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BACK HE | NVENTI O\I The present i nVent i oOpCTEUS 18243
certaln qU|naz’I|ne conpounv§ whi ch denonstrlate antiproliferative activity,
such as antitunor activity, Yto processes f orf*preparing these conpounds, to
phar maceuti cal conpositions?Ycontaining thede-conpounds, and to the use of

t hese conpounds to inhibit #he growh and proliferatien of the cells of

hi gher org§n5§ﬁmmﬂﬂdin1croorganlsnB such as bacteria, yeasts and fungi.
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BACKGROUND OF THE INVENTION
The present invention relates to certain
quinazoline compounds which demonstrate antiproliferative
activity, such as antitumor activity, to processes for
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preparing these compounds, to pharmaceutical compositions
containing these compounds, and to the use of these compounds
to inhibit the growth and proliferation of the cells of
higher organisms and microorganisms, such as bacteria, yeasts
and fungi. Preferred compounds of the present invention are
capable of inhibiting the enzyme thymidylate synthase.
Effects derived from the inhibition of the enzyme thymidylate
synthase include those discussed above.

A large tlass of antiproliferative agents includes
antimetabolite compounds. A particular subclass of
antimetabolites known as antifolates or antifols are
antagonists of the vitamin folic acid. Typically,
antifolates closely resemble the structure of folic acid and
incorporate the characteristic p-benzoyl glutamate moiety of
folic acid. The glutamate moiety of folic acid takes on a
double negative charge at physiological pH. Therefore, this
compound and its analogues have an activé, energy-driven
transport system to cross the cell membrane and exert a
metabolic effect. On the other hand, a compound without the
glutamate group may passively diffuse into a cell.

A valid target for an antifolate is the enzyme
thymidylate synthase. Thymidylate synthase catalyzes the C-

methylation of 2/-deoxyuridylate ("dUMP") to prov vide 2' -
deoxythymidylate ("dTMP"). This one-carbon transfer reaction
is critical to cell division. Thus, a number of folate
analogues have been synthesized and studied for their ability
to inhibit the enzyme thymidylate synthase. A prototypic,
specific, tight-binding inhibitor of thymidylate synthase,
10~-propargyl=5,8-dideazafolic acid (T. R. Jones et al., "A
Potent Antitumor Quinazoline Inhibitor of Thymidylate
Synthetase: Synthesis, Biological Properties and Therapeutic
Results in Mice," Eur. J. Cancer 17:11 (1981)), has shown
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Ef f ect.s deri ved fron1thevin%ibition of the enzynme thym dyl ate synt hase
i ncl udaveo haaeoss scussed above. A large O ass of amwi/usobidesati ve
agents includes antinetabolite conpounds. A particul ar subcl ass of
antinetabolites known as antifolates or antjfols are antagonists of the
vitamn folic acid. Typically, antif ol ates Closely resenble the structure
of folic acid and incorporate the characteristic p-benzoyl glutamte
noiety of folic acid. The glutamate noiety of folic acid takes on a
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nal ogues hatt BRFCESHERe o RRE Eies a8 FOLK ARy SEefl o
the enzyne t{godwyidficysentihaspabAlitgt doypiintracellular
pelyglutamation), a superior second generation analogue (ICI
D1694) was developed.
Several lipophilic thymidylate synthase inhibitors
have been developed recently. (See, e.g., E. M. Berman et

al., "Substituted Quinazolinones as Anticancer Agents," U.S.
Patent No. 4,857,530; T.R. Jones et al., "Antiproliferative
Cyclic Compounds, ' Copending U.S. Patent Application No. 07/
432,338, which is a continuation application of 07/251,765
filed September 30, 1988; M.D. Varney et al.,
"Antiproliferative Substituted Naphthalene Compounds,*® U.S.
Patent Application No. 07/583,970 filed September 17, 1990;
S.H. Reich et al., "Antiproliferative Substituted Tricyclic
Compounds," U.S. Patent Application No. 07/587,666 filed
September 25, 1990; L.R. Hughes et al., "Anti-tumour Agents,"
European Patent Application No. 373891, filed December 12,
1889; and T.R. Jones et al., "Antifolate Quinazolines," U.S.
Patent Application No. 07/812,274 filed December 20, 1991).

. SUMMARY OF THE INVENTION

Tie present invention relates to novel guinazoline
compounds which demonstrate antiproliferative activity, such
as antitumor activity. These compounds are effective in
inhibiting the growth and proliferation of the cells of
higher organisms and of microorganisms, such as bacteria,
yeasts and fungi, processes for preparing these compounds,
pharmaceutical compositions containing these compounds, and
the use of these compounds. Preferred gquinazoline compounds
according to the present invention are capable of inhibiting
the enzyme thymidylate synthase. Effects derived from the
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speci fi.¢} tight-bindi ng Thhibitor of thym dylate synthase,

10- propargyl -5, 8-di deazafolic acid (T. R Jones et al., "A Potent

Ant i t unBO Q22201 i ne I nhibitor of Thymidylate  Synthet asePCE{$9382636
Bi ol ogi cal Properties and Therapeutic Results in Mce,” Eur. J. Cancer

17:11 (1981)), has shown 3 - 2-
activity against ovarian, |liver and breast cancer, wth, however,

troubl esome hepatic and renal toxicities (A H Calvert et al., "A Phase |
Eval uati on of, t.h i nazo

inhibition oklgﬁe enzyme thymidylate synthase include those
discussed above.
DETAILED DESCRIPTICON OF THE INVENTIO

The present invention relates to quinazoline
compounds having the formula I

wherein:

R1 represents hydrogen, halogen, alkyl, -OH,
-O-alkyl, =Q-(aryl or heteroaryl), -S-alkyl, -S-(aryl or
heteroaryl), -NH,, -NH-alkyl, -N-(alkyl),, -NHCHO, -NHOH,
-NHO-alkyl, —NHNHz, substituted ~NHNH2, -NHC(=NH)NH2,
~NHC(=NH)alkyl, fluorocalkyl, cycloalkyl, alkenyl, alkynyl,

aryl, or heterocycle;

R™ and R3, which may be the same or different,

represent hydrogen, halogen, alkyl, cycloalkyl, -0H, -0O-
alkyl, -S-alkyl, ~NH, , -NH-alkyl, -N-(alkyl)z, ~NHCHO, =-NO
~-NHOH, -NHO-alkyl, -NHNHZ, substituted ~NHNH2, -CN, -CO
co,~alkyl, -CONH,, -CONH-alkyl, -CON(alkyl),, -CSNH
9alkyl, -CSN(alkyl)s, -C(=NH)NHy, -NHC(=NH)NHj,

2’
oHs =

2 ? "'CSNH"‘
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Antifol ate Thymi dyl ate Synthase | nhi bitor, NlO-Proparé;}-S,B- D deazafolic

Aci d, Cﬁ%{ aost: Clin. Oncol. 4:1245 (1986)). By addressi ngctihoseiepisl i es
inthis c %%20%% nol ecul e (solubility and capability for intracellular

pol ygl ut amati on), a superior second generation anal ogue (1 Cl D1694) was
devel oped. Several lipophilic thyfli dyl ate synthase inhibitors
have been devel oped recently. (See, e.g., EE M Bernman et al.
"Substituted Quinazolinones as Anticancer Agents,"” U S. Patent No.

4,857,530; T. N et.al., “Antiproliferati cld.c. Co unds, "
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Appl i cation hplk§R§§87a§§§,fbkegeéggbg ge.25, 1990; L.R Hughes et al.
"Anti-tunour Agents,“ Eurggean Pat ent plication No. 373891, filed
Decenber 12, 1989; anfl ¥°RFe§ERES Bt ©F 57 "Antifol ate Quinazolines," U S.

Pat ent Application No. ﬁ?/ﬂéﬁrégéntbled @ecsmbeso%Q,uﬁQ&N—alkyl, CH,, CH-
alkyl, CH-(aryl or hetercaryl), CHOH, CHO-alkyl, CHO-(aryl or
heteroaryl), C(alkyl)z, C(aryl or heteroaryl)z, C{alkyl)(aryl
or hetercaryl), CHS-alkyl, CHS-{aryl or heteroaryl),
C(OH)(alkyl), C(OH){aryl or heterocaryl), C(OH)(cycloalkyl),
N(OH), N-cycloalkyl, N{aryl or heteroaryl), C(cycloalkyl)
C(aryl or heteroaryl)(cycloalkyl), C(alkyl)(alkenyl),
C(alkyl) (alkynyl) » C(alkenyl),, C(alkynyl)z, C(alkynyl) (aryl
or heterocaryl), C(alkynyl)(alkenyl), C{alkenyl)(aryl or
heterocaryl), C{cycloalkyl)(alkenyl), C(cycloalkyl)(alkynyl),
C(alkyl)(axryl or heteroaryl), CH(cycloalkyl), CH(alkenyl),
CH{alkynyl), C(alkyl)(cycloalkyl), C(alkyl)(O-alkyl),
C({alkenyl) (0O-alkyl), C(alkynyl)(O-alkyl), C(alkyl)(O-
cycloalkyl), C(alkenyl){O-cycloalkyl), '

C{alkynyl) (O-cycloalkyl), C{aryl or heteroaryl)(O-alkyl),
C(aryl or heteroaryl)(O-cycloalkyl), C(alkynyl)(S-alkyl),
C{alkynyl)(S~cycloalkyl), C(alkenyl)(S-alkyl),
C{alkenyl)(S-cycloalkyl), C(alkyl)(S-alkyl),
C{alkyl)(Srgcycloalkyl), C(aryl or heteroaryl)(S-alkyl),
C(aryl or heterocaryl)(S-cycloalkyl), N(NHZ), N{NH{alkyl)}},
N[N(alkyl)z}, N{NH(cycloalkyl}], N[N(alkyl)(cycloalkyl)],
CH(NH,), CH[NH(alkyl)], CH[NH(cycloalkyl)], CH[N(alkyl),],
CH[N(alkyl)(cycloalkyl)], CH[N(cycloalkyl)zj, C(alkyl)(NHZ),
C{alkyl)[NH{alkyl)}, C(alkyl)[N(cycloalkyl)z],
C(alkyl)[NH(cycloalkyl)], C(alkyl)[N(alkyl)z],
C(alkyl)[N(alkyl)(cycloalkyl)], C(aryl or heteroaryl)(NHz),
C(aryl or heteroaryl)]NH({alkyl}], C({aryl or
heterocaryl)[NH{cycloalkyl)], C{aryl or heteroaryl)[N(alkylz],
C{aryl orx heteroaryl)[N(cycloalkyl)z}, or C(aryl or
hetercaryl)[N(alkyl){cycloalkyl)]; and

2 I
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SUMVARY COF THE | NVENTI ON The present i nViention relates to nove
gui naqu,d)rgg,zooggmpounds V\/m ch nstrate antiproliferative@Eusestozessuch

as antitunor actlva unds are effective in i nhibiting the
growth and_prollfer IIs of hi gher organi sns and of
m cr oor gani sns, suc yeasts and fungi, processes for

preparing these conpounds pharnaceutlcal conposi tions containing these
conmpounds, and t he use of these conpounds. Preferred qui nazoline

compounds  aocording 5 UeRLSSR 4 IVAILLONALE SRPGRLG:0LIREY Uit
or heteroaryl group

As used herein, the language “capable of inhibiting
the enzyme thymidylate synthase," or the like, refers to a
compound having a thymidylate synthase inhibition constant
("TS Ki“) of less than or equal to about 10—4M. Preferred
compounds according to the present invention have TS K
values in the range of less than about lO"SM, more preferably
less than about lO"GM, and most preferably less than about
10™Tn.

' Thymidylate synthase is merely exemplary of the
activity of the quinazoline compounds of the present
invention. Indeed, certain compcounds may demonstrate an
antifolate activity besides, or even in addition to,
thymidylate synthase inhibition. Further, certain compounds
may show antiproliferative activity stemming from a
completely different locus of action than the inhibition of
folic metabolic pathways.

Certain quinazoline compounds according to the
present invention may possess one or more assymetric carbon
atoms, and therefore may exist in racemic and optically
active forms. The present invention thus is intended to
encompass the racemic forms of the guinazoline compounds
according to the present invention, as well as any optically
active formé thereof, which possess antitumor activity.

As used herein, the language "alkyl" includes both
straight and branched alkyl groups. An analogous convention
applies to other generic terms such as "alkenyl", “alkynyl”
and the like. Furthermore, as used herein, the language
"alkyl", “"alkenyl", "alkynyl" and the like encompasses both
substituted and unsubstituted groups.

The language "alkyl" refers to groups having one to
eight, preferably one to six carbon atoms. For example,
"alkyl" may refer to methyl, ethyl, n-propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl
tert-pentyl, hexyl, isohexyl, and the like. Suitable
substituted alkyls include, but are not limited to,



-3- I nhibition of the enfyne thynidylate synt hase i ncl ude those
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fluoromethyl, dirluoromethyl, trifluoromethyl, 2-fluorocethyl,
3~fluoropropyl, hydroxymethyl, 2-hydroxyethyl,
3-hydroxypropyl, and the like.

The language "alkenyl" refers to groups having two
to eight, preferably two to six carbon atoms. For example,
"alkenyl" may refer to prop-2-enyl, but-2-enyl, but-3-enyl,
2-methylprop-2-enyl, hex-2-enyl, hex-5-enyl,
2,3~dimethylbut-2-enyl, and the like. .The language
"alkynyl,* which also refers to groups having two to eight,
preferably two to six carbons, includes, but is not limited
to, prop-2-ynyl, but-2-ynyl, but-3-ynyl, pent-2-ynyl,
3-methylpent-4-ynyl, hex-2-ynyl, hex-5-ynyl, and the like.

The term “cycloalkyl" as used herein refers to
groups having three to seven, preferably three to six carbon
atoms. Suitable cycloalkyls include, but are not limited to
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
and the like. The language “heterocycle," which refers to
groups having one or more heterocatoms, and preferably three
to seven ring atoms total, includes, but is not limited to
oxetane, tetrahydrofuranyl, tetrahydropyranyl, aziridine,
azetidine, pyrrolidine, piperidine, morpholine, piperazine
and the like.

The “halogen" substituent according to the present
invention may be a fluoro, chloro, bromo or iodo substituent.

gpe language "aryl" and "hetercaryl," as used
herein, refers to both monocyclic and polycyclic groups,
which may be either substituted or unsubstituted. Examples
of useful aryl ring groups include phenyl, 1,2,3,4-
tetrahydro-naphthyl, naphthyl, phenanthryl, anthryl,
phenanthro and the like. Examples of typical hetercaryl
rings include 5-membered monocyclic ring groups such as
thienyl, pyrrolyl, imidazolyl, pyrazolyl, furyl,
isothiazolyl, furazanyl, isoxazolyl, thiazolyl and the like;
b-membered monocyclic groups such as pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, triazinyl and the like; and
polycyclic heterocyclic ring groups such as benzo[b]thienyl,
naphtho{2,3-blthienyl, thianthrenyl, isobenzofuranyl,



[err] ' mhere?? R err] repré?ents hydrogen,

hal ogen al kyl, -O (aryl or heteroaryl), -$S-alk
-S—(arvagkb¥&#§teroaryl) NH[err], - NH- al kyl , -N—(alkyl)[éwﬁ‘ugghﬂéﬂﬁ

- NHCOH, -NHO-al kyl , -NHNH[ err], substituted -NHNH[err] -NHC(=N)NH err],

- NHC(=NH) al kyl , fluoroal kyl, cycloal kyl, al kenyl, aIkynyI, aryl, or
het er ocycl e;

chromenyl, xanthenyl, phenoxathienyl, indolizinyl,
isoindolyl, indolyl, indazolyl, purinyl, isoguinolyl,
quinolyl, phthalazinyl, naphthyridinyl, quinoxalinyl,
guinazolinyl, benzothiazole, benzimidazole,
tetrahydroguinoline cinnolinyl, pteridinyl, carbazolyl, beta-
carbolinyl, phenanthridinyl, acridinyl, perimidinyl,
phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl,
phencxazinyl, and the like.

As discussed above, the Rl

substituent of formula
may be hydrogen, halogen, alkyl, -~OH, ~O-alkyl, -O-(aryl or
heterocaryl), -S-alkyl, -S-~(aryl or heteroaryl),_~NH2, ~NH-
alkyl, -N-(alkyl),, -NHCHO, -NHOH, -NHO-alkyl, -NHNH,,
substituted ~NHNH,, ~NHC (=NH)NH, , ~-NHC(=NH)alkyl,
fluoroalkyl, cyclodlkyl, alkenyl, alkynyl, aryl, or
heterocycle. The Rl substituent is preferably a methyl or
anino group.

The R2 and R3 substituents of formula I according
to the present invention, which may be the same or different,
may be hydrogen, halogen, alkyl, cycloalkyl, -0H, ~O-alkyl, -
S-alkyl, —NH2, -NH-alkyl, —N~(a1kyl)2, ~-NHCHO, —NOz, ~NHOH, -
NHO-alkyl, —NHNHz, substituted -NHNHZ, -CN, -CO.H, —C02—
alkyl, —CONHZ, -CONH-alkyl, -CON(alkyl)z, ~CSNH -CSNH-
alkyl, -CSN(alkyl)z, -C(=NH)NH,, -NHC(=NH)NH,,
-NHC(=NH)alkyl, ~SO-alkyl, —Soz—alkyl, fluoroalkyl, -O-
fluoroalkyl, -S-fluoroalkyl, -NHCO(alkyl),
—NHCO(fluoroalkyl){ ~-S80~fluoroalkyl, ~SOz~fluoroalkyl, ~-SH,
-SOBH, —SOzNHZ, —SOZNH(alkyl), -SOZN(alkyl)z, alkenyl,
alkynyl, aryl, or heterocycle.

2
2I

The R2 substituent is preferably hydrogen or a
methyl, ethyl, hydroxy, methoxy, chloro or trifluoromethyl
group. More preferably, R2 is hydrogen or a methyl, chloro
or trifluoromethyl group. The R3 substituent is preferably
hydrogen. |

The 2 substituent of formula I according to the
present invention is either oxygen or sulfur. 1In a preferred
embodiment, the £ substituent is oxygen.
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Rlerr] and Rl err], which nay‘be the same or different, ' repr esent
hydr ogenyohalapes, atkydneet yche@@Rdplabed - OH, - O al kyl , - S-ptRAUS93/02636

-NH err], -NHalkyl, 1['“ Mjml -NHCHO, -NJerr], - NHOH,

- NHO- al kyl -NHNH[err] NHNH[er 1. -CN CC{err]H -

CJerr]-al kyl, -CONH aTkyI)[err] -CSNH[ err], - CSNH

9al kyl, -CSN(al kyl)[err], - NH)NH[err] - NHC( NH)NH[err],

-4- - NHC( =NH) al kyl , SO al k |, -SC{err]-aIkyI, fluoroal kyl, -O

fluoroal kyl, -S-fluoroalgyd g* NHGX @ ¥édt of formula I according to the
present invention may be oxygen, sulfur, SO, SOZ’ NH, N-
alkyl, CHZ’ CH-alkyl, CH-(aryl or heterocaryl), CHOH, CHO-
alkyl, CHO-(aryl or hetercaryl), C(alkyl)z, C{aryl or
heteroaryl)z, C(alkyl)(aryl or heterocaryl), CHS-alkyl, CHS-~
aryl, C(OH)(alkyl), C(OH)(aryl or heterocaryl),
C{OH) (cycloalkyl), N(OH), N-cycloalkyl, N(cycloalkyl)soz,
N{aryl or hetercaryl), C(cycloalkyl)z, C(aryl or
hetercaryl)(cycloalkyl), C(alkyl)(alkenyl),
C(alkyl)(alkyny;), C(alkenyl)z, C(alkynyl)z, C(alkynyl)(aryl
or hetercaryl), C({alkynyl){alkenyl), C(alkenyl)(aryl or
heterocaryl), C{cycloalkyl){alkenyl), C(cycloalkyl)(alkynyl),
C(alkyl)(aryl or heteroaryl), CH(cycloalkyl), CH(alkenyl),
CH(alkynyl), C(alkyl)(cycloalkyl), C(alkyl)(O-alkyl),
C(alkenyl)(O-alkyl), C{alkynyl)(O-alkyl),
C(alkyl) (O-cycloalkyl), C(alkenyl)(O-cycloalkyl),
C({alkynyl){O-cycloalkyl), C(aryl or heterocaryl)(0O-alkyl),
C(aryl or heterocaryl)(O-cyclealkyl), C{alkynyl)(S-alkyl),
C(alkynyl)(S-cycloalkyl), C(alkenyl)(S-alkyl),
C(alkenyl)(S~cycloalkyl), C(alkyl)(S-alkyl),
C({alkyl)(S-cycloalkyl), C(aryl or heteroaryl)(S-alkyl),
C{aryl or heteroaryl)(S-cycloalkyl), N(NHz), N[NHE(alkyl)],
N{N(alkyl)2], N[NH(cycloalkyl)], N[N(alkyl)(cycloalkyl)}],
CH(NH,), CH[NH(alkyl)], CH[NH(cycloalkyl)], CH[N(alkyl),l,
CH[N(alkyl‘(cycloalkyl)}, CH[N(cycloalkyl)z], C(alkyl)(NH,),
C{alkyl)[NH{alkyl)1l, C(alkyl)[N(cycloalkyl),],
C(alkyl)[NH{cycloalkyl)], C(alkyl){N(alkyl)z},
C(alkyl)[N(alkyl){cycloalkyl)], C(aryl or heteroaryl)(NHz),
C(aryl or heteroaryl)]NH(alkyl)], C(aryl oxr
heteroaryl)[NH(cycloalkyl)], C(aryl or heteroaryl){N(alkylz],
Claryl or heteroaryl)[N(cycloalkyl)z}, or C{aryl or
heterocaryl)[N(alkyl)(cycloalkyl)].

The R4 substituent is preferably oxygen, sulfur or
a methylene, C=0, NH, NCHB, CH(OH) or C{OH)(phenyl) group.
More preferablyé the R4 substituent is sulfur.
The R

large number of aryl or heteroaryl ring compounds, including,

substituent of formula I can be any one of a



-NHCIXqudroaIkyI), mSC>fThoroaIkyI, -SC{err]-quoroEﬁkyl, -SH, -SJerr]H,
-Sq err [ wd gsredoss SO err]NH(al kyl ), -SOerr]N(alkyl)[err], apkeny$9s/o2636

al kynyl , aryl,

or heterocycle; Z represents O or

Rlerr] represents O, S, SO, S(err], NH, Nalkyl, CHerr], CH- al kyl ,
CH (aryl or heteroaryl), CHOH, C}K>a1kyl,‘fﬁt¥(aryl or heteroaryl),

Clal kyl)[err],

C(aryl or heteroaryl)[err], C(alkyl)(aryl or heteroaryl),

CHS- al kyl , CHS- (aryl or heteroaryl) C(OH) (al kyl), C(OH) (aryl or

het eroaryl ),
C(cycl oal kyl)

MRl R b s B e

((al kyl) (al kmﬂéﬁo@éahfken%)e[ r]s'»ubC'§('cal'dﬂﬁiwd ey rhe ﬁ(smhksnytm(:adybror

het er oaryl ),
C(cycl oal kyl)
het eroaryl ),
C(al kyl') (cycl
C(al kynyl) (O
C(al kynyl) (O
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C(al kenyl)(S-a

a i 5, aryl or heterocaryl group as discussed above, or R6 is
an —NR7R8 group, wherein R, and R8 represent alkyl groups:
and the like. The language “electron-donating" includes, but
is not limited to, groups such as ~NH -NH~-(alkyl); -NHOH;
-NHNHz,--O-(alkyl), ~S~(alkyl); —NR7Rg, wherein R7 and R8
represent alkyl groups; and the like.

Typical substituents for R® include halogen,
hydroxy, alkoxy, alkyl, hydroxyalkyl, fluorcalkyl, amino,
~-NH~(alkyl), -N~(alkyl)2, -CO~-amino acid, -CN, -NO,, -CFgq,
carbalkoxy, carbamyl, carbonyl, carboxy, amino acid carbonyl,
—SOZNHCO, Soz—amino acid, amino acid sulfonyl, sulfamyl,
sulfanilyl, sulfhydryl, sulfino, sulfinyl, sulfo,
sulfonamido, sulfonyl, (alkyl)-thio, substituted or
unsubstituted phenylsulfonyl, phenylmercapto, phosphazoc,
phosphinico, phosphino, phospho, phosphono, phosphoro,
phosphoroso, mercaptoaryl, and the like.

Particularly preferred structures for Rs include:

i
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C(al kenyl) (S-cycl oal kyl ) ,- CX%IkyI)(S—aIkyI), CXaIkyI)@S—cycIoaIkyI),
Claryl OVOWS(HOBaryl) (S-al kyl), C(aryl or heteroaryl) (S cyrtCoaldesl9z636

N(NH err]), N NH(al kyl)], N[ N(al kyl)[err]], N NH(cycl oal kyl)],
N[ N(al kyl ) (cycl oal kyl )], CH(NH[err]), CHGNH(al kyl)], CH NH(cycl oal kyl)],
CH N(al kyl)[err]], CH N(al kyl') (cycl oal kyl )], CH N(cycl oal kyl)[err]],

Clal kyl)(NH err]), Clal kyl )[NH(al kyl )], C(al kyl)[N(cycloal kyl)[err]],
C(al kyl )[NH(cycl oal kyl )], C(al kyl)[N(al kyl)[err]],
C(al kyl' )[ N(al kyl) ( | oal kyl )], C(aryltgz;2§teroaryl)(NH[err]), Claryl or

het eroaryl )] NH( a wo(aryl or hetefo0 yI)[NH(cycIoaIkFr»Laiggpryl or
het eroaryl ) [ N(al ky rr]], C(aryl or hetré&roaryl)[N(cycl oaNyl)
\

Claryl or het er oasyd ) [ N(al kyl ) (cycl o YI)¥ and
~{ e a.L@ ‘b .
a-
- I~ )-oon

r]j], or

A preferred class of compounds according to the
present invention includes those compounds accdrding to
formula I, wherein R3 is hydrogen. Particularly preferred
compounds of this g£lass are those wherein Z is oxygen.

Another preferred class of compounds according to
the present invention includes those compounds according to
formula I, wherein R3 is hydrogen and R is either a methyl
or amino group. Particularly preferred compounds of this
class are those wherein Z is oxygen.

Another preferred class of compounds according to
the present invention includes those compounds according to
formula I, wherein R3 is hydrogen and R2 is hydrogen or a
methyl, ethyl, hydroxy or methoxy group. More preferably, R
is hydrogen or a methyl group. Particularly preferred
compounds 9? this class are those wherein Z is oxygen.

2

Another preferred class of compounds according to
the present invention includes those compounds according to
formula I, wherein R3 is hydrogen and R4 is oxygen, sulfur or
a methylene, C=0, CH(OH)} or C(OH)(phenyl) group. More
preferably, R™ is sulfur. Particularly preferred compounds
of this class are those wherein Z is oxygen.

Another preferred class of compounds according to

the present invention includes those compounds according to
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- 5- Rlerr] repyesents a substituted or uﬂgubstituted aryl or

het er oawy) 932 00458. " As used herein, the |anguage "capgh
inhibiting the enzynme thym dyl ate synthase,” or the |ike, refer‘éjg(f)%foé636

conpound having a thym dyl ate synthase inhibition constant ("TS Klerr]") of
| ess than or equal to about 10 M PrefEr%%d‘conpounds according to the

present invention have TS K, values in the range of |ess than about 10[err]
M nore preferably | ess than about 10[err]M and nost preferably | ess than

about 10[err ' t | Bely exempl.ary of the
activity of % e aﬁﬁngioﬁpﬁék%g%ggtﬁﬁg]§¥E%£€é§ré§%2§ i Avento f It Feed,

certai n conpbahdeowing:denonstrate an antifolate activity besides, or even
in addition to, thym dylate synthase inhibition. Further, certain conpounds
may show antiproliferative activity stemmng froma

D S
_iQ OHE

.C~
.
--5:3—0«, | .d"b :'?‘Q
—C'* L“\H >
D=

~¢

o,

Particularly preferred compounds of this class are those
wherein Z is oxygen. _

Another preferred class of compounds according to
the present invention includes those compounds according to
formula I, sherein R3 is hydrogen, Rl is either a methyl or
amino group, R2 is hydrogen or a methyl, ethyl, hydroxy or
methoxy group, R4 is oxygen, sulfur or a methylene, C=0,

CH({OH) or C(OH){phenyl) group, and Rs is one of the
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conpletely different -l ocus of§act|on than the inhibition.of folic netabolic
pat hwaysWO 93720055 Certain qui nazoline conpounds accordi ngpca/U863/02636
present invention nay possess one or nore assynetric carbon atons, an
therefore may exist in racemc and optically, active forns. The present
invention thus is intended to enconpass the racemc forns of the

qui nazol i ne conpounds according to the present invention, as well as any
optically active forns thereof, which possess antitunor activity.

As used herei Bollbeingnguage "aIkyI" i ncl udes both strai ght and branched
aIkyI gr oups. An analogous convention applies to other generic ternms such
as "al kenyl ", "al kynyl" and the |like. Furthernore, as used herein, the

| anguage "al Kyl e "al kenyl ", ™al kynyl / nd the |i ke enconp es both
substituted an bstituted groups. The Iangﬁﬁgziaalkyl"
refers to groups ing one to ei ght, rably one to six carklen atons.

For exanpl e, /a "may refer to yl. et hyl, n-propyl, opr&u)gﬁ
butyl, |sobutylln butyl, tert-butyl, ntyl, |sopentyl erﬁ(y

hexyl, i sohexyl ,’ and the like. Suitable Stbst i t ut ed al kyl s 'C|UGeL:9£$

are not Ilmted’@" —C’. ___O,w
=0 <5 <

Particularly preferred compounds of this class are those
wherein Z is oxygen.

According to a preferred embodiment of the present
3 is hydrogen, R is either a methyl or amino
group, R2 is hydrogen or a methyl group, R4 is sulfur and R
is one of the rings disclosed in the preceding paragraph.
Particularly preferred compounds of this class are those

wherein Z is oxygen.

invention, R
5

Particularly preferred compounds according to the
present invention are illustrated in Table 1 below.
Compounds 14A, 24A and 25A are especially preferred.
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-6-"  fluoronethyl,, diftuoronethyl, trifluoronethir\ 2-f 1 uoroet hyl,
3-flu r hydroxynethyl 2- hydroxyethyl
31| UQLGRIRks

3- hydr Oxyprﬁt@wusggnﬁe&@e
The | anguage ' alkenyl drafers to groups haV|ng t wo
eight, preferably two to six carbon atoms. For exanple, "al kenyl" nay refer

to prop-2-enyl, but-2-enyl, but-3-enyl, 2-nethylprop-2-enyl, hex-2-enyl,
hex-5-enyl, 2, 3-dinethy|but-2-eny|TA%E% Hhe | i ke. The | anguage

SN i

pla

I

wherein R3 is H, and

rl R2 ' R4 R°
1A) CH; H 0 __d<:::>
2A) CH, H s 'O
cl
ax
3A) CH, _H CH, N
/
44) CH; B =0 —@
o N

7A) CH; H S | \__7

- N
8A) CH, CH, S \ 7

9 A) CH3 C}}z S ——O’ Soz ‘C.)



"alkynyl,“ whi ch al so refers to groups having two to ei ght,
to six eanbarmgss ncl udes,
but - 3-ynyl, pent-2-ynyl,

the like.

cycl oal kyl s incl ude,

pol ycyclic groups,
Exanpl es  of usef &
t et rahydr o- napht hyl ,

1

10A) CH,
11A) CH,
12A) CH;
13A) CH,
14A) NH,
15A) CH,
16A) CH,
17A) CH,

18A) NH,

but are not
cycl opentyl, cycl ohexyl,
"het erocycle,” which refers to
preferably three to seven ring atons total,
to oxetane, tetrahydrofuranyl,
pyrrolldlne pi peri di ne,
The "hal ogen" substituent according to the present
fluoro, chloro, brono or

and "heteroaryl," as used

i s not

nor phol i ne,

i odo substituent.
her ei n,
whi ch nay
r|ng
napht hyl ,

CH;

OH

CH,

limted to,
3- et hyl pent - 4-ynyl ,
The term "cycl oal kyl_"
having three to seven,

e

hex- 2-ynyl, hex-5-ynyl,

S _used herein refers to
preferably three to six carbon
limted to
cycl ohept yl

The | anguage

refers to both nonocyclic and

e either substl%uted or unsubstltgted
roups include %

phenant hryl ,

enyl, 1,2, 3, 4-

ant hryl

N=—N
S ——48}——@43
N
3 \ /
___ CH,
S N
\ 7/
N
S \ /
N
S \ /
N
S \ 7
__ OCH,
S N
\ /
— CF,
S N
\ 7
CF,
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preferably two
pr op- 2- ynylpcirisedroayk -

and
gr oups

atons. Suitable
cycl opropyl, cyclobutyl,
and the |ike. The | anguage
gr ogpgTEaYi RGNESAdD nNor e het er oat ons, and
rncludes, but is not l[imted
tetrahydropyranyl, aziridine, azetidine,
pi perazine and the |ike.
invention may be a
"aryl"

I



phehant hro and the |l ike™ Exanpl es of typical heter0aryl rings include
5- menber ed _nonocyclic rihg groups such as t hi enyl, pyrrol Myl yl,
pyrazoWP 23f3809% . i sothi azol yl, %/H%F@ﬁgé

furazanyl, isoxazolyl, thiaz t he
i ke; 6- menber ed nonocyclic groups such as pyridyl, pyrazinyl,
pyri mdinyl , pyridazinyl, triazinyl and tise-ike; and pol ycyclic
het erocyclic ring groups such as benzo[ b]thienyl, napht ho[ 2, 3- b] t hi enyl ,
t hi ant hrenyl, isobenzof uranyl, -7-

TABLE 1 CONTINUED

Rl R2 R4 RS
19A) CH, CH, CH; S \ /
N ==
20A) CH, H S

21A) CH, £H, S \_/
= Br-
N+
22A) CH, H S \ y
*—H
23A) CH; CH; S '—Q a-
+ -
o -
254)
& ?r’H
N
1 CHy
) i l 201
HN™ LN
H
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chroneny[ xant henyl , phenoxat hi enyl, indolizinyl, isgr%dolyl, i ndol yl ,

i ndazolwbgijgsgyl i soqui nolyl, quinolyl, phthal azinyl, napPeThy$HDDGAS,
qgui noxal i nyl , qU|nazoI|nyI benzot hi azol e, benzi m dazol e,
tetrahydrqu|noI|ne C|nnoI|nyI, pteridinyl, carbazolyl, beta- carbolinyl,
phenant hri di nyl, acridinyl, perimdinyl, %%nanthrolinyl, phenazi nyl ,

i sot hi azol yl, phenot hi azi nyl, phenoxazinyl and the |ike. As
di scussed above, the R err] substituent of formula nay be hydrogen,

hal ogen, al kyl, -OH, -0 alkyl, _C}§féﬁtﬁg%a¢§§?%ﬁaéﬁl)’ -S-al kyl, -S-(aryl
or heteroaryl),.-NHerr], “NH al k [err], -NHCHO, - NHOH
-NHO-al kyl, -NHNH err], substituted -NHNH err], -NHC(=NH)NH err],

- NHC(=NH) al kyl , fluoroal kyl, cycl oal kyl, al kenyl, al kynyl, aryl, or
heterocycle. The R err] substituent is preferably a nethyl or am no group.
The Rl err] and Rl err] substituents of fornmula | according to the present

i nventi on, mhicgfnay be theRsanE or differght, may be hywfrogen, hal ogen,

al kyl, cycloal kyl', -OH, -Oalkyl, - S-alkyl, -NHerr], -NHalkyl,
-N-(alkyl)[err], -NHCHQ hKIerr] - NHOH, - NWK}aJkyI, -NHNH[ err],
substituted -NHNH err], -CN, -CIIerr]Ft -CJerr]- ===
26A) CH, CH; S \ /N
N{CH,),

0 g
N Co-n"'
274) CH, CH;,4 S L
N~ vH
18A) CH, CH, S —O‘COZH

29A) CHj CH, S \ N//N
1 S N
30A) NH, CH, \ N//

NN
31A) CH, H CHy LN
\
N
324 CHy H e @—@'“‘”‘
- N

\
. N o
33A) CH, H ¢t B \ /"
o )
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alkyl, -CONH err], -CONEFal kyl, -cON(alkyl)[err], -CHerr], - CSNH-

al kyl, wepbabgsd )[err], -C(=NH)NH err], - NHC( NH)NH[err] (?#7 }—qz%gyl
-SO-al kyl, -SOerr]-al kyl, fluoroal kyl, -O fluoroal kyl, uor oa
-NHCO( al kyl ), -NHCO(f Il uoroal kyl), SC)quqroaIkyI SC{err] fl uoroal kyl
-SH, -SJerr]H -SOerr]NHerr], -SOerr] NH(aI kyI) -Sg err] N(al kyl) 2,

al kenyl, alkynyl, aryl, or heterocycle. The R err]
substituent is preferably hydrogen or a nmet hyl , ethyl hydroxy, nethoxy,

chloro or trifluoroneth gr au wbr% RAef r
a methyl, chloro or %#?Fpﬁorongfﬁ ° roup. %&%%éﬁ% éﬁé Stl %%% %O
preferably PY¥RGR®¥RH. of making the & Ezq&yﬁﬁﬁanyﬁ Qﬁlﬁﬁﬁ¢dﬂﬁﬁl

accordi ng tc>aampoun@geggabra@ﬁgnkboqokgngbther oxygen or sulfur. In a
preferred enbodi nent, the Z Substituent is oxygen.
One process according to the present invention for

preparing guinazoline compounds of the formula I, comprises
subjecting a compound of the formula

/ L L
| 2 Z R~
HN 22
\ or HN |
1 N { Rl N
RB ” l
rR3
(i) (ii) '
1 3

wherein Z and R™ to R” have the same meanings as described
previously and L 1s a leaving group, to a displacement
reaction with the appropriate compound to cause the leaving
group L to be replaced with the desired —R4-R5 substituent in
case (i) or with the appropriate RS substituent in case (ii).
The process can be carried out under widely varying
conditions, but is typically carried out in the presence of
an appropriate base, solvent and catalyst at a temperature
varying from about 70°C to about 165°C, preferably from about
80°C to about 140°C, and most preferably at from about 90°C
to about 100°C.

Leaving groups suitable for use in the process
described above, as well as for use in other processes
according to the present invention, include halogen atoms
such as Br, Cl, F and I.

A preferred process for making antiproliferative
guinazoline compounds accerding to formula I, wherein Z and
Rl—R5 have the same meanings as described previously,

comprises the steps of:
This Sheet Has Been R Rep

T



, ‘ o~ -
- 8- The R err} $ubstituent of fornmula I acdcor di ng to the

pr esentwo py20hsn nay be oxygen, sulfur, SO SOerr], NH Nc@
CHerr], CHalkyl, CH (aryl or heteroaryl), CHOH CHO alkyl, Eé%é?n63

heteroaryl), C(alkyl)[err], C(aryl or het;roaryl)[err], C(alkyl)(aryl or
heteroaryl), CHS-alkyl, CHS- aryl, C(OHY( ky'I) C(OH) (aryl or heteroaryl),
C(OH) (cycloal kyl ), N(OH), N-cycloal kyl, N(oycloal kyl)SOerr], N(aryl or

het eroaryl), C(cycloal kyl)[err], C(aryl or heteroaryl)(cycloal kyl),

al kyl) (al kenyl), I I err
g%alkzn;f)(aryy Lr hethza ?kkxg% %k %&?SFS?ié%§8fﬁJé¥£%keny %%Lyl Lr
heteroaryl), C(cycl oal kyl) (al kenyl), C(cycloalkyl)(alkynyl) C(al kyl) (aryl
or heteroaryl), CH(cycloal kyl), CH(al kenykp, CH(al kynyl),
C(al kyl) (cycl oal kyl), C(al kyl) (0O al kyl), al kenyl ) (O al kyl ),
C(al kynyl) (O al kyl ), L

i

wherein L is a leaving group, for example, a halogen atom
such as Br, Cl, F and I, and R2 has the same meaning as
described previocusly, with hydroxylamine hydrochloride and
chloral hydrate to form an isonitroscacetanilide compound of
the formula *

i
(2) treating the isonitrosocacetanilide compound of
step (1) with sulfuric acid, followed by ice and purification
with ethanol to obtain an isatin compound of the formula

I\.z

This Spe
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C(al kyl ) (O cycl oal kyl ), T(al kenyl ) (0-cycl oal kyl ), C{(al kynyl) (O cycl oal kyl ),
Claryl avohgiggearyl) (O al kyl), Claryl or heteroaryl)(OcyprQ?,L 0%/02636
C(al kynyl ) (S-al kyl), C(al kynyl) (S-cycloal kyl), C(al kenyl) (S-alkyl),

C(al kenyl ) (S-cycl oal kyl'), C(al kyl) (S-al kyl %L C(al kyl) (S-cycl oal kyl), C(aryl
or heteroaryl)(S-alkyl), Claryl or heteroa ;7;I Y(S-cycloal kyl), N(NHerr]),
N NH(al kyl )], N N(alkyl)[err]], N NH(cycloal kyl)], N N(al kyl) (cycl oal kyl)],
CH(NH err]), CH NH(al kyl)], CH NH(cycl oaI kyI )], CH N(al kyl)[err]],

(20 S o il UL e L) v
(al ky|)[NH(cayre|wekw§] bagigl R?F?{{N(iéllkﬂl}: ] Bn agueous NaOH and H,0,

Clal kyl ) [ NCal deyl g€ £onc) Ob kb, afl ahthrahihecerneany oA 81d 195 £hé f‘éi‘{uu%
heteroaryl )] NH(al kyl )], C(aryl or heteroaryl) [NH(cycl oal kyI )] ry
het eroaryl )[ N(al kyl [err]], C(aryl or heteroaryl)[N(cycl oal kyl )[err]] or
Claryl or het eroaryl ) [ N(al kyl ) (cycl oal kyl )]. The R err]
substituent is preferably oxygen, sulfur or a met hyl ene, C=0, NH,
NCH err], CH(OH) or C(OH)(phenyl) group.p Mpre preferably, the R err]
substituent is sulfur. The err subsﬁituent of formula I can
be any one of a . R

HO

HaN

(4) reacting the anthranilic acid compound of step
(3) with acetic anhydride to form an acetylanthranil compound
of the formula
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: * /“ﬂ
| ar ge nunber of aryl -or hetefoaryl ring conpounds, indraﬁing,
-9- bwoOgat2obssni ted to, the aryl and heteroaryl rings di squspe%93/02636

previously. The R err] substituent may be unsubstituted or substituted.
Sui tabl e substituents for R err] include a.yde variety of

el ectron-donating and el ectron-w t hdrawi ng “substituents. As used herein,
the | anguage "el ectron- w thdraw ng" includes, but is not limted to,
groups such as -NJerr]; -CF[err]; -CN, carboxy; halogen; -SOerr]Rerr],
wherein Rlerr] is an  (5) reacting the acetylanthranil compound of step
{(4) with anhydrous ammonia, followed by NaCOH and then by

hydrochloric acid to obtain a quinazoline of the formula

- i

(6) subjecting the quinazoline compound of step (5)
to a displacement reaction to replace the leaving group L
with one of the desired R4-R5 substituents described
previously, and thus obtain a compound according to fomula I.

Step (1) can be carried out under widely varying
conditions, but is typically carried out in the presence of
water, chloral hydrate, hydrochloric acid, sodium sulfate and
hydroxyl amine hydrochloride at a temperature varying from
about 0°C to about 100°C, preferably from about 20°C to about
100°C, and most preferably at about 100°C.

Step (2) can be carried out under widely varying
conditions: but is typically carried out in the presence of
concentrated H?_SO4 at a temperature varying from about 50°C
to about 100°C, preferably from about 65°C to about 100°C,
and most preferably at about 80°C.

Step (3) can be carried out under widely varying
conditions, but is typically carried out in the presence of
water, sodium hydroxide and hydrogen peroxide at a
temperature varying from about 0°C to about 80°C, preferably
from about 20°C to about 80°C, and most preferably at about
80°C.

Step (4) can be carried out under widely varying
conditions, but is typically carried out in the presence of



afkyl, aryl or heteroaf@T%group as di scussed above"@r Rlerr] is an

- NR[ er roup, wherein Rerr] and Rerr] represent al k
and thyﬁ%&ﬁe | anguage "el ectron-donating” includes, i’ ZF’ ﬁ'n ted

to, groups such as -NHerr]; -NH(alkyl); -NHOH; -NHNH[err],--C}(aIkyI),
-S-(alkyl); -NRerr]Rerr], wherein R errRl and Rerr] represent alkyl
groups; and the I|ike. Typi cal substituents for R err] include
hal ogen, hydroxy, al koxy, alkyl, hydroxyal kyl, fluoroal kyl, am no,

-NH (al kyl), -I\I—(alkylxcgterr] -COamno acid, -CN, -NJerr], -CFerr],
car bal koxy, aE& rpyat eatQEQ?raﬁﬁrﬁova@wdneaﬁgewymbout 70°C to

-Sgerr] NHCQbo%q ar 4 d °@m ﬂPeﬁé*:le?mf E}Bmaﬁb@u%u ooy tosWHARW 140 °(% d
sul fanilyl, sulfhyd sul f1no, § ul fo, sulfonam do, ony?
(al kyl ) -t hi o8&, % %E%k#xratuﬁEaB§t## t@d phenylsulfonyl phenylnercapto

phosphazo, phosphlnlq@tephpsphtaﬁ béhQaQ&Qedphﬂithﬂ@mlﬁﬂaﬁﬂyﬂvarylng
phosphorosof¥ﬁ§¥3%§%9aryb and gg carried out in @Héﬂﬂfggégce of
preferred s ¢$e+?] YPﬁEP & P
ammonia at a temperature varying from about -33°C to about
20°C, preferably at about 20°C.

Step (6) can be carried out under widely varying
conditions, but is typically carried out in the presence of
an appropriate base, solvent and catalyst at a temperature
varying from about 70°C to about 165°C, preferably from about
80°C to about 140°C, and most preferably at from about 90°C
to about 100°C.

A modififation to the six step process discussed
above, comprises the alternate steps of:

(5a) treating the acetylanthranil compound of step
(4) with MeOH, followed by hydrochloric acid, to obtain a
compound of the formula:

HyCO

, or

(5a’) treating the anthranilic acid of step (3)

This Sheet Has Been Replaced

AR




o~

10 - [err] oo 3

WO 93720055 PCT/US93/02636

- 29 .

with phosgene or triphosgene to form a compound of the
formula:

2
o R

o

mZ

which is further treated with methanol;

(5b) reacting the product of step (5a) or (35a‘)
with chlorofcormamidine hydrochloride to obtain a quinazoline
compound of the formula:

HN
) This Sheet Has Been Repl
/J§§ aced

gt LTEL

Y

: and
then subjecting the resdltinq guinazoline compound
to a displacement reaction as set forth in step (6) discussed
above to obtain a compound according to formula I.
Step (5a) can be carried out under widely varying
conditions, but is typically carried out (i)in the presence
of methanol at a temperature varying from about 0°C to about



A preferred class of conmpgunds according to the present invention includes
t hose conpounds according’to formula |, wherein Rlerr] is hydrogen.

Part i cuwal P3/20055f erred conpounds of this class are those Wh®CE/ HST3/62636
oxygen. ' Anot her preferred class of conpounds according to the
present invention includes those conpounds saccording to fornmula |, wherein
Rlerr] is hydrogen and Rlerr] is either a nethyl or am no group.
Particularly preferred conpounds of this class are those wherein Z is
oxygen. Anot her preferred class of conpounds according to the
present invent@®MCj moreflesabhyséromnpbonds 20Ccordi rpdut f’m"rtu,l aarid MHSE ei n

Rlerr] is hy r | dr0g or. VA drox
methoxy o onboRer bty HErdbphE APCERT SR BT oE RS iR SF
Particularly mmsémtwte@nipmdnqghépmm acdidass @ denipesetwhms eiar@ng from
oxygen. about 9otNes pOELEr 1088l a5n.of mamawily apcausliyg 16poLhe

present invention includes those conpotnds accordlng{_a whéf ei n
Rlerr] is hydrogen and ﬁ$@Pr15Ps)oﬁﬁﬁePe Sarried ruty Wser enelxca@rying
CH(OH) or O @&hnebeiyhs, 9bedPis Wobecally carried out (i) in the presence

of triphosgene at a temperature varying from about 0°C to
about 20°C, and then (ii) in the presence of methanol at a
temperature varying from about 0°C to about 70°C, more
preferably at a temperature of from about 0°C to about 20°C,
and most preferably at about 20°C.

Step (5b) can be carried out under widely varying
conditions, but is typically carried out in the presence of
diglyme and chloroformamidine hydrochloride at a temperature
varying from about 100°C to about 175°C, preferably from
about 160°C to about 175°C, and most preferably at about
170°C.

In a particularly preferred embodiment of the six
step process discussed above, step (6) is carried out by
reacting the product of either step (5} or step (5b) with a
4-thiopyridine anion, in the presence of sodium hydride,
copper (I) brbmide and copper (I) oxide. A preferred process
for preparing the anions of 4-thiopyridines for use in the
present invention comprises reacting 4-mercaptopyridine with
NaH in anhydrous N,N-Dimethylacetamide. The process of
preparing the 4-thiopyridines may be carried out under widely
varying conditions, but is typically carried out in the
presenée of sodium hydride and dimethylformamide at a
temperature varying from about -20°C to about 20°C,
preferably from about 0°C to about 20°C, and most preferably
at about 20°C.

Another particularly preferred process according to
the present invention for preparing quinazoline compounds of
formula I, comprises the steps of:
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preférably, Rlerr] is sulfur. Particularly preferred conpounds of this

cl ass ave ohmass wherein Z i s oxygen. Anot her predgised,dds3es of
conpounds according to the present invention includes those conpounds
according to formula I, mhgrgkn_R[err] i's hydrogen and R[err]

s one of the foll ow ng:

{1) reacting a compound of the formula

4
substituent is hydrogen, ~CH3, —OCH3, CFB’
N(CHB)Z’ and the like, with a benzylmercaptan to form a

wherein the R9

compound of the formula

wherein the Rlo

{(2) reducing the product of step (1);
(3) deprotecting the product of step (2); and
(4) reacting the product of step (3) with a

substituent is hydrogen, or *OCH3;
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ounqk)gbz&ﬂ%s class are those wherein Z is oxygen.

Pt S

[err] Partiicul arly preferred

PCT/US93/02636
- 25 -«
compound of the formula
2 L
: 2
HN f R
R1 /I\N
]
rR3

!

wherein 2 and Rl to R3 have the same meanings as discussed

previously and L is a leaving group, to obtain a compound of
the formula

1as Beel Rep\acec\
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Anot her ﬁreferred cl ass ofmzbnpounds according to tHZ?present I nvention

I ncl ude onpounds according to formula I, wherein '
hydrogeﬁ{d%f@&ﬁ% is either a nmethyl or am no group, R[errF :liéb%?/#ﬁ)&@%% or
a nethyl, ethyl, hydroxy or met hoxy group, R err] is oxygen, sulfur or a

met hyl end, C=0 CH(OH) or C(OH)(phenyl ) gPoup, and Rlerr] is one of the
- 12 - fol | ow ng:

Step (1) according to this process can be carried
out under widely varying conditions, but is typically carried
out in the presence of an appropriate base and solvent at a
temperature varying from about 0°C to about 80°C, preferably
from about 0°C to about 20°C.

Step (2), the reducing step, can be carried out
under widely varying conditions, but is typically carried out
in the presence of PC13 and CHCl3 at a temperature of from
about 0°C to about 80°C, preferably from about 20°C to about
80°C, and more preferably at about 20°C.

Step (3), the deprotection step, can be carried out
under widely varying conditions, but is typically carried out
in the presence. of an appropriate solvent and metal or metal
salt at a temperatfire varying from about -78°C to about 20°C,
preferably from about -78°C to about 0°C, and most preferably
at from about -33°C to about 0°C.

Step (4) can be carried out under widely varying
conditions, but is typically carried out in the presence of
dimethyl acetamide, sodium hydride, copper (I) bromide and
copper (I) oxide at a temperature varying from about 70°C to
about 165°C, preferably from about 30°C to about 100°C, and
most preferably at about 90°C.

An alternative to the four step process discussed
above comprises the steps of:

{1) reducing a compound of the formula

Beeh Re‘?‘aced
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to form a compound of the formula

(2) reacting the product of step (1) with a
xanthate compound to obtain a compound of the formula

X

$7 0CH,CH,

: and

(3) subjecting the product of step (2) to
hydrolysis and further reaction with a compound of the

This Sheet Has Been Replaced
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Particularly preferred conpolnds of this class are those wherein Z is
oxygen. wo 93720055 According to a preferred enmbodi nent of th@qqr/ersem/fozass
invention, Rlerr] is hydrogen, Rerr] is either a nethyl or am no group,
Rlerr] is hydrogen or a nethyl group, R[er?] is sulfur and Rlerr] 1is one
of the rings disclosed in the precedi ng pa ébraph Particularly preferred
conpounds of this class are those wherein Z is oxygen.

Particularly preferred conpounds according to the present invention are

illustrated ig, Table 1 below Conpounds 14A, 24A and 25A are especially
preferred.

2 L
R
)
Rl N !
r3
1 3 '

wherein 2 and R™ t® R” have the same meanings discussed
previously and L is a leaving group, in the presence of
N,N-Dimethylacetamide, copper {(I) bromide and copper (I)
oxide to obtain a compound of the formula

o N is Sheet Has Been Replaced
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Step (1), the reducing step, can be carried out
under widely varying conditions, but is typically carried out
in the presence of hydrogen gas, an appropriate solvent and a
catalytic amount of palladium, preferably at room temperature
of about 20°C. Of course, elevated temperatures may be used
in some cases to expedite the reaction.
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Step (2) can be carried out under widely varying
conditions, but is typically carried out in the presence of
an aqueous acid and NaN02 followed by potassium xanthate, at
a temperature varying from about -40°C to about 20°C,
preferably from about 0°C to about 5°C, and most preferably
at about 0°C.

The hydrolysis part of step (3) can be carried out
under widely varying conditions, but is preferably carried
out with NaOH/CH3OH at a temperature of from about 0°C to
about 20°C. The reaction part of step (3) following
hydrolysis also may be carried out under widely varying
conditions, but is typically carried out in the presence of
an appropriate base, solvent and catalyst, at a temperature
varying from about”70°C to about 165°C, preferably from about
90°C to about 100°C, and most preferably at about 390°C.

Another preferred proéess for preparing the
guinazoline compounds of formula I, wherein Z and Rl to R
have the same meanings as described previously, comprises the
steps of:

5

(1) reacting a compound of the formula

This Sheet Has Been Replaced
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wherein R~ to R” have the same meanings as described

previously, with a compound suitable for providing a
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protecting group P, to form a compound of the formula

(2) converting the product of step (1) to a

compound of the formula

wherein L is a leaving group;
(3) subjecting the quinazoline compound of step (2)
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to a displacement reaction to form a compound ©of the formula

L
wherein R5 has the same meaning as described previously; and

(4) deprotecting the product of step (3).

Step (1) of the process described above can be
carried out under widely varying conditions, but is typically
carried out in the presence of the appropriate alkyl or acyl
halide, a base and a solvent at a temperature varying from
about 0°C to about 20°C, preferably at about 20°C.

Although a variety of substituents may be used as
protecting .group P in the process described above, protecting
group P lS preferahly a CH20CHZCH Sl(CH3)3, CH20CH3,

CH OC(O) Bu ox COtBu group. According to a preferred
embodlment, P is CH20CH2CH Si(CH3)3.

Step (2), the converting step, can be carried out
under widely varying conditions to provide a wide variety of
leaving groups, but is preferably carried out in the presence
of N-Bromosuccinimide, bromine, N-Chlorosuccinimide or
N-Iodosuccinimide, at a temperature varying from about 20°C
to about 100°C,. preferably from about 50°C to about 100°c,
and most preferably at about 80°C.. In a preferred
embodiment, the process is carried out in the presence of N-

Bromosuccinimide, CClyg and light.
This Sheet Has Been Replace
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Step (3) also can be carried out under widely
varying conditions, but is typically carried out in the
presence of an appropriate nucleophile, base and solvent, at
a temperature varying from about 0°C to about 150°C,
preferably from about 20°C to about 100°C, and most
preferably at about 20°C.

In a preferred embodiment of this process, step (3)
is carried out by reacting the product of step (2) with NaOEt
{sodium ethoxide) and 2-nitropropane, followed by
phenylmagnesium, to form a compound of the formula

In another preferred embodiment, step (3) is
carried out by reacting the product of step (2) with 5-
chloroindole.

Step (4), which also can be carried out under
widely varying conditions, is typically carried out in the
presence of an appropriate acid or basic fluoride, at a
temperature varying from about 0°C to about 100°C, preferably

from about 20°C to about 100°C, and most preferably at about
20°C.
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The materials and conditions used in deprotecting
step (4) depend upon a variety of factors. Of course, the
particular substituent used as protecting group P is one
factor. For example, when P is a CHZOCHZCsti(CH3)3 group,
step (4) is preferably carried out by reacting the product of
step (3) with tetrabutylammonium fluoride.

In a modification of the process described above,
prior to deprotecting step (4), the product of step (3) is
oxidized to form a compound of the formula

, and
then, subsequent to deprotecting step (4), the product of
step (4) is reacted with phenyllithium to form a compound of
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processegoafi/zagking the antiproliferative quinazoline conpOUﬁgﬁnﬁgﬁpégggg
to fornula I. One process according to the present invention

prepari ng qui nazol i ne conmpounds of the forqyla |, conprises subjecting a
conpound of the formula [err] -

the formula
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As illustrated above, it may be necessary to
provide protecting groups either before, after or during the

course of preparing the compounds according to the present
invention.

A suitable protecting group for a ring nitrogen,
such as may be included in a heteroaryl group, is for
example, a pivaloyloxymethyl group, which may be removed by
hydrolysis.with a base such as sodium hydroxide; a tert-
butyloxycarbonyl group, which may be removed by hydrolysis
with an acid, such as hydrochloric acid or trifluorocacetic
acid, or with a base such as tetra-n-butylammonium fluoride
("TBAF") or lithium hydroxide; a methoxymethyl group, which
may be removed by hydrochloric acid and p-Toluenesulfonic
acid; or a 2-(trimethylsilyl)ethoxymethyl group, which may be
removed by TBAF or with an acid such as hydrochloric acid.

A suitable protecting group for a hydroxyl group
is, for example, an esterifying group such as an acetyl or
benzoyl group, which may be removed by hydrolysis with a base
such as sodium hydroxide. Alternatively, when other groups
present in the starting material do not contain an alkenyl or



wherein z and Rlerr]-to™® err] have the sanme nmeani s as descri bed
previ owg) yz/apgksL 1S a | eaving group, to a displacenent reagFﬁpﬂS&yb?ﬁ%hﬁ
t

appropri ate conpouhidSpast eas e e‘I‘eaving group L to be replaced wti e
desired -Rerr]-R e i t in case (i) or with the appropriate
Rl err] substituent The prad&ess can be carried out under

w del y varyi ng conditions, but is typically carried out in the presence
of an appropri ate base, solvent and catalyst at a tenperature varying
from about 7Q0[.err]C to about. 165[err]C, preferably from about 80[err]Cto
about 140Ua%¥%§n%ﬁmﬂﬁ%§?'pFE?eP BF?L§ﬂnﬂr8ﬁP§§bHéYQGFEHQQ§ exapkputan

100C. alpha-depVabigyyr gupapseutabbe Bobend&li jAdip PRAGARES may be

described ahoyg, a® ¥§'hydob8hatitn' InCthE" HREERRDE a catalyst such
as palladium on charcoal or Raney nickel. An additional
protecting group for a hydroxyl group is a group such as t-
butyldiphenylsilyl (—Si-t—Bu—th), which may be removed by
treatment with TBAF.

A suitable protecting group for a mercapto group
is, for example, an esterifying group such as an acetyl
group, which may be removed by hydrolysis with a base such as
sodium hydroxide. . _

A suitable protecting group for an amino group may
be, for example, an alkylcarbonyl group such as an acetyl
group (CH3CO~), which may be removed by treatment with an
agqueous inorganic acid such as nitric, sulfuric or
hydrochloric acid. Another protecting group for an amino
group is an alkoxycarbonyl group such as a methoxycarbonyl or
a tert-butyloxycarbonyl group. These groups may be removed
by treatment with an organic acid such as trifluoroacetic
acid.

A suitable protecting group for a primary amino
group is, for example, an acetyl group, which may be removed
by treatment with an aqueous inorganic acid such as nitric,
sulfuric, or hydrochloric acid, or a phthaloyl group, which
may be remqved by treatment with an alkylamine such as
dimethylaminopropylamine or with hydrazine.

A suitable protecting group for a carboxy group may
be an esterifying group, for example, a methyl or an ethyl
group, which may be removed by hydrolysis with a base such as
sodium hydroxide. Another useful protecting group is a tert-
butyl group, which may be removed by treatment with an
organic acid such as trifluoro-acetic acid.

While particularly preferred processes for
preparing the antiproliferative compounds according to the
present invention have been described in detail, it will be
apparent to one skilled in the art that various other
processes as well as changes and modifications to the



acco}ding to the present iﬁ@ention I ncl ude hal ogen at ons such as Br, d,
F and lwo 93720055 referreqacg ocess for nmaking anti prpbri@g;gy/gy@(,

gui nazol i ne conpound 55 ornula |, wherein z and

Rlerr]-R err] have t gs as de§%r|bed previ ously, conpri ses
t he steps of: (1) reacting
a conpound havi ng the fornula

disclosed processes can be used to prepare the compounds of
the present invention.

The antiproliferative quinazoline compounds of the
present invention, which may be employed in the
pharmaceutical compositions according to the present
invention, include all of those compounds described above, as
well as pharmaceutically acceptable salts of these compounds.
Pharmaceutically acceptable acid addition salts of the
compounds of the invention containing a basic group are
formed, where appropriate, with strong or moderately strong
organic or inorganic acids in the presence of a basic amine
by methods known in the art. Exemplary of the acid addition
salts which are included in this invention are: (1) organic
acid salts such as maleate, fumarate, lactate, oxalate,
methanesulfonate, ethanesulfonate, benzenesulfonate,
tartrate, glucuronate, citrate, and acetate; and (2)
inorganic acid salts such as hydrobromide, hydrochloride,
hydrosulfate, phosphate and nitrate salts. Pharmaceutically
acceptable base addition salts of compounds of the invention
containing an acidic group are prepared by known methods from
organic and inorganic bases, and include nontoxic alkali
metal and alkaline earth bases, for example, /calcium, sodium
and potassium hydroxides; ammonium hydroxides; and nontoxic
organic bases such as triethylamine, butylamine, piperazine
and tri(hydroxymethyl)-methylamine.

ﬁé stated above, the compounds of the invention
possess antiproliferative activity, a property which may
express itself in the form of antitumor activity. A compound
of the invention may be active per se or it may be a pro-drug
that ie converted in vivo to an active compound. Preferred
compounds of the invention are active in inhibiting the
enzyme thymidylate synthase. Particularly preferred
compounds are active in inhibiting the growth of the L1210
cell line, a mouse leukemia cell line which can be grown in
tissue culture. Such compounds of the invention are also
active in inhibiting the growth of bacteria such as

Escherichia coli gram negative bacteria which can be grown in



[err] wherein L is daeaving group, for exanpl "3 hal ogen atom such
as Br, Gvp9d3sasgdsl, and Rlerr] has the sane neani ng as descpChadso3/02636
previously, with hydroxylanine hydr ochl ori de and chloral hydrate to form
an isonitrosoacetanilide conpound of t he ggrgula OH

culture. The compounds of the invention may also be active
inhibiting the growth of bacteria.

The antiproliferative compounds according to the
present 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 ligquid pharmaceutically acceptable carriers may be
employed. Solid carriers include starch, lactose, calcium
sulfate dihydrate, terra alba, sucrose, talc, gelatin, agar,
pectin, acacia, magnesium stearate and stearic acid. ILiquid
carriers include syrup, peanut oil, olive 0il, saline and
watexr. )

Similarly, the carrier or diluent may include any
prolonged release.,materiel, 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), such as an ampoule, or an
agqueous or nonagqueous liquid suspension.

The pharmaceutical preparations are made following
conventional techniques of a pharmaceutical chemist involving
steps such as mixing, granulating and compressing, when
necessary for tablet forms; or mixing, filling and dissolving
the ingredients, as appropriate, to give the desired products
for oral,rparenteral, topical, intravaginal, intranasal,
intrabroncﬁial, intraoccular, intraaural and rectal
administration.

The composition of the invention may further
comprise one or more other compounds which are antitumor
agents, such as a mitotic inhibitors (e.g., vinblastine),
alkylating agents (e.g., cis-platin, carboplatin and
cyclophosphamide), dihydrofolate reductase inhibitors (e.g.,
methotrexate, piritrexim and trimetrexate), other thymidylate
synthase inhibitors, antimetabolites (e.g., S5-fluorouracil
and cytosine arabinoside), intercalating antibiotics (e.g.,
adriamycin and bleomycin), enzymes (e.g., asparaginase),
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topoisomerase inhibitors (e.g., etoposide) or biological

response modifiers (e.g., interferon).

The composition of the invention may also comprise
one or more other compounds, including antibacterial,
antifungal, antiparasitic, antiviral, antipsoriatic and
anticoccidial agents. Exemplary antibacterial agents
include, for example, sulfonamide such as sulfamethoxazole,
sulfadiazine, sulfameter or sulfadoxine; dihydrofolate
reductase inhibitors such as trimethoprim, bromodiaprim or
trimetrexate; penicillins; cephalosporins; aminoglycosides;
bacteriostatic inhibitors of protein synthesis; the
guinolonecarboxylic 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 process
comprises administering to a host, such as a vertebrate host
(e.g., a mammal or bird) an effective amount of a compound
according to the present invention. A particularly preferred
therapeutic process comprises administering to a host an
effective amount of a compound according to the present
invention to inhibit the enzyme thymidylate synthase, The
compounds of the invention are particularly useful in the
treatment oflmammalian hosts, such as human hosts, and in the
treatment of avian hosts.

Any of the antipreoliferative compounds described
above, or pharmaceutically acceptable salts therecof, may be
employed in the therapeutic process of the invention. The
compounds of the invention 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 efficacious guantity of active compound. By an
efficacious quantity is meant a quantity sufficient to
inhibit the folate metabolic pathways and derive the
beneficial effects therefrom through administration of one or
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more of the pharmaceutical dosage units. An exemplary daily
dosage unit for a vertebrate host comprises an amount of up
to about 1 gram of active compound per kilogram of the host,
preferably one half of a gram, more preferably 100
milligrams, and most preferably about 50 milligrams per
kilogram of the host.

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 known method of administration, including
topically (e.g. as an ointment or cream), orally, rectally
(e.g., as a suppository), parentally, by injection or
continuously by infusion, intravaginally, intranasally,
intrabronchially; Intraaurally or intraocularly.

The compounds according to the present invention
may be characterized as producing any one or more of an
antiproliferative effect, an antibacterial effect, an
antiparasitic effect, an antiviral effect, an antipsoriatic
effect, an antiprotozoal effect, an anticoccidial effect or
an antifungal effect. The compounds are especially useful in

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

As stated previously, Table 1 discloses a number of
preferred compounds according to the present invention.
Examples of the process used to make several of these
preferred compounds is set forth below.

The structures of all compounds of the invention
were confirmed by proton magnetic resonance spectroscopy,
infrared spectroscopy, elemental microanalysis and/or mass
spectrometry. Infrared absorption spectra were taken on a
Midac FT or a Perkin Elmer Model 457 spectrophotometer.
Spectra were obtained as KBr (potassium bromide) pellets or
neat films, and the peak values were reported in cm™?.

Proton magnetic resonance spectra were determined
using a General EYectric QE-300 spectrometer operating at a
field strength of 300 MHz. Chemical shifts are reported in
parts per million (§) by setting the references such that,
in CDC13, the CHCl3 peak is at 7.26 ppm and, in DMSO-dG, the
DMSO peak is at 2.49 ppm. Standard and peak multiplicities
are designated as follows: s, singlet; d, doublet; dd,
doublet of doublets; t, triplet; brs, broad singlet; brd,
broad doublet; br, broad signal; m, multiplet.

Mass spectra were determined using a VG 7070E-HF
high resolution mass spectrometer using the direct insertion
method, an ionizing voltage of 70eV, and an ion source
temperature of 200°C. Elemental microanalysis provided
results fof the elements usually within * 0.4% of the
theoretical values.

General Procedures

N-N-Dimethylformamide ("DMF") was dried over
activated (250°C) 3-4 molecular sieves; N,N-
dimethylacetamide ("DMA") (Aldrich Gold Label grade) was
similarly dried. Tetrahydrofuran ("THF") was distilled from
sodium benzophenone ketyl under nitrogen. The term "ether"
refers to diethyl ether.

Flash chromatography was performed using Silica gel
60 (Merck Art 9385). Where the crude solid was insoluble in
the chosen eluant, it was dissolved in a more polar solvent,
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and Merck Art 7734 silica was added. The slurry was
evaporated to dryness on a rotary evaporator fitted with a
course glass frit to prevent spraying of the silica. The
coated silica was then applied to the column. Thin layer
chromatographs ("TLC") were performed on precoated sheets of
silica 60 F254 (Mexrck Art 5719). Extracts were dried over
anhydrous Nazso4 or MgSO4. Melting points were determined on
a Mel-Temp apparatus and were uncorrected.

Example 1: Preparation of Compounds 8A and 14a

Compounds 8A and 14A were prepared according to the
following reaction scheme:

OH
CHy CH, [
) ) Nj\ /@CH:’
0 8r
i
NG, NH,
1 2
0 8¢ o) Br
CH
CH: 3
=
HO 0

P N

HoN !

H

5 4 3
o ar o Br O Br
CH, CHy HN
HN H3C0 )\
=
HLO N HgN
6 7 8
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Preparation of Intermediate Compound (1) --
3-Bromo-4-methyl-aniline

A solution of 50.0 g (0.23 mol) 2-Bromo~4-nitro-
toluene in 500 ml methanol was placed in a Parr hydrogenation
bottle. To the solution was added 5.0 g Raney nickel. This
mixture was hydrogenated at 30 psi H, on the Parr
hydrogenator for three hours with agitation. The Parr bottle
was vented, the reaction mixture was filtered through
diatomaceous earth (celite), and the filtrate was evaporated
to yield 41.0g (95%) of a yellow oil. IR (neat) 3329, 3144,
2604, 1609, 1288, 1030, 812 cm™*; "H NMR (DMSO-dg) & 2.13
(s, 3H), 5.60 (bs, 2H), 6.46 (dd, 1H, J = 8.1 Hz, 2.3 Hz),
6.79 {(d, 1H, J = 2.3 Hz), 6.94 (d, 1H, J = 8.2 Hz). HRMS
caled. for C.HgBrN: 184.9843. Found: 184.9840.

Preparation of Intermediate Compound (2) --

3-Bromo-4—methyl-a~1son1trosoacetanlllde

A mlxture of 45.0 g chloral hydrate (0.27 mol),
65.0 g sodium sulfate (0.46 mol), 40.0g 3-Bromo-4-methyl-
aniline (1) (0.21 mol), 20 ml concentrated HCl, 55.0 g of
hydroxylamine hydrochloride (0.79 mol) and 1.5 1 of H,O were
heated at 100°C for one hour. The reaction mixture was
cooled to 0°C, and the precipitate was collected by
filtration. The solid was washed with Hzo and dried to yield
41.0g (76%) as a tan solid: M.P. 195-197°C. IR (KBr) 3439,
3310, 3110, 2998, 2876, 2749, 1636, 1591, 1466, 1256, 905,

691 cm~t; ' NMR (DMSO-dg) § 2.28 (s, 3H), 3.50 (bs, 1H),
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; and (6) suhjecting the quinazoline céitpound of step (5) to
a di splacenment reaction to replace the |eaving group L with one of the
desi r eWaRP2BP33[ err] substituents descri bed preV|ouslyfwaﬁysgﬁﬁgﬁg%ta|n
a conpound according to forula I. Step (1) can be carried out
under w dely varying conditions, but 43 typically carried out in the
presence of wat er, chloral hydrate, hydrochloric acid, sodiumsulfate
and hydr oxyl am ne hydrochloride at.a tenperature varying from

about OC to about 100C, preferably from about 20[err]C to about

100[ err] C, dn@8ndst, @iaf ef abl8. hitHapoul - 190[@dr | EH, J = 8.2, 2.1 8map (2)

can be carrige@0yly unqer sM-del yo wgsyi ngp ., 26 andiﬁlon§2 byt %s q;glcally

carried out in_the presence o concentra err]SC{err

t enper at ur ePPdyi k¢ ¥Somio R BB  Crt 822886t H108[853¢] BX rpréf-&abl y
from about &5[ @or.Jo@ .t o e s lQ@ efz]fi; H, 3ng7908Bk,pnefeugbhy at agout

80[err]C e _carri ut _under dely varyi ng
conditions, but is t)?ﬂiet%ﬁxl‘%}gcéoﬂ éaﬂbg I’Pﬁdf'ﬁgepggglgﬁgﬁg f(\gl) wat er
sodi um hydr oxi de and hydrogen pkrBrome-3+mathylisatiperature varying from

about Oferr]C to aboutn Sy ey 0 cBELeLablYa cursLERR B! aR0REH Gl

about 80C, and nost pre
added 40 g (0.156 mol) of (2) and stirred for one hour. The

reaction mixture was cooled to room temperature and then
poured onto 2 1 of crushed ice. The precipitate was
filtered, washed with water and then washed with benzene.
The red solid was added to 800ml of boiling ethanol. The
solution was allowed to cool to room temperature, collected
and then washed with cold ethanol. 6-Bromo-5-methylisatin,
as well as some of the desired product remains in the mother
liquor, and can be separated by silica gel flash column
chromatography. The filter cake was dried to yield 19g
(50.7%) of a red solid: M.P. 245-248°C. IR (KBr) 3302,
1750, 1609, 1466, 1273, 675 cm *; “H NMR (CDCly) 6§ 2.26 (s,
38), 6.8 (d, 1H, J = 7.9 Hz), 7.5 (d, 1H, J = 8.3 Hz), 11.06
(s, 1H). Anal. Calcd. for C9 6BrNOZ: C, 45.02; H, 2.52: Br,
33.28; N, 5.86. Found: C(, 45.10; H, 2.54; Br, 33.19; N,
5.84. _

Preparation of Intermediate Compound (4) -~

-, 5-Methyl-6-bromo-anthranilic acid

A nmixture of 80 ml 3N NaOH and 19 g of isatin (3)
(0.08 mol)'were heated at 80°C. To the solution was added 18
ml 30% H202, and the mixture was stirred for one hour. The
mixture was cooled to 5°C and acidified to pH5 with
concentrated hydrochloric acid. The solution was evaporated
to dryness and then added to 300 ml methanol. The mixture
was filtered, and the filtrate was evaporated to yield 18g of
a tan solid (97.8% theory): M.P. (hydrochloride) 2950-2384°C.
IR (KBr) 3619, 3229, 1578, 1478, 1412, 1381, 1084, 1010, 820,

706 cm™Y; 'H NMR (DMSO-dg) 6 2.13 (s, 3H), 4.9 (s, 2H), 6.4

Thus Sheet Has Been Replaced
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80C. Step (4)! can be carried out under w'dely varying
condi t \\ang3/2084s i s typically carried out in the presence ofPCT/US93/62636

- 21 - acetic anhydride at a tenperature varying fromabout 70[err]Cto
about 140[err]C, preferably from about 10gherr]c t o about 140[err C and
nost preferably at about 140[err]C Step (5) can‘b

under wi dely varying conditions, but is typically carried ou ﬁi\f
presence of

(d, 1, J = 7.9 Hz), 6.74 (d, 1H, J = 7.8 Hz)

Preparation of Intermediate Compound (5) ——

5-Bromo-6-methyl acetylanthranil
(5~-bromo-2,6~dimethyl~4H-~3, l1-benzoxazin-~4-one)

A mixture of 18 g anthranilic acid (4) (0.078 mol)
in 300 ml acetic anhydride was heated at reflux for 3 hours.
The solution was cooled to 0°C and filtered. The filter cake
was washed with acetone to yield 16 g (81% theory) as a white
solid (M.P. 190-194°C) which was used without further
purification. IR (XBr) 3460, 1750, 1660, 1574, 1416, 1260,
1070, 841 cm™'; 'H NMR (CDCl;) 6 2.45 (s, 3H), 2.55 (s, 3H),
7.40 (4, 1H, J = 8.2 Hz), 7. 64 (d, 1H, J =-8.0 Hz) HRMS
caled. for ClOHSBrNOZ: 252.9738. Found: 252.9743.

Preparatien of Intermediate Compound (6) —-
5-Bromo-3,4~-dihydro-2,6-dimethylgquinazolin-4-one

Anhydrous ammonia (50 ml) was condensed into a
flask containing 8.5 g (34.0 mmol) anthranil (5), and the
reaction was stirred for 3 hrs. The solvent was evaporated
to give a residue, and 75 ml of 1N NaOH was added. The
reaction mixture was heated at reflux temperature'for 1 hr.
The resulting solution was cooled to 0°C and acidified to pH4
with concentrated hydrochloric acid. The mixture was
filtered, and the filter cake was washed with water and then
dried to yield 7.1 g (82.5% theory) of 6 as a tan solid: M.P.
288-291°C. (dec.) The product was used without further
purificatioﬁ. IR (KBr) 2910, 2620, 1680, 1630, 1460, 1377,
1298, 1128, 872 cm™'; 'H NMR (DMSO-d¢) & 2.33 (s, 3H), 2.43
(s, 3H), 7.49 (d, 1H, J = 8.3 Hz), 7.70 (d, 1H, J = 8.3 Hz),
12.20 (bs, 1H). HRMS calcd. for C,oHgBrN,0: 251.9898.

Found: 251.9908.
Preparation of Compound (7) -~
Methyl-2-amino-6~bromo-5-methylbenzoate

A mixture of 10 g (0.039 mol) anthranil (5) in 75
ml methanol was heated at reflux for 2 hrs. To the solution
was added 10 ml concentrated hydrochloric acid, and the mix
was heated for an additional two hours. The reaction mixture

was evaporated to dryness. The residue was dissolved in 20

wl.



ammoni a at a tenperaturé&™varying fromabout -33[errT¢ to about 20[err] C,
pref er ghb Y3 Aho@boul, 0L SL 1] Gen Reptaceg . SLEP (6) can be qarriggs Aksginder
wi del y "varying C X |S typically carried out in the presence
of an appropriate % mtﬁﬁg Land catal yst at a tenperature varyi ng
fromabout 70[err]C iRl rr] C, prédéf erably from about 80[err]Cto
about 140[err]C, and nost preferably at from about 90[err]C to about
100[err] C. A nodification to the six step process discussed
above, conpri | t er nat

es fhe .Steps of; ) ) }§5a, treating the
Gcet yl anthr b [ipOnPBAnBeBrEatages. Coaphs o W AL RN Dy FY ochl or i ¢
acid, to obtajweous sobaphondwat therberumd arith methylene chloride. The
layers were separated, and the organic layer was dried over

magnesium sulfate, filtered and evaporated to dryness to
yield 6.0 g of (7), as an orange oil (63% theory). IR (neat)
3483, 3410, 3220, 3000, 2950, 2851, 1720, 1620, 1560, 1430,
1288, 1120, 1015, 816 cm *; “H NMR (CDCly) & 2.31 (s, 3H),
3.95 (s, 3H), 4.10 (bs, 2H), 6.60 (d, 1H, J = 8.2 Hz), 7.05
(d, 1H, J = 8.1 Hz). HRMS calcd. for CngoBrNO2: 242.9890.
Found: 242,9895,
Preparation of Intermediate Compound (8) -~
2-Amino-5-bromo-3,4~di~hydro-6-methylquinazolin-4-one
To a solution of methyl ester (7) (6 g, 24 mmol) in
50 ml of diglyme was added 3 g (24 mmol) of chloroformamidine
hydrochloride. The mixture was heated at reflux for 1 hr.
The mixture was cooled to 0°C and filtered. The solid was
washed with ether and then dried to yield 6.25 g (88% theory)
of a tan solid: M.P. (hydrochloride) >390°C. The product was
used without further purification. IR (KBr) 3140, 2950,
1670, 1620, 1471, 1402, 816, 600 cm  ;  H NMR (DMSO-d6) &
2.28 (s, 3H), 6.75 (bs, 2H), 7.0 (d, 1H, J = 8.3 Hz), 7.40
(d, 1H, J = 8.0 Hz), 11.8 (bs, 1H). HRMS calcd. for
C9H8BrN30: 253.9927. Found: 253.9929.
Preparation of Compound (9) (Compound 8A) —--
3,4~-Dihydro-2,6~dimethyl-4-oxo-5~(4-pyridylthio)-quinazoline
To a solution of 3.2 g 4-mercaptopyridine (28.8
mmol)} in 50 ml of anhydrous N,N-Dimethylacetamide at 0°C was
added 1.24 g (28.8 mmol) NaH (60% dispersion in minexal oil),
and the mix was stirred for 1 hr. To this reaction mixture
was added 3.1 g bromoguinazoline (6) (0.012 mol), 1.4 ¢
copper (I) bromide, and 0.70 g of copper (I) oxide. The mix
was heated at 90°C for 4 hrs. The reaction mixture was
evaporated to dryness, 50 ml of an st/methanol solution (10
g/l) was added to the residue, and the mixture was stirred
for 1 hr. The mixture was filtered, and the filtrate was
evaporated to dryness. The solid was purified via flash
chromatography on silica gel using MeOH/CH9Cly (5:95) to



[err] : f p or
(5a') tMEAPBAYOFhe anthranilic acid of step (3) PCT/US93/02636

- 22 - wi t h phosgene or triphosgene to forma conpound of the
formul a: - 46 -

yield 1.7 g (48% theory) of a tan solid: M.P. 235-238°C; IR
(KBr) 3430, 1670, 1633, 1575, 1460, 1408, 1300, 841, 820, 714
om™'; ' NMR (DMSO-d) § 2.28 (s, 3H), 2.40 (s, 3H), 6.80
(d, 2, J = 5.9 Hz), 7.60 (d, 1H, J = 8.3 Hz), 7.80 (d, 1H, J
= 8.5 Hz), 8.24 (d, 2H, J = 6.5 Hz), 12.10 (bs, 1H). Aanal.
Calecd. for C15H13N3OS'H20: C, 59.80; H, 4.98; N, 13.95; s,
10.63. Found: C, 59.58; H, 4.90; N, 13.89; S, 10.62. HRMS
Calcd. for C15H13N3OS: 283.0773. Found: 283.0779.

Preparation of Compound (10) (Compound 14A) —-
2-Amino-3,4-dihydro-6-methyl~4-ox0o~5-(4~pyridylthio)-
quinazoline

To a solution of 17.2 g 4~-mercaptopyridine (15.5
mol) in 250 ml of anhydrous N,N-Dimethylacetamide at 0°C was
added 6.2 g of (15.5 mol) NaH (60% dispersion in mineral
oil), and the reaction was stirred for 1 hr. To the solution
was added 15 g aminoquinazoline’HCl (8) (51.3 mmol), 4.5 g
copper (I) bromide, and 4.5 g copper (I) oxide. The mixture
was heated at 90°C for 4 hrs., and then concentrated under
vacuum. To the resulting solid was added 150 ml HZS/MeOH
solution (20 g/l). The dark mixture was stirred for 1 hr.,
the precipitated CuS was removed by filtration, and the
methanolic filtrate was evaporated. The solid was washed
with methylene chloride, followed by ethyl ether and finally
boiling isopropanol to yield 7.5 g (50% theory) of (10) as a
tan solid:.M.P. 301-302°C; IR (KBr) 3320, 3150, 2750, 1670,
1575, 1466, 1305, 1220, 804, 710 482 cm™*; 'H NMR (DMSO-d.)
§ 2.30 (s, 3H), 6.35 (bs, 2H), 6.80 (d, 2H, J = 5.9 Hz),
7.26 (d, 1B, J = 8.4 Hz), 7.58 (d, 1H, J = 8.5 Hz), 8.25 (bs,
2H), 10.85 (bs, 1H). BAnal. Calcd. for C,,H,,N,0S.1.5 H,O:
C, 54.00; H, 4.86; N, 18.00; S, 10.30. Found: C, 53.81; H,
4.25; N, 17.71; S, 10.28. HRMS calcd. for C14H12N4OS:
284.0734. Found: 284.0732.

This Sheet Has Been Replaced
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[err] which'is further treated with nmet hanogty (5b)
reactlﬁg t he product of step (5a) or (5a') wi t h chl or of or mani di ne
hydr octWEBHRIS obtai n a qui nazol i ne compound of the fBFMlf3P3/02636

- 47 -

Example 2: Preparation of Compounds 13A and 153
Compounds 13A and 15A were prepared according to

the following reaction scheme:

H
OCH3 OCH3 ?
Br Br Nj\ /Q:OCM
6] hll Br
NO, NH, H .
11 12
, l
o & o B 0 Br
o OCH, OCH, OCH,
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R N
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16 17 18
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then subbeshignss t N§iskhsuhd Bad rgplasazol i ne conmpound t oP@T disyslemaseent

reacti on as set fort“mﬁ‘mm‘\‘ﬂm di scussed above to obtain a
—~ 48 -

conmpound accor di ng
Preparation of Intermediate Compound (11) —-

3-Bromo-4-methoxyaniline

To a solution of 38.0 g of l-bromo-4-nitroaniscle
(0.164 mol) in 300 ml of methanol/THF (1:1) was added 5 ml of
anhydrous hydrazine and 4.0 g of activated Raney nickel
catalyst suspended in ethanol. The mixture was stirred and
heated to a gentle reflux, where upon the mixture began to
effervesce. Within a period of 3 hrs., 7 additional ml of
hydrazine and 4 additional grams of Raney nickel were
introduced into the reaction. The warm reaction mixture was
vacuum filtered through a pad of silica gel to remove the
catalyst, and the pad was thoroughly washed with ethyl
acetate. The filtrate was concentrated, and the dark brown
cil was placed under high vacuum to remove traces of solvent.
The product decomposes readily and was used as is. lH NMR
(CDClB) § 3.46 (s, 2H), 6.60 (dd, 1H, J = 8.6, 2.7 Hz), 6.73
(d, 1H, J = 8.6 Hz), 6.92 (d, 1H, J = 2.7 Hz).

Preparation of Intermediate Compound (12) -~

3-Bromo-4-methoxy-ec~isonitrosoacetanilide

In a 250 ml 3-neck round bottom flask, 84 ml water
was added to 6.3 g (37.8 mmol) chloralhydrate. The flask was
fitted with a mechanical stirrer and reflux condenser, and 80
g anhydrous sodium sulfate powder was added over a period of
1 minute with constant stirring. A solution of 6.3 g (31.2
mmol) of aniline (11) in 3.0 ml conc. HC1 and 21 ml water was
added, foliéwed by a solution of 7.7 g (112 mmol HZNOH-HCl
in 35 ml water. The mixture was slowly heated to reflux with
constant stirring and continued for 2 minutes at which time
brown crystals formed. The mixture was cooled, the solid
filtered off, washed well with water and dried to constant
weight by vacuum. The resulting solid weighed 5.65 ¢ (66%
theoretical) and was pure enough for the next step. An
analytical sample was prepared by recrystallization. M.P.
202-203°C (hexane, EtOAc). IR (KBr) 3409, 2875, 2056, 2023,
1643, 1634, 1543, 1502, 1295, 1270, 1047, 799 cm™*; 'H NMR
(CDCl3, one drop DMSO—ds) § 3.88 (s, 3H), 6.87 (d, 1H, J =
8.9 Hz), 7.53 (m, 2H), 7.83 (d, 1H, J = 2.5 Hz), 8.49 (s,



Step (5a) can be carrief@ut under widely varying ™} conditions, but is
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1H), 11.60 (s, 1H, NH). Anal. Calcd. for C9H9BrN203-0.ll
EtOAc: C, 40.09; H, 3.52; Br, 28.26; N, 9.91. Found: C,
40.45; H, 3.44; Br, 27.86; N, 10.34.
Preparation of Intermediate Compound (13) -~
4~Bromo-5-methoxyisatin

Vacuum dried o-Isonitrosocacetanilide (12) (3.0 g;
1]l mmol) was slowly added to 8 ml conc. H,50, at 50°C while
being stirred. The reaction mixture first became yellow, and
then turned dark. The temperature was raised to 65°C for 10
minutes, and the reaction was followed by TLC (EtOAc/hexane;
40:60). Heating at 65-70°C was resumed until all the
starting material was consumed as judged by TLC. Upon
completion, the reaction mixture was cooled and added to 80 g
of crushed ice with stirring. A dark red solid formed and
was filtered off, washed free of acid by water and dried
under vacuum. The resulting substance was purified by
chromatography on a flash silica column using a gradient
system of EtOAc/hexane; 40:60; 50:50; 60:40; 70:30; 80:20.
The undesired isomer, 6-Bromo-5-methoxyisatin eluted first,
followed by the desired iscmer (13), which was isolated as a
red solid (0.71 g; 25% yield). M.P. 250-251°C. IR (KBr) 2064,
1758, 1750, 1634, 1278 cm™'; 'H NMR (CDCl,, one drop DMSO-d 4 )
§ 3.91 (s, 3H), 6.84 (d, 1H, J = 8.8 Hz), 7.09 (d, 1H, J =
8.8 Hz), 10.88 (s, 1H). Anal. Caled. for CqH BrNO,: C,
42.19; H, 2.34; Br, 31.25; N, 5.47. Found: C, 42.27; H,
2.37; Br, 31.30; N, 5.42.

Preparation of Intermediate Compound (15) -—-
5-Bromo-6-methoxyacetylanthranil (5-bromo-2, 6-dimethyl—
4B-3,1~-benzoxazin-4-one)

A magnetically stirred solution of 2.28 g (8.9
mmol) isatin (13), in 13.4 ml of 2N ag. NaOH (26.7 mmol) was
cooled to 0°C. To this cold solution 0.90 ml of 30% H,0,
(8.9 mmol) was added gradually keeping the temperature below
20°C. The progress of the reaction was followed by TLC
(EtOAc/hexane; 40:60). An additional 0.20 ml of 30% H,0, was
added, and the reaction mixture was stirred 20 nminutes at

room temperature. At this time, TLC indicated consumption of



about 7/0[err]C to about 100[err]C, nore preferably afmbbout 100[err] C.
ep (W 9378’5 beTieaShed &ds Bmlt Repackdr Wi del y varying condi ti pag/udssser&e

typlcally carried presence of triphosgene at a tenperature
varyi ng from about

ut 20[err]C, and then (ii) in the presence
of methanol at a tenperature varying fronP8bout O[err]C to about 70[err]C,
nore preferably at a tenperature of fromabout O[err]C to about 20[err]C,
and nost preferably at about 20[err]C. Step (5b) can be carried
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conprises resafiidige Avderadpidpyni dkoessl bf ethyl acetate:hexane (2:1).

The mixture was heated and filtered hot through silica gel to

remove insoluble and colored particulants. The solution was
partially concentrated and allowed to cool, and the product
crystallized yielding 1.71 g (71% based on starting isatin
(13)). M.P. 228-229°C (dec.). IR -(KBr) 3397, 2039, 1717,
1651, 1625, 1543, 1295, 1055, 881, 617 cm”l; ly nMr (CDC13)
6§ 2.42 (s, 3H), 3.98 (s, 3H), 7.34 (d, 1H, J = 8.9 Hz), 7.51
(d, 1H, J = 8.9 Hz), Anal. Calcd. for ClOHBBrNOB C, 44.44;
H, 2.%6; Br, 29.62; N, 5.19. Found: C, 44.32; H, 3.04; Br,
29.53; N, 5.09.
Preparation of Intermediate Compound (16) -~
5~Bromo-3,4~dihydro-6-methoxy~2-methyl-quinazolin-4-one
To 1.25 g (4.6 mmol) of the anthranil (15), in a

dried round bottom flask equipped with a dry ice condenser,
was condensed approximately 50 ml of anhydrous NH,. The
nixture was magnetically stirred for 40 min. At this tinme,
the dry ice condenser was removed, and the NH3 was allowed to
evaporate. . Upon evaporation, 15 ml water and 1.5 ml of 2N
NaOH were added, and the solution was refluxed for 1 hr. The
solution was then cocled to room temperature, and 1N HCl was
added adjusting the pH to approximately 9 and thus
precipitating the guinazoline. The white substance was
filtered off, washed with water and dried, yielding 0.71 g
(57%). M.P. 273-274°C. IR (KBr) 3189, 3074, 2990, 2974,
2899, 2362, 1676, 1643, 1552, 1461, 1303, 1286, 1063, 872,
832 cm™'; 'H NMR (CDCl,) & 2.39 (s, 3H), 3.98 (s, 3H), 7.39
(¢, 1H, J = 9.0 Hz), 7.59 (d, 1H, J = 9.0 Hz), 11.60 (s, 1H),
Anal. Calcd. for ClngBrNZOZ: C, 44.61; H, 3.35: Bxr, 29.74;
N, 10.41; Found: C, 44.56; H, 3.40; Br, 29.63; N, 10.36.



NaH i n anhydrous N, N-Di met hyl acet am de. The process~ef preparing the _
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di met hyl f or mani de at§ u tu re varying from about -20[err]C to about
20[err]C, preferab } } ®Ri0[ err] C tgy about 20[err]C, and nost

preferably at about 20[err]C Anot her particularly preferred

process according to the present invention for preparing quinazoline

conpounds of formula I, conprises the steps of:

- 24 - Preparation of Intermediate Compound (17) (Compound 13A)} ~-
3,4—Dihydro—6—methoxy~2—methyl~4-oxo—5—(4—pyridy1thio)~
quinazoline

To 78 mg (0.7 mmol) of 4-Mercaptopyridine was added
34 mg (0.5 mmol) of solid NaOH in 1 ml of dry DNA. To the
resulting solution, 134 mg (0.5 mmol) of quinazolinone (16)
dissolved in 2 ml dry DMA was added. The mixture was kept
under N2’ and a finely ground catalyst mixture containing 44
mg CuBr and 22 mg Cuzo was added. The mixture was stirred
magnetically and heated to 135°C, until the reaction was
complete as judged by TLC (anh. NH3/MeOH/CHCl3;‘O.5: 4.5:
9.5). -The solvent was removed under high vacuum through a
cryogenic trap cooled to -78°C. The desired product was
isolated by flash thromatography (anh. NHB/MQOH/CHC13; 0.5:
4.5: 9.5) on silica, yielding 130 mg (89%) of (17) as a white
powder. M.P. 248-249°C (dec.). IR (KBr) 3358, 3073, 2933,
1682, 1634, 1574, 1475, 1462, 1318, 1277, 1059, 835, 710 cm™
1 1w (CDC1,) & 2.36 (s, 3H), 3.84 (s, 3H), 6.90 (d, 2H,
J =5.1 Hz), 7.48 (d, 1H, J = 9.1 Hz), 7.79% (d, 1H, J = 9.1
Hz), 8.28 (d, 2H, J = 5.1 Hz), 10.86 (s, 1H). Anal. Calcd.
for 015H13N3028= C, 60.18; H, 4.38; N, 14.04; S, 10.71.
Found: C, 60.28; H, 4.43; N, 14.07; S, 10.63. HRMS Calcd. for
ClSH13N3OZS= 295.0730. Found: 299.0718.

Preparation of Intermediate Compound (18) (Compound 15A) --
3,4~-Dihydro<6~hydroxy-2-methyl-4-oxo-5~(4~pyridylthio)~
guinazoline

To cleave the methyl ether, quinazoline (17) (100
mg; 0.30 mmol) was gently refluxed with 2 ml of a 1:1 mixture
of 48% ag. HBr and glacial AcOH for 8 hrs. At this time, the
solvent was removed via high vacuum through a cryogenic trap
at -78°C. The obtained residue was dissolved in 10% anh. NH
in MeOH, and subjected to flash column chromatography on
silica (anh. NH3/MeOH/CHCl3; 0.5: 4.5: 9.5) yielding 62 mg
of (18) as a white powder (65%) M.P. 246-247° (dec). IR

(XBr) 3450, 3240, 3073, 1667, 1634, 1580, 1464, 629 cm“l; 'y
NMR (CDC13) 6 2.40 (s, 3H), 6.83 (d, 2H, J = 6.0 Hz), 7.40
(d, 1H, J = 9.0 Hz), 7.59 (d, 1H, J = 9.0 Hz), 8.20 (d, 2H, J

3



(1) reacting a conpound of the fornula [err] iR wherein the
Rl err] weRsliidodgnt is hydrogen, -CHerr], -OCHerr], CF[err],CWUS%/02636
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= 6.0 Hz), 8.51 (s, 1H), 11.51 (s, 1H). Anal. Calecd. for
C14H11N3028: C, 58.94; H, 3.13; N, 11.87; S, 11.22. Found:
C, 58.98; H, 3.16; N, 12.00; S, 11.61. HRMS calcd. for
C14H11N3028: 285.05733. Found: 285.05720.

Example 3: Preparation of Compound 12Aa

Compound 12A was prepared according to the
following reaction scheme:

NG, S/©
> ﬁj

P P

N eny v CHa
o- * o-
19
I
(o} S = CH, S/\©
‘ CHs N
HN ‘ S l
Z
Hoe SN NZ CH,
ta1 20
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Preparation of Compound (19) --
4-Benzylthio-2-picecline-N-oxide
Mineral o0il was removed from potassium hydride

(0.11 M; 35 wt. % dispersion in mineral oil) by several
washings with petroleum ether (5 x 50 ml). The remaining
petroleum ether was removed under vacuum. To this dry solid,
350 ml of anhydrous THF was added cautiously. The well
stirred suspension was cooled to 0°C. To this mixture, 14.1
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ml (0.12 mol) of benzylmercaptan was added dropwise over a
period of 30 minutes. The resultant milky white mixture was
warmed to room temperature and allowed to stir for an
additional 30 minutes. The mixture was then cooled to -30°C,
and 15.41 g (0.1 mol) of 4-nitro-2-picoline-~-N-oxide was added
portionwise. The mixture became dark orange~brown in color.
Once warmed to room temperature, the mixture was refluxed for
one hour. At this time, the reaction was cooled to 0°C and
quenched with 50 ml of water. The pH of the mixture was
adjusted to approximately 6 with 2 M HCl, and extracted with
dichloromethane (3 x 300 ml). The combined organic layers
were dried (anhydrous Na2504), and the solvent was removed
under reduced pressure. The crude residue was
chromatographed on "flash silica gel with MeOH/CH2012
(Gradient: 3:97, 4:96, 5:95). The pure product was isolated
(6.94 g; 30% yield) as a tan solid: M.P. 98-98°C; IR (KBr)
3063, 3028, 1612, 1466, 1236, 831, 715, 675 cm™'; 'H NMR
(CDC13) § 2.45 (s, 3H), 4.16 (s, 2H), 6.97 (dd, 1H, J = 6.8,
2.7 Hz), 7.07 (4, 1K, J = 2.7 Hz), 7.32 (m, 5H), 8.09 (d, 1H,
J = 6.8 Hz). Anal. Calcd. for C13H13NOS C, 67.50; H, 5.66;
N, 6.05; 8§, 13.86. Found: C, 67.51; H, 5.69; N, 6.08; S,
13.77.
Preparation of Intermediate Compound (20) ~-
4-Benzylthio-2-picoline

Compound {19), (1.97 g, 8.5 mmol) was dissolved
into 50 ml of chloroform. The solution was stirred, cooled
to 0°C, and 1.75 ml (17.4 mmol) of phosphorous trichloride
was added dropwise. Once the addition was complete, the
reaction mixture was brought to room temperature and then
heated slightly under reflux temperature (approximately 55°C)
until no starting N-oxide was present by TLC (MeOH/CHZClz;
5:95). The solution was then recocoled to 0°C, and 10 gm of
ice was added with vigorous stirring. The mixture was made
basic (pH 8) by careful addition of 1 M NaOH, and the organic
phase was separated. The aqueous layer was extracted with
dichloromethane (3 x 50 ml), and the organic layers were
combined and dried (anhydrous Na3804). Removal of the
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solvent under reduced pressure gave an oil which was
chromatographed on a short flash silica column using MeOH/
CH2C12; 3:97. The product was isolated as a white soligd
(1.54 g; 84% yield): M.P. 69-70°C; IR (KBr) 3028, 3003,
2920, 1583, 1454, 864, 815, 719, 702 cm™*; ‘H MMR (CDC1,) 5
2.55 (s, 3H), 4.22 (s, 2H), 7.03 (m, 2H), 7.35 (m, S5H), 8.28
(d, 1H, J = 5.5 Hz). Anal. Calcd. for C13H13NS: C, 72.52; H,
6.08; N, 6.50; S, 14.90. Found: C, 72.46; H, 6.11; N, 6.50;
S, 14.80

Preparation of Compound (21) (Compound 12A) -~
3,4-Dihydro-2,6~dimethyl~4-0x0~5~[4~(2-picolinylthio) ]~
quinazoline

To a solution of 5 ml NH3 condensed into 5 ml THF
kept at -78°C was &ddded 115 mg sodium metal (5.0 mmol). The
deep blue solution was stirred for 15 minutes. To the
reaction mixture was added 1.0 g (4.65 mmol) of 4-benzylthio-
2-picoline (20), and the reaction was stirred for 1-1/2 hrs.
at 0°C. The solvent was removed under vacuum, and to the
resulting solid was added 10 ml of anhydrous N,N-
Dimethylacetamide, 0.5 g quinazoline {(6) (2.0 mmol) and 0.25
g of copper (I) bromide. The mix was heated at 90°C for 4
hrs. The solvent was removed under vacuﬁm, and the solid was
treated with 10 ml of st/MeOH solution (20 g/l). The
insoluble CuS was filtered off, and the filtrate was
evaporatedfgp dryness. The solid was purified using flash
chromatography on silica with MeOH/CHZCl (5:95) to yield 400
mg (84% theory) of a tan solid: M.P. 225-227°C; IR (KBr)
3480, 3160, 3053, 2960, 1670, 1630, 1590, 1460, 1298, 831 cm
'; 'H MR (DMSO-dg) § 2.28 (s, 6H), 2.36 (s, 3H), 6.60 (bs,
1H), 6.80 (6s, 1H), 7.60 (d, 1H, J = 8.4 Hz), 7.80 (d, 1H, J
= 8.4 Hz). Anal. Calcd. for 016H15N3OS-0.5 H20: C, 62.73; H,
5.22; N, 13.72; 8§, 10.46. Found: C, 63.08; H, 5,20; N,
13.73; s, 10.50. HRMS Calcd. for CigH15N308: 297.0936.
Found: 297.0936.
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Example 4: Preparation of Compound 164

Compound 16A was prepared according to the
following reaction scheme:

OCH3 ri“' OCHJ
O-
22
»
s/\© NG,
® 6\1
‘M
- |
T+ OCH, NG OCH;,
o &
24 23
I
5/\0 ? S N OCH,
&
N™ TOCH, lﬁc’l“n
25 26
16A
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Preparation of Intermediate Compound (22)

I

2~-Methoxypyridine~N-oxide
This compound, originally prepared by H.J. Den
Hertog and M. Van Ammers, Rec, Trav. Chim. 1855, 74, 1160,
was synthesized using a different procedure. To a solution

of 21.83 of 2-methoxypyridine (0.2 mol) in glacial acetic
acid (80 ml), was cautiously added 30% hydrogen peroxide (20
ml). The stirred mixture was heated to 80°C for 3 hrs, and
cooled to room temperature. An additional 20 ml of 30% H202
was added, and the clear solution was heated at 80°C for 12
hrs. The solution was concentrated to half the original
volume under vacuum, and 100 ml of water was added. The
solution was reconcentrated, and the process was repeated two
times (2 x 100 ml’Hzo). The syrup was placed under vacuum to
remove remaining water and acetic acid. After time, a white
solid formed. The material obtained in quantitative yield
was used without further purification; M.P. 128-130°C; IR
(KBr) 3447, 1613, 1570, 1508 1447, 1316, 1214, 1015, 764 cm
'; H NMR (CDC1,) 5 4.05 (s, 3H), 6.91 (d, 1H, J = 8.0 Hz),
6.92 (m, 1B), 7.33 (dt, 2H, J=8.0, 1.6 Hz), 8.3 (dd, 1K, J =
6.3, 1.6 Hz). HRMS Calcd. for C6H7N02: 125.0477. Found:
125.0474.
Preparation of Intermediate Compound (23) --
2-Methoxy-4-nitropyridine-N-~oxide

The nitration was carried out using the method of
Den Hertog and Van AmmersB. The results obtained from this
experiment differ from those reported. Concentrated H,50,
(35 ml) was cooled to 0°C, and 15.3 g of N-oxide (22) (0.12
ml) was cautiously added in portions. To this stirred
solution, kept at 0°C, was added the nitrating mixture (conc.
H,80,; 35 ml: fuming HNO3; 60 ml) dropwise. The ice bath was
removed, and the mixture was heated to 75°C for 90 mins. The
mixture was recocled to 0°C and cautiously poured onto 150 g
of ice. With vigorous stirring, portions of solid K2C03 were
added until the pH was 7. The liguid was then extracted
several times with CH2C12 (3 x 200 ml). The agqueous layer

was continuously extracted with CHCl3. The organic layers
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(23), was obtained as a yellow solid (30%): M.P. 176-178°C
(decomp.); (Literature: 154.5-158.5°C, dec.)2; IR (KBr) 3106,
3082, 1601, 1528, 1346, 1296, 1231, 1088, 1011, 660 cm™': 1j
NMR (CDC13) § 4.18 (s, 3HY, 7.73 (d, 1H, J = 2.9 Hz), 7.78
(dd, 1H, J = 7.1, 2.9 Hz), 8.35 (d, 1H, J = 7.1 Hz). Anal.
Caled. for CGHSNZQA: C, 42.36; H, 3.56; N, 16.47. Found: C(C,
42.42; H, 3.57; N, 16.41.
Preparation of Intermediate Compound (24) ~-

4-Benzylthio-2-methoxypyridine-N-oxide

The pyridine-N-oxide (24) was prepared in similar
fashion to the preparation of compound (19), with the
following changes. Once the 4-nitro-2-methoxypyridine-N-
oxide was added, the reaction mixture was allowed to warm to
room temperature. Stirring was continued for 12 hrs. The
precipitated sclid that forms was filtered and washed with
ice cold THF. The solid was dried under vacuum and shown to
be one spot by TLC (MeOH/CHZClZ; 10:90). The filtrate was
concentratéd and flash chromatographed on silica with MeOH/
CH2C12 (gradient: 4:96, 5:95 6:94). An analytically pure tan
solid was isclated. The total combined yield was 70%. M.P.
131-133°C; IR (KBr) 3105, 3038, 3005, 1670, 1610, 1543, 1483,
1290, 1211, 1132, 1016, 802 cm *; “H NMR (CDC1,) 6 3.95 (s,
3H), 4.19 (s, 2H), 6.64 (d, 1H, J = 2.4 Hz), 6.78 (dd, 1H, J
= 6.9, 2.4 Hz), 7.33 (m, 5H), 8.09 (d, 1H, J = 6.9 Hz).
Anal. Calecd. for Cl3H13N023: C, 63.13; H, 5.30; N, 5.66; S,
12.96. Found: C, 62.88; H, 5.28; N, 5.62; S, 12.89.

Preparation of Intermediate Compound (25) —-
4-Benzylthio-2-methoxypyridine

The starting pyridine-N-oxide (24), (1.85 g) was

reduced using the method to prepare compound (20), except
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heating of the mixture was not necessary. The reaction was
complete in approximately 90 minutes. Flash silica
chromatography using ether/petroleum ether, 5:95; yielded
1.57 g (90%) of compound (25) as a tan solid. M.P. 35-36°C;
IR (XBr) 3028, 2943, 1589, 1543, 1385, 1307, 1037, 715 cm“l;
n MMR (CDCLy) & 3.98 (s, 3H), 4.23 (s, 2H), 6.64 (d, 1H, J
= 1.6 Hz), 6.84 (dd, 1H, J = 5.9, 1.6 Hz), 7.35 (m, 5H), 7.98
(d, 1H, J = 5.9 Hz). Anal Calcd. for C,.H,.NOS: C, 67.50; H,
5.66; N, 6.05; 8, 13.86. Found: C, 67.60; H, 5.70; N, 6.10;
S, 13.80.

Preparation of Compound (26) (Compound %GA) -
3,4-Dihydro-2,6-dimethyl~4-0x0-5~-
[4-(6-methoxypyridylthio) Jquinazoline

This compound was prepared in 6-7% yield as
described for (21) (Compound 12a). Tan solid; M.P. 223-
226°C; IR (KBr) 3445, 1684, 1675, 1669, 1452, 1394, 1320,
1038 om™*; 'H MMR (DMSO-dg) & 2.28 (s, 3H), 2.35 (s, 3H),
3.70 (s, 3H), 6.05 (s, 1H), 6.49 (dd, 1H, J = 4.1, 2.9 Hz),
7.60 (d, 1H, J = 8.5 Hz), 7.78 (d, 1H, J = 8.4 Hz), 7.85 (d,
1H, J = 5.4 Hz), 12.10 (s, 1H). HRMS calcd. for'ClGHlsNBOZS
313.0885. Found: 313.0882.
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Example 5: Preparation of Compounds 17A and 183

Compounds.17A and 18A were prepared according to
the following reaction scheme: '

NO,
® B >
]
Z P !
N CF3 N+ CF N P
| 3 f"Jw- CFJ
O- 0-
»*
A
S OCH:CH3 NHZ
® Ny
=
N™  TCFy NT ek,
30 29

This Sheet Has Been Replaced Ty

TR

17a 18A



xant hat e conpound to obtain a conpound of the formula ™
and Bdeh Repidctte product of step (2) topep/ysdiyfsdlysis

T £ ur VRLI/PR055, | Shs SRkl v ot °The
o BT

Preparation of Intermediate Compound (27) -~

2-Trifluoromethylpyridine~-N-oxide

Using the procedure to prepare intermediate (22},
2-trifluoromethylpyridine-N-oxide was synthesized in 72%
yvield starting from 2-trifluoromethylpyridine. <(Yellow oil);
IR (neat) 3125, 3085, 1721, 1615, 1439, 1329, 1269, 1115,
1071, 1044, 852, 771, 662 cm *, H NMR (CDCly) § 7.38 (t,
1H, J = 7.9 Hz), 7.48 (dt, 1H, J = 7.0, 2.1 Hz), 7.71 (dd,
1H, J 7.9, 2.1 Hz), 8.35 (d, 1H, J = 6.5 Hz). &Anal. Calcd.
for C6H4F3NO-0.5 H20= c, 41.87; H, 2.93; F, 33.12; N, 8.14.
Found: ¢, 41.84; H, 2.81; F, 33.19; N, 8.26

Preparation of Intermediate Compound (28) --

it

4-Nitro-6-~trifluoromethylpyridine~N-oxide

The nit¥ation of pyridine-N-oxide (27) was carried
out using the same method to prepare compound (23), with the
following changes. The reaction mixture was heated at 125~
130°C for 3-1/2 hrs. During work-up, no continuous
extraction of the agqueous layer was necessary. The crude
solid was purified employing flash column chromatography on
silica using ethyl acetate/hexane; 20:80. The product was
isolated as a yellow solid (M.P. 112-114°C) in 38% yield. IR
(KBr) 3416, 3125, 1620, 1591, 1537, 1448, 1354, 1306, 1281,
1165, 1130, 916, 693 cm™'; 'H NMR (CDCl,) & 8.28 (dd, 1H, J
= 7.2, 3.1 Hz), 8.36 (d, 1H, J = 7.2 Hz), 8.52 (d, 1H, J =
3.1 Hz). -Bnal. Calcd. for C6H3F3N203= C, 34.63; H, 1.45; F,
27.39; N, 13.46. Found: C, 34.86; H, 1.35; F, 27.16; N,
13.66.

Preparation of Intermediate Compound (29) --
4~Aamino~-6-trifluoromethylpyridine

In a Parr hydrogenation bottle, 8.32 g of
nitropyridine-N-oxide (28) (0.04 mol) was dissolved in 275 ml
of 95% ethanol. The bottle was flushed with argon, and 0.83
g of 10% palladium on activated carbon was added. The bottle
was shaken under 35 psi of hydrogen for 45 min on a Parr
hydrogenator. At this time, the catalyst was filtered off
through a celite pad. The ethanolic filtrate was

concentrated under vacuo, and the oil was dissolved in 50 ml
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of dichloromethane. This solution was filtered through a
small pad of silica gel to remove traces of catalyst and
carbon. The filtrate was concentrated, and traces of solvent
were removed under vacuo. The oil slowly crystallized to
give 5.77 g (89% yield) of an analytically pure light orange
solid. M.P. 56-58°C; IR (KBr) 3501, 3335, 3175, 1657, 1611,
1472, 1373, 1300, 1169, 1117, 993, 850 cm™*; *H NMR 5 4.40
(bs, 2H), 6.64 (dd, 1H, J = 5.6, 2.3 Hz), 6.89 (d, 1H, J =
2.3 Hz), 8.30 (d, 1H, J = 5.6 Hz). Anal. Calecd. for
C6H5F3N2: C, 44.45; H, 3.11; F, 35.16; N, 17.28. Found: (C,
44.56; H, 2.95; F, 35.14; N, 17.28. HRMS calcd. for
C6H5F3N2: 162.0405. Found: 162.0402.

Preparation of Intermediate Compound (30) --

Ethyl-4—(6-trifluoromethylpyridyl)xanthate
A solution of 4.86 g of Amine (29) (0.03 mol) in 30

ml of concentrated HZSO4 was cooled to 0°C. An agqueous
solution (30 ml H,0) of 2.69 g NaNO, (39.0 mmol) was cooled
to 0°C and added dropwise over a period of 15 min. Stirring
of the brown mixture was continued at 0°C for 5 additional
minutes. At this time, an ice cold solution of 8.17 g of
potassium ethyl xanthate (51.0 mmol) in 30 ml of HZO was
added dropwise, maintaining the reaction temperature, between
0-5°C. The mixture was warmed to room temperature, and
dichloromethane (125 ml) was added. The aqueous layer was
neutralized to pH7 with solid Na2003. The organic layer was
separated, and the agueous layer was extracted with ethyl
acetate (3 x 50 ml). The organic layers were combined, dried
over anhydrous Na2SO4, and concentrated. The residue was
subjected to flash column chromatography using silica gel and
a gradient solvent system of ethyl acetate/hexane (2:98,
2.5:97.5, 3:97). Compound (30) was isolated as a yellow oil
in 36% yield and was used without further purification. IR
(neat) 3061, 2988, 2901, 1738, 1584, 1555, 1406, 1323, 1252,
1184, 1146, 1038, 845, 720 cm ~; "H NMR (CDCl,) 6 1.38 (t,
3, J = 7.1 Hz), 4.66 (g, 2H, J = 7.1 Hz), 7.60 (dd, 1H, J =
5.0, 1.3 Hz), 7.83 (4, 1H, J = 1.0 Hz), 8.77 (d, 1H, J = 5.0
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Hz). HRMS calcd. for C
(M+1): 268.0065.
Preparation of Compound 31 (Compound 17A) -~
3,4-Dihydro-2,6-dimethyl—~4-0x0~5-[4~(6-
trifluoromethylpyridylthio) j-quinazoline
To a solution of 0.67 gm of xanthate (30) (2.5
mmol) in 3 ml MeOH was added 2.5 ml 1 N KOH in methanol, and
the mixture was stirred for 1-1/2 hr. The mixture was
evaporated to dryness, and to the residue was added 10 ml of
anhydrous N,N-Dimethylacetamide, 0.25 g quinazeline (6) (10.0
mmol), 0.1 g copper (I) bromide, and 0.1 g copper (I) oxide.
The mixture was heated &t 90°C for 6 hrs. and then the
solvent was evaporated. The solid was treated with 50 ml of
H,5/MeOH solutidn (20 g/l) for 1 hr. The mixture was
filtered, and the filtrate was evaporated to dryness. The
solid was purified via flash chromatography on silica using
MeOH/CHzclz(S:QS) to yield 65 mg {18.5% theory) of a yellow
solid: M.P. 240-245°C; IR (KBxr) 3440, 3190, 3057, 2850,
1675, 1630, 1595, 1321, 1140, 720 cm™*; 'H NMR (DMSO-d6) &
2.28 (s, 3H), 2.42 (s, 3H), 6.97 (d, 1H, J = 5.2 Hz), 7.46
(d, 18, J = 1.1 Hz), 7.67 (d, 1H, J = 8.4 Hz), 7.84 (d, 1H, J
= 8.4 Hz), 8.37 (4, 1H, J=5.2 Hz), 12.05 (bs, 1H). HRMS.
Calcd. for Ci6H12 3N3OS 351.0656. Found: 351.0653.
Preparation of Compound 32 (Compound 183) --
,g—Amino~3,4-dihydro—6-methy1-4—oxo—5-[4—(6—
‘trifluoromethylpyridylthio)]-quinazoline
This compound was prepared in 22% yield as
described above. Tan solid; M.P. 247-249°C; IR (KBr) 3421,
2056, 1650, 1625, 1485, 1419, 1328, 1146, 815, 724 cm '; 'H
NMR (DMSO—dG) § 2.30 (s, 3H), 6.50 (bs, 2H), 6.97 (dd, 1lH, J
= 4.1, 1.2 Hz), 7.30 (4, 14, J = 8.4 Hz), 7.39 (d, 1H, J =
1.0 Hz), 7.62 (d, 14, J = 8.6 Hz), 8.36 (d, 1H, J = 5.2 Hz),
12.10 (bs, 1H). HRMS calcd. for C15 11 3N4OS (M + 1):
353.0677. Found (M + 1): 353.0684.

H,F

3N052 (M+1)}: 268.0077. Found

97’8
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S RO [Jerr] ' %, Step (1), the reduehng step, can be
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in the WPSSEHWOE5of hydrogen gas, an appropriate sol vent and’d"&?@é‘?%ﬁﬁﬁc
anount of palladium preferably at roomtenperature of about 20[err]C O
course, elevated tenperatures nmay be used 68n-sone cases to expedite the
reaction.

Example 6: Preparation of Compound 263
Compound 26A was prepared according to the

following reaction scheme:

NO, NO,
ﬁ ﬁ
o
?'Ih/ Br '}‘"’ N{CH;),
O- O
33

N N(CHy); ’i‘+ N(CH,),
o
35 34

g
o s N(CHg),
HN l
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Preparation of Intermediate Compound (33) --
6-Dimethylamino-4-nitropyridine-N-oxide
To a solution of 5.0 g (23 mmol) of 2~Bromo-4-
nitropyridine-—N-—oxide4 dissolved in 75 ml of tetrahydrofuran,
was added 1.1 g (24 mmol) dimethylamine. The mixture was
stirred for 3 hrs, followed by filtration to remove the

N7 NiCHa)

16 37
26A
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condi t | Is typically carried out in the presence of
aqueou?ﬂgﬁ?ﬁﬁg%ﬁ NaNJ err] foll owed by potassiumxanthate,%Ewusg&&ﬁﬁi;6
tenperature varying fromabout -40[err]C to about 20[err]C,

preferably fromabout O[err]C to about 5fef4]€ and nost preferably

at about Of[err]C The hydrolysis part of step (3) can be
carried out under widely varying conditions, but is preferably
carried out with NaOH/ CH err]OH at a tenperature of from about

O[err]C to dimetiydgming-dydrobrgridesalen phre &ilsrape( ypst evapwinated
hydrol ysi s akgo digedds Caldd athdWridéeleso @ekys Vah¥iRled by flash column
chromatrography on silica using methanol/dichloromethane;
4:96. The product was isolated as an orange solid (M.P. 128-
130°C) in 83% yield. “NMR (CDCl,) & 3.14 (s, 6H), 7.67 (m,
2H), 8.24 (d, 1H, J = 7.1 Hz). Anal. Calcd. for C,HgN,O,: C,
45.60; H, 4.95; N, 22.94. Found: C, 46.00; H, 5.00; N, 22.95.
Preparation of Intermediate Compound (34) -~
6-Dimethylamino-4-(4-methoxybenzylthio)-pyridine-N-oxide
To a solution of 1.1 g (7.1 mmol) of 4-Methoxy-o-
toluenethiol dissclved in 75 ml anhydrous DMF, was added 0.28
g (7.0 mmol; 60 wt. % dispersion in mineral oil). After
stirring for 1 hr, a solution of 1.2 g (6.55 mmol) of
pyridine~N-oxide 33 in 25 ml anhydrous DMF was added
dropwise. The reaction mixture was stirred for 2 hrs and was
then poured into 200 ml HZO' The aqueous solution was
extracted with 500 ml diethyl ether, separated, and dried
over anhydrous MgSO4. The ether was evaporated to give
compound 34 as a tan solid in 63% yield. 'H NMR (CDCL,
3.06 (s, 6H), 3.83 (s, 3H), 4.16 (s, 2H), 6.60 (d, 1H, J
2.5 Hz), 6.70 (d, 1H, J = 7.0 Hz), 6.90 (d, 2H, J = 8.7 Hz),
7.36 (d, 2H, J = 8.7 Hz), 8.0 (d, 1H, J = 7.0 Hz).
Preparation of Intermediate Compound (35) --
6-Dimethylamino-4-{4-methoxybenzylthio)~pyridine
The starting pyridine-N-oxide 34, (0.60 g; 2.07
mmol) was reduced using the method to prepare compound 25.

5

Upon completion of the reaction, the mixture was poured into
200 ml H20, and the pH was adjusted to 7. The agueous
solution was extracted with ethyl acetate (500 ml), and the
organic phase was dried over anhydrous Na2804, filtered and
concentrated. No chromatography was necessary, and the
product, 35, was isolated as a yellow solid in 88% yield. -lH
NMR (CDCl3) § 3.08 (s, 3B, 3.82 (s, 3H), 4.17 (s, 2H, 6.34
(d, 2H, J = 1.3 Hz), 6.48 (d, 1H, J = 5.5 Hz), 6.87 (d, 2H, J
= 8.7 Hz), 7.33 (d, 2H, J = 8.7 Hz), 8.0 (d, 1H, J = 5.5 Hz).

This Sheet Has Been Replaced

L



conditions but is typieally carried out in the presence of an

about
about 100[err]C and nost preferably at about 90[err]C

approp sol vent " and catal yst, at a tenperature PCT/ ' from
erg?géfo about 165[err]C, preferably from about Cj‘U%%?é??

to

Anot her preferred process for preparing the> - qui nazol i ne conpounds of
formula I, wherein Z and R err] to R err] have the sane neani ngs as
descri bed previously, conprises the st eps of: (1)

reacting a conpound 9; the fo

rep aratlon é% Interéeéléte Compound (36) ~-
6-Dimethylamino-~4-mercaptopyridine
A formic acid (10 ml) solution of pyridine 35 (0.40
g; 1.46 mmol) was cooled to 0°C. To this solution was added
1.2 g of Hg(OAc), dissolved in 3 ml H,0. The ice bath was
removed, and the reaction mixture was allowed to stir for 12
hours. At this time, the pH was adjusted by the addition of
aqueous ammonia. A grey precipitate formed which was
filtered, washed with an excess of Hzo and air dried. The
solid was then taken up in a saturated st/methanol sclution.
A black solid (HgS) formed and was filtered off. The
filtrate was evaporated to dryness to yield a yellow solid
(89%) which was used without further purification. 1y NMR
(CDCl3) § 3.12 (s, 3H), 3.5 (bs, 1H), 6.5 (d, 1H, J = 5.3
Hz), 6.57 (d, 1H, J = 3.6 Hz), 7.69 (d, 1H, J = 5.5 Hz).
Preparation of Compound'37 (Compound 26A) -—
3,4-Dihydro-2,6~dimethyl-4-0x0~5~{4- (6~
dimethylaminopyridylthio)]-quinazoline

This compound was prepared from intermediates 6 and
36 using the exact procedure to generate compound 9 (8A).
The crude product was purified by flash column chromatography
on silica gel using MeOH/CH2C12 (8:92) to give a tan solid in
21% yield. 'NMR (DMSO-dg) § 1.97 (s, 3H), 2.08 (s, 3H),
2.56 (s, 3H), 5.55 (d, 1H, J = 5.4 Hz), 5.82 (d, 1H, J = 1.2
Hz), 7.27 (d, 1H, J = 8.4 Hz), 7.44 (d, 1H, J = 5.2 Hz), 7.45
(d, 2H, J = 8.4 Hz), 12.75 (bs, 1H). Anal. Caled. for
c,.H OS 0. +5H,0: C, 60.82; H, 5.66; N, 16.69; S, 9.54.

17 18
Found: C, 61.01; H, 5.63; N, 16.55; 8, 9.42.
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wherein Rerr] to Rerr] hg\\ie t he sane neani ngs as descri bed
previ ouplgyesz/mbéds a conpound suitable for providing a PCT/US93/02636
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Example 7: Preparation of Compounds 272 and 28A

Compounds 27A and 28A were prepared according to
the following reaction scheme:

0 Br
. CH,
LI O
HC™ N
6
* COH
COZCHQ Q/ 2
0 SO o S
H.
Moy CHs Hen | crs
/K. | HC/K\N
38 39
28A
O COCH,CH, TP
H
Y
| H
c CH [} COpH
o [ OZCH2 3 O
y CHs Hay } CHs
*N
/R | HC/kN
HoC N 3
40 41

27A
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protecting group P, to forma conpound of the fornufq [err]
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Preparation of Intermediate Compound (38) --
Methyl-4-[3,4-dihydro-2,6-dimethyl-4~oxo-5-
quinazolinyl )}thio]-benzoate

This compound was prepared from intermediate 6 and
methyl-4-mercaptobenzoate [P. R. Marsham et al., J. Med.
Chem. 34 2209 (1991); and E. Campaigne, et al., J. Org. Chemn.
27 2835 (1962)] using the procedure to synthesize compound 9
(8A). After heating the mixture at 90°C for 16 hrs, the DMA
was removed under vacuum, and the solid residue was suspended
in methanol. To this stirred suspension, a stream of gaseous
st was bubbled slowly in for approximately 5 min. A dark
solid (CuS) formed which was removed by filtration. The
methanolic filtrate was concentrated, and the product was
purified by flash Tolumn chromatography on silica with
methanol/dichloromethane; 5:95; to give a tan solid in 85%
vield. TH NMR (DMSO-d,) 6 2.26 (s, 3H), 2.43 (s, 3H), 3.75
(s, 3H), 6.94 (d, 2H, J = 8.4 Hz), 7.22 (d, 1H, J = 8.5 Hz),
7.52 (d, 1H, J = 8.5 Hz), 7.71 (d, 2H, J = 8.4 Hz), 11.7 (bs,
1H). HRMS calcd. for C18H16 2038 340.0898. Found:
340.0882.

Preparation of Compound (39) (Compound 28A) -~
4-[(3,4-Dihydro-2, 6~dimethyl-4-oxo~-5-quinazolinyl)thio]-
~benzoic acid

An ethanolic solution (5 ml) consisting of 0.186 ¢
{0.55 mmol}) ,of methyl ester 38 and 0.5 ml of agqueous 1N NaOH
was heated at 50°C for 4 hrs. At this time, the soclution was
evaporated to dryness, and the sodium salt was dissolved in 3
ml Hzo. This solution was carefully acidified to pH 4 with
concentrated HCl. The free acid which precipitated was
filtered and washed with 5 ml of cold HZO' The solid was
dried in a desicator over CaS0, to yvield 0.15 g (84%) of acid
39 (282) as a beige solid. 'H NMR (DMSO-d) & 2.29 (s, 3H),
2.45 (s, 3H), 7.0 (d, 2H, J = 8.5 Hz), 7.44 (d, 1H, J = 8.6
Hz), 7.71 (d, 2H, J = 8.4 Hz), 7.74 (d, 1H, J = 8.3 Hz).

HRMS calcd. for C37H314N903S: 326.0742. Found: 326.0725.
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(2) converting the product of step &1) to a conmpound of: the formul a
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Preparation of Intermediate Compound (40) --
Diethyl-N-[{4~((3,4-dihydro-2,6~dimethyl~4-0ox0-5-
quinazolinyl)thio)benzoyl]-~-L~glutamate

Benzoic acid 39 (60.0 mg; 18.4 mmol) and (L)-
glutamic acid diethyl ester.HCl (0.144 g; 0.6 mmol) were
dissolved in 5 ml of anhydrous DMF and cooled to 0°C. To the
stirred solution was added diphenylphosphoryl azide (0.15 ml;
0.7 mmol). After 15 min, 0.2 ml (1.4 mmol) of triethylamine
was added, and the reaction mixture was allowed to stir for
12 hrs at room temperature. The solvent was then removed
under vacuum, and the remaining solid was taken up in 5 ml
HZO' The pH was carefully adjusted to 6 with concentrated
HCL, and the aqueous solution was extracted with CHCl3 (3 x
10 ml). The orgahic layers were combined, dried over MgSO,,
filtered and evaporated to dryness. The product was purified
by flash chromatography on silica using methanol/
dichloromethane; 10:90. A tan solid (78.0 mg; 82%) was
isolated. 'H NMR (DMSO-dg) 6 1.11 (m, 6H), 1.61 (m, 2H),
1.79 (m, 2H), 2.26 (s, 3H), 2.37 (s, 3H), 3.26 (m, 1H), 4.05
(m, 4H), 6.96 (d, 2H, J = 8.4 Hz), 7.55 (d, 1H, J = 8.5 Hz}),
7.64 (d, 2H, J = 8.4Hz), 7.71 (d, 1H, J = 8.5 Hz), 8.60 (d,
1H, J = 5.3 Hz), 12.10 (bs, 1H). HRMS calcd. for C26H29N3068
(M+1): 512.1843. Found (M+1l): 512.1855.

Preparation of Compound (41) (Compound 27A) -~
‘N-[4~{(3,4-Dihydro-2,6-dimethyl~4-0x0-5~
quinazolinyl)thio)benzoyl]-L~-glutamic acid
Diethyl ester 40 ({78.0 mg; 0.15 mmol) was dissolved

in 5 ml of ethanol, and to this solution was added 0.5 ml of
an agqueous 1N NaOH solution. The reaction mixture was
stirred at 50°C for 3 hrs, where upon disappearance of
starting by TLC the solution was evaporated to dryneSs. The
disodium salt was further dissolved in 2 ml of H,0 and
acidified to pH 4 with concentrated HCl. The solid was
filtered upon precipitation and washed with 5 ml of cold HZO'
The final product was dried under vacuum over Cas0, vielding
50 mg (72%) of an off white solid. ~H NMR (DMSO-dg) 6 1.95
(m, 2H), 2.05 (m, 2H), 2.26 (s, 3H)}, 2.46 (s, 3H), 4.40 (m,



[err] wherein L'is~a’l eavi ng group; (3)~sybjecting t he

qui nazol i ne conpound of step (2)
- 31 - WO 93/20055 6 PCT/US93/02636

1), 6.93 (d, 2H, J = 8.4 Hz), 7.55 (d, 1H, J = 8.4 Hz), 7.65
{(d, 2H, J = 8.5 Hz), 7.71 (d, 1H, J = 8.4 Hz), 8.40 (bd, 1H,
J = 5.4 Hz), 12.00 (bs, 1H). Anal. Calcd. for
C22H21 3065 .2HCl: C, 50.05; H, 4.36; N, 7.96; S, 6.06.
Found: C, 50.38; H, 4.69; N, 7.60; S, 5.77.
Example 8: Pre aratipn of Compounds 3A and 53

Compounds 3A and 5A were prépared according to the

following reaction scheme:

o} CH;, 0 CH,
H,C/j\N , H,C/L\N
42 43
Ne/
e CH.Br O ci
Pa. Py
N N
I |
H,C)\N H,C/I\N
44 45
1 ol
Nt/
P H.
N N
| |
H:,C/L“N H,C)\'N
47 46 (3A)
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Preparation of Intermediate Compound (42) --
3,4~Dihydro-2,5-dimethyl-4~ox0o-quinazolinone.

This compound was prepared via its corresponding
benzoxazinone from 6-methylanthranilic acid using the
procedure to prepare gquinazolinone (6). The solid was
recrystallized from ethanol. (M.P. 258-259°C). YH NMR
(CDClB) 6§ 2.53 (s, 3H), 2.89 (s, 3H), 7.20 (d, 1H, J = 7.3
Hz), 7.50 (d, 1H,'J = 8.0 Hz), 7.59 (dd, 1H, J = 8.1, 7.3
Hz), 11.52 (bs, 1H). Anal. Calcd. for ClOHloNzo: C, 68.95;
H, 5.79; N, 16.08. Found: C, 69.03; H, 5.82; N, 16.03.

Preparation of Intermediate Compound (43) —-
2,5-Dimethyl-3-[2’-(trimethylsilyl)
ethoxymethyl ]-quinazolin-4-one.

To 70 ml of dry DMF was added 2.175 g (12.5 mmol)
of quinazolinone (42). The mixture was cooled to 0° C, and
0.55 g of NaH (13.75 mmol; 60% oil dispersion) was added
portionwise with stirring. The green colored mixture was
allowed to warm to room temperature, and stirring was
continued until gas (H,) evolution ceased. At this time, the
solution was recooled to 0° C, and 2~
(Trimethylsilyl)ethoxymethylchloride(SEM-Cl) (2.45 ml; 13.75
mmol) was added dropwise. A cloudy precipitate (NaCl) began
to form. After all the SEM~Cl was added, the ice bath was
removed, and the reaction mixture was stirred at room
temperature for 12 hrs. The mixture was poured into HZO {300
ml) and extracted with hexanes (3 x 150 ml). The oxrganic
layers were combined and dried over anhydrous MgSO4. Upon
filtration and concentration, a white powder began to form.
The solid was removed by filtration and was shown to be the
starting material, (42), by TLC and lH NMR. The filtrate was
concentrated to give a pale yellow oil which was passed



mhe}ein Rl err] has the~same neani ng as descri bed pFEV|oust, and

(4) deprotecting the product of step (3). e Ste%vél of t he
pr ocesWOR340Hed above can be carried out under w BETAUSSH
conditions, but is typically carried out in the presence of the
appropriate al kyl or acyl hal i de,. @jbase and a solvent at a
tenperature varying from about O[err]C to about 20[err]C, preferably
at about 20[err]C. Al t hough a variety of substituents may
be used as protecting, group P in the process descri bed above,

protecting througlgroupldshsspietergblycalumn using dlethyl ether/

CH OCH .
CH% :;H OC([O) er%@%r% r}[l) : ié]ldlgg&g; 8] ?H'E refperc’rdé‘lé:t (43) as
enmbodi ment , am|Q;l}{e#R]Cnﬁfbir?@gPeriﬁﬁﬁQCHP@ﬁn]ﬂﬁéﬂn]1460 1380, 1287,

Step (2), th@zﬁpnvmsngmepssgaambé-céﬁrm qebcl,) 0 ders wigel v
varylng condjtjons.to ﬁ%OVI de a MA de varlety eaV|ng grou s, but

of
is preferabl% tartddd e n=tBe?préséntd) . 2:66 (s REBrorfoficdism Mk,
brom ne, N-Ghgg o plmmme—-oe 2, 7.1 HH—)lO(SQSQCqISDI Zrdg, 7aliga tenperature

éﬁéﬁi”%oféf’?%%%abg[er &%mcﬂ 3% B8 3 8 Bl P et

80[err]C.. l{dd, pieferred8.d, 7.5 Hahodi ment, the process is carrled out in
the presence of N Preparation of Intermediate Compound (44) --
5-Bromomethyl~2-methyl—~3-
[2 —(trxmethy151lyl)ethoxymetnyl]
~gquinazolin-4-~one.

The SEM protected quinazolinone (43) (2.28 g, 7.5
mmol) was dissolved in 30 ml CCl,. To the solution was added
1.47 g (8.23 mmol) of N-bromosuccinimide. The pale yellow
solution was heated to a genfle reflux until almost
completely homogeneous. At this time, the benzylic
bromination reaction was initiated with a 200 watt lamp. The
reaction began to reflux more vigorously and turned a deep
orange color. After approximately 15 min, the color faded
and succinimide precipitated. The reaction was cooled,
filtered and washed with 25 ml CCl4. The filtrate was washed
with minimal H20 (5 ml), separated, dried over MgSO4,
refiltered and concentrated leaving a solid residue which
was further: purified by flash column chromatography on silica
using a gradient system of diethyl ether/petroleum ether;
15/85; 20/80; 25/75; 30/70; 35/65. The pure bromide (1.25 g)
was isolated as a white sold in 43% yield (54% based on
recovered (43): M.P. 78-80°C. IR (XKBr) 3085, 23880, 1675,
1608, 1382, 1340, 1293, 1248, 1075, 860, 830, 710 cm *; 'H
NMR (CDClB) 5§ 0.00 (s, 9H), 0.93 (dd, 2H, J = 8.3, 7.1 Hz),
2.66 (s, 3H), 3.68 (dd, 2H, J = 8.4, 7.1 Hz), 5.24 (s, 2H),
5.55 (s, 2H), 7.38 (dd, 1H, J = 7.2, 1.5 Hz), 7.55 (dd, 1H, J
= 7.5, 1.5 Hz), 7.61 (dd, 1H, J 7.5, 7.2 Hz). Anal. Calcd.
for 016H23BrN20281. c, 50.12; H, 6.04; Br, 20.84; N, 7.30.
Found: C, 50.35; H, 6.06; Br, 21.01; N, 7.32.

i
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Bronnsuccininide CCI[err] and |ight.

32 This Sheet élgs B3) Regllas@l can be carried out und
varyl ng %8%&0P| ons, V“ﬂﬂu I me@ |y carried out in the ?%'?&g?gg%(%j’%n

appropriate nucleop sol vent, at a tenperature varying from
about O[err]C to about 150[err pref-eragbly from about 20[err]C to about
100[err] C, and nost preferably at about 20[err]C In a
preferred enbodi nent of this process, step (3)
Preparation of Intermediate Compound (45) -
5~Chloro-N~[2’-methyl-3"-(2"~

{trimethylsilyl )ethoxymethyl)-4’-0ox0~-5'~

quinazolyl)methyllindole.

In 6.5 ml anhydrous DMF, 0.417 g (2.75 mmol) of 5-
chloroindole was dissolved. The stirred solution was cooled
to 0°C, and 0.11 g (2.75 mmol, 60% oil dispersion) of NaH was
added portionwise. Once the anion was formed (~30 min.),
0.958 g (2.5 mmol) of Bromomethylquinazoline (44), dissolved
in 0.5 ml anhydrous DMF was syringed in. The reaction was
complete upon disappearance of starting materials by TLC (40%
ether/petroleum ether). Ice was added to guench excess
anion, followed by 20 nl Hzo. This was then extracted with
diethyl ether (3 ® 50 ml), and the organic layers were
combined and dried over anhydrous MgS0, . Filtration and
evaporation gave a residue which was purified by flash column
chromatography on silica using diethyl ether/petrcleum ether:
40:60. A white crystalline solid was isolated (0.927 g; 82%;
M.P. 88-99°C). IR (XBr) 3095, 2980, 1715, 1595, 1565, 1440,
1345, 1280, 1245, 1175, 1060, 932, 834, 795, 755, 720, 612
em™'; 'H NMR (CDC1,) § 0.03 (s, 9H), 1.00 (m, 2H), 2.71 (s,
3H), 3.74 (m, 2H), 5.55 (s, 2H), 6.04 (s, 2H), 6.25 (dd, 1H,
J= 7.4, 1.3 Hz), 6.54 (dd, 1H, J = 3.1, 0.3 Hz), 7.08 (m,
2H), 7.18 (d, 1H, J = 3.1 Hz), 7.45 (m, 2H), 7.63 (dd, 1H, J
= 1.6, 1.0,Hz). Anal. Calcd. for CoyHygCIN,0,81: C, 63.48;

H, 6.21; C1, 7.80; N, 9.25. Found: C, 63.41; H, 6.13; Cl1,
7.91; N, 9.19.
Preparation of Compound (46) (Compound 3A) —-
5-Chloro~N-~{ (3,4-dihydro~2-methyl-
4—-oxo~-5-quinazolyl)methyllindole.
The SEM protected quinazoline (45) (0.75 g; 1.65
mmol) was dissolved in 1.5 ml THF. To this solution was

added 6.0 ml of a 1.0 M THF solution of tetrabutylammonium

fluoride. With stirring, the mixture was heated to 50°C for
7 hrs. The solution was cooled to room temperature, and 20
ml of H,0 was added. This was then extracted with a large
excess (200 ml) of ethyl acetate. The organic layer was



i's carried out by reactlng t he pr o uct of step (2)~wi th NaCEt (sodi um
et hoxi de) and 2- n ég gpanem LF wed by phenyl magnesium to forma
conpowa 932008 f J “\ \ PCT/US93/02636

separated and dried over anhydrous MgSO4, filtered and
concentrated leaving a solid residue which was recrystallized
from ethyl acetate yielding product (46) (Compound 3A) in
46%. M.P. 251-252° C; "H NMR (DMSO-d.) & 2.34 (s, 3H), 6.08
(s, 2H), 6.14 (dd, 1H, J = 7.3, 1.0 Hz), 6.53 (dd, 1H, J =
3.0, 0.5 Hz), 7.05 (dd, 1H, J 8.7, 2.1 Hz), 7.34 (d, 1H, J
= 8.8 Hz), 7.46 (m, 2H), 7.56 (d, 1H, J = 3.1 Hz), 7.64 (d,
1H, J = 2.1 Hz), 12.30 (bs, 1H). Anal. Calcd. for
018H14CIN3O 0.1 EtOAc: C, 66.45; H, 4.49; Cl, 10.66; N,
12.63. Found: C(C, 66.68B; H, 4.62; C1, 10.95; N, 12.27. HRMS
Calcd. for CqgHq4C1N,0: 323.0825., Found: 323:0813.
Preparation of Intermediate Compound (47) --
5-Formyl~2-methyl-3-{2'~
(trimethylsflyl)ethoxymethyl]—quinazolin-4—one.

#

To a solution of NaOEt in ethanol, prepared by
dissolving 34.5 mg (1.5 mmol) of sodium metal in 1.5 ml of
absolute ethanol, was added 0.14 ml (1.56 mmol) of 2-
nitropropane. 0.575 g (1.5 mmol) of Bromomethylgquinazoline
(44) was added, and the reaction was stirred and heated at
40°C for 12 hrs. At this time, 10 ml of H20 was added, and
the mixture was extracted with diethyl ether (2 x 50 ml).
The organic layers were separated, dried over anhydrous
Na2504, filtered and concentrated. The residue was purified
by flash column chromatography with 70% ether/pet. ether
vielding 0.346 g (73%) of aldehyde (47) as a white solid. 1y
NMR (CDC13) § 0.00 (s, 9H), 0.56 (m, 2H), 2.73 (s, 3H), 3.75
(m, 2H), 5.58 (s, 2H), 7.82 (m, 2H), 7.87 (m, 1H), 11.17 (s,
1H) .

Preparation of Intermediate Compound (48) -~
5-(a=Hydroxytolyl)~2-methyl-
3~[2'~(trimethylsily)ethoxymethyl]-
gquinazolin-4-one.

Aldehyde (47) (0.72 g; 2.26 mmol) was dissolved in
9.0 ml of anhydrous THF under an argen atmosphere. The
stirred solution was cooled to ~78°C, and phenylmagnesium
bromide (0.83 ml; 3.0 M in diethyl ether) was introduced
dropwise. The reaction mixture was allowed to warm to room



I n anot her preferred-enbodrnent, step (3) is carTiied out by reacting

t he pr C tep (2) with 5- chl or oi ndol e. (4),
whi ch §§§043ég%5§e carried out under wi dely varying condl t |%Sngs3%f&6
typically carried out in the presence of an appropriate acid or basic
fluoride, at a t enperature varying fr@r about 0C to about 100[err]C,
preferably fromabout 20[err]C to about 100[err]C, and nost preferably
at about 20[err] C

temperature, and stirring was continued for 1 hr. To quench
the reaction, 10 ml of sat. aqg. NH4C1 was added. The mixture
was then extracted with diethyl ether (3 x 50 ml), separated,
combined, dried over anhydrous MgS04, filtered and _
concentrated. Purification of the residue by flash column
chromatography on silica with ether/pet. ether; 60:40;
supplied 0.621 g of the benzylic alcohol (48), as a colorless
o0il in 74% vield. IR (neat) 3380, 3070, 3035, 2960, 2900,
1660, 1600, 1540, 1445, 1245, 1135, 1075, 915, 830, 695 cm"l;
' MR (CDC1,) § 0.00 (s, 9H), 0.88 (m, 2H), 2.68 (s, 3H),
3.54 (m, 2H), 5.50 (s, 2H), 5.77 (d, 1H, J = 8.3 Hz), 6.36
(d, 1H, J = 8.0 Hz), 7.25 {(m, 4H), 7.30 {(m, 2H), 7.60 (dd, 1H
J = 8.2, 1.5 Bz), 7.67 {(dd, 1H, J = 7.7, 7.2 Hz). Anal.
Calcd. for 022 28 20381. ¢, 66.63; H, 7.11; N, 7.06. Found:
C, 66.66; H, 6.97; N, 7.00.
Preparation of Compound (49) (Compound 5A) =--
3,4-Dihydro-2-methyl-~4~0x0-5~
(aéhydroxytolyl)—quinazoline.

Following the same procedure to prepare compound
(46) (Compound 33), the SEM-quinazoline (48) was deprotected
using 3.0 eg. of tetrabutylammonium fluoride at 50°C for 4

hrs. Quinazoline (49) (Compound 5A) was isolated as a white
solid in 38% yield after purification by flash chromatography
on silica using methanol/dichlormethane; 5:95. m mMr {DMSO-~
de) & 2.29 (s, 3H), 5.93 (d, 1H, J = 5.1 Hz), 7.15 (m, 1H),
7.21 (m, 3H), 7.27 (m, 2H), 7.45 (dd, 1H, J = 5.6, 3.9 Hz),
7.73 (m, 2H), 12.06 (bs, 1H).
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- 33 - The materials and conditions used~kn deprotecting step
(4) depend upon a variety'of factors. OF course, theiparticular substituent
used a¥V@PHI}20IS ng group P is one factor. For exanple, WharCIPUS9382636
CHerr]OCH err]CH err]Si (CH err])[err] group, step (4) is preferably
carried out by reacting the product of stefs (8) with tetrabutyl ammoni um
fluoride. In a nodification of the process described above, prior

to deprotecting step (4), the product of step (3) is oxidized to forma
conmpound .of the formul a

Example 9: Preparation of Compounds 4A and 63

Compounds 4A and 5A were prepared according to the
following reaction scheme:

52 (6A) 51 (4A)
This Sheet Has Been Replaced
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Preparation of Intermediate Compound (50) -~
5-Benzoyl-2-methyl-3-~[2'~
(trimethylsilyl Jethoxymethyl]-quinazolin-4-one.
Benzylic alcohol (48) (0.569 g; 1.43 mmol) was

taken up in 18 ml of dry CH2012 and stirred under an inert
atmosphere. Activated ¥nO, (1.43 g) was added, and the
progress of the reaction was followed by TLC (ether/pet.
ether; 70/30). Upon disappearance of starting material, the
black mixture was filtered through a pad of celite, and the
pad was washed thoroughly with CHoCly (100 ml). The filtrate
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then, SwosRdss ' ohdeREQLEsLl NG step (4), the product of o r 09507636
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was dried over anhydrous Na,80,, filtered and concentrated,
leaving 0.48 g (85%) as a white solid that was analytically
pure. M.P. 124-125° C; IR (KBr) 3010, 2955, 2900, 1660,
1560, 1440, 1345, 1292, 1245, 1178, 1060, 920, 825, 685 cm~1;
"W mMr (CDCL,) 6 -0.10 (s, 9H), 0.82 (m, 2H), 2.70 (s, 3H),
3.48 (m, 2H), 5.42 (s, 2H), 7.31 (dd, 1H, J = 7.1, 1.3 Hz),
7.39 (m, 2H), 7.51 (m, 1H), 7.72 (m, 1H), 7.74 (m, 2H), 7.80
(dd, 1H, J = 8.2, 7.1 Hz). Anal. Calcd. for C22H26N20381: c,
66.97; H, 6.64; N, 7.10. Found: C, 66.76; H, 6.52; N, 6.95.
Preparation of Compound (51) (Compound 4A} --
S-Benzoyl-3,4-dihydro-2-methyl-4-oxo-quinazoline.

The protected guinazoline (50) (0.255 g; 0.64 mmol)
was added to 7.0 ml of 1l:1 THF: 2N HCl. The mixture became
homogeneous when heated just under reflux. After 3 hrs, a
white precipitate formed. The mixture was cooled to room
temperature, and 10 ml of cold H20 was added. With vigorous
stirring, an excess of sat. aqg. NaHCO3 was added. The solid
was filtered off and washed thoroughly with cold Hzo (2 x 10
ml). The solid was dried under vacuum over activated silica
gel desiccant. The analytically pure white solid (0.14 g)
was isolated in 83% yield. M.P. 288-289°C; IR (KBr) 3175,
3030, 2880, 1660, 1635, 1325, 1265, 880, 825, 780, 725 em™t
'u mMR (DMSO-d¢) & 2.35 (s, 3H), 7.30 (dd, 1H, J = 7.3, 1.0
Hz), 7.44 (m, 2H), 7.58 (m, 3H), 7.71 (dd, 1H, J 8.3, 1.0
Hz), 7.85 1gd, 1H, J = 8.1, 7.3 Hz), 12.22 (bs, 1H). Anal.
Calecd. for C16H12N202: C, 72.71; H, 4.57; N, 10.60. Found:
C, 72.61; H, 4.70; N, 10.39.

Preparation of Compound (52) (Compound 63) --
3,4-Dihydro-5-{a~diphenyl-hydroxymethyl)-
2-methyl-4-oxo-quinazoline.

.
14

Under an argon atmosphere, 79.3 mg (0.3 mmol) of
ketone (51) (Compound 4A) was suspended in 5.0 ml of

anhydrous THF. The stirred suspension was cooled to 0° C,
and 0.375 ml of phenyllithivm (2.0 M in 70:30 /
cyclohexane:ether) was syringed into the reaction vessel
dropwise. Upon addition of the first equivalent of reagent,

the starting substrate solubilized. When the addition was
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step (4) is reacted-w tTryphenyllithiumto forma compound of

the formul a
WO 937200585 PCT/US93/02636
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completed, the ice bath was removed, and the reaction was
allowed to stir for 1 hr. The solution was gquenched with
ice-H,0 (~ 2.0 ml) and poured into 50 ml of CH,Cl,. The
agueous layer was extracted two more times with CH,Cl, (50
ml), the organic layers were combined and dried over
anhydrous MgSoO, . The drying agent was filtered off, and the
filtrate was concentrated and purified by flash column
chromatography on silica with CH3OH:CH2C12/4:?6. The product
was isolated as a white solid (57 mg; 58%). H NMR (DMSO-d
§ 2.33 (s, 3H), 6.55 (dd, 1H, J = 5.4, 3.6 Hz), 7.07 (m,
4H), 7.23 (m, 6H), 7.59 (m, 2H), 8.73 (s, 1H), 12.46 (bs,
1H). HRMS Calcd. for C22H18N202 342.1368. .Found:
342.1366.

6)
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[err] il lustrated above, ‘iti may be necessary to
provi deyey §1/56dssng Grsch ﬁkhé? pbefiore, after or during thgcanS&835ée of

&
preparing the comout'ﬁﬂ%tﬂﬁ Imw Ito t he present i nventi on.

A suitable protectin ring nitnﬁgen,
BIOCHEMICAL AND BIOLOGICAL EVLAUTION
Determination of Inhibition Constants Against 5,10-Methylene-
tetrahydrofolate for the Enzyme Thymidylate Synthase

Thymidylate synthase activity was measured using a
modification of the tritium release method of Lomax and
Greenberg [M.I.S. Lomax and G.R. Greenberg, J. Biol. Chemn.
242 109 (1967)]. Inhibition constants, Kiv slope and R,
intercept [W.W. Cleland, Biochim. Biophys. Acta 67 173
(1963)], were determined against the cofactor (6R, 65)-5,10-
methylene-tetrahydrofolate which was generated in situ by
reaction of tetrahydrofolate with formaldehyde [R.G. Kallen
and W.P. Jencks, J. Biol. Chem. 241 5851 (1966)]. The
cofactor was present as the variable substrate under
conditions of satarating radiolabelled 2‘-deoxyuridine 5/~
monophosphate (dUMP). Assays in a total volume of 0.1 mL
contained 50mM Tris € pH 7.6, 10mM DTT (dithiothreitol), ImM
EDTA (ethylenediaminetetraacetic acid), 25mM MgClz, 15mM
formaldehyde, * 1% DMSO (depending on the solubility of the
compound), 25azM [5-3H} dUMP (specific activity 2 x 108 cpm/
pmol), tetrahydrofolate (eight concentrations ranging from
5apM to 300zM) and enzyme (=30 ng for E. coli TS and =60
ng for human TS). Assays of human TS also contained 1-5 ng/
mL bovine serum albumin to stabilize the protein. Reactions
were initiated by the addition of enzyme and were carried out
for 5 minutes at 24°C, and then qguenched by the addition of
charcoal (15 mg in 0.1 mL H20). The quenched samples were
centrifuged at 10,000 rpm for 12-15 min at 40°C to remove
unreacted dUMP which had bound to the charcoal, and 0.1 mL of
the supernatant was counted by ligquid scintillation in the
presence of 5 mL ecolume to determine the release of tritium
label from the 5-position of the dUMP. A standard curve was
established in the absence of inhibitor, and three additional
curves containing inhibitor at approximately 1/2 to 2 times
the Ki were determined. Experimental results were analyzed
by EZ-FIT, a nonlinear regression analysis program {Perrella
Scientific, Springfield, PA) which was used to fit all data
points simultaneously to a mixed noncompetitive inhibition



such as may be included-% a heteroaryl group, is fex exanple, a

pi val oyl oxynet hyl group, which nmay be renoved by thdrolysis wth a base
such asygedrasoshydroxide; a tert- but yl oxycar bonyl gr olRCT/WS93/02636/ be
removed by hydrolysis wi th an acid, such as hydrochloric acid or
trifluoroacetic acid, or with a base sygh as tetra-n-butyl amoni um
fluoride ("TBAF") or 1ithium hydroxide!”a met hoxynethyl group, which
may be renoved by hydrochloric acid and p- Tol uenesul fonic acid; or a
2-(trimethylsilyl)ethoxymethyl group, which nay be removed by TBAF or

with an acid &s hygdh ochi 0116 8ptHined are shown if HHd aRlE I otwed i ng
group for a hydroxyl grou

as an acetyl ®rst en%%ﬁz§9¥ 3?652?0%gée§éﬁgglgbe?%q§3%§2%%¥k§%¥gﬁﬁgﬁ§§§§?h

a base suedeAfeselli 161 tydr X, dentékteprati vel y, when ot her groups

present in thﬁnséféééqgeggigéléglggtgg§iﬁgnkghgb§%i%%k%@wagﬁth of Tumor
Celis

Cellular growth in the presence of the compounds in
guestion was assessed using three cell lines: the L1210
murine leukemia (ATCC CCL 219), CCFR-CEM, a human
lymphoblastic leukemia line of T-cell origin (ATCC CCL 119},
and a thymidine kinase-deficient human colon adenocarcinoma,
GCy/M TK~ (supplied by Drs. P.J. and J.A. Houghton, St. Jude
Childrens Research Hospital, Memphis, TN). Cell lines were
maintained in RPMI 1640 medium containing 5% (L1210, CCRF~
CEM) or 10% (GC3/ﬁ TK~) heat-inactivated fetal bovine serum
without antibiotics.

ICSO values were determined in 150 yL
microcultures each containing 1500 (L1210) or 10,000 (CCRF-
CEM, GC,/M TK™) cells established in 96 well plates in growth
medium supplemented with 50 U/mL penicillin and 50 pg/mlL
streptomycin. Growth was measured over 3 days (L1210) or 5
days (CCRF-CEM, GC3/M TK ) of continuous exposure to varying
concentrations of each test compound, added 4 h. after
initial cell plating, by the MTT-tetrazolium reduction assay
of T.J. Mosmann [J. Immunol. Meth. 65 55 (1983)] modified
according to Alley et al. [Cancer Res. 48 589 (1988)]. Water
insoluble derivatives were dissolved in DMSO and diluted to a
final concentration of 0.5% solvent in cell cultures.

The results obtained from this procedure are shown
below in the Table 2. [Although Table 2 indicates that
certain compounds do not demonstrate particularly good TS5
inhibition, these compounds are of potential interest in that
they may demonstrate other antitumor, activity such as
toxicity to L1210 cells in tissue culture.]
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al pha- any
hydr ogen
or Raney ni ckel .
group such as t-

al kynyl

group,
I OUfRisSHENHAS ) R

LU

a¢|L%Xkﬁ9the
An a

buty

the protecting group may be,

|
lla%gtalyst such as paIIadlLﬁﬁT%VS?Héﬁ@éél

ecting group for a hydroxyl

I

renoved by treatnment with TBAF.

mercapto group is,

gr oup,
hydr oxi de.

for exanple,

for exanpl e,

AWp such as an a@@lY'cﬂlQﬁEe(@Hbgbr

—
‘fdr exanpl e,
group, which may be renoved

an

group is a
(-Si-t-Bu-Phlerr]), which nay be
A suitable protecting group for a

an esterifying group such as an acetyl
whi ch may be renoved by hydrolysis with a base such as sodi um

A suitable protectin
an al kyl catigmla of

for an am no group may be,

o L

ﬁﬂﬁ“cf’aiuf’?]}?é'%?%by Lreny ?T"Qt figh Anod ﬂﬁ?oﬁf%iﬁcti?ﬁébérﬁﬁbmf ey
am no group Ls ah alkoxvcarb&nvl group such as a methdxycarbonyl br (Tr-) |
| 12l  >100 | >100 | - l T E— i
| 22l >10 | >10 - e l
| 32 >3 l >3 | === ]10% > 12.3[20% > 12.7 |
| aal —— l - I -— | —_— ] e I
| s5al —— l - ! - l — ] - |
| 6al >10 | >10 | 2.3 | 4.0 | >4.98 |
| 74l 38+5 | 2.120.5 | 14 | 37% @ >26.9 none@>26.9|
| l | 68% @ 20un] . 1 ;
| 8al 0.89 + 0.28/ 0.062 + 0.23 | 3.5 l 5.2 | 6.0 |
| sal0.22 = 0.07] ©.13 £ 0.04 | 1.8 l 2.1 | 4.5 l
| 108l 0.75 + 0.08/ 6.083 + 0.011 3.0 | 2.9 | >a4.0 |
| 13a] 21 ¢ 13 | 2.0 ¢ 0.4 |nonee>3.33] 17% €>3.33| none@>3.33 |
| 122] 0.55 + 0.05] 0.07 ¢ 0.001 | 4.2 | 4.2 | 5.0 |
| 132] 3.9 t 0.9 ] 0.64 ¢ 0.01 | 21 | 26 | 32 |
| 14al 0.15 + 0.03/ 0.017 * 0.008] 1.0 ! 0.81 | 1.0 {
[ 158l 190 # 130 | 19 # 11 | 27% @ >50 | 40% € >50| 4% @ >50 |
| 168 0.76 + 0.12] 0.048 * 0.006] 3.1 ! 3.8 | >5.0 |
| 178l 0.54 + 0.07] 0.13 + 0.03 | 8.1 l 8.6 | 15.0 |
| 182 — l —_— ! 1.8 | 333 @ >2.0] 33% @ >2.0 |
| 194 —-— ! —— | - | - | - i
| 208 311 % 99 | 61 + 17 }40% @ >50 | 20% @ >50 | none @ >50|
| 212 >80 | 190 £ 25 |28% @ >50 | 42% @ >50 | none @ >50
| 22a] 9. 61 1.1+ 0.3 [4% @ >2.5 | none @ >2.5 none@ >2.5
| 232 — | o + 0.009 | 3.5 ] 5.1 | 6.1 |
| 242 — | o + 0,001 0.55 | 1.1 l 1.2 l
| 252] — | o0.022+t0 | 0.59 l 1.1 | 1.7 |
| 262 — | ©0.079 t 0 | 4.05 | 10.5 |  18.0 |
| 272 _— | 0.00795 ¢+ 0] 1.05 | 0.99 | 4.1 |
128A1 —— ] 0.115 + 0 | 27% @ >50 | none @ >50 | none @ >50]|
l29a] 1.1 £ 0.2 0.12 + 0.02 | 8.0 | 10.5 | »>12.5 |
i30Al 0.14 + 0 | 0.011 + 0 | 1.6 l 0.88 | 1.5 |

-~~~ (Assay not performed)



a tert-butyl oxycarbonyl dﬁoup These groups may be reyoved by treatnent

wi th arRy@h8aidpss aci d such as trifluoroacetic acid. ' 2}@ e

protecting group for a primary amno group is, for exanple an ace

group, which may be renoved by treatnent mnth an aqueous inorganic acid

such as nitric, sulfuric, or hydrochlorfc 8acrd, or a pht hal oyl group,

which may be rennved by treatnment with an alkylanine such as

di met hyl am nopr opyl am ne or with hydrazine. A suitable protecting

group for a carboxy group may be an EEEEIEE InFERUP, for exanple, a

met hyl or an et hyl group, which nayé§e~renuv§g~§g~§ydroly5|s mnth a base
i Da e 1 | :

such as

but yl groupj thChEnay -ranvedH@MaﬁreatpentL&QEB ap‘ ?ﬂ@p C|qxiyg9 ,

as trifluorp-acetic aci partlcula(ly pre err

processes f conpolnds according t{TX-he |
I

present i nvprgtllApn Dave begn |desgy | ped Qngd[et ag.oit V\4 Il besgg app@rent,,g@

‘one skilled he art t hat various t her prog¢ sses as mell as anges

and nndlflcgﬁl s to? I 18 | 10 6.0 f30% @ >10 |
[33a] 36 ¢ 1.5{ 47 + 17 | 25.0 I 18.0 [ 20% @ >25 |
*

-=-- {Assay not performed)

While the invention has been described in detail
and with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from
the spirit and scope thereof. Thus, it is intended that the
present inventionrcover the modifications and variations,
provided they come within the scope of the appended claims
and their equivalents.
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- 36 - di scl osed procesggs can be used to prepare fhé conpounds of the
pr esent widy£Rhgan This Sheet Has BeenRepla@it i prol i ferative qui nazol iggﬁ.{ggg})f(aunds of

the present inventi be enpl oyed in the pharnmac 2636
conpositions accord
a as we

sent invengjon, include all of those

conpounds descri bed ove, | as phar eutically a f
t hese conpounds. Pharnmaceutically acceptable acid additi %@ﬁm mﬁ l;lm
conpounds of the invention containing a basic group are vl *

appropriate, ytfrgiuong or noderately strong

1. A quinazoline compound having the formula I
5
2 mA-T
R<

wherein:

R1 represents hydrogen, halogen, alkyl, -OH,

-0-alkyl, -O-{aryl or hetercaryl), -S-alkyl, -S-(aryl or
heterocaryl), -NHZ, -NH-alkyl, —N—(alkyl)z, ~NHCHO, -NHOH,
~-NHO-alkyl, -NHNHz, substituted -NHNHz, -NHC(=NH)NH2,
-NHC(=NH)alkyl, fluoroalkyl, cycloalkyl, alkenyl, alkynyl,
aryl, or heterocycle;

R2 and R3, which may be the same or different,
represent hydrogen, halogen, alkyl, cycloalkyl, -0OH, -0O-
alkyl, -S~alkyl, -NHZ, ~NH-alkyl, —N-(alkyl)z, ~-NHCHO, ~NO,,
~NHOH-, ~NH?-alkyl, -NHNHZ, substituted -NHNHz, -CH, —CO2H, -
COz—alkyl, —CONH2, ~-CONH-alkyl, —CON(alkyl)2, -CSNH,, ~-CSNH-
alkyl, -CSN(alkyl)Q, -C(=NH)NH,, ~NHC (=NH)NH,,,
~-NHC(=NH)alkyl, -SO-alkyl, —Soz—alkyl, fluorocalkyl, -0-
fluorcalkyl, -S~fluorocalkyl, -NHCO(alkyl),
~NHCO(fluorcalkyl), -SO-fluorocalkyl, —SOz-fluoroalkyl, -8H,
—SO3H, "SOZNHz’ -SozNH(alkyl), —SOZN(alkyl)z, alkenyl,
alkynyl, aryl, or heterocycle;

Z represents O or S;

R4 represents 0, S, SO, 802, NH, N-alkyl, CH2, CH-
alkyl, CH~(aryl or heterocaryl), CHOH, CHO-alkyl, CHO-(aryl or
heteroaryl), C(alkyl),, C{aryl or heteroaryl),, C(alkyl)(ary:
or heteroaryl), CHS-alkyl, CHS-aryl, C(OH)(alkyl), C(OH)({ary-



organi c or inorganic aciﬂs In the presence of a basi-s. am ne by net hods
known in the art. ary of the acid addition salt’s which are included

i n t hi wonseEHN 5?‘Sh°‘ d leqicid salts such as mal eaper/Ud9BRIRRE

| act at e, oxal ate, E et hanesul f onat e, benzenesul f onat e,
tartrate, glucurona d acetatg and (2) inor anlc acid salts
such as hydr obr oni de, hydrochl oride, hydFofdl fate, phosim l‘il !m!;wl fnf
salts. Pharmaceutically acceptabl e base addition salts he
i nvention cont ai ning an aC|d|c group are prepared by knomn et hods from
organi ¢ and ij3oKQAd Xi al d

al kal i ne earfﬁpbaseéﬁ) r exa P?%H?Safﬁ?&ibdQSGES fand Xgiééﬁﬁﬁ%

hydr oxi des; QHﬁﬁY%uﬁqnhﬁﬁﬁﬁQRﬁylhndch@ﬁ@bﬂﬁékyldggaﬁﬂérwds@5‘such as
triethyl am needatiod:a#1 ey d&d&{ﬁ¥1£¥ C(@mﬁ 5kgmkg594 net hyl ) - met hyl am ne.

As stated ab ds tiproliferat
activity, a DY) G, eazl) gseﬁfamﬁmﬁéir?ﬁ?é SRy ]

activity. A @mnhmnaroaleIlmﬂqamkymybm(ﬂhkehglactCyalkéhy&q(@Eyﬂcﬂﬁy be a

D nds of IERSR UL EEAn Al ERGERLL Y BORRRIBIGT TS
C(alkyl){aryl or heteroaryl), CH(cycloalkyl), CH(alkenyl),
CH(alkynyl), C(alkyl)(cycloalkyl), C(alkyl)(O-alkyl),
C(alkenyl)(O-alkyl), C(alkynyl)(O-alkyl), C(alkyl)(O-
cycloalkyl), C(alkenyl)(O-cycloalkyl),
C(alkynyl)(O-cycloalkyl), C(aryl or hetercaryl){0O-alkyl),
C(aryl or heterocaryl)(O-cycloalkyl), C(alkynyl)(S-alkyl),
C(alkynyl)(S—cyclqglkyl), C{alkenyl)(S-alkyl),
C(alkenyl)(S-cycloalkyl), C({alkyl)(S~-alkyl},
C{alkyl)(S-cycloalkyl), C(aryl or heteroaryl){S-alkyl),
C(aryl or heterocaryl)(S-cycloalkyl), N(NHz), N[NH{alkyl)],
N[N(alkyl)z], N[NH(cycloalky%)}, N[N(alkyl)(cycloalkyl)],
CH(NH2), CH[NH(alkyl)], CH[NH(cycloalkyl)], CH{N(alkyl)zj,
CH[N(alkyl)(cycloalkyl) ], CH{N(cycloalkyl)z], C(alkyl) (NH
C{alkyl)[NH({(alkyl)], C(alkyl)[N(cycloalkyl)z],
C(alkyl)[NH(cycloalkyl)], C(alkyl){N(alkyl)2},
C(alkyl)[N(alkyl)(cycloalkyl)], C(aryl oxr heteroaryl)(NHz),
C{aryl or heterocaryl)]NH(alkyl)], C(aryl or
heterocaryl}[NH(cycloalkyl)], C(aryl or heteroaryl)[N(alkyl 1.
C(aryl or héteroaryl){N(cycloalkyl) ], or C(aryl or
heteroaryl}[N(alkyl) (cycloalkyl)]; and

R” represents a substituted or unsubstituted aryl

or heteroaryl group.

2)

2. A compound according to claim 1, wherein Rl is
a methyl or amino group.
3. A compound according to claim 2, wherein Rl is

methyl.

4. A compound according to claim 2, wherein Rl is

an amino group.

5. A compound according to claim 1, wherein R2 is
hydrogen or a methyl, ethyl, chloro, trifluoromethyl, hydroxy
or methoxy group.



enzyme thym dyl ate synthase. Parti Eonpounds are active
in inhibiting the growth of the mmﬂ] Mumml &r a nouse | eukem a cell
i ne wYY@R3 6&9 5he grown in  ti ssue cul Lur e npoundsPEF/U398/02636

I nvention are al so active in inhibiting the gromﬁh of bacteria such as
Escherichia coli gram negative bacteria w8g4h-can be grown in

- 37 - culture. The conpounds of the invention nay al so be active
inhibiting the growth of bacteria.

6. A compound according to claim 5, wherein R® is
hydrogen or a methyl group.

7. A compound according to claim 1, wherein R3 is
hydrogen.

8. A compound according to claim 1, wherein 2 is
oxygen.

8. A compound according to claim 1, wherein Z is
sulfur.

10. A compound according to claim 1, wherein r? is
oxygen, sulfur or a methylene, C=0, NH, NCHB, CH(OH) or
C(OH) (phenyl) group.
11. A compound according to claim 10, wherein R4

is sulfur.
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conveni e psul es, tablets, or injecP@hi&93/02636
preparati ons. SO|Id naceuLi@glLy acceptable carriers may be
enpl oyed. Solid carriers |n starch, lactose, calciumsulfate

di hydrate, terra al ba, sucrose talc gel atin, agar, pectin, acacia,
magnesi um st earate and stearic acid. Liquid carriers include syrup, peanut
oil, olive oil, salineland matempound accordiSignidcardhain he, Galdiein 0f°
dlluent naychﬁghggetﬁ@yf f% ?gged rel ease materiel, such as glyceryl
nonost earate or gl ycery it fate, alone or with wax. Wen a liquid
carrier is used, the preparation may be_i
enul si on, soft ge capsul e, sterilfe
such as an anpoune an aqueous or \Ronagqueous | i quig\ s ensi on.
The pharnaceuti cal™p¥eparat j-qns are na ol I owi ng co

techni ques of a pha

tional
Po(NT cal chem st d.nyéSriag step ut i§§&n1X|ng,
! ng, when n cessNry for tabl g r , cOLwm Xi ng,
N \ / N'+’H
Y \co

Fy H 2 ¥
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The enti proliferative co?pounds accord| ﬂlmj lﬂlﬂj"ﬂi@ﬁﬁf I nvention, as well
as the,p ﬁad'sgf@gst i Eemfﬁemewnabﬁ& epal t i ncorporated into

the formof a__syrup, elixir,
ixpj ectabl e |igurd\(e.g. solution),

——

N
O

\
"3—@
N D O

if. A compound according to claim 1, wherein R3 is
hydrogen and 2 is oxygen.

/":

)
. 4O
)
T~

14. A compound according to claim 13, wherein R
is either a methyl or amino group.

15. A compound according to claim 13, wherein R
is hydrogen or a methyl, ethyl, chloro, trifluoromethyl,
hydroxy or methoxy group.

16. A compound according to claim 15, wherein R
is hydrogen or a methyl group.

17. A compound according to claim 13, wherein R
is oxygen, sulfur or a methylene, C=0, CH(OH) or
C(OH) (phenyl) group.
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intra
conposi tion

conpounds whi ch are antitunor agents,
vi nbl asti ne),

the ingredients, as ’apprlmﬂ nmm“ t he desi red?r oduct s for oral,
arente cal intr sal , I nt rabronc
HRLPpORs § L Pctruses/ppese

ntraaural an

n i stration.
of the invention may furthe(_L? onprise one or nore other
suc

as a mtotic inhibitors (e.g.
al kyl ati ng agents (e.g., cis-platin, carboplatin and

cycl ophosphani de), dihydrofolate reductase inhibitors (e.g.,

net hotrexate, piritrexigmang H{i@@a&c@orﬁxﬂfrté hyid dfhél e whayhthage

I nhi bitors,
arab|n03|de)

anti net aboli tes (e | 'uor our ac yt 0Si ne
isjpuéfsalating antlblotlcs (e.q. adrlanyC|n and bl eonycin),

enzymes (e.g., asparaghBasel, compound accordlng to claim 13, wherein R°

is one of the following:
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20. A compound according to claim 1, wherein R3 is
hydrogen and 2 is sulfur. .
21. A compound according to claim 20, wherein R
is either a methyl or amino group. ,
22. A compound according to claim 20, wherein R
is hydrogen or a methyl, ethyl, chloro, trifluoromethyl,
hydroxy or methoxy group.
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- 38 - t opoi sonerdse inhibitors (e.g., etoposide)'?ﬁ bi ol ogi cal response
nodi f i ex® 932255 | nterferon). The conposition of {’&ﬁ/tﬁ%‘)ﬁ?ﬁ i gn
I'bac erlép

may al so conprise one ttluﬂﬂ ounds, including an

antifungal, anti parasi ! ﬂﬁ[tnlmﬂﬂlmmt [ gzori atic and anti cocci di al
agents. Exenplary antibact@erital "agénts inct(dé, for exanple, sul fonam de
such as sul fanet hoxazol e, sul fadi azi ne, sul fanmeter or sul fadoxi ne;

di hydrof ol ate reductase inhibitors such as trimethoprim bronodi aprim or
trimetrexate; penicillins; cep I NS, } noglycasi.des;,packeriostatzrc
inhibitors of protein s 'thezgiés]@l@%gg%u??\% ggle@grjﬁ%xgﬁlggﬁac%zgs%gﬁfﬁﬂéi
fused i sot hi dzolhydagjesgsor a methyl gwoehper aspect of the invention
relates to a therapeutjf —pfoc&Rgo@hal ABESLELAY tBecIRIW RANdherein R

proliferation of cells
is oxygen, sulfur or a methylene, C=0, CH{OH) or

C(OH) (phenyl) group.
25. A compound according to claim 24, wherein R4

is sulfur.

26. A compound according to claim 20, wherein R®

is one of the following:

Ck ocH, N,
/2 i - N * o co v
N \ /, \ / N+H
4 CF VIR e

\_J \_// Qe

\
N
~“e e DY
| \
T O D
e " /N /™%
\
GCH3
N
\

|

\{ e OO
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of higher organisns &nd mi'croorgani sns, which process clonpri ses

adm ni stw(%P E) host such as a vertebrate host (e.g., a _manmal or
bird) an ective amount of a conmpound according to t he’ pré’gﬁp5931’02636

i nvention. A particularly preferred ther apeut I C process conprises

adm nistering to a host an effective amourft® of a conmpound according to the
present invention to inhibit the enzyme thym dyl ate symmmumwnum
conpounds of the invention are particularly useful int

manmal i an hosts, such as human hosts, and in the treatment of avianl hbsts.
Any of the antiproliferative conpounds descri bed above, or
pharmaceutically acceptzﬁﬂl.e sbaldtsnpdméoiqcamaﬂm to empaigell, i whébein R3 is

t herapeutic p N.pIT [ nvent i on

be adni ni sterfelg&'e'éée&é ?hq'é éarpthar %ceu i‘cal Iy acce}f)%a‘gf F‘rBogFPPQH
conprising a d%?uéﬂ?r&g%&q & mefivh aLtititse Qi?als%lmbe@?abbuero@eshylof
the conpoundshpaebeialhy ndttdse g&kmfwaqéltlscaixﬁéﬁ,geswfﬁé orCQNPI i Sing

an efficacious tit actjve conpound ficaclous qugntity is
nmeant a quantﬁ“?gﬁgg eZ'I gﬂoft FE(QHhi9 € (3D é/R?}ed'ﬂél eI EHSP i 2 ?Raways end
derive the  bEnthecifallleffiaris therefrom through administration of one or

©_. Sl
/
-G

H\/ca\—\

Vs
Y,

»

<O

o Kl ¥

-—(5\ v,

<

is hydz:ogen or a methyl group and R
29. A compound according to claim 1, wherein R3 is

(S

\
O

N

\
A compound according to claLm 27, wherein R
4

/"::

Z,

/".:_“

— OCHy
CF,y
¥ 2y
N
e <
pr— B
‘Q ~:\'

is sulfur.

hydrogen, Z is sulfur, Rl is either a methyl or amino group,
r2
hydroxy or methoxy group, R4 is oxygen, sulfur or a

is hydrogen or a methyl, ethyl, chloro, trifluoromethyl,
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i
- 39 - nore of the pharimaceutical dosage units. A'rT\‘exerrpI ary daily dosage
uni t W ¢/y@slsebr ate host conprises an anount of up to abpg?,éyg,ggggf

I

active corrpound pgu|millmzmm1fm host, preferably one ha a gram
nore preferably 1 nost ef erably about 50 mlligranms per
ki | ogram of the host. * The select’ed dose may be administered to a
war nbl ooded ani mal or manmal, for exanple a human patient, in

methylene, C=0, CH{OH) or C(OH)(phenyl) group, and R5 is one
of the following:

OCW o
/4 - COa R
(Ij \_7 rﬁ+u
/ CF, M \COz N

\
Mt —_— &
/N . NN NO
_.Ls)—cxag_ \ / H\M\ 2
— =\ )
\ 7 \ ,N‘:\, LN\ OCH,
i \

30. A compound according to claim 25, wherein R2
is hydrogen or a methyl group and R4 is sulfur.
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need of treatnent nedlated by folate nmetabolic pathmays |nh|b|t|on by any

known on, including topically (e.g. nt or
cream wP(is)raa 08;5 Hm‘ﬁ @ﬂ ﬂi’g suppository), parent aI 1Y, ﬁﬁgg%u on
or contlnuously by i+ gi nal | |ntranasally,

i ntrabronchially, |ntraaurally or ‘i ntraocu?@rr The conpounds
according to the present invention may be characterized as produci ng any

one or nore of an antiproliferative effect, an antibacterial effect an

antiparasiti o effect. afy 2l WelosilogloaRdi 0l LESBIRRN 6 EHSEn Ay
conpounds areom@p@@dQHQ§lﬂmﬁlnf|thepfehhcwnggaatanctBUﬂsr effect in g

vertebrate host harboring a tunor. 2 R4 —
pi
HN R
wherein R is H, and Rl"L\N
{
R3
r? R? r* R>
a w0
Ci
]
CH, H CH, N
[
CH, H C=0 ——@
CH, . H CH(OH) -—-@
CH, H C(OH)(Ph) __@
CH3 H S \ /N
CH; CH, S N

\
v e OO
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- 40- e - EXAMPLES 'N\jAs stated previously,
Tabl e io@zgmoeses a nunber of preferred9"(:0‘rrpounds accor di nBCTAUSI3&02836esent
i nvention. Exanples of the process used to make several of these preferred

conmpounds is set forth bel ow The structures of all conpounds of
the invention were confirmed by proton nagnetic resgaafce spectroscopy,

i nfrared spectroscopy, elenental mcroanalysis and; BSyGPectronetry.

| nfrared absor fHion spectr&Haere taken on M dac F a Perkin El nmer

Model 457 spectrophotoneter. Spectra were obtained as KBr (potassium
brom de) pellets or neat filnms, and the peak val ues pege reported in
cnjerr]. Pr ot on gnetic reson@ance spect rfa re_determ ned
using a Gener al’Hl ectric é 800 spectroneter operati g%t— 3

N
CH CHy S \__/
CH,
OCH S N
CH3 3 \ /
S N
NH, CH; \__/
oH S N
CHs \ /
CH S 5
1 CH3 3 _ \ /
' _— OCH;,
N
CH3 CH"S S \ /
e CF,
) N
NH, CH; \ /
' - " CF,
CH; CH, CHj 5 \ Y/
N==
a ' S This Sheet Has Been Replaced
- b1 T
———— ;I i H
CH3 CH3 S \ N/
= Br~
S N
CH, H \ 7
N*~—H
CH, CH, S ——@ Cl-
CH s H
NHz 3 \ / -

Ay
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field strength of 300 MHz.' Chenical shifts are reported in parts per
milli %o(ﬁ)zdﬁésse“i ng the references such that, in CDO [ectlusd’ig263s
CHCl [err] 'peak is at 7.26 ppmand, in D¥BO-d[err], the DMSO peak is at
2.49 ppm Standard and peak nultiplicities are designated as follows: s,
singlet; d, doublet; dd, doublet of doublets; t, triplet; brs, broad
singlet; brd, broad doublet; br, broad signal; m nulti p{l.e@iﬁmsseem{cp\md

Mass spectra were determ ned using a VG 7070E- HF high r \S ]
spectronmeter using the direct in i,.on met hod, an ionizj mﬂ‘ !
70eV, and an ion source tem@ of 200[err]C. Elenen i oanal ysi s
provi ded results for the ele ts Wsually within 0.4% of the

t heoretical val ues. o) S General Procedures

N-N-Di et hyl f or mami de (" nged over activated (250[err]C) 3-A
nol ecul ar sieves; N, N—HN } am de ("DMA") (Al drich Gold Label
grade) was simlarly driel trahydr @Qiran ("THF') was distilled from
g;iggl nitrogen. The term "ether" refers to

sodi um benzophenone, kefyl
di et hyl et her. HN™ 4 "!‘ Fl'ash chr omat ogr aphy was perforned using Silica
H

gel

e

N
CH, CHs S \ 7

N(CHy)z

O CoM
r N H
H
H
CH, s > -—@——002

CO,H

CH, CH, S \ N//N

NH, __?CHs S \—“N’/N

CH, H CHy W
\

CHs H City WNOZ
\

N
N

R O R



60 (Merck Art 9385) Vhere the crude solid was insoluble in 'the chosen

Lo soivencs = AN ", e o

silica was added. The' slurry was evaporated to dryness on a rotary
evaporator fitted with a course glass fr+t330- prevent spraying of the
silica. The coated silica was then applied to the colum. Thin |ayer
chromat ographs ("TLC') were perforned on precoated sheets of silica 60

Flerr] (Merck Art 5719). Extracts were dried over
32. A compound according to claim 31, wherein said

compound has one of the following structures:

2 R4’RS
2
m R
RI7 YN :
Rr3
wherein R3 is H, and
AR /! «
NH,  CHy s \
NH, Mg S T Nw
N\ 7
cA
/H
e N
~ }
o S
HN ‘ (),
“a“'/".‘l‘\'f acn”
H .

33. A compound according to claim 32, wherein said
compound has the following stucture:

_H
= "
~ !
o &S
oY
M >
TR\ 4’\; acn”
!
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anhydrous Na[err]SOerr] or MgSOerr]. Melting points were deternined on a
Mel - Tegp 9pPesed us and were uncorrected. Exanple 1: Prepar gd
Conmpounds 8A and 14A Conmpounds 8A and 14A were p?gggggﬁggggﬁ?ding

S 1111

34. A compound according to claim 1, wherein said
compound has a thymidylate synthase inhibition constant of

less than or equal to about 104y,

35. A compound according to claim 34, wherein said
compound has a thymidylate inhibition constant of less than
or equal to 10 Tu.

36. A process of making a compound of the formula
I according to claim 1, wherein 2 and Rl to R5 have the same
meanings as claimed in claim 1, comprising subjecting a

compound of the formula

or

(1) (ii)
1 3

wherein 2 and R™ to R” have the same meanings as claimed in

claim 1 and L is a leaving group, to a displacement reaction
with the appropriate compound which will cause the leaving

group L to be replaced with the desired ~R4-R5 substituent

for formula (i) or with the appropriate R5 substituent for
formula (ii).

37. A process of making a compound according to
claim 36, wherein said process is carried out in the presence

of a base at a temperature of from about 70°C to about 165°C.



[err] lmﬁ”ml on of Internedifale Conmpound (1) --
3- Br orfyfls | - “‘“HH"““ { solution of 50.0 g (O. no
2- Br ono- 4jrﬂ{|§(§dr§§- ?H)rue‘ne Y n%00 nf nethanol was placed in ééﬁéﬁJ#‘)NOZG%.
hydrogenation bottle. To the solution wasggdded 5.0 g Raney nickel. This
m xture was hydrogenated at 30 psi Herr] on the Parr hydrogenator for

three hours with agitation. The Parr bottle

38. A process of making a compound of the formula

I according to claim 1, wherein Z and Rl to R5 have the same
meanings as claimed in claim 1, comprising the steps of:

(1) reacting a compound having the formula

R2

NH

wherein L is a leaying group, with hydroxylamine
hydrochloride to form an isonitrosoacetanilide compound of
the formula

(2) treating the isonitrosoacetanilide compound of
step (1) with sulfuric acid, followed by ice and purification

This Sheet Has Been R
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was vented, the re e was filtered through élatonaceous earth
(celit o oggoide 3 !ﬂ%ﬂﬂ@%ﬂ”{ rated to yield 41.0g (%? l&{s | Iow
oil. IR (neat) 332 A 9, 1288, 1030, 812 cnferr

5.

(DVMsO-d[err]) [err] 2.13 (s 3H), 60 b§6 6.46 (dd, 1H, J 8 1 Ft
2.3 Hz), 6.79 (d, 1H J = 2.3 Hz), 6.94 ( ') =82 Hz) . HRNB cal cd.
for JerrJHerr]BrN. 184. 9843 Found: 184. 9840. Preparati on of
I nt er medi at e Cbnpound (2) --

3- Brono- 4- ng} sopij.t et,ani;l x 0g
chl or al hydrate (deééhﬁ%f % Egigiﬁ.%%alﬁﬁggqfcom ?%PéEgan #é §?8§§a

3- Br ono- 4- net hyl - anlllne (1) (oO. 21 nol), 20 m concentrated HCO, 55.0 ¢
of hydroxyl am ne hydrochloride (0.79 nol) and 1.5 1 of Herr]O were
heated at 100[err]C for one hour. The reaction mixture was cooled to OC,
and the precipitate was collected by filtration. The solid was washed
with Herr]J]O and dried to yield 41.0g (78% as a tan solid: MP. 195-197C.
IR (KBr) 3439, 3310, 3110, 2998, 2§76, 2y49, 1636, 1591, 1466, 1256, 905,
691 cnferr]; [err]H NVR (DVSO-d[ err (s, 3H), 3.50 (bs, 1H)

o)

N
!
H

;
{3) reacting the isatin compound of step (2) with
an aqueocus basic peroxide to form an anthranilic acid
compound of the formula

.
N r
“

(4) reacting the anthranilic acid compound of step
(3) with acetic anhydride to form an acetylanthranil compound

'This Sheet Has Been Replaced
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_1H43J__wg,7@,2,§g@(:: 1(%H mmlﬂ Wﬁmlﬂmf?’ (dcliH) 1H’Aanal ; '|22:d.2' Fore), 802 (d

Clerr]Herr]BrNerr]erf]:* C" 42.04; H, 3.53; Br, 31.08; N?QRH?%B@ZEShnd:
C, 42.71;, H 3.57, Br, 31.44; N, 11.09. . g7 - Preparation of
Internediate Cbnpound (3) -- 4- Brono- 5-net hyl i satin

To 160 m concentrated sulfuric acid at 80[err] C was added 40 g (0. 156 nol)
of (2) and stirred for one hour. The reaction m xture was cooled to room
tenperature afd tHwenfeomitd onto 2 1 of crushed ice. The precipitate was

0 L
2
o} < N R
l
H:,C/KN '

(5) reacting the acetylanthranil compound of step
(4) with anhydrous ammonia, followed by NaCH and then by
hydrochloric acid to obtain a quinazoline of the formula

4

; and
. {6) subjecting the gquinazoline compound of step (5)
to a displécement reaction to replace the leaving group L
with the desired R4-RS substituent, and thus obtain a
compound according to fomula I.

39. A process of making a compound according to
claim 38, wherein step (1) is carried in the presence of
water, chloral hydrate, HCl, sodium sulfate and hydroxylamine
hydrochloride at a temperature of from about 0°C to about
100°C.

40. A process of making a compound according to
claim 38, wherein step (2) is carried in the presence of
concentrated HZSO4 at a temperature of from about 50°C to
about 100°C.
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filtered, washed w r.and then washed with benzene. The red solid was
added t@(%@f@(}s f 4;@”@# " jmu/iu he solution was allowed_to cool to room
t emper at ur e, | ec ed with cold ethanol . FPCT/US93/02636

6- Br onp- 5- nethyllsatln as mell as sonme of the desired product remins in
the nother liquor, and can be separated by98iFica gel flash colum

chromat ography. The filter cake was dried to yield 199 (50.7% of a red
solid: MP. 245-248[err]C. IR (KBr) 3302, 1750 1609, 1466, 1273, 675
cnerr]; [err]HNW (CDCl[err]) [err] 2.26 3H), 6.8 (d, 1H J =7.9

Hz), 7.5 (d, 1H, J = 8.9 Hz)A 11110%8(5501‘-1704? ln;Anal copprgad pecording to

Cerr]Herr] %rll}al@ﬁr?@d werdin Oétegs' 2)525 Barr33d28n MhedpB@sdmndis G
45.10; H, 2.54; Br, 33. 19; Preparati on of Internedlate

Conpound (4) asic,’ aqueous hYg’S"%’E‘h?Fr@beiSrrﬁtaﬁt kPERErAtUES ¢f from
A mxture of a@dud 3¢ NaObdgk 180¢gcof isatin (3) (0.08 nol) were heated

i 0
M xtur e vas stirred fortine NOOCHRE OXPaling HasCRERRES Fo-T S
aci dified tocidiar 138 mivieretonseepr §¢¢dibydrochedr ivnathe. pheseswleutafon was
evaporated .y NGy Anthd e 2ddeflphaagdebsMekBaNabouln® g8 WY & poyt
140°C.

43, A process of making a compound according to
claim 38, wherein step (5) is carried in the presence of
ammonia at a temperature of from about ~33°C to about 20°C.

44. A process of making a compound according to
claim 38, wherein step (6) is carried out in the presence of
a base and appropfiate catalyst at a temperature of from
about 70°C to about 165°C.

45. A process of makinga compound according to
claim 38, wherein step (5) is carried out by the following
alternate steps of:

(5a) treating the acetylanthranil compound of step
(4) with methanol, followed by hydrochloric acid, to obtain a
compound of the formula

HaCO

This Sheet Has Been R Repla
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was filtered and th aporated to ylérﬁ 18g of atan solid
(97. 8% g 2ag\/l ugal HBEEHFEZ% 294 err] C. | R (KB 3619 3229,

1578, 1478 14 706 cn{err] 1H 7US93/02636
(DVMsO-d[err]) [err] 213(s 3H), 4.9 (s,_ @@u i

- 44 - (d, 1H, J = 7.9 Hz), 6.74 (d, 1H77 = 7 8 Hz).

Preparation of Internedi ate Conpound (5) -- 5- Br ono- 6- net hyl
acetyl ant hrani | (5-brono- 2, 6-di met hyl - 4H 3, 1- benzoxazi n- 4- one)

(5a’} treating the anthranilic acid of step(3) with
phosgene or triphosgene to form a compound of the formula

RZ

»
which is further reacted with methanol;

(5b) reacting the product of step (5a) or (5a’)
with chloroformamidine hydrochloride to obtain a quinazoline
compound of the formula

This Sheet Has Been Replaced
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46. A process of making a compound according to
claim 45, wherein step (5a) is carried out (i) in the
presence of methanol at a temperature of from about 0°C to
about 100°C and then (ii) in the presence of concentrated HC.
at a temperature of from about 70°C to about 100°C.

47. A process of making a compound according to
claim 45, wherein step (5a’) is carried out (i) in the



’ . 4\-\. A,
A nmixture of 18 g anthranilic acid (4) (0.078 nol) in 300 i acetic

anhyd eat hours. The solution
O[errwgﬁmﬁ?%ergalw mmmuﬂ(ﬂ e was washed with acet dlé’lz‘ﬁ 16 g
(81%theory) as a whrte solid NIP' 190-194[err] C) which was used w t hout
further purification. IR (KBr) 3460 1750108660, 1574, 1416, 1260, 1070,
841 cnferr]; [err]HNWR (CDCl[err]) [err] 2.45 (s, 3H), 2.55 (s, 3H), 7.40
(d, 1H, J =8.2 Hz), 7.64 (d, 1H J = 8.0 Hz). HRVS calcd. for

Qlerr]Herr]BrNQerr]: 252, 9738. Found: 252. 9743, Preparation of
|nterned|at@ngﬁﬁﬂﬁﬁnp§ riphosgene at a temperature of from about 0°C to

5- Brono- 3, 4agiditdrap & 6ax@l<a nepéy | gywamltne4p9@§ence of methARMARUS
anmoni a (50 was condepsed into % sk cogtalnlsg 8.5 g (34.0 nmol)

ant hrani | (§Fﬁhﬁﬁquﬁﬁ Pea ¥?%naaa§t r&8 #BPUS RPsC:-The sol vent was
evaporated to give a 4@si duepraddsdSofil makiddl &la@bmpaan&dded:or'ﬁrimg to

reaction m t I t epper Eg 1.hr The resultln
sol uti on vva)s‘S c'éog} V%’t (r)mgé(fgl amé r%ké& ?E g‘%y E‘oﬁ'geﬁ Fateq - ohe P
hydr ochl ori cha@mne Trd ndé kexetovmamidine ehEdroahaormdef akt er tempenmire

washed W t h JwatgiaanothdReN] 6 Btegotgbghglg7§ & g (82.5%theory) of 6 as a
tan solid: NIP 288- 291[err (dec.) product was used wi thout further
process of maklng a compound according to

claim 38, wherein step (6) is carried out by reacting the
product of step (5) with a 4-thiopyridine anion, in the
presence of sodium hydride, copper (I) bromide and copper (I)
oxide.

50. A process of making a compound according to
claim 45, wherein 5tep (6) is carried out by reacting the
product of step (5b) with a 4-thiopyridine anion, in the
presence of sodium hydride, copper (I) bromide and copper (I)
oxide.

51. A process of making a compound according to
claim 49, wherein the 4-thiopyridine anion is made by
reacting 4-mercaptopyridine with NaH in anhydrous N,N-
Dimethylacetamide.

52. A process of making a compound according to
claim 50, wherein the 4-thiopyridine anion is made by
reacting 4-mercaptopyridine with anhydrous N,N-
Dimethylacetamide in NaH.

53. A process of making a compound of the formula
I according to claim 1, wherein Z and r! to R5 have the same
meanings as claimed in claim 1, comprising the steps of:
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purification. IR (KBr) 2910, 2620, 1680, 1630, 1460741377, 1298, 1128, 872

cni er riwo pEmogdd NVR Hﬂm’mm'mm [] r] 2.33 (s, 3H), 2.43pctrsusdtivrese 49
(d, 1H, J = 8.3 Hz), 'l"ﬂ 8.3 Hz), 12.20 (bs, 1H. HRMVS
calcd. for err]Herf]BrN'r™ Os 251. 989801 Found: 251.9908.

Preparati on of Compound (7) --

Met hyl - 2- am no- 6- br ono- 5- net hyl benzoat e A mxture of 10 g
(0.039 nol) anthranil (5) in 75 m et hanol was heated at reflux for 2
hrs. To the solution (WasreadedngOanconprved oft ddehydrmoohlaoric acid, and
the m x was heated for an additional two hours. The reaction m xture

was evaporated to dryness. The residue was dissolved in 20

NO,

¢

wherein the R9 substituent is hydrogen, -CH3, ~OCH3, CF3, or
N(CH3)2, with a benzylmercaptan to form a compound of the
formula

wherein the 10

substituent is hydrogen or -OCH,;
(é) reducing the product of step (1);

(3) deprotecting the product of step (2); and

This Sheet Has Been Re laced
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- 45 - m H20 and neutrallzed to pH7 with trlethylanrne The aqueous

sol uti emowagoaxs r ac e chloride. The | ayers ated
and the organic | aygmllmngmmum magnesi um sul fate, fi I%‘ﬁ dssg(éﬁ
evaporated to dryness to yiel'd 6.0xg of ( 8]‘)Sgl?as an orange oil (63%theory).
| R (neat) 3483, 3410, 3220 3000, 2950, 2 1720, 1620, 1560, 1430, 1288,
1120, 1015, 816 cnjerr]; [err]H NWR (CDO [err]) [err] 2.31 (s, 3H), 3.95

(s, 3H), 4.10 (bs, 2H), 6.60 (d, 1H J = 8.2 Hz), 7.05 (d, 1H J = 8.1 Hz).
HRVB cal cd. for C[e”]g*hgr LRANARS Mdhe %f'é’ocﬁ?@@ oFOsPEp 249 9898 a

Preparation of Interne te Cbnpound (8)

2- A no- 5- br SRBPSURAGPLh ey GuﬁﬁﬂﬁquU|nazolln-4-one To a
solution of nethyl ester (7) (6 g, 24 mol) in 50 m of diglynme was added
3 g (24 mmol) of chloroformam di ne hydrochl ori de. The m xture was heated
at reflux for 1 hr. The m xture was cooled to O[err]C and filtered. The
solid was washed with ether and then dgied fo yield 6.25 g (88%theory)
of atan solid: MP. (hydrochloride) >380[erf]C. ;be product was

HN j

s

Rl N

!

l 3 ] 1]
3 have the same meanings as claimed in

wherein 2 and R™ te R

claim 1 and L is a leaving group, to obtain a compound of the
formula

54. A process of making a compound according to
claim 53, wherein step (1) is carried out in the presence of
a base and scolvent at a temperature of f£rom about 0°C to
about 80°C. '

55. A process of making a compound according to
claim 53, wherein step (2) is carried out in the presence of
a solvent and a reducing agent at a temperature of from about
0°C to about 80°C.
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used w t hout further’ urlflcatlon | R (KBr) 3140, 2950, 1670, 1620, 1471,

1402, 816, 600 cn[ DNBC)d[err]) [err] 2.28 (s, 3H), 6.75

(bs, 2M093/2§03%), ““w mrnml 40 (d, 1H, J = 8.0 HACT/AIS98/q2636

1H). HRMS cal cd. emnr [esr]BrN[err]C) 253. 9927 Found: 253.9929.

Prepar ati on of Cbnpound (9) (Conpound 8&) 103 -

3, 4- Di hydro- 2, 6-di net hyl - 4- oxo-5- (4-pyri dyl t hi 0) - qui nazol i ne To

a solution of 3.2 g 4-mercaptopyridine (28.8 nnDI) in 50 m of anhydrous

N, N-Di et hyl acet ami de at O[err]C was added (28.8 mMmvl) NaH (60%

di spersion in mneral 8fl+) , A Eﬁﬂf%ﬁﬁaqﬁ>@%ﬁﬁp%t?r SHPPBRA 12 RFOTE4 Nghite

reacti on m xgUsem 589Swhdded 3 sked mld’ﬁzﬁécﬂleo(xﬁ) lﬁotﬁézpﬁebhncle abfg
ated at

1) b 1)
ggfgfi]é %orrzghggén%hgnpegcﬂg’ Jn%%f%%%:( g¥%v%50?a§$ﬂpF538P§ﬁe§ L3Py
of an H[err]&buuthaﬂﬁPCsMaﬂahmudJID°Cg/I) mas added to the residue, and

the mxture was stlrre§ed g &EdHéSénﬁae vs g@éo%g &egccgggﬁF Sio

filtrate was evapor a ryness VI a
chr omat ogr aphjadn §Bb|@@Q;ﬁlnxﬁﬁﬁphtk}vxaﬂQ#¥¥{¢?e®ﬂP éB.QB? pyesence of

sodium hydride, N,N-dimethylacetamide, copper (I) bromide and
copper (I) oxide at a temperature of from about 70°C to about
165°C.

58. A process of making a compound of the formula
I according to claim 1, wherein Z and Rl to R5 have the same
meanings as claimed in claim 1, comprising the steps of:

(1) reducing a compound of the formula
*

to form a compound cf the formula
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- 46 - yield 1.7 f atan solid: MP. 235-238[err]C IR
(KBr) 3&ef93/36058; ﬁ 1408, 1300, 841, 820, 7 rg r

[err]H NI\/R(DI\/éO 28(5 3H), 2.40 (s, 3H), %%%’Hfﬁﬁ =
5.9 Hz), 7.60 (d, 1H J 8 3 FE) 7.80 (d, 1H J 8.5 Hz), 8.24 (d, 2H, J
= 6.5 Hz), 12.10 (bs, lkb. Anal . Cal cd. T0$0%Iérr]H[err]N[err]CS Herr]O

C, 59.80; H 4.98; N, 13.95; S, 10.63. Found: C, 59.58; H, 4.90; N, 13.89;

S, 10.62. HRMS Cal cd. for C[err]H[err]N[err]C{err] 283. 0773. Found:

283. 0779. Pr epay. un 0)... ( und, 14A) .-s 2- Am no- 3,
4- di hydr o- 6- net hyl - 4- ox0- pyr H&Bé&uéaufﬁgggFPnél) thh a
xanthate compound to obtaln a compound of the formula

S
S OCH,CH,
! N
NZ RS

; and
(3) subjecting the product of step (2) to
hydrolysis and reattion with a compound of the formula

2 L

R?
HN ’

PN

rRi N

!
R3

7

wherein 2 and R1 to R3 have the same meanings as claimed in

claim 1 and L is a leaving group, in the presence of
N,N-Dimethylacetamide, copper (I) bromide and copper (I)
oxide to obtain a compound of the formula

/?‘

" ”‘:ﬁ hﬂlsiiie‘ i

59. A process of making a compound according to

claim 58, wherein step (1) is carried out in the presence of



To a solution of 17.2 g 4-nercaptopyridine (15.5 ndl) in 250 m of

anhydr gy y L e 'Iﬂﬂ O[err]C was added 6.2 1)
NaH (60%éﬁs%g%i om“mmm ‘ﬁ“‘) and the reaction V\/asg%ﬁ/rq%ggﬂfzgrggl
hr. To the solution* was added *15"g am noqujhazoline. HOJ (8) (51.3 mmol),
4.5 g copper (I) bromde, and 4.5 g coppéer (I) oxide. The m xture was

heated at 90[err]C for 4 hrs., and then concentrated under vacuum To the
resulting solid was added 150 ml Herr]S/ MeOH solution (20 g/l). The dark

m xture was | f 1 Qr ii £§éﬂ§ e .
filtration, g%gi%ﬁgn afﬁa%offév%$$iEﬁ?ﬁiﬁé%ﬁ%v porai%gsuéﬁgggog?gxﬁgéum’
washed wit h@kethirpeperannge @€ abaatowdf by ethyl ether and finally

boi li ng isopropanol togyield brocesbPp thaamg Dfcddiure @ccégaiﬁgl el

M P. 301_302{% rr.%C' | R (KBr). 3320, 3;330,, 2750 .16({0, 1575, . 1466, 1305,
1220, 804, 7563 258 WPPFEif. SEAR NVR (BVESTTEET 19Ut 61B. §be (Bresspre @135
(bs, 2H), ?.Bﬁ éguedbs dcidy. Foidowed/ 46 NaNO lHind pobadstiah, xdnbBatd, k.
J = 8.5 H),

Clerr]Herr] ﬁ?&%%‘?%%gf.‘%%ﬁg if]’%% %%c&?csé.fdé@& #na}l?%%g%f 00: S 10.30.

Found: C, 53.81; H, 64..25A Mrotesal oS maldiigB.a ¢ undl adcotding to
Cerr]Herr] phgihl 98, whetdin0tht HRMEyL8H O 3ep (3) is carried out
in the presence NaOH/CH3OH at a temperature of from about 0°C
to about 20°C.
62. A process of making a compound according to

claim 58, wherein the reaction part of step (3) is carried
cut in the presence of a base, solvent and catalyst at a
temperature of from about 70°C to about 165°C.

63. A process of making a compound of the formula
I according to claim 1, wherein Z and Rl to R5 have the same
meanings as claimed in claim 1, comprising the steps of:

(1) reacting a compound of the formula
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47 - Exanmple 2: Preparati on of Conpounds 13A and 15A Conpounds
13A andomﬁe(mssemmﬂﬂ“ﬁﬂlﬁﬂmnﬂ“ng to the foll owi ng react pon/1$930%:36
- 106 -

with a compound suitable for providing a protecting group P,
to form a compound of the formula

(2) converting the product of step (1) to a
compound of the formula ]

wherein L is a leaving group;
(3) subjecting the quinazoline compound of step (2)
to a displacement reaction to form a compound of the formula

DY

This Sheet Has Been R Rl /,\N
T g

(4) deprotecting the product of step (3).

; and

64. A process of making a compound according to

claim 63, wherein step (1) is carried out in the presence of



o

terr] ' OH :

MO0 M N PeTruSas/Oz63e

-~ 107 -

an alkyl or acyl halide, a base and a solvent at a
temperature of from about 0°C to about 20°C.

65. A process of making a compound according to
claim 63, wherein said protecting group P is selected from
the group con51st1ng of CH2OCH2CH Si(CH )3, CH,OCH
CH OC(O) tBu and CO®Bu.

66. A process of making a compound according to

2 37

claim 65, wherein said protecting group P is
CH,OCH,CH,81(CHy) 4.

67. A process of making a compound according to
claim 63, wherein step (2) is carried out. in the presence of
N-Bromosuccinimide, bromine, N-Chlorosuccinimide or
N-Iodosuccinimide.

68. A process of making a compound according to
claim 67, wherein step (2) is carried out in the presence of
N-Bromosuccinimide.

" 69. A process of making a compound according to
claim 68, wherein step (2) is carried out in the presence of
N-Bromosuccinimide, CCl4 and light at a temperature of from
about 50°C to about 100°C.

70. A process of making a compound according to
claim 63, wherein step (3) is carried out in the presence of
a nucleophile, base and solvent at a temperature of from
about 0°C to about 100°C.

71. A process of making a compound according to
claim 63, wherein step (3) is carried out by reacting the
product of step (2) with 5-chloroindole.

72. A process of making a compound according to
claim 63, wherein step (3) is carried out by reacting the

This Sheet Has Been Repi
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- 48 - WO 93/20055Pr medi at e Conpound (11) - pCT/US93/026
3- Br ono- 4- net hoxyaﬁmﬂﬂwm"m”mﬂn o] a soI ution of 38.0 g of 36
1-brono-4-nitroanisdle®(0L164 no I n of methanol/THF (1:1) was

added 5 ml of anhydrous hydrazine and 4 0 g of activated Raney ni ckel
catal yst suspended in ethanol. The m xture was stirred and

product of step (2) with NaOEt and 2-nitropropane, followed
by phenylmagnesium, to form a compound of the formula

*

73. A process of making a compound according to
claim 63, wherein step (4) is carried out in the presence of
an acid or basic fluoride at a temperature of from about 0°C
to about 100°C.

74. A process of making a compound according to
claim 63, wherein deprotecting step (4) is carried out by
reacting the product of step (3) with tetrabutylammonium
fluoride.

75. A process of making a compound according to
claim 63, wherein:

- (i) prior to deprotecting step (4), the
product of étep (3) is oxidized to form a compound of the
formula

: and
This Sheet Has Been Replaced

LT




L4

heated to a gentle reflux; where upon the m xture began to effervesce.

Wthin Bg/zioggs of 3 hrs., 7 additional m of hydrazine angd/aadsidhgsel

grans o ney nickel were introduced into the reaction. The warmreaction
m xture was vacuum f| “ ugh a pad of silica gel to renove the
catal yst, and tm ‘mmm mghl y washed9w-t h et hyl acetate. The
filtrate was con@ and*t he dark brown oil was placed under high
vacuumto renove traces of solvent. The product deconposes readily and was

used as is. [err]HNWR (CDCl[err])[err] 3.46 (s, 2H), 6.60 (dd, 1H .J =
8.6, 2.7 Hz), 6.73 (d, 1H, (ik) ss@bseyuestopo(deprptegting BtHap .(4), the

Prepar ati on r | n -with oh $ 43
3- Brono- 4- ngﬁoé‘iw&{feér?d%t?é onﬁfg‘g%ageeééﬁ%?i gle' P enyll:.tl-)]lrtlxm a tZOSCF Or’ﬁm a
3-neck roun@aFRAWH fefasthe glormmud@dter was added to 6.3 g (37.8 mol)

chloral hydrate. The flask was fitted with a nmechanical stirrer and refl ux
condenser, and 90 g anhydrous sodium sul fate powder was added over a

period of 1 minute with constant stirring" solution of 6.3 g (31.2
mol ) of aniline (11) in 3.0 M conc. HOll and{21 M water was added,
foll owed by a solution of 7.7 g (112 mol rINOH HO  in 35 M water.

The m xture was slowy heated to refluszVéA'th

76. A pharmaceutical composition comprising a
pharmaceutically acceptable diluent or carrier in combination
with an amount of a compound according to claim 1 effective
to inhibit the growth and proliferation of higher organisms
and micororganisms.

77. A pharmaceutical composition according to
claim 76, wherein said compound is capable of inhibiting the
enzyme thymidylate synthase.

78. A pharmaceutical composition according to
claim 77, wherein said compound has the formula:

A g
HaoN :LN | ;;.\ -

79. A pharmaceutical composition according to
claim 77, in a form selected from the group consisting of

SUBSTITUTE SHEET
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constant stirring and continued for 2 mnutes at \M;i cp%ti me  brown crystﬁl S
f or med. ture was cooled, the solid filtered o Wt
wat er w§fb§/iﬂ0§ to constant weight by vacuum The resulti ngegﬂf%/

5.65 g (66% theoretical) and was pure enough for the next step. An

anal yti cal sarrpl m recrystalid zati on. MP. 202-203[err] C
(hexane, Et QAc). ‘Im&m “immn 875, 2056, 2023, 1643, 1634, 1543,
1502, 1295, 1270, 799 Gn[err] [err]H NMR (CDCl[err], one drop

6..87 d, 1H J = 8.9 Hz), 7.53 (m 2H),
Epgg)?g?rElgfgg&gzsglagyge8 oy egal é%renteral topical, ;ntravaggnaljﬂ

intranasal, intrabronchial, intraocular, intraaural and
rectal administration.

80. A pharmaceutical composition according to
claim 77, further comprising at least one other compound
which is an antitumor agent.

81. A pharmaceutical composition according to
claim 80, wherein said other compound is selected from the
group consisting of mitotic inhibitors, alkylating agents,
thymidylate synthase inhibitors, dihydrofolate reductase
inhibitors, antimetabolites, intercalating antibiotics,
enzymes, topoisomerase inhibitors or biological response
modifiers,

82. A pharmaceutical composition according to
claim 77, further comprising at least one other agent which
is an antibacterial agent, an antifungal agent, an
antiparasitic agent, an antiviral agent, an antipsoriatic
agent, an antiprotozoal agent or an anticoccidial agent.

83. A pharmaceutical composition according to
claim 81, further comprising at least one other agent which
is an antibacterial agent, an antifungal agent, an
antiparasitic agent, an antiviral agent, an antipsoriatic
agent, an antiprotozoal agent or an anticoccidial agent.

84. A pharmaceutical composition according to
claim 77, wherein said compound has a thymidylate synthase
inhibition constant X, of less than or equal to about 10—4M.

85. A pharmaceutical composition according to
claim 84, wherein said compound has a thymidylate synthase
inhibition constant K. of less than or equal to about 10"7M.

86. A therapeutic process of inhibiting the growth
and proliferation of higher organisms and microorganisms,
comprising administering to a host in need of such treatment
an effective amount of a compound according to claim 1.

87. A therapeutic process according to claim 83,
wherein the compound is capable of inhibiting the enzyme
thymidylate synthase.
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1H), 11.60 (s, 1H, NH) . Anal. Calcd. for err]H €] BrNerr]Qerr].0.11
Et CAc: Cogzl],;gz@% H 3.52; Br, 28.26; N, 9.91. Found: C, 40.45; H, 3.44; Br,
27.86; X 209 Preparation of |ntermedi ate Conpoufdl{USSB/02636

4- Br ono- 5- net hoxyi ' lu““ﬂ\ acuumdried [err]-1sonitrosoacetanilide
(12) (3.0 g; 11 nngm“mu“ ded to Bilhi-conc. Herr]SJerr] at
50[err] C while being stirred. The'reaction mixture first becane yellow, and
then turned dark. The tenperature was raised to 65/ err]C for 10 m nutes,

and the reaction was followed by TLC (Et OAc/ hexane; 40:60). Heating at
65-70[ err] C was resuned8nt id Hieraprutiarprogesat eFrarding tonsdesad &7,

j udged by TLGheHB&%=%@ﬂﬂ‘Hdﬁﬁbuﬁd“hééaGEéOﬂofﬁéigEe,“ﬁs cool ed and added
to 80 g of crushed ice wwth stirring. A dark red solid fornmed and was

filtered off, washed free of acid by water and dried under vacuum The
resul ting substance was purified by chromatography on a flash silica colum
using a gradient system of EtQOAc/hexane; 40:60; 50:50; 60:40; 70:30; 80:20.
The undesired isoner, 6-Bronp-5-nethoxyisatin ghed first,

T

89. A therapeutic process according to claim 87,
wherein the compoﬁnd is in a form selected from the group
consisting of forms suitable for oral, parenteral, topical,
intravagihal, intranasal, intrabronchial, intraocular,
intraaural and rectal administration.

90. A therapeutic process according to claim 87,
wherein the compound is administered in a dose of up to about
1 gram of active compound per kilogram of the host.

91. A therapeutic process according to claim 87,
wherein the host is a mammal.

'92. A therapeutic process according to claim 91,
wherein the host is a human.

93. A therapeutic process according to claim 87,
wherein the host is a bird.

94. A therapeutic process according to claim 87,
wherein the compound is further characterized as additionally
producing an anti-proliferative effect not derived from the
inhibition of the enzyme thymidylate synthase.

95. A therapeutic process according to claim 87,
wherein, prior to said process, the host harbors tumorous
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fol | oned by the desired i soner (13), which was isolateé as ared solid

(0.71 rr]C. IR (KBr) 2064, 17 34,
1278 c%{oe%? s ﬂ“ﬂm}mummgfﬂf one drop DVBO- d[e r])li_)’%r e’gé%ﬂé&g’l (s,
3H), 8.8 Hz), 10.88 (s, 1H)
Anal . Calcd. for C[err]H[err]BrhKIerr] 13112A¢2 19; H, 2.34; Br, 31.25; N,
5.47. Found: C, 42.27; H, 2.37; Br, 31 30; N, 5.42. Prepar ati on
of Internediate Conpound (15) --

5- Br ono- 6- et h acet | ant hrani | (5- br ono- 2, 6- di net hyl - .

a1 3 T bono oRaT ke asbiiephezeln the Yo s (Hq¥actert em sop praRusing
2.28 g (8.9 annnntitumarlafﬁé&ﬁ, in 13.4 mM of 2N ag. NaOH (26.7 mmol) was

cooled to O[err]C. To this cold solution 0.90 mM of 30% Herr]Jerr] (8.9
mol ) was added gradual |y keeping the tenperature below 20[err]C. The

progress of the reacti8f-wad tberempedtiy TIOCegEtPeohdianeto401860n. 8AN
~addi tional Owﬁeratnofchaowﬂ BLhK e 'thMaer a@&k%téfﬁzé@ eg-f&aeesrﬁg an

m xture was siiprre gmnuesat room t enperature.
i ndi cat ed cofi %ﬁﬁ?, §glgrted from the group consisting of antlbacterlal

antifungal, antiparasitic, antiviral, antipsoriatic,
antiprotozoal and anticoccidial effects.
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P
-50-  the starting nhaterial .
acid'to pH4 ey
crude 6-Bronp-5-net hoxyant hranilic aci

e St MRS, R ] A LS .

The nixture was aci di fj ed with ~
@ Foncentr at*é%lL‘VNEFLaﬂégyd’gﬁﬁFU FEapzEorn 78[ err] \

acetic
b Zavi ng
as a grey seni - SO|Id Thi s

(14Y,

sl ur r yINTER NAT@ANAY AGPLICAXBO N PLOFL 1D IU(N Iﬁiﬂ’lyfdi PHEERRGOOEERAKEN TREATO (PCT)

m g
wasg
and
parit

gl?%és%alqﬁ{eKégsl hfsvas thel

259/ Cﬁg@%ﬁ hyI acet at o

AT,
b%ilica gel
S ttia

Ul on - \Was DR

1@551"‘”“2 %la! !?%hcb equrr‘nlgg{ u

)(43)am&nurrsmwm BateaNd Q@bab®di993 (14.10.93)

To the l;
re was

R4 2goss

/ mlnmnntr ated_and al In\/\pd ta _cool

ang (El) lnteﬁlanoné{
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(54) Title: ANTIPROLIFERATIVE QUINAZOLINES

(57) Abstract

Quinazoline compounds which demonstrate antiproliferative activity, such as antitumor activity, processes of preparing
these compounds, pharmaceutical compositions containing these compounds, and the use of these compounds. These compounds
inhibit the growth and proliferation of the cells of higher organisms and microorganisms, such as bacieria, yeasts and fungi. Pre-
ferred quinazoline compounds are capable of inhibiting the enzyme thymidylate synthase. Effects derived from the inhibition of
the enzyme thymidylate synthase include those discussed above.
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(13)). MP. 228-229C (dec.). IR (KBr) 3397, 2039, 1717, 1651, 1625, 1543,
1295, 1055, 881, 617 cnferr]; [err]H NVR (CDCl [err]) 6 2.42 (s, 3H), 3.98
(s, 3H), 7.34 (d, 1H, J =8.9 Hz), 7.51 (d, 1H, J = 8.9 Hz), Anal. Calcd
for ClerylHerr]BrNJerr].: C, 44.44; H 2.96; Br, 29. 62; N, 5"19. Found: C,
44.32; H, 3.04; Br, 29.53; N, 5.00. Preparatlon of Internedlate
Cbnpoundé(16) - - /

- -1 - ; n3
5- Br ono 4- di hydr o- 6- nethoxy 2- met hyl - qui nazol i n- 4- one

To 1.25
g (4. 6 nmol) of the anthranil (15) , in a dried round bottomlask
equi pped with a dry ice_g

anhydrous NH err]. The %?§B§§&5§Aﬁggﬁe@ﬁggﬂ?gggﬁﬁgrOXi”Bte|y 50 m of

red for 40 mn. At
this time, the dry ice cBAQE

8 QE B ENEJONhe NH err] was al | owed
to evaporate. Upglceyaaaeal %vea&iah %&aeean@o céri!h f 2N NaCH were
added, and.the

Qlutron was re

sol utlon was then
cool ed t GUig5% EﬁHBQENdEnH% A éﬁm®§§tr§&&e&nﬁaPﬁgﬂFﬁSrﬁﬁévsH to

appr oxi nmlw:&mnckudmas pmdditpmioat iaed iviityquitea pabceaseshgophi t e
(5rop RpERls, s émpd“&ﬁ%ﬁssw ?Pgﬁ?&%}“ﬂé&%ﬁﬁ' S5530, 2365;
1676, 164:3:ntfgggxngl4§pselmp e use of these compounds
to inhibit the growth and proleeratlon of the cells of
higher organisms and microorganisms, such as bacteria, yeasts
and fungi. Preferred compounds of the present invention are
capable of inhibiting the enzyme thymidylate synthase. '

Effects derived from the inhibition of the enzyme thymidylate
synthase include those discussed above.

A large Glass of antiproliferative agents includes
antimetabolite compounds. A particular subclass of

antimetabolites known as antifolates oxr antifols are

an~agonists of the vitamin folic acid. Typically,
antifolates

incorporate
folic acid.

closely resemble the structure of folic acid and
the characteristic p-benzoyl glutamate moiety of
The glutamate moiety of folic acid takes on a
double negative charge at physiological pH. Therefore, this
compound and its analogues have an active, energy-driven

transport system to cross the cell membrane and exert a

metabolic effect. On the other hand, a compound without the

glutamate gxoup may passively diffuse into a cell.

A valid target for an antifolate is the enzyme
thymidylate synthase. Thymidylate synthase catalyzes the C-
methylation of 2’'-deoxyuridylate (*dUMP*") to provide 2'-~
deoxythymidylate (*dTMP"). This one-carbon transfer reaction
is critical to cell division. Thus, a number of folate
analogues have been synthesized and studied for their ability
to inhibit the enzyme thymidylate synthase. A prototypic,
specific, tight-binding inhibitor of thymidylate synthase,
l10-propargyl-5,8-~dideazafolic acid (. R. Jones et al.,
Potent Antitumor Quinazoline Inhibitor of Thymidylate
Synthetagse: Synthesis, Biological Properties and Therapeutic
Results in Mice," Bur. J. Cancer 17:11 (1981)), has shown

|IA
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832 cnjerr]; [err]HNWR (CDCl[err]) [err] 2.39 (s, 3H), 3.98 (s, 3H, 7.39
(d, 1H, J =9.0 Hz), 7.59 (d, 1H, J = 9.0 Hz), 11.60 (s, 1H), Anal. Calcd.
for Jerr]Herr]BrNerr](err]: C 44.61; H 3.35;, Br, 29.74; N, 10. 41,
Found: C, 44.56; H, 3.40; Br, 29.63; N, 10. 36.

- 51 - Preparation of

I nt er medi at e Conpound (17) (Conpound 13A)
3,4-Di hydro-6-nethoxy-2-nethy|-4-oxq-2

To 78 ng (0.7 mol ) of 4-Mercaptopyri
solid NaOHin 1 m of dry DNA. To the

-(4-pyridylthio)- quinazoline
i ne was added 34 ng (0.5 mmol) of

activity against ovarian, liver and breast cancer, with,
however, troublesome hepatic and renal toxicities (A. H.
Calvert et al., "A Phase I Evaluation of the Quinazoline.
Antifolate Thymidylate Synthase Inhibitor, N10-Propargyl-5,g8.-
Dideazafolic Acid, CB3717," J. Clin. Oncol. 4:1245 (1986)).
By addressing two properties in this class of molecule
(solubility and capability for intracellular

pelyglutamation), a superior second generation analogue {ICI
D1694) was developed. g

Several lipophilic thymidylate synthase inhibitors

have been developed recently. (See, e.g., E. M. Berman et

al., "Substituted Quinazolinones as Anticancer hgents,“ U.8.
Patent No. 4,857,530; T.R. Jones et al., “Antiproliferative
Cyclic Compounds,” Copending U.S. Patent Application No. 07/
432,338, which is a continuation application of 07/251,765
filed September 30, 1988; M.D. Varney et al.,
*Antiproliferative Substituted Naphthalene Compounds,* U.S.
Patent Application No. 07/583,970 f£iled September 17, 1990;
S.H. Reich et al., "Antiproliferative Substituted Tricyclic
Compounds,* U.S. Patent Application No. 07/587,666 filed
September 25, 1990; L.R. Hughes et al., *Anti-tumour Agents,"
European Patent Application No. 373891, filed December'lz,
1989; and T.R. Jones et al., "Antifolate Quinazolines,® U.S.
Patent Application No. 07/812,274 filed December 20, 1991).
?_.-‘_ SUMMARY OF THE INVENTION

The present invention relates to novel guinazoline

compounds which demonstrate antiproliferative activity, such

as antitumor activity. These compounds are effective in

inhibiting the growth and proliferation of the cells of
higher organisms and of microoxganisms, such as bacteria,
yeasts and fungi, processes for preparing these compounds,

pharmaceutical compositions containing these compounds, and

the use of these compounds. Preferred guinazoline compounds

according to the present invention are capable of inhibiting

the enzyme thymidylate synthase. Effects derived from the
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resulting solution, 134 mg (0.5 mml) of quinazolinone (16) dissolved in 2
m dry DMA was added. The m xture was kept under Nerr], and a finely
ground catal yst m xture containing 44 ng CuBr and 22 ng Cu[err] O was added.
The m xture was stirred magnetically and heated to 135[err]C, until the
reaction was conplete as judged by TLC (anh. NH err]/MeOH/ CHC [err]; O0.5:
4.5: 9.5). The solvent was renoved under hi gh vacuum through a cryogenic
trap cooled to -78[err]C. The desired Beruct was i solated by flash
chromat ography (anh. NH err]/MeOH/ CHCl [err]; 0.5: 4.5: 9.5) on silica,
yielding 130 ng (89% of (17) as a white pomder M p. 248- 249[err]C (dec.).
(R (KBN) 3356 3.0 410 cHithe hak®6dnch 1059,
835 7106§; ?ﬁgrf ‘Leerr] gt%[err]) [err] 2.36 (s, 3H)é?°757884 (s,
Qs

5.1 Hz), 7.48 (d, 1H, J = 9.1 Hz), 7.79 (d, 1H, J
91_ Hz), 8.28 (d, TNILED OF N Calcd. for

M__._,._&@L__W
Cerr]Herr]Nerr] A 1. Found:
C, 60.28; H, 4. 43 Ok}% éé%s]&,%qqi‘;lé%%ﬂ, s, £ ifinatorthd

d err | H eFPRRPEPAF JiaYiRG: t%gfmela Fbund: 299. 0718.
I nt er redi at e Conpound (18) (Conpound 15A) -- 3,

4- Di hydr o- 6- hydr oxy- 2- nmet hyl - 4- oxo- 5- (4- pyri dyl t hi o) -

Preparation of

qui nazol i ne

wherein:

31 represents hydrogen, halogen, alkyl, -OH,

~0O~alkyl, #P-{aryl or heterocaryl), -S-alkyl, ~8=-{aryl or
heteroaryl), -NH,, -NH-alkyl, -N-(alkyl),, -NHCHO, ~NHOH,
-NHO~alkyl, ~NHNH, , substituted -NHNH,, -NHC (=NH)RH,,
~-NHC(=NH)alkyl, fluoroalkyl, cycloalkyl, alkenyl, alkynyl,
aryl, or heterocycle;

R and R”, which may be the same ox different,
represent hydrogen, halogen, alkyl, cycloalkyl, -OH, -O-
alkyl, -8-alkyl, ~NH, , -NH-alkyl, -N-(alkyl},, ~NHCHO, ~NO,,
~NHOH, ~NHO-alkyl, -NKNHz, substituted -NHNHZ, -CH, -cozn, -
Coz—alkyl, ~CONH,, , -CONH-alkyl, ~-CON(alkyl},, -CSNH,, ~CSNH-
%9alkyl, -CSN{alkyl)y, -C(=NH)NH;, -NHC({=NH)NHj,

REPLACEMENT SHEET
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To cl eave the methyl ether, quinazoline (17) (100 ng; 0.30 mml) was
gently refluxed with 2 m of a 1:1 mxture

of 48% aq. HBr and gl aci al
AcOH for 8 hrs. At this tine, the

sol vent was renoved via high vacuum
t hrough a cryogenic trap at -78[err]C. The obtained resi due was

di ssol ved in 10% anh. NH3 in MeOH, and subjected to flash colum

chr omat ogr aphy on silica (anh. NHerrd/ MOV CHC [err]; 0.5: 4.5: 9.5)
yi el ding 62 ny of (18) as a white powder (65% M P. 246-247[err] (dec).
IR (KBr) 3450 3240, 3073 1667, 1634, 1580, 1464, 629 cnierr]; [err]H

NVR (CDCI[err [err L (s, 3H), 6.83 (d, 2H J =6.0 Hz), 7.40 (d,
1H, J = 9-BHF#tFNHTakBYld, ~§9r-abkse 9. 95 allybo {womllsyl, -0~
- 52 -. fluoroalkyl, -~-S-fluorcalkyl, -NHCO(alkyl),
~NHCO{ fluoroalkyl), -80-fluoroalkyl, —Soz—fluoroalkyl, ~8H,
~803H, ~80,NH,, —SOZNH(alkyl), -SOZN(alkyl)z, alkenyl,
alkynyl, aryl, or heterocycle;

Z represents O or §;

R4 represents 0, 8§, 80, 50,, NH, N-alkyl, CHZ' CH-
alkyl, CH-(aryl or heteroaxyl), CHOH, CHO~a1kyl CHO-(axyl or
heteroaryl), C(alkyl),. C(aryl oxr heteroaryl)z, C(alkyl)(aryl
or heterocaryl), CHS-alkyl, CHS-{aryl or hetercaryl),
C(OH){(alkyl), C(OH){aryl or heteroaryl), C(OH)(cycloalkyl),
N(OH), N-cycloalkyl, N(aryl or hetexocaryl), C(cycloalkyl)z,
C{aryl or heteroaryl)(cycloalkyl), C(alkyl)(alkenyl),
C(alkyl)(alkynyl)p-C(alkenyl)z, G(alkynyl)z, C{alkynyl)(aryl
or hetexoaryl), C{alkynyl){alkenyl), C(alkenyl)(aryl or
hetercaryl), C(cycloalkyl)(alkenyl), C(ecycloalkyly(alkynyl),
C(alkyl)(aryl or heteroaryl), CH(cycloalkyl), CH{alkenyl),
CH(alkynyl), C(alkyl)(cycloalkyl), C(alkyl)(O-alkyl}),
C({alkenyl)(O-alkyl), C{alkynyl){O-alkyl), C(alkyl)(O~-
cycloalkyl), C(alkenyl)(O-cycloalkyl), '

C(alkynyl) (O-cycloalkyl), C{aryl or heterocaryl)(O-alkyl),
C(aryl or heterocaryl)(O-cytloalkyl), C(alkynyl)(S-alkyl),
C(alkynyl)({S-cycloalkyl), C(alkenyl)(S-alkyl),
C(alkenyl)(S-cycloalkyl), C(alkyl)(S-alkyl).,
C(alkyl)(ségycloalkyl), C(aryl or heteroaryl)(S-alkyl),

C(aryl or heteroaryl)(S-cycloalkyl), N(Ngz), N{NH(alkyl)],
N[N(alkyl)z}, N{NH(cycloalkyl)], N[N{alkyl){(cycloalkyl)],
CH(NH,), CH{NH(alkyl)]}, CH[NH(cycloalkyl)], CH[N(alkyl),l,
CH{N(alkyl){cycloalkyl)], CK[N(cycloalkyl)z], C{alkyl)(NH,),
C(alkyl)({NH(alkyl)], C(alkyl)[N(cycloalkyl),].
C{alkyl)[NH(cycloalkyl)l, C(alkyl)[N(alkyl)z],
C(alkyl){N(alkyl)(cycloalkyl)], C(aryl or heteroaryl)(NH,},
C{aryl or heteroaryl)}NH(alkyl)}), C(aryl ox
heteroaryl){NH(cycloalkyl})}, C{axyl or heteroaryl){N(alkylz},
C{axryl or heteroaryl)[N(cycloalkyl)z], or C{aryl or

heteroaryl)[N(alkyl)(eycloalkyl)}; and REPLACEMENT SHEET]
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= 6.0 Hz), 8.51 (s, 1H), 11.51 (s, 1H). Anal

CerrJ]Herr]Nerr]Jerr]S: C, 58.94;

C, 58.98; H 3.16; N, 12.00; S, 11.61. HRMS cal ¢
CerrJHerr]Nerr]derr]S: 285.05733. Found: 28%

Preparati on of Conpound 12A
the foll owi ng reacti on schene:

R

or heteroaryl group.

Ca.ime.d._.,_‘f_,ef © -_:..._.‘.......?r. .
H 3.13; N %EHL@@EMBNTK&QE’S '
Tor
. 057289. l ef 3
Conpound 1£A méggéﬁgggggd aLC
- 5 -

Found:

cording to

represents a substituted or unsubstituted aryil

As used herein, the language “capable of inhibiting
the enzyme thymidylate synthase,* or the like, refers to a

compound having a thymidylate synthase inhibition constant

("TS K;*) of less than or equal to about 1074

compounds according to the present invention have TS.Ki
values in the range of less than about 10"5M, nore preferably
less than about 10"6n, and most preferably less than about

-7

10 M.

Thymidylate synthase is merely exemplary of the
activity of the quinazoline compounds of the present

invention.

‘antifolate activity besides, or even in addition to,

thymidylate synthase inhibition.

may show antiproliferative activity stemming from a

Indeed, certain compounds may demonstrate an

M. Preferred

Further, certain compounds

completely different locus of action than the inhibition of

folic metabolic pathways.

Certain quinazoline compounds according to the
present invention may possess one or more assymetric carbon
atoms, and therefore may exist in racemic and optically

active forms.

The present invention thus is intended to

encompass the racemic forms of the gquinazoline conpounds _
accoxrding tp'the present invention, as well as any optically
active formi‘thereof, which possess ant;tumor activity.

As used herein, the language “alkyl®" includes both

straight and branched alkyl groups.

An analogous convention

applies to other generic terms such as “alkenyl", “alkynyl®

and the like.

Furthermore, as used herein, the language

*alkyl*, *alkenyl*, “alkynyl* and the like encompasses both
substituted and unsubstituted groups.

The language *alkyl* refers to groups having one to

eight, preferably one to six carbon atoms.

tert-pentyl, hexyl, isohexyl, and the like.

For example,
*alkyl"” may refer to methyl, ethyl, n-propyl, isopropyl,

butyl, isobutyl, sec~butyl, tert-butyl, pentyl, isopentyl

Suitable

substituted alkyls include, but are not limited to,



[err]

Preparati on of Conpou
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fluoromethyl, dirluoromethyl, trifluoromethyl, 2-fluoroethyl,
3-fluoropropyl, hydroxymethyl,

2-hydroxyethyl,
3~-hydroxypropyl, and the like.

The language "alkenyl" refers to groups having two

to eiéht, preferably two to six carbon atoms. For example,
*alkenyl* may refer to prop-2-enyl, but-2-enyl, but-3-enyl,

2-methylprop-2~enyl, hex~2-enyl, hex~57enyl,

2,3~-dimethylbut-2-enyl, and the like. The language

*alkynyl," which also refers to groups having two to eight,
preferably two to six carbons, includes, but is not limited
to, prop-2-ynyl, but~2-ynyl, but-3~ynyl, pent-2-ynyl,
3-methylpent-4-ynyl, hex-2-ynyl, hex-5~ynyl, and the like.

: The term "cycloalkyl® as used herein refers to
groups having three to seven, preferably three to six carbon
atoms. Suitable cycloalkyls include, but are not limited to
cyclopropyl, cyclobutyl, cyclopentyl, cyclchexyl, cyclcheptyl
and the like. The language "hetexocycle,“ which refers to
groups having one or more heterocatoms, and preferably three
to seven ring atoms total, includes, but is not limited to
oxetane, tetrahydrofuranyl, tettahydropyranyl, aziridine,
azetidine, pyrrolidine, piperidine, wmorpholine, piperazine
and the like.

The *halogen” substituent according to the present
invention may be a fluoro, chloro, bromo or iodo substituent.

i?e language *aryl* and *heterocaryl," as used
herein, refers to both monocyclic and polycyclic groups,
which may be either substituted or unsubstituted.
of useful aryl ring groups include pyenyl, 1,2,3,4~

tetrahydro-naphthyl, naphthyl, phenanthryl, anthryl,
phenanthro and the like.

Examples

Examples of typical heteroaryl
rings include 5-membered monocyclic ring groups such as

thienyl, pyrrolyl, imidazolyl, pyrazolyl, furyl,
isothiazolyl, furazanyl, isoxazolyl, thiazolyl and the like;
6-membered monocyclic groups such as pyridyl, pyrazinyl,
pYrimidinyl, pyridazinyl, triazinyl and the like; and
polycyclic heterocyclic ring groups such as benzo{bjthienyl,
naphtho{2,3~-b}lthienyl, thianthrenyl, isobenzofuranyl,



4- Benzyl t hi 0x2: nicoline N- oxi de

pot assi um hy (R CDEP\%]QE

sever al

petrol eum ether mas rennved#

anhydr ous THF wa8 SatiBedogsau
cooled to 0G.

-?,35 w. %dispersion in mneral oil) by
irigl eum et her (5 x 50 nl). The renaining
ujder vacuum To this dry solid,
I gusly. The wel |
ej 14.1_ 4 _

this mxtu

LIS

chromenyl, xanthenyl, phenoxathienyl, indolizinyl,

isoindolyl, indolyl, indazolyl, purinyl, isoquinolyl,
guinolyl, phthalazinyl, naphthyridinyl, quinoxalinyl
quinazolinyl, benzothiazole, benzimidazole, :
tetrahydrogquinoline cinnolinyl, pteridinyl, carbazolyl, beta-
carbolinyl, phenanthridinyl, acridinyl, perimidinyl,

phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl
phenoxazinyl, and the like.

As discussed above, the Rl substituent of formula
may be hydrogen, halogen, alkyl, -OH, -O-alkyl, -O-{aryl or
heteroaryl), -S-alkyl, -S8-(aryl or heteroéryl),,~uﬁz, ~NH~
alkyl, ~N-(alkyl)2, ~-NHCHO, -NHOH, ~NHO~alkyl, -NHNH
substituted -NHNHZ, ~NHC (=NH)NH,,, ~NHC(=NH)alkyl,
fluoroalkyl, cycloadlkyl, alkenyl, alkynyl, aryl, or
heterocycle. The r!

substituent is preferably a methyl or
amino group.

The R2 and R3 substituents of formula I according

to the present invention, which may be the same or different,
may be hydrogen,'halogen, alkyl, cycloalkyl, -OH, -O-alkyl, -
S-alkyl, -NH,, -NH-alkyl, -N-(alkyl),, -NHCHO, -NO,, -NHOH, -
NHO~alkyl, ~NHNH2, substituted -NHNHz, -CN, —C02H, --CO2
alkyl, »CONHZ, ~CONH~-alkyl, -CON(alkyl),, -CSNH,, -CSNH-
alkyl, -CSN(alkyl),, ~C(=NH)NH,, -NHC(=NH)NH,,
~NHC(=NH)alkyl, -S50-alXyl, -soz—alkyl, fluoroalkyl, -O-
fluoxoalkyX, -S-fluoroalkyl, -NHCO(alkyl),
~NHCO(fluoroalkyl){ -80~-fluoroalkyl, -sozwfluoroalkyl, -SH,

-80,H, -S0,NH,, -SO,NH(alkyl), -SO,N(alkyl),, alkenyl,
alkynyl, aryl, or heterocycle. '

The R” substituent is préferably hydrogen or a

methyl, ethyl, hydroxy, methoxy, chloro or trifluoromethyl
group. More preferably, R2 is hydrogen or a methyl, chloro
or trifluoromethyl group.

The R3 substituent is preferably
hydrogen.

The 2z substituent of formula I according to the
present invention is either oxygen or sulfur.

In a preferred
enbodiment, the 2 substituent is oxygen.

M neral oil was renpved from

350 m of
stirred suspension was

53



m (0.12 nol) BEPmﬁEMEmrSHEEﬁ

h was added dropwi se over a period of 30
m nutes. The ke

te mxture was warnmed to roomtenperature
and allowed té¢ qggEgﬁaag@gdjltlonal 30 minutes. The m xture was then
cooled to -30fetr] 41 g (0.1 nol) of 4-nitro-2-picoline-N oxide
was added porti kKt ur e becane dark orange-brown in color. Once
warnmed to roo tenperature, t he] m xtureBwas refluxed for one hour. At this
time, the re cooteg—

to O[err] C and quenched with 50 m of water.
The pH of the m xture was adjusted to approxinately 6 wth 2 MHCJ,

and
extracted with dich Loget 0 e nic Iayers
were dried (anhydrotg hgﬂegéﬁgEtéuéf? gfngéfﬁlﬁgo vent BIQLR ﬁSvéH €under

reduced pPEESERE. iPNENEAQHCMAKS Gu@xmﬁ§nchﬁ§#§Pégr§§he§0Qm ﬂHasN-S|I|ca gel
wi th MeOHa@Hyar,r kEl LECRLaQﬁ§§q|€RL a#yd’ ox ﬁeQ@xo&

was i sol a

€ReHDUEBRERr oduct
6. 24055 C IR (KB
3063, 3025%‘}’(&2 %Pg'éé%yéﬁ 3‘8% ”%?%B’tﬁ 8 é’r’rl\qz' CAAE R [er%e] (cna [(errﬁ
[err] 2 4519(1:@::0314)1!1)1!2

116 (ed Ky 2yl Py duatema:yl:) /6.C8IS-A1kyhz,) CHB-07 (d,
1H, J = 2.a4k1z 1(:(13 A 3_§H) ,c(fb 9(4,5_1‘,1% )) Anal . Cal cd. for
qggr] H[ eé%@yéloal}cﬁq), N (O i% xl\'cycloalkyl Sretendidn & 80, 6r.51 H

N(aryl or heterocaryl), C(cycloalkyl)z, C{aryl or
heteroaryl)(cycloalkyl), C(alkyl)(alkenyl},
C(alkyl)(alkyny}), C(alkenyl)z, C(alkynyl)z, C(alkynyl)(aryl
or heteroaryl), C(alkynyl){alkenyl), C(alkenyl){aryl or
heteroaryl), C(cycloalkyl){alkenyl), C(cycloaliyl)(alkynyl),
C(alkyl)(aryl or heterocaryl), CH(cycloalkyl), CH(alkenyl),
CH(alkynyl), C{alkyl)(cycloalkyl), C(alkyl)(O~-alkyl),
C(alkenyl)(0O-alkyl), C{alkynyl){O-alkyl},
C(alkyl)(O-cycloalkyl), C{alkenyl)(O-cycloalkyl}),
C(alkynyl)(O-cycloalkyl), C(aryl or hetexrocaryl)(O-alkyl),
C(aryl or heterocaryl)(O-cycloalkyl), C{alkynyl)(S-alkyl),
C({alkynyl)(S~cycloalkyl), C{alkenyl)(S-alkyl},
C{alkenyl)(8-cycloalkyl), C{alkyl)(s-alkyl),
C(alkyl)(S-cycloalkyl), C{aryl or hetercaryl){S-alkyl),
C(aryl or heteroaryl)(S-cycloalkyl), N(NH,), N[NH{alkyl)],
N{N(alkyl),], N{NH(cycloalkyl)], N[N(alkyl)(cycloalkyl)],
CH(NH,), CH{NH(alkyl)]. CH[{NH(cycloalkyl)]. CH[N(alkyl),].
CH{N(alkyl " (cycloalkyln, CR[N(cycloalkyl),], C(alkyl)(NH,),
C(alkyl){NH(alkyl)], C(alkyl)[N(cycloalkyl)2],
C(alkyl){NH(cycloalkyl)], C(alkyl)[N(alkyl),],
C({alkyl){N({alkyl){cycloalkyl)], C{aryl ox heteroaxyl) (NH,),
C{axryl or heteroaryl)]NH(alkyl)}, C(aryl or
heterocaryl) [NH({cycloalkyl}], C(aryl or heteroaryl){N(alkyl,].
C{aryl or heteroaryl)[N(cycloa;kyl)zl, or C(aryl or
heteroaryl)[N{alkyl)(cycloalkyl)}.

The R substituent is preferably oxygen, sulfur or
a methylene, C=0, NH, NCH3, CH(OH) or C(OH){phenyl) group.
More preferably, the R4 substituent is sulfur.

The R® substituent of formula I can be any one of a
large number of aryl or hetexoaryl ring compounds, including,



13. 77. Preparation of Internedi ate Conmpound (20) --
4- Benzyl t hi 0- 2-pi col i ne

Compound (19), (1.97 g, 8.5 nmol) was
di ssol ved into 50 mM of chloroform The solution was stirred, cool ed
Oferr]C, and 1.75 m (17.4 mmol) of phosphorous trichloride was added
dr opwi se.

Once the addition was conplete, the reaction m xture was
brought to roomtenperature and then g heated slightly under reflux
tenperature (approximately 55[err]C until no starting N oxide was
present by TLC (MeOH/ CH err]dJerr]; 5:95).

The solution was then

recooled to O[err]C, and 10 gm of I ce was added with vigorous stirring.

The m xtbut nas mmetedbag»ctb@mayl ynd sheteroanil trimgofdilsmeae, and

é heh?rga BrevioRBage WehieSR aéﬁi)ﬁéit{[@&t%ﬁ&'f%@ ﬁﬁy@sﬂm&ﬁr ted with
i chl oro

dried (aﬁﬁ%ﬁgggggﬁg[erng%%E}P]f“gﬁgﬁgvgﬁg% %ﬁé§$sixgiude Sonbi ned and

variety of electron-donating and electron-withdrawing

substituents. As used herein, the language "“"electron~

withdrawing* includes, but is not limited to, groups such as
—NOZ; ~CF3; -CN; carboxy; halogen; —SOZRG, wherein R6 is an
alkyl, aryl or hetercaryl group as discussed above, or R,

1S
an -NR,Rg group, wherein R, and Ry represent alkyl groupg;
and the like. The language “electron-donating* includes, but
is not limited to, groups such as —NHa; ~-NH-(alkyl); -NHOH;
~NHNH,; --O-(alkyl); -S-(alkyl); ~-NR'R®, wherein R’ and ®r®
represent alkyl groups; and the like.

Typical substituents for R° include halogen,
hydroxy, alkoxy, alkyl, hydroxyalkyl, fluorcalkyl, amino,
~NH-(alkyl), -N-{alkyl),, -CO-amino acid, -CN, ~NO,, ~CF,,
carbalkoxy, carbamyl, carbonyl, carboxy, amino acid carbonyl
—SOZHHCO, 802~amino acid, amino acid sulfonyl, sulfamyl,
sulfanilyl, sulfhydryl, sulfino, sulfinyl, sulfo,
sulfonamido, sulfonyl, (alkyl)-thio, substituted or
unsubstituted phenylsulfonyl, phenylmercapto, phosphazo,
phosphinico, phosphino, phospho, phosphono, phosphoro,
phosphoroso, mercaptoaryl, and the like.

Particularly preferred structures for R°

include:
iy

'y < <
axx % -o—(
~ o .
OO O =
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- 54 - sol vent under reduced pressure gave an oil which was

chromat ographed on a short flash silica colum using MeOH CHerr]d[err];
3:97. The product was isolated as a white solid (1.54 g; 84%yield); MP.
69-70[err]C, IR (KEr) 3028, 3003, 2920, 1583, 1454, 864, 815, 719, 702

cnerr];[err]HNHR (CDCl [err]) [err] 2.55 (s, 3H), 4.22 (s, 2H), 7.03 (m
2H), 7.35 (m 5H), 8.28 (d, 1H, J = %05-Hz). Anal. Calcd. for

Cerr]Herr]NS: C, 72.52; H 6.08;, N, 6.50; S, 14.90. Found: C, 72.46; H,
6.11; N, 6.50; S, 14.80

Preparati on of Conmpound (21) (Conpound 12A)
-- 3,4-D hydro- 2, 6-di met hyl - 4-oxo-5-[4-(2-picolinylthio)]- quinazoline
To a SO|Uti02:Ej %mn1 NH err] condgnsgd into 5 mM THR
“

RS
e —O"b Ot m
D~

A preferred class of compounds according to the
present invention includes those compounds accoxding to

formula I, wherein R3 is hydrogen. Particularly preferred
compounds of this glass are those wherein 2 is oxygen.

Another preferred class of compounds according to

the present invention includes those compounds according to
formula I, wherein R3 is hydrogen and Rl is either a methyl

or amino group. Particularly preferred compounds of this
class are those wherein % is oxygen.

Another preferred class of compounds according to
the present invention includes those compounds according to
formula I, wherein R3 is hydrogen and R2 is hydrogen or a
methyl, ethyl, hydroxy oxr methoxy group. More preferably, R?
is hydrogen oxr a methyl group. Particularly preferred
compounds gf this class are those wherein Z is oxygen.

v
Another preferred class of compounds according to

the present invention includes those compounds according to

formula I, wherein R3 is hydrogen and R4 is oxygen, sulfur or

a meghylene} =0, CH{OH) or C({OH){phenyl) group. More
preferably, R4 is sulfur. Particularly preferred compounds
of this class are those wherein 2% is oxygen.

Another preferred class of compounds according to
the present invention includes those compounds according to




kept at -78[err]C was added 115 ng sodium netal (5.0 nmmol). The deep bl ue
solution was stirred for 15 mnutes. To the reaction m xture was added 1.0
g (4.65 mmol) of 4-benzylthio- 2-picoline (20), and the reaction was
stirred for 1-1/2 hrs. at O[err]C. The solvent was renoved under vacuum
and to the resulting solid was added 10 ml of anhydrous N, N-

D met hyl acetam de, 0.5 g quinazoline (6) (2.0 mmol) and 0.25 g of copper
(1) bromde. The m x was heated at Q0fgrr]C for 4 hrs. The solvent was
removed under vacuum and the solid was treated with 10 m of Herr] S/ MeCOH
solution. (20 g/l). The insoluble CuS was filtered off, and the filtrate
was evaporated to dryness. the solid was puri f|5ed using fl ash

chr omat oM 20d sWhergini Rh MsOlydMoger] @nd ®7938 woeyiodl ¢heé00 ny (84%
theory) dfolddw@mgrol id: M P. 225-227[err]C, IR (KBr) 3480, 3160, 3053,

2960, 1670, 1630, 1590, 1460, 1298, 831 cm [err];[err]H NMR
(DVMsO-d[err]) [err] 2.28 (s, 6H), 2.36 (S, 3H), 6.60 (bs, 1H), 6.80 (6s,
1H), 7.60 (d , J =8.4 Hz), 7.8 d, 1H, J = 8.4 Hz). Anal. Calcd. for
Cerr]Herr r]GS.0.5 Herr] O, /62. 73;. H, 5.22,..MN\13.72; S, 10. 46.
Found: C, 6308w\ 4% 5, 20; N, 13. 73%&, 10.50: HRMB Ca . for
Clerr]Herr erd]0S: 297.0936. __@;\d: 297.0936. MCHy,

; :

. Particularly preferred compounds of this class are those

wherein % is oxygen.‘ ) '
Another preferred class of compounds accorxding to

the present invention includes those compounds accoxrding to
formula I, mmerein R3 is hydrogen, R is either a methyl or
amino group, R is hydrogen or a methyl, ethyl, hydroxy or
methoxy group, R® is oxygen, sulfur or a methylensg, C=0,
CH(OH) or C{OH)(phenyl) group, and R is one of the

09 ner g0,




Exanpl e 4: Preparation of Conmpound 16A Conpound 16A was prepared
according to the follow ng reaction schene:

- 12 -

N
X
. __C“
OO
O

e D DO
Y i -

-

~Z

<,

el ()
a

gt

Particularly preferred compounds of this class are those
wherein Z is oxygen.

According to a preferred embodiment of the present
invention, R” is hydrogen, R1 is either a methyl or amino
group, R2 is hydrogen or a methyl group, R4 is sulfur and R>
is one of gye rings disclosed in the preceding paragraph.

Particularl} preferred compounds of this class are those
wherein 2 is oxygen.:

Particularly preferred compounds according to the
present invention are illustrated in Table 1 below.

Compounds 14A, 24A and 25A are especially preferred.
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[err] 22
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R2
)
1
R N ‘
R3
wherein R is H, and
‘Rl R2 24

RO

14) CH, H

W, H s —)

Cl
4
34A) CH, _ H cH, g

/
wemooow o )
84) CH H C(OH)(Ph) _@
3A) CH, @ S '—@N
B s S ——Qsoz C\ :



- 56- Preparation of Internedi ate Conmpound (22) --

2- Met-hoxypyri di ne- N- oxi de Thi s conpound, originally prepared by
H J. Den Hertog and M Van Amers, Rec. Tray. Chim 1955, 74, 1160, was
synt hesi zed using a different procedure. To a solution of 21.83 of

2- met hoxypyridine (0.2 nol) in glacial acetic acid (80 m), was cautiously
added 30% hydrogen peroxide (20 m ). The stirred mxture was heated to
80[err]C for 3 hrs, and cooled to roomtenperature. An additional 20 m of
30% Herr]Jerr] was added, and the clear solution was heated at 80[err]C
for 12 hrs. The solution was concentrated to half theoriginal volune under
vacuum and 100 ml of water waspamided. Chwer=2RO i on was reconcentrated, and
the process was repeated two tinmes (2 x 100 M Herr]O. The syrup was

pl aced under vacuumto renove remaining water and acetic acid. After tine,
a white solid formed. The material obtained in quantitative yield was used
w thout further purification; MP. 128-130[err]C;. IR (KBr) 3447, 1613,
1570, 1508 1447, 1316, 1214, 1015, 764 cnierr]

rl RZ R4 . RS |
10A) CHy CH; E “@‘”"2
} NN
11A) CH, CH, ° - S —L N,
12A) CH, CH, s _Q .
Y
13A) CI{3 OCH:; ) ~—-@N
14A) NH, CH, S —-—@N
15A) CH, OH s -—QN
16A) CHy CH, S —Q
' ___"OCH,
17A) CH, CH, s ——Q
__CF,
18A) NH, CH, S —Q
CF,
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R saina

[err]; [err]H NVR (CDCl [err]) [err] 4.05 (s, 3H), 6.91 (d, 1H, J = 8.0 Hz),
6.92 (m 1H), 7.33 (dt, 2H, J=8.0, 1.6 Hz), 8.3 (dd, 1H, J 6.3, 1.6 Hz).
HRVS Cal cd. for CJerr]Herr]NJerr]: 125.0477. Found: 125. 0474.
Preparation of Intermnediate Conpound (23) --

2- Met hoxy-4-ni tropyri di ne- N-oxi de The nitration was carried out
usi ng the nethod of Den Hertog and Van Amersferr]. The results
obtained fromthis experinment di £#f&p from t'hose reported. Concentrated
Herr]SOerr] (35 mM) was cooled to O[err]C, and 15.3 g of N oxide (22)
(0.12 m ) was cautiously added in portions. To this stirred sol ution,
kept at 0C, was added the nitrati ng mdgﬁg%%nc. Herr]SOerr]; 35 nl:
fumng HNO err]; 60 m) dropw 3L was renoved, and the

m xture was heated to 75[err]C for 90 m ns. The m xture was recooled to
O[err]C and cautiously poured onto 150 g of ice. Wth vigorous stirring,
portions of solid Klerr]CJerr] were added until the pHwas 7. The liquid
was then extracted several tinmes with CH2C1l2 (3 x 200 m ). The aqueous

| ayer was continuously extracted with CHCéLB. The organic IRa_:)/ers

Rl RZ R
S N
19A) CH, CH, CHs | \_.7
N
204) CHy H S '@
21A) CH; £Hs S TN
: T Br
S \ N*
12A) CH3 H /
N*—H
23A) CH, CHs > N/ a
s e
1744) NH, G, \—? a-
25A) o~ ?,H
e
0 S
| CH,
MY 2C1
) HNTLN
H ]
REPLACEMENT SHEET

0 9 DEC 1996




wer e conbi ned, dried over anhydrous NaJerr] SO err] and concentrated to give
a yellow solid. The solid was chromat ographed on a flash silica colum

using a gradient systemof MeOH/ CHerr]dJ[err];

9 ‘eluted i |REPLAGD

T

then 2-nmet hoxy
obt ai ned as &

5-nitropyridin

. yeld gwryohdod (
(Literature: {1%4.5-158.5[err| g

Ri

26A) CH,;

17A)CH,

28A) CH,
29A) CH;,
'39:\) .N'Hg
31A)CH,
KREY CH}.

3341 CH,

2:98, 3:97; 4:96; 5:95. A

ngmyrldl ne and 2- rrethoxy 5- nltropyrldl ne (2 .9
ﬂ Frrethoxy4n|tropyr|d|ne N-oxide (6.4 g), and
FN-oxide (2.9 g). Conpound (23), was
30%): MP. 176-178[err] C (deconp.);
dec.)2; IR (KBr) 3106,
- 16 -
TABLE 1 CONTINUED
r? Rr? R
CH 3 \ 7/
N{CH,),
: COr-
/l/,o.zﬁ
CH, s "'@N
N
CH, S ’_(\a”'
N
NN
cH ‘@
H 2 LN
\
NN
Ly
\
H CH, *;L N N )



3082, 1601, 1528,.1346..1296,...1231, 1088, 1011, 660 cnferr]; [err]H NWR
(CDC[err]) [9REPLACEREBNT SHHET|{7.73 (d, 1H, J = 2.9 Hz), 7.78 (dd, 1H J
7.1, 2.9 Hz), {8.135~ter— - .1 Hz). Anal. Calcd. for
423136; H, 3.56; N, 16.47. Found: C, 42.42; H,
epagation of Internedi ate Conpound (24)
ne- IN- oxd dey - The pyri di ne- N- oxi de
fashion to the preparation of conpound (19),
e the 4-nitro-2-nmethoxypyridi ne-N- oxide
was allowed to warmto roomtenperature.

3.57; N, 16.4%4
4- Benzyl t hi o- X
(24) was prepdred in si
with the foll'ew

-
was added, the reaction m xture ;

Stirring was contidRthesraapeqt sof THie PFeEe: tHvensbon decebhatesotas was
fi Idt eL ethroce e ess V\h&!aat:n' cet%foaﬂ%gr&wf@r&?ia}? &@fn&lﬁ%fg%%mde;hvacuum
and sho one s y err err]; : . e

Tt rac comdoudls (AfeSBling) kd FobbiiRFy

mat ogr aphed on silica with MeOH

CHerr]O[err] (gr@ueeprocesecacsogdisgond. the presgutcahvenpuon tap solid
was i sol grefarig Galinkze9ghknednpbahdsvas €A% tdtRula 11 %-%ﬁgﬁrr] C IR
(KBr) 31§5 30 005, 1 ki

8 670,. 1610, 1543, 1483, 1290, "1 85 1016,
802 cnfe }‘F?efgr’F‘FHaNﬁﬁ“‘é’aSEi"[ 8% e PF}““%‘?% (s, 3H), 4.19 (s, 2H),
6.64 (d, 1H, J = 2.4 Hz), 6.78 (dd, 1H, J

7 L L
{ r2 % R4~
HN R2
B \ or HN |
Rl N \ 1
B, R N :
r3
(1) (ii) ,
wherein %2 and Rl 3

to R¥ have the same meanings as described
previously and L is a leaving group, to a displacement
reaction with the appropriate compound to cause the leaving
group L to be replaced with the desired -R4 s

-R” substituent in
case (i) or with the appropriate Rs substituent in case (ii}.

The process can be carried out under widely varying
conditions; but is typically carried out in the presence of
an appropriate base, solvent and catalyst at a temperature
varying from about 70°C to about 165°C, preferably from about
80°C to about 140°C, and most preferably at from about $0°C
to about 100°C.

Leaving groups suitable for use in the process
described above, as well as for use in other processes
according to the present invention, include halogen atoms
such as Br, Cl, F and I. '

A preferred process for making antiproliferative
qginazoline compounds according to formula I, wherein 2 and

R ~R5 have the same meanings as described previously,
comprises the steps of:



=6.9, 2.4 H), 7.33 (m 5H), 8.09 (d, 1H, J = 6.9 Hz). Anal . Cal cd. for

CerrJ]Herr]Nderr]S: C 63.13; H 5.30; N 5.66; S, 12.96. Found: C,
62.88; H 5.28; N, 5.62; S, 12.89. Preparation of Internediate
Conpound (25) -- 4- Benzyl t hi o- 2- met hoxypyri di ne

The starting pyridine-Noxide (24), (1.85 g) was reduced using the
met hod to prepare conmpound (20), except.

- 58 - heati ng of the m xture was not necessary. The reaction was
conplete in approximtely 90 m nutes. Flash silica

(1) reacting a compound having the formula

rR2

|

NH,

/
.

. {
wherein L is a leaving group, for example, a halogen atom

such as Br, Cl, F and'I, and R2 has the same meaning as
described previously, with hydroxylamine hydrochloride and

chloral hydrate to form an isonitrosocacetanilide compound of
the formula

-
f

(2) treating the isonitrosocacetanilide compound of
step (1) w;?h sulfuric acid, followed by ice and purification
with ethanol to obtain an isatin compound of the formula

-~z
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chromat ogr aphy using ether/petrol eumether, 5:95; yielded 1.57 g (90% of
conpound (25) as a tan solid. MP. 35-36C, IR (KBr) 3028, 2943, 1589,
1543, 1385, 1307, 1037, 715 cnferr]; [err]HNWR (CDCl[err]) [err] 3.98 (s,
3H), 4.23 (s, 2H), 6.64 (d, 1H, J = 1.6 Hz), 6.84 (dd, 1H, J =5.9
1.6.Hz), 7.35 (m 5H), 7.98 (d, 1H, J = 5.9 Hz). Anal Calcd. for
Cerr]Herr]NCS: C,  67.50; H, 5.66; N, 6 05; S, 13.86. Found: C, 67.60;

H 5.70; N, 6.10; S, 13.80. P"tseparatl on of Conpound (26) (Conpound
16A) -- 3, 4- Di hydr o- 2, 6-di met hyl - 4- oxo- 5-
[ 4- (6- met hoxypyri dyI t hi 0) ] qui nazol i ne Thi s conpound was

prepared in 6-7% yiEd fimctidepatidabsdn (chhpduaamaaintdel?A)2) Whiddh sol i d;

MP. 223- 4 68 6.7, 6 1038
2 G D Sl il S o W P e B, 10
(s, 3H), 6019'6‘&{-@1: 1%9 ftsrmgaq RpRth¥any m@qxd z:cmmz\)nd of7 @ (fhrmta J =
8.5 Hz), 7.78 (d, 1H, J = 8.4 Hz), 7.85 (d, 1H, J = 5.4 Hz), 12.10 (s,

1H). HRMS calcd. for err] Herr]Nerr]Jerr]S: 313. 0885. Found:
313. 0882.

o] L
R2

(4) reacting the anthranilic acid compound of step
(3) with acetic anhydride to form an acetylanthranil compound
of the formula
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- 59 - Exanpl e 5: Preparation of Conpounds 17A and 18A
Conmpounds 17A and 18A were prepared according to the foll ow ng reaction
schene:

- 20 =~

(5) reacting the acetylanthranil compound of step
(4) with anhydrous ammonia, followed by NaOH and then by
hydrochloric acid to obtain a quinazoline of the formula

REPLACEMENT SHEET
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H, 6™ SN

: and
{6) subjecting the quinazoline compound of step (5)

to a displacement reaction to replace the leaving group L

with one of the desired R4—R5 substituents described

previously, and thus obtain a compound accoxrding to fomula I.
Step (1) can be carried out under widely varying
conditions, but is typically carried out in the presence of
water, chloral hydrate, hydrochloric acid, sodium sulfate and
hydroxyl amine hydrochloride at.a temperature varying from

about 0°C to about 100°C, preferably from about 20°C to about
100°C, and most preferably at about 100°C.

ﬁpep {(2) can be carried out under widely varying
conditions, but is typically carried out in the presence of
concentrated H,80, at a temperature varying from about 50°C
to about 100°C, preferably from about 65°C to about 100°C,
and most preferably at about 80°C.

Stép (3) can be carried out under widely varying
conditions, but is typically carried out in the presence of
water, sodium hydroxide and hydrogen peroxide at a
temperature varying from about 0°C to about 80°C, preferably
from about 20°C to about 80°C, and most preferably at about
80°C.

Step (4) can be carried out under widely varying
conditions, but is typically carried out in the presence of



[err]

- 21 =

acetic anhydride at a temperature varying from about 70°C to
about 140°C, preferably from about 100°C to about 140°C, and
nost preferably at about 140°C.

Step (5) can be carried out under
conditions, but is typically carried out in

ammonia at a temperature varying from about
20°C, preferably at about 20°C.

widely varying
the presence of
-33°C to about

Step (6) can be carried out under widely varying
condxtxons, but is typically carried out in the presence of
an appropriate base, solvent and catalyst at a temperature
varying from about 70°C to about 165°C, preferably from about

80°C to about 140°C, and most preferably at from about 90°C
to about 100°C.

A modififation to the six step process discussed
above, comprises the alternate steps of:

(5a) treating the acetylanthranil compound of step

(4) with MeOH, followed by hydrochloric acid, te obtain a
compound of the formula:

REPLACEMENT SHEET
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(5a‘) treating the anthranilic acid of step (3)



Preparation of |nternedi ate Conpound (27) --

2-Trifluoronet hyl pyridi ne- N-oxi de Usi ng the procedure to prepare
internediate (22), 2-trifluoronethyl pyridine-N oxide was synthesized in 72%
yield starting from2-trifluoronethylpyridine. (Yellowoil); IR (neat)

3125, 3085, 1721, 1615, 1439, 1329, 1269, 1115, 1071, 1044, 852, 771, 662
cnferr], [err]HNWR (CDCl[err]) [errd 2238 (t, 1H, J = 7.9 Hz), 7.48 (dt,
1H J =7.0, 2.1 Hz), 7.71 (dd, 1H, J =7.9, 2.1 Hz), 8.35 (d, 1H J =6.5
Hz). Anal. Calcd. for (Jerr]Herr]Ferr]NOO0.5 Herr]O C, 41.87; H 2.93;
F, 33.12; N, 8.14. Found: C,_41.84; H 2.81, F, 33.19; N, 8.26

Pr epar at i Bt PhOSERRR Pt B RRRRARRE (YB)ferm a compound of the

4-Ni tro- 6¢drmbhlaor onet hyl pyri di ne- N- oxi de The nitration of

pyri di ne-N-oxi de (27) was carried out using the sane nethod to prepare
conpound (23), with the follow ng changes. The reaction m xture was heated
at 125- 130[err]C for 3-1/2 hrs. During work-up, no continuous extraction
of the aqueous |ayer was necessary. The crude solid was purified enploying
flash col umm chromat ography on siDi bsing ethyl acetate/hexane; 20:80.
The product was isolated as a yel jow splid &ylP. 112-114[err]C) in 38%
yield. IR ]

which is further tyreated with methanol;

{5b)} reacting the product of step (5a) or (5a‘’)
with chloroformamidine hydrochloride to obtain a quinazoline
compound of the formula:

REPLACEMENT SREET Hy
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: and
then subjecting the resﬂlting quinazoline compound
to a displacement reaction as set forth in step (6) discussed
above to obtain a compound according to formula I.
Step (5a) can be carried out under widely varying
conditions, but is typically carried out (i)in the presence
of methanol at a temperature varying from about 0°C to abouts



(KBr) 3416, 3125, 1620, 1591, 1537, 1449, 1354, 1306, 1281, 1165, 1130,
916, 693 cnferr]; [err]HNWR (CDCl[err]) [err] 8.28 (dd, 1H J =7.2, 3.1
Hz), 8.36 (d, 1H, J = 7.2 Hz), 8.52 (d, 1H J = 3.1 Hz). Anal. Calcd. for
Cerr]Herr]Flerr]Nerr]Jerr]: C 34.63; H 1.45; F 27.39; N, 13.46.
Found: C, 34.86; H, 1.35; F, 27.16; N, 13.66. Preparation of

I nt er medi ate Conpound (29) --

4- Ami no-6-trifluoronethylpyridine - 23 - In a Parr hydrogenation
bottle, 8.32 g of ni tropyridi ne-N-oxide (28) (0.04 nol) was dissolved in
275 m of 95% et hanol .

The bottle mas flushed with argon, and 0.83 g of
10@6pal|ad|qg1on activ

tedﬁfarboqgj ged T e bottle was shaken under
35 psi of 148 dr oHeEa ‘F’ér? t'H°C arhimest e, the
cat al yst pesfdidbky et aflfout t T VCghard c’elhem e( m)d. iTheheetphsomdrice fdd trate

wWas - CONGENLLALEL L NP a Y3 Por 800t L8 BL! 2 VESmELSSAINEd 8 3% B rom
about 70°C to about 100°C, more preferably at about 100°C.
Step (5a‘) can be carxied out under widely varying
conditions, but is typically carried out (i) in the presence
of triphosgene at a temperature varying from about 0°C to
about 20°C, and then (ii) in the presence of methanol at a
temperature varying from about 0°C to about 70°C, more

preferably at a temperature of from about 0°C to about 20°
and most preferably at about 20°C.

Step (5b) can be carried out under widely varying
conditions, but is typically carried out in the presence of
diglyme and chloroformamidine hydrochloride at a temperature
varying from about 100°C to about 175°C, preferably from

about 160°C to about 175°C,. and most preferably at about
170°C. '

In a particularly preferred embodiment of the six
step process discussed above, step (6) is carried out by
reacting the product of either step (5) or step (5b) with a
4~thiopYriding anion, in the presence of sodium hydride,
copper (I)'bromide and copper (1) oxide. A preferred process
for preparing the anions of 4-thiopyridines for use in the
present invention comprises reacting 4;mercaptopyridine with
NaH in anhydrous N,N-Dimethylacetamide. The process of
preparing the 4-thiopyridines may be carried out under widely
varying conditions, but is typically carried out in the
presen&e of sodium hydride and dimethylformamide at a
temperature varying from about -20°C to about 20°C,

preferably from about 0°C to about 20°C, and most preferably
at about 20°C.

Another particularly preferred process according to

the present invention for preparing quinazoline compounds of
formula I, comprises the steps of:
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- 61 - of dichloronmethane. This solution was filtered through a small pad
of silica gel to renove traces of catalyst and carbon. The filtrate was
concentrated, and traces of solvent were renoved under vacuo. The oi

slowy crystallized to give 5.77 g (89% yield) of an analytically pure

i ght orange solid. MP. 56-58[err]C IR (KBr) 3501, 3335, 3175, 1657, .
1611, 1472, 1373, 1300, 1169, 1117,_ 993,. 850 cnfjerr]; [err]H NVR [err] 4.40
(bs, 2H), 6.64 (dd, 1H, J = 5.6, 2.3 Hz), 6.89 (d, 1H J = 2.3 Hz), 8.30
(d, 1H, J = 5.6 Hz). Anal. Calcd. for CJerr]Herr]Flerr]Nerr]: C, 44.45;

H 3.11; F, 35.16; N, 17.28. Found: C, 44.56; H 2.95; F, 35.14; N,

17.28. HRMB cal cd. { § prr@ietijd ®redigemd Npertje fldadn(405. Found: 162. 0402.
Preparation of Internedi ate Conmpound (30) --

Et hyl -4-(6-trifluoromethyl pyridyl)xant hate

7

wherein the R” substituent is hydrogen, ~CH,, ~OCH3, CFq,
N(CH3)2, and the like, with a benzylmercaptan to form a
compound of the formula

9

wherein the Rlo substituent is hydrogen, or -OCH3;

{(2) reducing the product of step (1);
(3) deprotecting the product of step {(2); and
(4) reacting the product of step (3) with a

PELACEET i




A solution of 4.86 g of Amne (29) (0.03 nol) in 30 m of concentrated
Herr]SOerr] was cooled to O[err]C. An aqueous solution (30 mM Herr]O
of 2.69 g NaNO err] (39.0 mmol) was cooled to O[err]C and added dropw se
over a period of 15 min. Stirring of the brown m xture was conti nued at
O[err]Cfor 5 additional mnutes. At this tine, an ice cold solution of
8.17 g of potassiumethyl xanthate (51.0 mmol) in 30 m of Herr] O was
added dropw se, nmintaining the react#8n~tenperature, between O0-5[err]C.
The m xture was warned to roomtenperature, and dichl oronethane (125 m)
was added. The aqueous |ayer was neutralized to pH7 with solid
Na[ err] e .Qrgani yer was separated, and the aqueous |ayer
was extfg% %Lnd EQ %e §%§%gﬁgte (3 x 50 mM). The organic |ayers were
conbi ned, dried over anhydrous Na[err]SJerr], and concentrated. The
resi due was subjected to flash colum chromat ography using silica gel
and a gradi ent solvent system of ethyl acetate/hexane (2:98,
2.5:97.5, 3:97). Conpound (30) was isolated as a yellow oil in 36%yield
and was used wi thout further purification. IR (neat) 3061, 2988, 2901,
1738, 1584, 1555, 1406, 1323, 1252,% w184, 1146, 1038, 845, 720 cnferr];
[err]H NVR (CDCl [err]) [err] 1.38 (I, 3H, J =7.1 Hz), 4.66 (q, 2H, J =
7.1 Hz), 7.60 (dd, 1H J HN R?

RIJ\N l

l
R3

1 3

to R
previously and L is a leaving group, to obtain a compound of
the formula

wherein %2 and R have the same meanings as discussed
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5.0, 1.3 Hz), 7.83 (d, 1H J = 1.0 Hz), 8.77 (d, 1H J =5.0
- 62 - Hz). HRMS calcd. for (Jerr]JHerr]F[err]NOS[err] (Mtl): 268.0077.
Found (M+1): 268. 0065.

Preparati on of Conpound 31 (Conmpound 17A) -
3, 4- Di hydr o- 2, 6-di net hyl - 4- oxo- 5-[ 4- ( 6-

trifluoronethyl pyridylthio)]-quinazoline To a solution of 0.67

gm of xanthate (30) (2.5 mmol) in 3 m _MOH was added 2.5 mM 1 N KOH in
nmet hanol, and the m xture was stirrdd?Por 1-1/2 hr. The mixture was

Step (1) according to this process can be carried
out under widely varying conditions, but is typically carried
out in the presence of an appropriate base and solvent at a

temperature varying from about 0°C to about 80°C, preferably
from about 0°C to about 20°C.

Step (2), the reducing step, can be carried out
under widely varying conditions, but is typically carried out
in the presence of PCl, and CHC13_at a temperature of from
about 0°C to about 80°C, preferably from about 20°C to about
80°C, and moxe preferably at about 20°C.

Step (3), the deprotection step, can be carried out
under widely varying conditions, but is typically carried out
in the presence.of an appropriate solvent and metal or metal
salt at a temperatftre varying from about -78°C to about 20°C,

preferably from about ~-78°C to about 0°C, and most preferably
at from about -33°C to about 0°C.

Step (4) can be carried out under widely varying
conditions, but is typically carried out in the presence of
dimethyl acetamide, sodium hydride, copper (I) bromide and
copper (I) oxide at a temperature varying from about 70°C to
about 165°C, preferably from about 90°C to about 100°C, and
most preferably at about 90°C.

An alternative to the four step process discussed
above comprises the steps of:

(i) reducing a compound of the formula
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evaporated to dryness, and to the residue was added 10 m of anhydrous
N, N- Di net hyl acet am de, 0.25 g quinazoline (6) (10.0 mmol), 0.1 g copper (I)
brom de, and 0.1 g copper (I) oxide. The m xture was heated at 90[err]C for
6 hrs. and then the solvent was evaporated. The solid was treated with 50
m of Herr]S MeOH solution (20 g/l1) for 1 hr. The mxture was filtered,
and the filtrate was evaporated to dryddss. The solid was purified via
flash chronmat ography on silica using MeOH/ CH err]C [err](5:95) to yield 65
ng (18.5% theory) of a yellow solid: MP. 240-245[err]C, IR (KBr) 3440,
3190, 305 al® otf0. fjcﬁ:%rgu 140 720 cnerr]; [err]H
NI\/R(DIVBO}[err])[err]Z)ﬁvpz 280(£:sL 3H) 4l 6.97 (d, 1H, J = 5.2
Hz), 7.46 (d, 1H, J = 1.1 Hz), 7.67 (d, 1H J-8.4Hz), 7.84 (d, 1H, J
8.4 Hz), 8.37 (d, 1H, J=5.2 Hz), 12.05 (bs, 1H). HRMS. Cal cd. for
Cerr]Herr]F[err]NJerr] CS: 351.0656. Found: 351.0653.

Preparati on of Conpound 32 (Conpound 18A) -- 2- Am no- 3,

4-di hydr o- 6- met hyl - 4- oxo-5-[4- (6- NH, trif

| uor onet hyl pyri dyl t hi 0)] - qui nazolin Thi s conmpound was
prepared in 22%yield as descri ove. Tan solid; MP. 247-249[err]C;
IR (KBr) 3421, 2056, 1650, 1625 ‘ 148p, 1419, 1328, 1146, 815, 724
cnerr]; [err]H P

N RS

(2) reacting the product of step (1) with a
xanthate compound to obtain a compound of the formula

B

CCH,CH,

(3) subjecting the product of step (2) to
hydrolysis and further reaction with a compound of the
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NVR (DMBO-d[err]) [err] 2.30 (s, 3H), 6.50 (bs, 2H), 6.97 (dd, 1H J =
4.1, 1.2 Hz), 7.30 (d, 1H, J = 8.4 Hz), 7.39 (d, 1H J = 1.0 Hz), 7.62
(d, 1H J = 8.6 Hz), 8.36 (d, 1H J = 5.2 Hz), 12.10 (bs, 1H). HRVB

calcd. for (Jerr]Herr]F[err]Nerr]CS (M+ 1): 353.0677. Found (M + 1):

353. 0684. - 63 - Exanpl e 6:
Prepar ati on of Conmpound 26A €otound 26A was prepared according to
t he
formula
Z L
R

wherein 2 and Rl te R3 have the same meanings discussed

previously and L is a leaving group, in the presence of
N,N-Dimethylacetamide, copper (I) bromide and copper (I)
oxide to obtain a compound of the formula

|RFLACEMRNT S, A |

BB DET W9 i j R3
|

Step (1), the reducing step, can be carried out
under widely varying conditions, but is typically carried out
in the presence of hydrogen gas, an appropriate solvent and a
catalytic amount of palladium, preferably at room temperature
of about 20°C. Of course, elevated temperatures may be used
in some cases to expedite the reaction.



S

follow ng reaction schene: [err]

- 29 -

Step (2) can be carxried out under widely varying
conditions, but is typically carried out in the presence of
an agueous acid and NaN02 followed by potassium xanthate, at
a temperature varying from about -40°C to about 20°C,
preferably from about 0°C to about 5°C, and most preferably
at about Q°C.

The hydrolysis part of step (3) can be carried out
under widely varying conditions, but is preferably carried
out with NaOH/CHSOH at a temperature of from about 0°C to
about 20°C. The reaction part of step (3) following
hydrolysis also may be carried out under widely varying
conditions, but is typically carried out in the presence of
an appropriate base, solvent and catalyst, at a temperature
varying from about* 70°C to about 165°C, preferably from about
90°C to about 100°C, and most preferably at about 9%0°C.

Another preferxred proéess for preparing the
quinazoline compounds of formula I, wherein 2 and R! to R
have the same meanings as described previously, comprises the
steps of:

(1) reacting a compound of the formula

REPLACENENT SHEET Py
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wherein Rl to R3 have the same meanings as described

previously, with a compound suitable for providing a



- 30 -

protecting group P, to form a compund of the formula

(2) converting the product of step (1) to a
compound of the formula

wherein L is a leaving group;
{3) subjecting the guinazoline compound of step (2)




Preparation of Internediate Conmpound (33) --
6- Di met hyl am no-4-ni tropyri di ne- N- oxi de
(23 mmol ) of 2- Brono- 4-

To a solution of 5.0 g
t et rahydr of ur an,

nitropyridi ne-N-oxide[err] dissolved in 75 m of

was added 1.1 g (24 mml) di nethyl am ne. The m xture was
stirred for 3 hrs, followed by filtration to renove the

- 64 - di nmet hyl am ne- hydrobrom de salt. The filtrate was evaporated to

dryness, and the crude solid was purifBéd-by flash col unmm chromatrography
on silica using nmethanol/dichl oronet hane;

to a displacement reaction to form a compound of the formula

Z cag’as
p\N ‘ R2
al‘J*”u '
REPLACEMENT SHEET R3
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4
wherein R® has the same meaning as described previously; and

(4) deprotecting the product of step (3).

Step (1) of the process described above can be
carried out under widely varying conditions, but is typically
carried out in the presence of the appropriate alkyl or acyl
halide, a base and a solvent at a temperature varying from
about 0°C to about 20°C, preferably at about 20°C..

Although a variety of substituents may be used as
protecting;group P in the process described above, protecting
group P is preferably a CH,OCH,CH,Si(CH,),;, CH,OCH,
CH20C(0)tBu or cotBu group. According to a preferred
embodiment, P is cxzocnzcnzsi(cn3)3. .

Step (2), the converting step, can be carried out
under widely varying conditions to provide a wide variety of
‘leaving groups, but is preferably carried out in the presence
0of N-Bromosuccinimide, bromine, N-Chlorosuccinimide or
N~Iodosuccinimide, at a temperature varying from about 20°C

to about 100°C,. preferably from about 50°C to about 100°c¢c,

and most preferably at about 80°C.. 1In a preferred

embodiment, the process is carried out in the pfesence of N-
Bromosuccinimide, CClg and light.



4:96. The product was isolated as an orange solid (Mp. 128- 130[err]C) in
83%yield. J[err]NVMR (CDCl[err]) [err] 3.14 (s, 6H), 7.67 (m 2H), 8.24 (d,
1H J = 7.1 Hz). Anal. Calcd. for CJerr]Herr]Nerr]Qerr]: C, 45.60; H,

4.95; N, 22.94. Found: C, 46.00; H, 5.00; N, 22.96. Preparati on of
I nt er redi at e Conpound (34) -- _

6- Di net hyl am no- 4- (4- nethoxybenzylthlcS-pyridine-N—oxide To a
solution of 1.1 g (7.1 nmol) of 4-Methoxy-[err]- toluenethiol dissolved in

75 m anhydrous DWF, was added 0.28 g (7.0 mmol; 60 wt. %dispersion in
mneral oil). Aftestept(Byiabsdbocad be, carsbéditoon ohddr 2vipdid By 55 nmmol ) of

pyri di neg, L h opy The
reaction nfgéhgecéggig ???édbgg y% ﬁ#é ElexgéafﬂgSQ Ogﬁred |H%o 200 n

H er r ] O. PFR&CREBBhs2BoPEPFBRTHALS B&F#ﬁ@?éélﬁwtﬁaﬁeoaﬁﬂ BPEYEHT / eater,
Separated,t@m@e&hma&e eueviaghggoauabdbbopecrto dbeuet hpo°QAS evaporated to

306 (<, rﬁ%%%%%éf?r%a?ﬁ%' ?@F @3%%%2' 4g0FE R WSS L)) 670
(d, 1H Pp=eipxahiy) 8.7 Hz), 7.30 (d, 2H,.J = 8.7 Hz),
8.0 (d, 1H J = 7. C:nHza preferred enﬂo@ﬁ.ﬁfe&tﬁ @F @¢hiknpeoredsat etggme@qnd

(3%) -- 4¢ carréecpl SR *}}S} HYLAE J.ng( %h@etpr}%x SRICIAT RN %) (@S“w?.'tpx NaOEt
(sodium ethoxide) and 2-nitropropane, followed by
phenylmagnesium, to form a compound of the formula

REPLACEMENT SHEET
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In another preferred embodiment, step (3) is
carried out by reacting the product of step (2) with 5-
chloroindole.

Step (4), which also can be carried out under
widely varying conditions, is typically carried out in the
presence of an appropriate acid or basic fluoride, at a
temperature varying from about 0°C to about 100°C, preferably

from about 20°C to about 100°C, and most preferably at about
20°cC.



The starting pyridine-Noxide 34, (0.60 g; 2.07
the nmethod to prepare conpound 25. Upon conpl etion of the reaction, the

m xture was poured into 200 M Herr]O and the pH was adjusted to 7. The
aqueous solution was extracted with ethyl acetate (500 nm), and the
organi ¢ phase was dried over anhydrous Na[err]S(err], filtered and
concentrated. No chromatography waszfecessary, and the product, 35, was
isolated as a yellow solid in 88%yield. [err]H NWR (CDCl[err]) [err]
3.08 (s, 3H, 3.82 (s, 3H), 4.17 (s, 2H, 6.34 (d, 2H, J =

= 1.3 Hz), 6.48
(d, 1H J = 5.5 Hz), 6.87 (d, 2H, J 8.7 Hz), 7.33 (d, 2H, J = 8.7 Hz),

8.0 (d, 1H, J = 5TheHmpterials and conditions used in deprotecting
step (4) depend upon a variety of factors. Of course, the
particular substituent used as protecting group P is one
factor. For example, when P is a C320CHZCH281(CH3)3 group,
step (4) is preferably carried out by reacting the product of
step (3) with tetrabutylammonium fluoride.

mol ) was reduced using

In a modification of the process described above,
prior to deprotecting step (4), the product of step (3) is
oxidized to form a compound of the formula

, and
then, subsequent to deprotecting step (4), the product_of

step (4) is reacted with phenyllithium to form a compound of

[REPLACEMENT SHEET]
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- 65 - Preparation of Internedi ate Conmpound (36) --
6 - D net hyl am no- 4- ner capt opyri di ne Aformc acid (10 m)
solution of pyridine 35 (0.40 g; 1.46 nmmol) was cooled to O[err]C.

To this
solution was added 1.2 g of Hg(QAc)[err] dissolved in 3 mMl H20. The ice
bath was renpoved, and the reaction m xture was allowed to stir for 12
hours: At this tine,

t he pH was adjustted by the addition of aqueous
anmonia. A grey precipitate formed which was filtered, washed with an

excess of Herr]O and air dried. The solid was then taken up in a saturated
Herr]S/ lution. A black solid (HgS) forned and was filtered off.
The filtsg%gqﬁﬁémggaporated to dryness to yield a yellow solid (89% which
was used without further purification. [err]HNW (CDCl[err]) [err] 3.12
(s, 3H, 3.5 (bs, 1H), 6.5 (d, 1H J = 5.3 Hz), 6.57 (d, 1H J = 3.6 Hz),

7.69 (d, 1H, J = 5.5 Hz). Preparati on of Conpound 37 (Conpound
26A) -- 3, 4- Di hydro- 2, 6- di et hyl - 4- oxo- 5- [ 4- ( 6-

di met hyl am nopyri dyl t hi 0) ] - qui nazol i nill
. m,@

REPLACEMENT SHEET |
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As illustrated above, it may be necessary to
provide protecting groups either before, after or during the
course of preparing the compounds according to the present
invention.

A suitable protecting group for a ring nitrogen,
such as may be included in a heteroaryl group, is for
example, a pivaloyloxymethyl group, which may be removed by
hydrolysis{ﬁith a base such as sodium hydroxide; a tert- '
butyloxycarﬁonyl group, which may be removed by hydrolysis
with an acid, such as hydrochloric acid or trifluorcacetic
acid, or with a base such as tetra-n-butylammonium fluoride
("TBAF") or lithium hydroxide; a methoxymethyl group, which
may be removed by hydrochloric acid and p-Toluenesulfonic
acid; or a 2~(trimethylsilyl)ethoxymethyl group, which may be
removed by TBAF or with an acid such as hydrochloric acid.

A suitable protecting group for a hydroxyl group
example, an esterifying group such as an acetyl or

group, which may be removed by hydrolysis with a base
such as sodium hydroxide.

present

is, for
benzoyl

Alternatively, when other groups
in the starting material do not contain an alkenyl or



Thi s conmpound was prepared frominternediates 6 and 36 using the exact
procedure to generate conmpound 9 (8A). The crude product was purified by

flash col umm chromat ography on silica gel using MeOH CH err]C[err] (8:92)
to give a tan solid in 21%yield. -[¥riNWwR (DWBC>d[err]) [err] 1.97 (s,
SFD 2.08 (s, 3H), 2.56 (s SFD 5 55 (d, 1H, J 5.4 FE) 5.82 (d, 1H, J

= 1.2 Hz) 727(d 1H, J =

iy 7.44 (d. 1H J=52H), 7.45 (d.
2H J = 8y 2 %E bt ec fﬂg Sﬁﬁcﬁk for fram le

H 8 P SERG gxodp iy bR, fo 8 28 54.
R e

66 - removed by hydrogenation in the presence of a catalyst such

as palladium on charcoal or Raney nickel. An additional

protecting group for a hydroxyl group is a group such as t-
butyldiphenylsilyl (-8i-t-Bu-Ph,}, which may be removed by
treatment with TBAF.

A suiteble protecting group for a mercapto group
is, for example, an esterifying group such as an acetyl

group, which may be removed by hydrolysxs with a base such as
sodium hydroxide.

A suitable protecting group for an amino group may
be, for example, an alkylcarbonyl group such as an acetyl
group (CHLCO-), vwhich may be removed by treatment with an
agqueous inorganic acid such as nitric, sulfuric or
hydrochloric acid. »Another protecting group for an amino
group is an alkoxycarbonyl group such as a methoxycarbonyl .or
a tert-butyloxycarbonyl group. These groups may be removed

by treatment with an organic acid such as trifluorocacetic
acid.

_ A suitable protecting group for a primary amino
group is, for example, an acetyl group, which may be removed
by treatment with an aqueous inorganic acid such as nitric,
sulfuric, or hydrochloxic acid, or a phthaloyl group, which
way be remnved by treatment with an alkylamine such as
dimethylamincpropylamine or with hydrazine.

. A suitable protecting group for a carboxy group may
be an esterifying group, for example, a methyl or an ethyl
group, which may be removed by hydrolysis with a base such as
sodium hydroxide. Another useful protecting group is a tert-
butyl group, which may be removed by treatment with an
organic acid such as trifluoro-acetic acid.

While particularly preferred processes for
preparing the antiproliferative compounds according to the
present invention have been described in detail, it will be
apparent to one skilled in the art that various other
processes as well as changes and modifications to the
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Exanpl e 7: Preparation of Conpounds 27A and 28A Conmpounds 27A and 28A
wer e prepared according to the follow ng reacti on schene: [err]
- 67 -

- 36 -

disclosed processes can be used to prepare the compounds of
the present invention.

The antiproiiferative guinazoline compounds of the
present invention, which may be employed in the

pharmaceutical compositions according to the present
invention, include all of those compounds described above, as
well as pharmaceutically acceptable salts of these compounds.
Pharmaceutically acceptable acid addition salts of the
compounds of the invention containing a basic group are

formed, where appropriate, with strong or moderately strong

organic or inorganic acids in the presence of a basic amine

by methods known in the art. Exemplary of the acid addition
salts which are included in this invention are: (1) organic

acid salts such as maleate, fumarate, lactate, oxalate,
methanesulfonate, ethanesulfonate, benzenesulfonate,
tartrate, glucuronate, citrate, and acetate; and (2)

inoxganic acid salts such as hydrobromide, hydrochlorxide,

hydrosulfate, phosphate and nitrate salts. Pharmaceutically
acceptable base addition salts of compounds of the invention

containing an acidic group are prepared by known methods from
organic and inorganic bases, and include nontoxic alkali
metal and alkaline earth bases, for example, /calcium, sodium
and potassium hydroxides; ammonium hydroxides; and nontoxic
organic bases such as triethylamine, butylamine, piperazine
and tri(hgé;oxymethyl)-methylamine.

As stated above, the compounds of the invention
possess antiproliferative activity, a property which may
express itself in the form of antitumor activity. A compound
of the invention may be active per se or it may be a pro~drug
that is converted in vivo to an active compound. Preferred '
compounds of the invention are active in inhibiting the
enzyme thymidylate synthase. Particularly preferred
compounds are active in inhibiting the growth of the L1210
cell line, a mouse leukemia cell line which can be grown in
tissue culture. Such compounds of the invention are also
active in inhibiting the growth of bacteria such as
Escherichia coli gram negative bacteria which can be grown in

REPLACEMEL'T SHEET
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Preparation of Internedi ate Conpound (38) --
Met hyl - 4-[ 3, 4- di hydr o- 2, 6- di net hyl - 4- oxo- 5-

qgui nazol i nyl )t hi o] - benzoat e Thi s conmpound was prepared from
i nternmedi ate 6 and net hyl - 4- mer capt obenzoate [P. R Marshamet al., J. Med.
Chem 34 2209 (1991); and E. Canpaigne, et al., J. Og. Chem 27 2835

(1962)] using the procedure to synt hgsi.ze conpound 9 (8A). After heating
the m xture at 90[err]C for 16 hrs, the DVA was renoved under vacuum and

the solid residue was suspended in nethanol. To this stirred suspension, a
stream of gaseous Herr]S was bubbled slowy in for ggﬂgoxinately 5 mn. A
dark soffyEPEES) Tof nedmRRiRds 25 FeoVBeBY 97 IMq%td bP Bheadeihanol i c

filtratenhabichngetheaeokrth anfl bdecenwtgluct was purified by flash col um
chr omat ogr aphy on

L AgEaeLh A o o0 . t
solid in 85% yi el 3he fé?%%%ﬁ@g%ﬁfé’é d?%‘??f'?ﬁ?gfgr‘f@‘gf‘i’eé?s‘,é"sfiﬁ%?glzﬁsa( Sn
3H), 3.Pyegpgntzipveptdgngjasopell asgtheipharmageutjcaiiy gceeptsbhe), .7. 52
(d, 1H sd)es8thellepbf,/ma¥ bd, iftbrgorated bako &énvefibentlihsalBVS cal cd.
for d erﬁUr‘fz{ser Jclﬁ[ s ]cgp%{zrl]eg, %ég18§g§ o'f_:o!il.ﬂ,d)éctable preparations.

Solid or liquid pharmaceutically acceptable carriers may be
employed. Solid carriers include starch, lactose, calcium
sulfate dihydrate, texrra alba, sucrose, talc, gelatin, agar,
pectin, acacia, magnesium stearate and stearic acid. Liquid
carriers include syrup, peanut oil, olive o0il, saline and
water.

Similarly, the carrier or diluent may include any

prolonged release,materiel, 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, stexrile
injectable liguid (e.g. solution), such as an ampoule, or an
agueocus or nonagqueous liguid suspension.

The pharmaceutical preparations are made following
conventional techniques of a pharmaceutical chemist involving
steps such as mixing, granulating and compressing, when
necessary for tablet forms; or mixing, filling and dissolving
the ingredients, as appropriate, to give the desired producté
for oral,y?arenteral, topical, intravaginal, intranasal,
intrabronchial, intraoccular, intraaural and rectal
administration.

The composition of the invention may further
comprise one or moxe other compounds which are antitumor
agents, such as a mitotic inhibitors (e.g., vinblastine),
alkylating agents (e.g., cis-platin, carboplatin and
cyclophosphamide), dihydrofolate reductase inhibitors (e.q.,
methotrexate, piritrexim and trimetrexate), other thymidylate
synthase inhibitors, antimetabolites (e.g., 5-fluorouracil
and cytosine arabinoside), intercalating antibiotics {e.g.,
adriamycin and bleomycin), enzymes (e.g., asparaginase),
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340. 0882. 4 ! Conpound (39) (Conpound 28A) --
4-1(3, 4-Di hydro-R ng1ﬁ FﬁgﬁggEi 0- 5- qui nazol i nyl ) thio] -
benzoi c acid

An et hamol i ¢ sol ution (5 M) consisting of 0.186 ¢
(0.55 muol ) of gt h§ld peLapss38iand 0.5 m of aqueous 1IN NaOH was heated

at 50[err]Cforf 4 hrs. At thisjtime, the solution was evaporated to

dryness, and the S6dium sa sldissdBved in 3 mM Herr]O This solution
was carefully dcidified to pH4 wth concentrated HO . The free acid

whi ch precipitated was filtered and washed with 5 m of cold H[grth) The
lid t 49
acia  obopsiRpheReb REh TRy TSk, MekRRRELAES HrehFpYopder

i
I 2.29 (s,
3H), 2r@§Pe§se3mpdlfi9r§d(e2|a (Jintgréempn).7 44 (d, 1H, J = 8.6 Hz),
7.71 (d, 2H J

8 pheHebmp 351%L6ﬂ,o¥ché InSedthidh. mayHawﬁoC%Uﬁﬁrlég
qerrTH eid 'g[rerrcjrg t}Jer c%%x%o%?ﬁs . i gxng anQ:J.%acter:.al

antifungal, antiparasitic, antiviral, antipsoriatic and
anticoccidial agents.

Exemplary antibacterial agents
include, for example, sulfonamide 'such as sulfamethoxazole,
sulfadiazine, sulfameter or sulfadoxine; dihydrofolate
reductase inhibitors such as trimethoprim, bromodiaprim or
trimetrexate; penicillins; cephalosporins; aminoglycosides;
bacteriostatic inhibitors of protein synthesis; the
quinolonecarboxylic acids and their fused isothiazolo
analogs.

Another aspect of the invention relates to a
therapeutlc
process of inhibiting the growth and proliferatxon of cells
of higher oxganisms and microorganisms, which process
comprises administering to a host, such as a vertebrate host

(e.g., a mammal or bird) an effective amount of a compound

according to the present invention. A particularly preferred

therapeutic process comprises administering to a host an
effective amount of a compound according to the present
invention to inhibit the enzyme thymidylate synthase, 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.

any of the antiproliferative compounds described
above, or pharmaceutically acceptable salts thereof, may be
employed in the therapeutic process of the invention. The
compounds of the invention 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 efficacious quantity of active compound
efficacious quantity is meant a quantity sufficient to
inhibit the folate metabolic pathways and derive the
beneficial effects therefrom through administration of one or

By an



- 68 - Preparation of Internediate Conpound (40)
D et hyl -N-[4-((3, 4-di hydro- 2, 6-di net hyl - 4- oxo- 5-
qgui nazol i nyl ) thi o) benzoyl ] -L-gl utamate Benzoic acid 39 (60.0 ny;
18.4 mmol) and (L)- glutamc acid diethyl ester.HO (0.144 g; 0.6 mmol)
were dissolved in 5 m of anhydrous DVWF and cooled to O[err]C. To the
stirred solution was added di phenyl phggphoryl azide (0.15 nl; 0.7 mmol).
After 15 min, 0.2 m (1.4 mmol) of triethylam ne was added, and the
reaction m xture was allowed to stir for 12 hrs at roomtenperature. The
sol vent was then renoved under vacuum and the remaining solid was taken up
in 5 m FHoger pO theepprrmasevtsichdl dpsadpusnatist o Bnwexémpbrcendanted HA ,
and the P4AYES uhQhUitoRN aVGereebidteetlodit! BofeBEi EBET hn (Sndudf &)y, The

ers were conbined, .dried over e@aporated

f :‘)ggplyﬁ e!st? aﬁﬁ;éxtp Ao GFE ks %vfe' g&mpoun'gg %e egcﬂlbgfrgxlnt 8 E eghg ngost .
preferably one half of a gram, more preferably 100
milligrams, and most preferably about 50 milligrams per
kilogram of the host.

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 known method of administration, including
topically (e.g. as an ointment or cream), orally, rectally
(e.g., as a suppository), parentally, by injection or
continuously by infusion, intravaginally, intranasally,
intrabronchially; Intraaurally or intraocularly.

The compounds according to the present invention
may be characterized as producing any one or more of an
antiproliferative effect, an antibacterial effect, an
antiparasitic effect, an antiviral effect, an antipsoriatic

effect, an antiprotozoal effect, an anticoccidial effect ox

an antifungal effect. The compounds are especially useful in

producing an antitumor effect in a vertebrate host harboring
a tumor.
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by flash chromat ography on silica using nethanol/_dichl oronethane;
Atan solid (78.0 ng; 82% was isolated. [err]H
1.1 (m 6H), 1.61 (m 2H), 1.79 (m 2H), 2.26 (
(m 1H), 4.05 (m 4H), 6.96 (d, 2H, J = 8.4 Hz),
7.64 (d, 2H, J = 8.4Hz), 7.71 (d, 1H, J = 8.5 Hz
Hz), 12.10 (bs, 1H). HVRS calcd. foggCderr]Her
512.1843. Found (Mt1l): 512.1855. Pr epar
(Conpound 27A) -- N-[4-((3, 4- Di hydr o- l.-.4- 0x0OF 5-
qui nazol i nyl ) thi o) benzoyl]-L-glutam c acid Di ethyl ester 40
(78.0 nmg; 0.15 nmmol) was di ssol veBXAMPREE i of ethanol, and to this

sol ution was addeds) stafedoprevabuadycowabltl Nadseabebs0l. nthGekEaGt i ON

m xture | r 0 for , re.,upan disappear ance of
startin\%ﬁ%eﬁ§§%réﬁﬁ%ﬁ%?ﬁ%%E%gégg&gpgga?é% F%ggﬁﬁﬁeggye$ﬁéog'disodiun1sa|t
was fur tEeanples 98 dhe Proofs sofusEle £O] Daked sevagadi DifedhesepH 4 with
concent rgieterkdd dhRpeaidsl MRset fiddit® esblgRan precipitati on and washed
with 5

CaS( err] ST elcg! ggﬂg%‘l'ﬁo?ﬁc‘(“%% fog#]aagr%p{)(%qg%‘ﬂ\%s sogﬁ :tg’% Li{]rg’eﬁr’]tl\fiu%m over
( DVBO- d[ ¥exrg) fenfixmedsby proton magnetic resonance spectroscopy,
infrared spectroscopy, elemental microanalysis and/or mass
spectrometry. Infrared absorption spectra were taken on a
Midac FT or a Perkin Elmer Model 457 spectrophotometer.
Spectra were obtained as KBr (potassium bromide) pellets or
neat films, and thé peak values were reported in em™ L.

10: 90.
e [ err]

, U/WS@ B3 3. 26

7455 (d, 1H, J B.5 Hz),

, 18.@8 DKL 1394,

] NLerr]Qerr]S Mt ) -

tion of Conpound {41)

I
d
w

Proton magnetic resonance spectra were determined

using a General Electric QE-300 spectrometer operating at a

field strength of 300 MHz. Chemical shifts are reported in

parts per million (§) by setting the references such that,
in CDCl3, the CHCl3 peak is at 7.26 ppm and, in DMSO-dG, the
DMSO peak is at 2.49 ppm. Standard and peak multiplicities
are designated as follows: s, singlet; d, doublet; dd,
doublet of doublets; t, triplet;

brs, broad singlet; bxd,
broad doublet; bx, broad signal;

m, nmultiplet.
Mass spectra were determined using a VG 7070E~HF
high resolution mass spectrometer using the direct insertion

method, an ionizing voltage of 70eV, and an ion source

temperatuxe of 200°C. Elemental microanalysis provided

results for the elements usually within t 0.4% of the
theoretical values.

General Procedures
N-N-Dimethylformamide (“DMF") was dried over
activated (250°C) 3-A molecular sieves; N,N-
dimethylacetamide ("DMA"} (Aldrich Gold Label grade) was
similarly dried. Tetrahydrofuran ("THF") was distilled from

sodiun benzophenone ketyl under nitrogen.

The term “ether”
refers to diethyl ether. .

Flash chromatography was performed using Silica gel
60 {(Merck Art 9385). Where the crude solid was insoluble in

the chosen eluant, it was dissolved in a more polar solvent,



(m 2H), 2.05 (m 2H), 2.26 (s, 3H), 2.46 (s, 3H—4.40 (00 . ....
- 69 - 1H), 6.93 (d, 2H, J = 8.4 Hz), 7.55Rm EN :SHEEITg 7.65

(d, 2H, J = 8.5 Hz), 7.71 (d, 1H, J = 8.4 Hz), 8. = 5.4
Hz), 12.00 (bs, 1H). Anal. Calcd. for Cerr]H

gé)\lberr % S.2HA : C
50.05; H, 4.36; N, 7.96; S, 6.06. Found: C, b0j3 N 7.60; S,
5.77. Exanpl e 8: Preparation of @npounds 3A band. SA

Compounds 3A and 5A were prbpared according to }he foll owi ng rieacti on
schene: e ;

and Merck Art 7734 silica was added. The slurry was

evaporated to dryness on a rotary evaporator fitted with a
course glass frit to prevent spraying of the silica. The
coated silica was then applied to the column. Thin layer
chromatographs (*TLC") were performed on precoated sheets of
silica 60 F254 {(Merck Art 5719). Extracts were dried over

anhydrous Na,80, or Mgso4. Melting points were determined on
a Mel~Temp apparatus and were uncorrected.

Example l: Preparation of Compounds 8A and J4A

Compounds 8A and 14A were prepared accorxding to the
following reaction scheme:

OH
CH, CHy i
e} bid Be
NO, NH; H

0 8¢ o) Bt o e
CH, CH, _ CHy
O <y HO o
N
e - 4
3

o ar o e O B
CH, CH, HN s
HN HLO S— /k
)\ H = N
He” TN Hat N
6 7 8

\ /



[err]

-~ 42 -

; -~
o 5N o $ ‘
HN,ﬁtﬂ:f:ZIICHJ Hu’ﬂt]::i:rfcu’
H;C/KN HaN J\N |
9 ¢
8A 14A

Preparation of Intermediate Compound (1} —-
3~Bromo~4~-methyl-aniline
A solution of 50.0 g (0.23 mol) 2-Bromo-4-nitro-
toluene in 500 ml methanol was placed in a Parr hydrogenation
bottle. To the solution was added 5.0 g Raney nickel.
mixture was hydrogenated at 30 psi H, on the Parr
hydrogenator for three hours with agitation.

This

The Parr bottle
was vented, the reaction mixture was filtered through

diatomaceous earth (celite), and the filtrate was evaporated

to yield 41.0g (95%) of a yellow oil.

IR (neat) 3329, 3144,
2604, 1609, 1288, 1030, 812 cm™'; “H MMR (DMSO-dj) 5 2.13
(s, 3H), 5.60 (bs, 2H), 6.46 (dd, 1K, J = 8.1 Hz, 2.3 Hz),

6.7% (d, 14, J = 2,3 Hz), 6.%94 (d, 1H, J = 8.2 Hz).
caled. for C,HLBrN: 184.9843. Found: 184.9840.
Preparation of Intermediate Compound (2) -~
%igromo—4-mathyl—a-isonitrosoacetanilide
A mixture of 45.0 g chloral hydrate (0.27 mol},
65.0 g sodium sulfate (0.46 mol), 40.0g 3-Bromo-4-methyl-
aniline (1) (0.21 mol), 20 ml concentrated HCL, 55.0 g of

hydroxylamine hydrochloride (0.79 mol) and 1.5 1 of H,0 were
heated at 100°C for one hour.

HEMB

The reaction mixture was

cooled to 0°C, and the precipitate was collected by
filtration. The solid was washed with H20 and dried to yield
41.0g (76%) as a tan solid: M.P. 195-197°C. IR (KBr) 3439,

3310, 3110, 2998, 2876, 2749, 1636, 1591, 1466, 1256, 905,
691 cm™l; H NMR (DMSO-dg) 5 2.28 (s, 3H), 3.50 (bs, 1H),
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- 70 - Preparation of Internedi ate Conpound (42) --
3, 4- Di hydro- 2, 5- di net hyl - 4- oxo- qui nazol i none. Thi s conmpound was

prepared via its correspondi ng benzoxazi none from 6-nethylanthranilic acid

using the procedure to prepare quinazolinone (6). The solid was
recrystallized fromethanol. (MP. 258-259[err]C).

[err]H NVR (CDCl [err])
[err] 2.53 (s, 3H), 2.89 (s, 3H), 7-203(d, 1H, J = 7.3 Hz), 7.50 (d, 1H, J
=8.0 Hz), 7.59 (dd, 1H, J =8.1, 7.3 Hz), 11.52 (bs, 1H). Anal. Cal cd.
for Jerr]Herr]Nerr]O C, 68.95;

7.28 (d, 14, J = 8.3 Hz), 7.53 (dd, 1H, J = 8.2, 2.1 Hz),
8.02 (d, 1H, J = 2.0 Hz), 10.26 (s, 1H), 12.21 (s, 1H).
Anal. Caled. for CgligBrN,0,: C, 42.04; H, 3.53; Br, 31.08;
N, 10.80. PFound: C, 42.71; H, 3.57; Br, 31.44; N, 11.09.
' Preparation of Intermediate Compound (3) --
' 4~Bromo-5-methylisatin

To 160 ml concentrated sulfuric acid at 80°C was
added 40 g (0.156 mol) of (2) and stirred for one hour.
reaction mixture was cooled to room temperature and then
poured onto 2 1 of crushed ice. The precipitate was
filtered, washed with water and then washed with benzene.
The red scolid was added to 800ml of boiling ethanol. The
solution was allowed to cool to room temperature, collected
and then washed with cold ethanol. 6~Bromo—5-methylisatih,

as well as some of the desired product remains in the mother

liguor, and can be separated by silica gel flash column
chromatography.

The

The filter cake was dried to yield 19g
(50.7%) of a red solid: M.P. 245-248°C. IR (XBr) 3302,

1750, 1609, 1466, 1273, 675 cm™'; 'H NMR (CDCl,) 6 2.26 (s,

3H), 6.8 (d, 1H, J = 7.9 Hz), 7.5 (4, 1H, J = 8.3 Hz), 11.06
{s, 1H). Anal. Calcd. for CgﬂsBrNOZ: C, 45.02; H, 2.52; Br,

33.28; N, 5.86. Found: C, 45.10; H, 2.54; Br, 33.19; N,
5.84.

Preparation of Intermediate Compound (4) -~
+, S~Methyl-6-bromo—anthranilic acid

A mixture of 80 ml 3N NaOH and 19 g of isatin (3)

(0.08 mol)'were heated at 80°C. To the solution was added 18

ml 30% H2°2' and the mixture was stirred for one hour. The
mixture was cooled to 5°C and acidified to pH5 with
concentrated hydrochloric acid. The solution was evaporated
to dryness and then added to 300 ml methanol. The mixture
was filtered, and the filtrate was evaporated to yield 18g of
a tan solid (97.8% theory): M.P. (hydrochloride) 290-2384°C.
IR (XBr) 3619, 3229, 1578, 1478, 1412, 1381, 1084, 1010, 820,

706 cm™'; H NMR (DMSO-dg) 6 2.13 (s, 3H), 4.9 (s, 2H), 6.4
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H 5.79; N, 16.08. Found: C, 69.03; H 5.82; N, 16.03.
of Internedi ate Conpound (43) --

2,5-Dinmethyl -3-[2"-(trinmethylsilyl)
et hoxynet hyl ] - qui nazol i n- 4- one. To 70 M of dry DVF was added

2.175 g (12.5 mmol ) of qui nazol i none @42). The m xture was cooled to
Oferr]C and 0.55 g of NaH (13.75 mml; 60% oil dispersion) was added

portionwise with stirring. The green colored m xture was allowed to warmto
roomtenperature, and stirring was continued unti | é%)s (H err]) evolution

ceased. A9t i td rfe,7 thdlshl it (Was Mecdol®ed 8 HF)G, and 2-
(Trinet hyl silyl) etheagysed thidht b OrimighSiddi@te Comfourid (3. 75 Mol ) was

added dropwi se. A clou pit gﬁg form After all the
SEM O was added, the ?éc/eg{)&% é/vaxgé re‘éril;j\a/agdgt ' ea(}fl‘elact ion mXxture was
stirred at roon1(5n¥@¢%9u2eﬁ+@#m€§hY#1#Hﬂ3miTﬁ@ﬁ%ﬂ%ﬁ%ﬁﬂ?ﬁﬁﬂ@ﬁéd into Herr]O

(3?8 mzj ang extraCAeﬂlﬂtﬁbehexansSg g&&mma .adire ﬁ . 078 ey d s vere
R L E T g
fiItratioﬁh&néoﬂa§19howmstGobéedhéo Ogﬁaﬁnﬁnglhhﬂé¢dal,T¥6u5%1¢3m1¢ikand
[err]H NVigas ¥#B8hkdl i2hca¥@tone to yield 16 g (81% theory) as a white
solid (M.P. 190-194°C) which was used without further
purification. IR (XBxr) 3460, 1750, 1660, 1574, 1416, 1260,
1070, 841 en™'; H MMR (CDCl;) 6 2445 (s, 3H), 2.55 (s, 3H),
7.40 (d, 1H, J = 8.2 Hz), 7.64 (d, 1H, J =-8.0 Hz) HRMS
caled. for ClOHBBrNOZ' 252.9738. PFound: 252.9743.
Preparation of Intermediate Compound (6} ~-
5~-Bromo-3,4-dihydro-2,6~dimethylquinazolin-4-one
Anhydrous ammonia (50 ml) was condensed into a
flask containing 8.5 g (34.0 mmol) anthranil (5), and the
reaction was stirred for 3 hrs. The solvent was evaporated
to give a residue, and 75 ml of 1N NaOH was added. The
reaction mixture was heated at reflux temperature for 1 hr.
The resulting sol&tion was cooled to 0°C and acidified to pH4
with concentrated hydrochloric acid. The mixture was
filtered, and the filter cake was washed with water and then
dried to yield 7.1 g (82.5% theory) of 6 as a tan solid: M.P.
288-291°C. (dec.) The product was used without further
purification. IR (XBr) 2910, 2620, 1680, 1630, 1460, 1377,
1298, 1128, 872 om™'; 'H NMR (DMSO-dg) § 2.33 (s, 3H), 2.43
(s, 3H), 7.49 (d, 1H, J = 8.3 Hz), 7.70 (4, 1H, J = 8.3 Hz),

12.20 (bs, 1H). HRMS calcd. for CloHSBrN20= 251.9898.
Found: 251.9908.

Preparation

Preparation of Compound (7) -~
Methyl-2-amino-§-bromo-S-methylbenzoate
A mixture of 10 g (0.039 mol) anthranil (5) in 75
ml methanol was heated at reflux for 2 hrs. To the solution
was added 10 ml concentrated hydrochloric acid, and the mix
was heated for an additional two hours. The reaction mixture
was evaporated to dryness. The residue was dissolved in 20
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concentrated to give a pale yellow oil

- 71 - through a flash silica gel columm using diethyl ether/ petrol eum
ether; 1:1, yielding 3.0 g (79% of product (43) as an oil. IR (neat) 2980,
1675, 1600, 1572, 1460, 1380, 1287, 1248, 1075, 858, 835 cnferr];[err]H NWR
(CDCl[err]) [err] 0.00 (s, 9H), 0.95 (

) ,_2H, J =8.2, 7.2 Hz), 2.66 (s,
3H, 2.84 (s, 3H), 3.68 (dd, 2H, J =8.2, 7.1 Hz), 5.52 (s, 2H), 7.18 (d,
1H, J = 6.8 Hz), 7.43 (dd, 1H, J =8.0, 0.3 Hz), 7.55 (dd, 1H, J =8.0, 7.5
Hz) .

nl H20 and neutralized to pH7 with triethylamine. The

agqueous solution was extracted with methylene chloride.

whi ch was passed

The
layers were separated, and the organic layer was dried over

magnesium sulfate, filtered and evaporated to dryness to
yield 6.0 g of (7), as an orange oil (63% theory). IR (neat)

3483, 3410, 3220, 3000, 2850, 2851, 1720, 1620, 1560, 1430,

1288, 1120, 1015, 816 cm™*; “H NMR (CDCl,) § 2.31 (s, 3H),

3.95 (s, 3H), 4.10 (bs, 2H), 6.60 (d, 1H, J = 8.2 Hz), 7.05
(d, 1H, J = 8.1 Hz).

HRMS calcd. for anloBrﬂoz: 242.9880.
Found: 242.9895.

Preparation of Intermediate Compound (8) ~-
2~Amino-5-bromo-3,4~di-hydro-6-methylquinazolin-4-one
To a solution of methyl ester (7) (6 g, 24 mmol) in
50 ml of diglyme was added 3 g (24 mmol) of chloroformamidine
hydrochloride. The mixture was heated at reflux for 1 hr.

The mixture was cooled to 0°C and filtered. The solid was

washed with ether and then dried to yield 6.25 g (88% theory)

of a tan solid: M.P., (hydrochloride) >390°C. The product was
used without furthexr purification. IR (KBr) 3140, 2950,

1670, 1620, 1471, 1402, 816, 600 cm '; “H NMR (DMSO-d6) &

2.28 (s, 3H), 6.75 (bs, 2H), 7.0 (d, 1H, J = 8.3 Hz), 7.40
(d, 1H, J = 8.0 Hz), 11.8 {bs, 1H).

CgﬁaBrNBOé 253.9927. Founds:s 253.9929.

Preparation of Compound (9) {(Compound 8A) ~-
3,4-Dihydro=2,6-dimethyl-4-0xo-5-(4~pyridylthio)-quinazoline

HRMS calcd. for

To a solution of 3.2 g 4-mercaptopyridine (28.8
mmol) in 50 ml of anhydrous N,N-Dimethylacetamide at 0°C was

added 1.24 g (28.8 mmol) NaH (60% dispersion in mineral oil),

and the nix was stirred for 1 hr. To this reaction mixture

was added 3.1 g bromoguinazoline (6) (0.012 mol), 1.4 g
copper (I) bromide, and 0.70 g of copper (1) oxide.

The mix
was heated at 90°C for 4 hrs.

The reaction mixture was

evaporated to dryness, 50 ml of an st/methanol solution (10
g/l} was added to the residue, and the mixture was stirred
for 1 hr. The nixture was filtered,

and the filtrate was
evaporated to dryness.

The solid was purified via flash
chromatography on silica gel using MeOH/CH9Cly (5:95) to
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Preparation of Internedi ate Conpound (44) --

5- Br ononet hyl - 2- net hyl - [2'-(trimethylsilyl)ethoxynethyl].
- qui nazol i n- 4- one. The SEM protected qui nazolinone (43) (2.28 g,
7.5 mol) was dissolved in 30 M CO[err]. To the solution was added 1.47 g
(8.23 mml ) of N-bronosuccinimde. Thgspal e yell ow solution was heated to a
gentle reflux until al nost conpletely honbgeneous. At this tine, the

benzylic brom nation reaction was initiated with a 200 watt |anp. The
reaction_be

refl re _Vvigorous and t rned_a p_grange col or.
After app %82? ZI %%1 ERGPHX)CSFOP f‘éﬂeﬁ éﬁ SHCEI ngﬁgd@:’ﬁr Ec¢i gRt at ed.
The react(mmvvéé?@ooléao,f L6B3red53hd WASRed14OBR 2306, @@l ewr., The
filtrate vvéwmvm bisELQl gﬁls W, Qrgr] Q (3@ m h., 4%qur atﬁﬂ r| %d over
MmgSq err], |Itere% nd cofcentrat.ed .| éavi g a_soli reS| I ch was
further p&ti %Hed doyt P1-dsKZdal Jmt ScHBondtliograph? -dn B& s d2 89 déﬁ:ng}lh J
gr adi ent =s>83.t5erﬁz3f,

.adhxld,eme,r Ipet rﬁolSemmm,t ner.10 (Hs 83K )20/ HKhai25/ 75;
30/ 70, 3%HHaT g) S d ,as te,sold in
43% vyi el d 4% lfgqsﬁ;gi qdmdc;’a\}‘fe?rjﬁe%% 339 -8 Isi 98%88' eNrarJ% % %@r) 3085,
2980, 167 .63. PFound: C; 59.58; H, 4 0; N, 13.89;

HRMS
CalCd. for C15H13N3OS. 283.0773. Found: 283.0779.

Preparation of Compound {(10) (Compound 14A) -—-
2-Amino-3,4-~-dihydro-6-methyl~4-ox0~5~(4~pyridylthio)-
quinazoline

To a solution of 17.2 g 4-mercaptopyx:idine (15.5
mol) in 250 ml of anhydrous N,N-Dimethylacetamide at 0°C was
added 6.2 g of (15.5 mol) NaH (60% dispersion in mineral

oil), and the reaction was stirred for 1 hr. To the solution

was added 15 ¢g aminoquinazoline®HCL (8) (51.3 mmol), 4.5 g
copper (I) bromide, and 4.5 g copper (I) oxide. The mixture
was heated at 90°C for 4 hrs., and then concentrated under
vacuum. To the resulting solid was added 150 ml H,5/MeOH

solution (20 g/l). The dark mixture was stirred for 1 hr.,

the precipitated CuS was removed by filtration, and the

methanolic filtrate was evaporated. The solid was washed

with methylene chloride, followed by ethyl ether and finally
boiling isopropanol to yield 7.5 g (50% theory) of (10) as a
tan solid: M P. 301-302°C; IR (XBr) 3320, 3150, 2750, 1670,
1575, 1466,°1305, 1220, 804, 710 482 cm~t; lm mur (DMSO-d )
5 2.30 (s, 3B), 6.35 (bs, 2H), 6.80 (d, 2H, J = 5.9 Hz),
7.26 (d, 1H, J = 8.4 Hz), 7.58 (d, iH, J = 8.5 Hz), 8.25 (bs,
2H), 10.85 (bs, 1H). Anal. Caled. for Cy4Hy 4N 0841.5 H,O0:
C, 54.00; H, 4.86; N, 18.00; S, 10.30. Found: C, 53.81; H,

4.25; N, 17.71; S, 10.28. BHRMS calcd. for C14H12N4OS:
284.0734. PFound: 284.0732.
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1608, 1382, 1340, 1293, 1248, 1075, 860, 830, 710 cnferr]; [err]H
(CDCl[err]) [err] 0.00 (s, 9H), 0.93 (dd, 2H, J =8.3, 7.1 Hz), 2
3H), 3.68 (dd, 2H, J =8.4, 7.1 Hz), 5.24 (s, 2H), 5.55 (s, 2H),
(dd, 1H, J =7.2, 1.5 Hz), 7.55 (dd, 1H, J = 7.5 1.5 Hz), 7.61 (

J = 7.5,

50.12; H 6.04; Br, 20.84; N, 7.30.

N, 7.32.

7.2 Hz). Anal. Cal cd. for__C&gr_r_]H[err]BrN[err]qerr]Si:
ound: C, 50.35; H, 6.06; Br
-72-

Example 2: Preparation of Compounds 13A and 15A

Compounds 13A and 15A were prepared according to
the following reaction scheme:

OCH, OCH,

?H
B¢ 214 Nl /@OCH,
o ? Br
H

NO, NH,
1t : 12

o Br
OCH,
(0]
N
: .

H

o & o & |
OCH,8 ' ocH
HC” SN HoN
18 L 14

13

{Not isolated)

2y O
i , F P
HN ocl HNJb/ octa R o
H,C)\\N H:G/L\‘N ) T H,C)\N
16 17

13A 15A
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Preparation of Internedi ate Conpound (45)
5-Chloro-N-[2'-nethyl -3' - (2"-

(trimethylsilyl)ethoxynethyl)-4'-oxo0-5"- _
qui nazol yl ) met hyl ] i ndol e. In 6.5 m anhydrous DMWF, 0.417 g (2.75

mmol ) of 5- chl oroi ndol e was dissolvgg.hThe stirred solution was cooled to
Olerr]C, and 0.11 g (2.75 mml, 60% oi’| “di spersion) of NaH was added

portionwi se. Once the anion was forned (~30 mn.), 0.958 g (2.5 mmol) of
Br ononet hyl qui nazol i ne (44), dissolved in 0.5 m anhydrous DVF was syringed

in. The reacti Gremaraag ife Iirndidiane Aaapeaur@l (INgr ti-ng material s by
TLC (40% et her/petrol eum eft

1ce L0 quench excess anion,

followed by 20 M Herr]Q T] |asm°vvaés:q? ﬁen %%%d with diethyl ether (3 x"
50 m), and the orfarf S \@F S&hif R krkEWme - vveioarigakeus
MySQ[ er r{0. F64 tial ) oin aBCI0 R Of ahe Ca el ATHE I €54 T} acadi i ss pur i §Eed by
flash co SplhcC i ' I r | eum et her:
10760, - AIPESL0 TRYSERERNY B0 Ch 08, 8 SRR R AT i Blal
98- 99[ er FpER1YSERSERBERAGE0EN @bRanol v 5The swixtyreswas a0l rugd 5and 280,
1245, 11Kbaté86@o 93gen83é, réfdux(SkherdOupba2tha] Aikturé ehédih VR
(e [er bk el ghEbe?: Oekhun®) petsBY 68 52Hks 2 labittional m1 of .

hydrazine and 4 additional grams oﬁ Raney nickel were

introduced into the reaction.

The warm reaction mixture was
vacuum filtered through a pad of silica gel to remove the
catalyst, and the pad was thoroughly washed with ethyl
acetate. The filtrate was concentrated, and the dark brown
oil was placed under high vacuum to remove traces of solvent
The product decomposes readily and was used as is. lx NMR
(CDCl,) 6 3.46 (s, 2H), 6.60 (dd, 1H,.J = 8.6, 2.7 Hz), 6.73

(d, 1H, J = 8.6 Hz), 6.92 (d, 1H, J = 2.7 Hz).

Preparation of Intermediate Compound (12) -~
3-Bromo-4-methoxy—-a-isonitrosoacetanilide
In a 250 ml 3-neck round bottom flask, 84 ml water
was added to 6.3 g (37.8 mmol) chloralhydrate. The flask was
fitted with a mechanical stirrer and reflux condenser, and 90

g anhydrous sodium sulfate powder was added over a period of

1 minute with constant stirring. A solution of 6.3 g (31.2

mmol) of aniline (11) in 3.0 ml conc. HCl and 21 ml water was
X

added, followed by a solution of 7.7 g (112 mmol H,NOH.HC1

in 35 ml water. The mixture was slowly heated to reflux with

constant stirring and continued for 2 minutes at which time

brown crystals formed. The mixture was cooled, the solid

filtered off, washed well with water and dried to constant
weight by wvacuum. The resulting solid weighed 5.65 g (66%
theoretical) and was pure enough for the next step.

analytical sample was prepared by recrystallization.
202~203°C (hexane, EtOAc).

An
M.P.
IR (XBr) 3409, 2875, 2056, 2023,
1643, 1634, 1543, 1502, 1295, 1270, 1047, 799 cm ~; 'H NMR
(CDC1,, one drop DMSO-d,) § 3.88 (s, 3H), 6.87 (d, 1H, J =

8.9 Hz), 7.53 (m, 2H), 7.83 (d, 1H, J = 2.5 Hz), 8.49 (s,



3H), 3.74 (m 2H), 5.55 (s, 2H), 6.04 (s, 2H), H.25.4dd. 1H 1 = 7.4, 1.3
Hz), 6.54 (dd, 1H, J = 3.1, 0.3 Hz), 7.08 (m 3

Y I ’ TP = 3.1
Hz), 7.45 (m 2H), 7.63 (dd, 1H J =1.6, 1.0 FEEPLK(‘EH'EMS 1

. O, . Atred-——cat-e. | f or
C[err]H[err]ClN[err]C{err]Si: C, 63.48; H, 6.21; 80: N, b.P5. Found:
C, 63.41; H 6.13; O, 91, N, 9.19, @%&i}faﬂ?‘?én bt | Conpound
(46) (Conpound 3A) -- ~54®nror o- N (3, 4-di hydr o-P- hret hyl -
4- oxo- 5- qui nazol yl ) net hyl ]i ndol e.

The SEM protected qui nazol i ne
(45) (0.75 g; 1.65 mmol ) was di ssolved in 1. 5mFf+—Fo - Ri-s=s0l uti on

was gddq 6. lesoof(sa} ZmQ M JHF mhmtleam? t@b&abékéb mumu7 ]
uori de rring, e r rs.
The solutf%ﬁﬁﬁh oépé% tho %P g\ ? §fa?&r % %ﬁ %0 Pnﬁ e?r]C)mas
added. Thi‘ s ttherd &étr Bgt.e@Twilth &l &0964- excess (200 m ) of ethyl
acetate. The or ganfedAMAidiADE Intermediate Compound (13) --

4-Bromo~S~methoxyisatin

Vacuum dried a-~Isonitrosoacetanilide (12) (3.0 g;
11 mmol) was slowly added to 8 ml conc. H,80, at 50°C while
being stirred. The reaction mixture first became yellow, and
then turned dark. The temperature was raised to 65°C for 10
minutes, and the reaction was followed by TLC (EtOAc/hexane;
40:60). Heating at 65-70°C was resumed until all the
starting material was consumed as judged by TLC.

Upon
completion, the reaction mixture was cooled and added to 80 g

of crushed ice with stirring. A dark red solid formed and

was filtered off, washed free of acid by water and dried

under vacuum. The resulting substance was purified by

chromatography on a flash silica column using a gradient
system of EtOAc/hexane; 40:60; 50:50; 60:40; 70:30; 80:20.
The undesired isomer, 6-Bromo-5-methoxyisatin eluted first,
followed by the desired isomer (13), which was isolated as a
red solid (0.71 g; 25% yield). M.P. 250-251°C. IR (KBr) 2064,
1758, 1750, 1634, 1278 cm™*; 'H NMR (CDCl,, one drop DMSO-d()
§ 3.91 (s, 3H), 6.84 (d, 1H, J = 8.8 Hz), 7.09 (4, 1H, J =
8.8 Hz), 10.88 (s, 1H). Anal. Calcd. foxr CgH BrNO,: C,
42.19; H, 23§4: Br, 31.25; N, 5.47. Found: C, 42ﬂ27; H,
2.37; Br, 31.30; N, 5.42.
Preparation of Intermediate Compound (15) —-
S~-Bromo-6~-methoxyacetylanthranil (5-bromo-2,6-~-dimethyl-
4H-3,l-benzoxazin-4-one)

A magnetically stirred solution of 2.28 g (8.9
mmol) isatin (13), in 13.4 ml of 2N ag. NaOH (26.7 mmol) was
cooled to 0°C. To this cold solution 0.90 ml of 30% Hzoz
(8.9 mmol) was added gradually keeping the temperature below
20°C. The progress of the reaction was followed by TLC
(EtOAc/hexane; 40:60). An additional 0.20 ml of 30% H,0, was

added, and the reaction mixture was stirred 20 minutes at

room temperature. At this time, TLC indicated consumption of



- 73 - separated and dried over anhydrous

concentrated | eaving a solid residue which wgs+ | “from et hyl

acetate yielding product (46) (Conpound 3A) iin}46% M P. 251-252[err]C,

[err]H NVR (DMBO-d[err]) [err] 2. 34 (s, 3H), {6.J080@sDERQHHI6 6114 (dd, 1H, J
7.3, 1.0 Hz), 6.53 (dd 1H J = 3.0, 0.5 HA),

Siktgred and

7.05 (dd, 1H, =8.7, 2.1
FE), 7.34 (d, 1H, J = 8.8 Hz), 7. 46 £n502H), i7.56 (d, 1H, J = 3.1 Hz), 7.64
(d, 1H, J = 2.1 Hz), 12.30 (bs, 1H). Anal. Lot faQr. —
C[err]H[err]ClN[err]O 0.1 EtQAc: C, 66.45; H, 4.49; d, 10.66; N 12. 63.
Found:

12. 27. | C f
Cerr]H erﬁgcﬁ EH'T% m"éé%rb%%S 'Egﬁn’alkg’éﬁe 0%, amdic&eg "ﬁéﬁ)ar ation of
| nt er medi gtactanpagatii¢4gpid-to pH4 and concentraBedovigla 2erpddghid-[2' -

trap at ~78°C, leaving crude 6-Bromo-5~-methoxyanthranilic

acid (14), as a grey semi-solid. This slurry was treated

with 28 ml of acetic anhydride ;nd refluxed for 40 minutes
The dark mixture was then concentrated as before. To the
residue was added an excess of ethyl acetateshexane (2:1).
The mixture was heated and filtered hot through silica gel to
remove insoluble and colored particulants. The solution was
partially concentrated and allowed to cool, and the product
crystallized yielding 1.71 g (71% based on starting isatin

(13)). M.P. 228-229°C (dec.). IR -(KBr) 3397, 2039, 1717,

1651, 1625, 1543, 1295, 1055, 881, 617 cm™; n mum (CBCl,)
§ 2.42 (s, 3H), 3.98 (s, 3H), 7.34 (d, 1H, J = 8.9 Hz), 7.51

(d, 1H, J = 8.9 Hz), Anal. Calcd. for CloﬁaBrN03: C, 44.44;
H, 2.96; Br, 29.62; N, 5.19. Found: C, 44.32; H, 3.04; B,
29.53; N, 5.09. |
Preparation of Intermediate Compound (16) —-
5~Bromo-3,4~-dihydro-6-methoxy-2~-methyl-quinazolin-4-one
To 1.25 g (4.6 mmol) of the anthranil (15), in a
dried round bottom flask egquipped with a dry ice condenser,
was condensed approximately 50 ml of anhydrous NH3. The
mixture was magnetically stirred for 40 min. At this time,
the dry ice condenser was removed, and the NH, was allowed to
evaporate. igpon evaporation, 15 ml water and 1.5 ml of 2N
NaOH were added, and the solution was refluxed for 1 hr The
solution was then cooled to room temperature, and 1N HCl was

added adjusting the pH to approximately 9 and thus

precipitating the quinazoline. The white substance was

filtered off, washed with water and dried, vielding 0.71 ¢
(57%). M.P. 273-274°C. IR (XBr) 3189, 3074, 2990, 2974,
2899, 2362, 1676, 1643, 1552, 1461, 1303, 1286, 1063, 872,
832 cm™'; 'H NMR (CDCl,) 5 2.39 (s, 3H), 3.98 (s, 3H), 7.39

(d, 14, J = 9.0 Hz), 7.59 (d, 14, J = 9.0 Hz), 11.60 (s, 1H),

anal. Calcd. for Clougarﬂzozz C, 44.61; H, 3.35; Bx, 29.74;
N, 10.41; Pound: C, 44.56; H, 3.40; Br, 29.63; N, 10.36.



(trinmethylsilyl)ethoxynethyl]-quinazolin-4-ope
NaCEt in ethanol

-~ To a solution of
, prepared by dissolving 34 ﬁMQMM f sodi um
netal in 1.5 m of absol ute ethanol

, was adfe mmol ) of 2-
nitraopropane. 0.575 g (1.5 mol) of Bronone (B4) was
hrs. At this

added, and the reaction was stirred and heat

time, 10 M of Herr]O was added, and? the m et d wth
diethyl ether (2 x 50 m). The organic | ayefs were separated dried over
anhydrous Na[err]SJerr], flltered and concenrraréd””Thé F&Si due was
purified p By #6105 Ob £ COEASERE § L ASA RG] 341?

yi el di ng., 0 q?gngé736@ éhaldeg %é§¥) as a y% f“TZéT*‘ﬁ 5 NVR
(cDal [ er 1 3REb¥Ire-Gome i ~o%g-5o 5(’%5 Bl 75 (m 2H),
5.58 (s, qeipazglize(m ZFD 7 87 (m 1H, 11. 17 (s, Pr epar ati on
of Internedi ate Cofgoyfdn&4ed .7 l £ 4 r droxytol yl)
-2- et hyl, 54g! g?m° H%thy|§?§ %tﬂgériéiﬁg adVaiddy
qui nazol PA-B9oA8:5 mmol) of s bi £

Ydelpa?) miofdyy 9“&6 | $hewas
di ssol vedesnlting. 6ollutdbnanigdrmgs (THE mmdd) ef qugﬂazelﬂﬁsﬂée(ﬁs)The

dissolved in 2 ml dry DMA was added.

The nixture was kept
under N,, and a finely ground catalyst mixture containing 44

mg CuBr and 22 ng Cu,0 was added. The mixture was stirred
magnetically and heated to 135°C, until the reaction was

complete as judged by TLC (anh.

NH3IEEOH/CHCI3;.0.5: 4.5:
9.5).

-The solvent was removed under high vacuum through a
cryogenic trap cooled to -78°C. The desired product was
isolated by flash thromatography (anh. NH3/MeOH/CH013; 0.5:
4.5: 9.5) on silica, yielding 130 mg (89%) of (17) as a white
powder. M.P. 248-249°C (dec.). IR (KBr) 3358, 3073, 2933,
1682, 1634, 1574, 1475, 1462, 1318, 1277, 1059, 835, 710 cn”
Lty (CDC1,) 6 2.36 (s, 3H), 3.84 (s, 3H), 6.90 (d, 2H,
J = 5.1 Hz), 7.48 (d, 1H, J = 9.1 Hz), 7.79 (d, 1H, J = 9.1
Hz), 8.28 (d, 2H, J = 5.1 Hz), 10.86 (s, 1H). BAnal. Calcd.
for C15H13N3028= C, 60.18; H, 4.38; N, 14.04; S, 10.71.
Found: C, 60.28; H, 4.43; N, 14.07; S, 10.63. HRMS Calcd. for
Cy5Hy3N30,8: 299.0730. Found: 299.0718.

Preparation of Intermediate Compound (18) (Compound 15A) ~-
3,4—Dihydrc;6-hydroxy—2~methyl-4~oxo-5—(4~pyridylthio)—
quinazoline

To cleave the methyl ether, quinazoline (17) (100
mg; 0.30 mmol) was gently refluxed with 2 ml of a 1:1 mixture
of 48% aq. HBr and glacial AcOH for 8 hxs. At this time, the
solvent was removed via high vacuum through a cryogenic trap

at -78°C. The obtained residue was dissolved in 10% anh. NH ,
in MeOH, and subjected to flash column chromatography on
silica (anh. NH,/MeOH/CHCly; 0.5: 4.5: 9.5) yielding 62 mg
of (18) as a white powder (65%) M.P. 246-247° (dec). IR
(KBxr) 3450, 3240, 3073, 1667, 1634, 1580, 1464, 629 cm™!; lm
NMR (CDCl,) & 2.40 (s, 3H), 6.83 (d, 2H, J = 6.0 Hz), 7.40
(d, IH, J = 9.0 Hz), 7.59 (d, 1H, J = 9.0 Hz), 8.20 (d, 2H, J



stirred solution was cooled to -78C, and phenyl magnesi um

brom de (0.83

m; 3.0 Min diethyl ether) was introduced dropwi se. The reaction

m xture was allowed to warmto room
74 - tenperature, and stirring was continued for 1 hr.

To quench the

reaction, 10 m of sat. ag. NHerr]d s added. The m xture was then .
extracted with diethyl ether (3 x 50 ), separated, conbined, dried over
anhydrous MgSO err], filtered and concentrated. Purification of the residue

by flash col um

= 6.0 Hz), 8.51 (s, 1H), 11.51 (s, 1H). Anal. Calcd. for
C14811N302S:_C, 58.94:; H, 3.13; N, 11.97; 8, 11.22. Found:
C, 58.98; H, 3.16; N, 12.00; S, 11.61. HRMS calcd. for

C14311N30253 285.05733., Found: 285.05720.
Fxample 3: Preparation of Compound 12a

Compound 12A was prepared according to
following reaction scheme:

NO, S/N\(::]
® — f‘i
P
%1’ CHs R O
L o

12a

Preparation of Compound (19) —-
4~-Benzylthio~-2-picoline-N~oxide

the
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Mineral oil was removed from potassium hydride
(0.11 M; 35 wt. % dispersion in mineral oil) by several
washings with petroleum ether (5 x 50 ml). The remaining
petroleum ether was removed under vacuum. To this dry solid,

350 ml of anhydrous THF was added cautiously.
stirred suspension was cooled to 0°C. To this

The well
mixture, 14.1



chromat ography on silica with ether/pet. ether; !
t he benzylic al cohol (48), as a colorless oil in {#4
3070, 3035, 2960, 2900, 1660, 1600, 1540, 1445, 1
695 cnferr]; [err]HNWR (CDCl[err]) [err] 0.00 (s
(s, 3H, 3.54 (m 2H), 5.50 (s, 2H), 5.77 (d, 1H1}J
J =8.0 H), 7.25 (m 4H), 7.30 (m Zgéa _7.60 (dd
7.67 (dd, 1H, J =7.7, 7.2 Hz). Anal | c for =
Cerr]Herr]Nerr]derr]Si: C, 66.63;, H, 7 11; N, 7 06 Found: C, 66. 66;
H 6.97; N, 7.00. Preparation of Cbnpound (49) (Conmpound 5A) --
3,4-D hyd\ﬂo {0 ek h)dlnqb((be&zylmercaptan was added dropwise over a

([err] - hyghooae Ayl %ﬁm | Ngphe resultant EAMPWHIGd BE Ryqcedure
to prepare conpound é)?ﬁ?

ound t he ui nazol 1 ne 8) was
depr ot ectERFREY kK FW laf‘rﬁ%?ffﬁfﬂ ’EP(F tRF &A™ 50[err] C for

4  hrs. @mmmahesq anmom Eﬁ\xtmuse mmt atlmh amocalammce ~3¢at)d in
3896y|eld

r Ye @-S‘E'ig -N-
met hanol/ | ch %rir)rgt#u LGa{ QQ&SP & err erér:f Egédfg&(s
3H), 5.93PpEtiepwige. cihe p&&xt‘?ra %ﬁ?mﬁ ark ?r%g Ay eqlewm 2H),
7.45 (dd, ohbe wazmbéd6bio3rSomizemperature, the nixture was refluxed for
one hour. At this time, the reaction was cooled to 0°C and
quenched with 50 ml of watexr. The pH of the nmixture was

adjusted to approximately 6 with 2 M HCl, and extracted with

dichloromethane (3 x 300 ml). The combined organic layers

were dried (anhydrous Na,80,). and the solvent was removed

under reduced pressure. The crude residue was

chromatographed on "flash silica gel with MeOH/CH2C12
(Gradient: 3:97, 4:96, 5:95). The pure product was isolated
{6.94 g; 30% yield) as a tan solid: M.P. 98-~99°C; IR (XBr)
3063, 3028, 1612, 1466, 1236, 831, 715, 675 cm ~; 'H MMR
(CDCLg) 6 2.45 (s, 3H), 4.16 (s, 2H), 6.97 (dd, 1H, J = 6.8,
2.7 Hz), 7.07 (4, 1H, J = 2.7 Hz), 7.32 (m, SH), 8.09 (d, 1H,
J = 6.8 Hz). Anal. Calecd. for CIBHlBNOS: C, 67.50; H, 5.66;
N, 6.05; 5, 13.86. Found: C, 67.51; H, 5.69; N, 6.08; S,
13.717.
Preparation of Intermediate Compound (20) =~
4-Benzylthio-2~picoline

COmpound (19), (1.97 g, 8.5 mmol) was dissolved
into 50 ml of chloroform. The solution was stirred, cooled
to 0°C, and 1.75 ml (17.4 mmol) of phosphorous trichloride
was added dropwise. Once the addition was complete, the
reaction mixture was brought to room temperature and then
heated slightly under reflux temperature (approximately 55°C)
until no starting N-oxide was present by TLC (MeOH/CH,Cl,;
5:95). The solution was then recooled to 0°C, and 10 gm of
ice was added with vigorous stirring. The mixture was made

basic (pH 8) by careful addition of 1 ¥ NaOH, and the oxrganic

phase was separated. The agueous layer was extracted with

dichloromethane (3 x 50 ml), and the organic layers were

combined and dried (anhydrous Nag804). Removal of the



7.73 (m 2H), 12.06 (bs, 1H).

-75-
Exanpl e 9: Preparation of Conpounds 4A and 6A Conmpounds 4A and 5A
were prepared according to the foll owi ng reaction schene:

- 854

solvent under reduced pressure gave an 0il which was
chromatographed on a short flash silica column using MeOH/
CHZCIZ; 3:97. The product was isolated as a white solid
(1.54 g; 84% yield): M.P. 69-70°C; IR (XBr) 3028, 3003,
2920, 1583, 1454, 864, 815, 719, 702 cm™t; *H NMR (CDC1,) 5
2.55 (s, 3H), 4.22 (s, 2H), 7.03 (m, 2H), 7.35 (m, 5H), 8.28
(d, 1H, J = 5.5 Hz). Anal. Calcd. for C,3H 3N8: C, 72.52; H,

6.08; N, 6.50; S, 14.90. ¥Yound:s C, 72.46; H, 6.11; N,

6.50;
5, 14.80

Preparation of Compound (21) (Compound I2A) --
3 ;4~Dihydro-2,6-~dimethyl~4-0x0~5-{4~(2~picolinylthio) ]~
quinazoline

To a solution of 5 ml NH3 condensed into 5 ml THF
kept at -78°C was &dded 115 mg sodium metal (5.0 mmol).

The
deep blue solution was stirred for 15 minutes.

To the
reaction mixture was added 1.0 g (4.65 mmol) of 4-benzylthio-

2-picoline (20), and the reaction was stirred for 1-1/2 hrs.
at 0°C. The solvent was removed under vacuum, and to the
resulting solid was added 10 ml of anhydrous N,N-
Dimethylacetanide, 0.5 g quinazoline (6) (2.0 mmol) and 0.25
g of copper (I) bromide.

The mix was heated at 90°C for 4
hrs.

The solvent was removed under vacuum, and the solid was
treated with 10 ml of HZS/MeOH solution. (20 g/l). The

insoluble CuS was filtered off, and the filtrate was

_evaporatedagp dryness. The solid was purified using flash

chromatography on silica with MeOH/CHZCl {5:95) to yield 400
'mg (84% theoxry) of a tan solid: M.P. 225~227°C; IR (KBr)

3480, 3160, 3053, 2960, 1670, 1630, 1590, 1460, 1298, 831 cm
'; 'm mm (DMBO-dg) & 2.28 (s, 6H), 2.36 (5, 3H), 6.60 (bs,
1H), 6.80 (6s, 1H), 7.60 (d, 1H, J = 8.4 Hz), 7.80 (d, 1H, J
= 8.4 Hz). Anal. Calcd. for C,gH,cN,08.0.5 H,0: C, 62.73; H,
5.22; N, 13.72; 8, 10.46. Found: C, 63.08; H, 5,20; N,

13.73; 8, 10.50. HRMS Calad. for CIGH15N3OS: 297.0936.
Found: 297.0936.
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Example 4. Preparation of Compound l6Aa

Compound 16a was prepared a&ccording to the
following reaction scheme:

OCH,

o~z

22

25 26
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Preparation of --
5- Benzoyl - 2-net hyl -3-[2' -

e ones byl i et Lt hoxaet iyl ] -qui nazol i n- 4 of SEPLACEMENT SHEg)
(48) (0.569 g: 1.43 nmmol) was

stirred under an inert
and t he

filtered through a pad of celite, and the pad..was..washed boughly with
CHerr]C[err] (100 m). The filtrate

I nt er medi at e Conpound (50)

taken up in I8im of dry CH[
at nosphere. Activat dd {MOPDRET 1?% ) was

progress of the reaction_wgg fol |l oued by TLC (ethey/ pet.
Upon di sappearance of starting nmateri

Preparation of Intermediate Compound {(22) --
2-¥ethoxypyridine~N-oxide
This compound, originally prepared by H.J. Den
Hertog and M. Van Ammers, Rec, Trav. Chim. 1955, 74, 1160
was synthesized using a different procedure. To a solution
of 21.83 of 2-methoxypyridine (0.2 mol)} in glacial acetic

acid (80 ml), was cautiously added 30% hydrogen peroxide (20

ml). The stirred mixture was heated to 80°C for 3 hrs, and

cooled to room temperature. An additional 20 ml of 30% Hzo

was added, and the clear solution was heated at 80°C for 122
hrs. The solution was concentrated to half the original
volume under vacuum, and 100 ml of water was added. The
solution was xreconcentrated, and the process was repeated two

times (2 x 100 ml’Hzo). The syrup was placed under vacuum to
remove remaining water and acetic acid.

Aftér time, a white
solid formed.

The material obtained in quantitative yield
was used without further purification; M.P. 128-130°C; IR
(KBx) 3447, 1613, 1570, 1508 1447, 1316, 1214, 1015, 764 cm
'; 'm mur (cpCl,) 5 4.05 (s, 3H), 6.91 (d, 1H, J = 8.0 Hz),
6.92 (m, 1H), 7.33 (dt, 2H, J=8.0, 1.6 Hz), 8.3 (dd, 1H, J =

6.3, 1.6 Hz). HRMS Calcd. for CGH7N02: 125.0477.

Found:
125.0474.

Preparation of Intermediate Compound (23) -~
2-Methoxy-4-nitropyridine-N-oxide

The nitration was carried out using the method of
Den Hertog and Van Ammers3. The results obtained from this
experinent differ from those reported. Concentrated H,80,
{35 ml) was cooled to 0°C, and 15.3 g of N-oxide (22) (0.12
ml) was cautiously added in portions. To this stirred
solution, kept at 0°C, was added the nltrating mixture (conc
Héso4; 35 ml: fuming HNO,; 60 ml) dropwise. The ice bath was
removed, and the mixture was heated to 75°C for 90 mins The
mixture was recooled to 0°C and cauntiously poured onto 150 g
of ice. With vigorous stirring, portions of solid K2CO3 were

added until the pH was 7. The liquid was then extracted
several times with CH2612 {3 x 200 ml}).

The agqueous layer
was continuously extracted with CHCl3.

The organic layers

%%ylic al cohol
re]Cl[err] and

added,
et her;

al, the bl ack xture was



- 76- was dried over anhydrous Na[err] S( er
| eaving 0.48 g (85% as a white solid that
124-125[err]C, IR (KBr) 3010, 2955, 2900, 16

filtered and. concentrated,

EPACVERY AMEED) o

y y r OOy T |—ru, 5 1292
1245, 1178, 1060, 920, 825, 685 cnjerr]; [eri] H NMR (CDG erf]) [err] -0.10
(s, 9H), 0.82 (m 2H)., 2.70 (s, 3H), 3.48 (m{ 2HOIPELN%® bH . 7.31 (dd,
1H J =7.1, 1.3 Hz), 7 39 (m 2H), &AL (m j1).. 7.12 (n1 1 7.74 (m
2H), 7.80 (dd, 1H J = 8.2, 7.1 Hz). “Anal. | cd. for
C[err]H[err]N[err]C{err]Sl: C, 66.97;, H, 6. Gdiwnhd; - Founei C, 66.76;
H, 6.52; N, 6.95.

Preparati on of Cbnpound (51) (Cbnpound 4A)
were combined, dried over anhydrous Na2804 and concentrated

to give a yellow solid. The solid was chromatographed on a

flash silica column using a gradient system of MeOH/CHzcl
2:98, 3:97; 4:96; 5:95. A nixture of 2-methoxy-4-
nitropyridine and 2-methoxy-5-nitropyridine (2.9 g) eluted
first, followed by 2-methoxy-4-nitropyridine-N-oxide (6.4 g),
and then 2~methoxy~5-nitropyridine-N-oxide (2.9 g)

Compound
(23), was obtalned as a yellow solid (30%):

M.P. 176-178°C
{(decomp.); (Literature: 154.5~158.5°C, dec.)2; IR (XBr) 3106,

3082, 1601, 1528, 1346, 1296, 1231, 1088, 1011, 660 cm™Y; g
NMR (CDCl,) & 4.18 (s, 3H), 7.73 (d, 1H, J = 2.9 Hz), 7.78
(dd," 14, J = 7.1, 2.9 Hz), 8.35 (d, 1H, J = 7.1 Hz). Anal.

Calcd. forx CGHGNZQA: C, 42.36; H, 3.56; N, 16.47. Found: ¢,
42.42; H, 3.57; N, 16.41.

Preparation of Intermediate Compound (24) —-
4-Benzylthio-2-methoxypyridine~-N-oxide
The pyridine-N-oxide (24) was prepared in similar

fashion to the preparation of compound (19), with the

following changes. Once the 4-nitro-2-methoxypyridine-N-

oxide was added, the reaction mixture was allowed to warm to

room temperature. S8Stirring was continued for 12 hrs. The

precipitated solid that forms was filtered and washed with

ice cold THF. The solid was dried under vacuum and shown to

be one spot: by TLC (MeOH/CH2012; 10:90). The filtrate was
concentratéd and flash chromatographed on silica with MeOH/
CHZCl2 {gradient: 4: 96 5395 6:94). An analytically pure tan
solid was isolated. The total combined vield was 70%. M.P.

131-133°C; IR (XBr) 3105, 3038, 3005, 1670, 1610, 1543, 1483,

1290, 1211, 1132, 1016, 802 cm™'; 'H NMR (CDCl,) § 3.95 (s,

34), 4.19 (s, 2H), 6.64 (d, 1H, J = 2.4 Hz), 6.78 (dd, 1H, J
= 6.9, 2.4 Hz), 7.33 {m, S5H), 8.09 (d, 1H, J = 6.9 Hz).
Anal. Calcd. fox 613313N0233 C, 63.13; H, 5.30; N, 5.66; S5,
12.96. Found: C, 62.88; H, 5.28; N, 5.62; S, 12.89.

Preparation of Intermediate Compound (25} -~

4~-Benzylthio~2-methoxypyridine
The starting pyridine-N-oxide (24), (1.85 g) was

reduced using the method to prepare compound (20), except



5- Benzoyl - 3, 4- di hydr o- 2- net hyl - 4- oxo- qui nazol i ne. The protected
qui nazoline (50) (0.255 g; 0.64 mol) was added to 7.0 mM of 1:1 THF:. 2N
HCl . The m xture becane honpbgeneous when heated just under reflux. After 3
hrs, a white precipitate formed. The m xture was cooled to room
tenperature, and 10 m of cold Herr]Qwas added. Wth vigorous stirring,
an excess of sat. aq. NaHCO err] was §déd. The solid was filtered off and
washed thoroughly with cold Herr]O (2 x 10 m). The solid was dried
under vacuum over activated silica gel desiccant. The analytically pure
whi t e solhietht(ithgl 4 0 )t henad xitadleatwed invt83ecsdeady M BRhe28Ra283[rT de | R

£§F£3rf%ﬂa Y ik sl eﬁ]’]@?’l%%%%’?%ﬁa AR oo T g -

)
.3, 1.0 chxomatography uajng 7et§a°— etgrglevym ﬁt!(%pa: ;950 welded1. 0 H),
7 85 (dd,1J9% g @), of .coifgund 2(PR) (&s,a 1tdn Fokid. GaleEd. 35-036"(:

g[ear]7g[ef\§5]{;%§g§]§$%r]29& Zfst?sl ﬁd 5¥3 i?e‘?o(%&?”gﬂ% ffﬂd 6 o
3, 4-Di hyd#ob¥R ([€P€}4di phen9® - h@dr%&yrreéh%)(s: 2H), 6.64 (d, 1H, g
2-met hyl - 4- 9Xe-guhNagobinedd, 1H, J = 5.9pdeL6aRz3, IP038t (RFPHRE S, 7793 NU
(0.3 mml) 40T 14, g = 5.9 Hz). Anal caled. for C,3H,4N0S: C, 67.50; H,
5.66; N, 6.05; 5, 13.86. Found: C, 67.60; H, 5.70; N, 6.10;
S, 13.80. '
Preparation of Compound (26) (Compound 163) ~
3,4-Dihydro-2, 6~dimethyl-4—0x0-5-~
[4-{6-methoxypyridylthio) Jgquinazoline
This compound was prepared in 6~7% yield as
described for (21) {(Compound 12A). Tan solid; M.P. 223~
226°C; IR (XKBr) 3445, 1684, 1675, 1669, 1452, 1394, 1320,
1038 om™*; 1H MMR (DMSO-dg) & 2.28 (s, 3H), 2.35 (s, 3H),
3.70 (s, 3H), 6.05 (s, 1H), 6.49 (dd, 1H, J = 4.1, 2.9 Hz),
7.60 (4, 1H, J = 8.5 Hz), 7.78 (4, 1H, J = 8.4 Hz), 7.85 (d,
1B, J = 5.4 Hz), 12.10 (s, 1H). HRMS calcd. for‘ClGH15N3028
313.0885. Found: 313.0882.
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ket one (51) (Compound 4A) was suspended in 5.0 ml of anhydrous THF. The

stirred suspension was cooled to O[err]C, and 0.375 m of phenyllithium
(2.0 Min 70:30 / cycl ohexane: ether) was syringed into the reaction
vessel dropwi se. Upon addition of the first equival ent of reagent, t he
starting substrate solubilized. Wen the addition was

- 77 - conpleted, the ice bath was B#8nmeved, and the reaction was all owed

to stir for 1 hr. The solution was quenched with

Example S5: Preparation of Compounds 17A and 18A
Compounds.17A and 18A were prepared according to
the following reaction schenme: '

NO,
® ® ~
NTer, 'g*f | CF, l‘\u. CF,
o &
27 13
s
s)!\ocnzcn, NH,
® S
N CFy N? CFy
340 29

LA
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ice-Herr]O (~2.0 m) and poured into 50 m of CH er
| ayer was extracted two nore tinmes with CHerr]C [erg]

(50 méﬂ 2 pr gani ¢
| ayers were conbi ned and dried over anhydrous MyS( efr 08 %W agent
was filtered off, and the filtrate was concentrated purified hv | ash

col um chronmat ography on silica with €@{err]OH: CHerj]C[err]/4:96. Th
product was isolated as a white solid (57 ng; 58%. - ain e
(DVBO-d[err]) [err] 2.33 (s, 3H), 6.55 (dd, 1H, J = 5.4, 3.6 Hz) 7.07 (m
4H, 7.23 (m 6

for CJerr]Herr] epa?%tigﬁzg%%géez-égéggté?) Sm% 4 9% 0. TRV caled.
- 78 - 2-Trifluoromethylpyridine-N-oxide
Using the procedure to prepare intermediate (22),
2-trifluvoromethylpyridine~-N-oxide was synthesized in 72%
yield starting from 2-trifluoromethylpyridine. <(Yellow oily;

IR (neat) 3125, 3085, 1721, 1615, 1439, 1329, 1269, 1115,
1071, 1044, 852, 771, 662 em™', 'H NMR (CDCl,) 5 7.38 (t,
1H, J = 7.9 Hz), 7.48 (dt, 1H, J = 7.0, 2.1 Hz), 7.71 (dd,

1H, 3 = 7.9, 2,1 Hz), 8.35 (d, 1H, J = 6.5 Hz). Anal. Calcd.
for c6H4F3No.o.é H,0: C, 41.87; H; 2.93; F, 33.12; N, 8.14.
Found: C, 41.84; H, 2.81; F, 33.19; N, 8.26
Preparation of Intermediate Compound (28) --
4~-Nitro~6-trifluoromethylpyridine~-N-~oxide
The nitkation of pyridine-~N-oxide (27) was carrxied

out using the same method to prepare compound {23), with the
following changes.

130°C for 3-1/2 hrs.

£5]L ACEMEN] \sﬁ‘i
U,EOUS

The reaction mixture was heated at 125-

During work-up, no continuous

extraction of the aqueous layer was necessary. The crude

solid was purified employing flash column chromatography on
silica using ethyl acetate/hexane; 20:80. The product was
isolated as a yellow solid (M.P. 112-114°C) in 38% yield

(KBr) 3416, 3125, 1620, 1591, 1537, 1449, 1354, 1306,

1281,
1165, 1130, 916, 693 cm™-; TH NMR (CDCl,) 6 8.28 (dd, 1H, J

= 7.2, 3.1 Hz), 8.36 (d, 1H, 0 = 7.2 Hz), 8.52 (d, 1H, J =
3.1 Hz). :Anal. Calecd. for C6H3F3N203: C, 34.63; H, 1.45; F,

27.39; N, 13.46. Found: C, 34.86; H, 1.35; F, 27.16; N,
13.66.

IR

Preparation of Intermediate Compound (29} -~-
4-amino-6~trifluoromethylpyridine
In a Parr hydrogenation bottle, 8.32 g of
nitropyridine-N-oxide (28) (0.04 mol) was dissolved in 275 ml
of 95% ethanol. The bottle was flushed with argon, and 0.83
g of 10% palladium on activated carbon was added. The bottle
was shaken under 35 psi of hydrogen for 45 min on a Parr
hydrogenator. At this time, the catalyst was filtered off
through a celite pad. The ethanolic filtrate was
concentrated under vacuo, and the oll was dissolved in 50 ml)



Bl OCHEM CAL AND Bl OLOG CAL EVLAUTI ON Detern1nthBhAQENﬂﬁﬁl

.Agai nst

Synt hase

5, 11- Met hyl ene-

t et rahydr of ol at e fjor]

dyl at e
Thym dyl ate synt hase acti vijty

ed u$|ng a
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constants, Klerr], slope and K[err]

Bi ophys.

m_ 242 109—-1964)}wlnhl biti on

Intercepf [WW deland, B}ochim
Acta 67 173 (1963)], were det er mi ned agarnst—the cofaet or (6R,

6S) - 5, 10- nethylene-tetrahydrofolate whi ch was generated in situ by
reacti onobfdiehilahguevhahat ¢ Wid solubideyae. f R Grédl throwg VP

Jencks,

Leneks eég3§g§§g§geg%izﬂéa5 ei €39§§%¢]>ve-r€€a€é’§a&£ OalREyHE Cafgl as the

2% condi ti ons
2' - deoxy GR¥EPRe 5The héﬁﬁé%ﬁhﬁ?ﬁ ea&ﬁ@ytrige

satura radi ol

nmL. cont amesd endved sn@eprHvdacte. 10mhbD$Il(dlbhlgtbrgstal);zéthEDTA

(ethylen
1% DMVSO

€ cQmpo ﬁ
dUMP (speta¥iid adtsRy (3P -58Crol&y r(]'(%(?r}rd:*spér'r PrdPy, 3 %tt’r'a
concent r at47hs Y3UR),) KBIFO,0MI69, 1117, 993, 850 cm”

ependﬁﬁek{ﬁ%ﬁﬁé&ggﬁaeﬁbf %ﬁn?hyﬁgkkﬁﬁihanéﬁgyli§§rr]%?ﬁégF [err]

arof &

3 "H NMR § 4.40
(bs' ZH)’ 6-64 (dd, 1}{, J = 5.6' 2-3 HZ); Gu89 (d' lH, Jg =

2.3 Hz), 8.30 (d, 1H, J = 5.6 Hz). Anal. Calcd. for
CeHeF N, C, 44.45; H, 3.11; F, 35.16; N, 17.28. Found: C,
44.56; B, 2.85; F, 35.14; N, 17.28. HRMS calcd. for
CeligFaN,: 162.0405. Found: 162.0402.
Preparation of Intermediate Compound (30) -~

Ethyl-4-{6-trifluoromethylpyridyl)xanthate

A solution of 4.86 g of Amine (29) (0.03 mol) in 30
ml of concentrated H,80, was cooled to 0°C. An agueous
solution (30 nl H,0) of 2.69 g NaNO, (39.0 mmol) was cooled
to 0°C and added dropwise over a period of 15 min. Stirring
of the brown mixture was continued at 0°C for 5 additional
minutes. At this time, an ice cold solution of 8.17 g of
potassium ethyl xanthate (51.0 mmol) in 30 ml of H,O was
added dropwise, maintaining the reaction temperature, between
0~5°C. The nixture was warmed to room temperature, and
dichloromethane (125 ml) was added.

The aqueous layer was
neutralxzed to pH7 with solid Na,CO,.

The oxganic layer was
separated, and the agueous layer was extracted with ethyl

acetate {3 x 50 nl). The organic layers were combined, dried
over anhydrous N§2804, and concentrated. The residue was
subjected to flash column chromatography using silica gel and
a gradient solvent system of ethyl acetate/hexane (2:38,
2.5:97.5, 3:97). Compound (30) was isolated as a yellow oil
in 36% yield and was used without further purification. IR

(neat) 3061, 2988, 2901, 1738, 1584, 1555, 1406, 1323, 1252,

1184, 1146, 1038, 845, 720 om™'; ' NMR (CDCl,) & 1.38 (t,

34, J = 7.1 Hz), 4.66 (g, 2H, J = 7.1 Hz), 7.60 (dd, 1H, J =
5.0, 1.3 Hz), 7.83 (d, 14, J = 1.0 Hz), 8.77 (d, 1H, J = 5.0

@hhtqﬁ]Cbnstants

nbefg [MI.S

Er?8?§|°§oﬁahﬁebt 0.1

err]H
adfde (eight



5[err]Mto 300[err]M and enzynme (=30 ng for E. coli TS and =60 ng for,
human- TS). Assays of human TS al so contained 1-5 [err]g/ nL bovine serum
al bumin to stabilize the protein. Reactions were initiated by the
addition of enzyme and were carried out for 5 mnutes at 24[err]C, and

t hen quenched by the addition of ehé2ceal (15 ng in 0.1 nL Herr]O. The
quenched sanpl es were centrifuged at 10,000 rpm for

12-15 mn at 40[err]C
to renove unreact ed dUMP whi ch had bound to the charcoal, and 0.1 nL of
t he supe#%%tan

unted by i qu cintil.lati i he resence of 5
m. ecol u t'o r%%%gﬁfhgong@§§§3%P%&rRbﬁ&ﬁf 2$§bgﬁ7%ronFPﬁBd5-position
of the dUmM*1)s A dH6S.curve was established in the absence of

i nhibitor, and tRiegaddisldOE ConpduRs 310&@%' ohd fihizxai tor at
approximately 1/2 t tiJres the Kl.err r et ned. Experi nental
results were analyzgb%’Q%gigfﬂﬂikGégﬁﬁﬁ#q£%;519§%ﬁg££ﬁii'hnalysis progr am
(Perrella  ScientitrifLigpromeghielppridyl tidah] winesedine fit al | data
points simul taneousy 4 Gs@uWE¥SH HONEEPEGh o kdrttdtd i@y (2.5

mmol) in 3 ml MeOH was added 2.5 ml 1 N KOH in methanol, andg

the mixture was stirred for 1-1/2 hr. The nixture was

evaporated to dryness, and to the residue was added 10 nrl of

anhydrous N,ﬁ-Dimethylacetamide, 0.25 g quinazoline (6) (10.0
mol), 0.1 g copper (I) bromide, and 0.1 g copper (I) oxide.
The mixture was heated &t 90°C for 6 hrs.

and then the
solvent was evaporated.

The solid was treated with 50 ml of

st/MeOH solution (20 g/l1) for 1 hr. The mixture was

filtered, and the filtrate was evaporated to dryness. The

solid was purified via flash chromatography on silica using
- MeOH/CH2C12(5=95) to yield 65 mg (18.5% theory) of a yellow

solid: M.P. 240-245°C; IR (KBr) 3440, 3190, 3057, 2950,

1675, 1630, 1595, 1321, 1140, 720 cm *; “H NMR (DMSO-d6) s

2.28 (s, 3H), 2.42 (s, 3H), 6.97 (4, 1H, J = 5.2 Hz), 7.46
(d, 1H, J = 1.1 Hz), 7.67 (d, 1H, J = 8.4 Hz), 7.84 (d, 1H, J
= 8.4 Hz), 8.37 (d, 1H, J=5.2 Hz), 12.05 (bs, 1H). HRMS.
Calcd. for 015312F3N308= 351.0656. Found: 351.0653.
) Preparation of Compound 32 (Compound 18A) —-
s 2-Bmino-3,4-dihydro-6-methyl~4-oxo-5~[ 4-(6~
trifluoromethylpyridylthio)l-guinazoline
This compound was prepared in 22% yield as
described above. Tan solid; M.P. 247~249°C; IR (KBr) 3421,
2056, 1650, 1625, 1485, 1418, 1328, 1146, 815, 724 omt; 1y
NMR (DMSO-d.) 6 2.30 (s, 3H), 6.50 (bs, 2H), 6.97 (dd, 1H, J
= 4,1, 1.2 Hz), 7.30 (d, 1H, J = 8.4 Ha)}, 7.39 (d, 1H, J =
1.0 Hz), 7.62 (d, 1H, J = 8.6 Hz), 8.36 (d, lH, J = 5.2 Hz),

12.10 (bs, 1H). HRMS calcd. for C,.H,,F;N,08 (M + 1):
353.0677. Found (M + 1): 353.0684.
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schene. The results obtained are shown in the Tabl e.

each conmpound is the Klerr],

i ntercept.
Cells

guestion was assessed using three cel
CCFR-CEM a human |V
and a thym di ne ki nase-deficient human col on

and J. A. Houghton,

(ATCC CCL 219),

origin (ATCC CCL 119),

i nes:

The first entry for

sl ope and the entry underneath is the Klerr],

In Vitro Testing to Determne Inhibition of Gowh of Tunor
Cellular growth in the presence of the conpounds in

the L1210 nurine | eukem a

nﬁﬁoﬁlastlc | eukem a | ine of T-cel

adenocarci nona, GJerr]/MTK (supplied by Drs. P.J.

Jude Chi lgk; cRgseanpsh

bal of

aTHEA Cel |

i nes were

Compound 26A was prepared according to the
following reaction scheme:

St

N(CH,),

———

26A
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Preparation of Intermediate Compound (33) -~
6-Dimethylamino-4-nitropyridine-N-oxide
To a solution of 5.0 g (23 mmol) of 2-Bromo-4-
ni.tropyri.dine—n--oxide4 dissolved in 75 ml of tetrahydrofuran,

was added 1.1 g (24 mmol) dimethylamine.

The mixture was

stirred for 3 hrs, followed by filtration to remove the




mai ntai ned in RPM 1640 nmedi um contai ning 5% (L1210, CCRF- CEM or 10%,
(GJerr]/MTKlerr]) heat-inactivated fetal bovine serum w t hout

anti biotics. ICerr] values were determned in 150 [err]L

m crocul tures each containing 1500 (L1210) or 10,000 (CCRF- CEMerr],
CClerr]/MTK[err]) cells establishedggn.96 well plates in growmh nedium
suppl enented with 50 U/ nlL penicillin and 50 [err]g/nL

streptomycin. G owth
was neasured over 3 days (L1210) or 5 days (CCRF-CEM GCerr]/MTK[err])

of continuous exposure to varying concentrations of each test conpound,
added 4d9Amezhydpnipgrhydrobspripgeasahly; byhenéipfratet vagobyaperateadti on

assay @b GxdmeMasmens kde bHGUBOLo1MAt Basbpubb£i&888)] sraghf E8dumaccor di ng
to Alley. et al. C%n er Res. i8 58%.%198%{5. Y?tirhlorins #gblg _
der i vat i VB REFE I §g‘é’l OB4 SR EREBSARY BREORBIY 8§18 ﬂ“ﬁg BShcentration
of 0. 5%%d6rentThen ppsiducduagr dsolated as an oxumg@er §odlids (¥bPai ned-f rom
,thij_s p{@%ﬁﬁ ﬁf%ﬁ?’ﬂéld. behau i(@gdir%gmglae.la- (A tmqglta,ﬁlbl(ﬁmﬁ D Ts
i byt 28+ (het EErBtindt e oo A Qe deh Safia0s® Ghey. may
denonst r 49 60t Hér 4rild t hpr32 &4 Baundudh 6001 dki G400t & ,LP2LBe&el Is in
tissue culture. |preparation of Intermediate Compound (34) —-
6~Dimethylamino~4-(4~-methoxybenzylthio)~-pyridine-N-oxide
To a solution of 1.1 g (7.1 mmol) of 4-Methoxy-a-
toluenethiol dissolved in 75 ml anhydrous DMF, was added 0.28
g {7.0 nmol; 60 wt. % dispersion in mineral oil). After
stirring for 1 hr, a solution of 1.2 g (6.55 mmol) of
pyridine-N-oxide 33 in 25 ml anhydrous DMF was added
dropwise. The reaction mixture was stirred for 2 hrs and was
then poured into 200 ml H,0. The agqueous solution was
extracted with 500 ml diethyl ether, separated, and dried
over anhydrous Mgso4. The ether was evaporated to give
compound 34 as a tan solid in 63% yield. ln NMR (CDC13 ]
3.06 (s, 6H), 3.83 (s, 3H), 4.16 (s, 2H), 6.60 (4, 1H, J =
2.5 Hz), 6.70 (d, 1¥, J = 7.0 Hz), 6.90 (4, 2K, J = 8.7 Hz},
7.30 (4, 2H,.J = 8.7 Hz), 8.0 (d, 1H, J = 7.0 Hz).
Preparation of Intermediate Compound (35) ~-
6~-Dimethylamino-4-(4-methoxybenzylthio)-pyridine
T@e starting pyridine-N-~oxide 34, (0.60 g; .2.07
mmol) was reduced using the method to prepare compound 25.
Upon completion of the reaction, the mixture was poured into
200 ml H,0, and the pH was adjusted to 7. The agueous
solution was extracted with ethyl acetate (500 ml}), and the
organic phase was dried over anhydrous Na2804, filtered and
concentrated. No chromatography was necessary, and the
product, 35, was isolated as a yellow solid in 88% yield. lr
NMR (CDC1,) § 3.08 (s, 3H, 3.82 (s, 3H), 4.17 (s, 2H, 6.34
(d, 24, J = 1.3 Hz), 6.48 (d, 1H, J = 5.5 Hz), 6.87 (d, 2H, J

= 8.7 Hz), 7.33 (d, 2H, J = 8.7 Hz), 8.0 (d, 1H, J = 5.5 Hz).
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TABLE 2 KiData ([err]M
Cell Culture (1C50[err]M L E. coli Human L1210
CCRF- CEM GC3-M >100 >100 ---
--- 2A >10 >10 --- --- ---
>3 >3

10% > 12.3 20% > 12.7 4A
.- .- .- =65 -

Preparation of Intermediate Compound (36} -~
6-Dimethylamino-4~mexcaptopyridine
A formic acid (10 ml) solution of pyridine 35 (0.40
g; 1.46 mmol) was cooled to 0°C. To this solution was added
1.2 g of Hg(OAc), dissolved in 3 ml H,0. The ice bath was
removed, and the reaction mixture was allowed to stir for 12
hours. At this time, the pH was adjusted by the addition of

agueous ammonia. A grey precipitate formed which was

filtered, washed with an excess of H,0 and air dried. The
solid was then taken up in a saturated stlmethanol solution.

A black solid (HgS) formed and was filtered off. The
filtrate was evaporated to dryness to yield a yellow solid
(89%) which was used without further purification. lH NMR
(CDC1;) 6 3.12 (s, 3H), 3.5 (bs, 1H), 6.5 (d, 1H, J = 5.3
Hz), 6.57 (d, 1H, J = 3.6 Hz), 7.69 (d, 1H, J = 5.5 Hz).
Preparation of Compound.BV {Compound 264} --
3,4~Dihydro-2,6~dimethyl~4~0x0~5~[4~ {6~
dimethylaminopyridylithio) j~gquinazoline
This compound was prepared from intermediates 6 ang
36 using the exact procedure to generate compound 9 (8a).
The crude product was purified by f£lash column chromatography
on silica gel using MEOH/CHZCI2 {(8:92) to give a tan solid in
21% yield. MmMR (DMSO-dg) 5 1.97 (s, 3H), 2.08 (s, 3H),
2.56 (s, 3H), 5.55 (d, 1H, J = 5.4 Hz), 5.82 (d, 1H, J = 1.2
Hz), 7.27 {¢, 1H, J = 8.4 Hz), 7.44 (d, 1H, J = 5.2 Hz), 7.45
(d, 2H, J = 8.4 Hz), 12.75 (bs, 1H). Anal. Caled. for
CyqH;gN,08"0.5H,0: C, 60.82; H, 5.66; N, 16.69; 8, 9.54.
Found: C, 61.01; H, 5.63; N, 16.55; 8, 9.42.
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6A >10 >10 2.3 4.0 >4.98 T7A 38 [err]

5 2.1 [err] 0.5 14 37% @ >26.9 none@26.9 68% @ 20um 8A
0.89 0.28 0.062 0.23 3.5 5.2 6.0 9A 0.22 0.07 0.13
[err] 0.04 1.8 2.1 4.5 10A 0.75 0.08 0.083 0.011

3.0 2.9 >4.0 111A 21 13g6 -~ 2.0 [err] 0.4 none@3.33 17%
@3.33 none@3.33 12A 0.55 0.05 0.07 [err] 0.001 4.2 4.2

5.0 13A 3.9 [err] 0.9 0.64 [err] 0.01 21 26 32
14A 0.15 [err] 0 03 0 017 [err] 0 0081 1.0 0.81 1.0 15A

190 [err]Ex@fple Q. o @>50 16A 0.76

[err] 0.121 0 7 [ééxﬁﬂso@n&é)%m ax?d 1m aere é’r%ar actDR thiA 54 [err]

1.8 13‘3‘%@923‘6"’1%%%@%"’2“6“ s‘i’é?i“e'

20A 311 [err] 99 61 17 40% @ >50 20% @ >50
none @ >50 21A >80 190 [err] 25 28% @ >50 42% @ >50 none
@ >50 22A 9.3 [err] 1.6 1.1 0.3 4% @>2.5 none @>2.5 none@
>2.51 23A --- 0.13 [err] 0.009 3.5 5.1 6.1 24A
0.023 [err] 0.001 0.55 1.1 1.2 -25A --- 0.022 O

1 0.59 1.19 & 1.7
H. CHy
j‘:ﬁ + Hs——Q—co,cH,
HyC N

o 8
GH
H.NJﬁCﬂa Hm 3
H,C/k\N HCT N
38 39
28A
O GOCHCH, ° °°;”
H
jog gl
ca g
o s COLHCH; o COaH
CH
CHy H. :
H,C/‘\N H,C N

27A




26A ---

0.079 [err] O 4. 05 10.5 18.0 27A
0.00795 O 1.05 0. 99 1 4.1 28A --- 0.115 O
27% @ >50 none @ >50 none @ >50 29A 1.1 [err] 0.2 0.12 0.02
8.0 10.5 >12.5 30A 0.1g 0 0.011 [err] O 1.6
0. 88 1.5 --- (Assay™n { per f or ned)

TABLE 2 CONTI NUED KiData ([err]M Cell Culture
(1ceoferr] M E. col

Human L1210 CCRF- CEM GC3- M
Preparation of Intermediate Compound (38) -~

Methyl-4~[3,4~dihydro-2,6-dimethyl~4~0x0~5-
quinazolinyl)thio]~benzoate
This compound was prepared from intermediate 6 and
methyl~4-mercaptobenzoate {P. R. Marsham et al., J. Med.
Chem. 34 2209 (1991); and E. Campaigne, et al., J. Org. Chen.
27 2835 (1962)} using the procedure to synthesize compound 9
(8A). After heating the mixtureé at 90°C for 16 hrs, the DMA

was removed under vacuum, and the solid residue was suspended
in methanol.  To this stirred suspension, a stream of gaseous

H,S was bubbled slowly in for approximately 5 min.

A dark
solid (CuS) formed which was removed by filtration.

The
methanolic filtrate was concentrated, and the product was

purified by flash tolumn chromatography on silica with

methanol/dichloromethane; 5:95; to give a tan solid in 85%
vield. 'H NMR (DMSO-d) 5 2.26 (s, 3H), 2.43 (s, 3H), 3.75

(s, 3H), 6.94 (4, 2H, J = 8.4 Hz), 7.22 (d, 1H, J = 8.5 Hz),

7.52 (d, 14, J = 8.5 Hz), 7.7} (d, 2H, J = 8.4 Hz), 11.7 (bs,
1H). HRMS calcd. for C18H16N2038= 340.0898. TFound:
340.0882.

Preparation of Compound (39) (Compound 2BAY -~
4-~1(3,4~-Dihydro~2,6~dimethyl-4-ox0o-5-~quinazolinyl)thio}-
_benzoic acid :
An ethanolic solution (S5 ml) consisting of 0.186 g

(0.55 mmol) ,of methyl ester 38 and 0.5 ml of aqueous 1N NaOH
was heated at 50°C for 4 hrs.

At this time, the solution was
evaporated to dryness, and the sodium salt was dissolved in 3

ml H,0. This solution was carefully acidified to pH 4 with
‘concentrated HCl. The free acid which precipitated was
- filtered and washed with 5 ml of cold H,O. The solid was
dried in a desicator over Ca80, to yield 0.15 g (84%) of acid
39 (28a) as a beige solid. H NMR (DMSO—dS) § 2.29 (s, 3H),
2.45 (s, 3HY, 7.0 (d, 2H, J = 8.5 Hz), 7.44 (d, 1H, J = B.6

Hz), 7.71 (d, 2H, J = 8.4 Hz), 7.74 (d, 1H, J = 8.3 Hz).

HRMS calcd. for Cj9H34N203S: 326.0742. Found: 326.0725.
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31A 21.0 [err] 6 51.0 [err] 2.2
>10 >10 6.0 130% @>10 33A 36 [err] 1.5
25.0 18.0 (Assay not performed) )
i nvention has been described in detail and with reference to specific

enbodi ments thereof, it will be appé#%ﬁt to one skilled in the art that
various changes and nodifications can be made therein w thout departing
from the spirit and scope thereof. Thus, it is intended that the

pr esent
i nvention cover pbepaPdiibhabk ofstandedfitat tORSound’ p¥bfed. t hey conme
within the SCOB?g%%y&Dﬁ_?RE??9?9-&£ﬁ§3§o~§?9-393é£h§ﬂu'Valents'

-4 ~0X0O=5-
quinazolinyl)thio}benzoyl j-L~glutamate

Benzoic acid 39 (60.0 mg; 18.4 mmol) and (L)~
glutamic acid diethyl estexr.BCl (0.144 g; 0.6 mmol) were
dissolved in 5 ml of anhydrous DMF and cooled to 0°C. %o the

stirred solution was added diphenylphosphoryl azide (0.15 ml;
0.7 mmol).

48. 0 >50 >50 32A >10

47 [err] 17
Wil e the

After 15 min, 0.2 ml (1.4 mmol) of triethylamine
was added, and the reaction mixture was allowed to stir for

12 hrs at room temperature. The solvent was then removed

under vacuum, and the remaining solid was taken up in 5 ml

H,0. The pH was carefully adjusted to 6 with concentrated
HCl, and the aqueous solution was extracted with CHC13 (3 x

10 ml). The oxgafic layers were combined, dried over MgS0, .,

filtered and evaporated to dryness. The product was purified
by flash chromatography on silica using methanol/

‘dichloromethane; 10:90. A tan solid (78.0 mg; 82%) was
isolated. 1

B NMR (DMSO-dg) § 1.11 (m, 6H), 1.61 (m, 2H),

1.79 (m, 2H), 2.26 (s, 3H), 2.37 (s, 3H), 3.26 (m, 1H), 4.05
(m, 4H), 6.96 (d, 2H, J = 8.4 Hz), 7.55 (d, 1H, J = 8.5 Hz),
7.64 (d, 2H, J = 8.4Hz), 7.71 (d, 1H, J

1H, J = 5.3 Hz), 12.10 (bs, 1H).
(M+1): 512.1843.

hae 8-5 HZ)’ 8.60 (d,

HRMS calcd. for CZSHZSNBOSS
Found (M+l): 512.1855.

" Preparation of Compound {(41) {Compound 27A) -~
‘N~ 4~( (3 4~Dihydro~2,6~-dimethyl~4-0x0~5-~
quinazolinyl)thio)benzoyl }-L~glutamic acid !
Diethyl ester 40 (78.0 mg; 0.1l5 mmol) was dissolved

in 5 ml of ethanol, and to this solution was added 0.5 nl of

an agueous 1N NaOH solution. The reaction mixture was

stirred at 50°C for 3 hrs, where upon disappearance of
starting by TLC the solution was evaporated to dryneSs The
disodium salt was further dissolved in 2 ml of H,0 and
acidified to pH 4 with concentrated HCl. The solid was
filtered upon precipitation and washed with 5 ml of cold H,0.

The final product was dried under vacuum over Cas0, vielding
50 mg (72%) of an off white solid. *

H NMR (DHSO-dG) § 1.95
{m, 2H), 2.05 (m, 2H), 2.26 (s,

3H), 2.46 (s, 3H), 4.40 (m,

REPLACEMENT SHEET]
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82 WE CLAIM 1. A process for making a quinazoline conpound having the
farmul a | [err]

- 69 -

1H), 6.93 (d, 2H, J = 8.4 Hz), 7.55 (d, 1H, J = 8.4 Hz), 7.65
(d, 24, J = 8.5 Hez), 7.7} (d, 1H, J = 8.4 Hz), 8.40 (bd, 1N,
J = 5.4 Hz), 12.00 (bs, 1H). Anal. Calcd. for
022H21N3068.ZHCI: C, 50.05; H, 4.36; N, 7.96; 5, 6.06.

Found: C, 50.38; H, 4.69; N, 7.60; S, 5.77.
Example 83

Preparation pf Compounds . 32 and SA

Compounds 3A and 5A were prépared according to the
following reaction scheme:

o} CH, O CH,
H P
N N
l 55
H,G)ibb HyC )\N
42 43
/
Ned/
O CHpr o C:zt:j}“d
P Pu
N N
| 1
Hac/k'n H,c/l\N
44 45

REPLACEMENT SHEET A7 | 46 (3A)
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wher ei n: Rl err] represents hydrogen, hal ogen, alkyl, -OCH,
-Oalkyl, -O(aryl or heteroaryl), -S-alky

, -S-(aryl or het eroaryl ),
-NH err], -NHalkyl, -N-(alkyl)[err], -NHCHO - NHOH, - NHO- al kyl ,
-NHNH[ err], substituted -NHNH err], -NHC(=NH)NH[ err], - NHC( =NH) al kyl ,
fluoroal kyl, cycloal kyl, al kenyl, al kynyl

, nyl , aryl, or heterocycle;
Rlerr] and R err], which may be the sat® or different represent
hydr ogen, hal ogen, al kyl, cycloal kyl, -OH, -0 ey

“NH err], -NHalkyl, -N-(alkyl)[err], -NHCHO, qu Rﬁ?LACEM@NfS’E
-NHO- al kyl, -NHNH err],

substituted -NHNH err], -CN,| -[COerTTH -
Cderr]-alkyl, -CONH err], -CONH al kyl, CO\I(aI kyI)[err]El ﬁ%%r ,
- CSNH- al kyl ; -CSN(aIkyI)[err], -C(:NH)NH[err] - NHG( —ﬁ [erT]
- NHC(=NH) al kyl , -SO al kyl, -S( err]-al kyl, quoroaI L alf kyl ,
-S-fluoroal kyl, -NHCQO(al kyl), -NHCIXquoroaIkyI),!-SC>quoroaIkyI
-Sgerr]-fluoroal kyl, -SH, -Sgerr]H -Sqerr]NH erri -bL{errINFK“TkyI),
-Sgerr]N(al kyl)[err], alkenyl, al kynyl, aryl, or heterocycle;
Z represents 0 or S; Rlerr] represents 0, S, SO S(err], NH
N-al kyl ,

C}K)(arylczﬁerr] Bidparatdlofyor THrbnbaiQte"ebapog0Y! )1 2§H CHO-al ky! ,
3,4~Dihydro-2,5~dimethyl~4~oxo-quinazolinone.

This compound was prepared via its corresponding
benzoxazinone from 6-methylanthranilic acid using the
procedure to prepare quinazolinone (6). The solid was
recrystallized from ethanol. (M.P. 258-259°C). 8 o
(CDC13) 6§ 2.53 (s, 3H), 2.89 (s, 3H), 7.20 {4, 1H, J = 7.3
Hz), 7.50 (4, 1H,’J = 8.0 Hz), 7.59 (dd, 1H, J = 8.1, 7.3
Hz), 11.52 (bs, 1H). 2nal. Calcd. for CyoH;gN,0: C, 68.95;
H, 5.79; N, 16.08. Pound: C, 69.03; H, 5.82;

; N, 16.03.
Preparation of Intermediate Compound (43) -~

2,5~Dimethyl~3-{2/~(trimethylsilyl)
ethoxymethyl J-quinazolin~4~one.
To 70 ml of dry DMF was added 2.175 g (12.5 mmol)
of quinazolinone (42). The mixture was cooled to 0° C, and

0.55 g of NaH (13.75 mmol; 60% oil dispersion) was added

portionwise with stirring. The green colored mixture was

allowed to warm to room temperature, and stirring was
continued uptil gas (E,) evolution ceased.
solution was recooled to 0° C, and 2-

(Trimethylsilyl)ethoxymethylchloride(SEM-~Cl) (2.45 ml; 13.75
mmol) was added dropwise.
to form.

At this time, the

A cloudy precipitate (NaCl) began
After all the SEM-Cl was added, the ice bath was
removed, and the reaction mixture was stirred at room
tenperature for 12 hrs. The mixture was poured into H20 {300
ml) and extracted with hexanes (3 x 150 ml). The organic
layers were combined and dried over anhydrous MgSO,. Upon
filtration and concentration, a white powder began to form.
The solid was removed by filtration and was shown to be the
starting matexial, (42), by TLC and_lﬂ NMR. The filtrate was
concentrated to give a pale yellow oil which was passed



heteroaryl), C(alkyl )[err], Claryl or heteroaryl)[m;\i@@ﬁwmuﬂ yI
heteroaryl), CHS-al kyl, CHS-aryl,

, : I
het eroaryl), C(cycloal kyl)[err], Claryl or heteroarif ?@;%ﬁtgfﬁ%g),
C(al kyl) (al kenyl),

C(al kynyl)(aryl or heteroaryl), C(aFk]
het eroaryl), C(cycloal kyl) (al kenyl),

C(OH) (al kyl), r{ary=
heteroaryl), C(OH)(cycloal kyl), N(OH), Nc

or

o CLal eyl -er ]
I") (al kenyl )} C(al kenyl) (aryl tor
C(cycl oal kyl ) (‘eHeynyty—= == =

C(al kyl) (al kynyl), ﬁXaIkenyI)[er
y

g
—

through a flash silica gel column using diethyl ether/

petroleum ether; 1:1, yielding 3.0 g (79%) of product (43) as

an oil. IR (neat) 2980, 1675, 1600, 1572, 1460, 1380, 1287,
1248, 1075, 858, 835 cm™'; 'H NMR (CDCl,) 6 0.00 (s, 9H),
0.95 (dd, 2H, J = 8.2, 7.2 Hz), 2.66 (s, 3H), 2.84 (s, 3H),
3.68 (dd, 2H, J = 8.2, 7.1 Hz), 5.52 (s, 2H), 7.18

(d, 1H, J = 6.8 Hz), 7.43 (dd, 14, J = 8.0, 0.3 Hz), 7.55
(dd, 1H, J = 8.0, 7.5 Hz).
Preparation of Intermediate COmpound (44) -
5-Bromomethyl-2-methyl-3-
~(tr1methylsilyl)ethoxymethyl}
-gquinazolin-4-one.
The SEM protected gquinazolinone (43) (2.28 g, 7.5
mmol) was dissolved in 30 ml CCl,. To the solution was added
1.47 g (8.23 mmol) of N-bromosuccinimide. The pale vellow

solution was heated to a genﬁle reflux until almost

completely homogeneous. At this tine, the benzylic

bromination reaction was initiated with a 200 watt lamp.
reaction began to reflux more vigorously and turned a deep

orange colox. After approximately 15 min, the color faded
and succinimide precipitated.

The

The reaction was cooled,

filtered and washed with_zs ml CC14. The filtrate was washed

with minimal H,0 (5 ml), separated, dried over MgsO,,
refiltered and concentrated leaving a solid residue which
was further:purified by flash column chromatography on silica
using a gradient system of diethyl ether/petroleum ether;
15/85; 20/80; 25/75; 30/70; 35/65. The pure bromide (1.25 g)
was isolated as a white sold in 43% yield (54% based on
recovered (43): M.P. 78-80°C. IR (KBr) 3085, 2980, 1675,
1608, 1382, 1340, 1293, 1248, 1075, 860, 830, 710 cm 1; 'H
NMR (CDCl,) & 0.00 (s, 9H), 0.93 (dd, 2H, J = 8.3, 7.1 Hz),
2.66 (s, 3H), 3.68 {(dd, 2H, J = 8.4, 7.1 Hz), 5.24 (s, 2H),
5.55 (s, 2H), 7.38 (dd, 1H, J = 7.2, 1.5 Hz), 7.55 (dd, 1H, J
= 7.5, 1.5 Hz), 7.61 (dad, 1H, J = 7.5, 7.2 Hz). Anal. Calcd.
for ClGHZBBrN20251= C, 50.12; H, 6.04; Br, 20.84; N, 7.30.
Found: ¢, 50.35; H, 6.06; Br, 21.01; N, 7.32.



C(al kyl ) (aryl or heteroaryl), CH(cycloal kyl), CH(al kenjgd
C(al kyl) (cycl oal kyl'), C(al kyl) (O al kyl), C(al kenyl) (O
C(al kynyl) (O al kyl), C(al kyl) (O cycl oal kyl),
C(al kynyl) (O cycl oal kyl), C(aryl or
heteroaryl ) (O cycl oal kyl ), C(al kynyl) (S-al kyl), C(al kyn I)
C(al kenyl) (S-al kyl), C(alkenyl)(S—cy@ oal kyl), C(al kyl)
(S-cycloal kyl), C(aryl or heteroaryl) (S-alkyl), Claryl

het eroaryl ) (S-cycl oal kyl ), N(NH[err]) N[NH(aIkyI)] N[N(a ' {err++*j
N[ NH( cycl oal kyl CH NH( al kyl

CI[—I[ NI(—I( %:lycl oal Kyl)%ﬁ ﬁé%[(‘%dw ;I%Hrr A)i, al Ky (c;’cl 3al k£/| )](, yol.

CH N(cycl oal kyl)[err]), éﬁf Iqﬁ |jNH(aIkyI)],
C(alkyl)[N(CyclOal&WﬁﬂdeﬂHQISinrﬂé@“@#ﬂ*ﬁthuﬂXﬁﬂIedﬂd-s'
CXaIkyI)[N(aIkyI)[err]) ; %%#{ﬁg ii?%} kyl)1, CXaryI or
heteroaryl)(NH[err oar

het eroaryl ) [ NH(cyc ’ba@ I‘S‘ a‘é@éﬁhflq’u%r tebo Z/I?[i\ﬁaﬁ( )r]qf Ffaryl or
heteroaryh;bﬁbtudbDaI*ak)@ﬁss¢lve@r Cfheystbrred solution was cooled

h I I d
het er ?gmégébgg:augg{ij)gg;tiugahmklmaﬂ 60% oil disPefiidn] Pf R Gl

s
added portionwise. Once the anion was formed (~30 min.),

0.958 g (2.5 mmol) of Bromomethylquinazoline (44), dissolved
in 0.5 ml anhydrous DMF was syringed in.

The reaction was
complete upon disappearance of starting materials by TLC (40%

ether/petroleum ether). Ice was added to quench excess

anion, followed by 20 ml H,0. This was then extracted with

diethyl ethexr (3 x' 50 ml), and the organic layers were

combined and dried over anhydrous Mgsoé. Filtration and

evaporation gave a residue which was purified by flash column
chromatography on silica using diethyl ether/petroleum ether
40:60. A white crystalline solid was isolated (0.927 g; 82%;
M.P. 98-89°C). IR (XBr) 3095, 2980, 1715, 1595, 1565, 1440,
1345, 1280, 1245, 1175, 1060, 932, B34, 795, 755, 720, 612
en™d; 'm MR (CDC1,) 5 0.03 (s, 9H), 1.00 (m, 2H), 2.71 (s,
3H), 3.74 (m, 2H), 5.55 (s, 2H), 6.04 (s, 2H), 6.25 (dd, 1H,
3 = 7.4, 1.3 Hz), 6.54 (dd, 1H,-J = 3.1, 0.3 Hz), 7.08 (m,
2H), 7.18 (d, 1H, J = 3.1 Hz), 7.45 (m, 2H), 7.63 (dd, 1H, J
= 1.6, 1.0:§z). 2nal. Calod. for C,,H,,CIN,0,8i: C, 63.48;

H, 6.2}; €1, 7.80; N, 9.25. Found: C, 63.41; H, 6.13; Cl,
7.91; W, 9.19.

Preparation of Compound (46) {(Compound 3A) -
5-Chloxo-N~{ {3 ,4~dihydro-2~methyl-
4~oxo~5~-quinazolyl )methyl jindole.

The SEM protected gquinazoline (45) (0.75 g; 1.65

mmol) was dissolved in 1.5 ml THF. To this solution was

added 6.0 ml of a 1.0 M THF solution of tetrabutylammonium
fluoride.

7 hrs. The solution was cooled to room temperature, and 20
ml of H,0 was added.

With stirring, the mixture was heated to 50°C for

This was then extracted with a large
excess (200 ml) of ethyl acetate. The organic layer was



or

het er oar yl
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separated and dried over anhydrous Mg80,, filtered and
concentrated leaving a solid residue which was recrystallized
from ethyl acetate yielding product (46) (Compound 3A) in
46%. M.P. 251-252° C; “H NMR (DMSO-dg) & 2.34 (s, 3H), 6.08
(s, 2H), 6.14 (dd, 1H, J = 7.3, 1.0 Hz), 6.53 (dd, 1H, J =
3.0, 0.5 Hz), 7.05 (dd, 1H, J = 8.7, 2.1 Hz), 7.34 (d, 1H, J
= 8.8 Hz), 7.46 (m, 2H), 7.56 {d, 1H, J = 3.1 Hz), 7.64 (d
1H, J = 2.1 Hz), 12.30 (bs, 1H). Anal. Calcd. for
18 14CIN30 0.1 BEtOAc: C, 66.45; H, 4.49; CL, 10.66; N,
12.63. Found: C, 66.68; H, 4.62; Cl, 10.95; N, 12.27. HRMS
Calcd. for C,gHy4C1N30:  323.0825. Found: 323:0813.
Prepaxation of Intermediate Compound (47) ~-
5-Formyl~2-methyl-3-[2¢-~
(trimethylsiiyi)ethoxymethylj~quinazolin~4—one.
To a solution of NaOEt in ethanol, prepared by
dissolving 34.5 mg (1.5 mmol) of sodium metal in 1.5 ml of

absolute ethanol, was added 0.14 ml (1.56 mmol) of 2-
nitropropane.

0.575 g (1.5 mmol) of Bromomethylquinazoline
{44) was added, and the reaction was stirred and heated at

40°C for 12 hrs. At this time, 10 ml of H,0 was added, and
the mixture was extracted with diethyl ethexr (2 x 50 ml).

The organic layers were separated, dried over anhydrous

Nazso4, filtered and concentrated. The xesidue was purified

by flash colunn chromatography with 70% ether/pet. ether
yielding 0.346 g (73%) of aldehyde (47) as a white solid. !
NMR (CDCl,) § 0.00 (s, 9KE), 0.96 (m, 2H), 2.73 (s, 3H), 3.75

(m, 2H)' 5-58 (S'ZH)' 7-32 (m, 2H)' 7c87 (m, IH)’ 11-17 (S,
lH).

H

Preparation of Intermediate Compound (48) ~-
S5« {a-Hydroxytolyl )~2-methyl-
3~-{2/~(trimethylsily)ethoxymethyl ]~
quinazolin~4-one.

Aldehyde (47) (0.72 g; 2.26 mmol) was dissolved in

9.0 ml of anhydrous THF under an argon atmosphere The

stirred solution was cooled to -78°C, and phenylmagnesium

bromide (0.83 ml; 3.0 ¥ in diethyl ether) was introduced

dropwise. The reaction mixture was allowed to warm to room

to

_a conpoumd havi ng

a

use the



group L to be replaced with the desired -R 4-Rerr] substituent
formula (i) or wth the appropriate-Rerr] substituent in fornula

(ri). 2. A process for making a conmpound of the formula

[err] wherein R err] and R err], which my be the sane or different,
represent hydrogen, hal ogen, al kyl, cycloal kyl, -OH -0 al kyl, -S-alkyl,
-NH err], -NHalkyl, -N(alkyl)[err] 74--NHCHO, - NJ err], -NHOH,
-NHO al kyl, -NHNH2, substituted -NHNH2, -CN,-CJerr]H, -CJerr]-

temperature, and stirring was continued for 1 hr. To quench

the reaction, 10 ml of sat. aqg. NH4C1 was added. The mixture
was then extracted with diethyl ether (3 x 50 ml), separated,

combined, dried over anhydrous MgS804, filtered and

concentrated. Purification of the residue by flash column

chromatography on silica with ether/pet. ether; 60:40;

. supplied 0.621 g of the benzylic alcohol (48), as a colorless
oil in 74% yield. IR (neat) 3380, 3070, 3035, 2960, 2900,
1660, 1600, 1540, 1445, 1245, 1135, 1075, 915, 830, 695 cm ',
'n mm (cpClg) 5 0.00 (s, 9H), 0.88 (m, 2H), 2.68 (s, 3H),
3.54 (m, 2H), 5.50 (s, 2H), 5.77 (d, 3H, J = 8,3 Hz), 6.36
(d, 1H, J = 8.0 Hz), 7.25 (m, 4H), 7.30 (m, 2H), 7.60 (dd, 1H
J = 8.2, 1.5 Hz), 7.67 (dd, 1H, J = 7.7, 7.2 Hz). Anal.

Found:
C, 66.66; H, 6.97; N, 7.00.

Preparation of Compound (49) (Compound 5A) -~
3,4~-Dihydro~2~methyl-4-0xX0-5~
(a~hydroxytolyl)-quinazoline.

Following the same procedure to prepare compound
(46) (Compound 3a), the SEM-quinazoline (48) was deprotected
using 3.0 eq. of tetrabutylammonium fluoride at 50°C for 4
hrs. OQuinazoline (49) (Compound 5A) was isolated as a white
solid in 38% yield after puxification by'f;ash chromatography
on silica using methanol/dichlormethane; 5:95.

1y nMR (DMSO-
dg) § 2.28% (s, 3H), 5.93 (d, 1H, J = 5.1 Hz), 7.15 (m, 1H),
7.21 (m, 3H), 7.27 (m, 2H), 7.45 (dd, 1H, J =

- 5.6' 3-9 HZ),
7.73 (m, 2H), 12.06 (bs, 1H).

DIVEC % | |
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al kyl, -CONH err], -CONH-al kyl,-CON(al kyl) 2, - CSNH2f==™
_CSNH-al kyl , --CSN(al kyl )2, -C(=NH)NH err], - NHC(=NH MMQEWLM SHEE]
- NHC( =NH) al kyl , -SO-alkyl, -S(err]- al kyl, fluorg¢alkyl,

a

-Ofluoroal kyl, -S-fluoroal kyl, -NHCO al kyl), -NHCQf uarq;ad; @MO
]
a

fluoroal kyl, -SO err]-fluoroal kyl, -SH,-SG8H, -S( er \IH[er
-Sgerr]NHalkyl), -SJerr]N (al kyl9[®rr, alkenyl, kynyt—arytr~or
heterocycle; Rlerr] represents 0, S, SO SOerr], NH_Nalkyl, CHerrl]j
CHal kyl, CH (aryl or heteroaryl), CHOH, CHO al kyl, CHO (aryl or

het er oary}f,%wggl gylgr%g "é gﬂmor @% ﬁ%jgng)i £ ; %al kyl) (aryl or

het er oar ; - aryl or heteroaryl),
C( OH) (cycl oal kyl), W’@Bunﬂi C%IMK% ww%rgﬁremrecbtaeqmqmg to the
C(cycl oal kph ) being, ré48€¥bn Oscheéhet oaryl ) (cycl oal kyl), C(al kyl)al kenyl),
C(al kyl') (al kynyl ), C(al kenyl)[err], C(al kynyl)[err], C(al kynyl) (aryl
or heteroaryl), C(al kynyl) (al kenyl), C(al kenyl) (aryl or heteroaryl),
C(cycl oal kyl)-(al kenyl), C(cycloal kyl) (al kynyl), C(alkyl) (aryl or
heteroaryl), CH(cycloal kyl), CH(al kenyl), CH(al kynyl),

C(al kyl') (cycl oal kyl ), C(al kyl) (O al kyl), C(al kenyl) (O al kyl C(al kenyl ) (O
al kyl), C(al kyl) (O cycl oal 7 C(al kenyl ) (O cycl oal kyl ),

C(al kynyl ) (O cycl oal gyt kafyl or heteroaryl) (O al ky
heteroaryl) (O ccloal Byl )} C(al kynyl) (S-al kyl), Clal kynyl}) (S- cycl oal ky),
C(al kenyl ) (S-al kyT™ b. aMRenyl ) (S-cycl oal ky), C(8&hj
C(al kyl) (S cycloa ‘ Slaryl or heteroaryl)(S—%
C(al kyl )(S—cycl ky") , aryl or heteroaryl) ($HCal C(aryl or

het eroaryl ) (S-cycl oal k N( NH2) , N[ NH( al kyl), g

N[ N( al kyI)[err]],N[NH({é/cloal kyl)], N N(al kyI)(cycIof’kyI)] CH(NH err]),
CH NH(al kyl )], CH NH(cycloal kyl)], CH N(al kyl)[err]],

CH N(al kyl) (cycl oal kyl )], CH[N(cycI oal kyl)[err]], C(al yl)(NH err]),

C(al kyl )[N-H(al kyl )], C(al kyl )[ N(cycl oal kyI)[err]]
C(al kyl )[ NH (cycl oal kyI)] '

51 {4A)

Preparation of Intermediate Compound (50) ~-
' S5-Benzoyl~2-methyl=3-[2~
{trimethylsilyl)ethoxymethylj~guinazolin-4-one.
Benzylic alcohol (48) (0.569 g; 1.43 mmol) was

taken up in 18 ml of dry CH2012 and stirred under an inert
atmosphere. Activated Mno, (1.43 g) was added, and the
progress of the reaction was followed by TLC (ether/pet.
ether; 70/30). Upon disappearance of starting material, the
black mixture was filtered through a pad of celite, and the
pad was washed thoroughly with CH2Cly (100 ml). The filtrate



Clal kyl)[N(al kyl [err]], C(al kyl)[N(al kyl)(c
heteroaryl)(NH err]),

het eroaryl ) [ NH(cycl oal kyl )], C(aryl

Claryl

het eroaryl )[ N(al kyl ) (cycl oal kyl)]; and R err]
unsubstituted aryl or heteroaryl

of :
formul a

or h

ycC
C(aryl or heteroaryl) ([
et
or heteroaryl)[N(cycIoaIkyI)[err]]

greuﬂGMhlch progess conprises the_steps
5 (1) regcting-a-ecempoutid of the

was dried over anhydrous Na,S0,, filtered and concentrated
leaving 0.48 g (85%) as

pure. M.P. 124-125° C;

1560, 1440, 1345, 1292,
1

a white solid that was analytically
IR (KBr) 3010, 2955, 2900, 1660,
1245, 1178, 1060, 920, 825, 685 cm™!;
H NMR (CDCl,) § -0.10 (s, SH), 0.82 (m, 2H), 2.70 (s, 3H),
3.48 (m, 2H), 5.42 (s, 2H), 7.31 (dd, 1H, J = 7.1, 1.3 Hz),
7.39 (m, 2H), 7.51 (m,.1H), 7.72 (m, 1H), 7.74 (m, 2H), 7.80

(dd, 1H, J = 8.2, 7.1 Hz). Anal. Calcd. for c22326N203Si:

c,
66.97; H, 6.64; N, 7.10. Found:

.C, 66.76; H, 6.52; N, 6.95.
Preparation of Compound (51) (Compound 4A) -~
S—Benzoyl—B,4—dihydroéz-methyl—4-oxo-quiqazoline.

The protected quinazéline {50) (0.255 g; 0.64 mmol)
was added to 7.0 ml of 1:1 THF: 2N HCl. The mixture became
homogeneous when heated just under reflux. After 3 hxs, a
white precipitate formed. The mixture was cooled to room
temperature, and 10 nl of cold Hzo was added.

With vigorous
stirring, an excess of sat. aqg. NaHCO3

was added. The solid
was f£iltered off and washed thoroughly with cold H20 {2 x 10

ml). The solid was dried under vacuum over activated silica
gel desiccant. The analytically pure white solid (0.14 g)
was isolated in 83% yield. M.P. 288-2839°C; IR (KBr) 3175,
3030, 2880, 1660, 1635, 1325, 1265, 880, 825, 780, 725 et
'H MR (DMSO-dg) 5 2.35 (s, 3H), 7.30 (dd, 1H, J = 7.3, 1.0
Hz), 7.44 (m, 2H), 7.58 {(m, 3H)}, 7.71 {(dd, 1H, J = 8.3, 1.0
Hz), 7.85 (dd, 1H, J = 8.1, 7.3 Bz), 12.22 (bs, 1H). Anal.
Calcd. for € 168128058 C. 72.71; H, 4.57; N, 10.60. Found:
C, 72.61; H, 4.70; N, 10.39.
Preparation of Compound (52) nggggggghggl
3,4-Dihydro-5-(a~diphenyl-hydroxymethyl)-
2~-methyl-4~-oxo~gquinazoline.
Under an argon atmosphere, 79.3 mg (0.3 mmol) of

ketone (51) (Compound 44) was suspended in 5.0 ml of
anhydrous THF.

-
7

The stirred suspension was cooled to 0° C,
and 0.375 ml of phenyllithium (2.0 ¥ in 70:30 /

cyclohexane:ether) was syringed into the reaction vessel

dropwise. Upon addition of the first equivalent of reagent,

the starting substrate solubilized. When the addition was



[err]

wherein L is a | eaving group, with a hydroxyl am ne hydrochl ori de
to forman isonitrosoacetanilide conpound of the formula

- 77 -

completed, the ice bath was removed, and the reaction was

allowed to stir for 1 hr. The solution was quenched with

ice~-H,0 (~ 2.0 ml) and poured into 50 ml of CH2C12. The
agueous layer was extracted two more times with CH2C12 {50

ml), the organic layers were combined and dried over

anhydrous-MgSO4. The drying agent was filtered off, and the

filtrate was concentrated and purified by flash column
chromatography on silica with CH3OH=CH2c12/4:96. The product
was isolated as a white solid (57 mg; 58%). H NMR (DMSO—dG)
6 2.33 (s, 3H), 6.55 (dd, 1H, J = 5.4, 3.6 Hz), 7.07 (m,
4H), 7.23 (m, 6H), 7.59 (m, 2H), 8.73 (s, 1H), 12.46 (bs,

1H). HRMS Calcd. for CooH,gNs0at 342.1368. _Found:
342.1366.
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[err]

treating the isonitrosoacetanilide cdmx
fol | owed by the addition of

. etani ' 1160 Nk
ice and purification w 9§e+ to—" o@taln
an istain conpound of the formula

09 DEC 1996
- 78 -

:
BIOCHEMICAL AND BIOLOGICAL EVLAUTION
Determination of Inhibition Constants Against 5,10~Methylene-
tetrahydrofolate for the EBnzyme Thymidylate Synthase
Thymidylate synthase activity was measured using a
modification of the tritium release method of Lomax and

Greenberg [M.I.S. Lomax and G.R. Greenberg, J. Biol. Chem

242 109 (1967)]). Inhibition constants, X;, slope and XK,

intercept {W.W:. Cleland, Biochim. Biophys. Acta 67 173 :
(1963)}, were determined against the cofactor (6R, 68)-5,10-~
methylene-tetrahydrofolate which was generated in situ by
reaction of tetrahydrofolate with formaldehyde {R.G. Kallen
and W.P. Jencks, J. Biol. Chem. 241 5851 (1966)]. The
cofactor was present as the variable substrate under

conditions of satarating radiolabelled 2'-deoxyuridine 5’

monophosphate (dUMP). Assays in a total volume of 0.1 nL

contained 50mM Tris € pH 7.6, 10mM DIT (dithiothreitol), 1lmM
EDTA (ethylenediaminetetraacetic acid), 25mM MgClz, 15mi
formaldehyde, %

1% DMSO (depending on the solubility of the
compound), 25gM {S-BH} dUMP (specific activity 2 x 108 cpm/
gmol ), tetrahydrofolate (eight concentrations ranging from

5zM to 300zM) and enzyme (=30 ng for E. coli TS and =60

ng for human T8). Assays of human TS also contained 1-5 apg/

nlL bovine serum albumin to stabilize the protein. Reactions
were initiated by the addition of enzyme and were carried out

for 5 minutes at 24°C, and then quenched by the addition of

charcoal (15 mg in 0.1 mb H,0). The quenched samples were

centrifuged at 10,000 rpm for 12-15 min at 40°C to remove
unreacted dUMP which had bound to the charcoal, and 0.1 mi: of
the supernatant was counted by liguid-scintillation in the

presence of 5 mL ecolume to determine the release of tritium

label from the 5-position of the dUMP. A standard curve was

established in the absence of inhibitor, and three additional

curves containing inhibitor at approximately 1/2 to 2 times

the Ki were determined. Experimental results were analyzed

by EZ~FIT, a nonlinear regression analysis program (Perrella
Scientific, Springfield, PA) which was used to fit all data

peints simultaneously to a mixed noncompetitive inhibition



[err]
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scheme. The results obtained are shown in the Table.

The
first entry for each compound is the Ki' slope &nd the entry

underneath is the Ki' intercept.

In Vitro Testing to Determine Inhibition of Growth of Tumor
Cells ' '

Cellulaxr growth in the presence of the compounds in
question was assessed using three cell lines:

the L1210
murine leukemia (ATCC CCL 219), CCFR-~CEM, a human

lymphoblastic leukemia line of T-cell oxigin (ATCC CCL 119),
and a thymidine kinase~deficient human colon adenocarcinoma,

GC,/M TK™ (supplied by Drs. P.J. and J.A. Houghton, St. Jude

Childrens Research Hospital, Memphis, TN).

Cell lines were
maintained in RPMI 1640 medium containing 5% (L1210, CCRF-

CEM) or 10% (Gcslﬁ TK ) heat-inactivated fetal bovine serum
without antibiotics.

| ICgq values were determined in 150 sk

microcultures each containing 1500 (L1210) oxr 10,000 (CCRF~
CEM, GC,/M TK")_cells established in 96 well plates in growth

medium supplemented with 50 U/nl: penicillin and 50 pg/mL
streptonycin. Growth was measured over 3 days (Ll210) or S

days (CCRF-CEM, GC5/M TK ) of contimious exposure to varying
concentrations 6f each test compound, added 4 h. aftexr
initial cell plating, by the MIT-tetrazolium reduction assay
of T.J. Mosmann {J. Immunol. Meth. 65 55 (1983)] modified
according ‘to Alley et al. [Cancer Res. 48 589 (1988)]. Water
insoluble dexivatives were dissolved in DMSO and diluted to a
f£inal concentration of 0.5% solvent in cell cultures.

The results obtained from this procedure are shown
below in the Table 2. [Although Table 2 indicates that
certain compounds do not demonstrate particularly good TS
inhibition, these compounds are of potential interest in that
they may demonstrate other antitumox, activity such as
toxicity to L1210 cells in tissue culture.)
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(3) reacting the isatin conmpound of step (2) with an aqueous basi c peroxide
to forman anthranilic acid conpound of the fornula
(4) '

err
reacting the anthranilic acid conmpound of step [ !
- 80 -
TABLE 2
KiData {(uM) Cell Culture (IC50xM) L
i | E. coli | Human | 11210 | ccre-ceM| Ge3-x |
L1 | i | L {TR-) i
| 1wl s100 | >100 R i B |
[ 2a >10 | >10 | e | T R i
| 32 >3 ! >3 { === l10% > 12.320% > 12.7 |
| 4al — ——— e l T - l
| sal ——— o b T I |
| eal >10 | >10 | 2.3 { 4.6 | >4.98 ]
| 7221 38:5 | 2.1%0.5 | 14 | 37% @ >26.9 none@>26.3|
i | | 68% & 20un i |
| ealo.89 & 0.280 0.062 + 0.23| 3.5 { 5.2 | 6.0 |
{ oal0.22 = 0.07 0.13 £ 0.04 | 1.8 | 2.1 | 4.5 !
{108l 0.75 = 0.08/ 0.083 & ¢.011 3.0 | 2.9 | >4.0 |
{212l 21 213 | 2.0 £ 0.4 |none@>3.33] 17% €>3.33} none@>3.33 |
{122l 0.55 + 0.05| 0.07 % 0.001] 4.2 | 4.2 | 5.0 l
{132l 3.9 £ 0.9 0.64 + 0.01 | 21 | 26 | 32 t
{142l 0.15 = 0.03 0.017 £ 0.008] 1.0 | 0.81 | 1.0 i
{152 190 ¢ 130] 19 ¢+ 11 |27% € >50 ] 40% @ >50] 4% @ »50 |
| 162l 0.76 £ 0.122| 0.048 £ 0.006] 3.1 | 3.8 | 5.0 i
{172l 0.54 + 0.07 0.13 x 0,03} 8.1 | 8.6 | 15.0 |
{ 182 —— | — I 1.8 | 33% @ >2.0l 33% e >2.0 |
{ 1oal - —— o T {
{208 311 2,99 | 61:17 l40% e >50] 20% & >50 | none @ >50]
| 212 >ao“ | 190 t 25 |28% € >50 | 42% @ >50 | none € >50]
| 222 s. 61 1.1 + 0.3 |4% @ >2.5 | none @ >2.5| nonee >2.5|
| 232 —— {o t 0.009 | 3.5 | 5.1 i 6.1 !
{ 242 - |0 023 + 0.00 o0.55 | 1 W (R - S
| 252 -~ | o0.022t0 | o0.59 | 10 N B O i_
| 262 eee | o0.079t0 } 4.05 | 10.5 | 18.0 -
{278l  ~-~ | o0.00795 + 0] 1.05 | 0.9~ | 4.1
| 282 - | o©6.115 2 0

| 27% @ >50 {.none @ >50 | none € >50
1208 1.1 %2 0.2 0.122 ¢ 0.02] 8.0 | 10.5 I »12.%

f3on 0.34 + 0 | 0.011 £ 0 | 1.6 | 0.88 i 1.5
e {Assay not performed)
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(3) with acetic anhydride to form an acetyl ant hrani

fornmul a

[err] (5) reacting the acetyl ant hr ani
step (4) with amoni a,

conpound of the

conpound of
followed by treatnent with a base and then by acid

to obtain a quinazoline of the forngla

TABLE 2 CONTINUED
KiData (uM)

Cel) Culture (IC50uM)
t | B.ocodi | muman | 11210 | ceRF-CEM | Ge3.y |
| | l | L _(TK-y |
{312l 21,06 | s1.0t2.21 48.0 | >0 | 59 {
{ 322 >10 | >10 S ¥ 6.0 [30% @ >19 |
133Al 36 £ 1.53 47 ¢ 17 1 25.0 | 318.0 |20% @ »25|
--- (Assay not performed)

While the invention has been described in detail
and with reference to specific embodiments thexeof, it will
be apparent to one skilled in the art that various changes

and modifications can be made therein without departing from

the spirit and scope thereof. Thus, it is intended that the

present inventionrcover the modifications and variations,
provided they come within the scope of the appended claims
and their eguivalents.
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WE CLAIM:

1. A guinazoline compound having the formula I

REPLACEMENT SHEET!
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L

wherein:

1 represents hydrogen, halogen, alkyl

-O-alkyl, ~O-(aryl or heterocaryl), ~S-alkyl

R i "OH r

; =8~(aryl or

heteroaryl), -RH,, -NH-alkyl, ~N—(alkyl)2, ~NHCHO, ~NHOH,

~NHC(=NH}alkyl, fluoroalkyl, cycloalkyl, alkenyl, alkynyl,
aryl, or heterocycle;

R2 and RS, which may be the same or different,
represent hydrogen, halogen, alkyl, cycloalkyl, -OH, -~O-
alkyl, ~S-alkyl, -NH,, -NH-alkyl, -N-(alkyl),, -NHCHO, -NO,,
~NHOR:, -nx;g~a1ky1, -—mnmz, substituted ~NHNH,, -CN, -CO,H, -
CO,~alkyl, ~CONH,, -CONH-alkyl, -CON(alkyl),, -CSNH,, -CSNH-
alkyl, ~CSN(alkyl),, -C(=NH)NH,, -NHC(=NH)NH,,
~NHC(=NH)alkyl, -S8O-alkyl, —Soz—alkyl, fluoroalkyl, -O-
fluoroalkyl, -S-£fluorocalkyl, ~NHCO(alkyl),
~NHCO{fluoxrocalkyl), ~80-fluorcalkyl, ~802~£luoroalkyl, ~SH,
~SO3H, ~802NH2, ~802NH(alkyl), —SOZN(alkyl)z, alkenyl,
alkynyl, axryl, or heterocycle;

Z represents O or §;

R represents O, §, SO, 302, NH, N-alkyl, CH,, CH-
alkyl, CH-(aryl or heteroaryl), CHOH, CHO-alkyl, CHO-(aryl or
heteroaryl}), C(alkyl)z, C{aryl or heteroaryl)z, C{alkyl)(ary!
or heteroaryl), CHS~alkyl, CHS-aryl, C{OH){(alkyl), C(OH}t(ary:

Sheet Has Been Replaced
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[err] (6) subjecting the quinazoline conpound of step (5) to a
di spl acenent reaction to replace the leaving group L with the
desired-Rlerr]-Rerr] substituent, to obtain said co
fomula. [err]

TS

- 83 -

or heteroaryl), C(OH)(cycloalkyl), N(OH), N-cycloalkyl,
N(aryl or heteroaryl), C(cycloalkyl)z, C{aryl or
heteroaryl)(cycloalkyl), C{alkyl){(alkenyl),
C(alkyl){(alkynyl), C(alkenyl},, C(alkynyl)z, C{alkynyl)(aryl
or hetercaryl), C(alkynyl)(alkenyl), C(alkenyl}(aryl or
hetercaryl), C(cycloalkyl)(alkenyl), C(cycloalkyl)(alkynyl),
C(alkyl)(aryl or heterocaryl), CH(cycloalkyl), CH(alkenyl),
CH{alkynyl), C(alkyl){cycloalkyl), C(alkyl)(0O~alkyl),
C(alkenyl)(0-alkyl), C{alkynyl){(O-alkyl), C{alkyl)(O-
cycloalkyl), C(alkenyl)(O-cycloalkyl),
C(alkynyl)(O-cycloalkyl), C(axryl or heterocaryly(O-alkyl),
C{aryl oxr heteroaryl)(O-cycloalkyl), C(alkynyl)(S-alkyl),
C(alkynyl)(S—cyclqglkyl), C(alkenyl)(S-alkyl),
C{alkenyl)(S~cycloalkyl), C{alkyl)(S-alkyl),
C{alkyl){S~-cycloalkyl), C(aryl or heteroaryl)(S-alkyly,
C(aryl or hetexoaryl)(S~cycloalkyl), N(NHZ), N{NH(alkyl}},
N{N(alkyl)z], N[NH(cycloalky})}, N[N(alkyl){cycloalkyl)],
CH(NH,), CH[NH(alkyl)], CH[NH(cycloalkyl)], CH[N(alkyl),},
CH[{N({alkyl) (cycloalkyl)], CH{N(cycloalkyl)zl, C(alkyl)(NHz),
C(alkyl){NH(alkyl)], C(alkyl){N(cycloalkyl),],
C(alkyl)[NH(cycloalkyl)], C{alkyl){N(alkyl),].,
C{alkxyl)[N{alkyl)(cycloalkyl)], C(aryl or heteroaryl)(Ni,),
C(aryl or heteroaryl)jNH(alkyl)]., C(aryl oxr
heteroaryl){NH(cycloalkyl)], C(aryl or heteroaryl){N(alkyl,],
C{aryl ox ﬁéteroaryl){N(cycloalkyl)z}, or C{aryl or
hetercaryl){N{alkyl){cycloalkyl)]; and

RY represents a substituted or unsubstituted aryl
oxr heteroaryl group.

2. A compound according to claim 1, whexrein rY
a methyl or amino group.

3.

is

A compound according to claim 2, wherein Rl is
nmethyl.

4. A compound according to claim 2, wherein Rl
an amino group.

5.

is

A compound according to claim 1, wherein R2 is

hydrogen or a methyl, ethyl, chloro, trifluoromethyl, hydroxy
or methoxy group.

This Sheet Has Been Replaced
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3. A process for nmaking a conpound of the formula

[err] wherein
Rlerr] and R err], which may be the sane or different,

represent hydrogen,
hal ogen, al kyl, cycloal kyl, --OH, --alkyl, -S- aIk [r 7 ,

CN-(al kyl) 2, -NHCHO, -NC2, - NHOH, - NHO- al kyl | -NHm Qﬁ !wgmt

-NHNH err], -CN, -CJerr]H -CJerr]-alkyl, - ],L' alkyl ,
-CON(al kyl)[err], -CSNH err], -CSNH a8&y+, -CSN(alkyl)2, - C(=NH)NH err],
-NHC(=NH)NH[ err], -NHC(=NH)al kyl, -SO alkyl, -SJerr]-al kyl, fluoroalkyl, -

O fluoroal kyl, -S-fluoroal kyl, -NHCO al kyl), -NHCE(-quoroaiky),
- SO f |l uor oal ky

6. A compound according to claim 5, wherein R

is
hydrogen or a methyl group.

7. A compound according to claim 1, wherein R3

is
hydrogen.
8. A compound according to claim 1, wherein 2 is
oxygen.
S. A compound according to claim 1, wherein 2 is
sulfur.

10. A compound according to claim 1, wherein R4
oxygen, sulfur or a methylene, C=0, NH, NCH,, CH(OH) or
C(OH)(phenyl) group.

11. A compound according to claim 10, wherein R4
is sulfur.

is

This Sheet Has Been Replaced
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S err]-flooroal kyl, -SH, -SO3H, -SO2NH2, - sq err] NH(al kyl'), -S@2N(al kyl') 2,
al kenyl, alkynyl, aryl, or heterocycle; And I's | eaving group; which
process conprises the steps of:

the fornula o reacﬂmm mﬂmﬁmﬂﬂm

- 85 -

12. A compound according to claim 1
one of the following:

\, =
\ N{CMY

COLN

N+u

C.F3 H \/Col“

**<€ij% \:*>N | *{<::>}*CO§<
N REPLACEMENT SHEET)
=, 2 G| [ oo
\
0 R o
s N/ -
\
\ / Y A\
Y% W W—-@
W,

ff. A compound according to claim 1, wherein R3
hydrogen and % is oxygen. )

, wherein R5 is

\ZE \E
0
d l
~
Z
R
b4
v

is

14. A compound according to claim 13, wherein rY
is either a methyl or amino group.

15. A compound according to claim 13, wherein r?
is hydrogen or a methyl, ethyl, chloro, trifluoromethyl,
hydroxy or methoxy group.

16. A compound according to claim 15, wherein R2
is hydrogen or a methyl group.

17. A compound according to claim 13, wherein 4
is oxygen, sulfur or a methylene, C=0, CH(OH) or
C({OH) (phenyl) group.

s Sheet Has Been Replaced
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[err] Wherein Lis a leaving group, \M

a hydroxylan1ne
hydrochl oride to form an isonitrosoacet ani

ﬂﬂTm IHIH Illl! Hlil l illl

- 86 -

18.
is sulfur.

19. A compound according to claim 13, wherein R°
is one of the following:

A compound according to claim 17, wherein r?

—O \ 7 \ 7/
cA OC-“3 NLC-SSXB..
= COo N
oy G A%
A CFy H\COR

P

2l
2
@&
S
z
O
o)
L
EET!

o
é
o "L
]
’d
;|
Nz
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20. A compound according to claim 1, wherein R3 is
hydrogen and Z is sulfux.

21. A compound according to claim 20, wherein Rl
is either a methyl or amino group.

22. A compound according to claim 20, wherein R2

is hydrogen or a methyl, ethyl, chloro, trifluoromethyl,
hydroxy or methoxy group.

Has Been Replaced
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[err] (2) treating the isonitrosoaetanilide conpound of step (1) wth
acid, followd by addition of ice and purification with alcohol, to obtain

an isatin conpound of the fornmula [err] ﬂﬂ“l‘lmﬁ‘l‘yﬂ“!‘?ﬂ“ satin

conmpound of step (2) with an
- 87 -

23. A compound according to claim 22, wherein R2
is hydrogen or a methyl group.
24. A compound according to claim 20, wherein R4
is oxygen, sulfur or a methylene, C=0, CH(OH) or
C{OH) ({phenyl) group.
'25. A compound according to claim 24, wherein rY
is sulfur.
26. A compound according to claim 20, wherein R5
is one of the following:
Ck ocv, HLCH )
QO
y /2 N,
/ C.F, " \COy w

Sheet Has Been Replaced
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aqueous basic peroxide to forman anthranilic acid conpound of the formula

o - O A A

27. A compound according to claim 1, wherein RS is
hydrogen, 2 is oxygen, R1 is either a methyl or amino group,
R2 is hydrogen or a methyl, ethyl, chloro, trifluoromethyl,
hydroxy or methoxy group, R4 is oxygen, sulfur or a

methylene, C=0, CH(OH) or C(OH)(phenyl) group, and R is one
of the following:

N
o A O
\
3 Tat — Br.
. o .
(S»C\\L \ /N | N\ uo;.
o :-! \
/2 **<§ii>§in NN cen
/ oy ‘\N 3
v,

28. A compound according to claim 27, wherein R2
is hydrogen or a methyl group and R4 is sulfur.

29. A compound accorxrding to claim 1, wherein R3 is
hydrogen, 2 is sulfur, Rl is either a methyl or amino group,
Rz is hydrogen or a methyl, ethyl, chloro, trifluoromethyl,
hydroxy or methoxy group, R4 is oxygen, sulfur or a

This Sheet Has Been Replaced
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[err] (4) reacting the anthranilic acid conpound of step (3) with acetic

anhydnde phosgene or triphos gene to forma conpound of the formla (5)
261 d 1o obtain a compound of the formia = o \wmm iy 00
e - UL R

methy.lene ¢ C=0 ;, CH ( 'e) '
H) or C(OH henyl L

\, p—
@ \_/, \ /7
oy =\ o
N €O,
N N\ / 2
/ ';"{"R
. C‘F_‘B "W \/COQ_“

CA
N
- 50"@ \_7 /2
P ‘© H
. . \
/AR =\
e "y T O
— - \
.Q \_7 N::\" NQ—Q'OC‘%
\

Z

- e
i,

is hydrogeio::r 2 i::lp;::n:’r::;@::? g'f:ecz:jl-:uz?' wherein R
REPLACEMENT SHEET|
09 DE 1904 - st
. Jis Sheet Has Been &
"N



[err] and (6) reacting the product of step (5) with chl orof ormam di ne
hydrochl oride to obtain a quinazoline conpound of the fornula

[err]

AR LA

31. A compound according to claim 1, wherein said
compound has one of the following structures:

3

wherein R” is H, and
R r2
CH; H
CH; H
CHy H
CH, H
- CHy H
CH, | H
CH; H
CH; CH,
CH; CH,
REPLACEMENT SHEET
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R4 — 8 RS
HN R2
Rl

r? RS

-
s Y

(U
CH, N

/.
C=0 -—<Z:::>
CH(OH) —~4<:::>
C(OH)(Ph) __@

OO

eet Has Been Replaced

R



90 4. A process of making a conpound of the fornul

******
- 9§ -

CH; CH;, S NN
“{s )“‘CH,
CH3 CH3 s -
\_¢
CH
CH, OCH, s =\,
\_/
NH, CH, s \—*/N
CH, OH s \“‘“/N
CH, CH, s Q
—\ OCH,
CI{3 CI'13 s \ /N
CF
NH, CH, s \.—... y 3
' V4
CH, CH, CH, S \f-—/N CF,
.
/
CH, CH; s ‘_G
N
CH, H 5 ‘@N’ Br-
Hy CH s " e
\_7
-
NH, "CH,4 [ \-—-—-/N’—H
REPLACEMENT SHEET cr
Tl

yeemmespraees Rt DEECE S



wherein R err] and R err], which may be the sanme or different repr esent

hydr ogen, hal ogen, al kyl, cycloal kyl, -OH, -0 alky, rr], -
“NHalkyl, -N-(alkyl)[err], -NHCHG, -NJerr], -NHC]—I '} !m ﬁH[err],
substituted -NHNHerr], -CN, -CJerr]ds . CQerr] aIk et T

- CONH- al kyl, -CON(al kyl)[err], -CSNH2, -CSNH al kyl, -CSN(aIkyI)[err]
-C(=NH)NH[ err], -NHC(=NH)NH[ err], -NHC(=NH)al kyl -SO al kyl,
-Sgerr]-al kyl fluoroal ky, -Ofluoroal kyl, -NHCQ al kyl),

-NHCO( - f | uor oal kyl), -SO fluoroal kyl, -S( err]-fluoroal kyl, -SH,
-SOerr]H -SOerr]NHerr], -SCerrHNH(al kyl), -SOerr] N(al kyl)[err],

al kenyl, al kynyl, aryl, or heferofycle; and L is a |eaving group; which
process conprises the steps (1) reacting a conpound of the

formul a [err] O S
' [ CH,
HN
( 2CH
HzN'.::'I?
H
CH3 CH3 S __Q

N(CH,),
o .
CH, CH, S <:> [ ok
. t;i H
H COH

CHy CHy S COH

0§ nee 004

~-
CH o S “CN REPLACEMENT SHEET|
—~

. N ’
CHy H CH, @———O—-NO")
N
- ? o MMHa
N .

Sheet Has Been Replaced

BTN



VWherein L S a | eavi ng group, with a - hydroxyl am ne
hydrochloride to forman isonitrosoacetanilide conpound of the fornula

AR

- 93 -

32. A compound according to claim 31, wherein said
compound has one of the following structures:

2 R4‘,R5
2
HN R
R1” N :
r3
wherein RS is H, and
R e Q! S
NH:L CH, S \ }q
NHy Wy & i yew
A
H
N
O
o S
HN ‘ P
HaN'/'i-k;{ 200"
H

33. A compound according to claim 32, wherein said
compound has the following stucture:

s Sheet Has Been Replaced
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91 [err]

(2)treating the isonitrosoacetanilide conpound of step
(1) with acid, followed addi tion of

ice and purification with alcohol, to
obtain an isatin conpound of the fornula

e |G

* c L " s

34. A compound according to claim 1, wherein said

compound has a thymidylate synthase inhibition constant of
less than or equal to about 10" 4.

35. A compound according to claim 34, wherein said
compound has a thymidylate inhibition constant of less than
or egqual to 107 x.

36. A process of making a compound of the formula

I accoxding to claim 1, wherein Z and R1 to R5 have the same

meanings as claimed in claim 1, comprising subjecting a
compound of the formula

REPLACEMENT SHEET
09 DEC 1996
L
9 L 2 R& ~
R2 HN R2
HNL. \ Rl N i
RIT TNT N :
R3 R3
o or .
(1) (i)
wherein Z and R1 to R3

have the same meanings as claimed in
claim 1 and L is a leaving group, to a displacement reaction
with the appropriate compound which will cause the leaving
group L to be replaced with the desired —R4-R5
for formula (i) or with the appropriate R5
formula (ii).

37.

substituent
substituent for

A process of making a compound according to

claim 36, wherein said process is carried out in the presence
of a base at a temperature of from about 70°C to about 165°C.

Thic Sheet Has Been Replaced
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[err] (3) reacting the isatin conmpound of step (2) with an aqueous’ basic
peroxide to forman anthranilic acid conpound of the formul a

) ) R

- 95 =

38. A process of making a compound ¢of the formula
I according to claim 1, wherein Z and R! to R® have the sane
meanings as claimed in claim 1, comprising the steps of:

(1) reacting a compound having the formula

rR2

NH;

wherein L is a leaying group, with hydroxylamine
hydrochloride to form an isonitrosoacetanilide compound of
the formula

NG R?
)\ )C[  |REPLACEMENT SHEET)
NT N L

2 09 DEC 1995

(2) treating the isonitrosoacetanilide compound of
step (1) with sulfuric acid, followed by ice and purification

This Sheet Has Been Replaced
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[err] (4) reacting the anthranilic acid conmpound of step (3) with
phosgene or triphosgene to forma conpound of the formul a

AR

with ethanol, to obtain an isatin compound of the formula

(3) reacting the isatin compound of step (2) with
an agqueous basic peroxide to form an anthranilic acid
compound of the formula

REPLACEMENT SHEET

09 DEC 199

Yy

(21) reacting the anthranilic acid compound of step
{3) with acetic anhydride to form an acetylanthranil compound

 Has Been Replaced
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[err] which is further reacted wth al cohol; (5) reacting the product

of step (4) with chlorofor- mam di ne hydrochloride to obtain a
gui nazol i ne conpound of the formula

e - TR )

of the formula

’

(5) reacting the acetylanthranil compound of step
(4) with anhydrous ammonia, followed by NaOH and then by
hydrochloric acid to obtain a quinazoline of the formula

o L REPLACEMENT SHEET|

09 DEC 1996
H,c/k\u -

Lot a2

+ and
:$5) subjecting the guinazoline compound of step (5)

to a displacement reaction to replace the leaving group L
with the desired RI-g° substituent, and thus obtain a
compound according to fomula I.

39, A process of making a compound according to

claim 38, wherein step (1) is carried in the presence of
water, chloral hydrate, HCl, sodium sulfate and hydroxylamine
hydrochloride at a temperature of from about 0°C to about
100¢°cC.

40. A process of making a compound according to

claim 38, wherein step (2) is carried in the presence of

concentrated 32504 at a temperature of from about 50°C to
about 100°C.

This Sheet Has Been Replaced
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[err]

5. A process for preparing a conpound of the formul a

LT

- 98 -

41. A process of making a compound according to

claim 38, wherein step (3) is carried in the presence of
basic, agueous hydrogen peroxide at a temperature of from
about 0°C to about 80°9C.

42. A process of making a compound according to

claim 38, wherein step (4) is carried in the presence of
acetic anhydride at a temperature of from about 70°C to about
140°C.

43. A process of making a compound according to

claim 38, wherein step (5) is carried in the presence of

ammonia at a temperature of from about ~33°C tq about 20°C

44. A process of making a compound according to

claim 38, wherein step (6) is carried out in'tpe presence of
a base and appropfiate catalyst at a temperature of from
about 70°C to about 165°C.

45. A process of making-a compound accordlng to

claim 38, wherein step (5) is carried out by the following
alternate steps of:

(5a) treating the acetylanthranil compound of step

{(4) with methanol, followed by hydrochloric acid, to obtain a
compound of the formula

HyCO

s Sheet Has Been Replaced
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[err] wherein R err] represents hydrogen, hal ogen, alkyl, -OH -0 alkyl,

-O (aryl or heteroaryl), -S-alkyl, -S(aryl or heteroaryl
-NHal kyl, -N-(al kyl)2, -NHCHO -NHOH, -NHO al kyl, “ P\‘ t ed
-NHNH err], --NHC(=NH)NH err],-NHC(=NH) al kyl , quo sOak

al kenyl , al kynyl, aryl, or heterocycﬂ% - R[err] and*R[ & rr whi ch nay be
the sanme or different, represent hydrogen, hal ogen, al kyl, cycloalkyl
-OH, -0 al kyl, -S-alkyl, -NH[err] -NH—aIkyI -N—(alkyl)[err] - NHCHO,
-Ng err], -NHOH, NHN [ Ltuted .- NANH err - CN,
-cOerr]H -oderf %lapk Fgat TkthfgﬁﬁééFkﬁFld BENEAPRYBY 2with
-CSNH[ephPSgeGsNHramep OSGSNeaFRyﬁ?F@rﬁ]Comﬂpﬂnﬁ)mﬁ[&he]ﬁoxNH@@ NH) al kyl ,
-SO-al kyl, -SOerr]-al kyl, fluoroal kyl, -Ofluoroal kyl, -S-fluoroalkyl,
-NHCEXaIkyI), -NHCEX-quoroaIkyI),-SC{err]-quoroaIkyI, - SH, -SC{err]H,
-S2NH2, -Sderr]NH(al kyl), -SOerr]NCal kyl)[err], al kenyl, alkynyl, aryl,
or heterocycle;

which is further reacted with methanol;
_ (5b) reacting the product of step (5a) or (S5a’)
with chloroformamidine hydrochloride to obtain a quinazoline
compound of the formula

o L REPLACEMENT SHEET

HN ' 0G NER 1994

46. A process of making a compound according to
claim 45, wherein step (5a) is carried out (i) in the
presence of methanol at a temperature of from about 0°C to
about 100°C and then (ii) in the presence of concentrated HC.
at a temperature of from about 70°C to about 100°C.

47. A process of making a compound according to
claim 45, wherein step (5a‘’) is carried out (i) in the

Been Replacerd
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93 Z represents Oor S; and R err]
-OCH3, -CF[err] or N(CHerr]),

represents hydrogen, hal ogen,
a conpound of the fornula

whi ch process conprises the ste

S

presence of triphosgene at a temperature of from about 0°C to

about 20°C and then (ii) in the presence of methanol at a
temperature of from about 0°C to about 20°C.

48. A process of making a compound according to
claim 45, wherein step (S5b) is carried out in the presence of
diglyme and cloroformamidine hydrochloride at a temperature
of from about 160°C to about 175°C.

49. A process of making a compound accordxng to
claim 38, wherein step (6) is carried out by reacting the
product of step (5) with a 4-thiopyridine anion, in the

presence of sodium hydride, copper (I) bromide and copper (I}
oxide.

50. A process of making a compound according to

claim 45, wherein &tep. (6) is carried out by reacting the
product of step (5b) with a 4-thiopyridine anion, in the

presence of sodium hydride, copper (I) bromide and copper (I)
oxide.

51. A process of making a compound according to
claim 49, wherein the 4-thiopyridine anion is made by

reacting 4-mercaptopyridine with NaH in anhydrous N,N-
Dimethylacetamide.

52. A process of making a compound accoxding to
claim 50, wherein the 4-thiopyridine anion is made by
reacting 4-mercaptopyridine with anhydrous N,N-
Dimethylaceﬁgmide in NaH. '

53. A process of making a compound of the formula
1 according to claim 1, wherein Z and R} to R® have the same

meanings as claimed in claim 1, comprisxng the steps of:

REPLACEMENT SHEET

09 NEr 1994
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Wth a benzyl nercaptan to forma conpound of the forml a [érr]
wherein R err] is hydrogen or -OCH e uci ni t he rroduct of

(17173 veprot ecting the product of Step (2! and LT

(1) reacting a compound of the formula

NO,

*\

!

substituent is hydrogen, —CHB, ~OCH3, CF3, or
N(CH3)2, with a-benzylmercaptan to foxm a compound of the
formula

wherein the R9

wherein the Rlo substituent is hydrogen oxr —OCH3,

(2) reducing the product of step (1);
(3) deprotecting the product of step (2); and

This Sheat Has Been Replaced
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(4)

reacting the product of step (3) with a conpound of the formula
[err]

KR O 0

- 102 -~

(4) reacting the product of step (3) with a
compound of the formula '

A L
R
HN ‘
ri N '
r3
z
wherein % and R1 to R3 have the same meanings as claimed in
claim 1 and Lt is a leaving group, to obtain a compound of the
formula
I
A VY
HN RZ

54. A process of making a compound according to

claim 53, wherein step (1) is carried out in the presence of

a base and solvent at a temperature of from about 0°C to
about 80°C.

55. A process of making a compound according to

claim 53, wherein step (2) is carried out in the presence of

a solvent and a reducing agent at a temperature of from about
0°C to about 80°C.

This Sheet Has Been
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wherein L is a | eaving group,

[err]

to obtain a compound of the formula
6. A process for '

(NN A L L

56. A process of making a compound according to

claim 53, wherein step (3) is carried out in the presence of

a solvent and a metal or metal salt at a temperature of from
about ~78°C to about 20°C.

57. A process of making a compound according to

claim 53, wherein step (4) is carried out in the presence of
sodium hydride, N,N-dimethylacetamide, copper (I) bromide and

copper (1) oxide at a temperature of from about 70°C to about
165°C.

58. A process of making a compound of the formula
I accoxding to claim 1, wherein % and R1 to Rs_have the same

meanings as claimed in claim 1, comprising the stéﬁs of:

(1) reducing a compound of the formula

8O,

~ |REPLACE o
PN IREPLACEENT SiEzT
NS o | 09 DEC 1994
&

e

S |

to form a compound of the formula

NH,

‘his Sheet Has Been Replaced
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[err] wherein Rl err] represents hydrogen, hal ogen, alkyl, -OH
-Oal kyl, 40 alkyl,-O(aryl or heteroaryl), -S-alkyl, -S (aryl or
heteroaryl), -NH2 -NHal kyl, -N-(alkyl)[err], -NH Mﬁ“Ikyl
-NHNH2, substituted -HNHN[ err], - NHC( =NH) NH[ err], Hmmu

fl uoroal kyl, cycl oal kyl, aIkenyI al kynyl, aryl, orsheterocycl &, Rerr] and
Rl err], which may be the sane or di T %t represent hydrogen, hal ogen,

al kyl , cycl oal kyl ,-0OH, -0 al kyl, -S—alkyl, -S—alkyl, -NH err], - NHal kyl ,
-N-(alkyl)[err], -NHCHO, -NJerr], -NHOH -NHO aIkyI -NHNH[ err],

subst i tut ed - NHNH[ e I3 ,réig\tl.ﬂé:q}% rd%dﬁdt?@tersfﬂe (HYW[ err],

EEN?Q?L§¥ Eﬁq erq%$$¥%§1§errg Al kY3 $8@poun4 ofélhe forméﬁaBH’

A
S OCH,CH,
®
NZ g9’
. ; and
(3) subjecting the product of step (2) to
hydrolysis and reattion with a compound of the formula
Z L o
. REPLACEMENT SHEET!
HN
BN | 09 PEL 199
Rl N :
RrR3
14
wherein % and Rl to R3 have the same meanings as claimed in

claim 1 and L is a leaving group, in the presence of
N,N-Dimethylacetamide, copper (I) bromide and copper (I)
oxide to obtain a compound of the formula

59. A process of making a compound according to
claim 58, wherein step (1) is carried out in the presence of

This Sheet Has Been Repl
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-CSN(al kyl')[err], -C(=NH)NH err], -NHC(=NH)NH err], -NHC(=NH)al kyl,
-SOalkyl, -SJerr]-al kyl, fluoroal kyl

, -C)fluoroalkyl -S-f kyI,
-NHCO( al kyl ), -NHCQ -fl uoroal kyl), -SO fl uoroal kyl m

-Sgerr]-flouroaal kyl, -SH, -S(err]H, -SQerr]NH[&;‘“m\msm aI kyl ),
-Sgerr]N(alkyl)[err],

al kenyl , al kynylgs aryl, or hetefocycle; Z represents
Oor S, and R err] represents hydrogen, hal ogen, -CHerr],
-OCH err]-CF[err], or N(CH err]), which process conprises the steps of:
(1) reduciqgra conpound of the fornmula

ogen gas, a solvent and a catalytic amount of palladium,
at a temperature of about 20°C.

60. A process of making a compound according to
claim 58, wherein step (2) is carried out in the presence of
an agqueous acid, followed by NaN02 and potassium xanthate, at

a temperature of from about ~40°C to about 20°C.

61. A process of making a compound accoxding to

claim 58, wherein the hydrolysis of step (3) is carried out

in the presence NaOH/CH30H at a temperature of from about Q°C
to about 20°C. '

62. A process of making a compound according to
claim 58, wherein the reaction part of step (3) is carried

out in the presence of a base, solvent and catalyst at a
temperature of from about 70°C to about 165°C.

63. A process of making a compound of the formula
I according to claim 1, wherein Z and R1 to R5 have the same
meanings as claimed in claim 1, comprising the steps of:

(1) reacting a compound of the formula

REPLACEMENT SHEET:
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[err] to forma conpound of the fornula [err]

R

~- 106 -

with a compound suitable for providing a protecting group p,
to form & compound of the formula

-t

(2) converting the product ©of step (1) to a
compound of the formula

2 ol REPLACEMENT SiigzT
P R |
09 BEn 1994

wherein L is a leaving group:;
(3) subjecting the quinazoline compound of step (2)
to a displacement reaction to form a compound of the formula

: and
(4) deprotecting the product of step (3).
64. A process of making a compound according to
claim 63, wherein step (1) is carried out in the presence of

This Sheet Has Been Replaced
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(2) reacting thr product of step (1) with a xanthate conpound to obtain a
conpound of the formula [err] and (3) subjecting the product of
step (2) to hydrolysis

oo ceict o s ol

an alkyl or acyl halide, a base and a solvent at a

temperature of from about 0°C to about 20°C.

'65. A process of making a compound according to

claim 63, wherein said protecting group P is selected from

the group consisting of CHZOCKZCsti(Cﬁs)B, CH,OCH,,
CH,0C(0) teu and cotpu.

66. A process of making a compound according to
claim 65, wherein said protecting group P is
CHzocHZCHESi(CH3)3.

67. A process of making a compound accoxrding to

claim 63, wherein step (2) is carried out.in the presence of
N-Bromosuccinimide, bromine, N-Chlorosuccinimide or
N-Icdosuccinimide.

68. A pProcess of making a compound according to

claim 67, wherein step (2) is carried out in the presence of
N-Bromosuccinimide.

63. A process of making a compound according to

claim 68, whexrein step (2) is carried out in the presence of
N«Brémosuccinimide, CCl4 and light at a temperature of from
about 50°C to about 100°C.

70. A process of making a compound according to

claim 63, wherein step (3) is carried out in the presence of

a nucleophile, base and solvent at a temperature of from
about 0°C to about 100°C.

71. A process of making a compound according to
clalm 63, wherein step (3) is caxrried out by reacting the
product of step (2) with 5-chloroindole.

72. A process of making a compound accoxrding to

claim §3, wherein step (3) is carried out by reacting the

REPLACEMENT SHEET

% This Sheet Has Been Replaced

oo | TR




[err]

wherein L is a |leaving group, in the presence of N N

A AR

- 108 -~

product of step (2) with NaOEt and 2-nitropropane, followed
by phenylmagnesium, to form a compound of the formula

2 HO
P RZ i
/L | REPLACEMENT SHEFT
R TNT N 09 DEC 1996
r3

73. A process of making a compound according to

claim 63, wherein step (4) is carried out in the presence of

an acid or basic fluoride at a temperature of from about O de
to about 100°C.

74. A process of making a compound according to

claim 63, wherein deprotecting step (4) is carried out by
reacting the product of step (3) with tetrabutylammonium
fluoride.

75. A process of making a compound according to
claim 63, wherein:

(i) prior to deprotecting step (4), the

product of step (3) is oxidized to form a compound of the
formula

i

il

: and

is Sheet Has Been Repl
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di met hyl acet am de, copper (1) brom de and copper (l) oxide to a obtain a
conpound of the formula

N [err]
7. A process for preparing a conpound of the formula [err]

RN O O

- 109 -

(ii) subsequent to deprotecting step {4), the

product of step (4) is reacted with phenyllithium to form a
compound of the formula

REPLACEMENT SHE"""

E

09 DEC 1996 %

76. A pharmaceutical composition comprising a
pharmacentically acceptable diluent or carrier in combination
with an amount of a compound according to claim 1 effective

to inhibit the growth and proliferation of higher oxganisms
and micororganisms.

77. A pharmaceutical composition according to

claim 76, wherein said compound is capable of inhibiting the
enzyme thymidylate synthasa.

78. A pharmaceutical composition accoxrding to
claim 77, wherein said_compound has the formula:

H
7 “NT
- |
o S
' e
This Sheet Has Been Replaced
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HaNT 2" H“Il i H
) H

79. A pharmaceutical composition according to
claim 77, in a form saelected from the group consisting of

Y



wherein R represents hydrogen, hal ogen, alkyl,

-OH, -OCalkyl, -O(aryl or
heteroaryl), -S-alkyl, -S-(aryl or

heteroaryl), -NHerr], -NH alkyl,
-N-(alkyl)[err], -NHCHO -NHOH -NHO alkyl, -NHNH err], substituted
-NHNH err], -NHC(=NH)NH[ err], -NHC(=NH)al kyl , fI | kyl,
al kenyl, al kynyl, aryl, or heterocycle; Rerr] a mﬂ%‘m" ﬂ% mmay be the
same or different, represent hydrogen al ogen, , -OH, -0
alkyl, -S-alkyl, -NHerr], -NHal kyl, (aIkyI)[err] -NHCHO -NJ err],
- NHOH, - NHO- al kyl -NHNH[err] substltuted -NHNH[err], -CN, -CJerr]H,
-CJerr]-alkyl, -CONHerr], -CCNH—aIkyI,

-CON(al kyl)[err], -CSNH err],
- CSNH- al Kpirms- gslitabliel fper pkal, Qoakkhbikial ] tophkill AN tlRvaginal,
- NHC( =NH);; q.{g%

a

SOy rr | u fl uoroal kyl ,
ok bibeone L ool bonesbighey. g 0100
-Sq err] %qﬁ%loa‘aw trgion. oy,

-SOerr]NHerr], -SOerr]NH (al kyl),
-SC{err]N(aIkyI)[emﬂ" aﬂlphmﬁhac&hkﬁnﬁﬁ,campbsiaioheaecotﬂihg;to

claim 77, further comprising at least one other compound
which is an antitumor agent.

81. A pharmaceutical composition according to
claim 80, wherein said other compound is selected from the
group consisting of mitotic inhibitors, alkylating agents,
thynidylate synthase inhibitors, dihydrofolate reductase
inhibitors, antimetabolites, intercalating antipiotics,

enzymes, topoisomerase inhibitors oxr bioclogical response
modifiers.

82. A pharmaceutical composition according to

claim 77, further comprising at least one other agent which
is an antibacterial agent, an antifungal agent, an
antiparasitic agent, an antiviral agent, an antipsoriatic

agent, an antiprotozoal agent or an anticoccidial agent.

83. A pharmaceutical COmpositioh according to

claim 81, further comprising at least one other agent which
is an antibacterial agent, an antifungal agent, an
antiparasitic agent, an antiviral agent, an antipsoriatic
agent, an antiprotozoal agent or an anticoccigial agent.

84. A pharmaceutical composition accoxding to
claim 77, wherein said compound has a thymidylate synthase
inhibition constant Ky of less than or egqual to about 10™4u.

85. A pharmaceutical composition according to
claim 84, wherein said compound has a thyﬁidylate synthase
inhibition constant K of less than or egual to about 10" n.

86. A therapeutic process of inhibiting the growth
and proliferation of higher organisms and microorganisms,
comprising administering to a host in need of such treatment

an effective amount of a compound according to claim 1

87. A therapeutic process according to claim 83,

wherein the compound is capable of inhibiting the enzyme
thymidylate synthase.

REPLACEMENT SHEET is Sheet Has Be¢
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97 Z represents or S; Rerr]

I's hydrogen or -OH, Rferr]
aryl; and R err] '

I s hydrogen or
represents substituted or unsubstituted aryl or
het eroaryl group which process conprises the steps of (1) reacting a
conmpound of the fornul a lanMafmstqu
g

88. A therapeutic process according to claim 87
wherein said compound has the formulas

REPLACEMENT SHEET

e
ot . 09 DEC 19%
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'89. A therapeutic process according to claim 87,

wherein the compoﬁnd is in a form selected from the group
consisting of forms guitable for dral, parenteral, topical,
lntravagihal, intranasal, intrabronchial, intraocular,
intraaural and rectal administration.

90. A therapeutic process according to claim 87,

wherein the compound is administered in a dose of up to about
1 gram of active compound per kilogram of the host.

91. A therapeutic process according to claim 87,
wherein the host is a mammal.

‘92, A therapeutic process according to claim 81,
wherein the host is a human.

93. A therapeutic process according to claim 87,
wherein the host is a bixd.

. 94. A therapeutic process according to claim 87,

wherein the compound is further characterized as additionally
producing an anti-proliferative effect not derived from the
inhibition of the enzyme thymidylate synthase.

95. A therapeutic process according to claim 87

wherein, prior to said process, the host harbors tumorous



[err] Wi th a conpound suitable for providing a protecting group P to form
a conpound of the formul a

Lerr] R ) o

- 112 -

cells, and wherein the compound is characterized as producing
an antitumor effect.

96. A therapeutic process according to claim 87

i
wherein the compound is fuxrthexr charactexrized as producing an
effect selected from the group consisting of antibacterial
antifungal, antiparasitic, antiviral, antipsoriatic,
antiprotozoal and anticoccidial effects.
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¢

(2) converting the product of step (1) to a compound of the fornlif%* **~
[err]

~-113-~

ANTIPROLIFERATIVE QUINAZOLINES

ABSTRACT

Quinazoline compounds which demonstrate antiproliferative
activity, such as antitumor activity, processes of preparing
these compounds, pharmaceutical compositions containing these
compounds, and the use of these compounds. These compounds
inhibit the growth and proliferation of the cells of higher
organisms and microorganisms, such as bacteria, yeasts and fungi.
Preferred quinazoline compounds are capable of inhibiting the
enzyme thymidylate synthase. Effects derived from the inhibition
of the enzyme thymidylate synthase include those discussed above.
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wherein L is a leaving group; (3) converting the product of sté&™{2¥”to an

aldehydg of the formula [err]
° LI

i i the
1 A process for making a guinazoline compound having the
formula I

WE CLAIM :

wherein:
Rl represents hydrogen, halogen, alkyl, -OH,

~0-alkyl, -O-(aryl or heteroaryl), -S-alkyl, -S-(aryl or
heteroaryl), ~NH, , ~NH~-alkyl, ~Nu(alkyl)2, -NHCHO, ~NHOH,
-NHO~-alkyl, —NHNHz, substituted ~NHNH,, , ~NHC(=NH)NH,,
-RHC(=NH)alkyl, fluoroalkyl, cycloalkyl, alkenyl;, alkynyl,
aryl, or heterocycle;

R2 and R3, which may be the same or different,

represent hydrogen, halogen, alkyl, cycloalkyl, -~OH, -O-
alkyl, -—s—falkyl, ~NH,, -Ni-alkyl, -H-(alkyl),, -NHCHO, -NO
~NHOH, -NHQ-alkyl, ~NHNH,, substituted -NHNH,, -CN, -CO,H, -
C02~alkyl, —CONHz, ~CONH-alkyl, ~CON(alkyl)2, -CSNH,, ~CSNH-
alkyl, -CsN(alkyl),, ~C(=NH)NH,, ~NHC(=NH)NH,,
-RHC(=NH)alkyl, ~SO-alkyl, -Sozualkyl, fluoroalkyl, -O-~
fluorcalkyl, -S8-fluorocalkyl, -NHCO(alkyl}).
~NHCO(fluoroalkyl), -S0-fluorocalkyl, ~802—fluoroa1kyl, ~SH,
~SO3H, -SozﬂHz, ~802NH(alkyl), ~802N(alkyl)2, alkenyl.
alkynyl, aryl, oxr heterocycle;

Z represents O or §;

R4 represents 0, S, S0, 502, NH, N-alkyl, CH2, CH-
alkyl, CH-(aryl or heteroaryl), CHOH, CHO-alkyl, CHO-{(aryl or
hetercaryl}), C(alkyl)z, C(aryl or heteroaryl)z, C(alkyl){ary!
or heterocaryl), CHS-alkyl, CHS-aryl, C(OH){alkyl), C(OH})(ary.

2'
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(4) subjecting a al dehyde conpound of step (3) to a reaction to forma
conpound of the formula [err] wherein Rerr] is -OHand Rerr] is
hydr ogen; and (5) deproctecting the produc 'ihﬁ“

d of the f I [err] t of step i4i to obt ai
compound of the fornula [err
" o FRRR R HRR

S

or Heteroaryl), C(OH) (cycloalkyl), N{OH), N-cycloalkyl,
N{aryl or heteroaryl), C(cycloalkyl)z, C(aryl or
hetercaxryl)(cycloalkyl), C(alkyl)(alkenyl),

C(alkyl) (alkynyl), C(alkenyl}z, C(alkynyl)z, C(alkynyl) (aryl
or heteroaryl), C(alkynyl)(alkenyl), C(alkenyl)(aryl or
hetexroaryl), C(cycloalkyl)(alkenyl), C(cycloalkyl})(alkynyly,
C(alkyl}(aryl or heteroaryl), CH{cycloalkyl), CH(alkenyl},
CH(alkynyl), C(alkyl)(cycloalkyl}, C(alkyl)(0-alkyly,
C(alkenyl)(0-alkyl), C(alkynyl)(O-alkyl}, C(alkyl)(o-
cycloalkyl)y, d(alkenyl)(0~CyC10a1kyl)e
C(alkynyl)(O-cycloalkyl}, C(aryl or heterocaryl)(0O-alkyl),
C(aryl or heteroaryl)(O-cycloalkyl}, C(alkynyl})(S-alkyly,
C(alkynyl)(S—cyclqglkyl), C(alkenyl}(S-alkyl),
C(alkenyl)(S-cycloalkyl), C{alkyl)(S-alkyl}),
C(alkyl)(S~cycloalkyl), C(aryl or heteroaryl)(S-alkyl),
"C({aryl or heteroaryl)(S-cycloalkyl), N(NHZ), N{NH{alkyl)],
N{N(alkyl)z], N[HH(cycloalky%)], N{N(alkyl){cycloalkyl)},
CH(NH,), CH[NH(alkyl)], CH[NH(cycloalkyl)], CH[N(alkyl)z],
CH[N(alkyl)(cycloalkyl)], CH[N(cycloalkyl),], C(alkyl)(NH
C(alkyl)(RH(alkyl)], C(alkyl)[N(cycloalkyl)z},
C(alkyl)[NH({cycloalkyl)], C(alkyl)[N(alkyl)z],
C{alkyl){N(alkyl)(cycloalkyl)}], C(axryl oxr heteroaryl)(NHz),
C(aryl or heteroaryl)]NH(alkyl)], C(aryl or
heteroaryl){NH({cycloalkyl}], C{aryl or heteroaryl)[N{alkyl
C(aryl or ﬁéteroaryl)[N(cycloalkyl)z], or C(aryl or
heteroaryl){N{alkyl)(cycloalkyl})]; and

R” represents a substituted or unsubstituted aryl
or hetercaryl group

2

21

which process comprises subjecting a compound having the
formula
A L
RZ(JJ
]
r3 o

(ii)

r
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Wherein Rerr] is -CH and R err] is hydrogen.

O e

to a displacement reaction

wherein L is a leaving group.
leaving

with the appropriate compound which will cause the
group L to be replaced with the desired —R-4—R5.substituent
in. formula (i) or with the appropria‘ce——R5 substituent 1D

formula (1%).

2. A process for making a compound of the formula
RI
R‘
ﬁ RZ
HN s
-~
CH3 N

R3

wherein

R? and R® which may be the same or different, represent hydrogen, halogen, alkyl,
cycloalkyl, —OH,—0O-atkyl, —S-alkyl, —NH,;, —NH-alkyl, —N-(alkyl),, ~—-NHCHO, —
NQO,, —NHOH, —NHC-alkyl, —NHNH,, substituted —NHNH,, —CN,—CQ,H, —CO,-
alkyl, —CONH,, —CONH-alkyl,—CON(alkyl) ,, —CSNH,, —CSNH-atkyl,—CSN(alkyl),
—C{=NHINH,, —NHC(=NH)NH,, —NHC(=NH)akyl, —S0-alkyl, —SO,-alkyi,
fluoroalkyl, —O-fluoroalkyl, —S-fluoroalkyl, —NHCO(alkyl), —NHCO(fluocroalkyt),—S0O-
fluoroalkyl, —8O,fluoroalkyl, —SH,—SO3H, —SO,NH,, —80,NH(alkyl), —SO,N-
(alkyl),, alkenyl, alkynyi, aryl, or heterocycle; R* represents O, S, SO, SO,, NH, N-alkyl,
CH,;, CH-alkyl, CH-(aryl or heteroaryl}, CHOH, CHO-alkyl,CHO-(aryl or heteroaryl),
Clalkyl),, Claryl or heteroaryl),, C(alkyl)aryl or heteroaryl), CHS-akyl, CHS-aryi,
C(OH){alky!), C(OH)(aryl or heteroaryl), C{OH)}cycloalkyl}, N(OH), N-cycloaikyl, N{aryl
of heteroaryl), C{cycloalkyl),, C(aryl or heteroaryi}{cycloatkyl), C{alkyljatkenyl),
Clalkylalkynyl),  Clalkenyl);, Clakynyl),, Clalkynyl)aryl or  heteroaryl),
C(alkynyl}{atkenyl}, Clalkenyl)aryi ar heteroaryl), C(cycloalkyl)-(alkenyl),
C(cycloalkkyl){atkynyl), C(akyl)(aryl or heteroaryl), CH(cycicalkyl), CH{alkenyl),
CH(alkynyl), C(alkyl){cycloalkyl), C(alkyl){O-akyl), C(aikenyi)(O-alkyl), C(alkenyl)(O-
alkyl), Clalkyl)(O-cycloalkyl), Clalkenvl)}(O-cycloatkyl), C(alkynyl}(O-cycioaltkyl), Claryl or
heteroaryt)(Q-alkyl}, C{aryl or heteroaryl}{(C-ccloalkyl), Clalkynyl)(S-alkyl), Clalkynyl)(S-
cycloalky), C(alkeny!)(S-alkyl), C{alkenyl)}(S-cycloalky}, C(alkvl)(S-atkyl), Clalkyl}(S-
cycloatkyl), Claryl or heteroaryl)(S-alkyl), C(alky!)}(S-cycloalkyl), Clary! or heteroaryl)(S-
alkyl}, Claryl or heteroaryl}(S-cycloalkyl), N{NH,}, NiNH(atkyl),],
NiN(alkyl),],N[NH(cycloalky!}], N[N(alkyl)(cycloatkyl}], CH(NH,), CHINH(alkyl}],
CH[NH(cycloalkyl)], CHIN(alky!),], CHIN{atkyl){cycloalkyl)], CHIN{cycloatkyl),],
Clalkyl}{NH,), Claiky)[N-H{alkyl)], C{alkyl}[N{cycloalkyl),], C{alkyl)[NH-(cycloalkyl}],
ClalkkyD[N(alkyls], C(alkyhiN(alkyl)(cycloalkyl)l, Claryl or heteroaryl)}(NH,), Cflaryl or
heteroaryl)((NH  (alkyl)l, C(aryt or hetercaryl){NH(cycloalkyl)], Claryi or
heteroaryf){N(atkyl}l, Cfaryl or hetercaryl)[N(cycloalkyl),, or Claryl  or
heteroaryl)[N{(alkyl)(cycloatkyl)]; and R® represents a substituted or unsubstituted ary! or
heteroary! group which process comprises the steps of:
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8. A process according to claim1l wherein a conpound havi ng the fornul a

(i1) is subjecting to said displacenent reaction. rocess of
maki ng a conpound according to claiml1, wherei n sai (”rl, gg"’ﬂﬂl’tﬁ“’ ed
C.
s

out in the presence of a base at a ggnperature of fre

to about 165[err] C. 10. A process of making a conpound according ‘to
claim 2, wherein step (1) is carried in the presence of water, chl or al
hydrate, HCl, sodium sul fate and hydroxyl am ne hydrochl ori de at a
tenperature of from @fgge OJ err]C. to about 100_C. 11. A process of
maki ng a conpound actof di ng -8 & PaiGPeundyple t8enfadt®i (2) is carried in
t he presence of concentrated Herr]SOerr] at a tenperature of from about
50[err]C. to about 100[err]C 12. A process of nmaking a
conpound according to claim2, wherein step (3) is carried in the presence
of Rz
L
R3
NH;

wherein L is a leaying group, with a hydroxylamine

hydrochloride to form an isonitrosoacetanilide compound of
the formula

treating the isonitrosoacetanilide compound of acid, followed
by the addition of ice and purification with alcohol, to
obtain an istain compound of the formula

o L
1 .
H/N R3
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basi c, aqueous hydrogen peroxide at a tenperature of from about O[err]C.to

about 80[err]C. 13. A process of making a conpound according to
claim?2, wherein step (4) is carried in the presence of acetic anhydride
at a tenperature of fromabout 70[err]C to about 140[err]C 14.
A process of making a compound accordi A§ to claim me i IS
carried in the presence of ammonia at a tenperature mmmmnmif
-33[err]C to about 20[err]C. 15. A process of naking & conpound '«

according to claim?2, wherein step (6) is carried out in the presence of
base and appropriate catalyst and a catal ytic anmount of paladium at a

tenperature of fromabout 70[err]C. to about 160[err]C . 16. A
process of making a cb?rbo‘iﬁ?d’L'éE‘éo‘riH% Gt cFHRNe d,O%wféF@i A2steEN 2) is
carried out am dduecpsesanioe pekoaidoltvedvraneh antbdacihic agédat at a
tenmperature gbnfdud akoute HhulsL to about 80[err]C

2
£HO R

119
r3

(4) reacting the anthranilic acid compound of step
(3) with acetic anhydride to form an acetylanthranil compound

of the formula

r2

(5) reacting the acetylanthranil compound of step (4} with
ammonia, followed by treatment with a base and then by acid
to obtain a quinazoline of the formula

o _ .
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17. A process of making a conpound according to claim5 , wherein step (3)
Is carried out in the presence of a solvent and a netal or netal salt at a
tenperature of fromabout -78[err]C to about 20[err]C. 18. A
process of nmaking a conpound according to claimb5, wherei n step (4) is

carried out in the presence of sodiumgsydride, N Ndineth
copper (I) brom de and copper ( ) oxide at a terrperimum‘ iﬁ Eﬂi%
70[err] C to about 165[err]C 19. A proce npound

according to

H;C N

(6) subjecting the quinazoline compound of step (5)
to a displacement reaction to replace the leaving group L
with the desired-R -—RS substituent, to obtain said
compound according of the fomula.

RS
Ve

0 R4

] 22
HN | ’
/k

CH3 N
R3

3. A process for making a compound of the formula

HN
N/’\\
H; N

-

wherein

R? and R®, which may be the same or different, represent hydrogen, halogen, alkyl,
cycloatky!, —OH, —O-alkyl, —S-alkyl, —NH2, —H-alkyl, —N-{alkyl);, —NHCHO, —NOQ,,
—NHOH, —NHOQ-alkyl, —NHNH,, substituted —NHNH,, —CN, —CO,H, —COQOp-alkyl, —
CONH,;, —CONH-aikyl, —CON(alkyl);, —C8NH,;, —CSNH-alkyl, —CSN(alky!)s, —
C(=NH)NH,, —NHC(=NH)NH,;, —NHC(=NH)alkyl, —SO-alkyl, -S0,-alkyl, fluoroatkyl, —
O-fluoroalkyl, —S-flucroalkyl, —NHCO(alkyl), —NHCQ(-fluoroalky), —SO-fluoroalky, —
SO flooroalkyl, —SH, —SO3;H, —8O,NH,;, —SO,NH(alkyl), —SO.N{alkyl},, alkenyl,
altkynyl, aryl, or heterocycle;

And L. is leaving group; which process comprises the steps of :
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claim6, wherein step (1) is carried out in the presence of hydrogen gas,
a solvent and a catalytic anount of palladium at a tenperature of about
20[err] C 20. A process of making a conpound according to claim
6, wherein step (2) is carried out in the presence of an ueous acid,

fol lowed by NaNJ err] and pot assi um xant date, at a te ﬂﬂﬂmﬂﬁllﬂr

about -40[err]C to about 20[err]C. g a
conmpound according to claim®6, wherein the hydrol yS| S of step (3 i %
carried out in the presence NaOH/ CH err]OH at a tenperature of from about
O[err]C to about 20[err]C 22. A process of making a conpound
accordi ng(ljgactgg;alomngeunmﬁ@mdlhg reaction part of step (3) is carried

out in the presence of a base, solvent and catalyst at a tenperature of
fromabout 70[err]C to about 165[err]C. 23. A process of

maki ng a conmpound according to claim?7, wherein step (1) is carried out in
the presence of an alkyl or acyl hgkide, a base and a solvent at a

L
N,

Wherein L is a leaving group, with a hydroxylamine
hydrochloride to form an isonitrosoacetanilide compound of
the formula

(2) treating the isonitrosoaetanilide compound
of step (1) with acid, followd by addition of ice
and purification with alcohol, to obtain an isatin
compound of the formula

(3) reacting the isatin compound of step (2) with an
aqueous basic peroxide to form an anthranilic
acid compound of the formula
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tenperature of fromabout O[err]C to about 20[err]C 24 A
process of making a conpound according to claim7, wherein said protecting
group P is selected from the group consisting of
CHerr]OCH err]CH err]Si (CH err])[err], CHerr]OCH err],

CH err]OC(O[err]Bu and CJ err] Bu. 89 25. A

. . . . ing a
corpound sceoraing oo am 2 werein saia oroc<HIHRUTIAL

of making a conpound according to claim?7, wherein step (2) is carried out
In the presence of
?I) L
HO R?
HyN
RrR3

(4) reacting the anthranilic acid compound of step
(3) with@cetic anhydnde phosgene .or ‘triphosgene
to form a compound of the formula

(5) treating the acetylanthranil compound of step (4) with
alcohol, followed by acid, to obtain a compound of the
formula

R2

R3

and

(6) reacting the product of step (5) with chloroformamidine

hydrochloride to obtain a guinazoline compound of the
formula

RrR2
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N- Bronosucci ni m de, brom ne, N-Chlorosuccinimde or N-Ilodosuccinim de.

27. A process of making a conpound according to claim26, wherein step (2)
is carried out in the presence of N Bronobsucci ni m

process of making a conmpound according to claim?2 WM#&#,” W is
carried out in the presence of N-Brong ucci ni m de, I”/zht at
a tenperature of from about 50[err]C about 100[err]C.

A process of making a conpound according to claim7 , wherein step (3) is
carried out 4na fgﬁror&re%%e%cfen@mngfawstn@%w £ te%ef@s_lttuiel vent at a
tenperature of from about C to about 100[err]C 30 A
process of making a conpound according to claim?7 , V\/nerel n step (3) i's
carried out by reacting the product of step (2) with 5-chloroindole.

31. A process of making a conpoun .' Qr g ®claim7 , wherein step (3)
is carried out by reacting the product ¢p (2) with NaOEt and
2-nitropropane and further V\/nerel t of step (3) is reacted with
phenyl magnesi umin

wherein

R? aend R’, which may be the same or different, represent hydrogen, halogen, alkyl, cycloalkyl, —OH, —O-

alkyl, —S-alkyl, —NHz, —NH-alkyl, —N-(alkyl),, —NHCHO, —NO,, —NHOH, —NHG-alkyl, —

NHNH,, substituted —NHNH,, —CN, —CO,H, —CO,-alkyl, —CONH,, —CONH-alkyl, —CON(alkyl),,
—CSNH,;, —CSNH-alkyl, —CSN(alkyl};, —C(=NH)NH2, —NHC(=NH)NH,, —NHC(=NH)alky!, —SO-
alkyl, —8O,-alky! fluoroalky, —O-fluoroatkyl, —NHCO(alkyl), —NHCO(-fluoroalkyl), —SO-
fluorcalkyl, —SO,-fluoroalkyl, —SH, —SO;H, —SO,NH,, —SO,NH(alkyl), ——SO,N{alkyl),, alkenyl,
alkynyl, aryl, or heterocycle;

and L is a leaving group; which process comprises the steps of:

(1) reacting a compound of the formula
p?

R
NH»

Wherein L is a leaving group, with a hydroxylamine
hydrochloride to form an 1son1trosoacetan111decbmpound of
the formula
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step (4) to forma conpound of the fornula [err] wherein

Rlerr] is -CH and R err] is phenyl.
LU

* ¢ L M
91

(!)H
3 2
N\IR R
/
0% Xi{ i :L ;
H

(2)treating the isonitrosocacetanilide compound

of step (1) with acid, followed - addition of ice
and purification with alcohol, to obtain an isatin
compound of the formula

R
H R3

(3) reacting the isatin compound of step (2) with an
aqueous basic peroxide to form an anthranilic
acid compound of the formula

HO R?

Hy;N
RrR3

(4) reacting the anthranilic acid compound of step
(3) with phosgene or triphosgene to form a compound
of the formula
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102 32. A process of maeking a conmpound according to claim 7
, Wherein step (5) is carried out in the presence of an acid or basic

fluoride at a tenperature of fromabout Oferr]C to ﬁ
33. A process of making a conmpound according to 3 H“ ﬂ" “H
deprotecting step (5) is carried out reacting the product* ofs step (

with tetrabutylammonium fluoride. 34. A process of naking a
conmpound according to clain17,gmher i n: (i) prior to
deprotecting step (5), the Br REp (4) is oxidized to forma
conmpound of the formul a gi\

o N
H

R3

which is further reacted with alcohol;

(5) reacting the product of step (4) with chlorofor-
mamidine hydrochloride to obtain a quinazoline
compound of the formula

5.A process for preparing a compound of the formula

Z N
{
z s \ RQ
il R?
HN ‘
-~
S _

RrR3

wherein

R' represents hydrogen, halogen, alkyl, —OH, —O-alkyl, —O-(ary! or heteroaryl), —S-alkyl, —S(ary! or
heteroaryl), —NH,, —NH-alkyl, —N-(alkyl);, —NHCHO, —NHOH, —NHO-alkyl, —NHNH,,
substifuted —NHNH2, ——NHC(=NH)NH,, —NHC(=NH)alky], fluoroalkyl, cycloalkyl, alkenyl, alkynyl,
aryl, or heterocycle;

R? and R?, which may be the same or different, represent hydrogen, halogen, alkyl, cycloalkyl, —OH, —O-
alkyl, —S-alkyl, —NH,, —NH-alkyl, —N-(alkyl);, —NHCHO, —NO,, —NHOH, —NHO-alky}, —
NHNH,, substituted —NHNH,, —CN, —CO,H, —CO5-alkyl, —CONH,, —CONH-alkyl, —CON(alkyl),,
—CSNH,, —CSNH-alkyl, —CSN(alkyl),, —C(=NH)NH,, —NHC(=NH)alkyi, —SO-alkyl, —S0,-alkyl,
fluorocalkyl, —O-fluoroalkyl, —S-fluoroatkyl, —NHCO(alkyl), —NHCO(-fluoroalkyl},—SO,-flucroalkyl,
—SH, —S0;H, —SO,NH,, —SO,NH(alkyl), —SO,N(alkyl),, alkenyl, alkynyl, aryl, or heterocycle;
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[err] wherein R err] is phenyl; and (11) subsequent to
deprotecting step (5),the oxidation product is reacted with

VLBt hi (ot d f the f |
phenyl bi thiumto forma conpoun o93 e formula ”!mic]ml“"l”utlm!ﬂ

Z represents O or S; and
R ° represents hydrogen, halogen, -CH;, -OCHs,

-CF; or N(CHi), which process comprises the
step

(1) reacting a compound of the formula

o
=
N: R
o-

With a benzyl mercaptan to form a compound of
the formula

wherein R is hydrogen or - OCHj;

(2} reducing the product ot step (1);

(3) deprotecting the product of step (2); and

(4) reacting the product of step (3) with a compound of the
formula

REPLACEMENT SHEET

2 3 AUG 1993




wherein R err] is phenyl, Rerr] is phenyl and R err] is

and
- OH. 35. A process of nmaking a conpound accor g '
wherein step (5 ) is carried out (i) .in the presence Oﬂmmmﬁwwi@m
tenperature of from about O[err]Ctogébout 100[err] C an en. (Il ) sl h«1 he
presence of concentrated HCO at a tenperature of from about 70[err]C to
about 100[err]C. % L 103

Rr?

wherein L is a leaving group, to obtain a compound
of the formula

Z T N
{
Z S \ R9
I 9
o
NN

6.A process for preparing a compound of the formula

# T N

|
I 2
HN t
/l\\
Rl N
Rr3
wherein

R' represents hydrogen, halogen, alkyl, —OH, —O-alkyl, 40 alkyl—O0-(aryl or heteroaryl), —S-alkyl,
—S~{aryl” or beteroaryl), —NH, —NH-alkyl, —N-{(alkyl)2, —NHCHO, —NHOH, —NHO-alkyi,
—NHNH,;, substituted —HNHN,, —NHC(=NH)NH;, —NHC(=NH)alkyl, flucroaikyl, cycloalkyl, alkenyl,
alkynyl, aryl, or heterocycle;

R’and R?, which may be the same or different, represent hydrogen, halogen, alkyl, cycloalkyl, — OH, —O-
alkyl, —S-alkyl, —S-alkyl, —NH,, —NH-alkyl, —N-{alkyl),, —NHCHO, —NO,, —NHOH, —NHO-
alkyl, —NHNH,, substituted —INHNH,, —CN, —CO,H, —CO,-alkyl, —CONH,;, —CONH-alkyl,
—CO,H, —CO;-alkyl, —CONH,;, -—CONH-alkyl, —CON(alkyl);, —CSNH,;, —CSNH-alkyl,
—CSN(alkyl);, —C(=NH)NH,, —NHC{(=NH)NH,, —NHC(=NH)alkyl, —SO-alkyl, —S80;-alkyl,
fluoroalkyl, —O-fluoroatkyl, —S-flucroalkyl, —NHCO(alkyl), —NHCO(-fluoroalkyl), —SO-fluoroalkyl,
—S0O-fluoroalkyl, —SO,-flouroaalkyl, —SH, —SO;H, —SO,NH,, —SO,NH(alkyl}, —SO,N(alkyl),,
alkenyl, alkynyl, aryl, or heterocycle;

Z represents O or S; and

R® represents hydrogen, haiogen, —CH,;, —OCH; —CF;, or N(CH;), which process comprises the steps
of:
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36. A process of making a conpound according to claim3 , wherein step ( 4
) is carried out (i) in the presence of triphosgene at a tenperature of
from about O[err]C to about 20[err]C and then (ii) i Hmuﬁﬂmlmmmnm,

nmet hanol at a tenperature of from abog O[err]C to abdh ! i

37. A process of making a conpound according to claim 3.5, whef ei h step (6
) is carried out in the presence of diglyne and cl orof or mam di ne
hydrochlorige at_a tenperature of fromabout 160[err]C to about 175[err]C.
38. A prodédds T6CUTdRSngG goswmpadnefasber domguie claim 2, wherein step (6)
is carried out by reacting the product of step (5) with a 4-thiopyridine
anion, in the presence of sagium hydride, copper (lI) brom de and copper (1)
oxi de. 39. A prlocess of making a conpound according to claim
6, wherein step. () is d out by reacting the product of step ( )
with a 4-thiopyridine angon, §n the presence of sodium hydride, copper (1)
brom de and copper (1) oXige. “r® 40. A process of naking a
conmpound according to |

to form a compound of the formula

(2) reacting thr product of step (1) with a xanthate
compound to obtain a compound of the formula

S
A
S OCHCH3
\
‘ ; xnd
-
N RS

and
(3) subjecting the product of step (2} to hydrolysis
and reactign with a compound of the formula

REPLACEMENT SHEET

2 3 AUG 1999




claim 38, wherein the 4-thiopyridine anion is made by reacting
4-mercaptopyridine wth NaH i n anhydrous N, N- D net hyl acet am de.

41. A process of naking a conpound accordiéng to cl ai
4-thiopyridine anion is made by reacting 4-nercapt 3@ “mm“hydr ous
ing

N, N- D nethyl acetam de in NaH, . 42. A process of am CoNnp
according to claim5, wherein Btep (1) is carried out in the presence of
a base and solvent at a Hre ‘ err]C. to about 80[err]C
NN
R3

wherein L is a 1leaving group, in the presence of N,N-
dimethylacetamide, copper (I) bromide and copper (I) oxide
to a obtain a compound of the formula

Z T N
s7 N RS
[ Q2
]
N’Lqu

7.A process for preparing a compound of the formula

wherein

R' represents hydrogen, halogen, alkyl, —OH, —O-alkyl, —O-(aryl or heteroaryl), —S-alkyl, —S-(aryl or
heteroaryl), —NH, —NH-alkyl, —N-(alkyl), —NHCHO, —NHOH, —NHO-alkyl, —NHNH,,
substituted —NHNH,, —NHC(=NH)NH,, —NHC(=NH)alkyl, fluoroalkyl, cycloalkyl, alkenyl, alkynyl,
aryl, or heterocycle;

R?and R®, which may be the same or different, represent hydrogen, halogen, alkyl, cycloalkyl, —OH, —O-
alkyl, —S-alkyl, —NH2, —NH-alkyl, —N-(alkyl),, —NHCHO, —NO,, —NHOH, —NHO-alkyl,
—NHNH,, substituted —NHNH,, —CN, —CO,H, —CO,alkyl, —CONH, —CONH-alkyl,
—CON(alkyl), —CSNH,, —CSNH-alkyl, —CSN(alkyl);, —C(=NH)NH,, —NHC(=NH)NH,,
—NHC(=NH)alkyl, —S8O-alkyl, —SO,-alkyl, fluorcalkyl, —O-fluorealkyl, —S-fluoroalkyl,
—NHCO(alkyl}, —NHCO(-fluoroalkyl), —S8O-fluoroalkyi, —SO,-fluorcalkyl, —SH, —SO;H,
—SO0,NH,, —SO,NH (altkyl), —SO,N(alkyl),, altkenyl, alkynyl, aryl, or heterocycle;
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Z represents or S;
R'® is hydrogen or —OH;
R is hydrogen or aryl; and
R® represengs . substituted or unsubstituted aryl or
heterocaryl group which process comprises the
steps of
(1) reacting a compound of the formula

with a compound suitable for providing a protecting
group P to form a compound of the formula

Z CH;
i
P R?
~n l
l/k
R N Rg

(2) converting the product of step (1) to a compound
of the formula
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wherein L is a leaving group;

¢ L S *

(3) converting the product of step (2) to an aldehyde

of the formula

P—N R2

(4) subjecting a aldehyde compound of step
reaction to form a compound of the formula

RlO
|
Z RU—C—R’
RZ
P—N
A
R! N
RrR3

wherein R'® is —OH and R is hydrogen; and

(3) to a

(5) deproctecting the product of step (4) to obtain a

compound of the formula

R0
!
Z RU—C—RS
RrR2
HN
"o
ans
Rr3

Wherein R'® is —OH and R'' is hydrogen.
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8. A process according to claim 1 wherein a compound
having the formula (ii) is subjecting to said displacement
reaction.

9. A process of making a compound according to claim 1,
wherein said process is carried out in the presence of a
base at a temperature of from about 70° C. to about 165° C.

10. A process of making a compound according to claim 2, .
wherein step (1) is carried in the presence of water,
chloral hydrate, HC1l, sodium sulfate and hydroxylamine
hydrochloride at a temperature of from about 0°C. to about
100°C.

11. A process ;0of making a compound according to claim 2,
wherein step (2) is carried in the presence of concentrated
H,80, at a temperature of from about 50°C. to about 100°¢

12.. A process of making a compound according to
clainm 2, wherein step (3) is carried in the presence of
basic, aqueous hydrogen peroxide at a temperature of from
about 0°C,to about 80°C.

13. A process of making a compound according to
claim 2, wherein step (4) is carried in the presence of
acetic anhydride at a temperature of from about 70°
140°C.

C to about

4. A process of making & compound according to
claim 2, wherein step (S) is carried in the presence of
ammonia at a temperature of from about ~33°C tq about 20°C,.

- 15. A process of making a compound according to claim 2,
wherein step (6) is carried out in the presence of base and
appropriate catalyst and a catalytic amount of paladium, at
a temperature of from about 70°C. to about 160°C.

16. A process of making a compound according to
claim § , wherein step (2) is carried out in the presence of
a solvent and a reducing agent at a temperature of from about
0°C to about 80°C.
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17. A process of making a compound according to
claim 5 , wherein step (3} is carried out in the presence of
a solvent and a metal or metal salt at a temperature of from
about ~7850 to about 20°C.

100

18. A process of making a compound according to
claim §., wherein step (4) is carried out in the presence of
sodium hydride, N,N-dimethylacetamide, copper (I) bromide and

copper ( ) oxide at a temperature of from about 70°C to about
165°C.

19. A process of making a compound according to
claim 6, wherein step (1) is carried out in the presence of

hydrogen gas, a solvent and a catalytic amount of palladiumn,
at a temperature of about 20°C.

20. A process of making a compound according to
claim 6, wherein step (2) is carried out in the presence of
an agqueous acid, followed by NaNO,, and potassium xanthate, at
a temperature of from about -40°C to about 20°C.

21l. A process of making a compound according to
claim g, wherein the hydrolysis of step (3) is carried out

in the presence NaOH/CH,OH at a temperature of from about 0°C
to about 20°C. '

22. A process of making a compound according to
claim 6, wherein the reaction part of step (3) is carrieq
out in the presence of a base, solvent and catalyst at a
temperature of from about 70°C to about 165°C.

23. A process of making a compound according to

claim 7, wherein astep (1) is carried out in the presence of

an alkyl or acyl halide, a base and a solvent at a
temperature of from about 0°C to about 20°C.

'34. A process of making a compound according to
claim 7., vherein said protecting group P is selected from

the group consisting of CH20032CH281(CH3)3, CHZOCH3,
CH,0C(0) “Bu and cothu.

25+« A process of making a compound according to
claim 34, wherein said protecting group P is
CH,OCH ,CH, 54 (CH, ) 5 .

REPLACEMENT SHEE

23 AUG 1999

e |




(A T

* L M S *
101 ¢
26+ A process of making a compound according to
7, wherein step (2) is carried out in the presence of
N-Bromosuccinimide, bromine, N-Chlorosuccinimide or
N~-Iodosuccinimide.
27.

claim

A Process of making a compound according to
claim 26, wherein step (2) is carried out in the presence of
N-Bromosuccinimide.

28. A process of making a compound according to

claim 57, wherein step (2) is carried out in the presence of

N—Brémosuccinimide, CCl4 and light at a temperature of from
about 50°C to about 100°C.

29- A process of making a compound according to
claim 7 , wherein step (3) is carried out in the presence of
a nucleophile, base and solvent at a temperature of from
about 0°C to about 100°C.

30 - & process of making a compound according to
claim 7 , wherein step (3} is carried out by reacting the
product of step (2) with 5-chloroindole.

31+ A process of making a compound accorxding to
claim 7., wherein step (3) is carried out by reacting the
product of step (2) with NaOEt and 2-nitropropane.and further

wherein the product of step (3 )is reacted with phenylmagnesium in
step (4) to form a compound of the formula

r3

wherein R10is —OH and Ri!is phenyl.
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32 . A process of making a .compound according to

claim 7, wherein step (5) is carried out in the presence of
an acid or basic fluoride at a temperature of from about 0°C
to about 100°C.

33. A process of making a compound according to

claim 7,, wherein deprotecting step (5) is carried out by

reacting the product of step (5 ) with tetrabutylammonium
fluoride.

34. A process of making a compound according to
claim 7, wherein:

(1) prior to deprotecting step (5j, the

product of step (4) is oxidized to form a compound of the
formula

¢ [, [NEPLACEMENT SHEET
i : 23 AUG 1999

wherein R3 is phenyl; and

(ii) subsequent to deprotecting step (5),the oxidation
product is reacted with phenyl

bithium to form a compound
of the formula RS mks
z
i
HN l R?
NN
RrR3

wherein RS is phenyl, R!! is phenyl and RI0 is ; and
- —OH.

35. A process of making a compound accoxding to

claim 3 , wherein step (5 ) is carried out (i) in the
presence of methanol at a temperature of from about §°C to

about 100°C and then (ii) in the presence of concentrated HC:
at a temperature of from about 70°C to about 100°C.



(ORI

s *
* € L ®

103
36 . A process of making a compound according to
claim 3 , wherein step {( 4 ) is carried out (£} in the

presence of triphosgene at a temperature of from about 0°C to
about 20°C and then (ii) in the presence of nmethanol at a
temperature of from about 0°C to about 20°C.

37 - A process of making a compound according to
claim 3., wherein step (¢ ) is carried out in the presence of
diglyme and cloroformamidine hydrochloride at a temperature
of from about 160°C to about 175°C.

38 . A process of making a compound according to
claim 5., wherein step (6) is carried out by reacting the
product of step (5) with a 4~thiopyridine anion, in the
presence of sodium hydride, copper (X) bromide and copper (1)
oxide. .

39. A process of making a compound according to

6, wherein Etep. (- ) is carried out by reacting the
product of step (

clainm

) with a 4-thiopyridine anion, in the

presencé of sodium hydride, copper (I) bromide and copper (I)
oxide.

40 . A process of making a
claim 38, wherein the 4-thiopyridine
reacting 4mmércaptopyridine with NaH
Dimethylacetamnide.

compound according to
anion is made by

in anhydrous N,N-~

41 . A process of making a compound according to

claim 39, wherein the 4-thiopyridine anion is made by
reacting 4-mercaptopyridine with anhydrous N,N-
Dimethylacetamide in NaH. ' i

42 A process of making a compound according to claim 5, wherein step
(1; is carried out in the presence of a base and solvent at a
temperature 0°C. to about 80°C.
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ANTIPROLIFERATIVE QUINAZOLINES

ABSTRACT

Quinazoline compounds which demonstrate antiproliferative

activity, such as antitumor activity, processes of preparing
these compounds, pharmaceutical compositions containing these

compounds, and the use of these compounds. These compounds
inhibit the growth and proliferation of the cells of higher
organisms and microorganisms, such as bacteria, yeasts and fungi.
Preferred quinazoline compounds are capable of inhibiting the
enzyme thymidylate synthase. Effects derived from the inhibition

of the enzyme thymidylate synthase include those discussed above.
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