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CCNP@UNDS USEFUL . AS ANT+PRCLIFERATIVE AGENTS AND GARFT
INHIBITCRﬁtt Docket ~o. 1074Baakey-@odbeof the | nvénti on The present
i nventi on re?étes to cqnpounds of the Formula | defined bel ow t®&eSfinF6t ¢

the enzynme gl ycinam de ribonucl eotide fornyl transferase (GARFT). The
invention also relates to internediates for preparing these conpounds,

1

COMPOUNDS USEFUL AS ANTIPROLIFERATIVE AGENTS -
AND GARFT INHIBITORS

-Background of the Invention
The present invention relates.to compounds of the

Formula I defined below that inhibit the enzyme glycinamide
ribonucleotide formyl transferase (GARFT). The invention
also relates to intermediates for preparing these compounds,
to pharmaceutical compositions conﬁaining the compounds, to
their use to inhibit GARFT and to their use to inhibit the
growth and proliferation of the cells of higher organisms or
microofganisms such as bacteria, yeast and fungi. The
compounds have antitumor, antiinflammatory, antipsoriatic
and/or immunosuppressive activity. The invention is also
related to the preparation of these compounds described.

The large class of antiproliferative agents includes
antimetabolite compounds. A particular subclass of
antimetabolites known as antifolates or antifoles are
antagonists of the vitamin folic acid. Typically,
antifolates closely resemble the structure of folic acid and
incorporate the characteristic P-benzoyl glutamate moiety of
folic acid. The glutémate moiety of folic acid takes on a

" double negative chafge at physiological pH. Therefore, this
éompound and its analogs have an active energy driven
transport system to cross the cell membrane and exert a
metabolic effect.

GARFT is a folate-dependent enzyme in the de novo purine
biosynthesis pathway. This pathway is critical to cell
division and prollferatlon. Shutting down this pathway is
known to have an antlprollferatlve effect, in particular, an
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to pharnaceutlcal conpg@sytions containing the co nds, to their use to

i nhibit GARFT and to thelr use to inhibit the growmh and proliferation of
the cells of higher organisms or mcroorgani sns such as bacteria, yeast and

fungi. The conpounds have antitumor, antibknflammatory, antipsoriatic
and/ or i mrunosuppressive activity. The invention is also related to the
preparation of these conpounds descri bed. The |l arge class of

antiproliferative agents includes antinetabolite conpounds. . A particular
'subcl ass of antitemabokififestknolihuas antiuinbeat of Golahei &okdegar bave been

ant agoni sts glnlRecYLLaTLad Atlaianl dorT¥Heqd! Lbi130y1 L8 ShATHILOBRRYT.

resenbl e the structur acl d and i ncor por at aracteristic
P- benzoyl gl &t Bratetivicn} sperdfic sdoht bngdgngtanh@blﬁerepﬁ GRRFEIi c

acid tages 89 QOdaﬂabﬁzaeg%khﬁ9d§B§FﬂQcaEcEa¥Shﬁbogééﬁlr@bbrEa?rEBO§ﬁowth'S
compound and Its. anal ogs_have an actiye. en riyen transport s
cross the ce?P%ﬁ§H9P5n Sty itvert S §en§t§boﬁpgééﬁ?ec olate angimef gﬁgiétes

fol at e- dependnhﬁb&nbymad|dd:mbvmepmmﬂnepuynnhesbsosbeheBragpatHuawepfbls
pat iy | & Ol Kleulit e Ul cafiods” bR, RiBkE"AcTRBREL"T dovn L
Publishers, Boston (1992), 65-87.

Recently, condensed heterocyclic glutamic acid
derivatives useful as antiproliferative agents or GARFT
inhibitors have been disclosed in International Application
PCT/US94/00418, filed by this applicant on January 18, 1994.
The present invention continues the progress in this art
through the development of further useful antiproliferative
agents and GARFT inhibitors.

Summary of the Invention
The present invention relates to compounds of the

-Formula I defined below. These compounds are effective in
inhibiting glycinamide ribonucleotide formYl transferase
(GARFT) and the growth and proliferation of cells of higher
organisms and of microorganisms such as bacteria, yeast and
fungi. The invention further relates to pharmaceutical
compositions containing these compounds or suitable salts
thereof and the use of these compounds as inhibitors of the
enzyme GARFT. .

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 enzymé
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.
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knowri *t 0 ‘have an anti liferative effect, in partf?ular an

2 antitunor effect. Thus, a nunber of folate anal ogs have been

synt hesi zed and studied: for their ability to inhibit GARFT. A prototypical
specific tight-binding inhibitor of GARFT,35, 10-di deazatetrahydrofolic
acid, has been reported to show antitunor activity. See F.M Miggi a,
"Folate antimetabolites inhibitor to de novo purine synthesis," New Drugs,
Concepts and Results in Cancer Chenot herapy, Kl uwer Academ c Publishers,
Bost on (199Xgmmeauiis of th&eirersntdomoramnabsohkbeeactyvei énglivhabitiagi d

the growth of bacteria such as Escherichia coli gram-negative

bacteria which can be grown in culture.

The compounds according to the invention, as well as the
pharmaceutically acceptable salts thereof, may be
incorporated into convenient dosage forms, such as capsules,
tablets and injectable preparations. Solid or liquid. .

pharmaceutically acceptable carriers, diluents or excipients
may also be employed. '

Solid carriers include starch, lactose, calcium sulfate
dihydrate, terra alba, sucrose, talc, gelatin, agar, pectin,
acacia, magnesium stearate and stearic acid. Liquid carriers
include syrup, peanut oil, olive oil, saline solution and '
water. _

The carrier or diluent may include any prolonged-release
material, such as glyceryl monostearate or glyceryl .
distearate, -alone or with wax. When a liquid carrier is

~used, the preparation may be in the form of a syrup, elixir,
emulsion, soft gelatin capsulé, sterile injectable liquid
(e.g. solution) or a nonaqueous or aqueous liquid suspension.

The pharmaceutical preparations are prepared following
conventional techniques of the pharmaceutical chemist
involving steps such as mixing, granulation and compressing
when necessary for tablet forms, or mixing, fillinj and
dissolving the ingredients as appropriate.to'give'the desired
products for oral, parenteral, topical, intravaginal,
intranasal, intrabronchial, intraocular, intraaural or rectal
administration. | _ ,

' The compositions of the invention may further comprise
one or more other pharmaceutically active compounds. For
example, one of the following antitumor agents may be
included in the composition: mitotic inhibitors (e.g.,
vinblastine); alkylating agents; dihydrofolate reductase
-inhibitors or TS inhibitors; antimetabolites (for example,
5-fluorcuracil, cytosinerabinoside); intercalating
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derkvati‘ves useful asfeptiproliferative agents ore RFT inhi bitors have
been disclosed in | nt ational Application pCT/ U 4/ 00418, filed by this
appli cant on January 18 1994. The present invention continues the progress
in this art through the devel opnent of fugther useful antiproliferative
agents and GARFT inhibitors. Summary of the Invention

The present invention relates to conpounds of the Formul a | defined bel ow.
These conpounds are effecti-ve in inhibiting glycinamde ribonucl eotide

L?BHZL 2;ggﬁﬁg%gggﬁggQRﬁfbragﬁah@gegrqw&hﬁ?ytuﬁxﬂbﬂémmgbuuﬂ ;ofenzgies of
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i nhibitors of t enz { QAR
i nvention p8§‘§5‘? prc%% fOEI)at ive a%%n{ s U0 the & 1% Gyl he

Ctl roperty whi.ch ca
itself int hésbocm@trm ian@hera GARFE y.nt;q.r@&%plﬂmp Jy_ﬂﬁg L S Pr eSS

agent, such as a compound described in commonly assigned;-- .
International Publication No, WO 94/13295, published June 23,
1994, or International Publication No. WO 92/05153, published
April 2, 19§2, the disclosures of which are incorporated by
reference herein. The compositions of the invention may also
comprise one or more antibacterial, antifungal,
antiparasitic, antiviral, antipsoriatic or anticoccidial
agents. Exemplary antibacterial agents include:
sulfonamides, such as sulfémethoxazole, sulfadiazine,
sulfameter and sulfadoxine; dihydrofolic reductase ‘
inhibitors, such as trimethoprim, bromecdiaprim and
trimetrexate; penicillihs; cephalosporins} and the quinolone
carboxylic acids and their fused isothiazolo analogs.

Another aspect of the invention relates to a therapeutic
method of inhibiting the growth or proliferation of cells of
higher organisms or microorganisms, which comprises
administering to a host an effective amount or quantity of a
compound according to the present invention. The compounds

of the invention are partlcularly useful in the treatment of
mammalian hosts, such as human hosts, and in the treatment of
avian hosts. A particularly preferred therapeutic process
comprises 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 acceptablé 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.
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i nventi oh can be actiwﬁpper se, or as a precursor;t?nverted In vivo to an
active compound. Preferred conmpounds of the invenhtion are especially
active in inhibiting the enzyne GARFT. Particularly preferred conpounds

are active in inhibiting the growh of the L1210 cell line, a nouse
| eukem a cell line that can be grown in tissue culture.
3 Conmpounds of the invention can also be active in inhibiting the growth

of bacteria such as Escherichia coli gram negative bacteria which can be
grown in cultureA.dose of a_ composition contains at least an effective
e

quantity of the active compound and preferably is made up of
one or more pharmaceutical dosage units. An "effective
quantity" can be 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 a vertebrate host comprises
an amount of up to one gram active compound per kilogram of
the host, preferably one-half of a gram, more preferably 100
milligrams, and most preferably, about 50 milligrams or less,
per kilogram of the host’s body weight. The selected dose
may be administered to a warmblooded animal or mamhal, for-
example, a human patient in need of treatment mediated by-
folate metabolic pathways inhibition, by any suitable method
of administrating the dose including: topically, for
example, as an ointment or cream; orally; rectally, for
example, as a suppository; parenterally by injection; or
continuously by intravaginal, intranasal, intrabronchial,
intraaural or intraocular infusion.

The compounds according to the invention produce any one
or more of an antiproliferative effect, an antibacterial
effect, an antiparasitic effect, an antiviral effect, an
antipsoriatic effect, an antiprotozoal effect, an
anticoccidialleffect, an antiinflammatory effect, an
immunosuppressive effect and an antifungal effect. The
compounds are especially useful in producing an antitumor
effect in a vertebrate host harboring a tumor.

This Sheet Has Been Replaced

TR




The “sonpounds accordifigjto the invention, as mellfﬂ? t he pharmaceutically
acceptable salts thereo?, may be incorporated into -tonveni ent dosage forns,
such as capsules, tablets and injectable preparations. Solid or liquid
pharmaceutically acceptable carriers, dilugnts or excipients may also be
enpl oyed. Solid carriers include starch, |actose, calciumsulfate

di hydrate, terra al ba, sucrose, talc, gelatin, agar, pectin, acacia,
nmagnesi um stearate and stearic acid. Liquid carriers include syrup, peanut

oil, olive qil, saline syétaipéuan@lswigtlon of the gcawehefiofar diluent may
i ncl ude any proI ed-rele terial su o nostearate or

gl yceryl dlsteargﬁg P a%?raf?ﬂemﬁ§ésﬁﬁ 18VFﬁ§é° %3?? € used, 'the
preparatlonangapnnleerativnrwqmpau3§supf thexFormudal gi:on, soft gelatin
capsule, sterile injectable liquid (e.g. solution) or a nonaqueous or
aqueous |iquid suspension. The pfarnaceufd cal preparations are
prepared foll ow ng cdnventional techni he pharmaceutical chem st

i nvol vi ng steps suchjas m xi ng, granula and conpressing when necgssary
for tablet forns,. mxing, filling a (1)

1 WCO; 2

wherein:

A is o, S'or Se; . _

X is a substituted or unsubstituted Cl C3 alkyl group, a
substituted or unsubstituted CZ-C3 alkenyl group, a
substituted or unsubstituted C,-Cy alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Y is O, S or NH; '

' B is hydrogen or a halogen (F, Cl, Br or I);

C is hydrogen, a halogen or a substituted or
unsubstltuted C C alkyl group; and

R1 and R are 1ndependently hydrogen or a moiety that
forms, together with the attached C02, a readily hydrolyzable
ester group, such as a Cl-C6 alkyl. The invention further
relates to pharmaceutically acceptable salts of the compounds
of the Formula I. The invention also relates to
intermediates for making such compounds.

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 term "compounds of the Formula I" means
the structurally depicted 4-oxo and the tautomeric 4-hydroxy
forms. Thus, the invention also relates to pharmaceutically
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dis§b|vihg t he ingred(@}ts as appropriate to givq’%he desired products for
oral, parenteral, topical, intravaginal, intranasal’, intrabronchial
i'nt raocul ar,. intraaural- or rectal adm nistration. : The conpositions of
the invention may further conprise one orqnore other pharnmaceutically
active conmpounds. For exanple, one of the follow ng antitunor agents may
be included in the conposition: mtotic inhibitors (e.g., vinblastine);
al kyl ati ng agents; dihydrofolate reductase inhibitors or TS inhibitors;
anti met abol geeptfable)saitie, of Hd upiiprdmmty ,taytionss nee lofbithes idejgounds

4

intercalatig%picted by Formula I.

Where X or C is substituted, preferred substituents
include Cl-C6 alkyl, C2-C6 alkenyl, C2—C6 alkynyl, acyl,
halogen, amino, hydroxyl, nitro, mercapto, monocyclic
carbocycle, monocyclic heterocycle, fused and nonfused ;- .
polycyclic carbocycle, fused and nonfused polycyclic
heterocyéle, hydroxy Cl-C6 alkyl aﬁd.cl-c6 alkoxy Cl-c
alkyl.

Preferably, X is CH2, CH2CH2' NH, oxygen, sulfur, .
CH(CH20H) or NCH;. Y is preferably S or O. Preferably, B is
hydrogen. C is preferably hydrogen or CH3. Preferably, R1
and R, are independently selected from hydrogen, Ci—c6 élkyl,
hydroxyalkyl, alkylaryl and arylalkyl, most preferably, from
hydrogen and C1-02 alkyi.' It is particularly preferred‘that
A and Y are each sulfur and X is CH

6

The compounds of the Formula Izare useful as GARFT
inhibitors. The compounds of Formula I in which R1 and R2
are each hydrogen are especially active antitumor or
antiproliferative agents. The compounds of Formula I wherein
Ry and R, are each a moiety that forms with the attached CO
a readily hydrolyzable ester group, preferably an ethyl
group, are useful intermediates for forming the free glutamic
acid forms of the compounds and can also be hydfolyzed in
vivo and thus act as prodrugs.

The pharmaceutically acceptable salts of the invention.
include, for example, alkaline metal, alkaline earth metal,
other non-toxic metals, and ammonium and substituted ammonium
salts of the glutamic acid compounds of the invention.
Exemplary salts include sodium, potassium, lithium, calcium,
magnesium, pyridinium and substituted pyridinium salts of the
free acid compounds. - S

2

The compounds of the invention can be prepared as
follows. A useful starting material for preparing compounds
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anti'bi oti cs (for exanﬁT@, adri anycin, bleonycin); zynes (for exanple,
aspar agi nase); topoisonerase inhibitors (for exanple, etoposide); and

biwol ogi cal response nodifiers (for exanple, interferon)y. The conpositions
of the invention may al so, conprise anot her gGARFT i nhi bitor or
antiproliferative agent, such as a conpound described in commonly assigned
| nternati onal Publication No. WD 94/ 13295, published June 23, 1994, or
I'nternational Publication No. WD 92/05153, published April 2, 1992, the

di scl osures of uﬁmchoﬁmﬁlanrownereindxbysreH?r&sca bémpbundTb& eheposi ti ons
of the |nve ?Qy flso conpri se one or e antibacterial, antifungal,
antlpara5|t|c antrviral, antipsoriatic or anticoccidial agents. Exenplary
anti bacterial agents i ncl ude: suB¥onam des,Csuch as sul f aet hoxazol e,

sul f adi azi ne, sul faneter and sul f aloxi ne// di hydrofolic reductase

I nhibitors, such as trinmethoprim bjfjonog{aprimand trimnetrexate;
penicillins; cephal osporins; and t ui Yol one carboxylic acids and their
fused isothiazol o anal ogs. PRghe invertion relates to
a therapeutic- (11)

wherein B, C and Y are as defined above for Formula I; D is
Cl, Br or I; and Rg is a hydrogen or a moiety that forms with
the attached co, a readily hydrolyzable ester group.
Preferably, D is bromo or iodo. Preferably, R6 is hydrogen,
Cl C6 alkyl, hydroxyalkyl, alkylaryl or arylalkyl, more
preferably, hydrogen or Cl-C2 alkyl.

The compound of the Formula IT is reacted with a

compound of the Formula III:

Rs3

/ - (111)

wherein Ry is a substituted or unsubstituted Cl-C6 alkyl

H

group, or a trisubstituted silyl group Preferably, R, is

CH20H or tr1methyls11y1

3

The reaction of the compounds of the Formulae II and III
is carried out in the presence of a suitable transition-metal
catalyst, preferably palladium or nickel, a non-nucleophilic
auxiliary base, preferably a substituted amine, in a solvent
in which at least one of the reactants is at least partially
soluble under conditions sufficient to obtain a compound of

the Formula IV:
B c

/ \\ (IV)

CO;R
q ::::: 2He
3
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met Hod of inhibiting (ﬁ} growt h or proliferationgﬁﬁ cells of higher

organi sms or m croorgani sns, which conprises admni'stering to a host an
effective anount or quantity of a conpound according to the present

i nvention. The conmpounds of the inventiongare particularly useful in the
treatnment of manmmalian hosts, such as human hosts, and in the treatnent of
avi an hosts. A particularly preferred therapeutic process conprises

adm nistering to a host ‘an anmount of a conpound according to the present

i nvention efyheekineB,0d aindivt aBe&RER- definedvabove fidie Romiylreol I f R atis/e
conpounds descri erel thel g igcaldl 5351

t her eof Cang%edeggpg]egyg Q|Q"r? t%%g: tﬁ%%&%ﬁ%a%gﬁ lo%/ ﬁﬁ%rﬁi on.‘;%’he
conpounds n&prbEoxawila dtIdr.-ed in the formof a pharmaceutically acceptable

conposi ti-on CO”pWhﬁbn@3aﬂ@ U@t sustGanited siSlyiedrdlied o1yl group
. is preferably removed with a nucleophilic base, such as
methanolic or ethanolic potassium carbonate, or a fluorige .
salt, such as potassium fluoride, cesium fluoride or
tetrabutylammonium fluoride, in a solvent in which at least
one of the reactants is at least partially soluble (e.g.,
methanol, dimethylformamide, ethanol, dimethylacetamide,
dimethylsulfoxide or isopropanocl) to give a compound of the
Formula V: 8 c | _
&
CO,Rg

H ::::

wherein B, C and Y are as defined above for Formula I; and R
is as defined above for Formula II.

The compound of Formula V is reacted with an
electrophile, preferably an N-protected glycinal, more
preferably N-t-butoxycarbonylglycinal or bis-N-t-butoxy-
carbonylglycinal, under basic conditions using a non-
nucleoﬁhilic base, preferably lithium bis-trimethyl-
silylamide, potassium bis-trimethyl-silylamide, sodium
bis—trimethylsilylamide'or lithium diisopropylamide, at a low

~ temperature, preferably from -90°C to 25°C, in a suitable
solvent in‘which one of the reactants is at least partially
soluble, preferably tetrahydrofuran, diethyl ether or

dioxane, to give a compound of the Formula VI:

-
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5 "+ A dose of a céiposition contains at Ieastﬂgn effective quantity of
the active conpound and preferably is made up of on nor e pharnaceuti cal
dosage units. An "effective quantity" can be a quantity sufficient to
inhibit the folate metabolic pathways and derive the beneficial effects
therefrom e.g., through administration of one or nore of the

phar maceuti cal dosage units. An exenplary daily dose for a vertebrate
host conprises an amount of up to one gram active conpound per kil ogram of .
t he host, preferably one-half of a gram nore preferably 100 m I ligranms,
and nost preferably, about 50 mlligra | §s, per kilogram of the
host' s body wei ght. The sel ected dose ma adm ni stered to a war nbl ooded
ani mal or manmal, for exanple, a human pgtielt in need of treatment

medi at ed by fol ate metabol i ¥Qat h f oY any suitabl e (N&)hod

RsR N

Lo s
[

wherein B, C and Y are as defined above for Formula I; R, is
as defined above for Formula II; and R, and Rg are each
independently hydrogen or a readily removable nitrogen-
protecting group. R, and R5 are preferably hydrogen, -
t-butoxycarbonyl, benzyloxycarbonyl or benzyl.

The compound of the: Formula VI is then reduced,
preferably with hydrogen gas in the presence of a suitable
metal catalyst, to obtain a compound of the Formula VII:

(VII)
HO
RsR(N
wherein B, C and Y are as defined above for Formula I; Re is

as defined above for Formula II; and R, and Ry are as defined
above for Formula VI.
, The compound of the Formula VII is then reacted with an
acylating or sulfonylating agent, preferably methanesulfonyl
chloride or 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 soluble,. to
‘obtain an activated hydroxy group. The activated hydroxy
group is displaced with a suitable nucleophile} preferably a
thiocacid salt, more preferably potassium thioacetate, to
obtain a compound of the Formula VIII:

[ ——
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of ddm nistrating thefabse i ncl udi ng: topically, ft§ exanpl e, as an
ointnment or cream orally; rectally, for exanple, a a suppository;
parenteral |y by injecti-on; or continuously by intravaginal, intranasal,

i ntrabronchial, intraaural or intraocul ap infusion. . The conpounds
according to the invention produce any one or nore of an antiproliferative
effect, an antibacterial effect, an antiparasitic effect, an antiviral
effect, an antipsoriatic effect, an antiprotozoal effect, an anticoccidial
effect, an gntiinflammuatory effect, an i munosuppressive effect and an
antifungal effect. The conpounds are especially useful in producing an
antitunmor effect in a vertebrate hggt harbori@g a tunor.

(VIII)
AcA

RsR.N

whereln A, B, C and Y are as defined above for Formula I; R
is as defined above for Formula II; R, and R; are as defined
above for Formula VI; and Ac is an acyl group, preferably
acetyl. .

Alternatively, the compound of Formula VII is converted
to the compound of Formula VIII in one chemical operation
using triphenylphosphine, diethyl or dimethyl aza-
dicarboxylate, and an acidic nucleophile, preferably
thiocacetic acid, in a suitable solvent.

The compound of the Formula VIII is treated with a

. nucleophilic base, preferably potassium carbonate, sodium
carbonate, sodium hydroxide or potassium hydroxide, in an
alcoholic solvent, preferably methanol, ethanol or
isopropancl, in the presence of an alkylating agent,
preferably dimethyl or diethyl chloromalonate, to obtain a
compound of the Formula IX: '

CO,Rg
CORy (IX)

RgQ,C A

RsR,N
—_—
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6 DetaJﬁEb Description of the Invefityon I n particular,
the present invention relates to antlprollferatlve conmpounds of the Formla
l:« Jerr] wher-ei n: * Ais 0, S or Se; X is a substituted
or unsubstituted Jerr]-Clerr] alkyl gré@p, a

wherein A, B, C and Y are as defined above for Formula I; R,
is as defined above for Formula II; and R, and R5 are as
defined above for Formula VI.

The compound of the Formula IX is treated under
conditions suitable to remove either or both of the R, and Rg
protecting groups to produce a compound of the Formula X:

Vv oe
£

(X)
ReO

N

wherein A, B, C and Y are as defined above for Formula I; and
R, is as defined above for Formula II. Where t-butoxy-
carbonyl (t-BOC) is a protecting group, the conditions for
removal of this group are preferably treatment with
trifluorocacetic acid followed by neutralization to produce
the compound of the Formula X.

. The compound of the Formula X 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 solveﬁt, preferably methanol, ethancl or
isopropanol, to form a compound of the Formula XI:

o

8, c
. /
COzRe
HN | A (XI)
HaN \N - u .
-
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substituted or unsubsf‘Buted Cerr]-Cerr] alkeny roup, a substituted or
unsubstituted Clerr]-Clerr] al kynyl group, a substituted or unsubstituted

ami no group, sulfur or -oxygen; Yis O, Sor NH B i s hydrogen or
a halogen (F, d, Br or 1); C i s hydaagen, a hal ogen or a substituted-
or unsubstituted (Jerr]-Cerr] al kyl group; and Rlerr] and R err}

are independently hydrégen or a noiety that forns, together mﬁth t he
attached CJerr], a readllé hydrol yzabl e ester group, such as
Cerr]-der rgrhamyn AThB. | Hvandi ¥narer aRefefines adovs Fear r’ﬁ%@ﬁ%%éﬂrl ypnd

et Rt De e e e R e o M hough-t he

suc mpa) ou e
conpounds of the ggFﬁﬁPéthﬁig'sﬁh CPH‘pPHé‘%‘ fg‘ef Serm R ﬁié"sr gferred to
as s:JcB t hr opghosttédi go dhscabmpband b‘iﬁet@eob'gmunaemsw meath@jmmmhe:
equi librium _w orges 0 Iy
uﬂderstood tﬁ?ﬂ?‘é?ﬁéa ﬁ EL% nggugs of %gh t% ;&‘i&lt.;h:%‘éf#entt g{rf‘efﬂrf‘aﬁ%

ofpoun
structural | yPg8pi ored, 4- bxe(Anmethexvmheow@ﬂrd,arﬂy@h@ﬁyz.ﬂcrns Thu$f the
I nventi on a|39pﬁ85ﬁﬁéﬁahg phaLaReaY ki), Yo form the thiolactam

intermediate. This can then be alkylated with an alkylatlng
agent,. preferably methyl iodide or tr1methy1 or triethyl
oxonium tetrafluoroborate, and then with guanidine in an
alcoholic sblvent, preferably methanol, ethanol or
isopropanol, to obtain the compound of the Formula XI.

-The compound of the Formula XI is hydrolyzed under basic
conditions to form a coﬁpound of the Formula XII:

(XII)

NG
H

wherein A, B,.C and Y are as defined above for Formula I.
Where R6 is hydrogen in the compound of the Formula XI, then
the hydrolyzation reaction is not necessary, and the compound
of the Formula XI is peptide coupled as described below.

‘'The compound of the Formula XII (or the compound of the
Formula XI where R6 is hydrogen), which is in the free
carboxyllc acid form, can be peptide coupled, by means well
known to those skilled in the art, with a glutamlc acid

diester hydrochloride to form a diester of the Formula XIII:

i



7 ’accéptable salts{ﬁﬁ the 4-hydroxy tautomers gfythe conmpounds depicted

by Formula I. . Wheré X or Cis substituted, preferred substituents
include CJerr]-Cerr] alkyl,» (Jerr]-Cferr]. al kenyl, Cerr]-Cerr] alkynyl,
acyl, hal ogen, am no, hydroxyl, nitro, % gapto, monocyclic carbocycle,
nonocycl i c heterocycle, fused and nonf used pol ycyclic carbocycle, fused and

nonfused pol ycyclic heterocycle, hydroxy C[err]-(err] alkyl and
Cerr]-Cerr] alkoxy (Jerr]-Clerr] al kyl. Preferably, X is CHerr],
CH err]CH err], NH, oxygen, .sulfur, CH(CH err]OH) or NCHerr]. Yis
preferably S or 0. Preferably, Bis 8 e

s

wherein A, B, C and Y are as defined above for Formula I; and
R1 and R2 are each independently a moiéty that forms with the
attached CO2 a réadily hydrolyzable estexr group, such as a
C,-Cq alkyl, hydroxyalkyl, alkylaryl or arylalkyl.

-Finally, if desired, the compound of the Formula XIII is
hydrolyzed to the free glutamic acid form of Formula I (R1
and R, are each H).

2

Compounds of the Formula I wherein X is othexr than CH2

can be prepared using an olefin of the Formula XIV:
. : 8 Cc
X~ COzR,

Y (X1IVv)

wherein B, C and Y are as defined above for Formula I, X is
as defined above for Formula I except that X is other than
CH2, and R6 ig as defined above for Formula II. .
Where X is sulfur, oxygen, or a substituted or
unsubstituted amino, the compound of the Formula XIV is

prepared by alkylation of a compound of the Formula XV:

is. Sheet Has Been Replaced

T



hydrogen. Cis preferaljly hydrogen or CHerr]. P?Fferably, Rlerr] and
Rlerr] are independently selected fromhydrogen, Cerr]-Cerr] alkyl,
hydr oxyal kyl , al kyl aryl- and aryl al kyl , nost preferably, fronthydrogen and
Cerr]-Cerr] alkyl. 1t is particularly peferred that A and Y are each
sul fur and X is CHerr]. The conmpounds of the Fornula | are useful as
GARFT i nhibitors. The conpounds of Formula | in which Rerr] and R err]
are each hydrogen are especially active antitumor or antiproliferative
agents. The ,conpounds of Fornula I rl] and Rlerr] are each a
noi ety that “orms with the attached readily hydrol yzabl e £r
group, preferably an ethyl group, are I nternmedi ates for formng the
free glutamc acid fornms of the conpouffds a can al so be hydrolyzed in
vivo and thus act as prodrugs. cally acceptable salts
of the invention include, for é? allne % -al kaline earth
metal, other non-toxic netals, and ammoni um and substituted anmoni um
salts of theEzrsiNE, a&i@hcﬁonmmmdass adef xeed nateswre ofor Howmlary; su)ie
i ncl ude sodi u otassi u h ' a

;i‘rg Ry ! | b4y %ﬁb&ﬂ&&é‘é‘& dffgg:?&%étg&twéd ol 45 R4

substltutedﬁo t of ee aci
is as defined above for Formula II. The alkylation can be

accompllshed using an allylhalide, preferably allylbromide,
in the presence of a non-nucleophilic base, preferably
triethylamine or diisopropylethylamine, to obtain the
compound of the Formula XIV.

Where X is a substituted or unsubstituted C.-C alkyl

other than CH2,_a substituted or unsubstituted C: Cz alkenyl
or a substituted or unsubstituted Cz-C3 alkynyl, the compound
of the Formula XIV is prepared by olefination of an aldehyde
of the Formula XVI:

B8 c

/

. - X CO.R, (Xv1)

- Q

wherein B, C and Y are as defined above for Formula I{ and X
is a substituted or unsubstituted C 175 alkyl other than CH,,
a substituted or unsubstituted Cy- C3 alkenyl or a substituted
or unsubstituted C2-C3'alkynyl The aldehyde of the Formula
‘XVI 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
accomplished using a methylene transfer agent, preferably

methylene-triphenylphosphorane.

.\
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The conpounds of the rnyentlon can be prepared asf“jolloﬁs. A usef ul
starting material for preparing conpounds
8. of the Formula | whereim Xis CHerr] is a conpound of the Fornmula I

[err] 16

The compound of the Formula XIV is reacted with a
dihydroxylating agent, preferably osmium tetroxide, in the
presence of a suitable oxidizing agent, preferably N-
méthylmorpholine-N-oxide, to obtain a compound of the Formula
XVII:

i)
Y

7\
X ~CO;R, S

HO

HO

wherein B, C and Y are as defined above'for Formula I; X is
as defined above for Formula I, except that it is other than
CH,; and R, is as defined above for Formula II.

The compound of the Formula XVII is reacted with a
sulfonylating agent, preferably p-toluenesulfonyl chloride or
methanesulfonyl chloride, in the presence of a non-
nucleophilic base, preferably triethylamine or
diisopropylethylamine, to yield an intermediate mono-
sulfonylated compound. This intermediate is reacted with a
strong base, preferably sodium hydride, to produce a compound
of the Formula XVIII: |

B c
X CO;Rg (XVIII)
o
'___———/
ot Has Been Replaced
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wher ei n B C and Y aréﬂas defined above for For l; Dis d, Br or |

and R[err] is a hydrogen or a noiety that forms wi th the attached Cderr] a
readi |y hydrol yzabl e ester droup. Preferably, Dis brono or iodo.
Preferably, Rerr] is hydrogen, Clerr]-Caerr] al kyl, hydroxyal kyl,

al kylaryl or arylal kyl, nore preferably, hydrogen or Cl-C2 al kyl. The
conpound of the Fornula Il is reacted with a conpound of the Formula I
[err] wherein Rlerr] is a substituted or unsubstituted CJerr]-Clerr]
al kyl groupwheredri B,substd t M Giil&lﬂé/lazgr caqadeliﬁuefeelr abloye  Boar Floxmila
CHg err]H o&v&&lnethyI5|lyl ) The-r'eacti on of 'the conpounds of the
Formul ae I1 1]

The epoxide of Formula XVIII is reacted with a nitrogen-
containing nuciéophile, preferably sodium azide, in the
presence of a mild Lewis-acid catalyst, preferably lithium or
magnesium perchlorate, to an obtain an intermediate alcohel.
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 VII’:

] c

/

K CO,R
Y e

HO : ' (VII’)

RsReN

wherein B, C, X, Y and R are as defined above for Formula
XVII; and R, and R5 are as defiqed above for Formula VI.:

The compound of the Formula VII’ is then reacted with an
acylating or sulfonylating agent, preferably methanesulfonyl
chloride or 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 soluble, to
obtain an activated hydroxy group. The activated hydroxy
group is displaced with a suitable nucleophile, preferably a
thiocacid salt, more preferably potassium thiocacetate, to
obtain a compound of the Formula VIII':

- This Sheet Has Been Replaced




is carried out in the(E)esence of a suitable tran§T§ion-netaI catal yst,
“preferably palladiumor nickel, a non-nucleophilic ~auxiliary base,
preferably a substituted am'ne, in a solvent in which at |east one of the
reactants is at least partially soluble upder conditions sufficient to

obtain a conmpound of the Formula IV: [Jerr]
9 wherein B, C and Y are as defined above for Fornmula |I; R6 is as
defined above for Fornmula Il; and Rlerr] is as defined above
. 8 c
CO,R
XN, Fe.
AcA : (VIII' )}~

wherein A is as defined above for Formula I; B, C, X, Y and

R,. are as defined above for Formula XVII; R, and R. are as

—dgfined above for Formula VI; and Ac is an acyl grgup,_
preferably acetyl{ '

.Alternatively, the compound of Formula VII’ is converted
to the compound of Formula VIII' in one chemical operation
‘using triphenylphosphine, diethyl or dimethyl aza-
dicarboxylate, and an acidic nucleophile, preferably

"thicacetic acid, in a suitable solvent.

The compound of the Formula VIII’' is treated with a
nucleophilié base, preferably pétassium carbonate, sodium
carbonate, sodium'hYdroxide or potassium hydroxide, in an
alcoholic solvent, preferably methanol, ethanol or
isopropanol, in the presence.of an alkylating agent, '
preferably dimethyl or diethyl chloromalonate, to obtain a

compound of the Formula IX’:
B e

CORg / \
X COzR,

Re0,C A ' o (1x)

RsR4N

—————
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for Fermula 111. Whén Rlerr] is a trisubstitut®y silyl group, the silyl
group is preferably renmoved with a nucl eophilic base, such as nethanolic or
ethanol i ¢ potassi um carbonat'’e, or a fluoride salt, such as potassium

f1 uoride,- cesium fluoride or tetrabutylanﬁgniun1f|uoride, in a solvent in
which at |east one of the reactants is at |east partially soluble (e.g.,
nmet hanol , di net hyl f or mam de, et hanol, dinethylacetam de, dinethyl sul foxide
or isopropanol) to give a conpound of the Fornula V. [err] wherein B,
C and Y are wiserleinnrdisbagedéfiinkdr abbael foanBokthuila &g Hef Cned, a¥oundf or

Formula I'l. % rgh sC8qd nggg 8 8L0v8r¥3 Fgrmﬁlgeie&fd gh&hRanaﬁheﬁtrggglle
preferably a 6hfpro ec F rnal,
as defined above for Formula VI.
The compounid of the Formula IX’' is treated under
conditions suitable to remove either or both of the R4 and R5

protecting groups to produce a compound of the Formula Xt .

8 c

. /[

X y CO.Rg %)

o b

wherein A is as defined above for Formula I; and B, C, X, Y
" and R6 are as defined above for Formula XVII. Where
t-butoxycarbonyl is a protecting group, the conditions for
removal of this group are preferably treatment with
 trifluoroacetic écid followed by neutralization to produce
the compound of the Formula X’.

The compound of the Formula X’ 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, preferably methanol, ethanol or
isopropaneol, to form a compound of the Formula XI’:

This Sheet Has Been Rep.
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preferably Nt - butoxyéaﬁbonylgly0|nal or bIS Nt - oxy- carbonyl gl yci nal ,
under basic conditions using a non- nucl eophilic b se, preferably lithium
bi.s-trinethyl - silylamde, potassiumbis-trinethyl-silylamde, sodium
bis-trinmethylsilylamde or lithiumdiisopyppylam de, at a | ow tenperature,
preferably from-90[err]C.to 25[err]C, in a suitable solvent ‘in which one
of the reactants is at |east partially soluble, preferably tetrahydrof udran,
di ethyl ether or dioxane, to give a conpound of the Formula VI:

10 [err]

wherein A is as defined above for Formula I; and B, C, X, Y
and R6'are as defined above for Formula XVII.

Alternatively, the compound of the Formula X’ is
converted to the compound of the Formula XI' by reacting the
compound of the Formula X’ with'a thiolating agent,
preferably P,S¢ or 2,4-bis(4~-methoxyphenyl) -1,3-dithia-2,4-
diphosphetane-2,4-disulfide, to form the thiolactam
intermediate. This can then be alkylated with an alkylating
agent, preferably methyl iodide or trimethyl or triethyl
‘oxonium tetrafluoroborate, and then with guanidine in an
alcoholic solvent,.preferably methanol, ethanol or
isopropanocl, to obtain the compound of the Formula XI’.

The compound of the Formula XI’ is hydrolyzed under
basic conditions to form a compound of the Formula XII’:

I

X COH

(XI1’)
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wherein B, C and Y are, as defined above for For l; Rlerr] is as defined
above for Fornula It hnd Rlerr] and Rlerr] are edch independently hydrogen
or. a readily renovable mnitrogen- protecting group. Rlerr] and Rerr] are
pref erably hydrogen, t-butoxycarbonyl, bepzyl oxycarbonyl or benzyl.

The conpound of the Formula VI is then reduced, preferably w th hydrogen
gas in the presence of a suitable netal catalyst, to obtain a conpound of
the Formula VII: [err]

wherein A is as defined above for Formula I; and B, C, X and
Y are as defined above for Formula XVII. Where R6 is
hydrogen in the compound of the Formula XI’, then the
hydrolyzation reaction is not necessary, and the compound of
the Formula XI' is peptide coupled as described below.
The compound of the Formula XII’ (or the compound of-the
 Formula XI' where R 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 XIII':
8 e

. AN Al en
T

g A o CO.R,

/)\ ‘ ' (XIII’)
HaN N N '

N

wherein A is as defined above for Formula I; B, C, X and Y

. are as defined above for Formula XVII; and R1

independently a moiety that forms with the attached CO

and R2 are each
5 &
readily hydrolyzable ester group, such as a C,-C_. alkyl,

hydroxyalkyl, alkylaryl or arylalkyl. toe

Finélly, if the free acid form is desired, the compound
of the Formula XIII’ is hydrolyzed to produce compounds of
the Formula I where Rl and R, are each H.

Preferred compounds of the Formula I include:
(4-[2-(2-amino-4-0ox0-4,6,7,8-tetrahydro-3H-pyrimido[5,4-6] -
[1,4]thiazin-6-yl)-ethyl] -2,5-thienoylamino-L-glutamic acid)
diethyl ester; 4-[2-(2-amino-4-oxo-4,6,7,8-tetrahydro-
3H—pyrimido-[5,4—6][1,4]thiazin-6—yl)—ethyl]-2,5-'
thienoylamino—Lleutamic acid; 4-[3-(2-amino-4-0x0-4,6,7,8-
tetrahydro-3H-pyrimido- [5,4-6] [1,4]thiazin-6-yl) -
propyl]42,5-thienoylamino-L-glutamic acid; 4-1(2-
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whergin’B, C and Y are_as defined above for Forr l; Rlerr] is as defined
above for Formula 11§ and Rlerr] and Rlerr] are ‘as defi ned above for
Formul a VI. The conpound of the Formula VII is then reacted with an
acyl ating or sul fonyl ating agent, prefer gly met hanesul fonyl chloride or
p-tol uenesul fonyl chloride, in the presefice of a non-nucleophilic base,
preferably triethylamne or diisopropylethylanmne, in a suitable solvent
in which at |east one of the reactants is at |east partially soluble, to

i spl acod wiEhin a0 AAEHS %u%{i’?,@h.t?&er AT

preferably Ebﬁé§§PﬂﬁFﬂHﬂG§@@ﬂ&ﬂé3Wﬂﬁt o era?e%ﬁgﬁ’t BV ﬁ%%%ﬂﬁrnre

VITL: acid; and 4-[2-(2-amino-4-ox0-4,6,7,8~- tetrahydro 3H-pyrimido-
[5,4-b] [1,4]thiazin-6-yl) -ethyl] -2, 5-furanoylamino-
L-glutamic acid.

Compounds of the invention contain one or more chiral .
centers. The invention encompasses racemic mixtures and
mixtures of diastereomers, as well as optically active
compounds, such as compounds essentially free of other
optical isomers, which optically active compounds can be
obtained by means known to those skilled in the art.

A detailed synthesis of a preferred compound of the
Formula I is presented in the example below.

Example: 4-[2-(2-Amino-4-oxo-4,6,7,8-tetrahydro-3H-
pyrlmldo[s 4-6] [1,4)thiazin-6- yl) ethyl] -2,5-thienoylamino-
lutamic acid (Compound 1)

D

Preparation of Methyl-s—bromo-z-thiophenecarboxlaté 2:

2

COzCH3 ’

Compound 2 (CAS Reg. No. [62224-19-5]) was prepared'as
described at S. Gronowitz, Ark. Kemi 8, 1955, 87, and S. O.
Lawesson, Ark. Kemi 11, 1957, 337.

" This Sheet Has Been Rep! laced
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Preparation of 5-Ethynyl-2-carbomethoxy thiophene 3:

/Y

3 .
To a stirred solution of 5 g (22.7 mmol) of the bromide

CO.CHy

\

3, 160 mg (0.23 mmol) of tris-triphenylphosphine
palladium(II) chloride and 65 mg (0.34 mmol) of cuprous
iodide in 75 ml of diethylamine was added 4.8 ml (34 mmol) of
trimethylsilyl acetylene. The resultant solution was stirred
at 25°C. After 18 hours, the solvent was removed pnder'
reduced pressure, and the crude residue was dissolved in_300
ml Etzo (diethyl ether) and extracted with 100 ml of 1N HCl
and 100 ml of saturated bicarbonate solution. The organic
layer was dried (Nazso4) and the solvent was removed under
reéduced pressure. The crude residue was flash
chromatographed on silica gel with 5% Etzo/hexanes to give
4.4 g (81% yield) of the silyl-protected product as a yellow
solid. This material was used directly in the next step.

To a solution of 4.4 g (18.5 mmol) of the above silyl-
protected acetylene in 50 ml of dimethylformamide (DMF) was
added 3.3 g (35.2 mmol) of potassium fluoride monohydrate.

" After 15 minutes at 25°C, the mixture was poured into 500 ml

of Et,0 and extracted four times with 100 ml of water (4 x
100 ml H20). The organic solution was dried (Na2S04), and
the solvent was removed under reduced pressure. The crude
residue was flash chromatographed on silica gél with 10%
Etzo/hexanes to give 2.65 g (86% yield) of the desired ,
product 3 as an orange solid. NMR (CDCl ) 8: 3.45 (s, 1H),
3.88 (s, 3H), 7.22 (d, 1H, J=3.5Hz), 7. 65 (4, 1H, J=3. 5Hz)
‘Anal. Calcd. for C8H6802 C, 57.81; H, 3.64; S, 19.29.
Found. C, 57.91; H, 3.71; S, 19.18. . . )
An alternate method for the removal of the silyl group
was also used as follows. To a stirred suspension of 3.7 g

(0.02 mol) of anhydrous KoCO3 in 700 ml of methanol was added
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wherein A, B, C and Y-are as defined above for Foinula |; Rlerr]

is as defined above for'Formula Il; R err] and R err] are as defined-
ahove for Formula VI; and AC is an acyl group, preferably acetyl .
Al ternatively, the conmpound of Formula 4 is converted - to the
conpound of Formula VIII in one chem cal operation usi ng

tri phenyl phosphi ne, diethyl or dinethyl aza- di carboxyl ate, and
an acidic nucleophile, preferably t hi oacetic acid, in a suitable
solvent. 59.7 g of théThalyiﬁanatYIﬁnaFmrépnn@ﬂaahmv¢ as ar%eltd-mnrhea
nucl eophi | gﬁ RS ob %M%%ﬂﬁcﬂﬁﬁé’%%s%d'm then the

car bonat e, I um ydrOX| e or potaSS|u oxlI de

al cohol i ¢ @GW@ﬂPl west evanarakadvandt ee‘t'%‘f‘e ovas added to; 58 mbafio
in the pregsates @a&zdartrlal#y\iaﬁ itrgeréd with 3 x 190 chErebl@, dana@tthe or

F;?ﬁ?yl chlog% %@%anf%(¥¥actlohs were dr1&8”PR¥W§o ; R§ Formula IX

evaporated. The crude residue was chromatog;aphed on flath_
silica gel using-?% Etzo/hexanes to give the desired product
3 in 98% yield (38.72 g).
Preparation of N-(t-Butoxycarbonvll-alwvainal 4:
o)

/lk/nuaoc _
H

4

To a stirred solution of 2 g (12.4 mmol) of N-(t-butoxy-
carbonyl)-2-hydroxy-ethy1am1ne (obtained. from Sigma
Chemicals) in 80 ml of CH CI at ~78°C was added 1.3 mnl (18 6
mmol) of dimethyl sulfoxlde (DMSO) and 1.2 ml (13.7 mmol) of
oxalyl chloride. After 5 minutes, 5.4 ml (38.4 mmol) of
triethylamine was added and the solution was allowed to warm
to 25°C. The mixture was poured into 200 ml of Et,0 and

- ' extracted with 100 ml of water, 100 ml of 0.5N HCl, and 100
ml of saturated bicarbonate solution. The organic fraction
was dried (Na2804), and the solvent was removed under reduced
pressure. The crude aldehyde was dissolved in 100 ml
benzene, and the solvent was again removed under reduced
pressure. This crude material, which was found to be
unstable, was used immediately in the next step.

Preparation of 4~N—(t—butoxyqarbony1)—3—hydroxy-1ﬁ(2-
carbomethoxy-5-thiophene)~butyne 5:

HO,

BOCHN

/ .
<t Has Been Replaced
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12 .mhereln A, B, C-and Y are as defined above{TQr Formula |I; Rferr] is
as defined above for Fotnula Il; and Rl err] and R[ rr] are as defined above
for Formula VI. The- conpound of the Formula I X is treated under
conditions suitable to renove either or besh of the R4 and R5 protectlng
groups to produce a conpound of the Fornmula X [err]

. To a solution of 1.7 g (10.2 mmol) of acetylene 3 in 10
ml of dry tetrahydrofuran (THF) at -78°C was added 14.3 ml
(14.0 mmol) of a 1M solution of lithium bis—trimethylsilyl
amide in THF. After 10 minutes, the crude aldehyde 4 from
above was added dropwise in 5 ml of dry THF. The solution
was stirred at -78°C for 10 minutes and allowed to warm to .
0°C over a twenty-minute period. To this was added 5 ml of a
saturated aqueous solution of ammonium chloride. The mixture
was péured into 200 ml of Et,0 and washed with 100 ml of H,0
and then 50 ml of saturated NaCl solution. The organic layer
was drigd (Na2804) and the solvent was removed under reduced
pressure. The crude residue was flash chromatographed on
silica gel with 10-40% EtOAc/hexanes to give 0.96 g (29%) of
the desired alcohol 5 as a slightly yellow oil. NMR (CDC13)
6: 1.46 (s, 9H), 3.38 and 3.58 (AB, 2H, J=3, 7Hz), 3.88 (s,
3H), 4.71 (dt, 1H, J=2.9, 5.2H2), 5.05 (brs, 1H), 7.15 (4,
1H, J=3.9Hz), 7.64 (d, 1H, J=3.9Hz). IR (neat): 2978.3,
1729.5, 1685, 1523, 1452, 1368, 1286, 1167, 1098, 959, 822,
750.4 cm™l. High Resolution Mass Spec., Calcd. for
C15H19NOSS M+Cs+', 458.0038. Found: 458.0051.

Preparation of Methyl-5-[(4-N-(t-butoxycarbonyl}-amino-
3-hydroxy) -butyl] -thienyl=~2-carboxylate 6:

HO

(BOC)HN

To a stirred solution of 940 mg (2.89 mmol) of the above
acetylene 5 in 50 ml of ethylacetate (EtOAc) was added 320 mg
of 5% Pd/C. The mixture was placed ﬁnderl40 psi of H2 gas
.and stirred at 25°C for 17 hours. The mixture was filtered
“through Celite (diatomaceous earth) and the solvent was
removed under reduced pressure. The crude residue was flash
chromatographed on silica gel with 20% EtOAc/CH5Cl, to give
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wher ein A B, C and Yﬁase as defined above for Ia l; and Rlerr] is as

defi ned above for Formulka I1. Where t-butoxy- carb (t BOC) is a
protecting group, the conditions for renoval of thls group are preferably
treatment with trifluoroacetic acid foll ol by neutralization to produce
t he conpound of the Formula X The ¢ ound of the Formula X is

reacted with an al kylating agent, preferably trinethyl or triethyl oxonium
tetrafl uoroborate, in a suitable solvent, preferably dichloronethane, to

forman int egaedh@t QBLIQ'C 1@1@t)h%rf cHee aéglezréaedal%&lala% i e}@ﬁow Sofgact ed
wi th guani dine in~an_al cQholic solvent, preferably nethanol ef hanol _ar

i sopr opanol , NMB f(GPRLa) cBhpotinddof 8¢ h@Hker AuBd Xm: 2Hdnr 12 “(brs, 1H),
2.99 (m, 2H), 3.10 and 3.29 (AB, 2H, J=3, 6. 9Hz), 3.74 (m,
'1H), 3.86 (s, 3H), 4.89 (brs, 1H), 6.82 (d, 1H, J=3.7Hz),
7.63 (d, 1H, J=3.7Hz). Anal. Calecd. for C15H23NOSS C,
54.69; H, 7.04; N, 4.25; 8, 9.73. Found: C, 54.79; H, 7:02;
N, 4.29; S, 9.63. '

An alternate method for the preparation of alcohol 6

uses bis-t-butoxycarbonyl allylamine 14 as follows.

Preparation of Bis-t-butoxycarbonyl allylamine 14:

/\/N(abcj,

14

To a solution of 57.10 g (1.0 mol) of allylamine and 1.2
g (0.01 mol) of dimethylaminop?ridine (DMAP} in 500 ml of
acetonitrile was added a solution of 220 g'(l mol) of
(£-BOC) ,0 in 100 ml of acetonitrile, and the resultant
mixture was stirred for 6 hours. The reaction mixture was
diluted with toluene (100 ml) and the solvents were
evaporated under reduced pressure at 60°C. The resultant oil
was re-dissolved in acetonitrile (400 ml) and another 1.2 g
(0.01Imol) of DMAP was added, and to this a solution of 220 g
(1 mol) of (t-BOC),0 in 100 ml of acetonitrile was slowly
added. The reaction mixture was stirred for 12 hours at -
60°C, the solvent was evaporated under reduced pressure at
60°C, and dilute NaHCO3 (100 ml) was added. This was
extracted with 3 x 150 ml CH2C12, and the combined organic
layers were washed with brine, dried (Na2804) and evaporated.
The crude residue was purified by chromatography on flash
silica gel elutlng with a gradient of 5-20% EtOAc/hexanes to
give 156.9 g (63% yleld) of the desired product 14 as a clear
crystalline solid (m.p. 43-44°C). IH NMR (CDCl3) & (ppm):
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13 . wherein A B, C and Y are as defined above #™r Fornula |; and Rl err]
is as defined above forfFormula I1. Al ternatii¥ely, the conmpound of the
Formula X is converted to the conpound of the Fornula Xl by reacting the
conmpound of the Formula X with a thioLatigg agent, preferably Plerr] S er]
or 2, 4-Dbis(4-nmethoxyphenyl)-1, 3-dithia-2, di phosphet ane-2, 4-disulfide, to
formthe thiolactaminternediate. This can then be al kylated with an
al kyl ating agent, preferably nmethyl iodide or trinethyl or triethyl oxonium
tetrafluorobprat g afghj hep ygt(aguagidi BE15MuaN J=1 Hz), 5.14 (ddd, 2H,

J=15 Hz, J=10 Hz, J=1 Hz), 5.85 (ddt, 2H, J=10 Hz, J=5 Hz,

J=1 Hz). IR (KBr): 2978, 2935, 2860, 1724, 1689, 1342, 1130

em™l. Anal. caled. for C,,H,,NO,: C, 60.68; H, 9.01; N,

5.44. Found: €, 60.78; H, 9.04; N, 5.50.

Preparation of 1-(bis-t-butoxycarbonyl amino) -2-ethdral
15:
o]

H

1§

A solution of 0.60 g (2.34 mmol) of ‘bis-t-butoxycarbonyl
allylamine 14 in 20 ml of CH,C1
amperes, 1.0 l/min. O

2 was ozonized (40 volts, 500
5 @3 psi) at -78°C until a blue color
persisted, 10 ml of dimethyl sulfide was added, and this
mixture was stirred for 14 hours at 25°C. The mixture was
added to dilute brine and extracted with CHZCl2 (3 x 50 ml),
and the organic fractions were dried (Na2304) and evaporated.
Chromatography using flash silica gel yielded 603 mg. (99%
yield) of the desired product 15 as a clear crystalline solid
(m.p. 37-39°C). 'H NMR (cDCl,) & (ppm): 1.50 (s, 18H),

4.38 (s, 2H), 9.55 (s, 1H). IR (KBr): 2984, 2935, 2724,
1792, 1734, 1699, 1362, 1153 cm '. Anal. Calcd. for
C12H21N05 C, 55.58; H, 8.16; N, 5.40. Found: C, 55.20; H,
8.19; N, 5.19.

Preparation of Methyl-5-[(4-N-(t-butoxycarbonyl)-amino-
3-hydroxy) -butyl] -thienyl-2-carboxylate 6:

To a solution of 9.64 g (59 mmol) of S-ethynyl-2-
carbomethoxy thiophene 3.,in THF (250 ml) at -78°C was added
65.6 ml (60 mmol, 0.9M) of lithium hexamethyl disilazide
(LiHMDS), and the mixture was stirred for 2 hours at -78°C.
A solution of 15.6 g (60 mmol) of 1-(bis-
t-butoxyxcarbonylamino) -2-ethanal 15 in THF (40 ml) was
cannulated into the reaction mikture, and the mixture was

-
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al cohel i ¢ sol vent, preferably nethanol, ethanol of“§50propanol, to obtain

t he conpound of the Forrula XI. The conpound of the Fornmula XI is
hydr ol yzed under basic conditions to forma conpound of the Formula Xl|
[err] wherein A, B, C and Y gg as defined above for Fornula

|. Wiere Rlerr] is hydrogen in the conmpound of the Fornula X, then the
hydrol yzation reaction is not necessary, and the conpound

stirred for 8 hours at -78°C. A solution of 3.4 ml (60 mmol)

acetic acid in methanol (10 ml) was added as a quench, the

mixture was stirred for 10 minutes warming to 0°C, and water

(60 ml) was added. This was extracted with EtOAc (3 x 100

ml), and the orgaqic extracts were washed with dilute NaHCO3
and dried (Na2804). The solvent was removed by reduced ;.-

. pressure to approximately 50 ml. .To the resulting residue
was added EtOAc (125 ml), and this solution was added to a
Parr bottle containing 7.38 g (30 wt. % of acetylene starting
material) of 5% Pd on carbon and hydrogenated at 55 psi of I-I2
for 24 hours. The crude hydrogenation material was filtered
through Celite, and the filter cake was washed with methanol
(100 ml) and EtOAc (100 ml). The solvent was evaporated
under reduced pressure, the crude residue was filtered
through silica'eluting with 50% EtOAc in hexanes, and the
solvent was evaporated. The residue was solvated in 20 ml of
methanol (MeOH) azeotroped with benzene (50 ml), and re-

" dissolved in dry MeOH (20 ml). This mixture was added to a
‘freshly prepared solution of 60 ml (2M) of sodium methoxide
in methanol. The reaction mixture was stirred for 45
minutes, dilute HCl (0.1M, S0 ml) was added, and this mixture
was extracted with EtOAc (3 -x 75 ml). The organic fractions
were combined and washed with pH 7 buffer (1M), dried
(Nazso4) and evaporated. The crude residue was
chromatographed on flash silica eluting with 40% EtOAc/
hexanes to give 9.32 g (48% yield) of the desired product 6.

Preparation of Methyl-5-[(4-N-(t-butoxycarbonyl) -
amino-3-acetylthio) ~butyl] -2-thiophenecarboxylate 7: '

AcS

(BOC)HN

R
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of the Formula X |s tide coupl ed as descri bed Bel ow The conpound

of the Formula XI|I (or the conpound of the Fornmulda XI where Rlerr] is
hydr ogen), which is in the free carboxylic acid form can-be peptide
coupl ed, by neans well known to those skijded in the art, with a glutamc

acid diester hydrochloride to forma diester of the Fornula X I1I;
14 [err] ' ' :

. To a stirred solution of 9.26 g (28.1 mmol) of the
alcohol 6 in 100 ml of THF at 0°C was added 5.9 ml (42 mmol)
of triethylamine (TEA) and 2.4 ml (31 mmol) of
methanesulfonyl chloride. After 20 minutes, 100 ml of DMF
and 12.8 g (110 mmoi) of potassium thiocacetate were added,
and the resultant solution was allowed to warm to 25°C. ;--.
~ After three days, the mixture was poured into 500 ml of water
and extracted with 800 ml of Etzol The organic layer was
washed with 200 ml of water, 200 ml of 1N HCl, 200 ml of
saturated bicarbonate solution, and 100 ml of saturated NaCl
solution. The organic layer was dried (MgSO4) and the
solvent was removed under reduced pressure. The crude
residue was flash chromatographed on silica gel with 25%
EtOAc/hexanes to give 10.3 g (95% yield) of the desired
thioacetate 7 as a yellow oil. NMR (CDCl3) 6: 1.44 (s,
9H), 1.91 and 2.04 (ABm, 2H), 2.37 (s, 3H), 2.96 (m, 2H),
_3.36 (m, 2H), 3.61 {(m, 1H), 3.86 (s, 3H), 4.74 (brs, 1H),
6.79 (d, 1H, J=3.6Hz), 7.62 (d, 1H, J=3.6Hz). IR (neat):
3366, 2976.4, 1713, 1520, 1462.1, 1366, 1290.5, 1267.3, 1169,
1098, 752, 631 cm'l. High Resolution Mass Spec., Calcd. for
. C17H25N0582 M+Cs+, 520.0229. Found: 520.0240.
Preparation of Methyl-5-[(4-N-(t-butoxycarbonyl) -amino-
3-(dimethylmalonyl) thio) -butyl] -2~thiophenecarboxylate 8:

o)
sao~_ 4\
HCO s CO,CHs
o
BOCHN
HsCO

To a stirred solution of 10:2 g (26 mmol) of the above
thiocacetate 7 in 200 ml of dry methanol at 0°C was added 7.2
g (52 mmol) of K2CO3 and 3.7 ml (29 mmol) of dimethyl
chloromalonate. After three hours, the mixture was poured
into 500 ml of water and extracted with Et,0 (3 x 500 ml).

The combined organic layers were washed with 500 ml of water

.\—_\“
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wher ei n A B Cand Y qh% as defined above for Forgmyya |I; and R and R err]
are each independently‘a’miety that forms with the ‘attached CJerr] a '
readi |y hydrol yzabl e ester group,” such as a CJerr]-Cerr] alkyl,

hydr oxyal kyl , al kylaryl or aryl al kyl. fgnally, if desired, the conpound
of the Formula XIIl is hydrolyzed to the free glutame acid form of Fornul a
I (Rand R err] are each H): Conmpounds of  the Formula | wherein X is

other than CH2 can be prepared using an olefin of the Fornula Xl V:
And then with 200 ml of saturated NaCl solution, and dried

(MgSO4). The solvent was removed under reduced pressure and
the crude residue was flash chromatographed on silica gel
with 30% EtOAc/hexanes to give 11.46 g (93% yield) of the
desired thioether 8 as a slightly ygllow oil. NMR (CDC13)
6: 1.44 (s, 9H), 1.85 and 2.00 (ABm, 2H), 3.03 (m, 3H),;-.
3.30 (m, 2H), 3.80 (s, 6H), 3.86 (s, 3H), 5.10 (brs, 1H),
6.82 (4, 1H, J=3.8Hz), 7.63 (d, 1H, J=3.8Hz). IR (neat):
3442, 2974, 2955, 1734, 1713, 1512, 1460, 1435, 1366, 1291,
1267, 1167, 1098, 1022, 752 cm-l. High Resolution Mass
_Spec., Caled. for C, H,NOgS,: M'Cs®, 608.0389." Found:
608.0370. _ _
Preparation of 6-[(5-Carbomethoxythien-2-yl)-ethyl] -
2-carbomethoxy-3-0ox0-3,4,5,6-tetrahydro-[1,4] -thiazine 9:

0

HaCO

N 9
© H

To a stirred solution of 470 mg (0.99 mmol) of the above
;hioether 8 in 12 ml of CH2C12 at 0°C was added 4 ml of
trifluorocacetic acid (TFA). After 1.5 hours, the mixture was
poured into 50 ml of saturated bicarbonate solution and
extracted with CH2C12 (4 x 100ml). The solvent was removed
under reduced pressure and the crude residue was dissolved in
10 ml of methanol. After stirring at 25°C for 1.5 hours, the
solvent was removed under reduced pressure and the crude
residue was flash chromatographed on silica éel with 40%
EtOAc/CH,Cl, to give 298 mg (88% yield) of the desired lactam
9 as a colorless oil. NMR (CDCl3) 6: 1.94 (m, 2H), 3.01
(m, 2H), 3.4-3.7 (m, 4H), 3.80 and 3.82 (s, 3H), 3.87 (s,
3H), 6.25 (brs, 1H,), 6.83 (d, 1H, J=3.7Hz), 7.64 (4, 1H,
J=3.7Hz). IR (KBr): 2951, 1732, 1669, 1462, 1294, 1267,

1194, 1157, 1098, 1005, 752 cm l. Anal. Calcd. for
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[err]. wherein Cand Y are as defined apoye for Fornmula I, Xis
as defined above for Fbriula I except that X is othef than CHerr], and
Rl.err] is as defined above for Formula II. Where X i s sul fur, oxygen,
or a substituted or unsubstituted am no, Ee conmpound of the Fornula XIVis
prepared by al kyl ation of a conpound of th& Fornula XV: :

¢, 4H; NOS, : 'C, 48.96; H, 4.99; N, 4.08; S, 18.67. Found:
C, 49.06; H, 4.93; N, 4.09; S, 18.60.

Preparation of Methyl- [2-(2-amino-4-oxo0-4,6,7,8-
tetrahydro-3H-pyrimido(5,4-6] [1,4]thiazin-6-yl) -ethyl]-2,5-

thienocate 10:

To a stirred solution of 1.9 g (5.5 mmol) of the above
lactam 9 in 150 ml of dry CH2C12 was added, all at once, 1.06
g (7.2 mmol) of trimethyloxonium tetrafluoroborate. The
solution was stirred for 6 hours at 25°C. The resulting
mixture was poured into 50 ml of 10% aqueocus cho3 and
extracted with CH2012 (2 x 200 ml). The combined organic
layers were dried (MgSO4) and the solvent was removed under
reduced pressure. The resulting material was used directly
in the next step.

In a separate flask was placed 1.58'g (16.6 mmol) of dry.
guanidine hydrochloride. To this was added 600 wml of dry
methanol. Dry argon was bubbled through the solution for 10
minutes, after which was added 926 mg (17.1 mmol) of dry
sodium methoxide. To the resultant mixture was added via a
cannula the crude lactim ether prepared above in 20 ml MeOCH.
The solution was refluxed under an argon atmosphere for 20
hours. The pH was adjusted to 4 with 1N HCl, and the solvent
was removed under reduced pressure. The crude residue was
dissolved in 500 ml of CHCl and washed with 2 x 100 ml of
water. The organic layer was dried (MgSO ), and the solvent
was removed under reduced pressure. The crude residue was
flash thbmatographed on silica gel with 5-10% MeOH/CH,C1,, to
give 413 mg of an off-white solid. This material was then
dissolved in 25 ml of hot MeOH and slowly cooled to 4°C over

\___‘_\.
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15 [err] mherqrg C and Y are as deflnedj?bove for Formula I; X
I's sul fur, oxygen ubstltuted or unsubstituted am no; and R6 is as
defi ned above for Fornul'a Il. The al kylation can be acconplished using an
allyl halide, preferably allylbrom de, 32

an 18-hour period. The solid was collected by filtration to
give 180 mg (9% yield) of the desired pyrimidinone 10 as a
slightly yellow solid. NMR (d,-DMSO) 6: 1.72 (m, 1H), 1.88
(m, 1H), 2.8-3.22 (m, 4H), 3.50 (dt, 1H, J=2, 8Hz), 5.99
(brs, 2H), 6.64 (brs, 1H), 6.98 (d, 1H, J=3.8Hz), 7.62 (d,
1H, J=3.8Hz), 10.02 (brs, 1H). High Resolution Mass Speg...
Calcd. for C14H16N403S2 MiNa®, 375.9562. Found: 375.0550.
An alternate procedure for the preparation of
pyrimidinone 10 was also used as follows. - To a stirred
solution of 500 mg (1.46 mmol) of the lactam 9 in 20 ml of
dry THF was added 648 mg (1.60 mmol) of Lawesson’s reagent
(2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-
2,4-disulfide). After the mixture was stirred at 25°C for 20
hours, it was poured into 50 ml of saturated bicarbonate
solution and extracted with 2 x 200 ml of EtOAc. The
"combined organic layers were washed with 50 ml of saturated
NaCl solution and dried (Mgso4), and the solvent was removed
under reduced pressure. The crude thiolactam was flash
chromatographed on silica gel with 8% EtOAc/CH2C12 to give
525 mg of the corresponding thiolactam 11: '

) O

H3CO

This material was used immediately in the next step.

To the 525 mg of the thiolactam 11 in a mixture of 10 ml
of dry THF and 10 ml of dry methanol was added 1.6 ml of 1N
NaOH. To this was added 0.1 ml (1.6 mmol) of methyl iodide
to produce a methylated thiolactam, which was used as .
described below without purification. In a separate flask
was placed 1.39 g (14.6 mmol) of dry guanidine hydrochloride.
To this was added 300 ml of dry methanol. Dry argon was
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I n the presence of a noma=~nucl eophilic base, preferab*y triethylamne or

di i sopropyl et hyl am ne, to obtain the conpound of the’Formula Xl V. '
Wiere X is a substituted or unsubstituted CJerr]-Cerr] alkyl other than
CHerr], a substituted or unsubstituted Cgyr]-Clerr] alkenyl or a
substltuted or unsubstituted C2-C3 aIkynyI t he conpound of the Fornmula XV
I's prepared by ol efination of an al dehyde of the Fornula XVi:

[err] wherein B, C'and Y are as defined above for Forrmula I; and

X is a subst iguiia@doit Hiduids tdHel tsrd UElid®? Fokylo aiiritddiarafiderwliich was
added 796 mg (14.7 mmol) of dry sodium methoxide. To the
résultant mixture was added via a cannula the crude
methylated thiolactam prepared above. The solution was
refluxed under an argon atmosphere for 48 hours. The pH was
adjusted to 4 with 1N HCl and the solvent was removed under
reduced pressure. The crude residue was dissolved in 500 ml
of CHCl3 and washed with 2 x 100 ml of water. The organic
layer was dried (MgSO4) and the solvent was removed under
reduced pressure. The crude residue was flash
chromatographed on silica gel with 5-10% MeOH/CHZClz. :The
material was then dissolved in 20 ml of hot MeOH and slowly
cooled to 4°C over an 18-hour period. The solid was
collected by filtration to give 131 mg (9% yield) of the
desired pyrimidinone 10.

Preparation of [2-(2-Amino-4-oxo-4,6,7,8-tetrahydro-
3H-pyrimido[5,4-6] [1,4]thiazin-6-yl) ~ethyl] -2,5-thienocic acid
12:

PO Y,

l s" .
. _ )\ OH
N 12:

HN

To 180 mé (0.51 mmol) of the pyrimidinone 10 was added S
ml of 1N NaOH in water. The resulting solution was stirred
at 25°C for 20 hours. After cooling to 0°C, the pH was
adjusted to 2 with 1IN HCl. The brown solid was filtered off
and washed with water and dried under vacuum to give 111 mg
(64% vield) of the desired acid 12 as a slightly brown solid.
NMR (d.-DMSO) é: 1.72 (m, 1H), 1.92 (m, 1H), 2.78-3.68 (m),
6.07 (brs, 2H), 6.68 (brs, 1H), 6.92 (4, 1H, J=3.7Hz), 7.52
(d, 1H, J=3.7Hz), 10.12 (brs, 1H), 12.89 (brs, 1H). High
Resolution Mass Spec., Calcd. for C13H14N403S2 Mt
338.0507. Found: 338.0517.

’
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a substituted or unsubsthtuted Clerr]-Clerr] aIkeny#)or a substituted or
unsubstituted Cerr]-Cerk] al kynyl . The al dehyde of 7/t he Fornula XVI can be
prepared in a manner andl ogolus to that described by Chuan Shih et al.

Journal of Medicinal Chemistry, vol. 35 (1 $2), 1109-1116. The ol ef i nati on
of the al dehyde can be acconplished using a nethyl ene transfer ‘agent,
preferably nethyl ene-triphenyl phosphor ane.

16 The conpound of the Formula XIV is reacted with a di hydroxyl ati ng
agent, preferably medpawad cdh 03k de- (20 (2DAMPHESENER00E, 8, 3YBL BEt LaRyddbZI NY

agent, referam
g P B&gimldo[s 4-6]1[1,4)thiazin-6-yl)-ethyl] -2,5-thienoylamino-

L-glutamic acid diethyl ester 13:

S / \ CO?’E.R_

x o Coset .

. ZX

X

To a stirred solution of 110 mg (0.33 mmol) of the above
acid 12 in 5 ml of dry DMF was added 48 mg (0.36 mmol) of
1-hydroxy-benzotriazole hydrate, 62 pl (0.36 mmol) of
diisopropylethylamine, 86 mg (0.36 mmol) of glutamic acid
diethyl ester hydrochloride, and 106 mg (0.36 mmol) of
1- (3-dimethylaminopropyl) -3-ethylcarbodiimide methiodide.

The resultant solution was stirred under an argon atmosphere
at.25°C for 20 hours and then poured into 50 ml of water.

The water was extracted with 2 x 150 ml of EtOAC. The
combined organic layers were back-extracted with 3 x 50 ml of
water and ‘then 10 ml of saturated NaCl solution, and dried
(MgSO ). The solvent was removed under reduced pressure, and
the crude residue was flash chromatographed on silica gel
with 0-10% MeOH/C‘H2012 to give 120 mg (71% yield) of the
desired amide 13 as a slightly yellow amorphous solid. NMR
(ds—Acetone) 6: 1.20 (m, 6H), 2.2 (m, 1H), 2.46 (t, 1H
J=7.6Hz), 2.78 (s, 1H), 2.82 (s, 1H), 2.92-3.1 (m, 2H), 3.41
(m, 1H), 3.72 (dt, 1H, J=3.0, 12.7Hz), 4.02-4.2 (m, 4H), 4.58
{m, 1H), 5.90 (brs, 1H), 6.05 (brs, 1H), 6.90 (4, 1H,
~J=3.8Hz), 7.58 (4, 1H, J=3.8Hz), 7.78 (d, 1H, J=8Hz). High
Resolution Mass Spec., Calcd. for C, H, N O.S,: Mru*,
524.1638. Found: 524.1650.

Preparatlon of 4-[2-(2-Amino-4-0x0-4,6,7,8~ tetrahydro—
3H pyrlmldo[s 4-6] [1,4]thiazin~6-yl) -ethyl]l-2,5-thienoylamino-
L-glutamic acid 1:

/
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neth%lnnrpholine-N—oxidea to obtain a conpound of sTRe Fornul a XVI |

[err] wher el n"B, C and Y are as defined above for Formula I; X
i s, as defined above for "Formula |, except that it is other than CHerr];
and Rlerr] is as defined above for Formulggll. The conpound of the
Formula XVII is reacted with a sulfonylating agent, preferably

p-tol uenesul fonyl chloride or nethanesul fonyl "‘chloride, in the presence of
a non- nucl eophilic base, preferably triethylam ne or
. To 115 mg (0.22 mmol) of the above diethyl ester 13 was

added 3 ml of 1N NaOH solution in water. The resulting
mixture was stirred at 25°C for 14 hours. After cooling to
0°C, the pH was adjusted to 3.5 with aqueous HCl. The solid
was filtered, washed with water and dried under vacuum to
give 82 mg (80% yield) of the desired acid as an off-white .
solid. NMR (dG-DMSO) 5: 1.62-2.02 (m, 4H), 2.27 (m, 2H),
2.78-3.00 (m, 3H), 4.27 (dd, 1H, J=6, 6.8Hz), 6.00 (brs, 2H),
6.63 (brs, 1H), 6.88 (4, 1H, J=3.7Hz), 7.63 (d, 1H, J=3.7Hz),
8.37 {(d, 1H, J=7.4Hz), 10.05 (brs, 1H), 12.85 (brs, 2H). IR
(KBr): 3371, 1700, 1643, 1543, 1345 cm“l. High Resolution
Mass Spec., Calcd. for C, H,.N.O.S,: M'H', 468.1012. Found:

. 187217576 °2°
468.1025. Anal. Calcd. for C, H,.N.O0_S,.1.5 H,O0: C, 43.71;

18721"576°2 2
H, 4.89; N, 14.16; S, 12.97. Found: C, 43.50; H, 4.67; N,
14.07; S, 12.72. '
Biological and Biochemical Evaluation

Determination of Inhibition Constants for GAR
Transformylase: ' :

The GAR-transformylase (GARFT) assay method of Young et
al., Biochemistry 23 (1984), 3979-3986, was modified and used
as described below. Reactions mixtures contained the
catalytic’ domain of the human GARFT, 0-250 .nM of Compound 1,
20 uM glycinamide ribonucleotide (GAR), 10 or 20 uM
Nlo—formyl—s,8—dideazafolate (FDDF), 50 mM'HEPES-KOH, PH 7.5,
and 50 mM KCl. The reaction was initiated with the addition
of enzyme to a final concentration of 11 nM, followed by .
monitoring of the increase in absorbance at 294 nm at 20°C
(6yq, = 18.9 mM * em™h), _

The GARFT inhibition constant (K;) was determined from
the dependence of the steady-state catalytic rate on
inhibitor and substrate concentration. The type of

294

inhibition observed was determined to be competitive wiﬁh
respect to FDDF by the dependence of the apparent Ki (Ki,app)
on the concentration of FDDF and was shown to be described by
Ki,app = Ki + (Ki/Kp) [FDDF]. The Michaelis constant for
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di i sopr opyl et hyl am ne, yield an i nt er medi at e nnnd“%sulfonylated
conpound. This interned e is reacted with a strong base, preferably

sodi um hydride, to produce a conpound of the Fornula XVI1I: [err]
17 wherein B, C X, Y and Rlerr] are asjgefined above for Formula XviI.
The epoxi de of’ Formula XVI 11 is reacted mnth a nitrogen- contalnlng

nucl eophil e, preferably sodi.um azide, in the

FDDF, Km,'was determined independently by the dependence of
the catalytic rate on FDDF concentration. Data for both the
K. and K, determinations were fitted by nonlinear methods to
the Michaelis equation, or the Michaelis equation for
competitive ihhibition, as appropriate. Data resulting from
tight-binding inhibition was analyzed, and K, determined;--by
"fitting the data to the tight-binding equation of Morrison,
Biochem Biophys Acta 185 (1969), 269-286, by noglinear '
methods.

Cell lines:

The cell lines used and their origin are tabulated in
Table 1. The growth conditions and media requirements of
each cell line are summarized in Table 2. All cultures were
maintained at 37°C, 5% air-CO2 in a humidified incubator.

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 65 (1983), 55-63.

Mid-log phase cells of each cell line were diluted to
18,500 cells/ml in fresh RPMI growth medium (Mediatech,
Washlngton, DC) supplemented with dialyzed fetal calf serum
(Hyclone Laboratories Inc., Logan, UT) and then allquotted
into columns 2 through 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 Compound 1 at 10 x final concentration, 15 ml/
well in binary dilutions, to columns 12 to 4. For reversal
experiments, hypoxanthine (1.75 mM) or AICA (1.75 mM) was
included in all drug solutions (final concentration 175 mM).
Wells containing each concentration of Compound 1 were
prepared in quadruplicate on each plate. Fifteen milliliters
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presence of a mld Lew s~acid catal yst, preferably~fithiumor nagnesium
perchlorate, to an obtain an internediate al cohol azi de. This internediate
i s, reduced, preferably viith hydrogen gas in the presence of a netal

catal yst, and subsequent protection with g-suitable nitrogen-protecting
group, preferably t-butoxycarbonyl, benzoxycarbonyl or benzyl, to produce a
conpound of the Formula VII": [err] '

@f media, without Compound 1, 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 bromide; S$igma
catalog no. M2128) dissolved in tissue culture medium was
added to each well of all plates, after which the cells were
returned to the incubator. After 4 hours, all plates were
removed from the incubator and centrifuged at 1200 rpm for
7 minutes. Media were siphoned off, and 150 ml of DMSO was
added to each well of all plates. Plates were then mixed at
slow speed on a vortex mixer for one hour in tﬁe dark at room
temperature. The extent of metabolized MTT was measured
spectrophotometrically at 540 nm on a Molecular Devices Vmax“1
kinetic microplate reader. -  The concentration of drug
required to reduce cell growth by 50% as measured by MTT
metabolism was determined by interpolation between the 0.D.
(minus blank) iﬁmediately above and below 50% of control O.D.
(minus blank).

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

Cell Line Sburcg - Origin
L1210 ATCCH Mouse, lymphocytic leukemia
CCRF-~CEM aTccH Human, acute lymphoblastic

leukemia

1 T P PP i 1 e A S

\
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wherein B, C, X, Y and -Rerr] are as defined above(Cfr Formula XVII; and

Rlerr] and Rlerr] are as’defined above for Formula : The conpound of
the Formula VII' is then reacted with an acylating or sulfonylating agent,
preferably nethanesul fonyl chloride or psigol uenesul fonyl chloride, in the
presence of a non-nucl eophilic base, preferably triethylamne or

dii sopropyl ethylamne, in a suitable solvent in which at |east one of the
reactants is at least partially soluble, to obtain an activated hydroxy .
group. The astrwated=hydrexy==group=rs=tspacet=wrt-h-a=-se-ta-e=====m========
nucl eophil e, preferably a thioacid sal TABREr & preferably -potassi um

thi oacetate, to obtain a conpound of the Formula VIII1':
Culture Conditions, Plating Densities and

Incubation Times Used in Microtiter Assays

Cell line Medium DFCS Plating Incubation
. Conc.* Density Time
: (%) {cellg/well) (days)y -~
L1210 ' RPMI-1640 5 2500 3 :
CCRF-CEM RPMI-1640 10 2500 5
*DFCS Cénc..= dialyzed fetal calf serum concentration.
' TABLE 3

: Data for Compound 1
Growth Inhibition Using Continuous (72-hour) Exposure

Compound GARFT Kij ICggp Cell Culture  ICgg Cell Culture
(nM) L1210 (nM)& CCRF-CEM (nM)2&
1 4.5 ~ 16 - 4.3

¥ Mean 1Cgg + standard deviation.

In Vivo Antitumor Activity:

On day zero, 2 mmz trocar fragments of 6C3HED
lymphosarcoma were implanted subcutaneously in the axillary
region into groups of six C3H/He female mice. Starting on
day 1, the test compound was administered intraperitoneally
in 40% Encapsin given once daily for nine days. Control
.animals.received identical treatment without test compound.
The percentage inhibition given in Table 4 below was
calculated by comparing the mass of the control tumors
(receiving diluent only) on day 11 to those of animals
receiving test compound.
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18 [err] ~mherein A is as defined abo for Formula I; B, C,

X, Y and Rerr] are as d fined above for Formula XVI1; Rlerr] and Rlerr]
are as defined above for Fornula VI; and Ac is an acyl group, preferably
acetyl . Al ternatively, the conpound oggFormula VII' is converted
' TABLE 4
“Compound Dose (ma/kg) % Inhibition  Survivors

1 12.5 100 6/6

1 25 100 3/6

1 50 toxic 0/6 .

On day zero, 2 mm2 trocar fragments of C3H/BA mammary
adenocarcinoma were implanted subcutaneously in the axillary
region into groups of six C3H/He female mice. Starting on
day 1, the test compound was administered intraperitoneally
in 40% Encapsin given once daily for nine days. Control
animals received identical treatment without test compound.

The percentage of inhibition was calculated by comparing the
mass of the control tumors (receiving diluent only) on day 14

to those of animals receiving test compound. . The results are
summarized in Table 5. -

e e S o e e e A s e S S S S A e i e A S S S e S e P St e Sup S S ST M g S g T T S ST T T T 2T T T S e It T S I e S It e mm o e e e e e e
T R T T T N R T S S N T S T RS SRR E T e

& TABLE 5
Compound Dose (mg/k % Inhibition Survivors
1 5 16 5/6
1 10 84 6/6
1 20 100 3/6

= s e i o e S S e i e S S S S e Sy e e e e S S S S A S et S m S S Eme A v it i e Sk S Shms T S S S e e b S S T S S S e e e e N R
At 3 - 3 1 1t 3 1 2 3 2 2 4 23 2 3 3 F f R

It will be apparent to those skilled in the art that
various modifications and variations can be made in the
processes and products of the present invention.

‘Where possible, as a matter of chemistry, chemical
groups recited herein can be substituted. In some cases,
this. possibility is made explicit by reciting, e.g.,
substituted or unsubstituted CJ_-C_3 alkyl group.

Where more than one R6 group is recited in any Formula
herein, each R, can be independently selected from the
possibilities given.

[
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to the conpound of For a VIIl' in one chemcal o ation u5|n

tri phenyl phosphi ne, di €t or dinethyl aza- dicarbokylate,

nucl eophi l e, preferably th| oacetic acid, in a suitable sol.ve |\ﬂ“‘mn\\“‘
conpound of the Formula VIII' is treat ed gbth a nucleophiric

preferably potassium carbonate, sodi um carbonate, sodiun1hydrOX|de or
pot assi um hydr oxi de; i-rn an al coholic solvent, preferably methanol, ethanol

or isopropanol, in the presence of an al kylating agent, preferably dinethyl
or di et hyl C@hﬁﬁoTﬁ‘EﬁﬂfﬁEd”%szta'” a conpound of the Fornula I X :

[err]- 19

1. A compound of the Formula I:

8 c
N &
A N GO.R, (1)
. x/t:g\r .
r\ I j/\/
b

e
'

COR,
HoN

wherein:
A is oxygen, sulfur or selenium; |
X is a substituted or unsubstituted C.-C, alkyl group,

_ 173
a substituted or unsubstituted C,-C, alkenyl, a substituted

or unsubstituted C2 3 alkynyl giou;, a substituted or
unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogén, a halogen or a substituted or

. unsubstltuted Cy C6 alkyl group; and_

R1 and R2 are independently hydrogen or a m01ety that
forms with the attaqhed_co2 a readlly hydrolyzable ester
group;

or 'a pharmaceutically acceptable salt thereof

2. A compound or salt accordlng to claim 1, whereln X
is CHZ' CHZCHZ’ NH, oxygen, sulfur, CH(CH OH) or NCH,

3. A compound or salt according to claim 1, wherein Y
is sulfur or oxygen, B is hydrogen, and C is hydrogen or
CH3 .

4. A compound or salt according to claim 3, wherein A
is sulfur, Y is sulfur, and R; and Ry are each hydrogen.
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wheréin A i s as defined.above for Formula 1; B, C ﬁx ;;:gﬁ;jﬂjﬂlizéﬁf?TT/’
defined above for Forrula XVII; and Rlerr] and R[err m “\\3\“\

for Formula V. Thee conpound of the Fornula IX is t

cbnditions suitable to remove either or both of the R[err

protecting groups to produce a conpound o1t he Fornula X [err]
. 5. '‘A compound or salt according to claim 4, wherein X
is CH2.

6. A compound or salt according to claim 1, wherein R
and R, are each independently selected from hydrogen, Cl C6

alkyl,_hydroxyalkyl, alkylaryl and arylalkyl. : e

7. A compound or salt according to claim 6, wherein Rl

" and R, are each independently hydrogen or Cl-C2 alkyl.

2
8. A compound or salt according to claim 7, wherein A
is sulfur, Y is sulfur, and X is CHZ'

9. A compound or salt according to claim 8, wherein B
is hydrogen, C is hydrogen, and R, and R2 are each hydrogen.

10. A compound according to claim 1, which is selected
from (4-[2-(2-amino-4-oxo0-4,6,7,8-tetrahydro-3H- |
pyrimido(5,4-6]-[1,4]thiazin-6-yl) -ethyl]-2,5-thienoylamino-
L-glutamic acid) diethyl ester; 4-[2-(2-amino-4-oxo0-4,6,7,8-
tetrahydro-3H-pyrimido-[5,4-6] [1,4]thiazin-6-yl) -ethyl] -
2,5-thienoylamino-L-glutamic acid; 4-[3-(2-amino-4-oxo-
4,6,7,8-tetrahydro-3H-pyrimido- [5,4-6] [1;4] thiazin-6-yl) -
propyl]-2,5—thienoylamino-L—glutamic acid; 4-[2-(2-amino-
4-oxo-4,6,7,8—tetrahydro—3H-pyrimido—[5,4-6][1,4]thiazinj'
6-yl) -ethyl] -3-methyl-2,5-thienoylamino-L-glutamic acid; and
4-[2-(2-amino-4-0x0-4,6,7,8-tetrahydro-3H-pyrimido[5,4-6]
[1,4]thiazin-6-yl)-eﬁhyl]—2,5-furanoylamino-L—glutamic acid.

.___;__————————————
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wherein A is as defined-above for Formula I; and B~~C, X, Y and Rlerr] are
as defined above for Fornula XVII. Were t- butoxycarbonyrfls a prot '
group, the conditions for renoval of this group are prefer Wllmiﬂ“ﬂﬂ“‘
with trifluoroacetic acid followed by neuykalization toipr -
conpound of the Formula X . The conpound of the Fornula X i's reacted
with an al kyl ati ng agent, preferably trinmethyl or triethyl oxonium
.tetrafluoroborate, in a suitable solvent, preferably dichloronmethane, to

forman inter medi Qhe | achhBArphbent ithe b&h@b@&duahecb ﬁknmlﬁgher is reacted

wi t h guani di fie |n al cohql.i c _sol vent referabl hapo
i sopropanol, to fé anﬁ%SEﬁ&lBF ﬁH@thFXUPS ?I mpoun %o €ha*Prnlia
I:
8 c
2

T\ =

Ay
"‘zN/'\N . 0 CQaR,

22X

N
H

wherein:
A is oxygen, sulfur or selenium;
X is a substituted or unsubstituted C1 C3 alkyl group,
a substituted or unsubstituted C2 3 alkenyl group, a
substituted or unsubstituted C C3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;
Y is oxygen, sulfur or NH;
B is hydrogen or a halogen;
C is hydrogen, a halogen'or a substituted or
unsubstituted-cl—c6 alkyl group; and
R1 and R, are each hydrogen or a moiety that forms with
the attached CO2 a readily hydrolyzable ester group;
oY a pharmaceutically acceptable salt of said compound;
and. , .
(ii) a pharmaceutically acceptable carrier, excipient
or diluent.

12, A pharmaceutical composition according to claim
11, wherein X is CHZ' CHZCHZ' NH, oxygen, sulfur, CH(CHZOH)
oY NQH3.
13. A pharmaceutical composition according to claim
11, wherein Y is sulfur or oxygen, B is hydrogen, and C is
hydrogen or CHj.
_—
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20 [err]
C X Y

- :_“-;‘_"er?i-n Alis as dgfi neé aboven“\“l“mi“‘imsl“\mand B,

43

Y 14. A pharmaceutical composition according to claim
13, wherein A is sulfur, Y is sulfur, and X is CH, .
~ 15. A pharmaceutical composition according to claim

14, wherein C is hydrogen, and Ry and R, are each hydrogen.

16. 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

quantity of a compound of the Formula I:

com,

wherein:
A is oxygen, sulfur or selenium;
X is a substituted or unsubstltuted C,-Cq alkyl group,
a substituted or unsubstituted C C alkenyl group, a

2
substituted or unsubstituted C,-C alkynyl group, a

substituted or unsubstituted azlng group, sulfur or oxygen;:

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydfogen, a halogen or a substituted or
unsubstituted C C6 alkyl group; and

R1 and R2 are each hydrogen or a m01ety that forms with
the attached CO2 a readily hydrolyzable ester group;

or a pharmaceutically acceptable salt of said compound.

17. A method according to claim 16, wherein X is CH
CH2CH2, NH, oxygen, sulfur, CH(CHZOH) or NCH

2l
3.
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and R6 are as defined aboye for Formula XVII. Abqe'E§;L¥§+XL,LDQ~Qaneund
of the Formula X' is converted to the conpound of thé a Xl

reacting the conpound of "'the Formula X with a thiolati \\“Nm\““m““““‘)l y
Plerr]S[err] or 2,4-bis(4-nethoxypheny|)-14§-dithia-2,4$“ e S

di phosphet ane- 2, 4-disulfide, to formthe thiolactamintermediate. This can
then be al kylated with an al kyl ating -agent, preferably nethyl iodide or
trimethyl or triethyl oxoniumtetrafluoroborate, and then with guanidine in
an al coholic solvend, preheeBbiyadebRansl, tet kaadm 06, vhprepand isto
obtain the coqgﬁénd of the Fornyla X|'. The _co oung gf t he For a X'
s hydr ol yze i BasPEYERRaI i ol YEZPEFRa SBSmsodRd YT PRETESFnia
XIl': [err] ' '

19. A method according to claim 18, wherein A is

sulfur, ¥ is sulfur, and X is CH2.

Te
.
LY

20. A method according to claim 19, wherein C is
hydrogen, and'R1 and Rz are each hydrogen.

21. A compound of the Formula VI:

HO

RsR,N

wherein:

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;.

C is hydrogen, a halogen or a substituted or
unsubstituted Cl-C6 alkyl group;

' R6 is a hydrogen or a moiety that forms with the

~attached CO2 a readily hydrolyzable ester group; and

R4 and R5 are each independently hydrogen or a readily
‘removable nitrogen-protecting group.

22. A compound according to claim 21, wherein: . Y'is'
sulfur; B is hydrogen; C is hydrogen; R, is hydrogen, C,-C
alkyl, hydroxyalkyl, alkylaryl or arylalkyl; and Ry and Rg

6
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21 Wwherein Ais as del ned above for Fornmula I; /agd B, C, X and Y are as
defined above for Fornmula’ Xvl]. \Were R6 is hydrog rﬂ~%he_caﬂpgggg69;he
the Fornula X', then thé hydrolyzatlon reaction i s not

corrpound of the Fornula X' is peptide coupted as descrl zﬂiwuml”!"r
conmpound of the Formula XII' (or the conpound of the Form

Rl err] is hydrogen), which is in the free carboxylic acid forn1 can be *
peptide coupled, by neans well known to those skilled in the art, with a

gl utam c aci dygl es4€h InAspshbent T hpdiegenp €ipatexyhrbbayFor mila Xi11":

[err] _ benzyloxycarbonyl or benzyl.

23. A compound according to claim 21 that is 4-N-(t-
butoxycarbonyl) -3-hydroxy-1- (2-carbomethoxy-5-thiophene) -
butyne. [

24. A compound of the Formula VII":

B c

A\

X' o (1)

RgReN

wherein:

X' is a substituted or unsubstltuted C1 C3 alkyl group,
a substituted or unsubstituted C2 C alkenyl group, a
substituted or unsubstituted C C3 alkynyl group, a
substituted or unsubstituted am1no group, sulfur or oxygen,

A is oxygen, sulfur or selenlum, '

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted C,-Cg alkyl groﬁp;

R is a hydrogen or a moiety that forms with the
attached C02 a readily hydrolyzable ester group; and

R4 and R5 are each independently hydrogen or a readily
removable nitrogen-protecting group.

25. A compound according to claim 24, wherein: X’ is
CHz, Y is sulfur; B is hydrogen; C is hydrogen; Rg is
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wherein A is as defined -above for Fornmula |; B, C ’X\and Y ar

above for Formula XVI1; and Rlerr] and R[err] are each™in
noj ety that fornms with the attached COerr] a readily hy mﬁm““ ﬂﬂ
group, such as a (Jerr]-Cerr] al kyl, hydrggyal kyl, aIk

Finally, if the free acid formis desi.red, t he corrpound of the Forrrula
XIl'l" is hydrolyzed to produce conpounds of the Fornula | where R err]

and Rerr] are each H. Preferred conpounds. of the Formula | include:
(4-[2-(2-am mq:dd:o@em4(r§ -4ty bhyldydrSkiypYkyhi delbylasyl or arylalkyl;

1, 4]t hi I t t d di et hyl
East e]r |4a[2|2n dén%no - 0X0- e‘6 %%Q?y%&%%}%aéngiy ﬁ%fo&&h ) Letny
3H- pyr i ni do- [t5RtspYRaNhemRbi rb@’lwkﬁeymrlpoqy; or benzyl.

26. A compound according to claim 24 that is
methyl-5-[(4-N- (t-butoxycarbonyl) ~amino-3- hydroxy) -butyl}~ .
thienyl-2-carboxylate.

27. A compound of the Formula VIII":

X CO,R, (VIII")

AcA

RsR4N

wherein:

X’ is a substituted ox unsubstituted C,-C,q 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;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted C,-Cg alkyl grdup; ' |

R. is a hydrogen or a moiety that forms with the
attaqhed co, a readily hydrolyzable ester group;

R, and R are each independently hydrogen or a readily
removable nitrogen-protecting group; and

Ac is an acyl group.
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thlenoylan1no L-gl utam-e acid; 4-[3-(2-am no-4-o0x0-%4,6,7,8  —
t et rahydr o- 3H pyri m do- [5 4-6][1, 4] thiazin-6-yl)- _
propyl]- 2, 5-thi enoyl ani rfo- L- gl utam ¢ acid; 4-[ 2- ' “‘“\ “‘ y‘“““““\“‘
22 (2- ami no- 4- oxo- 4, 6, 7, 8-t et r ahydr o- 3lg,pyr i ni do- *
thi azin-6-yl)-ethyl]-3- nethyl 2, 5-t hi enoyl am no- L- glutan1c aC|d and
4-[ 2-(2-am no-4-o0xo0-4,6,7, 8- tetrahydro 3H pyri m do-
[5,4-b][1, 4] thiazin-6-yl)-ethyl]-2,5-furanoyl am no- L-glutamc aC|d
Conpounds of the pavenhi ebmponhdi Bcesedihgmebe cthimab7cewhersintheX’ is
|nvent|on en&gnpa§s$g g%i%ﬁ%? g\xtu %rog n; C is hydrogen; R6 is
hydrogen, C, C6 alkyl, hydroxyalkyl, alkylaryl or arylalkyl;
and R, and R5 are each independently hydrogen,
t- butoxycarbonyl benzyloxycarbonyl or benzyl.

29. A compound according to claim 27 that is
methyl-s-[(4—N—(t-butoxycarbonyl)-amino;3-acetylthio)—

butyl] -2-thiophenecarboxylate.

30. A compound of the Formula IX":

Ruozc*A : (IX")

RsR4N

wherein:

A is oxygen, sulfur or selenium;

X’ is a substituted or unsubstituted C,-C, 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;

- Y is oxygen, sulfur or NH;

B is hydrogen or a halogen,

C is hydrogen, a halogen or a substituted or
unsubstltuted C C alkyl group;

each R6 is 1ndependent1y a hydrogen or a moiety that

forms with the attached CO2 a readily hydrolyzable ester
group; and
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m xt yr es ‘of diastereonET§ as wel | as optically aéfﬁve conpounds, such as
conmpounds essentially freg of other optical isoners, mh+eh—ﬁptrtarry“§ﬁfrve

conpounds can be obtai ned by neans known to those ski Il mﬂm‘ \M A
detail ed synthesis of a preferred conpoundsgof the Fornui l““\ ;
t he exanpl e bel ow. Exanpl e: 4-[2-(2- Ani no- 4- oxo-4, 6, 7, 8+t ex r ahydlr o® 3H

pyrimdo[5,4-6][1, 4] thiazin-6-yl)-ethyl]-2,5- thlenoylan1no- L-glutamc acid

(Conpound 1) [err]

. R4 and R5 are each independently hydrogen or a readily

removable nitrogen-protecting group.

31. A compound according to claim 30, wherein: A is
sulfur; X' is CH2; Y is sulfur; B is hydrogen; C is
hydrogen; R¢ is hydrogen, C1 C6 alkyl, hydroxyalkyl, P
alkylaryl or arylalkyl; and R and Rg are each independently

hydrogen, t-butoxycarbonyl, benzyloxycarbonyl or benzyl.

32. A compound according to claim 30 that is
methyl-5-[{4-N- (t-butoxycarbonyl) -amino- -
3- (dimethylmalonyl)thio) -butyl] -2-thiophenecarboxylate.

33. A compound of the Formula X":

x'mcoa.

(xXm)
ReO

wherein:
~ A is oxygen, sulfur or selenium;
X’ is a substituted or unsubstituted Cl-C3 alkyl group,
a substituted or unsubstituted CZ-C3 alkenyl, a substituted
or unsubstituted_cz.-c3 alkynyl group, a substituted or
unsubstituted amino group, sulfur or oxygen;
| Y is oxygen; sulfur or NH;
B is hydrogen or a halogen;
C is hydrogen, a halogen or a substituted or

unsubstituted C;-Cg alkyl group; and
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Prepafation of Met hyl - ono- 2- t hi ophenecar box| at & [err]

Conmpound 2 (CAS Reg. hb 52224 19-5]) was prepared déscriped at S

e e T

. . each R6 is independently a hydrogen or a moiety that
forms with the attached CO
group.

, a readily hydrolyzable ester

34. A compound according to claim 33, wherein: A is
sulfur; X’ is CH2;
hydrogen; and each R6 is independently hydrogen, Cl—c

Y is sulfur; B is hydrogen; C is Lo

6
alkyl, hydroxyalkyl, alkylaryl or arylalkyl.

35. A compound according to claim 33 that is *6-[(5-
carbomethoxythien-2-yl) -ethyl] -2-carbomethoxy-3-oxo-
3,4,5,6-tetrahydro-{1,4]-thiazine.

36. A compound of the Formula XI":

AN o,
" A (X1")

Y

N

wherein:

A is oxygen, sulfur or selenium;

X’ is a substitu;ed or unsubstituted Cl-Cj alkyl group,
a substituted or unsubstituted C,-Cy alkenyl group, a
substituted or unsubstituted C2—C3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

| Y is oxygen,  sulfur or NH;

B is hydrogen or a halogen;

C is hydrogeh, a halogen or a substituted or
‘unsubstituted C;-Cg alkyl group; and

\
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23 » Preparation- of (S}t hynyl -2-car bonet hoxy thfsbhene 3: [err]

To a stirred solution of 5.g (22.7 nmol) of the brom de 3

mo)) of tris-triphenyl phosphine palladiun(ll) chloride mﬁgﬂkﬁ“ﬁ\@um
mmol ) of cuprous iodide in 75 m of diethylsm ne was add ¢ O (M u 1)
of trinmethylsilyl acetylene. The resultant solution was stirred at
25[err]C. After 18 hours, the solvent was renoved under reduced pressure,
and the crude residue was dissolved in 300 M Et[err]O (diethyl ether) and
extracted with 100 Ry & amydgogat B0G Moisty dhatatfarng whPbdde

sol ution. The J¥gRMNed |@eTa Wesa iy thyd¥d 185 4d63d &igder @yrgie sol vent was
renoved under reduced pressure. Thé crude resi due was flash

37. A compound according to claim 36, wherein: A is
sulfur; X’ is CH,;
hydrogen; and R. is hydrogen, C1 6 alkyl, hydroxyalkyl
alkylaryl or arylalkyl.

Y is sulfur; B is hydrogen; C is

38. A compound according to claim 36 that is
methyl- [2-(2-amino-4-oxo0-4,6,7,8-tetrahydro-3H-
pyrimido[5,4-5][1,4]thiazin—6-yi)-ethyl]-2,5—thienoate.

39. A compound of the Formula XII":

8 c

Qo ,/\

X COH
HN A ’ ) . ' (XII") |

wherein:

A is oxygen, sulfur or selenium;
_ X’ is a substituted or unsubstituted C1 C3 alkyl group,
a substituted or unsubstituted C,-C, alkenyl group, a

substituted or unsubstituted C 23 glkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;
Y is oxygen, sulfur or NH;
B is hydrogen oxr a halogen; and
C is hydrogen, a halogen or a substituted or

unsubstituted Ci-C alkyl group.

6

e
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chr onat ogr aphed on sil ca gel wth 5%Et[err] O’hexa"\es t | (81%

yi el d) of the silyl-prot. eQI ed product as a yellow solid. T, i )
used directly in the next stép To a solution of 4.4 'Mﬂ Viﬁm
t fe above silyl- protected acetylene in 5@Gid of dinethylfo# .

was added 3.3 g (35.2 nmmol) of potassiumfluori de nonohydrate. After 15
m nutes at 25[err]C, the mxture was poured into 500 mM of Et[err]O and
extracted four times with 100 mi of water (4 x 100 Ml Herr]O. The
organi ¢ sol ution was dai edmpldmﬁﬂ csQmtinlg  tanzlaire 3D wRTreEs: r dholed
under reduce SUELE. u i Y&, £ ash chromat-ogr aphed on
silica gel QPE&? % t[err] &He%&rﬁa?tlg}% ve 2]; 65 g (86% yield) of the
desired product 3 as an orange solid. NWR (CDCl[err]) [err]: 3.45 (s,

1), 3.88 (s, 3H) 417. 23 (mpbind J & ing 65 ¢Thidtbo Je@abHd . Anal .
Cal cd. for C[err%H[err]S g er

57.91: H, 3.12-(3-apgnpgé- ohid-a ,ﬁ17alat”é:r‘?fh’f§hﬁ‘g’f‘ﬁo%ﬁ1’%¥%’?'ﬁi ?[e%b% ‘% of the

silyl group [wga]lahsiazised-ad)f-adops. -6 alstenobd aabdensi on of 3.7;4.
(0.02 nol) of anhydrous Klerr]CJerr] in 700 m of methanol was added

\
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24 .§9f7»g of. the silyh-acetyl ene prepared above as a solid. The
suspension was stirred fer 2 hours at 35[err]C, and then the nethanol was
evaporated. The residue was added to 50 ml of water and this was extracted
with 3 x 150 ml Et[err] O and the conbi neglorganic fractions were dried
~(Na[err]S err]) and evaporated. The crude residue was chromatographed on
flash silica gel using 7% Et 20 hexanes to give the desired product "37in 98%
yield (38.72 g). Preparation of N-(t-Butoxycarbonvl)-glycinal 4:
[err] . :

-

Abstract of the Disclosure

The invention relates to compounds, 'such as the
following compound in equilibrium with its 4-hydroxy
tautomer, and its pharmaceutically acceptable salts: 2o,

Such compounds are useful as inhibitors of glycinamide
ribonucleotide formyl transferase (GARFT) or as
antiproliferative agents. The invention also pertains to
pharmaceutical compositions and methods employing such
compounds as GARFT inhibitors or antiproliferative agents.
The invention also relates to compounds useful as
inte;mediétes for preparing such compounds.
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“ To a stirred solution of.2 g (12.4 mmol) of N-(t- butoxy-
car bonyl ) - 2- hydr oxy- et hyl am ne (obtained from Signa Chemicals) in 80
CHerr]d[err] at -78[err]C was added 1.3 m (18.6 nmol) of difkE@YY
sulfoxtge'(DNBC» and 1.2 m (13.7 mmol) of oxalyl chloride. After 5

mnutes,:$.4 mM (38.4 mmol) of triethylamne was nd the sol L on. was
al | owned to warmto 25[err]C. The m xture was pourgﬁﬂgﬂ? WIEFFI mgn éi‘féh]o
and extracted with 100 ni of water, 100 mi of 0.5N HO, and 100 m of

t t
saturated bi carbonate sol ution. The otganic fractiDatena Zdob@?é@%ure The

of

(Na[err]Sderr]), and the solvent was renoved under reduce

crude al dehyde was di ssolved in 100 nl benzene, and the sol vent was again
removed under redmmEUMmEEBﬂBEFUDTthANEE@BO&&FERB&EVEWBEENTWas found to be
unstabl e, was used i mredi at el Preparati on of

_4 N- (t-but oxycarbonyl) - 3- hydroxy cargbnethoxy 5-t hi ophene) - butyne 5:

-Background of the Invention
‘The present invention relates to compounds of the
Formula I defined below that inhibit the enzyme glycinamide
ribonucleotide formyl transferase (GARFT). The invention
also relates to intermediates for preparing these compounds,
to pharmaceutical compositions conﬁaining the compounds, to
their use to inhibit GARFT and to their use to inhibit the
growth and proliferation of the cells of higher organisms or
"microorganisms such as bacteria, yeast and fungi. The
compounds have antitumor, antiinflammatory, antipsoriatic
and/or immunosuppressive activity. The invention is also
related to the preparation of these compounds described.
The large class of antiproliferative agents includes
- antimetabolite compounds. A particular subclass of
antimetabolites known as antifolates or antifoles are
ahtagonists of the vitamin folic acid. Typically, )
antifolates closely resemble the structure of folic acid and
incorporate the charagteristic P-benzoyl glutamate moiety of
folic acid. The glutamate moiety of folic acid takes on a
. double negative chafge at physiological pH. Therefore, this
compound and its analogs have an active energy drlven
transport system to cross the cell membrane and exert a
metabolic effect. _
GARFT is a folate-dependent enzyme in the de novo purine
 biosynthesis pathway. This pathway is critical to cell
division and proliferation. Shutting down this pathway is
known to have an antiproliferative effect, in particular, an
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[err] . 25 To a solution of 1.7¢g
(10.2 nnDI) of acetylene 3 in 10 m of dry tetrahydrofuran (THF) at

-78[err] C was added 14.3 ml (14.0 nmmol) of a 1M solution of |ithium

bi s- trinﬁﬁhylsilyl amde in THF. After 10 m nutes, the crude al dehyde 4
fron1above was added dropwise in 5 ml of %ky THF. The sol ution was stirred
at -78[erf]C for 10 mnutes and allowed to warmto O[err]C over a

twenty-m nute period. To this mas added 5 mM of a saturated aqueous

2 or 1] At é’d‘me@% fo Bilae 1§ IR AR R i et

of” satura
sol uti on. TB¥ q§|q5gystudied for their ability to inhibit GARFT

A prototypical specific tight-binding inhibitor of GARFT,
5,10-dideazatetrahydrofolic acid, has been reported to show
antitumor activity. See F.M. Muggia, "Folate antimetabolites
inhibitor to de novo purlne synthesis," New Drugs, Concqpts
and Results in Cancer Chemotherapy, Kluwer Academic °
Publishers, Boston (1992), 65-87.

Recently, condensed heterocyclic glutamic acid
derivatives useful as antiproliferative agents or GARFT
inhibitors have been disclosed in International Application
PCT/US94/00418, filed by this applicant on January 18, 1994.
The present invention continues the progress in this art

through the development of further useful antiproliferative
agents and GARFT inhibitors.

Summary of the Invention

The present invention relates to compounds of the
Formula I defined below. These compounds are effective in
inhibiting glycinamide ribonucleotide formyl transferase
(GARFT) and the'growth and proliferation of cells of higher
organisms and of microorganisms such as bacteria, yeast and
fungi. The invention further relates to pharmaceutical
compositions containing these compounds or suitable salts
thereof and the use of these compounds as inhibitors of the .
enzyme GARFT.

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 ée, or as a precursor converted
in vivo to an-active compound. Preferred compounds of the
invention are especially active in inhibiting the enzymé
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.
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was dried (Na[err]SOerr]) and the sol vent was renoved under reduced
pressure. The crude residue was flash chronatographed on silica gel with
10- 40% Et OAc/ hexanes to give 0.96 g (29% of the desired alcohol 5 as a
slightly yellowoil. NVR (CDC.[err]) [err]: 1.46 (s, 9H), 3.38 and 3.58
(AB, 24 J=3, 7Hz), 3.88 (s, 3H), 4.71 (8t, 1H, J=2.9, 5.2Hz), 5.05 (brs,-
1H), 7715 %(d, 1H, J=3.9Hz), 7.64 (d, 1H J=3.9Hz). IR (neat): 2978. 3,
1729.5, 1685, 1523, 1452, 1368, 1286 1167, 1098, 959, 822 750.4 cm

Hg?ri?ecgﬂaut [ onkg‘% Ggp%%ﬁ: Cal c (rﬁ?%er r;oH[ber %&quer |l<5’n 1&hlb1t1ng
N@thyl-5-[@hdwmmﬂmmm@ﬁymmdmanﬂa-snuhuas Escherichia coli gram-negative
3- hydroxy) yaeddil Wt i’ BP Yot &P cditide.

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

Solid carriers include starch, lactose, calcium sulfate
dihydrate, terra alba, sucroée, talc, gelatin, agar, pectin,
acacia, magnesium stearate and stearic acid. Liquid carriers
include syrup, peanut oil, olive oil, saline solution and
water.

The carrier or diluent may include any prolonged-release
material, such as glyceryl monostearate or glyceryl
distearate, alone or with wax. When a liquid carrier is
used, the prepafation way be in the form of a syrup, elixir,
emulsion, soft gelatin capsule, sterile injectable liquid
(e.g. solutidn) Oor a nonagueous or aqueous ligquid suspension.

The pharmaceutical preparations are prepared following
-conventional techniques of the pharmaceutical chemist
involving steps such as mixing, granulation and compressing
when necessary for tablet forms, or mixing, filling and
dissolving the ingredients as appropriate to give the desired
products for oral, parenteral, topical, intravaginal,
intranasal, intrabronchial, intraocular, intraaural or rectal
administration.

The compositions of the invention may further comprise
one or more other pharmaceutically active compounds. For
example, one of the following antitumor agents may be
included in the composition: mitotic inhibitors (e.g.,
vinblastine); alkylating agents; dihydrofolate reductase
inhibitors or TS inhibitors; antimetabolites (fot example,
5-fluorouracil, cytosinerabinoside); intercalating
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To a stirred solution of 940 ng (2.89 muol) of the above acetylené 5 in 50
m of ethylacetate (Et OAc) was added 320 ng of 5% Pd/C. The m xture was
pl aced under 40 psi of H2 gas and stirred at 25[err]C for 17 hours. The

m xture was filtered through Celite (diatomaceous earth) and the sol vent
was rgnoved under reduced pressure. The %rude residue was flash

chr omat ogr aphed on silica gel with 20% EtOAc/CH[err]C[err] to give
26 800 nmg (84% yield) of the desired alcohol as a yellow oil. NWR

(Cha[err] )arlt%.r}:{:i]dtic]s 4(Afc(xs ’eagé?gplel,' %éi@mﬂ_&n, %IQe%n(ytgish) ;1@nzjrmes
(for example, asparaginase); topoisomerase inhibitors (for
example, etoposide); and biological response modifiers (for
example, interferon). The compositions of the invention may
also comprise another GARFT inhibitor or antiproliferative
agent, such as a compound described in commonly assigned
International 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 compositions of the invention may also
comprise one or more antibacterial, antifungal,
antiparasitic, antiviral, antipsoriatic or anticoccidial
agents. Exemplary antibacterial agents include:
sulfonamides, such as sulfémethoxazole, sulfadiazine,
sulfameter and sulfadoxine; dihydrofolic reductase
inhibitors, such as trimethoprim, bromodiaprim and
trimetrexate; penicillihs; cephalosporins; and the quinolone
carboxylic acids and their fused isothiazolo analogs.

Another aspect of the invention relates to a therapeutic
method of inhibiting the growﬁh or proliferation of cells of
higher organisms or microorganisms, which comprises
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
comprises 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.
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2.99 (m 2H), 3.10 and 3.29 (AB, 2H, J=3, 6.9Hz), 3.74 (m 1H), 3.86 (s,
3H), 4.89 (brs, 1H), 6.82 (d, 1H, J=3.7Hz), 7.63 (d, 1H J=3.7Hz). Anal.
Calcd. for (Jerr] Herr]NJerr]S: C, 54.69; H 7.04; N, 4.25; S, 9.73.
Found: C, #54.79; H 7.02; N, 4.29; S, 9.63. An al ternate nethod for
the preparation of alcohol 6 uses bis-t-Butoxycarbonyl allylamne 14 as
fol |l ows. Preparation of Bis-t-butoxycarbonyl allylamne 14: [err]
To a solution of 57.10 g (1.0 nol) of allylamne and 1.2 g (0.01 nol) of

di met hyl am nopy ki Pl A | ution
of 220" g (1 mol 1 PR ol S5 BRInan ot LeRet et BT Lant

quantity of the ‘active compound and preferably is made up of
one or more pharmaceutical dosage units. An "effective
quantity" can be 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 a vertebrate host comprises
an amount of up to one gram active compound per kilogram of
the host, preferably one-half of a gram, more preferably 100
milligrams, and most preferably, about 50 milligrams or less,
per kilogram of the host’s body weight. The selected dose
may be administered to a warmblooded animal or mammal, for
exemple, a human patient in need of treatment mediated by
folate metabolic pathways inhibition, by any suitable method
of administrating the dose including: topically, for
example, as an ointment or cream; orally; rectally, for
example, as a suppository; parenterally by injection; or
continuously by intravaginal, intranaeal, intrabronchial,
intraaural or intraocular infusion. . .

The compounds according to the invention produce any one
or more of an antiproliferative effect, an antibacterial
effect, an antiparasitic effect, an antiviral effect, an
antipsoriatic effect, an antiprotozoel effect, an
anticoccidial effect, an antiinflammatory effect, an
immunosuppressive effect and an antifuhgal effect. The
compounds are especially useful in producing an antltumor
effect in a vertebrate host harborlng a tumor.
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m xture was stirred for 6 hours. The reaction mxture was diluted with
toluene (100 m) and the solvents were evaporated under reduced pressure at
60[err] C. The resultant oil was re-dissolved in acetonitrile (400 nl) and
another 1.2 g (0.01 nol) of DMAP was added, and to this a solution of 220 g
(1 nol), of (t-BOC)[err]Oin 100 m of acetonitrile was slowy added. The
reacti dn mixture was stirred for 12 hours at 60[err]C, the solvent was .
evapor at ed under reduced pressure at 60[err]C, and dilute NaHCO err] (100
m) was added. This was tr.act wih. 3.x 15 [r err], and the
conbi ned organic |ayers etaiied peder %’ SRR r{;_l eai[q’ qun]sqerr]) and
evapor at ed. The dnudanrtsigiuhar wdhepprdsent Hnvantdan owlates & f | ash -
si |1 ca gel elti i ddvdt radsiioiad %L Remasanes Lo give 156.9 g
o}

(63% vyield) the desired product 14 as a clear crystalline solid (mp.

43-44[err] Q). [err]H NNR(CDCI[err]é [err] éppn’):
o)
HaN \N . (o} COzR' .
H :
wherein: )

A is O, S or Se;

X is a substituted or unsubstituted Cl-C3 alkyl group, a
substituted or unsubstituted Cz-c3 alkenyl group, a
substituted or unsubstituted.cz-c3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Y is O, S or NH;

B is hydrogen or a halogen (F, Cl, Br or I);

C is hydrogen, a halogen or a substituted or
unsubstituted C,-Cg alkyl group; and

_ Rl and R, are independently hydrogen or a moiety that
forms, together with the attached coz, a readily hydrolyzable
ester group, such as a Cl-c6 alkyl. The invention further
relates to pharmaceutically acceptable salts of the compounds
of the Formula I. The invention also relates to
intermediates for making such compounds.

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 term "compounds of the Formula I" means
the structurally depicted 4-oxc and the tautomeric 4-hydroxy
forms. Thus, the invention also relates to pharmaceutically
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27 1.5 (s, 18H), 4.18 (dd, 2H, J=15 Hz, J=1 Hz), 5.14 (ddd, 2H, J=15 Hz,
J=10 Hz, J=1 HZ), 5.85 (ddt, 2H, J=10 Hz, J=5 Hz, J=1 Hz). IR (KBr): 2978,
2935, 2860, 1724, 1689, 1342, 1130 cnferr]. Anal. Calcd. for

Cerr]Herr]NJerr]: C, 60.68; H 9.01; N 5.44. Found: C, 60.78; H, 9.04;

N, 5.50. Preparation of 1-(bis-t-butdxycarbonyl am no)-2-ethanal 15:
[err] ~

A solution of 0.60 g (2.34 mmol) of bis-t-butoxycarbonyl

acceptable salts of the 4-hydroxy tautomers of the compounds
depicted by Formula I.

Where X or C is substituted, preferred substituents
include C,-Cg alkyl, C,-Cq alkenyl, C2-C6 alkynyl, acyl,
halogen, amino, hydroxyl, nitro, mercapto, monocyclic
carbocycle, monocyclic heterocycle, fused and nonfused
polycyclic carbocycle, fused and nonfused polycyclic
heterocyéle, hydroxy Cl-c6 alkyl and C1-06 alkoxy Cl?-c6
alkyl.

Preferably, X is CH,, CH,CH,, NH, oxygen, sulfur, _
CH(CH20H) or NCH3; Y is preferably S or O. Preferably, B is
_hydrogen. C is preferably hydrogen or CH3. Preferably, R1

~and R, are independently selected from hydrogen, Cl'-c6 §lky1,
hydroxyalkyl, alkylaryl and arylalkyl, most preferably, from
hydrogen and Cl-czlalkyi. It is particularly preferred.that
A and Y are each sulfur and X is CH,.

The compounds of the Formula I are useful as GARFT
inhibitors. The compounds of Formula I in which R, and R,
are each hydrogen are especially active antitumor or
antiproliferative agents. The compounds of Formula I wherein
R1 and R, are each a moiety that forms with the attached CO
a readily hydrolyzable ester group, 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 acceptabie salts of the invention
include, for example, alkaline metal, alkaline earth metal,
other non-toxic metals, and ammonium and substituted ammonium
salts of the glutamic acid compounds of the invention.
Exemplary salts include sodium, potassium, lithium, calcium,

magnesium, pyridinium and substituted pyridinium salts of the
free acid compounds. ' |

2

The compounds of the invention can be prepared as
follows. A useful starting material for preparing compounds
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allylamne 14 in 20 Ml of CHerr]COJ[err] was ozonized (40 volts, 500
anperes, 1.0 1/mn. Jerr] 3 psi) at -78[err]C until a blue color
persisted, 10 m of dinmethyl sulfide was added, and this m xture was
stirred for 14 hours at 25[err]C. The nix%ure was added to dilute brine and
extracteed with CHerr]dJerr] (3 x 50 m), and the organic fractions were
dried (hb[err]SC{err]) and evaporated. Chronmatography using flash silica
gel yielded 603 ng (99% yield) of the desired product. 15 as a cl ear
crystallineggokhd ForRu1d713%herelin) x fer cht] M¥Ra( eBrbbahd] bf| ehel

(ppm: 1.5%?%3 11835, 4.38 (s, 2H), 9.55 (3, 1H . IR (KBr): 2984, 2935,
2724, 1792, H,al g, 1362, 1153 cnferr]. Anal. Calcd. for
CerrJHerr]NJerr]: C, 55.58BH, 8.16; @, 5.40. Found: C, 55.20; H,
8.19;. N, 5.19. Preparation
Met hyl - 5-[ (4- N-(t-butoxycarbonyl) -
3- hydroxy) -butyl]-thienyl -2-carbox
(59 mmol ) of 5-ethynyl-2- carbo
was added 65.6 ml (60 nmol, %M o
(Li HMDS), and the m xture was stirred for 2
15.6 g (60 nmol) of 1-(bis- t-butoxyxcarbo
(40 m) was '

To a solution of 9.64 ¢
3in THF (250 m) at -78C
hexanet hyl disil azi de

ours at -78C. A sol utiid of

| am no) - 2-ethanal 15 in THF -

wherein B, C and Y are as defined above for Formula I; D is
Cl, Br or I; and R, is a hydrogen or a moiety that forms with
the attached co2 a readily hydrolyzable ester group.
Preferably, D is bromo or iodo. Preferably, R is hydrogen,
Cl-c6 alkyl, hydroxyalkyl, alkylaryl or arylalkyl, more
preferably, hydrogen or Cl-C2 alkyl.

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

R3

| / | (I11)

H

wherein Ry is a substituted or unsubstituted Cl-c6 alkyl
group, or a trisubsti;uted silyl group. Preferably, R3 is
CHZOH or trimethylsilyl.

The reaction of the compounds of the Formulae II and III
is carried out in the presence of a suitable transition-metal
catalyst, preferably palladium or nickel, a non-nucleophilic
auxiliary base, preferably a substituted amine, in a solvent
in which at least one of the reactants is at least partially
soluble under conditions sufficient to obtain a compound of
the Formula IV:

(IV)
CO.Re
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cannul ated into the reaction m xture, and the m xture was

28 stirred for 8 hours at -78[err]C. A solution of 3.4 m (60 mmol)
acetic acid in nmethanol (10 m) was added as a quench, the m xture was
stirred for 10 mnutes warmng to O[err]:% and water (60 nl) was added.
This was extracted with EtOAc (3 x 100 ), and the organic extracts were
washed with dilute NaHCO3 and dried (Na[err]SOerr]). The solvent was
renoved by reduced pressure to approximately 50 m. To the resulting

residue vag A% B, Ay Hde ANEdflired dBIVLENFAMAG 10 R, is

as defined above for Formula II; and Ry is as defined above
for Formula III.
When R, is a trisubstituted silyl group, the silyl group

. is preferably removed with a nucleophilic base, such as
methanolic or ethanolic potassium carbonate, or a fluoride
salt, such as potassium fluoride, cesium fluoride or
tetrabutylammonium fluoride, in a solvent in which at least
one of the reactants is at least partially soluble (e.g.,
methanol, dimethylformamide, ethanol, dimethylacetamide,

dimethylsulfoxide or isopropanol) to give a compound of the

Formula V: B c

[\

(v)
_; v CO:H,

H

wherein B, C and Y are as defined above for Formula I; and R6
is as defined above for Formula II.

The compound of Formula V is reacted with an
electrophile, preferably an N-protected glycinal, more
preferably N-t-butoxycarbonylglycinal or bis-N-t-butoxy-
carbonylglycinal, under basic conditions using a non-
nucleoﬁhilic basé, preferably lithium bis-trimethyl-
silylamide, pota881um bis-trimethyl-silylamide, sodium

"bis-trimethylsilylamide or lithium diisopropylamide, at a. 1ow
temperature, preferably from -90°C to 25°C, in a suitable
solvent in which one of the reactants is at least partially
soluble, preferably tetrahydrofuran, diethyl ether or
dioxane, to give a compound of the Formula VI:
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Parr bottle containing 7.38 g (30 wt. % of acetylene starting material) of
5% Pd on carbon and hydrogenated at 55 psi- of Herr] for 24 hours. The
crude hydrogenation material was filtered through Celite, and the filter
cake was Washed wi th nethanol (100 m ) jand Et OAc (100 m ). The sol vent was
evapor.ated under reduced pressure, the crude residue was filtered through
silica eluting with 50% Et OAc i n hexanes, and the sol vent was evapor at ed.
The residue was solvated in 20 mM of nethanol (MeOH) azeotroped with
benzene (50 m ), and re- dissolved in ?r'y MeOH (20 m). This m xture was
added to a freshly prepared sol ution of\60 m 42M of sodi um nethoxide in
met hanol . The reaction m xture was stirr or 45 mnutes, dilute HG

(0.1M 50 m) was added, and this m xtup ~extracted with EtOAc‘ééS X 75
m). The organic fractions \ ad with pH 7 buf§¥k) (1M,
dried (Na[err]SO err]) and evaporated. The crude residue was
chromat ographed on fl.ash silich eluting with 40% Et OAc/ hexanes to give

9.32 g (48%yield) of tiRRAJRSIred product 6. Preparation of
Met hyl - 5-[ (4- N-(t-butoxycarbonyl) -

am no- 3- ac@hatéih 0B ; et yhd - £-45é ORD IS PR Q@ AV E For Formula I; R, is

as defingd above for Formula II; and R 4 and R5 are each
independently hydrogen or a readily removable nitrogen-

- protecting group. R‘1= and Ry are preferably hydrogen,
t-butoxycarbonyl, benzyloxycarbonyl or benzyl.

The compound of the:- Formula VI is then reduced,
preferably with hydrogen gas in the presence of a suitable
metal catalyst, to obtain a compound of the Formula VII:
' 8 c

[\

COzRs (VII)
HO

RsR4N |
wherein B, C and Y are as defined above for Formula I; Rg is
as defined above for Formula IXI; and R.4 and R5 are as defined
above for Formula VI.

The compound of the Formula VII is then reacted with an
acylating or sulfonylating agent, preféra}_:ly methanesulfonyl
chloride or 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 soluble,. to
obtain an activated hydroxy group. The activated hydroxy
group is displaced with a suitable nucleophile, preferably a

thioacid salt, more preferably potassium thioacetate, to
obtain a compound of the Formula VIII: '
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[err] 29 To a stirred solution
of 9.26 g (28.1 mml) of the alcohol 6 in 100 mM of THF at O[err] C was
added 5.9 m (42 mml) of triethyl am ne (TEA) and 2.4 mM (31 mmol) of

met hanesul Yonyl chloride. After 20 ning 100 M of DWF and 12.8 g (110
mol ) of potassiumthioacetate were added, "and the resultant sol ution was
allowed to warmto 25[err]C. After three days the m xture was poured into
500 M of water and extracted with 800 mM of Et[err]Q The organic |ayer
was washed with 200 ml of water, 200 m of 1N HC, 200 nml of

8 C

/

y COzRg

(VIII)
AcA

RsR¢N

wherein A, B, C and Y are as defined above for Formula I; R,
is as defined above for Formula II; R, and Ry are as defined
above for Formula VI; and Ac is an acyl group, preferably
acetyl. ' -

Alternatively, the compound of Formula VII is converted
to the compound of Formula VIII in one chemical operation
using triphenylphosphine, diethyl or dimethyl aza-
dicarboxylate, and an acidic nucleophile, preferably
thioacetic acid, in a suitable solvent.

The compound of the Formula VIII is treated with a
nucleophilic base, preferably potassium carbdhate, sodium
carbonate, sodium hydroxide or potassium hydroxide, in an
alcoholic solvent, preferably methanol, ethanol or
isopropanol, in the presence of an alkylating agent,
preferably dimethyl or diethyl chloromalonate, to obtain a
compound of the Formula IX:

8 C

/C 7\
CORy (IX)
ReOC ' _ -

A

RsR,N
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sat urated bicarbonate solution, and 100 ml of saturated NaC solution. The
organic |layer was dried (MgSO4) and the sol vent was renoved under reduced
pressure. The crude residue was flash chronat ographed on silica gel with
25% Et OAc/*hexanes to give 10.3 g (95% yael d) of the desired thioacetate 7

as a yellowoil. NWR (CDC[err]) [err] : 1.44 (s, 9H), 1.91 and 2.04
(ABm 2H), 2.37 (s, 3FD 2 96 (m ZFD 3.36 (m 2H), 3.61 (n1 1H), 3. 86 (s,
3H), 4.74 (brs, ,[1H), d,. 1H, - J=3. GF%) 7.62 (d, 1H J=3.6Hz).

(neat): 33WBeredng: 3171—‘3 ds¥oare,88 fe absye §°r13‘6’rm3‘1a1f69 R51098
752, 631 cHkeas] deftiingh amaIeutEmnme e[a:,, chdmi R55 are as
C[err]H[err , 520.0229 ound: “520. 0240.

Prepar at i o#e%'fgn%gt %ﬁk@rg F{’W‘@% oxycar bonyl ) - am no-

3- (di met hyl mal oﬁ%e)mmppm aa? & inaategl under

[err] conditions suitable to remove either or both of the R, and R

4
protecting groups to produce a’ compound of the Formula X:

RO A

o |

- wherein A, B, C and Y are as defined above for Formula I; and
Re is as defined above for Formula II. Where t—butoiy—
carbonyl (t-BOC) is a protecting group, the conditions for.
removal of this group are preferably treatment with
trifluoroacetic acid followed by neutralization to produce
the compound of the Formula X.

The compound of the Formula X is reacted with an
alkylating agent, preferably trimethyl or triethyl.oxdnium
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, preferably methanol, ethanol or
isopropandl,.to form a compound of the Formula XI:

8 c
Q / \
COzRe
HN I A (XI)
*hN"’L§§N . u _
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To a stirred solution of 10.2 g (26 mmmol ) of the above thioacetate 7 in
200 M of dry nethanol at O[err]C was added 7.2 g (52 nmol) of
KlerrJCJerr] and 3.7 ml (29 mol) of dinethyl chloromalonate. After three
hours, the MW xture was poured into 500 m of wat er and extracted with -
Et[err]Q (3 x 500 m). The conbined orgaﬁlc | ayers were washed with 500 mi

of wat er 30 and then with 200 m of
saturated NaC solutlon and dried (MgSO err]). The solvent was renoved

under reduceqaraIsing )0 HHEWETd 6Y GoTWRY RESYe TOTOFerAE1aPhed .l
silica gel
R, is as defined above for Formula II.

Alternatively, the compound of the Formula X is
converted to the compound of the Formula XI by reacting the’
compound of the Formula X with a thiolating agent, preferably
P,S; or 2,4-bis(4-methoxyphenyl) -1,3-dithia~2,4-
diphosphetane-2,4-disulfide, to form the thiolactam
intermediate. This can then be alkylated with an alkylating
agent, preferably methyl iodide or trimethyl or triethyl
oxonium tetrafluoroborate, and then with guanidine in an
alcoholic solvent, preferably methanol, ethanol or
isopropanol, to obtain the compound of the Formula XI.

The compound of the Formula XI is hydrolyzed under basic
conditions to form a compound of the Formula XII:

(XII)

wherein A, B, 'C and Y are as defined above for Formula I.
Where R 1s hydrogen in the compound of the Formula XI, then
the hydrolyzatlon reaction is not necessary, and the compound
of the Formula XI is peptide coupled as described below.

The compound of the Formula XII (or the compound of the
Formula XI 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 XIII:

This is the replacement shest

Date: 17 ({0 1%



w th 30% Et OAc/ hexanes to give 11.46 g (93%yield) of the desired thioether
8 as a slightly yellowoil. NWR (CDCl[err]) [err]: 1.44 (s, 9H), 1.85 and
2.00 (ABm 2H), 3.03 (m 3H, 3.30 (m 2H), .3.80 (s, 6H), 3.86 (a, 3H,
5.10 (bra, 1H), 6.82 (d, 1H, J=3.8Hz), 7.63 (d, 1H, J=3.8Hz). IR (neat):
3442, 2974, 2955, 1734, 1713, 1512, 1460, 14435, 1366, 1291, 1267, 1167,
1098, 1022, 752 cnjerr]. Hi gh Resolution Mass Spec., Calcd. for
Cerr]Herr]NJerr]S[err]: Mer]Cs[err], 608.0389. Found: 608.0370.
Preparati on of 6-[(5-Carbonet hoxyt hien-2-yl)-ethyl]-

2- car bonet hoxy- 3-0x0-3, 4,5, 6-tetrahydro-[1, 4] -t hi azi ne 9:

[err] To a stirred sol uti (0.99 mmol ) of the above
Y COR
o e
N A CO2R (XIII)
,/J§§§ ”
HaN N

wherein A, B, C and Y are as defined above for Formula I; and
R, and R, are each independently a moiéty that forms with the
attached co, a readily hydrolyzable ester group, such as a
C1-Ce alkyl, hydroxyalkyl, alkylaryl or arylalkyl.

-Finally, if desired, the compound of the Formula XIII is
hydrolyzed to the free glutamic acid form of Formula I (R1

and R, are each H),

Compounds of the Formula I wherein X is other than CH

i . 2
can be prepared using an olefin of the Formula XIV:

B C

7\ |
X v c°’“" (XIV)

wherein B, C and Y are as defined above for Formula I, X is
as defined above for Formula I except that X is other than
CHZ' and Rg is as defined above for Formula II. -
Where X is sulfur, oxygen, or a substituted or
unsubstituted amino, the compound of the Formula XIV is
prepared by alkylation of a compound of the Formula XV:

This is the replacement sheet
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thioether 8 in 12 mM of CHerr]CJ[err] at Of[err]C was added 4 m of

trifluoroacetic acid (TFA). After 1.5 hours, the mxture was poured into

50 m of saturated bicarbonate solution and extracted with CHerr]C[err]

(4 x 100m )" The solvent was renoved undgr reduced pressure and the crude

resi due was dissolved in 10 nl of nethan P. After stirring at 25C for-1.5

hours, the solvent was renoved under reduced pressure and the crude

resi due was flash chromat ographed on silica gel wth 40%

EtOAc/CH err]C [err] to give 298 ng @88%yiel dy of the desired lactam 9 as

a colorless oil. NWR (CDCl[err]) [erN: 1. (m 2H), 3.01 (m ZH&

3.4-3.7 (m 4H), 3.80 and 3.82 (s, 3H), rs (s, 3H), 6.25 (brs,

6.83 (d, 1H, J=3.7Hz), 7.64 (d, 1H, J=. IR (KBr): 2951, 1732, 1669,

1462, 1294, 1267, 1194, 1157, 1%38, (ﬂgéjgr]. Anal . Calcd. for
s

wherein B, C and Y are as defined above for Formula I; X is
sulfur, oxygen, or a substituted or unsubstituted amino; and
RG is as defined above for Formula II. The alkylation can be
accomplished using an allylhalide, preferably allylbromide,
in the presence of a non-nucleophilic base, preferably
triethylamine or diisopropylethylamine, to obtain the
compound of the Formula XIV.

Where X is a_substituted or unsubstituted C,-C, alkyl
other than CH,, a substituted or unsubstituted C,-C,; alkenyl
or a substituted or unsubstituted C —03 alkynyl, the compound

of the Formula XIV is prepared by olefination of an aldehyde
of the Formula XVI:

(XVI)

wherein B, C and Y are as defined above for Formula I} and X
is a substituted or unsubstituted C alkyl other than CH2,
a substituted or unsubstituted C2 3 alkenyl or a substituted
or unsubstituted CZ—C3 alkynyl. The aldehyde of the Formula
XVI 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
accomplished using a methylene transfer agent, preferably
methylene-triphenylphosphorane.

. This is the replacement sheet
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31 Clerr]Herr]NJerr]Serr]: C, 48.96; H 4.99; N, 4.08; S, 18.67.
Found: C, 49.06; H, 4.93; N, 4.09; S, 18.60. Preparati on of

Met hyl - [ 2- ( 2- am no- 4- oxo0-4, 6, 7, 8-
tetrahydrofBH-pyrinido[5,4-6][1,4]thia2|Q 6- yI) ethyl]-2,5-"thienoate 10:
[err] . To a stirred solution 8 .9 g (5.5 nnDI) of the above
lactam 9 in 150 m. of dry CHerr]d[err] was added all at once, 1.06 g
(7.2 mmol ) of trimethyl oxoniumtetrafl uoroborate. The sol ution was stirred

for 6 hours at 2fher thfapolih@ b¥Sthel Formula XIV is reacted with a
dihydroxylating agent, preferably osmium tetroxide, in the
presence of a suitable oxidizing agent, preferably N-

methylmorpholine-N-oxide, to obtain a compound of the Formula
XVII:

[\

X COzRe
(XVII)
HO

HO

wherein B, C and Y are as defined above for Formula I; X is
as defined above for Formula I, except that it is other than
CHz,-'and-R6 is as defined above for Formula II.

The compound of the Formula XVII is reacted with a
sulfonylating agent, preferably p-toluenesulfonyl chloride or
methanesulfonyl chloride, in the presence of a non-
nucleophilic base, preferably triethylamine or
diisopropylethylamine, to yield an intermediate mono-
sulfonylated compound. This intermediate is reacted with a

strong base, preferably sodium hydride, to produce a compound
of the Formula XVIII: '

/

X CO,Rg (XVIII)
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L]

m xture was poured into 50 m of 10% aqueous Klerr]CJerr] and extracted
wth CHerr]C[err] (3 x 200 mM). The conbined organic |ayers were dried
(MgSO err]) and the solvent was renoved under reduced pressure. The
resulting material was used directly in the next step. In a separate
flask was placed 1.58 g (16.6 mmol) of d}} guani di ne hydrochl oride. To
this was added 600 m of dry nethanol. Dry argon was bubbl ed through the
solution for 10 mnutes, after which was added 926 ng (17.1 mmwol) of dry

sodi um net hgxide: TQ the gesyl tom r 805 M58 Ao f aRBHLEL A NE
crude Iactiﬁ?ggﬁé? %fegérgﬂ gb%@é 6 é%gngsmgéﬁgggTh% 2g?ut?on was refl uxed
under an ar§¥hlat mosphere for 20 hours. The pH was adjusted to 4 with 1IN

HO , and the sol yaat eptRidecHEY edrmadar xveduced peagsddewitheachiideogeni-due
was dissolved:.in_ 500 ni gf nggkﬁr%% 2% #gsheddmnth 2.ée100n of water.
The or gani c SPRYBAHRE HPCSEP e f%, Yi RRABM B8Rt nad® ERBved under
reduced prepsesencéhefcruddldeiiethie-aadid thaalyeh; oprebfgrabhydlébhiiini ox
gel with 5- 100 Qﬂﬁ@ﬁb&r Orlalel,] £ andioptathd afl iftetheqibrehihigohBh! d-
Thi s nateriggé%gg thefl _ISSO|Vga in 25 8# hot NeoH aﬁg slqw?y Cooled to
4[err] C ove@zide. 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 VII’:

B C

B

K CO.R
Y 27'¢

HO ' (VIii’)

RgR4N

wherein B, C, X, Y and R; are as defined above for Formula
XVII; and R, and Ry are as defined above for Formula VI.

The compound of the Formula VII’ is then reacted with an
acylating or sulfonylating agent, preferably methanesulfonyl
chloride or 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 soluble, to
obtain an activated hydroxy group. The activated hydroxy
group is displaced with a suitable nucleophile, preferably a
thiocacid salt, more preferably potassium thiocacetate, to
obtain a compound of the Formula VIII':

This is the replacement sheet
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32 an 18-hour period. The solid was collected by filtration to give 180
my (9% yield) of the desired pyrimdinone 10 as a slightly yellow solid.
NVR (d[err]-DVsO [err]: 1.72 (m 1H), 1.88 (m 1H), 2.8-3.22 (m 4H),
3.50 (dt, *H, J=2, 8Hz), 5.99 (brs, 2H), 6.64 (brs, 1H), 6.98 (d, 1H
J=3.8Hz), 7.62 (d, 1H, J=3.8Hz), 10.02 (B3, 1H). H gh Resol ution Mass
Spec., Calcd. for err]Herr]Nerr]Jerr]Serr]: Merr]Na[err], 375.0562.
Found: 375. 0550. An alternate procedure for the preparation of
pyri m di none 10 was al so used . as follows. To a stirred solution of 500 ng

(1.46 mmol) of the lactam9 in 20 nl 8{ dry THECwas added 648 ng (1.60
nmol ) of Lawesson's reagent .
X Y

AcA : (VIII')

CO,4R,

RsR4N

wherein A is as defined above for Formula I; B, C, X, Y and
RG are as defined above for Formula XVII; R, and R. are as

4 S
defined above for Formula VI; and Ac is an acyl group, .

preferably acetyl.

Alternatively, the compound of Formula VII’ is converted
to the compound of Formula VIII‘ in one chemical operation
-using triphenylphosphine, diethyl or dimethyl aza-
dicarboxyléte, and an acidic nucleophile, preferably
thioacetic acid, in a suitable solvent.

The compound of the Formula VIII’ is treated with a
nucleophilié.base, preferably potassium carbonate, sodium
carbonate, sodium hydroxide or potassium hydroxide, in an
alcoholic solvent,' preferably methanol, ethanol or
isopropanol, in the presence of an alkylating agent,

preferably dimethyl or diethyl chloromalonate, to obtain a
compound of the Formula IX’:

: c

CORg - / \ |
/k X COAg

Re0,C A | (IX*)

RsR4N
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(2, 4-bi s(4-met hoxyphenyl)-1, 3-dithia-2,4-di phosphetane- 2,4-disulfide). ]
After the mxture was stirred at 25[err]C for 20 hours, it was poured into
50 m of saturated bicarbonate solution and extracted with 2 x 200 m of

Et OAc. The" conbi ned organic | ayers were washed with 50 nl of saturated NaC

solutiqn and dried (MySOerr]), and the 48l vent was rempoved under reduced
pressure. The crude thiolactamwas flash chromatographed on silica gel with

8% Et OAc/ CH[err]Cl [err] to give 525 ng of the corresponding thiolactam 11
(70725 gpeThsh U0, S O shipae 15 800646y na 10
: RG are as defined above for Formula XVII; and R4 and R5 are
as defined above for Formula VI.
The compound of the Formula IX‘’ is treated under
conditions suitable to remove either or both of the R, and R

4 5
protecting groups to produce a compound of the Formula X’:

8 ¢

0 [\

x Y CO2R‘ ’ (X*)

o 4

wherein A is as defined above for Formula I; and B, C, X, Y
" and R6 are as defined above for Formula XVII. Where
t-butoxycarbonyl is a protecting group, the conditions for
removal of this group are preferably treatment with
trifluoroacetic acid followed by neutralization to produce
the compound of the Formula X‘.
_ The compound of the Formula X’ is reacted with an .
alkylating agent, preferably trimethyl or triethyl oxonium
tetrafluorcborate, in a suitable solvenﬁt preferably
dichloromethane, to form an intermediate lactim ether. The
intermediate lactim ether is reacted with guanidine in an
alcoholic solvent, preferably methanol, ethanol or
isopropanol, to form a compound of the Formula XI’:

TS 18 (he (upacement sheet
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of dry THE and 10 nml of dry nethanol was added 1.6 ml of 1IN NaOH To this
was added 0.1 m (1.6 mml) of nethyl iodide to produce a nethylated
thi ol actam which was used as described bel ow w thout purification.
separate flask was placed 1.39 g (14.6 nmml) of dry guanidine
hydrochl oride. To this was added 300 mi o?odry nmet hanol . Dry argon was
33 bubbl ed through the solution for 10 m nutes, after which was added

796 nmg (14.7 mol ) of dry sodi um nmet hoxi de. To the resultant m xture was
added via a cannul a the crude '

In a

8 ¢

\

) o - |
X [ ~co,
HN A
| /,\ | ]/' )
HN N N— _

wherein A is as defined above for Formula I; and B, C, X, Y
and R, are as defined above for Formula XVII.

Alternatively, the compound of the Formula X’ is
converted to the compound of the Formula XI‘’ by reacting the
compound of the Formula X’ with a thiolating agent,
preferably P,8g or 2,4~bis(4-methoxyphenyl) -1,3-dithia-2,4-
diphosphetane-2,4-disulfide, to form the thiolactam
intermediate. This can then be alkylated with an alkylating
agent, preferably methyl iodide or trimethyl or triethyl
oxonium tetrafiuoroborate, and then with guanidine in an
alcoholic solvent, preferably methanol, ethanol or
isopropanol, to obtain the compound of the Formula XI’.

The compound of the Formula XI’ is hydrolyzed under
basic conditions to form a compound of the Formula XII':

B (o]
8 X / . \ CO.H
N ' A (XII')
)\ !
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met hy| at ed t hi ol act am prepared above. The sol ution was refluxed under an
argon at nosphere for 48 hours. The pH was adjusted to 4 with 1IN HC and the
sol vent was renoved under reduced pressure. The crude resi due was di ssol ved
in 500 M o&f CHO [err] and washed with 2 x. 100 ml of water. The organic

| ayer was dried (MgSO err]) and the sol veft was renoved under reduced
pressure. The crude residue was flash chronmat ographed on silica gel with
5-10% MeOH CH err]Cl[err]. The material was then dissolved in 20 ml of hot

Ve and o1 bhdre8e! £ULL Oadl SLEL£-8VERo08 £8:p imafa'ﬁd aflics 0] Oy Vi

collected b ratiron to g esired
pyri mi di none¥18re as defipg a@b@ﬁeof°F2 ?2m%$?n§ EIoxoWhere 7Rg_i8t rahydro-
3H pyri m do[ hydr&géa. #ht Bhazbbmborhd- 6Ehyhe- Bobmbbacrol ¢ ehed dRBe [err]

hydrolyzation reaction is not necessary, and the compound of
the Formula XI’ is peptide coupled as described below.
The compound of the Formula XII’ {(or the compound of the
~ Formula XI' where Rg 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 XIII':

P sous

HN COLR,

/k I . | | (XIII’)
HzN \ u ) ' ' '

N

wherein A is as defined above for Formula I; B, C, X and Y
are as defined above for Formula XVII; and Rl and R2 are each
independent}y a moiety that forms with the attached CO2 a
readily hydrolyzable ester group, such as a cl-c6 alkyl,
hydroxyalkyl, alkylaryl or arylalkyl.

Finally, if the free acid form is desired, the compound
of the Formula XIII’ is hydrolyzed to produce'compounds of
the Formula I where R1 and R2 are each H.

Preferred compounds of the Formula I include:

(4-[2- (2-amino-4-oxo0-4,6,7,8-tetrahydro-3H-pyrimido[5,4-6] -
{1,4]thiazin-6-yl) -ethyl] -2, 5-thienoylamino-L-glutamic acid)}
diethyl ester; 4-(2-(2-amino-4-oxo-4,6,7,8-tetrahydro-
3H-pyrimido-[5,4-6] [1,4]thiazin-6-yl) -ethyl]-2,5-
thienoylamino-L-glutamic acid; 4-(3-(2-amino-4-oxo-4,6,7,8-
tetrahydro-3H-pyrimido-[5,4-6] [1,4]thiazin-6-yl) -

propyll -2,5-thienoylamino-L-glutamic acid; 4-[2-

This is the replacement sheet

Dale: 1? EES ﬁ%



To 180 ng (0.51 mmol ) of the pyrimdinone 10 was added 5 m of 1IN NaCOH in
water. The resulting solution was stirred at 25[err]C for 20 hours. After
cooling to O[err]C, the pH was adjusted to 2 with 1IN HO . The brown solid
was filter'ed off and washed with water apd dried under vacuumto give 111
ng (64% yield) of the desired acid 12 as? slightly brown solid. NWR
(d[err]-DMSO) [err]: 1.72 (m 1H), 1.92 (m 1H), 2.78-3.68 (nm, 6.07 (brs,
2H), 6.68 (brs, 1H), 6.92 (d, 1H, J=3.7Hz), 7.52 (d, 1H, J=3.7Hz), 10.12

et e i B S, B N pPR R AR s aptis oLl g0, 0
iazin-6-yl) ethy 1- 3 methyl-2,5-thienoylamino-L utamlc
acid; and 4-[2-(2-am1no-4-oxo-4,6,7,8-tetrahydrOeBH-pyrlmldo-
[5,4-b] (1,4]1thiazin-6-yl) -ethyl] -2, 5~furanoylamino-
L-glutamic acid.

Compounds of the invention contain one or more chiral
centers. The invention encompasses racemic mixtures and
mixtures of diastereomers, as well as optically active
compounds, such as compounds essentially free of other
optical isomers, which optically active compounds can be
obtained by means known to those skilled in the art.

A detailed synthesis of a preferred compound of the
Formula I is presented in the example below.

Example: 4-[2-(2-Amino-4-oxo-4,6,7,8-tetrahydro-3H-
pyrimido(sS,4-6] [1,4]thiazin-6-yl) ~ethyl] -2,5-thienoylamino-
L-glutamic acid (Compound 1)

. | s L sop

Preparation of Methyl- 5-bromo 2-thiophenecarboxlate 2:

I\

S
2

CO,CH,

Compound 2 (CAS Reg. No. [62224-19-5]) was prepared as
described at S. Gronowitz, Ark. Kemi 8, 1955, 87, and S. O.
Lawesson, Ark. Kemi 11, 1957, 337.

This is the replacement sheet
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34 Preparation of 4-[2-(2-Am no-4-o0x0-4,6,7,8-tetrahydro-
3H pyrimdo[5,4-6][1,4]thiazin-6-yl)-ethyl]-2,5-thienoylam no- L-glutamc
acid diethyl ester 13: [err] To a stirred

solution of 110 nmy (0.33 mmol) of the above acid 12 in 5 m of dry DVF was
added 48 ng (0.36 mml) of 1-hydroxy-ben2dtriazole hydrate, 62 [err]l (0.36

mrol ) of diisopropylethylamne, 86 ng (0.36 nmol) of glutam c acid diethyl
ester hydrochloride, and 106 ng (0.36 mmol) of

1- (3- di met hyl am poggopyl ) o3 6E L 8R5AGL L 5L 08 BEROLRBIG S tniophene 3:

[\

Co
s 2CH;

3
To a stirred solution of 5§ g (22.7 mmol) of the bromide

3, 160 mg (0.23 mmol) of tris-triphenylphosphine
palladium(II) chloride and 65 mg (0.34 mmcl) of cuprous
iodide in 75 ml of diethylamine was added 4.8 ml (34 mmol) of
tfimethylsilyl_acetylene. The resultant solution was stirred
at 25°C. After 18 hours, the solvent was removed under
reduced pressure, and the crude residue was dissolved in 300
ml Et20 (diethyl ether) and extracted with 100 ml of 1N HCl
and 100 ml - -of saturated bicarbonate solution. The organic
layer was dried (Nazso4)'and'the solvent was removed under
reduced pressure. The crude residue was flash
chromatographed on silica gel with 5% Etzo/hexanes to give
4.4 g (81% yield) of the silyl-protected product as a yellow
solid. This material was used directly in the next step.

To a solution of 4.4 g (18.5 mmol) of the above silyl-
protected acetylene in 50 ml of dimethylformamide (DMF) was
added 3.3 g (35.2 mmol) of potassium fluoride monohydrate.
After 15 minutes at 25°C, the mixture was poured into 500 ml

" of Et,0 and extracted four times with 100 ml of water (4 x
100 ml Hzo). The organic solution was dried (Nazso4), and
the solvent was removed under reduced pressure. The crude
residue was flash chromatographed on silica gel with 10%
Et20/hexanes to give 2.65 g (86% yield) of the desired ,
product 3 as an orange solid. NMR (CDCl,) 6: 3.45 (s, 1H),
3.88 (s, 3H), 7.22 (4, 1H, J=3.5Hz), 7.65 (4, 1H, J=3.5Hz).
Anal. Calcd. for CBHGSOZ: C, 57.81; H, 3.64; S, 19.29.
Found: C, 57.91; H, 3.71; S8, 19.18. .

An alternate method for the removal of the silyl group
was also used as follows. To a stirred suspension of 3.7 g
(0.02 mol) of anhydrous KpCO3 in 700 ml of methanol was added

\
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The resultant solution was stirred under an argon atnosphere at 25[err]C
for 20 hours and then poured into 50 m of water. The water was extracted
with 2 x 150 ml of EtOAC. The conbi ned organic | ayers were back-extracted
with 3 x 50 M of water and then 10 mMl of saturated Nad sol ution, and

dried (MgSJ err]). The solvent was remYed under reduced pressure, and the
crude residue was flash chromat ographed on silica gel with 0-10%

MeOH CH err] d [err] to give 120 ng (71% yvyield) of the desired anm de 13 as a
S"th|y yg%'?“@ Uélffi*gceeyféﬁé[ ép afEGtQBQQe[Qéri soli&0 (@heGFD

(m 1 6
(m oH) | gz‘&ﬁl’% é%"a’s ?‘21’("8?5& %?F 3 ‘été 13t ﬂé) '4a’é§ EAQH‘)‘ Eﬁe 4 58
(m 1H). Sméthihol, was)evepobatéds, The, résdluédvasaddes. eeizso Ml 56f( d,
1H, J=3.8 ( = g S t S ec for
C[err]H[erg Eierri g?% %%r }Rﬁgg?thgﬁri H5%%61 8ﬁts@ andC€§§1650
Pr epar at | oficBPine 2organﬁ9n8racsie g ¥ey F?aﬁyﬂgﬁ 4 3FPﬁyr|n1do[5 4-
6] [ 1, 4] t hi ezapobated: et k] criddé- rostdag! wasnochromagbgtraphedaochdflash
silica gel using 7% Et O/hexanes to g1ve the desired product
3 in 98% yield (38.72 g) :

Preparation of N-(t-Butoxycarbonvll-alvainal 4:
Q

)l\/nneoc
H

4

To a stirred solution of 2 g (12.4 mmol) of N-(t-butoxy-
carbonyl)-zéhydfoxy-ethylamine (obtained. from Sigma
Chemicals) in 80 ml of CH,Cl, at -78°C was added 1.3 ml (18.6
mmol) of dimethyl sulfoxide (DMSO) and 1.2 ml (13.7 mmol) of
oxalyl chloride. After 5 minutes, 5.4 ml (38.4 mmol) of
triethylamine was added and the solution was allowed to warm
to 25°C. The mixture was poured into 200 ml of Et ,0 and
extracted with 100 ml of water, 100 ml of 0.5N Hc1, and 100
ml of saturated bicarbonate solution. The organic fraction
was dried (Nazso4), and the solvent was removed under reduced
pressure. The crude aldehyde was dissolved in 100 ml
benzene, and the solvent was again removed under reduced
pressure. This crude material, which was found to be
unstable, was used immediately in the next step.

Preparation of 4-N-(t-butoxycarbonyl)-3-hydroxy-1-(2-
carbomethoxy-5~thiophene)~butyne 5:

" [\

= S ~CO,CH,
L)
BOCHN

This is thz renlacemant sheet

12 DEC 1996

Data:



35 To 115 ng (0.22 mmol ) of the above diethyl ester 13 was added 3
m of 1N NaCH solution.in water. The resulting m xture was stirred at
25[err] C for 14 hours. After cooling to O[err]C, the pH was adjusted to 3.5
with aqueous HC . The solid was filtered, shed with water and dried under
vacuumto give 82 ng (80%yield) of the déSired acid as an off-white solid.
NWMR (d[err]-DVMSO) [err]: 1.62-2.02 (m 4H), 2.27 (m 2H), 2.78-3.00 (m -
3H), 4.27 (dd, 1H, J=6, 6.8Hz), 6.00 (brs, 2H), 6 63 (brs, 1H), 6.88 (d,

1H J=3.7Hz), 7.63d @ sbiutizs: ), 78937 1042 Hro1d= Bf4'aélaty11%n@53( %&ﬂﬂ
12.85 (brs, 2H). IR KBr)I@§?71 1700, 643 1543 1345 cni err! |g

Resol uti on quﬂf“GFE%rﬁ rrﬂqWF?
Merr]Herr], (14;6.81 hﬁiba.) dJowundM 43ukidn dmalxttﬁaincdus‘-mnmethylsa.lyl

CQerr]Herr] Iél'[mer({é qner'I[I-JPS.[ errételr %.OH [m rnrtJt:es,C’thAé3 c7r%1de aldehyde 4 from
above was added dropwise in 5 ml of dry THF. The solution
was stirred at -78°C for 10 minutes and allowed to warm to
0°C over a twenty-minute period. To this was added 5 ml of a
saturated aqueous solution of ammonium chloride. The mixture
was poured into 200 ml of Et,0 and washed with 100 ml of H,0
and then 50 ml of saturated NaCl solution. The organic layer
was dried (Na2804) and the solvent was removed under reduced
pressure. The crude residue was flash chromatographed on
silica gel with 10-40% EtOAc/hexanes to give 0.96 g (29%) of
the desired alcohol 5 as a slightly yellow oil. NMR (CDClB)
6: 1.46 (s, 9H), 3.38 and 3.58 (AB, 2H, J=3, 7Hz), 3.88 (s,
3H), 4.71 (dt, 1H, J=2.9, 5.2Hz), 5.05 (brs, 1H), 7.15 (d,
1H, J=3.9Hz), 7.64 (d, 1H, J=3.9Hz). IR (neat): 2978.3,
1729.5, 1685, 1523, 1452, 1368, 1286, 1167, 1098, 959, 822,
750.4 cm™ L. High Resolution Mass Spec., Calcd. for
C,gH,oNOS: M'Cs®, 458.0038. Found: 458.0051.

Preparation of Methyl-5-[(4-N- (t-butoxycarbonyl) -amino-
3-hydroxy) ~butyl] -thienyl-2-carboxylate 6:

(BOC)HN 6

To a stirred solution of 940 mg (2.89 mmol) of the above
acetylene 5 in 50 ml of ethylacetate (EtOAc) was added 320 mg
of 5% Pd/C. The mixture was placed under 40 psi of H2 gas
and stirred at 25°C for 17 hours. The mixture was filtered

‘ through Celite (diatomaceous earth) and the solvent was
removed under reduced pressure. The crude residue was flash
chromatographed on silica gel with 20% EtOAc/CH2Cl; to give
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H. 4.89; N, 14.16; S, 12.97. Found: C, 43.50; H, 4.67; N, 14.07; S, 12.72.
Bi ol ogi cal and Bi ochem cal Eval uation Determ nation of Inhibition
Constants for GAR Transfornyl ase: The GAR-transfornyl ase (GARFT)
assay netHhod of Young et al., Biochemstry 23 (1984), 3979-3986, was
nodi fi ed and used as described bel ow. actions m xtures contained the
catalytic domain of the human GARFT, 0-250 nM of Conpound 1, 20 [err]M
gl yci nam de ri bonucl eotide (GAR), 10 or 20 [err] M

N[ err] - f orgpd -wy Scslilapzai @ a8€ DN si50s "M LRSS 4t pét Tow o1 fNd 50 MM
KCl . The reaction maﬁ nitrated wth the addifion__of enz to a final
concent r atf DAk, I\d‘ f H14ne® byP B 18 i Ry AH)phe? § r&?ﬁ% i¥H) .
gt;sor banﬁez 299 264, nemn} :201@{&11&: 3(29eu(§$, =48, 9Tad] eerHz{]r{ e3(72. (m, fThe

RFT inhipiiio nst a K[ gr rnLn o] t e ence o
t he steadyfgiaig'gétgéyPé%{fa éé%n(gﬁghigéfbgkéﬁg gébg}gat§=gbﬁ§gﬂfration
The type 07.63nkdlbi tHonJedselzkd wAnallet Caktdedfos ﬁgsﬁ?gﬂe Seive,with
respect togkDRg, by, theod¢pRNAENSS; oF, t §e78pPagsahakl eel | sakyesrh) 7.02;
! ' A8PP . 4.29; s, 9.63. _ '

An alternate method for the preparation of alcohol 6
uses bis-t-butoxycarbonyl allylamine 14 as follows.

Preparation of Bis-t-butoxyca:bonyl allylamine 14:

/\/N(eoch

14

To a solution of 57.10 g (1.0 mol) of allylamine and 1.2
g (0.01 mol) of dimethylaminopyridine (DMAP) in 500 ml of
acetonitrile was added a solution of 220 g (1 mol) of
(t-BOC)zo in 100 ml of acetonitrile, and the resultant
mixture was stirred for 6 hours. The reaction mixture was
diluted with toluene (100 ml) and the solvents were
evaporated under reduced pressure at 60°C. The resultant oil
was re-dissolved in acetonitrile (400 ml) and another 1.2 g
(0.01 mol) of DMAP was added, and to this a solution of 220 g
(1 mol) of (t-BOC)zo in 100 ml of acetonitrile was slowly
added. The reaction mixture was stirred for 12 hours at
60°C, the solvent was evaporated under reduced pressure at
'60°C, and dilute NaHCO, (100 ml) was added. This was
extracted with 3 x 150 wml CH2C12, and the c¢combined organic
layers were washed with brine, dried (Na2804) and evaporated.
The crude residue was purified by chromatography on flash
silica gel eluting with a gradient of 5-20%IEtOAc/hexanes to
give 156.9 Q (63% yield) of the desired product 14 as a clear
crystalline solid (m.p. 43-44°C). 1 NMR (CDC13) 8.(ppm):
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on the concentration of FDDF and was shown to be described by Klerr] =
Klerr] + (K[err]/Klerr]) [FDDF]. The M chaelis constant for

36 FDDF, Klerr], was determ ned i ndependently by the dependence of t he
catalytic fate on FDDF concentration. Data for both the Klerr] and Kl err]
determ pations were fitted by nonlinear RBthods to the M chaelis equation,
or the Mchaelis equation for conpetitive inhibition, as appropriate. Data
resulting fromtight-binding inhibition was anal yzed, and K[err]

det er m ned, b flttln% the data to the tight-binding.e uatlon ? rrlson
.5 (s, ). 4.18 {(dd, 2H, J=15 Hz, J=1 Hz dd

J=15 Hz, J=10 Hz, J=1 Hz), 5.85 (ddt, 2H, J=10 Hz, J=5 Hz,
J=1 Hz). IR (KBr): 2978, 2935, 2860, 1724, 1689, 1342, 1130
-1

cm ©, Anal. Calcd. for C13H23N04 C, 60.68; H, 9.01; N,

5.44. Found: C, 60.78; H, 9.04; N, 5.50.
Preparation of 1-(bis-t-butoxycarbonyl amino) -2-ethanal
15:
o]

H

15

‘A solution of 0.60 g (2.34 mmol) of bis-t-butoxycafbonyl
allylamine 14 in 20 ml of CH,Cl, was ozonized (40 volts, 500
amperes, 1.0 1/min._02 @ 3 psi) at -78°C until a blue color
persisted, 10 ml of dimethyl sulfide was added, and this
mixture was stirred for 14 hours at 25°C. The mixture was
added to dilute brine and extracted with CH2C12 (3 x 50 ml),
and the organic fractions were dried (Na2804) and evaporated.
Chromatography using flash silica gel yielded 603 wmg (99%
yield) of the desired product 15 as a clear crystalline solid
(m.p. 37-39°C). 'H NMR (CDC1,) & (ppm): 1.50 (s, 18H),

4.38 (s, 2H), 9.55 (s, 1H). IR (KBr): 2984, 2935, 2724,
1792, 1734, 1699, 1362, 1153 cm L. Anal. Caled. for
012H21N05 C, 55.58; H, 8.16; N, 5.40. Found: C, 55.20; H,
8.19; N, 5.19.

Prepération of Methyl-S5-{(4-N- (t-butoxycarbonyl) -amino-
3-hydroxy) -butyl] -thienyl-2-carboxylate 6:

To a solution of 9.64 g (59 mmol) of 5-ethynyl-2-
carbomethoxy thiophene 3 in THF (250 ml) at -78°C was added
65.6 ml (60 mmol, 0.9M) of lithium hexamethyl disilazide
(LiHMDS) , and the mixture was stirred for 2 hours at -78°C.
A solution of 15.6 g (60 mmol) of 1-(bis-
t-butoxyxcarbonylamino)-z-ethanal 15 in THF (40 ml) was
cannulated into the reaction mixture, and the mixture was
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Bi ochem.Bi ophys Acta 185 (1969), 269-286, by nonlinear nethods. Cel |

i nes: The cell lines used and their origin are tabulated in Table 1.
The grow h conditions and nedia requirenents of each cell line are
sumarized in Table 2. Al cultures were_nmintained at 37[err]C, 5%
air-CJd,err] in a humdified incubator. 28 |nvitro growt h inhibition:
Stock solutions of the inhibitors were prepared in 10 mM sodi um bi carbonat e
in water and stored in 1 m aliquots at -20[err]C for cell culture

ma I ql t
oo or HESSERRSCTON B, WD RETRANEE, R e Hota b A D el
cel s of eadResari apnﬁelmemetbapeiedlpomliswséoaééﬁfis#m a; ﬁuﬁaebh

growt h medi wikt\edi ahecBrirvéahicagt 20, mPahtesPRaemengedovwotle, daallywadetet al

R N e TR AT W T

filled withwlhe aaﬂethm orgahiss exitract sf wesle washiednwitht daduteeNaHCOf or

use as a bl afs aHiRe!®aSB05"e THAPRARHE] Wak FebhRl by radhtbl CLEr 1]
pressure to approxlmately 50 ml. To the resulting residue
was added EtOAc (125 ml), and this solution was added to a
Parr bottle containing 7.38 g (30 wt. % of acetylene starting
material) of 5% Pd on .carbon and hydrogenated at 55 psi of H
for 24 hours. The crude hydrogenation material was flltered
through Celite, and the filter cake was washed with methanol
(100 ml) and EtOAc (100 ml). The solvent was evaporated
under reduced pressure, the crude residue was filtered
through silica'eluting with 50% EtOAc in hexanes, and the
solvent was evaporated. The residue was solvated in 20 ml of
methanol (MeOH) azeotroped with benzene (50 ml), and re-

" dissolved in dry MeOH (20 ml). This mixture was added to a
freshly prepared solution of 60 ml (2M) of sodium methoxide
in methanol. The reaction mixture was stirred for a5
minutes, dilute HCl1l (0.1M, 50 ml) was added, and this mixture
was extracted with EtOAc (3 x 75 ml). The organic fractions
were combined and washéd.with pH 7 buffer (1M), dried

' (Nazso4) and evaporated. The crude residue was
chromatographed on flash silica eluting with 40% EtOAc/
hexanes to give 9.32 g (48% yield) of the desired product 6.

Preparation of Methyl-5-[(4-N-(t- butoxycarbonyl)-
amino-3-acetylthio) -butyll -2-thiophenecarboxylate 7:

s /

CO2CH;,

(BOC)HN
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hours, plates were renoved fromthe incubator followed by addition of
Compound 1 at 10 x final concentration, 15 m/ well in binary dilutions,
to colums 12 to 4. For reversal experinments, hypoxanthine (1.75 m\V) or
AICA (1.73 M) was included in all drugpsolutions (final concentration 175

mM). Wells containing each concentration of Conpound 1 were prepared in
quadruplicate on each plate. Fifteen mlliliters

37 of media, w thout Conpound 1, were added to the wells in colum 1 of
the plates. TheTeet|stimredtsehutionrofd 126 thel2hcuurel) ok themi ned

undi st urbegh ¢Qhoi N6 {106 NELDSE  PEF at 0°C was added 5.9 ml (42 mmol)
of triethylamine (TEA) and 2.4 ml (31 mmol) of
methanesulfonyl chloride. After 20 minutes, 100 ml of DMF
and 12.8 g (110 mmoi) of potassium thiocacetate were added,
and the resultant solution was allowed to warm to 25°C.
After three days, the mixture was.poured into 500 ml of water
and extracted with 800 ml of Et,0. The organic layer was
washed with 200 ml of water, 200 ml of 1N HCl, 200 ml of
saturated bicarbonate solution, and 100 ml of saturated NaCl
solution:. The organic layer was dried (Mgso4) and the
solvent was removed under reduced pressure. The crude
residue was flash chromatographed on silica gel with 25%
EtOAc/hexanes to give 10.3 g (95% yield) of the desired
thioacetate 7 as a yellow oil. NMR (CDC13) 6: 1.44 (s,
9H) , 1.91 and 2.04 (ABm, 2H), 2.37 (s, 3H), 2.96 (m, 2H),
3.36 (m, 2H), 3.61 (m, 1H), 3.86 (s, 3H), 4.74 (brs, 1H),
6.79 (d, 1H,  J=3.6Hz), 7.62 (d, 1H, J=3.6Hz). IR (neat):
3366, 2976.4, 1713, 1520, 1462.1, 1366, 1290.5, 1267.3, 1169,
1098, 752, 631 cm 1. High Resolution Mass Spec., Calcd. for
CygHyNOCS, M*cs*, 520.0229. Found: 520.0240.

Preparation of Methyl-5-[(4-N-(t-butoxycarbonyl)-amino-
3- (dimethylmalonyl) thio) -butyl] -2-thiophenecarboxylate 8:
O

HyCO
o

H3CO

To a stirred solution of 10.2 g (26 mmol) of the above
thioacetate 7 in 200 ml of dry methanol at 0°C was added 7.2
g (52 mmol) of K,Co, and 3.7 ml (29 mmol) of dimethyl
chloromalonate. After three hours, the mixture was poured
into 500 ml of water and extracted with Et,0 (3 x 500 ml).
The combined organic layers were washed with 500 ml of water
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period: On day 3 for L1210 and L1210/ClI 920 cells, or day 5 for CCRF-CEM
cells, 50 M of 0.8 ng/m MIT ((4,5- dinethylthiazol-2-yl)-2,5-di phenyl
tetrazolium brom de; Sigma catal og no. M2128) dissolved in tissue culture
medi um was™ added to each well of all plafes, after which the cells were
returned to the incubator. After 4 hours, all plates were renoved fromthe
I ncubat or and centrifuged at 1200 rpm for 7 m nutes. Media were siphoned
off, and 150 m of DMSO was added to each well of all plates. Plates were

then mi xed agid Then wisdd 200 ad @ eavivated (Nacunesdnmm.dm, tdred dhridedt room

t enper at ur ext Pt
spect rophot i cal ﬁt}l at q:ﬂ xﬁ%ﬁ%n %gcul ar d%w ces e\? xieesrsr“]r%

m cropl ate utmdmudermemmaatﬂﬂsmfclmwmpw tan r agl gr ovvt h
by 50% as rﬁﬁ:‘ﬂ"ﬁﬁ— tbtdﬂg HEtAhod | &gn 6‘” efy *ﬂiﬂi)p%fitﬁlw

bet ween t he, O. D m.nus bhankg |rrrred|f1 ehé/ abo and 00/?81; control

O D. (m nudss thiocet {ghely yeil cl

§: 1.44 (s, 9H), 1.85 and 2.00 (ABm, 2H), 3. 03 (m, 3H),
3.30 (m, 2H), 3.80 (s, 6H), 3.86 (s, 3H), 5.10 (brs, 1H),
6.82 (d, 1H, J=3.8Hz), 7.63 (d, 1H, J=3.8Hz). IR (neat):
3442, 2974, 2955, 1734, 1713, 1512, 1460, 1435, 1366, 1291,
1267, 1167, 1098, 1022, 752 cm *. High Resolution Mass
Spec., Calecd. for c20H29N°882 M+Cs+, 608.0389. Found:
608.0370. : .
Preparation of 6-((5-Carbomethoxythien-2-yl)-ethyl] -
2-carbomethoxy-3-oxo0-3,4,5,6-tetrahydro-{1,4] -thiazine 9:

L . ¥

HaCO” g CO,CH3
o u 9

To a stirred solution of 470 mg (0.99 mmol) of the above
thioether 8 in 12 ml of CHzcl at 0°C was added 4 wml of
trifluoroacetic acid (TFA). After 1.5 hours, the mixture was
poured into 50 ml of saturated bicarbonate solution and
extracted with CH2C12 (4 x 100ml). The solvent was removed
under reduced pressure and the crude residue was dissolved in
10 ml of methanol. After stirring at 25°C for 1.5 hours, the
solvent was removed under reduced pressure and the crude
residue was flash chromatographed on silica gel with 40% _
EtOAc/CH2C12 to give 298 mg (88% yield) of the desired lactam
9 as a colorless oil. NMR (CDCl3) 6: 1.94 (m, 2H), 3.01
{m, 2H), 3.4-3.7 (m, 4H), 3.80 and 3.82 (s, 3H), 3.87 (s,
3H), 6.25 (brs, 1H,), 6.83 (4, 1H, J=3.7Hz), 7.64 (4, 1H,
J=3.7Hz). IR (KBr): 2951, 1732, 1669, 1462, 1294, 1267,
1194, 1157, 1098, 1005, 752 cm'l. Anal. Calcd. for
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Ti ssue of Origin and Source of Cell Li nes Enployed in In-
Vitro Studies Cell Line Sour ce Oigin L1210 ATCCH
Mouse, |ynphocytic | eukemia CCRF CEM ATCCH Human, acute

| ynphobl astic 31 | eukemi a  #ATCC = Anerican
Type CQulture Collection 38

C14H17N0582 .C, 48.96; H, 4.99; N, 4.08; S, 18.67. PFound:
C, 49.06; H, 4.93; N, 4.09; 8, 18.60. _

Preparation of Methyl- [2-(2-amino-4-oxo0-4,6,7,8-
tetrahydro-3H-pyrimido (5,4-6] (1,4]thiazin-6-yl) -ethyl] -2,5-
thienoate 10: '

o)

N [ )

l s CO.CH,

HzN N u 10

To a stirred solution of 1.9 g (5.5 mmol) of the above
lactam 9 in 150 ml of dry CH2012 was added, all at once, 1.06
g (7.2 mmol) of trlmethyloxonlum tetrafluorcborate. The

~ solution was stirred for 6 hours at 25°C. The resulting

mixture was poured into 50 ml of 10% aquedué K,CO, and

N 23
extracted with CHzclz.(B x 200 ml). The combined organic

layers were dried (MgSO,) and the solvent was removed under
reduced pressure. The resulting material was used directly
in the next step.

In a separate flask was placed 1.58 g (16.6 mmol) of dry
guanidine h&drochloride. To this was added 600 ml of dry
methanol. Dry argon was bubbled through the solution for 10
minutes, after which was added 926 mg (17.1 wmmol) of dry
sodium methoxide. To the resultant mixture was added via a
cannula the crude lactim ether prepared above in 20 ml MeOH.
The solution was refluxed under an argon atmosphere for 20
hours. The pH was adjusted to 4 with 1N HCl, and the solvent
was removed under reduced pressure. The crude residue was
dissolved in 500 ml of CHCl and washed with 2 x 100 ml of

water. The organlc layer was dried (Mgso4), and the solvent

was removed under reduced pressure. The crude residue was

flash chromatographed on silica gél with 5-10% MeOH/CH2c12 to
give 413 mg of an off-white solid. This material was then
dissolved in 25 ml of hot MeOH and slowly cooled to 4°C over

Thi | _
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TABLE 2 ° Culture Conditions, Plating Densities and

I ncubation Tinmes Used in Mcrotiter Assays Cell line Medi um DFCS
Plating | ncubat i on Conc. * Density

Tine (%9 (cells/well) (days) L1210 32RPM - 1640 5 2500
3 CCRF- CEM RPM - 1640 10 2500 5 *DFCS Conc. =

di al yzed fetal calf serum concentration.

TABLE 3

an 18-hour period. The solid was collected by filtration to
give 180 mg (9% yield) of the desired pyrimidinone 10 as a
slightly yellow solid. NMR (d,-DMSO) é: 1.72 (m, 1H), 1.88
(m, 1H), 2.8-3.22 (m, 4H), 3.50 (dt, 1H, J=2, 8Hz), 5.99
(brs, 2H), 6.64 (brs, 1H), 6.98 (d, 1H, J=3.8Hz), 7.62 (4,
1H, J=3.8Hz), 10.02 (brs, 1H). High Resolution Mass Spec.,
Calcd. for C, H N,0,8,: M'Na®, 375.0562. Found: 375.0550.

An alternate procedure for the preparation of
pyrimidinone 10 was also used as follows. To a stirred
solution of 500 mg (1.46 mmol) of the lactam 9 in 20 ml of
dry'THF was added 648 mg (1.60 mmol) of Lawesson’s reagent
(2,4-bis(4-methoxyphenyl) -1,3-dithia-2,4-diphosphetane--
2,4-disulfide). After the mixture was stirred at 25°C for 20
hours, it was poured into 50 ml of saturated bicarbonate
solution and extracted with 2 x 200 ml of EtOAc. The
"combined organic layers were washed with 50 ml of saturated
NaCl solution and dried (MgSO,), and the solvent was removed
under reduced pressure. The crude thiolactam was flash
chromatographed on silica gel with 8% EtOAc/CH2C12 to give
525 mg of the corresponding thiolactam 11:

s [\

HyCO " N\g” COCHy

s N7

This material was used immediately in the next step.

To the 525 mg of the thiolactam 11 in a mixture of 10 ml
of dry THF and 10 ml of dry methanol was added 1.6 ml of 1N
NaOH. To this was added 0.1 ml (1.6 mmol) of methyl iodide
to produce a methylated thiolactam, which was used as .
described below without purification. In a separate flask

was placed 1.39 g (14.6 mmol) of dry guanidine hydrochloride.

To this was added 300 ml of dry methanol. Dry argon was
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Dat a“for Conpound 1 G owth | nhibition Usi ng Continuous (72-hour)
Exposure Conpound GARFT Klerr] I1Cerr] Cell Culture 1C50 Cell Culture

(nM L1210 (nMa CCRF- CEM (nM a 1 4.5 _
16 i 4.3 a: Mean ICferr] [ery] standard deviation. I n
Vivo Antitunor Activity: On day zero,”"2 mmjerr] trocar fragnents of

6C3HED | ynphosarcoma were inplanted subcutaneously in the axillary region
into groups of six C3BH He female mce. Starting on day 1, the test conpound

was agrri ni st ehashlidd rt%ﬁQ:fdékpﬂﬁfé_ |éb]h._ftdi4ﬁf/9ﬂiﬁl%mﬁin{lrﬁiﬁé§1 e adied Was

Compound.  ThARRL FELGE | (14 £f (HBRL i it ih RN PUITH Y. AR diat ed

by conmpari ng tdmulteast afiixtthere ovds clddediorim a cannula the crude
methylated thiolactam prepared above. The solution was
refluxed under an argon atmosphere for 48 hours. The pH was
adjusted to 4 with 1N HC1 and the solvent was removed under
reduced pressure. The crude residue was dissolved in 500 ml
of CHCl3 and washed with 2 x 100 ml of water. The organic
layer was dried (MgSO4) and the solvent was removed under
reduced pressure. The crude residue was flash
chrqmétographed on silica gel with 5-10% MeOH/CHZClz. -The
material was then dissolved in 20 ml of hot MeOH and slowly
cooled to 4°C over an 18-hour period. The solid was

collected by filtration to give 131 mg (9% yield) of the
desired pyrimidinone 10.

D

Preparation of ([2-(2-Amino-4-oxo-4,6,7,8-tetrahydro-
3H-pyrimido([5,4-6] [1,4)thiazin-6-yl) ~ethyl] -2,5-thiencic acid
12: _ ) :

' 0

HN

HN N 12

To 180 mg (0.51 mmol) of the pyrimidinone 10 was added.5
ml of 1IN NaOH in water. The resulting solution was stirred
at 25°C for 20 hours. After cooling to 0°C, the pH was
adjusted to 2 with 1N HCl. The brown solid was filtered off
and washed with water and dried under vacuum to give 111 mg
(64% yield) of the desired acid 12 as a slightly brown solid.
NMR (dG-DMSO) é: 1.72 (m, 1H), 1.92 (m, 1H), 2.78-3.68 (m),
6.07 (brs, 2H), 6.68 (brs, 1H), 6.92 (d, 1H, J=3.7Hz), 7.52
(a4, 1H, J=3.7Hzf, 10.12 (brs, 1H), 12.89 (brs, 1H). High
Resolution Mass Spec., Calcd. for C,3H,4N,058,: m*
338.0507. PFound: 338.0517.

1
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(receiving diluent only) on day 11 to those of animals receiving test

conpound.

39
TABLE 4 Conmpound Dose (ng/ kg) % | nhi bition Survi vors
12.5- ) 100 6/ 6 34l 25 100
3/6 1 50 toxic 0/ 6 '

Preparation of 4-[2-(2-Amino-4-oxo-4,é,?,B-tetrahydro—
3H-pyrimido(5,4-6] {1,4]thiazin-6-yl) -ethyl] -2, 5-thienoylamino-
L-glutamic acid diethyl ester 13:

s /\
l s

N o] ' -
N :“ CO.Et .

X

CO,Et
13

To a stirred solution of 110 wg (0.33 mmol) of the above
acid 12 in 5 ml of dry DMF was added 48 mg (0.36 mmol) of
1-hydroxy-benzotriazole hydrate, 62 gl (0.36 mmol) of
diisopropylethylamine, 86 wmg (0.36 mmol) of glutamic acid
diethyl ester hydrochloride, and 106 mg (0.36 mmol) of
1- (3-dimethylaminopropyl) -3-ethylcarbodiimide methiodide;

The resultant solution was stirred under an argon atmosphere
at 25°C for 20 hours and then poured into 50 ml of water.
The water was extracted with 2 x 150 ml of EtOAC. The
combined organic layers were back-extracted with 3 x 50 ml of
water and then 10 ml of saturated NaCl solution, and dried
(Mgso4). The solvent was removed under reduced pressure, and
the crude residue was flash chromatographed on silica gel
with 0-10% MeOH/CHz'CI2 to give 120 mg (71% yield) of the _
desired amide 13 as a slightly yellow amorphous solid. NMR
(dG—Acetone) 6: 1.20 (m, 6H), 2.2 gm, 1H), 2.45 (t, 1H,
J=7.6Hz), 2.78 (s, 1H), 2.82 (s, 1H), 2.92-3.1 (m, 2H), 3.41
(m, 1H), 3.72 (dt, 1H, J=3.0, 12.7Hz), 4.02-4.2 (m, 4H), 4.58
(m, 1H), 5.90 (brs, 1H), 6.05 (brs, 1H), 6.90 (d, 1H,
J=3.8Hz), 7.58 (d, 1H, J=3.8Hz), 7.78 (d, 1H, J=8Hz). High
Resolution Mass Spec., Calcd. for C22H29N50682: m¥ut,
524.,1638. Pound: 524.1650. .

_ Preparation of 4-[2-(2-Amino-4-ox0-4,6,7,8-tetrahydro-
3H-pyrimido([5,4-6] [1,4)thiazin-6-yl) -ethyl] -2,5-thienoylamino-
L-glutamic acid 1:
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On day zero, 2 mmjerr] trocar fragnents of C3H BA mammary adenocarci nona
were inplanted subcutaneously in the axillary region into groups of six
C3H He fenale mce. Starting on day 1, the test compound was adm ni stered
intraperitioneally in 40% Encapsi n gi ven ﬁnce daily for nine days. Contro
animal s received identical treatnent mﬁ% out test compound. The percentage
of inhibition was cal cul ated by conparing the nass of the control tunors
(receiving diluent only) on day 14 to those of aninmals receiving test
conpound. The resuils mge (eugpammok) of thel abbve diethyl ester 13 was

| EABLE S adSQHEguaﬁ of 1N EQ@?GQQQLEQ£T i%’hgghghtiQRTOrggﬁXEXRQS 84
6/ 6 mixture was stigped at 25°C forpd4 hours. Afgegr cooling to

0°C, the pH was adjusted to 3.5 with aqueous HCl. The solid
was filtered, washed with water and dried under vacuum to
give 82 mg (80% yield) of the desired acid as an off-white
solid. NMR (dG-DMSO) 5: 1.62-2.02 (m, 4H), 2.27 (m, 2H),
2.78-3.00 (m, 3H), 4.27 (dd, 1H, J=6, 6.8Hz), 6.00 (brs, 2H),
6.63 (brs, 1K), 6.88 (d, 1H, J=3.7Hz), 7.63 {(d, 1H, J=3.7Hz),
8.37 (4, 1H, J=7.4Hz), 10.05 '(brs,"lH), 12.85 (brs, 2H). IR
(KBr): 3371, 1700, 1643, 1543, 1345 cm L. High Resolution
Mass Spec., Calecd. for C,  H,.N.O_.S,: mtu*, 468.1012.

18M21N5%52 ¢ Found:

468.1025. Anal. Calcd. for 018H21N50682.1.5 H20: C, 43.71;

H, 4.89; N, 14.16; S, 12.97. Found: C, 43.50; H, 4.67; N,
14.07; 8, 12.72. '

iol 1 _and Biochemical Evaluation '
Determination of Inhibition Constants for GAR
Transformylase:

The GAR-transformylase (GARFT) assay method of Young et
al., Biochemistry 23 (1984), 3979-3986, was modified and used
as described below. Reactions mixtures contained the
catalytic domain of the human GARFT, 0-250 nM of Compound 1,
20 M glycinamide ribonucleotide (GAR), 10 or 20 M

O formyl-s,8-dideazafolate (FDDF), 50 wM HEPES-KOH, pH 7.5,
and 50 mM KCl. The reaction was initiated with the addition
of enzyme to a final concentration of 11 nM, followed by
monitoring of the increase in absorbance at 294 nm at 20°C
(ej9, = 18.9 mtt em™dy .

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 (Ki,app)
on the concentration of FDDF and was shown to be described by
Kj,app = Ki + (Ki/Ky) [FDDF]. The Michaelis constant for
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It will.be apparent to those skilled in the art that various nodifications
and variations can be nade in the processes and products of the present

i nventi on. Where possible, as a matter of chem stry, chem cal groups
recited hérein can be substituted. In sonme cases, this possibility is nmade
explicit by reciting, e.g., substituted®r unsubstituted Clerr]-Cerr]

al kyl group. Where nore. than one R err] group is recited in any
Formula herein, each R err] can be independently selected fromthe

pOSSIbllltléﬁbﬁy\ﬁ:p'was determined independently by the dependence of
the catalytic rate on FDDF concentration. Data for both the
Km and K determinations were fitted by nonlinear methods to
the Mlchaells equation, or the Michaelis equation for
competitive inhibition, as appropriate. Data resulting from
tight-binding inhibition was analyzed, and K, determinéd, by
fitting the data to the tight-binding equation of Morrison,
Biochem Biophys Acta 185 (1969), 269-286, by nonlinear
methods.

Cell lines:

The cell lines used and their origin are tabulated in
Table 1. The growth conditions and media requirements of
each cell line aré summarized in Table 2. All cultures were
maintained at 37°C, 5% air—CO2 in a humidified incubator.

' 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 dulture experiments. Cell growth inhibition
was measured by a modification of the method of Mosmann, J.
Immunol. Methods 65 (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) supplemented with dialyzed fetal calf serum
(Hyclone Laboratories Inc., Logan, UT) and then a11quotted
into columns 2 through 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 placéd in a 37°C, 5% air-CO2 incubator. After 1 to 4
hours, plates were removed from the incubator followed by
addition of Compound 1 at 10 x final concentration, 15 ml/
well in binary dilutions, to columns 12 to 4. For reversal
experiments, hypoxanthine (1.75 mM) or AICA (1.75 mM) was
included in .all drug solutions (final concentration 175 mM).
Wells containing each concentration of Compound 1 were
prepared in quadruplicate on each plate. Fifteen milliliters
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WHAT |S CLAIMED | S: 1. A conmpound of the Forrmula I: [err]
wher ei n: -

of media, without Compound 1, 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 bromide; Sigma
catalog no. M2128) dissolved in tissue culture medium was

added to each well of all plates, after which the cells were

returned to the incubator. After 4 hours, all plates were

removed from the incubator and centrifuged at 1200 rpm for

7 minutes. Media were siphoned off, and 150 ml of DMSO was

added to each well of all plates. Plates were then mixed at

slow speed on a vortex mixer for opé hour in the dark at room
- temperature. The extent of metabolized MIT was measured
épectrophotometricaliy at 540 nm on a Molecular Devices Vmaxf
kinetic microplate reader. - The concentration of drug
required to reduce cell growth by 50% as measured by MTT
metabolism was determined by interpolation between the 0.D.

(minus blank) immediately above and below 50% of control O.D.
(minus blank).-

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

Ce ine  Source Origin

L1210 arccH Mouse, lymphocytic leukemia

CCRF-CEM aTccH Human, acute lymphoblastic
leukemia

e o e I et I e s e g s e e e Tt s o e S e o g oy o s St e e S g S s e e TS I an e S S S S S S g e S e e S S awa
R S S S S S R R S S S S S S R S S S S T T T S T R e eSS s s R ===

#ATCC = American Type Culture Collection

This is the replacement sheet

Data;

12 0eC 1995



A'i s oxygen, sulfur or selenium X is a substituted or

unsubstituted CJerr]-Cerr] al kyl group, a substituted or unsubstituted
Cerr]-Cerr] alkenyl, a substituted or unsubstituted (Jerr]-Cerr]
al kynyl group, a substituted or unsubstituted am no group, sulfur or
oxygen; Y is oxygen, sulfur or NH; B is hydrogen or a
hal ogen; C is hydrogen, a hal ogen or a substituted or
unsubstituted CJerr]-Cferr] al kyl group; and Rlerr]and Rlerr] are
|ndependeﬁﬁﬁfﬂﬂﬁﬁﬁiﬁﬁf‘ﬁjﬁﬁﬁﬂ ﬁjﬁﬁ?ﬂ” ========ﬁﬁﬁﬁﬁﬁiﬁﬁ sEagREr yl,
or arylal kyl; or pharna eﬁly acceptable salt thereof.
2. A conpound or sal ccordin CHerr],
CH err]CH err], NH, %m% @E{ﬁ!rﬁ tﬂ{ 52;}
3. A compound or sa accor ng o clarm erein
Cell line Medium DFCS Plating Incubation
Conc.* Density Time
(%) (cells/well) (days)
L1210 RPMI-1640 5 2500 3
CCRF-CEM RPMI-1640 10 2500 5
*DFCS Conc. = dialyzed Fetal calf serum concentration.
_______ TABLE 3 o

Data for Compound 1
Growth Inhibition Using Continuous (72-hour) Exposure

Compound  GARFT K3 1ICgp Cell Culture 1ICgo Cell Culture
(nM) 11210 (nM)a CCRF-CEM (nM)2
1 4.5 16 4.3
'

: Mean ICgqo + standard deviation.

In Vivo Antitumor Activity:

On day zero, 2 mm2 trocar fragments of 6C3HED
lymphosarcoma were implanted subcutaneously in the axillary
region into groups of six C3H/He female mice. Starting on
day 1, the test compound was administered intraperitoneally
in 40% Encapsin given once daily for nine days. Control
animals received identical treatment without test compound.
The percentage inhibition given in Table 4 below was
calculated by comparing the mass of the control tumors
(receiving diluent only) on day 11 to those of animals
receiving test compound.
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I's sulfur or oxygen, B is hydrogen, and C is hydrogen or CH
4. A conpound or salt according to claim3, wherein A Is sulfur, Yis
sulfur, and Rlerr] and R err] are each hydrogen.

41 39
———————— TABLE 4
Compound Dose (ma/kqg) % Inhibition Survivors
1 12.5 100 6/6
1 25 100 3/6
1 S0 toxic o/6

On day zero, 2 mm? trocar fragments of C3H/BA mammary
adenocarcinoma were implanted subcutaneously in the axillary
region into groups of six C3H/He female mice. Starting on
day 1, the test compound was administered intraperitoneally
in 40% Encapsin~given once daily for nine days. Control
animals received identical treatment without test compound.
The percentage of inhibition was calculated by comparing the -
mass of the control tumors (receiving diluent only) on day 14

to those of animals receiving test compound.
summarized in Table 5.

The results are

TABLE S
Compound Dose (mg/kq) % Inhibition Survivors
1 s 16 5/6
1 " 10 84 6/6
1 20 100 3/6

It will be apparent to those skilled in the art that
various modifications and variations can be made in the
processes and products of the present invention.

_ Where possible, as a matter of chemistry, chemical
groups recited herein can be substituted. In some cases,
this possibility is made explicit by reciting, e.g.,
substituted or unsubstituted cl-c3 alkyl group.

Where more than one R, group is recited in any Formula

herein, each Rg can be independently selected from the
possibilities given.
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5. A conmpound or salt according to claim4, wherein X Is CHerr]. 6.
A conmpound or salt according to claiml, wherein Rerr] and Rlerr] are each

i ndependent|ly hydrogen or Cerr]-Clerr] alkyl. 7. A conpound or salt
accordingto claim6, wherein Ais sulfur, Y is sulfur, and

8. A conpound or salt according to claﬁﬂ17 , Wherein B
hydrogen, and Rl err}] and R err] are each hydrogen. ‘li“i\ m\im“mnr
according to claim1, mhich is selected from

(4-12-(2-a &.tetrahydro-3H
pyr|rndo[SEE]!ll’ﬂg']4k[';'D ﬁli |a2|n '6- yl)-ethyl]-2,5-thienoyl am no- L-glutamc
acid) diethyl ester; 4-[2-(2-am no-4-o0xo0-4, 6 7, 8-

t et rahydr o- 3H pyr i Miadeednfpofirrfd o ﬁndwumlem) ethyl ] -

2, 5-t hi enoyl am no-L-glutam c aci d; [3 (2- am no- 4- oxo-
: B, Cc
0 : _
[ \ N CoaR, (1)
HN X Y \(\/ .
)\ I Aj/\ ° COaRy
HyN N N
wherein:

A is oxygen, sulfur or selenium;

X is a substituted or unsubstituted C,- C3 alkyl group,
a substituted or unsubstituted c2-C3 alkenyl, a substituted
or unsubstituted CZ-C3 alkynyl group, a substituted or
unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen; |

C is hydrogen, a halogen or a substituted or
unsubstituted C,-C. alkyl group; and

R1 and R are 1ndependent1y ‘hydrogen or a moiety that
forms with the attached CO2 a readily hydrolyzable ester
group;

or a pharmaceutically acceptable salt thereof.

2. A compound or salt according to claim 1, wherein X
is CH,, CH,CH,, NH, oxygen, sulfur, CH(CHZOH) or NCH,.
3. A compound or salt according to claim 1, wherein Y

is sulfur or oxygen, B is hydrogen, and C is hydrogen or

CH3.

4. A compound or salt according to claim 3, wherein A
is sulfur, Y is sulfur, and R; and Ry are each hydrogen.
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4,6,7,8-tetrahydro- 3H—pyriﬁido [5,4-6][1,4]thiazin-6-yl
propyl] 2, 5-thi enoyl am no-L-glutam c acid; 4-[2-(2- an1no-
4-oxo-4, 6,7, 8-tetrahydro-3H pyrimdo-[5,4-6][1,4]thi asz

G yL) Sty 3, methyl-2 - Lhi enoyl avino gl utamc, 2ol d; AL //”/””////I/I///II/
[1,4]thiazin-6-yl)-ethyl]-2,5-furanoyl am no-L- gl ut am ¢! aci d.

10.. A pharnaceutical conposition conprising: (i) an effective
quantity of a COWPPUQQ cgmégEhéxnéngéﬁt according to claim 4, wherein X
is CH2..

6. A compound or salt according to claim 1, wherein R
and R2 are each independently selected from hydrogen, c,-¢
alkyl, hydroxyalkyl, alkylaryl and arylalkyl. '

1
6

7. A compound.or salt according to claim 6, wherein R
and R, are each independently hydrogen or Cl-C2 alkyl.

8. A compound or salt according to claim 7, wherein A
is sulfur, Y is sulfur, and X is CH2.
9. A compound or salt acdcording to claim 8, wherein B
is hydrogen, C is hydrogen, and R1 and R2 are each hydrogen.

10. A compound according to claim 1, which is selected
from (4-[2—(2-amino-4-oxo-4,6,7,8-tetrahydro;3H-
pyrimido[5,4-~6]-[1,4]lthiazin-6-yl) -ethyl] -2,5-thienoylamino-
L-glutamic acid) diethyl ester; 4-[2-(2-amino-4-oxo-4,6;7,8-
tetrahydro-3H-pyrimido-[5,4-6] [1,4]thiazin-6-yl) -ethyl] -
2,5-thienoylamino-L-glutamic acid; 4-([3-(2-amino-4-oxo-
4,6,7,8-tetrahydro- 3H-pyfimido—[5 4-6] (1;4]1thiazin-6 6-y1) -
propyl] -2,5-thienoylamino-L-glutamic ac1d 4-[2-(2-amino-
4-oxo-4,6,7,8-tetrahydro-3H-pyrimido- [5 4-6) [1,4]thiazin-~
6- -yl) -ethyl] -3-methyl-2,5-thienoylamino-L-glutamic acid; and
4-[2-(2-amino-4-0x0-4,6,7,8-tetrahydro-3H-pyrimido(S,4-6]
[1,4]1thiazin-6-yl) -ethyl] -2,5-furanoylamino-L-glutamic acid.

-

—_—
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.[err]

wher ei n: A is oxygen, sulfur or s€ em u
substituted or unsubstituted CJerr]-derr] al kyl group, nmmg m 3“

unsubstituted CJerr]-Cerr] al kenyl group, a substltuted
Clerr]-derr] alkynyl group, a substituted or unsubstitut ed ani no group,

sul fur, or
hal ogen;

oxygen, Y i s oxygen, sul or NH; . B is hydrogen or a

11. A pharmaceutical composition comprising:
(i) an effective quantity of a compound of the Formula

B C

HaN COzR,

wherein: _

A is oxygen, sulfur or selenium;

X is a substituted or unsubstituted lecs 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;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or

unsubstituted C alkyl group; and

1 6
R, and R, are each hydrogen or a moiety that forms with

the attached CO2 a readily hydrolyzable ester.group;
or a pharmaceutically acceptable salt of said compound;
and. '

(ii) a pharmaceutically acceptable carrier, excipient
or diluent.

12. A pharmaceutical composition according to claim

11, wherein X is CHZ' CH CH2' NH, oxygen, sulfur, CH(CH OH)
or NCH

13. A pharmaceutical composition according to claim
11, wherein Y is sulfur or oxygen, B is hydrogen, and C is
hydrogen or CH3

’ This Stieet Has Been Replaced
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C is hydrogen, a halogen or a substituted or unsubstituted Clerr}~—€fer

r]
al kyl group; and Rlerr] and R err] are each hydro rr
al kyl', hydroxyal kyl., al kylaryl, or arylalkyl; ﬁﬁ@ nlly

acceptabl e salt of said compound; and (||) a ph

acceptabl e carrier, excipient or diluent. 43 11. A pharnaceutlcal

conposition accordlng to claim 10, wherein Xis CHerr], CHerr]CHerr],

NH, oxygen, sul fur, CH(CH[err]CPD or NCH err]. 12. A pharmaceutica

conposi tion accor g tp e f

oa agen. “and & Ig‘i dro L2 %’%i Y\@ff &Omgod Be Fo T4 cHa Ry 48 c B
13, whereln is sulfur, Y is sulfur, and X is CH

2°

15. A phafmaeeutical composition according to claim
14, wherein C is hydrogen, and R, and R, are each hydrogen.

16. 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
quantity of a compound of the Formula I:

tr\ om D
ﬂ%& :

wherein:

A is oxygen, sulfur or selenium;

X is a substituted or unsubstituted C,-C, 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;

Y is oxygen, sulfur or NH; |

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted C,-Cg alkyl group; and

R and R are each hydrogen or a m01ety that forms with
the attached CO a readily hydrolyzable ester group;

or a pharmaceutically acceptable salt of said compound.

17. A method according to claim 16, wherein X is CH
CH,CH,, NH, oxygen, sulfur, CH(CHZOH) or NCH

2'
3.
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13. A pharnmaceutical conposition according to cI aim12, wherein Ais

Yis sulfur, and Xis CHerr]. . A ﬁﬁarnaceutlca

conp05|t|on accordlng to claim13, wherein C |s hydr o

are each hydrogen. 15. A corrpound of thgmmmmnum

18. A methodiaccording to claim 16, wherein Y is
sulfur or oxygen, B is hydrogen, and C is hydrogen or CH,.

19. A method according to claim 18, wherein A is
sulfur, Y is sulfur, and X is_CHz.

20. A method according to claim 19, wherein C is
hydrogen, and R1 and R2 are each hydrogen.

21. A compound of the Formula VI:

(V1)

wherein:

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

‘C is hydrogen, a halogen or a substituted or
unsubstituted Cl-C6 alkyl group;

R6 is a hydrogen_qr a moiety that forms with the
attached CO2 a readily hydrolyzable ester group; and

R4 and R5 are each independently hydrogen or a readily
removable nitrogen-protecting group.

22. A compound according to claim 21, wherein: Y'is
sulfur; B is hydrogen; C is hydrogen; R6 is hydrogen, Cl-c6
alkyl, hydroxyalkyl, alkylaryl or arylalkyl; and Rqy and Rg

- This is the rep!acement sheel
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wher ei n: Yis oxygen, sul fur or B is hydro ogen;
Cis hydrogen

hal ogen or a bst t t d b t,?gen—eF—a—har"‘”’—
i g e e R

45

are each independently hydrogen, t-butoxycarbonyl,
benzyloxycarbonyl or benzyl.

23. A compound according to claim 21 that is 4-N-(t-

butoxycarbonyl) -3- hydroxy 1- (2-carbomethoxy-5- thlophene)—
butyne.

24. A compound of the Formula VII":

8 - C

A\

% CO,R, (VII")
o :

RsR4N

wherein:

X’ is a substituted or unsubstituted_cl-c3 alkyl group,
a substituted or unsubstituted C, -C alkenyl group, a
substituted or unsubstituted C c3 alkynyl group, a
substituted or unsubstituted amlno group, sulfur or oxygen,

A is oxygen, sulfur or selenlum,

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or

unsubstituted C1 C6 alkyl group;

R is a hydrogen or a moiety that forms with the
attached CO a readily hydrolyzable ester group; and

R4 and R5 are each 1ndependently hydrogen or a readlly
removable nitrogen-protecting group.

25. A compound according to claim 24, wherein: X'’ is
CHy; Y is sulfur; B is hydrogen; C is hydrogen; Rg is

: - heetl
heet Has Been Replaced is is the replauemem S .
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.Rlerr] is a hydrogen, C[err]-C[erk] al kyl , hydroxyal kyl-—alkyla

aryl al kyl ; and Rlerr] and R err] are each independe

readi |y renovabl e nitrogen-protecting group. 16. MI mﬁmﬂ@m E
according to claim 15, mhereln Yis sulfur; Bis hydrogen,

and Rlerr] and Rerr] 46 are each

| ndependent |y hydrogen, t-butoxycarbonyl, benzyloxycarbonyl or benzyl.

hydrogen, cl—c6 alkyl, hydroxyalkyl, alkylaryl or arylalkyl;
and R4 and Rg are each independently hydrogen,
t-butoxycarbonyl, benzyloxycarbonyl or benzyl.

26. A compound according to claim 24 that is
methyl-5- [ (4-N- (t-butoxycarbonyl) ~amino-3-hydroxy) ~butyl] -
thienyl-2-carboxylate.

27. A compound of the Formula VIII":

x CO.R, {VIII")
AcA

RsReN

wherein:

X’ is a substituted or unsubstituted C1 C3 alkyl group,
a substituted or unsubstituted C -C3 alkenyl group, a
substltuted or unsubstituted C C3 alkynyl group, a
substltuted or unsubstituted amlno group, sulfur or oxygen;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted C,-Cg alkyl group;

R is a hydrogen or a moiety that forms with the
attached CO a readily hydrolyzable ester group;

' R4 and R5 are each independently hydrogen or a readlly

removable nitrogen-protecting group; and

Ac is an acyl group.
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17. A conpound according to claim15 that is 4-N-(t-

but oxycar bonyl ) - 3- hydr oxy- 1- ( 2- car bonet hoxy- 5-t hi ophene

18. A compound of the Formuia VI1": [err] MUY
* c L M S *

47

28. A compound according to claim 27, wherein: X’ is
CH,; Y is sulfur; B is hydrogen; C is hydrogen; R6 is
hydrogen, C,-C¢ alkyl, hydroxyalkyl, alkylaryl or arylalkyl
and R, and Rg are each independently hydrogen,
t-butoxycarbonyl, benzyloxycarbonyl or benzyl.

29. A compound according to claim 27 that is
methyl-5- [ (4-N-(t- butoxycarbonyl) -amino-3-acetylthio) -
butyl]-2- thlophenecarboxylate

30. A compound of'the Formula IX":

A _ (IX")

RsR4N

wherein:
A is oxygen, sulfur or selenium;

X’ is a substituted or unsubstituted C,-C, alkyl group,

a substituted or unsubstituted C,-Cy alkenyl group, a
substituted or unsubstituted C —C alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substltuted or
unsubstituted C C “alkyl group;

each R is 1ndependently a hydrogen or a m01ety that

forms with the attached CO2 a readily hydrolyzable ester
group; and

o This is the replacement sheet
This Sheet Has Been Replaced’

[
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wher ei n: X 1s a substituted or unsdbstitut ed CJer al kyl
group, a substituted or unsubstituted (Jerr]-(err] alk

substituted or unsubstituted CJerr]-Cerr] dlkynyl grou Bﬁﬁiw”' ﬂ(’"l)
unsubstitated am no group, sulfur or oxy4g8e Yis

NH; . B is hydrogen or a hal ogen; C i s hydrogen, a hal ogen or
substituted or unsubstituted CJerr]-Clerr] alkyl group; Rlerr] is a

hydrogen, Cerr]-Cerr] alkyl, hydroxyal kyl, al kylaryl, or aryIaIkyI f and
d d I
e ans e, agr?de@%wd@aoaa gm&z\ge@a&agg,gwar@%éﬁa& y

‘f’ accor |ngtoca|m
wher ei n: X remo@ipl e\n$%¢%$#$t9r°EF¢§lﬂ$dgﬁﬁﬁh C i s hydrogen:;

31. A compound according to claim 30, wherein: A is
sulfur; X' is CHZ; Y is sulfur; B is hydrogen; C is
hydrogen; R6 is hydrogen, Cl-C6 alkyl, hydroxyalkyl,
alkylaryl or arylalkyl; and R4 and Rs are each independently
hydrogen, t-butoxycarbonyl, benzyloxycarbonyl or benzyl.

32. A compound according to claim 30 that is
methyl-5-[(4-N- (t-butoxycarbonyl) -amino-
3- (dimethylmalonyl) thio) -butyl] -2-thiophenecarboxylate.

33. A compound of the Formula X":

| (x")
ReQ A . .

wherein: _

A is oxygen, sulfur or éelenium;

X' is a substituted or unsubstituted C1 C3 alkyl group,
a substltuted or unsubstituted C -C3 alkenyl, a substituted

or unsubstituted c C3 alkynyl group, a substituted or
unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;
B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted C;-Cg alkyl group; and

. This Sheet Has Been Replaced.

This is the replacement sheet
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45 and Rlerr] and Rlerr] are each | ndependent |y hydregefnr;—
t - but oxycar bonyl, benzyl oxycarbonyl or benzyl.

according to claim18 that is Zollmmmln)m "III" l“l
met hyl - 5-1 '

5-[(4-N—(t-butoxycarbony|)-an1no-i ydr oxy) - butyl - ¢
t hi enyl - 2- car boxyl at e. 21. A conpound of the Fornula VI [err]

each R is independently a hydrogen or a moiety that

forms with the attached CO2 a readily hydrolyzable ester
group.

34. A compound according to claim 33, wherein: A is
sulfur; X’ is CHZ} Y is sulfur; B is hydrogen; C is
hydrogen; and each R6 is independently hydrogen, c1 C6
alkyl, hydroxyalkyl, alkylaryl or arylalkyl.

35. A compound according to claim 33 that is 6-[(5-
carbomethoxythien-2-yl) -ethyl] -2- carbomethoxy-3 OXO-~
3,4,5,6- tetrahydro [1,4] -thiazine.

36. A compound of the Formula XI":

XN, oo, |
(XI")

HgN

wherein:

A is oxygen, sulfur or selenium;
X’ is a substituted or unsubstituted C1 C3 alkyl group,
a substituted or unsubstituted cz-c alkenyl group, a
substituted or unsubstituted C2 3 alkynyl group, a
substituted or unsubstituted amino group,
' Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

sulfur or oxygen;

C is hydrogen, a halogen or a substituted or
unsubstituted C;-Cg alkyl group; and

is Sheet Has Been Replaced
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wher ei n: X is a substituted or unsubstituted C
group, a substituted or unsubstituted CJerr]-([err]

ert+1—Cclerr—alkyl
substituted or unsubstituted CJerr]-Cerr] al kynyl gronnmuuﬁm'ﬂ m

unsubstittited am no group, sulfur or oxyEpen; oxygenM sl T wr or
sel eni um Y is oxygen, sulfur or NH

. Rg is a hydrogen or a moiety that forms with the
attached co, a readily hydrolyzable ester group.

37. A dompound according to claim 36, wherein: A is
sulfur; X’ is CH,: Y is sulfur; B is hydrogen; C is
hydrogen; and R6 is hydrogen, Cl-C6 alkyl, hydroxyalkyl,

alkylaryl or arylalkyl.

38. A compound according to claim 36 that is
methyl- [2- (2-amino-4-oxo-4,6,7,8-tetrahydro-3H- ,
pyrimido(5,4-6]1[1,4]thiazin-6-yl) -ethyl] -2,5-thienoate.

39. A compound of the Formula XII":

8 c

0 AN
X COH
HN A o (XII")

H,N/K'N

wherein:

A is oxygen, sulfur or selenium;

X’ is a substituted or unsubstituted C1 3 alkyl groﬁp,
a substituted or unsubstituted Cz- 3 alkenyl group, a
substituted or unsubstituted C2-C3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen; and

C is hydrogen, a halogen or a substituted or
unsubstituted Cl-CG'alkyl group.

This Sheet Has Been Rep laced

R
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B is hydrogen or a hal ogen; C is hydrogen, a hal og]en/gr,g_sgbsi_u_m

“or unsubstituted CJerr]-Cerr] alkyl group; R err

~(err]-derr] alkyl, hydroxyal kyl, alkylaryl, or aryl aI nﬁ\y‘i‘\ﬁﬂﬂ \“\
and R err] are each independently hydroggn or a readily

ni trogen-protecting group; and Ac is an acyl group.

46 22. A conpound according to claim?21, wherein: X 1is

40. A compound according to claim 39, wherein: A is
sulfur; X’ is CHZ; and Y is sulfur.

41. A compound according to claim 39 that is
[2- (2-amino-4-0xo0-4,6,7,8-tetrahydro-3H-pyrimido[5,4-6] -
(1,4)thiazin-6-yl) -ethyl] -2,5-thienoic acid.’

This Sheet Has Been Replac

T llll

This is the replacement sheet

ome: 17 DEC %



CHerr]; Yis sulfur; Bis hydrogen; Cis hydrogen; and Rerr] and R[err]
are each i ndependently hydrogen, t-butoxycarbonyl, benzyl oxycarbonyl or

benzyl . 23. A conpound according to claim 21 that is

. met hyl - 57[ (4- N- (t - but oxycar bonyl ) - ami no- 3- acet yl t hi o) -

but yl ] =2-t hi ophenecar boxyl at e. 5%4 A conpound of the Fornula I X"
[err] _

COMPOUNDS USEFUL AS ANTIPROLIFERATIVE AGENTS AND GARFT
INHIBITORS

ABSTRAT

The invention relates to compounds, such as the
following compound in equilibrium with its 4-hydroxy
tautomer, and its pharmaceutically acceptable salts:

PN

HN

Such cbmpounds are useful as inhibitors of glycinamide
ribonucleotide formyl transferase (GARFT) or as
antiproliferative agents. The invention also pertains to
pharmaceutical compositions and methods employing such
compounds as GARFT inhibitors or antiproliferative agents.
The invention also relates to compounds useful as
intermediates for preparing such compounds.

-
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unsu stl “‘C[err] al kyl group, a substituted or unsubstituted
C[err] B\ ““ up, a substituted or junsébBLACEVENTCBHEETS C G |
al kynyl nSubstiituted or unsubs&btut ed {af Dowcghoo; paellf.urtoopaged .....
oxygen; Y i s oxygen, sulfur or i BM Sishwg [)ogepag@fi f. fvapaedns.
C is hydrogen, a halogen or a substltuted or unsuhs =ar.r.] toChsset].....
al kyl group; each Rlerr] is independently g/hqupgen‘p @Hﬂ] gl ].
al kyl , h%qx;iq.lj flarkyigryl, or arylalkyl;jand T T T

DATE OF F.ECFIPT..‘!.!..‘..(.‘.'{ ......

. sul fur or selenium X is a subst.itiefii'dgd

1. A compound of the Formula I:

A _N CO,R, (1)
HN I :]’/N\X Y \T’/~\\” ]
N

wherein:

A is oxygen, sulfur or selenium;

X is a substituted or unsubstituted C,-Cs alkyl group,
a substituted or unsubstituted cz-c3 alkenyl, a substituted
or unsubstituted CZ-C3 alkynyl group, a substituted or
unsubstituted amino group, sulfur or oxygen;

Y is oxygén, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted Cl-C6 alkyl group; and

Rl and R, are independently hydrogen, C,-C, alkyl,

hydroxyalkyl, alkylaryl, or arylalkyl:;

or a pharmaceutically acceptable salt thereof.

2. A compound or salt according to claim 1, wherein X

CH.,CH NH, oxygen, sulfur,'CH(CHZOH) or NCH

is CH2, 5 CHy .

3
3. A compound or salt according to claim 1, wherein Y
is sulfur or oxygen, B is hydrogen, and C is hydrogen or
CH3.
4. A compound or salt according to claim 3, wherein A

is sulfur, Y is sulfur, and R; and Ry are each hydrogen.

This is the replacement sheet
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Rlerr] and Rlerr] are each independently hydrogen or a readily renovabl e
nitrogen-protecting group. 25. A conpound according to claim?24 ,
“wherein: Ais sulfur; X is CHerr]; Yis sulfur; Bis-hydrogen;- Cjs

hydrogen; and Rlerr] and Rlerr] are each independently

;
t - but oxycar bonyl , benzyl oxycarbonyl or benzyl. 2’ Eﬂruaﬂiﬁﬂﬂmulm ,
according to claim?24 that is nmethyl-5-[(4-N-(t-butoxycasbDa - r

41

5. A compound or salt according to claim 4, wherein X
is CH2.

6. A compound or salt according to claim 1, wherein R,
and R, are each independently hydrogen or C1-02 alkyl.

7. A compound or salt according to claim 6, wherein A
is sulfur, Y is sulfur, and X is CH2.
8. A compound or salt according to claim 7, wherein B
is hydrogen, C is hydrogen, and Ry and R, are each hydrogen.

9. A compound according to claim 1, which is selected
from (4-[2-(2-amino-4-oxo—4,6,7,8-tetrahydro-3H—
pyrimido([5,4-6]-({1,4]1thiazin-6-yl)-ethyl] -2,5-thienoylamino-
L-glutamic acid) diethyl ester; 4-({2-(2-amino-4-oxo-4,6,7,8-
tetrahydro-3H-pyrimido- [5,4-6] [1,4]thiazin-6-yl) -ethyl] -
2,5-thienoylamino-L-glutamic acid; 4-[3-(2-amino-4-oxo-
4,6,7,8-tetrahydro-3H-pyrimido-[5,4-6] [1;4]1thiazin-6-yl) -
propyll -2,5-thienoylamino-L-glutamic acid; 4-[2-(2-amino-
4-oxo0-4,6,7,8-tetrahydro-3H-pyrimido- [5,4-6] [1,4] thiazin-
6-yl) -ethyl] -3-methyl-2,5-thienoylamino-L-glutamic acid; and
4-[2-(2-amino-4-ox0-4,6,7,8-tetrahydro-3H-pyrimido([5,4-6]
{1,4]thiazin-6-yl) -ethyl] -2, 5-furanoylamino-L-glutamic acid.

This is the replacement sheet
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3- (-di et hyl mal onyl ) t hi 0) - butyl ] - 2-t hi ophenecar boxyl at e. 27. A
:conpound of the.FornuIa X' Jerr] wher ei m—————A+-s—oxygen,

SurTur or sel eni um LTI e

42

10.. A pharmaceutical composition comprising:

(i) an effective quantity of a compound of the Formula

UAJ:;YW%

"‘z COR,

wherein:

A is oxygen, sulfur or selenium;

X is a substituted or unsubstituted C,-Cq alkyl group,
a substituted or unsubstituted C2-C3 alkenyl group, a
substituted or unsubstituted C2-C3 alkynyl group, a _
substituted -or unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted Cl-C6 alkyl group; and

R1 and R2 are each hydrogen, Cl—C6 alkyl,
hydroxyalkyl, alkylaryl, or arylalkyl:

or a pharmaceutically acceptable salt of said compound;
and

(ii) a pharmaceutically acceptable carrier, excipient
or diluent.

11. A pharmaceutical composition according to claim
10, wherein X is CH,, CH2CH

2
or NCH3.

X NH, oxygen, sulfur, CH(Cﬁon)

12. A pharmaceutical composition according to claim
10, wherein Y is sulfur or oxygen, B is hydrogen, and C is
hydrogen or CHj.

This is the replacement sheet
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X *is a substituted or unsubstituted Clerr]-(err] alkyl
unsubstituted (Jerr]-Cerr]

Substituted or
‘unsubstituted Clerr]-Cerr]
am no group, sulfur or
hydr ogen or a hal ogen;
unsubstituted (Jerr]-Cerr]
48

al kynyl
oxygen;

al kyl

13.
12, wherein A is sulfur, Y

A pharmaceutical

group,
Y is oxygen, sulfur Hml%mm
C i s hydrogen, a hal ogen or a*subs

gr oup43and

group, a
al kenyl , '

a subs%FLuLed;gL_~‘7T_~
a substituted i@l@i&ﬁ,

composition according to claim
is sulfur, and X is,CHz.

14. A pharmaceutical
13, wherein C is hydrogen,

composition according to claim

and R, and R, are each hydrogen.

15. A compound of the Formula VI:
HO
(V1)
RsRA, N
wherein:

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted Cl-C6 alkyl group;

R6 is a hydrogen , Cl—C6 alkyl, hydroxyalkyl,
alkylaryl, or arylalkyl; and

R, and Rslare each independently hydrogen or a readily
removable nitrogen-protecting group.

16 . A compound according to claim 15, wherein:

sulfur; B is hydrogen; C is hydrogen; and R

Y is

4 and R5

This is the replacement sheet
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each R6 is independently a hydrogen, Clerr]-Clerr] alkyl — hydroxyalkyl,

‘al kylaryl, or arylalkyl. +28. A conpound accordlng
“wherein: Ais sulfur; X is CHerr]; Yis sulfur; Bis hy Img ﬂl.! III”“'

hydr ogen. 29. A conpound accordi4dg to claim 27 that=

car bonet hoxyt hi en-2-yl ) -et hyl ] -2-carbonet hoxy- 3- oxo-
3,4,5,6-tetrahydro-[1, 4] -t hi azi ne. 30. A conpound of the Formul a
XI": [err] :

are each independently hydrogen, t-butoxycarbonyl,
benzyloxycarbonyl or benzyl.

17. A compound according to claim 15 that is 4-N-(t-
butoxycarbonyl) -3-hydroxy-1- (2-carbomethoxy-5-thiophene) -
butyne.

18. A compound of the Formula VII®:

X CO,R, (VII")

HO

RsRN

wherein:

X’ is a substituted or unsubstituted Cl-C alkyl group,

3
a substituted or unsubstituted C -C alkenyl group, a
substituted or unsubstituted C C alkynyl group, a

substituted or unsubstituted amlno group, sulfur or oxygen,

.Y is oxygen, sulfur or NH;
B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
" unsubstituted Cl-C6 alkyl group;

R6 is a hydrogen,-cl—c6 alkyl, hydroxyalkyl, alkylaryl,
or arylalkyl ; and

R, and R5 are each independently hydrogen or a readily
removable nitrogen-protecting group.

19. A compound according to claim i8, wherein: X’ is
CHz; Y is sulfur; B is hydrogen; C is hydrogen;

This is the replacement sheet
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wher ei n: A is oxygen, sulfur or selenium X 1s a substituted or
unsubstituted (Jerr]-Cerr] alkyl group, a substitutedorunsubstituted—

vyt oo, 2 Sibet Pt otm e Stneubstas utad am no-or o INRTI RN T’
oxygen; Y is oxygen, sulfur or NH; B is hydroden‘or‘a hal%gen;

C is hydrogen, a halogen or a substituted or unsubstituted (Jerr]-(err]
al kyl group; and

and R4 and R5 are each independently hydrogen,

t -butoxycarbonyl, benzyloxycarbonyl or benzyl.

20. A compound according to claim 18 that is
methyl-5- [ (4-N- (t-butoxycarbonyl) -amino-3-hydroxy) -butyl] -
thienyl—z—carbcxylate.

21. A compound of the Formula VIII":

B8 c

a

X . CO4Rq (VIII™)

AcA

RsR4N

wherein: _

X’ is a substituted or unsubstituted C,-Cq alkyl group,
a substituted or unsubstituted C2-C3 alkenyl group, a
substituted or unsubstituted C,-Cq alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

A is oxygen, sulfur or selenium;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted Cl—C6 alkyl group; _
R, is a hydrogen, Cl—C6 alkyl, hydroxyalkyl, alkylaryl,

6
or arylalkyl:

R4 and R5 are each independently hydrogen or a readily
removable nitrogen-protecting group; and
Ac is an acyl group.

This iz the replacement sheet
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49 Rlerr] is a hydrogen, Cerr]-Cferr] alkyl, hydroxyal kyl,

;al kylaryl, or arylal kyl . 31. A conpound accordin '
wherein: Ais sulfur; X is CHerr]; Yis sulfur; B amﬂﬂ:“hﬁ‘mﬁmlmm S
hydr ogen. ' ' * ¢ L M 5 *

46 |

22. A compound according to claim 21, wherein: X’

is
CH,; Y is sulfur; B is hydrogen; C is hydrogen;
and R, and RS are each independently hydrogen,
t -butoxycarbonyl, benzyloxycarbonyl or benzyl.

23. A compound according to claim 21 that is
.methyl-s—[(4-N-(t-butoxycarbonyl)—amino;3-acetylthio)-
butyl] -2-thiophenecarboxylate. '

24. A compound of the Formula IX":

B C
on N
/k X ' CO;Re
ReO:C A (IX")
RsR N

wherein:

A is oxygen, sulfur or -selenium;

X’ is a substituted or unsubstituted Cl—C3 alkyl group,
a substituted or unsubstituted C2—C3 alkenyl group, a
substituted or unsubstituted CZ-C3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted Cl-C6 alkyl group;

each R, is independently a hydrogen, C,-Cq alkyl,
hydroxyalkyl, alkylaryl, or arylalkyl; and

This is the replacement sheet
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32." A conpound according to claim30 that is
_met hyl -[2- (2-am no- 4- oxo-4, 6, 7, 8-tetrahydr o- 3H

rmound. of the Formula X 17s Tetry 1T E enoam““\“““ m“m‘“m\
47 + ¢ L M s * _

R, and RS are each independently hydrogen or a readily

removable nitrogen-protecting group.

25. A compound according to claﬁn24, wherein: A is
sulfur; X’ is CH2; Y is sulfur; B is hydrogen; C is

hydrogen; and R4 and R5 are each independently

hydrogen, t-buﬁoxycarbonyl, benzyloxycarbonyl or benzyl.

26. A compound according to claim 24 that is
methyl-5- [ (4-N- (t-butoxycarbonyl) ~amino-
3-(dimethylmalonyl) thio) -butyl] -2-thiophenecarboxylate.

27. A compound of the Formula X":

B c

. A

X CO2Re

(x1)
RO A

wherein:

A is oxygen, sulfur or selenium;

X’ is a substituted or unsubstituted Cl-C3 alkyl group,
a substituted or unsubstituted C2-C3 alkenyl, a substituted

or unsubstituted CZ-C alkynyl group, a substituted or

unsubstituted amino gioup, sulfur or oxygen;
Y is oxygen, sulfur or NH;
B is hydrogen or a halogen;
C is hydrogen, a halogen or a substituted or

unsubstituted C;-Cg alkyl group; and

This iz the replacement sheet
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wher ei n: A is oxygen, sulfur or selenium X is a substituted or

unsubstituted CJerr]-Cferr] alkyl group, a substitute [
"Cerr]-Cerr] alkenyl group, a substituted or unsubstit ﬂuﬁ)‘f“‘““mﬂmr]
al kynyl group, a substituted or unsubstituted am no grum

oxygen, Y is oxygen, sulfur or NH; B i s hydrogent ort a"halfogén:;
and C is hydrogen, a halogen or a 48bstituted or unsubstituted

Cerr]-Cerr] alkyl group.

each R; is independently a hydrogen, C,-C. alkyl,
hydroxyalkyl, alkylaryl, or arylalkyl.

28. A compound according to claim 27, wherein: A is
sulfur; X’ is CHZ; Y is sulfur; B is hydrogen; and C is
hydrogen . '

29. A compound according to claim 27 that is 6-[(5-
carbomethoxythien-2-yl) -ethyl] -2-carbomethoxy-3-oxo-

3,4,5,6-tetrahydro-[(1,4]-thiazine.

30. A compound of the Formula XI":

% ~co.n,
(XI")

wherein:

A is'oxygen, sulfur or selenium;

X’ is a substituted or unsubstituted Cl-C3 alkyl group,
a substituted or unsubstituted C2-C3 alkenyl group, a
substituted or unsubstituted C,-Cq alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;

B is hydrogen or a halogen;

C is hydrogen, a halogen or a substituted or
unsubstituted C;-Cg alkyl group; and

This is the replacement sheet
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34.- A compound according to claim33, wherein: Ais sulfur; X is

CH[err]

and Y is sul fur. 35. A conpound according to claim 33 that

‘[ 2- (2- ami no- 4- oxo0- 4, 6, 7, 8-t et r ahydr o- 3H pyrimdo[ 5, 4-B] -

%rﬂ“t QI azin-6-yl)-et hyI ] - 2 5-t hi enoi ¢ aci d. | 36”“'“]“"“)“'“"“')" I“'he

49

R6 is a hydrogen, Cl-C6 alkyl, hydroxyalkyl,
alkylaryl, or arylalkyl. |

-31. A compound according to claim 30, wherein: A is

sulfur; X’ is CH,; Y is sulfur; B is hydrogen; and C is

hydrogen.

32. A compound according to claim 30 that is
methyl- [2- (2-amino-4-oxo-4,6,7,8~-tetrahydro-3H-
pyrimido[5,4-6] [1,4]thiazin-6-yl) -ethyl] -2,5-thienoate.

33. A compound of the Formula XII":

8 c

o AN

X COH
HN A  (XII")

wherein:

A is oxygen, sulfur or selenium;

X’ is a substituted or unsubstituted C.-C, alkyl group,

173

a substituted or unsubstituted C2-C3 alkenyl group, a

substituted or unsubstituted C2-C3 alkynyl group, a

substituted or unsubstituted amino group, sulfur or oxygen;

Y is oxygen, sulfur or NH;
B is hydrogen or a halogen; and
C is hydrogen, a halogen or a substituted or

unsubstituted C,-C¢ alkyl group.

is

This is the replacement sheet
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37.- A conpound according to claim36 which is optically active. 38. A
conpound according to claim37 having the follow ng structure: [err]
39. A conpound according to claim37 having the fO||OW|ug structurer—{err]

34, A compound according to claim 33, wherein: A is
sulfur; X’ is CHZ; and Y is sulfur.

35. A compound according to claim 33 that is
[2-(2-amino-4—oxo-4,6,7,8—tetrahydro—3H-pyrimido[5,4-6]—
[1,4]thiazin-6-yl) -ethyl] -2,5-thienoic acid.

36. A compound of the formula:

\T/”\v/

37. A compound according to claim 36 which is optically

active.

38. A compound according to claim 37 having the
following structure: COoH

0o

HN S

I
PhN/L§N ﬁ

39. A compound according to claim 37 having the
following structure: CO.H

Lo 06
HN Sj-““ S o oM
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COMPOUNDS USEFUL AS ANTIPROLIFERATIVE AGENTS AND GARFT
INHIBITORS

ABSTRAT

The invention relates to '.compounds, such as the
following compound in equilibrium with its 4-hydroxy
tautomer, and its pharmaceutically acceptable salts:

)

HN

Such compounds are useful as inhibitors of glycinamide
ribonucleotide formyl transferase (GARFT) or as
antiproliferative agents. The invention also pertains to
pharmaceutical compositions and methods employing such
compounds as GARFT inhibitors or antiproliferative agents.
The invention also relates to compounds useful as
intermediates for preparing such compounds.
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