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Description

The present invention relates to certain compounds,
defined below, which inhibit the enzyme glycinamide
ribonucleotide formyl transferase (GARFT), to intermediate
compounds, to pharmaceutical compositions containing the
certain compounds, to the use thereof to inhibit GARFT, and
to the use thereof to inhibit the growth and proliferation
of the cells of higher organisms or microorganisms such as
bacteria, yeast and fungi. Such effects include antitumor,
antiinflammatory, antipsoriatic and immunosuppressive
activity. A process for the preparation of these compounds
is also disclosed. '

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 glutamate moiety of folic acid
takes on a double negative charge at physiological pH.
Therefore, this compound and its analogs have an active
energy driven transport system to cross the cell membrane
and exert a metabolic effect. '

Glycinamide ribonucleotide formyl transferase (GARFT)
is a folate dependent enzyme in the de novo purine

t 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 antitumor effect. Thus, a number of folate analogs have

been synthesized and studied for their ability to inhibit
GARFT. A prototypic specific tight binding inhibitor of
GARFT, 5,10-didedzatetrahydrofolic acid, has been reported
to show antitumor activity. See F.M. Muggia, "Folate
antimetabolites inhibitory to de novo purine synthesis™ in

New Drugs, Concepts and Results in Cancer Chemotherapy,
pPp.65-87, Kluwer Academic Publishers, Boston (;99;).
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cl osely rese e structure o ol'ic aci
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 stated above, compounds of the invention possess
anti- proliferative activity, a property which may express
itself in the form of anti-tumor activity. A compound of
the invention may be active per se, or it may be a
precursor which is converted in vivo to an active compound.
Preferred compounds of the invention are active in
inhibiting the enzyme GARFT. Particularly preferred
compounds are active in inhibiting the growth of the L1210
cell line, a mouse leukemia cell line which can be grown in
tissue culture. Compounds of the invention should also be
active in inhibiting 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, or injectable preparations. Solid or liquid
pharmaceutically acceptable carriers may also be employed.
Solid carriers include starch, lactose, calcium sulphate
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,
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conventlonal technlques of the pharmaceutical chemist
involving steps such as mixing, granulating, 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 and rectal administration.

The compositions of the invention may further comprise
one or more other compounds which are anti-tumor agents
such as: a mitotic inhibitor (for example: vinblastine);
alkylating agents; dihydrofolate reductase inhibitors or Ts
inhibitors; antimetabo-lites (for exampié, 5~fluorouracil
and cytosinearabinoside); intercalating antibiotics (for
example,.adriamycin and bleomycin); enzymes (for example,
asparaginase); topoisomerase inhibitors (for example,
etoposide); biological response modifiers (for example,
interferon); or the compounds described in copending and
commonly assigned U.S. patent application no. 07/991,259,
filed December 16, 1992 and xncorporated specifically by
reference herein.

The compositions of the invention may also comprise
one or more other compounds including antibacterial,
antifungal, antiparasitic, antiviral, antipsoriatic and
anticoccidial agents. Exemplary antibacterial agents
include, for example, sulfonamides such as
sulfamethoxazole, sulfadiazine, sulfameter or sulfadoxine;
dihydrofolic reductase inhibitors such as trimethoprim,
bromodiaprim, or trimetrexate; penicillins; cephalosporins;
aminoglyclosides; bacteriostatic inhibitors of protein
synthesis; the quinolone carboxylic acids and their fused
isothiazolo- analogs. SR

This Sheet Has Been Reﬁaced

L




GARFT, 5, 10-di dedzat L.r drofollc acid, has been réﬁB}ted to
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Another aspect of .the invention relates to a
therapeutic process of inhibiting the growth and
proliferation of cells of higher organisms or
microorganisms which comprises administering to a host an
effective amount 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 effective amount of a compound according to the
present invention to inhibit GARFT.

Many of the antiproliferative drugs described herein
or 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 such as those described above.

Doses of the compounds preferably include
pharmaceutical dosage units comprising an effective
quantity of the active compound. An “"effective guantity"
means a quantity sufficient to inhibit the folate metabolic
pathways and derive the beneficial effects therefrom
through administration of one or more of the pharmaceutical
dosage units.

An exemplary daily dosage unit for a vertebrate host
comprises an amount up to one gram of active compound per
kilogram of the host, preferably one half gram, more
preferably 100 milligrams, and most preferably, about 50
milligrams or less per kilogram of the host weight. The
selected dose may be administered to a warm-blooded animal
or mammal, for example, a human patient in need of
treatment mediated by folate metabolic pathways inhibition,
by any known method of administrating the dose including
topically as, for example, an ointment or cream; orally;
rectally, for example, as suppository; parenterally by
injection; or continuously by intravaginal, intranasal,
intrabronchial, intraaural or intraocular infusion.
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The present invention introduces a novel class of cdﬁaounds containing a
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pharnaceutlcal conp03|t|ons contalnlng t hese conpounds or suitable salts
t hereof and the use of these conpounds as inhibitors of the enzyne GAFRT.

Assstated above, 98@?9%9930&hd§ CEQ¥SQBIOQOPQ%%epresent invention may
be characterized as producing any one or more of an
antiproliferative effect, an antibacterial effect, an

antiparasitic effect, an antiviral effect, an antipsoriatic
effect, an antiprotozoal effect, an anticoccidial effect,
an antiinflammatory effect, an immunosupressive effect or
an antifungal effect. The compounds are éspecially useful
in producing an antitumor effect in a vertebrate host
harboring a tumor.
The present invention relates to antiproliferative

compounds capable of inhibiting GARFT and having the

" formula I

’/' ‘\‘éz\ CO2R;
)\ (Cﬁzlu R
COLR,

wherein:

n is 0 to 2;

A is sulfur, CH2, oxygen, -NH- or selenium, provided,
however, that when n is 0, A cannot be CHZ’ and when n is
1, A cannot be CH2 or NH;

X is at least one substituted or unsubstituted Cl-c
alkyl or alkenyl group, a Cy-Cq alkynyl group, a

3

substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R1 and R2 are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

Preferred moieties for R1 and R2 are hydrogen, Cl-—C5
alkyl, hydroxyalkyl, alkyaryl, and aralkyl. Particularly
preferred moieties are hydrogen and Cy alkyl.
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bacteria which can be grown in culture. e conmpounds accorHing to the
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hydroxyl, nitro, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic or
heterocyclic ring systems, hydroxyl or Cl-CG alkoxyl c,-C
alkyl.

It is particularly preferred that A be sulfur and that

6

Ar
be phenyl.

A preferred subgenus of the compounds of the invention
has the formula II

e,
s P CO.R
] j/\x \< /k/\
\N N CO2zR,
HaN - H
wherein:

A’ is sulfur or selenium;

X’ is CHZ, sulfur, oxygen or NH;

Ar is as defined in formula I; and

R, and R, are as defined in formula I or

a pharmaceutically acceptable salt thereof.

Preferred moieties for R, and R, are hydrogen, Cl--c6
alkyl, hydroxyalkyl, alkyaryl, and aralkyl. Particularly
preferred moieties are hydrogen and Cz alkyl.

A’ is preferably sulfur, X’ is preferably CH2 and Ar
is preferably phenyl.

Although the compounds are depicted in the formulae I
and II 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 and it will be understood that in each case the
tautomeric hydroxyl form is also indicated.
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gl yceryl

and R, is hydrogen are actlve anti-tumor and
antiproliferative compounds. The compounds of formula I
wherein Ry and R, are moieties which form a readily
hydrolyzable ester group, preferably an ethyl group, are
novel intermediates for forming the free glutamic acid
forms of the compounds and can also be hydrolyzed in vivo
and thus act as prodrugs.

The invention also includes pharmaceutically
acceptable salts, including, for example, alkaline metal,
alkaline earth metal, other non-toxic metals, ammonium and

substituted ammonium salts of the glutamic acid embodiments

of the invention such as, but not limitgd to, the sodium,
potassium, lithium, calcium, magnesium, aluminum, zinc,
ammonium, trimethyl ammonium, triethyl ammonium, pyridinium
and substituted pyridinium salts.

Novel compounds of this invention can be prepared by
reacting a compound having the formula IIIX

Lo

wherein:
B is a halogen, preferably bromo, with a compound
having the formula IV

HA'

wherein X’, A', and Ar are as defined in formula II and RB
is hydrogen or a straight, branched or cyclic C; to Cg
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alkyl group optionally carrying one or more halogen,
hydroxyl, or amino groups; in the presence of base other
than the compound of formula III, preferably a non-
nucleophilic auxiliary base, in a solvent in which at least
one of the reactants is at least partially soluble under
conditions sufficient to obtain the compound of formula V

o) .
. .
A L~ Al O
HN X \(
‘ v.
A 3
HzN N NHZ o

wherein A’, X', and Ar are defined as in formula II and R3
is as defined in formula IV.

The reaction of compound III with compound IV is
‘preferably carried out in a suitable solvent in which at
least one or'both reactants are soluble at the reaction
temperature. The solvent and the reaction environment are
preferably purged of oxygen prior to introduction of the
reactants by bubbling an inert gas, such as argon or
nitrogen, through the solvent. Bubbling of the inert gas
is preferably continued until the reaction has gone to
completion and been quenched, such as by pouring into
water. Suitable preferred solvents are dipolar aprotic
solvents such as, e.g., dimethylsulfoxide, N,N-
dimethylformamide, N,N-dimethylacetamide, or N-methyl-2-
pyrrolidinone. :

The basic medium for the reaction of compounds III and
IV is preferably provided via a non-nucleophilic auxiliary
base which is defined as a base capable of neutralizing
hydrogen halide gas generated by the substitution reaction.
The base is preferably an alkali or alkali earth metal
carbonate or a trialkylamine such as, e.g., trimethylamine,
triethylamine or diisopropylethylamine.

The preferred method for conducting the reaction of
compounds of the formulae IV and III is to suspend the
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elixir, emulsion, soft gelatin capsule, sterile injéEEhble liquid (e.qg.

sol ution) or a nonaqueous or aqueous |iquid suspension. e

phar maceuYQ A& par ati ons are prepared foll owi ng conventi on}ihlt"&?ﬂwpﬂées

of the pharmaceutical chenist involving stefs~such as nixing, granulating,
and conpressing when necessary for tablet forns, or mxing, filling and

di ssolving the ingredients as appropriate to give the desired products for
oral, parenteral, topical, intravaginal, intranasal, intrabronchi al

I ntraocul ar, EBh?%%%B?ofﬂ¥£ﬁﬁﬁi§JIf9”1§L§EE§559?' s-broﬁﬁﬁzc%ﬁ%ﬁihﬁh%ﬂs of
the invention may turther “‘conprise oné or nore othei conmpounds which are
anti-tunor agéfSH)sexe-pyrigidinei cinnhhgi sedvens: egapprad eifnbhastine) ;

formula IV and the auxiliary base are then added
sequentially.

The reaction vessel can then immersed in an oil bath
which has been heated to the appropriate temperature (20-
200°, preferably 70-120°C). The reaction mixture can be
stirred at this temperature for the requisite length of
time (usually 30-330 minutes), then followed by cooling to
room temperature and pouring into water. The product, the
compound of formula V, can then be isolated by filtration
or extraction with an organic.solvent and purified either
by recrystallization or by chromatography.

The compound of formula V can be reacted with an acid,
preferably hydrochloric acid, in a suitable solvent,
preferably tetrahydrofuran, under conditions sufficient,

preferably reflux, to obtain a compoundoof the formula VI
RO

o)
‘ : Af
A .
N x!/ VI.
//1§§§h .
H OH

HaN
wherein A’, X’, and Ar are defined as in formula II and R3

is as defined in formula IV.
Compound VI is then reduced, preferably with sodium
cyanoborohydride, to obtain a compound of the formula VII

0
‘ .
A .
1 Ar,
e o
\ )
HoN N N OR,

wherein A’, X', and Ar are defined as in formula II and R3

is as defined in formula IV. _ |
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al kyl ati ng agents; dihdeS}olate reduct ase inhibitorg}or TS inhibitors;
antinmetabo-lites (for exanple, 5-fluorouracil and cytosi nearabi noside);

i nt'er cal aWP$ERTS bi otics (for exanpl e, g amycin and bl eonyBEHPS940418 s
(for- exanpl e, asparaginase); topoisoneras % fhibitors (for exanple,

et oposi de); biol ogical response nodifiers (for exanple, interferon); or the
conpounds described in copending and commonly assigned U. S. patent
application no. 07/991, 259, filed Decenber 16, 1992 and i ncor porated
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anti fungal , éﬁﬂqﬁﬁ%ﬁﬁ?rct°aﬁ?FW|FaF°mEHPPGs cdddci di al
agents. Exenplary antlbacterlal agents

VIII.

wherein A’, X’, and Ar are defined as in formula II. 1If,
in the compound of formula VII, ﬁ3 is hydrogen, then this
reaction step is not necessary, and the compound of formula
VII can be peptide coupled, as described immediately below.

//II/I///I I/////I / /I77ced



i ncl ude, for exanple, su{rananides such as squanethﬁ?hzole sul f adi azi ne,
sul faneter or sul fadoxine; dihydrofolic reductase inhibitors such as

tri met hopr W@ 948478%fodi aprim or trimetrexate; penicillins; cephBFHUBMWI0ALS
am nogl ycl osi des; bacteriostatic |nh|b|tdr§¥ﬁ‘pwotein synthesis; t he
qui,nol one carboxylic acids and their.fused isothiazol o- anal ogs.

The compound of formula VIII (or the compound of
formula VII, wherein R, is hydrogen), which is in 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
IX O

CO;R:
wherein A’, X', Ar, R1 and R2 are as defined in formula II,

with the proviso that neither Rl nor R, is hydrogen.

Finally, if desired, the compound of formula IX can be
hydrolyzed to the free glutamic acid form depicted in
formula IX (Ry and R, = H). A detailed synthesis for
compounds within formula II will be presented in the
examples that follow.

Specific examples of novel compounds of formula II
include:

(2-[4-[2~(2~-Amino-4~-oxo-4,6,7,8~-tetrahydro-3H~
pyrimido{5,4~b}[1,4)thiazin~-6-yl)=-ethyl)]-benzoylamino]-
pentanedioic acid) diethyl ester; and (2-[4-[2-(2~Amino-4-
oxo~4,6,7,8-tetrahydro-3H~-pyrimido{5,4-b]J[1,4]thiazin~6-
yl)-ethyl]benzoylamino]-péntanedioic acid). The d-form of
these compounds is preferred.

It is to be understood that appllcatlon of the
teachings of the present invention to a specific problem or
environment will be within the capabilities of one having
ordinary skill in the art in light of the teachings
contained herein. Examples of the products of the present
invention and a representative process for their
preparation and recovery appear in the following examples.
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- 4- Anot her aspe£?3of the invention relates’fa a therapeutic
process of égﬁé&b&ing the gromh and proliferation of cells of higher
or gani sis ' tY8or gani sns whi ch conpri ses, _adnini stering to ZCRESP4/4ps18
effective anount of a conpound according?m}%ﬁé present invention. The
cogpounds of the invention are particularly useful in the treatnent of
manmal i an hosts such as human hosts and in the treatnent of avian hosts. A
particularly

: . EXAMPLE 1

Step la
(1) (1,l-Dimethoxy-but-3-yn-2-0l)

HO

OCH,
HyCO
To a stirred solution of 1.037 g (10.55 mmol) of
trimethylsilyl acetylene in 50 ml of dry tetrahydrofuran
(THF) under argon at -78°C was added dropwise 6.6 ml of 1.6
M n-butyl lithium. After 10 minutes at -78°C, a solution
of 1.21 g {10.46 mmol) of glyoxal dimethyl acetal in 5 ml
of tetrahydrofuran (THF) was added dropwise. After 1 hour
at -78°C, the reaction was quenched with about 1 ml of H,0 '
and allowed to warm to room temperature, diluted with ethyl
acetate and washed with saturated NaCl solution. The
agqueous layer was reextracted with ethyl acetate and
combined organic layers were dried over M.gso4 and
concentrated under reduced pressure. To 785 mg of the
resulting yellow oil dissolved in tetrahydrofuran {THF) was
added 5.8 ml of 1.0 M tetrabutylammonium fluoride in
tetrahydrofuran {THF). After heating for 1 hour at 50°C,
the volatiles were evaporated and the residue was flash
chromatographed on silica eluting methylene chloride/ethyl
acetate {9:1). In this manner, there was obtained 412 mg
(60% overall) of the alkyne-alcohol, compound (1), as a
colorless oil.

IR (neat) 3441 (broad), 3277, 2%44, 2839, 1636, 1450, 1196,
1084cm™t.

18 nMr (CDC1,) 6 2.42 (bs,1H), 2.49 (s,1H), 3.51 (s,3H),
3.53 (s,3H), 4.36 (bs,2H).
Analysis calculated for C6H
7.90,
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preferred therapeutic procéss conprises administering o a host an

effective f a conpound according to the present inventjon
i nhi bit GA‘%&%‘HRI"W2 Many of the antiproli f(géat i ve drugs descr |ﬂ5§6"§?é‘f°8f1ﬁ or
pharmaceutical ly acceptable salts thereof n~be enpl oyed in the

t herapeutic process of the invention. The conpounds nmay be adm nistered in
the formof a pharmaceutically acceptabl e conposition conprising a diluent
of carrier such as those described above. Doses of the conpounds
preferably inebudg .phay mepgeuiical, dpsgge units conpr|3|ng an effective
quantity of the active ‘compound.” " An "effective-quantity” means a quantity
sufficient toSEBRBB the folate netabolic pat hways and derive the

beneficial eff@qtqahyI-afyfddxyv-4,4-dimethoxy-but-i-ynyl)-benzoic acid
methyl ester) '

CO4CH,
HO

S——
——

HsCO
OCH,

To a stirred solution of 232 mg (1.78 mmol) of the
alkyne compound (1) and 467 mg (1.78 mmol) of Methyl-4-
Iodobenzoate in 5 ml diethylamine was added 13 mg (0.18
mmol) of Bis(triphenylphosphine) palladium(II)chloride and
7mg (.036 mmol)} of cuprous iodide. After 15 hours at room
temperature, volatiles were removed under reduced pressure
and the residue was flash chromatographed on silica eluting
methylene chloride/ethyl acetate (12:1). 1In this manner,
there was obtained 347 mg (74%) of the compound (2} as an
orange oil. |

IR (neat) 3451 (broad), 2953, 2838, 1717, 1607, 1437, 1310,
1283, 1120, 1082cm™ .

'H NMR (CDCl,) & 2.46 (bs,1H), 3.55 (s,3H), 3.56 (s,3H),
3.92 (s,3H),. 4.45 (d,1H,J = 5.4 Hz), 4.60 (d,1H,J = 5.3
Hz), 7.52 (d,24,3 = 8.3 Hz), 7.98 (d,2H,J = 8.3 Hz).
Analysis Calculated for C,,H,.Or : C, 63.62; H, 6.10.
Found: ¢, 63.14; H, 6.14.

Step 1c
{3) {4-({3-Hydroxy-4,4-dimethoxy-butyl)-benzoic acid methyl
ester) COCH,
HO
HCO

OCH;, - This Sheet Has
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through adnrnrstratron of one or nore of the pharnaembtrcal dosage units.

An exenpla&y ﬁbﬂf la@dvert ebrate host conprise up
to one granro actrve krlogr of t he host, preferabi!ﬁgﬁ

hal f gram nore prefe |grans nd nost preferably, about 50
m|ligrams or |ess per krlogranro the host wei ght. The sel ected dose may

be adm nistered to a warmbl-ooded animal or mammal, for exanple, a human
patient in need of treatnment nedi ated by fol ate met abol i ¢ pat-hways

I nhi bilt:on, by anyak@ewatﬁrahheanefaﬁ.qﬂgnlﬁt iz 'd’g(ﬂdﬂ'l%lﬁj%lﬁ(k%flldé&?pound

exanpl e, as. SbbRR of y40,8; BF: SRalRy OBy GARERY ighil 1t Worith i

i ntravagi nal ,hydtogematéd under 40 psi Hydrogen on a Parr apparatus
After 2.5 hours, the reaction mixture was filtered and the
catalyst washed with ethanol and methanol. After
concentrating under reduced pressured, the residue was
dissolved in methylene chloride and filtered through a
short plug of silica, eluting methylene chloride, then
methylene chloride/ethyl acetate (1:1) to remove the
residual carbon. In this manner, there was obtained 14.34
g (98%) of the saturated alcohol, compound (3), as a yellow
oil.

IR (neat) 3495 (broad}), 2953, 1721, 1611, 1437, 1283, 1109,
1080 cm™ 1.

'm NMR (CDC1,) § 1.72-1.93 (m,2H), 2.75-2.93 (m,2H), 3.39
(s,3H), 3.44 (s,3H), 3.58 (m,1H), 3.90 (s,3H), 4.13 (d,1H,J
= 6.1 Hz), 7.29 (d,2H,J = 8.1 Hz), 7.95 (d,2H,J = 8.2 Hz).

Analysis calculated for Ci4H900¢ ° 0.20 H,0: C, 61.84; H,
7.56. .

Found: C, 61.83; H, 757.

Step 1d

{(4) (4-(3-Methanesulfonyloxv-4,4-dimethoxybutyl)-benzoic
acid methyl ester) HyC
\\47 Co:CH,

4y'\\

H;CO m“3

To a stirred solution of 206 mg (.77 mmol) of
saturated alcohol, compound (3), and 0.16 ml {1.15 mmol) of
triethylamine in 5 ml of methylene chloride at 0°C was
added 0.07 ml (.85 mmol) of methanesulfonyl chloride.

After 20 minutes at (°C, another 0.02 ml of methanesulfonyl
chloride was added. After 30 minutes more, the reaction
mixture was poured into saturated NaHCO3 solution and



i ntrabronchi al , intraaurgI}or i nt raocul ar infusion.ff}
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extracted twice with methylene chloride. The combined
organic layers were dried over MgS80, and the solvent was
removed under reduced pressure. This material was
sufficiently pure for use in the next step. An analytical
sample was obtained by flash chromatography on silica
eluting methylene chloride/ethyl acetate (20:1). 1In this
manner, there was obtained the mesylate, compound (4), as a
colorless oil.

IR (neat), 2949, 2839, 1719, 1611, 1437, 1352, 1283, 1177,
1109, 1078 cm .

' NMR (CDC1,) § 2.04 (m,2H), 2.77-2.91 (m,2H), 3,09
(s,3H), 3.41 (s,3H), 3.45 (s,3H), 3.90 (s,3H), 4.38 (d,1H,J
= 5.5 Hz), 4.64 (wm,1H), 7.29 (d,2H,J = 8.2 Hz), 7.96
(d,2H,J = 8.2Hz).

Analysis calculated for Clsﬁzzo 8; C, 52.01; H, 6.40; s,
9.26

Found: C, 52.08; H, 6.44; S, 9.25.

Step_le

{5} (4-(3-Methanesulfonyloxy-4-oxobutyl}-benzoic acid
methyl ester) _ COLCH,

‘\.47
47

To a stirred solution of 600 mg (1.73 mmol) of
dimethyl acetal (meslylate) (compound 4) in 5 ml of methyl
chloride at 0°C was added 1 ml of H,0 and 1 ml of
Trifluoroacetic acid. The reaction was warmed to room
temperature, then refluxed for 24 hours. The cooled
reaction mixture was diluted with ethyl acetate and washed
twice sequentially with saturated NaCl solution, saturated
NaHCO3 solution, then again with saturated NaCl solution,
dried (MgSO4) and the volatiles were removed under reduced

This Sheet Has Been R,
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The conpounds accordi ng o/t he present invention nanyé characterized as

anﬁﬂone or nore of an antiproliferative effect, an antibacteri al
wo.a/

11928 asitic effect, an antiviral effect, an anti FE3f4S204is

an anti protozoal effect, an antieodas di al effect, an
antiinflamatory effect, an i munosupressive effect or an antifungal
The conpounds are especially useful in producing an antitunor

pr oduci ng
effect, a
ef fect,
effect.
ef'f ect

in a vertebrate host harboring a tunor. The present invention

rel.ates to antiproliferative conpounds capable of inhibiting GARFT and
havi ng the foPf@s$yre. In this manner, there was obtained the mesylate,

compound (5), which was used without purification.

NMR (CDCl,) § 2.20 (m,2H), 2.85 (m,2H), 3.17 (s,3H), 3.91
(s,3H), 4.95 (dd,1H,J = 4.2 Hz, 8.4 Hz), 7.29 (d,2H,J = 8.1
Hz), 7.99 (d4,2H,J = 8.2 Hz), 9.59 (s,1H).

Step_ 1f

{6} {4-[3-(4-Methoxy-benzylsulfanyl)~-4-oxobutyl]-benzoic
acid methyl ester

QCHs
SI\/@ 37
0 "

To a stirred solution of 686 mg {2.28 mmol) of the
mesylate, compound {5), and 0.40 ml (2.29'mmol) of N,N-
Diisopropylethylamine in dimethyl formamide (DMF) was added
0.48 ml (3.44 mmol) of 4-Methoxy-a-toluenethiol. After 3
hours at room temperature, the reaction mixture was poured
into 0.5 N HCl1l and extracted twice with ethyl acetate. The
combined organic layers were washed twice with saturated
NaCl solution, dried (MgSO4), and concentrated under
reduced pressure. The aldehyde obtained, compound (6},

was sufficiently pure to use without further purification
in the next step.

iR (KBr) 2930, 1715, 1703, 1611, 1512, 1282, 1244, 1107 cm”
v nMR (CDC1,) 5 1.80-2.16 (m,2H), 2.75 (m,2H), 2.99
(m,1H), 3.53 (AB,2H,J = 13.4 Hz), 3.81 (s,3H), 3.90 (s,3H),
6.83 (d,2H,J = 8.5 Hz), 7.12 (d,2H,J = 8.2 Hz), 7.19
(d,2H,J3 = 8.6Hz), 7.90 (d,2H,J = 8.2 Hz), 9.27 (d,1H,J =
4.2 Hz). —_

This Sheet Has Been
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[érr] wher ei n: {f}n Is 0 to 2; Ais sur?hr, CH err], oxygen,
-NH or selenium%NProvided, however, that when n is 0, A cannot be CHerr],

and when nWQ170%6 cannot be CH err] or NH; PCT/US94/00418
- 17 =
) Step_lg

(7) (4-[3~-71,31Dioxolan-2-yl-3~(4-methoxy-benzylsulfanyl)-
propyll-benzoic acid methyl ester

OCHy

C0xCH;

o o]

\/

A flask containing 301 mg (.84 mmol) of the aldehyde,
compound (6), 94 xl (1.68 mmol) of ethylene glycol and 42
mg (.17 mmol) of Pyridinium p-toluenesulfonate and 30 ml of
benzene was heated at reflux removing the generated water
with a Dean-Stark trap. After 3 hours, the reaction
mixture was poured into saturated NaCl solution and
extracted twice with ethyl acetate. The combined organic
layers were dried (Mgso4) and concentrated under reduced
pressure. The residue was flash chromatographed on silica,
eluting hexanes-ethyl acetate (5:1). In this manner, there
was obtained the title compound (7) in an overall 84% yield
from the mesylate dimethylacetal, compound (4).

IR (neat), 2949, 2886, 1721, 1611, 1510, 1435, 1279, 1248,
1177, 1111, 1034 cm L. -

'H NMR (CDC1;) 6 1.67 (m,1H), 1.99 (m,1H), 2.57 (m,2H),
2.84 (m,1H), 3.72-4.03 (m,6H), 3.81 (s,3H), 3.90 (s,3H),
4.97 (d,1H,J = 4.6 Hz), 6.83 (d,2H,J = 8.6 Hz), 7.09
(d,2H,J = 8.1 Hz), 7.23 (d,2H,J = 8.5 Hz), 7.88 (d,2H,J =
8.1 Hz). —— :
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X is at |east one substltuted or unsubstituted C[err] iC[err] al kyl or

al kenyl 0 errp rou a substituted or
y H’Pe’g"HM%o &sr@%ﬁfasheeﬂk J&XJ group,

unsubstit oxyge Ar is a subBETASIHPILS
unsubsti tut ed nnnocyIJ or %ﬁcmycllc ring or fused or
nonfused carbocyclic ring systens; and Rlerr] and
R~err] are independently hydrogen or a noiety which forns a readily
hydr ol yzabl e ester group or a pharnaceutically accept abl e salt

E:Pg rG?f d err]mg{féférﬁgég‘éiggkgy %ar%ﬂosaé;gd%ar iyqag }Bydtil cul a%‘l y

preferred nmoi®t3®es are hydrogen and Cerr] alkyl.
Found: C, 65.72; H, 6.50; S, 8.07.

Step 1lh
8 4-{3-71,31Dioxolan~-2-vi~3-mercaptopropvl \benzoic acid
methyl ester)

COCH,

S

o 0

A/

To a stirred solution of 5.70 g (14.16 mmol) of
compound (7) and 5.42 g (17.00 mmol) of Mercuric acetate in
methylene chloride, cooled to 0°C, was added, dropwise, 5
ml of trifluorocacetic acid. After 3 hours at 0°C, hydrogen
sulfide saturated methanol was added and stirring was
continued at 0°C for 20 minutes. The reaction mixture was
poured into saturated NaCl solution and extracted twice
with methylene chloride. The combined organic layers were
dried (MgS0,) and concentrated at reduced pressure. To the
crude residue partially suspended in methanol was added
1.07 g (28.28 mmol) of sodium borohydride in portions.
After about 30 minutes, the reaction mixture was poured
into ethyl acetate and 0.5 N HCl and the layers separated.
The metallic mercury that formed in the reaction was washed
with ethyl acetate. The combined organic layers were
washed with saturated NaCl solution, dried (MgS04) and
concentrated under reduced pressure. The residue was flash
chromatographed on silica eluting Hexanes -~ ethyl acetate
(4:1). In this matter, there was obtained 1.99 g (50%) of
the thiol, compound (8), as a light yellow oil.

IR (neat), 2951, 2886, 1719, 1611, 1435, 1281, 1179, 1144,
1111 em™t.
'y mvr (CDCl3) 6 1.64 (d,1H,J

7.8 Hz), 1.74 (m,1H), 2.15
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(m,1H), 2.80 (m,2H), 3.00 (m,1H), 3.90 (s,3H), 3.97 (m,4H),
4.91 (d,1H,J = 4.0 Hz), 7.28 (d,2H,J - 8.1 Hz), 7.95
(d,2H,J = 8.1 Hz).

Analysis calculated for C14H1804S: C, 59.55; H, 6.14.
Found: C, 59.42; H, 6.41.

Step 1i

{9) (4-[3-(2,4 diamino-6-oxo~1,6-dihydro-pyrimidin-5-
ylsulfanyl)-3-[1,3}dioxolan-2-yl-propyl]j-benzoic acid
methyl ester)

COCH,y

Tl‘hxs Sheet Has Been R laced

Illlllllllllllllllll °

To a stirred solution of 1.91 g (6.76 mmol) of the
thiol, compound (8), and 1.39 g (6.78 mmol) of 5-bromo-2,4-
diamino-6-oxopyrimidine under argon in degassed N,N-
Dimethylformamide was added 1.18 ml (6.77 mmol) of N,N-
Diisopropylethylamine. The reaction mixture was heated at
90°C for 3 hours. The cooled reaction mixture was poured
into saturated NaCl solution and the precipitate which
formed was collected by filtration, washed with water and
air dried. The filter cake was slurried in methylene
chloride. Hexanes were slowly added and the precipitate
was again collected by filtration, washed with hexanes and
dried. 1In this manner, there was obtained 1.91 g (69 %) of
the desired dioxolane, compound (9), as an off-white solid:
mp 206-208°C with decomposition.

IR (KBr) 3439, 3341, 3154, 1701, 1636, 1591, 1470, 1447,
1287 em™ !



Pfeferred substituents fber and Ar include C[err]-CfE}r] al kyl or al kenyl,
Cerr]- nyl, acyl, hal ogen, am no, hydroxyl, nitro,

nDnocycllc carg%§§cllc or heterocycllc rings, fused or nonfusg§¥é%$§@gvglic
or heterocyclic ring systens, hydroxyl or g?err]-C[err] al koxyl

Cerr]-Cerr] alkyl. - It is particularly preferred that A be sulfur and
that Ar be phenyl. A preferred subgenus of the conpounds of the
i iventi on haslthe formul a |

. H NMR (DMSO) é 1.64 (m,1H), 1.84 (m,1lH), 2.58 (m,1H),

2.79 (m,1H), 3.19 (m,1H), 3.82 (s,3H), 3.85 (m,4H), 4.83
(d,1H,3 = 4,3 Hz), 6.33 (broad s,4H), 7.33 (d,2H,J = 8.1
Hz), 7.83 (d,2H,J = 8.1 Hz, 10.03 (s,1H).

Analysis calculated for C18H22N4055: C, 53.19; H, 5.46;
N, 13.78; s, 7.89.

Found: C, 52.98; H, 5.53; N, 13.60; S, 7.76.

Step 11
{(10) (4-[2-{2~Amino-7~-hydroxy-4-ox0-4,6,7,8-tetrahydro-3H-
rimido[5,4-b 4]1thiazin-6-yli-ethyl)l-benzoic acid

methyl ester}

ﬁi I\’O i

A stirred suspension of 1.20 g (2.85 mmol) of the
dioxolane, compound (9), and 4 ml of 2 N HCl in 20 ml of
tetrahydrofuran (THF) was heated at reflux for 2.5 hours.
The homogeneous solution was poured slowly into saturated
NaHCO, solution and the precipitate that formed was
collected. The filtrate was extracted with ethyl acetate.
A precipitate (58 mg) formed between layers and was
collected and combined with the first precipitate. The
ethyl acetate layer was dried over MgsO, and the solvent
was removed under reduced pressure. The residue (42 mg)
was also combined with the original precipitate. 1In this
manner, there was obtained 984 mg (98%) of the
carbinolamine, compound {10), as an orange solid: mp 213-
216°C.

IR (KBr) 3351, 3441, 1705, 1638, 1609, 1557, 1470, 1289,
1113, 1020 cm .

4 NMR as a single pair of diastereomers (DMSO) § 1.39 and
1.96 (m,m,1H), 1.70 {(m,1H), 2.56-2.89 (m,3H), 3.82 (s,3H),



[err] mherein" A |s sul fur or sel enium mﬁ X is CHerr],

sul fur, ox or NI—ﬂusSheetH eé!efl ned in formula |; and err]
and Rl err 73%‘ def l a phar maceut i CE?WS”H‘“‘“
accept abl e salt there red nnletles for Rlerr] and R err] are
hydrogen, -Cerr]-C err]

4.71 and 4.84 (m,m,1H), 5.37 and 5.40 (d,d,1H,J = 6.6 Hz),
6.06 (s,2H), 7.20 (d,1H,J = 4.5 Hz), 7.31 and 7.36
(d,d,2H,J = 8.1 Hz), 7.86 and 7.88 (d,d,2H,J = 8.0 Hz),
10.16 and 10.19 (s,s,1H).

Analysis calculated for C16H18N404S - 1.7 Hzo: C, 48.89;

H, 5.49; N, 14.26; S, 8.16.

Found: C, 48.78; H, 5.18; N, 14.00; S, 8.03.

Step 1k

{11) (4~[2~{Amino-4-oxo0-4,6,7, 8~tetrahydro~3H-pyrimido{5,4-

blrl,41thiazin-6-vli-benzoic acid methyl ester

L

COQCHg

o

HN ,
'HN”’L§§N N
To a 0°C suspenéion of 1.126 g (3.1 mmol) of

carbinolamine, compound (10), in tetrahydrofuran (THF) was
added 2.3 ml (18.64 mmol) of Borom trifluoride etherate.
When the addition was complete, 0.586 g (9.32 mmol) of
Sodium cyanoborohydride was added in portions over 5
minutes. After an additional 30 minutes, 5 ml of ammonia
saturated methanol was added, the reaction mixture was
diluted with ethyl acetate and washed with saturated NacCl
solution. The organic layer was dried (Mgso4) and the
solvent removed under reduced pressure. The residue was
flash chromatographed on silica eluting methylene chloride/
methanol {(9:1). In this manner, there was obtained 542 mg
(50%) of the dehydrated ester, compound (11), as an orange
solid: mp 245-246°C with decomposition.

IR (KBr) 3358, 2936, 1721, 1644, 1595, 1537, 1447, 1346,
1281 cm™ L.

4 NMR (DMSO) § 1.72 (m,1H), 1.90 (m,1H), 2.80 (m,3H),
3.22 (m,1H), 3.52 (m,1H), 3.82 (s,3H), 6.00 (s,2H), 6.65



alkyl hydr oxyal kyl , alkyé}yl and aral kyl . Partlcularly preferred

noi eti es @baqlﬂé ogen and C[err] al kyl . A" is preferabl M@gur X,
pref erably and Ar is preferably_pggnxl. Al t houg unds

are depicted in the formulae | and Il in the 4-oxo formand are referred to
as such. throughout this description, the oxo group exists in tautoneric
equi libriumw th the correspondi ng 4-hydroxy group and it wll be
understood that in each case the tautomeric hydroxyl formis al so
indicated. (s,1H), 7.37 (d,2H,J = 8.1 Hz), 7.87 (d,2H,J = 8.1 Hz),

10.05 (s,1H).

Analysis calculated for C16 18 035. C, 55.47; B, 5.24; N,
16.17; s, 9.26.

Found: C, 55.31; H, 5.29; N, 16.09; s, 9.17,

Step 11

(12) (4-f2-(2-Amino-4-oxo0-4,6,7,8-tetrahydro-3H-pyrimido
5:4-b]1{1,41thiazin-6-vl)-ethyll-benzoic acid

o) CCzH
S
MHN }
//L§§
HaN N N

A solution of 530 mg (1.53 mmol) of the ester,
compound (11), and 10 ml of 1N NaOH was stirred at room
temperature for 30 minutes. The homogeneous solution was
made slightly acidic ({pH 4) with concentration HCl. After
cooling in an ice bath, the light orange precipitate was
collected by filtration and air dried. It was then
suspended in ethanol and the ethanol removed under reduced
pressure. In this manner, there was obtained 468 mg (91%)
of the acid, compound {(12): decomposes > 310°C.

IR (KBr) 3285, 3086, 2928, 1698, 1642, 1611, 1576, 1449,
1348 cml.

14 NMR (DMSO) 5 1.72 (m,1H), 1.89 (m,1H), 2.78 (m,3H),
3.20 (m,1H), 3.48 (m,1H), 6.07 (s,2H), 6.68 (s,1H), 7.33
(d,2H,J = 8.1 Hz), 7.85 (d,2H,J = 8.1 Hz), 10.11 (s,1H),
12.77 (broad s,1H).

Analysis calculated for C15H16N403S « 1.20 HZO: c, 50.89;
H, 5.24; N, 15.83; S, 9.06.

Found: C, 50.70; H, 4.92; N, 15.58; S, 8.87.

iR
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The conpoundgxbf formulae I and Il in whi gh each of and R err]
I s hydrog tine antiproliferative conpoggp
corrpoundswg%e{! nﬁ ¥ ﬁ and err] are noieties wﬂ lw‘ﬁﬁn
readily hydrolyzable referab an ethyl group, are
. Step Iim

o .
0 ' VPRS-
S
HN i
,/JQ§§_
HaoN N N
H

(13) (2-f4-[2-{2-Amino-4-0ox0-4,6,7,8-tetrahydro-3H-pyrimido
f5,4-b1fl,41thiazin-6-yl}-ethyl]-benzovlamino]-pentanedioic
acid diethyl ester

CC,Er

To a stirred solution of 397 mg (1.19 mmol) of the
acid, compound (12), 169 mg (1.25 mmol) of 1-
Hydroxybenzotriazole hydrate (HOBT), .22 ml (1.25 mmol) of
N,N-Diisopropylethylamine and 300 mg (1.25 mmol) of L-
Glutamic acid diethyl ester hydrochloride in 15 ml of N,N-
dimethylformamide was added 240 mg {1.25 mmol) of 1-(3-
Dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride
(EDC). After 18 hours at room temperature, the reaction
mixture was poured into ice cold saturated NaCl solution
and the precipitate which formed was collected, washed with
H,0 and air dried. The precipitate was flash
chromatographed on silica eluting methylene chloride/
methancl {(9:1). In this manner, there was obtained 357 mg
(58%) of the desired product (13) as a light orange solid:
mp 132-136°C.

IR (KBr) 3333, 1732, 1645, 1572, 1535, 1449, 1343, 1203,
1020 cm™*

ly NMR (DMSO) & 1.15 (t,3H,J = 7.3 Hz), 1.17 (t,3H,3 = 7.3
Hz), 1.72 (m,1H), 1.88-2.10 (m,3H), 2.42 (t,2H,J = 7.4 Hz),
2.79 (m,3H), 3.22 (m,1H), 3.50 (m,1H), 4.02 (q,2H,J = 7.3;
14.5Hz), 4.09 (q,2H,J = 7.2, 14.3 Hz), 4.41 (m,1H), 6.21

(s,2H), 6.74 {s,1H), 7.32 (d,2H,J = 8.0 Hz), 7.80 (d,2H,J =



. -
novel intermediates for_ foinming the free glutamic acidfforns of the
conpounds and can al so be h&drolyzed in vivo and thus~act as prodrugs.

The i nventY8P47%% i n pet Hlasi e #i cal | y acceptabl e sal t s, PGHEFIMOAL,
i

for exanple, alkaline g , e eaktlz4nstal, other non-toxic netals,
amoni um and substi t ut R ts of the glutam c acid enbodi nents of
the invention such as, but not limted to, the sodium potassium |ithium
cal cium nagnesi um al um num zinc, -amoni um trimethyl anmmonium triethyl
anmoni um pyridi nium and substituted pyridiniumsalts. - Novel conpounds
of " this i nventd¢h &k be prepared by reacting a conpound having the formul a

11 8.64 (d,1H,J = 7.41 Hz), 10.24 (s,1H)
Analysis calculated for C24H31N5065: C, 55.69; H, 6.04; ﬁ,
13.53; s, 6.19.
Found: €, 55.41; H, 6.11; N, 13.48; S, 6.12.

Step in
{14) (2-14-12~(2-Amino-4-oxo0-4,6,7,8~tetrahydro-3H-~

pyrimido[5,4-b]{1 ,41thiazin-6~yl)-ethyllbenzoyl

aminolpentanedioic acid

o .
o) NH
s : -
HN l
//L§§ N
HoN H CO,H

A mixture of 320 mg (.618 mmol) of glutamate, compound
{13), and 6 ml of 1N NaOH was stirred at room temperature
for 3 hours, neutralized with concentrated HCl, then made
slightly acidic with 2N HCl. After cooling, the light
vellow precipitate was collected and air dried. The filter
cake was taken up in ethanol/acetonitrile and any residual
H,0 was azeotrophed off. In this manner, there was
obtained 220 mg (77%) of the diacid, compound (14): mp:
188-190°C.

IR (KBr) 3348 (broad), 2930, 1717, 1642, 1539, 1505, 1348
em~1

H NMR (DMSO) § 1.71 (m,lH), 1.92 (m,2H), 2.08 (m,1H),

2.34 (t,2d,J = 7.4 Hz), 2.79 (m,3H), 3.20 (m,1H), 3.55
(m,1H), 4.38 (m,1H), 6.07 (s,2H), 6.68 (s,1H), 7.31 (d,2H,J
= 8.1 Hz), 7.80 (d,2H,J = 8.2 Hz), 8.53 (d,1H,J = 7.7 Hz),
10.11 (s,1H), 12.40 (broad s,2H).



[err] wherein: { ) B is a hal ogen, prefeﬁ?ﬁy brono, with a

compound _having the formula IV [err]
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Analysis calculated for C20H23N5065 . 1.5 HZO: C, 49.17;
H, 5.36; N, 14.34; S, 6.56.
Found: C, 48B.77; H, 4.97, N, 14.07; S, 6.54,.
EXAMPL.E 2
Bioclogical and Biochemical Evaluation
In Vitro Testing

Cellular growth in the presence of the compounds
according to the present invention was assessed using the
L1210 murine leukemia (ATCC CCL 219) cell line. The cell
line was maintained in RPMI 1640 medium containing 5% heat-
inactivated fetal bovine serum without antibiotics.

IC50 values were determined in 160 microliter
microcultures containing 1500 (L1210) cells established in
96 well plates in growth medium supplemented with 50 IU/mL
penicillin and 50 mcg/mL streptomycin. Growth was measured
over 3 days of continuous exposure to varying
concentrations of the test compound (14) added 4 hours
after initial cell plating by the MITT-tetrazolium
reduction assay of Mosmann {(Immunol. Meth. 65, 55-63
{1983)), modified according to Alley et al. {(Cancer Res.
48, 589-601 (1988)). Water insoluble derivatives were
dissolved in DMSO and diluted to a final concentration of
0.5% solvent in cell cultures.

Determination of Inhibition Constants for Gar
Transformylase

GAR transformylase inhibition constant was measured by
the method of Cleland (Biochem. Biophys. Acta §7, 173-187
(1963)). Assays were done at 22°C and initiated by

addition of enzyme using the spectrophotometric assay of
Young et al. (Biochemistry 23, 3979-3986 (1984)) and
monitoring the reaction at 295 nm. The GAR transformylase
domain of the human enzyme was used. The variable
substrate was 10-formyl-5-~-8-dideazafolate at concentrations
of 0.83 uM, 1.25 pM, 2.5 M and 5 pM while the other
substrate, GAR {glycinamide ribonucleotide)}, was held
constant at 20 pM The assay mix contained 20 mM Hepes pH

This Sheet Has Been Relp
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mﬁerein X, A, and Ar afg\as defined in formula Il and Rl err] is hydrogen

or a strai ht branched or cyclic CJerr] to (Jerr]
0 94/17076 PCT/US94/00418
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7.5, 20 uM GAR, and variable amounts of 10-formyl-5, 8-
dideazafolate and inhibitor. For the inhibitor (14), five
concentrations were used ranging from 0 to approximately
3Ki. The data were plotted as the velocity of the reaction
versus the reciprocal of the 10-formyl-5, 8-dideaza-folate
concentration. The inhibition constant was measured from a
replot of the slopes of these lines obtained for each
concentration of inhibitor wversus the inhibitor
concentration.

GARFT Inhibition and Cell Culture Data

GARFT Cell Line, ICg, (M)
Num. K; aM L1210

(14) 0.035  0.05

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

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. Thus, it
is intended that the present invention cover modifications
and variations of this invention which fall within the
scope of the appended and equivalent claims.
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WE CLAIM:
1. A compound having the formula I
L \< COzR;
)\ (ng ) n
COR.
wherein:

n is 0 to 2;

A is sulfur, CH2, oxygen, -NH- or selenium, provided
that when n is 0, A cannot be CHZ’ and when n is 1, A
cannot be CH
or NH;

X is at least one substituted or unsubstituted Cl-c3
alkyl or alkenyl group, a C2--C3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic

2

carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

Rl and R2 are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

2. A compound or salt according to claim 1, wherein
R1 and R, are independently hydrogen, Cl—c6 alkyl,
hydroxyalkyl, alkyaryl, and aralkyl.

' 3. A compound or salt according to claim 2, wherein
R, and R, are independently hydrogen and C2 alkyl.

4. A compound or salt according to claim 1, wherein
the substituents for X and Ar are selected from the group
Cl-C6 alkyl or alkenyl, C2--C6 alkynyl, acyl, halogen,
amino, hydroxyl, nitro, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic or
heterocyclic ring systems, hydroxyl and Cl--C6 alkoxyl C
alkyl.

-C

1 76

—_—
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[é”] wher ei N A'This ¥heet B BeoiRegliced def i ned as in fofmula 11 and Rlerr]

i s as def W@84AT76 or mu e reaction of conpound || [PCHNUS94/00418
conmpound 1V is preferal t in—-a28urtabl e solvent in which at
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ble at the reaction

-~

5. A compound or salt according to claim 1, wherein
A is sulfur and Ar is phenyl.

6. A compound of the formula II
O
! P CO.R
: A b/,Ar 22
HN X
)\ ﬁ
\N N CO,R.
HaN H
wherein:

A’ is sulfur or selenium;

X' is CHé, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

Ry and R2 are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or '

a pharmaceutically acceptable salt thereof.

7. A compound or salt according to claim 6 wherein
Rl and R2 are independently hydrogen, Cl-C6 alkyl,
hydroxyalkyl, alkyaryl, and aralkyl.

8. A compound or salt according to claim 7 wherein
R1 and R, are independently hydrogen and C2 alkyl.

9. A compound or salt according to claim 6, wherein
A’ is sulfur, X’ is CH2 and Ar is phenyl.

10. d-{2-{4-[2~(2-Amino-4-ox0-4,6,7,8~tetrahydro-3H-
pyrimido[5,4-b}[1,4]thiazin~-6-yl}~-ethyl]-benzoylamino]-
pentanedioic acid diethyl ester.

11. d-{2-{4-[2-(2~Amino-~4-ox0-4,6,7,8-tetrahydro-3H-
pyrimido{5,4-b]{1l,4]thiazin-6-yl}~ethyl}benzoyl
amino )pentanedioic acid).

_—
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tenperature. The sol %ﬁ%ﬂgﬁgfkgﬁk gagt i on enV|ronneﬁf}are preferably purged
of oxygerwQmuaro7so in he reactants by bubbling peri§ardoafas.
such as argon or nltri mmmg <ﬁ he soldf%ent. Bubbling of the inert gas
is preferably continu action has gone to conpletion and been
quenched, such as by pouring into mater -Suitabl e preferred solvents are
di pol ar aprotic solvents such as, dlnethylsquOX|de N, N-

di*tret hyl f or mani de, N- t, thy rroJldlnone
The basic medi um floir\l th%ll?%}ég %,Qg‘i ?@r%rrpound%n{TE tlcm \?D TP by
provi ded vi a GPmRARNAchavbhg | theadpitmudiay base which is defined as a base
capabl e of neutralizingohydrogen halide gas generated by the substitution

reacti on. (o)
A /A( 002R2
HN ‘ \‘/\X
. (ng)n
)\N N/ COLR.
HoN H

wherein:

n is 0 to 2;

A is sulfur, CH,, oxygen, -NH- or selenium provided
that when n is 0, A cannot be CHZ' and when n is 1, A
cannot be CH2 or NH:

X is at least one substituted or unsubstituted cl-c3
alkyl or alkenyl group, a C2--C3 alkynyl group, a -
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof;

in combination with a pharmaceutically acceptable
carrier.

13. The composition of c¢laim 12, wherein R, and R
are independently hydrogen, Cl—c6 alkyl, hydroxyalkyl,

2

alkyaryl, and aralkyl.

14. The composition of claim 13, wherein R, and R

1 2

are independently hydrogen and Cy alkyl.

15. The composition of claim 12, wherein the
substituents for X and Ar are selected from the group Cl—C6
alkyl or alkenyl, C2--C6 alkynyl, acyl, halogen, amino,
hydroxyl, nitro, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic oxr
heterocyclic ring systems, hydroxyl and C —C6 alkoxyl C1~C,

alkyl.
—_—
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The base is preferabl¥han alkali or ‘alkali earth metal} carbonate or a
j}

trial kyl anv@e4g%umh as ! hieSheet Has BienRbgmabani ne, triethyl am ne or perTmwssaodis
di i sopropyl et hyl am ne. _ erred qgthod for conducting the
reaction of conpounds ' e lVand Ill is to suspend the

-
. 16. The composition of claim 12, wherein A is sulfur
and Ar is unsubstituted phenyl.
17. An antiproliferative composition comprising a
compound having the formula II

AJI L

wherein:

A’ is sulfur or selenium;

X’ is CHz, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

Rl and R2 are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof;

in combination with a pharmaceutically acceptable
carrier.

18. The composition of claim 17, wherein Ry and R,
are independently hydrogen, Cl—c6 alkyl, hydroxyalkyl,
alkyaryl, and aralkyl.

19. The composition of claim 18, wherein R
are independently hydrogen and CZ alkyl.

and R

1 2

20. The composition of claim 17, wherein A' is
sulfur, X' is CH2 and Ar is unsubstituted phenyl.

21. A process for inhibiting the growth and
proliferation of the cells of microorganisms or of higher
organisms, which process comprises administering to a host

—_—
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~nny

-9- conpound of forrmula 111, preferably, 5-bronD4§TB-dianino-

4( 3H) - oxowxy pa/niocs nelhisiSheet Has Bool el conpound of the fornmul aPC¥GS9d/00418
auxiliary base are th ntial Fy31 -  The reaction vessel can
then imersed in an o ] has been heated to the appropriate
tepperature (20- 200[err], preferably 70-120[err]C). The reaction m xture

can be stirred at this tenperature for the requisite length of tine

(u8ual 'y 30-330Q njnutes), f owed b ling.to_room.t rature and
poBring into V:{.éité'lre% hoeg psr%%i‘gg?rg%{;l eng 2% 839 ve? am3N: PG compound
having the structural formula I

O
,/J%::]::j A P CO.R
A r 22
7
)\N N/ .
HaoN H

CO,R,

wherein:

n is 0 to 2;

A is sulfur, CHZ' oxygen, -NH- or selenium, provided
that when n is 0, A cannot be CH2, and when n is 1, A
cannot be CH2
or NH;

X is at least one substituted or unsubstituted C
alkyl or alkenyl group, a C,-C, alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

-C

173

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

_ Rl and R2 are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

22. A process for inhibiting the growth and
proliferation of the cells of microorganisms or of higher
organisms, which process comprises administering to a host

_—
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conpound of formulaV, can then be isolated by fI|tPaUIOn or extraction

w th an owgpsyeroso! vEndt Shantia
chr omat ogr aphy.

preferably hydrochl ori !
t et rahydrofuran, under con

ch RépBdegel t her by recrystalli zat popnusparbos:s
fornukg V can be reacted with an acid,
ui tabl e sol vent, preferably

fficient, preferably reflux, to obtain

a ‘conpound of the fornula VI . [err]

Are

ke

in need of such treatment an effective amount of a compound

having the structural formula II
0

: 0
A j/\ o Ar\< COZR,
X /&/\
N c

A’ is sulfur or selenium;

H,N OqR.

wherein:

X' is CHZ' sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

1
forms a readily hydrolyzable ester group or

R, and R, are independently hydrogen or a moiety which

a pharmaceutically acceptable salt thereof.
23. A process for preparing a compound of the formula

11
o
. O
HN ' A::]///\\\Q/’Ak\qéi ",lijif”\\\
)\
HaN N N
wherein:

A' is sulfur or selenium;

X' is CHz, éulfur, oxygen. or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R

1 2
forms a readily hydrolyzable ester group, with the proviso

are independently hydrogen or a moiety which

that neither Rj nor Ry is hydrogen; ox

I ) 00 1



wherein A, X, and ‘Ar are deflned as in formula Il énh Rlerr] is as

defi ned |wd 84/l @ |VThlsSheetH Bephdedyl i s then reduced, prefreraisogsomiis h
sodi um cyanobor ohydri conpound of the formula Vi
[err]

-~y

¥

a pharmaceutically acceptable salt thereof;
which process comprises the steps of
(a) reacting a compound having the formula III

wherein:

B is a halogen with a compound having the formula 1V
HA'

A

wherein X’, A7, and Ar are as defined in formula II and R
is hydrogen or a straight, branched or cyclic C1 to C
alkyl group optionally carrying one or more halogen,
hydroxyl, or amino groups; in the presence of base other
than the compound of formula III in a solvent in which at
least one of the reactants is at least partially soluble

under conditions sufficient to obtain the compound of
formula VvV

3
6

wherein A7, X', and Ar are defined as in formula II and R3
is as defined in formula IV;

AR



mherein A, X, and Ar afaxdefined as in forrmula Il éaﬁ Rlerr] 1is as
defi ned mmboumn'm IV heet Has BeenReﬁmd : - TTTIUS94/00418

IOl -

(b) reacting the compound of formula V with an acid in
a suitable solvent under conditions sufficient to obtain a
compound of the formula VI

R3O °

A3

o]
' Ar
)i AI\ l/
HN l X
//L§§
HoN N N OH

wherein A’, X', and Ar are defined as in formula II and R

3
is as defined in formunla 1IV;
(c) reducing the compound of formula VI under

conditions sufficient to obtain a compound of the formula

{
A
//J§§§
HzN N u OR:

wherein A’, X', and Ar are defined as in formula II and R3
is as defined in formula IV;

(d) hydrolyzing the compound of formula VII, in the
case where R3 in the compound of formula VII is not
hydrogen, under basic conditions sufficient to form a
compound of the formula VIII

Q
A o)
L™
2N \\\~ a o

wherein A’, X', and Ar are defined as in formula II:; and
(e) peptide coupling the compound of formula VIII or
the compound of formula VII, wherein R3 is hydrogen, with a

Hllllll L




- . /...\ B *
The conmpound of formula VII is hydrolyzed, under basié&conditions, to form

a conpoungy®@bsffpel OmmsShat NésBeen Replaced [err] PCT/US94/00418
[T
-
. glutamic acid diester hydrochloride to form a diester of

the formula II, as defined above, with the proviso that

neither R, nor R, is hydrogen.

1 2
o)
K . o
r Co.
HN X~ \< 2Re
//1§§§ H
HaN N N CO,R.

24. The process of claim 23, further comprisiné the
step of hydrolyzing the compound of formula II to the free
glutamic acid form depicted in formula II, wherein both R
and R, are hydrogen.

25, The process of claim 23, wherein in step (a), b

1

is bromine.

26. The process of claim 25, wherein in step (a), the
base other than the compound of formula III is a non-
nucleophilic auxiliary base.

27. The process of claim 26, wherein in step (b), the
acid is hydrochloric acid.

28. The process of claim 27, wherein in step (b), the
solvent is tetrahydrofuran.

29. The process of claim 28, wherein in step (c), the
reducing is accomplished by the use of sodium cyano
borohydride.

30. A process for inhibiting GARFT comprising the
step of administering to a host in need of such inhibition

_—
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mﬁerein A, X, and Ar are defined as in fornul a II%M} I n the conpound of
formul a VIWO 95%[12¢76] Imlsmﬂé&%@aﬁ&ﬁ eiqt his reaction step I S nORCETESBIZINATSY

and the conpound of fo
i mredi atel y bel ow.
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be pegtbge coupl ed, as descri bed

AT

an effective amount of a compound having the formula I

| o
o
HN , Aﬁ/\ X/A'\< COR,
)\ /(c82 'n N
HaN N N |

wherein:

n is 0 to 2; )

A is sulfur, CH2, oxygen, -NH- or selenium provided
that when n is 0, A cannot be CH2, and when n is 1, A
cannot be CH2 or NH;

X is at least one substituted or unsubstituted Cl-C

alkyl or alkenyl group, a CZ-C3 alkynyl group, a

COLR,

3

substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R2 are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

31. A process for inhibiting GARFT comprising the
step of administering to a host in need of such inhibition
an effective amount of a compound having the formula II

L

HoN CO,R.
wherein:

A’ is sulfur or selenium;

X* is CHZ' sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused

carbocyclic or heterocyclic ring systems; and

| A TR



The conpound of fornula I Lidhe conmpound of féraula VI | '
Rlerr] ia;dﬂyﬁ{-;%@nﬂ“s cld pech R ree carboxylic acid form Bg%géﬁé)(’g&ide
coupl ed, by neans m\l‘ ose skiffed in the art, with a glutam c
acid diester hydroch a diester of the formula I X

> R, and R, are independently hydrogen or a moiety which

forms a readily hydrolyzable ester group OX
a pharmaceutically acceptable salt thereof.
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Description

The present invention relates to certain compounds,
defined below, which inhibit the enzynme glycinamide
ribonucleotide formyl transferase (GARFT), to intermediate
compounds, to pharmaceutical compositions containing the
certain compounds, to the use thereof to inhibit GARFT, and
to the use thereof to inhibit the growth and proliferation
of the cells of higher organisms or microorganisms such as
bacteria, yeast and fungi. Such effects include antit.u:uor,
antiinflammatory, antipsoriatic and irmunosuppressive
activity. &a process for the preparation of these compounds'
is also disclosed.

The large class of antiproliferative agents includes
antimetaboli.tg t_:oxupounds +« A particular subclass of
antimetabolites known as antifolates or antifoles are
Typically,
antif_olates closely resemble the structure of folic acid
and inco:po;a.te the characteristic P-benzoyl glutamate
moiety of folic acid. The glutamate wmoiety of folic acid
takes on a double negative charge at physiological pH.
Therefore, this compound and its analogs have an active
energy driven transport system to cross the cell membrane
and exert a metabolic effect. '

Glycinamide ribonucleotide formyl transferase (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 antitumor effect.. Thus, a number of folate analogs have

been synthesiged and studied for their ability to inhibit
GARFT. & prototypic s ' '

: ‘cﬁigtﬁéhab *.d% ag nbdbitor of
GARFT, 5,10-didedzatetPhhydrcfol ckﬁ'c Ly Ea ""ﬂ- reported
to show antitumor activity. See F.M. Muggia, *Folate
antimetabolites inhibitory to de novo puriiie synthesis" in
ew B8, Concepts and Results Cancexr Chemotherapy,
PP.65-87, Kluwer Academic Publishers, Boston (1992).
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compounds within fornmula Il wll be presented

' 214q81 N t follow
Speci £i ¢ exanpl es of novel conpounds of fornul Rgﬁﬁgdgﬁﬁﬁg
(2-[4-[2-(2-Am no-4-ox0-4,6,7,8-tetrahydro-3H
pyrimdo[5, 4-b][1, 4] thiazin-6-yl)-ethyl]-Benzoy I Q@ NOwewganddijoi ¢ aci d)
di ethyl ester; and (2-[4-[2-(2-Am no-4- o0xo-4,
6, 7, 8-tetrahydro-3H pyrim do[ 5, 4-b] [ 1, 4] t hi azi n} 6*
yl)-et hyl ] bensoyl am no] - pent anedi oi ¢ aci d).

Th d-forn1ofﬂLQggchonpounds
is preferred. It is to be understood that application of the

teachi ngs of the & aresantednivention, intaeduresppoBPER! oflagh\At onnent
wi Il be w thicongeambpadvdtdirtingfa glathiicgciar 8knasyeskmdiety. the art in
light of trmaiﬁggéﬂégﬁbonnds are effective in inhibiting the enzyme
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 stated abové, compounds of the invention possess
anti- proliferative activity, a property which may express
itself in the form of anti~tumor activity. A compound of
the invention may be active per .se, or it may be a
precursor which is converted in vivo to an active compound.
Preferred compounds of the invention are active in
inhibiting the enzyme GARFT. Particularly preferred
compounds are active in inhibiting the growth of the L1210
cell line, a mouse leukemia cell line which can be grown in
tissue culture. Compounds of the invention should also be
active in inhibiting the growth of bacteria such as
Escherichia coll 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, or injectable preparations. Solid or liquid
pharmaceutically acceptable- carriers may also be employed.
Solid carriers include starch, 1actose, calcium sulphate
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 carxrier 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,

. This Sheet Has Been Reﬂ:afced
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cont ai ned herein. Exanples of the products of the present invention and

representative process for their
foll ow ng exa

o
4

preparation and recovery appear in the
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elixir, emulsion, soft gelatin capsule, 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, gr&ﬁulating, 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 and rectal administration.

The compositions of the invention may further comprise
one or more other compounds which are anti-tumor agents
such as: a mitotic inhibitor (for example: vinblastine);
alkylating agents; dihydrofolate reductase inhibitors or TS
inhxbitors* antimetabo-lites (for example, 5~fluorouracil
and cytosinearabinoside); intercalating antibiotics -(for
example,.adxiamycin and bleomycin); enzymes (for example,
asparaginase); topoisomerase inhibitors (for example,
etoposide); biological response modifiers (for example,

intexrferon); or the compounds described in copending and

commonly- assigned U.S. patent application no. 07/991,259,
filed December 16, 1992 and incozpoxated specifically by
reference herein.

The compositions of thé invention may also comprise
one or more other compounds including antibacterial,
antifungal, antiparasitic, antiviral, antipsoriatic and
anticoccidial agents. Exemplary antibacterial agents
include, for example, sulfonamides such as
sulfamethoxazole, sulfadiazine, sulfameter or sulfadoxine°
dihydrofolic reductase inhibitors such as trimethoprim,
bromodiaprim, or trimetrexate; penicillins; cephalosporins;
aminoglyclosides; bacteriostatic inhibitors of protein

synthesis; the quinoloné carboxylic acids and their fused
tsothiazolo- analogs.



EXAMPLE 1 Step la (1).-(4,-1-Di net hoxy- but - 3-yn- 2 oI)
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trinethylsilyl ?W]ﬁﬂ}

To a stirred solution of 1.03
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Another aspect of .the invention relates to a
therapeutic process of inhibiting the growth and
proliferation of cells of higher organisms or
microorganisms which comprises administering to a host an
effective amount_bf 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 effective amount of a compound according to the
present invention to inhibit GARFT.

Many of the antiproliferative drugs described herein
oxr 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 camprising a
diluent or carrier such as those described above.

Doses of the compounds preferably include
pharmaceutical dosage units comprising an effective
quantity of the active compound. An *effective quantity"
means a quantity sufficient to inhibit the folate metabolic
pathways and derive the beneficial effects therefrom
ihrough adninistration of one or more of the pharmaceutical
dosage units. o

An exemplary daily dosage unit for a vertebrate host
comprises an amount up to one gram of active compound per
kilogram of the host, prefexably one half gram, more
preferably 100 milligrams, and most preferably, about 50
milligrams or less per kilogram of the host weight. The
selected dose may be administered to a warm-blooded -animal
or mammal, for example, a human patient in need of
treatment mediated by folate metabolic pathways inhibition,
by any known method of administrating the dose including
topically as, for example, an ointment or cream; orally;
rectally, for example, as suppository; parenterally by
injection; or continuously by intravaginal, intranasa;,
intrabronchial, intraaural or intraocular infusion.



(THF) under argon at -78[err]C was added dropwise 6.6 m of 1.6 M n-butyl
lithium After 10,n nut.es--aty-78[err]C, a solution of 1.21 g (10.46 nmol)

of gl yoxal z‘fﬁﬂﬁﬁﬁ 5 m of tetrahydrofuran (THF) was added

dr opwi se. X78[err]C, the reactlon uenched with about 1
m of Herr jo fwarmto roomtenperatur wmuw
acetate and rgat ed NaCl sol uti on. The E’ mas
reextract ed] and conbi ned organic ed over

MySO err] a-d\concentrated untler reduced Spressure. To 785 ng of the

resulting ydl in tetrahydrofuran (THF) was added 5.8 ni of
1.0 Mtetrabutyl ammoni um fluoride in tetrahydrofuran (THP). After heating
for 1 hour at 50[err]C, the volatiles were evaporated and the residue was

flash The compounds according to the present invention may
be characterized as producing any one or more of an
antiproliferative effect, an antibacterial effect, an
antiparasitic effect, an antiviral effect, an antipsoriatic
effect, an antiprotozoal effect, an anticoccidial effect,
an éntiinflammatory effect, an immunosupressive effect or
an antifungal effect. The compounds are éspecially useful
in producing an antitumor effect in a vertebrate host
harboring a tumor.

The present invention relates to antiproliferative

compounds capable of* inhibiting GARFT and having the

formula 1
0
A : cczﬁz
HN ‘ X I.
{Cﬂz) n
\N N/ COR,
HaN H
wherein:

n is 0 to 2;

‘A is sulfur, CH,, oxygen, -NH- or selenium, provided,
however, that when n is 0, A cannot be CHZ' and when n is
1, A cannot be CH2 or NH;

X is at least one substituted or unsubstituted C,-C4
alkyl or alkenyl group, a cz-c3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

Preferred moieties for Rl and Rz are hydrogen, cl--C6
alkyl, hydroxyalkyl, alkyaryl, and aralkyl. Particularly
preferred moieties are hydrogen and Cj alkyl.



chromat ographed on silica eluting nethylene chloride/ethyl acetate (9:1).
In this manner, there was obtained 412 ng (60% overall) of the

al kyne- al cohol’, conpound (1), “as a colorless oil. IR (neat) 3447
3277, 2944, 2839is 483050 BARRentacdsl 96, 1084cn] erry VR

[errd 2.42 (bs,1 3.51 (s, 3H), 3ARK
Anal ysi s cal cul a'rrm"ﬂmnmg [err] Jerr] . 0.}
7. 90.

(broad),

Preferred substituents for X and Ar include Cl'cs
alkyl or alkenyl, Cy~Cg alkynyl, acyl, halogen, amino,
hydroxyl, nitre, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic or
heterocyclic ring systems, hydroxyl °r‘C1'°s alkoxyl Cl--c6
alkyl.

It is particularly preferred that A be sulfur and that
Ax

be phenyl.

A preferred subgenus of the compounds of the invention
has the formula II

CO2R2

/k/\

CO.R,

wherein:

A' is sulfur or selenium;

X’ is CHZ' sulfur, oxygen or NH;

Ar is as defined in formula I; and

Rl and R, are as defined. in formula I or

a pharmaceutically accepgtable salt thereof.

Prefexrred moieties for Rl and R, are hydrogen, Cl-C6
alkyl, hydroxyalkyl, alkyaryl, and aralkyl. Particularly
preferred moieties are hydrogen and C, alkyl.

A’ is preferably sulfur, X’ is preferably CH, and Ar
is preferably phenyl.

Although the compounds are depicted in the formulae I
and II in the 4-oxo form and are referred to as such.
throughout this description, the oxo group exists in
tautomeric equilibrium with the corresponding é4-hydroxy
group and it will be understood that in each case the
tautomeric hydroxyl form is also indicated.



- 13 -

Fou

: 2. 873 86. Step Ib (2
(4-(3- wdroxy-g,bﬁs-mimw < P enzor

L8]

1-ynyl)-benzoic acid nethyl ester)
. This Sheet Has Beén

we ||

AR PRI QR s

The compounds of formulae I and IX in which each of R
and R, is hydrogen are active anti-tumor and
antiproliferative compounds. The compounds of formula 1
wherein R, and R, are poieties which form a readily
hydrolyzable ester group, preferably an ethyl group, are
novel intermediates for forming the free glutamic acid.
forms of the compounds and can also be hydrolyzed iIn vivo
and thus act as prodrugs.

The invention also includes pharmaceutically
acceptable salts, including, for example, alkaline metal,
alkaline earth metal, other non-toxic metals, ammonium and

1

substituted ammonium salts of the glutamic acid embodiments

of the invention such as, but not limitgd to, the sodium,
potassium, lithium, calcium, magnesium, aluminum, zinc,
ammonium, trimethyl ammonium, triethyl ammonium, pyridinium
and substituted pyridinium salts.

Novel compounds of this invention can be prepared by

. reacting a compound having the formula IIX

III.

wherein°

B is a halogen, preferably brumo, with a compound
having the formula IV

HA' .
Ar, OR
X"' 3
Iv.
o
o]
|\/°

wherein X', A’, and Ar are as defined in formula II and R,
is hydrogen or a straight, branched or cyclic C; to Cg



To a stirred solution of 232 ng (1.78 mml) of the al kyne

conmpound (1) and. 467 ng (1.78 mml) of Methyl -4- Ipdobenzpape in 5 m

di et hyl am ne was_added 13 ng (0.18 mmol) of

oo Ve AT

’if‘.s ne)
aAAANEY er 15 hours

lce®36 Mol ) of .
Bsire

ﬁ were renoved ukdg

alkyl group optionally carrying one or more halogen,

hydroxyl, or amino groups; in the presence of base other

than the compound of formula III, preferably a non-

nucleophilic auxiliary base, in a solvent in which at least

one of the reactants is at least partially soluble under

conditions sufficient to obtain the cogpound of formula v
0

x&,,ﬁw O _
HN ‘ \( v,
)\ ° OR;
3
HaN N NH, o\->

wherein A’, X*, and Ar are defined as in formula II and R
is as defined in formula IV.

The reaction of compound IIIX with compound IV is
‘preferably carried out in a suitable solvent in which at
least one or both reactants are soluble at the reaction
temperature. The solvent and the reaction environment are
preferably purged of oxygen prior to introduction of the
reactants by bubbling an inert gas, such as argon or
nitrogen, through the solvent. Bubbling of the inert gas
is preferably continued until the reaction has gone to
completion and been guenched, such as by pouring into
water. Suitable preferred solvents are dipolar aprotic
solvents such as, e.g., dimethylsulfoxide, N,N-
dimethylformamide, N,N-dimethylacetamide, or N-methyl-2-
pyrrolidinone. }

The basic medium for the reaction of compounds III and
IV is preferably provided via a non-nucleophilic auxiliary
base which is defined as a base capable of neutralizing
hydrogen halide gas generated by the substitution reaction.
The base is preferably an alkali or alkali earth metal
carbonate or a trialkylamine such as, e.g., trimethylamine,
triethylamine or diisopropylethylamine.

The preferred method for conducting the reaction of
compounds of the formulae IV and III is to suspend the

3



st ographed on silica eluting met hyl_ene
n this manner, there was obtained 347 ng

orange oil. IR (neat) 34hdsHehna nRTiT@
183, 1120, 1082cnferr]. fer
355(5 3H)9 3.56 (s, 3H), W‘:&‘

1= 7 AH J = 5.3"Hz), 7.52 (d, 2

7.98 (d 2H J 8.3 Ft) AnaLxggg Cal cul ated for C[err]H[err]C{err] C,

63.62; H 6. 10="EOMNI™C, 63.14; H, 6.14. Step 1lc (3)

(4-(3-Hydroxy-4, 4- dlnethox butyl) benzoi ¢ acid net hyl
compound .of formula III, preferably, 5-bromo-2,6-diamino-
4 (3H)-oxo-pyrimidine, in the solvent; compound of the
formula IV and the auxiliary base are then added
sequentially. '

The reaction vessel can then immersed in an oil bath
which has been heated to the appropriate temperature {20~
200°, preferably 70-120°C). The reaction mixture can be
stirred at this temperature for the requisite length of
time (usually 30-330 minutes), then followed by cooling to
room temperature and pouring into water. The product, the
compound of formula V, can then be isolated by filtration
or extraction with an organic.solvent and purified either
by recrystallization or by chromatography.

The compound of formula V can be reacted with an acid,
preferably hydrochloric acid, in a suitable solvent,
preferably tetrahydrofuran, under conditions sufficient,

preferably reflux, to obtaxn a compoundyof the formula VI
RzO

et

-wherein A! X, and Ar are defined as in formnla II and R3
is as defined in formula IV,

Compound VI is then reduced, pre:étably with sodium
cyanoborohydride, to obtain a compound of the formula VII

o .
. .
A
HN | Ar .
I -
N
HaN N N OR,

wherein A’, X‘, and Ar are defined as in formula II and R

3
is as defined in formula IV.



ester) [errl

Vi

)

The compound of formula VII is hydiolyzed, under basic
conditions, to form a compound of the formula VIII

O
. ]
A AL O
HN p
VIII. .
\ . OH
N N
HaN

wherein A‘, X', and A£ are defined as in formula II. 1If,
"in the compound of formula VII, RB is hydrogen, then this

reaction step is not necessary, and the compound of formula
VII can be peptide coupled, as described immediately below.

REPLACEMENT SHEET
12 NOV 199

A Tally SIS



- 14 - A solution containing 14.37 g (54.38 mml) of conpound (2)

and 1. 40 of 5% Pd on carbon in 175 m of ethanol—was—hyereogenat-ed, under
40 psi Fydrogen on a Parr apparatus. After 2.5 hOL LAﬁENﬁ@ébSHEHTT]Xture
was fllter catal st washed wi th ethanol u meETtanor— b1
congentrati pressured, the re5|due | I n

nmet hyl ene ch i[ﬂ ' tered t hr ough-aldhort pl uq Qﬁﬁ?ég%i uting
nmet hyl ene chi t hyl ene chl ori de/ et hyl e@a&euéényymho enove
t he :

The compound of formula VIII (or the compound of
formula VII, wherein Ry is hydrogen), which is in 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

o
A N
X
i \ j/\ | S0P
& IX.
)\ E
N u . :
2N

CO4R:
wherein A‘, X', Ar, R, and R, are as defined in fo:mula iI,

with the proviso that neither R, nor R, is hydrogen.

Finally, if desired, the compound of formula IX can be
hydrolyzed to the free glutamic acid form deplcted in
formula II (Ry and R, = H). A detailed synthesis for
compounds within formula II will be presented in the
examples that follow. .

-Specific examples of novel compounds of formula II
include:

(2-[4~[2~(2-Amino-~4-0x0~4,6,7 8-tetrahydro-3H-
pyrimido[5,4~b](1,4)thiazin~6~yl)~ethyl]~benzoylamino]-
pentanedioic acid) diethyl ester; and (2-{4-(2~(2-Amino-4-
oxo-4,6,7,8-tetrahydro-3u-pyrimido[S,4-b][1,4]thiazin-é-
yl)-ethyl]benzoylamino]-pentanedioic acid). The d-form of
these compounds is preferred.

It is to be understood that applxcation of the
teachings of the present invention to a specific problem or
environment will be within the capabilities of one having
oxrdinary skill in the art in light of the teachings
contained herein. Examples of the products of the present
invention and a representative process for their
preparation and recovery appear in the following examples.



residual carbon. In this manner, there was obtained 14.34 g (98% of the
saturated al cohol, conpound (3), as a yellow oil. | R (neat) 3495 (broad)
2953, 1721, 1611, 1437, 1283, 1109, 1080 cnferr]. [err]H NNR (CDC r])

[err] 1.72 3 . 75-2.93 (n12FD 3.39 (s, 3= A 13-
(m1H), 3. 90 et Bl ody 1H,J = 6.1 Hz), 7.29 (PR -'.95
(d,2H,J = 8. s cal cul ated ng Cerr]H
Herr]O C L) 145, Found C, 61.83; H, 757
|
EXAMPLE 1 e e 22 207 2

Steg la
{3} (1.l-Dimethoxy-but-3-yn-2-0l})

HO

OCH,
HyCO

To a stirred solution of 1.037 g (10.55 mmol) of -
trimethylsilyl acetylene in 50 ml of dry tetrahydrofuran
(THF) under argon at -78°C was added dropwise 6.6 ml of 1.6
M n-butyl lithium. After 10 minutes at -78°C, a solution
of 1.21 g (10.46 mmol) of glyoxal dimethyl acetal in 5 ml
of tetrahydrofuran (THF) was added dropwise. After 1 hour
at -78°C, the reaction was guenched with about 1 ml of H20 B
and allowed to warm to room temperature, diluted with ethyl
acetate and washed with saturated NaCl solution. The
aqueous layer was reextracted with ethyl acetate and
combined oxganic layers were dried over M.gso4 and
concentrated under reduced pressure. To 785 mg of the
resulting yellow oil dissolved in tetrahydrofuran (THF) was
added 5.8 ml of 1.0 M tetrabutylammonium fluworide in
tetrahydrofuran (THF). After heating for 1 hour at 50°C,
the volatiles were evaporated and the residue was flash
chromatographed on silica eluting methylene chloride/ethyl
acetate (9:1). In this manﬂér, there was obtained 412 mg

(60% overall) of the alkyne-alcohol, compound (1), as a
colorless oil.

IR (neat) 3441 (broad), 3277, 2944, 2839, 1636, 1450, 1196,

1084cm™ !
1y nMr (CDC1,) 5 2.42 (bs,1H), 2.49 (s,1H), 3.51 (s,3H),

3.53 (s,3H), 4.36 (bs,2H).
Analysis calculated for CGHIOO3 « 0.35 azo; Cc, 52.81: H,
7.90.



(4) (4-(3-Methanesul fonyl oxy- 4, 4-di met hoxvbutyl)-benzoic acid nethyl
To a_stirred solution of-206 ng (.77 mol ) of satycated algcohol...G

(3), and 0.16 . 1 15 mmol ) of triethyl amne in 3REP] ACTHRENT SRR
at O[err]Cv\j’”ﬂ T'mm (.85 mmol ) of net hand ~
- 13 - . !

Found: C, 52.87; H, 7.86. T
Step 1b

(2) {(4-(3-Hydroxy-4,4-dimethoxy-but-l-ynylj-benzoic acid

nethyl ester)

ester)
npound
chl ori de

CO,CH,

H;C0 |
OCH;

To a stirred solution of 232 mg (1.78 mmol) of the
alkyne compound (1) and 467 mg (1.78 mmol) of Methyl-4-
Iodobenzoate in 5 ml diethylamine was added 13 mg (0.18
mmol) of Bis(triphenylphosphine) palladium(II)chloride and
Img (.036 mmol) of cuprous iodide. After 15 hours at room
temperéture, volatiles were removed under reduced pressure
and the residue was flash chromatographed on silica eluting
methylene chloride/ethyl acetate {12:1). 1In this manner,

there was obtained 347 mg (74%) of the compound (2} as an
orange oil. :

IR (neat) 3451 (broad), 2953, 2838, 1717, 1607, 1437, 1310,
1283, 1120, 1082cm .

1 R (CDC1,) 5 2.46 (bs,1H), 3.55 (s,3H); 3.56 (5,3H),
3.92 (5,3H),. 4.45 (d,1H,3 = 5.4 Hz), 4.60 (d,1H,J = 5.3
Hz), 7.52 (d4,2H,J = 8.3 Hz), 7.98 (d,2H,J = 8.3 Hz).
Analysis Calculated for C,,H,.0r ¢ C, 63.62; H, 6.10.
Found: ¢, 63.14;: H, 6.14.

ten lc .

3) (4-(3-Hydroxy-4,4-dimethoxy-bu =benzoic acid methyl
ester) CO.CH,

HO

H3CO
OCH,



After 20 mnutes at O[err]C, another 0.02 m t-hanesttt chl ori de

was added—After 30 mnutes nore, the reactioﬁéﬁﬁj&ﬁﬂﬂﬁﬁg§mxgﬁ}ed into

sat ur at é_d.lxmj Plidspe&@epthdedn and : - 15 -
I r

I

D S R

A solution containing 14.37 g (54.38 mmol) of compound
{2) and 1.40 g of 5% Pd on carbon in 175 ml of ethanol was
hydrogenated under 40 psi Hydrogen on a Parr apparatus.
After 2.5 hours, the reaction mixture was filtered and the
catalyst washed with ethanol and methanol. After
concentrating under reduced pressured, the residue was
dissolved in methylene chloride and filtered through a
short plug of silica, eluting methylene chloride, then
methylene chloride/ethyl acetate (ltl) to remove the
residual carbon. In this manner, there was cbtained 14,34

g {98%) of the saturated alcohol,'compound (3), as a yellow
oil.

IR (neat) 3495 (broad), 2953, 1721, 1611, 1437, 1283, 1109,

1080 cm™l. _

lp ;mm (CDC1,) & 1.72-1.93 (m,2H), 2.75-2.93 (m,2H), 3.39

(s,3H), 3.44 (s,3H), 3.58 (m,1H), 3.90 (s,3H), 4.13 (d,1H,J

= 6.1 Hz), 7.29 (d,2H,J = 8.1 Hz), 7.95 (d,2H,J = 8.2 Hz).

Anglysis calculated ior c14H20°5 +» 0.20 3203 C, 61.84; H,

7.56.

Found: C, 61.83; H, 757.

Step_1d

(4) (4-(3-Methanesulfonyloxy-4.4-dimethoxvbutyl)-benzoic

acid methyl ester) 0o

< . H,c\s// |
A

>

HyCO ocH‘

To a stirred solution of 206 mg (.77 mmol) of
saturated alcohol, compound (3), and 0.16 ml (1.15 mmol) of
triethylamine in 5 ml of methylene chloride at 0°C was
added 0.07 ml (.85 mmol} of methanesulfonyl chloride.

After 20 minutes at 0°C, another 0.02 ml of methanesulfonyl
chloride was added. After 30 minutes more, the reaction
mixture was poured into saturated NaHCO3 solution and



extracted twce with nethylene chloride. The conbined organic | ayers were
dried over MgpSO err] and the solvent was renoved under reduced pressure.
This material was sufficiently pure for use i ‘

sanpl e was obﬂ&mﬁbﬁ* B&ha ace1 omat ogr aphy o-=

:‘rthylene

chlorlde/ethyl . In this manner § §fhere was obt all nd t he
mesyl at e, corrp colorless oil. WR ( NAZNDY BIHO 39, 1719,
1611, 1437, 135 ' 1109, 107gcniedrl. [err]H MR kCGba [err])

[err] 2.04 (m2H), 2772.m_(m2m, 3, 09

extracted twice with methylene chloride. The combined
organic layers were dried over MgS0, and the solvent was
removed under reduced pressure. This material was
sufficiently pure for use in the next step. An analytical
sample was obtained by flash chromatography on silica
eluting methylene chloride/ethyl acetate (20:1). 1In this

manner, there was obtained the mesylate, compound (4), as a
colorless oil.

IR (neat), 2949, 2839, 1719, 1611, 1437, 1352, 1283, 1177,
1109, 1078 cm 1.

'H MMR (CDCl,) 5 2.04 (m,2H), 2.77-2.91 (m,2H), 3,09
(S,3H), 3.41 (s'3H); 3-45 (S'BH)' 3090 (8,31'1), 4;38 (d,lH,J

= 5,5 Hz), 4.64 (m,1H), 7.29 (d,2H,J = 8.2 Hz), 7.96
(d,2H,J = 8.2Hz).

Analysis calculated for Cy5H95048; C, 52.01; H, 6.40; S,
9.26

Found: C, 52,08; H, 6.44; S, 9.25.
Step le

(5) {4~(3-Methanesulfonyloxy-4-oxobutyl)-benzoic acid
methyl ester)

47

COCH,

e) H

To a stirred solution of 600 mg (1.73 mmol) of
dimethyl acetal (meslylate) (compound 4) in 5 ml of methyl
ch;oride at 0°C was added 1 ml of H,0 and 1 ml of
Trifluorocacetic acid. The reaction was warmed to room
temperature, then refluxed for 24 hours. The cooled
reaction mixture was diluted with ethyl acetate and washed
twice sequentially with saturated NaCl solution, saturated
NaH003 solution, then again with saturated RaCl solution,
dried (MgSO4) and the volatiles were removed under reduced



(s,3H), 3.41 (s,3H,- 345(53H) 3.90 (s, 3H), 438(d1HJ 55Hz) 4. 64
(m 1H), 729(d 2H,J = 8 2.Hz), 7.96 (d,2H J = 8.2H al ysis—cahcul at ed

for Qerr]t _ P“f? 52 01: H, 6.40: S, O. . H
6.44; S, 9. Eﬁi \ (4- ( 3- Met hanesul f onyl o

—A=—gxobutrt - enzoi c
_aC|d. met hyl i . 12 NOV 1996

X

Wons TGO, COMNE ool

pressure. In this manner, there was obtained the mesylate,
compound (5), which was used without purification.

NMR (CDCl,) & 2.20 (m,2H), 2.85 (m,2H), 3.17 (s,3H), 3.91
(s,3H), 4.95 (dd,1H,J = 4.2 Hz, 8.4 Hz), 7.29 (d,2H,J = 8.1
Hz), 7.99 (d,2H,J = 8.2 Hz), 9.59 (s5,1H).

tep 1f
6 4~f 3-{4-Methoxy-benzylsulfanyl )-4-oxobutyl ]-benzoic
-acid methyl ester OCH,

CO,CHy

o] H

To a stirred solution of 686 mg (2.28 mmol) of the
mesylate, compound (5), and 0.40 ml {(2.29° mmol) of N,N-
Diisopropylethylamine in dimethyl formamide (DMF) was added
0.48 ml (3.44 mmol) of 4-Methoxy-a-toluenethiocl. After 3
hours at room temperature, the reaction mixture was poured
into 0.5 N HCl and extracted twice with ethyl acetate. The
combined organic layers were washed twice with saturated
RaCl solution, dried (MgSO,), and concentrated under
reduced pressure. The aldehyde obtained, compound (6},

was sufficiently pure to use without further purification
in the next step. :

IR (XKBr) 2930, 1715, 1703, 1611, 1512, 1282, 1244, 1107 cm
1

'H WMR (CDC1;) 5 1.80-2.16 (m,2H), 2.75 (m,2H), 2.99

(m,1H), 3.53 (aAB,2H,J = 13.4 Hz), 3.81 (s,3H), 3.90 (s,3H),
6.83 (d,2H,J = 8.5 Hz), 7.12 (d,2H,J = 8.2 Hz), 7.19

(d,28,J = 8.6Hz), 7.90 (d,2H,J = 8.2 Hz), 9.27 (d,1H,J =
4.2 Hz).



[err] To a stirred-sol ution of 600 ng (1.73 mmol) of di nethyl

acet al
(rmeslylate) (cogpg I} . 4) in 5 mM of nethyl chloride at O[err]C was added 1
m of Herr]O angy N Neplabdduor oacetic acid. The reaction was warned to
room t enper at ur ' ” | d for

24 hours. The cool ed reaction m xture
was diluted wt e and mashgdlgmLce sequentially with saturated
NaCl solution, saturated NaHCO err] solution, then again with saturated

NaCl solution, dried (MgySO err]) and the volatiles were renoved under
reduced :

Step 1g

{7} (4-f3~(1,31Dioxolan~2-yl-3~(4-methoxy-benzvlsulfanvly)-
ropvyll-benzoic acid methyl ester

OCH,

COCH;

A flask containing 301 mg (.84 mmol) of the aldehyde,
compound (6), 94 al (1.68 mmol) of ethylene glycol and 42
mg (.17 mmol) of Pyridinium p-toluenesulfonate and 30 ml of
benzene was heated at reflux removing the generated water
with a Dean-Stark trap. After 3 hours, the reaction
nixture was poured into saturated NaCl solution and
extracted twice with ethyl acetate. The combined organic
layers were dried (MgS0,) and concentrated under reduced
pressure. The residue was flash chromatographed on silica,
eluting hexanes-ethyl acetate (5:1). In this manner, there
was obtained the title comppound (7} in an overall 84% yield
from the mesylate dimethylacetal, compound (4).

IR (neat), 2949, 2886, 1721, 1611, 1510, 1435, 1279, 1248,
1177, 1111, 1034 cm™} .

g nvr (CDC1,) & 1.67 (m,1H), 1.99 (m,1H), 2.57 (m,2H),
2.84 {m,1H), 3.72~-4.03 (m,6H), 3.81 (s,3H), 3.90 (s,3H),
4,97 (d,1H,J = 4.6 Hz), 6.83 (d,2H,J = 8.6 Hz), 7.09

(4,2H,3 = 8.1 Hz), 7.23 (d,2H,J = 8.5 Hz), 7.88 (d,2H,J =
8.1 Hz).

.



- 16 - pressure. In this manner, there was obtaine
conpound (5), which was used w thout purification. '

This Sheet Has Been Relp

(T T —

Analysis calculated for C22826058= C, 65.65; H,

6.51; s,

7.97.
Found: C, 65.72; H, 6.50; S, 8.07.
Step 1h
(8) (4-(3-[1,3]Dioxolan~2-yl-3-mexcaptopropyl)benzoic acid
nethyl ester)
. COCH,

HS

0 o

A/

To a stirred solution of 5.70 g-(14.16 mmol} of
compound (7) and 5.42 g {17.00 mmol) of Mercuric acetate in
pethylene chloride, cooled to 0°C, was added, ‘dropwise, 5
ml of trifluoroacetic acid. After 3 hours at 0°C, hydrogen
sulfide saturated methanol was added and stirring was
continued at 0°C for 20 minutes. The reaction mixture was
poured into saturated NaCl solution and extracted twice
with methylene chloride. The combined organic layers were
dried (MgS0,) and concentrated at reduced pressure. To the
crude residue partially suspended in methanol was added
1.07 g (28.28 mmol) of sodium borohydride in portions.
After about 30 minutes, the reaction mixture was poured
into ethyl acetate and 0.5 N HCl and the layers separated.
The metallic mercury that formed in the reaction was washed
with ethyl acetate. The combined organic layers were
washed with saturated NaCl solution, dried (MgS04) and
concentrated under reduced pressure. The residue was flash
chromatographed on silica eluting Hexanes - ethyl acetate
(4:1). In this matter, there was obtained 1.99 g (50%) of
the thiol, compound (8}, as a light yellow oil.

IR (neat), 2951, 2886, 1719, 1611, 1435, 1281, 1179, 1144,
1111 cm~ L.

4 NMR (CDCl3) & 1.64 (d,1H,J = 7.8 Hz), 1.74 (m,1H), 2.15



CNMR (CDO [err]) [efr] 2.20 (m2H), 2.85 (m2H), 13.17 (s,3H), 3.91 (s, 3H)

4.95 (dd., 1H J =4 %eetﬁasaﬁe % 7.29 (d,2H J = 8.1 Hz), 7.99 (d,2H,J =
8.2 'Hz), 9.59 (s, E}ﬁ?

" (4-13-(4- thhoxy

) - 4- oxobu{yll benzoic acid nmethyl ester
[err]

(m,1H), 2.80 (m,2H), 3.00 (m,1H), 3.90 (s,3H), 3.97 (m,4H),
4.91 (d,1H,J = 4.0 Hz), 7.28 (d,2H,J - 8.1 Hz), 7.95
(d,2H,3 = 8.1 Hz).
Analysis calculated for CI4H18°4S= C, 59.55; H, 6.14.
Found: C, 59.42; H, 6.41.
Step 1i
4-1{3-(2,4 amino-6~oxo~1,6-dihydro-pyrimidin-5-

ulfanyl }=3- 3jidioxolan-2~-yl-propyl]-benzoic acid

methyvl ester)

COCH,

HN l

‘HaN N

To a stirred solution of 1.91 g (6.76 mmol) of the
thiol, compound (8), and 1.3% g (6.78 mmol) of S-bromo-2,4-
diamino~6-oxopyrimidine under argon in degassed N,N-
Dimethylformamide was added 1.18 ml (6.77 mmol) of N,N-
Diisopropylethylamine. The reaction mixture was heated at
90°C for 3 ‘hours. The cooled reaction mixture was poured
into saturated NaCl solution and the precipitate which
formed was collected by filtration, washed with water and
air dried. The filter cake was slurried in methylene
chloride. Hexanes were slowly added and the precipitate
was again collected b& filtration, washed with hexanes and
dried. 1In this manner, there was obtained 1.91 g (69 %) of
the desired dioxolane, compound (9), as an off-white solid:
mp 206~-208°C with decomposition.

IR (KBr) 3439, 3341, 3154, 1701, 1636, 1591, 1470, 1447,
1287 em~1.



To a stirred solution of 686 ng (2.28 muol) of the

Apouhe (5),
and 0.40 nt—¢2.29 rmol) of N, N- Diisopropyl ethyl am REﬁhMﬂEhﬁ@ﬁ&SﬂEﬁTwanide
(DVF) was a acdft ol ) of 4- Methoxy-[e r'-Lurucuanrur \fter
3 hours at Sg@gmgné§3&%R , the reaction m xture 5{ N HC
and extract edm hyl acet at &4 The conbi ne Wer e
washed tw ce NaCl solutlon dried (
concentrated under reduced pressure. The al dehyde oljtai ned, conpound 6),
was sufficiently pure to use without further purifi ‘mexte st ep.

14 NMR (DMSO) 6 1.64 (m,1H), 1.84 (m,1H), 2.58 (m,1H),

2.79 (m,1H), 3.19 (m,1H), 3.82 (s,3H), 3.85 (m,4H), 4.83
(d,1H,J = 4,3 Hz), 6.33 (broad s,4H), 7.33 (d,2H,J = 8.1
Hz), 7.83 (d,2H,J = 8.1 Hz, 10.03 (s,1H).

Analysis calculated for c18322N4oss: C, 53.19; H, 5.46;
N, 13.78; S8, 7.89.

Found: C, $2.98; H, 5.53; N, 13.60; S, 7.76.

Step 14 '
1 4mf2=(2=Amino-7-hvdroxy=-4-oxo=~4,6,7,8-tetrahydro-3H-
ido 4-b thiazin-6-vl)-eth ~henzoic aci
methyl ester)
0 CO;CH,
HN l
)\
N
HaN

A stirred suspension of 1.20 g (2.85 mmol) of the
dioxolane, compound (9), and 4 ml of 2 N HCl in 20 ml of
tetrahydrofuran (THF) was heated at reflux for 2.5 hours.
The homogeneous solution was poured slowly into saturatéd
NaHCO, solution and the precipitate that formed was
collected. The filtrate was extracted with ethyl acetate.
A precipitate (58 mg) formed between layers and was
collected and combined with the first precipitate. The
ethyl acetate layer was dried, over MgSO, and the solvent
was removed under reduced pressure. The residue (42 mg)
was alsoc combined with the original precipitate. 1In this
manner, there was obtained 984 mg (98%) of the

carbinolamine, compound (10), as an orange solid: mp 213-
216°C.

IR (KBr) 3351, 3441, 1705, 1638, 1609, 1557, 1470, 1289,

1113, 1020 cm L.
1H NMR As a single pair of diastereomers (DMSO) & 1.39 and

1.96 (m,m,1H), 1.70 (m,1H), 2.56-2.89 (m,3H), 3.82 (s,3H),



IR (KBr) 2930 1715, 1703, 1611, 1512, 1282, 1244, {zm

(CDC[err])

S

I

13. 4 Hz)
8.2 Hz),
.2 H).

err] 1.80-2.16 (m2H), 2.75 (m 2H)

4.71 and 4.84 (m,m,1H), 5.37 and 5.40 (d,d,1H,J = 6.6 Hz),
6.06 (s,2H), 7.20 (d,1H,J = 4.5 Hz), 7.31 and 7.36
(d,d,2H,J = 8.1 Hz), 7.86 and 7.88 (d,d,2H,J = 8.0 Hz),
10.16 and 10.19 (s,s,1H).
Analysis calculgted for 016318N4°48 « 1.7 H,0: C, 48.89;
H, 5.49; N, 14.26; S, 8.16.
Found: C, 48.78; H, 5.18; N, 14.00; S, 8.03,
Step 1k

11) (4-{2-(Amino-4-0x0~4,6,7,8~tetrahydro-3H-pyvrimido(s,4-

1,4)1thiazin-6~v]l]~-benzoic acid methyl ester

CO;CH,

To a 0°C suspenéion of 1.126 g (3.1 mmol) of
carbinolamine, compound (10), in tetrahydrofuran {(THF) was
added 2.3 ml {18.64 mmol) of Boron trifluoride etherate.
When the addition was complete, 0.586 g (9.32 mmol) of
Sodium cyancoborohydride was added in portions over 5
minutes. After an additional 30 minutes, 5 ml of ammonia
saturated methanol was added, the reaction mixture was
diluted with ethyl acetate and washed with saturated NaCl
solution. The oxganic layer was dried (MgS0,) and the
solvent removed under reduced pressure. The residue was
flash chromatographed on silic¢a eluting methylene chloride/
methanol (9:1). In this manner, there was obtained 542 mg
{50%) of the dehydrated ester, compound (1ll1), as an orange
solid: mp 245-246°C with decomposition.

IR (KBr) 3358, 2936, 1721, 1644, 1595, 1537, 1447, 1346,

1281 cm™Y.
ly NMR (DMSO) & 1.72 (m,1H), 1.90 (m,1H), 2.80 (m,3H),

3.22 (m,1H), 3.52 (m,1H), 3.82 (5,3H), 6.00 (s,2H), 6.65



- 17 - Step 1g (7)

(4-[3-[1, 3] D oxol an- 2-yl - 3- (4- met hoxy- benzyl sul fanyl )- propyl]-benzoic acid
met hyl ester [err]

- 22 -

(S,lH), 7.37 (d’ZH'J = 8.1 HZ)' 7.87 (d'ZH'J = 8.1 HZ),
10.05 (s,1H).

Analysis calculated for c16H18N4°35‘ C, 55.47; H, 5.24; N,
16.17; 8, 9.26.
Found: C, 55.31; H, 5.29; N, 16.09; S, 9.17.
Step 11
12 4~[2~(2-Amino-4-ox0-4,6,7,8~-tetrahydro-3H-
5,4~-bi[(1,41thiazin-6~y]l)-eth -benzoic acid

rimido

~

wuzht

A solution of 530 mg (1.53 mmol) of the ester,
compound (11), and 10 ml of 1N NaOH was stirred at room
temperature for 30 minutes. The homogeneous solution was
made slightly acidic (pH 4) with concentration HCl. After
cooling in an ice bath, the light orange precipitate was
collected by filtration and air dried. It was then
suspended in ethanol and the ethanol removed under reduced
pressure. In this manner, there was obtained 468 mg (91%)
of the acid, compound (12): decomposes > 310°C.

IR (KBr) 3285, 3086, 2928, 1698, 1642, 1611, 1576, 1449,
1348 cm™ 1.

1y NMR (DMSO) 6 1.72 (m,1H)y 1.89 (m,1H), 2.78 (m,3H),
3.20 (m,1H), 3.48 (m,1H), 6.07 (s,2H), 6.68 (s,1H), 7.33
(d,2H,J = 8.1 Hz), 7.85 (d,2H,J = 8.1 Hz), 10.11 (s,1H),
12.77 (broad s,1lH).

Analysis calculated for 015Hi6N403S « 1.20 H,0: ¢, 50.89;
H, 5.24; N, 15.83; S, 9.06.

Found: C, 50.70; H, 4.92; N, 15.58; S, 8.87.
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Step 1Im

13 2=({4-{2-(2=pmino-4-oxo-4,6,7,8-tetrah dro-3H-~
5,4-b1[1 thiazin-~6-vyl

acid diethyl ester

0
) NH §;oga
s | \1\\1
N

CGC, &t

rimido
~ethyl }~-benzoviaminoj- entanedioic

To a stirred solution of 3897 mg (1.19 mmol) of the
acid, compound (12), 169 mg (1.25 mmol) of 1-
Hydroxybenzotriazole hydrate (HOBT), .22 ml (1.25 mmol) of
N,N-Diisopropylethylamine and 300 mg (1.25 mmol) of I-
Glut&mic acid diethyl ester hydrochloride in 15 ml of N,N-
Qimethylformamide was added 240 mg (1.25 mmol) of 1-(3-
nimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride
(EDC). After 18 hours at room temperature, the reaction
mixture was poured into ice cold saturated NaCl solution
and the precipitate which formed was collected, washed with
H,O and air dried. The precipitate was flash
chromatographed on silica eluting methylene chloride/

methanol (9:1). In this manier, there was obtained 357 mg

{(58%) of the desired product (13) as a light orange solid:
mp 132-136°C.

IR (KBr) 3333, 1732, 1645, 1572, 1535, 1449, 1343, 1203,
1020 cm™}
'H MMR (DMSO) § 1.15 (t,3H,J = 7.3 Hz), 1.17 (t,3H.9 = 7.3

Hz), 1.72 (m,1H), 1.88-2.10 (m,3H), 2.42 (t,2H,J = 7.4 Hz),
2.79 (m,3H), 3.22 (m,1H), 3.50 (m,1H), 4.02 (q,2H,J = 7.3;
14.5Hz), 4.09 (q,2H,J = 7.2, 14.3 Hz), 4.41 (m,1H), 6.21

¢8,20), 6.74 (s,1H), 7.32 (d,2H,J = 8.0 Hz), 7.80 (d,2H,J



A flask containing 301 ng (.84 muol) of the al dehyde,
[err]l (1.68 nmol) of ethylene glycol and 42 ng (.,
p-toruenesulfonate-aﬁd -30—m—eof benzene was heat ed j@%
gener at ed watg Q%e aﬁ Stark trap. After 3 hoyrg

conpqundemf

was poured |nt solution and extrac

acetate. The ¢ c layers—vw@te dried ( ‘ \
concentrat ed u ressure. The residue wh ”og
on silica, elutlng hexanes-ethyl acetate (5:1). In :

obtained the title compound (7) in an overall 84%y
di met hyl acetalHzgpnpound (4).

8.64 (d,;H,J = 7.41 Hz), 10.24 (s,lH)
Analysis calculated for C
13.53; s, 6.19.

Found: C, 55.41; H, 6.11; N, 13.48; S, 6.12,

Step in

14) (2-{4-[2-(2-Amino-4-0x0-4,6,7 8~tetrahvdro-3H-
rimido[5,4~b][1,41thiazin-6~vl})-ethyllbenzovl
aminojpentanedioic acid

O -
o) NH
.s‘“\\coiH
s ) y |
HN
/J§§§ ‘
N
HoN ) N CO,H

A mixture of 320 mg (.618 mmol) of glutamate, compound
(13), and 6 ml of 1N NaOH was stirred at room temperature
for 3 hours, neutralized with concentrated HCl, then made
slightly acidic with 2N HCl. After cooling, the light

4

) t he
i xture

aphed
was

Yellow precipitate was collected and air dried. The filter

cake was taken up in ethanol/acetonitrile and any residual
Hzo was azeotrophed off. In this manner, there was

obtained 220 mg (77%) of the diacid, compound (14):

mp:
188-190°C.

IR (KBr) 3348 (broad), 2930, 1717, 1642, 1539, 1505, 1348
em~!

1y NMR (DMSO) & 1.71 (m,1H), 1.92 (m,2H), 2.08 (m,1H),

2.34 (t,2H,J = 7.4 Hz), 2.79 (m,3H), 3.20 (m,1H}), 3.55
(m,1H), 4.38 (m,1H), 6.07 (s,2H), 6.68 (s,1H), 7.31 (d,2H,J
= 8.1 Hz), 7.80 (d,2H,J = 8.2 Hz), 8.53 (d,1H,J = 7.7 Hz),
10.11 (s,1B), 12.40 {bread s,2H).



2949, 2886, 1721, 1611, 1510, 1435, 1279=t12Ag& 11T
[mrU{MWLHDO{eH])[eH] LG?(mlmfhyﬁwﬁ%: :
284(n1ﬂﬂ 724 03 (m6H), 3.81 (s, 3H
8.6 Hz), 7.09 (

Sk [ pea

Analysis calculated for C20H23N5068 - 1.5 Hzof C, 49.17;
H, 5.36; N, 14.34; S5, 6.56.
Found: C, 48.77; H, 4.97, N, 14.07; S, 6.54.

EXAMPLE 2

Bioclogical and Biochemical Evaluation
In Vitro Testing

Cellular growth in the presence of the compounds
according to the present invention was assessed using the
L1210 murine leukemia (ATCC CCL 219) cell line. The cell
line was maintained in RPMI 1640 medium containing 5% heat-
inactivated fetal bovine serum without antibiotics.

IC50 values were determined in 160 microliter
microcultures containing 1500 {(L1210) cells established in
96 well plates in growth medium supplemented with 50 IU/mL
penicillin and 50 mcg/mL streptomycin. Growth was measured
over 3 days of continuous exposure to varying
concentrations of the test compound (14) added 4 hours
after initial cell plating by the MITT-tetrazolium
reduction assay of Mosmann (Immunol. Meth. 65, 55-63
(1983)), modified according to Alley et al. (Cancer Res.
48, 589-601 (1988)). Water insoluble derivatives were
dissolved in DMSO and diluted to a final concentration of
0.5% solvent in cell cultures. —_—
Determination of Inhibition Constants for Gar
Transformylase

GAR transformylase inhibition constant was measured by
the method of Cleland (Biochem. Biophys. Acta 67, 173-187
(1963)). Assays were done at 22°C and initiated by
addition of enzyme using the spectrophotometric assay of
Young et al. (Biochemistry 23, 3979-3986 (1984)) and
monitoring the reaction at 295 nm. The GAR transformylase
domain of the human enzyme was used. The variable
substrate was 10~formyl-5-8-dideazafolate at concentrations
of 0.83 uM, 1.25 uM, 2.5 uM and 5 gM while the other
substrate, GAR (glycinamide ribonucleotide), was held
constant at 20 uM. The assay mix contained 20 mM Hepes pH



- 18 - Anal ysis calculated for (Jerr]Herr]Jerr]S: C 65.65, H, 6.51;
S, 7.97. Found: C,_ 65.72, H, 6.50; S, 8.07. Step 1h (8)

(4-(3-[1, S]Exoxolan 2- yI 3- nercaptoproyl)ben20|c acid nethyl ester)

BT —

7.5, 20 uM GAR, and variable amounts of 10-formyl-5, 8-

dideazafolate and inhibitor. For the inhibitor (14), five

concentrations were used ranging from 0 to approximately
3Ki. The data were plotted as the velocity of the reaction
versus the reciprocal of the 10-formyl-5, 8-dideaza-folate
concentration. The inhibition constant was measured from a
replot of the slopes of these lines obtained for each
concentration of inhibitor versus the inhibitor
concentration.

GARFT Inhibition and Cell Culture Data

. GARFT Cell Line, IC50 (uM)
Num. K, pM L1210

(14) 0.035 0.05

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

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. Thus, it
is intended that the present invention cover modifications
and variations of this invention which fall within the
scope of the appended and equivalent claims.

REPLACEMENT SHEET
1 2 NOV 1956




To a stirred solution of 5.70 g (14.16 mml) of conpound (7) and 5.42 ¢
(17 00 mml)of Mercuric acetate in nmethylene chloride, cooled to 0C, was
ded, dropwise, 5 m of trifluoroacetic acid.

veresen I MR " T |
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WE CLAIM:

1. A compound having the formula I

0
' . N CO,R
A _ 2Rz
N \QT///\\\XI/' \\421
‘ (ng)n ﬁ ’
*\N N
HN N

wherein:
n is 0 to 2;
A is

CORR.

sulfur, cnz, oxygen, -NH- or selenium, provided
that when n is 0, A cannot be CHZ' and when n is 1, A
cannot be CH2

ox NH;

X is at least one substituted or unsubstituted c,-C4
a;kyl or alkenyl group, a C2-C3‘élkypy1 group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclit ring systems; and

R, and R, are independently hydrogen or-a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

2. A compound or salt according to claim 1, wherein
R, and R, are independently hydrogen, C,-C¢ alkyl,
hydroxyalkyl, alkyaryl, and aralkyl.

3. A compound or qplt according to claim 2, wherein
Rl and R, are independently hydrogen and C2 alkyl.

4. A compound or salt according to claim 1, wherein
the substituents for X and Ar are selected from the group
C1-05 alkyl or alkenyl, C,-C¢ alkynyl, acyl, halogen,
amino, hydroxyl, nitro, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic or
heterocyclic ring systems, hydroxyl and C,-C. alkoxyl C,-Cg

LR



sul fide saturated nmethanol was added and stirring was continued at O[err]C
for 20 m nutes.—The—+eacttomrm xture was poured into saturated NaC

sol ution and extrac wi th nmethyl ene chloride. The conbi ned organic
| ayers were Illkﬁmm .and concentrated at reduced pressure. To the
crude re5|du nded i n met hanol was added 1.07 g (28.28 mmol)
of sodlun1borohydr|de In portions. After 2bout 30 m nutes, the reaction

m xture was poured into ethyl acetate and 0.5 N HO and the | ayers
separated. The netallic nmercury that fornmed in the reaction was washed with
ethyl acetate. The conbi ned organic |ayers were washed with saturated NaC
solution, dried (MgSH4) lgggq d re

resi due was flaighgh A?%Qm gn%%a%|€?ca e utlﬁpQ% olaiactl wﬂg?gacetate

QR Hexanes -
ur a r is phenyl.
6. A compound of the formula II

A‘j/\ > Ar\< CO.R,

X A/\
N

H

CO.R.

wherein:

A’ is gulfur or selenium;

X’ is CHZ, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a molety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

7. A compound or salt according to claim 6 wherein
Ry and R, are independently hydrogen, Cl—cs.alkyl,
hydroxyalkyl, alkyaryl, and aralkyl.

8. A compound or salt accoxrding to claim 7 wherein

1 ‘and R, are independently hydrogen and c2 alkyl.

9. A compound or salt according to claim 6, wherein
A’ is sulfur, X’ is an and Ar is phenyl.

10. d-(2-{4-[2-({2-Amiho-4-ox0-4,6,7,8~tetrahydro-3H-
pyrimido{5,4~b}[{1,4)thiazin~6~yl)~-ethyl]-benzoylamino]-
pentanedioic acid diethyl ester.

11. d-(2-[4-[2-(2-Amino-4~oxo-4,6,7,8-tetrahydro-3H-
pyrimido[5,4-b]{1,4)thiazin-6-yl)-ethyl}benzoyl
aminoj)pentanedioic acid).

i e
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(4:1). In'this matter, there was obtained 1.99 g (50% of the thlol

conpound (8), as a Ilght yellow oil. IR (neat), A oA
1435, 1281, n[err] [err] H NVR ( COXR A IR
(d,1H,J =

"l tﬁf Wi’

e W T4 Jev, Sy

12. An ant;prol;ferat;ve compos;tzon comprising a
compound having the formula I

CO.R,

COsR.

wherein:

n is 0 to 2;

A is sulfur, CHZ' oxygen, -NB- or- selenium provided
that when n is 0, A cannot be CHZ’ and when n is 1, A
cannot be CH2 oxr NH;

X is at least one substituted or unsubstituted cl-c3
alkyl or alkenyl group, a 02-03 alkynyl group, a -
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic |
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

Rl and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof;

in combination with a pharmaceutically acceptable
carrier.

13. The composition of ?laim 12, wherein R, and R
are independently hydrogen, C,-C. alkyl, hydroxyalkyl,
alkyaryl, and aralkyl.

14. The composition of claim 13, wherein Rl and Rz
are independently hydrogen and C, alkyl.

15. <The composition of claim 12, wherein the
substituents for X and Ar are selected from the group Cl--C6
alkyl or alkenyl, Cz-c6 alkynyl, acyl, halogen, amino,
hydroxyl, nitro, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic or

heterocyclic ring systems, hydroxyl and C,-C¢ alkoxyl C,-Cg
alkyl. — -

2
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- 19 - Unlm 80
4.0

4.91 (d, 1HJ , £,
Anal ysi s ca+cu+afed—ftﬂ—1j1ﬂﬂ1 H[err]C{err]S C, 59.55; H, 6.14.

59.42: H, 9)" (4-[3-(2, 4 ’
di ami no- 6 [ﬂ ‘m rimdin-5-
ylsulfanyl) -2-yl - propyl]open20|c aci d net hyl

m 2H), 3.00 (nllkb, 3.90 (s,3H), 3.97 (m4H
ester)

16. The composition of claim 12 wherein A is sulfur
and Ar is unsubstituted phenyl.

17. An antiproliferative composition comprising a
compound having the formula II

. O
HN X
N N N

CO.R.

wherein:

A* is sulfur or selenium;

X’ is CH,, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof;

in combination with a pharmaceutically acceptable
carrier.

18. The composition of claim 17, wherein R, and R,
are independently hydrogen, Cl-CG alkyl, hydroxyalkyl,
alkyaryl, and aralkyl.

19. The composition of .claim 18, where;n R1 and R2
are independently hydrogen and C,y alkyl.

20. The composition of claim 17, wherein A’ is
sulfur, X’ is CH2 and Ar is unsubstituted phenyl.

21. A process for inhibiting the growth and
proliferation of the cells of microorganisms or of higher
organisms,- which process comprises administering to a host

This Sheet Has Bee

L T ey

ERYIEE -

2. ( ,
Hz), 7.28 (d,2H,J - 8.1 Hz), 7.95 (d,2H,J = 8.1 Hz).
Found:



[err]

A

- 31 -

in need of such treatment an effective amount of a compound
having the structural formula I

Q -
| A P COzR
A f, 2H2
HN _ ~\\(,//“\\\x,/f *\\421
i (CH2) ﬁ
N g
HaN N u

whexrein:
n is 0 to 2;

CO,R,

A is sulfur, CH2, oxygen, -NH- or selenium, provided
that when n is 0, A cannot be CHZ' and when n is 1, A
cannot be CH2

or NH;

X is at least one substituted or unsubstituted cl-c3
alkyl or alkenyl group, a C,~Cy alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is-a substituted or unsubstitutéd monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

' Ry and 82 are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

22. A process for inhibiting the growth and
proliferation of the cells of microorganisms or of higher
organisms, which process comprisés administering to a host

REPLACEMENT SHEET
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To a stirred solution of 1.91 g (6.76 mvol) of the ' :
and 1.39 g‘TE“?B‘ﬂﬂD#%—ﬁ+—5~b%onD-2,4- di am no- 6- ox PR iR

in dégassed mani de was added 1.18 T“g’”“
Di i sopr opyl § @j ! action mxture was heat- |
hours. The co0 xture was poured into s ol

and the precipitate which forned was cg] | ected by fl

water and air dried. The filter cake” Blurried i hefhylene chfo‘
Hexanes were slowy added and the precipitate was ag ST LICI T o
filtration, washed with hexanes and dried. In this nanner t here was

obtained 1.91 g (69 %9 of the desired di oxol ane, conmpound (9), as an
of f-white séplEeedn9f2660208ﬁent¢éhtmaﬁleﬁﬁznqxxatamnmnt of a compound
having the structural formula II

paaduy

CO,A.

wherein:

A’ is sulfur or selenium;

X* is CH2, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

23. A process for preparing a compound of the formula

T

CVzﬂ

wherein:

A’ is sulfur or selenium;

X’ is CHZ’ sulfur, oxygen.or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group,

with the proviso
that neither Rj; nor R; is hydrogen; or

This Sheet Has
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IR (KBr) 3439, 3341, 3154, 1701, 1636, 1591, 1470, 1447, 1287 cnferr].
- 20 -

R

- 33 =~

a pharmaceutically acceptable salt thereof;
which process comprises the steps of

(a) reacting a compound having the formula III

wherein:

B is a halogen with a compound having the formula IV
HA'

AL

wherein X*, A', and Ar are as defined in formula II and R
is hydrogen or a straight, branched or cyclic C, to C6
alkyl group optionally carrying one or more halogen,
hydroxyl, or amino groups; in the presence of base other
than the compound of formula III in a solvent in which at
least one of the reactants is at least partially soluble

under conditions sufficient to obtain the "Compound of
formula Vv

3

wherein A*, X', and Ar are defined as in formula II and R3
is as defined in formula IV;

12 NQV 1996
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[err]H NVR (DMSO [err] 1.64 (m1H), 1.84 (m 1H),
3.19 (m1H), 3.82 (s,3H), 3.85 (m4H, 4.83 (d, 1H,
s,4K), 7.33 (d,2HJ =8.1 Hz), 7.83 (d,2H,J = 8.1

S TR, b e s R R

(4-[2- (2- Ani'no-*7- hydtoxy- 4- oxo- 4, 6, 7, 8-t et r ahydr o- 3}
pyrim do[5, 4-b][ 1, 4]t hi azin-6-yl)-et hyl34- benzoi c aci

{b) reacting the compound of formula V with an acid in
a suitable solvent under conditions sufficient to obtain a
compound of the formula VI

o]

'MC\\T¢7
At
W/
x

o)
A_.
AN
HoN N b OH

wvherein A‘, X‘, and Ar are defined as in formula II and R
is as defined in formula IV; '
(c) reducing the compound of formula VI under

conditions sufficient to obtain a compound of the formula
viI '

3

OR,

wherein A*, X', and Ar are defined as in formE}a II and R3
is as defined in formula IV;

(d) hydrolyzing the compound of formula VII, in the
case where Ra in the compound of formula VII is not
hydrogen, under basic conditions sufficient to form a
compound of the formula VIII

This Sheet Has Been

A L
. ’ X .
J\)IJA X

wherein A*, X', and Axr are defined as in formula II; and
(e) peptide coupling the compound of formula VIII or
the compound of formula VII, wherein R3 is hydrogen, with &



[err] A stirred suspension of 1.20 g (2.85 mml) of the

di oxol ane, conpound (9), and 4 M of 2 NHO in 20 m of tetrahydrofuran
(THF) was heated at reflux for 2.5 hours. The honbgeneous sol ution was
poured sI'owWwy into saturated NaHCO err] solution and the precipitate that

f or med ms”!lf"cllﬂmmﬂﬂlﬂmlf' Itrate was extracted with ethyl acetate.

- 35 -

glutamic acid diester hydrochloride to form a diester of
the formula II, as defined above, with the proviso that
neither Rl nor R2 is hydrogen.

fijm%fl\

24. The process of claim 23, further coﬁprisiné the
step of hydrolyzing the compound of formula II to the free
glutamic acid form depicted in formula II, wherein both R
and R, are hydrogen.

"25. The process of claim 23, wherein in step (a), b
is bromine.

1

26. The process of claim 25, wherein in step (a), the
base other than the compound of formula III is a non-
nucleophilic auxiliary base.

27. The process of claim 26, wherxein in step (b), the
acid is hydrochloric acid.

28. The process of claim 27, wherein in step (b), the
solvent is tetrahydrofuran.

29. The process of claim 28, wherein in step (c), the
reducing is accomplished by the use of sodium cyano
borohydride.

30. A process for inhibiting GARFT comprising the
step of administering to a host in need of such inhibition

1 2 NQV 1996 This Sheet Has Been Repl
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A preC|p|tate (58 ng) formed between | ayers and was;wa

with the first preeipitate.” The -ethyl acetate Iay

MySCGterr] and the s s removed under reducgd |
(42 ) aim gm mm‘!‘ath the ori gi nal -precigi
there was o 8% of the

orange solid:
1479, 1289,
di ast ereoners
2.56-2.89 (m

car bi nol amind

213- 216C. | R (KBr) 3351, 3441,
1113 1020 cnferr]. [err]H NVR As _
fﬁ?%@?&zfﬁUélﬁhéﬁ%t?%& a compduhd Hhéile th ;%ﬁf}
O
< Pl CO,R;
ﬁ /Q/\

wherein:
n is 0 to 2;

A is sulfur, CH,, oxygen, ~NH~- or selenium provided
that when mn is 0, A cannot be CH,, and when n is 1, a
cannot be CH2 or NH;

X is at least one substituted or unsubstituted Cy-C3
alkyl or alkenyl group, a Cy-Cq alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocYclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiéty which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

31. A process for inhibiting GARFT comprising the
step of administering to a host in need of such inhibition
an effective amount of a compound having the formula II

O
]/\ < \< Fore
i &/\
)\
HaN N
wherein:

A’ is sulfur or selenium;

X’ is cnz, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

- This Sheet Has Been R
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21 4.71 and 4.84 (mm1H), 5.37 and 5.40 (d,d,1H J = 6.6 Hz), 6.06
(s 2H) 7.20 (d,1H,J = 4.5 Hz), 7.31 and 7.36

A

- 37 -

R; and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or
a pharmaceutically acceptable salt thereof.
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(d,d,2H) = 8.1 Hz), 7.86 and 7.88 (d,d,2H,J = 8.0 Hz), 10.16 and 10.19
(s,s,1H). Analysis calculated for CJerr]Herr]Nerr]err]S . 1.7 H0: C
48.89; H, 5.49; N, 14.26; S, 8.16. Found: C, 48..78; H, 5.18; N, 14.00; S,
8.03. Step 1k (11) (4-[2-(Ami no-4-oxo-4,6,7,8tetrahydro-3H pyrinido[5, 4-
b][ & 4] thiazin-6-yl]- benzou; aci d rreth%I est er [err]

¥ [y

CONDENSED HETERQCYCLIC GLUTAMIC ACID DERIVATIVES
AS AKTIPROLIFERATIVE AGENTS

ABSTRACT

Novel compounds of formula (I) are found to inhibit the
enzyme glycinamide ribonucleotide formyl transferase
{GARFT). A novel method of preparing such compounds is also
disclosed, as well as methods and compositions for employing
the compounds as antiproliferative agents.

e
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TO\q;OdmsuspenS|on of 1. 126 g (8. 1 nnDI) of carblnélan1ne conpouhd (10)-

I n tetnqpydrofuran (THF)- wasp-added..2; 3 m (18.64 mefol ) of Boron tFﬁquorldé7
et.herate. Wigh the- addlﬁTonqma&jconpfete 0.586 g (9.32 mml) of Sodium: - .
cyanoborohydrlde was: added.Mn @prtlogs over 5 mnwes. After an additional -

""""" net hanol was added, the reaction
3‘352? | ?Qdé@ﬁfﬂﬁﬁﬂiﬁtﬁﬁ@ﬁ%

el uting nethyl ene chl oride/

ot AP bt s

Description

The present invention relates to certain compounds,
defined below, which inhibit the enzyme glycinamide
ribonucleotide formyl transferase (GARFT), to intermediate
compounds, to pharmaceutical compositions containing the
certain compounds, to the use thereof to inhibit GARFT, and
to the use thereof to inhibit the growth and proliferation
of the cells of higher organisms or microorganisms such as
bacteria, yeast and fungi. Such effects include antitumor,
antiinflammatory, antipsoriatic and immunosuppressive
activity. A process for the preparation of these compounds
is also disclosed.

The large class of antiproliferative agents includes
antimetabolite compounds. A particmnlar 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 glutamate moiety of folic acid
takes on a double negative charge at physiological pH.
Therefore, this compound and its analogs have an active
energy driven tmhnaport system to cross the cell membrane
and exert a metabolic effect.

Glycinamide ribonucleotide formyl transferase (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 antitumor effect.. Thus, a numbexr of folate analogs have
been synthesized and studied for their ability to inhibit
GARFT. A prototypic specific tight binding inhibitor of
GARFT, 5,10-didedzatetrahydrofolic acid, has been reported
to show antitumor activity. See F.M. Muggia, “Folate
antimetabolites inhibitory to de novo purine synthesis* in
New Drungs, Concepts and Results in Cancer Chemotherapv,
pp.65-87, Kluwer Academic Publishers, Boston (1992).
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met hafol (9:1). In this manner, there was obtain;ff”{;
dehydrat ed ester, conpound (11) as an orange soL?“-“

decgnposi ti on.

1281 cnferr].

(m3H), 3.22 (m1H, 3.52 (m1H), 3.82 (s, 3H), 6.4

[err]H NWR (DI\/SO) [err] 1. 7.22(m 1H)

The present invention introduces a novel class of
compounds containing a glutamic acid or ester moiety.
These compounds are effective in inhibiting the enzyme
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 stated ahové, compounds of the invention possess
anti- proliferative activity, a property which may express
itself in the form of anti-tumor activity. A compound of
the invention may be active per.se, or it may be a
precursor which is converted in vivo to an active compound.
Preferred compounds of the invention are active in
inhibiting the enzyme GARFT. Particularly preferred
compounds are active in inhibiting the growth of the L1210
cell line, a mouse leukemia cell line which can be grown in
tissue culture. Compounds of the invention should also be
active in inhibiting the growth of bactetria such as
Escherichia coli gram negative bacteria which can be grown
in culture.

The compounds accoxrding to the invention, as well as
the pharmaceuntically acceptable salts thereof, may be
incorporated into convenient dosage forms such as capsules,
tablets, or injectable preparations. Solid or liquid
pharmaceutically acceptable carriers may also be employed.
Solid carriers include starch, lactose, calcium sulphate
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,



- 22 .- (s,2H 7.37 (d,2H,J = 8.1 Hz), 7.87 (d,2H,J = 8.1 Hz), 10.05
(s,1H).. Analysis calculated for (JQerr]Herr]Nerr](err]S: C, 55.47; H,
5 24; N, 16.17; S, 9.26. Found: C, 55.31; H 5.29; N, 16.09; S 9. 17.
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elixir, emulsion, soft gelatin capsule, 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, granulating, and
compressing when necessary for tablet forms, or mixing,
£illing and dissolving the ingredients as appropriate to
give the desired products for oral, parenteral, topical,
intravaginal, intranasal, intrabronchial, intraocular,
intraaural and rectal administration.

The compositions of the invention may further comprise
one or more other compounds which are anti-tumor agents
such as: a mitotic inhibitor (for example: vinblastine);
alkylatxng agents; dihydrofolate reductage inhibitors or TS
inhihitors- antimetabo-lites (for exampié, S5~fluorouracil
and cytosinearabinoside); intercalating antibiotics -(for
example,‘adriamycin and bleomycin); enzymes (for example,
asparaginase); topoisomerase inhibjtors (for example,
etoposide); biological response modifiers (for example,
-interferon); or the compounds described in copending and
commonly- assigned U.S. patent application no. 07/991,259,
filed December 16, 1992 and incorporated specifically by
reference herein.

The compositions of the invention may also comprise
one or more other compounds including antibacterial,
antifungal, antiparasitic, antiviral, antipsoriatic and
anticoccidial agents. Exemplary antibacterial agents
include, for .example, suifonamides such as
sulfamethoxazole, sulfadiazine, sulfameter or sulfadoxine;
dihydrofolic reductase inhibitors such as trimethoprim,
bromodiaprim, or trimetrexate; penicillins; cephalosporins;
aminoglyclosides; bacteriostatic inhibitors of protein

synthesis; the gquinolone carboxylic acids and their fused
isothiazolo- analogs.



Step-11 (12) (4-[2-(2-Am no-4-o0x0-4,6,7,8-tetrahydgg=3rt 0B e
[5,4-b][1,4]thiazin-6-yl)-ethyl]-benzoic acid) R RN SEETE

A solution of 530 ng (1.53 nmmol) of the ester, co nd (11), and g0fm of
IN*NaCOH was stirred at roomtenperature for 30 mi ngt

sol uti on was

s. 1 8TRES @by
-4 -

e

Another aspect of .the invention relates to a
therapeutic process of inhibiting the growth and
proliferation of cells of higher organisms or
microorganisms which comprises administering to a host an
effective amount 6f 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 effective amount of a compound according to the
present invention to inhibit GARFT.

Many of the antiproliferative drugs described herein
or pharmaceutically acceptable salts thereof can be
employed in the therapeutic process of the invéntion. The
compounds may be administered in the form of a

'pharmaceutically acceptable compbsition comprising a

diluent or carrier such as those describeg above.

Doses of the compounds preferably include
pharmaceutical dosage units comprising an effective
quantity of the active compound. An “effective quantity"
means a quantity sufficient to inhibit the folate metabolic
pathways and derive the beneficial effects therefrom
through.administration of one or more of the pharmaceutical
dosage units.

An exemplary daily dosage unit for a vertebrate host
comprises an amount up to one gram of active compound per
kilogram of the host, preferably one half gram, more
preferably 100 milligrams, and most preferably, about 50
milligrams or less per kilogram of the host weight. The
selected dose may be administered to a warm-blooded -animal
or mammal, for example, a human patient in need of
treatment mediated by folate metabolic pathways inhibition,
by any known method of administrating the dose including
topically as, for example, an ointment or cream; orally;
rectally, for example, as suppository; parenterally by
injection; or éontinuoualy by intravaginal, intranasal,
intrabronchial, intraaural or intraocular. infusion.

[err]

ngous



made slightly aC|d|c (pH. 4) with concentration HC. After cooling in an ice
bath, the |ight:;o qn%ﬁ&ﬁﬁis ~t-dt € was collected by filtration and air
dpled It wa S et hanol and the ethanol renmoved under
reduced pressyré. %ggégés manpef, there was obtained 468 ng (91% of the
aci d, conpoun 12 bsi > 310[err] C. IR (XBr) 3285, 3086, 2928,
1698, 1642, 161 1449,11B48 cnferrl.g[err]H NVR (DVBO) [err] 1.72
(m1H), 1.89 m?ﬁj{ux%uhmT"“é , 3.20 (m1H), 3.48 (m1H), 6.07 (s, 2H
6.68 (s,1H), Hz), 7.85 (d,2H,J = 8.1 Hz), 10.11 (s, 1H)
12. 77 (broad s 1H) .

I~

||UII T

The compounds according to the present invention may
be characterized as producing any one or more of an
antiproliferative effect, an antibacterial effect, an
antiparasitic effect, an antiviral effect, an antipsoriatic
effect, an antiprotozoal effect, an anticoccidial effect,
an éntiinflammatory effect, an immunosupressive effect or
an antifungal effect. The compounds are éspecially useful
in producing an antitumor effect in a vertebrate host
harboring a tumor.

The present invention relates to antiproliferative
compounds capable of inhibiting GARFT and having the

formula 1

0

. : CO,R,
)i\(\x/‘%
HN \
(CE2)n
)\N N/’ COR:

HoN H
wherein:

n is 0 to 2;

A is sulfur, caz, oxygen, -NH- or selenium, provided,
however, that when n is 0, A cannot be CHZ' and when n is
1, A cannot be CH2 oxr NH;

X is at least one substituted or unsubstituted Cy-Cy
alkyl or alkenyl group, a Cz--c3 alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

.~ Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

Preferred moieties for R, and R, are hydrogen, C,-Ce
alkyl, hydroxyalkyl, alkyaryl, and aralkyl. Particularly
preferred moieties are hydrogen and Cj alkyl.



Anal ysis calculated for (Qerr]Herr]Nerr](err]S . 1.20 Herr]QO c, 50.89;
H, 5.24; N,. 15.83; S 9.06._Found: C 50.70; H 4.92; N 15.58; S, 8.87.

Preferred substituents for X and Ar include CI-C6
alkyl or alkenyl, Cy~Ce alkynyl, acyl, halogen, amino,
hydroxyl, nitro, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic or
heterocyclic ring systems, hydroxyl or C,-Ce alkoxyl Cl'cs
alkyl.

It is particularly preferred that A be sulfur and that
Ar
be phenyl.

o A preferred subgenus of the compounds of the invention
. has the formula II

0
”/, CO2R2
il "—[\\yf—’ﬂ\\
)\N CO,R,
HaoN
whereins

A’ is sulfur or selenium;

X’ is cnz, sulfur, oxygen or NH;

Ar is as defined in formula I; and

R, and R, are as defined. in formula I or

a pharmaceutically acceptable salt thereof.

Preferred moieties for Rl and R2 are hydrogen, Cl-c6
alkyl, hydroxyalkyl, alkyaryl, and aralkyl. Particularly
preferred moieties are hydrogen and_c2 alkyl. ,

A’ is preferably sulfur, X’ is preferably CH, and Ar
is preferably phenyl.

Although the compounds are dapicted in the formulae I
and II 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 and it will be understood that in each case the
tautomeric hydroxyl form is also indicated.



Step-lm

[5,4-b][ L

ester

(13) (2-[4-[2-(2=Am no-4-0x0-4,6,7,8-tetrahydro-3H pyrim do
%é&qiﬁﬁﬁﬁﬂgpgﬁﬁﬁy.thyl]-benzoylaninol-pentanedioic aci d diethy
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The compounds of formulae I and II in which each of R
and R, is hydrogen are active anti-tumor and
antiproliferative compounds. The compounds of formula I
wherein R; and R, are moieties which form a readily
hydrolyzable ester group, preferably an ethyl group, are
novel intermediates for forming the free glutamic acid
forms of the compounds and can also be hydrolyzed in vivo
and thus act as prodrugs.

The invention also includes pharmaceutically
acceptable salts, including, for example, alkaline metal,
alkaline earth metal, other non-toxic metals, ammonium and
substituted ammonium salts of the glutamic acid embodiments
of the invention such as, but not lrmitgd to, the sodium,
potassium, lithium, calcium, magnesium, aluminum, zinc,
ammonium, trimethyl ammonium, triethyl ammonium, pyridinium
and substituted pyridinium salts.,

Novel compounds of this invention can be prepared by

. reacting a compound having the formula III

1

III.

- wherein:

B is a halogen, preferably bromo, with a compound
having the formula IV

HA'

0
O
\\/°
wherein X', A’, and Ar are as defined in formula II and R,
is hydrogen or a straight, branched or cyclic C; to Cg



[err}-

conpound (12),

(HOBT), .22 ni

mSl) of L- d§té
di et hyl f or mam

To a stirred solution of 397 ng (1.19 mvol) of the acid,
] falooen awgak. gy of 1-  Hydroxybenzotriazol e hydrate

Di i sopropyl et hyl am ne and 300 ng (1.25
ester hydrochloride in 15 mM of N N

(1.25 gl ). of 1-(3-

Di nethylan1nopr;pll) 3- ethyl ‘; diimde hydrochloride (EDC). After 18

hours at room

t ¢ ction

alkyl group optionally carrying one or more halogen,
hydroxyl, or amino groups; in the presence of base other
than the compound of formula III, preferably a non-
nucleophilic auxiliary base, in a solvent in which at least
one of the reactants is at least partially soluble under
conditions sufficient to obtain the compound of formula V

AN \>Y

wherein A’, X', and Ar are defined as in formula II and R
is as defined in formula IV.

The reaction of compound III with compound IV is

3

preferably carried out in a suitable solvent in which at

least one or both reactants are soluble at the reaction
temperature. The solvent and the reaction environment are
preferably purged of oxygen prior to introduction of the
reactants by bubbling an inert gas, such as argon or
nitrogen, through the solvent. Bubbling of the inert gas
is preferably continued until the reaction has gone to
completion and been quenched, such as by pouring into
water.. Suitable preferred solvents are dipolar aprotic
solvents such as, e.g., dimethylsulfoxide, N,N-
dimethylformamide, N,N-dimethylacetamide, or N-methyl-2-
pyrrolidinone.

The basic medium for the reaction of compounds III and
IV is preferably provided via a non-nucleophilic auxiliary
base which is defined as a base capable of neutralizing
hydrogen halide gas generated by the substitution reaction.
The base is preferably an alkali or alkali earth metal
carbonate or a trialkylamine such as, e.g., trimethylamine,
triethylamine or diisopropylethylamine.

The preferred method for conducting the reaction of
compounds of the formulae IV and III is to suspend the



m xt.ure was poured into ice cold saturated NaCl solution and the
preci pitate which formed was collected, washed W t he—HEerT LRl il
The precipitate was flash chromatographed on sili chialsisgrive 3y ﬁe
ctitoride/ nethanol (9:1). In this manner, there wap
of the desired product (13) as a light qQrange solid
IR (KBr) 3333, 1732, 1645, 1572, 1535, 1449, 1343, § s
[err]H NVMR (DMSO [err] 1.15 (t,3HJ =7.3 Hz), 1.1 :
1.72 (m1H), 1.88-2.10 (m 3H), 2. 42 (t,2H,J = 7.4 H), 2.79 (q13tm" 3.22
(m1lH), 3.50 (m1H), 4.02 (qg,2HJ = 7.3; 14. 5Hz) “ﬂ*ﬁg"f”"ZFiJ = 7.2,
14.3 Hz), 4_4§mggﬁqg$ oﬁ;ﬁgpmula III, preferably, 5-bromo-2,6-diamino-

4 (3H)-oxo-pyrimidine, in the solvent; compound of the
formula IV and the auxiliary base are then added
sequentially.

The reaction vessel can then immersed in an oil bath
which has been heated to the appropriate temperature (20-
200°, preferably 70-120°C). The reaction mixture can be
stirred at this temperature for the requisite length of
time (usually 30-330 minutes), then followed by cooling to
room temperature and pouring into water. The product, the
compound of formula V, can then be isolated by filtration
or extraction with an organic.solvent and purified either
by recrystallization or by chromatography.

The compohnd of formula V can be reacted with an acid,
preferably hydrochloric écid, in a suitable solvent,
preferably tetrahydrofuran, under conditions sufficient,

preferably reflux, to obtain a compoundoof the formula VI
Rso

fif S

-wherein A' X¢, and Ar are defined as in formnla II and R
is as defined in formula IV. .

Compound VI is then reduced, preferably with sodium
cyanoborohydride, to obtain a compound of the formula VII

0
. .
A .
HNJI j/\xl/ Af\fo VII.
ng/l\N N OR, |

wherein A’, X', and Ar are defined as in formula 1I and R3
is as defined in formula IV.

3



(s,2H), 6.74 (s,1H), 7.32 (d,2H,J = 8.0 Hz), 7.80 (d,2H J =

o

- 10 -

The compound of formula VII is hydrolyzed, under basic
conditions, to form a compound of the formula VIII

O
Hn/&‘:r\x'/”\(o
VIII. _
LY
N H

wherein A‘, X’, and Af are defined as in formula II. 1If,

"in the compound of formula VII, ﬁ3 is hydrogen, then this

reaction step is not necessary, and the compound of formula
VII can be peptide coupled, as described immediately below.




'O’“‘U'I'_QOO

5.
2=
yr

-Hz
rr]
41;:
[4
i m

[
d

), 8.64 (d,1H,J =
Herr]Nerr]derr]
H 6.11; N, 13.48;

2-(2-
o[ 5

, 4-

7.41 Ft), 10. 24 (s, 1H) Analysis calculated for

S: C 55.69; H 6.04; N 13.53; S, 6.19. Found: C
S. 6 12. Step 1n (14)

4,6,7, 8-tetrahydro-3H

n-

yI) ethyl]benzoyl am no) pent anedi oi ¢ aci d)

Am no- 4- oxo-
b] [ 1, 4] t hi azi

The compound of formula VIII (or the compound of
formula VII, wherein 83 is hydrogen), which is in 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

o
A x. /N
A \ ]/\ | §©0aRe
- & IX.
)\ N o
i _

CO2R:
wherein A‘, X’, Ar, R, and R, are as defined in formula II,

with the prqviso that neither R, nor R, is hydrogen.

Finally, if desired, the compound of formula IX can be
hydrolyzed to the free glutamic acid form depicted in
formula II (R, and R, = H). A detailed synthesis for
compounds within formula II will be presented in the
examples that follow. .

Specific examples of novel compounds of formula II
include:

(2-{4-[2~(2~Anino~4-oxo-4,6,7,8~-tetrahydro-3H-
pyrimido{5,4~-b][1,4])thiazin~6~yl)=-ethyl]-benzoylaminoj-
pentanediocic acid) diethyl ester; and (2-{4-[2-(2-Amino-4-
oxo~4,6,7,8-tetrahydro-3H-pyrimido[5,4-b}{1,4)thiazin-6~
yl)-ethyl Jbenzoylamino]-pentanedioic acid). The d-form of
these compounds is preferred.

It is to be understood that appl;cation of the
teachings of the present invention to a specific problem or
environment will be within the capabilities of one having
ordinary skill in the art in light of the teachings
contained herein. Examples of the products of the present
invention and a representative process for their
preparation and recovery appear in the following examples.
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[err}. ~ A nmxture of 320 nmy (.618 mml) of gl utanate,
conpound (13), and 6 m of 1IN NaOH was stirred at roomtenperature

-

- 12 -

, EXAMPLE )
Step la

{1) (1,l-Dimethoxy-but-3-yn-2-0l)

HO

OCH,
HyCO
To a stirred solution of 1.037 g {(10.55 mmol) of
trimethylsilyl acetylene in 50 ml of dry tetrahydrofuran
{THF) under argon at -78°C was added dropwise 6.6 ml of 1.6
M n-butyl lithium. After 10 minutes at -78°C, a solution
of 1.21 g (10.46 mmol) of glyoxal dimethyl acetal in 5 ml
of tetrahydrofuran (THF) was added dropwise. After 1 hour
at -78°C, the reaction was quenched with about 1 ml of 320 ’
and allowed to warm to room temperature, diluted with ethyl
acetate and washed with saturated NaCl solution. The
'aqueous layer was reextracted with ethyl acetate and
combined organic layers were dried over Mgs0, and
concentrated under reduced pressure. To 785 mg of the
resulting yellow oil dissolved in tetrahydrofuran (THF) was
added 5.8 ml of 1.0 M tetrabutylammonium fluoride in
tetrahydrofuran (THF). After heating for 1 hour at S0°C,
the volatiles were evaporated and the residue was flash
chromatographed on silica eluting methylene chloride/ethyl
acetate (9:1). In this manner, there was obtained 412 mg

(60% overall) of the alkyne-alcohol, compound (1), as a
colorless oil.

IR (neat) 3441 (broad), 3277, 2944, 2839, 1636, 1450, 1196,
1084cm1.

'H NMR (CDC1,) § 2.42 (bs,1H), 2.49 (s,1H), 3.51 (s,3H),
3.53 (s,3H), 4.36 (bs,2H).

Analysis calculated for C6H10°3 . 0.35 Héo; C, 52.81: H,
7.90. , . '



for 3 hours, neutralized with concentrated HC, then nmade slightly acidic
with 2N HC . After cooling, the light yellow precipitate was coll ected and
air dried. The filter cake was taken up in ethanol/acetonitrile and any
resi dual H20 was azeotrophed off. In this manner, there was obtained 220 ny
(779 of the diacid, conpound (14): np_ {88-190C. IR (KBr) 3348 (broad) ,
2930, 1717, 1642, 1539, 1505, 1348 cm[err]H NVWVR (DVSO) [err] 1.71 (m 1H),
1.92 (m2H), 2.08 (m1H, 2.34 (t,2HJ 7.4 Hz), 2.79 (m3H), 3.20 (m1H),

3.55 (m1H), 4.38 (m1H), 6.07 (s ZFD, 6.68 (s,1H), 7.31 (d,2H,J = 8.1 Hz),
780(d2HJ—82HzC) 85( J:7.7Hz)

ound: 52.87; H, 7.86

Step 1b

{2) {(4-(3-Hydroxv-4,4-dimethoxy-but-l-ynyl)-benzoic acid

methyl ester)

HO,
HyCO
OCH;

To a stirred solution of 232 mg (1.78 mmol) of the
alkyne compound (1) and 467 mg (1.78 mmol) of Methyl-4-
Iodobenzoate in 5 ml diethylamine was added 13 mg (0.18
mmol) of Bis(triphenylphosphine) palladium(II)chloride and
Tmg (.036 mmol) of cuprous iodide. After 15 hours at room
temperﬁture, volatiles were removed under reduced pressure
and the residue was flash chromatographed on silica eluting
methylene chloride/ethyl acetate (12:1). 1In this manner,
there was obtained 347 mg (74%) of the compound (2) as an
orange oil. . .

IR (neat) 3451 (broad), 2953, 2838, 1717, 1607, 1437, 1310,
1283, 1120, 1082cm .

'n MR (CDC14) 5 2.46 (bs,1H), 3.55 (s,3H), 3.56 (s,3H),
3.92 (s,3H),.4.45 (d,1H,J = 5.4 Hr), 4.60 (d,1H,J = 5.3
Hz), 7.52 (4,2H,J = 8.3 Hz), 7.98 (d,2H,J = 8.3 Hz).
_Analysis Calculated for c1431605 t C, 63.62; H, 6.10.
Found: c, 63.14; H, 6.14.

tep lc
4-(3-H xyv-4 , 4~dimethoxy-butyl-bengoic acid methyl
ste CO,CH,
HO
H3CO . \
’ ocH, REPLACEMENT SHEET
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10. 11 (s, 1H),

»

12.40 (broad s, 2H). : -25

A solution containing 14.37 g (54.38 mmol) of compound
(2) and 1.40 g of 5% Pd on carbon in 175 ml of ethanol was
hydrogenated under 40 psi Hydrogen on a Parr apparatus.
After 2.5 hours, the reaction mixture was filtered and the
catalyst washed with ethanol and methanol. After
concentrating under reduced pressured, the residue was
dissolved in methylene chloride and filtered through a
short plug of silica, eluting methylene chloride, then
methylene chloride/ethyl acetate (1:1) to remove the
residual carbon. In this manner, there was obtained 14.34

g (98%) of the saturated alcohol,'compoun& (3), as a yellow
oil.

IR (neat) 3495 (broad), 2953, 1721, 1611, 1437, 1283, 1109,
1080 cm~ 1, _

ip mar (CDCl;) 6 1.72-1.93 (m,2H), 2.75-2.93 (m,2H), 3.39
(s,3H), 3.44 (s,3H), 3.58 (m,1H), 3.90 (s,3H), 4.13 (d,1H,J
= 6.1 Hz), 7.29 (d,2H,J = 8.1 Hz), 7.95 (d,2H,J = 8.2 Hz).
Analysis calculated for.cl432005 « 0.20 Hzoz C, 61.84; H,
7.56.

Found: C, 61.83; H, 757.

Step 1d
4) (4-(3-Methanesulfonyloxy-4,4-dimethoxybutyl}-benzoic
acid methy) ester) Hi o
- Ng C0cH,
47‘\‘0 . '
[s)
HyCO OCH,

To a stirred solution of 206 mg (.77 mmol) of
saturated alcohol, compound (3), and 0.16 ml (1.15 mmol) of
triethylamine in 5 ml of methylene chloride at 0°C was
added 0.07 ml (.85 mmol) of methanesulfonyl chloride.

After 20 minutes at 0°C, another 0.02 ml of methanesulfonyl
chloride was added. After 30 minutes more, the reaction
mixture was poured into saturated NaHCO3 solution and

REPLACEMENT SHEET
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Aﬁarysis calculated for CJerr]Herr]Nerr]Qerr]S. 1.5 Herr]O C, 49.17,

H 5.36; N, 14.34; S, 6.56. Found: C, 48.77; H 4.97, N _14 07._S_ 6.5

EXAVMPLE 2

Cellular growth in the presence of the conpounds acco
i nvention was assessed using the L1210 nurine Ieukeniﬁ\ ATLC ﬁ%&t'

line. The cell line was maintained in RPM5 1640 nedi ugn gont ali %
i nactivated fetal bovine serumw thout antibiotics. |
were determined in 160 microliter mcrocul tures contagning 1500 (L1210)

A SHEEFL | ng

9| ck! |
eht -

Bi ol ogi cal and Biocheni cal Eval ugRkRBnAf]
d |

cells established in 96 well plates in growh nedi um $tpplerented=wt 50

I U mL

extracted twice with methylene chloride. The combined
organic layers were dried over MgS80, and the solvent was
removed under reduced pressure. This material was
sufficiently pure for use in the next step. An analytical
sample was obtained by flash chromatography on silica
eluting methylene chloride/ethyl acetate (20:1). 1In this

manner, there was obtained the mesylate, compound (4), as a
colorless oil.

IR (neat), 2949, 2839, 1719, 1611, 1437, 1352, 1283, 1177,
1109, 1078 cm !,

'H meR (cDC1,) & 2.04 (m,2H), 2.77-2.91 (m,2H), 3,09
(s,3H), 3.41 (s,3H), 3.45 (s,3H), 3.90 (s,3H}, 4.38 (d,1H,J
= 5.5 Hz), 4.64 (m,1H), 7.29 (d,2H,J = 8.2 Hz), 7.96

) (d'ZH'J = BQZHZ) .

Analysis calculated for C, H,,0,5; C, 52.01; H, 6.40; S,
9.26 |

Found: C, 52.08; H, 6.44; S, 9.25.

tep le S

(S5) (4-(3-Methanesulfonyloxv~4-oxcbutylj-benzoic acid
methyvl ester) CO;CH,

To a stirred solution of 600 mg (1.73 mmol) of
dimethyl acetal (meslylate) (compound 4) in 5 ml of methyl
chloride at 0°C was added 1 ml of H,0 and 1 ml of
Trifluorocacetic acid. The reaction was warmed to room
temperature, then refluxed for 24 hours. The cooled
reaction mixture was diluted with ethyl acetate and washed
twice sequentially with saturated NaCl solution, saturated
Nanco3 solution, then again with saturated NaCl solution,
dried (MgSO4) and the volatiles were removed under reduced



penieillin and 50 nctg/ nL streptonycin.. Gowh was neasured over 3 days of
conti nuous exposure to varying concentrations of the test conpound (14)
added 4 hours after initial cell plating by the MTT-tetrazoliumreduction
assay of Mosmann (I mmunol. Meth. 65, 55-63 (1983)) nodi fied according to
Alley et al. (Cancer Res. 48, 589-601 (19886 .- \Water insol uble derivatives
were dissolved in DMSO and diluted to a final concentration of 0.5% sol vent
in cell cultures. Determ nation of Inhibition Constants for Gar

Tr ansf or nyl ase GAR transfornyl ase inhibition constant was neasured by

the method of Gpebdseré B ofhomhiSimiiyer, Alldrd was! bbthihed( R8sy Hissays

were done at ZzgéﬁﬂguﬁglE ?IQ£h£§h was used without purification.

NMR (CDCl;) & 2.20 (m,2H), 2.85 (m,2H), 3.17 (s,3H), 3.91
(s,38), 4.95 (dd,1H,J = 4.2 Hz, 8.4 Hz), 7.29 (d,2H,J = 8.1
Hz), 7.99 (d,2H,J = 8.2 Hz), 9.59 (s,1H).

Step 1f

(6} {4~f3-(4-Methoxy-benzylsulfanyl}-4-oxobutylj-benzoic -benz 1lsulfanyl)-4-oxobutyl j-benzoic

‘acid methyl ester
Q I\‘Q/cozcm

To a stirred solution of 686 ng (2.28 mmol) of the
mesylate, compound {(5), and 0.40 ml (2.29'ﬁmol) of N,N-
Diisopropylethylamine in dimethyl formamide (DMF) was added
0.48 ml (3.44 mmol) of 4-Methoxy-a~toluenethiol. After 3
hours at room temperature, the reaction mixture was poured
into 0.5 N HCl and extracted twice with ethyl acetate. The
combined organic layers were washed twice with saturated
NaCl solution, dried (MgS0,), and concentrated under
reduced pressure. The aldehyde obtained, compound (6},

was sufficiently pure to use without further purification
in the next step.

IR (KBr) 2930, 1715, 1703, 1611, 1512, 1282, 1244, 1107 cm
1

lg nr (CDCl3) § 1.80-2.16 (m,2H), 2.75 (m,2H), 2.99

(m,1H), 3.53 (AB,2H,J = 13.4 Hz), 3.81 (s,3H), 3.90 (s,3H),
6.83 (d,2H,J = 8.5 Hz), 7.12 (d,2H,J = 8.2 Hz), 7.19

(d,2H,J3 = 8.6Hz), 7.90 (d,2H,J = 8.2 Hz), 9.27 (d,1H,J =
4.2 Hz).
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addi ti on of enzynme using the spectrophotonetric assay of - Young et al.
(Biochem stry 23, 3979-3986 (1984)) and nonitoring the reaction at 295 nm
The GAR transfornylase domain of the human enzynme was used. The variabl e
substrate was 10-fornyl -5-8-di deazafol ate at concentrations of 0.83
[err]M 1.25 [err]M 2.5 [err]Mand 5 [erf]Mwhile the other substrate

GAR (gl yci nam de ri bonucl eoti de), was helY’ Tonstant at 20 [err]M The,
assay m x contained 20 nM Hepes pH

Step 1lg

4~-13~11,31Dioxolan-2~-vl-3-({4-methoxy-benzvlisulfanyl)-
propyli-benzoic acid methyl ester

QCH,y

A flask containing 301 mg (.84 mmol) of the aldehyde,
compound (6), 94 u)l (1.68 mmol) of ethylene glycol and 42
mg (.17 mmol) of Pyridinium p-toluenesulfohate and 30 ml of
benzene was heated at reflux removing the generated water
with a Dean-Stark trap. After 3 hours, the reaction
mixture was poured into saturated NaCl solution and
extracted twice with ethyl acetate. The combined organic
layers were dried (MgS0O,) and concentrated under reduced
pressure. The residue was flash chromatographed on silica,
eluting hexanes-ethyl acetate {(5:1). In this manner, there
was obtained the title compound (7} in an overall 84% yield
from the mesylate dimethylacetal, compound (4).

IR (neat), 2949, 2886, 1721, 1611, 1510, 1435, 1279, 1248,
1177, 1111, 1034 cm™l.

'u wMr (cDC1,) 5 1.67 (m,1H), 1.99 (m,1H), 2.57 (m,2H),
2.84 (m,1H), 3.72-4.03 (m,6H), 3.81 (s,3H), 3.90 (s,3H),
4.97 (d,1H,J = 4.6 Hz), 6.83 (d,2H,J = 8.6 Hz), 7.09

(d,24,J = 8.1 Hz), 7.23 (d,2H,J = 8.5 Hz), 7.88 (d,2H,J =
8.1 Hz).
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- 26~ 7.5, 20 [err]M GAR, and vari abl e armount §5
di deazafol ate and inhibitor. For the inhibitor (14
were used ranging fromO to approxi mately 3Ki. The

vel'ocity of the reaction versus the reciprocal of
8- di deaza-fol ate

Analysis calculated for Cyoliy 6058 C, 65.65; H, 6.51; §,

7.97.
Found: C, 65.72; H, 6.50; s, 8.07.
Step 1lh
{8) {4-[3-[1.3]giqxolan-z-gl-3-me;gagtogropxl)benzoic acid
methyl ester)
: CO.CHy
HS

A/

To a stirred solntion_of 5.70 g {(14.16 mmol) of
compound (7) and 5.42 g (17.00 mmol) of Mercuric acetate in
methylene chloride, cooled to 0°C, was added, dropwise, 5
ml of trifluoroacetic acid. After 3 hours at 0°C, hydrogen
sulfide saturated methanol was added and stirring was
continued at 0°C for 20 minutes. The reaction mixture was
poured into saturated NaCl solution and extracted twice
with methylene chloride. The combined organic layers were
dried (¥g50,) and concentrated at reduced pressure. To the
crude residue partially suspended in methanol was added
1.07 g {28.28 mmol) of sodium borohydride in portions.
After about 30 minutes, the reaction mixture was poured
into ethyl acetate and 0.5 N HCl and the layers separated.
The metallic mercury that formed in the reaction was washed
with ethyl acetate. The combined oxrganic layers were
washed with saturated NaCl solution, dried (MgS04) and
concentrated under reduced pressure. The residue was flash
chromatographed on silica eluting Hexanes - ethyl acetate
(4:1). 1In this matter, there was obtained 1.99 g (50%) of
the thiol, compound (8), as a light yellow oil.

IR (neat), 2951, 2886, 1719, 1611, 1435, 1281, 1179, 1144,
1111 em~?t '

2 nMrR (CDC13) 6 1.64 (d,1H,J = 7.8 Hz), 1.74 (m,1H), 2.15



coneentration. The inhibition constant was neasured froma replot of the
sl opes of these lines obtained for each concentration of inhibitor versus

the inhibitor concentration. GAFRT Inhibition and Cell Culture
Dat a GARPT Cell Line, Ierr] ([err]M Num
Klerr] [err]M L1210 (14) -0103% 0. 05

(m,1H), 2.80 (m,2H), 3.00 (m,1H), 3.90 (s,3H), 3.97 (m,4H),
4.91 {(d,1H,J = 4.0 Hz), 7.28 (d4,2H,J - 8.1 Hz), 7.95
(d,2H,J = 8.1 Hz).

Analysis calculated for Ci4H;8045: C, 59.55; H, 6.14.
Found: C, 59.42; H, 6.41.

Step 1i

sulfanvyl -3- 1.31dioxolan-2-vl-propvl l-benzoic acid

methyl ester)
COCH,
Q
P ey mp————
YEPLACEMENT SHEET
HN
l 18 FEB 199/

PN

HaN

To a stirred solution of 1.91 g (6.76 mmol) of the
thiol, compound (8), and 1.39 g (6.78 mmol) of 5-bromo-2,4-
diamino-6-oxopyrimidine under argon in degassed N,N-
Dimethylformamide was added 1.18 ml (6.77 mmol) of N,N-
Diisopropylethylamine. The reaction mixture was heated at
90°C for 3 hours. The cooled reaction mixture was poured
into saturated NaCl solution and the precipitate which
formed was collected by filtration, washed with water and
air dried. The filter cake was slurried in methylene
chloride. Hexanes were slowly added and the precipitate
was again collected by filtration, washed with hexanes and
dried. In this manner, there was obtained 1.91 g (69 %) of
the desired dioxolane, compound {9), as an off-white solid:
mp 206~208°C with decomposition.

IR (KBr) 3439, 3341, 3154, 1701, 1636, 1591, 1470, 1447,
1287 em™l. : '



The conpounds

centers. The i nvention enconpasses racem c m xtures

di ast er eoner s,

essentially free of other optical isoners,20Md ch optical kb
can be obtai ned by neans well-known to those skilled
w |l be apparent to those skilled in the art that vari

; .
A’

9"%"“ﬁmﬂ'SHEJF

and i nternedi ates of the invention cont aiinfoneor-nore-c

and optically active conpounds, such as_conpou%? 997

the art.

vari ations can be made in the processes and products of the present

i nventi on.

Thudy {kr (DMSO) 5 1.64 (m,1H), 1.84 (m,1H), 2.58 (m,1H),

2,79 (m,1H), 3.19 (m,1H), 3.82 (s,3H), 3.85 (m,4H), 4.83
(d,1H,J = 4,3 Hz), 6.33 (broad s,4H), 7.33 (d,2H,J = 8.1
Hz), 7.83 (d,2H,J = 8.1 Hz, 10.03 (s,1H).
Analysis calculated for c18H22N4058= C, 53.19; H, 5.46;
N, 13.78; S, 7.89.
Found: C, 52.98; H, 5.53; N, 13.60; S, 7.76.
Step 19
4-{2-(2-Anmino~7~-hydroxy-4-0x0-4,6 B-tetrahydro-3H-

mido 4-b1{1 thiazin-6- ~eth ~benzoic acid

methyl ester)

COCH;,

OH

A stirred suspension of 1.20 g {2.85 mmol) of the
dioxolane, compound (9), and 4 ml of 2 N HC1 in 20 ml of
tetrahydrofuran (THF) was heated at reflux for 2.5 hours.
The hdmogeneous solution was poured slowly into saturated
NaHCO, solution and the precipitate that formed was
collected. The filtrate was extracted with ethyl acetate.
A precipitate (58 mg) formed between layers and was
collected and combined with the first precipitate. The
ethyl acetate layer was dried over MgSO, and the solvent
was removed under reduced pressure. The residue (42 mg)
was also combined with the original precipitate. 1In this
manner, there was obtained 984 mg (98%) of the

carbinolamine, compound (10), as an orange solid: mp 213-
216°C.

IR (KBr) 3351, 3441, 1705, 1638, 1609, 1557, 1470, 1289,
1113, 1020 cm~1.

H NMR As a single pair of diastereomers (DMSO) 4§ 1.39 and
1.96 (m'mgln)' 1.70 (m,lﬁ), 2056-2089 (m'3H" 3082 (S'3H)’

- eati~one-

I Tal

nds

and



i s iatended that the present invention cover nodificatiqn pNS

s
of this invention which fall within the scope of theikﬁgﬁﬂﬂﬁﬁﬁﬁahﬁﬁ%
eqU|vaIent cl ai ns.

|
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4.71 and 4.84 (m,m,lH), 5.37 and 5.40 (d,d,1H,J = 6.6 Hz),
6.06 (s,2H), 7.20 (d,1H,J = 4.5 Hz), 7.31 and 7.36
(d,d,2H,J = 8.1 Hz), 7.86 and 7.88 (d,d,2H,J = 8.0 Hz),
10.16 and 10.19 (s,s,1H).
Analysis calculated for C15H18N404S « 1.7 H,0: C, 48.89;
H, 5.49; N, 14.26; S, 8.16.
Found: C, 48.78; H, 5.18; N, 14.00; s, 8.03.
Step 1k

4={2~ ino-4-ox0~4,6,7,8-tetrahydro-3H-pyrimido[5, 4~

bifl,4)1thiazin-6-yvl]-benzoic acid methvl ester
CO,CH,

HaN
To a 0°C suspenéion of 1.126 g (3.1 mmol) - of

carbinolamine, compound (10), in tetrahydrofuran (THF) was
added 2.3 ml (18.64 mmol) of Boron trifluoride etherate.
When the addition was complete, 0.586 ¢g (9.32 mmol) of
Sodium cyanoborchydride was added in portions over 5
minutes. After an additional 30 minutes, 5 ml of ammonia
saturated methanol was added, the reaction mixture was
diluted with ethyl acetate and washed with saturated NaCl
solution. The organic layer was dried (MgS0,) and the
solvent removed under reduced pressure. The residue was
flash chromatographed on silica eluting methylene chloride/
methanol (9:1). In this manner, there was obtained 542 mg
(50%) of the dehydrated ester, compound {(l11), as an orange
solid: mp 245-246°C with decomposition.

IR (KBr) 3358, 2936, 1721, 1644, 1595, 1537, 1447, 1346,
1281 em~ .

¥ NMR (DMSO) 6 1.72 (m,1H), 1.90 (m,1H), 2.80 (m,3H),
3.22 (m,1H), 3.52 (m,1H), 3.82 (s,3H), 6.00 (s,2H), 6.65



27 - WE CLAIM 1. The conpound of the formula [err]
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(s,1H), 7.37 (d,2H,3 = 8.1 Hz), 7.87 (d,2H,0 = 8.1 Hz},
10.05 (s,1H). =
Analysis calculated for 016318N403S: C, 55.47; H, 5.24; N,
16.17; S, 9.26.
Found: C, 55.31; H, 5.29; N, 16.09; S, 9.17.
‘Step 11
12 4-{2-({2~Amino-4-ox0-4,6,7,8-tetrahydro-3H- imido
5:4-bif1,41thiazin-6~-vl}-eth =benzoic acid

A solution of 530 mg (1.53 mmol) of the ester,
compound (11), and 10 ml of 1N NaOH was stirred at room
temperature for 30 minutes. The homogeneous solution was
made slightly acidic (pH 4) with concentration HCl. After
cooling in an ice bath, the light orange precipitate was
collected by filtration and air dried. It was then
suspended in ethanol and the ethanol removed under reduced
pressure. In this manner, there was obtained 468 mg (91%)
of the acid, compound (12): decomposes > 310°C,

IR (KBr) 3285, 3086, 2928, 1698, 1642, 1611, 1576, 1449,
1348 om™t.

ly MR (DMSO) 6 1.72 (m,1H), 1.89 (m,1H), 2.78 (m,3H),
3.20 (m,1H), 3.48 (m,1H), 6.07 (s,2H), 6.68 (s,1H), 7.33
(d,2H,J = 8.1 Hz), 7.85 (d,2H,J = 8.1 Hz), 10.11 (s,1H),
12.77 (broad s,1H).

Analysis calculated for 015H16N403s - 1.20 H,0: ¢, 50.89;
H, 5.24; N, 15.83; &, 9.06.

Found: C, 50.70; H, 4.92; N, 15.58; S, 8.87.
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whekrgi n Ar is a nonocyclic or heterocyclic rlng, and
Rlerr] and Rl err] are each independently hydroge@me{._.-at.w"‘r
ﬁlkyl or a pharmaceutically accept

Cerr]

- 23 -

5.4-b1[1,.4
acid diethyl ester

igzin-6-~vlj~ethyl]-benzovlamino]-pentanedioic

0

- =
“é

CC,E!

To a stirred solution of 397 mg (1.19 mmol) of the
acid, compound (12), 169 mg (1.25 mmol) of 1~
Hydroxybenzotriazole hydrate (HOBT), .22 ml (1.25 mmol) of
N,N-Diisopropylethylamine and 300 mg (1.25 mmol) of IL-
Glutamic acid diethyl ester hydrochloride in 15 ml of N,N-
dimethylformamide was added 240 mg (1.25 mmol) of 1-(3-
Dimethylaminopropyl)-3-ethyl-carbodiimide hydrochloride
(EDC). After 18 hours at room temperature, the reaction
mixture was poured into ice cold saturated NaCl solution
and the precipitate which formed was collected, washed with
H,0 and air dried. The precipitate was flash
chromatographed on silica eluting methylene chloxride/
methanol (9:1). In this manner, there was obtained 357 mg

(58%) of the desired product (13) as a light orange solid:
mp 132-136°C.

IR (KBr) 3333, 1732. 1645, 1572, 1535, 1449, 1343, 1203,

1020 cm™t.
4 NMR (DMSO) & 1.15 (t,3H,3 = 7.3 Hz), 1.17 (t,3H,J = 7.3

Hz), 1.72 (m,1H), 1.88-2.10 (m,3H), 2.42 (t,2H,J = 7.4 Hz),
2.79 (m,3H), 3.22 (m,1H), 3.50 (m,lH), 4:02 (q,2H,J = 7.3;
14.5Hz), 4.09 (q,2H,J3 = 7.2, 14.3 Hz), 4.41 (m,1H), 6.21
¢s,2H), 6.74 (s,1H}, 7.32 (d,2H,J = 8.0 Hz), 7.80 (d,2H,J =



2. A conpound or salt according to claim1, wherein Ar IS

3. A conpound or salt according to claim1, wherein R[err] and R err]
are each hydrogen. 4. —

d- (2-[ 4-[ 2- ( 2- Ami no- 4- oxo- 4, 6, 7, 8, - t et r ahydr o- 3H

- 24 -

8.0 Hz},
8.64 (d,1H,J = 7.41 Hz), 10.24 {(s,1lH)

Analysis calculated for C24H31N5068= C, 55.69; H, 6.04; N,
13.53; s, 6.19.

Found: C, 55.41; H, 6.11; N, 13.48; S, 6.12.

Step 1n
14 2={4~{2n{2~Amino~4~oxo~4,6 B-tetra ro-3H-
imido[5,4~b1[1,4]1thiazin-6-yl)-ethyl }benzoy}
amino)jpentanediocic acid)

HaN . ) COH

A mixture of 320 mg (.618 mmol) of glutamate, compound
(13), and 6 ml of 1IN NaOH was stirred at room temperature
for 3 hours, neutralized with concentrated HCl, then made
slightly acidic with 2N HCl. After cooling, the light
yellow precipitate was collected and air dried. The filter
cake was taken up in ethanol/acetonitrile and any residual
H,0 was azeotrophed off. In this manner, there was

obtained 220 mg (77%) of the diacid, compound (14): mp:
188-190°C.

IR (KBr) 3348 (broad), 2930, 1717, 1642, 1539, 1505, 1348
-1

cm L

ly NMR (DMSO) 6 1.71 (m,1H), 1.92 (m,2H), 2.08 (m,1H),

2.34 (t,2H,J = 7.4 Hz), 2.79 (m,3H), 3.20 (m,1H), 3.55

(m,1H), 4.38 (m,1H), 6.07 (s,2H), 6.68 (s,1H), 7.31 (d,2H,J

= 8.1 Hz), 7.80 (d,2H,J = 8.2 Hz), 8.53 (d,1H,J = 7.7 Hz),

I0.11 (s,1H), 12.40 (breoad s,2H).



pryiTi do[ 5, 4-b] [ 1, 4] t hi azi n- 6- yI) et hyl ] - benzoyl ani ndRFPLACEMENInSHEBT

aci d diethyl

d-(2-[4-] 2- (2 Am no- 4- oxo- 4,6, 7, 8 -t et rahydro- 3H

pyrimdo[5, 4
acid).

)

ester).

pet anedi

=
7

-b] [ 1, 4] t hi azi n-6- yI) ethyl] gesnzoyl am nd] - 18 LED B9

Lnocmaincrsrcme vattten ~MRMPDES . Ban. oo a0 o SRS tn

Analysis calculated for CZOHZBNSOGS - 1,5 H20: C, 49.17;
H, 5.36; N, 14.34; S, 6.56.
Found: C, 48.77; H, 4.97, N, 14.07; S, 6.54.
EXAMPLE 2
Biological and Biochemical Evaluation
In Vitro Testing

Cellular growth in the presence of the compounds
according to the present invention was assessed using the
L1210 murine leukemia (ATCC CCL 219) cell line. The cell
line was maintained in RPMI 1640 medium containing 5% heat-
inactivated fetal bovine serum without antibiotics.

IC50 values were determined in 160 microliter
microcultures containing 1500 (L1210) cells established in
96 well plates in growth medium supplemented with 50 IU/mL
penicillin and 50 mcg/mL streptomycin. Growth was measured
over 3 days of continuous exposure to varying
concentrations of the test compound (14) added 4 hours
after initial cell plating by the MITT-tetrazolium
reduction assay of Mosmann (Immunol. Meth. 65, 55-63
(1983)), modified according to Alley et al. (Cancer Res.
48, 589-601 (1988)). Water insoluble derivatives were
dissolved in PMSO and diluted to a final concentration of
0.5% solvent in cell cultures.

Determination of Inhibition Constants for Gar
Transformylase

GAR transformylase inhibition constant was measured by
the method of Cleland {(Biochem. Biophys. Acta 67, 173-187
(1963)). Assays were done at 22°C and initiated by
addition of enzyme using the spectrophotometric assay of
Young et al. (Biochemistry 23, 3979-3986 (1984)) and
monitoring the reaction at 295 nm. The GAR transformylase
domain of the human enzyme was used. The variable
substrate was 10-formyl-5-8-dideazafolate at concentrations
of 0.83 uM, 1.25 zM, 2.5 uM and 5 uM while the other
substrate, GAR (glycinamide ribonucleotide), was held
constant at 20 xM. The assay mix contained 20 mM Hepes pH



28 % 6. A conpound or salt according to claim1, wherein the

conpound is optically active. 7. An antiproliferative
econposition conprising a conpound having the fornula |
- 26 -

7.5, 20 M GAR, and variable amounts of 10-formyl-5, 8-
dideazafolate and inhibitor. For the inhibitor (14), five
concehtrations were used ranging from 0 to approximately
3Ki. The data were plotted as the velocity of the reaction
versus the reciprocal of the 10-formyl-5,'B-dideaza-folate
concentration. The inhibition constant was measured from a
replot of the slopes of these lines obtained for each
concentration of inhibitor versus the inhibitor
concentration.

GARFT Inhibition And Cell Culture Data

GARFT Cell Line, ICg, (mM)
Num. K, uM L1210

(14) 0.035 0.05

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

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. Thus, it
is intended that the present invention cover modifications
and variations of this invention which fall within the
scope of the appended and equivalent claims.
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[err] wher ei n Ar is a nonocyclic or
het erocyclic ring, and
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1. A compound having the formula I
'o A sl J CO:R
2532
N ‘ \l/\ e \<
(CEj) N
HzN)\N ﬁ/ o COA.

wherein:
n is 0 to 2;

A is sulfur, CH2, oxygen, -NH- or selenium, provided
that when n is 0, A cannot be CH2, and when n is 1, A
cannot be CH2
oxr NH;

X is at least one substituted or unsubstituted C,-C,
alkyl or alkenyl group, a Cy=Cq alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R1 and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

2. A compound or salt according to claim 1, wherein
R, and R, are independently hydrogen, CI'CG alkyl,
hydroxyalkyl, alkyaryl, and aralkyl.

3. A compound or gplt according to claim 2, wherein
Rl and R2 are independently hydrogen and C2 alkyl.

i 4, A compound or salt according to claim 1, wherein
the substituents for X and Ar are selected from the group
Cl'cs alkyl or alkenyl, Cy-Ce alkynyl, acyl, halogen,

. amino, hydroxyl, nitro, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic or

heterocyclic ring systems, hydroxyl and C,-C¢ alkoxyl Cl-c6
alkyl.

This Sheet Has Been Relplac:,d
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Rlervx] and Rl err] are each independently hydrogen or a (Jerr] to

Cerr] alkyl; or a pharmaceutically acceptable salt thereof;
Fn  conbi natiom WTh & pharmaceutically acceptable carrier.
8. The conp 7, wherein a conmpound or salt according
o crarm <. (SN AL SHEL N

- 28 - . .

5. A compound or salt according to claim 1, wherein
A is sulfur and Ar is phenyl.

6. A compound of the formula II

SaaSuy

A’ is sulfur or selenium;

0

wherein:

X is CKz, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and .

Rl and R2 are independently hydrogen or a mo;ety which
forms a readily hydralyzable ester group or

a pharmaceutically acceptable salt thereof.

7. A compound or salt according to claim 6 wherein
R, and R, are independently hydrogen, Cl-ce.alkyl,
hydroxyalkyl, alkyaryl, and aralkyl.

8. A compound or salt according to claim 7 wherein
R, and R, are independently hydrogen and Cz.alkyl.

9. A compound or salt according to claim 6, wherein
A’ is sulfur, X’ is cnz and Ar is phenyl.

10. d-(2-[4-{2-(2-Amino-4-oxo-4,6,7,8-tetrahydro~3H-
pPyrimido[5,4-b][1,4])thiazin-6-yl)-ethyl]~benzoylamino]-
pentanedioic acid diethyl ester.

' 11. d-(2-[4~[2~(2-Amino-4-oxo-4,6,7,8-tetrahydro-3H-
pyrimido{5,4-b][1,4]thiazin~-6-yl}-ethyl]benzoyl
amino)pentanedioic acid).

" w am SHEEY This Sheei Has Been R
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9. +The conposition of claim?7, wherein A conpound salj

claim1, wherein Rlerr] and Rlerr] are each hydrogen.|a&H |
-.conposi ti omof claim7 wherein the conpound for

d=+(2-[4-[ 2- 6, 7,8, -tetrahydro-3H | . .-.; 07
pryi m do[ 5, mmrmmuiLMlm 6-yl ) - et hyl ]= ezoyl am noj- § 18 Fﬁf‘% g\edl i
aci d dietﬁy *esterd

12. an antlproleerative compos;tlon comprising a
compound havxng the formula I

Q
A /Ar CO.R;
HN \\\T///N\\TX-
l (CH2)n N
/. yd
N N
HaN H

wherein:
n is 0 to 2;

COLR.

A is sulfur, CHZ; oxygen, -NH- or selenium provided
that when n is 0, A cannot be CH,, and when n is 1, A
cannot be CH, or NH;

X is at least one substituted or unsubstituted 01-03
alkyl or alkenyl group, a Cz_--c3 alkynyl group, a -
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic |
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof;

in combination with a pharmaceutically acceptable
carrier.

13. fThe composition of claim 12, wherein R, and R

2
are independently hydrogen, C,-Cq alkyl, hydroxyalkyl,
alkyaryl, and aralkyl.

14. The composition of claim 13, wherein R, and R,

are independently hydrogen and C, alkyl.

15. The composition of claim 12, wherein the
substituents for X and Ar are selected from the group C 1 C¢
alkyl or alkenyl, C 2= 6 alkynyl, acyl, halogen, amino,
hydroxyl, nitro, mercapto, monocyclic carbocyclic or
heterocyclic rings, fused or nonfused carbocyclic or

heterocyclic ring systems, hydroxyl and Cl-c6 alkoxyl (:1--C'S
alkyl.

This Sheet Has Been Replaced
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29 ¢ 11. The conposition of claim7, wherein the conpound of
formula | is d-(2-[4-[2-(2-Am no-4-0xo0-4,6,7,8,-tetrahydro-3H
s | 2

-_—

R LT TR

16. The composition of claim 12, wherein A is sulfur
and Ar is unsubstituted phenyl.

17. &An antiproliferative composition comprising a
compound having the formula II

fif"%f‘l\

wherein:

A’ is sulfur or selenium:

X’ is Cﬂz, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and’

R, and Rz are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof;

in combination with a pharmaceutically acceptable
carrier.

18. The composition of claim 17, wherein R1 and R
are independently hydrogen, C1'°6 alkyl, hydroxyalkyl,
alkyaryl, and aralkyl.

19. The composition of claim 18, whereln R; and R,
are independently hydrogen and C, alkyl.

20. The composition of claim 17, wherein A’ is
sulfur, X’ is CH2 and Ar is unsubstituted phenyl.

21. A process for inhibiting the growth and
proliferation of the cells of microorganisms or of higher

2

organisms,- which process comprises administering to a host

. B B e e Y

e [REPLACEMINT
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pyrimdo[5, 4-b][1, 4] thiazin-6-yl)-ethyl]-benzoyl am no] - pet anedi oi ¢
aC|d) __~_—212—%he conposition of claim7, wherein the conpound

Seolipgmigs 0 T

- 31 -

in need of such treatment an effective amount of a compound
having the structural formula I
O

- COR,
N \(\ \<
)\ (CKZ) n
N N

HoN N COLR.

wherein:
n is 0 to 2;

A is sulfur, CHz, oxygen, -NH~ or selenium, provided

that when n is 0, A cannot be CHZ' and when n is 1, A
cannot be CH2

or NH:

X is at least one substituted or unsubstituted cl-c3
alkyl or alkenyl group, a Cy~Cy alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is-a substituted or unsubstitutéd monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic.ring systems; and

' R, and Rz are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

22. A process for inhibiting the growth and
proliferation of the cells of microorganisms or of higher
organisms, which process comprises administering to a host

—_—
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[ erk] wher ei n Ar is a nonocyclic or
heterocycIL R

]

—irly I

H I lilll# T O

* s _i- "32 -

s

in need of such treatment an effective amount of a compound
having the structural formula II

O
Ar, COzR,
HN X~ \<
//J\;‘ H
H
HaN : | COsR.
wherein:

A’ is sulfur or selenium;

X’ is CH,, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

23. A pfoeess for preparing a compound of the formula

. O
Aj/'\ - Af\< COzR,
X {/\
N
H

Cvza

wherein:

A’ is sulfur or selenium;

X' is caz, sulfur, oxygen.or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

R, and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group, with the proviso
that neither R} nor Rg is hydrogen; ox

ot Has Been Reﬁaced REPLACEMENT SHEET
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Rlerr] and Rl err] are each independently hydrogen or a (Jerr] to

C err] alkyl; or a pharmaceutically acceptable salt thereof
adm ni steried 1n an effectirve amount for inhibiting the growth and

prollferatl Iu f nicroorgani sms or of higher or gani sns
to a host ﬁlll Hﬂ ﬂl B Mﬂeat ment . '

14. A conpound as cl ai ned
in cl a|n1L3 Whefeih Ar iss = - 33 -

a pharmaceutically acceptable salt thereof;
which process comprises the steps of

(a) reacting 2 compound having the formula III
O

HN

N |
HaN N NH,
wherein:

B is a halogen with a compound having the formula IV
HA'

wherein X’, A’, and Ar are as defined in formula IX and R
is hydrogen'or a straight, branched or cyclic cl to C6
alkyl group optionally carrying one or more halogen,
hydroxyl, or amino groups; in the presence of base other
than the compound of formula III in a solvent in which at
least one of the reactants is at least partially soluble

undexr conditions sufficient to obtain the compound of
formula VvV

3

wherein A‘, X’, and Ar are defined as in formula II and R3
is as defined in formula IV;

—_— _REI’LACEMENTSHE?E
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30 % 15. A conpound as clained in claim13 wherein Rerr] and Rierr]
are‘each_nygigggg_________~_ 16. A conpound as clained in cla|n113 wher ei n
t he

| Hll!lll YN o The S e i

MR

(b} reacting the compound of formula V with an acid in
a suitable solvent under conditions sufficient to obtain a
compound of the formula VI

0
A V/”
HN I X
A
N N

wherein aA’, X', and Ar are defined as in formnla II and R
is as defined in formula IV;
(c) reducing the compound of formula VI under

conditions sufficient to obtain a compound of the formula
VII '

3

OR,

wherein A', X', and Ar are defined as in formula II and R
is as defined in formula IV;

(d} hydrolyzing the compound of formula VII, in the
case where R; in the compound of formula VII is not
hydrogen, under basic conditions sufficient to form a
compound of the formula VIII

3

,g/‘*’\(°

OH

H!%\l

wherein A’, X’, and Ar are defined as in formula II; and
(e) peptide coupling the compound of formula VIII or

REPLACEN&%H‘SHEé%b compound of formula VII, wherein R3 is hydrogen, with a
18 FEB 1997
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formula | is d-(2-[4-[2-(2-Am no-4-0x0-4,6,7,8,-tetrahydro-3H
pyr|n1dof5—4-b+%&—4+%h+a2fﬂ76 yl)-ethyl]- benzoylanlno] pet anedi oi ¢ acid

diset hyl | 7. A conpound as clainmed in claim13 wherein the
formul a jiﬁ }I m ani no- 4- oxo- 4, 6, 7, 8-t et r ahydr o- 3H
pyrim do -6-yl)-ethyl]-benzoyl am no] - pet amedi oi ¢

acid). i 18 A conpound as clainmed in claim13 wherein the
conmpound is optically active.

- 35 -

glutanmic acid diester hydrochloride to form a diester of
the formula II, as defined above, with the proviso that
neither Rl nor R2 is hydrogen.

L

co:a.

24. The process of claim 23, further c&mprisiné the
step of hydrolyzing the compound of formula II to the free
glutamic acid form depicted in formula II, wherein both R
and R, are hydrogen.

"25. The process of claim 23, wherein in step (a), b
is bromine.

1

26. The process of claim 25, wherein in step (a), the
base other than the compound of formula III is a non-
nucleophilic auxiliary base.

27. The process of claim 26, wherein in step (b}, the
acid is hydrochloric acid.

28. The process of claim 27, wherein in step (b), the
solvent is tetrahydrofuran.

29. The process of claim 28, vherein in step (c), the
reducing is accomplished by the use of sodium cyano
borohydride. .

30. A process for inhibiting GARFT comprising the
step of administering to a host in need of such inhibition

- - REPLACEMENT SHEET
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19. <A conmpound having the formula | [err]

| O O

FEPLACEMENT SHEET
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an effective amount of a compound having the formula I

X

COqR;
wherein:

n is 0 to 2; i

A is sulfur, cnz, oxygen, -NH~ or selenium provided
that when n is 0, A cannot be CHZ' and when n is 1, A
cannot be CH2 or. NH;

X is at least one substituted or unsubstituted Cl-C
alkyl or alkenyl group, a €,-C,q alkynyl group, a
substituted or unsubstituted amino group, sulfur or oxygen;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and .

Rl and R2 are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

31. A process for inhibiting GARFT comprising the
step of administering to a host in need of such inhibition
an effective amount of a compound having the formula II

G

CO;R.

3

wherein:

A’ is sulfur or selenium;

X’ is Cﬂz, sulfur, oxygen or NH;

Ar is a substituted or unsubstituted monocylic
carbocyclic or heterocyclic ring or fused or nonfused
carbocyclic or heterocyclic ring systems; and

"""ﬁiiiiﬁ‘l’iiilfr i




wher<i n Ar is a nonocyclic or heterocyclic ring, and

Rl err] and R err] are each independently hydrogen or a (Jerr] to Cerr]
algyl : - a pharmaceutically acceptable salt t her eof
admi ni st H ﬁml (1' ve anmount for |nh| biting GARFT to a host in
veca o SIINETRREATS T

- 37 -

R; and R, are independently hydrogen or a moiety which
forms a readily hydrolyzable ester group or

a pharmaceutically acceptable salt thereof.

REPLACEMENT SHEET
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31 ~ 20. A conpound or salt according to clains 1 and 13, wherein Ar is

- 38 -

CONDENSED HETEROCYCLIC GLUTAMIC ACID DERIVATIVES
AS ANTIPROLIFERATIVE AGENTS

ABSTRACT

Novel compounds of formula {(I) are found to inhibit the
enzyme glycinamide ribonucleotide formyl transferase
(GARFT) . A novel method of preparing such compounds is also
disclosed, as well as methods and compositions for employing
the compounds as antiproliferative agents.

REPLACEMENT SHEET
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21. A conpound salt according to clains 1 and 13, wherein Rl err] and R err]

are each hydrogen 22. A conmpound as in claim13 wherein the formula
2~ (-2-Ammo- 4- oxo- 4, 6, 7, 8, - t et r ahydr o- 3H pyri m do[ 5, 4-

b] [ Tililinmlillﬁﬂmnmet hyl ] - benzoyl ani no] - pet anedi oi ¢ acid diethyl ester).
27
27 JUL 999
WE CLAIM:
1. The compound of the formula :
Wy Ty RN  ENET
0 CO3R,
8]
1}1 CO.R4
HN
A :
H,N SN N
H
wherein :
Ar is a monocyclic or heterocyclic ring, and
R, and R, are each independently hydrogen or a C, to
Cq alkyl;
or a pharmaceutically acceptable salt thereof.
2. A compound or salt according to claim 1, wherein Ar
is
3. A compound or salt according to claim 1, wherein R;

and R, are each hydrogen.

4. d-{2-{4-[2-{2-Amino-4-0ox0-4,6,7,8, -tetrahydro-3H-
pryimido[5,4-b] [1,4]thiazin-6-yl) -ethyl] -benzoylamino] -

petanedioic acid diethyl ester}.

5. d-(2-[4-[2-(2~Amino-4-oxo-4,6,7,8, -tetrahydro-3H-
pyrimido(5,4-b] [1, 4]th1az1n 6- yl) -ethyl] benzoylamlno}—

petanedioic acid).

0(60?&?’8'3
13 A1t




23. A conpound as claiﬁed-iq claim 13 wherein the formula | is
d- (2-14-12~ \4 armno-—4—ex0-4, 6, 7, 8-t et rahydr o- 3H

pyr| i azin-6-yl)-ethyl]-benzoyl am no] - petanedi oi c acid).
24. Ai # ” red in claim13 wherein the conpound is optically

activ
28
6. A compound or salt according to claim 1, wherein the
compound is optically active.
7. An antiproliferative composition comprising a
compound having the formula I.
0 CORy
0
N
N NN
H
wherein :

Ar is a monocyclic or heterocyclic ring, and

R, and R, are each independently hydrogen or a C; to
Ce alkyl ;

or a pharmaceutically acceptable salt thereof;

in combination with a pharmaceutically acceptable

carrier.

8. The composition of claim 7, wherein a compound or

salt according to claim 1, wherein Ar is

9. The composition of claim 7, wherein A compound salt

according to claim 1, wherein R, and R, are each hydrogen.

10. The composition of claim 7 wherein the compound for
formula I is d-(2-[4-[2-(2-Amino-4-oxo-4,6,7,8,-tetrahydro-3H-
pryimido[5,4-b] {1,4)thiazin-6-yl) -ethyl] -benzoylamino] -

REPLACEMENT SHEET
27 JUL-1999

petanedioic acid diethyl ester).
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11. The composition of claim 7, wherein the compound of
formula I is d4d-{(2-[4-{2-(2-Amino-4-oxoc-4,6,7,8,-tetrahydro-3H-
pyrimido[5,4-b] [1,4]thiazin-6-yl) -ethyl] -benzoylamino] -

petanedioic acid).

12. The composition of claim 7, wherein the compound is

optically active.

13. A compound having the structural formula I

HN . N COzR
)\ | H
™

EN® N N

wherein :

Ar is a monocyclic or heterocyclic ring, and

R; and R, are each independently hydrogen or a C; to
Cs alkyl;

or a pharmaceutically acceptable salt thereof
administered in an effective amount for inhibiting the growth
and proliferation of the cells of microorganisms or of higher

organisms to a host in need of such treatment.

14. A compound as claimed in claim 13 wherein Ar is

REPLACEMENT SHEET
27 JUL 1999
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15. A compound as claimed in claim 13 wherein R, and R,

are each hydrogen.

16. A compound as claimed in claim 13 wherein the
formula I is d-(2-[4-[2-(2-Amino-4-oxo-4,6,7,8,-tetrahydro-3H-
pyrimido[5,4-b]{1,4]thiazin-6—y1)-ethyl]—benzoylamino]—

petanedioic acid diethyl ester).

17. A compound as claimed in claim 13 wherein the
formula I is d-(2-[4-[2-(2-amino-4-oxo-4,6,7,8-tetrahydro-3H-
pyrimido[5,4-b] [1,4]thiazin-6-yl) -ethyl] -benzoylamino] -

petamedioic acid).

18. A compound as claimed in claim 13 wherein the

compound is optically active.

19. A compound having the formula I

0 CO.R,
QO
S }‘I CO,.R;
g i |
x
N NN

wherein :
Ar is a monocyclic or heterocyclic ring, and
R, and R, are each independently hydrogen or a C, to
Ce¢ alkyl:
a pharﬁéceutically acceptable salt thereof

administered in an effective amount for inhibiting GARFT to a
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host in need of such inhibition.
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20. A compound or salt according to claims 1 and 13,

wherein Ar is

21. A compound salt according to claims 1 and 13,

wherein R; and R, are each hydrogen.

22. A compound as in claim 13 wherein the formula I is
d-(2-[4-[2-(2~Amino-4-ox0-4,6,7,8, -tetrahydro-3H-pyrimido[5,4~
b] [1,4]thiazin-6-yl) -ethyl] -benzoylamino] -petanedioic acid
diethyl ester}.

23. A compound as claimed in c¢laim 13 wherein the
formula I is d4-{2-[4-{2-(2-amino-4-oxo-4,6,7,8-tetrahydro-3H-
pyrimido[S,4-b] [1,4]) thiazin-6-vyl)}-ethyl] -benzoylamino] -

petamedioic acid).

24. A compound as claimed in claim 13 wherein the

compound is optically active.
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