Tri peptide and tetrapeptide thioethers Technica
Field This invention relates to tripeptide and
tetrapeptide thioethers, pharmaceutical conpositions
contai ning them their pharnaceutical use, and their
preparation. Background Art US Patents Nos. 5599903;
5763570; 5767086; 5786336; and 5955432; European
Patent Publication No. 0 645 397; and PCT
I nternational Publications Nos. WO 95/08563 and WO
96/ 40205 di scl ose various tripeptide and tetrapeptide
conpounds that -are al o | ut at hi one
(L y- gl ut arryl - angggl: ﬁi}ag‘ft?‘ﬂeﬁga X ‘gﬁeb"m ng
of the formula [WD 95/08563]: 0 HW/N~ O

%; dnd their C -, 0 al kyl or al kenyl or C - 12
aralk esters, an1des and m xed ester/am des, where:
Zi s SLhis, ipyengon pglases tosripeptidh end =uipepde thigethars phatmsacdytical
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including compounds of the formula [WO 95/08563]:

YTn{ko

X

and their C,_, alkyl or alkenyl or C, ,, aralkyl esters, amides, and mixed ester/amides,
where:

Z1sS,0,0orG

nis 1to3;

whenZ is Sor Oand n is 1, X is a C,, hydrocarbyl optionally containing 1 or 2 non-
adjacent O, S, or N heteroatoms, unsubstituted or mono- or disubstituted with halo, —
NGO, -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, §-asp, glu, asp, y-glu-gly, f-asp-gly, glu-gly, asp-gly ; and

AA, 15 an amino acid coupled through a peptide bond to the remainder of the

compound.



1 0 The conpounds are descri bed as having vari ous
uses, including as reagents wuseful in characteri zing
gl ut at hi one S-transferase (GST) isoenzymes, in
determining the GST conplenents of cells and tissues,
as chromat ographic affinity ligands, binding agents,
and enzyne inhibitors; and therapeutically to:
potentiate the cytotoxic effects of chenotherapeutic
agents in tunor cells, selectively exert cytotoxicity
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%Pxpr oxi mately 400 nM TLK199, identified in those
>&nt's and publications as TER 199, is the diethyl
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and enzyl PG, 1s one of these compounds. TLK117 1s the compoun of the formula
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and may be named L-y-glutamyl-S-(phenylmethyl)-1-cysteinyl-D-phenylglycine. TLK117
inhibits GST P1-1 with an IC,, of approximately 400 nM. TLK 199, identified in those
patents and publications as TER 199, is the diethyl ester of TLK117.

US Patent No. 6627732 and PCT International Publication No. WO 99/54346

disclose glutathione derivatives of the formula

where



R, is Cl1-26 alkyl or C,-26 alkenyl; and R2 is H, Q-26
al kyl, or g-26 al kenyl; excluding the case where R is
g, alkyl or C,, alkenyl and R is ; C,-,0 alkyl, or

C -,0 alkenyl. US Published Application No.

2003/ 0100511 and PCT International Publication No. WO
00/ 44366 disclose lipid formulations, including

| i posomal fornul ations, of diesters of conpounds of
the formula: 0 YONG Oz X where: each ester is
1-25C, . YCOis y-glu or 13-asp; G is phenylglycine;
‘Azlsi%goﬁzma 5 or S; and Xis 6-8C al kyl, benzyl, or

Riaaht PC. a nggeutically acceptable salt
A Rt HO H2N-N N

theréof;” or ound of the fornula:

RoisdioC,,yakd, RC, allend; R and R2 are independent!ly
chosen  from.l;i near. branched al kyl grpu 1- )
i Y S LA R S Aot SO
alken25C) , heterocycles (6-20C), ethers or polyethers
(3-25C), or where R,-R (2-20C) together forma

macr QisyRdblishddt ApplibRion146.PA03¥,016081 1 and PCT International
Publication No. WO 00/44366 disclose lipid formulations, including liposomal

formulations, of diesters of compounds of the formula:
o

H
Y\H/N\EKG*
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z

I
X

where:

each ester is 1-25G;

YCO is y-glu or p-asp;

G* is phenylglycine;

Zis CH,, O, or S; and

X 1s 6-8C alkyl, benzyl, or naphthyl,

or a pharmaceutically acceptable salt thereof; or

a compound of the formula:

where:

R, and R, are independently chosen from linear or branched alkyl groups (1-25C),
cycloalkyl groups (6-25C), substituted alkyl groups (2-25C), heterocycles (6-20C), ethers -
or polyethers (3-25C), or where R-R, (2-20C) together form a macrocycle with the
formula; and



3 R is 6-8C alkyl, benzyl, or naphthyl, or a

phar maceutically acceptable salt thereof. Many
conditions are characterized by depl eted bone marrow,
i ncludi ng nyel odyspl astic syndrone (MDS), a form of
pre-leukem a in which the bone marrow produces
insufficient |levels of one or nore of the three ngjor
bl ood el enents (white blood cells, red blood cells
and platelets). A reduction in blood cell levels and

he ener ati on of w, bl ood cells in the bone marrow,
%ﬁ'é@&@ﬁi@%ﬁgﬂ{n%@%so a common, toxic effect of
OB PhahRARRAIY scbppih@h aResdfi ¢ drugs. TLK199 has been
shown to indudce the differentiation of HL-60

pr o QCBhdifions 74/ K8MBerbEd by défleréd béle thitr RN ©
the activity of cytotoxic agents both in zitro and in
nyyielodysplastc xyudsmim-é/ﬂla@ea botroofypré-teukernia am which alhd bariermeasrow

Li peages (of- henat opoi eti c pr nitor_.cel.d s,in_norpal.
PriHEe s iont STk BF Bner AR IR nmpiitledd Himt: s
blvad colg redBisvdcells and plaeka) &\ wdidi®nlih blodd €l levels and the

production i li] régrsgs&l éﬁlni'grral S as vvelk as in.,anjnpals in
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provi de a new approach to treating MDS. "TLK199 is
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potential role for TLK199 in treating chenptherapy-
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i, fré R bt e 2004 £id 100B ANRBICEOB6cidty bf BefBtold3§ meetings,
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dernensiraed et d LK#8 rap viel solerated ang ssaltadin msilingage hematologic
in%rﬁ%rﬁé&ldrﬂle% rebdl§ alsg\éﬁ&tektoarbotential role for TLK 199 in treating

chemotherapy-induced cytopenias.

It would be desirable to develop potent inhibitors of GST P1-1 for use in
humans 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.



In a first aspect, this invention is conpounds of the
formula o x WN-NCOOH H S bQQv) z where:
nisOorl; Wis L-y-glutanyl or L-y-glutanylglycyl; X
is optionally substituted Cs6 cycl oal kyl, optionally
substituted C5.6 heterocycl oal kyl, optionally
substituted phenyl, or optionally substituted C 6
heteroaryl; Y is =0, =N-OH, or =N-Q(optionally
substituted g-3 alkyl); and Z is optionally

ubstityted phenyl or optionally substituted C$6
%W?a‘#}ﬁ‘? Ir&ﬁ’&“‘%ﬁei r Cn.13 al kyl, (phenyl)-Cl.3
al kyl, ar (CS6 heteroaryl)-Cl 3 alk no- and di -
est e#gﬁ?%aspaesq,agslarerttwél% Oga‘hilag‘{’) mono- and
diéesberg. The conpounds (especially in the acid form
arg_very:potent inhibitors, typically selective
thi\iﬁttﬁ)rs‘fooaf GST P1-1 in nitro. In the diester form

thejéhave al so been shown to be effective in the
[ opreci pitation of GSTic fromHL-60 cells in zit%

and be cytotoxic to HL-60 cells in zitrn. Fromthis
and the structural simlarity to TLK117, TLK199,
and at ed conpounds, the conmpounds are therefore
expecf )nto act therapeutically to: potentiate the

cytotdxic effects of chenotherapeutic agents in tunor
3‘? |'s, selectively exert cytotoxicity in tunor cells,

Y&f&vate the production of GV progenitors in bone

n@o 6Py, stimulate the differentiation of bone marrow,
mtigate the nyel osuppressive effects of

W isdmpglemybeni-i-elusagaiglsyl and nodul at e hemat opoi esis in

X089 Bl Wstitdted G, cycloalkyl, optionally substituted C, , heterocycloalkyl,
optionally substituted phenyl, or optionally substituted C, ; heteroaryl;

Y is =O, =N-OH, or =N-O(optionally substituted C,, alkyl); and

Z is optionally substituted phenyl or optionally substituted C; ; heteroaryl;

and their C,_;, alkyl, (phenyl)-C,, alkyl, or (G, heteroaryl)-C, , alkyl mono- and di-
esters;

and salts of the compounds and their mono- and di-esters.

The compounds (especially in the acid form) are very potent inhibitors, typically
selective inhibitors, of GST P1-1 i utro. In the diester form, they have also been
shown to be effective in the immunoprecipitation of GSTr from HL-60 cells # uiro,
and to be cytotoxic to HL-60 cells & wtro. From this and from the structural similarity
to TLK 117, TLK199, and related compounds, the compounds are therefore 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.



In a second aspect, this invention is pharnmaceutica
conpositions conprising conpounds of the first aspect
of this invention, and optionally one or nore
excipients. In a thins aspect, this invention is

t herapeutic nmethods, particularly in a human, of one
or nore of: potentiating the cytotoxic effects of
chenot herapeutic agents in tunor cells, selectively
exerting toxicity in tunor cells, elevating the
production i n bone, marro

r. enl tor
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ahpyef ul as intermediates in the preparation of the
compounds of the first aspect of this invention. In a
f itk atgvebespechithis inyertion ipeempounds b fermulant hesi s

of the c)@rrpounds of
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where:

W is N-a-R!-L-y-glutamyl or N-a-R'-L-y-glutamylglycyl, where R is an amine-
protecting group; and

n, X, Y, and Z are as defined in claim 1;

and their C,, alkyl, phenyl-C, ; alkyl, or (C; heteroaryl)-C, ; alkyl mono- and di-esters;
and salts of the compounds and their mono- and di-esters.

These compounds are useful as intermediates in the preparation of the compounds of

the first aspect of this invention.

In a fifth aspect, this invention is methods of synthesis of the compounds of

the first aspect of this invention.



the first aspect of this invention. 6 Preferred
enbodi nents of this invention are characterized by the
specification and by the features of clains 2-21 of
this application as filed, and of pharnmaceutica
conposi tions, nethods, and uses of these conpounds.
Modes for Carrying Qut the Invention Definitions

"Al kyl" means a nonoval ent group derived froma
saturated or unsaturated (but not aronatically

unsaturat e droca hat nma in

o o P ypqiebaS B B meti AR enten e B, SRS sion
aB@bPEHR Ay ofSdlisiths 232 IWEHN |aq|9 plRAtivA as IO of pharmaceutical
1- propenyl, isopropyl, bhuty i sobutyl, sec-butyl,

comppsitipnsymethads, agd usep ekthese coprnoypdnt y |

cycl openten-1-yl, cycl opropyl net hyl cyclohexyl, and
cyclohexylnethyl Saturated alkyls and C7.6 al kyls
Madss tor&mpiyime Iaventzon t he definition of "al kyl" in
this appllcatlon is broader than the conventiona
I&éhnnntlon and |ncludes gr oups nore connnnly referred
to as "cycloallryl", "cycloalliylalkyl", "al kenyl"

and “AlHyl”yngalnﬂ a mofﬁbbdtrittgmupcﬂeﬁiedafraxhta;shtum(téd\oxtthsatumted

defnlgtn ;I!.rélg)gg yqtin tuiate@r la))g%gcaga ftbﬁt L granc\:lﬂed or cychc

bR YGhsVof diRHItogen hiofd ﬂﬂ&h@féﬁi’oﬁw 5 rtatthm thléthylprB
?Substl?uted ngecycloalkyl negégmc clope%tgi 5?“’ B

1@@p@mbssypr0p§ub§ﬂ» isehusyl, s&F-brtyl terpbutyl, penyplelaxa, Fyplopentyl,

C%Lﬂ 'ﬁgr g}hﬁeﬁlgﬁr OEM%O%,QI‘%% Cl a%%eﬁhyl éaturated allyls
ameChydlkyls a@e é‘xe hiplazy. ddote thaatheydefininem nﬁ“aﬂy}d’i mp:hn uyphcaunon is
b3 aarhe o e eiiigs sl insHier ERRyP i cprT e e ed
¢ t ¢ d t rahyd I,
Y ;#%ri?ﬁm. opyrgﬁ‘it’é‘é‘ﬁ‘é’f 2SIV oxi de, and 2.
3-, aﬁﬂ)sﬂtu&‘dl@lr LRGP Yin the &fgﬁﬁdrltdft\gcycl € alkyl substituted with

het er ocycl oal kyI nmeans CS6 heter

1 onBsaspeantlisd, groupstselestadérombrie rhydt@sys midskeyd, taémnﬁthyl

bst it d C. 6 cycloalkyl. "Substituted phenyl"
ﬁél anﬁggm} ‘substituted with up to 3 substituents

EZ: g? @ggweﬁ[ﬁsg g}l’@a%@f%&p&%?ﬁ%io%ﬁ,lststituted with 1

or 2, especially 1, groups selected from halo, hydroxy, methyl, trifluoromethyl, and

methoxy, especially F, Cl, or methyl.

“C;, Heterocycloalkyl” means cyclopentyl or cyclohexyl in which 1 of the ring
methylene groups is replaced by O, S, SO,, NH, or N-methyl; and includes 2- and
3-tetrahydrofuryl, 3- and 4-tetrahydropyranyl, 4-tetrahydrothiopyranyl and 1ts S,S-
dioxide, and 2-, 3-, and 4-piperidinyl. “Substituted C; ; heterocycloalkyl” means
G, , heterocycloalkyl substituted in the same manner described above for substituted
G cycloalkyl.

“Substituted phenyl” means phenyl substituted with up to 3 substituents
selected from halo, -CN, -NO,, -OH, optionally halo-substituted C,; alkyl (e.g. ethyl,



7 trifluoronmethyl), optionally hal o-substituted C, _,
al kyl oxy, fornyl, carboxy, and Q 3 al koxycarbonyl.
"Hal ogen" or "halo" neans F, C, or Br. "C,,

Het eroaryl "™ means 2- or 3-furyl, 2- or 3-thienyl, or

2-, 3-, or 4-pyridinyl. "Substituted C$6 hetemaryl"
nmeans Cab heteroaryl substituted in the manner
descri bed above for substituted phenyl. "Salts" are

described in the section entitled Cbnpounds of this

vepanpet oprtlFRg PR Cr Al clodAY e a

&9 givit he first aspect of this invention or an
i'ht er medi ate t heret o during the synthesis of that

conpoyif,..a49dr SHARSEH ﬁﬁ@?ﬂ?IBPEPVab|e wi t hout

affecting the renmain the conpound of the first

aspeagfﬁqfk L4, Jlgg t2| %P% R, 3%1&{%@%%&“%9 oP % piinyl.

t ent oxyca enzyloxycar
“Sulbsuiendde@, Ihyterdae;rl’bmhrls@lg hemciachd Isr;bsumted in the manner described

1 ne- pr ot ect,i roups are well known in the field of
a@ﬁ&ﬂf@%ﬁ‘fﬂ?ﬂé’ﬁ?‘ﬁand particul arly pepti de synt hesi s.
Suitg S SuC and the. conditions for. their
r enov ép ifé'gefr Inghe sqcHoB gl E@H‘PS'%“ lips gvgntion”.
of Pep&ks and Peptidaiinetics, Wrkbexb editi
Good A AMmiRe- ProEEHRE SIIHR s a%mpar@pab@( ‘E{( tRIGISFHNS tgcﬁlum

ol Bl o QIR IHRSRS, s locPLORL frvetbih B 3 Betheiac
tlfB&Tu? duxhrlg:thlc: szrﬁhrcsk’ ©f It(hat hlemypdrtardk anc?uﬁseguentmpvéﬂnjwithout

) n 0 a persqgn ordin |
afficaing A% rifaipde iR i ot SR Rt St AR Sptiam Cpygon
shRdips itiide i RoxyREBLAY SHhE b&ilyloRycarbsapiiednveniently

especi aIIy a human, for ‘effecting treatnent by one of
remewable fyy agidelms. Ampe- Brotesting grogps #re gell o mehe digld of

ofga 3B TR 0l LR HOYr AL RabIP i, alihe

nerapeu Ic tr eat | ng
caxfditions borctheir mmdval, arerdasombed ini booksisteh aoﬁwt/mzs o Bepsdeoind

ek B SR i A 5 R Nes Sngar,

Gefndtiy! 2008, arfl: ot € Sips Mg R0 RHSE, 3redQfT. W G@éé!hk: agd t he
condition, (3) event| recurrence of th
D G NE Mt 4ds-cln IVHley Sa3aris i n New, YaskNew gt RES.A., 1999, and

Wil 19wn to a person of ordinary skill in the art.

A “therapeutically effective amount” means the amount that, when
administered to a mammal, especially a 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 a mammal
includes one or more of:

(1)  inhibiting development of the condition, e.g., arresting its development,
(2)  relieving the condition, e.g., causing regression of or curing the condition,
(3)  preventing recurrence of the condition, and

(4)  palliating symptoms of the condition.



8 0 The conpounds of this invention and their
preparati on The conpounds of the first aspect of this

i nvention are conpounds of the formula HOX yy' NH
ACOOH Sz where: nis O or 1; Wis L-y-glutanmyl or
L-y-glutanyl glycyl; X is optionally substituted Q 6
cycl oal kyl, optionally substituted q.,

het er ocycl oal kyl, optionally substituted phenyl, or
optionally substituted C5_6 heteroaryl; Y is =0, =N

1 t or E— ptionally substituted G _3 alkyl); and Z
CB‘(S‘PP ‘ﬁ;lu%%%ftt}oln@?é ShSHIERATAUON opti onal |y
substituted Csb heteroaryl; and their Cr IO al kyl,
phenylihe compowndsyff thedfirstaspest pbthusrigeanyipn agcompairgs|of the
- and di esters; and salts of the conpounds and
elr nono- and di- esters. Preferred conpounds of the
figstoaspgect of this invention include those
\igwquﬂhnk§¢y% ving one or nore of the follow ng
eatiur es Wis L-y-glutanyl; 2. X is cyclopentyl,
cycl whenyl , fury!, th| enyl, or pyridinyl, or
optionally substi t ut ed phenyl ; especially cycl ohexyl
or =Ri enyl, or phenyl optionally substituted with
fludq, chloro cyano, methyl, hydroxy, or nethoxy,

espec>:Jy where the phenyl is unsubstituted or has 1
substi7 é in the 4-position; such as phenyl, '
4- chl‘orophenyt, and 4-hydroxyphenyl; 3A. n is 0; or

e.:N is 1, and Y is =0, =N-OH or =N-OCHZCHZNHZ; 4.
theZ(C—Y)o substituent is in the 2- or 4-position of
ntii@ophenyl group to 9 0

W is L-y-glutamyl or L-y-glutamylglycyl;

X is optionally substituted G, ; cycloalkyl, optionally substituted C, ; heterocycloalkyl,
optionally substituted phenyl, or optionally substituted C, ; heteroaryl;

Yis =0, =N-OH, or =N-O(optionally substituted C, ; alkyl); and

Z 1s optionally substituted phenyl or optionally substituted C; , heteroaryl;

and their C_; alkyl, phenyl-C,, alkyl, or (G ; heteroaryl)-C,, alkyl mono- and di-esters;

and salts of the compounds and their mono- and di-esters.

Preferred compounds of the first aspect of this invention include those
compounds having one or more of the following features:
1. W is L-y-glutamyl;
2. X is cyclopentyl, cyclohexyl, furyl, thienyl, or pyridinyl, or optionally substituted
phenyl; especially cyclohexyl or 3-thienyl, or phenyl optionally substituted with fluoro,
chloro, cyano, methyl, hydroxy, or methoxy, especially where the phenyl is
unsubstituted or has 1 substituent in the 4-position; such as phenyl, 4-chlorophenyl,
and 4-hydroxyphenyl;
3A. nisQ;or
3B. nisl,and Yis =0, =N-OH, or =N-OCH,CH,NH,;
4. the Z-(C=Y),- substituent is in the 2- or 4-position of the phenyl group to

9 ]



which it is attached, 5. Zis pyridyl, or is
optionally substituted phenyl; 6A the conpound is a
di acid; or 6B. the conpound is a diester, especially a
Cl 6 alkyl diester, nore especially a Cs alkyl
diester, particularly a diethyl ester. Cenerally, a
conpound having a greater nunber of these features is
preferred over a conpound having a | esser nunber of
these feature; in particular, addition of one of
these features to a conpound having less than all the
whishtius egached;| generally result in a conpound that is

pr ef red that feature.
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6A197 e domipoand Bnekeidisi ve 1ist) of the conpounds of
this invention, are those f norgani c h
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and hpedt f%?ﬁ%ﬁ%ﬁi IR 5 Al B O RO Biefered
otgrarcoaipoond bavitgydesbr mmaleer oﬁ tHefafeimye; i pariiaaraaddition of one

hIor sul foni c aci o )
of st s S0 Sormounribe s b Eitan & AR fFipet RifkondRRtreSyin
a&@f!h SirldchAGE Peferrt vertthk @&ﬁﬁo@fd wtluetiat feami aci ds
such as net hanesul fonic, anesul f oni c,

benzepesid hrise Be%k' sl y gk, .b& ng&n ewi)ffem RorfeEltisinSlist)
chl or obenzenesul f&nic and t ol uenesul fonic,

ohréxp somapens of Hipimventigndrsdioss formedshen inorganic bases (e.g.

d%néltugggénap Fﬂﬁ?h(n‘ Hﬁpggﬁgggl%&%(ggn%ﬁggnganlc

diahianshmine itthanoliraing) alejlchediirte] pomshininepN- méthylgllltammne)

groups, of  the conmpounds. Such alts are preferably
repgly RROB VR o Hasas Qg e i s (&8d
hRES@orichhitbbBRE sulfiRlc! it aﬂdaﬂ&emm%ds)% Aol Aids

addi tion salt, especi aiamﬁ/ W th an | norgani ¢ aci d, such

(eags aceHie, gpionicixalid, talic apaleic, madoni, Syraatist Piartaric acids, and
nmpound the on by the

%m%c %%ec?&@ﬁm%m?nven ?gﬁaﬁﬁ%gﬁggép8%%&%w&ﬂﬁéps (al)

bér@exﬁe’ﬂél)‘omc(, aﬁbsuaitéd/bea&derf&gﬂfdm: sﬁzlyls hedhberoberlzEngsulbdmivaml  a

to uenes E)ll'llg,e nag['lthal%nes Ol'?lg Ial'(leF su%stltuteg nfagﬁtmler?es 0%1(9 O x

naphthalenedisulfonic and substituted 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 sal.

The preparation of the compounds of the first aspect of this invention by the
process of this invention involves one of steps (al) to (a4):

(a1)  alkylating the cysteine sulfur atom of a tripeptide or tetrapeptide of the formula

10 °



H = WCOOH SH or its nono- or diester, typically with
the glutanyl am ne group R -protected, with a
substituted benzyl group of the formula LL (0) Z
where L is a |l eaving group such as chlorine, brom ne,
or an optionally substituted Cn.6 allsane- or
benzenesul f onate such as a net hane-,
trifluoromethane-, benzene-, 4-toluene-,

4-ni trobenzene-, 4-chl orobenzene-, or

4- br onobenzenesul fonate, especially bromne; or (a2)
coypl PngXan optionally protected di peptide

NoId 2N taguof the formula HNCOON WS boo Y> z
where if nis 1, Yis =0; or its nonoester at the

al ut%amyl carboxyl ate, typically with the gl utanyl
amne group R -protected, with an, am no acid of the
o §5 meng- st digsserarpicelly Withstherglygsay amine groupARypreweisti WE &

sbsRRRL g&zﬁfgrcg\lbeofftﬁé fBthfll 0 0 x

L

e,

(=),
Z b

where L is a leaving group such as chlorine, bromine, or an optionally substituted C,

alkane- or benzenesulfonate such as a methane-, trifluoromethane-, benzene-,
4-toluene-, 4-nitrobenzene-, 4-chlorobenzene-, or 4-bromobenzenesulfonate, especially
bromine; or

(a2)  coupling an optionally protected dipeptide or tripeptide of the formula

H
W N \/COOH

o

D=v),

z

whereif nis 1, Yis =O;
or its monoester at the glutamyl carboxylate, typically with the glutamyl amine group

R-protected, with an amino acid of the formula
X

H,N" ~COOH ,

Or its monoester; or

(@3)  coupling a dipeptide of the formula
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HZN v "N~COOH H 5 bQO Y)~ z where if nis 1, Yis
=0; or its nonoester, with an optionally protected
L-y-glutam c acid or L-y-glutamylglycine, optionally
esterified at the glutanyl a-carboxylate; or (a4)
coupling a tripeptide or tetrapeptide of the formula
Ox H= WN*NCOOH S bBr, | or its nono- or
diester, with a Z-boronic acid to give a conpound of
the formula H 10 x ~,\7 COOH N H* S 60" (Y) =z
where n is O, or its nono- or diester; optionally
foll d%by one or nore of steps (b) to (e): (b) if W

N-anR>cbewy- gl utanmyl or N-cc-R -L-y-glutanyl gl ycyl
in §he"conpound

S

o)

b=,
Z

whereif nis 1, Yis =O;

or its monoester,

b

with an optionally protected L-y-glutamic acid or L-y-glutamylglycine, optionally
esterified at the glutamyl «-carboxylate; or
(@4)  coupling a tripeptide or tetrapeptide of the formula

o 9 X
N :
\

S

or its mono- or diester,

b

with a Z-boronic acid to give a compound of the formula

o 9 X
N 7
\

S

e

D=,
Z

where n is 0,

or its mono- or diester;

optionally followed by one or more of steps (b) to (e):

(b)  if Wis N-a-R-L-y-glutamyl or N-a-R'-L-y-glutamylglycyl in the compound
prepared in step (a), deprotecting the compound of the fourth aspect of this invention
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prepared in step (a), deprotecting the conmpound of the
fourth aspect of this invention 12 0 to give a
compound of the first aspect of this invention; (c) if
nis 1, reacting a conpound where Y is =0 with

hydr oxyl ami ne or an 0, (optionally substituted .3
alkyl) hydroxyl am ne to forma conpound where =N- OH or
=N- Q(optional l ysubstituted O _, alkyl); (dl) if the
conmpound is a diacid, form ng a nono- or diester of

t he conmpound i f the, conpound is a nono- or

tﬂ%@%?éana@“eggg?ﬁﬁyhﬁﬁa¥ﬁ NS BWERHAM to prepare the

i aci f ek £ fg%&h he
(éc;onpol%rl% 1p1;eg ed | any o?r s}fe)épscg&mg] tg e_?_a%gﬁ
Q @tlondb'sn’eat@ntﬁcéﬁss Hllg) hydrexyhmome o5 ommaeqoappo@ad yheree=N-

i pe S.an ti ., optionally nono- or
Q¥i(§eter| P@amﬁ%6 %h§$f§5b ected at the glutanyl
(ﬂm n@f thassmpburd it Héiacidsfoerning astiddadlor dRREOGfakE @&npdﬁiﬁ?@r

i one anal.ogs are onveni ent]y prepared
gtirPBF ERREPOYRS Ih® HOnEf orpé ST eyt vies the capp urv&%@mpare

@@Hm&@5§@@§09$oﬁkghﬂpry Skl|| in the art. The pepti de
perf or med using one of the many

synthesis ma

(S anfleming S5 lsncmepag gorparedsuany aiteps (3 1 (.
triphenylnmethyl, and the resulting S-protected peptide
t hen The eqattimgem:tait,ls fbothegrracesd & slugp (@b atotripsptides and

B3l o S ol e

amérefRldAtitic e |c¥st&ﬁé"’§3ﬂﬁb Heprotetied TiREOSI8GHGHE anfloSiiRe DUt
not st rong enoug to renove any am ne-pr otectin

cefristsnthoprEpaRdbY ornvantanel methedeeigrepade synthesiy whlibpovm to
%sngﬁhﬁﬂﬁghﬂﬁ{ 8 ,hclude trifluoroacetic acid and
0

strong aci such as trifluoronethanesul fonic
aC|d Senge; of a solve uch
oS! TRE Bl ER S hess Indy 1 BEBRSEE Gl ot of S frfFfinditf
Sqrapaing@raipsssush wl(ihphﬁ'lyﬂxﬁdztﬂjﬂSarﬁiLthh reﬁﬁl;ﬁ%ﬁ-@@n%ectedlﬁepude then

t hi I s
d@r%ﬁ%gt?'é» or g‘ezm Pg‘i obe. mﬁaﬁag eﬁ -Brogsrred) Regikss diseqived in
a@%clld tHaels @éfbn%%&ﬁﬂgh aﬁférﬁorvb IRORS lkﬁlylr@rﬁsvam%uﬁu l%ﬁectmg

¥ners suc go y( et hyl hydrosi [Foxane) ;
gloup Pucudtatbyg endugh bt remivproy mqmteamwup ppuonallym the

Pkl HEE T SO I8 USSR i Raceic acd apd gt
stecig abiels BL‘Bth&hddhofnbrﬁéﬂﬁﬁb@ulfcﬁﬁtCidch @pﬁm@my irethb predetidee bf @n
of , an a | vent,, for. exanple an.aprotic non-pol ar

QR Ea QOReRAaF GBI AYSER st aromati eihers and

sulfides such as anisole and thioanisole, phenols such as cresol, and, most efficiently,
silanes including trialkylsilanes such as triethylsilane and triisopropylsilane and silane
polymers such as poly(methylhydrosiloxane); and a particularly suitable deprotection

reagent is trifluoroacetic acid in the presence of poly(methylhydrosiloxane). The S-
deprotected 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 ether.

A convenient preparation of N-o-(benzyloxycarbonyl)-1-y-glutamyl-L-cysteinyl-
D-phenylglycine, the starting peptide for a number of the compounds of this invention,
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A conveni ent preparation of N a-(

benzyi oxycar bonyl ) -L-y-gl utanyl - L-cystei nyl -

D- phenyl gl ycine, the starting peptide for a nunber of
t he compounds of this invention, 13 0 using the
readily available starting materials

N- a- (benzyl oxycarbonyl )-L-y-glutam c acid a-benzyl
ester, S-triphenyl nethyl-L-cysteine, and
D-phenngIyC|ne is as foll ows.

N- a r bonyl am ¢ acid a:benzyl .

usig ghe ‘i“—‘ frlky%g ’%‘%?%"‘MW@’F %%%él@% acid
d%ﬂﬁﬂgx I

ag?le&nigléﬁiegﬁlﬁh%:ar bo |?nc?§<%ﬁ?%ﬁgnh9drou§&%e’f %Slf(al)l(()%se

snzglograrhopyibkyreghitimisyacid-o-b eatgamaemamdcas
t .
GRS SRR el by SRR P SRR S BRI i dipiopgrt

carbediitide @nardiyd:Bug u,kndﬂcbﬁﬂ@/ |']ﬂ‘EtMykl(bcrLzyb)tﬁfaﬁJolﬁ?I) 8¢ lutamic acid

h
td%'ﬂ%éﬁ ﬂmlgyd'(n S ﬁésvtég 5%t%rdﬁ5%saol\@dyngmfmiwrwtehﬂrpf%m
aﬁ& aardea% B¥bRiciba Gﬁ/ﬁ(tﬁblé@?’lm IH;»»SL Eydeedfeddnd %ﬁ&ﬁylﬁﬁmiz ewater to

ster and coupled w't

roxySUCCI ni mde
gme;ﬁﬁ n@'i %q‘ nzylﬂxyphbos)d);by-\ghxyaraﬂ Sf(mphehﬂmcdlyb-lLrGyQGme
t. {
TSR0 e AT RS MBS FAE P Bty pherpleie
nh&ﬂyhxgetnbyhs)foht}emhplmgwetwe?nn 1 glht@ln%ﬁd zﬁﬁlocyﬁblﬁk tagive
e PREARN & CABeORF b -y Sl g oD Ligsteinyk

Dq%ﬁhggggn@0|d and/or the cysteine carboxyl group for
upling may al so be used; as may nethods in

whi cky; t.pe H%lﬂlr%g? bﬂﬁs?ﬁmﬁg@y&hﬁmﬁ %%L Pp&ﬁfh%ds to aicPvate the

per f or ned cou resu

Sm@bxﬂgmmmﬂﬂmﬁgbng?ﬁgﬁyEWerﬁwkﬁﬁﬂﬁﬁﬂkﬁgfygmmﬁxmhih
|
chitSinh gy BE BE e By B hpdei ich e Ehucin Bhebwetipne

cQlipsliug lsqferfbhaed At {4 0RRA By QBSIAEIOR Bl bl OICHBIRAY ncthy)

used rOV|de he a- carboxy gr oup

acid al'so ma g@
Lpyeipateplenyigicne wbﬁ ol {beazyipryrabomdvl-glutamec acid
&Eﬁgﬁggnzcﬁkghcarugﬁy wacaub t nyP-gﬁftriphenylnethy

N- z)—(bﬁnzydemeatbynyl)& p%ghm@dng hgidialse mayibk esad promdedadt a-Chteoxyl
b (be 0 on
%@uwf PR RS YR e m&%ﬂ?ﬁegp e 1
dttBo@d)l-IQV\@IutaﬁﬁJﬂ-‘S t@dhpHeRylhethyl)BE djsteiall D-phRehyldhRine
§§éy ester I's remve Igm%droly3|s MAth a ueous
me ®r-beaoyt N-rdbéngxledyatpoasl-#ivfs! nto
s SN
mesteholparabthe bemayl ebtexditietioned bphydrolysis with aqueous base (eg. 1 M
NaOH), followed by acidification to allow isolation of the N-a-(benzyloxycarbonyl)-
L-y-glutamyl-$- (triphenylmethyl)-L-cysteinyl- D-phenylglycine as an acid addition sal.
The cysteine sulfur of the N-a-(benzyloxycarbonyl)-L-y-glutamyl-§- (triphenylmethyl)-
L-cysteinyl-D-phenylglycine is then deprotected by reaction with trifluoroacetic acid and
poly(methylhydrosiloxane) in toluene, and the N-a-(benzyloxycarbonyl)-L-y-glutamyl-
L-cysteinyl-D-phenylglycine can be precipitated with heptane/methyl fer-butyl ether.
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The cysteine sul fur of the

N- a- (benzyl oxycarbonyl ) -L-y-gl utanyl -S-(tri phenyl net hy

| )- L-cysteinyl-D phenylglycine is then deprotected by

reaction with trifluoroacetic acid and

pol y(met hyl hydrosi | oxane) in toluene, and the N

a- (benzyl o) cycar bonyl ) - L-y- gl ut anyl -

L- cystei nyl - D- phenyl gl yci ne can be precipitated with

hept ane/ met hyl tert--butyl ether. 14 0 Ot her peptides

may easily b prepared by sim |ar methods, starting’

f r omQther Pegpflgsanavsasily b emreprare@lrhyairp@pmedysisi starting from the
0 e r

aﬁglﬁ 45:% frdl}%ﬁ%aeg{mgs evgﬂny%bger 1}\//%8%9151;}185::&{6 ackR P WeFordiula

D 4- chlorophenyl)glycine D- (4- hydr oxypheny) gl yci ne,

i Sedd) enAgl ycine, D-cycl ohexyl gl ycine, are
&ommerciral |y available in resolved form and i n sorre

SEASRD- n&@@mﬁét@ $Schléb E‘J Q%cﬁx;/@%?{h{}ﬁ@} 3@

forn] ut * maybe esolv y knomn

rthlemé)gbegle; Qrcy@hesﬁglwmm ercgoueerciatlyenailable is tfeprQdafO)ml,

[ the S d [0 ¢ ect ed de i
aﬁ?ﬁﬂﬁoﬁie a5 B Dl e 2l R AL s R o
re‘solvmbbjaaﬂy of thomethodZlavdvat @r thel r8scdution oﬁ ahﬁ&vaditg group
such as chlorine, bromne, or an optionally
su bstmlémtuede ?1)3&1@%@1363 ani¥n ¢fehe e@lep:@te%eaqieﬁn&eu@ BllcAisred
t hape-, uoroda%hane- benzene- 4-tol uene-,
aistbsied beray| graur o fnekene-, or
@- br onobenzenesul f onat e, especi al I y bromne to
prepare the appropriately S-al kylated peptide. This is
veniently done when the glutanyl amne is
tected, to mnimze side reactions, but can be done
g when the amne is unprotected. Typically, the
?drot ected peptide is dissolved in a solution of a
rong base (e.g. an alkali netal or alkaline earth
i i DX o LARE Rorit, SRARE B S op RS0 B fiueed
e-kxast&nsameskulfasate suchasa methane- trifluoromethane-, benzene-,

4_(5&%?[@‘%['1’%} héﬂlge%?enﬁgd,: P&ggr’o ?.pdzl & a(?r|4- r%lm% gnz%ng Qr‘i'a?& eZpecmlly

bromine to prepare the appropriately S-alkylated peptide. This is 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, or ammonium hydroxide; or an organic amine base such as
- tetramethylguanidine, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), and the like) in a
suitable solvent (e.g. a C, alkanol, a diol such as 1,2-ethanediol or 1,3-propanediol, an
ether such as 2-methoxyethanol, 1,2-dimethoxyethane, or tetrahydrofuran, and the like)
to form the thiolate anion, the substituted benzyl group is added (typically in excess),

and the reaction mixture is held at an appropriate temperature and time until
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suitable solvent (e.g. a Cn_6 allsanol, a diol such as
1, 2-ethanedi ol or 1, 3-propanediol, an ether such as
2- met hoxyet hanol , 1, 2- di net hoxyet hane, or
tetrahydrofuran, and the like) to formthe thiolate
ani on, the substituted benzyl group is added
(typically in excess), and the reaction mxture is
hel d at an appropriate tenperature and time until 15 0
conpl eti on. Convenient reaction conditions are the use

of 2Q% tetrahydrofuran in. watey and an appr.oxi nately
C?’@Hﬁﬂ?ﬁl- §0EUERS TR ERTGHHIBS G5t HROS .ZO%rfstxﬁa%{q%@n mn
wWARY g@% giragt ded - hi i nvol ve
intggﬁggl téﬁH%gg?gég#%Eh%?(gﬁgﬂg J%%ﬁ%?ﬁgycarboxyl as
wel | 1 Ae) i- . .
depen |§ R é&gir? qﬁ%ng% tr%aé of at‘%g S t}g)r }Il %’dﬁe’z\ﬁnf [rﬁlg 013’8 fnéesr.mefl?te
ptdiectioe pf tleteglitsmplroepasog] asvedl adlitecintne) or bs amphe- omdiester,
ordi,-esterified,.(typicallywhil. i, ne- pt pt.ect ed ..
AFsPeE Saithe g Of Hhe B ambie g FHHDC Bode s e BifRd ayiacid
ictrhs, RSh@HJ- ok dRdsteRiie§ AppitAlly Shsle Winlre- Prisieted) Be¥orP Qlkylation of

simlar to those that nmaybe used for esterification
thstcysieing spbw awnp fand the estentigation serditiess will paicallybesimilesivo

. . t hi i .
el Hb Ry bP et RO ot Bftaricb L LPREo L By et i
reektydmat ed with a substituted benzyl group of the

formula LL ( o) Z to formthe central ami no acid of
the T itpsi(ad)dad 3),tké thiglaphide obin bpworhlly shinapprededf

this . L.nvention; . and the peptide is then.assenbl ed by
CEBHFANTD atﬁ@fvﬁ@aguwuﬁ%cggwg gr@mfﬂg%f%m e
gl kyl ati on of the cysteine maybe perforned by sinilar
met hods to those wused for the alkylation of the
{ peptide or tetrapeptide above; and the coupling of
various am no acids to give the resulting peptide
( a§)is a compound of the first or fourth aspects of
I $’ai nvention may al so be perforned by simlar
thoes to those discussed above. In step (a4), an

A L e
m&cmmnzirehge peptideds, then gsserbblad ky cenvientonal methods of peptide

synthesis.

The alkylation of the cysteine may be performed by similar methods to those
used for the alkylation of the tripeptide or tetrapeptide above; and the coupling of the
various amino acids to give the resulting peptide that is a compound of the first or
fourth aspects of this invention may also be performed by similar methods to those

discussed above.

In step (a4), an S-[(halophenyl)methyl}-cysteine-containing tripeptide or
tetrapeptide [which has been synthesized by any convenient method, e.g. by alkylation
of the S-unprotected peptide in the manner described for step (al) or by alkylation of
cysteine followed by coupling to form the peptide in the manner described above for
steps (a2) and (a3)] is coupled in a Suzuki coupling with a boronic acid of the formula

Z-B(OH),.
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of the S-unprotected peptide in the manner descri bed
for step (al) or byalliylation of cysteine foll owed
by coupling to formthe peptide in the manner

descri bed above for steps (a2) and (a3)] is coupled
in a Suzuki coupling with a boronic acid of the
formula Z-B(O-2. 16 1In optional step (b), the

R1- protected am ne group of a compound of the fourth
aspect of this invention is deprotected to prepare a

co und .of ;the first.aspect, of. this invention
et h aogﬁ?rtaéﬁﬂé@:éﬁ i‘eﬁfﬂ?%ﬂtedoam%éroaapﬁécwwg@tq?ﬁbe fourth
l%eem thR3 &veHR&Sis d@@h%eeiea% c{p@t‘éta oRPobRABS e st Wpebd 5 this

I ecul e, typlca y acl yS|s using a strong ac
insigotomby anyirhdthed mblt Qr rampml ob teianming- prptacting group that does

se n.optdonal ,ste
BLARERAS O hd LR saRaR e, bRIARY PR RLRE FERe fhvopte i
suéh ab vafhebroacktic e, bptlcﬁrfaﬂji Irﬁﬂe pheséncbyldioktandthaeor an
O (optionally substituted G 3 alkyl)hydroxylan1ne to

f or mIg opdHAD mwﬁ)mﬂ&lﬁhioefhﬁhkt% t bOM&! ihvention wh
substi t ut ed Céltd(j The reacti Og&l s typi cgll?ryl/w een

| k
isclaand; ¥ s %?Ct%‘géh Ivmifowdmn@ pean Ky(apasnpllasbsiaured an

CERUERARISSHUNLER 98 AL 315R SRR 5 8 Sionsly

stbstinaddyQr; alkyl) a'ﬂ)e reavtibh & twlezdlynmeébu@yhamon twich the

t I t dl d2 h d of th
bR ae At gtk sefihon by e CORRai A wier it
o?&h@%ol'v@nt@ﬁéﬂ JsQ&}ahy@x"oﬁﬂﬁ'l)QﬁE&rprEdeﬁ& dfidfbatdre diacid is

e

si red) These eSterifi'cations or de-esterifi catl ons

are eooMRihl wa!dRadd [y ah @&ﬁﬁé@ﬂ&"ﬂﬁe%”@‘“ i e

met hods wel | to péersons of ordinar

inyenton ipegerifier (i bmesterds destred)eor derastegibied (if uhe dacidandesired).

Tﬁ?s% I%EH gﬁlﬁstlr Ny q"{jﬁi\é -C, te%bgglgsﬁgr% ICC())I‘r1] Oﬁ nagﬁnq{ljmm? q(:j (ﬁ%ge Oulg IBY
amt acfah©methods well ho:hmew pelonsl eﬁmﬁ&dr}eﬁﬁllah thaugt; Iitg drtiadlar, a
al cohol as.sol ven in. th esence of . a haIOS|Iane

CYEREBLSERfIHIGR fCh Hwéfp anibe BEConAB dRGH Sempatkel fhe
ﬁﬁ@%&&%&@ﬁ; abeﬁt%navﬁql b alcel%l ltth %rac&m%@w@d Bdterd &%hg that

al cohol. In optional step ( of the conpou
aleghal pesoiviens in the pessencefof & Hmabs no swchiag nhlorcsnmot&lmbdane #hi s

weffpert P ol PlodSlf Gt bl Aripst G of R aleptol

e BB, AT S SRR it e E s nvencin
is d612pdpThis RelleypitalBdidiahiaeid aﬁﬁm@n S &ﬂhe H@fﬂ{mdﬂ ofl “salts”

becone an, anti-solvent for the salt, such as an_
aheelo Cprvegisnis his saloge namﬁsjaaﬁly@épb@ﬁ cgmpound of the first aspect

of this invention is formed; and may be accomplished by addition of a solvent that will

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 salt, especially in the form of the anhydrous acid alone or in an
aprotic solvent, e.g. hydrogen chloride gas. Further anti-solvent for the salt, e.g. ethers
such as diethyl ether, methyl ser-butyl ether, and tetrahydrofuran, especially methyl
tert-butyl ether, may be added if necessary or desired.
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hal ogenat ed hydrocar bon such as dichl or onet hane,

foll owed by addition of the acid chosen to formthe
salt, especially in the formof the anhydrous acid
alone or in an aprotic solvent, e.g. hydrogen
chloride gas. Further anti solvent for the salt, e.g.
ethers such as diethyl ether, nethyl tent-butyl
ether, and tetrahydrofuran, especially nethyl

tent - butyl ether, naybe added i f necessary or desired.

17 0 A person f or ry stall int t wl| have
no diff PrRan qhypr dipns vwhthamq <|lﬂfeflc sl copsi é@nﬂg that skill
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o e (e %&B?F&Hﬁ%l?’ P ing Tt RR0S! P ourth and
ﬁmmuqnmm@ﬁﬂmugmgmoh t he conpounds and process The
conpounds of the first aspect of this invention
Uses@fahé adrhpyouinds afbpracesd forn) are very potent
inhibitors, typically selective inhibitors, of GST
P1-1 'Ih&'bemP&Iirﬁls of g firsiekpaceof thisdnveation (tgpéci'ﬁy in the acid form)

S0P RGP 9T iSO KDY, PIASLY LY - ADPiay o

abRe 'ﬁ%ﬁrﬁﬁcxﬁ% B{QdIFPéréx&fauQQ BFHE%OV QW z‘ﬁ%sana)bne Hhybeed SBown
conmpounds a herefore expected to act

tQ ¢rdangeegran ei monommi@mfgnnatmtfm marrige bpee marrow cells ex
toxic effec utic a in_tunor
) TRE ot £ BeetlorE SRERM R SO AR R fyfubfiod
péleatifit e dyta)tcsracneffdctsmf rcflfmsﬁenap%uuc &gér?iminl tambecklls (bet:dise
ISta tuno e st chenot erapeutlc ent
Gﬁ'?%@ﬂ Pl-dhw Erﬁ &relwweﬁm%a}owwﬁ@uam caes?cf in the
résﬁ‘san&%ﬂhm%?kélﬁ 14 SherhRRdra C&ei&ﬁc BRI BAEPES TiithilSH R -

ectively exert cytotoxicity i1nh tunor cells (again

rddgctaths ebilify afﬁTe tuswenellsre cleartthe chanaatherapdutiv ageat), 1el¢etwely

roducti.o GM progenitors i e narrow
RS HforEPR it Bl BERh belsedl PO oS Hniblorl 4dhte
tHepebasripn bESM ﬁ)géﬁlfcﬁﬁiinﬂ)dhfe n&h@mphhﬁﬂaﬁeha diffegéttion of
and nodul at e iesis in bone marrow. The
Wﬂwa@ EE‘?SPHP%%*B’@& fegj of ehematharanspiipagentsand
quﬁg oRﬁth&nwﬂhL&ﬂvaSpeCt of this invention are

use he preparation of conpounds of the first

as peef%le 95 §&haﬁ bR RhdiPHas g?&%f FEE AV RAREA th roEéEk 8f the
i nvent’ on armaceuti cal conpositions conmprisin
fifrh ranmumf thif ntvhmdn ars usedslpe dte poépardvion of compourels of the flrst

opti al so including an excipient, such as a
E ﬂ%@@%ﬁ%’ FE vy accept abl e exci pi ent.

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.

The third aspect of this invention is therapeutic methods involving
administering the compounds of the first aspect of this invention or the pharmaceutical
compositions of the second aspect of this invention, typically in a therapeutically
effective amount, and the use of these compounds 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,
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The third aspect of this invention is therapeutic

met hods i nvol ving adm nistering the conpounds of the
first aspect of this invention or the pharmaceutica
conpositions of the second aspect of this invention,
typically in a therapeutically effective anount, and
the use of these conpounds for one or nore of.
potentiating the cytotoxic effects of

chenot herapeutic agents in tunor cells, selectively

exerting tpxicity. ip tunor cells, elevati the .
SEBIRRE P, roriatio ShRoRe BFTOTH AR HiE PRI upEretsive effects
of chémbiblapéiti Ageri, hh® hddhiafidd IRMa8SpoRQR &n BB BiYrow.

mtigating the nyelosuppreSS|ve effects of

¢ henOfR QbAPB I dsCmAUR HdeninidBE d BRIy Alutd Qi ISR 9@%@% $eing

in bone marrow. THe conpounds fray be adm ni stered

teeaied madithe natire abthe subjeatls gorditigre Routse pﬁgirrmsmcmnd , but
a}cgl?otn Stlt‘éﬁ? %ﬁmw@@m? ggb?frgec?iog cqucim g nifray %%#ésg%rft ”a];)entoneal

are n

maemstalig add :xmbalixyndom; #gdctiomn byltﬂﬁim@boshg of Srasalv i délivery,
and ut aneous

tra L |nt anmuscul ar.
efﬁf PB@@PP% AL SURPOTiioRR SukR ke oAy b Y,
aaﬂﬁrﬁéﬂ%d bR, ThrAR PG PldnoRitiohASAkaiSh ﬁfiése SHRRRBES Ry

and the |ike or may be adm ni stered or

optiemalibe liposontal fosmplations, cmglsmmafmﬂamgns d@gaedemmm
e D Nl ool 5 SRk L KRR, SR o cions
foreacis af theremhethodssof abministrasio s Ibe f@ﬁﬂpfoatek e, in Remngton'
uptabl e orng} i ons r e ese, met hads o&:
72@#%(? 1%’&7’6‘@’ ?%Efﬁxﬁ @%ma%&s @Pmpwﬁg s

S a :
R R L ST

opé nnsx}mtmn fer, intpvengys, infygi08 ; ancr?v,dl qoakain dmomppumdmdwpxbally
B o Pl o & SRt BRRlY S PR TPk ShRge

fcmmtvall be mblew §olﬂm’rﬁ fohiatmeaeus mfuaiohyl H@biwdem for
exci pi ents. dosage forns be t
re§8m§ PSS Sl %‘a\?’é‘ﬁ‘tﬁ‘ij@“? i pnd R%%‘H? % arns and

ﬁb%mal E&%ﬁﬂh%foh& Lk Rﬂ uﬁ?av&%tﬂ LR Esthafbn
trave

ous I nfusion, and |i posonal fornulatlons and

| yoph &éﬁﬁ%tk%l%%?@@e a%ﬁl‘%faatd %g:%uﬁh ﬁptﬂcerr'ht aspect of this

i ntraveno a nistrati on. r apeut
invé gt is w@mﬁ&uﬁ@owhg/émzchmdycmﬁzte afeat drspediall|y§ﬂ aacpmmg/ rof,
out 10,-.2000

t,hi.s _invention / d
ARl SRR R 235 5t TRl feb eamilinanp 230 s Haf e
126 wkek aﬁexdﬂy ekp‘étﬁllyv’;ﬁ' 152,3,0f 4 %mt&valsabpattmﬁgfreqd&&@s

HP/IHZ ? mez¢§}ntervals esp§C|aIIy at 1, 2,
inght rm@klt y At enrcgaday fopseveral (pBghes/) desghith shees
administration repeated every 2, 3, or 4 weeks, or constant infusion for a period of 6 —

72 hours, also with the administration repeated every 2, 3, or 4 weeks. A typical
regimen may involve administration once/ day for five days every three weeks.
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including as frequently as once/day for several (e.g.
5 or 7) days, with the admnistration repeated every
2, 3, or 4 weeks, or constant infusion for a period of
6 - 72 hours, also with the adm nistration repeated
every 2, 3, or 4 weeks. A typical reginen may involve
adm ni stration once/day for five days every three
weeks. 19 Preparations and Exanples The foll ow ng
exanpl es show the preparations of useful internediates

and the syntheses of the conpounds of this invention
Pﬁ?aﬁ?@%?'%}g?g‘?g?s this invention, and the wutility of

t he ounds of the first aspect of _this.invention
t her g@@@@f@%@ﬁﬁ@.% @{%g‘reaqr?mwa}s afwschi ipueriepgis and the
. ' . . .
R R R g A e
ufility of dreveomipenuds, oftthefirst aspgesrof shinneentmmed thesapeutic agents.
derivatives of benzyl brom de (a-bronotol uene).
Pr ep®rataianionsl 1 it 2descabé praparitiohs Of rqagentaiior Padkylayibn of

iR O e Bt ehs TPk R BBty anebads” Eor sty e
ré@Béhtfad mAee B &e(dvﬁmgbybsr&'gwrbhﬁe (E-Dkddbroluéde)my (0. 14

nmol ) were suspended in mL tetrachl oronet hane, and
by

3
Ptel‘?fala%ﬁ‘i: f’x@ﬁar@ﬂomg;lgr&nﬁﬂ&h&q Bedmes filtered, and

e sol vent  renoved e filtrate by rotary

ver o Sae R, 2 s R L pERIRNCOREDATHURLTADS,

were a & product™ extracté flor

215ay(@ #.0warsoB,@pd nad-exbbasisbtantyredrile {AIBINE 23 oig(@d# mmol) were

SEr B S Y BRRE PP 724 Rt Mproduct vas
filtered Amd FhddtephRmoved 6oz the bilcRid eronas cvpepEce Eduabm

4' - met hyl - 4- bi phenyl - carboxylic¢ acid;

aountg of Helefebuprandovrist ware added apd dha Rredye sxtrcEdalbe

bR EEL was ScpaFRbT A el RARYAoD AIC,R PR R
brostitia 2o, wandbwinkdaod stickpydipivsplidne) , and
4- (benzoyl ) benzyl broni de was prepared from

4- me#high dagozgtieanieazyl byorhite sanpiepaed frbmepancaltyl-dibighenyl-
c%%:?y@%g%iléqo‘{}gg é‘l"é_ é;%;c%(t) h}%ﬁm f)mc?envszn}/sl prgga?erg f‘%'éam methyl

4 2mEmBLDOKR QRi(SbrdinkdfrofriBe BRbodylic B by esterificati
e PR RS BPE ol et
€

1),
wish awdthianol @rbchigyotrimethysiiage), a_aldg? @)emoaiﬁh@éﬂénm@e@@é ptepared
£k 4 Riethy BRI phe S SbPHACGELLE. 2

Preparation 2: Preparation of 4-(2-methoxyphenyl)benzyl bromide.

4-bromotoluene, 171 mg (1 mmol), 2-methoxyphenylboronic acid, 152 mg
(1 mmol), palladium diacetate, 1 mg (4 pmol), N-butylammonium bromide, 322 mg
(1 mmol), and 2 M aqueous Na,CO;, 1.9 mL (3.8 mmol), were placed in a
microwaveable pressure vial and heated to 150 Cfor 5 minutes. After cooling to room
temperature, the product was poured into a separatory funnel and 30 mL each of water
and diethyl ether were added. After extraction, the layers were separated and the
aqueous layer washed with another 30 mL diethyl ether. The ether extracts were
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m crowaveabl e pressure vial and heated to 150 C for 5
m nutes. After cooling to room tenperature, the
product was poured into a separatory funnel and 30 niL
each of water and diethyl ether were added. After
extraction, the |ayers were separated and the aqueous
| ayer washed with another 30 nL diethyl ether. The

et her extracts were 20 0 conbi ned, dried over MySOH4,
and the solvent renoved by rotary evaporation under

2- - 4- hyl pi ph l,..160 81%.yi el
RSN e eSO 81 U Sph B BRTE v LN Y £ PR Aander
Rt e R o e

psediot A8%durity by etrachl oronet hane, and refl uxed
for 24 hours. The product was filtered, and the

sol v@nmethexyp4 autthylbiphdriyk 160 gt (Oaitentny]) MBS 18 mg (0.91 mmol),
e i 0 al \anounts of .di ethyl ether and water
G B o S e et £ e e SeHiGroBR GRS g or
rdfiied £172% o8R. TRIprAHh@& tvad Yiftbrehad the ddiVedf Rehoved@NEmihe
renoved. 4(2- Met hoxyphenyl)benzyl brom de, 128

I vent
fiiga,tev DA e EAPAEEON daquahamouts f digthylether apdenipr yereaddad and

P AR FRCGRE e SRR APRIRE PO B et
apd deaobent removed3 44(2-Methoxyploamgd) beniy biremide 028 ang, ovasobdined

b t%is met hod. O her benzyl brom des substituted with
m%%l? nal |y substituted phenyl, optionally substituted

X5-6 heteroaryl, . optjonally substityted benzoyl, or .
(opt i*6 anP‘}PPE%‘ED@?F‘PZtYL‘?r@B“ ,Wﬁétr%%cfffwl}léa& nyfpgronic
i§ 3R 4¥[30rfRIcERAE bRl B5R
a%?gggragions? Prégg{atﬁ%gﬁs dgscr?%gén%he %%%%gration
34 regnesinlphenyibodony acidibyahis netleslar at i on 3
Preparati on of

N- a- Qehertbehzyd bropaidesisobstivyteSwich-optiphadly yubystimetdyhenyl,
opiEHB) SR G- G Sl O SR s o

substitueddydryheteiardoskb8nylimal, rédddgibe Qtéﬁaﬂé@ hhthéhodbast these
been , degassed by bubbling argon through it. A

PEBrEEPn of 4- (brmonet hyl ) bi phenyl, 1,12 g (4.53
nmol l’ in5 nL tetrahydrofuran (THF) was added and the
sol uPreparagen p desgribesghe preparation of an S-alkylated cysteine.

Preparation 3: Preparation of N-«-(ter-butoxycarbonyl)-$-(4-biphenylylmethyl)-

L-cysteine.

N-o-(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 tetrahydrofuran (THF) was added and the solution stirred under
argon bubbling for 8 hours at room temperature. The THF was removed by rotary
evaporation under vacuum and the residue diluted with water and washed with diethyl
ether. The aqueous phase was acidified to pH 3 with 6 M aqueous HCJ, and extracted

three times with ethyl acetate. The combined organic extracts were washed with water,
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argon bubbling for 8 hours at roomtenperature. The
THE was renoved by rotary evaporation under vacuum
and the residue diluted with water and washed with

di ethyl ether. The aqueous phase was acidified to pH
3 wth 6 Maqueous HCl, and extracted three tines
wWith ethyl acetate. The conbi ned organic extracts were
washed with water, 21 0 saturated aqueous NaHCOB,
water, and brine, and then dried and concentrated to
gi ve 1.44

saurateltagugoud S{abmﬁwmwngl beng, andythenelipd gncheaneentyated togeve

14700 QA D S BN sk iyl L

wmneaﬂﬂed by t he nethod of this preparation. Synthesis
Exanpl e 1: Synthesis of

L-y- Q}th'é Bptiondty frdteotcdS alkliided Gitdivds|mdy-beytedddlyy pyepared by
D-phen ycine [jllustrating steps (al), (b), and
X ofg this preparatlon

hen cystejnyl -

m&s%lﬁf»éa Uiyn gﬂlﬂt el h %%LEE@?%EA@MWML Cystemyl
MR AR 0 1

gk L YRR tﬁﬂﬁy é?%eﬁlfy?rb.véﬂgﬁ&%?&e’ e
ymoan@ﬁdmuwas phépafectbra3seig 105 batyisnyhitwashonagammyt
ngsg ﬁ@q%w@lyaﬁ:‘: }qtéﬁe ces ﬁmﬁ’éfi PesHRIRsPHdy eact i on

I
/A il D e

aédmg 1 ﬂ%haqm@@ @6 4ﬁhmr%1@é)bmhedyiahm a@mumn&dletrcacpw under

d h
ofeni PR R S8k iR 5 S b
ed Ard e a@heoasﬂphatsb &p\iﬁtddl%d madtﬂreédo pH 23 wah
(benzylqgxycarbo

hxdrycfémw 1eB emms%y Wi syl acsats: T grepuic plaase s fded. gy
S M’gg@ fil aﬁu e vem&e%a&@d t&gsu% {\gog(beapﬁag&rb&%

i ¥50 in 5 trif cetic

La@mﬁﬁﬁ}[(ﬂbmhbmdﬁmwecww D-pheopghrine The amine-protected
Lﬂégil_r ! ed at 615(: QE AN 103G 9B hift §Tadc P €Par ative

aadma?] d{cﬁ{asyimflé&(eﬁgi DHRPYardr) ark sbiyredl at 43°Csdveinish,-and
PRI R SRk gy e S iphers et -t
Dgﬁhﬁ%%h@ The Y },sﬁéﬁ’ikdaf A bishehIF) A AIPE By RiiAlD- St} iglycine

vMsge@kdhadyﬂsﬁkﬁhbn@@x@yr|dyl)phenyl]nethyl) L-cystein
yl - D-phenyl gl yci ne, conpound SA, and L-y

gl ut éhyipoﬁads(sdefb@ﬂ@glupimmbﬂ{[ﬁ@ pyﬁdjyi-)phenyl]methyl} -L-cysteinyl-
D-phenylglycine, compound 8A, and L-y-glutamyl-S-[(4-benzoylphenyl)methyl}
L-cysteinyl-D-phenylglycine, compound 9A, were prepared by similar methods.

Other tripeptides and tetrapeptides of the first aspect of this invention,
including compounds that are mono- and diesters, may readily be prepared by similar
methods.
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L- cystei nyl - D- phenyl gl yci ne, conpound 9A, were
prepared by simlar nmethods. Qher tripeptides and
tetrapeptides of the fast aspect of this invention,

i ncl udi ng conpounds that are nono- and diesters, may
readily be prepared by simlar nethods. 22 Synthesis
Exanpl e 2: Synthesis of

L-y-gl utanyl - S-[ (4- bi phenyl yl ) net hyl } L- cyst ei nyl -

D phenyl glycine diethyl ester [illustrating steps (dl)

szntbesgq gmmh 2:Sypihasineighesiprapm)ddthbiphenylybietielhisaystengh
De@?%“gllg&glhg &eg{gg rsg% l[l%lﬁs%xtaﬁflg stepsid1)2idi@§ hydrochloride

U, S AT S R DER TRIBOL phenglyeine diethy ester,
1]34 ish:hieh Gﬁﬂo@&dalz @igds @rqiafe:dlfﬁhﬁ y-ly;ghhtamy?l - S-Efit- ‘blphgn)lflyl)methyl]-
t t
BN B Tet; 10 o byEsie b atgn R Hree Be. v
cﬁmcﬁhm %%1 sifing T TJS}PghkaM{lQﬂ 1¢d- Biﬂﬁleﬂylyl)methyl]-L o tem

w}%&mm@g@m tery écgcryt%aésjs%% Visen hoak Bertl ﬁmicy'sglﬁqamyl

STECBERORAGETepreivi pheplebirins it erss yosisokyed ks
h&dro&ﬂ@ﬁkﬁlsyil 1t,|g| yci ne di et hyI ester, conpound 8B, and
L-y-gl utany

S [(thﬁiééﬁd@ sable Byil-) d}l)? %E4@pyxﬁynphmgﬂm&ﬁgh}llgéy¥t@in@1

e dlethyl , conpoun wer e, prepar ed
E‘H@JLCSWG%?&}PO%@ %Bsandﬂarsku@m rly diesters,

S g B 8 ety
wererprapsedsbEsumiipd metB%dsS%Duhdnestels, px{ttrllcdarly dlesterst gf the compounds
ot ey R eniratn FRuEeiy Doy ebreb b7 Ty s one

IO RO e By é”hep AR Seteinyt
Dgézélraﬁasrlgwme NBuRGtiAs &t@ps](gJ)“'%)) %b?eg , addi ng

I orotri‘net hyl si | ane equi val ents), and

heat pn@,ddie 1;;&,%&@%% und‘;ﬁ}é%léi@@fﬂrﬁc Bhexyicatd b6 mg

conponent s %%e renove acuum an the resi due

(3t swwilly by susperetingythe acd imteml epeohk dddmg thlomptrroerbylsilane,
21%? ;fg@ ee@yvgl%x\#s)? %& ?lgg th&:n dr : t%% SM%_UIS The volatile
c6 I%Wér@ kenedvad uﬁ&éi'yvbcuiﬁﬁ aid tihS re%idu@ ldisyolﬁal ih@thyMcetate,
e el ) s
e%%&@%fﬂe%%&ﬂﬁy@%@ﬁﬂ@&f h @i solid.

N-a-(tert-butoxycarbonyl)-S- (4-biphenylylmethyl)-1L-cysteine, 588 mg
(1.9 mmol), was dissolved in 5 mL dimethylformamide (DMF), and O-benzotriazole-
N,N,N',N “tetramethyluronium hexafluorophosphate (HBTU), 860 mg (1.2 equiv.),
and di(isopropyl)ethylamine, 990 L (3 equiv.), were added. After 3 minutes,
D-Cyclohexylglycine ethyl ester, 360 mg (1 equiv.), dissolved in 4 mL DMF, was added,
and the mixture stirred at room temperature for 2 hours, then the crude
N-a-(tert-butoxycarbonyl)-S-(4-biphenylylmethyl)-L-cysteinyl-D-cyclohexylglycine ethyl

23 °°




N, N, N , N -tetranet hyl uroni um hexaf | uor ophosphat e
(HBTI.9, 860 ng (1.2 equiv), and

di (i sopropyl)ethylanune, 990 aL (3 equiv.), were
added. After 3 minutes, D cyclohexylglycine ethyl
ester, 360 mg (1 equiv.), dissolved in 4 nL DVMF, was
added, and the mxture stirred at roomtenperature
for 2 hours, then the crude

N- a- (t ent - but oxycar bonyl ) - S- (4- blphenylylnethyl) L-cys
teinyl - 5? cycl ohexyl gl yci ne ethyl ester isol ated.

eqtﬁ@ﬂ@iats pthecfipapiide Apsdistolied in 10 mb %Qfl/o Wdlchloromethane,
ﬁxgéfd% ﬁgrln% H&% 2"&8% Eﬁ {HeggucPetprB&{f&at eg{ég%&%ﬂ{&x‘?al of

ours, ent ecruepro uct "1 so

voltiley atideofacuuol. Zhe tede S{(ﬁ«blphea)d)dmmh?i}é aysteidel-

e RO Ay bl R ey By ek P Y

f@khepydeessed.Ur t her processed.

N a- (w but oxycar bonyn-4"-tert- butyl L-y-gl utam ne was
di SS‘NIM Gerd Bl W@aa@;@ gh%niﬂgv&s’ld&o%wlﬂzm
ui v wer e

d di 1) et hyl
T e %B%Tema@(mopmpynethyhmme, 330 L (5 equiv)

| | gl yci ne
w%re(afhl'dg% ?ggeg ég{épﬂ% %‘61) 51‘@%%}4%1{%1&) CL)écl":ss vgdgl ¥ I2
DﬁmeNMm&@ﬁnmaﬂ@@ﬁomﬁﬁﬂ:Q@Bﬂ@(&i&ﬁfﬂﬁﬁdﬁﬁﬁ&daﬁZmﬂDﬁWdF‘wu
%i%per ure for .2 $ours. The nixtgyg oured into
¢ BEYFare SHITEY 3t rgemyemperatuzs, Hm%‘t“ﬁwas
pé&%& & 0 fﬁh% Slotefid ac daéﬁﬁf eﬁéﬁ&e&%ﬁ%ﬁmﬂ Qdé{até TS

bri ne, r|e over I\/Ltqh , and the vol ati’l es evapora ed
layey wpis\weashedforpu tlmes with brine, dried over MgSO4, and the volatiles evaporated

R e e S R S v
ﬁ é?/mﬂmhf);c%oﬁbmt &ymgg ﬁlagﬁg?? refrue;ﬁgm a‘g&rdﬂg(r)rwﬁggefﬁlplo rg{ﬁ ;gl‘?
NS A A R R A Bim
w@i%QeﬁlB%cpﬁrﬂgichuﬂHraha RO rBduct PUBASELPRASSR pHRLCHPLO then
e Iy slumrair§+(4 SiphanylpedniHLydysteinplyd-yydloheydglating ompeynd
l%ggsr oc or| d saﬁ%@ﬂ%?gﬁé&% i sol ated as the
R b e B P I

dhsodnddn Achds@réheedSalch Gchidridlels@lf by®tifalek mediydt hesi s
CEI{QgOrrpI em} S)C?rﬁt%esm oefb%firy gl ut asmylﬁ% ({ e

thtlﬁés% “FaahpRet: Bt és%‘df‘i)y(-g peet hyl ] phenyl }

hyl)-L-cystein I(azjlycm y[blllustratlng
S{{@KX @fg))qoethoxylrmno)g(phenyl) )X]p yl} methyl)-L-cysteiny}
D-phenylglycine [illustrating step (c)].

L-y-Glutamyl-§-({4-[(2-aminoethoxyimino)(phenyl)methylJphenyl} methyl)-
L-cysteinyl-D-phenylglycine, compound 10A, was prepared by treating L-y-glutamyl-
S-[(4-benzoylphenyl)methyl}-1-cysteinyl-D-phenylglycine, 108 mg (0.18 mmol), with
O-(2-aminoethyl)hydroxylamine dihydrochloride, 26 mg (0.18 mmol), in 5 mL water,
5 mL THF, and 10 mL 0.5 M sodium phosphate at pH 4.5. The mixture was heated at
50°C overnight, and the product purified by HPLC with hydrochloric acid buffers,
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L-y-d utanyl -S-({ 4-[(2-am noet hoxyi m no)

(phenyl ) et hyl ] phenyl } net hyl) -

L- cystei nyl - D- phenyl gl yci ne, conpound 10A, was
prepared bytreating L-y-glutanyl -

S-[ (4- benzoyl phenyl ) net hyl ] - L- cyst ei nyl - D- phenyl gl yci n
e, 108 ng (0.18 nmmol ), with

0(2-am noet hyl ) hydr oxyl am ne di hydrochl ori de, 26 ng
(0.18 mmol ), in nm. water, 5 nL THF, and 10 nL 0.5 M
.sodi um phosphate t _pH 4.5. The m xture was heated at
iSOG JRATAX-JR LTS &b of Hhe TP SWIRerS (BLishE oxERE lﬁgrowlef Wi th

A S s o o) G B R M IO PRSI it
Dcphenglglmacryﬂ thehydrachl¢rideasaitnoet hoxyi mi no) ( phenyl ) rret hyl
] phenyl} nethyl)-L-cysteinyl- D phenylglycine as the

hy dr eehGhidnod Ss(@d-{(2- anhnqetlﬁxgdmmy) lféﬂyllr{lethyl]phenyl} methyl)-

LT PR DR E TR e I i evipre Lty the same

nfeEiBROEHEng 28n IWASuRLSPS] @hedYoyifIRnpRARhy PEERRGy-

st artlng rom

Dtphenglelyeaagicthsl qsten.-alsergrang precpymomret h)I] L- cyst ei nyl -

D- phenyl gl yci ne di et hyl estgr al so giving two

i somBepresdReive sempairidy dmrfpﬁmpt’stgff heveftipms are gisjen o

Toblegi) % invention are given in Table 1 below Table
d conmpounds of the first aspect of this

knxegéﬁgblmfﬁ)mmuﬂ%&gw bsphit of R igfipopy . )

TLK137 / \ # ci O\~COOH ]

f 2
HzN/\/\”/ \/lJ\H COOH
o)

hs
A
Compound | A Maciy | MS@/2)
TLK117 @ #LQ
TLK137 @ #\—QCI
1A acz # 549 550 (M-+H)
#
2A @ 549 548 (ML)
h )
NC
3A @ # 574 575 (M+H)
/
aA @ " . O. 579 580 (M+H)
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| A 549 550 (M+"
(M 0 4A/ \ |

2A 549 548 (M "

NC 3A/ \ # 574 575
# 579 580 (M+rIM\-~ 25 Conmpound X A

Exact M5 (mz) No. Mass (M CF3 5A 617 618 (M+H) 6A
593 592 (M H 7A 574 575 (MtH) 8A 550 549 (M H) 9A
\ 577 578 (M+" by. 10A/ \ ~ 1 ~ 635 636 (M+H)
N,O-,,i NH 11A 583 585 (M+2) 12A O# \ / \ /| 555 554
(MH # denotes the point of attachnment of Ato the
cysteine sulfur of the rest of the conmpound The
diethyl esters 1B t 12B of conpounds 1A to 12A were
pCopgpoathdby one,of |t he met Qods di sicusErattabgv
exceNb. t hat coﬁf)ound 9B was™'not pr epavisg;(MInC eMS(m/Z)
anatyzed—by mass—spegctronetTy; V\Iic;II each—conpound
giving a mass peak (|M z) corresghdi ng to its mass,
typi gal | yMFH@h.,.pC&M ti on, @r M |wighh e
negative i oni ion.| 26 o d 10A and its di ét h)I/_P
ester WE are isolategd as the dihydrlochl oride
#
6A ax S W I 592 (V-H)
#
7A @ AT 575 (M+H)
# N=
8A @ \ 550 549 (M-H)
#
9A @ 577 578 (M+H)
I _
#
10A @ O | O 635 636 (M+H)
N\o/\/NH
v # '
m | O 5| 55002
#
a | O w | s

# denotes the point of attachment of A to the cysteine sulfur of the rest of the

compound

The diethyl esters 1B to 12B of compounds 1A to 12A were prepared by one of

the methods discussed above, except that compound 9B was not prepared; and

analyzed by mass spectrometry, with each compound giving a mass peak (M/z)

corresponding to its mass, typically M+H with positive ionization, or M-H with

negative ionization.
26 °




salts, and exist as two isoners at the oxinme nitrogen.
The i sonmers have been separated. O her conpounds of
this invention maybe simlarly prepared, using nethods

well known to a person of ordinary skill in the art
having regard to that skill and this disclosure. In
zitro assay exanples. These exanples illustrate the

ef fects of conmpounds of this invention (and one or
ot her of the conparator conmpounds TLK1 17 and TLK199,

and TLK137) predictive in zitw assays comi na t
hurrar{b@pund QA amd its) diethydcpston 10B ar%@ilngdﬁéghe ééﬁ

lbi/rialf%é JES OSCI ences, % ’%%rgeﬁgf%go %B%?regf Skparated.
U, bR RS B0kl 51 P e aitd, B {5,

w@arknbwﬁ € & Persdzbdfi drdmaﬂyalullu&}ﬁ art HaRagesgaai mhausgﬁltaﬁd thls
affinity purified goat anti-rabbit 1gG anti body was
déb‘%‘irﬁed from Rockl and | nmunochemnicals, Inc.,
Gl bertsville, Pennsylvania, U S A The human cancer
ey aspayreeapples 0 (promyel oi d nyel ocytic | eukem a) was
obtai ned fromthe National Cancer Institute,

Bet hdbese examplps dstrate sba efbenis oh@wpaveds efrhisirventier (nd oge

oD AT T R KR

pféelﬁdtﬁebﬁxm@ksaysl\/l assay kit was obtained from Pr onega
Cor porati on, Mdison, Wsconsin, U S A, and was used

I n aReesHbin&e hohiah Gsrmmﬂ AK1-Ured Mi-diisoesiyn@8snd rabbit

ps op ryt r' 40 63 ﬁb%@v?egé%%%%gﬁm%ﬁpﬁ@%%ﬁ Hgesan

r@%&)?;sm ,Q{? &%ﬁge% RSBt nan GBI &%@d was obtained
ifornia S. A MethoCul'trM M3234 neth %’u | ose

_fmuwmb(raniebffmtmmm@s Bndi, (CarptinGeiMCal a,ew;@m ed
rRbeD S e e el SN o
fffngk&mnmmm&?am Eﬂlﬁ,@lgfeﬁﬁmﬁa eaf@tewvarﬁ@ dﬁlml%l/’(ﬁbd Bsman
nc ancouve na an ut e %
C%@wﬂl\cﬁer Fllr o lpromtsian mvalorpinfe ‘i‘ﬁ'“ii‘& %&‘N&%‘? {iprrihe he
I\{ZBEH{) 1 @Gh&H Bl n?uufj 'Bre%%]daoﬂ'ﬁ ryland@ISL A VHPNATP4® rledium and

Ition O ut at hi one "S-t r ansferase | SOENZYNES.
Isthvess Miodifipd Eulbelc¢quedntms(IMEé/l)eW¢re obtamfed cfmpblmdsemﬂnc "

C%rrisbad Balik M bﬂlts.%%h%f&h'?%er%l% sa}%ﬁ? ws SB@nsd 'S'(r)r%sfﬁromega
Corporation, Madison, Wisconsin, U.S.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 L-glutamine)
was obtained from StemCell Technologies, Inc., Vancouver, Canada, and was diluted

(to 1% methylcellulose concentration) in accordance with the manufacturer’s directions.

In utro Example 1. Inhibition of glutathione S-transferase isoenzymes. This example

illustrates the effect of compounds of this as inhibitors of the glutathione $-transferase
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i soenzynes GSTP1-1, Al-1, and ML-1, inzitm Inhibition
of GST P1-1 is considered predictive of efficacy in
the therapeutic methods of the third aspect of this

i nvention, because TLK199 (the diethyl ester of

Tl -. K117 tested in these assays) has shown

myel ostinmul ant activity in humans and
chenopotentiation activity in an ani mal nodel.

Reconbi nant human GST P1-1, Al -1, and ML-1 i soenzynes
were used at final concentration ? 02, 0.011,

i9enos®s (i | BY- WAL Laadddt-laapgo ﬁlptlo SR hﬁﬁ@ﬁ%‘gﬁfed

SLUSREITERS Y b SRR Ly Bk 1 s o i vcnion
bg&mnteamm(tlﬁdﬁéi}lylmr ni' LK &1 7peibio thest apnam; hsq shoiwm

f 10 P4/ K2HPO4, 0. 1 .mM EDTA
e %agwu%gtt aglrllyl % Célﬁglpg(atelatéatlgn f%ww aré?rgtglﬁf)model.

P b O TR a0 eSS e
cbfcehSHctRIE 01D C%lq mm@ Rl /AL, (b Pe@RBlyEY Bniftisithd Ahount

concentration of for the isoenzyme béing

ob vrdyatthat)will m;ugaeest um@h@fohﬂd@ro ,ﬁd@@mbgnze@@ Do 1A

Rty a4 eg&x&g BTy per (100 m

KHPQYPKHPE,, CanabEDAW, pH 6.Hin de&?j .53t waf Brepared as a 100 mM
centrat I OonNs ove nge Wi, t m oi.nt. near, ex
sv%yo UYEQS} TG, ﬁ@s‘é@ He 108 Eﬁ Jutien Bfghaas aﬂéﬁ%}h

v &ﬂltécpm“h% VIRBRE W e a bﬁﬁgggétél%@ﬂ&én@{tfoﬁr(té N8ieqdgihdlon
o CDNB sol ution to the enzyme/ conpound/ GSH

c6aderitrion oftZ&&Knd&sﬁe Baacsmetbedd @valnated) Hs eacompednds

( e Earaonnd i A s K P g Aimatve dgpaf i ovie

OVBO)a -ahd dﬁ&k@d GRR Dmobcbtd@e" [ oo riat/e' doymaﬁma@ﬁ For thogsRAUNd

'culated fromthe sl of the absorbance/tine
(8: mmem:mapns breervangk ot midpeioerrar expieoied 164). Fesgach assa% the test

N

meeh&aﬁ taothe Iiﬁabxlﬂiyﬁieﬂﬁ?in;aiuna?/GSHeshiubﬁ thé abbsoemace at 340
assays are given ipn Table 2 bel ow itro

ngy, Wt 1§5qrded gpqtlﬁuw[}éer Blp g0 apRE ;P%tf‘ereﬁ ﬁ@@a&ﬁ%
Dd¥Re& YhO I Sh aIeéCale)m?aom zdﬁieqf}ST Hih?mﬂo@"&ﬁ(&tﬁéf each

agal nst the human em a cel |ne In zitm

comlglemwlal welshbedfonethestopesiof the gwmme ipimet quigves gt the garious
150 L RP Q,
S o s S o S B BB S

DMS@Q@h&dl, @ith eGinahDMS@ t@ﬁ&ﬁﬁm Iﬁzﬁﬁtaﬁ;e& at 9% Resulishef these

test conpoun (diethyl esters, conmpounds 1B to 12B
aFAG aﬁ_fﬂ@g’flu%gﬁez Rele¥eoi ved and

In utro Example 2. Cytotoxicity in HL-60 cells. This example illustrates the cytotoxicity

of compounds of this invention against the HL-60 human leukemia cell line 2 wtro.

Log-phase cells were seeded in 96-well plates at 1500 cells/well in 150 L
RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) and 1%
L-glutamine, and incubated at 37°C under ait/5% CO, for 4-5 hours. The test
compounds (diethyl esters, compounds 1B to 12B and TLK199) were dissolved and
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28 0 serially diluted in DMSO (8 concentrations over
range with m dpoint near expected CC50). After a
further 1:50 dilution in the supplenented RPM 1640
medium 50 L of the diluted conpounds were added to
achieve a final DMSO concentration of 0.5% The cells
were then incubated for 72 hours (approximately three
doubling tinmes). The «cells were then harvested by
centrifugation (1200 rpmfor 5 mn at 20C), and 100 L

of the culture supernatant was renoved and.replaced b
riadly dlred dPNISE Sfconeratratmans| over BAgEIVHR Fé&@é’ﬁt@eaf,@?(?%cﬁe‘y

s¢
ocubat | 0t e
TR AU Sp OB 01
theudilurineterounds wére tddedro ntteeveaffinal DYSER torwentpgion@f 0.5%.

e P cusrtten opHEq I4F P PO PHBH P DR CENRBEaBRTbTe
cEIRRYrOthen TRedld bk @éﬁﬂﬁf@%ﬁtﬂ)ﬁt(izm rbidbr § ais 22050faad 008 L

i nhi bition) was cal cul ated fromthe
of theiwlsesnpanaancea reraevedingd snksed Redigiseme gplupgiof the

GRERICR Eahe! Bed Ak BARLE £ 10GhiAMs LiToSiliEilpEntiafiPhh 3-
G T IROpT ec) pi LAt on Assay. This exanpre
cohdtais migihg shé plete vas netlivaited luefiiedte, with denpobedsf fe cells

this inventjon,in causing GSTr | nopr eci pi,t atj.on.. ;.
by DEoRoKINel © thy bseanaiiurnestrrge-Jil Fivy BemoRgqid B rplicate
well€ with TONBORVefit (BRiIBR Uhe @Qﬁ@@n&ﬁiﬂtﬂm&ﬁﬁ%ﬁse@ﬁo% Bigwih

i nvention, because TLK199 (the diethyl , ester of

inthilquiary) was seledated, ﬁpggt?hg haggwggce cegititipn curve. Results of this
SR A T30 Y 11 humans  and
Chenop

téentiation activity in an animal nodel. HL60

cells we ad _at X: 5 cel | ' 0O:
ik s, SR e hoBrelinh e Riahe T el e the.
bedfiaial effectMf gbthbanmdief aliisl in2Ontod igemisagy@GSTr in  a T75

flask and, cul tured overnight.jn 5% a sphere at
ImMEnomEEPEAIONs Lhgss Eesultsaze fongl e@wr@?c%& Y BEEM of

tﬁé?%ehﬁé ne@RAPORE aﬁﬁcﬁz{sﬁw YF (S 6ertion IRERRE TUK 199 Bhb Giethyl
12B and TLK199) 1n culture nmedium containing 0.1% DVSO

efter of Tl sestedFiplthesniassgys) hes shownmmelestimulaet astyifysinspmans
[l ect . .rd fugati hed tw ith
SR SRRl ER AR s AR T el | ot < wer e
d in 1 | ysi §~buf.f . (50 ' H8.0,
120 HRa: e SR cho el Fhi i 2 gl KENI R0 Rl

spHlGRentdd Witle 88 fanlb iR SERm, 35eM ghithdink ahd 2 RvCi@tamycin in
nostics, Indianapolis, |Indiana, US, A.()e had,_been

a dita dlslersidobused eyeraiEht iniSh S&betmaspherege i e Theicely Mok
tleS¥ed Rh8. 135 TS Glor ﬂé:pM of the test compounds (diethyl esters, compounds
1B to 12B and TLK199) in culture medium containing 0.1% DMSO for 2 hours.
Following the treatment, the cells were collected by centrifugation and washed twice
with phosphate-buffered saline. The cell pellets were resuspended in 1 mL lysis buffer
(50 mM Tris, pH 8.0, 120 mM NadCl, 0.5% NP-40 surfactant, 100 mM NaF; to which
protease and phosphatase inhibitors (Roche Diagnostics, Indianapolis, Indiana, US.A.)

had been added before use) and incubated with gentle agitation for 30 minutes at 4°C.
The cell lysates were cleared by centrifugation at 13,000 rpm for 10 minutes to remove

cell debris. For immunoprecipitation, 2.1 pg of mouse monoclonal anti-human GST=
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The cell lysates were cleared by centrifugation at
13,000 rpmfor 10 mnutes to renove cell debris. For
i mrunoprecipitation, 2.1 pg of nobuse nonocl ona
anti-human GSTnt 29 0 anti body was added to 500 p.L
cell lysate of 1 ng/nL total protein. Follow ng
overni ght incubation at 4C 30 p.L of Protein A/ G
agarose beads (Pierce, Rockford, |[IL) were added to
the m xture and |ncubated for 1 hour at 4C The beads

were then_ _coll ected b érlf gation, washed three
apiibasy was addeslite 589 ¢k eell mo Iﬁéﬁ%@ orpiein follpwing

??1%1\%5? f&!&ga@lg&g ‘be gm%ggf&%mw d Qéa?osg%@%s ?Pl@fé@ fieSckford,

orni a

Hs)m:xe adkmu teahep:lna:smncénhebuteﬁfoaﬂ heBCIMSE. Bherheada were dreah

ool Boeaiian yerted 8y iyt Ofyfrdfbenddt n

184 n&%&@muﬁmddé@@ Yulfa@d dagipecbutfel RRYiero@&H) Carlsbad,

conjugated affinity purified goat anti-rabbit |19G
GahtormadyS-AdsThe SUéPQﬂdéd sampplagwergdeaed atdRSE fordymmyteg and

4?@%1%@[55 gﬂ&@%gfm%@ @oxggxg%‘;fmsgrﬁ gro%ﬁﬁﬁre@ﬁg

nﬁmmqm@mkymkmnﬂhuamndﬁﬁbummbbdpﬁdkmwdby@ﬁiﬁm&ﬁ@ao&ﬂgﬂ@d

t d d
iy eithodFRLRET T e PRt SSIr e ERORACy fers aspaios
aR& ba meﬁQ{leuanufﬁaBrﬂ O8REZNARark dabihdrl (DPCHy Liticole] Mebraska,

conpounds .this invention, gnd HL-60 cytotqQxicity
lé 9TiaCAPIPGHNG FreimBRiYas cegpafed to 1ts

4.

[
%85‘”9%‘3%%% Qbihrolfil SRR i pecenb i YRS reslts are
sh@WnﬁﬁFqbdnmblelﬁt).r GST PL.1 GST Al-1 GST M1 HL-60
GSTrt  Conpound inhibition, [ICS, nMIC50, IMICso+ M
Tible 2. ST il'bdﬁiﬂﬂle #Hhsbitloh bpdidad 86mp d'dddiBﬁ’t}EsZnﬂ@ltﬁn,Smﬂ(HL 60
NM 1 7.1.2 7 4.1 14 212083.%7.9333
6C}Igtoggltygpd4G TBH&THHHQPI’QCIINMUOH of diethyl éster compounds of thls

invention (* triethyl ester, including esterification at the biphenyl carboxylate, for

£

compound 6).

GSTn
comont]| 171 | 51| e [ s [0,
TLK117 409 17 70 16 90
TLK137 52 10 6.5 10 NM
1 7 1.2 77 4.1 14
2 12 0.8 6.2 79 93
3 0.7 26 12 89
4 4 0.5 14 9.8 NM
5 3 1.1 3.6 4.4 NM
6 12 39 15 45% NM
7 19 1.0 2.2
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531.13.644NM 6 12 3.9 15 4.5*
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an
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QwW1we

crormrrrattd

nt abMvi t|y

IS Lo r

hac
nmasS

ase 6l

C, under

celTs (Cx£§uggr %ﬁ?

air/ 5%
di um u

S |
noggl:sﬁulrendﬂghﬁk Q?H] e supp ment ed
RPM 3
test 6 ApethiarraBat i it A AR EnfiniBloblE
GSAMREN{IGY K20 nM, wathkerdlihaviagICs < eM))aid/ estad sdlgctive for
GST P1-1 over GST A1-1 and GST Mi1-1, the two other human GST isoenzymes. The
diethyl esters all show good cytotoxicity in HL-60 cells, and many show significant

inhibition of GSTr as measured in the immunoprecipitation 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 the compounds of this invention in stimulating differentiation of the HL-60
human leukemia cell line #2 tro. These results are considered predictive of efficacy in
human myelostimulation, because TLK 199, which enhances differentiation in this
assay, has shown myelostimulant activity in humans. Log-phase cells (1 x 10° cells/mL)
were incubated at 37°C under air/5% CO, for 24 hours in 2 mL of the supplemented
RPMI 1640 medium used in / utro Example 2 and the test compounds dissolved in
DMSO, with a final DMSO concentration of 0.1%. The cells were harvested by
centrifugation (1250 rpm for 5 min at 20°C) and washed with 2 mL ice-cold phosphate-
buffered saline (PBS) containing 2% FBS, then stained with 10 uL phycoerythrin- A
conjugated anti-CD11b antibody or 10 uL phycoerythrin-conjugated isotype control
antibody. After standing for 30 min on ice, the cells were re-suspended in 2 mL ice-cold

PBS containing 2% FBS. The cells were harvested by centrifugation (1250 rpm for
31°



centrifugation (1250 rpmfor 5 mn at 20C) and washed
wth 2 nL ice-cold phosphate- buffered saline (PBS)
contai ning 2% FBS, then stained with 10 L
phycoerythrin- conjugated anti-CDl1lb anti body or 10 L
phycoeryt hrin-conjugated isotype control antbody.
After standing for 30 mn on ice, the cells were
re-suspended in 2 nL ice-cold PBS containing 2% FBS.
The cells were harvested by centrifugation (1250 rpm
for 31 05 mn at 200C) and_resuspended in 0.4 nL PBS
5q0inea?dfG andsswpsnderiie 0dpak PBS coreming 29 FP§c bhe specitic cell

exnr. ' b

SR S5 8nl SO0 pRBPI Sl oyt A8, Pl ercred
bl ACSCatontwty waing laFAKTS CaBiurBnalgaer §BI0 dB)scientds). Adlsasaps weree
conduct.ed.in tri.plicate, w DMSO cont.rol . .The extent
coptra Pt TBRDIBO il dree et EieE 6 ¢ ne
eprBR8d o 4 RkbRS faPRbimthe DRSO cahtrslf Sevbial sfakié feted
compounds. enhanced the differentiation of HL-60 cells.

cpmpennds eskanced thediffesertiappe ok HE (kg similarity of
t hese conpounds to TLK199, the conpounds, especiall ¥{
as t Feorditlesse esults andahestptirdgimibarigeef these cappaundsap 1K 199,

to: otenti at.e;the cyt ot oxic. ef S . )

e omPRRRa e Y AaEHER S S EE I ot thergoguicallyso;
pbieafidte Ehet Gtormtic éffacts of chemibthepbltiz, ageiteiratimor bells, selectively
production of GM progenitors I n bone rrow,. .

eXarT FHMETIENY REUEIPY GeUh IS CRoRToBNRB ot GRLPFRBRRSF i bpee

S wWIVEhQS IR §ffetetBatiod df 86hS mfrowNRIBLR G hARGLIbIPpressive
agents, and nodul ate hemat opoi esi s i n~bone narrow.

effeqtsrof chemotheBpantyd agenttivind modulgs¢ kerpdtppeiesisan bene plarraBl e
formul ations for the conpounds of this invention,

Feapelaticd Eyaniple Thiseshmpls.illudtrstes sutable formukitionn fdrahe or al

adm ni strat.ion i s preparged by. conbining the

cppP ﬁéﬁ%@ﬂdesﬁg%&%%&“ﬁgnesi um stearate 0.5%
ww Starch 2.0% w w r.oxypropyl nmet hyl cel | ul ose

1. 0% ?W%E’Pye'f%f? s iR REbered i hRReS he

o€ is conpressed to formtablets or filled into

f ng:
ﬁﬂard gel atin capsul es containing, for exanple, 250 ny
(oinpokad conpound.  Tabl et s 2880e/ woat ed, if desired,

Magnesium stearate 0.5% w/w
Starch 2.0% w/w
Hydroxypropylmethylcellulose 1.0% w/w
Microcrystalline cellulose 71.5% w/w

and the mixture is compressed to form tablets or filled into hard gelatin capsules
containing, for example, 250 mg of the compound. Tablets may be coated, if desired,
by applying a suspension of a film-forming agent (for example,
hydroxypropylmethylcellulose), pigment (for example, titanium dioxide), and plasticizer
(for example, diethyl phthalate), and drying the film by evaporation of the solvent.

A formulation for IV administration is prepared by dissolving the compound,
for example as a pharmaceutically acceptable salt, to a concentration of 1% w/v in

phosphate-buffered saline; and the solution is sterilized, for example by sterile filtration,
32°



by applying a suspension of a filmform ng agent (for
exanpl e, hydroxypropyl net hyl cel | ul ose), pignent (for
exanpl e, titaniumdioxide), and plasticizer (for
exanpl e, diethyl phthalate), and drying the film by
evaporation of the solvent. A formulation for 1V
admnistration is prepared by dissolving the conpound,
for exanple as a pharnmaceutically acceptable salt, to
a concentration of 1% wv in phosphate-buffered
saline; and the solution is sterilized, r exanp
and sepledd &n el eontaingrs copaiping,fr exmnle 2 ﬁ%mgtog |3|CP’é1P0uﬂ‘f of this
Sotgl ners containing, for exanple, 250 ng of a
conpound of this invention. Alternatlvely a
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W claim 1. A conpound of the formula 0 x WNvyl
HCOOH S boo z where: nisOorl; Wis L-y-glutanyl or
L-y-glutanylglycyl; Xis optionally substituted -5-6
cycl oal kyl, optionally substituted -5 6
het er ocycl oal kyl, optionally substituted phenyl, or
optionally substituted q.6 heteroaryl; Y is =0,
=N-OFl, or =N-Q(optionally substituted Cl1_3 al kyl);
and Z is optionally substituted phenyl or optionally
substituted CS6 heteroaryl; or its O _lo alkyl,
vE(gen,yl-c.l_S al kyl, or ((5-6 heteroary4)-Q 3 allryl

‘or di-ester, or a salt of the conpound or its
nono- or di-ester. 2. The compound of claim1l where n
lis 0A cauponnd oftreformdaof claim 1 where nis 1. 4. The
conpoyndyof claim3 where Y is =0. 5. The conpound of
anyon % claims 1 to 4 where Wis L-y-glutanyl. 6.
wrﬁe € oI OLAOYHOF anyone of clains 1 to 5 where Xis
cyclopentyl, cyclohexyl, thienyl, furyl., pyridinyl,
or op ionaIIy substituted phenyl . 7. The conpound of
6 where X is cyclohexyl. 34 0 8. The conpound
NN 6 where Xis phenyl, optionally substituted
or 2 fluoro, chloro, nethyl, hydroxy, nethoxy,
"‘ﬂoronethyl groups. 9. The conpound of claim8
wher ezt he" phenyl is unsubstituted. 10. The conpound of
claim8 where the phenyl is substituted and one of the

f¥stituents is in the 4-position.

nisOorl;

W is L-y-glutamyl or L-y-glutamylglycyl;

X is optionally substituted C; ; cycloalkyl, optionally substituted G , heterocycloalkyl,
optionally substituted phenyl, or optionally substituted C; ; heteroaryl;

Y is =0, =N-OH, or =N-O(optionally substituted C,; alkyl); and

Z is optionally substituted phenyl or optionally substituted C; ; heteroaryl;

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.

2. The compound of claim 1 where n 1s 0.

3. The compound of claim 1 where n is 1.

4. The compound of claim 3 where Y 1s =O.

5. 'The compound of any one of claims 1 to 4 where W is L-y-glutamyl.

6. The compound of any one of claims 1 to 5 where X is cyclopentyl, cyclohexyl,
thienyl, furyl, pyridinyl, or optionally substituted phenyl.

7. The compound of claim 6 where X is cyclohexyl.
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11. The conmpound of claim 10 where there is only one
substituent. 12. The conpound of anyone of clains 1 to
11 where the -(C=Y), Z substitution is on the 2- or
4-position of the phenyl group. 13. The conpound of
claim12 where the -(C=Y), Z substitution is on the 2-
position of the phenyl group. 14. The conpound of
claim12 where the -(C=Y), Z substitution is on the 4-
position of the phenyl group. 15. The conpound of

claim14 where Z is phenyl optl al ly I.tuted
3W| t h TTﬂcg@peun%ﬁ e b When &, is |0Pt1 Bi)ytltu??éﬂﬁ%k&/oﬂ

% 8§Eq$%&m%¥§ﬂm£§£aC| , or a s t tﬂgrggf

17 The conpound of any one of clains 1 to 15 that is
9a di ddeepmpoundiofsdim & Wearette phenyd is ufsebstibngbund of

claim17 that is a C1_6 al kyl or benzyl diester, or a

aIt her eof . u t
B SR ORI P o 2
sd@ﬁﬁ&hﬁdsﬁﬁh@h@bﬁm&a that is a diethyl ester, or a
salt thereof. 21. The conpound of claim!i that is

117 b6 CampPunsl of kit 19dgn Yo ey Ppe byimeRtny

D- phenyl gl yci ne,
1k- Y- gtheicampbuariet bf(adyldhe BEEMing [1)c58 T RiHete the Y&T-Y)nY substidfiion

_nyl gl yci ne,
181_013/ Rutos frypasision(of theghenylgranmoheny | yl ) met hyl } L- cyst ei n
- D-phenyl gl ycine, 35 0

}’r %gfﬁ Fﬁ&ﬁ&m@%%@hwlﬁ SRk iMidris OHTheED NY

Cl ne
pbs;lyelgbﬂnﬂlaphényisgx[o@ﬁ -(trifluoronethyl)-4-biphenylyl) et
hyl }L cyst ein)l-D phenyl gI yci ne,

tho Y- IT%mr% (%)f(cialmcla Tﬁ? I—E&]-—@WJZI bSEREEN is on the 4-

-L- c)
pbmﬁo@bﬂ&@FMbnﬁgkﬁﬁ -cyano 4b|phenylynnethyI}L cystei ny
| - D- phenyl gl yci ne, LyqutarryI-S— {

%4 ( thg%cr)rlnggurch) ct}e cli]ayun 1Tswhe2'e| i is phe}/l tgfgtl%%ally sugs%rl]t\éd %11:}-/1CI
ﬂhoﬁb Qllxléhtoa!?%ho Sn& f‘l R%%&yﬁ@dhsﬁy BPBifhkdrhethplst emAD- phen

utanyl - S-
2- am noethox i m no hen nmet hyl ] pheny
1ﬁ:eE g;’ﬂh; compwdey nxyiyong)) i ?/gng tl%/?él 7 c1d }orasalt thereof.
L-y-gl utanyl - S-[ (4- bi phenyl yl ) net hyl } L- cystei nyl - D (4c

| or laims {1 to 1 di alt thereof.
1y e BN gr e Rt B o b
ohexyl gl yui ne,
The compound of claim 17 that is a C, alkyl or benzyl diester, or a salt thereof.

19.  The compound of claim 18 that is a C,; alkyl diester, or a salt thereof.
20.  'The compound of claim 19 that is a diethyl ester, or a salt thereof.

21.  The compound of claim 1 that is selected from:

L-y-glutamyl-S-[(4-biphenylyl) methyl} L- cysteinyl- D-phenylglycine,

L-y-glutamyl-S-[(2-biphenylyl) methyl} L - cysteinyl- D-phenylglycine,

L-y-glutamyl-S-[(2*-cyano-4-biphenylyl)methyl}-1-cysteinyl-D-phenylglycine,
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and their diethyl esters, and the salts of the
conpounds and their diethyl esters. 22. A
pharmaceuti cal conposition conprising a conpound of
any one of clainms 1 to 21. 23. The pharmaceutica
conposition of claim22 further conprising an
excipient. 24. The use of a conpound of anyone of
clains 1 to 21 in the manufacture of a mnedicanent for
one or nore of. potentiating the cytotoxic effects of
chenot herapeutic agents in tunor cells,
sel ectivelyexerting toxicity in tunor cells, elevating
t he production of GM progenitors in bone narrow,
stimulating the differentiation of bone nmarrow,
rntNQQMMmgSﬂﬂemﬁy&%bbdp@h@@@hﬂiQﬁ%@%@ﬂhwﬁéwmm
%@%&ﬁﬁr@? T hﬁu&&ﬁﬁﬁ#bﬁaﬁ&ﬁyﬂ%}@%{é&ﬁhﬁﬁ@ﬁ YBEhES S

rFo ound. of the Eornula 0 X

H. Il hebay-+ nv‘;l?me D-RRFRIEYYC
\'}Fh a @%myys-m uiaﬁﬂ%xpﬁerny%m&ﬂ}lbhywwgmmﬂglmh% cle, v
T b e DT
phetmyglut@yi S—r{4-h¢nngylpherxy9me@w§rlﬁyswwlér ny}slmne,s al ky]
MO NRQ: o hRdmyHS- ({3%{2 %moetﬂmﬁmﬁ)ﬁlh%nyﬁ&etﬁﬂﬁxeﬁﬂ}w&ﬂ-cﬁfemﬂt s
m D-o;-)heg;lglygllne,

L-y-glutamyl-S-[(4-biphenylyl)methyl}-L-cysteinyl- D-(4-chlorophenylglycine, and

L-y-ghutamyl-S-[(4-biphenylylmethyi}-L-cysteinyl- D-cyclohexylglycine,

and their diethyl esters,

and the salts of the compounds and their diethyl esters.

e,

22. A pharmaceutical composition comprising a compound of any one of claims 1
to 21. '

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

24, The use of a compound of any one of clims 1to 21 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, mitigating the myelosuppressive effects of chemotherapeutic agents, and

modulating hematopoiesis in bone marrow.
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25. A compound of the formula

o DX
N T
\

S

O

p=v),
Z

where:

W is N-o-RL-L-y-glutamyl or N-o-R!-L-y-glutamylglycyl, where R’ is an amine-
protecting group; and

n, X, Y, and Z are as defined in claim 1;

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

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