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ANTIPROLIFERA~IVE SUBSTITUTED 

5-THIAPYRIMIDINONE and 5-SELENOPYRIMIDINONE COMPOUNDS 

This application is a continuation-in-part of parent 
application U.S. Serial No. 07/991,259. This CIP is not 
being filed in response to the U.S. Patent and Trademark 

..... __ ... _,,.,_._ --=- .. -Exam.i.nea:.'.,s,,...:;a j.~-ons-...-.in .. the pa~t...-appMrca-tiol'f:·' -.. -iia-he--..f i-i.·iB9""=- -:~ 

of the CIP application should in no, way be construed as an 
~ acquiescence that the Examiner's S 112 rejections (second and 

fourth paragraphs) in the parent application are correct • 
. The present invention relates to certain substituted 

5-thia- and 5-selenopyrimidinonyl compounds which inhibit the 
enzyme glycinamide ribonucleotide formyl transferase (G.ARFT), 
certain substituted 5-thia- and 5-selenopyrimidinonyl 
compounds which inhibit the enzyme amino imidazole 
carboxamide ribonucleotide formyl transferase_(AICARFT), to 
intermediates thereof, to pharmaceutical compositions 
containing these compounds, and to the use thereof to inhibit 
the growth and proliferation of the cells of higher organisms 
and microorganisms such as bacteria, yeast and fungi. Such 
effects include antitumor, antiinflammatory, antipsoriatic 
and innnunosuppressi ve activity. A_ proces·s fpr 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. ~ically, 

antif olates closely resemble the structure of f olic acid and 
incorporate the characteristic P-benzoyl glutamate moiety of 
folio acid. The glutamate moiety of folic acid takes on a 
double negative charge at physiological pH. Therefore, this 
compoun6 and its analogs have an active energy driven 
transport system to cross the cell membrane and exert a 
metabolic effect. 
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GARFT and AICARFT are f olate dependent enzymes in the de 

nov~ 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 synthesized and studied for their abi~ity 
to inhibit GAR.FT. A prototypic specific tight binding 

--- --.....-- --· -;:.j.nhil>ilor _of· GARFT-1 .. 5.,..10-didedzatat:r:ah¥dr.o:f.al.iC"· acid,-h&Z!i-s ---­

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, pp.65-87, Kluwer Academic Publishers, Boston 
(1992). 

The present invention introduces a novel class of 
5-thia- or 5-selenopyrimidinonyl compounds containing a 
glutamic acid moiety. These compounds can be effective in 
inhibiting GARFT and/or AICARFT 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 enzymes GARFT 
and/or AICARFT. 

As stated above, compounds of the invention possess 
anti-proliferative activity, a property which may express 
itself in the fo~ 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. Compounds 
of the present invention possess at least one chiral center. 
Thus compounds of the invention include mixtures of 
diastereomers or enantiomers, as well as diastereomers and 
enantiomers substantially free of other diastereomers or 
enantiomers. 

Preferred compounds of the invention are active in 
inhibiting the growth of the Ll210 cell line, a mouse . 
leukemia cell line which can be grown in tissue culture. 
Compounds of the invention can also be active in inhibiting 
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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. 

_____ .Soli4."""c.ari;:iers _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. 

'!'he carrier or diluent may include any prolonged release 
material, such as glyceryl monostearate or glyceryl 
distearate, alone or with wax. When a liquid carrier is · 
used, the preparation may be in the form of a syrup, elixir, 
emulsion, soft gelatin capsule, sterile injectable liquid 
(e.g. solution) or a non-aqueous· or aqueous liquid 
suspension. 

'!'he pharmaceutical preparations (not necessarily the 
compounds or salts thereof per se} are prepared following 
conventional techniques of the pha:cmaceutical chemist 
involving steps such as mixing, granulating, and compressing 
when necessary for tablet fo~s, o~ mixing, filling and 
dissolving the ingredients as appropriate to give the desired 
products for oral, parenteral, topical, intravaginal, 
intranasal, intrabro~chial, 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; antimetabolites (for example, 5-fluorouracil and 

' cytosinearabinoside); intercalating anti~iotics (for exampl~,· 
adriamycin and bleomycin); enzymes (for example, 
asparaginase); topoisonerase inhibitors· (for example, 
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etoposide); or biological response modifiers (for example, 
inter£ eron) • 

The compositions of the invention may also comprise one 
or more other compounds including antibacterial, antifungal, 
antiparasitic, antiviral, antipsoriatic andanticoccidial 
agents. Exemplary antibacterial agents include, for example, 
sulfonamides such as sulfamethoxazole, sulfadiazine, 
sulf~~@r Q~ _ _aulfadoxine.;.. .. dih¥drofolic reductase ·inhi.bi. ~s -· - -_,. J:.: 

such as trimethoprim, bromodiaprim, or trimetrexate; 
penicillins; cephalosporins; aminoglycosides;. bacteriostatic 
inhibitors of protein synthesis; the quinolone carboxylic 
acids and their fused isothiazolo- analogs. 

Another aspect of the invention relates to a therapeutic 
process of inhibiting the growth and proliferation of cells 
of higher organisms and 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. Therapeutic processes can comprise 
administering to a host an effective amount of a compound 
according to the present invention to inhibit GARF~ and/or 
AICARFT. 

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 quantity" means a quantity 
sufficient to inhibit the folate metabolic pathways and 
derive ~he beneficial effects therefrom throug~ 
administration of one or more of the pharmaceutical dosage. 
units. 
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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 SO 
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 

__ meq~~ted by .f·olate .JDAlt.abolic pathways .inhibition, by ... any ·- --·-­
known method of adminl.strating the dose including topically 
as, for example, an ointment or cream; orally; rectally, for 
example, as a suppository; parenterally by injection; or 
continuously by intravaginal, intranasal, intravenous, 
intrabronchial, intraaural or intraocular infusion. For oral 
administration, one can use the compounds of the invention in 
ester or free acid form. 

The compounds according to the present invention may be 
characterized as producing-any one or more of an 
antiproliferative effect, 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 compo'llnds can be especially useful in 

producing an antitumor effect in a vertebrate host harboring 
a tumor. 

The present invention relates to antiproliferative 
compounds having the formula I 

' • 
wherein: 

A represents sulfur or selenium; 

I. 
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Z represents 1) a substituted or unsubstituted non­
cyclic spacer which separates A from the carbonyl carbon of 
the ~do group by 1 to 10 atoms, said atoms being 
independently selected from carbon, oxygen, sulfur, nitrogen, 
and phosphorous; 2) a substituted or unsubstituted mono or 
fused or nonfused poly-carbocyclic or heterocyclic radical; 
or 3) a combination of at least one of said non-cyclic spacer 

·. 

____ and a:t l~a_s1: Oil~ .. o_f. _i;;a~d · carbocyclic or heterocyc+ic . .radical, ...... - . 
wherein when said non-cyclic spacer is bonded to A, said 
non-cyclic spacer separates A from one of said carbocyclic or 
heterocyclic radicals by 1 to 10 atoms and furth~r wherein 
when said non-cyclic spacer is bonded to -C(O)-, said non-
cyclic spacer separates -C(O)- from one of said carbocyclic 
or heterocyclic radicals by 1 to 10 atoms; 

R1 and R2 represent, independently, H or c1 to c6 alkyl 
or other readily lyzable, preferably hydrolyzable, groups; 
and 

. R3 represents H or a straight, branched or cyclic c1 to 
c6 alkyl group (cyclic obviously applies only to c3 to c6 
alkyl groups) optionally carrying one or more halogen, 
hydroxyl or amine groups; or.a pharmaceutically acceptable 
salt thereof. 

A pref erred subgenus of the compounds of the invention 
has the formula II 

• • wherein: 
A is sulfur or selenium; 
(group) represents a non-cyclic spacer which separates A 

from (ring) by 1 to 5 atoms, said atoms being independently 
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selected from carbon, oxygen, sulfur, nitrogen and phosphorus 

and optionally carrying one or more substituents 

independently selected from c1 to c6 alkyl or c2 to c6 
alkenyl groups, c1 to c6 alkoxy or c1 to c6 alkoxy(C1 to 

C6)alkyl groups, c2 _to c6 alkynyl groups, acyl groups, 

halogen,· amino groups, hydroxyl groups, nitro groups or 

mercapto groups, monocyclic carbo- or hete~ocyclic rings, and 

fused: ?r-..non-fused poJ..y-c:arboayol-ic.= o-r- poly-he~reeyel--i-e­

rings 1 

(ring) represents one or more of a substituted or 

unsubstituted monocyclic, carbo- or heterocycllc ring or a 

fused or non-fused polycarbocyclic or heterocyclic ring 

optionally substituted with one or more substituents selected 

from those recited for (group)J 
R1 and R2 represent, independently, hydrogen, c1 to c6 

alkyl or other readily lyzable, preferably hydrolyz'able, 

groupsJ and 
R3 represents hydrogen or a straight, branched or cyclic 

c1 to c6 alkyl group (obviously cyclic only involves c3 to c6 
alkyl groups) optionally carrying halogen, hydroxyl, or amine 

substitution1 or a pharmaceutically acceptable salt thereof. 

In a preferred embodiment of the compound of formula I, 

the moiety z is represented by Q-X-Ar wherein: 

Q represents a c1-c5 alkylene, or a c2-c5 alkenylene or 

alkynylene radical optionally carrying one or more 

substituents independently selected from c1 to c6 alkyl or c2 
to c6 alkenyl groups, c1 to c6 alkoxy or c1 to c6 alkoxy(C1 
to c6)alkyl groups, c2 to c6 alkynyl groups, acyl groups, 

halogen, amino groups, hydroxyl groups, nitro groups or 

mercapto groups, monocyclic carbo- or heterocyclic ring~, and 

fused or non-fused poly-carbocyclic or poly-heterocyclic 

rings; 
X represents a methylene, monocyclic carbo- or 

heterodyclic ring, sulfur, oxygen or amino radical, 

optionally carrying one or more substituents independently 

selected from c1 to c6 alkyl or c2 to c6 alkenyl groups, c1 
to CG alkoxy or C1 to CG alkoxy(C1 to CG)alkyl groups, C2 to 
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c6 alkynyl groups, acyl groups, halogen,. amino groups, 
~ydroxyl groups, nitre groups or mercapto groups, monocyclic 
carbo- or heterocyclic rin9s, and fused or non-fused poly­
carbocyclic or poly-heterocyclic rings; and 

Ar represents a monocyclic carbo- or heterocyclic 
aromatic ring or a bicycl~c carbo- or heterocyclic ring,. all 
or a portion of which may be aromatic, and wherein the Ar may 

__ be ,fµs.ea to. the monocyclic carbo--or heterocyclic ring. of x, 
and wherein the Ar optionally carries on~ or more 
substituents independently selected from c1 to c6 alkyl or c2 
to c6 alkenyl groups, c1 to c6 alkoxy or c1 to·c6 alkoxy(c

1 
to C&)alkyl groups, c 2 to c6 alkynyl groups, acyl groups, 
halogen, amino groups, hydroxyl groups, nitre groups or 
mercapto groups, monocy~liccarbo- or heterocyclic rings, and 
fused or non-fused poly-carbocyclic or poly-heterocyclic 
rings1 or a phaxmaceutically acceptable salt thereof. 

In a preferred embodiment of the compound of formula II, 
~he moiety (group) represents a ·c1 to c4 alkylene group and 
the moiety (ring) represents a substituted or unsubstituted, 
fused or non-fused carbocyclic or heterocyclic bicycl~c ring 
system, or a substituted or unsubstituted, carbocyclic· or 
heterocyclic monocyclic ring system, or at least two 
monocyclic ring system~ linked by a single bond, said 
monoc:Yclic ring systems being independently substituted or 
unsubstituted. 

Another preferred embodiment of the invention has the 
formula III 

III. 

wherein·n is an integer from 0 to 5, A represents sulfur or 
selenium, X is methylene, monocyclic carbo- or heterocyclic 
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-ring, O, s, or -NH-, )\%'.is an aromatic radical, wherein Ar 

can form a fused bicyclic ring system with said ring of x, 
and R1 and R2, which can be the same or different, are 
hydrogen or alkyl radicals having 1 to 6 carbon atoms or a 
pharmaceutically acceptable salt thereof. 

Ar in formula III can be any substituted or 
unsubstituted 5 or 6 membered aromatic ring such as, for· 

. ~~i~L-3-:methyl-2,5-thienyl, _4-methyl-2-,i-thieny.l, 3-ethyl- ·- -
2,5-thienyl,l,4-phenylene, 1,3-phenylene, 2,5-thienyl, 
2,4-thienyl, 2,5-pyrrole, 2,4- pyrrole, 2,5--furyl, 2,4-furyl, 
2,5-p:yridyl, 2,4-pyridyl, 2-methyl-1,4-phenylene, and the 
like. 

Although the compounds are depicted throughout this 
description ~n the formulae 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. 

The compounds of form~la I in which each of R1 and R2 is 
hydrogen are active anti-tumor and antiproliferative 
compounds • The c~pounds of formula I wherein R1 and R2 are 
lower alkyl groups or other readily lyzable groups are novel 
intermediates.for forming the free glutamic acid forms of the 
compounds and can also be metabolized in vivo to 
polyglutamates and thus act as prodrugs. 

The invention also relates to compounds useful as 
AICAlU'T inhibitors of the formula X 

0 CC>aA1 · 

o l\_,....-.ArAN~/oR~ 
.HN . H II x 

I · . o 
~ . 

H2N • N NHR3 
wherein: 

A•represents sulfur or selenium; 
Ar represents an unsubstituted phenylene or thienylene 

radical; 
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. R1 and R2 represent, individually, hydrogen or c1 to c6 
alkyl or other readily lyzable, preferably hydrolyzable, 
groups; 

R3 represents hydrogen or a straight, branched or cyclic 

c1-c6 alkyl group (obviously, when the alkyl .is cyclic, c3-c6 
is intended), optio~ally carrying one or more halogen, 
hydroxyl or amine. groups; or 

a pharmaceutically a'?ceptable salt thereof.· 
Preferably, R3 in formula X is hydrogen. A in formula x 

is preferably -s-. Preferably, R1 and R2 independently 
represent hydroqen, methyl a~d ethyl in formula x. 

The compounds of formula X in which each of R1 and R2 is 

hydrogen are act~ve anti•tumor and antiproliferative 

compounds. The compounds of formula X wherein R1 and R2 are 

lower alkyl groups or other readily lyzable groups are novel 

intermediates for f o:rming the free glutamic acid forms of the 

compounds and can also be metabolized in vivo to 
polyqlutamates and thus act as prodrugs. 

As discussed above, the invent~on 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 limited to, the 
sodium, potassium, lithium, calcium, magnesium, aluminum, 

zinc, ammonium, trimethyl ammonitim, triethyl anunonium, · 
. . 

tetrabutyl ammonium, pyridinium and substituted pyridinium 

salts. 
Novel compounds of the formula V 

' • 

wherein: 
A represents sulfur or selenium; 

v. 
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Z represents 1) a substituted or unsubstituted non-
cyclic spacer which separates A from the carbonyl carbon of 
the amido group by l to 10 atoms, said atoms being 
independently selected from carbon, oxygen, sulfur, nitrogen 
and phosphorous; 2) a substituted or unsubstituted mono- or 
fused or nonfused poly-carbocyclic or heterocyclic radical; 
or 3) a combination of at least one of said non-cyclic spacer 
and at ~east.one of said carbocyclic or heterocyclic radic~lr-­
wherein said non-cyclic spacer separates A from one of said 
carbocyclic or heterocyclic·radicals by 1to10 atoms; and 

R3 represents H or a straight, branched or cyclic ·cc1 to 
c6) alkyl group (obviously, when the alkyl is cyclic, c3-c6 ~-
is intended), optionally carrying one or more hydroxyl or 
amine groups; 

R4 represents hydroxy, (C1 to c6) alkyloxy qroup 
optionally carrying one or more hydroxyl or amine groups, or 
a protected or unprotected amino acid linked to the acyl 
group of formula V by the amine portion of the amino acid; 

or a pharmaceutically acceptable salt thereof; 
can be prepared by reacting a compound having the 

f o:rmula VI 

wherein hal is bromine, chlorine, fluorine, or iodine, 
preferably bromine, and.R3 is as defined above with a 
compound having the formula IV 

0 

HA )l 'z A'\ 

VI. 

IV. 

wherein A, z, and R4 are as defined above, in the presence of 
another base, preferably a non-nucleophilic auxiliary base, 
in a solvent in which at least one of the reactants is at 
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· least partially soluble under conditions sufficient to obtain 

the compound of formula v. 
In a preferred embodiment of the compound of formula v, 

z represents -(CH2)n-X-Ar- wherein n·is an integer from Oto 

S, A represents sulfur, X is methylene; monocyclic carbo- or 

heterocyclic ring, O, s, or -NH-, and Ar is ·an aromatic 

radical, wherein Ar can_ form a fused bicyclic ring system 

.w~th_l?.~j.d ring of x. 
The reaction 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-

pyrolidinone. 
The basic medium is preferably provided via a non­

nucleophilic auxiliary base which is defined·as a base 

capable of neutralizing hydrogen halide, .preferably hydrogen 

bromide, gas generated by the substitution r~action. The 

base is preferably an alkali or earth metal carbonate or a 

trialkylamine such as, e.g., trimethylamine~ ·triethylamine or 

diisopropylethylamine. 

A more specific method for conducting the reaction of 

compounds of the formulae IV and VI is to suspend the 

compound of formula VI, preferably, 5-bromo-2,6-diamino-

4(3H)-oxo-pyrimidine, in the solvent1 compound of the formula 

IV and the auxiliary base are then added sequentially. The 

reaction vessel is then immersed in an oil bath which has 

been heated to the appropriate temperature (20-200°, 

preferably 70-120°C) •. The reaction mixture is stirred at 

this temperature for the requisite length of time (usually 

30-330 minutes), then cooled to room temperature and.poured 
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into water. The product is then isolated by filtration or 
extraction with an organic solvent and purified either by 

recrystallization or by chromatography. 
The compound of the formula V can be hydrolyzed, in 

basic medium, to its free carboxylic acid form, peptide 
coupled, by means well-known to those skilled in the .art,· 
with a glutamic acid diester hydrochloride and; finally, 

.... hydrolyz.~_, _tQ the _free glutamic acid form depicted--·-.i:n -4-crmula 
I (R1 and R2 = H). Detailed syntheses for various compounds 
of formula I will be presented in the examples that follow. 

Specific examples of novel compounds of formula I 
include: 

N-[4-(3-[2,6-diamino-4(3H)-oxopyrimidin-5-
yl)thio]propyl)benzoyl-(S)-glutamic acid (Example 2); 

N-[4-(N-[2~([2,6-diamino-4(3H)-oxopyrimidin-s­

yl]thio)ethyl]amino)benzoyl]-S-glutamic acid (Example 5); 
N-[(4-[2-([2,6-diamino-4(3H)-oxopyrimidin-5-

yl]thio)ethyl]thio)benzoyl]-S-glutamic acid (Example 4); 
N-[2-(S-[3-([2,6-diamino-4(3H)-oxopyrimidin-5-

yl]thio)propyl]-thienoyl)]-(S)-glutamic acid (Example 3); 
N-[5-(3-[2,6-Diamino-4(3H)-oxopyrimidin-5-yl)thio]­

propyl)-3-methyl-thieno-2-yl]-L-glutamic acid (Example 6); 
N-[5-(3-[2,6-Diamino-4(3H)-oxopyrimidin-S-yl)thio]­

propyl)-4-methyl-thieno-2-yl}-L-g_lutamic acid (Example 7); 
N-(6[([2,6-diamino-4(3H)-oxopyrimidino-5-yl]thio)­

methyl]-4,S,6,7- tetrahydrobenzothieno-2-yl)-S-glutamic acid 
·c Example s) ; 

N-(5-[2-([2,6-Diamino-4(3H)-oxopyrimidin-5-
yl]thio)ethyl]thieno-2-yl)-L-glutamic acid (Example 9); and 

N-(4[4-[2-([2,6-Diamino-4(3H)-oxopyrimidin-5-
yl]thio)ethyl]benzoyl)-L-glutamic acid (Example 10). 

It is to be understood that application 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 
representative processes for their preparation and recovery 
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appear in the following examples. 
EXAMPLE 1 

Svnthesis of 5-bromo-2,6-diamino-4(3Hl-oxo-pyrimidine 

Br . 1';~ . 

NH 

J ~AH NHz 

This compound was prepared according to a procedure 
described by c.o. Okafor, J. Heterocyclic Chem., 11, 1587 
(1980). 

Eighty mmol (10.09 g) of commercially available 2,6-
diamino-4(3H)-pyrimidinone was deposited in a one liter flask 
suspended in a mixture of 60 ml of methanol and 60 ml of 
water. This suspension was vigorously stirred and 12 grams 
of sodium bicarbonate was added in a single portion. Eight 
ml ( 155 mmole) of liquid bromine was added dropwise to the 
reaction flask over a 40-minute interval. An additional 30 
ml of 50% aqueous methanol was then added to the reaction 
mixture to facilitate stirring. After stirring for a.further 
30 ininutes, an additional 8 grams of sodium bicarbonate was 
added in a single portion. The resultant reaction mixture 
was stirred for 75 minutes and left standing at room 
temperat~re overnight. The product was collected by 
filtration and recrystallized from 300 ml of water, yielding 
6.4 grams (39% yield) of yellow needles having a M.P. of 
242°C (decomposed). 

EXAMPLE 2 

Synthesis of N-[4-(3-[2,6-diamino_.4(3H)-oxopyrimidin~s­
yl)thiolpropyllbenzoyl-(Sl-glutamic acid 
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This compound of formula III wherein A is sulfur, n = 2, 
x = -cH2-, Ar = phenylene, and R1 & R2 = hydrogen was 
synthesized via the following· 10-step process. 

a. Methyl-4-iodobenzoate 
Fifty (50) mmol (12.4 g) of commercially available 4-

iodobenzoic acid was dissolved in 200 ml of tetrahydrofuran 
-·. ____ ,..and .. :then added .to. an-ether 1Wl,1:tion . ..conta.i.nj.ng· freshly- __ .._..,,._ 

prepared diazomethane. The· excess diazomethane was 
subsequently consumed by addition·of glacial acetic acid and 
the resultant solution was concentrated in vacuo. The 
residue thus obtained was partitioned between ethyl acetate 
and saturated NaHco3 • The layers were separated and the 
aqueous phase was extracted with 100 ml of ethyl acetate. 
The organic extracts were c_ombined, dried over Na2so 4 , and 
concentra~ed in vacuo, yielding 13.01 grams (99.3% yield) of 

. a yellow solid which melted at 111°C. 
The following analyses indicate that methyl 4-

iodobenzoate were obtained. 
HNMR (300 MHz, GE QE-300, CDC13 ) 
6 = 7 .• 80 (2H,· d, J = 8.6Hz); 7.74 (2H, d, J = 8.6Hz); 

3 • 91 ( 3H, s ) . 
Elemental Analysis: 
Calculated as.c8H7o2I: c = 36.37; H = 2.69 and 

I = 48.43 
Found: c = 36.91; H = 2.74 and 

I = 48.23 

b. Methvl 4-C3-hydroxypropynyllbenzoate 
Methyl 4-iodobenzoate (9.0g, 34.4 mmol) was dissolved in 

90 ml of diethylamine. The solution was stirred vigorously 
and, sequ~ntially, 121 milligrams of bis(triphenylphosphine) 
palladium chloride a~d 65 milligrams of cuprous iodide were 

I 

added, each in a single portion, followed by 1.93 grams of 
propargyl alcohol. · The resultant mixture was stirred for 
about 20 hours at room temperature in an argon atmosphere. 
At the end of this period, diethylamine was removed by 
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concentration in vacuo. The residue was diluted with 200 ml 

of water and extracted th~ee times with 100 ml of benzene and 

75 ml of ethyl acetate. The organic extracts were combined, 

dried over Na2so4 , and concentrated in vacuo, yielding a 

brown solid. This crude residue was purified by flash 

chromatography. Elution with a 2 to 1 (V:V) mixture of 

hexane and ethyl acetate yielded 5.44 grams (83%· yield) of a 

-·- --··- pal.e. . .yellow_.solld .meltinq at .8.l.-to....8.2°C.. - ---------
Th~ following a~alyses were obtained for this material, 

indicating that it was methyl 4- ( 3-hydroxy propynyl) · 

benzoate: 
NMR (CDC13) 6 = 7.98 (2H, d, J = 8.3Hz), 7.49 

(2H, d, J = 8.3Hz), 4.52 (2H, s), 3.92 (3H,s) 

Anal. (C11u10o3 ) C,H 

c. Methyl 4-C3-hydroxypropyl)benzoate 

Three grams (15.8 mmol) of _methyl 4-(3-hydroxy propynyl) 

benzoate was dissolved in 200 ml of ethanol in a Parr flask 

and 0.3 g (10% wt. eq.) of 5% Pd/C was added. This mixture 

was shaken under 45 psi of hydrogen for 3.5 hours. The crude 

reaction mixture was filtered through a pad of Celite@ and 

the filtrate was then concentrated, in vacuo, yielding a 

green oil which was purified by vacuum flash chromatography. 

Elution with a 2 .. to 1 (V:V) mixture of hexane and ethyl 

acetate yielded 2.9 grams (95% yield) of a yellow oil. 

The following analyses were obtained for this material, 

indicating that it was methyl 4~(3-hydroxypropyl) benzoate: 

NMR (CDC13 ) 6 = 7.96 (2H~ d, J = 8.3Hz), 

7.27 (2H, d, J = 8.3Hz), 3.90 (3H, s), 3.68 (2H, J = 6.4Hz), 

2.77 (2H, t, J = 7.SHz), 1.91 (2H, tt, J = 6.4, 7.5Hz)· 

Anal. (C11H14o3.0.3H20) C,H 

q. Methyl 4-3tbromopropyllbenzoate 
• Methyl 4-(3-hydroxypropyl)" benzoate, (3.49g, 18mmol) and 

·4.21 grams of carbon tetrabromide were dissolved in 25 

milliliters_ of methylene chloride. This solution was stirred 

vigorously and cooled to about 0°C centigrade. Triphenyl 
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phosphine (5.67 grams dissolved in 25 ml of methylene 
chloride) was added dropwise to this solution over a 10 

minute period, with the reaction temperature holding at about 
0°. The resultant yellow solution was stirred at 0° for 
about 30 minutes, then overnight at room temperature. The 
crude reaction mixture was concentrated 1n vacuo and the 
residue was purified by flash chromotography. Elution with 9 

. -to. l (v:v)_ hexane,. ethyl acetate yielded 4-. 3-8 grams ( 95% · - --- -

-yield) of product as a yellow oil. 
The following analyses were obtained for this material, 

·indic~ting that it was methyl (4-(3-bromopropy!) benzoate: 
NMR (CDC13 ) 6 = 7.97 (2H, d, J = 8.2Hz), 

7.27 (2H, d, J = 8.2Hz), 3.91 (3H, s), 3.39 (2H, t, J = 

6.5Hz), 
2.84·(2H, t, J = 7.4Hz), 2.18 (2H, tt, J = 6.5, 7.4Hz) 

Anal. (C11H13o2Br) C,H,Br 

e. Methyl 4-f 3-(acetylthiolpropylJbenzoate 
Five (5) nnnol (1.29 grams) of methyl 4-(3 bromopropyl) 

benzoate·was dissolved in 40 ml of acetone and vigorously 
agitated while lO·mmol (1.14 grams) of potassium thioacetate 
was added in a single portion. The mixture was heated at 
reflux for 35 minutes, then returned to room temperature and 
filtered. The filter cake·was washed twice with acetone. 
The filtrate and washings were combined and concentrated 
under vacuum. The residue was partitioned between ether and 
water (25 ml each). The layers were separated and the 
aqueous phase extracted with 25 ml of ether. The organic 
extracts were combined·, dried over Na2so4, and concentrated 
in vacuo, ·yielding a red oil. This oil was purified by flash . . . 
chromatography. Elution with hexane/ethyl acetate (9 to 1 
V:V) yielded l.22g (97% yield) of· an amber colored oil. 

The following analyses were obtained for this material 
' indicat:ing that it was methyl 4-[3-·(acetylthio)propyl] 

benzoate: 
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NMR (CDC13 ) 6 = 7.95 (2H, d, J = 8.3Hz), 
7.24 (2H, d, J = 8.3Hz),_3.90 {3H, s), 2.88 (2H, t, J = 
7.2Hz), 2.74 (2H, t, J = 7.7Hz), 2.34 (3H, s), 1.91 (2H, tt, 
J o;:: 7 • 2 , 7 • 7Hz ) 

Anal. (C13H16o3S) C,H,S 

f. Methyl 4-C3-thiopropyl)benzoate 
One _llll_( 1.1. gram) of acetyl __ chloride .. ~as ..added slowly to 

10 -ml of methanol in a 100 ml flask. This solution was 
rapidly stirred and to it was added a solution of methyl 4-

[3-(acetylthio)propyl] benzoate in 5 ml of methanol. The 
reaction mixture was heated at reflux for two hours, then 
cooled to room temperature. The crude reaction mixture was 
_diluted with 10 ml of water. Methanol was removed by 
concen~ration under vacuum,.and the aqueous residue was 
extracted twice with 25 ml of ether. The organic extracts 
were combined, dried over Na2so4 ~ and concentrated under 
vacuum, yielding 815 milligrams (97.3% yield) of an amber 
colored oil. 

The following analyses were obtained for this material, 
indicating that it is the desired methyl 4-(3-thiopropyl) 
benzoate: 

NMR (CDC13 ) & = 7.96 {2H, d, J = 8.2Hz), 
7.25 (2H, d, J = 8.2Hz), 3.90 (3H, s), 2.79 (2H, t, J = 

7.6Hz), 
2.57-2.50 (2H, m), 2.00 (2H, m), 1.37 (lH, t, J = 7.9Hz) 

Anal. (C11H14o2S) C,H,S_ 

g. Methyl 4-<3-f2,6-dia.mino-4C3H)-oxopyrimidin-5-
yl)thioJpropyl)benzoate 

Argon was bubbled through a slurry of 1.01 grams (4.9 
mmol) of 5-bromo-2,6-diamino-4{3H)pyrimidinone in 15 ml of 
DMF. To this slurry was added.a solution·of 1.11 gram (5.3 . . 

mmol) of methyl 4-(3-thiopropyl)benzoate in 10 ml of DMF and 
1.8 ml (1.349) of diisopropyethylamine. This mixture was 
heated at 100°C for 30 minutes, then poured over ice. The. 
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resultant prec~pitate was collected by filtration, washed 

twice with 30 ml of a2o, then twice with 30 ml of ether, 

yielding 711 mg of a white powder (73% yield) melting at 248 

to 251°C (decomposed). 
The following analyses indicated that this material was 

the desired 4-(3-[(2,6-diamino-4(3H)-oxopyrimidin-s­

yl)thio)propyl)· benzoate: 

........ ~(DMSO-d6) 6 = 9 • .95-(lH.,... s), 7.84 (2Rr--d, J-.;: -- --·--

8.2hz), 
7.33 (2~, d, J = 8.2hz), 6.28 (4H; broad), 3.82 (3H, s), 

2.76 (2H, t, J = 7.2Hz), 2.42 (2H, t, J = 7.0H*), 

1.70 (2H, tt, J = 7.0, 7.2hz) " 

Anal. (C15H18N4o3s.0.3H20)C,H,N,S 

h. 4-C3-£(2.6-diamino-4(3Hl-oxopyrimidin-5-

yl)thiolpropyll benzoic acid 

A suspension of 669 mg (2 mmol) of 4-(3-[(2,6-diamino-

4(3H)-oxopyrimidin-5yl)~hio]propyl)benzoate in 30 ml of lN . 

NaOH was stirred overnight at room temperature, then 

filtered. The filtrate was acidified to pH 5.0 with acetic 

acid. The precipitate that formed was collected by 

filtration and washed 3 times with 5 ml of H2o yielding 589 

mg (91.9% yield) of an off-white powder product. 

The following analyses indicated that this was the 

desired 4-(3-[(2,6-diamino-4(3H)-oxopyrimidin-

5yl)thio]propyl)benzoic acid: 

NMR (DMSO-d6) 6 = 12.72 (lH, broad), 9.97 (lH, broad), 

7.82 (2H, d, J = 8.lHz), 7.29 (2H, d, J = 8.lHz), 6.29 (4H, 

broad) 2.74 (2H, t, J = 7.2Hz), 2.43 (2H, t, J = 7.0Hz), 1.70 

( 2H, tt, d = 7 • 0, .7 • 2Hz) 
Anal. (C14H16N4o3S) C,H,N,S 

i. Diethyl N-[4-(3-Cf2,6-diamino-4t3H)-oxopyrimidin-5-

yll thiOJpropyl)benzoyl]-S-glutamate 

4-(3-[(2,6-diamino-4(3H)-ox:opyrimidin-5-yl)thio]propyl) 

benzoic acid (577 mg) was dissolved in 40 ml of 1-methyl-2._ 

pyrrolidinone. This mixture was vigorously stirred and 920 
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milligrams of 4-methyl morpholine were added followed by 723 
milligrams of phenyl N-phenylphosphoroamidochloridate in a 
single portion. The mixture was stirred under an argon 
atmosphere at room temperature for 60·minutes followed by the 
addition of 863 milligrams of $-glutamic acid diethyl ~ster 
hydrochloride. This mixture was left stirring overnight 
under argon 20 hours, then concentrated.in vacuo. The 
residue obtained .. ,was . .parti ti q.n~d between ~.9 ml of water and--~_ 
30 ml of chloroform. The layers were separated and the 
aqueous phase was extracted with 30 ml of chloroform. The 
combined organic extracts were.washed with 30 ml of H2o and 
dried over Mgso4 then concentrated in vacuo to yield a yellow 
gum, which was purified by flash chromatography. Elution 
with 5% methanol in ethyl acetate yielded 212 mg of a white 
solid melting· at 78-Sl~C. 

The following analyses indicated that this material was 
the desired diethyl N-[4-(3-[(2,6-diamino-4(3H)-oxopyrimidin-
5yl)thio] propyl)benzoyl]-S-glutamate. 

NMR(CDC13) 6 = 7.67(2H, d, J = 8.lHz), 7.28(1H, d, J = 
8.0Hz), 7.16(2H, d, J = 8.1 Hz), 6.64(2H, br s), S.84(2H, br 
s), 4.78(1H, ddd, J = 5.0, 8.0, 12.SHz), 4.21(2H, q_, J = 

7.lH), 4.09(2H, q, J = 7.lHz), 2.64(2H, t, J = 7.3Hz), 2.57-
2.25(4H,m), 2.21-2.09(2H, m), 1.83(2H, tt, J = 7.0, 7.3Hz), 
l.29(3H, t, J = 7.lHz),. 1.21(3H, t, J = 7.lHz) 

Anal. cc23H31N5o6s} C,H,N,S 

j. N-£4-C3-£C2,6-diam.ino-4(3Hl-oxopyrimidin-5yll 
thioJpropyllbenzoylJ-S-qlutamic acid 

A solution of 192 mg (0.4 mmol) of diethyl N-[4-(3-[(2,6 
thiamino-4(3H)-oxopyrimidin-5-yl)thio]propyl)benzyl]-s~ 

glutamate in 15 ml of lN NaOH was stirred at room temperature 
for about 70 hours, then neutralized with 6N HCl. The 
precipitate that formed was collected by filtration and 

• washed 3 time.s with 10 ml of H2o yielding 147 mg of. a white 
solid which melted at 205-206°C. 
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The following analyses indicate that the product was the 

desired N-[4-(3-[(2,6-diamino-4(3H)-oxopyrimidin-5yl)thio]­
propyl) benzoyl]-S-glutamic acid: 

NMR(DMSO-d6) 6 = 12.34(2H, broad), 9.96(1H, broad), 
8.Sl(lH, d, J = 7.7Hz), 7.76(2H, d, J = 8.2Hz). 7.27(2H, d, J 

= 8.2Hz), 6.29(4H, br s), 4.37(1H, ddd, J = 4.8 7.7, 9.7Hz), 
2.73(2H, t, J = 7.2Hz), 2.43(2H, t, J = 6.9Hz), 2.34(2H, t, J 

= 7.9Hz), 2.-1~2.0l(lHr·m), .1.99-1.-8-9 µH,. m~, 1.69-(2~, ttr 
J = 6.9, 7.2 Hz) 

Anal. (C19H23N50sS) C,H,N,S . 

EXAMPLE 3 

Synthesis of N-[2-(5-[3-([2,6-diamino-4(3H)-oxopyrimidin-
5-yllthio)propyll-thienoyl)1-CS)-qlutamic acid 

This compound of formula III, wherein A is sulfur, n = 

2, x = -cH2-,Ar = 2,5-thienyl, and R1 and R2 = H, was 
synthesize~ by the following process. 

a) 5-Bromothiophene-2-carboxylic acid 
To a solution of 5-bromothiophene-2-carboxaldehyde 

(12ml, 19.28g1 O.lmol) in acetone (400ml"), was added, 
portionwise, KMn04 (19.57g,· 0.12mol) over a 10 minute 
interval. 'rile mildly exothermic reaction was left stirring, 
with no extei;nal temperature control, overnight. The crude 
reaction mixture was filtered and the filter-cake extracted, 
alternately, with lN NaOH ( 3 x 150ml) and warm water ( 2 x 
200ml). -~he combined aqueous extracts were washed with ether 
(lOOml), then acidified by addition of cone. HCl. The 
precipitate that formed was collected by filtration to yield 
the product as a yellow solid (17.3lg, 83% yield) which 
melted at a 140°C. 

~he following analyses indicate that the product 
obtained was 5-bromothiophene-2-carboxylic acid: 

NMR(CDC13 ) 6 = 7.64(1H, d, J = 4.0Hz), 7.12(1H, d, J = 
4.0Hz} 
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b) Methyl 5-bromothiophene-2-carboxylate 
A solution of 5-bromothiophene-2-carboxylic acid (17.6g, 

85 mmol) in ether (200ml) was combined with an ether solution 
containing excess diazomethane. ~he excess CH2N2 was 
consumed by addition of glacial acetic acid and tne resultant 
solution was dried over K2co3 and Mgso4 , the~ QOncentra~d,~-
1n vacuo, to provide the product as a yellow solid (18.72g, 
100% yield) mp 58°-59° 

The following analyses indicate that the product was 
methyl 5-bromothiophene-2-carboxylate: 

NMR(CDC13 ) 6 = 7.55(1H, d, J = 4.0Hz), 7.07(1H, d,· J·= 

4. OHz) , 3. 87 (.3H, s) 
Anal. (C6H502SBr) C,H,S,Br 

c) Methyl 5-(3-hyd.roxypropynyl)thiophene-2-carboxylate 
This product was prepare~ using the procedure described 

in Example 2(b). From 11.05 grams (50 mmol) of methyl 5-
bromothiophene-2-carboxylate there was obtained 7.41 grams 
(76% yield) of a yellow solid melting a~ 66 to 68°C. 

The f ollowi~g analyses indicate that the product was 
methyl 5-(3-hydroxypropynyl)thiophene-2-carboxylate: 

NMR(CDC13 ) 6 = 7.64(1H, d, J = 3.9Hz), 7.15-(lH, d, J = 
3.9Hz), 4.52(2H, broad), 3.88(3H, s), 1.84(1H, broad) 

Anal. (C9H8o3S) C,H,S 

d) Methyl 5-(3-hydroxypropyl)thiophene-2-carboxylate 
To a solution of methyl 5-(3-hydroxypropynyl)thiophene-

2-carboxylate, (7.41g, 38 mmol) in THF (140ml) was add~d 
2,4,6-triisopropylbenzenesufonyl hydrazide (96.13g, 0.32mol) 
in four portions at .90 minute intervals. After the.reaction 
had been heated at reflux for a total of 6.5 hours, the 
solvent was removed by concentration, in vacuo. The residue 
obtained was partitioned between·O.SN NaOH (700ml) and ether 
(SOOml). The layers were separated and the aqueous phase 
extracted with ether (250ml) .. The combined organic extracts 
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were washed with O.SN NaOH (2 x 150 ml), dried over Na2so4 
and concentrated, invacuo, to give an oil which was purified 
by flash chromatography. · Elution wi-th hexane/EtOAc ( 2: 1) 
yielded the product as a yellow oil ("3.67g.48% yield). 

T~e following analyses indicate that the product was 
methyl 5-(3-hydroxypropyl)thiophene-2-carboxylate: 

NMR(CDC13 ) 6 = 7.64(1H, d, J = 3.8Hz),- 6.82(1H, d, J = 

_ 3 .• 8Hz), _3.86_(3H, s),· -3.7lf2H, t, J = 6.2Hz)r 2.96(2H, t·, J =· 

7.6Hz), 1.96(2H, tt, J = 6.2, 7.6Hz) 
Anal. (C9H12o3S) C,H,S 

e) Methyl 5-(3-bromopropyllthiophene-2-carboxylate 
This product was prepared using the procedure described 

for Example 2(d). From 3.67 grams (18.3 mm~l) of methyl s­
(3-hydroxypropyl)thiophene-2-carboxylate there was obtained 
4.56 grams (95% yield) of a yellow oil. 

The following analyses indicate that that product was 
methyl 5-(3-bromopropyl)thiophene-2-carboxylate: . 

NMR(CDC13 ) 6 = 7.64(1H, d, J = 3.7Hz, 6.85(1H, d, J = 
3.7Hz).3.86(3H, s),3.43(2H, t, J = 6.4Hz, 3.03 (2H, t, J = 
7 • 2Hz ) , 2 • 2 2 ( 2H ,. tt, J = 6 • 4 , 7 • 2Hz ) 

Anal. (C9a11o2SBr).C,H,S,Br 

~) Methyl 5-C3-(acetylthio)propyllthiophene-2-
carboxvlate 

This product was prepared using the procedure described 
for Example 2(e). From 5.01 grams (19nunol) of methyl 5-(3-
bromopropyl)thiophene-2-carboxylate there was obtained 4.54 

grams (92% yield) of a yellow oil. 
The fo1lowing analyses indicate that that .product was 

methyl 5-[3-(acetylthio)propyl]thiophene-2-carboxylate: 
NMR(CDC1 3 ) 6 = 7.63(1H, d, J = 3.7Hz), 6.81(1H, d, J 

= 3.7Hz), 3.86(3H, s), 2.91 (4H, t, J = 7.3 Hz), 2.34 (3H, 
s), 1.9? (2H, pentet, J = 7.3Hz) 

Anal. (C11H14o3s2 ) C,H,S 
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g) Methyl 5-(3-thiopropvllthiophene-2-carboxylate 
This product was prepared using the procedure described 

for example 2 (f). From 4.29 grams (16.6 mmol) of methyl 5-
[3-(acetylthio)propyl]thiophene~2-carboxylate there was 
obtained 3.35 grams (93% yield) of an orange-colored oil • 

• The following analyses i~dicate that that pr~duct was 
methyl 5-(3-thiopropyl)thiophene-2-carboxylate: 

. NMR.( CDC1
3

_) _ 6 = 7. 63 ( lH, d, J = 3. 7Hz )_,_£ .. 8.l.flH.,.. d, J 

= 3.7Hz)1 3.86(3H, s), 2.98(2H, t, J = 7.4Hz),2.57(2H, dt, J 

= 8.0, 7.lHz), l.99(2H, tt, J = 7.1, 7.4Hz), l.36(1H, t, J = 
8.0Hz) 

Anal. (CgH12o2s2 ) C,H,S 

h) Methyl 5-(3-C(2,6-diamino-4(3Hl-oxopyrimidin-5-
yllthiolpropyllthiophene-2-carboxylate 

This material was prepared using the prpcedure described 
in example 2(g). From 3.03 grams (14 mmol) of methyl-5-(3-
thiopropyl)thiophene-2-carboxylate there were obtained 1.88 

grams (44% yield) of an off-white solid melting at 196°C 
(dee.). 

The following analyses indicate that the product was 
methyl 5-(3-[(2,6-diamino-4(3H)-oxopyrimidin-5-yl)thio]­
propyl)thiophene-2-carboxylate. 

NMR(DMSO-d6) 6 = 9.96(1H, br s), 7.61(1H, d, J = 

3.8Hz), 6.93(1H, d, J = 3.8Hz), 6.29(4H, broad), 3.77(3H, s), 
2.97(2H, t, J = 7.SHz), 2.45.(2H, t, J = 6.8Hz), l.74(2H, tt, 
J = 6.8, 7.SHz) 

Anal. (C13H16N4o3s2 ) C,H,N,S 

i) 5-(3-f (2.6-Diamino-4(3H)-oxopvrimidin-5-
yl)thioJpropyl thiophene-2-carboxylic acid 

This material was prepared using the procedure described 
for example 2 (h). By saponification of 1.7 grams (5 mmol) 
of meehyl 5-(3-[(2,6-diamino-4-(3H)-oxopyrilnidin-5-
yl)thio]propyl)thiophene-2-carboxylate there was obtained 
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1.53 grams (94% yield) 5-(3-[(2,6-diamin9-4(3H)-oxopyrimidin­
S-yl)thio]propyl)thiophene-2-carboxylic acid as a yellow 
powder melting at 254°C (dee.). 

The following analysis indicate that that product was 
the 5-(3-[(2,6-diamino-4(3H)-oxopyrimidine~Syl)th~o]propyl) 
thiophene-2-carboxylic acid: 

NMR(DMSO•d6l 6 = 12.86(1H, broad), 10.02(1H, broad), 
7. 53 ( lH'- d, J =L.3. 7Hz), 6. 89 ( 1Rr- .dr J = -3.. 71I~) r 6. l-Of4.H-,-,.bE,-· 

s), 2.95(2H, t, J = 7.4Hz), 2.46(2H, t, J = 6.9Hz), (l.73 
(2H, tt, J = 6.9, 7.4 Hz) 

Anal. (C12a14N4o3s2.o.SH20) C,H,N,S 

j) Diethyl N-[2-C5-£3-(£2,6-diamino-4(3Hl­
oxopyrimidin-5-yllthio)propyllthienoyll j-S-glutamate 

This product was prepared using the prpcedure described 
for example 2(i). From 1.31 grams (4 mmol) of 5-(3-[(2,6-
diamino-4(3H)-oxopyriidin-5-yl)thio]propyl)thiophene-2-
.carboxylic there was obtained 879 mg (43% yield) of diethyl 
N-[2-(S-[3-([2,6-di.amino-4(3H)-oxopyrimidin-5-yl]thio)propyl] 
thi.enoyl-S-glutamate as an off-white solid melting at 136-
1380C. 

The following analyses indicate that that product was 
diethyl N~[2-(5-[3-([2,6-diamino-4(3H)-oxopyrinidine-5-
yl[thio)propyl]t~ienoyl)]-5-glutamate. 

NMR (CDC13) 6 = 11.24 (lH, brs) 7.36 (lH, d, J = 
3.7Hz), 7.02 (lH, d, J = 7.8 Hz), 6.72 (lH, d, J = 3.7 Hz), 
6.29 (2H, broad), 5.55 (2H, broad), 4.72 (lH, ddd, J·= 4.8, 
7.8, 12.6 Hz), 4.22 (2H, q, J = 7.1 Hz), 4.10 (2H, q, J = 7.1 
Hz ) , 2 • 8 9 ( 2H, t, J = 7 • 2Hz) ,. 2. 55 ( 2H, t, J = 7 • OHz) , 2 • 4 5 
(2H, t, J = 7.2Hz), 2.34 - 2.22(1H, m), 2.18 - 2.08 (lH, m), 
1.89 (2H, pentet, J = 7.2Hz), 1.29 (3H, t, J = 7.lHz). 

Anal. (C21a29N5o6s2) C,H,N,S 

k; N-C2~(5-C3-([2,6-diamino-4(3Hloxopyrimidin-5-

yllthiolpropyllthienoylll-S~glutamic acid 
This product was prepared using the procedure described 

for example 2(j). Saponificatiqn of 716 mg (1.4 mmol) of 
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diethyl N-[2-(5-[3-([2,6-diamino-4(3H)-oxopyrimidin-5~ 

yl]thio)propyl] thienoyl)J-S-glutamate yielded 558 mg (87% 
yield) of a yellow powder melting at 171 to r73°C. 

The following analyses indicate that that product was 

N-[2-(5-[3-([2,6-diamino, 4(3H)-oxopyrimidine-5-yl]thio)­
propyl] thionoyl)]-S-glutamic acid: 

NMR(DMSO-d6) 6 = 12.41(2~, broad), 10.09(1H, broad), 
A •.. 4.9..(lH,_ d, .J-.:- 7 ..... 7Hz) 1 -.7....6.6(1H, d, J = 3.6Hz).,-6..85(1H, d, .J.. __ 

= 3.6Hz), 6.39(4H, broad), 4.36-4.28(1H, m), 2,92(2H, t,-J = 

7.2Hz), 2.46(2H, t, J = 6.8Hz), 2.32(2H, t, J = 7.3Hz), 2.11-

2~00(1H, m), l.95-l.83(1H, m), 1.73(2H, tt, J =· 6.8, 7.2Hz) 

Anal. (C17H21N5o6s2 .~.3H20) C,H,N,S 

pAMPLE 4 

Synthesis of N-[(4-t2-([2,6-diamino-4(3H)-oxopyrimidin-
5-yllthio)ethyllthiolben~oylJ-S-qlutamic acid 

This compound of formula III, wherein A is sulfur, n = 

2, x = s, Ar = 1,4-phenylene-, and R1 and R2 = H, was 
synthesized via the following process. 

a} 4-£2f Ct-butyldimethylsilyloxy)ethyllthiolbenzoic 
acid and methyl 4-f <2-hydroxyethyl)thio)benzoate 

A solution of 4-mercaptobenzoic·acid (5.09g, 33mmol) in 

DMF (60ml) was added to a slurry of 60% NaOH (2.64g, 66mmol) 
in DMF (60ml) under argon at o0 c. This mixture was stirred 

at 0°C for 90 minutes prior to the dropwise addition of a 
solution of l-(tert.-~utyldimethylsilyloxy)~2-iodoethane 

(8.59g, 30nunol) in DMF (30ml). The resultant reaction 
mixture was stirred for 3 hours at room temperature, then 

poured over a mixture of O.SN HCl (7~ml) and ice (200g) and 
diluted with water (500ml). The precipitate that formed was 
cqllected by filtration to give a peach-colored solid (9.28g, 
99% yield) which was used without further purification. 

The above product 4-[2[(t-butyldimethylsilyloxy)­
ethyl)thio] benzoic acid (8.75g, 28mmol} was ·dissolved in. 
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CH30H (300ml) containing cone. H2so4 (3ml) and ~his solution 

was refluxed overnight. The solvent was removed by 

concentration, in vacuo, and the residue was partitioned 

between saturated NaHC03 (300ml) and ether (300ml). The 

layers were separated and the aqueous phase extracted with 

BtOAc (200ml). The_ combined organic extracts were dried over 

Na2so4 and concentrated, in vacuo, to give an orange gum 

which was. .purified by flash chromatography_~ Elution with 

hexane/BtOAc (2:1) yielded the product as a white solid 

(3.53g, 59% yield) which melted at 58°C. 

The following analyses indicate that that.product was 

methyl 4-(2-hydroxyethyl)thio benzoate: 

NMR(CDCL3 ) 6 = 7.94(2H, d, J = 8.SHz), 7.36(2H, d, J = 
8.SHz), 3.90(.3H, s), 3.83(2H, q, J = 6.lHz), 3.21 (-2H, t, J = 

6.lHz), 1.96(1H• t, J = 6.lHz) 

Anal. (C10H12o3s) C,H,S 

Q) Methyl 4-f (2-bromoethyllthiolbenzoate 

This product was prepared according to the procedure as 

described for example 2(d). From 1.06 grams (S nunol) of 

methyl 4-((2-hydroxyethyl)thio]benzoate, there was obtained 

1.34 grams (97% yield) of a white solid melting at 77-78°C. 

The following analyses indicate that that product was 

methyl 4-[(2-bromethyl)thio]benzoate: 

NMR(CDC13 ) 6 = 7.97(2H, d, J = 8.SHz), 7.35(2H, d, J = 
8.~Hz), 3.91(3H, s), 3.53-3.46(2H, m), 3.42-3.36(2H, m) 

Anal. (C10H11o2SBr) C,H,S,Br 

c) Methyl 4-CC2-Cacetylthio)ethy1Jthiolbenzoate 

This product was prepared according to the procedure 

described for example 2(e). From 1.24 grams (45 nunol) of 

methyl 4-[(2-bromoethyl)thio]benzoate there was obtained 

l.17g (96% yield) of a yellow solid melting at 62-63°C. 

T~e-following analyses indicates that the product was 

methyl 4-([2-(acetylthio)ethyl]thio)benzoate: 

NMR (CDCl 3 ) 6 = 7 • 9 6 ( 2H, d, J = 8 • 6Hz ) , 7 • 3 9 ( 2H, d, J = 
8.6Hz), 3.90(3H, s), 3.19-3.09(4H, ~), 2.36(3H, s) 
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d) Methyl 4-CC2-mercaptoethyl)thiolbenzoate 
· This product was prepared according to the procedure 

described for example 2(f). From 2.35 grams (8.7 mmol) of 
methyl-4-([2-(acetylthio)ethyl]th~o)benzoate there was 
obtained 1.92 grams (97% yield) of a yellow solid melting at 
51°C. 

The following analyses indicate that that product was 
methyl 4-[(2-mercaptoethyl)thio]benzoate: 

NMR (CDC13 ) 6 = 7.9·4(2H, d, J = 8.SHz), 7.32(2H, d, J 

= 8.SHz), 3.90{3H, s), 3.22{2H,t, J = 7.2Hz), 2.79 (2H, dt, J 

= 8.3, 7.2Hz), 1.73 (lH, t, J = 8.3Hz) 
Anal. (C10H12o2s2 ) C,H,S 

e) Methyl 4~C(2-C(2,6-diamino-4(3H)-oxopyrimidin-5-
yllthioJethyl)thioJbenzoate 

This product was prepared according to the procedure 
described for example 2(g). From 2.51 grams (11 mmol) of 
methyl-4-([2-acetylthio)ethyl]thio)benzoate there was 
obtained 1.96 grams (56% yield) of a white solid melting at 
219-221°C. 

The following analysis indicate that. that product was 

methyl 4-[(2-[(2,6-diamino-4(3H)-oxopyrimidin-5-yl)thio]­
ethyl) thio]benzoate: · 

NMR(DMSO-d6) S = 10.08(1H, br, s), 7.81(2H, d, J = 

8.SHz), 7.29(2H, d, J = 8.SHz), 6.39(4H, broad), 3.S2(3H, s), 
3.16(2H, t, J = 7.9Hz), 2.66(2H, t, J = 7.9Hz) 

Anal. (C14M16N4o 3s 2.o.9H20) C,H,N,S 

f) 4-C(2-CC2,6-diamino-4(3H)-oxopyrimidin-Syll 
thioJethyllthioJbenzoic acid 

This product was prepared using the procedure described 
for e~ple 2(h). Saponification of l.76·grams (Smmol) of 
methyl4-[(2-[(2,6-diamino-4(3H)oxopyrimidin-5-yl)thio)ethyl)­
thio]benzoate yielded 1.57 grams (93% yield) of a white solid 
melting at 273-275°C (decomposed). 
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The following analyses indicate that that product was 
4-[(2-[(2,6-diamino-4(3H)-oxopyrimidin-5yl) thio]ethyl)thio] 
benzoic acid: 

NMR(DMSO-d6) 6 = 10.ll(lH, br, ·s), 7.79(2H, d, J = 

8.SHz), 7.26(2H, d, J = 8.SHz), 6.40(4H, broad), 3.15(2H, t, 
J = 7.8Hz), 2.66(2H, t, J = 7.8Hz) 

Anal. (C13u14N4o3s2 ) C,H,N,S 

g) Diethyl N-[C4-f2-(f2;6-diamino-4(3H)-oxopyrimidin­
Syllthio)ethyllthio)benzoyll-S-glutamate 

~his product was prepared using the proceaure described 
for example 2 (i). From 1.36 grams (4 mmol) of 4-[(2-[(2,6-
diamino-4(3H)-oxopyrimidin~5-yl)t~io]ethyl)thio]benzoic acid 
there was obtained 905 mg (43% yield) of an off-white solid 
melting at 87 to 89°c. 

The following analyses indicate that that product was 
diethyl N-[(4-[2-([2,6-diamino-4(3H)-oxopyrimidin-Syl]thio)­
ethyl] thio )benzoyl]-S-glutamate·: 

NMR(CDC13 ) 6 = 11.lS(lH, br, s), 7.65(2H, d, J = 

8.4Hz), 7.38(1H, d, J = 7.9Hz), 7.22(2H, d, J ·= 8.4Hz), 
6.54(2H, broad), 5.67(2H, broad), 4.77 (lH, ddd, J = 4.8, 
7.9, 12.7Hz), 4.21(2H, q, J = 7.lHz), 4.08(2H, q, J = 7.lHz), 
3.10(2H, t, J = 7.SHz}, 2.70(2H, t, J = 7.SHz), 2.62-2.40(2H, 
m), 2.37-2.24(1H, m), 2 •. 21-2.09(1H, m), l-~·29(3H, t, J = 

7.lHz), 1.21(3H, t, J = 7.lHz) 
Anal. (c22H29N5o6s2 ) C,H,N,S 

h) N-C(4-C2-(£2,6-diamino-4C3Hl-oxopyrimidin-5-yll 
thio)ethyllthio)benzoyl-S-glutamic acid 

This product was prepared using the procedure described 
for example 2 (j). From 649 mg (1.2 mmol) of the 
corresponding diethyl ester, there was obtained 529 mg (91% 
yield) of a white so~id melting at 161-162°C (dee.). 

Tie following analyses indicate that that product was 
N-[(4-[2-([2,6-diamino-4(3H)-oxopyrimidin-5-yl]thio)ethyl]­
thio)benzoyl]-5-glutamic acid: 
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NMR(DMSO-d6) 6 = 12.39(2H, broad), 10.22(1H, broad), 

8.58(1H, d, J = 7.7Hz), 7.78(2H, d, J = 8.4Hz), 7.28(2H, d, J 

= 8.4Hz), 6.56(2H, broad),6.44(2H,broad), 4.37(1H, ddd, J = 
4.9, 7.7, 12.6Hz), 3.14(2H, t, J = 7.8Hz), 2.66(2H, t, J = 
7.8Hz), 2.34(2H, t, J = 7.4 Hz), 2.13 - 2.03 (lH, m), 2.01 

1.8·7 (lH, m)) 

Anal. (C1aH21Ns06S2·l~BHCl) C,H,N,S 

EXAMPLE 5 

Synthesis of N-[4 ... (N-[2-([2,6-diamino-4(3H)-~xopyrimidin-

5-yllthiolethyllaminolbenzoyll-S-glutamic acid 

This compound of formula III, wherein A is sulfur, n = 
2, x =-NH-," Ar = 1,4-phenylene-, and R1 and R2 = H, was 

synthesized via the following process. 

(a) methyl 4~(N-f 2-(tert.-butyldimethylsilyloxylethyll­

amin·o l benzoate 

To a solution of l~(tert.~butyldimethylsilyloxy)-2-

iodoethane (45.lOgm, 160mmol) i~ DMF (SOmL) was added methyl 

4-aminobenzoate (4.54gm, 30:mmol) and diisopropylethylamine 

(6mL, 34mmol). This solution was heated at 95° for 

approximately 21 hours. Th~ solvent was removed by 

concentration, in vacuo, and the residue obtained was 

partitioned -between CH2c12 (15-0mL) anq water- (lSOmL). The 

layers were separated and the aqueous phase extracted with 

CH2c12 (lSOmL). The combined organic extracts were washed 

with 10% Na2s2o3 (120mL), dried over Na2so4 and concentrated, 

in vacuo, to give an orange oil which was purified by flash 

chromatography. Elution with hexane: EtOAc (9:1) provided 

the product as a colorless oil (3.85gm, 41% yield). 

The following analyses indicated that the product was 

methyL'4-{N-[2-(tert.-butyldimethylsilyloxy)ethyl]­

amino)benzoate: 
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NMR{CDCL3 ) 6 = 7.86{2H, d, J = 8.SHz), 6.57(2H, d, J = 
8.8Hz), 4.48{1H, broad), 3.85(3H, s), 3.82{2H, t, J = 5.2Hz), 

3.27(2H, q, J = S.2Hz), 0.90(9H, s), 0.06(6H, s) 

Anal. (c16H27No3Si) C,H,N 

(b) methyl 4-CN-C2-hydroxyethyllaminoJbenzoate 

A 1.-0M solution of tetrabutylammonium fluoride in THF 

(3.0mL.g... .. 30mmol..)-was added-to a so.lution of methyl--4-(1'1-[2-. -· 

(tert.-butyldiinethylsilyloxy)ethyl]amino)benzoate (3.67gm, 

12mmol) in 'l'HF (SOmL). This mixture was stirred for 18 hours 

at ambient temperature·, then diluted with water { lOOmL) and 

extracted with ether ( 2 x 7 SmL) and EtOAc ( 7 SmL) • The 

combined organic extracts were washed with brine (90mL), 

dried.over Na2so4 and concentrated, in vacuo, to give a 

yellow gum which was purified by flash chromatography. 

Elution with hexane: EtOAc (1:1) yielded 2.lOgm (91%) of 

product as a white solid melting at 116° to 117°. 

The following analyses indicated that the product was 

methyl 4-[N-(2-hydroxyethyl)amino]benzoate: 

NMR(CDCL3 ) 6 = 7.85(2H, d, J = 8.8Hz), 6.58(2H, d, J = 
8.8Hz), 4.52(1H, broad), 3.89-3.83(5H, m); 3.34(2a, q, J = 

5.2Hz), 1.98(1H, t, J = S.lHz) 
Anal. (C10H13N03 ) C,H,N 

(c) methyl 4-(N-£2-<acetylthiolethylJaminolbenzoate 

A solution of triphenylphosphine ( 7 ~ 34gm, ·2ammole) in 

THF (60mL) was cooled to 0°. Diethyl azidodicarboxylate 

(4.4mL, 28mmol) was added to this solution which was stirred 

at 0° for 30 minutes. To this mixture was added a solution 
. . 

of methyl 4-[N-(2-hydroxyethyl)amino]benzoate (2.73gm, 

14mmol) and thiolacetic acid (2.0mL, 28mmol) in THF (30mL). 

The resultant mixture was stirred at 0° for 45 minutes, then 

for an additional 2 hours at ambient temperature. The 

solvent' was then removed by concentration, in vacuo, and the 

residue obtained was purif.ied by flash chromatography. 

Elution with hexane: Et0Ac(4~1) yielded 1.87gm (53%) of 

product as a white solid melting at 90° to 91°. 
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The following analyses indicated that the product was 
methyl 4-(N-[2-(acetylthio)ethyl]amino)benzoate: 

NMR (CDCL3 ) 6 ·= 7.86(2H, d, J = 8.8Hz), 6.58(2H, d, J = 
8.8Hz), 4.47(1H, t, J = 6.5Hz), 3.84(3H, s), 3.39(2H, q, J = 
6.SHz), 3.i0(2H, t, J = 6.SHz)., 2.37(3H, s) 

Anal. (C12H15No3S) C,H,N,S 

.(d) methyl ·4-CN-(2-thioethyl)am,in0lbenzoate 
To a solution of methyl 4-(N-[2-

(acetylthio)ethyl]amino)-benzoate (l.95gm, 7.7nunol) in 
methanol (40mL) was added lSmL of 2N NaCl. This mixture was 
heated at reflux for 18 hours, then diluted with saturated 
NaHC03 (75mL) and ether (75mL). The layers ~re separated 
and the aqueous phase was extracted with ether ( 2 x 6 OmL) • 

The combined organic extracts were dried over Na2so4 and 
conc~ntrated, in vacuo, to give a colorless oil wkich was 
purified by flash chromatography. Elution with CH2c12 : 
hexane (4:1) yielded 1.17gm (72%) of product as a white solid 
melting at 46° to 47° 

The following analyses indicated that the product was 
methyl 4-[N-2(-~hioethyl)amino]benzoate: 

NMR{CDCL3 ) 6 = 7.~7(2H, d, J = 8.8Hz), 6.59(2H, d, J = 

8.8Hz), 3.85(3H, s),3.41(2H, t, J = 6.4Hz), 2.78(2H, dt, J = 
8.3, 6.4Hz), l.42(1H, t, J = 8.3Hz) 

Anal. (C10H13No2S) C,H,N,S 

(e) methyl 4-rN.-·(2-r (2.6-diamino-4(3Hl-oxopyrimidin-5-
yl)thioJethyllamino•benzoate 

This material was prepared using the procedure described 
in example 2(g). From 1.96gm (9.3mmol) of methyl 4-[N-.(2-
thioethyl)amino] benzoate there were obtained 916mg (29%) of 
a beige solid melting at 253° (dee.) 

The following analyses indicated that the product was 
methyl~4-[N-(2-[(2,6-diamiono-4(3H}-oxopyrimidin-5-
yl)thio]ethyl)amiono]benzoate: 
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NMR(DMSO-d6) 6 = 10.ll{lH, s), 7.66(2H, d, J = 8.7Hz), 
6.55(2H, d, J = 8.7Hz), 6~43{2H, broad), 6.36(2H, br s), 
3.72(3H, s), 3.16(2H, t, J = 6.4Hz), 2.59(2H, t, J = 6 .• 4Hz) 

Anal. (C14~17N503S• 0. lHlO~ a. 6H30H) C,H,N_,s 

(f) 4-CN-f2-C2.6-diamino-4C3Hl-oxopyrimidin-5-
yl)thiolethyllaminoJbenzoic acid 

-~his material was prepared using:_the_procedure descr~bed 
in example 2(h). From 838mg (2.Smmol) of methyl 4-[N-(2[2,6-
diamirio-4(3H)-oxopyrimidin-5-yl·)thio]ethyl)amino]benzoate 
there were obtained 786mg (98%) of an off-white solid melting 
at 263° (dee.) 

The following analyses indicated that the product was 4-
(N- ( 2-[ ( 2, 6-diamino-4 ( 3H)-oxopyrimidin-5-yl )thio] ethyl)­
amino]-benzoic acid: 

NMR(DMSO-d6) 6 = ll.34(1H, broad), 7.93(2H, broad), 
7.65(2H, d, J = 8.7Bz), 7.31(2H, broad), .6.55(2H, d, J = 

8.7Hz), 3.20(2H, t, J = 6.7Hz)", 2.65(2H1 t, J = 6.7Hz) 
Anal. cc13H15N5o3s.1.1 HCl) c,H,N,S 

(g) diethyl N-f4-(N-£2-(Cdiamino-4(3H>-oxopyrimidin-5-
y1Jthiolethyllamino)benzoyll-S-qlutamate 

This material was prepared using the procedure described 
for example 2(i). From 707mg (2.2mol) of 4-[N-(2-[(2,6-
diamino-4(3H)-oxopyrimidin-5-yl)~io]ethyl)amino] benzoic 
acid there were obtained 215mg (.19%) of a white solid melting 
at 173°-174° 

The following analyses indicated that the product.was 
. diethyl N-[4-(N-[2-([2-([2,6-diamino-4(3ij)-oxopyrimidin-S­

yl]thio)ethyl]amino)benzoyl]-S-glutamate: 
NMR(DMSO-d6) 6 = 10.ll(lH, s), 8.23(1H, d, J = 7.3Hz), 

7.63(2H, d, J = 8_.6Hz), 7.08(1H, broad), 6.S4(2H, d, J = 
8.6Hz), 6.42(2H, br s), 6.36(2H, br s), 4.35(1H, ddd, J = 
5.6, 713, 12.SHz), 4.07(2H, q, J = 7.0Hz), 4.03(2H, q, J = 
7.0Hz),3.16(2H, t, J = 6.4Hz), 2.59(2H, t, J = 6.4Hz), . 
2.40(2H, t, J = 7.4Hz), 2.09-1.91(2H, m), l.17(3H, t, J = 
7.0Hz), 1.1S(3H~ t, J = 7.0Hz) 
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(h) N-£4-CN-r2-CC2.6-diamino-4(3H)-oxoovrimidin-5-
yllthio)ethy~Jaminolbenzoyll-S-glutamic acid 

This material was prepared using the procedure described 
for example 2(j). From 175~g (0.35mmol) of diethyl N-[4-(N­
[2-([2~6-diamino-4(3H)-oxopyrimidin-5-yl]thio)ethyl]amino)­

benzoyl]~S-qlutamate there were obtained 115mg (-75%-) ~-a--· 

white solid melting at 227° to ~28° (dee.) 
The following analyses indicated that the product was N­

[ 4-(N-[ 2- ( [ 2, 6-diamino-4 ( 3H)-oxopyrimidin-5-yl jthio) ethyl]­
amino)benzoyl]-S-glutamic acid: 

NMR(DMSO-d6).6 = 12.25(2H, broad), 10.09(1H, broad), 
~.09(1H, d, J.= 7.7Hz) 1 · 7.61(2H, d, J = 8.6Hz), 6.51(2H, d, J 

= 8.6Hz), 6.42(2H, br s), 6.35(2H, br s), 4.30(1H, ddd, J = 
5.3, 7.7, 12.6Hz), 3.13(2H, t, J = 6.4Hz), 2.56(2H, t, J = 
6.4Hz), 2.29(2H, ·t, J = 7.~Hz), 2.0S-l.95(1H, m), l.93-
1.83(1H, m) 

Anal. (c1sH22N606S) C,H,N,S 

EXAMPLE 6 

N-rs-c3-f2,6-Diamino-4(3H)-oxopyrimidin-5-yll 
thiolpropyl)-3-methyl-thieno-2-yll-L-glutamic acid 

(a) 2-£(5-Bromo-3-methyl-thiop~ene-2-carbonyll-aminol 

-glutamic acid diethyl ester 

0 

Br s 



:: 

WO 94/13295 PCT/US93/ll 79S 

-35-

To a stirred solution of 10.86 g (49.1 mmol) of 
5-Bromo-3-methyl-thiophene-2-carboxylic acid (prepared 
according to D. Spinel~i, JCS Perkin Trans. II, 1972, 1866), 
6.97 g (Sl.6 mmol) of. 1-Hydroxybenzotriazole hydrate, 9.9 mL 
(51.7 mmol) of diisopropylethylamine and 12.36 g (51.6 mmol) 
of L-glutamic acid diethyl ester hydrochloride in 70 mL of 
DMF was added 9.89 g (51.6 mmol) of 1-(3-Dimethylamino­
propyl)-3-ethyl-carbodiimide hydrochloride. The reaction 
mixture was stirred under Argon for 18 hours, poured into H2o 
and extracted with ethyl acetate. The organic liurer was 
washed sequentially with 0.5 N HCl, s_aturated NaHco3 soln and 
saturated NaCl soln, dried over Mgso4, then concentrated 
under reduced pressure. This residue was purified by flash 
chromatography on silica gel eluting methylene chloride-ethyl 
~cetate (20:1). In this manner, there was obtained 19.70 g 
(99%) of the desired product as a colorless oil. 

IR (neat) 3329, 2982, 1738, 1651,1545, 1514, 1417, 1377, 
1258, 1206 cm-1 • 

'H NMR (CDC13 ) 6 1.24 (3H, t, J = 7.1 Hz), 1.30 (3H, t, 

J = 7.1 Hz), 2.04-2.45 (4H, m), 2.48 (3H, s), 4.12 (2H, q, J 

= 7.1 Hz), 4.23 (2H, q, J = 7.1 Hz), 4.71 (lH, ddd, J = 12.3, 
7.2, 4.8 Hz), 6.56 (lH, d, J = 7.3 Hz), 6.87 (lH, s). 

Anal. (calc •. for c15a20BrN05S)1 c, li, Br, N, s. 

(b) 2-{CS-(3-Hydroxy-prap•l~ynyll-3-methyl-thio­

phene-2-carbonylJ-amino}-qlutamic acid diethyl ester 

o. 

HO 

CC>.!Et 
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To a stirred solution of 13.73 q (33.8 mmol) of bromide 
6(a) and 2.36 mL (40.5 mmol) of propargyl alcohol in 170 mL 

of diethylamine was added 0.47 q (0.7 mmol) of 
bis(triphenylphosphine) palladium (II) chloride and 0.13 g 

(0.7 mmol) of .cuprous iodide. The reaction mixture was 
stirred under Argon for 18 hours. The volatiles were 
evaporated under reduced pressure and the brown residue was 
purified by flash chromatography on silica gel elut~ng_. 
methylene chloride-ethyl acetate (9:1). In this manner, 

there was obtained 12.36 g (96%) of the desired product as a 
yellow oil.· 

IR (neat) 3366, 2982·, 2250, 1738, 1640, 15·45, 1516, 

1445, 1377 cm-1 • 

'H NMR (COC13) 6 1.24 (3H, t, J = 7.1 Hz), l.30 (3H, t, 

J = 7.1 Hz), 1.80 (lH, broad t), 2.04-2.46 (4H, m), 2.47 (3H, 

s), 4.12 (2H, q, J = 7.0 Hz), 4.24 (2H, q, J = 7.l Hz), 4.s.o 
(2H, d, J = 5.2 Hz), 4.73 (lH, m), 6.S3 (lH, d, J = 7.3 Hz), 
6.96 (lH, s). 

Anal. (calc. for c18H23No6s); c, H, N, s. 

(c) 2-fT5-(3-Hydroxy-propyl)-3-~ethyl-thio­

phene-2-carbonylJ-aminol-qlutamic acid diethyl ester 

HO 

C02Et 

A Parr flask containing 10.32 g (27.1 mmol) of alkyne 
6(b), 4.00 g of 5% Pd/C and 150 mL of ethanol was shaken 
under 45 psi of hydrogen for 2 hours. The reaction mixture 
was filtered thro~gh a pad of Celite and the filtrate was 
concentrated under reduced pressure. In this manner, there 

was obtained 9.SO g (94%) of the desired product as a 
colorless oil. 



} 

,--~ 

WO 94/13295 PCT/US93/11795 

-37-

IR (neat) 3354, 2980, 2930, 1732, 1634, 1514, 1447, 

1377cm-1 

'H NMR (CDC13 ) 6 1.23 (3H, t, J = 7.1 Hz), 1.30 (3H, t, 

J = 7.1 Hz), 1.93 (2H, pentet, J = 7.2 Hz), 2.08-2.46 (4H, 

m), 2.47 (3H, s), 2.88 (2H, t, J = 7.6 Hz), 3.70 (2H, t, J = 
6.3 Hz), 4.11 (2H, q, J = 7.1 Hz), 4.23 (2H, q, J = 7.1 Hz), 

4.75 (lH, m), 6.47 (lH, d, J = 7.3 Hz), 6.62 (lH, s). 

Anal. (calc. for ·c18H27No6s) ~ C, H, N, s. --

(d) 2-1£5-<3-Acetylsulfanyl-propyll-3-methyl-thio­

phene-2-carbonyll-aminol-qlutamic acid diethyl ·ester 

This material was prepared according to the procedure 

described in example 5 ( c). using alcohol 6·( c) • The product 

(67%) was isola~ed as a yellow.oil by flash chromatography on 

silica gel eluting methylene chloride-ethyl.acetate (20:1). 

IR (neat) 3366, 2980, 2936, 1736, 1692, 1649, 1510, · 

1447, 1377 cm-1 • 

'H NMR (CDC13 ) 6 1.23 (3H, t, J = 7.2 Hz), 1.30 (3H, t, 

J =. 7 .1 Hz), 1. 95 ( 2H, pentet, 7. 3 Hz), 2. 04-2. 48 ( 4H, m), 

2.34 (3H, s), 2.47 (3H, s), 2.83 (2H, t, J = 7.4 Hz), 2.91 

{ 2H, t, J = 7 • 2 Hz ) , 4 • 11 ( 2H, q, J = 7 • 1 Hz ) , 4 • 2 3 ( 2H·, q , J 

= 7.1 Hz), 4.75 {lH, m), 6.47 (lH, d, J = 7.4 Hz), 6.61 (lH, 

s). 
I • 

·' 
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{e) N~C5-(3-C(2,6-Diamino-4(3Hl-oxopyrimidin-5.yl) 

thiol propyll-3-methyl-thieno-2-yll-L-glutamic acid diethyl 
ester 

0 

N~ 

R=Et 

COzR 

A stirred solution of 0.40 q (0.90 mmol) of thioacetate 
6(d) in 10 mL of ethanol saturated with dry HCl gas was 
heated at 50°C under Argon for 2 hours. The volatiles were 
removed under reduced pressure. The residue was dissolved _in 
methylene chloride and re-concentrated to remove traces of 
HCl. This procedure was repeated twice. The resulting crude 
thiol and 0.18 g (0.90 mmol) of 5-Bromo-2,6-diamino-4(3H) 
pyrimidinone were dissolved in degassed DMF. To this 
solution was added 0.15 mL (0.90 mmol) of diisopropyl-

. . 
ethylamine. After heating under Argon at .100°c for 2.s hours, 
the cooled reaction mixture was poured into H2o and extracted 
with ethyl acetate. The organic layer was washed twice with 
sat. NaCl soln, dried over Mgso4 and concentrated at reduced 
pressure. The residue was flash chromatographed on silica gel 
eluting methylene chloride-methanol (9:1). In this manner, 
there was obtained·0.17 g (38%) of the desired product as a 
white solid. 

mp 164-165 C 
IR {KBr) 3329, 2930, 1734, 1636, 1597, 1518, 144lcm-1 · 
'H NMR (d.mso-d6) 6 1.16 (3H, t, J = 7.1 Hz), 1.18 (3H, 

t, J =;7.0 Hz), 1.71 (2H, m), 1.90-2.10 (2H, m), 2.32 (3H, s) 

2.40 (4H, m), 2.86 (2H, t, J = 7.4 Hz)~ 4.07 (4H, m), 4.32 

(lH, m), 6.30 (4H, broads), 6.67 (lH, s), 8.13 (lH, d, J = 
7.5 Hz), 9.95 (lH, s) 
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(£) N-C5-C3-C2,6-Diamino-4C3Hl-oxopyrimidin-5-yllthioJ 
propyll-3-methyl-thieno-2-yll-L-qlutamic acid 

0 

C~R 

This product was prepared according to the qeneral 
procedure described in example 2{j_) usinq diethyl ester 6(e). 
The product (82,) was collected as a white solid: 

mp 217-220 c . 
. IR (KBr) 3341, 3200, 2922, 1709, 1620, 1516, 1468, 

1263cm-1 • 

'H NMR (dmso-d6) 6.1.71 (2H, pentet, J = 7.2 Hz), 
1.74-2.05 (2H, m), 2.31 (2H, t, J = 7.5 Hz), 2.33 (3H, s), 
~.46 (2H, t, J = 6.9 Hz), 2.86 (2H, t, J = 6.9 Hz), 4.28 (lH, 
m), 6.33 (4H, broads), 6.66 (lH, s), 7.96 (lH, d, J = 7.7 
Hz), 9.96 (lH, broads). 

Anal. (calc. for c18u23N5o6s2.1.3 H20)1 c, H, N, s. 

EXAMPLE 7 

N-C5-(3-C2,6-Diamino-4C3H)-oxopyrimidin-5-yl) 
thiolpropyll-4-methyl-thieno-2-yll- L-qlutamic acid 
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2-CCS-Bromo-4-methyl-thiophene-2-carbonvll-
aminoJ-qlutamic acid diethyl ester 

.o 

C02El 

The starting 5-Bromo-4-methyl-thiophene-2-carboxylic 
acid was prepared according to M. Nemec, Collection 
Czechoslav. Chem. Commun. 39, 3527, (1974). 

The titled compound was prepared according to the 
general procedure described in example 6(a) and isolated 
(89%) as ~ lt. yellow oil by flash chromatography on silica 
gel eluting methylene chloride-ethyl acetate (25:1). 

IR(neat) 3339, 2984, 1738, 1634, 1562, 1527, 1425, 1209 
-1 cm • 

'H NMR (CD.Cl3 ) 6 l.24 (3H, t, J = 7.1 Hz), ·1.30 (3H, t, 
J = 7.1 Hz), 2.04-2.52 (4H, m), 2.20 (~H, s), 4.12 (2H, ~, J 

= 7.3 Hz), 4.23 (2H, q, J = 7.3 Hz), 4.70 (lH, ddd, J = 12.3, 
7.7, 4.8 Hz), 6.84 (lH, d, J = 7.4 Hz), 7.22 (lH, s). 

Anal. ( calc. for c15H20srNo5s) 1 C, H, .Br, N, S. 

(b) 2-{£5-(3-Hydroxy-prop-1-ynyll-4-methyl-thio­
phene-2-carbonylJ-amino}-glutamic acid diethyl ester 

0 

• COzEt 

This.material was prepared according to the general 
procedure described in example 6(b) using the bromo compound 
7(a)". The product (94%) was isolated as a lt. yellow oil by 



WO 94/13295 PCT/US93/ll 795 

-41-

flash chromatography on silica gel eluting a gradient of 
8-11% ethyl acetate in methylene chloride. 

IR(neat) 3329, 2980,. 2222, 1738, 1634, 1557, 1532, 1447 
-1 cm . 

'H NMR (CDC13 ) 6 1.23 (3H, t, J = 7.1 Hz), 1.29 (3H, t, 

J = 7.2 Hz), 2.04 (3H, s), 2.07-2.50 (4H, m), 4.14 (2H, q, J 

= 7.1 Hz), 4.24·(2H, q, J = 7.1 Hz), 4.54 (2H, s), 4.71 (lH, 
. m), 6.88 (lH, d, J = 7.4 Hz), 7.27 (lH, s). 

Anal. (calc. for c18H23No6s); c, H, N, s. 

(c) 2-{CS-<3-Hydroxy-propyll-4-methyl-thio­
phene-2-carbonyll-aminol-glutamic acid diethyl ester 

COzEt 

This material was prepared according to the general 
procedure described in example 6(c) using alkyne 7(b). The 
product (100%) was isolated as a c~lorless oil. 

IR (neat) 3337, 2980, 2938, 1738, 1632, 1560, 1530, 1449 
cm-1 • 

'H NMR (CDC13 ) 6 1.23 (3H, t, J = 7.2 Hz), 1.30 (3H, t, 

J = 7.1 Hz), 1.89 ((2H, pentet, J = 7.2 Hz), 2.06-2.49 (4H, 
m) 2.16 (3H, s), 2.85 (2H, t, J = 7.5 Hz), 3.70 (2H, t, J = 

6.3 Hz)~ 4.11 (2H, q, J = 7.1 Hz), 4.23 (2H, q, J = 7.2 Hz), 
4.74 (lH, m), 6.67 (lH, d, J = 7.6 Hz), 7.26 (lH, s). 

Anal. (calc. for c18H27No6s); c, H, N, s . 

• 
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(d) 2-f £5-(3-Acetylsulfanyl-propyl)-4-methyl-thio-

phene-2-carbonyll-amino}-qlutamic acid diethyl ester 

0 

C~Et 

'!'his material was prepared according to the general 
procedure described in example S(c) using alcohol 7(c). The 
product (56%) was isolated as a yellow oil by flash 
chromatography on silica gel eluting ether-hexanes (2:1). 

IR (neat) 3337, 2982, 2938, 1736, 1694, 1634, 1526, 
1449, 1206 cm-1 • 

'H NMR (CDC13 ) S 1.20 (3H, t, J = 7.1 Hz), 1.30 (3H, t, 

J = 7.1 Hz), 1.91 (2H, pentet, J·= 7.4 Hz), 2.08-2.49 (4H, 

m), 2.15 (3H, ~), 2.34 (3H, s), 2.80 (2H, t, J = 7.4 Hz), 
2.91 (2H, t, J = 7.2 Hz), 4.13 (2H, q, J = 7.1 Hz), 4.24 (2H, 

q, J = 7.2 Hz), 4.74 (lH, m), 6.67 (lH, d, J = 7.6 Hz), 7.26 
( lH, s). 

Anal. (calc. for c20H29No6s2); C, H, N, S. 

(e) N-r5-C3-CC2,6-Diamino-4(3Hl-oxopyrimidin-5-yllthiol 
propyll-4-methyl-thieno-2-yll-L-qlutamic acid diethyl ester 

HN . I 
HzNAN s 

R=Et 

This material was prepared according to the general 
procedure described in example 6(e) using thio acetate 7(d). 
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The product (48%) was isolated as a white solid by flash 

chromatography eluting methylene chloride-methanol (9:1). 

mp 159-160 c. 
IR (KBr) 3324, 2980, 1734, 1657 ,· 1632, 1603, 1466, 1206 

cm-1 • 

'H NMR (dmso-d6 ) 6 1.15 (3B, t, J = 7.1 Hz), 1.17 (3H, 

t, J = 7.1 Hz), 1.68 (2H, m), ·2.01 (2H, m), 2.11 (3H, s), 

. ..2 .•. 43 (4H, m), 2.85 ... (2H, t, J ·= 7.3 Hz),_ 4..04 (2H, q, J = 7.l-. 

Hz), '4.12 (2H, q, J = 7.1 Hz), 4.34 (lH, m), 6.31.(4H, broad 

s), 7.55 (lH, s), 8.52 (lH, d, J = 7.5 Hz), 9.95 (lH, s). 

Anal. (calc. for c24H31N5o6s); c, H, N, s·. 

(£) N-CS-(3-f2,6-Diamino-4(3Hl-oxopyrimidin-5-yll thioJ 

propyl)-4-methyl-thieno-2-yll-L-qlutamic acid 

This product was prepared according to the general 

procedure described in example 2(j) using diethyl ester 7(e). 

The product (87%) was collected by filtration as a white 

solid. 
mp 154-158 c. 
IR (KBr) 3322, 3179, 2922, 1705, 1632, 1564, 1445 _cm-1 . 

'H ~ (dmso-d6 ) 6 1.68 (2H, m), 1.92-2.01 (2H, m), 

2.10 (3H, s), 2~31 (2H, t, J = 7.4 Hz), 2.47 (2H, t, J = 7.4 

Hz), 2.82 (2H, t, J = 7.4 Hz), 4.29 (lH, m), 6.29 (4H, broad . . 

s), 7.53 (lH, s),.8.36 (lH, d, J = 7.7 Hz), 9.90 (lH, broad 

s). 

Anal. (calc. for c18H23N5o6s2.o.40H20); c, H, N, s. 
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EXAMPLE 8 

Synthesis of N-C6-CCC2,6-diamino-4(3H)oxopyrimidiro-5-ylJ­
thiolmethylJ-4,5,6,7-tetrahydrobenzothieno-2-yl)-S-qlutamic 
acid 

This compound of Formu~.a II, wherein A = S, group 
ring = 6, 2- ( 4, 5, 6, 7-.tetrahydrobenzothienyl) and ~l, R2 

.. ::? H,..- was~synthesized via the- followinq process·;.-~~ --·- · 

(a). bromomethyl 3-thienyl ketone 
To a. chilled solution of 3-acetyltbiophene (12.62 g, 100 

mmol) in THF (350 mL) was added phenyltrimethylanunonium 
tribromide (39.10 g, 104 :mmol). This mixture was left 
standi~g, with occasional swirling, for 2 hours at 0°. The 
precipitate was removed by filtration and washed with ether 
(2x75 mL). The combined filtrates were poured into a mixture 
of saturated NaHC03 (200 mL) and.10% Na2s2o3 (200 mL)~ The 
layers were eeparated and the aqueous phase extracted with 
EtOAc (150 mL). The combined organic extracts were dried 
over Na2so4 and concentrated, in vacuo, to give a brown oil 
which was purified by flash chromatography. Elution with 
hexane: CH2c12 (2:1) provided the product as a white solid 
(15.54 g, 76% yield) melting at 60°-61°. · 

The following analyses indicated that the product was 
bromomethyl 3-thienyl ketone. 

NMR (CDC13 ) 6 = 8.18 (lH, dd, J = 1.3, 2.9 Hz), 7 .58 _. 
(lH, dd, J = 1.3, 5.1 Hz)~ 7.37 (lH, dd, J = 2.9, 5.1 Hz), 

4. 34 ( 2H, ~) 

Anal. (C6H50SBr) C, H, S, Br 

(b). diethyl 2-C2-oxo-2-C3-thienyl)ethyll malonate 
Diethyl malonate (6.5 mL, 6.86 g, 42.8 nunol) was added 

dropwi~e to a suspension of sodium hydride (1.66 g, 41.5 
• nunol) in THF (15 mL) under argon at 0°. After stirring at 0° 

for 15 minutes, a solution of bromomethyl 3-thienyl ketone 
8(a) (5.20 g, 25.4 mmol) in THF (60 mL) was added to this 
mixture. 

- --- ·-
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The resultant, yellow slurry was stirred at ambient 
temperature for 1 hour, then diluted with EtOAc (100 mL) and 
poured into water (150 mL). The layers were separated and 
the aqueous phase extracted with EtOAc (2x100 mL). The 
combined orqanic extracts were washed with brine (100 mL), 

dried over Mgso4 and concentrate'd, in vacuo, to give a yellow 
oil which was purified by flash chromatography. Elution with 
hexane:EtOAc (5:1) provided the product.as a pale.yell~ oil 
(5.63 g, 78%): 
The following analyses indicated that the product was diethyl 
2-[2-oxo-2-(3-thienyl)ethyl] malonate. 

_NMR (CDC13 ) 6 = 8.12 (lH, dd, J = 1.2, 2.9 Hz), 7.55 
(lH, dd, J = 1.2, 5.1 Hz), 7.33 (lH, dd, J = 2.9, 5.1 Hz)., 
4.23 .(2H,·q, J = 7.1 Hz), 4.22 (2H, q, J = 7.1 Hz), 4.04 (lH, 
t, J = 7.2 Hz), 3.54 (2H~ d, J = 7.2 Hz), 1.29 (6H, t, J = 
7.1 Hz) 

Anal._ (C13H1605S) C, H, s 

(c). 2-C2-oxo-2-C3-thienyllethyll malonic acid 
Diethyl 2-[2-oxo-2-(3-thienyl) ethyl] malonate 8(b) 

(5.39 g, 19 mmol) was suspended in 10% KOH (50 mL) and left 
stirring at ambient temperature for 18 hours. The resultant 
solution was acidified to pH 1 by addition of 6N HCL and the 
precipitate that formed was collected by filtration to 
provid~ the product (4.22 g, 98%) as an off-white solid 
melting at 161°-162° (dee.). 

The following analyses indicated that the product was 
2-[2-oxo-2-(3-thienyl)ethyl] malonic acid. 

NMR (DMSO-d6) 6 = 12.85 (2H, broad), 8.59 (lH, dd, J = 
1.2, 2.8 Hz), 7.62 (lH, dd, J = 2.8, 5.1 Hz), 7.49 (lH, dd, J 

= 1.2, 5.1 Hz), 3.75 (lH, t, J = 7.2 Hz), 3.44 (2H, d, J = 
7.2 Hz) 

(d~. 4-C3-thienyl) butyric acid 
Hydrazine hydrate (1.3 mL, 1.34 g, 26.8 mmol) was added 

dropwise to a solution of KOH ( 3. 5~ g, 63 mmol) and 
2-[2-oxo-2-(3-thienyl)·ethyl] malonic acid 8(c) (4.00 g, 17.5 
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mmol) in ethylene glycol (30 mL). This solution was heated 
at reflux for 6 hours. After cooling to room temperature, 
the crude reaction mixture was poured into a mixture of 6N 
HCl (SO mL) and ice (200 g). This aqueous mixture was 
saturated with NaCl,· then extracted with ether (3x70 mL). 
The combined organic extracts ~re dried over Na2so4 and 
concentrated, in vacuo, to provide an orange oil (2.61 g) of 

. . 

sufficient __ purity 1;:o be employed in the subsequent-r-eaction 
without any further purification. 

(e). 7-oxo-4,5,6,7-tetrahydrobenzothiopherie 
To a solution (8% by wt) of P2o5 in methanesulfonic acid 

(80 mL) was added the crude 4(3-thienyl) butyric acid S(d) 

(2.61 g, 15.3.mmol). The resultant reaction mixture was 
stirred at ambient temper~ture for 90 minutes, then 
cautiou~ly poured into water (450 mL). After cooling to room 
temperature, this aqueous mixture was extracted with EtOAc 
(3x200 mL). The combined organic extracts were washed with 
saturated NaHc93 (2xl50 mL) and brine (150 mL), dried over 
MqS04 and concentrated, in vacuo, to give a brown oil which 
was purified by flash chromatography. Elution with 
hexane:EtOAc (4:1) provided the product as a yellow oil (1.65 
g, 71%). 

The following analyses indicated that the product was 
7-oxo-4,5,6,7-tetrahydrobenzothiophene. 

NMR (CD~l3 ) 6 = 7.61 (lH, d, J = 4.9 Hz), 6.97 (lH, d, 

J = 4 • 9 Hz") , 2 • 8 8 ( 2H, t, J = 6 • 1 Hz) , 2 • 61 ( 2H, t, J = 6 • 5 

Hz), 2.18 (2H, tt, J = 6.5 Hz) 

Anal. (CsHaOS) c, H, s 

(f). methyl-7-oxo-4,5,6,7-tetrahydrobenzothio­
phene-6-carboxylate 

A solution of 7-oxo-4,5,6,7-tetrahydrobenzothiophene 8(~ 
(1.37 6, 9 mmol) in DMF (10 mL» was added dropwise, under an 
argon atmosphere, to a suspension of NaH (800 mq, 20 mmol) in 
DMF ( 6 mL). The resultant, purple solution was stirred at 
ambient temperature for 15 minutes, then cooled to 0° prior 
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to the dropwise addition of dimethyl carbonate (5 mL, 5.35 g, 
59 nunol). The resultant reaction mixture was stirred at 
ambient temperature for 90 minutes, then poured into water 
(150 mL) and extracted with ether (3x50 mL) and EtOAc (SO 
mL). The combined organic extracts were dried over Mgso4 and 
concentrated, in vacuo, to give· an orange oil which was 
purified by flash chromatography. Elution with hexane:EtOAc 
(4:1) provided the product as a yellow oil (l.28. g, 68%) 

The following analyses indicated that the product was 
methyl 7-oxo~4,S,6,7-tetrahyclrobenzothiophene-6-carboxylate. 

NMR ( CDCl 
3 

) 6 = 7 • 6 6 ( lH, d, J = 4 • 8 Hz ) , · 6 • 9 7 ( lH, d, 

J = 4.8, Hz), 3.77 (3H, s),_3.61 (lH1 dd, J = 4.8, 9.0 Hz), 
3.05 (lH, ddd, J = 4.9, 6.5, 17.1 Hz), 2.87 (lH, ddd, J = 
4.9, 8.2, 17.1 Hz), 2.62-2.50 (lH, m), 2.43-2.33 (lH, m) 

Anal. (C10H10o3S) C, H, S 

(g). methyl 7-hydroxy-4,5,6,7-tetrahydrobenzothiophene-
6-carboxylate and 7-hydroxy-6-(hydroxymethyll-4,5,6,7-
-tetrahydrobenzothiophene 

To a solution of methyl 7-oxo-4,S,6,7-tetrahydrobenzo­
thio-phene-6~carboxylate S(f) (2.57 g, 12.2 mmol) in THF (15 
mL) and CH3oH (10 mL) ~t 0° was added, portionwise, NaBH4 
(465 mg, 12.2 mmol). Th~ resultant reaction mixture was 
stirred for 2 hours, gradually warming to 15°, then poured 
into saturat~ NH4Cl (30 mL). The layers were separated and 
the aqueous phase extracted with EtOAc (30 mL). The combined 
organic extracts were dried over Mgso4 and concentrated, in 

vacuo, to give a yellow oil. which was purified by flash 
chromatography. Elution with hexane:EtOA~ (3:2) provided two 
separate products. The faster-eluting product was a yellow 
oil (0.91 g, 35%). 

The following analyses indicated that this product was 

methyl 7-hydroxy-4,5,6,7-tetrahydrobenzothiophene-6- . 
.. 

-carboScylate. 
NMR ( CDCl 3 ) 6 = 7 • 25 ( lH, d, J = 5 •. 1 Hz ) , 6 • 7 B ( lH, d, 

J = 5.1 Hz), 5.23-5.16 (lH, m), 3.78 (3H, s), 3.09 (lH, 
broad), 2.90-2.57 (3H, m), 2.38-2.05 (2H, m) 
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Anal. (C10H12o3s) C, H, S 
The slower-eluting product was a milky-white gum (1.28 

9 I 57%) 
The following analyses indicated· that this second 

product was 7-hydroxy-6-(hydroxymethyl)-4,5,6,7-tetra­
hydrobenzo-thiophene. 

NMR (CDC13 ) 6 = 7 .24 (lH, d; J = 5.1 Hz), 6 .• 79 (lH, d, 

J = 5 .1 Hz)., 5. 03-4 .• 85 ( lH, m), 3. 9..6-3. 79 ( 2H, m), 2. 86-2. 54 

(3H, m), 2.07-1.94 (lH, m), 1-.91-1.80 (lH, m), 1.77-1.71 (lH, 

m), 1.63-1.48 (lH, m) 

Anal. (C9H12o2S) C, H, S 

(h). methyl 4,5,6,7-tetrahydrobenzothiophene-6-
carboxylate 

To a solution of.methyl 7-hydroXy-4,5,6,7-tetrahydro­
benzo-thiophene-6-carboxylate S(g} (459 mg, 2.2 mmol) and 
Et3SiH (0.7 mL, 510 mg, 4.4 mmol) in CH2ci2 (10 ~), under 
argon at -5°, was added BF3-Et2o (0.55 mL, 635 mg, 4.5 mmol). 
The resultant reaction mixture was stirred for 3 hours, 
gradually warming to 15°, then poured into saturated 
NaHC03 (30 mL). After addition of K2co3 (Nl g), the layers 
were separated and the aqueous phase was extracted with 
CH2cl2 (10 mL) anq ether (2x15 mL). The combined organic 
extracts were dried over Mgso4 and concentrated, in vacuo, to 
give a yellow oil which was purified by flash chromatography. 
Elution with hexane:EtOAc (95:5) provided the product as a 
colourless oil (300 mg, 71%). 

The following analyses indicated that the product was 
methyl 4,5,6,7-tetrahydrobenzothiophene-6-carboxylate. 

NMR (CDC13 ) 6 = 7.07 (lH, d, J = 5.1 Hz), 6.75 (lH, d, 
J = 5.1 Hz), 3.73 (3H, s), 3.11-2.94 (2H, m), 2.85-2.59 (3H, 
m), 2.27-2.18 (lH, m), 1.94-1.81 (lH, m) 

~al. (C10H12o2s) C, H, S 
• 
(i). 6-Chydroxymethyll-4,5,6,7-tetrahydrobenzothiophene 
Method A: 
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A solution of methyl 4,5,6,7-tetrahydrobenzothio­
phene-6-carboxylate S(h) (209 mg, 1.1 mmol) in THF (6 mL) was 
added to a slurry of LiAlH4 (50 mg, 1.3 mmol) in THF (3 mL). 

The resultant reaction mixture was heated at reflux for 
3 hours. After cooling to room temperature, the crude 
reaction mixture was diluted with saturated NH4Cl (20 mL). 
The layers were separated and the aqueous phase extracted 
-with ether ( 10 mL) , then with EtOAc ( 2xl0 . mL) •· The combined -
organic extracts were dried over MgS04 and concentrated, in­
vacuo, to provide the product as a· colourless oil· (167 mg, 
93%). 

Method B: 
To a solution of 7-hydroxy-6-(hydroxymethyl)-

4,5,6, 7-tetrahydrobenzothiophene (988 mg, 5.4 mmol) and 
Et3SiH (1.8 mL, 1~31 g, 11.3 mmol) in CH2c12 (25 mL), under 

·argon at -5°, was added BF3-Et2o (1.4 mL, 1.62 g, 11.3 mmol). 
The resultant reaction mixture was stirred for 3 hours, 
gradually warming to 10°, then poured into saturated NaHco3 
(SO mL). After addition of x2co3 (1.5 g), the layers were 
separated and the aqueous phase extract~d with ether (2x40 
mL). The combined organic extracts were dried over Mgso4 and 

·concentrated, in vacuo, -to give a yellC>W oil which was 
purified by flash chromatography. Elution with hexane:EtOAc 
(2:1) provided the product as a colourless oil (593 mg, 66%). 

The following analyses indi~ated that the product was 
6-(hydroxymethyl)-5,5,6,7-tetrahydrobenzothiophene. 

NMR (CDC13 ) 6 = 7.06 (lH, d, J = 5.1 Hz.), 6.76 (lH, d, 
J = 5.1 Hz), 3.66 (2H, d, J = 6.4 Hz), 2.94 (lH, dd, J = 5.2, 

16.2 Hz), 2.79-2.71 (lH, m), 2.68-2.46 (2H, m), 2.11-1.96 
(2H, m), 1.54-1.46 (lH, m) 

Anal. (C
9

H120S) C, H, S 

{j). 6-CCt.-butyldimethylsilyloxyl methylJ-4,5,6,7-
tetra-hydrobenzothiophene 

To a solution of t-butyldimethylsilyl chloride (4.38 g, 
29.1 mmol) in CH2Cl2 (25 mL) was added Et3N (4.1 mL, 2.98 g, 



WO 94/13295 PCT/US93/11795 

-50-

29.4 mmol) followed by a solution of 6-(hydroxymethyl)-
4,5,6,7-tetrahydrobenzothiophene S(i) (4.44 g, 26.4 mmol} in 
CH2c12 (50 mL) and 4-(dimethylamino) pyridine (100 mg). The 
resultant reaction mixture was stirred at ambient temperature 
for 18 hours, then poured into water (100 mL). The layers 
were separated and the orqanic phase was washed with 0.5 N 
HCl (100 mL) and brine (100 mL), ~en dried over MqS04 and 
concentrated, 1n vacuo,. to give a yellow oil.which-was 
purified by flash chromatography. Elution with hexane:EtOAc 
(95:5) provided the product as a colourless. oil (6.49 q, 
86%). 

The following analyses indicated that the product was 
6-[(t-butyldimethylsilyloxy)methyl]-4,5,6,7-tetrahydro­
benzothiophene. 

NMR (CDC13 ) ~ = 7.05 (lH, d, J = 5.1 Hz), 6.75 (lH, d, 
J = 5 • 1 Hz ) , 3 ;6 0 ( 2H, d, J = 6 • 2 Hz) , 2. 8 9 ( lH, dd, J = 5 • 2 , 

16.2 Hz), 2.76-2.68 (lH, m}, 2.65-2.42 (2H, m), 2.03-1.92 
(2H, m), 1.53-1.41 (lH, m), 0.91 ·(9H, s), 0.06 (6H, s) 

Anal. (C15H26osSi) C, H, S 

(k). diethyl N-(6-rct-butyldimethylsilyloxyl 
methylJ-4,5,6,7-tetrahydrobenzothieno-2-yll glutamate 

To a solution of 6-((t.-butyldimethylsilyloxy) 
methyl]-4,5,6,7-tetrahydrobenzothiophene S(j) (7.69 q, 27.2 
mmol) in THF (100 mL), under argon at -70°, was added 2.5 M 
n-butyllithium in hexane (12 mL, 30 nnnol). The resultant 
reaction mixture was stirred for an additional 40 minutes at 
-70°, then at -10° for 45 minutes while dry co2 was bubbled 
through the solution. The c~de reaction mixture was 
subsequently poured into saturated NH4CL (300 mL). The layers 
were separated and the aqueous phase was extracted with ether 
(2x150 mL). The combined organic extracts were dried over 
Na2so4 and concentrated, in vacuo, to give a yellow solid 
(B.24 g). This intermediate was employed in the subsequent 
reaction withou~ any further purification. 
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To a solution of the aforementioned crude 

6-((t.-butyldimethylsilyloxy) methyl]-4,5,6,7-tetrahydro­

benzo-thiophene-2-carbo~lic acid (8.24 g), 1-hydroxybenzo­

triazole (4.05 g, 30 mmol) and glutamic acid diethyl ester 

hydrochloride (7.19 g, ·30 mmol) in DMF (65 mL) were added 

diisopropyl-ethylamine (5.2 mL, 3.86 g, 30 mmol) and 

1- ( 3-dimethylamino-propyl: )_-:-3-ethylcarbodiimide hydrochloride 

(5.75 g, 30 mmol). The -~~sultant solu~ion was stirred at 

ambient temperature for 16 hours, then poured into brine (400 

.mL), diluted with water (150 mL) and extracted with ether 

(3x250 mL). The combined organic extracts were.dried over 

Mgso4 and concentrated, in vacuo, to give a y~llow oil which 

was purified by flash chromatography. Elution with 

hexane:EtOAc .(4:1) provided-the product as a yellow oil 

(6.63 g, 48%). 
The following analyses indicated that the product was 

diethyl N-(6-[(t-butyldimethylsilyloxy) methyl]-4,5,6,7-

tetra-hydrobenzothieno-2-yl) glutamate. 

NMR (CDC1
3

) 6 = 7.23 (lH, s), 6.67 (lH, d, J = 7.7 Hz), 

4.73 (lH, ddd, J = 4.8, 7.7, 12.6 Hz), 4.22 (2H, q, J = 7.1 

Hz), 4.11 (2H, q, J = 7.1 Hz), 3.59 (2H, d, J = 6.2 Hz), 2.89 

(lH, dd, J = 5.1, 16.7 Hz), 2.75-2.23 (6H, m), 2.15-1.91 (3·H, 

m), 1.56-1.42 (lH, m), 1.29 (3H, t, J = 7.1 Hz), 1.23 (3H, t, 

J = 7.1 Hz), 0.90 (9H, s), 0.06 (6H, s) 

Anal. (C25H41No6SSi)_C,_ H, N, s .... 

(1). diethyl N-£6-(hydroxymethyl\-4.5,6,7-tetra­

hydrobenzothieno-2-yll glutamate 

· This material was prepared using the procedure described 

in example 5(b). From diethyl N-(6-[(t.-butyldimethyl­

silyloxy) methyl]-4,5,6,7-tetrahydrobenzothieno-2-yl) 

glutamate 8(k) (6.03 g, 11.8 mmol) there was obtained a 

yellow gum (3.62 g, 77%). 
The following analyses indicated that the pro~uct was 

diethyl N-[6-(hydroxymethyl)-4,5,6,7-tetrahydro­

benzothieno-2-yl] glutamate. 
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NMR {CDC13 ) 6 = 7.23 (lH, s), 6.70 (lH, d, J = 7.6 Hz), 

4.73 (lH, ddd, J = 4.8, 7.6, 12.6 Hz), 4.22 (2H, q, J = 7.1 

Hz), 4.11 (2H, q, J = 7.1 Hz), 3.66 (2H, d, J = 6.3 Hz), 2.94 

(lH, dd, J = 5.0, 16.9 Hz), 2.77-2.22 (6H,. m), 2.15-1.97 (3H, 

m), 1.57-1.44 (lH, m), 1.29 (3H, t, J = 7.1 Hz), 1.23 (3H, t, 

J = 7.1 Hz) 

Anal. (C19H27No6s.O.SH20) C, H, N, S 

(m) ·• diethyl N-£ 6-(bromomethyl)-4 ,5, 6, 7-tetrahydro­

benzothieno-2~yll alutamate 

This material was prepared·using the procedure described 

in example 2(d). From diethyl N-[6-(hydroxymethyl')-

4,5,6,7-tetrahydroben~othieno-2-yl] glutamate 8(1) (3.45 g, 

_. ~: 7 nunol) there was obtained a colourless qum ( 3. 68 g, 92%). 

The following analyses indicated that the product was 

diethyl 

N-[6-(bromomethyl)-4,5,6,7-tetrahydrobenzothieno-2-yl] 

glutamate. 

NMR (CDC13 ) 6 = 7.23 (lH, s), 6.73 (lH, d, J = 7.6 Hzj, 

4.73 (lH, ddd, J = 4.8, 7.6, 12.6 Hz), 4.23 (2H, q, J = 7.2 

Hz), 4.10 (2H, q, J = 7.2 Hz), 3.49-3.41 (2H, m), 3.04 (lH, 

dd, J = s.o, 16.8 Hz), .2.79-2.03 (9H, m), 1.67-1.53 (lH, m), 

1.29 (3H, t, J = 7.2 Hz), 1.23 (3H, t, J·= 7.2 Hz) 

Anal. (C19H26No5SBr) C, H, N, S, Br 

(.n). 'diethyl N-(6-[(acetylthio) methylJ-4,5,6,7-tetra­

hydrobenzothieno-2-yl) glutamate 

This material was prepared by using the procedure 

described in example 2(e). From diethyl N- [6-(bromomethyl)-

4,5,6,7-tetrahydrobenzothieno-2-yl] glutamate B(m) (3.68 g, 

8.0 mmol) there was obtained an orange oil (3.46 g, 95%). 

The following analyses indicated that the product was 

diethyl N-(6-[(acetylthio) methyl]-4,5,6,7-tetrahydro-
.. 

benzothieno-2-yl) glutamate. 

NMR (CDC13 ) S = 7.21 {lH, s), 6.69 (lH, d, J = 7.6 Hz), 

4.72 (lH, ddd, J = 4.8, 7.6, 12.6 Hz), 4.22 (2H, q, J = 7.1 

Hz), 4.11 (2H, q, J = 7.1 Hz), 3.02-2.92 (3H, m}, 2.74-2.38 
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·(SH, :111), 2._36 (3H, s), 2.35-2.22 (lH, m), 2.15=1.96 (3H, .m), 
1.57-1.46 (lH, m), 1.29 (3H, t, J = 7.1 ~z), 1.23 (3H, t, J = 
7.1 Hz) 

Anal. (C21H29No6s 2.0.SH20) C, H,· N, .S 

(o). diethyl N-C6-tthiomethyll-4,5,6,7-tetra­
hydrobenzothieno-2-yll glutamate 

HS 

A solution of diethyl N-(6-((acetylthio) methyl]-
4,S,6,7-tetrahydrobenzothieno-2-yl) glutamate S(n) (3.52. q, 

7.7 mmol). in 0.5 N ethanolic HCl (60 mL) was heated at reflux 
for 3 hours. The reaction was diluted with water (25 mL) and 
the ethanol was removed.by concentration, in vacuo. The 
aqueous residue was extracted with ether ·(2x50 mL). The 

_combined organic extracts.were dried over Na2so4 and 
concentrated, in vacuo, to provide the product as an orange 
syrup (3.09 g, 97%). 

The following analyses indicated that the product was 
diethyl N-[6-(thiomethyl)-4,5,6,7-tetrahydrobenzothieno-2-yl] 
glutamate. 

NMR (CDC! 3 ) 6 = 7 • 2 3 ( lH, s ) , 6 • 6 9 ( lH, d, J = 7 • 6. Hz ) , 
4.73 (lH, ddd, J = 4.8, 7;6, 12.6 H~), 4.23 (2H, q, J = 7.1 
Hz), 
Hz), 
1.38 
t, J 

4 • 12 ( 2H, q, J = 7 • 1 Hz ) ,· 3 • 0 4 ( lH, dd, J = 5 • 0 , 16 • 6 
2.77-2.23 (SH, m), 2.15-1.92 (3H, m), 1.59-1.48 (lH, m), 

J 

(la, t, J = 8.3 Hz), 1.30 (3H~ t, J = 7.1 Hz), 1.23 (3H, 
= 7.1 Hz) 
Anal. (C 19H27No5s2 ~0.2SH20) C, H, N, S 
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(p). diethyl N-(6-CCC2.6-diamino-4C3Hl-oxopyrimidin-
5-yllthiol methylJ-4,5,6,7-tetrahydrobenzothieno-2-yi> 
glutamate 

T~is material was prepared using the procedure described 
in example 2(q). From diethyl N~[6-(thiomethyl)-
4,S,6,7-tetra-hydrobenzothieno-2-yl] glutamate 8(0) (3.00 q, 

7.3 mmol) and 5-bromo-2,6-diamino-4(3H)-pyrimidinone (1.44 g, 
7 ·• 0 mmol) there was obtained a yellow solid ( 712 mq, 19 % ) 

melting at 122°-128°. 
The following analyses indicated that the product was 

diethyl N-(6-[([2,6-diainino-4(3H)-oxopyrimidin.;..S-yl] thio) 
methyl]-4,5,6,7-tetrahydrobenzothieno-2-yl) glutamate. 

NMR (DMSO-d6) 6 ·= 9.92 (lH, s), 8.53 (lH, d, J = 7.5 
Hz), 7.54 (lH, s), 6~28 (4H, br s), 4.34 (lH, ddd, J = 5.3, 
7.5, 9.4 Hz), 4.08 (2H, q, J = ·7.1 Hz), 4.03 (2Hj q, J = 7.1 
Hz), 3.07 (lB, dd, J = 4.4, 16.6 Hz), 2.66-2.43 (SB, m), 2.40 
(2B, t, J = 7.4 Hz), 2.09-1.89 (3B, m), 1.83-1.73 (lH, m), 

1.48-1.37 (lB, m), 1.17 (3H, t, -J-= 7.1 Hz), 1.15 (3B, t, J = 
7.1 Hz) 

Anal. (C23H31Ns06S2) c, H, N, s 

(q). N-C6-CC£2,6-diamino-4(3Hl-oxopyrimidin-5-yll thiol 
methylJ-4,5,6,7-tetrahydrobenzothieno-2-yll glutamic acid 

OH 

0 

This material was prepared using the procedure described 
in example 2(j). From diethyl N-(6-[([2,6-diamino-4(3H)­
oxopyrimidi~-S-yl] thio) methyl]-4,5,6,7-tetrahydrobenzo­
thieno-2-yl) glutamat.e 8(p) (594 mg, 1.1 mmol) there was 
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obtained a white solid (493 mg, 93%) melting at 227°-230° 

(dee.). 
The following analyses indicated that the product was 

N-(6-(([2,6-diamino-4{3H)-oxopyrimidin-5-yl] thio) 
methyl]-4,5,6,7-tetrahydrobenzothieno-2-yl) glutamic acid. 

NMR (DMSO-d6) 6 = 12.38 (2H, broad), 10.08 (lH, broad), 

a. 42 c lH, d, J = 1. a Hz>, 1. 53 c lH, $ >, -6. 44 c 4H, br s > , 4. 30 

_ CJ:.H, ddd, J = 4.6, 7.8, 12.6 Hz), 3.07 (lH,- dd, J = 4.3, 16.6. 

Hz), 2.66-2.36 (SH, m), 2.31 (2H, t, J = 7.3 Hz), 2.10-1.77 
(4H, m), 1.46-1.37 (lH, m) 

Anal. (C19H2_3N506S2· 0. 7H20) c, H, N, s 

EXAMPLE 9 

Synthesis of N-cs-r2-cr2.6-Diamino-4<3Hl-oxopyrimidin-
5-yllthiolethvllthieno-2-yll-L-glutamic acid 

This compound of formula x,· wherein Ar is unsubstituted 

thienylene, A is sulfur and ~l' R2 and R3 are all hydrogen, 
was synthesized by the following process. 

9a 2-C2-Ct-Butyldimethylsilyloxylethyllthiophene 

To a solution of t-butyldimethylsilyl chloride {26.38 q, 

0.18 mol), triethylamine (25 mL, 0.18 mol) and 4-
(dim.ethylamino)pyridine (300 mg, 2.5 mmol) in c~2c12 (200 mL) 

under ~n argon atmosphere at -5°C was added, dropwise, 
2-(2-thienyl)ethanol (18 mL, 0.16 mol). The result~nt 
reaction mixture was stirred at 0°C for 30 minutes, then at 
room temperature overnight. The crude reaction mixture· was 

poured into water (300 mL), and the layers were separated. 
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The organic phase was washed with O.SN HCl (200 mL), then 
with brine (200 mL),. dried over Na2so4 and concentrated, in 
vacuo, t~ give a yellow oil, contaminated with a white solid, 
which was purified by flash chromatography. Elution with 
hexane/ethyl acetate (95.:5) yielded the product as a yellow 
oil (38.73 g, 99% yield). 

NMR (CDC13 ) 6 = 7.13 "(lH, d, J = 5.1 Hz), 6.92 (lH, dd, 
J = 3.3, 5.1 Hz), 6.83 (lH, d, J = 3.3 Hz), 3.82 (2H, t, J = 
6.7 Hz), 3.03 (2H,t, J = 6.7 Hz), 0.89 (9H, s), 0.03 (6H, S) 

Anal. (C12H22o SSi)C,H,S 

-gb) 5-f2(t-Butyldimethylsilyloxy)ethyllthiophene-2-
carboxylic acid and Methyl s-c2-hydroxylethyllthiophene-2-
carboxylate 

OR 

A 1.6M solution of n-butyllithium in hexane (140 mL, 

0.22 mol) was added to a solution of 36.16 g (0.15 mol) of 9a 
in 350 mL of THF under argon at -75°C. The resultant 
reaction ~xture was sti;-red.for 1 hour at -70°C. Dry co2 
was then bubbled through this solution for 40 minutes at -
65°C, then for 60 minutes at -5°C and finally for an 
additional 75 minuues while warming to room temperature. The 
crude reaction mixture was poured into a mixture of saturated 
NH4Cl (600 mL) and ~ce (600 g) and extracted with 300 mL of 
ether, then twice with 300 mL portions of ethyl acetate. The 
combined organic extracts were dried over Na2so4 and 
concentrated, in vacuo, to give 47 g of a yellow solid which 
was used without further purification. 

The above product (47 g) was dissolved in methanol (lL) 
containing cone. H2so4 (10 mL), and this solution was 
refluxed overnight. The solvent was removed by 



WO 94113295 

-57-

·"""'· l' 
PCT/US93/11795 

concentration, in vacuo, and the residue was partitioned 
between saturated NaHC03 (300 mL) and ether (300 mL). The 
layers were separated and the aqueous phase extracted twice 
with 3·00 mL of ethyl acetate. The combined organic extracts· 
were dried over Na2so4 and concentrated, in vacuo, yielding 
an orange oil which was purified by flash chromatography. 
Elutio~ with 2:1 hexane/ethyl acetate provided the product as 
a yellow oil (12.31 g, 44% yield). 

NMR (CDC13 ) 6 = 7.66 (lH, d, ~=3.7 HZ), 6.88 (lH,d,J = 
3.7 Hz), 3.89 (2H,t,J = 6.2 Hz), 3.86 (3H, s), 3.09 (2H, t, J 

= 6.2 Hz) 

Anal. (C8H10o3S) C, H, S 

9c\ Methyl 5-(2-bromoethvl>thiophene-2-carboxylate 

0 

A solution of 11.2 g (42 mmol) of triphenylphosphine in 
50 mL of methylene chloride was added dropwise to a solution 
of 6.52 g, (35 mmol) of 9b) and 13.93 g (42 mmol) of csr4 in 
100 mL of methylene chloride.at 0°C. The resultant reaction 

. . 
mixture was stirred for 60 minutes at 0°, then overnight at 
room temperature. The solvent was removed by concentration, 
in vacuo, and the residue obtained was purified by flash 
chromatography. Elution with hexane/ethylene acetate (9:1) 
yielded the product as a yellow oil (7.74 g, 89% yield). 

NMR (CDC! 3 ) 6 = 7 • 6 6 ( lH, d, J = 3 • 8 Hz ) , 6 • 8 9 { lH·, d, 

J = 3.8 Hz), 3.87 (3H, s), 3.58 (2H, t, J = 7.1 az), 3.38 
(2H, t, J = 7.1 Hz) 

Anal. (CgHg02S Br) C, H, S, Br 
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9d) Methyl 5-C2-(acetylthiolethy1Jthiophene-2-
carboxylate 

0 

A mixture of 6.23 g (25 mmol) of 9c and 5·. 71 g (50 mmol) 

of potassium thiolacetate in 100 mL of acetone was heated at 
reflux for 30 minutes. After cooling to room temperature, 
the crude reaction mixture was filtered, and the filtrate was 
concentrated, in vacuo. The•residue obtained was partitioned 
between ether and water (150 mL each). The layers were 
separated and the aqueous phase was extracted with 100 mL of 
ether and 100 mL of ethyl acetate. The combined organic 
extracts.were dried over Na2so4 and concentrated, in vacuo, 
yielding a red oil which was purified by flash 
chromatography. Elution with hexane/ethyl acetate (9:1) 

yielded the product as a yellow solid (5.61 g, 92% yield) mp 
67°-68°c. 

NMR (CDC13 ) 6 = 7.64 (lH, d, J = 3.7 Hz), 6.85 (lH, d, 
J = 3.7 Hz), 3.86 (3H, s), 3.19-3.06 (4H, m),·2.35 (3H, s) 

Anal. (C10H12o3s2) C, H, S 

9el Methyl 5-(2-thioethyljthiophene-2-carboxylate 

0 

A solution of 4.89 q '(20 nunol) of 9d in lN methanolic 
HCl (75_mL) was heated at reflux for 2 hours. The reaction 
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was diluted with water (50 mL) and the methanol was removed 
by concentration, in vacuo. The aqueous residue was extracted 
with ether (2 x 75 mL). The combined organic extracts were 
dried over Na2so4 and concentrated, in vacuo, to provide the 
product as a yellow oil (3.93 q, 97% yield). 

NMR (CDC13 6 = 7.66 (lH, d, J = 3.7 Hz), 6.86 (lH, d, J 

= 3.7 Hz), 3.87 (3H, s), 3.14 (2H, t, J = 7.1 Hz), 2.83 (2H, 
dt, J"= 8.2, 7.1 Hz), 1.50 (lH, t, J = 8.2 Hz) 

~al. (C8H10o2s2 ) C, H, S 

9£) Methyl 5-(2-C(2.6-diamino-4C3Hl-oxopyrimidin-5-
yllthiolethyl)thiophene-2-carboxylate 

0 

Argon was bubbled through a slurry of 3.00 q (14.6 mmol) 
of 5-bromo-2,6-diamino-4(3H)-pyrimidinone in 25 mL of DMF. 
To this slurry was added a solution of 3.24 g (16.0 mmol) of 
9e in 30mL of DMF and 5 JDL (3.71 g, 28.7 mmol) of 
di~s~propylethylamine. ':rhe resultant reaction mixture was 
heated at 100°C for 90 minutes, then· poured into wat.er ( 350 
mL) •. The precipi~ate that formed was collected by 
filtration, washed twice with 75 mL of water then twice with 
75 ~ of ether to provide the product as an off-white solid 
(3.22 q, 67% yield) mp 228°-229°C. 

NMR (DMSO-d6) 6 = 9.98 (lH, s), 7.62 {lH, d, J = 3~6 
Hz), 7.02 (lH, d, J = 3.6 HZ), 6.33 (4H, br s), 3.77 {3H, s), 
2.98 (2H, t, J = 7.1 ~z), 2.72 (2H, t, J = 7.1 Hz) 

An9l. (C12H14N4o3~2 ) C,H,N,S 



; 

. ;-· 

' 
WO 94/13295 PCT/US93/1179S 

-60-

9ql 5-<2-CC2,6-Diamino-4(3Hl-oxopyrimidin-5-

yllthioJethyllthiophene-2-carboxylic acid 

A suspension of 2.94 g (9.0nnnol) of 9£ in 125 mL of lN 

NaOH was stirred overnight at room temperature, then 

filtered. The filtrate was acidified to NpHS by addition of 

N30 mL of 6N HCl. ~he.precipitate that formed was collected 

by filtration and washed twice with 25 mL of water to provide 

·the product as a yellow powder (2_.65 g, 94% yield mp 273° 

(dee)). 
NMR (DMSO-d6) 6 = 12.86 (lH, broad), 9.99 (lH, br s), 

7.53 (lH, d, J = 3.7 Hz), 6.97 (!H, d, J = 3.7 Hz), 6.34 (4H, 

br s), 2.97 (2H, t, J = 7.3 Hz), 2.72 (2H, t, J = 7.3 ~z) 

Anal. (C11H12N4o3s2) C,H,N,S 

9hl Diethyl N-(5-C2-(C2,6-diamino-4C3Hl- oxopyrimidin-

5-yllthiolethyllthieno-2-yll-L-glutamate . 

0 I~Ca.~ 
: 

N~cei,C...~s 
H . 

A solution of 1.87 g (6.0 mmol) of 99, 3.3 mL (3.04g, 

30mmol) of 4-methylmorpholine and 2.41 g (9.0 mmol) of phenyl 

N-phenylphosphoramidochloridate in 75 mL of l-methyl-2-· 

pyrrolidinone was stirred fo~ one hour prior to addition of 

2.88 g (12.0 mmol) of L-glutamic acid diethyl ester 
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hydrochloride. The resultant reaction mixture was stirred 
overnight at room temperature, then concentrated, in vacuo. 
The residue obtained was partitioned between chloroform and 

-water ( 100 mL each). The layers were separated and· the 
aqueous phas~ extracted with 100 mL- of chloroform. The 

combined organic extracts were dried over Na2so4 and 

concentrated, in vacuo, yielding an orange gum which was 
pu~ified by flash chromatography •. Elution with 4% methanol 
in chloroform yielded the product as a pale yellow solid 
(1.41 g, 47% yield, mp 95°-96°C). -

NMR (DMSO-d6) 6 = 9.98 (lH, s), 8.61 (lH, ·d, J = 7.5 

Hz), 7.67 (lH, d, J =·3.0 Hz), 6.94 (lH, d, J .= 3.0 Hz), 6.32 

(4H, br s), 4.40-4.33 (lH, m), 4.09 (2H, q, J = 7.1 Hz), 4.03 
(2H, q, J = 7.1 Hz), 2.94 (2H, t, J = 7.3 Hz), 2.70 (2H, t, J 

~ 7.3 Hz), 2.40 (2H, t, J = 7.4 Hz), 2.13-2.0l (lH, mt, 2.00-
1.91 (lH, m), 1.17 (3H, t, J = 7.1Hz),,1.15 (3H, t, J = 7.1 
Hz) 

9i) N-cs-r2~cr2,6-Diamino-4C3H)-oxopyrimidin-5-

yllthio)ethy1Jthieno-2~yl>-L-qlutamic acid 

0 ~~K 

N~C~M 
H 

A solution of 1.16 g (2.3 mmol) of 9h 90 mL of lN NaOH 
was stirred at room ten_iperature for 70 hours, then acidified 

to Np~S by addition of N20 mL of 6N HCl. The precipitate 
that formed was collected by filtration and washed three 
times with' 10 mL of water to yield the product as an off­
white pbwder (878 mg, 85% yield, mp 228°-230°C (dee)). 

NMR (DMSO-d6) o = 12.41 (2H, broad), 10.02 (lH, br s), 

8.51 (lH, d, J = 7.7 Hz), 7.67 (lH, d, J = 3.3 Hz), 6.94 (lH, 

d, J = 3.3 Hz), 6.36 (4H, br s), 4.36-4.28 (lH, m), 2.94 (2H, 
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t, J = 7.3 Hz), 2.70 (2H, t, J = 7.3 Hz), 2.32 (2H, t, J = 
7.1 Hz), 2.12-2.00 (lH, m), 1.95-1.85 (lH, m) 

Anal (C16a19N5o6s2 ) C,H,N,S. 

EXAMPLE.10 

Synthesis of N-C4C4-T2-CC2,6-Diamino-4(3H)-oxopytimidin­
S-yllthio)ethy1Jbenzoyll-L-qlutamic acid 

This compound of formula X, -wherein A is sulfur, Ar is 
unsubstituted phenylene and R1 , R2 and ~3 are all hydrogen, 
was synthesized by the following process. 

lOa) Methyl 4-(2-bromoethyl)benzoate 

0 
\\ 
C.OC\\~ 

A solution of 9.16 g (40 nnnol) of 4-(2-bromoethyl)­
benzoic acid in 100 mL of THF was combined with an ether 
solution containing excess diazomethane. The excess 
diazomethane was consumed by addition of glacial acetic acid 
and the resultant solution was concentrated, in vacuo. The 
residue obtained was·partitioned between saturated NaHC03 
(150 mL) and ethyl acetate (150 ml). The layers were 
separated and the aqueous phase was extracted with ethyl 
acetate (70 mL). The combined organic extracts were dried 
over Na2so4 and concentrated in vacuo, yielding the product 
as a yellow oil (9.65 g, 99% yield). 

NMR (CDCl3) ~ = 8.01 (2H, d, J = a·.3 Hz), 7 .30 (2H, d, 
J = 9_.-3 Hz), 3.92. {3H, s), 3.59 (2H, t, J = 7.4 Hz), 3.23 

(2H, t, J = 7.4 Hz) 
Anal. (c10H11o2Br) C, H, Br 
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Methyl 4-£2-C~cetylthiolethylbenzoate 

0 
II 
c 

CJ.I/ 's 3 

0 
\\ 

. C.-0(.\-\:!> 

_ ~e~hyl 4-[2-(acetylthio)ethyl]benzoate was prepared by . 
following the procedure described for 9d. Thus from 1.22 g 
(5.0 mmol) of lOa 1.14 g of lOb was obtained (96% yield) as a 
yellow solid (mp 68°C). 

NMR (CDC13 ) 6 = 7.97 (2H, d, J = 8.2 Hz), 7.29 (2H, d, 
J = 8.2 Hz),· 3.91 (3H, s), 3.13 (2H, t, J = 7.3 Hz), 2.92 
(2H, t, J = 7.3 Hz), 2.33 (3H, s) 

Anal. (C12H14o3s) C, H, S 

lOc\· Methyl 4-<2-thioethyllbenzoate 

0 

OCH~ 

HS 

Methyl 4-(2-thioethyl)benzoate was prepared by following 
the procedure described for 9e. Thus from 1.05 g (4.4. 
mmol)of· 10b there was obtained s.s3·mq of lOc as a yellow oil 
( 99% yield) • 

. NMR (CDC13 ) 6 = 7.98 (2H, d, J = 8.2 Hz), 7.27 (2H, d, 
J = 8.2.Hz), 3.91 (3H, s),- 2.98 (2H, t, J = 7.3 Hz), 2.81 
(2H, dt~ J = 7.9, 7.3 Hz), 1.37 (lH, t, J = 7.9 Hz} 

Anal. (C10H12o2S) C, H, S 
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lOdl Methyl 4-C2-CC2.6-diamino-4C3H)-oxopyrimidin-5-
yllthioJethyllbenzoate 

0 

OCl-1~ 

Methyl 4-(2-[(2,6-diamino-4(3H)-oxopyrimidin-5-
yl)thio]ethyl)benzoate was prepared by following t~e 
procedure described for 9£. Thus, from 2.45 q (12.5 nunol)of 
lOc there was obtained 1.58 g of lOd as a white solid (43% 
yield, mp 286°-288°C (dee))· 

NMR (DMSO-d6) 6 9.98 (lH, br s), 7.85 (2H, d, J = 8.2 
Hz),·7.36 (2H, d, J = 8.2 Hz), 6.33 (4H, broad), 3.82 (3H, 
s), 2.81 (2H, t; J = 7.3 Hz), 2.70 (2H, t, J = 7.3 Hz) 

Anal. (C14H16N4o3S) C, H, N., S 

lOel 4-C2-CC2,6-Diamino-4C3Hl-oxopyrimidin-5-
yllthioJethyl)benzoic acid 

OH 

4-(2-[(2,6-Diamino-4(3H)-oxopyrimidin-5-
yl)thio]ethyl)benzoic acid was prepared by following the 
procedure described for 9q. Thus from 1.44 q (4.5 mmol)of 
lOd, there was obtained 1.27 g of lOe as a white solid (93% 
yield,ti' mp 291°-292°) .. 

NMR ( DMSO-d 6 ) 6 = 12 . 7 8 ( lH, . br s ) , 9 • 9 8 ( lH, br s ) , · 
7.82 (2H, d, J = 8.2 Hz), 7.32 (2H, d, J = 8.2 Hz), 6.31 (4H, 
broad), 2.80 (2H, t, J = 7.3 Hz), 2.69 (2H, t, J = 7.3 Hz) 
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lOfl Diethyl N-C4-C2-CC2.6-diamino-4C3Hl-oxoovrimidin-
5-yllthiolethyllbenzoyll-L-glutamate 

O ~02 C~\.\s 

Diethyl N-(4-[2-([2,6-diamino-4(3H)-oxopyrimidin-5-
yl]thio)ethyl]benzoyl)-L-qlutamate. was. prepared by following 
the procedure.described for 9h. Thus, from.919 mg (3.0 mmol) 
of lOe, there was obtained 660 mq of lOf as a white solid 
(45% yield, mp 105°-107°C). 

NMR (acetone-d6) 6 = 10.72 (lH, s), 7.87 (lH, d, J = 
8.0 Hz), 7.80 (2H, .d, J = 7.8 Hz)', 7.31 ( 2H, d, J = 7.8 Hz),· 
6.62 (2H, s), 6.11 (2H, s), 4.65 (lH, ddd, J = 5.3, 8.0, 13.3 
Hz), 4 .15 ( 2H, q, J =. 7 .1 Hz), 4. 07 ( 2H, q, J = 7 .1 Hz), 
2.93-2.78 (4H, m), 2.so (2H, t, J = 7.3 Hz), 2.29-2.11 (lH, 
m), 2.15-2.05 (lH, m), 1.23 (3H, t, J ='7.1 Hz), 1.18 (3H, t, 
J = 7.1 Hz) 

Anal. (C22H29N5o6s) C, H,.N, S 

lOq. N-(4-C2-<f2,6-diamino-4<3H)-oxopyrimidin-5-
y1Jthiolethyl]benzoyll-L~glutamic acid 

0 j~H 

~~C02H. 

N-(4-[2-([2,6-Diamino-4(3H)-oxopyrimidin-5-
yl]thio)ethyl]benzoyl)-L-glutamic acid was prepared by 

• 
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following the procedure described for 9i. ~hus from 246 mg 
(0.5 mmol) of 10£ there was obtained 76 mg of lOg (35% yield, 

mp 177-181°C. 
NMR (DMSO-d6) 6 = 10.01 (lH, br s), 8.49 (lH, d, J = 

7.6 Hz), 7.77 (2H, d, J = 8.1 Hz), 7.30 (2H, d, J = 8.1 Hz),. 
6.33 (4H, broad), 4.35 (lH, ddd, J = 5.3, 7.6, 13.0 Hz), 2.78 

(2H, t, J = 6.8 Hz), 2.69 (2H, t, J = 6.8 Hz), 2.33 (2H, t, "J 

= 7.3 Hz), 2.09- 1.89 (2H, m). 

Anal. (C1sH21N505S•l.OS H20) c, H, N, s 

RJAMPLE 11 

. Biological and Biochemical Evaluation 
In Vitro Testing 

Cellular growth in the presence of the compounds 
according to the present invention was assessed using two 
cell lines: the Ll210 murine leukemia (ATCC CCL 219) arid 
CCRF-CEM, a human lymphoblastic leukemia line of T-cell 
origin (ATCC CCL 119). Both lines were maintained in RPMI 
.1640 medium containing 5% heat-inactivated fetal bovine serum 
without antibiotics. 

Ic50 values were determined in l~O microliter 
microcultures each containing 1500 (Ll210) or 10,000 (CCRF­
CEM) cells established in 96 well plates in growth medium 
supplemented with 50 IU/mL penicillin a~d 50 mcg/mL 
streptomycin. Growth was measured over 3 days (L1210) or s 
days (CCRF-CEM) of continuous exposure to varying 
concentrations_ of each test compound added 4 hours after 
initial cell plating by the MITT-tetrazolium reduction assay 
of Mosmann T.J. (Immunol. meth. 65, 55-63 (1983)), modified 
according to Alley et al •. (Cancer Res. 48, ss·9-601 (19.88)). 

Water insoluble derivatives were dissolved in DMSO and 
diluted to a final concentration of 0.5% solvent in cell 
culttftes. 
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Determination of Inhibition Constants for GARFT 

Method I (used for examples 2-5 and .10): 

GARFT'inhibition.constants were measured 'by the method 

of Cleland (Biochim. 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. -"l.'he GARFT-domai.n of the human enzyme was 

used. The variable substrate was 10-formyl-5-8-dideazafolate 

at concentrations of. 0.83 µM, 1.25 µM, 2.5 pM a~d 5 µM 

while .the other substrate, GAR (glycinamide ribonucleotide), 

was held constant at 20 µM. The assay mix contained 20 mM 

Hepes pH 7.5, 20 pM GAR, and variable amounts of 10-formyl-

5, 8-dideazafolate and i~ibitor. For each inhibitor 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 constants were measured from a 

replot of the slopes of these lines obtained for each 

concentration of inhibitor versus the inhibitor 

concentration. 

Method II (used for examples 6, 7, 8 and 9): 

The GARFT assay method of Yo~g, et al. (Biochemistry 

23, 3979-3986( 1984)) wa-s modified and us~d as desc·ribed 

below. Reaction mixtures contained the catalytic domain of 

the human GARFT, inhibitor, 20 pM glycinamide ribonucleotide 

(GAR), 10 or 20 pM N10-formyl-5,8-dideazafolate (FDDF), and 

50 mM Tris-Cl at pH 7.5. The re.action was initiated with the 

addition of enzyme to a final concentration of 11 nM anq 

followed by monitoring the increase in absorbance at 294 nM 
0 -1 -1 at 20 c ce 294 = 18.9 mM cm ). 

GARFT constants (K. ) were determined from the dependence 
~ 1 . 

of the steady-state catalytic rate upon innibitor and 

substrate concentration. The type of 
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inhibition observed.was determined to be competitive with 

respect to FDDF by the dependence of the apparent K.(K. ) 
i J.. ,app 

on the concentration of FDDF and was shown to be described by 

Ki,app =Ki+ (Ki/Km)[FDDF]. The michaelis constant Km, was 
determined independently by the dependence of the catalytic 

rate upon FDDF concentration. Data for both the K and K. m . J.. 

determinations were fitted by non-linear methods to the 

-~-...Michaelis equation or the Michaelis equation £oJ:-Competit~- _ 

inhibition as appropriate. Data resulting from the tight­

binding inhibition was analyzed, and the Ki was determined by 
fitting the data to the tight-binding equation of Morrison 

Blochem Blophys Acta 185, 269-286 (1969)) by non-linear 
methods. 

GARFT Inhibition and ce11·cultnre Data 

Cell Line, rc50 (µM) 
Ex. Ll210 ·Ll210-Cl92 CCRF-CEM 

2 0.11 0.079 s.o 0.065 
4 0.11 0.11 10.0 0 .13· 
3 0. 035• 0.04 10.5· 0.049 

5 0.088 0.09 4.2 o.oa 
6 0.008 0.12 >25 0.068 
7 0.032 0.089 28 0.099 
8 0.030 0.01 9.0 0.008 
9 2.00 0.25 22 0.62 
10 30 1.5 12 1.2 

Determination of Inhibition Constants for AICARFT 

The assay method of Black et al. (Anal Biochem 90, 397-
401 (1978)} was modified and used as described below. 

Buffers were degassed under vacuum prior to the preparation 
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of substrate solutions and degassed buffer was used in the 

reaction mixtures. Reaction mixtures contained partially 

purified.AICARFT from cultured CEM cells, inhibitor, 100 µM 

AICAR (5-aminoimidazole-4-carboxamide~ribonucleotide), 50µM 

of a racemic mixture of N10-formyl-tetrahydrofolate (FTHF), 

25 mM KCl, 50 mM 2-mercaptoethanol' and 50 mM Tris-Cl pH 7.4. 

The reaction was initiated with the addition of the enzyme 

solution to a final concentration of 0.1 mg/mL and the 

reaction followed by monitoring the increase in absorbance at 

298 nm at 37°C ce 298 = 28 mM-
1 cm-1 ). . 

AICARFT inhibition constants (Ki) were determined from 

the.dependence of the steady-state catalytic rate upon 

inhibitor and substrate concentration. The type of 

inhibition observed and the determination of Ki was performed 

as described above for inhibitors of GARFT with the 

appropriate substrates and the AICARFT assay. Treatment of 

experimental data was essentially the same. 

AICARFT Ki values for examples 9 and 10 were determined 

to be 35 and 60 µM respectively . . 
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. 

Specifically, it is recognized that no specific example 

has been given of making the p~lymeric polyglutamate form of 

the compounds of the present invention. One skilled in the 

art, however, could do this synthetically in accord with the 

literature methods. Normally, moreover, as explained ab~ve, 

polyglutamation, prefera.bly with the addition of one to five 

glutamate units to the compounds of the present invention, 

more. preferably, one to four glutamate units, will occur 

inside the cells. 
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CLAIMS 

1. A compound having the formula I 

I 

wherein: 
A represents sulfur or selenium; 
z represents 1) a substituted or unsubstituted non­

cyclic spacer which separates A from the carbonyl carbon of 
the amide group by 1 to 10 atoms, .said atoms being 
independently selected from carbon, oxygen, sulfur, nitrogen 
and phosphorous; 2) a substituted or uns~stituted mono- or 
fused or nonfused poly-carbocyclic or heterocyclic radical~ 
or 3) a combination of at least one of said non-cyclic spacer 
and at least one of said carbocyclic or heterocyclic radical, 
wherein when said non-cyclic spacer is bonded to A, said 
non-cyclic spacer separates A from one of said carbocyclic or 
heterocyclic radicals· by 1 to 10 atoms and further wherein 
when· said non-cyclic spacer is bonded to -C(O)-, said non­
cyclic spacer separates -C(O)- from one of said·carbocyclic 
or heterocyclic radicals by 1 to 10 atoms; 

R1 and R2 represent, independently, H or c1 to c6 alkyl 
or other readily lyzable groups; and 

R3 represents H or a straight, branched or cyclic c1 to 
c6 alkyl group optionally carrying one or more halogen, 
hydroxyl or amine groups; or a pharmaceutically acceptable 
salt thereof. 
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2. A compound according to claim l having the formul~ 

II 

wherein: 
A is sulfur or selenium1 
Z is -(group)-(ring)-, 
wherein ·(group) represents a non~cyclic spacer which 

separates A from (ring) by 1 to 5 atoms, said atoms being 

independently selected from carbon, oxygen, sulfur, nitrogen 

and phosphorous and optionally carrying one or more 

substituents independently se~ected from c1 to c6 alkyl or c2 
to c6 alkenyl groups, c1 to CG alkoxy or c1 to c6 alkoxy(C1 
to CG)alkyl groups, c2 to CG alkyn~l groups, acyl groups, 

halogen, amino groups, hydroxyl groups, nitro groups or 

mercapto groups, monocyclic carbo- or heterocyclic ring~, and 

fused or non-fused poly-carbocyclic or poly-heterocyclic 

rings1 
and wherein (ring) represents one or more of ~ 

substituted or unsubstituted monocyclic carbo- or 

heterocyclic ring or. a fused or non-fused polycarbocyclic or 

heterocyclic ring optionally substituted with one or more 

substituents selected from those recited for (group)1 

R1 and a2 represent, independently, H, c1 to c6 alkyl or 

other readily lyzable groups1 and 
a3 represents hydrogen or a straight; branched or cyclic 

c1 to ~6 alkyl group optionally carrying halogen, hydroxyl or 

amine ~ubstitution1 or a pharmaceutically acceptable salt 

thereof . 
. 3. A compound according to claim 1 wherein the moiety 

z is represented by Q-X-Ar wherein: 
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Q repre~ents a c1-c5 alkylene, or a.c2-c5 alkenylene ~r 
alkynylene radical optionally carrying one or more 
subs'tituents independently selected from c1 to c 6 alkyl or c2 
to c6 alkenyl groups, c1 to c6 alkoxy·or c1 to c6 alkoxy(C1 
to c6 )alkyl groups, c2 to c6 alkynyl groups, acyl groups, 
halogen, amino groups, hydroxyl groups, nitro groups or 
mercapto groups, monocyclic carbo- or heterocyclic rings, and 
fused or non-fused poly-carbocyclic or poly-heterocyclic 
rings; 

X represents a methylene, monocyclic carbo~ or 
heterocyclic ring, sulfur, oxygen or amino radical, 
optionally carrying one or more substituents independently 
selected from cl to c6 alkyl or c2 to c6 aikenyl groups, .cl 
to c6 alkoxy or· c1 to c·6 alkoxy(C1 to c6 )alkyl groups, c2 to 
c6 alkynyl groups, acyl groups, halogen, amino groups, 
hydroxyl groups, nitro groups or mercapto groups, monocyclic 
carbo- or heterocyclic rings, .and fused or non-fused poly­
carbocyclic or poly-heterocyclic·rings; and 

Ar represents a monocyclic carbo- or heterocyclic 
aromatic ring or a bicyclic carbo- or heterocyclic ring, all 
or a portion of w:hich may be aromatic, and wherein the Ar may 
be fused to the monocyclic carbo- or heterocyclic ring of X, 
and wherein the Ar optionally carries one or more 
substituents independently selected from c 1 to c6 alkyl or c2 
to c6 alkenyl groups, c1 to c6 alkoxy or c1 to c6 alkoxy(C1 
to c6 )alkyl groups, c2 to c6 alkynyl groups, acyl groups, 
halogen, amino groups, hydroxyl groups, nitro groups or 
mercapto groups, monocycliccarbo- or heterocyclic rings, and 
fused or non-fused poly-c~rbocyclic or poly-heterocyclic 
rings; 

·or a pharmaceutically acceptable salt thereof. 
4. A compound or salt according to claim 2, wherein 

the moiety (group) represents a c1 to c4 alkylene group; and 
the moiety (~ing) repres~nts a substituted or 

unsubstituted, fused or non-fused carbocyclic or heterocyclic 
bicyclic ring system, or a substituted or unsubstituted, 
carbocyclic or heterocyclic monocyclic ring system, or at 
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least two monocyclic ring systems linked by a single bond, 
said monocyclic ring systems being independently substituted 
or unsubstituted. 

5. A compound having the formula III 

wherein: 
n represents an integer from 0 to 5; 

A represents sulfur or selenium; 

III 

X is methylene, monocyclic carbo- or heterocyclic ring, 
O, s, or -NH-; 

Ar is an aromatic radical, wherein Ar can-form a fused 
bicyclic ring system with said ring of X; and 

R1 and a2, which can be the same or different, are 
hydrogen or alkyl radicals having 1 to 6 carbon atoms; 

or a pharmaceutically acceptable salt thereof. 
6. A compound or salt according to claim 5 wherein n 

is 2, A is sulfur, Xis methylene, Ar is·phenylene and a1 and 
R2 are hydrogen. 

7. A compound or salt according to claim 5 wherein n 
is 2, A is sulfur, x is methylene, Ar is 2,5-thienyl and R1 
and R2 are hydrogen. 

8. A-compound or salt according to claim 5 wherein n 
is 2, A is sulfur, X is s, Ar is phenylene and R1 and a2 are 
hydrogen. 

9. A compound or salt according to claim 5 wherein n 
is 2, A is sulfur, X is -NH-, Ar is phenylene and R1 and a2 
are hyd:t:"ogen. 

1e. A compound or salt according to claim 5 wherein n 
is 2, A is sulfur, X is methylene, Ar is phenylene and R1 and 

R2·are alkyl radicals having 1 to 6 carbon atoms. 
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11~ A compound or salt according to claim 5 wherein n 
is 2, A is sulfur, x.is methylene, Ar is 2,5-thienyl and R1 
and·R2 are ethyl groups. 

12. A compound or salt according to claim 5 wherein n 
is 2, A is sulfur, X is sulfur, Ar is phenyl~ne and R1 and R

2 
are ethyl groups. 

13. A compound or salt according to claim s, wherein n 
is 2, A is sulfur, X is -NH-, Ar is phenylene and R1 and R2 
are ethyl groups. 

14. An antiproliferative composition comprising a 
compound having the formula III 

wherein n represents an integer from 0 to 5; 
A is sulfur or.selenium; 

I!I 

X is methylene, monocyclic carbo- or heterocyclic ring, 

o, S, or -NH-; 
Ar is an aromatic radical, wherein Ar can form a fused 

bicyclic ring system with said ring of X; and 
R1 and R2, which can be the same or different, are 

hydrogen or alkyl radi~als having 1 to·6 carbon atoms; or 
a pharmaceutically acceptable salt thereof 

in combination with a pharmaceutically acceptable carrier. 
15. A composition according to claim 14 wherein n is 2, 

A is sulfur, X is methylene, and Ar is phenylene. 
16. A composition according to claim 14 wherein n is 2, 

A is sulfur, X is methylene, and Ar is 2,5-thienyl. 
17. A composition according to claim 14 wherein n is 2, 

A is sulfur, x is_s, and Ar is phenylene. 
18. A composition according to. claim 14 wherein n is 2, 

A is sulfur, X is -NH-, and Ar is phenylene. 
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19. An antiproliferative composition comprising a 

compound having the formula I: 

I 

wherein: 
A represents sulfur or selenium; 
Z represents 1) a substituted or unsubstituted non­

cyclic spacer which separates A from the carbonyl carbon of 
the amid~ group by 1 to 10 atoms, said atoms being 
independently sele.cted from carbon, oxygen, sulfur, nitrogen 
and phosphorous; 2) a substituted or unsubstituted mono- or 
fused or nonfused poly-carbocyclic or heterocyclic radical; 

or 3) a combination of at least one of said non-cyclic spacer 
and at least one of said carbocyclic or heterocyclic radical, 
wherein when said non-cyclic spacer is bonded to A, said 
non-cyclic spacer separates A from one of said carbocyclic or 
heterocyclic radicals by l to 10 atoms and further wherein 
when said non-cyclic spacer is bonded to -C(O)-, said non­
cyclic spacer separates -C(O)- from one of said carbocyclic 
or heterocyclic radicals by 1 to 10 atoms; 

R1 and R2 represent, independently, H, c1 to c6 alkyl or 
other readily lyzable groups; and 

R3 represents H or straight, branched or cyclic c1 to c6 
alkyl group optionally carrying one or more halogen, hydroxyl 
or amine groups; or a pharmaceutically acceptable salt 
thereof; 
in combination with a pharmaceutically acceptable carrier. 

20. A process fQr inhibiting the growth and 
prolife~~tion of the cells of microorganisms and of higher 
organisms, which process comprises administering to a host in 
need of such treatment an effective a.mount of a compound 

havin.g the structural formula I 
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I 

wherein: 
A represents sulfur or selenium; 
Z represents 1) a· substituted or unsubstituted non­

cyclic spacer which separates A from the carbonyl carbon of 
the amido group by 1 to 10 atoms, said atoms being 
independently selected from carbon, oxygen, sulfur, nitrogen 
and phosphorous; 2) a substituted or unsubstituted mono- or 
fused or nonfused poly-carbocyclic or heterocyclic radical; 
or 3) a combin~tion of at least one of said non-cyclic spacer 
and at least one of s_aid carbocyclic or heterocyclic radical, 
wherein when said non-cyclic spacer is bonded to A, said 
non-cyclic spacer separates A from one of said carbocyclic or 
heterocyclic radicals by 1 to 10 atoms and further wherein 
when said non-cyclic spacer is bonded to -C(O)-, said non­
cyclic spac~r separates -C(O)- from one of said carbocyclic 
or heterocyclic radicals by 1 to 10 atoms·; 

·R1 and R2 repres~nt, independently, H, c1 to c6 alkyl or 
other readily lyzable groups; and 

a3 represents H or str~ight, branched or cyclic c1 to c6 
alkyl group optionally carrying one or more haloqen, hydroxyl 
or amine groups; or a pharmaceutically acceptable salt . 
thereof. 

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

· need of such treatment an effective amount of a compound 
having the structural formula III 
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wherein: 
n represents an integer from 0 to 51 

A represents sulfur or selenium1 

III 

x is methylene, monocycl!c carbo- or heterocyclic ring, 
o, s, or -NH-1 

Ar is an aromatic radical, wherein Ar can form a fused 
bicyclic ring. system with said ring of X1 and 

R1 and R2 , which can be ~e same or different, are 
hydrogen or alkyl radicals having 1 to 6 carbon atoms1 or 

a pharmaceutically acceptable salt thereof. 
22. A process according to-claim 21 wherein n 

is sulfur, X is methylene and Ar is phenylene. 
23. A process according to claim 21 wherein n 

is sulfur, Xis methylene and Ar"is 2,5-thienyl. 
24. A process according to claim 21 wherein n 

is sulfur, X is sulfur and Ar is phenylene. 
25. A·process according to claim 21 wherein n 

is sulfur, X is -NH-, and Ar is phenylene. 
26. A process for preparing a 5-substituted 

pyrimidinone compound having the formula v 

·' • 
wherein: 

A represents sulfur or selenium; 

is 2, 

is 2, 

is 2, 

is 2, 

v 

A 

A 

A 

A 
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Z represents 1) a substituted or unsubstituted non­
cyclic spacer which separates A from the carbonyl carbon of 
the amido group by l to 10 atoms, said atoms being. 
independently selected from carbon, oxygen, sulfur, nitrogen 
and phosphorous; 2) a substituted or unsubstituted mono- or 
fused or nonfused poly-carbocyclic or heterocyclic radical; 
or 3) a combination of at least one of said non-cyclic spacer 
~nd at lea~t one of said carbocyclic or heterocyclic radical, 
wherein said non-cyclic spacer separates A from one of said 
carbocyclic or heterocyclic radicals by 1 to 10 atoms; 

R3 represents H or a straight, branched or cyclic cc1 to 
c6 ) alkyl group, optionally carrying one or more hydroxyl· or 
amine groups; and 

R4 repres~nts hydroxy, cc1 to c6 ) alkyloxy group 
optionally carrying one or more hydroxyl or amine groups, or 
a protected or unprotected amino acid linked to the acyl 
group of formula V by the amine portion of the amino acid; 

or a pharmaceutically acceptable salt thereof; 
which process comprises reacting a compound having the. 

formula VI 0 

HN~Hal 
ty1.J.-.NJLNHR, 

VI 

wherein hal is bromine, chlorine, iodine, or fluorine, and R3 
is as defined above, with a compound having the._.formula IV 

0 

HA, AA. z '\ IV 

wherein A, z, and R4 are as defined above, in the presence of 
a nonnucleophilic auxiliary base in a solvent in which at 
least one of said reactants is at least partially soluble 
under conditions sufficient to obtain the compound of 
f o.rmula V. 

27. A pro~ess according to claim 26 wherein the non­
nucleophilic auxiliary base is selected from alkali or earth 
metal carbonates and trialkyl amines. 
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28. A·process according to claim 27 wherein the solvent 
is a dipolar aprotic solvent. 

29. A process according to claim 28 wherein the solvent 
is selected from dimethylsulfoxide, N 1.N-dimethylformamide, 
N,N-dimethylacetamide, and N-methyl-2-pyrolidinone. 

30. A process according to claim 26 wherein A 
represents sulfur and Z represents -(CH2 )n-X-Ar- wherein 

·n is an integer from 0 to 5, 
X represents a methylene, monocyclic carbo- or 

heterocyclic ring, sulfur, oxygen or amino radical, 
optionally carrying one or more substituents inaependently 
selected from c1 to c6 .alkyl or c2 to c6 alk~nyl groups, c1 
to c6 alkoxy or c1 to c6 alkoxy(C1 ~o c6 )alkyl groups, c2 to 
c6 alkynyl groups, acyl groups, halogen, amino groups, 
hydroxyl groups, nitre groups or mercapto groups, monocyclic 
carbo- or heterocyclic rings, and fused or non-fused poly­
carbocyclic or poly~heterocyclic rings; and 

Ar represents a monocyclic carbo- or heterocyclic 
aromatic ring or a bicyclic carbo- or·heterocyclic ring, all 
or a portion of which may be aromatic, and wherein the Ar may 
be fused to the monocyclic carbo- or heterocyclic ring of X, 
and wherein the Ar optionaily carries one or more_ 
substituents independently selected from cl to c6 alkyl or c2 
to c6 alkenyl groups, c1 ~o c6 alkoxy or c1 to c6 alkoxy(C

1 
to c6 )alkyl groups, c2 to c6 alkynyl groups, acyl groups, 
halogen, amino groups, hydroxyl groups, nitro groups or . 
mercapto groups, monocyclic carbo-. or heterocyclic rings, and 
fused or non-fused poly-carbocyclic or poly-heterocyclic 
rings. 

31. A process according to claim 30 wherein the non­
nucleophilic auxiliary base is selected from alkali or earth 
metal carbonates and trialkylamines. · 

32. A process according to claim 31 wherein the solvent 
is a dipolar aprotic solvent. 

33. A process according to claim 32 wherein the solvent 
is selected from dimethylsulfoxide, N,N-d.imethylformamide, 
N,N-dimethylacetamide, and N-methyl-2-pyrolidinone. 

• 
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34. 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 I: 

I 

wherein: 
. A represents sulfur or selenium; 

Z represents i) a substituted or unsubstituted non­
cyclic spacer which separates A from the carbonyl carbon of 
the amide group by 1 to 10 atoms,. said atoms being 
independently selected from carbon, oxygen, sulfur, nitrogen 
and phosphc:>_rous; -2) a sUbstituted or unsubstituted mono- or 
fused or nonfused poly~carbocyclic or heterocyclic radical; 
or 3) a combination of at least one of said non-cyclic spacer 
and at least one·of said carbocyclic or heterocyclic radical, 
wherein when said non-cyclic spacer is bonded· to A, said 
non-cyclic spacer separates ·A from one of said carbocyclic or 
heterocyclic radicals by 1 to 10 atoms and further wherein 
when said non-cyclic spacer is bonded to -c ( O )- , .sai:d non­
cyclic spacer separates •C(O)- from one of said carbocyclic 

. . 
or heterocyclic radicals by 1 to 10 atoms; 

R1 and R2 represent, independently, H or c1 to c6 alkyl 
or other readily lyzable groups; and . 

R3 represents H or straight, branched or cyclic c1 to c6 
alkyl group optionally carrying one or more halogen, hydroxyl 
or amine groups; or a pharmaceutically acceptable salt 
thereof. 
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35. A compound of the formula X 
. 0 C02A1 

. :J:O . . _,,,.._ )lN~/oR.:,_ 
HN A......,,. Ar H · If 

~ I o 
H2N N NHR3 

x 

wherein: 
A represents sulfur or s~lenium; 
Ar represents an unsubstituted phenylene or thienylene 

radical; 
R1 and R2 represent, individually, hydrogen or C1 to c6 

alkyl or other readily lyzable groups; 
R3 represents hydrogen or a straight, branched or cyclic 

c1-c6 alkyl group, optionally carrying one or more halogen, 
hydroxyl or amine groups; or 

a pharmaceutically acceptable salt thereof. 
36. A compound according to claim 35 wherein A is 

sulfur and Ar represents an unsubstituted phenylene radical. 
37. A compound according to claim 35 wherein A is 

sulfur and Ar represents an unsubstituted thienylene radical. 
38. A compound according to claim 35 wherein A is 

sulfur, Ar i_s unsubstituted thienylene; and R1 , R2 and R3 are 
hydrogen. 

39. A compound according to claim 35 wherein A·is 
sulfur, Ar is unsubstituted phenylene; and R1 ,·R2 and R3 are 
hydrogen. 

40. A method for inhibiting the growth and 
proliferation of the cells of microorganisms and higher 

. organisms, which comprises administering to a host in need of 
such treatment an effective amount of the compound having the 
structural formula X as defined in claim 35, or a 
pharmaceutically acceptable salt thereof. 

41. A method according to claim 40 wherein A is sulfur 
~ 

and Ar•represents.an unsubstituted phenylene radical. 
42. A method according to claim 40 wherein A is sulfur 

' . 
and Ar represents an unsubstituted thienylene radical. 
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43. A method according to claim 40 wherein A is sulfur, 
Ar is an unsubstituted thienylene radical; and R1, R2 and R

3 
are hydrogen. 

44. A method according to claim 40 wherein A is sulfur, 
Ar is an unsubstituted phenylene radical; and R1 , R2 and R3 
are hydrogen. 

45. An antiproliferative composition comprising the 
compound having the formula X as defined in claim 35 or a 
pharamaceutically acceptable salt thereof, in combination 
with a pharmaceutically acceptable carrier. 

46. A composition according to cl~im 45 wherein A is­
sulfur and· Ar represents an unsubstituted phenylene radical. 

47. A. composition according to claim 45 wherein A is 
sulfur and Ar represents an unsubstitued thienylene radical. 

48. A composition according to claim 45 wherein A is 
sulfur, Ar is an unsubstituted thienylene radical; and R1, R2 
and R3 are hydrogen. 

49. A composition according to claim 45 wherein A is 
sulfur, Ar is an unsubstituted ·phenylene; and R1 , R2 and R3 
are hydrogen. 

SO. A compound having the formula V 

0 

wherein: 
A represents sulfur or selenium; 
z represents l) a substituted or 

v 

unsubstituted non-
cyclic spacer which separates A from the carbonyl carbon of 
the amide group by l to 10 atoms, said atoms being 
independently selected from carbon, oxygen, sulfur, nitrogen 
and phosphorous; 2) a substituted or unsubstituted mono- or 
fused•or nonfused_poly-carbocyclic or heterocyclic radical; 
or 3) a combination of at least one of said non-cyclic spacer 
and at·least one of said carbocyclic or heterocyclic radical, 
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wherein said non-cyclic spacer separates A from one of said 
carbocyclic or heterocyclic radicals by 1 to 10 atoms; 

R3 represents H or a straight, branched or cyclic cc1 to 
c6) alkyl qroup, optionally carrying one or more hydroxyl or 

·amine groups; and 
R4 represents hydroxy, {C1 to c6 ) alkyloxy gr~up 

optionally carrying one or more hydroxyl or amine qroups, or 
a protected or unprotected amino acid linked to the acyl 
qroup of ·formula v by the amine portion of the amino acid; 

or a pharmaceutically acceptable salt thereof. 
51. A process for inhibiting AICARFT comprising the 

step of administering to a host in need of such inhibition an 
effective amount of a compound having the formula X: 

O 0 T02A1 

._ _....-;...Ar)lN~/oR.:t_ 
HN n H · _If 
~ . 0 

H2N N NH-R3 

x 

wherein: 
~ represents sulfur or selenium; 
Ar represents an unsubstituted phenylene or thienylene 

radical; 
R1 and a2 repre~ent, individually, hydrogen or c1 to c6 

alkyl or other readily lyzable groups; 
R3 represen~s hydrogen or a straight, branched or cyclic 

c1-c6 alkyl group, optionally carrying one or more halogen, 
hydroxyl o~ miu.ne groups; or 

a pharmaceutically accept~ble salt thereof. 


