRfbn pHwasadMted R M ¥ Gifal onat e 1(B15)
(968 g), V\:hIChWa rifie chromat ography on silica and eluted with
hexane/ met hyIS E}?Frgplilaaeean@-/t rggl)ltlng slurry"was concentrated in vacuo to remove

10  ethanol. Water was added and this mixture was extracted twice with'4 L of
MTBE. Solvents were removed in vacuo to give 726 g of ethyl 5-bromo-4-

methylthiphene-2-carboxylate 1(B4) as an oil (2.92 mol; 93% yield).

Step 4
[
R\ \\/\OH 2.0eq
ort 0.005 eq Pd(Ph), ! N\ op
BI‘ S 4 S
o 0.01 eq Cul HO 0
EtsN, CHsCN,
1(B4) reﬁux ? 1(B5)

15
Under argon, the bromothiophene ester 1(B4) was combined with 3-butyn-

1-ol (2 equivalents), triethylamine, and CH;CN in the presence of catalytic
tetrakis(triphenylphosphine)palladium and copper(l)iodide and warmed to 78-82°C
for 18 hours. The mixture was then cooled to about 50°C, diluted with water, and

20 concentrated in vacuo to remove CH;CN. The reaction mixture was then further
diluted with 4 L ethyl acetate and 4 L water, and the aqueous phase was extracted
further with 2 L additional ethyl acetate. After washing of the combined organic
extract (2.5 L of 0.5 M aq HCI and 4 L water), the excess water was removed by
azeotropic distillation with ethyl acetate and MTBE to provide the alkyne 1(B5) as

25  adark oil (1.7 kg; 85% yield).



Step 14 O 30%Br in OtHHEO0 OCH2Ph HOAc 1 OH S O S Et O O NHCO2CH2PhO
anbient 0O NO H 1(B15) 1(B16) 20 The carbonyl benzyl oxy group of 1(B15)
was renovwwo oBootes: he am ne, which then cyclized onto onePGl/IB§B200615
car boet hoxy groups to give a pyridinone ring system At the sane tine, the
benzyl ester was debenzylated to give the carboxylic 25 acid 1(B16). After
purification by chronotagraphy, 162.°¢ g of the malonate 1(B15) was treated
with 30 HBr in acetic acid (86.5 g in 213 nL; 4 equivalents) at room
tenperature. Aftefptd hours, the reaction was poured into an extractor and
buffered to a pH 8-9 by addition of sodi um bi carbonate/ pot assi um car bonat e.
After phase separation, the ueous Rppapgcwas washed ywtth 2 L MIBE. The 30
aqueous phase was then di|l i i t adj usted to
pH 1, WD 03/074083 / 3/906ll5 -BBarahd;t he or gani cSph se was washed
with water and aqt®ous sodi um chlori d&5°@fter drying over anhydrous
magnesi um sul fate, the nettBsene chl ori de sol uti on of1B8)actam 1(B16) was
concentrated in vacuo to about 200 nL. The resulting slurry was left to
stand at roomtenperature overnight. The solids were collected by 5
Ei6l7t rlati)on gnd d!%%l@fiehg(?ﬂ]&%blgydg&%hat&i@Hﬁiatl()dwlﬁ&‘iodeo&lél_liﬁalypg’iwu;:t 1( B16)

.1 9). t e X, S ) X, cn .a S/~ 0 THF,
b ent. 0 Salsoned 1698 1 ke pE kB HpRs dsgevey i G handl ad chireed

5  into a 19 L hydrogenator under nitrogen, followed by the addition of a slurry of
Pd/C (100 g of 10% Pd/C in 350 mL ethanol). The hydrogenator was pressurized

to 50 psi with nitrogen and vented with stirring, for a total of 3 cycles, followed by
an additional 3 cycles at 100 psi and period repressurization over 1-2 days. After
slowing of hydrogen uptake, the reaction mixture was filtered through a linch pad

10  of Celite and subsequently recharged into the hydrogenator along with 100 g of
fresh 10% Pd/C in ethanol. The recharging was repeated as described above four
times, with 1.5 — 2 days between each recharge of catalyst. Upon complete
consumption of any unsaturated species, the reaction was filtered through a Celite
pad and dried in vacuo to yield ethyl 5-(4-hydroxbutyl)-3-methylthiphene-2-

15  carboxylate 1(B6) (1.55 kg; 6.40 mol; 96% yield).

Step 6
[ N om HOM S
Ho S TF o ©
o} o0 o}

S
45
1(B6) 1B7)

Step 7

PhCHaBr -
7\ KoCO3
HO < OH HO S OCH,Ph
o DMF o

23°C
1(B7) 1(B8)

20 Saponification of ethyl ester 1(B6) yields alcohol-acid 1(B7), which
undergoes benzylation with benzyl bromide to give alcohol-ester 1(B8). 306 g



11l THHOO S\ OHHNANH2 HNHJ S\ \ OH S N O 110 C, vacuum H2N-J--N
NOHH 1(B17) 1(B18) 15 Reaction of |lactam 1(B16) (53.5 gin 1.60 L THF,
heat ed t owo3®0t40en re cooled to 35C) with Lawesson's reag@et/Iprseodisy; 1.12
equi val ents) yielded the thiolactam 1(B17) over a period of about 21.5
hours. The reaction was quenched by dilution into 8 L nethylene chloride,
followed by 4 L water and 0.4 L saturat'ed aqueous sodiumchloride. The
ghisﬁs were split, and the organi c phase was 20 washed with 4 L water and
: sat ur | i ted in vacuo
to provide t .ﬁougg@%ﬁ?%@%wgge%?l.t%%t°g§h’§%&gﬁf.(ﬂﬁﬁhggd‘rg ?P?ggg??on was
perforned atl(B6)iGS pAHR), aad thethigtwewys warmdé to45°6 IfercOms. I{BIFctions5 WO

03/ 074083 PCT/ ] B0O3/ 00615 . -67.(al ong. wi th. he Lawesson' s reagent
by- pr oduct s)™HBE Vs %%WOW?%3%§£P9%6¥5¥841W8€%§@{ﬁﬁgr %\?grc%% at 110 Cg
g\r’gg:]z?t I on égﬁhr&tfblﬂ aﬁﬁbﬂgalﬂl% Iéds%@ﬁrd@ﬁéﬂ @)dg(ﬂnﬁE of 88 NaQHR1®)aquddue crude

ct was dissolved in ter a L xture was acidified with
HO to pH 5-®?§eTWérerfP€’@¥“ﬁii fad %‘%Fh\é\%wl“oe Wg“sl'égﬁ\f[gﬁéegﬁ%%u%o‘fsipﬁﬁeat ion. Acid
1(B18) was psiafbiafrda RYprs Wit HER S Beadéd hred Gigle@Wah 2andetB@bleect i on by
filtration, foll owed bgﬁedryl ng at 50C to give crude material (45.34 g)

that is purdlasideule obentsFereihs repeEed ir secuo Bpe Fateyeloyeddt ani ¢

aci d-di - ter tgedd bl SIHIRHiHES L Sty eRBHA follswed BY 5. MTBE to
2-chl oro- 4, 6-di net hoxy- HZN N N 1 5-triazine H Et 3N 1(B18) HN HN

g &01l< O Qroyidegtegiol-acid 1(B7). 1.21 kg alcohol-acid 1(B7) and benzyl bromide (1
10  equivalent) were then dissolved in DMF (8 L), and 1.18 kg KoCOs (1.5

equivalents) was added. After cooling the reaction temperature to 15°C, and then

warming to room temperature overnight, water and MTBE were added. After
phase separation, thé aqueous phase was recharged into the 50 L extractor and the
~ remaining inorganic salts were washed three times with MTBE, and all organic
15  phases were combined for extraction of the aqueous phase. The organic extract
was washed with aqueous sodium bicarbonate and water then evaporated in vacuo
to provide benzyl ester 1(B8) (1.61 kg; 5.28 mol; 93% yield).

Step 8
WOCH Ph P'yridinium i / \
HO S 2 Dichromate 4 S OCH,Ph
0 DMF 0
1(B8) 1(B9)

20
Alcohol 1(B8) was oxidized with four equivalents of pyridinium

dichromate to give acid 1(B9). 5.5 kg of pyridinium dichromate was added in 500
g portions to a flask charged with 8 L DMF, and the solution was allowed to warm
to 18°C. Alcohol 1(B8) (1.11 kg) was dissolved in 1.5 L DMF and added

25  dropwise to the pyridium dichromate solution at a reaction temperature of 23~
24°C. The reaction was allowed to warm to room temperature overnight, then was
quenched into a 50 L extractor containing 18 L water, 8 L MTBE and 0.5 L
methylene chloride). After phase separation, the aqueous phase was extracted
twice with 4 L MTBE. The solid salts were combined with 4 L water and the

30 resulting slurry was extracted with MTBE. The combined MTBE extract was then



H 1(B19) 10 Coupling of 45.3 g of acid 1(B18) with di-t-butyl glutamate
using the coupling agent, 2-chloro-4,6-dinethoxy-1,3,5-triazine (1.1

equi val erwe)o3/0y4083 ded 15 di ethyl ester 1(B19). The coupl i mgTaBenioc1sas added
to a solution of acid 1(B18) (57.0 nL triethylam ne and 698 nL DWVF) at
roomtenperature. The reaction was bJanketed with argon and stirred for
1.5 hours. Di-t-butyl glutamate hydroc¢hloride (1.1 equivalents) was added
and stirring was continued for 24 hours. After filtration of solids, the
filtrate was,&RRCHRM §.2hedcl &dwae@éioaﬁdqmé;sre&ucd@a@bam&meqluhto 20 The oil was
di ssol ved in nethylene chloride, washed w th aqueous sodi um bicarbonate,
wat er and bradqaeous sesiurg earbepaien Afige Washingithe MWS@?%IWIMTBEQW Rhreful ly
purified by nmet hyl ene

Gl or 1 def met e B e R o R MBI WD 03 074083
PCT/ | BO3/ OOEM.EBEﬁwct sa%worml with Wetar g®iovashed)and dgedyrvacyq to PCMEE12 0 C BN S

N Ok 2) or 5 eq. ) H 1< CH2CI 200 C 4) Workup
1( B19) 0\§v |l#%chR‘ ﬂ@?ﬂ%@fﬁ?ﬁ%@w@ H Compound 7 Fi nal
deprotection of di-t-butyl ester 1(B19) to give Conpound 7 was 5

acconpl i shedggsy follows. A solution of purified di-t-butyl ester 1(B19) was
treated wth pre- chiIIed trifluoroacetic acid (50 equivalents) at 0 C for

10-16 hours. Apl nts wer el)Tanavectyl ghiondacuo at (9 3 T. e crude
product was thén |s 01\ e docri gy _afdits 40& um bi c,&r /W8S hesdei, t h
met hyl ene chii®ride, aisd gbtaineg a§ a solid fol ng aC|d fifation of the

aqueous phase with HO afd col | ecg_g:m by 10 filtr é}gﬁ The sofid thus
obt ai ned 'was treat ed,um)t h trifluoroygetic acid (25 1(B10)

n-BuLi/hexanes, THF, -70 °C

Step 10
' 1) TiClg, CHyCly, 0 °C
0 0 A\ 2) DIPEA, 0°C j\o a
OJ\N OCH,Ph o N . OCH,Ph
§ 4 3) N-methoxymethyl O- H 3
~
CH,Ph benzyl carbamate, CH,Ph NHCO,CH,Ph
1(B10) 4) TiCly, 700 0 °C

1(B12)
10

Acid 1(B9) is converted to the mixed pivaloyl anhydride 1(B10), which is
immediately reacted with the lithiated benzyloxazolidinone chiral auxiliary to give
acyloxazolidinone 1(B11). Triethylamine (214 mL) was added to a solution of

15  carboxylic acid 1(B9) (423 g in 3.2 L MTBE) and the reaction was cooled to
—16°C. Pivaloyl chloride was added and the reaction was stirred, then allowed to
warm to room temperature. The slurry was filtered through a pad of Celite 545,
rinsed with 3.2 L MTBE, and then cooled to —70°C.

20 In a separate flask, a 2.5 M solution of n-butyllithium in hexanes was added
dropwise to a solution of (S)-4-benzyl-2-oxazolidinone (246.8 gin 3.2 L
tetrahydrofuran) and cooled to —70°C for 1 hr with stirring. The lithiated
oxazolidinone was added to the mixed anhydride, and after one hour the reaction
was quenched by the addition of 2 L of 2 M aq potassium hydrogen sulfate. After

25  phase separation, the organic phase was washed with aqueous sodium bicarbonate,

water and brine, and then dried in vacuo to remove solvents and water.



equi val ents) a second tinme as descri bed above, and isolated in an identical
manner, to give Conpound 7 as a white solid. Two consecutive water
re-slurriwe oaer®s3 carried out in order to free the desire@Crapwuents f rom
residual trifluoroacetic acid. The product thus obtained exhibited

di astereoneric purity of 99.8% and an_pverall 15 purity of >96% EXAWPLE 2
SYNTHESI S OF ANTI - TOXI CI TY AGENTS 20 Exanple 2(A): Synthesis of

Met hyl t hi oadenosi ne ("MIA") (Conpound AA) Schenme |, which is depicted

bel ow, is useful for preparing MITA (Conpound AA). MO 03/ 074083
PCT/1B03/00615 -69 NH2 NH2Z NH2Z N NNNJ /J N HONHWCI N~OO SN O
i) ACN, Soc12, Pykhedirsi@esmangrishisgl pppteriwas ingtabled ki the diagjeppopslsetiye sat "d. Naci,
Con d HC1 HOufhidn d@dﬁﬂ%&% e&olatéeﬁ Q@%}dﬁﬁ‘ol&&% V&Bﬂﬂ@rﬁﬁ@)‘-ﬁbﬁzﬁ, -

Met hyl t hi oadenosi ne ( MTA 69 Mbl. W: 297.33
5 Step 1: Symethewimetlsf car M@%t@é@lélﬁ%)@Bﬁé’rWd aqing 1@I2N Stotirgyvidhe 10 A

2-1it | t t

o7 obe was chamioh R B RRER I B S A e e ( 100 o,
0.374 nol). Spﬂmlon@mtamumgte@aomongie inametlyti¢nerchlpridh (1.@5 epiyrienld) was - 8C with

| ce/ acet one. adﬁ@@d@ﬁ@% LPd} 1%%%%%{‘3 G4 068k b cﬂaﬁ Difia £f.Or 1 de (82 i,

1.124 nol) over action was en c arged with pyridine
(6908 i, Hunigs base (1.1 equlvalents) was added dropwise, and the mixture stlrred for 1 hr.

The solution was cooled to —70°C and then a solution of N-Methoxymethyl O-

10 benzyl carbamate (1.25 equivalents) (453 g in 496 mL methylene chloride) was
added. The O-benzyl N-methoxymethyl carbamate is obtained in two steps via
known literature methods. Tetrahedron, 44: 5605-5614 (1998). After 30 minutes,
2.31 L of 1 M titanium tetrachloride in methylene chloride (1.25 equivalents) was
added over 1.5 hr and the reaction was continued for 1 hour. The reaction was

15  then placed in a 4°C room for 16 hr, after which the reaction was quenched into a
50 L extractor containing a solution of water and ammonium chloride (1 kg
NH,4CL in 8 L water). The flask then was rinsed with methylene chloride, the
phases Were separated, and the organic phase washed in aqueous ammonium
chloride. The methylene chloride was removed in vacuo and the resulting product

20  solidified overnight and was subsequently slurried in 3.8 L methanol. The product
was collected by filtration and reslurried in methanol twice, before drying in

vacuo, to give carbamate 1(B12) (714 g).

Preparation of N-Methoxymethyl O-Benzyl Carbamate
25

0 37% aqueous HCHO

0
NazCOs, H;0
O)LNHZ 2005 H O)LN/\OH
60°C, 0.5 hr H

23°C,3hr

Benzyl carbamate
Methanol j)\
p-toluenesulfonic acid (cat.) @/\0 N
H
methylene chloride
23°C, 16 fr N-Wethoxymethyl
O-Benzyl carbamate




15 0.749 nol) dropwi se over 40 mnutes (the addition is exothermc). The
ice bath was renoved and the tenperature was allowed to rise to room

t enper at uwe oato74083 stirring for 18 hours. The product beg®cTiiBo3w0etsS pit ate
out of solution. After a total of 18 hours, the reaction was charged with
water (600 nlL) dropwi se (the additio 4is exothermc). Acetonitrile was
renoved by vacuumdistillation at 35C°" 20 The reaction was then charged

wi th nmethanol (350 nmL). The reaction was stirred vigorously and charged
dropw se withggpncentrated NHAOH (225 nl). The addition was controlled to
mai ntain the tenperature bel ow 40C. The pH of the solution after addition

was 9. The resulting solution was stirred for 1.5 hours allowing it to
cool to room tengeratur fter 0 nmL of netha was 25
removed by vapUu 0 cﬁ;phBS%%{?ﬁ‘éTﬁ'gsul tlpg\y\gzg&kmmmml ution
was cool ed Ro : r and fiy % argeq The HPesdl ting TolBrless solid

was washed WO  BEH,® B03/ 0061 B With col d>uetdiangh® (100 ni).
Then dried at Ezunder vacuum for 18 hours. The reaction afforded

chl or oadenosi ne as ggeyl orless crystalline solid (98.9 g, %819 9. The
NVR1H i ndi cated that a very clean desired product with a snmall water peak
was produced. 1H NVR (DVMBO-d6): 8.35 (1H), 8.17 (1H), 7.32 (2H) 5.94 5 (d,

J=57H, 1H), 561 (d, J = 6H, 1H, 5.47 (d, J = 5.1t 4.76 (dd,

S.7 & 5.4Hz, d removed FAudivalyQ afdbho14 ()m 1H) 3 35
3 98 (m 2H). %%Chi?al%gxlﬁﬂggasr%? ﬁret l;/ thlyoéd_%l’r‘llgm ne0 &EQKI I N ~S
O N HO GH AMzolutipeef lithiumehorolylrdadnddlii (3 #é@awialents) was apdad; d& %Wl%etl rrer and

15 tenperat ufg stu?grg f’%ﬁsﬁ%&af@gﬁ% (Wléf %f'l (I’ﬂﬁﬁdnﬁb)/ 2f o, vaend ThY

chl or oadenosi ne e resulting slurry was charged
with NaSCH3 f(eBRioBavags stlrre@l 52 prbdurs, andhthen n@enamm deepwise addisiopef 30 & The

t h Th
eacti on vacolRg L THE el s SERERLS Qg i 641 mefchP NOUT S The
adj usted to &xlwderthcplmswwas@dram@l@nd thﬁ:)orgmc phpsewawaskedwsh 2bni t or ed
du_rl ng a 0:’ t%) gat‘éﬁ) oIZhum ?ﬁara n%Pe oluIloS %e{mdqs%lvﬁéhﬁ a\;e}‘ Ve dl90| ed to 0C

stirred echari ca rrer tered. The
vacuo to give product 1(B13) (716 g) contalnlng cleaved chiral auxiliary. (The

chiral auxiliary is not removed during the workup and is carried on through the

next two reactions.)

Step 12
Y\ Methanesulfony! Os /R
OCH2Ph chioride, Et3N >S/\ OCH,Ph
HO™ ¥ S H,C ; S
2 O "8 oC = O
SNHCO,CH,Ph CH.Cl, SNHCO,CH,Ph
15 1(B13) 1(B14)
Step 13
Ox20 /7 \ 1) Diethyl malonate _—
H3C>S/\O/\/\/ZD\H/OCH2PII NaH, THF N O OCH,

3 o
S NHCO,CH,Ph ¥ 2) Nal, reflux EtO” YO “NHCO,CH,Ph

1(B14) 1(B15)

20

J

J
a



colorless residue was triturated wwth water (500 nL) for one hour,
filtered, and dried under vacuum for 18 hours at 40C. A colorless solid of
met hyl t hiwadeno®she was produced (94.44 g, 93.3 % yiel d fPOFIB0O3/00615

chl oroadenosine; 25 86.5%vyield frominitial starting materials). The
resulting MIA was 99% pure. 1H 30 WO 23/ 074083 PCT/1B03/00615 -71 NWR
(DVBO-d6): 8.36 (1H), 8.16 (1H), 7.30° 2H), 5.90 (d, J 6.0Hz, 1H), 5.51
(d, J = 6Hz, 1H) 5.33 (d, J = 5.1Hz, 1H), 4.76 (dd, J 6.0 & 5.4Hz, 111),
4.15 (dd, 53 = ﬁe&dﬁ%n@bf%le%h@ 1(1?1%)) with: n%hsfneaulfw)l chl%ngeEApro ifes?l (M 2H), and
2.52 (s, 3H. Example 2(B): Synthesis of Anal ogs he preparation of
5' - adenosi ne Mepvpte 414y Whigh js fepetedwith podi el malenatelip ﬂmpresﬂnw rN N-P4 O
N NHZ O N My Qﬁ%ﬁi&d&%é‘%& d d ' oP2 HO
""OHABC ES g%l‘tl ng wth an ae nr(l)ls? nglo ate&%lsg%taogsﬁlgtv?lon is converted
to an appr opselaiien ofgleohel d(RAP) (433 @tin 36AILI Itl?thﬂelémhldnldg)r, trigittyteouite waidi t i onal
protecting g%@dégsdn&)gle réagmonpc%olefl?@-i{o $opr afetr% chfS% Iﬂialﬁmht?lgne ifd} be 5' position,
this group may I'S not dto arretal .10 incorporate
t hi oet hers, ah&pnd%waﬁradéwrbbmmsaed‘ufmrlabmt 202k daoixts, theireedtion mak igbenchmly be a

| eavi ng grou h m triflate. tosyl .20 etc. In
addi t on, theg&%j@g%na& 1CL (l)fOM g]neH%ﬁbgg (})/rggrh? Bhase w%s SE ?tg@(zv@%ﬁe Wlﬁ"n'i ne via
reductive arriaqlarbumdmm lnarrlbmatepdrdidniedem\emso oTendE szbmtiagdmaef tonation. After

conversion tqQ.the i late.t d 5...subs
protecting g 01‘3|cr)nsesylf1 gfls L @?fg)i’e'ld 2 Of 1B° Jedy: a Wﬂgﬁﬂﬁg@, ne anal ogs
of type @ WgumBLSBrnyrHE) waﬁ theh bédedtarsahgbofediumXalt SEdiefl thdlbnathows t he

general neth nver si o 30 03/.074083
PCT/ | BO3/ 006%0 mo‘;?e% %i%‘f eﬂﬂ%& @L&fd‘é? 8533/1%5 &d yith W&F?‘{)@g: P3 P3 rN N-P4
0 rN -P4 0 r hyddd?d). Sodium iodide (0.27 equivalents) was added and the reaction was heated

at 62°C until complete. The reaction was quenched into a mixture of 8 L MTBE

and 4 L saturated aqueous sodium bicarbonate. After phase separation, the organic

15 phase was washed with 3 L saturated aqueous sodium bicarbonate and evaporated
in vacuo to give malonate 1(B15) (968 g), which was purified by chromatography
on silica and eluted with hexane/methylene chloride (75/25).

Step 14
0 30% HBrin O
H H /A
o _ OCH,Ph HOAc o < OH
B0 N0 “NHCO,CH,Ph° ambient 07 N O
H
1(B15) 1(B16)

20

The carbonylbenzyloxy group of 1(B15) was removed from the amine,
which then cyclized onto one of the carboethoxy groups to give a pyridinone ring
system. At the same time, the benzyl ester was debenzylated to give the carboxylic

25 acid 1(B16). After purification by chromotagraphy, 162.8 g of the malonate
1(B15) was treated with 30% HBr in acetic acid (86.5 g in 213 mL; 4 equivalents)
at room temperature. After 15 hours, the reaction was poured into an extractor and
buffered to a pH 8-9 by addition of sodium bicarbonate/potassium carbonate.
After phase separation, the aqueous phase was washed with 2 L MTBE. The

30  aqueous phase was then diluted with 1.5 L methylene chloride, adjusted to pH 1,



XNNHON NNRY NNN P1-O'OP2P, -d " OP2HO'""OHBI FH 00 T rNNH2
,MO - YN/ \N \-/ N Hd "OH5 G xidation of the 5 hydroxyl group of
conpound BOgBMe®S3 nt ermedi ate F. This conpound can be fuPChaBoxwnisert ed
into either a carboxylate salt G or to carboxylic ester (Y = 0) or
carboxam de (Y = N) derivative H 10 Exanple 2(B)(1):

(2S, 3S, 4R 5R) - 5- ( 6- ani no- 9H puri n- 9-9~ N et hyl -

di hydroxy-N—net hyl t et rahydrof uran -2-carboxamde. HO / [=N NH2 O O N N NH,
0 O~-N N ) was
prepared fr S 5‘6 Oééant&%hﬁ%eo'_@rs%%é ddﬁneaag%rr?gcsi %‘ﬁwgﬁges-ogg &ﬂ& ?Eggg&?d (R E.
Har mon et. akrying@bvesmantydobus mageasiorsulfate Ahe (ehgBhe chitoride. SOHél@Ip@fr and A

Hanmpt on J. 35 16 0] Si ron Lett. 33,
2307 (1992) )# %%%@ 5T RrAY taeﬁnmn‘(e"% @%ﬁggﬁﬁz@@%%ﬁ@)’é%@?o%w _73
u5| ng a nodiwadsddt foatmnd it tobea t@npma&uiﬁloeemﬂghis The solilfseretolleciéd by(J. Med. Chem
HZO O 0 ]562 fglt]r'a%%%)a%d 3r1ec{ in vaguvgso-ver ni 2ht to prov1de the p’r\cl)%zlct 1'&35’5) (67. i«iH’ KMiQg < I N~

OCH;
Step 15 /@’

P\ S5
cho
THF, ambient -

1(B16) 1(B17)
10
Step 16
O NH
~ H H / . Y\ om i,
S~ N O 110 °C, vacuum
H
1(B17) 1(B18)
15 Reaction of lactam 1(B16) (53.5 g in 1.60 L THF, heated to 45°C then re-

cooled to 35°C) with Lawesson's reagent (71.0 g; 1.12 equivalents) yielded the
thiolactam 1(B17) over a period of about 21.5 hours. The reaction was quenched
by dilution into 8 I methylene chloride, followed by 4 L water and 0.4 L saturated
aqueous sodium chloride. The phases were split, and the organic phase was

20  washed with 4 L water and 0.4 L saturated aqueous sodium chloride, and further
evaporated in vacuo to provide thiolactam 1(B17) (estimated 56 g). No

purification was performed at this point and the very crude thiolactam 1(B17)

25



HO"ZOOHHOS5 /OEDC /DWF (~) (2) (85% NHZ NH2 NC ' J 'NDf, I JRR
O~NI NNHO O[] RANO, EtaN ZN OO Rk O- 80%ag. TFANHZ <X) ON
R~~N OH Wb 0®874083 The reagents PCT/IB03/00615

1-[ 3- (di met hyl am no) propyl ] - 3- et hyl carbodi i m de hydrochl ori de and

4-ni trophenol were used to couple the_two starting materials and the
protecting group was renoved with aqﬁ ous TFA (as described in the
reference |listed above) to give, after purification by si lica gel columm
chr onmat ogr ap W{?Y nﬁ%\Jlﬁﬂltaﬁ@fﬂielﬁw@ssén’g-l@a%ﬁg%&o i peky9 of product
2(B) (1) as te solid. ra 03/0 4083 PCT/IBOS/00615 -74

1H NVR ( DVBCRU#Biding uodemaqmwt(lm "G ycliatipg i the H@H)pro‘adeéml@ldquqy 3.21-3.35
I(-Izm) §H)59 ?bMd f(@"lS)s ’ThJ:'EDwde ﬂro%?lct@%l@ dﬁiolge@m 760 IﬁpWéelyﬁld(tgéjI?b 3 0, 8202
(s, 1H), 8. 5Wa®°512ﬁ€(dd7vlthlﬂcl toBH5 6 Fﬁgpremagd(wctyvameqtmm '+ and- 345

(M) . ANl L SBNGAS) QoI ) ik b MRS B Qction
t et r ahydr o- f oy Gltratdynd fadliowkd bBdryBZ at 50°Ezco Kivhla Bzude H@te@aF(Héw © (BatNs N

pure enough for the next reaction.

L-Glutamic acid-di-tert-
butyl ester hydrochloride

2-chloro-4,6-dimethoxy-
1,3,5-triazine
DMF, Et3N

1(B18)

10

Coupling of 45.3 g of acid 1(B18) with di-t-butyl glutamate using the

coupling agent, 2-chloro-4,6-dimethoxy-1,3,5-triazine (1.1 equivalents), yielded

15  diethyl ester 1(B19). The coupling agent was added to a solution of acid 1(B18)
(57.0 mL triethylamine and 698 mL DMF) at room temperature. The reaction was
blanketed with argon and stirred for 1.5 hours. Di-t-butyl glutamate hydrochloride
(1.1 equivalents) was added and stirring was continued for 24 hours. After
filtration of solids, the filtrate was concentrated in vacuo to provide a yellow oil.

20  The oil was dissolved in methylene chloride, washed with aqueous sodium
bicarbonate, water and brine, and dried in vacuo . This material was then carefully
purified by chromatography on silica (750 g) and elucted with methylene
chloride/methanol (40:10) to provide di-t-butyl ester 1(B19).



N=/ , N F 2(B)(2a) 2(B)(2b) 1 ~~ NH2 O NN NI j O2(B)(2c) N NHZ i
PI~-N OONs/ F HOOH 2(B)(2) 10 Internediate 2(B)(2a):

N- Benzoyl wi-08874083 ( 4- f | uor o- benzyl oxynet hyl ) - 2, 2- PCT/IB03/00615

di et hyl -tetrahydro-furo-[3,4-d] [1, 3]dioxo-4-yl]-9H purine-6-yl}

-benzam de. To a solution of the starting reagent 2(B)(2a) (400ny,
0.78mmol ) with nBu4N+F (15nmg, 0.04m®#8l-.) in 16nml Of THE was added NaH
(47ngy, 1.16mmol., 60% n mneral oil). After 30m n, 4-fluorobenzyl brom de
(0.12m, .94 lg was added 15 dropwi se. The resulting mxture was stirred
at room tenperature overnight. The m xture was quenched wth MeOH and
neutralized with HOAc to, pH7.0 and WO 03/ 048 KT/ | BO3/ 00615 -75
florisil (2.0g) ywas adde t hep conc)en r at e¢Hiy, ygcuum The resi due was
treated with C F it af e d yvasked wel | with CH2Cl12. The
filtrate was wist h[10¥6 HSQB(BGH—)——Hlne(SOrﬁL). The organic
llayer was dry 2804) 1% concent r ad) @eh BBeavacuum The resi due was
purified by I5| onex H Syst em (25% 95%6. MeCN: H2EH@!:(0°¢% HOAc buffer) to coll ect
desired fraction to afford internediate 29Bp{®b) (114ng , 0.18mmol., 23%
yield) as white solid. %@ R = 0.2 (Hexane: Et OAc/2:1). 1H NWR (400 Mz,
CHLOROFORM D)  ~ppnt. 31 (d,J=10.11 Hz,3H) 1.55 (d, J 7.07

Hz, 3H) 4. 36(dd, J11.62,5.56 10 Hz, 1 H) 4. 490( m ] 04p(m J&6.32, 3.54
Hz, 1 H 5.39 (dd, J6.44, 2.40 Hz, 2 H) BNz, 5.99 (d,
J:2.27Hz,1H)684(m2H)708(m o
Hz, 3H) 7. 35(m 5H) 7. 49(t, J7. 45Hz, 1H)7. 8% 3( 8.42(3 1 OB for C34H30F
N506 (MW 623), nie 624 (MO. 15 Internediate 2{18)(20)
9- [ 6- (4- Fl uor o- benzyl oxymnet hyl - 2, 2- di et hyl -t et r ahgétigaund 7
Final deprotection of di-t-butyl ester 1(B19) to give Compound 7 was
5  accomplished as follows. A solution of purified di-t-butyl ester 1(B19) was treated
with pre-chilled trifluoroacetic acid (50 equivalents) at 0 °C for 10-16 hours. All
solvents were removed in vacuo at 0-3 °C. The crude product was then dissolved
in aqueous sodium bicarbonate, washed with methylene chloride, and obtained as a
solid following acidification of the aqueous phase with HCI and collection by
10 filtration. The solid thus obtained was treated with trifluoroacetic acid (25
equivalents) a second time as described above, and isolated in an identical manner,
to give Compound 7 as a white solid. Two consecutive water re-slurries were
carried out in order to free the desired compound from residual trifluoroacetic acid.

The product thus obtained exhibited diastereomeric purity of 99.8% and an overall
15  purity of >96%.

EXAMPLE 2
SYNTHESIS OF ANTI-TOXICITY AGENTS

20 Example 2(A): Synthesis of Methylthioadenosine (“MTA”) (Compound AA)
Scheme I, which is depicted below, is useful for preparing MTA
(Compound AA).



furo-[3,4-d][1, 3]di oxo-4-yl]-9H purin-6-ylam ne. To a solution of 2(B)(2b)
(110ng, 0.18mmol.) in 2nl of MeOH was added concentrate NH4OH (2nl). The
resul ti ngwoiosomoes was stirred at room tenperature under NPCTaBoImpersi ght .
The reaction m xture was concentrated by vacuum The residue was purified
by Di onex 20 System (5% 95% McCN: H20 w 0. 1%10Ac) to coll ect desired
fraction to afford internediate 2(E>’)((92c) (47mg, 0. 1lmmol ., 63%yield) as
white solid. TLC. Rl1= 0.3 (CH2Cl2:EtQAc/2: 1). 1H NWR (400 MHz,
CHLOROFORM D) “ppm 1.3%uf{s, 3 H) 1.58 (s,3m)3.74(m 1 H 3.91 (d, J12.88Hz,
1H) 4. 48(s, 1H)4.75(s, 2 5.05 (d, J=5.81 , 1 H 514 (t, J=5.881 Hz, 1 H
5.77 (d, J5.05 |—|z,/N .16 (s, 25 1/ . (s, 1 H 6.95

8.59 Hz, 2 H) 7.2% ( J38.21, 5.43 2H)//%7.71(s, 1H)é/'§3
M5 for C20HZ®RN504 ( 415), m €~416( )>N*The titl e _cqonpo
made as fol | ows Fe reaction m xtu 2

s, 1 H.
b(4é)(2) was
l1mol .) in

1.5m of HOAc aYd A. 5l Ao itias Neaf ed _diMePyPMC f or .8 ofs. The mixture
was concentrate v aicuomosTher r esy dus, wash S0 NaehGefdiBeld by™Dj onex System

(5% 95% MeCN: H20 w ¥. 19440Ac) to cdl®l ect®™ desired fractidit to®4fford 2(B)(2)
(35ng, O.lmml, 85%yield) as white solid. WO 03/074083 PCT/1B03/00615 -76
TLC Rf= 0.1 (GHaLi2: MeOH 9:1). 1H0dVRabs400 MHz, MeOD) 2 mdppiRedin66m (dd,
J=12.63, 2.53 HZV¥ ) 3.80 (m 1 ¥ 4709 (g, J=2.53 Hz™NFF 4.24 (dd,
J=5.05, 2.53 Hz, 1 H) 4.66 (dd, J=6.44, 5.18 Hz, 1 H 4.75 (m 2 H) 5.87
(d, J=6.32 Hz, 1 5H) 6.96 (m 2 H 7.32 (dd, J=8.59, 5.56 Hz, 2 H) 8.17
(d, J=9.85 , H for, CL7H18 F N504 (MW 375.35), me 376.1417
(NH- | +) . 5&% ﬁ&%@?“@ﬁ deng8%. | . 1 H20: C 51.67, H 5.15, N 17.72.
Found: C 51.76, H 4.96, N 17.33. Exanpley2(B)(3):

2S, 3R 4R 5R) - 2- (6- Ami no-purin-9-yl)-5-(teft-butylamno 10

met hyl ) -t et rahydr o- f ur an- 3, 4-di ol NHZ CN NI ONNLNN d 11~ 0
N-~PV7 HOB SOH H& %4 2(B)(3a) 2(B)( tegd-Butylamne (1.5 ni, 15 nmol)

was added to 2(B)(3a) (286 ng, 1. 1) ¥5 and the mixture was ni crowaved
using Sm thsynthesizer (150 C, 1 . JThe
HO OH
10 A 2-liter, 3-neck flask equipped with a mechanical stirrer and a temperature

probe was charged with 400 mL of acetonitrile followed by adenosine (100 g,
0.374 mol). The resulting slurry was stirred while cooling to —~8°C with
ice/acetone. The reaction was then charged with thionyl chloride (82 mL, 1.124
mol) over 5 minutes. The reaction was then charged with pyridine (6908 mL,

15  0.749 mol) dropwise over 40 minutes (the addition is exothermic). The ice bath
was removed and the temperature was allowed to rise to room temperature while
stirring for 18 hours. The product began to precipitate out of solution. After a
total of 18 hours, the reaction was charged with water (600 mL) dropwise (the
addition is exothermic). Acetonitrile was removed by vacuum distillation at 35°C.

20  The reaction was then charged with methanol (350 mL). The reaction was stirred
vigorously and charged dropwise with concentrated NH4OH (225 mL). The
addition was controlled to maintain the temperature below 40°C. The pH of the
solution after addition was 9. The resulting solution was stirred for 1.5 hours,
allowing it to cool to room temperature. After 1.5 hours, 200 mL of methanol was

25  removed by vacuum distillation at 35°C. The resulting clear yellow solution was

cooled to 0°C for one hour and filtered. The resulting colorless solid was washed



resulting m xture was concentrated under reduced pressure to reduce the
volume. The crude m xture was then purified by reverse phase HPLC (D onex
System 1W0 034074880% MeCN: H20) to afford Ccl (120 ngy, 37% ycahd)s/msiza white
foam 1H NVMR (400 MHz, CD3OD) 6 ppm 1.24 (d, J=8.8 Hz, 9 H) 1.82 (s, 1 H)
3.42 (m 1 H 3.69 20 (s, 1 H 4.18 (n1 1H 433 (m 1H 4.41 (br. s., 1

5.71 (s, 1 H 5.76 (br s., 1 H -H 92 (d, J=5.1 Hz, 1 H 7.31 (s, 1 H
7.54 (m 1 H 8.11 (s, 1 8.15 (s, 1 H. LCwWs Calcd for Cl4H22N603

be 6ok TaER fﬁ%‘ﬁs%bﬂﬁﬁ L i fjea 0o~ GG auiaRr o AGER DT 2 OVRD ©
og,/S og go 3 ?F,Q E(I‘Bb mermm&ma chlbfoalormipt es 2¢cBiredy orystalline solid (98.9 g, 92.7

pheny!am nortek iyt AR FLAYEHS! Fapaierhciianfeseed gyt a gpall Ny 1y v
gg:cf:loggounqma(aas (pAddueads bIrI@MR;(BMmdQ sssgmadstw(mde(m ik rlret hod

S he t OB TR 5 GBSz g s P 0 s i 1§ Pl 128 18‘3{)(2 6

(d, J=5.8 Hzs5.48z,HH)64. 533(d(1;1 331Az & HeHz IEh)4. f @3 1(0)3.3-73.68 kla, 2 7.01

(n1 2 H 808 (s, 1 H 815 (s, 1 H. HRVMS Calcd for CL6H19NG6O3 (N%FD:
343. 1519, o#¥Brved M5 = 343.1516. 15 Exanple 2(B)(5):

2- (6- Am no- purin-9-yl)-5-di net hyl am nonet hyl - tetrahydro-furan-3,4-di ol NH2
NN~ N NN HO ~~CH

Step 2: Synthesis of methylthiodenosine

10

HO OH

A 3-liter, 3-neck flask equipped with a mechanical stirrer and a

15 temperature probe was charged with DMF (486 mL) followed by chloroadenosine
(97.16 g, 0.341 mol). The resulting slurry was charged with NaSCHj3 (52.54 g,
0.75 mol), and the addition is exothermic. The reaction was then stirred with a
mechanical stirrer for 18 hours. The reaction was charged with saturated brine
(1500 mL) and the pH was adjusted to 7 with concentrated HCI (~ 40 mL). The

20  pH was monitored during addition with a pH probe. The resulting slurry was
cooled to 0°C, stirred for one hour with a mechanical stirrer, and filtered. The
colorless residue was triturated with water (500 mL) for one hour, filtered, and
dried under vacuum for 18 hours at 40°C. A colorless solid of
methylthioadenosine was produced (94.44 g, 93.3 % yield from chloroadenosine;

25  86.5% yield from initial starting materials). The resulting MTA was 99% pure. 'H
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20 Conpound 2(B)(5) was prepared and isolated by nodifying the nethod
described in Exanple 2(B)(3). 1H NVR (400 MHz, CD3CD) 6 ppm2.72 (s, 3 H)
2.88 (s, WOoBp7@®8¥7 (s, 1 H 4.25 (m J=5.8 Hz, 1 H) 4. 36°PCmIB®/ddp154. 46 (m
1 H 4.52 (s, 1 H

5.89(s, 1H) 6. 05(d, J=5. 6Hz, 1H) 7. 66( s, 1H) 8. 26(s, 1H) 8. 28(s, 1H) 25 HRMS Cal cd
for CL2HL9NG603 ( MtH) = 295. 1519, obserted M5 = 295.1501. 30 WD 03/ 074083
PCT/ 1 BO3/ 00615 -78 Exanple 2(B)(6):

(2S, 3R 4R, 5R) - 2- (6- Ami no- purin-9-yl)-5-[(2-pyridin-2-yl- '
et hyl am no) -net hyl ] -tetrahydro-furan-3,4-diol NH2 NLN / NLN N> NO H
5 HO SCH Conpound 2(B)(6) was prepared and isol ated by nodifying the nethod

277 (m 1 s RO A ding a0 T B L0 T

g 8? (13 (g :gd]?&(ﬁ{zHlH ), 5.380(d, 7.-361K d H) J=264(d8, T 76.9 SHE4H2 1H), 418@d(m 1 H)
for Cl7HS1 NhSHZ &, é@zﬁi"}g‘ﬂ 1139028% 2291,@ %)3*?’25’2%@ 3lé3<am')| ERQ/(BB)C?;fd

EZS 3:? 4R, 5;?) 2- (6- Am no-purin-9-yl)-5- [(4 fl uoro-

enzyl am no) - net hyl(]mtetrahydro furan di ol NH2 NN~ LNNO HF HO
~~OH 20 Conpfoanel}®B):( Jynthests o ﬁéﬂh’%ﬂfmé i sol at ed by nodifying the nethod
described in Exanple 2(B)(3). 1H NMR (300 MHz, CDBCD) 6ppm2 00 (s, 2 H
3.38 (m 2 H)413(s,2H)423(dJ38H22 4.66 (s,
1H)5.89(s, 1 H 6. &Be praparafien 05 F&denq_snmanqﬂog@s trzgedr_}P S?he\;lie m 2 H 8.05
(d, J=2., Hz, 1 H 8.25

N =N - =N
0, N%NHZ O I\Ir\e/\(N Ps O r\ll/\e/\\(NHa
o~ — OO — OO
HO  OH P—~0  O-p, HO  OH
A B c

15  Starting with an adenosine A, the 5 position is converted to an appropriate
activated functionality X (with or without additional protecting groups Py, P2, Ps,
P,). For ether formation at the 5° position, this group may be, but is not limited to
a metal alkoxide. To incorporate thioethers, amines or simple reduction, the X
functionality may be a leaving group such as chloride, bromide, triflate, tosylate,

20 etc. Inadditon, the X group may be an aldehyde for incorporation of amine via
reductive amination or carbon chain extension via Wittig olefination. After
conversion to the intermediate to the desired 5° substitution, the protecting groups
(if applicable) are removed to give 5° adenosine analogs of type C, which may be

further transformed.

25 Scheme III shows the general method for conversion of intermediate B
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(s, 1 H. HRVMs Caled for C17H19 FN603 (MtH)= 375. 1581, observed M5 = 25
375.1582. 30 WO 03/074083 PCT/ |1 B03/ 00615 -79 Exanple 2(B)(8):

(2S, 3R, ARVBRBA2408H- Ami no- puri n-9-yl)-5-[(2-hydroxy- PCT/IB03/00615

et hyl am no) - net hyl ] -tetrahydro-furan, 3,4-diol. NH2 NNN HO/ N5 HO CH
Compound 2(B)(8) was prepared and isolated by nodi fying the nethod
described in Exanple 2(B)(3). 1H NVR'{400 Mz, CD30D) 6 ppm 1.78 (s, 2 H)
2.69 (t, J=5.4 Hz, 1 H 2.81 (t, J=5.3 Hz, 2 H 3.24 (s, 2 H 3.57 (m 2
H 4.11 (br.ssoml 8 Hz, 1 H 4.70 (m J=5.2 Hz, 2 H)
5.38 (s, 1 A&f%)ém{(d)oﬁ jcQrbéxyl?ﬁe‘ﬁfmvadv_ef”}i) 8.11 (s, 1 H 8.16 (s, 1 M HRVB
Cal cd for C12H18N604 (M+H)= 311.1468, observed M5 = 311.1480. Exanple
2(B)(9): 2-(6-Am no-purin-9-yl)-5-norpholin-yl-nethyl-tetrahydro- 15
furan-3,4-diol NH2 NN) NN oN HO %H Conpound 2(B)(9) was prepared and
i sol ated by nodifying,the nethod described 20 in Exanple 2(B)(3) 1H NWR

400 MHz, CD3 1. 72 (d s 57 2
(293(m 2 H %l——m(@m %’@ESWSR%%:BGl(m (ZmH) K

3.99 (m 2 H%%.0% (t, J=5.7 BzS P-#) 4.46 (m 1) B 75 (d, J=4.3 Hz, 1

H 7.97 (s, 1 H 807 (s, 1 M HRVS Calcd for CL4H2ONG04 (M+H)— 337. 1624,

observed M5 = 337P1626. Anal. Caltd for Cl4H20N604.1.5CH3COOH 25 C: 46. 50,
H 6.29, N 19.14. Found C: 46.42 H 6.85 N 19.10. 30 WD 03/ 074083

PCT/ 1 BO3/ 00615 -80 Exanple 2( )()1 NHz
2- (6- Am no-purin-9-yl)-5-pyrs wmet hyl - tetrahydro-furan-3, 4-diol .

Oxidation of the 5° hydroxyl group of compound B gives intermediate F. This
compound can be further converted into either a carboxylate salt G or to carboxylic

ester (Y = O) or carboxamide (Y = N) derivative H.

10
Example 2(B)(1): (2S,35,4R,5R)-5-(6-amino-9H-purin-9-yl)-N-ethyl-3,4-
dihydroxy-N-methyltetrahydrofuran -2-carboxamide.
Q N N, Q AN N,
O N O N
N N~/ \ S % N/
OXO HO  ©OH
2(B)(1)
15

The title compound was prepared from 2°,3’-O-
isopropylideneadenosine-5’-carboxylic acid (R. E. Harmon et. al. Chem. Ind.
(London) 1141 (1969); P. J. Harper and A. Hampton J. Org. Chem. 35, 1688

20  (1970); A. K. Singh Tetrahedron Lett. 33, 2307 (1992)) and N-ethylmethylamine

25



5 NH2 N N> N NN HO OH Conpound 2(B)(10) was prepared and isol ated by
nodi fyi ng the nmethod described in Exanple 2(B)(3). 1H NWVR (400 MHz, CD3QD)
S ppm 1. 8®0(0a%07408H) 2.93 (m 10 J=6.44, 6.44 Hz, 4 H) 3. P8T(BY3/@61y) 3. 20
(m 2H 3.24 (s, 1 H 3.33 (m J=13.0, 9.2 Hz, 2 H 4.20 (m 2 H
(t,J 4.8 Hz, 1 H) 5.90 (d, J=4.8 Hz, 1H'8.12(s. 1 H) 8.15 (s, 1 H). HRVB
Cal cd for C14H20 N60O3 (MtH) = 321. 1675, observed M5 = 321.1662. Anal. Cal cd
for Cl4H20 N603. 1. OCH3COOHO. 6CH2C12 C. 41.07, H 6.48, N 17.31. Found C
41.11, H 5.86, N 17.61. 15 Exanple 2(B)(11):
2- (6- Am no-purin-9-yl)-5-cycl opentyl am nonet hyl - tetrahydro-furan-3, 4-diol.
NH2Z NN N NN o-H ~--'e HO SCH 20 Conpound 2(B)(11) was prepared and
i sol ated by nodifying the method described in Exa l e 2( 321 1H NMR (400
MHz, CD3QD) Gupmmamdvflc(amn@tkgpreceslere(oﬁns Y. Wk g aJsJ(Meszheryz 987 (m 2 H)
196(m2H) 70 (m 1 H 2.78 (t, J=4.7 Hz, H 4.40 (d,
J=5.1 Hz, f 4%8%@3?5@%&&%%@6 65 (s, 1 H. LCMS Calcd 25 for C15H22 N603
(MtH) = 335, observed Ms = 335. Anal. Calcd for Cl4H22 N603.2.2
CH3000HO0. 8C6H12 C. 51.84, H 8.05, N 14.99. Found C. 51.89, H 8.46, N
15.02. 30 WO 03/074083 PCT/IBOS/ 00615 -81 Exanmple 2(B)(12):
(2S, 3R 4R, 5R) - 2- ( 6- an;g 1—|—pur|n9yl) 5- NHe No
(phenoxynet hyI)tetr ro ran-3,4-diol. 5 gﬁm N N~©2

N NZ

OH/kMuo4

o) o]
» OH
HO 70

'o‘% HO _7’2 EDC /DMF

h (2)(85%)

80% aq. TFA

7

)
=

Ri\N\ “Yon

10
The reagents 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride and
4-nitrophenol were used to couple the two starting materials and the protecting
group was removed with aqueous TFA (as described in the reference listed above)
to give, after purification by silica gel column chromatography (eluted with 9:1

15 CHyCl;:MeOH), 336 mg (57%) of product 2(B)(1) as white solid. mp: 86-90 °C;



NLNNN / / \ Oer” "{/ \ OO0 OXOHO OH 2(B)(12a) 2(B)(12)
Internmediate 2(B)(12a): (2S, 3R 4R 5R)-9-[2, 2-di net hyl -

( phenoxymeplogioy408s r ahydrofuro [3,4-d] [ 1, 3]dioxol -4-yl] - PETABI/0W6E am ne
10 Tri phenyl phosphine (641 ng, 2.44 mmol) and phenol (311 ng, 3.30 nmol)
were added sequentially to a stirredq solution of 2', 3'-isopropylidene
adenosine (500 ng, 1.63 mmol) in TH 4('15 m.). The reacti on m xture was
then put in an ice bath and diisopropyl azodi car boxyl ate (0.5 nL; 2.44
mol) was a t stirred af
room t enmper ﬁailgure fig&g?:&%%s?ﬁelm%z venﬁi@d‘/\as eva ;qg)egﬁt?g%?r\?e a

br own- yel | oaHy,i4.18 (s s,dilB, 4. Théor 5,231)d69-hG4 (cttuﬂHﬂ—éd), By Hz,i5.39dar gel

chr omat ogr a ive
corrpound92(B;]gf(z(ﬁ)éJgés&igHa\‘\”?h]I Eﬁ%&arﬁ‘%@g%%@ é:&c(é’ 12{) &((?@%%/oy gl d) 1H NWR
(400 Mz, CDeL3)izh m[ﬁlrn&$3l$(l\/lﬁ-ﬂtl)mdl.3467(l\{-@\la)? Adjal 4CEHPNdG4-2.310. 2, 4.7 Hz,
427&@1% 4.70 (m 1 H 5.18 (dd, J=6.1, 2.8 Hz, 1 H 5.46 (dd,
221 A) 'H 6.24 (d, J2.3 Hz, 1H 6.37 (m 1 H 6.80 (d, J=8.1
Hz, 1 H 6. 95 (t, J=

7.5 Hz,

1H) 7. 26(m 1 8( 7.68(m 1 , .37 C c acid (20 ni,
80%in H20 Péf‘dﬁélfl-i m %‘/f)légpyg'( Wm"é}“&%ﬁ‘ ﬁm) The
resul ting sqgtygﬁyqpo\ﬁﬁﬁnjgemleﬂ to 100 Cfor 6 hrs The reacti on m xt ure was
evapor ated and was puri fied by silica gel chromatography (eluting 25 with
28% McOH, 2% H20O in CH2CA 2) to give conpound 2(B)(12) as a white foam
(75.5 mgy; 0.22 mml 4080 yi el d); 1H NWR (300 , CD3CD) ™ ppm 4. 13 (dd,
J=10.7, 3.4 Hz, 4.9%2(d, J=3.2 Hz, (/ B29m1|—l)440(t,J49
Hz, 1 H) 3PCT/ OGJGSN- 463(tJ47Hz 1 H 6.00
d, J:4 5 Hz”c\’/!l{@?' B35 (dd, J@y\ HZN—/3 7.18 (m 2 H) 8.10 (s, 1

8.22 (s, 1 Hy. A naI Cal cdf C164117N504. 0. 25H20 5 2CH3COOH C: 53. 00,
5.31, N 17. 12< Found C. 52.82, H: )5<52 N: 17.29. Exanple 2(B)(13):
S, 3R, 4R, 5R) - 2- §@eani no- 9H puri n- 9-yl ?@)89)[(pyri di n- 3-
oxy) net hyl ] t et rahydr of uran- 3, 4-di ol . iNH2 NH2 ., N\ N> NN NN

NH;
¢
Isasiat
N="
F S %
0. 0
2(B)(2¢)

o o) N\Z/_;N
HO OH

2(B)()

~

H)
H:
(2
yl

10  Intermediate 2(B)(2a): N-Benzoyl-N-{9-[6-(4-fluoro-benzyloxymethyl)-2,2-
dimethyl-tetrahydro-furo-[3,4-d][1,3]dioxo-4-yl]-9H-purine-6-y1} -benzamide.
To a solution of the starting reagent 2(B)(2a) (400mg, 0.78mmol) with nBu,N'T
(15mg, 0.04mmol.) in 16m! 0f THF was added NaH (47mg, 1.16mmol., 60%in
mineral oil). After 30min, 4-fluorobenzyl bromide (0.12ml, .94 mmol) was added
15  dropwise. The resulting mixture was stirred at room temperature overnight. The

mixture was quenched with MeOH and neutralized with HOAc to pH7.0 and



N NO5/ o HO SOH 2(B)(13a) 2(B)(13) 10 Conmpound 2(B)(13a) was prepared
and isolated by nodifying the nethod described in Exanple 2(B)(12), with
t he substwouBioonsd»f 3- hydroxypyridine for the phenol reagemtiBo3ldde8sVR (400
MHz, CDCI3) 5 ppm1.39 (s, 3 H 1.62 (s, 3 H 15 4.17 (dd, J= 10. 1, 5.6
Hz, 1 H 4.28 (m 1H4.64(m 1H)5. 18( c}g J=6. 3, 3. 3Hz,
1H) 5. 48(dd, J=6. 3, 2. OHz, 1H)6.16(d, J=2 1H) 6. 27(s 2H) 7. 05(ddd, J=8. 4,
3.0, 1.3 Hz, 1 H 7.13 (m 1 H 7.89 (s, 1 H 8.19 (m 2 H 8.31 (s, 1 H).
Conmpound 2(B) (13) was prepared and isolated frominternediate 2(B)(13a)
u5| ng 20 the nesé%%@jescrl d in Exanpl e 2(B)(12). Conpound 2(B)(13): 1H
vHor

( 400 A %’c?oe?ﬁntrgtewy yacgum {The @S@uﬂawwtrea&edm 4.70 (t,
8 Hz, 1 {Xﬂth CFHZQE ahd ﬁltelret{loi@ aﬂﬂzwasiied")veliw?cﬁ’ C‘iﬂélp_ T‘}E%ltﬁa’te &'a 1H 7. 36
(ddd J=8. 5, 1 H 2 (d (s, 1 H 8.17

(s, 2 H. An%?ftrac@él‘”é@ 1P&N@1%H1W®zbrme Q%)HQD ”Ule%&am@@@wa} drigd. 75, H. 5. 15,

083
IIE‘ICTIZ |2 88 :]3-/ Ogggﬂﬂg @g théPodhbendrated B é:ugn% e redRiud was é&lﬁé@ b9 %1(91%%

(2S, 3R, 4R, 5Ryysten @5%(n95r%ng‘§1®bl(i W09 % HOA8> tutfey)r fodtioHecp desired fraction N
B od) e oY AR R By ?ﬁ%y 03l A% ygtlalbte o o5l Taay vas

prepar ed andTLSoRat0X( HeyanedtOAy2rig. tHNMR: (460 Mids SHIQRAFORMERRNp! e I
20120, Chebo OB ol 1t SR L S dor e s f0ers
10 Hz, 1 H) 4.49 (m, 2 H) 5.04 (m, J=6.32, 3.54 Hz, 1 H) 5.39 (dd, J=6.44, 2.40 Hz, 2
H) 5.48 (m, /=1.26 Hz, 2 H) 5.99 (d, /=2.27 Hz, 1 H) 6.84 (m, 2 H) 7.08 (m,
J=7.58,7.58 Hz, 3 H) 7.35 (m, 5 H) 7.49 (t, /=7.45 Hz, 1 H) 7.87 (m, 3 H) 8.42 (s,
1 H). MS for C34HzF NsOg (MW:623), m/e 624 (MH).

15 Intermediate 2(B)(2¢): 9-[6-(4-Fluoro-benzyloxymethyl-2,2-dimethyl-tetrahydro-
furo-[3,4-d][1,3]dioxo-4-yl]-9H-purin-6-ylamine. To a solution of 2(B)(2b)
(110mg, 0.18mmol.) in 2ml of MeOH was added concentrate NH;OH (2ml). The
resulting mixture was stirred at room temperature under N, for overnight. The
reaction mixture was concentrated by vacuum. The residue was purified by Dionex

20 System (5%-95% MeCN:H,O w 0.1%HOAC) to collect desired fraction to afford
intermediate 2(B)(2¢) (47mg, 0.11mmol.,63% yield) as white solid. TLC: R= 0.3
(CHCL:EtOAc/2:1). 'HNMR (400 MHz, CHLOROFORM-D) Oppm 1.31 (s, 3
H) 1.58 (s, 3 H) 3.74 (m, 1 H) 3.91 (d, /=12.88 Hz, 1 H) 4.48 (s, 1 H) 4.75 (s, 2 H)
5.05 (d, J=5.81 Hz, 1 H) 5.14 (t, /=5.31 Hz, 1 H) 5.77 (d, J=5.05 Hz, 1 H) 6.16 (s,

25 1H)6.66 (s, 1 H) 6.95 (m, /=8.59, 8.59 Hz, 2 H) 7.27 (m, J=8.21, 5.43 Hz, 2 H)
7.71 (s, 1 H) 8.30 (s, 1 H). MS for CooHxF NsOq (MW:415), m/e 416(MH").

The title compound 2(B)(2) was made as follows. The reaction mixture of
2(B)(2¢) (45mg, 0.11mmol.) in 1.5ml of HOAc and 1.5ml of H,0 was heated at 70
°C for 8 hours. The mixture was concentrated by vacuum. The residue was

30  purified by Dionex System (5%-95% MeCN:H,0 w 0.1%HOAc) to collect
desired fraction to afford 2(B)(2) (35mg, 0.1mmol, 85% yield) as white solid.



(s, 3H 1.60 (s, 3 H 4.46 (dd, J=11.6, 5.3 Hz, 1 H 4.54 (m 1 H 4.68
(m 1 H 5.09 (dd, J=6.2, 2.9 Hz, 1 H) 5.44 (dd, J=6.2, 2.2 Hz, 1 H) 6.17
(d, J=2.0wb3/0140B§ 15 6.41 (s, 2 H 6.52 (d, J=8.3 Hz, 1 HCTAB&W06Ld,
J=6.3, 5,1 Hz, 1 H 7.47 (m 1 H 7.94 (s, 1 H 8.04 (dd, J=5.1, 1.0 Hz, 1
H 8.32 (s, 1 H. Conpound 2(B)(14) was prepared and isolated from

i nternedi ate 2(B)(14a) using the met#5d described in Exanple 2(B)(12).
Conpound 2(B)(12). "H NWR (400 20 MHz, CD3CD) 8 ppm4.41 (q, J=4.2 Hz, 1
H 4.48 (t, J=4.9 Hz, 1 H 4.54 (m 1H) 4.61 (m 1 H 4.76 (t, J=4.9 Hz, 1
H 6.08 (d, J=4.6 Hz, 1 H 6.83 (d, J=8.3 Hz, 1 H) 6.95 (dd, J=6.7, 5.4
Hz, 1 H) 7. GO R= 0.1 KPHEC12:Me0RH9: 1) Z5 NMR1(400 Mz, Me@D)d) pom 3066 (A4 H) 8. 31

S, 5

21 o7 FohthoE>Sod HPA I EE SRR S s T "

CT/ | BO3/ 00&18B HA4 Hixa6m(dd, 2{6B)( 133 Hz, 1 H) 4.75 (m, 2 H) 5.87 (d, J=6.32 Hz, 1

Eretshgsyg en%ré@h?/m@%fgﬁ;%;o uréi#% 251{51{;‘}? @ JN|9-I§5 HZIZz}IP\lWﬁb N N

H3C00 ;lgcgn for §(7H@8~F NEDSQHW. 215 165%) STBLT 1605 F@f@pbdlrfer %Eg)sﬁli%a) was
anpl e
g( BI)O( 12), 59“3?‘@}@ 83%{16?3@ c}ﬁ lg%gf?%é)tuﬂ% g%g gﬁﬁfgg,ﬁ@ﬁ%gﬂ phegl reagent .

Interrrediate 2(B)(15a). 1H NMR (400 MHz, CDClS) Sppml 39 (s, 3 H 1.63

(s,3H)372(s 4.06&? J1024 & é} 1 H) 10 4.65
(m 1 H 5. MWZ ): 28, 3R AR PB)-2-(6-Agninp- H&“’(‘ﬁd/‘) ¥ ftlb“tzla 1 H 6.21
(m 3 H)o 6. @h{l)¥etahiyliroZfilan-Ggt-didl H) 8.34 (s, 1 H). Conpound 2(B) (15) was
prepared and isolated frominternediate 2(B)(15a) using the nethod
described in Exanple 2(B)(12). Corrpound 2(B) (15, 1H NWVR (400 15 MHz,
DMSO-d6) b ppm 3.68 (s, 3 N4 He(m 1 H) 4.1 2 H 4 30(q,J46Hz,
1H)467(m1|—|)5/§8cg\;l, \Hle)SSB > J=5 8Hz,1H)5.94(d,

S8z

Cl
N
Zn H~

HO 9//OH
2BC 2B)G)

S
HO

tert-Butylamine ( 1.5 mL, 15 mmol) was added to 2(B)(3a) (286 mg, 1.0 mmol)

15  and the mixture was microwaved using Smithsynthesizer (150 °C, 1 h). The
resulting mixture was concentrated under reduced pressure to reduce the volume.
The crude mixture was then purified by reverse phase HPLC (Dionex System; 100
—50% MeCN:H,0) to afford Ccl (120 mg, 37% yield) as a white foam."H NMR
(400 MHz, CDs0D) & ppm 1.24 (d, /=8.8 Hz, 9 H) 1.82 (s, 1 H) 3.42 (m, 1 H) 3.69

20 (s, 1H)4.18 (m, 1 H) 4.33 (m, 1 H) 441 (br. s, 1 H) 5.71 (s, 1 H) 5.76 (br. 5., 1 H)
592 (d, /=5.1 Hz, 1 H) 7.31 (s, 1 H) 7.54 (m, 1 H) 8.11 (s, 1 H) 8.15 (s, 1 H).
LCMS Caled for C14Ha, NgOs (MW:322), m/e 323 (MH"). Anal. Calcd. for Ci4Hz
NgO; *1.4CH;COOH <2.0H,0 C: 45.60, H: 7.20, N: 18.99. Found C: 45.47, H:
7.45,N: 18.62.

25

30



J=5.1 Hz, 1 H 6.87 (m 4H 7.30 (s, 2 H 814 (s, 1 H 8.33 (s, 1H).
Anal . Calcd for CL7HL9N505.0.5H20 C. 53.40, H 5.27, N 18.32. Found C
53.49, HwbB.03874088 18.02. 20 Exanple 2(B)(16): PCT/IB03/00615

(2S, 3R, 4R, 5R) - N- Benzoyl - N-{9-[ 2, 2- di met hyl - 6- ((E) -
styryl)-tetrahydro-furo[ 3, 4-d] [1,3](;%0 -4-yl]1-9H purin-6-yl }-benzam de
Q@ NH2 ONN° N " NNN 010 NN i OH OX 2(B)(16) 2(B)(16a) WO
03/ 074083 PCT/1B03/ 00615 -85 Internediate 2(B)(16a) was prepared and

i sol ated using the nethod disclosed in Mnt gomery et al., J. Heterocycl.
Chem 11, 211 (1974). Internediate 2(B)(16a): 5 '"H NWVR (300 Mz,

El)_LTQGE;O(QM Qixabn QM 4$3(2(9$\Réﬁi5k) 3-(6Andifie-porilip- y4)—§-é |(_I(ZZId 1JH)7 66 371(:;'2 1
7.9 b, 1 rﬁ%egg‘f?'?°d“é‘g}lie§%d§°?§ﬁﬂ§'% Tér(dd J=15.9, 7.6 Hz, 1 H) 6. 59

(m lH) 731(m 10H 7.78 (m 4 H 813 (in, 1 H 8.63 (s, lH) 10
Compound 2(B) (16) was then prepared and,isol ated by nodifying the method
described in Montgonery et al, He’ﬁe oeycl. Chem 11, 211 (1974). 1H NWR
(400 MHz, DWVMSO-d6) 8 ppm 1.95 ( 2 ., %59 (m 1 H 2.66 (dd J9.4, 5.6
Hz, 1H)3.84(m 1 H 4.07 (q, J=4. N 1H)471(qJ56Hz
1H)5.18(d,J=5.1 Hz, 1 H 5.42 (d, J ~1’/(15;lz 1 H 586 (d, J=5.6 Hz, 1 H)
7.21 (m 5 H 8.14 (s 1 15 H 8.34 s, | H. Anal. Calcd for
C17H19N503. 1H20 C. 56.82, H 5.89, N 19.49. Found C. 56.89, H 5.70, N
19.56. Example 2(B)(17):
{[5-(6-Am no-purin-9-yl)-3, 4-di hydroxy-tetrahydro-furan-
2-carbonyl ] - é&hﬂ%ﬂ%ﬁ?)@) %va@ﬁfegaﬂgg bAWEoI8RE By mo&iﬂgng fble Mlethod described
10  in Example 2(B)(3). "H NMR (400 MHz, CDs0D) & ppm 1.80 (s, 1 H) 3.39 (m,
J=4.0 Hz, 2 H) 4.18 (m, /=4.0 Hz, 1 H) 4.24 (m, 1 H) 4.73 (m, 1 H) 5.86 (d, J=5.8
Hz, 1 H) 6.53 (t, /~7.2 Hz, 1 H) 6.63 (m, J=7.6 Hz, 2 H) 7.01 (m, 2 H) 8.08 (s, 1

H) 8.15 (s, 1 H). HRMS Calcd for Ci6Hi9 NgO3 (M+H)= 343.1519, observed MS

= 343.1516.
15
Example 2(B)(5): 2-(6-Amino-purin-9-yl)-5-dimethylaminomethyl-
tetrahydro-furan-3,4-diol
NH,
Né[”»
N° N
\Nﬂ
' & o
20

Compound 2(B)(5) was prepared and isolated by modifying the method described
in Example 2(B)(3). 'H NMR (400 MHz, CDs0D) & ppm 2.72 (s, 3 H) 2.88 (s, 3
H) 3.77 (s, 1 H) 4.25 (m, J=5.8 Hz, 1 H) 4.36 (m, 2 H) 4.46 (m, 1 H) 4.52 (s, 1 H)
5.89 (s, 1 H) 6.05 (d, J=5.6 Hz, 1 H) 7.66 (s, 1 H) 8.26 (s, 1 H) 8.28 (s, 1 H)

25  HRMS Calcd for C12Hi9 NeO3 (M+H)= 295.1519, observed MS =295.1501.

30



<1 OOONN'"J NH~~OH OH 2(B)(17) 20 Conpound 2(B)(17) was nade by
nodi fi cation of the nmethod described in Exanple 2(B)(1), with the addition
of d yci nwomsihpBest er *HCL (249ng, 1.98mmmol) and Et 3N ( O PEmIB0308rDI ) in
pl ace of N-ethyl nethylamne. 2(B)(17): 1H NVR (300 MHz, DVBO D6) 8 ppm
1.20 (t, J=7.16 Hz, 2 H 4.03 (in, 3 4.17 (d, J=4.52 Hz, 1 H) 4.42 (d,
J=0.94 Hz, 1 H) 4.61 (m J7.82, 4.6Z2'Fz, 2 H 25 6.02 (d, J=7.91

Hz, 2H) 7. 78(s, 2H)8.28(s, 1 H) 8.45 (s, 1 H 9.54 (s, 1H. WD 03/074083

PCT/ 1 BO3/ 00615 -86 LCMS Cal cd for Cl3H16N606 (M+H)= 353, observed M =
353. EA calcd for CI13HL6N606*0. 6TFA, C:40.54, H: 3.98, N:19.98. Found

C. 40. 98, H Exd@pleR(BY6BES,3BARIRNPI(€An(iBy-pusin-9-yl)-5-[(2-pyridin-2-yl-

{ [5- (6- Ami nQuRuhiloRm¥iny 1 Iettalliapd-firis,4-@lol ahydr o- f ur an-

2- car bonyl ] -am no}-"3- phényl -propionic acid nethyl ester NH2 <N 1 ,"JN OO
ONN NH1//0HOH 2(B)(18) 10 Conpgynd 2(B)(18) was nade by

nmodi fication of the nmethod described ip\Exanple 2(B)(1), wth the addition
of H Phe-Owe*HC (418ny, 1.98 N anal . QBN (0.5mL, 3.3mmol) in place of

N- et hyl net hyl am ne. 2(B)(18): | MHz, DMSO-D6) 8 ppm3.38 (m 3
H 3.63 (m 3 H 425 (s, 1 H 4.4 @nl_ . H 4.88 (m 1 H 5.56 (d, J=6.78
Hz, 1 H)<5.76 (d, J=4.14 Hz, 1 H) 5.89%§nfoH)=8.29 15
Ft,1FD7.33(n15kb7.51(s,2F08.13(n11F08.30(n11F09.55(d,J:8.67 Hz, 1 H. LCWVB

Cal cd for H22 = , =P for
C20H22N606* %E%pﬂg)@g@g%prelﬁ@ g %ﬁ{eﬁ’(}é’% it et dz;egé,rﬁgﬁ 4. 94,
N: 16. 14. 20 ilckedmple2@)8).( EDNMR (300 MHz, CD;OD) 5ppm 1.94 (m, 2 H) 2.7 (m, 1
5- (6- Am no- purin-9-yl)-3, 4-di r OX¥< ra - Ns 23 lic acid
(2- hydr oxy- e}p@ﬁ@,g%p%%@%%‘?m, £ 593 LEhyES 928 U 90 211, CAPEDY
10 (d, J=5.7 Hz, 1 H) 7.36 (dd, J=14.3, 7.9 Hz, 2 H) 7.80 (m, 1 H) 8.07 (d, /=3.6 Hz,
1 H) 8.27 (d, /=8.1 Hz, 1 H) 8.55 (m, 1 H). HRMS Caled for Ci7Hz N7Os
(M+H)= 372.1784, observed MS = 372.1799.

Example 2(B)(7): (2S,3R4R,5R)-2-(6-Amino-purin-9-yl)-S-[(4-fluoro-
15  benzylamino)-methyl]-tetrahydro-furan-3,4-diol

NH,

N N\>
5

NN
0

N
U
7
= 7
F HO TOH

20 Compound 2(B)(7) was prepared and isolated by modifying the method described
in Example 2(B)(3). "H NMR (300 MHz, CD;0D) 8ppm 2.00 (s, 2 H) 3.38 (m, 2
H) 4.13 (s, 2 H) 423 (d, J=3.8 Hz, 2 H) 4.41 (m, 2 H) 4.66 (s, 1 H) 5.89 (s, 1 H)
6.03 (d, J=4.9 Hz, 1 H) 7.19 (m, 2 H) 7.51 (m, 2 H) 8.05 (d, /=2.6 Hz, 1 H) 8.25
(s, 1 H). HRMS Caled for Ci7Hie FNeO3 (M+H)= 375.1581, observed MS =
25  375.1582.
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MN OONN HO-\_NH~/CHOH 2(B)(19) WO 03/074083 PCT/|B03/ 00615 -87
Conmpound 2(B) (18) was nade by nodification of the nethod described in 5
Exanpl e 2yB)gay4083ni t h t he additi on of ethanol am ne (0. 12mPCTABGBAWG ) in

pl ace of N-ethylnmethylamne. 2(B)(19): 1H NWR (300 MHz, DVBO D6) 6ppm 3.23
(m2H)3.41(m 3H) 4. 10(m J=4. 14 Hz, 1H)A7929(d,J:1.32 Hz, 1H)4.57(m J=2. 83 Hz,
1 H 552 (m 1H 571 (m 1 H 5.92°(d, J=7.72 Hz, 1 H 7.48 (s, 2 H)
8.18 (s, 1 H 8.37 (s, 1 H 8.92 (m J=5.84 Hz, 1 H. LCM5 Caled for
Cl121-116 N60O5 10 (MtH)= 325, observed M5 = 325. EA calcd for

C12H16N6C6* 3. 3TFA*1. 0 CH2C12; C: 29.97, H 2.73, N 10.70. Found C: 29.41,

H 2. 93, N 1IEQdpld2BNS8): 9(2313@)41{@!/)31 (@Ainsmpﬁmﬁim@ll)hﬂjﬁzmﬁrdw Substrates 15
Schene lvnig"?l}mﬁ the cogﬂ,zl fhﬁ% %1 ate C, from Schene Il above, to
ei ther sy Yamin)me pro F0g D or unsymmetrically substituted
prodrugs E and E : rN NHz N rN NHz rN NH2 NONNHz GiO-T-N\N G YO-N N N
Nd G- > N=J +/ =f RNnOORMHO OH N2 RmMORn Rn OOR DCE E 20 The
capping groups Rmand R, ,, nmay incl u&lw\, ut are not limted to esters,
carbonates, carbamates, ethers, phosplatyes and sul fonates. After

i ntroduction of the prodrug mf'ioe@ﬁ conpounds maybe further nodified.
25 In particular, Schene V shows the F@’@@ﬁ.l’atl on of asymetrically

subst i t uted prodrugs of 5' adenosine anal ogs, starting froman appropriate

® o e s e S S LN Sl atre (o
PCT/ | BO3/ 006} &yample 2(B)(3). “H NMR (400 MEz, CD;0D) & ppm 1.78 (s, 2 H) 2.69 (t,
J=5.4Hz, 1 H) 2.81 (t, /=5.3 Hz, 2 H) 3.24 (5, 2 H) 3.57 (m, 2 H) 4.1 (br. 5., 1 H)
10 4.18 (m, J=4.8 Hz, 1 H) 4.70 (m, J=5.2 Hz, 2 H) 5.38 (s, 1 H) 5.86 (d, /=5.3 Hz, 1
H) 8.1 (s, 1 H) 8.16 (s, 1 H). HRMS Caled for Cy,H;sNsOs (M+H)=311.1468,
. observed MS = 311.1480.

Example 2(B)(9): 2-(6-Amino-purin-9-yl)-5-morpholin-yl-methyl-tetrahydro-
15  furan-3,4-diol

NHo

e
@ﬁ

H //OH

Oln.

Compound 2(B)(9) was prepared and isolated by modifying the method described
20  in Example 2(B)(3). "HNMR (400 MHz, CD;0D) 8 ppm 1.72 (d, /=5.6 Hz, 2 H)

2.37 (m, 2 H) 2.57 (m, 2 H) 2.93 (m, 2 H) 3.08 (m, 1 H) 3.45 (m, /=4.8, 4.8 Hz, 2

H) 3.61 (m, 2 H) 3.99 (m, 2 H) 4.07 (t, J=5.7 Hz, 1 H) 4.46 (m, 1 H) 5.75 (d, J/=4.3

Hz, 1 H) 7.97 (s, 1 H) 8.07 (s, 1 H). HRMS Calcd for Cy4Hz NeOg (M+H)=

337.1624, observed MS = 337.1626. Anal. Calcd for C14Hzo NsO4+1.5CH;COOH
25  C:46.50, H: 6.29, N: 19.14. Found C: 46.42, H: 6.85, N: 19.10.
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-88 [err] The diol Cis converted to the cyclic carbonate Vb by treatnent
with 1,1'- carbonyldiimdazole (CDI) or a related reagent to give

i nt er mediwD@30b083The 5 cyclic carbonate is opened by treaPeEnBOIMIGIS a

nucl eophilic species, such as an anine, alcohol or thiol. The reaction is
not regiospecific giving a mxture of8¢ isomers, Vc and Vc', which may
rapidly interconvert. This mxture is not purified, but is treated with an
acylating agent to cap the remaining free hydroxyl group and allow
separation of the two isoneric final products, vd and vd'. The acylating 10
groups may include, but are not limted to carboxylic acids, am no acids,
carboxylic acid anhydrides, dialkyl dicarbonates (or pyrocarbonates),

car banyl Chbﬂ.{nipi@ma%elspCzt@Amno-ﬁmna%n)tilgyrrbhﬁn@we@mhI le utilized to

open the cycl pr the subsequent acylating group nmay contain
either an in ?QBP(§?4“€@%%§d110|ubl|IZIng group. |f necessary, the

i ndi vidudd products Vd or Vd' maybe further 15 transforned to liberate the
desired sol ubilizing group. Al t er nati® ly, Scheme VI shows the preparation
of symetrically substituted prodﬁh@ »of 5' adenosi ne anal ogs: [err] WO
03/ 074083 PCT/1B03/ 00615 -89 Startl ¥from anal og C, as derived from
Schene Il above, both al cohols N starting material are capped with

t he sane acylating group. The a Iaﬁingmgroup may include, but are not
limted to carboxylic acids, am no aC|ds carboxylic acid 5 anhydrides,

di al kyl di carbonates S yrocarbonates) carbanyl chlorides, . i socyantes,

etc. which cevmpuad2@ (1ﬁ)awa8amemﬁ%da?@f1 ipfatsddyRRRgity e ke IPF@PCH S@ﬁl‘%ﬁ’dp (R . If
e f by d
oerare "t HayARMRaHRe, NV potvifi 195, 00) Sl h 2B D & O Yand

2(9) (1 )10 (28638, a HR)"‘B)S(Hi@lngrIé}%w(murZ|Pﬁ-3@-4y(|s,)1H)3 33 (m, J=13.0,
270 t L f t dr of -3-
L(2, 2-ai et by o opgnpyh vk 291 IR 3 53B(b). 2R sy of uran
(2R, 3R, 4S,59) HXSQSGSahH)LoHRMSDOaIDmfor 93143}]2<)N@©3[(M2H2; 2 InEt7hydhservgbMBy | ) oxy] - 5
[ (
ca

met hyl sul f apy| tQyl] tet r ahydrofuran- 3s L ~Pipj L1, di A - 15
rboxyl ate). giléi%?Nﬁgall\ﬁm%r W%N@Mm@b}f&g%&gﬂ 49'&1’%—1'
6.48, N: 17.31. Found C: 41.11, H: 5.86, N: 17.61.
15
Example 2(B)(11): 2-(6-Amino-purin-9-yl)-5-cyclopentylaminomethyl-
tetrahydro-furan-3,4-diol.

20
Compound 2(B)(11) was prepared and isolated by modifying the method described

in Example 2(B)(3). "H NMR (400 MHz, CD;0D) & ppm 0.07 (m, 6 H) 0.30 (m, 2
H) 0.45 (m, 4 H) 1.87 (m, 2 H) 1.96 (m, 2 H) 2.19 (s, 1 H) 2.70 (m, 1 H) 2.78 (t,
J=4.7Hz, 1 H) 4.40 (d, J=5.1 Hz, 1 H) 6.61 (s, 1 H) 6.65 (s, 1 H). LCMS Calcd

25  for CisHa NgO3 (M+HH)= 335, observed MS = 335. Anal. Caled for Cy4Hp
NgO5¢2.2 CH;COOH?0.8C6Hj, C: 51.84, H: 8.05, N: 14.99. Found C: 51.89, H:
8.46, N: 15.02.
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O 2(0(1a) 2(0O(1la):
(3aR, 4R, 6S, 6aS) - 4- (6-am no-9H purin-9-yl)-6-[ (net hyl sul fanyl )nethyl] 20
t et r ahydrwbuwsof®s3t- d] [ 1, 3] di oxol -2-one. To a sol ution of PCT/IB03/00615

- deoxy-5' - net hyl t hi oadenosine (13.4 g, 45.1 mmol) in DM (250 nL) at O
C, was added 1,1'-carbonyldiim dazolg (8.50 g, 52.4 mol) in one portion.
After I h, the reaction was conpl ete )]/ HPLC, and the 25 DMF was renoved
under vacuum The resulting crude residue was dissolved in CHC13 and a
m ni mal anount of i-PrOH The organic |ayer was washed with a 4% aqueous
solution of AcOH and then concentrated under vacuum Azeatropic renoval of
excess acetic acid with heptane gave 2(C)(la) as a white powder which 30
WO 03/ 07408 Exitaplel 2BR1DOATIR, 4195)1{)&9(96 mudei-Qﬂ-@ntih*}?-)ﬂhﬁ-e to use w thout
further purificatio 5. H NWVR (DVBO-d6) S: 8.34 (1H, s),
8.18 (I H, Pe*?“’%“{l&!ﬁ)]‘e‘é?l')?%*%‘l /%f d, J = 2.3Hz), 6.05 (1H dd, J =
7.7 andl_é 4Hz) 5.48 (1H, dd, J = 7.7 and 3.4Hz), 4.56 (1H, dt, J = 3.4
and 7.7Hz), 2.78-2.71 (2H, n:)z, 2 03 (3H, s). rlrFIPLC Rt = 2.616 min. LRVM5 5
(mz) 324 (MkH)+. [err] 2
(2S, 3S, 4R, 5R) - 5- (6- ami no- 9K ?ln 9-yl)-4- hy%i,q x&/ 2- [(met hyl sul fanyl)
nmet hyl ] t et rahydr of ura - bigepe -carboxylate), and 15
2(0 (I'b"): (2R, 3R4S@ amno OH- |n- I) 4- hydr oxy- 5-
[ (et hyl sul fanyl) et hyl ] t edy ydr of ur an- 3- yto
1, 4" -bi pi peridine-1"-carbox To a sgﬁ{ﬁ jon of 2(0(1a) (3.18 g, 9.83
mml) in DVF (40 i) at 2(fmm)terrperatore ( was added
4- pi peri di nopi peridine (6.06 g, 36.0 mml). 20 After 1.5h at rt, the
reacti on was conplete by HPLC, and the reaction mxture was split into

four equal fhiRgiddans2(BRATd): (ZSBRARRMBE, Ddindihyed- on a reverse phase col um
VeOH oradi L%Sé‘ené%'«@q%yy AL S0 R ond Y EPES I S D 2 1 ratio,
respectiypgel Yeriphl 5\0 B qgal migEY 8P e WNEE pheob(310mg, 360 atned) were to facile
25 1 someriz aétd:ieczlnsequentlal%l/tg alsl’gggd sgg‘lc-lloll EP ? / gglgg'propyhgene adenosine (500 mg,
1.63 mmol) in THF (15 mL). The reaction mixture was then put in an ice bath and
diisopropyl azodicarboxylate (0.5 mL; 2.44 mmol) was added. The ice bath was
removed and the mixture was stirred at room temperature for 12 h. The solvent
15  was evaporated to give a brown-yellow oil residue. The residue was purified by
silica gel chromatography (eluting with 80—100 % EtOAc in hexanes) to give
compound 2(B)(12a) as a white foam (152.8 mg; 0.4 mmol; 40% yield). 'HNMR
(400 MHz, CDCl3) 8 ppm 1.43 (s, 3 H) 1.67 (s, 3 H) 4.14 (dd, /~10.2, 4.7 Hz, 1 H)
4.27 (m, 1 H) 4.70 (m, 1 H) 5.18 (dd, J=6.1, 2.8 Hz, 1 H) 5.46 (dd, J=6.2, 2.1Hz, 1
20 H)6.24 (d,J=2.3 Hz, 1 H) 6.37 (m, 1 H) 6.80 (d, /=8.1 Hz, 1 H) 6.95 (t, J=7.5 Hz,
1 H) 7.26 (m, 1 H) 7.48 (m, 2 H) 7.68 (m, 1 H) 7.99 (s, 1 H) 8.37 (s, 1 H).
Acetic acid (20 mL, 80% in H>O) was added to compound 2(B)(12a) (153 mg, 0.4
mmol). The resulting solution was heated to 100 °C for 6 hus. The reaction
mixture was evaporated and was purified by silica gel chromatography (eluting
75 with 28% MeOH, 2% H,O in CH,Cly) to give compound 2(B)(12) as a white foam
(75.5 mg; 0.22 mmol; 40% yield); '"H NMR (300 MHz, CD;OD) O ppm 4.13 (dd,
J=10.7, 3.4 Hz, 1 H) 4.23 (d, J=3.2 Hz, 1 H) 4.29 (m, 1 H) 4.40 (t, J=4.9 Hz, 1 H)
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HS ~N NHZ 1- NH2 rNH2 N~ OYOOH NON Ho , 0o~N oY 'o NON oho o~0~N N +
9C? 99 CNUUU20O(1b) 2(O(Ib") 2(0(1) 2(OQ(1') To a

u n wb 030@0gib) and 2(C) (I b') (750 ng, 1.53 nmol) i nPETABRBGIRIN 45 )

0 C was added trinethylacetic anhydride (1.0 nmL, 4.9 mol) and

- di met hyl am nopyridine (30 ng, 0.25 ), and the reaction m xture was

warned to rt. After 20h, a 1:1 mixturé“of DMF and i-PrOH (3 nL) was added

and the CH2C12 was renoved under vacuum The resulti ng sol uti on was

purified on sem preparative HPLC with a linear gradient elution of

209~ 8010oB to 10 40% 6098 over 30 mn to give conpounds 2(C) (1) and

2(0(1') as white powders (387 ng, 44% and 142 ng, 16% respectively).

2(0)(1): 1H M¥R(, 1%)1@6@$7J=(41m 3)}? 638508 d(JJ=h‘h737)6H,§ G gl d, J =

5.8Hz), 5.88 (1H 2@% 4. 47 (1H d,

o) s Pkl big G 0 82560150 s S BN SBER (or

2.56- 2. 385(5.*thmooﬁcl§3()6'ﬂI 5991, N1133i37 #&ﬁd&kﬁ .82 P 55h, N117727fl 70 (2H m,

1.65-1.39 (6H, m), 1.14 and 1.15 (9H, 18 mn. LRVS (m z)

576 ( M+H) +. Anal (027H41N7058-0 25 H20 C H N S 2 C)(l ): (474 ny,

76% . 1H NWR S). 6x_ d, J =
5.6Hz), 5. 87E\£‘fQ (32@?13 B(2§§R(é'?—§(@? @iﬁ"ﬂ? Stk E‘"%'? 5?@119{;&'35 54 (2H, s),
4.38 (1H, q, Yoxpugthytotrabydi@urhnidd-gdi, m), 2.98 (2H d, J = 5.0Hz),
2.83-2.67 20 (2H, m, 2.50-2.32 (5H, m, 2.16 (3H, s), 1.82-1.72 (2H, m,
1.61-1.52 (4H, m), 1.48-1.30 (4H, m, 1.26 and 1.24 (9H, 2s). HPLC Rt =
3.512 min. LRVB (mz) 576 (MH)}® Anal (C27HAIN7@S-0. 20 H2O) C, H, N, S
Exanmples 2(C)(2) and 2(Q)(2'): ﬁ S4R 5R) - 5(6N \po 9H purin-9-yl)-4-

(i sobut yryl oxy) - 2-[ (et hyl @o yI | Hah@o& - 3- y11 4' - bi pi peri di ne
- 1'-carboxylate, and (2R ,4S, Syy, 2- (6- am Mg= 9H- /1 9-yl)-4 WO
03/074083 PCT/1B03/00615 -92

(i sobutyryl oxy)-5-[ (net hyl thi o) nethyl]tetrahydr (}h’iﬁ gn 3-y1l1, 4' - bi pi peridi ne
- 1'-carpbpxylate. N\ ,NH S®33aNHp NNH2\ N N OYO OH N~ HO. Oy OY
0 00 Ned ON~

Compound 2(B)(13a) was prepared and isolated by modifying the method
~ described in Example 2(B)(12), with the substitution of 3-hydroxypyridine for the
phenol reagent. "H NMR (400 MHz, CDCls) & ppm 1.39 (s, 3 H) 1.62 (s, 3 H)
15 4.17(dd, /=10.1, 5.6 Hz, 1 H) 4.28 (m, 1 H) 4.64 (m, 1 H) 5.18 (dd, /=6.3, 3.3 Hz,
1 H) 5.48 (dd, J=6.3,2.0 Hz, 1 H) 6.16 (d, /=2.0 Hz, 1 H) 6.27 (s, 2 H) 7.05 (ddd,
J=8.4,3.0,13Hz, 1 H)7.13 (m, 1 H) 7.89 (s, 1 H) 8.19 (m, 2 H) 8.31 (s, 1 H).

Compound 2(B)(13) was prepared and isolated from intermediate 2(B)(13a) using
20  the method described in Example 2(B)(12). Compound 2(B)(13): 'H NMR (400
MHz, CDs0D) 8 ppm 4.30 (m, 3 H) 4.45 (t, J=4.9 Hz, 1 H) 4.70 (t, /=4.8 Hz, 1 H)
5.97 (d, J=4.6 Hz, 1 H) 7.23 (dd, J=8.5, 4.7 Hz, 1 H) 7.36 (ddd, J=8.5, 2.8, 1.3 Hz,
1 H) 8.02 (d, /~4.3 Hz, 1 H) 8.08 (s, 1 H) 8.17 (s, 2 H). Anal. Calcd for
C15Hi6NgO4°1.25H,020.25CH3COOH C: 48.75, H: 5.15, N: 22.01. Found C:
25  48.32,H:5.12,N:22.35.
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N+ N~NO+ON | | PPUUUUZ2(Q(1b) 2(O(1b-) 2(O(2) 2(O(2-) 5 To
a solution of alcohols 2(C (Ib) and 2(C (lIb") (202 ng, 0.411 nmol) in
CH2C12 (4woliop/oatsst was added isobutyric acid (95.0 ng, 1PO3/1BUANI0HIS

1, 3-di cycl ohexyl carbodi i m de (244 ng, 1.9 mol), and

4-di net hyl am nopyridine 10 (3.2 ng, 0.026 mvol ). After 24h, the reaction
was conplete, and a 1:1 mxture of DW and i-PrOH (1nL) was added. The
CH2C12 was renoved under vacuum |eaving the DMF/i-PrCH sol ution which was
purified by sem preparative HPLC with a linear gradient elution of

209 8098 to 40%N 6098 over 30 min to give the title conpounds 2(C)(2) and
2(Q)(2") as V\hEk@mpRWdBI(m)( $ﬁs Qrmu,sm’»@-(saﬂﬂn&-ﬁH%ﬂrrﬁn og)-5 0perideepect i vel y) .
2(0(2): 1H N Cﬁlcllg}? 38$ d% 8.08 (1H, s), 6.18 (1H, d, J =
6.0Hz), 5.93 (Iiqxyimet 11£etﬁa‘5‘/|q£9f“ -34-diddy o) 553 (1H, t, J = 4. 1H2),
4.46 (1H, q5 J = 4.9Hz), 4.20 (2H, m, 3. 00 (2H, d, J = 5.1Hz), 2.90-2.68
(2H, m, 2.60-2.38 (6H, m, 2.17 (3H, s), 1.87-1.83 (2H, m, 1.64-1.40 (8H,
m, 1.19-1.10 (6H m. HPLC Rt 3.322 min. LRV (mz) 562 (MtH) +. Anal .
20 (C26H39N705S) C, H, N, S 2(C)(2¢H; 'HNI\/R(CDClﬁ 6: 8.38 (1H, s), 8.08
(1H, s), 6.21 (1H d, J = 5.6Hz) n 85 (1H t, J 3Hz), 5.63-5.56 (3H,

M, 4.40 (1H q, J = 4.7Hz), 4.1 34 (2H, m, 2N9L ¥2H d, J = 5.2Hz),
2.85-2.55 (3H, m), 2.51- 2.3 N\ L_?,(/ !‘ . 84-1.80 (2H, m),
1.62-1.52 (4H, m), 1.48-1.31 XWH J, 1.77-1 m. HPLC Rt = 3.432

mn. LRVMS (mz) 562 (M+H) +. Anal. 5&(026!—!39N7058§ W H0O C, H N S. WO
03/ 074083 PCT/1B03/00615 -93 Exanpfes 2(C)(3) and 2(C)(3 ):

(2S, 3S, 4R, 5R) - 5- ( 6- am no- 9H pur PEXBa)y| ) - 4- (B)(14
({(2R)-2-[(tert-butoxycarbonyl)am noj propanoyl}oxy) 2-

[ (met hyl t hi o) net hyl ] t et rahydr of ur an-3-y11, 4' - bi pi peridine-1'-carboxylate, 5
and (2R, 3R 4S,5S)-2-(6-am no- 9H—purin -yl)-4-({(2R) -2-[(tert-

[ (ot oyt i) mePRp P 2B RRARA BRSAY jplaed by modiyine e meod o byl at e
L0 TN R O N BeshHAQYENMrpiE 20D 20N EchbubstioGichhE 2 Ay pyScinblforGhd/ NN |\ S Y
N-/N O O CH N-

pheHcﬁeagent Intermedlate%(%zMa) fNMR (ﬁoo%z @Eh) SOppm 1.37

(s, 3H) 1.60 (s, 3 H) 4.46 (dd, J=11.6, 5.3 Hz, 1 H) 4.54 (m, 1 H) 4.68 (m, 1 H)
5.09 (dd, J=6.2,2.9 Hz, 1 H) 5.44 (dd, J=6.2, 2.2 Hz, 1 H) 6.17 (d, J=2.0 Hz, 1 H)

15 6.41(,2H)6.52(d, /=8.3 Hz, 1 H) 6.80 (dd, J=6.3, 5.1 Hz, 1 H) 7.47 (m, 1 H)
7.94 (s, 1 H) 8.04 (dd, J=5.1, 1.0 Hz, 1 H) 8.32 (s, 1 H).

Compound 2(B)(14) was prepared and isolated from intermediate 2(B)(14a) using
the method described in Example 2(B)(12). Compound 2(B)(12). 'H NMR (400

20 MHz, CD;0D) 6 ppm 4.41 (q, J=4.2 Hz, 1 H) 4.48 (t, J=4.9 Hz, 1 H) 4.54 (m, 1 H)
4.61 (m, 1 H) 4.76 (t, J=4.9 Hz, 1 H) 6.08 (d, J=4.6 Hz, 1 H) 6.83 (d, J=8.3 Hz, 1
H) 6.95 (dd, J=6.7, 5.4 Hz, 1 H) 7.68 (m, 1 H) 8.12 (dd, J=5.1, 1.3 Hz, 1 H) 8.19
(s, 1 H) 8.31 (s, 1 H). Anal. Calcd for C;5H;6Ns04°0.75H,0+0.5CH;COOH C:
49.55, H: 5.07, N: 21.67. Found C: 49.85, H: 5.04, N: 21.74.

25
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| P10o00OO1 NNNyNUUUUZ2Q(1b) 2C(1b-) 2(O(3) 2(0O(3-) 10 To a
solution of alcohols 2(C)(1b) and 2(C)(Ib') (329 ng, 0.668 mml) in CH2Cl2
(6.5 nL) wD 74083 added N-(tert-but oxycarbonyl)-L-al ani n@ctaB@/oonty, 1.74
mrol ), 1, 3-di cycl ohexyl carbodiim de (800 ng, 1.94 mvol), and 4 15

di met hyl am nopyridine (10 ng, 0.082 mml). After 0.5h, the reaction was
conpl et e, Rf LR G-arding-927-purkinOivif-5L(@- of DVF/ i -PrCOH (2
nm.) was add?ﬁ%ﬁﬁéﬁmgsftra emg}g%ﬁ vvaslll:enov%)ta under vacuum

| eavi ng t he beyphﬁmywthylﬂf@ﬁamreﬂ“mé ok i ed by senipreparative HPLC
with a linear gradient elution of 15%\ 85%B to 35%\ 65%8 over 30 min to
give the title 20 conpounds 2(C)(3) and 2(C)(3'") as white powders (134 ny,
30% and 36.9 nmg, 8%respectiveI%N' 2(0) (3): 1H NWR (DC13) 6 8.37 (1H,

s), 8.01 (1H, s), 6.15 (1H, dNJI[> 5.3Hz), 6.09-6. NlH , 5.63-5.52
(3H m, 4.44 (1H g, J = 5 _1HZ) N4 38- .26 (1H, ni,- 12 (2H, ™,
2.99 (2H, d, J = 5. 2Hz)co g@ (5H rr) 2.15 (3H,
s), 1.90-1.80 (2H m, 1.64-1. 54\ %8 (16H, n). HPLC Rt =

3.513 min. LRVB (nfz) 663(M+H)+6?¢\na| (C30H46N807 8 ®"H N S 2(0(3):
1H NVMR (CDC13) 6: 8.37 (1H, s 05 (1H, V\ooslg(égggs PCT/ | BO3/ 00615 - 94
s), 6.17 (1H, d, J = 5. 4H}® B9 (1H, t, J =514 5.70 (1H, t, J =
4.8Hz), 5.55 (2H s), 4.41 (2H, q, J = 4.9Hz), 416401(2H, m, 2.97

2H, d, J = 86- 2.64 (2H, 2 .15 (3H, s),
(1 85-1.72 (2rporn33un42@(1fab‘fﬁam%mdr#‘% 15?@3%( “@lfé’ém rfr%th" PLC (Rt 3) 642
mn. LRVS (N g). 583 id Maple 2087@b), with tl(e@@dﬂﬁlbﬁ@ff Snefhoxyhhehbl f&. theExarrpI es
2(0)(4) and 2 C)(4 ) (2 38 4R, SF? - am no- gHﬂ\Qﬁ é I%Py 211 o
(benzoy! oxy) - phepglresehnt fnprmedistedB (lﬁaét r%HMR&‘PQ R SRR 3% peri di ne-

1'- b | at I
10 571 (ot hy Ao} e g P C 2P ar R (B0 S PR e i berzoy| o)

n
1, 4' - bi pi per i aﬁﬁenﬂﬂmtbmwﬁ?eﬂmml K2 4|t|@/¢u#z6 BN Ned BO9EN® 3 N O 1IN

|‘\|SN |+N_ lm _S/ 6.% (m,31%\|7.97 @ pH\) 8./39(5,OT|H\|. HO 0O 0~ O\OOf/ON- OO-Of N+

Compound 2(B)(15) was prepared and isolated from intermediate 2(B)(15a) using
the method described in Example 2(B)(12). Compound 2(B)(15): 'H NMR (400
15 MHz, DMSO-de) & ppm 3.68 (s, 3 H) 4.11 (m, 1 H) 4.18 (m, 2 H) 4.30 (q, J=4.6
Hz, 1 H) 4.67 (m, 1 H) 5.38 (d, J=5.3 Hz, 1 H) 5.58 (d, J=5.8 Hz, 1 H) 5.94 (4,
J=5.1 Hz, 1 H) 6.87 (m, 4 H) 7.30 (5, 2 H) 8.14 (s, 1 H) 8.33 (s, 1 H). Anal. Calcd
for Cy7H;9N505¢0.5H,0 C: 53.40, H: 5.27, N: 18.32. Found C: 53.49, H: 5.33, N:
18.02.
20
Example 2(B)(16): (2S,3R 4R ,5R)-N-Benzoyl-N-{9-[2,2-dimethyl-6-((E)-
styryl)-tetrahydro-furo[3,4-d][1,3]dioxol-4-yl]-9H-purin-6-yl}-benzamide

N 3
NS >
uJY SN
w - ’

3 H(}\ //OH

2(B)(16)
2(B)(16a)



UuUuuU2(0(1b) 2(0Q(1Db") 2(C(4) 2(O(4'") To a solution of alcohols
2(0(1b) and 2(O(Ib") (559 ng, 1.14 nmmol) 15 in CH2C12 (11 nlL) at rt was
added berwoios/oamssl (250 ng, 2.05 mmol), 1, 3- dicycl ohexyl earhBei/dorisde (469
ng, 2.27 mmol), and 4-di net hyl am nopyridine (17 ng, 0.14 mml). After 45
mn., the reaction was conplete, the g){eci pitate was filtered, and a 3:1
m xture of DMF/i-PrOH (4nlL) was added®to the filtrate. The CH2Cl2 was
renoved under vacuum | eaving the DVF/i-PrOH sol ution which was 20 purified
by sem preparative HPLC with a |inear gradient elution of 20%V 80%B to
25%A 7598 over 30 min to give the title conpounds 2(C)(4) and 2(C) (4') as
white powders (264 ng, 39% and 032.8 ng, 5% respectively). 2(C(4): 1H NWR

(B, 7 adnuihit sBbagh o bl Solbl Al 58 mefpf ikl

J=5. 6Hz) , 5. oVipntEhmery et A5 J5Hatetoyycl. 3CHERL. ( RH11K1974) . Bierhedipte @(B)(162):4. 7Hz) ,

£ 197,05 (2 i g3 08 Sbhopl Eybhats 66 AT et (08

HPLC Rt = 3.(483=fi6n3.1 ERVEH] 498 Ym5PH) 5 @Mehi) ) Aﬂatdd FOARBBHNEYDE) C, H N,

S 290" ) e YSRGS B b U lo Aot st s FemanSoon
-95 7.9Hz), S@ 281)(713‘1|(nﬂ10131)?75(rﬁ|7l21)1)863€i5 15Hj9§63((bHHm 5.90-5.84 (1H m,

5.54 (2H, 4.61 (1H, q, J = 4.5Hz), 4.13-3.88 (2H, m), 3.05 (2H, d, J =
5.1Hz), 2.68-2.53 (2H M. 2.43-2.23 (5H n), 2.19 (3H ), 1.75-1.62 (2H,

m, 1.58l. 4(70116 8- ther? Brepdrell afd 1sdrﬂ?éepbﬂnoﬁlf§m 48e HethodLRVS (1 z)
596 (M+H) +. Anal 7N705S- 0. 25 H20) li’rlgl es 2(0(5) and

2(0) (5'): (211?5%'1126@,81 tggmelef % rfrlo Histarqseh Ehgmyil)a%l )

2- (di et
% ﬁn[et h3(/l It ﬁo)m?{rqe Ft) fegt:lr %{41]5 ?ﬁ%ﬁ % @ 2 %)9I ggygggz gsn dd(‘ﬁsg %é 64%2 5R)-5-(6 10
am no- 9H purl @894(1)1; yH) GWZ%(JHﬂﬁé‘&h)}IP@rﬁ ‘Holaed+iyé Hank Hb?d&l(fbdrr?ﬂ) oxy] - 2-

[ (et hyl t hi EI% J:@gg)l_%{% - 3" | @t NH2 N N
WU ‘}\% d(eil)(g %@@ﬁﬁ%ﬁ’% B £21 N DR 14 (N1
15 H) 834 (s, 1 H). Anal. Caled for Ci7H19N503°1H,O C: 56.82, H: 5.89, N: 19.49.
Found C: 56.89, H: 5.70, N: 19.56.
Example 2(B)(17): {[5-(6-Amino-purin-9-yl)-3,4-dihydroxy-tetrahydro-furan-

2-carbonyl]-amino}-acetic acid methyl ester.

NH,
N EN
V4 N
s
0o o O
/O_kNH »""/0H
OH
2(B)(17)

20  Compound 2(B)(17) was made by modification of the method described in
Example 2(B)(1), with the addition of Glycine methylester*HCl (249mg,
1.98mmol) and Et;N (0.5ml, 3.3mmol) in place of N-ethylmethylamine. 2(B)(17):
"H NMR (300 MHz, DMSO-D6) & ppm 1.20 (t, /=7.16 Hz, 2 H) 4.03 (m, 3 H)
417 (d, J=4.52 Hz, 1 H) 4.42 (d, J/=0.94 Hz, 1 H) 4.61 (m, J/=7.82, 4.62 Hz, 2 H)

25  6.02(d,J~7.91Hz 2 H)7.78 (s,2 H) 8.28 (s, 1 H) 8.45 (s, 1 H) 9.54 (s, 1 H).



O N~ HN + HN Li LN 11 2(Q(1a) 2(Q(5a) 2(Q(5a") 2(C(5)(a) and
2(CQ)(5)(a'): (2S,3S,4R, 5R)-5-(6-am no-9H purin-9-yl)-4-hydroxy- 15

2- [ (met hywohiBoy4ues hyl | t et r ahydr of ur an- 3- y12- (di net hyl am nereti§d/marsoamat e,
and

(2R 3R, 4S, 5S) - 2- (6- am no- 9H- puri n-9-yl ) - 4- hydr oxy- 5-[ (et hyl t hi 0) met hyl ]

t et rahydr of uran- 3-yl 2-(di net hyl am et hyl carbamate. To a sol ution of
2(0(1la) (1.90 g, 5.88 mml) in DV (5 nL) at rt was 20 added

N, N- di net hyl et hyl enedi am ne (803 ng, 9.11 nmol). After 20 min. at rt, the
reaction was conplete by HPLC. The reaction m xture was | oaded directly on
a reverse [l Call fonC {HRi NtQUdH)ash3,40ser®VE m356| Hdlvalwdfarcart ri dge,

S say g GO BRI A BBV -4 htogrpounds

i nt er nedi at es 2(C)(1b) and 25 2(C)(Ib"), the indivi dual regeoi soners were

not i sol at ed due to facile oner 074083, PCT/ .| BO3/ 00615 -96
[=N NH, N mplop (@il 8); £15-( m'“‘l\PN‘“'gﬂ/r‘]) Wﬁ‘yg § ‘FT PR Na/ Nay
N-/ Nonf OYQ-éa@bb -Qiﬁinbg-&? 1fPopihic @cidGnetiyt estbr~( 0 HN HN + HN HN 0 1
~N "N NI | | (O (5a (C)(5a) 2(0 (5 2(0O (5 ) A cohols 2(C(5a) and
2(C)(5a") (748 ng, 1.82 mmol) were aceylated and purified according the
procedure given for Exanple 2(C) (1) and 2(O(1'),.to 5 give the title
conmpounds 2(C)(5) and 2(C)(5') as white powders 43 ng, 27% and 128 ny,
14% r espectivel y). Corrpound 2(0C) (5):1H NWR N6: 8.37 (1H, s), 8.05
(1H, s), 6.16(1H d, J 5. 7Hz), 5.87 (1H, J)S.?Hz), 5.67 (2H, s),
5.55 (1H, t, J 47Hz) 5.51-5.44 (1H, 1H, q, J = 4.7Hz),
3.31-3.21 (2H, rr) 299296(2H Om) O 2 (2H q, J = 4.4Hz), 2.24 (6H,
s), 2.17 (3H, s), 1.15 (9H, s)/ NH N\70H

OH

2(B)(18)

10  Compound 2(B)(18) was made by modification of the mgthod described in
Example 2(B)(1), with the addition of H-Phe-OMe*HCI (418mg, 1.98mmol) and
Et;N (0.5ml, 3.3mmol) in place of N-ethylmethylamine. 2(B)(18): "H NMR (300
MHz, DMSO-D6) & ppm 3.38 (m, 3 H) 3.63 (m, 3 H) 4.25 (s, 1 H) 4.48 (m, 1 H)
4.88 (m, 1 H) 5.56 (d, J=6.78 Hz, 1 H) 5.76 (d, /=4.14 Hz, 1 H) 5.89 (m, /=8.29

15 Hz, 1 H)7.23 (m, 5 H) 7.51 (s, 2 H) 8.13 (m, 1 H) 8.30 (m, 1 H) 9.55 (d, /=8.67
Hz, 1 H). LCMS Calcd for CxoHz, NsOg (M+H)= 443, observed MS = 443. EA
caled for CaoHas NgO6*0.55TFA; C:50.26, H:4.51, N:16.67. Found C:50.56,
H:4.94, N:16.14.

20  Example 2(B)(19): 5-(6-Amino-purin-9-yl)-3,4-dihydroxy-tetrahydro-furan-2-
carbonylic acid (2-hydroxy-ethyl)-amide

NHg
N Ny
X
NN
Q O
S NP N""/0H
OH

2(B)(19)



10 HPLC Rt = 3.024 nmin. LRVS (mz) 496 (MrH)+. Anal. (C21H33N705S) C, H, N,
S. Conpound 2(C)(5'): 1H NMR (CDC13) 8: 8.39 (1H, s), 8.07 (1H, s), 6.16
(1H, d, Wo=e3H7ibb), 5.86 (1H, t, J = 5.8Hz), 5.63-5.55 (PEIIBRY30061542 ( 1H,

t, J =5 1Hz), 4.38 (1H q, J :49Hz) 3.19 (2H, q, J = 5.7Hz), 2.97 (2H,
d, J = 5. 1Hz) 2.37-2.33 (2H, m, )]ﬁ (6H, s), 2.16 (3H, s), 1.25 (9H,
S). HPLC Rt 3.291 min. LRVMS 15 (mMzY'296 (MrH) +. Anal. (C21H33N705S) C,
H N, S Exanpl es 2(C)(6) and 2(C)(6")

(2R 3R, 4S, 5S) - 2- (6- am no- 9H-pur|n9yl) 4-

[ ({[2-(di net hyl am no) et hyl ] am no} car bonyl ) oxy]-5-

[ (met hyl t hi o) met hyl ]t et rahydrof uran-3-yl benzoate, and (2S, 3S, 4R 5R)-5-(6
20 am no-9H purin-9-yl)-4-[({[ 2- (di met hyl am no) et hyl ] am no} car bonyl ) oxy] - 2-
[ (met hyl t hi o) met hyl ] tetrahydrofuran-3-yl benzoate. Y ~N NH2 [~-N NH2 O rN
NH2 rN NH2  Songpoumd 2(B)(IS\w=s magf\bme@ﬁcat@pﬁhmeﬂmd'descob@in@ OOOHNN +

03/ 074083 PP BSI D b Adghiontls gt 0. 28, ) PO H oI 6 ) 7 5
EXmm| ) ver eCaaﬁwemmmbth;dgmn@m(Bp(n@)d W@@W{zenmsabmp@gga mag for )
O (6 ) s i Sakiamr Dy e 4306 i B A ) o))

Conpound 2(c)v=(2693Hz1,&iH‘)NF52((ﬁi;>¢lB)57a(m$1395(9mcu J519) Hz81 MY 748K, 28), 7.92 (2H

3 2 8 Sneyash T bl P2 G gre g 9. SR b sty 6257 (i

d
d,

m, 4.5214 1|‘kM45H)—J325 dbsdrired MS3= £3- &Al&k(d&bh CHM; NGO B3: 33’F@210QH,2CH) 2.34
(2H, q, J = l(é s) HPLC Rt = 3.090 mn. LRVG
(mz) 516 (Wl HAﬂéiNliaéﬁﬁ%We@sbl 293, NN1.98: “Conpound 2(Q) (6'): 1H

NVR 10 (CDC13) 6: 840(1H s), 8.11-8.08 (3H, m), 7.62 (1H, t, J = 7.3Hz),
7.48 (2H, t, J = 7.5Hz 28 (1H, d, J = 5.9Hz), 5.99 (1H, t, J = 5.8Hz),
5.87 (1H, t, Example2(Qy ynﬂ@Sleef mdruﬁ)ofl‘ﬁfags(lhwates J = 4. 7Hz) 4.57 (1H,
q,J:43Hz)313(2H q, J = 5Hz)306(2HdJ: .3Hz), 2.32-2.23

(2H, m, 2.19 (3H, 229 12 (6H s) HPLC Rt 3.348 min. LRVS (mz) 516
(MtH) +. Bhal . ( C23H Mmp\;@)s s the omnversion of 1nterrned1ateC from Scheme II

above, to either symmetrically substituted prodrug D or unsymmetrically
substituted prodrugs E and E’:

o \'}\<NH2 N o N N, o =N NH,
7\ o. F 2 N X N ¥
G/\\Q‘ - Y N — G/\\Q‘ =+ G/\\QA h="
ArC Oy W on Ry A R0 ORy
D Cc E E
20
The capping groups Ry, and R, may include, but are not limited to esters,
carbonates, carbamates, ethers, phosphates and sulfonates. After introduction of
the prodrug moiety, the compounds maybe further modified.
25

In particular, Scheme V shows the preparation of asymmetrically
substituted prodrugs of 5’ adenosine analogs, starting from an appropriate 5’
substituted adenosine analog C as derived from Scheme II above (i.e., R=Me, Y =
S, 5’-deoxy 5’-methythioadenosine; MTA):
30



15 S. Exanple 2(Q)(7): (2R 3R 4S,5S)-2-(6-am no-9H purin-9-yl)-4-{[(1-
nmet hyl pi peri di n-4-yl)carbonyl] oxy}-5-
[ (et hyl swbfoafy4o3ret hyl ] t et rahydr of uran- 3-yl 1- et hyl pi pePCaiTRe3/00615
carboxylate. 20 ONNNH2 ONNNHS ~-S~-NO'" O H""OH Nom 0 MIA N
2(C)(7) To a heterogeneous m xture of_5'-deoxy-5'-nethylthioadenosine
(MA) (2.12 g, 7.13 mol) in cH2C12 (400 ni) at rt was added 1,3 25
((jllgﬁcl ohex>lll Zgr bodi |) m dfe (4.85 g, 23.5 nmol) and 4-di et hyl am nopyri di ne
ng, 1. h) .wAf ter 16h,.nt hg preci pitate was renov filtration,
the filtrate. %‘QS/Q}_A&W@Q&LO& " N\A/amm@f ?gvith MeOH,
and the CH2ClZ Nermoved ugder Nacuum Jhe s &Sul ti ngs gt fEnol i c sol ution
was purified on sem preparati e HPLC vvithoﬁ,é | 1near gradieft elution of
SYHN 95%B to 12%)YN 88%B over 30 min to give B(lk) as a] whijfe powder (207 ng,
5.3% . 1H NWR ( 13) 8: 8.37 (1IH s), 8.03 (fH, s)| 56.14 (1H d, J =
5.7Hz), 5.98 (1H, t, J = 5.6Hz), 5.65 (1H, t, J = 5|/6Hz), 5.64 (2H, s),
4.39 (1H, q, J = 4.7Hz), 2.98 (2H, d, J = 5.0Hz), 2!86-2.82 (2H, m,
2.78-2.72 (2H, m, 2.39-2.21 (2H m, 2.29 (3 %), 2.24 (BHws), 2.16

(3H, s), 2.05-1.66 (12H, m. HPLC Rt = Vi L { 548 .
Anal . (025H37N7058-((). 20 H?O) C, H N, s%@}ggj%l es%z/g (8% and (2?4;:;25):

(2R, 3R 4S8, 55) - 4- (acet yl oxy) - 2- (6- am no- 9""07; l ! 4
purin-9-yl)-5-[(ethylsulfanyl)nethyl] tet rahX,dr of ur an- 3-yj acetate, and
(2R, 3R, 4S, 5S) - 4- (acet yl oxy) - 2- (6- am no- 9H pur i9n- 9- yl)-5- d

[ (i sobutyl sul fanyl)nmethyl] tetrahydrofuran-3-yl acetate. 15 The follow ng

2 o SR PR R e R 3Rt e vere

carbonyldiimidazole (CDI) or a related reagent to give intermediate Vb. The

5  cyclic carbonate is opened by treatment with a nucleophilic species, such as an

amine, alcohol or thiol. The reaction is not regiospecific giving a mixture of two

4 isomers, Ve and V¢’, which may rapidly interconvert. This mixture is not purified,
but is treated with an acylating agent to cap the remaining free hydroxyl group and
allow separation of the two isomeric final products, Vd and Vd’. The acylating

10  groups may include, but are not limited to carboxylic acids, amino acids,

carboxylic acid anhydrides, dialkyl dicarbonates (or pyrocarbonates), carbamyl
chlorides, isocyantes, etc. Either the nucleophile utilized to open the cyclic
carbonate or the subsequent acylating group may contain either an intact or masked
solubilizing group. If necessary, the individual products Vd or Vd’ maybe further

15  transformed to liberate the desired solubilizing group.

Alternatively, Scheme VI shows the preparation of symmetrically

substituted prodrugs of 5> adenosine analogs:

1 Wak 1 Vak 9 Vak
H*Y’\G‘NM —_— R*Y’\@‘N\)/\\(N - H‘Y/\G‘ N
6 o Qs oo N0 o

20 C Via Vb



Robins et. al. J. Org. Chem 59, 544 (1994). ON N NH2 ON N NH2 Na/N /
N-Z:Z/ HO'OH AcO ~AcO 20 2(0)(8) O, NNH ;M NH CSNa/N~( SN, Hd
OH \ AcO wWom3/0208) (9) 2(c)(8): 1H NVR (DVSO d6) 6: 1.14 @CI/IB#3/000157. 4 Hz),
2.04 (s, 3H), 2.15 (s, 31]), 2.54 (q, 2H J=7.4 Hz), 2.95-3.10 (m 2H),
4.31(dd, 1H, J=6.4, 6.0 Hz), 5.60 (dd, 25 WD 03/074083 PCT/|B03/00615 -99
1H, J=5.3, 4.3 Hz), 6.12-6.18 (m 1H®26.20-6.25 (m 1H), 7.44 (s, 2H),

8.22 (s, 1H), 8.44 (s, 1H). LRVB (m'z) 395 (M+H)+- Anal. C16H21N505S-1.0
HO C, H N S 2(c)(9): 1H NWR (DVMSO-d6) S: 0.82 (t, 6H, J=7.0 Hz),
1.62-1.75 (m 1H), 5 2.00 (s, 3H), 2.11 (s, 3H), 2.32-2.46 (m 2H),
2.93-3.07 ( ritarthid)from a8oziC.35 derived from) Schems &l abpve, beth alpeliolaofpy . 6. 15- 6. 27

2 423 (M .
hal - { crorobremdlafsbloel il piadel arop Brns ifMing Bokp 423 (MFHD
(2S, 3S, 4R, 5R)ay5adlGdeabutrace Witlimited tm—c@xzbyk})hczacmig,mdnmacj_ds, carboxylic acid

t hyl t hi h ~0:> ~ 'S
RN NN T el L E;sjz%g’éﬁo"?}"&f}“féfbb?‘@am i RER N N2 7T o
ONoOo N Z'Z/ NedsMtes TBSOHIEh ddﬁtaih’sl&;theZ élﬁl)r(tabﬂm)m&({@) s(o]J[b)hzﬂrfg groupE(RDﬂedl ate
0 sk R At b Py e .,
gydroggnd E&h@dﬁ@ﬁécﬁsolﬁﬁﬂlzmgsgbu#(i[{@n of 2(C)(10a) (prepared via the nethod

escri bed by

10  Examples 2(C)(1) and 2(C)(1’): (2S,3S,4R,5R)-5-(6-amino-9H-purin-9-yl)-4-
[(2,2-dimethylpropanoyl)oxy]-2-[(methylsulfanyl)methyl]tetrahydrofuran-3-
yl-1,4'-bipiperidine-1'-carboxylate), and (2R,3R,48,5S)-2-(6-amino-9H-purin-
9-yl)-4-[(2,2-dimethylpropanoyl)oxy]-5-
[(methylsulfanyl)methyl]tetrahydrofuran-3-yl 1,4'-bipiperidine-1'-

15  carboxylate).

=N =
o hr NH o Q\(NHZ
7 . 7 3
\S/\g—I N§/\N ~ T N
HO  OH

2(C)(1a)

2(C)(1a): (3aR,4R,68,6aS)-4-(6-amino-9H-purin-9-yl)-6-[(methylsulfanyl)methyl]
20 tetrahydrofuro[3,4-d][1,3]dioxol-2-one.

To a solution of 5’-deoxy-5°-methylthioadenosine (13.4 g, 45.1 mmol)
in DMF (250 mL) at 0 °C, was added 1,1’-carbonyldiimidazole (8.50 g, 52.4
mmol) in one portion. After 1h, the reaction was complete by HPLC, and the
25  DMF was removed under vacuum. The resulting crude residue was dissolved in
CHCI; and a minimal amount of i-PrOH. The organic layer was washed with a 4% -
aqueous solution of AcOH and then concentrated under vacuum. Azeatropic

removal of excess acetic acid with heptane gave 2(C)(1a) as a white powder which

30



Gavagni n and Sodano. Nucl eosides & Nucl eotides, 8, 1319 (1989)) (1. 82g,

4. 42mol ), pyridine (3 nL), and DVAP (1.78g, 14.6mmpl) in CH2Cl2 (150 nl)
20 at 0 Oveag/oaweed triflic anhydride (1.42g, 8.46mol) dPopaBexznc ter | h,
the reaction mxture was poured into cold IN NaHSO4 and partitioned with
CHC13. The organic |ayer was concent 53“ ed, and the resulting residue was
redi ssolved in HWA (20 nlL), treated”Wwith NaOAc (2.99g, 36.5mml), warned
to 40 Cfor Ih, and then stirred at rt for 16h. The reaction m xture was

then poured wad ffidZatiapake2ouRaritiotd ARG pikifidhti ]5?1- TheePreat g | ayer was
concentr at edg#@g@rdqgg g:a and WO 03/ 074083 PCT. IB /00615 -100 the
resulting re - g Hisad- y(1HeDet-46(2hh Boe6 4% (13hds bgRaplay ( Bi ot age
Fash 40, C-4.8j (14l u&un@mﬁ&nmﬁm@gl aai-e 9% itrile in HO
to give 2(C)_é ( % )ild }Edéc!l' ,}Ma %%%?%992154 (M:H) +. 5
| nt er medi at e 2('Ep 1@@5‘% 253'{2(721&2@!4“)1@ 0§$§H 2HPHE R4 =2.416emin. BBMS ( di et hyl)
silyl] oxy} awzloethm b*t hi o) met hyl ] tetrahydrofuran-2-yl } -9H purin-

6-am ne. A solution of 2(C)(10b) (0.437g, 0.964mmol) in MeOH (30 nlL) was
saturated with N113(g). The renoval of the acetate group was conplete after
20 mn, after which solvent and reage § were renoved, under vacuumto give
the free 10 al cohol as a yell ow 2cr/.4célfgcr¢&%%|Z was di ssolved in
CH2C12 (30 mi) at, @ htHQ Whl Eﬁ pV?l 85g, 8.65mmvl) and
DVAP (0. 391g5-"3 20m(olY) %ﬁﬂ b)?”dr opwi seHaddp oon of triflic
anhydride (0.395%0,% 2‘§35rrrml er 3hat 0 C, th eactlon m xt ure was
poured into cold I N 2asHSO4, pa titeoned W th £k nd the organic | ayer
concentrated. The resulting 15 ude triflate was d| ssol ve in DMF (40 )
and treated with NaN3 (0.627g, 9 65mmol ). After rt, the DVF was
renmoved under vacuum and the residue was parti aI d| ssol ved in CHC13 and
washed with H2O. The organic Iayer was concentrated to give internediate
2(C)(10c) as a yellow oil. This material was wused w thout any further
purification. LRVS (nfz) 436 (MtH)+. 20 The title conpound 2(C)(10) was
preparedoas follows. To a solution of 2(C)(10c) in THE (20 nL) at 0 C was
added TBAF (1Min THF, 1.5 nL, 1.5 nmol) dropwi se. After 30 mn at rt,
AcOH (0.5 nL) and CH2C12 (50 nmL) were added, and the reaction m xture was
filtered thVZQQEtb)S(iSWSI‘Uﬁéé ﬁﬁ‘mB'dI—f 1n9)a F—é-l—%ﬁrogcg\gat man 1PS) and

concentr at ed under vacuum resul t| res purified on
semi prepar at [{ngethy] %ﬁ@%@nﬁhﬂ@r@@eﬁw—w Wilthipiperitineakiearbotiate) e (each

containing Qud% v/ v acetic acid) as nobile phase to give the title conpound

15 2(C)(1b’): (2R,3R,48,5S)-2-(6-amino-9H-purin-9-yl)-4-hydroxy-5-
[(methylsulfanyl)methyl] tetrahydrofuran-3-yl 1,4'-bipiperidine-1'-carboxylate).

To a solution of 2(C)(1a) (3.18 g, 9.83 mmol) in DMF (40 mL) at
room temperatore (“rt) was added 4-piperidinopiperidine (6.06 g, 36.0 mmol).

20  After 1.5h at 1t, the reaction was complete by HPLC, and the reaction mixture was
split into four equal fractions. Each fraction was purified on a reverse phase
column (Biotage Flash 40i System, Flash 40M cartridge, C-18, 10% MeOH/H,O to
100% MeOH gradient) to give compounds 2(C)(1b) and 2(C)(1b’) in a 2.2:1 ratio,
respectively. The individual regeoisomers were not isolated due to facile

25  isomerization.




2(0)(10) as a white powder (103ngy, 18% . 1H NWVR (DMSO-d6) 8: 8.37 (1H, s),
8.17 (1H, s), 7.38 (2H, s), 6.16 (1H, s), 6.02 (1H d, J=5.8Hz), 4.88 (1H,
t, 30 J=5wokz)7404359 (1H, t, J=4.5Hz), 4.06 (1H q, J=5.8HCIIBEY®EIN 1H, dd,
J=13.9 and 5.7Hz), 2.79 (1H dd, J=16.4 and 7.0Hz), 2.05 (3H, s). LRVS
(mz) 323 (MtH)+ Anal. (Cl1H14N32S-Q.20 H2O) C, H, N, S. WO 03/074083
PCT/1B03/ 00615 -101 Exanmple 2(C) (10)%!"

(2S, 3S, 4R, 5R) - 4- ami no- 5- ( 6- am no- 9H—pur|n 9-yl)-2-

[ (et hyl t hi o) net hyI/JNt et rahydr of 3-ol. N AN T INH NON Nknonmp N3 HO

2(0) (10) 2(Q ﬁry exa fLO 1. 49mmol )
in pyridine {20\ ) NQ,'CN rt\s 1ged PPYT?, .58 2 924%pl W NAft er 24h,
H20 (5 nl) ﬁ/oadeéd and t He ctl on s for an & gf’“qfloonal 60 h. The
sol vents weren enoved under v N sul tfin re ue was

di ssol ved i n{HJZO and washed w Et 20. TE\ETIO aqueous | ay was
concentrated ynder vacuum and he result

phase chromatfoQraphy (Bi ot age ash 40M [ 18) with a linean gradient
elution of 5-3%9% acetonirile imH2O to gi ethetltle conmpound 2(C) (11) as
a white powder (176nmg, 40% NVR ( DMSO- 8.35 (, s), 8.14 (1H,
s), 7.27 (2H, é‘%"“”5 72 (1H, z‘é‘th =7. 8Hz) , Q.% 4.15 (1H, EHrjrli’, 4.10-4.02 (2H,
m, 2.88 (1H, dd, 15 J=13.9 and 6.8Hz), 2.79 (1H dd, J=13.6 and 6.6Hz),

2.06 (3H, s). LRVs (nfz) 297 (MtH)+ Anal. (C, 1H16N602S-0.40 H2O C, H, N,
S. Exanple 2(C) (12): 4- chl or o- 2-
[ (et hyl t hi o) et hyl T? éf&&ﬁﬂ%"&?{‘g@bﬁ ag(ﬁé W’WW %}ﬁ%éa N N\ 30 NON
--7 N~ HO® Ot HB@ OL) MNP £3)add@tyimisthy[acetic-anhydrle (ND hH24.9BESNOLDY

and 4-dimethylaminopyridine (30 mg, 0.25 mmol), and the reaction mixture was

warmed to rt. After 20h, a 1:1 mixture of DMF and i-PrOH (3 mL) was added and

the CH,Cl, was removed under vacuum. The resulting solution was purified on

ng residue purlégﬁd by reverse

- semipreparative HPLC with a linear gradient elution of 20%A/80%B to

10 40%A/60%B over 30 min to give compounds 2(C)(1) and 2(C)(1°) as white
powders (387 mg, 44% and 142 mg, 16% respectively). 2(C)(1): '"HNMR
(CDCls) 8: 8.37 (1H, s), 8.07 (1H, s), 6.16 (1H, d, ] = 5.8Hz), 5.88 (1H, t, J =
5.6Hz), 5.59 (2H, s), 5.53 (14, s), 4.47 (1H, q, T = 4.5Hz), 4.22 (2H, m), 3.00 (2H,
d, J = 4.9Hz), 2.92-2.69 (2H, m), 2.56-2.38 (5H, m), 2.17 (3H, s), 1.88-1.83 (2H,

15 m), 1.77-1.70 (2H, m), 1.65-1.39 (6H, m), 1.14 and 1.15 (9H, 2s). HPLC Rt=
3.318 min. LRMS (m/z) 576 (M+H)". Anal. (C27HsN7058-0.25 H0) C, H, N, S.
2(C)(1’): (474 mg, 76%). "H NMR (CDCL) §: 8.38 (1H, ), 8.08 (1H, s), 6.20
(1H, d, J = 5.6Hz), 5.87-5.80 (1H, m), 5.60 (1H, dd, J = 5.8 and 4.5Hz), 5.54 (2H,
s), 4.38 (1H, q, J = 5.1Hz), 4.15-4.11 (2H, m), 2.98 (2H, d, ] = 5.0Hz), 2.83-2.67

20 (2H, m), 2.50-2.32 (5H, m), 2.16 (3H, s), 1.82-1.72 (2H, m), 1.61-1.52 (4H, m),
1.48-1.30 (4H, m), 1.26 and 1.24 (9H, 2s). HPLC Rt =3.512 min. LRMS (m/z)
576 (M+H)". Anal. (CH4N;05S-0.20 H,O) C, H, N, S.

Examples 2(C)(2) and 2(C)(2°): (2S,3S,4R,5R)-5-(6-amino-9H-purin-9-yl)-4-
25  (isobutyryloxy)-2-[(methylthio)methyl]tetrahydrofuran-3-yl 1,4'-bipiperidine-
1'-carboxylate, and (2R,3R,4S,5S)-2-(6-amino-9H-purin-9-yl)-4-



THPd THPO 'Cl HO "d 'N-zz/ 2(CQ(12c) 2(C12) 20 25 WO 03/074083

PCT/ 1 BO3/ 00615 -102 Internediate 2(C)(12b) :

(2R, 3S, 4SyBIBA2U8H- am no- OH purin-9-yl ) -5- PCT/IB03/00615

[ (net hyl t hi o) net hyl ] -4-(tetrahydro-2H pyr an- 2-yl oxy) t etrahydr of uran- 3- ol .
To a solution of MA [J. A antgorres(% al. J. Med. Chem 17, 1197
(1974); 5 Gavagni n and Sodano Nucl ed des & Nucl eotides 8, 1319 (1989)]
(0.480g, 1.61mmmol) in DMF (36 nL) was added di hydropyran (8 nL) and para-

t ol | f onj j : '
Narocs (200 gy L i rgto R Bfeio 51 G Biplplidh® | W

Et OAc. The dt-gaboxylateayer was concentrated, and the residue chronmatographed
wi th acetone/ CH2C12 10 (product el utes with 2: 1) to give 2(C(12b) as a

white solid (0.413g, 67%. LRMS (rrlz) 382 (M Interrredlate 2(0)(12c):
9-[ (2R 3R 4R, 5S) - 3f€l I Qﬁzo 5- L hi 0) rretohy NH,
(tetrahydro- Qk)(b’é“ ydro n- n/63 mne. 15 A
solution of 2(Q g,Zb')v(O 3630% 0N=946mm1 opy’dSI ne (0@684 \’8 65nmmol ) and

DMVAP (0. 381g, 13. 12mol ) _in Cquiz (40»nl) | Cwas tr dwithtriflic
anhydride (0.395g, 2. 35mm|) df opwi se. Aft h at 0 C e Jreaction

m xture was ured into cold NaHSO4, xtracted W th CH 13 and the
organi c | ayer-Nconcentrated. The resulti @remdue was di 80l ve in DVF (60
m.) and treat with 20 tetrab | anmoni chl ori de- hydrat (0. 52649,

1.89mol ). After 16 h at rt, the DM was renoved under vacuum and the
resul ting residamichr omat ogra@ted with aceXfC®he/ CH2C12 @GPFPbduct el utes with
1:1) to dive 2(C(12c) as a white solid (0.270g, 71 %9. LRVMS (mz) 400
(MrH) +. 25 The title conpound 2(C) (12) was prepared as follows. A solution
of 2(C(12c) (0.226g, 0.565mm1l) in MeOH (20 nL) was treated with agq. IN
HO (20 ni). AfterTQaholatlorrcufaICtOhel82€336ﬂl)@mﬂ%ﬁ)&l D&2Weme.dtided i nto H20,

neut el 20 bl S Bt IBRG LRSS goneebent o The
Fl ash 40M G%&i)cydbhelﬁylaﬁbahmldm(%m nigel ﬂ-@@tr@lx #1)d 4-dinmgthydamihepytifling e conpound
?B\/gowg I6§ ¥ 8p(9§d Oé()%é?n 1) 7%?41\{%? rea Znél1 Ogggg)@éﬁg %ggf/aqur}}g&tu(r i]_‘ig 3 1H NMR
DMF and i-PrOH (lmL) was added. The CH2C12 was removed under vacuum,
leaving the DMF/i-PrOH solution which was purified by semipreparative HPLC
with a linear gradient elution of 20%A/80%B to 40%A/60%B over 30 min to give
the title compounds 2(C)(2) and 2(C)(2°) as white powders (83.9m g, 36% and
15  22.0 mg, 10% respectively). 2(C)(2): "H NMR (CDCL) &: 8.38 (1H, s), 8.08 (1H,
5), 6.18 (1H, d, J = 6.0Hz), 5.93 (1H, t, I = 4.5Hz), 5.58 (2H, 5), 5.53 (1K, t, T =
4.1Hz), 4.46 (1H, q, J = 4.9Hz), 4.20 (2H, m), 3.00 (2H, d, J = 5.1Hz), 2.90-2.68
(2H, m), 2.60-2.38 (6H, m), 2.17 (3H, s), 1.87-1.83 (2H, m), 1.64-1.40 (8H, m),
1.19-1.10 (6H, m). HPLC Rt=3.322 min. LRMS (m/z) 562 (M+H)". Anal.
20 (CyH3oN7058) C, H, N, S. 2(C)(2°): 'H NMR (CDCl) &: 8.38 (1H, s), 8.08 (1H,
s), 6.21 (1H, d, J = 5.6Hz), 5.85 (1H, t, J = 5.3Hz), 5.63-5.56 (3H, m), 4.40 (1H, q,
J=4.7Hz), 4.18-4.04 (2H, m), 2.97 (2H, d, J = 5.2Hz), 2.85-2.55 (3H, m), 2.51-
2.31 (5H, m), 2.16 (3H, s), 1.84-1.80 (2H, m), 1.62-1.52 (4H, m), 1.48-1.31 (4H,
m), 1.27-1.16 (6H, m). HPLC Rt =3.432 min. LRMS (m/z) 562 (M+H)". Anal.
25  (CyeH39N7058-0.40 Ho0) C, H, N, S.



J=7. 3Hz),

4.15

Example 2(D):

6.11 (1 H, d, J=5.1Hz), 5.40-5.37 (1H, m, 4.39 (1H q,
(1H, dt, J=6.6 and 2.8Hz), 2.91 (1H, dd, J=13.9 and 6. 3Hz),

J=2. 8Hz),
2.83
(111, dd,w0=63870835 and 6.8Hz), 2.07 (314, s). LRVB (nifz) PETABEIMBE)S*.

Synt hesi s of Purine Anal ogs of MIAP Substrates The foll ow ng

exanples illustrate nmethods to prepare MIA anal ogs at the 6' position of

the purine ring. 10 Schene VII shows Bhe nethod to prepare additional

prodrugs of 5'- adenosine analogs. The prodrugs have been nitrogen
substituted at the 6' position of the

purine ring. Starting fromVila, the

conpound is acylated on all open positions (2' and 3' alcohol and N6 of

t he adeni ne Exumglesn@)@)mdm((tm’bmalsasémlkbs (6FweindPErpyriath-yly4gr oup may
but

t ed arbo lic ac »am no acids, carboxylic
aci d anhydrﬂﬁ%é)gié?tmah?Eﬁ“b 3?“% r?ﬁ%‘ gga?ntact or masked
sol ubi | i zi ngmatRyIthi)Methyfostrihydeofidans-yE1,4'Wipipetidipeibtarbexylateed, but rat her

eagent sp | dnd COESBaSRE 2t ape I e R RS ary, i1 may or may
not be furt hﬂ{oxgvgaﬂbb@ﬁjaﬁﬂné]Br(Qj’adel}dey))S-r ate the desired soI ubi i zi ng group.

YN NN Y R
NE/ N-- /[(mmlthlp)eeﬂa‘llt‘étwﬂ{‘ﬁ“m %zy'R‘ ‘%/%?'B‘PWF‘B“\M Fa"bﬂ%‘/‘ anple 2(D)(1):
N-(9-{(2R 3R, 4S, 59) - 3, 4- di hydr oxy- 5-

i ncl ude,

Schenme VI |

J

[(
O~

me
~(

thylthlo)nethyl]tetrahydrofuran 2-yl)-9H puri

Y1

10

15

20

25

HO

Y~

L e b
A 5 4 ¥ 3 A

2(C)(1b) 2¢(1b) 2(C)(3) 2C)3)

To a solution of alcohols 2(C)(1b) and 2(C)(1b’) (329 mg, 0.668
mmol) in CH,Cl, (6.5 mL) at rt was added N-(tert-butoxycarbonyl)-L-alanine (329
mg, 1.74 mmol), 1,3-dicyclohexylcarbodiimide (400 mg, 1.94 mmol), and 4-
dimethylaminopyridine (10 mg, 0.082 mmol). After 0.5h, the reaction was
complete, the precipitate was filtered, and a 1:1 mixture of DMF/i-PrOH (2 mL)
was added to the filtrate. The CH,Cl, was removed under vacuum, leaving the
DMF/i-PrOH solution which was purified by semipreparative HPLC with a linear
gradient elution of 15%A/85%B to 35%A/65%B over 30 min to give the title
compounds 2(C)(3) and 2(C)(3’) as white powders (134 mg, 30% and 36.9 mg,
8% respectively). 2(C)(3): "H NMR (CDCl) &: 8.37 (1H, s), 8.01 (1H, s), 6.15
(1H, d, T = 5.3Hz), 6.09-6.02 (1H, m), 5.63-5.52 (3H, m), 4.44 (14, q, J=5.1Hz),
4.38-4.26 (1H, m), 4.25-4.12 (2H, m), 2.99 (2H, d, J = 5.2Hz), 2.93-2.67 (2H, m),
2.54-2.36 (SH, m), 2.15 (3H, s), 1.90-1.80 (2H, m), 1.64-1.54 (4H, m), 1.51-1.25
(16H, m). HPLC Rt=3.513 min. LRMS (m/z) 663 (M+H)". Anal.
(C30H4eN:07S) C, H, N, S. 2(C)(3°): 'H NMR (CDCls) 3: 8.37 (1H, s), 8.05 (1H,

n; 6- yI)benzanlge

NON 30 O—NW\D 03,07 RCT/ | BO3/ NHg () 'y
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N

NH
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To a solution of MIA (1.12g, 3.78mmol) in pyridine (47 nm.) was added
benzoyl <chloride (1.6 nm, 13.8mmmol) at A After |h, additional benzoyl
chl ori de W0.08/014083 3. 45rmvol ) was added and the reaction stiPcrgdo¥msisanot her
hour before the pyridine was renoved under vacuum The resul ting foam was
dissolved in EtOH (35 nL) 5 and THE ( m.) and treated with 2N NaOH (26
m.). After I h, the reaction was dilT %d with ice (100 nm.) and pH=7
phosphat e buf f er (50 mL), and neutralized wth IN HCL. The aqueous

sol ution wasg thffé%%%%@%ﬁl@z)%@ﬂ quﬂﬁi)ai ﬁﬂ(lﬂaﬂd 4§I@z)rﬁ§51| ting solid

triturated [Et20 t ive the titl'e conmpound as white solid

(1.32g, 3.28AHnY))440QENH 6694@1@11 2B 207 RH.« J élfe@,@ﬁﬁ s), 8.73 10

128 10y, o od Gl o Sl sEER 2 5 QL prfes g iRl @ g Sgsi 2 L
J=4.9Hz) . 4.188160H,38(16H. b6 HREO Rt =3, g@mmesmﬂg)gﬁaz(M+m 140d. 06 (1H, m),

2.92 (1H, 9 8Hz), 2.82 (1H, dd, J=13.9 and 6.8Hz), 2.07
(3H, s). LR%E” zg 7%@%&7&&) Anal . (018H19N504S) C, H N S. 15 Exanple

2(D) (2): 5-[(9 {(2R 3R, 4S, 5S) - 3, 4- di hydr oxy-5- [ (et hyl t hi o) net hyl ]

t et rahydr of H- d. YNN S ~

N?J\Ir al—lé rcC)]—| %ﬁi&)@ MF&?% %b)b’s%%i “?(60 %?1%321%%?) |J#1 pyridine (45

{ﬂﬁ) was g.ddE(ﬂeﬁ?lﬁky)-l}[(ﬂieﬂfy}lﬂlmblheﬁhyt]Qet('zﬂlyﬂrdﬂur']anl&yﬁtﬂfdhplpendme- After 16h,
e ridine ve uym _.an e.r n

r edi g}s/ol ved §1§2 @ﬁ%%ﬁ#%&ﬂ{§§$lé @?“t'%%g#[t@“"é‘h%ybr e@?g@yﬁxﬂ 2N NaCH (40

m) . Aftmer |3:(aketylfhio)uleehyljeatibydrofuam-3-¢i 1,dltiapipeiidine ) Heaibptydstphat e buf f er

(50 mL) and neutralized with IN HCL. The aqueous sol ution was extracted
wi th CHC13, concentrated, and the resulti ng solid purified on

sem preparative HPLQNtO gl ve the,=£ Ng corrpound asNa white sol (,H’JZS4ng,
10% . 1H NVR 0 . \2533 7 30 VO
03/ 074083 P 3,0 6/1‘5 “(1H d JO* I—W 5 62o 6
541537(1I—?Yrr) 48247 o

. 5’
N
O l”) 9 O
2(C)(1b) 2(C)(1b) 2(C)4) 2(C)4")
To a solution of alcohols 2(C)(1b) and 2(C)(1b°) (559 mg, 1.14 mmol)
15 in CHxCl; (11 mL) at rt was added benzoic acid (250 mg, 2.05 mmol), 1,3~
dicyclohexylcarbodiimide (469 mg, 2.27 mmol), and 4-dimethylaminopyridine (17
mg, 0.14 mmol). After 45 min., the reaction was complete, the precipitate was
filtered, and a 3:1 mixture of DMF/i-PrOH (4mL) was added to the filtrate. The
CH,Cl, was removed under vacuum, leaving the DMF/i-PrOH solution which was
20  purified by semipreparative HPLC with a linear gradient elution of 20%A/80%B to
25%A/75%B over 30 min to give the title compounds 2(C)(4) and 2(C)(4’) as
white powders (264 mg, 39% and 032.8 mg, 5% respectively). 2(C)(4): 'HNMR
(CDCl) 8: 8.39 (1H, s), 8.13 (1H, s), 8.01 (2H, m), 7.59 (1H, t, ] = 7.5Hz), 7.44
(2H, t, 1 =7.5Hz), 6.37 (1H, d, ] = 5.3Hz), 6.13 (1H, t, ] = 5.6Hz), 5.67 (1H, t, J=
25 5.1Hz), 5.58 (2H, s), 4.54 (1H, q, J = 4.7Hz), 4.19-3.98 (2H, m), 3.06-3.03 (2H,
m), 2.77-2.62 (2H, m), 2.52-2.27 (5H, m), 2.20 (3H, s), 1.82-1.71 (2H, m), 1.63~
1.48 (4H, m), 1.48-1.24 (4H, m). HPLC Rt =3.483 min. LRMS (m/z) 596
(M+H)*. Anal. (CooH3/N7058) C, H, N, S. 2(C)(4"): "H NMR (CDCls) 8: 8.40
(18, s), 8.11 (1H, s), 8.03-8.06 (2H, m), 7.63 (1H, t, ] = 7.6Hz), 749 2H, t,J =



4.20-4.14 (1H, m, 4.10-4.03 (1H m, 2.91 (1H dd, J=13.9 and 5.8Hz), 2.82
(1H, dd, J=13.9 and 6.8Hz), 2.61 (2H, t, J=7.2Hz), 2.30 (2H, t, J=7.4Hz),
2.06 (3HwWe)3/054083 87-1.77 (2H, m. LRVE (mlz) 412 ( M+H) +. PARAB03/00615
(C16H21N506S) C, H, N, S. Exanple 2(D)(3):

6-[(9-{(2R 3R, 4S, 5&) - 3, 4-di hydr oxy- 5- 9

[ (et hyl t hi 0) net hyl ]t et rahydr of ur an- 2-§/T}-9H- puri n-6-yl)am no]j - 6-
oxohexanoic acid. 10 O N NNON Hd OH OCOH The title conmpound 2(D)(3) was
prepared in aoghgbarirf asik§BHLY 6086, 9 (GMI AYS 90N HEMYS. 1921, '
adi poyl chl ori de )and fvrrA. 1H NI\/RP(5DIVBO d(6;l 8?1 12.0241(?1Hm9|brm15 s), 10.70
(1H. s), 8.69:44H1Hsy,J 84 .8Hz) 4413-38 (2, ) 303 1@H.dl | T565lHaA68-55%3. 5. 55 (1H,
m, 5.43-5.3 2. 482 2% (580 nf) 100 b3, 7B 5 %L (28, AL 14844 AGH, miY) . 4. 11-4.03
(1H, m, 2@{1(’@&%%[,?&13.)9 an% 6.)(_)Hz), 2.(80’ %H, dd, (J:i‘ﬁ% and 6. 0Hz),
2.57 (2H, t, 148485 6HE)m). HPIZ ROH3.640 min=d RME Ym/zpSPaM13h,- Apal. 1. 67-1.49 (4H,
m. LRVB {n M) . q(C1l7H23N506S-0.4 HRO C, H, N, S. 20
Exanpl e 2;‘( E) @%?fﬁlt@?%gi S 01?263\(?3?%1#6%& Adenosi ne Anal ogs of MIAP Substrates
Schenes VIII and | X outline the general nmethods to prepare adenosine

i Teady beenchimier GO bTOE TR SO A MR SR Ao B0 1 0T "0

appropri at e [(fi2€dimeaiydiminioledlyl|amindicadbdyylproxii]fS-ed at the 2' position

Villa). Conyersion. of th ' it i,nt | i VIllb; X =
g:ll) anzzl subs r é’iﬁ’ﬁﬂﬁ’?@ﬁﬁt“ﬁﬁ@?’?ﬁ&)’%‘fljﬁg' '3|fl rll:’f‘%fa%ﬁf"\lfg@éltﬁgﬂgg g?’f(’(éd pr oduct
Villc. 'tI)'IIIe Shﬁﬁfb@&l‘l@ﬁ’i‘iﬁ&yﬂ)-Gﬂ({[ﬁq@limét&yh;xm@)dhpﬂaﬂﬁn}s/}daﬂb(;lq’l)oxﬁ-peCi fied aﬂd
it i | ast .. 30 WO 03/074083 PCT/1'B0O3/ 00615 -106- S
T S e R, £ 5, o

o D o
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__N ~ ~—
o "Q\( NHg OS/:Q’;H N 3:35—7”’: s
— \
S/\g N Q/N — Y .
Ea HN HN
e 1 1
2(C)(1a) 2(C)(5a) 2(C)(5a")

2(C)(5)(a) and 2(C)(5)(a%): (28S,3S,4R,5R)-5-(6-amino-9H-purin-9-yl)-4-hydroxy-
15  2-[(methylthio)methyl]tetrahydrofuran-3-yl 2-(dimethylamino)ethylcarbamate,

and (2R,3R,4S,58)-2-(6-amino-9H-purin-9-yl)-4-hydroxy-5-[(methylthio)methyl]

tetrahydrofuran-3-yl 2-(dimethylamino)ethylcarbamate.

To a solution of 2(C)(1a) (1.90 g, 5.88 mmol) in DMF (5 mL) at rt was
20  added N,N-dimethylethylenediamine (803 mg, 9.11 mmol). After 20 min. at rt, the
reaction was complete by HPLC. The reaction mixture was loaded directly on a
reverse phase column (Biotage Flash 40i System, Flash 40M cartridge, C-18, 10%
MeOH/H,O to 100% MeOH gradient) to give the title compounds 2(C)(5a) and
2(C)(5a°) in a 1.9:1 ratio, respectively. As with intermediates 2(C)(1b) and
25  2(C)(1b?), the individual regeoisomers were not isolated due to facile

isomerization.



N=/ N=/ N=/ HOGHOGHOGWVIII aVIIIb VIllc 5 Alternatively, schene IX
Illustrates a sequence wherein the 5 position is already substituted with
an appropwpDaB®74083 ol . Sel ective protection of the 3' posi PconBgi/wwes the
desired starting alcohol |Xa. The free alcohol is converted to a |eaving
group (IXb; X =triflate (-0OIf)), V\:hbé:h is then displaced by a nucleophile
(including, but not limted to azide; thiols, am nes, alcohols, etc.).

Fol | owi ng deprotection of the 10 3' protecting group, the final products
are obtained. Depengyng, on the %Ngochem stry— ni,he intes qj,J, ates, it is

possible to ge 055| ucts, _q /s\to % | Xc'. Schemne
I X TN NH2 -5’/ Sh R WNNHZDW O /NNNN:s PO
OH PO X (N Nbp® \ IXaI cO 5Exa OQN’E(l)

(2S, 3R, 4R, 5R) ™. (6- ami nb- 9H puﬁ‘“m 9- yI) ylth 1

[ (et hyl t hi o) mebjayl ] t et rahydr of ur@n- 3-ol . rNNHZf NNH2 MO~NN ~N NON

HO S HO 7 20 WO 03/ 074083 PCT/ | B03/ 00615 ‘107 The title corrpound was

prepared from Sc@gt hyl -2' -t hi o- ag@nosi ne (&dphpins et al. Jzgédmer. Chem

Soc.. 1996, 46, 11341.; Fr aser et al. J. Heterocycl. Chem 1993, 5, 1277.;

Mont gomery, T. J. Heterocycl. Chem 1979, 16, 353.; Ryan et al. J Og.
Alcohols 2(C)(5a) and 2(C)(5a”) (748 mg, 1.82 mmol) were aceylated

and purified according the procedure given for Example 2(C)(1) and 2(C)(1’) to
5  give the title compounds 2(C)(5) and 2(C)(5’) as white powders (243 mg, 27% and

128 mg, 14% respectively). Compound 2(C)(5):'H NMR (CDCl;) &: 8.37 (1H, s),
8.05 (1H, s), 6.16 (1H, d, J = 5.7Hz), 5.87 (1H, t,J =.5.7Hz), 5.67 2H, s), 5.55
(1H, t, J = 4.7Hz), 5.51-5.44 (1H, m), 4.43 (1H, q, J = 4.7Hz), 3.31-3.21 (2H, m),
2.99-2.96 2H, m), 2.41 (2H, q, J = 4.4Hz), 2.24 (6H, s), 2.17 (3H, s), 1.15 (9H, s).

10 HPLC Rt=3.024 min. LRMS (m/z) 496 (M-+H)". Anal. (C»H33N-0sS) C, H, N,
S. Compound 2(C)(5%): 'H NMR (CDCl) &: 8.39 (1H, s), 8.07 (1H, s), 6.16 (1H,
d, J=5.7Hz), 5.86 (1H, t, ] = 5.8Hz), 5.63-5.55 (3H, m), 5.42 (1H, t, ] = 5.1Hz),
4.38 (1H, q, ] =4.9Hz), 3.19 (2H, q, J =5.7Hz), 2.97 (2H, d, ] = 5.1Hz), 2.37-2.33
(2H, m), 2.18 (6H, s), 2.16 (3H, s), 1.25 (9H, s). HPLC Rt=3.291 min. LRMS

15 (m/z) 496 (M+H)". Anal. (Co;H3:N;058) C, H, N, S.

Examples 2(C)(6) and 2(C)(6’): (2R,3R,48S,5S)-2-(6-amino-9H-purin-9-yl)-4-
[({]2-(dimethylamino)ethyl]amino}carbonyl) oxy]-5-
[(methylthio)methyl]tetrahydrofuran-3-yl benzoate, and (2S,3S,4R,5R)-5-(6-

20  amino-9H-purin-9-yl)-4-[({[2-(dimethylamino)ethylJamino}carbonyl)oxy]-2-
[(methylthio)methyl] tetrahydrofuran-3-yl benzoate.

OHTO L HTO — W b b
IN/ \LN/ \L Itil/

2(C)(5a) 2(C)(5a") 2(C)(6) 2(C)(6")



5 Chem 1971, 36, 2646.) To a solution of S-nethyl-2'-thio-adenosine
(0.365g, 1.23mml) in DMF (10nL) and CCl4 (2nmL) was added PPh3 (0. 322g,

1. 23nmmol )WO 08ht483 0. 5h at rt, the reaction was quenched wrCh/IBoFROEH (10
inL), and the m xture was concentrated under vacuum The resulting oil was
redi ssolved in DVF (1 Omn) and treatgg wi th NaSMe (0.222g, 3.17mmol). After
16 h at rt, the reaction 10 m xturé&”was concentrated under vacuum and the
resul ting crude resi due was purified on sem preparative HPLC with a |i near

radi ent el ution of t Q% tege the titled
gorrpound as a whit Al%&\/#ﬂ%@?ﬁd%@?ﬂ)@@goygﬁn%lm&eh&?e 8: 8.43 (1H,

s), 8.17 (1khd mixified a@Srdimahe piocedgrelgivenpy, ?@mpleﬂ(s-:)(s) A O@) 8D (1H, bs),
4.35-4.24 (24 4. 08 3.9 d
71k o8 oG A QBT e P e TR #
(C12H17N502$ﬂ)m§,IMrebpecﬁvelﬁXé:mmlpeur@( (@) :'HNMR (CD ) & 839 (1
2S, 3R 4 th
E(mat hyl © hi 5%3& ﬁf M@éﬁ&d‘?% L’r‘-‘?&ﬁ%?ﬁ'ﬁﬂ(%”%@hﬁ?“@m Rz YN~/ s NON
]IC-IO EO OetS N?E%ﬁs?sgmt?yhl—w@m I&(&Hem)sﬁrfé{z)»eﬁ?msi éb@ﬂadl)i ¥k S|bm I ?r .
ashion to tha - -2 - - above) an
was converté&%ggatrﬁ)e“g?l(ﬁé %iﬁﬁﬁhgé%?@w@efﬁogg SCI’I bed for
Egﬁ ex;;mpl e &\;;L— 5§Hz%lm%(m¥§%ﬁmé(6§£(8%ﬁ%%mlﬁ LM@ (olz) s) 7.34

s ~
4.28-4.26 (2L (D 4208l (G: sJL up ‘}H?@g and 7.3Hz),
(2333 glhlo g@%ﬂgF%Ls%\%mﬂ "? gmzos&}égﬁ(mgﬁé ;{;glEg%E%Mtgﬁ; HZ) 0. §92
30 C, H N, 7SHzu028410:3053 B&m 3 baT 4%%9 thesi s of
Thi ol Anal og%gqul\g}'@ﬁﬁqﬁs{ i atseniz) es7 @h] @\Md‘l@ﬂ@%}ﬁ}’ﬂbﬁ’o (@ﬂ,qﬂr% rraosl)énusﬁfllgs °
5' -chl or oadenosine as outlined in the oced 3% § 2 of Exanple
2(A), wth $ubED.i30GERENM.IF -3 ahPrdps ( é“)szhj%& 1’3 g ﬁim Feagent in place
of NaSCH3. t'igdeﬂepsmmﬁl LRNIS (8175 516 (MOt A Ral S, NYEES)QUEH, donmer ci al |y

avai l abl e, . anion was generated in situ using potassiumt- butoxide.
Exanpl e 13( F)X 1) : (2S, 3S, 4R, 5R) - 2- (6- am no- 9H puri n-9-yl)-5-{[ (4-

Example 2(C)(7): (2R,3R,48,58)-2-(6-amino-9H-purin-9-yl)-4-{[(1-
methylpiperidin-4-yl)carbonyl]oxy}-S-
[(methylsulfanyl)methyl]tetrahydrofuran-3-yl 1-methylpiperidine-4-
carboxylate.

20

O 4N &, Nx/
TN —— s b
“u Sie
MTA
N
’i‘ \

2(C)N

To a heterogeneous mixture of 5°-deoxy-5’-methylthioadenosine
(MTA) (2.12 g, 7.13 mmol) in CH,Cl, (100 mL) at rt was added 1,3-

25  dicyclohexylcarbodiimide (4.85 g, 23.5 mmol) and 4-dimethylaminopyridine (174
mg, 1.43 mmol). After 16h, the precipitate was removed by filtration, the filtrate

30



10 chl orobenzyl)thi o] methyl }tetrahydrofuran-3,4-diol. N S/ N HO-~ / 'NH

ClL 20 OHNONI1IH NW (DMSO-d6) 8. 8.35 (1H, s), 8.15 (1H,s), 7.33-7.23

(6H, m, ®08%0fms d, 15 J = 5.2Hz), 5.53 (1H d, J = 5. @aI)IB0B0BG ( 1H, d,

J =5.2Hz), 4.77-4.72 (1H m, 4.20-4.15 (1H m, 4.02-3.98 (1H, m, 3.73

(2H s), 2.86-2.67 (2H,_m). LRV (mg) 408 (MH)+ Anal. (CL7HI8CLNS03S)

C, H N S Exanple 2(F)(2): TIer

(2S, 3S, 4R, 5R) - 2- (6-am no-9H purin-9-yl)-5-{[(3- 20

hydr oxypr OPXJJa)stdhﬁtQJ Rk Ma'dﬁ %hdl %@ﬂiﬂiﬁ&a@%&v@d dhdk vadduh: Tﬂé H O SN\rNH2

HO~~ SOH N. I'I N 1H- NMR ( DMSO- d6) 8: 35 (1H, s), .8.15 729(2H

s), 5.89 (mmltmg methazgh%somt@yl Wasmy"leém sergiprepatatiye Wlth i%ea(f , =

?13HZ) 4 7 fdé%g%lﬁ%éﬁo@/wés%ﬁtoﬁ%&s@%ﬁomgoﬂmﬂ% _;‘f’ve]]?(lfaﬂsld, mn) 4 03 3.98

ﬁ/é g:) C’58 ( HhiteppwderRRAT r(lgstS;g%méHmm)(&DChh%S 37 (B19+8: §.0.3 20, 0.1
_0 I/l QL 3

(55 35, 4R 5idy TL DR HEAPIR LT PR, L3 SHEAPS 64 REL) (5

yl t hi 0) et hyd),]4t 38t Ehy d Fof. THan2.98 @ idol = 5.0Hz), 24&6@&% (2HL15) RNBZ-HMO~~ SOH N, , N

730 (on Son8P539e Of Moo AL 00D, %% e @%"5 0586 05 s 5n Ik
d, J = 6. 2Hz)I2H, th). IPICIRE = 2,63 T min. mmasxnvzmsw B8l ), 4.23-4.19 (1H,
s), 4.15-4. &%792%02& 88348 §1H M. LRVS (i 2) 362 (MrH) +. Anal .

( C14H15N703

Examples 2(C)(8) and 2(C)(9): (2R,3R,48,58)-4-(acetyloxy)-2-(6-amino-9H-
purin-9-yl)-5-[(ethylsulfanyl)methyl] tetrahydrofuran-3-yl acetate, and
(2R,3R,4S,58)-4-(acetyloxy)-2~(6-amino-9H-purin-9-yl)-5-
[(isobutylsulfanyl)methyl] tetrahydrofuran-3-yl acetate.

15
The following 2°, 3’-diacetate derivatives of 5’-deoxy 5’-
alkylthioadenosine were prepared according to the method described by M. J.
Robins et. al. J. Org. Chem. 59, 544 (1994).
- 7
o S/\<—T Ny\N S S/\g N§/\N
Hd /OH ACS ’ACO

20 2(C)(8)

Hz NH»

AcS  AcO

2(C)(9)
2(c)(8): 'HNMR (DMSO-dg) 8: 1.14 (t, 3H, I=7.4 Hz), 2.04 (s, 3H), 2.15 (s, 3H),
2.54 (q, 2H, J=7.4 Hz), 2.95-3.10 (m, 2H), 4.31(dd, 1H, J=6.4, 6.0 Hz), 5.60 (dd,
25



10 0.25 MeOH) C, H N, S. Exanple 2(F)(4):

(2S, 3S,4R, 5R) - 2- (6-am no-9H purin-9-yl ) -5-{[ (2- nethyl butyl)thio]

nmet hyl } t ewvoabgpdosd uran-3,4-diol. ON S /*-~ N | NH2 PdTHBIIOFISN 15

1H NVR (DMBO-d6) 6: 8.35 (1H s), 8.15 (1H, s), 7.29 (2H, s), 5.88 (1H, d,
J = 4.7Hz), 5.49 (1H, d, J 6. 2Hz) 5.29 (1H, d, J 4.5Hz), 4.77 (br s,
1H), 4.15 (br s, 1H), 4.01 (br s, 2.91-2.81 (2H m, 2.38-2.31 (1H,
m, 1.48 (br s, 1H), 1.32 20 (br s, 1H) 1.10 (br s, 1H), 0.87-0.77 (6H,
m. LRVB (mz) 354 (MtH)+. Anal . (015H23N5038-0.5 H20 C, H N, S. Exanple
2(F)(5): (2S,3S,4R 5R (6-am no- 9H- -yl):-5- [ -

net hoxybenzy‘tH)ﬁﬂ%]“fi*r{%?)rﬁ/P}'@é% (%h%r@&b?éﬁ(@ 7211 éé)ézzl(l; HO-~ OH O NH2
NCNV\DOS/O P B NNE a[\l }{m@ggqa))H 5 (1H, s),
8.14 (1H, s)i 41(§(T® QWH@ 539551%,@[) i P@R ’ z} 8215)((%53 d, J =

8.4), 5.89 NB, 26)(O% ﬂmmsoslsmwm, 6H;J—:70£@ 61758, B, (1H, d, J =

> 0)3 555 (28908 (3111;28?(5,3@2%)%211 (&]{}‘IQN?)% by %13)9?2%%5 @, 372 (3H,

( C18H21N504 319, 55 6HRQH, E-4.4Hz)N6.15:6. 28X ampHp 721(1@; (za) -8.17 (s, 1H), 8.40 (s

oo o ke BT EHRES. B LSS IS 10 1o s

1H-N|\/R(DIVBOd6) 6: 8.31 (1H, s), 8.09-8.06 (2H m, 783777(2H, m,

% 5okl ok by S B T

4. 9Hz) , tetddhydrdfarah-881 (2H, n), 3.79-3.52 (2H, n). LRVB
(rr12))411 ﬁ/ﬁ tﬁﬁtﬁ&%)gfetm(tect:lgl—yig§N6533) c( H, ﬁ’ S. Exanpl e (2(F)(%

(2R, 3R, 4S, 58) 2- (6- ani no- 9H—pur|n9yl) 5{[(3-

NH2 NH2
o~ ~ U0 i
TBSO  OH T8SO

2(C)(10a) 2(C){10b)
—N

7 — \

~CT (N ~ T (L
TBSO N3 HO  Na

2(C){10c) 2010

15 Intermediate 2(C)(10b): (2R,3S,4S,5S)-2-(6-amino-9H-purin-9-yl)-4-{[zert-
butyl(dimethyl)silyl]oxy}-5 ~[(methylthio)methyl]tetrahydrofuran-3-yl hydrogen
carbonate. To a solution of 2(C)(10a) (prepared via the method described by
Gavagnin and Sodano. Nucleosides & Nucleotides, 8, 1319 (1989))(1.82¢,
4.42mmol), pyridine (3 mL), and DMAP (1.78g, 14.6mmol) in CH,Cl, (150 mL)

20  at 0 °C was added triflic anhydride (1.42g, 8.46mmol) dropwise. After 1h, the
reaction mixture was poured into cold 1N NaHSO; and partitioned with CHCls.
The organic layer was concentrated, and the resulting residue was redissolved in
HMPA (20 mL), treated with NaOAc (2.99g, 36.5mmol), warmed to 40 °C for 1h,
and then stirred at rt for 16h. The reaction mixture was then poured into H,O and

25  partitioned with CHCl;. The organic layer was concentrated under vacuum, and



met hyl phenyl )t hi o] methyl }tetrahydrofuran-3,4-diol. 20 /-N NHa .oN NN Hd
bH 1H NVR (DMSO-d6) 6: 8.34 (1H, s), 8.14 (1H, s), 7.30 (2H, s), 7.18-7.11
(3H, M, wo.987408H, d, J = 7.1Hz), 5.88 (1H, d, J=5.8Hz), PETAROYMKI5S d, J =
6.3Hz), 5.36 (1H, 25 d, J = 5.1Hz), 4.81 (1H, g, J=5.8Hz), 4.18 (1H, q,
J=3.8Hz), 3.98 (1H, g, J=3.8Hz), 3.39 1()%"' dd, J=13.9 and 6.1Hz), 3.28 (1H,
dd, J=13.9 and 6.06Hz), 2.34 (3H, s). RVS (niz) 374 (M+H) +. Anal .
(C1l7H19N503S-0.50 H2O) C, H, N, S. WD 03/074083 PCT/1B03/00615 -111

Exanpl e 2( F) (tB) resylfikg BRALSyEPurifed - @MrsophAtd MrheﬂoggaphbeBﬁta%@ Fésh

h f " NON HO
"o 2 B R Poves BBt i afica S0t aceroniie n P wgeor <), 7. 25
(2H d, J=8.28€W)0b)8s iivh(t&bﬂ)hd(i()43]7g—22%)3|'ERMS$m&7§% +igh, J=5.8Hz), 5.50

(1H, d, J = 6.3Hz), 5.35 (1H, d, J 8Hz) 1H,~ g, J=6.1Hz), 4.16
(1H, q J=3.3Hz), 3.96 (1H, ), 3.36 (1H, dd, J=13.9 and 6.06Hz), 3.23

(15 s, iRkt (15 914 (1
EZR 3R, 4S, 5S)buﬁfl((iﬁneéhﬁl}ﬁBYHBXWb*év{{mﬁtigfltploymsth{'lﬂte@ahyr(al@ﬁn@xWHeﬂﬂpt)mrh| 0]

rreD}vgg é% )et r aley ah;ydiiﬁlﬁé ?A@&u&orﬂoﬂi‘(@i{mb?(m H?%M}lgl}blg'ﬂ MgS%H (%17% 5 S 1H NWR
S =7.8Hz), 7. fc’ftilr(alqd wigh NI:ls(g) ﬁheml)ovabof a(cdtatemupm.cmﬁme el (t, 1H,

J EL 3Hz), 5 nﬁﬂ,(a%lé'r Qhrlﬁ @ol{/éﬁ% lncﬁ‘e;ggﬁt]\%rg re}rﬁge&mer §acﬁ&r(1 }ﬁgige %g%r'eg Hz), 4. 81
(1H 10 alcohol as a yellow solid. This crude material was dissolved in CH,Cl, (30 mL) at

0 °C, to which was added pyridine (0.685g, 8.65mmol) and DMAP (0.391 g,
3.20mmol), followed by dropwise addition of triflic anhydride (0.395g,
2.35mmol). After 3h at 0 °C, the reaction mixture was poured into cold 1N
NaHSO,, partitioned with CHCI; and the organic layer concentrated. The resulting

15 crude triflate was dissolve in DMF (40 mL) and treated with NaNj; (0.627g,
9.65mmol). After 16 h at rt, the DMF was removed under vacuum, and the residue
was partially dissolved in CHCl; and washed with H,O. The organic layer was
concentrated to give intermediate 2(C)(10c¢) as a yellow oil. This material was
used without any further purification. LRMS (m/z) 436 (M+H)",

20
The title compound 2(C)(10) was prepared as follows. To a solution of 2(C)(10c)
in THF (20 mL) at 0 °C was added TBAF (1M in THF, 1.5 mL, 1.5 mmol)
dropwise. After 30 min at rt, AcOH (0.5 mL) and CH,Cl, (50 mL) were added,
and the reaction mixture was filtered through silicone treated filter paper

25  (Whatman 1PS) and concentrated under vacuum. The resulting residue was
purified on semipreparative reverse phase HPLC using water and acetonitrile (each
containing 0.1% v/v acetic acid) as mobile phase to give the title compound
2(C)(10) as a white powder (103mg, 18%). "H NMR (DMSO-ds) 5: 8.37 (1H, s),
8.17 (1H, s), 7.38 (2H, s), 6.16 (1H, s), 6.02 (1H, d, J=5.8Hz), 4.88 (1H, t,

30 J=5.7Hz), 4.59 (1H, t, J=4.5Hz), 4.06 (1H, q, J=5.8Hz), 2.91 (1H, dd, J=13.9 and
5.7Hz), 2.79 (1H, dd, J=16.4 and 7.0Hz), 2.05 (3H, s). LRMS (m/z) 323 (.M~I-I—I)+
Anal. (C;1H14N30,S-0.20 H,0) C, H, N, S.



20 q, J=5.3Hz), 4.18 (1H g, J=3.3Hz), 4.00-3.95 (1H, m, 3.79 (s, 3H,
3.37-3.30 (1H, m, 3.22-3.15 (1H, m. LRVMS (mz) 390 (MtH) +. Anal.
(CL7H1IONS®0S3074983 H20) C, H, N, S. Exanple 2(F)(10): PCT/IB03/00615

(2R, 3R, 4S,5S)-2-(6-am no-9H purin-9-yl)-5-{[(3- 25

met hoxyphenyl ) t hi o] net hyl }tetrahydrofuran 3,4-diol. -NNH2 S ONO/ SON
HO - OH WD 03/ 074083 PCT/ 1 B03/ 00615 -4842 1H NWR (DVBO-d6) S: 8.34(1H, s),
8.14 (1H, s), 7.30 (2H, s), 7.19 (1H t, J=7.8Hz), 6.90-6.89 (2H, m, 6.74

d, 1H J=8.Hr - olah S o § B oufbin. 9 38
ElH, d, J :%ﬂfﬁ%ﬁﬁcﬁ%ﬁﬁ?*‘q: = °')5,'5(6§i'?“196%¥‘1’4",q ym?318$g °

4.01- 3. 97 ( Ytnethylthi@nwphyliEetr@ydrofaras3ohH, dd, J=13.9 and 5.8Hz), 3.29 5
(1H, dd, J=14.2 and 7.1Hz). LRMS (nfz) 390 (M+H)+. Anal. (C17HL9N504S-0. 50
H2O C H N S Exanple 2(F)(11):

(2R 3R, 4S, 5S) - 2- (6- am no- 9I—l-p,t;FN|n yI) 5{[(4 henyl)thio]

nmet hyl }tetrahydrofurawm W{ﬁ\( "OH Nztz/ N 1H NMR
(DVBO-d6) S: 33(1H —57*7\53 H, \d,N J=8. 8Hz) , 7.29 (2H,
9), 6,87 (2H d. J=8 shaky Bg\/(lH 4 J= 6HdstmJQNB’48 (1H d. 3 = 6. 1Hz),
5.33 (1H, d, J = 4.8Hz), 80(1H q, J53|_% 4.14 (1H q, J48Hz)
3.94-3.90 (1H, rr) 15 3. 722(%(&0) 31-1), 3.27 (1 O, J=13.9 and 6. 1Hz), 3.10
(1H, dd, J=13.9 and 7.1Hz). LRMS (m'z) 390 (MtH)+. Anal. (C17H19N504S-0.50

H20) C, H N, S. Exanple 2(F)(12)
(2R 3R, 45, 5syo'<2so(hmoamfnm9ﬂ¢42@aﬁlm@ 4803, J@%ﬂp{@lnmﬂm #8mly13 ¥hi o]

L YAt S U 505 £ g (1m0 0
5. 89( 1H, d, J=sadbiela ptjrbedSd( dn-idditidong. 60Ihz JThe s pentshyede remeckwiﬁr yacyEn.1 H
and the resulting residue was dissolved in H,O and washed with E;0. The
10  aqueous layer was concentrated under vacuum, and the resulting residue purified
by reverse phase chromatography (Biotage Flash 40M, C-18) with a linear gradient
elution of 5-10% acetonirile in H,O to give the title compound 2(C)(11) as a white
powder (176mg, 40%). 'H NMR (DMSO-ds) 8: 8.35 (1H, s), 8.14 (1H, 5), 7.27
(2H, s), 5.72 (1H, d, J=7.8Hz), 4.19-4.15 (1H, m), 4.10-4.02 (2H, m), 2.88 (1H, dd,
15  J=13.9 and 6.8Hz), 2.79 (1H, dd, J=13.6 and 6.6Hz), 2.06 (3H, s). LRMS (m/z)
297 (M+H)" Anal. (C11H16Ns025-0.40 H,0) C, H, N, S.

Example 2(C)(12): (2S,3R4R,5R)-5-(6-amino-9 H-purin-9-yl)-4-chloro-2-
[(methylthio)methyl]tetrahydrofuran-3-ol.

—N
o F =N NH, o I\4?2\(NH2
\S/\QI 74 \ —_— \S/\q \N —
o o }

N N=/
H H <" THPO OH
MTA 2(C)(12b)
=N
\)\( " ool P~
74
=N D
- A =/
THPO T HO %
20 2(C)(12¢) 2(C)12)

25



25 q, J=4.3Hz), 4.17 (1H, q, J=4.7Hz), 4.05-4.00 (1H, m, 3.73 (s, 2H),
2.87 (1H, dd, J=13.8 and 5.8Hz), 2.73 (1H, dd, J=13.9 and 7.0Hz), 2.28 (s,
3H). LRVBVOroB3»Y408888 (MtH) +. Anal . (CL8H21N503S-0.40 H20) PCI/IBR3/MNs15S. 30 WO
03/074083 PCT/1B03/00615 -113 Exarrpl e 2(F)(13):

(2R 3R 4S, 5S) - 2- (6- am no- 9H- puri n- éb%\IZS {[(3- nethyl benzyl)thio]

met hyl }tetrahydrofuran-3,4-diol. ON ~2zsN HO OH 5 1H NWVR (DMSO- d6) 6:
8.34(1H, s), 8.13 (1H, s), 7.30 (2H, s), 7.15 (1H, t, J=7.4Hz), 7.04-7.00
(3H, m, 588(1HdJ55Hz)551(1HdJ 58Hz)531 (1H, d, J =

5.3Hz), 4.73 (1H, 7 . 04-3. 98 0
3. 69 %s 2H)Intf=12n%isﬁt¢(&(ﬁ)(1&@ Q?Rﬁ“]g” 5§§1%'(%a 1%91"4 "PuEd Y dd, J= 1%15 aﬁd "
7.0Hz) , 2. 23(chéth yl&tﬂ?meﬂal]}?@é(e%%)dr@@ﬁ p@Mhlfi)-?iOX}()Qﬂr am& 50 2O C H

N, S. Exanple 2(F) S)-2-(6-a F)/I) 5-({[3- 15
(trifl uor onekaRso) tﬁmﬁ M IiJor}fMﬁmmﬁréﬁ awd\l%ﬂ‘ Eﬁ%{ﬁ 15 1119&(&)? 7 N NH, SN 1
F-7 N~/ Ns F dohihiOh &@3@%@)\@9]%[%1@3%13‘19 IS@S ]8(014%0%1 s),
766759(2H r’r),75174720(2H (1H, d,

J=5. 7Hz), 5.15@npmel) inddMB (%@vaw)addgi%d(rman( ml) andpaasiy) | 4. 84- 4. 77
(1H m, o 4i§r ﬁﬁ%ﬁ%‘%ld% 450k, 9371%1»11%% (Ajf!érwhn §rl5§at(a%|'Naﬁ@(i)_B(2@0'13- 8 and

5. 8Hz), 14.3 "n ]g gl +. Anal.
(C17H16F3 N50319)wz(3 adged and ths, aq@umwmnewag (ep;t;e(cy_elg)wnh tOAc. The organic

(2R 3R 4S, 5 i 0= 9 hyl ) phenyl
Loy et by JHSF Papg AR 408 g Hidiohlonindagtefpy W bedafIGRIBLI D PIENY L
03/ 074088 PAF/OHBIBRBE6HE 2:1) o give 2(C)(12b) as a white solid (0413g, 67%). LRMS

(m/z) 382 (M+H)",

Intermediate 2(C)(12¢): 9-[(2R,3R,4R,55)-3-chloro-5-[(methylthio)methyl]-4-
(tetrahydro-2 H-pyran-2-yloxy)tetrahydrofuran-2-yl]-9 H-purin-6-amine.

15 A solution of 2(C)(12b) (0.361g, 0.946mmol), pyridine (0.684g, 8.65mmol) and
DMAP (0.381g, 3.12mmol) in CH,Cl, (40 mL) at 0 °C was treated with triflic
anhydride (0.395g, 2.35mmol) dropwise. After 2h at 0 °C, the reaction mixture
was poured into cold 1N NaHSOy, extracted with CHCl3 and the organic layer
concentrated. The resulting residue was dissolve in DMF (60 mL) and treated with

20  tetrabutylammonium chloride-hydrate (0.526g, 1.89mmol). After 16 h at rt, the
DMF was removed under vacuum and the resulting residue chromatographed with
acetone/CH,Cl, (product elutes with 1:1) to give 2(C)(12¢) as a white solid
(0.270g, 71%). LRMS (m/z) 400 (M+H)".

25  The title compound 2(C)(12) was prepared as follows. A solution of 2(C)(12¢)
(0.226g, 0.565mmol) in MeOH (20 mL) was treated with aq. IN HCI (20 mL).
After 1 h at rt, the reaction mixture was poured into H,O, neutralized with
NaHCO;, extracted with CHCls, and concentrated. The resulting residue was
purified by reverse phase chromatography (Biotage Flash 40M, C-18) with

30  acetonitrile/H,O (1:4) to give the title compound as a white powder (126mg, 71%).



-114 "H NVR (DMSO-d6) S: 8.36(1H, s), 8.15 (1H, s), 7.60 (2H, d, J=8.3Hz
7.51 (2H, d, J=8.3Hz), 7.31 (2H, s), 5.90 (1H d, J=5.8Hz), 5.57 (1H, d?1J
= 5. 8Hz) ,WB.0407408H, d, J = 5.1Hz), 4.83 (1H (¢, J=5.3Hz) PCAIB&/MsTO (1H,
?i34608-g. gOO(H;;—I, LmRIVBB(ErSﬂAf )(1H, dd, J=13.8 and 5.5Hz), 3.44 (1H, dd,

=13.6 an . . z) 428 5 (M+H) +. (CLl7H16F3N503S-0.50 H

E\L S. Exanple 2(F)(16): RO AL 9 G R
2R, 3R, 4S, 5S) - 2- (6-am no-9H purin-9-yl)-5-{[ (2-pyridin- ylethyl)thio

met hyl} tetrahydrofuran-3,4-diol NHZ N ON N S N ~ 10y| HO% )%—I 1L NVR
(300 MHz, DMBO-D6) 5 ppm 2.57 (t, 2H, J= 6.0 Hz) 2.87 (m_ 2H) 3.49 (q, 2H,
J= 6.0 Hz) ZAOMRGDMBERIDS: &1 (1H, $)) 8.47 (131, ¢hry7.39 ( J%.@f@;dl H 5.50 (s, 1

H 5.87 (d, J=5.65 7. . 686td  J=7.68

1.79 Hz, 1 175%’%5%'%1%9;9 fl,f,fz?g@?g%s(@il%%g(jg%dt&ﬁﬁﬁ)ﬂéHz 1H.

énal56 %l ca (f1ordt, G+ 620NG 8BS RRO (11, dBOI=23.9 aktl 68HAB 2.88(1120ldeE;138: 7. 89. Found

: .18, H 5,29 N . 4 le 2(F) (17):

(2S, 3R, 4R 5%“%@@ 2 ﬁ%%f&p%ﬁﬁrﬁmﬁgm -&@fﬂ(@pyr AT

gv'ltsggé)n’etshyl]tgtgahy(cji(rjofuran-BA-di ol NH2Z N N(r) \ HO OH 1H NWR (400 MHz
ppm 3.37 (dd, J=14.3 7. 1 4 ’

H 4,17 (d, Eampis2) S}iﬂ‘ljlﬁswzt’.fi’é"eagn%ﬁ? %f@&ls'%s&'g}.eéls (23 Yae ke 1

H 5.51 (d, Rhefolibwiif exdmbles HluStfatd fethddsGo Prebre MTAdpnalogdat hep” 4 H) 8.08 (s, 1

H 826 (m 3 H. Anal. Caled for CL5HL6N603S0.5H20 C. 48.77, H 4.64, N

22.75, S 8 pesitionRfihgpusine 118281 H. 4. 57, N. 22.71, S. 8.74. WD 03/074083

(PSFI;/ gBO 00615 -115 Exanple 2(F)(18):

, 3R, 4S, 5S) - 2- (6- am no- 9H i n-9- - 5- - i
t et r ahydr of lﬁ?cmméYHig]rpvgqothmg hlégrl!conprgpa%/el gddi?io%lﬂ(p%ocprgg%ro?éyader%sﬂl)él ) thio]methyl}

analogs. The prodrugs have been nitrogen substituted at the 6° position of the
purine ring. Starting from VIIa, the compound is acylated on all open positions
(2’ and 3’ alcohol and NC of the adenine ring) to give intermediate VIIb. The

15 . acylating group may include, but is not limited to carboxylic acids, amino acids,
carboxylic acid anhydrides, etc. which contains either an intact or masked
solubilizing group (R). Compound VIIb is typically not isolated, but rather
immediately placed under hydrolysis conditions (i.e. NaOH or related reagents) to
remove the esters to give VIL. As necessary, VII may or may not be further

20 treated in order liberate the desired solubilizing group.

Scheme VII
o] H o
=N NH, N AN
0 N\g/\( o N\e/\\< R 0N /X R
O AP L O
HO  OH OO "’o\fo HO  OH
R R
VIIa VIIb v

25

Example 2(D)(1): N-(9-{(2R,3R,4S,5S)-3,4-dihydroxy-5-
[(methylthio)methyl]tetrahydrofuran-Z-yl}-9H—purin-6-yl)benzamide.

H
N

—N
0 Q\(
7
\s/\g_z’ N§/N
HO  ©OH

7,
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N>J~rSSHCBH1HNNR(4OOM—|z DMSO-d6) 8 ppm1.14 (m 5 H) 148(m1
H 1.61 (m 2 H 1.84 (m 2 H 2.65 (m 1H) 2.79 (dd, J=14.0, 7.0 Hz, 1 H
2.91 (dd,w0-032790834.0 Hz, 1 H 3.96 (m 1 H 4.14 (m 1 KHCTABW/006L), J=5.6
Hz, 1 H 5.28 (d, J=5.1 Hz, 1 H 10 5.47 (d, J6.1 Hz, 1 H 5.86 (d, J=5.8
Hz, 1 H 7.28 (s, 1 H 8.13 (s, 1 H §,384 (s, 1 H). Anal. Calcd for
C16H23N503S0. 75H20 C. 50.71, H 6.52, RI: 18.48, S: 8.46. Found C 51.02 H:
6.29, N 18.55, S: 8.37. Exanple 2(F)(19):

(2R 3R, 45, SS)To&-sbmtlameTQH-lnlg,lW@tﬂydl) mpylidiny (47dh D) wWas aliBedyichy g@) et hyl I

hydr of 2 % H 1H NWVR
}Z)I(\a/ltSrCfDé) '8 B%ﬁfﬁﬁ@ 6d‘88 133'}3“%0 1Af£ﬁr 1g Q%S‘It'@ag(geﬁmiég}éoﬂdeé@ mLo Hz, 1 H)
3. 611( dg 3% 1? ‘?Znnglll_lz ésJZi.ddéSH dg%i tléb @%Ctlgﬂgtlﬂeflﬂﬁ) efhoﬂaZr l(dﬁl“ béfofééthélpﬁﬂhrkg’ H‘)ng 80
Hz, .
(dd, ?) 6.7, (4’”9 rqugoved ugge Va‘%m( eI_’LeSHymgrfoelil V(%Sdlssglvedﬂn HOY @%mil H 8.14
(s, 1H 58. 3hd tar 3101h|1 ghd4reated 1vv1‘t~i1'2‘ﬂ\I IQa(bﬂ iZ@mE? Af?é?"ih th@ﬁila&g)nf

C15H16N603S0. 25HC1 | 20. 0. 5CH30H C N 20 83 S 7.95. 25
Found C. 46. f‘g‘ fP&Vﬁ h jes (1§ mbpandpH-g. phvspbge bv@rdéﬁ mM@sQn@mhzqéosl 00615

-116 Exanpl e whANRZE). ‘The agueous solytion was extracted with CHCl concentrated and
(2S, 3R, 4R, 5R) -et hyl -3 ]&L am no- 9H- purin-9-yl é’
di hydr oxyt et reHgaHtBREe Quratydyvmfbtqmlﬁh%g gwgﬁam@ap@nmd af\white-O o s L N
OJ N5 HOB 0] t

PG SN MO IR (08 D s 55 4 26 (o,

2 H 2 ré)297

2.55 (m
J=4. 9(H21 1 (GH4), :820 ((aH 41&4.=792Hzmz7 61(1H)t4—77@H4)d75667419,JH2 1HZ), 69055 99 (d,
J=4.9 Hz, 2] 1 n r

S5t p1ne0sS0 eI PSRN o s M AR EE (o 76 Foung ¢
4449 H 5. 60=5.3H2)146156H, § I=8,818), 4.17-4.06 (1H, m), 2.92 (1H, dd, J=13.9 and

5.8Hz), 2.82 (1H, dd, J=13.9 and 6.8Hz), 2.07 (3H, s). LRMS (m/z) 402 (M+H)".
Anal. (C18H19N504S) C, H, N, S.

15

Example 2(D)(2): 5-[(9-{(2R,3R,4S,5S)-3,4-dihydroxy-5-

[(methylthio)methyl]tetrahydrofuran-2-y1}-9 H-purin-6-yl)amino]-5-

oxopentanoic acid.

H
AN NP
O N
HO OH o

20 OH

To a solution of MTA (1.07g, 3.60mmol) in pyridine (45 mL) was added ethyl
glutarylchloride (2.3 mL, 14.6mmol) at rt. After 16h, the pyridine was removed
under vacuum, and the resulting foam was redissolved in EtOH (35 mL) and THF
25 (50 mL) and treated with 2N NaOH (40 mL). After 1h at 0 °C, the reaction was
diluted with pH=7 phosphate buffer (50 mL) and neutralized with 1N HCl. The
aqueous solution was extracted with CHCls, concentrated, and the resulting solid
purified on semipreparative HPLC to give the title compound as a white solid
(154mg, 10%). "H NMR (DMSO-ds) 8: 10.72 (1H, s), 8.69 (1H, s), 8.67 (1H, s),
30



15 Exanple 2(F)(21): (2S,3R 4R 5R)-2-(6-am no-9H purin-9-yl)-5-{[(2- fu

ryl met hyl )t hi o] net hyl }tetrahydrofuran-3,4-diol NH2 NjJN "N~ N O O\ S HO
OH 20 1HvhvRo(#480 MHz, DVSO d6) 8 ppm 2.75 (dd, J=13.9, PCI/IBW3/008H) 2. 89
(m 1 H 3.16 (d,J 4.8Hz, 1H) 3. 76(s, 2H) 3. 97(m 1H) 4. 12(m 1H) 4. 73(q, J5. 7 Hz,
1 H 5.30 (d, J5.3 Hz, 1 H 5.49 (d, %=6.1 Hz, 1 H 5.87 (d, J=5.8 Hz, 1 H)
6.18 (d, J=3.0 Hz, 1 H) 6.34 (dd, J=398; 1.8 Hz, 1 H 7.29 (s, 2 H 7.55
(d, J=2.0 25 Hz, 1 H 813 (s, 1 H 8.33 (s, 1 H. Anal. Calcd for
C15H17N504S0. 5H20 C. 48.38, H 4.87, N 18.81, S: 8.61. Found C. 48.25, H
4.72, N 18.53, S 8.69. WO 03/074083 PCT/ | B03/ 00615 -117 Exanple

2(F) (22): (XNBRH4K I5REHZ), §62-Am0bHpm), S -3/ (LHEmY, #8214 0@ Home.- 2-

ylsulfanylnﬁé@[ hy et ran=3 Eplys ™ X ts LJ H HO
%H 5 1H N (%I%%Eﬁiiz&rﬁ’ Zx/gdd%)o 3 @5%@3?‘%%65%1“’2]&%9%%%8%: &\%2 %ﬁﬂ. 07 (m
J=4.04 Hz, di, F134.anh8 6(8kz), 2.6M) 21, t86-7(2Hz2),2-3). BH, t, J=7.4Hz), 2.06 3H, s),
Hz, 1H) 6. Q1('s, & J¥ , + 1 349), nle
350 (i A etk ir EfoRalpu e o G RO R s 62
5.55, N0 24.65. Found C. 45.84, H 5.20, 10 N 24.27. Example 2(F)(23):
(2S, 3R, 4R, 5@xadplE2@3P06-P@F{(2R, IR 15,5 B3, d-tdiliyalr arty-2-
yl sul f anyl ng(iagthykhie)methyliietoaliydrofurdy-2-yth-0H-puiihib-yl)amino]-6-

oxohexanoic acid. ’

10

The title compound 2(D)(3) was prepared in a similar fashion to the previous
example using adipoylchloride and MTA. "H NMR (DMSO-ds) &: 12.02 (1H, br
15 ), 10.70 (1H, s), 8.69 (1H, s), 8.67 (1H, s), 6.01 (1H, d, J=5.8Hz), 5.63-5.55 (1H,
m), 5.43-5.36 (1H, m), 4.79 (1H, t, J=5.5Hz), 4.21-4.14 (1H, m), 4.11-4.03 (1H,
m), 2.91 (1H, dd, J=13.9 and 6.0Hz), 2.80 (1H, dd, J=14.3 and 6.0Hz), 2.57 (2H, t,
=6.6Hz), 2.25 (2H, t, J=6.8Hz), 2.06 (3H, s), 1.67-1.49 (4H, m). LRMS (m/z) 426
(M+H)*. Anal. (C17H23N506S-0.4 H20) C, H, N, S.
20
Example 2(E): Synthesis of Additional Adenosine Analogs of MTAP
Substrates '

Schemes VIII and IX outline the general methods to prepare adenosine analogs at
the 5° position of the sugar ring, where the 2’ position has already been modified.

25  Inscheme VIII, the sequence is begun with an appropriate intermediate that is
already modified at the 2 position (VIIIa). Conversion of the 5> position into a
leaving group (VIIIb; X = Cl) and subsequent displacement with a thiol gives the
desired product VIIIe. The stereochemistry of the starting diol VIIIa is not
specified and it may be either diastereomer.
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S NN NLs 4 f S~ .J)J HOY%H 15 1H NWR (400 MHz, MeOD) 6ppm 3.66 (m
2 H 429 (m 1 H 435 (m 1H 595 (d, J=5.05 Hz, 1 H 7.41 (d, J=3.28
Hz, 1 H wWo@Yo(483J=3.54 Hz, 1 H) 8.16 (s, 1 H) 8.21 (s, PCTHBO3/®bRVS f or
C13H14 N603S2 (MAN 366.425), nmle 367.0647 (M#). Anal. Calcd for CLl3H14
N603S2. 0.4H20 C. 41.79, H 3.99, N 22.49. Found C. 20 41.96, H 4.03, N
22.10. Example 2(F)(24): (2S, 3R 4R 5F%2062 (6- Ami no-purin-9-yl)-5-(4-fl uoro-
benzyl sul f anyl net hyl )-tetrahydro-furan-3,4-diol NH2 > NNS F, -C 25
HO SCH WO 03/ 074083 PCT/ 1 B0O3/ 00615 gspbafd Vi NVR (400 MHz, MeOD) 6ppm 2. 67
(m 1H 3.63(m 2H 408 (m 1H 4.24 (m J=5.18, 5.18 Hz, 1 H 4.66
(m J=4.93, 493HZN1|FD.|590(CI J455|‘:,law JNH 685(tJ8 Hzw, 2 H)

7.13 (m 2 H (M 8.09 (s m/\
C17H18FN503S™] 91)NJ e 397 M A dll cd_f_’or C17HL9 SMeOH
C 51.47, H 5'D1,8N 17.06. Found C'951556, H 5.50, N 1% 21° Exanpl e

2(F)(25): (2S, 3R, 4R, 5R) - 2- ( 6- Am no- puri n-9-yl)-5-(t hi ophen-2- 10

yl met hyl sul f anyl m¥hy| ) -t et rahydro-furafm? 4-diol NH2 NN> "YRIN N S S HO
SO—IlHNI\/R(4OOM—Iz CD303)6ppm108(t J71Hz 1H)274(dd J 14. 3,
6.2 15 Hz, 1 H 2.8 c&x HL{; ézjaﬂJl44H22
H 4.10 (@1 A\II@‘BQIW cmy Dﬁ tr%tﬁs a %?9‘53n23 WIEerel? ﬂF‘DS 4’08801(]? alrepdy 1
5.89 (d, J=4.8 Hz, 1 H 6.75 (m 2 H 7.14 (dd, J 4.7, 1.6 Hz, 1H)809
(s, 1 H 8. 15ubgtituted with an gp;pyg)rla e thiol. Selective profection of the 3 position gives

the desired starting alcohol IXa. The free alcohol is converted to a leaving group

(IXb; X = triflate (-OTf)), which is then displaced by a nucleophile (including, but

not limited to azide, thiols, amines, alcohols, etc.). Following deprotection of the
10 3’ protecting group, the final products are obtained. Depending on the

stereochemistry of the intermediates, it is possible to get both possible products,

that is to say IXc or IXc’.
Scheme IX
N
o ’\,J/ \8/\\<NH2
R-
S
/\g Nt/N
HO G
o ,4N NHs o l’N NH, Xec
A N/ A N/
S N - S N
N=/ & N=/
PO OH PO X N N
o)
H\S/\QAN 74 \N
2 N="
Xa IXb N
Xc¢

15
Example 2(E)(1): (2S,3R,4R,5R)-5-(6-amino-9 H-purin-9-yl)-4-(methylthio)-2-
[(methylthio)methyl]tetrahydrofuran-3-ol.

N=~/

—N
o @\\/“Hz o @\(N”Z
v 7
HO 8
/

20



for CL5H17N503S (MAN 379.46), me 380.086 (NUT). Anal. Calcd for
C15H17N503S0. 4H20. 0. 4HOAc C. 46.21, H 4.76, N 17.05. Found C. 46.19, H:
20 4.5 1,Wh03061082. Exanpl e 2(F)(26): PCT/IBO3/00G1S
(28I 3R 4R, ISR)IfZ (6- Am no- purin-9-yl)-5-
cycl opentyl sul f anyl net hyl -tetrahydro-furan-3,4-diol 25 NH2 N
~~OH WO 03/ 074083 PCT/ | BO3/ 00615y 19 "1H NVR (400 MHz, DMBO- dg) Nszgmsle?l
(m 2H 1.47 (m 2 H 1.63(m 2H 1.8 (m 2 H 2.82 (dd, J=13.8, 7.0
Hz, 1 H 2.93 (m 1 H 3.13 (m 1H)402(m 1H)415(m 1H 4.77 (q
11 5. 89( d, 2756 Bhrompontyd wasTieraud T MBI B Gio-aRpesinsdRehseray. |
qompot)d Was3epats; “mgthy 2 (io-agegapinggRebing ef MS for 5
cloril \e035 LN éﬁg@s 019985%, (L Fefigd o 9%&%2;% G 5HBH3NG03S0. 3H20
C. 50. 49, g N 19.50. Exanpl e
2(F) (27): (23 BRVGRg6RyT. (bHAawqwgclp@kqnnl%v G 353 £ étylaﬁétrﬁhJ Org.

P00\ s AR B AR LU S 2 bl 1 SO 1 e
4115H)H) 45039(?231&11@1)51152/11? (nomL) dl;&%iﬁ@mm:@shdd@wﬂy (%322g,61923(mm01)}5 2 Hz, 1
(s, 1 H 8. f%‘efé?gi”ﬁ)%r wswwé‘%%ﬁ@“%”é‘;?mﬁ%l’. %E) 62915%402. 5231? 0

(M) . Anal was Qaicéﬂraiddrunﬁérgfhﬂﬁﬁﬂﬁmﬁﬁes]llﬂﬂgﬁﬂﬁds @disgysbp DVMF5. 78, N 17. 19.

Found C. 56,50, H. 5. a
(2R 3R 4S, 58 0nlyapd Hﬁ%t?fgwéfr'j[\’ﬁ%‘\/’? i(?%? %Pé“‘?%)‘k SARGH %6%1%?3}‘6 M o]
met hyl } gt r @lliliéﬁf&{léérc@ﬁbeﬁtré%ecﬂmmbr \faeuurﬁl anttizhe rbsultMg crude residue was

purified on semipreparative HPLC with a linear gradient elution of 10%A/90%B to

30%A/70%B over 30 min to give the titled compound as a white powder (72.4 mg,
18%). 'HNMR (DMSO-dq) 8: 8.43 (1H, s), 8.17 (1H, s), 7.35 (2H, 5), 6.12 (14, d,
J = 8.6Hz), 5.89 (1H, bs), 4.35-4.24 (2H, m), 4.08 (1H, t, ] = 6.6Hz), 2.90 (1H, dd,

15 J=13.9 and 7.1Hz), 2.82 (1H, dd, J=13.6 and 6.8Hz), 2.08 (3H, s), 1.79 (3H, s).
Anal. (C;pH7N50,82) C, H, N, S.

Example 2(E)(2): (2S,3R,4R,5R)—5-(6-amino-9H-purin—9-yl)-4—(ethylthio)-2-
[(methylthio)methyljtetrahydrofuran-3-ol.
20

NH; o fN NHy
~rR e

‘r,/ N\/ - s ",,S N=

& N

S-ethyl-2’-thio-adenosine was prepared in a similar fashion to that of S-methyl-2’-
thio-adenosine (see references above) and was converted to the title compound

25  using the procedure described for the example above. 'H NMR (DMSO-d) 8:
8.44 (1H, s), 8.16 (1H, s), 7.34 (2H, ), 6.07 (1H, d, T = 8.8Hz), 5.83 (1H, s), 4.39-
4.36 (1H, m), 4.28-4.26 (1H, m), 4.08 (1H, t, ]=6.8Hz), 2.92 (1H, dd, J=13.9 and
7.3Hz), 2.83 (1H, dd, J=13.6 and 6.8Hz), 2.21 (2H, q, J=7.3Hz), 2.07 (34, s), 0.92
(3H, t, ]=7.3Hz). LRMS (m/z) 342 (M+H)". Anal. (C13Hi9N5025,-0.2 Hexanes)

30 CHN,S.



HO 2(F)(28) 25 1H NWR (DVSO-d6) S: 8.16 (1H, s), 7.95 (1H, s), 7.15 (1H,
6.82Hz), 7.11 (2H, s), 7.01-6.88 (3H, m, 5.70 (1H, d, J=6. 111z),
(1 HWOO3AD7408:B 1Hz), 5.20 (1H, d, J = 5.1Hz), 4.64 (PETNBY3/WsHB. 8Hz),
(1 g, J=4.8Hz), 3.83-3.78 (1H, WO 03/074083 PCT/I1B03/00615 -120 m,
2 (1H dd, J=13.6 and 6.1Hz), 3.0 1H, dd, J=13.6 and 7.3Hz), 2.08 (3H,
s). LRVs (mz) 374 (M+H) +. Exanpl e 2? T Conbinatorial Libraries,of MIAP
Substrates 5 Combinatorial l|ibraries of thiol derivatives off the 5
position of the adenosine were made as follows. NNH, O- "N NH2 C ~-NRO
Nl__ NS ~/N HOB SOHN i) RSH DW HOB SOH ii) Potassiumt-Butoxide, THE

To a sol uti dixanipld 2(€):t Bymhesisrof Dol AbaBeeofiMTAP Substraétied a sol ution of

al kyl merc t i of a
pot assium t - (g%a eg%ﬁlg 8’ ?%Qrﬁlg i %lln%' ﬁé‘%ﬁ%’egg%ﬂ{e\r}g O%H%elh%&xt ure was
heated to 55)r<§a€d1frafor32hetme l‘lafEx&oplvéM)stes@su‘mmddhe appeppripie r esi dues were

reconsti O Purifi o) products (3
- 68%yvyi €l d)% ! fé'l%ssﬁ fReH ml%{?‘ﬁe g geﬁ{?)w Orkﬂl% % h%%&ﬂ%g%eg#{ya%gglgounds of

t hi ol deri vatdswesconfiersiblly &vailgbles theianivn ofas pérerdds iadanasigyetassimg..- m z MTA 50
Nunber e Name, Stucture MV[MV1 + MI A (2R, 3R, 4S 5S)-2-(6- "N not.

am no- 9H pur UFpX ®yl)-5- N ({[2-(1,4,5,6- ONON 2(GQ(1)

t et rahydropyri m di n- 2 yl ) phenyl Jthi o} nethyl )tet 441.51 443 8 23 . NH HO CH

h f 4-
rahydrofur anEx?sflmpled 2(F)(1): (2S5,3S5,4R,5R)-2~(6-amino-9H-purin-9-yl)-5-{[(4-

10  chlorobenzyl)thiolmethyl}tetrahydrofuran-3,4-diol.

d, J=
5.34
4.02
3. 20

IH-NMR (DMSO-dg) 8: 8.35 (1H, s), 8.15 (1H,s), 7.33-7.23 (6H, m), 5.89 (1H, d,

15 1=5.2H7),5.53 (1H, d, ] = 5.8Hz), 5.33 (1H, d, ] = 5.2Hz), 4.77-4.72 (1H, m),
420-4.15 (1H, m), 4.02-3.98 (1H, m), 3.73 (2H, s), 2.86-2.67 (2H, m). LRMS
(m/7) 408 (MHED*. Anal. (C17H;sCINsO38) C, H, N, S.

Example 2(F)(2): (2S,3S,4R,5R)-2-(6-amino-9H-purin-9-yl)-S-{[(3-
20  hydroxypropyl)thiolmethyl}tetrahydrofaran-3,4-diol.

'H-NMR (DMSO-dg) 8: 8.35 (11, s), 8.15 (1H, 5), 7.29 (2H, 5), 5.89 (1Hd, T =

25  5.8Hz), 5.49 (1H, s, ] = 6.2Hz), 5.32 (1H, s, ] = 4.9Hz), 4.78-4.73 (1H, m), 4.47-
4.43 (1H, m), 4.17-4.12 (1H, m), 4.03-3.98 (1H, m), 3.43-3.37 (2H, m), 2.94-2.76
(1H, m), 2.57-2.52 (2H, m), 1.67-1.58 (2H, m). LRMS (m/z) 442 (M+H)". Anal.
(C15H15N5048-0.3 1,0, 0.1 MeOH) C, IL, N, S.



(2R 3R 4S,55)-2-(6- NN/ \ N amno-9Hpurin-9-yl)-5 2(G (2) am nopheny
hi oJ methy NON 374.42 375 3 5 |}tetrahydrofuran-3,4 diol No 'o N

R, 3R, 4Sy09pAO24086- N Nr N \/--~ am no-9H puri n-9-yl) - 5- PCI/IB&/@6 5 G) ( 3)
-am no-7Hpurin-6- 1 /a yN~N 416. 42 417 46 45

hi o] met hyl }tetrahydro s u furan- 3 -di ol NON o~ ~o WO 03/074083

| BO3/ 00615 - 121 2-({[(27, 35,4 R 512)-5-(6 am no-9H purin-9-yl)- |,
4- |  2(GQ (4) dihydroxytetrahydrofura NN 405.44 406 38 49

| ] met hyEiddﬂpl@)lffS(ﬁi)N(ﬂ";‘S41%51@)‘1-51#5MfiioFﬁﬂLpﬂfiﬁlﬁ)-yl_)-S [(gp'yelmldm-z-

R, 4S, 5 6 am no- 9H puri n- yI) 5 {[(5-chloro-1
0 benz&#‘ﬂ%);‘lﬂ tet@hyﬂr@fsw% )g' 433.88 434/ 436 5
| )t hi o] net hyl }tetrahydro 1-! furan-3,4-dioi o (2R,3R,4S,58)-2-(6- [

/' \ Namno-9H purin-9-yl)-5- \\/Y \ {[(1l-methyl-1 Htetrazol- NNN O
2(G(6) 5- N\ S 365.38 366 yi )t hi o] net hyl }tetrahydro N

furan-3,4-dioi 0o 0 (2R 3R 4% 0 N/=am no-9H purin-9-yl)-5- ~}-N
2(9 (7)) ({[5-(propylthio)-1 \ / 73N$_,8 475 3 0

_ﬁNH
wgzs-

w< -

I,\,.
AN

—~<<

<.

OH

'H-NMR (DMSO-d) 5: 8.64 (2H, d, J = 4.9Hz), 8.37 (1H, s), 8.15 (1H, s), 7.30

(2H, 5), 7.23 (1H, t, T = 4.9Hz), 5.90 (1H, d, ] = 6.2Hz), 5.51 (11, d, J = 6.2Hz),

539 (1H, d, J = 4.7Hz), 4.89-4.83 (111, m), 4.23-4.19 (1H, s), 4.15-4.10 (1H, s),

3.64-3.45 (1H, m). LRMS (m/z) 362 (M+H)". Anal. (C14H;sN;058-0.75 H,0,
10 0.25MeOH) C,H, N, S.

' Example 2(F)(4): (25,3S,4R,5R)-2-(6-amino-9 H-purin-9-yl)-5-{[(2-
methylbutyl)thio]methyl}tetrahydrofuran-3,4-diol.

15 HO  OH

'H-NMR (DMSO-ds) 5: 8.35 (1H, s), 8.15 (1H, s), 7.29 (2H, s), 5.88 (1H, d, T =
4.7Hz), 5.49 (1H, d, T = 6.2Hz), 5.29 (1H, d, J = 4.5Hz), 4.77 (br s, 1H), 4.15 (br s,
1H), 4.01 (br s, 1H), 2.91-2.81 (2H, m), 2.38-2.31 (1H, m), 1.48 (br s, 1), 1.32

20  (brs, 1H), 1.10 (br s, 1H), 0.87-0.77 (6H, m). LRMS (m/z) 354 (M+H)". Anal.
(C15H23N5058-0.5 IL,O) C, H, N, S.

Example 2(F)(5): (25,35,4R,5R)-2-(6-amino-9 H-purin-9-yl)-5-{[(4-
methoxybenzyl)thiolmethyl}tetrahydrofuran-3,4-diol.

/\
\O/©/\ K L ))Y
OH Ny N

25



benzi m dazol -2- s N~S*u I]thio}nethyl)tetrahydro , furan-3, 4-dioi
(2R, 3R, 4S,55)-2-(6- /,-N N amno-9H purin-9-yl)-5- )--( 2(Q(8)
[ (pyrim owp-02/07863. 38 362 54 59 ylthio)nmethyl]tetrahydro PETNB03/00615
uran- 3, 4-di oi (2R, 3R, 4S,55)-2-(6- ~~ " amno-9H purin-9-yl)-5- N
2(9(9) {[(5-amno-1,3,4- N thiadiazgjs2- "" 382.43 383 34 47
yl)thi o] nethyl }tetrahydro N furan-3,4-diol (2R, 3R, 4S,55)-2-(6- N N\
amno-9 Hpurin-9-yl)-5 2(G((10) 0 " " 374.42 375 20 19
ani nopheny| ) {HiINNIREDRIBOHJq) 81 8.5GLEH of &uao&ﬁ,sﬂms (2H(s)d7l Q,l(zﬁ d,J=

2R, 3R, 4S, 5S
E[(5 chl or o- 4@5,@%}(3%@,{ o%% éggﬂ%d NNS%#)Q%M@@ 3:59?@91)‘1@5

yl )2t2hl( <2)] rrgtRhﬁlBMEH rdaha#dm Jwam amngl £50-9, 19(1\13911934 @14@%%1}&’%( | BO3/ 00615
-1 R urin

[ (1, 3- benzot 357%251)1 Sk”ﬁ@i’l "2~$§ %ﬁb(%gnﬁliw@dz)%“t@fh net‘tdw}'l]tetrahydro

uran- 3, 4-gli OKC19H21N£\b4B4riH£(6)?§I-3$I4;R 5R) -5 (6-am no-9H purin-9-yl)- N ~~-
3,4

Example 2(F)(6): (2S,35,4R,5R)-2-(6-amino-9 H-purin-9-yl)-5-[(quinolin-2-
ylthio)methyl}tetrahydrofuran-3,4-diol.

Z N
|
N o /=N
SAL?‘N%NHZ
N < ]
10 RO oH NeN

"H-NMR (DMSO-dg) 8: 8.31 (1H, s), 8.09-8.06 (2H, m), 7.83-7.77 (2H, m), 7.65-
7.59 (1H, m), 7.44-7.42 (1H, m), 7.31 (1H, d, ] = 8.6Hz), 7.21 (2H, s), 5.82 (1H, d,
J=6.4Hz), 5.42 (1H, d, ] = 6.2Hz), 5.28 (1H, d, T = 4.9Hz), 4.88-4.82 (1H, m),

15 4.17-4.08 (2H, m), 3.79-3.52 (2H, m). LRMS (m/z) 411 (M+H)". Anal.
(C1sH1sN6O5S) C, H, N, S.

Example 2(F)(7): (2R,3R4S,5S)-2-(6-amino-9H-purin-9-yl)-5-{[(3-
methylphenyl)thio]methyl}tetrahydrofuran-3,4-diol.
20

"H NMR (DMSO-ds) 8: 8.34 (1H, s), 8.14 (1H, 5), 7.30 (2H, s), 7.18-7.11 (3H, m),
6.98 (1H, d, J = 7.1Hz), 5.88 (1H, d, ]=5.8Hz), 5.51 (1K, d, ] = 6.3Hz), 5.36 (1H,

25  d,J=5.1Hz), 4.81 (1H, q, J=5.8Hz), 4.18 (1H, q, J=3.8Hz), 3.98 (1H, q, J=3.8Hz),
3.39 (1H, dd, J=13.9 and 6.1Hz), 3.28 (1H, dd, J=13.9 and 6.06Hz), 2.34 (31, s).
LRMS (m/z) 374 (M+H)*. Anal. (C17H;sN5058-0.50 H,0) C, H, N, S.



2(G (13) di hydroxytetrahydrofura / ~lyN~-N 416.46 417 19 17 n-2- N s ~(

yl ] met hyl } t hi o) phenylJac o etam de (2R 3R 4S,55)-2-(6- NN/ \ N

am no- OH-worB7M8yl )-5- Q (G (14{[(4 Y N /N 375.41 376 16PBI/IB®/00615

hydr oxyphenyl )thioJmet s s v hyl }tetrahydrofuran-3,4 diol

(2R 3R 4S,55)-2-(6- NN ~~--N amno-9H-purin-9-yl)-5 2(QG(15) [(2- NN

409. 47 410 29 25 napht hyl t hi o) net hy'Il]lilétr 1 S u ahydrofuran-3,4-diol 0 yo
N N (2R 3R 4S,55)-2-(6 -9Hpurin-9-yl)-5- amno YN N 2(G (16) 403.46 404

59 60 neth [ bt @by I anu.3,4- diol 00O
(2R 3R, 45, S HIEXTSY! QA Bl M B g 2 3 (17) o N
438. 30 438/ /m@hgiphanyl)thiobmashylitetrrhxdrptiraedidydiel. ~/ |}t et r ahydr of ur an- 3, 4-

diol 0 0 (2R 3R 4S,55)-2-(6 amno-9Hpurin-9-yl)-5- 0\ ~" N 2(G(18) [(1-
s o N 409.47 410 5 4 naphthyl thi o) net hyllltetr ~(\ NZZVN :

o Q\(NHZ
7 3
C)«‘Q’ (N
HO  OH

'H NMR (DMSO-ds) &: 8.34 (1H, s), 8.14 (1H, s), 7.30 (2H, 5), 7.25 (2H, 4,

J=8.3Hz), 7.11 (1H, d, J = 8.3Hz), 5.87 (1H, d, ]=5.8Hz), 5.50 (1H, d, J = 6.3Hz),

5.35 (1H, d, J = 4.8Hz), 4.80 (1H, q, J=6.1Hz), 4.16 (1H, q, J=3.3Hz), 3.96 (1H,

m), 3.36 (1H, dd, J=13.9 and 6.06Hz), 3.23 (1H, dd, J=13.9 and 7.06Hz), 2.25 (31,
10 s). LRMS (m/7) 374 (M+H)". Anal. (C17H;sN5055-0.70 H;0) C, H, N, S.

Example 2(F)(9): (2R,3R,4S,55)-2-(6-amino-9H-purin-9-yl)-5-{[(2-
methoxyphenyl)thio]lmethyl}tetrahydrofuran-3,4-diol.

O @\(NHz
7
¢ Lsﬁg (_k
/o HO OH

15

'H NMR (DMSO-ds) 8: 8.35 (11, s), 8.14 (1H, s), 7.29 (2H, s), 7.27 (1H, 4,
J=7.8Hz), 7.17 (1H, t, J = 7.6Hz), 6.97 (d, 1H, J=8.1Hz), 6.96 (t, 1H, J=7.3Hz),
5.87 (1H, d, J=6.1Hz), 5.50 (1H, d, J = 6.1Hz), 5.36 (1H, d, J = 4.8Hz), 4.81 (1H,

20 g, J=5.3Hz), 4.18 (1H, q, J=3.3Hz), 4.00-3.95 (1H, m), 3.79 (s, 3H), 3.37-3.30 (1H,
m), 3.22-3.15 (1H, m). LRMS (m/z) 390 (M+H)". Anal. (C17H;9N504S-0.50 H>0)
C,HN,S.

Example 2(F)(10): (2R,3R4S,55)-2-(6-amino-9H-purin-9-yD)-5-{[(3-
25  methoxyphenyl)thiojmethyl}tetrahydrofuran-3,4-diol.

. o E}\(NHz
74
O~
0\ HO OH



ahydrofuran-3,4-diol 0O ino-9 -purr)-2-(6- NN \~ N amnoHpurin-9-yl)-5
2(G(19) YN, N 393.85 394/396 19 17 chl orophenyl)thio]nmethy S~ u

| }tetrahywooBur4ss 3, 4- diol 0 0 WO 03/074083 PCT/ | BO3/ 006 PET/IBAR2B6IRt hyl 4-
N ({[(2S,3S 4R 5R)-5-(6- N/- ~~-N amno-9Hpurin-9-yl)- 2(G(20) 3, 4-
~ 1 S O NON 417.44 418 7 5 di hydroxy%pzt_rahydrofura n-2 00 yl]

nmethyl }th 10) benzoate (2R 3R 4S,55)-2-(6- N ) amno-9H purin-9-yl)-5
415.52 417 12 rt- 9 butyl phenyl)thio]lnmethyl} 2(Q (21 {[(4-te 1 S~Y

t et r ahydr of uFRANMR @OMISOHd:) §: § R ERR), 43458218 (2Ns4), W19 (1H, t,

i no- 9H- i n-Q-vyl )~ 2 ' | ' t 7.46 388 3 15
Ayl )t et r anyal ritihe e 54 B 0.0 6 b SR 1Y s i S i A2
ani no- 9H- pur (11, 8; J+ $-1882), 538 ((N, £ 1 S)5(128,), £40(4H, &\I=551, 317 (49 3788212316
o ooneny! Ly g e A0 L)1 b ot 23559 2
5 (1H, dd, J=14.2 and 7.1Hz). LRMS (m/z) 390 (M+H)". Anal. (C1sH1sN50,8-0.50
H,0)C,H, N, S.

Example 2(F)(11): (2R,3R,4S,55)-2-(6-amino-9 H-purin-9-yl)-5-{[(4-
methoxyphenyl)thiolmethyl}tetrahydrofuran-3,4-diol.
10

=N
o@ o} Q\\/NHz
s \
S
/\SJ: N§/N
HO OH

"H NMR (DMSO-ds) 5: 8.33(1H, s), 8.14 (1H, s), 7.31 (2H, d, J=8.8Hz), 7.29 (2H,
. 5), 6.87 (2H, d, J=8.8Hz), 5.86 (11, d, J=6.1Hz), 5.48 (1H, d, J = 6.1Hz), 5.33 (1H,
d, T = 4.8Hz), 4.80 (1H, q, J=5.3Hz), 4.14 (1H, q, J=4.8Hz), 3.94-3.90 (1H, m),
15 3.72 (s, 3H), 3.27 (1H, dd, J=13.9 and 6.1Hz), 3.10 (1H, dd, J=13.9 and 7.1Hz).
LRMS (m/z) 390 (M+H)*. Anal. (C17H;sNs04S-0.50 H;0) C, H, N, S.

Example 2(F)(12): (2R,3R,4S,55)-2-(6-amino-9 H-purin-9-yl)-5-{[(2-
methylbenzyl)thiojmethyl}tetrahydrofuran-3,4-diol.
20 '

o @\(NHZ
7
s Uk
HO OH

"H NMR (DMSO-ds) 8: 8.35(1H, s), 8.14 (1H, s), 7.30 (2H, s), 7.14-7.02 (4H, m),
5.89 (1H, d, J=5.5Hz), 5.51 (1H, d, J = 6.0Hz), 5.32 (1H, d, ] = 5.3Hz), 4.76 (1H,

25  q,J=4.3Hz), 4.17 (1H, q, J=4.7Hz), 4.05-4.00 (1H, m), 3.73 (s, 2H), 2.87 (1H, dd,
J=13.8 and 5.8Hz), 2.73 (1H, dd, J=13.9 and 7.0Hz), 2.28 (s, 3H). LRMS (m/z)
388 (M+H)". Anal. (C15H,N5055-0.40 H,0) C, H, N, S.

30



2(G(24) {[(2,5- NvN 419.46 420 4 23 di nmet hoxyphenyl)thiolmethyl}tetra h
yd rofu ra n 3,4-diol 0 'o (2R 3R 4S,55-2-(6 NN amno-9H purin-9-yl)-5
2( G (25) dwomshowgphe he {[nyl)thio]lm419.46 420 5 30 et hpCruBey@hisdr of ur an
3,4-diol 0 0 (2R 3R 4S,55)-2-(6- N \N amno-9H purin-9-yl)-5 0 2(G (26)
{[(2- s 387.46 388 6 7 ethyl phenyl)gﬁég] met hyl} 1-!

t et r ahydr of ur an- 3, 4- di ol (2R 3R 45758)-2-(6- Ni \N

am no-9H-purin-9-yl)-5- N\'")--(\/ 2(G (27) hydroxyphenyl)thio] met 5/~0N-N
375.41 376 7 23 hyl}tetrahydrofuran-3,4 diol 0 WO 03/074083 PCT/1B03/ 00615

- 124 in--92-y6- am , in \\ _-yl)-5-." 2(G)(28) ~" 387.46

388 6 4( pgir@ngﬁ&ﬁggﬂ@%%%%GQmmoﬁﬁ-ﬁ%q-?gp;ﬁdﬁ Manzs, 4- u diol
(2R 3R 4getn ibeK@vﬁi)@hio]’niéih;\l}tNraW&rBﬁrQn—maiéli n-9-yl)-5 {[(3- "/ 2(G(29)
~r N, N 438.30 438/440 21 19

Z.

0 C;\(NHz
7
HO

'H NMR (DMSO-ds) 8: 8.34(1H, s), 8.13 (1H, s), 7.30 (2H, s), 7.15 (1H, 1,
J=7.4Hz), 7.04-7.00 (3H, m), 5.88 (1H, d, ]=5.5Hz), 5.51 (1H, d, J = 5.8Hz), 5.31
(1H, d, T = 5.3Hz), 4.73 (1H, q, J=5.3Hz), 4.17 (1H, q, ]=4.7Hz), 4.04-3.98 (1H,

10 m), 3.69 (s, 2H), 2.83 (1H, dd, ]=13.9 and 5.8Hz), 2.68 (1H, dd, J=13.8 and
7.0Hz), 2.25 (s, 3H). LRMS (m/z) 388 (M-+H)". (C1sH1N5058-0.50 H,0) C, H,
N, S.

Example 2(F)(14): (2R,3R,4S,5S)-2-(6-amino-9H-purin-9-yl)-5-({[3-
15  (trifluoromethyl)phenyl]thio}methyl)tetrahydrofuran-3,4-diol.

'H NMR (DMSO-ds) 8: 8.33(1H, s), 8.14 (1H, s), 7.66-7.59 (2H, m), 7.51-7.47

20 (2H, m), 731 (2H, s), 5.90 (1H, d, J=5.7Hz), 5.56 (1H, d, J = 6.0Hz), 5.42 (1H, d, J
= 4.5Hz), 4.84-4.77 (1H, m), 4.25-4.18 (1H, m), 4.05-3.99 (1H, m), 3.53 (1H, dd,
J=13.8 and 5.8Hz), 3.44 (1H, dd, J=14.3 and 7.5Hz). LRMS (m/z) 428 (M+H)",
Anal. (C17H;6F3Ns0sS) C, H, N, S.

25  Example 2(F)(15): (2R,3R4S,55)-2-(6-amino-9H-purin-9-yl)-5-({[4-
(triflaoromethyl)phenyl]thio} methyl)tetrahydrofuran-3,4-diol.

F\/\F ( : o E>\(NH2
7
F S/\Q‘ N
& Y N/
HO OH



bromophenyl )thiolnmethy S ° / I|}tetrahydrofuran-3,4- Br s diol

(2R, 3R, 4S,55)-2-(6- \ N am no-9H purin-9-yl)-5- 2(G (30)

({[5-(propodspmossylthio)- NNN o " rN 437.53 439 11 12 1p8rABoIoati azol -
_~l ~S~l u yI]th| o}methyl )tetrahydro furan-3,4-diol 00

(2R, 3R, 4S,59)-2-(6 anmino-9H purin-9-yh)s5- M " {[(5-hydroxy-4-nmethyl- N-N

N N 380.39 381 46 50 4H1,2,4-triazol-3- -J/1 N3-- s ~.(

yl')thio] methyl }tetrahydro ~ furan-3, 4-di ol (2R, 3R, 4S,5S)-2-(6- N

am no- 9H pur i (PMSO-4y) 8: 8-360(HG)s), 321)5 (1 he0 (H, 2, 4B BHERZSH ¢FH, - NN

faran: 3?‘2%"38%—{;3@%}5&%&1@‘?‘?’ BLL Ehe 8]}420%3?@% M }8%‘% s ({[4

2(G) (33) (trdﬂﬂﬁ;ﬂHﬂ)&ﬂB?KMbmJ?ﬁﬂiz)ekmw A20 B4 8B00@BFBG), 52~ F N s U

i o ot pur L iy RIS 5, el T s bad Bhgl AfISny 2" 4o 54

431 2 3 et ﬂ\ﬂ%ﬁhel@hﬁtsﬁﬂ‘@m&ﬂﬁoﬂzoy(f HJI}Itsetrahydrofuran 3,4- diol O
(2R, 3R, 4S,55)-2-(6- Nc\N N am no-9H purin-9-yl)-5

Example 2(F)(16): (2R,3R4S,5S)-2-(6-amino-9H-purin-9-yl)-5-{[(2-pyridin-
ylethyl)thiolmethyl} tetrahydrofuran-3,4-diol

NH,
NN
LAY
NoN
IN\ S
10 Z hs oM

"H NMR (300 MHz, DMSO-D¢) & ppm 2.57 (t, 2H, J= 6.0 Hz) 2.87 (m, 2H) 3.49
(9, 2H, J = 6.0 Hz) 4.01 (m, /=3.58 Hz, 1 H) 4.13 (m, 1 H) 5.32 (s, 1 H) 5.50 (s, 1
H) 5.87 (d, J=5.65 Hz, 1 H) 7.20 (m, 2 H) 7.36 (s, 2 H) 7.68 (td, J=7.68, 1.79 Hz, 1

15  H)8.15(s, 1 H) 8.36 (s, 1 H) 8.46 (d, J/=4.14 Hz, 1 H). Anal. Calcd for
C17H0N603S+1H,0 C: 50.24, H: 5.46, N: 20.68, S: 7.89. Found C: 50.18, H: 5.29,
N: 20.60, S: 7.80.

Example 2(F)(17): (25,3R,4R,5R)-2-(6-amino-9H-purin-9-yl)-5-[(pyridin-4-
20  ylthio)methyl]tetrahydrofuran-3,4-diol

NH2

&Ad

Y,
> OH

"HNMR (400 MHz, DMSO-ds) 8 ppm 3.37 (dd, J=14.3, 7.5 Hz, 1 H) 3.48 (m, 1

25  H)4.00 (s, 1 H) 4.17 (d, J=3.54 Hz, 1 H) 4.76 (d, J=5.6 Hz, 1 H) 5.38 (d, /=4.8
Hz, 1 H) 5.51 (d, J=6.1 Hz, 1 H) 5.84 (d, J/=5.6 Hz, 1 H) 7.23 (m, 4 H) 8.08 (s, 1
H) 8.26 (m, 3 H). Anal. Caled for C15HisNeO3S+0.5H,0 C: 48.77, H: 4.64, N:
22.75, S: 8.68. Found C: 48.81 H: 4.57, N: 22.71, S: 8.74.



2(G(35) {[(4 N N 401.49 402 15 11 isopropyl phenyl)thio]lnme s// Y u

hyl } t et rahydr of ur an-

3,4- . diol 0 0O WO 03/074083 PCT/IB03/00615 -125-

et hyl 4- awpDreo2408{ [ (2S, 3S, 4R, 5R)-5-(6- \ Nv\\ N 3,4- N PCT/IB03/00615

am no- 9H purin-9-yl) -

35 40 n-2- Nyl]net
(2R, 3R, 4S,5S) - 2- (6-
{[(2-methyl -3- N,,,
dr of ur an- 3, 4-di ol

0 2(Q(36) dihydroxytetrahydrofura NON 448. 46 449
hyl }t hi o) pyrimdijjs_ e-5-carboxylate N

N~ ~~N am no-9Hpurin-9-yl)-5- }--~ 2(Q (37)

363.40 364 10 26 furyl)thio]nmethyl}tetrahy

(2R 3R 4S,55)-2-(6- NN \~-N am no-9H purin-9-yl)-5-

~ 2 fl hy, i ~S~

et ranyar of dbiamelt JENBT G RSSO W amine i purin P s g s, -
am no- 9H purétﬁl_ﬂ}thio[m@thyl} tétraﬂ(y@)r&ﬁ&)n R44i010 NON 426.50 427 7 8

di hydr oxyt etrahydrofura o --Sn-2 X yI]rrethyI}thl o)ethyl]carb ; o

amate 7-({[(2S, 3S, 4R, 5R) - 5(6- amno OH purin-9-yl)- 3,4- N 2(G(40)

di hydr oxyt et r ahydr of

ura 5 NN 441. 47 MHQZ 6 10

k ‘)
Od

wd

'H NMR (400 MHz, DMSO-ds) 5 ppm 1.14 (m, 5 H) 1.48 (m, 1 H) 1.61 (m, 2 H)
1.84 (m, 2 H) 2.65 (m, 1H) 2.79 (dd, /=14.0, 7.0 Hz, 1 H) 2.91 (dd, J=12.0, 4.0 Hz,
1 H) 3.96 (m, 1 H) 4.14 (m, 1 H) 4.77 (q, J=5.6 Hz, 1 H) 5.28 (d, /=5.1 Hz, 1 H)
10 5.47(d,J=6.1 Hz, 1 H) 5.86 (d, /=5.8 Hz, 1 H) 7.28 (s, 1 H) 8.13 (s, 1 H) 8.34 (s, 1
H). Anal. Caled for C16H3N5058#0.75H;0 C: 50.71, H: 6.52, N: 18.48, S: 8.46.

* Found C: 51

.02 H: 6.29, N: 18.55, S: 8.37.

Example 2(F)(19): (2R,3R,4S,55)-2-(6-amino-9 H-purin-9-yl)-5-[(pyridin-2-
15  ylthio)methyl] tetrahydrofuran-3,4-diol

NH2
N

CL*d

2,
H //OH

S,

'H NMR (400 MHz, DMSO-D6) & ppm 3.16 (d, J=4.8 Iz, 1 H) 3.48 (dd, /~13.8,
20 7.0 Hz, 1 H)3.61 (dd, /=12.0, 6.0 Hz, 1 H) 4.07 (m, 1 H) 4.17 (m, 1 H) 4.84 (q,

J=6.0 Hz, 1 H) 5.36 (d, J=4.8 Fz, 1 H) 5.50 (d, J=6.3 Hz, 1 H) 5.88 (d, /=6.3 Hz, 1

H) 7.10 (dd, J=6.7, 4.9 Hz, 1 H) 7.30 (s, 1 H) 7.61 (id, J=7.7, 1.8 Hz, 1 H) 8.14 (s,

1 H) 8.35 (s,

1 H) 8.42 (d, /=4.0 Hz, 1 H). Anal. Calcd for

C15H16N603S0.25HCl1.0H,0+0.5CH;0H C: 46.13, H: 5.06, N: 20.83, S: 7.95.
25 TFound C: 46.18 H: 5.16, N: 20.75, S: 7.93.



n-2-yl]methyl}thin)-4- \- NON nethyl-2H chronen-2 0 one O

(2R, 3R, 4S,55)-2-(6- N amno-9H purin-9-yl)-5- F N \}N ({[3-chloro-5- F
2(G (41) worosfor4ee3 orret hyl ) pyri di n- NN 462. 84 463/ 465 7 7 PET/IB03/00615

yl ]t hi o} met hyl )tetrahydro , furan-3, 4-diol (2R 3R 4S,5S)-2-(6-

am no-9H-purin-9-yl)-5- s r" N 2(C3(4ﬁ? [(quinolin-2- " [/ 410.46 411 38 47
yl thi o) met hyl Jtetrahydro Nont uran3§,41diol 0 2-({[(2S,3S,4R 5R)-5-(6- N~
\~-N amno-9Hpurin-9-yl)- N/~\( 2 G43 3,4- Y 413.46 4145 7 ( )( )

di hydroxytetrahydrofura S n-2-yl]nethyl}thio)-4,6- 11 0~ ‘
di met hyl nicotinonitrile N WD 03/074083 PCT/|1B03/00615 - 126 M N -2-(6
(2R, 3R, 4S, 58xampleQFUY): @S 3RARIR)kthyl3-GIS; (6yamino-9ff-purin3-yhed424 77 82

I 1ylthi - b ~ (2R, 3R, 4S,55)-2-(6- N N
2 (45) amg skl ARt SR itBinggle (27 o=
[ (i sopropylthio)nmethyl]te SM1< |Y

NH,
NN

Ly
o s Voy

5 HS  oH

10  'HNMR (300 MHz, CD;OD) § ppm 1.20 (t, J=4.0 Hz, 3 H) 2.55 (m, 2 H) 2.78 (m,
2 H) 2.97 (m, 2 H) 4.07 (q, J=4.0 Hz, 2 H) 4.20 (d, J=4.9 Hz, 1 H) 4.32 (d, /=4.9
Hz, 1 H) 4.79 (d, J=4.9 Hz, 1 H) 5.99 (d, J=4.9 Hz, 1 H) 8.21 (s, 1 1) 8.31 (s, 1 H).
Anal. Calcd for CysHyNsO5S+0.2CH;COOH#0.5HCI C: 44.71, H: 5.43, N: 16.93,
S: 7.75. Found C: 44.49 H: 5.60, N: 16.66, S: 8.16.

15
Example 2(F)(21): (25,3R,4R,5R)-2-(6-amino-9 H-purin-9-yl)-5-{[(2-
furylmethyl)thio]methyl}tetrahydrofuran-3,4-diol
NH;
(L
QN/ N>
o
0 s"(i
N HG: //OH
20

'H NMR (400 MHz, DMSO-ds) 8 ppm 2.75 (dd, J=13.9, 7.1 Hz, 1H) 2.89 (m, 1 H)
3.16 (d, J=4.8 Hz, 1 H) 3.76 (s, 2 H) 3.97 (m, 1 H) 4.12 (m, 1 H) 4.73 (g, /5.7
Hz, 1 H) 5.30 (d, J=5.3 Hz, 1 H) 5.49 (d, J=6.1 Hz, 1 H) 5.87 (d, /=5.8 Hz, 1 H)
6.18 (d, J=3.0 Hz, 1 H) 6.34 (dd, J=3.0, 1.8 Hz, 1 H) 7.29 (s, 2 H) 7.55 (d, J=2.0
25  Hz, 1H)8.13 (s, 1 H) 8.33 (s, 1 H). Anal. Caled for CisHi7N5048+0.5H;0 C:
4838, H: 4.87, N: 18.81, S: 8.61. Found C: 48.25, H: 4.72, N: 18.53, S: 8.69.



trahydrofuran-3,4-d iol O O (2R 3R 4S,55)-2-(6- NF N
am no-9H purin-9-yl)-5 2(G (46) {[(4-nethyl-1 H / N NN 413.46 414 42 45
benzi m dawolo3®@74083 yl )t hi o] net hyl }tetrahydro o ' furan-3P¢TdB@/006(R, n- 2-
N \N amno-9HOH-p uririn-9-yl) 1)-5 2(Q(47) [(1 Himdazo[4,5- N \ O
N ~N 400.42 401 49 50 c]pyridin-2- N;{»S ylthio)nmethyl]tetrahydro
uran-3,4-diol O (2R, 3R, 4S,59) - 2- ( 6- 1\7 N am no-9H purin-9-yl)-5- _
{[(5-methyl-1 H N N 413.46 414 3 5 2(Q (48) benzim dazol-2- / Nyl)th
i 0] msgmll }t@kagbml )(12){) Q%S,Q{I\,Itffl{,dkpz-(ﬁ-AmiﬁB-Buiiﬂrlf)?%—%ﬁ%ggl)nﬁﬁzol&z-l (3.4 1
am no- puri n-9- - b- ~- - r oxy- pyrazol o[ 3, 4-
~S  NON 417. le“liﬁ'é'l'gEtiﬁ’é'tetﬂﬂf)}lf‘?‘mréPﬁ”:%g‘o}\l N yl)thio]methyl}tetrahydro O
furan-3,4-dioi 2-({[(2S, 3 S, 4 R 5 R-5-(6- amno-9H purin-9-yl)- N 3, 4-
~N NS 427.44 428 9 37 2(G(50) di hMlgr oxytetrahydrofura N n-2- ~t NON
yl ] met hyl } t hi o) qui nazolin o '4(3H)ri ie (2R -9H p5S)-2-(6- N\~N

i »

N V

S

U
/N
@Lsﬁ

N/
o)
s
H

H

Oin.

"H NMR (400 MHz, MeOD) Sppm 3.26 (m, 2 H) 3.69 (s, 1 H) 4.07 (m, J/=4.04 Hz,

1 H) 4.18 (m, 1 H) 5.86 (d, /=5.56 Hz, 1 H) 6.91 (s, 2 H) 8.10 (d, J/=7.33 Hz, 2 H).

MS for C;3H;5s N703S (MW:349), m/e 350 (MH"). Anal. Caled for Ci3H;s

N703S1.0H,0¢0.35 hexane C: 45.62, H: 5.55, N: 24.65. Found C: 45.84, H: 5.20,
10 N:24.27.

Example 2(F)(23): (2S5,3R,4R,5R)-2-(6-Amino-purin-9-yl)-5-(thiazol-2-

ylsulfanylmethyl)-tetrahydro-furan-3,4-diol

NH,
NN
(D
O
sy
2 v

§ “H

H
15
'H NMR (400 Mz, MeOD) Sppm 3.66 (m, 2 H) 4.29 (m, 1 H) 435 (m, 1 H) 5.95
(d, J=5.05 Hz, 1 H) 7.41 (d, J=3.28 Hz, 1 H) 7.61 (d, J=3.54 Hz, 1 H) 8.16 (s, 1 H)
821 (s, 1 H). HRMS for Ci3His NsOsS, (MW:366.425), m/e 367.0647 (MH").
Anal. Caled for CisHis Ng03S2#0.4H,0 C: 41.79, H: 3.99, N: 22.49. Found C:
20 41.96, H: 4.03, N: 22.10.

Example 2(F)(24): (2S5,3R.4R,5R)-2-(6-Amino-purin-9-yl)-5-(4-fluoro-
benzylsulfanylmethyl)-tetrahydro-furan-3,4-diol

: s 7
25 . HO OH



am no9Hurin-9-yl)-5- v\ 2(Q(51) {[(5-amno-1 H ON~~N 414.45 415 16 36

benzi m dazol-2- S,/- yl)thio]nethyl}tetrahydro ?11---111 furan-3,4-diol 0 O
WO 03/ 07488338d@hs3 BO3/ 00615 - 127 (2R 3R 4S,5S)-2-(6- /PCT/IB03/00615

am no-9H purin-9-yi)-5- "\ ~" {[(5-rrethy| 1,3 4- N" 2(G(52) N N 381.44
382 19 23 thiadiazol-2- ~~ ~~ yl)thiglnet hyI }tetrahydro furan-3, 4-diol
(2R, 3R, 4S,55)-2-(6- N \---N am no-9H purin-9-yl)-5- ~--~ 2(Q (53)
[(1H1,2,4-triazol-3- < 350.36 351 58 57 ylthio)nmethyl]tetrahydro N S u

ur an- 3, 4-di ol met hyl puri - N \~N 5(6 am nom no- 9HOH- puri n-9- /u\

2(Q (54) yl 5

I Thethyl o MEDMRRa0 M Rek) SR g . bED & Sl Hof0B O R4 - 5.

2(6)(55) {1 (998 pg-sh vz, 1148, v, 0 v, 4@31@ L0 BN G724 3917y 47

yl') thi o] met hyl tetrah Nfu )3&3](5928 3S, 4R 5R) 5- (6-

O e b am 0 713 ? b 58 (s | Ty 599459005 6. 1) MGy 50)

n-2-yl] ”Ei’vhyfo}bﬂﬁ?g)m’ébﬂ(h&%sﬁfw&@cmm Agal. Ci&R¥o3R 4S, 5S)-2-(6- N /- N
C17H19FN505S+0.6MeOH C: 51.47, H: 5.01, N: 17.06. Found C: 51.56, H: 5.50,

N:17.21.

Example 2(F)(25): (25,3R4R,5R)-2-(6-Amino-purin-9-yl)-5-(thiophen-2-
10  ylmethylsulfanylmethyl)-tetrahydro-furan-3,4-diol

N
”.)I»
NN
S 0
s
§ “n

"H NMR (400 MHz, CD;0D) & ppm 1.08 (t, /=7.1 Hz, 1 H) 2.74 (dd, J=14.3, 6.2
15 Hz, 1H)2.83 (m, 1H)3.51 (q, /<7.1 Hz, 1 H) 3.88 (q, /~14.4 Hz, 2 H) 4.10 (q,

J=5.3 Hz, 1 H) 4.23 (t, /=5.2 Hz, 1 H) 4.66 (t, /=5.1 Hz, 1 H) 5.89 (d, J~4.8 Hz, 1

H) 6.75 (m, 2 H) 7.14 (dd, J=4.7, 1.6 Hz, 1 H) 8.09 (s, 1 H) 8.19 (s, 1 H). HRMS

for CisHi7NsO3S (MW:379.46), m/e 380.086 (MH).  Anal. Caled for

C15H17N5038+0.4H,0+0.4HOAc C: 46.21, H: 4.76, N: 17.05. Found C: 46.19, H:
20 4.51,N:16.92.

Example 2(F)(26): (2S,3R,4R,5R)-2-(6-Amino-purin-9-yl)-5-
cyclopentylsulfanylmethyl-tetrahydro-furan-3,4-diol

25



amno-9 Hpurin-9-yl)-5 2(Q (57) {[(4 N-~N 355.42 356 31 45

hydr oxybut yl )t hi o] et hy |}tetrahydrofuran-3, 4- di ol (2R, 3R 4S,5S)-2-(6-

Nl - N arwo oe/odaspurin-9-yl)-5- 2(Q (58) {[(2-pyridin-4- RCOIABOI0H6NS' N
388.45 389 38 47 ylethyl)thio]lnethyl}tetra J hydrofuran-3, 4-diol

(2R, 3R, 4S,55)-2-(6- N/ \N am no-9l—|—g#}r|n 9-yl)-5 2(Q(59)

{[(3-am nopyridin-2- r \ tiNN 375.41 6 18 47 yl)thio]nethyl}tetrahydro S
u furan-3,4-diol N O O WD 03/074083 PCT/1B03/00615 -128

2- ({[(2S, 3S, ZRNNRR (400 N&Iz(lﬁmmdgps%hlnwvoﬂra}gllnu}h\z H) 26336,60%)
dlhydroxytetrahydrofu a 42 404 4
yl 1 et hyl }t hil &P iine &) ARi(dd, J=13.8.Q Hr, 13&2283 6m) L H) 343 (v 1 H) 402 4mi no- 9

H- puri n-9-yl 2- | A
e R e b s 5
o SR 46 5oHID] F S AR (e AQEO MBI .60 ) 5.15 (5. HFDN A 621 H)-MS for( G ( 62)
AHBRERATRETE o DY L e

C:50.49, H: 6.10, N: 19.63. Found C: 50.46, H: 6.17, N: 19.50.

Example 2(F)(27): (2S,3R,4R,5R)-2-(6-Amino-purin-9-yl)-5-(3-phenyl-
propylsufanylmethyl-tetrahydro-furan-3,4-diol
10

=,
©/\/\5//OH

'H NMR (400 MHz, CD;OD) & ppm 1.74 (m, 2 H) 2.44 (m, 2 H) 2.52 (m, 2 H)
2.83 (m, 4 H) 4.09 (q, J=5.5 Hz, 1 H) 4.23 (t, J=5.1 Hz, 1 H) 4.69 (¢, J=5.2 Hz, 1

15 H)5.89 (d, /=5.1 Hz, 1 H) 7.01 (m, 3 H) 7.11 (t, J=7.3 Hz, 2 H) 8.10 (s, 1 H) 8.21
(s, 1 H). HRMS for CioHpNs05S (MW:401.15) m/e 402.1617 (MH'). Anal.
Caled for C9H3N5038+0.1CH;COOH C: 56.59, H: 5.78, N: 17.19. Found C:
56.50, H: 5.76, N: 17.22.

20  Example 2(F)(28): (2R.,3R,4S,55)-2-(6-amino-9 H-purin-9-yl)-5-{[(2-
methylphenyl)thiolmethyl}tetrahydrofuran-3,4-diol

Qg

2(F)(28)

25  'HNMR (DMSO-de) 8: 8.16 (1H, s), 7.95 (1H, 5), 7.15 (1H, d, ]=6.82Hz), 7.11
(2H, s), 7.01-6.88 (3H, m), 5.70 (1H, d, J=6.1Hz), 5.34 (1H, d, J = 6.1Hz), 5.20
(1H, d, T = 5.1Hz), 4.64 (1H, q, ]=5.8Hz), 4.02 (1H, q, J=4.8Hz), 3.83-3.78 (1H,



(2R 3R 4S,5S5)-2-(6- " am no-9H-purin-9-yl)-5- " ({[5 (hydroxynethyl)-1- N
2(G(63) nethyl-1 Himdazol-2- ~~ "" 393.43 394 5

yl ]t hi o} nwOlvgloy40es r ahydro | S 1-! furan-3,4-diol O (2R, BRTAB)HBH12- ( 6-
[1- N amno-9H purin-9-yl)-5- 0 N {[(4- hydroxy 7H 2( G (64)

pyrrol o[ 2, 3-d] pyri mdin- NvN 416. 42 4%% 48 48 - NNs

yl )t hi o] net hyl }tetrahydro furan-3 di ol (2R 3R, 4S,5S)-2-(6- NN

am no-9H—purin 9-yl)-5- N" {[(5-hydroxy-4- N-N 2(G (65)

i sopropyl - ,32204(-1H'°dd V=136 AR, vtk), 0B @H4dd, t=1 8¢ Mt BsHA) 2.08 (3H,

yl)thio] nethyl}tetrahydro o juran 3,4-diol (2R 3R 4S, S) 2- (6-

am no- 9I—|—pur$n}‘-§-‘\‘§§§“’/y [({5 N [ (di met hyl am no) net hyl ] / N-N N N
421.48 422 6 6 2(G (66) -4 rrethyl 4H1,2,4-"~ _S/~~ Y u triazol - i1-!

yl }thi o)mathﬁl]tetrahydre 0 furan-3, 4- d| ol n -9H prin)9-y)- N N
am no9Hur i n- 9mple)2(%)7)0q1{lbmaﬁ9rlalh$my¢s- MTAP Qubstrates 4 - N 378.42 379 45

47 12,4-4 in fl’l:“ 1ibrariés bthid] RVEEVRY bir! 9> 3BYHEPof theYRAGsRed- di 0l . WO
03/ 074083 PCT BO3/ 00615 -129

were made as follows.

5 ,4” NHa

NHa
CI/\Q‘ \%\\<
Sz N==/ — - \ /\(J‘
HaS “bH J—

i) R-SH, DMF HO\\\ H
if) Potassium t-Butoxide, THF

O\\‘

To a solution of the thiol in DMF (1.5 equiv.) was added a solution of alkyl
mercaptan in DMF (1.0 equiv.) followed by the addition of a potassium #-butoxide

10  solution in THF (1.5 equiv.). The mixture was heated to 55 °Cfor 12 h. The
solvents were removed, and the residues were reconstituted in DMSO. Purification
by HPLC afforded purified products (3 — 68% yield) as shown in Table 9 below.
Table 9: Library compounds of thiol derivatives off the 5° position of the

15  adenosine ring.

m/z
Example MTA
Number Name Stucture MW [M}I/;I + 10 MTA_50
(2R,3R45,55)-2-(6- N o
amino-9H-purin-9-yl)-5-| o N
({[2-(1,4,5,6- 1 N
2@)(1) tetrahydropyrimidin-2- | ~ 7 5”"‘{__7‘ 441.51) 443 8 23
yl)phenyllthio}methyl)tet| ,+~nH HP OH
rahydrofuran-3,4-diol | ‘_°
N
(2R,3R45,55)-2-(6- 7N\
amino-9H-purin-9-yl)-5- —_—
{I(2-
2C)@) aminophenyl)thiojmethy ° N 7442|375 | 3 S
[Hetrahydrofuran-3,4- S [
diol \ s %
7\
(2R.3R45,55)-2-(6- N N
amino-9H-purin-9-yl)-5- )\N =
2(G)(3) | {[(2-amino-7 H-purin-6- R™ A ONAN N 416.42| 417 | 46 | 45
yl)thiojmethyl}tetrahydro = s/\{j
furan-3,4-diol N\\/N S %




(2R 3R 4S,5S)-2-(6- N |

340 42

ur an- 3,

45 Dbut yl t hi o) net hyl

4-diol o

| }tetrahydrofuran-3,4 diol

Sr o

N

N am no-9H purin-9-yl)-5 2(G (68) [(sec- 339.42
]tetrahy drofuran-3, 4-di ol
(2R 3R, 4Sy0pAO24086- N /- \~--N am no-9H purin-9-yl)-5 2( &Cr8B)3/00615
[ (pyrazin-2- 361.38 362 31 40 ylthio)nmethyl]tetrahydrof N 5 u

(2R 3R, 4S,55)-2-(6-4
2(G (70) bronmopheny )thio]lnmeth Ss~I"Ju

_am no-9H purin-9-yl)-5- \-~
438. 30 438/ 440 6 3
O (2R 3R 4S,59)-2-(6- N/- \}-N

ani no-|{9H- pur i|ng@seb IR, 5r)-she\ 2( G (71) {[(2-_ Y M~N 353. 45
met hyl but yl )t hmmp-ﬁﬁmhrwl-q—yl)e et r ahydr of ur an- ol

H puri am| noph y)thlo]rre 1 S
I}tetrla ﬁ%‘?l)m &r E{Ndfmfum ol {(2 Sy 2- (
arrino-9H-pur| vl 2 G (737 T1(2 1) 407. 88

chl or gbenzyl ); +( I}tetrahﬁldrdfuran 3

(2R, 3R 4S,5S -4 (b- NFNJamno=-98purin=9- “-

23 22 | (trirahig8sB#I56)-246-F

amino-9H-purin-9-yl)-5-
{[(6-chloro-1H-
benzimidazol-2-

yl)thiolmethyl}tetrahydro

furan-3,4-diol

2(G)(5)

433.88

434/436

am no- 9
38

(2R,3R,45,55)-2-(6-
amino-8H-purin-9-yl)-5-
2(G)(6) {[(1-methyl; H-tetrazol-
yhthiolmethyl}tetrahydro
furan-3,4-diol

N\ s

365.38

366

46

47

(2R,3R48,55)-2-(6-
amino-9H-purin-9-yl)-5-
({[5-(propylthio)-1H-
benzimidazol-2-
yijthioymethyl)tetrahydro

furan-3,4-diol

2(G)(7)

473.58

475

(2R,3R 45,65)-2-(6-
amino-9H-purin-9-yl)-5-
[(pyrimidin-2-
ylthio)methyl]tetrahydrof]
uran-3,4-diol

2(G)(8)

361.38

362

54

59

(2R,3R 45,55)-2-(6-
amino-9H-purin-9-yl)-5-
{[(6-amino-1,3,4-
thiadiazol-2-
yl)thiolmethyi}tetrahydro

furan-3,4-diol

2(G)(9)

382.43

383

34

47

(2R,3R4S,55)-2~(6-

amino-9H-purin-9-yl)-5-

{i(4-

aminophenyl)thio]methy

[}tetrahydrofuran-3,4-
diol

2(G)(10)

374.42

375

20

19

(2R,3R,45,55)-2-(6-
amino-9H-purin-9-yl)-5-
{[(5-chloro-1,3-
benzothiazol-2-
yl)thiolmethyl}tetrahydro

2(G)(11)

450.93

furan-3,4-diol

451/453

22

25

3 442




hi o} met nmethyl)ttetrahyd ur an-3,4-diol (2R 3R 4S,5S)-2-(6-
am no-9H-purin-9-yl)-5- "\ " 2(Q (75) hydroxypropyl)thiojnmeth N,,e,, N
341. 39 342032/03083 yl }tetrahydrofuran-3,4 diol 00 1~ WO OBCOABGBABG15

PCT/ 1 B03/ 00615 -130 N (2R, -9H-p5S)-2-(6- N -N am no9Hurin-9-yl)-5
{[(2,4- N %N 442. 33 44/ 446 44/ 14 1323; 2(GQ (76) dichlorobenzyl)thi o] net
S~~l hyl}tetrahydrofuran-3,4- \ o o “diol C1 (2R -9Hp-2- |) N-\~N
am'noQHurinrin-Q-yI)-S- \J \~ 2(G)(77) ( o~ ,NON 383.47 384 3 6
hydr pxyeth Lllyl ybybutytjthiro} metrhy!l )tetrahydr J’ruraJ , 4-|d1 ol
(2R BR 4S5, 85)5254 &6% | -5- Y~ (\|2(® (78)
hydr oxyhexy[a%fn b, lmgtgtyl) 5t }t etr ahydfof ur an- 3,|4-

di ol | 2(BR2y |- [(1'3-benzothiawat R0 41688| \413J| 2A\\\ P2 2(|Q) (79)
{[ (41 met hyl |ylthioBretttyiltetrabydrof ) . yl )t hj o] mefhylj}tetrahydro
furah- 3, 4- di ol UaP3R-APR 49 5S)-2- (6- °N~\° N ami np-9H-purinf9-yl)-5

N-[4-({[(2513814R15I?)-5- N
(6-amino-9H-purin-8-yl)- N
3

2(G)(13) |dihydroxytetrahydrofura Q/Q_s O NN 416.46| 417 | 19 | 17
(G)(13) |dihydroxyt N/)\S/\S—Iv
& o

n-2-
yljmethyl}thio)phenyl]lac
etamide

(2R,3R48,59)-2-(6- VAR
amino-9H-purin-9-yl)-5- _ A
{[(4- Q’N ° 375.41| 376 | 16 51
2(G)(14) hydroxyphenyl)thiojmet s»\s/\Q/ NN
hyl}etrahydrofuran-3,4- $h
diol °

N
(2R3R,45,59)-2-(6- //— Yy
amino-9H-purin-9-yl)-5-

20 | 25
2(G)(15) - \@\ { ) |40047 410
naphthylthio)methylltetr §( /\Q/ ;

ahydrofuran-3,4-diol

(2R,3RAS5,55)-2-(6- N//— N\
amino-9H-purin-9-yl)-5-

{[4- ° o 403.46| 404 | 59 | 60
2(G)(16) methoxybenzyl)thio]lmet S/\Q/ A"

hyl}tetrahydrofuran-3,4- Rt
diol ° °

(2R,3R45,55)-2-(6- TN\
amino-9H-purin-9-yl)-5-

14 s o 438.30(438/440| 21 | 17
2@)17) |promophenyithio]methy s e

[}tetrahydrofuran-3,4- P
diol ° ©
(2R,3R,45,55)-2-(6- O
amino-9H-purin-9-yl)-5- Q =N N
2(G)(18) [(1- § o i’/\ 409.47| 410 5 4
naphthyithio)methylltetr LG/ A"

ahydrofuran-3,4-diol

(2R3R45,59-2-(6- TN,
amino-9H-purin-9-yl)-5-

{[(4- o o 393.85(394/396| 19 17
2(6)(19) chlorophenyl)thiolmethy s/\Q/ N

I}tetrahydrofuran-3,4-

diol ° °




2(Q (80) {[(4-

N N 387. 46

t et rahydr of ur an- 3, 4- di ol
2(G (81) wp[030(4Bs i ndol -
yl)ethyl]thio}nmethyl)tetra hydrofuran-3, 4-di ol

N am no- 9H puri n-

427.41 428 1
(2R 5S)-2-

\ -~

9-yl)-5-
1S 1-/

hi o} met hyl )tetra
am no- 9HOH-p urin-9-yl)

388 13 15 v

et hyl phenyl)thio]lnmethyl} /z
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BIOCHEMICAL AND BIOLOGICAL EVALUATION
An enzymatic assay to determine the activity of MTAP against a given

5  substrate was performed. Human MTAP containing an N-terminal six-histidine
tag was expressed in E. coli BL21 DE3 cells. The protein was purified to
homogeneity by Ni2+ affinity chromatography. Enzymatic activity was measured

using a coupled spectrophotometric assay designed to monitor the reaction product
adenine (Savarese, T.M., Crabtree, G.W., and Parks, R.E. Jr., (1980) Biochem.
10 Pharmacol. 30, 189-199). Various concentrations of the indicated 5°-

deoxymethylthio adenosine (MTA) or substrate were incubated in assay buffer (40

mM potassium phosphate buffer, 1 mM, and DTT 0.8 units/m] xanthine oxidase
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coupling enzyme) for 5 minutes at 37 °C. The reaction was initiated by the
addition of MTAP. The exact concentration of enzyme used varied for each
substrate tested and ranged from 2 nM to 500 nM. Activity as a function of
enzyme concentration was determined for each substrate tested to ensure that the
appropriate enzyme concentration was used. Activity was detected by continuous
monitoring of absorbance at 305 nm for 10 minutes (AE = 15,500 M™"). Initial
velocities were calculated by linear regression. kcat and Km values were
determined by fitting initial velocity data to the Henri-Michaelis-Menton equation

and are listed for some of the example compounds in Table 10 below.

Library compounds (10 and 50 uM) were tested using the assay described above
with 2 nM MTAP enzyme. The resultant initial velocities are reported as a
percentage of the initial velocity observed when MTA is the substrate. MTA
controls, 10 and 50 uM concentrations, were run on each plate alongside the library
compounds. The relative initial velocities, as compared to MTA at 10 and 50 uM,

are listed in Table 9 above.

Table 10: Kcat and Km values for select Examples.
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WD 03/074083 PCT/ 1 B0O3/ 00615 -152 EXAMPLE 3 I N VI TRO STUDI ES 5 Exanpl e
3(A): Gowmh Inhibition Effect O Conpound 7 In Vitro On MIAP- Conpet ent
And MTAP-wefmso7#ss Cells Wth And Wthout Methylthio- ademrcTiIRes/0ds15
Anti-Toxicity Agent The effect of conbination therapy using Conmpound 7 and
MIA was 10 perfornmed in vitro on both MIAP-deficient and MIAP-conpet ent
cells. Conpound 7 is a GARFT i nhi bi"ttd? = havi ng a Ki of 0.5 nM and a Kd of
290 nMto nFBP (binds about 1400-fold less tightly than | onetrexol;
Bartlett et al. Proc AACR 40 (1999)) and can by synthesized by nethods -
provided in Exanple 1 above. 15 The growth inhibition of Conpound 7, both
with and without MIA, was anal yzEXAMPBE 35 MIAP-conpetent and 3

MTAP- def i ci ent human | ung, colo % ¢, muscle, |eukem c and
mel anoma cell lines, as |isted iI’I\II’IViagig gﬁhﬁl cell lines were purchased

fromthe Anerican Type Culture Collection. The growh 20 conditions and

medi a requirenents,qf each. .cell, .l.i s e | [ I _ Al
cul tur es%we aﬁmtl?l%(glf)hgﬁogfh ﬁ"?&flh?nn g%f%@%@“%ﬁﬁ%’s’ﬁé%@i“?&hum dified
i ncubat or. Tadihpetéhit AGel MTIAPADefidieh® Celis With AsbWithoehMethyNEio- H460 Yes Hunan,

| arge cell |ung carcinon SK- NES-1 Yes Human, |ung squanous cell carcinoma
HCT- 8 Yes H&%ﬁﬁ?swﬁ%‘g%@gqﬁt?gr%g&%% al adenocarci nona HCT-116 Yes Human,
col orectal carcinoma A2058 Yes Human, nel anoma PANC-1 No Human, pancreatic
epi thelial carcinoma_ . BxPC- 3 .No Hyman ancreatic.ad rcinoma HT-1080
No Human, fi brosar B%Ft25@7@“%%#%@@%“@@[@?%%6@?@&%‘3? Cells were
pl ated i) CQebiBhteddn I#ron RIPATWR defisiewtagl MTAP-@ingicent vdlls.h

Compound 7 is a GARFT inhibitor having a K; of 0.5 nM, and a K4 0£290 nM to

mFBP (binds about 1400-fold less tightly than lometrexol; Bartlett et al. Proc

AACR 40 (1999)) and can by synthesized by methods provided in Example 1

above.

15
The growth inhibition of Compound 7, both with and without MTA, was

analyzed using 5 MTAP-competent and 3 MTAP-deficient human lung, colon,
pancreatic, muscle, leukemic and melanoma cell lines, as listed in Table 4. All cell
lines were purchased from the American Type Culture Collection. The growth

20  conditions and media requirements of each cell line are summarized in Table 5.

All cultures were maintained at 37°C, in 5% air-CO, atmosphere in a humidified

incubator.
Table 4:
Cell Line MTAP Origin

Competent?
NCI-H460 Yes Human, large cell lung carcinoma
SK-MES-1 Yes Human, lung squamous cell carcinoma
HCT-8 Yes Human, ileocecal colorectal adenocarcinoma
HCT-116 Yes Human, colorectal carcinoma
A2058 Yes Human, melanoma
PANC-1 No Human, pancreatic epithelial carcinoma
BxPC-3 No Human, pancreatic adenocarcinoma
HT-1080 No Human, fibrosarcoma

25



colum 2 designated as the vehicle control. The sane vol une of medi um was
added to columm 1. Columm 1 was designated as the nedia control. After a
4- hour iwouwbBat408n, the cells were treated with Conpound PCTABIN06rS Wi t hout
a non-growth 5 inhibitory concentration of MIA, in quadruplicate wells.
Cell's were incubated wth conpound 7kpr 72 hours or 168 hours, as
indicated in Table 5 below, i.e., cells were exposed to Conpound 7 and/or
MIA conti nuously for -2.5-3 cell doublings. MIT

(4, 5-di net hyl t hi a@dﬂswrypyatea,iﬁ)ecdiupmm oﬁaﬁ@walbﬂnwmﬁtérr;ﬂmé d\&th Sigma, St.
Louis, MO final nce ion of . 0.25:-1 in each 10

wel |, and)t\é\ggluﬁg% Z%Sl\%\ﬁartégl as {s fcgeacofl% ihm)a]me Volupg,of ﬁﬁas removed
from each V\Bﬂdedtdmﬁ@lwasCahhdmd Wwas desigimtatieds the thétitcdnrel. A fedreg-hogf € vort exed

apect s ophot orise Py 16 Eelf veik Rafhd i Cotpoun . T usb T8 AomBIW Rl net | ¢
m cropl at & raﬂnimOryébﬁcéBa’aium &MCe) ih qhada@livaewmf Chtsiverdincia@lli Ng Density

| ncubat i on pI enen | s/ wel | | - H460 MEMF* None 1500
72 SK- MES- 1 d?offil% %%lmgl’ﬁ% a3 B 52 %@@E@l%bdm&%esodu um

pyruvat e HCT c&lslvﬁe@@M@o&’H"to E¥mpoanassaaiot MTA@&Bnﬂﬁ’uo%@l? 6’%%21%§ s, g% S god/l um
aci ds 0

pyruvate HCT-1 *x 50/ opessential am no
sodi um r uvat QO@B %\%ﬁ&%@dg“@t %%@r?e&%éﬁﬂ%henﬂﬁﬁr?@ombrowmde acids, 5%
sodi um pyr uv RiggaPRiNCoudlis, RIGIAs"adbie @ a]ffﬁgpcoﬁgh%trat%ﬁp &703253'3 /il QY 1500 168

1640* ** Ha' 108 | scove' s** 5% nonessenti al am no aci s 5% sodi um
pyr uvat e ¥ supisilig Headptss were E’G@haﬁdafpﬁh‘dlr%&@élqg@rwméﬁpmaaﬂon (dHS),

conmmer ci al |y waNaDhMaY) ®ad 40080 {5 RGPwl, iRn TR WEL @&texg&iélf)@ﬁfrlp Hed. MD.

dark for 7-20 minutes. The formazin product was quantified

spectrophotometrically at 540 nm on a Molecular Devices Vmax '™ kinetic

microplate reader.
15  Table 5:
Cell Line Medium* Optional Plating Density Incubation
Supplements (cells/well) Time (hrs)
NCI-H460 | MEM** None 1500 72
SK-MES-1 | MEM** 5% nonessential amino | 1500 168
acids,
5% sodium pyruvate
HCT-8 Iscove’s** 5% nonessential amino | 900 72
acids,
5% sodium pyruvate
HCT-116 Iscove’s** 5% nonessential amino | 1000 168
acids,
5% sodium pyruvate
A2058 Iscove’s** 5% nonessential amino | 2000 72
acids,
5% sodium pyruvate
PANC-1 DMEM*#* None 1000 168
BxPC-3 RPMI- None 1500 168
1640%**
HT-1080 Iscove’s** 5% nonessential amino | 1000 72
acids,
5% sodium pyruvate
*Supplemented with 10% dialyzed horse serum cc (dHS), le from Gibco Life Technologies, Gaitherburg, MD,
**MEM and Iscove’s medium are ially from Gibco Llfe Technologxes
***DMEM and RPMI-1640 medium are ially le from M D.C.

20



**MEM and | scove's nediumare conmercially available from G bco Life
Technol ogi es. ***DVEM and RPM - 1640 nedium are commercially available from
Medi at echwowashiosyt on, D. C. 20 WO 03/ 074083 PCT/ | BO3/ 006 PET/IBABM6Bhe
effect of Conpound 7 on SK-MES-1 cells, with and without MIA, is shown in
Figure 3. Figure 3 indicates that Conp ? ynd 7 fully inhibited cell growth

as a single agent, with a background 0 approxi mately 5% However, addition
of 510 MMIAto up to approximately 60 times the | C50 concentration of
Compound 7 decreased the i nduct i on of growt h inhi bi tion dramatically,

causing the cell |ncr out 75O contr.al t he hi ghest
concentration of rﬁ% anlfoélg SMTH‘F‘? Hegq d‘nfléi"l ﬂ‘gl\@?&%

i nhi bitory efsheet 1r£1T1gLGOBpEigﬂﬂ 371n@16atad thatgldﬁﬁiohnd‘ffdﬂ?%ﬂuﬁ‘teﬁ%él@gﬁw‘tﬂﬂ'dl cates

t hat MTIA reducedﬁ]ﬁE ?fl'i’ wt h {aﬁngﬁbl to activity of _Conpound 7 in the 5
MTAP- conpet erft 2ithgHite th g o Prﬁwlyc%'ﬁ’i queﬂﬁrsa‘{d@lont(tf >50- f ol d

shift in the 10Gh@ @gﬂ@%ﬁoﬂld@%o&ﬁﬁesltﬁb Soncdilidion S hunman
cell lines. 15 Exanpl e totoxicity O npound 71 nz Ch MT AP-
And Sham Tr arfisrisated dhep mmhlnmmaormrammllmamssng\m heUAnd W t hout

Met hyl t hi oadep@skng 11%%%’3‘%1‘5% '%?Ebrhtpéﬁ/ﬁt' fid ﬁlghég’g‘%ﬁfifé‘%g“g‘{]& efficacy of

conbi nation therapy o ound oxicity was

eval uat ed us@i@llﬁiosmb"éﬁﬁtéd .pairs of cell lines, i.e. BxPC-3, PANG1, and

HT- 1080, which were either MIAP-deficient, or were nade MTAP- conpet ent by
transfection of a plasmd carrying the MIAP-encodi ng gene. Transfection 25
The codi g r egi onVfh regred toftiPsreNYInhBorPERect wP Cothp@ohdf7rommalle® cefil acent al cDNA

library usin r ; %f%‘?%gAT cC QID 2), and
reverse pri nglgyié%&;@lﬁﬁldﬁt‘m %ﬁ‘—fg% ’Bﬁg rya‘ftﬁ‘é}g'é)ﬁpl i fi ed product
was cl oned t@nw@mawmtﬂ'cfpmmmrﬁgemgehumﬁaﬁﬂgsbﬂm aridelatpthazeuenced ( SEQ
ID: 1). 30 The t et rovi or pCLNCX for
product i on 'f es“@?@w%%%é{lﬁ}?@hwz% B’gﬁé%ﬂt(i@émﬁ 13 00615 -155
Ret rovi r al prdeﬂmexttlhmnnarvmmes]duct ed by transfecting the pCLNCX/ MTAP

15

Example 3(B): Cytotoxicity Of Compound 7 I Vitro On MTAP- And Sham-
Transfected BXPC-3, PANC-1 And HT-1080 Cells With And Without
Methylthioadenosine Or dcSAMe As Anti-Toxicity Agent

20 The efficacy of combination therapy of Compound 7 with MTA or
dcSAMe on toxicity was evaluated using isogenic pairs of cell lines, i.e. BXxPC-3,
PANC-1, and HT-1080, which were either MTAP-deficient, or were made MTAP-
competent by transfection of a plasmid carrying the MTAP-encoding gene.

Transfection

25 The coding region of the MTAP ¢cDNA was PCR amplified from a
placental cDNA library using the forward primer,
GCAGACATGGCCTCTGGCACC (SEQ ID: 2), and reverse primer
AGCCATGCTACTTTAATGTCTTGG (SEQ ID: 3). The amplified product was
cloned to pCR-2.1-TOPO (Invitrogen, Carlsbad, CA) and sequenced (SEQ ID: 1).

30  The MTAP cDNA was subcloned to the retroviral vector pCLNCX for production

of recombinant retrovirus.



vector into the PT67 anphotrophic retrovirus packaging cell Iine (C ontech,
Palo Alto, USA) using cal cium phosphate nedi ated transfection according to
the 5 supwbioa310ps ot ocol . Supernatants fromthe transfect @edTgrekmging cel | s
were collected at 48 hours post transfection and filtered through 0.45m
filters before infection of target C%és Transduction of target cell
lines and isol ation of MIAP expressing ctlonal cell lines was conducted by
plating target cells at |ow density in 10cm di shes and 10 grow ng for 24
hours. Retroviral supernatants were diluted 1:2 with fresh nmedi um

contai ning polybrene at 8 g/m. Mediumfromtar get cells was renoved and
replaced with the ed retroviral er nat nd ceI | s were incubated
for 24 hours. %()Si?raqro o} Vs Sopn ytt’F‘f‘é?fa LYXMlM Biced with
fLeShhmsdi uwecamdnﬂomlmmmmﬂlpaﬁtﬁiphﬁrre@«gvlﬂﬁ@b%c%a 1h@$&ﬁlrﬁ@€foﬁfe&?i’?l%§l I's were

t hen harvest r onto 10 .cm di shes at a range of densities
into medi um g‘g‘ﬁf‘g?‘h)l Slgtfglk %ag&m%@%‘mﬂs feefionsaererding faothe t r ansduced
cell's. Afﬁersmﬂemﬁt@col iSapdridta E&h%'tﬁﬁsﬂﬁé@pacﬁl\%ﬁ%@%ll%&eexpanded as

i ndi vi | i nes. ression of th CDNA wi t hin

i ndi vi dual cl(gp? { d 4#

i ndi vi dual cPOITEeeff e‘?“&m’sfd@fl PeHonend filtered, diroumir OPGmm diktarsypsfose  usi ng t he
Advant age OninfitienofthrglfRIkit (C ontech, Palo Alto, USA) according 20 to
t he manufacturer's protocol. Cytot oxi city Cytoxicity data was coll ected
usi ng BxPC-3, PANC-1 and Ii% 1080 |1's which were cultured in Iscove's
nedi um suppl enent AN 05 Rt ! %aa%aselétwnscéﬂ\@w swreseingelopdt i al ani no

aci ds and 5%edDittien Wapytnduatdby ARinislplQenPAANE ISR & VB SihEYRg! Ni zed and
pl aced |ﬂ060 mntgrés%@lculture d:glsﬁgs at 200 or % Yﬁfl 3 syarl)iadlsh Cells

from each’ cefP%1 qurs. 8etrovirgl syperaatnts wiere @uWédF%WldnﬂeSﬁlmdlmmr e treated

W t h Conpouncbnfainig pélyrenat BRI MEGURY fr rﬁiﬁugﬁ%@ 11 rial dilutions
for 6 or 24 ho For data gl%own |nuF| g(l)Jres y Sg% %6{8’%?6@2083

PCT/ | BO3/ ooeTBﬂcedl‘S@ R greppred pegipyigal \ﬁmeelaé@ap@mienlls werd inggbatyd oo24 6 hour s

only. For daksurs ReMbvitalsdp ound 7 for 24
hours and to M{'A cont |amsjgfj§1waﬁtV@dSth&l%ﬁlg‘(Je\r&g%?oeﬁwgé glfh%h%%@%h (i.e. 24

hours and t h¥l9dagubatey anc@@r%}/l%@? dnfeeted taegebetlla meid then/hasvebtleéam:bl oni es formed

th t ) Cel S t
washod w ih DRIt AaHCIAARE (et R s B RS R opeinloteel U et i

25% et hanol at( 9@'@4@1 tOS?lectlf@lﬁaysdm cellnfAftar 2viadrkn gsoldiel adicive sver- 3 ti nes
W th dei oni zgekdwahLe Expahgl% & HARNLP VRS %el?l%éntEexpres;Egrll Qtl til ﬂh‘ixpd' shes were

used for
cDNA within individual clonal lines was determined through RT-PCR analysis

using the Advantage One Step RT-PCR kit (Clontech, Palo Alto, USA) according
20  to the manufacturer’s protocol.

Cytotoxicity

Cytoxicity data was collected using BxPC-3, PANC-1 and HT-1080 cells
which were cultured in Iscove’s medium supplemented with 10% dialyzed horse

serum, 5% nonessential amino acids and 5% sodium pyruvate.

25 Mid-log-phase cells were trypsinized and placed in 60 mm tissue culture
dishes at 200 or 250 cells per dish. Cells from each cell line were left to attach for
4 hours and then were treated with Compound 7, with or without MTA or

dcSAMe, in 5-fold serial dilutions for 6 or 24 hours. For data shown in Figures 5a

30



each drug concentration. Table 6: 10 Cell Line Medium I ncubation Tine
(days) BxPC-3 Iscove's nediunt 13-14 HT-1080 Iscove's nediunt 6-7 PANC 1
| scove' s wodBomosid4 * | scove's nedi um was suppl enented wi POTABIY@HEN yzed
horse serum 5% nonessential am no acid, 5% sodi um pyruvate, and 1%

nonot hi ogl ycerol. 15 The cytotoxicity data for 6 hours of sinmultaneous drug
exposure with Conpound 7 with or wi-tlAdut dcSAME or MTA is summarized in
Figures 5a and 5b. Figure 5a indicates that cell survival of

oM MTA o 0 CUATE: ol weBERFERFR drfho Kt fl e M RTRRNBEn Blho g T2 Ter 22

concent r at i anfls wére Mipvsehic Ghopaived 7 for 20 hdiFaRrdde IMEA eentinuedshysforihe her di d not

i ncrease cel urvival (MIA) or ,i,hcreas I j t han
observed fo r‘l“f'%@n R/lﬁ%gpr%gﬁ%‘g%‘éh? 2 @P'IH% a?(ﬁtg%r%%ee)r)f %ﬂé WF I\eée}%c@étﬁ%grrﬁ? zes

sel ective r eddslt celbnies foegdihahd @intryl disheCasrindicateld #h Taple G bedow.n€ellsduct i on of
MIA. Expasure of Conpoynd for 24 hours ith e ur 25 1. A for

t hose 24 houV¥e a%wgg’r‘?am@é]@ér ?n‘ftﬁ%pr@%f‘fitagﬁi \,Sqﬂalg?:%‘f"ﬁ@i%"g%gyaéﬂ ¥1§IG 35- fold
shift in thenhfAhREPESMa, SELbuk, MO Weeswuashingahe diSMEAR-3d@ddsci ent
counterparts.,.. 30 WO 03/074083 PCT/1B03/00615 ,.-157 Exanpl e C): Gowth

| nhi bi tion Ef/%fft*ot@edm&hﬁ onjesAyfge %DuPﬁgvffflPlbca%erlShﬁﬁrﬂggéB tent Cells
Wth And W thewgrupBédevhitdiopadenosine As An Anti 5 Toxicity Agent The growth
i nhibition effect of conbination therapy using Conpound 1 or Conpound 3 in
conbi nation with MIA was perfornmed in vitro on MIAP- conpetent NCI-H460
cells. ConpoIﬁ]? % is a specific inhibitor of AICARFT having a mcronol ar

Ki and ajkd of 83 nMto nFBP. Conpound 3 is a GARFT 10 inhibitor having a
Ki of 2.8 nMand a_Kd 0.0042 nMto nFBP (Bartlett—et al. Proc AACR 40
(1999)). Conpounds S YAy 3 MFAVE t he f )f“l“'&W“ﬁ‘i"&%@?ﬁs)cal\ struct ures,
respectively, and|ecarc-De 3yadvremedaed Dy3-net hods described in U S Patent
Nos. 5,739,141 ar"flefioé?)‘gg’ 14 %o phigF—egs incorporated herein by reference

in their entiret
PANC-1 Iscove’s medium* 14

* Jscove’s medium was supplemented with 10% dialyzed horse serum, 5%
nonessential amino acid, 5% sodium pyruvate, and 1% monothioglycerol.

15 The cytotoxicity data for 6 hours of simultaneous drug exposure with
Compound 7 with or without dcSAMe or MTA is summarized in Figures 5a and
5b. Figure 5a indicates that cell survival of MTAP-competent cells increased to
100% at 1.5 uM Compound 7 with either 50 pM MTA or dcSAMe. By contrast,
as indicated in Figure 5b, the same concentrations of MTA and dcSAMe in

20 MTAP-deficient cells either did not increase cell survival (MTA) or increased cell
survival by less than observed for the MTAP competent cells (dcSAMe).

Figure 6 summarizes selective reduction of cytotoxicity of Compound 7 by
the introduction of MTA. Exposure of Compound 7 for 24 hours, with exposure
25  to MTA for those 24 hours and continuously thereafter, achieved a >10- to >35-
fold shift in the MTAP-competent cell lines versus their MTAP-deficient

counterparts.
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1500 SSC2H HNI \ / H H2ZN\NNH2 02H OHN ~ /CO2H HS S~ v O
CO2H H2N "N N H The growth inhibition of Conpound 1 and Conpound 3, each
wi t h and weaioslows3 MTA, was anal yzed usi ng an MIAP- conpet e®CThBB0615UNg
carcinoma cell line. NCI-H460 cells were grown, plated and treated with
varying 20 concentrations of Corrpoungsql or Conmpound 3 in conbination with
MIA, in the sane nmanner as descri béd’in Exanple 3(A) above. WO 03/074083
PCT/ 1 B03/ 00615 -158 Wth regard to the gromh inhibitory effect of
Compound 1 on the MIAP- conpetent cell line, Figure 7 indicates that
exposure of Conpound 1 with MIA reduced the growh inhibitory activity of
Compound 1 in the MIAP-conpetent 5 human lung by a factor of 3. Simlarly,
exposure of 3 y activity of
Conpound 3 IEE%F%%W PG&VL&IP([%{“ e@#&@@,lﬂﬁg.ﬁgwnﬁy\%gﬁg{u %?Lg?eat er than 5.
Exanpl e 3( DMTm@mwem Cells Wﬁh BodPGthaut Methﬁth\nati‘FD@SlmAWAPn@orrpet ent Cells
Wien Admis %/g;,;h MIFA During And After Adm nistration O 10 Conpound
7 Cyt oxi C|ty ata corrbl nation t er apy of ound 7 Wltﬂp MI'A was

col | ect ed u5| ng winiplibition effegt o ‘%‘P’P@era%gfmpﬂgﬁmB% d Yere

cul tured, {n%ﬂ?, m@m%fnaﬁ&ﬁdlﬂmmw e%ﬂnddrln Emr&lmﬁPB) above, but
wth an |ncubt|ont|rreo up ht das shown _in Figure 8,

i ncreasi ng whmpﬂmtéfql&iﬂ@fcew,@%@ﬁ }§%Sﬁ%@@é’§@81t°rt9félﬁﬁﬁ“g£r of survi ving
col oni es tratiad ) WilbmG¥t RI £44'a &K CPRS SR to MFEINT dfpound 3 is a GARFT

10  inhibitor having a K; of 2.8 nM and a K4 0.0042 nM to mFBP. (Bartlett et al. Proc
AACR 40 (1999)). Compounds 1 and 3 have the following chemical structures,
respectively, and can be synthesized by methods described in U.S. Patent Nos.
5,739,141 and 5,639,747, which are incorporated herein by reference in their

entirety:
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The growth inhibition of Compound 1 and Compound 3, each with and
without MTA, was analyzed using an MTAP-competent human lung carcinoma
cell line. NCI-H460 cells were grown, plated and treated with varying

20  concentrations of Compound 1 or Compound 3 in combination with MTA, in the

same manner as described in Example 3(A) above.



Compound 7. In particular, extending MIA adm nistration to at | east 48
hours, 1i.e. for at least 1 day subsequent to exposure w th Conpound 7,
fully proweaBedgd cells from Conpound 7-i nduced cyt ot oxi ®@CryBo3/(EKEVPLE 4
EFFECT OF COVPOUND 7 I N VIVO | N MTAP- DEFI CI ENT XENOGRAFT MODEL W TH AND
W THOUT 25 METHYLTHI OADENCSI NE AS AN ANTI - TOXI CI TY AGENT To eval uate the
in vivo effect of conbination therapy15§n known human MIAP-defi ci ent
tunmors, an MIAP-deficient cell line was introduced to mce to produce
xenograft MIAP-deficient tunors. 108 BALB/c/nu/nu female m ce 30 bearing:
subcut aneous tunor fragnents produced fromthe MIAP-deficient BxPC 3 cell
| ine were housed 3 per cage with free access to food and water. Mce WO
03/ 074083 PCT/ | Bdmtgmmsl to thegopwik inhitilery efferbrfftampgnnd bothe MRy (#Td84052,
Har |l an Tekl ' . : kN j i ati on of drug
treatment an %ﬁ%%@?ﬁa’ tl%uurr%zg %d&%ﬂghéeﬁ)gt udif@(%\ffl@?& ?grlltgé\tggati on by

t umor vol unereided I8 growthtinhibitoryrativits obpemmuad 4 iime AT Atheompetast ni ng 12 ni ce
to group 4, bedinni 0 t Nl iytpl ant mce
were dos e% Wlltl) h "ggllﬁ%%uan%cépﬁéi' Y?‘H’%‘%rr@’fg‘@‘;a?%,a&f&%‘tp\?&ﬁ r%dhﬂmﬂﬂé“r vehi cl e

tw ce- a- day feduce8 thbagrowthiinhibitvey anivitn o&Comptivod 8 daithe MTRabt@n®tdnetadlv. The
vehicle for both c ounds S Q. 75% sodi um bi carbonate in water (7.5%
NaHCO3 sol ut “?)%by(adg&&g%n&r?%%%gl 4, Medi at ech, Herndon, VA) diluted 1:10 in
10 sterile water for injection (Butler, Colunbus, OH)) under pH adjusted to
7.0-7.4. SoExampies(MerCytetoricity Of €onippuhd [ x FitroOnMFAR(Fondpepentni cr on

pol ycar bonat it er .Cane j , st bor o,

MA) . Tunor vgflﬁfr%@'e'é%g m("g?ltleﬁe;al &aeﬁ%gﬁéIﬂ“%@%%%‘?@%'a%\gaghﬁﬂ%ﬁﬁflc% or of

t oxi ci ty10 weCempeawd Tled daily for 14 days at the sane tine of day, then on
a Monday, Wednesd FEri schedul.e for 15.the r i t he study.
Table 7: G oup 00‘2%8’8?}2? ‘%%%9‘19@3‘“1{}1?%&&’6%7 fe§§°m o™ “g‘qg%g’zass 20 0 4 10
0 550 6 &lkctldusing MTAP-competent NCI-H460 cells. NCI-H460 cells were

cultured, incubated and stained as described in Example 3(B) above, but with an

incubation time of up to eight days.
15
As shown in Figure 8, increasing the duration of MTA exposure increased
the number of surviving colonies treated with cytotoxic concentrations of
Compound 7. In particular, extending MTA administration to at least 48 hours,
i.e. for at least 1 day subsequent to exposure with Compound 7, fully protected

20  cells from Compound 7-induced cytotoxicity.

EXAMPLE 4
EFFECT OF COMPOUND 7 IN VIVO IN MTAP-DEFICIENT
XENOGRAFT MODEL WITH AND WITHOUT
25 METHYLTHIOADENOSINE AS AN ANTI-TOXICITY AGENT

To evaluate the in vivo effect of combination therapy on known human
MTAP-deficient tumors, an MTAP-deficient cell line was introduced to mice to
produce xenograft MTAP-deficient tumors. 108 BALB/c/nu/nu female mice

30 bearing subcutaneous tumor fragments produced from the MTAP-deficient

BxPC-3 cell line were housed 3 per cage with free access to food and water. Mice



7 40 50 8 20 50 9 10 50 A graphic representation of the magnitude of

ani mal wei ght |oss of the 20 subject aninmals, induced by varying doses of
Conmpound wWOoand74083, is provided in Figure 9. The sim | ariPCiraBod/ceisei ght

| oss between mice treated with 2.5 ng/kg Conpound 7 al one versus nice
treated with 40 ng/ kg Conpound 7 pl us ng/ kg MIA, indicate a 16-fold
reduction in toxicity. WO 03/074083 PCT71B03/00615 -160 The BxPC-3
xenograft experiments further indicate that MIA | essened the toxicity of
Compound 7 without adversely affecting its antitunor activity. As shown in
Figure 10 and in ga le 8 below, there was no significant difference in the

antitumour d2€% e idyr t ghow(#dd@057 Haslen theklad. tNadisonoWIt unours to grow
to a 5 vol unBe@inidd00d i&%&ﬁ%hﬂ@f&h&%&%ﬁﬁﬁ%@&ﬁ%&& Conpound 7

al one versus 35.3 days tor 20 . keg nmpoun e 8: The
activity of B§idundiier rgadagzation Rytupior Holame intp 8 tsetmeBaroupegnd MTA bi d dai |y
x. 8 agai nst hfa MR YRR i T é#{ﬂ{' inald 0 ays)
p-values .C a\%ngllgci % _(zngxl Kk lg;e t@gﬁcﬁgﬁéﬁ leér%grr%r{r@e {r‘lx%n @r%tr@ﬁgﬁg%i an 20 5
2,5 control WKWK énRlagares were dosed aithg ompourd? dailyGion 4 deys,GodwithMEA7 9 35. 2

6.6 36.4 0.290/icR2% QQ%¥ 11. 34 . .4 5n kg Conpound
7 12, 32.1 6.4 32.4 2 8rn .f*,"",gk%”%f“n%%ﬁ%“%s I th Bange 2800 T B oo o
SOng/ kgMTA 1Yehide for ot compapngwagi 0. Ko Satipo bivarbb@it 3. vaited (A5%4, 9 0. 957 0. 135

0.170 0. 462 NZH&YES&&Q[@_/(@%%Q d, Med?ae ] ﬁ@%"%}é@?&l@,lo Number  of

eval uabl e tunors. - - Si -val'ues calcu 8 adding MIA
twice a Hay stenile $agafos injectioh Budlar, IGpluaths,rO)) naddr oH adfusteCapouad 7 for 4

(R e e RSG50 ) 0155 ™ 7
(Cameo 25GAS, Micron Separations Inc., Westboro, MA). Tumor volumes and
animal weight loss, which is an indicator of toxicity, were recorded daily for 14
days at the same time of day, then on a Monday, Wednesday, Friday schedule for
15  the remainder of the study.

Table 7:
Group Compound 7 (mg/kg) MTA (mg/kg)
1 0 0
2 0 50
3 20 0
4 10 0
5 5 0
6 2.5 0
7 40 50
8 20 50
9 10 50

A graphic representation of the magnitude of animal weight loss of the
20 subject animals, induced by varying doses of Compound 7 and MTA, is provided
in Figure 9. The similarities in weight loss between mice treated with 2.5 mg/kg
Compound 7 alone versus mice treated with 40 mg/kg Compound 7 plus 50 mg/kg
MTA, indicate a 16-fold reduction in toxicity.



I N VI VO EFFECT OF EXTENDED DOSI NG SCHEDULE OF NI T. A ON MAXI AALL'
TOLERATED DOSE OF CO NPQUL D 7 20 A series of experinents were undertaken
in order wooswaloshte the in vivo effect of schedul e of adeirnBeXeats on of
NI TA on reduction "oftoxicitys induced by toxicity. BALB/c/nu/nu fenale

m ce were housed 3 per cage with freggpaccess to food and water. Mce were
fed a fol ate-deficient chow, (#Td84052, Harl an-Tekl ad, 25 WO 03/074083
PCT/ 1 B03/ 00615 -161 Madison, W) for at |east 14 days prior to initiation
of drug treat mentheahPC-& oertoiradi avperinkant futiepn indigate tﬁ%“u%‘if:’* Igrsesd {sr e dosed

wi th Conpound. 7 dajly for. .A.. A 50 iighe Asw ce daily on

t he schedul éoxfchtéif@g?éao%nﬁ gb’ﬁ)gy%fsga%ﬁﬁn%}qbvwglégﬁ%mﬁggm}vﬁ% chis a rrgasure
of toxi CityghoMaSn Feges eddat Thidas beldaj thgre fngs no significaragidiescs Hebssame tine of

day. Table | | present, su y,..of ' EXRRFbENts, i.e.,
at | east t we EXPRYHE ?,;S&f%ﬁ;oq‘ggzhbag%%ogghﬁgi@wxeﬁlrgfgﬁg?s i ndi cate that
coadmi ni st r abu@B 001 00¥. A’ Gaprokinendnse? ddye foreXimglkg Cohpruat ddld®se of
Conpound 7. To produce this effect ] be adm nistered at the

begi nni ng 6?f5¥5r3éa3[‘??éfﬁfm\?m0w %WHM?%%B'CMH nuing until after
treatment with 10 Conpound 7. Further, since the activity of Conpound 7

continues for at least a few days after the.last Was.gdmni stered, to
produce an ef#lct W@cﬁﬁg/t‘of@mpgé?ﬁ %‘i’i‘faélkéé“ It ﬁ%éﬁﬁ%fqg\()%éék od of activity,

i e. for_at MEhsd drilyad aseust e hppan pancrealif T3 00 ovn ot oxie—was
adni ni sfered. Table 1: Qonpddee o MPRNIMESse | n Compolintl 2 x| mum
(days) (days) tolerated |dosd (-fold .dose) 1-i4 1Cqmpouad 7{!11%!'}4%}1__5 Xe ¢4 1.5
None ~ 1i#edmdéritNone 1-4 308 |Ndfren [1SD\\OMOGED74088 BCT/ § BO3/ 0BETS| OIS,
What i s[Elaid@dnhs: | - Apgthos fprogel se4iviely killling NI TAP-deficient
cell's obyd MAWRlould® | 0 | 352 [66] 364 0200 | 0329
10mg/kg Compound 7 11 340 160 334 ‘
Smg/kg Compound 7 121 321 |64 32.4
2.5mg/kg Compound 7 10 32.3 |59 324 <(.0001
S0mgkg MTA C 1] 226 |68 214 ]
30mg/kg Compound 51 353 134| 349 | 0957 | 0.135 | 0170 | 0462
7+MTA \
10mg/kg Compound 12 377 149 37.9
THMTA

10 *Number of evaluable tumors.
™.sided p-values calculated in Excel.

Thus, adding MTA twice a day for 8 days to the daily administration of
w Compound 7 for 4 days in nu/nu tumor-bearing mice on a 'fclaieadeﬁcient diet
15  increased the therapeutic window of Compound 7 by 16- fold.
| EXAMPLE §
IN VIVO EFFECT OF EXTENDED DOSING
SCHEDULE OF MTA ON MAXIMALLY
TOLERATED DOSE OF COMPOUND 7
20° A'series of experiments were undertaken in order to evaluate the in vivo effect of
schedule of administration of MTA on reduction of toxicity induced by ‘toxicity.
'BALBKC/nu;’nu fomale mice were housed 3 per cage with free access to food and

water. Mice were fed a folate-deficient chow (#Td84052, Harlan-Teklad,
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met hod conprising: (a) admnistering to the manmal an i nhibitor of

gl yci nam de ribonucl eotide formyltransferase, am noi m dazol ecar boxi m de

ri bonucl ewoiode74083 nyl transferase or both in a therapeuti earnpoxfobecti ve

anount; and (b). adm nistering to the mammal an anti-toxicity agent in an

amount effective to increase the nmaxgmally tol erated dose of the

inhibitor; wherein the anti-toxicity agent is adm nistered during and

after admnistration of the inhibitor, 2. A method for selectively killing

1" >I TA: P- défladisosnt Idler 4@%{3&146{1&{?@?1’??&@ injtigéion pdrr HeABAP RIS ng:  (c)

adm ni st eri ng. by hﬁrﬁgg}@g&h a0 ad. "R aREd Gl ebRANIAS dali} ReBuUC! eot i de
erase

fornyl transf am noi m dazol ecar boxi m de ri bonucl eot i de
f or nyl t r ansfdeysagel ‘éilfAW@‘ARﬁ"PE)HChrﬁ‘rbeﬁhﬂ\l on the sdhedupiadicriedin Jableel | ect i ve

amount, - and f{rﬁx)nala\g cﬁg Q{H Q}g&sg%egﬁ?e &%r b @c@f ADbAed AXdaSd dady @(gent in an

anount eff erated dose o
i nhi bi tor; vﬁﬁeimyﬂmmehemt: nfmbﬁﬁf@r Td!bésﬂrmtbemawwmg‘h%ﬁm fibmy to a menbr ane

bi ndi f ol 3. od_f |
NII .T. AI gg d e? : g‘it"gﬁ? 1 régjtérel ghtg e a@fnfé%ﬁg S x,z\tp%rlma% ﬁ»ﬁ%%%%%dﬁlk lrhélgé%ta

adni ni st eri rigditae mbtecomm{ram af mni‘@mmncmsegiwmawndéermd btmwd‘? | eoti de
fornyl transferase ticall o anount, the

i nhi bi t or a@i%“‘f‘%é ?A?rﬁﬁ‘lnﬁ Q“Wff@/%?%@@% C‘f‘[‘i ﬂ"@ggrfa 66161%§% mfh%’ QHNHS O
C02H HN N H @ndarfreht widnCohsdued 7agd t@ritiiay netihafér tasatnsnt ivith OXI city agent in
an anount ect i ase the t ol er at of the

i nhi bi t of® %I\W@?O@P%$ ]&u@hﬁﬁﬁ’im?@ Etfvt‘tﬁngbng‘i’?@”é?éﬁm* e%foélp “sdﬁrl ng and

af ter admi nisidald S@r @f last e vahaddiihietereddio p}'d’&iecdmidiﬁdt MffAchates 1, 2 or 3,

\Qﬂekﬁkg tsfl]g Sq%glgr%:@tgrggi( Idgrlzr;[gythg?)grrigd éfic&q{} mAf‘car at lLé&}tErdg;[ s’eaﬁ% ihg ap [ og;{ ug of
of the cytotoxic was administered.
Table 11:
Compound 7 | MTA Increase in Compound 7 maximum
(days) {days) tolerated dose {-fold dose)
1-4 1-8 4
1-4 1-6 4
1-4 1-5 None
1-4 57 . None
1-4 3-8 | None




5. The method of clains 1, 2 or 3, wherein the anti-toxicity agent has
Formula X R41 | 8422*--#y" R44 N R43 R45 (X) R4l is selected fromthe
group comapIBiongsdf: (a) Rg -,,,.,herein R represents aPCIABB/@biSy| ,
C2-C5 al kenyl ene or -al kynyl ene radi cal, unsubstituted or substituted by
one or nore substitutents independenpl.y selected fromd to C6 al koxy, C
to C6 al koxy(Cl to C6)alkyl. C2 to C6 al kynyl, aryl, halo, am no,
hydroxyl, nitro. mercapto, cycloal ky=l, heterocycloal kyl. aryl or
heteroaryi; (b) -Rg(;Y)Rh,R wherein Ris as defined above, Y represents O,
NI, S5 or nethylene and Rh and R represent, independently, (i) 14; (ii)
a Cl C alkyhmwﬂgcg .C6 al kenyl or al kynyl, unsubstituted or substituted
by one or nore Su g?ltutents |ndependently sel ect ed fronlc to C6 al koxy;

Cl to C6 al koxy(C to C6)alk Q: am no;
hydroxyl ; nitro; f\m@éﬂﬁr@dﬁct&i@bﬁi pe “‘Tf@d%fﬁjﬁm%iéd @?ﬁﬂé& “2‘3 f@( G.R,, or
C(O ORO, wh &b@(}*@gﬁ&%gel ected fromthe group WO 03/ 074083 PCT/ 1 BO3/ 00615

-164 consi s I'ng O --C6 al kyl, C2-C6 heterocycl 1l kyl, cycl oal kyl,
heteroaryl, aryl(a) adniissminae themgwped i1t whbgoor sé‘q%’gw ‘uted with Ca-Cb

al kyl, 2- to 6- mamggrl;!i%gc 1&%%&%&%%%&% @%zﬁfl&%l%ﬂ&)ﬁhﬁ@d’ cl oal kyl', C1-Cf;

boc-am noal | yl ; cyc et erocycl oa or heteroaryl: or (il |)
a nonocyclic or bi Woﬂxuctﬁon@edbow kmsfcrash@{@rt%gm@‘a@%wa Iy £F54tV8r ~ het er oar yl |
unsubstituted or substltu%ed with one or nore substituents independently
selected fromcC, t&"€6" a?k , C to Cl alkenyl. C to G5, alkoxy, C to
Ca; al koxy(C to(bﬁ:&)iﬁiﬂ{syérmgmhb mamwéﬁrkmwﬂmcéf ggent iﬁéﬂémo‘éﬁl no, hydroxyl,

J . -COXK.,,,
"NoR | Manerei n' R CreRs R A AEGURL e BN ol €t

G al kyl cycl oal kyﬂihere% thé@m@ﬁmiwydmhstaémuw@bcb@rmIand diert o Ch al kyI aryl
or C, to C6 al kyI 4 fqg x)nggi ,; Wherein R and Rk represent,
i ndependently. (i) *’B%“’“? g ™% al kyl, amino, Cl-C6 hal oal kyl. Cl-C6
am noal kyl, C-C; boc- anlnoalkyl C, C6 rycloalkyl, Cl1-C6 al kenyl. C2-C6
al kenyl ene, CZ C6 al kynyl ene . r Wg r tionally
j oi ned togetther tgn§t Or%e%%‘teﬁ\’e’:“ﬁ M ﬁé[e (ii?IF(%agg%gaﬁ%m%?t they are
bound, a hetgmnorweheatiky!l or heteroaryl ring containing two to
(¢) administering to the mammal an inhibitor of glycinamide
ribonucleotide formyltransferase ("GARFT), aminoimidazolecarboximide
ribonucleotide formyltransferase (“AICARFT™) or both ina therapeutically
effective amount; and
(d) administering to the mammal an anti-foxicity agent in an amount
effective to increase the maximally tolerated dose of the inhibitor:
wherein the inhibitor does not have high affinity to a membrane binding folate

protein.

3. A method for selectively killing MTAP-deficient cells ot a mammal, the
method comprising:
(a) administering to the mammal an inhibitor of glycinamide
ribonucleotide formyltransferase (“GARFT) ina therapeutically

effective amount, the inhibitor having the formula:.



five carbon atons and wherein the C(O NR3Rk group is further unsubstituted
or substituted by one or nore substitutents independently selected from
-C(O R, ,WO-0B0@ER" wherein R' is as defined above. C | t®cCdBaddogls, C2 to
C6 alkenyl, C1 to C6 alkoxy, C to C6 alkox)r(Cl to C6)alkyl, C to Cc,
al kynyl, aryl, halo, am no, hydroxylg3-nitro, mercapto, cycloal kyl,

het erocycl oal k-yl. aryl or heteroaryl; or (d) C(OORS, wherein R, is as
defined above; R42 and R44 represent, independently, H or OH and R43 and
R45 represent. independent 14, OH, amino or halo; where any of the

cycl oal kyt, hetepocycl oal kyl ) , Hhet er oa&yh noieties present in the
above may be furtiher i h™~ohe ‘or nore additi onal
substituents Nthdefpend ntIy sel ecroed s@m the group consisting of nitro,
am no. (CHZ) re z is 0-4, halo, haloal kyl, haloaryl, hydroxyl,
keto, C, to"®hs alkyl i C2 to C6 alkenyl, Ca to:f, alkynyh heteroal kyl,
unsubstltuted cycl oal kyh unsubstituted heterocycloallyl. unsubstituted
aryl or unsubstituted heteroaryl; and salts or solvates thereof. WO
03/074083 PCT/ | E(gﬁ/ d@ﬁ%sﬁemnvl@ﬁlc@nmm aﬁ@sﬁth@ﬁicﬁf agidnainrmlhmcmﬁter ein the
anti-toxicity ag as formula XIi: é g}ﬁ Rglt mR (i)
wherein R, and ‘aiﬁléetqiﬁ‘éféﬁﬁéﬁﬁé‘ﬁ’txf‘?a“}é%lfj@@? 85 R PR Yt oup conS| sting
of H a phgsphat . d glieRting &dfer fddhipkRationS(O R, , or
COR,, %Qﬁ%tﬁe%{u @-\ig%s%#géclt%g%&ﬁs%g the group consisting of H Ca--C6
al kyl . C2- Caée ildebierocycl oal kyl , cycl oal kyl, heteroaryl, aryl, and am no,
unsubstituted or substituted vm'th Cl--C, aI kyl, Cr-C6 heteroal kyl, C2-C(,
het er ocycl oal kyl, cycloal kyl. C,-C6 boc-am noal kyl, and so| \ﬁTtPes or salts
t hereof. 7. 4The ﬁmmexdocbcﬁf o g2 dr BOtheiﬂm@Fiéﬁﬁﬁmﬁfé@Hﬁi”bl is a

conpound. Ofsubsgmte gya pmdrw U 9 FHA2REubstrate.

5. The method of claims 1, 2 or 3. wherein the anti-toxicity agent has Formula

F: N NH;

Ratame 72\

Faz 944 N
Riz  Pas

N

X)
R.; is selected from the group consisting oft
. {a) ~Rg wherein Ry represents a Ci-Cs alkyl, C»-Cs aiken} lene or
alkynylene radical, unsubstituted or substituted by one or more substitutents
independently selected from C, to Cg alkoxy, Cy to Cg alkoxy(Cy to Celalkyl. Ca 1o
C alkynyl, acyl, halo. amino, hydroxyl, nitro, mercapto, cycloalkyl.
heterocycloalkyl, aryl or heteroaryl;

(b) -R{Y)RuR; wherein Ry is as defined above, Y represents O, NH. 5, or
methylene: and Ry and R; repffesent, independently, (i) H; (i) a Cy-Cyalkyl, ora
(5-Cs alkenyl or alkynyl, unsubstituted or substituted by one or more substitutents
independently selected from € to Cs alkoxy; C; to Cg alkoxy(C to Celalkyl; Co to
C alkynyl: acyl; halo: amino; hydroxyl: nitro; mercapto; -NCOOR,; -CONHa:
COW(R)z: CIOR,, ar CLO)OR., wherein R, is selected from the group



11A "AHO2RI H. -R (1) wherein: A represents sulfur or selenium Z
represents: a) a noncyclic spacer which separates A fromthe carbonyl

car bon ofwOhlg/oawBzlo group by Ito 10 atons, said atons bei RgTiIRGApPersdent | y
sel ected from carbon, -oxygen, sulfur, nitrogen and phosphorus, said spacer
bei ng unsubstituted or substituted widdh one or nore substituents sel ected
from WD 03/074083 PCT/1B03/00615 - 166 the group consisting of alkyl,

het er oal kyl , hal oal kyl, hal oaryl, hal ocycl ga| kyl | ohet ra:ycloalkyl,
aryl, cycl oarsisting ‘Pfé%/ é?rm@yéllkélaé@ b hetﬁ@%‘é}oég\&{yicw Q’N@a} Cleriy, AYIN- OR, .

CH,),-CN " 2 € R. -OCORe
(CO O)? | ‘Q%%ng&g dn?ub@f’tﬂted Qf"&@)&tlt&l@ﬂ" mﬁ@lﬂaﬁ %\?‘ﬁ _tc(u) )@R e;?lf)ﬁroket 0 (-9 e

-S02-R~, - s@moa ky mdmcydr@@ NthfljZéd kdé—lé’@ demmd“mcﬂ copkNRIR, , -t

B gl R chpeen iy S
; glgg sgs gg hctthSRS,RW -a@@osmtﬁcar’xi@@umtmor wm@uﬂr:é with gy MRre NRg:goz R,
- 1 e
S NRdRe, - d’%@% @&““Q@Q@&%‘gpf’ @ﬁgc ¥ @di\lgig@g LG t§@ and -- PO
-OR, , where a%hy,§1ﬁe€6ﬁk@d(¢1ﬁ0|ﬁéhml @Mﬂ@s dlams]. sty r’fg“bﬁma‘lokyl
netefoal ko1 . g A0 LA Ml 8 SRR Lpmnecaigup consi st
thO R, | | oS .@S&}Rgxﬁerem%@ﬂeﬁnlem?méﬁcﬁ mezmnmmmalksm;m Chet er o?lr yl
et erocycl oa <yl R Rd e. a enden
sel ect eé PB?}%/ ’EX‘F@O"BYBS% Fﬁf’i‘ﬁé‘*‘é‘r‘“ﬁ% ‘m 3{k§x£$%} Clzi%i@}’:)al kyl . Y

het er oal kyI alkyhadypal kyl , al kenyl al kynyl CCRr COCRr -0 CO 0- Rl
-OCORd -OH,

and h L.ogy kyl, or Rd
and R cyclize to(‘%gﬂ%&ﬁ}{hg @F%aﬁﬂ ﬁzi‘fng‘rmfﬁé‘[%tr B‘éfy%ﬁ“%‘* (ii) éf“gﬁ? “and Rr is
Sﬁ| ec]t Ed f {@@tt'bg&}grag% of -pyelbakyiad kgl ?IiiaMi‘ﬁe(fle@oadad@hmeeﬁf}ﬁ {?“/mer e any of
the al k-yy con3|st|ng hetero al ken y
het er ocycl oalGephelodeylifarer Bsmy) %Wgéikf”@’%m‘p(ﬁé%eﬁx’?wniﬁ gove substituents
may be furt her, SURSIHRYGRD by 98iRebdik & fo&d,dbgdtmahthshtbﬁﬁ‘dﬁbment S
i ndependent |y sel ected fromthe group, consi stin H2, -(CH2), CN

N
where z i s Qoahichaiey &rq{yug@a@}cmch%}ng&lﬂ heier@rp_}gri%ectostammg two 10

five carbon atoms and wherein the C(OINR Ry, group is further unsubstituted or
substituted by one or more substitutents independently selected from -C(O)R..
-C(OYOR, wherein R, is as defined above, Cy to Cg alkyl, Co to Cy alkenyl, Cy to Ce
alkoxy, C to Cs alkoxy(Cy to Ce)alkyl, Cz to Ce alkynyl. acyl, halo, amino,
hydroxyl, nitro, mercapto, cycloalkyl, heterocycloalkyl. aryl or heteroaryl; or

(d) C(OYORy wherein Ry is as defined above;
R.» and Rag represent, independently, H or OH: and
Rus and Rys represent, independently, H, OH. amino or halo;
where any of the cycloalkyl, heterocycloalkyl; aryl, heteroaryl moieties present in
the above may be further substituted with one or more additional substituents
independently selected from the group consisting of nitro, amino, ~(CH2),-CN
where z is 0-4. halo, haloalkyl, haloaryl, hydroxyl, keto, C; to Cy alkyl. Cz to Cg
alkenyl, C; to Cg alkynyli heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl or unsubstituted heteroaryl;

and zalts or solvates thereof.

s



(=O), -N-OH, NR,-ORc. -NRdRe, -CO NRdRe, -CO- OK, -00-Re, -NR -CO NRdRd,
-GCCQOR, -NNRa-CO-Rd, -OCCU)OR,,,, -OCONR Re, -SH, -0-Rn,

- O Ra- O RvD,03080RD. tinsubstituted al kyl, unsubstituted argir/iBesa®etsstit ut ed
cycl oal kyl, unsubstituted heterocyrl oal kyl ; -and -unsubstituted heteroaryl,
where R ,, Rh. R, Rd, and R are agsdefi ned above; b) a cycl oal kyl,

het erocycl oal kyl, aryl or heteroanyl.didiradi cal beingunsubstituted or
substituted with one or nore substituents fromthose substituents recited
in a); or c) a conbination of WD 03/074083 PCT/1B03/00615 - 167 at | east
one of said_ non-gycli er ,an t o) ' dadi.-cals, wherein
when sai d n8ncycﬁ¥ei 1Eet§%§c§§faup§ : &'geﬁgéé‘{ egl?lrﬁg%?%} dt%gm},@é g%xﬁigqﬁgﬂn- cyclic

spacer separates A fromone of said diradicals by | to about 10 atons and
further wherein when said non-cyclic spacer is bonded directly to the

car bonyl cardon _of amHao group, said non-cyclic spacer separates the
carbonyl car Ogfaly nzi do group fromone of said diradicals by |I to
about 10 atons; and,RNrepresent, independently, hydro, C to C6 alkyl,

or areadily Rydrglyzable group; and R3 represents hydro or a Cl to C6

al kyl or cydkgal kyli group unsubstituted or substituted by one or nore

hal o, hydroxyl or amfino. 8. The nmethod of clains | or 2, wherein the
inhibitor is a conpound ofiXhFornmula 11; 0 co2R2 A-r (group)--(ring)_1 1~
/[~~ N H2N N N.R (H wherein: A represents sulfur or selenium (group)
represents é{\’hﬁgﬂ’-cyclic spacer which separates A from (ri ng) by I to 5
atons. said at ong,hed Rgark nd&pentdett, kyledal feor 8¢ drgrreaiiBeR’ oxygen, sul fur,

ni trogen and phosphorus. said cer. bei In ti o1 substituted by
one or mrg{*é@gg{)"?‘f‘iﬁ@m §O%fur?8% 12%&%0%’[ @)gg?"z‘(‘:? ‘rc%%g(%bét)‘o 6 alkyl, C2 to
C6 al kenyl , W@ereit R, Goelatikofym tiElerdwp ©bsistingax ¥ C-GaliGh)Gatkyl , C2'to C6

al kyxzy=l, aryl, halo;, amno, . hydroxyl, 6 nitro cycl oal kyl ,
het er ocycl o %ﬁﬁl"?g%&@ll’ %ggﬁgﬁe?“g%?%}?é g’%&?é r?’i“?fg nglr?{%’g@%?cebﬁts at | east one

cycl oal kyl , hekanaoyel oalk iyl anyd, eterbdt@r Oa€yleterodynigalkuinsubst i t uted or

substituted with or nore sub,stiL_Lients selected fromCl to C6
cycloalkyl. Ci-Cs boc-aminoalkyl, and

solvates or salts thereof

7. The method of claims 1 or 2, wherein the inhibitor is a compound of

Formula b

O:R

. o) o)
HN Nz N COR
I Ho
Py
HaN N" TG ’ :

R

\ ]

YIS

)
wherein:
A represents sutfur or selenium;
Z represents: a) a noncyclic spacer which separates A from the carbonyl
carbon of the amido group by 1 to 10 atoms, said atoms being independently
selected from carbon, oxygen. sulfur, nitrogen and phosphorus, said spacer

being unsubstituted or substituted with one or more substituents selected from



alkyl, C2 to C6 alkenyl, C to C6 al koxy, Cl1 to C6 al koxy=
, _ , y=(Cl to C6)al ky-1,
C2 to C6 alkynyl, acyl, halo, am no, hydroxyl, nitro, nercap : Y

cycl oal kywp ohetresdcycl oal kyl ,

to,
aryl or heteroaryl ring; WC@3BGB/MOL3
PCT/ 1 B03/ 00615  -168. R, and R2 represent independently, hydro,

Cl to C

al kyl, or a readily hydrolyzable grgyp; and R3 represents hydro or

) ; acC to
C66al kyl or cycloai kyl group unsubstituted or substituted bg one or nore
hal o, hydroxyl or amino. 9. The nethod of claim1, 2 or 3. wherein the
S an |nh|b|tor specific to glycinar ide ribonucleotide

{17? rﬁ%‘%g ﬁcémlsll_;g% %qlﬁ\%ﬁﬁ%%s %g)bfﬂijgga Y)‘Q?lr ﬁzl]&)@l@@lkﬂn rl\llle:\/It O][ | ![ S al\ll N

i nhi bitor i

formyl trans

conpound h

H (V11l) whengierrdeyclepkgsant svcmauqsumm@mi@a

substi tuent

1uﬁ\O’M represents a

sul fur, oxy n,.o
al kyne, gﬁr T (5}3\51’16(%15{ %%ﬂﬂ‘é"%ﬁéﬁ)&ﬁ"t Ut e {%)615@3'&?%? ed dbycgnecgr nor e
ﬁ%s(glge@ggd«m -ORy, t{bejcgmpﬁ)em@ -€0- Kg -@fCH Kigekq (=Rt er oal k' yI ,

hal oal kyl , al oar het

cycl oal kyI th H%‘%@r(oé&(‘ﬁ(gﬂjﬁ«yg hét @%a#{}? MR %@S‘S%Klﬁg%l NIt og ?ll -(CH,)

where z is @oAnrahgk -cORL, -ﬁ@%@@bvcamw{@& «Résoa-@m RU, - CO ORc

-0-CO-ORS, -0- CO0-COR % C%ej -S02-R ’

_SOR - NRIFORe, -HARIFLO- RSB R, Nﬁ Rc- CO Re,

) goRgngl% 03%&0 R&@é%@@cﬁ} Rely- S'RQ S@Z??CR% d—{?@-‘SsES,,QiRg:&RQ&%iR- - S- CO- Re,
cC:So g}s, =N " Ro- C% Ry: ~T\Rréér%o<2 ﬁE Ro - €§8§? . 0%—%@% 59765%; [Q,S?Z: ﬁ% :

- CS- - 3 - a

oo nrar SR MRATK ﬁ%mg@%mﬁ* WO R INR o R

-SH. - S Rb,

Ru.and ~POPOR.. @ﬂere Rdm@}eéiemf ropgthg éggg Lcéranstmg {S%Sdﬁ}F\:d
heteroalkyl. alkenyl. and alkynyl; Ry, is selected from the group consisting of
élkyl, heteroalkyl, haloalkyl. alkenyl. alkynyl, halo, -CO-R,, -CO-OR.. -0-CO-
O-R.. -0-CO-Re, -NR~CO-Ry, -CO-NRGR.. -OH, aryl, heteroaryl,
heterocycloalkyl, and cycloalkyl; Re, Ry and R, are each independently selected
from the group consisting of hydro. hydroxyl, halo, alkyl. heteroalkyl,
haloalkyl, alkenyl, alkynyl, -CORg, -COOR;, -0-CO-0-Ry; -0-CO-Ry. -OH,
arvl, heteroaryl, cycloalkyl, and heterocycloalkyl, or Rg and R, cyclize to form
a heteroaryl or heterocycloalkyl group; and Ry is selected from the group
consisting of hydro, alkyl, and heteroalkyl: and where any of the alkyl,
heteroalkyl. alkenyl, aryl. cycloalkyl. heterocycloalkyl. or heteroaryl moicties
present in the above substituents may be further substituted with one or more
additional substituents independently selected from the group consisting of -
NOs, -NHa, -(CHz),-CN where z is 0-4, halo. haloalkyl, haloaryl, -OH. keto
(=0). -N-OH, NR-OR.. -NR¢Re. -CO-NRaRe, -CO-ORe. -CO-Re, -NR~CO-
NRRe. -C-CO-ORg, -NR-CO-Ry, -0-CO-O-Ry, -O-CO-NRyRe, -SH, -O-Ry,
-0-R~O-Ry,. -8-Ry,. unsubstituted alkyl, unsubstituted aryl, unsubstituted
cycloalkyl, unsubstituted heterocycloalkyl. and unsubstituted heteroaryl. where
Ry, Ry Re, Ry. and Re are as defined above: b) a cycloalkyl, heterocycioalkyl,
aryl or heteroaryl.didiradical being unsubstituted or substituted with one or

more substituents from those substituents recited in a); orc) a combination of



fromthe group consisting of alkyl, heteroal kyl, al kenyl, and al kynyl; Rb
is selected fromthe group consisting of al kyl, heteroal kyl, hal oal kyl,

al kenyyl ,woaBkygs , halo, -COR -COORe. -OCOOR, -0 €Oorms3/oobiRe- CO Rd.
-CO NRAR,, -OH, aryl, heteroaryl, heterocycloal kyl, and cycloal kyl; R Rd
and R, are each independently selectsgd fromthe group consisting of hydro,
hydroxyl, halo. al kyl, heteroal kyl, hal oal kyl, al kenyl, al kynyl. -CORr,
-COORL, -OCO ORL, -OCOR, -OHL aryl, heteroaryl, cycloal kyl, and

het erocycl oal kyl, or Rd and Re cyclize to forma heteroaryl or

het er ocycl oal kyl group; and Rr is selected fromthe group consisting of
hydro, alkyl, and heteroal kyl; and where any of the alkyl, heteroalkyl,

al kenyl , ar ytlif;abcwloé&h&ydmw}mac e;raowoﬁ oideasypne paid Hisedisedar y=1 i et i es
present in the ab esbstl r d with one or
nore addi ti SASFPSUECT nr%‘t} S ﬁé g(%)t%ld E&Eéﬁgéxt §%E)f§ é%%%%glﬁe gr oup

consi sting éﬁam{:‘ﬂ@parat&ﬂdgfrom(c@HEfS&!maMte}SéV2 P sbo@ihﬁaihlaﬁéﬁd hal oal kyl ,

hal oaryl , ) - CO CR

“COR -NR, e N s 15 e RyResyel M Ris ) ey g oA NRdRe; - SH,
-OR,. -0 E%zrb@r Rtthe anSdRproupnaidhetict el icadaceagphratd the chrirosdt i t ut ed ar yl,
unsubstltuted cycl oal kyl , unsubstitute er.oc d unsubstltuted
het er oaryl , CHR&} @ Reamigp srogp g mémui aﬁgd‘ér %,a!ég; ﬁ%{;?{?}dggyg %‘32 T represents
Cl-C6 al kyI C2- @@aﬁl%@w&eﬁ@rﬁ%na&dﬂyﬁtw&@ C; QQdkylwhersididly E represents
hydr o, Cl--C3 al kyl, C. -- al kenyl, C2-C3 al kynyl. O (C -C3) al koxy, or
NRLOR t a whadrelyaitis %S“C"é{h&m?{ 1 represent independently hydro, C,-C3 alkyl,
C3-C3  al keny. |, RCanfe3erid %ﬂﬂy&,a (M@lt:@xi}diermd sadky] Stul npsvivkigeted or R12 i s
hydro, Cz-C6 al kyT C2-C6 al ken C6 .al kynyl, cyano; or Q Cl-C3);

al kyl ; and m@tlmmea?@(’@é’é}? g&?ﬂ‘é"ééﬁ’f&é‘ﬁf‘?y hydro or a moiety that,
forms. together wth the attached CQ2, a readlly hydr ol yzabl e ester group.
1 1. The method of claim. 10, erelnthelnlbl,tor does, not have a high
affinity td.a. rréh@mam@d@mﬁméw&*hheém‘b?h&ﬁ@l“ﬁmr%*éw 3 PCT/ | B03/ 00615
-1'70 12. The nmathod of claims | or 2, wherein the inhibitor has the
chemical structuré: NHS G CO2N H2N N N 13. The nethod according to
claims I or 2. wherein the anti-toxicity agent is admnistered during and
after each dose ofothe inhibitor. 14. Theosethod of claims 1, 2 or 3,
wherein the inhi bi or is predom nantly %

A——{group}—{ring)- /\//\
H CO,Ry

an
wherein:

A represents sulfur or selenium:

(group) represents a non-cyclic spacer which separates A from {ring) by 1
to 5 atoms. said atoms being independently selected from carbon, oxygen, sulfur,
nitrogen and phosphorus. said spacer being unsubstituted or substituted by one or
more substituents independently selected from C; to G alkyl, C2to Co alkenyl, C
to Cg alkoxy, C; to Cg alkoxy(C; to Celalkyl, Cz to Cg alkynyl, acyl, halo. amino,
hydroxyl, nitro, mercapto, cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring;

(ring) represents at least one cycloalkyl, heterocycloalkyl, aryl or heteroaryl
ring, unsubstituted or substituted with or more substituents selected from Cj to Ce
alkyl, C» to Cg alkenyl. Cy to Cg alkoxy, €y to Ce alkoxy(C to Celalkyl, C2t0 Ce
alkynyl. acyl, halo, amino. hydroxyl, nitro. mercapto, cycloalkyl, heterocycloalkyl,

aryl or heteroaryl ring:



transported into cells by a reduced folate carrier protein. 15. The nethod
of claim2, wherein the anti-toxicity agent has Fornula X11: NR4s R42 R44
NON R43 WOD30214D33 . R41 is selected fromthe group consisPcagBafewe(a) - R~
wherein Rg represents a Cl-C5 al kyl, C2-C5 al k-eny'lene or al kynyl ene
radi cal, unsubstituted or substituted§by one or nore substitutents

i ndependently selected fromCr to Q alkoxyy. Cl1 to C6 al koxy(G to

C ,)alkyl. C to C6 alkynyl, acyl, halo, am no, hydroxyl, nitro,

m ercapto, cycloal kyl. heterocycloal kyl, aryl or heteroaryl, (b)
-Rg(Y)R , R wherein R, is as defined above, Y represents 0, NH, S. or

nmet hyl ene; and RI, and R represent, independently, (i) H (ii) a G-C9

al kyl', or a WO 03/074083 PCT/|B03/00615 -171 C2-C(; al kenyl or alkynyl,
unsubstituted or, sy it Ll beRtsadil \} ndependent |y
selected from CRLtdng%émﬁ)ﬁgg& QX%%H&nQ&xm%itg? 1 fo C(,}talk C2to C6
al kynyl : ar y{dm habt;grap; mat hydroxyl; nitro; nercapto; - NCOCR, -

-CON' [-.1,, \ , & sulufccml ected from
the group COI’ISI 1%’%208 hgér%) Qcéggc&a %&1062@Ee€g$%§§%l oal kyl ,

cycl oal kyl , shgtietc0ay vhe oraﬁgrbhaloam«ircam memingasubstituted or substituted with
C -Co6 alkyl, 2- to 6- nenbered heteroal kyl, heterocycl oal kyl, cycl oal kyl,
Cl - C6 boc-ai aai noal kyl ; cycl oal kyl. het erocycl oal kyl, aryl or heteroaryl,
or (iii) a mONOCYR hah@rofiial  or Tydiend thy Inhibitheis en oUgkiob%ERGF, aryl or
het er oaryl . unsubstltut ed or L#bstltut d wth one or nore substituents

i ndependent I§/2l¥enaReRDIHEIFYT PEEEY F’i?fﬁ C2 to Cc, alkenyl, C to C6

al koxy, C 1 to C5 al koxy(G to C6)al kyl. 2 to O al kynyl, acyl, hal o,

am no. oxy ; 16 th@a kyk aryl

het er Oaryl C(lﬁ’ﬁ' %Wzm%a%&em&?{ ILX&@ iégrgé ﬁ%%@g@g%ove 5 to 6
nmenber ed hetrerpakbkyt, C, to C6 al kyl - cycl oal kyl, C, to C(,

al kyl - heterocycloal k-yl, C, to Cf6 alkyl-aryl or C, to C5 alkyl-aryl; (c)
CCONRR ]|, wherein R1 and RI; represent, independently. (i) H or (ii) a
C-C6 al kyl, am no, . C, -CF5 hal oal kyl, Ci1-C4am nodal kyl, C,-C6

boc-am noal kyl, C, - C5 cycloatkyl, C -C6 alkenyl, Q -C6 al kenyl ene, C2-C5
al kynyl ene radical, wherein R, anhy ar en ionally joined together to
form together witjh the nitrogen ight rare bound, a

het er ocycl oal ky}l_m h @jcyary\-r& conhai ni ng fvvo to
/‘\\ i

o
HN N N

(VID

&Eﬁrein L represents sulfur, CHy or selenium:
M represents a sulfur, oxygen, or a diradical of C,-Cs alkane, C-C alkene, Co-
C; alkyne, or amine, wherein M is unsubstituted or substituted by one or more
s;zbétitucﬁts selected from the group consisting ofalkyl, heteroalkyl, haloalkyl,
haloaryl, halocycloalkyl, haloheterocycloalkyl, aryl, cycloatkyl.
heterocycloalkyl, beteroaryl, -NO,, NHz, -N-OR., ~(CH2),-CN where z is 0-4,
halo, -OH. ~0-R4-O-Ry, -ORy, -CO-R., -O-CO-R, WCQ—QRC. ~0-CO-0R,, -O-
CO-0-CO-R,, -0-OR.. keto (=0), thioketo (=5). —SQ}RC, -SO-R¢, -NRgR¢, -
CO-NRgR,, -O-CO-NRgR;. -NR-CO-NRRe, -NRCO-Re, -NR~CO2-OR,, -
CO NR-CO-Ry, -0-802-R¢, -0-SO-Re, -0-8-Re. -5-CO-R, -SO-CO-0OR,,
-SOa-C,O OR,, ~0-801. -NR-SRy, -NR; SO- Rg, “NR~SO»-Ry, -CO-SR,, -CO-
SO-R,, -CO-80:-Re. -CS-R¢, -CSO-R,, -CSOxRe, -N R~CS-Ry, ~O-CS-R.., -O-



five carbon atons and wherein the C(ONR Rk -group is further unsubstituted
or substituted by one or nore substitutents independently selected from
-C(O R/, ,WO-00@ER,, wherein R0 is as defined above, C tPoT@B030kId , C2.
to C-. alkenyl, C, to C  alkoxy. Cl to Chal koxy(C. to Co)alkyl. C2 to C5
3l kynyl, acyl, halo,-amno, hydroxylgenitro, mercapto, cycloal kyl,

het erocycl oal kyl, aryl or heteroaryl; or (d) C(O ORh wherein Rh is as
defined above; R42 and Ry4 represent, independently, Hor OH and R2 and
R4 represent, independently, H OH amno or halo; where any of the

cycl oal kyl, heterocycl oal kytl, aryl, heteroaryl noieties present in the
above may be further; substituted with one or nore additional substituents
i ndependently selected fromthe group consi sting of nitro, am no.

-(CH2) L-CN e 4.0 h vdroxyl, keto, C
to G5 al kyl C’V%E{f 5(‘51@% g?kéﬁ’yﬁ\}‘&é’:z ?‘B%ﬁﬁ {{ a’ﬁ% grggagliy ,

unsubst i t ut ek aysh-eal-KRrl. LSL&I};sLﬁbBt&—Rutaed Pﬁhe@&r G\dlyc‘:ilhafk $ejdctedunsubst i t ut ed
aryl or unsubst i t ut ed hetero

P 0Q615 -172 and R46
represents (O 1o group consisgngp %@Il Jﬁ?ﬁﬁ g’f‘ g%%qk{éﬁgl or al kynyl ,
unisubst |dt u}:% gggggﬁ%tel gr@kllyﬁ%nbym@@ealmi hmfeaisylkisﬁgodmy( eﬁcteB\)l nge{)enocl;zant I y066
sel ecte rom to C_ al kox y to
al kynyl ; ar y‘lﬁi}ﬁhabfé@ ‘CQrﬁcnﬁo“ é@iﬁ'ocg’ftbwﬁé gép#@ Igg oal kyl ,
het er oeycl og, ;%%R' OB Yyl %tcx@@&@ﬁx@@foﬂaoai@ﬂ &z&uc)mmmoamdum or bicyclic
cycl oal kyl, hete

rocy cFoaI KNI or. heteroar ér ted or
substi t ut ed wwhmépe@#c%ﬁ@%%%w thyentue Wﬁ%%‘ﬁéﬁ&*é‘%@ &fected fromCr
to G5 al kyl c@f%m @cr%i%ﬂ%&a&}p% ktz@« Q@mbkmm QPOR, @Mﬂ-koxy (& to
C(;)al kyl, , acyl, ha am ng h)y %ﬁiﬁy tro mer capt o,
cycl oal kyl , Oﬁat—@r@é«%l éél &yl heiaﬁ@i’f‘l}l (3}": Pféif‘é»r% pefprocy @%I‘}f or sol vates

thereof. and R, cyclize to form a heteroaryl or heterocycloalkyl group; and Ryis
selected from the group consisting of hydro. alkyl, and heteroalkyl: and where
any of the alkyl. heteroalkyl. alkenyl, aryl, cycloalkyl. heterocycloalkyl, or
heteroaryl moieties present in the above substituents may be further substituted
with one or more additional substituents independently selected from the group
consisting of -NO, -NHa, ~(CHz),-CN where z is 0-4, halo, haloalkyl,
haloaryl, -OH, keto (=0), -N-OH, NR~OR, -NRaRe, -CO-NRyR,, -CO-OR..
-CO-R,. ‘NR-CO-NRgR,. -C-CO-OR;, -NR-CO-Ry, -0-CO-O-R., -O-CO-*
NRRe, -SH, O<Ry. -0-Ry=0-Ry. -8-Ry, unsubstituted alkyl, unsubstituted aryl,
unsubstituted cycloalkyl. unsubstituted heterocycloalkyl, and unsubstituted
heteroaryl, where Ry, Ry Rew Ry, and Re are as defined above;

T represents C1-Cs alkyl; Co-Cs alkenyl; Co-Cy alkynyl: -C(O)E, wherein E
represents hydro, C—Cs alkyl, C2-C; alkenyl, C2-Cs alkynyl. O~(C-Cs) alkoxy, or
NR;oR{;. wherein Ry and Ry represent independently hydro, Cy-C alkyl, C2-Cy
alkenyl, Co-C; alkynyl: hydroxyl: nitro; SRy, wherein Rys is hydro, C-Cq alkyl,
Co-Cy alkenyl, Ca-Cs alkynyl, cyano; or O(C-Cy).alkyl; and .-

Rso and Ry are each independently hydro or a moiety that forms, together

with the attached COa, a readily hydrolyzable ester group,

11. . The method of claim 10, wherein‘the inhibitor does not have a high affinity

t0.a membrane binding folate protein.
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12. The method of claims 1 or 2, wherein the inhibitor has the chemical

structure:

0 H
7\ N COLH

‘\\Q\
NH * 8
‘ QO COoH

13.  The method according to claims 1 or 2. wherein the anti-toxicity agent is

administered during and after each dose of the inhibitor.

14.  The method of claims 1. 2 or 3, wherein the inhibitor is predominantly

transported into cells by a reduced folate carrier protein.

15. The method of claim 2, wherein the anti-toxicity agent has Formula XIL:

0 - N NRyg
Ra N\%\\{
34‘;—? Raa N N
Raz  Ras
(XID

R41 is selected from the group consisting of:

(a) -Ry wherein R, represents a C-Cs alkyl, Co-Cs alkenylene or
alkynylene radical, unsubstituted or substituted by one or more substitutents
independently selected from Cy to Cg alkoxy. C; 10 Cs alkoxy(C, to Cealkyl. C; to
Cg alkynyl, acyl, halo, amino, hydroxyl, nitro, mercapto, cycloalkyl
heterocycloalkyl, aryl or heteroaryl:

(b) -R,(Y)RuR; wherein Ry is as defined above, Y represents O, NH, S, or

methylene; and Ry and R; represent. independently. (i) H: (ii) a C-Cyalkyl. ora
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C,-Cg alkenyl or alkynyl, unsubstituted or substituted by one or more substitutents
independently selected from C; to Cs alkoxy; Cy to Cp alkoxy(Cy to Cealkyl; Coto
Ce alkynyl: acyl: halo; amino: hydroxyl; nitro; mercapto; -NCOOR,; -CONHz;
C(ON(Ro)z: CIO)R,, or C(OYOR,, wherein R, 1s selected from the group
consisting of H, C~Cs alkyl, C2-Cy heterocycloalkyl, cycloalkyl, heteroaryl, aryl,
and amino. unsubstituted or substituted with C~Cs alkyl, 2- to 6- membered
heteroalkyl, heterocycloalkyl, cycloalkyl, C1-Cs boc-aminoalkyl; cycloalkyl.
heterocycloalkyl. aryl or heteroaryl: or (iii) a monocyclic or bieyclic cycloalkyl,
heterocycloalkyl. aryl or heteroaryl. unsubstituted or substituted with one or more
substituents independently selected from C, to Cs alkyl, Cz to Ce alkenyl, € 10 Ce
alkoxy, C; to Cg alkoxy(Cy to Clalkyl. Co to Cs alkynyl, acyl, halo, amino,
hydroxyl; nitro, mercapto, cycloalkyl, heterocycloalkyl. aryl heteroaryl. -COOR.,.
NCOR, wherein R, is as defined above. 2 to 6 membered heteroalkyl, Cy 1o Cq
alkyl-cyeloalkyl, Cy to Cg alkyl-heterocycloalkyl. Cy to Cs alkyl-aryl or CytoCs
atkyl-aryl:

(¢) CLOYNR;Ry wherein Ry and Ry represent, independently, (i) Hror(ii)a
C1-Cg alkyl, amino, Ci-Cs haloalkyl, C;-Cs aminoalkyl, C,-Cs boc-aminoalkyl, C;
- €y eycloalkyl, C-Cs alkenyl. Co-Cy alkenylene, Co-Cs alkynylene radical,
wherein R; and Ry are optionally joined together to form, together with the nitrogen
to which they are bound, a heterocycloalkyl or heteroary] ring containing two (o
five carbon atoms and wherein the CtO)NR;Ry group is further unsubstituted or
substituted by one or more substitutents independently selected from -C{O)Rq.
-C{OYOR, wherein R, is as defined above, Ci to Cg alkyl, G to Cealkenyl. Cy to Gy
alkoxy. C; to Cg alkoxy(C; to Celalkyl. Cz to Cq alkynyl, acyl, halo,.amino,
hydroxyl, nitro, mercapto, .cycloalkyl, heterocyeloalkyl, aryl or heteroaryl; or

(d) C{O)OR;, wherein Ry, is as defined above;
R and Ruq represent, independently, H or OH; and
Ru3 and Rys represent, independently, H, OH., amino or halo:
where any of the evcloalkyl. heterocycloalkyl, aryl, heteroaryl moieties present in
the above may be further:substituted with one or more additional substituents -
independently selected from the group consisting of nitro. amino, {CHz2)-CN
where z is 0-4, halo, haloalkyl, haloaryl, hydroxyl, keto. C; to Ce alkyl, Cato Ce
alkenyl, C» to Cq alkynyl. heteroalkyl, unsubstituted cycloalkyl, unsubstituted

heterocycloalkyl, unsubstituted aryl or unsubstituted heteroaryl;
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and Ryg represents (1) H; (i) a C-Co alkyl, or a C2-Cq alkenyl or alkynyl,
unsubstituted or substituted by one or more substitutents independently selected
from C; to Cs alkoxy; € to Ce alkoxy(Cy to Celalkyl; Ca to Co alkynyl: acyl; halo:
amino; hydroxyl: nitro; mercapto; cycloalkyl, heterocycloalkyl, aryl or heteroaryl:
or (iii) a monoeyelic or bicyclic cycloalkyl, heterocycloalkyl. aryl or heteroaryl,
unsubstituted or substituted with one or more substituents independently selected
from C; to Cs alkyl, Cx to Ce alkenyl, Cy to Cg alkoxy. C to Ce alkoxy(C, to
Coalkyl, Cs to Cg alkynyl, acyl. halo, amino, hydroxyl, nitro. mercapto, cycloalkyl,
heterocycloalkyl, aryl or heteroaryl;

and salts or solvates thereof.



