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Tri peptide and tetrapeptide sulfones Technical Field
This invention relates to tripeptide and tetrapeptide
sul fones, pharnmaceutical conpositions containing
them their pharmaceutical use, and their preparation.
5 Background Art US Patents hbs 5599903; 5763570;
5767086; 5786336;, .and 955432 p Pat ent
Publ i cation No. briBepfi f&ﬁap A%t i onal
Publ i cations Nos. WO 95/ 08563 and MD 96/ 40205
Tedhsicdl Febd vari ous tri peptide and tetrapepti de conpounds
that are anal ogs of reduced gl utathione
( L- YFH intaitiph rélateystiaipepeidg byd 'tdme.ﬂ)eptldl silfighies) g»hmmpamiads

of the formula ,10 [WD 95/ 08563],:
copRASiEpRs; Goniingthemy their g alarvaﬁ@ﬁwl U5 aeiﬁzﬂraarga fon.
esters, amides, and mixed ester/amni des, where: Zs
Bask@?‘&d@t nislto 3; 15 when Zis Sor Oand nis 1,
Xis a O-so hy drocar%y optionally containin or 2

on USBirersoNos G590 R 6 e Bt GHEs 3 arred B bTAOd: Keroppan

PafbRf bl hei %@Hﬁéﬁ gea‘i’ld g:ﬁ %Ji‘g‘%’ aﬁi& hcatH%Nos%%é%%S

andWAO961 40205 dﬁdﬁseﬁah@usaﬁpqhmk end m‘ttapqﬂlda mdmpbm&: tthee reXanalogs

of e EhuARS (a BRI MG ey KR s Peing cpBRRH e i formula

W@gg)/roggaaqﬂ al kyl; YCOis y-glu, R-asp, glu, asp, y-glu
aly, i\asp aly, qu aly, asp-gly; and AAA is an anino
0

agid upl ed through a peptide bond to the remainder
YofN agonpound.  The conpounds are described as
\g;ving vari ous uses, including as reagents useful in

charagterizing glutathione S-transferase (GST)

i soer¥®ynmgs, in determning the GST 25 conpl enents of

oo ket SRR SR ] e e, e

Qgg@ecﬁgpgglcally to potentiate the cytotoxic effects
chenntherapeutlc agents in tunor cells,
nlséltqa&'t ively exert cytotoxicity in tunor cel I's, elevate

RS P G APAPAP A o2 on
ad;acent O, S, or N heteroatoms, unsubstituted or mono- or disubstituted with halo, -NO,
-NO,, -NR,, —OR, or -SR, where R is Hor C_, alkyl ;
when Z is S and n is 2, one X is as above defined and the other X is C,, alkyl; and
when Z is Cand n is 3, one X is as above defined and the other two X are independently H
or C,, alkyl;

YCO is y-glu, B-asp, glu, asp, y-glu-gly, 3-asp-gly, glu-gly, 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 various uses, including as reagents useful in
characterizing glutathione S-transferase (GST) isoenzymes, in determining the GST
complements of cells and tissues, as chromatographic affinity ligands, binding agents, and
enzyme inhibitors; and therapeutically to: potentiate the cytotoxic effects of
chemotherapeutic agents in tumor cells, selectively exert cytotoxicity in tumor cells, elevate

the production of granulocyte-macrophage (GM) progenitors in bone marrow, stimulate the
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-1- O differentiation of bone marrow, mtigate the
bone marrow destructive effects of chenotherapeutic
agents, and nodul at e hemat opoi esi s i n bone marrow.
TLK117, identified in those patents and publ i cati ons
.as TER 117 and naned . variously as
fyn phery @@W’WE“@G%Q’F aammc@(em@waeffws of
ché’tﬁotﬁ@ﬁ %la%mg th%ﬁﬁycl ofeSs, ir Iﬁr}ﬁanﬁlgw.t hese

e co ound 0 rmul a COOH
010 Qﬁgﬁﬁ
TITKlil hfqtﬁ_? 5‘%%%?%1‘ ;@ c%as Ogg%y pheny gryc
vandsuslyai' &-K}léllﬁysﬂﬁz)agbﬁtrtgﬂk}lﬁﬁE -€B2)- _(p? ?]?—(%(Bz)g@, V- ;Xbenzyl) ¢G, and
a i mat e n < .dentified, se
beak B s SRk thetd caemvBRs THR LEK o sompimeil by ek
ester of TLK11%. while TLK261 and 10 TLK262 are the
di met hyl and sopropyl esters, respectively. US
P@bbhshqp plYcation No. 2003/ 0100511 and PCT
u N.Q k/R%gglcatlon No. WO 00/44366 di scl ose
Z'T‘| pid foraul a@ions, including |iposomal fornulations,
of di eSterss of corrpounds of the formula: 0 YoNG O
zi X 15 e: each ester is 1-25C; YCOis y-glu
or 3-asp; phenyl gl yci ne; Zi s012,0, or5; and 20
Xis 6-8C aI kyrN"benzyl, or naphthyl, or a

nBjRLIRCOUL] 2214 26501 20l € B3 ol 088! il e, TLE 11
inhibits GST P1-1 w1th an IC,, of approximately 400 nM. TLK 199, identified in those
patents and publications as TER 199, is the diethyl ester of TLK117; while TLK261 and
TLK262 are the dimethyl and diisopropyl esters, respectively.

US Published Application No. 2003/0100511 and PCT International Publication No.
WO 00/44366 disclose lipid formulations, including liposomal formulations, of diesters of

compounds of the formula:

where:

each ester is 1-25G;

YCO is y-glu or p-asp;

G* is phenylglycine;

Z is CH,, O, or S; and

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

or a pharmaceutically acceptable salt thereof; or

a compound of the formula:
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-2- aCOOR1 0'~9 H2ZNPFNHCOOR2 0 S R3 where: R
and Rz are independently chosen fromlinear or
branched al kyl groups (1-25C), cycloal kyl groups
(6-25C), substituted al kyl groups (2-250),

het er ocycl es (6-20C), ethers or polyethers 5 (3-250),

or where R; 2-20C) together forma macrocycle with
trb% Eorrrul ; 1~-3 is 6-8C alliyl, benzyl, or
n pﬁ hyIH of a| pharmaceutically acceptable salt
H'hereotr Tj\lm emdort al ., M. Caner7her., 1(12),
1089- 1695 éﬁOZ) di scl ose the conpound of the formula
COOH 010 N 11Nl ~KHCOOH O _ 10 u V the "vinyl
sul fone", a¥ one of sthe two products of the
J-medi at ed cl eavage of canfosfam de, a

-activated anticancer agent of the fornmula COON 00
R, kh¢R, are ind2pendenti* 0k fr&@dineds or Branched-alkyl hkopdN(1625C), dgtloalkyl

wWhi i s discl jn US No. 555 d PCT
exsipe i 720 ST P o SRS e S S pelyethers
(3-28C), 8r WREre RI-RJ (L 20@ogeRr Z86h a macrocycle with the formula; and
R, is 6-8C alkyl, benzyl, or naphthyl,

or a pharmaceutically acceptable salt thereof.

W

Townsend et al., Mol. Cancer Ther., 1(12), 1089-1095 (2002) disclose the compound of
the formula

COOH o} ;

H

HZN/\/\[( N\é/U\H/:\COOH

g0,
N

3

the “vinyl sulfone”, as one of the two products of the GST-mediated cleavage of

canfosfamide, a GST-activated anticancer agent of the formula

CI\——\ o /_/Cl

N N

Cl/—/ © \_\CI

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

Many conditions are characterized by depleted bone marrow, including
myelodysplastic syndrome (MDS), a form of pre-leukemia in which the bone marrow

produces insufficient levels of one or more of the three major blood elements (white blood

_3_ o
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Many conditions are characterized by depl eted bone
marrow, including nyelodysplastic syndrone (MDS), a
formof pre-leukenma in which the bone narrow
produces insufficient |evels of one or nore of the
three major blood elenments (white blqgod -3- 0 cells, .
Ceu%afdﬂqlmsifeﬁ%m@@ﬁlw}a Mieloseppsgssioyateduaiiopiin blood el lgvels and in
] j I . t L
thd UG RPE el BloBRCCIS T e LRUE kBB nslo o SRl B A o

manyswodard chethathebpact defgs. many st andard
chenot herapeutic drugs. TLK199 has been shown to

I NdUAK 198 dasibdehahewh taindace thé differdnlagurosiidl -60 pidrayelocytic
eukenmja. cells in zitg; to.ggtentiate the actjvity of .
le cgls % uB R PLICHEAR HEACHY QS CHIQEPXIGRESNE Both i el i wiw, and

to Stirhiite 2bBn§ RirBR¥od 6f fIRthtRMineieedbt hehﬁ&gﬁié&c ﬁ?%ﬁﬁor‘&ﬂs in
henmat opoi etic progenitor cells in normal hurman

nopeslihpman geripheod bloodnlnmredinical teningt Bk 199chas Peatishowhas increase
h t0 _kncrea whi ke bl god. cell production 4N
Wh?tg Bib cgi;]m roduction m\%gﬁﬁal i, ?]s a rweﬁ in 3nu }ncwﬁh%lwﬁlée biBod

nor ma s as
celBlvaaeldepiatd by sweatemiapitatigthiborfluemueilt Similireffetts pagiprdvide a
or fluqrouracil imlar effects may provide a_ 10 ne\f{nical

newgpproachiortainge M d LB saurendy hengaypiaigd ma Blasa f
trid? Y&t tHOtrEAmb At %\Sﬂjﬁﬂ%té&n FshIfy Sthl% frafhredoPed mlﬁg 2004 and 2005

treat nent of Interimresult romthis tr

Amesioar Sexietpof Hemapbgs nendnggOdsnonsiresed tanTEK 9% wys wéll tolerated

[ eti ngs eronst r at ed at TLK199 was wel | .
and GBI iR S Ehes B sl BB ToBs st e PBgred S ovenda
rolé faar KNIEIPO it treaklig Shemhethetaps- itlusal Gugeais. a potenti al

role for TLK199 in treating chenot herapy-i nduced

cyt opeaildbe ddsablk 1\@dlelbphdrdR Mot @STPYAl foPudeGh Bilnans to:
i nhibitors of GST P1-1 for use in hunans to: .
Potsatae thesyotesieeltaptsf shemotherpeutss aginte ewweneallsselactively exert
i o ' e
cXpESEETnb . 84Sy USSRl O
stirpuletg elnd differsniiniobeh domammooew, mitighruhamgeloduppressive effects of

hdif erent. ation o%lpg&g%e fRrrow, . miigate the

¢ TeRFYPr ase sty & 1§ HEPAOPREHHIHEIA FEEOYe agent s,
and nodul ate hemat opoi esis in bone marrow. 20

D.D'l?gcl o?gl{?e of the invention In a first aspect, this
SCONERCE B PEE8pounds of the fornmula 0 Y X~ | NCOOH
Hs 112 a firzst aspect, this invention is compounds of the formula

oo
_N '
X \;/U\H/\COOH

~s0,

z
where:
X is L-y-glutamyl or L-y-glutamylglycyl;
Y is H, optionally substituted alkyl, optionally substituted heteroalkyl, optionally substituted
aryl, optionally substituted aralkyl, optionally substituted heteroaryl, or optionally substituted
heteroaralkyl; and
Z 1s G4 alkyl, optionally substituted aryl, optionally substituted aralkyl, optionally substituted

~-4_— o
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where: Xis L-y-glutanyl or L-y-glutanylglycyl; 25 Y is
H, optionally substituted al kyl, optionally
substituted heteroal kyl, optionally substituted aryl,
optionally substituted aral kyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyi;
heterenryl, oroopasmallyisustitutesbhaterratalkyl subst i t ut ed aryl ,

i gRal i k ' bstd & .
PRI TARSHC LR 6 otplconabie sl e
and edlerob dieadokypoundsnachdithat mofio- dd dilektyds, phenyl - C1_3

al kyl, or (C~6 heteroaryl)-Cl 3 al kyl nono- and

di ;jélgi_”eftbﬁipom@dic(gl%a&iill;’ i@ihetagctﬁi f?ﬁﬁp:&bl _irdiﬂii@w;l typleally seteotie-
..and di-esfers. .The conpaunds_(especia in the aci
mmé&qﬁ,_%@%%himwﬁr}dn@%@amx they ‘fqa)qfsebesns own to be
o A e P ol (Y B Fo8 Nl .20 4 g ¥eBnononic
to Hinéthaalls et Thdyiaonalssf acG8Tm doheming the diffeedniigtiomofAHix60 cells

. and ' - 60 l,s i ;
e o BES B0 i R e P Sty g flof grom
mgBlelboné tharraiviciisam e Feomabis Bed froshbysricusiaite®y to TLK 117,

r anul ocyt e/ nonocyte colony fo ti.on from ripe
3, anet orar companings, the sembesinsivor FiSmueRion aes et Eore expected to

actftglftgﬁeéugﬁﬂjg rrugh LA thi dordRiatklthe %Suo : fozag(apcc}lerrﬂﬂ?emrpeg}i% agents

. younds, the conmpou of this inventio
in mmretlls; elenpdrered dywroxaaty i henmerpell, elewdtd sheiprodugtiomef GM

to.. potentiate the.cviotoxig effects qf ..
ProgRRiiER LT AT SHEMEE B¢ fifferontptiorsofhone marow Gell pjrigate the
m;eloeﬁd;spr@syir@E@e@w&ftd&einat}iem@seﬁti@gkh@,, anél n@datage lidh@atopoiesis in bone
production of GM progenitors in bone marrow,
magio¥ayl ate the differenti ati on of bone marrow cel |l s,

mtigate the nyel osuppressive effects of .
cheme kesoap awperts thigarension arphampaenticabooreprstiiops FBPEsiig
5 _ ' e CLOn.

coffiids BPOITL ibbect BF BsiRiARE A2 BB ondIP e LEMER 0.

the;first, as . of this.inventi.on, ;and optionpally one

or W SRR dhb Bvehiodis (RRIROLE R PO RREURADI Y, of
oné 8r inbey sfppatbhrdiing tHragtroiastdceidf ahbiothBrapeuticrBents ®iftumor cells,

one or nore of. potenti Ef];;i ng t.he, cyt océlomr;#eé cts of .
selequushy e¥ravngoRcIE IndyRR celisrelqvaring the gradyctio progenitors in
boé(fﬁﬁﬁ&{v,vs%irﬁ{ﬂa@% ke d]ﬁex_teﬁt?fdt%%lto\f boRe 4B IR ki a%%%téle

evating the production GM progenitors i

myrlesuppigssive effecksaafichgmotheragetticagents,iaad inmdubfing bereatapaiesiin bone
cel | m tigating the el 0s ressive ects of
magtan B HE AR FEo gL ForaP s SR el Sl abafenree
phiramab?mﬁal cBRpOSition bf%"thé sexoad aipatesdfrihi irfentn, aadihe uselsf thé
the fjrst aspect of this invention or a .
corﬁﬂgﬂffgegme?fm aspesH RS inyanem e gRBRdE b e dredigament for one
or hldtSoft PYUERIHRE thedFtbibACMHRE & chbMBtherapeutic 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.
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25 conpounds of the first aspects of this invention in
the manufacture of a nmedi canent for one or nore of:
potentiating the cytotoxic effects of chenotherapeutic
agents in tunor cells, selectively exerting toxicity

in tumor cells, elevating the production of GM )
pr odenifowtlsaspect, thisrevention svnethedsraipapanag edrapounds of the first

di iat.ion of bone marrow cells, mtigating the
”%Cie{’fgtéggﬁpvregéé’?ve ef fects of chenot herapeutic agents,

and .noguyl ati ng hemat opoiesi s in po 0 rrow. 50
" AR pGibpE SR FReRRRLE FodedthdS AT e FimiB s o
Hreparimg compounds of the first aspect of this
X,quélntsj/‘qn(jo In a fifth aspect, this invention is
conpolind$°Pf the formula }IO~Y X~ v NNCOOH H S
Z “Soywhere: Xis Na-R -L-y-glutanyl or N
a-RLL-y-glutanyl glycyl, where R is an
ani ne? protecting group; and Y and Z are as defined
@. the conpounds of the first aspect of this
I nvention; and their Cl1_10 al kyl, phenyl-Q 3 alkyl, or
X s Qy-«tRitley-glataply] oON-BRELyglutaylglycybrvched R s e amine-prerecting
and_salts of the conpounds and their nono- and
gr(ﬂ’lp-’%%‘fers. These compounds are useful as intermediates

YardZ Bfé aﬁgi@ﬂ%ﬂ:fdh. éfb:f 14,7 c@fnpbﬁl&isgﬁ mﬁwﬁmmf 1 pétk of ﬂ& mvdntivh;
spec (0] IS I.nve 1.on. refterre e I ments .
ang Fieir @mﬂélﬁiipélﬁnﬂfes Qfsﬁf%r&%«hez@ea Q@ﬁgmor ﬂaﬁ@r%ﬁm;
t i - of this
angpp iog the Jgﬁl%)saﬁ?&i 3! agrr?ghgfﬁgh‘gre &0 utical 15
Theserqoogiouindswse usaiilhe dsermedites sethe prepatation of theompaunds of the

f I\t/bdes ffotﬁigca” ing Qut the Invention Definitions
ISt APREGE O R ARE™ Y onoval ent group derived from a

sat t ed, or, upnsaturated (but not , aronatj,call e .
cns A besiaas OBy araPy 36 <halcRpi oy drcagion and
by TRY/feirds oh Si@ins IEHCRBAppRQtin aschiled, iafid BY phefBsaticaf

one hydrogen atom from a carbon atom such as nethyl,
cogppsjtions, methods, and uses of these compounds.

Modes for Carrying Out the Invention
Definitions

“Alkyl” means a monovalent group derived from a saturated or unsaturated (but not
aromatically unsaturated) C,-C,q, preferably C, , hydrocarbon that may be linear, branched,
or 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,-G, alkyls are exemplary. 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”.

A “substituted alkyl” is an alkyl substituted with up to three halogen atoms and/or a
substituent selected from -CN, -NO,, -OR, and -NR, (where each R is independently H or
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propyl, 1-propenyl, isopropyl, butyl, isobutyl,
sec-butyl, tent-butyl, pentyl, hexyl, cycl opentyl,
cycl openten-1-yl, cyclopropyl nethyl, cycl ohexyl, and
cycl ohexyhnet hyl Saturated al kyls and Cl1- CB alkyls
are exenplary. Note that t deflnlt n of "al ky
. dhws, forpmale glbm}@é@ﬂyl srReps neldecwRl swawﬂuoromethyl

Cis
anc?gfc &%8 fwgf hfgg L\}b‘éﬁ&; %u egﬁlﬁgﬂf,gﬁ%am yﬁ@%@mﬂ

ydmhéxylaidbyurt)ﬂed wmh 1 «snﬁ;stpetlali)eﬁ gahipy Iseleqtcsi fzomanloy hydroxy, methyl,
bstitut ed, w p to. eeh ogen a and/ or a
St et erpbifiicea Oﬁ%f R and - NR2

g }/\/E;r S ks AR TR IERL 8 52 1% G et
grdlffag Llféquﬁééﬁll‘) % 3RO, 32 NK (v@ﬂek@R%"'thi‘ %:aslﬂ%l}j mcludmg linear groups

oropropy Pref’ erred substituted cl oal kyl
su@m l}pscaamylmyxon@qo@hq nrigs gomfaingg | Qﬂf’elwg aremphsichagt ed

2Ry o AR, i A oA iRl B, dnd

3- Iﬁé‘@h@h@ﬂ Iand gfdm?ﬁ suchca? t@mgydrofumm-mexm%ﬁ atidHpibextichia3- ybgtlhyl

n
PrqlprP ey hgierog RY BERUPAAE SROPAIT GRS In Bsh 103 thepsing
m&ynﬁi gr& % &3}5 &ed@yﬁ, Bkky INH, bRl HAhId iAdade 0Ad PS

entyl’; nnnocycllc ri ngs contalnlng 5 or
3- t&mhydg)fmyks 3sand|~r4 w yropyranyh ¢detsthydzothippyranyl and its $,5-dioxide,

PYrr I h RelRg
mcig-d¥h%$g : ggst@q%ggéﬁ ro%lkﬂ F§ Jgééir{}g aubsutute in the
ma@ﬁeﬂ&%érﬁh&dbéﬁe&bﬁjhb&umtedaﬂiyyl and pi perl di n- 3- yI et hyl .
10 Preferred C, cycl oheteroal kyl groups are

cy ¢ ap@ninkhnsQ méx&aRAEXBlp tléh\)(éﬁ lfﬁiﬂn dn Sbondatie hydrdgrbon containing
nmet hyl ene groups is rer%I ac O S,_.S™, NH or N

6- IfegycrtboamepRy isaovalof gag ydros@tqt%fma GFFRGT atoz, andhgpay be
moing)g:fhE gs'a dlgﬁsoﬁ%ﬁg?%bndeglsé@%ﬂwr@kh'ag’ BYSHRE), of“lﬁg{eﬂbélycychc

p1 peri dinyl”.
(suéhubblphdsnylyéd het eroal kyl" is a heteroal kyI subst ituted
in the manner described above for substituted al kyl.
15 * sﬁbshtumbﬁyls neanaphsabseintted mh;sublmuwdawlth upno Asubstituents

ar o yd on ntai n 14 ¢
Sl hEOB e TS5 - BHEOPIR LA SuSHi D G H RO
trifR iR ne @Sl wﬁly hARNRBM k8 O, sm,ho}@s m@ﬂy I(<t,r heteroaryl)oxy,
condensed yclic éﬂuch as napht ﬁ% 5
fomplyespoky, i i b ey Eor
nel%gfaryl substltuted Wi th substituted with up to 3
% ‘ituents 20 sel ected from hal o, -CN, -NO2, -OH,

opt i.qnaf yhalo tLtute
oPL L Radtss AVSTIRISE &%’f‘u‘%‘i‘?g catitceugh ety pRbARYL
S@sﬁ%ﬁé&% 1*1 g{éﬂli’s{ara nﬁwghﬁh ©he af bd)thﬁf%he arflahdyhe all;yl are
sul?sggqt%pbqu?ylequ ¢ %zogg %qm(syg tituted aryl an%sui)?tltstaelg lk;a
“Halogen” or “halo” means F, Cl, or Br.

—+

“Heteroaryl” means a monovalent group derived from an aromatic hydrocarbon
containing 5-14 ring carbon atoms by removal of one hydrogen atom from a carbon atom, in
which 1 to 4 of the ring carbon atoms are replaced by O, S, N, or NR (where Ris Hor C,;
allkyl), and may be monocyclic containing 5 or 6 ring atoms (such as furyl, thienyl, pyrrolyl,

_7_ ©
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"Aral kyl" means al kyl substituted with aryl, such as
benzyl and phenethyl. 25 "Substituted aral kyl" neans
aral kyl in which one or both of the aryl and the al kyl
are substituted in the manner descri bed above for
substituted aryl and substituted alkyl. " Hal ogen”

oxazhlyl, rmidaalvlepyrding, pmmérpyndm@)éra@érpynmm%go ensed %lcychc

BR, ll 48 058 1 005
(Gl heteageyd)- phieaphshicloms @(Zewrﬂylbplmhyirﬂ;’refamed W, hdtemhryllgrbopsclare 2-

a2y eache PR AP € Py oHe e Ryl eans

het@&ﬁ%y@kdﬁsﬁ'&te@ i@ thefnirrnef d&t ARl dbowctorasbstitifiad arylt hi enyl
pyrrolyl -7- 0 oxazolyl, imdazolyl, pyridinyl,

pyr amaea ¥ hEaR gubaﬁ&e@mme@rw) suck Qsﬂﬂ??&%‘lmethyl

bi cyclic nzi m dazol yl enzot riazo
ufpsumddyhe)eromlkylr mwd; hstergaralicd substipused mithg mpnneg@escribed above

- phenyl such as 4-(2-pyridyl)phenyl.
forﬁ?%i‘@&?é , 6 heteroaryl groups are 2- and 3-furyl, 2-

and thle and 4-pyridinyl..,. . -
" Sub CHB?CEPC}%? §)f]cr.10ﬁ &4 “’d ggﬁ’lgp Cgaqf )ﬂius mnvention”.
subst |tuted I n the manner descrl ove I
s b BIEPraYGHIE SRR o & 5T TR tethe glutamyl o-amine

gro%ﬁ %?5 b P&Qld%fttﬁe hat @é%roY IthJs ﬁﬁ&ﬂlcﬁl%r%nﬁﬁtéﬁlﬁﬁchﬂté@kfé% during

Substi tuted hetero al kyl " nmeans het er oaral kyl
thesyisbesis oftthat compohied, pad sdhseqtssdy remaatablp githoutiagecting the remainder

of &l%%St ' L %t% hélc aseoc?%fttﬁs ik 1(?11 ?fsfrn?o%cguklﬁ] %ttqlﬁﬁs %lug\n

RUeh npounds” 0 nven

tert-batoxREariporet ﬁﬁibeﬂgyl@iy@arbon)ﬂ,&oavgﬁ@m]p rerapabledyatidolysis; with
NS R A R T T
prdt&hﬁ% gﬁﬂp@&r@ Well RhEHR irfhthe 'fi@lai ofU?fmii‘y hesd aldogaxﬁd%atr 2/ peptide

conpol d subsequently renovabl & wi t hout a

syt rSortabin g roup 4l tho ol o i rans sl in books

ol ST PR SO i i o

Thema\mhgrsm ane@avmyaoby, and i RAdcr8 reips sﬂoﬁhazs, Jed,

o LT e S M R s

19996&&1 STV kbR e b BhdoRbf SAEAR) GilSKMAOGSI S and
particularly peptide synthesis.” Suitable such groups,

and t Q&;ﬁ%—%ﬁ%ﬂs& g@a;lu@ganw@ et mxéa{noua&ﬁatdaﬁai hfRlisteRed to a

books thesis o ot1 des and

maRepd, iespraialted haman)dotdffeotimgiiréament HylonGobthesherapaiitic methods, is

hi ene Ver Stuttgart .. ryan an
suffie 566 PRRaen 16 G it i 5 OB of B Herg Ll
tredgBRi) eTRAheP o eatM¥hS of 8d6nditidiPih Ml Biclbdesone lofénore of:
New, Yor Kk, w York, U S A 1999, and wi |l be well
® knomhlhitglgec epelppmentef tay eandisiop, &% Frresiing isfevelppment,
@)t t hat Me%%&ﬁ?§t fé‘?%%ﬁ%‘% SR of Bz Ring (A€ SRR,
(3)  preventing recurrence of the condmon, and

D

(4)  palliating symptoms of the condition.



10

15

20

25

mammal , especially a human, for effecting treatnment by
one of the therapeutic nethods, is sufficient to
effect treatnent for the condition that is the object
of t hat therapeutic 25 treatnent. "Treating" or
"treatmept" af, a condltlon in a manmal includes one or
Thegpmpgends of this inyentaniand SheleRIEPBIIANL of the conditi on,
e.g., arrestlng its devel opnent, (2) relieving.the
condiheicompoendy of thedfirst aspect efjthssigyeniopregompeundgptitheformula
condi tion, (3) preventing recurrence of the
Rondi titon, and (4) palliating synptonms of the
X"condilf’i ofROH- 8- 0 The conpounds of this invention and
thegg preparation The conpounds of the first aspect of
thig 1nvention are conpounds of the fornula 100l Y X"
H soz Z where: 5 X is L-y-glutanyl or
L-y-glutanylglycyl; and Y is I-1 optionally
Wh§¥5’)éstituted al kyl', optionally substituted heteroalkyl,

XQ@M%WOISL UpSiutantilediyl; aid/| , optional |y subst ituted
ar al opt.i onal |y substituted heteroary],

Y o i, |09nma411y sehyiarad allod @ptipralls ﬁuimlmtfrctlgqter@wlsommﬂy substituted

o SRR Py i iopel At SR ARE ok Yprdonal ubyrised

heﬁmira]lqﬂ;ti onal | y substituted aral kyl, optionally

Substi het er oa t i, onal I ubst j tut ed
Z R Bpasmall Sy otedtng Al piaself SbSiRet o Rees it bffSonally
sulistitiidd ar?lr oﬁt@n@ﬂ)hs%b%tﬁt%ﬂ Xl‘alkypopﬁolﬂllﬁﬁ Yihbs iR he&!i@arﬂ' or optionally
esters; salts of the corrpounds and their nonho-

sulynmtedh@gp@alécyl Preferred compounds of the first aspect

s fhel L BT ST RO SRR I mho- A 6Mdrer
and safes of the&ﬂsyﬂpbuﬂds a\iditheinmbh@rmkildjfeserbst ituted C,
cycl oal kyl, optionally substituted C$6

cyciPedfedr&l &ﬁlﬂlﬂ@lhds ofot Fieso adpeyt fuhis trivetiti@rinplodnthose @mpounds
optional ly ;Ebstfl hut ed Cs 6 heteroaryl; especially Y
haY‘%gO’é%/%IIIB% es t hi enyl , furyl pyri di nyl,

1, Or g@jle%&%yEubst i tut ed phenyl nor e

2. Y is optionally substituted C; ; cycloalkyl, optionally substituted G, ; cycloheteroalkyl,
optionally substituted phenyl, or optionally substituted C; ; heteroaryl; 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, or 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 C,, alkyl, or is phenyl, 1- or 2-naphthyl, 2-, 3-, or 4-biphenylyl, or 2-, 3-, or
4-(C, , heteroaryl)phenyl, each optionally substituted with 1 to 3 halo, cyano, hydroxy,
carboxy, trifluoromethyl, or -R, -OR, -COOR, or -NR, groups (where R is C, ; alkyl);
especially phenyl or 2-, 3-, or 4-biphenylyl, or 2-, 3-, or 4-(C; heteroaryl)phenyl, each
optionally substituted with fluoro, chloro, cyano, hydroxy, methoxy, methyl, or
trifluoromethyl;
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20 especially cycl ohexyl or nore especially phenyl,
optionally substituted with 1 or 2 fluoro, chloro,
nmet hyl , hydroxy, methoxy, or trifluoronethyl groups;
such as where the phenyl is wunsubstituted, or is
substit ut ed ne,of the substituents is in the
47y pé'%q‘fqnéﬁ?“n éﬁ%‘%%‘l!l‘ilé’lrly where there is only one
sub , H I P
B et Pung 2 ek, (phifly B R SR kspelal Gl
dmﬁxr(c 6 heteroaryl ) phenyl, each optionally substituted
wth 1 to 3 halo, cyan, hydroxy car boxy,
tri Gamelaﬂyratcbyippumﬂ havR;g &mter -rfofbiEr obtheseNBRtugs mmeierred over a

coé}po er@? ﬁa}}%ﬁ:r nug}ﬁ %of thgse CI 6élnrljny hch}f Iadgiuon of one > of these

feaﬂﬁ'ésetb‘%adfo)ﬁﬁoﬁﬁ& A¥ing E@Qﬁan lee EARIrksywill goidrillytt Rt ik E6mpound

fluoro, chloro, cyano, MI%\ roxy, methoxy, nethyl, or
that gsiprrefaedervarbyd commund wathowtibatdeaydund i s a di aci d; or
4B. the conpound is a diester, especially a Cl1.6 aIkyI

di eStisble saby éee@@w@it all Uy Phame Stiabte) (1974) fok e spnexclusive i) of the
e
cof GAFE of Yis B GRMRANL NG Al SBKSHCUILET . Sbqihiiese

D—

e over a C

oia%x&ﬁ,rand l¢ﬂl‘6ﬁfn lﬁ}ﬁrc?ﬁk&z er élgax}uu bases (e Bﬁlﬁi\d)lﬁmhla,rdletganolamme,

1 Q ne of. t hese eat es t a Co oun
tneglwfa@% ehylenediamine, tomRethagaing, N lucqmyne n?aqafwth the
caxbg;%‘ gfou £ aAd FIPRIHRRd WHIR indrsanRI LI ¢, gdwafb%mohb iydrobromic,

‘Wi t hout that feature. &MtabeeSMts (sS
sul@mcglgtre:t aral chlorgsulfpnmamdggpr org@iciacids ¢erg. pcdtisy prgpionic, oxalic, malic,

BRSSPl 007
meflﬁhélﬁﬁ’bitmm etl@ejﬂﬁs&f@hm %ﬂﬁz@%&d\ﬁlfbimd;i substitutdal l@b@?ﬂ;}rﬁsﬂlﬁmﬁssuch as
e.g. ethanol a , di no ri et hanol.am ne
chlefqbgv@ﬁ Aol R SR i St ﬂ%%u#ézpfg D¢ shstiyed
naptERfdneWitfohic H%)htlfa?ernkéwonﬂr aﬁ’lHR§bstﬁﬁgd h 1RSI £

I norgani ¢ acil drochl ori c, é@ brom c,

camphdxduﬂﬁomc amds)rnezrt tcafodmcamdaddslonfsquf gy gmupsapéam c
A RSPt AP BBl g

bas@f @nasiuble o4l for dled ddenppuads @ an 46d additiemnedyiéspediilly, with an inorganic
,gt h n?e;%gl L?%%%é Igcﬁnzenesul fonic, substituted

acy & ¢hloadsésaltas  chl onbenzenesul foni ¢ and
tol uenesul foni ¢, napht hal enesul foni c and substitute
napHhha areeaasen elvie compaws Wgﬂ@rfééﬁ a5pgct ghhes 1aﬁ<amoni> he process

of%%f]énttﬂhﬁﬂoﬂéght hal enedi sul foni ¢, and

orsulfonic acids) react to form acid addition
(a)sal tamdrimg feompound (g aulfjle, contpotund’) of dredormids.  Such
sal s gre preferably formed with pharmaceutically
l@cc pt abI e acids and 20 bases. A suitable salt for the
oHs an acid addition salt, especially with an
nog anlc

N

z
where:
X is L-y-glutamyl or L-y-glutamylglycyl, or is N-o-R'-L-y-glutamyl or N-«-R’-
L-y-glitamylglycyl, where R' is an amine-protecting group and

Y and Z are as defined for the compounds of the first aspect of this invention;
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acid, such as the hydrochloride salt. The preparation
of the conpounds of the first aspect of this invention
by the process of this invention involves: (a)
oxi di zing a conpound (a "sul fide compound”) of the

f I }10 Y H ) :
or s Con el Ghapyilalih, o (G GEGraamPt sl Mot arglresies
to g;\{gi Ig'o@b | B h ekt officds ?5@ {go'ftljns ¥vehddnany! gl yeyl

S an am ne-pro group and Y and Z are
(b)as dfeXuerdL-R’ex-y{ghmam;dmpMMéLeﬁgluthmyklycyd; de@sqmemm die resulting

hi s, i nvention Ph
sulfneyar g coreisdo i it Syt el o Bafhon aiye =gpmpound of the
fnﬁ'as;%%@&'fthxs ﬂ@nﬂéﬁﬁn@oﬁﬁﬁﬁaﬂ}ﬂnd of the first or fifth
aspect of this |nvent|on if Xis

(ON- aifthe EOI}IPMCéﬁbfr IG5k asnecaoh&ns_myergmmr@ ipstgp (a) or step (b) is

N=Toal that is a conmpound
‘%ﬂgfaéh“e W{%Oas ec e§{é¥ |s | ﬁé‘gﬁ?on to give a
(d)conifcche dompodddq)re;ﬁréd mstepz(s)pmﬂb) 104 ntonbsor dieseert desesrerifying the

opti opal | C t 0 ound of the first aspect of
copRpYn W\%gﬂa&"o&‘ ’ﬁéﬁéﬁe ) or step (b) is a
(e)cII a%x‘?nin%%dlﬂ dfgh@cd’fﬁﬁkﬁmd%egﬂkeﬁ iy &ff stdp3€a) &0 ound or

e conmpound prepared in step (&) or is a

rm N%a si2p t(ﬂ' thS §@fur gﬂﬁ? RxRiZel X gﬂzﬁﬁr@% coﬁ%ﬁﬂ&aﬂdﬁ: Pirst aspect of

prepare the diacl the conp 10(e) formn

tluamaﬂlttonc(ff thdgluworybouing gmuepeamremotcﬁeérw ashmppund of thy fifth aspect
f 1 di zed t
of i issrtiof (@ Bt G Bhob SR s of ‘i s
i nventi if ot | ut a t
o oo o et SEENER 72 SiBbliolv Pl S P agenr
is afdﬂfad taﬁ& tlQ:' 1e4caBH ImiAite IS held atPsufficiéRt tﬁ{e%ﬁ%hﬂiéient temperature to
ypically, the sulfide caonpound is, dissal Vg(ij in
coam etebe emd@loweﬁmtabkwomntdp@dﬁ@ caggbipetionsgngl ea@lzdé@‘aﬂ%ﬁd
sy SpRGERE b R Stk b i by plch o€ Blerk R/ Ghyaceri
aci®und adetie addl hydrogtn perdade/ pemﬂyaaead: aodsnd nled wsd ef €, 3peroxyalkanoic

| kanoi c
acids or peroxytrifluoroacetic 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. Particularly 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 borates and peroxy compounds such as perborates and
persulfates, e.g. ammonium, sodium, or potassium persulfate, and a particularly suitable
oxidant is potassium monopersulfate, such as OXONE™ (2KHSO, KHSO, K,SO,). After
separation of the aqueous and non-aqueous phases, and optional washing of the non-
aqueous phase to ensure complete removal of any oxidant, the compound the first (or fifth)

aspect of this invention is isolated from the non-aqueous phase by concentration.

In optional ste , the Rl-protected amine group of a compound of the fifth aspect
p % P group p %

of this invention is deprotected to prepare a compound of the first aspect of this invention.

—~-11—- o
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aci d/ hydr ogen peroxi de/ peroxyal | sanoic acid

conbi nations such as acetic acid/ penxyacetic acid and
acetic aci d/ hydrogen peroxi de/ penxyacetic acid, and
the use of "-23 peroxyal kanoic acids or
peroxytrifluoroacetic acid as, both solvent and

oxi damcomppunst ofighe Hithiaspsceafabis nveptiesmaybe degretetad by any

RS A bR Ml by B88| Bt B e e
rerhaindupiof de meledulo Ndieadhs aminkprdryctmggemiptis ant acdnlytically removable
Particul arl. i tabl e ,.so] vent /.oxi dant . conbi nat4ons . .
B O AT S PO e e TRt 100 i Syedhes S geti acid
optiBnally irPthR Paskrce DF AicBIBrotibthihe! Wehes el dntlifle-pRIREGHE Broup is a
di ssol ved'in a non-pol ar aprotic solvent such as, _an _ .
catakytieally rasnayable sminecprptectnggravp )it lammw@ge@mwct%bmwlwc

BRSO e B4 A s SO BR bl
considepal nacdytsallrerasvabls; hay akebe aambvepecidoljdalies, e. g.

anmoni um sodi um or potassium persulfate, and a
par tHog bdtﬂf'didre&hﬂtib icallyxthel adipouindao dissdvedrin a suitable solvent such
mpnoper syl fate, such as OXONETM

as 4 8 OKMBERT RPBEAIVENAQrdR 2 neppalniRTgHc tvenhgspecially in the
pr%‘?ﬁét% WS Qegxg;ggl%g A R ARG tese ARG WRkdrOfdl conBsiad Reth

he non- “aqu se to ensure conplete renpval
hydrbgemgr aohgiddegan dondrsuclbapayulebiexehe of 1.4-syclghsxadi¢rfetin yheggesence of

aspect of, this invention IS, solat roOm .
« b e Yol B bt BBl Btk b paleign on
bau]gl\h%l ts%lfdfé? afel ?ﬂhﬂ?ﬁﬁ]@&r&m For ghtalptie imerizadut @ uardvaként phkadium

[ aspect . of, Is.inyentiqQn . i1s deprotected to
complep ah %t@ﬁlﬂﬁgﬂﬁ@%ﬁ’hﬁ%mfesﬁa&dl%@gl?g“ typaly m the presence of

. ) o g
o e e S A oAy, e Al RSPl thE bualys,
theseoimpmiohé of die firsrspeat ofutustitreention isésoimd, eenvienignidy asup acid

hat es not .als ffect the remainder of the
ad‘ifﬂ?féi%?ﬁc@OR}W&ﬂsfeﬁge)zm ne-protecting group i s an

aci dol ytical ly remvabl.e rou jt i.S conveniently . .

o p L5 obieralies (B (Do ooty o he G SSHEHE] B8 imvbrion i
estbrifiidd! (HQ'RREPIdGn 6t Hlis AcsiRH), 0P dé-biteriftdi(if an BStasmidake dhcid is

di chl oronet hane. When the _ani ne-protecting group is a
destrgdn ﬂiagsiec,eauenf}can@nwakreétealﬁm@nbar@tceg*fqnﬁgn% pesiay be carged out

n . . A:

by SN SN VB GE teferths O bRl il £OAVELf Pardiler o
comeniyt axwyfiestonydhniqe ireohies vhe remnisn dethe dliacal @imyptonndibf the first

remgvable, ma | S0 be.r ved,aci dol yt.igal | y. .For
2R G i e ek B o (3 i o e s g g tha alohol as
solfé SR iNepredeRc@oftdhdl@ihiR st6h ¥LeHlordtHethylstiheas tetngetardhes between
al kanol ,” or a polar protic solvent, or in a non-polar

rocap tesepegaturs|apd the, balligaemperatre of thpalcokplesence of water,
e.g. isopropyl acetate in the presence of water, and
conmopaehalstemh(e), aysdle ofjde compaud,ofrthe birst akpaetrof shis Invamtion is

cygl.ahexene ory 1, 4-cygl xadijene i nthe. e
forgl, SIS AP EAl B o X B RPRR IS A ARG oo
Convigitiently, thilid dishic Uity afpa tHeadimpauadiof tha firssaspead dfahs,

i . Lvtic i b
invggtgqp?ig \gq?rglﬁg arpﬁggqyggaﬁrqg%]mphl:sﬁgd g}g :tl 't}/otnl of a'sofvent. gtavglh become an

anti-solvent for the salt, such as an aprotic solvent, e.g. a hydrocarbon or halogenated
hydrocarbon such as dichloromethane, followed by addition of the acid chosen to form the

_12- o
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15 conpl ex such as

tetraki s(tri phenyl phosphi ne)pal | adi un{0) is used,
typically in the presence of a nucleophilic allyl
group scavenger such as a secondary am ne. After
renmoval of the catalyst, the conpound of the first

sa agmeélalbom thexfosm of wmanhydrous agid aloae edin st selyentye. g diydrogen

e R ek IO 9L Bk by
tenctapyl ethegfand mtmhydmﬁmin espetislly Rethglotrebitfl eelebr,(dy e added if

di aci d ndﬁﬁn ester is desired), or de-esterified (if
NeCHiSase t he d| aC| dis desired). These

est ifications. -esteri Cat oNs ar vent| ona
andelﬁpsw&%tﬁ g e mageeat b oulfile CREPRUME et inpepiiies and
tetﬁg@[?ﬁHSE & H@ﬁaﬁl?'?ﬁon%f oPAiUsRALY, h!nllall& rdt&@ec?ittthe ¢lkamyl amine,

conveni ent este |ca i on technique
andnumeessmhesw@a@ﬂwbm dth3<aﬂaqmdgnonpound of the

first aspect of this invention with the al cohol that
pr odihesesS- alhydatdda glmaddomlogs ars icogventeatly pitepahd by esnvestional

mei*ﬁ’ﬂ AL b ytEeRaRTRB e dhstran P S RaD B SR

g e S0 TP R il SR e
syrfthésfst th@%)@ﬁcﬁe sPhchbdN 1§1a irRRd using b SEHe mhRY StaNdakd

typlcal be an acid ad ition salt (see the deflnltlon
S-prbtecting greﬂps.emh &) triphauyimethyleand the rashltisg Sprereeted peptide then

S S DS SR AL S R o
acid dhic fis sovong Encugh @b Vsaﬁkivettl‘i@iad‘mljticalbeemmulfur—protectmg group but

anti-solvent for the salt, such as an aprqti.c,sol vent
NOEStENg £NENER 1Y EQP%W@%HQ%H%%}’O%WF‘S‘E@V i he Pgspncgof a

sca%rfé% @h@i@é RA %clcléc ﬁkfu&é"ﬁﬂlu@i/oa@&@' atcid%d%f:hetr B@orBCdcills such as

hosen to formthe - - salt, espeC| al d inthe form
Ve

tﬁfbmrwm@hmwlﬂnmlcbopubraﬂbmho presenca of agesolvent sigheent |
dic ogomgl%%\{ gﬁtable %{]ah gsemgage arglgxatl{]ﬁch?ré a{)%sﬁf?&# h e{s%lsole and

Su C
thibgiisole) ph@dolse;h&eﬁs, cr@sntj ahdyim@byficlentiy @ﬂanes peludiak Iuyalkyls ilanes such

nEth [ tent--butyl ether, be  added ecessary, oL
wedphdne aﬁd?ﬁéo%?%}ii;l?ﬂ*gaﬂﬁiéﬂg‘%/‘% pghamgrysu ﬁép{%}&%@@lﬁ%{ toxane);

and 2 Pi&l&lﬁ@d}%@lﬁﬂ%‘ﬂ ot}actﬁfnere&g'ehpﬁ Qﬁfhﬁﬁéac@ﬂéjaad in the  presence of

rapept’i d tional nono- or -esterif

qtbyﬂaydrgsﬂpxme)e e dapromee@emléﬁmn heritalsed framdhwetaﬁlon
o ¥ ¥l at
ECROHORTIMARE St

hyhbaﬁbwﬁmkdmkdﬁanventlonal nethods of peptide synthesis
wel | -known to persons of ordinary skill in the art. 10

Whe Mhem RhAhiy1a0 bhidh 6f the S- ddpkdtk @t peptide isQill{yﬁtddSmﬂDi compound
readlly avai |l abl e for tPe pepti de _synthesis
(o

of the permatia £yfeinbavReredhytrlepang gomp suchas ﬁélaba%n (shltonﬁ% or bromine)
or FESHHAATUB "B LHEATO P oD Eppppninly sl

pepitidenThis 1s conveniently done when the glutamyl amine is protected, to minimize side

reactions, but can be done even when the amine is unprotected.

Typically, the S-deprotected peptide is dissolved in a solution of a strong base [e.g. an
alkali metal or alkaline earth metal hydroxide, carbonate, bicarbonate, phosphate, or alkoxide,

_13_ o
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deprotected, for exanple by acidolysis. Typically, the
S-protected peptide is dissolved in an acid that is
strong enough to renove the acidolytically renovable
sul fur-protecting group but 15 not strong enough to
renmpve any_ amni ne-protecting oup, optionally in the

or pmazaaitre hpfroside; i an eregaic. m@aﬁgmwe has erame ¢ingdaBU

(LS BREFOLEAAT R S en B ARRIARIER: 23 CErallanal
digisedendg@-ahamrdivbonl ?/-@Mpaﬁethdﬂ asetheti sothh m:bmethmaycehanol

R 5 A TR B B

coﬁ%@ﬂn@éf thé esRlula 20TH,- ITRSHI&QS (ft)l'pidaﬁﬁirﬂ kces§)|, Aral B8 reaction mixture is

c uding trial cyIS|Ianes such 20 as triethylsilane
kdrad an pppropte [IPSTAtAR @néﬁale antibgeanpksiopnEervegisahreaeion

A 5 R AL i o

of sediihdiqartematece of  pol y(rret hyl hydr osi | oxane). The
S-deprotected peptide can be isolated fromthe

r eacnhe@ﬁlﬁdértdmpds@dbyrm@dﬁb :be prepafedam fcsilmwts~h sol vent, for
an aprotlc non-pol af sol vent suc
z%}oé‘é meKCcEr) artele ppearlkyfazqi IR A 2REHRPEAS 61 @flie Pt the
tn@efgtlﬁg‘ 6r tguglgeﬁﬁﬁﬁ ﬁﬁ% FOmRERy iR dard rAdchyds A eep ﬁMetsE)mﬁesm, couphng

ormul a’Z-CF% L, where L Is & leavin
ﬁngmmMngmmhoagdafﬂmﬁqgmda(chIor|ne or bromine) or an
optionally substituted al kane- or arenesulfonate to
prepar e the appropriately S-alkylated peptide. This
HN'S ™ carveni ently done when the glutanyl amne is
protected to mnimze side_,  reactions, but, can be

andithea vathen (ptdenally prosseradd Livsghaaming s Ervetlutamialyyipg: s cpypling first
{
il e R e B AP it T R DA b P il the amino
acidaf the foetalh hydrOX|de car bonat e, bi carbonate,
phosphate, or al koxide, -13- 0 or ammoni um hydroxi de;
or an organlc am ne base such as tetranet hyl guani di ne,
ﬁfﬁbo@ﬂ -di azabi cycl o[ 5. 4. 0] undec-7-ene), and the
like] in a suitable solvent (e. g a Cl 6 all-anol, a
di ol dSandind 288heMBdtHnu®r 1, 3-propanediol, an
et her uch as 2-net hoxyet hanol, 1, 2-di net hoxyet hane,
oY tetrahydrofuran, and the like) to formthe thiolate
&by t he 5 conpound of the fornmula Z-C 112 L is
*added (typlcally in excess), and the reaction m xture
sudhSas DhéhyRlycih, @W&M&bpﬁé@l)gl%’m@lba@ (i/e:@@plhdny)glycmt i |
conpl et i on. Cbnvenleﬁ reaction con

D-Ggbieny))ghone: andryrinhsrylstaine, ﬁrewefr@aer agable in resolved form,
an%ﬁpsro %Peg% YheleSdrs gjtﬁerf"?ﬁ% §§ﬁlab fin &Qghié%t%,%f ?B@ Resolved by

e conpounds may al so e prepared as

anjt 6f thi nﬁedmds &naivh forhetescligo) ofcarsine ianids.i %t athiess| razyém prepared by
th.an a riate. Z.CH2- up, and the tripeptide
n“@%”@&??ﬁﬁ%%ﬁﬁ%@mgﬁe 6g5§ standard net hods of
pe ptIl'he Sulfdle tcg]nquéusnds (r:n%l}Jf le Ip? %ared as diacids (though this may involve

intermediate protection of the glutamyl «-carboxyl as well as the amine) or as mono- or

~ diesters, depending on the state of the starting amino acids. If the sulfide compound is

prepared as a diacid, it may be mono- or di-esterified (typically while amine-protected) before
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first wwth an amno acid of the formula Y H2N ~COOH
and then with an (optionally protected) L-y-glutam ne
or L-y-glutanylglycine; or coupling first 15 with the
(optlonally protected) L-y-gl utam ne or

-y-glutanyl gl ycine and then with the amno acjd of

oxzda@om of the pdflae tothpisdione; andithe efertfisatiomeandtigas wal wpicalbrbe

s P ot BRI o RGPPSO EL R f e of i
inan{ida.t hi enyl ) gl yci ne, and D-cycl ohexyl gl ycine, are
comercially available in resolved form and in sone

?aSQSpébXSod dsf&)raﬁl skﬂll &Hk&i’rﬁwﬁﬂﬁvﬁﬁ?dﬂfﬁ@ﬂt@, doli’ls%lﬁﬁ%l’thﬂ skill and
orm u be resolv any of t n
this gisclosge 2@@3 h EXSPIER) HLPTERATS comepur&g%é?%e gwggﬂm

udi‘Pt hods known for the synthesis of am no
asl%rgﬁgﬁ 25 T e sul fide compounds may be prepared as

Ui 8685, hg& ?ﬂeng%u{gay i nvol ve internediate

protectr o a-carboxyl as well as the

am QI a5, d0 i.n e :

ot = e 5P Rl fos g %fﬁ#cﬁ?# B i R Bl i form) are
inldbiegrs) uyisicalls seé@:?e@ ﬁﬂlﬁﬁklola§ of\ZﬁSTd’dt 1 They arrakgbactiveimentancing the

i -esteri typi ca y [ amn rotecgte bef ore
differerngiongt WOk e babarp Shn mr@aﬂ@ and
gm&l%cférﬁaﬁéety&ose&{;} f&&%bh 'f%?nﬂ)&uhé b HneRbW ¥elR®x wiw. The

simfar to hat may be used for esterification
compoancb@rqo@mﬁbrg fexpeh@dfto a@tthmmfel@cauaﬂn hurhans tpynosentiasiihe

d
ey AR ReheSabedt spim By A5 (PHohlg RIS eEeially
G BD|1 Oﬁh&bl@ls(eld?@dedl ¢ Mgny: fuenorxisstipd, Q&)nphtaﬁecbm&hafdsﬂtgnce of tumor
of the first an of t hi,s

onppund d asp
celfsiq €RemeHerapRIcs gty H‘éd@bﬂ'ﬁ%ﬁfdﬂg‘bgﬂﬂw‘@ g thegbdlity of the tumor
cemqamwké cHém&B i Ifa%aﬁ)o Sldcrifdly &t& gt&&ﬁﬂfy‘xﬁﬁlmor cells (again

(especially in the ac ar’e |tors
becapp ofaG3Y isoenayoeiintebition), blcmer the pmdmh GM prpgenytozy ig bone

o B ERAPAERE 08 by G SO BRe e e

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 are useful in the preparation of compounds of the first aspect of this

invention.

The second aspect of this invention is pharmaceutical compositions comprising a
compound of the first aspect of this invention, optionally also including an excipient, such as
a pharmaceutically acceptable excipient, therapeutic methods involving administering these
compounds or a pharmaceutical composition containing them, typically in a therapeutically
effective amount, and the use of these compounds for the treatment of cancer and for the

manufacture of medicaments for the treatment of cancer.

The compounds may be administered by any route suitable to the subject being
treated and the nature of the subject’s condition. Routes of administration include, but are

not limited to, administration by injection, including intravenous, intraperitoneal,
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gr anul ocyt e/ nonocyte colony formation from nuri ne bone
marrow cells a ziw. The conpounds are therefore
expected to act therapeutically in humans to:
potentiate the cytotoxic effects of chenotherapeutic
. agents in tunor cells, (bhecause GST, especially T
intpgmusculgyy ardhsubsutaneoys injagtipm bydrapsmuges?! of fraasdermnal %hverys through

o e Dol 5l SRR Al lnd MO pal el prly

Phaeaieeatichhmngiositibns/confainihg thesemormpanatld sy optidnaby be kpeosomal

chenot her apeutic agent),,sel ectively exert
forGgH g B P oA e P At e g ropsspucosa
mdnSISRE Y BrahsdBinkil foraflatioRd. Surdte for@uBRiUBE é42R of thesMnethods of
progenitors in bone marrow, stimulate the

h
adgimistatien maxbe Emngs fos exampleyin Sarergias 1 Soe 49é Pracice of Pharmacy,

elyo i - Of t i ,
20 QUL RORRRLGIS, Lpeflcfan®lec IR, PRLAAGIE nfRRARR, US A,
20@% fiypiaaldeompbsitidres will bt leitlees jpead tor edlutidris $or invravenowsninfuson and will
the process aof the.fqurt as%ect of this inventi 0211
coli the Sirou api| SBeEn B Ao RN etk a3 Eh e e cally
acc{eﬁfa’éle_e@éiﬁﬁﬁtk. ‘Bipicahdicsagd fOUANHALE: tablbs, soREOAF R HRBFENCRHS

is_invention is pharnmaceutical caonpositions L
infuser it rﬁpfgm mreopstitatipn Fsisplytionsder itraggnopp infusion, and

O

ipdX R or il OB ool e Pl 400 B B Pnenon
admhestapent i ¢ net hods i nvol vi ng admi ni stering these

conpounds or a pharnmaceutical conposition containing

them th%béphgﬁﬂ%]y}éffeﬁti\& al”nhﬁihh apeatorapdund é’f d?effﬁﬁﬁdép&t of this invention
. amount, and t uge of these compoun or e e e
is @P@%%@QPO 518/ B hedr sutiiae 167, eoSIn LI Q0 &7 odminisuration may
be FEfl w@méwfagrfo} Eﬁrﬁb@é%m%ooﬁo REAR at 1N GRINALALE,

may be adm

ni st er ed any route suitable to the

espeablatl, i oyt watk mreselsedr atdighehfrequenciesingfiding as frequently as

syhjeet' s condi ti 0 Rout.gs . of ;adm ni.strat i 1 .ncl yd
onl B Ffok sS eGP g hiof Dual Vil BRFLRNH FBtART B 6 4
wetla¢bibinggnd ififuk @Y o4 iSerioddf LapZEY hdu@s) @B with the administration

i ntramuscuyl ar arlgaaubcu aneous injectionp,. bﬁ"a'
repeRtgd EYRTE S a Pt biveelsaft SyRicak s iarn Painyolve MitsiHgHatiqmyceigay for
fiv@Hz&k%@&&ﬂﬁé@weéRﬁsal spray, suppository and the |ike or

may b [

e admnistered orally. Pharmaceuti cal
j 'qp}%n@ tai ning these conmpounds may optionally
Pre%ggﬁ?%go&sdgrm ormul ati ons, enul sions, fornulations
desi4n t dm nj . Ly
o R e e Rle S e ARG RB its and he
syntlessesbfahé coimpdumds efutlis inventibe de dieprbemds ofodhis invention, and the utility

dm nistrati.on n be foynd, for ex le, .in
of %@ﬁpﬁ’ﬁf"é‘? of%é? %gési?%“ﬁ P¥etongs a%pr@ﬁ'é‘i‘ﬁﬁg??ts‘zo ed.,

A. CGennar.o, ed. [ incott Wllianms & WIKkins,. .

Phi Perperpensal afﬁe%a@gqewgem&nsomage%& _.S-érllllsvgﬂeapf cysteine or
the & bf {12 Qﬁ;l)ére#ihés_ £8 t@tkay@%rlclle? ik “Qﬂfi(feoéot odlds ™. For 8onvenience,

i Nt ravenous usion an contai n tHe conpoun
theapagetty precaimed anidedivativesof bentyh brongde (cdrromotaduene).
phar maceutical |y
Preparation 1: Preparation of 4-(2-pyridyl)benzyl bromide.

4-(2-Pyridyl)toluene, 2 mL (1.98 g, 11.7 mmol), N-bromosuccinimide (NBS), 2.5 g
(14.0 mmol), and «,x -azobis(isobutyronitrile) (AIBN), 23 mg (0.14 mmol) were suspended in
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10 acceptabl e excipients. Typical dosage forns will be
tabl ets, solutions for intravenous infusion,

| yophi li zed powders for reconstitution as sol utions
for intravenous infusion, and |iposomal fornulations
and | yophilized I|posonal fornul ations also faqr

35imf Fea%lﬂ@@@eﬂmm and seffured far 24 Aoner Abreproriucivay gﬂtﬂ@éﬂﬂdéhe
s0 E@c%‘ﬁm\?gd f?o | it OEI) fr%%ﬂfe E%c%%tﬁonafiggﬂ brRlinds ¥ hloroform and

i Avent | y sur
waaira&a:re :Eklpé amchthepr&ﬁlce eﬁﬁ@@dn‘ﬂia‘nﬁloréﬁbmmdayst wad sepmu&dynd dried,

- 35 d . for .ex abou
and GrsTohgrimsinpeds ¢ PidRe it b 2 Rttt s qisy yellow
solld. 3, or 4 week intervals, or at higher frequencies
including as frequently as once/day for several (e.g.

re;bai%&mﬁ)z P'x%}ﬂa?mud(ﬂ &ty (zhx%etﬁg §;H)b@ﬁiy96‘roh§d&eat ed every
, weeks, or constant”‘infusion for a period

of §. broxglgtdmell‘l%sl ﬁllg@oﬁrﬂnﬁb fﬁgdﬁ%ﬂgh béd c%&deSan%g mmol),

repeat ed every ty |ca regi me
palladumil digcesateri Inng “ /anolb antybmta«ymﬁmrbrormdvémayg (leumoD and 2M

t f ol
g Rk e k8t EE e P e T 5 itk ﬁffeﬁf@aﬁ telagd
hea'%&ﬂtd 1% C forBthieaes. Aftercb6lirgQOREHI &smirattiRd] the ippydRid oured
this invention, and_the ut|I|t ﬁ%@’ﬁ

y th

mt@ﬁ smgatgrgrorfwwic i ersJ 3 mijeach ofrwaternng chiathyd ﬁﬂlphwgreuaﬁm

exBRebAERTE Wi add HEAEGFoLP PorBR Gl ERARDE mL

diedryl ethbye Thy sther exeraa$ weteecombiipeh diiabeveaMgS Ogtand pleptdlaesremoved
fid d E v thee o

by FUR X D PO 2 e ion-4 SRR B BRGE 16p i 81 vield) wes

obfadrel ORI predey, 95% ByINWIR1: Preparation of
4-(2-pyridyl)benzyl bromde. 30 4-(2-Pyridyl}tol uene,

2 mp rﬁ@th&%r @meagdﬂplﬁ@wp1ed\hgr 3 Shia6), NBS, dss @4&(@»1 n#mél), and

and a, a' azobls(lsobutyronlt

ATEN, g, (0956 mesdlowds swipotdedin? enls epellgiomanane, ang refbivedfor
24 Soh DRI OFPHOR0 o LRMRE Lo RS Ty
evatpElmuan quﬁt ambxmw @ﬁcheth e\zt&p agcgm@ﬂweﬁqdééd andcche pr:oduét

t
e LR her G T SPURSAT S OV DEShehlrret e solvent

rerftile8h (0 MBtholiheaRIoNent bichiBY ads nf: b BUih YIB!

brom de, 2 g,” was obtained as a sticky yellow 5

Iy
(S TRERALAbOR, oro PR R0 from 2 cpapophemborpric acid

by tigs tgthodo! ), 2- rret hoxyphenyl boroni ¢ acid, 152 ng (1
nmmol ), palladiumdiacetate, 1 ng (4 nDI)

N- b Deldrdennyh bromibescobdryted ﬂz&hmtiéﬂallmuﬁs}itdt@hpheﬁyll\dr optionally
substituted C; ; heteroaryl may readily be prepared by the methods of these preparations.

Preparation 3 describes the preparation of an S-alkylated cysteine.
Preparation 3: Preparation of N-«-(tert-butoxycarbonyl)-S-(4-biphenylylmethyl)-L-cysteine.

N-a-(tert-Butoxycarbonyl)-L-cysteine, 1.0 g (4.52 mmol), is dissolved in a mixture of
9 mL tetrahydrofuran and 9 mL 1 M aqueous NaOH which had been degassed by bubbling
argon through it. A solution of 4-(bromomethyl)biphenyl, 1,12 g (4.53 mmol), in 5 mL

-17- °



10

15

20

25

30

aqueous Na2C3, 1.9 nL (3.8 mmol), were placed in a

m cr onwaveabl e pressure vial and 10 heated to 150 C for
5 mnutes. After cooling to roomtenperature, the
product was poured into a separatory funnel and 30 nL

each of water and diethyl ether were a&ﬁed Afg
tetahyqraturan L HE) s pddeskand\tae soluionstined yndgs graondubblingdas 8 hours

e Y ERRE MTR Ao S07 c ELR vlil nd e
residue diladed emh w;}aeamnj dzas}te?]l anhIt cha;]tg)rr]lelr&a:piiﬂgtaqocmg Tgse iWeaf gc:ldjfxed to
P £5thS MaironebChend Caired Broqies MasspenerEs 15 cRikined
rg%ni&“é wére WiEkddYW it wheH Yadhd aﬂﬂeoﬁa@ NaHaOD Ivv)u;er, MNB$brine, and

158 0.91 mol ), .and AIBN, 1 nmg (O. 006rm0 \were

th@lfb}ﬁiéﬁd goncantyated torgiver bithg Hr@ﬁtefhmeycmyl) -&1( nylyjmethyl)-
Lcﬁsﬁeﬂgt}gg lﬁf?s uctiyas filtered, and the sol vent
enov

|Itrate by rotary evaporatlon

and%éq%eer utggd%gjfpl?% gegrygu?%%graﬁ%nlge I a e?’p ?&9%9 by the

meﬂ&ﬁi&if&h@@r@ﬁdudﬁl ed over MySO4, filter ed and t he
sol vent renoved. 4-(2-Met hoxyphenyl)benzyl brom de,

128 PedparatiBs PR} AlEeEbebe BRepRiation of some “sulfide compounds™.
- (2-cyanophenyl ) benzyl brom de rraybe prepared from

pr%aeﬁaﬂ APROHLRS 1L Colphii Sh-b ?lI]-Lgyh&hyl

enzyl brom des substituted Wt ona
D-phebylglyeine.ed phenyl or optionally 25 substltut ed q,
heteroaryl may readily be prepared by the nethods of

t hege- gimtelpalrﬁa[(ﬁbmnylﬂmhﬂhl -cyteityl-deptenylglysing, lag the
SR g rdhr A N S B oA
L-C énﬁlrﬁﬁhaﬁlg Y b diRsolyihg the- aﬁ'rﬂné? Rl peptivd ii’&)ékétomtrﬂé’/svvater
ing ggamu}nte, 10- tl;dSBeg%q%y o bon mxﬂ@pg:? ésafg acri]rgngna_ shg%t excess of 4-

(brglgﬁe)ﬁé B é’br}g%‘gﬁa (fjt h%& ar gon t r o%ﬁm 558 fletion. The

reasmﬂnmmtre ws dﬂt(ttrtwmbwetehWa)shﬁdowﬂdnsﬂeththth@, apd(the B@ieous phase

sepaarang Cigiist F RES PRD I ARR e S B dmrihe WRE oSt &are.

Thé @tgﬁﬁlc phhisev@9 @h&&ﬁ%@ ﬁﬁh}d&@s Mgs{)JhEereaena dfﬂ)&(%dn@&duced to
.rotary evapor tiqgn er vac resi aue
sivel- e henZHPBR BRI 2 )é»ﬁ)éﬁqﬁw) -leEREMYF The

3,
kot il e
2 ndo%b5 nfthoBoaoetganid{TEARdichloromedrase mhhe:b‘op\nwawr,\md stirred at 45°C
ot SR B Esnatir [ BLY i TaelyaryP ST bhen) i)
L-cfsteify Qﬁphé&h €. arteqrybhicadimyl-4 (@ 1P ¥ dysteinyl-
T ———
corﬁﬁ&ﬂfdl c%uﬂrlﬁgé‘ﬁ?eg tg%n cﬁ}@ctly into oxidation step (a), to prepare a compound of

the fifth aspect of this invention.

Compounds such as L-y-glutamyl-S-{[4-(2-pyridyl)phenyl]methyl}-L-cysteiny}-
D-phenylglycine, and their amine-protected analogs, were prepared by similar methods.
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met hod of this preparation. 10 Preparations 4 to 6
descri be the preparation of sone "sul fide conpounds”.
Preparation 4: Preparation of
L-y-gl utanyl -S-[ (4-bi phenyl yl ) met hyl } L-cystei nyl -
D phenyl gl yci ne.
y Qhensalfide campounds; ipeludipg sulfidesampaungs ysaremepp- mdgfesters,

gehloride salt, was prepared
dg%%%b%gmﬁgﬁy%%@ﬁ?&lgxycarbonyl) L-y-glutanyl 15

L D S IR ot

D-phienglplptios disthlykested- foI d excess of sodium bi carbonat e,
and addi ng a slight excess of 4-

- S i St oot o pacity s
hydiaehlenide elsasiprepasask éqmr{p Ve[ bi ﬂy‘)%ﬁﬂ& cysipyl

BRI T R 8 B i
L- vagimmylei [(2biphieyty)roeshylkL- pisme’l Wﬂﬂled}’lglwn@dﬂeﬂlybmtw dhous

S ered nd t e ed t
L e I PR RGP E s Bl Ry Py glaed o
the mya}gch}o@e[@gﬁd nyI D phenyl gl yci ne. The am ne- pr ot ect ed
sul fi de conmpound, approx. 300 ng, was dissolved in 2

L @3mpolifdsfshblPhas Iu'taﬁnﬁ-@l{[‘{!‘( gf@nmﬂt&m@émﬁp@%wmﬁh

1drop vvater ands irred overmgLh
D-phenylglyeine t}qglreé?gapvgfq rreparl ke ssmidryeethods er esters, particularly

dle%e%ycgttg% %@ﬂeﬁ%r@o ﬁégﬁgg}gl ne. %@égﬂé&b&%ﬂﬂar methods.
Pregiigh AR (P B Y AP A A e e

D-&§dbhexylglyciesi r ed, the am ne-protected sul fide
¥
compound coul d have been taken directly into oxidation

st ep-Crlohekyl iRy eﬁeﬁ@ﬁ%ﬁéﬁ%@ed@?omﬁﬁ@cfoh&%lﬁ&ﬁﬁm mg

of thi's invention. ounds suc

(3. Lﬂljﬁl@b Ywndsig{ﬁpaaq np&ﬁr m&wrbasﬁbn&lqm@ﬂmn}m@hﬂ-y%% 292 mL

6 L PR FBL Ai FPAEI5 5 BA 0ELAE Sgrcsver
renfdiviad undarivhduhen zmnhhe wssidise dissulveddi adlykacbfatedwadmdwmhmqseous

%@f@ S FaPe e, def s Qn ikere 2 aarprafl Qe #01 me
dB/_c H%'ed@lésé&abh&ﬁ@ﬁdh&')mt hyl ]-L-cysteinyl -
pheny egC|ne di et hyl ‘ester.

L- J t
P s ey ot o 1 v
dissodies pm b palr dien qrmamide (DMF), and Obenzotnazole N,N,N’,N “tetramethyl-

woﬁ%‘ﬁ X;%‘FI %(P%Bﬁ%gkétgg%ﬁﬁiby eé#% i Plc 31 onycg\és%h%meth%?me

99GRId( )Pivére aedddy Afiet RRtnute) m@glohex?lgl}glna tethyl ester, 360 mg
1 qﬂug(t)%xpsogrgg ) A y twt;%/ lacldeh The hi?}%‘éll]re r;tlg‘?(? antyrcl>gr|n t(e:rlngeerature

for 2 hours, then the crude N-a-(tert-butoxycarbonyl)-S-(4-biphenylylmethyl)-L-cysteinyl-
D-cyclohexylglycine ethyl ester isolated. The dipeptide was dissolved in 10 mL 20%
TFA/dichloromethane, and stirred at room temperature for 2 hours, then the crude product
isolated by removal of volatiles under vacuum. The crude S-(4-biphenylylmethyl)-L-cysteiny}-
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L-y-gl utanyl -S-[ (4-bi phenyl yl ) met hyl } L- cyst ei nyl - D- phe
nyl gl yci ne diethyl ester was isolated as 10 the
hydrochl ori de salt. Conpounds such as

L-y-gl utanyl S-{[4-(2-pyridyl)phenyl]nmethyl}-L-cystein

enngIyC|ne di et hyl ester wer e prepared by
Demhmfg Bldeproenty maxbeysed dpegtlyin the Aiexystepy pegippbefurther

e sulflde conmpounds may readily be prepared by
pnxxs%@ar met hods. Preparatlon 6: Preparation of

;I/% F‘X{ﬁ’z% é‘?’%?%t?‘ﬁ‘é’ﬁ Cg‘%;fylf pél fﬁgﬁ?ﬂe ec{xsﬁbll%ﬁ inPmL DMF,

an&VBBS']]U apa d1) Qreqmw&@ﬂd(ebpmgy@@%gnﬁ% 350&Lr@ ecﬁtﬂv)(]j, gvere added.
Y t In a addi n
Afehﬁ é‘Plé‘PtFSi’ ﬁe'?iﬁg €3 fgxgﬁeyl%l aﬁ)r{{cyst(ﬁeﬁe‘arﬁrﬁ%h éﬁﬁ% ¢ and )

triflRR6dBltel 5B rﬂ% ? 3 findd)), &%leegrin 1&1homrs Wagr ilﬁieﬂodxﬂtthé fhixture

corrponenfs reno ed under vacuum an t he reS| due .
stmiedsawbmadempﬁmtlmfbr Abeuwat Bhe maghre Was/\pwecém@ﬂaé\l aqueous citric

aculri? aﬂﬁm Fﬂé%cte %é#l %tg Ws%tgeebgh %I’g ?fd%\sl SasHH¥Sir times with brine,

driEd sv&wsexydrﬂl th@ Vﬂ@tﬂ&d }Sor@&ﬂw gﬁé]\éda-( Wlbyatcﬁ@tarblon

O @?tﬁz(yt el BBy hisme s B0 b pgdlne 2 & brown

d
S .sgz é“%@ﬁi%@w’ffé?%gﬂgﬁma Fhtired s room

tedmedorbqohmspﬁ&motammreaemo epvagurnwnd theproduct

g

D-8&lohExylghRihe @la(te]d 8L i oclﬂtbﬁiﬁ@hl’t/ & nigh Ifdegire dDMe, prog@eted sulfide

added and 't xture rred at .room tepperature
comppur! qqlitalso hape hearriakeaydiggetly into oxidation step ().

N a- (tert but ox car bony S- (4- hi phenyl yl met hy] ).- L.- cys

t ei hyrglummehs ﬂ)aL'éYW}P}’l‘&{‘]*e}hY repfeaybhcinerins

pﬁ%&%ﬁ%lg C %%%@hgﬁgﬂt\@ﬂa St I r réﬁdo 8.190/(; oomt enper ature
o A, SR IS R RSN i U B

_%Fﬁﬁ%@hﬁ&ﬂﬁy|y|n6thyl) L- cystelnyl 19 0
cycl ohexyl gl ycine trifluoroacetate may be used

di r qetiog dlgr(OtZrIﬁIrBQ Xty-glh@nyl- $(phivaylaetHyl 1} dyseinyl-D-phenylglycine
ocesse
hydwoeblpRdALEAG hydsashonde) issplvacin acssigesid Ses gddpdA0R el 2 32%
solw@och o ;?e%ﬁlet}fcegc cfi %ia%etfg'ac?\@) 3 {S*IAH%I%&E‘ i8n Hﬂct{u% v?as maintained at

and i sopropy mne, 330 vy
rocﬁq tampe,rat\mr fellawitg ahe reSctMtbewL%n@mtmplemnmf e reactlon the

th t
R s e e
acdibnitd7 wane FilRebdeshd b desidue wikheduvith méiel acétfitrale/ waaThe filtrate
tenperature for 2 hours, Theﬁa?épture was poulﬁ:d into

wap lyophilizedyidion thearsiduecand filrate pupiieddbynrerarsive fHli anghghe product-
co%?l gtfﬁctlgrﬁ%gﬁfl Y Bhffizd PG er YRS IR SeetdHtild/WaR:S add t N

lyophilization, then trituration with methanol/ ether and drying under vacuum, L-y-glutamyl-
3-[(phenylmethyl)sulfonyl}-1.-alanyl-D-phenylglycine, 1A, was obtained as a solid product,
with 96% purity by LC (ELSD detection). The proton NMR spectrum (DMSO-d]) was
consistent with the proposed structure. Two further lots were similarly prepared on a larger
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dried over MgSO' and the vol atil es evaporated to give
N-a- ( tent-butoxycarbonyl) 10 4a-tort-butyl

L-y-gl utanyl - S-(4-bi phenyl yl met hyl) - L-cystei nyl - D-cycl
ohexyl glycine as a browmn oil. This was dissolved in

S et o T L8 s o
alt%r%%?gl&éﬁf%ﬂsg ﬁfa‘h&ﬁ&eg’ E&%ﬂ?tﬁeggﬁ% fphfdtjlctb%asro%‘(ﬂeﬂqn each case.
Sya R b B S kA BRIl

D—pmmylglyéﬁedgthyléstdemred the protected sul fide 15
compound coul d al so have been taken directly into

oxi 0@ 123m§H(@P2 frdvol) L E glutamyl-S- (phenylm ethyl) L- cystemyl D—phenylglycme

il gaﬂg%%wé%b' elan e pic dc Ay Bk a7 golution

ofg faéclﬁ i? ?J&hl: Aid (B Rtho) SYRE R&toh ftAFPYS rhaintained at room

ESIS o

ternpcyatgrm f(ﬂlnwmgahq feptrembyntEN§| Qs admplayér of the sragtion, the reaction

it G i vy i £ i B P Y Prsheshang it

sulfdiéde/ RueE Qfd‘iﬂ)tﬁiﬂed ®y pldpidalive FPID &Y e ipetRfuceléonsddhivi@ fradtidons

ic.acid ade 200 L % sol ution

sep PREBERE. bt egylensita)efon st by b-phgyialycine dlethyi
sk £ 0 ng‘%ﬁé‘“’%'éaa%??g"@%“@* THPRfordh NVIRS R HRENS O

consmmtmmﬂlthctp@posedauucture m xture was concentrat ed under
vacuumto a solid, then taken up in 50% 25

Symvheticofreanipild E/S\ymhems offti-}-glatand]- 34 (phe hyhee thelsulforeylia slved
ith nore . acetonjtrile/(water. The filtrate was
D‘I\PI%FSEI}SYFIP‘E@EFOP’E(}P Ste' t-esi due and filtrate purified by
preparative HPLC, nd t ct -, contai ni ng
fradf e ot mmplnr EpahS Ape G- Getegn ™ prphenyelycine
y@oERIORdd sruk;%]e%GWﬁﬁf mﬂ% \%&’H@éﬂdl #at ARRd 7“‘5% chlorotnmethylsﬂane

trlturatl nmet h a her and drying
(6.9mmol), The geaggiontraipriire was stirred under nitrogen at room temperature when a

whit bR PRkl b e, TY g B hesced BOSTE ol 4l 300 1.

c}ﬂpwmmythwm@e &Eb.&laed%rﬁlﬁzhé gagtionMBuRe alapitaitddic eeeatd um
PASO-d, %‘ﬁ nsi sélent with tP g ose str
LRGP %frser‘é’t‘ oy WedsarPm PRy IogRd i P8P % fomp eé?ré’@gthe

reriéiter Belﬁg ﬂ{eem&&)e?t d B8 reg:%: e Bhat hAERRREL 'v)é?hbféred washed

usi ng exce per acetic acid

mrhluoepmpagolsdmde(afro mgtylerlﬂé @ndlquq anmeuhamd, a@ulpgmfxéd/by fileparative

Wbr&%% yﬁ\za %é%rbtgﬁ | 08do bf%ehy&rocﬁﬁ 58 acid AL SHLS. The
mg{d. (épfhﬁﬁﬁ)l Wit diggb)ved irf i)\l a}cbtloadcﬁh yhd oxidized with

Wr@l
3/ EI yci ne di etP ?ster To 1 (,0. 22
e,ﬁ% p? 8 peracetic acid solution (2.5 equiv ents comp etlon of the reaction,

2I1|lﬁ_l—:]gle %E%/Iad&é g@%}&{%&?@ﬁ{d‘%ﬂgg} %ﬁa‘is‘agig ved ,%l;}%rgstggl ye

Waac/eltcttomadc with@H1 oRagetic aol as tig2vdveny, and lrhn pragluct-containing

R NN TR KRN (TR ——

diisopropyl ester hydrochloride was obtained as a solid product, 98% purity by HPLC. The
proton NMR spectrum (DMSO-d,) was consistent with the proposed structure.
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tenperature, followi ng the reaction by LCv/1S. On
conpletion of the reaction, the reaction m xture was
concentrated under vacuumto a solid, then taken up in
met hanol / di met hyl 10 sul f oxi de/ wat er and purified by

SRR T 0FL OB RS AL AL M £
= Vs 213 | met hyl ) sul f onyl } L- al anyl - D- phen
I*@?%V%%?%gag#%§%$§ab§2¥er, 1B, was obtained as a solid
roduc .
Cone LRl ARSI ARG RS dimeryt eser, 1,
as thedydtoehldridSyale; wesspreparéd from 500 mg (0.98 mmol) L-y-glutamyl-
-y-glu | - 3- henyl net.h ul,fonyl }L-al anyl - .1 .
s-@idngth Ve PR EhynY hisfertionds g TGgkhgd phswpphetic
le)3, using methanol instead of isogrolpanol in the esterification, and oxidizing the
Y

Exdi®
. L‘;‘g- gl ut anyl - S- (phenyl net ) - L-cysteinyl - D-phenyl gl yc
dirpethyl eprgringheisanre way as fergbe daseprapybestar wigbiaspy|  al cohol

SIS AR Al )
Sy BRRREG S WA Per e ot S R A R R Ry

D-gdyllycingd18hl orot ri met hyl si | ane was added, and the
reaction m xture maintained at el evated tenperature.

Aft eﬁ-y—?gl‘e’a@lﬁﬁb-[@%{pﬁenylyﬁﬁeth%ﬁﬁlfé@l}m‘ﬁﬁlyf-w@nﬁglydﬁ&:, 809/as the

conpl e with the  rémai nder being the npnoester);

hydreehlonds sahewasrensred frommn Hugr Siensream A meilY-dbangyloxycarbonyl)-
WV R _ . . y - .

A S LSOO A0 el e

acditiles/svarey, MHing anapprokmnet thifdd excesswif sbdiGmbiGgbonate, and adding
hydrochlorjg¢ acid t.he spol,vent. The 25 diisopr l.

a st ecessst 4fprdibo e TR er L i g T 3 R Mg pigogen

un@iCloghpletiod. P @hctRe ndiktube wishhluttdlawit witér, wadhed atditdicthyl ether, and
acid solution (2.5 equival ents. l eti on of the

n h
theyaspiequs phaseseparatag enchacisdifisgkis P&‘élaéovi’i&? b @¢id, then extracted

o ST B 8 st it i
and the vohinweretlyced nolgivé &- p(mtagoxycabbaylhi-pgludmact | ons

aphi | | zed . . .
B hsulformtha-amkbimpesdelysins Fhs it mrgrecss e
approfl 300inRE W dibsbISQPI@ME. 98 Stiffludtystete di@dic HiBrotaihane with

obtai ned as_a solid product, 98%purity byHPLC. The

1 dsopowainr, Rvkstarprslot 2Tk o ommEhtd®)d mutied b preppative WPl to e
L-y%lgc%%ggﬁg(ig);ptﬁgﬁﬂﬁﬁmthyg&ﬂfoﬁyﬂgﬁgfaﬂﬁlﬂ-ﬁh%%ﬁmng The deprotected
sulfide/wepl atidizad in Bhe sapie emyninaextshity tHesprefiousySyhthead Brarhples to give

D, phe l yci.ne.di net est er C. .
(g G PR R e F Ry Frlenrsaboylebsiog sies B4y Asthe
hydtb RSB Il b b?HPQ!G 1C, as the hydrochloride
salt, was prepared Trom 500 ng (0.98 mmuol)
ST et oy g B hiphenybmedylslfony sl
D-phedylglytinodidde usi ng the nethod of Synthetic Exanple
3, using nethanol instead of isopropanol in the

est drj-glucaiyl-6:0(2- taplenglylntitkrylsglf ariyl-1-alanyl- D-phenylglycine, 4A, as the
hydrochloride salt, was prepared in three steps from 500 mg N-a-(benzyloxycarbonyl)-
L-y-glutamyl-L-cysteinyl-D-phenylglycine using the method of Synthetic Example 5, with

w
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di methyl ester in the same way as for the diisopropyl

ester, with three dissolution/lyophilization cycles

used for purification. Purity 98% by HPLC Synthetic

Exanpl e 5. Synthesis of L-y-glutanyl

3-[ (4-bi phenyl yl nret hy] )sul fonyl]-L-al anyl - 10, .
2- (brc{g&@ﬁgphﬁ)?@ ﬁ%ll asltilggﬂc?zlat}nggqgg%/%f]ﬁy e proteé/ted peptide. Purity 99% by
arrE (4- bi phenyl yl met hyl ) sul f onyl } L- al anyl - D- phenyl gl yci

ne, 11A, as the hydrochloride salt, was prepared from

| e 0 - )
T e e e
D-plearylghytine digtlod etdrp4B.peptide in  acetonitril e/ water,

addi ng an approxi mate 10-fol d excess of sodi um

gi Cgi-?@ﬁﬁdrﬁyl-ﬁ%biﬁﬁﬁiﬁ;ﬁn uﬁbﬁ@m-al;ﬁ@@%ﬂlegﬁglycme dimethyl
- ro t Yy l, enyl , t hen |nta|n|ngt e reaction
estgly é@r asgﬁgﬁ eﬁﬂorapﬁtsaﬂ %mpérng?emiﬁ%mgéamlwaﬁl i xture

e B B b o PR P

Exainple &) putessetificatiore witk ethanellaed chietotamedyylsilanes ther oxighizing the
. tate. .T ' h WBS, oAt hyd

TR i S per ek Ena o hly FISo! e T educed
t ' N- a- /| bonyl,)-l-ysql ut 0

Sy Tl OPRR ph ) ePraigt e BnEary gt

D-Penylghendgane- protected sul fide, approx. 300 ng, was
di ss6l'ved in 2 mL 95:5 trifluoroacetic

e i o
€

hydyiogldoride salt, was prepared in three steps from N-o-(benzyloxycarbonyl)-L-y-glutamyl-

L-v.-al ut 3-[ (4-biphenyl yl thyl . | fo .y al anyl -
L bR R (g ISR ol S AR, b 3V
2-(boridigetbBpleanlags asake Alkylitlg aper fbrahs piyetdiiBseptide. Purity 92% by

Exanpl es to give 25
PHLLC?f-g| ut anyl - 3- [ (4- bi phenyl yl met hyl ) sul f onyl } L- al any! -

D- phenyl gl yci ne ester, 11A as the _hydraochl oride .

sal Lor Gy Hossmiupne-yiopwhhetosylEakayio> Bhenylglycine, 14A, as

the MQRuRElRe S ot propged Ra siermethorh Rurky 290 ERLG )
Vv

D phenyl al ycin 4 . . . S

- NPy B rpSli of dhe finavmschgt shbuipyesign e syes g Table
belbwphenyl gl yci ne, 4A, as the 30 hydrochloride salt,

was prepared in three steps from500 ng N

" - (benzy ey ¢ aDheidbinpounds of the first aspect of this invention

L-y-gl utanyl - L-cysteinyl - D-phenyl gl yciine using the

nmet hod of Synthetic Egaompl e Hs\J\M th -22- o

2- (bromonet hyl ) - bi pheayl _.as_Nhelal kyl ati ng agent for

the protected pept Fﬁ%y 1999 byPOHPLC Synt hetii c

Exanple 7. Synthesis of © >80,

L-y-gl utanyl - 3-[ (2-bi phenyl yl mefh) ) sul fonyl }L-al anyl -

D- phenyl gl yci ne diethyl ester, 4B. 5

- V- anyTl - 3-1(2-bi phenyTyl'met hyl ) stl fppyl} Lt al anyl -
@%{gk% gl yciYhe di net hyl A Mass (M) MS (m/z)

“Vinyl #

sulfone” @ =

1A @ #\_Q 505 506 (M-+H)

~_23_ o



ester,

4B, as the hydrochloride salt,

from 143 ng L-y-glutanyl -

S- (2- bi phenyl yl met hyl ) - L- cyst ei nyl

was prepared

- D- phenyl gl yci ne

hydrochl oride (an internediate in Exanple 6)
byesterification with ethanol and
Cbhpoandi et hyl si llane, then ,oxi di zi ng |t hExaeti et hy.
esth,‘ as inh'éyntretl c Exa e 3. Purl tMaSAM Py H %_(m/z)
J.U O_yIIlIIClILa E}\all}.lc D DylllllCDID UI
Iutcm@ [(z-naph W‘_ 1) sul { onydzol- al anyh
D p%enyl gly X' 5 M+H)
t=y-gi urcnyl 3- Hz-napm hytmethytysutfonyl y=atanyl=D
phenyl gl yci 3A| as t te hydrochl oride salt, |was
pr epAr ed H@ree st eps @‘G 555 556 (M+H)
- (benzyl carhonyl)-L W anyl -
t—eyst ei i'yl D-pucn yl QI ybl ||c gstag—therrethod——o
Synt heti ¢ Exanpl e |5, with®5
2- (pxonorre ynapht hal ene/as the al kyl atigig agenggof(MH)
t he protect pept/i de. P 206 by | HPLC.
L-y-glutanyl -3-[(5-nitrofu yhnet hyl ) sul fonyl ]-L-a
[anyl - Dphenyl glydine, 14A, ag the hydrochloride
sal was har ed bya si p et hod] D9%,
by HPLC. Rsent ative of th u?rl rst aspegtVIJrH)
of this iinventionlare given’in Fdble 20 bel
Table 1. |Diacid ccnpounds of the first aspect )f this
i nventi on HIOY H2N N~-AHCOOH O Copmp Y
A ct NB 7Y [No. Magz | A", Vint’ 025 bsul 1 ??g%YIKH)
505 506 (M+H) -23- o Conpoungd/l, AEact %S (Tiz)
Ne N'&S? (l\vlﬁ 2A—539 5&";0 (N'r'r" BN/_\\_ 555556 \IVITI M—4A—58%
580, M @ <) 582 583 (M+H)
#
8A @ NZ | 556 557 (M+H)
NS
g e
9A @ N 560 561 (M+H)
N//N
#
10A @ OO 569 570 (M+H)
#
1A @ 581 582 (M+H)
#
2A <:> 587 586 (M-_H)
cl #
13A _Q 615 616 (M+H)
# J N\
ua | ) \/(OlNoz 540 541 (M+H)

# denotes the point of attachment of A to the sulfonyl sulfur atom of the compound
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NC 5A / \ # 606 607 (M+l - bA N 556 557 (M+l- 7A 582
583 (M+l - 8A N 556 557 (M+" 9A N 560 561 (Ml - N. N
10A 569 570 (m+" 11A 581 582 (M¢" 12A 587 586 (M -
13A C /-\ f # 615 616 (M+l-1) 14A /_\ # 540 541

(MrIM O NO2 # denotes the point of attachnment of Ato
t he Thadiedn esters 1B to 128 6 CobauRgs LA g Bifhgrere pyepareg byjppe of the

e L) 05 BBy SOOI, by

masyElak fddz)apregmadsgec it cme, rypically Mrkewith posnysoonidation, or M-H
.giving a .nass .pe z) ,carrespondi ng~t 0,i,{S S S,

Wi\ RyRRP PO g RO PR ICaRd o of JRER! 1A were

als& BRBhreY And SRl%Ad b thassIspecteimi@ENwich 3ikh GimpdaRd givitlg a mass peak
esters 1C and, I D of diacid 1A'were 5 al so prepared and

of Nhdil yathposiiveripszaterect ronmet ry, with each conpound

giving a mass peak of MrH with positive ionization.
Ot h&themopponuds affthis frivention/way bosimitartprepdred, lusing ethods well

repared, using. nethads el | Q S AT
ko R RSl PR o S v W R e RIRER o displosure
and this disclosure. 1In zitmassay exanples. 10 These
I”Mﬁy&a’?lﬂ?ﬁstrate the effects of conpounds of this
i nveption (and.one or R?ftiher of the ,coppar.at or.

conpbesdRaTpky Hiysteaiftherises of cmmpquids o fiypvegtipp g one or

ot AP the _%omghsﬁowbmﬁéﬁﬁsmﬁu 1PTRdTEKI 199, dndl thé iyl AdfoRiS and its
_Reconbj nant human® GST P1-1, Al -1, and Ml-1 isoenzynes,
dieghytiestexbini prediesivg ¢ whdssayant i - hunan GSTi ¢ ant i body were
obt ai ned from EMD Bi osci ences, Inc., San D ego, 15
Cal Recombingnt li8mav§iSIEP rbnd 1L cavdl Mb tijoenzmaes, g Fakbit polyclonal

apti bo s_.0bt ai ned, from wa ained from .
ot TR are R e SRR M BRG] IRT Sap Ricse,
CalifSRME 809 AC MYusRbAsklonal anti-human GSTr antibody was obtained from was
obtained from Dakoctyomation, Inc., Carpinteria, California, U.S.A. IRDye800 conjugated,
affinity purified goat anti-rabbit IgG antibody was obtained from Rockland

ot

Immunochemicals, Inc., Gilbertsville, Pennsylvania, U.S.A. The human cancer cell line
HL-60 (promyeloid myelocytic leukemia) was obtained from the National Cancer Institute,
Bethesda, Maryland, US.A. RPMI 1640 medium and Iscove’s Modified Dulbecco’s Medium
(IMDM) were obtained from Invitrogen, Inc., Carlsbad, California, U.S.A. The
CellTiter-Glo™ assay kit was obtained from Promega Corporation, Madison, Wisconsin,
US.A., and was used in accordance with manufacturer’s directions. Phycoerythrin-conjugated
anti-CD11b antibody and phycoerythrin-conjugated isotype control antibody were obtained
from BD Biosciences, Inc., San Jose, California, U.S.A. MethoCult™ M3234 methylcellulose
medium (2.5% methylcellulose in IMDM, supplemented with fetal bovine serum, bovine
serum albumin, rh insulin, h transferrin, 2-mercaptoethanol, and 1-glutamine) was obtained
from StemCell Technologies, Inc., Vancouver, Canada, and was diluted (to 1%

methylcellulose concentration) in accordance with the manufacturer’s directions.

Inutro Example 1. Inhibition of glutathione $-transferase isoenzymes. This example
illustrates the effect of compounds of this as inhibitors of the glutathione S-transferase

_25_°



10

15

20

25

30

affinity purified goat anti-rabbit 1gG anti body was
obt ai ned from Rockl and | nmmunochem cals, Inc.,

Gl bertsville, Pennsylvania, U S. A The hunman cancer
cell line HL-60 (pronyeloid nyelocytic I eukem a) was
obtained fromthe National Cancer. Institu

0BRSS G8T Wi/ khctnd DTS ieipnismD oG- bisgonsidered

P S AR b e i BT LAY B
bedduse "BLKTWe(therhédljﬂl ester a 'BH]K/IlE?Stsayd fai tﬂlesmassayd)ﬂm s’n@dfnf r om
W sconsin

e loS AR Ao HUSR G At P ORI BrALOD aF By 4 el BAdeL

L e A e S

co&l%f'x tﬁlﬁgoggOﬁrW'ﬂIBQd% SR LBRG cuve@?ﬂurl@%%e amount of
ornla US A I\/bthoCuItTMI\/B 234 met hyl cel ] ul ose

enzyeati than Will c68jugase hyrobdf Lithlere-2,fr dinibphenzens {COREM!te deduced

eifiihiind 5T P fBFRe AT 70 Cam BHLERL BRI RufteP U "
KHLPO VK #POE D. 1wa M EDH'AI, PEXb.5 foredterht@Sialak piepated at # §0EmM stock

b G5 A T e
ﬁ\HUf BGHE S théa plxj e d c%'?l‘?fergéag ge SR gori'centrauon of 2xK

On 0] 1 one rase |soenzy
forkheé So@&@ﬂ‘ﬁ |bém Iebdhhﬁé aﬂ&&eithen@f)ﬁl&bt(d@&ds; oompomﬁis lAfto 12A and

e et oSS s i BARS o

%I?Phﬁk Ebﬁ&nﬁi"iﬂoﬁ& tht ads ?8 é&l@éﬁt&ﬁbﬁsdoveP Rk Qﬁth\fﬁdﬁcﬁmt near

I cacy in the therape c nmethods of the third
expespdd 001 the homcenmtontthascaused 5% iubitipx 0D enzymi ecwiig): ot each

f TLK1
e O T B B i
addéﬁ@rﬂ@ngm $<ﬁlﬁtidihl’to Ql@dleoF?nfzyme/fto afpoand fGSH miidﬂcbn, tle absorbance at
eco I han umgn ()
340BRIEVA RPN qorlﬁlatroﬁs%é P off Péﬂ%“‘ag’hé Pl reqsies (IO leCitay
DeVicB0%r%.. %hh;«lalétcalﬁsﬁﬁeﬁsx?'m[@sv ﬁi}ﬁblio?y 1dei9inomuBh céthpound

enzyme that’ wil conjugate’ 1

wad ealtrilasechromahel slnpdsraﬁ ﬂwﬁmxba@m; cuyes @dhe eatious concentrations

| ut at hi o r
of et £55h v serb T iduntize 35 Bith BYMO chfitol, with
thefirhl DMS@ ttidentrisiin miistaided per% iRaalitofllitsenibdags ave Kiverd th Table 2
solution in water, and CDNB as a 100 nM stock sol ution
belpy. et hanol , and both were diluted with assay buffer

to the ap roprlate concentration (to a |eveéﬁ final
f

In gemeample2i Grotorciyin FL-60 celis. This cxaedes gytotoxicity of

C°‘?‘§&fﬁt £l infifh o3t vvewg@?f SRR ChlE B, 14
sul ?,%%C(CD%B‘HQ% Igﬁ'eg (? lnl %t b atqg@@cél%/ V;IQP in 150 uL. RPMI

app |on e"assa
16%@@{1&{ Fpl@ﬂihSnte&’ efith I’la%gfeta‘ll\bdixhnmeﬁpﬁ i(FBS)ned 1 %l glutamine, and

. expected concentration,that causes ,50%

incH 7Y 55 BT Al 13 B ABF e pipounds (dehy esters,
compounds 1B to 12B and TLK199) were dlssolved and serially diluted in DMSO

(8 concentrations over range with midpoint near expected CGy). After a further 1:50 dilution
in the supplemented RPMI 1640 medium, 50 pL of the diluted compounds were added to
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assay, the test conpound and GSH were added to the
i soenzyne. Immediately after the addition of CDNB
solution to the isoenzyne/ conpound/ GSH sol ution, the
absorbance at 340 nu was recorded contlnuously for 5

mn on a SpectraMax platerea er Mol ecul ar ces
achigre a fingRMBQ rencemstion of Ri53- Were ghs@ l@slrate or 72 hours

oSOt ). LIRS 0yt

(120anrpradsr & micar20P@Y, amh#00 (df oft the ttﬂumﬂpqmnuitanmwlas asmpd and

el REL S I ke L M, DUECLE0AE B i

rod?ﬁ%éi‘h {ePate WillEHRs@fSRkgAhe plid @i resd Witk b dundinoiedeWith the
, di m Exanpl e 2. QItotOX| C|ty in HL 60 celgﬁﬁﬁThls

nu@ﬂaamﬂl@e p¢llslh>smgampm¢x@1wb pbservedilymigescends. axsrse
cor?ciqcfeﬁ'lﬁtﬁéﬁhx&@wsgs“wﬁﬁ%{mb hi%ﬁnéélo ﬁf}l hygee, | @ &5@ ion that

ase cell's were’see
caxﬁé& 50% broith irdibiddn) 10 Galaddtédsfmei the lumlﬂﬁﬁeﬂceRGMennﬁu@l curve.

suppl enent ed th 10% fetal bovine serum (FBS)
g%ﬁgyﬁ?’ﬁrﬁ“ﬁ’é‘mﬁdﬁ%& ]bﬁ]@ﬁ’bat ed at 37C under air/5%
COZ for_ 4- urs. The test co di et hyl rs
Ingigpgyomnles- G8 %MEO%@PW@%@ e Sl RbES At Berefical
off8 biadolrﬁi)o% ‘Mé GYME ﬁﬁﬁlﬁaépr@aﬁm%ﬁ Mhese results
0| nt near expec ,

. After a

arefqonslti@cd preéotnzh d>ﬁﬁlff1@ny inj the M&mummngﬁmdﬁ efdhernad asprgpof this
BTN NI I R T

myeRbtirfuli@rLtititydn huﬁﬁhlsbaiﬂflﬂelfnapotzﬁ’uaﬁOﬁ lasuvn&&pm zm(mﬂlﬁh@dej(
three doubling tines). The cells were then harvested

by ¢HNEE EdlY %Ird @Bded(@t 80010° péllsf AL i 20l RPMRAGI0 mBdiud00
L of the culture supernatant was_ renpved and.  repl aced

supy}emmedsmﬁltm?@ ferpbagme sprampd (M glvssmiar gnd de yMraentanppign a
@l%s;f{) 30 ARuLE BVdrgllg iﬂ%t’/e@(ﬁtatréosgﬂgpgﬁﬁm ATl WrdrB treated with

ant  m Xi n I'at' e “was
0.1k DIMSDet 20 MMMftthe tel;te:omponb@r (disthyl esvars,cetripoutidsi B0 12B and

t | to th b d | |
T RS8% cuffi credlien e e Pk DY FE i, Pl BRipmen
thec@N ﬁv&le collRedBp enti6@REANidewAsted tWied witle ﬁh!&@hat%%fered saline.

grom h inhibition) was calculated fromt

The gell prdlets @ﬁéeevewp@éi@d Ay n&rﬂmwféﬁr (5 %%Ffl& pb} 8.0429 mM NaCl,

0 Sgsﬁ&@ SM@LA nbpr ecl p dt | on agl r&}é’ase%.ﬁd ? Ho{ﬁhaﬁ%lgelﬁm%&ls Roche
Dmgnbtm:t rIadﬁﬁaptohg Thdimef 1S.A) hacbbéeacaddecblbefcxerqsc)und sncgbated with

|S|nv on.in ca [ nopre it
scnthaginpdar Eminss SR el ptVLE Cpareety S LiRagen &
13,000 e fdrN 8 mRiRGHS iCreiRVO edindeBlis. Hae uhx'ihhﬁ&br@éi iegibndf.1 fhbBmouse
invéntion, because TLK199 (the di et hyI ester of TLK117

maneslpaal antrhumes &Sdssaybodyives addestin S0Ryicsll s phhme/mL total
pr t%’}laf{hclltr?)é’f‘d Qv H‘@R%IC%BQIO%E? TEBObGA dfPrbRih ARG aYdrb¥ Belds (Pierce,

Rockford, IL) were added to the mixture and incubated for 1 hour at 4°C. The beads were

then collected by centrifugation, washed three times in lysis buffer, and resuspended in 10 pL
non-reducing lithium dodecyl sulfate sample buffer (Invitrogen, Carlsbad, California, US.A.).
The suspended samples were heated at 95°C for 5 minutes and subjected to SDS-PAGE on a

Q 1Qn )

4 - 12% gel, followed by Western blot analysis using rabbit polyclonal anti-human GSTx
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15 HL-60 cells were seeded at 6 x 105 cells/nL in 20
nL. RPM - 1640 nedi um supplenented with 10% f et al

bovi ne ser un, 1 nmM glutam ne and 20 pM gentanycin in
a 175 flask and cul tured overnight in 5% CO2

at nosphere at 37C The cells were treated with 0.1% .
anRlp felfovzed byRblye 8%@%@@%@@% g%ﬁg}ﬁ-@&%tésé antibody.

BRI AR AN DS B OB

scanhea(Liv€nt, Lir20ln, Nebrekal, §.Sab).e Thobdndattensityyrom a compound

centrifugation and washed,tw i th

tregsShHaR SIMRAHP & cearprading PV dspptroland grresg g percent

5  nHiSiEoS PR dadid e ShéWn inyEdbe DPbéléwr (50 MM Tris, pH

8.0,120 MM Nadl, 0.5% NP-40 surfactant, 100 nmM NaF;
t |, heRsemAbLRIRSRRA @pdulti Hf hRlisventioghad HL-60
aﬁgg%gjtsi%, ['ndi anapé)l IS, Indiana, US. A) had been )

cpdositith ahd GS Tuswmunogrecipsatioat of dliashyl hstergomposndgyef thisitggntion.
for 30 mnutes at 4C The cell |ysates were cl eared by
centrifugation at 25 13,000 rpmfor 10 mnutes to

remove cell debris| For inmunoprecipitation, 2.1|pg &Tx
(?&}Héﬁﬂldmnéiﬂfoﬂhﬂ anGSThatdn | GBSAMardt i| bodIL-kfs adggthition,
0 pL deéL) nMysat dGf pM ny/ HCs¢ VA > . %
Fol | owi n

overni ght incubatigon at 4C_ 30 | of Protein

AN Bigar bse bemds (Pier ¢, Rockfaiod, L) weite agded 90

tothemxture—andincubatedifor—ttHhour—at—<4C The

[12

be were 2ovhen col | ecggd by centgei fugati org3 washed NM
tHEBEEt i nes in |lysils buffer, |and resuspended in 10 pL

30 gon-reducigeg |ithiumggdecyl sulfate sanplse buffer gg
A )

(L nvitrogen—Carl sbad—CGal-fornia—U-S: The

AN ) T\ / . LELILA Y2
susifended saNM es wereNMated at NMC for 5 mM2utes arliM
sunj ctejtoNg S-PAGE ppa § - vp gell, folj,owed by \pgp
Western bl ot” dnal ysis uSing rabbit" pol ycl onal’

ant2- human G&sr _27_ONwiti body ™M owed bylRDye |800 84

conjugated, —gf ity puritied goat _gnti-rabbi  TgG
ant#body Cgiﬁw protein é‘é#lds Were5 I sual i zed”7and band92

intgnsity quaggified on @gdyssey inbrared scgnner 99
I\ |

1 1 | I | | A\ Tl KL A
H—Cor—tiheelr—Nebraska,—-S—A)—FHhe—band

int8nsity froffa conpound? treatnedt was comddfed to 9

off
I Tsgcor respogﬁ‘ng O copgr ol andgexpressedysas 95

percent b in ition The results are shown +n T3

h
bel dw. Tabl e4® GST i sd&izynme i ntNMi ti on by i aci|d 87
i

compounds of 'S {nventjgn, [and -60 | CyTlQoroXigity

and® GST7z i i nopr eci pi tg??on of ] 'loeth I estoltp(’r 9%

compounds of 4¢chi s inventipon. | GST1581-1|GST A2-1 GST 38

ME=—1—HE=—60—6GSTn—Compound—+C o, +C50T—M1ES—M

cc®o, NMinkbition, M¥MTLKI17 49 17[70 16 %00 |vinyl”/

22700 69|66 8% NM |sulfope" 63 52 50
12 12 NM NM 37 31
13 88 NM NM 55 6.1
14 3200 52 100 * *

NM - value not measured; * — diethyl ester not made
10 The diacid compounds of this invention are potent inhibitors of GST P1-1, and are

also generally selective for GST P1-1 over GST Al-1 and GST Mi-1, the two other human
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1 690 5.8 76 25 88 1C NMNM NM 72 NM 1D NM NM NM 14

NM 2 600 NMNM 11 84 3 310 0.12 5.5 4.7 92 4 98

0.13 19 16 99 5 78 1.9 23 6.8 95 6 280 0.46 79 25 95

7 430 NM NM 13 87 8 240 0.27 110 16 90 9 400 19 155

42 38 10 120 NMNM 8 77 11 43 2.2 6,3.5.2 50 12 12
GSivsaamzanes. Bhe digdylsgtemalighp s gooé cyrotoxigtg poidL#9 cellppand many

NM.- .wal ue, Rt ed; * - di . . 10
shol el iGiet FHIHoA BT peasirell i il i ERbGE PR HOTING.
i nhibi t or.s, of. T P1-1. and, arg. al so. I -
G o1 e S gieiEiesfsf cqp@itfts BE s FeRicHTAELA phsted for their
abi!di@Q? Eiﬂlihn@é ?ﬁrdxff' E-tdléflﬁﬁtian 88HL%(§)QSI[S. Thisdihayaesthe Degeficial effect of
iethyl esters all show gpo ytotoxicity, ip H_-60 )
thecompoundsf this iyeneoniy S@F\}Eﬂﬁs a%%femmﬂno?f%/th%ﬁlb@ Trsgpmleukemia
‘ | i SN :
celfiine 77834 1Bkel Bl e BTUARE] BRI fticabpibmanO TS ©
myalostimtletdng Hedaose TIHe199, which lenhancesoditferhntintion ihehis assay, has shown

di fferentiat.iaqn,of HL-60 cell Thi i llusirates the
myglorlaRAFEpTe Bmes. og RBase SIS L  Galb R et
379C urrdel W)B%tﬁ%f f4.f1§f\§{‘ih'2ar§ﬂ,%t}%fsuﬁ> Bmbhied RPMINMBAO medium

| eukema ce e inntro. These sults are
useclon &t dier Bxhngple and ihegesoforapdunsiadissalvedin iSO, with a final DMSO

el ostimul gtiQn, hecause TLKIOI9 ich e .
coRERFRRAA Aok oecr Tt Paretgt O et et (18055 for s mina
2090y ?gg %ﬁlﬁd |vii?;11t_2) A tidevddly ph%sphﬁg%ﬁﬁereﬂ@@ﬁlﬂﬂm contalning(2P6 FBS,

x 105 cells were incubated, at. 37C under, air/59
the@@meérmml%éupléYCPWﬂﬁﬁoawg%tﬁ‘éa%tuﬁélg?@?ﬂ dy ReM K640
| > . K _
oA BE P B oA RO B c el
weteeGespienddd io 2 ok i®-cold PEheontahing 2%aiBS. e vellstvee hayvested by
centri utg:rtthofnu@%d I%Inn f%%gér%n WP e Lnd rersnusrf)er?&ed in 0.4 mL PBS contaimning 2%
FBS. The specific cell surface expression of CD11b, a marker for granulocytes and

monocytes, was detected by flow cytometry using a FACSCalibur analyzer (BD Biosciences).
All assays were conducted in triplicate, with DMSO control. The extent of differentiation
was expressed as a multiple of the signal from the DMSO control. Several of the tested
compounds enhanced the differentiation of HL-60 cells.

From these results and the structural similarity of these compounds to TLK199, the
compounds, especially as the diesters, are expected to act therapeutically to: potentiate the
cytotoxic effects of chemotherapeutic agents in tumor cells, selectively exert cytotoxicity in
tumor cells, elevate the production of GM progenitors in bone marrow, stimulate the
differentiation of bone marrow, mitigate the myelosuppressive effects of chemotherapeutic

agents, and modulate hematopoiesis in bone marrow.
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20C) and washed with 2 nL ice-cold phosphat e-buffered

saline (PBS) containing 2% FBS, then stained with 10

L phycoerythrin-conjugated anti CDllb anti body or 10 L

phycoeryt hri n- conjugated i sotype control antibody.

After standin or 30 mn on ice, the cells_ 15 were
ForraulstuepE xaen] glamzexmpleol@smesj sypble dormmations, fprabe qomepounds of

he cells vve a ed by centrlfugatlon (1250 rpm
B]rve%“%ﬁwg? (5%d1§§%%r esuspended in 0.4 nL PBS

gg B:Aeellg@]:d gamgz};ﬁl @B?Tbompadmr sttév no.ng.? f):lgp%rﬁﬁ ﬁ% g rﬁﬁmng rt]}ae following:

ytes, was detected 2bw°/<fﬁv¢w cytonetry using a
FACSCal i bur anal yzer (BD Bi osci ences). All assays
Magaessuragtsataet ed in tripl 023 & % th DVBO control . The
ent of differentiati 0 S expressed as a
S 8i{tl pl e of the signal :bolgngﬁ/ﬁ@ DMSO control Sever al
H}dfoxypmpyhﬂlg&teﬂtdowpoundsi Mhwdmced the differentiation
Oof HL- s. Fromth 3 re§ults and the structural
gvatehit

Mﬁ’ioﬁ’fyfstﬁ %t hese co ¥ ¥o TLK199, the
and Q{Eﬂﬁbtﬂﬁlé; is cSﬁ@ﬁ:@éeﬂ' tb Yorastable® dtifitled &6 hardrgelaghx pgetiledcdnmining,

T e TR g
sus??evarg 6fvat Ilhl]¥1 ﬁfrﬁ%g‘{% a%gﬁtgf&}k% ¥, Hg&gﬁ:?g&?ﬁﬁfét}ﬁggﬁtﬁose) pigment

fonaxam;yle tisdniumi Idmmde), hied pkistfcfzer ot exampbndlolfnyhﬂmhalm)r anshdrying
tigate the ressive effects of

th Wé?%‘ﬁ%%ﬂ ‘ag and nodul at e hemat opoi esi s
in bo rro OFormJIatlon e. This
exarth %A@wmw ePatEH B oL tieshe pfrgpound, for
ﬁﬂ@g%@gﬁrﬂﬁceuﬁﬁ §a&c@ &bk 'sélf‘ to 8 eOReh@don dfNe, 4/ e &t sHosphate-

[1d fornul ati On r oral admnistration is

bufifmdaalwd and tb@mhutmnng stml@eddpr e by e Bltomgndsgaled in
B 4 e
r

I li.ne ose..71.5% an
ot S e T S T o,
ag:ﬁﬁ f(ﬁte'xﬁkn I@ﬂ§b) bﬁﬁnﬁ@dﬂh@éﬂ?la&&ptablbckaft Gfi a suicibsiel teuffer, 56r engmple the
of the conpo nd I f desi.red,

phessbigngieRor B ghestariepubieres st B RE e gorlicing fhe Sblution
an& é@ﬁ%{:&g r{mg); i m Qﬂﬂk :@glsh%glﬁ.laixﬁ% 2 8 lutiGh Qﬁ%ﬁfove {HeQater, and

|ox asticizer (fo

seaémgdm vagls. dihe dywphilipdtt ﬂoahalanc)q is ae:c@nsntyqed by thervddfcionmf prprile water,
t f.t.h t at i-
‘g r%{@ﬁl%?ngﬁlu;ﬂlgr? B}Sagbg?lgtgl% léteé E}lﬂa\(} gsrl{a%gﬁ w1t\}{ a solualon such

as B9% sodium chloride intravenous infusion or 5% dextrose intravenous mfusmn

et

Alternatively, a liposomal formulation is prepared 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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15 exanpl e as a pharnaceutically acceptable salt, to a
concentration of 1% w v in phosphate- buffered saline;
and the solution is sterilized, for exanple by sterile
filtration, and sealed in sterile containers

containing, for exanple 250 ng of a conpound of thjs
Therapeurici Exampe. Thiseaample ilustrates 3 ymble thesperer methad fosithe s

repared by. di | ving the conmpound, again for
Cogygﬁ%#égggygwﬁﬁgghaceuticalIy acceptable salt, in a
sui tabl e buffer,. for exanple the 2 h f
of il pitrEE R o Gl RATAR I Ao bl che
Fosthehiid Ek4ifplé Bisove O ddmbibteredlinetagmensy ogri30 niinites to a patient

suitable sterile vialsg, |lyophilizing t sol ytiaon, t .
sufffestrg\feomn evelpdyola Sesyadromet F‘ﬂg‘“‘ﬂi dosgiof E@ m%(J s and this ose is
: i |4 r §8al a4 A i 0 ' b i
iR o 0P e o B 30 mb B  OO Sn bt Uimppund
adsirissered oncesper ey fou five days didrutheee Weaks.adni ni strati on

with a solution such as 0.9% sodi um chl ori de

i ntravenous infusion or 5% dextrose intravenous

infusion. 25 Alternatively, a liposomal formulation is

prepared by the nethod of US Published Application

No. 2003/0100511 (e.g. Exanples 4 and 5) using a

conpound of this invention in place of conpound 9 of

that publication, and maybe | yophilized as descri bed
in that publication. -30- a Therapeutic Exanple. This
exanple illustrates a suitable therapeutic nmethod for
the conpounds of this invention. A conpound of this
invention, in an intravenous fornulation as descri bed
in the Fornulation Exanple above, is adm nistered

i ntravenously over 30 mnutes to a patient 5

suffering from nyel odyspl astic syndrone at an initia

dose of 50 ng/n2; and this dose is increased to 100

ng/ n2, 200 ng/n2, 400 ng/n2, and 600 ng/nR. The

conmpound is adm nistered once per day for five days
everythree weeks. -31- o Clains: 1. A conpound of the
formula X-Nv NCOOHH SO2 \\Z where: 5 X is

L-y-glutanyl or L-y-glutanylglycyb
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Yis H optionally substituted al kyl, optionally
substituted hetemal kyl, optionally substituted aryl,
optionally substituted aral kyl, optionally substituted
heteroaryl, or optionally substituted heteroaralkyl;
and Z is CS9 al kyl, optionally substituted aryl,
optionally substituted arallcyl, optionally
stituted 10 hetemaryl, or optionally substituted
heteroaral kyl; or its d,, alkyl, phenyl-C3 alliyl,
1.or (fOsBnpmndmitie forsulal kyl nono- or di-ester; or a
sal t, of, the conpound or its nono- or di- ester 2. The
{ ound of claim1l where X is L-y-glutamyl. 3. The
xcbﬁ%\‘ﬁﬁc@m*claln1l or 2 where Y is optionally
ituted CS6 cycl oal kyi, 15 optionally substituted
c¥cl ohet eroal kyl, optionally substituted phenyl,
or o tional ly substi t ut ed C$6 heteroaryl. 4. The
conpound of claim3 where Y is cycl opentyl,
Wh*;=§)"(*,lohexyl thienyl, furyl, pyridinyl, or optionally
hs e conpound of claim4 where Y
Xlléslm[sc%/ﬂlﬁgjl expr\Flg 6}@%1%9% corrpound of claim4 where Y
Ylsﬂpnlpamydﬂys ttmba lky, apaibmaliysubssitited haverpallyl, gptionpllysubstituted

r%, ogdgéa y$u h%ée{%%?ﬂﬂr@y%w}p{%ftﬁ%d%ﬂeg ,hog'?ﬁgEBXJuy substituted
hetép@lmﬁ)tllahdt ed. 8 The conpound of claim6 where the

Z 422365? " ﬁ@g syt}tgtgéealryg ogggrﬂﬂg s ﬁﬁ?p@%&%ﬁ ufgnligﬁﬂygubsututed
he{@?&gﬁyo ?41%3 Mlt&pget%gﬁ;kgg uent. 10. The conpound

l'al ns fe Zis C, alkyl, or is

o [k €y alkyl phasyl-Coy-allgblotr G hewroard)-C, sallyhmenertasidiesies or

het er oar nyl, each optionally
Orga%lg?ﬁ#lﬁf%x&p%’h&ﬁworfm 005" afi)ogspe%yan hydr oxy, carboxy,
trifluoromethyl, or -R -OR -000R, 5 or -NR2 groups
2. (wheTe Bripsutd 8f ddikyl wherd X is Theglmamplound of cl ai m 10
where Z is phenyl optionally substituted with fluoro,

chl a 0
3. Tri {8 5POREER Pt | AV BOR ok REPOrIE et Goorlodoh
oph§né¥l?‘§ﬁb§|umlé’d CJ I't?c165’6!%33311@&1']!?(53! 61%10@11511@* ﬁ?%ﬁfé@ gh@lyz orr 8piZonally
; bi ph eny -, or
Sulbﬁélﬂé d)@ts)hf:}% , each optionally substituted with
fluoro, chloro, cyano hydroxy, rmethoxy, methyl, or

4 tri Hﬁé%ﬂ{ﬁ‘sﬁﬁa’ bf 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, or trifluoromethyl groups.

7. 'The compound of claim 6 where 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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14. The compound of claim 13 where Zis 2-, 3-, or
4- bi phenylyl or 2-, 3-, or 4-(CS6 heteroaryl)phenyL
15. The conpound of anyone of clains 1 to 14 that is a
diacid. 15 16. The conpound of anyone of clains 1 to
14 that is a diester. 17. The conmpound of claim 16

9.t hat Thescompound ob¢lxign 8 whess there is1wly omgsubsitgsstind of
claim17 that is a C1_3 al kyl diester. 19. The

1059 oungngmu&paf eo@@msslwevﬁ&@meg;%rgx #%s pHERSL 1- or

T that 1s selected f

lhaphﬂ@ﬂ 2t Srydr 4biplienisishph2e 8-H vt 314G fhereyddypheaylycaciDoprivanlly

su%s(t%u%tﬁpvbtﬁ &F}ﬂ ér%.}o? %:];%tpﬂ,;%]cingf W}tnﬂuoromethyl, or-R, -OR, -COOR,

a cgl
o NR %ﬁjﬂ?aﬁ@fem[ﬁkzzgnap thyI nmet hyl ) sul fonyl } L- al anyl -

1) e v 'e?,{og%ﬂﬁé of lairpi sty Pyt Blaarwy ppienally ﬂghS&lmLedanﬁhﬁhrofo’

Ch{"%Qg’?Wh%%% R meth%l Ortgﬂp%rgnyl )}/l.) met hyl ] sul f onyl

}-L-al anyl D phenyl gl yci ne,
120 - ymemmppun@oﬂl@@uuwh@e%gnhmrw]sul fonyl }- L-al anyl
-D- phenyl glycine, L-y-glutanyl-3-
4- d f henyl
13" (el dhd BRARX! IR o] 9%%@1@@;1%&9 &Y
4- {CQ}hasm@Dphﬂmﬂ ):atbtdpylbiudlylsﬁbnmydtéd with Flaoel elilopheyand diydoxy,

mftﬂqumﬁvl H@PF‘?’%‘?}B}’I 5-yT) net hyl ] sul fonyl }-L-al anyl -

D phenyl gl yci ne, L-y-glutanyl-3-{
14 2- (Henptpoliid LA 135whdr@ Zyib b-, B-, ak abydheRyipleeny,3glarci n

€,
4-(Gyheeroaahphengl | (4b| phenyl yhnet hyl ) sul fonyl ] - L- al anyl -
D- phenyl gl yci ne,

155" Vy’%{u ;&fﬁﬂ@é}mﬁ?ym ﬁ}%’r@ gMJnB{J PR VSl fiasy! 1- L-al anyl -

L-y-gl utanyl - (4-bi phen)lyl met hyl ) sul fonyl } L-al anyl -
16D(4H1crdompophda dnyging of nleims bvedl 4 thatiis a diessehy| esters,
and the salts of t he compounds and their diethyl

t .
Vo ppui SOTAE R . SRR 0170 e

phar maceut i cal conmposition of claim21 further
18(:onpfheSdong>oamdef<dmmﬁ'mhatﬁsqgl'ﬁkyhdmeteof a conpound of
any one of cl ains to 20 in the manufacture of a

medi,ganent fo r.e otentlatlngthe
Beyto OHIPQP?iBf@* %%f‘ﬁ@%%ﬂ'ﬁ ic agents in tunor

cells, selectively exertlng toxicity in tunor cells,

20¢l evﬂkldaﬁaﬁohﬁdafaﬂﬂﬁﬂﬁﬂm@électéa\&ramogem tors in bone
n of bone narrow

L‘;:mﬁlil{aglv;l i% Ihflnlyy:hgt | ﬂﬂg&h%éf%)@% Y& effects of
L-ﬁ?lﬁm SRR SpHRE G hyl REFLARILL BRI phenylglycine,
1-y-glutamyl-3-[(2-naphthylmethyl)sulfonyl}-1-alany}- D-phenylglycine,
L-y-glutamyl-3-[(2-biphenylylmethyl)sulfonyl}- L-alanyl-D- phenylglycine,
L-y-glutamyl-3-{[(2"-cyano-4-biphenyly) methylJsulfonyl} -L-alanyl-D-phenylglycine,
L-y-glutamyl-3-{[(8-quinolyl)methylJsulfonyl} -L-alanyl-D- phenylglycine,
1-y-glutamy}- 3-{[4-(2-pyridyl) phenylmethyl]sulfonyl}-1-alanyl-D-phenylglycine,
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hemat opoi esis in bone marrow. 24. A conpound of the

formJIa OY H XYN-AHNCOOH 0 ~2 Z where: 20 Xis N

-R' L-y-glutanyl or N-a-Rr-L-y-glutanylglycyl, where
is an am ne-protecting group; and Y and Z are as

L-w&l%aéﬂé&gsgz;lwleg ey sHRg Longh Uiy o sal
Ol LS TS U A ey
L glitaonyl-3H{ 2+ (ignaph hwmﬁkh&mﬂmmmm@Mmaylov

L'%W“&?%‘Rjﬁ@fﬂ% Kf}g ak“ﬁ}g'l H fﬂ?r or

LPblacafRyt-3- K?éh;?ieﬁ&lﬁlfﬁéﬂ@ﬂ)%ﬂdn ]-‘Mh%?l I?'cZ ydlsheylglycine, ancli
am ne-protectin qQu n re claim
L-yiglutgpyt 3-E4+-biphsn ViWFhYBE}H%ﬂWL %&P@Fﬁowﬁmb ine,
I 3 all-y1 m)no- or di-ester, (b) if Xis
anﬂ%eﬁkﬁ&h}iegte%m anyl or NNa-R -L-y-glut anyl gl ycyl,
andidmrsaltse«z&thﬂgomp@mdeandthengheds;dleﬁcme to give a conpound

of claim1; and optionall y (c) if the conpound of
| t a) - t i
2 o AT o et oo Rl e s 1 0

22.  'The pharmaceutical composition of claim 21 further comprising an excipient.

t—l'-'
)
/)

23.  'The use of a compound of any one of claims 1 to 20 in the manufacture of a

medicament for one or more 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.

24. A compound of the formula

o Y
X\H/H\E)J\”/?\COOH
°  “so,
z
where:
X is N-o-R%-L-y-glutamyl or N-o-R-L-y-glutamylglycyl, where R’ is an amine-protecting
group; and
Y and Z are as in claim 1;
or its C, 4, alkyl, phenyl-C,; alkyl, or (C, ; heteroaryl)-C, ; alkyl mono- or di-ester;

or a salt of the compound or its mono- or di-ester.

25. A method of preparing a compound of claim 1, comprising:
(2) oxidizing a compound of the formula
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(d) if the conpound prepared in step (a) or (b) is a
nmono- or diester, de-esterifying the conpound to
prepare the diacid of the conmpound; and (e) form ng a
salt of the conpound prepared in any of steps (a) to
(d). 26. The nmethod of claim?25 where R is a

gat gl yt’;’i cally renovabl e am ne-protecting group. -35
X u/\COOH
s
L, ’
where:

X is L-y-glutamyl or L-y-glutamylglycyl, or is N-o-R'-L-y-glutamyl or N--R’-
L-y-glutamylglycyl, where R' is an amine-protecting group; and
Y and Z are as in claim 1;

or its C, ; alkyl, phenyl-C, ; alkyl, or (G heteroaryl)-C,; alkyl mono- or di-ester;

(b)  if Xis 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) or step (b) is a diacid, forming a
mono- or diester of the compound; or

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

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

26.  The method of claim 25 where R' is a catalytically removable amine-protecting group.
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