Tri peptide and tetrapepti de sul fones Technical Field
This invention relates to tripeptide and tetrapeptide

w@iobonasy phar maceuti cal conpositions contai NPEUS19661900532
their pharmaceutical use, and their preparation.
Background Art US Patents Nos. 5599903; 5763570;
5767086; 5786336; and 5955432; European Patent
Publication No. 0 645 397; and PCT Internationa
Publ i cati ons No&ripdfi@sbAMB6Inaidle WOlBRds40205 di scl ose
various tripeptide and tetrapeptide conmpounds that are

TahatPgridof reduced gl utathione (L-g-glutanyl-
-cysteinyl gl ycine), including conpounds of the formula
[ WOT19%/ i0nE 3] xclm glo ttipepﬁcﬁlmél&tzqi»dp}i&e MFoﬂdsk}ﬁmyﬁlaceﬁﬁcﬁJ

C7-12 anal kyl e ter m des est er . am des,
cofiat Gone o iee e g giscuec G Bd GReFRpRIGRE o o
1, XIS a Cl-20 hydr ocar byl optionally
qulniﬁﬁ?ué’dr{?ﬁg 1 or 2 nonfldjacent O S, or N heteroatons,

uns Lﬂ%ﬁ%\glgé ﬁgsf\lgﬁw%’ﬁ §763890; %@Ui@ B‘yf%yi@ %&‘S§554ﬁat9ropean

Papt Bilfligon; Newleids 397 dPGH ammt@n@ Pubh@mslzéosa@f%wassz
mg' % B@%@B@'w&ﬁ&e QL ALRE miseg,@agn&mé ﬂ’m aongaa n achngﬂogs

, is"as above I ned

of mcc;@ iptethiong élpuexiﬂ@mlriycmew@mn% inghydimg cmweux:@a qj ﬂgq fexmula

.u, asp, g-glu-gly, b-asp-gly, glu-gly,
D&E;%@@F&ﬁﬁ and AA- |s an am no acid coupled through a
ijle bond to the remai nder of the conpound. The
are descri bed as having various uses,
ing as reagents useful in characterising
gl ut @hione S-transferase (GST) isoenzynes, in

detern1nrng the GST
and theit Cy 4, alkyl oralkenyl or G, aralkyl esters, amides, and mixed ester/ 'mndcs where:

2is5, 0,0t C;
nis 110 3;
when Z is S or O and a is 1, X is a.C p hydrocathyl optionally containing 1 or 2 non-

adjacent O, S, or N heteroatoms, vnsubstituted or mono- or disubstituted with halo, -NO,

:NO,, ~NR,, =OR, or SR, whete R is H or C,, allgyl ;

when Z is S and n is 2, onc X is as above defined and the other Xis C, alky], and

when Z is C and n is 3, one X is as above defined and the other two X are independently H

or Cy., allyl;

WCO is y-ghn, B-asp, glu, asp, y-glu-gly, B-asp-gly, ghu-gliy, asp-gly ; and

AA_is an amino acid coupled through a peptide bond to the remainder of the compound.
The compounds are described as having varions uses, including as reagents useful in

charactéﬁzing glutathione S-transferase (GST) isoenzymes, in determining the GST

complements of cells atid tissues, as chromatographic affinity Ugands, binding dgents, and-

enzyme inhibitors; and therapeutically to: poténdate the cytotoxic effects of

chemotheeapentic agents in wmer cells, selectively exett cytotoxitity in twrnot cells, elevate
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conpl enents of cells and tissues, as chromatographic
affinity |ligands, binding agents, and

weewgoei4nhi bitors; and therapeutically to: potREI/U81086/000532
the cytotoxic effects of chenotherapeutic agents in

tumgr cells, selectively ex cytotoxicjty in tunor
thePRCtOB oS G BORG BEL G DRI G YL R bR te the
diffiaRbO SR HeGhfrdw) nhEflee MR LbANMa Ebly MdbtaicByé Efects of
differentiation of bone marrow, mtigate the bone

cherapthenpelsis peenst, pydmefltlatethsmatopeiseist inse MEer ¢ agent s,
and nodul at e hemat opoi esis in bone marrow. TLK117,

i dediLiil1@ddentified sthopapatentsangrrbpeaipheast T Toh $ 1 handnmmed

17,.an j : - Gy ) 1 )
v R T PR b G B A B R 6 o
beiy] PGSis @ne obthesde@sgponadd AILKA$7 is Th&kdompound df e foemplaund

of the formul a.and may be naned

L- g- gl ut anyl -@phenyl met hyl ) - L- cyst ei nyl - D- phenyl gl yc

| RRon TLK1 1Y Ymibits GST P1-1 with an |1 C50 of

agpr irﬂa}tlgl\y 400 nM TLK1 99, identified in those
HhatEnt ¥ and ﬂ@cpé'ati ons as TER 199, is the diethyl

ester 8f T™KI 17; while TLK261 and TLK262 are the

di met hyl and dsopropyl esters, respectively. US

Publ i shed Ap ation No. 2003/0100511 and PCT

I nt er nati onal blication No. WD 00/44366 di scl ose

lipid fornulations,” including |iposomal fornulations,

ang fnagi be srmed L-giglanpdupbeybhethel-ttamyl-2-phehpglpcine Z3 K117
. .6 1$,1-28G, YOO d.s g-g -asp: is .. ..
BT Py A e pftafitaf o B 0 e e

pateaBzyl pulllicai@pht MR, 1991 is shepdiethyivstetidf TEK1 V7; addePLED6 Band
|t thereof; or conmpound of the formula:where: Rl
T@%&E RS tg? am?%vi ﬁ%ﬁ%ﬁmoy%a%%ewwsm?x i near or
branched al kyl] groups_(1-25C), cycloal kyl groups oo
(6- quhg%gﬂ%a%t@a Ng- @993 /é)?l Q)Q%i al@@l’(j@‘éﬂetnaﬂonal Publication No.
wWORIPERRY alseSsd ]@i@%%ulaﬁ&%?&%lu%g@@hé&uﬁ frhulations, of diesters of

compounds of the formula:

where:

each ester is 1-25C;

YCO is y-glu ot B-asp;

G* is phenylglycine;

Z is CH,, O, ot S; and

X is 6-8C alkyl, benzyl, or naphthyl,

or a pharmaceutically acceptable salt theteof; ot

a compound of the formula:



(3-25C), or where Rl1-R2 (2-20C) together forma
macrocycle with the fornula; and R3 is 6-8C al kyl,
whewspr440or napht hyl, or a pharnaceutical ly acRepusin&000532
salt thereof. Townsend et al., ML Cancer Ther. 1(12),
1089- 1095 (200Q disclose t he conpound of the fornula
the "vinyl s as one of the two products of the
G@&oﬁedlatag avage of canfosfam de, a GST-activated
;ﬁ{f@%{ gent of the fornmula , which is disclosed
Hol'n US Yat ntNNoC°9%56942 and PCT Internationa
Publ i cQt i No WO 95/ 09866, where it is referred to
as TER 286. Nhny conditions are characterized by
depl et ed bone marrow, including nyel odyspl astic
whependronme (MDS), a form of pre-leukem a in which the
bone marrowpr oduces insufficient |evels of one or

R, gnd Rpgre inflependenjibehasebiemdinesyen branchgd alg] moeaﬁ(lc?e@,scydoaﬂwl
o PSSR B4 950) oMl S pBRE S ot
5 (3-850newwhire BgRg €1-26C)itngetlive fdmnzemmc}@iﬂ,mﬂsthalf@mm and

effe f many standard chenot herapeutic
aa¥§g§ mﬁk&ﬁlgb %gggn shown to induce the

or diphis@faefiticdlyisofep@iblddalt @ qpronyel ocytic | eukem a cells
in pitro, to potentiate the activity of cytotoxic
agentoSynBedet ) MA/CeeATHY ] 12y, 1089-10984 2D R%Isl:m@ @&k ompound of
colony formation of all three | i neages o
Hemardpoi etic progenitor cells in normal human

peri pheral bl . In preclinical testing, TLKL 99 has
been shown t crease white blood cell production in
I

@DUH| |nn vas well as in animals in which white
H@ me&% d pleted by treatnment with cisplatin
Zor qu rouraal gP Iar effects may provide a new

appr oa @nh ftmireatlng MDS. TLK1 99 is currently being
10 eval uated il a Phase Il clinical trial for the
treatment of MDS. Ihterimresults fromthis trial,
the ‘6ot §udfdnat, af bee é’ﬂﬁé AP odBES o AR I3 STame St Rleyvagé of
1I}}_Igmatologémeet S, dennnstrated t hat, TLK1 99 was
fipmids 2P T @gtivetd aogsarceragentof e forpilaeage

hemat ol ogi c i ovenent. These results al so suggest a
potenti al @
COOH 0 X

CI\_\ ([) /__/CI

N—P—N

/——/ : \_\CI

which is disclosed in US Patent No. 5556942 and PCT International Publication No.
15 WO 95/09866, where it is referred to as TER 286.

Many conditions are charactetized by depleted bone matrow, including

myelodysplastic syndrome (MDS), a form of pre-leukemia in which the bone marrow
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role for TLK1 99 in treating chenotherapy-induced
cytopenias. It would be desirable to devel op potent

WO pivsoi440y s of GST Pl -1 for use in humans to: PCT/US2006/000532
potentiate the cytotoxic effects of chenotherapeutic

S BloSY Ao oAt Giitk blood

agent.s ip .tunor. cells, selectivel
PR R IEET 1 os &F BUSPEPORE TSI o P
cel] RYSIHJdeBs drid pMI6ts I BlyeRWppsdshibhlladk@udtBe in blood cell levels and in

differentiation of bone marrow, nixigate t'he

th¢gearigaemp pt essblpad el i the bone erEAyt b akapsamongipsistestect of
]n£$qmﬁmg&kg&§ﬁﬁggaaﬁp l.esis in bone marrow. Di scl osure
of the

Invention In a first aspect, this invention is
co : .S | - r ..
;O30 1] b3 08 P YIRL Eifdlalificr Gt b BiDby ooyt
levkkiiplcellsop virgnalpbtensaib gtel actitigof lgbd wx@adgkyts boihpl pionadd & vivo, and
substituted.aryl., optjionally substituted aralkyl, .
to SHPIR APIPGY CUBEEYT 0t WOFre LN geT SR FORS SR BRgefipr celsin
nofHkl Slrivha bl F@ﬁtﬂ@lﬁ bRAEAInktElinRAdesfing, STIRO1M 1Ak K¥dn shown to increase
optional [y substituted aryl, optironally substituted

whiie dideglicell piscpena i posaalseimaliie arehet erasimyt in which white blood
PO RS AARE0R L g L Gl e
BT e e e e e
i o P, 1 S R TR A% R BIELPQ 2t the 2004 and 2005

ArhatHRh€ 8bdidty SEHEEhIoURy inttidlisf @ifons@ite Ghht PLK199 Wasdhvdll lerated
In the diester form they have al so been shown to be _
and respliad;ig gryltlingsgs hemsinkes ismroement JhewretaliTplse puggest 2 potential

rolE"fc?r?ﬁl@@blié tfe&n\é{rcqngl‘ﬁot}@ﬂgy—mup& <§7IY ngggu c to HL-60

ells in vitro. “They are al so ac e I n enhancing the

di f fI#&ﬁ.g& h@ﬁjas(ﬁgbl%fto Hl!,'v'eﬁ)g Aagogf}nlt ﬁihﬁlﬂlioﬂ SdE@sT @ﬁ]qof?gﬁsehﬁlﬁumans to:

been shown to enhance g ocyt e/ nobnocyte c y
pofentirtathieonytdto:orefacts cfehbondenpeutowsard insumwr wlly,Gele@ivelnexert

this.and fromthe structural.simlarity to TLKI 17,
cripfhei § o ¥y Gty ‘B RSSHFI ST RERRBU AL PPe e
stilniM@hé @iffethBatddesfebat taasRemitRaetBe A§tlosuppressive effects of

therapeutically in humans to: potentiate the cytotoxic

chemotherpReur agaErprhBedpaisihemaiggeaikiisin hone masoveel | s,
sel ectively exert cytotoxicity in tunor cells, elevate

the production of GM
Disclosure of the invention

In a first aspect, this invention is compounds of the formula

o § Y
-N -
X \{JKH/A\COOH
~

SO,
4
where:
X is L-y-glutamyl or L-y-glutamylglycyl;
Y is H, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substituted

aryl, optionally substituted atalkyl, optionally substituted heteroaryl, or optionally substituted
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progenitors in bone marrow, stinulate the
differentiation of bone marrow cells, mtigate the
wonp@bosuppr essi ve effects of chenot herapeuti c BOEOSHN6/000532
and nodul ate hemat opoiesis in bone marrow. In a second
ne2she t tgl s invention is pharmaceutical conpositions
b ' conpounds of the first aspect of this
Z 1|s mgmkylocspuoam s@Ptin@BRLyY optitally subBtitBte@ el @Ptisnally ButRtituted
hird aspect, this invention is therapeutic nethods,
he‘iﬁ&?aﬂlwlq&iﬂ%auy substipirdietereqralbfde or rmr e of:
a;uh,m oxi e
amlgg{ee%{és1 'n tg)m)r ceﬁm}{l’ 83% (F%ﬁg{eFe\?/ e@%?ﬁg)htg oi@gclﬁté 51%&
and palts whtre coelposndseind vladit mgne-hed gi- mﬂustl on of GM
progenitors in bone marrow, stinulating the
di f fldeentopatids mespécidil@linet}mabid(fwm:)eﬂré mhibitbtsj gaichliygelebbre

. el os ve  ef rap ent s

o S G b eSS Or T Woh G RaPp SiE” Gy vPa be

effoélive M Siefimbhdu@BprefipeAoR m:garn%rﬁ b& 60 EcBi zn&ﬁt@e&iid t8fbe cytotoxic
this invention or a pharmaceutical conposition of the

to Eéc%%fﬂwﬂé@t Thyy atqlse chvesinrenbncingibe diffaregtatiossofthiler60 cells iz
wtr‘3 %ﬁﬁ%ﬂ@ﬂ ntslkl%vrp e%ﬁlang:%%?%ﬁx %/1{1&'1 Seyte MR 'f(g’%a#ngn from
he rranu acture o AMENt’ Tor one or
mlpmt: bohé animnyg celbexept Gronitlos efd fe@mshﬁimhemmhmypteumm 17,
TR0 g e FEe Rt bt FarEedh Porae OB Rroclfefor dpected o
actahagpwutmysn himBi@ne: gédtHaw, thé tyitdiokiakifods bifkﬂxemothelapeutlc agents
differentiation of bone marrow cells, mtigati

in P EPOSIABTUESFUSTSITT 40 B ieelrot B8 gtacpction of GM
pr(%gﬁ‘l%r§ in 15K rﬁ@% i NRIBFRRAK SRInS fibdnD %ﬁo%eﬂso Witigate the

fourth aspeét, this invention is methods of
mypko@tpmmtspﬂge elbrrpoefrlismothetapeuticiagsts, asp evilubfe hekragopoiesis in bone
invention. In a fifth aspect, this invention is
conounds of the fornula where: X is N

wherna pectpd sehs s BYeriisn BT o ffesisne,
co@ﬁoﬂﬁfs lof et firrashdee o CABRAHAESH, Ghd bFﬁorfaluy She a5M@6ftexbibients.
is invention; and their Cl1-10 al kyl, phenyl-C 1-

3' Kyh ? tQFd dsp&e, thlg &hveh@6H ¥ erfpedd Smdihkid, phiRie@ariPRAG human, of
I -esters,
one or more of: potentiatmg the cytotoxic effects of chemotherapeutic agents in tumor cells,

ma;

selectively exerting toxicity in tumor cells, elevating the production of GM progenitors in
bone marrow, stimulating the differentiation of bone marrow cells, mitigating the
myelosuppressive effects of chemotherapeutic agents, and modulating hematopoiesis in bone
marrow, by the administration of compounds of the first aspect of this invention or a
pharmaceutical composition of the second aspect of this invention, and the use of the
compounds of the first aspects of this invention in the manufacture of a medicament for one
or mote of: potentiating the cytotoxic effects of chemotherapeutic agents in tumor cells,
selectively exerting toxicity in tumor cells, elevating the production of GM progenitors in

bone marrow, stimulating the differentiation of bone marrow cells, mitigating the
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and salts of the conpounds and their nono- and
di -esters. These conpounds are useful as internedi ates

WO poobloai4py epar ati on of the conpounds of the fiP&L/US2006/000532
aspect of this invention. Preferred enbodinents of

S inventjon ch racterlze t he
oy RS PR e Ch BE PO P B0 P E R B BB E R B bone
madowl, 1 | ed, and of pharnmaceuti cal conp05|t|ons, nethods,
and uses of these conpounds. Mdes for Carrying Qut
t he th R¥&RtH RPeddakis Mvieh@iSis nfdikdds of PR|ASnPcOIRMA Sithe first
group derived froma saturated or unsaturated (but not
aspge fsémlep§orynsat ur at ed) Cl- C10, preferably Cl-6,
hydrocarbon that may be |inear, branched, or cyclic by
r enBw alfifibfaspass thiy Bversiom intanpdondnebthe dotsve at om  such
as gethyl, ethyl, propyl, 1-propenyl, isopropyl,
Rut Wl /{sobutyl sec-butyl, tert-butyl, pentyl, hexyl,
X"c £Iq$en@¥¥* cyclopenten 1-yl, cycl opropyl net hyl,
cyegghexyl and cyclohexylnethyl Sat ur at ed alkyls and
Cl- @@ aIkyIs are exenplary. Note that the definition
of "adkyl" i,n this application is broader than the
conventional definition and includes groups nore

Whel o Brmonly referred to as "cycloalkyl"
X is Qy-alroalk %1 bakdgy br' N-o - RLK @3tharmyl @, whk#eYYd an Anine-protecting
"substituted al kyl" is an al Ky substltuted with up to

grqupy &l hal ogen atoms and/ or a substituent sel ected

¥ 4P R detl o e Chlpp Bl b e AISH&: GEER Bt chBony

an@ dt@gtqltlmlgftl pblerk}ﬂ!-lcl gallohps (Cﬂdietﬁdwrﬂ)jélm zglr}xbumoamd di-esters;
ri.fl ugronet h an chloro Preferred

anéﬂ%@t ‘@8*@%”% @5 %%?R?? 89%8%§a%re cycl opentyl and

Th@seaioﬁ{pawas ar& UGl ial 1hk@theWhielinlth® prefara@6PBEhalcbipdunds of the
roups sel ected from hal o, hydroxy, methyl,

IR BIEIsPHOn. and et hoxy, especial |y fl uoro,
chloro or nethyl. "Heteroal kyl" neans "al kyl" (as

def |Pﬁ@farr%@o@vle9dlmwtmf @i inveggion argfchpmeterzed iy tehwegifieniies and

c1 3
oy AR B e B s S 0 AR Br tndtt ©
conmpnnml inethois) gsd ecenbhthasengnipoonds ring at ons such as

2-tetrahydrofuranyl, 2-pyrrolidinyl, 3-piperidinyl,
2- pi perazi nyl, 4-dihydropyranyl, and
Modes for Carrying Out the Invention

Definitions

“Alkyl” means a monovalent group detived from a saturated or unsaturated (but not
aromatically unsaturated) C,-C,,, preferably C, ;, hydrocarbon that may be linear, branched,
ot cyclic by removal of one hydrogen atom from a carbon atom, such as methyl, ethyl,
propyl, 1-propenyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, cyclopentyl,
cyclopenten-1-yl, cyclopropylmethyl, cyclohexyl, and cyclohexylmethyl. Saturated alkyls and
C,-C; alkyls ate exemplaty. Note that the definition of “alkyl” in this application is broader
than the conventional definition and includes groups more commonly referred to as

“cycloalkyl”, “cycloalkylalkyl”, “alkenyl”, and “alkynyl”.

-6 —
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3-nor phol i nyl; and groups such as

t et rahydr of uran- 2-yl net hyl and pi peridi n-3-yl et hyl .
woe@borHer C5-6 cycl oheteroal kyl groups are cyrCDps2oDg000532

or cyclohexyl in which 1 of the ring nethyl ene groups

| sr ep qutgtfgw R oﬂfﬁ%ﬁﬂbsu@teﬁ gﬁ@lk up el Wt halotx(:;rjeni Ashyde and/or a

sulﬁ‘snhﬁ:hf ﬁzlb)éﬁiﬂ% agw, rNé)g,L@{r EA AU (I%a@xéam lis iadhehdently H or
- di oxi de, and 2- -, and 4-piperidinyl.

o glisﬂ)s {libag tfeice peples %@Pwted aflgl growRsRFhels Gh g@uﬁ%ﬁ tiffprgmethyl

b Lo SRS S 200 O 4l

cydmlmxﬂt substitytbd ogtr bore, espetiallyni, ggpuds dedectddrigors hrloohydadsynmethyl,
. renpval pof one h atom from a .carbon atom
tn%%ﬁOﬁ%@&@@xﬁgﬁ§8§%|¥ %@h@ TS0k R e, ondensed

lyeycl h ht h I ol y
P Pttt P P R B e D) PSR 1R thylene
gréub atel rbpth@d w@ is SOD Wk NRJ(v&Qré/R §'H WP Y LalBy1)S 1RRMInk BB Sroups

sel ected fromhalo, - 2, -CH, optionally
SuEieAs G @@B@ttvlt @p@@wéf gy Fkrwmlelé Spr Ggtrgyatoms such as

2 &'Fi%xy, }&ohd&z} Cg%gﬁéﬁ irjg ﬁi/ ?#sz& '4&#1&8%? %n'))’l and

3-oanpholiny]; a6d gfbu@ls kakyas mnbhy@tbﬁnaalﬂﬁykﬁaﬂzd éwmlspench&é#yleﬂxyl

Py CoTRRORioU aren Ay dostho g/ besiim il © of te g

mdReaRIRMps is' replasdd Byld £5] sax, al ik yd: NIRaRS; adahdiyde 2- And
whi ch one aor both of the aryl and the al kyl are
S-eigyediaiured. Prandfetetabinerryeast tHieehy diogerapl and its 5,5-dioxide,

and Eb%t 'ah&'h%ﬁpe"ﬁd}ﬂyldﬁn@uﬁéﬁgﬁéd Bdil S igxa' heter g%aumwd in the

Het eroaryl "™ mean
mamperodeadreet] ajowupr ddstitned aflyom an ar omat i ¢ hydr ocar bon
containing 5-14 ring carbon atons by renoval of one

hy dr'dg@h netom hoomakncgoyederdted fom m mwhinatic Bydrocadbapf containing

t h b t | aced by O S, N
o-{dg R Lo B e s Py o R By B FSHBL B e may be
mdéHRBf it (Buelg aPphh 155 cbhdhs @ IRy IR Yuith 3 ndghityll), of I{keAWblycyclic

rrolg oxazo i m dazol yl, pyridinyl, pyrazinyl,
(mﬁgﬁ$6@ i), and pyr|n1d|nyl) condensed bi cycHc (such
as ben2|n1dazolyl benzotriazolyl, and quinolyl);

|| nRBebBRgATE msspet ity 51t sHarrhrigh yb phergtincnts
selgcté%iqufprgl%éég)(, g(_:ﬁ}’_&\k@;,’ l—é)ﬁbg[m/onally AR Eﬂteg:’cﬂ gﬁ{?f’ @gr édqyl,

trifluoromethyl), optionally halo-substituted C, , alkyloxy, phenoxy, (C;_; heteroaryl)oxy,

formyl, carboxy, C, ; alkoxycarbonyl, and -NR, (where each R is independently H or
C,; alkyl).

“Aralkyl” means alkyl substituted with aryl, such as benzyl and phenethyl.
“Substituted aralkyl” means aralkyl in which one or both of the aryl and the alkyl are

substituted in the manner described above for substituted aryl and substituted alkyl.

“Halogen” or “halo” means F, Cl, ot Bt.
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and 3-furyl, 2-and 3-thienyl, and 2-, 3-, and

4-pyridinyl. "Substituted heteroaryl"” neans heteroaryl
WG aiwsHT4H0d ed i n the manner descri bed above f orPCT/US2006/000532
substituted aryl. "Heteroaral kyl" neans al kyI

subs"tut ed,wth hetero |, suck rrol [..
Sub et BT SRR e A ot Ll i dsothsbon
cofitd ol H—M &% d:aEbdrha&oﬂi{ﬁB %de@ Bdra z&mfncﬁom a catbon atom, in

substltut al ky ts are described in th

whid} foghofethe ring é?dbowm arrcrsplafediHid 5 Bl 8t Roiphre s H or C..
]kg? rgnﬁ%ua[}rbgtn?(ﬁ‘w g&?c SSor% rgfg%tlﬂn§ %?Asg\n?g ntli)l%rar L apyrrolyl,

otectrng t utarry 6C-am né grou
oxwzfolytl hmld‘azwlﬁlt pyaslpg't lpyxafzmylhlv;gldbnﬂﬁmﬂwﬂmidi@ﬂ) ; condensed bicyclic

t d . that.
B R el b a5 Beblic shRbEM ng
(Ct hfétcfr&ﬁ‘jﬂ) Pl @kh bh@(z;pﬁm@ ngf Pﬁef&reﬂlﬁ §het@§>|a§r¢ bro@ps are 2
this invention suc rousml
anf‘ Piivghforyd éﬁlbtewghanéﬁd, be §H‘9§Umt€%hVéfﬁP@htm§ﬁnS

hefeRIR) SsGrdtdd A FhORhYR ﬁescﬂbé&b‘%@@ﬂ 's%%ﬁﬁécpﬁw I al so

bei ng convenl ently renovabl e by catal ytic

hydrc MRUR r

It PR o0l G BIRURT BT p g P ety
“Syﬁmﬂmtd:bhfsgtmthw sneaSuhdtabirelkgusobstigrtedijpsthe amdnérhkscrmed above
f cogd&t [ Qn for their renoval, are described in books
TR hesis of Peptides and Pepti dom' netics,

Wor khengh ition, M Goodman -

Ver | S@ et GRe it BErHREARY B350 Comgope éE‘FFVé’@?%ps

in organic synthesis, 3 ed., T.W Geene and P.G M

Vit S\ GEEnePEPHISHOMBIORY 8 A8ERP, caPHRle Of INBieiRg the Blgipyl «-amine
&fa CIUrngoehd 013191@ Pirst Q{ﬂécﬁ%fltins Qﬁreﬂ@d orKRQMRh QliRe BRESO Buring

o ord ry skill in the art. A "therapeutically
theefyhthesis v%thammwnm;igubsheueaﬂrbmovphlamﬂlmmffewng the remaindet
cadm ni st e a a _hu
BRepha! B2l PPt i B EHE oo M Brohlnsinde
temts;t&tyﬁirbﬁm;& add b@zﬁbﬁ;&ﬁﬂaohﬂg@mﬁ&ﬁmﬂ@z @EmbNdledgnaidolysisy with
that is th ect oftht t her utic tr nment
benzy ‘B%‘Eaiﬂ?f@’ 510 b PREH ) ST -Dl iR BH Pifecesretisph A mine-
prd»t@&ﬂng%ﬁ‘&l 9RR Wl KIBGA iR the feld of dﬂé’dn@ %rhﬂﬁs@ﬁ%ﬁﬂm@@é@ﬂ? p@f)ude
t he condltlon e.g., arresting its devel opnent, (2

syrrtb¢si8e5$»11fr4§16tsh@ grovph tidbihe cenditionsdayibiein gerpegh atesdesgribed in books

sudh as%zhbeg.g tf{l’l(})?zdeg 9?%1" %)Lf?))zm@f? WhEY ;%7‘ gc{z/)%%,tl\%eéb'&?:%ﬂh €49 corg
ThisaaedV drlagrBtuttgart, Germany, 2004, and Prozective groups in organic synthesis, 3 ed.,

T.W. Greene and P.G.M. Wauts, eds., John Wiley & Sons, Inc., New York, New York, U.S.A.,
1999, and will be well known to a petson of ordinary skill in the art.

A “therapeutically effective amount” means the amount that, when administered to a
mammal, especially 2 human, for effecting treatment by one of the therapeutic methods, is
sufficient to effect treatment for the condition that is the object of that therapeutic
treatment. “Treating” or “treatment” of a condition in 2 mammal includes one or more of:
1) inhibiting development of the condition, e.g., attesting its development,

@) telieving the condition, e.g., causing regression of ot cuting the condition,
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The conpounds of this invention and their preparation

The conpounds of the first aspect of this invention
wae@eoonrpounds of the fornmula where: X is L-g-BPCTUS2096/000532

or L-g-glutanylglycyl and Y is H optionally

substituted al tlon bstituted heteroal kyl,
Glopt |P6?Y§PF’§B’§E1‘B§‘%/‘F‘%3 g caf ‘FO 6’?3‘¥| onal |y substituted

@ar alﬂgmhmgoggmpm dths uhstiddnut ed heteroaryl, or
optional 'y substituted heteroaral kyl; Z is optionally

THEUBSbhted 1FBis9erdldihd d j:aRaldas Substi tuted C5-9

het eroal kyl, optionally substituted aryl, optionally

subsijetly ?gmﬁ{s%'f lfﬁ/é ﬁrspag éc@ B symx?‘éﬁkaéﬁ 'ale%ﬁ'g)ounds of the formula
het er oary or optional substituted heteroaral kyl;

and®t hdir Cl-10 al kyl, phenyl C 1-3 alkyl, or (C5-6
fHepgf@a$yé&{C:1 3 aIkyI nono- and di-esters; and salts
th% conmpounds and their nono- and di-esters.
Pre Brred conpounds of the first aspect of this
|nvéﬂ£|on i ncl ude those conpounds having one or nore
of the folldw ng features: 1. X is L-g-glutanyl; 2. Y
whiege: opti onal |y substituted C5-6 cycl oal kyl, optionally

subst.i t ut et e oal kyl, optionally

X5 dpss IP‘iaH’tyg?x“pﬁglﬁﬁ?F‘%’%}Vrc%o onal Iy substituted C5-6

Y Ret ,®pashal su’t%ﬁfﬁ@&i ﬂkyh ¥%p Nohadt @Mh&%ﬁé{éroam QJinBﬁéWflsubstltuted
thlenyl uryl |n I, or optional ly substi t ut ed

arybinptighally ﬁ@bsmé@b%e&}dl ¢gtloe§lbf| sobuiyted betesoptyh oe opéerially fupstituted

.optionally substituted with 1 or 2 fluoro,
he%che%}ﬂg’,l’ nmet hyl , hydroxy, nethoxy, or ttifl uoronethyl

Z goptpsly sulshituas O elkel, bﬂsm)qaligesmjblsﬂth&d 5 hizstob Ycpit eplion@hty
i s. supstituted ang one . of tEe sub ent is in

subpBge 7 b RO TR ol PRoTH O B Gy g o optional

su&lﬁhﬁ&dﬁé{&aﬁmu{gﬂ Z is C5-9 alkyl, or is phenyl 1- or
- napht h 3-, or 4- blphenylyl or 2-,

and ﬂ(ﬁ@&@ﬁo f’xlé’tl herriFh) PR (Cs dtaoaspl-Corrlil W%l@b@td (-
anéti\%alth;g |O$ (t)ﬁregcrcr)etpla %&’ anﬁm%.omo}c}%dﬁl@ %ﬁﬁ&ggfoxmi@ gr oups

E‘PV\'E?% glﬁé yci%‘]po%naizgy éh% fifs? Qsﬁ;%élt%(f él)ﬁ% H%@&%’Jn Blude thods COmCB’ounds
hatieg enoar mbﬁemf elmyfolloweiag Heatures:
1. X is L-y-glutamyl;
2. Y is optionally substituted C; ; cycloalkyl, optionally substituted C; ¢ cycloheteroalkyl,
optionally substituted phenyl, or optionally substituted C, ¢ heteroatyl; especially Y is
cyclopentyl, cyclohexyl, thienyl, furyl, pyridinyl, or optionally substituted phenyl; more
especially cyclohexyl or more especially phenyl, optionally substituted with 1 or 2 fluoro,
chloro, methyl, hydroxy, methoxy, ot trifluoromethyl groups; such as where the phenyl is
unsubstituted, or is substituted and one of the substituents is in the 4-position, particularly
where there is only one substituent;
3. Z is Cy 4 alkyl, or is phenyl, 1- or 2-naphthyl, 2-, 3-, ot 4-biphenylyl, or 2-, 3-, or
4-(Cs ¢ heteroaryl)phenyl, each optionally substituted with 1 to 3 halo, cyano, hydroxy,
carboxy, triftuoromethyl, ot -R, -OR, -COOR, or -NR, groups (whete Ris C, ; alkyl);
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optionally substituted with fluoro, chloro, cyano,

hydr oxy, nethoxy, nethyl, or tfluoronethyl; 4A the
w@eopouam i s a diacid;, or 4B. the conpound i s BCT/US2006/000532

di ester, especially a Cl-6 al kyl diester, nore

i al | -3 al kyl dj : | | d
e A S R e TR e e
opE¥@illy SulisBRRQLBEh Raotb NGhlcko] §ESE hydtof)) eietiafxy! Mo, or

feature; in particular, addition of one of these
triflyospraed¥l t 0 a conpound having less than all the

aAf eattw%noﬁ/guhhi cﬂﬁﬁ@,lo!ry result in a conpound that is

preferred over the conmpound w thout that feature.
4BSui ttlado¢censaintl ss o diesterBepepnllpt G alkyl didteg morgespeciBly. 2.C, 5 alkyl
die%llg?l) for a nonexclusive list) of the conmpounds of

s invention are those formed when i norgani ¢ bases

(e. sodi um_ potassi um and calciu droxi de) or

or eSS BR G B N OCH PR BT R ofereed over
coinbb@id g algalTesde: nvitey bemesd Rithiecin paftRABE, RAAHBE of one of these

N- et hyl gl'ucam ne) react with the carboxyl groups, and

featwresio & srmmoundhering lwrthamilthe étges el sgndsgliyreiin p Fempound
tha? ¥elf géafrgarwer tﬁywn&gauﬁg %ﬁ?t%méﬁﬂgtﬁat @ngd..chl orosul fonic

acl or organi c ‘acl acetic, propionic,

oxaldl ' el G, icC, f. iC [ e

o e AL 1, G TP oL o o e
compbirahed thi§ anemionatdidnesiokthedivhen tnerpaei dsiek {onisedium,

substit ut ed. benzenesul f oni ¢ %uch as . iethanolammi
PORRT P 2SI IS OBt HiG Prikh 6k Fignelmine, diethanolamine,

tridiRdHMRdheE @ﬂﬁ'léhécﬁmﬁﬁe,af&nm&,wh_ﬁ@lyl lucamine) react with the
napht hal enesul f oni ¢, napht hal enedi suI% oni ¢ and

catbglod grqups.cad sk £ora1ed vdeh sgirgants acids 4n g hydipshlers diyfliphiqumic,
). . . hl ‘ ¢ . .
ol i B B B R or Bl S 388, e P BBl A mat
madflae, metbon, flmplraonaceaitdcels) dng afaoe pir atehesuifonid acidnshich as
ases. A sujtable salt for the c ounds is an.acid

RSP Ep e PP PR ST R e b
chidgoHehgenbytioahhna tdleesiafohic, ddphtileapalfahic@Ad Ofbstituged

compounds of the first aspect. of this invention by the

namtb@@%egulg}mq, reRhthalcnedisplfaniq apderbssiguted naphthalenedisulfonic, and

camphorsulfonic acids) react to form acid addition salts of the amine groups, of the
compounds. Such salts are preferably formed with pharmaceutically acceptable acids and
bases. A suitable salt for the compounds is an acid addition salt, especially with an inorganic

acid, such as the hydrochloride salt.

The preparation of the compounds of the first aspect of this invention by the process
of this invention involves:

(2) oxidizing a compound (a “sulfide compound”) of the formula

B
X’N\;)J\N/\COOH
:\s
N

z

~10—
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(a) oxidizing a conpound (a "sul fide conmpound”) of the

formul awhere: X is L-g-glutanyl or L-g-glutanylglycyl,
W@er006074409 a- Rl - L-g-glutanyl or N - a-Rl- PCT/US2006/000532

L-g-glutanyl gl ycyl, where RL is an am ne-protecting

group and Y and Z are as defined for the conpounds of
WhEHfe fir st aspect of this invention; or its Cl-10

X @|Ll&y%1utaﬁ9%})ﬂ-v-guﬂmﬁylg®c§ﬂyén is Bo-RCD~Gol eI 2ayylR’- C 1- 3
al Kyl nmono- or "di-ester; to give a conpound of the
Lt glntgmylglycyli whete Bsisee pmgfe-nrafestingffed #%h; (b) if Y is N
Y a %’ﬂ’el'a's géi%eldt le O N.lﬂd@'o 'elﬁtgc'agl%«%t Ms%‘ye‘ﬁ}ﬁhn;
djepr ot ect ng ther ESUrt] ng sulfone that is a conpound
or @f Ct elkfli phdnybSpetityl, of (@:hhstetoaydrti; eyt roogp-\oe daester;
conpound of, t I rst.aspect .this invention; and
to %?FBW&P?V“&(%H)E? %Isf ﬂreﬁfzg}b%BSﬁﬁg&S? MYHEPt r st aspect of
(bt hi $f ¥ RVRER ONy BRu@day] @QN—&IRS_LQth(t%yl?]yqﬂ,t(ﬁprc(t&)jng Ehedesulting
di acid, form ng a nono- or diester of the conmpound; or
sulfepe that iy heorppasd of thepifdhasped of Husiogsntiog)to aive aspmpgung of the
- I . - jfying the conpound to
g RSt 4 RN

I acl e ‘compound; and (e) form ng a _
(©sal tf the cothpowsingfobefrspaspp o€ this inventipn plepstedys sten)a) oo step (b) is

.d In.ste a) he splfur atom.is oxidized to
il Sy £ Bhee FrrBb o BEce of this
(d)i NV et ebmpbiind grepgtdihare! (2)asi(b)ds §Hup- diSdiestd| dd-eedifdyg the
or a conpound of the fifth aspect .of this invention
comppunchie RiFRAARFIdiasih Hfebgrsmnrurd RE - prot ect ed) .

Ty piGahi | Ly G egRljed (@n a
(e)sui tfg eé[%glld\jgnt??&ghngﬁ?ig [ i%gq%élzyngﬂfipga(\%gg&,) and the

r ea?ﬂi is@E rg{’] Ak YWiBurla ol &l Hided 3o Pfeé%]:lﬂeg Bpolhd'Bf AR Hrst aspect of

suffrci tenperature to conp e the oxidation.
thiSitiveatiaing(ifsbé ylentlyl axind gritup dowdpirotatted) s aicogipoded ¢Pthg fifth aspect

of Bt B P g oS HRE B AR RET bRy acet | ¢ aci o and

acetic. aci 4/ hydr.ogen peraxide/ peroxyacetic, acid, and.
23 Fept R ge B R TG 5B h of8fhagagen

is RRIE@MME ki d deMPon deefukLCis BEIH: ASufhQA 5] A@RhLFfRRE: temperature to
oxi dant. After quenchi ng excess oxidant with a reagent

complete ths onidatiarh Pritable sojvaat/ pridens spmbimatiotrdndedffountraetic
e
acifluhd atdtie acid/hydrogen peroxide/peroxyacetic acid, and the use of C, , peroxyalkanoic
acids ot peroxyttifluotoacetic acid as both solvent and oxidant. After quenching excess
oxidant with a reagent such as dimethyl sulfide if desired, the compound of the first (or fifth)
aspect of this invention is isolated simply by concentration. Particulatly suitable
solvent/oxidant combinations include combinations where the oxidation takes place in a
biphasic system, with the sulfide compound dissolved in a non-polar aprotic solvent such as
an ester (e.g. isopropyl acetate) and the oxidant being in aqueous solution. Suitable oxidants
for these biphasic oxidations include botates and peroxy compounds such as perborates and

persulfates, e.g. ammonium, sodium, ot potassium persulfate, and a particularly suitable

oxidant is potassium monopetsulfate, such as OXONE™ (2KHSO; KHSO,K,SO,). After

11 —
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sol vent/ oxi dant conbi nati ons i nclude combi nati ons

where the oxidation takes place in a biphasic system
wowaok/0t43e9 sul fi de conmpound di ssol ved i n a non-Pol/a82006/000532

aprotic solvent such as an ester (e.q. isopropyl

acet at and the oxi dant bein
seRgtation %éheo%&ua%egg PP AYEBEDI f‘ Pt 0“5%81%8 the non-
aqhd¥ub PHRe ROERLRoRME PRI cqqﬁp @idﬂzdﬁ thel €HmB&und the first (or fifth)

perborates and persul fates, e.g. ammoni um sodium or
asprst efsbisipriepaemsiisoltas frem dhexnqseaqupeus PRATa PYSOREaAEoD.

oxi dant is potassi um nonopersul fate, such as OXONE( tqg :

( 2KHsOpEobisep b) KhSREprotecid amine graPROF »fomPourieof the fifth aspect
of %ﬁu%%gxﬁjo%qg de ch;]teégéjﬁo l'%p h’:{l%&% mﬁﬁldofqg% E_&P;% ecVB¥ B-Ilpig?renuon

0 € nonaqueous 0 ens re conpl ete renova

any .Qxi dant C ound, t i ISt S

of t es,COP’R\?%%‘{ fgtr}%e f%;ﬁg |a¥oefta?ﬂgl s g1y enu?‘ﬁma% o%d?r‘))tea BB oy
m@hES iithle EQIEMRBYA A {HRAmihdIpRRictitNAbus tap d(ﬁfb)n.ot hlbe affect the

R1- protected am ne group of a coppound of th

fif
rempaipdesiof gre mplpais Whethe projng- Pa‘étﬁ?"é‘géﬁ‘f"é?ds ﬁ%a%ﬁié rﬁmovable
%mv%e Qie%ﬂoEe%EedE}?RﬁgﬁseQ)ff atsgb1§g Ay S R Qﬂﬂlmgacetlc acid
conmpound of t pect of this invention may be
optiepallytirethie peeshycean lichist droethsns Walsh éhef asming-prasecting gfouptiva
cznf?l mlca reéﬁ)gvgﬁfela%eﬁ%r?)gegﬂ?%&o% et nls {:?r:rgvterél?en}l& ode%ﬁ:éte %e(% lgy catalyuc

redﬂfcﬁd@ ot SoraériAdbl] ehotigheadd ynch grompald sengylotiarbbiyl] @nerally
convenlently depr ot ect ed g t he us of a shrong acid,
cogiderechertalyicr Iy 6mEERb My 4P Be 6“;5?‘?"8 apfghicly ne
presence of dich| oronet hane. \Wen the am ne- prot%%gs P
% olvent such

gr odpricaalgticistagtipn; grictly, the fexpaend 5 dissRlvedrin p e
as 910 ugkadoi ok 2 Sﬂp ﬁ%‘ﬁk @&tf&&f (Q%QE Ab&! %Bev 3 Bl %I@Jny teb%ecm]ly in the

red’uctl ol or | soheri zat | on th oug such groups as
pr@emzewf awyeu:,aﬁrg; @npto,pylgp@nteteah Itlys reerssiedevedercatdadontacied (Mith
hygié lgg]%/ gli : lgy‘dtoe%au éjl%ln%rnsuc ad cyc i%ge’ng Crlh{jgl (El(l)lgegcﬁ Xl}e m?he presence of

a Lédil.ﬁcﬁlﬁh vaslydt) rty}élcaﬂl@i IatpaHHdﬁlrﬁ eitMgid’ﬂ budhus @aﬂtﬁﬂmﬁn EIhelé} palladium on
al kanol , or pol ar protic solvent or nqgmgolar
f

bapmatliise ¢8f vaHiTEep Btba iyt PHATHds pREisafs A grrofd e palladinm
coft Bx shﬁpﬁrtgpﬂﬁs(iﬁgﬁé %ﬁo&ﬂ?ﬂﬂfﬂ%ﬂ&hﬁ&ﬁ@j‘ &8s, PALEY | in 1ﬁ9 gresence of

ntacted wth en or a hydrogen donor such

a mybbplhlewé]m’%fgup a.cammgylz:dueh e%a%ﬁcemvbrx pminp e ot e@ew@éo%ﬁle gatalyst,
thd educt | L 3'h¢ ySt %Clt Eﬁ G&y o 139%1&99 'cgmre%ﬁka}l[} an ac1d

SUCHPES pa I'um on’barium
ad&ﬁdnpﬂi@ﬁwbﬂwmwx&¢ngbon. For catalytlc |soner|zat|on,
a zeroval ent pal | adi um conpl ex such as

tetra k);pﬁéﬁa[l btﬁll)"lﬁ(ﬂ)/irﬂf'(ﬂ}é etk d&)ﬁ)fp{bahﬂ aflihg Tﬂ:cﬂ)aspe&t o8 invention is
Blca l'y in the presence o

esteiified (if a diacid and an ester is desired), or de-estetified (if an ester and the diacid is

desited). These esterifications ot de-esterifications ate conventional and may be catried out

by any of the methods well known to petsons of ordinary skill in the att; in patticular, a

convenient esterification technique involves the reaction of the diacid compound of the first

aspect of this invention with the alcohol that produces the desited estet, using that alcohol as

solvent, in the presence of a halosilane such as chlotottiethylsilane at temperatures between

room temperature and the boiling temperature of the alcohol.
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a nucl eophilic allyl group scavenger such as a

secondary am ne. After renoval of the catalyst, the
w@eowpourm of the first aspect of this inventi oPCT/BES2006/000532

isolated conveniently as an acid addition salt (in

O oS R e PG Bhe S EE B e el 5.

foﬁﬁédemsl“emty@cﬁu eGinacidddaidn 84 @& @E defniflQsof Ral)s” aBbve).
de-esterified (if an ester and the diacid is desired).

Coprenientlyshisris ﬁ@Wﬁ&aw& afgs thesqompopne gt 1he Agst aprect of this
t (& ecome an
RER AP oy BAL f it SN Bl

ana{sbl,veﬁttrfop&ue balG shchras 2m apmnv ecpivcem,te g s hediotitbent polmlogenated
gue |nvo es t t he
et st SEbiEdpeding fgved De ot os AR SR g e
salt JRadecllp ﬁiltiﬁ@ﬁ)rhhff t'ﬁ’@ﬁﬂfy@td)u@ sdi®hlondlsd iA@ntapaitic 3bleedtod.g. &$drogen
solvent, in the presence of a hal osil ane

chiogide ges Frghes pnidpolaens for the salnes athpresuichat éaééwl ?@%nmethyl
terk- @L{meeﬁ?e& U ta&ﬁ%&eﬁnm le F}Je[ﬁg]lyt fﬁ&ngm% wrg egiertrH% be added if

al cohol .’I'n opt1 ste alt of the conpound
neqﬁ&ther@%ﬂsi aspect ot this invention is fornmed. This

will typically be an acid addition salt (see the

def i']?ﬂetstarﬂillg)ﬁatéﬂzéd fos thegirowsy (thdGnifela icempbmdst’)haires tripgptides and

done.| medi at after. the_c oun of t he, f
e BRI PSP RIS ot st oGPy By At lutamyl amine,
andGEOMNRE bEhed sBfualiglakdOoRiitod ZacH! gﬁe@t that will become
an anti-solvent for the salt, such as an aprotic

sol vERte S-8lkflate@ gRHMIOEAIAREs e cbﬁlea@ﬁﬂﬁpﬁ 213y 8% e&@reb@c;hal
such as dic Ioronethane foll owed by addition of the

methods Eipepiide swhﬁseerwﬂrlﬁmgwotpersegp@@rmV skill 1 Hee atfor m

of the anhydrous acid alone or in an aprotic sol vent,
e. g.Whetd po gemrropitely b dbylted cysieine oot seadily-aveilablsrfor fhe peptide
e.s t hers such eth e
il B RatiraPighy BLEDLDat by the SLECRr TRt
S-pEetdayihg gretps; bithyeh trq:thlaﬁﬂmemy arlixbﬂaaddselﬂ]ngfs paeeetss @Epud@ fthen

eggjlstflf CFIiedg g)r gg”r?béﬁ }Ejécllgoqﬁ er I l&%{“; @ggtgfﬁ re%% e 1s sso ved n an
acﬁ%it@ﬁﬂin@qg&gthqgtrétﬁw thé’ a icalff reflovsid ﬁﬂfuppf‘(ﬁectm% group but

optionally protected at the glutanyl am ne
nof pigongyenpegine rempyeanyankyd-prosagting gn@ua aptiopplly in greqgsence of a

388 Sy, P N OB 058, ORI,
trifhedrbmkthamesulfenipadid @psowdly ar dhie @wsync:akxf hlcoddlvenh@ichns .
dichloromethane; suitable scavengets include aromatic ethers and sulfides such as anisole and
thioanisole, phenols such as cresol, and, most efﬁdently, silanes including trialkylsilanes such
as triethylsilane and triisopropylsilane and silane polymers such as poly(methylhydrosiloxane);
and a particulatly. suitable deprotection reagent is trifluoroacetic acid in the presence of
poly(methylhydrosiloxane). The S-deptotected peptide can be isolated from the reaction

mixture by addition of an anti-solvent, for example an aprotic non-polar solvent such as a

hydrocarbon or an ethet.

~-13~
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VWhere an appropriately S-al kylated cysteine is not
readily available for the peptide synthesis, the

w@epbidaosynt hesi s may be perfornmed using one PET/UR06/000532
many standard S-protecting groups such as

triphenyknethyl, and_.the resulti otecte eptide

t her eyttt antR or iR AR et Rt ARG P edifound
ofﬁydoaoﬁabm Y.-CHYE, Shie Qh@@te@ﬁn%’ £idlup 6chi 43 atiakpel (hldrin® ofBromine)

acid that is strong enough to renove the

or g g Bl etﬁqswte:dé%m%rmr @reslequﬂfaiaatﬁ FOPTEBATF the apPEsiatslytS-alkylated
de. Thit &0 dbfe & gﬁaﬁn Dhoffe iPp R edd! fiGminis id
éﬁp,S%%%Pgna QH |netﬁgp%§ sen@g of 5 gcavenger. mize side
ra@uomabWBmsbcHom@ﬂusvmnnmmdemn¢mﬁmBnﬁ@a%btic acid and
ot her strong acids such as trifluoronethanesul fonic
aci dl?yptcpﬂlyi, dred-depratectechpeppirle selrselved ina sobsioh wénttrengtinse [e.g. an

5 P T 0 UL B0 BEB LIRS v o i,

ot biinQRMRInS Q}rcﬁomﬂa%ﬁi oh Srgabic Amide Kab€§Rh as BREmelHBhanidine, DBU
efficient trlalk IS|Ianes such as

_ i sil anes 1 ncl udin
(L Erisatthgieioly hPendsv 1o 88 reotig) SiolHiRblasalreat {eging Cre alkanol, o
r h [
A i R R e R
1,2 dinfetheoy abaet olcteiazhydrqﬁnatl hed phreldeheefonh the thiolate anion, the

Bt e

heldfat afl apptbprift® temtauué @fid 6v%a ptiecoadplaiph O bibrefi@nt- ﬂeaﬂuaﬁ
sol vent such as hydr ocar bon or an ether. Then,

t he
copdifighsare thepeat %ﬁ% fqﬁréhrsha@ﬁaﬁldfl EGat a%érpﬁm@m@tely ten-fold excess

of Wb d¥h Hi&hohih a conpound of the fornula Z-CH 2-L,
where L is a | eaving group such as a hal ogen (chlorlne

or bl“h‘%’!k%ﬁl c&hp&ihd? Eﬁaggﬂélbk HRILL Eibed al kane- or
ar enesul f onat e- 1 0 prepare the appropriately
an $91aidnylﬂmreukcwép¢ystamc isTaikydn tédswittomy gppregridtey Z dihe gwivprand the

.t he .gl ut m.ne .i s rotecte
uipebaf PR apRE 1R B TUES mEedR R pORfR i fEss coupling
firstRpMOInaeties acid ypine @bimla t he S-deprotected peptide is
di ssolved in a solution of a strong base [e.g. an
aﬁkali nmetal or alkaline earth netal hydroxide,
H.XArbomat e, bi carbonate, phosphate, or al koxi de, or
ammoni Um hydr oxi de; or an organi c ani ne base such as
and @temamigt Jy(oguemily proggctddBUy-glutamine or L-y-glutamylglycine; or coupling first
i cycl of5. 4..0] undec- 7- ene nd the |ike
with e GBABT A gar ey T e S i EPiebing o grenfiy fof amino
acidof lhelfoghhlanedi ol or 1, 3-propanediol, an ether such as
anethoxyethanol, 1, 2-di met hoxy et hane, or
tetrahydrofuran, and the like) to formthe thiolate
HRATO000H t he

Many of the amino acids of the formula

HN" COOH
such as D-phenylglycine, D-(4-chlorophenyl)glycine, D-(4-hydroxypheny)glycine,

D-(3-thienyl)glycine, and D-cyclohexylglycine, are commetcially available in resolved form,
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conpound of the fornmula Z-CH 2-L is added (typically

in excess), and the reaction mxture is held at an
wWappsopuIat e tenperature and tine until conpl ePCDOS2006/000532

Conveni ent reaction conditions are the use of 20%

oSV SInan Lo LT 200, SO TRLELY, LEDh Ol by

anfBY thd|rSh oB pbRAISEYe asolhfbd 6fMinindAciOMlet @matslryay be prepared by
protected) cysteine is alkylated with an appropriate

metheyy kpowg feyifhe seibesisind 2piansisei de or tetrapeptide then
fornmed b standard nmet hods of peptide synthesis,

couplhersglfide eempoynds may bs propeted@s diagifls (thenghdhismag olre

t
infp D0 biouHion BPIc PR R RALE B bt Bl Dbl ox
dle(scqnst, depeaﬂjng oprthd ﬁ@lt@d)hebtagmg; amamanés &ff the sulfide compound is

L- g-gl ut | ycine and then wi.th the_ am no acid of
DR AR Y 8 ie o5 WIS e (GLPAGH PHA PPy dected befor
oxaiaaan asthPspliead @k ¥QEde, anMAesedﬂfetmt@autubgt il ty@cauy be

(4- hydr oxypheny) gl yci ne, D-(3-thienyl)dl yC| ne,

nd

sntglaéwt@rmbet gry/s wed forresteriBeatien of acpippeaas dfaht &rst ?fPeCt of this
nvgglved formand in some cases as the esters. Qthers
are available in racemic torm but may be resol ved by

any t

ac; dopeafFRAREIHIRNE S Reule SPSRcly Mo Bl B0 skl nd
this decloyunt (isdudingthedranpleac indsepating compbiud of dtqﬁ:tstmm ﬁfth

ma e prepared as diacids (though this may invol ve
asl?‘ﬁ%/étl}ﬁ]élgf”é(p’% 0;S’rot ection of the glutanyl a-carboxyl as

vvel% as the a 5 or as nono- or diesters, depending
Uss ot the cepppendsPug REPCESar t i ng ami no aci ds. If the

sul fide conpound is prepared as a diacid, it my be
&hedpnmou@ést Athe ﬁrégaspf:c}y ﬁf s myertmm(@specially in the ac1d form) atre
mlﬂ cﬂ?, Z%l Q)@J_ftlﬁ{o?s gxE&gRtpon Tﬁg tberss Wik @?eﬂhgncmg the
the su andthe esterification COﬂdItIOﬂSWI
diﬁfgtprtt@abh yf bié.-&) qrils arwtto,cantimg bag lezh shewyn beerxhlsle@ f or
erificati on &) 3.8 nd of thgflrst as
O R By e BB SRR R Ryt BB o e
coﬂpbhndtave&mﬁefdtefeﬁg)&wdtty act&Eé}SpeﬁiﬁEd]llyl gl hthﬁins&&lﬂdterﬁlﬁ]ﬂé the

cy@éq?%t hi s dl‘ﬁf‘zg‘sl q%?:u%rgg %qgg!giju%ég%ltélgfwﬁé? cells ecause (n}sl%l’ gs%gcrl;. y

GST P1-1, which is elevated in many tumot tissues, is implicated in the resistance of tumor

cells to chemotherapeutic agents; so that 2 GST inhibitor will reduce the ability of the tumor
cells to clear the chemotherapeutic agent), selectively exert cytotoxicity in tumor cells (again
because of GST isoenzyme inhibition), elevate the production of GM progenitors in bone
martrow, st_imulate the differentiation of bone marrow, mitigate the myelosuppressive effects

of chemotherapeutic agents, and modulate hematopoiesis in bone marrow.

The compounds of the fifth aspect of this invention and the process of the fourth
aspect of this invention ate useful in the preparation of compounds of the first aspect of this

mvention,

— 15—



10

15

20

25

30

aspects of this invention. Uses of the conpounds and
process The conpounds of the first aspect of this

WO poveft44on (especially in the acid form are PCT/US2006/000532

inhibitors typically selective inhibitors, of GST
They .are al so. active in,enhanci

i (g Ar g o s tion s P S ep Hop S obgitigns compsising a

colRR0n® BOWB fik<? 2 §IRBESTABIs AR D GY i@ IIPAACHERISE bR BYcipient, such as
formation frommurine bone marrow cells ex vivo. e

2 pbarpocaisrls recephbleckgpient thseppets methegsinvolving administering these

cot }um&ecitta nL&/cetln.t% RitihR comPhfBthéh, %&@ i}i/t ﬂte&ist&cauy
chenot herapeuti ¢ agents-in tu g

ef(ebmamnanfssm;l tbesqse of @iesieyco%fﬁuﬁdlsfbr thettiegtmens 0é¢9avataed for the

sue [ cated in the resistance
InﬁFﬁ?gﬁ%PE%FE' ?% %ﬁgﬁﬂf 5?%%8 I%ahggnts so tkat a
GST ,i.nhi bitor wil reduce t abilit of
cel I'SGTPLEATS tlwebwgiiﬁttﬁ@i@iséat oty | 5t St being

tr2RIIBAY B a¥nr@ ¥ e e sEHEQQ¥AGSY Rioltek @mnmixia&r(ﬁaaa@ but ate
because of GST |soenzyne i nhibition), elevate the
nq figited td, efmisistaipmbigisation inslidingdpimy chess BiAPEtPtab at e
infRGudhibf S SR Qttabé?)?x 0 ec.jl?tgﬁl% rE%EEtQ osilich k@Al A gehvery through
?osuppre33|ve effects erapeuti c agents,
topim:l ap]ﬂﬁtuhcatsmdadmpxa@mpp@utsryi and blgnlgkermmmrag e adingnistered orally

ounds of the fifth aspect of thi.s inventipn
PR e s PR P R SOt PAL REL ot bapoped
foktﬁﬁftﬂtﬂns | dindldiéhsPioRRanabhdtsighecClonBRuRdS: tBE dfd@cidss Sbicosal
ect of thjs invention. The second aspect of this

miﬂﬁ TBALSi A #apﬁewﬁﬁmméwt%mp@% o AP IO ghepgymgthods of
alﬂlgﬁ [rrpafy b ri*(.e)“urfcf F te ﬁﬁ €Gh Rin %l{pz" Fhe .S%Iiﬁp}n'd Phactice of Pharmay,
opt 1 Oha al’'so 1 nc an exc pi ent, such as a

20pﬂdarAnﬁ?®emrpc@I Ilyppamoetﬁwmn@ c‘b%ﬂ@tsehhﬂadtlplead?mmymma USA,

ods, i nvol. t hes ounds.
zogﬁ f &1 c&fnpga o sq‘ﬁ;%g)gl | eor O loa?olu%onﬁgo E;%ren{)u of ca and will
confhirdtht Bemppaid dﬁa&hilyauﬁ WileAlid o taBhddr, maﬂaq;htimcu&eaign‘
t hese conpounds for the treatpnent of cancer and for

aceqpiahlpesrgipicatsy L eric desaas fosme milkbg abletsrolytions fardtavgpous

inf@B6 A op phiil3€d povRaY R Se TR YtitREoPAATL RS ALIOR thiYe RIYY ilfOMSE and
sui tabl’'e to the subj ect being treated and the nature

lipoforhdl dorgrbitions arsl Igepldiizeil dinosoRalifcsmubfionsdsorfosinttardnons
|nclu%§ but are not limted to, adm nistration by
adpiipiaEy i ncl udi ng intravenous, intraperitoneal,

A therapeutically effective amount of 2 compound of the first aspect of this invention
is about 10 - 2000 mg/m” body surface area, especially 50 - 1000 mg/m?’. Administtation may
be at 1 - 35 day intervals; for example, about 250 - 1000 mg/ m® at 1 - 5 week intervals,
especially at 1, 2, 3, ot 4 week intervals, or at higher frequencies including as frequently as
once/day for several (e.g. 5 ot 7) days, with the administration tepeated every 2, 3, or 4
weeks, ot constant infusion for a period of 6 — 72 hours, also with the administration
repeated every 2, 3, ot 4 weeks. A typical regimen may involve administration once/day for
five days every three weeks.
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i ntramuscul ar, and subcut aneous injection, by
transnmucosal or transdermal delivery, through topica

wa@ppbiozabd ons, nasal spray, suppository and theCT/UER®06000532
may be administered orally. Pharmaceutica

oSiti ntai ning these conpounds may optionally
Prﬁ%an%()ﬁ%% cggfar?@?nul ations, emul SI ons f ornul ati ons

desi ta adm ni,ster the dru ggse cosal

o RLOBPE FTAR RIS RFPAT diERtdgtes and the
syhtQEdes bBlHe @BHpb @ ds AEs Rived RIS (HBHI0ELS 0Bthis invention, and the utility

admnistration may b e found, ‘for exanple, in

of lamsarpasids qiide Sett avReet oftbis Pvarigncs tefamonEs rasalp; 20

ed., A Cennaro, ed., lippincott WIlians & WIKins,

Phi | Beelpdrasioing 1 apa A nisgqnbameaarauprs of reagome for Swlmla@@n of cysteine or

It h

o R Aty e thcer B8 BB - BAnL Ml B0 o cgmapaience
thé yppaad dry nivnéd asalesivatendBbheanzyl eordide (lBb®motoluene).

pharmaceutically acceptabl e exci pients. Typical dosage
Préguratonii: Plepb@tibm bl £{BpyEpl) benzANgothidle. | nt r avenous

i nfusion, lyophilized powders for reconstitution as

sol Ln.(zomldﬂytblulem Q&iﬂe (I0985g, i1 7 s 61 N-BRSInbsup@sian®d (NBS), 2.5 g

formul ations and | yophilized |iposomal fornmulations

(14 gynelypnd ﬁﬂrwbﬁmumﬁmﬂ% {2 EY)oRd mg ¢kt mmrduvee spgpgnded in

35%]i S ME AL, Al LaEREPAUAd, Qs The Jo'dﬁ%tw QERERH £ the
hi's T1nvention i’s about 10 - 2000 ng/ }Fnz ocfy surface

SOhneeiat;ernesgbf;@ralthg/ﬁlE@te-ble@Qf qvgporeion. Egmlpisunatof ghlordgyrm and

e at a rval s:;. f.or .exappl about 250 .- .
vt idiana pro i et PR e Rl P fep iaipand aried
and thesolvdht AnRed 4L QIFEd|benzy0broatidd) 2@h&hs St@iEe®iG Risky yellow
|ncI uding as frequently as once/day for several (e.g.
or 7) days, with the admnistration repeated every
or _4 weeks, or constant infusion for a period of
Pram@% Pseparall%ow{%mﬂvéxmhwmbg@%b#o@ﬁd? epeat ed

ever or 4 weeks. %/pl cal regimen may involve

ad m %b@momlmm, biceg élla1}m¥08 e&@ﬁﬂd}ﬁ@ﬂbg@w acids %2 mg (1 mmol),
PR LSRR A P B B R 5 W b eI SRR P 2 30

aqayus h®§@©3, df9 thhe¢3.8 ﬁmixb'l).J mﬂtﬁs [gicet] n 5 midiventehldn ph?y!su&é‘]ﬁal and

c isin tion, and the utili t
he@f&ﬁrﬁ f‘&f P A e cgelingtp fa?mttﬁflgefm{%melpaﬁ gt was poured
infohie¥epRedly BnAd 8Rd SO nft! ABRbANLENMAMIARH cthed @8frddBE. After

prepar ations of reagents for S-al kylation of cysteine
exgpction, the layers were separated and the aqueous layer washed with another 30 mL

diethyl ethet. The ether extracts were combined, dried over MgSO,, and the solvent removed
by rotary evaporation undet vacuum. 2-methoxy-4'-methylbiphenyl, 160 mg (81% yield) was
obtained as a solid product, 95% purity by NMR.

2-methoxy-4'-methylbiphenyl, 160 mg (0.81 mmol), NBS, 158 mg (0.91 mmol), and
AIBN, 1 mg (0.006 mmol) were suspended in 7 mL tetrachloromethane, and refluxed for
24 hours. The product was filtered, and the solvent removed from the filtrate by rotary

evaporation. Equal amounts of diethyl ether and water were added and the product
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the cysteine of the tripeptides and tetrapeptides (the
"sul fide conpounds"). For conveni ence, the reagents

wae@enaed as derivatives of benzyl bromide  PCT/US2006/000532
(a- br oot ol uene). Preparati on 1. Preparation of

b B AR RO 05 (e RULOVEAL Ol el By
refflotelid4.02- m&@m@)&n@ﬂ HaARIE, 3108 SQDWLY SIRintd Ad B)oil.
(Al BN), 0.14 mmol ) were suspended in 35 nL

tet r@gf'&ﬁﬁ@ﬁﬁ% l{’lﬁﬁﬁzﬂ B%H@Ma&'ﬁ@ﬁreﬁ%d %nf@b'faﬁo Hed@lboronic acid

product ‘was filtered, and the solvent renoved fromthe
byfthis tpegltasl. by rotary evaporati on. Equal anounts of
chl orof orm and water were added and the product

ext r@@tebhnzwmomidle@mmnmdlvaﬂmphma@lysreb@m(bﬁh@ﬁbor optionally
ey

d d the sol
e Do B R e e s
P t P t f
( ra#%%fcafé e ?‘pféa%?aa‘ﬁseafarésaﬂw{sfesr%%ta%ene, 171
Ib 1 ,
Prmﬁsﬂon fqpafapwﬁ&ge&é% o %QY'(DZ TebPheriffoctiyl-Loyacine.

- but yl ammnl uni  broni de, mmol), and. 2 M .
aquedyslt MaBzmcarEOWansswsﬂ hitsl (§ 2 Wé?(df gt disolyefip 3 mixtute of
9 HLQE&W@&&?&L& AR BRI U R Mhdbus RO %ﬁ&%aﬁ%eé@@eggssg@ by Bubbling

m nut e After cooling to roomtenperature,

g;mhmgh Wad splutipe df 1Hdtrom@n1r;éprablahc;ryy 1£13rr(4153 molzm pimL
and
G T AL ST, MBS ST M Bl o o
at Irca;ne tenvysdtend. Vhd T\HH Reexb If@ﬁovaa bmotﬁﬂye:trkgdmtemrmrder veeeum and the
e cts were co rie ver S, and ...
et BT PO B e Aoy SRS THEOR i o acidified to

pEY BGHID MBS OIN; fhd FRAGYL 1hrRNBR| withl&hy] A48 Thke combmed
yi el d) vvas obtained as a solid Ior oduct, 95% purity b

oIV expragie etcyashed wish frglebis aqueBH N@{Q@aa gf_gtwpl)brme and
PR3 cgg(éfélgtatl%% tQEinil.t iy acﬁ{eﬁ%t %Y%Jg?l) @Bmh}lyknethyl)

\were suspen or one
L-tyefelne &2 fypid) 24a Wbite solidThe product was filtered, and
the solvent renoved fromthe filtrate by rotary

evapothat {prondl padteasd) Srills/laadd @hteinbynaebdendiBndepuaddsy the
\égrg a%ﬁed and the productextracted. The ether |ayer
mefhed eEWINRIERAPEORD dri ed over MySO4, flltered and t he

sol vent renoved. 4-(2-Nethoxyphenyl)benz br om de
128 Trgpatsiiess fige gldﬁgalbggxeame@iraruon of some “s ﬁde compounds”.

Ptepatation 4: Preparation of L-y-glutamyl-S-[(4-biphenylyl)methyl]-L-cysteinyl-
D-phenylglycine.

L-y-glutamyl-S-[(4-biphenylyl)methyl]-L-cysteinyl-D-phenylglycine, as the
hydrochloride salt, was prepated from 330 mg N-a-(benzyloxycarbonyl)-L-y-glutamyl-
L-cysteinyl-D-phenylglycine by dissolving the amine-protected peptide in acetonitrile/water,
adding an approximate 10-fold excess of sodium bicatbonate, and adding a slight excess of 4-
(bromomethyl)biphenyl, then maintaining the reaction under nitrogen until completion. The

reaction mixture was diluted with water, washed with diethyl ether, and the aqueous phase
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- (2-cyanophenyl ) benzyl brom de nmay be prepared from
2- cyanophenyl boronic acid by this nethod. O her benzyl
wWhe@aldle substituted with optionally substitup@dus2006/000532
phenyl or optionally substitut ed C5-6 heteroaryl may

r eadi r I hods of these
SRR TG B Pt o Rt Areet i d b peetnte
THRforgdhi %@gwll@a&d F¥ Bl dBus ﬁg@@g IBEde@Mmnd the volume reduced to
Preparation of N a-(tert but oxycar bony

B (bprgﬂybvmaﬂmbﬁw QIUQm@&%{(@bﬁ@en}’lYl)me&YD-L-Cystemyl-
D- E]hr%}égﬁy% 'g&!:tsag?g.?{g g%ﬁ%&@aﬂrﬁd'ﬁgtﬁ ; Egﬂlr?ﬁ 9p1:;|1:09 390 g-nAg Rfas dissolved in

2 1et9d éh;nﬂn@:bwean a@d@FQ):dichlbMragivae W&Naadea;raddadrred at 45°C

ovBEER CHf FUGHE R PFRIEHSITC £ B Y el PR ey
L—éﬁstehﬁl—b%)f%’lglffdﬁ{eamhé T hluthag- Ja[‘dﬁﬁfgha[y@rl)tﬂbﬁq@m - tffstelil-

stirred under argon bubblin hours at room
- AISRITNSS PR PR AEa: QB Rt} AeB Ry fhe TP atacisd sulfide
co @Gﬁd YSRH YUY, ad“egn ‘&a'Il@n e hfgo gﬂuhéﬁoﬁ@t?‘ @h t %e 2R%mpound of

d wth dieth ether. The aqueou
thaﬁftUmﬁpeeUOﬁtblsmeﬁuwth 6 M aqueous HC, and extracted
three tinmes with ethyl acetate. The conbi ned organi c

ext rGatsounds euchas heebluthyi- Mquqpysaﬂ)phgtyﬂmeaql}geqsteinyl-
g%ﬁ}?%@gwat § %9%8 %ri(gtgfczefecb r%fjogg QveeQe grrei;mergd gjrr] sc,llmﬂar methods.

5@?’@? ﬁ{%@%&%% %{Qlﬂg- é&%‘fi IgB? ltlréeargrrllgno and diesters,

m;{ ld:l?%%'lr SpaRidWyeehied InetiaaAb Ky | at ed cysteines may be
readi [y prépared by the nmethod of this preparation.

PoEEERRRY mg%mﬁoﬁ arb. %ﬁﬁﬁﬁﬂ?:[[ LB RRlcRly Ty ainpoe

ounds". “Prepa reparation oOf
'Ph@lY@YGmardwth}@f:{tém bi phenyl yl )met hyl ] - L- cyst ei nyl -
D- phenyl gl yci ne.
L- g-1g}-placamyl-S %%iﬁmvmnww)%tmxﬂq phenylglycioi diethyDegpds, as the

hy%%h%%lé%l %Wﬁapsrg}t_)%g%%d s OC g—ﬁﬁé@aﬁher&%ﬁm?thﬁ —cygeinyl—
D- Ph&ﬁ%ﬂy@iﬂ@)’i&t@g ﬂﬂf&iﬁtéhﬂﬁﬁﬁh ﬁ@thkéﬂladblsﬁlwchlolﬁgrﬁﬂ&ﬂlylsﬂane giving
am ne-protected in acetonjtrjle/water, addinhg

L BB TP R ORI e 8 O PRHiRPB EAPbEN: Bhe
L—\a—glqtaﬂ@g St r[gr—lﬁpﬁ‘e!nkfgbﬁleﬁ§ﬂ:—%§:§st%ylfb—phenylglycme diethyl ester was isolated as

the hydrochloride salt.

Compounds such as L-y-glutamyl-5- {[4-(2-pyridyl)phenyl|methyl }-L-cysteinyl-
D-phenylglycine diethyl ester were prepated by similar methods. Other esters, particulatly
diesters, of the sulfide compounds may readily be prepared by similar methods.

Preparation 6: Preparation of L-y-glutamyl-S-[(4-biphenylyl)methyl]-L-cysteinyl-
D-cyclohexylglycine.

D-Cyclohexylglycine ethyl ester was prepated from D-cyclohexylglycine, 500 mg
(3.1 mmol), by suspending the acid in 15 mL ethanol, adding chlorotrimethylsilane, 2.02 mL.

(5 equivalents), and heating the mixture at 50°C for 18 hours. The volatile components wete
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(bromonet hyl ) bi phenyl, then mai ntaining the reaction
under nitrogen until conpletion. The reaction mxture
woer®otdi440e ed with wat er, washed with diethyl el’(hB'Uszoami)ossz
t he aqueous phaseseparated and aC|d|f|ed to pH 2-
rochlor| aci d, n e ed with
selpoRthiier Siraupd A e e ) S “ﬁ’ﬁhﬁﬁg‘%{a‘bé‘l‘l""’“
NMIEO} and iitew el brisd) dn&ch&rey Mg]e@ ﬂlegedc:ﬁm dvap&thiée té\ib;ve 401 mg
- a- (Benz onycarbonyl) utanyl S-[ (4-Dbi phenylyl)m
D-E7¢igHeyylg Bﬁi@?@? taylpyiet a@’pﬂéﬁ | yci ne. The

am ne-protected sul fide conpound, approx. 300

di sSWtovE-iatoxycarbo-S (4 hipldnplyiresslest-gysteine, 588 mg (L. O mmol) was

dl%’? %‘?Eﬁg %j? (ﬁ’g&% g@‘gﬁa?‘gﬂf @ﬁ%ﬁda%dugl HZO %Z%[e— rep ar Al gmethyl
wbBLE He@aﬂgid«@ﬂosgaagé (BT, 8@ @g 41 Zbr:qpime)j th/ HleBiqirby}ﬂ))sthylamme

-cyst ei.nyl y IyC|ne
o9 ey et e R e Hecrgherrigr iyl s 360 me
(1 @qﬂh 8, raﬂdsaﬂvy&memmws\%s@ua@u asd tHeeniaded QERIAQE kdlen temperature
salt. If desired, the am ne- protected sul fi de conpound

for 3 ipersithoe thsearethieclrdmiasgenbomd o - Gxiphany - grageinyl-
D Eﬁ \l/@e?ﬁ%%&@etﬁ%oun @aat%ﬁ M%ﬁebﬁa@wésscﬁs%‘&fve@k 0. 20%

n such
THA figllarbangtionap 456 @ pyoiyiiivenylribbiny Jhdo by stk product

oyl - nd their, anm ne-pj ot ect .

et B Boeinat & el e by S P P OB et e D 1 cyocinyl

D-syIdHedAolcANPOMINEDacdtAtE hidf ba Gse&lﬂn’étlgﬁn EYRRUKES, o Aal be further
are nmono- and diesters, may readily be prepared by

pregesiedar net hods. Pr eparation 5: Prepar at i on of
L g | utanyl - S-[(4-biphenylyl)nmethyl]-L-cysteinyl-
ey (et Breoyear pl@ﬂ)h@{oc 1t betyl-L-y-glutamine Was issolved 1n 2 mIL DMF,

an‘ﬂ%?l?%?yc. T (e RGP TR e N B B e

Afnas pinearaedd f- (Blr-‘rhnphenylyhnethyl)—L—cystelnyl—D cyclohexylglycine

R isd0 S L) By R el DA GF o, e e

st@eai ambﬁmin XBL0Ydr D HAREThGWitig was poured into 0.1 N aqueous citric
Iuta -S-[.(4- blphenylyl)nethylf L- cystei nyl - D ph
ac@nw %pqq weﬁh@{;l}y pcefasq. dpe ofppgic layer was washeéd four times with brine,

drl'ed%vgl{ M%%% Iarél ﬂle(v% ARleP BERY laYJd)tlgg{vlgat e rplylﬁﬁﬁgrlcﬂ%ny[ﬁ' ph

enyl ethy este
Odayretr- b@tkﬂl—levghh&rq&-l&@ k@dwpﬁ]dnxdélybm.aiyslamyl—D -cyclohexylglycine as a brown

ot 18 B BRIk ¢ o A BEY Sk PEF B SoP Splp b
te@b8atudd ol Reds. TKY i@ Stetd emopad thded h@fubidh and the product
putified by reverse phase HPLC, then the L-y-glutamyl-S-(4-biphenylylmethyl)-L-cysteinyl-
D-cyclohexylglycine isolated as the hydrochlotide salt, 47 mg. If desired, the protected sulfide
compound could also have been taken ditectly into oxidation step (a).

L-y-glutamyl-§-(4-biphenylylmethyl)-L-cysteinyl-D-(4-chlorophenyl)glycine was
prepared as the hydrochloride salt by a similar method.
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di esters, of the sulfide conpounds may readily be
prepared by simlar nmethods. Preparation 6 :

woe@par€vd on of PCT/US2006/000532
L g gl ut anyl - S-[ (4- bi phenyl yI ) mat hyI ] L- cyst ei nyl -

C e,e I sLer
SheEia R s ks G R A S
D-pHBly)gly cb;)é BUspendi ng the aci d in 15 rrL et hanol , addi ng
chlorotrinethylsilane, 2.02 nL (5 equivalents), and

h eatw 900 B8 (07 HAIEL- 1060 15 Qb h e InRamSE -y Ry gLrﬂkh&@ycme

onents wererenoyv er vacuum and the resid

hYG‘~it e (TlInl iethygrochlosider dissolyeds Megetiv ack! eay é%ﬁszqw a 32%
so"ﬁl Wage%c Iﬂn pcrehp Feid &95%%}_5 efh el\Qé%n rxtl%(tlulee&rfsqnamtamed at

porate gl ve Cycl ohexyl gl'yci ne
roehi’tyllnpmtue&‘ fdkmamg tthle raacs@i b}dLCMS On completion of the reaction, the
tert- butox car bo . .
sl T iR SRR e et o solidgtoeahen v il
ach@fithlle 55QLY Bferbd) aﬁd Eﬁe @sla@twbxhémlmmoa@a&%ﬂe/aﬂar The filtrate
0- benzotri azol e- "-tetranet hyl uroni um

witdyaptilizer Gpinobp F?éldée errqlafﬁefte pagbediy preparatagdiliL, ang e product-
cog Cf%‘hﬁoé)ﬂ &B}{é Q%Hr?_}% o es& ’A@fgglsggﬂlﬁ (oh JEQUétgm}lﬂe)‘%& and

After exyl glycine e
lygtilentiorn ﬁ&nrtg,n:@ﬂuoaqmﬂmnwmmhl@mr wed diymgAungr @IVFumWa$ glutamyl-

d t t f
B RS T BB L SR GTRRAE 1 S
WI&%&%P%QH@M @Hﬂﬂ 8atkriohy. THS bﬁjt‘ﬁhy NMR spectrum (DMSO-4,) was
D-cycl ohexyl gl yci ne ethyl ester i soI ated. _The
CQWP%&W&E&‘W@@MS%W%C {Tworfyrthet logsogete similatly prepated on a latger

sc;-lgl(\d AL on e Telhan é)% g u@ﬁl doaty 5 ‘P&H‘e&&@@@f‘f Iﬁ&é&éiﬁ: acid, and
for 2 hours, then the crudé product 1sol ated

altegingscifenpfativoinat quasttasnbigtly v Hm same pT¢rb10tW@Rj®tamed in each case.
S- (4- bi phenyl yl met hyl ) - L- cystei nyl -
Sylatl@lc Eshreply Rgbyndiesie of Liviguangdeléitatgomthy]) hafonglpt-alanyl-

o phésilitichy Pl Sy B ot bx%a?ﬁﬁni’f) o
gnfjthB -il%%ltn%/g?@ IZ_%%‘;‘%‘%&I %’B }\ﬁl)%s (pg etﬁ%)-L—cystemyqiT)-p enylglycine

dicth{li S PRRRYIL S1dR\His8EH &Fin 3330 aflic G AN hddeN, 228 a 32% solution
added. After 5 m nutes, crude

ofetagetisi asideinprspicraie K0 mmady Theraagtionpnisyuss whesepingisediaseoom
tet%;%g%k#g If&ﬁ)%\%ﬁ%g aea%ggn é19153§n QHB&) et:lq:n‘ii gaglrga%qoﬁ I?huzj:eactlon

and e M xture stirre room
mkeﬂpmatammtfamd thdaoucsum Th e sotidy then eaken $ip pio uredanplitlionethyl

1 N aqueous citric acid cted, with ethyl. .
s ftloebried ritod b e nb il BBt e Sl fgeions
aghiii lf¥philized. L-y-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-D-phenylglycine diethyl
ester, 1B, was obtained as a solid product. The proton NMR spectrum (DMSO-4;) was

consistent with the proposed structure.

Synthetic Example 3. Synthesis of L-y-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-
D-phenylglycine diisopropyl ester, 1D.

To 309 mg (0.61 mmol) L-y-glutamyl-S-(phenylmethyl)-L-cysteinyl-D-phenylglycine
hydrochlotide suspended in 6 mL isopropyl alcohol was added 767 uL chlototrimethylsilane
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dried over MgSH, and the volatiles evaporated to give
N -a-( tert-butoxycarbonyl)- O
WO 200beT40Dut yI - L- g- gl ut anyl - S- (4- bi phenyl yl met Pg1/VS100€900532
st ei nyl - D-cycl ohexyl gl ycine as a brown oil. This was
6§%SSO|V%g§'n 10 nL 2096TFA“%G%$@oronethane and stlrredh
( RFETPAR BFEE Sfas ST © IHEREEAAS AR (AP SR> When a
W&%‘E&&ﬁta%@%ua'l{f%% A iR PrRHEated BOBOTD, 86 adlitional 300 L
reverse phase HPLC, then the L-g-glutanyl-
ch@xQ@Qﬁt@ﬁﬁéﬁw Was ﬁéflﬂ%; pr}d @sé%p@q ﬁ%tuxe maintained at elevated

tex?g?r%ﬁ&ﬂéi ?&%r% .Leg‘%?%ﬂ!l&ﬁs, lef2d d‘l Qéuﬁg S 6438 8 9'@38‘( Hﬁ@l&@ (with the

desi’re e protecte
remaimdenreihgabeindnadssn); had the lpeeipitatekbat hail femtadywas filtered, washed

d : .
i OGP hThyt SE ] i wirtdngieyvedingiespel s mpifip Ppprepeitive
HPL@ m@lag eny kxaawr)ya@eteﬁm\ﬂ@sﬁtaro&n% Bfliréhldeheciiyd iacddent. dBe

salt by a simlar method. Synthetic Exanple 1. L _
dngg,mpppégptgr 8 mg (0.16 mmol), was dissolved in 2 mL acetic acid, and oxidized with

thlru& &I&tp I‘% a,cgﬁ({ mmoﬁé mé%p)n?‘ﬂ%rrté) '@ﬂ vldnlxglai(ﬁl% the reaction,
phenyl cine, 1A To 100 tng (0.2 mol
2 ngnqhmoéWB‘d adged,phepykinetpuyifidd by pysireimHPIE phengs:gl yc
d KIl 7.hyd d in..
BT ER AN R i R
fraf&&bﬂﬂ?&plﬁhza@ igy- glﬁta&fyﬁb-l @h&@hﬂetﬁﬁ)sgﬁor{ﬂ]ﬂ] z)lany-[b@henylglycme

reaction nmxture was nmal ntai ned at room t eon‘per
diip P BVkiCHE: ]%Yﬁé)ﬁhlé’é’éﬁ M3hOBInEENS: SaBA PeRSH &P 1ot b5t HBLC The
rB%ﬁ%M?JE X So@g{%b L9kl bk En Wi G %@Sﬂ%é@é@féuﬂ&der

vacuun1t t fen t aken up in

sy\{;}m&t‘%h@%érr{éﬁﬂe &/ YAk of }%ﬁ?ﬂ&%@ %;Qﬁeggllﬁéﬂééﬁgl]"@ﬁﬂﬁﬁ

acetonitri
D-phayhpljicine @lgpethylestet, A€. r esi due and filtrate purified by
preparative HPLC, and the productcontaining fractions
agai nylghophyli3-FgenylAfettet) sulfoaglpl utahdm- phlenylglycme dimethyl estet, 1C,

ilel ter and i za
os B tiRoHlast g Waﬁaﬁeﬂ%rﬁ#rpﬁédqé?g ACEENNS I
gﬁ@bﬁkﬂi{bt}&l DO teth@nL henylglycine hydrochloride using the method of Synthetic
[ pheny me hy sul f on I] L- al anyl - D- phenyl gl yci ne,

E?EBAIP G gsiap mefhrael ipgead éﬂQPl?PPGP@ld% ghe esigrifipatiogogne axidiging the
dﬂgg LGsteFnRe 96LEGE M%’%ﬂ“tzhe o%? Pgst%"\@tl‘? pged rum (DVBO

vvas consi st ent osed  structure. Two
difsalutibeflydpbilisativeraycles wiell fod pprificajoar Baitp A8% HydiReC. scal e
(0.4 mol and 11 mmol, respectively), using a
SyAth3ti@ ERarfislt 6. Syxthess o Hf-yphitac@Bi [¢-biphehylyhnethd)suoyiig.-alanyl-

. B}?' iAot ained 1 each case. Sy hetic Examl e

o Ymeae-a i bipheplme b el o PrRhspslytine, 1A, as the
hyd.tochlonde salt, was prepared from in three steps from 330 mg N-a-(benzyloxycarbonyl)-
L-y-glutamyl-L-cysteinyl-D-phenylglycine by dissolving the amine-protected peptide in
acetonitrile/watet, adding an approximate 10-fold excess of sodium bicarbonate, and adding
a slight excess of 4-(bromomethyl)biphenyl, then maintaining the reaction under nitrogen
until completion. The reaction mixture was diluted with water, washed with diethyl ether, and

the aqueous phase separated and acidified to pH 2-3 with hydrochlotic acid, then extracted
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D- phenyl gl yci ne diethyl ester, 1B. To 123 ng (0.22
nmol )
wa2@sgrasvpanyl - S- ( phenyl net hyl ) - L- cyst ei nyl - D- pPenys290§/@00532
i ne di ethyl ester hydrochloride dissolved in 3 nL
aceti.c aci d_was added 225 of a 32% sol ution of
FhgarrTEe Al PR CRNEE Washed Of £ 5BYHRBY PesorREm sultate, hitered,

ant8REL 1@ Fdktddrt g N IRbLA MR hahyl)-0grplieayler at ur e,
foll owi ng the regﬁgion b C%gg On conpl etion of the

3-Kihipheryimetha) sulfart-orlanil-Rr pheeylglidng dre emineapratecisd galfide,
| L@een,; 't | ic acid: ol i
app 00 fg.g,/ @asscﬂéslog'e%%?qh ?'vsgsg ﬂ;{Q ohfelBLAARAL, ﬁém&ﬁﬁ

wat er an preparative HPLC, anc
1 dtop vpragudtsticehataishC ngethight indperifegdiypréppogping FHPZ&dto give

L-g- gl l.-.3- henyl net hyl | fonyl]sL-al | sD-ph
i T Er P aa e orl i Sibat it tie T dgifigtied
sulde 64§ bxidikB@ inthotike MMt peiatthe/ plet VS ntliHi; Baagples to give

consistent wth the proposed structure. Synthetic
L—Eglgmyé3E[(4—t891?ﬁnﬁ]§§qe§hy@pulfonyl]—L—alanyl—D-phenylg ycine estet, 11A, as the

hvdi I n@dt ﬁézbg piet hyl ) sul fonyl ] -L-al anyl -
%%p eﬁylgﬁ%kln dﬁi opropyl ester, 1D . To 309 ny
] . i Y= -3-[(2-b1 1 thyD)sulfonyl]-L-alanyl-
PG F Iy o e sy e e ey e
D-phenylphatirecdd.or i de suspended in 6 nL isopropyl al coho
was added 767 nL chlorotrinethylsilane(6.05 mml). The

I eac Liyaghutaiinydt 3 (B biphsnydytline thelbuifoody L-alhtyl-Ogerenglplyciog A, as the

te rature, when a white precipitate aqual |
b e gace 1o o RGeS b alzes oo Bce e e dmenap)-
L-p9Rtdby1 Rl QLRI PRI Iveint aR8s WRSH RGeS SyaRk it PRample 5, with

reacti‘on mxture maintajned at el evated tenperature.
2-fifrpmpmehybbipthend ay the allylatingegent fon thearrotesiad aertislenBugE 93”0 by
H?E&plete (with the renai nder being the nonoester); and

€ precipitate that had fornmed was filtered, washed

.t h isopr ol,, dried 40 [ i i.n
SIS P B O RtierF o TB el bRy Sk A B oyt
Dyhtgidaiartdethil eitkre4Bi t h 0. 01% hydrochloric acid as the

solvent. The diisopropyl ester, 87 ng (0.16 mmol), was

di ss Qlyvgﬁaﬂ#ﬁl—ﬁ [(PbipheilyltetghahifoRAp -abiinz stk nyliolybint Binethyl

use of 32 peracetic acid solution_ (2.5 equival ents.
esty B rphetdivcblpridarelty wardtrRsicd Zom! dtetans AR
e e e S T e
Exide )byt dyeerifoltipe miith cgrdiol dval ghlagouiotethybilens; tiepgxidizing the

a8 A R 2o HY PE6 SBAT- Lo at any - D phe
Syr;lﬁqlegllc (z:ciarrglgle 8. Synthesis of L-y-glutamyl-3-[(2-naphthylmethyl)sulfonyl]-L-alanyl-
D-phenylglycine, 3A.

L-y-glutamyl-3-[(2-naphthylmethyl)sulfonyl]-L-alanyl-D-phenylglycine, 3A, as the
hydrochlotide salt, was prepated in three steps from N-u-(benzyloxycarbonyl)-L-y-glutamyl-
L-cysteinyl-D-phenylglycine using the method of Synthetic Example 5, with
2-(bromomethyl)naphthalene as the alkylating agent for the protected peptide. Purity 92% by
HPLC.
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di i sopropyl ester hydrochloride was obtai ned as a
solid product, 98% purity by HPLC. The proton NWVR
WG p@eT44m (DMSC- d6) was consistent with the ppCpUS®d6/000532

structure. Synthetic Exanple 4. Synthesis of

} —ﬁ%}%&%fh—ﬁ—ﬁ@—%&&@?ﬁ% Ly Sﬁ&%%ﬁf-' a_ny :]g—lpﬁgr}gflg_lycine, 14A, as
thb h@drBEHIb @8l 3vds pRdpaRI bRt Bila: sadfanPhdity 0o WPES- phe
nyl gl yci ne di nmethyl ester, 1C, as the hydr ochl ori de
i al tRel: W?s%n@?&%&r%uﬁ&s%@tﬁpgts%pé& o &hidBBention are given in Table 1
g-glutanyl -
be®v:phenyl net hyl ) - L- cyst ei nyl -

D- phenyl gl yci ne

hydrochl oride using the nethod of Synthetic Exanple 3,
usi ng netTaakdl. Disvst @arpavhdi ofohe Epanpectiaf thih@vention

esterific

ation,

and oxi di zi ng the dinethyl
the same way as for tHKE€Oiisgpr8pyll ester,

ester
with three

in

di ssol ution/|yophi ], vd/ﬁg(as&gg for
purification. Puri ty 98% b HF!LCHSynthetl c Exanpl e 5.
Synt hesi s of 302

L- g- gl utanyl - 3-[ (4- bi phenyl yl rret‘\hyl )sul fonyl ] -L-al anyl
- D phenyl glycine, 11A
Cﬂmlgiuﬂdajwyl -3-[ (4- bi phenyl yl et hyl ) sul f Baydt] - L- nyl
- D-mlaenyl gl ycirne, |11A, as t e hydr ochl avagkevpl t /)
prepared r-three—steps—from 330N
- a 1zy| o@m.bonyl ) - #

‘{Zﬂeut amyN=¥/- cyst ei nyl - D}ﬁ?enyl gl ycijne by di $sol vi ng

the am nel- pretect gd pept igde jn acetoniftril e/ water,
addilAg an 'xi mat e 10-xcess of sS&Ii um 506 (M+H)
bi carbonﬁée and dddi ng a sl rght excess of
4- (br ononet bi ghenyl # t hes mai ntaining the feaction
und@A nit r“unti | conp .Cl The neac®i%n mi xd40rdL+H)
was dilutled With water, wastied with dilethyl ether, and
t he aqueous phase |separated and acidiflied to pH 2-3

i t gahydr oc@,.i,,,c aci d, ract eqwi tdsset hyl sse aviep
acetate. [Th rgarni c phas ried ovet anhyolrous(M )
magnesium sultate,| filtered: d the volunme reduced to
give N -a-(benzyl gxycarbonyl ) -L-g-gl utanyl -

[ (4- bi phe | mgt hyl )sul ponyl | - L-al anyl - D- phenyl gl vc
|negl AThe Ja 2B gt ect ed ), approx. 5800 ng,Sg&aé’["H)
di ssolved in 2 L [95:5 YT OQr gacet i (
actt—aehtororethane—wth—1—drop—watef—anad—sti+red—at
45C over nji and purjfied b reparative HPLC to
gi véA g@m P i{_@%p 606 607 (M+H)
L- g- gl ut anyl™=S-[ (4- bi phen I [)sul fonyl ]-L-al anyl
-D-phenyT|glycine. [The deprotected sulfiide was oxidi Zed
in the sanme mgnner| as in the preV| ous [Synt heti ¢
Exaspl es t-e- IN 556 557 (M+H)

Z
A * & +
7 @“"' \ / 582 583 (M H)
#
8A @..... N | 556 557 (M+H)
N
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L- g- gl ut anyl - 3-[ (4- bi phenyl yl met hyl ) sul fonyl ] - L- al anyl

- D-phenyl gl yci ne ester, 11A, as the hydrochl oride
WG 2006/074300 ity 92% by HPLC. Synthetic Exanpl e 6PCT/US2006/000532
Synt hesi s of
L- g- gl ut anyl - 3-[ ( 2- bi phenyl yl met hyl ) syl f onyl ] - L- al anyl
Compsvady|l gl y&i ne,| 4A. Exact S (m/z)
L- gNgl ut ajnyl - 3- [ ( 2- bi phenyl fﬁ met hyl ) sl Masp(ML) |- a ang/l
-D-phenyliglyci ne, |[4A, ag the hydrochl ¢ride salf, was
prepared |in ee |steps ng N
- a-? nzy| o@gﬁ'bonyl ) - /'g/ 560 561 (M+H)
L- g- gl ut amyl - L- cysit ei nyl - D- phényl gl ycilne usi ng|the
met hod of| Synthetijc Exanpke 5, with
as| the al kyl ati ng agef

2- (br.onmonet pyk) - bijphenyl it for
t heldd ot ect'é‘pt ide. Pu " 39% by HPLCSynt het’PEMTHD
Exanpl e 7. Synthesli s of

g gtutamyt=3-{{2-bipfrenytytmethytjsu-fonyti=t—atanyt

- Dl heny| |.me di etB. 581 582 +H
L-g-gl ut ajrry [ (2- bi phen I )sul fonyl]-L-al ar%\//II )
“Drphenytjghycine di rreti'pyi ester, 4B, as the
hy dchl o i@al t|, vvar om| 143547y 586 (M—H)
L- g- gl ut any

J- (2- bi phlenyl tlhyl) -L-cyst el nyl - D phenyl gl y¢i ne
hydgchl or £ mli nt exmedrat e Exanpl e.&) by

. . . . : +H
estérificlatio tlh et hanwl /and Iorotrlnethylsﬁlgrgg, )
idizing the diethyl ester, as iin Synthefic

Exammpl e 3| 'ty 94% by H . Synt hetji c anplle 8.
1te +

Syn sis|l o NO,
|

t=—g=gtutam—=3-{{2-rap Hrethy ) sut-fonyt—=t=alanyt=
D%@Fé‘ﬁ’ﬁqs dhgRgipfeof agachment of A to the su.ffonyl sulfiit atom of the compound
L-g- gl utanyl - 3-[ (2- napht hyl met hyl ) sul fonyl ] - L-al anyl -D
- phé%yﬂl Hethdieptets 1Bx0 13B of Rempgends d te A2 etepreparqghlay one of the

. i e t f . . .
m;&gs%bqg%gilsleg )ezl%/(%%f gﬁaﬁ%ii_bé/?g%sy?%ﬁg?@etry, with each compound giving a
miss pyakt (MM f2y borBspbrating ©litgehaag tysdalig M-té withtpositivofonization, or M-H

Synt heti.c .Exanp , Wi th 2-(bromnet hyl)n t hal.en
ARG PR R S PO B BT B DA P usee 1A vere
alBWrbdaYedB%WaR)lyzed by mass spectrometry, with each compound giving a mass peak

H LCg L- g- gl ut grryl Y3 [( 5p nitr o%r an- 2-vyl mel% hyl )glsulgf onyl P
of Mt Harighhpesitive porsnfiea] yci ne, 14A, as the hydrochl ori de

salt, was prepared by a simlar nethod. Purity 99% by

HPL ©thReparepamdapf this intarpon mig be fimilady piepared.asivg anetlefds well

kb0 h ?)%%8}1 io?Qrcfﬁ{a?y ShViEnd D Eggjxgereg'ard to that skill and this disclosure.

It by A f
LS

In vitro assay examples.

These examples illustrate the effects of compounds of this invention (and one ot
othet of the comparator compounds TLK117 and TLK199, and the “vinyl sulfone” and its
diethyl ester) in predictive 7z vifro assays.

Recombinant human GST P1-1, A1-1, and M1-1 isoenzymes, and rabbit polyclonal

anti-human GSTr antibody were obtained from EMD Biosciences, Inc., San Diego,

California, U.S.A. Mouse monoclonal anti-human GSTr antibody was obtained from was
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bel ow. Table 1. D acid conpounds of the first aspect

of this inventionThe diethyl esters 1B to 12B of
w@owpourods 1A to 12A were prepared by one of tPEI/US2006/000532

nmet hods di scussed above; and anal yzed by nass

spectronetry, with each conpound gj vi.n S k .
obgayes)frasp akREERTEALRG. N6 Copiniets ,Cal?gﬁ?fﬂ“’e gif@ "Rhorepq Fprjugated
.1 l:¥ey Lon zat hen.1.ar ' at LQiingat i on.

Sl L M A o o
Inginaoichientifelydne, Gilsotsple Panmylvard (hhal Yhebuhsn epmser cell line

tronmetr i th h .conpa eV .
R R R
Bdtlit&d) Maflad .0, RPMI h 640l stediuire pad Edovesshingifind Duiidsco’s Medium

wel | known to_a person of ordd':?gla%% §k1'gj [ g%%he rt
(CHEDMrigere ebaiogd fom Ipgttrogri: Ipc-drffsbath SaifPets dkfe T n
Ce\éllf'l"%tthGﬁjSﬁ @ysafmwé EBtaindDESH 1@5@1@@4 @érpblaltiHﬁ,tM%iﬁ)nt, Wasconsin,

ects of conpounds of this invention (and one or .
U stthemnd ofas wbsl is epadaarowite supefastiter T dikactions. Phpcormririmepojugated

e "vinyl | fone) .and.it ' ter) i .
S B OB o B3t b i
frd24 BD Bibdcidnceqific. hn JodesOsifaminet,S. ArdethaGuli™ Mo23dcheahgtellulose

anti - hunan T ntj wer e, obt ai.ne r END .
e 4 S pcBeyie elose Sipplepp G Gl fpraeryp, hogine

scHRNOGLARA L ABln; HWIBT-ERTRnRAL)BedMn B IaPsainat) b OtBtained
wasobt ai ned from Dakoctyomation, Inc., Carpinteria,

fra@a Stefaffell Fechnplspiss, IncRNrag00ets bapadacand dvas dilyted tpyl 7o
r.fi ed goat 1l ' . ' > Lped
oY PR A7 BELp i B s L2
Pen | vani AU S, The. human _can I [ -
1o p Bep B Pt S A Ruc S RRSE boilnet 19R Sl
At teo AR efﬁan((jji&-forﬂpl@ﬁhcild aftteis aBabibasdaf thbglyththinche SUrdsfarase
- RPM 1640 nedi um and, | scove's difie Co's .
15‘?\?@@(%?’5%]\7)1_’ ‘r%"j‘%M ‘ilnzé?d”’f"rllﬂ\')‘/ﬁ'\%ﬁﬂ?i Ogrc%tﬁﬁ% i gonsidered
pré@btRRAdrAGE) ih R BkApeddcSadhodtleg tfethlrd hipREr S8HRi6 idfkntion,
assay kit s obtained from Pronega Corporation,
beiviagte IBI19N(the diedivhestay. oS TAK1 1 Aprstedars theseeassayn hae estlance
mWllt

os%m%@l fc%%t% Jrneﬁlirrsfang L&l o:}_%&:&tift%on activigoi.g ;m g%iénal model.

ycoeryt Ari ni conj ugated an ant |
ORISR AL 50 Ko N L O SR
cdadddtfa@bm & 0.02, B.OAL, ahve 0I00Luitits f )., MB23dvelyef lupltdethl atmoset of
enzyme that will conjugate 1 pmol of 1-chloro-2,4-dinitrobenzene (CDNB) to reduced
glutathione (GSH) pet minute at 20°C and pH 6.5], in assay buffet (100 mM
KH,PO,/K,HPO,, 0.1 mM EDTA, pH 6.5 in water). GSH was prepared as a 100 mM stock

solution in watet, and CDNB as a 100 mM stock solution in ethanol, and both were diluted
with assay buffer to the appropriate concentration (to achieve a final concentration of 2xK,
fot the isoenzyme being evaluated). The test compounds (diacids, compounds 1A to 12A and
TLK117) were dissolved in dimethyl sulfoxide (DMSO) and diluted with DMSO to the
appropriate concenttation for the assay (8 concentrations over range with midpoint near

expected IC,, — the concentration that causes 50% inhibition of enzyme activity). For each
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medi um (2. 5% net hyl cel lul ose in | MDM suppl enent ed
with fetal bovine serum bovine serum al bumn, rh

w0 p@alor43p9 h transferrin, 2-mercaptoethanol, anpCT/US2006/000532
L- gl utam ne) was obtained from StenCel|l Technol ogi es,

Inc., Vancouver, nada, and was, diluted (to 1%
aspat e ISEFIBPREE aega &S@%W&aagﬂ tojthe ﬁ%%?f&&&@én?]ﬁﬂ%ﬂy Hifg the
adlaﬁn%ﬂfo@@]jtﬁﬁ oRtidh FEME iis%@@zym'e?bo‘fﬁﬂdﬁd,@@ﬂﬁbﬁti&n, the absorbance at
n

hi bition of glutathione'S -transferase isoenzynes.

34Phing waxeeapided coitigspvst fos 5 niie o fSpestradfax plavptrades Metecular
this as knhibit .t I | S - f

s 3, SUBEL 5 0.9, HhAEE AR B SIS LPLRR Eompn

wasniaichiliated @fono theGpefdf the hissodaned/deteatirves edihe tatics abncentrations

efficacy i he therapeutic nmethqds of the thj .
offes} serpoyad Plasie Bre ¢ fucisd g Rely @fl%&fﬂlgf%g’. QPG with
th€ $hADVEONddidenthtib® §la8fhihdd ok DES ReAHS BY ks RSayS HRWven in Table 2

myel osti mul ant activity in humans and
beldrenppot enti ati on activity in an ani mal nodel .

Reconbi nant human GST P1-1, Al-1, and Ml-1 isoenzynes,
Innesmw Exaplt 2 Cytoterddity do Fidetht el iThisexemnplp ibptratgs e Fytopaséity of

0. 0083 units/ni.. respectivel it ] - of
COén Zowrés ?fﬂtg.{s %reflflorcl: %%"‘f%ﬁg gqte \éﬁi—g%%%rr‘%g #e{lken%a Egﬁm%%)%z%

1-chl oro- 2, 4-di ni tr obenzepe B) r ced.

o1 LTS SRR 5T STt B B S GE el iy 150 REMI
169 98 ElplentcHRQ witd 10%, 280Dbbvike kEREATFBS) shdnivh EldfAymiak] and
. 6.5 in water). GSH was prepared as a 100 WNEE}O%F
ing@atadiag A7 {usgst aiF/ S7a kP houry HisgestrPepawids SOFYS sises:
cdiphieiPto wﬂlmm%?%edaﬂs%@@aﬂa e RaifSaRYdan ot 0

t e appropriate concentration (to achieve a final o
(Bconcmnpiictsi ayar phgowitmridoitt meari espented/ G Afftaga further 1:50 dilution

. eyal uat ed coppound | aGh ds 0
s R R
achithE 9 fh O NBUSOhcainfdtioh bil. 8. Thd dellDivEfe thén inbbated for 72 hours
appropriate concentration for the assa 8 . .
(PR BT e ﬂmasb.-&@em%weiw &E&ﬁﬁ%/ve%é‘éw s
(1b60Pnt B SGRMGE BB Aran 0b N lof GRUS AR UBrh M Qb dsi 8o R and
enzyme activity). For eachassay, the test conpound and

repigkedligr the sataretplume phiheiCeBBiteryiale reagamedftat inpybagen &t 10 rinutes at
addi tion. of B sol ut.i.on 1o .th - . -

<R epHer ST el 86 BThAR = et b iy e

nuiibes@s livecdls Hefg prpbitvnelus ke dheerved Mnin@penae Sdbasbaya vare

| at d ul ' , Inc... S le, .
b Fa R A Yt PRSP A BLoTY S [PEgsgfon tat
ARG H0OPIBUNANNAR NS FhetALed FdRMd1iRiIREQRRESY cOhcehfiftion curve,

absorbance/time curves at the various concentrations
Results of this assays are given in Table 2 below.
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of test conpound. All assays were conducted in

duplicate wells, with DVBO control, with the final
wOrBOoTEncent rati on mai ntai ned at 2% Resul ts PET/UR®EE000532

assays are given in Table 2 below. | n vitro Exanple
2. Cytotoxicity in HL-60 cells. This exanple _
In v G&41pRIE &< he iR PRARSSGiRIfaHYN eFaTe S HS SrraRle dlustrsipssthe beneficial
RN EbRPoRERIR Hlis fbEnridh 10 QrldpRid ek, idol
“in vit ro?ong; phasse cell's were>seeded in g%e%%lﬁdn Pfcse resuilts
atp cepsislsregtprddigiye of EfficAaueh thei therdifitioimeRiRS of 6Qhindakpeenof this

. / te i 0% fetal bowyi rum. (EBS) and.1%
inp BB IR E YLD e e FLGex 8P S RIS Gt Pty Howa
miflelGstimiling actibitg ird lfihiane @nP chencp oleltifddnydctiaistiB hf animal model.
conpounds 1B to 12B and TLK1 99) were dissol ved and
ser i ’LI6P el widre ekeded MBSO (G Ly RASRIINGHT, APSITONAD nicARGE
with m 1gipoi nt near expected CC50) . After a further
supplsmefed withd7 tal hevaspiedenMotiutmmine 2nd 20 1ib génimycE0in 2
TT900E ad&u1dbddivethi ﬂpg’%% a\ﬁﬁé%h@gda%QT‘e(ﬁl ’f‘t&meﬁy &en% etrrﬁ:ated with

final DMSO concentTation of’ 0. The ¢ s were t

0.1°% a0t 20 oM FDthia st sorfpppde fdiett! ebtyrst dongeuddutB tal@B and
j . .Th N t t b .
S L A —

the tell hercdaslllbdtedbiBtHpOifagiion bnd\washe FPME &ith PlospBRleaR B ddaline.

t he_s volume of . the Cell Titer-3. o reagent. After
Th e BeeFoHeEF drousnendicigul ke PR GRmMAZEUHS 8 A 1) mM NaCL

0.9 NaE- 20 SurfcthN 900 LG Nk M@rgg | inhibi
| um nonel%rer, wth t hle\gnﬁ&r;‘sver &%?%eawg?lﬂf)gﬂﬁteaﬁﬁmbmm (Roche
Diggnnsaest Insirarpalis, InHieno 58 AV ddd berm addsd befor. usé) dndasshytsd with

. d dn tri,phicate [ls, with O sol.vent
el S ORI O ik e AP TS GG it Ly caeaion a
13?]00\1\15111 fomtii 1’ﬁi/nli.1i:e@lﬁc) revasre Cél dabliatred iﬂqfrﬂﬁbl plhﬁpiftaﬁoE, 2.1 pg of mouse

um nescence/ cg ntration curve. Results of this
mopeglegal sgfihugiep i TrAnHREREYS Hdfbin 00 el Bsste REhpEgd; total
pr@@}ide)W&fe%ﬁg]ﬂH ih@bh&dh A95@Y30 ;l%@r%%&ﬁm V & agarose beads (Pierce,
illustrates the beneficial effects of corrpoungs of

Rackfosd iThy/eeteiadded ta teemisitirg acbfgubateshfion d precitgP € dfhedreads were

. - ' d.predictive..of efficacy,in
NS EPSUL Bt Rof R R B8 LRl LG 10
nonfredwingdithiviebdagbsulai¢kafpletbhefetIptitysenpShlsbad) fCalifdfdia, US.A.).

17 t din th X h | osti nul ant
T BT SePlet e ARY LT ropor SHET R T SR §D3RACE on &

| 4-anYag, rfBﬂlovFH@ldch Wedthsn Bt GRAYsH déﬁgéaﬁﬁ@@ﬁﬁkﬁl{al Sit2huhdR GSTx

cells/mL in 20 mML RPM -1 640 nedi um
antibody followed by IRDye 800 conjugated, affinity purified goat anti-rabbit IgG antibody.

GSTr protein bands were visualized and band intensity quantified on Odyssey infrared
scannet (Li-Cor, Lincoln, Nebraska, U.S.A)). The band intensity from a compound
treatment was compated to its corresponding DMSO control and expressed as percent

inhibition. The results are shown in Table 2 below.
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suppl enented with 10% f et al

bovi ne serum 1 mM

gl utam ne and 20 nmM gentanycin in a T75 flask and
in 5% CO2 at nosphere at 37BCT/URE06/000532
cells were treated with 0.1% DVSO or 20 nM of the test

conpounds (di et hyl
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\:UT Al-1

| so gner 3

NM — value not measured; *

Iy $g ect

ive for GS

_ diethyl ester not made

The diacid compounds of this invention are potent inhibitors of GST P1-1, and are
also generally selective for GST P1-1 over GST A1-1 and GST M1-1, the two other human

GST isoenzymes. The diethyl esters all show good cytotoxicity in HL-60 cells, and many

show significant inhibition of GSTn as measuted in the immunoptecipitation assay.

Some of the diethyl ester compounds of this invention were also tested for their

ability to enhance the differentiation of HL-60 cells. This illustrates the beneficial effect of
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GST i soenzynes. The diethyl esters all show good
cytotoxicity in HL-60 cells, and many show signifi cant

WO pdvslo7440on of GSTp as measured in the PCT/US2006/000532
imTunoprem pitation assay. Sone of the diethyl ester

ounds Pf this invention were also tested for their
tha B?IPP?‘VI t 6t TisHEYREoR Festrtiog diffsrentiaBen of theyHlse0 buppgleukemia

cei[ 'ilhém s U AL eSitst R efell gké@hcu% begkcR gwﬁmﬁmou nds

this invention in stinulating differentiation of
mydkshmulaaen,thgme TéKR%ﬁmdnqbednhanqemélfﬁewnumqnon thithessay, has shown

I‘Fg%‘ It are co i der ej-(?gé&*ﬁ_ h@é {Igne% @ﬁﬁ%ﬁ%&g&%atedat

37@'@%5&&%@5%@@ ok B4 hisS iP5 ﬁ@yof tH@s%p‘Ei&ﬁWﬂted RPMI 1640 medium
myel ostinulant™ activity in humans hase cells (1

usgd 108 vige Exsihple 2 andrtlee festcratrpraetisatissgly mrIaMBOamma%r@@MSO
conc?téﬁ]olpu %‘é(%f"{ol 'f]ilez CCHLWFIe haEr)?stgéJ ngegl Q%ﬁg}l:) Sr%mélfgr 5 min at
20CQypaunEBedivisls B imlede-old @MS@hatM—Hulﬁfeﬁadfsb.]lﬁ&l (PBBSOntaining 2% FBS,

0.1% . Th |l d
LR Woht Y bR LTS RS ap 1000 bt e
phdtddytRridlborGBr Ll Sy aRBBlneh S f&%?ga&ﬁllg 13€ 30 BBShn ice, the cells

contai ning 2% FBS, nmen _stained wth
washyecvepapded in? ebrfuepid BRS sentrining2% EB%tﬁEhetyeléwww hatyesigd by
” . - . t ti n 0
el YGRREY L350 Rk 9" 0 G B BAL O (b 38D ontaning 295
FB% Thespeifded] surfaze edpréssion 06 LD 1PBS roakémsfion gﬂagula%tﬁasd

The cells were vested by cent |on
OB MR B3 B) DR &7 PELHY BUREBIACHEOI® Rt aeeD Blbsciences),

A]PQsQJy@kv@tertQ)naﬁ/@tEcﬁﬁ tr1 @ teSHRE DINISO €Bhtkol ST &8t of differentiation
expressi on of a marker for (gr anul ocytes and

WAISHPIESER 8s 2 waklp&fetféb«t ggnapfrom thoDMI @ rertrs) Sexpmbpighe tested
AII
e o B e et P01 . “The oxt ont
f oiff t, f
o1 oripiorin STl il AR S bR AS AR A8 AelllobipBlfud) 1rRE109, dhe

coapopodsneipedsilyan d&f&ésﬁf@s , dief dxpecenit toarkt t(hBrapéutidh.lly&G meédtiate the
Fromt sersul and. t he structur simlarity of . . .
T HeR gY RBOGR Tt 661 PIECH b aRae R Sptt PP pyciy in
tuSr LS, MvRR 1S Srod@tRn X R Hheshehiford &f bddRGhARRH bliakte)the
to: potentjate the cytotoxic effects of
diff¢repfstine pApens ther ey anitigat? thepmpyeinsupipisiye effegteet ¢heajopherapeutic
1gGHE Tha ARGl B Bl L, e evate the
prd uction of ogeni tors 1n Bone marrow, stimulate
the differentiation of bone marrow, mtigate the
nyel osuppressive effects of chenot herapeutic
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agents, and nodul ate hemat opoi esis in bone
mar r ow. For nul ati on Exanple. This exanple illustrates

W@ aiobabi4ed f or mul ati ons for the conpounds of thPGT/US2006/000532
i nvention, especially the diesters. A solid

formulation for oral adm nistration is_prepared by
Hogmpigtion Fymme Thé sampleglustsspiiable somdatignufousimeitnaynds of

t}ﬁ%‘%@ﬁtﬁin?esge M Nal@k ch 2. 0% w w _
Hydr oxypr opyl net hyl cel | ul ose 1. 0% w w M crocrystalline
cel |y 2 oK 5B £56%hd Bllowing:
for r'% Atogglq%%éﬂ%ﬂr&%%%p I nt gtrzl;gg?%rg?ﬁg? (Ii ﬁ}pcg:ga}%sul gs owing
Congrouad ni ng, for exanpl e,252%0wry of the conpound.
Tablets may be coated, if.,desired, by applying a
M@Bgsb‘g’ﬁ?ie%tﬁ%of a fil mfororﬁﬂf%g%g’gent (for exanple,

Stdaflr oxypr opyl met hyl cel | W @s&)w pi gment (for exanple,
titani um di oxi de), and pl asticizer (for exanple,

Hygrewpsppysethigelelese  and Idf9™Ag the film by evaporation

MiRfoc Hiﬁgl:éfﬁ.g)tse A fornulatbpn /for 1V admnistration is
prepared by dissolving the conpound, for exanple as a

ang Heermesee isiconipkassealgo dpnabltsgyfilled ingo hard grltm apawlpsogpntaining,

f 1% i h b d line: h .
o 0P DR T8 R A oot

r exa

sudpehdidadf Dfilm-fshireabdfde Rx e, iHy@roggitbpyliethslcellulose), pigment
contai ning, faor exanple, 250 of a c&mouﬂ%& this .
(Fore sxpemile. iRy ciepcidls), pydd plpsticizey (osgRpRpleedethy, Potfd; dying

thPHIRPBY &dpOitisH sA@L Viipehet he conpound, again for exanple
as a pha?maceuti cally acceptable salt, in a suitable

buf f,e o'rmtlﬁgcar? fcg@ &ﬁg%{ﬂ?ue%ﬁ ?s%}i@%a‘fem cﬁi?s'blvg{g &b @ernFound, for

phosphat e- I ne e ned "above, sterilTzing
exithygle 804 pldrmacenrichlld rsepnblengt itd a cortcentsationaifl1 ¥ wi e phosphate-

al.s,.. lyophilizing .the.solution to .remoye.the water .
vl Suigel ) bhas o & SRR B ARG Al D gt
steliRCRABrckLdonehitiyg, thicexaggiel 250Mm@bf Stddipduad wa ti invertibn.
the reconstituted solution may be further diluted for
adm Alesiakiddly, AyophilBe@fcrRluldtib®OR pSepabedasy Bss8%ngallé ebthpound,
chl oride intravenous jnfusion or 5% dextrose

aghip forprenplass » phusirenvticalypesentblevallyn 2 guifaplsduien for example the

phfoghg}él L Of 8 pﬁgsﬁﬁg{e%f@%dtsme BB PiboVS sPéf]ﬁl&lhg hgdolution
and dispensing it into suitable sterile vials, lyophilizing the solution to remove the watet, and
sealing the vials. The lyophilized formulation is reconstituted by the addition of stetile watet,
and the reconstituted solution may be further diluted for administration with a solution such

as 0.9% sodium chloride intravenous infusion or 5% dextrose intravenous infusion.

Alternatively, a liposomal formulation is ptepared by the method of US Published
Application No. 2003/0100511 (e.g. Examples 4 and 5) using a compound of this invention
in place of compound 9 of that publication, and may be lyophilized as described in that

publication.
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Application No. 2003/0100511 (e.g. Exanples 4 and 5)
using a conpound of this invention in place of

w@ompoud 9 of that publication, and may be | yp@hiubi0peeho0532
as described in that publication. Therapeutic Exanpl e.

This exanple illustrates a suitahl e therapeutic_ pethod
Theggpetis d=amifso §pE §54HPle H@%“ﬂit‘i?\?éﬁ’ct?%%ﬂleﬂ%‘ﬂ:ﬁ;ﬁ%ﬁhﬁd fo the

LShds Y 8L 1n0hiichn an intravenous fornul ation as
Coﬁ'gcrfbegﬂ%ngtﬁg For mul ati on Exanpl e above, is
admini st el &8 o Al AYSRBHUS; Wa riths T MR 0 1.0 dscribed in th
patf%%%%gﬁﬁﬁgfgﬁgﬁyron#ﬁbé?o ygﬁlagtic syngfgnecgteéﬁ ©
Formiulbiicd Extasde gdfovb (s adphinisRredandavehosslydose 30 sminverteagpedent

0.1Q0 ny/ , 200 mg/m 2, 400.ngim 2,..and 600 m.2. .
subf it ) BT oS BT E P LR T A e B P s e
in@AY& BV Ynd/BIEMOWREKS; 400/hd o’ RidS600RNE/ M’ The aspdIne is

described in conjunction with specific enbodi mrents and
adminisigspd gnce rer ¢y dor free dayp aveentirecoveskper son of ordinary

skill in the art, having regard to that skill and this

di sWlelshis inveptien @qdn'evag@m@dm cetjenciign svithj spegifigembodiments

Lscl osed mat er i L L :
I A
skill ah & frdedisd @ube than eduirck@aitsvif tth spetifenllff disklowddngaterials and methods

WL}? l@l?ciﬁ%g}%hgzibg%l t%Ja rmérfgggg g%{] gﬁglfe@ﬁtnyggff;tg :[trg,u n!thn#}% Be in>éluded

‘m@@{&g@mA@h§gg§ﬁjtuted al kyl, optionally substituted
het er oal kyl, optionally substituted aryl, optionally
substituted aral kyl, optionally substituted
heteroaryl, or optionally substituted heteroaral kyl;
and Z is C5-9 alkyl, optionally substituted aryl,
optionally substituted aral kyl, optionally substituted
heteroaryl, or optionally substituted heteroaral kyl;
or its C1-10 al kyl, phenyl-C 1-3 al kyl, or (C5-6
heteroaryl)-C 1-3 al kyl nmono- or di-ester; or a salt
of the conpound or its nono- or di-ester. 2. The
conpound of claim1l where X is L-g-glutanyl.
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3. The conpound of claiml or 2 where Y is optionally
substituted C5-6 cycl oal kyl, optionally substituted
w@2606/0T4409 ohet er oal kyl , optionally substitut edP@iTes3006/000532
or optionally substituted C5.6 heteroaryl. 4. The
conpound of claim3 where Y is cycl opentyl,
cis cl ohexyl, thienyl, furyl, pyridinyl, or optionally
stituted phenyl. 5. The conpound of claim4 where Y
is cycl ohexyl. 6._ The conpound of claim4 where Y is
1'pheﬁ%F?nBﬁF¥%ﬁ§W?§“§%hstituted with 1 or 2 fluoro,
chl @r o,y net hyl , hydroxy, nethoxy, or trifluoromnethyl
A Qgﬂpa;\7. The conpound of claim6 where the phenyl is
Xunsublti t9ted. 8. The conpound of claim 6 where the
phery] is substituted and one of the substituents is
in tlhe 4-position.9. The conmpound of claim8 where
there?is only one substituent. 10. The conpound of any
of claimse 1 to 9 where Zis C5-9 alkyl, or is
phenyl, 1- or 2-naphthyl, 2-, 3-, or 4-biphenylyl, or
X B1-y-Gatamgyt orli—(-ghtbnyilgdtopl oar yl ) phenyl, each optionally

sybsti.tuted wi.th 3 .hal.o, cyano,, hydroxy, carboxy,.
s B et ar gt hotebuO il so AR ko Rl e ioted
arf VpRIbBalIR stiSstiEuke Baralilly bptiondlly: subétRuc@ KB 1, @k oﬁﬁéﬂaﬂ}f dbbstituted

where Z is phenyl, optionally substituted with fluoro,
hegerpastllyr a8dano, hydroxy, methoxy, nethyl, or

r f r : - ' '
= O BN s 0, A0 SLL L P0AS e
he@rqargdy orppippdlignybsyibytecbhet@oqralByl, or 4- (C5-6

neteroaryl) pheayl ach.optionally substituted.w.th
L e e R o e e e R
ot fafshlf b{ibE @smbbytld orlid. mdee o£ @irReNd of claim 13 where Z
is 2-, 3-, or 4-biphenylyl or 2-, 3-, or 4-(C5-6

het er oaryl ) phenyl .. 15. The .conmpound of any one of
Z'CIaﬁ&@CT%P8u%£O%%%¥‘#@hﬁegﬂéEWdﬁﬁTBﬂ'The compound of
any one of clains 1 to 14 that is a diester.
3. The compound of claim 1 or 2 where Y is optionally substituted C;; cycloalkyl,

optionally substituted C; ¢ cycloheteroalkyl, optionally substituted phenyl, ot optionally

substituted C; ¢ heteroaryl.

4. The compound of claim 3 where Y is cyclopentyl, cyclohexyl, thienyl, furyl, pyridinyl,

or optionally substituted phenyl.
5. The compound of claim 4 where Y is cyclohexyl.

6. The compound of claim 4 where Y is phenyl, optionally substituted with 1 or 2

fluoro, chloro, methyl, hydroxy, methoxy, ot trifluoromethyl groups.
7. ‘The compound of claim 6 whete the phenyl is unsubstituted.
8. ‘The compound of claim 6 where the phenyl is substituted and one of the substituents

is in the 4-position.
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17. The conpound of claim 16 that is a Cl-6 al kyl

di ester. 18. The conpound of claim 17 that is a Cl-3
wa@bdoglo7doest er. 19. The conpound of claim 18 tPer/USB0&000532

di ethyl ester. 20. The conpound of claim1l that is

sel ected from

9. 1L-g %C&PWPH%‘”-[ damchyhare theya iy ol eaaFIELEeat anyl - D- phe

nyl gl yci ne, g- gl utanyl -3- {[(4-chl orophenyl ) net hyl ]
IOSU| R binp oﬁn@b@d}glongopanﬁiéllgbﬁ%ﬁé@e Zis C; a]kyl ot is henyl 1- ot
gl uta napht hyl met h sulfon ]1-L- alanyl-

2- napgthy@/ Py |3\]4@p: ﬁgblphenylyl or 2-, 3- or 4-(Cy ¢ eteroaryl)phenyl each optionally

sub glpt%le o g%{)/ g%afo( gyagb Fﬁ}&r‘o&lr X lafs%;{? %ééo%lfn%%ﬁ' L IR ad)ﬁn-)dOOR

orl-_NB.zgdoupﬁMiefeﬂl{s[Q@, alkgy.ano- 4- bi phenyl yl ) met hyl ] sul f ony
| }-L-al anyl - D- phenyl gl yci ne, L-g- gI ut arryl - 3-

11{ [ BJ&%UI nol ﬁ&}% ngctlzpl}g 1]0 v%here £¥s Bhenyl lly sugls'}%u%d gvl%cfluoro,
chIo[r61'cﬁzearol,f’hfdré:&yI bRy | ek ydrls@hdremyihy L- al anyl - D- pheny

I g yC| ne,
lznyl Ie;fqggyy]l@ig}&l%hs“?&% EOI yl ) rrlet hyl ] sul fonyl }-L-al a

L- g- gl utanyl - 3-{[ (1- net hyl benzotri azol - 5-yl ) net hyl ] sul

13f onyithle-cbn bambfmhmwegé Y6 N3~ br SbhblydMd:23-3-, or
&lz (1-na hthyI et hy

kh@iﬁcypgy )phegiyha pagh qgtlglpﬁélﬁylpl’g]:lwd@th fluoto, chloro, cyano, hydroxy,
mJIB g{h?{l}g{. txﬁru[)ﬂo‘}néﬁlﬁheny' yl met hyl ) sul fonyl ] - L- al anyl
- &B’heny

glyci ne,
L- g- gl utanyl - 3-[ (4- bi phenyl yl net hyl ) sul f onyl ] - L- al anyl
14, D- élihglcgh@myilcgbg/dziimemxahedeZis 2-, 3-, ot 4-biphenylyl or 2-, 3-, or
-0z gluta [ (4-bi phenyl yknet hyl ) sul fonyl ] - L al anyl
4_@ %ergﬁﬁy@%%ﬁlﬂenyl )glycine, and their diethyl esters,
and the salts of the conpounds and their diethyl
15est dre.coboudd piaryrome efitlhieall todApkaiidd dincidonpri si ng a
conmpound of any one of cl ai ms 1 to 20. 22. The

pharpaceuti ca onposi f m, 2 further
IGCon‘aﬂi%ﬁoﬂ’é’o‘éﬁ W SERE ¢ cla Q“"i’ﬁél & B ¥ conpound of
any one of claims 1 to 20 for the manufacture of a

17mediTRreRipohad oOdEmON6 thitiea Of ; allgdtRstd at i ng t he
cytotoxic effects of chenother apeutl c agents in tunor

cells, select erting_to in tunor cells,
18g) ¢ icﬁ@’PPPﬂéABE% ﬁ%tg # 1ot C@\ﬂﬁﬁ? gi5&H tors in bone
marrow, stinulating the differentiation of bone marrow

19cel e Bidpb@ad bGaiba 16 tAUE! DERPY KESI Ve ef fects of
chenot herapeuti ¢ agents, and nobdul ati ng

20.  The compound of claim 1 that is selected from:
L-y-glutamyl-3-[(phenylmethyl)sulfonyl]-L-alanyl-D-phenylglycine,

L-y-glutamyl-3- {[(4-chlorophenyl)methyl]sulfonyl} -L-alanyl-D-phenylglycine,
L-y-glutamyl-3-[(2-naphthylmethyl)sulfonyl]-L-alanyl-D-phenylglycine,
L-y-glutamyl-3-[(2-biphenylylmethyl)sulfonyl]-L-alanyl-D-phenylglycine,
L-y-glutamyl-3-{[(2'-cyano-4-biphenylyl)methyl]sulfonyl} -L-alanyl-D-phenylglycine,
L-y-glutamyl-3- {[(8-quinolyl)methyl]sulfonyl}-L-alanyl-D-phenylglycine,
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hemat opoi esis in bone marrow. 24. A therapeutic nethod

of one or nore of: potentiating the cytotoxic effects
wo@bRooclae her apeuti c agents in tunor cells, sePEDUSW06/§00532

exerting toxicity in tunor cells, elevating the

- Reftiiho R e earant AR, P,
frﬁeta&i:yl Bf{%lﬂ'&)@luﬂ%l%rl)ﬁﬁﬂm@]?s!'uﬁ%gﬁ}’ %-aﬁﬁ&leﬁ%ﬁerﬁﬁ%t S o esi s

not he eutic agents
L-y-ghupgpk3 riﬁ(& mesihylecsap mlﬁgl)MYﬁs@foevh} ﬂ@lwybbm@w@Y@ﬁe

P B S R B
mgigtamy}(% (@8- H@I&nﬁykﬂethy@s@fmtf]&malanﬂrD plhénylglycine t

n
G R SR 0SBy ol o pe i g M
L—@%lk&kny -BlI@Miphcky b e KalfonyIPE - alGP-18 (NEHISHLPREWD s lcide, 3

nono- or di-ester; or a salt of the conpound or
anfltt%e%ﬁbif edfiersgli - ester. 26. A method of preparing a

Tqsele) [ Sl a) oxidizing a
angonpoﬁﬂgf%% Ct hgb@g%ﬁﬁf%diee?ﬂgﬂ]g&er%s L- g- gl utanyl or

L-g-glutanylglycyl, or is N-a-Rl-L-g-glutanmyl or N
21. oc_ﬁmharmagaugqupgmyp@qlwmpng reoRponsl afnany one of claims 1 to 20.
am ne-protecting group; and Y and Z are as in cI aim1;

or | - k
et eﬁh % gl/ﬁda%e"idcéjy Jé’i“@’ 8(E)]Tltlgnoc-q:ﬁ”%l ﬁd'%L tEés[rtde? 7 Pn(s'g’)g 3 Fropipnt
N -a-R 1-L-g-glutanyl or N -a-Rl-L-g-glutanylglycyl,
23depﬂ&ltee1§¢ b!f@chl;mundsxﬁ htyi 1@ & lalatmsnletd:m ﬁg’r e mammdpat Bfla

f : d t
gy i et Siyetog 56 eriorty bR PR Che g
agefn(ﬂsr 1Imtﬂ1goﬁcd1ll§) Retectiiely Gk @EhEtoxRity il @ne? 0OR L@]Qfmﬂ.@g the %}odufcuOn of
t he conpound prepar ed in step (&) or (b) is a nono-

Iy,jlpé%eglrtors debens rgquy,lsﬁ@u{aﬁ%g the differentiation of bone matrow ce]ls
mitigating the myelosuppressive effects of chemotherapeutic agents, and modulating

hematopoiesis in bone marrow.

24. A therapeutic method of one or mote of: potentiating the cytotoxic effects of
chemotherapeutic agents in tumor cells, selectively exerting toxicity in tumor cells, elevating
the production of GM progenitors in bone marrow, stimulating the differentiation of bone
marrow cells, mitigating the myelosuppressive effects of chemotherapeutic agents, and
modulating hematopoiesis in bone marrow, comptising administering a compound of any

one of claims 1 to 20 or a composition of any one of claims 21 to 22.
25. A compound of the formula
q § Y
X\H/N\)J\Il:ll/\COOH
0

S0,

z

whete:
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conmpound to prepare the diacid of the conpound; and

(e) formng a salt of the conpound prepared in any of
wWGeL@ps744e) to (d). 27. The nethod of claim 26 RMEUS0RL000532

is a catalytically renovabl e am ne-protecting group.

Xis N-a-R'-L-y-glutamyl or N-0-R'-L-y-glutamylglycyl, whete R' is an amine-protecting
group; and

Y and Z ate as in claim 1;

or its C, 4 alkyl, phenyl-C, ; alkyl, or (C, ; hetetoatyl)-C, , alkyl mono- or di-ester;

or a salt of the compound ot its mono- or di-estet.

26. A method of preparing a compound of claim 1, comprising:
(2) oxidizing a2 compound of the formula
G § !
X'N\é/u\”/\COOH
~

S
kz
where:
X is L-y-glutamyl ot L-y-glutamylglycyl, ot is N-a-R'-L-y-glutamyl or N-a-R'-
L-y-glutamylglycyl, where R' is an amine-protecting group; and
Y and Z ate as in claim 1; 4

ot its C, 4, alkyl, phenyl-C, , alkyl, ot (C; ; hetetoaryl)-C, , alkyl mono- or di-ester;

()  if Yis N-a-R'-L-y-glutamyl or N-o-R'-L-y-glutamylglycyl, deprotecting the resulting
sulfone to give a compound of claim 1; and optionally

(© if the compound of claim 1 prepared in step (a) ot step (b) is a diacid, forming a
mono- or diester of the compound; ot

(d) if the compound prepared in step (a) ot (b) is 2 mono- ot diester, de-esterifying the
compound to prepare the diacid of the compound; and

(® forming a salt of the compound prepated in any of steps (a) to (d).

27. The method of claim 26 whete R is a catalytically removable amine-protecting group.
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