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COMPOt;INDS USEFUL AS ANT!PROLIFERATIVE AGENTS · 

AND GARFT INHIBITORS 

·Background of the Invention 
~ ...... . ' . , 

The present invention relates.to compounds of the 
Formula I defined below that inhibit the enzyme glycinamide 
ribonucleoti~e- formyl tra~sf erase {GARFT) . The invention 
also relates to intermediates for preparing these compounds, 
to pharmaceutical compositions containing the compounds, to 
their use to inhibit GARFT and to their use to inhibit the 
growth and proliferation of the cells of higher organisms or 
microorganisms such as bacteria, yeast and fungi. The 
compounds have antitumor, antiinflammatory, antipsoriatic 
and/or immunosuppressive activity. The invention is also 
related to the prepa~ation of these compounds described. 

The large class of ~ntiproliferative agents includes 
antimetabolite compounds. A particular subclass of 
antimetabolites known as antifolates or anti~oles are 
antagonists of the vitamin folic acid. Typically, 

. antifolates closely resemble the structure of folic acid and 
incorporate the chara~teristic P-benzoyl glutamate moiety of 
folic acid. The glutamate moiety of folic· acid takes ·on a 
double negative charge at physiological pH. Therefore, this 
compound and its analogs have an active energy driven 
transport system to cross the cell membrane and exert a 
metabolic effect. 

GARFT is a folate-dependent ~nzyme in the de novo purine 
biosyn~hesis ~athway. This pathway is critical to cell 
division and proliferation. ~hutting down this pathway is 
known to have an antiproliferative effect, in particular, an 
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~ntitumor effect. Thus, a number of folate analogs have been 
synthesized and studied for their ability to inhibit GARFT. 
A prototypical ·specific tight-binding inhibitor of GARFT, 
5,10-dideazatetrahydrofolic acid, has been reported to show 
antitumor activity. See F.M. Muggia, "Palate antimetabolites 
inhibitor to de novo purine synthesis, 11 New Drugs, Concep-t;lfJ 
and Results in Cancer Chemotherapy, Kluwer Academic 
Publishers, Boston (1992), 65-87. 

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

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

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

As indicated above, compounds of the invention possess 
antiproliferative activity, a property which can express 
itself in the form of antitumor activity. A compound of the 
invention can be active per ~e, 
in vivo to an active compound. 
invention are especially active 

or as a precursor converted 
Pref erred compounds of the 
in inhibiting the enzyme 

GARFT. Particularly preferred compounds are active in 
inhibiting the growth.of the L1210 cell l~ne, a mouse 
leukemia cell line that can be grown in tissue culture. 
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~ompounds of the invention can also be active in inhibiting 
the growth of bacteria such as Escherichia coli gram-negative 
bacteria which can be grown in culture. 

The compounds according to the invention, as well as the 
pharmaceutically acceptable salts thereof, may be 
incorporated into convenient dosage forms, such as capsu~~~rl 
tablets and injectable preparations. Solid or liquid 
pharmaceutically acceptable carriers, diluents or exci~ients 
may also be employed. 

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

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

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

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

The compositions of the invention may further comprise 
one or more ot~er pharmaceutically active compounds. ~or 

examp~e, one of the following antitumor agents may be 
included in the composition: mitotic inhibitors (e.g., 
vinblastine); alkylating agents; dihydrofolate reductase 
·inhibitors or TS inhibitors; antimetabolites (for example, 
5-fluorouracil, cytosinerabinoside}; intercalating 
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~ntibiotics (for example, adriamycin, bleomycin) ; enzymes 

{for example, asparaginase); topoisomerase inhibitors (for 

example, etoposide); and biological respons~ modifiers (for 

example, interferon) . The compositions of the invention may 
. . 

also comprise another GARFT inhibitor or antiproliferative 

agent, such as a compound described in commonly assigned;'".,· 

International Publication No. WO 94/13295, published June 23, 

1994, or International Pubiication No. WO 92/05153, published 

April 2, 1992, the disclosures of which are incorporated by 

reference herein. The compositions of the invention may also 

comprise one or more antibacterial, antifungal, 

antiparasitic, antiviral, antipsoriatic or anticoccidial 

agents. Exemplary antibacterial agents include:· 

sulfonamides, such as sulfamethoxazole, sulfadiazine, 

sulfameter and sulfadoxine; dihydrofolic reductase 

inhibitors, such as· trimethoprim, bromodiaprim and 

trimetrexate; penicillins; cephalosporins; and the quinolone 

carboxylic acids and their fused isothiazolo analogs. 

Another aspect of the invention relates to a therapeutic 

method of inhibiting the growth or proliferation of cells of 

higher organisms or microorganisms, which comprises 

administering to a host an effective amount or quantity of a 

compound according to the present invention. The compounds 

of the invention are particularly useful in the treatment of 

mammalian hosts, such as human hosts, and in the treatment of 

avian hosts. A particularly.preferred therapeutic process 

comprises administering to a host an amount of a compound 

according to the present invention effective to inhibit 

GARFT. 
Many of the antiproliferative compounds described herein 

and their pharmaceutically acceptable salts thereof can_be 

employed in the therapeutic process of the invention. The 

compounds may be administered in the form of a 

pharmaceutically acceptable composition comprising a diluent 

or carrier as described above. 
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A.dose of a.composition contains at least an effective , 
quantity of the active compound and preferably is made up of 

one or more pharmaceutical dosage units. An "effective 
quantity" can be a quantity· sufficient to inhibit the folate 

metabolic pathways and derive the beneficial effects 

therefrom, e.g., through administration of one or more o~J~~e 

pharmaceutical dosage units~ 
An exemplary daily dose for a vertebrate host comprises 

an amount of up to one gram active compound per kilogram of 

the host, preferably one-half of a gram, more preferably 100 
milligrams, and most preferably, about SO milligrams or less, 

per kilogram of the host's body weight. The selected dose 
may be administered to a warmblooded animal or mammal, for· 

example, a human patient in need of treatment mediated by­

folate metabolic pathways inhibition, by any suitable method 

of administrating the dose including: topically, for 

example, as an ointment or· cream; orally; rectally, for 

example, as a suppository; pa~enterally by injection; or 
continuously by intravaginal, intranasal; intrabronchial, 

intraaural or intraocular infusion. 
The compounds acco.rding to the invention produce any one. 

or more of an antiproliferative effect, an antibacterial 

effect, an antiparasitic effect, an antiviral effect, an 
antipsoriatic effect, an antiprotozoal ef.fect, an 
anticoccidial effect, an antiinflammatory effect, an 

immunosuppressive effect and an antifungal effect. The 

compounds are especially useful in producing an antitumor 

effect iri a vertebrate host harboring a tumor. 
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Detailed Description of the Invention 

In particular, the present invention relates to 

antiproliferative compounds of the Formula I: 

0 
8 c 

wherein: 
A is O, S or Se; 
Xis a substituted or unsubstituted c1 -c3 alkyl group, a 

substituted or unsubstituted c2 -c3 alkenyl group, a 
substituted or unsubstituted c2 -c3 alkynyl group, a 

substituted or unsubstituted am~no group, sulfur or oxygen; 

Y is O, S or NH; 
Bis hydrogen or a halogen (F, Cl, Br or I); 
C is hydrogen, a halogen or a substituted or 

unsubstituted c1-c6 alkyl group; and 
R1 and R2 are independently hydrogen or a moiety that 

forms, together with the attached co2 , a readily hydrolyzable 

ester group, such as a c1~c6 alkyl. The· invention further 
relates to pharmaceutically acceptable salts of the compounds 
of the Formula I. The invention also relates to 
intermediates for making such compounds. 

Although the compounds of the Formula I are shown in the 

4-oxo form and are referred to as such throughout this 
description, the oxo group exists in tautomeri_c equilibrium 

with.the corresponding 4-hydroxy group. It will therefore be 
understood that the term "compounds of the Formula ·I" means 

the structurally depicted ·4-oxo and the tautomeric 4-hydro~y 

forms. Thus, the invention also relates to pharmaceutically 



:: . .. n 
7 

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

Where X or C is substituted, preferred·substituents 
include c1-c6 alkyl, c2-c6 alkenyl, c2-c6 alkynyl, acyl, 
halogen, amino, hydroxyl, nitro, mercapto, monocyclic 
carbocycle, monocyclic heterocycle, fused and nonfused ;~-.• · 
polycyclic carbocycle, fused and nonfused polycyclic 
heterocycle, hydroxy c1-c6 alkyl and_ c1-c6 alkoxy c1-c6 
alkyl. 

Preferably, X is CH2 , CH2CH2 , NH, oxygen, sulfur, 
CH(CH20H) or NCH3 .. Y is preferably Sor O. Preferably, B is 
hydrogen. C ~s preferably hydrogen or CH3 . Preferably, R1 
and R2 are independently selected from hydrogen, ci-c6 ~lkyl, 
hydroxyalkyl, alkylaryl and arylalkyl, most preferably, from 
hydrogen and c1 -c2 alkyl. It is particularly preferred that 
A and. Y are each sulfur and~ is CH2 . 

The compounds of the Formula I are useful as GARFT 
inhibitors. T-he compounds of Formula I in which R1 and R2 
are each hydrogen are especially active antitumor or 
antiproliferative agent~. The compounds of Formula I wherein 
R1 and R2 are each a moiety that forms with the attached co2 
a readily hydrolyzable ester group, preferably an ethyl 
group, are useful intermediates for forming the free glutamic 
acid forms of the compounds and can also be hydrolyzed in 

vivo and thus act as prod~ugs. 
The pharmaceutically acceptable salts of the invention. 

include, for example, alkaline metal, al~aline earth metal, 
other no~-toxic metals, and ammonium and substituted ammonium 
salts of the glutamic acid compo~nds of the invention. 
Exemplary salts include sodiu~, potassium, lithium, _calcium, 
magne_sium, pyridinium and substituted pyridinium salts of the 
free acid compounds. 

The compounds of the invention can be prepared as 
follows. A useful starting material for preparing compounds 
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pf the-Formula I wherein Xis CH2 is a compound of the 
Formula II: 

8 C. 

OR1 
0 

0 

'.'! ...... -' .. 
(II) 

wherein B, C and Y are as defined above for Formula I; D is 
Cl, Br or I; and R6 is a hydrogen or a moiety that forms with 
the attached co2 a readily hydrolyzable es.ter group. 
Preferably, D is bromo or iodo. Preferably, R6 is ·hydrogen, 
c1-c6 alkyl, hydroxyalkyl, alkylaryl or arylalkyl, more 
~referably, hydrqgen or c1-c2 alkyl. 

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

(III) 

wherein R3 is a substituted or unsubstituted c1-c6 alkyl 
group,_ or a trisubstituted silyl group. Preferably, R3 is 
CH20H or trimethyls_ilyl. 

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

B c 

(IV) 

This Sheet Has Been Replaced 
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~herein B, c and Y are as· defined above for Formula I; R6 is 
as defined above for Formula II; and R3 is as defined above. 
for Formula III. 

When R3 is a trisubstituted silyl group, the silyl group 
is preferably removed with a nucleophilic base, such as 
methanol~c or ethanolic potassium .carbonate, or a fluori4e-. ,· 
salt, such as potassium fluoride,.cesium fluoride or 
tetrabutylammonium fluoride, in a solvent in which at least 
one of the reactants is at least partially soluble (e.g., 
methanol, dimethylformamide, ethanol, dimethylacetamide, 
dimethylsulfoxide or isopropanol} to give a compound of the 

Formula V: B c 

(V) 

H 

wherein B, C and Y are as defined above for Fprmula I; and R
6 

is as defined above· for Formula II. 
The compound of Formula V is reacted with an 

electrophile, preferably an N-protected glycinal, more 
preferably N-t-butoxycarbonylglycinal or bis-N-t-butoxy­
carbonylglycinal·, under. basic conditions using a non­
nucleophilic base, preferably lithium bis-trimethyl­
silylamide, potassium bis-trimethyl-silylamide, sodium 
bis-trimethylsilylamide or lithium diisopropylamide, at a low 
temperature, preferably from -90°C to 25~C, in a suitable 
solvent in which one of the reactants is at least partially 
soluble, preferably tetrahydrofuran, diethyl ether or 
dioxane, to give a compound of the Formula VI: 
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B C 

(VI) 

! J.. • ' . , 

wherein B, c and Y are as defined above for Formula I; R6 is 
as defined above for Formula II; and R4 and Rs are each 
independently hydrogen or a readily removable nitrogen­
protectinq group. R4 and R5 are preferably hydrogen,· 
t-butoxycarbonyl, benzyloxycarbonyl or benzyl. 

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

B C 

CCiRe (V;i:I) 

HO 

RsR4N 
wherein B, c and Y are as defined above for Formula I; R6 is 

as defined above.for Formula II; and R4 and R5 are as defined 
above for Formula VI. 

The compound of the Formula VII is then reacted with an 

acylating or sulfonylating agent, preferably methanesulfonyl 

chloride or p-toluenesulfonyl chloride, in the presence of a 
non-nucleophilic base, preferably triethylamine or 

diisopropylethylamine, in a suitable solvent in which at 

least one of the reactants is at least partially soluble,. to 

obtain an activated hydroxy group. The activated hydroxy 

group is dfsplaced with a suitable nucleophile, preferably a 
thioacid salt, more preferably potassium thioacetate, to 
obtain a compound of the Formula VIII: 
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(VIII) 

wherein A, B, c and Y are as defined above for Formula ~; R6 
is as defi~ed above for Formula II; R4 and R5 are as defined 
above for Formula VI; and Ac is an acyl group, preferably 
acetyl. 

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

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

B c 

COzRe (IX) 



() 

12 

·.wherein A, B, c and Y are as defined above for Formula I; R6 
is as defined above for Formula II; and R4 and R5 are as 
defined above for Formula VI. 

The compound of the.Formula IX is treated under 
conditions suitable to remove either or both of the R4 and R5 
protecting groups to produce a compound of the Formula X: 

;-· ... ,,.· 
·e c 

(X) 

wherein A, B, C and Y are as def~ned above for Formula I; and 
R6 is as defined above for Formula II. Where t-butoxy­
~arbonyl (t-BOC) is a protecting group, the conditions for 
removal of this group are preferably treatment with 
trifluoroacetic acid followed ·by neutralization to produce 
the compound of the Formula x. 

The compound of the Formula X is reacted with an 
alkylating agent, preferably trimethyl or triethyl oxonium 
tetrafluoroborate, in a suitable'solvent.r preferably 
dichloromethane, to form an intermediate lactim ether. The 
intermediate lactim ether is reacted with guanidine in an 
a~coholic solvent, preferably methanol, ethanol or 
isopropanol, to form a compound of the Formula XI: 

s c 

0 

(XI) 

i1iiii~f 
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wherein A, B, C and Y are as defined above for Formula I; and 
• 
R6 is as defined above for Form4la II. 

Alternatively, the compound of the Formula X is 

converted to the compound of the Formula XI by reacting the 

compound of the Formula X with a thiolating agent, pr~ferably 

P2s5 or 2,4-bis(4-methoxyphenyl)-1.,3-dithia-2,4- ;J·.,· 

diphosphetane-2,4-disulfide, to form the thiolactam 

intermediate. This can then be alkylated with an alkylating 

agent,.preferably methyl iodide or trimethyl or triethyl 

oxonium tetrafluoroborate, and then with guanidine in an 

alcoholic solvent, preferably methanol, ethanol or 

isopropanol, to obtain the compound of the Formula XI. 

·The compound of the Formula XI is hydrolyzed under basic 

conditions to form a compound of the Formula XII·: 

B c 

COzH 

(XII) 

wherein A, B, C and Y are as defined above for Formula I. 

Where R6 is hydrogen in the compound of the Formula XI, then 

the hydrolyzation reaction is not necessary, and the compound 

of the Formula XI is peptide coupled as described below. 

The compound of the Formula XII (or- the compound of the 

Formula XI where R6 is hydrogen), which is in the free 

carboxylic acid form, can ~e peptide coupled, by means well 

kno~ to those skilled in the art, with a glut~mic acid 

diester hydr~chloride to form a diester of the Formula XIII: 

Th.is SL · 

11iiHiUlr 
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wherein A, B, c and Y are as defined above for Formula I; and 
R1 and R2 are each independently a moiety that forms with the 
attached co2 a readily hydrolyzable ester group, such as a 

c1-c6 alkyl, hydroxyalkyl, alkylaryl or arylalkyl. 

·Finally, if desired, the compound of the Formula XIII is 

hydrolyzed to the free glutamic acid form of Formula I CR1 
an4 R2 are each H} . 

Compounds of the Formula I wherein X is other than CH2 
can be prepared using an olefin of the Formula XIV: 

B c 

v COJAt (XIV) 

wherein B, C and Y are as defined above for Formula I, X is 
as d~f in~d above for Formula I except that X is other than 
CH2 , and R6 is as defined above for Formula II. 

Where X is sulfur, oxygen, or a substituted or 

unsubstituted amino, the compound of the Formula XIV is 
prepared by alkylation of a compound of the Formula XV: 
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• B c 
(XV) 

H CQiR1 
y 

wherein B, C and Y are as defined above for Formula I; X; i.e-

sulfur, oxygen, or a substituted or unsubstituted amino; and 
R6 is as defined above for Formula II~ The alkylation can be 
accomplished using an allylhalide, preferably allylbromide, 
in the presence of a non-nucleophilic base, preferably 
triethylamine or diisopropylethylamine, to obtain the 

compound of the Formula XIV. 
Where Xis a substituted or unsubstituted c1-c2 alkyl 

other than CH2 , a substituted or unsubstituted c2-c3 alkenyl 

or a substituted or unsubstituted c2-c3 alkynyl, the compound 
of the Formula XIV is prepared by olef ination of an aldehyde 
of the Formula XVI: 

B c 

(XVI) 

wherein B, C and Y are as defined above for Formula I; and X 
is a substituted or unsubstituted c1-c2 alkyl other than CH2 , 
a substituted or unsubstituted c2-c3 alkenyl or a sub.stituted 
or unsubstituted c2-c3 alkynyl. The aldehyde of the Formula 
XVI can be prepar~d in a manner analogous to that described 

by C~uan Shih et al., Journal of Medicinal Chemistry, vol. 35 
(1992), 1109-1116. Th~ olefination of the aldehyde can be 
accomplished using a methylene transfer agent, preferably 
methylene-triphenylphosphorane. 

This Sheet· Has B 
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The compound of the Formula XIV is reacted with a , . 

dihydroxylating agent, preferably osmium tetroxide, in the 
presence of a suitable oxidizing agent, preferably N­
methylmorpholine-N-oxide, to obtain a compound of the Formula 

XVII: 

B c -:: ....... , .. 

(XVII) 
HO 

HO 

whe~ein B, C and Y are as defined above for Formula I; X is 
as defined above for Formula I, except that it is other-than 
CH2 ; and R6 is as defined above for Formula II. 

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

(XVIII} 
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~herein B,·C, X, Y and R6 are as defined above for ~ormula 
XVII. 

The epoxid~ of Formula XVIII is reac~ed with a nitrogen­
containing nucieophile, preferably sodium azide ,· in the 
presence of a mild Lewis-acid catalyst, preferably lithium or 
magnesium perchlorate, to an obtain an intermediate alcoqo~­
azide. This intermediate is reduced, preferably with 
hydrogen gas in the presence of a metal catalyst, and 
subsequent protection with a suitable nitrogen-protecting 
group, preferably t-butoxycarbonyl, benzoxycarbonyl or 
benzyl, to produce a compound of the Formula VII': 

8 c 

HO (VIP) 

wherein_B, C, X, Y and R6 are as defined above for Formula 
XVII; and R4 and R5 are as defined abov~ for Formula VI.· 

The compound of the Formula VII' is then reacted with an 
acylating or sulfonylating agent, preferably methanesulfonyl 
chloride or p-toluenesulfonyl chloride, in the presence of a 
non-nucleophilic base, preferabiy triethylamine or 
diisopropylethylamine, in a suitable solvent in which at 
lea~t one o·f the _reactants is at least partially soluble, to 
obtain an activated hydroxy group. The activated hydroxy 
group is displaced with a suitable nucleophile, preferably a 
thioacid salt, more preferably potassium thioacetate, to 
obtain a compound of the Formula VIII': 
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Ac A (VI I I' t ,._ ,-

wherein A is as defined above for Formula I; B, C, X, Y and 
R6 are as defined above for Formula XVII; R4 and R5 are as 

- defined above for Formula VI; and Ac is an acyl group, 
preferably acetyl. 

_Alternatively, the compound of Formula VII' is converted 
to the compound of Formula VIII' in one chemical operation 

·using triphenylphosphine, diethyl or dimethyl aza­
dicarboxylate, and an acidic nucleophile; preferably 

· thioacetic acid, in a suitable solvent. 

The compound of the Formula VIII' is treated with a 
nucleophilic base, preferably potassium carbonate, sodium 
carbonate, sodium hydroxide or potassium hydroxide, in an 
alcoholic solvent, preferably methanol,· ethanol or 

isopropanol, in the presence of an alkylating agent, 
preferably dimethyl or diethyl chloromalonate, to obtain a 
compound of the ~ormula IX' : 

B c 

(IX'} 
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yherein A is as defined above for Formula I; B, C, X, Y and 
R6 are as def.ined above for Formula XVII; and R4 and R5 are 
as defined above for Formula VI. 

The compound of the Formula IX' is treated under 
conditions suitable to remove either or both of the R4 and R5 
protecting groups to produce a compound of the Formula X~ -~. ,· 

a c 

0 
x C02A1 (X') 

R10 Ay 
0 ~ . 

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

The compound of the Formula X' is reacted with an 
alkylating agent, preferably trimethyl or triethyl oxonium 
tetrafluoroborate, in a.suitable solvent, preferably 
dichloromethane, to form an 1nt~rmediate lactim .ether. The 
intermediate lactim ether is reacted with guanidine in an 
alcoholic solvent, preferably methanol, ethanol or 
isopropanol, to.form a compound.of the Formula XI': 
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a c 

0 

C02'\ 
':: ... ·- . 
r . ' 

(XI I) 

wherein A is as def~ned above for Formul~ I; and B, C, X, Y 
and R6 ·are as ~efined ~bove for Formula XVII. 

Alternatively, the compound of the Formula X' is 
converted to the compound of the Formula XI' by_rea~ting the 
compound of the Formula X' with a thiolating agent, 
preferably P2s5 or 2., 4-bis (4-methoxyphenyl) -1, 3-dithia-2, 4-
diphosphetane-2,4-disulfide, to form the thiolactam 
interinediate. This can then be alkylated with an alkylating 
agent, preferably methyl iodide or trimethyl or triethyl 
oxonium tetrafluoroborate, and then with guanidine in an 
alcoholic solvent, preferably methanol, eth~nol or 
isopropanol, to obtain the compound of the Formula XI' ~ 

The compound of the Formula XI' is hydrolyz~d under 
basic conditions to form a compound of the Formula XII': 

B c 

(XII') 
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~herein A is as defined above for Formula I; and ~' C, X and 

Y are as detined above for Formula XVII. Where R6 is 
hydrogen in the compound of the Formula XI', then the 

hydrolyzation reaction is-not necessary, and the compound of 
the Formula XI' is peptide coupled a~ described below. 

The compound of the Formula XI I' (or the compound of ,-_the 

Formula XI' where R6 is hydrogen), which is in the free 

carboxylic acid form, can be peptide coupled, by means ·well 

known to those skilled in the art, with a glutamic acid 
diester hydrochloride to form a diester of the Formula XIII': 

8 c 

0 

o. 

"~CO,R2 

C02R1 

(XIII I) 

wherein A is as de~ined above for Formula I; B, C, X and Y 

are as defined above for Formula XVII; and R1 and R2 a~e each 
independently a moiety that forms with the attached co2 a 

readily hydrolyzable ester group, such as a c1 -c6 alkyl, . 

hydroxyalkyl, alkylaryl or arylalkyl. 
Finally, if the free acid form is desired, the compound 

of the Formula XIII' is hydrolyzed to produce compounds of 

the Formula I where R1 and R2 are each H. 
Preferred compounds of the Formula I include: 

(4-[2-(2-amino-4-oxo-4,6,7,8-tetrahydro-3H-pyrimido[S,4-6]­

[l,4]thiazin-6-yl)-~thyl]-2,5-thienoylamino-L-glutamic acid) 

diethyl ester; 4- [2- (2--amino-4-oxo-4, 6, 7, 8-tetrahydro-

3H-pyrimido- [5, 4-6] [1,4]thiazin-6-yl)-ethyl]-2,5-

thienoylamino-L-glutamic acid; 4-[3-(2-amino-4-oxo-4,6,7,8-
tetrahydro-3H-pyrimido-[5,4-6] [1,4]thiazin-6-yl)­
propyl]-2,5-thienoylamino-L-glutamic acid; 4-[2-
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,(2-amino-4-oxo-4, 6, 7, 8-tetrahydro-3H-pyrimido- [5, 4-6] [1, 4] -

thiazin-6-yl) -ethyl] -3-methyl-2, 5-.thienoylamino-L-glutamic 

acid; and 4-[2-(2-amino-4-oxo-4,6,7,8-tetrahydro-3H-pyrimido­

[5,4-b] [l,4]thiazin-6-yl)-ethyl]-2,5-furanoylamino-

L-glutamic acid. 

Compounds of the invention contain one or more chir~~-· 

centers. The invention encompasses racemic mixtures and 

mixtures of diastereomers, as well as optically active 

compounds, such as compounds essentially free of other 

optical isomers, which optically active compounds can be 

obtained by means known to those skilled in the art. 

A detailed synthesis of a pref erred compound of the 

Formula I is presented in the example below. 

Example: 4-[2-(2-Amino-4-oxo-4,6,7,8-tetrahydro-3H­
pyrimid9[5,4-6] [1,4]thiazin-6-yl)-ethyl]-2,5-thienoylamino­
L-glutamic acid (Compound 1) 

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

. Br 

. 

s 
2 

Compound 2 (CAS Reg. No. ~62224-19-5]) was prepared as 

described at S. Gronowitz, Ark. Kemi 8, 1955, 87, and S~ 0. 

Lawesson, Ark. Kemi 11, 1957, 337. 
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, Preparation of 5-E~hynyl-2-carbomethoxy thiophene 3: 

To a stirred solution of 5 g (22.7 mmol) of ~he bromide 
~ . ~ 

3, 160 mg {0.23 mmol) of tris-triphenylphosphine 

palladium{II) chloride and 65 mg (0.34 mmol) of cuprous 

iodide in 75 ml of diethylamine was added 4.8 ml (34 mmol) of 

trimethylsilyl acetylene. The resultant solution was stirred 

at 25°C. After 18 hours, the solvent was removed µnder 

reduced pressure, and the crude residue was dissolved in 300 

ml Et2o (diethyl ether) and extracted with 100 ml of lN HCl 

and 100 ml of saturated bicarbonate solution: The organic .. . . 
layer was dried {Na2so4} and the solvent was removed under 

reduced pressure. The crude residue wa~ flash 

chromat·ographed on silica gel. with 5% Et2o/hexanes to give 

4 .4 g {81% yield) of the silyl-protected product ·as a yellow 

solid. This material· was used directly in the next step. 

To a solution of 4.4 g (18.5 mmol} of the above silyl­

protected acetylene in 50 ml of dimethylformamide (DMF). was 

added 3.3 g (35.2 mmol) of pot~ssium·fluoride monohydrate. 

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

of Et2o and extracted four times with 100 ml of water (4 x 

lOO·ml H20). The organic solution was dried (Na2so4), and 

the solvent was removed under reduced pressure. The crude 

residue was flash chromatographed on silica gel with 10% 

Et2o/hexanes to give 2.65 g {86% yield} of the. desired 

product 3 as an orange solid. NMR {CDC13) ~: 3. 45 (s, _lH), 

3.88 (s, 3H), 7.22 (d, lH, J=3.5Hz), 7.65 (d, lH, J=3.5Hz). 

Anal .. Calcd. for C8H6so2 : C, 57.81; H, 3.64; S, 19.29. 

Found: C, 57.91; H, 3.7li S, 19.18. 

An alternate method for the removal of the silyl group 

was also used as follows. To a stirred suspension of 3.7 g 

(0.02 mol) of anhydrous K2C03 in 700 ml of methanol was added 
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59.7 g of the silyl-acetylene prepared above as a solid. The 
' suspension was stirred for 2 hours at 35°C, and then the 

methanol was evaporated. The residue was added to 50 ml of 
water and this was extra,cted with 3 x 150 mi· Et2 O, and the 
combined organic fractions were dried (Na2so4 ) and 
evaporated. The crude residue was chromatographed on fla~~ . . ~ . ,,. 

silica gel usinq 7% Et2ojhexanes to give the desired product 
3 in 98% yield (38.72 q). 

Preparation of N-(t-Butoxycarbonvl \-rrl,rr.inal 4: 
0 

H~NHBOC. 
4 

To a stirred solution of 2 q (12.4 mmol) of N-(t-butoxy­
carbonyl)-2~hydroxy-ethy~amine (obtained.from Siqma 
Chemicals) in 80 ml of CH2c12 at -78°C was added 1.3 ml (18.6 
mmol) of dimethyl sulfoxide (DMSO) and 1.2 ml (13.7 mmol) of 
oxalyl chloride. After 5 minutes, 5. 4 ml ( 3·a. 4 mmol) of 
triethylamine was added and the solution was allowed to warm 
to 25°C. The mixture was poured into 200 ml of Et2o and 
extracted with 100 ml of water, 100 ml of 0.5N HCl, and 100 
ml of saturated bicarbonate solution. The organic fraction 
was dried {Na2so4 ), and the solvent was removed under reduced 
pressure. The crude aldehyde was dissolved in 100 ml 
benzene, and the solvent was aqain removed under reduced 
pressure. This crude material, which was found to be 
unstable, was used immediately in the next step. 

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

s 
BOCHN 
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To a solution of 1.7 g (10.2 _mmol) of acetylene 3 in 10 

ml of dry tetrahydrofuran (THF) at -78°C was added 14.3 ml 
(14,0 mmol} of a lM·solution of lithium bis-trimethylsilyl 
amide in THF. After 10 minutes, the crude aldehyde 4 from 
above was added dropwise in 5 ml of dry THF. The solution 
was stirred at -78°C for 10 minutes and allowed to warm ~o. ~· 

0°C over a twenty-minute period. To this was added 5 ml of a 
saturated aqueous solution of ammonium chloride. The mixture 
was poured into 200 ml of Et2o and washed with 100 ml of H2o 
and then 50 ml of saturated NaCl solution. The organic layer 
was dried (Na2so4 ) and the solvent was removed under reduced 
pressure. The crude residue was flash chromatographed on 
silica gel with 10·-40% EtOAc/hexanes to give O. 96 ·g (29%) of 

the desired alcohol 5 as a slightly yellow oil. NMR (CDC13 ) 
6: 1.46 (s, 9H), 3.38 and 3.58 (AB, 2H, J=3, ?Hz), 3.88 (s, 
3H), 4.71 (dt, lH, J=2.9, 5.2Hz), 5.05 (brs, lH), 7.15 (d, 
lH, J=3.9Hz), 7.64 (d, lH, J=3.9Hz}. IR (neat}: 2978.3, 
1729.5, 1685, 1523, 1452, 1368, 1286, 1167, 1098, 959, 822, 
750.4 cm-1 . High Resolution Mass Spec., Calcd. for 

+ + c15H19No5s: M Cs·, 458.0038. Found: 458.0051. 
Preparation of Methyl-5-[(4-N-(t-butoxycarbonyl}-amino-

3-hydroxy)-butyl]-thienyl~2-carboxylate 6: 

s 

(BOC)HN 6 

To a stirred solution of 940 mg (2.89 mmol) of the above 
acetylene 5 in 50 ml of ethylacetate (EtOAc) was added 320 mg 

of 5% Pd/C. The mixture was place~ under 40 psi of H2 ~as 
and stirred at 25°C for 17 hours. The mixture was filtered 

· ·t~rough Celite (diatomaceous earth) and the solvent was 
removed under reduced pressure. The crude residue was flash 
chromatographed on silica gel with 20% Et0Ac/CH2c12 to give 

1il~iili~f 
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~O·O mg (84% yield) of the desired alcohol as a yellow oil. 

NMR (CDC13) 0: 1.44 (s, 9H), 1.81 (m, 2H), 2.28 {brs, lH), 

2.99 (m, 2H), 3.10 and 3.29 {AB, 2H, J=3, 6.9Hz), 3.74 (m, 
lH), 3.86 (s, 3H), 4.89 (brs, lH), 6.82 (d, lH, J=3.7Hz), 

7.63 (d, lH, J=3.7Hz). Anal. Calcd. for c15H23No5s: C, 

54.69; H, 7.04; N, 4.25; S, 9.73. Found: C, 54.79; H, ,.·:.0-2; 

N, 4.29; S, 9.63. 

An alternate method for the preparation qf alcohol 6 

uses bis-t-butox¥carbonyl allylamine 14 as follows. 
Preparation of Bis-t-butoxycarbonyl allylamine 14: 

~NCBOCj2 

14 

TQ a solution of 57.10 g {l.O mol) of allylamine and 1.2 

g (0.01 mol} of dimethylaminopyridine (DMAP} in 500 ml of 

acetonitrile was added a solution of 220 g (1 mol) of 

(t-BOC) 2o in 100 ml of acetonitrile, and the resultant 

mixture was stirred for 6 hours. The reaction· mixture was 
diluted with toluene (100 ml) and the solvents were 

evaporated u~~er reduced pressure at 60°C. The resultant oil 
was re-dissolved in acetonitrile (400 ml) and another 1.2 g 
{0.01 mol) of DMAP was added, and to this a solution of 220 g 

{1 mol) of (t-BOC) 2o in 100 ml of acetonitrile was slowly 

added. The reaction mixture was stirred for 12 hours at 
60°C, the solvent was evaporated under reduced.pressure at 
609C, and dilute NaHco3 (100 ml) was added. This was 

extracted with 3 x l~O ml CH2cl2 , and the combined organic 

layers were washed with brine, dried (Na2so4} and evapo~ated. 
The crude residue was purified by chromatography on flash 

silica gel eluting with a gradient. of 5-20% EtOAc/hexanes to . . . 
give 156.9 g (63% yield) of the desired product 14 as a clear 
crystalline solid (m.p. 43-44°C). 1H NMR (CDC13 ) o (ppm): 

• 
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l.S (s, 18H), 4.18 (dd, 2H, J=l5 Hz, J=l Hz), 5.14 (ddd, 2H, 

J=l5 Hz, J=10 Hz, J=1 Hz}; 5.85 {ddt, 2H, J=lO Hz, J=S Hz, 
J=l Hz). IR (KBr): 2978, 2935, 2860, 1724, 1689, 1342, 1130 

-1 cm Anal. Calcd. for c 13H23No4 : c, 60.68; H, 9.01; N, 

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

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

allylamine 14 in 20 ml of CH2c12 wa"s ozonized (40 volts, 500 

amperes, 1.0 l/rnin .. o2 @ 3 psi) at -78°C until a blue color 
persisted, 10 ml of dimethyl ·sulfide was added, and this 

mixture was stirred for 14 hours at 25°C. The mixture was 

added to dilute brine and extracted with CH2cl2 (3 x so ml), 
and the organic fractions were dried (Na2so4} and evaporated. 

Chromatography using flash silica gel yielded 603 mg. (99% 
yield) of the desired product 15 as a clear crystalline solid 

{rn.·p. 37-3·9°C) . 1H NMR (CDC13} 8 (ppm) : 1. SO (s ~ 18H) , 
4.38 (s, 2H), 9.55 (s, lH). IR (KBr): 2984, 2935, 2724, 

. -1 
1792, 1734, 1699, 1362, 1153 cm . Anal. Calcd. for 
c12H21No5 : C, 55.58; H, 8.16; N, 5.40. Found: C, 55.20; H, 

8 .19 ;. N, 5 .19. 

Preparation of Methyl-5-[(4-N-(t-butoxycarbonyl)-amino-

3-hydroxy}-butyl]-thienyl-2-carboxylate 6: 
To a solution of 9.64 g (59 mmol) of 5-ethynyl-2-

carbomethoxy thiophene 3.in THF (250 ml) at -78°C was added 
65.6 .ml (60 mm?l, 0.9M) of lithium hexamethyl disilazid~ 
(LiHMDS), and the mixture.was stirred for 2 hours at -78°C. 

A solution of 15.6 g (60 mmol) of 1-(bis­

t-butoxyxcarbonylamino)-2-ethanal 15 in THF (40 ml) was 
cannulated into the reaction mixture, and the mixture was 
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~tirred for 8 hours at -78°C. A solution of 3.4 ml (60 mmol) 
acetic acid in methanol (10 ml} was added as a quench, the 
mixture was stirred for 10 minutes warming to 0°C, and water 
(60 ml) was added. This was extracted with EtOAc (3 x 100 
ml), and the organic extracts were washed with dilute NaHC03 
and dried (Na2so 4 ) . The sol vent was removed by reduced ; .,._ ,. 

. pressure to approximately 50 ml .. To the resulting residue 
was added EtOAc (125 ml), and this solution was added to a 
.Parr bottle containing 7.38 g (30 wt. % of acetylene starting 
material) of 5% Pd on carbon and hydrogenated at 55 psi of H2 
for 24 hours. The crude hydrogenation material was filtered 
through Celite, and the filte~ cake was washed with methanol 
(100 ml) and EtOAc (100 ml) . The solvent was evaporated 
under reduced pressure, the crude residue was filtered 
through silica eluting with 50% EtOAc in hexanes, and the 
solvent was evaporated. The residue was solvated in 20 ml of 
methanol (M~OH) azeotroped with benzene (50 ml}, and re­
dissolved in dry MeOH (20 ml) . This mixture was added to a 
·freshly prepared solution of 60 ml (2M) of sodium methoxide 
in methanol. The reaction mixture was stirred for 45 
minutes, dilute HCl (O.lM, SO ml) was added, and this mixture 
was·extracted with EtOAc (3·x 75 ml). The organic fractions 
were combined and washed with pH 7 buffer (lM), dried 
(Na2so4 > and evaporated. The crude residue was 
chromatographed on flash silica eluting with 40% EtOAc/ 
hexanes to give 9.32 g (48% yield) of the desired product 6. 

Preparation of Methyl-5-((4-N-(t-butoxycarbonyl)­
amino-3-acetylthio) -butyl] -2-·thiophenecarboxylate 7: 

AcS 

1 
(BOC)HN 
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• To a stirred solution of 9.26 g (28.1 mmol) of the 

alcohol 6 in 100 ml of THF at 0°C was added 5.9 ml {42 mmol) 
-0f triethylamine (TEA) and 2.4 ml (31 mmol) of 

methanesulfonyl chloride. After 20 minutes, 100 ml of DMF 
. . 
and 12.8 g (110 mmol) of potassium thioacetate were added, 

and the resultant solution was allowed to warm to 25°C. ;"-.. · 

After three days, the mixture was poured into 500 ml of water 

and extracted with 800 ml of Et2o. The organic layer was 

washed with 200 ml of water, 200 ml of lN HCl, 200 ml of 

saturated bicarbonate solution, and 100 ml of saturated NaCl 
solution• The organ.ic layer was dried (MgSO 4 ) and the 
solvent was ·remo~ed under reduced pressure. The crude 

residue was flash chromatographed on silica gel with 25% 

EtOAc/hexanes to give 10.3 g (95% yield) of the desired 

thioacetate 7 as a yellow oil. NMR {CDC13} 6: 1.44 (s, 

9H}, 1.·91 and 2.04 (ABm, 2H), 2.37 (s, 3H), 2.96 (m, 2H) ,· 
3.36 {m, 2H), 3.61 (m, lH), 3.86 (s, 3H), 4.74 (brs, lH}, . 
6.79 (d, lH, J=3.6Hz}, 7.62 {d, lH, J=3.6Hz}. IR {neat): 

3366, 2976.4, 1713, 1520, 1462.1, 1366, 1290.5, 1267.3, 1169, 

1098, 752, 631 cm- 1 . High Resolution Mass Spec., Calcd. for 
+ + . Ci7H25No5s2 : M Cs , 520.0229. Found: 520.0240. 

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

0 

s COzCH:a 

8 

To a stirred solution of 10~2 g (26 mmol) of the ~bove 

thioacetate 7 in 200 ml of dry methanol at 0°C was adde~ 7.2 
g (52 mmol) of K2co3 and 3.7 ml (29 mmol) of dimethyl 

chloromalonate. After three hours., the mixture was poured 

into 500 ml of water and extracted with Et2o (3 x 500 ml) . 
The combined organic layers were washed with 500 ml of water 
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pnd then with 200 ml of saturated NaCl solution, and drieq 
(MgS04 ) . The solvent was removed under reduced pressure and 

the crude residue was flash chromatographed on silica gel 

with 30% EtOAc/hexanes to give 11.46 g (93% yield) of the 
desired thioethe~ 8 as a slightly yellow oil. NMR (CDC13 ) 
8: 1.44 (s, 9H), 1.85 and 2.00 (ABm, 2H}, 3.03 (m, 3H) ,;-·· .• -

3.30 (m, 2H), 3.80 (s, 6H), 3.86 (s, 3H), 5.10 (brs, lH), 

6.82 (d, 1H, J=3.8Hz), 7.63 (d, 1H, J=3.8Hz). IR (neat): 

3442, 2974, 2955, 

1267, 1167, 1098, 

.S~ec., Calcd. for 
0

608. 0370. 

1734, 1713, 1512, 1460, 1435, 1366, 1291, 
1022, 752 cm-1 . High Resolution Mass 

+ + . c20H29No8s2 : M Cs , 608.0389. Found: 

Preparation of 6--[(5-Carbomethoxythien-2-yl)~ethyl]-

2-carbomethoxy-3-oxo-3,4,5,6-tetrahydro-[l,4]-thiazine 9: 

To a stirred solution of 470 mg (0.99 mmol) of the above 

thioether 8 in 12·ml of CH2Cl2 at 0°C was added· 4 ml of 

trifluoroacetic acid (TFA) . After 1. 5. hours, the mixture was 

poured into 50 ml of saturated bicarbonate solution and 
extracted with CH2c12 (4 x 100ml) . The solvent was removed 
under reduced pressure and the crude residue was dissolved in 
10 ml of methanol. After stirring at 25°C for 1.5 hours, the 

solvent was· removed under reduqed pressure and the crude 
. . 

residue was flash chromatographed on silica gel with 40% 

EtOAc/CH2c12 to _give 298 mg (88% yield) of the desired lactam 

9 as a colorless oil. NMR (CDC13) o: 1.94 Cm, 2H), 3.01 

(m, 2H}, 3-.4-3.7 (m, 4H), 3.80 and 3.82 (s, 3H}, 3.87 (s, 
3H), 6.25 (brs, lH,), 6.83 (d, lH, J=3.7Hz), 7.64 (d, lH, 
J=3.7Hz). IR (KBr}: 2951, 1732, 1669, 1462, 1294, 1267, 
1194, 1157, 1098, 1005, 752 cm-1 . Anal. Calcd. for 
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~14H17NOSS2: C, 48.96; H, 4.99; N, 4.08; S, 18.67. Found: 
C, 49.06; H, 4.9l; N, 4.09; S, 18.60. 

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

thienoate 10: 
; ~· .... ,: 

To a stirred solution of 1.9 g (5.5 mmol) of the above 
lactam 9 in 150 ml of dry CH2cl2 was added, all at once, 1.06 
g (7.2 mmol) of trimethyloxonium tetrafluoroborate. The 

solution was stirred for 6 hours at 25°C. The resulting 
mixture was poured into so ml of 10% aqueous K2co3 and 
extracted with CH2cl2 (3 x 200 ml) . The combined organic 
layers were dried (MgS04 ) and the solvent was removed under 
reduced pressure. The resulting material was used directly 
in the next step. 

In a separate flask was placed 1.58 g (16.6 mmol) of dry. 

guanidine hydrochloride. To this was added 600 ml of dry 
methanol. Dry argon was bubbled through the solution for 10 
minutes, after which was added 926 mg .(17.1 mmol) of dry 
sodium ·methoxide. To the resultant mixture was added via a 
cannula the crude lactim ether prepared above i~ 20 ml MeOH. 
The solution was refluxed under an argon atmosphere for 20 
hours. The pH was adjusted to 4 with 1N HCl, and the solvent 
was removed under reduced pressure. The crude residue was 
dissolved in 500 ml of CHC13 and washed with 2 x 100 m~ of 
water. The organic layer was dried (MgS04), and the so~vent 
was removed under reduced pressure. The crude residue was 

flash chromatographed on silica gel with 5-10% MeOH/~H2c12 to 
give 413 mg of an off-white solid. This material was then 
dissolved in 25 ml ·of hot MeOH and slowly cooled to 4°C over 
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an 18-hour period. The solid was collected by filtration to • 
give 180 mg (9% yield) of the desired pyrimidinone 10 as a 

• 
slightly yellow solid. NMR (d6-DMSO) o: 1.72 (m, lH), 1.88 
(m, 1H), 2.8-3.22 (m, 4H), 3.50.(dt, lH, J=2, 8Hz), 5.99 

(brs, 2H), 6. 64 (brs,. lH), 6. 98 (d, lH, J=3. 8Hz), 7. 62 (d, 

1H, J=3. 8Hz), 10. 02 {brs, lH) . High Resolution Mass Spe~ .. -_,,. 
+ + Calcd. for c14H16N403S2: M Na I 375.0562. Found: 375.0550. 

An·alternate procedure for the preparation of 

pyrimidinone 10 was also used as follows. To a stirred 

solution of 500 mg (1.46 mmol) of the lactam .9 in 20 ml of 
dry·THF was added 648 mg (1.60 mmol) of Lawesson's reagent 

(2,4-bis(4-methoxyphenyl)-l,3-dithia-2,4-diphosphetane-

2,4-disulfide). After the mixture was stirred at 25°C for 20 

hours, it was poured into 50 ml of saturated bicarbonate 

solution and extracted with 2 x 200 ml of EtOAc. The 

·combined organic layers were washed with 50 ml of saturated 
Na_Cl solution· and dried (MgS04), and the solvent was removed 

under reduced pressure. The crude thiolactam was fla~h 
chromatographed on silica gel with 8% Et0Ac/CH2c12 to give 

525 mg of the corresponding.thiolactam 11: 

This material was used immediately in the next step. 

To the 525 mg of the thiolactam 11 in a mixture of 10 ml 
of dry THF and 10 ml of dry methanol was added 1.6 ml of lN 
NaOH. To this was added 0.1 ml (1.6 .mmol) of methyl iodide 

t.o produce a methylated thiolactam, which was used as 

described below without purification. In a separate flask 

was placed 1.39 g (14.6 mmol) of dry guanidine ~ydrochloride. 
To this was added 300 ml of dry methanol. Dry argon was 

... 
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9ubbled through the solution for 10 minutes, after which was 

added 796 mg {14.7 mmol) of dry sodium methoxide. To the 

resultant mixture was added via a cannula the crude 

methylated thiolactam prepared above. The solution was 

refluxed under an argon atmosphere ·for 48 hours. The pH was 

adjusted to 4 with lN HCl and the sol vent was removed unc;ie.:r· 

reduced pressure. The crude residue was dissolved in 500 ml 

of CHC13 and washed with 2 x 100 ml of_ water. The organic 

layer was dried (MgS04 ) and the solvent was removed under. 

reduced pressure. The crude residue was flash 

chromatographed on silica gel with 5-10% MeOH/CH2cl2 . ·The 

material was then dissolved in 20 ml of hot MeOH and slowly 

cooled to 4°C over an 18-hour period. The solid was 

collected by filtration to give 131 mg (9% yield) of_ the 

desired pyrimidinone 10. 

Preparation of [2-(2-Amino-4-oxo-4,6,7,8-tetrahydro~ 

3H-pyrimido[5,4-6] [l,4]th~azin-6-yl)-ethyl]-2,5-thienoic acid 

12: 

s 

To 180 mg (0.51 rnmol) of the pyrimidinone 10 was added 5 

ml of lN NaOH in water. The resulting solution was stirred 

at 25°C for 20 hours. After cooling to o0 c, the pH was 

adjusted to 2 with 1N HCl. The brown solid was filtered off 

and washed with water and dried under vacuum to give 111 mg 

(64% yield) of the desired acid 12 as a slightly brown solid. 

NMR (d6 -DMSO) 6: 1.72 (m, lH), 1 .. 92 (m, 1H), 2.78-3.68. (m), 

6.07 {brs, 2H), 6.68 {brs, lH), 6.92 (d, lH, J=3.7Hz), 7.52 

{d, lH, J=3.7Hz), 10.12 (brs, lH), 12.89 (brs, lH). High 

Resolution Mass Spec., Calcd. for c13H14N4o3s2 : M+, 

338.0507. Found: 338.0517. 

iiiWi1ii1nr 
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, Preparation of 4- (2- (2-Amino-4-oxo-4, 6 ,.7, 8-tetrahydro-

3H-pyrimido [5, 4-6] [1,4]thiazin-6-yl)-ethyl]-2,5-thienoylamino­

L-glutamic acid diethyl ester 13: 

H 

N_~co~~-~. I , . -
COzEt • 

To a stirred solution of 110 mg (0.33 mmol) of the above 

acid 12 in 5 ml of dry DMF was added 48 mg (0.36 mmol) of 
1-hydroxy-benzotriazole hydrate, 62 µl (0.36 mmol) of 

diisopropylethylamine, 86 mg (0.36 mmol) of glutamic acid 

diethyl ester hydrochloride, and 106 mg (0.36 mmol) of 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide methiodide. 

The resultant solution was stirred under an argon· atmosphere 

at 25°C for 20 hours and then poured "into 50 ml of ·water. 

The water was extracted with 2 x 150 ml of EtOAC. The 

combined organic layers were back-extracted with 3 x 50 ml of 
water and·then 10 ml of saturated NaCl ·solution,·and dried 

(MgS04 ) . The solvent was removed under reduced pressure, and 

the crude residue was flash chromatographed on silica gel 

with 0-10% MeOH/CH2c12 to give 120 mg (71% yield) of the 

desired amide 13 as a slightly yellow amorphous solid. NMR 
Cd6-Acetone) ~: 1.20 (m, 6H), 2.2 (m, 1H), 2.46 {t, lH, 

J=7.6Hz), 2.78 (s, lH), 2.82 (s, lH), 2.92-3.i (m, 2H), 3.41 
Cm, lH), 3.72 ·cat, lH, J=3.0, 12.7Hz), 4.02-4.2 Cm, 4H), 4.58 
(m, ·1H), 5.90 (brs, lH), 6.05 (brs, lH), 6.90 {d, lH, 

. J=3.8Hz), 7.58 (d, lH, J=3.8Hz), 7.78 (d, lH, J=8Hz). High 
Resolutio~ Mass Spec., ~alcd~ for c22a29N5o6s2 : M+H+, 

524 .. 1638. Found: 524 .1650. 
Preparation of 4-[2-{2-Amino-4-oxo-4,6,7,8-tetrahydro-

3H-pyrimido[S,4-6] [1,4]thiazin-6-yl)-ethyl]-2,5-thienoylamino­
~-glutamic acid 1: 

This Sheet Has Been Replaced 
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• To 115 mg (0.22 mmol) of the above diethy~ ester 13 was 

added 3 ml of lN NaOH solution in water. The resulting 

mixture was stirred at 25°C for 14 hours. After cooling to 

o0 c, the pH was adjusted to 3.5 with aqueous HCl. The solid 

was filtered, washed with water and dried under vacuum to 

give 82 mg (80% yield) of the desired acid as an off-whitfe .•. 

$Olid. NMR (d6-DMSO) ~= 1.62-2.02 (m, 4H), 2.27 (m, 2H), 

2.78-3.00 (m, 3H), 4.27 (dd, lH, J=6, 6.8Hz), 6.00 (brs, 2H), 

6.63 (hrs, lH), 6.88 (d, lH, J=3.7Hz), 7.63 (d, lH, J=3.7Hz), 

8.37 (d, lH, J=7.4Hz), 10.05 (hrs, lH), 12.85 (brs, 2H). IR 
(KBr) : 3371, 1700, 1643, 1543, 1345 cm-1 . Hi.gh Reso.lution 

+ + Mass Spec., Calcd. for c18H21N506S2: M HI 46~.1012. Found: 
468.1025. Anal. Calcd. for c18H21N5o6s2 .1.5 H20: C, 43.71; 

H, 4 . 8 9 ; · N, 14 . 16 ; s , 12 . 9 7 . . Found : c, 4 3 . 5 o ; H, 4 _. 6 7 ; N, 

14.07; S, 12.72. 

Biological and Biochemical Evaluati.on 

Determination of Inhibition Constants for GAR 

Transformylase: 

The GAR-transformylase (GARFT) assay method of Young et 

al., Biochemistry 23 (1984), 3979-3986, was modified and used 

as described below. Reactions mixtures contained the 

catalytic· domain of the human GARFT, 0-250.nM of Compound 1, 

20 µ.M glycinamide ribonucleotide (GAR), 10 or 20 µ.M 
10 . . 

N -formyl-5,8-dideazafolate (FDDF), 50 mM HEPES-KOH, pH 7.5, 

and so mM ·Kcl. The reaction was initiated with the addition 

of enzyme to a final concentr~tion of 11 nM, followed by 

monitoring of the increase in absorbance at 294 nm at 20°C 
-1 -1 Ce294 =.18.9 mM . cm }. 

The GARFT inhibition constant (K.) was determined from . . 1 

the dependence of the steady-state catalytic rate on 

inhi~itor and substrate concentration. The type qf 

inhibition observed was determined to be competitive with 

respect to FDDF by the dependence of the apparent K. (K. ) 1 1,app 
on the concentration of FDDF and was shown to be described by 

Ki 
1 
app = Ki +, (Ki/Km> [FDDF] . The Michaelis constant for 
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VDDF, K , ·was determined independently by the dependence of 
m 

the catalytic rate on FDDF concentration. Data for both the 
Km and Ki determinations were fitted by nonlinear methods to 
the Michaelis equation, or the Michaelis equation for 
competitive inhibition, as appropriate. Data resulting from 
tight-binding inhibition was analyzed, and Ki determined;-··_by 

'fitting the data to the tight-binding equation ~f Morrison, 
Biochem Biophys Acta 185 (1969), 269-286, by nonlinear 
methods. 

Cell lines: 
The· cell lines used and their origin are tabulated in 

Table 1. The growth conditions and media requirements of 
each cell line are summarized in Table 2. All cultures were 
maintained at 37°C, 5% air-co2 in a humidified incubator. 

In vitro growth inhibition: · 
Stock solutions of the inhibitors were prepared in 10 mM 

sodium bicarbonate in water and stored in 1 ml aliquots at 
-20°C for cell culture experiments. Cell .growth inhibition 
was measured by a modification of the method of Mosmann, J. 

Immunol. Methods 65· (1983) , 55-63. 
Mid-log phase cells of each cell line were diluted to 

18,500 cells/ml in fresh RPMI growth medium (Mediatech, 
Washington, .OC) supplemented with dialyzed fetal calf serum 
(Hyclone Laboratories Inc., Logan, UT) and then aliquotted 
into columns 2 through 12 of 96-well microtiter plates. 
Column 1 was filled with the same volume (135 ml) of fresh 
medium, without cells, for use as a blank. The plates were 
then placed in a 37°C, 5% air-co2 incubator. After 1 to 4 
hours, plates were removed from the incubator followed by 
addition of Compound 1 at 10 x final concentration, 15 ml/ 
well.in binary dilutions, to columns 12 to 4. For reversal 
experiments, hypoxanthine Ci.75 rnM) or AICA {l.75 mM) was 
included in all drug solutions (final concentration 175 mM). 

Wells containing each concentration of Compound 1 were 
prepared in quadruplicate on each plate. Fifteen milliliters 

1iiiiliiif 
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9f media, without Compound 1, were added to the wells in 

column 1 of the plates. The cells were then returned to the 

incubator and.remained undisturbed for the full incubation 

period. On day 3 for L~210 and L1210/CI920 cells, or day 5 

for CCRF-CEM cells, 50 ml of o. 8 mg/ml MTT ( (4, s­
dimethylthiazol-2-yl) -2, 5-diphenyl tetrazolium bromide; $igma 

catalog no. M2128) dissolved in tissue culture medium was 

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

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

removed from the incubator and centrifuged at 1200 rpm for 

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

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

slow speed on a vortex mixer for one hour in the dark at room 

temperature. The extent of metabolized MTT was measured 
1H 

spectrophotometrically at 540 nm on a Molecular Devices Vmax 

kinetic microplate reader. · The concentration of drug 
required to reduce cell growth by 50%. as measured by MTT 

metabolism was determined by interpolation between the O.D. 

(minus blank) immediately above and b~low 50% of control O.D. 

(minus blank) . 

================================================================= 

Cell Line 

L1210 
CCRF-CEM 

TABLE 1 

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

Source 

ATcc# 
ATcc# 

Origin 

Mouse, lymphocytic leukemia 
Human, acute lymphoblastic 
leukemia 

This Sheet Has Been Re 
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================================================================== . . 

TABLE 2 

Culture Conditions, Plating Densities and 
Incubation Times Used in Microtiter Assays 

Cell line Medium DFCS Plating Incubation 
Cone.* Density Time 

{%} {cellsLwell) { dal!:S f r. _. 

L1210 RPMI-1640 5 2500 3 
CCRF-CEM RPMI-1640 10 2500 5 

*DFCS Cone . . =dialyzed fetal calf serum concentration. 
================================================================== 

===~============================================================== 
. TABLE 3 

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

Compound 

1 

GARFT Ki 
(nM} 

4.5 

IC50 Cell Culture 
L1210 (nM}a 

16 

a: Mean ICso ± standard deviation. 

IC50 Cell Culture 
CCRF-CEM (nM)a 

4.3 

·===============================~================================== 

In Vivo Antitumor Activity: 

On day zero, 2 mm2 trocar fragments of 6C3HED 
lymphosarcoma were implanted subcutaneously in the axillary 
region into groups o~ six C3H/He female mice. Starting on 
day~,. the test compound was administered intraperitoneally 
in 40% Encapsin given once daily for nine days. Control 
animals received identical treatment without tes~ compound. 
The percentage inhibition given in Table 4 below was 
ca~culated by comparins the mass of the control tumors 
(receiving diluent only} on day 11 to those of animals 
receiving test compound. 

ttiiiiITTi iii 
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================================================================== • TABLE 4 

·Compound Dose (mg/kg) % Inhibition Survivors 

1 12.5 100 6/6 
1 25 100 3/6 

. 1 50 toxic 0/6 
====~== ================== ==== = == =.= ====== ========= ==== ===.:::~~~=== === 

On day zero, 2 mm2 trocar fragments of C3H/BA mammary 

adenocarcinoma were implanted subcutaneously in the axillary 

region into groups of six C3H/He female mice. Starting on 

day i, the test compound was administered intraperitoneally 

in 40% Encapsin given once daily for nine days. Control 

animals received identical treatment without test compound. 

The percentage of inhibition was calculated by comparing the 

mass of the control tumors (receiving diluent only) on day 14 

to those of animals receiving test compound .. The results are 

summarized in Table 5. 

================================================================== .. TABLE 5 

Compc:mnd Dose (mg/kg) % Inhibition Survivors 

1 5 16 5/6 
1 10 84 6/6 
1 20 100 3/6 

===========================================~====================== 

It will be apparent to those skilled in the art that 

various modifications and variations can be made in the 

processes and products of the present invention. 
·Where possible, as a matter of chemistry, chemical 

groups :i;-ecited herein can be· substituted. In some cases, 

this.possibility is made explicit by reciting, e.g., 

substitut~d or unsubstituted c1-c3 alkyl·group. 

Where more than one R6 group is recited in any Formuia 

herein, each R6 can be independently selected from the 
possibilities· given. 
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WHAT- IS CLAIMED IS: 

1. A compound of the Formula I: 

B 

wherein: 

H 

N~C:>2A2 

0 C02R1 

A is oxygen, sulfur or selenium; 

(I) 

Xis a substituted or unsubstituted c1-c3 alkyl group, 

a substituted or unsubstituted c2-c3 alkenyl, _a substituted 

or unsubstituted c2-c3 alkynyl group, a substituted or 

unsubstituted amino group, sulfur or oxygen; 

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

unsubstituted c1-c6 alkyl group; and 
R1 and R2 are independently hydrogen or a moiety that 

forms with the atta~hed_co2 a readily hydrolyzable ester 

group; 
or·a pharmaceutically acceptable salt thereof. 

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

is CH2, CH2cH2 , ~, oxygen, sulfur, CH(CH20H) or NCH3 . 

3 . A compound or salt according to claim 1, wherein Y 

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

CH3 . 

4. A compound or salt according to -claim 3, wherein A 
is sulfur, Y is sulfur, and R1 and R2 are each hydrogen. 
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• s. ·A· compound or salt according to claim 4, wherein X 

6. A compound or salt according to claim 1, wherein R1 
and R2 are each independently selected from hydrogen, c1 -c6 
alkyl, hydroxyalkyl, alkylaryl and arylalkyl. ; -··. ,· 

7. A compound or salt according to claim 6, wherein R1 
and R2 are each independently hydrogen or c1-c2 alkyl. 

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

is sulfur, Y is sulfur, and X is CH2 . 

9. A compound or salt according to claim 8, wherein B 

is hydrogen, C is hydrogen, and R1 and R2 are each hydrogen. 

10. A compound· according to claim 1, which is selected 

from (4-[2-{2-amino-4-oxo-4,6,7,8-tetrahydro-3H­

pyrimido[S,4-6]-[1,4]thi~zin-6-yl)-ethyl]-2,5-thienoylamino­

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

2, 5-thienoylamino-L-glutamic acid; 4.- [3- (2-amino-4-oxo-
4, 6, 7, 8-tetrahydro-3H-pyrirnido- [S, 4-6] [1;4]thiazin-6-yl)­

propyl]-2,5-thienoylamino-L-glutamic acid; 4-[2-(2-arnin9-
4-oxo-4,6,7,8-tetrahydro-3H-pyrimido-[5,4-6] [1,4]thiazin-· 

6-yl)-ethyl]-3-rnethyl-2,5-thienoylamino-L-glutamic acid; and 

4-[2-{2-amino-4-oxo-4,6,7,8-tetrahydro-3H-pyrimido[S,4-6] 

[l,4]thiazin-6-yl)-ethyl]-2,5-furanoylamino-L-glutamic acid. 
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11. A pharmaceutical composition comprising: 

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

{I} 

"!.r· . ' . , 

wherein: 

A is oxygen, sulfur or selenium; 

X is a substituted or unsubstituted c1 -c3 alkyl group, 
a substituted or unsubstituted c2 -c3 alkenyl group, a 

substituted or unsubstituted c2 -c3 alkynyl group, a 
substituted or unsubstituted amino gr9up; sulfur or oxygen; 

Y is oxygen, sulfur or NH; 

B is hydrogen or a halogen; 

C is hydrogen, a halogen or a substituted or 

unsubstituted- c1-c6 alkyl group; and 

R1 and R2 are each hydrogen or a moiety that forms with 
the attached co2 a readily hydrolyzable ester group; 

or a pharmaceutically acceptable salt of said compound; 
and. 

{ii) a pharmaceutically acceptable carrier, excipient 

or diluent. 

12. A pha~aceutical composition according to claim 
11, wherein X is CH2 , CH2cH2 , NH, oxygen, sulfur, CH(CH2o~) 
or NC.H3 . 

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

hydrogen or CH3. 
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• 14. A pharmaceutical composition according to claim 

13, wherein A is sulfur, Y is sulfur, and X is CH2 . 

15. A pharmaceutical composition according to claim 

14, wherein C ~s hydrogen, and R1 and R2 are each hydrogen. 

16. A method of inhibiting the growth or proliferation 

of cells of microorganisms or higher organisms, comprising 

administering to a mammalian or avian host an effective 

quantity of ~ compound of the Formula I: 

(I) 

wherein: 

A is oxygen, sulfur or selenium; 

X is a substituted or unsubstituted c1-c3 alkyl group, 

a substituted or unsubstituted c2-c3 alkenyl group, a 

substituted or unsubstituted c2 ~c3 alkynyl group, a 

substituted or unsubstituted amino group, sulfur or oxygen; 

Y is oxygen, sulfur or NH; 

B is hydrogen or a halogen; 

C is hydrogen, a halogen or a substituted or 

unsubstituted c1-c6 alkyl group; and . 

R1 and R2 are each hydrogen or a moiety that forms with 

the attached co2 a readily hydrolyzable es~er group;" 

or a pharmaceutically acceptable salt of said compound. 

17. A method according to claim 16, wherein X is CH2 , 

CH2CH2 , NH, oxygen, sulfur, CH(CH20H} or NCH3 . 
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• 18. A method according to claim 16, wherein Y is 
sulfur or oxygen, B is hydrogen, and C is hydrogen or CH3 . 

19. A method according to claim 18, wherein A is 
sulfur, Y is sulfur, and X is CH2 . 

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

21. A compound of the Formula VI: 

B 

HO 

wherein: 

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

c 

(VI) 

C is hydrogen, a halog~n or a substituted or 
unsubstituted c1-c6 alkyl group; 

· R6 is a hydrogen or a moiety that forms with the 
attached co2 a readily hydrolyzable ester group; and 

~ ... ~ . 
' . -

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

22. A compound according to claim 21, wherein: Y is· 
sulfur; B is hydrogen; C is hydrogen; R6 is hydrogen, c1-c6 
alkyl, hydroxyalkyl, alkylaryl or arylalkyl; and R4 and R5 



() 
.. 

·45 111111~ m1~ llMl 11111111111 
M s * 

~re each independently hydrogen, t-butoxycarbonyl, 

benzyloxycarbonyl or benzyl. 

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

24. A compound of the Formula VII": 

s c 

(VII II) 

wherein: 

X' is a substituted or unsubstituted c1 -c3 _alkyl g_roup, 
a substituted or unsubstituted c2-c3 alke~yl group, a· 

substituted or ~nsubstituted c2-c3 alkyny~ group, a 
substituted or unsubstituted amino group, sulfur or oxygen; 

A is oxygen, sulfur or selenium; 
Y is oxygen, sulfur or NH; 
B is hydrogen or a halogen; 
C is hydrogen, a halogen or a substituted or 

unsubstituted c1-c6 alkyl group; 
R6 is a hydrogen or a moiety that forms with the 

attached co2 a readily hydrolyzable ester group; and 
.R4 and R5 are each in.dependently hydrogen or a reacI.ily 

removable nitrogen-protecting group. 

25. A compound according to claim 24, wherein: X' is 
CH2; Y is sulfur; B is hydrogen; C is hydrogen; R6 is 

iliiiiilf 
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~ydrogen, c1-c6 alkyl, hydroxyalkyl, alkylaryl or arylalkyl; 
and R4 and Rs are each independently hydrogen, 
t-butoxycarbonyl, benzyloxycarbonyl or benzyl. 

26. A compound according to claim 24 that is 
methyl-5- ( (4-N- (t-butoxycarbonyl} -amino-3-hydroxy} -butyl}="".,· 
thienyl-2-carboxylate. 

27. A compound of the Formula VIII": 

a c 

{VIII II) 

wherein: 
X' is a substituted o:r:: unsubstituted c1 -c3 alkyl group_, 

a substituted or unsubstituted c2-c3 alkenyl group, a 
substituted or unsubstituted c2-c3 ·alkynyl group, a 
substituted or unsubstituted amino group, sulfur or oxygen; 

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

unsubstitu.ted c1·-c6 alkyl group; 
R6 is a hydrogen or a moiety that forms with the 

attac:hed co2 a readily hydrolyzable ester group; .. 
R4 and Rs are each independently hydrogen or a readily 

removable nitrogen-protecting group; and 
Ac is an acyl group. 
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, 28. A compound according to claim 27, wherein: X' is 

CH2 ; Y is sulfur; B is hydrogen; C is hydrogen; R6 is 
hydrogen, c

1
-c6 alkyl, hydroxyalkyl, alkylaryl or arylalkyl; 

and R4 and R5 are e~ch independently hydrogen, 
t-butoxycarbonyl, benzyloxycarbonyl.or benzyl. 

29. A com~ound according to claim 27 that is 
methyl-5-[(4-N-(t-butoxycarbonyl)-amino~3-acetylthio)­

butyl]-2-thiophenecarboxylate. 

30. A compound of the Formula IX": 

8 c 

!' J"' • ,. . "' 

(IX 11 ) 

wherein: 

A is oxyg~n, sulfur or selenium; 
X' is a· substi~uted or unsubstituted.c1-c3 alkyl group, 

a substituted or unsubstituted c2-c3 alkenyl group, a 
substituted or unsubstituted c2-c3 alkynyl group, a 
substituted or unsubstituted amino group, sulfur or o:xrgen; 

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

uns~~stituted c1-c6 alkyl group; 
each R6 is independently a hydrogen or a moiety that 

forms with the attached co2 a readily hydrolyzable ester 
group; and 
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• R4 and R5 are each independentiy hydrogen or a readily 
removable nitrogen-protecting group. 

31. A compound according to claim 30, wherein: A is 

sulfur; X' is CH2 ; Y is sulf'l.lr; B is hydrogen; C is 

hydrogen; R6 is hydrogen, c1 -c6 alkyl, hydroxyalkyl, ;r. ,· 
alkylaryl ~~ arylalkyl; and R4 and R5 are each independently 
hydrogen, t-butoxycarbonyl, benzyloxycarbonyl or benzyl. 

32. A compound according to claim 30 that is 

methyl-5- [ (4-N- (t-butoxycarbonyl} -amino- · 

3-(dimethylmalonyl}thio)-butyl]-2-thiophenecarboxylate. 

33. A compound of the Formula X11 : 

B c 

(XII) 

wherein: 
A is oxygen, sul·fur or selenium; 

X' is a substituted or unsubstituted c 1 -c3 alkyl group, 
a substituted or unsubstituted t 2-c3 alkenyl, a substitut~d 

or unsubstitutedc2-c3 alkynyl group, a substituted or 

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

C is hydrogen, a halogen or a substituted or 

unsubstituted C1-C6 alkyl group; and 

This Sheet Ii . 
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• each R6 is independently a hydrogen or a moiety that 
forms with the attached co2 a readily hydrolyzable ester 
group. 

34. A compound according to claim 33, wherein: A is 
sulfur; X' i~ CH2 ; Y is sulfur; B is hydrogen; C is 
hydrogen; and each R6 is independently hydrogen, c1-c6 
alkyl, hydroxyalkyl, alkylaryl or arylalkyl. 

~ J"'" • 
r . • 

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

36. A compound of the Formula XI": 

B c 

(XI") 

wherein: 
A is oxygen, sulfur or selenium;_ 

X' is a substitu~ed pr unsubstituted c1-c3 al~yl group, 
a substituted or unsubstituted c2-c3 alkenyl group, a 
substituted or unsubstituted c2-c3 alkynyl group, a 
substituted or unsubstituted amino group, sulfur or oxygen; 

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

·unsubstituted C1-C5 alkyl group; and 

lliiliur 
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• R6 is a hydrogen or a moiety that forms with the 
attached co2 a readily hydrolyzable ester group. 

37. A compound according to claim 36, wherein: A is 

sulfur; X' is CH2 ; Y is sulfur; B is hydrogen; ·c _is 

hydrogen; and R6 is hydrogen, c1-c6 alkyl, hydroxyalkyl, ;-··.,. 

alkylaryl or arylalkyl. 

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

39. A compound of the Formula XII": 

B c 

(XII II) 

wherein: 
A is oxygen, sulfur or selenium; 
X' is a substituted or unsubstituted c1-c3 alkyl group, 

a substituted or unsubstituted c2-c3 alkenyl group, a 
substituted or unsubstituted c2-c3 alkynyl group, a 
substituted or unsubstituted amino group, sulfur or oxygen; 

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

unsubstituted Ci-c6 alkyl group. 

N1iiiiUr 
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40 . A compound according to claim 39, wherein: A is 
• 
sulfur; X' is CH2 ; and Y is sulfur. 

41. A compound according to claim 39 that is 

[2-(2-amino-4-oxo-4,6,7,8-tetrahydro-3H-pyrimido[S,4-6]-

[1, 4] thiazin-6-yl) -ethyl] -2, 5-thienoic acid. ;-·-.• · 


