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NOVEL CYANO-SUBSTITUTED IMIJYDROPYRIMIDINE COMPOUNDS 

AND THEIR USE TO TREAT DISEASES 

RELATED APPLICATIONS 

This application claims the benefit under 35 U.S.C. Section 119(e) of U.S. 

Provisional Patent Application No. 60/279,956 filed March 29, 2001. 

FIELD OF INVENTION 

10 

This invention relates to novel compounds that interrupt mitosis thereby 

making the compounds useful for the treatment of proliferative diseases, such as 

cancer. 

15 BACKGROUND 

Cell proliferation and programmed cell death play important roles in the 

growth and development of an organism. In proliferative diseases such as cancer, the 

processes of cell proliferation and/or programmed cell death are often perturbed. For 

20 example, a cancer cell may have unregulated cell division through either the 

overexpression of a positive regulator of the cell cycle or the loss of a negative 

regulator of the cell cycle, perhaps by mutation. Alternatively, a cancer cell may have 

. lost the ability to undergo programmed cell death through the overexpression of a 

negative regulator of apoptosis. Hence, there is a need to develop new 

25 chemotherapeutic drugs that will restore the processes of checkpoint control and 

programmed cell death to cancerous cells. 

One approach to the treatment of human cancers is to target a protein that is 

essential for cell cycle progression. In order for the cell cycle to proceed from one 

phase to the next, certain prerequisite events must be completed. There are 

30 checkpoints within the cell cycle that enforce the proper order of events and phases. 

One such checkpoint is the spindle checkpoint that occurs during the metaphase stage 

of mitosis. Small molecules that target proteins with essential functions in mitosis 

may initiate the spindle checkpoint to arrest cells in mitosis. Of the small molecules 
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that arrest cells in mitosis, those which display anti-tumor activity in the clinic also 

induce apoptosis, the morphological changes associated with programmed cell death. 

An effective chemotherapeutic for the treatment of cancer may be one that induces 

checkpoint control and subsequent programmed cell death. 

5 Most compounds known to cause mitotic arrest and apoptosis act as tubulin 

binding agents. These compounds alter the dynamic instability of microtubules and 

indirectly alter the function/structure of the mitotic spindle thereby causing mitotic 

arrest. Because most of these compounds target the tubulin protein, a component of 

all microtubules, they may also affect normal cellular processes in which 

10 microtubules have a role. Hence, a need exists for small molecules that specifically 

target proteins associated with proliferating cells, such as Eg5. 

SEg5 is one of several kinesin-like motor proteins that are localized to the 

mitotic spindle and known to be required for formation and/or function of the bipolar 

mitotic spindle. Recently, there was a report of a small molecule that disturbs 

� 15 bipolarity of the mitotic spindle (Mayer, T.U. et. al. 1999. Science 286(5441) 971-4). 

More specifically, the small molecule induced the formation of an aberrant mitotic 

spindle wherein a monoastral array of microtubules emanated from a central pair of 

centrosomes, with chromosomes attached to the distal ends of the microtubules. The 

small molecule was dubbed "monastrol" after the monoastral array. This monoastral 

20 array phenotype had been previously observed in mitotic cells that were 

immunodepleted of the Eg5 motor protein. 

The distinctive monoastral array phenotype facilitated identification of 

* monastrol as a potential inhibitor of Eg5. Indeed, monastrol was further shown to 

inhibit the Eg5 motor-driven motility of microtubules in an in vitro assay. 

25 Furthermore, monastrol had no apparent effect upon the related kinesin motor or upon 

the motor(s) responsible for golgi apparatus movement within the cell. Cells that 

display the monoastral array phenotype, either through immunodepletion of Eg5 or 

monastrol inhibition of Eg5, arrest in M-phase of the cell cycle. Unfortunately, 

however, the mitotic arrest induced by either of these mechanisms is transient. 

30 (Kapoor, 2000. J. Cell. Biol. 150(5) 975-80). Both the monoastral array phenotype 

and the monastrol induced cell cycle arrest in mitosis are reversible. Cells recover to 

form a normal bipolar mitotic spindle, to complete mitosis, and to proceed through the 

2 
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cell cycle and normal cell proliferation. This suggests that a small molecule inhibitor 

of Eg5 that induced a transient mitotic arrest may not be effective for the treatment of 

cancer cell proliferation. Nonetheless, the discovery that monastrol causes mitotic 

arrest is intriguing and hence there is a need to further study and identify compounds 

5 that can be used to modulate the Eg5 motor protein in a manner that would be 

effective in the treatment of human cancers. There is also a need to explore the use of 

these compounds in combination with other antineoplastic agents. 

SUMMARY 

10 The compounds of the invention cause the interruption of mitosis, and as such, 

0 
can be used to treat proliferative diseases. For example, the compounds of the instant 

invention can be used as antiproliferatives and anticancer agents. More specifically, 

the invention comprises a compound of formula I 

R2 R3 

NCYNR4 

15 

its enantiomers, diastereomers, pharmaceutically acceptable salts, prodrugs and 

solvates thereof, wherein 

R1 is selected from the group consisting of hydrogen, alkyl and cycloalkyl; 

20 R2 and R3 are each independently selected from the group consisting of H, 

alkyl, aryl, heteroaryl, arylalkyl, cycloalkyl, beterocycloalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl and heteroarylalkyl; or 

R2 and R3 may also be taken together to form a carbocycic or heterocyclic 

ring; 

25 R1 is selected from the group consisting of alkyl, arylalkyl, cycloalkylalkyl, 

heteroarylalkyl, heterocycloalkyl, aminoalkyl, heterocycloalkylalkyl, CN, C(0)R5, 

CO2R5 , C(0)SR5 and CONR5R; 

R5 and R6 are each independently selected from the group consisting of H, 

alkyl, cycloalkyl, hydroxyalkyl, alkenyl,alkoxy, thioalkoxy, alkoxyalkyl, baloalkyl, 

3 
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aryl, heteroaryl, arylalkyl, cycloalkylalkyl, heteroarylalkyl and beterocycloalkylalkyl 

or N-R5R6 together form a heterocycloalkyl 

Z is selected from the group consisting of 0, S and NR8; 

R8 is selected from the group consisting of H, CN, sulfonaniido, OR7, alkyl, 

5 cycloalkyl, aryl, arylalkyl, heterocyclyl, heteroaryl and heteroarylalkyl; and 

R7 is selected from the group consisting of H, alkyl, arylalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl and heteroarylalkyl. 

In a preferred embodiment, R2 is a heteroaryl, such as an optionally substituted 

thiophene, oxazole, isoxazole, or furan. Preferred substituents include methyl, ethyl, 

10 halo, haloalkyl, or aryl groups. 

SAccording to one embodiment, R3 is H and R2 is an optionally substituted 

- phenyl wherein the substituents are selected from the group consisting of alkyl, 

alkoxy, alkoxyalkyl, cyano, halo, ha1ça1kyl, nitro, amino CO2R5, CONR5R6, 

alkenyloxy, aryloxy, wherein R5 and R6 are, independently, H or alkyl. Preferred 

15 substituents include methyl, metboxy, F, Cl, CF3, dimethylamimo, and ethoxyrnethyl, 

for example. 

According to one embodiment of the present invention, R1 is alkyl; R2 is 

selected from the group consisting of aryl and heteroaryl; R3 is H; R4 is selected from 

the group consisting of alkyl, arylalkyl, CO2R5, and CONR5R6; R5 and R6 are 

20 independently selected from the group consisting of H, alkyl, aminoalkyl, 

hydroxyalkyl, phenylaniino and arylalkyl; Z is selected from the group consisting of 

0 
0, S, and NR8; R8 is selected from the group consisting of H and CN. 

In a preferred embodiment, R4 is selected from the group consisting 

of alkyl, arylalkyl, C(0)R5 CO2R5, C(0)SR5 and CONR5R6. 

25 According to one embodiment, R4 is CO2R5 ; Z is 0; and R5 is ethyl. 

In another embodiment, Rt is CONR5R6; Z is 0; R5 is H and R6 is methyl, 

ethyl, propyl, phenyl, cyclopropyl, hydroxyethyl, thiophene, or 2-propylene. 

In one embodiment of the present invention, R4 is selected from the group 

consisting of alkyl and arylalkyl, and Z is 0. In another embodiment R1 is CH3; R2 is 

30 aryl; R4 is CO2R5; R5 is alkyl; and Z is 0. In still another embodiment R1 is CH3; R2 

is aryl; R4 is CONR5R6; R5 is alkyl; R6 is H and Z is 0. In yet another embodiment, 

R1is CH3; R2is heteroaryl; R4 is CO2R5 or CONR5R6 R5 is H and R5 is ethyl. 

4 



LD0202 PCT 

The present invention also provides methods for preparing intermediates and 

compounds having Formula I. 

The present invention also provides methods for treating a proliferative 

disease, such as cancer, via modulation of the Eg5 motor protein comprising 

administering to a mammalian species in need of such treatment an effective amount 

of at least one compound of formula I, as defined above. 

DESCRIPTION 

The present invention provides for compounds of formula I, as defined above, 

10 pharmaceutical compositions employing such compounds and methods of using such 

’compounds, 

- Listed below are definitions of various terms used to describe the compounds 

of the instant invention. These definitions apply to the terms as they are used 

. throughout the specification (unless they are otherwise limited in specific instances) 

15 either individually or as part of a larger group. 

The term"alkyl" herein alone or as part of another group refers to a 

monovalent alkane (hydrocarbon) derived radical containing from 1 to 12 carbon 

atoms unless otherwise defined. An alkyl group is an optionally substituted straight, 

branched or cyclic saturated hydrocarbon group. When substituted, alkyl groups may 

20 be substituted with up to four substituent groups, R as defined, at any available point 

of attachment. When the alkyl group is said to be substituted with an alkyl group, this 

is used interchangeably with "branched alkyl group". Exemplary unsubstituted such 

groups include methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, pentyl, 

bexyl, isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl, nonyl, decyl, 

� 25 undecyl, dodecyl, and the like. Exemplary substituents may include but are not 

limited to one or more of the following groups: aryl, halo (such as F, Cl, Br, I), 

haloalkyl (such as CC13 or CF3), alkoxy, alkylthio, hydroxy, carboxy (-COOH), 

alkyloxycarbonyl (-C(0)R), alkylcarbonyloxy (-OCOR), amino (-NH2), carbamoyl (-

NHCOOR- or -OCONHR-), urea (-NIICONHR-) or thiol (-SH). Alkyl groups as 

30 defined may also comprise one or more carbon to carbon double bonds or one or more 

carbon to carbon triple bonds. 
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The term "alkenyl" herein alone or as part of another group refers to a 

hydrocarbon radical straight, branched or cyclic containing from 2 to 12 carbon atoms 

and at least one carbon to carbon double bond. 

The term "alkynyl" herein alone or as part of another group refers to a 

hydrocarbon radical straight, branched or cyclic containing from 2 to 12 carbon atoms 

and at least one carbon to carbon triple bond. 

The numbers in the subscript after the symbol "C" define the number of 

carbon atoms a particular group can contain. For example "Cl-6 alkyl" means a 

straight or branched saturated carbon chain having from one to six carbon atoms; 

10 examples include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-

butyl, n-pentyl, sec-pentyl, isopentyl, and n-hexyl. Depending on the context, "C1...6 

alkyl" can also refer to CI -6 alkylene which bridges two groups; examples include 

propane-i ,3-diyl, butane- l,4-diyl, 2-methyl-butane-1 ,4-diyl, etc. "C2...6 alkenyl" 

means a straight or branched carbon chain having at least one carbon-carbon double 

15 bond, and having from two to six carbon atoms; examples include ethenyl, propenyl, 

isopropenyl, butenyl, isobutenyl, pentenyl, and hexenyl. Depending on the context, 

"C...6 alkenyl" can also refer to C2.6 alkenediyl which bridges two groups; examples 

include ethylene- i ,2-diyl (vinylene), 2-methyl-2-butene- 1 ,4-diyl, 2-bexene- 1,6-d.iyl, 

etc. "C2...6 alkynyl" means a straight or branched carbon chain having at least one 

20 carbon-carbon triple bond, and from two to six carbon atoms; examples include 

ethynyl, propynyl, butynyl, and hexynyl. 

The term "cycloalkyl" herein alone or as part of another group is a specie of 

alkyl containing from 3 to 15 carbon atoms, without alternating or resonating double 

. bonds between carbon atoms. It may contain from 1 to 4 rings. Exemplary 

25 unsubstituted such groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 

adamantyl, etc. Exemplary substituents include one or more of the following groups: 

halogen, alkyl, alkoxy, alkyl bydroxy, amino, nitro, cyano, thiol and/or alkylthio. 

The terms "alkoxy" or ’alkylthio" herein alone or as part of another group 

denote an alkyl group as described above bonded through an oxygen linkage (-0-) or 

30 a sulfur linkage (-S-), respectively. 

rel 
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The term "alkyloxycarbonyl" herein alone or as part of another group denotes 

an alkoxy group bonded through a carbonyl group. An alkoxycarbonyl radical is 

represented by the formula: -C(0)OR, where the R group is a straight or branched C1.. 

6alkyl group-

5 The term "alkylcarbonyl" herein alone or as part of another group refers to an 

alkyl group bonded through a carbonyl group. 

The term "alkylcarbonyloxy" herein alone or as part of another group denotes 

an alkylcarbonyl group which is bonded through an oxygen linkage. 

The term "arylalkyl" herein alone or as part of another group denotes an 

10 aromatic ring bonded to an alkyl group as described above. 

. The term "aryl" herein alone or as part of another group refers to monocyclic 

or bicyclic aromatic rings, e.g. phenyl, substituted phenyl and the like, as well as 

groups which are fused, e.g., napthyl, phenanthrenyl and the like. An aryl group thus 

. contains at least one ring having at least 6 atoms, with up to five such rings being 

15 present, containing up to 22 atoms therein, with alternating (resonating) double bonds 

between adjacent carbon atoms or suitable heteroatoms. Aryl groups may optionally 

be substituted with one or more groups including, but not limited to halogen, alkyl, 

alkoxy, hydroxy, carboxy, carbanioyl, alkyloxycarbonyl, nitro, alkenyloxy, 

trifluoromethyl, amino, cycloalkyl, cyano, alkyl S(0). (m--O, 1, 2), or thiol. 

20 The term "amino" herein alone or as part of another group refers to -NH2. An 

"amino" may optionally be substituted with one or two substituents, which may be the 

same or different, such as alkyl, aryl, arylalkyl, alkenyl, alkynyl, beteroaryl, 

* beteroarylalkyl, cycloheteroalkyl, cycloheteroalkylalkyl, cycloalkyl, cycloalkylalkyl, 

haloalkyl, hydroxyalkyl, alkoxyalkyl, thioalkyl. carbonyl or carboxyl. These 

. 25 substituents may be further substituted with a carboxylic acid, any of the alkyl or aryl 

substituents set out herein. In some embodiments, the amino groups are substituted 

with carboxyl or carbonyl to form N-acyl or N-carbamoyl derivatives 

The term "carbocyclic ring" herein alone or as part of another group refers to 

stable, saturated or partially unsaturated monocyclic ring bydrocarbyls of 3 to 7 

30 carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl, cyclobexyl and 

cyclobeptyl. The carbocyclic ring may be optionally substituted meaning that the 

carbocyclic ring may be substituted at one or more substitutable ring positions by one 
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or more groups independently selected from alkyl (preferably lower alkyl), alkoxy 

(preferably lower alkoxy), nitro, monoalkylaniino (preferably a lower alkylamino), 

dialkylamino (preferably a di [lower] alkylamino), cyano, halo, haloalkyl (preferably 

trifluoromethyl), alkanoyl, aniinocarbonyl, monoalkylaminocarbonyl, 

5 dialkylaminocarbonyl, alkyl amido (preferably lower alkyl aniido), alkoxyalkyl 

(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower 

alkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl 

(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 

lower alkoxy groups. 

10 The term "cycloalkyl" herein alone or as part of another group refers to fully 

0 
saturated and partially unsaturated hydrocarbon rings of 3 to 9, preferably 3 to 7 

- carbon atoms. Further, a cycloalkyl may be substituted. A substituted cycloalkyl 

refers to such rings having one, two, or three substituents, preferably one, selected 

from the group consisting of halo, alkyl, substituted alkyl, alkenyl, alkynyl, nitro, 

15 cyano, oxo (=0), bydroxy, alkoxy, thioalkyl, -CO2H, -C(=0)JI, CO2-alkyl, - 

C(=0)alkyl, keto, =N-OH, =N-0-alkyl, aryl, heteroaryl, heterocyclo, a five or six 

membered ketal (i.e. 1,3-dioxolane or 1,3-dioxane), -NR’R", -C(=O)NR’R", - 

CO2NR’R", -C(=O)NR’R", -NR’CO2’R", .-NR’C(=O)R", -SO2NR’R", and - 

NR’SO2tR", wherein each of R’ and R" is independently selected from hydrogen, 

20 alkyl, substituted alkyl, and cycloalkyl, or R’ and R" together form a heterocyclo or 

heteroaryl ring. 

The term "heteroaryl" herein alone or as part of another group refers to 

substituted and unsubstituted aromatic 5 or 6 membered monocyclic groups, 9 or 10 

membered bicyclic groups, and 11 to 14 membered tricyclic groups which have at 

25 least one heteroatom (0, S or N) in at least one of the rings. Each ring of the 

heteroaryl group containing a heteroatom can contain one or two oxygen or sulfur 

atoms and/or from one to four nitrogen atoms provided that the total number of 

heteroatoms in each ring is four or less and each ring has at least one carbon atom. 

The fused rings completing the bicyclic and tricyclic groups may contain only carbon 

30 atoms and may be saturated, partially saturated, or unsaturated. The nitrogen and 

sulfur atoms may optionally be oxidized and the nitrogen atoms may optionally be 

quaternized. Heteroaryl groups which are bicyclic or tricyclic must include at least 
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one fully aromatic ring but the other fused ring or rings may be aromatic or non-

aromatic. The heteroaryl group may be attached at any available nitrogen or carbon 

atom of any ring. The heteroaryl ring system may contain zero, one, two or three 

substituents selected from the group consisting of halo, alkyl, substituted alkyl, 

5 alkenyl, alkynyl, aryl, nitro, cyano, hydroxy, alkoxy, thioalkyl, -CO2H, -C(=O)H, - 

CO2-alkyl, -C(=O)alkyl, phenyl, benzyl, phenylethyl, phenyloxy, phenylthio, 

cycloalkyl, substituted cycloalkyl, heterocyclo, heteroaryl, -NR’R", �C(=O)NR’R", - 

CO2NR’R", �C(=O)NR’R", �NR’CO2’R", �NR’C(=O)R", �SO2NR’R", and - 

NR’SOfR", wherein each of R’ and R" is independently selected from hydrogen, 

10 alkyl, substituted alkyl, and cycloalkyl, or R’ and R" together form a heterocyclo or 

0 heteroaryl ring. 

Exemplary monocyclic heteroaryl groups include pyrroiyi, pyrazolyl, 

pyrazolinyl, iniidazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl, 

� furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl 

15 and the like. 

Exemplary bicyclic heteroaryl groups include indolyl, benzothiazolyl, 

benzodioxolyl, benzoxaxolyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl, 

isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuranyl, chromonyl, 

counwinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, 

20 furopyridinyl, dibydroisoindolyl, tetrahydroquinolinyl and the like. 

Exemplary tricyclic heteroaryl groups include carbazolyl, benzidolyl, 

� phenanthrollinyl, acridinyl, phenanthridinyl, xanthenyl and the like. 

The term "beterocycloalkyl" herein alone or as part of another group refers to 

a cycloalkyl group (nonaromatic) in which one of the carbon atoms in the ring is 

25 replaced by a heteroatom selected from 0, S or N, and in which up to three additional 

carbon atoms may be replaced by said heteroatoms. 

The term "heterocyclic ring" herein alone or as part of another group refers to 

a stable, saturated, or partially unsaturated monocyclic ring system containing 

5 to 7 ring members of carbon atoms and other atoms selected from nitrogen, sulfur 

30 and/or oxygen. Preferably, a heterocyclyl is a 5 or 6-membered monocyclic ring and 

contains one, two, or three heteroatoms selected from nitrogen, oxygen and/or sulfur. 

The heterocyclic ring may be optionally substituted which means that the heterocyclic 
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ring may be substituted at one or more substitutable ring positions by one or more 

groups independently selected from alkyl (preferably lower alkyl), alkoxy (preferably 

lower alkoxy), nitro, monoalkylamino (preferably a lower alkylamino), dialkylamino 

(preferably a di[lower]alkylamino),cyano, halo, baloalkyl (preferably 

5 trifluoromethyl), alkanoyl, aminocarbonyl, monoalkylaminocarbonyl, 

dialkylaniinocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl 

(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower 

alkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl 

(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 

10 lower alkoxy groups. Examples of such heterocyclic rings are isoxazolyl, 

imidazolinyl, thiazoLinyl, imidazolidinyl, pyrrolyl, pyrrolinyl, pyranyl, pyrazinyl, 

piperidyl, morpholinyl and triazolyl. The heterocyclic ring may be attached to the 

parent structure through a carbon atom or through any heteroatom of the heterocyclyl 

. that results in a stable structure. 

15 The term "heterocyclyl" herein alone or as part of another group as used herein 

refers to a stable, saturated, or partially unsaturated, monocyclic, bridged monocyclic, 

bicyclic, and spiro ring system containing carbon atoms and other atoms selected 

from nitrogen, sulfur and/or oxygen. Preferably, a heterocyclyl is a 5 or 6-membered 

monocyclic ring or an 8-11 membered bicyclic ring which consists of carbon atoms 

20 and contains one, two, or three heteroatoms selected from nitrogen, oxygen and/or 

sulfur. The term "optionally substituted" as it refers to "heterocyclyl" herein indicates 

that the heterocyclyl group may be substituted at one or more substitutable ring 

positions by one or more groups independently selected from alkyl (preferably lower 

alkyl), alkoxy (preferably lower alkoxy), nitro, monoalkylaniino (preferably a lower 

25 alkylamino), dialkylamino (preferably a di[lower]alkylamino), cyano, halo, haloalkyl 

(preferably trifluoromethyl), alkanoyl, aminocarbonyl, monoalkylaminocarbonyl, 

dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl 

(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower 

alkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl 

30 (preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 

lower alkoxy groups. Examples of such heterocyclyl groups are isoxazolyl, 

imidazolinyl, thiazolinyl, imidazolidinyl, pyrrolyl, pyrrolinyl, pyranyl, pyrazinyl, 
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piperidyl, morpholinyl and triazolyl. The heterocyclyl group may be attached to the 

parent structure through a carbon atom or through any heteroatom of the heterocyclyl 

that results in a stable structure. 

The term "heteroatom" means 0, S or N, selected on an independent basis. It 

should be noted that any heteroatom with unsatisfied valences is assumed to have the 

hydrogen atom to satisfy the valences. 

The term "halogen" or "halo" refers to chlorine, bromine, fluorine or iodine 

selected on an independent basis. 

When a functional group is termed "protected", this means that the group is in 

10 modified form to preclude undesired side reactions at the protected site. Suitable 

protecting groups for the compounds of the present invention will be recognized from 

0 the present application taking into account the level of skill in the art, and with 

reference to standard textbooks, such as Greene, T. W. et al., Protective Groups in 

Organic Synthesis, Wiley, N.Y. (1991). 

15 As used herein, the term "patient" encompasses all mammalian species. 

Suitable examples of salts of the compounds according to the invention with 

inorganic or organic acids are hydrochloride, hydrobromide, sulfate, 

methanesulfonate, maleate, fumarate, and phosphate. Salts which are unsuitable for 

pharmaceutical uses but which can be employed, for example, for the isolation or 

20 purification of free compounds I or their pharmaceutically acceptable salts, are also 

included. 

All stereoisomers of the compounds of the instant invention are contemplated, 

either in admixture or in pure or substantially pure form. The definition of the 

compounds according to the invention embraces all possible stereoisomers and their 

25 mixtures. It very particularly embraces the racemic forms and the isolated optical 

isomers having the specified activity. The racemic forms can be resolved by physical 

methods, such as, for example, fractional crystallization, separation or crystallization 

of diastereomeric derivatives or separation by chiral column chromatography. The 

individual optical isomers can be obtained from the racemates by conventional 

30 methods, such as, for example, salt formation with an optically active acid followed 

by crystallization. 

11 
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It should be understood that the present invention includes prodrug forms of 

the compounds of formula I. Various forms of prodrugs are well known in the art. 

For examples of such prodrug derivatives, see: 

(a) Design of Prodrugs, edited by H. Bundgaard (Elsevier, 1985); and Methods in 

5 Enzymology, Vol. 42, pp. 309-396, edited by K. 

Widder et al., (Academic Press, 1985); 

(b) A Textbook of Drug Design and Development, edited by Krosgaard-Larsen and H. 

Bundgaard, Chapter 5, ’Design and 

Application of Prodrugs," by H. Bundgaard, pp. 113-191(1991); 

10 (c) H. Bundgaard, Advanced Drug Deliver Reviews, 8, pp. 1-38 (1992); 

(d) H. Bundgaard et al., Journal of Pharmaceutical Sciences, 77, 285 (1988); and 

(e) N. Kayeka et al., Chem. Phar. Bull., 32, 692 (1984). 

In general, the instant invention comprises a compound of formula I 

� 15 

R2 H3 

NCXNR4 

RNZ 

its enantiomers, diastereomers, pharmaceutically acceptable salts, prodrugs and 

solvates thereof. R1 is hydrogen, alkyl or cycloalkyl. R2 and R3 are each 

20 independently H, alkyl, aryl, heteroaryl, arylalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl or heteroarylalkyl. Alternatively, R2 and R3 may be taken 

together to form either a carbocyclic or heterocyclic ring. R4 is alkyl, arylalkyl, 

� 
cycloalkylalkyl, heteroarylalkyl, heterocycloalkylalkyl, CN, COR5, CO2R5 or 

CONR5R. R5 and R6 are each independently H, alkyl, arylalkyl, cycloalkylalkyl, 

25 heteroarylalkyl or heterocycloalkylalkyl. Z is 0, S or NR8; R8 is H, CN, 

sulfonamido, OR7, alkyl, cycloalkyl, aryl, arylalkyl, heterocyclyl, heteroaryl or 

heteroarylalkyl. R7 is H, alkyl, arylalkyl, cycloalkylalkyl, heterocycloalkylalkyl, or 

heteroarylalkyl. 

One preferred embodiment of the instant invention are compounds of formula 

30 I, as defined above, wherein R1 is alkyl; R2 is selected from the group consisting of 
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aryl and heteroaryl; R3 is H; RL is selected from the group consisting of alkyl, 

arylalkyl, CO2R5 and CONR5R6; R5 and R6 are independently selected from the group 

consisting of H, alkyl and arylalkyl; Z is selected from the group consisting of 0, S 

and NR8; and R8 is selected from the group consisting of H and CN. 

5 In another preferred embodiment, the invention comprises compounds of 

formula I, as defined above, wherein R4 is selected from the group consisting of alkyl, 

arylalkyl, CO2R5 and CONR5R6. 

In yet another preferred embodiment, the instant invention comprises the 

compounds of formula J, as defined above, wherein R4 is CO2R5 or CONR5R6 and Z 

10 is 0. 

’ In yet a further preferred embodiment, the instant invention comprises the 

compounds of formula I, as defined above, wherein R4 is selected from the group 

consisting of alkyl and arylalkyl, and Z is 0. 

In still yet another preferred embodiment, the instant invention comprises the 

15 compounds of formula I, as defined above, wherein R1 is CH3; R2 is aryl; R4 is 

CO2R5; R5 is alkyl; and Z is 0. 

In still yet another preferred embodiment, the instant invention comprises the 

compounds of formula I, as defined above, wherein R1 is CH3; R2 is aryl; R4 is 

CONR5R6; R5 is alkyl, R6 is H; and Z is 0. 

20 The invention further provides a pharmaceutical composition comprising a 

compound of formula I, as defined above, and a pharmaceutically acceptable carrier. 

. Optionally the pharmaceutical composition may further comprise at least one other 

anti-cancer agent formulated as a fixed dose. 

The invention also provides a method for treating a proliferative disease via 

25 modulation of the Eg5 motor protein, and/or, inducing apoptosis comprising 

administering to a mammalian species in need of such treatment an effective amount 

of at least one compound of formula I, as defined above. In another embodiment, the 

invention provides a method for treating a proliferative disease via modulation of the 

Eg5 motor protein comprising administering to a mammalian species in need of such 

30 treatment an effective amount of at least one compound of formula I, as defined 

above, in combination (simultaneously or sequentially) with at least one other anti-

cancer agent. In a preferred embodiment, the proliferative disease is cancer. 

13 
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Certain compounds of formula I may generally be prepared according to the 

following schemes and the knowledge of one skilled in the art. Solvates (e.g., 

hydrates) of the compounds of formula I are also within the scope of the present 

invention. Methods of solvation are generally known in the art. Accordingly, the 

5 compounds of the instant invention may be in the free or hydrate form, and may be 

obtained by methods exemplified by the following schemes below. 

Scheme I 

o 0 HOAC I piperidine 0 0 

+ 
RrLNH2 

- R1 ’5"NH2 
�4 -

NH 2 
R3 R2 

ii IIIIV 
MeO-0’,-, 

S NH � 
A2 A2 R4X/base 

H2NOPk Burgess’ reagent NC)k3 

1i S A1 
NS-,?a

 
H 

f’1 

OMe ’OMe 

V VI 

NC 1’R4 
R2 R3 

- TFA/H20 NCXN...R4 

R;:(N

 �WeH 

VII I 

10 Compounds of formula I where Z is S may be made in accordance with 

Scheme I. A ketone or an aldehyde I (e.g., benzaldebyde, where R2 is phenyl and R3 

is H), is condensed with an acetoacetamide In to give a Knoevenagel product JV as a 

mixture of isomers. Reaction with S-parametboxybenzyl thiourea provides the 

protected dihydropyrimidine thione V. The primary amido group of V is dehydrated 

15 to the cyano substituent in VI using a dehydrating agent such as Burgess’ reagent 

(methoxycarbonylsulfamoyl)triethylammonium hydroxide, inner salt. The N3 

substituent is introduced by reaction with R4X where R4 is alkyl or acyl, and X is a 

14 



10 



I 

LD0202 PCT 

leaving group, or where R4X is an isocyanate or haloformate. The protecting group is 

removed by treatment with acid in the presence of water to give compounds of 

formula I where Z is S. 

00 
R1NH 2 NH, R3 2 MOO-1-141-12 Iv 

R4X / base NC IR4 
R1i  N OMe 

Scheme II 
1R3 

H2NOCXkN Burgess reagent R3 

Ri N’0Me R1 OMe H VIII Ix 
A2 A3 TFA/H20(Z0); NC)( .R4 NH40H / NH4OAc (Z = NH); NH2CN / (Z = NHCN) fi 

5 x I 

Compounds of formula I where Z is 0, NH, or NR8 are prepared from the 

reaction of Knoevenagel products IV with 0-methyl isourea to provide the 0-methyl 

dihydropyrimidines VIII. The primary amide is converted to a nitrile group using a 

10 dehydrating agent such as Burgess’ reagent. The N3 substituent is introduced by 

reaction with R4X where R4 is alkyl or acyl, and X is a leaving group, or where R4X is 

an isocyanate or haloformate. The methyl ether protecting group is removed by 

treatment with acid in the presence of water to give compounds of formula I where Z 

is 0. Alternatively, treatment of compounds of formula X with ammonium hydroxide 

15 in the presence of ammonium acetate, or cyanamide in ethanol, provides compounds 

of formula I where Z is NH or NR8. 

Compounds of formula I may also be prepared using the Bignelli reaction (1). 

J. Brown in The Pyrimidines, Wiley: New York, 1962,440). 
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Scheme III 

SOLID PHASE SYNTHESIS 

XXOH 0XX: I 
112NNH2 

XI XII 

NH2CI 

OOMe 

fi 

2 R3 

RjNH, 

ly 

RX/base 
R4N15NH, 

N A1 
- 

S N A, 

R2cOR3 

OM

e  OMe 
XV 

A2 

R 
j,_A30 A2 

Burgess’ reagent ’1J’j( CH3CN/I-120/TFA (Z=O) N N!
’. 

-----  S N A1 CH2Cl2/TFA (ZS) 
A N’LZ 

NH4OHINH4OAc (Z=NH) I H 
0 OMe NH2CN (Z=NHCN) 

XVI I 

I 
Compounds of formula I could be prepared on solid support as outlined in 

Scheme Ill. Starting compound Xi denotes a resin-bound benzyl alcohol used for 

5 solid support synthesis which is prepared from a Merrifield resin denoted as �, and 2-

methoxy-4-hydroxybenzaldehyde, followed by reduction of the aldehyde with 

reducing agents such as NaBH4. The benzyl alcohol is converted into the benzyl 

chloride using agents such as bexachioroethane and triphenylphosplTiine in THF to 

form resins of formula XII. The chloride is displaced with thiourea to form the 

10 isothiourea resin Xffl. The resulting resin is treated with excess of ketoamides like 

acetoamide (III, R1 is CH3), in the presence of ketones of formula R2COR3 or 

aldehydes of formula R2CHO to form the resin-bound pyrimidinethiones of formula 

� XW. The N3 substituent is introduced using R.4X, where X is a leaving group and R1 

is alkyl or acyl, or R4X is an isocyanate, or haloformate, in the presence of base to 

15 form structures of formula XV. The primary axnide can be dehydrated to the cyano 

group using reagents such as Burgess’ reagent to form compounds of formula XVI. 

The products can be cleaved from the resin using a variety of conditions to form 

compounds of formula I, where Z is determined by the cleavage method employed. 

Cleavage in the presence of aqueous acid will form compounds of formula I with Z 
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being 0, whereas cleavage under anhydrous acid conditions will form compounds of (\ 

formula I with Z being S. Alternatively, treatment of resins with structure XVI with 

ammonium hydroxide in the presence of ammonium acetate will form compounds of 

formula I with Z being NH, while treatment with cyanamide, provides compounds of 

5 formula I with Z being NHCN. 

SCHEME IV 

N 
OEt 

H
 

CN 1) HCIaq/Et20CN 
LVCN MeO’1NH2 N 

H2N R1 2) CH(OEt)3 
OJ....1 Et3NIEtOH MoO N R1 

XVII XVIII XIX 

R3MgBr R3 CICOOEt/Py 
00 _________ 0 R3 H20/TFA 0 R3 

CN THE N.J1CN 
CH22 tONfCN MeCN EtO NTh’ 

MeON R1  ONLRl 
H MoO N 1 H 

. 
XX XXI XXII 

Compounds of formula XVffl may be prepared from a 3-amino-3-alkyl 

acrylonitrile XVII using the methods illustrated in Scheme IV. Reaction of a 

compound of formula XVII with aqueous acid, such as hydrochloric acid, followed by 

10 treatment with triethyl orthoformate, provides a compound of formula XVffl. 

Reaction of a compound of formula XVIII with 0-methyl isourea in the presence of a 

base such as triethylamine, provides a pyrimidine of formula XIX. Pyriniidines of 

formula XIX may be reacted with organometallic species such as a Grignard reagent, 

R3MgBr, in a solvent such as ether or tetrahydrofuran, to give a pyrimidine of formula 

15 XX, which is a compound of formula IX wherein R2 is FL In analogy with Scheme H, 

a compound of formula XX may be converted into a compound of formula XXII, 

Swhich is a compound of formula I in which R4 is etboxycarbonyl and R2 is H. 

Alternatively, compounds of formula I, wherein Z =0, may be prepared in 

accordance with Scheme V. Following the procedure of E.H. Hu et al (J. Org. Chem, 

20 1998, 63, 3454-3457), a carbonyl compound of formula II is condensed with an 

acylacetarnide of formula III in the presence of urea, cuprous chloride and 

borontriflouride etherate to give intermediate XXffl. Dehydration with trifluoroacetic 

anhydride in pyridine affords nitrile XXIV. The N3 substituent is introduced by 

17 
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I .1 

S 

5 

reaction with R4X where R4 is alkyl or acyl, and X is a leaving group, or where R4X is (\j 

an isocyanate or baloformate to give compounds of formula I. Deprotonation is 

effected with a base such as sodium hydride or LDA in aprotic solvents such as 

dimethylformamide or terahydrofuran. 

Scheme V 

Urea, CuCI 

A2C0fl3 + 
R1 NH2 BF3OEt2 

OP 

H HI AcOH, THE 

R2 A3 

H2NOC..)NH
 

( TFAA, Py 

R’NO 

R2 R3 R2 R3 

NC....2( base / R4-X NCj(R 
NH 

4 

R(’NO A1 NAO 

H H 

XXIII 

XXIV I 

In yet another procedure, compounds of formula I, wherein Z = 0, may be 

prepared in accordance with Scheme VI. A carbonyl compound of formula II is 

condensed with an acylacetamide of formula Ill in the presence of urea and 

10 polyphospate ester to directly afford nitrile XXIV. Introduction of the N3 substituent 

follows the procedure as described in Scheme V. Compounds of formula J, where R4 

is aminocarbonyl, may also be obtained by first forming a reactive intermediate such 

as a nitrophenylcarbamate of formula XXV, which is subsequently reacted with an 

amine. 
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Scheme VI 

12 H3 
0 0 N PPE, THF C....,)KNH 

base /R4-X 

R2COR3 +Rl.NH2 urea 
R1N0 

II Ill H 

XXIV 
base 

I02N__iJ-_OC(0)CI 

NC 
R2 R3 

H4 
R2R30 

INdo 

( -  

R1 NO R1 NO 
H H 

I XXV 

In all of the above schema, a 2-acyl acetonitrile derivative, i.e., R1COCH2CN, 

Smay be substituted for a compound of formula III. 

As discussed in the background section, Eg5 is a kinesin-like motor protein 

5 that facilitates spindle bipolarity during mitosis of the cell cycle. More specifically, 

the ,Eg5 protein acts to sort and bundle microtubules of the mitotic spindle during 

mitosis. Accordingly, Eg5 participates in cell cycle regulation through the spindle 

checkpoint during the M phase of the cycle. While not wishing to be bound by any 

theory, it is believed that the compounds of the instant invention act as Eg5 inhibitors. 

10 This is theorized because the compounds of the instant invention induce a monopolar 

astral array of microtubules (the monoastral phenotype) and it has been shown that 

when Eg5 activity is absent, the monoastral phenotype forms. Regardless of the 

mechanism of action, the compounds of the instant invention have been shown to 

Scause disruption of the bipolar spindle, spindle checkpoint initiation, mitotic arrest, 

15 programmed cell death and tumor cell proliferation inhibition. Furthermore, the 

compounds of the invention induce a cell cycle arrest in mitosis that is not transient 

but rather which progresses into programmed cell death. The compounds also exhibit 

high potency, inducing mitotic arrest and apoptosis in human cells in vitro at 

concentrations in the low or sub p.M range. Additionally, in contrast to microtubule 

20 agents, the compounds do not disrupt the dynamic instability of microtubules. The 

instant invention may therefore more specifically target the mitotic spindle of 
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proliferating cells, which may provide for different toxicity profiles than those of 

existing anti-cancer drugs. 

The compounds according to the invention have pharmacological properties; 

in particular, the compounds of formula I induce mitotic arrest and are believed to be 

Eg5 inhibitors. The novel compounds of formula I are thus useful in the therapy of a 

variety of proliferative diseases (including but not limited to diseases associated with 

the Eg5 motor protein) such as cancer, autoimmune diseases, viral diseases, fungal 

diseases, neurodegenerative disorders and cardiovascular disease. 

More specifically, the compounds of formula I are useful in the treatment of a 

10 variety of cancers, including, but not limited to, the following: 

a) carcinoma, including that of the bladder, breast, colon, kidney, 

* liver, lung, including small cell lung cancer, esophagus, gall bladder, 

ovary, pancreas, stomach, cervix, thyroid, prostate, and skin, including 

squamous cell carcinoma; 

15 b) hematopoietic tumors of lymphoid lineage, including leukemia, 

acute lymphocytic leukemia, acute lymphoblastic leukemia, B-cell 

lymphoma, T-cell lymphoma, Hodgkins lymphoma, non-Hodgkins 

lymphoma, hairy cell lymphoma and Burkett’s lymphoma; 

c) bematopoietic tumors of myeloid lineage, including acute and 

20 chronic myelogenous leukemias, myelodysplastic syndrome and 

promyelocytic leukemia; 

d) tumors of mesenchymal origin, including fibrosarcoma and 

Srhabdomyosarcoma; 

e) tumors of the central and peripheral nervous system, including 

25 astrocytoma, neuroblastoma, glioma and schwannomas; and 

1) other tumors, including melanoma, seminoma, teratocarcinoma, 

osteosarcoma, xenoderoma pigmentosum, keratoctanthoma, thyroid 

follicular cancer and Kaposi’s sarcoma. 

Due to the key role of motor proteins in the regulation of cellular proliferation 

30 in general, inhibitors could act as reversible cytostatic agents which may be useful in 

the treatment of any disease process which features abnormal cellular proliferation, 

e.g., benign prostatic hyperplasia, familial adenomatosis polyposis, neuro-
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fibromatosis, atherosclerosis, pulmonary fibrosis, arthritis, psoriasis, glomerulo-

nepbritis, restenosis following angioplasty or vascular surgery, hypertrophic scar 

formation, inflammatory bowel disease, transplantation rejection, endotoxic shock, 

and fungal infections. 

Compounds of formula I induce apoptosis. The apoptotic response is aberrant 

in a variety of human diseases. Compounds of formula I, as modulators of apoptosis, 

will be useful in the treatment of cancer (including but not limited to those types 

mentioned herein above), viral infections (including but not limited to herpevirus, 

poxvirus, Epstein-Barr virus, Sindbis virus and adenovirus), prevention of AIDS 

10 development in HIV-infected individuals, autoimmune diseases (including but not 

limited to systemic lupus, erythematosus, autoimmune mediated glomemlonephritis, 

Irheumatoid arthritis, psoriasis, inflammatory bowel disease, and autoimmune diabetes 

mellitus), neurodegenerative disorders (including but not limited to Alzheimer’s 

disease, AIDS-related dementia, Parkinson’s disease, amyotrophic lateral sclerosis, 

15 retinitis pigmentosa, spinal muscular atrophy and cerebellar degeneration), 

myelodysplastic syndromes, aplaslic anemia, ischemic injury associated with 

myocardial infarctions, stroke and reperfusion injury, arrhythmia, atherosclerosis, 

toxin-induced or alcohol related liver diseases, hematological diseases (including but 

not limited to chronic anemia and aplastic anemia), degenerative diseases of the 

20 musculoskeletal system (including but not limited to osteoporosis and arthritis) 

aspirin-sensitive rhinosinusitis, cystic fibrosis, multiple sclerosis, kidney diseases and 

cancer pain. 

Compounds of formula I may modulate the level of cellular RNA and DNA 

synthesis. These agents would therefore be useful in the treatment of viral infections 

25 (including but not limited to 11W, human papilloma virus, berpesvirus, poxvirus, 

Epstein-Barr virus, Sindbis virus and adenovirus). 

Compounds of formula I are useful in the chemoprevention of cancer. 

Chemoprevention is defined as inhibiting the development of invasive cancer by 

either blocking the initiating mutagenic event or by blocking the progression of pre-

30 malignant cells that have already suffered an insult or inhibiting tumor relapse. 

Compounds of formula I may also be useful in inhibiting tumor angiogenesis 

and metastasis. 
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The instant invention may also inhibit other motor proteins, for example, 

including but not limited to: those human motor proteins that correspond to, Xklp2, 

MKLP 1, CHO 1, chromokinesins, Nod, Cenp-E, MCAK, members of the BimC 

family, and members of the Kar3 family. Additionally, compounds used in the 

5 methods of the instant invention may also act as inhibitors of other kinesin or kinesin-

like proteins and thus be effective in the treatment of diseases associated with other 

kinesin or kinesin-like proteins. 

The compounds of this invention may also be useful in combination 

(administered together or sequentially) with known anti-cancer treatments such as 

10 radiation therapy or with cytostatic or cytotoxic agents, such as for example, but not 

limited to, DNA interactive agents, such as cisplatin or doxorubicin; topoisomerase II 

inhibitors, such as etoposide; topoisomerase I inhibitors such as CPT- 11 or topotecan; 

tubulin interacting agents, such as paclitaxel, docetaxel or the epothilones; hormonal 

agents, such as tamoxifen; thymidilate synthase inhibitors, such as 5-fluorouracil; and 

15 anti-metabolites, such as methoxtrexate. 

If formulated as a fixed dose, such combination products employ the 

compounds of this invention within the dosage range described below and the other 

pharmaceutically active agent or treatment within its approved dosage range. 

Compounds of formula I may also be administered sequentially with known 

20 anticancer or cytotoxic agents when a combination formulation is inappropriate. The 

invention is not limited in the sequence of administration; compounds of formula I 

may be administered either prior to or after administration of the known anticancer or 

cytotoxic agent(s). 

25 ASSAYS 

The pharmacological properties of the compounds of this invention may be 

confirmed by a number of pharmacological assays. The exemplified pharmacological 

assays which follow have been carried out with the compounds according to the 

invention and their salts. The compounds of formula I exhibited antiproliferative 

30 activity. Preferred compounds exhibit IC50 values less than or equal to about 10 tM. 
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Cell Culture 

Cell lines are maintained in RPMI-1640 plus 10% fetal bovine serum. 

72-Hour Proliferation Assay 

5 Cells are plated at a density of 3,000-6,000 cells/well, depending upon the cell Line used, 

in a 96-well plate. The cultures are grown overnight. Cells were then treated in triplicate 

with a seven concentration dose-response curve. The maximum concentration of DMSO 

never exceeded 0.5%. Cells were exposed to compound for 72 hours. Proliferation was 

measured using XTT or MTS from Promega. The ovarian, breast, prostate, lung, 

10 leukemia, and colorectal human cancer cell lines used in this assay included but were not 

limited to, for example, A2780S, SKBR3, MDA-MB-231, PC3, LX-1, 1(562, HT-29, 

WiDr, HCT-15 and HCT1 16. The compounds of formula I exhibited activity in the 72-

hour cell proliferation assay, inhibiting cell proliferation in one or more of the cell lines 

� listed above with at an IC50 less than or equal to about 10 tM. 

15 

Clonogenic Growth Assay 

Colony growth inhibition was measured for A2780 ovarian carcinoma cells using a 

standard clonogenic assay. Briefly, 200 cells/well were seeded into 6-well tissue 

culture plates (Falcon, Franklin Lakes, NJ) and allowed to attach for 18 hours. Assay 

20 medium consisted of RPMI-1640 plus 10% fetal bovine serum. Cells were then 

treated in duplicate with a six concentration dose-response curve. The maximum 

concentration of DM50 never exceeded 0.25%. Cells were exposed to compound for 

4, 8 or 24 hours. Compound was then removed and the cells were washed with 2 

. volumes of PBS. The normal growth medium was then replaced. Colonies were fed 

25 with fresh media every third day. Colony number was scored on day 10-14 using a 

Optimax imaging station. The compound concentration required to inhibit 50% or 

90% of colony formation (1050 or IC90, respectively) was determined by non-linear 

regression analysis. The coefficient of variance (SD/mean, n=3) = 30%. When 

exposed to cells for 24 hours, the compounds of formula I exhibited activity in the 

30 clonogenecity assay. 
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Combination Studies - Clonogenic Growth Assay 

Combination studies to examine the use of the Eg5 inhibitors of formula I in 

combination with other antineoplastic agents were conducted essentially the same as 

the standard colony growth assay with the exception of compound treatment. In the 

5 combination studies, the cells were treated with both a compound of formula I and 

another antineoplastic agent. The compounds were administered simultaneously or 

sequentially; both the order of sequence and length of treatment (1 to 24 hours) were 

varied. Data evaluation was based upon the isobologram analysis and the envelope of 

additivity, using the line of multiplicity which compares the survival fractions of 

10 combination treatments with those of single drug treatments. 

Cell Cycle Analysis 

The cell cycle profile of cells treated with compounds of formula I was monitored by 

� flow cytometry. Briefly, A2780 ovarian carcinoma cells were seeded at a density of 2 

15 x 10 per well in standard 6 well culture plates and permitted to grow for 17 hours. 

Cells were then exposed to compounds of formula I at varying concentrations for 2 to 

24 hours. Following exposure, cell populations were harvested, stained with 

propidium iodide to determine DNA content and also stained with the appropriate 

immunological reagent for protein biomarkers of mitosis and apoptosis, including, for 

20 example, anti-phospho-ThreonineProline, anti-M Phase Phospoprotein 2 (MIMP2), 

and anti-p85 PARP. The compounds of formula fexhibited activity in the cell cycle 

profile analysis assay, producing significant increases in mitotic and apoptotic 

fractions of the cell population. 

25 Immunocytochemistry Assays 

A2780 ovarian carcinoma cells or PTK2 kangaroo rat kidney epitheilal cells 

were plated at a density of 200 to 2000 cells per well in 4 chamber glass slides and 

allowed to attach overnight. Cells were then treated with compounds of formula I at 

concentrations of 100 nM to 50 pM for 4 to 30 hours, fixed and permeabilized for 

30 subsequent staining. Stain reagents included, for example, propidium iodide, DAPI, 

rhodamine phalloidin, anti-utubulin, anti-tubulin, anti-’ytubulin, and the appropriate 

24 



* 



LD0202 PCT 

fluorescent-tagged secondary antibodies. Cells were imaged by fluorescent and 

confocal fluorescent microscropy. The compounds of formula I inhibited bipolar 

spindle formation and induced a monoastral array of microtubules. 

Further subject matter of the invention also includes pharmaceuticals for use 

5 as described above including controlling cancer, inflammation and arthritis, which 

contain at least one compound of the formula I as defined above or at least one of its 

pharmacologically acceptable acid addition salts, and the use of a compound of the 

formula I as defined above for the preparation of a pharmaceutical having activity 

against proliferative diseases as described previously including against cancer, 

10 inflammation and/or arthritis. 

. The following examples and preparations describe the manner and process of 

making and using the invention and are illustrative rather than limiting. It should be 

understood that there may be other embodiments which fall within the spirit and scope of 

the invention as defined by the claims appended hereto. 

15 Example 1 

5-Cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

A. Step 1 

A mixture of 6.42 g of acetoacetamide, 8.0 g of 3-nitrobenzaldebyde, 0.61 ml of 

20 acetic acid, and 0.21 ml of piperidine in 30 ml of toluene was heated to reflux. A 

Dean Stark trap was used to azeotrope the water produced. After refluxed for 2 h, the 

reaction mixture was cooled to room temperature, with a lot of solid appeared, it was 

treated with a solution of 300 ml of EtOAc and 25 ml MeOH, the solid was then 

filtered off, rinsed with 15 ml of EtOAc twice to give 3.1 g of desired product in 25% 

’S 25 yield. 

B. Step   

A mixture of 200 mg of the compound of Example 1, Step 1, 198 mg of 2-(4-

methoxybenzyl)-2-thiopseudourea HC1 salt, 84 mg of sodium acetate in 3.6 ml DMF 

30 was heated at 85 °C for 15 b, then cooled to room temperature. The resulting reaction 

mixture was purified by preparative HPLC using a (YMC S5 ODS 20 X 100 mm) 
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column, the desired fraction was concentrated to dryness. Saturated NaHCO3 (50 ml) 

was added and extracted with EtOAc (3 x 50 ml), combined EtOAc extracts were 

washed with 30 ml of brine, dried with MgSO4, filtered and concentrated under 

vacuum to give 126.1 mg desired product in 36% yield. 

C. Step   

A mixture of the compound of Example 1, Step 2 ( 86.5 mg) and Burgess reagent 

(150 mg) in 7.0 ml of anhydrous TIIF was stirred at room temperature for 1 h, 

concentrated under vacuum, then purified by preparative HPLC using a YMC S5 ( 

10 ODS 20 X 100 mm) column to give 80.8 mg of desired product in 87% yield. 

D. Step4 

To a solution of the compound of Example 1, Step 3 (60 mg) and pyridine ( 0.1 ml) 

in 0.6 ml of C11202, 17 il of ethylchloroformate was added, after stirring for 2.5 h, 

15 another 22 pl of ethyichioroformate was added, the reaction mixture was stirred for 2 

h, then 0.3 ml of trifluoroacetic acid was added, the resulting mixture was stirred for 

another 1 h, and concentrated under vacuum, diluted with DMF, MeOH and a little 

CH202, filtered, then purified by preparative HPLC using a (YMC S5 ODS 20 X 100 

mm) column to give 22.5 mg of product in 42.7% yield. MS (M-H)’ = 345. HPLC RT 

20 = 2.85 mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 

minutes containing 0.2% phosphoric acid, 4m1/min, monitoring at 220 nm) 

Example 2 

5-Cyano-3,6-dibydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1-(2ff)-

25 pyrimidinecarboxylic acid, 1-ethyl ester 

A. Step   

10.92 g of NaHCO3 was added portionwise to a solution of 7.83 g of the compound of 

Example 1, Step 1 and 7.48g of o-methylisourea hydrogen sulfate in DMF (100 ml), 

there was gas evolved. The reaction mixture was stirred for 2 b, then heated at 65°C 

30 overnight, cooled to room temperature, diluted with 800 ml of EtOAc, washed with 

water (2 x 100 ml) and brine (1 x 100 ml). The organic layer was dried MgSO4, 
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filtered and concentrated under vacuum. The resulting residue was triturated in ( ’\ 

EtOAc- CH202-bexane to give 5.48 g of desired product as solid (56%). 

B. Step 2 

5 A mixture of the compound of Example 2, Step 1 (209 mg) and Burgess reagent ( 

274.5 mg) in CH202 (5 ml) and TFIF (10 ml) was stirred overnight. The reaction 

mixture was concentrated under vacuum, diluted with 150 ml of EtOAc, then washed 

with saturated NaHCO3 (2 x 30 ml) and brine (1 x 30 ml), dried with MgSO4, 

concentrated under vacuum. The resulting residue was purified silica gel 

10 chromatography to give 136 mg (69.4%) of desired product. 

C. Step 3 

1.23 ml of pyridine was added to a solution of 2.075 g of the compound of Example 2, 

� Step 2 in CH202 (30 ml) under argon at 0°C, then 0.87 ml of ethyl chloroformate 

15 was added slowly. The reaction mixture was warmed to room temperature and stirred 

for 3 h, diluted with a mixture of saturated of NaHCO3 (50 ml) and brine (50 ml), 

extracted with EtOAc three times, the combined layers were washed with brine and 

dried with MgSO4, filtered and concentrated under vacuum, purified by silica gel 

chromatography to give 2.57 g ( 98% ) of desired product. 

20 

D. Step 4 

2.5 ml of TFA was added to a solution of 1.44 g of the compound of Example 2, Step 

� 3 in CH3CN (25 ml) and H20 (2.5 ml ), the reaction mixture was stirred for 2 h, a lot 

of white solid appeared. The solid was filtered off, rinsed with CH3CN ( 3 x 20 ml) 

� 25 and hexane (2 x20 ml), dried in air to give 860 mg ( 62.2% ) desired product. The 

filtrate was concentrated under vacuum, the solid was recrystallized in CH3CN to give 

another 320 mg (23.2%) of product. MS (M-H)"’ = 329. HPLC RT = 2.53 mm (YMC 

S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 

0.2% phosphoric acid, 4m1/min, monitoring at 220 nm) 
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Example 3 

5-Cyano-3,6-dihydro-4-metbyl-6-(3-nitrophenyl)-2-oxo-1-(211)-

pyriinidinecarboxyiic acid, 1-ethyl amide. 

A. Step 1 

To a solution of the compound of Example 2, Step 2(100 mg; 0.37 mmol) and 

pyridine (0.74 mmol; 18 j.iL) in dichioroethane (40 mL) was added 4-nitrophenyl 

chloroformate (81 mg; 0.40 mmol) and the resulting solution was stirred at room 

temperature for 1.5 hours. The reaction mixture was diluted with saturated NaHCO3 

(30 mL), extracted with ethyl acetate (3 x 50 mL), dried (MgSO4) and concentrated in 

10 vacuo to afford a white foam. Purification by chromatography (Si02: 20% 

EtOAcfhexane) afforded the desired compound as a colorless foam (99 mg; 62%) 

B. Step 2 

� To a solution of the compound of Example 3, Step 1 (12 mg; 27 .tmol) in TifF (0.1 

15 mL) was added 2M etbylamine in THF solution (15 iL; 30 mmol) in one portion at 

20 

room temperature and the resulting yellow solution was stirred 30 minutes. Dilution 

of the reaction mixture with methanol (1.8 mL) afforded a yellow solid which was 

collected by suction filtration and purified by preparative HPLC to afford the title 

compound as a white solid (20 mg; 22%). 

In contrast to the method of Example 2 above, in this case the 2-methoxy group 

hydrolyzed during isolation and purification to afford the dihydropyrimidinone ring 

without the need for treatment with TFA (Example 2, Step 4). 

� 25 Example 4 

5-Cyano-3,6-dibydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1-(1-oxobutyl)-(211)-

pyrimicline 

A. Step 1 

23.7 jfl of butyryl chloride was added to a solution of 52 mg of the compound of 

30 Example 2, Step 2 and 0.15 ml of pyridine in 0.6 nil of anhydrous CH202, the 

reaction mixture was stirred for 1 b, then 24 W of butyryl chloride was added, the 
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reaction was stirred for 1.5 h, purified by preparative HPLC using a YMC S5 (ODS 

20 x 100 mm) column to give 30 mg desired product. 

B. Step 2 

5 A solution of 30 mg of the compound of Example 4, Step 1, 0.2 ml of H20 and 0.2 ml 

of TFA in 1.2 ml CH3CN was stirred for 1.5 b, it was added another 0.1 ml of TFA 

and stirred for another 2.5 h. The reaction mixture was concentrated under vacuum, 

and purified by preparative HPLC using a YMC S5 (ODS 20 x 100 mm) column to 

give 11.8 mg desired product. MS (M-H)" = 327. HPLC RT = 3.06 mm (YMC S5 

10 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 

0.2% phosphoric acid, 4mllmin, monitoring at 220 nm) 

O 
Example 5 

enantio 5-Cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1-(2H)-

15 pyrimidinecarboxylic acid, 1-ethyl ester (enantiomer A) 

53 mg of the compound of Example 2, Step 4 was dissolved in absolute EtOH, 

preparative chiral separation was carried out using a Chiralcel OD-H S5 (4.6 x 250 

mm) column, 20 mg of enantiomer A and 27 mg of enantiomer B were obtained. MS 

(M-H) = 329. HPLC-Chiral RT = 10.44 mm (Chiralcel OD-H, S5, column 4.6 x250 

20 mm, 10% MeOH /10% EtOH fHeptane, 1.0 ml /min, monitoring at 220 nm, 94.7% 

ee) 

� Example 6 

� enanhio 

S 
pyrimidinecarboxylic acid, 1-ethyl ester (enantiomer B) 

25 MS (M-H)+ = 329. HPLC-Chiral RT = 12.92 mm (Chiralcel OD-H, S5, column 4.6 

x250 mm, 10% MeOH / 10% EtOH fHeptane, 1.0 ml /min, monitoring at 220 nm, 

99.64% ee) 

Example 7 

30 5-Cyano-3,6-dihydro-4-methyl-6-(3-aniinophenyl)-2-oxo-I-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 
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A solution of 12 mg of the compound of Example 1, Step 4 in ethanol was treated 

with 100 mg of tin (II) chloride and heated to reflux under argon for 90 mm., the 

reaction was cooled down and quenched with saturated NaHCO3 solution and 

extracted with EtOAc ( 3 x 50 ml). The combined organic layer was washed with 

5 HO, dried with Na2SO4 and concentrated under vacuum. It was triturated with 

hexane and ether to give 8 mg of crude product, which was further purified by 

preparative HPLC to afford 3 mg of desired product as TFA salt. MS (M+H) = 301. 

HPLC RT = 1.685 mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous 

methanol over 4 minutes containing 0.1% of TFA, 4m1/min, monitoring at 220 nm) 

10 

- Example 8 

1, 5-Cyano-3,6-dihydro-4-methyl-6-(3-(N,N-dimethyl)aminophenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

A solution of 12 mg of the compound of Example 7 in CH3CN (1 ml) was added 

15 paraformaldebyde (40 mg), sodium cyanoborohydride ( 30 mg) followed by 2 drops 

of acetic acid. The reaction mixture was stirred at room temperature for 2 h, then 

quenched with saturated NaHCO3 solution and extracted with EtOAc three times. The 

combined organic layer was washed with brine, dried with Na2SO4 and concentrated 

under vacuum. The resulting residue was purified by preparative HPLC to yield 3.2 

20 mg of desired product as TFA salt. MS (M+H) 329. HPLC RT = 1.76 mm (YMC 

S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 

0.1% of TFA, 4m1/min, monitoring at 220 nm) 

Examples 9 through 15 were prepared using the methods of Example 2 with the 

S 25 substitution of an appropriate benzaldehyde in Step 1. 

Example 9 

5-Cyano-3,6-dihydro-4-methyl-6-(3-trifluoromethylphenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

30 HPLC-HI 100% at 2.84 min (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

methanol over 4 minutes containing 0.1% of TFA , 4 ml/min, monitoring at 220 nm). 

MS: [M+H]" = 354. 
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Example 10 

5-Cyano-3,6-dihydro-4-metbyl-6-(2,3-dichiorophenyl)-2-oxo-1-(2H). 

pyrimidinecarboxylic acid, 1-ethyl ester 

HPLC-HI 100% at 3.2 mm (YMC S5 ODS column 4.6 x 50 mm, 10- 90% aqueous 

5 methanol over 4 minutes containing 0.1% of TFA , 4 ml./min, monitoring at 220 nm). 

MS: EM-H]  = 352. 

Example 11 

5-Cyano-3,6-dihydro-4-methyl-6-(3-methoxyphenyl)-2..oxo-1-(2H). 

10 pyrimidinecarboxylic acid, 1-ethyl ester 

HPLC-HI 100% at 2.42 
mm (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

methanol over 4 minutes containing 0.1% of TFA , 4 ml/mm, monitoring at 220 nm) * 

MS: [M+H] = 316. 

Example 12 

15 S-Cyano-3,6-dihydro-4-methyl-6-(3,5-dichlorophenyl)-2-oxo-1..(2H). 

pyrimidinecarboxylic acid, 1-ethyl ester 

HPLC-HI 87% at 3.26 
mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous 

methanol over 4 minutes containing 0.1% of TFA , 4 ml/min, monitoring at 220 rim). 

MS: [M-H]  = 352. 

20 

Example 13 

S-Cyano-3,6-dihydro-4-methyl-6-(3,4-dichlorophenyl)..2..oxo..1(2H). 

pyrimidinecarboxylic acid, 1-ethyl ester 

S HPLC-HI 100% at 3.197 mm (YMC S5 ODS column 4.6 x 50 mm, 10- 90% aqueous 

25 methanol over 4 minutes containing 0.1% of TFA , 4 ml/mm, monitoring at 220 rim). 

MS: EM-Hf = 352. 

Example 14 

5-Cyano-3,6-dihydro-4-methyl-6-(3-cyanophenyl)-2-oxo-1..(2ff). 

30 pyrimidinecarboxylic acid, 1-ethyl ester 
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HPLC-HI 93% at 2.32 mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous 

methanol over 4 minutes containing 0.1% of TFA, 4 ml/mm, monitoring at 220 nm). 

MS: [M+H}’= 311. 

5 Example 15 

5-Cyano-3,6-dihydro-4-methyl-6-(4-methoxyphenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

HPLC-HI 100% at 2.55 mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous 

methanol over 4 minutes containing 0.1% of TFA , 4 nil/min, monitoring at 220 nm). 

10 MS: [M+H] = 316. 

Example 16 

5-Cyano-3,6-dihydro-4-methyl-6-(4-methylphenyl)-2-oxo-1-(2H)-

Spyrimidinecarboxylic acid, 1-ethyl ester 

15 A. Step 1 

A cloudy solution of 3-aminocrotononitrile (41 g, 0.5 mol ) in Et20 (500 ml) was 

added dropwise to the 15% HCI solution (115 ml) at 0°C over 30 niin with vigorous 

stirring, and the reaction mixture was stirred at 0°C for 15 mm. The aqueous solution 

was then separated, extracted with Et20 (2 x 125 ml), the combined organic phases 

20 dried with Na2SO4. Triethyl orthoformate ( 83 ml) in a 500 ml three-neck flask 

equipped with addition funnel and distillation set was stirred in 60°C -65°C oil bath, 

the above ether solution was added dropwise such that the rate of addition was equal 

S to the rate of distillation. An additional 83 ml of triethyl orthoformate was added to 

. the reaction when the addition of the ether solution was half complete, the oil bath 

25 temperature was slowly raised to 100°C, and the reaction mixture was then stirred for 

5 h. Distillation gave 26.6 g (38%) of desired red solid product at 150-155°C! 2mm 

Hg. 

B. Step 2 

30 To a mixture of 0-methylisourea sulfate (9.9 g, 80 mmol), the compound of Example 

16, Step 1(7.4 g, 53 mmol) and ethanol (90 nil) was added Et3N (11 ml, 80 mmol). 

The mixture was stirred at room temperature for 15 
mm, 

then stirred at 66°C for 3 h, 
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and concentrated to remove EtOH. EtOAc (80 ml) and H20 (80 ml) were added, the 

aqueous layer were separated and extracted with EtOAc ( 2 x 80 ml), the combined 

organic layer were dried with Na2SO4, concentrated to give brown solid, which was 

dissolved in EtOAc, filtered through a silica gel pad, washed with EtOAcfheptane ( 

5 1/1 ) to remove dark color, and the combined filtrate was concentrated. The solid thus 

obtained was recrystallized in heptane / EtOAc to give yellow crystal 5.18 g in 65% 

yield. 

C. Step 3 

10 A solution of p-tolylmagnesium bromide in ether ( 1M, 1 ml, 1 mmol ) was added 

dropwise to a solution of the compound of Example 16, Step 2 (75 mg, 0.5 mmol ) in 

THF (2 ml) at 0°C under argon. The reaction mixture was stirred at the temperature 

for 1.5 h, another 3 ml of Grignard reagent was added at -78°C, the reaction was 

slowly warmed to room temperature and stirred for 2 mm. Saturated NH.4Cl (5 ml) 

15 and H20 ( 5 ml) were added, the mixture was extracted with EtOAc (2 x 15 ml), the 

combined organic layer was dried, concentrated and chromatographed on silica gel to 

give 45.6 mg of desired product in 91% yield. 

D. Step 4 

20 To a solution of the compound of Example 16, Step 3 (109 mg, 0.45 mmol) was 

added pyridine (0.2 ml, 2.5 mmol) in dry CH202 (5 ml) followed by ethyl 

chloroformate (0.1 ml, 1.05 mmol), and the resulting reaction mixture was stirred at 

room temperature overnight. MeOH was added, the resulting mixture was stirred for 

15 mm, concentrated, and chromatographed on silica gel column to give 100 mg 

25 desired product as colorless oil (71%). 

E. Step 5 

A mixture of the compound of Example 15, Step 4 (100 mg, 0.32 mmol), H20 (0.7 

ml), CH3CN (0.5 ml) and TFA (7 ml) was stirred at room temperature for 2 h. The 

30 solution was then concentrated to remove CH3CN, saturated NaHCO3 was added to 

make the mixture basic, the white solid precipitate was filtered, washed with H20, and 

dried to give the desired product (64 mg). The crude product was dried and 

recrystallized from EtOH / H20 to give another 20 mg desired product as white solid. 
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MS (M+H) = 300. HPLC RT = 3.40 mm (YMC S5 ODS column 4.6 x 50 mm, 10-

90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/min, 

monitoring at 220 nm) 

Example 1.7 

5 5Cyano3,6dihydro-4-methyI-6-cycIohexy1-2-OXO-1-(2H)-PYrimidifleCarbOXYliC 

acid, 1-ethyl ester 

To a solution of the compound of Example 16, Step 2 (30 mg, 0.2 mmol) in THF (1.2 

ml) was added cyclohexylmagnesium chloride (2 M in ether, 1.0 ml, 2 mmol) at - 

44°C under argon, the reaction was slowly warmed to room temperature, and stirred 

10 for 10 mm. Saturated NH4C1 was added, the resulting mixture was extracted several 

times with EtOAc, the combined organic layer dried, filtered through a silica gel pad, 

. and concentrated to give yellow oil. The oil was dissolved in C11202 (2 ml), then 

pyridine (80 .tl, 0.9 mmol) and ethyl cliloroformate (50 jil, 0.5 mmol) were added, the 

mixture was stirred at room temperature for 30 mm, stirred for another 10 mm after 

15 which H20 (25 p.1) and EtOAc were added, and the mixture dried over Na2SO4, 

filtered through a silica gel pad, and concentrated to give yellow oil. The oil was 

dissolved in CH3CN (2 ml), H20 (0.3 ml) and TFA (0.2 ml) were added, and the 

mixture stirred at room temperature for 2 h. Saturated NaHCO3 solution and EtOAc 

were added, the aqueous layer was separated and extracted with EtOAc, and the 

20 combined organic layer was dried over Na2SO4, concentrated and chromatographed 

Son silica gel to give 35 mg of desired product as yellow foam (60%). MS (M+H) = 

392. HPLC RT = 3.60 mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous 

methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/min, monitoring at 

220 nm) 

25 

Example 18 

5-Cyano3,6dihydro-4-methyl-6-phenyI-2-oxo-1-(2H)-pyrimidinecarboxylic 

acid, 1-ethyl ester 

To a solution of the compound of Example 16, Step 2 (55 mg, 0.37 mmol) in dry THF 

30 (2 ml) was added phenylmagnesium bromide (2 M in THF, 2 ml, 4 mmol) dropwise at 

-78°C under argon. After addition, the reaction was slowly warmed to room 
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temperature and stirred for about 10 mm, until starting material disappeared. 

Saturated NL0 solution and H20 were added, the mixture was extracted with 

EtOAc for two times, and the combined organic layer was dried over Na2SO4, 

concentrated and chromatographed on silica gel to give solid intermediate. The solid 

5 was dissolved in CH202 (5 ml), pyridine (0.15 ml, 1.8 mmol) and ethyl chioroformate 

(0.1 ml, 1 mmol) were added, and the reaction mixture was stirred at room 

temperature for 0.5 h. The reaction was quenched with 50 jil of H20, diluted with 5 

ml of EtOAc, the resulting mixture was dried over Na2SO4, filtered through silica gel 

column to give the intermediate as an oil. The oil was dissolved in CH3CN (5 ml), 

10 H20 (0.5 ml) and TFA (0.4 ml) were added, the reaction mixture stirred forl .5 h, and 

’ concentrated in vacuo. Saturated NaHCO3 solution was added to neutralize the 

mixture, and the precipitate was then filtered and air dried. Recrystallization in EtOAc 

O 
I heptane to give 70 mg solid product in 66% yield. MS (M+H) = 286. HPLC RT = 

1.28 mm. (Phenom-Prime S5 C18 4.6 x 30 mm, 10-90 % aqueous methanol over 2 

15 minutes containing 0.1 % TFA, 5 ml/min, monitoring at 220 nm) 

Examples 19 through 24 were prepared using the method of Example 18 with the 

substitution of an appropriate arylmagnesiumhalide. 

20 Example 19 

5-Cyano-3,6-dihydro-4-methyl-6-(2-methylpbenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

MS (M+H) = 300. HPLC RT = 1.41 mm. (Phenom-Prime S5 C18 4.6 x 30 mm, 10-

90 % aqueous methanol over 2 minutes containing 0.1 % TFA, 5 ml/min, monitoring 

� 
25 at 220 

Example 20 

5-Cyano-3,6-dihydro-4-methyl-6-(3-chlorophenyl)-2-oxo-1-(211)-

pyrimidinecarboxylic acid, 1-ethyl ester 

30 MS (M+H) = 320. HPLC RT = 1.43 mm. (Phenom-Prime S5 C18 4.6 x 30 mm, 10-

90 % aqueous methanol over 2 minutes containing 0.1 % TFA, 5 ml/min, monitoring 

at 220 mn) 
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Example 21 

5Cyano3,6dihydro-4-methyl-6-(3-fluOrOPheIIYl)-2-OXO4(2H) 

pyrimidinecarboxylic acid, 1-ethyl ester 

MS (M+H) = 304. HPLC RT = 1.29 mm. (Phenom-Prime S5 C18 4.6 x 30 mm, 10-

5 90 % aqueous methanol over 2 minutes containing 0.1 % TFA, 5 ml/min, monitoring 

at 220 nm) 

Example 22 

5-Cyano-3,6-dihydro-4-methyl-6-(4-chlorophenyl)-2-OXo-1-(2H)-

10 pyrimidinecarboxylic acid, 1-ethyl ester 

MS (M+H) = 320. HPLC RT = 1.44 nun. (Phenom-Prime S5 C18 4.6 x 30 mm, 10-

90 % aqueous methanol over 2 minutes containing 0.1 % TFA, 5 mI/mm, monitoring 

at 220 nm) 

15 Example 23 

5-Cyano-3,6-dihydro-4.methyl-6-(4-fluorophenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

MS (M+H) = 304. HPLC RT = 3.21 mm (YMC S5 ODS column 4.6 x 50 mm, 10-

90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/min, 

20 monitoring at 220 nm) 

Example 24 

5-Cyano-3,6-dihydro-4-methyl-6-(2-fluorophenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

25 MS (M+H) = 304. HPLC RT = 3.05 mm (YMC 55 ODS column 4.6 x 50 mm, 10-

0 90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/min, 

monitoring at 220 nm) 

Example 25 

30 6(3,5Bistrifluoromethylpbenyl)-5-cyano-4-metbyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 
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A. Step 1 

4-(3,5-Bis-trifluoromethylpbenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydrOpyrimidine-

5-carboxylic acid amide. A mixture of 3,5-bis(trifluoromethyl)benzaldehyde (2.42 

g, 10.0 mmol), acetoacetaniide (1.01 g, 10.0 mmol), urea (0.90 g, 15.0 mmol), copper 

chloride (0.1 g, 1.0 mmol), boron trifluoride etherate (0.09 mL), AcOH (0.04 mL), 

and THF (20 mL) was heated at 65 °C for 18 h and cooled to room temperature. The 

resulting precipitates were collected by vacuum filtration, washed with THF, and air 

dried to give the title compound as an off-white solid(1.33 g. 36%). 

10 B. Step 2 

4-(3,5-Bis-trifluorometbylphenyl)-6-metbyl-2-oxo-1,2,3,4-tetrahydro-pyrimidine-

S5-carbonitrile. To a mixture of compound from Step 1(1.10 g, 3.0 mmol) and 

pyridine (12 mL) at 0 °C was added trifluoroacetic anhydride (1.3 mL, 9.0 mmol) 

slowly over 10 mm. The reaction mixture became a clear brown solution and was 

15 stirred for 18 b, then poured into water. The resulting off-white precipitates were 

collected by vacuum filtration, washed with water, and air dried to give the title 

compound as a light brown solid (1.06 g, 100%). 

C. Step 3 

20 6-(3,S-Bis-trffluoromethylpbenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester. To a solution of compound from Step 2 

(60.0 mg, 0.17 mmol) in THF (2 mL) chilled to -78 °C was added LDA (0.15 mL,0.30 

mmol, 2.0 M in hexanes). The resulting mixture was stirred at -78 °C for 15 mm, 

warmed to -25 °C for 15 mm, recooled to -78 °C and ethyl chloroformate (20 pL, 0.20 

S 25 mmol) was added via a syringe. The reaction mixture was stirred at -78 °C for 15 

mm, gradually warmed to room temperature and stirred for 1 h, quenched with MeOH 

and concentrated in vacuo. The residue was purified by preparative HPLC 

(methanol/water); product fractions were combined and concentrated in vacuo to 

afford the title compound as an off-white solid (28.4 mg, 40%). 

30 ’H-NMR (DMSO-d, 400 MHz): 8 10.64 (s, 1 H), 8.19 (s, 1 H), 7.93 (s, 2 H), 6.15 (s, 

1 H), 4.17 (m, 2 H), 2.10 (s, 3 H), 1.17 (t, 3 H, J= 7.0 Hz). LC/MS (ES+) 444 

(M-i-Na). 
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Example 26 

acid 

ethyl ester 

5 

A. Step 1 

4Hexyl6methy12-oxo-1,2,3,4-tetrahydropyrimidifle-5-CarbOflitrile. 

Polyphosphate ester (1.15 g, 3.89 mmol, 0.30 eq) was added to a sealed tube 

containing a solution of urea (1.17 g, 19.4 mmol), valeraldehyde (1.38 ml, 12.9 mmol) 

10 and acetoacetainide (1.31 g, 12.9 mmol) in THF (15 mL) under argon and heated at 

75°C for three hours. The reaction mixture was cooled to room temperature, 

polyphosphate ester (8.80 g, 29.8 mmol) was added and the reaction mixture was 

heated at 85°C for four hours. The reaction mixture was cooled to room temperature 

and poured on ice. The aqueous solution was neutralized with iN NaOH and 

15 extracted with chloroform (3X100 mL). The combined organic layers were dried 

(Na2SO4), filtered and concentrated under vacuum to give the title compound (0.940 

g, 97%): HRMS 192.1143 (M-H). The product was used in the next step without 

further purification. 

20 B. Step   

6-Butyl-5cyano-4-metbyl-2-oxo-3,6-dihydro-2II-pyrimidifle-1-CarbOXYliC acid 

ethyl ester. LDA (0-585 mL, 1.17 mmol, 2.0 M in hexane) was added dropwise to a 

solution of compound from Step 1(0.150 g, 0.777 mmol) in THF (5mL) at �78°C. 

The reaction mixture was stirred at -78’C for twenty minutes and ethyl chioroformate 

25 (0.111 mL, 1.17 mmol) was added in one portion. The reaction mixture was allowed 

to warm to room temperature and was stirred for sixteen hours. The reaction mixture 

was quenched with saturated ammonium chloride (35 ml) and the solution was 

extracted with chloroform (3X100 ml). The combined organic layers were dried 

(Na2SO4), filtered and concentrated under vacuum. The residue was purified by flash 

30 chromatography (eluting 2/1 ethyl acetate/hexanes) to afford the title compound 

(0.110 g, 53%) as a solid. 
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1H-NMR (DMSO-d6, 400 MHz): 8 0.86 (t, 3 H, J = 6.79),1.21-1.33 (m, 7H), 1.54-

1.65 (m, 2H), 2.04 (s, 3H), 4.17-4.23 (m, 211), 4.68 (t, 1H, J = 6.42), 10.33 (s, 1H). 

MS 264 (M-H)-. HRMS 266.1506 (M+H)t 

5 Example 27 

5-Cyano-4-metbyl-6-(3-nitrophenyl)-2-oxo-3,6-dthydro-2H-pyrimidine-1-

carboxylic acid methylamicle 

A. Step 1 

10 5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-211-pyriniidine-1-

carboxylic acid 4-nitrophenyl ester. To a suspension of 6-Methyl-4-(3-nitro-

phenyl)-2-oxo- 1,2,3 ,4-tetrahydro-pyrimidine-5-carbonitrile (0.43 g, 1.7 mmol, 

prepared by the method described in Example 26, Step 1, in 77 % yield) in THF (15 

� mL) at -78 °C was added LDA (1.25 mL, 2.5 mmol, 2.0 M in bexanes). The resulting 

15 mixture was stirred at -78 °C for 15 mm, warmed to -25 °C for 15 mm, recooled to - 

78 °C and 4-nitrophenyl chloroformate (0.50 g, 2.5 mmol) was added in one portion. 

The reaction mixture was stirred at -78 °C for 15 mm, gradually warmed to room 

temperature, quenched with water and extracted with ethyl acetate. The organic 

extract was washed with brine, dried (MgSO4) and concentrated in vacuo. The 

20 residue was purified by flash column chromatography on silica gel using 50% to 70% 

ethyl acetate-hexane as eluant to give the title compound as a light yellow solid (0.38 

g, 53%). 

S 
B. Step 2 

S25 S-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dibydro-2H-pyrimidine- 1-

carboxylic acid methylamide. To a solution of compound from Step 1 (12.5 mg, 

0.03 mmol) in THF (1 mL) was added metbylamine (4.1 uL, 0.033 mmol, 8 M in 

EtOH). The reaction mixture was stirred for 2 b and concentrated in vacuo. The 

residue was purified by preparative HPLC (methanol/water). Product fractions were 

30 combined, concentrated in vacuo and lyophilized to give the title compound as a 

colorless solid (8.2 mg, 87%). 
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’H-NMR (MeOH-d4, 400 MHz): 8 8.22 (m, 1 H), 8.17 (t, 1 H, J = 1.8 Hz), 7.76 (m, 1 

H), 7.65 (t, 1 H, J = 7.9 Hz), 6.30 (s, 1 H), 2.82 (s, 3 H), 2.18 (s, 3 H). LCIMS (ES+) 

338 (M+Na). 

5 Example 28 

5-Cyano-4-methyl-2-oxo-6-phenyl-3,6-dihydro-2H-pyrimidine-1-carboxyliC acid 

ethylamide. To a solution 6-Methyl-2-oxo-4-phenyl-1 ,2,3,4-tetrahydropyrimidine-5-

carbonitrile (100 mg, 0.47 mmole, obtained in 65 % yield by the procedure described 

in Example 26, Step 1) in 4 mL of tetrahydrofuran under argon at room temperature 

10 was added oil free sodium hydride (17 mg, 0.70 mmole). After stirring for ten 

minutes, ethyl isocyanate (50 mg, 0.70 mmole) was added. The reaction mixture was 

diluted with ethyl acetate and washed with dilute citric acid, water and saturated 

brine. The dried (anhydrous magnesium sulfate) organic extract was concentrated in 

� vacuo and the product purified by flash chromatography on silica gel, eluting with 

is 

ethyl acetate/hexanes (3:2) to give 100 mg (75 %) of title compound as a white solid. 

’H-NMR (DMSO-d6, 400 MHz) 8 10.51 (br s, 1 H); 8.79 (t, J = 5.4 Hz, 1 H); 7.22-

7.48 (m, 5 H); 6.09 (s, 1 H); 3.10-3.25 (m, 2 1-1); 2.08 (s, 3 H); 1.03 (t, J = 7.2 Hz, 3 

H). LCIMS (ES+) 285 (M-i-H). 

20 Example 29 

5-Cyano-6-(3,5-dichlorophenyl)-4-metbyl-2-oxo-3,6-dthydro-2H-pyrimidine-1-

carboxylic acid 2-metboxy-ethyl ester 

Using 3,5-dichlorobenzaldehyde and following the procedure described in Example 2, 

the title compound was obtained in 3 % overall yield. 

25 1H-NMR (DMSO-d5, 500 MHz): ö 10.59 (s, 1 H), 7.66 (t, 1 H, J = 1.6 Hz), 7.31 (d, 2 

H, J = 1.6 Hz), 5.90 (s, 1 H), 4.26 (m, 2 H), 3.54 (m, 2 H), 3.25 (s, 3 H), 2.11 (s, 3 H). 

LC/MS (ES+) 384 (M+H). 
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Example 30 

5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylphenyl)-3,6-dihydrO-2H-

pyrimidine-1-carboxylic acid etbylamide 

Using 3-trifluoromethylbenzaldehyde and following a modification of the procedure 

5 described in Example 2, the title compound was obtained in 3 % overall yield. 

’H-NMR (CDC13, 400 MHz): 8 8.68 (s, 1 H), 7.60 (m, 2 H), 7.53 (m, 2 H), 6.37 (s, 1 

H), 3.30 (m, 2 H), 2.08 (s, 3 H), 1.17 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 353 (M+H), 

375 (M+Na)t 

io 

Example 31 

5-Cyano-6-(3,5-dichloropbenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidifle-1-

carboxylic acid ethylamide 

Using 3,5-dichlorobenzaldehyde and following a modification of the procedure 

� described in Example 2, the title compound was obtained in 5 % overall yield. 

15 114-NMR (DMSO-d6, 400 MHz): 8 10.56 (s, 1 H), 8.76 (t, 1 H, J = 5.3 Hz), 7.63 (t, 1 

H, J = 1.8 Hz), 7.27 (d, 2 H, J = 1.8 Hz), 6.10 (s, 1 H), 3.16 (m, 2 H), 2.09 (s, 3 H), 

1.03 (t, 3 H, J = 7.0 Hz). LCIMS (ES+) 353 (M+H), 375 (M+Na)t 

Example 32 

20 3-Butyryl-4-(3,5-dichlorophenyl)-6-metbyl-2-oxo-1,2,3,4-tetrahydropyrimidine-

5-carbonitrile 

Using 3,5-dichlorobenzaldehyde and following the procedure described in Example 2, 

the title compound was obtained in 7 % overall yield. 

’H-NMR (DMSO-d6, 500 MHz): 8 10.63 (s, 1 H), 7.63 (t, 1 H, J = 1.6 Hz), 7.26 (d, 2 

25 H, J = 1.6Hz), 6.04 (s, 1 H), 2.95 (m, 1 H), 2.74 (m, 1 H), 1.54 (m, 2 H), 2.11 (s, 3 

H), 0.86 (t, 3 H, J = 7.1 Hz). 

Example 33 

5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylphenyl)-3,6-dihydro-2H-

30 pyrimidine-1-carboxylic acid (2.dimethylamino-ethyl)-amide 

Using 3-trifluoromethylbenzaldebyde and following the procedure described in 

Example 2, the title compound was obtained in 8 % overall yield. 
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1H-NMR (MeOH-d4,400 MHz): 6 7.64 (m, 1 H), 7.59 (m, 3 H), 6.25 (s, 1 H), 3.43 

(m, 1 H), 3.38 (m, 1 H), 2.56 (t, 1 H, J = 6.2 Hz), 2.32 (s, 6 H), 2.15 (d, 3 H, J = 0.9 

Hz); LCIMS (ES+) 396 (M+H). 

5 Example 34 

5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylphenyl)-3,6-dihydro-211-

pyrimidine-1-carbothioic acid S-ethyl ester 

Using 3-trifluoromethylbenzaldehyde and following a modification of the procedure 

described in Example 2, the title compound was obtained in 3 % overall yield. 

10 ’H-NMR (CDC13, 400 MHz): 68.21 (s, 1 H), 7.61 (m, 1 H), 7.52 (m, 3 H), 6.24 (s, 1 

H), 2.87 (m, 2 H), 2.26 (d, 3 H, J = 0.9 Hz), 1.26 (t, 3 H, 5=7.5 Hz). ’LC/MS (ES+) 

W 392 (M+Na). 

Example 35 

15 5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylphenyl)-3,6-dihydro-211-

pyrimidine-1-carboxylic acid (2-hydroxy-ethyl)-amide 

Using 3-trifluorometbylbenzaldehyde and following a modification of the procedure 

described in Example 2, the title compound was obtained in 15 % overall yield. 

’H-NMR (MeOH-d4, 400 MHz): 67.63 (m, 1 H), 7.58 (m, 3 H), 6.25 (s, 1 H), 3.58 

20 (m, 2 H), 3.35 (m, 2 H), 2.1.5 (s, 3 H). LC/MS (ES-i-) 369 (M+H)t 

� Example 36 

4-(3,5-Dichlorophenyl)-6-methyl-2-oxo-3-(thiophene-2-carbonyl)-1,2,3,4-

. tetrahydropyrimidine-5-carbonitrile 

25 Using 3,5-dichlorobenzaldebyde and following the procedure described in Example 2, 

the title compound was obtained in 5 % overall yield 

1H-NMR (DMSO-d, 400 MHz): 6 10.78 (s, 1 H), 7.96 (d, 1 H, J = 4.8 Hz), 7.72 (d, 1 

H, J = 3.1 Hz), 7.64 (t, 1 H, S = 1.8 Hz), 7.36 (d, 2 H, S = 1.8 Hz), 7.17 (m, 1 H), 5.92 

(s, 1 H), 2.82 (s, 3 H), 2.18 (s, 3 H). LC/MS (ES-i-) 415 (M+Na). 

30 
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Example 37 

5.Cyano-6-(3,5-difluorophenyl)-4-methyl-2-oxo-3,6-dihyclro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Intermediate IX was obtained using 3,5-difluorobenzaldehyde and following the 

5 procedure described in Example 2. The title compound was obtained in 28 % yield 

following the procedure of Example 3. 

1H-NIVIR (CD3C1, 400 MHz): 86.77 (m, 211), 6.67 (m, 1 1]), 6.21 (s, 1 H), 3.27 (m, 2 

H), 2.15 (s, 3 H), 1.12 (t, 3H, J = 10.4 Hz). LC/MS (ES+) 321 (M+H). 

10 Example 38 

5-Cyano-6-(3,5-difluoropbenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

Using 3,5-difluorobenzaldebyde and following the procedure described in Example 2, 

the title compound was obtained in 36 % yield for the final two steps. 

15 ’H-NMR (CD3C1, 400 MHz): 8 8.26 (s, 1 H), 6.83 (m, 2 H), 6.73 (m, 1 H), 5.80 (s, 1 

H), 4.27 (m, 2 H), 2.15 (s, 3 H), 1.26 (t, 311, J = 10.4 Hz). LC/MS (ES+) 322 (M+H)t 

Example 39 

4-(3,5-Difluorophenyl)-6-methyl-2-oxo-3-(piperidine-1-carbonyl)-1,2,3,4-

20 tetrahydropyrimidline-S-carbonitrile 

Intermediate IX was obtained using 3,5-difluorobenzaldehyde and following the 

procedure described in Example 2. The title compound was obtained in 30 % yield 

following the procedure of Example 3. 

’H-NMR (CD30D, 400 MHz): 8 7.01 (m, 3 H), 5.62(s, 1 H), 5.48 (s, 1 H), 3.37 (m, 2 H), 3.24 (rn, 2 

25 H), 2.14 (s, 3 H), 1.84 (m, 4), 1.28 (m, 4H). LC/MS (ES+) 361 (M+H). 

Example 40 

4-(3,5-Difluorophenyl)-6-methyl-2-oxo-3-(pyrrolidine-1-carbonyl)-1,2,3,4-

tetrahydropyrimidine-5-carbonitrile 

Intermediate IX was obtained using 3,5-difluorobenzaldehyde and following the 

30 procedure described in Example 2. The title compound was obtained in 18 % yield 

following the procedure of Example 3. 
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’H-NMR (CD30D, 400 MHz): 88.25 (s, 1 H), 8.24(d, 1 H, J = 7.9 Hz), 7.82 (d, 1 H, J 

= 7.9 Hz), 7.67 (t, 2 H, J = 7.9 Hz), 5.77 (s, 1H), 2.29-3.30 (m, 4 H), 2.16 (s, 3 H), 

1.77 (m, 4). LC/MS (ES+) 355 (M-i-H). 

5 Example 41 

5-Cyano-4-methyl-6-naphthalen-1-yl-2-oxo-3,6-dihydro-211-pyrimidine-1-

carboxylic acid ethyl ester 

Using naphthalene-1-carboxaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 44 % yield and the title compound was obtained 

10 in 22 % yield. 

- ’H-NMR (DMSO-d6, 400 MHz): 8 10.57 (s, 1 H), 8.40 (d, 1 H, J = 8.4 Hz), 7.98 (ci, 1 

H, J = 7.9 Hz), 7.94 (d, 1 H, J = 8.4 Hz), 7.61 (m, 2 H), 7.55 (t, 1 H, J = 7.0 Hz), 7.39 

(d, 1 H, J = 7.0 Hz), 6.73 (s, 1 H), 4.04 (m, 2 H), 2.05 (s, 3 H), 1.00 (t, 3 H, J = 7.0 

� Hz). LC/MS (ES+) 336 

15 

Example 42 

5-Cyano-4-methyl-6-naphthalen-1-yl-2-oxo-3,6-dlihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using naphthalene- 1 -carboxaldehyde and following the procedure of Example 25, 

20 intermediate XXIV was obtained in 44 % yield. The title compound was obtained in 

67 % yield following the procedure described in Example 28. 

’H-NMR (CDC13, 400 MHz): 8 8.83 (t, 1 H, J = 5.3 Hz), 8.43 (ci, 1 H, J = 8.4 Hz), 

7.96 (s, 1 H), 7.84 (m, 2 H), 7.61 (m, 1 H), 7.52 (t, 1 H, J = 7.0 Hz), 7.42 (t, 1 H, J 

7.9 Hz), 7.36 (d, 1 H, J = 6.2 Hz), 7.14 (s, 1 H), 3.30 (m, 1 H), 3.21 (m, 1 H), 1.92 (s, 
W 25 3 H), 1.11 (t, 3 H, J = 7.5 Hz). LC/MS (ES+) 335 (M+H), 357 (M+Na). 

Example 43 

6-(3-Bromophenyl)-5-cyano-4-metbyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

30 Using 3-bromobenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 25 % yield and the title compound was obtained 

in 80 % yield. 
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’H-NMR (CDC13, 400 MHz): ö 7.48 (m, 2 H), 7.27 (m, 2 H), 5.87 (s, 1 H), 4.33 (m, 2 

H), 2.22 (s, 3 H), 1.33 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 364 (M+H)F. 

Example 44 

5 6-(3-Bromophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using 3-bromobenzaldehyde and following the procedure of Example 25, 

intermediate XX1V was obtained in 25 % yield. The title compound was obtained in 

88 % yield following the procedure described in Example 28. 

10 1H-NMR (CDC13, 400 MHz): 5 8.65 (t, 1 H, J = 5.3 Hz), 7.91 (s, 1 H), 7.84 (m, 1 H), 

7.38 (m, 1 H), 7.19 (m, 2 H), 6.24 (s, 1 H), 3.24 (m, 2 H), 2.10 (s, 3 H), 1.10 (t, 3 H, J 

= 7.0 Hz). LCIMS (ES+) 363 (M-f.H)t 

Example 45 

15 5-Cyano-4-methyl-2-oxo-6-(2-trffluoromethylphenyl)-3,6-dibydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

Using 2-trifluoromethylbenzaldehyde and following the procedure of Example 25, 

intermediate XX1V was obtained in 43 % yield and the title compound was obtained 

in 30 % yield. 

20 ’H-NMR (DMSO-d6, 400 MHz) ô 10.58 (s, 1 H), 7.77 (m, 2 H), 7.58 (t, 1 H, J = 7.5 

Hz), 7.51 (d, 1 H, J = 8.4 Hz), 6.06 (d, 1 H, J = 0.9 Hz), 4.06 (m, 2 H), 2.05 (d, 3 H, J 

= 0.9 Hz), 1.05 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 354 (M+H, 376 (M+Na)’. 

S 

O 
Example 46 

25 5-Cyano-4-methyl-2-oxo-6-(2-trifluoromethylpbenyl)-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide 

Using 2-trifluoromethylbenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 43 % yield. The title compound was obtained in 

26 % yield following the procedure described in Example 28. 

30 ’H-NMR (MeOH-d4, 400 MHz): ö 9.07 (s, 1 H), 7.69 (ci, 1 H, J = 7.9 Hz), 7.64 (ci, 1 

H, J = 7.9 Hz), 7.54 (d, 1 H, J = 7.9 Hz), 7.49 (t, 1 H, J = 7.9 Hz), 6.48 (s, 1 H), 3.17 
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(m, 2 H), 2.11 (s, 3 H), 1.06 (t, 3 H, J = 7.0 Hz). LCIMS (ES+) 353 (M+H), 375 

(Mi-Na). 

Example 47 

5 5-Cyano-6-(3-methoxycarbonylphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

Using methyl 3-formylbenzoate and following the procedure of Example 25, 

intermediate XXIV was obtained in 30 % yield and the title compound was obtained 

in 50 % yield. 

10 1H-NMR (MeOH-d4, 400 MHz): 8 8.02 (m, 2 H), 7.60 (m, 1 H), 7.52 (m, 1 H), 5.93 

(s, 1 H), 4.28 (m, 2 H), 3.92 (s, 3 H), 2.18 (s, 3 H), 1.29 (t, 3 H, J = 7.0 Hz). LC/MS 

(ES+) 344 (M+H), 366 (M-i-Na). 

Example 48 

15 3-(5-Cyano-3-ethylcarbamoyl-6-methyl-2-oxo-1,2,3,4-tetrahydropyrhnidin-4-yl)-

benzoic acid methyl ester 

Using methyl 3-formylbenzoate and following the procedure of Example 25, 

intermediate XXIV was obtained in 30 % yield. The title compound was obtained in 

40 % yield following the procedure described in Example 28. 

20 1H-NMR (MeOH-d4, 400 MHz): ö 8.94 (s, 1 H), 7.89 (m, 2 H), 7.48 (d, 1 H, J = 7.9 

Hz), 7.40 (t, 1 H, J = 7.9 Hz), 6.15 (s, 1 H), 3.83 (s, 3 H), 3.17 (m, 2 H), 2.07 (S. 3 H), 

1.05 (t, 3 H, J = 7.0 Hz). LCIMS (ES+) 343 (M+H), 365 (M-i-Na). 

S 
. Example 49 

25 BMS-51 1181 6-Butyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using 1-buteraldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 97 % yield. The title compound was obtained in 55 % yield 

following the procedure described in Example 28. 

30 1H-NMR (DMSO-d6, 400 MHz): ö 0.85 (t, 3 H, J = 6-7),1.07 (t, 3H, J = 7.2),1.23-

1.29 (m, 4H), 1.44-1.60 (m, 2H), 2.05 (s, 3ff), 3.17-3.32 (m, 2H), 5.04 (t, JH, I = 6.0), 

8.70(t, 1H, J = 5.5), 10.30 (s, 1H). MS 263 (M-H). 
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Example 50 

6-(3,5-BLs-trifluoromethylphenyl)-5-cyano-4-metbyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide 

5 Using 3,5-bis-trifluoromethlbenzaldehyde and following the procedure of Example 

25, intermediate XXIV was obtained in 100 % yield. The title compound was 

obtained in 50 % yield following the procedure described in Example 28. 

’H-NMR (CDC13, 400 MHz): ö 8.68 (t, 1 H, J = 5.3 Hz), 7.86 (s, 1 H), 7.77 (s, 2 H), 

7.48 (s, 1 H), 6.46 (s, 1 H), 3.31 (m, 2 H), 2.24 (s, 3 H), 1.17 (t, 3 H, J = 7.0 Hz). 

10 LCIMS (ES+) 421 (M+H). 

Example 51 

6-(2,5-Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-clihydro-2H-

pyrimidine-1-carboxylic acid ethylaimde 

15 Using 2,5-bis-trifluoromethlbenzaldebyde and following the procedure of Example 

25, intermediate XXIV was obtained in 25 % yield. The title compound was obtained 

in 38 % yield following the procedure described in Example 28. 

’H-NMR (MeOH-d4, 400 MHz): 8 7.94 (d, 1 H, J = 8.4 Hz), 7.84 (d, 1 H, J = 8.4 Hz), 

7.75 (s, 1 H), 6.50 (s, 1 H), 3.17 (m, 2 H), 2.12 (d, 3 H, J = 0.9 Hz), 1.05 (t, 3 H, I = 

20 7.0 Hz). LCIMS (ES+) 421 (M+H), 443 (M+Na). 

Example 52 

S6-(2,5-Bis-trifluoromethylphenyl)-5-cyano-4-metbyl-2-oxo-3,6-dthyclro-2fl-

pyrimidine-1-carboxylic acid ethyl ester 

� 25 Using 2,5-bis-trifluoromethlbenzaldehyde and following the procedure of Example 

25, intermediate XXIV was obtained in 25 % yield and the title compound was 

obtained in 55 % yield 

’HNMR (CDC13, 400 MHz): ö 8.43 (s, 1 H), 7.88 (m, 1 H), 7.76 (m, 2 H), 6.25 (s, 1 

H), 4.23 (q, 2 H, J = 7.0 Hz), 2.22 (s, 3 H), 1.19 (t, 3 H, J = 7.0 Hz). LCIMS (ES+) 

30 422 (M+H)t 
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Example 53 

5-Cyano-6-(3-ethylcarbamoylphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide 

Starting with the product of Example 48, the title compound was obtained in 57 % 

5 yield by ester hydrolysis (lithium hydroxide in aqueous methanol) and coupling of the 

resulting carboxylic acid with etbylamine (water soluble carbodiimide and 

bydroxybenzotriazole in acetonitrile). 

1H41R (MeOH-d4, 400 MHz): 8 8.97 (s, 1 H), 7.68 (d, 1 H, J = 1.8 Hz), 7.65 (m, 1 

H), 7.38 (m, 211), 6.10 (s, 1 H), 3.30 (m, 2 H), 3.13 (m, 211), 2.05 (s, 3 H), 1.12 (t, 3 

10 H, J = 7.0 Hz), 1.01 (t, 3 H, J = 7.0 Hz). LCIMS (ES+) 356 (M+H)t 

Example 54 

5-Cyano-6-(3-cyano-4-fluorophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimicline-

1-carboxylic acid ethylamide 

15 Using 3-cyano-4-fluorobenzaldehyde and following the procedure of Example 25, 

intermediate XXJV was obtained in 62 % yield. The title compound was obtained in 

51 % yield following the procedure described in Example 28. 

’H-NIVIR (CDC13, 500 MHz) 8 8.66 (s, 1 H), 7.74 (s, 1 H), 7.65 (m, 1 H), 7.57 (m, 1 

11), 7.22 (t, 1. H, J = 8.2 Hz), 6.32 (s, 1 H), 3.29 (m, 211), 2.22 (s, 3 H), 1.16 (t, 3 H, J 

20 = 7.2 Hz). LCIMS (ES+) 328 (M+H), 350 (M+Na). 

Example 55 

to 

5-Cyano-6-(3-cyano-4-fluoropbenyl)-4-metbyl-2-oxo-3,6-dihydro-2H-pyrimidine-

1-carboxylic acid ethyl ester 

� 25 Using 3-cyano-4-fluorobenzaldebyde and following the procedure of Example 25, 

intermediate XXW was obtained in 62 % yield and the title compound was obtained 

in 30 % yield. 

’H-NMR (MeOH-d4, 400 MHz): ö 7.71 (m, 2 H), 7.38 (t, 1 H, J = 8.3 Hz), 5.93 (s, 1 

H), 4.32 (m, 2 H), 2.20 (d, 3 H, J = 0.9 Hz), 1.32 (t, 3 H, J = 7.0 Hz). LCIMS (ES+) 

30 329 (M+H)t 
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Example 56 

5-Cyano-6-(2,2-dimethylpropyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using 2,2-dimethyipropionaldehyde and following the procedure of Example 26, 

5 intermediate XX1V was obtained in 57 % yield. The title compound was obtained in 

54 % yield following the procedure described in Example 28. 

1H4flvffl (DMSO-d6, 400 MHz): ö 0.92 (s, 9H), 1.06 (t, 3H, J = 7.15Hz), 1.43-1.47 

(m, 2H), 2.05 (s, 311), 3.21 (m, 211), 5.20 (m, 111), 8.60 (m, 111), 10.42 (s, 1H). MS 

277 (M-H). 

10 

0Example 57 

S-Cyano-6-cycJopropyl-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-carboxylic 

acid ethyl ester 

Using cyclopropanecarboxaldehyde and following the procedure of Example 26, 

15 intermediate XXIV was obtained in 83 % yield and the title compound was obtained 

in 36 % yield. 

H-NMR (DMSO-d6, 400 MHz): ö 0.35-0.65 (m, 4H), 1.10-1.21 (m, 111), 1.23 (t, 3H, 

J = 7.09 Hz), 2.05 (s, 311), 4.18-4.21 (m, 2 H), 4.33 (d, 111, J = 8.13 Hz), 10.36 (s, 

111). MS 248 (M-H). 

20 

Example 58 

5-Cyano-6-cyclopropyl-4-methyl-2-oxo-3,6-dibydro-2H-pyrimidine-1-carboxylic 

acid ethylamide 

Using cyclopropanecarboxaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 83 % yield. The title compound was obtained in 

15 % yield following the procedure described in Example 28. 

1H-NMR (DMSO-d6, 400 MHz): 8 0.36-0.51 (m, 4H), 1.05-1.09 (m, 411), 2.06 (s, 

311), 3.20-3.23 (m, 2 H), 4.66 (d, 111, J = 8.30 Hz), 8.74 (m, 1H),10.36 (s, 111). MS 

247 (M-H). FIRMS 247.1195 (M-H). 

30 
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Example 59 

5-Cyano-6-(2-fluoro-5-trifluoromethylphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamicte 

Using 2-fluoro-5-trifluoromethylbenzaldebyde and following the procedure of 

5 Example 25, intermediate XXIV was obtained in 41 % yield. The title compound was 

obtained in 75 % yield following the procedure described in Example 28. 

’H-NMR (CDC13, 400 MHz): ö 8.68 (t, 1 H, J = 4.8 Hz), 7.60 (m, 2 H), 7.37 (s, 1 H), 

7.22 (t, 1 H, J = 9.2 Hz), 6.41 (s, 1 H), 3.30 (m, 1 H), 3.24 (m, 1 H), 2.18 (d, 3 H, J = 

0.9 Hz), 1.14 (t, 3 H, J = 7.0 Hz). LCIMS (ES+) 371 (M+H), 393 (M+Na). 

10 

Example 60 

5-Cyano-6-(2-fluoro-5-trifluorometbylpbenyl)-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

Using 2-fluoro-5-trifluoromethylbenzaldehyde and following the procedure of 

15 Example 25, intermediate XX1V was obtained in 41 % yield and the title compound 

was obtained in 38 % yield. 

1H-NMR (CDC13, 400 MHz): 88.27 (s, 1 H), 7.65 (m, 1 H), 7.58 (m, 1 H), 7.25 (t, 1 

H, J = 9.2 Hz), 6.03 (s, 1 H), 4.28 (m, 2 H), 2.20 (d, 3 H, J = 0.9 Hz), 1.29 (t, 3 H, J = 

7.0 Hz). LCIMS (ES+) 372 (M+H), 394 (M+Na). 

20 

Example 61 

5-Cyano-6-isopropyl-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-carboxylic 

0 acid ethyl ester 

Using cyclopropanecarboxaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 76 % yield and the title compound was obtained 

in 23 % yield. 

1H-NMR (DMSO-d6, 400 MHz): 80.88-0.92 (m, 6H), 1.23 (t, 3H, J = 7.10 Hz), 1.90-

1.95 (m, 1H), 2.07 (s, 3H), 4.164.22 (m, 211), 4.51 (d, 1H, J = 6.82 Hz), 10.37 (s, 

111). MS: 250 (M-H)-. 

30 Example 62 

5-Cyano-4-methyl-6-naphthalen-2-yl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

I!J 
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Using naphthalene-2-carboxaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 64 % yield and the title compound was obtained 

in, 39 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.54 (s, 1 H), 7.96 (m, 3 H), 7.78 (s, 1 H), 7.56 

5 (m, 2H), 7.44(d, 1 H, J =8.3Hz), 5.98 (s, 1 H),4.18 (q, 2 H, J=7.OHz), 2.12(s, 3 

H), 1.20 (t, 3 H, J = 7.0 Hz). LCIMS (ES+) 336 (M+H). 

Example 63 

5-Cyano-6-[3-(2-bydroxyethylcarbamoyl)-pbenyl]-4-methyl-2-oxo-3,6-dihydro-

10 2H-pyrimidine-1-carboxylic acid ethylamide 

Starting with the product of Example 48, the title compound was obtained in 60 % 

yield by ester hydrolysis (lithium hydroxide in aqueous methanol) and coupling of the 

resulting carboxylic acid with 2-aniinoethanol (water soluble carbodiimide and 

hydroxybenzotriazole inacetonitrile). 

15 ’H-NMR (CDC13, 400 MHz): & 8.73 (t, 1 H, J = 5.3 Hz), 8.03 (s, 1 H), 7.75 (t, 1 H, J 

20 

= 1.8 Hz), 7.68 (m, 1 H), 7.51 (d, 1 H, J = 7.5 Hz), 7.39 (t, 1 H, J = 7.5 Hz), 7.00 (t, 1 

H, J = 4.8 Hz), 6.29 (s, 1 H), 3.80 (t, 2 H, J = 4.8 Hz), 3.59 (q, 2 H, J = 4.8 Hz), 3.31 

(m, 1 H), 3.22 (m, 1 H), 2.18 (s, 3 H), 1.13 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 372 

(M+H), 394 (M+Na). 

Example 64 

- 5-Cyano-6-(2-methoxyphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

Using 2-methoxybenzaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 17 % yield and the title compound was obtained 

in 28 % yield. 

’H-NMR (400 MHz, CDCI3): ö 1.27 (t, J = 7.0 Hz, 3H), 2.12 (d, J = 0.6Hz, 3H), 3.86 

(s, 3H), 4.25 (m, 2H), 6.04 (s, 1H), 6.93 (m, 2H), 7.06 (s, 1H), 7.2 (m, 1H), 7.33 (m, 

1H). MS 316 (M+H). 

51 
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Example 65 

5-Cyano-6-(2-methoxyphenyl)-4-methyl-2-oxo-3,6-clihydro-2H-pyrimidifle-1-

carboxylic acid ethylamide 

Using 2-methoxybenzaldehyde and following the procedure of Example 26, 

intermediate XXW was obtained in 17 % yield. Using the procedure of Example 27, 

the title compound was obtained in 8 % yield. 

1H-NIvIR (400 MHz, CDC13); ö 1.13 (t, I = 7.0 Hz, 3H), 2.1 (s, 3H), 3.25 (m, 1H), 

3.33 (m, JH), 3.86 (s, 3H), 6.47 (s, 1H), 6.62 (s, 1H), 6.9 (m, 2H), 7.2 (dd, 31 = 1.5 

Hz, 32 = 7.6 Hz, 1H), 7.3 (dt, 31 = 1.7 Hz, 12 = 7.2 Hz, ill), 8.7(bs, 1H). MS 315 

(M-i-H). 

Example 66 

6-(2-Allyloxyphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2}J-pyrimidine-1-

carboxylic acid ethyl ester 

Using 2-allyloxybenzaldehyde and following the procedure of Example 26, 

intermediate Xxiv was obtained in 33 % yield and the title compound was obtained 

in 43 % yield. 

’H-NMR (400 MHz, CDC13): ö 1.26 (t, I = 7.0 Hz, 311), 2.1 (s, 311), 4.25 (m, 2H), 4.6 

(m, 2H), 5.30(d, J = 10.4 Hz, 1H), 5.36 (d, I = 16.0 Hz), 6.0 (s, 1H), 6.1 (m, 1H), 6.9 

(m, 3H), 7.25 (m, 2H). MS 342 (M+H). 

Example 67 

6-(2-Allyloxyphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using 2-allyloxybenzaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 33 % yield. Using the procedure of Example 27, 

the title compound was obtained in 23 % yield. 

’H-NTv.tR (400 MHz, CDC13): ö 1.12 (t, J = 7.0 Hz,  3H), 2.1 (s, 3H), 3.2 (m, 111), 3.3 

(m, 1H), 4.6 (m, 2H), 5.35 (m, 211), 6.1 (m, 1H), 6.38 (s, 111), 6.50 (s, 1H), 6.9 (m, 

211), 7.25 (m, 211), 8.7 (bs, 111). MS 341 (M+H’. 
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Example 68 

6-(2-Bromophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidiiie-1-

carboxylic acid ethyl ester 

Using 2-bromobenzaldehyde and following the procedure of Example 25, 

5 intermediate XXIV was obtained in 50 % yield and the title compound was obtained 

in 31 % yield. 

’H-NMR (400 MHz, CDC13): i 1.24 (t, I = 7.2 Hz, 314), 2.16 (s, 3H), 4.24 (q, J = 7.1 

Hz, 2H), 6.33 (s, 1H), 7.20 (m, 1H), 7.33 (m, 3H), 7.6 (d, J = 8.0 Hz, 111). MS 364 

(M+H). 

10 

Example 69 

6-(2-Bromophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyriinidine-1-

carboxylic acid ethylamide 

� Using 2-bromobenzaldehyde and following the procedure of Example 25, 

15 intermediate XXIV was obtained in 50 % yield. The title compound was obtained in 

46 % yield following the procedure described in Example 28. 

1H-NMR (MeOH-d4, 500 MHz): 1 7.55 (m, 111), 7.30 (m, 2 H), 7.15 (m, 1 H), 6.46 

(s, 1 H), 3.14 (m, 2 H), 2.04 (s, 3 H), 1.04 (t, 3 H, .1 = 7.1 Hz). LC/MS (ES+) 364 

(M+H’). 

20 Example 70 

S-Cyano-6-(3-methoxypbenyl)-4-methyl-2-oxo-3,6-dihydro-2H..pyrjinjdine..1.. 

carboxylic acid ethylamide 

Using 3-methoxybenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 66 % yield. The title compound was obtained in 
� 25 62 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 500 MHz): 8 10.49 (s, 1 H), 8.79 (t, 1 H, I = 5.5 Hz), 7.32 (t, 1 

H, I = 7.7 Hz), 6.92 (m, 1 H), 6.81 (d, 1 H, I = 7.7 Hz), 6.75 (s, 1 H), 6.06 (s, 1 H), 

3.74 (s, 3 H), 3.17 (m, 2 H), 2.07 (s, 3 H), 1.04 (t, 3 H, J = 7.1 Hz). LC/MS (ES+) 

315 (M+H). 

30 
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Example 71 

6-(2-Benzyloxyphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

Using 2-benzyloxybenzaldehyde and following the procedure of Example 26, 

5 intermediate XXIV was obtained in 47 % yield and the title compound was obtained 

in 54% yield. 

1H-NMIR (CDC13, 400 MHz): ö 1.25 (t, J = 7.0 Hz, 3H), 1.82 (d, J = 0.9 Hz, 3H), 4.21 

(m, 2H), 5.04 (dd, Ji = 10.5 Hz, J2 = 31.2 Hz, 211), 5.71 (s, 111), 5.84 (s, 1H), 6.96 

(in, 211), 7.30 (m, 211), 7.45 (m, 511). MS 392 (M+H). 

10 
Example 72 

6-Benzyloxymethyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-I.-

carboxylic acid ethylamide 

� 
Using 2-benzyloxyacetaldehyde and following the procedure of Example 26, 

15 intermediate XX1V was obtained in 45 % yield. The title compound was obtained in 

30 % yield following the procedure described in Example 28. 

1H-NMR (DMSO-d6): 6 1.10 (t, 3H, J = 7.33 Hz), 2.07 (s, 3H), 3.22-3.26 (m, 2H), 

3.49-3.52 (m, 211), 4.51 (s, 211), 5.29 (in, 111), 7.27-7.34 (m, 5H), 7.90 (br in, 1H), 

8.75 (br m, 111). MS: 327 (M-H)-. HRMS 327.1450 (M-H). 

20 

Example 73 

6-Benzyloxymethyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

Scarboxylic acid ethyl ester 

Using 2-benzyloxyacetaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 45 % yield and the title compound was obtained 

in 80 % yield. 

1H-NMR (DMSO-d6): 8 1.28 (t, 3H, J = 7.13), 2.05 (s, 311), 3.58-3.70 (m, 2H), 4.29-

4.35 (m, 211), 4.53 (s, 311), 4.97-4.99 (m, 1H), 7.25-7.35 (m, 5H). MS: 328 (M-H). 

328.1297 HRMS (M-H). 

30 
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Example 74 

6-(3-Bromo-4-fluorophenyl)-5-cyano-4-methyl-2-oxo-3,6-dthydro-2H-

pyrimidirie-1-carboxylic acid ethylamide 

Using 3-bromo-4-fluorobenzaldehyde and following the procedure of Example 26, 

5 intermediate XXW was obtained in 99 % yield. The title compound was obtained in 

69 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.55 (s, 1 H), 8.75 (t, 1 H, .J = 5.3 Hz), 7.55 (m, 1 

H), 7.42 (t, 1 H, J = 8.8 Hz), 7.33 (m, 1 H), 6.10 (s, 1 H), 3.16 (m, 2 H), 2.09 (s, 3 H), 

1.03 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 381 (M+H). 

10 

Example 75 

6-(3-Bromo-4-fluoropbenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid cyclopropylamide 

Using 3-bromo4-fluorobenzaldehyde and following the procedure of Example 26, 

15 intermediate XX1V was obtained in 99 % yield. The title compound was obtained in 

54 % yield following the procedure described in Example 28. 

1H-NMR (MeOH-d4, 500 MHz): & 7.46 (m, 1 H), 7.25 (m, 1 H), 7.14 (t, 1 H, J = 8.8 

Hz), 6.04 (s, 1 H), 2.54 (m, 1 H), 2.05 (s, 3 H), 0.63 (m, 2 H), 0.42 (m, 1 H), 0.37 (m, 

1 H). LC/MS (ES+) 393 (M+H). 

20 

Example 76 

6-(5-Bromo-2-fluorophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2}I-

a 

pyrimidine-1-carboxylic acid ethylamide 

Using 5-bromo-2-fluorobenzaldehyde and following the procedure of Example 26, 

25 intermediate XX1V was obtained in 71 % yield. The title compound was obtained in 

70 % yield following the procedure described in Example 28. 

’H-Nl’vlIR (MeOH-d4, 500 MHz): 87.50 (m, 1 H), 7.43 (m, 1 H), 7.10 (m, 1 H), 6.22 

(s, 1 H), 3.22 (m, 2 H), 2.11 (d, 3 H, I = 2.2 Hz), 1.11 (m, 3 H). 
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Example 77 

6-(5-Bromo-2-fluorophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihyclro-2H-

pyrimidine-1-carboxylic acid cyclopropylamide 

Using 5-bromo-2-fluorobenzaldehyde and following the procedure of Example 26, 

5 intermediate XXIV was obtained in 71 % yield. The title compound was obtained in 

70 % yield following the procedure described in Example 28. 

’H-NMR (MeOH-d,, 500 MHz): 3 7.51 (m, 1 H), 7.44 (m, 1 H), 7.11 (m, 1 H), 6.21 

(s, 1 H), 2.60 (m, 1 H), 2.10 (d, 3 H, J = 1.6 Hz), 0.70 (m, 2 H), 0.51 (m, 1 H), 0.44 

(m, 1 H). 

10 

Example 78 

SS-Cyano-6-(3,5-dibromophenyl)-4-methyl-2-oxo-3,6-djhydro-2fl-pyrimidjne..1.. 

. carboxylic acid ethylamide 

Using 3,5-dibromobenzaldehyde and following the procedure of Example 26, 

15 intermediate XX1V was obtained in 46 % yield. The title compound was obtained in 

83 % yield following the procedure described in Example 28. 

1H-NMR (DMSO-d6, 400 MHz) ö 1060 (br s, 1 H); 8.77 (t, J = 5.4 Hz, 1 H); 7.85 (t, 

J = 1.6 Hz, 1 H); 7.42 (d, J = 1.7 Hz, 2 H); 6.08 (s, 1 H); 3.18-3.26 (m, 2 H); 2.08 (s, 3 

H), 1.03 (t, J = 7.1 Hz, 3 H). LC/MS (ES+) 441 (M+H). 

20 

Example 79 

carboxylic acid cyclopropylmethylamide 

� Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

25 XXIV was obtained in 92 % yield. The title compound was obtained in 53 % yield 

following the procedure described in Example 28. 

’H-NIvIR (MeOH-d4, 500 MHz): 8 9.15 (s, 1 H), 8.21 (m, 1 H), 8.17 (d, 1 H, J = 1.6 

Hz), 7.76 (d, 1 H, J = 7.7 Hz), 7.66 (t, 1 H, J = 7.7 Hz), 6.29 (s, 1 H), 3.68 (d, 1 H, J = 

7.1 Hz), 3.09 (m, 2 H), 2.17 (s, 3 H), 0.98 (m, 1 H), 0.48 (m, 2 H), 0.20 (m, 2 H). 

30 LC/MS (ES+) 356 (M+H). 
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Example 80 

S-Cyano-4-methyl-2-oxo-6-phenethyloxymethyl-3,6-dibydro-211-pyrimidine-1-

carboxylic acid ethyl ester 

Using 2-phenethyloxyacetaldehyde and following the procedure of Example 26, 

5 intermediate XXIV was obtained in 38 % yield and the title compound was obtained 

in 18 % yield. 

1H-NMR (DMSO-d6, 400MHz): 1.23 (t, 311, J = 7.1 Hz), 2.00 (s, 3H), 2.75 (t, 2H, J = 

6.7 Hz), 3.59-3.85 (m,4H), 4.18-4.20 (m, 2H),4.81 (br m, 1H), 7.19-7.27 (m, 5H), 

10.26 (s, 1H). MS 342 (M-H). HRMS 342.1458 (M-H). 

10 

0Example 81 

5-Cyano-4-methyl-2-oxo-6-pbenethyl-3,6-dihydro-2H-pyrimidine-1-carboxylic 

. acid ethylamide 

Using 3-phenyipropionaldehyde and following the procedure of Example 26, 

15 intermediate XXIV was obtained in 58 % yield. The title compound was obtained in 

42 % yield following the procedure described in Example 28. 

1H-NMR (DMSO-d6, 400 MHz): 1.07 (t, 311, .1 = 7.1 Hz), 1.80-2.03 (m, 211), 2.06 (s, 

3H), 2.51-2.75 (m, 211), 3.19-3.22 (m, 2H), 5.12 (brm, 111), 7.18-7.30 (m, 511), 8.70 

(brm, 111), 10.36 (s, 1H). MS 311 (M-H)-. HRMS 311.1493 (M-H). 

20 

Example 82 

5-Cyano-4-methyl-2-oxo-6-thiophen-3-yI-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

Using thiophene-3-carboxaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 50 % yield and the title compound was obtained 

in 30 % yield. 

’H-NMR (DMSO-d6, 400 MHz): ö 1.23 (t, J = 7.1 Hz, 311), 2.10 (s, 311), 4.21 

(m, 211), 5.87 (s, 111), 7.03 (m, 1H), 7.44 
(s, 

111), 7.60 (m, 114), 10.48 (s, 1H). MS 292 

(ES+): 292 (M+H). 

30 
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Example 83 

5-Cyano-4-methyl-6-(5-methylisoxazol-3-yl)-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

Using 5-methylisoxazole-3-carboxaldehyde and following the procedure of Example 

5 26, intermediate XXIV was obtained in 27 % yield and the title compound was 

obtained in 67 % yield. 

1H-NMR (DMSO-d6, 400 MHz): 5 10.52 (s, 111), 6.20 (s, 111), 5.95 (s, 1H), 4.21 (q, 

211, J= 7.0 Hz), 2.40 (s, 311), 2.05 (s, 3H), 1.22 (t, 3H, J = 7.0 Hz). 13C-NMR 

(DMSO-d6, 400 MHz): ö 170.87, 161.63, 151.86, 150.57, 147.09, 116.44, 99.35, 

10 81.29, 63.08, 49.55, 16.85, 13.68, 11.56. MS (ESI), 291 (M+H). 

Example 84 

S-Cyano-6-(3,5-dimethylisoxazol-4-yl)-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

15 Using 3,5-dimethylisoxazole-4-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 74 % yield and the title compound 

was obtained in 47 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.56 (s, 111), 5.82 (s, 1H), 4.15 (q, 2H, J= 7.0 

Hz), 2.38 (s, 3H), 2.14 (s, 1H), 2.07 (s, 3H), 1.17 (t, 3H, J = 7.0 Hz). 13C-NMR 

20 (DMSO-d6, 400 MHz): ö 167.03, 157.45, 152.17, 147.60, 146.95, 116.44, 113.45, 

81.58, 62.96, 48.58, 16.77, 13.64, 10.50, 9.57. MS (ESI), 305 (M+H). 

Example 85 

5-Cyano-4-methyl-2-oxo-6-thiophen-2-yl-3,6-dihydro-2H-pyrimidine-1-

25 carboxylic acid ethyl ester 

Using thiophene-2-carboxaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 41 % yield and the title compound was obtained 

in 58 %yield. 

’H-NMR (DMSO-d6, 400 MHz): ö 1.25 (t, J = 7.1 Hz, 311), 2.12 (s, 3H), 4.24 

30 (m, 2H), 6.08 (s, 1H), 7.02 (m, 1H), 7.07 (d, J = 3.4 Hz, 111), 7.56 (m, 1H), 10.58 (s, 

111). MS(ESI) 290 (M-H). 

HRMS (ESI) 290.0598 (M-H). 
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Example 86 

�inethyl-6-(3-methylthiophen-2-yl)-2-oxo-3,6-dihydro-2H-pyrimidine-

JOXYIIC acid ethylamide 

..ising 3-methylthiophene-2-carboxaldebyde and following the procedure of Example 

26, intermediate XXIV was obtained in 33 % yield. The title compound was obtained 

in 17 % yield following the procedure described in Example 28. 

’H NMR (DMSO-d6, 400 MHz): 6 1.03 (t, 3 = 7.2 Hz, 3H), 2.05 (s, 3H), 3.15 

(m, 2H), 3.33 (s, 314), 6.41 (s, 1H), 6.82 (d, J = 5.1 Hz, 1H), 7.35 (d, 3 = 5.1 Hz, 1H), 

10 8.73 (t, 3 = 5.6 Hz, 111), 10.62 (s, 1ff). 

MS (ES1) 303 (M-H). HR.MS (ES1) 303.0927 (M-H). 

Example 87 

� 

LI 

15 1-carboxylic acid ethyl ester 

Using 3-methylthiophene-2-carboxaldebyde and following the procedure of Example 

26, intermediate XXIV was obtained in 33 % yield and the title compound was 

obtained in 14 % yield. 

’H.-NMR (DMSO-.d5, 400 MHz): 6 1.20 (t, 3 = 7.1 Hz, 3H), 2.05 (s, 3H), 3.33 

20 (s, 311), 4.17 (q, J = 7.1 Hz, 2H), 6.14 (s, 111), 6.84 (d, 3 = 5.1 Hz, 1H), 7.38 (d, 3 = 5.1 

Hz, 1H), 10.61 (s, 1H). MS (ES!) 304 (M-H). HRMS (ES!) 304.0746 (M-H)’. 

Example 88 

S-Cyano-4-inethyl-6-(2-methylthiazol-4-yl)-2-oxo-3,6-dihydro-2R-pyrimidine-1- 

25 carboxylic acid ethyl ester 

Using 2-methylthiazole-4.carboxaldehyde and following the procedure of Example 

26, intermediate XXIV was obtained in 26 % yield and the title compound was 

obtained in 16 % yield. 

’H-NMR (CDC13, 400 MHz): 6 7.96 (s, 111), 7.11 (s, 111), 5.93 (s, 1H), 4.31 (m, 211), 

30 2.67 (s, 311’), 2.16 (s, 311), 1.32 (t, 311, J = 6.9 Hz); ’3C-NMR (CDC13, 400 MHz): 6 

168.13, 152.34, 151.77, 149.06, 147.71, 116.31, 115.88, 85.39, 64.24, 35.87, 19.17, 

17.81, 14.09. MS (ES!) 307 (M+H). 
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Example 89 

6-(4-I3romothiophen-2-yl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-I.-

carboxylic acid ethylamide 

5 Using 4-bromothiophene-2-carboxaldebyde and following the procedure of Example 

26, intermediate XXIV was obtained in 68 % yield. The title compound was obtained 

in 49 % yield following the procedure described in Example 28.’H-NMIR (DMSO-d6, 

400 MHz): 8 1.07 (t, J = 7.1 Hz, 3H), 2.15 (s, 311), 3.22 (m, 2H), 6.36 (s, 111), 7.06 

(s, 1H), 7.67 (s, 111), 8.68 (t, 5 = 5.6 Hz, 111), 10.64 (s, 1H). MS (ES+) 369 (M+H). 

10 HRMS (ES!): 366.9876 (M-H. 

Example 90 

6-(4-Bromotbiophen-2-yl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

� carboxylic acid ethyl ester 

15 Using 4-bromothiazole-2-carboxaldehyde and following the procedure of Example 

20 

26, intermediate XXIV was obtained in 68 % yield and the title compound was 

obtained in 45 % yield.’Jl-NMiR (DMSO-d45, 400 MHz): 8 1.25 (t, S = 7.1 Hz, 3H), 

2.14 (s, 3H), 4.24 (m, 2H), 6.09 (s, 1H), 7.10 (s, 111), 7.71 (s, 1H), 10.63 (s, 1H). MS 

(ES!) 368 [M-H]. HRMS (ES!) 367.9697 (M-H)-. 

Example 91 

5-Cyano-4-methyl-2-oxo-6-[2-(4-trifluoromethylpbenyl)-thiazol-4-yl]-3,6-

Sdihydro-2H-pyrimicline-1-carboxyiic acid ethyl ester 

Using 2-(4-trifluoromethylphenyl)thiazole-4-carboxaldehycle and following the 

25 procedure of Example 26, intermediate XXIV was obtained in 17 % yield and the title 

compound was obtained in 31 % yield. 

1H-NMR (DMSO-d6,400 MHz): 8 10.53 (s, 1H), 8.08 (d, 2H, J= 8.2 Hz), 7.89 (d, 

2H, 5= 8.1 Hz), 7.78 (s, 111), 5.96 (s, 111), 4.20 (m, 2H), 2.07 (s, 3H), 1.22 (t, 311, J = 

7.1 Hz); 13C-NMR (DMSO-D6, 400 MHz): 8 166.18, 154.51, 152.00, 149.60, 142.48, 

30 135.79, 130.05, 129.78, 126.45, 125.96, 124.71, 122.30. 117.75, 116.84, 82.69, 62.83, 

52.82, 16.87, 13.66. MS (ES!), 437 (M+H). 
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Example 92 

pyrimidine-1-carboxylic acid ethyl ester 

Using 5-(4-Chlorophenyl)oxazole-4carboxaldebyde and following the procedure of 

5 Example 26, intermediate XXIV was obtained in 22 % yield and the title compound 

was obtained in 16 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.48 (s, 1H), 8.47 (m, 111), 7.79 (d, 211, J= 8.6 

Hz), 7.64 (d, 211, J= 8.6 Hz), 6.14 (s, 111), 4.01 (q, 2H, J= 7.1 Hz), 2.05 (s, 3H), 0.96 

(t, 3H, J = 7.1 Hz); ’3C-NMR (DMSO-D6, 400 MHz): 8 152.07, 151.98, 149.50, 

10 147.60, 143.20, 133.40, 133.20129.01, 127.58, 125.33, 116.82, 81.25, 62.71, 49.80, 

16.80, 13.20. MS (ESI), 387 (M+H)t 

. Example 93 

6-(2-Bromothiazol-5-yl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

15 carboxylic acid ethyl ester 

Using 2-Bromothiazole-5-carboxaldehyde and following the procedure of Example 

26, intermediate XXIV was obtained in 44 % yield and the title compound was 

obtained in 41 % yield 

1H-NMR (DMSO-d6, 400 MHz): 5 10.67 (s, 111), 7.72 (s, 111), 6.15 (s, 111), 4.26 (m, 

20 211), 2.15 (s, 3H), 1.27 (t, 311, .1 = 7.1 Hz); ’3CNMR (DMSO-D6, 400 MHz): 

152.49, 151.78, 147.11, 141.99, 140.14, 137.93, 116.70,82.49,63.91,50.06, 17.52, 

14.18. MS (J3S1), 371.0 (M-i-H)3. 

� 
Example 94 

25 S-Cyano-4-methyl-2-oxo-6-(4-pbenylthiophen-2-yl)-3,6-dihydro-2H-pyrimidine-

icarboxylic acid ethylamide 

Using 4-bromothiopbene-2-carboxaldehyde and following the procedure of Example 

26, intermediate XX1V was obtained in 68 % yield. The 4-bromothienyl intermediate 

was converted to 4-phenyithienyl intermediate by the Suzuki reaction in 91 % yield 

30 The title compound was obtained in 33 % yield following the procedure described in 

Example 28. 
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1H-NMR (DMSO-d6, 400 MHz): 601.07 (t, J = 7.1 Hz, 3ff), 2.17 (s, 3H),-’ 

3.23 (m, 2H), 6.42 (s, 1H), 7.30 (t, J = 5.1 Hz, 1H), 7.41-7.43 (m, 3H), 7.66-7.68 (m, 

2H), 7.83 (s, IH), 8.71 (ii, I = 5.6 Hz, 1H), 10.61 (s, 111). MS (ESI) 365 (M-H). 

HRMS (ESI) 365. 1064(M-H). 

5 

Example 95 

6-[5-(4-Chlorophenyl)-furan-2-yl]-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimkline-1-carboxylic acid ethylamide 

Using 5-(4-Chlorophenyl)furan-2-carboxaldehyde and following the procedure of 

10 Example 26, intermediate XXIV was obtained in 16 % yield. The title compound was 

obtained in 43 % yield following the procedure described in Example 28. 

$ ’H-NMIR (DMSO-d6, 400 MHz): 8 1.07 (t, I = 7.1 Hz, 3H), 2.12 (s, 3H), 3.22 

(m, 2H), 6.27 (s, 1H), 6.46 (d, 1 = 3.4 Hz, 111), 6.97 (d, J = 3.4 Hz, 1H), 7.51 (m, 2H), 

7,63 (m, 2H), 8.70 (t, I = 5.5 Hz, 1H), 10.62 (s, 1H). MS (ES!) 383 (M-H). HRMS 

15 (ES!) 383.0913 (M-H). 

Example 96 

5-Cyano-4-metbyl-2-oxo-6-(4-trllluoromethylthiazol-5-yl)-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

20 Using 4-trifluoromethylthiazole-5-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 63 % yield and the title compound 

was obtained in 52 % yield. 

0 ’H-NMR (DMSO-d6, 400 MHz): 6 10.84 (s, 1H), 9.22 (s, 1H), 6.45 (s, 1H), 4.15 (q, 

2H, 1=5.7 Hz), 2.06 (s, 3H), 1.16 (t, 3H, .1=5.7 Hz). 13C-N1\{R (DMSO-D6, 400 

25 MHz): 6 165.51, 151.90, 149.88, 146.79, 142.70, 138.70, 116.10, 83.68, 63.78, 

50.42,17.44,13.94; MS (ES!) 361 (M+H). 

Example 97 

5-Cyano-4-methyl-2-oxo-6-(4-trifluoromethylthiazol-5-yl)-3,6-dibyclro-211-

30 pyrimidine4-carboxylic acid ethylamicte 
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Using 4-trifluoromethylthiazole-5-carboxaldehyde and following the procedure of 

Example 26, intermediate XX1V was obtained in 63 % yield. The title compound was 

obtained in 59 % yield following the procedure described in Example 28. 

1H-NMR (DMSO-d6,400 MHz): ö 10.84 (s, 1H), 9.19 (s, 1H), 8.69 (m, 1H), 6.68 (s, 

5 111), 3.15 (m, 111), 2.06 (s, 3H), 1.01 (t, 3H, J = 7.0 Hz); 13C-NMR (DMSO-d6, 400 

MHz): 6 155.54, 151.46, 150.25, 149.38, 143.23, 138.70, 115.63, 82.55, 47.93, 

34.83, 16.87, 14.34. MS (ESI) 360 (M+H)t 

Example 98 

10 5-Cyano-6-[5-(4-methanesulfonylphenyl)-oxazol-4-yl]-4-methyl-2-oxo-3,6- 

. dihydro-2H-pyrimidine-1-carboxylic acid ethylamide 

Using 5-(4-methanesulfonylphenyl)oxazole4-carboxaldehyde and following the 

procedure of Example 26, intermediate XX1V was obtained in 22 % yield. The title 

compound was obtained in 63 % yield following the procedure described in Example 

15 28. 

’H-NMR (DMF-d7, 400 MHz): 8 10.60 (s, 1H), 8.96 (t, J = 4.8 Hz, 1H), 8.62 (s, 111), 

8.25 (d, J = 8.3 Hz, 2H), 8.18 (d, J = 8.3 Hz, 211), 6.67 (s, 1H), 3.37 (s, 311), 3.25 (m, 

2H), 2.21 (s, 3H), 1.07 (t, J = 7.4 Hz, 3H). MS (ESI) 430 (M+H)4. 

20 Example 99 

6-[5-(4-Chloropbenyl)-oxazol-4-yl]-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide 

Using 5-(4-chlorophenyl)oxazol-4-carboxaldehyde and following the procedure of 

� 
Example 26, intermediate XXIV was obtained in 40 % yield. The title compound was 

25 obtained in 58 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.51 (s, 111), 8.78 (m, 1H), 8.43 (s, 111), 7.85 (ci, 

211, J= 8.5 Hz), 7.62 (d, 2H, J= 8.5 Hz), 6.38 (s, 1H), 3.11 (m, 211), 2.02 (s, 3H), 0.99 

(t, 3H, J = 7.2 Hz). 13C-NMR (DMSO-D6, 400 MHz): ö 152.99, 152.51, 152.11, 

149.30, 143.70, 134.17, 129.52, 128.13, 126.40, 117.20, 81.80, 48.09, 35.17, 17.28, 

30 14.95. MS (ESI), 386 (M+H). 
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Example 100 

5-Cyano-4-methyl-2-oxo-6-[5-(4-trifluoromethylphenyl)-oxazol-4-yl]-3,6-

dihydro-2H-pyrimidine-1-carboxylic acid ethylamide 

Using 5-(4-trifluorometbylphenyl)oxazole-4-carboxaldehyde and following the 

5 procedure of Example 26, intermediate XXIV was obtained in 31 % yield. The title 

compound was obtained in 52 % yield following the procedure described in Example 

28. 

’H-NMR (DMSO-c1, 400 MHz): 8 10.54 (s, 1H), 8.78 (m, 1H), 8.50 (s, 1H), 8.06 (d, 

2H, 5= 8.1 Hz), 7.91 (d, 2H, J= 8.1 Hz), 6.46 (s, 1H), 3.10 (m, 2H), 2.03 (s, 3H), 0.99 

10 (t, 3H, 5 = 7.2 Hz); 13C-NMR (DMSO-d, 400 MHz): 8 152.53, 152.31, 151.52, 

149.03, 142.70, 134.96, 130.69, 126.41, 125.88, 116.62, 81.03, 47.69, 34.65, 16.75, 

14.41; MS (ES1), 420.13 (M+H). 

Example 101 

15 5-Cyano-4-methyl-2-oxo-6-(5-phenyloxazol-4-yl)-3,6-dibydro-211-pyrimidine-1-

carboxylic acid ethylamide 

Catalytic reduction (10 % Pd/C, ammonium formate in refluxing acetonitrile) of the 

product of Example 99 gave the title compound in 45 % yield. 

’H-NMR (CDC13, 400 MHz): 8 8.69 (m, 1H), 7.87 (m, 3H), 7.50 (m, 211), 7.41 (m, 

20 1H), 7.00 (s, 111), 6.63 (s, 1H), 3.30 (m, 2H), 2.18 (s, 3H), 1.13 (t, 3F1, J = 7.2 Hz). 

’3CNMR (CDC13, 400 MHz): 8 152.40, 152.13, 150.25, 146.90, 132.60, 129.50, 

129.12, 126.79, 116.57, 80.93, 48.25, 35.70, 17.87, 14.72; MS (ESI), 352.16 (M+H)4. 

� 
Example 102 

25 5-Cyano-4-metbyl-6-[5-(4-nitrophenyl)-oxazol-4-yl]-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide 

Using 5-(4-nitropbenyl)oxazole-4-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 36 % yield. The title compound was 

obtained in 70 % yield following the procedure described in Example 28. 

30 1H-NMR (DMSO-d6, 400 MHz): 8 10.56 (s, 1H), 8.79 (m, 111), 8.56 (s, 1H), 8.38 (m, 

211), 8.13 (m, 211), 6.50 (s, 1H), 3.12 (m, 2H), 2.03 (s, 3H), 0.99 (t, 3H, S = 7.2 Hz). 

13c-rmiii. (DMSO-d6, 400 MHz): 8 153.04, 152.37, 151.51, 149.13, 146.97, 136.16, 
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132.85, 126.72, 124.19, 116.57, 80.93, 47.87, 34.70, 16.81, 14.45. MS (ESJ) 397 

(M+H). 

Example 103 

5 5-(4-Chloropbenyl)-2-(5-cyano-3-ethylcarbamoyl-6-methyl-2-oxo-1,2,3,4-

tetrabydropyrimidin-4-yl)-furan-3-carboxylic acid ethyl ester 

Using 3-ethoxycarbonyl-5-(4-chlorophenyl)furan-2-carboxaldehyde and following the 

procedure of Example 26, intermediate XX1V was obtained in 59 % yield. The title 

compound was obtained in 42 % yield following the procedure described in Example 

10 28. 

’H NMR (t)MSO-d6, 400 MHz): 8 1.02 (t, J = 7.2 Hz, 3H), 1.34 (t, J = 7.1 

Hz, 3H), 2.07 (s, 3H), 3.16 (m, 2H), 4.30 (m, 2H), 6.85 (s, 1H), 7.34 (s, 1H), 7.53 (m, 

2H), 7.65 (m, 2H), 8.67 (t, J = 5.5 Hz, 1H), 10.76 (s, 1H). MS (ES!) 455 (M-H). 

� HRMS (ES!) 455.1114 (M-H). 

15 

Example 104 

5-Cyano-4-methyl-2-oxo-6-(5-pyridin-3-yloxazol-4-yl)-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide 

Using 5-(3-pyridinyl)oxazole-4-carboxaldehyde and following the procedure of 

20 Example 26, intermediate XX1V was obtained in 62 % yield. The title compound was 

obtained in 41 % yield following the procedure described in Example 28. 

’H-NMR (DM50-d,, 400 MHz): 8 10.53 (s, 1H), 9.04 (m, 1H), 8.77 (m, 1H), 8.67 

(m, 1H), 8.50 (s, 1H), 8.22 (m, 1H), 7.60 (m, 1H), 6.40 (s, 2H), 3.12 (m, 2H), 2.04 (s, 

3H), 1.00 (t, 3!-!, J = 7.2 Hz). ’3C-NMR (DMSO-d6, 400 MHz): 8 152.76, 152.52, 

25 151.75, 149.97, 149.19, 146.73, 134.73, 133.60, 124.06, 123.45, 116.94, 81.41,47.81, 

34.88, 16.99, 14.63; MS (ES!), 353.18 (M+H). 
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Example 105 

5-Cyano-4-methyl-2-oxo-6-(4-phenylthiazol-5-yI)-3,6-dihydro-ZH-pyrimidine-1-

carboxylic acid ethylamide 

Using 4-phenylthiazole-5--carboxaldebyde and following the procedure of Example 

5 26, intermediate Xxiv was obtained in 70 % yield. The title compound was obtained 

in 27 % yield following the procedure described in Example 28. 

1H-NMR (DMSO-d, 400 MHz): 6 10.70 (s, 1H), 9.08 (s, 1H), 8.71 (m, 11-1), 7.73 

(21-1, m), 7.47 (m, 311), 6.63 (s, 111), 3.12 (m, 2H), 1.99 (s, 3H), 1.00 (t, 3H, J = 7.2 

Hz); 13C-NMR (DMSO-c16, 400 MHz): 6 152.79, 151.97, 151.74, 150.61, 148.43, 

10 133.87, 116.12, 83.68, 34.77, 16.69, 14.39. MS (ES!) 368 (M+H). 

Example 106 

[5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidin-1-yl]-

acetic acid tert-butyl ester 

15 Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield and the title compound was obtained in 52 % yield. 

’H-NMR (MeOH-d4, 400 MHz): 68.28 (m, 1 H), 8.22 (t, 1 H, J = 1.8 Hz), 7.76 (m, 1 

H), 7.69 (t, 1 11, J = 7.9 Hz), 7.62 (s, 1 H), 5.31 (s, 1 H), 4.23 (d, 1 H, J = 17.6 Hz), 

3.44 (d, 1 H, J = 17.6 Hz), 2.16 (s, 3 H), 1.42 (s, 9 H). LCIMS (ES-i-) 395 (M+Na)t 

20 

Example 107 

5-Cyano-4-metbyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid isopropylamide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

25 XXIV was obtained in 92 % yield. The title compound was obtained in 29 % yield 

following the procedure described in Example 27. 

’H-NMR (MeOH-d4, 400 MHz): 6 8.92 (s, 1 H), 8.22 (d, 1. H, J = 8.3 Hz), 8.17 (t, 1 

H, J = 1.8 Hz), 7.74 (d, 1 H, J = 6.6 Hz), 7.65 (m, 2 H), 6.31 (s, 1 H), 3.89 (m, 1 H), 

2.19 (s, 3 H), 1.20 (d, 3 H, J = 6.6 Hz), 1.16 (d, 3 H, J = 6.6 Hz). LCJMS (ES+) 344 

30 (M+H), 366 (M+Na)t 

66 



4 

fl 

Ll 



LD0202 PCT 

Example 108 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid propylamide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

5 XXIV was obtained in 92 % yield. The title compound was obtained in 22 % yield 

following the procedure described in Example 27. 

11T-NMR (MeOH-&, 400 MHz) & 9.09 (t, 1 H, J = 5.3 Hz), 8.22 (m, 1 H), 8.17 (t, 1 H, 

J = 1.8 Hz), 7.75 (d, 1 H, J = 7.9 Hz), 7.65 (t, 1 H, J = 7.9 Hz), 6.30 (s, 1 H), 3.33 (m, 

2 H), 2.18 (s, 3 H), 1.54 (m, 2 H), 0.91 (t, 3 H, J = 7.5 Hz). LCIMS (ES+) 344 

10 (M+H), 366 (M+Na). 

Example 109 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dibydro-2H-pyrimidine-1-

� carboxylic acid phenylamide 

15 Using 3-nitrobenzaldebyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 10 % yield 

following the procedure described in Example 27. 

’H-NMR (MeOH-d4, 400 MHz): ö 11.18 (s, 1 H), 8.23 (m, 2 H), 7.81 (d, 1 H, J = 7.9 

Hz), 7.65 (m, 1 H), 7.44 (m, 2 H), 7.31 (t, 2 H, J = 8.3 Hz), 7.11 (t, I. H, J = 8.3 Hz), 

20 6.40 (s, 1 H), 2.23 (s, 3 H). LCfMS (ES+) 378 (M+H), 400 (M+Na). 

Example 110 

5-Cyano-4-methyl-6-(3-nitropbenyl)-2-oxo-3,6-dibydro-2H-pyrimidine-1-

carboxylic acid thiazol-2-ylamide 

S25 Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 33 % yield 

following the procedure described in Example 27. 

’H-NMR (MeOH-d4, 400 MHz): 8 8.23 (m, 2 H), 7.80 (d, 1 H, J = 7.5 Hz), 7.64 (t, 1 

Fl, J = 7.5 Hz), 7.42 (d, 1 H, J = 4.0 Hz), 7.03 (d, 1 H, J = 4.0 Hz), 6.36 (s, 1 H), 2.24 

30 (d, 3 H, J = 0.9 Hz). LC/MS (ES+) 385 (M+H), 407 (M+Na). 
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Example 111 

5-Cyano-4-methyl-6-(3-nitropbenyl)-2-oxo-3,6-dthydro-2H-pyrimicline-1-

carboxylic acid (2,2,2-trifluoro-ethyl)-amide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

5 Xxiv was obtained in 92 % yield. The title compound was obtained in 25 % yield 

following the procedure described in Example 27. 

1H-NMR (DMSO-d43, 500 MHz): S 10.77 (s, 1 H), 9.23 (t, 1 H, J = 6.0 Hz), 8.21 (m, 1 

H), 8.09 (s, 1 H), 7.75 (m, 2 H), 6.26 (s, 1 H), 4.01 (m, 2 H), 2.10 (s, 3 II). 

10 Example 112 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid cyclopropylamide 

Using 3-nitrobenzaldebyde and following the procedure of Example 26, intermediate 

� XXIV was obtained in 92 % yield. The title compound was obtained in 19 % yield 

15 following the procedure described in Example 27. 

1H-NMR (DMSO-d6, 500 MHz): 5 10.62 (s, 1 H), 8.58 (s, 1 H), 8.21 (m, 1 H), 8.07 

(d, 1 H, J = 1.6 Hz), 7.73 (m, 2 H), 6.22 (s, 1 H), 2.62 (m, 1 H), 2.09 (s, 3 H), 0.64 (m, 

2 H), 0.46 (m, 2 H). 

20 Example 113 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid (2-hydroxy-ethyl)-amide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 23 % yield 

S25 following the procedure described in Example 27. 

’H-NMR. (CDCI3, 500 MHz): 5 8.93 (s, 1 H), 8.15 (d, 1 H, J = 7.9 Hz), 8.07 (s, 1 H), 

7.68 (d, 1 H, J = 7.9 Hz), 7.51 (t, 1 H, J = 7.9 Hz), 6.86 (s, 1 H), 6.30 (s, 1 H), 3.67 

(m, 2 H), 3.43 (m, 1 H), 3.36 (m, 1 H), 2.18 (s, 3 H). LCIMS (BS+) 346 (M+H). 
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Example 114 

3-(4,5-Dibydrooxazol-2-yl)-6-methyl-4-(3-nitrophenyl)-2-oxo-1,2,3,4-

tetrahydropyrimidine-5-carbonitrile 

Prepared from the product of Example 113 (Burgess reagent in refluxing 

5 tetrahydrofuran) in 71 % yield. 

1H-NMR (MeOH-d4,400 MHz): 68.10 (m, 2 H), 7.66 (d, 1 H, J = 7.9 Hz), 7.56 (t, 1 

H, J = 7.9 Hz), 6.19 (s, 1 H), 4.04 (m, 2 H), 3.50 (m, 1 H), 3.39 (m, 1 II), 2.06 (s, 3 

H). LCIMS (ES+) 328 (M+H). 

10 Example 115 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dibydro-2H-pyrimidine-1-

carboxylic acid allylamide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

� XX1V was obtained in 92 % yield. The title compound was obtained in 36 % yield 

15 following the procedure described in Example 27. 

’H-NMR (DMSO-d6, 500 MHz): 6 10.65 (s, 1 H), 8.92 (t, 1 H, J = 5.5 Hz), 8.21 (m, 1 

H), 8.08 (s, 1 H), 7.74 (m, 2 H), 6.24 (s, 1 H), 5.81 (m, 1 H), 5.07 (m, 2 H), 3.78 (m, 2 

H), 2.10 (s, 3 H). LC/MS (ES+) 342 (M+H), 364 (M-i-Na). 

LI 

[1 
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Claims 

What is claimed is: 

1. A compound of formula J 

5 

NC 

R2 R3 

RY4
 

N 

R1Z 

its enantiomers, diastereomers, pharmaceutically acceptable salts, prodrugs and 

solvates thereof, wherein 

io R1 is selected from the group consisting of hydrogen, alkyl and cycloalkyl; 

. R2 and R3 are each independently selected from the group consisting of H, 

alkyl, aryl, heteroaryl, arylalkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl and heteroarylalkyl; or 

R2 and R3 may also be taken together to form a carbocyclic or heterocyclic 

15 ring; 

R4 is selected from the group consisting of alkyl, arylalkyl, cycloalkylalkyl, 

heteroarylalkyl, beterocycloalkyl, amino alkyl, heterocycloalkylalkyl, CN, C(0)R5, 

CO2R5 , C(0)SR5 and CONR5R; 

R5 and R6 are each independently selected from the group consisting of H, 

20 alkyl, cycloalkyl, hydroxyalkyl, alkenyl,alkoxy, tbioalkoxy, alkoxyalkyl, haloalkyl, 

Paryl, heteroaryl, arylalkyl, cycloalkylalkyl, heteroarylalkyl and heterocycloalkylalkyl 

. or N-R5R6 together form a beterocycloalkyl 

Z is selected from the group consisting of 0, S and NR8; 

R8 is selected from the group consisting of H, CN, sulfonamido, OR7, alkyl, 

25 cycloalkyl, aryl, arylalkyl, heterocyclyl, heteroaryl and heteroarylalkyl; and 

R7 is selected from the group consisting of H, alkyl, arylalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl and heteroarylalkyl. 

2. The compound of claim 1 wherein R2 is heteroaryl. 
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’.-. . 

3. The compound of claim 2 wherein R3 is H and R2 is an optionally substitutedT�

thiophene, oxazole, isoxazole, or furan. 

4. The compound of claim 2 wherein said heteroaryl is substituted with methyl, 

5 ethyl, halo, haloalkyl, or aryl. 

5. The compound of claim 1 wherein R3 is H and R2 is a substituted phenyl 

6. The compound of claim 5 wherein said phenyl is substituted with alkyl, 

10 alkoxy, alkoxyalkyl, cyano, halo, haloalkyl, nitro, amino CO2R5, CONR5R6, 

15 

alkenyloxy, aryloxy, wherein R5 and R6 are, independently, H or alkyl. 

7. The compound of claim 6 wherein said phenyl is substituted with methyl, 

methoxy, F, Cl, CF3, dimetbylamiino, or ethoxyinethyl. 

8. The compound of claim 1 wherein R1 is alkyl; R2 is selected from the group 

consisting of aryl and heteroaryl; R3 is H; R is selected from the group consisting of 

alkyl, arylalkyl, CO2R5, and CONR5R; R5 and R6 are independently selected from the 

group consisting of H, alkyl, aminoalkyl, hydroxyalkyl, phenylamino and arylalkyl; Z 

20 is selected from the group consisting of 0, S, and NR8; R8 is selected from the group 

consisting of H and CN. 

9. The compound of claim 1 wherein R4 is selected from the group consisting 

of alkyl, arylalkyl, C(0)R5 CO2R5, C(0)SR5 and C0NR5R. 

� 25 

30 

10. The compound of claim 1 wherein R4 is CO2R5 ; Z is 0; and R5 is ethyl. 

11. The compound of claim 1 wherein R4 is CONR5R6; Z is 0; R5 is H and Rj is 

methyl, ethyl, propyl, phenyl, cyclopropyl, hydroxyethyl, thiophene, or 2-propylene.. 

12. The compound of claim 1 wherein R4 is selected from the group consisting 

of alkyl and arylalkyl, and Z is 0. 
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13. The compound of claim 1 wherein R1 is CH3; R2 is aryl; R4 is CO2R5; Rris. 

alkyl; and Z is 0. 

14. The compound of claim 1 wherein R1 is CH3; R2 is aryl; R4 is CONR5R6; R5 is 

5 alkyl; R6 is H and Z is 0. 

15. The compound of claim 1 wherein R1is CH3; R2is heteroaryl; R4 is CO2R5 or 

CONR5R6 Rj is H and R5 is ethyl. 

10 16. A compound selected from the group consisting of: 

5-cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dibydro.-4-methyl-6-(3-nitrophenyl)-2-oxo- 1 -(2H)-pyrimidinecarboxylic 

acid, 1 -ethyl ester; 

15 5-cyano-36-dihydro-4-metbyl-6-(3-nitrophenyl)-2-oxo- 1 -(2H)-pyrimidinecarboxylic 

acid, 1 -ethyl amide; 

5-cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo- 1 -(1 -oxobutyl)-(2H)-

pyrimidine; 

5-cyano-3,6-dibydro-4-methyl-6-(3-aminophenyl)-2-oxo- 1 -(2H)-

20 pyrimidinecarboxylic acid, 1 -ethyl ester; 5-cyano-3,6-dihydro-4-methyl-6-(3-

aminophenyl)-2-oxo- 1 -(2H)-pyrimidinecarboxyiic acid, 1 -ethyl ester; 

S-cyano-3,6-dibydro-4-methyl-6-(3-(N,N-dimethyl)aminopbenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-(3-trifluoromethylphenyl)-2-oxo- 1 -(2H)-

� 25 pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-(2,3-dichlorophenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 5-cyano-3,6-dihydro-4-methyl-6-(3-

methoxyphenyl)-2-oxo- 1-(2H)-pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro4-methyl-6-(3,5-dichlorophenyl)-2-oxo- 1-(2H)-

30 pyrirnidinecarboxylic acid, 1 -ethyl ester; 5-cyano-3,6-dihydro-4-metbyl-6-(3,4-

dichloropbenyl)-2-oxo- 1 -.(2H)-pyrimidinecarboxylic acid, 1-ethyl ester; 
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5-cyano-3 ,6-dibydro-4-methyl-6-(3-cyanophenyl)-2-oxo- 1 -(2H)-

pyrinudinecarboxylic acid, 1-ethyl ester; 

5-cyano-3 ,6-clihydro-4-methyl-6-(4-methoxypbenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5 5-cyano-3 ,6-dihydro-4-metbyl-6-(4-methylpbenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester; 

5-cyano-3,6-dibydro-4-methyl-6-cyclobexyl-2-oxo- 1-(2H)-pyrimidinecarboxyLic acid, 

1 -ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-phenyl-2-oxo- 1 -(2H)-pyrimidinecarboxylic acid, 1-

10 ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-(2-methylphenyl)-2-oxo- 1-(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-(3-chlorophenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

15 5-cyano-3,6-dihydro-4-methyl-6-(3-fluorophenyl)-2-oxo- 1-(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-(4-chlorophenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3 ,6-dihydro-4-methyl-6-(4-fluorophenyl)-2-oxo- 1 -(2H)-

20 pyrimidinecarboxylic acid, 1-ethyl ester; and 

5-cyano-3,6-dihydro-4-metbyl-6-(2-fluoropbenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

6-(3,5-Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester; 

� 25 6-Butyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic acid ethyl 

ester; 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3 ,6-dihydro-2H-pyriniidine- 1 -

carboxylic acid methylamide; 

5-Cyano-4-methyl-2-oxo-6-phenyl-3,6-dihydro-2H-pyrimidine- 1-carboxylic 

30 acid ethylamide; 
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carboxylic acid 2-methoxy-ethyl ester; 

5-Cyano4-methyl-2-oxo-6-(3-trif1uoromethylpheflY1)-3,6-dihYdrO-2H-PYriIflidifle 1 

carboxylic acid ethylainide; 

5 5-Cyano6(3,5-dich1orophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-PYrimidifle- 1 -

carboxylic acid ethylamide; 

3-Butyryl-4-(3 ,5-dichlorophenyl)-6-methyl-2-oxo- 1,2,3 ,4-tetrahydropyrimidine-5-

carbonitrile; 

5-Cyano-4-methyl-2-oxo-6-(3-trifluorometbylphenyl)-3,6-dihydro-2H-pyrimidine- 1-

10 carboxylic acid (2-dimethylaniino-ethyl)-amide; 

5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylpbenyl)-3,6-dibydro-2H-pyrimidine- 1-

carbothioic acid S-ethyl ester; 

5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylphenyl)-3,6-dihydro-2H-pyrirnidine- 1 -

carboxylic acid (2-hydroxy-ethyl)-.amide; 

15 4-(3 ,5-Dichloropbenyl)-6-methyl-2-oxo-3-(thiophene-2-carbonyl)-. 1,2,3,4-

tetrahydropyrimidine-5-carbonitrile; 

5-Cyano-6-(3 ,5-difluoropbenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 5-Cyano-6-(3,5-difluorophenyl)-4-methyl-2-oxo-3,6-

dihydro-2H-pyrimidine- 1 -carboxylic acid ethyl ester 

20 4-(3,5-Difluoropheriyl)-6-methyl-2-oxo-3-(piperidine- 1 -carbonyl)- 1,2,3,4-

tetrahydropyrimidine-5-carbonitrile; 4-(3,5-]Difluorophenyl)-6-methyl-2-oxo-3-

(pyrrolidine- 1 -carbonyl)- 1 ,2,3,4-tetrahydropyrimidine-5-carbonitrile 

5-Cyano-4-methyl-6-naphthalen- 1-yl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic 

acid ethyl ester; 5-Cyano-4-methyl-6-naphthalen- 1 -yl-2-oxo-3,6-dihydro-2H-. 

O 25 pyrimidine-1-carboxylic acid ethylamide; 6-(3-Bromopbenyl)-5-cyano-4-methyl-2-

oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic acid ethyl ester; 6-(3-Bromophenyl)-5-

cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic acid ethylamide; 5.-

Cyano-4-methyl-2-oxo-6-(2-trifluoromethylphenyl)-3 ,6-dihydro-2H-pyrirnidine- 1 -

carboxylic acid ethyl ester; 5-Cyano-4-methyl-2-oxo-6-(2-trifluoromethylpbenyl)-3 ,6-

30 dibydro-2H-pyrimidine-1-carboxylic acid ethylamide; 5-Cyano-6-(3-

methoxycarbonylphenyl)-4-methyl-2-oxo-3 ,6-dihydro.-2H-pyrimidine- 1 -carboxylic 
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acid ethyl ester; 3-.(5-Cyano-3-ethylcarbamoyl-6-methyl-2-oxo- 1,2,3,4-

tetrahydropyrimidin-4-yl)-benzoic acid methyl ester 

6-Butyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic acid 

ethylamide; 

6-(3,5-Bis-trifluoromethylpbenyl)-5-cyano-4-methyl-2-oxo-3,6-ciihydro-2H-

pyrimidine-1-carboxylic acid ethylamide; 

6-(2,5-Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine- 1 -carboxylic acid ethylamide; 

6-(2,5-Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

10 pyrimidine-1-carboxylic acid ethyl ester; 

5-Cyano-6-(3-ethylcarbamoylphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

5-Cyano-6-(3-cyano-4-fluorophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1-

� carboxylic acid ethylamide; 

15 5-Cyano-6-(3-cyano-4-fluoropbenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

5-Cyano-6-(2,2-dimethylpropyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrirnidine- 1 -

carboxylic acid ethylamide; 

5-Cyano-6-cyclopropyl-4-metbyi-2-oxo-3,6-dibydro-2H-pyrimidine- 1 -carboxylic acid 

20 ethyl ester; 

� 25 

5-Cyano-6-cyclopropyl-4-methyl-2-oxo-3,6-dihydro-2}I-pyrimidine- 1 -carboxylic acid 

ethylamide; 

5-Cyano-6-(2-fluoro-5-trifluoromethylphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine- 1 -carboxylic acid ethylamide; 

pyrimidine-1-carboxylic acid ethyl ester; 

5-Cyano-6-isopropyl-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic acid 

ethyl ester; 

5-Cyano-4-methyl-6-napbtbalen-2-yl-2-oxo-3,6-dihydro-2F1-pyrimidine- 1 -carboxylic 

30 acid ethyl ester; 
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pyrimidine-1-carboxylic acid ethylamide; 

5-Cyano6-(2metboxyphenyl)-4-metby1-2-OXO-3,6-dihYdrO-2H-PYrimid1fle4 - 

carboxylic acid ethyl ester; 

5 5-Cyano-6-(2-metboxyphenyl)-4-methyl-2-oxo-3,6-dibydrO-2H-pyriflTlidifle- 1 -

carboxylic acid ethylamide; 

6-(2-Allyloxypbenyl)-5-cyano-.4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

6-(2-Allyloxyphenyl)-5-cyano-4-metbyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1-

10 carboxylic acid ethylamide; 

6-(2-Bromophenyl)-5-cyano-4-methyl-2-oxo-3 ,6-dibydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

6-(2-Bromophenyl)-5-cyano-4-methyl-2-oxo-3,6-dibydro-2H-pyrimidine- 1-

� carboxylic acid ethylamide 

15 5-Cyano-6-(3-methoxyphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide 

6-(2-Benzyloxyphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1-

carboxyJic acid ethyl ester 

6-Benzyloxymethyl-5-cyano-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1-

20 carboxylic acid ethylamide 

6-Benzyloxymethyl-5-cyano-4-metbyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

6-(3-Bromo-4-fluorophenyl)-5-cyano-4-methyl-2-oxo-3,6-dibydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

� 25 6-(3-Bromo-4-fluorophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid cyclopropylanlide; 

6-(5-Bromo-2-fluoropbenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

6-(5-Bromo-2-fluoropbenyl)-5-cyano-4-metbyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1-

30 carboxylic acid cyclopropylamide; 
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1 -

carboxylic acid ethylamide; 

5Cyano4methy1-6-(3-nitropbenyl)-2-oxo-3,6-dibydrO-2H-PYrim1difle- 1 -carboxylic 

acid cyclopropylmethylamide; 

5 5Cyano4-methyl-2oxo-6-phenethyloxymethyl-3,6-dihydrO-2H-pYrirflidifle- 1 -

carboxylic acid ethyl ester; 

5-Cyano-4-methyl-2-oxo-6-phenethyl-3,6-dihydro-2H-pyrimidine- 1-carboxylic acid 

ethylamide; 

5-Cyano-4-methyl-2-oxo-6-thiopben-3-yl-3,6-dibydro-2H-pyrimidine- 1 -carboxylic 

10 acid ethyl ester; 

5-Cyano-4-methyl-6-(5-methylisoxazol-3-yl)-2-oxo-3,6-dihydro-2H-pyrirnidine- 1 -

carboxylic acid ethyl ester; 

5-Cyano-6-(3 ,5-dimethylisoxazol-4-yl)-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine-

� 1-carboxylic acid ethyl ester; 

15 5-Cyano-4-metbyl-2-oxo-6-thiophen-2-yl-3,6-dihydro-2H-pyrimidine-1-carboxylic 

acid ethyl ester; 

5-Cyano-4-metbyl-6-(3-niethylthiophen-2-yl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

5-Cyano-4-methyl-6-(3-methylthiophen-2-yl)-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1-

20 carboxylic acid ethyl ester; 

5-Cyano-4--metbyl-6-(2-methylthiazol-4-yl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

-0 6-(4-Bromothiophen-2-yl)-5-cyano-4-methy1-2-oxo-3,6-dihydro-2H-pyrimidne- 1 -

carboxylic acid ethylamide; 

� 25 6-(4-Bromothiopben-2-yl)-5-cyano-4-methyl-2-oxo-3,6-dlihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

5-Cyano-4-methyl-2-oxo-6-[2-(4-trifluoromethylpbenyl)-thiazol-4-yl]-3,6-dihydro-

2H-pyrimidine-1-carboxylic acid ethyl ester; 

6-[5-(4-Chlorophenyl)-oxazol-4-ylJ-5-cyano-4-metbyl-2-oxo-3,6-dihydro-2H-

30 pyrimidine-1-carboxylic acid ethyl ester; 

6-(2-Bromothiazol-5-yl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester, 
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5-Cyano-4-.methyl-2-oxo-6-(4-phenylthiopben-2-yl)-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

6-[5-(4-Chlorophenyl)-furan-2-yl]-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-

1-carboxylic acid ethylamide; 

5 5-Cyano-4-methyl-2-oxo-6-(4-trifluoromethylthiazol-5-yl)-3,6-dihydro-2H-

pyriniidine- 1 -carboxylic acid ethyl ester; 

5-Cyano-4-methyl-2-oxo-6-(4-trifluoromethylthiazol-5-yl)-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide; 

5-Cyano-6-[5-(4-methanesulfonylphenyl)-oxazol-4-yl]-4-methyl-2-oxo-3,6-dihydro-

10 2H-pyrimidine-1-carboxylic acid ethylamide; 

6-[5-(4-Chloropbenyl)-oxazol-4-yl]-5-cyano-4-methyl-2-oxo-3,6-dthydro-2H-

p.yriniidine-1-carboxylic acid ethylaniide; 

5-Cyano-4-methyl-2-oxo-6-[5-(4-trifluoromethylpbenyl)-oxazol-4-yl] -3,6-dihydro-

2H-pyrimidine-1-carboxylic acid ethylamide; 

15 5-Cyano-4-methyl-2-oxo-6-(5-phenyloxazol-4-yl)-3 ,6-dihydro-2H-pyriniidine- 1 -

carboxylic acid ethylamide; 

5-Cyano-4-methyl-6-[5-(4-nitropbenyl)-oxazol-4-yl]-2-oxo-3,6-dihydro-2H-

pyrimidtne-1-carboxylic acid ethylamide; 

5-(4-Chlorophenyl)-2-(5-cyano-3-ethylcarbamoyl-6-methyl-2-oxo- 1,2,3,4-

20 tetrahydropyrimidin-4-yl)-furan-3-carboxylic acid ethyl ester; 

5-Cyano-4-metbyl-2-oxo-6-(5-pyridin-3-yloxazol-4-yl)-3,6-dihydro-2H-pyrimidine-

1-carboxylic acid ethylamide; 

5-Cyano-4-methyl-2-oxo-6-(4-phenylthiazol-5-yl)-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethylamide; 

� 25 [5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidin- 1-yl] -acetic 

acid tert-butyl ester; 

-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic 

acid isopropylanilde; 

5-Cyano-4-methyl-6-(3-nitropbenyl)-2-oxo-3,6-dihydro-2H-pyrinudine- 1 -carboxylic 

30 acid propylamide; 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic 

acid phenylanilde; 
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5Cyano4-methyl-6-(3-nitrophenyl)-2-OxO-3,6-dihycIrO-2H-PYri1flidifle- 1-carboxylü 

acid thiazol-2-ylamide; 

5Cyano-4methyl-6-(3-nitropheny1)-2-oxO-3,6-dihYdrO-2H-PYriflhidifle- 1 -carboxylic 

acid (2,2,2-trifluoro-ethyl)-amide; 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dibydrO-2H-pyriflhidine- 1 -carboxylic 

acid cyclopropylamide; 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic 

acid (2-hydroxy-ethyl)-amide; 

3-(4,5-Dihydrooxazol-2-yl)-6-methyl-4-(3-nitrophenyl)-2-oxo- 1,2,3,4-

10 tetrahydropyrimidine-5-carbonitrile; and 

5-Cyano-4-methyl-6-(3-nitropbenyl)-2-oxo-3,6-dibydro-2H-pyrimidine- 1 -carboxylic 

acid allylarnide. 

17. A pharmaceutical composition comprising a compound of claim 1 and a 

15 pharmaceutically acceptable carrier. 

18. The pharmaceutical composition of claim 17 further comprising at least one 

other anti-cancer agent formulated as a fixed dose. 

20 19. A method for treating a proliferative disease via modulation of the Eg5 motor 

protein comprising administering to a mammalian species in need of such treatment 

an effective amount of at least one compound of claim 1. 

0 
20. The method according to claim 19 further comprising administering to said 

25 mammalian species at least one other anti-cancer agent. 

21. The method according to claim 19 wherein the proliferative disease is 

cancer. 

30 22. A method for treating a proliferative disease by inducing apoptosis 

comprising administering to a mammalian species an effective amount of a compound 

of claim 1. 

79 



4 

S 



fo 

LD0202 PCT 

23. The method according to claim 22 further comprising administering to said 

mammalian species at least one other anti-cancer agent. 

5 24. The method according to claim 22 wherein the proliferative disease is 

cancer. 

10 

25. A method of preparing a compound having the formula: 

R2 R3 

NC 
NH

 

R1 NO 

xMV 

wherein 

R1 is selected from the group consisting of hydrogen, alkyl and cycloalkyl; 

15 R2 and R3 are each independently selected from the group consisting of H, 

alkyl, aryl, heteroaryl, arylalkyl, cycloallcyl, beterocycloalkyl, cycloalkylalkyl, 

beterocycloalkylalkyl and heteroarylalkyl; or 

R2 and R3 may also be taken together to form a carbocycic or heterocyclic 

ring; 

- 20 comprising contacting a compound having formula R2COR3 with a compound having 

the formula R1COCH2CN or a compound having the formula 

0 0 

R1NH2 

in the presence of polyphosphate ester and urea to form 

A2 R3 

NC H 
Ne 

R(NO 

25 XXIV 
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26. The method of claim 25 further comprising contacting compound XXIV with 

R4-X in the presence of a base wherein R4s alkyl or acyl, and X is a leaving 

group, or wherein R4X is isocyanate or haloformate to yield a compound 

having formula I 

R2 R3 

NC )(N R4 

RNZ 

I 
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Abstract 

The present invention provides compounds of formula I 

R2 A3 

NC   R4 

R(NLZ 

and pharmaceutically acceptable salts thereof. 

10 The formula I compounds induce mitotic arrest thereby making them useful as 

anti-cancer agents. The formula I compounds are also useful for the treatment of 

other diseases which can be treated by inducing mitotic arrest. 
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I The undersigned applicant(s) BRISTOL�MYERS SQUIBB COMPANY 
1-1-1 hereby appoints (appoint) the GIBBONS, Maureen; ALGIERI, Aldo; 

following person 
BABAJKO, Suzanne; BABCOCK, Timothy; 
BUCHHOLZ, Briana; DAMICO, Stephen; 
DUBOFF, Samuel; FURMAN, Theodore; 

KILCOYNE, John; KLEIN, Christopher; 

LANGE, Keith; MAKUJINA, Shah; MORSE, 

David; O’BRIEN, Maureen; PATEL, Rena; 
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RODNEY, Burton; RYAN, Richard; SliER, 
Audrey; SWITZER, Joan; WILK-ORESCAN, 
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Authorities 
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USE TO TREAT DISEASES 
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Stephen B. Davis 
Christopher Klein 
Suzanne Babajko 
Theodore Furman 
David M. Morse 

Richard Ryan 
Blair Q. Ferguson 

(a) to present to the Patent, Trademark, Copyright and similar Government Offices of all 
countries to or to any competent authority, all original, divisional, continuation and 
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and its subsidiary companies, for letters patent for inventions, utility models, industrial 

0 models and designs and improvements or additions thereof, trademarks and copyrights; 
(1,) to initial and prosecute oppositions and appeals; (c) to appear before all officers duly 
authorized, all Ministers, Bureaus, Clerk’s Offices and Commissions or Commissioners 
that may be necessary; (d) to sign and approve on behalf o this corporation all documents 
and powers of attorney which judgment of the authorized individuals may be necessary 
or desirable to carry out the powers hereby conferred; (e) to request all proceedings; (f) to 
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withdraw applications and all documents relating thereto; (h) to commence proceedings 
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all that in the judgment of the authorized individual may be necessary to secure granting 
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Company to be affixed hereto on this 7-lay of 2002. 

0 
. ’V 

John L. McGoldrick 
?xedptive Vice President 

d General Counsel 

Svl? I ?__ ?,_ 9 ?, 
ecretary 



0 

PCT 
GENERAL POWER OF AflORNEY 

(for several international applications filed under the Patent Cooperation Treaty) 

(PCT Rule 90.5) 

The undersigned person(s): 
(Family name followed by given name; for a fill legal entity, full official designation. The address must Include postal code and 
name of country) 

KIMBALL, Spencer David 
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(Family name followed by given name; for a legal entity.fulI official designation. The address must Include postal code and name 

of 

counbyj 

ALGIERI, Aldo; BABAJKO, Suzanne; BABCOCK, Timothy; BOUDREAUX, Gerald; BUCHHOLZ, Briana; BELFIELD, Jing; 
DAMICO, Stephen; DAVIS, Stephen; DUBOFF, Samuel; DOLAN, Peter; FERGUSON, Blair; FURMAN, Theodore; 
GIBBONS, MAUREEN; HERMENAU,Ronald; KILCOYNE, John; KLEIN, Chnstopher, LANGE, Keith; LARSEN, Scott; 
MAKUJINA, Shah; MORSE, David; O’BRIEN, Maureen; PATEL Rena; POST, Kenneth; PROVOOST, Jonathan; 
RODNEY, Bur ton; RYAN, Richard; SHER, Audrey; SWITZER, Joan; VANATrEN, Mary; W1LK-ORESCAN, Rosemarie; 
WINSLOW, Anastasia 

to represent the undersigned before [] 
all the competent International Authorities 

0 the International Searching Authority only 

0 the International Preliminary Examining Authority only 

in connection with any and all international applications filed by the undersigned with the following Office 

UNITED STATES PATENT AND TRADEMARK OFFICE asroceiving Office 
and to make or receive payments on behalf of the undersigned. 

Signature(s) (where there are several persons, each of them must sign: nest to each signature, Indicate the name of the person 
signing and the capacity In which the person signs, ifsuch capacity Is not obvious from reading this power): 

Spencer David inia11 

Form PCT/Model of general power of attorney (for several International applicatIons) (July 1992) L.gilS 1O?. Fm PCTh 
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The undersigned perscm(.) 
(Family name followed by given name; for afidl legal entity, fiJi official dulgnolka. The address must hicla& postal code and 
now qfcowwzyj 

LOMBARDO, Louis J. 
49 West Street 
Belle Mead, NJ 08520 
UNITED STATES OF AMERICA 

hereby appoint(e) the following person an 
[]] we 

common jiuiyi 

Name and address - 
(Family name jbllowed by given name; for a legal endty,fldl official dsslgnation. The address mart Leclaide postal code w.dnaase of 
country) 

ALGIERI, Aldo; BABAJKO, Suzanne; BASCOCK Timothy; BOUDREAUX, Gerald; BUCHHOLZ Brtana BELFIELD, 
DAMICOI Stephen; DAVIS, Stephen; DUBOF1r, Sarnu& DOLAN, Peter; FERGUSON, Blair; FURMAN, Theodore 
GIBBONS, MAUREEN; HERMENAU,Ronald; KILGOYNE, John; KLEIN, Christopher; LANGE, K1th LARSEN, Scotl 
MAKWINA, Shah; MORSE, David; O’BRIEN, Maureen; PATEL, Rena; PEIST, Kenneth; PROVOOST, Jonathan; 
RODNEY. Sur ton; RYAN, Richard; SHER, Audrey; SWIIZER, Joan; VANATrEN, Mary; MLK-ORESCAN, Rasemarls; 
WINSLOW, Mastaais 

to iq,resont the undersigned before [] 
all the COflpeteflt Intcnatina1 Authorities 

o 

the international Searching Authority cab’ 

0 the international Preflmhisiy Bvin&niqg Authority oaly 

in connection with any and all International applications filed by the underdgncd with the following Omos 

UNITED STATES PATENT AND TRADEMARK OFFICE wrood 

and to make or receive payinente on bcbalf of the undersigned. 

Signature(s) (where there am several persons, each of them must sign; mW to each signatwv, frdk’e the noses of the person signing and the capacity In which the person signi 4fsu4h capacity is not obvious frons reading this powes’): LOW. barcro L& D.1e ?i, dO?_ 

Penn PCT/Model of goneral power of attorney (for several international applications) (July 1992) L" ~10K PCfltt 
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The undesipcsion(a) 
(Family name followed by given name; for afidi legal entItS fril pificlal deslgnailori. The address mwInthide postal c 

andnaDus QfcOWltlyJ 

RAWLINS, David B. 
219 Vernon Road 
Morrisville, PA 19067 
UNITED STATES OF AMERICA 

hcrcb’ appoint(s) the following persoe u (] 
ag1t [J common ,aiiijiiiivi 

Name and sddriss - 
(Family name followed by given name; for a legal entity full QfflcIOl d gnatIo.L The address must hschid. postal code and nausi f 
cvwieyj 

ALGIERI, Aida; BABMKO, Suzanne; BABCOCK, llmothy. BOUDREAUX, Gerald; BUCHHOLZ, Blana BELF1ELD, JkU 
DAMICO, Stephen; DAVIS, Stephen; DUBOFF, Samuel, DOL.AN, Peter, FERGUSON, Blain, FURMAN, Theodore; 
GIBBONS, MAUREEN; HERMENAU,RonaId; KILCOYNE, John; KLEIN, Christopher, LANGE, Keft LARSEN, Seat 
MAKUJINA, Shah; MORSE,, David; O’BRIEN, Maureen; PATEL, Rena; PEIST, Kenneth; PROVOOST, Jonathon 
RODNEY, BUT ton; RYAN, Richard; SHER, Audrey SWITZER, Joan; VANAUEN, Mary WILK-ORESCAN, Rosemarie; 
WINSLOW, Maslaala 

to x91ie9ag the undersigned before [] 
all the competent International Authcdtics 

othe International Searching Authocily cab, 

0 the International Prellmlpmy E.minbig Mithodty cudy 

In connection with any and all International applications filed by the undersigned with the following Office 

UNITED STATES PATENT AND TRADEMARK OFFICE 

and to make or receive payments on bcbilf of the undersigned. 

Signature(s) (where there are several persons, each of them must siga ncd to each signature, ji’.4"ate do name of tiw person signing and the capacity In which the person signs, (fsuch capacity Is not obvious from reading this power). David S-.-Rawl i ns Date: jri-) Zc ?--

Form Per/Model of general power of attorney (for severil nterntiomuI applications) (July 1992) L6900W ime, Fem FC T1 
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XIAO, Hai-Yun 
173 Jonathan Dayton Court, 
Princeton, NJ 08540 
UNITED STATES OF AMERICA 

hereby appoint(s) the following person am [] agent [J common representative 

Name and sddren. - 
(Family name followed by given name; for a legal entisfuli official designation. Maddre"mWba:h"1rP=AWco*aadnaawqf 
cowiti’y.) 

ALGIERI,, Aldo; BABMKO, Suzanne; BABCOCK, iimothy BOUDREAUX, Gerald; BUCHHOLZ. Bdans BELF1ELD, Jlrig 
DAMICO, Stephen; DAVIS, Stephen DUBOFF, Samuel; DOLAN, Peter; FERGUSON, Blair; FURMAN, Theodors 
GIBBONS, MAUREEN; HERMENAU,Ronald; KILCOYNE, John; KLEIN, Christopher; LANGE, Kelth LARSEN, Sc* 
MAKUJINA, Shah; MORSE, David; O’BRIEN, Maureen; PATEL, Rena; PEIST, Kenneth; PROVOOST, Jonaths’ 
RODNEY, BUr ton; RYAN, Richard; SHER, Audrey; SWITZER, Joan; VANATIEN, Mary; WILK-ORESCAN, Rosemarie; 
WINSLOW, Anastasia 

to represent the undersigned before ED all the competent International Authcwitlea 

othe International Searching Authority only 

0 the International Preliminary Examining Authority only 

in connoWon with any and all International appilcedons filed by the undersjgned with the following Omen 

UNITED STATES PATENT AND TRADEMARK OFFICE 
and to make or rccelvc payments on behalf of the imdmlped. 

as receiving Omen 

Signature(s) (where there we several persom, each p/ them must :lgic nco to each signature, 1i’dlc#, the name p/ 
tim POTM signing and the capacity In which the person signs, Cfsswh capacity is not obviou, from reading thiipow.): Hai-Yur(Xiao Date ,J(A-?L. 2-f,. J-" 2. 

Form Per/Model of general power of aflorney (for aevcrsl International applicetlons) (July 1992) ’-ui- 1w’, F PCT 
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GENERAL POWER OF ATTORNEY 
(for several International applicailorufihed under the Patent Cooperation Thinly) 

(PcrR1.9O.$) 

The undersigned person(i) 
(Family rame followed by given name; far aflill legal enflp, fill official designadcet The addrnss must hiclude postal code and 
name QfC0IInbJ 

SCHMIDT, Robert Joseph 
3 South Deer Place 
Hainesport, NJ 08036 
UNITED STATES OF AMERICA 

hereby appoint(s) the following person u [] agent [J common representative 

Nanie and address 
(Family floral followed by given name; far a legal entIfull official dezignatIo.L The addrw must Include postai code and name of 
cosinbyj 

ALGIERI, Aide; BABMKO, Suzanne; BABCOCK, llmothy, BOUDREAUX, Gerald; BUCHHOLZ Briana; BELFIELD, JIng 
DAMICO, Stephen; DAVIS, Stephen; DUBOF1, Samuel; DOLAN, Peter, FERGUSON, BIalr FURMAN, Theodore; 
GIBBONS, MAUREEN; HERMENAU,Ronald; KILCOYNE, John; KLEIN, Christopher; LANGE, Keith; LARSEN, Sc* 
MAKUJINA, Shah; MORSE, David; O’BRIEN, Maureen; PATEL Rena; PEIST, Kenneth; PROVOOST, Jonath 
RODNEY, BUr ton; RYAN. Richard; SHER, Audrey SWITZER, Joan; VANAITENU Maiy WILK-ORESCAN, Rosemarie; 
WINSLOW, Anaetanla 

to represent the imderslgned before [) all the competent International Authorities. 

othe International Searching Authority only 

0 the International Prclhnlnmy Exmln1ng Authority only 

in connection with any and all international applications filed by the undersigned with the following Omcc 

UNITED STATES PATENT AND TRADEMARK OFFICE as receiving Oface 
and to make or receive payments on behalf of the undersigned. 

Signature(s) (where there are sevewd persons, each of them must 
sign; 

nat 
to 

each 
slgnatwz lrA!cate 

the name of dw person 
signing and the capacity In which the person signs, tfsuch capacity Is not obvlousfram reading this power); mep-h Schmidt Dar. 

Form PCTIModcI of general power of attorney (for several International applications) (July 1992) -v-I� 11SF. F 
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GENERAL POWER OF AT1ORNEY 

(for several Intenialional appllcaticsu filed under the Patent Cooperation Treaty) 

(PCT  90.5) 

Thundccslpedpecsco(s) 
(Fans1ly name followed by given name; for a fiJi legal entity. full official designation. The addreis must include postal code and 
name QfcOwttIvJ 

WILLIAMS, David Kent 
211 Paddock Way 
Deiran, NJ 08075 
UNITED STATES OF AMERICA 

hereby appo at(s) the following pence an: [J agent 0 commonscFesenud ivo 
Nune and address - 
(Family name followed byghwn name;f& a legal enll(jfl& official des.gnatioti The add’s,, must Include postal code and nawa of 
cosuiii7j 

ALGIERI, Aldo; BABIJKO, Suzanne; BABCOCK, Tlmothy, BOUDREAUXI Gerald; BUCHHOLZ, Brlana BELFIELDU JIM 
DAMICO, Stephen; DAVIS, Stephen; DUBOFF, Samuel; DOLAN, Peter; FERGUSON. Blair; FURMAN, Theodore; 
GIBBONS, MAUREEN; HERMENAU.Ronald; KILCOYNE, John; KLEIN, Christopher; LANGE, Keith LARSEN, Seat 
MAKUJINA, Shah; MORSE, David; O’BRIEN, Maureen; PATEL, Rena; PEIST, Kenneth PROVOOST, Jonathen 
RODNEY, BUr ton; RYAN, Richard; SHER, Audrey; SWITZER, Joan; VANATTEN, Ma1y WILK-ORESCAN, Rosernaris; 
WINSLOW, Anastaift 

to represent the undersigned before all the competent International Authorift. 

othe International Searching Authority only 

Othe International Pmliminary FxminingAuthority only 

In connection with any and all international applications filed by the undersigned with the following Office 

UNITED STATES PATENT AND TRADEMARK OFFICE 

and to make or receive payments on behalf of the undersigned. 
as receiving Office 

Signature(s) (where there are several persons each of them must sIgn, nest to each signature, Inth&e the name of the person 
signing and the capacity In which the person signe, ((such capacity is not obWontftom reading thLipowe); David Kent Williams Date: jL:7 2OV 

Form PCT/Model of general power of attorney (for several international applications) (July 1992) ’-v-$usw 1N7. Fu PCU 
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The demand must be filed directly i the competent International Prelimfrzaiy Fannthilngi irl(y or, if two or more Authoritiesare amJtent 
iilth the one chosen by the applicant The liii! name or two-letter code of that Authoii(y maybe indicated by the applicant on the line below: 

IPEA/ US -/ 
PCT I CHAPTERII I 
DEMAND 

under Article 31 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 

international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 

rui IIILtllIdLlUIIdI FICUIIIIIIcL&y 1171d1111iUII tUUIUI1L UW UI!!,)’ 

Identification of IPEA Date of receipt of DEMAND 

Applicant’s or agent’s file reference 
Box No.! IDENTIFICATION OF THE INTERNATIONAL APPLICATION LD202 PCT 
International application No. 1 International filing date (day/month/year) (Earliest) Priority date (day/month/year) 

(26.03.02) (29.03.01) 
PCT/US02/09497 26.MARCH.2002 29.MARCH.01 
Title of invention 
NOVEL CYANO-SUBSTITUTED DIHYDROPYRIMIDINE COMPOUNDS AND THEIR USE TO 
TREAT DISEASES 

Box No. II APPLICANT(S) 

Name and address: (Family name followed by given name; for a legal eniby, liiil official designation. 
The address must indude postal code and name of countzy.) 

Telephone No. 
609-252-3453 

Bristol-Myers Squibb Company Facsimile No. 
P.O. Box 4000 609-252-4526 
Princeton, NJ 08543-4000 Teleprinter No. 

United States of America  
Applicant’s registration No, with the Office 

State (that is, country) of nationality: State (that Is, country) of residence: 

United States of America United States of America 

Name and address: (Family name followed by given name; torn legal entity, liiil official designation. The address must Indudep,stal code and name of country) 

KIMBALL, Spencer, David 
13 Charred Oak Lane 
East Windsor, NJ 08520 
UNITED STATES OF AMERICA 

State (that Is, country) of nationality: State (that is, country) of residence: 
US US 
Name and address: (Family name followedbygivenname; foralegal entity, full official designation. Theaddmssmuciindudejxjslal code andname of countiy.) 

LOMBARDO, Louis, J. 
49 West Street 
Belle Mead, NJ 08502 
UNITED STATES OF AMERICA 

State (that Is, country) of nationality: I State (that is, country) of residence: 

US IUS 
Further applicants are indicated on a continuation sheet. 

Form PCTIIPEAI401 (first sheet) (March 2001; reprint July 2001) See Notes to the demand form 
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Sheet No. 
International application No. .2. 
PCT/US02/09497 

Continuation of Box No. 11 APPLICANT(S) 

Ilnone ofthe following sub-boxes is used this sheet should not be induded in the demand 

Name and address: (Famifr name followed by given name; for a legal entity. full official designation. The address must bidude pczstal aide and name of country.) 

RAWLINS, David, B. 
219 Vernon Road 
Morrisville, PA 19067 
UNITED STATES OF AMERICA 

State (that is, country) of nationality: State (that Is, country) of residence: 

US US 

Name and address: (Family name followed by given name; for a legal entity, full official designation. The addass must include pacta! code and name of counizy.) 

XIAO, Hai-Yun 
173 Jonathan Dayton Court 
Princeton, NJ 08540 
UNITED STATES OF AMERICA 

State (that Is, country) of nationality: State (that/s, Country) of residence: 

CN US 
Name and address: (Family name followed by given name; bra legal enti(y, lull official designation. The address must include fKstaI aide and name of counUy) 

SCHMIDT, Robert, Joseph 
3 South Deer Place 
Hainesport, NJ 08036 
UNITED STATES OF AMERICA 

State (that is, country) of nationality: State (that is, country) of residence: 

US US 
Name and address: (Family name followed by given name; fora legal enll(y, full official designation. The address must indude postal code and name of couney.) 

WILLIAMS, David, Kent 
211 Paddock Way 
Delran, NJ 08075 
UNITED STATES OF AMERICA 

State (that Is, country) of nationality: State (that is, country) of residence: 

US US 

Further applicants are indicated on another continuation sheet. 

Form PCTIIPEA/401 (continuation sheet) (March 2001; reprint July 2001) See Notes to the demand form 
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Sheet No. 
a 

International application No. 
. PCT/US02/09497 

Box No. III AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE  

The following person is rul agent common representative 

and [] has been appointed earlier and represents the applicant(s) also for international preliminary examination. 

Elis hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked. 

[J is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition to 
the agent(s)/common representative appointed earlier. 

Name and address; (Familynanie followed by given name; for a legal entity, full official designation. Telephone No. 
Ihe address must include postal code and name of country.) 609-252-3453 

GIBBONS, Maureen Facsimile No. 

Bristol-Myers Squibb Company 609-252-4526 
P.O. Box 4000 Teleprinter No. 
Princeton, NJ 08543-4000 
United States of America Agent’s registration No. with the Office 

44,121 
DAddress for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 

space above is used Instead to indicate a special address to which correspondence should be sent. 

Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 

Statement concerning amendments:* 

1. The applicant wishes the international preliminary examination to start on the basis of: 

[J the international application as originally filed 

the description [] as originally filed 

C] as amended under Article 34 

the claims FXJ as originally filed 

[] as amended under Article 19 (together with any accompanying statement) 

Elas amended under Article 34 

the drawings [J as originally filed 

EJas amended under Article 34 

2. C] The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3.El  The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 
from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check-
box maybe marked only where the time limit under Article 19 has not yet expired.) 

* Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims under Article 19 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amended. 

Language for the purposes of international preliminary examination: .ngIish.......................................................................... 
which is the language in which the international application was filed. 

C] which is the language of a translation furnished for the purposes of international search. 

[] which is the language of publication of the international application. 

[J which is the language of the translation (to be) furnished for the purposes of international preliminary examination. 

Box No. V ELECTION OF STATES 

The applicant hereby elects all eligible States (that is. all States which have been designated and which are bound by Chapter H of 
the PCT) 

excluding the following States which the applicant wishes not to elect: 

Form PCT/JPEAI401 (second sheet) (March 2001; reprint July 2001) See Notes to the demand form 
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Sheet No 4 
International application No. 

PCT/US02109497 .; 

Box No. VI CHECK LIST 

The demand is accompanied by the following elements, in the language referred to in For International PreIimina\ 
Box No. IV, for the purposes of international preliminary examination: Examining Authority use only 

received not received 

1. translation of international application : 0 sheets [I] E 
2. amendments under Article 34 : o sheets U U 
3. copy (or, where required, translation) of 

amendments under Article 19 : 0 sheets [J U 
4. copy (or, where required, translation) of 

statement under Article 19 : 0 sheets U U] 
5. letter 0 sheets U U] 

6. other (specify) : o sheets El U 

The demand is also accompanied by the item (s) marked below: 

1. 
( 

fee calculation sheet 5. statement explaining lack of signature 

2. (J original separate power of attorney 6. [] sequence listing in computer readable form 

3. original general power of attorney 7. J other (Certification for POA): 

4. J copy of general power of attorney: 
reference number, if any: 

Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 

Next to each signalwv, indicate the name of the person signing and the capacity in which the person signs (ifsuch capacity’s not obvious from reading the demand). 

Agent Date: ’.(( hJ 
Maureen Gibbons 

rui siiteiuiauuiioi riciuimieiy cilc.duu1uu 1-tuululuy ue Wily 

1. Date of actual receipt of DEMAND: 

2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b): 

3. The date of receipt of the demand is AFTER the expiration of 19 months The applicant has been 
from the priority date and item 4 or 5, below, does not apply. informed accordingly. 

4.flThe
 date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 

Rule 80.5. 

[5. 
Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 11 Is EXCUSED pursuant to Rule 82. 

For International Bureau use only 

Demand received from IPEA on: 

Form PCT/IPEAJ401 (last sheet) (March 2001; reprint July 2001) See Notes to the demand form 
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4OTES TO THE DEMAND FORM (PCT/. A/401) 

These Notes are intended to facilitate the filling in of the demand form and to give some information concerning international 
preliminary examination under Chapter II of the Patent Cooperation Treaty (PCT). For more detailed information, Aee the 
PCT Applicant’s Guide, a WIPO publication, which is available, together with other PCT related documents, at \NIPO’sWesie: 
www.wipo.int/pct/en/index.htmL The Notes are based on the requirements of the PCT, the Regulations and the Admi1itrative 
Instructions under the PCT. In case of any discrepancy between these Notes and those requirements, the latter are applicâW. 

In the demand form and these Notes, ’Article", "Rule" and "Section" refer to the provisions of the PCT, the PCT Regulations. 
and the Administrative Instructions, respectively. 

Please use a typewriter; check-boxes may be marked by hand with dark ink (Rules 11.9(a) and (b) and 11.14). 

The demand form and these Notes may be downloaded from WIPO’s Website at the address given above. 

IMPORTANT GENERAL INFORMATION 

Who May File a Demand? (Article 31(2) (a) and Rule 54): 
A demand (for international preliminary examination) may 
only be tiled by an applicant who is a national or resident of a 
PCT Contracting State which is bound by Chapter II of the PCT; 
furthermore, the international application must have been filed 
with a receiving Office of, or acting for, a State bound by 
Chapter IL Where there are two or more applicants (for the 
same or different elected States) at least one of them must 
qualify. 

Where Must the Demand Be Filed? (Article 31(6) (a)): 
The demand must be filed with a competent International 
Preliminary Examining Authority (IPEA). The receiving Office 
with which the international application was filed will, upon 
request, give information about the competent IPEA (or see the 
PCT Applicant’s Guide, Volume JIB, Annex Q. If several 
IPEAs are competent, the applicant has the choice and the 
demand must be filed with (and the fees must be paid to) the 
IPEA chosen by the applicant. The IPEA chosen by the 
applicant may be identified, preferably by an indication of the 
name or two-letter code of the IPEA, at the top of the first sheet 
of the demand in the space provided for that purpose. 

When Must the Demand Be Filed? (Article 390)): The 
demand must be filed before the expiration of 19 months from 
the prloritydatein order to extend the time limit for entering th 
national phase of the PCT procedure from 20 to 30 months from 
the priority date. Warning if the demand is filed later, the 
national phase will not be delayed in respect of the elected 
States and the applicant must enter the national phase before the 
expiration of the time limit applicable under Article 22 (which 
is usually 20 months from the priority date). 

In Which Language Must the Demand Be Filed? 
(Rule 55.1): The demand must be filed in the language in which 
international preliminary examination will be carried Out (see 
Notes to Box No. IV). 

What is the Language of Correspondence? (Rules 66.9 
and 92.2 and Section 104): Any letter from the applicant to the 
IPEA must be in the same language as the international 
application to which it relates. However, where the international 
preliminary examination will be carried out on the basis of a 
translation (see Notes to Box No. IV), any letter from the 
applicant to the IPEA must be in the language of the translation. 
The IPEA may authorize the use of other languages for letters 
which do not contain or relate to amendments of the international 
application. Any letter from the applicant to the International 
Bureau must be in English or French, at the choice of the 
applicant. However, if the language of the international 
application is English, the letter must be in English; if the 
language of the international application is French, the letter 
must be in French. 

Which Fees Must Be Paid and When? (Rules 57 and 58): 
Two fees are due in respect of the international preliminary 
examination: the preliminary examination fee and the handling 
fee. Both fees must be paid to the IPEA within one month from 
the date on which the demand is submitted. The Fee Calculation 
Sheet should be used for that purpose. For details concerning 
the payment of the fees, see the Notes to that Sheet. 

BOX No. I 

Applicant’s or Agent’s File Reference: A file reference 
may be Indicated, if desired. It should not exceed 12 characters. 
Characters in excess of 12 may be disregarded (Section 109). 

Identification of the International Application 
(Rule 53.6): The international application number must be 
indicated in Box No. I. Where the demand is filed at a time 
when the international application number has not yet been 
notified by the receiving Office, the name of that Office must 
be indicated instead of the international application number. 

International Filing Date and (Earliest) Priority Date 
(Section 110): Dates must be indicated by the Arabic number 
of the day, the name of the month and the Arabic number of the 
year�in that order; after, below or above such indication, the 
date should be repeated in parentheses, using two-digit Arabic 
numerals for each of the number of the day, the number of the 
month and the last two digits of the year, in that order, and 
separated by periods, slants or hyphens, for example, 
"20 March 2001 (20.03.01)", "20 March 2001 (20/03/01)" or 
"20 March 2001 (20-03-01)". Where the international 
application claims the priority of several earlier applications, 
the filing date of the earliest application whose priority is 
claimed must be indicated as the priority date. 

Title of the Invention: If a new title has been established 
by the International Searching Authority, that title must be 
indicated in Box No. I. 

BOX No. 11 

Applicant(s) (Rule 53.4): All the applicants for the elected 
States must be indicated in the demand; an applicant named in 
the request (Form PCl/ROIl 01) for a State which is not elected 
need not be named in the demand. It should be noted that the 
persons named as "inventor only" in the request need not be 
named in the demand. 

Make in Box No. II of the demand the required indications 
as appearing in Boxes Nos. II and III of the request. The Notes 
to the request apply mutatis mutandis. If there are two or more 
applicants for the States elected in the demand, give the 
required indications for each of them; if there are more than 

Notes to the demand form (PCT/IPEA/401) (page 1) (March 2001; reprint July 2001) 
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three applicants, make the required indications on the 
"Continuation Sheet". 

If different applicants are indicated in the request for different 
designated States, indicate in Box No. II of the demand only the 
applicants for the States elected in Box No. V (no indication of 
the States for which a person is applicant need be made, because 
those indications have been made in the request). 

Applicant’s registration number with the Office 
(Rule 53.4): Where the applicant is registered with the national 
or regional Office that is acting as International Preliminary 
Examining Authority, the demand may indicate the number or 
other indication under which the applicant is so registered. 

BOX No. III 

Agent or Common Representative (Rules 53.5. 90.1 
and 90.2): Mark the applicable check-boxes to indicate first 
whether the person named in this Box is agent or common 
representative, then whether that person has been appointed 
earlier (i.e., during the procedure under Chapter I), or is 
appointed in the demandand any earlier appointment of another 
person is revoked, or is appointed specificallyforthe procedure 
before the IPEA (without revocation of any earlier appointment), 
in addition to the person(s) appointed earlier. 

Where an additional person is appointed specifically for the 
procedure before the IPEA, all notifications issued by the IPEA 
will be addressed only to that additional person. 

A separate power of attorney must be filed with the IPEA, 
the International Bureau or the receiving Office, if the person 
appointed at the time the demand is filed (i.e., was not appointed 
earlier) signs the demand on behalf of the applicant (Rule 90.4). 

Agent’s registration number with the Office (Rule 53.5): 
Where the agent is registered with the national or regional 
Office that is acting as International Preliminary Examining 
Authority, the demand may indicate the number or other 
indication under which the agent is so registered. 

Address for Correspondence (Rule 4.4(d) and 
Section 108): Where an agent is appointed, any correspondence 
intended for the applicant will be sent to the address indicated 
for that agent (or for the first-mentioned agent, if more than one 
is appointed). Where one of two or more applicants is appointed 
as common representative, the address indicated for that applicant 
in Box No. III will be used. 

Where no agent or common representative is appointed, any 
correspondence will be sent to the address, indicated in Box 
No. II, of the applicant (if only one person is named as applicant) 
or of the applicant who is considered to be common representative 
(if there are two or more persons named as applicants). However, 
if the applicant wishes correspondence to be sent to a different 
address in such a case, that address may be indicated in Box 
No. III instead of the designation of an agent or common 
representative. In this case, and only in this case, the last check-
box of Box No. 111 must be marked (that is, the last check-box 
must not be marked if either of the check-boxes "agent" or 
"common representative" in Box No. 111 has been marked). 

BOX No. IV 

Statement Concerning Amendments (Rules 53.2 (a) (v), 
53.9, 62, 66.1 and 69.1): The international preliminary 
examination will start on the basis of the international application 

as filed or, if amendments have been filed, as amendecL"4ak 
the appropriate check-box(es) to enable the IPEA to detthth1e 
when and on what basis it can start international pre&ijninary 
examination. 

Mark the corresponding check-box(es) unde>o. 1 
where the international preliminary examination should "start 
on the basis of the international application as originally filed 
or where amendments are to be taken into account, as the case 
may be. Where amendments are to be taken into account, the 
applicant must submit with the demand a copy of amendments 
to the claims under Article 19 (Rule 53.9(a)(i)) and/or the 
amendments of the international application under Article 34 
(Rule 53.9(c)), as the case may be. If a check-box is marked 
but the demand is not accompanied by the documents referred 
to, the start of international preliminary examination will be 
delayed until the IPEA receives them. 

Mark check-box No. 2 if amendments of the claims under 
Article 19 have been filed with the International Bureau during 
the Chapter I procedure, but the applicant does not want these 
amendments to be taken into account for the purpose of 
international preliminary examination when the latter starts 
(Rule 53.9 (a) (u)). 

Mark check-box No. 3 where the time limit for filing 
amendments of the claims under Article 19 has not expired at 
the time the demand is filed and the applicant wants to keep the 
option for the filing of such amendments open: the IPEA is thus 
requested to postpone the start of international preliminary 
examination (Rules 53.9(b) and 69.1(d)). It should be noted 
that the examination will start in any event after the expiration 
of 20 months from the priority date even where the time limit 
for filing amendments has not yet expired or no amendments 
have been received by the IPEA. 

If no check-box is marked, refer to the footnote at the 
bottom of the Box. 

Language for the Purposes of International Preliminary 
Examination (Rule 55.2): Where neither the language in 
which the international application is filed nor the language in 
which the international application is published is accepted by 
the IPEA that is to carry out the international preliminary 
examination, the applicant must furnish with the demand a 
translation of the international application into a language 
which is both a language accepted by that Authority and a 
language of publication. 

Where such translation has already been furnished to the 
International Searching Authority for the purposes of carrying 
out international search and the IPEA is part of the same Office 
or intergovernmental organization as the International Searching 
Authority, the applicant need not furnish another translation. In 
such a case the International preliminary examination is carried 
out on the basis of the translation furnished for the purposes of 
international search,, 

The language for the purposes of international preliminary 
examination should be indicated in Box No. IV, on the dotted 
line, and the corresponding check-box should be marked. 

Language of Amendments (Rules 55.3 and 66.9): 
Amendments and letters relating thereto must be in the same 
language as that in which the international preliminary 
examination is carried out, as explained in the preceding 
paragraphs. 

Notes to the demand form (PCT/IPEA1401) (page 2) (March 2001; reprint July 2001) 
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Time Limit for Furnishing Translation of the 
International Application (Rule 55.2): Any required 
translation of the international application should be furnished 
(by the applicant) together with the demand. If it is not so 
furnished, the IPEA will invite the applicant to furnish it 
within a time limit which shall not be less than one month 
from the date of the invitation. That time limit may be 
extended by the IPEA. 

BOX No. V 

Election of States (Rule 53.7): Only States which are 
bound by Chapter II of the PCT andwhich have been designated 
in the international application (that is, States whose designations 
have been made under Rule 4.9(a), confirmed under Rule 4.9(c) 
or considered as having been made under Rule 32.2(a) (i)) can 
be elected. They are the "eligible States". 

For the convenience and protection of applicants, Box 
No. V contains a statement to the effect that all eligible States 
are elected. It is only where the applicant does not wish to elect 
certain eligible States that the name(s) or two-letter code(s) of 
those States must be indicated after the words "wishes not to 
elect:". 

The indication in the demand of the kind of protection or 
treatment desired for any elected State is not required since it 
follows the indication made when designating that State in the 
international application. 

BOX No. VI 

Check List: It is recommended that this Box bWIiijed in 
carefully in order for the IPEA to determine as soon’i possible 
whether it is in possession of the documents on tbe"asis of 
which the applicant wishes international preliæl…inary 
examination to start. 

Where the international application contains disclosure 
of one or more nucleotide andior amino acid sequences, and 
a copy of the sequence listing in computer readable form 
complying with the standard provided for in the Administrative 
Instructions is required by the IPEA, the applicant may furnish 
the listing in computer readable form to the IPEA with the 
demand. If this is the case, check-box No. 5 must be marked. 

BOX No. VII 

Signature (Rules 53.8, 90.3(a) and 90.4(a)): The demand 
must be signed by the applicant or by his agent; if there are 
two or more applicants, the common representative may sign 
the demand. If the demand is not signed by (all) the persons 
who are applicants for the elected States (a person who is 
applicant only for a State which is not elected need not sign 
the demand), a power of attorney signed by that (all those) 
applicant(s) must be filed with the IPEA, with the International 
Bureau or with the receiving Office unless the agent has 
previously been appointed. 

Notes to the demand form (PCT/IPE4/401) (page 3) (March 2001; reprint July 2001) 
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I International 
I application No. PCT/US02/09497 

Applicant’s or agent’s 
file reference LD202 PCT 
Applicant 

Bristol-Myers Squibb Company 

CALCULATION OF PRESCRIBED FEES 

[CHAPTER II 
PCT 

FEE CALCULATION SHEET 

Annex to the Demand 

- For International Preliminary Examining Authority use only 

Date stamp of the IPEA 

1. Preliminary examination fee ........................I 490.0  11 

, 2. Handling fee (Applicants from certain States are 
entitled to a reduction of 75% of the handling fee. 
Where the applicant Is (or all applicants are) so 
entitled, the amount to be entered at His 25% of the 
handling fee.) ............................................................. .146.00 H 

3. Total of prescribed fees 
Add the amounts entered at P and H 
and enter total in the TOTAL box 

MODE OF PAYMENT 

[J authorization to charge deposit E] cash 
account with the IPEA (see below) 

� 11 cheque Ellil revenue stamps 

Elpostal money order El coupons 

bank draft LII other (specify): 

636.00j 
TOTAL 

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT 
(This mode ofpa,yinent may not be available at aIIJPEAs) 

IPEA/IJS 

[] Authorization to charge the total fees indicated above, 

[ (This check-boxmay be marked onlyffthe conditions for 
deposit accounts of the IPEA so permit) Authorization 
to charge any deficiency or credit any overpayment in 
the total fees indicated above. 

Deposit Account No.: 19-3880 

Date: 2 7 

Name;Maureen Gibbons 

Signature: .-4 

Form PCT/IPEA/401 (Annex) (March 2001; reprint July 2001) See Notes to the fee calculation sheet 
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NOTES TO THE FEE CALCULATION 21FT 
1A1.TTV PCI 1IDA Df11rf1r1DV A IAfll. 

1’41IL,/I LIJ L.JJX.LV1 L’..IILLI.ttl’IUI) 

\ ’ 

F 1, \ ly 
The purpose of the fee calculation sheet is to help the applicant to identify the prescribed fees and to calculate the amtd’ts to 

be paid. It is strongly recommended that the applicant complete, by entering the appropriate amounts in the boxes provided, and 
submit the fee calculation sheet at the time of filing of the demand. This will help the International Preliminary Examinuthority 
(IPEA) to verify the calculations and to identify any error in them. 

CALCULATION OF PRESCRIBED FEES 

Two fees must be paid for international preliminary 
examination: 

(i) the preliminary examination fee for the benefit of the 
IPEA (Rule 58.1); 

(ii) the handling fee for the benefit of the International 
Bureau (Rule 57). 

Both fees must be paid to the IPEA within one month from 
the date on which the demand is submitted. The amount 
payable is the amount applicable on the date of submittal 
(Rules 57.3 and 58.1(b). The fees must be paid in a currency 
acceptable to the IPEA. 

Information about the amount of those fees or about 
equivalent amounts in other currencies can be obtained from 
the IPEA or the receiving Office. This information is also 
published in the PCTAppEcant’s Guide, Volume I/B, Annex E, 
and from time to time in Section IV of the PCT Gazette. 

Box P: The amount of the preliminary examination fee 
must be entered in Box P. 

Box H: The amount of the handling fee must be entered in 
Box H. 

Reduction of the Handling Fee for Applicants from 
Certain States: An applicant who is a natural person and who 
is a national of and resides in a State whose per capita national 
income is below 3,000 US dollars (according to the average per 
capita national income figures used by the United Nations for 
determining its scale of assessments for the contributions 
payable for the years 1995, 1996 and 1997) is entitled, in 
accordance with the Schedule of Fees, to a reduction of 75% of 
certain PCT fees including the handling fee. If there are several 
applicants, each must satisfy the above-mentioned criteria. 
The reduction of the handling fee will be automatically available 
to any applicant (or applicants) who is (or are) so entitled on the 
basis of the indications of name, nationality and residence 
given in Box No. II of the demand. 

The fee reduction will be available even if one or more of 
the applicants are not from PCT Contracting States, provided 
that each of them is a national and resident of a State that meets 
the above-mentioned requirements and that at least one of the 
applicants is a national or resident of a PCT Contracting State 
and thus is entitled to file an international application. 

Natural persons who are nationals of and reside in the 
following PCT Contracting States are eligible: AL Albania, 
AM Armenia, AZ Azerbaijan, BA Bosnia and Herzegovina, 
BF Burkina Faso, BG Bulgaria, BJ Benin, BR Brazil, 

BY Belarus, BZ Belize, CF Central African Republic, 
CG Congo, CI COte d’Ivoire, CM Cameroon, CN China. 
CO Colombia, CR Costa Rica, CU Cuba, CZ Czech Republic, 
DM Dominica, DZ Algeria, EC Ecuador, EE Estonia, 
GA Gabon, GD Grenada, GE Georgia, Gil Ghana, 
GM Gambia, GN Guinea, GW Guinea-Bissau, HR Croatia, 
HU Hungary, ID Indonesia, IN India, KE Kenya, 
KG Kyrgyzstan, KP Democratic People’s Republic of Korea, 
KZ Kazakhstan, LC Saint Lucia, LK Sri Lanka, LR Liberia, 
LS Lesotho, LT Lithuania, LV Latvia, MA Morocco, 
MD Republic of Moldova, MG Madagascar, MK The former 
Yugoslav Republic of Macedonia, ML Mali, MN Mongolia, 
MR Mauritania, MW Malawi, MX Mexico, MZ Mozambique, 
NE Niger, PL Poland, RO Romania, RU Russian Federation, 
SD Sudan, SK Slovakia, SL Sierra Leone, SN Senegal, 
SZ Swaziland, TI) Chad, TG Togo, TJ Tajikistan, 
TM Turkmenistan, TR Turkey, TZ United Republic ofTanzania, 
UA Ukraine, UG Uganda, UZ Uzbekistan, VN Viet Nam, 
YU Yugoslavia, ZA South Africa and ZW Zimbabwe. As far 
as other States are concerned, inquiries should be addressed to 
the International Bureau. 

Calculation of the Handling Fee in Case of Fee 
Reduction: Where the applicant is (or all applicants are) 
entitled to a reduction of the handling fee, the total to be entered 
at Box H is 25% of the handling fee. 

Total Box: The total of the amounts inserted in Boxes P 
and H is the amount which must be paid to the IPEA. 

MODE OF PAYMENT 

In order to help the IPEA identify the mode of payment of 
the prescribed fees, it is recommended to mark the applicable 
check-box(es). 

AUTHORIZATION TO CHARGE 
(OR CREDIT) DEPOSIT ACCOUNT 

The applicant should check whether the IPEA allows the 
use of deposit accounts for payment of PCT fees. In addition, 
it is recommended that the applicant check what are the specific 
conditions applicable to the use of deposit accounts with the 
IPEA since not all IPEAs provide the same services. 

Finally, if the IPEA is not the same national Office or 
intergovernmental organization as that with which the 
international application was tiled, the deposit account with the 
receiving Office cannot be charged for the purpose of paying 
the preliminary examination and handling fees due to the 
IPEA. 

The IPEA will riot charge fees to deposit accounts unless 
the deposit account authorization is signed and indicates the 
deposit account number. 

Notes to the fee calculation sheet (Annex to Form PCT/IPEA/401) (July 2001) 
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PATENT COOPERATION TREATY 

PCT/U502/09497 

LJD 

a 

PCT 

NOTIFICATION CONCERNING 
SUBMISSION OR TRANSMITTAL 

OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 

Date of mailing (day/month/year) 

06 September 2002 (06.09.02) 

Applicants or agents file reference 

LD202 

International application No. 

PCT/U S 02/09497 

International publication date (day/month/year) 

Not yet published 

Applicant 

BRISTOL-MYERS SQUIBB COMPANY et al 

rrurii tue uii I IdPI IL’IMI-kL DUMU 

To: 

GIBBONS, Maureen 
Bristol-Myers Squibb Company 
P.O. Box 4000 
Rt. 206 & Province Line Road 
Princeton, NJ 08543-4000 
United States of America 

IMPORTANT NOTIFICATION 

International filing date (day/month/year) 

26 March 2002 (26.03.02) 

Priority date (day/month/year) 

29 March 2001 (29.03.01) 

1. The applicant is hereby notified of the date of receipt (except where the letters "NR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt, or by the letters "NR", in the right-hand column, the priority 
document concerned was submitted or transmitted to the international Bureau in compliance with Fcuie 17.1 (a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisk(*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention 
of the applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 
as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1 (c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 

Priority date Priority application No. Country or regional Office Date of receipt 
or PCT receiving -Office of priority document 

29 Marc 2001 (29.03.01) 60/279,956 US 14 June 2002 (14.06.02) VW Wh 

At X1 

 SEIP 2 3 2C2 

Docketed Item  

The internatiot0rfl ureau ot 
34, chemin des Colombette 

WIPO 
s 

uffiized officer 

Telephone No. (41-22) 

S. Mandalla 
1211 Geneva 20, Switzerland 

Facsimile No. (41-22) 740.14.35 338.83.38 

Form PCT/I13/304 (July 1998) 005091879 
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PATENT COOPERATION TREATY / 

From the INTERNATIONAL SEARIG AUTHORITY 

To: . ., PCT N, 
MAUREEN GIBBONS j 
BRISTOL-MYERS SQUIBB COMPANY 
P.O. BOX 4000 - c ..... NOTIFICATION OF TRANSMITTAL OF 
RT.206 & PROVINCE LINE ROAD "’ - THE INTERNATIONAL SEARCH REPORT 
PRINCETON, NJ 08543-4000 ? U r OR THE DECLARATION 

Docketed 
(PCT Rule 44.1) 

Attor.e 4" r) 12 JUL 2002 
Applicant’s or agent’s file reference 
LD202 I FOR FURTHER ACTION See paragraphs 1 and 4 below 

International application No. International filing date 
PCT/US02/09497 I (day/month/year) 

26 March 2002 (26.03. 

Applicant 
BRISTOL-MYERS SQUIBB COMPANY 

The applicant is hereby notified that the international search report has been established and is transmitted herewith. 

Filling of amendments and statement under Artide 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the 
international search report. 

Where? Directly to the International Bureau of WIPO, 34, chemin des Colombettes 
1211 Geneva 20, Switzerland, Facsimile No.: (41-22) 740.14.35 

For more detailed instructions, see the notes on the accompanying sheet. 

2. The applicant is hereby notified that no international search report will be established and that the declaration under 

Article 17(2)(a) to that effect is transmitted herewith. 

3. With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

[I] the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices. 

q[I] no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Reminders 

Shortly after 18 months from the priority date, the international application will be published by the International Bureau. If the 
applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the priority claim, must 
reach the International Bureau as provided in Rules 90 bis. 1 and 90 bis.3, respectively, before the completion of the technical 
preparations for international publication. 

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date 
(in some Offices even later); otherwise the applicant must, within 20 months from the priority date, perform the prescribed acts for 
entry into the national phase before those designated Offices. 

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 months. 

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the PCTApplicant’s Guide, 
Volume II, National Chapters and the WIPO Internet site. 

Name and mailing address of the
Commissioner for Patents 
Box PCT �.end Vh. 
Washington, D.C. 20231 

Facsimile No. (703)305-3230 Telephone No. 703-308-0196 
Form PCT/ISA/220 (April 2002) (See notes on accompanying sheet) 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant’s or agent’s file reference 
LD202 

FOR FURTHER 
ACTION 

J see Notification of Transmittal of International Search Report 
(Form PCT/1SA1220) as well as, where applicable item 5 
below. 

International application No. I International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 
PCT/US02109497 26 March 2002 (26M3.2002) J 29 March 2001 (29.03.2001) 

Applicant 
BRISTOL-MYERS SQUIBB COMPANY 

This international search report has been prepared by this International Searching Authority and is transmitted to the 
applicant according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of sheets. 

It is also accompanied by a copy of each prior art document cited in this report. 

1. Basis of the Report 
. a. With regard to the language, the international search was carried out on the basis of the international application in the 

language in which it was filed, unless otherwise indicated under this item. 

the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
search was carried out on the basis of the sequence listing: 

LIcontained in the international application in written form. 

LIfiled together with the international application in computer readable form, 

LIfurnished subsequently to this Authority in written form. 

LIfurnished subsequently to this Authority in computer readable form. 

LIthe statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

LIthe statement that the information recorded in computer readable form is identical to the written sequence listing has 
been tarnished. 

2. LI Certain claims were found unsearchable (See Box I). 

. LI Unity of invention is lacking (See Box II). 
4. With regard to the title, 

the text is approved as submitted by the applicant. 

LIthe text has been established by this Authority to read as follows: 

S. With regard to the abstract, 

the text is approved as submitted by the applicant. 

LIthe text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this 
Authority. 

6. The figure of the drawings to be published with the abstract is Figure No. 

LIas suggested by the applicant. LI None of the figures 

LIbecause the applicant failed to suggest a figure. 

LIbecause this figure better characterizes the invention. 

Form PCT/ISA/210 (first sheet) (July 1998) 

.1 
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International application No. 
INTERNATIONAL SEARCH REPORT  

PCT/TJS02109497 

A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) : COlD 239142, 409/04, 401/04, 403/12; A61K 31/505, 31/506; A61P 9/14 
US CL : 514/274; 544/315, 318 

According to International Patent Classification (JPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/274; 544/315, 318 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CAS ONLINE, EAST (JS&R) 

C. DOCUMENTS CONSIDERED TO BE RELEVANT  
Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

A Cliem, Abstr. Vol. 100, No. 15, TARASOVA, 0. A. et al. ’Tetrahydropyrixnidine-Z- 1-26 
thiones from Tertiary Acetylene Alcohols and Thiourea’. April 1984. page 588, Abstract 
No. 121004w. 

A Chem. Abstr. Vol. 100, No. 15, RISE, F. et al. ’Introduction of Carbon Substituents into 1-26 
Pyriniidines by Grignard Reagents’. April 1984, page 588. Abstract No. 121003v, 

A Chem. Abstr. Vol. 112, No. 17, IBRAHIM, N. S. eta!, Reaction of Isothiocyanates 1-26 
with Active Methylene Reagent: A New Approach for the Synthesis of Pyrazole, 
Pyrimidine, and Pyrazolo[1 ,5-a]pyrimidine Derivatives’. April 1990, page 714, Abstract 
No. 158194g. 

A KAPPE, C. 0. etal. Synthesis and Reactions of "Biginelli-Compounds". Part I. Journal 1-26 
of Heterocyclic Chemistry, January-February 1989, Vol. 26, No. 1, pages 55-64, 
especially compounds 24 

& 25 on page 59, 

[I] Further documents are listed in the continuation of Box C. [] See patent family annex. 

* Special categories of cited documents: ’T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 

"A" document defining the general state of the art which is not considered to be principle or theory underlying the invention 
of particular relevance 

document of particular relevance; the claimed invention cannot be 
’E’ earlier application or patent published on or after the international filing date considered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
’L’ document which may throw doubts on priority claim(s) or which is cited to 

establish the publication date of another citation or other special reason (as ’Y" document of particular relevance; the claimed invention cannot be 
specified) considered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 
’0" document referring to an oral disclosure, use. exhibition or other means being obvious to a person skilled in the an 

"P" document published prior to the international filing date but later than the ’&" document member of the same patent family 
priority date claimed 

Date of the actual completion of the international searchD e f Uing of the inte ’onal search report 

22 June 2002 (22.06.2002) r2 JUL  ao2 
Name and mailing address of the ISA/US Auth 

’ officer 
[ 

Commissioner of Patents and Trademarks 
PCT ’Box rid Shah 

Washington, D.C. 20231 

Facsimile No. (703)305-3230 Telephone No. 703-308-1235 

Form PCT/ISAI210 (second sheet) (July 1998) 
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PATENT COOPERATION TREATY 

From the I 

INTERNATIONAL PRELIMINARY EXA &$1HIfrPY 

To: RUS PAT MAUREEN GIBBONS N7 IJA* PCT 
BRISTOL-MYERS SQUIBB COMPANY 
P.O. BOX 4000?Jlf AN 02 23 NOTIFICATION OF TRANSMITTAL OF 
RT.206 & PROVINCE LINE ROAD INTERNATIONAL PRELIMINARY 
PRINCETON, NJ 08543-4000 

Oocketedltem EXAMINATION REPORT 

OueDate I-jc-- 
(PCT Rule 71.1) 

Date of Mailing ttornev__1 
(day/month/year) 2 6 DEC 2002 

Applicant’s or agent’s file reference 

DiIPORTANT NOTLFICA11ON 
LD202 

International application No. International filing date (day/month/year) Priority date (day/month,year) 

PCT/US02/09497 26 March 2002 (26.03.2002) 29 March 2001 (29.03.2001) 
Applicant 

BRISTOL-MYERS SQUIBB COMPANY 

1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 

to all the elected Offices. 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices)(Article 
39(l))(see also the reminder sent by the International Bureau with Form PCT/1B1301). 

Where a translation of the international application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the international preliminary examination report. It is the applicant’s 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume III of the 
PCT Applicant’s Guide. 

I 
Name and mailing address of the IPEA/US An orized off ei’Th 

C,nnminniciinr of Patents and Tradnmarla ’zI" 
Box PCT Shall 
Waahingtcx, D.C. 20231 

Facsimile No. (703)305-3230 Telephone No. 703-308-1235 
Form PCT/IPEA/416 (July 1992) 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 

Applicant’s or agent’s file reference See Notification of Transmittal of International 
N FOR FURTHER ACTION 

Preliminary Examination Report (Form PCT/IPEAJ416) 
LD202 
International application No. International filing date (day/month/year) Priority date (day/month/year) 

PCT/US02/09497 1 26 March 2002 (26.03.2002) 29 March 2001 (29.03.2001) 

International Patent Classification (IPC) or national classification and IPC 

IPC(7): C07D 239/42, 409/04, 401/04, 403/12; A61K 31/505, 311506; A61P 9/14. and US Cl.: 514/274; 544/231, 315, 318. 

Applicant 

BRISTOL-MYERS SQUIBB COMPANY 

1. This international preliminary examination report has been prepared by this International Preliminary 

Examining Authority and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of sheets, including this cover sheet. 

[]This report is also accompanied by ANNEXES, i.e., sheets of the description, claims andlor drawings 

which have been amended and are the basis for this report and/or sheets containing rectifications made 

before this Authority (see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of   sheets. 

3. This report contains indications relating to the following items: 

I Basis of the report 

ii [I Priority 

III Non-establishment of report with regard to novelty, inventive step and industrial applicability 

W ElLack of unity of invention 

V E Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 

applicability; citations and explanations supporting such statement 

VI [Ii] Certain documents cited 

VII El  Certain defects in the international application 

VIII Certain observations on the international application 

Date of submission of the demand Date of completion of this report 

28 October 2002 (28.10.2002) 3 eceniber 2002 (13.12.2002) 

Name and mailing address of the IPEA/US Au eofficer 
Commissioner of Palents and Trademarks i?? 1-4?r 

PCT kun Shah 
 Washington, D.C. 20231 

Facsimile No. (703)305-3230 
elephoBox

 

ne No. 703-308-1235 

Form PCT/IPEA/409 (cover sheet)(July 1998) 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

I. Basis of the report 

With regard to the elements of the international application:* 

the international application as originally filed. 

Zthe description: 
pages 1-69 as originally filed 
pages NONE , filed with the demand 
pages NONE , filed with the letter of 

International application No. 

PCT/US02/09497 

Zthe claims: 
pages 70-81 , as originally filed 
pages NONE , as amended (together with any statement) under Article 19 
pages NONE , filed with the demand 
pages NONE , filed with the letter of________________________________ 

the drawings: 
pages NONE , as originally filed 
pages NONE , filed with the demand 
pages NONE , filed with the letter of____________________________ 

the sequence listing part of the description: 

0 pages NONE , as originally filed 
pages NONE , filed with the demand 
pages NONE , filed with the letter of  

, 2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 

the language of a translation furnished for the purposes of international search (under Ru1e23. 1(b)). 

[Ii] the language of publication of the international application (under Rule 48,3(b)). 

the language of the translation furnished for the purposes of international preliminary examination(under Rules 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

[] contained in the international application in printed form. 

filed together with the international application in computer readable form. 

[ii] furnished subsequently to this Authority in written form. 

[I] furnished subsequently to this Authority in computer readable form. 

ElThe statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

[] The statement that the information recorded in computer readable form is identical to the written sequence listini 
has been furnished. 

4. The amendments have resulted in the cancellation of: 

the description, pages NONE 

the claims, Nos. NONE 

the drawings, sbeets/llg NONE 

i. [] This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furni shed to the receiving Office in response to an invitation under Article 14 are referred to in 
this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70,16 and 70.1;9. 

Any replacement sheet containing such amenthnents mast be referred to under item I and annexed to this report. 

Form PCT/IPEA/409 (Box I) ()uly 1998) 
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NOVEL CYANO-SUBSTITUTED DIHYDROPYRIMIDINE COMPOUNDS 

AND THEIR USE TO TREAT DISEASES 

5 

ID] 

RELATED APPLICATIONS 

This application claims the benefit under 35 U.S.C. Section 119(e) of U.S. 

Provisional Patent Application No. 60/279,956 filed March 29, 2001, 

FIELD OF INVENTION 

This invention relates to novel compounds that interrupt mitosis thereby 

It 
making the compounds useful for the treatment of proliferative diseases, such as 

S 
cancer. 

15 BACKGROUND 

Cell proliferation and programmed cell death play important roles in the 

growth and development of an organism. In proliferative diseases such as cancer, the 

processes of cell proliferation and/or programmed cell death are often perturbed. For 

20 example, a cancer cell may have unregulated cell division through either the 

overexpression of a positive regulator of the cell cycle or the loss of a negative 

regulator of the cell cycle, perhaps by mutation. Alternatively, a cancer cell may have 

lost the ability to undergo programmed cell death through the overexpression of a 

negative regulator of apoptosis. Hence, there is a need to develop new 

25 chemotherapeutic drugs that will restore the processes of checkpoint control and 

programmed cell death to cancerous cells. 

One approach to the treatment of human cancers is to target a protein that is 

essential for cell cycle progression. In order for the cell cycle to proceed from one 

phase to the next, certain prerequisite events must be completed. There are 

30 checkpoints within the cell cycle that enforce the proper order of events and phases. 

One such checkpoint is the spindle checkpoint that occurs during the metaphase stage 

of mitosis. Small molecules that target proteins with essential functions in mitosis 

may initiate the spindle checkpoint to arrest cells in mitosis. Of the small molecules 
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that arrest cells in mitosis, those which display anti-tumor activity in the clinic also 

induce apoptosis, the morphological changes associated with programmed cell death. 

An effective chemotherapeutic for the treatment of cancer may be one that induces 

checkpoint control and subsequent programmed cell death. 

S Most compounds known to cause mitotic arrest and apoptosis act as tubulin 

binding agents. These compounds alter the dynamic instability of microtubules and 

indirectly alter the function/structure of the mitotic spindle thereby causing mitotic 

arrest. Because most of these compounds target the tubulin protein, a component of 

all microtubules, they may also affect normal cellular processes in which 

10 microtubules have a role. Hence, a need exists for small molecules that specifically 

target proteins associated with proliferating cells, such as Eg5. 

Eg5 is one of several kinesin-like motor proteins that are localized to the 

mitotic spindle and known to be required for formation and/or function of the bipolar 
40 

mitotic spindle. Recently, there was a report of a small molecule that disturbs 

15 bipolarity of the mitotic spindle (Mayer, T.U. et. al. 1999. Science 286(5441) 971-4). 

More specifically, the small molecule induced the formation of an aberrant mitotic 

spindle wherein a monoastral array of microtubules emanated from a central pair of 

centrosomes, with chromosomes attached to the distal ends of the microtubules. The 

small molecule was dubbed "monastrol" after the monoastral array. This monoastral 

20 array phenotype had been previously observed in mitotic cells that were 

immunodepleted of the Eg5 motor protein. 

The distinctive monoastral array phenotype facilitated identification of 

monastrol as a potential inhibitor of Eg5. indeed, monastrol was further shown to 

inhibit the Eg5 motor-driven motility of microtubules in an in vitro assay. 

25 Furthermore, monastrol had no apparent effect upon the related kinesin motor or upon 

the motor(s) responsible for golgi apparatus movement within the cell. Cells that 

display the nionoastral array phenotype, either through immunodepletion of Eg5 or 

monastrol inhibition of Eg5, arrest in M-phase of the cell cycle. Unfortunately, 

however, the mitotic arrest induced by either of these mechanisms is transient. 

30 (Kapoor, 2000. J. Cell. Biol. 150(5) 975-80). Both the monoastral array phenotype 

and the monastrol induced cell cycle arrest in niitosis are reversible. Cells recover to 

form a normal bipolar mitotic spindle, to complete mitosis, and to proceed through the 
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cell cycle and normal cell proliferation. This suggests that a small molecule inhibitor \ 

of Eg5 that induced a transient mitotic arrest may not be effective for the treatment of 

cancer cell proliferation. Nonetheless, the discovery that monastrol causes mitotic 

arrest is intriguing and hence there is a need to further study and identify compounds 

5 that can be used to modulate the Eg5 motor protein in a manner that would be 

effective in the treatment of human cancers. There is also a need to explore the use of 

these compounds in combination with other antineoplastic agents. 

SUMMARY 

10 The compounds of the invention cause the interruption of mitosis, and as such, 

can be used to treat proliferative diseases. For example, the compounds of the instant 

invention can be used as antiproliferatives and anticancer agents. More specifically, 

the invention comprises a compound of formula I 

R2 A3 

NC 
N’ R4 

15 

R(LNZ 

its enantiomers, diastereomers, pharmaceutically acceptable salts, prodrugs and 

solvates thereof, wherein 

R is selected from the group consisting of hydrogen, alkyl and cycloalkyl; 

20 R2 and R3 are each independently selected from the group consisting of H, 

alkyl, aryl, heteroaryl, arylalkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl and heteroarylalkyl; or 

R2 and R1 may also be taken together to form a carbocyclic or heterocyclic 

ring; 

25 R4 is selected from the group consisting of alkyl, arylalkyl, cycloalkylalkyl, 

heteroarylalkyl, heterocycloalkyl, aminoalkyl, heterocycloalkylalk yl, CN, C(0)R, 

CO2R5 , C(0)SR5 and CONR5R6; 

R5 and R6 are each independently selected from the group consisting of H, 

alkyl, cycloalkyl, hydroxyalkyl, alkenyl,alkoxy, thioalkoxy, alkoxyalkyl, haloalkyl, 



WO 02/079149 PCT/US02/09497 

4 

aryl, heteroaryl, arylalkyl, cycloalkylalkyl, heteroarylalkyl and heterocycloalkylalkyl 

or N-R5R6 together form a heterocycloalkyl 

Z is selected from the group consisting of 0, S and NR8; 

R8 is selected from the group consisting of H, CN, sulfonamido, OR7, alkyl, 

5 cycloalkyl, aryl, arylalkyl, heterocyclyl, heteroaryl and heteroarylalkyl; and 

R7 is selected from the group consisting of H, alkyl, arylalkyl, cycloalkylalkyl, 

heterocycloalkyl alkyl and heteroarylalkyl. 

In a preferred embodiment, R2 is a heteroaryl, such as an optionally substituted 

thiophene, oxazole, isoxazole, or furan. Preferred substituents include methyl, ethyl, 

10 halo, haloalkyl, or aryl groups. 

According to one embodiment, R3 is H and R2 is an optionally substituted 

phenyl wherein the substituents are selected from the group consisting of alkyl, I 
alkoxy, alkoxyalkyl, cyano, halo, halgalkyl, nitro, amino CO2R5 , CONR5R6, 40 
alkenyloxy, aryloxy, wherein R5 and R6 are, independently, H or alkyl. Preferred 

15 substituents include methyl, methoxy, F, Cl, CF3, dimethylamimo, and ethoxymethyl, 

for example. 

According to one embodiment of the present invention, R1 is alkyl; R2 is 

selected from the group consisting of aryl and heteroaryl; R3 is H; R4 is selected from 

the group consisting of alkyl, arylalkyl, CO2R5, and CONR5R6; R5 and R6 are 

20 independently selected from the group consisting of H, alkyl, aminoalkyl, 

hydroxyalkyl, phenylamino and arylalkyl; Z is selected from the group consisting of 

0, S. and NR8; R8 is selected from the group consisting of H and CN. 

In a preferred embodiment, R4 is selected from the group consisting 

of alkyl, arylalkyl, C(0)R5 CO2R5, C(0)SR5 and CONR5R6. 
40 

25 According to one embodiment, R4 is CO2R5 ; Z is 0; and R.5 is ethyl. 

In another embodiment, R4 is CONR5R6; Z is 0; R5 is H and R6 is methyl, 

ethyl, propyl, phenyl, cyclopropyl, hydroxyethyl, thiophene, or 2-propylene. 

In one embodiment of the present invention, R4 is selected from the group 

consisting of alkyl and arylalkyl, and Z is 0. In another embodiment R1 is CH3; R2 is 

30 aryl; R4 is CO2R5; R5 is alkyl; and Z is 0. In still another embodiment R1 is CH3; R2 

is aryl; R4 is CONR5R6; R5 is alkyl; R6 is H and Z is 0. In yet another embodiment, 

R1is CH3; R2is heteroaryl; R4 is CO2R or CONR5R6 R6 is H and R5 is ethyl. 
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The present invention also provides methods for preparing intermediates and 

compounds having Formula I. 

The present invention also provides methods for treating a proliferative 

disease, such as cancer, via modulation of the Eg5 motor protein comprising 

5 administering to a mammalian species in need of such treatment an effective amount 

of at least one compound of formula I, as defined above. 

DESCRIPTION 

The present invention provides for compounds of formula I, as defined above, 

10 pharmaceutical compositions employing such compounds and methods of using such 

compounds. 

Listed below are definitions of various terms used to describe the compounds 

of the instant invention. These definitions apply to the terms as they are used 

throughout the specification (unless they are otherwise limited in specific instances) 

15 either individually or as part of a larger group. 

The term herein alone or as part of another group refers to a 

monovalent alkane (hydrocarbon) derived radical containing from 1 to 12 carbon 

atoms unless otherwise defined. An alkyl group is an optionally substituted straight, 

branched or cyclic saturated hydrocarbon group. When substituted, alkyl groups may 

20 be substituted with up to four substituent groups, R as defined, at any available point 

of attachment. When the alkyl group is said to be substituted with an alkyl group, this 

is used interchangeably with "branched alkyl group". Exemplary unsubstituted such 

groups include methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, pentyl, 

hexyl, isohexy], heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethylpentyl, non yl, decyl, 

25 undecyl, dodecyl, and the like. Exemplary substituents may include but are not 

limited to one or more of the following groups: aryl, halo (such as F, Cl, Br, I), 

haloalkyl (such as CCI3 or CF3), alkoxy, alkylthio, hydroxy, carboxy (-COOH), 

alkyloxycarbonyl (-C(0)R), alkylcarbonyloxy (-OCOR), amino (-NH2), carbamoyl (-

NI-ICOOR- or -OCONHR-), urea (-NHCONHR-) or thiol (-SH). Alkyl groups as 

30 defined may also comprise one or more carbon to carbon double bonds or one or more 

carbon to carbon triple bonds. 
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The term "alkenyl" herein alone or as part of another group refers to a 

hydrocarbon radical straight, branched or cyclic containing from 2 to 12 carbon atoms 

and at least one carbon to carbon double bond. 

The term "alkynyl" herein alone or as part of another group refers to a 

5 hydrocarbon radical straight, branched or cyclic containing from 2 to 12 carbon atoms 

and at least one carbon to carbon triple bond. 

The numbers in the subscript after the symbol *Ct define the number of 

carbon atoms a particular group can contain. For example "CI -6 alkyl" means a 

straight or branched saturated carbon chain having from one to six carbon atoms; 

10 examples include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t-

butyl, n-pentyl, sec-pentyl, isopentyl, and n-hexyl. Depending on the context, "C1.6 

alkyl" can also refer to C1..6 alkylene which bridges two groups; examples include 

propane- i ,3-diyl, butane- I ,4-diyl, 2-methyl-butane-1 ,4-diyl, etc. "C26 alkenyl" AD 
means a straight or branched carbon chain having at least one carbon-carbon double 

is bond, and having from two to six carbon atoms; examples include ethenyl, propenyl, 

isopropenyl, butenyl, isobutenyl, pentenyl, and hexenyl. Depending on the context, 

"C26 alkenyl" can also refer to C2.6 alkenediyl which bridges two groups; examples 

include ethylene-i ,2-diyl (vinylene), 2-methyl-2-butene- 1,4-diyl, 2-hexene- 1 ,6-diyl, 

etc. "C2...6 alkynyl" means a straight or branched carbon chain having at least one 

20 carbon-carbon triple bond, and from two to six carbon atoms; examples include 

ethynyl, propynyl, butynyl, and hexynyl. 

The term "cycloalkyl" herein alone or as part of another group is a specie of 

alkyl containing from 3 to 15 carbon atoms, without alternating or resonating double 

bonds between carbon atoms. It may contain from 1 to 4 rings. Exemplary 

25 unsubstituted such groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 

adamantyl, etc. Exemplary substituents include one or more of the following groups: 

halogen, alkyl, alkoxy, alkyl hydroxy, amino, nitro, cyano, thiol and/or alkylthio. 

The terms "alkoxy" or ’alkylthio" herein alone or as part of another group 

denote an alkyl group as described above bonded through an oxygen linkage (-0-) or 

30 a sulfur linkage (-S-), respectively. 
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The term "alkyloxycarbonyl" herein alone or as part of another group denotes 

an alkoxy group bonded through a carbonyl group. An alkoxycarbonyl radical is 

represented by the formula: -C(0)OR, where the R group is a straight or branched C1 

alkyl group. 

5 The term "alkylcarbonyl" herein alone or as part of another group refers to an 

alkyl group bonded through a carbonyl group. 

The term "alkylcarbonyloxy" herein alone or as part of another group denotes 

an alkylcarbonyl group which is bonded through an oxygen linkage. 

The term "arylalkyl" herein alone or as part of another group denotes an 

10 aromatic ring bonded to an alkyl group as described above. 

The term "aryl" herein alone or as part of another group refers to rnonocyclic 

or bicyclic aromatic rings, e.g. phenyl, substituted phenyl and the like, as well as 

groups which are fused, e.g., napthyl, phenanthrenyl and the like. An aryl group thus 

contains at least one ring having at least 6 atoms, with up to five such rings being 

15 present, containing up to 22 atoms therein, with alternating (resonating) double bonds 

between adjacent carbon atoms or suitable heteroatoms. Aryl groups may optionally 

be substituted with one or more groups including, but not limited to halogen, alkyl, 

alkoxy, hydroxy, carboxy, carbamoyl, alkyloxycarbonyl, nitro, alkenyloxy, 

trifluoromethy!, amino, cycloalkyl, cyano, alkyl S(0)", (m=O, 1, 2), or thiol. 

20 The term "amino" herein alone or as part of another group refers to -NH2. An 

"amino" may optionally be substituted with one or two substituents, which may be the 

same or different, such as alkyl, aryl, arylalkyl, alkenyt, alkynyl, heteroaryl, 

heteroarylalkyl, cycloheteroalkyl, cycloheteroalkylalkyl, cycloalkyl, cycloalkylalkyl, 

haloalkyl, hydroxyalkyl, alkoxyalkyl, thioalkyl. carbonyl or carboxyl. These 

25 substituents may he further substituted with a carboxylic acid, any of the alkyl or aryl 

substituents set Out herein. In some embodiments, the amino groups are substituted 

with carboxyl or carbonyl to form N-acyl or N-carbarnoyl derivatives 

The term ’carbocyclic ring’ herein alone or as part of another group refers to 

stable, saturated or partially unsaturated monocyclic ring hydrocarbyls of 3 to 7 

30 carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and 

cycloheptyl. The carbocyclic ring may be optionally substituted meaning that the 

carbocyclic ring may be substituted at one or more substitutable ring positions by one 
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or more groups independently selected from alkyl (preferably lower alkyl), alkoxy 

(preferably lower alkoxy), nitro, monoalkylamino (preferably a lower alkylamino), 

dialkylaniino (preferably a di [lower] alkylamino), cyano, halo, haloalkyl (preferably 

trifluoromethyl), alkanoyl, aminocarbonyl, monoalkyl aminocarbonyl, 

dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl 

(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower 

alkoxycarbonyl), alkylcarbon yloxy (preferably a lower alkylcarbonyloxy) and aryl 

(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 

lower alkoxy groups. 

The term "cycloalkyl" herein alone or as part of another group refers to fully 

saturated and partially unsaturated hydrocarbon rings of 3 to 9, preferably 3 to 7 

carbon atoms. Further, a cycloalkyl may be substituted. A substituted cycloalkyl 

refers to such rings having one, two, or three substituents, preferably one, selected 
40 

from the group consisting of halo, alkyl, substituted alkyl, alkenyl, aikynyl, nitro, 

cyano, oxo (=0), hydroxy, alkoxy, thioalkyl, -0O2H, -C(=0)H, CO2-alkyl, - 

C(=0)alkyl, keto, =N-OH, =N-0-alkyl, aryl, heteroaryl, heterocyclo, a five or six 

membered ketal (i.e. 1,3-dioxolane or 1 ,3-dioxane), -NR’R", �C(=O)NR’R", - 

CO2NR’R", �C(=O)NR’R", �NR’CO2’R", �NR’C(=O)R", �S02NR’R", and - 

NR’S02’R", wherein each of R’ and R" is independently selected from hydrogen, 

alkyl, substituted alkyl, and cycloalkyl, or R’ and R" together form a heterocyclo or 

heteroaryl ring. 

The term "heteroaryl" herein alone or as part of another group refers to 

substituted and unsubstituted aromatic 5 or 6 membered monocyclic groups, 9 or 10 

membered bicyclic groups, and 11 to 14 membered tricyclic groups which have at 

least one heteroatom (0, S or N) in at least one of the rings. Each ring of the 

heteroaryl group containing a heteroatom can contain one or two oxygen or sulfur 

atoms and/or from one to four nitrogen atoms provided that the total number of 

heteroatoms in each ring is four or less and each ring has at least one carbon atom. 

The fused rings completing the bicyclic and tricyclic groups may contain only carbon 

atoms and may be saturated, partially saturated, or unsaturated. The nitrogen and 

sulfur atoms may optionally be oxidized and the nitrogen atoms may optionally be 

quaternized. Heteroaryl groups which are bicyclic or tricyclic must include at least 
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one fully aromatic ring but the other fused ring or rings may be aromatic or non-

aromatic. The heteroaryl group may be attached at any available nitrogen or carbon 

atom of any ring. The heteroaryl ring system may contain zero, one, two or three 

substituents selected from the group consisting of halo, alkyl, substituted alkyl, 

5 alkenyl, alkynyl, aryl, nitro, cyano, hydroxy, alkoxy, thioalkyl, -0O2H, -C(=O)H, - 

CO2-alkyl, -C(=O)alkyl, phenyl, benzyl, phenylethyl, phenyloxy, phenylthio, 

cycloalkyl, substituted cycloalkyl, heterocyclo, heteroaryl, -NR’R", �C(=O)NR’R", - 

CO2NR’R", �C(=O)NR’R", �NR’COfR", �NR’C(=O)R", �S02NR’R", and - 

NR’S02’R", wherein each of R’ and R" is independently selected from hydrogen, 

10 alkyl, substituted alkyl, and cycloalkyl, or R’ and R" together form a heterocyclo or 

heteroaryl ring. 

Exemplary monocyclic heteroaryl groups include pyrrolyl, pyrazolyl, 

� pyrazol in yl, imidazolyl, oxazolyl, isoxazolyl, thiazol yl, thiadiazolyl, 

furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyL pyridazinyl, triazinyl 

15 and the like. 

Exemplary bicyclic heteroaryl groups include indolyl, benzothiazolyl, 

benzodioxolyl, benzoxaxolyl, benzothienyl, quinolinyl, tetrah ydroisoquinolinyl, 

isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuran yl, chromonyl, 

coumarin yl, beuzopyranyl, cinnoliriyl, quinoxalinyl, indazolyl, pyrrolopyridyl, 

20 furopyridinyl, dihydroisoindolyl, tetrahydroquinolinyl and the like. 

Exemplary tricyclic heteroaryl groups include carbazolyl, berizidol yl, 

0 phenanthrollinyl, acridinyl, phenanthridinyl, xanthenyl and the like. 

The term "heterocycloalkyl" herein alone or as part of another group refers to 

Sa cycloalkyl group (nonaromatic) in which one of the carbon atoms in the ring is 

25 replaced by a heteroatom selected from 0, S or N, and in which up to three additional 

carbon atoms may be replaced by said heteroatoms. 

The term "heterocyclic ring" herein alone or as part of another group refers to 

a stable, saturated, or partially unsaturated monocyclic ring system containing 

5 to 7 ring members of carbon atoms and other atoms selected from nitrogen, sulfur 

30 and/or oxygen. Preferably, a heterocyclyl is a 5 or 6-membered monocyclic ring and 

contains one, two, or three heteroatoms selected from nitrogen, oxygen and/or sulfur. 

The heterocyclic ring may be optionally substituted which means that the heterocyclic 
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ring may be substituted at one or more substitutable ring positions by one or more 

10 

15 

FA 

25 

30 

groups independently selected from alkyl (preferably lower alkyl), alkoxy (preferably 

lower alkoxy), nitro, monoalkylarnino (preferably a lower alkylamino), dialkylamino 

(preferably a di [lower] al kylamino),cyan o, halo, haloalkyl (preferably 

trifluoromethyl), alkanoyl, aminocarbonyl, monoalkylaminocarbonyl, 

dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl 

(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower 

alkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl 

(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 

lower alkoxy groups. Examples of such heterocyclic rings are isoxazolyl, 

imidazolinyl, thiazolinyl, irnidazolidinyl, pyrrolyl, pyrrolinyl, pyranyl, pyrazinyl, 

piperidyl, morpholinyl and triazolyl. The heterocyclic ring may be attached to the 

parent structure through a carbon atom or through any heteroatom of the heterocyclyl 

that results in a stable structure. 

The term "heterocyclyl" herein alone or as part of another group as used herein 

refers to a stable, saturated, or partially unsaturated, monocyclic, bridged monocyclic, 

bicyclic, and Spiro ring system containing carbon atoms and other atoms selected 

from nitrogen, sulfur and/or oxygen. Preferably, a heterocyclyl is a 5 or 6-membered 

monocyclic ring or an 8-11 membered bicyclic ring which consists of carbon atoms 

and contains one, two, or three heteroatoms selected from nitrogen, oxygen and/or 

sulfur. The term "optionally substituted" as it refers to "heterocyclyl" herein indicates 

that the heterocyclyl group may be substituted at one or more substitutable ring 

positions by one or more groups independently selected from alkyl (preferably lower 

alkyl), alkoxy (preferably lower alkoxy), nitro, monoalkylamino (preferably a lower 

alkylarnino), dialkylamino (preferably a di[lower]alkylamino), cyano, halo, haloalkyl 

(preferably tn fi uoromethyl), alkanoyl, ami nocarbonyl, monoalkylaminocarbonyl, 

dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl 

(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (preferably a lower 

alkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl 

(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 

lower alkoxy groups. Examples of such heterocyclyl groups are isoxazolyl, 

imidazolinyl, thiazolinyl, imidazolidinyl, pyrrolyl, pyrrolinyl, pyranyl, pyrazinyl, 
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piperidyl, morpholinyl and triazolyl. The heterocyclyl group may be attached to the / 

parent structure through a carbon atom or through any heteroatom of the heterocyclyl 

that results in a stable structure. 

The term "heteroatom" means 0, S or N, selected on an independent basis. It 

5 should be noted that any heteroatom with unsatisfied valences is assumed to have the 

hydrogen atom to satisfy the valences. 

The term "halogen" or "halo" refers to chlorine, bromine, fluorine or iodine 

selected on an independent basis. 

When a functional group is termed "protected", this means that the group is in 

10 modified form to preclude undesired side reactions at the protected site. Suitable 

protecting groups for the compounds of the present invention will be recognized from 

the present application taking into account the level of skill in the art, and with 

reference to standard textbooks, such as Greene, T. W. et al., Protective Groups in 

Organic Synthesis, Wiley, N.Y. (1991). 

15 As used herein, the term "patient" encompasses all mammalian species. 

Suitable examples of salts of the compounds according to the invention with 

inorganic or organic acids are hydrochloride, hydrobroniide, sulfate, 

methanesulfonate, maleate, fumarate, and phosphate. Salts which are unsuitable for 

pharmaceutical uses but which can be employed, for example, for the isolation or 

20 purification of free compounds I or their pharmaceutically acceptable salts, are also 

included. 

All stereoisomers of the compounds of the instant invention are contemplated, 

either in admixture or in pure or substantially pure form. The definition of the 

compounds according to the invention embraces all possible stereoisomers and their 

25 mixtures. It very particularly embraces the raceniic forms and the isolated optical 

isomers having the specified activity. The racemic forms can be resolved by physical 

methods, such as, for example, fractional crystallization, separation or crystallization 

of diastereomeric derivatives or separation by chiral column chromatography. The 

individual optical isomers can be obtained from the racemates by conventional 

30 methods, such as, for example, salt formation with an optically active acid followed 

by crystallization. 
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It should be understood that the present invention includes prodrug forms of 

the compounds of formula I. Various forms of prodrugs are well known in the art. 

For examples of such prodrug derivatives, see: 

(a) Design of Prodrugs, edited by H. Bundgaard (Elsevier, 1985); and Methods in 

5 Enzymology, Vol. 42, pp. 309-396, edited by K. 

Widder et al., (Academic Press, 1985); 

(b) A Textbook of Drug Design and Development, edited by Krosgaard-Larsen and H. 

Bundgaard, Chapter 5, ’Design and 

Application of Prodrugs," by H. Bundgaard, pp. 113-191(1991); 

10 (c) H. Bundgaard, Advanced Drug Deliver Reviews, 8, pp. 1-38 (1992); 

(d) H. Bundgaard et al., Journal of Pharmaceutical Sciences, 77, 285 (1988); and 

(e) N. Kayeka et al., Chem. Phar. Bull., 32, 692 (1984). 0 
C 

iI 

In general, the instant invention comprises a compound of formula I 

R2 A3 

NC )&N. R4 

AZ 

I, 

its enantiomers, diastereomers, pharmaceutically acceptable salts, prodrugs and 

solvates thereof. R1 is hydrogen, alkyl or cycloalkyl. R2 and R3 are each 

20 independently H, alkyl, aryl, heteroaryl, arylalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl or heteroarylalkyl. Alternatively, R2 and R3 may be taken 

together to form either a carbocyclic or heterocyclic ring. R4 is alkyl, arylalkyl, 

cycloalkylalkyl, heteroarylalkyl, heterocycloalkylalkyl, CN, CUR5, CO2R5 or 

CONR5R6. R5 and R6 are each independently H, alkyl, arylalkyl, cycloalkylalkyl, 

25 heteroarylalkyl or heterocycloalkylalkyl. Z is 0, S or NR8; R8 is H, CN, 

sulfonamido, OR7, alkyl, cycloalkyl, aryl, arylalkyl, heterocyclyl, heteroaryl or 

heteroarylalkyl. Ri is H, alkyl, arylalkyl, cycloalkylalkyl, heterocycloalkylalkyl, or 

heteroarylalkyl, 

One preferred embodiment of the instant invention are compounds of formula 

30 1, as defined above, wherein R1 is alkyl; R2 is selected from the group consisting of 
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aryl and heteroaryl; R3 is H; R4 is selected from the group consisting of alkyl, 

arylalkyl, CO2R and CONR5R6; R5 and R6 are independently selected from the group 
.. 

consisting of H, alkyl and arylalkyl; Z is selected from the group consisting of 0, S 

and NR8; and R8 is selected from the group consisting of H and CN. 

5 In another preferred embodiment, the invention comprises compounds of 

formula I, as defined above, wherein R4 is selected from the group consisting of alkyl, 

arylalkyl, CO2R5 and CONR5R6. 

In yet another preferred embodiment, the instant invention comprises the 

compounds of formula I, as defined above, wherein R4 is CO2R5 or CONR5R6 and Z 

10 is 0. 

In yet a further preferred embodiment, the instant invention comprises the 

compounds of formula I, as defined above, wherein R4 is selected from the group 

consisting of alkyl and arylalkyl, and Z is 0. 

In still yet another preferred embodiment, the instant invention comprises the 

15 compounds of formula!, as defined above, wherein R1 is CH3; R2 is aryl; R4 is 

CO2R5; R5 is alkyl; and Z is 0. 

In still yet another preferred embodiment, the instant invention comprises the 

compounds of formula I, as defined above, wherein R1 is CH3; R2 is aryl; R4 is 

CONR5R6; R5 is alkyl, R6 is H; and Z is 0. 

20 The invention further provides a pharmaceutical composition comprising a 

compound of formula 1, as defined above, and a pharmaceutically acceptable carrier. 

Optionally the pharmaceutical composition may further comprise at least one other 

anti -cancer agent formulated as a fixed dose. 

The invention also provides a method for treating a proliferative disease via 

25 modulation of the E9  motor protein, and/or, inducing apoptosis comprising 

administering to a mammalian species in need of such treatment an effective amount 

of at least one compound of formula I, as defined above. In another embodiment, the 

invention provides a method for treating a proliferative disease via modulation of the 

Eg5 motor protein comprising administering to a mammalian species in need of such 

30 treatment an effective amount of at least one compound of formula I. as defined 

above, in combination (simultaneously or sequentially) with at least one other anti-

cancer agent. In a preferred embodiment, the proliferative disease is cancer. 
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Certain compounds of formula I may generally be prepared according to the 

following schemes and the knowledge of one skilled in the art. Solvates (e.g., 

hydrates) of the compounds of formula I are also within the scope of the present 

invention. Methods of solvation are generally known in the art. Accordingly, the 

5 compounds of the instant invention may be in the free or hydrate form, and may be 

obtained by methods exemplified by the following schemes below. 

Scheme I 

o o HOAc I piperidine 0 0 

R1 

R2COR3 
+ ,ANH2 --)P-

NH 2 
IV - III 

R3 R2 

MeO 
J1S’NH 

11 
R2 R4X/base H2NOC R3 

N Burgess reagent 

H 
We 0Me 

V VI 

R2 R3 NC TFA / H20 
NC

1(XR4 

R, N Sf 
R1 N S 

H OMe 

VII I

S 
10 Compounds of formula I where Z is S may be made in accordance with 

Scheme I. A ketone or an aldehyde I (e.g., benzaldehyde, where R2 is phenyl and R3 

is H), is condensed with an acetoacetamide Ill to give a Knoevenagel product IV as a 

mixture of isomers. Reaction with S-paramethoxybenzyl thiourea provides the 

protected dihydropyrimidine thione V. The primary amido group of V is dehydrated 

15 to the cyano substituent in VI using a dehydrating agent such as Burgess’ reagent 

(methoxycarbon yl sul famoyl)triethylammonium hydroxide, inner salt. The N3 

substituent is introduced by reaction with R4X where R4 is alkyl or acyl, and X is a 
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leaving group, or where R4X is an isocyanate or haloformate. The protecting group\s 

removed by treatment with acid in the presence of water to give compounds of 

formula I where Z is S. 

00 

R(5NH - 

2 NH2 

R3 R2 Me0NH2 

Iv 

, R4X/base 
NC.-kR4 

P1 N OMe 

5 X 

Scheme It 

R2 
P3 N 

R2 

H2NOC’1-111N R1 N0Me N 

burgess reagent c:JfIkF3 
R10Me H 

H 

VIII 
Ix

 

R2 P3 

TFA/H20 (Z=0); 
- 

NH4OH I NH40Ac (Z NH); RILNZ 
NH2CN / (Z = NHCN) H 

Compounds of formula I where Z is 0, NH, or NR8 are prepared from the 

reaction of Knoevenagel products IV with 0-methyl isourea to provide the 0-methyl 

dihydropyrimidines VIII. The primary amide is converted to a nitrile group using a 

10 dehydrating agent such as Burgess’ reagent. The N3 substituent is introduced by 

reaction with R4X where R4 is alkyl or acyl, and X is a leaving group, or where R4X is 

an isocyanate or haloformate. The methyl ether protecting group is removed by 

treatment with acid in the presence of water to give compounds of formula I where Z 

is 0. Alternatively, treatment of compounds of formula X with ammonium hydroxide 

15 in the presence of ammonium acetate, or cyanamide in ethanol, provides compounds 

of formula I where Z is NI-I or NR8. 

Compounds of formula I may also be prepared using the Bignelli reaction (D. 

J. Brown in The Pvrirnidines, Wiley: New York, 1962, 440). 
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Scheme III 

SOLID PHASE SYNTHESIS 
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OH C2C16 (jct JJ(S)’S
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R41 N
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III 
ON."- S’"N R1 ________ S"N R1 

I-I 

R200R3 

II 

R2 - 

Burgess’ reagent R41:

4,CN CH3CN/H2OITFA (Z=0) NC)J(RR4 
JjL  

’ S N R1CH2Cl2/TFA(Z=5) 
R1 NH4QH/NH4OAc (ZNH) H 

NH2CN (Z=NHCN) 
XVI 

Compounds of formula I could be prepared on solid support as outlined in 

Scheme III, Starting compound XI denotes a resin-bound benzyl alcohol used for 

solid support synthesis which is prepared from a Merrifield resin denoted as �, and 2-

methoxy-4-hydroxybenzaldehyde, followed by reduction of the aldehyde with 

reducing agents such as NaBFI4. The benzyl alcohol is converted into the benzyl 

chloride using agents such as hexachioroethane and triphenyiphosphine in THF to 

form resins of formula XII. The chloride is displaced with thiourea to form the 

isothiourea resin XIII, The resulting resin is treated with excess of ketoamides like 

acetoamide (HI, R1 is Cl-I1), in the presence of ketones of formula R2COR3 or 

aldehydes of formula R2CHO to form the resin-bound pyrimidinethiones of formula S 
XIV. The N3 substituent is introduced using R4X, where X is a leaving group and R4 

is alkyl or acyl, or R4X is an isocyanate, or haloformate, in the presence of base to 

form structures of formula XV. The primary amide can be dehydrated to the cyano 

group using reagents such as Burgess’ reagent to form compounds of formula XVI. 

The products can be cleaved from the resin using a variety of conditions to form 

compounds of formula I, where Z is determined by the cleavage method employed. 

Cleavage in the presence of aqueous acid will form compounds of formula I with Z 



WO 02/079149 
PCT/US02/09497 

17 
r 

being 0, whereas cleavage under anhydrous acid conditions will form compounds of 

formula I with Z being S. Alternatively, treatment of resins with structure XVI with 

ammonium hydroxide in the presence of ammonium acetate will form compounds of 

formula I with Z being NH, while treatment with cyanamide, provides compounds of 

5 formula I with Z being NHCN. 

SCHEME IV 

OP 
NH 

(CN 1) HCIaq/Et20 LCN MeO’NH2 NlCN 

H2NR1 2) CH(OEt)3 
OR1 Et3NIEtOH MeONR1 

XVII XVIII XIX 

R3MgBr F CICOOEt/Py RH20/TFA 0 R 
P" 3

 
10 CN 

THF 

MeOt’IRi

 
CH 1, 

EtoX(cN MeCN EtO 

XX XXI XXII 

Compounds of formula XVIII may be prepared from a 3-amino-3-alkyl 

acrylonitrile Xvii using the methods illustrated in Scheme IV. Reaction of a 

compound of formula XVII with aqueous acid, such as hydrochloric acid, followed by 

10 treatment with triethyl orthoformate, provides a compound of formula XVIII. 

Reaction of a compound of formula XVffl with 0-methyl isourea in the presence of a 

base such as triethylamine, provides a pyrimidine of formula XIX. Pyrimidines of 

formula XIX may be reacted with organometallic species such as a Grignard reagent, 

0 R3MgBr, in a solvent such as ether or tetrahydrofuran, to give a pyrimidine of formula 

S 
15 XX, which is a compound of formula TX wherein R2 is H. In analogy with Scheme II, 

a compound of formula XX may be converted into a compound of formula XXII, 

which is a compound of formula 1 in which R4 is ethoxycarbonyl and R2 is H. 

Alternatively, compounds of formula I, wherein Z = 0, may be prepared in 

accordance with Scheme V. Following the procedure of E.H. flu et a! (J. Org. Chem, 

20 1998, 63, 3454-3457), a carbonyl compound of formula 11 is condensed with an 

acylacetamide of formula 111 in the presence of urea, cuprous chloride and 

borontri flou ride etherate to give intermediate XXffl. Dehydration with trifluoroacetic 

anhydride in pyridine affords nitrile XXIV. The N3 substituent is introduced by 
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reaction with RX where R4 is alkyl or acyl, and X is a leaving group, or where RA is 

an isocyanate or haloformate to give compounds of formula I. Deprotonation is 

effected with a base such as sodium hydride or LDA in aprotic solvents such as 

dimethylformamide or terahydrofuran. 

Scheme V 

R2 R3 

Urea, Cud 

10- 
H2NOC..)(NH TFAA, Py 

R2COR3 
+ 6F3.OEt2 

NO 
II III AcOH, THF H 

XXIII 

NC 

0 
R2 R3 R2 R3 

base/R4-X NC.)(R4 

RiNO 

XXIV I 

In yet another procedure, compounds of formula I, wherein Z = 0, may be 

prepared in accordance with Scheme VI. A carbonyl compound of formula II is 

condensed with an acylacetamide of formula III in the presence of urea and 

10 polyphospate ester to directly afford nitrile XXIV. Introduction of the N3 substituent 

follows the procedure as described in Scheme V. Compounds of formula I, where R4 

is aminocarbonyl, may also be obtained by first forming a reactive intermediate such 

as a nitrophenylcarbamate of formula XXV, which is subsequently reacted with an 

amine. 
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I XXV 

In all of the above schema, a 2-acyl acetonitrile derivative, i.e., R1COCH2CN, 

may be substituted for a compound of formula HI. 

As discussed in the background section, Eg5 is a kinesin-like motor protein 

5 that facilitates spindle bipolarity during mitosis of the cell cycle. More specifically, 

the Eg5 protein acts to sort and bundle microtubules of the mitotic spindle during 

mitosis. Accordingly, Eg5 participates in cell cycle regulation through the spindle 

checkpoint during the M phase of the cycle. While not wishing to be bound by any 

theory, it is believed that the compounds of the instant invention act as Eg5 inhibitors. 

10 This is theorized because the compounds of the instant invention induce a monopolar 

astral array of microtubules (the monoastral phenotype) and it has been shown that 

when Eg5 activity is absent, the monoastral phenotype forms. Regardless of the 

mechanism of action, the compounds of the instant invention have been shown to 

cause disruption of the bipolar spindle, spindle checkpoint initiation, mitotic arrest, 

15 programmed cell death and tumor cell proliferation inhibition. Furthermore, the 

compounds of the invention induce a cell cycle arrest in mitosis that is not transient 

but rather which progresses into programmed cell death. The compounds also exhibit 

high potency, inducing mitotic arrest and apoptosis in human cells in vitro at 

concentrations in the low or sub pM range. Additionally, in contrast to microtubule 

20 agents, the compounds do not disrupt the dynamic instability of microtubules. The 

instant invention may therefore more specifically target the mitotic spindle of 
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proliferating cells, which may provide for different toxicity profiles than those of 

IN 

15 

20 

25 

30 

existing anti-cancer drugs. 

The compounds according to the invention have pharmacological properties; 

in particular, the compounds of formula I induce mitotic arrest and are believed to be 

Eg5 inhibitors. The novel compounds of formula I are thus useful in the therapy of a 

variety of proliferative diseases (including but not limited to diseases associated with 

the Eg5 motor protein) such as cancer, autoimmune diseases, viral diseases, fungal 

diseases, neurodegenerative disorders and cardiovascular disease. 

More specifically, the compounds of formula I are useful in the treatment of a 

variety of cancers, including, but not limited to, the following: 

a) carcinoma, including that of the bladder, breast, colon, kidney, 

liver, lung, including small cell lung cancer, esophagus, gall bladder, 

ovary, pancreas, stomach, cervix, thyroid, prostate, and skin, including 

squamous cell carcinoma; 

b) hematopoietic tumors of lymphoid lineage, including leukemia, 

acute lymphocytic leukemia, acute lymphoblastic leukemia, B-cell 

lymphoma, T-cell lymphoma, Hodgkins lymphoma, non-Hodgkins 

lymphoma, hairy cell lymphoma and Burkett’s lymphoma; 

c) hematopoietic tumors of myeloid lineage, including acute and 

chronic myelogenous leukemias, myelodysplastic syndrome and 

promyelocytic leukemia; 

d) tumors of mesenchymal origin, including fibrosarcoma and 

rhabdomyosarcoma; 

e) tumors of the central and peripheral nervous system, including 

astrocytoma, neuroblastoma, glioma and schwannomas; and 

f) other tumors, including melanoma, seniinoma, teratocarcinoma, 

osteosarcoma, xenoderoma pigmentosum, keratoctanthorna, thyroid 

follicular cancer and Kaposi’s sarcoma. 

Due to the key role of motor proteins in the regulation of cellular proliferation 

in general, inhibitors could act as reversible cytostatic agents which may be useful in 

the treatment of any disease process which features abnormal cellular proliferation, 

e.g., benign prostatic hyperplasia, familial adenornatosis polyposis, neuro-
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fibromatosis, atherosclerosis, pulmonary fibrosis, arthritis, psoriasis, glomerulo-

nephritis, restenosis following angioplasty or vascular surgery, hypertrophic scar 

formation, inflammatory bowel disease, transplantation rejection, endotoxic shock, 

and fungal infections. 

5 Compounds of formula I induce apoptosis. The apoptotic response is aberrant 

in a variety of human diseases. Compounds of formula I, as modulators of apoptosis, 

will be useful in the treatment of cancer (including but not limited to those types 

mentioned herein above), viral infections (including but not limited to herpevirus, 

poxvinis, Epstein-Barr virus, Sindbis virus and adenovirus), prevention of AIDS 

10 development in HIV-Infected individuals, autoimlnune diseases (including but not 

limited to systemic lupus, erythematosus, autoimmune mediated glomerulonephritis, 

rheumatoid arthritis, psoriasis, inflammatory bowel disease, and autoimmune diabetes 

mellitus), neurodegenerative disorders (including but not limited to Alzheimer’s 

disease, AIDS-related dementia, Parkinson’s disease, amyotrophic lateral sclerosis, 

15 retinitis pigmentosa, spinal muscular atrophy and cerebellar degeneration), 

myelodysplastic syndromes, aplastic anemia, ischernic injury associated with 

myocardial infarctions, stroke and reperfusion injury, arrhythmia, atherosclerosis, 

toxin-induced or alcohol related liver diseases, hematological diseases (including but 

not limited to chronic anemia and aplastic anemia), degenerative diseases of the 

20 musculoskeletal system (including but not limited to osteoporosis and arthritis) 

aspirin-sensitive rhinosinusitis, cystic fibrosis, multiple sclerosis, kidney diseases and 

cancer pain. 

Compounds of formula I may modulate the level of cellular RNA and DNA 

synthesis. These agents would therefore be useful in the treatment of viral infections 

25 (including but not limited to DIV, human papilloma virus, herpesvirus, pox virus, 

Epstein-Barr virus, Sindbis virus and adenovirus). 

Compounds of formula I are useful in the chemoprevention of cancer. 

Chemoprevention is defined as inhibiting the development of invasive cancer by 

either blocking the initiating mutagenic event or by blocking the progression of pre-

30 malignant cells that have already suffered an insult or inhibiting tumor relapse. 

Compounds of formula I may also be useful in inhibiting tumor angiogenesis 

and metastasis. 
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The instant invention may also inhibit other motor proteins, for example, 

IM 

20 

2 

30 

including but not limited to: those human motor proteins that correspond to, XkJp2, 

MKLPJ, CH01, chromokinesins, Nod, Cenp-E, MCAK, members of the BimC 

family, and members of the Kar3 family. Additionally, compounds used in the 

methods of the instant invention may also act as inhibitors of other kinesin or kinesin-

like proteins and thus be effective in the treatment of diseases associated with other 

kinesin or kinesin-like proteins. 

The compounds of this invention may also be useful in combination 

(administered together or sequentially) with known anti -cancer treatments such as 

radiation therapy or with cytostatic or cytotoxic agents, such as for example, but not 

limited to, DNA interactive agents, such as cisplatin or doxorubicin; topoisomerase II 

inhibitors, such as etoposide; topoisomerase I inhibitors such as CPT-1 1 or topotecan; 

tubulin interacting agents, such as paclitaxel, docetaxel or the epothilones; hormonal 
40 

agents, such as tamoxifen; thymidilate synthase inhibitors, such as 5-fluorouracil; and 

anti-metabolites, such as methoxtrexate. 

If formulated as a fixed dose, such combination products employ the 

compounds of this invention within the dosage range described below and the other 

pharmaceutically active agent or treatment within its approved dosage range. 

Compounds of formula I may also be administered sequentially with known 

anticancer or cytotoxic agents when a combination formulation is inappropriate. The 

invention is not limited in the sequence of administration; compounds of formula I 

may be administered either prior to or after administration of the known anticancer or 

cytotoxic agent(s). 

ASSAYS 

The pharmacological properties of the compounds of this invention may be 

confirmed by a number of pharmacological assays. The exemplified pharmacological 

assays which follow have been carried out with the compounds according to the 

invention and their salts. The compounds of formula I exhibited anti proliferative 

activity. Preferred compounds exhibit IC50 values less than or equal to about 10 pM. 
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Cell lines are maintained in RPMI-1640 plus 10% fetal bovine serum. 

72-Hour Proliferation Assay 

5 Cells are plated at a density of 3,000-6,000 cells/well, depending upon the cell line used, 

in a 96-well plate. The cultures are grown overnight. Cells were then treated in triplicate 

with a seven concentration dose-response curve. The maximum concentration of DMSO 

never exceeded 0.5%. Cells were exposed to compound for 72 hours. Proliferation was 

measured using XTT or MTS from Promega. The ovarian, breast, prostate, lung, 

10 leukemia, and colorectal human cancer cell lines used in this assay included but were not 

limited to, for example, A2780S, SKBR3, MDA-MB-231, PC3, LX-1, K562, HT-29, 

WiDr, HCT-15 and HCT1 16. The compounds of formula I exhibited activity in the 72-

hour cell proliferation assay, inhibiting cell proliferation in one or more of the cell lines 

listed above with at an 1050 less than or equal to about 10 jIM. 

15 

CJonognic Growth Assay 

Colony growth inhibition was measured for A2780 ovarian carcinoma cells using a 

standard clonogenic assay. Briefly, 200 cells/well were seeded into 6-well tissue 

culture plates (Falcon, Franklin Lakes, NJ) and allowed to attach for 18 hours. Assay 

20 medium consisted of RPMI-l640 plus 10% fetal bovine serum. Cells were then 

treated in duplicate with a six concentration dose-response curve. The maximum 

concentration of DMSO never exceeded 0.25%. Cells were exposed to compound for 

4, 8 or 24 hours. Compound was then removed and the cells were washed with 2 

volumes of PBS. The normal growth medium was then replaced. Colonies were fed 

25 with fresh media every third day. Colony number was scored on day 10-14 using a 

Optimax imaging station. The compound concentration required to inhibit 50% or 

90% of colony formation (lC0 or 1C90, respectively) was determined by non-linear 

regression analysis. The coefficient of variance (SD/mean, n=3) = 30%. When 

exposed to cells for 24 hours, the compounds of formula I exhibited activity in the 

30 clonogenecity assay. 
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Combination Studies - Clonogenic Growth Assays 

Combination studies to examine the use of the Eg5 inhibitors of formula Tin 

combination with other antineoplastic agents were conducted essentially the same as 

the standard colony growth assay with the exception of compound treatment. In the 

combination studies, the cells were treated with both a compound of formula I and 

another antineoplastic agent. The compounds were administered simultaneously or 

sequentially; both the order of sequence and length of treatment (I to 24 hours) were 

varied. Data evaluation was based upon the isobologram analysis and the envelope of 

additivity, using the line of multiplicity which compares the survival fractions of 

10 combination treatments with those of single drug treatments. 

Cell Cycle Analysis - 

The cell cycle profile of cells treated with compounds of formula I was monitored by � 

flow cytometry. Briefly, A2780 ovarian carcinoma cells were seeded at a density of 2 

15 x i05 per well in standard 6 well culture plates and permitted to grow for 17 hours. 

Cells were then exposed to compounds of formula I at varying concentrations for 2 to 

24 hours. Following exposure, cell populations were harvested, stained with 

propidium iodide to determine DNA content and also stained with the appropriate 

immunological reagent for protein biomarkers of mitosis and apoptosis, including, for 

20 example, anti-phospho-ThreonineProline, anti -M Phase Phospoprotein 2 (MMP2), 

and anti -p85 PARP. The compounds of formula lexhibited activity in the cell cycle 

profile analysis assay, producing significant increases in mitotic and apoptotic 0 
fractions of the cell population. 

25 lmrnunocytochemistry Assays 

A2780 ovarian carcinoma cells or PTK2 kangaroo rat kidney epitheilal cells 

were plated at a density of 200 to 2000 cells per well in 4 chamber glass slides and 

allowed to attach overnight. Cells were then treated with compounds of formula I at 

concentrations of 100 nM to 50 IIM for 4 to 30 hours, fixed and permeabilized for 

30 subsequent staining. Stain reagents included, for example, propidium iodide, DAPI, 

rhodaniine phalloidin, anti-atubulin, anti-tubulin, anti-ytubulin, and the appropriate 
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fluorescent-tagged secondary antibodies. Cells were imaged by fluorescent and 

confocal fluorescent microscropy. The compounds of formula I inhibited bipolar 

spindle formation and induced a monoastral array of inicrotubules. 

Further subject matter of the invention also includes pharmaceuticals for use 

5 as described above including controlling cancer, inflammation and arthritis, which 

contain at least one compound of the formula I as defined above or at least one of its 

pharmacologically acceptable acid addition salts, and the use of a compound of the 

formula I as defined above for the preparation of a pharmaceutical having activity 

against proliferative diseases as described previously including against cancer, 

10 inflammation and/or arthritis. 

The following examples and preparations describe the manner and process of 

making and using the invention and are illustrative rather than limiting. It should be 

understood that there may be other embodiments which fall within the spirit and scope of 

the invention as defined by the claims appended hereto. 

15 Example 1 

5-Cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo- 1-(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester 

A. Step 1 

A mixture of 6.42 g of acetoacetamide, 8.0 g of 3-riitrobenzaldehyde, 0.61 ml of 

20 acetic acid, and 0.21 ml of piperidine in 30 nil of toluene was heated to reflux. A 

Dean Stark trap was used to azeotrope the water produced. After refluxed for 2 h, the 

reaction mixture was cooled to room temperature, with a lot of solid appeared, it was 

treated with a solution of 300 ml of EtOAc and 25 nil MeOH, the solid was then 

filtered off, rinsed with 15 ml of EtOAc twice to give 3.1 g of desired product in 25% 

25 yield. 

B. Step 2 

A mixture of 200 mg of the compound of Example 1, Step 1, 198 mg of 2(4-

methoxybenzyl)-2-thiopseudourea HCI salt, 84 rug of sodium acetate in 3.6 ml DMF 

30 was heated at 85 °C for 15 h, then cooled to room temperature. The resulting reaction 

mixture was purified by preparative HPLC using a (YMC S5 ODS 20 X 100 mm) 
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column, the desired fraction was concentrated to dryness. Saturated NaHCO3 (50 ml) 

5 

was added and extracted with EtOAc (3 x 50 ml), combined EtOAc extracts were 

washed with 30 ml of brine, dried with MgSO4, filtered and concentrated under 

vacuum to give 126.1 mg desired product in 36% yield. 

C. Step 3 

A mixture of the compound of Example 1, Step 2 (86.5 mg) and Burgess reagent 

(150 mg) in 7.0 ml of anhydrous THF was stirred at room temperature for 1 h, 

concentrated under vacuum, then purified by preparative HPLC using a YMC S5 ( 

10 ODS 20 X 100 mm) column to give 80.8 mg of desired product in 87% yield. 

D. Step4 

To a solution of the compound of Example 1, Step 3 (60mg) and pyridine (0.1 ml) 

in 0.6 ml of CH202, 17 p1 of ethyichioroformate was added, after stirring for 2.5 h, 

15 another 22 p1 of ethyichioroformate was added, the reaction mixture was stirred for 2 

h, then 0.3 ml of trifluoroacetic acid was added, the resulting mixture was stirred for 

another 1 h, and concentrated under vacuum, diluted with DMF, MeOH and a little 

CH202, filtered, then purified by preparative HPLC using a (YMC S5 ODS 20 X 100 

mm) column to give 22.5 mg of product in 42.7% yield. MS (M-H) = 345. HPLC RT 

20 = 285 mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 

minutes containing 0.2% phosphoric acid, 4mlirnin, monitoring at 220 nm) 

Example 2 

5-Cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1 -(2H)-

25 pyrimidinecarboxylic acid, 1 -ethyl ester 

A. Step 1 

10.92 g of NaI-1CO3 was added portionwise to a solution of 7.83 g of the compound of 

Example 1, Step 1 and 7.48g of o-methylisourea hydrogen sulfate in DMF(l00 ml), 

there was gas evolved. The reaction mixture was stirred for 2 h , then heated at 65°C 

30 overnight, cooled to room temperature, diluted with 800 ml of EtOAc, washed with 

water (2 x 100 ml) and brine (I x 100 ml). The organic layer was dried MgSO4, 

0 
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filtered and concentrated under vacuum. The resulting residue was triturated in 

EtOAc- CH202-hexane to give 5.48 g of desired product as solid (56%). 

B. Step 2 

5 A niixture of the compound of Example 2, Step 1 (209 mg) and Burgess reagent ( 

274.5 mg ) in C112C12 (5 nil) and THF (JO ml) was stirred overnight. The reaction 

mixture was concentrated under vacuum, diluted with 150 ml of EtOAc, then washed 

with saturated NaHCO3 (2 x 30 ml) and brine (1 x 30 ml), dried with MgSO4, 

concentrated under vacuum. The resulting residue was purified silica gel 

10 chromatography to give 136 mg (69.4%) of desired product. 

0 C. Step 3 

,. 1.23 ml of pyridine was added to a solution of 2.075 g of the compound of Example 2, 

Step 2 in CH2Cl2 (30 ml) under argon at 0 °C, then 0.87 ml of ethyl chloroformate 

15 was added slowly. The reaction mixture was warmed to room temperature and stirred 

for 3 h, diluted with a mixture of saturated of NaHCO3 (50 ml) and brine (50 ml), 

extracted with EtOAc three times, the combined layers were washed with brine and 

20 

dried with MgSO4, filtered and concentrated under vacuum, purified by silica gel 

chromatography to give 2.57 g ( 98%) of desired product. 

D. Step 4 

2.5 ml of TFA was added to a solution of 1.44 g of the compound of Example 2, Step 

0 3 in CHCN (25 ml) and H20 (2.5 ml), the reaction mixture was stirred for 2 h, a lot 

of white solid appeared. The solid was filtered off, rinsed with CH3CN (3 x 20 ml) 

25 and hexane (2 x20 ml), dried in air to give 860 mg ( 62.2% ) desired product. The 

filtrate was concentrated under vacuum, the solid was recrystallized in CH3CN to give 

another 320 mg (23.2% ) of product. MS (M-H)-’- = 329. HPLC RT 2.53 mm (YMC 

S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 

0.2% phosphoric acid, 4rnl/min, monitoring at 220 nm) 
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Example 3 

5-Cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1-(2H)-

pyrinildinecarboxylic acid, 1-ethyl amide. 

A. Step I 

5 To a solution of the compound of Example 2, Step 2(100mg; 0.37 mmol) and 

pyridine (0.74 mmol; 18 jiL) in dichloroethane (40 mL) was added 4-nitrophenyl 

chloroforrnate (81 mg; 0.40 mmol) and the resulting solution was stirred at room 

temperature for 1.5 hours. The reaction mixture was diluted with saturated NaHCO3 

(30 mL), extracted with ethyl acetate (3 x 50 mL), dried (MgSO4) and concentrated in 

10 vacuo to afford a white foam. Purification by chromatography (Si02: 20% 

15 

25 

30 

EtOAc/hexane) afforded the desired compound as a colorless foam (99 mg; 62%) 

0 
B. Step   

To a solution of the compound of Example 3, Step 1(12 mg; 27 jimol) in THF (0.1 

mL) was added 2M ethylamine in TJ-1F solution (15 .tL; 30 nunol) in one portion at 

room temperature and the resulting yellow solution was stirred 30 minutes. Dilution 

of the reaction mixture with methanol (1.8 mL) afforded a yellow solid which was 

collected by suction filtration and purified by preparative HPLC to afford the title 

compound as a white solid (20 mg; 22%). 

In contrast to the method of Example 2 above, in this case the 2-methoxy group 

hydrolyzed during isolation and purification to afford the dihydropyritnidinone ring 

without the need for treatment with TFA (Example 2, Step 4). 0 

Example 4 

5-Cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1-( 1-oxobutyl)-(2H)-

pyrimidine 

A. Step I 

23.7 il of butyryl chloride was added to a solution of 52 mg of the compound of 

Example 2, Step 2 and 0.15 ml of pyridine in 06 ml of anhydrous CH2Cl2, the 

reaction mixture was stirred for lh, then 24 p.1 of butyryl chloride was added, the 
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reaction was stirred for 1.5 h, purified by preparative HPLC using a YMC S5 (ODS 

20 x 100 mm ) column to give 30 mg desired product. 

B. Step   

5 A solution of 30 mg of the compound of Example 4, Step 1, 0.2 ml of H20 and 0.2 nil 

of TFA in 1.2 ml CH3CN was stirred for 1.5 h, it was added another 0i ml of TFA 

and stirred for another 2.5 h. The reaction mixture was concentrated under vacuum., 

and purified by preparative HPLC using a YMC S5 (ODS 20 x 100 mm ) column to 

give 11.8 mg desired product. MS (M-H) = 327. HPLC RT = 3.06 mm (YMC S5 

10 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 

0.2% phosphoric acid, 4m1/min, monitoring at 220 nm). 

Example 5 

eizantio 5-yano-3,6-dihydro-4-methyl-6-(3-nitrophenyJ)-2-oxo-1-(2H)-

15 pyrimidinecarboxylic add, 1 -ethyl ester (enantiomer A) 

53 mg of the compound of Example 2, Step 4 was dissolved in absolute EtOH, 

preparative chiral separation was carried out using a Chiralcel OD-H S5 (4.6 x 250 

mm) column, 20 mg of enantiomer A and 27 mg of enantiomer B were obtained. MS 

(M-H) = 329. HPLC-Chiral RT = 10.44 
mm (Chiralcel OD-H, S5, column 4.6 x250 

20 mm, 10% MeOH / 10% EtOH fHeptane, 1.0 ml /min, monitoring at 220 nm, 94.7% 

ee) 

Example 6 

enantio 5-Cyano-3,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo-1 -(21-1)-

pyrimidinecarboxylic acid, 1-ethyl ester (enantiomer B) 

25 MS (M-H)4 = 329. HPLC-Chiral RT = 12.92 
mm (Chiralcel OD-1--I, S5, column 4.6 

x250 mm, 10% MeOH / 10% EtOH /Heptane, 1.0 ml /min, monitoring at 220 nm, 

99.64% cc) 

Example 7 

30 5-Cyano-3,6-dihydro-4-methyl-6-(3-aminophenyl)-2-oxo- 1-(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester 
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A solution of 12 mg of the compound of Example 1, Step 4 in ethanol was treated 

with 100 mg of tin (IT) chloride and heated to reflux under argon for 90 mm., the 

reaction was cooled down and quenched with saturated NaHCO3 solution and 

extracted with EtOAc (3 x 50 ml). The combined organic layer was washed with 

5 H20, dried with Na2SO4 and concentrated under vacuum. It was triturated with 

10 

hexane and ether to give 8 mg of crude product, which was further purified by 

preparative HPLC to afford 3 mg of desired product as TFA salt. MS (M+H) = 301. 

HPLC RT = 1.685 mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous 

methanol over 4 minutes containing 0.1% of TFA, 4m1/min, monitoring at 220 nm) 

Example 8 

5-Cyano-3,6-dihydro-4-methyl-6-(3-(N,N-dimethyl)aminophenyl)-2-oxo- 1-(2L1)-

pyrimidinecarboxylic acid, 1-ethyl ester 

A solution of 12 mg of the compound of Example 7 in CH3CN (1 ml) was added 

15 paraformaldehyde (40 mg), sodium cyanoborohydride ( 30 mg) followed by 2 drops 

of acetic acid. The reaction mixture was stirred at room temperature for 2 h, then 

quenched with saturated NaHCO3 solution and extracted with EtOAc three times. The 

combined organic layer was washed with brine, dried with Na2SO4 and concentrated 

under vacuum. The resulting residue was purified by preparative HPLC to yield 3.2 

20 mg of desired product as TFA salt. MS (M+H) = 329. HPLC RT = 1.76 mm (YMC 

S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 

0.1 % of TFA, 4m1/min, monitoring at 220 nm) 

Examples 9 through 15 were prepared using the methods of Example 2 with the 

25 substitution of an appropriate benzaldehyde in Step 1. 

Example 9 

5-Cyano-3,6-clihydro-4-methyl-6-(3-trifluoromethylphenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester 

30 HPLC-HI 100% at 2.84 mm (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

methanol over 4 minutes containing 0.1 % of TFA , 4 ml/min, monitoring at 220 nm). 

MS: [M+H] = 354. 
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Example 10 ’N 

5-Cyano-3,6-dihydro-4-methyl-6-(2,3-dichlorophenyl)-2-oxo- 1 -(2H)- \ 

pyrimidinecarboxylic acid, 1 -ethyl ester 

HPLC-HI 1001k at 3.2 
mm (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

5 methanol over 4 minutes containing 0.1 % of TFA , 4 ml/min, monitoring at 220 nm). 

MS: EM-Hf = 352. 

Example 11 

5-Cyano-3,6-dihydro-4-methyl-6-(3-methoxyphenyl)-2-oxo-1-(2H)-

10 pyi-imidinecarboxylic acid, 1-ethyl ester 

HPLC-HI 100% at 2.42 mm (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

methanol over 4 minutes containing 0.1 % of TFA , 4 ml/mm, monitoring at 220 nm). 

MS: [M+J-1j= 316. 

Example 12 

15 5-Cyano-3,6-dihydro-4-methyl-6-(3,S-dichlorophenyl)-2-oxo-1 -(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

HPLC-HI 87% at 3.26 
mm (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

methanol over 4 minutes containing 0.1% of TFA , 4 ml/min, monitoring at 220 nm). 

MS: {M-Hf = 352. 

20 

Example 13 

5-Cyano-3,6-dihydro-4-methyl-6-(3,4-dichlorophenyf)-2-oxo.1 -(211)-

pyrirnidinecarboxylic acid, 1-ethyl ester 

HPLC-I-ll 100% at 3.197 mm (YMC S5 ODS column 4.6 x 50 mm, 10- 90% aqueous 

25 methanol over 4 minutes containing 0.1% of TFA .4 ml/min, monitoring at 220 nm). 

MS: EM-H]  = 352. 

Example 14 

5-Cyano-3,6-dihydro-4-methyl-6-(3-cyanophenyl)-2-oxo-1-(2H)-

30 pyrimidinecarboxylic acid, 1-ethyl ester 
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HPLC-H1 93% at 2.32 mm (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

methanol over 4 minutes containing 0.] % of TFA , 4 ml/min, monitoring at 220 nm). 

MS: [M+Hf= 311. 

5 Example 15 

5-Cyano-3,6-dihydro-4-methyl-6-(4-methoxyphenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

HPLC-ITI 100% at 2.55 nun (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

methanol over 4 minutes containing 0.1% of TFA , 4 ml/mm, monitoring at 220 nm). 

10 MS: [M+H]=316. 

Example 16 

5-Cyano-3,6-dihydro-4-methyl-6-(4-methylphenyl)-2-oXO-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

15 A. Step 1 

20 

25 

30 

A cloudy solution of 3-aminocrotononitrile (41 g. 0.5 mol ) in Et20 (500 ml) was 

added dropwise to the 15% HC1 solution (115 ml) at 0°C over 30 min with vigorous 

stirring, and the reaction mixture was stirred at 0°C for 15 mm. The aqueous solution 

was then separated, extracted with Et20 (2 x 125 ml), the combined organic phases 

dried with Na2SO4. Triethyl orthoformate ( 83 ml) in a 500 ml three-neck flask 

equipped with addition funnel and distillation set was stirred in 60°C -65°C oil bath, 

the above ether solution was added dropwise such that the rate of addition was equal 

to the rate of distillation. An additional 83 ml of triethyl orthoformate was added to 

the reaction when the addition of the ether solution was half complete, the oil bath 

temperature was slowly raised to 100°C, and the reaction mixture was then stirred for 

5 h. Distillation gave 26.6 g (38%) of desired red solid product at 150-155°C/ 2mm 

Hg. 

B. Step   

To a mixture of 0-methylisourea sulfate (9.9 g, 80 mmol), the compound of Example 

16, Step 1 (7.4 g, 53 rnmol ) and ethanol (90 ml) was added Et3N (ii ml, 80 minol). 

The mixture was stirred at room temperature for 15 ruin, then stirred at 66°C for 3 h, 

40 
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and concentrated to remove EtOH. EtOAc (80 ml) and H20 (80 ml) were added, th�

aqueous layer were separated and extracted with EtOAc (2 x 80 ml), the combine 

organic layer were dried with Na2SO4, concentrated to give brown solid, which was 

dissolved in EtOAc, filtered through a silica gel pad, washed with EtOAc/heptane ( 

5 1/1 ) to remove dark color, and the combined filtrate was concentrated. The solid thus 

obtained was recrystallized in heptane / EtOAc to give yellow crystal 5.18 g in 65% 

yield. 

C. Step 3 

10 .. A solution of p-tol yl magnesium bromide in ether ( IM, 1 ml, 1 mmol ) was added 

dropwise to a solution of the compound of Example 16, Step 2 (75 mg, 0.5 rninol) in 

THF (2 ml) at 0°C under argon. The reaction mixture was stirred at the temperature 

for 1.5 h, another 3 ml of Grignard reagent was added at -78°C, the reaction was 

slowly warmed to room temperature and stirred for 2 mm. Saturated NI-140 (5 ml) 

15 and H20 (5 nil) were added, the mixture was extracted with EtOAc (2 x 15 ml ), the 

combined organic layer was dried, concentrated and chromatographed on silica gel to 

give 45.6 mg of desired product in 91% yield. 

D. Step 4 

20 To a solution of the compound of Example 16, Step 3 (109 mg, 0.45 mmol) was 

added pyridine (0.2 nil, 2.5 mmol) in dry CH202 (5 nil) followed by ethyl 

chloroformate (0.1 ml, 1.05 mmol), and the resulting reaction mixture was stirred at 

0 
room temperature overnight. MeOH was added, the resulting mixture was stirred for 

15 n-un, concentrated, and chromatographed on silica gel column to give 100 mg 

25 desired product as colorless oil (71%). 

E. Step 5 

A mixture of the compound of Example 15, Step 4(100mg, 0.32 mmol), 1-120(03 

ml), CFI3CN (0.5 ml) and TFA (7 ml) was stirred at room temperature for 2 h. The 

30 solution was then concentrated to remove C1-I3CN, saturated NaHCO3 was added to 

make the mixture basic, the white solid precipitate was filtered, washed with H20, and 

dried to give the desired product (64 mg). The crude product was dried and 

recrystallized from EtOH / H20 to give another 20 mg desired product as white solid. 
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MS (M-i-H) = 300. HPLC RT = 3.40 mm (YMC S5 ODS column 4.6 x 50 mm, 10-

90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/min, 

monitoring at 220 nm) 

Example 17 

5 5-Cyano-3,6-dihydro-4-methyl -6-cyclohexyl-2-oxo- 1-(2H)-pyi-iniidinecarboxylic 

acid, 1 -ethyl ester 

To a solution of the compound of Example 16, Step 2 (30 mg, 0.2 mmol) in THF (1.2 

nil) was added cyclohexylmagnesium chloride (2 M in ether, 1.0 ml, 2 mmol) at - 

44°C under argon, the reaction was slowly warmed to room temperature, and stirred 

Jo for 10 mm. Saturated NH4C1 was added, the resulting mixture was extracted several 

EtOAc, 4 times with the combined organic layer dried, filtered through a silica gel pad, 

and concentrated to give yellow oil. The oil was dissolved in CH202 (2 ml), then 40 
pyridine (80 p.1, 0.9 mmol) and ethyl chioroformate (50 p.1, 0.5 mmol) were added, the 

mixture was stirred at room temperature for 30 mm, stirred for another 10 min after 

15 which H20 (25 p1) and EtOAc were added, and the mixture dried over Na2SO4, 

filtered through a silica gel pad, and concentrated to give yellow oil. The oil was 

dissolved in CHCN (2 ml), 1120 (0.3 ml) and TFA (0.2 nil) were added, and the 

mixture stirred at room temperature for 2 h. Saturated NaHCO3 solution and EtOAc 

were added, the aqueous layer was separated and extracted with EtOAc, and the 

20 combined organic layer was dried over Na2SO4, concentrated and chrornatographed 

on silica gel to give 35 mg of desired product as yellow foam (60%). MS (M+H’ 

392. HPLC RT = 3.60 mm (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous 

methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/mm, monitoring at 

220 nm) 

25 

Example 18 

5-Cyano-3,6-clihydro-4-niethyl-6-phenyl-2-oxo-1-(2H)-pyrimiclinecarboxylic 

acid, 1-ethyl ester 

To a solution of the compound of Example 16, Step 2 (55 mg, 0.37 mmol) in dry THF 

30 (2 in]) was added phenylmagnesium bromide (2 M in THE, 2 ml, 4 mmol) dropwise at 

-78°C under argon. After addition, the reaction was slowly warmed to room 
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temperature and stirred for about 10 mm, until starting material disappeared. 

Saturated NH40 solution and H20 were added, the mixture was extracted with 

EtOAc for two times, and the combined organic layer was dried over Na2SO4, 

concentrated and chromatographed on silica gel to give solid intermediate. The solid 

5 was dissolved in CH2Cl2 (5 ml), pyridine (0.15 ml, 1.8 m.mol) and ethyl chloroforrnate 

(0.1 ml, 1 mmol) were added, and the reaction mixture was stirred at room 

temperature for 0.5 h. The reaction was quenched with 50 t1 of H20, diluted with 5 

ml of EtOAc, the resulting mixture was dried over Na2SO4, filtered through silica gel 

column to give the intermediate as an oil. The oil was dissolved in CFT3CN (5 ml), 

10 H20 (0.5 ml) and TFA (0.4 ml) were added, the reaction mixture stirred forl .5 h, and 

concentrated in vacuo. Saturated NaHCO3 solution was added to neutralize the 

mixture, and the precipitate was then filtered and air dried. Recrystallization in EtOAc 

/ heptane to give 70 mg solid product in 66% yield. MS (M+H) = 286. HPLC RT = 

1.28 mm. (Phenom-Prime S5 C18 4.6 x 30 mm, 10-90 % aqueous methanol over 2 

15 minutes containing 0.1 % TFA, S mi/mm, monitoring at 220 nm) 

Examples 19 through 24 were prepared using the method of Example 18 with the 

substitution of an appropriate arylmagnesi umhalide. 

20 Example 19 

5-Cyano-3,6-diliyd ro-4-methyl -6-(2-methylplienyl)-2-oxo-1 -(2H) - 

pyrimidinecarboxyl ic acid, 1 -ethyl ester 

’ MS (M+H) 300. HPLC RT = 1.41 
mm. (Phenom-Prime S5 C18 4.6 x 30 mm, 10-

90 % aqueous methanol over 2 minutes containing 0.1 % TFA, 5 ml/min, monitoring 

25 at 220 nm) 

Example 20 

S-Cyano-3,6-dihydro-4-methyl-6-(3-chlorophenyfl-2-oxo-1 -(211)-

pyrimidinecarboxylic acid, 1 -ethyl ester 

30 MS (M+J-T)4 = 320. HPLC RT = 1.43 
mm. (Phenom-Prime S5 C18 4.6 x 30 mm, 10-

90 % aqueous methanol over 2 minutes containing 0.1 % TFA, 5 ml/min, monitoring 

at 220 nm) 
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Example 21 

5-Cyano-3,6-dihydro-4-methyl-6-(3-fluorophenyl)-2-oxo-J -(2H)-

pyriinidinecarboxylic acid, i-ethyl ester 

MS (M--H) = 304. HPLC RT = 1.29 mm. (PhenomPrime S5 C18 4.6 x 30 mm. 10-

5 90 % aqueous methanol over 2 minutes containing 0.1 % TFA, 5 ml/min, monitoring 

at 220 nm) 

Example 22 

5-Cyano-3,6-dihydro-4-methyl-6-(4-chlorophenyl)-2-oxo-1-(2H)-

10 pyrimidinecarboxylic acid, 1-ethyl ester 

MS (M+H) = 320. HPLC RT = 1.44 mm. (Phenorn-Prime S5 C18 4.6 x 30 mm, 10-

90 % aqueous methanol over 2 minutes conting 0.1 % TFA, 5 mi/mm, monitoring 

at 220 nm) 

to 

15 Example 23 

5-Cyano-3,6-dihydro-4-methyl-6-(4-fluorophenyl)-2-oxo-1 -(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

MS (M+H) = 304. HPLC RT = 3.21 mm (YMC S5 ODS column 4.6 x 50 mm, 10-

90% aqueous methanol over 4 minutes containing 02% phosphoric acid, 4 mI/mm, 

20 monitoring at 220 nm) 

Example 24 

5-Cyano-3,6-dibydro-4-metbyl-6-(2-fluorophenyl)-2-oxo-1-(2H)-

pyrimidinecarboxylic acid, 1-ethyl ester 

25 MS (M+H) = 304. HPLC RT = 3.05 mm (YMC S5 ODS column 4.6 x 50 mm, 10-

90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/rain, 

monitoring at 220 nm) 

Example 25 

30 6-(3,5-Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 
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A. Step 1 

4-(3,5-Bis-trifluoromethylphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahyd ropyri midine-

5-carboxylic acid amide. A nii xture of 3 ,5-bis(trifl uoronieth yl)benzaldehyde (2.42 

g. 10.0 mmol), acetoacetaniide (1.01 g, 10.0 mmol), urea (0.90 g, 15.0 mmol), copper 

5 chloride (0.1 g, 1.0 mmol), boron trifjuoride etherate (0.09 mL), AcOH (0.04 mL), 

and Ti-IF (20 mL) was heated at 65 °C for 18 h and cooled to room temperature. The 

resulting precipitates were collected by vacuum filtration, washed with THF, and air 

dried to give the title compound as an off-white solid(1.33 g, 36%). 

10 B. Step 2 

4-(3,5-Bis-trifluoromethylphenyl)-6-methyl-2-oxo-1 ,2,3,4-tetrahydro-pyrimidine-

S5-earbonitrile. To a mixture of compound from Step I (1.10 g. 3.0 mmol) and 

pyridine (12 mL) at 0 °C was added trifluoroacetic anhydride (1.3 mL, 9.0 mmol) 

slowly over 10 
mm. The reaction mixture became a clear brown solution and was 

15 stirred for 18 h, then poured into water. The resulting off-white precipitates were 

collected by vacuum filtration, washed with water, and air dried to give the title 

compound as a light brown solid (1.06 g, 100%). 

C. Step 3 

20 6-(3,5-Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro.2H-

pyrimidine-J -carboxylic acid ethyl ester. To a solution of compound from Step 2 

(60.0 mg, 0.17 mmol) in THF (2 mL) chilled to -78 °C was added WA (0.15 mL,0.30 

5 mmol, 2.0 M in hexanes). The resulting mixture was stirred at -78 °C for 15 mm, 

warmed to -25 °C for 15 ruin, recooled to -78 °C and ethyl chloroformate (20 IiL, 0.20 

25 mmol) was added via a syringe. The reaction mixture was stirred at -78 °C for 15 

mm, gradually warmed to room temperature and stirred for I h, quenched with MeOl-1 

and concentrated in vacuo. The residue was purified by preparative HPLC 

(methanol/water); product fractions were combined and concentrated in vacuo to 

afford the title compound as an off-white solid (28,4 mg, 40%). 

30 1H-NMR (DMSO-d6, 400 MHz): 6 10.64 (s, I H), 8.19 (s, 1 H), 7.93 (s, 2 H), 6.15 (s, 

I H), 4.17 (m, 21-f), 2.10 (s, 3 H), 1.17 (t, 3 H, J 7.0 Hz). LCIMS (ES+) 444 

(M+Na)t 
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Example 26 

6-Butyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-carboxylic acid 

5 

15 

25 

30 

ethyl ester 

A. Step 1 

4-Hexyl-6-methy 1-2-oxo- 1,2,3,4-tetrahydropyrimidine-5-carbonitrile. 

Polyphosphate ester (1.15 g, 3.89 mmol, 0.30 eq) was added to a sealed tube 

containing a solution of urea (1.17 g, 19.4 mmol), valeraldehyde (1.38 ml, 12.9 mmol) 

and acetoacetainide (1.31 g, 12.9 mmol) in THF (15 mL) under argon and heated at 

75°C for three hours. The reaction mixture was cooled to room temperature, 

polyphosphate ester (8.80 g, 29.8 mmol) was added and the reaction mixture was 

heated at 85°C for four hours. The reaction mixture was cooled to room temperature 

and poured on ice. The aqueous solution was neutralized with IN NaOH and 

extracted with chloroform (3X100 mL). The combined organic layers were dried 

(Na2SO4), filtered and concentrated under vacuum to give the title compound (0.940 

g, 97%): FIRMS 192.1143 (M-H). The product was used in the next step without 

further purification. 

B. Step 2 

6-Butyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1 -carboxylic acid 

ethyl ester. LDA (0.585 niL, 1.17 mmol, 2.0 M in hexane) was added dropwise to a 

solution of compound from Step 1 (0.150 g, 0.777 mmol) in THF (5rnL) at �78°C. 

The reaction mixture was stirred at -78°C for twenty minutes and ethyl chioroformate 

(0.111 mL, 1.17 mmol) was added in one portion. The reaction mixture was allowed 

to warm to room temperature and was stirred for sixteen hours. The reaction mixture 

was quenched with saturated ammonium chloride (35 ml) and the solution was 

extracted with chloroform (3X100 ml). The combined organic layers were dried 

(Na2SO4), filtered and concentrated under vacuum. The residue was purified by flash 

chromatography (eluting 2/1 ethyl acetate/hexanes) to afford the title compound 

(0.110 g, 53%) as a solid. 
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’H-NMR (DMSO-d6, 400 MHz): 80.86 (t, 3 H, J 6.79),1.21-1.33 (m, 7H), 1.54-

1.65 (m, 211), 2.04 (s, 3H), 4.17-4.23 (m, 2H), 4.68 (t, II-!, J = 6.42), 10.33 (s, 1H). 

MS 264 (M-I-J). HRMS 266.1506 (M+H). 

5 Example 27 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid methylamide 

A. Step 1 

JO 5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid 4..nitrophenyl ester. To a suspension of 6-Methyl-4-(3-nitro-

phenyl)-2-oxo- I ,2,3,4-tetrahydro-pyrimidine-5-carboniti-ile (0.43 g, 1.7 mmol, 

prepared by the method described in Example 26, Step 1, in 77 % yield) in TI-IF (15 

mL) at -78 °C was added LDA (1.25 mL, 2.5 mmol, 2.0 M in hexanes). The resulting 

15 mixture was stirred at -78 °C for 15 mm, warmed to -25 °C for 15 mm, recooled to - 

78 °C and 4-nitropheny) chlorofoi-rnate (0.50 g, 2.5 mmol) was added in one portion. 

The reaction mixture was stirred at -78 °C for 15 mm, gradually warmed to room 

temperature, quenched with water and extracted with ethyl acetate. The organic 

extract was washed with brine, dried (MgSO4) and concentrated in vacuo. The 

20 residue was purified by flash column chromatography on silica gel using 50% to 70% 

ethyl acetate-hexane as eluant to give the title compound as a light yellow solid (0.38 

g, 53%). 

1’ 
B. Step 2 

25 5-Cyano-4 -methyl -6-(3-nitrophenyl)-2-oxo-3,6-dihydro-211-pyri Midi ne-1 - 

carboxylic acid methylanilde. To a solution of compound from Step 1 (12.5 mg, 

0.03 mmol) in THF (1 ml-) was added methylamine (4.1 uL, 0.033 mmol, 8 M in 

Et011). The reaction mixture was stirred for 2 h and concentrated in vacuo. The 

residue was purified by preparative HPLC (methanol/water). Product fractions were 

30 combined, concentrated in vacuo and lyophilized to give the title compound as a 

colorless solid (8.2 mg, 87%). 
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15 

20 

25 

’H-NMR (MeOH-d4, 400 MHz): 5 8.22 (rn, 1 H), 8.17 (t, 1 H, J = 1.8 Hz), 7.76 (m, 1 

H), 7.65 (t, 1 H, J = 7.9 Hz), 6.30 (s, 1 H), 2.82 (s, 3 I-I), 2.18 (s, 3 H). LC/MS (ES+) 

338 (M+Na)+. 

Example 28 

5-Cyano-4-methyl-2-oxo-6-phenyl-3,6-dihydro-2H-pyrim.idine-1-carboxylic acid 

ethylamide. To a solution 6-Methyl-2-oxo-4-phenyl- 1 ,2,3,4-tetrahydropyriniidine-5-

carbonitrile (100 mg, 0.47 mmole, obtained in 65 % yield by the procedure described 

in Example 26, Step 1) in 4 mL of tetrahydrofuran under argon at room temperature 

was added oil free sodium hydride (17 mg. 0.70 mrnole). After stirring for ten 

minutes, ethyl isocyanate (50 mg, 0.70 mmole) was added. The reaction mixture was 

diluted with ethyl acetate and washed with dilute citric acid, water and saturated 0 
brine. The dried (anhydrous magnesium sulfate) organic extract was concentrated in 

vacuo and the product purified by flash chromatography on silica gel, eluting with 

ethyl acetate/hexanes (3:2) to give 100 mg (75 %) of title compound as a white solid. 

’H-NMR (DMSO-d6, 400 MHz) S 10.51 (br s, 1 1-1); 8.79 (t, J = 5.4 Hz, I H); 7.22-

7.48 (m, 5 H); 6.09 (s, I H); 3.10-3.25 (m, 2 H); 2.08 (s, 3 H); 1.03 (t, J = 7.2 Hz, 3 

H). LC/MS (ES+) 285 (M+H)t 

Example 29 

5-Cyano-6-(3,5-dichlorophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid 2-methoxy-ethyl ester 

Using 3,5-dichlorobenzaldehyde and following the procedure described in Example 2, 4 
the title compound was obtained in 3 % overall yield. 

’H-NMR (DMSO-d6, 500 MHz): 6 10.59 (s, I 1-1), 7.66 (t, I H, J = 1.6 Hz), 7.31 (d, 2 

1-1, J = 1.6 Hz), 5.90 (s, 1 H), 4.26 (rn, 2 I-I), 3.54 (m, 2 H), 3.25 (s, 3 H), 2.11 (s, 3 1-I). 

LC/MS (ES+) 384 (M+H). 
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Example 30 

5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylphenyl)-3,6-dihydro-2H-

pyrirnidine-1-carboxylic acid ethylanude 

Using 3-trifiuorornethylbenzaldehyde and following a modification of the procedure 

5 described in Example 2, the title compound was obtained in 3 % overall yield. 

’I-I-NMR (CDC13, 400 MHz): 8 8.68 (s, 1 H), 7.60 (m, 2 H), 7.53 (m, 2 H), 6.37 (s, I 

H), 3.30 (m, 2 H), 2.08 (s, 3 H), 1.17 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 353 (M+H), 

375 (M+Na)+. 

10 Example 31 

5-Cyano-6-(35-dichlorophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1-

0 carboxylic acid ethylamide 

Using 3,5-dichlorobenzaldehyde and following a modification of the procedure 

described in Example 2, the title compound was obtained in 5 % overall yield. 

is 1H-NMR (DMSO-d6, 400 MHz): 8 10.56 (s, I H), 8.76 (t, 1 H, J = 5.3 Hz), 7.63 (t, I 

H, J= 1.8 Hz), 7.27 (d, 2 H, J = 1.8Hz), 6.10 (s, 1 H), 3.16 (in, 2 H), 2.09 (s, 3 H), 

1.03 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 353 (M+H), 375 (M+Na). 

Example 32 

20 3-Butyryl-4-(3,5-dichlorophenyl)-6-methyl-2-oxo-1,2,34-tetrahydropyrimidine-

5-carbonitrile 

Using 3,5-dichlorobenzaldehyde and following the procedure described in Example 2, 

0 the title compound was obtained in 7 % overall yield. 

� 
’H-NMR (DMSO-d6, 500 MHz): 8 10.63 (s, 1 H), 7.63 (t, 11-1, J = 1.6 Hz), 7.26 (d, 2 

25 1-Li = 1.6Hz), 6.04 (s, I H), 2.95 (in, 1 H), 2.74 (m, I H), 1.54 (in, 2 Fl), 2.11 (s, 3 

1-1), 0.86 (t, 3 H, J =7.1 Hz). 

Example 33 

5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylphenyl)-3,6-dihydro-2H-

30 pyrimidine-1-carboxylic acid (2-dimethylamino-ethyl)-amide 

Using 3-tri flu oromethyl benzaldehyde and following the procedure described in 

Example 2, the title compound was obtained in 8 % overall yield. 
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’H-NMR (MeOH-d4, 400 MHz): 8 7.64 (in, I H), 7.59 (m, 3 H), 6.25 (s, 1 H), 3.43 

(m, I H), 3.38 (in, 1 H), 2.56 (t, 1 1-1, J = 6.2 Hz), 2.32 (s, 6 H), 2.15 (d, 3 H, J = 0.9 

Hz); LC/MS (ES+) 396 (M+H). 

5 Example 34 

5-Cyano-4-methyl-2-oxo-6-(3-trilluoromethylphenyfl-3,6-dihydro-2H-

pyrimidine-1-carbothioic acid S-ethyl ester 

Using 3-trifluoromethylbenzaldehyde and following a modification of the procedure 

described in Example 2, the title compound was obtained in 3 % overall yield. 

10 ’H-NMR (CDC1, 400 MHz): 8 8.21 (s, 1 H), 7.61 (m, 1 H), 7.52 (m, 3 H), 6.24 (s, 1 

H), 2.87 (m, 2 H), 2.26 (d, 3 H, J =0.9 Hz), 1.26 (t, 3 H, J = 7.5 Hz). LCIMS (ES+) 

392 (M+Na)t 

Example 35 

15 5-Cyano-4-methyl-2-oxo-6-(3-trilluoromethylphenyl)-3,6-dihydro-2H-

pyrimidine-Il -carboxylic acid (2-hydroxy-ethyl)-amide 

Using 3-trifluoromethylbenzaldehyde and following a modification of the procedure 

described in Example 2, the title compound was obtained in 15 % overall yield. 

’H-NMR (MeOH-d4, 400 MHz): 87.63 (m, I 1-1), 7.58 (m, 3 H), 6.25 (S, 1 H), 3.58 

20 (m, 2 H), 3.35 (m, 2 H), 2.15 (s, 3 H). LC/MS (ES+) 369 (M+H)t 

Example 36 

4- (3,5-Dichlorophenyl)-6-metbyl-2-oxo-3-(thiophene-2-carbonyl)- 1,2,3,4-

tetrahydropyrimidine-5-carbonitrile 

25 Using 3,5-dichlorobenzaldehyde and following the procedure described in Example 2, 

the title compound was obtained in 5 % overall yield 

H-NMR (DMSO-d6, 400 MHz): 8 10.78 (s, 1 1-1), 7.96 (d, I H, J 4.8 Hz), 7.72 (d, I 

H, J = 3.1 Hz), 7.64 (t, 1 H, J = 1.8 Hz), 7.36 (d, 2 1-I, J = 1.8 Hz), 7.17 (in, 1 I-I), 5.92 

(s, I H), 2.82 (s, 3 H), 2.18 (s, 3 H). LC/MS (ES+) 415 (M+Na)’. 

30 
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Example 37 

5-Cyano-6-(3,5-difluorophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide 

Intermediate IX was obtained using 3,5-difiuorobenzaldehyde and following the 

5 procedure described in Example 2. The title compound was obtained in 28 % yield 

following the procedure of Example 3. 

’H-NMR (CD3CI, 400 MHz): 6 6.77 (m, 2 H), 6.67 (m, 1 H), 6.21 (s, I H), 3.27 (m, 2 

H), 2.15 (s, 3 H), 1.12 (t, 3H, J = 10.4 Hz). LC/MS (ES+) 321 (M+H)t 

Jo Example 38 

5-Cyano-6-(3,5-difluorophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester 

Using 3,5-difluorobenzaldehyde and following the procedure described in Example 2, 

the title compound was obtained in 36 % yield for the final two steps. 

15 ’H-NMR (CD3CI, 400 MHz): ö 8.26 (s, I H), 6.83 (m, 2 1-1), 6.73 (m, 1 H), 5.80 (s, 1 

H), 4.27 (m, 2 H), 2.15 (s, 311), 1.26 (t, 3H, J = 10.4 Hz). LC/MS (ES+) 322 (M–H)+. 

Example 39 

4-(3,5-Difluorophenyl)-6-methyl-2-oxo-3-(piperidine-i -carbonyl)-J ,2,3,4-

20 tetrahydropyrimidine-5-carbonitrile 

Intermediate IX was obtained using 3,5-difluorobenzaldehyde and following the 

procedure described in Example 2. The title compound was obtained in 30 % yield 

following the procedure of Example 3. 

’H-NMR (CD30D, 400 MHz): 8 701 (m, 3 H), 562(s, I H), 5.48 (s, I H), 3.37 (rn, 2 H), 3.24 (m, 2 

25 H), 2.14 (s, 3 H), 1.84 (m, 4), 1.28 (m, 4H). LC/MS (ES+) 361 (M+H). 

Example 40 

4-(3,5-Ditluorophenyl)-6-methyl -2-oxo-3-(pyrrolidine-i -carbonyl)-1,2,3,4-

tetrahydropyrimidine-S-carboniti-ile 

Intermediate IX was obtained using 3,5-difluorobenzaldehyde and following the 

30 procedure described in Example 2. The title compound was obtained in 18 % yield 

following the procedure of Example 3. 
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’H-NMR (CD30D, 400 MHz): 6 8.25 (s, 1 H), 8.24(d, 1 H, J = 7.9 Hz), 7.82 (d, I H, J 

= 7.9 Hz), 7.67 (t, 2 H, J = 7.9 Hz), 5.77 (s, 1H), 2.29-3.30 (m, 4 H), 2.16 (s, 3 H), 

1.77 (m, 4). LC/MS (ES+) 355 (M+H)t 

5 Example 41 

5-Cyano-4-metbyl-6-naphthalen- 1-yl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

Using naphthalene-1-carboxaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 44 % yield and the title compound was obtained 

10 in 22 % yield. 

H-NMR (DMSO-d5, 400 MHz): 8 10.57 (s, 1 H), 8.40 (d, 1 H, J = 8.4 Hz), 7.98 (d, 1 

H, J = 7.9 Hz), 7.94 (d, I H, J = 8.4 Hz), 7.61 (m, 2 H), 7.55 (t, 1 H, J = 7.0 Hz), 7.39 0 
(d, I H, J = 7.0 Hz), 6.73 (s, 1 H), 4.04 (m, 2 H), 2.05 (s, 3 H), 1.00 (t, 3 H, J = 7.0 

Hz). LC/MS (ES+) 336 (M+H). 

15 

Example 42 

5-Cyano-4-methyl-6-naphthalen-1-yl-2-oxo-3,6-clihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using naphthalene- 1-carboxaldehyde and following the procedure of Example 25, 

20 intermediate XXIV was obtained in 44 % yield. The title compound was obtained in 

67 % yield following the procedure described in Example 28. 

’H-NMR (CDCI3, 400 MHz): 8 8.83 (t, I H, J = 5.3 Hz), 8.43 (d, 1 H, J = 8.4 Hz), 

7.96 (s, I H), 7.84 (m, 2 H), 7.61 (m, 1 H), 7.52 (t, 1 H, J = 7.0 Hz), 7.42 (t, I H, J = 

7.9 Hz), 7.36 (d, 1 I-I, J = 6.2 Hz), 7.14 (s, 114), 3.30 (m, I H), 3.21 (m, I Fl), 1,92 (s, 

25 3 H), 1. 11 (t, 3 H, J = 7.5 Hz). LC/MS (ES+) 335 (M+H)’, 357 (M+Na). 

Example 43 

6-(3-Bromophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-I - 

carboxylic acid ethyl ester 

30 Using 3-bromobenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 25 % yield and the title compound was obtained 

in 80 % yield. 
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’H-NMR (CDC],, 400 MHz): 8 7.48 (m, 2 H), 7.27 (m, 2 H), 5.87 (s, I Fl), 4.33 (m, 2 

H), 2.22 (s, 3 1-I), 1.33 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 364 (M+H). 

Example 44 

5 6-(3-Bromophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide 

Using 3-bromobenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 25 % yield. The title compound was obtained in 

88 % yield following the procedure described in Example 28. 

10 ’H-NMR (CDC13, 400 MHz): 6 8.65 (t, 1 H, J = 5.3 Hz), 7.91 (s, 1 H), 7.84 (m, 1 H), 

. 7.38 (m, I H), 7.19 (m, 2 H), 6.24 (s, 1 H), 3.24 (m, 2 H), 2.10 (s, 3 H), 1.10 (1,3 H, J 

7.0 Hz). LC/MS (ES+) 363 (M+H). 

Example 45 

15 5-Cyano-4-methyl-2-oxo-6-(2-trifluoromethylphenyl)-3,6-diliydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

Using 2-trifluoromethylbenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 43 % yield and the title compound was obtained 

in 30 % yield. 

20 ’H-NMR (DMSO-d6, 400 MHz) ö 10.58 (s, 1 1-1), 7.77 (m, 2 H), 7.58 (t, I H, J = 7.5 

Hz), 7.51 (d, 1 H, J = 8.4 Hz), 6.06 (d, 1 H, J = 0.9 Hz), 4.06 (m, 2 H), 2.05 (d, 3 Fl, J 

= 0.9 Hz), 1.05 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 354 (M+H), 376 (M+Na. 

Example 46 

25 5-Cyano-4-methyl-2-oxo-6-(2-trifluoromethylphenyl)-3,6-dihydro-2H-

pyrimidine- I -carboxylic acid ethylamide 

Using 2-trifluoromethylbenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 43 % yield. The title compound was obtained in 

26 % yield following the procedure described in Example 28. 

30 ’H-NMR (MeOH-d4, 400 MHz): 6 9.07 (s, I H), 7.69 (d, I I-I, J = 7.9 Hz), 7.64 (d, 1 

H, J = 7.9 Hz), 7.54 (d, 1 H, J = 7.9 Hz), 7.49 (t, 1 H, J = 7.9 Hz), 6.48 (s, I H), 3.17 
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(m, 2 H), 2.11 (s, 3 H), 1.06 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 353 (M+H), 375 

(M+Na). 

Example 47 

5 5-Cyano-6-(3-methoxycarbonylphenyl)-4-methyl2oxo3,6-djhydro..2H.. 

pyrimidine-1-carboxylic acid ethyl ester 

Using methyl 3-formylbenzoate and following the procedure of Example 25, 

intermediate XXIV was obtained in 30 % yield and the title compound was obtained 

in 50 % yield. 

10 ’H-NMR (MeOH-d4, 400 MHz): 88.02 (m, 2 H), 7.60 (m, 1 H), 7.52 (m, 1 H), 5.93 

(s, I H), 4.28 (m, 2 H), 3.92 (s, 3 H), 2.18 (s, 3 H), 1.29 (t, 3 H, J = 7.0 Hz). LC/MS 

(ES+) 344 (M+H), 366 (M+Na)t 0 
Example 48 

Is 3-(5-Cyano-3-ethylcarbamoyl-6-methyl-2-oxo-1 ,2,3,4-tetrahydropyrimidin-4-yl)-

benzoic acid methyl ester 

Using methyl 3-formylbenzoate and following the procedure of Example 25, 

intermediate XXIV was obtained in 30 % yield. The title compound was obtained in 

40 % yield following the procedure described in Example 28. 

20 1H-NMR (MeOH-d4, 400 MHz): 88.94 (s, 1 Fl), 7.89 (m, 2 H), 7.48 (d, 1 H, J = 7.9 

Hz), 7.40 (t, 1 H, J = 7.9 Hz), 6.15 (s, 1 H), 3.83 (s, 3 H), 3.17 (m, 2 H), 2.07 (s, 3 H), 

1.05 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 343 (M+H)-, 365 (M+Na). 

I 
Example 49 is 

25 BMS-51 1181 6-Butyl5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimic1ine-1-

carboxylic acid ethylamide 

Using 1-buteraldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 97 % yield. The title compound was obtained in 55 % yield 

following the procedure described in Example 28. 

30 1HNMR (DMSO-d6, 400 MHz): 80.85 (t, 3 H, J = 6.7), 1.07 (t, 31-I, J = 7.2), 1.23-

1.29 (in, 4H), 1.44-1.60 (m, 2H), 2,05 (s, 3H), 3.17-3.32 (m, 2H), 5.04 (t, IF!, J = 6.0), 

8.70(t, IH, J = 5.5), 10.30 (s, IH). MS 263 (M-H). 
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Example 50 

6-(3,5Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1 -Ca rboxylic acid ethylamide 

5 Using 3,5-bis-trifluoromethlbenzaldehyde and following the procedure of Example 

25, intermediate XXIV was obtained in 100 % yield. The title compound was 

obtained in 50 % yield following the procedure described in Example 28. 

1H-NMR (CDCI3, 400 MHz): 8 8.68 (ii, I 1-1, J = 5.3 Hz), 7.86 (s, I H), 7.77 (s, 2 H), 

7.48 (s, 1 H), 6.46 (s, I H), 3.31 (m, 2 H), 2.24 (s, 3 H), 1.17 (t, 3 H, J = 7.0 Hz). 

io LC/MS (ES+) 421 (M+H)t 

SExample 51 

6-(2,5-Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1 -carboxylic acid ethylamide 

15 Using 2,5-bis-trifluoromethlbenzaldehyde and following the procedure of Example 

25, intermediate XXIV was obtained in 25 % yield. The title compound was obtained 

in 38 % yield following the procedure described in Example 28. 

’H-NMR (MeOH-d4, 400 MI-lz): 8 7.94 (d, I H, J = 8.4 Hz), 7.84 (d, 1 H, J = 8.4 Hz), 

7.75 (s, 1 H), 6.50 (s, 1 H), 3.17 (m, 2 H), 2.12 (d, 3 H, J = 0.9 Hz), 1.05 (t, 3 H, J 

20 7.0 Hz). LC/MS (ES+) 421 (M+H, 443 (M+Na). 

Example 52 

6-(2,5-Bis-tritluoromethylphenyfl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

25 Using 2,5-bis-trifluoromethlbenzaldehyde and following the procedure of Example 

25, intermediate XXIV was obtained in 25 % yield and the title compound was 

obtained in 55 % yield 

1-I-NMR (CDCI3, 400 MHz): 8 8.43 (s, I H), 7.88 (in, I H), 7.76 (m, 2 H), 6.25 (s, I 

1-1), 4.23 (q, 2 H, J = 7.0 Hz), 2.22 (s, 3 1-1), 1.19 (t, 3 1-1, J = 7.0 Hz). LC/MS (ES–) 

30 422 (M+H). 
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Example 53 

5-Cyano-6-(3-ethylcarbamoylphenyl)-4-methyl-2-oxo-3,6-dihydro-211-

pyriinidine-1-carboxylic acid ethylamide 

Starting with the product of Example 48, the title compound was obtained in 57 % 

5 yield by ester hydrolysis (lithium hydroxide in aqueous methanol) and coupling of the 

resulting carboxylic acid with ethylamine (water soluble carbodiimide and 

hydroxybenzotriazole in acetonitrile). 

’H-NMR (MeOH-d4, 400 MHz): 8 8.97 (s, 1 H), 7.68 (d, 1 H, J = 1.8 Hz), 7.65 (m, 1 

H), 7.38 (m, 2 H), 6.10 (s,, 1 H), 3.30 (m, 2 H), 3.13 (m, 2 H), 2.05 (s, 3 1-1), 1.12 (t, 3 

10 H, J = 7.0 Hz), 1.01 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 356 (M+H). 

Example 54 0 
5-Cyano-6-(3-cyano-4-fluorophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-

1-carboxylic acid ethylarnide 

15 Using 3.cyano-4-fluorobenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 62 % yield. The title compound was obtained in 

51 % yield following the procedure described in Example 28. 

’H-NMR (CDCI3, 500 MHz) 6 8.66 (s, 1 H), 7.74 (s, I H), 7.65 (m, I H), 7.57 (m, I 

H), 7.22 (t, I H, J = 8.2 Hz), 6.32 (s, 1 H), 3.29 (m, 2 H), 2.22 (s, 3 H), 1.16 (t, 3 H, J 

20 = 7.2 Hz). LCJMS (ES+) 328 (M+H), 350 (M+Na)t 

Example 55 

5-Cyano-6-(3-cyano-4-fluorophenyl)-4-methyl-2.oxo-3,6-dihydro-2H-pyrimicline- S 
1-carboxylic acid ethyl ester 

25 Using 3-cyano-4-fluorobenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 62 % yield and the title compound was obtained 

in 30 % yield. 

’H-NMR (MeOH-d4, 400 MHz): 67.71 (m, 2 1-1), 7.38 (t, 1 H, J = 8.3 Hz), 5,93 (s, 1 

H), 4.32 (m, 2 H), 2.20 (d, 3 H, J = 0.9 Hz), 1.32 (t, 3 H, J 7.0 Hz). LC/MS (ES+) 

30 329 (M4H). 
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Example 56 

5-Cyano-6-(2,2-dimethylpropyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide 

Using 2,2-dimethyipropionaldehyde and following the procedure of Example 26, 

5 intermediate XXIV was obtained in 57 % yield. The title compound was obtained in 

54 % yield following the procedure described in Example 28. 

1H-NMR (DMSO-d6, 400 MHz): 60.92 (s, 9H), 1.06 (t, 314, J = 7.15Hz), 1.43-1.47 

(m, 2H), 2.05 (s, 311), 3.21 (m, 2H), 5.20 (m, IH), 8.60 (m, 1H), 10.42 (s, lI-I). MS 

277 (M-H). 

10 

� Example 57 

5-Cyano-6-cyclopropyl-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1 -carboxylic 

acid ethyl ester 

Using cyclopropanecarboxaidehyde and following the procedure of Example 26, 

15 intermediate XXIV was obtained in 83 % yield and the title compound was obtained 

in 36 % yield. 

1H-NMR (DMSO-d6, 400MHz): 30.35-0.65 (m, 4H), 1.10-1.21 (m, in), 1.23 (t, 31-I, 

J = 7.09 Hz), 2.05 (s, 3H), 4.18-4.21 (m, 2 H), 4.33 (d, 1H, J = 8.13 Hz), 10.36 (s, 

111). MS 248 (M-H)-. 

20 

Example 58 

5-Cyano-6-cyclopropyl-4-methyl-2-oxo-3,6-dihydro-2H-pyri mid ine-1 -carboxylic 

acid ethylamide 

Using cyclopropanecarboxaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 83 % yield. The title compound was obtained in 

15 % yield following the procedure described in Example 28. 

11-1-NMR (DMSO-d(,, 400 MHz): 30.36-0.51 (m, 41-I), 1.05-1,09 (m, 4H), 2.06 (s, 

31-1), 3.20-3.23 (m, 2 H), 4.66 (d, IH, J = 8.30 Hz), 8.74 (m, IH),l0.36 (s, 114). MS 

247 (M-H)-. HRMS 247.1195 (M -H)-. 

30 
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Example 5 

5-Cyano-6-(2-fluoro-5-trifluoromethylphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide 

Using 2-fluoro-5-trifluoromethylbenzaldehyde and following the procedure of 

5 Example 25, intermediate XX1V was obtained in 41 % yield. The title compound was 

obtained in 75 % yield following the procedure described in Example 28. 

’H-NMR (CDCI3, 400 MHz): 5 8.68 (t, 1 H, J = 4.8 Hz), 7.60 (m, 2 H), 7.37 (s, 1 H), 

7.22 (t, I H, J = 9.2 Hz), 6.41 (s, 1 H), 3.30 (m, 1 1-1), 3.24 (m, 1 H), 2.18 (d, 3 H, J = 

0.9 Hz), 1.14 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 371 (M+H), 393 (M-i-Na)+. 

10 

Example 60 

5-Cyano-6-(2-fluoro-5-triiluoromethylphenyl)-4-metbyl-2-oxo-3,6-dibydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

Using 2-fluoro-5-trifluorornethylbenzaldehyde and following the procedure of 

15 Example 25, intermediate XXIV was obtained in 41 % yield and the title compound 

was obtained in 38 % yield. 

’H-NMR (CDC13, 400 MHz): i 8.27 (s, 1 H), 7.65 (m, 1 H), 7.58 (m, 1 H), 7.25 (t, I 

H, J = 9.2 Hz), 6.03 (s, I H), 4.28 (m, 2 H), 2.20 (d, 3 H, J = 0.9 Hz), 1.29 (t, 3 H, J 

TO Hz). LC/MS (ES+) 372 (M+H), 394 (M+Na). 

20 

Example 61 

5-Cyano-6-isopropyl-4-methyl -2-oxo-3,6-dibydro-2F1-py rim idine-1 -carboxylic 

acid ethyl ester 

Using cyclopropanecarboxaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 76 % yield and the title compound was obtained 

in 23 % yield. 

1H-NMR (DMSO-d6, 400 MHz): 80.88-0.92 (m, 611), 1.23 (t, 3H, J = 7.10 Hz), 1.90-

1.95 (m, lI-), 2.07 (s, 3H), 4.16-4.22 (m, 2H), 4.51 (d, IH, J = 6.82 Hz), 10.37 (s, 

IH), MS: 250 (M-H). 

30 Example 62 

5-Cyano-4-methyl-6-naphthalen-2-yl-2-oxo-3,6-dibydro-2H-pyrimidine-1 - 

carboxylic acid ethyl ester 
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Using naphthalene-2-carboxaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 64 % yield and the title compound was obtained ’N 

in -39 % yield. 

’H-NMR (DMSO-d, 400 MHz): 8 10.54 (s, 1 H), 7.96 (m, 3 H), 7.78 (s, 1 H), 7.56 

5 (m, 2 H), 7.44 (d, 1 H, J = 8.3 Hz), 5.98 (s, I H), 4.18 (q, 2 H, J = 7.0 Hz), 2.12 (s, 3 

H), 1.20 (t, 3 H, J = 7.0 Hz). LCI’MS (ES+) 336 (M+H)t 

Example 63 

5-Cyano-6-[3-(2-hyd roxyethylcarbamoyl)-phenyl] -4-methyl -2-oxo-3,6-d ihydro-

10 2H-pyrimidine-1 -ca rboxylic acid ethylamide 

Starting with the product of Example 48, the title compound was obtained in 60 % 

yield by ester hydrolysis (lithium hydroxide in aqueous methanol) and coupling of the 

resulting carboxylic acid with 2-aminoethanol (water soluble carbodiimide and 

hydroxybenzotriazole in acetonitrile). 

15 ’I-I-NMR (CDC1, 400 MHz): 5 8.73 (t, 1 H, J = 5.3 Hz), 8.03 (s, I Fl), 7.75 (t, 1 H, J 

= 1.8 Hz), 7.68 (rn, 1 H), 7.51 (d, 1 H, J = 75 Hz), 7.39 (t, 1 H, J = 75 Hz), 7.00 (t, 1 

H, J =4.8 Hz), 6.29 (s, I H), 3.80 (ii, 2 H, J =4.8 Hz), 3.59 (q, 2 H, J =4.8 Hz), 3.31 

(m, 1 I’J), 3.22 (m, 1 1-1), 2.18 (s, 3 H), 1.13 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 372 

(M+H), 394 (M+Na). 

20 

Example 64 

5-Cyano-6-(2-methoxyphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester 

Using 2-methoxybenzaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 17 % yield and the title compound was obtained 

in 28 % yield. 

H-NMR (400 MHz, CDCI3): 8 1.27 (t, J = 7.0 Hz, 311), 2.12 (d, J 0.61-1z, 3H), 3.86 

(s, 311), 4.25 (m, 211), 6.04 (s, 111), 6,93 (m, 2H), 7.06 (s, 1H), 7.2 (m, 1H), 7.33 (m, 

I H). MS 316 (M+H)1’. 

30 
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Example 65 

5Cyano6(2.methoxyphenyI)-4-methyl-2-oxo-3,6-dihYdrO-2H-PYrimidinel 

15 

20 

25 

30 

carboxylic acid ethylamide 

Using 2-methoxybenzaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 17 % yield. Using the procedure of Example 27, 

the title compound was obtained in 8 % yield. 

’H-NMR (400 MHz, CDC13): 5 1.13 (t, 5 = 7.0 Hz, 311), 2.1 (s, 3H), 3.25 (m, 1H), 

3.33 (m, 1H), 186 (s, 3H), 6.47 (s, 1H), 6.62 (s, 1H), 6.9 (m, 2H), 7.2 (dd, Ji = 1.5 

Hz, 52 = 7.6 Hz, 11-1), 7.3 (dt, J   = 1.7 Hz, J2 = 7.2 Hz, IH), 8.7 (bs, 111). MS 315 

(M+H)t 

Example 66 

6(2Allyloxyphenyl)-5-cyano4methyl-2-oxo.3,6-dihYdrO-2H-PYrimidiflel 

carboxylic acid ethyl ester 

Using 2- ally] oxybenzaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 33 % yield and the title compound was obtained 

in 43 % yield. 

111-NMR (400 MHz, CDC13): 6 1.26 (t, J = 7.0 Hz, 311), 2.1 (s, 3H), 4.25 (m, 2H), 4.6 

(rn. 2H), 5.30(d, J = 10.4 Hz, 111), 5.36 (d, J = 16.0 Hz), 6.0 (s, 1H), 6.1 (m, 1H), 6.9 

(m, 3H), 7.25 (rn, 2H). MS 342 (M–H). 

Example 67 

carboxylic acid ethylamide 

Using 2-allyloxybenzaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 33 % yield. Using the procedure of Example 27, 

the title compound was obtained in 23 % yield. 

11-1-NMR (400 MHz, CDC13): 8 1.12 (t, S = 7.0 Hz, 31-i), 2.1 (s, 3H), 3.2 (m, 11-1), 3.3 

(m, IH), 4.6 (m, 2H), 5.35 (m, 2H), 6.1 (m, 1H), 6.38 (s, lH), 6.50 (s, 111), 6.9 (m, 

2H), 7,25 (m, 2H), 8.7 (bs, 111). MS 341 (M+H). 
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Example 68 

6-(2-Bromophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

Using 2-bromobenzaldehyde and following the procedure of Example 25, 

5 intermediate XXIV was obtained in 50 % yield and the title compound was obtained 

in 31 %yield. 

1H-NMR (400 MHz, CDCI3): 8 1.24 (t, J = 7.2 Hz, 3H), 2.16 (s, 3H), 4.24 (q, J = 7.1 

Hz, 2H), 6.33 (s, 11-1), 7.20 (m, IH), 7.33 (m, 3H), 7.6 (d, J = 8.0 Hz, 11-1). MS 364 

(M+H). 

10 

Example 69 

6-(2-B romophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyri midine-1 - 

carboxylic acid ethylanilde 

Using 2-bromobenzaldehyde and following the procedure of Example 25, 

15 intermediate XXIV was obtained in 50 % yield. The title compound was obtained in 

46 % yield following the procedure described in Example 28. 

1H-NMR (MeOH-d4, 500 MHz): 87.55 (m, I H), 7.30 (m, 2 H), 7.15 (m, 1 H), 6.46 

(s, 1 H), 3.14 (m, 2 1-1), 2.04 (s, 3 H), 1.04 (t, 3 1-1, J = 7.1 Hz). LC/MS (ES+) 364 

(M+H). 

20 Example 70 

S-Cyano-6-(3-melhoxyphenyl) -4-methyl-2-oxo-3,6-dihydro-2H-pyrimid 
me-i - 

carboxylic acid ethylarnide 

Using 3-methoxybenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 66 % yield. The title compound was obtained in 

25 62 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 500 MHz): 8 10.49 (s, I H), 8.79 (t, 1 1-1, 3 = 5.5 Hz), 7.32 (t, 1 

H, J = 7.7 Hz), 6.92 (m, I H), 6.81 (d, I H, J = 7.7 Hz), 6.75 (s, I H), 6.06 (s, I 1-I), 

3.74 (s, 3 H), 3.17 (m, 2 H), 2.07 (s, 3 H), 1.04 (t, 3 H, J = 7.1 Hz). LC/MS (ES-i-) 

315 (M-i-ff). 

30 
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Example 71 

6-(2-Benzyloxyphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1-

carboxylic acid ethyl ester 

Using 2-benzyloxybenzaldehyde and following the procedure of Example 26, 

5 intermediate XXIV was obtained in 47 % yield and the title compound was obtained 

Ti] 

in 54 % yield. 

1H-NMR (CDC13, 400 MHz): 8 1.25 (t, J = 7.0 Hz, 3H), 1.82 (d, J = 0.9 Hz, 3H), 4.21 

(m, 21-1), 5,04 (dd, J   = 10.5 Hz, J2= 31.2 Hz, 2H), 5.71 (s, 1H), 5.84 (s, 1H), 6.96 

(m, 211), 7.30 (m, 2H), 7.45 (m, 5H). MS 392 (M+H)’. 

Example 72 

6-Benzyloxymethyl-S-cyano-4-methyl-2-oxo-3,6-dibydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using 2-benzyloxyacetaldehyde and following the procedure of Example 26, 

15 intermediate XXIV was obtained in 45 % yield. The title compound was obtained in 

OW 

30 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6): 8 1.10 (t, 3H, J = 7.33 Hz), 2.07 (s, 311), 3.22-3.26 (m, 2H), 

3.49-3.52 (m, 2H), 4.51 (s, 2H), 5.29 (m, 111), 7.27-7.34 (m, 5H), 7.90 (br m, 1H), 

8.75 (br m, 1H). MS: 327 (M-H)-. HRMS 327.1450 (M-H. 

Example 73 

6-Benzyloxymethyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1- - 

carboxylic acid ethyl ester 0 
Using 2-benzyloxyacetaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 45 % yield and the title compound was obtained 

in 80 % yield. 

1H-NMR (DMSO-d6): 6 1.28 (t, 3H, J = 7.13), 2.05 (s, 3H), 3.58-3.70 (m, 21-1), 4.29-

4.35 (m, 21-I), 4.53 (s, 3H), 4.97-4.99 (m, IH), 7.25-7.35 (m, 5H). MS: 328 (M-H). 

328.1297 HRMS (M-I-I)’. 

30 
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Example 74 

6-(3-Bromo.4-tluorophenyl)-5-cyano-4-methyl -2-oxo-3,6-dihydro-2H-

pyrimicJine-1-carboxylic acid ethylamide 

Using 3-bromo-4-fluorobenzaldehyde and following the procedure of Example 26, 

5 intermediate XXIV was obtained in 99 % yield. The title compound was obtained in 

69 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.55 (s, .1 H), 8.75 (t, 1 H, J = 5.3 Hz), 7.55 (m, I 

H), 7.42 (t, 1 Fl, J = 8.8 Hz), 7.33 (m, 1 H), 6.10 (s, 1 H), 3.16 (m, 2 I-I), 2.09 (s, 3 H). 

1.03 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 381 (M+H). 

10 

Example 75 

6-(3-B romo-4-fl uorophenyl)-5-cyano-4-methyl-2-oxo-3,6-d ihydro-2H-

� 
pyrimidine-1 -carboxylic acid cyclopropylamide 

Using 3-bronio-4-fluorobenzaldehyde and following the procedure of Example 26, 

15 intermediate XXIV was obtained in 99 % yield. The title compound was obtained in 

54 % yield following the procedure described in Example 28. 

1H-NMR (MeOH-d4, 500 MHz): 5 7.46 (m, 1 II), 7.25 (m, I H), 7.14 (ii, 1 H, J = 8.8 

Hz), 6.04 (s, I H), 2.54 (m, 1 H), 2.05 (s, 3 H), 0.63 (m, 2 H), 0.42 (rn, 1 H), 0.37 (m, 

1 H). LC/MS (ES+) 393 (M+H). 

20 

Example 76 

6-(5-Bromo-2-fl uoroph enyl)-5-cyano-4-methyl-2-oxo-3,6-clihydro-2H-

pyrirnidine-1-carboxylic acid ethylamide 

Using 5-bromo-2-fluorohenzaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 71 % yield. The title compound was obtained in 

70 % yield following the procedure described in Example 28. 

1H-NMR (MeOF1d4, 500 MHz): 87.50 (m, I H), 7.43 (m, I H), 7.10 (m, 1 H), 6.22 

(S. I H), 3.22 (m, 2 H), 2.11 (d, 3 H, J 2.2 Hz), 1.11 (m, 3 H). 
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Example 77 

6-(5-Bromo-2-fluorophenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyriniidine-1-carboxylic acid cyclopropylamide 

Using 5-bromo-2-fluorobenzaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 71 % yield. The title compound was obtained in 

70 % yield following the procedure described in Example 28. 

’H-NMR (MeOH-d4, 500 MHz): 87.51 (m, 1 1-1), 7.44 (m, 1 H), 7.11 (m, 1 H), 6.21 

(s, 1 H), 2.60 (m, 1 H), 2.10 (d, 3 H, J = 1.6 Hz), 0.70 (m, 2 H), 0.51 (m, 1 H), 0.44 

(m, I H). 

Example 78 

5- Cyano-6-(3,5-dibromophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using 3,5-dibromobenzaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 46 % yield. The title compound was obtained in 

83 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 400 MHz) 6 10 60 (br s, 1 H); 8.77 (t, J = 5.4 Hz, 1 H); 7.85 (t, 

J = 1.6 Hz, 1 H); 7.42 (d, J = 1.7 Hz, 2 H); 6.08 (s, 1 H); 3.18-3.26 (m, 2 H); 2.08 (s, 3 

H), 1.03 (t, J = 7.1 Hz, 3 H). LC/MS (ES+) 441 (M+H)t 

Example 79 

5- Cyano-4-methyl-6-(3-nitropbenyl)-2-oxo-3,6-dihydro-2H-pyrimidme- 1 -

carboxylic acid cyclopropylmethylamide 0 
Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 53 % yield 

following the procedure described in Example 28. 

1H-NMR (MeOH-d4, 500 MHz): 89.15 (s, I H), 8.21 (m, 1 H), 8.17 (d, I H, J = 1.6 

Hz), 7.76 (d, 1 H, J = 7.7 Hz), 7.66 (t, 1 1-1, J = 7.7 Hz), 6.29 (s, I H), 3.68 (d, I 1-1, J 

7.1 Hz), 3.09 (m, 2 H), 2.17 (s, 3 H), 0.98 (m, 1 H), 0.48 (m, 2 1-1), 0.20 (m, 2 H). 

LC/MS (ES+) 356 (M+H). 
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5-Cyano-4-methyl-2-oxo-6-phenethyloxymethyl.3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester 

Using 2-phenethyloxyacetaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 38 % yield and the title compound was obtained 

in 18 % yield. 

1H-NMR (DMSO-d6, 400MHz): 1.23 (t, 3H, J = 7.1 Hz), 2.00 (s, 3H), 2.75 (t, 2H, J = 

6.7 Hz), 3.59-3.85 (m,4H), 4.18-4.20 (m, 2H),4.81 (br in, 1H), 7.19-7.27 (m, 5H), 

10.26 (s, 1H). MS 342 (M-H). HRMS 342.1458 (M-H). 

10 

PExample 81 

5-Cyano-4-methyl-2-oxo-6-phenethyl-3,6-dihydro-2H-pyrimidine-1-carboxylic 

acid ethyiamide 

Using 3-phenyipropionaldehyde and following the procedure of Example 26, 

15 intermediate XXIV was obtained in 58 % yield. The title compound was obtained in 

42 % yield following the procedure described in Example 28. 

1H-NMR (DMSO-d6, 400 MHz): 1.07 (t, 3H, J = 7.1 Hz), 1.80-2.03 (m, 2H), 2.06 (s, 

311), 2.51-2.75 (m, 2H), 3.19-3.22 (rn, 2H), 5.12 (brm, 11-I), 7.18-7.30(m, 51-1), 8.70 

(brm, 1H), 10.36 (s, 11-I). MS 311 (M-H)-. HRMS 311.1493 (M-H). 

20 

Example 82 

5-Cyano-4-methyl-2-oxo-6-thiophen-3-yl-3,6-dihydro-2H-pyrirnidine-1-

carboxylic acid ethyl ester 

Using thiophene-3-carboxaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 50 % yield and the title compound was obtained 

in 30 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 1.23 (t. i = 7.1 Hz, 3H), 2.10 (s, 3H), 4.21 

(ni, 21-1), 5.87 (S. IH), 7.03 (rn, IH), 7.44 (s, IH), 7.60 (m, 11-1), 10.48 (s, 111). MS 292 

(ES+): 292 (M+H). 

30 
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Example 83 

carboxylic acid ethyl ester 

Using 5-methylisoxazole-3-carboxaldehyde and following the procedure of Example 

26, intermediate XX1V was obtained in 27 % yield and the title compound was 

obtained in 67 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.52 (S. 1H), 6.20 (s, 1H), 5.95 (s, 11-I), 4.21 (q, 

21-I, J= 7.0 Hz), 2.40 (s, 31-1), 2.05 (s, 3H), 1.22 (t, 311, 3 = 7.0 Hz). 13CNMR 

(DMSO-d6, 400 MHz): 8 170.87, 161.63, 151.86, 150.57, 147.09, 116.44, 99.35, 

81.29, 63.08, 49.55, 16.85, 13.68, 11.56. MS (ES!), 291 (M+H)t 

Example 84 

5Cyano6(3,5-dimethyIisoxazol-4-yl)-4-methyl-2-OXO-3,6-dihYdr02m 

pyrimidine-1-carboxylic acid ethyl ester 

Using 3,5-dimethylisoxazole-4-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 74 % yield and the title compound 

was obtained in 47 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.56 (s, JH), 5.82 (s, 1H), 4.15 (q, 2H, J= 7.0 

Hz), 2.38 (s, 3H), 2.14 (s, 1H), 2.07 (s, 3H), 1.17 (t, 3H, 3 = 7.0 Hz). 13C-NMR 

(DMSO-d6, 400 MHz): 8167.03,157.45, 152.17, 147.60, 146.95, 116.44, 113.45, 

81.58, 62.96, 48.58, 16.77, 13.64, 10.50, 957. MS (ES!), 305 (M+H). 

Example 85 

5-Cyano-4-methyl-2-oxo-6-thiophen-2-yl-3,6-dihyd ro-2H-pyrimidine- I - 

carboxylic acid ethyl ester 

Using thiophene-2-carboxaldehyde and following the procedure of Example 26, 

intermediate XXIV was obtained in 41 % yield and the title compound was obtained 

in 58 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 1.25 (t, J = 7.1 Hz, 3H), 2.12 (s, 3H), 4.24 

(m, 2H), 6.08 (S. IH), 7.02 (m, IH), 7.07 (d, J = 3.4 Hz, IH), 7.56 (m, IH), 10.58 (s, 

111). MS (ESI) 290 (M-H). 

HRMS (ES 1) 290.0598 (M-H). 

U 

I 
C 
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Example 86 

5-Cyano-4-methyl-6-(3-metbyIthiophen-2-yl)-2-oxo-3,6-dihydro2H-pyrimidine-

1-carboxylic acid ethylamide 

5 Using 3-methylthiophene-2-carboxaldehyde and following the procedure of Example 

26, intermediate XX1V was obtained in 33 % yield. The title compound was obtained 

in 17 % yield following the procedure described in Example 28. 

’H NMR (DMSO-d6, 400 MHz): 8 1.03 (t, J = 7.2 Hz, 3H), 2.05 (s, 31-1), 3.15 

(m, 211), 3.33 (s, 31-1), 6.41 (s, 1H), 6.82 (d, J = 5.1 Hz, IH), 7.35 (d, J = 5.1 Hz, 11-I), 

10 8.73 (t, J = 5.6 Hz, 1H), 10.62 (s, 1H). 

MS (ES!) 303 (M-H). HRMS (EST) 303.0927 (M-T-i). 

� 
Example 87 

5 -Cya no-4-methyl -6-(3-m ethylthiophen -2-yl) -2-oxo-3,6-d ihydro-2H-pyri mid ine-

15 1 -carboxylic acid ethyl ester 

Using 3-rnethylthiophene-2-carbox aldehyde and following the procedure of Example 

26, intermediate XXIV was obtained in 33 % yield and the title compound was 

obtained in 14 % yield. 

1H-NMR (DMSO-d6, 400 MHz): 6 1.20 (t, J = 7.1 Hz, 3H), 2.05 (s, 311), 3.33 

20 (s, 3H), 4.17 (q, J = 7.1 Hz, 2H), 6.14 (s, JH), 6.84 (d, J = 5.1 Hz, 1H), 7.38 (d, J = 5.1 

Hz, IH), 10.61 (s, 1H). MS (EST), 304 (M-H). HRMS (ES!) 304.0746 (M-H). 

Example 88 

5-Cyano-4-methyl-6-(2-methylthiazol-4-yl)-2-oxo-3,6-dihydro-2H-pyrimidine-1-

25 carboxylic acid ethyl ester 

Using 2-methylthiazole--4-carboxaldehyde and following the procedure of Example 

26, intermediate XXIV was obtained in 26 % yield and the title compound was 

obtained in 16 To yield. 

1H-NMR (CDCI3, 400 MHz): 6 7.96 (s, 111), 7.11 (s, 1H), 5.93 (s, lH), 4.31 (rn, 2H), 

30 2.67 (s, 3H), 2.16 (s, 3H), 1.32 (t. 3H, J = 6.9 Hz); 13C-NMR (CDCI3, 400 MHz): 6 

168.13, 152.34, 151.77, 149.06, 147.71, 116.31, 115.88,85.39,64.24,35.87, 19.17, 

17.81, 14.09. MS (EST) 307 (M+H). 
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Example 89 

6-(4-Bromothiophen-2-yl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1-

carboxylic acid ethylamide 

5 Using 4-bromothiophene-2-carboxaldehyde and following the procedure of Example 

26, intermediate XX1V was obtained in 68 % yield. The title compound was obtained 

in 49 % yield following the procedure described in Example 28.’H-NMR (DMSO-d, 

400 MHz): 8 1.07 (t, J = 7.1 Hz, 3H), 2.15 (s, 3H), 3.22 (m, 2H), 6.36 (s, 1H), 7.06 

(s, 1H), 7.67 (s, 1H), 8.68 (t, J = 5.6 Hz, 1H), 10.64 (s, 1H). MS (ES+) 369 (M+H)-’. 

10 HRMS (ESfl: 366.9876 (M-H). 

Example 90 

6-(4-Bromothiophen-2-yl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester 

15 Using 4-bromothiazole-2-carboxaldehyde and following the procedure of Example 

26, intermediate XXIV was obtained in 68 % yield and the title compound was 

obtained in 45 % yield.1H-NMR (DMSO-d6, 400 MHz): 8 1.25 (t, J = 7.1 Hz, 3H), 

2.14 (s, 311), 4.24 (m, 211), 6.09 (s, 11-1), 7.10 (s, 11-i), 7.71 (s, 1H), 10.63 (s, 1H). MS 

(ESI) 368 [M-H]. HRMS (ES1) 367.9697 (M-H). 

20 

Example 91 

5-Cyano-4-methyl-2-oxo-642-(4-trifluoromethylphenyl)-thiazol-4-yl]-3,6-

dihydro-ZH-pyrimidine- [-carboxylic acid ethyl ester I 
Using 2-(4-trifluoromethylphenyl)thiazole-4-carboxaldchyde and following the 

25 procedure of Example 26, intermediate XXTV was obtained in 17 % yield and the title 

compound was obtained in 31 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.53 (s, I H), 8.08 (d, 21-I, J= 8.2 Hz), 7.89 (d, 

2H, J= 8.1 Hz), 7.78 (s, IH), 5.96 (s, IH), 4.20 (m, 2H), 2.07 (s, 3H), 1.22 (t, 3H, J = 

7.1 Hz); 13C-NMR (DMSO-D6, 400MHz): 6166.18, 154.51, 152.00, 149.60, 142.48, 

30 135.79, 130.05, 129.78, 126.45, 125.96, 124.71, 122.30. 117.75, 116.84, 82.69, 62.83, 

52.82, 16.87, 13.66. MS (EST), 437 (M+H. 
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Example 92 

6-[5-(4-Chlorophenyl)-oxazol-4-yl] -5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethyl ester 

Using 5 -(4-Chlorophenyl)oxazole-4-carboxaldehyde and following the procedure of 

5 Example 26, intermediate XXIV was obtained in 22 % yield and the title compound 

was obtained in 16 % yield. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.48 (s, 1H), 8.47 (m, 1H), 7.79 (d, 2H, J= 8.6 

Hz), 7.64 (d, 2H, J= 8.6 Hz), 6.14 (s, IH), 4.01 (q, 2H, J= 7.1 Hz), 2.05 (s, 3H), 0.96 

(t, 311, J = 7.1 Hz); 3C-NMR (DMSO-D, 400 MHz): 8152.07, 151.98, 149.50, 

10 147.60, 143.20, 133.40, 133.20129.01, 127.58, 125.33, 116.82, 81.25, 62.71, 49.80, 

16.80, 13.20. MS (ESI), 387 (M+H). 

Example 93 

6-(2-Bromothiazol-5-yl)-5-cyano-4-methyl-2-oxo.3,6-dihydro-211-pyrimidine-1-

15 carboxylic acid ethyl ester 

Using 2-Bromothiazole-5-carboxaldehyde and following the procedure of Example 

26, intermediate XXIV was obtained in 44 % yield and the title compound was 

obtained in 41 % yield 

’H-NMR (DMSO-d6, 400 MHz): 8 10.67 (s, IH), 7.72 (s, 1H), 6.15 (s, 111), 4.26 (m, 

20 2H), 2.15 (s, 311), 1.27 (t, 311, J =7.1 Hz); ’3C-NMR (DMSOD, 400 MI-Iz): 8 

152.49, 151.78, 147.11, 141.99, 140.14, 137.93, 116.70, 82.49, 63.91, 50.06, 17.52, 

14.18. MS (ESI), 371.0 (M+H). 

Example 94 

25 5-Cyano-4-methyi-2-oxo-6-(4-phenylthiophen-2-yl)-3,6-dihydro-2H-pyrimidine-

J-carboxylic acid ethylamide 

Using 4-bromoth iophene-2-carboxaldehyde and following the procedure of Example 

26, intermediate XXIV was obtained in 68 % yield. The 4-bromothienyl intermediate 

was converted to 4-phenyithienyl intermediate by the Suzuki reaction in 91 % yield 

30 The title compound was obtained in 33 % yield following the procedure described in 

Example 28. 
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1H-NMR (DMSO-d6, 400 MHz): 61.07 (t, .1 = 7.1 Hz, 3H), 2.17 (s, 3H), 

3.23 (in, 2H), 6.42 (s, 1H), 7.30 (t, J = 5.1 Hz, 1H), 7.41-7.43 (m, 3H), 7.66-7.68 (m, 

2H), 7.83 (s, 1H), 8.71 (t, J = 5.6 Hz, 1H), 10.61 (s, 1H). MS ESI) 365 (M-H). 

IIRMS (EST) 365.1064(M-H). 

Example 95 

6-[5-(4-ChlorophenyI)-furan-2-yl.5-cyano-4-methyI-2.oxo.3,6-dihydro-2H-

pyrimidine-1-carboxylic acid etbylamkle 

Using 5-(4-Chlorophenyl)furan-2-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 16 % yield. The title compound was 

obtained in 43 % yield following the procedure described in Example 28. 

’H-NMR (DMSQ-d6, 400 MHz): 8 1.07 (t, J = 7.1 Hz, 3H), 2.12 (s, 3H), 3.22 

(m, 2H), 6.27 (s, IH), 6.46 (d, J = 3.4 Hz, 1H), 6.97 (d, J = 3.4 Hz, IH), 7.51 (m, 2H), 

7.63 (m, 2H), 8.70 (t, J = 5.5 Hz, IH), 10.62 (s, 1H). MS (ESI) 383 (M-H). HRMS 

(ES!) 383.0913 (M-H). 

Example 96 

5-Cyano-4-methyl-2-oxo-6-(4-trifluoromethylthiazol-5-yl)-3,6-dihydro-2H-

pyrimidine- 1-carboxylic acid ethyl ester 

Using 4-trifluoromethylthiazole-5-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 63 % yield and the title compound 

was obtained in 52 % yield. 

1H-NMR (DMSO-d6, 400 MHz): 8 10.84 (s, 11-1), 9.22 (s, 1H), 6.45 (s, 1H), 4.15 (q, 

2H, J= 5.7 Hz), 2.06 (s, 3H), 1.16 (t, 3H, J = 5.7 Hz). 13C-NMR (DMSO-D6, 400 

MHz): 8 165.51, 151.90, 149.88, 146.79, 142.70, 138.70, 116.10, 83.68, 63.78, 

50.42, 17.44,13.94; MS (ES!) 361 (M+1-1). 

Example 97 

5- Cyano-4-methyl-2-oxo-6-(4-trilluoromethylthiazol-5-yl)-3,6-dihydro-2H-

30 pyrimidine-1-carboxylic acid ethylamide 

0 
40 

a 

0 
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Using 4-trifluoromethylthiazole-5-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 63 % yield. The title compound was 

obtained in 59 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.84 (s, 1H), 9.19 (s, 1H), 8.69 (m, IH), 6.68 (s, 

5 1H), 3.15 (m, IH), 2.06 (s, 3H), 1.01 (t, 3H, J = 7.0 Hz); ’3C-NMR (DMSO-d6, 400 

MHz): 8 155.54, 151.46, 150.25, 149.38, 143.23, 138.70, 115.63, 82.55, 47.93, 

34.83, 16.87, 14.34. MS (ESI) 360 (M+H)t 

Example 98 

10 5-Cyano-6-[S-(4-methanesulfonylphenyl)-oxazol-4-yl]-4-methyl-2-oxo-3,6-

, dihydro-2H-pyrimidine-1 -carboxylic acid ethylamide 

Using 5-(4-methanesulfonylpbenyl)oxazole-4-carboxaldehyde and following the 

procedure of Example 26, intermediate XXIV was obtained in 22 % yield. The title 

compound was obtained in 63 % yield following the procedure described in Example 

15 28. 

’H-NMR (DMF-d7, 400 MHz): 6 10.60 (s, lH), 8.96 (t, J =4.8 Hz, 1H), 8.62 (s, 11-I), 

8.25 (d, J = 8.3 Hz, 21-1), 8.18 (d, J = 8.3 Hz, 21-I), 6.67 (s, 111), 3.37 (s, 3H), 3.25 (rn, 

2H), 2.21 (s, 3H), 1.07 (t, J = 7.4 Hz, 3H). MS (ESI) 430 (M+H). 

20 Example 99 

6-[S-(4-Chlorophenyl)-oxazol-4-yI}-5-cyano-4-methyl-2-oxo-3,6-dihyd ro-2H-

. pyrimidine-1-carboxylic acid ethylamide 

Using 5-(4-chlorophenyl)oxazol-4-carboxaidehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 40 % yield. The title compound was 

25 obtained in 58 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.51 (s, lI-I), 8.78 (m, 1H), 8.43 (s, 11-1), 7.85 (d, 

214, J= 8.5 Hz), 7.62 (d, 2H, J= 8.5 Hz), 6.38 (s, 11-1), 3.11 (m, 21-1), 2.02 (s, 3H), 0.99 

(t, 3H,J = 7.2 Hz). ’3C-NMR (DMSO-D6, 400 MHz): 6152.99, 152.51, 152.11, 

149.30, 143.70, 134.17, 129.52, 128.13, 126.40,117.20,81.80,48.09,35.17, 17.28, 

30 14.95. MS (ESI), 386 (M–H). 
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Example 100 

5-Cyano-4-methyl-2-oxo-6-[5-(4-trifluoromethylphenyl)-oxazol-4-yI]-3,6-

clihydro-2H-pyrimidine-1-carboxylic acid ethylamide 

Using 5-(4-trifluoromethylphen yl)oxazole-4-carboxaldehyde and following the 

5 procedure of Example 26, intermediate XXJV was obtained in 31 % yield. The title 

compound was obtained in 52 % yield following the procedure described in Example 

28. 

’H-NMR (DMSO-d6, 400 MHz): 5 10.54 (s, 1H), 8.78 (in, 111), 8.50 (s, 1H), 8.06 (d, 

21-1, J= 8.1 Hz), 7.91 (d, 2H, J= 8.1 Hz), 6.46 (s, 111), 3.10 (m, 2H), 2.03 (s, 3H), 0.99 

10 (t, 311, J = 7.2 Hz); 13C-NMR (DMSO-d6, 400 MHz): 8 152.53, 152.31, 151.52, 

149.03, 142.70, 134.96, 130.69, 126.41, 125.88, 116.62, 81.03, 47.69, 34.65, 16.75, 

14.41; MS (EST), 420.13 (M+H). 

Example 101 

5 5-Cyano-4-methyl-2-oxo-6-(5-phenyloxazol-4-yl)-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Catalytic reduction (10 % Pd/C, ammonium formate in refluxing acetonitrile) of the 

product of Example 99 gave the title compound in 45 % yield. 

’H-NMR (CDCJ3, 400 MHz): 8 8.69 (m, 11-1), 7.87 (m, 311), 7.50 (m, 2H), 7.41 (in, 

20 1H), 7.00 (s, 11-I), 6.63 (s, IH), 3.30 (m, 211), 2.18 (s, 31-1), L13 (t, 3H, J = 7.2 Hz). 

13CNMR (CDCI3, 400 MHz): 8 152.40, 152.13, 150.25, 146.90, 132.60, 129.50, 

129.12, 126.79, 116.57, 80.93, 48-25, 35.70, 17.87, 14.72; MS (ESI), 352.16 (M+H)4. 

40 
Example 102 

25 5-Cyano-4-methyl-6-[5-(4-nitrophenyl)-oxazot-4-yl]-2-oxo-3,6-dihydro-2H-

pyrirnidine-1-carboxylic acid ethylamide 

Using 5-(4-nitrophenyl)oxazole-4-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 36 % yield. The title compound was 

obtained in 70 % yield following the procedure described in Example 28. 

30 ’I-{-NMR (DMSO-d6, 400 MHz): 6 10.56 (s, 111), 8.79 (in, IH), 8.56 (s, 111), 8.38 (in, 

21-1), 8.13 (m, 21-1), 6.50 (s, 111), 3.12 (in, 2H), 2.03 (s, 3H), 0.99 (t, 3H, J = 7.2 Hz). 

’3C-NMR (DMSO-d6, 400 MHz): 8 153.04, 152.37, 151.51, 149.13, 146.97, 136.16, 
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132.85, 126.72, 124.19, 116.57, 80.93, 47-87, 34.70, 16.81, 14.45. MS (ESI) 397 

(M+H). 

Example 103 

S 5-(4-Chlorophenyl)-2-(5-cyano-3-etbylcarbamoyl-6-methyl-2-oxo- 1,2,3,4-

tetrahydropyrimidin-4-yl)-furan-3-carboxylic acid ethyl ester 

Using 3-ethoxycarbonyl-5-(4-chlorophenyl)furan-2-carboxaldehyde and following the 

procedure of Example 26, intermediate XXIV was obtained in 59 % yield. The title 

compound was obtained in 42 % yield following the procedure described in Example 

io 28. 

- ’}I NMR (DMSO-d6, 400 MHz): 81.02 (t, J = 7.2 Hz, 3H), 1.34 (t, J = 7.1 

4 Hz, 311), 2.07 (s, 3H), 3.16 (rn, 2H), 4.30 (m, 2H), 6.85 (s, 1H), 7.34 (s, JH), 7.53 (m, 

211), 7.65 (m, 2H), 8.67 (1, J = 5.5 Hz, lI-I), 10.76 (s, 111). MS (ESI) 455 (M-H). 
W HRMS (ES!) 455.1114 (M-H. 

15 

Example 104 

5-Cyano-4-methyl -2-oxo-6-(S-pyridin-3-yloxazol-4-yl)-3,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide 

Using 5 -(3 -pyridinyl)oxazole-4-carboxaldehyde and following the procedure of 

20 Example 26, intermediate XXIV was obtained in 62 % yield. The title compound was 

obtained in 41 % yield following the procedure described in Example 28. 

’I-1-NMR (DMSOd6, 400 MHz): ö 10.53 (s, 1H), 9.04 (m, 11-1), 8.77 (m, IH), 8.67 

(m, 1H), 8.50 (s, IH), 8.22 (in, 111), 7.60 (m, IH), 6.40 (s, 2H), 3.12 (in, 2H), 2.04 (s, 

3H), 1.00 (t, 3H, J = 7.2 Hz). ’3C-NMR (DMSO-d6, 400 MHz): 8 152.76, 152.52, 

25 151.75, 149.97, 149.19, 146.73, 134.73, 133.60, 124.06, 123.45, 116.94, 81.41,47.81, 

34.88, 16.99, 14.63; MS (ESI), 353.18 (M–H)4. 
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Example 105 

5-Cyano-4-methyl-2-oxo-6-(4-phenylthiazol-5-yl)-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethylamide 

Using 4-phenylthiazole5--carboxa1dehyde and following the procedure of Example 

5 26, intermediate XXIV was obtained in 70 % yield. The title compound was obtained 

in 27 % yield following the procedure described in Example 28. 

’H-NMR (DMSO-d6, 400 MHz): 8 10.70 (s, 111), 9.08 (s, 1H), 8.71 (m, 111), 7.73 

(2H, m), 7.47 (m, 3H), 6.63 (s, 1H), 3.12 (in, 2H), 1.99 (s, 3H), 1.00 (t, 3H, J = 7.2 

Hz); 13C-NMR (DMSO-d6, 400 MHz): 8 152.79, 151.97, 151.74, 150.61, 148.43, 

10 133.87, 116.12, 83.68, 34.77, 16.69, 14.39. MS (ESI) 368 (M+H). 

Example 106 

[5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-214-pyrimidin-1-yl)-

acetic acid tert-butyl ester 

15 Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield and the title compound was obtained in 52 % yield. 

’H-NMR (IvIeOH-d4, 400 MHz): 8 8.28 (m, 1 H), 8.22 (t, I H, J = 1.8 Hz), 7.76 (m, 1 

1-1), 7.69 (t, 1 H, J = 7.9 Hz), 7.62 (S. 1 H), 5.31 (s, 1 H), 4.23 (d, 1 H, J = 17.6 Hz), 

3.44 (d, 1 H, J = 17.6 Hz), 2.16 (s, 3 H), 1.42 (s, 9 H). LCIMS (ES+) 395 (M+Na). 

20 

Example 107 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-1 - 

carboxylic acid isopropylamide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

25 XXIV was obtained in 92 % yield. The title compound was obtained in 29 % yield 

following the procedure described in Example 27. 

!H.NMR (MeOH-d4, 400 MHz): 88.92 (s, 1 H), 8.22 (d, I H, J = 8.3 Hz), 8.17 (t, 1 

H, J = 1.8 Hz), 7.74 (d, 1 H, J = 6.6 Hz), 7.65 (m, 2 H), 6.31 (s, I H), 3.89 (m, 1 H), 

2.19 (s, 3 H), 1.20 (d, 3 1-1, J = 6.6 Hz), 1.16 (d, 3 H, J =6.6 Hz). LC/MS (ES+) 344 

30 (M+H), 366 (M+Na). 
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Example 108 

5- Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1- 
-. . 

carboxylic acid propylamide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

5 XXFV was obtained in 92 % yield. The title compound was obtained in 22 % yield 

following the procedure described in Example 27. 

’HNMR (MeOH-d4, 400 MHz) 8 9.09 (t, 1 H, .1 = 5.3 Hz), 8.22 (m, I H), 8.17 (t, 1 II, 

J = 1.8 Hz), 7.75 (d, 1 H, J = 7.9 Hz), 7.65 (t, 1 H, J = 7.9 Hz), 6.30 (s, 1 1-1), 3.33 (m, 

2 H), 2.18 (s, 3 H), 1.54 (m, 2 H), 0.91 (t, 3 H, J = 7.5 Hz). LC/MS (ES+) 344 

10 (M+H)’, 366 (M+Na)t 

Example 109 

. 5-Cyano-4-methyl-6-(3-nitropbenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-1 - 

carboxylic acid plienylamide 

15 Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 10 % yield 

following the procedure described in Example 27. 

1H-NMR (MeOH-d4, 400 MHz): 8 11.18 (s, 1 H), 8.23 (m, 2 H), 7.81 (d, I H, 3 = 7.9 

Hz), 7.65 (m, 1 H), 7.44 (m, 2 H), 7.31 (t, 2 H, J = 8.3 Hz), 7.11 (t, I H, J = 8.3 Hz), 

20 6.40 (s, I H), 2.23 (s, 3 1-1). LC/MS (ES+) 378 (M+H)1, 400 (M+Na). 

Example 110 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo..3,6-dihydro-2H-pyrimidine-1-

carboxylic acid thiazol-2-ylamide 

25 Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 33 % yield 

following the procedure described in Example 27. 

H-NMR (MeOH-d4, 400 MHz): 8 8,23 (m, 2 H), 7.80 (d, I H, 3 = 7.5 Hz), 7.64 (t, I 

1-I, J = 7.5 Hz), 7.42 (d, I H, J = 4.0 Hz), 7.03 (d, I H, J = 4.0 Hz), 6.36 (s, I H), 2.24 

30 (d, 3 H, 3 = 0.9 Hz). LC/MS (ES+) 385 (M+H)’, 407 (M+Na)t 
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Example 111 

5-Cyano-4-methyl-6-(3-nitropbenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-1 - 

5 

10 

15 

20 

25 

carboxylic acid (2,2,2-tritluoro-ethyl)-amide 

Using 3nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 25 % yield 

following the procedure described in Example 27. 

’H-NMR (DMSO-d6, 500 MHz): 8 10.77 (s, 1 H), 9.23 (t, I 1-I, J = 6.0 Hz), 8.21 (in, 1 

H), 8.09 (s, 1 H), 7.75 (m, 2 1-1), 6.26 (s, 1 Fl), 4.01 (in, 2 H), 2.10 (s, 3 H). 

Example 112 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid cyclopropylamide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 19 % yield 

following the procedure described in Example 27. 

1H-NMR (DMSO-d6, 500 MHz): 8 10.62 (s, 1 H), 8.58 (s, 1 Fl), 8.21 (m, 1 Fl), 8.07 

(d, 114, J = 1.6 Hz), 7.73 (m, 2 H), 6.22 (s, 1 H), 2.62 (m, 1.H), 2.09 (s, 3 H), 0.64 (in, 

2 H), 0.46 (m, 2 H). 

Example 113 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-21{-pyrimidine- 1 -

carboxylic acid (2-hydroxy-ethyl)-amide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 23 % yield 

following the procedure described in Example 27. 

’H-NMR (CIDCI3, 500 MHz): 88.93 (s, 1 H), 8.15 (d, I H, J = 7.9 Hz), 8.07 (s, I H), 

7.68 (d, I 1-I, J = 7.9 Hz), 7.51 (t, 1 H, J = 7.9 Hz), 6.86 (s, I Fl), 6.30 (s, 1 H), 3.67 

(m, 2 H), 3.43 (m, 1 H), 3.36 (m, I 1-1), 2.18 (s, 3 H). LC/MS (ES+) 346 (M+FI). 

I] 
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Example 114 

3-(4,5-Dihydrooxazol-2-yl)-6-methyl-4-(3-nitrophenyl)-2-oxo- 1,2,3,4-

tetrahydropyrimidine-5-carbonitrile 

Prepared from the product of Example 113 (Burgess reagent in refluxing 

5 tetrahydrofuran) in 71 % yield. 

1H-NMR (MeOH-d4, 400 MHz): 88.10 (m, 2 H), 7.66 (d, 1 H, J = 7.9 Hz), 7.56 (t, 1 

H, J = 7.9 Hz), 6.19 (s, I H), 4.04 (m, 2 H), 3.50 (m, I H), 3.39 (m, 1 H), 2.06 (s, 3 

H). LC/MS (ES+) 328 (M+H). 

JO Example 115 

S-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyi-imjdjne-1 - 

carboxylic acid allylamide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 

XXIV was obtained in 92 % yield. The title compound was obtained in 36 % yield 

15 following the procedure described in Example 27. 

’H-NMR (DMSO-d6, 500 MHz): 8 10.65 (s, 1 H), 8.92 (t, 1 H, J = 5.5 Hz), 8.21 (m, 1 

H), 8.08 (s, 1 H), 7.74 (m, 2 H), 6.24 (S. 1 H), 5.81 (m, 1 H), 5.07 (ni, 2 H), 3.78 (m, 2 

H), 2.10 (s, 3 H). LC/MS (ES+) 342 (M+H), 364 (M+Na). 
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What is claimed is: 

1. A compound of formula I 

A2 R 

NC>&N. A4 

RNZ 

its enantiomers, diastereomers, pharmaceutically acceptable salts, prodrugs and 

solvates thereof, wherein 

R1 is selected from the group consisting of hydrogen, alkyl and cycloalkyl; 

R2 and R3 are each independently selected from the group consisting of H, 

alkyl, aryl, heteroaryl, arylalkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl and heteroarylalkyl; or 

R2 and R3 may also be taken together to form a carbocyclic or heterocyclic 

ring; 

R4 is selected from the group consisting of alkyl, arylalkyl, cycloalkylalkyl, 

heteroarylalkyl, heterocycloalkyl, aminoalkyl, heterocycloalkylalkyl, CN, C(0)R5, 

CO2R5 , C(0)SR5 and CONR5R6; 

R5 and R6 are each independently selected from the group consisting of H, 

alkyl, cycloalkyl, hydroxyalkyl, alkenyl,alkoxy, thioalkoxy, alkoxyalkyl, haloalkyl, 

aryl, heteroaryl, arylalkyl, cycloalkylalkyl, heteroarylalkyl and heterocycloalkylalkyl 

or N-R5R6 together form a heterocycloalkyl 

Z is selected from the group consisting of 0. S and NR8; 

R8 is selected from the group consisting of H, CN, sulfonamido, OR7, alkyl, 

cycloalkyl, aryl, arylalkyl, heterocyclyl, heteroaryl and heteroarylalkyl; and 

R7 is selected from the group consisting of H, alkyl, arylalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl and heteroarylalkyl. 

2. The compound of claim I wherein R2 is heteroaryl. 
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3. The compound of claim 2 wherein R3 is H and R2 is an optionally substituted \j 

thiophene, oxazole, isoxazole, or furan. 

4. The compound of claim 2 wherein said heteroaryl is substituted with methyl, 

5 ethyl, halo, haloalkyl, or aryl. 

5. The compound of claim J wherein R3 is 1-1 and R2 is a substituted phenyl 

6. The compound of claim 5 wherein said phenyl is substituted with alkyl, 

10 alkoxy, aikoxyalkyl, cyano, halo, haloalkyl, nitro, amino CO2R5, CONR5R6, 

alkenyloxy, aryloxy, wherein R5 and R6 are, independently, H or alkyl. 

7. The compound of claim 6 wherein said phenyl is substituted with methyl, 

methoxy, F, Cl, CF3, dimethylamimo, or ethoxymethyl. 

15 

8. The compound of claim 1 wherein R1 is alkyl; R2 is selected from the group 

consisting of aryl and heteroaryl; R3 is H; R4 is selected from the group consisting of 

alkyl, arylalkyl, CO2R, and CONR5R6; R5 and R6 are independently selected from the 

group consisting of 1-1, alkyl, aminoalkyl, hydroxyalkyl, phenylaniino and arylalkyl; Z 

20 is selected from the group consisting of 0, S. and NR8; R8 is selected from the group 

consisting of H and CN. 

25 

30 

9. The compound of claim 1 wherein R4 is selected from the group consisting 

of alkyl, arylalkyl, C(0)R5 CO2R5, C(0)SR5 and CONR5R6. 

10. The compound of claim I wherein R4 is CO2R5 ; Z is 0; and R5 is ethyl. 

11. The compound of claim I wherein R4 is CONR5R6; Z is 0; R5 is H and R6 is 

methyl, ethyl, propyl, phenyl, cyclopropyl, hydroxyethyl, thiophene, or 2-propylene.. 

12. The compound of claim I wherein R4 is selected from the group consisting 

of alkyl and arylalkyl, and Z is 0. 
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13. The compound of claim 1 wherein R1 is CH3; R2 is aryl; R4 is CO2R5; R5 is 

alkyl; and Z is 0. 

14. The compound of claim I wherein R1 is CH3; R2 is aryl; R4 is CONR5R6; R5 is 

5 alkyl; R6 is H and Z is 0. 

15. The compound of claim 1 wherein R1is CH3; R2is beteroai-yl; R4 is CO2R5 or 

CONR5R6 R6 is 1-1 and k5 is ethyl. 

10 16. A compound selected from the group consisting of: 

15 

A!] 

25 

30 

5-cyano-3 ,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-thioxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5 -cyano-3 ,6-dihydro-4-methyl-6-(3-nitrophenyl)-2-oxo- 1 -(2H)-pyrimidinecarboxylic 

acid, 1 -ethyl ester; 

5 -cyano-3 ,6-dihydro-4-methyl -6 -(3 -nitrophenyl)-2-oxo- I -(2H)-pyrimidinecarboxylic 

acid, 1 -ethyl amide; 

5-cyano-3 ,6-dihydro-4-meth yl-6 -(3-nitrophenyl)-2-oxo- 1 -(1 -oxobutyl)-(2H)-

pyrimidine; 

5-cyano-3 ,6-dihydro-4-methyl-6-(3-aminophenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 5-cyano-3 ,6-dihydro-4-methyl-6-(3-

aminophenyl) -2-oxo- 1 -(2H)-pyrimidinecarboxyl ic acid, 1 -ethyl ester; 

5-cyano-3 
, 6-dihydro-4-methyl-6-(3-(N,N-dimethyl )aminophenyl)-2-oxo- 1 -(21-I)-

pyrimidinecarboxylic acid, I -ethyl ester; 

5-cyano-3 ,6-di hydro-4-methyl-6-(3-trifluoromethylphen yl )-2-oxo- 1 -(21-1)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-(2,3-dichlorophenyl)-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 5-cyano-3 ,6-dihydro-4-methyl-6-(3-

methoxyphenyl)-2-oxo- 1 -(21-1)-pyrim idinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3 ,6-di hydro-4-methyl -6-(3 ,5-dichlorophenyl )-2-oxo- I -(2H)-

pyrimidinecarboxyl ic acid, 1 -ethyl ester; 5-cyano-3,6-di hydro-4-rneth yl -6-(3 ,4-

dichiorophenyl )-2-oxo- 1 -(2H)-pyrimidinecarboxylic acid, 1 -ethyl ester; 
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5-cyano-3,6-dihydro-4-methyl-6-(3-cyanopheny1)-2-oxo I -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3 ,6-dihydro-4-methy1-6-(4-methoxyphenyJ)2-oxo- 1 -(211)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5 5-cyano-3 ,6-dihydro-4-rnethyl-6-(4-methylphenyl)-2-oxo- I -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

PCT/US02/09497 

’N 

5-cyano-3 ,6-dihydro-4-methyl-6-cyclohexyl-2-oxo- 1 -(2H)-pyrimidinecarbox ylic acid, 

1 -ethyl ester; 

5-cyano-3 ,6-dibydro-4-methyl-6-phenyl-2-oxo- 1 -(2H)-pyrimidi necarboxylic acid, 1-

10 ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-(2-methylphenyl)-2-oxo- 1-(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3 ,6-dihydro-4-methyl-6-(3-chlorophenyl )-2-oxo- 1 -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

15 5-cyano-3 ,6-dihydro-4-n-iethyl-6-(3-fluorophenyl)-2-oxo- I -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3 ,6-dihydro-4-methyl-6-(4-chj orophenyl)-2-oxo- I -(2H)-

pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro-4-methyl-6-(4-f1uoropheny1)2oxo 1-(2H)-

20 pyrimidinecarboxylic acid, 1 -ethyl ester; and 

5-cyano-3,6-dihydro-4-methyl-6-(2-fluorophenyl)-2-oxo- 1 -(2H)-

pyriinidinecarboxylic acid, 1 ethyl ester; 

6-(3,5-Bis-trifluoromethyJpheny1)-5-cyano4-methyl2oxo36djhydro2H.. 

pyrirnidine-1-carboxylic acid ethyl ester; 

25 6-Butyl-5-cyano-4-methyl-2-oxo-3,6-d1hydro-211-pyrjmjdine 1 -carboxylic acid ethyl 

ester; 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo3,6-djhydro2j-pyrj midi ne-i - 

carboxylic acid methylamide; 

5-Cyano-4-methyl-2-oxo-6-phenyl-3 ,6-dihydro-2H-pyrirnidine- I -carboxylic 

30 acid ethylamide; 
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5-Cyano-6-(3,5-dichlorophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -
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carboxylic acid 2-methoxy-ethyl ester; 

5-Cyano-4-methyl-2-oxo-6-(3--trifluoromethylphenyl)-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

5-Cyano6-(3 ,5-dichlorophenyl)-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

3-Butyryl-4-(3 ,5-dichlorophenyl)-6-methyl-2-oxo- 1 ,2,3,4-tetrahydropyrirrüdine-5-

carbonitrile; 

5-Cyano-4-methyl-2-oxo-6-(3-trifluoromethylphenyl)-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid (2-dimethylamino-ethyl)-amide; 

5-Cyano-4-methyl-2-oxo-6-(3-tirifluoromethylphenyl)-3,6-dihydro-21-J-pyrimidine- 1-

carbothioic acid S -ethyl ester; 

5-Cyano-4-methyl-2-oxo-6-(3 -trifluoromethylphenyl)-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid (2-hydroxy-ethyl)-amide; 

4-(3 ,5-Dichlorophenyl)-6-methyl-2-oxo-3-(thiophene-2-carbonyl)- 1,2,3,4-

tetrahydropyrimidine-5-carbonitrile; 

5-Cyano-6-(3,5-difluorophenyl)-4-rnethyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 5-Cyano-6-(3,5-difluorophenyl)-4-methyl-2-oxo-3 ,6-

di hydro-2H-pyrimidine- 1 -carboxylic acid ethyl ester 

4-(3,5 -Di fluoropheæy1)-6methyl-2-oxo-3-(piperidine- 1 -carbonyl)- 1,2,3,4-

tetrahydropyrimidine-5-carbonitrile; 4-(3 ,5-Difluorophenyl)-6-methyl-2-oxo-3-

(pyrrolidi ne-i -carbonyl)- 1,2,3 ,4-tetrahydropyrimidine-5-carbonitrile 

5-Cyano-4-rnethyl-6-naphthalen- 1 -yl-2-oxo-3 ,6-dihydro-2H-pyrirnidine- 1 -carboxyl ic 

acid ethyl ester; 5-Cyano-4-rnethyl-6-n aphthalen- I -yl-2-oxo-3 ,6-di hydro-2J-1-

pyri midi ne-I -carboxylic acid ethylamide; 6-(3-Bromophenyl)-5-cyano-4-methyl--2-

oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic acid ethyl ester; 6-(3-Bromophenyl)-5-

cyano-4-rnethyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -carboxylic acid ethylamide-, 5-

Cyano-4-methyl-2-oxo-6-(2-trifluoromethylphenyl)-3,6-dihydro-2H-pyrirnidine- 1 -

carboxylic acid ethyl ester; 5-Cyano-4-methyl-2-oxo-6-(2-trifluoromethylphenyl)-3 ,6-

dihydro-2H-pyrirnidine- I -carboxylic acid ethylamide; 5-Cyano-6-(3-

methox ycarbonylphenyl)-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrirnidine- 1 -carboxylic 

fl 
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acid ethyl ester; 3-(5-Cyano-3-ethylcarbamoyl-6-methyl-2-oxo- 1,2,3,4-

tetrahydropyrimidi n-4-yl)-benzoic acid methyl ester 

6-Butyl-5-cyano-4-inethyl-2-oxo-3,6-dihydro-2H-pyri midine- 1 -carboxylic acid 

ethylamide; 

5 6-(3 ,5-Bi s-trifluoromethylphenyl )-5 -cyano-4-methyl-2-oxo-3 ,6-dihyclro-2H-

pyrirnidine- 1 -carboxylic acid eth ylamide; 

6-(2 ,5-Bis-trifl uoromethylphenyl)-5-cyano-4-rnethyl -2-oxo-3 ,6-dihydro-2H-

pyrimidine-1 -carboxylic acid ethylamide; 

6-(2,5-Bis-trifluoromethylphenyl)-5-cyario-4-methyl-2-oxo-3 ,6-dihydro-2H-

10 pyrirnidine- 1 -carboxylic acid ethyl ester; 

5-Cyano-6-(3-ethylcarbamoylphenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylarnide; 

. 5 -Cyano-6-(3 -cyano-4-fl uorophenyl)-4-meth yl-2 -oxo-3 ,6-dihydro-2H-pyrimidi ne-i - 

carboxylic acid ethylamide; 

15 5 -Cyano- 6-(3-cyano-4-fl uorophen yl)-4-methyl -2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

5-Cyano-6-(2,2-dimethylpropyl)-4-rnethyl-2-oxo-3,6-dihydro-21-I-pyrimidine- I -

carboxylic acid ethylamide; 

5-Cyano-6-cyclopropyl -4-methyl-2-oxo-3 ,6-dihydro-21-I-pyrimidine- 1 -carboxylic acid 

20 ethyl ester; 

5-Cyano-6-cyclopropyl-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-carboxylic acid 

ethyiamide; 

5-Cyano-6-(2 -fluoro-5 -trifluoromethylphenyl)-4-methyi -2-oxo-3 ,6-dihydro-2H-

pyrimidine- I -carboxylic acid ethylamide; 

25 5-Cyano--6-(2-fluoro-5-irifluoromethylphenyl)-4-rnethyl-2-oxo-3,6-dihydro-2H-

pyrirnidine- 1 -carboxyl ic acid ethyl ester; 

5-Cyano-6--isopropyl-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- I -carboxylic acid 

ethyl ester; 

5-Cyano-4-methyl-6-naphthalen-2-yJ-2--oxo-3,6-dihydro-2H-pyrirnidine-1-carboxylic 

30 acid ethyl ester; 
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5-Cyano-6- {3-(2-hydroxyethylcarbamoyl)-phenyl]-4-methyl-2-oxo-3 ,6-dihydro-2H-

pyrimidine- 1 -carboxylic acid ethylamide; 

5-Cyano-6-(2-methoxyphenyl)-4-rnethyl-2-oxo-3 ,6-dihydro-2H-pyrirnidine- 1 -

carboxylic acid ethyl ester; 

5-Cyano-6-(2-methoxyphenyl)-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine- I -

carboxylic acid ethylamide; 

6-(2-Allyloxyphenyl )-5-cyano-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine- I -

carboxylic acid ethyl ester; 

6-(2-Allyloxyphenyl)-5-cyano-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

6-(2-Bromophen yl)-5-cyano-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

6-(2-Bromophenyl)-5-cyano-4metby1-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylaniide 

5-Cyano-6-(3-methoxyphenyl)-4-methyl-2-oXo-3,6-dihYdro-21J-PYrimidifle 1 -

carboxylic acid ethylamide 

6-(2-Benzyloxyphen yl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester 

6-Benzyloxymethyl -5-cyano-4methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide 

6-Benzyloxymethyl-5-cyano-4-methyl-2-oxO-3,6-dihydrO-2H-PYrimldifle-1-

carboxylic acid ethyl ester; 

6(3Bromo-4-f1uoropheny1)-5-cyano-4-methyl-2-ox0-3,6-dihydr0-2H-PYri1flidine- I  - On 
carboxylic acid ethylamide; 

6-(3-Brotno-4-fluorophenyl)-5-cyano-4-methyl-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid cyclopropylamide; 

6(5Bromo2  flu orophenyl)-5-cyano-4 -methyl -2-OXO-3,6-dihYdr02UPYrim1 dine- l 

carboxylic acid ethylamide; 

carboxylic acid cyclopropylamide; 
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5-Cyano-6-(3,5-dibromophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-1 - � 

carboxylic acid ethylamide; 

5-Cyano-4-methyJ-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimi dine- l -carboxylic 

acid cyclopropylmethylamide; 

5 5-Cyano-4-methyl-2-oxo-6-phenethyloxymethyl-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

5Cyano-4-methyl-2-oxo-6-phenethyl-3 ,6-dihydro-2H-pyrimidine- 1 -carboxylic acid 

ethylaniide; 

5-Cyano-4-methyl-2-oxo-6-thiophen-3-yl-3,6-dihydro-2H-pyrimidine-1-carboxylic 

10 acid ethyl ester; 

5-Cyano-4-methyl-6-(5-rnethylisoxazol-3-yl)-2-oxo-3,6-dihydro-2H-pyrimidine-1-

carboxylic acid ethyl ester; 

. 5-Cyano-6-(3,5 -di methyl i sox azol-4-yl)-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-

1-carboxylic acid ethyl ester; 

15 5-Cyano-4-methyl-2-oxo-6-thiopheri-2-yl -3,6-dihydro-2H-pyrimidine- 1 -carboxylic 

acid ethyl ester; 

5-Cyano-4-methyl-6-(3-methylthiophen-2-yi)-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

5-Cyano-4-methyl-6--(3-methylthiophen-2-yI)-2-oxo-3,6-dihydro-2H-pyrimidine- I - 

20 carboxylic acid ethyl ester; 

5-Cyano-4-methyl-6-(2-rnethylthiazol-4-yl)-2-oxo-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethyl ester; 

6-(4-Bromothiophen-2-yl)-5-cyano-4-rnethyl-2-oxo-3,6-dihydro-2H-pyrimidine-1-

Scarboxylic acid ethylamide; 

25 6-(4-Bromothiophen-2--yl)-5-cyano-4-methyl-2-oxo--3,6-dihydro-2H-pyrimidine-1 - 

carboxylic acid ethyl ester; 

5-Cyano-4-rnethyl -2-oxo-6- [2-(4--trifl uoromethylphenyl)-thiazol-4-yI ]-3,6-dihydro-

2H-pyrirnidine- 1 -carboxylic acid ethyl ester; 

6-[5-(4-Chlorophenyl)-oxazol-4-yl]-5-cyano-4-rnethyl-2-oxo-3,6-dihydro-21-l-

30 pyriniidine-1-carboxylic acid ethyl ester; 

6-(2-Bromothiazol-5-yl)-5-cyario-4-rnethyl-2-oxo-3,6-dihydro-2H-pyrirnidine-1-

carboxylic acid ethyl ester; 
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5-Cyano-4-rnethyl-2-oxo-6-(4-phenylthiophen-2-yl )-3 ,6-dihydro-2F1-pyrimidine- 1 -

carboxylic acid ethylamide; 

6- [5-(4-Chlorophenyl)-furan-2-yl]-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrirnidine-

I -carboxylic acid ethylamide; 

5-Cyano-4-methyl-2-oxo-6-(4-trifluoromethylthiazol-5-yl)-3 ,6-dihydro-2H-

pyrimidine- 1 -carboxylic acid ethyl ester; 

5-Cyano-4-methyl-2-oxo-6-(4-trifluoromethylthiazol-5 -yl)-3 ,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylamide; 

5-Cyano-6- [5-(4-methanesuifon ylphenyfl-oxazol-4-yl] -4-methyl-2-oxo-3 ,6-dihydro-

21-1-pyrimidine- 1 -carboxylic acid ethylamide; 

6- [5-(4-Chlorophenyl)-oxazol-4-yl]-5-cyano-4-methyl-2-oxo-3 ,6-dihydro-2H-

pyrimidine- 1 -carboxylic acid ethylamide; 

5-Cyano-4-methyl-2-oxo-6- [5-(4-trifluoromethylphenyl)-oxazol-4-yl]-3,6-dihydro-

2Wpyrimidine- 1 -carboxyl ic acid ethylamide; 

5-Cyano-4-methyl-2-oxo-6-(5-phenyloxazol-4-yl)-3,6-dihydro-2H-pyrimidine- 1 -

carboxylic acid ethylamide; 

5-Cyano-4-methyl-6-[5-(4-nitrophenyl)-oxazol-4-yl] -2-oxo-3 ,6-dihydro-2H-

pyrimidine-1-carboxylic acid ethylaniide; 

5-(4-Chlorophenyl)-2-(5-cyano-3-ethylcarbamoyl-6-methyl-2-oxo- I ,2,3,4-

tetrahydropyrimidin-4-yl)-furan-3-carboxylic acid ethyl ester; 

5-Cyano-4-rnethyl-2-oxo-6-(5-pyridin-3-yloxazol-4-yI )-36-dihydro-2H-pyrimidine-

1-carboxylic acid ethylamide; 

5-Cyano-4-rnethy1-2-oxo-6-(4-phenylthiazoI-5-y1)-36-dihydro-2H-pyrimidine- I 
- 

carboxylic acid ethylamide; 

[5-Cyano-4-rnethyI-6-(3-nitrophenyI)-2-oxo-36-dihydro-2H-pyrimidin-1-yl]-acetic 

acid tert-butyl ester; 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine- I -carboxylic 

acid isopropylamide; 

5-Cyano-4-methyl-6-(3-ni trophenyl)-2-oxo-3,6-dihydro-2H-pyrirnidine- 1 -carboxylic 

acid propylarnide; 

5-Cyano-4-rnethyl-6-(3-nitrophenyl)-2-oxo-3 ,6-dihydro-2H-pyriniidine- 1 -carboxyl ic 

acid phenylamide; 
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5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyriniidine- 1 -carboxylic \ j 

acid thiazol-2-ylamide; 

5-Cyano-4-metbyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-1-carboxylic ’ 

acid (2,2,2-trifluoro-ethyl)-amide; 

5 5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3 ,6-dihydro-2H-pyrimidine- 1 -carboxylic 

acid cyclopropylarnide; 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2 -oxo-3 ,6 -dihydro-2H-pyrimidine- I -carboxylic 

acid (2-hydroxy-ethyl)-amide; 

3 -(4,5-Dihydrooxazol -2-yl)-6-methyl-4-(3 -nitrophenyl) -2 -oxo- 1,2,3,4-

10 tetrahydropyrimidine-5-carbonitrile; and 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyriniidine-1-carboxylic 

acid allylamide. 

17. A pharmaceutical composition comprising a compound of claim 1 and a 

15 pharmaceutically acceptable carrier. 

18. The pharmaceutical composition of claim 17 further comprising at least one 

other anti -cancer agent formulated as a fixed dose. 

20 19. A method for treating a proliferative disease via modulation of the Eg5 motor 

protein comprising administering to a mammalian species in need of such treatment 

an effective amount of at least one compound of claim 1. 

S20. The method according to claim 19 further comprising administering to said 

25 mammalian species at least one other anti -cancer agent. 

21. The method according to claim 19 wherein the proliferative disease is 

cancer. 

30 22. A method for treating a proliferative disease by inducing apoptosis 

comprising administering to a mammalian species an effective amount of a compound 

of claim I. 
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23. The method according to claim 22 further comprising administering to said 

mammalian species at least one other anti-cancer agent. 

5 24. The method according to claim 22 wherein the proliferative disease is 

cancer. 

25. A method of preparing a compound having the formula: 

R2 A3 
NC 

NH 

Y. "’?"O 

XXIV 

wherein 

R1 is selected from the group consisting of hydrogen, alkyl and cycloalkyl; 

15 R2 and R3 are each independently selected from the group consisting of H, 

alkyl, aryl, heteroaryl, arylalkyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl and heteroarylalkyl; or 

R2 and R3 may also be taken together to form a carbocyclic or heterocyclic 

ring; 

20 comprising contacting a compound having formula R2COR3 with a compound having 

the formula R1COCH2CN or a compound having the formula 

00 

RJIJ?NH2 

in the presence of polyphosphate ester and urea to form 

R2 R3 
NCH 

R1JN’O 

25 XXIV 
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26. The method of claim 25 further comprising contacting compound XXFV witI< 

R4-X in the presence of a base wherein R4is alkyl or acyl, and X is a leaving 

group, or wherein R4X is isocyanate or haloformate to yield a compound 

having formula l 

H2 R3 

NCXN.. R4 

;?
 

I 

Sb 

S 

15 

20 

25 

30 


