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Compounds of formula (I), which are in equilibrium with their 4-hydroxy tautomers and are in the form of diastereomeric mixtures,

(57) Abstract

and their pharmaceutically acceptable salts are potent GARFT inhibitors. A is S, CHz or Se; Z is a substituted or unsubstituted C;-Cs

alkyl, C2-C3 alkenyl, C2-Cs alkynyl or amino group, or § or O; X is a substituted or unsubstituted C;-Cg alkyl group; a substituted or
unsubstituted C-Cs alkynyl group; a substituted or unsubstituted C2-Cs alkyny} group; -C(O)E, wherein E is hydrogen, a substituted or
unsubstituted C1-Cs alkyl group, a substituted or unsubstituted C>-Cs alkenyl gtéup, a substituted or unsubstituted C>-Cs alkyny} group, a
substituted or unsubstituted OCy-Cs alkoxy group, or NRioR;1, wherein Ryg and Ry; are independently selected from hydrogen, substituted
and unsubstituted C;-C3 alkyl groups, substituted and unsubstituted C2-Cs alkgnyl groups, substituted and unsubstituted Cz-Cs alkynyt
groups; NRioR11, wherein Rio and Ry are independently defined as set forth aove; hydroxyl; nitro; SRy, wherein Riz is hydrogen, a
substituted or unsubstituted C1-Cg 2lkyl group, a substituted or unsubstituted C alkenyl group, or a substituted or unsubstituted C2-Cs
alkynyl group; cyano; or a substituted or unsubstituted Cj-Cs alkoxy group; and Ry and Ry are independently hydrogen or a moiety that
forms with the attached CO a readily hydrolyzable ester group. These compounds and their salts are useful as antiproliferative agents. The
invention also pettains to pharmaceutioal compositions and methods employing such compounds as GARFT inhibitors or antiproliferative
agents. The invention also relates to tompounds useful as intermediates for prejaring such compounds, and to their synthesis.




The large class of antiproliferative agents includes antinetabolite

A particul ar subclass of antinmetabolites known as antifol ates or
antifoles are antagonists of the vitamin folic acid. Typically,
closely resenbl.e the structure of folic acid and incorporate the
glutanmate noiety of folic-acid.
moi ety of folic acid takes on a double negative charge at physiol ogi cal
and therefore this conpound and its anal ogs have an active energy driven
menbr ane and exert. a metabolic effect.
i nvestigators has show. t hat fO|IC acid in both its

conpounds.

characteristic P-benzoyl

transport systemto cross the cel
Research by a nunber of
WD 96/ 03406
PCT/.US95/ 09519 - 2-
transported into cells by at

r educed

The gl utamate

and oxidized forms and its anal ogs are actively
| east two. distinct transport nechanisns. These

o

pH,

transport proteins are referred to as the reduced folate transport protein,

whi ch has a preference for
folic acid derivatives.
folate transport system -

reduced folates but will
Met-hot rexat e (MIX)

as the nmenbrane folate binding protein or

folic acid.

See A- C. Antony,

"The Bi ol ogi cal -

transport a nunber of.
is transported via the reduced
The other folate transport protein is referred to

nFBP, which has a preference for

Chenistry of Folate

Receptors, " Blood, The Journal of t he Anerlcan
FOR THE PURPOSES OF INFORMATION ONLY
Codes used to ldenttt‘y States party to the PCT on the front pages of pamphlets publlshmg international

applications under the PCT.
AT  Austia GB  United Kingdom MR Mauritania
AU  Australia GE  Georgia- "MW Malawi
BB Barbados GN  Guinea NE Niger
BE Belgium GR Greece NL Netherlands
BF Burkina Faso HU Hungary NO Norway
BG  Bulgaria IE Ireland NZ  NewZealand
BJ Benin IT Italy PL Poland
BR  Brazil Ip Japan PT  Portugal
BY  Belamus KE  Kenya RO  Romania
CA  Cansda, - KG  Kymgysn RU Russian Federation
CF  Central African Republic .KP  Democratic People’s Repubhc sp Sudan '
CG Congo . of Korea SE . Sweden
CH  Switzerland . KR Republic of Korea SI - - Slovenia
C Coee d'Ivoi KZ  Kazakhstan o SK  Slovakia

"CN  China - LK . SriLanka TD . Chad

S Czechoslovakia LU Luxemboug: TG Togo
cz Czech Republic LV Latvia - TJ "Tajikistan
DE  Gemany MC ‘Monaco - : ™ Trinidad and Tobago -
DK Denmark MD Republic of Moldova UA  Ukrine :
ES Spain MG Madagascar . - US. United States of America
F1 _Finland ML  Mal : Uz . Uzbekistan
FR. France MN Mongolia =~ - VN Viet Nam
GA  Gabon

9700360 -2

antifol atés,



Soci ety of Hematol ogy, vol. 79 (1992), 2807-2820. The anticancer
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invention also relates to the preparation of these

compounds, and to intermediates used in their preparation.

GARFT is a folate. dependent enzyme in the de novo -
purine biosynthesis'pathway. This pathway is critical to
cell division and proliferation. shuttlng down this
pathway is known to have an antlprollferatlve effect, in
particular, an antitumor effect. Thus, a number of folate
analogs have been synthesized and studied for their ability
to inhibit GARFT. A prototypical speclflc tight-binding
inhibitor of GARFT, 5,10-dideazatetrahydrofolic acid
(DDATHF) , has been reported to show antitumor activity.
See F.M. Muggia, "Folate antimetabolites inhibitor to de
novo purine synthesis," New Drugs, Concepts and Results in
Cancer Chemotherapy} Kluwer Academic Publishers, Boston
(19%2), 65-87. _

The 1afge.class of antiproliferative agents
includes antimetabolite compounds. 'é particular subclass
of antimetabolites known as antifolaﬁas or antifoles are
antagonists of the vitamin folic aciﬁ? Typically,
antifolates closely resemble the étru&ture of folic acid
and incorporate the characteristic P- benzoyl glutamate
moiety of folic acid. The glutamate molety of folic acid
takes on a double negative charge at-phy81ologlcal pH, and
therefore this compound and 1ts analcés have an active
energy driven transport system to cross the cell membrane

" and exert a metaboli¢ effect. Research by a number of
investigators has show that folic abéa in both its reduced
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Formyl transferase and Potent Activity against Solid Tumors," Cancer

Resear clwogab34e64 (1994),

et al.
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T inhibitors having reduced toxicity.

Thi s object has been achieved through the antiproliferative agents of the
Formula | below that are potent GARFT inhibitors but do not have t
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acid. See A. C. Antony,”"The Blologlcal Chemlstry of
Folate Receptors,“ Blood. The Journal of the American
Society of Hematology, vol 79 (1992), 2807 2820.

The antlcancer glutamate contalnlng antifolates
used cllnlcally to date, 1nclud1ng MTX, enter cells via the
reduced folate transport system with one notable ‘exception.
5,10-Dideaza- tetrahydrofollc ac1d (DDATHF) 'is an antitumor
GARFT inhibitor currently undergolng cllnlcal study.

DDATHF has been shown to be transported into cells v1a both
the reduced folate transport system and the_mFBP._ See G.
Pizzorno et al., "5,10-Dideazatetrahydrofolic Acid (DDATHF)
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Transport in CCRF-CEM and MA104 Cell Lines," The Journal of.

Biological Chemistry, vol. 268 (1993), 1017-1023. |
It has been suggeSted that undesirable toxicity,
particularly in folate -depleted mammals, is related to the
fact that DDATHF, a prior art GARFT 1nhlblt0r, has a hlgh
afflnlty for the mFBP, whlch is unregulated during times of
folate def1c1ency It has been further suggested that
folic acid and other molecules that block the mFBP from
transportlng other GARFT 1nh1b1tors can attenuate the

'tox1c1ty of such 1nh1b1tors ~ See, e.g., T. Alati et al.,

"Evaluation of the Mechan;sm(s) of Inhlbltlon of the
Toxicity, But Not the Antltumor Act1v1ty of .Lometrexol

'(DDATHF) by Follc Ac1d " Proceedzngs of the American

Assoc;atzon for Cancer Research vol. _33_(1992), Abstract
2432, 407; L. L. ‘Habeck et al. , "A Novel Class of
Monoglutamated Antlfolates Exhlblts Tlght blndlng
Inhibition of Human Glycznamlde Rlbonucleot1de
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Escherichia coli gram negative bacteria which can be grown in culture. The
conpounds ag§eEmie to the invention, as well as the phar nacBGTUSENOF19
acceptabl e salts thereof, may be |ncorp95qted i nt o conveni ent dosage forns,
such as capsul es, tablets and injectabl e preparations. Solid or liquid

phar maceutically acceptable carriers, diluents or excipients nmay al so be
enpl oyed. Solid carriers include starch; |actose, calciumsulfate

di hydrat e, phept 8 ahRafesHaeoaad fp@k-.entg%%twatg a.nFAQC@dLJ.daCGICi a,

magneS| um st ear at % and stearic aci
PCT/ US95/ 08819¥54 " CBPGErd RESEAFEHs VR udé 5(9' 'pdfdt 20367 &%e oil,

sal : ne 53' ut. sﬁnpandnwasemlﬂlse‘;cabr Gefindeydidtuadt, may include any

prol onge rel ease material .,_such_as gI ceryl tearate or glyceryl

di stearate, alone or with m§¥—m§ﬁﬁéﬁia—¥¥qa%%gggggi% I s used, the
preparation may be i Thuse fBor wbject ofr tihiselinvientiomulis ¢, Esmkhxgelatin
capsul e, StEhpb8ald epaPhtel g%'eﬁt( Rader1S Ui AR Y AR RIS

‘aqueous | i quid suspension p arnaceut|ca preparatlons are prepared
fol | owi ng &emkeAtonaThisc PRIgGEs hes 8% itdgougheih& i nvol vi ng

steps 5UChaﬁ§1§k6&&Qerﬁk&@%|%@dﬂ&saﬁi the Formula I below that are
' potent GARFT inhibitors but do not hawve tight bkinding to
the mFBP. These compounds preferably have binding

constants to the mFBP of at least a factor of 1000 less
than DDATHF, vet still retain the favorable properties of
GARFT inhibition and reduced folate transport for antitumor - -
activity. _

_ As indicated above, compounds of the invention
possess antiproliferative activity, a property which can
express itself in the form of antitumor activity. A
compound of the invention can be active per se, or as a
precursor converted in vivo to an active compound.
Preferred compounds of the invention are especially active
in inhibiting the enzyme GARFT. Particularly preferred
compounds are active in inhibiting the growth of the L1210
cell line, .a mouse leukemia cell line that can be grown in
tissue culture: Compounds of the invention can also be
active in inhibiting the growth of bagteria such as
Escherichia coli grém—negative bacteria which can be grown
in culture. : '

The compounds according to gpe invention, as well
as the pharmaceutically acceptable salts thereof, may be
incorporated into convenient dosage forms, such as
capsules, tablets and injectable prepgratzons. Solid or
liquid pharmaceutically acceptable cayriers, diluents or
excipients may also be employed. ;

Solid carriers include stargh, lactose, calcium
sulfate dihydrate, terra alba, sucrose, talc, gelatin,
agar, pectin, acacia, mégnesium steargte and stearic acid.
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i ntraocul ar, intraaural or rectal adn}ﬂ+strat|on The conposi tions of t he
invention may further conprise one or nore other pharmaceutically active
conpounds. For exanple, one of the follow ng antitunor agents may be

d ositjo mtotic inhibitors (e.g., vinblastine);
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et oposi de5LeasRl Tt i al Suats pon el yastin eﬁ&xdétﬁéaﬁ@ﬁ%ﬁ glyd&sferon).
The conudigtiaded Naidhedd %g@%sro ‘aﬁ rg glr nbl nat | on w%ﬁ gne or
nmore ant| r liferative agents cr i (ﬁFEEF%FdHﬁpoun
descri b dHHRnRHSPaR mdnamtkeemauuimfcﬁmolof:aaumwp, WO 94/ 13295,

thHQ /05153,
hexl ]kﬁ&ﬁ |
' BEB: : :h ghu 199 ﬁ\oei\jﬂcjl|tgfst?ir!ﬂéttsluﬁr)quEl oéfoﬂﬁl g%éaﬁg'é\bl c;’repoﬁ'%tf]e%l by

ref erence C‘ﬁﬂrel %e Irhé )t iBnd SIORABISRR R mﬁlmrl se one

or nor e SARHeRSGQ- al , antlfungal antlpara5|t|c antiviral,

The pharmaceutlcal preparatlons are prepared
following conventional techniques of the pharmaceutlcal
chemist 1nvolv1ng steps such as mixing," granulatlon and (
'compress1ng ‘when necessary for tablet forms, or mlxlng, B
filling and dissolving the ingredients as approprlate to
give the desired products for oral, parenteral toplcal
intravaginal, 1ntranasal intrabronchial, 1ntraocular,
intraaural or rectal administration.

The compositions of the 1nventlon may further
comprise one or more other pharmaceutlcally active
compounds. For example, one of the- follow1ng antitumor
agents may be included in the composition: mitotic
inhibitors (e.gqg., vinblastine) ; alkylatlng agents;
dihydrofolate reductase inhibitors or TS inhibitors;

- antimetabolites (for example, 5-fluorouracil,
cytos1nerab1no51de), intercalating antibiotics (for
example, adriamycin, bleomyein) ;- enzymes (for example,
asparaginase) ; topoisomerase lnhlbltors (for example, :
etoposide) ; and blologlcal response modlflers (for example,
interferon) . The compounds of the invention may also be
used in combination with one or more antlprollferatlve
agents cr GARFT inhibitors, such as a compound described in
‘commonly a551gned Internatlonal Publication No. WO 94/
13295, published June 23, 1994, or International
Publication No. WO 92/05153, published April 2, 1992, the
disclosures of which are incorporated by reference herein.
The compos1tlons of the invention may also comprlse one or-
more antibacterial, antifungal, antiparasitic, antiviral,
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ant i psori aw@9a#34eit i cocci di al agents. Exenplary anti bacter iP£TIg§9éﬂf§9
i.nclude: sul fonanm des, such.as sul famethpxazol e, sul fadi azi ne, sul faneter
and sul fadoxi ne; di hydrofolic reductase inhibitors, such as trimethoprim
bronodi aprimand trinetrexate; penicillins; cephal osporins; and the

qui nol one carboxylic acids and their fused isothiazol o anal ogs. Anot her
aspect of drtepaorddtion orlatteiscdar iddidieraapmtis ¢ rBxtdmpllaxfy | nhi biting the
growm h or pr.alif i QN 0 el I.s. of . highe 1S or_.[m;cr.oor gani sms,
whi ch corrp%t;iééacg mlr?f’istaecﬁn;tgé t%%%éc?s't asg\ulgé ec 3Tcglg‘g‘c':''arrst}‘t{JE']h agér) gquantity of
a conpouncéuwldematitarazelae Pridaditas inentgwifamgtex anpbwwkf adoxine ;

i nventi on Ang, HAAd1GH aféahd»h%ﬁ‘ééﬂimsimeoxtg,eaémta&ftmm&?{most s, such

as human host’s, and 1n the treatnent of avian hosts. A partjcular]y
pr ef er r ed RIRSIAHART I At S RSTatesy REpihkdmag sephairarormisinount

of a conpaHyl tec fulidtl drie tderhageid ddndntdrod wideetfuged o i nhi bit
GARFT. Many 3_11‘ oliferative conmpounds described herein and their

I he ant irﬁ% _
phar maceutiSA P AR A F%al ts thereof can be enployed in the
t her apeuti ¢ process Fofotther iaapadt @of the iconpouimts redatbes ddwiani stered in

the form qf ag;gq{‘{?cﬁ Iyead | G GO G A del nprising a diluent

or carri e(rl:haegc. escri| gﬂéﬂagg%/ea./f }qg%isge%r%a co .s%‘ﬁ}gn&%ont ains at |east an
ef f ect i ve Rpgdrithianatoion R Relle Lorplahpr APPHART My i s made up of one

or nore phaldRssrgdriidnglosaticl idfpr¥es administering to a host an

effective amount or quantity of a compound according to the

present invention. The compounds of the invention are -
particularly useful in the treatment of mammalian hosts,

such as human hosts, and in the treatment of avian hosts.

A particularly preferred therapeutic process comprisés
administering to a host an amount of a compound according

to the present invention effective to inhibit GARFT.

Many of the antiproliferative compounds described
herein and their pharmaceutically acceptable salts thereof
can be employed in the therapeutic process of the
invention. The compounds may be administered in the form
of a pharmaceutically acceptable composition comprising a
diluent or carrier as described above. "

A dose of a composition contains at least an
effective quantity of the active compound and préferably is
made up of one or more pharmaceutical dosage units. An
reffective quantity" means a quantity sufficient to inhibit
the folate metabolic pathways and derive the beneficial
effects therefrom, e.g., through administration of one or
more of the pharmaceutical dosage units. |

An exemplary daily dose for;%fvertebrate host
comprises an amount of up to one gram active compound per
kilogram of the host, preferably one-hgif of a gram, more
preferably 100 milligrams, and most préferably, about 50
milligrams or less, per kilogram of the host’s body weight.
The selected dose may be administered to a warmblooded



"effective quantity" neans a quantity sufficient to inhibit the folate

nmet abol i ¢ _pat hways and derive the beneficial effects therefrom e.g.

t hr ough 493406 at i on of one or nore of the pharnaceutlcéKﬂﬂﬁﬁﬂyﬁﬂbnlts
An exenpl ary daily dose for a vertebraie host conprises an anmount of up to
one gram active conpound per kil ogram of the host, preferably one-half of a
gram nore preferably 100 m | ligrans, and nost preferably about 50

mlligrams or |ess, per kilogram of - the host's body wei ght. The sel ected
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exanpl e inad uaing:nt ttelptusaalg»r,e@@sr %Hp\lé r gt alyl Blnftﬂ{enb le, as a
supp05|EQ%$ p% %bﬁgr all tbﬁllnjgctlon -conti nuousl'y by Tntravagi nal,
i ntranasal o ntraproric K Rt &H}ﬁﬁaﬁp ent AfoBUISHPPOSLESTYH. The
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an antiviral .effect, an antl psoriatic &f effect, an
ant i cocdPdPgEoBFfect, an antiinflammatory effect,

The compounds accordlng to the 1nventlon produce
any one or more of an antlprollferatlve effect, an
antlbacterlal effect, an ant1paras1t1c effect, an antiviral
effect, an antlpsorlatlc effect, an antlprotozoal effect, !
an ant1cocc1d1al effect, an antllnflammatory effect an
1mmunosuppres51ve effect and an antlfungal effect The
' compounds are espec1ally useful in produc1ng an antltumor
effect in a vertebrate host harborlng a tumor

Embgdlmentg . :
‘In partlcular, the 1nventlon relates to compounds
of the Formula I: ) _' I o COzﬂz

(1)

wherein: )
a is'sulfur, CH2 or selenlum,u

' Z is a substltuted or unsubstltuted C1 C3 alkyl

group, a substituted .or unsubstltuted C2 C3 alkenyl group,

a substituted or unsubstltuted C2 C3 alkynyl group, a
substituted or unsubstltuted amino group, sulfur or oxygen;
-X is a substltuted or unsubstltuted Cl C6 alkyl
group; a substltuted or unsubstltuted C2 C6 alkenyl group;
a substltuted or unsubstltuted C C6 alkynyl group; -C(O)E
wherein E is hydrogen, a substltuted or unsubstltuted C -C

alkyl group, a substltuted or unsubstltuted Cy-C3 alkenyl

3



|nnunosuppre55|ve effect and an antifungal effect. The comp
especi al | y wisedasdoé n produci ng an anti tgm)r effect in a vert%‘gﬂg@éﬁéﬁgt
harboring a tunor. Detailed Description-pf the Invention and Preferred
Enbodi nents In particular, the invention relates to conpounds of the
Formul a 1: [err] wherein: Ais sulfur
CH err] or selenium Z is a substituted or unsubstituted CJerr]-Cerr]

al kyl grOlﬂ%o@p,Slﬁ)SéuHsﬂﬂﬂdﬁd Lmsuhsstubsnﬂrin@@rm% d] ealkymykegyodupr oup, a

substituted or. unsu t ut ed I d

unsubst it /it €t *ﬁ) ? L&F Wt %Féééﬁréca'égqy k&£8b€¥°?8?g§§thUte o

unsubstltLNRibii Jrqhé#ean]R lqmdgﬁfimar%.Emd§m¢m@@@@1brsﬁh§9b%dltuted
de

Cerr] r OMR, Cuit o
al kynyl ‘group; - (%erg rel n @%ahydrgg%%ﬁbwgﬁ%%?t@ € pkyl-Cerr]

unsubstltLH%QPEﬁer$?b$$¥#¢§e%J %ﬁ%ﬁkﬁt%F%ﬁﬁét?zu?@daﬂkeﬁﬁgu5§???ﬁted
Cerr] - egid s tered andvﬁhéﬁﬁééﬁﬁﬁted C alkynyl groups;

2’?19#5’?5399519 o AeBin rarsap 1 ol IMsbelolii ) etrlacher]
grdys[2;r]§§@;€?¥tﬁ{:?@wa,E&pdr@xyhdtﬁ¢Ero} &i;ndbpeedenkix $sl ected from
u%subgtit e %|%Q€s€ g#%%& Pt edsSda e galchEUp§1k§Yb§£bﬁﬂEed and
a substltuted or unsubstltuted C C6 alkenyl group, ©or a
substituted or unsubstituted C C alkynyl group; cyano; or
a substituted or unsubstituted O(CI-CB),group; and
R, and Rz are each independently hydrogen or a -
moiety that forms (together with the attached coz) a
readily hydrolyzable ester group.
The invention also relates to pharmaceutically acceptable
salts of the compounds of Formula I.
Although the compounds of the Formula I are shown

in the 4-oxo form and are referred to as such throughout

this description, :'the oxo group exists in tautomeric
equilibrium with the corresponding 4-hydroxy group. It
will therefore be understood that the compounds of the
Formula I include the structurally depicted 4-oxoc and the
tautomeric 4-hydroxy forms. Thus, the invention aiso
relates to pharmaceutically acceptable salts of the 4-
hydroxy tautomers of the compounds depicted by Formula I.

The compounds of the Formula I are in the form of
diastereomeric mixtures. It will be understood that unless
indicated otherwise, the compounds having chiral centers
are in the form ¢f mixtures of diastereomers.

Preferably, A is sulfur or CH,.

) When Z -is substituted, the substituents are
preferably selected from C, ¢ alkoxyl Ci_¢ alkyl and Co g
alkenyl such as vinyl, Cs.6 alkynyl, acyl such as formyl
and acetyl, halogen, amino, hydroxyl, mitro, mercapto,
monocyclic carbocycle, monocyclic heterocycle, nonfused
polycyclic carbocyc¢le, nonfused polycyelic heterocycle,



substituted and unsubstituted C[err] Clerr] al kynyl groups; NRerr]Rerr],
wherei n nd R err] are independently defined as sej ove;
hydroxyl%ﬁ‘;H 3 SR err], wherein R err] is hydrogen, a su s’pgé tggg or
unsubsti tut ed C[err] C[err] al kyl groupg-a substituted or unsubstituted
C2-C6 al kenyl group, or a substituted or unsubstituted C2-C6 al kynyl group;
cyano; or a substituted or unsubstituted O C[err]-Clerr]) group; and Rl err]
and Rlerr] are each independently hydrogen or a noiety that forms
(together with the attached Coﬁg a readily hydrol yzabl e ester group. The

i nvent i onh¥AEex¥elat gsalbypharmriicadt hydrryymetbplabradsgltg sLkony

conpoundscof anﬁyha | praethapal, thelgoanoun@ﬁ et t hgulopRybanl, are shown
in the 4-o% g 6f or m_and. .are refﬁ&red to_as <uch hrgﬁghout t his descrlptlon

the oxo gPYuHUExi SHCHORALPENYF G - eqUPFROPFERFRAPAYY hé L8r FEspondi ng
4- hydroxy group. |twhiehl Xt her ehibseibateddetheosdbshatuthescagpounds of the

Formul & | okebideylhecTLEUGhUERLY ofiePl edotagkgy3dot herl Ul ageri ¢

4- hydroxy ornB e Invention’als@’ rela
acceptabl§C§§IﬁgdoNthéthylhydPﬁﬂﬁerabiwmexslefatBubsbnpuuﬂdSOMeplcted by

For mul a Iunzhsseez&aeead& ok tQQk?@. g&} apesb khesf Bwfekaﬁui’;stereorm“ c

m xt ur es ndér sfood ess i ndi cat ed ot herw se;

conpounds“ﬁﬁvg%§lEHFF cMREE, PTELETR 1Vhexf6FnW6FhWixPﬁr§§hﬁi
di ast er eoners. PrefetaubyabAylsR%uhﬁdngreSHhe&g]1nuhpanaeh&1§ubstituted,

the ﬁgmya%gtganere RECTRBLY B5heelst kT GhRLALAK B Lradigar] alky
More preferably, R, and R2 each is 'independently hydrogen - |
-C, alkyl. . '.-' . : . : -
In particularly preferred. embodlments, A is.
sulfur or CH2, Z is CH2, and X is methyl.
Preferred examples of compounds of the Formula I

or C

1 72

include:
N-(5-[2~ (2-amino-~4 (3H) -ox0-5,6,7, 8~ tetrahydropyrldo[z 3-d] -
pyrimidin-6-yl)ethyl] -4-methylthieno-2- -¥l) -L-glutamic acid;
N- (5-[2-(2-amino-4-0ox0-4,6,7, 8-tetrahydro-3H- -pyrimido([5,4-6]
[1, 4] -thiazin-6-yl)ethyl] -4- methylthleno 2- yl) -L- glutamlc
ac1d diethyl ester; and

N- (5- [2- (2-amino-4-ox0-4,6,7,8-tetrahydro- 3H- .
pyrimido[5,4-6] [1, 4]th1a21n 6- yl)ethyl] -4- methylthleno—
2-yl) -L-glutamic acid. _ :

The compounds of the Formula I are useful as
GARFT inhibitors. The compounds of Formula I in which Rl'
and'Rz'are each hydrogen are especially active antitumor or
antiproliferative agents. The compounds of Formula I-
wherein R, and R2 are each a moiety that forms a readily
hydrolyzable ester group with the attached carboxyl,
preferably an ethyl group, are useful intermediates for
forming the free glutamic acid forms of the compounds and
can also be hydrolyzed in vivo and thus act as prodrugs.

The pharmaceutically acceptable salts of the
1nvent10n include, for example, alkaline metal, alkallne
earth metal .other non- -toxic metals, and ammonium and
substltuted ammonium salts of the glutamlc acid compounds

SUBSHTUTESHEET(RULEZG)



al kenyl such as vinyl, Cerr] alkynyl, acyl such as fornyl }%ﬂ@s %Q’Jg
hal ogen, amme5/03496dr oxyl, nitro, nercapto, nonocyclic car bod 93051
ponocyclic heterocycle, nonfused pol ycyg)dc carbocycle, nonfused polycyclic
het er ocycl e, WO 96/ 03406

PCT/ US95/ 09519 -8- hydroxy ([err] al kyl such as hydroxynethyl, and C[err]
al koxy Cerr] alkyl. Preferably, Zis CHerr], CHerr]CHerr], NH oxygen,
sul fur, CfCHher rir@dntdronNCHExempladwrsalirefigralbideg sodisanGH err] . Wien X

i s substi 5%“3%[ the pr, ;fgqt § , NH err],
O net hyl , li ﬁlerﬁ &ﬁ'\l %é%i% (r?(J ‘?%T‘I“P r|gs_|a
substit ut @mﬁtm&ﬂ%m %ﬁﬂl’-‘q &k ]tl'm iErreqyrastisd C%E%m%1 s
preferably unsubsti e Gomd¥urRied ¥ &b Bormils MRidY bopridhted as
Preferably erh@]ﬂ %e; err] each is independently hydr ogen Cerr]-Cerr]
al kyl , d#ecﬁ%l | aryl or aralkyl. Mre preferably, R err] and

Rl err] each is i ndemﬂ(jﬁmﬂaréndﬂmqmmdy cﬁaﬂre] -Fgmulla ol kyHerd 2 is
particul a pref sul fu r |s CHerr],
and X is rée}{% ff‘ig'r rsq% exa It"gaste(%lasl 4 ncm%o © dacg i ncl ude:
N-(5-[2- (I’q;mui@-Zﬂ'(IaH) oxo0-5, 6, 7, 8- tetrahydropyr|d0[2,3 d] -

pyri m di n-6-y|)ethy|]-4-rrethy|thi eno-2-yl)-L-glutam c acid;
N- (5-[ 2- (2- am no- 4- oxo- 4, 6, 7, 8- t ){r ahydr o- 3H pyéi m do[ 5, 4- 6]

(1I1)

wherein: R is a halogen, preferably bromo; X is as defined
above; and B is OH or an amino acid, preferably diethyl
glutamate, linked through the amino portion to form an
amide, or a Cl—C6 achhol, preferably a methyl or ethyl
alcohol, linked through the alcohol portion to form an
ester. _

The compound of the Formula II is reacted with a
compound of the Formula III: |

H
Y/ (II1)

wherein: Y is CH,OH or a protected pyridopyrimidine of the

2
Formula IV:

(IV)




[1,4]-thiazin-6-yl)ethyl]-4-methylthieno-2-yl)-L-glutam c acid diethyl
ester; and N (5-[2-(2-am no-4-o0xo-4,6,7,8-tetrahydro-3H P 5/0951 .
- pyri mi doM0O 26/i961 | 4] t hi azi n- 6-yl.) et hyl ] - 4- net hyl t hi eno- f??mf ﬁ am ¢ .
acid. The conpounds of the Fornula |-aoe useful as GARFT |nh|b|tors The
-conmpounds of Formula I in which R err] and R2 are each hydrogen are
especially active antitunor or antiproliferative agents. The conpounds of
Formula | wherein R err] and REerr] are each a noiety that forms a readily
hydrolyihbléys§beslgrébsnmpan pélavt aeheafchvBoxgntess efepantgngn et hyl

group, ghewHeehek YHEQFHEQréEéétEQV &9&&bﬁgriﬁ§diﬁéeog|EHaGHC acid forms of
t he conpounds and_can al so be |vo hus<act__as_prodrugs.

The pharnaceutlcaWP?rﬁcgeb?aBI8¥95FFge§prﬁé PHVEhWF@ﬁnFnEFUQEg OHor
exanpleofathalpaemﬁmhaty akkal toeptanghrertalionobfetonpounasi efnetal s, and

3@?82}3 Bofo o2Hlzh tE&egné”EEE'EQ‘B@e&ér8L1§hSoﬁdH§gﬁg6§§g#gsgigp?g?dgf  he

-inventipneSEneﬁpbéry saansltmonumetsbdcanalvetaspreﬁﬁrabiyiun1 cal ci um
magnesi gﬂlaﬁahﬂ' &rumgﬁ@lsu@ﬁt bhat _SQeB&ﬁbG' B'EUH‘ 8akkS ggeEQ‘i- bige acid

conmpounds e cofrpoun Formula | can repar rlbed
bel ow. & non- nucleophlllc auxiliary base, in a so vent in wh1ch at

least one of the reactants is at least partially soluble.
Preferred solvents for the coupling reaction of the
compounds of Formulae II and III are'diethylamine, -
acetonitrile, dimethylformamide, dimethylacetamide and . (
triethylamine The basic medium for the coupling reaction
is preferably prov1ded via a non- nucleophlllc aux111ary
base, which is a base capable of neutra1121ng hydrogen
halide acid generated by the coupling reactlon The base
is preferably a d1- or tri- alkylamlne, such as
diethylamine, trlethylamlne or dllsopropylethylamlne
Where appropriate, a basic solvent can be used instead of a
separate solvent ~and base.

When Y is the pyrldopyrldlmlne the coupllng
reaction of the compounds of Formulae II and III produces a |
compound of the Formula V: '

2
The compound ‘of the Formula V is reacted with

hydrogen gas, preferably at 45-1000 psi, in the presence of
a suitable transition metal catalyst, preferably platinum,
palladlum or rhodium metal on a carbon or other suitable

wherein X, R and R, are as deflned above

support, in a suitable solvent, preferably acetic acid or



To prepare conpounds of the Formula | where Zis CHerr], Jﬁgggﬁgmaﬁertlng

mat eri al | wasesaggound of the Fornula Il: wherein: Ris a h
preferably bronp; X is as defined above;;j;and B is OH or an amino acid,
preferably diethyl glutamate, |inked through the am no portion to forn1an

amde, or a (Jerr]-Cferr] alcohol, preferably a nethyl or ethyl alcohol,

| i nked through the al cohol portion to forman ester. The conpound of the
For mul a | ledif Ieactaak tiid i domm wit afn taheedmpourdd df Ithd fodmuierein: Y
S CH[errkEﬁ or a protected pyrldopyr|n1d|ne of the Fornmula IV: [err] WO

96/ 03406 PCT/ US95/ 09519 -10- The

synt hesis then can follom/one of t routes, depenpding on wh Yis a
prot ect ed pyridopyri nodi ne or CH[erﬁS r Cte

pyri dopyri m di ne or [err]OH of the F t hefcoupl i ng reaction of
conpounds of gt he For [ eragly c a ted in tier

presence of tra ' t, Prefergbly pardddi um or ncheI I n
t he prgsencellof a hase bly a non-nucl eophilic aUX|I|ary base, in a
sol vent™N X

wherein X, R,. and R2 are defined above.

Finally, the compound of Formula VI is hydrolyzed
to form a free glutamic acid (Rl and R, are each H) of
Formula I. .

Where Y is CHZOH, the reaction of the compounds
of Formulae II and III produces a compound of the Formula
VII:

(VII)

wherein X and B are as defined above.

The compound of the Formula VII is reacted with
hydrogen gas in the presence of a suitable metal catalyst,
preferably palladlum or platinum, to obtaln a compound of
the Formula VIII:

(VIII)




| east one of the reactants is at l|least partially soluble. Preferred
solvents for the coupling reaction of the conpounds of Fo ; h$ and 111
are di etWQI968348¢, acetonitrile, dinethylformamn de, dinet hﬁh@?@ Ye and
triethylan ne. The basic nedium for tfe. coupling reaction i.s preferably
provi ded via a non-nucleophilic auxitiary base, which is a base capabl e of
neutralizing hydrogen halide acid generated by the coupling reaction. The -
base is preferably a di- or tri-alkylanmne, such as diethylamne,

tri et hywherein cf athid s&mmﬁ@tdwfmmaere appropriate, a basic sol vent

can be used |nstef$% ?ngr | ¥
'pyrldopyrldlnlne e cdﬂ% I N ?%:%%goﬁgﬂﬁxﬂﬂgvgﬁﬁpoun S J? or%ﬁ?ae Il and

|11 producesidl 2w agrntos Emf@@aw atetripyenpylampenriux Rl err] and
Rierr] gder@shétedtdekabomenidhe Eompound Of the Formmia Mgis reacted with
hydr ogen gas, preferably at 45-1000 psi, in the presence of a suitable
transition netal catalyst, gfferably plati num -pal | adi um or rhodi um net al
on a carbon or other suitabl t, in aBsuitable solvent, preferably
acetic acid or WD 96/.03406 . ' :

PCT/ US95/ 09519 -11- trifluoroac
Formul a

to obtain a conpound of the
(IX)

wherein X and B are as defined above

The compound of the Formula IX is reacted With a
methylene transfer reagent, preferable methylene
triphenylphosphorane, in a .suitable solvent, preferably"
tetrahydrofuran, to obtain a compound of the Formula X:

(X)

wherein X and B are as defined above.

The compound of the Formula X lS reacted w1th a
dihydroxylating agent, preferably osmium tetroxide, in the
presence of a suitable oxidizing agent, pfeferably
N- methylmorpholine-N oxide, to obtain a compound of the
Formula XI:

(X1)

HO" OH

"wherein X and B are as defined above.



VI: [err] wherein X, Rerr], and Rlerr] are defined above. Finally, the
conpound ofwd@esessbe VI is hydrolyzed to forma free gl utam cPGRDES0RE ]
and Rlerr] are each H) of Fornula I. th%ﬁ_v is CHerr]OH, the reaction of
t he conpounds of Fornulae Il and |11l produces a conpound of the Fornula
VI1: [err] wherein X and B are as defined above. The conpound of the
Formula VIl is reacted with hydrogen gas in the presence of a suitable

metal catal yst, prefei@béym ld%?%%ﬂ%%é P Akl DANX T t P 0RLALBrRegOpBOYNd Of

the Formula VII11: [efrr
PCT/ US95/ @%&@9&%-0%%%%0’5@% B wfengsanet phebhanboer Frecesapsund of
t he For nuldesgribed bebowed Wi th an oxidi zi ng agent, preferably

t et rapropyl amoni um peryuthenate. to obtain a conpound of the Forpula | X
[err] (IX) wherein Xﬂgﬁ% F% SOVURTFHYY REATRSS: the Compound of

the Formula XI is reacted with a sulfonylating agent,
preferably p-toluenesulfonyl chloride or methanesulfonyl
chloride, in the presence of a non-nuéleophilic base,
preferably triethylamine or diisopropylethyl amine, to give
an intermediate mono-sulfonylated compound. This
intermediate is then reacted with a styong base, preferably
sodium hydride, to dbtain a compound of the Formula XII:

X

(XII)

o]

wherein X and B are as defined above.

The epoxide of Formula XII is reacted with a
nitrogen containing nucleophile, preferably sodium azide,
in the presence of a mild Lewis-acid catalyst, preferably
lithium perchlorate or magnesium perchlorate, to obtain an
intermediate alcohol azide. Reduction of the alcohol azide,
preferably with hydrogen gas in the presence of a metal
catalyst, and subsequent protection with a suitable
nitrogen-protecting group, preferably t~-butoxycarbonyl,
benzoxycarbonyl or benzyl, produces a gompound of the
Formula XIII:

(XIII)




The conpound of the Fornula IX is reacted with a nethylene transfer

reagent, preferable nethylene triphenyl phosphorane, in a sui ol vent,
pref er abWp 9%603406hydr of uran, to obtain a conpound of the F%?‘Ffﬁ?ggm%l%[err]

wherein X and B are as defined above-14he conmpound of the Fornula X is
reacted with a di hydroxyl ating agent; preferably osn1un1tetrOX|de in the-
presence of a suitable oxidizing agent, preferably ' :

N- met hyl nor phol i ne- N-oxi de, to obtain a conpound of the .Fornula Xl : wherein
X and BwhegeaB JefRfeB absvas defypedepboyes and R, and R, are

PCT/ US9g4@H51flde 8nd€ﬂ€1?0H9§98§eﬁfthS EQEHHbieXh1t§o§€ﬂVert3d to a
conpound of the Formul a usi of the four processes described bel ow

In a f|P§Pt6856895969u8rocg§§?gFF§ cBKRE6RE1BE. BROURSr ALPa XI is reacted
with a Subﬁﬁbx?&hrb@nymenbenpyeiekybhxbpnymluadebuhﬁgmyl chl oride or

reforanly tr et hPanerRieghid: PR ShESERERnIR RiiRoi®: BBt ER: or rect at e
nmono- suBhoayVéBEdngonpoan&fOEHlstnngeagedtatereierhbhyreacted with a strong
base, _p&@Eﬁ&ﬁQEMl%Bﬂ&E”bﬂig&héé o&opoébﬁhgnésﬁﬁﬁBﬂyﬂdcﬁﬁo&ﬁﬁefoiﬁu'a AU
the presence of a non- nucleophlllc base, preferably
triethylamine or dllsopropylethylamlne, in a suitable
solvent in which at least one of thé reactants is at least
partially soluble, to obtain an activated hydroxy group.
The activated hydroxy group is displaced with a suitable (
nucleophile, preferably a thicacid sélt, mofe preferably
potassium thiocacetate, to obtain a compound of the'Formula
XIV:

(XIV)

R5R4N - AAc

wherein A, X, B, and R4 and R5 are as defined above,'and Ac
is an acyl group. Preferably, Ac is acetyl.

"Alternatively, the compound of the Formula XII1
can be converted to the compound of the Formula XIV in one
chemical operation using trlphenylphosphlne, diethyl or
dimethyl azadicarboxylate, and an acidic nucleophile,
preferably thioacetic acid, 1n a . suitable solvent.

The compound of the Formula XIV is treated with a
nucleophilic base, preferably potassium ¢arbonate, sodium
carbonate, sodium hydroxide or potassium hydroxide, in an
alcoholic solvent, preferably methanol, ethanol or
lscprcpanol in the presence of an alkylating agent,
preferably dlmethyl or diethyl chloromalonate, to obtaln a

compound of the Formula XV:



(XI'l) [err] wherein X and B are as defined above. The epoxide of Formnul a
Xl is reacwaroeusids a nitrogen containing nucl eophile, prefePdIVyEI58WIAM
azide, in the presence of a mld Lew s-agigd catalyst, preferably Iithium
perchl orate or magnesi um perchlorate, to obtain an internedi ate al coho

azi de. Reduction of the al cohol azide, preferably with hydrogen gas in the
presence of a netal catalyst, and subsequent protection with a suitable

ni trogen-protecting group, preferably t-butoxycarbonyl, benzoxycarbonyl or
benzyl, produces a conpound of the Fornu XIHl: [err] WO 96/ 03406

PCT/ US95/ 09519 -14- wherein X and B are rAed abovB, and Rlerr] and
Rl err] are each independently hydrogen or a ' trogen- protecting
group. Preferred protecting groups are t-but , benzyl - oxycar bonyl
and benzyl. The conpound of the F wi th an acyl ating
or sulfonyl ati ng agent, pref chloride or

met hanesul f onyl

p-tol uenesul fonyl chl ggigen in thevpresence of a non-nucl eophilic base,
preferably triethyl amng ‘6t diisopfdpyl et hyl anine, in a suitable
ReC2C (XV)
COzR¢

wherein A, X, B, and R, and R5 are as defined above, and
each R is independently hydrogen or a moiety that forms
with the attached CO2 group, a readily hydrolyzable ester -
group. Preferably, Rs is Cl-C6 alkyl, hydroxyalkyl,
alkylaryl or aralkyl. More preferably, R6 is a Cl-C2
alkyl.
The compound of the formula XV is treated under
conditions suitable to remove either R, or R, or both

4 5
protecting groups, to obtain a compound of the Formula XVI:

RO, A

(XVI)

° A

wherein A, X, B and R, are as defined above. Where

6
t-butoxycarbonyl is used as a protecting group, suitable

conditions are treatment with trifluorcacetic acid,
followed by neutralization. :

The compound of the Formula:XVI is reacted with
an alkylating agent, preferably trimethyl or triethyl
oxonium tetrafluoroborate, in a suitable solvent,
preferably dichloromethane, to form an intermediate lactim

. ether. The intermediate lactim ether is reacted with
guanidine in an alcoholic solvent, pfeferably“methanol,



solvent in which at | east one of the reactants is at |east partially :
soluble, to obtain an activated hydroxy group. The activa;%éaég;sﬁy group
is di spl¥@a8e03Peh a suitable nucleophile, preferably at S nmor e
preferably potassiumthioacetate, to-pbtain a conpound of the Fornmula XlV:
[err] wherein A, X, B, and R err] and R err] are as defined above, and Ac’
is an acyl group. Preferably, Ac is acetyl. Alternatively, the conpound of
the Forrmula Xl1l can be converted to the conpound of the Forrmula XIV in one
cheni ca¢thbareht Pvniscpropantbhery| Howos phi eempoird hgf the dFeemal4

azadi cagppxyl ate, and an acidic nucleophile, preferably thioacetic acid, in
a suitable solvent. The conpound of the Formula XIVis treated with a

nucl eophilic base, preferably potassium carbonate, sodium carbonate, sodium
hydr oxi de or potassi um hydroxi de, .cohol i cesol vent, preferably

met hanol., et hanof; or isopropanol, in. f an al kyl ati ng agent,
preferably di net fyl . or -di et hyl chloro 0 obtaln a conpound of the
Formul a XV: ' (XVII)

PCT/ US95/ 09 and H?err] and R[err] are as
defined abovgq, :

HoN N ' N

wherein A, X and B are as defined above.

Alternatively, the compound of the Formula XVI ‘
can be converted to the compound of the Formula XVII by
‘reacting the compound of the Formula XVI w1th a thlolatlng
agent, preferably P285 or
2,4-bis (4-methoxyphenyl) -1,3- dlthla 2 4-
diphosphetane-2,4-disulfide, to form the thlolactam
intermediate. This intermediate is then alkylated w1th an
alkylating agent, preferably"methylllodlde or trimethyl or
triethyl oxonium teétrafluoroborate, and then with guanidine
in an alcoholic solvent, preferably methanol, ethanol or
isopropanol, to obtain the compOUnd of the Formula-XVII.

' Where B is an alcohol function--i.e., where the
group attached with B forms an ester group--the compound of-
the Formula XVII is hydrolyzed under basic conditions to
form a compound of the Formula XVIII:

(XVIII)

whereln A and X are as deflned above
The compound of the Formula XVIII 1s peptlde
coupled, by means’ well known to those skllled in the art,



each R6 is independently hydrogen or a nmoiety that forns with the attached
COerr] grWep634asadi | y hydrol yzabl e ester group. PreferabBET/UPPISNI | s
Cferr]-(err] alkyl, hydroxyalkyl, alkyharyl or aralkyl. Mre preferably,
Rlerr] is a (err]-Clerr] alkyl. The conpound of the Fornula XV is treated
under conditions suitable to renove either Rlerr] or Rerr], or both
protecting groups, to obtain a conpound of the Forrmula XVI: [err] wherein

A, X, B amdtH[ar g]luaemms;&&fii dedsaeV by dhehe drilad, ?wﬁ]&?ﬂ% | i's usedt as
aprotectln I‘ u on ons are treatnment w ri uor oacetic
| i3 ideB, Bse SHrar Pripian A s

acid, fol e conmpound of the Formula XVI is
reacted with an alkylatlng agent, preferably trinmethyl or triethyl oxonium
tetrafluoroborate, in a suitable sqlvent, preferably dichloromethane, to

forn1an |nterned|axe Iact|n1ether e Iactlnleth s reacted
era ag eéQFB?%/ 03406

orm conpound of the

CO,R,

(XIX)

wherein A, X, R, and R, are as defined above, except that
neither Rl nor R2 is hydrogen. -

Finally, if the free glutamic acid form is
desired, the compound of the Formula XIX is hydrolyzed to
form a compound of the Formula I.

"In the second conversion process, a compound of
the Formula XIV is prepared as described above. This '
compound is treated with acid, preferably trifluorocacetic,
hydrochloric or p-toluenesulfonic acid, to remove all of
the protecting groups (R4, R and Ac) to obtain a compound
of the Formula XX:

(XX)

wherein A, X and B are as defined above;

The compound of the Formula Xﬁ is reacted under
weakly, basic buffer condltlons, preferably using a pH 7
phosphate buffer, in a suitable solvent, preferably ethanol
or methanol, with a compound having the Formula XXI:



wherein A, X and B are as defined above. Alternatively, the conpound of the
Formula XVI can be converted to the conpound of the Fornula XVl | g

reacti ng WR&MMP&hound of the Fornula XVI with a thiol ati nd° FJEit09s19
preferably Plerr]S[err] or 2,4-bis(4-nghoxyphenyl)-1,3-dithia-2,4-

di phosphet ane-2, 4-disulfide, to formthe thiolactan1internediate. Thi s
internmediate is then alkylated with an al kylating agent, preferably nethyl
iodide or trinmethyl or triethyl oxoniumtetrafluoroborate, and then with
guanidine in an al coholic solvent<3 preferably nethanol, ethanol or

| sopropanol, to obtain the conpoupd of the Fornula XVI 1. Where B is an

al cohol functlon-fl e., where thgjgroup attached with B forns an ester
group--the conmpound of the For Bs hydrol yzed under basic

conditions to forma conpoundNof theyfFornula XViIl: [err] wherein A and X
are as defined above. The compound ol the Formula XVIII |q ti de coupled,.
by neans well known to those gkilled

|n the art, VWO 96/ 03406

PCT/ US95/ 09519 -17- th;yég dlester “hydrochloride, to forma

diester of the Fornula
to obtain a compound of the Formula XVII. The remainder of
the second process,:proceeding from the compound of the
Formula XVII to a compound of the Formula I, is conducted
in a manner analogous to that described above.
In the third conversion process, the compound of L
the Formula XI is reacted with a sultable hydroxylf_
protecting group, preferably a trialkylsilyl_group, more
preferably a t-butyldimethylsilyl chloride; in'the'presence
of a mild non- nucleophlllc base, preferably triethylamine,
to obtain a compound of the Formula XXII

(XXII)
R,O OH

wherein X and B are as defined above, and R is a suitable
hydroxyl- protectlng group, preferably a trlalkylsllyl
group.

, The compound of the Formula XXII is then reacted
with an acylating or sulfonylatlng agent, preferably
methansulfonyl chloride or p-toluenesulfonyl chlorlde, in-
the presence of a non-nucleophilic base, preferably
triethylamine or diisopropYIethylamine, in a suitable
"solvent in which at least one of the reactants is at least
partially soluble, to obtaln an actlvated hydroxy group.
The activated hydroxy group is dlsplaced with a suitable
nucleophile, preferably a thiocacid salt, more preferably
‘potassium thioacetate, to obtain a compound of the Formula
XXIII:



wherein A, X, Rerr] and R err] are as defined above, except Pg}&%w@er
Rl err] nor WD&#M3406s hydrogen. Finally, if the free glutamic ormis
desired, the compound of the Formula Xl X;34s hydrolyzed to forma conpound
of the Formula I. In the second conversion process, a conpound of the
Formula XIV is prepared as descri bed above. This conpound is treated with
acid, preferably trifluoroacetic, hydrochloric or p-toluenesulfonic acid,
to renmove all of the protecting groups (Rerr], R err] and Ac) to obtain a
conpound of the Formula XX: (XX) [err) wherein A, X and B are as defined
above. The conpound of the Fornmula XX i t ed unq§r weakly, basic buffer
conditions, preferably using a pH 7 phosphat ., in a suitable

sol vent preferably et hanol or a c@nmpound havi ng the Fornul a
XXI : WD 96/ 03406

' P /09519
-18- [err] to obtai onpouny of the Fornula xviQ. The rengggggi?of t he
second process, proce@ding froMgde conpound of the Fornula XVII to a

conmpound of the Formula I, i's conducted in a nmanner anal ogous to that
descri bed above.

wherein A, X, B, Rﬁ and Ac are as defined above.
Alternatively, the compound of the Formula XXII
can be converted to the compound of the Formula XXIII in
one chemical operation using triphenylphosphine or diethyl
or dimethyl azadicarboxylate, and an acidic nucleophile,
preferably thioacetic acid,. in a suitable solvent. -
The compound of the Formula XXIII is reacted with
a nucleophilic base or a mild acid to selectively remove
the acyl group on moiety A. The resulting intermediate is
reacted with a compound of the Formula XXIV:

{XXIV)

in the presence of a non- nucleophilic base, preferably
triethylamine, dllsopropylethylamlne or potassium
carbonate, to obta;n a compound of the Formula XXV:

X

(XXV)

" wherein A, X, B and Ry are as defined above.



In the third conversion process, the conpound of the Formula Xl is reacted
with a suitable hydroxyl- protecting group, preferably a %ébﬂéﬁ%'i | yl .
group, n¥PI6EM6erably a t-butyl di methylsilyl chloride, Rence of
a mld non-nucl eophilic base, preferabby triethylanine, to obtain a
conpound of the Formula XXII: (XXII) [err] wherein X and B are as defined-
above, and R[err] is a-suitable hydroxyl-protecting group, preferably a
trialkylsilyl group. The conpound of the Formula XXI| is then reacted with
an acyl ating or s@h&opybaebngnaggmppppR f enabhg cetpensd tdnyghechl ori de or
p-tol Ueg?%lﬁh&&”xkvc%%b%ve ghﬁr%ﬁ @HEew‘?Lftha “Qﬂﬂﬂ%&%"%g eGebase,
preferably triethylam ne or opro et yllam ne, in a SuitablFe solvent in
whi ch aF°I€§§F18né GPmPﬁénﬂeaétéﬁﬁsFP§m&ﬂal§§§F ipartially soluble, to
obtain an activated hydroxy group. The activated hydroxy group is displaced
with a suitable nucleophile, preferab)y a thioacid salt, more preferably
pot assi um t hi oacet at to - obtain a conp \\f th Ekornula XX WO

96/ 03406 oT/ US95/ 09519 -19- [err]

(XXVI)

wherein 24, X and B are as defined above ' Where R is _ ‘
trialkylsilyl, ‘the reagent is preferably a fluorlde sait
more preferably potaSSLum fluoride, tetrabutylammonlum
fluorlde or cesium fluorlde : '

The compound of the Formula XXVI is cycllzed to
obtain the compound of the Formula XVII by actlvatlng the
hydroxy group with an activating agent, preferably
methanesulfonyl chloride, followed by treatment with a
base. Alternatively, the nitrogen-of the pyrimidinone is
first protected with a suitable protecting group,
preferably t-butoxycarbonyl, ﬁollowed by cyclization and
subsequent removal of the protecting éroup under acidic
conditions. The remainder of the process proéeede from the
compound of the Formula XVII to a compound of the Formula I
in a mannexr analogous to that descrlbed above

In the fourth and preferred conversion process,
an alcohol compound of the Formula XXVI is prepared as
described above. This alcohol is reacted with a- suitable
oxidizing agent to produce an aldehyde functionality that
cycllzes to the compound of the Formula XXVII:

(XXVII)




wherein A X, B, Rlerr] and Ac are as defined above. Alternativel t he
conpound of wowsBassnul a XXI | can be converted to the corrpound’ca'fugéﬁ@”w
Formula XXIIl in one chem cal operation 3 |ng tri phenyl phosphi ne or di et hyl
or dinmethyl azadicarboxylate, and an acidic nucl eophile, preferably

t hi oacetic acid, in a suitable solvent. The conmpound of the Fornmula XXl I

Is reacted wth a nucleophilic base or a mld acid to selectively renove
the acyl group on noiety A The resulting internmediate is reacted with a

conpound of 't he ,For.nul rr t he presence of a

noanucIeoﬁﬁﬁFP&nbﬁgexgﬁgé}é ﬁya%rl H;%gkl akov e'dPlsoproperthyIamne or

agt assi u21 C;i(l’ bonat e, The @:lmur@lolmna‘i efmudien Forimuillae XRVIIUlis @dctert miithXXV)
erein L& :

PCT/ US95/ Oﬁfgﬁu%gglg?;g%pr ot &N #%ﬁﬁ%%lﬁwr ]cy\ggot%r?gog’ﬁ%ldned 3Tn t he

For nul a XX¥hies presense of & demisnaciid, h perefisiradilyve hagoye mir ifd usistisien a

compound Ofethag-ak@, MR bt¥in ElompotM bf the Formula XVII defined

above. The rest of the process proceeds from the compound
of the Formula XVII to a compound of the Formula I in a
manner analogous to that described above.
The compounds of the Formula I where Z is other
than CH2 can be prepared in an analogous mannexr to those
where Z is CHZ‘ In particular, compounds of the Formula I
wherein Z is other than CHz.can be prepared using an olefin -
of the Formula XXXIV:

X

[\

Z < ~COsR, (XXXIV)

|

wherein X and Ra are as defined above, and Z is as defined
above for Formula I except that it is other than CH2

Where Z is sulfur, oxygen, or a substituted or
unsubstituted amino, a compound of the_Formula XXXV :

(XXXV)

wherein X and R6 are as defined above, and Z is sulfur,
oxygen, or a substituted or unsubstituted amino, is
alkylated. The alkylation can be accbmplished using an
allylhalide, preferably allylbromide, in the presence of a



wherein A, X and B are as defined above. Were Rerr] is trialkylsilyl,
the reagent is preferably a fluoride salt, nore preferably potassium

f1 uori dewo egne3adsut yl anmoni um fl uoride or cesium fluoride. PRIAISSYMSEUN of -
the Formula XXVI is cyclized to obtaimn4he conpound of the Formula XVII by
activating the hydroxy group with an activating agent, preferably .
met hanesul fonyl chloride, followed by treatnent wwth a base.

Al ternatively, the nitrogen of the pyrimdinone is first protected with a
sui t abl endr -Gheflddish O Q! bad¥ ofeF il a1 Lﬁﬂeﬁgﬁymﬁme d®l lowed by .
cycllza on, and %éﬁi nt reanaI of Ih rotectin :fﬁgiunder acidic
condi t | 5 eoc%‘ﬁ‘lﬁo‘f €onpound of the
Fornula.Eoﬂmula)XKXiﬂnmaund of the Fornula | in a manner anal ogous to that
descri bed above. t e [ OCeS an al coho
conmpound of the Foﬁhrr%%lae %Oé% 4] &%%%%tgééas%ég{ggr/u%&&% éje c'e %ﬁ s al cohol
i s reactakky t%@%ﬂh%l@px@h%b@tmd t@x pmmmﬁ;mee

%ﬂgl‘é ! ggﬂo%éayi het &yﬁamd&a%wm@&]%g@ﬁmﬁs@c/ 519 [Sr1 r]
wher ei n 7 EORRPYNG, (Qf Jhe Aol a PRIV e REFRARAI B the Fornula XXVI |

i's reacta&bﬂiﬂ&tlon of an aldehyde of the Formula XXXVI:

(XXXVI)

wherein X and R6 are as defined above, end Z is a
substituted or unsubstituteq C,-C, alkyl -other than CH,, a
substituted or unsubstituted C2-C3 alkenyl_oﬁ a substituted
or unsubstituted C2 C3 alkynyl. The aldehyde of the
Formula XXXVI can be prepared in a manner analogous to that
described by Chuan Shih et al., Journal of Medicinal
Chemistry, vol. 35 (1992), 1109-1116. The olefination of
the aldehyde can be accompllshed u51ng a methylene transfer
agent, preferably methylene trlphenylphosphorane

- The compound of the Formula XXX1IV is reacted with
a dihydroxylating agent, preferably osmium tetrox1de, in
the presence of a suitable oxidizing agent, preferably N-
methylmorpholine-N-oxide, to obtain a:compound of the
Formula XXXVII:

: (XXXVII)
HO ' '



a reduci ng agent, preferably sodi um cyanoborohydride, in the presence of a
Lewi s aci d, woefemaeisl y boron trifluoride etherate, to obtai n XCIFRBHRY of
the Formula XVI| defined above. The rest _gf _the process proceeds fromthe
conpound of the Formula XVII to a conpound of the Formula | in a nmanner

anal egous to that described above. The conpounds of the Formula | where Z
is other than CH err] can be prepared in an anal ogous nanner to those where

Zis CHerr]. In particular, conpounds of the Formula | wherein Z is other
than CH err]: can_.be_prepared usin n_olefin of the Fornul a \L, [err]
wherein X aHBRESH I BFE Bg ALF ACR507ET ARQVE: NG 1A e SRSHEY o

Formul a | esxbept fbhat FormuidaoTheextkpn CHaer ik. ivhethes ithasul . oxygen,

or a substituted or u bst| ' u t E rdrg%r XXXV
[err] wherein X and R?@%riggkghgg %g}gﬁgd%g%%ggg §%§%§Ii§%3u| urf%gxygen,
or a subst i witadaosudfonydatingeaggntnopredezihblyatedolnenesudficantlon can

be acconpl i ghedrYsiengathethanklahirday1Pcaieralley akl YHY pHadendd dha
presence of a WO 96/ 03406

PCT/ US95/ 09599 -nslepphidic) bagsi | prebfssably: &rdetbiviaming BH ani ne or
di i sopropy! @iigbpi¥onyletbyddiming,t ko gdenaUas dhteitediate mono-

sulfonylated compound. This intermediate is reacted with a
strong base, preferably sodium hydride, to produce a
compound of the Formula XXXVIII:

X

[\

| Z s COzR
{XXXVIII)

o

wherein X and R6 are as defined abové, and Z is as defined
for Formula I except that it is other than CHZ‘

The epoxide of Formula XXXVIII is reacted with a
nitrogen-containing nucleophile, preferably sodium azide,
in the presence of a mild Lewis-acid catalyst, preferably
lithium or magnesium perchlorate, to an obtain an
intermediate alcohol azide. This intermediate is reduced,
preferably with hydrogen gas in the presence of a metal
catalyst, and subsequent protection with a suitable
nitrogen-protecting group, preferably t-butoxycarbonyl,
benzoxycarbonyl or benzyl, to produce a compound of the
Formula XVII':



Formula XXXI'V. Where Z is a substituted or unsubstituted CJerr]-Cerr}

al kyl other than CHerr], a substituted or unsubstituted errk C%err]

al keny|W@P6/83486ibst i t ut ed or unsubstituted err]-Cerr] B %(W

conpound of the Fornmula XXXIV is prepared by ol efination of an al dehyde of
the Forrmula XXXVI: [err] wherein X and Rlerr] are as defined above, and Z
is a substituted or unsubstituted (ferr]-Cerr] alkyl other than CHerr], a
substituted or unsubstituted Clerr]-C[err] al kenyl or a substituted or
unsubstituted Cerr]-Cerr] alkynyl. The al dehyde of the Formula XXXVI can
be prepared in a nmanner anal ogous to that described by Chuan Shih et al.
Journal of Medicinal Chemstry, voK. 35 (1992), 1109-1116. The oleflnatlon
of the al dehyde can be acconplished\using a nethyl ene transfer agent,
preferably nmethylene-triphenyl phosph 'The'conpound of the Formul a
XXXIV is reacted with a di hydroxyl at | -preferably osm umtetroxide,
in the presence of a suitable ox]dj preferably N

met hyl nor phol i ne- N-oxi de, to ob in a co;n,t he Formula XXXVI | :
[err] © WD 96/ 03406 s PCI¥U895/09519
-23- wherein X and R ebl®jare defined above: and Z i s'X¥Hekined above
for Formula I, except that {t is ot her than CH[err] :
RsR4N
wherein_x, RG’ and R4 and R5 are as defined above, and Z is i

as defined for Formula I except that it is other than CH, .

The compound of the Formula XVII’ is then reacted
with an acylating or sulfonylating agent, preferably
methanesulfonyl chloride o:_p-toluenesulfonyl chloride, in
the presence of a non-nucleophilic_base,"preferably
triethylamine or diisopropylethylamine, in a suitable
solvent in which at least one of the reactants is at least
partially solubie, to obtain an activated hydroxy group.
The activated hydroxy group is diéplaced'with a suitable
nucleophile, preferably a thicacid salt, more preferably
potassium thioacet;te; to obtain a compound of thg Formula
XVIII':

Z p
- s CO:Re

AcA (XVIIIY)

RsR4N
wherein A, X, R, R4.and Rg
and Z is as defined for Formula I except that it is other
than CHj.

. and Ac are as defined above,



The conpound of the Formula XXXVII is reacted with a sul fon ' nt,
pr ef er abl ywr-ds@bassnesul f onyl chlori de or nethanesul f onyl Ch*}gﬂdgggo@%)et he
presence of a non-nucl eophilic base, prefsgerably triethylam ne or

di i sopropyl ethylamine, to yield an internedi ate nono- sul fonyl ated
conpound. This internediate is reacted with a strong base, preferably
sodi um hydride, to produce a conpound of the Formula XXXVIII: [err]
(XXXVI'11) wherei n Xpanédi=ainelar.e tige defnpretdldy Gomnd.aZ A& s idef i ned

for Forrmula | except that it is qther. than The, eRpxi f rmul a
XXXV T §°}I’é’§5tt§§0 Wit HS? rﬁot“}pc?d‘léqré] coofnt%%ﬂunqg}[ %\{:ﬂ I:e:[:ophhj'ﬁ’f e, pr%?ee"r&a%%

sodi um azidgesratrdrheigimes encighemyd pridsphiow s -G thywlater ydimetdyek er abl y '
l'i thium or ' r.ghl or, : i3 Q0L B H NS | @d e e ohol
azi de. Thiaséglan gcr%rr%&al t‘eaqlgs" recfﬁcae%%% el(fge)r abl yégvivai tlh hydr ogen gasfi n the
presence dfhipanatic @idyskn armpikale Vit ection with a suitable

Ni trogen- prot ect i NG O Wompthi® e thd -Iusmxys athoTy! |, i denzexyedr bonyl or

qu-/z {J|395; gggt}gdaf’ %ﬁ;c%[eg) :i.olu:}.nt:Sj boa]:set,hepxl':eo e@é&%&t&ssiu&ggggg 9 p

sodium carbonate, sodium hydroxide or potassium hydroxide,
in an alcoholic solvent, preferably methanocl, ethanol or
isopropanol, in the presence of an alkylating agent,
preferably dimethyl or diethyl chloromalonate, to obtain a
compound of the Formula XIX':

X -

on [\

/k 7N SR (x1x)
Re0,C

A

RsR4N

wherein A, X, Rs, and R4 and Rs are ag defined above, and Z

is as defined for Formula I except that it is other than
CHZ‘ .
The compound of the Formula XIX’ is treated under
conditions suitable to remove either or both of the R, and
RS protecting groups to produce a compound of the Formula

XX* ;
X

[ )

Z  Ng” CO.Re

ReO A | (XX')



[ bove, and Z i's as
rei err and err] and Rerr] are as defined a
ng{ﬁég ? § ]Ia I esgept that it is other than CHerr]. The conpound ?f
t he Fornuﬁé?gﬁ?ﬁﬁ is then reacted with an afylatlngfor FuLﬁ?gyfgﬁnﬂ?na?ﬁg
ferably net hanesul fonyl chloride or -to uenesul f ony
B;gsence gf a non-nucl eophi li c base, er?erany &nghhélargggtogne of the
i | ethylam ne, in a suitable solvent in |
?EQ@?QL?Eyus a¥ | east partially soluble, to obtain an activated hydroxy

group. THE@EiN A ek Hantt apreo s I&eﬁijﬁé& agssbaM tdh g sujfabl e

fera Iy pot%%m um
nucl eophides i ndef e85y, 11 P a rmre pre
t hi oacgt e, lto obt ain Iaﬁ%orrpoﬁeﬁﬁcfde(ﬁ% o‘rtrm‘lsa obhey 'thdrer@y., wherein A,

(f Zis as
X, R[er.r]Vneyeh1d WK rgasrhqnylarics Ac parat et idRf
def :QLed faondiarieia ﬂoze&?é?ﬁvélh% thhl'ss %} her 1 *;g][' rg'%ﬁib&»(\’\a ?,6/ ?2406

e R o e S ST s o 11
tri phenyIWmtlﬂhmtﬂMpw&ﬁég&W' e a dd ta le%IS&’“\Pgﬁt & ac' |
QgﬁLgaﬁQILE tE;eLgFﬂq 4%&% {E@hfﬁ ul a. Xx’ 1s reacted w1th

an alkylating agent, preferably trimethyl or triethyl

oxonium tetrafluoroborate, in a suitable solvent,

preferably dlchloromethane, to form an 1ntermed1ate lactlm

ether. The 1ntermed1ate lactim ether is reacted with

- guanidine in an alcoholic solvent preferably methanol, _ (
ethanol or isopropanol, to form a compound of the Formula .
XXI'’:

(XXI’)

whereln A, X and R are as deflned above, and Z 1s as

defined for Formula I except that it is other than CH2
Alternatlvely, the compound of the Formula XX’ is

converted to the compound of the Formula XXI’ by reacting

the compound of the Formula X’ with a thiolating agent,

preferably P235 or

2,4- b1s(4-methoxyphenyl) 1,3-dithia-2,4- -diphosphetane-2,4-disulfide
to form the thiolactam intermediate. This can then be

alkylated w1th an alkylating agent, preferably methyl

iodide or ‘trimethyl or triethyl oxonium tetrafluoroborate,

and then with guanidine 1n an alcohollc solvent, preferably

methanol, ethanol or 1sopropanol to obtaln the compound of
the Formula XXI’.



with a nucl eophilic base, preferably potassium carbonate, sodiu nate
sodi um hydrpegbgles406 pPot assi um hydroxi de, | n an al coholic soIK’/%’r'f{:ps9%%9?1(3

pr ef erably nmet hanol, ethanol or |sopropagg in the presence of an

al kyl ating agent, preferably dinethyl or<“diethyl chloronalonate, to obtain
a conmpound of the Fornmula XIX : [err] wherein A, X, Rerr], and R err] and
Rlerr] are as defined above and Z is as defined for Fornula | except that
it s other than CH GhE] cofBBubAMBeURdeokokha1BoRRI-a Y] X d'r%lfyrz%@t ed under
conditions suitable to renove either or both of R%e%% %nd
protect|ngungUpbaﬁéCpF@édéélQnéoﬁﬁoﬁﬁémoﬁ Fﬁ@PPHPﬁu VO
96/ 03406 . J‘
wherein A, § and Rlerr] are as defined dbaye,
Formula | except that it is other than CH
protecting group, the conditions for renov his group are preferably
treatnment with trifluogoacetic acid follo utralization to produce
the conpound of the Fofjrul a XX . The cpimpou t GyHul a XX' is reacted
with an al kyl ating agefjt, preferably tyimethyS or triethyl

PCT/US95/09519 26-
and Z is as defined for
\Wer e t-butoxycarbonyl is a

{(XXII')

wherein A and X are as defined above, and Z is as defined
for Formula I except that it is other “than CH, . Where R
is hydrogen in the compound of the Formula XXI‘, ‘then the
hydrolyzation reaction is not necessary, and the compound
of the Formula XXI’ is peptide coupled as described below.

The compound of the Formula XXII‘ (or the
compound of the Formula XXI’' where R6 is hydrogen), which
is in the free carboxylic acid form, can be peptide
coupled, by means well known to those skilled in the art,
with a glutamic acid diester hydrochloride to form a
diester of the Formula XXIII':

X
/N _k com
i zb\r o
S
HN A 9 \\1:;:\\\’/’

’/J\\\ l ! (XXIII’)
AL .
N

HaN N

wherein A, X and are as defined for Formula XXII’, and R1
and R, are each independently a moieﬂy that forms with the
attached co, a readily hydrolyzable ester group, such as a
C1-Cg alkyl, hydroxyalkyl, alkylaryl or arylalkyl.



. tetrafl uoroborate

oxonium tetrafl uoroborate, in a suitable solvent, preferably

di chl oronet hane, to forman internediate lactimether. The internedi ate

| acti m eWB@6/03496r eact ed wi th guani dine in an al coholic soPGEHEIS8%18f er abl §
met hanol , et hanol or isopropanol, to_%gtnla conpound of the Formula XXI':
[err] mhereln A, X and Rerr] are as defined above, and Z is as defined feor
Formula | except that it is other than CH Alternatively, the conpound of .
the Formula XX is converted to the conpound of the Fornula XXI' by

rP [eacti gg the conpeun@loly,t HE EtBemghaeXacwdl Eoam Risoldrlidinr@sagene preferably
err err

2, 4-bis Z?WEP%@X?&(SWI Foymylg E‘FFF&-Ié,_&SdPé’ﬁ‘SQ&Néﬁéﬁé%P&’%%mf|de to form
t he t hi coappamdisnodr trbei Foemulbhi I wharbh hadalRky axtec@aah H.an al kyl ati ng
agent, preferab'yAU%E%&H%eﬁdbﬁgﬁBﬁetBE”?B %r%é tgt ybfo§on|um

uani di ne oli'c "sol vent,
prefera§PFPﬁ§Fﬁa@6lth@tﬁ@ﬁwplérllé@ppﬁpandbd beledt.ai n the conpound of the
For mul aggXpre 1 VO 96/-03406

PCT/ US95/ 09519 - 27- e co und of the Fornula XXI' is h drolyzed under
basi c cdrdPrilend 2r 6‘“‘?5‘Pm4éng‘gnﬁéfﬁ’ncrl’ 8t Tv B LeSERbYsrRRYRrido [2 .

dipyrimidin-6-yl)ethyl] -4- -methylthieno-2-yl1)-L- glutamlc
acid (Compound 1)

Synthesis
Compound 1 was synthe51zed by the follow1ng process
a. 5- bromo 4 methylthlophene -2- carboxyllc ac1d

Z/ \
Br S/CO zH

This compound was pfepared according to M. Nemec,
Collection Czechoslov. Chem. Commun., vol. 39 (1974), 3527.

b. 6-ethynyl-2- (pivaloylamino) - 4(3H) -oxopyrido
[2,3-4d] pyrlmldlne '

o}
T
Z

(CH3)3C/LL )\

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

N



[err] wherein A and X are as defined above, and Z is as defin | a
| except thaWoi%/034060t her than CH err]. Were Rerr] is hydroggﬁhﬁﬁyéﬁgﬁu-
conpound of the Formula XXI', then the hydreal yzation reaction is not
necessary, and the conpound of the Formula XXI' is peptide coupled as
descri bed bel ow. The conmpound of the Formula XXII' (or the compound of the
Formula XXI' where Rerr] is hydrogen), which is in the free carboxylic
acid form can be peptd.de dugsbatd, Noy Srdstesmoned imetidthienhoselskilled in
the art, w tthrgduflamaddi:c acid di ester hydrochloride to forma diester of
the Fornula XXIII'": [err] wherein A X and are aggylghti ned for Formula
XXI'l', and Rlerr] and Rerr] are I ndependeghtly a noiety that forns
with the attached CJerr] a'readil/ hWdr olfyzablle ester group, such as a
Cerr]-Cerr] alkyl, hydroxyalhgl I y r aryl al kyl . WO 96/ 03406
PCT/ US95/ 09519 - 28- Finally,_it‘iWaSre acifj fermis desired, the conmpound
of the Formula XXII1' is hydrolyzed to ﬁ?od Y npounds of the Fornula |
where Rlerr] and Rlerr] are each H A detail ed exanple of the preparation
of a conpound of the Furrulstirdesd padwitdierh el Gy bRV fethyl -

thiophene-2-carboxylic acid (3.32 g, 15 mmol),
1-hydroxybenzotriazole (2.24 g, 16.6 mmol), L-glutamic acid
diethyl ester hydrochloride (3.98 g, 16.6 mmol} and
diisopropylethylamine (2.9 ml, 2.15 g, 16.6 mmol) in
dimethylformamide (DMF) (40 ml) was added

1- {3-dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride

(3.18 g, 16.56 mmol). The resulting solution was stirred
under argon at ambient temperature for 18 hours, poured
into brine (300 ml), diluted with water {100 ml) and
extracted with ether (3 x 120 ml). The cowmbined organic
extracts were washed with water (150 ml}, dried over Mgso,
and concentrated din vacuo to give a brown gum, which was
purified by flash chromatography. Elution with hexane:
EtCAc (2:1) provided the product as an orange oil (5.05 g,
83% yield). Analyses indicated that the product was
diethyl N-{5-bromo-4-methylthieno-2-yl) glutamate.
NMR(CDC].3) é6: 7.22 (1H, s), 6.86 {(1H, 4, J = 7.5 Hz),
4.69 (1H, ddd, J = 4.8, 7.5, 9.4 Hz), 4.23 {(2H, q, J = 7.1
Hz), 4.12 (2H, q, J = 7.1 Hz), 2.55 - 2.39 {(2H, m), 2.35 -~
2.22 (1H, m}, 2.19 (3H, s), 2.17 - 2.04 {(1H, m), 1.2% (3H,
t, J = 7.1 Hz}, 1.23 (3H, t, J = 7.1 Hz). Anal.
(C15HyoNOsSBr) C,H,N,S,Br.

d. diethyl N-(5-{(2-{pivaloylamino]-4(3H) -
oxopyrido [2,3-d] pyrimidin-6-yl)
ethynyl] -4-methylthienc-2-yl) glutamate:

CO,E!

O CO,Et




N (5-[2-(2-am no- 4(3FD-oxo-5,6,7,8-tetrahydropyrido[2 3-

d]pyr|n1d|n G‘gl)ethyl]-4-nethylthieno-2-y|) -glutamc %ﬁBEB’ gpound 1)
[err] Compound 1 was synt hesi zed by the fol | ofi .
5-bronD 4 met hyl t hi ophene- 2- car boxyt3g-acid: [err] Collection Czechosl ov.
Chem Comun. , vol. 39 (1974), 3527. b. 6-et hynyl -2- (pival oyl am no) -4
(3H) -oxopyrido [2,3-d] pyrimdine: [err] This conpound was prepared
according to E.C. Taylor & G S. K. Wng, J. Og. Chem , vol. 54 (1989),
3618. WD 96/ 03406

PCT/ US95/ 09519 -28- ac5t1r£k@t§diue&é§ @fOapeéhgﬁtﬁykthb§88024¥')
L- gluta rred sol?ilon of ‘5-brono-4-ngeth

|
thlopHB%% %lE%}%%é g-%fh u%§m§§e 1% nPo139-4 %@%*bx&%enzotrlazole (2.24
g, 16. scauom;trilglusanmb)anmdeﬂuemhafg@ﬁtgtmbg h@ﬁ@|ﬁétéea&§e@8 g, 16.6

ot (BTE SLLEORCAPY SLOYRIREP b1 Padlm ZC&f’ogid ®oimRg) 1Mo
mmol), cuprous iodide (200 mg, 1.1 mmol}, triethylamine
(1.5 ml, 1.09 g, 10.8 mmol) and -
_6-ethyny172-(pivaloylamino)-4(3H)-oxopyrido[2,3*d]pYrimidine
(5.68 g, 21 mmol). The resultént suspension was heated at
reflux for 6 hours. After cooling to'rbom*temperature, the
crude reaction mixture was filtered and the precipitate was
washed with acetonitrile (50 ml) and ethylacetate (EtOAc) (
(2 x 50 ml). The combined filtrates were. concentrated in
vacuo to give a brown resin, which was purified by flash
3OH'(49:1) provided
the product as an orange solid (4.16 g, 67% yield).

chromatography. 'Elution with CH2C12£CH

Analyses indicated that the product was diethyl
N-(S—[(2—[pivaloylaminb];4(3H)éoxopyrido[213~d]pyrimidin-6-y1)
ethynyl] -4-methylthieno-2-yl) glutamate. NMR " (CDC1,) 8:

8.95 (1H, 4, J = 2.2 Hz), 8.59 (1K, 4, J = 2.2 Hz), 7.33

(1H, s), 7.03 (1H, 4, J = 7.4 Hz), 4.73 (1H, 4dd, J = 4.8,
7.4, 9.5 Hz), 4.24 (2H, q, J = 7.1 Hz), 4.13 (2H, q, J =

7.1 Hz), 2.55 - 2.41 (2H, m), 2.38 (3H, s), 2.35 - 2.24
(1H, m), 2.19 - 2.05 (1H, m), 1.34 (9H, s), 1.30 (3H, t, J

= 7.1 Hz), 1.24 (3H, £, J = 7.1 Hz). Anal.
(C2gH33N507S.0.75H20) C,H,N,S.

e. diethyl N-(5-[(2- [pivaloylamino] -4 (3H)-
oxopyrido [2,3,d] pyrimidin-é6-yl)ethyl]-4-
methylthieno-2-y1) glutamate

CO,Et

NS

O CO,Et

A suspen51on of dlethyl N- (5- [(2- [plvaloylamlno]—
4 (3H) -oxopyrido(2,3-d]lpyrimidin-6- yl)ethyl] -4- -methylthieno-2-yl)
glutamate (959 mg, 1.6 mmol) and 10% P4 on carbon (1.5 g,



1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de 6.6
mol ). Thavoesedded ng sol uti on was stirred under argon at ané)é’gﬁggsg”&
tenperature for 18 hours, poured into brgge (300 m), diluted with water
(100 M) and extracted with ether (3 x 120 m). The conbi ned organic
extracts were washed with water (150 nl), dried over MgSO4 and concentr at ed
I n vacuo to give a brown gum which was purified by flash chromatography.

El ution mﬂiboh%xane e&tEﬁtn(ﬁriiluonaadedlthacpdodBGtmé$ wasosaagenoi |

5.05 g, 830 n diga hat e u i et hyl
&-(5 b?onnuﬁ %8 ?é%%y F%P ?%t%ﬁg % Eé%cf%??g g% gg§° 22 ¥1H s),
6.86 (1H, u;xﬂute7wasFﬂ;luueé9W%thiCH @l J Eiltered. 5hr9ughkﬂ)pad 28 (2H,

(ikﬁ §)7 1C§%i; (&gzégﬁhcgoué éaZtﬂ) ﬁﬁigoﬁé%nt%aggd(gﬂ VQLuOZ 3§?e i gg
(3H, t, J eegidueppbtajped \ve:?eﬁi%fﬂf%w?weﬁﬁb@fsg) (&20) 1d) Br waahed di et hyl
N-(5- [(2-yptMakayhaateq] Néﬁ@t‘é {20%0DPoI ﬂm) [ 2a8idl byélrrmd sog whj

PCT) Ubob, 088R°H5E 48 4 YRPRaaLRoPaT oR - BF CUPeBHYr RALMLPERo- 4-

met hyl t hi epor2£yed QyufdashechzoBatggraphy. mBLition with
CHZCIZ:CH3OH {49:1) provided the product as a yellow solid
{772 mg, 80% yield). Analyses indicated that the product
was diethyl N-(5-{{2-[pivaloylamino] -4 (3H) -
oxopyrido[2,3-d]lpyrimidin-6-yl)ethyl] ~4-methylthieno-2-yl}
glutamate., NMR (CDC13) 6: 8.60 (1H, d, J = 2.2 Hz}, -
8.49 (1H, broad), 8.32 (1H, 4, J = 2.2 Hz), 7.22 (1H, s},
6.78 (1, d, J = 7.5 Hz), 4.72 (1H, ddd, J = 4.8, 7.5, 9.5
Hz), 4.23 (2H, g, J = 7.1 Hz), 4.11 (2H, g, § = 7.1 Hz},
3.12 - 3.00 (4H, m), 2.52 - 2.41 (2H, m), 2.37 - 2.22 (1iH,
m), 2.16 - 2.04 (1H, m), 2.02 (3H, s), 1.33 (9H, s}, 1.29
(3H, t, J = 7.1 Hz), 1.23 (3H, t, J = 7.1 Hz}). Anal.
(C29H37N507S.0.5H20) C,H,N,S.

£. diethyl N-(5-[{2-[pivaloylamino] -4 {3H) -oxo-
5,6,7,8-tetrahydropyrido[2,3-dlpyrimidin-6-yl) -
ethyl] -4-methylthieno-2-yl) glutamate:

o

‘O CO,Et

CO,Et

(CH3)sC

A suspension of diethyl N-({5-[(2-[pivaloylamino] -
4 (3H) -oxopyrido[2,3-d]l pyrimidin-6-yl)ethyl] -4-methylthieno-2-yl)
glutamate (2.98 g, 5 mmol), 10% Pt on carbon (1.5 g, 50%
wt. eqg.) and Pto,
acid (170 ml) was shaken under 800 psi of H2 for 40 hours.

{1.5 g, 50% wt. eq.) in trifluorocacetic

The crude reaction mixture was diluted with CH2C12,
filtered through a pad of Celite, and concentrated in
vacuo. The residue obtained was dissolved in CH2C12 (150
ml), washed with saturated NaHCO3 (2 x 150 ml), dried over



acetonitrile (55 m) under an argon atnosphere were added bis
(triphenyl - phosphi ne) pall adi umchloride (702 ng, 1.0 mo s iodide
(ZOOrQﬁ%Q%m 1), triethylamine (1.5 m, 1.09 g, 10.8 A#?Tgﬁﬁﬁﬂ T
6- et hynyl - 2- (pi val oyl am no) - 4( 3H) - oxopgci do[ 2, 3-d] pyri m dine (5.68 g, 21
mml ). The resultant suspension was heated at reflux for 6 hours. After
cooling to roomtenperature, the crude reaction mxture was filtered and

the precipitate was washed with acetonitrile (50 m) and ethyl acetate

( Et OAc) Na3sQ, 50aml) comhentuabedednf vRcuat bo geve aobrewnr aesdnin vacuo to

; . - H Cr 0 Hatio
Wi th &“%?’?fo"ﬁé'rgjf%’%g%?r MR ERdgh, pRCoRKLGeRaPRG " PETLEIOA LR e
solid (%H361g:CBy%lyi(@Ra}) Rmavyded indrialéy apaunrmacpedduct was di et hyl
htES-[faugatyﬁﬁeykanhnobé-4F§H»ie%apyahaokﬁgﬁ-g%g¥ kshd%e-ﬁsyh) 5. 95 (1
e n - 4= net. [ - 2- . ut ar .- NN err err]: 8. \
d 3z %?}1PH)?¥g?g9??§%,m§:_&8_ y%”?éiy, 9P§gYEﬁﬂLl§?£°?.8§ BAt d, J =
7.4 Hz)thé. pBodtbt wdd, dieth#18N-754 (9-GpkihloglakindH-4q3HI-= 7.1 Hz),
4.13 (2 15 7.1, =22 4% (2H31 M0 2 H 's), 2.35 - 2.24
(1H, g)E&Bgiggf72;6éeF%EF¥§f§§¥F§§°'$ﬁg35??B??é61%§ﬁ?gf, 3): 7.1 Hz), 1.24
(3H, t,Yl)ethyllr&ymenhxﬂ;héep@rarv@érg}u$amap§}erNﬂs.@cmsmgérﬁ}c» C, HN, S.
e. di@tb!'(&h(5sb(26[ﬁthhﬁ¥|aUTBOL‘4(§Hh2)9X§955iQQH%2b§ dhy

pyrimdin-6-yl)ethyl.]-4- nmethyl thieno-2-yl) glutamate: [err[ A Suspension
of di et fiy2N'¢8. [ @99} pival ByPam’nby- 12-6" Hz), 4.22 (2H, q, J = 7.1 |
Hz), 4.11 (2H, q, J = 7.1 Hz), 3.43 - 3.36 (1H, m), 3.06 -
2.98 (1H, m), 2.89 - 2.68 (3H, m), 2.52 - '2.40 (3H, m), {

2.37 - 2.23 (1H, m), 2.15 (3H, s), 2.14 - 2.03 (1H, m),
1.94 - 1.83 (1H, m), 1.73 - 1.63 (2H, m), 1.32 (SH,s), 1.29
(3#, t, 3 = 7.1 Hz), 1.23 (34, t, J = 7.1 Hz). Anal.
(Cp9Hg41N507S.0.5H,0) C,H,N,S. o

g.  N-(5-[2-(2-amino-4 (3H) -oxo-5,6,7, 8-

‘tetrahydropyrido- (2,3-d]lpyrimidin-é6-
yl)ethyll]l -4-methylthieno-2-yl) glutamic acid
(Compound 1)} : _ S _

A solution of diethyl N-(5-[(2#[pivaloylamino]~
4(3H)-oxo-5,6,7;8-tetrahydropyrido[2;3—dipgrimidin—6-
yl)ethyl] -4-methylthieno-2-yl) glutamate (293 mg, 0.5 mmol)
in 1IN NaOH (25 ml) was stirred at ambient temperature for
90 hours, then neutfalized with 6N HCl. The precipitate
that formed was collected by filtratioﬂ.and washed with
water (4 x 10 ml) to provide:the_pfoducﬁ as a yellow solid
(63 mg, 28% yield). Analyses indicated that the product
was N-(5-[2-(2-amino-4 (3H) -oxo-5,6,7,8- ' ‘
tetrahydropyrido[2,3-d]pyrimidin-6-yl)ethyl] -4-methylthieno-
2-yl) glutamic acid. NMR (DMSO-dé) &: 12.44 (2H, broad),
9.89 (1H, broad), 8.42 (1H, d, J = 7.8 Hz), 7.57 (1H, s),
6.39 (1H, br s), 6.12 (2H, br s), 4.30 (1H, ddd, J = 4.8,
7.8, 9.6 Hz), 3.26 - 3.18 (2H, m), 2.83 - 2.74 (3, m),
2.31 (2H, t, J = 7.4 Hz), 2.12 (3H, s), 2.09 - 2.01 (1H,

"m), 1.94 - 1.80 (2H, m), 1.68 - 1.47 (3H,m). Anal.
_(C20H25'N505$,1'.1H20.)' C,H,N,S. : :



4( 3H) - oxopyrido[ 2, 3-d] pyri m di n-6-yl)ethyl]-4-nmethylthieno-2-yl) glutamate
(959 ng, 1. Qudvddaseeand 10% Pd on carbon (1.5 g, WO 96/ 0340BCT/US9S/09519
PCT/ US95/ 09519 -31- 150 %W . eq.) in trifluoroacetic acid (30 m) was
shaken under 50 psi of Herr] for 22 hout¥>~ The crude reaction m xture was
diluted with CHerr]dJerr] , filtered through a pad of Celite

(di at omaceous earth) and concentrated in vacuo. The resi due obtai ned was

di ssol ved igy GHersdOlgird; a3 gwgiﬁﬁk h.saturated NaHCO3 (2 x 100

m), dried erry err in vacuo to give a brown
gum mhlcrlQ@Eﬁ%ﬁ#ﬁ?q¥ﬁPtﬁﬁf@%ﬁ#b%ﬁ#Qﬁm@QEﬁ%&ﬂ&s P0tEdR with

CH err] O [ erFdrdddsiyldde (49: 1) provided the product as a yellom/solld (772
ng, 80%yield). Analy éﬂglcated t hat. t he pr.od ct was di et hkéS-

[ 2-[ pi val oyl ami no] - 4(§h% transformylase (GARFT) assay met od o

oxopyri do[ 2@ty patt i &l dj NBHoyhemi syt - 23 nmmuhl:esrm%yﬂ!é gkagamate. NWR

05 o Yuggittes Aidhedy af agecnifed Mlow s Fegdtiohh SRt Fegd (3T
4.8, 7.5, Santained ige (@atalytiq domain Hzij the mur(@m GARFT, =07230 Haly,

?1? %)3 gQgﬁ %iéeHQess)@ é?m él 3@t ’%%y&ggm%d@ %&Ml&tx&elﬁ - 2.04

J = F%% é3H, t,
J=7.1 H)! |1°(Q{e%?]u&ﬁé?r]»s)[mm%ﬁj@@em%@?@ IPPRP .
di et hyl N (dM [K2PEPi RGH OYhran @) ; 4k 5®%8M KC1. The reaction was

initiated with the addition of enzyme to a final
concentration of 11 nM, followed by monitoring of the

= 18.9 mM > -

increase in absorbance at 2%4 nm at 20°C (e
)

294

The GARFT inhibition constant (Ki) was determined
from the dependence of the steady-state catalytic rate on
inhibitor and substrate concentration. The type of
inhibition observed was determined to be competitive with
respect to FDDF by the dependence of the apparent Ki
(Kl app) on the concentration of FDDF -and was shown to be
descrlbed by K1 app = K, + (Ki/Km)[FDDFJ. The Michaelis
constant for FDDF, Km' was determined independently by the
dependence of the catalytic rate on FDDF concentration.
Data for both the Km and Ki determinations were fitted by
non-linear methods to the Michaelis egquation, or to the
Michaelis equation for competitive inhibition, as
appropriate. Data resulting from tight-binding inhibition
was analyzed and K; was determined by fitting the data to
the tight-binding eguation of Morrison, Biochem Biophys
Acta 185 (1969), 269-286, by nonlinear methods.
Determination of Dissdciation Constants for
Human Folate Binding Protein:

The dissociation constant {(Kd) for human
folate-binding protein (FBP) was determined in a
competitive binding assay using membrane associated FBP
prepared from cultured KB cells. f
Preparation of KB cell Membrane Fraction:



5, 8-tetrahydropyrido[ 2, 3-d] pyri mdin-6-yl)- ethyl]-4-nethylthieno-2-yl)
- gl ut nate [err] A suspension of diethyl N (5-[(2-[pivaloylan no]-

4(3H) - OWQ-?@IS[ 2,3-d] pyri midi n-6-yl)et hyl ] - 4- met hyl t hi eRETESYS95H ut anat e )
(2.98 g, 5 mol), 10% Pt on carbon ((kgd g, 50%wW. eq.) and PtC2 (1.5 g,
50% W . eq.) in trifluoroacetic acid (170 nl) was shaken under 800 psi of
Herr] for 40 hours. The crude reaction mxture was diluted with

CH err]C[err], filtered through a pad of Celite, and concentrated in
vacuo. The resi@@&aﬁﬁnﬁ majosiisﬁwend\sarapedjﬂramﬂﬂﬂdswg] (150 m),

washed il 6 a;nlgeat 1%91dﬁc)e’ntqr t%a verti EO\@D 96/ 03406

PCT/ US95/. 09519 - 32- r and conceén FPo%o give a
brown f&f §, mm%:@a/m ﬁLT é’@lti;etfqdagﬁldiﬁ dﬁ-aﬂ@grmeﬂ;ls) Blerte on with

CH d II u d substrate
(1[22&@4 %e‘;ﬁdgﬁé'“?‘;ﬁ]ﬁﬁéﬁ’* SO %@f‘e'yré‘l I

yi el d). Anap§%é?’ et @ R Mo apsaethaned ) dlépmwcated
N- ( 5- [¢ﬁnbmlwah@ybmmpméke4tﬁﬂn ly 515 and centrlfuged at 12000 x g

Sf(;)e?h%‘%%ng'{ﬁr%‘%ih%ﬁm )c/)rlz |)2‘31 “mdl.n_s_j'a ' ﬂf) [err]: 7.24 (1H,

5), 6. PRdobienows bound Eolake Hy5teglispemsiat) ind 202 nlllkde ddddik = 4. 8,
7.6, 1%u(ff|é§:) (5% &% GHled]-kbu pft 3.9): 1% T Epha G 1b T 1 HR). 343 -

3.36 (1Hmegkaptoethanol) and "entrlfuged as before The pellet
was then resuspended in 20 ml of the suspen51on buffer at
PH 7.4 and centrlfuged as before The pellet was | ‘
resuspended in 5 ml of suspenSLon buffer at pH 7.4 lacking
EDTA. Protein content was quantitated u51ng the Bradford
method with BSA as standard. Typical ylelds for thls
procedure were 4-5 mg total membrane proteln per 2x10

6,7,
uta

cells. Thls final suspension was used as a source of
membrane associated human FBP
FBP Competitive Binding Assay.

Inhlbltor was allowed to compete agalnst 3H folic
acid for blndlng to FBP. Reactions mixtures contalned
50-100 mg of cell membrane protein containing'3-6 pmoles
(3-6 nM) of. FBP, 17.25 pmoles “H-folic acid (17.25 aM, 0.5
uCi), various concentrations of competitor, in 1-m1 of 50

‘mM KH,PO,-KOH pH 7.4 : 10 mM 2 'mercapt'oethanoi ' Reactions
were performed at 25°C. Because of the very slow release

- of bound H folic acid, the competltor was prebound for 30

minutes in the absence of 3H fOllC acid. 3H Folic acid was
then added and the mixtures were allowed to equlllbrate for
2.5 hours. The full reaction mlxtures were drawn through

 nitrocellulose fllters under vacuum to trap the cell
membranes with bound H folic ac1d The trapped membranes
were then washed 4 times with 1 ‘ml "of reactlon ‘buffer. The
amount of bound >H-folic acid was measured’ by sc1nt111at10n
counting of the nltrocellulose membrane. The data obtained
were nonlinearly fitted as described aboﬁe The FBP Kd for
38-folic acid, used to calculate the competltor Kd, was



2.98 (1H m, 2.89 - 2.68 (3H m, 2.52 - 2.40 (3H, m, 2.37 - 2.23 g ,
m, 2.15 (3WD9eP340@. 14 - 2.03 (1H, n), 1.94 - 1.83 (1H, m, RCYESISOPIY3
(2H, m, 1.32°(9Hs), 1.29 (3H t, J = 7.1 z), 1.23 (3H t, J = 7.1 Hz).
Anal . (quH{mHNMH]QHHSOSWaH "CH N, S. g.

N (5-[2-(2-am no-4(3H)-o0x0-5,6,7,8- tetrahydropyrido- [2,3-d]pyrimdin-6-
yl )et hyl ] -4-nmet hyl t hi eno-2-yl) glutan1c acid (Cbnpound 1): A solution of
di et hyl N-(5-[(2-[pival oyl am no] -

4(3H) - oxo- 5, @bt?aﬁné@twhaﬂfgewtﬂ&;tﬁoﬂ] @frpﬁpdwtﬁ H folate and
yl)ethyl]-4-net hylthieno-

m) was stirfFeos u%ﬂ5|%ﬂP1¥%%ig g%ﬁ?én$o$§96hﬁoﬂ?§a Fﬂeﬁ %éﬁBFagagganﬁﬁth

6N HCl. The méeeq@atﬁbﬁ that forned was collected by filtration and washed
w th water (éé Qiﬁég to provide the product as a yellow solid (63 ng, 28%
yield). Analyses Indrcated that the product was

N- (5-[ 2- (2- ami no- 4( 3H) Th&oc8lE, ¥iges used and their origin are

tet rahydropyfaﬁmztéadlﬂyﬁmél A 6- frhée%bwln%aﬁabﬂ&hseaﬁa Aedhy glutanic
acid. NWVR (DVMBO-d[err]) [err]: br oad 89 (1H, broad) 8 42

(1H, d, J = Feguipgment %70?113{30%)Ce%13§1{1§k?rﬁr5§9‘m361§ d(3p Tgb18)2-4. 30
(1H, ddd, 3 El3. SulfuBes Swbrélhaidtdbned3ad83¢2t, 8%, a2r880; 2n74 (3H M,
2.31 (2H, t,. J #.7.4 %P 2 1@ %SH, s), 2.09 - 2.01 (1H, M7 1.94 - 1.80
(2H, n, e%uml‘ilﬁﬁel‘?_% LEPAtRal . (Cerr]Herr]Nerr]Qerr]S 1. 1Herr] O
C HN,S. In vitro growth inhibition:
Stock solutions of the inhibitors were prepared
in 10 mM sodium bicarbonate in water and stored in 1 ml
aliquots at -20°C for cell culture experiments. Cell-
growth inhibition was measured by a modification of the
method of Mosmann, J. Immunol. Methods €5 (1983), 55-63.
Mid-log phase cells of each cell line were
diluted to 18,500 cells/ml in fresh RPMI growth medium
(Mediatech, Washington, DC) suppleménted with dialyzed
fetal-calf serﬁm'(Hyclone Laboratories Inc., Logan, UT),
and then aliquotted into columns 2 tﬁrough 12 of 96-well
microtiter plates. Column 1 was filled with the same
volume, 135 ml, of fresh medium, without cells, for use as
a blank. The plates were then placed in a 37°C, 5% air-co2
incubator. After 1 to 4 hours, plates were removed from
the incubator followed by addition of the test compound at
10 x final concentration, 15 ml/well in binary dilutions,
to columns 12 to 4. For reversal expériments, hypoxanthine
{1.75 mM) or AICA (1.75 mM) was included in all drug
solutions (final concentration 175 mM) . Wells containing
each concentration of test compound were prepared in
quadruplicate on each plate. Fifteen milliliters of wedia,
without test compourid, were added to the wells in column 1
of the plates. The cells were then returned to the
incubator and remained undisturbed for the full incubation
period. On day 3 for L1210 and L1210/CI920 cells or day 5
for CCRF-CEM cells, 50 ml of 0.8 mg/ml MTT
(4,5-dimethylthiazol-2-yl}-2,5-diphenyl tetrazolium
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Bi ol ogi cal and Bi ochem cal Eval uation Determ nation of Inhibition Cbnstants
for GAR WOR69B46ny| ase: The GAR-transfornyl ase (GARFT) asBel/USES(OAsH?

Young et al., Biochemstry 23 (1984), 39¢92-3986, was nodified and used as
descri bed bel ow. Reactions m xtures contained the catalytic domain of the-
human GARFT, 0-250 nM of the test conpound, 20 [err]M gl yci nam de

ri bonucl eotide (GAR), 10 or 20 [err]M N err]-fornyl -5, 8-di deazafol ate
(FDDF), 50 mM HEPES-KOH (pH 7.5), and 50 mM KOl . The reaction was initiated
with the addntiden Sfigenz vatafloganbi.nMR1e8Ncdibsaived dh tissile fol | owed by

t 4 C =
o O 16,2 R GBS ed it USR] Cafh
det er mi newhiichmeedd sdwssrdsnturaed: ke §b@adVC§baF@rcatéﬁy§¢c4r§p@r6n

'nh'b'toraﬂﬂdpiﬁQ%%r%EQe09€ﬁ60EGaE&%& tEQelthBaQEr'ﬁhﬂbb@h@&l@h%@@yed was
determ ned tq_he conp Etltlve with resRIte EDDF gn endence of the
8ﬁr&fSF L

appar ent RferRPO Py FPF In"iRNtESnce ndhown to be
descri bed 15y mﬂebf]nmsﬁ[aes]aﬁden[ebrhh&hemenn[EEDEul pIheeM Chae|IS

of the cabARYER "FAF o B, Atc RLPA FBRS OO A o SPTHSo TERETKERr ] and
Klerr] deﬂehwmmaumombewdaskfatts@omytnm@etam@aﬁ me Thed exttenthefM chael i s
equation, qak Sh314Bed MIT was measured spectrophotometrlcally at
540 nm on a Molecular Devices Vmax klnetlc mlcroplate
reader. The concentratlon of drug requlred to reduce cell ‘
growth by 50% as measured. by MIT metabollsm was determlned -
by 1nterpolat10n bétween the O.D. (mlnus blank) immediately
above and below 50% of control 0.D. (mlnus blank)

Tissue of Origin and Source of Cell
Lines Employed in In Vitro Studies

Cell Llne ' Source ergln
L121O _ aTcck - Mouse, lYmphocytlc leukemia

CCRF-CEM -  ATCCH Human, acute lymphoblastic
_ ' T 1eukem1a -

Culture Condltlons, Platlng Den81t1es and
Incubatlon Tlmes Used in Mlcrotlter Assays

Cell Tine .._Medlum ._DFCS Platlng - Incubatlon

Conc.* Density. Time
: x (%) (cells/well) ___{(days)
L1210 RPMI-1640 5 2500 .3
CCRF-~CEM RPMI 1640 10 2500 _ 5
*DFCS Conc. = dlalyzed fetal calf serum. concentratlon
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M chael is equation for conpetitive inhibition, as appropriat

resul ting Wo®G#0340§ht - bi ndi ng i nhi bi tion was anal yzed and K[ SFTPD%ﬁésw
deternmined by fitting the data to the tig} 5binding equation of Mrrison,
Bi ochem Bi ophys Acta 185 (1969), 269-286, y nonl i near net hods.

Det erm nati on of Dissociation Constants for Human Fol ate Bi nding Protein:
The di ssoci ation constant (Kd) for human fol ate-bi nding protein (FBP) was
determned in a conpetitive binding assay using tenbrane associ ated FBP
prepared fromeulisrod KR cells--froparationof-KR call-Mudrape-Eraction:
WD 96/ 03406 TABLE 3 PCT/ US95/ 09519 -34 -
Adherent KB cells were scraped from fl asks, washed once in ice-cold PBS,
and centrifuged atCatfdrativé dbata nfomitBsstatCefpould.. and®PeéR €PRATERI | S
(2x10[ err] cel |Gyoweh elnktospirn dde ing 1Comt imiowss fthshomr bBxpesure
(KH[err]POerr]-KOH pH 7.4 - 10 oM EDTA 10 nM 2-nercapt oet hanol )

soni cat ed brfemPQuURS ccﬁ%’é?exrell I 5@ %Eh)dlcen¥¢$® UeREL at HYD®® x g for
10 minutes at 4[err]C. bel | et %%??pped eno uge Eﬁd folate
by resuspension in 20 m of acidic b?& (50 PC{é$+$ %&?ipH 3.5
> 10 mM EDTA: 10 nM 2- nercaptoethano and centr ged as b nThe

bellet was tfremrestspended—m20 nd—t#—fhe—suspensrﬁﬂ—buff
1 1.4 13.5 6.1 28

DDATHFP 25 17.5 1.5 0.020

d; Mean ICgg + standard deviation;

6R-DDATHF, the 6R diastereomer of -
5,,10-dideazatetrahydrofolic acid {(Lometrexol) (See F.M.
Muggia, "Folate antimetabolites inhibitor to de novo purine
synthesis, " New Drugs, Concepts and Results in Cancer
Chemotherapy, Kluwer Academic Publishers, Boston (1992),
65 87.

As the above comparative data show, Compound 1

has a relative folate binding protein K4 that is about 1400
times less potent than 6R-DDATHF.
EXAMPLE 2

N-(5-[2-(2-amino-4-ox0-4,6,7,8-tetrahydro-3H-pyrimido[5,4-
6]1- [1,4lthiazin-6-yl)ethyl] -4-methylthieno-2-yl)-L-glutamic

acid (Compound 2)

Compound 2 was prepared as follows.
a. methyl S5-bromo-4- methylthlophene -2-
carboxylate:

Br s’ﬂW:Ckc*hl
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pH 7.4 and centrifuged as before. The pellet was resuspended in 5 m of
suspension buffer-at pH 7.4 lacking EDTA. Protein content was guantitated
usi ng t heVe@PeBR48¢ d net hod with BSA as standard. Typical EE Wt his
procedure were 4-5 ng total nenbrane prog%ln per 2x10[err] cells. This
final suspension was used as a source of "nenbrane-associ ated hunman FBP. FBP
Conpetitive Binding Assay: Inhibitor was allowed to conpete agai nst
[err]Hfolic acid for binding to FBP. Reactions m xtures contained 50-100 -
ng of cell nenbrane protein containing 3-6 pnoles (3-6 nM of FBP, 17.25

pnol ets Eerr] Hfolic agid o 5612% idM og 3 ﬁ)&bﬁ\b%)-me‘t Zu«wao%aaentratlons of
conpetitor,_ in Q rr

2-mer capt o 1T oxyl%a&qlw (lé\lges ]&é % ?zzt thapj‘{cjl%ngE‘ausé'aﬁf t he
very sl ow raeldest ecriceminaut efde i, |56, f dl4i mlaci d Theheesaipenitt eolwadopr @asund
for 30 m nyjd ‘;a} tcﬂ atth%e%*ﬁ%‘%%rmla[ [ubld T OolphG 38hQentl %!aé befd) eﬁoﬁﬁ)sd was

then added a e mixturées weré allowed to equrlibrate The
ful |l react i CHRAENEEIAtAOI\Ee iR 0o e Wﬁﬁmﬁﬂﬁlme§§§QQ We&rs under

;/acuumdt 0 =t itthienerd Iﬁe[]waa@@%%awatt@damm%hqrars]oﬁml Ia@ldatCelt%erbT][a];go
ra e ne rane wer,e en wasne W rea | ONn u er.
o it T Do e it e, SenArAbae Al My Ry dopter BeEal i on | ¢

count i ng ofextthraated odadH Wtdsa @iy as®. miThe dien colnbdinedd orgaaic

nonl i near | i o G esa e A o T WBriSerd Wk RS 61 0

used to cal e the conpe
give a red oil, which was purified by flash chromatography

Elution with hexane:ethyl acetate (9:1) provided the product (
as a yellow oil, which solidified on standing (18.34 g, 85%
yield). Analyses indicated that the product was methyl
5-bromo-4-methyl-thiophene-2-carboxylate. NMR (CDCl,) &:

7.47 (1H, s), 3.86 (3H, s), 2.20 (3H, s). Anal. (C7H7028Br)
C,H,S,Br.

b. methyl 5-(3- hydroxypropynyl) -4~
methylthiophene-2- carboxylate

CH,0,C

To a stirred solution of methyl 5-bromo-4-methyl-
thiophene-z-carboxylate (5.18 g, 22 mmol) in diethylamine
(60 ml) under an argon atmosphere were added
bis(triphenylphosphine) palladium chloride (77 mg, 0.11
mmol), cuprous iodide (42 mg, 0.22 mmol) and propargyl
alcohol (1.5 ml, 1.44 g, 26 mmol). The resultant mixture
was stirred at ambient temperature for 18 hours. Tha :
solvent was removed by concentration in vacuo, and the
residue obtained was diluted with water (200 ml) and then
extracted with EtOZc (3 x 100 ml). The combined organic
extracts were washed with 0.5 N HClL (100 ml), dried over
Mgso, and concentrated in vacuo to _give a brown oil, which
was purlfled by flash chromatography Elution with
hexane:EtOAc (2:1) provided the product as an orange 011
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obt ai ned O%M4% titration of FBP with [err]Hfol ate and5é sequent
.nonlinear fitting of the data to a tight-hignding Klerr] equation. Cel

lines: The cell lines used and their origin are tabulated in Table 1. The
growt h conditions and nedia requirenents of each cell line are summari zed
in Table 2. Al cultures were nmaintained at 37[err]C, 5% air-CJerr] in a
hum di fied incubator. In vitro growmh inhibition: Stock solutions of the

i nhi bi tors whichpsepidddied 00 staoddngm(4i.03r gon8Bs yieldder amélytsesed in
1 m aliquotgadtared %@&Cnmr pEBllctUbhY Geexpgri ments. Cell- growth

i nhi biti on was neasure dification of t met hod of Mbsnann, J.

| munol . Nershdashaéremgypyeglés‘* W&Wé@hﬁﬁmn@eﬂ sagpoxxdRtee! | MRne
vverﬁ di | ut edcb)cl 8, 500 Tebbsiph, l@)tresbsRl??fk g:épwt ::af gedigm, EM?QI: at geh,

Washi ngt on te y ed fetal-calf serum (Hycl one
Laboratorieégﬁhc §§ﬁa Ugf Ogﬁﬁ é %I&UOtted I nto columms 2 through
12 of 96-wel |l n1crot|ter phmatayl GGHBthﬁrwayp&bbwéd-wkth t he sane vol une,
135 m, of fresh nmedium wmekhbyiltbdbpbenkoR -gveebaxydalslkank. The plates were

then placed in a 37[err]C, 5% air-CJQ | ncubator. After 1 to 4 hours,
pl ates were renoved fromthe incubatogf f@ | oned by addition of the test
conmpound at CH0,C s OH

A suspension of methyl 5-(3-hydroxypropynyl)-4-
methyl-thiophene-2-carboxylate (3.86 g, 18 mmol) and 5% Pd
on carbon (0.72 g, 19% wt. eqg.) in EtOAc (110 ml) was shaken _
under 50 psi of 'Hz for 20 hours. The crude reaction .
mixture was filtered through a pad of Celite, and the
filtrate was concentrated in vacuo to provide the product as
a yellow oil (3.84 g, 98% yield). Analyses indicated that
the product was methyl .

- {3-hydroxypropyl) -4-methylthiophene-2-carboxylate. NMR
(CDCIS) 6: 7.51 (1H, s), 3.84 (3H, s}, 3.71 (2H, t, J =
6.2 Hz), 2.86 (2H, t, J = 7.6 Hz), 2.16 (3H, s), 1.92 {(2H,
tt, J = 6.2, 7.6 Hz). Anal. (C1gH14038) C,H,S.

d. methyl 4-methyl-5-(3-oxopropyl) thiophene-
2~-carboxylate:

I\
CH0,C™ *g CHO

To a stirred suspension of methyl
5-(3-hydroxypropyl)-4-methylthiopheneéz-carbbxylate (3.74 g,
17 mmol), N-methylmorpholine-N-oxide (3.00 g, 26 mmol) and
powdered 4A molecular sieves (4.5 g) in CH,Cl, (50 ml) was
added tetrapropylammonium perruthenate (300 mg, 0.85 mmol).
The resultant suspension was stirred at ambient temperature
for 40 minutes. The solvent was removed by concentration in
vacuo, and the residue obtained was purified by flash
chrométography. Elution with hexane:EtOAc (4:1) provided
the product as a yellow oil (1.82 g, 49% yield). Analyses
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10 x final concentration 15 m/well in binary dilutions, to colums 12 to

4. For reyers xperinments, hypoxanthine (1.75 mV) or. Aﬂ%%](qé/sgﬁlﬁsﬂw vas

|ncluded‘Y99§?4° rug solutions (final concentration 175

cont ai ni ng each concentration of test camgpaund were prepared in
quadruplicate on each plate. Fifteen mlliliters of media, wthout test
conpound, were added to the wells in colum 1 of the plates. The cells were
then returned to the incubator and renai ned undi sturbed for the ful

i ncubation period. On day 3 for L1210 and L1210/ Cl-920 cells or day 5 for
CCRF- CENIC@ﬂd§Ca§Edﬂthﬂt(Ih§lﬁyQﬂUQMTWaS methyl .

. (4, 5-di met hyJddud 52 o res hemylo Fm%%%aéQ|l fg@ 96/ 06
PCT/ US95/ 09519 }gél b-rzct-)%ln deO% lﬂz'lF) cat a ca%?&?x di ssol vglg&l n tissue

i .
cul ture mediGhfRiws add@dsﬁo(égéhtmepl =oP - gIHZbPaFe§° AtHer Shii énB8el | s were
returned to{3xhe d)nceharor(2d Aft,erg 4 aw Siz)al 12 m|3at(e$1 wete emmved,fromt he

I ncubat or _ tri d, 4 00 rpm,for I Nyt a were S|phoned
of f and 15?]%1 q’%p Dl\?fSLéJ%e (s3ﬁdd(f§d t@né-l&ch %é-lﬁl@;é rjlif(ges Pl ates were
then m xed at sl ow spesd on aemmwﬂeﬁ-miﬁhuu6mwlm-Hour in the dark at room
tenperature. The extent of msedivlitiddpiENenis carboxyddte:

spectrophotonetrically at 540 nmon a Ml ecylar Devices Vmax[err] Kkinetic
m cropl ate reader. The concentration_of/ r\g,fgquired to reduce cel

CH0,C S T

To a stirred suspension of"methyltriphenyl- '
phosphonium bromide (3.14 g, 8.8 mmol) in THF (30 ml) under -
an argon atmosphere at 0°C was added 2.5 M n- butylllthlum in
hexane (3.4 ml, 8.5 mmol). - The resultant slurry was stlrred
for 10 minutes at 0°C, for 75 minutes" at ambient
temperature, and then cooled to -65°C prlor to the dropwise
addition of a solution of the methyl -
4-methyl-5- (3-oxopropyl) thiophene-2-carboxylate (1. 71 g,

8.1 mmol) in THF (30 ml). The coollng bath was removed and
_the reaction was stirred for 90 minutes while gradually .

warming to room temperaturel The crude reaction mixture was
concentrated in vacuo to a volume of 20 ml, diluted with
ether (200 ml), and filtered through a pad of celite. The
filtrate was concentrated in vacuo to give an orange oil,
which was purified by flash chrdmetography. Elution with
hexane:EtOAc (95:5) provided the product as a yellow oil
(772 mg, 46%) Analyses indicated that the product was
methyl 5- (3- butenyl) -4- methylthlophene-
2-carboxylate. NMR (CDC13) 6: 7.50 (1H, s), 5.84 (1H,
ddt, J = 10.2, 17.0, 6.6 Hz), 5.07 (1H, dd4, T = 1.6, 17.0
Hz), 5.02 (1K, dd, J =1.6, 10.2 Hz), 3.84 (3H, s). Anal
- (C11H14028) C,H,S. |
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grow h by 50% as neasured by MIT net abolism was determ ned by I on
bet ween t he W®9%93Phus bl ank) i nmedi ately above and bel ow 50&%%%@%?&

O D. (mnus blank). TABLE 1 Tissue of Oigin_and Source of Cell Lines
Enployed in In Vitro Studies Cell Line our ce Oigin L1210
ATCCH Mouse, |ynphocytic | eukem a CCRF- CEM ATCCH

Human, acute |ynphobl astic | eukem a #ATCC = Aneri can Type Cul ture
Col l ection TABLE 2 Culture Conditions, Plating Densities and | ncubation

Times Used in Mcrotiter Assawget@sl 5]-4 e 4 -diBeirRybut yIDRGES Pl ati ng
| ncubati on Conc. * Density methylt‘hmr(&féstJdaa}ﬁaxyla(mys) L1210

RPM - 1640 5 2500 CCRF- CEM RPM -1640 10

2500 5 *DFCS Conc. = dial yzed fetal | f serum concentration.

SUBSTI TUTE SHEET ( RULE 26) MD 96/ 03406
PCT/ US95/ 09519 -37- TABLE 3 Conpar at| 8
6R- DDATHF

/

BP”d and

OH

To a stirred solution of N-methylmorpholine-N-
oxide (735 mg, 6.3 mmol) and osmium tetroxide (5 mg,‘0.02
mmol} in acetone (30 ml) was added a solution of methyl
S5-(3~-butenyl}) -4-methylthiophene-2-carboxylate (701 mg, 3.3
mmol) in acetone {20 ml). The resultant solution was
stirred under an argon atmosphere at ambient temperature for
48 hours, then filtered through a pad of Celite. The
filtrate was acidified by addition of 0.5 M H,80, (10 ml),
and the acetone was removed by concentration in vacuc. The
aqueous residue was diluted with water (20 ml) and extracted
with EtOAc (3 x 25 ml). The combined organic extracts were
washed with water {3 x 25 ml), dried over Na,SO,, and
concentrated in vacuo to give a brown gum, which was
purified by flash chromatography. Elution with CHZClz:EtOAc
(2:3} provided the product as an off-white solid (577 mg,
71% yield). . Analyses indicated that the product was methyl
5-({3,4-dihydroxybutyl}) - '
4-methylthiophene-2-carboxylate. NMR (CDC13) 6: 7.50 (1H,
s), 3.84 (3H, s), 3.79 - 3.72 (1H, m), 3.86 (1H, 44, J =
3.2, 10.9 Hz), 3.48 (1H, 44, J = 7.4, 10.9 Hz), 3.00 - 2.80
(2H, m). Anal. (C11H1604S) C,H,S8.

The above examples are given to illustrate
various aspects of the invention. It is to be understood
that appropriate modifications will be within the
capabilities'of one having ordinary skill in the art in
light of the teachings contained herein.

Where possible as a matter of chemistry, chemical
groups recited herein can be substituted. 1In some cases,
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G ow h I nhibition Using Continuous (72-hour) Exposure Conpound GARFT Ki

1 derr] Cell IC[err] Cell Human (nM Culture - Culture
Fol at eWOIS%#3406 . CCRF- CEM Bi nding (nM[err] PﬁWF%ﬁ/‘P?w
Protein Kd (nM 1 1.4 _g2- 13.5 28 DDATHFb’
25 - 17.5 1.5 ~0.020 [err]: I\/Ean I err]

standard deviation; [err]: 6R- DDATHF, the 6R di astereoner of
5,,10-di deazatetrahydrofolic acid (Lonmetrexol) (See F.M Miggia, "Folate
antinmetabolites inhibitor to de novo purine synthesis,” New Drugs, Concepts

?2895)65 HHis Ip@seamﬁ.arlt%Q@DtnbareaexpllﬁbuwebyA@ademgPubl igshers, Boston

A t he abov Q tive dat ow, Conpound 1 has a
relative (ﬁ%&ttéltﬁdn& &napg)@glggﬁggt frat Cas 3533 ﬁ’b‘@npl nmes | ess potent
t han 6R- DDATHF EX/NHéIrE fore than one R group is recited in any
N(5-[2 7g8-
[1(4] E hF(é’% - 312)4‘ TR %hngﬁhy%hh?’gﬁgh egg)_“a%hlt%’d%i?%%?@ & mound 2)
[err] CohsoRePeikiddtiespdidgnas fol l ows. a. - nethyl:
5- br ono- 4- net hyI t hi ophene- 2- car boxyl at e: [er r]-
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\s/\g 8?{ gﬁl‘l’gg 9503P% o - IM“HMMJHIHMIE 2- car boxyl i CP;:II/ 35%%%95188 TO a

.in CHerr]OH (450 m concentratsed Herr]SOerr] (4 m). The
resultant solution was heated at reflux for 18 hours. The sol vent eSen \
renmoved by concentration in vacuo, and the residue obtained was” pa@T1ioRed
bet ween saturated NaHCO err] (350 ml) and ether (350 m) :

conbi ned orgEnT c‘[&ﬂl@&ﬂ@%e dried over MgSdJ err] and cync

vacuo to give a red oi4 fJ,ed .chrordt ogr aphy.
Elution wth hexane: etlhyl acet ?Blglf) e&%mf%‘@%hg product as a yell ow
oil, which solidified on standlng (18.34 g, 85%yield). Analyses indicated
that the product was nethyl 5-bro 4- met hyl - t hi oghene- Fate. NWVR

(ChC[err]) [err]: .47 (:(1H, s), s), 28 . Anal .
(JerrJHerr]derr] B ydr ypropynyl) 4-
met hyl t hi ophene- 2- d sol n of methyl

5- br ono- 4- et hy
(60 m) under arf argo
palladiun1ch|oridg~(7

and proparg%h

: 1) in digthyl anmi ne
re added blggtrlphenylphosphlﬁé

, cuprous iodide (42 ng, 0.22 mol)

wherein: N

A is sulfur, CH or selenium;

2 1s a substltuted or unsubstituted C C3 alkyl
group, a substltuted or unsubstituted C2 C3 alkenyl group, a
substituted or unsubstltuted c -C3 alkynyl group, a
substituted or unsubstltuted ‘amino group, sulfur or oxygen;

X ls a ‘substituted or unsubstituted C -Ce alkyl
group; a substltuted or unsubstituted C2 6 alkenyl group; a
substituted or unsubstituted C,-C_ alkynyl group; -C(O)E,

wherein E is hydrogen, a substztuged or unsubstituted Cl C
alkyl group, a substltuted or unsubstituted c, C3 alkenyl
group, a substltuted or unsubstituted C C alkynyl group, a
substituted or unsubstituted OC C3
NRlORll’ wherein Rlc and Rll are independently selected from
hydrogen, substifuted and unsubstituted C,-C; alkyl groups,
substituted and unsubstltuted C C alkenyl groups,
substituted and’ unsubstltuted C2 C3 alkynyl groups; NRlORll'
and R are 1ndependently defined as set forth

alkoxy group, or

wherein Rlo
above; hydroxyl; :;_ro SRlZ' wherein Rlz is hydrogen, a
substituted or unsubstituted C_-C
substituted or unsubstituted C
substituted or unsubstltuted C

a substituted or unsubstltuted O(Cl C3) group; and

6 alkyl group, a
Ce alkenyl group, or a

1l
27
»~Cg alkynyl group; cyanoc; or

. SUBST {TUTE SHEET {RULE 26)
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al'cohol (1.5 n, 1.44 g, resul tant mixture was stirred at

anbi ent t eratu e for sol vent was renoved ration,
i n vacuo, Pvgﬁ ’?:143 re5| due diluted with water (%@?@%%d t hen

q The caybi ned organi c extracts were

C] ( g&ﬁ 3 dried over MgSJerr] and concentrated in

?Wﬁﬂﬂﬂ(ﬂﬂ gu own ol ch was purified by flash chromatography.

1) prOV|ded t he product as an orange oi
WD 96/ 03406 PCT/ US95/ 09519 - 39-
whi ch solidified on standins R e gadpoindenendentiyl hedrogrn @ &l t hat
the prOdUCM@ME% Hud forms, together with the attached CO,, a readil
5-(3- hydrogﬁp ynlg -net h Ithlo hene- 2- car boxyl at e. NM@((II][erH%
[err] Ys%/ f@{«g’-‘sﬁu 3.87 (3H, s), 2.29 (3H s). Anal.
(derr]H ercd G tha]ﬁ)adédt:&ald.y reetdept dol(e3-duldr dotygreaply] ) - 4-

nmet hyl t hi ophene- 2- car bpxyl.at S, f §w
5- (3- hydr oxypr opynyl )béA)f ’gt{"“ffl‘ﬁn op‘#ene- n-'ecar':gﬂﬂd)]l <I:]886]'“1 1’18 nmol )
and 5% Pd ovhexgisor (i mﬂg‘-urlg% WiH, eq.) in Et OAc (110 m) was shaken -

under 50 psi of Herrd fq é%%ﬂBﬁﬂé;or'BEié"éEEbfd%ﬁg'éH‘éﬂa@m”f was
filtered through a pad ‘of Celitej and_the filtrate s conc ntrated in
vacuo to priRfYRR e it Sdlpt GCH, NH, oxygen, SU1 ur, CH,OH) or

NCB3.

4. A compound or salt according to claim 1,

wherein: when X is substituted, the substituents are

selected from OH, NH2, O-methyl, O ethyl SH, SCH3 and NH- -
methyl; and when Z is substltuted the substituents are '
selected from C1 C6 alkoxyl C1 C alkyl C C6 alkenyl
C2 C6 alkynyl acyl, halogen, amlno, hydroxyl nitro,
_mercapto, monocyclic carbocycle monocycllc heterocycle,
nonfused polycycllc carbocycle, nonfused polycyclic
heterocycle, hydroxy C C alkyl and C C6 alkoxy C

alkyl.

1 6

5. A compound or salt according to claim 1,
wherein X is unsubstituted.

'6. A compound or salt accordlng to clalm 5,

' whereln X is ‘methyl or ethyl.

7. A compound or salt accordlng to clalm 1,
wherein R1 and R2 each is 1ndependently_hydrogen, Cl-c6
alkyl hydroxyalkyl, alkylaryl or aralkyl _

- 8. A compound or salt according to claim 7,

wherein Ri and R2 each is 1ndependently hydrogen or Cl -C
alkyl. ' ‘

2
9. A compound or salt accordlng to claim 8,
| whereln R1 and R2 are each hydrogen
10. A compound or salt accordlng to claim 1,
wherein A is sulfur or CH2, Z is CH2, and X is methyl.
11. A compound or salt accordlng to claim 1,

selected from:
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a yellowoil (3.84 g, 98%yield). Analyses indicated that th 8%H§t wa
met hyl S-Uﬂlﬁ%ﬂﬂﬁkypropyl)-4-nethy|th|ophene 2-car boxyl at e.F ﬂﬁ%s
(Cod TerrfyTerri=—7-5t<(1H s), 3.84 (3H, 3.71 (2H t,

2.86 ( 2.16 (3H, s), 52 (2H tt, J = 6. €
Anal . fmuﬂ ,I"l'" mﬂ#mr]S) CHS d rret hyl 4-met hyI 5-(3- ‘%ﬁbr(ﬁ&
t hi opheme-<¢ 2- mar oxyl ate' [err] To a stirred suspension of nethy

5- (3- hydr oxypropyl ) - 4- et hyl t hi ophene- 2- car boxyl ate (3.74 g, 17 mol),

N- met hyl nor ﬂhQEI—ﬂQ*—N‘ZO&hﬂﬁo( 3.(89) goxd658ph) saaawawdkegyﬁdmbeguw

per 1 ut henat BYEAB0SRG - C0Ybaekmyh) -1 TRE PRLART SR “dx)Ents BhCRABSE! PRLEA at

anbi ent t enpedatibsepharmatentiaoadldy Zbeepbhbiat sadsspenoved by
concentrati gn (gd 14aqYQamadpd-khexkesi due obtained was purified by flash
chronatogragh(s Pusgoﬁmmﬁth héx%ne Et OAc (4:1) provided the product as a
yel | ow oi | 61582 § -tebvapyeray 3HARYKIBégo [S, ﬁtﬁbéﬁwshﬁﬁhlaZIH 6~

PCT/US95/09 19etﬁ91]Lﬂdm%&h9dthhéhotbe 5 oglu Euﬂﬁﬁlﬁeﬁbih dlethyl este
4- et hyl - 3 oxggr thloghex - 2- carbox§ at e. 1 G % &¥ err]
9.83 (1H, t, 2CPUBACPIHY 8FCeB-3RIPIFR EF 3hdy C2hrler o =7
Hz), 2.83 (2B-adtinod4=o8084,6,7,8- tetrahydro 3H-pyrimido-
(5,4-6] [1,4]lthiazin-6-yl)ethyl] -4-methylthieno-2-yl) -
L-glutamic acid and its pharmaceutically acceptable salts.
12. N-(5-[2-(2-amino-4(3H)-oxo-5,6,7,8-
tetrahydro—pyrido{z,3-d]pyrimidina6-yl)ethyl}-4- -
methylthieno-~2-yl) -L-glutamic acid.

13. A pharmaceutical composition comprising:
(i} a compound of the Formula I:

x n CO;R;
0 l \\
A s COaR,
HN l z c . (1)
//L§§
HaN N u
wherein:

A is sulfur, CH2 or selenium;

Z is a substituted or unsubstituted C,-C5 alkyl
group, a substituted or unsubstituted C2~C3 alkenyl group, a
substituted or unsubstituted C C3 alkynyl group, a
substituted or unsubstituted amlno group, sulfur or oxygen,

X is a substituted or unsubstituted C C6 alkyl
group; a substituted or unsubstituted c -Cg alkenyl group; a
substituted or unsubstituted Cy-Cq alkynyl group; -C(O}E,
wherein E is hydrogen, a substituted or unsubstituted c,-¢
alkyl group, a substituted or unsubstltuted C,-Cy alkenyl
group, a substituted or unsubstituted C2 3 alkynyl group, a

substituted or unsubstituted 0C;-C3 alkoxy group, or

3
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£ err]Jerr]S) CHS e. ethyl
oxyl at e: [eL%%_Ig_ggig— 5
%p ni um br omi de
reahﬁewﬂhm
8.5 mol). Ther mmﬁ!ﬁ m/a -
stirred for. 10 mnutes a\ O . for 75 m nutes at *a ture,

and then cooled to -65[er¥TC prior to the dropw se addition of a solution
of the netB%R 4- et hyl - 5- (3- oxopr opyl ) t hi ophene- 2-carboxyl ate (1,71 g, 8 1
mol ) in THR{F i \Whermin dbgj ianf! Bt ks indarandenid ¥ irelesiad dram

stirred forpPdrdient esudt 4 e disad Iahswéﬁlrtglﬂéa r@om ! MgfRigHups, The
crude reactl m xtur congentrated,ipn vacu | une of 20 m,
diluted witF* rrfetrur(eég(erﬁf)un "?thrutte‘?%oé]z FHURS ite. The
filtrate w@suhsnmnuuedu&nﬂ|unsuhsnnuut@ﬂ kkxnyxngrowﬁan

purified byf ro ap OV|ded
t he product as a ye IQJV%C?Q{ %r E.irﬂiéeé%hd'& j]yses 1 ndi cat eeg:st a]f“'q'g
product wasthaiew hyd WI)QA ﬁ‘%i warﬁliﬁ)lﬁ'e ey, A rpsggene.a NI\/R

gc([));j E(larHr])sdl@éﬂ:ltutéd%k(&l‘éuﬁs)m&t?é’d (dHcdd1kyl gddug, &7.0, 6.6 Hz),

H &
s). Anal ?%P%ﬁﬂﬂ'ﬁq]ﬁ é-}r}%@sréwée éEdBSGFd ﬂﬁ?@aE%’F?l‘%UL@rzﬁ 3.84 (3H,

substituted or unsubstituted C2 C6 alkynyl group,'cyano, or
a substituted or unsubstituted O(C ) group; and

R and R2 are each 1ndependently hydrogen or a ‘
moiety that forms, together w1th the attached COz, a readily ~

7.4 Hz), 2.17 (3H, s). Anal.

5-(3-bute thyl t hi oph
suspensi o&w&%ﬁéé?{; triphe

THF (30 m) under an ar
n-butyl | ithi umin hexan {6@

hydrolyzable ester group;
or a pharmaceutlcally acceptable salt’ thereof, and

(ii)y a pharmaceutlcally acceptable carrier.

'14. A pharmaceutical composition acooiding to
claim 13, wherein A is suifur or CH2.

15. A pharmaceutical composition according to
claim 13, wherein Z is CH2 CH2CH2, NH, oxygeh, sulfur,
CH(CH OH) or NCH3

16. A pharmaceutical comp051tlon according to
claim 13, wherein: when X is substituted, the substituents
are selected from OH, NHz, O-methyl, O-ethyl, SH, SCH3 and
NH-methyl; and when Z is substituted, the substituents are
selected from C,-C alk02yl c,-C alkyl, C.-C, alkenyl,

6 6 2 76
c, € alkynyl, acyl halogen, amlno, hydroxyl nitro,

mercgpto, monocycllc carbocycle, monocycllc heterocycle,
- nonfused polycyclic carbocycle, nonfused polycyclic '
'heterocycle, hydroxy C, Cs_alkyl and C C6 alkoxy C C
alkyl. _ _ _ _
17. A pharmaceutical'composition according to
claim 13, wherein X is unsubstituted.
| '18. A pharmaceutlcal compos1tlon accordlng to

claim 17, whereln X is methyl or ethyl

eet Has Been Reﬁaced
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WD 96/ 03406 PCT/U895/09519 -41- f.
met hyl 5- (wmsabsmwroxybutyl) 4- et hyl t hi ophene- 2- car boxyl ?5]19T0
sti rred—sotutiomof —NTEet “hyl nor phol i ne-N- oxide (735 ng, 6.3 nnDI)
osn1um 0 02 mml) in acetoﬁ@'(BO m) was adde
of r'reth mﬂmﬂlwﬂ!\ 4-met hyl t hi ophene- 2- car boxyl ate (70{_ 0@
I n acet one e resultant solution was stirred under an
at nosphere at anbient tenperature for 48 hours, then filtere
of Celite. The filtrate yas icgﬂhﬁgéeﬁhégﬁ' Lo gogfucio‘ﬁ o a5t %;ﬁqc%”]
(10 m), and the acetone was renove concentration 1 n vacuo. e aqueous
resi due was dicladed 1di-t Whggedn Rp02apd) QnéaéhtR&cﬁé@eﬂﬁpﬁeEFéKbh@érﬁgzgr
m). The conbicned oLaapis ayarra&yalmue m&b@drwt brovakanked . x 25 nl),
dried over Na[érr Sqerr a oncentr n_vacuqQ.t.o give a _.bhrown gum
Whi oh s, pur |11 e by 1 40 BnPOAATGFARISaL BPBPE chopy accotding" Lo
CH err] d [ err F1BE@AC9( 2wBprpiaov Rednth& peradhct sadndependentiilye hydidogef577
ng, 71@6y|eldb A Iy§g§ ndlca ed tha? t he product was net hyl

5-(3, 4- d|hydroxybaty2) met hyl t hi ophene- 2- carboxyl ate. NWR (CDd [err])
[err]: 7.50 (1H, s), 3.84. (BHPhéfmaSEPQlcaé FempoRitipn 3cgerding &@
3.2, 10.9 Hz) ¢ alﬁszeleh@qela R 7ahd %0 Ar7kach 89drogedd (2H M. Anal -
(C[err]H[err]C{err S) C H_S

claim 13, wherein A is sulfur or CHZ,.Z is CHZ’ and X is
methyl.

'22. A pharmaceutlcal composition according to

. 23. A pharmaceutical composition according to -
claim 13, wherein said compound of the Formula I is
N-(5-[2-{2~-amino-4(3H) -oxo0-5,6,7, 8-tetrahydro-
pyrido(2,3- d]pyrimidin—s-yl)ethyll—4-methy1thieno-2-y1}-

L- glutamlc acid.

24, A method of inhibiting the growth or
proliferation of cells of microorganisms or higher
organisms, comprising administering to a mammalian or avian
host an effective gquantity of a compound of the Formula I:

COLR,
Q
A CO,R,
HN
' (I)

N
H,N N N
‘wherein:

A is sulfur, CH2 or selenium;

Z is a substituted or unsubstituted Cl-c3 alkyl
group, a substituted or unsubstituted CZ-C3 alkenyl group, a
substituted or unsubstituted c2~c3 alkynyl group, a

substituted or unsubstituted amino group, sulfur or oxygen;

SUBSTITUTE SHEET (RULE 26} | I'Siiimiﬁlnmn lﬂilaced




trate various aspects of the
I nvention. It is to be und SE Ahat appropriate nodifications will be

wi thin MR9603#8bi | i ties ving ordinary skill in PREVSPYORHK |ight of
t he t eachi ngs cont ai ne Where _pgssible as:a matter of chemstry,

cheni cal’ groups recit&kdereih can be substitut ed J“ﬂ‘ﬁmgmaﬂﬂﬂm,th
i s

96/ 03406 :
possibility is made expl Mit by reciting, e.g., spbstltutéd br S

~unsubstituted CJerr]-Clerr] alkyl group. Were nore than -one Rl err] group
is recited in any For gl a habstﬁtueédhoa[ahehbeaﬁthceﬂndipegden K sel ected

‘the Forndhaup: PorbrEiiueRl o nutdieificed SorFeortkanat gro T B A

substltuﬁ@@S@ﬂtumgdbgmlMusabscpgumpdcpngk allkynydr gypupa sGHSVELUt ed or

UnSUbSt'hﬁkﬁglg[%r&E Hyarbhedl KaNKhbet¥Rted or unsubstituted C,-Cy
alkyl group, a substituted or unsubstituted C2 C3 alkenyl
group, a substituted or unsubstituted Cz_cs.alkynyl group, a
substituted or unsubstituted.OCl-C3 alkoxy group, or
NR, ,R,,. wherein R,, and R,, are independently selected from
hydrogen, substituted and unsubstituted C1-C3_alkyl groups,
substituted and unsubstituted'C'—Cj alkenyl groups,

substituted and unsubstltuted C C3 alkynyl groups; NRlORll' ‘
wherein R, , and R are lndependently defined as set forth
above; hydroxyl; nltro; SR12} wherein_Rlz is'hYdrogen, a

substituted or unsubstituted C,-C,. alkyl group, a

1 76 7 JTo T .
substituted or unsubstituted C2 C6 alkenyl group, or a
substituted or unsubstituted'c C6 alkynyl"group; cyano; or
a substituted or unsubstltuted O(C ) group, and

R, and R2 are each 1ndependent1y hydrogen or a
moiety that forms, together w1th the attached COz, a readily
hydrolyzable ester group;
or a pharmaceutlcally acceptable salt thereof.

25. A method according to claim 25, wherein A is
sulfur or CH2 _ _
.26. A method according to claim 25, wherein Z is
CHZCHz’ NH, oiygen,'sulfur, CH(CH OH) or NCH3

27. A method according to clalm 25, whereln
when X is substituted, the substituents are selected from
OH,-NHZ, O-methyl, O-ethyl, SH, SCH3 and NH-methyl; and when
Z is substituted, the substituents are selected from C.,-C

1 76

alkoxyl, Cl-C6 alkyl, Cz-c6 alkenyl, C2-C6 alkynyl, acyl,

halogen, amino, hydroxyl, nitro, merdapto( monocyclic

CH2,

carbocycle, monocyclic heterocycle,'nonqued polycyclic
carbocycle nonfused polycyclic'heterooyole, hydroxylcl_-c6
alkyl, and C, C6 alkoxy C, C6 alkyl.

' 28 A method accordlng to clalm 25, whereln x is

unsubstituted.
) SUBSTITUTE SHEET (RULE26) Thisliiiietliiiffmﬁeﬁim




substituted or unsubsti r] al kynyl group, a substituted or
unsubst i t UMeRI9GIBHeR0 grc“ﬂﬂﬂmuﬂﬂ“ m”ﬂ“[/gen wher ei n when z BGI7E§50931P
thé substituents are selected*fromerr]- err] .al koxyl, Clerrl-
aIkyI Clerr]-Cerr] alkenyl, Cerr]-Cerr alkynyl acyl F A
hydroxyl, nitro, nercapto, nDnocycIic car bocycl e, nDnocycll ﬂﬂgvx”*
nonfused pol ycyclic carbocycl e, nonfused pol ycyclic heterocycl e
Clerr]-Cferr] alkyl and Cferr]-Cferr] alkoxy (Jerr]-Clerr] afkyl; Xis a
substituted or unsubstibyled Geehbl Geebihiabkyh enaum 28, Suhskbhu od sqr
unsubsti tuted C%grr -CJerr] al kenyl group; a“substituted or unsubst it uted
Clerr]-derr ek V&n?F §ESYY: -C(OE, wherein E is hydrogen, a substituted
or unsubstituted C[err]a@[enrheahbﬁla@eouﬂ;ng &ub&na&mted OWhé&&ﬂhSRItuted

C2: 3 al ke ol QUP o Yok ey shbab Lo CLpr T Lasr] al by
NR[err]R[errpydwhaveﬁkYR[eaﬂFYéa@YR[errpraﬂBYﬂndependentiy sel ected from

hydrogen, substituted agq, uasg\ta% 'bhu]%& g gl t‘a[ %&ahmabby' wHERR: r
substituted and _unsubsfitute err err] ~al kenyl gioups ubst’i t &t ed

and unsubstlPﬁﬁegchéFP]lé[éPﬂFPEPQ?ﬁﬁﬂYgPUéﬁ?geRRP€r RCer A Y%ubstltuted
and unsubsti t ut ed C err b2( ar mktably aykogaanss toNBiLaim| Bier whereher & n
Rlerr] and R% are |nde egdgntlﬁ defi ned as set forth above; hydr&xyl
nitro; SK er ? e?gln drogen -44- substituted or
unsubstituted C[err]- C[éBr]AambyhograapordlsngDlcaaew @5, uwbelretint &t ed

derr] C[erghléh%ee¥'cﬂr0uana0& 3s methyl.

34. A method according to claim 25, wherein said -

compound of the Formula I is _
N-(5-{[2-(2-amino-4 (3H) -oxo-5,6,7, 8-tetrahydro-
pyrido{2,3-dlipyrimidin-6-yl)ethyl] -4-methylthieno-2-yl) -
L-glutamic acid.

35. A compound of the Formula II:

(II)
R
wherein:
R is a halogen;
X is a substituted or unsubstituted C;-Cg alkyl

group; and

B is an amino acid linked through the amino
1 C6 alcohol linked through
the alcohol portion to form an ester.

portion to form an amide, or a C

36. A compound according to claim 35, wherein R
is bromo.

37. A compound according to claim 35, wherein
when X is substituted, the substituents are selected from
OH, NHp, O-methyl, O-ethyl, SH, SCH3 and NH-methyl.
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substituted or unsubstituted C.enr]-Cerr] al kynyl group; cyano; or a
substituted or unsubstituted @FN-Cerr] al koxy, wherein when

subst i t UNRPEOBHE subst it ugnfglre oel ect ed from OH__NH| erFf @q’ﬂ?t"’r?yl
C}ethyl 'SH, "SCH err] arg< Ngongrhyl ; R[err] and Rlerr] are eacﬁ‘

i ndependent Iy hydrogep”ee€asiprety that orms togeUlﬂl ached *
Cderr], areadily «Qﬁol'«‘t}?'zl e ester group.; or memmmm _
acceptable sal t- thercof - A conpound or sal t accordlng'to "cl &int 1,

wherein Ais sulfur oN&ZH err]. 3. A conpound or. salt according to claim

1, wherein Z is CHerzp, SHempdiilescdordthg 00y oelaimubs uruh&FEGHerr] o)
or NCH err ound or salt .according to claiml1, wherein X is

unsubstltuiﬁdunguéiFi 90nd or salt according to.claim4, wherein Xis

met hyl or ethyl. 6. M@on@ouudp@mn@amcmmghm ¢batrhad &) Iwhedbeteix R err]
and Rerr]; Qaﬁgth llggeggﬂgfntly hydrogen, Clerr]-Clerr] alkyl,
hydroxyalkyl glar or“aral kyl. 7. A conmpound or salt accordlng to

cl ai m 6, mhereln R[erX? ahocepReYRd 2eePrding nuepekaitnt 3, hyldevgim Br

S[[er r} d gigR][ dﬂé%ﬂhﬁ/l §1ut£m§@§p@#ﬂde@lﬁy§%f SERPL dawoﬁ@llcl aim 7d wher ein
err] an err] are, ro salt according to
claim1, wherein Ais g ? %?#e??]tﬁé EQP%#F%r$} *and X is nethyl. 10.
A compound or salt according to cIa5€11 _ '

HO =
wherein: ' : _
X is a substituted or unsubstituted C,-C. alkyl

group; and

6

B is an amino acid linked through the amino
'portlon to form an amlde, or a C, C6 alcohol linked through
the alcohol portion to form an ester

42. A compound accordlng to claim 41, wherein
when X is substituted, the substituents are selected from
OH, NH2, O-methyl, O-ethyl, SH, SCH3 and NH-methyl.

43. A compound according to claim 41, wherein X
is unsubstituted. | '
' 44. A compound'aCCording to claim 43, wherein X
. is methyl or ethyl

45 A compound accordlng to clalm 41, whereln B
is diethyl glutamate or methyl or ethyl alcohol.

: ThlS Sheet Has Been R
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se| — ' /(TMP L7
gmﬂmmmmmmo oxo-5, 6, 7, 8-t et rahydropyri do[2 3- ]REPLACEMI:NTSHEET
pyr| din-6-yM) et hyi ] - 4- nethylthleno 2- yI) L-gl utani c aciidy

phar maceutical ly acceptabl e salts; g (2- ani no- 4-jo 0-2 FEB 1938
4,6, 7, 8-tetrahydro-3H pyrim do[5, 4- 6][1 4F =t hi azi n- 6-

yI)ethyI] 4- et hyl t hi eno-2-yl)-L-glutam c acid di et hyl est g,&;o'zk
pharmaceutical |y acceptable salts; and N—(5 [ 2- (2 ani no- ¥-°d oy

8-t et r ahydr o- 3H—pyr|n1do- : '

[5,4-6][1, th¥fqﬂ$ ¥l.]-4- nethylthleno 2- yI) L-glutam c acid and
I ts pharmaceutical ly accepta e salts.. 11, .

N- (5-[ 2- (-2- ami no- 4( 3H)1 oxA s¢amPe8nd of the Formula I:
tetrahydro-pyrido[ 2, 3-d] pyri mdin-6-yl)ethyl]-4- :

met hyl t hi eno-2-yl)-L-glutam c acid. 12. A pharnaceutlcal conpogkg
conprising: (i) a conpound of the _ mher I'S sﬁlfur

CH err] or seleniu Z is a substitut ed C[err] derr]

al kyl group, a subsffituted or unsubsti r]-C{&rr] al kenyl group, a
substituted or un [ & % | gr @gu,R,a substituted or
unsubsti tuted no gr oxygen; whdein when Z is sulghituted,
t he substituentd are

HN N . u_

wherein: .

A is sulfur, CH, or selenium;

Z is a substituted or unsubstituted C,-Cq alkyl
group, a substituted or unsubstituted c2 3 alkenyl group, a
substituted or unsubstituted C2-C3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

wherein when Z is substituted, the substituents are
selected from C,-C¢ alkoxyl, C,-C¢ alkyl, C,-C¢ alkenyl, C,-C,
alkynyl, acyl, halogen, amino, hydroxyl, nitro, mercapto,
monocyclic carbocycle, monocyclic heterocycle, nonfused
polycyclic carbocycle, nonfused polycyclic heterocycle,
hydroxy C,-C, alkyl and C,-C; alkoxy C,-C¢ alkyl;

X is a substituted or unsubstituted C,-Cg alkyl
group; a substituted or unsubstituted C2—c6 alkenyl group; a
substituted or unsubstituted C2—C6 alkynyl group; -C(O)E,
wherein E is hydrogen, a substituted or unsubstituted c,-C
alkyl group, a substituted or unsubstituted C,-Cy alkenyl
group, a substituted or unsubstituted C,-C3 alkynyl group, a
substituted or unsubstituted ¢C;-C; alkoxy, or - ’

3

NRlORll’ wherein R10 and Rll'are independently selected from
hydrogen, substituted and unsubstituted Cl—C3 alkyl groups,

substituted and unsubstituted C2—C3 alkenyl groups,

substituted and unsubstituted CZ-C3 alkynyl groups; NRlORll‘

wherein R10 and R11 are independently defined as set forth

above; hydroxyl; nitro;-SRlz, wherein R12 is hydrogen, a



_——

e ﬂlﬂﬂfﬂmmﬂiﬂﬂ -Clerr] alkoxyl, Clerr]-Clerr] alkyl, Clerrt—gferri—
al kel [H’ r] al kynyl, acyl, hal ogen, am no, hydd®ept ACBMERDSHEET
mercaptd, ‘morffocycl fc carbocycle, nonocyclic heterocycle, noffUsSed
cl‘r
I

pol ycyclic carbocycle, nonfused pol ycycl igghet erocycle, hydrox® FEB 1398
Cerr]-Cerr] alkyl and (err]-Cerr] alkoxy CJerr]-Clerr] kyl ; -46-1 X
is a substituted or unsubstituted Jerr]-Cerr] al kyl grodpt—ea-stirstitutet
or unsubstituted.Clerr]-Cerr] . alkenyl group; a.substitutad.qr

unsubsti t ut 8% ?:Féﬂ‘f'?é[ Q%P“ﬁl"%?ﬁwt%reﬁ&f—c@( @)1%,}' ¥ Bis hydrogen, a
substi t ut edsabstiisubetd oot ethstbetsiltuCest rcjz-ai-g)all grouplbsdr tait ed or
unsubsti t ut ed err]l-Gerr]. al kenyl qr : sulstituted or unsubstituted
Clerr]-C er?‘]’b%ﬁﬁy}ﬁg § Fo}fﬁsugjss’fﬁ‘t%%et%%ﬁ%@ %ﬁ%‘é@m TR N Perr]
al koxy, or aRpebstRtutef, oxhamsubskicutledany-8] eiXlody e windeperdent |y

sel ected from hydrogen, substituted and unsubstituted Cferr]-Cferr] alkyl
groups, subwhenuKeds ghbpstitsitiesti theegubgtdtipntpepre sgleshigd fizams,

substi t ut edogndnunsUbshét Ryl &leenyi sn{ Iscat kynyl NeCaeRsy1NREe | Rierr]
wherein R err] and R err] are independently defined as set forth above;
hydroxyl; nitro; SR er R, andeiRe ax @adh iindepsdent; 1y kydsogent ed ar
unsubsti tut gd . P I - U i subgt ]
Cerr]-Cd er??1%%%%&%%%1&£0%g§%bggﬁlﬁ%€cﬁg% dridindd 24 2 f&g&ﬂy

unsubstitu
d err] - d er hfydapiyspbler @syexc@x®dPior a substituted or unsubstituted

Clerr]-erp} al ﬂ&%mdﬂ@ﬂﬂ%d&l&@e%dé%gtéﬁﬂéﬂéélﬂ‘%heﬁé&f§Ub5tituents are
selected fromOH NHerr], C>neth¥£i etgﬁ!, SH, chierr d, NH- net hyl ;
and 2., A compound or salt according to claim 1,

wherein A is sulfur or CH, .
3. A compound or salt according to claim 1,
" wherein Z is CH,, CHZCHZ' NH, oxygen, sulfur, CH(CHon) oxr
NCHB.
4. A compound or salt according to claim 1,
wherein X is unsubstituted.

5. A compound or salt according to claim 4,
wherein X is methyl or ethyl.

6 . A compound or salt according to claim 1,
wherein Rl and R2 each is indépendently hydrogen, Cl—C6
alkyl, hydroxyalkyl, alkylaryl or aralkyl.

7 . A compound or salt according to claim 6,
wherein R1 and R -C2
alkyl.

2

each is independently hydrogen or C1

8. A compound or salt according 'to claim 7,
wherein R1 and R2 are each hydrogen.

9 . A compound or salt according to claim 1,
wherein A is sulfur or CH,, Z is CH,, and X is methyl.

10 . A compound or salt according to claim 1;

selected from:



R[err re each i ndependent|y hydrogen or a noiety ns,
t oget "ﬂ'ﬁ“iﬁ[ﬁ M ched CJerr], a readily hydrol yz~ajb ,ﬁAG%K@N'ﬂB‘M or
a phar maceu ept able salt thereof; and (ii) a.;

acceptable carrier. 13. A pharnmaceuti cal conp05|t|on ac ord2qqg% g
wherein Ais sulfur or CHerr]. 14.. A pharpaceutical c t cco
to claim12, wherein Zis CHerr], CH[er?{ [err], NH, }dxygen. qulfur,-
CH(CH err]OH) or NCH err]. 15. A pharmaceutical conposiition accordin
claim12, wherein X is unsubstituted. 16. A pharmaceuti onposi tion

according to claim 15, wherein X is nethyl or ethyl. - -47- 17. A-
phar maceut ggﬂp ac 1 | i f ng R err]
each is inggpen ent y b AN !9, & fﬂéﬂr YB[Lg'IE’IEIZ 3 ﬁ]

hyd
R A R LR frémn%mbnﬁaméam B6idl ai m

17, wherei god elrtr pHo i i Gl | Scd Télesdl s hydrogen or .
d err] derr] ﬁ%yl 19 Ap %’u rmaceutical conposition according to claim
18, wherei A~ % " each hydrogen. 20. A pharnaceuti cal

conp03|t|on,&cGnmmuq;nahydnn*BHébyvimiééﬁ5A4+s]5u14hfbhiaﬁihe5p], Zis
CHerr], a@ﬂ)ééﬁ@l]-4-methylthieno-2-y1}-L-glutamic acid diethyl ester
and its pharmaceutically acceptable salts; and N-{(5-[2-
(2-amino-4-oxo-4,6,7,8-tetrahydro-3H-pyrimido-
{5,4-6] {1,4]thiazin-6-yl)ethyl] -4-methylthieno-2-yl)-
L-glutamic acid and its pharmaceutically acceptable salts.
11. N-(5-{2-(2-amino-4(3H)-oxo0-5,6,7,8~
tetrahydro-pyrido[2,3-dlpyrimidin-6-yl)ethyl] -4-
;methylthieno-z-yl}-L—glutamic acid.

Y

12. A pharmaceutical composition comprising:
(i) a compound of the Formula I:

§

X
. ‘ \ \(\/
HNJIA 20t T T
| (1)
Xy
HaN N u

wherein:

COzR;

A is sulfur, CH, or selenium;

Z is a substituted or unsubstituted C,-C; alkyl
group, a substituted or unsubstituted C,-Cq alkenyl group, a
substituted or unsubstituted C2—C3 alkynyl group, a

substituted or unsubstituted amino group, sulfur or “oxygen;

wherein when Z is substituted, the substituents are
selected from C,-C4 alkoxyl, C,-C, alkyl., C,-C¢ alkenyl, C,-C;
alkynyl, acyl, halogen, amino, hydroxyl, nitro, mercapto,
monocyclic carbocYcle, monocyclic heterocycle, nonfused
polycyclic carbocycle, nonfused polycyclic heterocycle,
hydroxy C,-C¢ alkyl and C,-C; alkoxy C,-C, alkyl;



rreth eutical conposition according to ¢
sai d m@tﬁl‘ Formula | is F&EPLA&EMW éﬁé@T

N (5- - 0X0-5,6,7,8-tetrahydro-
pyri do[ 2, 3-d] pyr| md| n-6-yl ) et hyl ] - 4- met hyA¢hi eno- 2-y1 ) ! ‘QZUEEBIBSQM d
-48- 22. A conpound of the Formula Il: [err] wherein: R|_ a _hal ogen; X is
a substituted or unsubstituted Cerr]-Clerr] -al kyl group; and B Is.an amino

acid linked through tRe i@ Retibited onrunsubstd tet regeeges@mm

al cohol i @geﬂlghré)%gm@é@w tﬁ%ﬁbé’@lé&é%@-@@ eéjdﬁ grgrﬁél%tolrrpound

according to.claim?22  where Rjs bronp .
claimz22, FEEELF %l‘g‘%‘ﬂ?%‘i’r'i‘éﬁ Cy teg sAHsRY. m@uare sdébe&Led from
OH, NH[err]wheaemi B/ lis Qneidogen SH M@xﬁdt@m%ﬂmﬁ@wahtute&% -Cy

alkyl group, a substituted or unsubstituted C,-Cy alkenyl

group, a substituted or unsubstituted C C alkynyl group, a
substituted or unsubstltuted (.'31-~C3 alkoxy, or

NR10R11' wherein Rlo and R11 are 1ndependently selected from
hydrogen, substituted and unsubstituted ¢, -C, alkyl groups,
substituted and unsubstituted C, 5-C3 alkenyl groups,
substituted and unsubstituted C2 C, alkynyl groups; NRlORll‘
wherein R10 and R11 are independently defined as set forth
above; hydroxyl; nitro; SR, 5, wherein R12-is hydrogen, a
substituted or unsubstituted- C,-C¢ alkyl group, a -

" substituted or unsubstituted (:2-C6 alkenyl . group, or a
substituted or unsubstituted C2-C6 alkynyl group; cyano; or

a substituted or unsubstituted C,-C, alkoxy, wherein

when X is substituted, the substituents are selected from
OH, NH,, O-methyl, O-ethyl, SH, SCH, and NH-methyl; and

'R1 and R2 are each independently hydrogen or a
moiety that forms, together with the attached Co,, a readily
hydrolyzable ester group;

~or a pharmaceutically acceptable salt thereof; and

(ii) a pharmaceutically acceptable carrier.

13. A pharmaceutical composition according to
claim 12, wherein A is sulfur or CH,.

14 . A pharmaceutical composition according to
¢laim 12, wherein Z is CH,, CH2CH2, NH, oxygen, sulfur,
CH(CHz'OH) or NCH3 . :

15. A pharmaceutical composition according to

claim 12, wherein X is unsubstituted. =
16 . A pharmaceutical composition according to

claim 15, wherein X is methyl or ethyl.



cording to claim22, wherein X is uns 4
l Qmaﬂ; QFQ to claim25 wherein Xis met hyl or} gEPRACE

npoulnd &cCOradi ng to claim22, wherein Bis diethyl g amatﬁ 21%93
corrpound of the Fornula VII: [err] wherein: X is a substli teufe EB
unsubstituted CJerr]-Clerr] alkyl group; and Bis glutamic acid or
derivative thereof, |inked through the amno portion t 9.
A conpound according to claim28, wheregn-when X-is su

substituents are selected fromOH, NHerr], Onethyl, Oethyl, SH SCH
and NH nmethyl. 30. A conpound according to claim 28, V\,herei n Xis
unsubstituted. 31. A conpound according to.claim30, wherein X is methyl or
ethyl. 32. A conpound according to claim28, wherein B is diethyl

gl ut anat e. WO 96/ 03406

PCT/ US95/ 09519 38. Amormopmsiriaaeenewgltaoﬁbasﬁtaan whebeiding it

unsubstituted, ;5 wherein R, and R, each is independently hydrogen,

C,- C6 alkyl, hydroxyalkyl alkylaryl or aralkyl.
18. A pharmaceutical composition accoxrding to
claim 17 , Wherein Ry and R, each i‘s'_ independently hydrogen
orxr Cl C2 alkyl.
19. A pharmaceutlcal composition according to

claim 18, wherein R, and Rz are each hydrogen.

1
20. A pharmaceutical composition according to
claim 12, wherein A is sulfur or CH.,, Z is CH,, and X is

‘methyl.

2'

21. A pharmaceutical composition according to
claim 12, wherein said compound of the Formula I is..
N-(5-{2~(2-amino-4 (3H) -oxo0-5, 6,7, 8-tetrahydro-
pyrido[2,3-dlpyrimidin-6-yl)ethyl] -4-methylthieno-2-yl) -
L-glutamic acid.



3 ording to claim38, wherein Xis nethyi“
cﬁ“}ﬁuﬁm—nnﬂﬂﬂéﬁm to claim35, wherein Bis diethyl glutg
‘et hyl¢ alicoMol 3 41. A conpound of the Formula VII: [err] where
substituted or unsubstituted Cerr]-Cerr] alkyl group;
acid linked through the am no portion to forman am de,
al cohol Iinked through the al cohol portion to forman estk A~ conpound
according to claim41l, wherein when X is substituted, the substituents are
selected fromOH, NHerr], Onethyl, Oe#byl, SH SCH[err] and NH et hyl .
43. A conpound according to claim4l, wherein X is unsubstituted. 44. A
conpound according to clairm 43, wherein X is nethyl or ethyl. 45. A
conmpound according to claim4l, wherein Bis dlethyl gl utamate or nethyl or
et hyl al cohol .

22. A compouhd of the Formula II:

X
(I1)
R
wherein:
R is a halogen;
X is a substituted or unsubstituted €,-Cq alkyl

group; and _ ‘

B is an amino acid linked through the amino
portion to form an amide, or & Cl"CG alcohol linked through
the alcohol portion to form an ester.

23. A compound according to claim 22, wherein R
is bromo.

24, A compound according to claim 22, wherein
when X is substituted, the substituents are selected from
OH, NH;, O-methyl, O-ethyl, SH, SCH3 and NH-methyl.



R
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25. A compound according to claim 22, wherein X
is unsubstituted.
) 26. A compound according to claim 25, wherein X
is meth?l"or ethyl.
27. A compound according to claim 22, wherein B
is diethyl-glutamate. .
28. A compound of the Formula VII:

(VII)

wherein:

X is a substituted or unsubstituted CI—C6 alkyl
group; and

B is glutamic acid or a derivative thereof,

linked through the amino portion to form an amide.

29. A compound according to claim 28, wherein
when X is substituted, the substituents are selected from
OH, NHZ' O-methyl, O-e;hyl, SH, SCHB,and NH-methyl.

30. A compound according to claim 28, wherein X
is unsubstituted.

31. A compound according to claim 30, wherein X
is methyl or ethyl.

32. A compound according to claim 28, wherein B

is diethyl glutamate, -

-



