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INHIBITORS OF GLYCOGEN SYNTHASE KINASE 3

Field of the Invention
This invention relates to new pyrimidiﬁe and pyridine derivatives that inhibit the
activity of glycogen synthaée kinase 3 (GSKS) and to pharmaceutical compositions
containing the compounds and to the use of the compounds and compositions, alone or in
combination with other pharmaceutically active agents. The compounds and compositions

" provided by the present invention have utility in the treatment of disorders mediated by

GSK3 activity, such as diabetes, Alzheimer’s disease and other neurodegenerative
disorders, obesity, atherosclerotic cardiovascular disease, essential hypertension, polycystic
ovary syndrome, syndrome X, 'is'chemia, especially cerébr'ai ischemia, traumatic brain
injury, bipolar disorder, immunodeficiency and cancer.

Backg;dund of the Invention
Glycogen synthase kinase 3 (GSK3) is a serine/threonine kinase for which two

isoforms, o and B, have been identified. Woodgett, Trends Biochem. Sci., 16:177-81
(1991). Both GSK3 isoforms are constitutively active in resting cells. GSK3 was originally
identified as a kinase that inhibits glycogen synthase by direct phosphorylation. Upon
insulin activation, GSK3 is inactivated, thereby allowing the activation of glycogen
synthase and possibly other inéulin—dependent events, “such glucose transport.
Subsequently, it has been shown that GSK3 activity is also inactivated by other growth

_factors that, like insulin, signal through receptor tyrosine kinases (RTKs). Examples of

such signaling molecules include IGF-1 and EGF. Saito et al., Biochem. J., 303:27-31
(1994); Welsh et al., Biochem. J. 294:625-29 (1993); and Cross et al., Biochem. J., 303:21-
26 (1994).
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Agents that inhibit GSK3 activity are useful in the treatment of disorders that are
mediated by GSK3 activity. In addition, inhibition of GSK3 mimics the activation of

growth factor signaling pathways and consequently GSK3 inhibitors are useful in the.

treatment of diseases in which such pathways are insufficiently active. Examples of
diseases that can be treated with GSK3 inhibitors are described below.

Diabetes.

Type 2 diabetes is an increasingly prevalent disease of aging. It is initially
characterized by decreased sensitivity to insulin and a compensatory elevation in
circulating insulin concentrations, the latter of which is required to maintain normal blood
glucose levels. Increased insulin levels are caused by increased secretion from the
pancreatic beta cells, and the resulting hyperinsulinemia is associated with cardiovascular
complications of diabetes. As insulin resistance worsens, the demand on the pancreatic
beta cells steadily increases until the pancreas can no longer provide adequate levels of
insulin, resulting in clevated levels of glucose in the blood. Ultimately, overt
hyperglycemia and hyperlipidemia occur, leading to the devastating long-term
complications associated with diabetes, including cardiovascular disease, renal failure and
blindness. The exact mechanism(s) causing type 2 'diabetes are unknown, but result in
1mpa1red glucose transport into skeletal muscle and increased hepatic glucose production,
in addition to inadequate insulin response. Dletary modifications are oﬁen ineffective,
therefore the majority of patients ultimately require pharmaceut1cai intervention in an effort
to prevent and/or slow the progression of the complications of the disease. Many patients
can be treated with one or more of the many oral antl-dxabetlc agents available, including
sulfonylurea_s, to increase insulin secretion. Examples of sulfonylurea drugs include
metformin for suppression of hepatic glucose producti_én, and troglitazone, an insulin-
sensitizing medication. Despite the utility of these égents, 30-40% of diabetics are not
adequately controlled using these medications and require subcutaneous insulin injections.
Additionally, each of these therapies has associated side effects.  For example,
sulfonylureéls can cause hypoglycemia and troglitazone can cause severe hepatoxicity.
Presently, there is a need for new and improved drugs for the treatment of prediabetic and
diabetic patients. '

As described above, GSK3 inhibition stimulates insulin-dependent processes and is
consequently useful in the treatment of type 2 diabetes. Recent data obtained using lithium
salts provides evidence for this notion. The lithium jon has recently been reported to
inhibit GSK3 activity. Klein et al., PNAS 93:8455-9 (1996). Since 1924, lithium has been
reported to have antidiabetic effects including the ability to reduce plasma glucose levels,
increase glycogen uptake, potentiate insulin, up-regulate glucose synthase activity and to
stimulate glycogen synthesis in skin, muscle and fat cells. However, lithium has not been
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widely accepted for use in the inhibition of GSK3 activity, possibly because of its
documented " effects on molecular targets other than GSK3. The purine analog 5-
iodotubercidin, also a GSK3 inhibitor, likewise stimulates glycogen synthesis and.
antagonizes inactivation of glycogen synthase by glucagon and vasopressin in rat liver
cells. Fluckiger-Isler et al., Biochem J 292:85-91 (1993); and Massillon et al., Biochem J
299:123-8 (1994). However, this compound has also been shown to inhibit other
serine/threonine and tyrosine kinases. Massillon et al., Biochem J 299:123-8 (1994).

Alzheimer’s Disease. ’
GSKS3 is also involved in biological pathways relating to Alzheimer’s disease (AD).

‘The characteristic pathological features of AD are extracellular plaques of an abnormally

processed form of the amyloid precursor protein (APP), so called B-amyloid peptide (B-AP)
and the development of intracellular neurofibrillary tangles containing paired helical
filaments (PHF) that consist largely of hyperphosphorylated tau protein. GSK3 is one ofa
number of kinases that have been found to phosphorylate tau protein in vifro on the
abnormal sites characteristic of PHF tau, and is the only kinase also demonstrated to do this
in living cells and in animals. Lovestone et al., Current Biology 4:1077-86 (1994); and
Brownlees et al., Neuroreport 8: 3251-3255 (1997). Furthermore, the GSK3 kinase
inhibitor, LiCl, blocks tau hyperphosphorylation in cells. Stambolic et al, Current Biology
6:1664-8 (1996). Thus GSK3 acti\}ity may contribute to the genefation of neurofibrillary
tangles and consequently to disease prbgression. Recently it has been shown that GSK38
associates with another key protein in AD pathogenesis, presenillin 1 (PS1). Takashima
et., PNAS 95:9637-9641 (1998). Mutations in the PS1 gene lead to increased production of
B-AP, but the authors also demonstrate that the mutant PS1 proteins bind more tightly to
GSK38 and potentiate the phosphorylation of tau, which is bound to the same region of
PS1.

Interestingly it has also been shown that another GSK3 substrate, B-catenin, binds
to PS1. Zhong et al., Nature 395:698-702 (1998). Cytosolic B-catenin is targeted for
degradation upon phosphorylation by GSK3 and reduced B-catenin activity is associated
with increased sensitivity of neuronal cells to B-AP induced neuronal apoptosis.
Consequently, increased association of GSK3B with mutant PS1 may account for the
reduced levels of B-catenin that have been observed in the brains of PS1-mutant AD
patients and to the disease related increase in neuronal cell-death. Consistent with these
observations, it has been shown that injection of GSK3 antisense but not sense, blocks the
pathological effects of B-AP on neurons in vitro, resulting in a 24 hr delay in the onset of
cell death and increased cell survival at 1 hr from 12 to 35%. Takashima et al., PNAS
90:7789-93. (1993). In these latter studies, the effects on cell-death are preceded (within 3-
6 hours of 3-AP administration) by a doubling of intracellular GSK3 activity, suggesting
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that in addition to genetic mechanisms that increase the. proximity of GSK3 to its
substrates, B-AP may actually increase GSK3 activity. Further evidence for a role for

 GSK3 in AD is provided by the observation that the protein expression level (but, in this-
- case, not specific activity) of GSK3 is increased by 50% in postsynaptosomal supernatants

of AD vs. normal brain tissue. Pei et al., J Neuropathol Exp 56:70-78 {1997). Thus, it is
bel_ievéd that specific inhibitors of GSK3 will act to slow the progression of Alzheimer’s
Disease.

Other CNS disorders ’

~ In addition to the effects of lithium described above, there is a long history of the
use of lithium to treat bipolar disorder (manic depressive syndrome). This clinical
respo'nse to lithium may reflect an involvement of GSK3 activity in the etiology of bipolar
disorder, in which case GSK3 inhibitors could be relevant to that indication. In support of
this notion it was recently shown that valproate, another drug commonly used in the
treatment of bipolar disorder, is also a GSK3 inhibitor. ' Chen et al., J. Neurochemistry

72:1327-1330 (1999). One mechanism by which lithium and other GSK3 inhibitors may

act to treat bipolar disorder is to increase the survival of neurons subjected to aberrantly
high levels of excitation induced by the neurotransmitter, glutamate. Nonaka et al., PNAS

95: 2642-2647 (1998). Glutamate-induced neuronal excitotoxicity is also believed to bea - -

major cause of néurodegeneration associated with acute ‘damage, such as in cerebral
ischemia, traumatic brain injury and bacterial infection. Furthermore it is believed that
excessive glutamate signaling is a factor in the chronic neuronal damage seen in diseases
such as Alzheimer’s, Huntingdon’s, Parkinson’s, AIDS associated dementia, amyotrophic
lateral sclerosis (AML) and multiple sclerosis (MS). Thomas, J Am. Geriatr. Soc. 43:
1279-89 (1995). Consequently GSK3 inhibitors are believed to be a useful treatment in
these and other neurodegenerative disorders.

Immune potentiation : _
GSK3 phosphorylates transcription factor NF-AT and promotes its export from the

nucleus, in opposition to the effect of calcineurin. Beals et al., Science 275:1930-33 (1997).
Thus, GSK3 blocks early immune response gene aciivation via NF-AT, and GSK3
inhibitors may tend to permit or prolong activation of immune responses. Thus GSK3
inhibitors are believed to prolong and potentiate the immunostimulatory effects of certain
cytokines, and such an effect may enhance the potential of those cytokines for tumor
immunotherapy or indeed for immunotherapy in general.

Other disorders .
Lithium also has other biological effects. It is a potent stimulator of hematopoiesis,

both in vitro and in vivo. Hammond et al., Blood 55: 26-28 (1980). In dogs, lithium
carbonate eliminated recurrent neutropenia and normalized other blood cell counts. Doukas



10

15

20

25

30

-5-

WO 99/65897 SR . PCT/US99/13809

et al. Exp Hematol 14: 215-221 (1986). If these effects of lithium are mediated through the

inhibition of GSK3, GSK3 inhibitors may have even broader applications.

Since inhibitors of GSK3 are useful in the treatment of many diseases, the -

~ identification of new inhibitors of GSK3 would be highly desirable,

Summary of the Invention

It has now been surprisingly discovered that glycogen synthase kinase 3 (GSK3)
activity can be inhibited in vitro or in vivo by certain pyrimidine and pyridine based

- derivatives. Accordingly, the present invention provides new compounds, compositions

and methods of inhibiting the activity of GSK3 in vifro and of treatment of GSK3 mediated
disorders in vivo. In one aspect, the present invention provides new compounds having
GSK3 inhibition activity of the following formula (I):

R
R : R IR4 '
| A )I(YN\ Ry
R, | Ryl
Ry 2R, 4w\2fR‘
: Rs

)
wherein:

W is optionally substituted carbon or nitrogen;

X and Y are independently selected from the group consisting of nitrogen, oxygen,
and optionally substituted carbon;

A is optionally substituted aryl or heteroaryl;

Ry, Ry, R3 and Ry are independently selected from the group consisting of hydrogen,

hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, alkylaminoalkyl,
loweralkoxy, amino, alkylamino, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl,
heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and heteroaryl, and R';, R, R'3 and R's are
independently selected from the group consisting of hydrogen, and optionally substituted
loweratkyl; _
Rs and R; are independently selected from the group consisting of hydrogen, halo,
and optionally substituted loweralkyl, cycloalkyl, alkoxy, amino,
aminoalkoxy,alkylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino, hetero-
arylcarbonylamino, heteroaralkylcarbonylamino, cycloimido, heterocycloimido, amidino,
cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl, heteroaryl, heterobiaryl,
heterocycloalkyl, and arylsulfonamido;

Ry is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, nitro,
amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl,
loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl,
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heteroarall(ylcarbonyl,alkylcaitbonyloxy, ' arylcarbonyloxy, aralkylcarbonyloxy,
heteroarylcarbonyloxy, hétéroatalkyl;:a’rbonyloXy,’ * alkylaminocarbonyloxy, arylamino-

carbonyloxy, formyl, loweralkylcarbonyl, loweralkoxycarbdnyl, aminocarbonyl, aminoaryl, -

alkylsulfonyl, sulfonamido, aminoalkoxy,  alkylamino, = heteroarylamino,
alkylcarbonylamino, 'alkylaminocarbonylamino, arylaminocarbonylamino,  aralkyl-
carbonylamino, heteroarylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino
cycloamido, cyclothioamido, cycloamidino, - heterocycloamidino, cycloimido,
heterocycloimido, guanidinyl, aryl, heteroaryl heterocyclo, heterocycloalkyl, arylsulfonyl

_ and arylsulfonamido;

and the pharmaceutically acceptable salts thereof
Presently particularly preferred and novel compounds of the invention are provided
by the compounds of formulas (IV) and (V):

Rs _ R1s
Re~ ~# N . R, R1s Rq2
| 2 F
X
N l;l/\/ \"/N\ Ryq
Ri Ry N . Rio
6
" Rs av)
Ry
~

wherein X, R;-R¢, and Rg-R4 have the meanings described above, and R;s is selected from
the group consisting of hydrogen, nitro, cyano, amino, alkyl, halo, haloloweralkyl,
alkyloxycarbonyl, aminocarbonyl, alkylsulfonyl and arylsulfonyl, and the pharmaceutically
acceptable salts thereof. |

The methods, compounds and compositions of the invention may be employed
alone, or in combination with other pharmacologically active agents in the treatment of
disorders mediated by GSK3. activity, such as in the treatment of diabetes, Alzheimer’s
disease and other neurodegenerative disorders, obesity, atherosclerotic cardiovascular
disease, essential hypertension, ‘polycystic ovary syndrome, syndrome X, ischemia,
especially cerebral ischemia, traumatic brain injury, bipolar disorder, immunodeficiency or

cancer.
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Detailed Description of the Preferred Embodiment
In accordance with the present invention, compounds, compositions and methods
are provided for the inhibition of glycogen synthase kinase 3 (GSK3) activity, either in -
vitro or in vivo. In one aspect, the present invention provides new compounds having -
GSK3 inhibition activity of the following formula (I): | '

R
Ry | Ry '
, A )I(_\"/N\. Ry
n R2 R :
_ Rs
wherein:

W is optionally substituted carbon or nitrogen;
X and Y are independently selected from the group consisting of nitrogen, oxygen,

@

and optionally substituted carbon;

A is optionally substituted aryl or heteroaryl; :

Ry, Rz, R3 and Ry are independently selected from the group consisting of hydrogen,
hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, alkylaminoalkyl,

_ loweralkoxy, amino, alkylamino, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl,

heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and heteroaryl, and R';, R'2, R'; and R'4 are
independently selected from the group consisting of hydrogen, and optionally substituted
loweralkyl;

Rs and Ry are independently selected from the group consisting of hydrogen, halo,
and optionally substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, alkylamino,
aralkylamino, heteroaralkylamino, | arylamino, heteroarylamino cycloimido,
heterocycloimido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl,
heteroaryl, heterobiaryl, heterocycloalkyl, and arylsulfonamido;

R is selected from the gioup consisting of hydrogen, hydroxy, halo, carboxyl, nitro,
amino, amido, amidino, iniido, cyano, and substituted or unsubstituted Joweralkyl,
loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroaryicarbonyl,
heteraralkylcarbonyl,alkylcarbonyloxy, arylcarbonyloxy, aia]kylcarbonyloxy, alkylamino-
carbonyloxy, arylaminocarbonyloxy, formyl, loweralkylcarbonyl, loweralkoxycarbonyl,
aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy, alkylamino,
heteroarylamino, alkylcarbonylamino, alkylaminocarbonylémino, arylaminocarbonylamino,

‘aralkylcarbonylamino, heteroaralkylcarbohylamino, arylcarbonylamino,

heteroarylcarbonylamino cycloamido, 'cyclothioarnido, cycloamidino, heterocycloamidino,
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cycloimido, heterocyc101m1do, guamdlnyl aryl heteroaryl heterocyclo, heterocycloalkyl
arylsulfonyl and arylsulfonam:do,

and the pharmaceutxcally acceptable sa]ts thereof. _

In one presently preferred embodiment of the invention, at least one of X and Y is
nitrogen. Representatlve compounds of this group 1nclude those compounds in which one

ofXand Y is nitrogen and the other of X and Y is oxygen or optionally substituted carbon.

Preferably, both X and Y are nitrogen.

The constituent A can be an aromatic ring having from 3 to 10 carbon ring atoms
and optionally 1 or more ring heteroatoms. Thus, in one embodiment, A can be optionally
substituted carbocyclic aryl. Alternatively, A is optionally substituted heteroaryl, such as,
for example, substituted or unsubstituted pyridyl, pyrimidinyl, thiazolyl, indolyl,
imidazolyl, oxadiazolyl, tetrazblyl, pyrazinyl, triazolyl, thiophenyl, furanyl, quinolinyl,
purinyl, naphthyl, benzothiazolyl, benzopyridyl, and benzimidazolyl, which may

* substituted with at least one and not more than 3 substitution groups. Representative

substitution groups can be independently selected from the group consisting of, for
example, nitro, amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino,
imidino, guanidino, ' sulfonamido, carboxyl, formyl, loweralkyl, - haloloweralkyl,

- loweralkoxy,  haloloweralkoxy, loweralkoxyalkyl, loweralkylaminoloweralkoxy,

loweralkylcarbonyl, loweraral!cylcarbonyl, lowerheteroaralkylcarbonyl,  alkylthio,

‘aminoalkyl and cyanoalkyl.

In a presently particularly preferred embodiment of the invention, A has the

. formula:

R
Rg Z rl
N
. | an
wherein Rg and Ry are independently selected from the group consisting of hydrogen, nitro,

amino, cyano, halo, thicamido, amidino, oxamidino, alkoxyamidino, imidino, guanidinyl,

- sulfonamido, carboxyl, formyl, lowerallgyl, halo'loweralkyl, loweralkoxy, haloloweralkoxy,

loweralkoxyalkyl, loweralkylaminoloweralkoxy, loweralkylcarbonyl, loweraralkylcarbonyl,
lowerheteroaralkylcarbonyl, alkylthlo, aryl and, aralkyl. Most preferably, A is selected

| from the group consisting of nitropyridyl, aminonitropyridyl, cyanopyridyl, cyanothiazolyl,

aminocyanopyridyl, tnﬂuoromethylpyndyl, methoxypyr_ldyl, methoxynitropyridyl,
methoxycyanopyridyl and nitrothiazolyl.

In other embodiments of the invention at least one of R., Ry, R3 and R4 may be
hydrogen or unsubstituted or substituted loweralkyl selected from the group consxstmg of
haloloweralkyl,  heterocycloaminoalkyl, and loweralkylaminoloweralkyl; or
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loweralkylaminoloweralkyl. Presently preferred embodiments of the invention include
compounds wherein R;, Rz, and R; are hydrogen and R4 is selected from the group
consisting of hydrogen, methyl, ethYl, aminoethyl, dimethylaminoethyl, pyridylethyl, -
piperidinjrl, pyrrolidinYléthyl, piperazinylethyl and morpholinylethyl. :

Other presently preferred compounds of the invention include compounds of
formula (I) wherein at least one of Rs and Ry is selected from the group consisting of
substituted and unsubstituted aryI, heteroaryl and biaryl. In preseritly preferred
embodiments, at least one of Rs and Ry is a substituted or unsubstituted moiety of the
formula: | '

Ri3
R12

R11

Rqo

(111
wherein Ryo, Ri1, R, Ri3, and Ry4 are independently selected from the group consisting of
hydrogen, nitro, amino, cyano, halo, thioamido, carboxyl; hydroxy, and optionally
substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyl, haloloweralkoxy,
aminoalkyl, alkylamino, alkylthio, alkylcarbonylamino, aralkylcarbonylamino,
heteroaralkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino aminocarbonyl,
loweralkylaminocarbonyl, aminoaralkyl, , loweralkylaminoalkyl, aryl, heteroaryl,
cycloheteroalkyl, aralkyl, alkyléarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy,
arylcarbonyloxyalkyl, alkylcarbonyloxyalkyl, heteroarylcarbonyloxyalkyl,
aralkycarbonyloxyalkyl, and heteroaralkcarbonyloxyalkyl. Presently particularly preferred
compounds are obtained wherein Ryo, Ri1, Ri3, and R4 are hydrogen and R;; is selected
from the group consisting of halo, loweralkyl, hydroxy, loweralkoxy, haloloweralkyl,
aminocarbonyl, alkylaminocarbonyl and cyano; Ryj, Ry, and Ry4 are hydrogen and Ry and
R, are independently selected from the group consisting of halo, loweralkyl, hydroxy,
loweralkoxy, haloloweralkyl and cyano; Ryo, Ri1, Ri3, and Ry4 are hydrogen and R;» is
heteroaryl; Ryo, Ry, Ri3, and Ry4 are hydrogen and R;; is a heterocycloalkyl; and wherein
at least one of Ryg, Ri1, Ri2, Ri3, and Ry4 are halo and the remainder of Ry, R11, Ri2, Ry,
and Ry4 are hydrogen. Preferably, at least one of Rs and Ry is selected from the group
consisting of dichlorophenyl, difluorophenyl, trifiuoromethylphenyl, chlorofluorophenyl,
bromochlorophenyl, ethylphenyl, methylchlorophenyl, imidazolylphenyl, cyanophenyl,
morphlinophenyl and cyanochlorophenyl. |

In representative embodiments of the invention, R¢ may be substituted alkyl, such
as, for example, aralkyl, hydroxyalkyl, aminoalkyl, am'inoarélkyl, carbonylaminoalkyl,
alkylcarbonylaminoalkyl, arylcarbonylaminoalkyl, aralkylcarbonylaminoalkyl,
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aminoalkoxyalkyl and arylaminoalkyl; ~substituted amino such ‘as alkylamino,

alkylcarbonylamino,  alkoxycarbonylamino,  arylalkylamino,  arylcarbonylamino,
alkylthiocarbonylamino, aryls_ﬁlfonylamino, heteroarylammo alkylcarbonylamino,
arylcarbonylamino, heteroarylcarbonyl_a_mmo ara]kylcarbonylammo, and
heteroaralkylcarbonylamino; or substituted carbonyl such as unsubstituted or substituted
aminocarbonyl, alkyloxycarbonyl, aryloxycarbonyl, aralkyloxyéafbonyl and alkylamino-
alkyloxycarbonyl. In other embodiments, Rs may be selected from the group consisting of
amidino, guanidino, cycloimido, heterocycloimido, cycloamido, heterocycloamido,
cyclothioamido and heterocycloloweralkyl. In yet other embodiments, R¢ may be aryl or
heteroaryl, such as, for example, substituted or unsubstituted pyridyl, pyrimidinyl,
thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thienyl, furanyl,
quinolinyl, pyrrolyopyridyl, benzothiazolyl, benzopyridyl, benzotriazolyl, and
benzimidazolyl. As used herein, representative heterocyclo groups include, for example,
those shown below (where the point of attachment of the substituent group, and the other
subtituent groups shown below, is through the upper left-hand bond). These heterocyclo
groups can be. further substituted and may be attached at various positions as will be
apparent to those having skill in the organic and medicinal chemistry arts in conjunction
with the disclosure herein.

e 0o 0 &

Representative heteroaryl groups include, for example, those shown below. These
heteroaryl groups car be further substituted and may be attached at various positions as will
be apparent to those having skill in the organic and medicinal chemistry arts in donjunction :
with the disclosure herein. ' :
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~ Representative cycloimido and heterocycloimido groups include, for example, those
shown below. These cycloimido and heterocycloimido can be further substituted and may
be attached at various positions as will be apparent to those having skill in the organic and

medicinal chemistry arts in conjunction with the disclosure herein.

10
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Representative substituted amidino and heterocycloamidino groups include, for
- example, those shown below. These amidino and heterocycloamidino groups can be further

substituted as will be apparent to those having skill in the organic and medicinal chemistry -

arts in conjunction with the disclosure herein.
~ _

Lo~ )
N LA
o 77N
Representative  substituted  alkylcarbonylamino, alkyloxycarbonylamino,
aminoalkyloxycarbonylamino, and arylcarbonylamino groups include, for example, those
shown below. These groups can be further substituted as will be apparent to those having

skill in the organic and medicinal chemistry arts in conjunctlon with the disclosure herein.
“SNH SNH l NH NH '

10 o)\/n\ o)\/N\ 0)\/\/0H 0)\0/\/"]\
~

~ “SNH

SNH | 0)\/\/
O)\/NTO HNTO - ] gi)@
' j< \ﬁ 0)\/\/ NS

OH

Representative substituted aminocarbonyl groups include, for example, those

- shown below. These can heterocyclo groups be further substituted as will be apparent to
those having skill in the organic and medicinal chemistry arts in conjunction with the

15 disclosure herein.
O o

H “"1 L WS G

NHZ / O NHZ

X é Bj

Representative substituted alkoxycarbonyl groups include, for example, those
shown below. These alkoxycarbonyl groups can be further substituted as will be apparent
20 to those having skill in the organic and medicinal chemistry arts in conjunction with the

disclosure herein.
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Presently particularly preferred compounds of the invention include compounds

" having the structure:

) av)
wherein X, R;-R¢, and Rg-R;s have the meanings described above,: and the

pharmaceutically acceptable salts thereof. Presently preferred, representative compounds

of this group include, for example, [4-(4-imidazolylphenyl)pyrimidin-2-yl] {2-[(5-nitro(2-
pyridyl))amino]ethyl }amine, 4-[5-imidazolyl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}-
amino)pyrimidin-4-y!]benzenecarbonitrile, 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]-
ethyl}amino)-5-imidazolylpyrimidin-4-yl]benzenecarbonitrile, [4-(2,4-dichlorophenyl)-5-
imidazolylpyrimidin-2-y1] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine, 4-{2~({2-[(5-nitro-2-
pyridyi) amino]ethyl}amino)-7a—hydfo-1 ,2,4-triazolo[1,5-a]pyrimidin-7-yl]benzene-
carbonitrile, {2—[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-
imidazolylpyrimidin-2-yljamine, [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-
yll {2_-[(5—hitro(z-pyridyl))amino]ethyl}amme 6-[(2-{[4-(2 4~dxchlorophenyl) -5-
imidazolyipyrimidin—Z-yl]amino}ethyl)amino]pyx_'idine-3-carbomtnle, [5-benzotriazolyl-4-
(2,4-dich1orophenyl)pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine, [2-({2-[(6-
amino-S-nitro(2-pyridyl))amino]ethyl}aminb)-4-(2,4-dichlorophenyl)pyrimidin-S-yl]-

methan-1-ol, [4-(2,4-dichlorophenyl)-2-({2-[(5 -nitro(2—pyridyl))amino] ethyl}amino)-
pyrimidin-5-ylJmethan-1-ol, 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))aminojethyl}amino)-4-
(2,4-dichlorophenyl)pyrimidin-5-yl}isoindoline-1,3-dione, [S-amino-4-(2,4-dichloro-
phenjl)pyrimidin—Z-yl]{2-'[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amine, {2-[(6-amino-
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5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-morpholin-4-ylpyrimidin-2-yl]-
amine, " {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} {4-(2,4-dichlorophenyl)-5-[5-

(triﬂuoromethyl)(l,2,3,4-tetraazolyl)]pyrimidin—Z-yl}aminé‘, 1-[2-({2-[(6-amino-5-nitro(2-

pyridyl))amino]ethyl}amino)-4—(2,4-dichlorophenyl)pyrimidin-S—yl] pyrrolidine-2,5-dione,

[4-(2,4-dichlorophenyl)-5-pyrazolylpyrimidin-2-y1} {2-f(5-nitro(2-pyridyl))amino]ethyl} -

amine, . [4-(2,4-dichlorophenyl)-5-(4-methylimidazolyl) pyrimidin-2-yl]{2-[(5-nitro(2-
pyridyl))amino]ethyl}amine, [4-(2,4-dichlorophenyl)-5-(2,4-dimethylimidazolyl)pyrimidin-
2-y1]{2-[(5-nitro(2-pyridyl))amino]ethyl }amine, 6-[(2-{[4-(2,4-dichlorophenyl)-5-
imidazol-2-ylpyrimidin-2-ylJamino}ethyl)amino]pyridine-3-carbonitrile, {2-[(6-amino-5-
nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-(morpholin-4-ylmethyl)pyrimidin-
2-yl]amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} {4-(2,4-dichlorophenyl)-5-
piperazinylpyrimidin-2-yl]amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(4-
ethylphenyl)-5-imidazolylpyrimidin-2-ylJamine, 1-[4-(2,4-dichlorophenyl)-2-({2-[(5-
nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-5-yljhydropyridin-2-one, [S5-benz-
imidazolyl-4-(2,4-dichlorophenyl)pyrimidin-2-y1] {2-[(5-nitro(2-
pyridyl))aminoJethyl}amine, - {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }{4-(2,4-
dichlofophenyl_)-s-imidazolylpyrimi_din-2-yl]methylamine, ' {2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl}[4-(2,4-dichlorophenyl)-5-(4-pyridyl)pyrimidin-2-y1]amine, {2-[(6-
amino-5-nitro(2-pyridyl))amino]ethyl} [4;(2,4-dichlorophenyl)-5 -(4-methylpiperazinyl)-

'pyrimidin—z-yl]amine, [4-(2,4-dichlorophenyl)—5-(2-methylimidaz_olyl) pyrimidin-2-yl]{2-

[(5-nitro(2-pyridyl))amino]ethyl }amine, . {2-[(6-amin_o—5-r_xi_tro(2-pyridyl))amino}ethyl}[4-

(2,4-dichlorophenyl)-5-(2-methylimidazolyl)pyrimidin-2-ylJamine, {2-[(6-amino-5-nitro(2- .

pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-(4-phenylimidazolyl)pyrimidin-2-

ylJamine, {2-[(6—amino-5-nitro(2-pyridyl))amino]et.hyll} [44(2,4-_dichlorophenyl)-5-(2,4-
dimethylimidazolyl)pyrimidin-2-ylJamine, [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-Z-yl](i_Z-{[5-(tr_iﬂuoromethy_l)(2—pyridy])]amino}ethyl) amine, [4-(2,4-

~ dichlorophenyl)-5 -piperazinylpyrimidin-z-yl] {2- [_(S-nitro(27pyridyl))axnino]ethyl }amine,
[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yl] [2-(dimethylamino)ethyl]}{2-[(5-

nitro(2-pyridyl))aminojethyl}amine, 1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}-
amino)-4-(2,4-dichlorophenyl)pyrimidin—S-yl]-4-methylpipera2jne-2,6—dione, [4-(2,4-
dichlorophenyl)-5-(1-methylimidazol-2-yl)pyrimidin-2-y1}{2-[(5-nitro(2-pyridyl))-
amino]ethyl }amine, 1-[2-({2- [(6-amino-5-nitro(2—pyridyl))amino]ethyl}amino)-4-(2,4-
dlchlorophenyl)pyrlmldm- -yl}-3-morpholin-4-ylpyrrolidine-2,5-dione, 1-[4-(2,4-
dichlorophenyl)-2-({2- [(5-mtro(2-pyndyl))am1no]ethyl}ammo)pynmldm- -yI]-4-methyl-
piperazine-2,6-dione,  1-[2- ({2f[(6-am1no-5_-n1tro(2-pyndy_l))ammo]ethyl}armno)-4-(2 4-
dichlorophenyl)pyrimidir_x-S_-yl]-3—(dimethylamino)pyrrolidine-_2,5-dione, {5-imidazol-2-yi-
4-[4-(trifluoromethyl)phenyl]pyrimidin-2-y1} {2-[(S-nitro(2-pyridyl))amino]ethyl }amine,
{2-[(6-amino-5-nitro(2-pyridyl))amino]ethy! }[4-(2,4-dichlorophenyl)-5-(1- '
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methylimidazol-2-yl)pyrimidin-2-yljamine, [4-(2,4-dichlorophenyl)-5-(4-methyl-
piperazinyl)pyrimidin-2-y1] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine,  [4-(2,4-dichloro-
phenyl)-5-(morpholin-4-ylmethyl)pyrimidin-2-y1} {2-[(5-nitro(2-pyridyl))amino]ethyl}-
amine,  [4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yl}{2-[(5-nitro(2-
pyridyl))amino]ethyl}amine, {2-[(6-amino-5-nitro(2-pyridyl))amino] ethyl}[4-(2,4-
dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-ylJamine, {2-[(6-amino-5-nitro(2-
pyridyl))amino] ei:hyl} [4-(2-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-yljamine, [4-(2-
chloro-4-fluorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))-
amino]ethyl}amine,  [4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-y1] {2-[(5-nitro(2-
pyridyl)) amino]ethyl}(2-pyrrolidinylethyl)amine, [4-(2,4-dichlorophenyl)-5-imidazolyl-
pyrimidin-2-y1}(2-morpholin-4-ylethyl) {2-[(5 -nitro(2-pyridyl))amino]eﬂ1yl}amine, 6-[(2-
{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yl]Jamino '}'ethyl)amino]-
pyridine-3-carbonitrile, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } [4-(2-chloro-4-
fluorophenyl)-5-imidazol-2-ylpyrimidin-2-yl} amine, [4-(4-ethylphenyl)-5-imidazol-2-
ylpyrimidin-2-y1]{2-[(5-nitro(2-pyridyl))amino]ethyl }amine, [5-((1E)-1-aza-2-morpholin-
4-ylprop-1-enyl)-4-(2,4-dichlorophenyl)pyrimidin-2-yl] { 2-[(6-amino-5-nitro(2-pyridyl))-
amino]ethyl}amine,  N-[4-(2,4-dichlorophenyl)-2-({2-[(5 ;nitro(2-pyridyl))a1nino]ethyl}-
amino)pyrimidin-5-yljacetamide, [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-
y1}{2-[(6-methoxy-5-nitro(2-pyridyl))aminojethyl}amine, 6-[(2-{[4-(2,4-dichlorophenyl)-

- 5-imidazolylpyrimidin-2-yljmethylamino} ethyl)amino]pyridine-3-carbonitrile,  6-[(2-{[4-

(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yljmethylamino} ethyl)amino]pyridine-3-
carbonitrile, [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yljmethyl {2-[(5-nitro(2-
pyridyl))amino]ethyl}amine, 6-[(2-{[4-(2-chloro-4-fluorophenyl)-5-imidazol-2-
ylpyrimidin-2-yl]amino}ethyl)amino]pyridine-3-carbonitrile, [4-(4-chlorophenyl)-5-
imidazol-2-ylpyrin1idin—2?yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine,  {2-[(6-amino-5-
nitro(2-pyridyl))  amino]ethyl}[4-(4-chloro-2-methylphenyl)-5-imidazol-2-ylpyrimidin-2-
yllamine, =~ {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(4-bromo-2-chlorophenyl)-5-
imidazol-2-ylpyrimidin-2-yl]Jamine,  6-[(2-{[4-(4-bromo-2-chlorophenyl)-5-imidazol-2-
ylpyrimidin-2-yl]amino}ethyl)amino]pyridine-3-carbonitrile, 6-[2-({2-[(6-amino-5-nitro(2-
pyri_dyl))amino]eihyl}amino)-4-(2,4-dichlorophenyl)pyrimidin—5-yl]-3-pyrrolino[3,4-
b]pyridine-5,7-dione,  N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-
dichlorophenyl)pyrimidin—S-yl]-2-(methylarnino)acetamidé, {2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl} [4-(4-bromo-2-chlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-
yllamine, 6-[(2-{[4-(4-bromo-2-chlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yl]-
amino }ethyl)amino]pyridine-3-carbonitrile, {2-[(6-amino-5-nitro(2-pyridyl))amino}-
ethyl} [4-(2-chloro-4-fluorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-ylJamine, and 6-
[(2-{[4-(2,4-dichlorophenyl)-5-(5-chloro-2-oxohydropyridyl)pyrimidin-2-ylJamino } ethyl)-
amino]pyridine-3-carbonitrile.
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Other presently partlcularly preferred compounds of the invention include
compounds having the structure - -

. _ _ 4
wherein X, R1:4R6, and Rg-Ry4 have the meanings described above, and R;s is selected from
the group consisting of hydrogen, nitro, cyano, amino, alkyl, halo, haloloweralkyl,

~ alkyloxycarbonyl, aminocarbonyl, alkylsulfonyl and arylsulfonyl, and the pharmaceutically

acceptable salts thereof. Presently preferred, representative compounds of this group
include, for example, [6-(2,4-dichlorophenyl)-5-imidazolyl(2-pyridyl)]{2-[(5-nitro(2-
pyridyl))amino]ethyl}amine, {2—[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [6-(2,4-
dichlorophenyl)-5-imidazolyl(2-pyridyl)]Jamine, 6-[(2-{[6~(2,4-dichlorophenyl)-5-
imida"zo]yl~2-pyridyl]amino}ethyl)a:nino]pyfiainc—3-carbonitrile, {2-[(6-amino-5-nitro(2-
pyridyl))é_mino]ethyl}[6—(2,4'-dichlorbph¢ny1)~5—nitro(2-pyridyl)]amine, “{2-{(6-amino-5-
nitro(2-pyridyl))aminoJethy!}[6-(2,4-dichlorophenyl)-5-(4-methylimidazolyl)(2-pyridyl)]-
amine, 6-[(2-{[6-(2,4-dichlorophenyl)-5-(4-methylimidazolyl)-2-pyridylJamino} ethyl)-
amino]pyridine-3-carbonitrile, and [4-(4-bromo-2-chlorophenyl)-5- 1m1dazol-2—ylpyrlm1d1n-
2-yl] {2-[(5-mtro(2-pyr1dyl))ammo]ethyl}amme
' In another aspect, the invention provides compositions comprising an amount of a

~ compound of formula (I) effective to modulate GSK3 activity in a human or animal subject

when administered thereto, together with a pharmaceutically acceptable carrier.

In yet other embodiments, the invention provides methods of inhibiting GSK3
activity in a human or animal subject, comprising administering to the human or animal
subject a GSK3 inhibitory amount of a compound of structure (I).

The present invention further provides methods of treating human or animal

- subjects suffering from GSK3-mediated disorder in a human or animal subject, comprising

administering to the human or animal subject a therapeutically effective amount of a
compound of formula (I) above, either alone or in combination with other therapeutically

active agents
* In yet other embodiments, the present invention provides compounds of formulas I,

" IV and V, as described above, for use as a pharmaceutical, as well as methods of use of

those compounds in the manufacture of a medicament for the treatment of diabetes,
Alzheimer’s disease and other neurodegenerative disorders, obesity, atherosclerotic
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cardiovascular disease, essential hypertension, polycystic ovary syndrome, syndrome X,
ischemia, especially cerebral ischemia, traumatic 'brain injury, bipolar disorder,
immunodeficiency or cancer. _ _

As used above and elsewhere herein the following terms have the meanings defined
below: ' o _
"Glycogen synthase kinase 3" and "GSK3" are used interchangeably herein to refer
to any protein having more than 60% sequence homology to the amino acids between
positions 56 and 340 of the human GSK3 beta amino acid sequence (Genbank Accession
No. L33801). To determine the percent homology of two amino acid sequences or of two
nucleic acids, the sequences are aligned for optimal comparison purposes (e.g., gaps can be
introduced in the sequence of one polypeptide or nucleic acid for optimal alignment with
the other polypeptide or nucleic acid). The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions are then compared. When a
position in one sequence is occupied by the same amino acid residue or nucleotide as the
corresponding position in the other sequence, then the molecules are homologous at that
position (i.e., as used herein amino acid or nucleic acid "homology" is equivalent to amino
acid or nucleic acid "identity"). The percent homology between the two sequences is a
function of the number of identical positions shared by the sequences (i.e., % homology = #
of identical positions/total # of positions x 100). GSK3 was originally identified by its
phosphorylation of glycogen synthase as described in'Woodgett- et al., Trends Biochem.
Sci., 16:177-81 (1991), incorporated herein by reference. By inhibiting GSK3 kinase
activity, activities downstream of GSK3 activity may be inhibited, or, alternatively,
stimulated. For example, when GSK3 activity is inhibited, glycogen synthase may be
activated, resulting in increased glycogen production. GSK3 is also known to act as a
kinase in a variety of other contexts, including, for example, phosphorylation of c-jun, f3-
catenin, and tau protein. It is understood that inhibition of GSK3 kinase activity can lead
to a variety of effects in a variety of biological contexts. The invention, however, is not
limited by any theories of mechanism as to how the invention works.

"GSK3 inhibitor" is used herein to refer to a compound that exhibits an ICso with
respect to GSK3 of no more than about 100 p.M and more typically not more than about 50
uM, as measured in the cell-free assay for GSK3 inhibitory activity described generally
hereinbelow. "ICso" is that concentration of inhibitor which reduces the -activity of an
enzyme (e.g., GSK3) to half-maximal level. Representative compounds of the present
invention have been discovered to exhibit inhibitory activity against GSK3. Compounds of
the present invention preferably exhibit an ICso with respect to GSK3 of no more than
about 10 pM, more preferably, no more than about 5 uM, even more preferably not more
than about 1 uM, and most preferably, not more than about 200 nM, as measured in the
cell-free GSK3 kinase assay.
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"Optionally substituted" refers to the repla.cement-of hydrogen with a monovalent or
divalent radical. Suitable substitution groups include, for example, hydroxyl, nitro, amino,

imino, cyano, halo, thio, thioamido, amidino, imidino, oxo, oxamidino, methoxamidino, -
imidino, guanidino, sulfonamido, carboxyl, - formyl, loweralkyl, haloloweralkyl,

loweralkoxy, haloloweralkoxy, loweralkoxyalkyl,alkylcarbonyl, arylcarbonyl,
aralkylcarbonyl, heteroarylcarbonyl, heteroaralkylcarbonyl, alkylthio, aminoalkyl,
" cyanoalkyl, and the like. | |
The substitution group can itself be substituted. The group substituted onto the
substitution group can be carboxyl, halo; nitro, amino, cyano, hydroxyl, loweralkyl,
loweralkoxy, aminocarbonyl, -SR, tlnoatmdo, -S0O3H, -SO,R or cycloalkyl where R is
'~ typically hydrogen, hydroxyl or loweralkyl. - »

- When the substituted substituent mcludes a straight chain group, the substitution

can occur either within the chain (e.g., 2-hydroxypropyl, 2-aminobutyl, and the like) or at
the chain terminus (e.g., 2-hydroxyethyl, 3-cyanopropyl, and the like). Substituted
substitutents can be straight cham, branched or cyclic arrangements of covalently bonded

carbon or heteroatoms.

"Loweralkyl" as used herein refers to branched or straight chain alkyl groups

comprising one to ten carbon atoms that are unsubstituted or substituted, e.g., with one or
more halogen, hydroxyl or other groups, including, e.g., methyl, ethyl, propyl, isopropyl,
n—butyl t-butyl, neopentyl, trifluoromethyl, pentafluoroethyl and the like.

' "Alkylenyl" refers to a divalent straight chain or branched chain saturated ‘aliphatic
‘radical having from 1 to 20 carbon atoms. Typical alkylenyl groups employed in

" compounds of the pi‘esent invention are loweralkyleny! groups that have from 1 to about 6 -

carbon atoms in their backbone. “Alkenyl” refers herein to straight chain, branched, or
cyclic radicals having one or more double bonds and from 2 to 20 carbon atoms. "Alkynyl"
refers herein to straight chain, branched, or cyclic radicals having one or more triple bonds
and from 2 to 20 carbon atoms.

"Loweralkoxy" as used herein refers to RO- wherein R is loweralkyl
Representative examples of loweralkoxy groups include methoxy, ethoxy, t-butoxy,
trifluoromethoxy and the like.

"Cycloalkyl" refers to a mono- or polycyclic, heterocyclic or carbocyclic alkyl

substituent. Typical cycloalkyl substituents have from 3 to 8 backbone (i.e., ring) atoms in

which each backbone atom is either carbon of a heteroatom. The term "heterocycloalkyl”
refers herein to cycloalkyl substituents that have from 1 to 5, and more typically from 1to4
heteroatoms in the ring structure. Suitable heteroatoms employed in compounds of the
present invention are nitrogen, oxygen, and sulfur. Representative heterocycloalkyl
moieties include, for example, morpholino, piperazinyl, piperadinyl and the like.
Carbocycloalkyl groups are cycloalkyl groups in which all ring atoms are carbon. When
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- used in connection with cycloalkyl substituents, the term "polycychc" refers herein to fused

and non-fused alkyl cyclic structures.

"Halo" refers herein to a halogen radical, such as ﬂuorme chlonne, bromine or -
iodine. "Haloalkyl" refers to an alkyl radical substituted with one or more halogen atoms.
The term “haloloweralkyl” refers to a loweralkyl radical substituted with one or more
halogen atoms. The term “haloalkoxy™ refers to an alkoxy radical substituted with one or
more halogen atoms. The term *haloloweralkoxy” refers to a loweralkoxy radical
substituted with one or more, halogen atoms.

"Aryl" refers to monocyclic and polycyclic aromatic groups having from 3 to 14
backbone carbon or hetero atoms, and includes both carbocyclic aryl groups and
heterocyclic aryl groups. Carbocyclic aryl groups are aryl groups in which all ring atoms in
the aromatic ring are carbon. The term "heteroaryl" refers herein to aryl groups having
from 1 to.4 heteroatoms as ring atoms in an aromatic ring with the remainder of the ring
atoms being carbon atoms. When used in connection with aryl substituents, the term

- "polycyclic" refers herein to fused and non-fused cyclic structures in which at least one

cyclic structure is aromatic, such as, for example, benzodioxozolo (which has a

¢,
° , naphthyl, and the like. -

Exemplary aryl moieties employed as substituents in compounds of the present invention

heterocyclic structure fused to a phenyl group, i.e.

include phenyl, pyridyl, pyrimidinyl, thiazolyl, indolyl, imidazolyl, oxadiazolyl, tetrazolyl,
pyrazinyl, triazolyl, thiophenyl, furanyl, quinolinyl, purinyl, naphthyl, benzothiazolyl,

- benzopyridyl, and benzimidazolyl, and the like. .

"Aralkyl" refers to an alkyl group substituted with an aryl group. Typically, aralkyl
groups employed in compounds of the present invention have from 1 to 6 carbon atoms
incorporated within the alkyl portion of the aralkyl group. Suitable aralkyl groups
employed in compounds of the present invention include, for example, benzyl, picolyl, and
the like.

"Amino" refers herein to the group —-NH,. The term "alkylamino" refers herein to
the group -NRR' where R and R' are each independently selected from hydrogen or a lower
alkyl. The term "arylamino" refers herein to the group -NRR' where R is aryl and R' is
hydrogen, a lower alkyl, or an aryl. The term "aralkylamino" refers herein to the group —
NRR' where R is a lower aralkyl and R' is hydrogen, a loweralkyl, an aryl, or a
loweraralkyl.

The term "arylcycloalkylamino" refers herein to the group, aryl-cycloalkyl-NH-,
where cyc_loalkyl is a divalent cycloalkyl group. Typically, cycloalkyl has from 3 to 6
backbone atoms, of which, optionally 1 to about 4 are heteroatoms. The term "aminoalkyl"
refers to an alkyl group that is terminally substituted with an amino group.
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The term "alkoxyalkyl" refers to the group —alk;-O-alk, where alk, is alkylenyl or
alkenyl, and alk, is alkyl or alkenyl. The term "loweralkoxyalkyl" refers to ‘an alkoxyalkyl

. where alk, is loweralkylenyl or loweralkenyl, and alk, is loweralkyl or loweralkenyl. The-

- term "aryloxyalkyl" refers to the group —alkylenyl-O-aryl.” The term "aralkoxyalkyl" refers

10

15

20

25

30

35

to the group -alkylenyl-O-aralkyl, where aralkyl is a loweraralkyl.
The term "alkoxyalkylamino” refers herein to the group ~NR-(alkoxylalkyl), where
R is typically hydrogen, loweraralkyl, or loweralkyl. The term "aminoloweralkoxyalkyl"

. refers herein to an aminoalkoxyalkyl in which the alkoxyalkyl is a loweralkoxyalkyl.

The term "aminocarbonyl" refers herein to the group —C(O)-NH, . "Substituted
aminocarbonyl" refers herein to the group —C(O)-NRR' where R is loweralkyl and R' is

~ hydrogen or a loweralkyl. The term "arylaminocarbonyl" refers herein to the group -C(O)-

NRR' where R is an aryl and R' is hydrdgen loweralkyl or aryl. "aralkylaminocarbonyl"
refers herein to the group —C(O)-NRR' where R is loweraralkyl and R' is hydrogen,
loweralkyl, aryl, or loweraralkyl. _

- "Aminosulfonyl" refers herein to the group -S(O),-NH,. "Substituted
aminosulfonyl" refers herein to the group —S(O);-NRR' where R is loweralkyl and R’ is

~ hydrogen or a loweralkyl. The term "aralkylaminosulfonlyaryl" refers herein to the group

—aryl-S(0),~NH-aralkyl, where the aralkyl is loweraralkyl.
' * "Carbonyl" refers to the divalent group ~C(O)-.

"Carbonyloxy" refers generally to the group —~C(0O)-O-,. Such groups include esters,
-C(0)-O-R, where R is loweralkyl, cycloalkyl, aryl, or loweraralkyl. The term
"carbonyloxycycloalkyl" refers generally herein to both an ”carbonyloxycarbocjcloalky "
and an “carbonyloxyheterocycloalkyl", ie., where R is a carbocycloalkyl or
heterocycloalkyl, respectively. The term "arylcarbonyloxy" refers herein to the group —
C(0)-O-aryl, where aryl is a mono- or polycyclic, carbocycloaryl or heterocycloaryl. The
term "aralkylcarbonyloxy" refers hetein to the group —C(0)-O-aralkyl, where the aralkyl is
loweraralkyl.

The term "sulfonyl" refers herein to the group —SO,-. "Alkylsulfonyl" refers to a

~ substituted sulfonyl of the structure —SO;R - in which R is alkyl. Alkylsulfonyl groups
“employed in compounds of the present invention are typically loweralkylsulfonyl groups

having from 1 to 6 carbon atoms in its backbone structure. Thus, typical alkylsulfonyl
groups employed in compounds of the present invention include, for example,
methylsulfonyl (i.e., where R is methyl), ethylsulfonyl (i.e., where R is ethyl),
propylsulfonyl (i.e., where R is propyl), and the like. - The term "arylsulfonyl" refers herein
to the group —SO,-aryl. The term "“aralkylsulfonyl" refers herein to the group -SO»-aralkyl,
in which the aralkyl is loweraralkyl. The term "sulfonamido" refers herein to —SO,NH,.

As used herein, the term "carbonylamino” refers to the divalent group -NH-C(O)- in
which the hydrogen atom of the amide nitrogen of the carbonylamino group can be
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replaced a loweralkyl, aryl, or loweraralkyl group. Such groups include moieties such as
carbamate esters (-NH-C(0)-O-R) and amides -NH-C(0)-O-R, where R is a straight or
branched chain loweralkyl, cycloalkyl, or aryl. or loweraralkyl. - The ferm-
"Joweralkylcarbonylamino" refers to alkylcarbonylamino where R is a loweralkyl having

from 1 to about 6 carbon atoms in its backbone structure. The term "arylcarbonylamino”

refers to group -NH-C(O)-R where R is an aryl. Similarly, the term "aralkylcarbonylamino
" refers to carbonylamino where R is a lower aralkyl. _

As used herein, the term “guanidino” or “guanidyl” refers to moicties derived from
guanidine, HoN-C(=NH)-NH;. Such moieties include those bonded at the nitrogen atom
carrying the formal double bond (the “2”-position of the guanidine, eg,
diaminomethyleneamino, (H;N),C=NH-) and those bonded at either of the nitrogen atoms
carrying a formal single bond (the “1-” and/or “3”-positions of the guandine, e.g,
H,N-C(=NH)-NH-). The hydrogen atoms at any of the nitrogens can be replaced with a
suitable substituent, such as loweralkyl, aryl, or loweraralkyl.

As used herein, the term “amidino” refers to the moieties R-C(=N)-NR'- (the
radical being at the “N!” nitrogen) and R(NR')C=N- (the radical being at the “NZ
nitrogen), where R and R’ can be hydrogen, loweralkyl, aryl, or loweraralkyl.

Compounds of the present invention can be readily synthesized using the methods
described herein, or other methods, which are well known in the art. For example, the
synthesis of _pyi’imidines having a wide variety of substituents is comprehensibly reviewed
in D. J. Brown, "The Pyrimidines," vol. 54, Wiley (1994), which is incorporated herein by
reference. The compounds described herein were synthesized using both. solution-phase
and resin-based (i.e., solid-phase) techniques.

Pyrimidine based compounds of the present invention can be readily synthesized in
solution by reaction of a carbonyl-containing derivative with N,N-dimethylformamide
dimethyl acetal (DMFDMA). The intermediate enaminoketone that results is then reacted
with a guanidine in the presence of an organic solvent and a suitable base such as sodium
ethoxide, sodium methoxide, sodium hydroxide or cesium carbonate at various
temperatures to give a pyrimidine. This method is generally described in Menozzi et al., J.
Heterocyclic Chem., 24:1669 (1987), P. Schenone et al., J Heterocyclic Chem., 27:295
(1990), R. Paul et al., J. Med. Chem., 36: 2716 (1993) and J. Zimmermann et al., Arch.
Pharm., 329:371 (1996), all of which are incorporated herein by reference.

Carbonyl-containing starting reagents that are suitable for use in this reaction
scheme include, for example, B-keto esters, alkyl aryl ketones, B-keto sulfones, a-nitro
ketones, p-keto nitriles, desoxybenzoins, aryl heteroarylmethyl ketones, and the like. The
carbonyl-containing starting reagents can either be purchased or synthesized using known
methods.
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For example, B-keto esters can be readily synthesized by reaction of an acid
chloride or other activated carboxylic acid with potassium ethyl malonate in the presence of

triethylamine in accordance with the method described in R.J. Clay et al., Synthesis, -

1992:290 (1992), which is incorporated herein by reference. Alternatively, the desired B-
keto ester can be synthesized by deprotonating an appropriate methyl ketone with a suitable
base such as sodium hydride, followed by condensation with diethylcarbonate in

- accordance with the method described in Sircar et al., J. Med. Chem., 28:1405 (1985),

which is incorporated herein by reference: , o
Likewise, B-keto sulfones and o-nitro ketones can be prepared using known
methods, such as those described in N.S. Simpkins, "Sulphones in Organic Synthesis,"

‘Pergamon (1993) (B-keto sulfones) and M. Jung et. al., J. Org. Chem., 52:4570 (1987) (a-
~ nitro ketones), both of which are incorporated herein by reference.  f-keto nitriles can be

readily prepared by reaction of an a-halo ketone with sodium or potassium cyanide.

When the substrate is a doubly activated carbonyl compound (e.g., B-keto ester, B-
keto sulfone, B- keto nitrile, and the like) the first condensation is typically conducted with
a small excess of DMFDMA in a solvent such as THF at 70-80°C for several hours. This
method is described in more detail in Example 25 hereinbelow (i.e., "Solution Method

When a mono-activated substrate such as a methyl ketone is involved, DMFDMA
is often used as the solvent at a higher temperature (90-100°C) for a longer period of time
(e.g., overnight). After completion of the condensation reaction, the solvent and excess
DMFDMA are removed in vacuo. The resulting solid or oil is dissolved in an appropriate
solvent and heated with an equimolar amount of the guanidine and base. This method is
described in more detail in Example 60 hereinbelow (i.e., "Solution Method B").

When esters are formed, alkaline or acidic hydrolysis of the resulting pyrimidine
yields the corresponding carboxylic acid. ‘This acid can then be further coupled to various
alcohols or amines to provide a variety of ester or amide derivatives.

Guanidines employed in the synthesis of invention compounds can be purchased or,
alternatively, synthesized by reacting the cotresponding amine with a guanidino transfer
reagent, such as, for example, benzotriazole carboxamidinium 4-methylbenzenesulfonate.
This guanidino transfer reagent is described in A.R. Katritzky et al, 1995, Synthetic
Communications, 25:1173 (1995), which is incorporated herein by reference. Thus, for
example, benzotriazole carboxamidinium 4-methylbenzenesulfonate can be reacted in
equimolar quantity with an amine and one equivalent of diisopropyl ethyl amine (DIEA) in
acetonitrile at room temperature overnight to yield guanidinium 4-methylbenzenesulfonate
upon addition of diethyl ether. Amines containing a nitrogen heterocyclic aryl can be
prepared by nucleophilic substitution of a halo-substituted nitrogen heterocyclic aryl with
an appropriate diamine, such as, for example, ethylenediamine or propylenediamine. These
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diamines are particularly suitable for use as reaction solvents at reaction temperatures in
the range of about 25°C to 125°C. The preparation of specialized amines is noted in the
Examples provided herein. . _

Other known synthesis methods can be used to prepare compounds of the present
invention. For example, 5-aryl 2-aminopyrimidine can be prepared by reacting a guanidine
with a vinamidinium salt, in accordance with the method described in R.M. Wagner and C.
Jutz, Chem. Berichte, p. 2975 (1971), which is incorporated herein by reference. This
method is illustrated in Example 67 hereinbelow (i.e.,"Solution Method C").

Similarly, 4-anilo-2-chloropyrimidine can be prepared by reacting aniline with 2,4-
dichloropyrimidine. Likewise, an aniline can be treated with a 2,4-dichloropyrimidine to

- give the 4-anilo-2-chloropyrimidine. Further substitution with a second amine gives 2-

amino-4-anilinopyrimidine.

In addition to solution-phase synthesis methods, solid-support (including resin-
based) synthesis methods can also be used to synthesize compounds of the present
invention, especially for parallel and combinatorial synthesis methodologies. For example,
the synthesis of tetra-substituted pyrimidines may begin with the loading of an aromatic

. carboxylic acid aldehyde, such as, for example, 4-formyl benzoic acid, to the amino group
-of a suitable resin, such as, for example, Rink amide resin (Novabiochem, San Diego,
_California) ("Resin Method A" which is described in more detail in Example 2).

Knoevenagel condensation of a B-keto ester gives an unsaturated intermediate that can be
condensed with 1 H-pyrazole-1-carboxamidine hydrochloride (Aldrich) in the presence of a
suitable base (e.g., potassium carbonate). The intermediate dihydropyrimidine can then be
oxidized to the resin bound pyrimidine with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) in benzene. Finally, substitution of the pyrazolo moiety by heating with an amine
in 1-methylpyrrolidone (NMP) or other suitable solvent is followed by acidolytic cleavage
to give the desired pyrimidine. This synthesis method can be used to generate pyrimidines
with a substituent in the 4-position of the pyrimidine ring.

Resin Method. B, which is described in detail in. Example 3, can be used to
synthesize pyrimidines in which the 6-position is unsubstituted. A hydroxymethyl-resin,
such as commercially available Sasrin resin (Bachem Biosciences, King of Prussia,
Pennsylvania), is treated with triphenylphosphine dibromide in dichloromethane to convert
the hydroxymethyl group on the resin to a bromomethyl group, as generally described in K.
Ngu et al., Tetrahedron Letters, 38:973 (1997), which is incorporated herein by reference.
The bromine is then displaced by reaction with a primary amine in NMP (at room
temperature or 70-80°C). The amine is then coupled with the appropriate aromatic
compound containing an acetyl group. The coupling can be carried out with PyBOP®
(Novabiochem, San Diego, California), and 4-methylmorpholine in NMP.
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Resin Method B can also be used to incorporate an amino acid residue into the
resulting pyrimidine. For example, amino resin can be coupled:to a 9-fluorenyl-

" methoxycarbonyl (FMOC)-protected amino acid using standard peptide synthesis -

conditions and methods. Further coupling with 4-acetylbenzoic acid followed by reaction

‘with N,N-dimethylformamide dimethyl acetal and cyclization with a guanidine produces a
- pyrimidine derivative having an amino acid residue incorporated within it.

Pyrimidines having e.g., a carboxamidophenyl group at position 6 and hydrogen at
position 5 can be prepared from an amino (i.e., -NH;)-containing resin such as Rink amide
resin (Novabiochem, San Diego, California). -This method is described in more detail in

- Example 10 hereinbelow ("Resin Method C").

Compounds of the ‘present invention can also be prepared according to Resin
Method D, to produce 2,4-diaminopyrimidines. Resin-bound amine is reacted with a 2,4-
dichloropyrimidine to give a resin-bound 6-amino-2-chloropyrimidine. The resin-bound
amine can be derived from any suitable primary amine; however, anilines generally are not
suitable. Displacement with a second amine and cleavage of the product from the resin
gives a 2,4-diaminopyrimidine. For the second displacement, primary or secondary amines
that may contain other functional groups, such as unprotected hydroxy groups, are suitable.
The resulting dichloropyrimidine may be further substituted, for example, with an ester
group  at the 5-position. A 2,6-dichloropyridine can be used instead of 24-
dichloropyrimidine to produce a 2,6-diaminopyridine. This scheme is described in more
detail in Examples 17-19 hereinbelow. '

Resin Method E can be used to produce a 2,6-diaminopyridine. The method is
analogous to Resin Method D except that a 2,6-dichloropyridine is used as the electrophile
and the final product is a 2,6-diaminopyridine. Resin Method E is described in more detail
in Examples 20-21 hereinbelow. '

Resin Method F can be used to synthesize 5-amino substituted compounds of the
present invention. Resin-bound amine is reacted with a halomethyl aryl ketone. The
resulting resin- bound aminomethy! ketone is then treated with DMFDMA (neat) followed
by cyclization with a guanidine to give the 2,5-diamino-6-arylpyrimidine. Resin Method F

- is described in more detail in Example 22, hereinbelow.

Resin Method G, which is described in more detail in Example 23, can be used to
synthesize compounds of the present invention having a carboxyl group at the 5-position.

*~ GSK3 inhibitor compounds of the present invention can be purified using known
methods, such as, for example, chromatography, crystallization, and the like.

Compounds of the present invention preferably exhibit inhibitory activity that is
relatively substantially selective with respect to GSK3, as compared to at least one other
type of kinas¢. As used herein, the term "selective" refers to a relatively greater potency for
inhibition against GSK3, as compared to at least one other type of kinase. Preferably,
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- GSK3 inhibitors of the present invention are selective with respect to GSK3, as compared

to at least two other types of kinases. Kinase activity assays for kinases other than GSK3
are generally known. Sec e.g., Havlicek et al, J Med. Chem., 40:408-12 (1997), -
incorporated herein by reference. GSK3 selectivity can be quantitated according to the
following: GSK3 selectivity = ICsg (other kinase) = ICs0 (Gsk3), Where a GSK3 inhibitor is
selective for GSK3 when ICsg (other kinase) > ICs0 (Gsk3)- Thus, an inhibitor that is selective for
GSK3 exhibits a GSK3 selectivity of greater than 1-fold with respect to inhibition of a
kinase other than GSK3. As used herein, the term "other kinase" refers to a kinase other
than GSK3. Such selectivities are generally measured in the cell-free assay described in
Example 265.

Typically, GSK3 inhibitors of the present invention exhibit a selectivity of at least
about 2-fold (i.e., ICso other kinase) + ICs0 (ask3)) for GSK3, as compared to another kinase and
more typically they exhibit a selectivity of at least about 5-fold. Usually, GSK3 inhibitors
of the present invention exhibit a selectivity for GSK3, as compared to at least one other
kinase, of at least about 10-fold, desirably at least about 100-fold, and more preferably, at
least about 1000-fold. _ _

GSK3 inhibitory activity can be readily detected using the assays described herein,
as well as assays generally known to those of ordinary skill in the art. Exemplary methods
for identifying specific inhibitors of GSK3 include both cell-free and cell-based GSK3
kinase assays. A cell-free GSK3 kinase assay detects inhibitors that act by direct interaction
with the polypeptide GSK3, while a cell-based GSK3 kinase assay may identify inhibitors

- that function either by direct interaction with GSK3 itself, or by interference with GSK3

expression or with post-translational processing required to produce mature active GSK3.
In general, a cell-free GSK3 kinase assay can be readily carried out by: (1)

incubating GSK3 with a peptide substrate, radiolabeled ATP (such as, for example, v>P- or

y”P-ATP, both available from Amersham, Arlington Heights, Illinois), magnesium ions,

‘and optionally, one or more candidate inhibitors; (2) incubating the mixture for a period of

time to allow incorporation of radiolabeled phosphate into the peptide substrate by GSK3
activity; (3) transferring all or a portion of the enzyme reaction mix to a separate vessel,
typically a microtiter well that contains a uniform amount of a capture ligand that is
capable of binding to an anchor ligand on the peptide substrate; (4) washing to remove
unreacted radiolabeled ATP; then (5) quantifying the amount of 3p or 3P remaining in
each well. This amount represents the amount of radiolabeled phosphate incorporated into
the peptide substrate. - Inhibition is observed as a reduction in the incorporation of
radiolabeled phosphate into the peptide substrate.

Suitable peptide substrates for use in the cell free assay may be any peptide,
polypeptide or synthetic peptide derivative that can be phosphorylated by GSK3 in the
presence of an appropriate amount of ATP. Suitable peptide substrates may be based on
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- portions of the sequences of various natural protein substrates of GSK3, and may also

contain N-terminal or C-terminal modifications or extensions including spacer sequences

" and anchor ligands. Thus, the peptide substrate may reside within a larger polypeptlde, or -

may be an isolated peptide designed for phosphorylation by GSK3.
For example, a peptide substrate can be designed based on a subsequence of the
DNA binding protein CREB, such as the SGSG-linked CREB peptide sequence within the

" CREB DNA binding protein described in Wang et al., Anal. Biochem., 220:397-402

(1994), incorporated herein, by reference. 'In the assay reported by Wang et al., the C-
terminal serine in the SXXXS motif of the CREB peptide is enzymatically
prephosphorylated by cAMP-dependent protein kinase (PKA), a step which is required to
render the N-terminal serine in the motif phosphorylatable by GSK3. As an alternative, a
modified CREB peptide substrate can be employed which has the same SXXXS motif and
which also contains an N-terminal anchor ligand, but which is synthesized with its C-
terminal serine prephosphorylated (such a substrate is available commercially from Chiron

‘Technologies PTY Ltd., Clayton, Australia).  Phosphorylation of the second serine in the

SXXXS motif during peptide synthesis eliminates the need to enzymatically phosphorylate
that residue with PKA as a separate step, and incorporation of an anchor ligand facilitates

. capture of the peptide substrate after its reaction with GSK3.

20

25

30
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Generally, a peptide substrate used for a kinase activity assay may contain one or

- more sites that are phosphorylatable by GSK3, and one or more other sites that are
- phosphorylatable by other kinases, but not by GSK3. Thus, these other sites can be

prephosphorylated in order to create a motif that is phosphorylatable by GSK3. The term
“prephosphorylated" refers herein to the phosphorylation of a substrate peptide with non-
radiolabeled phosphate prior to conducting a kinase assay using that substrate peptide.
Such prephosphorylation can conveniently be performed during synthesis of the peptide
substrate. ' :
The SGSG—lmked CREB peptide can be linked to an anchor hgand such as biotin,
where the serine near the C terminus between P and Y is prephosphorylated. As used
herein, the term "anchor ligand" refers to a ligand that can be attached to a peptide substrate
to facilitate capture of the peptide substrate on a capture ligand, and which functions to
hold the peptide substrate in place during wash steps, yet allows removal of unreacted
radiolabeled ATP. An exemplary anchor ligand is biotin. The term "capture ligand" refers
herein to a molecule which can bind an anchor ligand with high affinity, and which is
attached to a solid structure. Examples of bound capture ligands include, for example,
avidin- or streptavidin-coated microtiter wells or agarose beads. Beads bearing capture
ligands can be further combined with a scintillant to provide a means for detecting captured
radiolabeled substrate peptide, or scintillant can be added to the captured peptide in a later

step.
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The captured radiolabeled peptide substrate can be quantitated in a scintillation
counter using known methods. The signal detected in the scintillation counter will be
proportional to GSK3 activity if the enzyme reaction has been run under conditions where -
only a limited portion (e.g., less than 20%) of the peptide substrate is phosphorylated. If an

“inhibitor is present during the reaction, GSK3 activity will be reduced, and a smaller

quanﬁty of radiolabeled phosphate will thus be incorporated into the peptide substrate.
Hence, a lower scintillation signal will be detected. Consequently, GSK3 inhibitory
activity will be detected as a reduction in scintillation signal, as compared to that observed
in a negative control where no inhibitor is present during the reaction. This assay is
described in more detail in Example 265 hereinbelow.

A cell-based GSK3 kinase activity assay typically utilizes a cell that can express
both GSK3 and a GSK3 substrate, such as, for example, a cell transformed with genes
encoding GSK3 and its substrate, including regulatory control sequences for the expression
of the genes. In carrying out the cell-based assay, the cell capable of expressing the genes -
is incubated in the presence of a compound of the present invention. The cell is lysed, and
the proportion of the substrate in the phosphorylated form is determined, e.g., by observing
its mobility relative to the unphosphorylated form on SDS PAGE or by determining the
amount of substrate that is recognized by an antibody specific for the phosphorylated form
of the substrate. The amount of phosphorylation of the substrate is an indication of the
inhibitory activity of the compound, i.e., inhibition is detected as a decrease in
phosphorylation as compared to the assay conducted with no inhibitor present. GSK3
inhibitory activity detected in a cell-based assay may be due, for example, to inhibition of
the expression of GSK3 or by inhibition of the kinase activity of GSK3.

Thus, cell-based assays can also be used to specifically assay for activities that are
implicated by GSK3 inhibition, such as, for example, inhibition of tau protein
phosphorylation, potentiation of insulin signaling, and the like. For example, to assess the
capacity of a GSK3 inhibitor to inhibit Alzheimer's-like phosphorylation of microtubule-
associated protein tau, cells may be co-transfected with human GSK3B and human tau
protein, then incubated with one or more candidate inhibitors. Various mammalian cell
lines and expression vectors can be used for this type of assay. For instance, COS cells
may be transfected with both a human GSK3p expression plasmid according to the
protocol described in Stambolic et al., 1996, Current Biology 6:1664-68, which is
incorporated herein by reference, and an expression plasmid such as pSGS that contains
human tau protein coding sequence under an early SV40 promoter. See also Goedert et al.,
EMBO J., 8:393-399 (1989), which is incorporated herein by reference. Alzheimer's-like
phosphorylation of tau can be readily detected with a specific antibody such as, for
example, AT8, which is available from Polymedco Inc. (Cortlandt Manor, New York) after
lysing the cells. This asséy is described in greater detail in the examples, hereinbelow.
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Likewise, the ability of GSK3 inhibitor compounds to potentiate insulin signaling
by activating ‘glycogen synthase can be readily ascertained using a cell-based glycogen

synthase activity assay. This assay employs cells that respond to insulin stimulation by -

increasing - glycogen synthase activity, such as the CHO-HIRC cell line, which
overexpresses wild-type insulin receptor (~100,000 binding sites/cell). The CHO-HIRC
cell line can be generated as described in Moller et al., J Biol. Chem., 265:14979-14985

(1990) and Moller et al., Mol. Endocrinol., 4:1183-1191 (1990), both of which are

incorporated herein by reference. The assay can be carried out by incubating serum-starved
CHO-HIRC cells in the presence of various concentrations of compounds of the present
invention in the medium, followed by cell lysis at the end of the incubation period.
Glycogen synthase activity can be detected in the lysate as described in Thomas et al.,
Anal. Biochem., 25:486-499 (1968). Glycogen synthase activity is computed for each
sample as a percentage of maximal glycogen synthase activity, as described in Thomas et
al., supra, and is plotted as a function of candidate GSK3 inhibitor concentration. The
concentration of candidate GSK3 inhibitor that increased glycogen synthase activity to half

" of its maximal level (i.e., the ECsp) can be calculated by fitting-a four parameter sigmoidal

curve using routine curve fitting methods that are well known to those having ordinary skill
in the art. This is described in moreé detail in Example 266, hereinbelow. -
GSK3 inhibitors can be readily screened for in vivo activity such as, for example,

- using methods that are well known to those having ordinary skill in the art. -For example,

candidate compounds having potential therapeutic: activity in the treatment -of type 2

- diabetes can be readily identified by detecting a capacity to improve glucose tolerance in

animal models of type 2 diabetes. Specifically, the candidate compound can be dosed
using any of several routes prior to administration of a ghicose bolus in either diabetic mice
(e.g. KK, db/db, ob/ob) or diabetic rats (e.g. Zucker Fa/Fa or GK). Following
administration of the candidate compound and glucose, blood samples are removed at
preselected time intervals and evaluated for serum glucose and insulin levels. Improved
disposal of glucose in the absence of elevated secretion levels of endogenous insulin can be
considered as insulin sensitization and can be indicative of compound efficacy. A detailed
description of this assay is provided in the examples, hereinbelow.

The compounds of the present invention can be used in the form of salts derived
from inorganic or organic acids. These salts include but are not limited to the following:
acetate, adipate, alginate, citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate,
camphorate, camphorsulfonate, digluconate, cyclopentanepropionate, dodecylsulfate,
ethanesulfonate, glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate,
fumarate, hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate,
maleate, methanesulfonate, nicotinate, 2-napthalenesulfonate, oxalate, pamoate, pectinate,
sulfate, 3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate,



10

15

20

25

30

35

29-

WO 99/65897 . PCT/US99/13809

p-toluenesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be
quaternized with such agents as loweralkyl halides, such as methyl, ethyl, propyl, and butyl
chloride, bromides, and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl, and diamyl -
sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides, bromides

. and iodides, aralkyl halides like benzyl and phenethyl bromides, and others. Water or oil-

soluble or dispersible products are thereby obtained. _

Examples of acids which may be employed to form pharmaceutlcally acceptable
acid addition salts include such inorganic acids as hydrochloric acid, sulphuric acid and
phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and citric
acid. Basic addition salts can be prepared in situ during the final isolation and purification
of the compounds of formula (I), or separately by reacting carboxylic acid moieties with a
suitable base such as the hydroxide, carbonate or bicarbonate of a pharmaceutically
acceptable metal cation or with ammonia, or an organic primary, secondary or tertiary
amine. Pharmaceutically acceptable salts include, but are not limited to, cations based on
the alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium,
magnesium, aluminum salts and the like, as well as nontoxic ammonium, quaternary

-~ ammonium, and amine cations, including, but not limited to ammonium,

tetramethylammonium, tetracthylammonium, methylamine, dimethylamine,

trimethylamine, triethylamine, ethylamine, and the like. Other representative organic

amines useful for the formation of base addition salts include. diethylamine,
- ethylenediamine, ethanolamine, diethanolamine, piperazine and the like.

. Compounds of the present invention can be administered in a variety of ways
including enteral, parenteral and topical routes of administration. For example, suitable
modes of administration include oral, subcutaneous, transdermal, transmucosal,
iontophoretic, intravenous, intramuscular, intraperitoneal, intranasal, subdural, rectal, and
the like.

In accordance with other embodiments of the present invention, there is provided a
composition comprising GSK3-inhibitor compound of the present invention, together with
a pharmaceutically acceptable carrier or excipient.

Suitable pharmaceutically acceptable excipients include processing agents and drug
delivery modifiers and enhancers, such as, for example, calcium phosphate, magnesium
stearate, talc, monosaccharides, disaccharides, starch, gelatin, cellulose, methyl cellulose,
sodium carboxymethyl cellulose, dextrose, hydroxypropyl-B-cyclodextrin,
polyvinylpyrrolidinone, low melting waxes, ion exchange resins, and the like, as well as
combinations of any two or more thereof. Other suitable pharmaceutically acceptable
excipients are described in "Remington's Pharmaceutical Sciences,” Mack Pub. Co., New
Jersey (1991), incorporated herein by reference.
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- Pharmaceutical compositions containing GSK-3 inhibitor compounds of the present

‘invention may be in any form suitable for the intended method of administration, including,
for example, a solﬁtion, a suspension, or an emulsion. Liquid carriers are typically used in -

preparing solutions, suspensions, and emulsions. Liquid carriers contémplated for use in

“the practice of the present invention include, for example; water, saline, pharmaceutically

acceptable organic solvent(s), pharmaceutically acceptable oils or fats, and the like, as well
as mixtures of two or more thereof. The liquid carrier may contain other suitable
pharma'ceutically acceptable, additives such as solubilizers, emulsifiers, nutrients, buffers,
preservatives, suspending agents, thickcning-agents,' viscosity regulators, stabilizers, and
the like. Suitable organic solvents include, for example, monohydric alcohols, such as
ethanol, and polyhydric alcohols, such as’glycols. - Suitable oils include, for example,
soybean oil, coconut oil, olive oil, safflower oil, cottonseed oil, and the like. For parenteral

" administration, the carrier can also be an oily ester such as ethyl oleate, isopropyl myristate,

and the like. Compositions of the present invention may also be in the form of
microparticles, microcapsules, liposomal encapsulates, and the like, as well as

- combinations of any two or more thereof.

- The compounds of the present invention may be administered orally, parenterally,
sublingually, by inhalation spray, rectally, or topically in dosage unit formulations
cohtaining conventional nontoxic pharmaceutically acceptable carriers, adjuvants, and
vehicles as desired. Topical administration may also involve the use of transdermal
administration such as transdermal patches or ionophoresis devices. The term parenteral as
used herein includes subcutaneous injections, intravenous, intramuscular, intrasternal
injection, or infusion techniques. -

Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a
sterile injectable solution or suspension in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1,3-propanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's solution, and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or
suspending medium. For this purpose any bland fixed oil may be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the
preparation of injectables.

Suppositoﬁes for rectal administration of the drug can be prepared by mixing the
drug with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols
that are solid at ordinary temperatures but liquid at the rectal temperature and will therefore

melt in the rectum and release the drug.
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Solid dosage forms for oral administration may include capsules, tablets, pills,
powders, and ‘granules. In such solid dosage forms, the active compound may be admixed
with at least one inert diluent such as sucrose lactose or starch. Such dosage forms may .
also comprise, as is normal practice, additional substances other than inert diluents, e.g.,
lubricating agents such as magnesium stearate. In the case of capsules, tablets, and pills,
the dosage forms may also comprise buffering agents. Tablets and pills can additionally be

prepared with enteric coatings. _

Liquid dosage forms for oral administration may include pharmaceutically
acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents
commonly used in the art, such as water. Such compositions may also comprise adjuvants,
such as wetting agents, emulsifying and suspending agents, cyclodextrins, and sweetening,
flavoring, and perfuming agents. _ |

In accordance with yet other embodiments, the present invention provides methods
for inhibiting GSK3 activity in a human or animal subject, said .method comprising
administering to a subject an amount of a GSK3 inhibitor compound having the structure
(D, (AV) or (V) (or composition comprising such compound) effective to inhibit GSK3
activity in the subject. Other embodiments provided methods for treating a cell or a GSK3-
mediated disorder in a human or animal subject, comprising administering to the cell or to -
the human or animal subject an amount of a compound or composition of the invention
effective to inhibit GSK3 activity in the cell or subject. Preferably, the subject will be a

‘human or non-human animal subject. Inhibition of GSK3 activity includes detectable

suppression of GSK3 activity either as compared to a control or as compared to expected
GSK3 activity. '

Effective amounts of the compounds of the invention generally include any amount
sufficient to detectably inhibit GSK3 activity by any of the assays described herein, by
other GSK3 kinase activity assays known to those having ordinary skill in the art or by
detecting an alleviation of symptoms in a subject afflicted with a GSK3-mediated disorder.

GSK3-mediated disorders that may be treated in accordance with the invention
include any biological or medical disorder in which- GSK3 activity is implicated or in
which the inhibition of GSK3 . potentiates signaling through a pathway that is
characteristically defective in the disease to be treated. The condition or disorder may
either be caused or characterized by abnormal GSK3 activity. Representative GSK3-
mediated disorders include, for example, type 2 diabetes, Alzheimer’s disease and other
neurodegenerative disorders, obesity, atherosclerotic cardiovascular disease, essential
hypertension, polycystic ovary syndrome, syndrome X, ischemia, especially cerebral
ischemia, traumatic brain injury, bipolar disorder, immunodeficiency, cancer and the like.

Successful treatment of a subject in accordance with the invention may result in the
inducement of a reduction or alleviation of symptoms in a subject afflicted with a medical
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or biological disorder to, for example, halt the further progression of the disorder, or the
prevention of the disorder. Thus, for example, treatment of diabetes can result in a

reduction in glucose or HbAlc levels in the patient. Likewise, treatment of Alzheimer's .
“disease can result in a reduction in rate of disease progression, detected, for example, by

measuring a reduction in the rate of increase of dementia.

‘The amount of active ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host treated and the particular
mode of administration. It will be understood, however, that the specific dose level for any
particular patient will depend upon a variety of factors including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of
administration, route of administration, rate of excretion, drug combination, and the
severity of the particular disease undergoing therapy. - The therapeutically effective amount
for a given situation can be readily determined by routine experimentation and is within the

skill and judgment of the ordinary clinician,

For purposes of the present invention, a therapeutically effective dose will generally
be from about 0.1 mg/kg/day to about 100 mg/kg/day, preferably from about 1 mg/kg/day
to about 20 mg/kg/day, and most preferably from about 2 mg/kg/day to about 10 mg/kg/day
of a GSK3 inhibitor compound of the present invention, which may be admiinistered in one
or multiple doses. ' :

. The compounds of the present invention can aiso be administered in the form of
liposomes. As is known in the art, liposomes are generally derived from phospholipids or
other lipid substances. Liposomes are formed by mono- or multilamellar; hydrated liquid
crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically
acceptable and metabolizable lipid capable of forming liposomes can be used. The present
compositions in liposome form can contain, in addition to a compound of the present
invention, stabilizers, preservatives, excipients, and the like. The preferred lipids are the
phospholipids and phosphatidyl cholines (lecithins), both natural and synthetic. Methods
to form liposomes are known in the art. See, for example, Prescott, Ed., Methods in Cell
Biology, Volume XIV, Academic Press, New York, N.W., p. 33 et seq (1976).

While the compounds of the invention can be administered as the sole active
pharmaceutical agent, they can also be used in combination with one or more other agents
used in the treatment of disorders. Representative agents useful in combination with the
compounds of the invention for the treatment of type 2 diabetes include, for example,
insulin, troglitazohe,'ro_sig]itazone,'pioglitazone, glipizide, metformin, acarbose, and the
like. ‘Representative agents useful in combination with the compounds of the invention for
the treatment of Alzheimer’s disease include, for example, donepezil, tacrine and the like.
Representative agents useful in combination with the compounds of the invention for the
treatment of bipolar disease include, for example, lithium salts, valproate, carbamazepine
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and the like. A representative agent useful in. combination with the compounds of the
invention for the treatment of stroke is, for example, tissue plasminogen activator.

When additional active agents are used in combination with the compounds of the .
present invention, the additional active agents' may generally be employed in therapeutic
amounts as indicated in the PHYSICIANS' DEsk REFERENCE (PDR) 53 Edition (1999),
which is incorporated herein by reference, or such therapcuticélly useful amounts as would
be known to one of ordinary skill in the art. | '

The compounds of the invention and the other therapeutically active agents can be
administered at the recommended maximum clinical dosage or at lower doses. Dosage
levels of the active compounds in the compositions of the invention may be varied so as to
obtain a desired therapeutic response depending on the route of administration, severity of
the disease and the response of the patient. The combination can be administered as
separate compositions or as a. single dosage form containin'g' both agents. When
administered as a combination, the therapeutic agents can be formulated as separate
compositions that are given at the same time or different times, or the therapeutic agents
can be given as a single composition. |

The foregoing and other aspects of the invention may be better understood in
connection with the following representative examples.
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EXAMPLES -

Example 1
~ Characterization and Purification Methods
_ Compounds of the present invention were characterized by high performance liquid
chromatography (HPLC) using a Waters Millennium chromatography system with a 2690
Separation Module (Milford, Massachusetts)' The analytical columns were Alltima C-18
reversed phase, 4.6 x 250 mm from Alltech (Deerfield, Ilhnms) A gradient elution was
used, typxcally starting with 5% acetonitrile/95% water and progressing to 100%
acetonitrile over a period of 40 minutes. All solvents contained 0.1% trifluoroacetic acid
(TFA). Compounds were detected by ultraviolet light (UV) absorption at either 220 or 254

‘nm. HPLC solvents were from Burdick and Jackson (Muskegan, Michigan), or Fisher

Scientific (Plttsburgh Pennsylvama) In some instances, purity was assessed by thin layer
chromatography (TLC) using glass- or plastic-backed silica gel plates, such as, for

| example, Baker-Flex Silica Gel 1B2-F flexible sheets. TLC results were readily detected

visually under ultraviolet light, or by employing well known iodine vapor and other various
staining techniques.

Mass spectrometnc analysxs was performed on a Fisons VG Electrospray Mass
Spectrometer. All masses are reported as those of the protonated parent ions.

Nuclear magnetic resonance (NMR) analysis was performed with a Varian 300

‘MHz NMR (Palo Alto, California). The spectral reference was either TMS or the known

chemical shift of the solvent. Some compound samples were run at elevated temperatures

~ (i.e. 75°C) to promote increased sample solubility.

The purity of some of the invention compounds was assessed by elemental analysis
(Desert Analytics, Tucson, Arizona)

Melting points were determined on a Laboratory Devices Mel-Temp apparatus
(Holliston, Massachusetts).

Preparative separations were carried out using either a Flash 40 chromatography
system and KP-Sil, 60A (Biotage, Charlottesville, Virginia), a Chromatotron radial
chromatography device (Harrison Research, Palo Alto, California), or by HPLC using a C-
18 reversed phase column. Typical solvents employed were dichloromethane, methanol,
ethyl acetate and triethyl amine.

Example 2
Solid Phase Synthesis of Pyrimidine Compounds
(Resin Method A)

Step A: Knoevenagel Condensation
A suspension of benzaldehyde-bound resin (lg, 0.52 mmol) in 8 ml of I:l

alcohol:dioxane was treated with 2.2 mole B-ketoester and 1.3 mmol an amine, e.g.,
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piperidine. The reaction mixture was shaken for 20 hours at room temperature and the
resin was then filtered and washed with 4 x 10 ml dichloromethane (DCM).

Step B: Cyclization and Oxidation to the Pyrimidine Nucleus
The product from Step A (100 mg, 0.052 mmol) was combined with 0.26 mmol of

the pyrazole carboxamidine hydrochloride and 0.13 mmol NaHCO; in 1 ml N-
methylpyrrolidinone. The reaction mixture was shaken at 70°C for 24 hours. Following
cooling, the reaction was washed successively with water, methanol, DMF, methylene
chloride and ether, then dried. Cleavage of a small amount of resin indicated that the
desired dihydropyrimidine was present in high yield.

The dried resin was then taken up in THF and 1.1 eq. of dicyanodichloroquinone
(DDQ) was added. The resulting slurry was stirred for 0.5 hours at which time the resin
was washed with DMF, 10% NaHCO;, H,0, dimethylformamide (DMF), methanol
(MeOH), methylene chloride and ether, then dried. Cleavage of a small amount of this
resin with trifluoroacetic acid/methylene chloride indicated the presence of a pyrimidine in
high yield.

Step C: Amine Displacement and Rélease from the Solid Support
A suspension of the pyrimidine (50 mg, 0.026 mmol) in 0.75 ml NMP was treated

with 1 mmol of an amine and 0.26 mmol acetic acid. The reaction mixture was shaken at
80°C for 24-48 hours. Following' cooling, the resin was wéshed 4x each with methanol, -
DMF, and methylene chloride. The resin was then dried and a solution of 5% -
trifluoroacetic acid in methylene chloride was added. The resin was shaken for 2 hours,
then filtered and washed 3x with methylene chloride. The combined filtrates were
concentrated, taken up in 1:1 water/acetonitrile and lyophilized to dryness.

The following compounds of the present invention were prepared according to
Resin Method A using the ketoester and amine identified in parentheses: |

Ethyl 4-(4-carbamoylphenyl)-6-ethyl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}-
amino)pyrimidine-5-carboxylate (from ethyl 3-oxo-valerate and 2-(2-aminoethylamino)—5-
nitropyridine (dehydration of this compound using trifluoracetic anhydride yielded ethyl 4-
(4-cyanophenyl)-6-ethyl-2—({2-[(5-nitro(2—pyridyl)amino]ethyl}amino)pyrimidine—S-
carboxylate)

Ethyl  4-(4-carbamoylphenyl)-2-({2-[5-nitro(2-pyridyl))amino]ethyl}amino)-6-(4-
pyridyl)pyrimidine-5-carboxylate (from ethyl 3-(4-pyridyl)-3-oxopropionate and 2-(2-
aminoethylamino)-5-nitropyridine) '

Ethyl 4-(4-carbamoylphenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-6-(4-
nitrophenyl)pyrimidine-5-carboxylate (from ethyl 3-(4-nitrophenyl)-3-oxoproprionate and
2-(2-aminoethylamino)-5-nitropyridine)
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Example 3
- Solid Phase Synthesis of Pyrimidine Compounds: -
(Resin Method B) - -

Step 1: Sasrin resin (Bachem Biosciences, 5.0 g, nominal substitution 1.02

mmol/g) was shaken with triphenylphosphine dibromide (2.3 g) in dry dichloromethane

- (60-70 ml) for 4 hours at room temperature. All solvents and glassware used to carry out
this reaction were dry. The resin was washed well with dichloromethane.

Step 2: The resin from Step 1 was then reacted with a primary amine (0.5-1 M) in
1-methylpyrrolidone (NMP) at 70-80°C for 3-5 hours to produce an aminomethyl resin,
which was used immediately after preparation. The resin was then thoroughly washed with
dimethylsulfoxide (DMSO) (or DMF) and dichloromethane, then dried in vacuo at room
temperature.

- Step 3: After drying, the resin was coupled ovemlght with 4-acetylbenzoic acid
using benzotriazole-1-yl-oxy-tris-pyrollidino-phosphonium hexafluorophosphate (PyBop®,
which is available from Novabiochem, San Diego, California), 4-methylmorpholine and
NMP in accordance with the method described in Example 10 (i.e., "Resin Method C")
(except that cleavage of the product from the resin was carried out under more strongly
a01d1c conditions, i.e., typically 20-100% trifluoroacetic acid (TFA) in DCM (e.g., 60%
TFA in DCM)).

| 'Other types of resin havmg a pendant CH,OH group can also be used in carrying
out this method such as, for example, Wang resin (Novablochem, San Diego, California).
It is also pos51ble to load the primary amine onto a solid support by other methods such as,
for example, reductive amination of a solid support containing an aldehyde.

Examples 4-9 describe the synthesis of compounds of the present invention

pursuant to Resin Method B.

_ Example 4
Synthesis of N-{(3-bromophenyl)methyl}{4-[2-({3-[(5-nitro(2-

pyridyl)amino]propyl}amino)pyrimidin-4-yl]phenyl} carboxamide

~ Stepl: A solution of 2-chloro-5-nitropyridine (3.16 g, 20 mmol) in dry acetonitrile
(40 ml) was added dropwise to a solution of 1,3-diaminopropane (5.0 ml) in acetonitrile
(20 ml) at room temperature. After 7.5 hour, a yellow solid precipitated in the reaction
mixture. The solvent was removed in vacuo and the residue was partitioned between 2.5
M aqueous sodium hydroxide and dichloromethane. The layers were separated and the
aqueous portion was extracted 3x with dichloromethane. The combined organic layers
were back-extracted with a saturated sodium chloride solution, then dried and concentrated
in vacuo using a Buchi rotary evaporator Model R-124 to give (3-aminopropyl)(5-nitro(2-
pyridyl))amine as a yellow solid (2.55 g). The amine (1.14 g, 6 mmol) was shaken with




10

15

20

25

30

35

37-

. WO 99/65897 b : . o PCT/US99/13809

benzotriazole carboxamidinium 4-methylbenzenesulfonate (2.0 g, 6 mmol) and
diisopropylethyl amine (DIEA) (1.05 ml, 6 mmol) in acetonitrile (10 ml) at room
temperature over two days. Dilution with ether gave the amino-{3-[(5-nitro(2- -
pyridyl))amino]propyl}carboxamidinium 4-methylbenzenesulfonate as a solid.
Step 2: Sasrin resin (10 g) was shaken with triphenylphosphine dibromide (4.5 g) -
in dry dichloromethane (ca. 80 ml) at room temperature for 4 hours. The resin was washed
well with dichloromethane and air-dried briefly. The air-dried resin was divided into 6
equal portions. One portion was heated at 70°C for 4 hours with a solution of 3-
bromobenzylamine (8 mmol) in NMP (12 mi). The resin was washed well with DMF and
dichloromethane and dried overnight in vacuo at room temperature. The dried resin was
then shaken with a solution of PyBop® (3.12 g, 6 mmol), 4-acetylbenzoic acid (1.0 g, 6
mmol), and 4-methylmorpholine (12 mmol) in NMP (12 ml) at room temperature
overnight. The resin was washed with DMF, DMSO and dichloromethane and briefly air-
dried. The resin was then heated with N,N-dimethylformamide dimethylacetal (10 ml) at
95°C for 9 hours. After cooling, the resin was washed with dichloromethane and dried in
vacuo at room temperature. The resin (80 mg) was then reacted with 100 mg of the
guanidine prepared in Step 1 plus cesium carbonate (160 mg) with NMP (2 ml) at 95°C
overnight, followed by cleavage with 60% TFA in dichloromethane to give N-{(3-
bromophenyl)methyl] {4-[2—( {3-[(5-nitro(2-pyridyl)amino]propyl}amino)pyrimidin-4—
yl]phenyl}carboxamide. |
HPLC: 25.31 min (98% pure); MS: MH'= 562/564 (1 Br); CysH2N;BrO; = 561/563
g/mol.

_ _ - Example 5
Synthesis of N-{(3-bromophenyl)methyl}{4-[2-({2-[(5-cyano(2-
- pyridyl)aminoJethyl } amino)pyrimidin-4-yl]phenyl}carboxamide

Step 1: 6-Chloronicotinitrile (2.0 g) was treated with ethylenediamine (5 ml). The
mixture was then heated at 50°C for 22 hours. Excess ethylenediamine was removed by
rotary evaporation. The residue was partitioned between 2.5 M aqueous sodium hydroxide
and dichloromethane. The aqueous layer was extracted 4x more with dichloromethane.
The combined organic layers were washed with a saturated sodium chloride solution, dried
and then concentrated in vacuo to give 6-[(2-aminoethyl)amino]pyridine-3-carbonitrile as
an amber liquid which solidified upon .standing. The amine (0.97 g, 6 mmol) was shaken
overnight with benzotriazole carboxamidinium 4-methylbenzenesulf_onate (2.0 g, 6 mmol)
and DIEA (1.05 ml, 6 mmol) in acetonitrile (10 ml). Addition of ether gave amino{2-[(5-
cyano(2-pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate as a white solid.

Step 2: The guanidine from Step 1 (120 mg) was reacted with the resin prepared as
in Example 4, Step 2 (80 mg) in the presence of cesium carbonate (160 mg) in NMP (2 ml)
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at 90°C overnight. Treatment of the resin with 60% TFA in dichloromethane gave the title
compound. . : L

- HPLC: 23.70 min (98% purity)

MS: MH"= 528/530 (1 Br) C6H22N;BrO=527/529 g/mole -

Exam ple 6

Synthesis of N-[(3-methoxyphenyDmethyl1{4-[2-({2-[(5-nitro(2-

'pm' ridyl))aminoJethyl}amino mmmldm-4-yl Iphenyl }carboxam1de
Step 1: 2—(2-aminoethylamino)-Sémtropyndme (Aldrich Chemical Co., Milwaukee,
Wxsconsm) (1.08 g, 6 mol) was shaken with ‘benzotriazole carboxamidinium 4-
methylbenzenesulfonate (2.0 gm, 6 mmol) and DIEA (1 .05 ml, 6 mmol) in a mixture of
acetommle (10 ml) and DMF ( 3 ml) at room temperature overnight. Addition of ether
gave amino[2- [(5-n1tro(2-pyndyl)ammo]ethyl}carboxamndlmum 4-methylbenzenesulfonate

~as hght orange crystals

Step 2: The Sasrin resin was prepared as described in Step 2 of Example 3. The
resin (500 mg) was heated with a solution of 3-methoxybenzylam1ne (600 pl) in NMP (6
ml) at 70°C for 4 hours. The resin was then washed with DMF and dichloromethane and
then shaken with a solution of PyBop® (1.04 g, 2 ‘mmol), 4-acetylbenzoic acid (0.33 g, 2

" mmol), 4-methylmorpholine (4 mmol) in NMP (6 ml) at room temperature overnight. A

small aliquot of the resin was treated with 20% TFA: in dichloromethane to give the
intermediate, (4-acetylphenyl)-N—[(3-mcthoxyphenyl)methyl]carboxaxhide (HPLC: 23.94

min (97%); MS; MH'= 284 (as required)). The resin was then heated at 95°C for 7 hours

in DMFDMA (5 ml).
After heating, the resin was washed with dichloromethane, then dried in vacuo.

Dried resin (120 mg) was reacted with 120 mg of the guanidine prepared in Step 1 plus
cesium carbonate (160 mg) in NMP (2 ml) overnight at 90°C. Cleavage with 20% TFA in

dichloromethane gave the title compound.
- HPLC: 22.32 min (85% pure)

MS: MH 500 C26H25N7O4 499 g/mole

Example 7
3-(4-nitroimidazolyl)pro

Step 1: 4-Nitroimidazole (5.0 g, 44 mol) in DMF:THF (1:1 (W), 40 ml) was
treated at room temperature with 60% NaH (2.2 g). When hydrogen evolution had ceased,
3-bromopropylphthahm1de (11.79 g, 44 mmol) was added followed by heating at 70°C
ovemlght. The mixture was cooled, diluted with dichloromethane and carefully quenched

with water. At this poiht the solid product precipitated out to give 2-[3-(4-

nitroimidazolyl)propyl]isoindoline-1,3-dione as a white solid, 8.85 g. The solid was
refluxed with methanol (60 ml) and anhydrous hydrazine (4 ml) overnight. The mixture
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was cooled to 4°C, then filtered. - The filtrate was cbncentrated to dryness, then partitioned
between dichioromethane and 2.5 M aqueous sodium hydroxide. The organic layer was
washed with saturated sodium chloride solution, dried and concentrated in vacuo to give 3- -
(4-nitroimidazolyl)propylamine as an orange syrup, 2.24 g. The amine, 1.18 g was treated
with benzotriazole carboxamidinium 4-methylbenzenesulfonate (2.2 g) and DIEA (1.5 ml)
in acetonitrile (8 ml) with shaking at room temperature overnight. ' Addition of ether gave
amino[3-(4-nitroimidazolyl)propyl]carboxamidinium 4-methylbenzenesulfonate as a beige
solid.- .

Step 2: The Sasrin resin (prepared according to Example 3, Step 2) (2.5 g) was
heated at 80°C with 4-hydroxyacetophenone (700 mg) and cesium carbonate (600 mg) in
NMP (10 ml) for 24 hours. The resin was then washed with DMF, water, DMF and
dichloromethane and dried in vacuo. The dried resin was then heated overnight with
DMFDMA (10 ml) at 105°C. The resin was cooled, filtered and washed well with
dichloromethane and dried in vacuo. The dried resin (100 mg) was then treated with 100
mg of the guanidine prepared in Step 1, 200 mg of cesium carbonate and 3 ml of NMP at
105°C for 66 h. The resin was washed with DMSO, acetic acid, water, DMSO and
dichloromethane, then shaken with 100% TFA for 1 h, and filtered. The filtrate was
concentrated in vacuo and lyophilized to give the title compound.

HPLC: 16.85 min (75% purity)
MS: MH"= 341 C;sH;sNsO3 = 340 g/mol

Svnthesis of 4-

Bromomethyl sasrin resin (prepared according to Example 3, Step 2), 0.9 g, was
heated with benzyl 4-hydroxyphenyl ketone (1.06 g, 5 mmol) and cesium carbonate (1.6 g)
in NMP (8 ml) at 80°C overnight. The resin was washed serially with DMF, water, DMF
and dichloromethane and dried in vacuo. The dried resin was heated with DMFDMA (8
ml) at 100°C overnight. After cooling the resin was filtered and washed well with
dichloromethane, then dried in vacuo. The resin (75 mg) was then reacted with 100 mg of
amino {2-[(5-nitro(2-pyridyl))amino]ethyl } carboxamidinium 4-methylbenzenesulfonate
and 200 mg of cesium carbonate in NMP (2 ml) at 104°C for 64 hours. The resin was then
washed with DMSO, acetic -acid, water, DMSO and dichloromethane. The resin was
shaken with 100% TFA at room temperature (1 h). The resin was filtered and the filtrate
concentrated in vacuo, then lyophilized to give the title compound.
HPLC: 22.53 min (95% purity) '
MS: MH'=429 CyHNsO; = 428 g/mol
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Step 1: Sasrin resin (500 mg) substituted with m-bromobenzylarmne (according to
Step 1 of Example 3) was treated with 4-acetylbenzenesulfonyl chloride (1.1 g, 5 mmol)
and DIEA (1.22 ml, 7 mmol) in dichloromethane (10'ml) with shaking at room temperature

for 0.5 hours. Then 4-dimethylaminopyridine (122 mg, 1 mmol) was added, followed by

shaking ovemight at room, temperature. The resin was washed well with DMF and
dichloromethane, then heated with DMFDMA (10 mL) at 95°C overnight. The resin was
washed well with dichloromethane and dried in vacuo at room temperature.

Step 2: The resin prepared in Step 1 (70 mg) was treated with amino[2-[(5-nitro(2-
pyridyl)amino]ethyl} carboxamidinium 4-methylbenzenesulfonate (100 mg) and cesium
carbonate (160 mg) in NMP 2 ml) at 95°C overnight. The resin was serially washed with
DMSO, acetic acid, water, DMSO, dichloromethane and then treated with 60% TFA in
dichloromethane at room temperature for 0.5 hours. The resin was filtered off and the

‘filtrate was concentrated in vacuo and lyophilized to give the title compound.

HPLC: 26.62 min (100% purity) _

MS I\/IH+ = 584/586 C24H22N7BrO4S = 583/585 g/mol (1 Br) )

The following additional compounds were similarly synthesized accordlng to Resin
Method B by varying the guanidine used:
4- (2-{[2-(4-mtrophenyl)ethyl]ammo}pynm1dm—4-y1)benzam1de
4-{2-[(_2-(eryrldyl)ethyl)ammo]pynmxdm—4-yl}benzam1de_
4-{2-[(4-pyridylmethyl)amino]pyrimidin-4-yl}benzamide
4-[2-({2-[(5-nitro-2-pyridyl)amino]ethyl } amino)pyrimidin-4-yl]Jbenzamide
4-(2-{[2~(pyrimidin-2-ylamino)ethylJamino } pyrimidin-4-yl)benzamide
4-{2-[(3-imidazol-5-ylethyl)amino]pyrimidin-4-yl }benzamide _
4-(2-{[2-(benzothiazol-2-ylamino)ethylJamino } pyrimidin-4-yl)benzamide
4-{2—_[(2—{[5-(triﬂuor_omethyl)-2-_pyridyl]amino}ethyl)amino]pyrimidin-4—yl}benzamide
4-[2_-(.{2-[(S-cyano-z-pyridyl)amino]ethyl.}amino)pyrimidin—4—yl]benzamide
4-{2-[(2-{[5-(aminothioxomethyl)-2-pyridylJamino }ethyD)amino]pyrimidin-4-

yl}benzamide |
4- (2-{[(3—bromophenyl)methyl]ammo}pyr1m1dm-4-yl)benzam1de
4-[2-({[4-(4-ﬂu_orophenyl)phenyl]methyl}ammo)pyrlmldm-4-yl]benzamide
4-{2-[4-benzylpiperazinyl]pyrimidin-4-yl}benzamide |
4-(2-{[(5-methylpyrazin-2-yl)methylJamino} pyrimidin-4-yl)benzamide
4-{2-[(3-imidazolylpropyl)amino]pyrimidin-4-yl}benzamide
4-{2-[(2,2-diphenylethyl)amino]pyrimidin-4-yl} benzamide
4-[2-({[3-(trifluoromethyl)phenyl]methyl }amino)pyrimidin-4-yl]Jbenzamide
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4-(2-{[(3-nitrophenyl)methyl]Jamino} pyrimidin-4-yl)benzamide
4-{2-[(naphthylmethyl)amino]pyrimidin-4-yl} benzamide -
4-(2-{[(4-bromophenyl)methyl]Jamino} pyrimidin-4-yl)benzamide
4-(2-{[(3,5-dichlorophenyl)methyl]Jamino} pyrimidin-4-yl)benzamide
4-(2-{[(3-methoxyphenyl)methylJamino} pyrimidin-4-yl)benzamide
4-[2-({[3-(3-methoxyphenyl)phenyl]methyl} amino)pyrimidin-4-ylJbenzamide
4-[2-({[3-(3-aminopheny!)phenyl]methyl}amino)pyrimidin-4-yl]benzamide
4-{2-[({3-[3-(acetylamino)phenyl}phenyl }methyl)amino]pyrimidin-4-yl } benzamide
4-[2-({[4-(3-aminophenyl)phenyljmethyl } amino)pyrimidin-4-yl]benzamide
4-(2-{[(3-chlorophenyl)methyljamino} pyrimidin-4-yl)benzamide
4-(2-{[(2,4-dichlorophenyl)methylJamino} pyrimidin-4-yl)benzamide
4-(2-{[(3-methylphenyl)methyl]amino} pyrimidin-4-yl)benzamide
4-(2-{[(3,4-dimethoxyphenyl)methyl]Jamino } pyrimidin-4-yl)benzamide .
4-[2-({[4-(trifluoromethyl)phenylJmethyl } amino)pyrimidin-4-yl Jbenzamide
4-(2-{[(4-methoxyphenyl)methylJamino} pyrimidin-4-yl)benzamide
4-(2-{[(4-aminophenyl)methylJamino} pyrimidin-4-yl)benzamide
4-12-({[3,5-bis(trifluoromethyl)phenyljmethyl} amino)pyrimidin-4-ylJbenzamide
4-{2-[4-(2-methoxyphenyl)piperazinyl]pyrimidin-4-yl} benzamide
4-{2-[({3-[3-(trifluoromethyl)phenyl]phenyl} methyl)amino]pyrimidin-4-yl} benzamide
4-(2-{[2-(3-methoxyphenyl)ethylJamino} pyrimidin-4-yl)benzamide
4-(2-{[2-(4-fluorophenyl)ethyl]amino} pyrimidin-4-yl)benzamide
4-(2-{[(3,4,5-trimethoxyphenyl)methylJamino} pyrimidin-4-yl)benzamide
{4-[2-({2—[(4-amino-S-cyanopyrimidin-2—yl)amino]ethyl}amino)pyrimidin—4—yl]phenyl}-
N-{(3-bromophenyl)methyl]carboxamide
4-[2-({2-[(4-amino-5-cyanopyrimidin-2-yl)amino]ethyl } amino)pyrimidin-4-yl]Jbenzamide
4-[2-({3-[(5-nitro-2-pyridyl)amino]propyl } amino)pyrimidin-4-yl]benzamide
4-(2-§ [(4;cyanophenyl)methyl]amino }pyrimidin-4-yl)benzamide :
4-{ 2-[(2—phenylpropyl)amino]pj'rimidin-4-yl}benzamide
4-{2-[(2-phenoxyethyl)amino]pyrimidin-4-yl }benzamide
4-(2-{ [2-(2,5-dimethoxypheny])ethyl] amino} pyrimidin-4-yl)benzamide
4-(2-{[(2,6-dimethoxyphenyl)methylJamino} pyrimidin-4-yl)benzamide
4- (2-{t2—(2—methoxyphenyl)ethyl]amino}pyrimidin-4-yl)benzamide
4-{2- [(4-phenylbutyl)ammo]pyrumdm~4-yl}benzarmde

| 4-{2-[(2-(2H- -benzo[3,4-d]1 3-dloxolen-S-yl)ethyl)amlno]pynmxdm—4-yl}benzamlde

4-(2-{ [2-(3-chlorophcnyl)ethyl]ammo}pyr1m1dm—4-yl)benzam1de
4-(2-{[2-(2, 3-dlmethoxyphenyl)ethyl]ammo}pyr1m1d1n—4-yl)benzamxde
4- -{2-[(3-phenoxypropyl)amino]pyrimidin-4-yl} benzamide
4-(2-{[3-(4-ch1orophenoxy)propyl]amind}pyrimidin-4-yl)benzamide
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4-(2-{[3 -(4-methoxyphenoxy)propyl]amino} pyrimidin-4-yl)benzamide
4-(2-{[3-(3-methoxyphenoxy)propyl]amino} pyrimidin-4-yl)benzamide -
4—(2-{[3-(3-bromophenoxy)propyl]amino}pyri'midin-4-'yl)Bénzamide o
4-(2-{[3-(2,4-dichlof6phenoxy)propyl]amino}pyrinﬁdin-4-.yl)benzamide
4-[2-({3-[3-(trifluoromethyl)phenoxy]propyl } amino)pytimidin-4-ylJbenzamide
- 4-(2-{[3-(3-methylphenoxy)propyl]amino} pyrimidin-4-yl)benzamide
4-(2-{[3- (4-phenyl1m1dazolyl)propyl]annno}pyr1m1dm-4-yl)benzam1de
4-(2-{[3-(5,6-dichlorobenzimidazolyl)propyl]amino } pyrimidin-4-yl)benzamide
4-(2-{-[3-(3,4-dichlorophenoxy)p:opyl]amino}pyrimid'in-4-yl)benzamide :
4-(2-{[3-(5,6-dimethylbenzimidazolyl)propyl]Jamino} pyrimidin-4-yl)benzamide
4-{2—[(3-(6-quinolyloxy)propyl)amino]pyrimidin-4-yl}benzarnide
4-{2-[(3-naphthyloxypropyl)amino}pyrimidin-4-yl }benzamide
* 4-(2-{[3-(3-phenylphenoxy)propylJamino} pyrimidin-4-yl)benzamide
4-(2-{[3-(4-nitroimidazolyl)propylJamino } pyrimidin-4-yl)benzamide
4-(2-{[3-(4,5-dichloroimidazolyl)propylJamino} pyrimidin-4-yl)benzamide
4-{2-[(3-benzimidazolylpropyl)amino]pyrimidin-4-yl}-2-chlorophenol
4-[2-({3-[4-(2,4-dichlorophenyl)imidazolyl]propyl }amino)pyrimidin-4-yl]benzamide
4-[2 ({3 [4-(3—methoxyphenyl)xmldazolyl]propyl}am1no)pynm1dm-4-yl]benzam1de

Example 10

| Solid Phase Synthem_s of Pyndme Con_lg' ounds
' (Resin Method C) '

Rink amide resin (Novabioch_em; San Diego, CA, nominally 0.46 mmol/g
substitution) was deprotected with 20% v/v pipefidine in DMF (ca. 60 ml, 0.5 hours, room
temperature). The resin was washed thoroughly with DMF and dichloromethane, then
treated with 4-acetylbenzoic acid 8 mmol) PyBOP® (8 mmol, Novabmchem), 4-
methylmorpholine (12 mmol) and NMP (50 ml) for 8.5hours at room temperature ona
wrist shaker. The resin was washed with DMF and dichloromethane, air dried, and then
divided into 3 portions. Each portion was treated with N,N-dimethylformamide dimethy!
acetal (ca. 12 ml) with heating at 105°C overnight (ca. 13 hours). The reactions were
allowed to cool and the resin was washed with dichloromethane, then dried in vacuo at

room temperature.
For the synthesis of pyrimidines, typlcally 100 mg of the above dried resin was

mixed with 200-300 mg of anhydrous cesium carbonate, 80-200 mg (most usually 100 mg)
of the appropriate guanidine as its tosylate salt and 2-3 ml of NMP. This mixture was
heated at 90- 105°C for at least 12 hours. In many cases the reactions were allowed to
proceed for about 65 hours at this temperature. The resin was cooled, filtered and washed
with DMSO, glacial acetic acid, water, DMSO and finally dichloromethane. The product
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was removed by treatment of the resin with 95:5 v/v dichloromethane/TFA for 0.5-1 hours
at room temperature. The resin was then filtered, washed with dichloromethane and the
filtrates were concentrated on a rotary evaporator. An aliquot was withdrawn for HPLC -
analysis and the rest of the saniplc was Iyophilized twice from a 1:1 acetonitrile:water
solvent mixture, which usually gaVe the pyrimidine as a fluffy solid.

Examplés 11-16 describe the synthesis of compounds of the present invention
pursuant to Resin Method C. '

2-(2-Aminoethylamino)pyridine ~ (prepared  from  2-chloropyridine  and
ethylenediamine in accordance with the method described in T. Mega et al., 1988, Bull.
Chem. Soc. Japan 61:4315, which is incorporated herein by reference) (6 mmol) was
treated with benzotriazole carboxamidinium 4-methylbenzenesulfonatesulfonate (2.0 g, 6
mmol) and DIEA (1.05 ml, 6 mmol) in anhydrous acetonitrile (10 ml) for 65 hours. Ether
(ca. 10 ml) was then added to this mixture. After 8 hours the white solid amino[2-(2-
pyridylamino)ethyl]carboxamidinium 4-methylbenzenesulfonate was filtered off and dried
in vacuo. The resulting guanidine (200 mg) was reacted with 100 mg of resin (21 hours,
90°C) according to the method described in Example 10 (Resin method C), to give the title -
compound.
HPLC: 11.20 min (97% pure)
MS: MH+=335 ClsHlsNGO =334 g/mol'

. Example 12
Synthesis of 4-(2-{[2-(2-quinolylamino)ethyl]amino}-
pyrimidin-4-yl)benzamide - -

2-Chloroquinoline (7.0 g) was heated at 120°C under argon with ethylenediamine
(50 ml) for 6 hours. The excess ethylenediamine was removed by rotary evaporation (oil
pump). The residue was taken up in 2.5 M aqueous sodium hydroxide and extracted 6
times with dichloromethane. The combined organic layers were washed with a small
portion of saturated aqueous NaCl, dried over Na;SO4 and concentrated in vacuo. A
portion of the viscous product, 0.55 g (3 mmol) was treated with benzotriazole
carboxamidinium 4-methylbenzenesulfonate (1.0 g, 3 mmol), DIEA (0.78 ml, 4.5 mmol)
and acetonitrile (8 ml) with shaking at room temperature overnight. Precipitation with
ether gave amino[2-(2-quinolylamino)ethyl]carboxamidinium 4-methylbenzenesulfonate.
The resulting guanidine (200 mg) was reacted (21 hours, 90°C) with 100 mg of resin
according to the method described in Example 10 (i.e., Resin method C) to give the title

.compound.

HPLC: 12.04 min (95% pure)
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MS: MH'=385 CyHaoNsO= 384 g/mol

- ~ Example 13 N
Synthesis of 4-[2-({2-{6-methoxy-2-pyridylaminol-
ethyl}amino)pyrimidin-4-ylJbenzamide
2-Chloro-6-methoxypyridine (5.0 g) was heated with ethylenediamine (30 ml) at

120°C overnight. The excess ethylenediémine was removed by rotary evaporation. The
residue was dissolved in a small volume of 2.5 M aqueous sodium hydroxide and extracted
thoroughly with dichloronfethane. - The combined organic layers were washed with
saturated aqueous sodium chloride, dried over sodium sulfate and concentrated in vacuo to
give (2-aminoethyl)(6-methoxy(2-pyridyl)amine as an orange syrup. The amine (2.58 g)
was treated with benzotriazole carboxamidinium :4'-in'cthylbenzenesulfonate (0.86 g) and
DIEA (0.45 rhmol) in acetonitrile (6 ml) and stirred overnight at room temperature.
Trituration with ether gave the guanidine, amino-{2-[(6-methoxy(2-pyridyl))amino]ethyl}
carboxamidinium 4-methylbenzenesulfonate, as an oil. The oily guanidine (200 mg) was
reacted with 100 mg of resin according to Resin Method C (90°C, overnight) to give the
title corhpound. - :
HPLC: 11.84 min (85% purity)
MS: MH*= 365 C;9H20NsO5= 364 g/miol -

Example 14
Synthesis of 4-{2-[(3-Benzimidazolylpropyamino}-
pyrimidin-4-yl}benzamide
'Benzimidazole (2.4 g, 20 mmol) in dry THF (40 ml) was treated at room
temperature with 60% NaH in oil (0.96 g). After hydrogen evolution ceased, 3-
bromopropylphthalimide (5.36 g, 20 mmol) was added and the mixture heated at 80°C
overnight. The reaction was cooled, diluted with dichloromethane and water and then
extracted twice with 5% aqueous potassium carbonate solution. The organic layer was

dried over sodium sulfate and concentrated in vacuo to give a beige solid, 4.1 g. The solid

was dissolved in methanol (60 ml) and treated with anhydrous hydrazine (4.0 ml), followed
by refluxing for 4 hours. The mixture was then cooled to 4°C for several hours, then
filtered. The filtrate was concentrated in vacuo. The residue was partitioned between
dichloromethane and 2.5 M aqueous sodium hydroxide. The organic layer was washed
with saturated sodium chloride solution, dried over sodium sulfate and concentrated in
vacuo to give 3-benzimidazolylpropyl amine as a pale pink oil, 1.1 g. This amine (1.03 g,
6 mmol) was reacted with benzotriazole carboxamidinium 4-methylbenzenesulfonate (2.0
g, 6 mmol) and DIEA (1.39 ml) in acetonitrile (8 ml) overnight at room temperature to give
afnino(3-benzimidazolylpropyl)carboﬁcamidinium 4-methylbenzenesulfonate which was
obtained as a beige solid after repeated trituration with ether. The guanidine (100 mg) was
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reacted ) (65 hours, 105°C) with 100 mg of resin in accordance with the method described
in Example 10 (i.e., Resin Method C) to give the title compound.

HPLC: 12.12 min (95% purity)

MS: MH'=373 C;H,0N¢O= 372 g/mol

Example 15
Synthesis of 4-{2-[(3-(2-napthyloxy)propyl)amino}-
pyrimidin-4-y)benzamide

2-Naphthol (2.9 g, 20 mmol) in dry THF (40 ml) was treated with 60% NaH
suspension (0.96 g) at room temperature. After hydrogen evolution ceased, 3-
broxhopropylphthalimide (5.36 g, 20 mmol) was added and the mixture was heated at 80°C
overnight. The reaction was cooled, diluted with ethyl acetate and water. The layers were
separated and the aqueous layer extracted 3 times with ethyl acetate. The combined
organic layers were then extracted 5 times with 5% aqueous potassium -carbonate, dried
over sodium sulfate and concentrated in vacuo. The crude product (observed as a single
spot by TLC) was taken up in methanol (60 ml), treated with anhydrous hydrazine (4 ml)
and refluxed for 3.5 hours. The mixture was cooled to 4°C for several hours, then filtered.
The filtrate was concentrated to dryness, then partitioned between dichloromethane and 2.5
M aqueous sodium hydroxide. The organic layer was washed with saturated sodium
chloride solution, dried and concentrated in vacuo to give 3-(2-naphthyloxy)propyl amine

“as a beige solid, 1.14 g. The amine (1.14 g, 5.7 mmol) was treated with benzotriazole

carboxamidinium 4-methylbenzenesulfonate (1.89 g, 5.7 mmol) and DIEA (1.39 ml) in a
mixture of acetonitrile (8 ml) and DMF (2 ml) with shaking at room temperature overnight.
Precipitation with ether gave ainino(3-(2—naphthyloxy)propyl)carboxamidinium 4-
methylbenzenesulfonate as a white crystalline solid. This guanidine (100 mg) was reacted
(65 hours, 105°C) with resin (100 mg) in accordance with the method described in
Example 10 (i.e., Resin Method C) to give the title compound.
HPLC: 22.52 min (95% purity)
MS: MH" =399 Cy4H2N;0,=398 g/mol
' Example 16
Synthesis of N-(1-carbamoyl-2-phenylethyl)(4-{2-{(2-(2-pyridyl)ethyl)amino]-
pyrimidin-4-y1} phenylcarboxamide

This Example provides a variation of Resin Method C in which the pyrimidine is
linked to an a-amino acid residue.

Step 1: Rink amide resin (1.5 g) was deprotected with 20% piperidine in DMF (1 x
0.5 hours). The resin was washed well with DMF and then treated with FMOC (L)-
phenylalanine (5.0 mmot), 1-hydroxybenzotriazole (5.0 mmol) and
diisopropylcarbodiimide (5.0 mmol) in DMF (10 ml) with shaking at room temperature for
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2 hours. The resin was washed with DMF and then treated with 20% piperidine in DMF (1
x 30 min). The resin was _virashed well with DMF and then treated with PyBOP® (5 mmol),
4-methylmorpholine (8 mmol) and 4-acetylbenzoic acid (5 mmol) in NMP (10 ml). After5 -
hours at room teniperature,’ a negative ninhydrin test indicated completion of the reaction.
The resin was washed with DMF and dichloromethane, air-dried and then heated with
DMFDMA at 110°C overnight. The resin was then washed well with dichloromethane and
dried in vacuo at room temperature.

Step 2: The resin.prepared in Step 1 (150 mg) was treated with amino(2-(2-
pyridyl)ethyl)carboxamidinium 4-methylbenzenesulfonate (200 mg) and cesium carbonate
(160 mg) in NMP (2 ml) at 85°C overnight. The resin was washed with DMF and
dichloromethane and then treated with 5% TFA in diéh_lqromethane. The resin was filtered
off and the filtrate concentrated and lyophilized to give the title compound.

HPLC: 15.08 min (95% purity)

- MS: MH™ = 467 C7H26N603 = 466 g/mol

The following additional compounds were analogously synthesized according to
Resin Method C by varying the guanidine used: .
N-benzyl(4-{2- [(2-(2-pyndyl)ethyl)am1no]pyr1m1d1n-4—yl}phenyl)carboxam1de

‘benzyl {[4-(2-{[2-(2-pyridylamino)ethyl]Jamino} pyrimidin-4-yl)phenyl}sulfonyl}amine

{4-[2-({2- [(5-mtro(2-pyndyl))ammo]ethyl}ammo)pyrxmxdm—4—yl]phenyl}-N-
- benzylcarboxamide

{4-[2-({2-[(6-amino-5-nitro(2-p yndyl))ammo]ethyl}am1no)pyr1m1dm-4-y]]phenyl}—N—
benzylcarboxamide

N-[(4-fluorophenyl)methyl] {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-
yl]phenyl}carboxamide :

N-[(3-bromophenyl)methyl] {4-[2-({2- [(5-mtro(2—pyndyl))ammo]ethyl}ammo)pynmtdm—

4-yl]phenyl}carboxamide

N-(2-methoxyethyl){4-[2-({2- [(5-mtro(2-pyr1dyl))ammo]ethyl}am1no)pyr1m1d1n—4-
yl]phenyl}carboxamide

N-(naphthylmethy!){4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-
yl]phenyl}carboxamide

{4-[2-({2- [(5-n1tro(2-pyndyl))ammo]ethyl}ammo)pynm:dm—4-yl]pheny1}-N—{[3-
(trifluoromethyl)phenyljmethyl}carboxamide

{4-[2-({2- [(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin—4—yl]phfcnyl}-N-(2-
phenylethyl)carboxamide

N-[(4-methoxyphenyl)methyl]{4-[2-({2- [(5-n1tro(2—
pyridyl))amino]ethyl}amino)pyrimidin-4-yl]phenyl}carboxamide

N-[(3-methoxyphenyl)methyl] {4-[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidin-4—yl]phenyl}carboxamide
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{4—[2-({2—[(5-mtro(2-pyndyl))ammo]ethyl}ammo)pynmxdm-4—yl]phenyl}-N—(oxolan-z-
ylmethyl)carboxamide

N-[(5-methylpyrazin-2-yl)methyl] {4-[2{{2-[(5-mtro(2-
pyridyl))amino]ethyl }amino)pyrimidin-4-yl]phenyl}carboxamide

N-(2,2-diphenylethyl){4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-4-
yl]phenyl}carboxamide

{4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-4-yl]phenyl } -N-(4-
piperidylmethyl)carboxamide

N-[2-(2,4-dichlorophenyl)ethyl] {4-[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl }amino)pyrimidin-4-ylJphenyl}carboxamide

{4-]2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-yl]Jphenyl} -N-(3-
pyridylmethyl)carboxamide

N-(3-imidazolylpropyl){4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidin-4-
ylJphenyl}carboxamide

{4-[2-({2- [(5-n1tro(2-pyndyl))am1no]ethy1}am1no)pyr1m1d1n—4—yl]phenyl}-N—(2-
thienylmethyl)carboxamide

{4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-ylJphenyl } -N- [(3-
nitrophenyl)methyl]carboxamide

N-{(3-methylphenyl)methyl] {4—[2-({2—[(S-mtro(2-pyr1dyl))ammo]ethyl}ammo)pynmldm-
4-yllphenyl}carboxamide _

{4-[2-({2- [(5-mtro(2—pyr1dyl))ammo]ethyl}am1no)pyr1m1dm—4-yl]phenyl}-N-[(4—
sulfamoylphenyl)methyl]Jcarboxamide

{4-[2-({2- [(6-am1no-5—mtro(2-pyndyl))ammo]ethyl}ammo)pynmldxn—4—yl]phenyl}-N—[(3-
bromophenyl)methyl]carboxamide

N-[(3,5-dichlorophenyl)methyl}{4-[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidin-4-yljphenyl} carboxamide

N-[(3 [A-difluorophenyl)methyl] {4-[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidin-4-yl]phenyl } carboxamide

N-[(4-bromophenyl)methyl] {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-
4-ylJphenyl}carboxamide

N-[(2,3-dimethoxyphenyl)methyl}{4-[2-({2-[(5-nitro(2-
pyridyl))amino]ethy! }amino)pyrimidin-4-yl}phenyl}carboxamide

N-[(3-fluorophenyl)methyl] {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-4-
ylJphenyl}carboxamide

N-[(3-bromophenyl)methyl]} {4-[2-({2-[(6-methoxy(2-
pyridyl))amino]ethyl} amino)pyrimidin-4-yl}phenyl } carboxamide

[4-(2-{[(3- bromophenyl)methyl]ammo}pyrlmldm-4-yl)phenyl]-N-[(3-
methylphenyl)methyl]carboxamide- '
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N- [(3-bromophenyl)meﬂ1yl]{4-[2-({2-[(5-cyano(Z-pyndyl))ammo]ethyl}ammo)pynnndm—
4-yl]phenyl} carboxamide -

4-2-{[(3-{3- [(methylammo)methyl]phenyl}phenyl)methyl]ammo}pynm1d1n—4— :
yDbenzamide .

N-[(3~bromophenyl)methyl](4-{2—[(3-1m1dazoly1propyl)ammo]pymmdm-4-

_ yl}phenyl)carboxamide :

N-[(3-bromophenyl)methyl][4-(2-{[2-(2-qumolylamlno)ethyl]ammo}pynm1d1n-4-
yl)phenyl]carboxamide

N-[(3-bromophenyl)methyl]{4-[2- ({2—[(4-mtrophenyl)am1no]ethyl}am1no)pynrmdm-4— ,
yl]phenyl}carboxamide - :

N-[(3-bromophenyl)methyl}(4-{2-[(2- {[5-(trifluoromethyl)(2-
pyridyl)]Jamino }ethyl)amino]pyrimidin-4-yl} phenyl)carboxamide

N-‘[(3—brorhophényl)methyl][4-(2-{[2-(pyrimidin-2-y1amino)ethyl]amino}pyrimidin'—4-
yD)phenyl]carboxamide

N-[(3-chlorophenyl)methyl}{4-[2-({2- [(5-mtro(2-pyr1dyl))am1no]ethyl}am1no)pyr1m1dm—4-
yl]phenyl}carboxamide

N-{(3,4-dimethoxyphenyl)methyl] {4-[2-({2- [(5-mtro(2-
pyridyl))amino]ethyl}amino)pyrimidin-4-ylJphenyl} carboxamide

N-[(3,4-dichlorophenyl)methy1}{4-[2-({2-[(5-nitro(2-

pyridyl))amino]ethyl }amino)pyrimidin-4-yl]phenyl} carboxamide

[(3—bromophenyl)methyl]({4 [2-({2- [(5-n1tro(2-pyr1dyl))ammo]ethyl}ammo)pyrlmldm-4-

ylJphenyl} sulfonyl)amine

| N-[(3-iodophenyl)methyl] {4-[2-({2- [(5-n1tro(2-pyndyl))am1no]ethyl}ammo)pyrmudm—4-

yl]phenyl}carboxamide
[4-(2-{[2-(2, 5-d1methoxyphenyl)ethyl]ammo}pyr1m1d1n—4—yl)phenyl]-N [(3-
bromopheny!)methyl]carboxamide
N-[(3-bromophenyl)methyl][4-(2-{ [2-(3-methoxyphenyl)ethyl]ammo }pyrimidin-4-
yl)phenyl]carboxamide
{4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-yl}phenyl}-N-(2-
phenylcyclopropyl)carboxamide
3-[2-({2-[(5-nitro-2-pyridyl)amino]ethyl }amino)pyrimidin-4-yl]phenol
4-[2-({2-{(5-nitro-2-pyridyl)amino]ethyl }amino)pyrimidin-4-yl]phenol
4-{2-[(3-phenoxypropyl)amino]pyrimidin-4-yl} phenol :
4-(2-{[3-(4-chlorophenoxy)propyl]amino} pyrimidin-4-yl)phenol
4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-5-phenylpyrimidin-4-yl}phenol
4-{2-[(3-benzimidazolylpropyl)amino]pyrimidin-4-yl} phenol

- 4-{2-[(3-benzimidazolylpropyl)amino}pyrimidin-4-yl}-2-methoxyphenol

4-(2-{[3-(4-nitroimidazolyl)propyl]amino} pyrimidin-4-yl)phenol
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4-(2-{[3~(2-aminobenzimidazolyl)propyljamino} pyrimidin-4-yl)phenol
4-(2-{[3-(4,5-dichloroimidazolyl)propyljamino} pyrimidin-4-yl)phenol

Example 17
Solid Phase S esis of Pyrimidine Compounds

(Resin Method D)

A primary amine was loaded onto Sasrin resin as in Example 3 (i.e., Resin Method
B). This amine resin was then heated with either 2,4-dichloropyrimidihe or ethyl 2,4-
dichlorbpyrimidine-S -carboxylate ( 200 mg of pyrimidine per 200 mg of amine resin) and
cesium carbonate (250 mg) in NMP ( 3 ml) overnight. The resin was washed with the
appropriate solvents (typically DMF or DMSO and dichloromethane) and then reacted with
a second amine (e.g., a primary or secondary amine). Second amine displacement was
typically conducted at a higher temperature in NMP, for example for 48 hours at 120-
130°C. The resin was again washed and treated with 100% TFA for 0.5-1 hours to obtain
the 2,4-diaminopyrimidine, which was frequently obtained as a solid after lyophilization
from a mixture of acetonitrile and water. . S

Examples 18-19 describe the synthesis of compounds of the present invention
pursuant to Resin Method D.

Example 18
Synthesis of [(3-chlorophenyl)methy])[2-({2-[(5-nitro(2-pyridy]))amino]-
ethyl }amino)pyrimidin-4-yllamine |

Bromomethyl Sasrin resin (prepared as in Step 1 of Example 3, 0.9 g) was heated
with 3-chlorobenzylamine (1 ml) in NMP (8 ml) at 80°C for 1.5 hours, then overnight at
room temperature. The resin was washed with DMF and dichloromethane and dried in
vacuo. The dried resin (200 mg) was then heated with 2,4-dichloropyrimidine and 250 mg
of cesium carbonate in NMP (3 ml) at 80°C overnight. The resin was washed as before.
One half of the resin was heated with 2-(2-aminoethylamino)-5-nitropyridine (180 mg, 1
mmol) in NMP (2 ml) at 125°C for 66 hours. The resin was washed as before and then
treated with 100% TFA for 0.5 hours. The resin was filtered off and the filtrate was
concentrated in vacuo, then 'lyophilized from acetonitrile and water to give the title
compound as a yellow solid. '
HPLC: 23.46 min (82% purity)
MS: MH+= 400 C18H13C1N702 =399 g/mol

Bxamg- le 19
Synthesis of Ethyl-4-{{(3-cyanophenyl)methyl]amino}-

rimidine-5-carboxylate

Brorhomethyl Sasrin resin (prepared as in Step 1 of Example 3, 1.0 g) was reacted
with 4-cyanobenzylamine (1.5 ml) in NMP (8 ml) at 80°C for 4 hours. The resin was
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‘washed with DMF and dichloromethane and dried in vacuo at room temperature. The
dried resin (400 mg) was then reacted with ethyl 2,4-dichloropyrimidine-5-carboxylate
(prepared according to V.H. Smith and B.E. Christensen, J. Organic Chem., 20: 829

(1955), which is incorporated herein by reference) (400 mg) and cesium carbonate (400

‘mg) in NMP (4 ml) at 80°C overnight. The resin was washed as before and dried. The

dried resin (200 mg) was then heated with 2-(2-aminoethylamino)-5-nitropyridine (180 mg,
1 mmol) in NMP (2 ml) at 104°C for 21 hours. The resin was washed with DMSO, glacial
acetic acid, water, DMSO, dichloromethane and then treated with 100% TFA to obtain the
title compound.
HPLC: 25.27 min (100% punty)
MS: MH = _463 C22H22N304 =462 g/mol_
The following additional compounds were prepared according to Resin method D
using the appropriate amine:
(4-{[(3-bromophenyl)methylJamino} pyr1m1dm—2—yl) £2-[(5 -n1tro(2—pyr1dyl))ammo]-
ethyl}amine
[(2,4-dichlorophenyl)methyl}{2-({2- [(5-mtro(2-pyr1dyl))am1no]ethyl}ammo)pynm1dm—4-
- ylJamine
[(3-methylphenyl)methyl] [2—({2-[(5 -mtro(Z-pyndyl))ammo] ethyl}ammo)pyrlmxdm-4-
ylJamine

[(3,5- dxchlorophenyl)methyl] [2-({2-[(5-nitro(2- pyndy]))ammo]ethyl}am1no)pyr1m1dm—4-

ylJamine

| .Eth.yl 4- {[(3 bromophenyl)methyl]ammo} 2—({2-[(5-mtro(2—pyndyl))ammo]ethyl}ammo)-

pynmldme-S-carboxylate

[2-( {2—[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin—4-yl]benzylamine

[(4-chlorophenyl)methyl][2-( {2-[(5-nitr0(2-pyridyl)')amino]ethyl }amino)pyrimidin-4-
yl]amine '

Ethyl 4-{ [(2—chlorophenyl)methyl]aniino}-2-_({2-[(5—nitro(_2—pyridyl))amino]'ethyl}amino)—

pyrimidine-5-carboxylate
Ethyl 4-{[(4-cyanophenyl)methylJamino}-2-( {2—_[(5 -nitro(2-pyridyl))amino] ethyl}-
amino)pyrimidine-5-carboxylate

: Example 20 _
Solid Phase Synthesis of Pyridine Compounds

(Resin Method E)

An amino resin (for example Sasrin resin loaded with a primary amine as described
in Resin Methods B (Example 3) and D (Example 18)) was reacted with, e.g., 2,6-dichloro-
3-nitropyridine and cesium carbonate in NMP at temperatures within the range of about 25-
50°C for a period within the range of frdrh’ about 5 hours to about 24 hours. The resin was
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then washed with DMF and dichloromethane and heated with a primary amine in NMP at
temperatures from 70-100°C overnight. The resins were ‘washed as described in Example
18, and the pyridine products obtained by treating the resin with 20-100% TFA for 0.5-1
hours (preferably with 80-100% TFA).

Example 21 describes the synthesis of compounds of the present invention pursuant
to Resin Method E.

Example 21
Synthesis of {2-[(6-amino-5-nitro(2-pyridylaminolethyl}-
S-nitro-6-[benzylamino}(2-pyridyl) }amine

Step 1: 2-Amino-6-chloro-3-nitropyridine (obtained from 2,6-dichloro-3-nitro-
pyridine by the method of V.W. von Bebenberg, Chemiker-Zeitung, 103:387 (1979),
which is incorporated herein by reference) (2.65 g) was treated at room temperature with
ethylenediamine (5 ml). The temperature was gradually raised to 100°C. After 4 h the
excess ethylenediamine was removed by rotary evaporation. The residue was partitioned
between dichloromethane and 2.5 M aqueous sodium hydroxide. The aqueous layer was
further extracted 3 times with dichloromethane. The combined organic layers were
concentrated in vacuo to give (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))amine as a canary
yellow solid.

Step 2: Bromomethyl Sasrin resin, prepared according to Step 1 of Example 3, was
heated with benzylamine (2 ml) in NMP (6 ml) at 70°C for 4 hours. The resin was washed
with DMF and dichloromethane and dried in vacuo. The dried resin (100 mg) was heated
with 2,6-dichloro-3-nitropyridine (190 mg, 1 mmol) and cesium carbonate (100 mg) in
NMP (2 ml) at 50°C for 5.5 hours. The resin was then washed with water, DMF and
dichloromethane. The resin was air dried and then heated with the amine from Step 1 (90
mg) in NMP (2 ml) at 95°C overnight. The resin was washed with DMSO, acetic acid,
water, DMSO, dichloromethane and then treated with 20% TFA to give the title
compound.

HPLC: 28.47 min (87% purity)
NMR: (300 MHz, 7/1 acetonitrile-d2/D>0O, 75 °C: 8.0 (2H two overlapping d), 7.2-7.4
(5H, Ph), 5.9 (2H, 2d overlapping), 4.75 (s, 2H), 3.50-3.65 (m, 4H)

The following additional compounds were similarly prepared according to Resin

Method E by varying the pyridine and primary amine:
{2-[(5-nitro(2-pyridyl))amino]ethyl} { 5-nitro-6-[benzylamino] (2-pyr1dyl)}am1ne
6-{[2-({5-nitro-6-[benzylamino]-2-pyridyl }amino)ethylJamino} pyridine-3-carbonitrile
{6-[(2-methoxyethyl)amino]-5-nitro(2-pyridyl)} {2-[(5-nitro(2-pyridyl))amino]ethyl }amine
(6-{[(2,4-dichlorophenyl)methylJamino}-5-nitro(2-pyridyl)){2-[(5-nitro(2-pyridyl))-
aminojethyl}amine. |



10

15

20

25

30

35

-52-

WO 99/65897 PCT/US99/13809

Example22 - ..

4-yl]benzenecarbonitrile (Resin Method F)

Benzylamine was reacted with bromomethyl Sasrin resin to give a benzylamine
substituted resin as in Step 1 of Example 3. This resin (150 mg) was shaken with 4-
cyanophenacylbromide (130 mg), DMF (2 ml) and .2,6-lutidine (200 pl) at room
temperature for 6.5 hours. The resin was washed with DMF and dichloromethane and
briefly air dried. It was then heated with DMFDMA (3 ml) at 80°C overnight. The resin
was then washed with DMF and dichloromethane and dried in vacuo. The dried resin was
heated with amino{2-[(5-nitro(2-pyridyl))amino)ethyl}carboxamidinium 4-methyl-

_ benzenesulfonate (120 mg) and cesium carbonate (160 mg) in NMP (2 ml) at 90°C

overnight. The resin was washed with DMF, water, DMF and dichloromethane and then
treated with 95:5 TFA:water to give the title compound.

“HPLC: 25.61 min (80% pure)

MS: MH"=467 CasHzNgOs= 466 g/mol

Example 23
Solid Phase Synthesis of Pyrimidines (Cs = carboxyl)
(Resin Method G)

A mixture of polystyrene Wang resin (Novabiochem, 0.41 mmol/g, 2.2 g, 1.21
mmol), a B-ketoester (commercially available from Aldrich or Lancaster Chemical, 36.3
mmol) and dimethylaminopyridine (DMAP, 12.1 mmol) in toluene (22 ml) was shaken for
16 hours at 90°C. The resin was filtered and washed with DCM, DMF, DCM, then dried.

A mixture of the dried resin (100 mg, 0.055 mmol), an aldehyde (0.55 mmol),
piperidine (0.055 mmol), acetic acid (0.055 mmol) and 3A Molecular Sieves (Aldrich) in
DMF (1.0 ml) was shaken for 16 hours at room temperature. The resin was filtered and
washed with DMF and DCM, then dried.

To a mixture of the resulting resin (100 mg, 0.055 mmol) and NaHCO; (12 mg,
0.138 mmol) was added 0.4 M of the appropriate guanidine in DMF (1.0 ml, 0.4 mmol).
The mixture was then shaken for 16 hours at 70 °C. The resin was then filtered and
washed with DMF,; water, methanol, DMF, DCM, and dried.

This resin was treated with 0.1 M DDQ in THF (1.1 ml, 0.11 mmol) for 3 hours at
room temperature. The resin was filtered and washed with DMF, saturated NaHCO; (aq),
water, methanol, DMF, DCM, then dried. The resin was treated with 95% TFA/water for 1
hour at room temperature, then filtered and washed with DCM. The filtrate and washings
were combined and evaporated. The residue was dissolved in acetonitrile/water (1:1) then

" lyophilized.
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In all cases, the product pyrimidines were of punty >80% as determined by HPLC;
MS and NMR analysis. .

The following compounds were prepared according to Resin Method G using -
amino{2-[(5-nitro(2-pyridyl)aminojethyl}carboxamidinium 4-toluene sulfonate as the
guanidine source and the B-ketoester and aldehyde indicated in parentheses:
6-(2-Fluorophenyl)-2-({2-[5-nitro(2-pyridyl)amino]ethyl }amino)-4-phenylpyrimidine-5-

carboxylic acid (ethyl 3~(4-fluorophenyl)-3-oxoproprionate and benzaldehyde)
2-({2-[5-Nitro(2-pyridyl)amino]ethyl} amino)-6-(4-nitrophenyl)-4-phenylpyridine-5-

carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and benzaldehyde)
6-Methyl-2-({2-[(5-nitro(2-pyridyl)amino]ethyl} amino)-4-phenylpyrimidine-5-carboxylic

acid (ethyl acetoacetate and benzaldehyde)
4,6-bis(4-Nitrophenyl)-2-({2-[5-nitro(2-pyridyl)amino]ethyl }amino)pyridine-5-carboxylic

acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4-nitrobenzaldehyde) -
2-({2-[5-Nitro(2-pyridyl)amino]ethyl } amino)-6~(4-nitrophenyl)-4-(4-pyridyl)pyrimidine-5-

carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4-

pyridylcarboxaldehyde)
4-(4-Methoxyphenyl)-2-({2- [5-n1tro(2-pyndyl)ammo]ethyl}ammo)—6-(4-n1trophenyl)-

pyrimidine-5-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4-
methoxybenzaldehyde)
4-(4—Cyanophenyl)-2—({2-[(5-mtro(2-pyr1dyl)am1no]ethyl}ammo) -6-(4-nitrophenyl)-

pyrimidine-5-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4-

cyanobenzaldehyde)

2-({2-[(5-Nitro(2-pyridyl))amino]ethyl} amino)- 4-(4-mtrophenyl)pyrlmxdme-S-carboxyhc
acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and formaldehyde)
4,6-bis(4-Cyanophenyl)—2—({2—[(5-nitro(2—pyridyl)amino]ethyl}amiho)pyrimidine—S-
carboxylié acid (ethyl 3-(4-cyanophenyl)-3-oxoproprionate and 4- '
cyanobenzaldehyde) ' '- ' '
4-(4-Cyanophenyl)-2-({2- [(S-mtro(2-pyndyl)am1no]ethyl}ammo)—6—(3-n1trophenyl)—
pyrimidine-5-carboxylic acid (ethyl 3-(4-cyanophenyl)-3-oxoproprionate and 3-
~ nitrobenzaldehyde) _ |
4-(4-Cyanophenyl)-2-({2-[(5-nitro(2-pyridyl)amino}ethyl }amino)-6-phenylpyrimidine-5-
carboxylic acid (ethyl 3-(4-cyanophenyl)-3 —oxpropribnate and benzaldehyde)
4-(3-Cyanophenyl)-2—({2-[(5-nitro(2-pyridy1)amino]ethyl}aﬁlino)-6-(4-nitrophenyl)—

pyrimidine-5-carboxylic acid (ethyl 3-(4-nitrophenyl_)-3foxoproprionaté and 3-

cyanobenzaldehyde) -

4-(3- Hydroxyphenyl)—2—({2—(5-mtro(2—pyndyl)ammo]ethyl}ammo)—6-(4-mtrophenyl)—

pyrimidine-5-carboxylic acid (ethyl 3-(4-nitrophenyl)- 3-oxoproprionate and 3-

hydroxybenzaldehyde)
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2—({2—'[(5-Nitfo(2-pyridyl))amino]ethy1:}amino)- 4-(3-nitrophenyl)-6-(4-nitrophenyl)-

pyrimidine-5-carboxylic acid (ethyl 3-(4-mtrophenyl)-3-oxopropnonate and 3-
* nitrobenzaldehyde) : :

2-({2-[(5-Nitro(2-pyridyl))aminoJethyl } amino)-6- (4'-nitrophenyl)-4-(4-quinolyl)-
pyrimidine-5-carboxylic acid (ethyl 3-(4—n1trophenyl)-3 -oxoproprionate and 4-
quinolinecarboxaldehyde) ' o

2-({2-[(5-Nitro(2-pyridyl))amino]ethyl }amino)- '-(4-nitrophenyl)-4-[4-(triﬂuoromethyl)-

- phenyl]pyrimidine-5-carboxylic acid (ethyl 3- (4-mtrophenyl) 3-oxoproprionate and

4-trifluoromethylbenzaldehyde)

4—({4—Carboxyphenyl)—2 ({2- [(5-mtro(2-pyndy!))ammo}ethyl}ammo)-6—(4-mtrophenyl)—
pyrimidine-5-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and 4-
carboxybenzaldehyde)

4-Cyclohexyl-2-({2- [(5-n1tro(2-pyndyl))ammo]ethyl}ammo)—6 -(4-nitrophenyl)pyrimidine-
5-carboxylic acid (ethyl 3-(4-nitrophenyl)-3-oxoproprionate and
cyclohexanecarboxaldehyde)

4-(4-Cyanophenyl)-6-(4-fluorophenyl)-2-({2- [(5-mtro(2-pyr1dyl)ammo]ethyl}ammo)-
~ pyrimidine-5-carboxylic acid (ethyl 3- (4-cyanophenyl) -3-oxoproprionate and 4-
- fluorophenylbenzaldehyde) -

4-(4-Cyanophenyl)- 6—(3«ﬁ.1ryl)—2-({2—[(5-mtro(2—pyr1dyl)ammo]ethyl}ammo)pynmldme-S-
carboxylate (ethyl 3-(4-cyanophenyl)-3-oxoproprionate and 3- furylcarboxaldehyde)

. Example 24
Solid Phase Synthesis of Pyrimidines (Cs = carboxyl, C4 or C¢ =H)

" (Resin Method G)
A suspension of resin (Novabxochem San Diego, USA, 0.51 mmol/g, 100 mg, 0.055

mmol) in D_MF-dlmethylacetal (1 ml) was shaken for 17 hour at room temperature. The resin was
filtered and washed with DCM and ether, then dried. :

. To a mixture of the resulting dried resin (100 mg, 0.055 mmol) and NaHCO; (12 mg, 0.138
mmol) was added 0.4 M solution of the appropriate guanidine in DMF (1.0 ml, 0.4 mmol). The
mixture was shaken for 16 hours at 70 °C. This resin was then filtered and washed successively
with DMF, water, MeOH, DMF, DCM, and then dried. The resin was treated with 95% TFA/water
for 1 hour at room temperature, then filtered and washed with DCM. The filtrate and washings
were combined and evaporated. The residue was dissolved in acetonitrile:water (1:1 v/v) and
Iyophilized to give a pyrimidine. o

The following compounds were prepared according to the above method using N-(3-
mtropyndme-6-yl)ammoethylguamdme and the appropriate B-ketoester and aldehyde:
4-methy1 2—({2 [(5-n1tro(2-pyndyl)ammo]ethyl}ammo)pynmxdme -5-carboxylic acid
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2-({2- [(5-mtro(2-pyndyl)ammo]ethyl}am1no)—4-(4-mtrophenyl)pyr1mxdme-5-carboxyhc
acid -

4 (4-cyanophenyl)-2-({2-[(5-n1tro(2-pyndyl))am1no]ethyl}ammo)-6 (3-mtrophenyl)-
pyrimidine-5-carboxylic acid.

Example 25
Solution Phase Synthesis
(Solution Method A) -

A’ carbonyl-containing compound (e.g., P-keto esters, B-keto sulfones, B-keto
nitriles, o-nitro ketones, and the like) was dissolved in a suitable organic solvent (usually
THF) and treated with a slight excess (1.2-2 equivalents) of DMFDMA. The mixture was
heated at 60-80°C for 3-15 hours, most typically 3-5 hours. The reaction mixture was then
cooled. When a done on a small scale (0.2-1mmol) there was no attempt to remove the
slight excess of DMFDMA present, rather the cooled mixture was directly added to a
mixture of a guanidine (1 equivalent) and an appropriate base (for example, cesium
carbonate or 1.2 equivalents of sodium ethoxide in 1 ml of ethanol).

The reaction was then heated at 70-80°C for 12-24 h. At the conclusion of the
reaction the vials were cooled, poured into dichloromethane or ethyl acetate and washed
with saturated aqueous sodium bicarbonate solution. The organic layer was concentrated
in vacuo and the product was precipitated or crystallized, usually by addition of water to
acetonitrile or ethanol solutions of the product. In some cases chromatographic
purification was performed, either by semi-preparative HPLC or by radial chromatography
using silica gel plates on a Chromatotron (Harrison Research, Palo Alto, CA) eluting with
mixtures of dichloromethane and methanol. - Larger scale reactions were performed in
round bottom flasks using typical organic chemistry apparatus.

Examples 31, 35-45, and 50-59 describe the synthesis of compounds of the present
invention pursuant to Solution Method A.

Example 26
Synthesis of Ethyl 4-(4-cyanophenyl)-2-{[2-(2-quinolylamino)ethyl]Jamino}-
pyrimidine-5-carboxylate
Ethyl 3-(4-cyanophenyl)3-oxopropanoate (64 mg, 0.3 mmol) was heated with
DMFDMA ( 50ul1) and dry THF (1 ml) at 70°C for 3 hours. The cooled mixture was then
added to a suspension of amino[2-(2-quinolylamino)ethyljcarboxamidinium 4-

methylbenzenesulfonate (prepared according to Example" 12), (120 mg, 0.3 mmol) in
ethanol (2 ml) containing 0.35 mmol of sodium ethoxide. The reaction was then heated at
80°C overnight and then concentrated in vacuo. The residue was taken up in

‘dichloromethane and washed with saturated aqueous sodium bicarbonate. The organic
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' 'layér was concentrated in vacuo. The residue was taken up in acetonitrile. - Addition of-

water gave a pre01p1tate which was filtered oﬁ' and dried to gwe the title compound

"HPLC: 22.12 min (90% purity) - o
‘MS: MH'=439 CstzzN(,Oz =438 g/mol

Example 27

Synthesis of Ethyl 4-(

pyridyl))amino]ethyl }amino [pmmldme-S-carboxxlat

Step 1: Ethyl 6-chlotonicotinate (5.0 g) and morpholine (10 ml) were mixed and

then heated to' 100°C. In less than 5 minutes at this temperature, a thick paste formed.
Acetonitrile (15 ml) was added and heating was continued overnight at 90°C. The mixture
was cooled, diluted with water and extracted with ethyl acetate. The organic layer was
dried and concentrated in vacuo to g1ve ethyl 6—morpholm-4-ylpynd1ne—3-carboxylate asa
white solid. -

NMR (300 MHz, CDCls: 8.80 (s, 1H), 8.05 (d, 1H), 6:60 (4, 1K), 4.35 (q, 2H), 3. 80(m |
4H), 3.65 (m, 4H), 1.35 (t, 3H). -

The solid was refluxed in a mixture of THF and aqueous potassium-hydroxide for 2

- hours. The THF was removed ir vacuo and the aqueous layer was extracted with ethyl
acetate. The aqueous layer was then acidified with acetic acid. A white solid precipitated --
- out ahd was washed with water and dried to give 6—morpholm—4-ylpyndme—3-carboxyhc

acid.

" NMR: (300 MHz, DMSO-d¢ ) 8.65 (s, 1H), 7.95 (d, 1H), 6.85 (d, IH), 3. 70 (m, 4H), 3.60-
(m, 4H) '

Step 2: - The acid described in Step-1 was converted to the B-keto ester as follows.
The acid (5.6 g., 27 mmol) in dry THF (100 ml) was treated at room temperature with

oxalyl chloride (40 mmol) followed by several drops of DMF. The mixture was then -

refluxed for 2 hours. The solvent was removed in vacuo to give a yellow solid acid
chloride. Potassium ethyl malonate (Aldrich--Chemical Co., 9.2 g, 54 mmol) and

anhydrous magnesium chloride (6.48 g) were mixed in dry acetonitrile (100 ml). Then-

triethylamine (6 ml) was added and the mixture stirred at room temperature for 4 hours.
An additional 3 m! of triethylamine was added, followed by addition of the -acid chloride
dissolved in 50 ml of dry acetonitrile. The mixture stirred overnight at room temperature,
then the solvent was removed in vacuo. The residue was treated with toluene (ca. 200 ml)
and then sufficient 25% aqueous HCl was added to dissolve the residue entirely. The
mixture was shaken and organic and aqueous layers separated. The toluene’ layer was

washed with water. The combined aqueous layers were then washed twice with toluene. -

The organic layers were discarded. The pH of the aqueous layer was adjusted to pH 7 by
addition of solid sodium carbonate. The aqueous layer was then extracted with toluene.
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Concentration of the toluene layer in vacuo gave ethyl 3-(6-morpholm-4-yl)(3-pyndyl)—3-
oxopropanoate as a yellow solid.

Step 3: The B-keto ester from Step 2 (83 mg, 0.3 mmol) was heated with -
DMFDMA (50ul) and dry THF (1 ml) at 70°C for 3 hours. The cooled mixture was then
added to a suspension of amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxamidinium 4-
methylbenzenesulfonate (120 mg, 0.3 mmol) in ethanol (2 ml) containing 0.35 mmol of
sodium ethoxide. The reaction was then heated at 80°C overnight and then concentrated ir
vacuo. The residue was dissolved in dichloromethane, then washed with saturated aqueous
sodium bicarbonate. This organic layer was then concentrated in vacuo, then redissolved
in acetonitrile. Addition of water gave a precxpltate which was filtered off and dried to
give the title compound.

HPLC: 18.77 min (98%)
MS: MH"=495 Cy3Hz¢N30s =494 g/mol

Example 28

Synthesis of Ethyl 2-

amino)-4-(4-cyanophenyl)pyrimidine-5-carboxylate

To a solution of ethyl 3-(4-cyanophenyl)-3-oxopropionate (63 mg, 0.3 mmol) in
THF (1 ml) was added DMFDMA (50 pl). The solution was heated at 70°C for 3 hours
and then added to a mixture of amino[2-[(5-nitro(2—pyridyl)amino]ethyl}carboxamidinium
4-methylbenzenesulfonate (123 mg, 0.3 mmol), ethanol (1 ml) and 1.0 M sodium ethoxide
(0.35 ml). This mixture was heated at 80°C oVernight. The reaction was cooled, diluted
with dichloromethane and washed with aqueous sodium bicarbonate. The organic layer
was concentrated in vacuo, the dissolved in acetonitrile. The product was precipitated with
water to give the title compound.
HPLC: 25.2]1 min
MS: MH =449 C21H20N304— 448 g/mol

NMR (DMSO-d6): 1.02 (t, 3H), 3.60 (m, 4H), 4.10 (g, 2H), 5.95 (d, 1H), 7.60 (d, 2H),

7.85 (d, 2H), 7.90 (d, 1H), 8.80 (s, 1H)

Svnthesis of ethyl 2-

4-ylphenyl)pyrimidin-5-carboxylate
To a solution of ethyl 3-(4-morpholinophenyl)3-oxopropanoate (70 mg, 0.3 mmol)
in THF (1 ml) was added DMFDMA (60 pl). The solution was heated at 70°C for 3 hours,
then added to a mixture of aminb[2-(6-amin6-5-nitro(2-pyridyl)amino]ethyl}-
carboxamidinium 4-methy1benzenesulfonate (123 mg, 0.3 mmol), ethanol (1 ml) and 1.0 M
sodium ethoxide (0.35 ml). The mixture was heated at 80°C overnight, then cooled,
diluted with dichloromethane and washed with saturated aqueous sodium bicarbonate
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solution.. The organic layer was concentrated in vacuo, dissolved in acetonitrile and the
product precipitated with water to give the title compound. -
HPLC : 22.37 min. (85% purity) - :

- MS: MH" =509 Cy4H2sN30s= 508 g/mol

NMR (DMSO-d¢): 1.05 (t, 3H), 3.3 (m, 4H), 3.60 (m, 4H) 3.78 (m 4H), 4.15 (q, 2H), 5.95
(d, 1H), 6.90 (d, 2H), 7.45 (d, 2H), 7.95 94, 1H), 8.60 (s, 1H)

Synthesis of Ethyl 2-
__ '4-(2 4-dichlorophenyl)pyrirnidine-5-carboxylate
To a solution of ethyl 3-(2,4-dichlorophenyl)-3-oxopropionate (78 mg, 0.3 mmol)
in THF (2 ml) was added DMFDMA (70 pl). The solution was heated 3 hours at 70°C,
then cooled and added to a suspension of amino[2-(6-amino-5-nitro(2-pyridyl)-

amino]ethyl}carboxamidinium 4-methylbenzenesulfonate (123 mg, 0.3 mmol), dry ethanol
(1 ml) and 1.0 M sodium ethoxide (0.35 ml). This mixture was heated at 80°C overnight.
The mixture was cooled, diluted with dichloromethane and then extracted with saturated
aqueous sodium bicarbonate. The organic layer was concentrated in vacuo and the residual
oil was dissolved in acetonitrile. Addition of water g’avé the title compound as a yellow
solid. ' '
Example 31
Synthesis of Ethyl 4-(4-cyanophenyl -2- 2-[(5-nitro(2-

pyridyl) )ammo Jethyl}amino )gynmldme-S-carboxylat
To a solutzon of ethyl 3- (4-cyanophenyl)-3—oxoproplonate (65 mg, 0.3 mmol) in

THF (1 ml) was added DMFDMA (50 pl). ‘The solution was heated at 70°C for 3 hours.

The solution was then added to a mixture of an_nno[2-[(5-mtro(2-pyndyl)am1no]-
ethyl}carboxamidinium 4-methylbenzenesulfonate (120 mg, 0.3 mmol), dry ethanol (1 mi)
and 1.0 M sodium ethoxide (0.35 ml). The mixture was heated at 80°C overnight. The
mixture was cooled, diluted with dichloromethane and washed with saturated aqueous
sodium bicarbonate. The organic layer was concentrated in vacuo, then dissolved in
acetonitrile. The solid product was precipitated by addition of water to give the title
compound. :

HPLC : 28.05 min. (95% pure)

Examgle 32

Synthesis of 2-

5-carboxylate
To a suspension of 1.0 g (2.3 mmol) of ethyl 4-(4-cyanophenyl)-2-({2-{(5-nitro(2-
pyridyl)amino]ethyl}amino)pyrimi:di'ne-S-carboxylate (prepared as described in Example
31) in 1:1 methanol/water was added 1.5 mmol of sodium hydroxide and the solution
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warmed to 60°C for 45 minutes. During this time the reaction became homogenous. After
cooling the mixture, the pH was adjusted to -about 5.0 at which time the desired acid
precipitated from solution. This solid was collected and dried to give 890 mg (2.2 mmol,
98% yield) of 2- (2-((5-mtro(2-pyndyl)ammo)ethy1)am1no)-4-(4-cyanophenyl)-pynm1dme—
5-carboxylate as a light yellow powder.

Example 33
Synthesis of 2-( dimethylamino Jethyl 4-(4-cyanophenyl)-2-( {2-[(5-nitro(2-
pyridyl)dmino]ethyl }amino)pyrimidine-5-carboxylate
2-((2-((5-nitro(2-pyridyl)amino)ethyl)amino)-4-(4-cyanophenyl)-pyrimidine-5-
carboxylate (300 mg, 0.74 mmol) (prepared as described in Example 32) was suspended in
5 ml of 2-(dimethylamino)ethanol at room temperature. O-Benzotriazole-N,N,N',Nf-
tetramethyluronium-hexafluoro-phosphate (HBTU) (Advance Chem Tech, Louisville,
Kentucky) was then added in one portion and the mixture stirred for 18 hours at room
temperature. The resulting clear solution was poured onto an ice water mixture and
extracted thoroughly with ethyl acetate. The aqueous layer was back extracted with ethyl
acetate 2x. The combined organic layers were then dried with sodium sulfate and
concentrated in vacuo. HPLC and NMR analysis indicated that the desired compound, 2-
(dimethylamino)ethyl 2-((2~((5-nitro(2-pyridyl)amino)ethyl)amino)-4-(4-cyanophenyl)-
pyrimidine-5-carboxylate, was formed in quantitative yield (> 95%).
By substituting an alcohol or amine for the 2-(dimethylamino)ethanol indicated
above, the following additional compounds of the present invention were similarly
synthesized (the alcohol or amine employed is indicated in parentheses):
tert-Butyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-
carboxylate (tert-butyl alcohol) :
Methyl 4-(4-cyanophenyl)-2-({2-[((5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-
carboxylate (methanol) '

Butyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-
carboxylate (n-butanol)

Phenylmethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)-
pyrimidine-5-carboxylate (benzyl alcohol)

N-Butyl[4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-5-
yl]carboxamide (n-butylamine)

[4-(4-Cyanophenyl)-2-({2-{(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-5-yl]-N-
benzylcarboxamide (benzylamine) '

[4-(4-Cyan0phenyl)-2-({2-[(5-nitro(2—pyridyl))amino]etliyl}amino)pyrimidin—S-yl]-N,N-
dimethylcarboxamide (dimethylamine)
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- N-(Cyanomethyl)[4-(4-cyanophenyl)-2-({2- [(5-mtro(2-pyndyl)am1no]ethyl}ammo)—

* pyrimidin-5-ylJcarboxamide (aminoacetonitrile)

“N-(tert-Butyl)[4-(4-cyanophenyl)-2-({2- {(5-mtro(2—pyr1dyl)am1no]ethyl}ammo)pymmdm- :

5-yljcarboxamide (t-butylamine)

N-[2-(Dimethylamino)ethyl][4-(4-cyanophenyl)-2- ({2—[(5-n1tro(2-pyndyl)ammo]ethyl}-
amino)pyrimidin-5-yljcarboxamide 38564 (2-(d1methylam1no)ethyl amine)

[4-(4-Cyanopheny!)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-5-yl}-N-(2-
hydroxyethyl)carboxamide (2-aminoethanol)

4-[5- (Morpholm-4-ylcarbony1)—2—({2-[(5-mtro(2-pyndyl))ammo]ethyl}ammo)pynm1d1n—4-
ylJbenzenecarbonitrile (morpholine)

[4-(4-Cyanophenyl)-2-({2- [(5-mtro(2-pyr1dyl))ammo]ethyl}ammo)pynmldm—S-yl]-N-
methylcarboxamide (methylamine)

N-(2-Aminoethyl)[4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl)amino]ethyl }amino)-

| ~ pyrimidin-5-yljcarboxamide (ethylenediamine) -

4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-5- (plperazmylcarbonyl)pyr1m1dm—4—
yl]benzenecarbonitrile (piperazine)

4-(4-Cyanophenyl)-2-({2- [5-mtro(2—pyndyl)ammo]ethyl}am1no)pyr1m1d1ne-5-carboxam1de

(ammonia)
N-(Carbamoylmethyl)[4-(4-cyanophenyl)—2 ({2- [(5—mtro(2—pyndyl))ammo]ethyl}ammo)—
. pynmldm—S-yl]carboxam1de (glycinamide)
[4-(4-cyanophenyl)—2 ({2—[(5-mtro(2—pyr1dyl))ammo]ethyl}ammo)pynmldm—S-yl]-N-(4-
. pyndylmethyl)carboxamxde ((4-pyridyl)methylamine)

2-Hydroxyethyl 4-(4-cyanophenyl)-2-({2- [(5-nltro(z-pyrxdyl))axnxﬁo]ethyl}ammo)-

pyrimidine-5-carboxylate (ethylene glycol)
N-(1-Carbamoyl-2-hydroxyethyl){4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]-
ethyl}amino)pyrimidin-5-yl]carboxamidg (serinamide)

Example 34

Svynthesis of 4-

pyridyl))amino]ethyl}amino)pyrimidin-4-yl]benzenecarbonitrile

To a mixture of ethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]-
ethyl }amino)pyrimidine-5-carboxylate (0.069 mmol, prepared as described in Example 31)
and triethylamine (19.3 pl, 0.14 mmol) in THF (1 ml) was added isobutyl chloroformate
(13.4 pl, 0.14 mmol). After stirring at room temperature overnight, the appropriate
amidoximine (0.14 mmol) (prepared according to C.D. Bedfore et al., J. Med. Chem.
20:2174-2183 (1986), which is incorporated herein by reference) was added and the
mixture stirred at 70°C for 6 hours. After stirring an additional 72 hours at room
temperature, the reaction was filtered, the solid washed successively with methanol and
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water, and dried under vacuum to give the desired oxadiazole, 4-[5-(3-methyl(1,2,4-

oxadiazol-5 —yl))-2-({2-[(5-mtro(2-pyndyl))armno]ethyl}ammo)pynm1dm—4-yl]benzene—

carbonitrile. The following additional compounds were prepared according to this method -

by using the appropriate amidoximine:

4-[5-{3- [2-(dimethylamino)ethyl]( 1,2,4-oxadiazol-5-yl)-2-({2-[(5-nitro(2-pyridyl))-
amino]ethyl}amino)pyrimidin-4-yl)

(2-{5-[2-({2-[(6-amino-5-nitro(2-pyridyl)amino]ethyl } amino)-4-(2 4-d1chloropheny1)
pyrimidin-5-yi]( 1,2,4-oxadlazol-3-yl)} ethyl)dimethylamine

ample 35
mthes1s of Ethyl 4-( 4-moggholm-4—ylghenyl )-2-({2-[(5-nitro(2-

pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate
To a solution of ethyl 3-(4-morpholinophenyl)3-oxopropionate (193 mg, 0.7 mmol)

in THF (1 ml) was added DMFDMA(140 ul). The solution was heated at 70°C for 3
hours. This solution was added to a mixture of amino[2-[(5-nitro(2-

pyridyl)aminoJethyl }carboxamidinium  4-methylbenzenesulfonate (280 mg, 0.7 mmol),
ethanol (1 ml) and 1.0 M sodium ethoxide (0.82 ml). The mixture was heated at 80 °C
overnight. The cooled mixture was diluted with dichloromethane and extracted with
saturated aqueous sodium bicarbonate. The organic layer was concentrated in vacuo, then -
dissolved in acetonitrile. The product was precipitated as an orange solid (126 mg) by
addition of water to give the title compound

HPLC 25.25 min (95% purlty)

NMR (DMSO0-d6): 1.15 (t, 3H), 3.20 (m, 4H), 3.60 (br. s, 4H), 3.78 (m, 4H), 4.05 (q, 2H),
6.59 (d, 1H), 6.95 (d, 2H), 7.40 (d, 2H), 8.0 (m, 1H), 8.60 (s, 1H), 8.90 (d, 1H)

MS: MH" = 494 C,4H,7N,05= 493 g/mol
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To a solution of ethyl 3-[4-(imidazol-1-yl)phenyl]3-oxopropanoate (78 mg, 0.3
famol) (prepared according to 1. Sircar et al, J. Med. Chem., 28:1405 (1985), which is
incorporated herein by reference) in THF (1 ml) was added DMFDMA (50 pl). The
solution was heated at 70°C for 3 hours. The solution was then added to a mixture of
amino[2-[(5-nitro(2-pyridyl)amino]ethyl} carboxamidinium 4;methy1benzenesﬁlfonate (120
mg, 0.3 mmol), ethanol (1 ml) and 1.0 M sodium ethoxide (0.35 ml). The mixture was
heated at 80°C overnight, cooled, diluted with dichloromethane and washed with saturated
aqueous sodium . bicarbonate solution. - The organic layer was concentrated in vacuo,
redissolved in acetonitrile and then the product was precipitated by addition of water as a
yellow solid to give the title compound.

HPLC : 18.50 min. (95% purity)

MS: MH = 475 C23H22N304 =474 g/mol

NMR (DMSO-d6): 1.05 (t, 3H), 3.62 (br. s, 4H), 4.10 (g, 2H), 6. 58 (d, 1H), 7.15 (s, lH)
7.60 (d, 2H), 7.70 (d, 2H), 7.75 (s, 1H), 7.85 (brs, 1H), 7.9-8.1. (m, 2H), 8.25 (s, 1H), 8.75

. (s, 1H), 8.90 (s, 1H)

Example 37
Synthesis of Ethyl 2-({2- [(5—mtro-(2-nvndvl))ammo]ethvl}ammo)-4-(4-( 1,3-0xazol-5- :
yl)phenyl)pyrimidine-5-carboxylate
g 'Step 1: Methyl 4-formylbenzoate (Aldnch Chemical Co., St. Louis, Missouri) (5.0
g, 30.5 mmol), anhydrous potassium carbonate (4.55 g, 33 mmol) and p-
toluenesulfonylmethyl isocyanide (TOSMIC, Aldrich Chemical Co.) (6.83 g, 30.5 mmol)
were refluxed in methanol (100 mi) for 3.5 hours. The mixture was then concentrated to

dryness in vacuo. The residue was dissolved in ethyl acetate, washed twice with water,
dried and concentrated in vacuo to give methyl 4-(1,3-oxazol-5-yl)benzoate as a beige solid
(4.95 g).

(NMR (300 MHz, CDCl;: 8.10 (d, 2H), 7.98 (s, 1H), 7.75 (d, 2H), 7.48 (s, 1H), 3.94 (s,
3H)).

The above ester was heated at reflux for 2 hours in a mixture of 1 M aqueous
potassium hydroxide and 50 ml THF. The THF was removed in vacuo and the solution
cooled, then acidified with 50% HCI to give 4-(1,3-oxazol-5-yl)benzoic acid as a white
solid.

NMR (300 MHz, DMSO-d6; 8.52 (s, 1H), 8.05 (d, 2H), 7.82-7.9, m, 3H).

The dried acid above was refluxed in neat thionyl chloride until all of the solid had

di'ssoived. The thionyl chloride was removed by rotary evaporation (with hexane). The




10

15

20

- 25

30

35

-63-

WO 99/65897 e o PCT/US99/13809

crude acid chloride was then dried in vacuo briefly. Meanwhile, potassium ethyl malonate
(11.1 g, 65 mmol) and anhydrous magnesium chloride (7.7 g, 81 mmol) in dry acetonitrile
(150 ml) were treated with triethylamine (5.15 ml, 37 mmol). The mixture was stirred for -

3 hours at room temperature, then an additional 1 ml of triethylamine was added, followed
by a solution of the acid chloride prepared above in dry acetonitrile (50 m!). The reaction

was stirred overnight at room temperature. The mixture was concentrated to dryness in
vacuo and then partitioned between toluene and 0.25 M aqueous HCl. The organic layer
was washed with water, dried and concentrated to give crude ethyl 3-(4-(1,3-oxazol-5-
yl)phenyl)-3-oxopropanoate. The crude product was purified by silica gel chromatography
(hexanes/ethyl acetate).

Step 2. To a solution of ethyl 3-(4-(] 3-oxazol-5-yl)phenyl)-3-oxopropanoate (76
mg, 0.3 mmol) in THF (1 ml) was added DMFDMA (60 pl). The solution was heated at
70°C for 3 hours. This solution was added to a mixture of amino[2-[(5-nitro(2-
pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate (120 mg, 0.3 mmol),
ethanol (1 ml) and 1.0 M sodium ethoxide (0.35 ml). The mixture was heated at 80°C
overnight, cooled, diluted with dichloromethane and washed with saturated sodium
bicarbonate solution. The organic layer was concentrated in vacuo, redissolved in
acetonitrile and the product precipitated with water to give the title compound as an orange
solid. |
HPLC : 26.75 min. (90% purity)

NMR (DMSO-dg): 1.05 (t, 3H), 3.65 (br. s, 4H), 4.10 (g, 2H), 6.58 (d, 1H), 7.58 (d, 2H),
7.70 (s, 1H), 7.75 (d, 2H), 7.82 (br. s, 1H), 7.95-8.10 (m, 2H), 8.40 (s, 1H), 8.75 (s, 1H),
8.85 (s, 1H) '

Example 38 _
Synthesis of Ethyl 4-(4-(2-furyl)phenyl)-2-({2-{(5-nitro(2-
pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate

Step 1: Ethyl 4-iodobenzoate (2.76 g, 10 mmol) and 2-furylboronic acid (Frontier
Scientific, 1.12 g, 10 mmol)) were mixed with bis (triphenylphosphine)palladium
dichloride (100 mg) in 1,2-dimethoxyethane (20 mi) and 2 M aqueous sodium carbonate
(20 ml). The mixture was bubbled with argon gas, then heated at 80°C under argon
overnight. The mixture was cooled, diluted with ethyl acetate, then washed with water.
The organic layer was dried and concentrated in vacuo to give a crude solid ester. This
material was taken up in a mixture of THF and 1 M aqueous potassium hydroxide and
refluxed for 2.5 hours. The THF was removed by rotary evaporation and the aqueous layer
acidified with acetic acid. Cooling to 4°C resulted in the precipitation of 4-(2-
furyl)benzoic acid as a brown solid (1.49 g) '
(NMR (300 MHz, DMSO-d6: 8.10 (d, 2H), 7.90 (m, 3H), 7.24 (d, 1H), 6.75 (dd, 1H)).
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- Step 2: The acid from Step 1 was converted to the acid chioride by refluxing in a

" mixture of oxalyl chloride (1.3 ml), THF (20 ml) and several ‘drops of DMF. Small
portions ‘of oxalyl chloride were added until the reaction was homogeneous. Reflux -

continued for 0.5 hours, then the solvent was removed in vacuo to give the crude acid
chloride. Meanwhile, "potassium' ethyl malonate (2.7 g) was reacted with anhydrous
magnesium chloride (1.9 g) and triethylamine (2.21 ml) in dry acetonitrile (50 ml) at room
temperature for 3 hours. Triethylamine (I ml) was added, followed by addition of a
solution of the acid chloride jn acetonitrile. The mixture was then stirred overnight at room
temperature, then concentrated to dryness. The residue was partitioned between toluene

‘and 10% aqueous HCl. The organic layer was washed with 10% HCI and water, dried and
was then concentrated to give crude ethyl 3-(4-(2-furyl)phenyl)-3-oxopropanoate as a solid.

Step 3: The B-keto ester prepared in Step 2 (76 mg, 0.3 mmol) was dissolved in dry

THF (2 ml) and heated with DMFDMA (60 pl) at 70°C for'4 hours. This solution was then
added to a mixture of amino[2-[(5-nitro(2-pyridyl)amino]ethyl} carboxamidinium 4-
methylbenzenesulfonate (120 mg, 0.3 mmol) and cesium carbonate (160 mg) and then
heated at 80°C overnight to give ethyl 4-(4-(2-furyl)phenyl)- 2—({2—[(5-mtro(2-
pyndyl))ammo]ethyl}ammo)pynmxdme—5-carboxylate

'HPLC: 32.05 min (80% purity) -

" MS: MH"= 476 C4H23N¢Os = 475 g/mol

Synthesis of Ethyl 4- -
pyridyl))aminolethyl }amino)pyrimidine-5-carboxylate

Step 1: 2-Chloro-4-methyl-5-nitropyridine (2.0 g, 11.5 mmol) in acetonitrile (10
ml) was added dropwise to ethylenediamine (2.5 ml) in acetonitrile (10 ml). The mixture
was stirred overnight at room temperature. The solvent was removed by rotary evaporation
and the residue was partitioned between dichloromethane and 2.5 M aqueous sodium
hydroxide. The aqueous layer was further extracted 4 times with dichloromethane. The
combined organic layers were washed with a saturated sodium chloride solution, dried and
concentrated in vacuo to give (2-aminoethyl)(4-methyl-5-nitro(2-pyridyl))amine as an
orange solid (1.74 g).

Step 2: The amine from Step 1 (1.2 g, 6 mmol) was shaken with benzotriazole
carboxamidinium 4-methylbenzenesulfonate (2.0 g, 6 mmol) and DIEA (1.05 ml, 6 mmol)
in dry acetonitrile (10 ml) at room temperature overnight. Addition of ether resulted in the

- precipitation of amino{2-[(4-methyl—5-nitro(2-pyridyl))amino]ethyl}carboxamidinium 4-

methylbenzenesulfonate as a yellow solid .
Step 3: Ethyl 3-(4-cyanophenyl)-3-oxopropanoate (64 mg, 0.3 mmol) in THF (1
ml) and DMFDMA (0.3 mmol) was heated at 70°C for 3 hours. The solution was added to
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a mixture of the guanidine from Step 2 ( 123 mg, 0.3 mmol), 1.0 M sodium ethoxide in
ethanol (0.35 ml) and ethanol (1 ml). The mixture was then heated overnight at 80°C,

- cooled, diluted with dichloromethane, then washed with saturated sodium bicarbonate -

solution. The organic layer was concentrated in vacuo, redissolved in acetonitrile and the
product precipitated with water.

HPLC: 27.63 min (85% pure)

MS: MH" =448 C3H;1N;704 = 447 g/mol

carbonitrile
3-Oxo-3-phenylpropanenitrile (44 mg, 0.3 mmol) in THF (1 ml) and DMFDMA
(50 ul) was heated at 70°C for 3 hours. This solution was added to a mixture of amino[2-
[(5-nitro(2-pyridyl)amino]ethyl} carboxamidinium 4-methylbenzenesulfonate (120 mg, 0.3
mmol), 1.0 M sodium ethoxide in ethanol (0.35 ml) and dry ethanol (1 ml) and heated at
80°C overnight, then concentrated in vacuo. The residue was then taken up in

dichloromethane and washed with a saturated aqueous sodium bicarbonate solution. The
organic layer was concentrated in vacuo. The residue was taken up in acetonitrile.
Addition of water gave a precipitate which was filtered off and dried to give the title
compound. . '

HPLC: 13.87 min (95% pure)

Example 41
Synthesis of {2-[(5-nitro(2-pyridyl))amino]ethyl}-
(5-nitro-4-phenylpyrimidin-2-yl)amine

2-Nitro-1-phenylethan-1-one (50 mg, 0.3 mMol) was heated in THF (1 ml) and
DMFDMA (50u1) for 3 h at 70°C. This solution was added to a mixture of amino[2-[(5-
nitro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate (120 mg, 0.3
mmol), 1.0 M sodium ethoxide in ethanol (0.35 ml) and dry ethanol (1 ml), heated at 80°C
overnight, then concentrated in vacuo. The residue was taken up in dichloromethane and
washed with saturated aqueous sodium bicarbonate. The organic layer was concentrated in
vacuo. The residue was taken up in acetonitrile. Addition of water gave a precipitate
which was filtered off and dried to give the title compound.
HPLC: 15.33 min (100% purity)
MS: MH'= 382 C;7H;5N;04 =381 g/mol

Example 42
Svynthesis of (5-Nitro-4-phenylpyrimidin-2-y1){2-(2-pyridylamino)ethyljamine
2-Nitro-1-phenylethan-1-one (50 mg, 0.3 mmol) was heated in THF (1 ml) and
DMFDMA (50 pi) for 3 hours at 70°C. This solution was added to a mixture of amino[2-




10

15

20

25

30

-66-
WO 99/65897 . PCT/US99/13809

~ (2-pyridyl)amino)ethyl }carboxamidinium 4-methylbenzenesulfonate (105 mg; 0.3 mmol),

1.0 M sodiuim ethoxide in ethanol (0.35 ml) and dry ethanol (1 ml), heated at 80°C
ovemlght then concentrated in vacuo. The residue was taken up in dichloromethane and -

- washed with saturated aqueous sodium bicarbonate. The organic layer was concentrated in

vacuo. The residue was taken up in acetonitrile. Addition of water gave a precipitate
which was filtered off and dried to give the title compound. |

HPLC: 19.66 min (100% purity)

MS: MH 337 C|7H|5N502 336 g/mol

Example 43
Smthems of Ethyl 4-(4-cyanophenyl1—2—|(2-{ [S- (tnﬂuoromethyl X2-

Step 1: 2-Chloro-5 -(tnﬂuoron_lethyl)pyndlne (5.0 g) was heated with
eth}?lenediamine (20 ml) at 120°C overnight. The excess ethylenediamine was removed
by rotary evaporation and the residue was partitioned between dichloromethane and 2.5 M
aqueous sodium hydroxide. The _aqueoixs_ layer was extracted ‘5 times further with
dichloromethane. The combined organic layers were washed with ‘a saturated aqueous
sodium chloride solution, dried, then concentrated in vacuo to give (2-aminoethyl)[5-

- (trifluoromethyl)(2-pyridyl)Jamine as an orange oil. -

Step 2: The amine from Step 1 (1.1 g, 5.36 mmol) was treated with benzotriazole
carboxamidinium 4-methylbenzenesulfonate (1.78 g, 5.36 mmol) and DIEA (0.93 ml, 5.36
mmol) in acetonitrile (6 ml) with shaking at room temperature overnight. Addition of ether
gave amino(2-{[5-(trifluoromethyl)(2-pyridyl))amino} ethyl)carboxamidinium 4-
methylbenzenesulfonate as a white solid.

Step 3: Ethyl 3-(4-cyanophenyl)-3-oxopropanoate (64 mg, 0.3 mmol) was heated in
THF (1 ml) with DMFDMA (50 pl) at 70°C for 4 hours. This solution was added to a
mixture of the guanidine from Step 2 (123 mg, 0.3 mmol), 1.0 M sodium ethoxide in
ethanol (0.35 ml) and dry ethanol (1 ml). This mixture was heated at 80°C overnight, then
concentrated in vacuo. The residue was taken up in dichloromethane and washed with a
saturated aqueous sodium bicarbonate solution. The organic layer was concentrated in
vacuo. The residue was taken up in acetonitrile. Addition of water gave a precipitate that
was filtered off and dried to give the title compound.

HPLC: 24.46 min (85% purity)
MS: MH"= 457 CH;oNgO,F3 = 456 g/mol
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_ : : ‘Example 44 ,
Synthesis of [4-(2.4-dichlorophenyl)-5-imidazolylpyrimidin-2-y1]{2-[( 5-nitro(2-
pyridyl))aminoJethyl }amine
Step 1. 2,4-Dichlorophenacyl chloride (1.42 g, 6.4 mmol) and imidazole (1.18 g,
16 mmol) were heated in toluene (40 ml) at 75°C for 2.25 hours. The mixture was
concentrated to dryness in vacuo. The residue was dissolved in dichloromethane and

washed with 5% aqueous potassium carbonate solution and water, dried and concentrated
in vacuo. The crude product was purified by passage over a pad of silica gel, eluting with
5% methanol in dichloromethane to give 1-(2,4-dichlorophenyl)-2-imidazolylethan-1-one
as an orange oil. o

Step 2: The product of Step 1 (95 mg) was heated with DMFDMA (2 ml) at 105°C
for 9 hours. The solvent was removed in vacuo and the residue was dissolved in dry THF
(2 ml) and added to a mixture of amino[2-[(5-nitro(2-pyridyl)aminolethyl}-
carboxamidinium 4-methylbenzenesulfonate (100 mg, 0.3 mmol) and cesium carbonate
(200 mg). The mixture was heated ovemight at 80°C, then concentrated in vacuo. The
residue was taken up in dichloromethane and washed with saturated aqueous sodium
bicarbonate. The organic layer was concentrated in vacuo. The pfoduct was purified by
radial chromatography on silica gel. '
HPLC: 22.48 min (96% purity)
MS: MH*=471-473 (cluster, 2 Cl) C20H;sCN3O; = 471 g/mol

Example 45

-5-imidazolyl

yllbenzenecarbonitrile

Step 1: 4-Cyanophenacyl bromide (0.72 g, 3.2 mmol) and imidazole (0.55 g, 8
mmol) were heated at 75°C in toluene (20 ml) for 2.5 hours. The mixture was concentrated
to dryness in vacuo. The residue was dissolved in dichloromethane and washed with a 5%
aqueous potassium carbonate solution and water, dried and concentrated in vacuo to give a
pink solid (0.35 g). This method is a variation of the one described in Sakurai et al., 1996,
Chem. Pharm. Bull. 44:1510, which is incorporated herein by reference.

Step 2: 1-(4-Cyanophenyl)-2-imidazolylethan-1-one (from Step 1, 63 mg, 0.3
mmol) was heated with DMFDMA (2 ml) at 105°C for 9 hours. The solvent was removed
in vacuo and the residue was dissolved in dry THF (2 ml) and added to a mixture of
amino[2-[(6-amino-5-nitro(Z-pyi'idyl))amino]ethyl}carboxamidinium 4-methylbenzene-
sulfonate (105 mg, 0.3 mmol) and cesium carbonate (200 mg). The mixture was heated
overnight at 80°C, then concentrated in vacuo. The residue was taken up in

dichloromethane and washed with a saturated aqueous sodium bicarbonate solution. The
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organic layer was concentrated in vacuo. The residue was crystallized from ethanol/water
to give yellow needles. ' '
HPLC: 17.68 min (100% purity)

~MS: MH' =443 C,iH;gN100; = 442 g/mol

gm. dyl)amino lethyl}almn |
A solution of 1-2 4-fdlchlorophenyl)-2-1m1azol-2-ylethan 1-one (prepared from the

appropriate acid chloride and 2-methylimidazole according to the procedure described in
Macco et al., J. Org. Chem., 20:252 (1985), which is incorporated herein by .reference) and
DMFDMA (10 ml/mmo! of ketone) was stirred at reflux for 12 hours. After concentration
of this solution, the resulting solid was redissolved in DMF (10 ml/mmol). Cs;CO; (3
mmol) and (2-(5-nitro(2-pyridyl)amino]ethyl)carboxamidinium 4-methylbenzenesulfonate

(1.5 mmol) were added, and the mixture stirred for 8 hours at 100°C. The mixture was
cooled, filtered and the filtrate diluted with ethyl acetate and washed with saturated
aqueous sodium bicarbonate. Concentration of the organic layers yielded [4-(2,4-
dlchlorophenyl) -5-imidazol-2-ylpyrimidin-2-yl]{2- [(5-mtro(2-pyr1dyl)ammo]ethyl}amme

Example 47
Svnthesxs of [2-[(6-amino-5-nitro(2-pyridyl))amino Jethyl} |4-(2,4-d1chlorophenyl )-5-

imidazol-2-ylpyrimidin-2-yl]Jamine

A solution of 1-(2,4- dlchlorophenyl)-2-1m1azol-2-y1ethan— -one (prepared from the
approprlate acid chloride and 2-methylimidazole according to the procedure described in
Macco et al., J. Org. Chem., 20:252 (1985), which is incorporated herein by reference) and
DMFDMA (10 ml/mmol of keton:e) was stirred at reflux for 12 hours. After concentration
of this solution, the resulting solid was redissolved in DMF (10 ml/mmol).' Cs,CO; (3
mmol) and (2-(6-amino-5-nitro(2-pyridyl)amino)ethyl)carboxamidinium 4-
methylbenzenesulfonate (1.5 mmol) were added, and the mixture stirred for 8 hours at
100°C. The mixture was cooled, filtered and the filtrate diluted with ethyl acetate and
washed with saturated aqueous sodium bicarbonate. Concentration of the organic layers
yielded [2-[(6-amino—5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-ylJamine. '

Example 48
Synthesis of 4-[5-imidazol-2-y1-2-({2-[(5-nitro(2-pyridyl)amino]ethyl }amino)pyrimidin-4-

yl]benzenecarbonitrile

A solution of 4-(2-midazol-2-ylacetyl)benzenecarbonitrile (prepared from the

appropriate acid chloride and 2-methylimidazole according to the procedure described in
Macco et al., J. Org. Chem., 20:252 (1985) and DMFDMA (10 ml/mmol of ketone) was
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stirred at reflux for 12 hours. After concentration of this solution, the resulting solid was
redissolved in DMF (10 mlmmol). Cs;,CO; (3 mmol) and (2-(S-nitro(2-
pyridyl)amino]ethyl)cafboxamidinium 4-methylbenzenesulfonate (1.5 mmol) were added, -
and the mixture stirred for 8 hours at 100°C. The mixture was cooled, filtered and the
filtrate diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate.
Concentration of the organic layers yielded 4-[5-imidazol-2-yl-2-({2-[(S-nitro(2-
pyridyl)amino]ethyl}amino)pyrimidin—4-yl]benzenecarbonitrile.

-5-imidazol-2-

ylpyrimidin-4-yllbenzenecarbonitrile

A solution of 4-(2-midazolQ-ylacetyl)benzenecarbonitrile (prepared from the
_appropriate acid chloride and 2-methylimidazole according to the procedure described in
Macco et al., J. Org. Chem., 20:252 (1985) and DMFDMA (10 ml/mmol of ketone) was
stirred at reflux for 12 hours. After concentration of this solution, the resulting solid was
redissolved in DMF (10 ml/mmol). Cs;CO3; (3 mmol) and (2-(6-amino-5-nitro(2-
pyridyl)amino)ethyl)carboxamidinium 4-methylbenzenesulfonate (1.5 mmol) were added,
and the mixture stirred for 8 hours at 100°C. The mixture was cooled, filtered and the
filtrate diluted with ethyl acetate and washed with saturated aqueous sodium bicarbonate.
Concentration of the organic layers yielded 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))-
amino]ethyl}amino)-_S~imidazol—2—ylpyrimidin-4-yl]benzenecarbonitrile.

Example 50

5-carboxylate _

This compound was prepared from ethyl 3-oxo-3-(4-pyridyl)propanoate and
amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate in
accordance with Solution Method A.

HPLC: 17.78 min (90% purity) | _
NMR(300 MHz, 5/1 acetonitrile-d;/D,0): 8.85 (d, 1H), 8.82 (s, 1H), 8.80 (d, 2H), 8.01
(dd, 1H), 7.38 (d, 2H), 6.43 (d, IH), 4.10 (q, 2H), 3.60-3.80 (m, 4H), 1.06 (t, 3H).

. Example 51
Svnthesis of Ethyl 4- i

carboxylate .
This compound was prepared from ethyl 3-oxo-3-(3-nitrophenyl)propanoate and

amino{2-(2-pyridylamino)ethyljcarboxamidinium 4-methylbenzenesulfonate in accordance
with Solution Method A.

HPLC: 21.25 min (90% purity)

MS: MH+ = 409 C20H|9N504 =408 g/mol
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- (triﬂuofomethoxz’ )phenyl lpm’midinefs;carboxz' late
This compound was prepared - from - ethyl 3-0x0-3-(4-

" trifluoromethoxyphenyl)propancate ~ and  amino[2-[(5-nitro(2-pyridyl)aminojethyl}-

carboxamidinium 4-methylbenzenesulfonate in accordance with Solution Method A.
HPLC: 22.50 min (91% purity) '
MS: MH' =493 Cy;H;oN¢OsF; = 472 g/mol

Example 53
Synthesis of Ethyl 4-(3.4-difluorophenyl

pyridyl))amino)ethyl }amino)pyrimidine-5-carboxylate
This compound was prepared from ethyl 3-oxo-3-(3,4-difluorophenyl)propanoate

and amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate
in accordance with Solution Method A.

HPLC: 17.96 min (100% purity) |

MS: MH+ =445 C20H18N604F2 =444 g/mol '

Example 54
Synthesis of ethyl 4-[4-(methylsulfonyphenyl |-2-({2-[(5-nitro(2-
~ pyridyD)amino]ethyl }amino)pyrimidine-5-carboxylate
This compound was make from ethyl 3-(4-rhethy1sulfonylphenyl)-3-oxopropanoate

and amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate
in accordance with Solution Method A.
HPLC: 11.21 min (100% purity)
MS’Z MH+ =487 C2|H22N5OGS =486 g/mol

' Exarhp' le 55
Synthesis of Ethyl 4-(4-methylthiophenyl)-2-({2-[(5-nitro(2-

pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate
This compound was prepared from éthyl 3-(4-methylthiophenyl)-3-oxopropanoate
and amino[2-[(5-nitro(2-pyridyl)amino]ethy!} carboxamidinium 4-methylbenzenesulfonate

in accordance with Solution Method A.
HPLC: 17.26 min (92% purity)
MS: MH" =455 Cy;H22Ns04S =454 g/mol
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.Example 56 _
~ Synthesis of Ethyl 4-[4-(dimethylamino)phenyl]-2-({2-f(5-nitro(2-
pyridyl))amino]ethyl }amino)pyri midine-5 -carboxylate

This compound was prepared from ethyl 3-(4-dimethylaminophenyl)-3-
oxopropanoate and amino[2-[(5-nitro(2-pyridyl)amino]ethyl}carboxamidinium. 4-methyl-
benzenesulfonate in accordance with Solution Method A.
HPLC: 9.0 min (90 % purity)
MS: MH' =452 CyHasN;04 =451 g/mol

Synthesis of Eth

cyanophenyl)py rimidineQS-carboxylate

This compound was prepared from ethyl 3-(4-cyanophenyl)-3-oxopropanoate and

amino{2-[(6-amino-5-nitro(Z-pyridyl))émino]ethyl}carboxamidinium 4-methylbenzene-
sulfonate in accordance with Solution Method A.

HPLC: 25.21 min (83% purity)

MS: MH+ =449 C21H20N804 =448 g/mol

Examg'le 58 _
- Synthesis of Ethyl 4-(4-imidazolylphenyl)-2-({2-[(5-nitro(2-
pyridyl))amino ll ethy'l }amino )p)g‘ imidine—S-chrboxylate _

This compound was prepared from ethyl 3-[4-(1-imidazolyl)phenyl}-3-
oxopropanoate and amino[2-[(5-nitro(2—pyridyl)amino]ethyl}'carboxamidinium-_=_4-methyl-
benzenesulfonate in accordance with Solution Method A.
HPLC: 18.50 min (91% purity) |
MS: MH"= 475 Cy3H2N3gO4 = 474 g/mol

Example 59
Svnthesis of Ethyl 4-(4-ethylpheny)-2-({2-[(5-nitro(2-

pyridyl))aminoJethyl}amino)pyrimidine-5-carboxylate

This compound was prepared from ethyl 3-(4-ethylphenyl)-3-oxopropanoate and
amino[2-[(5-nitro(2-pyridyl)amino]ethyl }carboxamidinium 4-methylbenzenesulfonate in
accordance with Solution Method A. '
HPLC: 32.45 min (95% purity)
MS: MH" =437 Cy;HNgO4 = 436 g/mol .

The following additional compounds were prepared according to Solution Method
A using the appropriate carbonyl containing compound and guanidine.
Ethyl 4-(2-furyl)-2-[(2-(2-pyridyl)ethyl)amino]pyrimidine-5-carboxylate
Ethyl 4-(3-nitrophenyl)-2-[(2-(2-pyridyl)ethyl)amino]pyrimidine-5-carboxylate
Ethyl 4-(4-fluorophenyl)-2-{(2-(2-pyridyl)ethyl)amino]pyrimidine-5-carboxylate
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Ethyl 4-(4-methoxyphenyl)-2-[(2-(2-pyridyl)ethyl)amino]pyrimidine-5-carboxylate

Ethyl 4—(4-cyanophenyl)-Z-[(2-(2-pyndyl)ethyl)am1no]pymmdme-S-carboxylate

2-({2- [(5-mtro(2-pyndyl))ammo]ethyl}atmno)—4—(4~mtrophenyl)pynrmdme-5-carboxyhc
“acid

~ Ethyl 4-(4-ﬂuorophenyl)—2-({2-[(5-mtro(2-pyndy1))ammo]ethyl}axmno) pynmldme-S-

carboxylate

Ethyl 2-({2- [(5-mtro(2—pyr1dyl))ammo]ethyl}am1no)-4-(3-qumolyl)pyr1nud1ne—5- "

~ carboxylate :

Ethyl 2- ({2—[(5—mtro(2-pyndyl))am1no]ethyl}ammo)-4-(3-n1trophenyl) pyrimidine-5-
carboxylate -

Methyl 2-({2—[(5-mtro(2-pyr1dyl))am1no]ethyl}ammo)-4 (3-pyndyl)pynm1dme—5-
carboxylate

Ethyl 2-({2- [(5-mtro(2-pyndyl))ammo]ethyl}ammo)—4-(4-mtrophenyl) pynmldme-S-
carboxylate :

Ethyl 4-[3,5-bis(trifluoromethyl)phenyl]-2-({2- [(5-n1tro(2-pyr1dyl))am1no]ethyl}ammo)-
pyrimidine-5-carboxylate

Ethyl 2-({2- [(5-mtro(2—pyr1dyl))ammo]ethyl}am1no)—4-[4-(tr1ﬂuoromethyl) phenyl]-
pyrimidine-S-carboxylate

Ethyl 2-({2- [(5-mtro(Z-pyrldyl))ammo]ethyl}a.m1no)-4 [3 ~(trifluoromethy!) phenyl] -
pyrimidine-5-carboxylate

| Ethyl 4-(5-bromo(3-pyridyl))-2-({2- [(5—mtro(2-pyr1dyl))am1no]ethyl}ammo) pynmxdme—S-

carboxylate

Ethyl 4-(2,4-difluorophenyl)-2-({2-[(5-nitro(2-pyridyl))aminoJethyl }amino) pyrimidine-5-
carboxylate | '

Ethyl 4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino) pyrimidine-5-
carboxylate

Ethyl 4-(4-cyanophenyl)-2- {[2-(pyr1m1dm—2—ylammo)ethyl]ammo}pynmldme-S—
carboxylate _

Ethyl 4—(4-methoxyphenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidine-S-
carboxylate

Ethyl 4- (3-cyanophenyl)-2 -({2-[(5-nitro(2-pyridyl))amino]ethyl}amino) pyrimidine-5-
carboxylate

Ethyl 4-(4-cyanophenyl)-2-( {2—[(4-mtrophenyl)ammo]ethyl}ammo)pynmldme-S-
carboxylate

Ethyl 4-(3-fluorophenyl)-2-({2- [(5-mtro(2-pyr1dyl))am1no]ethyl}ammo) pyrimidine-5-
carboxylate

Ethyl 4-(3,5- dlchlorophenyl) -2-({2- [(5-mtro(2—pyr1dyl))ammo]ethyl}ammo) pyrimidine-5-
carboxylate
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4-[5-(methylsulfonyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-
yl]benzenecarbonitrile ~

Ethyl 2-( {2—[(5-n1tro(2-pyndyl))ammo] ethyl}anuno)-4-(4-sulfamoylphenyl) pynmxdme-s-
carboxylate

Ethyl 4-(4-chlorophenyl)-2-({2—[(5-mtro(2-pyndyl))ammo]ethyl}ammo) pynmldme-S-
carboxylate

Ethyl 4-(4~bromophenyl)-2-({2—[(5-mtro(2—pyndyl))ammo}ethyl}ammo) pyrimidine-5-
carboxylate

Ethyl 4-naphthyl-2- ({2-[(5-mtro(2-pyndyl))am1no]ethyl}ammo)pynmldme-S—carboxylate

Ethyl 2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-4-(4-phenylphenyl) pyrimidine-5-
carboxylate

Ethyl 4-(2H-benzo{3,4-d]1,3-dioxolen-5-yl)-2-({2- [(5-mtro(2-pyndyl))am1no] ethyl}-
amino)pyrimidine-5-carboxylate

Ethyl 4-(4-butoxyphenyl)-2-({2- [(5-n1tro(2—pyr1dyl))ammo]ethyl}ammo) pyrxmldme-S—
carboxylate :

6-[(2-{[4-(4-cyanophenyl)- 5-(ethoxycarbonyl)pynm1dm-2—yl]ammo}ethyl) amino]-

pyridine-3-carboxylic acid

tert-Butyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidine-5-
carboxylate

tert-Butyl 6-[(2-{[4-(4-cyanophenyl)-5- (ethoxycarbonyl)pyrlmldm—Z-yl]ammo}ethyl)-
amino]pyridine-3-carboxylate

Methyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino) pyrimidine-5-
carboxylate

Methyl 6-[(2-{[4- (4-cyanophenyl) -5- (ethoxycarbonyl)pynmxdm—2-yl]ammo}ethyl)—
amino]pyridine-3-carboxylate :

Ethyl 4-(4-cyanophenyl)-2-[(2-{[5- (morpholm-4-ylcarbonyl)(2—pyr1dyl)] amino}-
ethyl)amino}pyrimidine-5-carboxylate

Ethyl 4-(4-cyanophenyl)-2-[(2-{[5-(N -ethylcarbamoyl)(Z-pyndyl)]ammo}ethyl)
amino]pyrimidine-5-carboxylate

4-[5-nitro-2- ({2-[(5-mtro(Z-pyndyl))ammo]ethyl}ammo)pyr1m1d1n-4-yl] benzene-
carbonitrile

Ethyl 4-(4-cyanophenyl)-2-{[2-({5-nitro-6- [benzylammo](z-pyndyl)}ammo) ethyl]-
amino } pyrimidine-5-carboxylate

Ethyl 4-[4-(4-methylpiperazinyl)phenyl]-2-({2-[(5-nitro(2-pyridyl))amino] ethyl}-
amino)pyrimidine-5-carboxylate

Ethyl 2-({2-[(5-cyano(2-pyridyl))amino]ethyl}amino)-4-(4-cyanophenyl) pyrimidine-5-
carboxylate
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Ethyl 4—(4-cyanophenyl)-2—[(2~{[6-(methylammo)—5-mtro(2-pyndyl)]amlno}ethyl)—
aminoJpyrimidine-5-carboxylate :

Ethyl 2- ({2-[(5-mtro(2-pyndyl))ammo]ethyl}am1no)—4-(4 (1 3~oxazol-5-yl)phenyl)
pyrimidine-5-carboxylate

Ethyl 2-({2-[(4-amino-5-nitropyrimidin-2-yl)aminoJethyl}amino)-4-(4-cyanophenyl)-
pyrimidine-5-carboxylate

" Ethyl 2—({2-[(6-amiho-5-nitro(2-pyridyl))amino]ethyl}amino)—4-(4-(1,3-oxazol—5- '

yl)phenyl)pyrimidine;5-carboxylate
Ethyl 4- [4 (methylethyl)phenyl]-2-({2—[(5-mtro(2-pyr1dyl))ammo]ethyl}ammo) -
pynmxdme-S-carboxylate
Ethyl 4-[4-(tert-butyl)phenyl]-2-({ 2—[(S-mtro(2—pyr1dyl))ammo]ethyl}ammo) pyrimidine-5-
~ carboxylate
Ethyl 4-(3,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino) pyrimidine-5-
carboxylate
Ethyl 4-(3,4-dimethoxyphenyl)-2-({2- [(5-n1tro(2-pyr1dyl))am1no]ethyl}ammo) pyrimidine-
5-carboxylate :
Ethyl 4-[4-(diethylamino)phenyl]-2-({2- [(S-mtro(2—pyr1dyl))ammo]ethyl}ammo) -
pyrimidine-5-carboxylate '
2- ({2-[(S—mtro(2—pyndyl))ammo]ethyl}ammo)-4 (2 4 6—tnchlorophenyl) pyrimidine-5- -
carboxylic acid
Ethyl 4-(4-methylphenyl)-2-({2- [(5-mtro(2—pyr1dyl))ammo]ethyl}ammo) pyrimidine-5-
carboxylate
Ethyl 4-(2-naphthyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidine-5-
carboxylate '
Ethyl 4-(3,4-dimethylphenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidine-5-
carboxylate '
Ethyl 2-({2-{(4-amino-5-cyanopyrimidin-2-yl)amino)ethyl }amino)-4-(4-
cyanophenyl)pyrimidine-5-carboxylate
4-(2-methoxyphenyl)-2-({2- [(5-mtro(2—pyndyl))ammo]ethyl}ammo)pymmdme-S-
carboxylic acid
Ethyl 4-(4-cyanophenyl)-2-{[2-(3-methoxyphenyl)ethyl]Jamino} pyrimidine-5-carboxylate
2-({2-[(6-amino-5-nitro(2-pyridyl))aminoJethyl }amino)-4-(3 4-d1chlorophenyl) -
pyrimidine-5-carbonitrile :
4—(3,4—dlchlorophenyl)-2-({2—[(5-mtro(2-pyridyl))amino]ethyl}amino) pyrimidine-5-
carbonitrile
Ethyl 2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-4-(4-(1,2,4-triazol-4-yl) -
phenyl)pyrimidine-5-carboxylate
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2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-dichlorophenyl) -
pyrimidine-5-carbonitrile

4-(2,4-dichlorophenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidine-5-
carbonitrile _

2-({2—[(6-amino-5-nitro(2—pyridyl))amino]ethy1}amino)—4-(2,4-dichlofophenyl) -
pyrimidine-5-carboxylic acid |

Ethyl 2-({2—[(5-amino(2-pyridyl))amino]ethyl}amino)-4-(4-cyanophenyl) pyrimidine-5-
carboxylate ,

Example 60
Solution Phase Synthesis

_ (Solution Method B)
A ketone with a CH; or CH; group adjacent to the carbonyl group was heated in

neat N,N-dimethylformamide dimethyl acetal (DMFDMA) at 90-110°C for 5 to 24 hours,
usually 8 to14 hours. The excess DMFDMA was then removed by rotary evaporation to
give the intermediate enaminoketone as an oil or solid. This intermediate could be
crystallized if desired, but was usually used in crude form in the next reaction step. The
enaminoketone was dissolved in an appropriate solent such as THF, ethanol, isopropanol or
for syntheses where a higher reaction temperature was desired, in NMP (ca. 1-2 mi of
solvent for 0.3-1 mmol of starting ketone). '

This solution was then added to a mixture of a guanidine (1 equivalent) and a
suitable base such as sodium ethoxide (freshly prepared), cesium carbonate or powdered
sodium hydroxide. The usual combinations were cesium carbonate in THF or sodium
ethoxide in ethanol or sodium hydroxide in isopropanol or cesium carbonate in NMP,
although other base and/or solvent combinations can be used. The reaction was then
heated at 80-125°C (depending on the boiling point of the solvent) for 12 to 66 hours.

Small scale (i.e., 0.2-1 mmol) reactions were conducted in screw cap vials. The
vials were placed into prédrilléd thermostated aluminum blocks (Digi-Block, Laboratory
Devices, Holliston, Massachusetts) and shaken on a gyrotary shaker (Lab-Line Model G-2).
After completion of the reaction, the vials were cooled, and their contents poured into
dichloromethane or ethyl acetate, then washed with saturated aqueous sodium bicarbonate
solution. The organic layer was concentrated in vacuo and the product was precipitated or
crystallized, usually by addition of water to acetonitrile or ethanol solutions of the product.
In some cases chromatographic purification was performed, either by semi-preparative
HPLC or by radial chromatography using silica gel plates on a Chromatotron (Harrison
Research, Palo Alto, CA) eluting with mixtures of dichloromethane and methanol. Larger
scale reactions were performed in round bottom flasks using typical organic chemistry
apparatus. '
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Examples 61-66 describe the synthesis of compounds prepared pursuant to Solution
Method B. : L

Example 61

3-Acetylpyridine (0.5 mmol) was heated with DMFDMA (300 pl) at 90°C for 8.5
hours. The solvent was removed by rotary evaporatlon The residue was dissolved in
isopropanol (2 ml) and added to 170 mg (0 5 mmol) of amino[2-(2-
pyridylamino)ethyljcarboxaniidinium 4-methylbenzenesulfonate and powdered sodium
hydroxide (70 mg). The mixture was heated at 85°C overnight, then concentrated in vacuo.
The residue was taken up in dichloromethane and washed with a saturated aqueous sodium
bicarbonate solution. The organic layer was concentrated in vacuo. The residue was taken
up in acetonitrile. Addition of water gave a precxpltate that was filtered off and dried to
give the title compound.

'HPLC: 9.9 min (100% purity)

NMR (300 MHz, 5/1 acetonitrile-dy/D,0, 75 °C): 9.20 (s, 1H), 8.65 (d, 1H), 8.2-8.4 (m,
2H), 7.94 (d, 1H), 7.50 (dd, 1H), 7.38 (t, 1H), 7.10 (d, 1H), 6.50 (m, 2H), 3.70 (t, 2H), 3.50
(¢, 2H)

Example 62

Butyrophenone (0.5 mmol) was heated with DMFDMA (300 pl) at 90°C for 8.5

~ hours. - The solvent was removed by rotary evaporation. The residue was dissolved in

isopropanol (2 ml) and added to 170 mg (0.5 mmol) of amino[2-(2-
pyridylamino)ethyl]cérboxamidinium 4-methylbenzenesulfonate and powdered sodium
hydroxide (70 mg). The mixture was heated at 90°C overmght then concentrated in vacuo.
The residue was taken up in dlchloromethane and washed with saturated aqueous sodium
bicarbonate. The organic layer was concentrated in vacuo. The residue was taken up in
acetonitrile. ~ Addition of water gave a precipitate which was filtered off and dried to give

 the title compound.

HPLC: 17.46 min (98% punty)
MS: MH'=320 C;3H;;Ns =319 g/mol

Example 63 _
Synthesis of [2-(2.5-dimethoxyphenylethyl](4-(3-pyridyl)pyrimidin-2-yl)amine
Step 1: 2,5-Dimethoxyphenethylamine (1.08 g, 6 mmol) was shaken with
benzotriazole carboxamidinium 4—methylbenzenesulfonaté (2.0 g, 6 mmol) and DIEA (1.05
ml, 6 mmol) in dry acetonitrile (10 ml) at room temperature overnight. Addition of ether
resulted in the precipitation of amino[2-(2,5-dimethoxyphenyl)ethyljcarboxamidinium 4-

methylbenzenesulfonate as a white solid.
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Step 2: 3-Acetylpyridine (37 mg, 0.3 mmol) was heated at 100°C in DMFDMA (1
ml) for 8 hours. The solvent was removed by rotary evaporation and the residue was
dissolved in dry THF (2 ml) and added to a mixture of cesium carbonate (160 mg) and 120
mg (0.3 mmol) of the guanidine prepared in Step 1. The mixture was then heated at 80°C
overnight, then concentrated in vacuo. The residue was then taken up in dichloromethane
and washed with a saturated aqueous sodium bicarbonate solution. The organic layer was
concentrated in vacuo. The residue was taken up in ethanol (2 ml). Addition of water gave
a precipitate which was filtered off and dried to give the title compound.
HPLC: 18.03 min (100% purity)
MS: MH"=337 C;gH2N40; = 336 g/mol

Exar ample 64

pyridyl))aminoJethyl}amine
4-Morpholinoacetophenone (0.633 g, 2.5 mmol) was heated at 100°C in 4 ml of
DMFDMA for 9 hours. The mixture was concentrated to a viscous oil by rotary

evaporation. The oil was redissolved in isopropanol (10 ml) and treated with amino[2-[(5-
nitro(2-pyridyl)aminoJethyl} carboxamidinium 4-methylbenzenesulfonate (1.0 g, 2.5 mmol)
and powdered sodium hydroxide (200 mg). This mixture was heated at 80°C overnight.
The cooled mixture was diluted with dichloromethane and washed with saturated aqueous
sodium bicarbonate solution. The organic layer was concentrated in vacuo, the dissolved
in acetonitrile. The product was precipitated by -addition of water. The brown solid was
recrystalized from isopropanol to give the title compound.

M.P. 223-225°C (with decomposition) -

Elemental Analysis; C21H23N703. 0.7 H20 requires C 58.10 H 5.66 N 22.59

found C58.02 H 530N 22.39

HPLC : 20.85 min (100% purity)

MS: MH' =422 g/mol (FW=421)

NMR (DMSO-dg): 3.30 (m, 4H), 3.60 (m, 4H), 3.75 (m, 4H), 6.58 (d, 1H), 6.95 (m, 3H),
8.00 (d, 2H), 8.10 (d, 1H), 8.25 (d, 1H), 8.90 (s, 1H)

Example 65
Svnthesis of {4-(2.4-dichlorophenyl

pyridyl))aminolethyl }amme
Step 1: A mixture of 2,4-dichlorobenzoyl chloride (4.5 g) and copper (I) iodide

(200 mg) in dry THF (30 ml) was cooled to -20°C under argon. Then a solution of n-
propyl magnesium chloride (2 M in ether, 11.0 ml) was added dropwise. Ten minutes after
addition was complete, the cooling bath was removed and the mixture stirred for 1 hour.
Water was carefully added, followed by extraction with toluene. The toluene layer was
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washed with dilute HCI, water, saturated sodium  bicarbonate ‘ solution, ' dried and
concentrated in vacuo to give l-(2,4‘-dichlorophenyl)butan-l—on'c’ “4.0g).

Step 2: The ketone from Step 1 (108 mg,E'O.S mmol) was heated at 95°C overnight -
with DMFDMA (1.5. ml). The solvent was removed in vacuo and the residue was
dissolved in dry ethanol (2 ml) and added to a mixture of amino[2-[(5-nitro(2-

' pyridyl)aminoJethyl} carboxamidinium 4-methylbenzenesulfonate (200 mg), 1.0 M sodium

ethoxide (0.6 ml) and dry ethanol (2 ml). This mixture was heated at 85°C overnight, then
concentrated in vacuo, redissolved in dichloromethane and washed with saturated sodium
bicarbonate solution. The organic layer was concentrated in vacuo. The residue was
purified by chromatography on silica gel using 10% methanol in dichloromethane to give
an oily product. Lyophilization from acetonitrile/water gave the title compound as a solid.
HPLC: 29.56 (85% purity) :

MS: MH" =433 CjoH;sN6CL,0,=432 g/mol

Example 66
4-imidazolylphenylpyrin

_ - pyridyD)aminolethyl }amine -
4-(1-Imidazolyl)acetophenone - (57 mg, 0.3 mmol) was heated with DMFDMA (1

Svnthesis of [4-

‘ml) “for 8 hours at 105°C.” The solvent was removed in vacuo and the residue was
- dissolved in dry THF (2 ml) and added to a mixture of amino[2-[(5-nitro(2-
' pyridyl)amino]ethyl}carboxamidinium 4-methylbenzenesulfonate (120 mg, 0.3 mmol) and

cesium carbonate (200 mg) and heated overnight at 80°C, then concentrated in vacuo,

redissolved in dichloromethane and washed with a saturated sodium bicarbonate solution. . -

The organic layer was concentrated in vacuo. The residue was purified by crystallization to
give the title compound.
HPLC: 15.17 min (100% purity)
NMR (300 Mhz, DMSO-de): 8.90 (s, 1H), 8.38 (d, 1H), 8.30 (s, 1H), 8.22 (d, 2H), 8.05 (d,
1H), 7.75 (d, 2H), 7.20 (s, 1H), 7.15 (d, 1H), 6.58 (d, 1H), 3.60 (m, 4H).

The following additional compounds were similarly prepared according to Solution

- Method B by varying the ketone and guanidine used:

(4-phenylpyrimidin-2-yl1)(2-(2-pyridyl)ethyl)amine
4-(2-{[2-(2-pyridylamino)ethylJamino} pyrimidin-4-yl)benzenecarbonitrile
(4-phenylpyrimidin-2-y1)[2-(2-pyridylamino)ethyljamine
4-{2-[(2-(2-pyridyl)ethyl)amino]pyrimidin-4-yl}benzenecarbonitrile
[4-(4-nitrophenyl)pyrimidin-2-yI}{2-(2-pyridylamino)ethylJamine
[4-(4-imidazolylphenyl)pyrimidin-2-yl}{2-(2-pyridylamino)ethyl}jamine
[4-(3,4-difluorophenyl)pyrimidin-2-yl}[2-(2-pyridylamino)ethylJamine
[2-(2-pyridylamino)ethyl] {4-[4-(trifluoromethoxy)phenyl]pyrimidin-2-yl }amine
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[4-(2,4-dichlorophenyl)pyrimidin-2-yl][2-(2-pyridylamino)ethyl]Jamine
[4-(4-chlorophenyl)-5-methylpyrimidin-2-yl}[2-(2-pyridylamino)ethylJamine
[4-(4-m'ethyl-l-phenylpyrazo1-3-yl)pyrimidin-z-yl][2-(2-pyridylamino)ethyl]amine
3-[2-({2-[(5-nitro-2-pyridyl)amino]ethyl }amino)pyrimidin-4-ylJbenzenecarbonitrile
[4-(2,4-dimethyl(1,3-thiazol-5-y1))pyrimidin-2-yl] {2-[(5—mtro(2—pyndyl))ammo]-
ethyl}amme
{2-[(5-mtro(2—pyr1dyl))ammo]ethy1}(4-pyrazm-2-ylpynm1dm-2-yl)amme
[4-phenyl-5-benzylpyrimidin-2-y1}[2-(2-pyridylamino)ethylJamine
4-[2-({2-[(5-nitro-2-pyridyl)amino]ethyl }amino)pyrimidin-4-ylJbenzenesulfonamide
{4-[4-(4,5-dichloroimidazol-2-yl)phenyl]pyrimidin-2-yl} {2-[(5-nitro(2-pyridyl))amino]-
-ethyl}amine
4-(2-{[2-(2,5- dlmethoxyphenyl)ethyl]ammo}pynm1dm-4-yl)benzenecarbomtnle
- [2~(2,5-dimethoxyphenyl)ethyl}(4-(3-pyridyl)pyrimidin-2-yl)amine
[4-(4-benzimidazolylphenyl)pyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl }amine
4-[5-imidazolyl-2-({2- [(5-n1tro(2-pyr1dyl))ammo]ethyl}am1no)pyr1m1d1n-4-yl]benzene—
carbonitrile
4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } amino)-5-imidazolylpyrimidin-4-
ylJbenzenecarbonitrile
[4-(2, 4-d1chlorophenyl) 5-1m1dazolylpynm1d1n-2-yl] {2-[(5-mtro(2-pyr1dyl))ammo]-
ethyl}amine -
{2- [(6-am1no-S-mtro(Z—pyndyl))ammo]ethyl}{4 (2 ,A-dichlorophenyl)-5-imidazolyl-
pyrimidin-2-yljamine _
[4-(2,4-dimethylphenyl)-5-imidazolylpyrimidin-2-yl] {2-[(5 -nitt_o(2-pyridyl))_amino]-
ethyl}amine
ethyl 4-[2-({2- [(5-mtro-2-pyrldy])ammo]ethyl}am1no)pyr1m1dm—4-yl]benzoate
4-(2-{[3- (4-phenyhm1dazolyl)propyl]ammo}pynmxd1n-4-yl)benzenecarbomtnle
(3-benzimidazolylpropyl)[4-(4-imidazolylphenyl)pyrimidin-2-yl]Jamine
N-{4-[2—({2—[(5-nitro-2—pyridyl)amino]ethyl}amino)pyrimidin-4-yl]phenyl'}acetamide

Example 67

Synthesis of [5-(4-

pyridyD))amino]ethyl}amine

(Solution Method C)
Step 1: Dry DMF (22 ml) was cooled to 0°C under argon. Phosphorous

oxychloride (9.2 g) was added dropwise to the cooled DMF. The mixture was removed
from the cooling bath and stirring continued for 1 hour. Then, 4-fluorophenylacetic acid
(3.08 g, 20 mmol) was added as a solid and the mixture was heated at 85°C for 6 hours.
After the mixture was cooled to room temperature it was poured onto approximately 100 g
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of ice with stirring. A solution of sodium perchlorate monohydrate (3.66 g) in water (10
ml) was added. The precipitated solid was filtered, washed with water-and dried in vacuo

to give - [(2-E,Z)-3-(dimethylamino)-2-(4-fluorophenyl)prop-2-enylidene]dimethyl- .

ammonium perchlorate. This procedure is described:in Church et al.,, J. Org. Chem.,
60:3750 (1995), which is incorporated herein by reference.

Step 2: The vinylogous amidinium salt obtained in Step 1 (100 mg, 0.3 mmol) was treated
with dry ethanol (2 ml) and amino{2-[(5-nitro(2-pyridyl)amino}ethyl}carboxamidinium 4-
methylbenzenesulfonate (180 mg, 0.45 mmol). Then, 0.45 ml of a 1.0 M solution of
sodium ethoxide in ethanol was added and the mixture was shaken 0.5 hours at room
‘temperature. Another 0.3 ml of sodium ethoxide solution was added, followed by heating
at 70°C for 2 hours. The solvent was removed in vacuo. The residue was partitioned
between dichloromethane and water. The organic layer was dried and concentrated in
vacuo, then the resulting residue was dissolved in acetonitrile. Addition of water to the
residue/acetonitrile mixture caused the title compound to precipitate as an orange solid.
HPLC: 18.49 min (80% purity)

NMR (300 MHz, DMSO-ds: 8.90 (d, 1H), 8.60 (s, 2H), 8. 12 (dd, 1H), 7.65 (m, 2H), 7.24
(m, 2H), 6.60 (d, 1H), 3.58 (m, 4H) ' : :

‘Example 68
Synthesis of Eth 1 4-[(2.4-dichlorophenyl)amino]-2-({2-[(5-nitro(2-
pyridyl)aminolethyl}amino)pyrimidine-5-carboxylate
- (Solution Method D)

- Step 1: Ethyl 2,4-dichloropyrimidine-5-carboxylate (0.49 g, 2 mmol) and 24-
dichloroaniline (033 g,2 mmoi) and DIEA (0.35 ml, 2 mmol) in acetonitrile (6 ml) were
heated at 80°C for 36 hours. The mixture was cooled and the crystalline product, ethyl 4-
[(2,4- dichlorophenyl)amino]-2-chloropyriinidine—5-carboxylate 0.54 g was filtered off.
NMR ( 300 MHz,CDCls): 8.90 (s, 1H), 8.44 (d lH), 7.45 (d, 1H), 7.32 (dd 1H), 4.45 (q,
2H), 1.45 (t, 3H)).

Step 2: The pyrimidine from Step 1 (69 mg, 0.2 mmol) was heated with DIEA (100
L), and (2-aminoethyl)(5-nitro(2-pyridyl))amine (36 mg, 0.2 mmol) in NMP (3 ml) at
105°C for 14 hours. The reaction was cooled, poured into water and extracted with ethyl
acetate. The organic layer was separated, washed with water, dried, then concentrated in
vacuo. The crude product was purified by radial chromatography on silica gel, followed by
crystallization from a mixture of acetonitrile, methanol and water to give colorless crystals.
HPLC: 30.32 min (>95% purity)

- MS: MH" = 492-494 (cluster) CjoH9N704Cl, =492 g/mol




10

15

20

25

30

35

-81-
WO .99/65897 R o PCT/US99/13809

Example 69

yllamino}ethyDaminolpyridine-3-carboxylate

Step 1: 6-Chloro-pyridine-3-carboxylic acid (5.6 g, 36 mmol) was treated with
1,1’-carbonyldiimidazole (6.93 g, 42 mmol) in DMF (40 ml) at 40°C for 1 hour. Then, -
butanol (9.5 ml, 0.11 mol) and 1,8—Diazabicyclo[5.4.0]undec-7-ene' (DBU) (5.38 ml, 36
mmol) were added and heating continued overnight. The mixture was cooled to room
temperature and diluted with ether (300 ml). The mixture was extracted once with water. -
The aqueous layer was back-extracted twice with dichloromethane. The combined organic
layers were washed with a saturated aqueous citric acid solution, dried and concentrated in
vacuo to give a cream colored solid (7.07 g).

(NMR (300 MHz, CDCls): 8.92 (d, 1H), 8.20 (dd, 1H), 7.40 (d, 1H), 1.60 (s, 9H)).

The tert-butyl 6-chloropyridine-3-carbbxylate was heated with ethylenediamine (20
ml) at 80°C overnight. The solvent was removed in vacuo. The residue was partitioned
between dichloromethane and 2.5 M aqueous sodium hydroxide solution. The aqueous
layer was extracted a further three times with dichloromethane. The combined organic
layers were washed with water, dried and concentrated in vacuo to give tert-butyl 6-[(2-
aminoethyl)amino]pyridine-3-carboxylate. .

NMR (300 MHz, CDCl;): 8.70 (s, lH), 7.95 (d 1H), 6.40 (d, lH), 3.42 (m, 2H) 2 96 (m,
2H), 1.70 (s, 9H)

Step 2: t-Butyl 6-[(2-aminoethyl)amino]pyridine-3-carboxylate (1 42 g, 6 mmol),
benzotriazole carboxamidinium 4-methylbenzenesulfonate (2.0 g, 6 mmol) and DIEA (1.05
ml, 6 mmol) were shaken in a mixture of dry acetonitrile (10 ml) and DMF (2 ml)
overnight. Ether was added, followed by cooling 4 days at 4°C. The solid was filtered off
and dried in vacuo to give tert-butyl 6-{[(2-(amidinoammonium)ethyljamino }pyridine-3-
carboxylate 4-methylbenzenesulfonate (1.87 g).

NMR (300 MHz, DMSO-ds: 8.55 (br s, 1H), 7.80 (d, 1H), 7.55 (d, 2H), 7.10 (d, 2H), 6.50
(d, 1H), 3.50 (m, 2H), 3.30 (m, 2H), 2.30 (s, 3H), 1.52 (s, 9H).

Step 3: Ethyl 3-(4-cyanophenyl)-3-oxopropanoate (217 mg, 1.0 mmol) was heated
with DMFDMA (200 pl) in dry THF (2 ml) at 70°C for 5.5 hours. To the cooled solution
was added tert-butyl 6-{[(2-(amidinoammonium)ethyl]Jamino}pyridine-3-carboxylate 4-
methylbenzenesulfonate (451 mg, 1.0 mmol) along with dry ethanol (4 ml) and 1.0 M
sodium ethoxide in ethanol (1.2 ml). The mixture was heated at 80°C overnight. The
solvents were removed in vacuo. The residue was partitioned between dichloromethane

‘and the saturated aqueous sodium bicarbonate solution. The organic layer was
concentrated in vacuo. The residue was dissolved in acetonitrile. Addition of water gave
the title compound as a solid (230 mg).

HPLC: 25.90 min (80% purity)
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MS: MH" = 489 Cy6HsN¢O4 = 488 g/mol

o - Example 70
Synthesis of 6-[(2-{[4-(4-cyanopheny)-5-ethoxycarbonyl)pyrimidin-2-
R yllamino}ethyhamino] pyridine-3-carboxylic Acid
tert-Butyl 6-[(2-{[4-(4-cyanophenyl)-5-ethoxycarbonyl)pyrimidin-2-
' yl]amino}ethyl)aﬂ1i_no]pyridine-3-carboxylate (prepé:ed in Example 62, 220 mg) was

" shaken with 100% TFA for 1 hour at room temperature. The TFA was removed in vacuo.

The residue was dissolved in acet'ohitrilé and water was added. No precipitate formed.
Several drops of concentrated am'm_onium' hydrokid_e_wc_ere added. Then glacial acetic acid
was added dropwise until white solid foi'tnéd; The mixture was then filtered to give the
“title compound as a white solid (180 mg, after_dfying).'

MS: MH* =433 CzHz0NeO4 = 432 g/mol -

NMR (300 MHZ, DMSQ-dG): 8.80 (s, 1H), 8.58 (s, 1H), 7.85 (d, 2H) , 7.80 (m, 1H),
7.60 (d, 2H), 6.50 (d, 1H), 4.05 (q, 2H), 3.55 (m, 4H), 1.05 (t, 3H).

Example 71

Synthesis of Methyl 6-

yl]amino}ethyl)amino]pyridine-3-carboxylate
Step 1:  6-[(2-{[4-(4-cyanophenyl)-5-ethoxycarbonyl)pyrimidin-2-yl]Jamino}ethyl)-

" amino]pyridine-3-carboxylic acid (prepared in Example 70, 120 mg) was dissolved in -
thionyl cliloride (3 ml) and then warmed at 50°C for 0.5 hours. The solvent was removed

'in vacuo to give crude ethyl 2-({2-[(5-(chlorocarbonyl)(2-pyridyl))amino]ethyl}amino)-4-

" (4-cyanophenyl)pyrimidine-5-carboxylate. ~ This compound was dissolved in dry

25

30

35

dichloromethane (4 ml).

Step 2: The acid chloride solution prepared in Step 1 (1.0 ml) was treated with dry
methanol (1 ml). After standing approximately 1 hour at room temperature, the solvent
was removed in vacuo to give the title compound.

HPLC: 20.90 min (95% purity)
MS: MH+ =447 C23H22N504 =446 g/mol

Example 72
Synthesis of Ethyl 4-(4-cyanophenyl)-2-[(2-{[5-(morpholin-4-ylcarbonyl}(2-
pyridyl)]amino }ethyl)aminolpyrimidine-5-carboxylate

The solution of ethyl 2-({2-[(5-(chlorocarbonyl)(2-pyridyl))amino]ethyl}amino)-4-
(4-cyanophenyl)pyrimidine-5-carboxylate in -dichloromethane prepared in Step 1 of
Example 71 (1.0 ml) was treated at room temperature with a solution of morpholiné (150
pL) in dichloromethane (1 ml). After 1 hour the solvent was removed in vacuo to give the
title compound.
HPLC: 19.63 min (96% purity)
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MS: NIH+ =502 C25H27N704 =501 g/mol.

Example 73
Svnthesis of Ethyl 4-(4-cyano hen_l-2- 2-({5-nitro-6[benzylaminol(2-

pyridyl) }amino)ethylJamino} pyrimidine-S-carboxylate

Step 1: 6-Chloro-3-nitro(2-pyridyl))benzylamine was prepared in accordance with
the method described in von Bebenberg, Chemiker-Zeitung, 103:387 (1979), which is
incorporated herein by reference. This amine (1.8 g) was heated with ethylenediamine (5
ml) in acetonitrile (15 ml) at-100°C for 3.5 hours. The solvent was removed in vacuo and
the residue was partitioned between dichloromethane and 2.5 M aqueous sodium hydroxide
solution. The aqueous layer was extracted 3x further with dichloromethane. The
combined organic layers were washed with a saturated sodium chloride solution, dried and
concentrated in vacuo to give a yellow solid..

NMR (300 MHz, CDCl;): 8.10 (d, 1H), 7.2-7. 4 (m, 5H), 5.80 (s, 1H), 4 80 (AB q, 2H),
3.42 (m, 2H), 2.85 (m, 2H).

Step 2: The amine from Step 1 (1 .31 g) was treated with benzotriazole
carboxamidinium 4—methylbenzenesulfonate (1.52 g) and DIEA (800 pl) in acetonitrile (15
ml) at room temperature overnight. The mixture was diluted with ether, then filtered to
give the guanidine, amino [2-({ 5-nitr6—6-[benzylamino](Z-pyridyl)}amino)ethyl]—
carboxamidinium 4-methylbenzenesulfonate, as a yellow solid.

NMR (300 MHz, DMSO-dg): 8.02 (d, 1H), 7.72 (d, 2H), 7.30-7.40 (m, 5H), 7.10 (d, 2H),
6.00 (d, 1H), 4.78 (AB q, 2H), 3.50 (m, 2H), 3.30 (m, 2H), 2.25 (s, 3H).

Step 3: Ethyl 3- (4~cyanophenyl) -3-oxopropanoate (65 mg, 0.3 mmol) was heated
with DMFDMA (60 pL) in THF (1 ml) at 70°C for 3 h. This solution was then added to a
mixture of the guanidine prepared in Step 2 (150 mg, 0.3 mmol), dry ethanol (1 ml) and
1.0 M sodium ethoxide in ethanol (0.35 ml) and heated at 80°C overnight. The solvents
were removed in vacuo. The residue was partitioned between dichloromethane and
saturated aqueous sodium bicarbonate solution. The organic layer was concentrated in
vacuo. The residue was dissolved in acetonitrile. Addition of water gave the title
compound as a yellow solid. '

HPLC: 34.06 min (98% purity)
MS: MH, =539 C23H26N804 =538 g/mol
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Example 74

A solution of 2 ,4-dichlorobenzoyl chloride (9.75 M)' in dichloromethane (75 ml) was
added dropwise over 30 minutes to a stirred solution of 2-methy11m1dazole (2) (049 M) in
dichloromethane (500 ml) and NN- dusopropylethylamxne (Hunig’s base) (136 ml). (Ref.
Macco, A. A.; Godefroi, E. F.; Drouen, J. J. M., J. Org. Chem. 1975, 40, 252-255.) The
reaction mixture was cooled during the addition using an ice-water bath. The reaction
mixture was then heated to reflux for 3.5 hours. A thick reddish black mixture forms. To
dilute the thick heterogeneous reaction, additional dichloromethane (100-200 ml) was
added as needed to maintain stirring. On éooling dichloromethane (500 ml) was added,
and the solution was transferred to a s‘epar'atb'ry‘ funnel. The organic layer was washed with -
distilled water (3 x 200 ml). An emulsion formed that breaks apart on sitting for 15
minutes or by ﬁ]tering. The wet organic layer was directly concentrated under reduced
pressure without drying.' The solid product was then dried i vacuo for several hours.

To the dry solid (described above) was 'Added a solution (2:1 v/v, 500-600 ml) of gla.
acetic acid and aq. con. HCL. The mixture was then stirred at reflux for ca. 75 min. The
acetic acid was removed via rotary evaporator. Distilled water (800 ml) and benzene (400
Iml) were added to the solid residue which was vigorously stirred for 15 min. The solids
were filtered off, and the filtrate was transferred to a separatory funnel. After the organic
layer was discarded, the aqueous layer was washed with benzene (4 x 150 ml). The
aqueous layer was transferred to a large beaker (4 L) and diluted with isopropyl ether (100
ml). The stirred mixture was basified (pH 7-8) by careful addition of sodium bicarbonate
which leads to the formation of a white solid. After 2 hours of additional stirring the
desired solid was filtered, washed with distilled water (3 x 60 ml), isopropyl ether (2 x 60
ml), and dried in vacuo overnight giving 1-(2,4-dichlorophenyl)-2-imidazol-2-ylethan-1-
one in 56% yield.
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en-1-one. ,
A mixture of 1-(2 4-d1chlorophenyl)-2-1m1dazol—2-ylethan 1-one (0 39 M) in N,N- -
dimethylformamide dimethyl acetal (DMFDMA) (150 ml) was stirred for 2.5 h at 70-75 °C.
The DMFDMA was then removed under reduced pressure and dried under high vacuum for
several hours giving an orange-yellow solid 4 in quantitative yield. The product (2Z)-1-
(2,4-dichlorophenyl)-3-(dimethylamino)-2-imidazol-2-ylprop-2-en-1-one  was typically
used without further purification.
3. Preparation of amino{2-
A mixture of 2-(2-aminoethylamino)-5-nitropyridine (0.47 M) (purchased from
Aldrich, or made by reacting ethylene diamine with 2-chloro-5-nitropyridine as per the

procedure in example {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichloro-
phenyl)-5-imidazol-2-ylpyrimidin-2-yl]Jamine or example 6-[(2-{[4-(2,4-dichlorophenyl)-5-
(4-methylimidazol-2-yl)pyrimidin-2-ylJamino }ethyl)amino]pyridine-3-carbonitrile) and 11
-pyrazole-1-carboxamidine hydrochloride (0.47 M) in acetonitrile (500 ml) were stirred
overnight (ca. 20 h) at 70-80 °C. Upon coolihg, a yellow precipitate was collected by
filtration. The yellow solid was washed thofoughly with acetonitrile (3 x 100 ml), ethyl
ether (3 x 100 ml), and dried overnight in vacuo resulting in 87% yield of amino{2-[(5-
nitro(2-pyridyl))amino]ethyl} carboxamidine, hydrochloride.

2.4-dichlorophenyl)-5-imidazol-2-

pyridyl))amino]ethyl}amine.
‘A solution of sodium ethoxide (0.59 M) dissolved in abs. ethanol (100 ml) was added

to a stimed mixture of (2Z)-1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-imidazol-2-
ylprop-2-en-1-one (0.23 M) and amino{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine,
hydrochloride (0.23 M) in abs. ethanol (260 ml). The reaction was stirred at room
temperature for 15 min. and then at 75-80 °C for 2.5 hours. On cooling a yellow precipitate
was collected by filtration. The filtrate was stored for possible further isolation and
purification of the product. The solid product was washed with abs. ethanol (3 x 50 ml),
distilled water (3 x 50 ml), and ethyl ether (3 x 50 ml). The yellow solid was dried
overnight in vacuo giving 52.7% yield of final product [4-(2,4-dichlorophenyl)-5-imidazol-
2-ylpyrimidin-2-yl]{2-{(5 -n1tro(2—pyr1dyl))am1no]ethyl }amine.

HPLC: 20.9 min (>95% purity) _

MS: M+H =471 (C0H,6C2NgO,+H = 471)
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o : -Examg'le 75
Preparation of {2-[(4-amino-5-nitro(2-pyridyl))aminolethyl}[4-

I |
ct NYN /NCINOZ
| | HN\/\ﬁ \ NHy
{2-[(4-aminb—5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichlorophenyl)—5-imidazol—2-
ylpyrimidin-2-yl]Jamine was prepared using the general method for {4-(2,4-dichlorophenyl)-
5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine (see Example
74) with the exceptions noted below.

2-aminoethyl amino-6-amin_o—5-ﬁitro

1. Preparation of 2-
A mixture of 2-amino-6-chloro-3-nitropyridine (0.52 M) in acetonitrile (70 ml), and

ethylene diamine (40 ml) were stirred overnight (ca. 20 h) at 75-80 °C under argon. The

ethylene diamine was removed under reduced pressure. The residual solution was basified
with 1M sodium hydroxide solution (50 ml). The aqueous solution was saturated with
sodium chloride and extracted with a solution of 95 % ethyl acetate and 5% methanol (B x

150 ml) and with a solution of 95% acetonitrile and 5% methanol (3 x150 ml). The
organic extracts were combined and extracted with a saturated sodium chloride solution (2 -

x 75 ml). The organic layer was dried with sodium sulfate, filtered, and concentrated under
reduced pressure. The crude yellow solid was triturated with ether (2 x 25 ml) and dried
overnight in vacuo resulting in 2-(2-aminoethyl)amino-6-amino-5-nitropyridine in 99%

yield.

6-amino-5-nitro(2-

idyl))aminoJethyl} carboxamidine
hydrochloride. . |

A mixture of 2—(2-amindethyl)amino-6-amino—S-nitropyﬁdine (044 M), 1H -
pyrazole-1-carboxamidine hydrochloride (0.44 M) in acetonitrile (75 ml) were stirred
overnight (ca. 24 h) at 75-80 °C. Upon cooling, a yellow precipitate was collected by
filtration. The yellow solid was washed thoroughly with acetonitrile (3 x 50 ml), ethyl
ether (3 x 50 ml), and dried overnight in vacuo giving amino{2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl}carboxamidine as the HCI salt in 82% yield.
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A solution of sodium ethoxide (0.5 M) dissolved in abs. ethanol (8 ml) was added -
to a stirred mixture of (2Z)-1-(2,4-dichiorophenyl)-3-(dimethylamino)-2-imidazol-2-
ylpmp-Z-enél-one (0.57 M), amino{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}-
carboxamidine, hydrochloride (0.58 M), and abs. ethanol (7 ml). The reaction was then
heated to 75-80 °C for 2.5 hours. On cooling a yellow precipitate was collected by
filtration. The filtrate was stored for possible further isolation and purification of final
product. The solid product was washed with abs. ethanol (3 x 10 ml), distilled water (3 x
10 ml), and ethyl ether (3 x 10 ml). The yellow solid was dried overnight in vacuo giving
{2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichlorophen}}l)-S-imidazol-2-
ylpyrimidin-2-yllaminein 70% yield.

HPLC: 18.7 min (>95% purity)
MS: M+H = 486.2 (CyoH;7C1NgO,+H = 486)

Example 76

-5-imidazolyl

{]amino}ethyl)amino idine-3-carbonitrile
N2\, /N
LN I<>—NH

L on

NC

1. Preparation of 4-(2-imidazolylacetyl)benzenecarbonitrile.

A stirred solution of 4-(2-chloroacetyl)benzenecarbonitrile (0.5 M) and imidazole
(1.5 M) in CH3CN (200 ml) were heated for 14 hours at 60 °C. The product was stripped
of solvent under reduced pressure. The residue was diluted with dichloromethane (250 ml)
and water (100 ml), and the mixture was stirred for 30 min. After filtering off a solid

impurity, the aqueous layer was removed and discarded. The organic layer was washed
sequentially with water (60 ml), sat. ag. NaHCO; (60 ml), water (60 ml), brine (60 ml),
dried with Na,SOs, filtered, and concentrated under reduced pressure. The dark colored oil
was dried overnight in vacuo giving 4-(2-imidazolylacetyl)benzenecarbonitrile in 90%
yield. ' '

-2-enovllbenzene-

carbonitrile. _

A mixture of 4-(2-imidazolylacetyl)benzenecarbonitrile (0.30 M) and N,N-
dimethylformamide dimethyl acetal (DMFDMA) (80 ml) was stirred for 12 hat 75 °C. The
DMFDMA was then removed under reduced pressure and dried under high vacuum for
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several hours giving an orange-yellow solid 4-[(2E)-3-(dimethylamino)-2-imidazolylprop-
2-enoyl]benzenecarbonitrile in quantitative yield. - The enaminone product was typically
used without further purification. ' '

hxdrochlonde) '

The preparation of the material ~amino {2-[(5-cyano(2-pyr1dyl))ammo]
ethyl} carboxamidine, hydrochloride can be found in the procedures for the preparation of
6-[(2-{[4-(2 4-dlchlorophenyl)-5-(4-methyhm1dazol-2-yl)pynmndm—Z-yl]ammo}ethyl)-
axmno]pynd1ne—3-carbomtnle

4. Preparation of 6-{(2-{[4- (4-cvanonhenvl)— -1m1dazolvlovnm1dm-2-vﬂammo}ethvl)—
amino |pygdme-3 -carbonitrile.

A solution of sodium ethoxide (0.66 M) dissolved i in abs. ethanol (8 ml) was added
to a stirred mixture of . 4-[(2E)-3-(dimethylamino)-2-imidazolylprop-2-
enoyljbenzenecarbonitrile  (0.33 M), amino{2-[(5-cyano(2-pyridyl))amino]ethyl}-
carboxamidine, hydrochloride (0.33 M), and abs. ethanol (15 ml). The reaction was then

* heated to 75-80 °C for 2.5 hours. On cooling the reaction was diluted with ethyl acetate
" (400 ml) washed with sat. ag. NaHCOj3 (100 ml), distilled water (2x100 ml), brine (100
“ml), dried with Na;SO,, filtered, and concentrated. The crude product was purified by

flash chromatography over silica gel. The column was run starting with 1:1 ethyl acetate to
hexane, then ethyl acetate which was used until all of the fast moving impurities had been

removed. The product was eluted with 1.5% methanol in ethyl acetate. The column is -

monitored by TLC using 5% methanol in ethyl acetate as the solvent system. The proper
fractions were condensed. The off-white solid was dried overnight in vacuo giving 6-[(2-
{[4-(4-cyanophenyl)-5- 1m1dazolylpyrlm1d1n-2-yl]ammo}ethyl)ammo]pyndmc—B-

‘carbonitrile in 40% yield.
-HPLC: 18.9 min (>95% purity)

MS: M+H =473.1 (CH;7Ng+H = 473)

yllamino}ethyl)carboxamide
1. Preparation of N-( 2—aminoethyl )(tert-butoxy)carboxamide.

A solution of tert-butyl [(tert—butyl)oxycarbon_yloxy]formate (Boc_;_O) (181g, 830
mmol) in dichloromethane (1 L) was added slowly to a mechanically stirred solution of
ethylene diamine (250 g, 4.16 mol) in dichloromethane (2.5 L) at room temperature. After
24 hours, the reaction solution was washed with water (3 x 500 ml), Brine (500 ml), dried
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with Na;SO, filtered, and concentrated under reduced pressure. The pure product N-(2-
. aminoethyl)(tert-butoxy)carboxamide was obtained in 50% yield.

Portions of solid 1H -pyrazole-1-carboxamidine hydrochloride (91.10 g, 624
mmol)) are added to a stirred solution of N-(2-aminoethyl)(tert-butoxy)carboxamide (100
g, 624 mmol) in CH;CN (1 L) at 80° C. After 24 hours, the reaction was stripped of
solvent under reduced pressure. The residue was triturated with ether (3 x 100 ml), and
dried in vacuo. The guanidine N-[2-(amidinoamino)ethyl](tert-butoxy)carboxamide,
“hydrochloride was obtained in over 100% yield containing a small amount of pyrazole.
The guanidine was used without further purification.

3. Preparation of (tert-butoxy)-N-(2-{[4-(4-cyanophenyl)-5-imidazolylpyrimidin-2-

yllamino}ethyl)carboxamide.

4-[(2E)-3-(dimethylamino)-2-imidazolylprop-2-enoyl]benzenecarbonitrile ~ (8.0g,
300 mmol) in NMP (5 ml) was added to a stired mixture of N-[2-
(amidinoamino)ethyl](tert-butoxy)carboxamide, hydrochloride (13.8 g, 45 mmol)) and
Cs,CO3 (11.72, 36.0 mmol) in NMP (15 ml). The reaction was heated to 100° C for 48
hours. The reaction was followed by HPLC. Upon completion, the reaction was
partitioned with water (50 ml) and dichloromethane (250 ml). The organic layer was
separated and washed with water (2 x 50 ml), brine (50 ml), dried Na;SO,, filtered, and
concentrated under reduced pressure. The product was purified by flash chromatography
eluting with 10% methanol in dichloromethane. After stripping off the solvents and drying
in vacuo, 10.08 g of (tert-butoxy)-N-(2-{[4-(4-cyanophenyl)-5-imidazolylpyrimidin-2-
ylJamino}ethyl)carboxamide was obtained as a dark red glass in 83% yield.

Example 78
Preparation of 4-{5-imidazolyl-2-

idyl}Jamino}ethyl}amino imidin-4-yl}benzenecarbonitrile
=\ =N
L/N \ 2—NH

N N=
\-_H\N@—CF:,
NC

4-{5-imidazolyl-2-[(2-{[5-(trifluoromethyl)(2-pyridyl)]Jamino } ethyl)amino]-
pyrimidin-4-yl}benzenecarbonitrile was prepared using the general method for 6-[(2-{[4-
(4-cyanophenyl)—5-imidazolylpyrifnidin-Z—yl]amino}ethyl)amino]pyridine—3-carbonitrile
(60406) (see Example 76) with the exceptions noted below.
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_. dichldromethane (1.L) was added slowly (3 h)to a mechanically stirred solution of ethylene -
diamine (1.66 M) in dichloromethane (2.5 L) at room temperature. After 24 hours, the
reaction solution was washed with water (3 x 500 ml), brine (500 ml), dried with Na;SO4,
filtered, and concentrated under. reduced pressure. The pure N-(2-aminoethyl)(tert-
butoxy)carboxamide was obtained in 50% yield.

2. Preparation of N-[2-(amidinoamino)ethyl](tert-butoxy)carboxamide, hydrochloride.
‘Portions of solid 1H -pyrazole-1-carboxamidine hydrochloride (91.10 g, 624
mmol)) are added to a stirred solution of N-(2-aminoethyl)(tert-butoxy)cérboxamide (0.62
M) in CH3CN (1 L) at 80 °C. After 24 hours, the reaction was stripped of solvent under
reduced pressure. The residue was triturated with ether (3 x 100 mi), and dried in vacuo.
The N-[2-(amidinoamino)ethyl](tert-butoxy)carboxamide, hydrochloride was obtained in

over 100% yield containing a small amount of pyrazole. The N-[2-
(amidinoamino)ethyl](tert-butoxy)carboxamide, hydrochloride was used without further
-purification.

3. Preparation of (tert-butoxy)-N-(2-{[4-(4-cyanophenyl)-5-imidazoly Ipyrimidin-2- '

yl]lamino }ethyl)carboxamide.

4-[(2]3)—3-(dimethylamind)'-Z-imidazolylprdp-2~enoyl]benzenéca.rbonitrile (6 M) in
‘NMP (5 ml) was added to a stirred mixture of N-[2-(amidinoamino)ethyl](tert-
butoxy)carboxamide, hydrochloride (3 M) and Cs;CO3 (2.4) in NMP (15 ml). The reaction
was heated to 100 °C for 48 hours. The reaction was followed by HPLC. Upon
completion, the reaction was partitioned with water (50 ml) and dichloromethane (250 ml).
The organic layer was separated and washed with water (2 x 50 ml), brine (50 ml), dried
NaySOy, filtered, and concentrated under reduced pressure. The product was purified by
flash chromatography eluting with 10% methanol in dichloromethane. After stripping off
the solvents and drying in vacuo, (tert-butoxy)-N-(2-{[4-(4-cyanophenyl)-5-
imidazolylpyrimidin-2-ylJamino}ethyl)carboxamide was obtained as a dark red glass in
83% yield.

4. Preparation of 4-{2-[(2-aminoethyl)amino}-5-imidazolylpyrimidin-4-
yl}benzenecarbonitrile.

Aqueous 3M HCI (15-30 ml) was added to a stirred solution of (tert-butoxy)-N-(2-
{[4-(4-cyanopheny!)-5-imidazolylpyrimidin-2-yl]Jamino} ethyl)carboxamide (0.15 M) in
CH;CN (50 ml) at room temperature until the reaction became slightly turbid. After 16
hours, the reaction was partitioned between dichloromethane (200 ml) and 1M HCI (200

-'ml). The layers were separated, and the aqueous layer was extracted with dichloromethane

(3 x 200 ml). The aqueous layer was basified carefully with solid NaHCOs to pH 7-8. A
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solid forms which can be filtered and dissolved in CH3CN (100 ml). The organic solution
is washed with sat. aq. NaHCO3 (50 ml), brine (50 ml), dried with Na;SO,, filtered, and
concentrated. The crude product was purified by flash chromatography over silica gel. The -
column was eluted first with a 1:1 mixture of dichloromethane/methanol followed by a
mixture of 5% TEA/10% water/85% methanol to elute the product. The proper fractions
were condensed. The dark yellow glass was dried overnight in vacuo giving 4-{2-[(2-
aminoethyl)amino}-5-imidazolylpyrimidin-4-yl} benzenecarbonitrile in 89% yield.

5. Preparation of 4-{5-imidazolyl-2-[(2-{[5-(trifluoromethyl)(2-pyridyl)]Jamino}-
ethyl)amino]pyrimidin-4-yl }benzenecarbonitﬁle.

A mixture of 4- {2-[(2-aminoethyl)aminb]-5-imidazolylpyrimidin—4—yl}benzene—
carbonitrile (30 mg, 0.098 mmol), 2-chloro-5-(trifluoromethyl)pyridine (18 mg, 0.098
mmol), and Hiinig’s base (70 uL, 0.4 mmol) in DMA (500 uL) were heated to 80° C. After
stirring for 12 hours, the reaction was diluted with ethyl acetate (10 ml) and extracted with
sat. aq. NaHCOj3 (2 x 5 ml), water (3 x 5 ml), brine (5 ml), dried with Na,SO,, filtered, and
concentrated. The product was purified by preparative HPLC using a reverse phase column
and a water/acetonitrile gradient. The product 4-{5-imidazolyl-2-[(2-{[5-
(trlﬂuoromethyl)(Z-pyndyl)]ammo}ethyl)ammo]pyrlmldm-4-yl}benzenecarbomtnlewas

obtained as a off-white solid in 5% yleld
HPLC: 16.3 min (>95% purity) -
MS: M+H = 451.2 (CxH,7F3Ng+H = 451)

Example 79
Preparation of 4-{5-imidazolyl-2-[(2-{{(4-nitropheny])sulfonyllamino

ethyl)amino]pyrimidin-4-yl} benzenecarbonitrile

A mixture of 4-{2-[(2-aminoethyl)amino]-5-imidazolylpyrimidin-4-yl}benzene-
carbonitrile (30 mg, 0.098 mmol), chloro(4-nitrophenyl)sulfone (22 mg, 0.1 mmol), and
Hiinig’s base (70 uL, 0.4 mmol) in DMA (500 uL) were heated to 80° C. After stirring for
12 hours, the reaction was diluted with ethyl acetate (10 ml) and extracted with sat. aq.
NaHCO; (2 x 5 ml), water (3 x 5 ml), brine (5§ ml), dried with Na;SQ,, filtered, and
concentrated. The resulting product, 4-{5-imidazolyl¢2-[(2-{[(4-nitropheny1)§ulfonyl]—
amino}ethyl)amino]pyrimidin-4-yl} benzenecarbonitrile weighing 27 mg (56% yield) was
approximately 90% pure by LCMS and HPLC.

Example 80

nitrophenyl)carboxamide
A mixture of 4-{2-[(2-aminoethyl)amino]-5-imidazolylpyrimidin-4-yl}benzene-

carbonitrile (30 mg, 0.098 mmol), 3-nitrobenzoic acid (17 mg, 0.1 mmol), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) (19 mg, 0.1 mmol), 1-
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hydroxybenzotriazole hydrate (HOBT) (14 mg, 0.1 mmol), and 4-dimethylaminopyridine
(DMAP) (12 mg, 0.1 mmol) in DMA (500 uL) were stirred at room temperature. After 12

_hours, the reaction was diluted with ethyl acetate (10 ml) and extracted with sat. aq.

NaHCO; 2°x'5 '-ml), water (3 x 5 ml), brine (5 ml), dried with Na,SOs,, filtered, and
“concentrated. The resulting product, N-(2-{[4-(4-cyanophenyl)-5-imidazolylpyrimidin-2-

. ‘ylJamino}ethyl)(3-nitrophenyl)carboxamide ~weighing 32 mg (70% yield) was

approximately 95% pure by LCMS and HPLC.

. Example 81
24—dichlo'ro hen Dpyri

Preparation of [5-amino-4-

_ 1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of Cs,COj3; in DMF at room temperature for fourteen hours and
then purified by ‘trituration with diethyl ether to obtain 2-[2-(2, 4—d1chlorophenyl)—2—
oxoethyl]isoindoline-1,3-dione.

2. Preparation of 2-{2-(2.4-dichlorophenyl})-1-
oxoethyl}isoindoline-1.3-dione

1 mmol of 2-[2-(2,4- d1chlorophenyl)-2-oxoethyl]1somdohnc-1 3-dione was heated

to 80°C in neat N,N-dimethylformamidedimethyl acetal for six hours. The reaction

“mixture was concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-

{2-(2,4-dichlorophenyl)-1-{(dimethylamino)methylene]-2-oxoethyl} -isoindoline-1,3-dione.

dichlorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid

1 mmol of 2-{2-(2,4-dichlorophenyl)-1-[(dimethylamino)methylene}-2-oxoethyl}-
isoindoline-1,3-dione, 1 mmol of amino{2-{(6-amino-5-nitro(2-pyridyl))amino]-
ethyl} carboxamidine, and 3 mmol of Cs;CO; were dissolved in DMF and heated to 90°C
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water
and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over
sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-
(2,4-dichlorophenyl)pyrimidin-5-ylJcarbamoyl} benzoic acid.
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1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4- -
dichlorophenyl)pyrimidin-5-ylJcarbamoyl}benzoic acid was heated to 120°C in acetic acid
for four hours and then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl}amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]isoindoline-1,3-dione.

Preparation of [5-amino-4-(2.4-dichlorophenyl)pyrimidi 6-amino-5-nitro(2-

pyridyl))aminojethyl}amine -

1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))aminojethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yl}isoindoline-1,3-dione and 20 mmol- of hydrazine were
stirred in ethanol at 75°C for two hours and the resulting product, [S-amino-4-(2,4-
dichlorophenyl)pyrimidin-2-yl]{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amine =~ was

purified by column chromatography eluting with 5-10% methanol/methylene chloride.
HPLC: 5.704min. (100% purity)
MS: MH'=435. 1

Example 82
Pre ar_ation of {2- 6-amino—5-nitro 2-pyri i

morpholin-4-ylpyrimidin-2-yllamine

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 10 mmol
morpholine in DMF at room temperature for fourteen hours. The reaction mixture was
concentrated in vacuo and diluted with water and ethyl acetate. The salution was extracted
three times with ethyl acetate, dried over sodium sulfate, and purified by column
chromatography eluting with 50% ethyl acetate and 50% hexane to obtain 1-(2,4-
dichlorophenyl)-2-morpholin-4-ylethan-1-one.

2. Preparation of (2E)-1-(2.4-dichlorophenyl

en-1-one

1 mmol of 1-(2,4-dichlorophenyl)-2-morpholin-4-ylethan-1-one was heated to 80°C
in N,N-dimethylformamidedimethyl acetal for six hours. = The reaction mixture was
concentrated in vacuo and purified by trituration with diethyl ether to obtain (2E)-1-(2,4-
dichlorophenyl)-3-(dimethylamino)-2-morpholin-4-ylprop-2-en-1-one.
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morpholin-4-ylpyrimidin-2-ylJamine :

1 mmol of (2E)-l-(2,4-d_ichlordphenyl)—3'-(dim'éthylamino)-2'-m6rpholin—4~ylprop-
2-en-1-one, 1 mmol of amino{2-[(6-a'mino-5-nitro(Z-pjrridyl))ammo]éthyl}c'arbdxar'nidine,
and 3 mmol of Cs,CO; were dissolved in DMF and heated to 90°C for fourteen hours. The
‘reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The
solution was extracted three times with ethyl acetate and purified by column
chromatography eluting with 5-10% methanonethylene chloride to obtain {2-[(6-amino-
S-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-morpholin-4-ylpyrimidin-2-
yl]amine. ' :
HPLC: 9.367min. (100% purity)
MS: MH'= 505

Example 83

dichlorophenyDpyrimidin-5-yl

_ -2-oxoethyllisoindoline-1 3-dione -

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of Cs;CO; in DMF at room temperature for fourteen hours and
then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2-
oxoethyl]isoindoline-1,3-dione.

2. Preparation of 2-{2-(2.4-dichlorophenyl)-1-[(dimethylamino)methylene]-2-
oxoethyl }isoindoline-1.3-dione

1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyl}isoindoline-1,3-dione was heated
to 80°C in neat N,N-dimethylformamidedimethyl acetal for six hours. The reaction
mixture is concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-
{2-(2,4-dichlorophenyl)-1-[(dimethylamino)methylene]-2-oxoethyl }-isoindoline-1,3-dione.

3. Preparation of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2.4-
dichlorophenyl)pyrimidin-5-yllcarbamoyl} benzoic acid

1 mmol of  2-{2-(2,4-dichlorophenyl)-1-[(dimethylamino)methylene]-2-
oxoethyl}isoindoline-1,3-dione, 1 mmol of amino{2-[(6-amino-5-nitro(2-pyridyl))-
aminolethyl}carboxamidine, and 3 mmol of Cs,CO; were dissolved in DMF and heated to
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90°C for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with
water and ethyl acetate. The solutlon was extracted three times with ethyl acetate and dried
over sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2- -
pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl}jcarbamoyl } benzoic

acid.

1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yljcarbamoyl }benzoic acid is heated to 120°C in acetic acid
for four hours and then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2- -
pyridyl))amino]ethyl }amino)-4-(2, 4-d1chlorophenyl)pynmldm-S—yl]lsoxndolme—l 3-dione.

pyridyl))amino)ethyl}amine
1 mmol of 2- [2—({2—[(6-ammo-5-n1tro(2-pyndyl))ammo]ethyl}am1no)—4-(2 4-
dichlorophenyl)pyrimidin-5-yl]iscindoline-1,3-dione and 20 mmol of hydrazine were

stirred in ethanol at 75°C for two hours and then purified by column chromatography
eluting with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4-
dichlorophenyl)pyrimidin-2-yl}{ 2-[(6-amino-5-nitro(2-pyridyl))aminoJethyl }amine.

dichlorophen l imidin-5-yl dhdme-Z 5-dione

1 mmol of [5-amino-4-(2,4-dichlorophenyl)pyrimidin-2-yl]{2- [(6-am1no-5-mtro(2-
pyridyl))ammo]ethyl}amme, and 2 mmol of succinic acid, 4 mmol of HBTU, and 5 mmol
of N,N-diisopropylethylamine were added to solution and stirred for six hours at room
terhperature. The reaction mixture was concentrated in vacuo and diluted with water and
ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium
sulfate, and purified by column chromatography 5-10% methanb'l/methylene chloride to
obtain 1-[2-({2- [(6-ammo-5-n1tro(2-pyndyl))am1no]ethyl}ammo)-4 (2,4-
dlchlorophenyl)pynmldm—5-yl]pyrrohdme—2 S-dione.

HPLC: 8.917min. (100% purity)
MS: MH*=517.1
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.1 mmol of 2 '4-dichlorophenacyl chloride in DMF was added drop wise to 1.2 mmol
of tert-butyl p1peraz1necarboxylateand 1.2 mmol Cs;CO; in DMF at room temperature for
fourteen hours The reaction mixture was concentrated in vacuo and dlluted with water and
ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium
sulféte, and purified by column chromét_ogr'aphy eluting with 50% ethyl acetate and 50%
hexane to obtain tert-butyl 4-[2-(2,4-dichlorophenyl)_—2-oxoethyl]piperazinecarboxylate.

oxoethyl }piperazinecarboxylate
1 mmol of tert-butyl 4- -[2-(2, 4-d1chlorophenyl)-2-oxoethyl]p1perazmecarboxylate

was heated to 80°C in neat N,N-dimethylformamidedimethyl acetal for six hours. The

reaction mixture was concentrated in vacuo and purified by trituration with diethyl ether to
obtain tert-butyl 4-{2 -2, 4—dlchlor0phenyl)-l [(dlmethylammo)methylene]-2-
oxoethyl} piperazinecarboxylate.

3. Preparation of tert-bu 14-
(2,4—dxchlorophenyl )pynmldm-s-yl lplgerazmecarboxylat

1 mmol of tert-butyl 4-{2-(2,4-dichlorophenyl)-1- [(d1methylam1no)methylene]-2-
oxoethyl}piperazinecarboxylate, 1 mmol of amino{2-{(5-nitro(2-pyridyl))amino]-ethyl}-
carboxamidine, and 3 mmol of Cs;CO; were dissolved in DMF and heated to 90°C for
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and
ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium
sulfate, and purified by column chromatography eluting with 5-10% methanol/methylene
chloride to obtain tert-butyl 4-[2-({2—[(6—amino-5;nitro(2-pyridyl))amino]ethyl}amino)-4-
(2,4-dichlorophenyl)pyrimidin-5-yl}piperazinecarboxylate.

4. Preparation of {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2.4-dichlorophenyl)-5-
iperazinylpyrimidin-2-yl}Jamine
1 mmol of tert-butyl 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-
(2,4-dichlorophenyl)pyrimidin-5-yl]piperazinecarboxylate was heated to 60°C 3M HCI in
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MeOH for one hour and concentrated in vacuo to obtain {2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-piperazinylpyrimidin-2-ylJamine.

HPLC: 5.27min. (100% purity)

MS: MH'=504.2

1. Preparation of 2-bromo-1-(4-ethylphenyl)ethan-1-one _

20 mmol of 1-(4-ethylphenyl)ethan-1-one, ! ml conc. HCl were mixed in 20 ml
diethy] ether at 0°C under nitrogen. To this solution a solution of 20 mmeol Br; in 20 ml
chloroform was added drop wise and left for four hours and then concentrated in vacuo to
obtain 2-bromo-l-(4'~ethylphenyl)ethan-l-one. -

2. Preparation of 1-(4-ethylphenyl)-2-imidazolylethan-1-one :
1 mmol of 2-bromo-1-(4-ethylphenyl)ethan-1-one in acetonitrile was added drop

wise to 5.5 mmol imidazoline in acetonitrile at room temperature for fourteen hours. The

reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The
solution was extracted three times with ethyl acetate and dried over sodium sulfate to
obtain 1-(4-ethylphenyl)-2-imidazolylethan-1-one.

-2-en-1-one

3. Preparation of (2E)-3-(dimethylamino)-1-(4-ethylphenyl)-2-imidazolylpro
1 mmol of 1-(4-ethylphenyl)-2-imidazolylethan-1-one was heated to 80°C in N,N-
dimethylformamidedimethyl acetal for six hours and concentrated in vacuo to obtain (2E)-

3-(dimethylamino)-1-(4-ethylphenyl)-2-imidazolylprop-2-en-1-one.

4. Preparation of {2-[(6-amino-5-nitro(2-
imidazolylpyrimidin-2-yl}amine

1 mmol of (2E)-3-(dimethylamino)-1-(4-ethylphenyl)-2-imidazolylprop-2-en-1-one,
1 mmol of amino{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } carboxamidine, and 3 mmol
of Cs,CO; was dissolved in DMF and heated to 90°C for fourteen hours. The reaction
mixture was concentrated in vacuo and diluted with water and ethyl acetate. The solution

was extracted three times with ethyl acetate, dried over sodium sulfate, and purified by
column chromatography eluting with 5-10% methanol/methylene chloride to obtain {2-[(6-
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ammo-5-mtro(2-pyndy1))ammo]ethyl} [4-(4-ethylphenyl)-S-lm1dazolylpynm1d1n—2-
yllamine. °

HPLC: 7.733min. (100% ‘purity)

MS: MH'=446.2

Example 86

H i
rNJ/N\/\ }N’)\
O cl ci

1-(2,4-dichlorophenyl)-2-(4-pyridyl)ethan-1-one was synthesized as in Suzuki et al.,
“Facile dibenzoylation of picoline,” J. Heterocycl. Chem. 22(6):1487-9 (1985). 1 mmol of
1-(2,4-dichlorophenyl)-2-(4-pyridyl)ethan-1-one was heated to 80°C in neat DMF-DMA
for six hours. The reaction mixture was concentrated in vacuo and the residue was purified
by trituration with diethyl ether. usmg amino{2- [(6-ammo-5-n1tro(2-pyndyl))ammo]-
ethyl}carboxamidine hydrochloride (160mg, 0.58mmol, leq) and the enaminone (2E)-1-
(2,4-dichlorophenyl)-3-(dimethylamino)-2-(4-pyridyl)prop-2-en-1-one (202mg, 0.58mmol)
and Cs,CO3(246mg, 1.3eq) in 5Sml DMF at 95°C for 6h. It was worked up by concentration
in vacuo and extraction into ethyl acetate to yield a crude product that was purified by
column chromatography, eluting with 10% methanol in methylene chloride to yield {2-[(6-
amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-(4-pyridyl)pyrimidin-2-
yl)amine as a yellow powder after lyophilization. | :
HPLC: 6.32min(100%)
MS:MH'= 497

Example 87

Trifluoromethyl tetrazole was made according to the procedure published in

- Tetrahedron Letters 38(7):1257-1260. A mixture of tetrachlorosilane (5mmol) and sodium
. azide (15mmol) in dry acetonitrile (10ml) and trifluoromethyl acetamide (Smmol) was

refluxed and stirred with the exclusion of moisture. The reaction mixture was poured into
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ice cold sodium carbonate solution and extracted with chloroform (3X20ml). The solvent
was distilled off under reduced pressure to yield trifluoromethyl tetrazole (MS:MH-=136.7)
which was used without further purification. Trifluromethyl tetrazole (Immol), Cs,CO; -
(1.3 mmol) and 1-(2,4-dichlorophenyl)-2-chloroethan-1-one (1mmol) were refluxed in
DMF(2ml) overnight. The reaction mixture was cooled and concentrated in vacuo, and
then extracted into ethyl acetate and dried over sodium sulfate. The extract was further
purified by column chromatography on silica gel to yield 1-(2,4-dichlorophenyl)-2-[5-
(trifluoromethyl)(1,2,3,4-tetraazolyl)]ethan-1-one. 1 mmol of 1-(2,4-dichlorophenyl)-2-[5-
(trifluoromethyl)(1,2,3,4-tetraazolyl))ethan-1-one was heated to 80°C in neat DMF-DMA
for six hours. The reaction mixture was concentrated in vacuo and purified by trituration
with diethyl ether. 1 mmol of the above enaminone, Immol of amino{2-{(6-amino-5-
nitro(2-pyridyl))amino]ethyl} carboxamidine hydrochloride and 3 mmol of Cs,CO; were
dissolved in DMF and heated to 90°C for fourteen hours. The reaction mixture was
concentrated in vacuo and extracted into ethyl acetate and the residue after solvent
evaporation was purified by column chromatography eluting with 5-10% methanol in
methylene chloride to yield {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} {4-(2,4-
dichlorophenyl)-5-[5-(trifluoromethyl)(1,2,3,4-tetraazolyl)Jpyrimidin-2-yl}amine as a
yellow powder after lyophilization.

MS:MH'= 556.0,

HPLC: 10.77min (98.3%)

Example 88 :
6-amino-5-nitro(2-pyridyl))amino]ethyl} {4-(2.4-dichlorophenyl

methylpiperazinyl)pyrimidin-2-ylJamine
'/\ N - C H3

_ N Nél)
H,N.__N N\/\NJ'\N/ _
: - |
o

I»(2,4—dichloropheny1)-2-chloroetha_n—1—one(1mmol) and methylpiperazine (4

Preparation of {2-

mmol) in 8ml DMF was stirred for 8h at room temperature. The reaction mixture was
concentrated in vacuo and extracted into ethyl acetate and the organic layer was washed
with water and dried with sodium sulfate. The residue after concentration in vacuo was
purified by column chromatography e_lixting with. 10% methanol in methylene chloride to
yield 1-(2,4-dichlorophenyl)-2-(4-methylpiperazinyl)ethan-1-one. The ethanone was taken
up in DMF-DMA and heated to 80°C for 6h. The reaction mixture was cooled and
concentrated in vacuo and the residue containing the enaminone was purified by column
chromatography. 1 mmol of the enaminone obtained above, Immol of amino {2-[(6-amino-
5-nitro(2-pyridyl))amino]ethyl}carboxamidine hydrochloride and 3 mmol of Cs,CO3 was
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suspended in DMF and heatedto 90°C for fourteen hours. The reaction was cooled and
concentrated in vacuo. The residue was partitioned between water and ethyi acetate and the
layers separated. The organic layers were dried with sodium sulfate and after solvent
removal were chromatographed on silica gel eluting with 5-10% methanol in methylene
chloride to obtain {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichlorophenyl)-5-
(4-methylpiperazinyl)pyrimidin-2-yl]amine as a yellow powder after lyophlhzatlon

LC RT 5.193 min (95.3%)

MS:MH'=518.2 -,

Preparation of [4-

. N
/
N :
O, AN
L _ e
&

1 (2 4-dichlorophenyl)-2-chloroethan-1 -one(lmmol) and methylplperazme(4 mmol)
in 8m1 DMF was stirred for 8h at room temperature. The reaction mixture was then
concentrated in vacuo and extracted into ethyl acetate and the organic layer was washed
with water and dried with sodium sulfate. The residue after concentration in vacuo was
purified by column chro"matography eluting with 10% methanol in methylérie chloride to
yield 1-(2,4-dichlorophenyl)-2-(4-methylpiperazinyl)ethan-1-one. 1-(2,4-dichlorophenyl)-

- 2-(4-methylpiperazinyl)ethan-1-one was heated to 80°C in neat DMF-DMA for six hours.

The reaction mixture was concentrated in vacuo and the residue obtained was purified by
trituration with diethyl ether to yield the enaminone. Immol of the enaminone obtained
above, lmmol of amino{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine hydrochloride
and 1.3 mmol of Cs;CO; were dissolved in DMF and heated to 90°C for fourteen hours.
The reaction mixture was cooled to room temperature and concentrated in vacuo. Water
was added and then extracted 3X with ethyl acetate. The combined organic layers were
dried with sodium sulfate. The residue after solvent evaporation was purified by column
chromatography eluting with 5-10% methano! in methylene chloride to yield [4-(2,4-
dichlorophenyl)-5-(4-methylpiperazinyl)pyrimidin-2-yl}{2-[(5-nitro(2-
pyridyl))amino]ethyl}amine as a yellow powder after lyophilization.

HPLC 5.933min (>95%)

MS:MH" =503.1
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Example 90
S-nitro(2-pyri

yl |benzene_bérbonitrile

According to the procedure of Wierenga (Heterocycles, 23:1687 (1985)), 9.45 g
(0.034 mol) of S-methyl isourea nitrate, 13.57g (0.062 mol) of ethyl 3-(4-cyanophenyl)-3-

_ oxopropanoate and 8.0 g (0.142 mol) of potassium hydroxide were suspended in 40 ml

water and the heterogeneous mixture stirred for 18 h. The mixture was then filtered, and
the solid washed with copious amounts of water. The solid was dried, and recrystalized
from 5% dimethylformamide/ethanol to afford 2.47 8 (34%) of 4-(2-amino-4-oxo-1,3-
oxazin-6-yl)benzenecarbonitrile as a colorless solid.

A solution of 44 ml DMF, 3.81 g (17.89 mmol) 4-(2-amino-4-oxo-1,3-oxazin-6-
yl)benzenecarbonitrile and 8.57 g (53.63 mmol) of N-(2—amihoethyl)(tert-
butoxy)carboxamide were heated to 50 °C for 3 h. The reaction was then concentrated in
vacuo (0.5 mm Hg) and the resulting yellow solid triturated with cold ethanol. The
resulting suspension was filtered and the solid washed with copious amounts of ethanol.
This gave 4.51 g (71%) of (tert-butoxy)-N-(2-{[6-(4-cyanophenyl)-4-hydroxypyrimidin-2-
yl]amino}ethyl)carboxarrl'ide- as a white solid. :

| To a solution of 4.01 g (11.2 mmol) of (tert-butoxy)?N-(Z—{.[6-(4-cyanophenyl)-4-
hydroxypyrimidin-2-ylJamino}ethyl)carboxamide, 4.82 g (13.5 mmol) of N-

'phenyltriﬂuorosulfonimide in 40 mL pyridine was added 4.03 g (12.4 mmol) of anhydrous

cesium carbonate. The resulting suspension was stirred at room temperature for 18 h. and
then partitioned between ethyl acetate and water. The aqueous layer was extracted
thoroughly with ethyl acetate and the combined organics washed with 5% aqueous

“hydrochloric .acid, water, and brine. Concentration and chromatography' (silica gel, ether,

Rf = 040) gavel.50 g of 2-({2-[(tert-butoxy)carbonylamino]ethyl}amino)-6-(4-
cyanophenyl)pyrimidin-4-yl (trifluoromethyl)sulfonate as a gelatinous solid.
| 2-({2—[(tert—butoxy)carbonylarnino]ethyl}amino)-6-(4-cyanophenyl)pyrimidin—4-yl

(trifluoromethyl)sulfonate (134 mg, 0.275 mmol) was dissolved in a 2 M solution of
imidazole in N-methylpyrrolidinone and the resulting solution heated to 90 °C for 18 h.
The solution was cooled, water added and the suspension extracted thoroughly with ethyl
acetate. Concentration of the combined organic layers gave' a crude solid which was
chromatbgraphed (silica gel, 0.5% ammonium hydroxide/5% methanol/methylene chloride)
to afford 66 mg of (tert-butoxy)-N-(2-{ [4-(4—cyanophenyl)-6-imidazolyl-4—ylpyrimidin—2—
yljamino}ethyl)carboxamide as a off white solid. |

' Removal of the tert-butoxy protecting group was aécomplished in the following
manner: the (tert-butoxy)-N-(2-{[4-(4-cyanophenyl)-6-imidazolyl-4-ylpyrimidin-2-
yl]Jamino}ethyl)carboxamide produced as described above was dissolved in'a-nhydrous
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trifluoroacetic acid (2 mL) and stirred at room temperature for 2 h. ' Concentration gave
478 mg of 4-{2-[(2—ammoethyl)ammo]-6-1m1dazolyl—4-ylpynnndm—4-yl}benzene-
carbonitrile as its (2x) trifluoroacetate salt.

The 4-{2-[(2-aminoethyl)amino]-6-imidazolyl-4-ylpyrimidin-4-yl } benzene-
carbonitrile trifluoroacetate produced as described above (48 mg, 0.074 mmol) was
dissolved in 0.5 mL acetonitrile and 2-chloro-5-nitropyridine (12 mg, 0.074 mmol) added.
The mixture was heated to 80 °C for 18 h and then concentrated. Chromatography of the
residue (silica gel, 5% methanol/methylene chioride) afforded 5.1 mg (15%) of 4-[6-

~imidazolyl-2- ({2—[(5-mtro(2-pyr1dyl))am1no]ethyl}ammo)pynm1dm—4—

ylJbenzenecarbonitrile as a light yellow solid.

' HPLC [Method AZ-S] 7. 25 min (100%), IHNMR;

MS: (m+H)/z 428.
Example 91

1lbenzenecarbonitrile

2-({2—[(tert—butoxy)carbonylamino]ethyl}amino)-6-(4-cyanophcnyl)pyrimidin—4-yl
(trifluoromethyl)sulfonate (134 mg, 0.275 mmol) was dissolved in a 2 M. solution of

| _morphohne in acetonitrile and the resulting solutlon heated to 90°C for 18h. The solution
‘was cooled, water added and the suspensmn extracted thoroughly with ethyl acetate.

Concentratlon of the combined organic Iayers gave a crude solid- which was
chromatographed (silica gel, 2% methanol/methylene chloride) to afford 234 mg of (tert-

“butoxy)-N-(2-{[4-(4-cyanophenyl)-6 -morpholm-4-ylpynm1dm-2-yl] amino }ethyl)-

carboxamide as a off white solid. Removal of the tert-butoxy protecting group was
accomblished in the following manner: the (tert-butoxy)—N—(Z-{[4-(4-éyanophenyl)-6-
morpholin-4-y1pyrimidin-2-yl]amino'}ethyl)carboxax_nide produced as described above was
dissolved in anhydrous hydrogen chloride in dioxané (2 mL of a 2M solution) and stirred at
room temperature_for 2 h. Concentration 'ga_ve 134 mg of 4-{2-{(2-aminoethyl)amino)-6-
imidazolyl—4-ylpyrimidin—4-yl}behzenecarbonitrile as its (2x) hydrochloride salt.

The 4-{2_-[(2—aminoethyl)amino]-_6-morpho1ih-4—ylpyrimidin-_4—yl}benzene—

* carbonitrile trifluoroacetate produced above (50 mg, 0.14 mmol) was dissolved in 0.25 mL

acetonitrile and 2-chloro-5-nitropyridine (22 mg, 0.074 mmol) added. The mixture was
heated to 80 °C for 18 h and then concentrated. Chromatography of the residue (silica gel,
5% methanol/methylene chloﬁde) afforded 5.1 mg (15%) of 4-[6-morpholin-2-({2-[(5-
nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-yl]benzenecarbonitﬁle as a light yellow
solid.

' HPLC [Method AZ-S] 7.20 min (100%), IHNMR;
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MS: (m+H)/z, 447.

ion of [5-benzotriazolyl-4-

pyridyl))aminolethyl}amine

o~ N&)

&
N

NH

A solution of 1-(2,4-dichlorophenyl)-2-chloroethan-1-one (10.0 g, 44.63 mmol),
‘benzotriazole (10.6 g, 89.3 mmol) and triethylamine (9.0 g, 89.3 mmol) in 140 mL
acetonitrile was refluxed for 18h. The acetonitrile was removed in'vacuo,' and the residue
dissolved in ethyl acetate. Water was added and the water layer extracted twice with ethyl
acetate. The combined organics were washed with brine, dried and concentrated to give
13.2 g of a light brown solid. Recrystallization from ethyl acetate gave 4.8 g (35.%) of a
colorless solid identified as 2-b'enzotriazblyl~1-(2,4-dichlor0phenyl)ethan—l-one. '

2-benzotriazolyl-1-(2,4-dichlorophenyl)ethan-1-one was dissolved in dimethyl-
formamide dimethyl acetal (5 mL) and the solution refluxed for 8 h. Evaporation of the
solvent gave 2-benzotriazolyl-1-(2,4-dichlorophenyl)-3-(dimethylamino)prop-2-en-1-one
as an air sensitive red solid which was used in the next step without further purification.

2-benzotriazolyl-1-(2,4-dichlorophenyl)-3-(dimethylamino)prop-2-en-1-one ~ was
dissolved in 64 mL N-methylpyrrolidinone and 6.82 g (20.9 mmel) of cesium carbonate
and 4.19 g (16.12 mmol) of amino{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine
hydrochloride added. The resulting suspension was heated at 100°C for 18h. The reaction
was then cooled and partitioned between ethyl acetate and water. The aqueous layer was
extracted with ethyl acetate, and the combined organic layers washed twice with water and
once with brine. Concentration of the combined organic layers gave a yellow solid which
was recrystallized from 5% ethyl acetate/methanol to afford 4.25 g (65%) of [5-
benzotriazolyl-4-(2,4-dichlorophenyl)pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))-
amino)ethyl }amine as a light yellow solid.
HPLC [Method AZ-S} 11.56 min (100%), IHNMR,;
MS: (m+H)/z, 522.
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Example 93
Preparation of r4-(2 4-d1chloron enyl )-S-Q mrazmvlnvnmldm-Z yl|{2-|( -mtro(2-

pyridyl ))ammo Jethyl }amine
HN /\,

A

-z :\[ H
\N/L AN N
N L 0
cl cl N
o)

’

1. Preparation of tert-butyl 4-[2-(2.4-dichlorophenyl)-2-oxoethyl]piperazinecarboxylate
1 mmol of 2,4-dichiorophenacyl chloride in DMF was added drop wise to 1. mmol
of tert-butyl piperazinecarboxylateand 1.2 mmol Cs;COj3 in DMF at room temperature for

fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and
ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium
sulfate, and purified by column chromatography eluting with 50% ethylacetate and-50%
hexane to obtain tert-butyl 4-[2-(2,4-dichlorophenyl)-2-oxoethyl]piperazinecarboxylate.

2. Preparation of tert-butyl 4-
oxoethyl} pxgerazmecarboxxlat
1 mmol of tert-butyl 4-[2-(2 4-d1chlorophenyl)—2~oxoethyl]pxperazmecarboxylate
was heated to 80°C in neat N,N-dimethylformamidedimethyl acetal for six hours. The
reaction mixture was concentrated in vacuo and purified by trituration with diethyl ether to
~ obtain tert-butyl  4-{2-(2,4-dichlorophenyl)-1- [(dlmethylammo)methylene]—2—oxo-

_ -ethyl}pxperazmecarboxylate

3. Preparation of tert-butvl 4-[4-(2 4-dichlorophenyl)-2-({2-[(5-nitro(2-
ridv))amino]ethyl }amino)pyrimidin-S-yl]piperazinecarboxylate
1 mmol of tert-butyl 4-{2-(2,4-dichlorophenyl)-1-[(dimethylamino)methylene]-2-

- oxoethyl}piperazinecarboxylate, 1 mmol of amino {2-{(5-nitro(2-pyridyl))amino]-

ethyl} carboxamidine, and 3 mmol of Cs;CO; was dissolved in DMF and heated to 90°C for
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and
ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium
sulfate, and purified by column chromatography eluting with 5-10% methanol /methylene
chloride to obtain tert-butyl 4-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))-
amino Jethyl }amino)pyrimidin-5-yl]piperazinecarboxylate.

4. Preparation of [4-

pyridyl))amino]ethyl} amine
1 mmol of tert-butyl 4-[4-(2,4-dichlorophenyl)-2-({2- [(5-mtro(2—pyndyl))ammo]-
ethyl}ammo)pynmldm- -yl]piperazinecarboxylate is heated to 60°C 3M HCI in MeOH for
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one hour and concentrated in vacuo to. obtain [4-(2,4-dichlorophenyl)-5-
piperazinylpyrimidin-2-yl}{2-[(5 -mtro(2-pyndyl))ammo] ethyl}amine.

HPLC: 7.683min. (100% punty)

MS: MH"=489.1

Example 94

dichlorophenyl)pyrimidin-5-yl]-4-methylpiperazine-2.6-dione
6) .CH,

1 mmol of 2,4- dlchlorophenacyl chloride in DMF was added drop wise to 2 mmol

of phthalimide and 2 mmol of Cs,COj3 in DMF at room temperature for fourteen hours and

~ then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2-
oxoethyl]lsomdohne-l 3-dione.

oxoethyl }isoindoline-1,3-dione
1 mmol of 2-[2-(2 4—d1chlorophenyl)—2-oxoethyl]1somdolme—1 3-dione was heated

to 80°C in N,N-dimethylformamidedimethyl acetal for six hours. The reaction mixture was
concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-§{2-(2,4-
dichlorophenyl)-1-[(dimethylamino)methylene]-2-oxoethyl}isoindoline-1,3-dione.

dichlorophenyl mndln-S 1 carbamo 1}benzoic acxd

1 mmol of 2-{2-(2 4-d1chlorophenyl) 1- [(dlmethylammo)methylene]-2-
oxoethyl}isoindoline-1,3-dione, 1 mmol of amino{2-[(6-amino-5-nitro(2-pyridyl))amino}-
ethyl}carboxamidine, and 3 mmol of Cs,CO;5 were dissolved in DMF and heated to 90°C
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water
and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over
sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-
(2,4-dichiorophenyl)pyrimidin-5-yljcarbamoyl } benzoic acid.

dichlorophenylpyrimidin-5-yllisoindoline-1,3-dione
1 mmol of 2—{N-[2—({2-[(6-amino-5-nitro(2—pyridyl))amino]ethyl}amino)—4-(2,4-
dichlorophenyl)pyrimidin-5-yljcarbamoyl }benzoic acid was heated to 120°C in acetic acid
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~ for four hours and then concentrated ir vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2-

pyridyl))aminojethyl}amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl}isoindoline-1,3-dione.

5. Pre.paration- of [ 5-amino~4-(2,4-dichloroghenvl)nvrirhidin-Z-vll{ 2;f(6-a1nino-5-nitro( 2-
pyridyl))aminojethyl}amine .
1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-

dichlorophenyl)pyrimidin-5-yl}isoindoline-1,3-diéne ‘and 20 mmol of 3hydfazine were
stirred in. ethanol at 75°C for two hours and then purified by column chromatography
eluting with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4-
dichlorophenyl)pyrimidin-2-yl}{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amine.

6. Preparation of 1-[2-

dichlorophenyl

1 mmol of [5-amino-4-(2,4-dichlorophenyl)pyrimidin-2-y1]{2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl}aniiné; and 2 mmol of methyliminodiacetic acid, 4 mmol of HBTU,
and 5 mmol of N,N-diisopropylethylamine were added to solution and stirred for six hours
at room tempefature. The reaction mixuiré was concentrated in vacuo and diluted with

water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried

over sodium sulfate, and purified by column chrdmatography eluting with 5-10%
methanol/methylene’ ~ chloride - to obtain 1-[2-({2-[(6-amino-5-nitro(2-

' 'pyriidyl))amino]ethyl}amino)-4-(2,4-dichlorophenyl)pyrimidin—S-yl]-4-methylpiperazine'-

2,6-dione. ' '
HPLC: 7.560min. (99% purity)
MS: MH'™=546.1

Example 95

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of Cs,CO3 in DMF at room temperature for fourteen hours and
then 'puriﬁed by trituration with dieth_yl ether to obtain 2-[2~(2,4-dichlorophenyl)-2-
oxoethyl]isoindoline-1,3-dione. | |
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oxoethzl}1s01ndohne-l,3-d10n , :
1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethylJisoindoline-1,3-dione was heated -

- to 80°C in N,N-dimethylformamidedimethyl acetal for six hours. The reaction mixture was
concentrated  in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4-
dichlorophenyl)-1-[(dimethylamino)methylene]-2-oxoethyl}isoindoline-1,3-dione.

dichlorophenyl)pyrimidin-5-yljcarbamoyl }benzoic acid

1 mmol of 2-{2-(2,4-dichlorophenyl)-1-[{(dimethylamino)methylene]-2-oxoethyl}-
isoindoline-1,3-dione, 1 mmol of amino{2-[(6-amino-5-nitro(2-pyridyl))aminojethyl}-
carboxamidine, and 3 mmol of Cs,CO; were dissolved in DMF and heated to 90°C for
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and

ethyl acetate. The solution was extracted three times with ethyl acetate and dried over
sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-
(2,4-dichlorophenyl)pyrimidin-5-yl]carbamoyl} benzoic acid. -

dichlorophenyl)pyrimidin-5-yl]isoindoline-1.3-dione

1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yl]carbamoyl} benzoic acid is heated to 120°C in acetic acid
for four hours and then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl} amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]isoindoline-1,3-dione.

2.4-dichlorophenyl)p 6-amino-5-nitro(2-

5. Preparation of [5-amino-4-

pyridyl))aminojethyl}amine _
1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yl]isoindoline-1,3-dione and 20 mmol of hydrazine were

stirred in ethanol at 75°C for two hours. The reaction was concentrated and purified by
column chromatography 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4-

dichlorophenyl)pyrimidin-2-yl}{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amine.

1 mmol of [S-amino-4-(2,4-dichlorophenyl)pyrimidin-2-yl]{2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl }amine, and 2 mmol of malaic anhydride are stirred at room
temperature for four hours. 2 mmol of HBTU, and 3 mmol of N,N-diisopropylethylamine
were added to solution and left for six hours at room temperature. The reaction mixture
was concentrated in vacuo and diluted with water and ethyl acetate. The solution was
extracted three times with ethyl acetate, dried over sodium sulfate, and purified by column
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chromatography eluting with 5-10% methanol/methylene chloride to obtain 1-[2-({2-[(6-
amino-5-nitro{2-pyridyl))amino]ethyl} ammo)-4-(2 4-d1chlorophenyl)pynm1dm-5-yl]-3-

- pyrroline-2,5-dione. .

Large excess of morpholine was added to clean fractions of 1-[2-({2-[(6-amino-5-

- nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]-3-pyrroline-

2,5-dione concentrated in vacuo, and purified by column chromatography eluting with 5-
10% methanol/methylene chloride to obtain 1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]-
ethyl}amino)-4-(2 4-dlchlorophenyl)pynmldm-S-yl]-3-morpholm-4-ylpyrro]1d1ne-2 5-

~ dione.

HPLC: 8.133min. (100% punty)
MS: MH"= 602.2

Example 96
Preparation of 1-[4-(2.4-dichlorophenyl)-2-( {2-[(5-nitro(2-

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of Cs;CO; in DMF at room temperature for fourteen hours and
then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2-
oxoethyl]isoindoline-1,3-dione. | :

2. Preparation of 2—{2 -(2.4-dichiorophenyl)-1-[(dimethylamino)methylene]-2-

oxoethyl}isoindoline-1.3-dione
1 mmol of 2-[2-(2, 4-dlchlorophenyl)—Z-oxoethyl]1s01nd011ne-l 3-dlone is heated to

80°C in neat N,N -dimethylformamidedimethyl acetal for six hours. The reaction mixture
was concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4-
dichlorophenyl)-1-[(dimethylamino)methylene]-2-oxoethyl }isoindoline-1,3-dione.

ridyl))amino]ethyl } amino)pyrimidin-5-yl]carbamoyl } benzoic acid
1 mmol of 2-{2-(2,4-dichlorophenyl)-1-[(dimethylamino)methylene]-2-oxoethyl}-
isoindoline-1,3-dione, 1 mmol of amino {2-[(5-nitro(2-pyridyl))amino]-
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ethyl}carboxamidine, and 3 mmol of Cs,CO;3 were dissolved in DMF and heated to 90°C

for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water

and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over -
sodium sulfate to obtain 2-{N-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-
pyridyl))amino]ethy!}amino)pyrimidin-5-yljcarbamoyl} benzoic acid.

amino)pyrimidin-5-yl}isoindoline-1,3-dione | _

1 mmol of 2-{N-{4~(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}-
amino)pyrimidin-5-yl]carbamoyl}benzoic acid was heated to 120°C in acetic acid for four
hours and then concentrated in vacuo to obtain 2-[4-(2;4-dic}110ropheny!)-2—({2—[(5-nitro(2-
pyridyl))amino]ethyl } amino)pyrimidin-5-yl}isoindoline-1,3-dione.

5. Preparation of [S-amino-4-
pyridyl))aminoJethyl}amine

1 mmol of 24[4—(2,4-dichlorophenyl)-z-({2—[(5-nitro(2-pyridy_1))amino]ethyl}-
amino)pyrimidin-5-yl]isoindoline-1,3-dione and 20 mmol of hydrazine were stirred in
ethanol at 75°C for two hours and then puriﬁéd by column chromatography eluting with 5-
10% methanol/methylene chloride to obtain [5-amino-4-(2, 4-dxchlorophenyl)pynm1dm—2-
yl] {2—[(5-mtro(2—pyndyl))ammo] ethyl}amine.

1 mmol of [5-amino-4-(2,4-dichlorophenyl)pyriniidin—2-yl]{24[(5-hitrd(2-pyridyl))-
amino]ethyl}amine, and 2 mmol of methyliminodiacetic acid, 4 mmol of HBTU, and 5
mmol of N,N-diisopropylethylamine were added to solution and stirred for six hours at
room temperature. The reaction mixture was concentrated in vacuo and diluted with water
and ethyl acetate. The solution was extracted three times with ethyl acetate,dried over
sodium sulfate, purified by column chromatography elutmg with 5-10%
methanol/methylene chloride to - obtain 1-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-
pyridyl))amino]ethyl }amino)pyrimidin-5-yl]-4-methylpiperazine-2,6-dione.

HPLC: 12.850min. (100% purity)
MS: MH'=531.2
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Example 97 -

1 mmol of 2 ,4-dichlorophenacyl chlonde in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of Cs;CO3; in DMF at room temperature for fourteen hours and
the purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2-
oxoethyl]isoindoline-1,3-dione.

2. Preparation of 2-{2-(2.4-dichlorophenyl)-1-[(dimethylamino)methylene]-2-

xoethyl tisoindoline-1.3-dione
1 mmol of 2-[2-(2, 4-dlchlorophenyl)-2-oxoethyl]1somdolme-l 3-dione was heated

| to 80°C in neat N,N-dimethylformamidedimethyl acetal for six hours. The reaction

mixture was concentrated in vauo and purified by trituration with diethyl ether to obtain 2-

i {2-(2 4- dlchlorophenyl) -1- [(dlmethylammo)methylene]—2-oxoethyl}1somdolme—l 3-dione.

3. Pre aration of 2-

: dlchloroghenyl )pyrimidin-5-yl]carbamoyl}benzoic acid

20

25

30

Immol of 2-{2-(2,4-dichlorophenyl)-1 -[(dlmethylammo)methylene]-2-oxoethyl}-

isoindoline-1,3-dione, 1mmol of amino{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}-
carboxamidine, and 3 mmol of Cs;CO; were dissolved in DMF and heated to 90°C for

fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and
ethyl acetate. The solution was extracted three times with ethyl acetate and dried over

- sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-

(2,4-dichlorophenyl)pyrimidin-5-yljcarbamoyl } benzoic acid.

dichlorophenyl)pyrimidin-5-yllisoindoline-1.3-dione

1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino}ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-ylJcarbamoyl}benzoic acid was heated to 120°C in acetic acid
for four hours and then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yljisoindoline-1,3-dione.




10

15

20

25

30

. -111-
"WO 99/65897 o PCT/US99/13809

1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4- -
dichlorophenyl)pyrimidin-5-ylJisoindoline-1,3-dione and 20 mmol of hydrazine were
stirred in ethanol at 75°C for two hours and then purified by column chromatography
eluting with 5-10% methanol/methylene chloride to obtain [S-amino-4-(2,4-
dichlorophenyl)pyrimidin-2-yl}{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amine.

1 mmol of [S-amino-4-(2,4-dichlorophenyl)pyrimidin-2-y1] {2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl}amine, and 2 mmol of malaic anhydride were stirred at room
temperature for four hours. 2 mmol of HBTU, and 3mmol of N,N-diisopropylethylamine
were added to the solution and left for six hours at room temperature. The reaction mixture
was concentrated in vacuo and diluted with water and ethyl acetate. The solution was
extracted three times with ethyl acetate, dried over sodium sulfate, and purified by column
chromatography eluting with 5-10% methanol/methylene chloride to obtain 1-[2-({2-[(6-
amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl}-3-

pyrroline-2,5-dione.

A large excess of dimethylamine was added to clean fractions of 1-[2-({2-[(6-
amino-5-nitro(2-pyridyl))amino]ethyl } amino)-4-(2,4-dichlorophenyl)pyrimidin-5-y1]-3-
pyrroline-2,5-dione concentrated in vacuo.

HPLC: 5.215min. (95% purity)
MS: MH'= 560.2

Preparation of {2-

H l
HoN__N._N._~

ONT cl cl

1. Preparation of 1-(2.4-dichlorophenyl)-2-imidazolylethan-1-one.

A stirred solution of 1-(2,4-dichlorophenyl)-2-chloroethan-1-one (0.95 M) and
imidazole (2.68 M) in CH3CN (500 ml) were heated for 14-16 hours at 75 °C. The product
was stripped of solvent under reduced pressure. The residue was diluted with
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dichloromethane (1 L) and water (400 ml), and the mixture was stirred for 30 min. After
filtering off a'solid impurity, the aqueous layer was removed and discarded. The organic

- layer was washed sequentially with water (300 ml), sat. aq. NaHCO3 (300 ml), water (00 -

ml), brine (200 ml), dried with Na;SO,, filtered, and concentrated under reduced pressure.

‘The reddish black oil was dried overnight in vacuo giVing 1-(2,4-dichlorophenyl)-2-

imidazolylethan-1-one in 90% yield.

2. Preparation of e_thl 1 5-(2.4-dichlorophenyl)-4-imidazol ]-5-oxopentanoate.
1-(2,4-dichlorophenyl)-2-imidazolylethan-1-one (0.80 M) was dissolved with

heating as necessary in a stirred mixture of THF (250 ml) and abs. ethanol (250 ml). After

cooling to room temperature, potassium hydroxide (0.20 M) was added followed by a

dropwise addition of ethyl acrylate (45.8 ml) via addition funnel over 10 min. “A room
temperature water bath was used to cool the exothermic reaction for the first 30 min. After
. stirring for 14-16 hours, the reaction was neutralized with gla. acetic acid (10 ml) and
concentrated under reduced pressure. The residual _dark reddish black slurry was dissolved
in abs. ethanol (100 ml) and concentrated again under reduced pressure giving ethyl 5-(2,4-
dichloropheny!)-4-imidazolyl-5-oxopentanoate (2) in 108% yield. The crude material is
contaminated with potassium salts and is used without further purification. '

2.4-dichlorophenyl)-5-imidazolyl-1.3 4-trihydropyridin-2-one.-
A mixture of ethyl 5-(2,4-dichlorophenyl)-4-imidazolyl-5-oxopentanoate (0.51 -M)
was dissolved in gla. acetic acid (245 ml), toluene (135 ml), and abs. ethanol:':--:(405 ml).
Ammonium acetate (3.07 M) and flame dried 4A powder molecular sieves (145 g) were

added to the stirred solution. The resulting mixture was stirred for 44-46 hours at 90-95 °C -

under argon. After 24 hours of heating, additional reagents were added  including
ammonium acetate (0.51 M), acetic acid (41 ml), and flame dried 4A powder molecular
sieves (24 g). On cooling methanol (200 ml) was added with stirring for 15 minutes. The
sieves were filtered and washed with methanol (2 x 150 ml). The filtrate was concentrated
under reduce pressure. To the crude material was added dichloromethane (1.5 L). The
organic layer was then washed until basic, with 5-10% sodium hydroxide solution (3 x 500
ml). The organic layer was then washed with distilled water (3 x 400 ml), saturated sodium
chloride solution (300 ml), dried with sodium sulféte, filtered, and concentrated under
reduce pressure. The reddish orange solid was dried in vacuo giving 102 g of crude
product. A solution of 2% methanol in ethyl acetate (90-110 ml) was added to the crude
product. The resulting solid was collected by filtration and washed with ethyl acetate (2 x
100 ml). The off white solid was dried in vacuo to give 6-(2,4-dichlorophenyl)-5-

* imidazolyl-1,3,4-trihydropyridin-2-one in 60% yield.
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_ A mixture of 6-(2,4-dichlorophenyl)-5-imidazolyl-1,3 4-tnhydropyr1dm—2-one (0.21

M), selenium(IV) oxide (0.63), and gla. acetic acid (400 ml) was stirred for 10 hours at -
105-110 °C under argon. The acetic acid was removed under reduced pressure. Methanol
(500 ml) was added. After mixing, the solution was filtered to remove selenium residue.
To the methanolic solution, lead(Il) acetate trihydrate (99 g) and distilled water (50 ml)
were added and stirred for 1 hour. The mixture was filtered through a celite plug (0.25-0.5
inches). The solution was concentrated under reduced pressure. The crude material was
purified by a silica gel column. The product was eluted with ethyl acetate and a slowly
increasing gradient of methanol reaching a final concentration of 8%. The proper fractions
were concentrated under reduced pressufe and dried in vacuo. The solid was further
purified by trituration with a small volume of 1:1 methanol and ethyl acetate. The off-
white solid was dried in vacuo to give 6-(2,4-dichloropheny1)-5-imidazolylhydropyridin-2—
one in 68% yield. | |

5. Preparation of [2-

To the dry solid 6-(2,4-dichlorophenyl)-5-imidazolylhydropyridin-2-one (2.40 M)
was added N,N-dimethylacetamide (6 drops) followed by phosphorous oxychloride (20 ml).
The reaction mixture was stirred for 18-20 hours at 105-110 °C under argon. The
phosphorous oxychloride was removed under reduced pressure. The crude product was

taken up in dichloromethane (75 ml), and the solvent was removed under vacuum. The
sticky solid was dried to a free flowing solid in vacuo 3-4 hour giving [2-(2,4-
dichlorophenyl)-6-chloro-3-pyridyllimidazole in 167% yield. The crude material is
contaminated with phosphorous residue and is used with out further purification.

yridvl)]amine.

-5-imidazolyl(2-

6. Preparation of (2-aminoethyl)[6-(2.4-dichloropheny!l

The crude material above, [2-(2,4-dichlorophenyl)—6-chloro-3-pyridyl]iinidazole
was cooled under argon to —78 °C with dry ice acetone. With argon continually flushing
through the system, ethylene diamine (200 ml) was added very carefully monitoring the
release of gas and heat. After completing the addition, the reaction mixture was stirred for

5-6 hours at 105-110 °C under argon. Upon cooling, the ethylene diamine was removed
under reduced pressure and dried in vacuo for 2-3 hours. To the residual material was
added acetonitrile (100 ml) and saturated sodium bicarbonate solution (250-300 ml). To
the stirred mixture above, sodium bicarbonate solid was added until the mixture was fully
saturated. After 30 min., acetonitrile (300-350 ml) was added to the saturated aqueous
solution. The mixture was stirred and the layers were separated saving both aqueous and
organic portions. The aqueous layer was extracted with acetonitrile (4 x 250 ml). The
organic layers were combined and washed with saturated sodium chloride solution (100
ml), dried with sodium sulfate, filtered, concentrated, and dried in vacuo. The residue was
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dissolved in methanol (70-90 ml). The mixture was filtered to remove residual salt, and
concentrated tinder reduced pressure. The off-white solid was dried in vacuo giving (2-

axhinoethyl)[6'-(2‘,4-‘dichlotbphenyl)'—S-inﬁdazolyl(ﬁ-pyﬁdyl)]amine in 97% yield based on -

the initial amount of 6-(2,4-dichlorophenyl)-5-imidazolylhydropyridin-2-one used. The

* material contains minimal amounts of salt and was used without further purification.

. nmdazolzl(Z-pmdzl)lannne

A mixture of (2-ammoethyl)[6-(2 4-d1chlorophenyl) 5-1m1dazolyl(2-pyndyl)]amme
(0 14 M), 6-chloro-3-nitro-2-pyridylamine 0.14 M), N,N-d:methylacetamlde (40 ml), and
Hiinig’s base (2.5 ml) was stirred for 12 hours at 85-90 °C und_er argon Ethylene diamine
(3.8 ml) was added to remove the unreacted chloropyridine, and the mixture was stirred for
an additional 0.75-1 hour at 85-90 °C under argon. ‘After cooling, the reaction was diluted
with ethyl acetate (500-60'(') ml), extracted with saturated sodium bicarbpnate (4 x 200 ml),
distilled water (3 x 150 ml), saturated sodium chloride (150 ml). The organic layer was
dried with sodium sulfate briefly (2-3 minutes) so as not to initiate precipitation of the

- product. The organic layer was filtered, concentrated, and dried in vacwo. To cause

-precipitation of the product, a minimal amount of methanol (3-5 ml) was added followed
with the addition of an equal volume of ethyl acetate. The mixture was allowed to age for
2-3 hours. The solid was collected by filtration, washed with minimal 1:1 methanol/ethyl
acetate (5 ml), and a finally 100% ethyl acetate (2 x10 ml). The yellow solid was dried in
vacuo to give {2-[(6-am1no-5-n1tro(2—pyndyl))ammo]ethyl}[6 -(2,4-dichlorophenyl)-5-
1m1dazolyl(2-pyr1dyl)]ammem 61% yield. :

HPLC: 19.8 min (>95% purity)

- MS:M+H= 485 (C21H18C12N302+H =485)

Example 99 '

6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yl]Jamino}-
ethyl)amino]pyridine-3-carbonitrilewas prepared using the general method .for [4-(2,4-
dichlorophenyl)-S-imidazdl-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }-
- aminewith the exceptions noted below.

-~
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1. Preparation of 1-(2.4-dichloro henyl)-2-(4-methylimidazol-2-yl)ethan-1-one.

A solution of 24-dlchlorobenzoyl chloride (7.24 M) in dichloromethane (25 ml)
was added dropwme over 20 minutes to a stirred solution of 2,4-dimethylimidazole (0.80 -
M) in dichloromethane (75 ml) and MN-dusopropylethylamme (Hiinig’s base) (34 ml).
The reaction mixture was cooled during the addition using a water bath. The reaction
mixture was then heated to reflux for S hours. The reaction can turn a darker color. The
product was stripped of solvent under reduced pressure, and the resulting solid was dried in
vacuo for one hour. . )

To the dry solid (described above) was added a solution (2:1 v/v, 120 ml) of gla.
acetic acid and aq. con. HCl. The mixture was then stirred at reflux for ca. 90 min. The
acetic acid was removed via rotary evaporator. Upon cooling, distilled water (200 ml) and
toluene (100 ml) were added to the solid residue, which was vigorously stirred for 30 min.
The solids were filtered, rinsed with 50 ml distilled water, and discarded. The filtrate was
transferred to a separatory funnel. After the organic layer was discarded, the aqueous layer
was washed with toluene (2 x 100 ml). The aqueous layer was transferred to a large beaker
(2 L) and diluted with isopropyl ether (50 ml). The stirred mixture was basified (pH 7-8)
by careful addition of sodium bicarbonate which leads to the formation of a sticky white
solid. Dichloromethane (200 ml) was added and stirring continued for 10 min.: The
organic layer was separated and the aqueous layer was again extracted with
dichloromethane (100 ml). The organic layers were combined and washed with sat. aq.
NaHCOj3; (100 ml), distilled water (100 ml), brine (100 ml), dried with Na;SOy, filtered,
concentrated, and dried in vacuo giving 1-(2, 4-d1chlorophenyl)-2-(4-methyhm1dazol -2-
yDethan-1-one in 46% yield.

yDprop-2-en-1-one.

A mixture of 1-(2,4-dichlorophenyl)-2-(4-methylimidazol-2-yl)ethan-1-one (0.33
M) and N,N- dimethylformamide-dimethyl acetal (DMFDMA) (25 m'l) was stirred for 2.5 h
at 70-75 °C. The DMFDMA was then removed under reduced pressure and dried under
high vacuum for several hours glvmg a light orange solid in quantitative yield. The
enaminone product (2Z)-1-(2,4-dichlorophenyl)-3 ~(dimethylamino)-2-(4-methylimidazol-
2-yl)prop-2-en-1-one was typically used without further purification.

idine-3-carbonitrile.

A mixture of 2-chloro-5-cyanopyridine (0.60 M) in acetonitrile (120 ml) and
ethylene diamine (85 ml) were stirred overnight (ca. 16 h) at 75-80 °C under argon. The
ethylene diamine was removed under reduced pressure and then dried in vacuo for 2-3 h.
The residual solution was basified with 1M sodium hydroxide solution (~100 ml). The
aqueous solution was saturated with sodium chloride and extracted with a solution of 95 %
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ethyl acetate and 5% methanol (3 x 150 ml) and with a solution of 95% acetonitrile and 5%
methanol (3 x150 ml).. The organic extracts were combined and extracted with a saturated
sodium chloride solution (2 x 70 ml). The organic layer was dried with sodium sulfate,
filtered, and concentrated 'lmder reduced p_iessure. The crude white to tan solid was
triturated with ether (2 x 50 ml) and dried overnight in vacuo resulting in 78% yield of 6-
[(2-aminoethyl)amino]pyridine-3-carbonitrile. :

vy Preparation of amino{2-| ('5-cyan6(2-pyg" idyl))amino ]ethyl }carboxamidine,

hydrochloride. _ N _

A mixture of 6-[(2-amihoethyl)amino]pyridine-3-carbonitrile 047 M), 1H -
pyrazole-1-carboxamidine hydrochloride (0.47 M), and acetonitrile (120 mi) were stirred
ca. 24 h at 75-80 °C. Upbn cooling, a precipitate was collected by filtration. The white
solid was washed thoroughly with acetonitrile (2 x 1(_)0 ml), ethyl ether (3 x 100 ml), and
dried overnight in vacuo giving amino{2-[(5-cyano(2-pyridyl))aminoJethy!}carboxamidine
as the HCI salt in 82% yield. |

yljamino}ethyl)amino]pyridine-3-carbonitrile.

A solution of sodium ethoxide (0.58 M) dissolved in abs. ethanol (15 ml) was
added to a stirred mixture of (2Z)-1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(4-
methylimidazol-2-yl)prop-2-en-1-one (0.41 M), amino{2-[(5-cyano(2-pyridyl))amino]-

. ethyl}carboxamidine, hydrochloride (0.43 M), and abs. ethanol (20 ml). The reaction was
- then heated to 75-80 °C for 2.5 hours. On cooling the reaction was diluted with ethyl

acetate (400 ml) washed with sat. aq. NaHCO; (100 ml), distilled water (2x100 ml); brine
(100 ml), dried with Na;SOy, filtered, and concentrated. The crude product (~50% purity)
was p\iriﬁed by flash chromatography over silica gel. The column was run starting with
1:1 ethyl acetate to hexane, then ethyl acetate which was used until all of the fast moving
impurities _had been removed. The product was eluted with 1.5% methanol in ethyl acetate.
The column is monitored by TLC using 5% methanol in ethyl acetate as the solvent system.
The product has UV activity in the long wave length region and “glows” blue on the.
unstained TLC plate. The proper fractions were condensed. The off-white solid was dried
overnight in vacuo giving 6-[(2-{ [4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-
yl)pyrimidin-2-yljamino }ethyl)amino]pyridine-3-carbonitrile in 28% yield.

HPLC: 20.7 min (>99% purity) ' '

MS: M+H = 465.3 (Cx;H3sC;2Ng+H = 465)
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. Example 100

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of Cs,CO; in DMF at room temperature for fourteen hours and
then purified by trituration with diethyl ether to obtain 2-[2-(2,4-dichlorophenyl)-2-
oxoethyl]isoindoline-1,3-dione.

2. Preparétion of 2-{2-(2.4-dichlorophenyl)-1-[(dimethylamino)methylenel-2-

oxoethyl }isoindoline-1,3-dione _ _
1 mmol of 2-[2-(2,4-dichlorophenyl)-2-oxoethyl]isoindoline-1,3-dione was heated

to 80°C in N,N-dimethylformamidedimethyl acetal for six hours. The reaction mixture was
concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4-
dichlorophenyl)-1-[(dimethylamino)methylene]-2-oxoethyl }isoindoline-1,3-dione.

3. Preparation of 2-
dichlorophenypyrimidin-5-yljcarbamoyl }benzoic acid

1 mmol of  2-{2-(2,4-dichlorophenyl)-1-[(dimethylamino)methylene]-2-
oxoethyl}isoindoline-1,3-dione, 1 mmol of amino{2-[(6-amino-5-nitro(2-pyridyl}))-
amino]ethyl}carboxamidine, and 3 mmol of Cs,CO; were dissolved in DMF and heated to
90°C for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with
water and ethyl acetate. The solution was extracted three times with éthyl acetate and dried
over sodium sulfate to obtain 2-{N-[2-({2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl}amino)—4—(2,4—dich]orophenyl)pyrimidin—S-yl]carbamoyl}benzoic
acid.

4. Preparation of 2-

dichlorophenyl)pyrimidin-5-yllisoindoline-1.3-dione

1 mmol of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yl]carbamoyl}benzoic acid was heated to 120°C in acetic acid
for four hours and concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2-
pyridyl))aminoJethyl}amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]isoindoline-1,3-dione.
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Pregaratlon of [5-amino-4-(2 4-dlchloro'ohenvl)nvnmxd1n-2-vl] { 2—[( 6—am1no-5-mtro( 2-
idyl))aminolethyl}amine -

'l mmol of 2—[2—({2—[(6-ammo—5-mtro(2-pyndyl))annno]ethyl}ammo)-4-(2 4- -
dichlorophenyl)pyrimidin-5-ylJisoindoline-1,3-dione and 20 mmol of hydrazine were
stirred in ethanol at 75°C for two hours and '.puriﬁed by column chromatography eluting
with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4-dichloro-
phenyl)pyrimidin~2—y1]{2-[(6-amino-5-nitro(_2-pyridyl))amino]ethyl}amine.

' dlchlorophenyl)pmmidm—S-ylIacetamxd
10

1 mmol of [5-amino-4-(2 4-d1chlorophenyl)pynm1d1n-2-yl] {2-[(6-ammo-5-mtro(2-
yridyl))ammo]ethyl}amme and 1 mmol of acetic anhydnde were stirred at room

"temperature for four hours in THF. The reaction mixture was concentrated in vacuo and
diluted with water and ethyl acetate. The solution was extracted three times with ethyl
acetate, dried over sodium sulfate, and purified by column chromatography eluting with 5-
10%  methanol/methylene  chloride to obtain  N-[2-({2- [(6-ammo-5-n1tro(2—
pyndy]))ammo]ethyl}ammo)-4 2 4-dlchlorophenyl)pynmldln-s-yl]acetamxde '

h diéhloroghenyl )pyrimidin-5-ylJamino}ethane-1 -thioné

1" mmol of N-[2-({2-[(6-amino~5-nitr6(2-pyridyl))amino]ethyl}amino)-4—(2,4-
dichlorophenyl)pyrimidin-5-yljacetamide and 2 mmol of Lawesson’s reagent were stirred
in 2 ml of DME at 80°C The reaction mixture was concentrated in vacuo and diluted with
water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried
over sodium sulfate, and .purified by column chromatography eluting with 5-10%
methanol/methylene  chloride to obtain  1-{[2-({2-[(6-amino-5-nitro(2-pyridyl))-
aminoJethyl }amino)-4-(2,4-dichlorophenyl)pyrimidin-5-ylJamino} ethane-1-thione.

1 mmol of l-{[2-({2-[(6-amino-5Qnitro(2-pyridyl))amino]ethyl} amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-ylJamino}ethane-1-thione was heated to 90°C in morpholine
and purified by column chromatography eluting with 5-10% methanol/methylene chloride
to obtain [5-((1Z)-1-aza-2-morpholin-4-ylprop-1-enyl)-4-(2,4-dichlorophenyl)pyrimidin-2-
y1]{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amine.

HPLC: 9.75min. (100% purity)
MS: MH"= 546.3
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nitro(2-pvridyl))amino]ethyl }amine
N
D)
N
gHz N ﬂ N' Z ﬁ
0N cl cl
['e)

1. Preparation of 6-chloro-2-methoxy-3-nitro-pyridine

To a susperision of sodium hydride (684 mg, 28.49 mmol) in xylene (100 ml),
methanol (0.98 ml, 25.9mmol) in xylene (30 ml) was added under nitrogen. The mixture
was stirred for 20 min. A solution of 2,6-dichloro-3-nitropyridine (5.0g, 25.9mmo) in
xylene (100 ml) was added to the reaction mixture and stirred at room temperature

overnight. Water (50 ml) was added and the organic layer was separated. The organics
was washed with water (1X50ml) and brine (2X50ml), dried, and concentrated in vacuo.
The crude product was purified by flash chromatography (10:1 methylene chloride and
acetone) to provide the desired compound, 6-chloro-2-methoxy-3-nitro-pyridine, as the
only isomer as light yellow solid (90%). '

2. Preparation of [4-(2.4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1}{2-[(6-methoxy-
5-nitro(2-pyridyl))amino]ethyl }amine : :

To a solution of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylethylamine
(20 mg, 0.04 mmol) in DMF (Iml), 2-methoxy-3-nitro-6-chloro-pyridine (8.3 mg, 0.04
mmol) and diisopropylethyl amine (31 pl, 0.18mmol) were added. The reaction mixture
was stirred for 12 hours at 80°C. The crude mixture was concentrated in vacuo and
subjected to column chromatography (10% methanol in methylene chloride) to afford [4-
(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(6-methoxy-5-nitro(2-pyridyl))-
amino]ethyl }amine as bright yellow solid. ' - '
HPLC: 3.1 min (100% pure) _
MS: MH+= 501 C21H18CI2N8O3 = 500g/mol

Example 102
Preparation of [4-(2.4-dichlorophenyl)-5-imidazolylpyrimidin-2-y11{2-[(6-methoxy-5-

nitro(2-pyridyl))amino]ethyl}amine

[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yl] {2-[(6-methoxy-5-nitro(2-
pyridyl))amino]ethyl}amine was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-1-
ylpyrimidin-2-ylethylamine in accordance to the procedure described above for the
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preparation of [4-(2 4-d1chlorophenyl)-5-1m1dazol—2-ylpynm1d1n-2—yl] {2-[(6~methoxy-5—
mtro(2—pyndyl))ammo]ethyl}amme '

HPLC: 3.2min (100% pure)’

MS: MH+= 501 C21H18CI2N80O3 = 500g/mol

Example 103

yllamino }ethyi Jamino]-3-nitropyridin-2-ol

[4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(6-methoxy-5-nitro(2-
pyridyl)amino]ethyl}amine (7mg, 0.01mmol) was treated with hydrobromic acid (100?1)
and acetic acid (100?1) and stirred at 100°C overnight. The mixture was concentrated in
vacuo and lyophilized to give 6-[(2-{[4-(2, 4-d1chlorophenyl)-5-1m1dazol-2—y1pynm1dm-2—
ylJamino}ethyl)amino]-3-nitropyridin-2-ol as a dark brown solid.

HPLC: 2.7min (100% pure)
MS: MH+= 487 C20H16CI2N8O3 = 486 g/mol

Example 104

Preparation of 6-

- yl]amino}ethyl)amino]-3-nitropyridin-2-ol

- 6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino } ethyl)amino]-3-
‘nitropyridin-2-ol was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-1-ylpyrimidin-2-
yl]{2-[(6-methoxy-5-nitro(2-pyridyl)amino]ethyl}amine (7mg, 0.01 mmol) by following
the same procedure as described for the preparation of 6-[(2-{[4-(2,4-dichlorophenyl)-5-
imidazol- 2—ylpyr1m1dm-2-yl]ammo}ethyl)ammo] 3-mtropyndm-2-ol
HPLC: 2.46min (100% pure)

MS: MH+= 487 C20H16CI2N803 = 486 g/mol

Example 105

1]amino }ethyl)amino]-3-pyridyl }ethan-1-one

1-{6-[(2-{[4-(2,4-dichlorophenyl)—5—imidazolylpyrimidin—Z-yl]amino}ethyl)amino]—
3-pyridyl}ethan-1-one was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-1-
ylpyrimidin-2-yl)ethylamine and 1-(6-chloro-3-pyridyl)-ethanone (prepared as described in
Tetrahedron 48:9233 (1992)) in accordance to the procedure _described' above for the
preparation of [4-(2,4—dich_iorophenyl)—S-imidazol-2—ylpyrimi§1in-2-yl] {2-[(6-methoxy-5-
nitro(2-pyridyl))amino]ethyl }amine.




10

15

20

25

30

35

-121-

WO 99/65897 - o PCT/US99/13809

.Example 1 0_6

iminometho! . ethyl)(2-p d l amino eth lamme And 6- 2-{[4-(2.4-dichlorophenyl)- -
imi i ridine-3-carboxamide

[4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl} {2-[(5-cyano(2-pyridyl)-
amino]ethyl}amine (20 mg, 0.04mmol) was treated with saturated solution of methanolic
ammonia (1ml) and ammonium chloride (10mg) and stirred at 60°C overnight. The crude
product was purified by column chromatography ( lO%methanol in methylene chloride) to
provide the title compounds as white powder '

HPLC: 2.38 min (100% pure)

MS: MH+= 484 C22H20CI2N70 = 483 g/mol
HPLC: 1.94 min (100% pure) ' '
MS: MH+= 469 C22H20CI2N70 =468 g/mol

-5-imidazol-2-vlpyrimidin-2-

yllamino}ethyl)amino](3-pyridyl) }iminomethylhydroxylamine

A solution of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1]{2-{(5-
cyano(2-pyridyl)amino]ethyl}amine (20 mg, 0.04mmol) in aqueous ethanol(50?1 of water
in 500 ?1 ethanol) was treated with hydoxylamine hydrochloride_(3.0 mg, 0.04mmol) and
diisopropylethyl amine (16 ?1, 0.08 mmol). The reaction mixture was stirred overnight
under reflux, and concentrated in vacuo. The residue was taken up in ethylacetate and
washed with brine and concentrated. The crude mixture was subjected to column
chromatography (10% methanol in methylene chloride) to give {6-[(2-{[4-(2,4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJamino}ethyl)amino}(3-pyridyl) } imino-
methylhydroxylamine. ' ' |
HPLC: 2.16 min (100% pure)

MS: MH+=484 C21H190CI2N90 =483 g/mol .

Example 108
2 4-dichlorophenyl

yllamino}ethyhamino](3-pyr idyl) }iminomethylhydroxylamine

{6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino} ethyl)amino](3-
pyridyl)}iminomethylhydroxylamine was prepared from [4-(2,4-dichlorophenyl)-5-
imidazol-1-ylpyrimidin-2-yl)ethylamine in accordance to the procedure described for the
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' preparation - of - {6-[(2-{[4-(2, 4-d1chlorophenyl)-5-nn1dazol-2—ylpynm1d1n—2—

yl]ammo}ethyl)a.mmo](3-pyndyl)}1m1nomethylhydroxylamme

'HPLC: 2.19 min (100% pure)

MS: MH+= 484 C21H190CI2N9O =483 g/mol
Example 109

| yi]lamino }. ethyl)amino]pyri idine-3-carboxamidine

A solution of [44(2,4-dichlorophcnyl)-5-imidazol—Z-ylpyrimidin-2—yl] {2-[(5-
cyano(2-pyridyl)amino]ethyl}amine (20 mg, 0.04mmol) in saturated solution of methanoic
ammonia was stirred at 60°C for 48 h.  The product was purified from the crude using
reverse phase column chromatography to give 6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazol-
2-ylpyrimidin-2-ylJamino}ethyl)amino]pyridine-3-carboxamidine.

HPLC: 2.14 min (100% pure)
MS: MH+= 468 C21H19CI2N9 =467 g/mol

o - Example 110 B
(2 A-dichlorophenyl)-5-imidazol-1-yl
pyridyl)amino |ethy_l 1}amine

[4-(2,4-dichlorob_hehy_l_)—S -imidazol-1-yl pyrimidin—2—yl] {2-[(4-cyano(2-pyridyl)-
amino]ethyl}amine was p_fepared from [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-
2-yl]ethylamine and 2—chlor6—4-cyanopyﬁdine in accordance to the procedure described
above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-{(6-
methbxy—S-nitro(Z-pyridyl))amino]ethyl}amine.

HPLC: 2.79 min (100% pure)
MS: MH+= 451 C21H16CI2N8 = 450 g/mol

Example 111
2.4-dichlorophenyl

yllamino}ethyl)amino]-3-nitro(2-pyridyl) }dimethylamine

1. Preparation of 6-chloro-2-dimethylamino-3-nitro pyridine
A mixture of 2,6-dichloro-3-nitropyridine (1.9 g, 10mmole) and potassium

carbonate (1.66g, 12mmole) in 30ml of tetrahydrofuran was stirred at 0°C for 5 min. A
solution of dimethylamine/tetrahydrofuran (2M, 6ml, 12mmole) was added dropwise to
the reaction mixture over 40 min. After stirring for 5 min at 0°C, the mixture was warmed
to room temperature and stirred overnight. The reaction mixture was filtered and the
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filtrate was collected and concentrated under reduced pressure. The crude product was
purified by flash chromatography, cluting with 87% hexane: 13% ethyl acetate to give 6-
chloro-2-dimethylamino-3-nitro pyndme a 05 g). '
"HPLC: 11.18 min (90% pure)

MS: MH+=202.1 C7THSCIN302 =201 g/mol

. -5-imidazol-2-
yllamino}ethylamino}-3-nitro(2-pyridyl)}dimethylamine

' {6-[(2-{[4-(2,4-dichiorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJamino }ethyl)-
amino]-3-nitro(2-pyridyl) }dimethylamine was prepared from [4-(2,4-dichlorophenyl)-5-
imidazol-2-ylpyrimidin-2-ylethylamine and 6-chloro-2-dimethylamino-3-nitro pyridine in
accordance with the procedure described above for the preparation of [4-(2,4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1] {2-[(6-methoxy-5-nitro(2-pyridyl))-

amino]ethyl }amine.
HPLC: 11.5 min (85% pure)
MS: MH+=514.2 C22H21CI2N902 = 513g/mol

Examgle 112
Prepar atlon of { 6 [(2-{[4 (2 4-d1chloronhenvl) S-xmldazolvlnvrlmndm-z-

1]Jamino}eth lamlno -3-mtro 2-pyridyl)}dimeth lamm

~ {6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino} ethyl)amino]-3-
nitro(2-pyridyl)}dimethylamine was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-1-
ylpyrimidin-2-ylethylamine and 6-chloro-2-dimethylamino-3-nitro pyridine in accordance
with the procedure described above for the preparation of [4-(2,4-dichlorophenyl)-5-
imidazol-2-ylpyrimidin-2-y1]{2-[(6-methoxy-5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC: 11.6 min (85% pure)
MS: MH+=514.3 C22H21CI2N902 = 513g/mol

Example 113
Preparation of [4-(2 4-dich_loro henyl

(methylamino)-5-nitro(2-pyridyl) lamind tethyl)amine

1. Preparation of 6-chloro-2-methylamino-3-nitro-pyridine

6-chloro-2-methylamino-3-nitro-pyridine was prepared in accordance to the
procedure described above for the preparation of 6-chloro-2-dimethylamino-3-nitro
pyridine by using solution of methyl amine. The crude product was purified by flash
chromatography, eluting with 90% hexane: 10% ethyl acetate to 16 (300mg).. '
HPLC: 12.06 min (85% pure)
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- MS: MH+=188.1 C6H6CIN302 187g/mol

(methylamino)-5-nitro(2-pyridyl) lammo tethyl )amm
h [4-(2, 4—dxchlorophenyl)-5-nmdazol—2—ylpynm1dm—2-yl](2-{[6—(methylammo)—5-

“nitro(2-pyridyl)Jamino}ethyl)amine was prepared from [4-(2,4-dichlorophenyl)-5-
- imidazol-2-ylpyrimidin-2-ylethylamine and 6-chloro-2-methylamino-3-nitro-pyridine in
accordance with the procedure described above ‘for the preparation of [4-(2,4-

dlchlorophenyl)-S-1m1dazol-2—ylpyr1m1dm—2—yl] {2- [(6-methoxy-5-mtro(2—pyndyl))ammo]-
ethyl}amine.

HPLC: 11 min (85% pure)

MS: MH+=500.3 C21H19CI2N902 499g/mol

Example 114

Preparation of {4-(2.4-dichlorophenyl
S-nitro(2-pyridyl)lamino} ethyl)amine

[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-y1}(2-{ [6-(methylamino)-5-
nitro(2-pyridyl)]Jamino}ethyl)amine was prepared from [4-(2,4-dichlorophenyl)-5-
imidazol-1-ylpyrimidin-2-ylethylamine and 6-chloro-2-methylamino-3-nitro-pyridine in
accofdance with the procedure described above for the preparation of [4-(2,4-
dxchlorophenyl) 5-imidazol- 2-ylpyr1m1dm-2-yl] {2- [(6-methoxy-5—mtro(2-pyndyl))-
ammo]ethyl}amme

"HPLC: 11.3 min (85% pure)

MS: MH+= 500.3 C21H19CI2N902 499g/mol

Example 115
Preparation of 2.6-dichloropyridine-3-carboxamide;
2.6-dichloropyridine-3-carbonitrile; and

6-chloro-2-methoxypyridine-3-carbonitrile
1. Preparation of 2.6-dichloropyridine-3-carboxamide
A mixture of 2,6-dichloro-3-carboxypyridine (5.73 g, 30 mmole) and N-
methylmorpholine (3.6 ml, 33 mmole) in dichloromethane (100 ml) was stirred in an ice-
bath for 5 min. Isopropyl chloroformate (4.28 ml, 33 mmole) was added the reaction
mixture at 0°C. The reaction mixture was stirred for 30 min and then bubbled with pure

" ammonia gas for 2 min. and stirred overnight at room temperature. The crude was

concentrated under reduced pressure and sodium bisulfate (0.5M, 35 ml) was added with
stirring. The aqueous solution was extracted with ethyl acetate (3X 40ml). The organics
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was washed with water and brine and dried with sodium sulfate to give yellow crude
product (6.3g, 50% pure).

Preparation of 2,6~dichloropm’dine—3-cérbonitrile
To a mixture of 2,6-dichloro-3-acetamidopyridine (6.3g, 55% pure) and pyridine
(4.93mi, 61mmole) in dichloromethane (100 ml), trifluoroacetic anhydride (4.23 ml, 30

- mmole) was added. The reaction mixture was stirred at room temperature overnight and
- concentrated under reduced pressure. The crude product was purified by flash

chromatography, eluting with 85% hexane: 15% ethyl acetate to give a pale yellow product
(1.77g, 90%).

HPLC: 10.26 min (90% pure)

MS: MH+= 172.9 C6H2CI2N2 171.9g/mol

Preparation of 6-chloro-2-methoxypyridine-3-carbonitrile
6-chloro-2-methoxypyridine-3-carbonitrile was prepared from 2,6-dichloropyridine-

3-carboxamide in accordance with the procedure described above for the preparation of 6-

chloro-2-methoxy-3-nitro-pyridine.

HPLC: 11.37 min (80% pure)

MS: MH+=169.1 CTH5CIN20 .168g/m01

‘Example 116

-5-imidazolyl

yllamino}ethyl)amino}-2-methoxypyridine-3-carbonitrile

6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino} ethyl)amino}-2-
methoxypyridine-3-carbonitrile was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-1-
ylpyrimidin-2-ylethylamine and 6-chloro-2-methoxypyridine-3-carbonitrile in accordance
with the procedure described above for the preparation of [4-(2,4-dichlorophenyl)-5-
imidazol—z-ylpyrimidin-2-yl] {2-[(6-methoxy-5 -nitro(z-pyridyl))arnino] ethyl}amine.
HPLC: 11.8 min (85% pure)
MS: MH+= 481.2 C22H18C12N80 480g/mol

Examgle 117
Preparation of 6-[(2-{[4-(2.4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-

1Jamino}ethylamino]-2-methox idine-3-carbonitrile

6-[(2-{ [4—(2,4-dichlorophenyl)—5-imidé.zol-Z-ylpyrimidin-2-yl]amino }ethyl)amino]-
2-methoxypyridine-3-carbonitrile was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-ylethylamine and 6-chloro-2-methoxypyridine-3-carbonitrile in accordance
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- with the procedure -described above for the preparatlon of [4-(2, 4—d1chloropheny1)-5-
-1m1dazol-2-ylpynm1dm—2-yl]{2~[(6-methoxy-5-mtro(2-pyr1dyl))ammo]ethyl}amme
HPLC: 11.37 min (80% pure)

MS: MH+=169.1 C7TH5CIN20 168g/mol

Example 118 _
2.4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-

yl]lamino}ethyl)amino]-3-nitro-2-pyridyl }acetamide

1. Pregaratlon of N-(6-chloro-3-nitro-2-pyridyl )acetamide

To a suspension of sodium hydride (120 mg, 5 mmole) in tetrahydrofuran(lO ml), a
solution of 2-amino-3-nitro-6-chloropyridine (870 mg, 5 mmole) in 20ml of
tetrahydrofuran (20ml) was added. The reaction mixture was stirred at room temperature
for 30 min. A solution of acetic anhydride (377 pl, 6 mmole) in tetrahydrofuran (10 ml)
was added and stirred at room temperature overnight. The reaction mixture was quenched
with water and concentrated under reduced pressure. ' The crude product was dissolved in
dichloromethane and washed with brine. The organic layer was dried with sodium sulfate
and then concentrated under vacuo. The crude was purified by flash chromatography,
eluting 78% hexane: 22% ethyl acetate to give a yellow product (88 mg).

HPLC: 6.36 min and 9.78 min (88% pure) :
MS: MH+=215.9 CTH6CIN303 215g/mol

. Preparation of N-{6-[(2-{[4-(2 4-dichloropheny})-5- 1m1dazol-2—vlnvr1m1dm—2—

yl lamino tethyl )ammo ]-3-nitro-2-pyridyl }acetamide

N-{6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJamino}ethyl)-
amino]-3-nitro-2-pyridyl}acetamide was prepared from [4-(2,4-dichlorophenyl)-5-
imidazol-2-ylpyrimidin-2-ylethylamine and N-(6-chloro-3-nitro-2-pyridyl)acetamide in
accordance with the procedure described above for the preparation of [4-(2,4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yI}{2-[(6-methoxy-5-nitro(2-pyridyl))amino}-
ethyl}amine. _

HPLC: 10.6 min (85% pure)
MS: MH+= 528.2 C22H19CI2N903 527 g/mol

Example 119
2 4-dichlorophenyl)-5-imidazolyl

yl]amino}ethyl)amino]-3-nitro-2-pyridyl }acetamide

N-{6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino } ethyl)-
amino]-3-nitro-2-pyridyl}acetamide was prepared from {4'—'(2',4-dichlorophenyl)—S-
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imidazol-1-ylpyrimidin-2-ylethylamine and. N-(6-chloro-3-nitro-2-pyridyl)acetamide in
accordance with the procedure described above for the preparation of [4-(2,4-
dichlorophenyl)—5-imidazo1-2-ylpyrimidin-2-yl]{2-[(6-methoxy-5-nitro(z-pyridyl))amino]- '
ethyl}amine.

HPLC: 10.8 min (85% pure)

MS: MH+= 528.2 C22H19CI2N903 527 g/mol

Example 120

yllamino}ethyl )amino]-3-nitro(2-pyridyl) }(methxlsulfonyl )ainine

1. Preparation of (6-chloro-3-nitro(2-pyridyD)(meth: isulfonyl)amine
(6-chloro-3-nitro(2-pyridyl))(methylsulfonyl)amine was prepared from 2-amino-3-
nitro-6-chloropyridine and methane su_lphonyl chloride in accordance with the procedure

" described above for the preparation of N-(6-chloro-3-nitro-2-pyridyl)acetamide.

HPLC: 8.08 min (90% pure)
MS: MH+=251.9 C6H6CIN304S 251g/mol

2. Preparation of {6-

yl]amino}ethyl)amino]-3-nitro(2-pyridyl)} (methylsulfonyl)amine
{6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJamino} ethyl)-

amino]-3-nitro(2-pyridyl)}(methylsulfonyl)amine =~ was  prepared from - [4-(2,4-

dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylethylamine and (6-chloro-3-nitro(2-

pyridyl))(methylsulfonyl)amine in accordance with the procedure described above for the

preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]}{2-[(6-methoxy-5-

nitro(2-pyridyl))amino]ethyl}amine.

HPLC: 10.8 min (85% pure)

MS: MH+= 564 C21H19CI2N904S 563g/mol

Example 121

Preparation of {6-

yllamino} ethyl)amino]-3-nitro(2-pyridyl) } (methylsulfonyl)amine

- {6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino} ethyl)amino}-3-
nitro(2-pyridyl)}(methylsulfonyl)amine was prepared from [4-(2,4-dichlorophenyl)-5-
imidazol-1-ylpyrimidin-2-ylethylamine and (6-chloro-3-nitro(2-pyridyl))(methylsulfonyl)-
amine in accordance with the procedure described above for the preparation of [4-(2,4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(6-methoxy-5-nitro(2-pyridyl))amino]-
ethyl}amine.
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HPLC: 11.1 min (85% pure) - -
MS: MH+= 564 C21H19CI2N904S 563g/mol

I]amino}ethyl)amino]-3-nitro(2-pyridyloxy)}eth Ddimethylamine

1. Preparation of |2-( 6—chloro43-nitro( 2-gmdyloxynethyl ]Jdimethylamine

[2-(6-chloro-3-mtro(2-pyr1dyloxy))ethyl]dxmethylamme was prepared from 2,2-
dlmethylammoethanol in accordance to the procedure described above for the preparation
of 6-chloro-2-methoxy-3-nitro-pyridine.

HPLC: 4.9 min (65% pure)
MS: MH+=246.1 C9H12CIN303 245g/mol

2. Preparation 6f 32-{' 6-[(2-{ l4-.('2,4-dichlorophenyl)-S-imidazol-2-vlnvrimidin-2-

{Jamino}ethylamino]-3-nitro(2-pyridyloxy)Yethyl)dimethylamine
(2-{6-[(2-{[4-(2,4-dichlorophenyl)—S-imidazol-2-ylpyrimidin-24yl]amino}ethyl)—
amino]-3-nitro(2-pyridyloxy)}ethyl)dimethylamine was prepared from [4;(2,4-dichloro-
phenyl)-5-imidazol-2-ylpyrimidin-2-ylethylamine and [2-(6-chloro-3-nitro(2-pyridyloxy))-
ethyl]dimethylamine in accordance with the procedure described above for the preparation
of [4-(2,4- dlchlorophenyl) 5-1m1dazol-2-ylpynm1dm-2—yl] {2-[(6-methoxy-S-nitro(2-
pyridyl))amino]ethyl}amine. : :
HPLC: 8.5 min (85% pure)
MS: MH+= 558.3 C24H25CI2N903 557.1g/mol

Example 123
Preparation of (2-{6-{(2-{[4-(2.4-dichlorophenyl)-5-imidazolylpyrimidin-2-

yllamino }ethylamino]-3-nitro(2-pyridyloxy)} ethyl)dimethylamine

(2-{6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino} ethyl)-
amino]-3-nitro(2-pyridyloxy)}ethyl)dimethylamine = was prepared from [4-(2,4-
dichlordphenyl)—S-imidazol-1_"-ylpyrimidin-2-y1ethylamine ‘and  [2-(6-chloro-3-nitro(2-
pyridyloxy))ethyl}dimethylamine in accordance with the procedure described above for the
preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]}{2-[(6-methoxy-5-
nitro(2-pyridyl))amino]ethyl }amine.

- HPLC: 8.3 min (85% pure)-

MS: MH+=558.3 C24H25C12N903 557.1g/mol
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Example 124 )
Preparation of (1Z)-1-aza-2-(6-chloro(3-pyridyl))-1-methoxyprop-1-ene

To a solution of 5-(2-chloropyidinyl)oxime methyl ether (540 mg, 3.2 mmole) in
acetonitrile(9ml), ethylene diamine (2.8 ml, 42 mmole) was added. The reaction mixture
was stirred at 85°c overnight , concentrated under vacuo. The crude product was dissolved
in aqueous sodium hydroxide (1M, 15ml) and extracted with ethyl acetate and a mixture of
acetonitrile/methanol (10:1 7). The organic extract was dried with sodium sulfate to give
(1Z)-1-aza-2-(6-chloro(3-pyridyl))-1 -methoxyprop-l -ene as an yellow oil (547 mg, 75%).
HPLC: 1.8 min (75% pure)

MS: MH+= 195.1 C9H14N40 194.1g/mol

Example 125

Preparation of (2-

(2.4-dichlorophenyl)-S-imidazolylpyrimidin-2-ylJamine

(2-{[5-((1Z)-2-aza-2-methoxy- l-methylvinyl)(2-pyridyl)Jamino} ethyl)[4-(2,4-
dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamine was prepared from the guanidine
(which was made from [2-(6-chloro-3—mtro(2-pyr1dyloxy))ethyl]dlmethylamme and the
corresponding eneaminone). : ' :
HPLC: 9.3 min (85% pure)

MS: MH+= 483.2 C22H20CI2N8O 482g/mol

- Example 126

imidazolylpyrimidin-2-yl]Jamine

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-imidazolyl-
pyrimidin-2-yllJamine = was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-1-
ylpyrimidin-2-ylethylamine and 2-chloro-5- nitro-6-aminopyridine in accordance with the
procedure described above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-yl}{2-{(6-methoxy-5-nitro(2-pyridyl))amino]ethyl } amine.

HPLC [Method AZ-S], 6.15 min (100%)
MS (m+H/z), 486.

Example 127

rimidin-2-

1lamino}ethyl)amino idine-3-carbonitrile
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6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino } ethyl)amino]-
pyridine-3-carbonitrile was prepared from [4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-

2-ylethylamine and 2-chloro-5-cyanopyridine in accordance with the procedure described -

above for the preparation of [4-(2 4-dlchlorophenyl)-5-1m1dazol-2-ylpynm1d1n-2-yl] {2-[(6-

" methoxy-5-nitro(2-pyridyl))aminoJethyl } amine.

HPLC [Method AZ-S], 5.94 min (100%) ;
MS (m+H/z), 451."

?

_ Example 128
Preparation of [4-(2.4-dichloro henvl)-S-imidazolvlnvrimidin-2-yl|{2—|(5-methyl( 7a-

hydro-1.2.4-triazolo[1.5-a |pxr_1_ imidin-7-yl))amino]ethyl }amine

[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yl]{2-[(5-methyl(7a-hydro-1,2,4-
triazolo[1,5-a]pyrimidin-7-yl))amino]ethyl}amine = was~ prepared from [4-(2,4-
dichlorophenyl)-5-imidazol-1-ylpyrimidin-2-ylethylamine and 7-methyl-9-chloro-1,2,4-
triazolo(1,5-a)pyrimidine in accordance with the procedure described above for the
preparation of [4-(2,4-dichlorophenyl)- 5-1m1dazol-2-ylpynm1dm-2-yl]{2—[(6-methoxy-5-
nitro(2-pyridyl))amino]ethyl}amine.

"HPLC {Method AZ-S}, 5.80 min (70%) ;

MS (m+H/z), 481.

Example 129
Preparation of [4-(2.4-dichlorophenyl)-5-imidazolylpyrimidin-2-y11{2-[(5-

trifluoromethyl(2-pyridyl))amino]ethyl }amine

[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yl]{2-[ (5-trifluoromethyl(2-
pyridyl))amino]ethyl}amine was prepared from [4-(2,4-dichlorophenyl)-S-imidazol-1-
ylpyrimidin-2-ylethylamine and 2-chloro-5-trifluoromethylpyridine in accordance with the
procedure described above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-yl}{2- [(6-methoxy-5—mtro(2-pyndyl))ammo]ethyl} amine.

HPLC [Method AZ-S], 7.62 min (60%) ;
MS (m+H/z), 494.

Example 130

Preparation of 4-(2.4-dichlorophenyl

2-yl))aminolethyl }amine

4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yl}{2-[(5-nitro(1,3-thiazol-2-yl))-
amino]ethyl}amine was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-1-ylpyrimidin-
2-ylethylamine and 2-chloro-5-nitro-thiazole in accordance with the procedure described
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above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl} {2-[(6-
methoxy-5-nitro(2-pyridyl))amino]ethyl} amine.

HPLC [Method AZ-S], 7.14 min (100%) ;

MS (m+H/z), 477. '

Example 131
Preparation of [4-(2.4-dichlorophenyl)-5-imidazolyl

- 4 -yl)amino]ethyl }amine

{4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yl] {2-[(6-chloropyrimidin-4-yI)-
amino)ethyl}amine was prepared from [4-(2,4-dichlorophenyl)-5-imidazol-1-ylpyrimidin-
2-ylethylamine and 4,6-dichloropyrimidine in accordance with the procedure described
above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1]{2-[(6-

. methoxy-5-nitro(2-pyridyl))amino]ethyl}amine.

HPLC [Method AZ-S], 7.43 min (80%);
MS (m+H/z), 461.

Example 132

Preparation of [4-(2.4-dichlorophenyl

chlorobenzothiazo [-2-yl )an;ino Jethyl}amine

[4-(2,4-diChlorophenyl)-S—ifnidazolylpyrimidin-2—yl]{2-[(6-chlorobenzothiazo 1-2-
yl)aminojethyl}amine ~ was prepared from  [4-(2,4-dichlorophenyl)-5-imidazol-1-
ylpyrimidin-2-ylethylamine and 2,6- dichlorobenzothiazole in accordance with the
procedure described above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-yl]{2-[(6-methoxy-5 -nitro(2-pyridyl))amino]ethyl} amine.

HPLC [Method AZ-S], 8.23 min (100%) ;
MS (m+H/z), 516.

Ex gle 133

Preparation of {4-

thienyl))amino}ethyl }amine

[4—(2,4—dichlorophenyl)-S-imidazol.y.lpyrimidin—2-yl] {2-[(3-nitro(2-thienyl))amino]-
ethyl}amine was prepared from _[4-(2,4-dichlqrophenyl)_-S-imidazol-I-ylpyrimidin-Z-
ylethylamine and 2-chloro-3-nitrothiophene in accordance with the procedure described
above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-yl_pyrimidin-2—yl]{2-[(6-
methoxy-5-nitro(2-pyridyl))amino]ethyl }amine.

HPLC [Method AZ-S], 9.50 min (75%) ;
MS (m+H/z), 495.
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Example 134 -
4-dichlorophenyl)-5-imidazolylpyrimidi

-'yl Jamino}éth yl)amino |'pﬂiniidine-5:-(:arbonitﬁle

4-amino-2-[(2-{[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJamino}ethyl)-
amino]pyrimidine-5-carbonitrile was.prepared from {4-(2,4-dichlorophenyl)-5-imidazol-1-
ylpyrimidin-2-ylethylamine and 2-chloro-4-amino-5-cyanopyrimidine in accordance with
the procedure described above for the preparation of [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-yl}{2-[(6-methoxy-5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC [Method AZ-S), 6.00 min (70%) ;
MS (m+H/z), 467. -

Example 135

: dyl))amino]ethyl}[6-
nitro(2-pyridyl)]Jamine

9#
o ~ N -
HN N N~ A 2
ol U H -
SO | cl cl
(o] .

1. Preparation of 2-(2.4-dichlorophenyl)-6-chloro-3-nitropyridine _

1 mmol _2,6-dichloro-3-nitropyridine, 1.05 mmol of 2,4-dichlorobenzeneboronic
acid, and 3 mmol of Na;COs, were dissolved in 1.5 ml THF and 0.5 ml water and purged
with nitrogen. 0.05 mmol of {_1,1’éBis(diphénylphosphino)-ferrocene]dichloro-
palladium(II) was added to reaction and ‘stirred at i‘oom temperature under nitrogen for

fourteen hours. The reaction mixture was éoncentrétt_id in vacuo and diluted with water and

ethyl acetate. The solution was extracted three times with ethyl acetate, dried over sodium

sulfate, and purified by column chromatography eluting with 10% ethylacetate 90%
hexanes to obtain 2-(2,4-dichlorophenyl)-6-chloro-3-nitropyridine.

ridyl))amine

2. Preparation of (2-aminoethyl)(6-amino-5-nitro(2-

1 mmol of 2-amino-6-chloro-3-nitropyridine and 15 mmol of 1,2-diaminoethane
were stirred at reflux for fourteen hours. The reaction mixture was concentrated in vacuo
and solution of 1.5 mmol of NaOH in water was added. This solution was extracted twice
with 95%/ 5% methylene chloride/ methanol. The aqueous was then saturated with salt and
extracted twice with 95%/ 5% acetonitrile/ methanol and then finally extrated twice with

95%/ 5% ethylacetate/ methanol. All organic fractions were combined and dried over
sodium sulfate to obtain (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))amine.
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1 mmol of 2-(2, 4-dxchlorophenyl)-6-chloro-3-mtropyndme was taken with 2 mmol
of (2-ammoethyl)(6-ammo-5-n1tro(2-py_ndyl))armne and 3 mmol of N,N-
diisopropylethylamine in 2 ml of DMF at 80°C for two hours. The reaction mixture was
concentrated in vacuo and diluted with water and ethyl acetate. The solution was extracted
three times with ethyl acetate, dned over sodium sulfate, and purified by column

- chromatography eluting with 5-10% methanol/methylene chloride to obtain {2-[(6-amino-
5-nitro(2-pyridyl))amino]ethyl} [6-(2,4-dichlorophenyl)-5 -nitro(2-pyridyl)]amine.

HPLC: 8.698min. (100% purity)
MS: MH'= 464.1

Example 136
6-amino-5-nitro(2-pyri

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of Cs;CO; in DMF at room temperature for fourteen hours and
then purified by trituration with dlethyl ether to obtain 2-[2-(2, 4-dichlorophenyl)-2-
oxoethyl]isoindoline-1,3-dione.

oxoethyl}isoindoline-1.3-dione | _
1 mmol of 2—[2-(2,4-dichlordphenyl)—Z-oxoethyl]isqindoline—1,3-dion was heated to

80°C in neat N,N-dimethylformamidedimethy] acetal for six hours. The reaction mixture
was concentrated in vacuo and purified by trituration with diethyl ether to obtain 2-{2-(2,4-
dichlorophenyl)-1-[(dimethylamino)methylene]-2-oxoethyl }isoindoline-1,3-dione.

3. Preparation of 2-{N-[2-({2-[(6-amino-5-nitro(2-pyridyl))aminolethyl }amino)-4-(2.4-

dichlorophenyl)pyrimidin-5-y}carbamoyl }benzoic acid

I mmol of 2-{2-(2,4-dichlorophenyl)—1—[(dimethylamino)methylene]-2—oxoethy]}-

isoindoline-1,3-dione, 1 mmol of amino{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}-
carboxamidine, and 3 mmol of Cs,CO3 were dissolved in DMF and heated to 90°C for
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and
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ethyl acetate. The solution was extracted three times with ethyl acetate and dried over

sodium sulfate to obtain of 2-{N-[2-({2- [(6-ammo-S-mtro(Z—pyndyl))armno]ethyl}ammo)-

4-(2, 4-d1chlorophenyl)pynnnd1n—5-yl]carbamoyl}benzmc acid.

dlchlorophenyl Mimidin-S-yl |isoinddline- 1.3 .'dlon

1 mmol of 2-{N-[2-({2-[(6-amlno-S-mtro(2-pyr1dyl))ammo]ethyl}am1no)-4-(2 4-
dichlorophenyl)pyrimidin-5-yl)carbamoyl}benzoic acid was heated to 120°C in acetlc acid
- for four hoursand then concentrated in vacuo to obtain 2-[2-({2-[(6-amino-5-nitro(2-
yr1dyl))am1no]ethyl}anuno)—4 (2, 4-d1chlorophenyl)pynmldln-s-yl]lsomdohne-1 3-dione.

5. Preparation of [5-amino-4- i imidi 6-amino-5-nitro(2-

pyridyl))aminoJethyl}amine |

1 mmol of 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yl]isoindoline-1,3-dione and 20 mmol! of hydrazine were
stirred in ethanol at 75°C for two hours and then purified by column chromatography
eluting with 5-10% methanol/methylene chloride to obtain [5-amino-4-(2,4-
dichlorophenyl)pyrimidin-2-yl]{2-[(6-amino-5-nitro(2-pyridyl))amino)ethyl } amine.

6. Preparation of 6-[2-({2-[(6-amino-5-nitro(2-pyridyl))aminolethyl}amino)-4-(2.4-

_ dichlorophenyl)pyrimidi i idine-5.7-dione

1 mmol of {5-amino-4-(2,4-dichiorophenyl)pyrimidin-2-yl}{2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl }amine, and 2 mmol of furano[3,4-b]pyridine-5,7-dione were stirred at
room temperature for four hours. 2 mmol of HBTU, and 3 mmol of N,N-
diisopropylethylamine were added to solution and left for six hours at room temperature.
The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate.
The solution was extracted three times with ethyl acetate, dried over sodium sulfate, and
purified by column chromatography eluting with 5-10% methanol/methylene chloride to
obtain 6-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)-

- pyrimidin-5-yl}- 3-pyrrolino[3 ,4-b]pyridine-5,7-dione.

HPLC 7.829min. (97 32% punty)
MS: MH*= 566. 0
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The preparation of the material 1-(2,4-dichlorophenyl)-2-imidazol-2-ylethan-1-one
can be found in the precedures for the preparation of [4-(2,4—dichldrophenyl)-5-imidazol-2—
ylpyrimidin-2-yl] {2—[(5-nitro(2-pyridyl))amino] ethyl}amine.

2. Preparation of 2-(2-aminoethylamino)-5-nitropyridine.

The preparation of the material 6-[(2-aminoethyl)amino]pyridine with various
substitutents on the pyridine can be found in the precedures for the preparation of [4-(2.4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1] {2- [(5-mtro(2-pyndyl))ammo]ethyl}amme
Example 74, and its analogues.

3. Preparation of methyl 2-phenxlthlogropanoate
' A solution of methyl-2-bromopropionate (6.13 M) in abs. ethanol (25 ml) was

added slowly (~1 h) to a stirred solution of thiophenol (107 M), KOH (107 M) in abs.
ethanol (90 ml) at room temperature. After 12 h, the reaction was filtered and stripped of
solvent under reduced pressure. The resulting slurry was partitioned with water (150 ml)
and ether (100 ml). The aqueous layer was extracted with ether (3 x 100 ml). The
combined organic layers were washed with I M NaOH (2 x 50 ml), water (2 x 50 ml),

‘brine (100 ml), dried with Mg,SO,, filtered, and concentrated under reduced pressure.

Drying in vacuo for 2-3 hours results in methyl 2-phenylthiopropanoate as a clear oil in
90% yield and >99% purity. (see analogous procedure in Warren, S.; et. al. J. Chem. Soc.
Perkin Trans. 11986, 1939-1945.)

4. Preparation of methyl 2-(phenylsulfinyl)propanoate.
A solution of mCPBA (57-86% active) in dry ether (200 ml, ~0.25 g per ml) was

added dropwise to a stirred solution of methyl 2-phenylthiopropanoate (0.34 M) in dry
ether (400 ml) at 0 °C. The reaction was followed by TLC eluting with 10% ethyl acetate
in hexane. After all of the starting material had been consumed, the reaction was
concentrated under reduced pressure. The residue was dissolved in ether (150 ml) and

. dichloromethane (400 ml). The organics were washed with 1-M Na,S;0; (2 x 80 ml), sat.

aq. Na;CO3 (4 x 100 ml), brine (100 ml), and dried with Na;SO4. After removing the
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~volatile orgamcs, of methyl 2-(phenylsulfinyl)propanoate was obtained in- 99% y:eld and

9% purity.
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5. Preparation of methyl 2-phenxlthioprokz-crioate.

A mixture of methyl 2-(phenylsulfinyl)propanoate (0.17 M) in dichloromethane

* (800 ml), acetic anhydride (20 ml), and methanesulfonic acid (1.5 ml) were heated at 40 °C
- for 18 h. The reaction was concentrated under reduced pressure in a water bath that was

held at a constant 35 °C. The residue was partitioned with water (200 ml) and ether (100
ml). The aqueous layer was extracted with ether (3 x 50 ml). The combined organic layers
were washed with water (50 mi), sat. ag. Na,COj3 (3 x 30 ml), brine (30 ml), and dried with
MgSO4. After filtration, the prodnct was stripped of solvent under reduced pressure at <35
°C. The product was purified by eluting through a short column of silica gel using a 10%

ethyl acetate in hexane mixture as eluent. Upon concentration, methyl 2-phenylthioprop-2-

enoate was isolated in 50% yield.

6. Preparation of methyl 5-(2.4-dichlorophenyl)-4-imidazol-2-yl-5-0x0-2-
phenylthiopentanoate.

A solution (1 M) of tert-butoxnde in terl-butanol (54.9 ml) was added to a stirred
solution of 1-(2,4-dichlorophenyl)-2-imidazol-2-ylethan-1-one (0.11 M) and methyl 2-
phenylthioprop-2-enoate (0.14 M) dissolved in dichloromethane (300 ml) and methanol
(200 ml) at room temperature. The reaction, which developed a dark color, was typically
stirred overnight (ca. 16 h) under argon. The reaction was monitored by TLC using 5%
methanol in dichloromethane as the solvent system. Additional methyl 2-phenylthioprop-
2-enoate was added as needed to consume all of the starting 1-(2,4-dichlorophenyl)-2-
imidazol—2-ylethan-.l-one. The redaction was quenched by the addition of sat. ag. NH,Cl
(~100 ml). The mixture was- transferred to a Separatoty funnel and diluted with ethyl
acetate (300 ml). The aqueous layer was removed and the organic layer was washed with
sat. ag. NH4Cl (3 x 100 ml), brine (100 rﬁl), and dried with Na;SO4. After filtration and
evaporation, the residue was purified by flash chromatography over silica gel. The column
was eluted starting with 100% dichloromethane to remove the non-polar methyl 2-
phenylthioprop-2-enoate. The product was eluted with 3% methanol in dichloromethane.
After drying ovemight in vacuo, methyl 5;(2,4-dichlorophenyl)—4-imidazol-2-yl-5-oxo-2-
phenylthiopentanoate as a deep red glass was obtained in 71% yield. A further 10% yield
of product could be obtained by resubmitting side product contaminated fractions to a

second purification by flash chromatography.
- 1 of - 6-(2.4-dichlorophenyl

trihydropyridin-2-one. : :
A solution was made of methyl 5-(2,4-dichlorophenyl)-4-imidazol-2-yl-5-0x0-2-

-S-imidazol-2-yl-3-phenylthio-1.3.4-

Preparation

_ phenylthiopentanoate (0.33 M), gla. acetic acid (21 ml), abs. ethanol (63 ml), toluene (21
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ml) by heating the mixture to 90 °C. To the stirred solution, NHsOAc (1.97 M) and 4A
molecular sieves (15 g) were added. After 24 h of heating, another portion of both

 NH4OAc (1.97 M) and 4A molecular sieves (15 g) were added. After 48 h, the reaction '

had come to completion as determined by HPLC. The reaction is diluted with ethyl acetate
(500 ml), filtered, and washed with sat. aq. NaHCO; (4 x 250 ml) and brine (200 ml). The
organic layer was dried with Na,SO4 and concentrated under reduced pressure. The residue
was redissolved in EtOAc and concentrated under reduced pressure. The residue was taken
up in a minimal amount of EtOAc to precipitate the product. The remaining product could
be purified by flash chromatography over silica gel. The column was eluted using 100%
ethyl acetate. After concentration, the product was dried in vacuo, The product 6-(2,4-
dichlorbphenyl)-S-imidazol-2-yl—3-phenylthio-1;3,4-trihydropyridin-2-one obtained from

both precipitation and chromatography gave a tan solid in 89% yield.

Dichloromethane (~150 ml) was added carefully so as not to cause precipitation to a
solution of 6-(2,4-dichlorophenyl)-5-imidazol-2-yl-3-phenylthio-1,3,4-trihydropyridin-2-
one (0.17 M) in THF (40 ml). A solution of mCPBA (2.85 g, ~16.5 mmol; 65-85% active)
in dichloromethane (50 mg per 1 ml) is added dropwise to the stirred solution of
phenylthiol above at -20° C. After adding approximately 1 equivalent of oxidant, the
reaction was allowed to warm to room iempei'ature. Additional mCPBA is titrated into the
reaction until all of the starting material is gone as judged by TLC eluting in 5% MeOH in
dichloromethane (R, of the product is ~0.1). As the reaction nears completion, the
elimination product starts to precipitate out of solution as a gum. Upon completion, the
reaction is stirred for an additional 30 min. Triethylamine (4 ml; 2 eq. based on mCPBA)
is added to the reaction which causes the reaction to go completely clear for approximately
1 min. followed by nearly complete precipitation of the produét as an off-white solid. The
solid is filtered and washed with dichloromethane (3 x 30 ml). The product was dried in
vacuo resulting in of 6-(2,4-dichlorophenyl)-5-imidazol-2-ylhydropyridin-2-one in 93%
yield.

9. Preparation of 6-(2.4-dichlorophenyl)-5-{1-[(trifluoromethyl)sulfonyllimidazol-2-

pyridyl (trifluoromethyl)sulfonate.

Trifluoromethanesulfonic anhydride (1.61 ml, 9.78 mmol) was added to a stirred

suspension of 6-(2,4-dichlorophenyl)-5-imidazol-2-ylhydropyridin-2-one (500 mg, 1.63
mmol) in pyridine (10 ml) at -10° C. After 30 min., the reaction was allowed to warm to
room temperature. Stirring continued until all of the solid starting material had been
dissolved -and reacted as determined by HPLC. The reaction was diluted with
dichloromethane (500 ml) and washed sequentially with sat. ag. NaHCO; (3 x 100 ml),
water (2 x 100 ml), sat. ag. NaHCOj3; (100 ml), brine, dried with Na,;SQ,, filtered and
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" concentrated under reduced pressure. The residue was punﬁed over a'short column of

silica gel elutmg with 25% ethyl acetate in hexanes to remove the non-polar product from

. baseline material. After removing the solvents and drymg_ in vacuo, the produict 6-(2,4-

dichlorophenyl)-5- {l-[(triﬂuoromethyl)sulfonyl]iinidazol—2-yl}-2-pyridyl : (trifluoro-
methyl)sulfonate was obtained as a sllghtly yellow clear glass weighting 874 mg in 95%

yield.

pyridyl))aminoJethyl}amine.

" A suspension of (2-am1noethyl)(5-mtro(2-pyndyl))amme (255 mg, 1.40 mmol) in
N, N-dxmethylacetamde (3 mi) contalmng dry powdered 4A molecular sieves (50 mg) was
added to a suspension of 6-(2, 4-dichlorophenyl)-5-{1- [(tnﬂuoromethyl)s_ulfonyl]1m1dazol-
2-yl}-2-pyridyl (trifluoromethyl)sulfonate (200 mg, 0.35 mmol) in N, N-dimethylacetamide
(3 ml) containing dry poWdered 4A molecular sieves (50 mg). After stirring at 40° C for.
24 h, ethylenediamine (0.5 ml) and water (0.5 ml) were added to the reaction to hydrolyze
the one remaining triflate from the product. The reaction was stirred at 85 °C for 2 h and
left at room temperature for 12 h. The reaction was then diluted with ethyl acetate (100
ml), filtered, extracted with sat. aq. NaHCO; (6 x 30 ml), brine (30 ml), dried with Na;SOq,
filtered, and concentrated under reduced pressure. The product [6-(2,4-dichlorophenyl)-5-
1m1dazol—2—yl(2—pyr1dyl)]{2—[(5—mtro(2-pyndyl))ammo]ethyl}amme (79859) was obtained
as a yellow glass weighing 143 mg in 85% yield.
HPLC: 22.1 min (>95% purity) '

- MS: M+H = 470.2 (C3)H;7CIbN;02+H = 470)

Example 138 :
Preparation of give [4-(2.4-dichlorophenyl)-2-({2-[(5-nitro(2-
idyl))aminoJethyl amino rimidin-5-yllmethan-1-ol

To a stirred solution of a suspension of 2.13 g (4.6'8 mmol) ethyl 4-(2,4-dichloro-
phenyl)-2-({2-[(tert-butoxy)carbonylamino]ethyl }amino)pyrimidine-5-carboxylate in 10
mL THF at room temperature under nitrogen was added 25 mL of DIBAL-H (1 M in THF,
25.0 mmol) dropwise. During this addition the suspension gradually turned into a
homogenous yellow solution. After 1 h the resulting solution was heated to 70°C for an
additional 7 h. The reaction was then cooled and the reaction was quenched by the addition
of Rochelle’s salt. The resulting suspension was partitioned between methylene chloride
and water. The aqueous layer was extracted twice with methylene chloride and the
combined organic layers washed with brine and dried with sodium sulfate. Concentration
gave 2.05 g of a yellow foam. Chromatography on silica gel (110 g) using 5%
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methanol/ether as eluent gave 430 mg (22%) of N-(2-{[4-(2,4-dichlorophenyl)-5-

_ (hydroxym_ethyl)pyrinﬁdin—Z—yl]amino}ethyl)(tert-butoxy)carboxamide as a colorless foam.

HPLC [Method AZ-S}, 9.42 min (100%); MS (m+H/z), 413. _

N-(2-{[4-(2,4-dichlorophenyl)-5-(hydroxymethyl)pyrimidin-2-ylJamino} ethyl)(tert-
butoxy)carboxamide (372 mg, 0.90 mmol) was dissolved in 2 mlL of anhdyrous
trifluoroacetic acid and stirred at room temperature for 2 h. Evaporation of the solvent
afforded {2-[(2-am1noethyl)am1no]—4-(2 4-dlchlorophenyl)pynmxdm—S-yl}methan- -ol, as
its trifluoracetate salt, in quantitative yield.

{2-[(2-aminoethyl)amino}-4-(2, 4—d1chlorophenyl)pynmldm—S-yl}methan- -ol was
dissolved in 3 mL of anhydrous THF and 1.47 g (4.50 mmol) of anhydrous cesium
carbonate was added. 2-chloro-5-nitro-6-aminopyridine (143 mg, 0.9 mmol) was added in
one portion and the yellow suspension heated at 70°C for 18 h. The reaction mixture was
filtered, concentrated and the residue chromatographed (silica gel, 5% methanol/methylene
chloride) to give [4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidin-5-yljmethan-1-ol, 216 mg (53%), as a yellow solid.
HPLC [Method AZ-S], 6.92 min (100%); MS (m+H/z), 450.

Example 139

Preparation of [4-( 2,4-dichlorog' henyl)-2-({2-[(5-nitro(2-

idyl))amino]ethyl }amino imidin-5-yllmethan-1-ol

The process of Example 140 is repeated using 2-chloro-5-nitro-pyridine and {2-[(2-
aminoethyl)amino]-4-(2,4-dichl’orophenyI)pyrimidin—5-yl}mefhan—1—ol. Chromatography of
the residue (silica gel, 5% methanol/methylene chloride) afforded 200 mg (51%) of [4-(2,4-
dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-5-yl Jmethan- 1-ol
as a yellow solid. _

HPLC [Method AZ-S], 7.85 min (100%); MS (m+H/z), 435.

Example 140

nitro(2-pyridyl))aminolethyl}amine

Using the method of Swern, et al., 100 mg of N-(2-{[4-(2,4-dichlorophenyl)-5-
(hydroxymethyl)pyrimidin-2-ylJamino}ethyl)(tert-butoxy)carboxamide was dissolved in 1
mL of anhydrous methylene chloride and added to a solution of oxalyl chloride (30.7 pL,
0.363 mmol) and DMSO (51.6 pL, 0.726 mmol) which had been stirring at —78°C for 15
min. The resulting solution was stirred for an additional 30 min, at which time 202 pL
(1.45 mmol) of triethyl amine was added. The resulting suspension was allowed to warm
to room temperature after 15 min and 1 mL of water was added and the layers separated.
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The aqueous layer was extracted with methylene chloride and the combined organic layers
dried (sodium sulfate) and concentrated to afford N-(2-{[4-(2,4-dichlorophenyl)-5-

formylpyrimidin-2-ylJamino }ethyl)(tert-butoxy)carboxamide as a light yellow foam. This

product proved to be air sensitive and was used without further manipulation.
HPLC [Method AZ-S], 11.41 min (95%); MS (m+H/z), 411.
N-(2-{[4-(2,4-dichlorophenyl)-5-formylpyrimidin-2-ylJamino } ethyl)(tert-butoxy)-
carboxamide (50 mg, 0.121 mmol) was dissolved in 5 mL of THF, 242 puL of sodium
cyanoborohydride (1M in THF) and 5 pL of glacial acetic acid added and the mixture was
heated to 70°C for 18 h. Following slow addition of 1 mL of water to decompose excess
reagent, the mixture was partitioned between ethyl acetate and saturated citric acid
solution. The organic layer was discarded, and aqueous layer was carefully basified with
sodium hydoxide to PH 9, then extracted with ethyl acetate twice. The combined organic
layers was dried (sodium sulfate), concentrated, and purified by chromatography (selica
gel, 10% methanol/methylene chloride) to afford N-(2-{[4-(2,4-dichlorophenyl)-5-
(morphol1n—4-ylmethyl)pynm1dm-2-yl]ammo}ethyl)(tert-butoxy)carboxamlde 30 mg
(52%).
HPLC [Method AZ-S], 8.28 min (95%); MS (m+H/z), 482.

Using the conditions described in Step 1.2 above, N-(2-{[4-(2,4-dichlorophenyl) 5- -
(morpholin-4-ylmethyl)pyrimidin-2-yl]Jamino }ethyl)(tert-butoxy)carboxamide was treated
‘with anhydrous trifluouroacetic acid to afford (2-aminoethyl)[4-(2,4-dichlorophenyl)-5-
~ (morpholin-4-ylmethyl)pyrimidin-2-ylJamine in near quantitative yield.
- HPLC [Method AZ-S}, 3.97 min (95%); MS (m+H/z), 382.

Using the conditions described in the previous example, (2-ammoethyl)[4 (2,4-
dichlorophenyl)-5-(morpholin-4-ylmethyl)pyrimidin-2-ylJamine and 9.7 mg (0.061 mmol)
of 2-chloro-5-nitropyridine gave [4-(2,4-dichlorophenyl)-5-(morpholin-4-ylmethyl)-
pyrimidin-2-yl]{2-{(5-nitro(2-pyridyl))aminojethyl}amine in 60% yield following
chromatography (silica gel, 5% methanol/methylene chloride).

HPLC [Method AZ-S], 7.43 min (100%); MS (m+H/2), 504.

Example 141

nitro-6-amino(2-pyridyl))aminolethyl }amine

Using .the conditions described in Example 139, (2-aminoethyl)[4-(2,4-
dichlorophenyl)-5-(morpholin-4-ylmethyl)pyrimidin-2-ylJamine and 10.6 mg (0.061 mmof)

“of 2-chloro-5-nitro-6-aminopyridine afforded 191 mg (60%) of [4-(2,4-dichlorophenyl)-5-

(mdrpholin—4-ylmethyl)pyrimidin_-2-yl] {2-[(5-nitro-6-amino(2-pyridy!l))amino]ethyl }amine

-as a yellow solid following chromatography (silica gel, 5% methanol/methylene chloride).
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" HPLC [Method AZ-S], 6.49 min (100%); MS (m+H/z), 519.

Example 142

© pitro-6-amino(2-pyridyl))amino]ethyl }amine and related compounds

A suspension of 0.44 g (2.59 mmol) of 2,2,2-trifluoro-N-[2-(methylamino)-
ethyl]acetamide (prepared according to Syn. Comm., 26:3633-3636 (1996)) and 0.38 g
(2.59 mmol) of 1-pyrazolocarboxamidine hydrochloride in 5 mL anhydrous THF was
stirred at room temperature for 3 h. Concentration of this suspension afforded a white solid

~which was found by 1H NMR analysis to consist of the desired guanidine, N-[2-

(amidinomethylamino)ethyl]-2,2,2-trifluoroacetamide hydrochloride, and pyrazole. This
was used without further purification in the next step.

A solution of 0.60 g (2.3 mmol) 2,4-dichloro-2-(1-imidazoyl)-ethan-1-one, 0.38 mL
(2.82 mmol) dimethyformamide dimethylacetal and 5 mL. THF was refluxed for 2 h.
Concentration afforded 1-(2,4-dichlorophenyl)-2-(1-imidazoyl)-3-dimethylaminoprop-2-
en-1-one as a light red solid in quantitative yield. This solid was redissolved in 5 mL THF,
1.0 g (3.06 mmol) of anhydrous cesium carbonate and the residue containing N-[2-
(amidinomethylamino)ethyl]-2,2,2-trifluoroacetamide hydrochloride described above were
added and the resulting mixture heated to 70°C for 18 h. After cooling, water was added
and the resulting mixture extracted with methylene chloride. The aqueous layer was
extracted with methylene chloride and the combined organics washed with brine, dried and
concentrated to afford 1.56 g of a brown oil. Chromatography (silica gel, 5%
methanol/methylene chloride) afforded 0.35g of the desired pyrimidine, N-(2-{[4-(2,4-
dichlorophenyl)-5-imidazolylpyrimidin-2-ylJmethylamino }ethyl)-2,2,2-trifluoroacetamide
as a brown solid. : L
HPLC [Method AZ-S]}, 7.68 min (85%); MS (m+H/z), 459.

The aforementioned pyrimidine, N-(2-{[4-(2,4-dichlorophenyl)-5-imidazolyl-

* pyrimidin-2-ylJmethylamino}ethyl)-2,2 2-trifluoroacetamide (114 mg, 0.25 mmol) was
“dissolved in 2 mL methanol and potassium hydroxide (40 mg, 1 mmol) added. This

suspension was stirred at room temperature for 1 hour. Water was added, and the solution
extracted with methylene chloride. The aqueous layer was thoroughly extracted with
methylene chloride and the organic layers washed with brine, dried and concentrated to
give the deprotected primary amine, (2-aminoethyl)[4-(2,4-dichlorophenyl)-5-
imidazolylpyrimidin-2-yllmethylamine, in quantitative yield.
HPLC [Method AZ-S}, 4.43 min (90%); MS (m+H/z), 363.

Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4-
(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJmethylamine and 2-chloro-5-
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mtropyndme were reacted to afford [4-(2,4- dlchlorophenyl)-S-1m1dazolylpyr1m1dm—2—
yllmethyl {2-[(5-nitro(2-pyridyl))amino]ethyl }amine (73174) : ‘

'HPLC [Method AZ-S], 7.82 min (100%); MS (m+H/z), 485.

Using the procedure described above, reaction  of (2-aminoethyl)[4-(2,4-

: dichlorophen_yl)—S-inﬁdazolylpyrinﬁdin-Z-yl]methylamine and 2-chloro-5-nitro-6-amino-

pyridine were reacted to afford [4-(2 4od1chlorophenyl)-5-1m1dazolylpynm1dm—2—
ylJmethyl{2-[(5-nitro-6-amino(2-pyridyl))amino]ethyl }amine.
HPLC [Method AZ-S], 6.73 min (100%); MS (m+H/z), 500.

Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4-
(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-ylJmethylamine and 2-chloro-5-
cyanopyridine were reacted to afford [4-(2, 4-d1chlorophenyl)- -1m1dazolylpynm1dm—2-
yl]methyl {2-[(5-cyano(2-pyridyl))amino]ethyl }amine.

. HPLC [Method AZ-S], 6.49 min (100%); MS (m+H/z), 465.

A solution of 0.60.g (2.3 mmol) 2,4-dichloro-2-(2-imidazoyl)-ethan-1-one, 0.38 mL
(2.82 mmol) dimethyformamide dimethylacetal and 5 mL. THF was refluxed for 2 h.
Concentration afforded 1-(2,4-dichlorophenyl)-2-(2-imidazoyl)-3-(dimethylamino)prop-2-
en-1-one as a light red solid in quantitative yield. This solid was redissolved in 5 mL THF,
1. 0 g (. 06 mmol) of anhydrous cesium carbonate and N-[2-(amidinomethylamino)ethyl]-
2, 2 2-tr1ﬂuoroacetam1de hydrochloride (vide supra) were added and the resulting mixture
heated to 70°C for 18 h. After coolmg, water was added and the resulting mixture
extracted with methylene chloride. . The aqueous layer was extracted with methylene
chloride and the combined organics washed with brine, dried and concentrated to afford a
brown oil. Chromatography (silica gel, 5% methanol/methylene chloride) afforded 0.30 g
of the desired pyrimidine, N-(2-{[4-(2,4- dxchlorophenyl)-S-1mxdazol-2—ylpynm1dm—2—
yl]methylammo}ethyl) -2,2,2-trifluoroacetamide, as a brown solid.

HPLC [Method AZ-S], 7.25 min (100%); MS (m+H/z), 459.

The aforementioned pyrimidine, N-(2-{[4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-z-yl]methylamino}eth&l)-2,2,2-triﬂuoroacetamide (114 mg, 0.25 mmol) was
dissolved in 2 mL methanol and potassium hydroxide (40 mg, 1 mmol) added. This
suspension was stirred at room temperature for 1 hour. Water was added, and the solution

. extracted with methylene chloride. The aqueous layer was fhoroughly extracted with
“methylene chloride and the organic layers washed with brine, dried and concentrated to

give the deprotected primary amine, (2-aminoethyl)[4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-yljmethylamine in quantitative yield.
HPLC [Method AZ-S], 3.92 min (100%); MS (m+H/z), 363.

Using the procedure described above in Example 139, reaction of (2-aminoethyl){4-

~ (2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yljmethylamine and - 2-chloro-5-cyano-
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_ pyridine were reacted to afford [4-(2, 4-dlchloropheny1)-5-xmldazol-2—ylpyr1m1d1n—2-yl]-

methyl {2—[(5-cyano(2-pyndyl))anuno]ethyl}amme
HPLC [Method AZ-S], 5.98 min (100%); MS (m+H/z), 465.

Using the procedure described above in Example 139, reaction of (2-aminoethyl){4-
2 4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]methylamine and 2-chloro-5-nitro-

. pyridine were reacted to afford [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]-

methyl {2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC [Method AZ-S], 7.3} min (100%); MS (m+H/z), 485. .

Using the procedure described above in Example 139, reaction of (2-aminoethyl)[4-
(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]methylamine and 2-chloro-5-nitro-6-
aminopyridine were reacted to afford [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-
ylJmethyl{2-[(5-nitro-6-amino(2-pyridyl))amino]ethyl} amine.

HPLC [Method AZ-S], 5.85 min (100%); MS (m+H/z), 500.

: Example 143
Preparation of {2-[4-(2.4-dichlorophenyl)-5-imidazolylpyrimidin-2-yloxylethyl}(5-nitro(2-

pyridyl))amine (76062) and related compounds

A suspension of 1.50 g (4.84 mmol) 1-(2,4-dichlorophenyl)-2-(1-imidazoyl)-3-
dimethylaminoprop-2-en-1-one (prepared as described in Step 3.1 above), 0.673 g (2.42
mmol) of S-methylisothiourea nitrate and 2.05 g (6.29 mmol) in 30 mL of N-
methylpyrrolidinone (NMP) was heated to 80°C for 2 h. Water was added and the mixture
extracted with ethyl acetate. The aqueous layer was further extracted with additional ethyl
acetate. The combined organic layers were thoroughly washed with water, brine and dried
with sodium sulfate. Concentration and chromatography of the residue (silica gel, 2%
methanol/methylene chloride) afforded 800 mg (50%) of the desired pynmxdlne 4-(2,4-
dichlorophenyl)-5-imidazolyl-2-methylthiopyrimidine.

HPLC [Method AZ-S], 7.40 min (100%); MS (m+H/z), 337. _
4-(2,4-dichlorophenyl)-5-imidazolyl-2-methylthiopyrimidine (219 mg, 0.65 mmol)
was dissolved in 2 mL anhydrous methylene chloride and 590 mg (57-86%, 1.95 mmol) of
m-chloroperoxybenzoic acid added at room temperature and stirred for 2 h. Saturated
sodium carbonate was added and the organic layer separated and washed with 10%
aqueous sodium sulfite. Drying (sodium sulfate) and concentration afforded 240 mg
(100%) of 4-(2,4-dichlorophenyl)- 5-1m1dazolyl-z-(methylsulfony])pynnndme as a yellow
solid which was used without further purification.
HPLC [Method AZ-S], 5.47 min (100%); MS (m+H/z), 369.

To a stirred suspension of 1.58 g 2-chloro-5-nitropyridine (10.0 mmol) in 10 mL

acetonitrile was added 1.81 mL (30 mmol) of ethanolamine dropwise at room temperature.
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After heating at 80°C for 0.5 h, the reaction was cooled, water was added, followed by the
addition of ether. Cooling this biphasic mixture at 5°C led to the formation of a yellow
solid, which was c.ollected'- and identified as 2-[(5-nitro-2-pyridyl)aminoJethan-1-ol.
HPLC [Method AZ-S], 1.74 min(100%); MS (m+H/z), 184. :

1.74 g 2-chloro-5-nitro-6-aminopyridine (10.0 mmol) was reacted at 80°C with 1.81
mL (30 mmol) of ethanolamine. Cooling the reaction mixture led to the formation of a
yellow solid, which was collected and identified as 2-[(6-amino-5-nitro-2-
pyridyl)amino)ethan-1-ol.

'HPLC {Method AZ-S], 1.32 min (100%); MS (m+H/z), 199.

138¢g 2-chloro-5-cyanopynd1ne (10.0 mmol) was reacted with 1.81 mL (30 mmol)
of ethanolamine at 80°C for 0.5 h. The reaction was cooled, water was added, followed by
the addition of ether. Cooling this biphasic mixture at 5°C led to the formation of a yellow
solid, which was collected and identified as 6-[(2-hydroxyethyl)amino]pyridine-3-
carbonitrile.

HPLC [Method AZ-S], 1.13 min (100%); MS (m+H/z), 164.

To a stirred _sdlutio_n ‘of 372 mg (0203 mmol) of 2-(S-nitro-2-
aminopyridyl)ethanolamine in 1 mL anydrous THF at room temperature was added 244 pL
of a 1M solution of sodium hexamethyldisilazide (1M in to_iuene, 0.244 mmol). This
solution was stirred for 1h, and a solution of 4-(2,4-dichlorophenyl)-5-imidazolyl-2-
(methylsulfonyl)pyrimidine in 1 mL anhydrous THF was added dropwise, After stirring for
4 h, water was added and the reaction mixture thoroughly extracted with ethyl acetate. The
combined organics were washed with brine, dried (sodium sulfate), ‘concentrated and

chromatographed (silica gel, 5% methanol/methylene chloride) to give 15.7 mg of {2-[4-

(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yloxy]ethyl} (5-nitro(2-pyridyl))amine
(76062) as a yellow solid. : :
HPLC [Method AZ-S], 7.44 min (85%); MS (m+H/z), 472.

As described above, {2-[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yloxy]-
ethyl}(5-nitro-6-amino(2-pyridyl))amine  (76063) was synthesized using 4-(2,4-

_dichlprophenyl)-S-imid_azolyl-2-(methylsulfonyl)pyrimidine and 2-(5-nitro-6-amino-2-

pyridyl)ethanolamine to  afford 243 mg of {2-[4-(2,4-dichlorophenyl)-5-
imidazolylpyrimidin-2-yloxy]ethyl}(5-nitro-6-amino(2-pyridyl))amine as a light yellow
solid.
HPLC [Method AZ-S], 6.47 min (90%) MS (m+H/z), 487.

As described in above, {2-[4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-

. yloxy]ethyl}(5-cyano(2-pyridyl))amine (76064) was synthesized using - 4-(2,4-dichloro-

phenyl)-5-imidazolyl-2-(methylsulfonyl)pyrimidine ~ and  6-[(2-hydroxyethyl)amino]-
pyridine-3-carbonitrile to  afford 27.6 mg of {2-[4-(2,4-dichlorophenyl)-5-
imidazolylpyrimidin-2-yloxyJethyl} (5-cyano(2-pyridyl))amine as a light yellow solid.
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HPLC [Method AZ-S], 6.37 min (95%); MS (m+H/z), 452.

pyridyl))amino]ethyl }amino 1pmmidin-5-zl Jcarboxamide

A solution of 50 mg (0.12 mmol) of 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylic acid, 26.2 ide (0.12 mmol, DPPA),
17.2 pL of triethylamine (0.12 mmol) in 2 mL of THF was heated to 75 oC for 24 hours.
After cooling, the solution was concentrated and the residue chromatographed (silica, 5%
methanol/methylene chloride) to give 40.2 mg (68%) of the desired carbamate, [2-
(dimethylamino)ethoxy]-N-[{4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))-
amino]ethyl}amino)pyrimidin-5-ylJcarboxamide, as a colorless solid.

HPLC [Method AZ-S], 6.23 min (100%) ; MS'(m+H/z), 492,

Example 145
Preparation of Addltlonal Compound

The compounds descrlbed in detall below were synthesxzed using the following
general procedures:

Step A. Alkylatlo
1 mmol of aryl substituted phenacyl chloride in DMF was added drop wise to 2

mmol of amine and 2 mmol of Cs,CO3 in DMF at room temperature for fourteen hours.
The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate.
The solution was extracted three times with ethyl acetate, dried over sodium sulfate, and
purified by column chromatography or trituration.

Step B. Enaminone formation
1 mmol of substrate was heated to 80°C in neat DMF-DMA for six hours. Product

was concentrated in vacou and purified by trituration with diethyl ether.

Step C. Pyrimidine formation _ .
Immol of substrate, Immol of guanadine, and 3 mmol of CsCO; was dissolved in

DMF and heated to 90°C for fourteen hours. The reaction mixture was concentrated in
vacuo and diluted with water and ethyl acetate. The solution was extracted three times
with ethyl acetate, dried over sodium sulfate, and purified by column chromatography with
5-10% methanol in inethylenechlo,ride. '

Step D. Cyclization to imide

I mmol of substrate was heated to 120°C in acetic acid for four hours and then
concentrated in vacuo and purified by column chromatography with 5-10% methanol in
methylenechloride.
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Step E. Phthalimide cleavage
-1 mmol of substrate and 20 mmol of hydrazine were stirred in ethanol at 75°C. The

- Ethanol was removed from the reaction mixture in vacuo and then methylene chloride was

added the solﬁtion was filtered. .The filtrate was collected and concentrated in vacuo.

Step F. Acid coupling _
1 mmol of substrate, 2 mmol of carboxylic acid, 2 mmol of HBTU, and 3mmol of

Diisopropylethyl amine were stirred in THF. The reaction mixture was concentrated in
vacuo and diluted with water and ethyl acetate. ' The solution was extracted three times
with ethyl acetate, dried over sodium sulfate, and purified by column chromatography with
5-10% methanol in methylenechloride.

Step G. Boc Deprotection _
1 mmol of substrate was stir in a mixtur¢ of 1 ml methylenechloride and 1 ml

trifloroacetic acid at 40 °C for 30 min. and concentrated in vacuo.

Step H. SnAr Tail Piece
1 mmol of substrate, 1.5 mmol of a substituted 2-chloropyridine, and 4 mmol of

Dusopropylethyl amine were stirred in 2 ml of DMF at 80 ® C for fourteen hours. The
reactlon mlxture was concentrated in vacuo and diluted with water and ethyl acetate. The
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and
puriﬁed by column chromatography with 5-10% methanol in methylenechloride.
Step.I. Bromination |

20 mmol of aryl substituted acetiphenone, 1 ml conc. HC]l were mixed in 20 ml
diethyl ether at 0°C under nitrogen. To this solution a solution of 20 mmol Br, in 20 ml
chloroform was added drop wise and left for four hours and then concentrated in vacuo.

Step J. SnAr on ketone _
1 mmol of 1-(4-fluorophenyl)-2-imidazolylethan-1-one, 0.3 mmol of an amine, and

1 mmol of K,CO; were heated at 100°C for 14 hours. The reaction mixture was poured
over ice, then filtered, and the solid was collected.

Step K. Anhydride coupling | _
1 mmol of substrate and 1 mmol of anhydride were stirred at room temperature for

four hours in THF. The reaction mixture was concentrated in vacuo and diluted with water
and ethyl acetate. The solution was extracted three times with ethyl acetate, dried over
sodium sulfate, and purified by column chromatography eluting with 5-10%
methanol/methylene chloride.
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Step L. Suzuki Reaction _ |
1 mmol of a 2,6-dichloro-pyridine, 1.05 mmol of boronic acid, and 3 mmol of

Na,CO; were dissolved in 1.5 ml THF and 0.5 ml water and purged with nitrogen. 0.05 '
mmol of [1,1’-Bis(diphenylphosphino)-ferrocne]dichloropalladium(Il) was added to
reaction and stirred at room temperature under nitrogen for 14 hours. The reaction mixture
was diluted with water and ethyl acetate. The solution was extracted three times with ethyl
acetate, dried over sodium sulfate, and purified by column chromatography with 10%
ethylacetate 90% hexanes. -

Step M. SnAr Reaction
1 mmol of substrate is taken with 2 mmol of amine and 3mmol of Diisopropylethyl

amine in 2 ml of DMF at 80 ° C for two hours. The reaction mixture was concentrated in
vacuo and diluted with water and ethyl acetate. The solution was extracted three times
with ethyl acetate, dried over sodium sulfate, and purified by column chromatography 30%
ethylacetate 70% hexanes.

Step N. Nitro Reduction . _ _
1 mmol of substrate was taken with an equal weight of 5% Pd-C with 20 mmol

N3H4 and dissolved in THF. The reaction was stirred at reflux for 24 hrs and then filtered
through celite and purified by column chromatography.

Step O. Ethanol Nitro Reduction
1 mmol of substrate was taken with an equal weight of 5% Pd-C and dissolved in

ethanol. The reaction was placed in a Parr shaker under 35 PSI of hydrogen for six hours,
then filtered through celite, and purified by column chromatography.

_ Example 145-1
Preparation of [4-(2.4-difluorophenyl

pyridyl))amino]ethyl }amine
N

N~y
o |

[4-(2,4-difluorophenyl)-S-imidazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]-
ethyl}amine was made in accordance with the foregoing procedures using 1-(2,4-
difluorophenyl)-2-chloroethan-1-one and imidazole in step A, step B and amino{2-{(5-
nitro(2-pyridyl))amino]ethyl} carboxamidine in step C.

HPLC: 7.150min.
MS: MH"= 439.1
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CH,

5 [5-imidazoly}-4-(4-methylphenyl)pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]-
- ethyl}amine was made in accordance with the foregoing procedures using 2-bromo-1-(4-
~ methylphenyl)ethan-1-one -and imidazole in step A, step B and amino{2-[(5-nitro(2-
- pyridyl))amino]ethyl}carboxamidine in step C.
HPLC: 7.333min. '
10 - MS: MH'=417.2

Example 145-3
-5-imidazolylpyrimidin-2-

Preparation of [4-

N _
[ H
\N N ~_N | N\
H .
a | = r}l"D
_ o
15 - [4-(2-chlorophenyl)-5-imidazolylpyrimidin-2-y1}{2-[(5-nitro(2-pyridyl))amino]-

ethyl}amine was made in accordance with the foregoing procedures through step I, using 1-
(2-chlorophenyl)ethan-1-one and imidazole in step A, step B and amino {2-[(5-nitro(2-
pyridyl))amino]ethyl}carboxamidine in step C.
HPLC: 7.233min. '

20 MS:MH'=437.1

Example 145-4
Preparation of tert-butyl 4-{4-[5-imidazolyl-2-({2-[(5-nitro(2-
ridyl))amino]ethyl }amino imidin-4-vllphenyl} piperazinecarboxylate

)

\N\’/
P

H \ _
N N\/\NJ\N
O:vOU H N/\
L) L_N_O
oo,
Hc CHs
25 tert-butyl 4-{4-[5-imidazolyl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-
pyrimidin-4-yl]phenyl}piperazinecarboxylate was made in accordance with the foregoing
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procedures using 2—bromoQI-(4-ﬂuo_ropheny1)ethan—l-one and imidazole in step A, step J

~using tert-butyl piperazinecarboxylate, step B and amino{2-[(5-nitro(2-pyridyl))amino]-

ethyl}carboxamidine in step C. -
HPLC: 9.670min.
MS: MH'= 587.2

Example 145-5

F -
{5-imidazolyl-4-[4~(trifluoromethyl)phenyl}pyrimidin-2-y1} {2-[(5-nitro(2-pyridyl))-
amino]ethyl}amine was made in accordance with the foregoing procedures through step I
using 1-[4-(trifluoromethyl)phenyljethan-1-one, A using imidazole, ‘B, and C using
amino{2-[(5-nitro(2—pyridyl))amino]ethyl}carboxamidine. _
HPLC: 8.533min. o
MS: MH'=471.2

Example 145-6

Preparation of [4-

idyl))aminolethyl}amine

cr
O:N /N

CH,
[4-(4-ethylphenyl)-5-imidazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]-
ethyl}amine was made in accordance with the foregoing procedures through steps I using
1-(4-ethylphenyl)ethan-1-one, A using imidazole, B, and C using amino{2-[(5-nitro(2-
pyridyl))amino)ethyl} carboxamidine. '
HPLC: 8.267min.

‘MS: MH'=431.2
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Example 145 7

|
(N/\Il/n\/\ N
| H
0\\"“* N
> |

5 [4-(3 ,5-dichloro(2ithienyl))-5-imidazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))-
amino]ethyl}amine was made in accordance with the foregoing procedures through steps I
using 1-(3,5-dichloro-2-thienyl)ethan-1-one, A using imidazole, B, and C usmg am1no{2-
[(5-nitro(2-pyridyl))amino]ethyl }carboxamidine.

_ HPLC: 8.167min.
10 MS: MH'=477.1

Example 145-8 _

N
H
/N N\/\N N
0. I | H
N . N

15 [5-imidazolyl-4-(4-piperazinylphenyl)pyrimidin-2-yl}{2-[(5-nitro(2-pyridyl))-
aminojethyl }amine was made in accordance with the foregoing procedures through steps A
using 2-bromo-1-(4-fluorophenyl)ethan-1-one and imidazole, J using tert-butyl
piperazinecarboxylate, B, C using amino {2-{(5-nitro(2-pyridyl))amino]-
ethyl } carboxamidine, and G. "

20 HPLC:

MS: MH'=487.3
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Example 145-9
N ' Preparation of 2- {N-[4-(2.4-dichlorophenyl)-2-({2-[(5-nitro(2-
idyl))aminolethyl }amino)pyrimidin-5-vl]carbamoyl}benzoic acid

OH
0]
O
AN~ N
\NJ\N/\/H Z
H N | 0
o Sy
5 2-{N-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)-

pyrimidin-5-yl]carbamoyl}benzoic acid was made in accordance with the foregoing

procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one ‘and

phthalimide, B, and C using amino{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine.
HPLC: 11.433min. '
10 MS: MH'=568.1

Example 145-10
). .

15 5-[5-imidazolyl-Z-({2-[(5-nitro(2-pyridyl))amino]ethyl}aniino)pyrimidin-4—yl]—

thiophene-2-carbonitrile was made in accordance with the foregoing procedures through

steps I using S-acetylthiophene-2-carbonitrile, A using imidazole, B, and C using amino{2-

[(5-nitro(2-pyridyl))amino]ethyl } carboxamidine.
HPLC7.517min.
20 MS: MH'=434.1
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Example 145-11
Preparation of {5-imidazolyl-4-[4-(4-methylpiperazin 1)phenyl]pyrimidin-2-yl} {2-[(5-

- nitro(2-pyridyl))amino]ethyl }amine

. 3

5 {5-imidazolyl-4-[4-(4-methylpiperazinyl)phenyl]pyrimidin-2-y1} {2-[(5-nitro(2-
pyridyl))aminoJethyl}amine was made in accordance with the foregoing procedures
through steps A using 2-bromo-1-(4-fluorophenyl)ethan-1-one and imidazole, J using
methylpiperazine, B, and C using  amino{2-[(5-nitro(2-pyridyl))amino]-
ethyl}ca:boxamidine.

10 HPLC:5.417min.
MS: MH'=501.3

Example 145-12

15
[5-imidazolyl-4-(4-piperidylphenyl)pyrimidin-2-yl]{2-[(5-nitro(2-pyridy!))amino]-
ethyl}amine was made in accordance with the foregoing procedures through steps A using
2-bromo-1-(4-fluorophenyl)ethan-1-one and imidazole, J using piperidine, B, and C using
amino {2-[(5-nitro(2-pyridy]))ax_nino]ethyl}carboxami_dine.
20 HPLC: 6.300min.

MS: MH*= 486.2
B
H NS Z
' -~
HfNjiNJ/N ”J\N
O N+ N CH, Cl ci

o Example 145-13

4-dichlorophenyl)-

5-(3.5-dioxomorpholin-4-yl)pyrimidin-2-yl]acetamide
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N-{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} -N-[4-(2,4-dichlorophenyl)-5-(3,5-
dioxomorpholin-4-yl)pyrimidin-2-yl]acetamide was made in accordance with the foregoing
procedures through steps A -using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and

5  phthalimide, B, C using amino{2- [(6-aixxin0-5-nitro(2-
pyridyl))amino]ethyl}carboxamidine, D, E,and K using 1,4-dioxane-2,6-dione and then an
excess of acetic anhydride.
HPLC: 13.117min.
MS: MH'=575.1

10 Example 145-14

dichlorophenyl)pyrimidin-5-vljacetamide
oﬁ/cm3 '

cHN

/\/N
. U o

N-[2-({2-[(6—amino-5-nitro(2-pyr1dyl))ammo]ethyl}am1no)-4-(2,4—dichlorophenyl)—
15  pyrimidin-5-yl]acetamide was made in accordance with the foregoing procedures through
steps A using 1-(2, 4—dichlorophenyl)'-2-chloroethan—l-one and phthalimide, B, C using
amino{2-[(6 ammo-S—n1tro(2—pyr1dyl))ammo]ethyl}carboxam1dme, D, E, and K using
acetic anhydride.
HPLC: 10.200min.
20 MS: MH'=477.0
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Example 145-15

5 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)-
pyrimidin-5-ylJmorpholine-3,5-dione was made in accordance with the foregoing
procedures through steps steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and
phthalimide, B, C using amino{2-[(6-amino-5-nitro(2-pyridyl))amino]-
ethyl}carboxamidine, D, E, K using 1,4-dioxane-2,6-dione, and F.

10 HPLC: 9.317min.
MS: MH"= 533.1

Example 145-16 _ :
Preparation of N-{2-({2-[(6-amino-5-nitro(2-pyrid 1))amino]ethyl}amino)-4-(2.4-
dichlorophenyl)pyrimidin-5-yl]-2-(dimethylamino)acetamide
HC.p-CHy |
0

dN A
« M N N _NH
N u/\/ U 2
a = w«o
o L

N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)-
pyrimidin-5-yl]-2-(dimethylamino)acetamide was made in accordance with the foregoing

15

procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and

phthalimide, B, C . using amino {2-[(6-amino-5-nitro(2-
20 pyridyl))amino]ethyl}carboxamidine, D, E, and F using 2-(dimethylamino)acetic acid.

HPLC: 6.567min.

MS: MH "= 520.2

Example 145-17

Preparation of 1-[2-

25 dichlorophenyl)pyrimidin-5-yl}-3-pyrroline-2,5-dione
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1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amino)-4-(2,4-dichlorophenyl)-
pyrimidin-5?yl]-3-py;:oline-2,5-dione was made in accordance with the foregoing
procedures through steps A usir_lg' 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and
phthalimide, B, C  using amino{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}-
carboxamidine, D, E, K using malic anhydride, and F.
HPLC: 10.083min.
MS: MH'=515.1

- Example 145-18

Preparation of 4-[4-(2.4-dichlorophenyl)-2-({2-[(5-nitro(2-

ridyl))aminojethyl} amino)pyrimidin-5-ylimorpholine-3.5-dione

4-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-
S-yl]morpholine-3,5-dione was made in accordance with the foregoing procedures through -
steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and phthalimide, B, C using
amino {2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine, D, E, K using 1,4-dioxane-2,6-
dione, and F. )
HPLC:
MS: MH"=518.1

Example 145-19

6-amino-5-nitro(2-

dichlorophenyl)pyrimidin-5-yl]-4-morpholin-4-ylbutanamide

N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } amino)-4-(2,4-dichlorophenyl)-
pyrimidin-5-yl}-4-morpholin-4-ylbutanamide was made in accordance with the foregoing
procedures through steps A wusing 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and
phthalimide, B, C using amino {2-[(6-amino-5-nitro(2-pyridyl))-
amino]ethyl}carboxamidine, D, E, F using 4-chlorobutanoic acid. 1mmol of N-[2-({2-{(6-
amino-5-nitro(2-pyridyl))aminoJethyl } amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]-4-
bromobutanamide, 2 mmol of morpholine, 3 mmol Diisopropylethyl amine, and 0.1 mmol
of tetrabutylammonium iodide were stirred at room temperature for fourteen hours. The
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and
purified by column chromatography with 5-10% methanol in methylenechloride.

HPLC: 4.837min.
MS: MH"= 590.2
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: Example 145-20

dichlorophenyl)pyrimidin-5-yl]piperazine-2.6-dione

5 1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4—(2,4-dichlorophenyl)-
pyrimidin-5-yl]piperazine-2,6-dione was made in accordance with the foregoing procedures
through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and phthalimide, B, C
using amino{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}carboxamidine, D, E, F using 2-
[(tert-butoxy)-N-(carboxymethyl)carbonylamino]acetic acid, and G.

10 HPLC: 5.825min.
MS: MH'=532.2

Example 145-21

Preparation of t_ert—but 14-

dichlorophényl)pyrimidin-5-yl]-3,5-dioxopiperazinecarboxylate

H,C A
OY\N
N
H,N \/\” \ N
0., N
15 _ : 0 :
tert-butyl 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-

dichlorophenyl)pyrimidin-5-yl]-3,5-dioxopiperazinecarboxylate was made in accordance

with the foregoing procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-

1-one and phthalimide, . B, C - .using amino{2-[(6-amino-5-nitro(2-
20  pyridyl))amino]ethyl}carboxamidine, D, E, and F using 2-[(tert-butoxy)-N-(carboxy-

methyl)carbonylamino]acetic acid. ' -

HPLC: 9.137min.

MS: MH'=632.2

Example 145-22
25 Preparation of tert-butyl 4-[4-(2. 4-dichlorophenyl)
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tert-butyl 4-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-
pyrimidin—S-&l]-S,S-dioxdpiperazinecarboxylate “was made in accordance with the
foregoing procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one
and phthalimide, B, C using amino{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine, D,
E, and F using 2-[(tert-butoxy)-N-(carboxymethyl)carbonylamino]acetic acid.
HPLC: 9.861min.
MS: MH'=617.2

’

Example 145-23
Prenaratlon of 1-[4-(2. 4-dxchloronhenvl)—2—( {2-[(5-nitro(2-

1-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-
5-yl}piperazine-2,6-dione was made in accordance with the foregoing procedures through

- steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and phthalimide, B, C wusing

amino {2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine, D, E, F using 2-[(tert-butoxy)-
N-(carboxymethyl)carbonylamino)acetic acid, and G.

HPLC: 6.554min.

MS: MH'=517.2

Example 145-24

Preparation of tert-butyl 4-

dichlorophenyl

syt *@

tert-butyl 4—[2-({2—[(6-am1no—5-mtro(2-pyridyl))amino]ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yl]-2,6-dimethylpiperazinecarboxylate = was made in
accordance with the foregoing procedures tlirough steps A using 1-(2,4-dichlorophenyl)-2-
chloroethan-1-one and 2,6-dimethylpiperazine. 1 mmol of this product, 1mmol of tert-butyl
(tert-butoxycarbonyloxy)formate, and 2 mmol of triethylamine were stirred at room
temperature in methylenechloride for four hours. The reaction mixture was concentrated in
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vacuo and diluted with water and ethyl acetate. - The solution was extracted three times

" with ethyl acetate, dried over sodium sulfate, and purified by cohimn chromatography with

5-10% methanol in methylenechlonde This product was taken on to steps B and C using -
ammo{2-[(6—am1no-5-mtro(2-pyr1dyl))ammo]ethyl}carboxamldme
HPLC: 10.96min.
MS: MH"=632.3

Example 145-25
-(2.4-dichlorophenyl

- tert-butyl 4-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-
pyrimidin-5-yl]-2,6-dimethylpiperazinecarboxylate was made in accordance with the -
foregoing procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one
and 2,6-dimethylpiperazine.” 1 mmol of this product, Immol of tert-butyl (tert-
butoxycarbonyloxy)formate, and 2 mmol of triethylamine were stirred at room temperature
in methylenechloride for four hours. The reaction mixture was concentrated in vacuo and
diluted with water and ethyl acetate. The solution was extracted three times with ethyl
acetate, dried over sodium sulfate, and purified by column chromatography with 5-10%
methanol in methylenechloride. This product was taken on to steps B and C using
amino {2-[(5-nitro(2-pyridyl))amino]ethyl } carboxamidine.

HPLC: 11.713min.
MS: MH'=617.2

Example 145-26
6-amino-3-nitro(2-pyridyl))aminolethyl}[4-
(3,5-dimethylpiperazinyDpyrimidin-2-yl]Jamine

Preparation of {2-
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{2-{(6-amino-5-nitro(2-pyridyl))aminojethyl} [4-(2,4-dichlorophenyl)-5-(3,5-
dimethylpiperazinyl)pyrimidin-2-ylJamine was made in accordance with the foregoing

procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and 2,6-

dimethylpiperazine. 1 mmol of this product, Immol of tert-butyl (tert-butoxy-
carbonyloxy)formate, and 2 mmol of triethylamine were stirred at room temperature in
methylenechloride for four hours. The reaction mixture was concentrated in vacuo and
diluted with water and ethyl acetate. The solution was extracted three times with ethyl
acetate, dried over sodium .sulfate, and purified by column chromatography with 5-10%
methanol in methylenechloride. This product was taken on to steps B, C using amino{2-
[(6-amino-5 -mtro(2-pyndyl))ammo]ethyl}carboxarmdme and G.

HPLC: 5.653min.

MS: MH'=532.6

Example 145-27

Preparation of [4-(2.4-dichlorophenyl

CH,
NH
H qu\\ N CH,
] /NI N\/\ﬁ N7
Oy ci

[4-(2,4-dichlorophenyl)-5-(3,5-dimethylpiperazinyl)pyrimidin-2-y1]{2-[(5-nitro(2-
pyridyl))amino]ethyl}amine was made in accordance with the foregoing procedures
through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one  and  2,6-
dimethylpiperazine. 1 mmol of this product, Immol of tert-butyl (tert-
butdxycarbonyloxy)formate, and 2 mmol of triethylamine were stirred at room temperature
in methylenechloride for four hours. The reaction mixture was concentrated in vacuo and
diluted with water and ethyl acetate. The solution was extracted three times with ethyl
acetate, dried over sodium sulfate, and purified by column chromatography with 5-10%
methanol in methylenechloride. This product was taken on to steps B, C using amino{2-
[(5-mtro(2—pyr1dyl))ammo]ethyl}carboxam1dme and G.

HPLC: 6.193min. : :
MS: MH'=517.6
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N-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)-
pyrimidin-5-yl]-4-hydroxybutanamide (74814) was made in accordance with the foregoing

procedures through steps A _using_ 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and

- phthalimide, B, C using amino {_2-[(5—nitro(2—pyridyl))amino]ethyl}carboxamidine, D,E, F

using 4-bromobutanoic acid.
HPLC: 5.688min.
MS: MH'=506.2

Preparation of

{5-((1E)-1-aza-2-pyrrolidinylprop-1-enyl)-4-(2,4-dichlorophenyl)pyrimidin-2-y1}{2-
[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amine was made in -accordance with the
foregoing procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one
and phthalimide, B, C using amino {2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl} carboxamidine, D, E, and K using acetic anhydride. 1 mmol of N-{2-
({2-[(6-amino-5-nitro(2-pyridyl))aminolethyl }amino)-4-(2,4-dichlorophenyl)pyrimidin-5-
yl]acetamide and 2 mmol of Lawesson’s reagent were stirred in 2 ml of DME at 80°C. The
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and
purified by column chromatography eluting with 5-10% methanol/methylene chloride. 1

. mmol of 1-{[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } amino)-4-(2,4-
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dichlorophenyl)pyrimidin-5-ylJamino}ethane-1-thione was heated to 85°C in pyrrolidine
and purified by column chromatography eluting with 5-10% methanol/methylene chloride.
HPLC: 6.032min. :

MS: MH'=530.3

Example 145-30

Preparation of {5-[(1E)-1-aza-2-(cyclopropylamino)prop-1-enyl]-4-(2.4-
dichloronhenvl)nvrimidin—}vl} {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amine

{5-[(1E)-1-aza-2-(cyclopropylamino)prop-1-enyl}-4-(2,4-dichlorophenyl)pyrimidin-

2-y1} {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amine was made in accordance with the

foregoing procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one
and = phthalimide, B, C using amino{2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl} carboxamidine, D, E, and K using acetic anhydride. 1 mmol of N-[2-
({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)pyrimidin-5-
yl]Jacetamide and 2 mmol of Lawesson’s reagent were stirred in 2 ml of DME at 80°C The
reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate. The
solution was extracted three times with ethyl acetate, dried over sodium sulfate, and
purified by column chromatography eluting with 5-10% methanol/methylene chloride. 1
mmol of 1-{[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-ylJamino}ethane-1-thione ~was heated to 40°C in -
cyclopropylamine and purified by column chromatography -eluting with 5-10%
methanol/methylene chloride.

HPLC: 5.78 1min.

MS: MH'=516.2

Example 145-31

S a : :
1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } amino)-4-(2,4-dichlorophenyl)-
pyrimidin-5-yl]-3-(4-methylpiperazinyl)pyrrolidine-2,5-dione was made in accordance with
the foregoing procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-
one and phthalimide, B, C using amino{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}-
carboxamidine, D, E, K using malic anhydride, and F. Large excess of morpholine was
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added to clean fractions of l-[2-({2-[(6-amino-5-nitro(z-pyridyl))amino]ethyl}amino)-4-

' (2,4-dichlorophenyl)pyrimidin-5-yl}-3-pyrroline-2,5-dione concentrated *in vacuo, and

purified by column chromatography eluting with 5-10% methanol/methylene chloride.
HPLC: 4.897min.
MS: MH'=546.3

Preparation of [6-

ct Cl g ‘N

[6-(2,4-dichlorophenyl)-5-nitro(2-pyridyl)}{2-[(5-nitro(2-pyridyl))amino]ethyl}-
amine was made in accordance with the foregoing procedures through steps L using 2,6-
dichloro-3-nitropyridine and 2,4-dichlorobenzeneboronic acid, and step ‘M using (2-
aminoethyl)(5-nitro(2-pyridyl))amine.
HPLC: 9.598min.
MS: M_H_“= 448.8

Example 145-33

dichlorophenyl)(3-pyridyl)]-N-ethylacetamide

OYCH:’
H.C._ _N
S W
\N ﬁ/\/N |N\ NH,
= Nl
(o] 1 N
: (o]

N-{6-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-2-(2,4-dichloro-
phenyl)(3-pyridyl)]-N-ethylacetamide was made in accordance with the foregoing
procedures  through steps L uSing 2,6-dichloro-3-nitropyridine and 24-
dichlorobenzeneboronic acid, M using N-(2-aminoethyl)(tert-butoxy)carboxamide, O, K
using acetic anhydride, G, and H using 6-chloro-3-nitro-2-pyridylamine.

HPLC: 6.223min.
MS: MH'= 504.2
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Example 145-34

d l 2- 6-am1no-5-mtro 2- idyl))amino]ethyl}amine

{5-[(6-amino-5-nitro(2-pyridyl))amino}-6-(2,4-dichlorophenyl)(2-pyridyl)} {2-[(6-
amino-5-nitro(2-pyridyl))amino]ethyl }amine was made in accordance with the foregoing
procedures through steps L using 2,6-dichloro-3-nitropyridine and 24-
dichlorobenzeneboronic acid, M N-(2-aminoethyl)(tert-butoxy)carboxamide, N, H using 6-
chloro-3-nitro-2-pyridylamine, G, and H using 6-chloro-3-nitro-2-pyridylamine.

HPLC: 7.467min.
MS: MH'= 571.0

Example 145-35

cthylamino)(2-pyridyl)Jamine

HacW
N
P \N N/\/N |N\ NH2-
c Z hl_‘o
: o

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } [6-(2,4-dichlorophenyl)-5-
(ethylam1no)(2-pyndyl)]amme was made in accordance with the foregoing procedures
through steps L using 2,6-dichloro-3-nitropyridine and 2, 4-dichlorobenzeneboronic acid, M
using N-(2-aminoethyl)(tert-butoxy)carboxamide, O, G, and H using 6-chloro-3-nitro-2-
pyridylamine.

HPLC: 5.263min.
MS: MH'= 462.0

Examgle 145-36

Preparation of [6-

pyridyl) )ammo lethyl }amine

[6-(2,4-dichlorophenyl)-3-nitro(2-pyridyl)] {2-[(5-nitro(2-pyridyl))amino]ethyl } -
amine was made in accordance with the foregoing procedures through steps L using 2,6-
dichloro-3-nitropyridine and 2,4-dichlorobenzeneboronic acid collecting minor produect,
and step M using (2-ammoethyl)(S-mtro(Z-pyndyl))amme
HPLC: 12.003min.
MS: MH"=449.0
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Example 145-37

Preparation of 2-(2.4-dichlorophenyl)-4-methyl-6-({2-[(5-nitro(2-
_pyridyl))amino]ethyl}amino)pyridine-3-carbonitrile

CH

3 /N
f @ “c
AND TN \N .
o A N H
NN cl
5 __ 2-(2,4-dichlorophenyl)-4-methyl-6-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-

pyridine-3-carbonitrile was made in accordance with the foregoing procedures through
steps L using 2,6-dichloro-4-methylpyridine-3-carbonitrile and 2,4-dichlorobenzeneboronic
acid, and step M using (2-aminoethyl)(5-nitro(2-pyridyl))amine.
HPLC: 12.183min. |

10 MS: MH'=443.0

Example 145-38
Preparation of { 2-[(6-amino-5~nitro(2-pvridvl))amino]ethvl}[6—(2,4-dichloronhenvl)f3-

nitro(2-pyridyl)Jamine

15 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }[6-(2,4-dichlorophenyl)-3-nitro(2-
pyridyl)Jamine was made in accordance with the foregoing procedures through steps L
using 2,6-dichloro-3-nitropyridine and 2,4-dichlorobenzeneboronic acid collecting minor
product, M using N-(2-aminoethyl)(tert-butoxy)carboxamide, G, and H using 6-chloro-3-
nitro-2-pyridylamine.

20 HPLC: 10.682min.

MS: MH'=464.0

Example 145-39
6-amino-S-nitro(2-pyridyl))aminolethyl} [6-(4-ethylphenyl)-5-nitro(2-

Preparation of {2-

25 '
{2-[(6-amino-S#nitrO(Z—p'yridyl))amino]ethyl}[6-(4-ethylphenyl)-5-nitro(2~pyridyl)]—

amine was made in accordance with the foregoing procedures through steps L using 2,6-

dichloro-3-nitropyridine and 4-ethylbenzeneboronic acid , M using N-(2-aminoethyl)(tert-

butoxy)carboxamide, G, and H using 6-chloro-3-nitro-2-pyridylamine.

30 HPLC: 9.354min.
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MS: MH'=424.1

N-{1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-s-yl]-2,'6-dioxo(_3-piperidyl)}(tert-butoxy)carboxamide was
made in accordance with the foregoing procedures through steps A using 1-(2,4-
dichlorophenyl)—Z-chloroethahf1-onc and phthalimide, B, C using 'amino{z-[(S-nitro(2-
pyridyl))amino]ethyl}carboxamidine, D, E, and F using 1-[(tert-butoxy)carbonyl-
amino]propane-1,3-dicarboxylic acid.

HPLC: 9.152min.
MS: MH'= 646.4

Example 145-41

3-amino-1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yl]piperidine-2,6-dione was made in accordance with the
foregoing procedures through Steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one
and phthalimide, B, C using amino{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine, D,
E, F using 1-[(tett-butoxy)carbonylamiho]propane-l,3-dicarboxylic acid, and G.
HPLC: 5.247min. B |
MS: MH'=546.3
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Example 145-4

dichlorophenyl)pyrimidin-5-y1]-2-[(tert-butoxy)-N-methylcarbonylamino]

CH,
HSC%O
H,C )\ cH
O N3
0
diNA
\NJ\u,\,H IN\ NH,
N > w,o
5 © N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4~(2,4-dichloro-

phenyl)pyrimidin—S-yl]-2-[(tert-butoxy)-N-methylcarbonylamino]acetamide was made in

-accordance with the foregoing procedures through'- steps A using 1-(2,4-dichlorophenyl)-2-

chloroethan-1-one and phthalimide, B, C using amino{2-[(6-amino-5-nitro(2-pyridy1))-

aminoJethyl}carboxamidine, D, E, and F using 2-[(tert-butoxy)-N-methylcarbonylamino]-
10  acetic acid. |

HPLC: 8.346min.

MS: MH'= 606.2

Examgle 145-43

15 . dichlorophenyDpyrimidin-5-yl}-2-(methylamino)acetamide
HC.
kfo
A T
\NJ\”/\,N I NG NH,
o)

N-[2-({2-[(6-amino—5-nitfo(2-pyﬁdyl))amino]ethyl}amino_)-4-(2,4-dichlorophenyl)-
pyrimidin-5-yl]-2-(methylamino)acetamide was made in accordance with the foregoing
procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-i-one and

20  phthalimide, B, C using amino{2-[(6-amino-5-nitro(2-pyridyl))-
aminoJethyl}carboxamidine, D, E, F using 2-[(tert-butoxy)-N-methylcarbonylamino]acetic
acid, and G.

HPLC: 4.716min.
MS: MH*= 506.1
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- ethylphenyl)-3-pyridyl]pyrrolidine-2.5-dione

CH,
1-[6-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } amino)-2-(4-ethylphenyl)-3-

pyridyl]pyrrolidine-2,5-dione was made in accordance with the foregoing procedures

through steps L using 2,6-dichloro-3-nitropyridine and 4-ethylbenzeneboronic acid , M

using N-(2-aminoethyl)(tert-butoxy)carboxamide, F using ethane-1,2-dicarboxylic acid, G,

and H using 6-chloro-3-nitro-2-pyridylamine.

HPLC: 6.072min.

MS: MH'™=476.2

Example 145-45
Preparation of 2-[4-(2.4-dichlorophenyl)-2-({2-{(5-nitro(2-

pyridy]))aminolethyl}amino)pyrimidin-S-yl]isoindoline-1.3-dione

2-[4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-
5-yl]isoindoline-1,3-dione was made in accordance with the foregoing procedures through
steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and phthalimide, B, C using
amino {2-[(5-nitro(2-pyridyl))amino]ethyl} carboxamidine, and D.
HPLC: 12.12min. '
MS: MH'=549.8

2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichlorophenyl)-
pyrimidin-5-yl]-3-pyrrolino[3,4-c]pyridine-1,3-dione was made in accordance with the
foregoing procedures through steps A using 1-(2,4-dichlorophenyl)-2-chloroethan-1-one
and 3-pyrrolino[3,4-c]pyridine-1,3-dione, B, C using amino{2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl} carboxamidine, and D.

HPLC: 9.85min.

MS: MH"= 566.1
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Examgle 145-47

d1chlorophcnvl)nvnmldm-S-vl]ammo }ethane— 1-thione

1-{[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichloro-
phenyl)pyrimidin-S-yl]aminQ}eth_ane-l-thiqne was made in accordance with the foregoing
procedures through steps A wusing 1-(2,4-dichlorophenyl)-2-chloroethan-1-one and -
phthalimide, B, C .using amino{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}-
carboxamidine, D, E, and K using acetic anhydride. 1 mmol of N-[2-({2-[(6-amino-5-
nitro(2-pyridyl))amino]ethyl}amino)-'4-(2,4—dichlorophenyl)pyrimidin—S-yl]acetamide and
2 mmol of Lawesson’s reagent were stirred in 2 ml of DME at 80°C The reaction mixture
was concentrated in vacuo and diluted with water and ethyl acetate. The solution was
extracted three times with ethyl acetate, dried over sodium sulfate, and purified by column
chromatography eluting with 5-10% methanol/methylene chloride.
HPLC: 11.63min.
MS: MH'=493.1

Ex gle 146
Preparation of 4-

4-[5-imidazol-2-yl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-4-
yl}benzenecarbonitrile was pfepared from '4-cyanobenzoyl chloride using the general
method for = [4-(2,4- d1chlorophenyl)-5 1m1dazoI—2—ylpyr1m1d1n-2-yl] {2-[(5-nitro(2-
pyridyl))amino]ethyl}amine.
HPLC: 21.9 min (>95% purity)
MS: M+H = 428.1 (C3;H;7NyO,+H = 428)
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_ - Example 147 .
~ Preparation of 6-[(2-{[4-(2.4-dichloropheny])-5-imidazol-2-ylpyrimidin-2-
1]Jamino}ethyl)amino]pyridine-3-carbonitrile

—

Cl HNIT\N
@m); .

Ci
YN
HN S
hVANS
_ H
5 6-[(2-{[4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl Jamino } ethyl)amino}-

pyridine-3-carbonitrile was prepared from 2-chloro-5-(cyano)pyridine using the general
‘method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))-
amino]ethyl}amine.
HPLC: 18.2 min (>95% purity)

10 MS: M+H =451.1 (C;1H;6CiNg+H = 451)

Example 1 48

Preparation of [4-

trifluoromethyl)(2-pyridyl)lamino}ethyl)amine

23
N
H

7 '\1 .
H
| \N*”/\/N IN\ F
cl cl e
_ F
15 [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl](2-{[5-(trifluoromethyl)(2-

pyridyl)]Jamino}ethyl)amine (71480) was prepared from 2-chloro-5-(trifluoro-
methyl)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-y1}{2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC: 18.9 min (>95% purity)

20 MS: M+H =494.1 (C;;H16CLF3N++H = 494),

-~ Example 149
Preparation of [4-(2.4-dichlorophenyl

nitro(2-pyridyl))amino]jethyl }amine
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 [4-(2,4-dichlorophenyl)-5-(1-methylimidazol-2-yl)pyrimidin-2-yI] {2-[(5-nitro(2-
pyridyl))amino]ethyl}amine was-prepared from 1,2-dimethylimidazole using the general
method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1] {2-[(5-nitro(2-pyridyl))- -
aminojethyl}amine. _
5 HPLC: 21.9 min (>95% purity)
MS: M+H =485.1 (C2)H;3CLN3Ox+H = 485)

Example 150
Preparation of {5-imidazol-2-

imidin-2-y1} {2-{(5-

nitro(2-pyridyl))amino]ethyl} amine
N ' .

10
{5-imidazol-2-yl-4-[4-(trifluoromethyl)phenyl]pyrimidin-2-yl} {2—[(5-nitro(2—
pyridyl))amino]ethyl}amine was prepared from 4-(triﬂu0romethyl)behzo'yl chloride using
the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1]{2-[(5-
nitro(2-pyridyl))amino]ethyl}amine.
15 HPLC: 22.0 min (>95% purity)
MS: M+H =471.2 (C3;H7F3NgO,+tH = 471)

Example 151
Preparation of 6-{[2-({5-imidazol-2-yl-4-[4-(trifluoromethyD)phenyl]pyrimidin-2- |

1} amino)ethyllamino }pyridine-3-carbonitrile

>
P
_N | N\/\N N
S H

F
¢ F

&
20 N

6-{[2-({5-imidazol-2-yl-4-[4~(trifluoromethyl)phenyl]pyrimidin-2-yl }amino)ethyl}-
amino }pyridine-3-carbonitrile was prepared from 4-(trifluoromethyl)benzoyl chloride and
2-chloro-5-(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-
imidazol-2-ylpyrimidin-2-y1]{2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
25 HPLC: 19.3 min (>95% purity)
MS: M+H =451.2 _(C22H|.7F3N3+H =451)
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FF FF
5 {5-imi'dazol-2-yl—4—[4-(triﬂuoromethyl)phenyl]pyrimidin-z-yl}(2—{[5-(triﬂuoro-
methyl)(2-pyridyl)]Jamino}ethyl)amine was | prepared from 4-(trifluoromethyl)benzoyl
chloride and 2-chloro-5-(trifluoromethyl)pyridine using the general method for [4-(2,4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC: 20.0 min (>95% purity)
10 MS: M+H =494.2 (CxoH7FsN++H = 494)

Example 153
2.4-dichlorophenyl)-5-(1-methylimidazol-2-

llamino}ethyl)amino]pvridine-3-carbonitrile

A
H 1
SN N\/\NJ\N/
L& H
Né | Cl B Cl
15 6-[(2-{ [4-(2,4-dich'loropher_lyl)—S-( 1-methylimidazol-2-yl)pyrimidin-2-yl]Jamino}-

ethyl)amino]pyridine-3-carbonitrile was prepared from 1,2-dimethylimidazole and 2-
chloro-5-(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-
2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC: 19.0 min (>95% purity)

20 MS: M+H =465.1 (C32H,sCl;Ng+H = 465)

Example 154
-5-(1-methylimidazol-2-

Preparation of [4-(2

triﬂudrometh D(2-pyridyl)]amino }ethyl)amine

/N/
4

c Cl
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[4-(2,4-dichlorophenyl)-5 -(1-methyhm1dazol-2-yl)pynmldm-z-yl](2 -{[5-(trifluoro-
methyl)(2-pyr1dyl)]ammo}ethyl)amme was prepared ﬁom 1,2-dimethylimidazole and 2-
chloro-5-(trifluoromethyl)pyridine using the general method for [4-(2,4-dichlorophenyl)-5- -
imidazol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))aminoJethyl} amine.

5 HPLC: 20.0 min (>95% purity) '
MS: M+H = 508.1 (CxH,3ClF3N7+H = 508)

Example 155
Preparation of [4-(2-chiorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-
pyridyl))aminoJethyl}amine '

Cl NO,
[4-(2-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino];
ethyl}amine was prepared from 2-chlorobenzoyl chloride using the general method for [4-
@ 4-d1chlorophenyl)—5-1m1dazol-2-yIpynm1dm-2-yl]{2 [(5-mtro(2—
pyridyl))amino]ethyl}amine.
15 HPLC: 18.5 min (>95% purity)
MS: M+H =437.1 (C30H;7CINsOy+H = 437)

10

Example 156 _
-5-imidazol-2-yl

1lamino}ethyl)amino]pyridine-3-carbonitrile

)
N
H

20 NZ
6-[(2- {[4-(2-chlorophenyl)-5-1mldazol—2—ylpyr1m1d1n—2—yl]ammo}ethyl)ammo]-
pyndme—3-carbomtnle was prepared from 2-chlorobenzoyl chloride and 2-chloro-5-
(cyano)pyrldme using the general method for [4-(2,4-dichlorophenyl)- 5—1m1dazol-2-
ylpyrimidin-2-yl}{2- [(5-nltro(2-pyrldyl))ammo]ethyl}amme.
25 HPLC: 15.3 min (>95% purity)
MS: M+H = 417.2 (C21H17CINg+H = 417)
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trifluoromethyl}(2-pyridyl)Jamino }ethylJamine

N” °N | N
H A F
Cl E
. F
5 [4-(2-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1](2-{[5-(trifluoromethyl)(2-

pyridyl)]Jamino}ethyl)amine was prepared from 2-chlorobenzoyl chloride and 2-chloro-5-
(trifluoromethyl)pyridine using the general method for {4-(2,4-dichlorophenyl)-5-imidazol-
2-ylpyrimidin-2-y1}{2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC: 16.8 min (>95% purity) '

10  MS: M+H = 460.2 (CH;7CIF;N,+H = 460)

Example 158
2-chloro-4-fluorophenyl

-5-imidazol-2-

Preparation of [4-

15 [4-(2-chloro-4—ﬂuorophenyl)-5-imidaz()l-2?ylpyrimidin-z-yl] {2-[(5-nitro(2-
pyridyl))amino]ethyl}amine was‘prépared from 2-chloro-4-fluorobenzoyl chloride using
the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl){2-[(5-
nitro(2-pyridyl))amino]ethyl}amine.

HPLC: 19.4 min (>95% purity)
20 MS: M+H = 455.1 (CyoH,6CIFNgO,+H = 455)

Example 159

_ 1]-5-imidazol-2-
5-nitrc_> 2-pyridyl))amino]ethyl}amine -
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{4-[4-fluoro-2-(trifluoromethyl)phenyl]-5-imidazol-2-ylpyrimidin-2-y1} {2-[(5-
nitro(2-pyridyl))amino]ethyl}amine was prepared from 4-fluoro-2-(trifluoromethyl)benzoyl
chloride using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2- -
yl]{2-[(5-nitro(2-pyridyl))amino]ethy!}amine.
HPLC: 21.0 min (>95% purity)

MS: M+H = 489.2 (C31H;6FsN3O2+H = 489)

Example 160

Preparation of {4-

[(5-nitro(2-pyridyl))amino]ethyl }amine

N
&
N ~
H f" _ H
\N)\N/\/NINj\
F H
F . - No,
F

{4-[4-fluoro-2-(trifluoromethyl)phenyl]-5-imidazol-2-ylpyrimidin-2-y1} {2-[(5-
nitro(2-pyridyl))amino]ethyl }amine was prepared from 4-fluoro-2-(trifluoromethyl)benzoyl
chloride using the general method for [4-(2,4-dichlorophenyl)-5 -1m1dazol-2-ylpyr1m1dm—2—
y11{2-{(5-nitro(2-pyridyl))amino]ethyl }amine..

HPLC: 21.2 min (>95% purity) .
MS: M+H =431.3 (C2|H16F4N802+H =431)

Example 161

Preparation of [4- . -5-tmidazol-2-ylpyr
trifluoromethyl)(2-pyridyl)]amino }ethyl)amine

¥

[4-(4-ethylphenyl)-S-imidazol-2-ylpyrimidin-2-yl](2-{[S-(trifluoromethyl)(2-
pyridyl)Jamino}ethyl)amine was prepared from 4-ethylbenzoyl chloride and 2-chloro-5-
(trifluoromethyl)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-
2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine.

HPLC: 19.4 min (>95% purity)
MS: M+H = 454.3 (C33HaoFaN7+H = 454)
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) {4-[2-ﬂuoro-4-(triﬂuoromethy])pheny_l] -5-imidazol-2-ylpyrimidin-2-yl} {2-[(5-
nitro(2-pyridy1))amino]ethyl}amine was prepared from 2-fluoro-4-(trifluoromethyl)benzoyl
chloride using the geheral method for [4-(2;4Jdichlorophenyl)—5-imidazol-2-ylpyrimidin—2—
yl1]{2-[(5-nitro(2-pyridyl))amino]ethyl }amine.

HPLC: 22.2 min (>95% purity)
10 MS: M+H = 489.2 (C31H;6F4N3O+H = 489)

Example 163
- Preparation of 6- 2-chloro-4-fluorophenyl)-5-imidazol-2-

1Jamino}ethyl)aminolpyridine-3-carbonitrile

g,

9 R
S cl F
15 - 6-[(2-{[4-(2-chloro-4-fluorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJamino} ethyl)-

amino]pyridine-3-carbonitrile was prepared from 2-chloro-4-fluorobenzoyl chloride and 2-
chloro-5-(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-
2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC: 16.3 min (>95% purity)

20 MS: M+H =435.2 (C21H15C1FN8+H = 435)

trifluoromethyl)(2-pyridyl)jamino}ethylamine

'7’>



10

15

20

25

-176-

‘WO 99/65897 PCT/US99/13809

[4-(2-chloro-4-ﬂuo_rophényl)-5‘-imidazol-2-ylpyrimidin—2—yl](2-{[5-
(trifluoromethyl)(2-pyridyl)Jamino}ethyl)amine ~was - . ‘prepared - from  2-chloro-4-
fluorobenzoyl chloride and 2-chléoro-5-(trifluoromethyl)pyridine using the general method -
for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]-
ethyl}amine. :

HPLC: 17.7 min (>95% purity)
MS: M+H = 478.2 (C1H16CIFN7+H = 478)

’ Example 165

. 6-{[2-({4-[4-fluoro-2-(trifluoromethyl)phenyl]-5-imidazol-2-ylpyrimidin-2-
yl}amino)ethyljamino}pyridine-3-carbonitrile:  was prepé.red from  4-fluoro-2-
(trifluoromethyl)benzoyl chloride and 2-chloro-5-(cyano)pyridine using the general method
for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))-
amino]ethyl }amine.

HPLC: 18.1 min (>95% purity)
MS: M+H = 469.2 (CoH;¢FsNg+H = 469)

Example 165

Preparation of {4-[4-fluoro-2- |
5-(trifluoromethyl)(2-pyridyl)jamino} ethyl)amine

{4-[4-ﬂuoro-2‘-(triﬂﬁofomethyl)phen’yl]-5-imidazolQ-ylpyrimidin—2-yl Y(2-{[5-
(trifluoromethyl)(2-pyridyl)Jamino}ethyl)amine =~ was  prepared from  4-fluoro-2-
(trifluoromethyl)benzoyl chloride and 2-chloro-5-(trifluoromethyl)pyridine using the
general method for [4-(2,4—dichlorophenyl)—S—imidazol-2—y1pyrimidin—2—yl] {2-[(5-nitro(2-
pyridyl))aminoJethyl }amine. | |

- HPLC: 18.8 min (>95% purity)

MS: M+tH=1512.2 (C22H15F7N7+H =512)
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Example 166 .

1lamino}ethyl)amino

- H
/N ‘ N\/\NJ\ =
N :
5 6-[(2-{[4-(4-ethylphenyl)-5-imidazol-2-ylpyrimidin-2-ylJamino }ethyl)amino]-

pyridine-3-carbonitrile was prepared from 4-ethylbenzoyl chloride and 2-chloro-5-
(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin—Z-yl]{2-[(5-nitro(2-pyridyl))amiho]ethyl}amine.
HPLC: 17.9 min (>95% purity) '

10 MS: M+H =411.2 (C;3HxuNg+tH =411)

Example 167

Preparation of [4-

| e BN
ci | Z>NO,

15 [4-(4—chlorophenyl)—5-imidazol—Z-ylpyrimidih—2-yl] {2-[(5-nitro(2-pyridyl))amino}-
ethyl}amine was prepared from 4-chlorobenzoyl chloride using the general method for [4-
(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1}{2-{(S-nitro(2-pyridyl))-
amino]ethyl }amine.

HPLC: 20.0 min (>95% purity) _
20  MS: M+H = 437.1 (C30H;7CINgO2+H = 437)

Example 168
Preparation of 6-[(2-{[4-(4-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-

1Jamino}ethyl)amino]pyridine-3-carbonitrile

i

H /",{\ o
NN
N7 Cl
25 6-[(2-{[4-(4-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-yljamino}ethyl)amino]-

pyridine-3-carbonitrile was prepared from 4-chlorobenzoyl chloride and 2-chloro-5-
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10

15

20

(cyano)pyridine using the general method for [4-(2, 4-dlchlorophenyl)-5-1m1dazol-2-

- ylpyrimidin-2-yl] {2-[(5-mtro(2-pyndyl))ammo]ethyl}amme 3

HPLC: 17.1 min (>95% purity) -
MS: M+H = 417.2 (C3)H;,CINg+H = 417)

Example 169
Preparation of [4-(4-chloro-2-methylphenyl)-5-imidazol-2-ylpyrimidin-2-y11{2-[(5-nitro(2-

pyridyl)amino]ethyl}amine

[4-(4—chloro—2-methylphenyl)-5-imidazol—2 -ylpyrimidin-2-yl] {2-[(5-nitro(2-
pyridyl))amino]ethyl}amine was prepared from 4-chloro-2-methylbenzoyl chloride using
the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1]{2-[(5-
nitro(2-pyridyl))amino]ethyl}amine.

HPLC: 20.8 min (>95% purity)
MS: M+H = 451.2 (C2iH1sCINgO,+H = 451)

Example 170

Preparation of [4- )
trifluoromethyl)(2-pyridyl)Jamino }ethyl)amine

B
N

E . Cl |
[4-(4-chloro—2—methylphenyl)—S-imidazol-2—ylpyrimidin-2-yl](2;{[5-(triﬂuoro—
methyl)(2-pyridyl)Jamino}ethyl)amine was prepared from 4-chloro-2-methylbenzoyl
chloride and 2-chloro-5-(trifluoromethyl)pyridine using the general method for [4-(2,4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine.

HPLC: 19.2 min (>95% purity)
MS: M+H = 474.2 (C;oHoCIF3N7+H = 474)
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1}amino)ethyllamino idine-3-carbonitrile

NN

) F P
6-{[2-({4-[2-fluoro-4-(trifluoromethyl)phenyl]-5-imidazol-2-ylpyrimidin-2-
yl}amino)ethyllJamino} pyridine-3-carbonitrile =~ was  prepared from  2-fluoro-4-
(trifluoromethyl)benzoyl chloride and 2-chloro-5-(cyano)pyridine using the general method
for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1] {2-[(5-nitro(2-

pyridyl))amino]ethyl}amine.
HPLC: 19.7 min (>95% purity)

'MS: M+H = 469.3 (C2oH;¢FsNg+H = 469)

Example 172

N
L
Z>No,

[4-(2-fluorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl))amino]-
ethyl}amine was prepared from 2-fluorbenzoyl chloride using the general method for [4-
(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino}-
ethyl}amine. '

HPLC: 17.9 min (>95% purity)
MS: M+H = 421.2 (C30H;7FN3O,+H = 421)

_ Example 173
Preparation of 6-{(2-{ f4-(2-ﬂuof6nhenvl)-5-imidazol—Z-vlnvrimidin-Z-
1lamino eth Damino]r ridine-3-carbonitrile
)

™ H
2 F
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6-[(2-{[4-(2-ﬂuorophenyl)-S-imidazol-2-y1pyrimidin—2—yl]amino}ethyi)amino]-
pyridine-3-carbonitrile - was prepared from 2-fluorbenzoyl chloride and 2-chloro-5-
(cyano)pyridine using- the general method for -[4-(2,4-dichlorophenyl)-5-imidazol-2- -
ylpyrimidin-2-y1}{2-[(5-nitro(2-pyridyl))amino]ethyl} amine.
HPLC: 14.7 min (>95% purity)
MS: M+H =401.2 (C2;H7FNg+H = 401)

Example 174 .

cl o) NO,

[4-(4-chloro-2-methoxyphenyl)-5-imidazol-2-ylpyrimidin-2-yl1}{2-{(5-nitro(2-
pyridyl))amino]ethyl}amine was prepared from 4-chloro-2-methoxybenzoyl chloride using
the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yI]{2-[(5-
nitro(2-pyridyl))aminoJethyl}amine.

HPLC: 19.9 min (>95% purity)
MS: M+H = 467.3 (C3;H9CINgO3+H = 467)

Example 175

4-chloro-2-methoxyphenyl)-5-imidazol-2-

1]amino }ethyl)amino]pyridine-3-carbonitrile

:3

& 0 Cl

6-[(2-{[4-(4-chloro-2-methoxyphenyl)-5-imidazol-2-ylpyrimidin-2-yl]amino}-
ethyl)amino]pyridine-3-carbonitrile was prepared from 4-chloro-2-methoxybenzoyl
chloride and 2-chloro-5-(cyano)pyridine using the general method for [4-(2,4-
dichlorophenyl)—S-imidazol-2-ylpyﬁmidin-2—yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC: 16.9 min (>95% purity)
MS: M+H = 4473 (C2,H,sCINgO+H = 447)
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- Example 176
Pre; paratlon of 6-[(2-{ [4-(4-chloro-2-meth Iphenyl

1Jamino}eth lammo idine-3-carbonitrile

'ﬂ

N~ °N
I H
e A cl

6-[(2-{[4-(2-chloro-4-fluorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJamino }ethyl)-
amino]pyridine-3-carbonitrile was prepared from 4-chloro-2-methylbenzoy! chloride and 2-
chloro-5-(cyano)pyridine using the general method for [4-(2,4-dichlorophenyl)-5-imidazol-
Z-ylpyrimidin-}yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine.
HPLC: 17.9 min (>95% purity)
MS: M+H = 430.8 (Cx;H;9CINsg+H = 430)

Example 177
_4-bromo-2—chloro hen l-S-lmldazol-Z-

Preparation of .4-

Tz’
\

Br Cl NOZ
[4-(4-bromo-2-chlorophenyl)-5 -i'midazol-2-ylpyrimidin—2-yl] {2-[(5-nitro(2-
pyridyl))amino]ethyl}amine was prepared from 4-bromo-2-chlorolbenzoyl chloride using
the general method for [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]{2-[(5-

nitro(2-pyridyl))amino]ethyl}amine.
HPLC: 21.5 min (>95% purity)
MS: M+H = 515.2 (CyH,4BrCINgO,+H = 515)

Example 178

1}amino}ethyl)amino d1ne-3-carbomtnl

o

R
| H
sash
P cl Br

6-[(2-{[4-(4-bromo-2-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-yljamino} ethyl)-

amino]pyridine-3-carbonitrile was prepared from 4-bromo-2-chlorobenzoyl chloride and 2-



-182-
WO 99/65897 PCT/US99/13809

chloro-5-(cyano)pyridine using the general method for [4-(2 4-dlchlorophenyl)-5-nmdazoi-
- 2-ylpyrimidin-2-yl] {2-[(5-n1tro(2-pyndyl))ammo]ethyl}amme e

HPLC: 17.7 min (>95% purity) S e

MS: M+H =495 (C;1H,¢BrCINg+H = 495)

5 Example 179

Preparation of [4-(4-bromo-2-chlorophenyl

trifluoromethyl)(2-pyridyl)lamino} ethylJamine

/N
(':x

H . l N, '
Br Cl \E%ZF
F .
[4-(4-bromo-2-chlorophenyl)- 5-1m1dazoI-2-y1pynm1d1n—2—yl](2-{[5 (trifluoro-

10  methyl)(2-pyridyl)}Jamino}ethyl)amine was prepared from 4-bromo-2-chlorobenzoyl
chloride and 2—chloro-5-(tnﬂuoromethyl)pyndmc using the general method for [4-(2,4-
dichlorophenyl)-5- 1m1dazol—2-ylpyr1m1dm—2-yl] {2 [(S—mtro(2-pyr1dyl))ammo]ethyl}amme
HPLC: 19.7 min (>95% purity) -

MS: M+H = 538.2 (C,;H,¢BrCIF;N,+H = 538)

15 Example 180
6-amino-5-nitro(2-pvridyl))aminolethyl}amino)-5-imidazol-2-

ylpyrimidin-4-yl]Jbenzenecarbonitrile

H

N

| NH NH

G- g
HN \ / NO,

NC

4-[2-({2-{(6-amino-5-nitro(2-pyridyl))amino]ethyl } amino)-5-imidazol-2-

20  ylpyrimidin-4-ylJbenzenecarbonitrile was prepared from 4-cyanobenzoy! chloride using the
general method for {2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichlorophenyl)-
5-imidazol-2-ylpyrimidin-2-ylJamine.

HPLC: 20.0 min (>95% purity).
MS: M+H =443.1 (C2]H13N1002+H =443)
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F
_ , F
5 {2- [(6-amino-5-nitr6(2—pyridyl))amino] ethyl} {5-imidazol-2-yl-4-[4-(trifluoro-
methyl)phenyl]pyrimidin-2-yl}amine was prepared from 4-(trifluoromethyl)benzoyl
chloride using the general method for {2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-

dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yljamine.
HPLC: 20.2 min (>95% purity)
10 MS: M+H = 486.2 (Cy;H,sF3NgO,+H = 486)

Example 182

idvl))aminolethy!}[4-(2 4-dichlorophenyl
methylimidazol-2-yl)pyrimidin-2-ylJamine

Ve
] N
¢

_ H
. NJ\”/\/N\EN;\[NHZ
cl cl Z N0,
15 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-(1-methyl-

imidazol-2-yl)pyrimidin-2-yljamine was prepared from 1,2-dimethylimidazole using the
general method for {2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichlorophenyl)-
5-imidazol-2-ylpyrimidin-2-yl]amine.
HPLC: 19.6 min (>95% purity)

20 MS: M+H = 500.2 (C3;H19sCI:NgO,+H = 500)

Example 183

Preparation of {2-[(6-amino-5-nitro(2:pyri

imidazol-2-ylpyrimidin-2-yl]amine

)

H NY N
HN NN~ A A
H

g "
ON" Y ci

25 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } [4-(2-chlor6phenyl)—5—imidazo!—2-yl-
pyrimidin-2-yl]Jamine was prepared from 2-chlorobenzoyl chloride using the general
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method  for {2- [(4-am1no-5-mtro(2-pyndyl))ammo]ethyl} [4-(2 4-dxchlorophenyl)—5—

) 1rmdazol-2—ylpynnndm-2-yl]amme

HPLC: 16.4 min (>95% purity) " :
MS: M+H_= 452.7 (C2o0H; 3CINgOy+H = 452)

Example 184
idyl))aminolethyl}[4-(2-chloro-4-fluorophenyl)-

{2-{(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2-chloro-4-fluorophenyl)-5-
imidazol-2-ylpyrimidin-2-ylJamine was prepared from 2-chloro-4-flucrobenzoyl chloride
using the general method for {2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl}[{4-(2,4-
dichIorophenyl)—S-imid_azol—Z-ylpyrimidin—2-yl]amine.

HPLC: 17.3 min (>95% purity) |
MS: M+H = 470_.2' (C20H,7CIFNgO,+H = 470)

Example 185

{2-[(6-amino-5-nitro(2-pyridyl))aminolethyl} {4-[4-fluoro-2-(trifluoromethyl)-
phenyl]-S5-imidazol-2-ylpyrimidin-2-yl}amine = was  prepared from  4-fluoro-2-
(trifluoromethyl)benzoy! chloride using the general method for {2-[(4-amino-5-nitro(2-

| pyridyl))amino]ethyl}[4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]Jamine.

HPLC: 18.4 min (>95% purity)
MS: M+H = 504.3 (C3iH7FNoO+H = 504)




5

10

15

20

25

-185- "
WO 99/65897 T i PCT/US99/13809

imidazol-2-ylpyrimidin-2-yllamine

H
H,N /Nl N\/\NjiN’ H
N Ci

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(4-chlorophenyl)-5-imidazol-2-
ylpyrimidin-2-yllamine was prepared from 4-chlorobenzoyl chloride using the general
method for  {2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-
imidazol-2-ylpyrimidin-2-yl]amine.

HPLC: 18.0 min (>95% purity) _
MS: M+H = 452.2 (C0H5CINgOp+H = 452)

Example 187

S-imidazol-2-ylpyrimidin-2-ylJamine
N
X N
- H
HoN. NN~ )'1 PP
N” °N
| B
O5N Cl
{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } [4-(4-chloro-2-methylphenyl)-5-
imidazol-2-ylpyrimidin-2-ylJamine was prepared from 4-chloro-2-methylbenzoyl chloride
using the general method for {2-[(4-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJamine.
HPLC: 18.7 min (>95% purity)
MS: M+H =466.1 (C2;H29CINgO,+H = 466)

Example 188

O,N cl

—Q

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl } {4-(4-chloro-2-methoxyphenyl)-5-
imidazol-2-ylpyrimidin-2-ylJamine was prepared from 4-chloro-2-methoxybenzoyl
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chloride using the general method for {2-[(4-am1no-5-n1tro(2-pyndyl))ammo]ethyl}[4-(2 4-
-dwhlorophenyl)-5-nmdazol-2—ylpynmld1n-2-yl]amme o

HPLC: 17.8 min (>95% purity) - :

MS: M+H =482.1 (C2|H20C1N903+H =482)

5 ' _ Example 189

5-imidazol-2-ylpyrimidin-2-ylJamine

A
HoN._N I R'\/\NAN/ A
X .
OoN - Ci Br
{2-[(6-amino-5-nitro(2-pyridyl))amino] ethyl} [4-(4-chloro-2-methoxyphenyl)-5-

10  imidazol-2-ylpyrimidin-2-ylJamine was prepared from 4-bromo-2-chlorolbenzoyl chloride
using the general method for {2- [(4-am1no-5-mtro(2—pyr1dyl))am1no]ethyl}[4-(2 4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-yl]Jamine.

HPLC: 19.4 min (>95% purity)

MS: M+H = 530-(C30H7BrCINygO,+H = 530)
15 | ' Example 190

Preparation of {2-[(6-amino-5-nitro(2-
~ 5-(4-methylimidazol-2-yl)pyrimidin-2-yl}Jamine

_\H

NZ o
| Sy )\N/\,NUNHZ
Br cl Z>No,

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(4-bromo-2-chlorophenyl)-5-(4-

20 methylimidazol-2-yl)pyrimidin-2-yl]Jamine was prepared from 4-bromo-2-chlorolbenzoyl
chloride and 2-amino-6-chloro-3-nitropyridine using the general method for 6-[(2-{[4-(2,4-
dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-ylJamino} ethyl)amino]pyridine-3-
carbonitrile.

HPLC: 19.4 min (>95% purity)
25 MS: M+H = 544.1 (C31H,9BrCINyO,+H = 544)
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Example 191

dine-3-carbonitrile
HN’\>\ _

1lamino}ethyl)amino

X N
H N
_N H
N// _ . Cl Br

5 6-[(2—{[4-(4-bromo-2'-chlofophenyl)-5-(4-methylimidazol—2-yl)pyrimidin—2-
yljamino}ethyl)amino]pyridine-3-carbonitrile =~ was  prepared from  4-bromo-2-
chlorolbenzoy! chloride using the general method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-
methylimidazol-2-yl)pyrimidin-2-yl}amino }ethyl)amino]pyridine-3-carbonitrile.
HPLC: 18.7 min (>95% purity)

10 MS: M+H = 509.1 (C»H;sBrCINg+H = 509)

F cl NO,
15 {2-[(6-amino-5-nitro(2-pyridyl))amino]ethy!} [4-(2-chloro-4-fluorophenyl)-5-(4-
inethylimidazol-2-yl)pyrimidin-2-ylJamine was prepared from 4-fluoro-2-chlorobenzoyl

chloride and 2-amino-6-chloro-3-nitropyridine using the general method for 6-[(2-{[4-(2,4-
dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-ylJamino} ethyl)amino]pyridine-3-
carbonitrile. | |

20 HPLC: 17.7 min (>95% purity)
MS: M+H = 484.3 (C2H;sCIFNyO,+H = 484)

‘Example 193
-5-(4-methylimidazol-2-
1Jamino}ethyl)amino]pvridine-3-carbonitrile

Preparation of 6-

2-chloro-4-fluorophenyl

25
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6-~[(2-{[4-(2-chloro-4-fluorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yl]-

~* amino}ethyl)amino]pyridine-3-carbonitrile ‘was prepared .from 4-fluoro-2-chlorobenzoyl

chloride using the general method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-
2-yDpyrimidin-2-ylJamino}ethyl)amino]pyridine-3-carbonitrile.

HPLC: 16.7 min (>95% purity)

MS: M+H = 449.3 (CoH,3CIFNg+H = 449)

Example 194

O,N
[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-y1] {2-[(5-nitro(2-

pyridyl))amino]ethyl}amine was prepared from 6-chloro-3-nitropyridine using the general

method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-

yl]amino}ethyl)amiho]pyridirie—3-carbonitrile. '

HPLC: 21.9 min (>95% purity)

MS: M+H = 485.6 (C2;H 3ClN3O2+H = 485)

Example 195
6-amino-5-nitro(2-pyridyl))amino]ethyl }[4-

methylimidazol-2-yl)pyrimidin-2-ylJamine
/NH

| H

g )\N/\/N\EN;\[NHz
H

cl cl ~~ N0,

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-(4-methyl-
imidazol-2-yl)pyrimidin-2-ylJamine was prepared from 2-amino-6-chloro-3-nitropyridine
using the general method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)-
pyrimidin-2-yljamino}ethyl)amino]pyridine-3 -carbonitrile.

HPLC: 19.8 min (>95% purity) '
MS: M+H = 500.2 (C2|H19C|2N902+H = 500)
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d l. amino }ethyl)amine

trifluoromethyl)}(2-

/NH
4

5 [4-(2,4-dichlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-yI}(2-{[5-(trifluoro-
methyl)(2-pyridyl)]Jamino}ethyl)amine was prepared from 2-chloro-5-(trifluoromethyl)-
pyridine using the general method for 6-[(2-{[4-(2,4-dichlorophenyl)-5-(4-methylimidazol-
2-yl)pyrimidin-2-yl]amino}ethyl)amino]pyridine-3-carbonitrile.

HPLC: 20.0 min (>95% purity) '
10 MS: M+H=508.1 (C22H18C.12F3N7+H = 508)

imidazolylpyrimidin-4-yl]benzenecarbonitrile
N

NN

Ci N A
Y NN
H

15 4-[2-({2-[(6-chloropyrimidin-4-yl)amino]ethyl } amino)-5-imidazolylpyrimidin-4-
yl]benzenecarbonitrile was prepared from 4,6-dichloropyrimidine using the general method
' for 4-{5-imidazolyl-2-[(2-{[5-(trifluoromethyl)(2-pyridyl)]amino } ethyl)amino}pyrimidin-
4-yl}benzenecarbonitrile. '
HPLC: 16.1 min (>95% purity)
20 MS: M+H =418.1 (C3H,,CINgt+H = 418)

_ S Example 198 _
Preparation of 4-amino-2-[(2-{{4-(4-cyanophenyl)-5-imidazolylpyrimidin-2-

Ilamino}ethyDamino imidine-5-carbonitrile

25 4-amino-2-[(2- {[4-(4-cyanophenyl)-5-imidazolylpyrimidin-2-ylJamino } ethyl)-
amino]pyrimidine-5-carbonitrile was prepared from 4-amino-2-chloropyrimidine-5-
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carbonitrile using the general method for 4- {5—1m1dazolyl-2-[(2-{[5-(tnﬂuoromethyl)(2—

' pyndyl)]ammo}ethyl)ammo]pynmxdm-4—yl}benzenecarbomtnle

HPLC 17.5 min (>95% purity) -
MS: M+H = 436.2 (C21H17N"+H = 436)

Example 199

Preparation of [6-

O5N

[6-(2,4-dichlorophenyl)-5- (4-methy11m1dazolyl)(Z-pyndyl)]{2 -[(5-nitro(2-pyridyl))-
ammo]ethyl}amme was prepared from 4—methy1m1dazole (the isomers were separated
using a slica gel column) and 2-chloro-5-nitropyridine using the general method for {2-[(6-
amino-S-ni-tro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophehyl)-S-iinidazdlyl(Z-
pyridyl)]amine. :
HPLC: 22.8 min (>95% purity)
MS: M+H = 484.2 (C3,H;9ClbN;0,+H = 484)

Example 200
Preparation of 6- 2.4-dichlorophenyl)-5-

trifluoromethyl)(2-pyridylYlamino}ethyDamine

—

NN

cl cl
F ¥

[6-(2,4-dichlorophenyl)-5 (4-methyhm1dazolyl)(2-pyr1dyl)](2—{ [5-(trifluoromethyl)-
(2-pyridyl)]amino}ethyl)amine was prepared from 4-methyimidazole (the isomers were
separated using a slica gel column) and 2-chloro-5-(triflucromethyl)pyridine using the
general method for {2-[(6-amino-5-nitro(2-pyridyl))amino)ethyl}[6-(2,4-dichlorophenyl)-
5-imidazolyl(2-pyridyl)]amine. '

HPLC: 21.0 min (>95% purity)
MS: M+H = 507 (C33H,9CLLF3Ng+H = 507)
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Example 201

. Preparation of 1-[2-(2

H S
/N ] N\/\‘NI N/
ON" | o cl
5 1-[2-(2,4-dichlorophenyl)-6-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-3-

pyridyl]hydropyridin-2-one was prepared following the same procedures as the method for

{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [6-(2,4-dichlorophenyl)-5-imidazolyl(2-

pyridyl)lamine with the following exceptions. 1-[2-(2,4-dichlorophenyl)-2-
_ oxoethylJhydropyridin-2-one was made by heating 2-hydroxypyridine with 2 equivalents of
10  Hiinig’s base in acetonitrile until dissolved followed by addition of 1-(2,4-dichlorophenyl)-

2-chloroethan-1-one. The reaction was heated at 65 °C for 18 hours and purified by slica

gel column. Also, 2-chloro-5-nitropyridine was used for the final step.

HPLC: X min (>95% purity)

MS: M+H = X (C23H;3CLNO3+H = X)

15 | Example 202

dichlorophenyl '-3'-'. idyl)hydropyridin-2-one

O

N~

I
H
O cl cl

1-—[6-({2-[(6—amino—5-nitfo(2-pyridyl))amino]ethyl}amino)—2—(2,4-dichlorophenyl)-
20  3-pyridyl]hydropyridin-2-one was prepared following the same procedures as the method
for  {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophenyl)-5-imidazolyl(2-
pyridyDJamine  with the following exceptions.  1-{2-(2,4-dichlorophenyl)-2-
oXoethyl]hydropyridin—2—one was made by heating 2-hydroxypyridine with 2 equivalents of

2
z
ps
s

Hiinig’s base in acetonitrile until dissolved followed by addition of 1-(2,4-dichlorophenyl)-
25  2-chloroethan-1-one. The reaction was heated at 65 °C for 18 hours and purified by slica

gel column.

HPLC: X min (>95% purity)

MS: M+H = X (Cy3H,9Cl,N,O5+H = X)
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Ex ple 203

6-f(2-{[6-(2,4-dichlorophenyl)-5- (2-oxohydropyndyl)-2-pyndyl]ammo}ethyl)—

amino]pyridine-3-carbonitrile was prepared following the same procedures as the method
for. {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophenyl)-5-imidazolyl(2-
pyridyl)Jamine with the following exceptions. 1-[2-(2,4-dichlorophenyl)-2-
oxoethyl]hydropyridin-2-one was made by heating 2-hydroxypyridine with 2 equivalents of
Hiinig’s base in acetonitrile until dissolved followed by addition of 1-(2,4-dichlorophenyl)-
2-chloroethan-1-one. The reaction was heated at 65 °C for 18 hours and punﬁed by slica
gel column. Also, 2-chloro-5-cyanopyridine was used for the final step.

HPLC: X min (>95% purity)

MS: M+H =X (C4H3CLbNgO+H = X) _
' Example 204

S NN
N ]N{/\/ U
| Z No,
ethyl 6-({2- [(5-mtro(2-pyr1dyl))ammo]ethyl}ammo)-2-phenylpyr1dme-3-

carboxylate was prepared from ethyl 3-ox0-3-phenylpropanoate as the starting material and
DDQ in the oxidation step. The final product is achxeved dn'ectly from the chioropyridine
by reactmg ethyl 6-chloro-2-pheny1pyr|d1ne-3-carboxylate with 2-(2-aminoethylamine)-5-
mtropyndme in CH;CN and Hiling’s base at 80°C for 18 hours. The procedures are
analogous to the general method for {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-
dichlorophenyl)-5-imidazolyl(2-pyridyl)]amine. |

HPLC: 24.5 min (>95% purity)

MS: M+H = 408.1 (C3;H2:NsO4+H = 408.1)
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Example 205 _
" Preparation of ethyl 2-(2.4-dichlorophenyl)-6-({2-[(5-nitro(2-

idyl))amino]ethyl }amino)pyridine-3-carboxylate

T

e
Ho L2
I ~"N"N
L N H
*OoN Ci Cl
Ethyl 2-(2 4-dichlorophenyl)-6-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-

pyndme—3-carboxylate was prepared from ethyl 3-(2, 4-d1chlorophenyl)—3-oxopropanoate
(ref Wemple, J.; et. al. Synthesis 1993, 290-292.) as the starting material and THF/ethanol
ratio of 3:1 as the solvent in the first step. The oxidation uses DDQ. The final product is
achieved directly from the chloropyridine by reacting ethyl 6-chloro-2—phenylpyridine-3—
carboxylate with 2-(2-aminoethylamine)-5-nitropyridine in CH;CN and Hiiing’s Hiing’s
base at 120 °C for 18 hours. The procedures are analogous to the general method for {2-
[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [6-(2,4-dichlorophenyl)-5-imidazolyl(2-
pyridyl)Jamine.

HPLC: 31 min (>95% purity)

MS: M+H =476.1 (C2;H;9CbNsO4+H = 476)

Example 206
Preparation of ethyl 2-(4-cyanophenyl)-6-({2-[(5-nitro(2-

ridy]))aminolethyl }amino)pyridine-3-carboxylate
o

O = | H
\N N/\/N I N\
H

N Z N0,

ethyl 2-(4-cyanophenyl)-6-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyridine-3-
carboxylate (62258) was prepared from ethyl 3-(4-cyanophenyl)-3-oxopropanoate (ref.
Wemple, J.; et. al. Synthesis 1993, 290-292.) as the starting material and THF/ethanol ratio
of 1:5 as the solvent in the first step. " The oxidation uses DDQ in toluene. The final
product is achieved directly from the chloropyridine by reacting ethyl 6-chloro-2-
phenylpyridine-3-carboxylate with 2-(2-aminoethylamine)-5-nitropyridine in DMA and
Hiiing’s base at 120 °C for 18 hours. The procedures are analogous to the general method
for {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophenyl)-5-imidazolyl(2-
pyridyl)]amine. ' i
HPLC: 26.8 min (>95% purity)
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SN
LY
| | O,N x - N -
| 4-[3-imidazolyl-6-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-2-pyridylJbenzene-
carbonitrile was_prepared from 4-cyanophenacyl bromide, CAN for the oxidation (1:1
~ acetic acid and water with heating at 80°C for 1 hour), and 2-chloro-5-nitropyridine using
_ the general method for  {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-
10 dichlorophenyl)-5-it_nidazolyl(2-pyridyl)]é.mine.
HPLC: 19.5 min (>95% purity) |
MS: M+H = 427.2 (C2H1sNsO,+H = 427)

Example 208
Preparation of ethyl 6-({2-[(5-nitro(2-pyridyl))aminolethyl}amino)-2-[4- -

15 trifluoromethyl)phenyllpyridine-3-carboxylate
OJ '
n | ~So
2
S ~NTON
_N H F
O,N
_ F F
ethyl 6-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-2-[4-(trifluoromethyl)phenyl}-
pyridine-3-carboxylate ' was prepared from ethyl 3-ox0-3[4-

(trifluoromethyl)phenyl]propanoate (ref. Wemple, J.; et. al. Synthesis 1993, 290-292.) as
20 the starting material. The oxidation was accomplished using 4 equivalents of
chlofotrimethysilane and 1 equivalent of bromine in dichlormethane. The product was
obtained directly from ethyl 6-chloro-2-[4-(trifluoromethyl)phenyl]pyridine-3-carboxylate
by reacting it with 2-(2-aminoethylamine)-5-nitropyridine in DMA and Hiinig’s base at 70
°C for 72 hours. These procedures are analogous to the general method for {2-[(6-amino-
25  5-nitro(2-pyridyl))amino]ethyl}[6-(2,4-dichlorophenyl)-5-imidazolyl(2-pyridyl)Jamine.
'HPLC: 30.4 min (>95% purity) |
MS: M+H = 476.2 (C2,H0F3NsO4+H = 476)
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~ Example 209
Preparation of 6-({2-[(5-nitro(2-pyridy]))amino]ethyl}amino)-2-[4-
trifluoromethyl)phenvllpyridine-3-carboxylic acid

0O
HO™ ¥ | H
. \N N/\/N l N\
H .
e Z N0,
' F . .
5 6-({2-[(5-ﬁitro(2-pyridyl))amino]ethyl}amino)—2-[4-(triﬂu01jomethy1)phenyl]-

pyridine-3-carboxylic acid was made by hydrolyzing ethyl 6-({2-[(5-nitro(2-pyridy1))-
a'mino]ethyl}amino)-2-[4-(triﬂuoromethyl)phenyl]pyridine-3-carboxylate_ (71477) which
was made following the general method for {2-[(6-amino-5-nitro(2-

pyridyl))amino]ethyl } {6-(2,4-dichlorophenyl)-S-imidazolyl(2-pyridyl)Jamine.

10  hydrolyze was carried out using a solution of 1:1 water and concentrated hydrochloric acid

and heating to 80 °C overnight.
HPLC: 24.0 min (>95% purity)
MS: M+H =448.1 (C20H16F3N504+H = 448)

Example 210

15 Preparation of 2-(2.4-dichlorophenyl)-6-({2-I(5-nitro(2-

dyl))amino]ethyl }amino)pyridine-3-carboxyvlic acid
e

NO,

2-(2,4-dichlorophenyl)-6-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyridine-3-
carboxylic acid was made by hydrolyzing ethyl 2-(2,4-dichlorophenyl)-6-({2-[(5-nitro(2-
20 pyridyl))amino]ethyl}amino)pyridine—3-cafboiylate (62257) which was made following the
general method for {2-{(6-amino-5-nitro(2-pyridyl))aminojethyl}[6-(2,4-dichlorophenyl)-
5-imidazolyl(2-pyridyl)Jamine. The hydrolize was carried out using a solution of 1:1 water

and concentrated hydrochloric acid and heatihg to 80 °C overnight.
HPLC: 23.6 min (>95% purity)
25 MS: M+H = 448.1 (CioH, 5C12N504+H =448)
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N
el

5 [6-(2 4-dlchlorophenyl)-5-nmdazolyl(Z-pyndyl)] {2-[(5-mtro(2~pyndyl))ammo]—

' ethyl}amme was prepared from 2-_chloro-5-(mtro)pynd1ne using the general method for {2-
[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [6-(2,4-dichlorophenyl)-5-imidazolyl(2-
pyridyl)]amine |
HPLC: 22.9 min (>95% purity)

- 10 MS M+H =470.1 (C21H|7C12N702+H 470)

Example 212

15 6-[(2-{[6-(2,4-dichlorophenyl)-5-imidazolyl-2-pyridylJamino} ethyl)aminb]—'
pyridine-3-carbonitrile was prepared from 2-chloropyridine-5-carbonitrile using the general
method  for {2—[(6-amino-S;nitro(2-pyridy1))atnino]ethyl}[6—(2,4-dichlorophenyl)—5-
imidazolyl(2-pyridy!)]amine.

~ HPLC: 18.8 min (>95% purity)
20 MS: M+H =450 (Cx2H17ClN7+H = 450)

meth limidazolyl}{(2-pyridyl)]amine

a—

H [ N
HzNjiNJ/N\/\H N
O N cl cl
25 {2-{(6-amino-5-nitro(2-pyridyl))amino]ethyl} [6-(2,4-dichlorophenyl)-5-(4-methyl-

imidazolyl)(2-pyridyl)Jamine was prepared from 4-methyimidazole (the isomers were
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separated using a slica gel column) using the general method for {2-[(6-amino-5-nitro(2-

- pyridyl))amino]ethyl}{6-(2,4-dichlorophenyl)-5-imidazolyl(2-pyridyl)]amine.

HPLC: 21.5 min (>95% purity) -
MS: M+H = 499.3 (C2HaoClN;Oz+H = 499)

* Example 214

dyllamino}ethylamino "dine—3-carbonitri.le

n S N\fN |
NN ¢
N N ol Cl

6-[(2-{[6-(2,4-dichlorophenyl)-5-(4-methylimidazolyl)_-2-pyfidjl]amir_10}ethyl)'—- .
amino]pyridine-3-carbonitrile was prepared from 4-methyimidazole (The isomers were
separated using a slica gel column.) and 2—chloropyridine—5-carbonitrile using the general

method for  {2-[(6-amino-5-nitro(2-pyridyl))aminojethyl}[6-(2,4-dichlorophenyl)-5-

imidazolyl(_2—pyridyl)]amine.
HPLC: 20.7 min (>95% purity)
MS: M+H = 464.2 (CasH19CLLN7+H = 464)

Example 215
Preparation of {2-{(6-amino-5-nitro(2-pyri

H : . .
{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [6-(2,4-dichlorophenyl)-5-imidazol-2-
yl(2-pyridyl)Jamine was prepared from (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))amine
using the general method for [6-(2,4-dichlorophenyl)-5—imidazol-2-yl(2-pyridy1)] {2-[(5-
nitro(2-pyridyl))amino]ethyl }amine. | ' -
HPLC: 20.1 min (>95% purity)
MS: M+H = 485.4 (C3;H;3CLNgO2+H = 485)
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5 [6-(2,4-dichlorophenyl)-5-imidazol-2-yl(2-pyridyl)](2-{[5-(trifluoromethyl}(2-
pyridyl)]amino}ethyl)amine was prepared from (2-aminoethyl)[5-(trifluoromethyl)(2-
pyridyl)lamine using the general method for [6-(2,4-dichlorophenyl)-5-imidazol-2-yl(2-
pyridyl)]{2-{(5-nitro(2-pyridyl))amino]ethyl }amine.

HPLC: 20.3 min (>95% purity) |
10 MS: M+H = 493.3 (CoH;7CLF3Ngt+H = 493)

Example 217

15 6-[(2-{[6-(2,4-dichlorophenyl)-5-imidazol-2-yl-2-pyridylJamino}ethyl)amino]-
pyridine-3-carbonitrile was prepared from 6-[(2-aminoethyl)amino]pyridine-3-carbonitrile
using the genérél' method for [6-(2,4-dichlorophenyl)-5-imidazol-2-yl(2-pyridyl)] {2-[(5-
nitro(2-pyridyl))amino]ethyl }amine.

HPLC: 18.9 min (>95% purity)
20 MS: M+H = 450.4 (CpH7CLN7+H = 450)

_ Example 218
Preparation of 1-(2.4-Dichlorophenyl)-2- lylethan-1-one
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To a solution of 2°,4°-dichlorophenacyl chloride (2.0 g, 8.9 mmol) and dry MeCN

(50 mL) at 23 °C was added pyrazole (3.1 g, 44.8 mmol). The resulting solution was
heated at 80 °C for 5 h then cooled to 23 °C.. The MeCN was removed under reduced -
pressure and CH2CI2 (50 mL) was added. The resulting solution was washed with H20 (2

5 x 15 mL) and the organic layer was dried (Na2SO4) and concentrated under reduced
pressure. The resulting residue was purified on silica gel (40% EtOAc/hexanes) to yield a

light yellow solid.
m/z 256 (MH+)
Example 21_9
10 Preparation of 1-(2.4-Dichlorophenyl)-2-(4-methylimidazolyl)ethan-1-one
Cl
Cl f(
NI

Made using the same procedure as for 1-(2,4-dichlorophenyl)-2-pyrazolylethan-1-
" one except that 4-methylimidazole (3.7 g, 44.8 mmol) was used in place of pyrazole. The
crude residue was purified on silica gel (5% MeOH/CH2C12) to yield a light yellow solid.
15 m/z270 (MH+).

Exam ple 220

Preparation of 1-(2.4

Made using the same procedure as for 1-(2,4-dichlorophenyl)-2-pyrazolylethan-1-
20 one except that 2,4-dimethylimidazole (4.3 g, 44.8 mmol) was used in place of pyrazole.
 The crude residue was purified on silica gel (5% MeOH/CH2CI2) to yield a light yellow

solid
m/z 284 (MH+)
Example 221
25 Preparation of 1-[2-(2.4-Dichlorophenyl)-2-oxoethyllhydropyridin-2-one
Cl

Cl /I
o N

o)
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To a solution of 2°,4>-dichlorophenacyl chloride (1.0 g, 4.5 mmol) and dry MeCN
* (20'mL) at 23 °C was added polystyrene-bound 1,5,7-triazabicyclo[4.4.0]dec-5-ene (2.6 g,

6.7 mmol) and 2-hydroxypyridine (428 mg, 4.5 mmol) and the resulting mixture was -

shaken at 23 °C for 20 h. The mixture was filtered and the resin was washed with MeCN
5 (10 mL). The MeCN was removed under reduced pressure and the resulting residue was

purified on silica gel (5% MeOH/CH2CI2) to yield a light yellow solid.”

m/z 283 (MH+) :

ample 222
Preparation of 2-Benznm1dazol"l-1 2 4-dichlorophenyl)ethan-1-one

10 :
Made using the same procedure as for 1-(2,4-dichlorophenyl)-2-pyrazolylethan-1-

one except that benzimidazole (5.3 g, 44.8 mmol) was used in place of pyrazole. The crude
residue was purified on silica gel (50% EtOAc/hexanes) to yield a light yellow solid-
m/z 306 (MH+) :

15 Example 223

Preparation of 1 (2,4-chhloroghenvl)-2 (2—methvhm1dazolvl)ethan 1-one
Cl

cl =\
oY
Made using the same procedure-as for 1-(2,4-dichlorophenyl)-2-pyrazolylethan-1-
one except that 2-methylimidazole (3.7 g, 44.8 mmol) was used in place of pyrazole. The
20 crude residue was purified on silica gel (5% MeOH/CH2CI2) to yield a light yellow solid.--
m/z 270 (MH+)

Preparation of 1-(2.4
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Made using the same procedure as for 1-(2,4-dichlorophenyl)-2-pyrazolylethan-1-
one except that 4-phenylimidazole (6.5 g, 44.8 mmol) was used in place of pyrazole. The
crude residue was purified on silica gel (50% EtOAc/hexanes) to yield a light yellow solid.

m/z 332 (MH+) | |
-5 - . Example 225

Preparation of 1-(2.4-Dichlorophenyl)-2-imidazolylethan-1-one
Cl ) .

ci =
I
O
Made using the same procedure as for 1-(2,4-dichlorophenyl)-2-pyrazolylethan-1-
one except that imidazole (3.1 g, 44.8 mmol) was used in place of pyrazole. The crude
10  residue was purified on silica gel (5% MeOH/CH2CI2) to yield a light yellow solid.
m/z 256 (MH+) |

Example 226 .
Preparation of 1-[2-(2.4-Dichlorophenyl)-2-oxoethyl]-5-chlorohydropyridin-2-one

cl
- cl
o @
AN
o

15 Made using the same procedure as for 1-[2-(2,4-dichlorophenyl)-2-
oxoethyl]hydropyridin-2-one except that 5-chloro-2-hydroxypyridine (583 mg, 4.5 mmol)
was used in place of 2-hydroxypyridine. The crude residue was purified on silica gel (5% -
MeOH/CH2CI2) to yield a light yellow solid.

m/z 317 (MH+)

20 Example 227

ct @

MeoN
A solution of 1-(2,4-dichlorophenyl)-2-pyrazolylethan-1-one (I, 1.0 g, 3.9 mmol)
and dimethylformamidedimethyl acetal (10 mL, 75 mmol) was heated at 100 °C for 2 h.
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The resulting red-brown solution was concentrated under reduced pressure to yield a dark
* red-brown oil which wasused without further purification. .- -
m/z 311 (MH+)

Made using the same procedure as for 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2- -
pyrazolylprop-2-en-1-one except that 1-(2,4-dichlorophenyl)-2-(4-methylimidazolyl)ethan-
10  1-one (II, 1.0 g, 3.7 mmol) was used. The crude residue was used without purification.
m/z 325 (MH+)

" Example 229
Preparation of 1-(2.4-Dichloropheny! dimethylamino)-2-(2.4-dimethylimidazolyl)-

prop-2-en-1-one -2—en-1-on

%A

1 5 ) MezN

Made using the same procedure as for 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-
pyrazolylprop-2-en-1-one except that 1-(2,4-dichlorophenyl)-2-(2,4-
dimethylimidazole)ethan-1-one (III, 1.0 g, 3.5 mmol) was used. The crude residue was

~ used without purification
20 m/z339 (MH+)
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5 A solution of 1-[2-(2,4-dichlorophenyl)-2-oxoethyl]hydropyridin-2-one (IV, 1.0 g,
3.5 mmol), dry THF (25 mL) and dimethylformamidedimethyl acetal (10 mL, 75 mmotl)
was heated at 75 °C for 2.5 h. The resulting dark solution was concentrated under reduced
pressure and the oily residue was used without purification.

m/z 338 (MH+)

10 |  Example231
Preparation of 2-Benzimidazolyl-1-(2.4-dichlorophenvyl

Made using the same procedure as for 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-
15  pyrazolylprop-2-en-1-one except that 2-benzimidazolyl-1-(2,4-dichlorophenyl)ethah—l-one
(V, 1.0 g, 3.3 mmol) was used. The crude residue was used without purification.
m/z 361 (MH+)

Example 232

20
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Made using the same procedure as for 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-
' pyrazolylprop-2-en-1-one except that 1-(2,4-dichlorophenyl)-2-(2-methylimidazolyl)ethan-
1-one (VI, 1.0 g, 3.7 mmol) was used. The crude residue was used without purification.
m/z 325 (MH+) '

5 _ - Example 233

Made using the same procedure as for 1-(2,4-dichloropheny1)—3-(dimethylamino)-Z-
10  (2-oxohydropyridyl)prop-2-en-1-one. except that 1-(2,4-dichlorophenyl)-2-(4-phenyl-
imidazolyl)ethan-1-one (VII, 1.0 g, 3.0 mmol) was used. The crude residue was used

- without purification.
m/z 387 (MH+)
MS:

15 Example 234

MeoN
Made using the same procedure as for 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-
(2-oxohydropyridyl)prop-2-en-1-one except that 1-(2,4-dichlorophenyl)-2-imidazolylethan-
20 1-one (V] 1.0 g, 3.9 mmol) was used. The crude residue was used without purification.
m/z 311 (MH+)
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-Exam ple 235

hloroh dro dm-2-one

%

MeoN
Made using the same procedure as for 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-
(2-oxohydropyridyl)prop-2-en-1-one except that 1-[2-(2,4-dichlorophenyl)-2-oxoethyl]-5-
chlorohydropyndm-z-one (X, 1.0 g, 3.2 mmol) was used. The crude residue was used
without purification.
m/z 372 (MH+)

Example 236

Preparation of [4-

idyl))aminolethyl}amine dihydrochloride
Cl

Cl ﬂ

H NI Xy N
IN\ N\/\”J\N/
P

O,N
To a solution of 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-pyrazolylprop-2-en-1-
one (X, 400 mg, 1.3 mmol) and EtOH (10 mL) at 23 °C was added amino{2-[(5-nitro(2-
pyndyl))ammo]ethyl}—carboxam1dme hydrochlonde (365 mg, 1.4 mmol) followed by
NaOEt in EtOH (1.6 mL, 1.6 mmol) and the resultmg solution was heated at 90 °C for 16
h. The EtOH was removed under reduced pressure and the resulting residue was purified
on silica gel (1-5% MeOH/CH2CI2) to yield a yellow solid which was dissolved in
MeCN/0.5M HCI (3 mL, 1:1), frozen and lyophilized to yield a yellow solid.
m/z 472 (MH+)
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H |
oON" | |
5 ' Made * using the same procedure as for [4-(2,4-'dichloroﬁhenyl)-5-

pyrazolylpyrimidin-2-yl]{2-{(5-nitro(2-pyridyl))amino]ethyl }amine dihydrochloride except
that 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(4-methylimidazolyl)prop-2-en-1-one
(X1, 421 mg, 1.3 mmol) was used.

m/z 486 (MH+)

10 . © Example238

-

dyl))aminolethyl}amine dihydrochloride
Cl

Cl =S

NS N\<
S lf-\j{ N

N

|
oON 7

Made using the same procedure as for XIX except that 1-(2,4-dichlorophenyi)-3-
15  (dimethylamino)-2-(2,4-dimethylimidazolyl)-prop-2-en-1-one (XII, 439 mg, 1.3 mmol) was
used. . R _ .
‘m/z 500 (MH+)
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‘Example 239

N I"‘1\/\ /"\/ O

5 .~ Made wusing the same procedure as for [4-(2,4-dichlorophenyl)-5-
pyrazolylpyrimidin-2-y1}{2-[(5-nitro(2-pyridyl))amino]ethyl }amine dihydrochloride except
that 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(2-oxohydropyridyl)prop-2-en-1-one (438
mg, 1.3 mmol) was used and the crude product was purified by recrystallization
(CH2CI12/Et20/hexanes)

10 m/z 499 (MH+)

Example 240

Preparation of 5-Benzimidazol 1-4-

idy1))amino]ethyl }amine dih'drochloride

Cl
[ I‘N
. N™ N
N N L
S \/\ﬁ N
ON" ~F
15 Made using the same procedure as for [4-(2,4-dichlorophenyl)-5-

pyrazolylpyrimidin-2-y1} {2-[(5-nitro(2-pyridyl))amino)ethyl}amine dihydrochloride except
" that 2-benzimidazolyl-1-(2,4-dichlorophenyl)-3-(dimethylamino)prop-2-en-1-one  (XIV,
468 mg, 1.3 mmol) was used and the crude product was purified by recrystallization
(CH;Cl/Et;0/hexanes).
20 m/z522 (MH+)
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Example 241

5 Made wusing the same procedure as for [4-(2,4-dichlorophenyl)-5-
pyrazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine dihydrochloride except
that 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(2-methylimidazolyl)prop-2-en-1-one
(XV, 421 mg, 1.3 mmol) was used.

m/z 486 (MH+)

10 Exam gle 242

Preparation of {2-

methylimidazolyl)pyrimidin-2-yl]Jamine dihydrochloride

Cl
Cl =
i
N \(
HoN N )]\
2 IN\ N\/\N N/
' H

ON"F

Made wusing the same procedure as for [4-(2,4-dichlorophenyl)-5-
15 ‘pyrazolylpyrimidin-2-y1] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine dihydrochloride except
that 1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-(2-methylimidazolyl)prop-2-en-1-one
Xv, - 421 mg, 13 mmol) and = amino{2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl} carboxamidine hydrochloride (386 mg, 1.4 mmol) were used.
- m/z 501 (MH+)
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henylimidazolylpyrimidin-2-yl amine dihydrochloride

. : N ,
\

02N
, Made wusing the same pro_cedure as for [4-(2,4-dichlorophenyl)-5-
pyrazolylpyrimidin—2—yl]{2-[(5-ni_tco(2-pyridy1))amino]ethyl}amine dihydrochloride except
that 1-(2,4-dichlorophenyl)—3—(dimethylaiﬁxino)-2-(4-phe_nylimidazolyl)prop-Z-en-1-one
(502 mg, 13 mmol) and  amino{2-[(6-amino-5-nitro(2-pyridyl))amino}-
ethyl}carboxamidine hydrochloride (386 mg, 1.4 mmol) were used and the crude product
was purified on silica gel (5% MeOH/CH,Cly)
m/z 563 (MH+)

Example 244
Preparation of {2- 6-Amino—5-nit1_-<_) 2-pyri i
2.4-dimethylimidazolyl m1d1n-2— lamine dih drochlond

Ci
AD
NN
. | N \(
R A
HaN ]N\ N\/\N N
' H

O,N _
Made using the same procedure as for [4-(2,4-dichlorophenyl)-5-
pyrazolylpyrimidin-2-y!1}{2-[(5-nitro(2-pyridyl))amino]ethyl}amine dihydrochloride except
that 1-(2,4-dichl_ofophenyl)—3-(dimethylamino)—2—(2,4-dimethylimidazolyl)-prop-2-en—1-
one (439 mg, 13 mmbl) and amino {2-[(6-amino-5-nitro(2-
pyridyl))aminoJethyl}carboxamidine hydrochloride (386 mg, 1.4 mmol) were used and the
crude product was purified by reversed-phase HPLC (gradient of 95:5 H;O MeCN to 5:95
H>0:MeCN).
m/z 515 (MH+)
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- Example 245
. Preparation of Polymer-bound N-BOC-ethylenediamine.
iy~ NHBOC
Polymer

Toa sixspension of Merrifield resin (30 g, 21 mmol) and NMP (200 mL) was added
4-hydroxy-2-methoxybenzaldehyde (6.4 g, 42 mmol) and K,COs (8.7 g, 63 mmol). The
resulting mixture was heated at 120 °C with shaking for 16 h. The-resulting light brown
mixture was filtered and the resin was washed with H;O, NMP and CH,Cl,." The resin was
dried under vacuum at 40 °C for 12 h.

To a suspension of the resin-bound aldehyde (30 g, 21 mmol) and (MeO);CH (200
mL) was added N-BOC-ethylenediamine (6.7 mL, 42 mmol). The resulting mixture was
‘shaken at 23 °C for 12 h, filtered and washed with CH,Cl,. The resin-bound imine was
used immediately, slightly moist with CH,Cl,. :

To a suspension of the resin-bound imine (30 g, 21 mmol) and

MeOH/CH,ClL/HOAc (200 mL, 2:2:1) was added borane-pyridine complex (6.8 mL, 67

mmol). The resulting mixture was shaken at 23 °C for 12 h, filtered and washed with NMP
and CH,Cl,. The resin was dried under vacuum at 30 °C for 12 h to yield polymer-bound
N-BOC-ethylenediamine. :

Exam p]e 246
Preparation of Polymer-bound (2aminoethyl)(5-nitro(2-pyridyl))amine

N/ N/\/NHZ
Polymer

~ To a suspension of polymer-bound N-BOC-ethylenediamine (30 g, 21 mmol), NMP
(200 mL) and iPr,NEt (18.3 mL, 105 mmol) at 23 °C was added 2-chloro-5-nitropyridine
(16.6 g, 105 mmol). The resulting mixture was heated at 120 °C with shaking for 12 b,
filtered and washed with NMP, H>O and CH;Cl,.
To the resin-bound, N-BOC-protected amine was added a solution of 2, 6-lutidine
and CHCl, (100 mL, 150 mmot), followed by a solution of TMSOTf and CHxCl, (100
mL, 100 mmol). The resulting mixture was shaken at 23 °C for 3 b, filtered and washed
with MeOH, E3N and CH;Cl;. The resin was air dried to yield polymer-bound
(2aminoethyl)(5-nitro(2-pyridyl))amine.
~ The air dried resin (10 mg) was suspended in 80% TFA/CH2CI2 (1 mL) for 1 h,
filtered, washed with CH,Cl, (1 mL) and concentrated under a stream of air to yield a light
yellow residue.
m/z 183 (MH+)
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: _Exa_mple 247
Preparation of Polymer-bound {2- (_ 5-nitro(2-pyridyl))amino Jethyl}[(2-
nitrophenyl)sulfonyl]amine .

0N~
N g

N
l”olymer 0, NO,

To a suspension of resin-bound (2aminoethyl)(5-nitro(2-pyridyl))amine (30 g, 21
mmol), CH,Cl, (250 mL) and iPr2NEt (18.3 mL, 105 mmol) at 23 °C was added 2-
nitrobenzenesulfonyl chloride (23.3 g, 105 mmol). The resulting mixture was shaken at 23
°C for 6 h, filtered, washed with NMP, H>O and CH,Cl, and air dried to yield polymer-
bound {2-[(5-nitro(2-pyridyl))amino]ethyl}[(2-nitrophenyl)sulfonylJamine.

The air dried resin (10 mg) was suspended in 80% TFA/CH,Cl (1 mL) for 1 h,
filtered, washed with CH,Cl, (1 mL) and concentrated under a stream of air to yield a light
yellow residue. :

m/z 368 (MH+)

Example 248
Preparation of Polymer-bound [2-(dimethylamino)ethyl]{2-[(5-nitro(2-

idvl))amino]ethy1}{(2-nitrophenyl)sulfonyllamine
NMe,

L)
L
o >~MNs

N
Polymer 2 NO,
To a solution of Ph3P (11 g, 42 mmol) and CH,Cl, (20 mL) at 23 °C was added
DIAD (6.6 mL, 42 mmol) and the resulting yellow solution was maintained at 23 °C for 30
min. To this solution was added 2-(dimethylamino)-ethano! (4.2 mL, 42 - mmol) and the
resulting solution was maintained at 23 °C for 5 min. then added to a suspension of resin-
bound {2-[(5-nitro(2-pyridyl))amino]ethyl}[(2-nitrophenyl)sulfonyl]Jamine (3.0 g, 2.1
mmol) and CH2CI2 (30 mL). The resulting mixture was shaken at 23 °C for 12h, filtered,

‘washed with NMP, H20 and CH2CI2 and air dried to yield polymer-bound [2-

(dimethylamino)ethyl] {2-{(5-nitro(2-pyridyl))amino]ethyl }{(2-nitrophenyl)sulfonyl]Jamine.
The air dried resin (10 mg) was suspended in 80% TFA/CH,Cl; (1 mL) for 1 h,

filtered, washed with CH;Cl, (1 mL) and concentrated under a stream of air to yield a light

yellow residue

m/z 439 (MH+)
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Ex mple 249

ridyl))aminolethyl}amino)ethyllamine
NMe2

L
. = N/\/NH

N |
Polymer _

To a suspension of resin-bound [2-(dimethylamino)ethyl]{2-[(5-nitro(2-pyridyl))-
amino]ethyl} [(2-nitrophenyl)sulfonyljamine (3.0 g, 2.1 mmol) and DMF (30 mL) at 23 °C
was added H,O (2 drops), K,CO3 (2.9 g, 21 mmol) and PhSH (2.2 mL, 21 mmol). The
resulting mixture was shaken at 23 °C for 12 h, filtered, washed with NMP, H,O and

" CH,Cl, and air dried to yield polymer-bound dimethyl[2-({2-[(5-nitro(2-pyridyl))amino}-

ethyl}amino)ethyljamine. - :

The air dried resin (10 mg) was suspended in 80% TFA/CH2C12 (1 mL) for 1 h,
filtered, washed with CH,Cl; (1 mL) and concentrated under a stream of air to yield a light
yellow residue.

m/z 254 (MH+)

-Examgle 250
Preparation of Pol er-bound amino[2-(dimethylamino)ethyl}{2- S-nitro(2-

ridyl))aminolethyl}carboxamidine hydrochloride

NMe2
02N - I X
N/ I}l/\/N NH
Polymer NH,

To a suspension of polymer-bound dimethyl{2-({2-[(5-nitro(2-pyridyl))amino]-
ethyl}amino)ethyl]amine (3.0 g, 2.1 mmol), NMP (30 mL) and iPr;NEt (3.7 mL, 21 mmol)
at 23 °C was added 1H-pyrazole-1-carboxamidine hydrochloride (3.1 g, 21 mmol). The
resulting mixture was heated at 90 °C for 18 h, filtered, washed with NMP, H;O and
CH,Cl, and air dried to yield polymer-bound amino[2-(dimethylamino)ethyl]{2-{(5-

- nitro(2-pyridyl))amino]ethyl}carboxamidine hydrochloride.

The air dried resin (10 mg) was suspended in 80% TFA/CH;Cl; (1 mL) for 1 h,
filtered, washed with CH,Cl; (1 mL) and concentrated under a stream of air to yield a light
yellow residue :

m/z 296 (MH+)
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ple 251

ethvil{2-[(5-nitro(2-pyridyl))aminojethyl }amine trihydrochloride

Ci
Cl =
.
_ NS
NN~ A2
ON" _'
. . o NMez
5 To a suspension of resin-bound amino[2-(dimethylamino)ethyl]{2-[(5-nitro(2-

pyridyl))amino]ethyl}-carboxamidine hydrochloride (3.0 g, 2.1 mmol) and NMP (30 mL)
at 23 °C was added 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene (1.5 mL, 10.5 mmol) and
1-(2,4-dichlorophenyl)-3-(dimethylamino)-2-imidazolylprop-2-en-1-one (XVII, 1.3 g, 4.2
mmol). The resulting mixture was heated at 120 °C for 20 h, filtered, washed with NMP,
10 H;O and CHCl; and air dried to yield resin-bound [4-(2,4-dichlorophenyl)-5-
imidazolylpyrimidin-2-yI][2-(dimethylamino)-ethyl] {2-[(5-nitro(2-
pyridyl))amino]ethyl}amine trihydrochloride.
The resin was suspended in 80% TFA/CH2C12 (30 mL) and shaken at 23 °C for 1.5
h, filtered and concentrated under a stream of air. The resulting crude material was purified
15 by reversed-phase HPLC (gradient of 95:5 H,0:MeCN to 5:95 H,O:MeCN) and the
recovered material was dissolved in MeCN/0.5M HCI (3 mL, 1:1), frozen and lyophilized

to yield a yellow solid.
m/z 543 (MH+)
_ - Example 252
20 Preparation of Polymer-bound {2-[(5-nitro(2-pyrid 1))aminolethyl

nitrophenyl)sulfonyl](2- olidin lethyl)amine

UNJ

Polymer 02 NO,
Made using the same procedure as for polymer-bound [2-(dimethylamino)ethyl}{2-
[(5-nitro(2-pyridyl))amino]ethyl}_[(2-nitrophenyl)sﬁlfonyl]amine except that 1-(2-hydroxy-
25  ethyl)pyrrolidine (4.9 mL, 42 mmol) was used.
m/z 465 (MH+)
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Exam gle 253

lidinvlethyl)aminolethyl}amine -

O _

N
L)
|
N7 'F/\/NH
Polymer

Made using the same procedure as for polymer-bound dimethyl[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl} amino)ethylJamine except that resin-bound {2-[(5-nitro(2-pyridyl))-
amino]ethyl}[(2-nitrophenyl)sulfonyl}(2-pyrrolidinylethyl)amine was used.

m/z 280 (MH+) | |

. . Example 254

Preparation of Polymer-bound amino {2-[(5-nitro(2-pyridyl))aminolethyl }(2-
lidinylethyl)carboxamidine hydrochloride

()
"G

Polymer NHZ

Made using the same procedure as for polymer-bound amino[2-(dimethyl-
amino)ethyl]}{2-[(5-nitro(2-pyridyl))amino]ethyl}carboxamidine hydrochloride except that
resin-bound (5-nitro(2-pyridyl)){2[(2-pyrrolidinylethyl)amino]ethyl} amine was used.

m/z 322 (MH+)

idyl am1_no ethyl }(2- ohdm lethyl)amine trihydrochloride

Cl
Cl =
'
N
N~ AL 2
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Made using the same procedure as for [4-(2,4-dichlorophenyl)-5-
imidazolylpyrimidin-2-yl][2-(dimethylamino)-ethyl] {2-[(5-nitro(2-pyridyl))amino]ethyl}-
amine trihydrochloride except that resin-bound amino {2-[(5-nitro(2- -
pyridyl))amino]ethyl} (2-pyrrolidinylethyl)carboxamidine hydrochloride was used.

5 - m/z 569 (MH+)

Example 256
Preparation of Polymer-bound (2-morpholin-4-ylethyl){2-{(5-nitro(2-

idyl))dminolethyl }[(2-nitrophenyl)sulfonyl]Jamine
®
. . >N
L)
| .

Polymer 0 NO,

10 Made using the same procedure as for polymer-bound [2-(dimethylamino)ethyl]{2-
[(5-nitro(2-pyridyl))amino]ethyl} [(2-nitrophenyl)sulfonyl]amine except that 4-(2-hydroxy-
ethyl)morpholine (5.1 mL, 42 mmol) was used. :

m/z 481 (MH+)
_ Example 257
15 Preparation of Polymer-bound {2-[(2-morpholin-4-ylethyl)amino]ethyl}(5-nitro(2-
pyridyl))amine

D

N° t;l
Polymer

Made using the same procedure as for pblymer—bound dimethyl[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl }amino)ethylJamine e_xcei)t that resin-bound (2-morpholin-4-
20  ylethyl) {2-[(S-nitro(2-pyridyl))amino]ethy1}[(2-nitrophenyl)sulfonyl] amine was used.
m/z 296 (MH+)
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N? ':,:/\-,N- NH
Polymer NH,

5 ‘Made using the same procedure as for polymer-bound amino[2-(dimethyl-
amino)ethyl] {2-[(S-nitro(2-pyridyl))amino]ethyl}carboxamidine hydrochloridé except that
resin-bound {2-[(2-morpholi_n-4-ylethyl)amino]ethyl}(5-nitro(2-pyridyl))amine was used.
m/z 338 (MH+) :

'10_

lethyD){2-[(5-nitro(2-pyridyl))aminolethyl }amine trihydrochloride
Cl .

N\ N\/\NJ\

O,N L~
O
O
Made wusing the same procedure as for [4-(2,4-dichlorophenyl)-5-

imidazolylpyrimidin-2-yl][2-(dimethylamino)-ethyl]{2-[(5-nitro(2-pyridyl))amino]-
15  ethyl}amine trihydrochloride ekéept that resin-bound amino {2-morpholin-4-ylethyl) {2-[(5-
| nitro(2—pyridyl))amino]ethyl}carboxamidine hydrochloride was used.

m/z 585 (MH+) -

A 7
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- . Example 260

1Jamino}ethyl)amino]pyridine-3-carbonitrile hydrochloride

o I
Cl
TR
|
IN\ N\/\ﬂ)\N/ .
P

To a solution of _l_-{2-(2,4-dichloropheny1)-l-[(dimethylanﬁrio)-methylene]-2—
oxoethyl}-5-chlorohydropyridin-2-one (XVIII, 482 mg, 1.3 mmol) and DMF (10 mL) at 23
°C was added amino{2-[(5-cyano(2-pyridyl))amino]ethyl}carboxamidine hydrochloride
(337 mg, 1.4 mmol) followed by Cs2CO3 (652 mg, 2.0 mmol) and the resulting mixture
was heated at 100 °C for 16 h.. The DMF was removed under reduced pressure and the
resulting residue was purified by recrystallization (CH2CI2/Et20/hexanes) to yield a
yellow solid which was dissolved in MeCN/0.5M HCI (3 mL, 1:1), frozen and lyophilized
to yield a yellow solid. |
m/z 513 (MH+)

1. Preparation of diethyl (27)-3-phenylpent-2-ene-1.5-dioate.

A solution of iodobenzene (1.08 ml, 9.67 mmol) in DMA (5 ml) was added
dropwise to a solution of diethylglutaconate (2 g, 10.74 mmol), Pd(OAc), (250 mg, 1.07
mmol), NaOAc (880 mg, 10.74 mmol) in DMA (5§ ml) at 115 °C under argon. After
heating for 8 hours at 130 °C, the reaction was cooled, diluted with CH,Cl, (60 ml), and
washed with water (4 x 10 mi). The organic layer was washed with sat. ag. NaHCO; (20
ml), brine (20 ml), dried with Na,SOy, filtered, and concentrated under reduced pressure.
The dark oil was purified by column chromatography using CH,Cl, as the eluent. The
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product oil was dried overmght in vacuo glvmg dlethyl (22)-3-phenylpent-2-ene—l ,S-dioate
in 28% yxeld

| A stirred mixture of NaH (158.4 mg, 6.6 mmol) and ethyl formate (1.07 ml 13.2
nimol) in Et;0 (5 ml) were refluxed under argon for 15 min. Diethyl (2Z)-3-phenylpent-2-
ene-1,5-dioate in Et;O (5 ml) was added dropwise to the above solution over 5 min at 1t.
The reaction was heated to reflux for 12 hours. The hetefogeneoilé yellow mixture was
diluted with Et;0 (100 ml), washed with sat. NH4Cl (40 ml), half sat. NH4Cl (40 ml), brine

(20 ml), dried with Na;SOq, filtered, and concentrated under reduced pressure. The
product diethyl (3E)-2-(hydroxymethylene)-3-phenylpent-3-ene-1,5-dioate was obtained in-
97% yield and could be used without further purification. .

- 3, Preparation of ethyl 6-oxo-4-phenxlhy. dropm’dine—3¢arbokylate.

- A mixture of diethyl (3E)-2-(hydroxymethylene)-3-phenylpent-3-ene-1,5-dioate

(0.62 g, 2.13 mmol) was dissolved in gla. acetic acid (1 ml), toluene (1 ml), and abs.
ethanol (3 ml). Ammonium acetate (0.07 g, 9.08 mmol) and flame dried 4A powder
molecular sieves (0.4 g) were added to the stirred solution. The resulting mixture was
stirred for 44-46 hours at 90-95 °C under argon. After 24 hours of heating, additional
reagents were added including ammonium acetate (0.07 g, 9.08 mmol), acetic acid (1 ml),
and flame dried 44 powder molecular sieves (0.4 g). On cooling EtOAc (80 ml) was
added with stirring for 15 minutes. The sieves were filtered and washed with EtOAc (2 x .
10 ml). The filtrate was concentrated under reduce pressure. To the crude material was.
added EtOAc (100 ml). The organic layer was then washed with distilled water (2 x 30-
ml), sat. ag. NaHCOs (30 ml), water (30 ml), brine (30 ml), dried with Na;SO,, filtered,
and concentrated under reduced pressure. . The oil was purified by column chromatography
using 5% MeOH in CH,Cl, as the eluent. The product oil was dried overnight in vacuo |
giving ethyl 6-oxo-4-phenythydropyridine-3-carboxylate in 72% yield.

4. Preparation of ethyl 6-chloro-4-phenylpyridine-3-carboxylate.
To the dry ethyl 6-oxo-4-phenylhydropyridine-3-carboxylate (141 mg, 0.58 mmol)

| was added phosphorous oxychloride (10 ml) followed by N,N-dimethylacetamide (1 drop).

The reaction mixture was stirred for 12 hours at 100 °C under argon. The phosphorous
oxychloride was removed under reduced pressure. The crude product was taken up in
dichloromethane (2 x 25 ml), and the solvent was removed under vacuum. . The glass was
dried in vacuo 3-4 hour giving ethyl 6-chloro-4-phenylpyridine-3-carboxylate in 97% yield.
The crude material is contaminated with phosphorous residue and is used with out further

purification.
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carboxylate o

The crude material above, ethyl 6-chloro-4-phenylpyridine-3-carboxylate (140 mg,
0.56 mmol) was mixed with (2-éminoethyl)(5-nitro(2-pyridyl))amine (408 mg, 2.24 mmol),
Hiinig’s base (390 ul), and DMA (2 ml) for 48 hours at 70-75 °C with stirring under argon.

“The reaction was followed by TLC and HPLC. When judged complete, the reaction was

diluted with EtOAc (100 ml) and washed with sat. ag. NaHCOj3 (5 x'30 ml), brine (30 ml),
dried with Na;SOs, filtered, and concentrated under reduced pressure. The yellow solid
was purified by column chromatography using 5% MeOH in CH;Cl, as the eluent. The
product was dried ovemight in vacuo giving ethyl 6-({2-[(S-nitro2-
pyridyl))amino]ethyl}amino)-4-phenylpyridine-3-carboxylate in 70% yield.

HPLC: 3.52 min (>95% purity) (HP-1 method)

MS: M+H = 408.2 (C21HaiNsO4+H = 408)

Example 262

A. 2-[2;(2,4;dichlorophenyl)-2-oxoethyl]isoindoline—1,3-dione

1 mmol of 2,4-dichlorophenacyl chloride in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of CsCOj3 in DMF at room temperature for fourteen hours and
then the reaction mixture was concentrated in vacuo and diluted with water and ethyl
acetate. The ethyl acetate layer was concentrated and then purified by trituration with
diethyl ether.

B. 2-{2-(2.4-dichlorophenyl)-1- dimethylamino)methylene]-2-oxoethylYisoindoline-1,3-
dione | | |

1 mmol of 2-[2-(2,4-dichlorophenyl)-Z-oxoethyl]isoindoline-1,3-dione was heated
to 80°C in N,N-dimethylformamidedimethy] acetal for six hours. The reaction mixture was
concentrated in vacuo and purified by trituration with diethytl ether.
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dichlorophenyl idin-5-yl]carbamoyl}benzoic acid

1 mmol of 2-{2-(2,4-dichlorophenyl)-1- [(dxmethylamxno)methylene]-2-oxoethyl}- :
isoindoline-1,3-dione, 1 mmol of amino{2-[(6-amino-5-nitro(2-pyridyl))aminojethyl}-
carboxamidine, and 3 mmol of Cs;CO; were dissolved in DMF and heated to 90°C for
fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water and
ethyl acetate. The solution was extracted three times with ethyl acetate and dried over
sodium sulfate. - -

D. 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2.4-
dichlorophenyl )_pm_'midin—S-zl |isoindoliné-1 3-dione

1 mmol of 2-{N—[2-({2—[(6-amino-5-nitro(2-pyridylj)amino]ethyl}amino)-4—(2,4-
dichlorophenyl)pyrimidin-5-yljcarbamoyl}benzoic acid was heated to 120°C in glacial
acetic acid for four hours and concentrated in vacuo. |

pyridyl) )ammo iethzl tamine

1 mmol of 2-[2-({2- [(6-ammo-5-mtro(2-pyndyl))ammo]ethyl}ammo)-4-(2 4-
dichlorophenyl)pyrimidin-5-yl]isoindoline-1,3-dione and 20 mmol of hydrazine were
stirred in ethanol at 75°C for two hours and purified by column chromatography eluting

with 5-10% methanol/methylene chloride.

. 6-amino-5-nitro(2-
dichlorophenyDpyrimidin-5-yljacetamide
1 mmol of [S-amino-4-(2,4-dichlorophenyl)pyrimidin-2-yl] {2-[(6-ammo-5-mtro(2-

pyridyl))amino]ethyl}amine and 1 mmol of acetic anhydride were stirred at room
temperature for four hours in THF. The reaction mixture was concentrated in vacuo and
diluted with water and ethyl acetate. The solution was extracted three times with ethyl
acetate, dried over sodium sulfate, and purified by column chromatography eluting with 5-
10% methanol/niethylene chioride.

dichlorophenyl)pyrimidin-5-yl]amino}ethane-1-thione

1 mmol of N-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-
dichlorophenyl)pyrimidin-5-yl]acetamide and 2 mmol of Lawesson’s reagent were stirred
in 2 ml of DME at 80°C The reaction mixture was concentrated in vacuo and diluted with
water and ethyl acetate. The solution was extracted three times with ethyl acetate, dried
over sodium sulfate, and purified by column chromatography eluting with 5-10%

- methanol/methylene chloride.
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1 mmol of 1- {[2-({2-[(6-ammo-5—mtro(2-pyndyl))ammo]ethyl}am1no)—4~(2 4- -
dichlorophenyl)pyrimidin-5-yl]Jamino}ethane-1-thione was heated to 90°C in morpholine
and purified by column chromatography eluting with 5-10% methanol/methylene chloride.
HPLC: 9.75min. (100% purity)

MS: MH'= 546.3

A. 2-(2 4-dichlorophenyl)-6-chloro-3-nitropyridine ,

- 1 mmol 2,6-dichloro-3-nitropyridine, 1.05 mmol of 2,4-dichlorobenzeneboronic -
acid, and 3 mmol of Nay;CO3, were dissolved in 1.5 ml THF and 0.5 ml water and purged
with nitrogen. 0.05 mmol of [1,1’-Bis(diphe_nylphosphino)-ferrqcne]dichloropalladium(ll)
was added to reaction and stirred at room temperature under nitrogen for fourteen hours.

The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate.
The solution was extracted three times with ethyl acetate, dried over sodium sulfate, and
purified by column chromatography eluting with 10% ethylacetate 90% hexanes.

B. (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))amine

1 mmol of 2-amino-6-chloro-3-nitropyridine and 15 mmol of 1,2-diaminoethane
were stirred at reflux for fourteen hours. The reaction mixture was concentrated in vacuo
and solution of 1.5 mmol of NaOH in water was added. This solution was extracted twice
with 95%/ 5% methylene chloride/ methanol. The aqueous was then saturated with salt and
extracted twice with 95%/ 5% acetonitrile/ methanol and then finally extrated twice with
95%/ 5% ethylacetate/ methanol. All organic fractions were combined and dried over

“sodium sulfate. " |

2 4-dichlor6 her_l 1

idyl)]amine _
1 mmol of 2-(2,4-dichlorophenyl)-6-chloro-3-nitropyridine was taken with 2 mmol
of (2-aminoethyl)(6-amino-5-nitro(2-pyridyl))amine and 3 mmol of N,N-
diisopropylethylamine in 2 ml of DMF at 80°C for two hours. The reaction mixture was
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concentrated in vacuo and diluted with water and ethyl acetate. The solution was extracted
three times with ethyl acetate, dried over sodium sulfate, and: purified by column
chromatography eluting with 5-10% methanol/methylene chlonde

"HPLC: 8.698min. (100% punty)

MS: MH=464.1

dichlorophenyl)pyrimidin-5-y11-3-pyrrolino[3.4-b idine-5.7-dione

. NH, _
N
N \_/ Ke)

_ 1 mmol of 2 4-d1chlorophenacyl chloride in DMF was added drop wise to 2 mmol
of phthalimide and 2 mmol of Cs;COs in DMF at room temperature for fourteen hours and
then the reaction mixture was concentrated in vacuo and diluted with water and ethyl
" acetate. The ethyl acetate layer was concentrated and then punﬁed by trituration with
diethyl ether :

1 mmol of 2-[2-(2,4—dichlorophenyl_)-z;moethyl] isoindoline—l ,3-dion was heated to
80°C in neat N,N-dimethylformamidedimethyl acetal for six hours. The reaction mixture

"was concentrated in vacuo and purified by trituration with diethyl ether.

dichlorophenyl imidin-5- Icarbamoyl benzmc acid

1 mmol of 2-{2-2 4—d1chlorophenyl) 1- [(dlmethylammo)methylene]-2—
oxoethyl}isoindoline-1,3-dione, 1 mmol of amino{2- [(6-ammo-5-mtro(2-pyr1dyl))ammo]-
ethyl}carboxamidine, and 3 mmol of Cs,CO; were dissolved in DMF and heated to 90°C
for fourteen hours. The reaction mixture was concentrated in vacuo and diluted with water

and ethyl acetate. The solution was extracted three times with ethyl acetate and dried over
sodium sulfate. '
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dlchloroghenzl )pyrimidin-5-yl llsomdohne-l .3-dione

1 mmol of 2-{N-[2-({2-[(6-amin o-5-mtro(2-pyndyl))am1no]ethyl}ammo)-4-(24- :
dichlorophenyl)pyrimidin-5-yl]Jcarbamoyl}benzoic acid was heated to 120°C in glacial
acetic acid for four hoursand then concentrated in vacuo.

pyridyl))amino]ethyl}amine

1 mmol of 2- [2-({2-[(6-ammo-5-mtro(2-pyndyl))ammo]ethyl}ammo)-4—(2 4-
dichlorophenyl)pyrimidin-5-yl]isoindoline-1,3-dione and 20 mmol of hydrazine were
stirred in ethanol at 75°C for two hours and then purified by column chromatography
eluting with 5-10% methanol/methylene chloride.

1 mmol of [5-amino-4-(2,4-dichlorophenyl)pyrimi&in-Z-yl]{2-[(6-athino—5-nitro(2-
pyridyl))amino]ethyl}amine, and 2 mmol of furano[3,4-b]pyridine-5,7-dione were stirred at
room temperature for four hours. 2 mmol of HBTU, and 3 mmol of N,N-
dnsopropylethylamme were added to solution and left for six hours at rcom temperature.
The reaction mixture was concentrated in vacuo and diluted with water and ethyl acetate.
The solution was extracted three times with ethyl acetate, dried over sodium sulfate, and
purified by column chromatography eluting with 5-10% methanol/methylene chloride.
HPLC: 7.829min. (97.32% purity) : '

MS: MH'= 566.0 |

Example 265

Screening for GSK3 Inhibitory Activity Using a Cell-Free Assay
Pyrimidine and pyridine compounds of the present invention were dissolved in

DMSO, then tested for inhibition of human GSK3p (the nucleotide sequence for human
GSK3p appears in GenBank under Accession No. L33801). Ekpression of GSK3p is
described, for example, in Hughes et al., Eur. J. Biochem., 203:305-11 (1992), which is
incorporated herein by reference. -

An aliquot of 300 pl of substrate buffer (30 mM tns—HCl 10 mM MgChL, 2 mM
DTT, 3 pg/ ml GSK3p and 0.5 pM biotinylated prephosphorylated SGSG-linked CREB
peptide (Chiron Technologies PTY Ltd., Clayton, Australia) was dispensed into wells of a
96 well polypropylene microtiter plate. 3.5 pl /well of DMSO containing varying
concentrations of each compound to be assayed or staurosporine (a known kinase inhibitor
used as a positive control, or a negative control (i.e., DMSO only), was added and mixed
thoroughly. The reactions were then initiated by adding 50 pl/well of 1pM unlabeled



10

15

20

25

30

35

-224-

. WO 99/65897 PCT/US99/13809

ATP and 1-2 x 107 cpm y°P-labeled ATP, and the reactxon was allowed to proceed for
aboutthreehoursatroomtemperatme S -
 While the reaction was proceedmg streptav1d1n-coated Labsystems "Comblplate 8" -

'éaptdre plates (Labsystems, Helsinki, Finland) were blocked by incubating them with 300

pl/well of PBS containing 1% bovine serum albumin for at least one hour at room
temperature: The blocking solution was then removed by aspiration, and the capture plates
were filled with 100 l/well of stopping reagent (50 uM ATP/20 mM EDTA).

When the three hour enzyme reaction was finished, triplicate 100 pl aliquots of ‘
each reaction mix were transferred to three wells containing stopping solution, one well on
each of the three capture plates, and the well contents were mixed well. After one hour at
room temperature, the wells of the capture plates were emptied by aspiration and washed
five times using PBS and a 12 channel Corning 430474 ELISA plate washer. Finally, 200
p! of Microscint-20 scintillation fluid was added to each well of the plate. The plates were
coated with plate sealers, then left on a shaker for 30 minutes. Each capture plate was
counted in a Packard TopCount scintillation counter (Meridian, Connectlcut) and the
results were plotted as a function of compound concentration. .

Compoimds of the present invention were then screened for inhibitory activity
agamst GSK3 according to this assay. The following compounds exhibited ICsos of 10 pM
or less with respect to GSK3 in this cell-free assay: (4-phenylpynm1dm-2-yl)(2-(2-
pyridyl)ethyl)amine, (4-phenylpyrimidin-2-yl)[2- (2-pyndylammo)ethyl]amme, [2-(2-
pyridylamino)ethyl](4-(3-pyridyl)pyrimidin-2-yl)amine, 4-{2-[(2-(2-pyridyl)ethyl)-
amino]pyrimidin-4-yl}benzenecarbonitrile, 4-{2-[(4-pyridylmethyl)amino]pyrimidin-4-
yl}benzamide, 4-{2-[(3-imidazol-5-ylethyl)amino]pyrimidin-4-yl} benzamide, 4-(2-{[2-(2-
pyridylamino)ethylJamino} pyrimidin-4-yl)benzenecarbonitrile,4-methyl-2-({2-[(5-nitro(2-
pyridyl))arnino]efhyl}amind)pyrinﬁdine-S-carboxylic acid, 4-(2-{[(3-methylphenyl)-
methyl]amino} pyrimidin-4-yl)benzamide, 4-(2-{[(4-aminophenyl)methyljamino}-
pyrimidin-4-yl)benzamide, (5-ethyl-4-phenylpyrimidin-2-y1)[2-(2-pyridylamino)ethyl]-
amine, 4-(2-{[(5-methylpyrazin-2-yl)methylJamino} pyrimidin-4-yl)benzamide, 4-{2-[(3-
phenoxypropyl)amino]pyrimidin-4-yl} phenol, 4-{2-[(3-imidazolylpropyl)amino]pyrimidin-
4-yl}benzamide, [4-(3,4-difluorophenyl)pyrimidin-2-yl][2-(2-pyridylamino)ethylJamine, 4-
(2-{[(4-cyanophenyl)methyl}amino} pyrimidin-4-yD)benzamide,4- {2-[(2-
phenoxyethyl)amino]pyrimidin-4-yl}benzamide, 4-(2-{[(3-methoxyphenyl)methyl]-
amino }pyrimidin-4-yl)benzamide, 4-(2-{[(4-methoxyphenyl)methylJamino}pyrimidin-4-
yl)benzamide, 4-(2-{[2-(4-fluorophenyl)ethyl]amino}pyrimidin-4-yl)benzamide, [2-(2,5-
dimethoxyphenyl)ethyl}(4-(3-pyridyl)pyrimidin-2-yl)amine, [4-(4-nitrophenyl)pyrimidin-2-
yl)[2-(2-pyridylamino)ethyl}amine, {2-[(5-nitro(2-pyridyl))amino]ethyl}(4-pyrazin-2-

- ylpyrimidin-2-yl)amine, ethyl 4-(2-furyl)-2-[(2-(2-pyridyl)ethyl)amino]pyrimidine-5-

carboxylate, 4-(2-{[(3-chlorophenyl)methyl]amino} pyrimidin-4-yl)benzamide, [4-(4-
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chlorophenyl)-5-methylpyrimidin-2-yl]{2-(2-pyridylamino)ethyljamine, 4-{2-[(3-
benzimidazolylpropyl)amino]pyrimidin-4-yl}phenol, 4-{2-[(4-phenyibutyl)amino]-
pyrimidin-4-yl} benzamide, 4-(2-{[2-(3-methoxyphenyl)ethylJamino} pyrimidin-4-yl)-
benzamide, 4-{2-[(3-phenoxypropyl)amino]pyrimidin-4-yl}benzamide, 4-(2-{[(3-nitro-
phenyl)methyl]amino}pyrimidin-4—yl)benzamide, 4-[2-({2-[(5-nitro-2-pyridyl)-
aminoJethyl}amino)pyrimidin-4-yl]phenol, 3-[2-({2-{(5-nitro-2-pyridyl)amino]ethyl}-
amino)pyrimidin-4-yl}phenol, 4-(2-{[2-(3-chlorophenyl)ethyl]Jamino} pyrimidin-4-
yl)benzamide, 4-{2-[(naphthylmethyl)amino]pyrimidin-4-yl} benzamide, [5-(4-fluoro-
phenyl)pyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}amine, 4-(2-{[3-(4-chloro-
phenoxy)propylJamino}pyrimidin-4-yl)phenol, [4-(4-imidazolylphenyl)pyrimidin-2-y1][2-
(2-pyridylamino)ethyl]amine, 4-(2-{[3-(2-aminobenzimidazolyl)propylJamino}pyrimidin-
4-yl)phenol, 4-(2-{[2-(2,5-dimethoxyphenyl)ethylJamino}pyrimidin-4-yl)benzene-
carbonitrile, [4-(2,4-dichlorophenyl)pyrimidin-2-y1][2-(2-pyridylamino)ethyl]amine, 3-[2- .
({2-[(5-nitro-2-pyridyl)amino]ethyl }amino)pyrimidin-4-yl]Jbenzenecarbonitrile, 4-(2-{{3-
(3-methylphenoxy)propylJamino} pyrimidin-4-yl)benzamide, 4-{2-{(2-(2H-benzo[3,4-

d]1,3-dioxolen-5-yl)ethyl)amino]pyrimidin-4-yl} benzamide, 4-(2-{[2-(4-

nitrophenyl)ethylJamino } pyrimidin-4-yl)benzamide, 4-(2-{[(2,6-dimethoxyphenyl)-
methylJamino} pyrimidin-4-yl)benzamide, 4-(2-{[(3,4-dimethoxyphenyl)methyljamino}-
pyrimidin-4-yl)benzamide, [2-({2-[(5-niu'o(2-pyridyl))amino]ethyl}amino)pyrimidin—4-yl]-
benzylamine, ethyl 4-(4-fluorophenyl)-2-[(2-(2-pyridyl)ethyl)amino]pyrimidine-5-
carboxylate, [4-(2,4-dimethyl(1,3-thiazol-5-yI))pyrimidin-2-yl]{2-[(S-nitro(2-pyridyl))-
amino]ethyl}amine, [4-(4-methyl-1-phenylpyrazol-3-yl)pyrimidin-2-y1][2-(2-pyridyl-
amino)ethyl}amine, 4-[2-({[3-(trifluoromethyl)phenyl]methyl}amino)pyrimidin-4-yl}-
benzamide, 4—[2—({[4-(triﬂuoromethyl)phenyl]methyl}aminé)pyrixrﬂdin—4—yl]benzamide, 4-
(2-{[(3,5-dichlorophenyl)methyl)amino} pyrimidin-4-yl)benzamide, 4-{2-[4-
benzylpiperazinyl] pyrimidin-4-yl}benzamide, 4-(2-{[(2,4-dichlorophenyl)methyl]-
amino}pyrimidin-4-yl)benzamide, ethyl 4-(4-cyanophenyl)-2-[(2-(2-pyridyl)ethyl)amino}-
pyrimidine-5-carboxylate, [2-(2-pyridylamino)ethyl]{4-[4-(trifluoromethoxy)-
phenyl]pyrimidin-2-yl}amine, {6-[(2-methoxyethyl)amino]-5-nitro(2-pyridyl)} {2-{(5-
nitro(2-pyridyl))amino] ethyl}amine, 4-(2-{[3-(3-methoxyphenoxy)propyl}-
amino}pyrimidin-4-yl)benzamide, ethyl 4-(4-methoxyphenyl)-2-[(2-(2-

pyridyl)ethyl)amino]pyrimidine-5-carboxylate, [(3-methylphenyl)methyl][2-({2-[(5-nitro-

(2-pyridyl))amino]ethyl}amino)pyrimidin-4-yl]amine, 4-(2-{[3-(4-phenylimidazolyl)-
propyl]amino} pyrimidin-4-yl)benzenecarbonitrile, 4-{2-[(3-benzimidazolylpropyl)-

- amino]pyrimidin-4-y1}-2-chlorophenol, 4-[2-({3-[4~(2,4-dichlorophenyl)imidazolyl]-

propyl }amino)pyrimidin-4-ylJbenzamide, 4-[2-({3-[4-(3-methoxyphenyl)imidazolyl}-
propyl }amino)pyrimidin-4-ylJbenzamide, (3-benzimidazolylpropyl)[4-(4-imidazolyl-
phenyl)pyrimidin-2-ylJamine, N-{4-[2-({2-[(5-nitro-2-pyridyl)amino]ethyl }amino)-
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- pyrimidin-4-ylJphenyl }acetamide, 4-(2-{[3-(4-chlorophenoxy)propyl]amino} pyrimidin-4-
yl)benzamide, 4-(2-{[(4-bromoplienyl) methyl] amino}pyrimidin-4-yl)benzamide; 4-{2-
({[4-(4-fluorophenyl)phenyl] methyl}amino)pyrimidin-4-yljbenzamide, 4-(2-{[(3-
bromophenyl)methyl]Jamino} pyrimidin-4-yl)benzamide, 6-{[2-({5-nitro-6-[benzylamino]-
2-pyridyl}amino)ethyl] amino}pyridine-3-carbonitrile, ethyl 4-(4-cyanophenyl)-2-{[2--
(pyrimidin-2-ylamino) ethylJamino}pyrimidine-5-carboxylate, 4-{2-[4-(2-methoxy-
phenyl)piperazinyl] pyrimidin-4-yl}benzamide, 4-(2-{[2-(benzothiazol-2-ylamino)-
ethylJamino}pyrimidin-4-yl)benzamide, ethyl 4-(3-nitrophenyl)-2-[(2-(2-pyridyl)ethyl)-
aminopyrimidine-5-carboxylate, 6-methyl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-
4-phenylpyrimidine-5-carboxylic acid, 4-{2-[(2,2-diphenylethyl)amino}pyrimidin-4-y1}-
benzamide, 4-(2-{[(3,4,5-trimethoxyphenyl)methyl}amino}pyrimidin-4-yl)benzamide,
methyl 2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-4-(3-pyridyl)pyrimidine-5-
carboxylate, 4-[2-({[3-(3-aminophenyl)phenylJmethyl} amino)pyrimidin-4-ylJbenzamide,
4-[2-({[4-(3-aminophenyl)phenyljmethyl}amino)pyrimidin-4-yl]Jbenzamide, 4-{2-[(3-(2-
naphthyloxy)propyl)amino]pyrimidin-4-yl} benzamide, 4-{2-[(3-(6-quinolyloxy)propyl) -
amino]pyrimidin-4-yl}benzamide, [(3-chlorophenyl)methyl]{2-({2-[(5-nitro(2-pyridyl)) -
amino]ethyl}amino)pyrimidin-4-ylJamine, {(4-chlorophenyl)methyl][2-({2-[(5-nitro(2-

- pyridyl))amino]ethyl}amino)pyrimidin-4-ylJamine, ethyl 4-(4-cyanophenyl)-2-{[2-(3-
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methoxyphenyl)ethylJamino} pyrimidine-5-carboxylate, ethyl 2-({2-[(5-amino(2-
pyridjl))amino]ethyl}amino)-4-(4-‘cyahophenyl)pYrimidine-_-S-carboxylate, 4-[S-nitro-2-({2-
[(5-nitro(2-pyridyl))amino]Jethyl}amino)pyrimidin-4-yl]benzenecarbonitrile, ethyl 4-[2-({2-

[(5-nitro-2-pyridyl)amino]ethyl }amino)pyrimidin-4-yl]benzoate, ethyl 4-(3-nitropheny!)-2- .

{[2-(2-pyridylamino)ethylJamino}pyrimidine-5-carboxylate, N-benzyl(4-{2-{(2-(2-
pyridyl)ethyl)amino]pyrimidin-4-yl} phenyl)carboxamide, {2-[(S-nitro(2-
pyridyl))amino}ethy!} { 5-nitro-6-[benzylamino}(2-pyridyl) }amine, 4-(2-methoxyphenyl)-2-
({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylic acid, 4-[2-({[3-G3-
methoxyphenyl)pheny!Jmethyl}amino)pyrimidin-4-yljbenzamide, 4-{2-({2-[(5-nitro-2-
pyridyl)amino]ethyl }amino)pyrimidin-4-yl]benzenesulfonamide, 4-(2-{[3-(2,4-dichloro-
phenoxy)propyljamino}pyrimidin-4-yl)benzamide, 4-(2-{[3-(3,4-dichlorophenoxy) -
propyl]amino} pyrimidin-4-yl)benzamide, 4-(2-{[3-(3-phenylphenoxy)propyl] -
amino} pyrimidin-4-yl)benzamide, 4-(2-{[(3-{3-[(methylamino)methyl]phenyl}-
phenyl)methyl}amino}pyrimidin-4-yl)benzamide, ethyl 4-(3-fluorophenyl)-2-({2-[(5-
nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate, [4-phenyl-5-benzyl-
pyrimidin-2-y1]{2-(2-pyridylamino)ethylJamine, 4-(2-{[3-(3 -bromophenoxy)propyl] -
amino }pyrimidin-4-yl)benzamide, 4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-5-
phenylpyrimidin-4-yl]phenol, 4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino] -
ethyl}amino)pyrimidine-5-carbonitrile, 4-(3,4-dichlorophenyl)-2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidine-5-carbonitrile, 6-[(2-{[4-(4-cyanophenyl)-5-
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(ethoxycarbonyl)pyrimidin-2-ylJamino}ethyl)amino]pyridine-3-carboxylic acid, ethyl 4-(3-
cyanophenyl)-2-({2-{(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate,
[(3,5-dichlorophenyl)methyl][2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-
ylJamine, [(2,4-dichlorophenyl)methyl}[2-({2-{(5-nitro(2-pyridyl))amino]ethyl}amino)-
pyrimidin-4-yljamine, ethyl 4-(4-carbamoylphenyl)-6-ethyl-2-{[2-(2-pyridylamino)ethyl}-
amino}pyrimidine-5-carboxylate, ethyl 4-(4-carbamoylphenyl)-6-ethyl-2-{[2-(pyrimidin-2-

- ylamino)ethylJamino} pyrimidine-5-carboxylate, ethyl 4-(3,4-dimethylphenyl)-2-({2-[(5-

nitro(2-pyridyl))amino]ethyl} amino)pyrimidine-5-carboxylate, N-(2-methoxyethyl){4-[2-
({2-[(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidin-4-yl]phenyl}carboxamide, 4-{2-
[({3-[3-(acetylamino)phenyl]phenyl}methyl) amino]pyrimidin-4-yl} benzamide, ethyl 4-(4-
cyanophenyl)-2-{[2-(2-quinolylamino) ethylJamino}pyrimidine-5-carboxylate, 4-[2-({[3,5-
bis(trifluoromethyl)phenyl]methyl}amino)pyrimidin-4-yl]Jbenzamide, ethyl 4-(2,4-
difluorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidine-5-carboxylate,
(4-{[(3-bromophenyl)methyl] amino}pyrimidin-2-yI){2-[(5-nitro(2-pyridyl))amino]ethyl}-
amine, 2-({2-[(6-amino-5-nitro(2-pyridyl)) aminoJethyl}amino)-4-(3,4-
dichlorophenyl)pyrimidine—5-carbonini1e,methyl 6-[(2-{[4-(4-cyanophenyl)-5-(ethoxy-
carbonyl)pyriﬁxidin-2—yl]amino}ethyl)amino]pyridine—3-carboxylate, 4-{2-[({3-[3-
(trifluoromethyl)phenyl] phenyl}methyl)amino]pyrimidin-4-yl} benzamide, [4-(4-
benzimidazolylphenyl) pyrimidin-2-y1}{2-[(5-nitro(2-pyridyl))amino]ethyl}amine,ethyl 2-
({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)-4-(3-nitrophenyl)pyrimidine-5-carboxylate,
ethyl 4-naphthyl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate,
ethyl 2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-4-(3-quinolyl)pyrimidine-5-
carboxylate, ethyl 4-(4-cyanophenyl)-2-[(2-{[5-(N-ethylcarbamoyl)(2-pyridyl)Jamino}-
ethyl) amino]pyrimidine-5-carboxylate, benzyl {[4-(2-{[2-(2-pyridylamino)ethyl] -

amino }pyrimidin-4-yI)phenyl]sulfonyl}amine, ethyl 4-(4-cyanophenyl)-2-[(2-{[6-
(methylamino)-5-nitro(2-pyridyl)Jamino }ethyl)amino]pyrimidine-5-carboxylate, {4-[2-({2-
[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-yl]phenyl } -N-(oxolan-2-
ylmethyl)carboxamide, N-(1-carbamoyl-2-phenylethyl)[4-methyl-2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidin-5-yIjcarboxamide, N-(1-carbamoyl-2-phenyl-
ethyl)(4-{2-[(2-(2-pyridyl)ethyl)amino]pyrimidin-4-yl} phenyl)carboxamide, ethyl 4-(3,4-
dimethoxyphenyl)-2~({2-[{(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate, '
{4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-yljphenyl}-N-
benzylcarboxamide, {4-[2-({2—[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin—4~
yl]phenyl}-N-(3-pyridylmethyl)carboxamide, {4-[4-(4,5-dichloroimidazol-2-yl)phenyl}-
pyrimidin-2-y1} {2-[(5-nitro(2-pyridyl))amino]ethyl }amine, ethyl 4-(4-butoxyphenyl)-2-
({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidine-5-carboxylate, ethyl 4-{[(2-
chlorophenyl)methylijamino}-2-({2-{(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidine-5-
carboxylate, 6-(2-fluorophenyl)-2-({2-[(5-nitro(2-pyridyl)) amino]ethyl}amino)-4-phenyl-
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pyrimidine-5-carboxylic acid, {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-
4-yl}phenyl} lN-(2-‘thienyhnethyI)carboxamidé, ethyl 24({2¥[(5-nit1'o(2-. '
pyridyl))amino]ethyl}amino)-4-[3-(trifluoromethyl)phenyl] pyrimidine-5-carboxylate, ethyl
4~(3 4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl)) amino]ethyl}amino)pyrimidine-5-
carboxylate, ethyl 4-(3,5-dichlorophenyl)-2-( {2—[(S-niﬁ'o(z-pyridyl))amino]ethyl}amino)-

“pyrimidine-5-carboxylate, {4-[2-({2é[(5-—nitro(2-pyridy1))axﬂixio]ethyl}amino)pyrimidin—4-

yl]phenyl}-N—(4-piperidylmeﬂlyl)carboxamide, (6-{[(2,4-di__chlorophenyl)m¢t_hyl]amino}-5
nitro(2-pyridy1)){2-[(5-nitro(2-pyridyl)) amino}ethyl}amine, ethyl 4-(4-carbamoylphenyl)-
6-ethyl-2-({2-[(3-nitro(2-pyridyl)) amino]ethyl}amino)pyrimidine-5-carboxylate, ethyl 4-

' [4-(diethylamino)phenyl]-2—({2L[(5-nitro(2-pyridyl))émino]ethyl}amino)pyrimidine-S-

carboxylate, {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-yl]phenyl}-N-
(2-phenylethyl)carboxamide, N-{(3-methylphenyl)methyl]{4-[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidin-4-yl]phenyl} carboxamide, 2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)-4-(2,4,6-trichlorophenyl)pyrimidine-5-carboxylic acid, ethyl
2-({2-[(5-nitro(2-pyridyl))amino] ethyl }amino)-4-(4-phenylphenyl)pyrimidine-5-
carboxylate, {4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-4- -
yl]phenyl }-N-benzylcarboxamide, N-[(5-methylpyrazin-2-yl)methyl]{4-[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino) pyrimidin-4-yl]phenyl} carboxamide, N-[(3- -
ﬂuoroﬁhenyl)methyl] {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidin-4-yl}-

' phenyl}carboxamide, ethyl 2-({2-[(5-nitro(2-pyﬁdyl))ar’nino]éthyl}am'ino)-4-(4~sulfamoyl—

phenyl)pyrimidine-5-carboxylate, N-[(4-fluorophenyl)methyl] {4-[2-({2-{(5-nitro(2-

- pyridyl))amino]ethyl}amino)pyrimidin-4-yljphenyl} carboxamide, {4-(2-{[(3-bromo-
phenyl)methyljamino}pyrimidin-4-yl) phenyl]-N-[(3-methylphenyl)methyl]carboxamide,

ethyl 4-(5-bromo(3-pyridyl))-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidine-5-
carboxylate, N-(3-imidazolylpropyl) {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-
pyrimidin-4-yl]phenyl}carboxamide, tert-butyl 6-[(2-{[4-(4-cyanophenyl)-5-
(ethoxycarbonyl)pyrimidin-2-ylJamino}ethyl)amino]pyridine-3-carboxyiate, N-[(3-
bromophenyl)methyl}(4-{2-[(3-imidazolylpropyl)amino]pyrimidin-4-yl} phenyl)-
carboxamide, ethyl 4-[(2,4-dichlorophenyl)amino}-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}-
amino)pyrimidine-5-carboxylate, ethyl 4-(4-carbamoylphenyl)-6-ethyl-2-({3-[(5-nitro(2-
pyridyl))amino]) propyl}amino)pyrimidine-5-carboxylate, {4-[2-({2-[(S-nitro(2-pyridyD)-
amino]ethyl }amino)pyrimidin-4-yl]phenyl}-N-(2-phenylcyclopropyl)carboxamide, N-[(4-

- methoxyphenyl)methyl} {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-yl] -

phenyl}carboxamide, 2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-6-(4-nitrophenyl)-4-
phenylpyrimidine-5-carboxylic acid, 2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-6-(4-

' nitrophenyl)-4-(4—pyridyl)pyrimidine-5-carboxylic acid, ethyl 4-(4-carbamoylphenyl)-6-

ethyl-2-[(2-{ [5-(triﬂuoromethyl)(Z-pyridyl)]axﬁino} ethyl)amino]pyrimidine-5-carboxylate,

~ ethyl 4-(4-cyanophenyl)-2-[(2-{[5-(morpholin—4-ylcarbonyl)(2—
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pyridyl)]amino}e'thYl)a'miﬁo]pyrimidine—S-carboxylate, N-{(3-chlorophenyl)methyl]{4-[2~
({2-'-[(S-nitro(i-pyridyl))amino]ethyl} amino)pyrimidin-4-yl]phenyl}carboxamide, N-[(3,4-
difluorophenyl)methyl}{4-[2-({2- [(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidin-4-

- yljphenyl}carboxamide, ethyl 4-[4-(4-methylpiperazinyl)phenyl]-2-({2-[(5-nitro(2-

pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, 4-cyclohexyl-2-({2-[(5-nitro(2-

' pyridyl))amino]ethyl}amino)-_6-(4-nitrophenyl)pyrimidine-5-carboxylic acid, {4-[2-({2-[(5-

nin'o(2-pyridyl))amino]ethyl}amino)pyrinﬁdin—4-yl]phenyl}-N-[(3-nitrophe13yl)—
methyljcarboxamide, ethyl 4-{[(3-bromophenyl)methyljamino}-2-( {2+[(5-nitro(2-pyridyl))-
aminoJethyl }amino)pyrimidine-5-carboxylate, N-[(3 -bromophenyl)methyl][4-(2-{[2-(3-
methoxyphenyl)ethyl]Jamino}pyrimidin-4-yl) phenylJcarboxamide, N-(naphthyimethyl){4-
[2-({2-[(5-nitro(2-pyridyl)) aminb] ethyl}amino)pyrimidin-4-yl}phenyl} carboxamide, 4-(3-
cyanophenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]ethyl } amino)-6-(4-nitrophenyl)pyrimidine-
5-carboxylic acid, N-[(3,4-dimethoxyphenyl)methyl] {4-[2-({2-[(5-nitro(2-pyridyl))amino]-
ethyl}amino)pyrimidin-4-yl]phenyl} carboxamide, N-[(2,3 -dimethoxyphenyl)methyl] {4-{2-
'({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin—4~yl]phenyl}carboxamide, 4-(4-
methoxyphenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-6-(4-
nitrophenyl)pyrimidine-5-carboxylic acid, N-[(3-bromophenyl)methyl] {4-[2-({2-[(6-
methoxy(2-pyridyl))amino]ethyl }amino) pyrimidin-4-yl]phenyl}carboxamide, {4-[2-({2-
[(5-nitro(2-pyridyl))amino]ethyl}amino) pyrimidin-4-yl]phenyl}-N-{[3-
(trifluoromethyl)phenylJmethyl} carboxamide, N-[(3,5-dichlorophenyl)methyl]{4-{2-({2-
[(5-nitro(2-pyridyl))amino]ethyl}anmino)pyrimidin—4-y1]phenyl}carboxamide, N-[(3,4-

" dichlorophenyl)methyl] {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-4-

yl]phenyl}carboxamide, ethyl 4-(4-cyanophenyl)-2-{[2-({5-nitro-6-[benzylamino}(2-
pyridyl)}amino)ethyl]amino} pyrimidine-5-carboxylate, ethyl 4-[3,5-bis(triflnoromethyl)-
phenyl}-2-({2-[(5-nitro(2-pyridyl))amino]jethyl} amino)pyrimidine-5-carboxylate, 4,6-bis(4-
nitrophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidine-5-carboxylic acid,
[4-(2-{ {2-(2,5—dimethoxyphenyl)ethyl]amino}pyrimidin-4-y1)phenyl]-N-[(3-
bromophenyl)methyl] carboxamide, 2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)-4-(3-
nitrophenyl)-6-(4-nitrophenyl)pyrimidine-5-carboxylic acid, N-{(3-bromophenyl)-
methyl]{4-[2-({2-[(4-nitrophenyl)amino]ethyl}amino)pyrimidin-4-yl]phenyl} carboxamide,
N-[(3-bromophenyl)methy!] {4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-
yl] phenyl}carboxamide, N-[(4-bromophenyl)methyl} {4-[2-({2-[(5-nitro(2-pyridyl)) -
amino]ethyl}amino)pyrimidin-4-yl]phenyl}carboxamide, {4-[2-({2-[(5-nitro(2-pyridyl))-
amino]ethyl}amino)pyrinﬁdin-4—yl]phenyl}-N-[(4-sulfam0ylpheriyl)-methyl]carboxamide,
N-[2-(2,4-dichlorophenyl)ethyl}{4-[2-({2-[(5-nitro(2-pyridyl)) amino]'ethyl}-
amino)pyrimidin-4-yljphenyl} carboxamide, N-{(3-bromophenyl)methyl]{4-(2-{[2-(2-
quinolylamino)ethyl]amino} pyrimidin-4-yl)phenyljcarboxamide, 2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)-6-(4-nitrophenyl)-4-(4-quinolyl)pyrimidine-5-carboxylic
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acid, N-(2,2-diphenylethyl){4-[2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidin-4-
yl]phenyl}carboxamide, N-[(3-bromophenyl)methyl] {4-[2-({3-[(5-nitro(2-pyridyl))amino]-
propyl}amino)pyrimidin-4-yljphenyl} carboxamide, {4-[2-({2-[(6-amino-5-nitro(2-

_pyridyl))amino]ethyl}amino)pyrimidin-4-yl]phenyl}-N-[(3-bromophenyl) methyl] -

carboxamide, 2—({2-[(5-nitro(2—pyridyl))amino]ethy1}ami_no)-6-(4~nitrophenyl)-4-[4-
(trifluoromethyl)phenyljpyrimidine-5-carboxylic acid, N-f(34bromophenyl)methyl] 4-{2-
[(2-{[5(trifluoromethyl)(2-pyridyl)]amino}ethyl)amino]pyrimidin-4-yl} phenyl)-
carboxamide, [(3-bromophenyl)methyl]({4—[2—.({2-[(5~niﬁ'6(2-pyridyl))amind]éthyl}-

. amino)pyrimidin-4-yi]phenyl} sulfonyl)amine, and N-f(3-iodophenyl)methyl}{4-[2-({2-[(5-
 nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-4-yljphenyl} carboxamide.

The following compounds exhibited ICsos of 1 pM or less with respect to GSK3 in

. this cell-free assay: 4-{2-[(2-(2-pyridyl)ethyl)amino]pyrimidin-4-yl}benzamide, 4-{2-[(2-

phenylpropyl)amino]pyrimidin-4-yl} benzamide, 4-(2-{{2-(2-pyridylamino)ethyl] -

amino} pyrimidin-4-yl)benzamide, 4-(2-{ [2-(pyrimidin-2-ylamino)ethylJamino}pyrimidin-
4-yl)benzamide, (5-nitro-4-phenylpyrimidin-2-yl)[2-(2-pyridylamino)ethyl} amine, 4-(2-
{[3-(4-nitroimidazolyl)propylJamino} pyrimidin-4-yl)phenol,4-(2-{[2-(2-methoxyphenyl)-

ethyl]amino}pyrimidin-4-yl)benzamide, 4-[2-({2-[(5-cyano-2-pyridyl)amino]ethyl }amino)-
- pyrimidin-4-ylJbenzamide, 2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)-4-phenyl-
. pyrimidine-5-carbonitrile, 4-[2-({2-[(6-methoxy-2-pyridyl)aminoJethyl }amino)pyrimidin-

4-yl]benzamide, 4-(2-{[3-(4,5-dichloroimidazolyl)propyl]amino} pyrimidin-4-yD)phenol, 4-

benzimidazolylpropyl) amino]pyrimidin-4-yl} benzamide, 4-[2-({2-[(4-amino-5-cyano- -
pyrimidin-2-yl)amino] ethyl}amino)pyrimidin-4-ylJbenzamide, 4-{2-[(3-
benzimidazolylpropyl) amino] pyrimidin-4-y1}-2-methoxyphenol, 4-(2-{[2-(2,5-
dimethoxyphenyl)ethyl] amino}pyri_nﬁdin—4—yl)benzamide, 4-(2-{[2-(2,3-dimethoxy-
phenyl)ethylJamino} pyrimidin-4-yl)benzamide, 4-(2-{[3-(4-methoxyphenoxy)propyl]-
amino}pyrimidin-4-yl)benzamide, 4-[2-({2-[(5-nitro-2-pyridyl)amino}ethyl }amino)-
pyrimidin-4-yI]benzamide, {2-[(5-nitro(2-pyridyl))amino]ethyl}(5-nitro-4-phenyl-
pyrimidin-2-yl)amine, 4-(2-{[2-(2-quinolylamino) ethylJamino} pyrimidin-4-yl)benzamide,
4-(4~cyanophenyl)-2-({2-[(—5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidine—S-
carbonitrile, 4-(2-{[3-(4,5-dichloroimidazolyl)propyl]amino} pyrimidin-4-yl)benzamide, 4-
{2-[(2-{[5-(aminothioxomethyl)—2-pyri_dyl]amino}ethyl)amino]py_rimidin-4~yl}benzamide,
4-[2—({3-[(5-nitro-2-pyridyl)amino]propyl}amino)pyrimidin—.4—yl]benzamide,_4-(2—{[3—(4-

* phenylimidazolyl)propylJamino}pyrimidin-4-yl)benzamide, 4- {2-[(3-naphthyloxypropyl) -

amino]pyrimidin-4-yl}benzamide, 4-(2-{[3-(5 ,6-dimethylbenzimidazolyl) -

- propylJamino }pyrimidin-4-yl)benzamide;, [4-(4-imidazolylphenyl)pyrimidin-2-yl}{2-[(5-

nitro(2-pyridyl))amino]ethyl}amine, 4-{2-[(2-{[5-(trifluoromethyl)-2-pyridyl]amino}-
ethyl)amino}pyrimidin-4-yl}benzamide, 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl)) -
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amino]ethyl }amino)pyrimidine-5-carboxamide, 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-

pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylic acid, 2-({2-[(6-amino-5-nitro(2-

_pyridyl))amino]ethyl}amino)-4-(2,4-dichlorophenyl)pyrimidine—5-carboxylic acid, ethyl 2- -
({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)-4-(4-pyridyl)pyrimidine-5-carboxylate, ethyl
2-({2-[(5-cyano(2-pyridyl))amino]ethyl}amino)-4-(4-cyanophenyl)pyrimidine-5-
carboxylate, 4-[2-({3-[3-(trifluoromethyl)phenoxy]propyl }amino)pyrimidin-4-
yl]benzamide, [4-(4-cyanophenyl)-2-({2-{(5-nitro(2-pyridyl))amino]ethyl }amino)-
pyrimidin-5-yl]-N-methylcarboxamide, methyl 4-(4-cyanophenyl)-2-({2-[(5 -nitro(2-
pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, [4-(4-morpholin-4-ylphenyl)-
pyrimidin-2-y1]{2-[(5-nitro(2-pyridyl))amino]ethyl }amine, ethyl 4-(4-methylphenyl)-2-({2-
[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, {2-[(6-amino-5-nitro(2- -
pyridyl))amino]ethyl} {5-nitro-6-{benzylamino}(2-pyridyl)} amine, 2-({2-[(5-nitro(2-
pyridyl))amino]ethyl }amino)-4-(4-nitrophenyl)pyrimidine-5-carboxylic acid, ethyl 4-(4-
fluorophenyl)-2-({2-{(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, 4-
[5-imidazolyl-2-({2-[(5-nitro(2-pyridyl))amino] ethyl}amino)pyrimidin-4-yl]benzene-
carbonitrile, 4-[5-imidazol-2-yl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-4-
yl]benzenecarbonitrile, ethyl 2-({2-[(4-amino-5-cyanopyrimidin-2-yl)amino]ethyl}amino)-
4-(4-cyanophenyl)pyrimidine—S-cérboxylate, [4-(2,4-dimethylphenyl)-5-
imidazolylpyrimidin-2-yl}{2-[(5-nitro(2-pyridyl))amino] ethyl}amine, 2-({2-{(6-amino-5-
nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-dichlorophenyl)pyrimidine-5-carbonitrile,
ethyl 4-(4-cyanophenyl)-2-({2-[(4-nitrophenyl)amino] ethyl}amino)pyrimidine-5-

* carboxylate, [4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-

5-yl]-N,N-dimethylcarboxamide, ethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, [4-(2,4-dichlorophenyl)-5-
ethylpyrimidin-2-yl] {2—[(5-nitro(2-pyridyl))amino]ethyl}amine, ethyl 4-(4-ethylphenyl)-2-
({2-[(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidine-5-carboxylate, ethyl 4-(4-
methoxyphenyl)-2-({2-[(5-nitro(2-pyridyl))amino] ethyl}amino)pyrimidine-5-carboxylate,
4;[5-(methylsulfonyl)-2-({2—[(5-nitro(2—pyridyl))amino]ethyl}amino)pyrimidin—4—
yl]benzenecarbonitrile, 4-(2-{[3-(5,6-dichlorobenzimidazolyl)propylJamino} pyrimidin-4-
yl)benzamide, 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-5-imidazolyl-
pyrimidin-4-yl]benzenecarbonitrile, 4-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]-
ethyl}amino)-5-imidazol-2-ylpyrimidin-4-yl] benzenecarbonitrile, N-(cyanomethyl){4-(4-
cyanophenyl)-2-({2-[(5-nitro(2-pyridyl)) amino]ethyl} amino)pyrimidin-5-yl]carboxamide,
4-[5-(3-methyl(1,2,4-oxadiazol-5-y1))-2-({2- -[(5-nitro(2-pyridyl))amino]-

- ethyl}amino)pyrimidin-4-yl}Jbenzenecarbonitrile, ethyl 4-(4-chlorophenyl)-2- ({2 [(5-

nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate, ethyl 4-(3,4-difluoro-
phenyl)-2-({2-[(5-nitro(2-pyridyl))amino}ethyl }amino)pyrimidine-5-carboxylate, N-(2-
aminoethyl){4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidin-5-
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yl]catboxamidé, ethyl 4-(4-cyanophenyl)-2-({2-[(4-methyl-5-nitro(2- . - :
pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, ethyl 2-({2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl }amino)-4-(4-cyanophenyl)pyrimidine-5-carboxylate, [4-(4- -
cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino) pyrimidin-5-y1]-N-(2-
hydroxyethyl)carboxamide, 2-hydroxyethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))-
amino]ethyl}amino)pyrimidine-5-carboxylate, ethyl 2-({2-[(4-amino-5-nitropyrimidin-2-
yl)aminoJethyl}amino)-4-(4-cyanophenyl)pyrimidine-5-carboxylate, ethyl 4-[4-
(methylethyl)phenyl]-2-({2-[(5-nitro(2-pyridyl))amino] ethyl}amino)pyrimidirie-S-'

' carboxylate, ethyl 4-[4-(dimethylamino)phenyl}-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}-

amino)pyrimidine-5-carboxylate, ethyl 4-(2H-benzo{3,4-d]1,3-dioxolen-5-y)-2-({2-[(5- -
nitro(2-pyridyl))aminoJethyl}amino)pyrimidine-5-carboxylate, ethyl 2~({2-[(5-nitro(2-

pyridyl))amino]ethyl} amino)-4-(4-nitrophenyl) pyrimidine-5-carboxylate, ethyl 4-(4-

methylthiophenyl)-2-({2-[(5-nitro(2-pyridyl)) amino] ethyl}amino)pyrimidine-5- -
carboxylate, ethyl 4-(4-cyanophenyl)-2-[(2-{[5-(trifluoromethyl)(2-pyridyl)Jamino }ethyl)-
amino]pyrimidine-5-carboxylate, ethyl 4-(2-naphthyl)-2-({2-[(5-nitro(2-pyridyl))amino]-
ethyl}amino)pyrimidine-S-carboxylate, N-butyl[4-(4-cyanophenyl)-2-({2-[(5-nitro(2-
pyridyl))ainino]efhyl}arhino)pyrimidin—S-yl]carboxamide, N-(tert-butyl)[4-(4-cyano-

- phenyl)-2-({2-[(5-nitro(2-pyridyl))aniino] ethyl }amino)pyrimidin-5-yljcarboxamide, ethyl
~4-(4-carbamoylphenyl)-2-({2-[(5-cyano(2-pyridyl))aminoJethyl} amino)-6-ethylpyrimidine-

5-carboxylate, tert-butyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }-

~ amino)pyrimidine-5-carboxylate, N-(carbamoylmethyI)[4-(4-cyanophenyl)-2-({2-[(5-

nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-5-yl]carboxamide, ethyl 4-(4-cyanophenyl)- -
6-ethyl-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate, butyl 4-
(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate,
ethyl 4-{[(4-cyanophenyl)methyl]amino}~2~({2-[(5-nitro(2-pyridyl))amino]-

ethyl} amino)pyrimidine-5-carboxylate, ethyl 4-{[(3-cyanophenyl)methyl]Jamino}-2-({2-
[(5-nitro(2-pyridy}))amino]ethyl} amino)pyrimidine-5-carboxylate, ethyl 4-[4-(tert-butyl)-
phenyl]-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate, 4-[2-({2-
[(5-nitro(2-pyridyl))amino]ethyl}amino)-5-[benzylamino]pyrimidin-4-yl}benzene-
carbonitrile, {4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-y{] {2-[(5-nitro(2-pyridyl)) -
amino]ethyl }amine, [4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-y1}{2-[(5-nitro(2-
pyridyl))amino]ethyl}amine, 4-(4-cyanophenyl)-6-(3—fury1)—2—({2-[(5-nitro(2—pyridyl))-
amino]ethyl }amino)pyrimidine-5-carboxylic acid, 4-{2-({2-[(5-nitro(2-pyridyl))amino]-
ethyl}amind)-5—(piperazinylcarbonyl)pyrimidin—4-yl]b'enzenecar’bonitﬁle, ethyl 4-(4-
imidazolylphenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidine-5-carboxylate,

4-[5-(morpholin-4-ylcarbonyl)-2-({2-{(5-nitro(2-pyridyl))amino]ethyl } amino)pyrimidin-4-

yl]benzenecarbonitrile, ethyl 4-(4-(2-furyl) phenyl)-2-({2-[(S-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, ethyl 2-({2-{(5-nitro(2-



10

15

20

25

30

35

-233-

‘WO 99/65897 o PCT/US99/13809

pyridyl))amino]ethyl}amino)-4-(4-(1,3-oxazol-5 -yl)phenyl)pyrimidine-5-carboxylate, ethyl
2-({2-[(5- mtro(2-pyndyl))am1no]ethyl}ammo)-4-(4-(1,2,4-tnazol-4-yl)phenyl)pynm1dme—
5-carboxylate, N-[2-(d1mcﬁ1ylam1no)ethyl][4-(4~cyanophenyl)-2-({2-[(5-mtro(2-pyndyl))- '
amino]ethyl}amino)pyrimidin-5-yl]Jcarboxamide, 2-(dimethylamino) ethyl 4-(4-cyano-

. phenyl)-2-({2—[(5—nitro(2-pyridyl))amino]ethyl}amino) pyrimidine-5-carboxylate, ethyl 2-

({2-[(5-nitro(2-pyridyl))amino]eﬂ1yl}amino)-4-[4—(t1iﬂuoromethyl)phenyl]pyrimidine~5-

- carboxylate, ethyl 4-(2,4-dichlorophenyl)-2-({2—[(5-ni&o(Z—pyridyl))mnino]chyl_} amino)-

pyrimidine-5-carboxylate, ethyl 4-(4-(1H-1 ,2,3,4-tetraazol-5-yl)phenyl)-2-({2—{(5-nitro(2-
pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, ethyl 4-(4-carbamoylphenyl)-6-

- ethyl-2-({2-{(5-nitro(2-pyridyl))amino] ethyl}amino)pyrimidine-5-carboxylate, 4-(4-

cyanophenyl)-Z-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-6—phenylpyrimidine-5-
carboxylic acid, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}{4-(2,4-dichlorophenyl)-5-
imidazolylpyrimidin-2-yl]amine, {2-[(6-amino-5-nitro(2-pyridyl))aminoJethyl} [4-(2,4-
dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJamine, ethyl 4-(4-bromophenyl)-2-({2-[(5-
nitro(2-pyridyl))amino] ethyl}amino)pyrimidine-5-carboxylate, ethyl 4-[4-(methyl-
sulfonyl)phenyl]-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate,
ethyl 2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amino)-4-(4-(1,3-oxazol-5-
yhphenyl)pyrimidine-5-carboxylate, N-[2-(dimethylamino)ethyl}[4-(4-cyanophenyl)-2-({2-
[(5-nitro(2-pyridyl)) 'ami'no] ethyl}amino)pyrimidin-5-yl]-N-methylcarboxamide, N-(1-
carbamoyl-2-hydroxyethyl)[4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))-

~ amino]ethyl}amino) pyrimidin-5-yl]carboxamide, 3-(dimethylamino)propyl 4-(4-

cyanophenyl)-2-({2-[(S-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate,

- ethyl 2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} amino)-4-(2,4-dichlorophenyl)-

pyrimidine-5-carboxylate, 2-(dimethylamino)ethyl 2-({2-[(6-amino-5-nitro(2-pyridyl))-
aminojethyl}amino)-4-(4-cyanophenyl) pyrimidine-5-carboxylate, [2-(dimethyl-

- amino)ethoxy]-N-[4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl } amino)-

pyrimidin-5-yl] carboxamide, ethyl 2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-4-[4-
(trifluoromethoxy)phenyi]pyrimidine-5-carboxylate, ethyl 4-(4-morpholin-4-yiphenyl)-2-
({2-{(5-nitro(2-pyridyl))amino]ethyl }amino)pyrimidine-5-carboxylate, [4-(4-cyanophenyl)-
2—({2—[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-S-yl]-N-benzylcarboxamide, ethyl

- 4-(6-morpholin-4-yl(3-pyridyl))-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidine-

5-carboxylate, [4-(4-cyanophenyl)-2-({2-{(5-nitro(2-pyridyl))amino]ethyl }-
amino)pyrimidin-5-y1}-N-(4-pyridyimethyl)carboxamide, phenylmethyl 4-(4-cyanophenyl)-
2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate, 4-(4-
cyanophenyl)-6-(4-fluorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}-
amino)pyrimidine-5-carboxylic acid, N-[(3-methoxyphenyl)methyl} {4-[2-({2-[(5-nitro(2-
pyridyl))amino]ethyl }amino)pyrimidin-4-yl}phenyl}carboxamide, 4-[5-{3-[2-
(dimethylamino)ethyl}(1,2,4-oxadiazol-5-y1)}-2-({2-[(5-nitro(2-pyridyl))amino] -
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* ethyl}amino)pyrimidin-4-yl] benzenecarbonitrile, N-[(3-bromophenyl)methyl]{4-(2-{[2-

(pyrimidin-Z-}"Ianﬁnd)ethyl]amino}pyrirﬂidin#-yl)phenyl]c_:arbo:‘camide,- 4-(dimethyl-

- amino)butyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino) pyrimidine- -

5-carboxylate, 4,6-bis(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino] ethyl}-
amino)pyrimidine-5-carboxylic acid, ethyl 2-({2-[(6-amino-5-nitro(2-pyridyl)) amino}-
ethyl}amino)-4-(4-morpholin-4-ylphenyl)pyrimidine-5-carboxylate, 4-(3-hydroxyphenyl)-

- 2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-6-(4-nitrophenyl)pyrimidine-S-carboxylic

acid, 2-morpholin-4-ylethyl 4-(4-cyanophenyl)-2-( {2-[(5-nitro(2-pyridyl))amino]ethyl}-
amino)pyrimidine-5-carboxylate, 44(4-cyanophenyl)-2-({2-[(5—nitro(2-py1idyl))—
amino]ethyl}ainino)-6-(4-nitrophenyl)pyrimidine—5-carboxylic acid, 4-(4-cyanophenyl)-2-
({2-[(5-nitro(2-pyridyl))amino)ethyl }amino)-6-(3-nitrophenyl)pyrimidine-5-carboxylic

- acid, N-[(3-bromophenyl)methyl] {4-[2-({2-[(5-cyano(2-pyridyl))amino]ethyl}-
" amino)pyrimidin-4-yl]Jphenyl} carboxamide, ethyl 4-(4-carbamoylphenyl)-2-({2-[(5-nitro(2-

pyridyl))amino]ethyl})-6-(4-pyridyl) pyrimidine-5-carboxylate, 2-(dimethylamino)ethyl 2-
({2-[(6-amino-5-nitro(2-pyridyl)) amino]ethyl}amino)-4-(2,4-dichlorophenyl)pyrimidine-5-

" carboxylate, 2-[bis(2-hydroxyethyl)aminoJethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-

pyridyl))amino]ethyl}amino) pyrimidine-5-carboxylate, {4-[2-({2-[(4-amino-5-
cyanopyrimidin-2-yl)amino]ethyl }amino)pyrimidin-4-yl}phenyl}-N-{(3-bromophenyl)-
methyl]carboxamide, 4—(4-¢arboxyphenyl)—2—({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)-
6-(4-nitrophenyl)pyrimidine-5-carboxylic acid, 2-hydroxy-3-morpholin-4-ylpropyl 4-(4-
cyanophenyl)-2-({2-{(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidine-5-carboxylate,
ethyl 4-(4-cyanophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino)-6-(4-

~ nitrophenyl)pyrimidine-5-carboxylate, (2-{5-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino}-

ethyl}amino)-4-(2,4-dichlorophenyl) pyrimidin-5-y1](1,2,4-oxadiazol-3-yl)} ethyl)-
dimethylamine, ethy! 4-(4-carbamoylpheny!)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl}-
amino)-6-(4-nitrophenyl)pyrimidine-5-carboxylate, [4-(4-imidazolylphenyl)pyrimidin-2-
y1}{2-[(5-nitro(2-pyridyl))amino] ethyl}amine, 4-[5-imidazolyl-2-({2-{(5-nitro(2-pyridyl))-
amino]ethyl}amino)pyrimidin-4-yl]benzenecarbbnitfile, 4-[2-({2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl}amino)-5-imidazolylpyrimidin—4—yl]benzenecarbonitrile, [4-(2,4-
dichlorophenyl)-5-imidazolylpyrimidin-2-y1}{2-[(S-nitro(2-pyridyl))amino]ethyl }amine, 4-
[2-({2-[(5-nitro-2-pyridyl) amino]ethyl }amino)-7a-hydro-1 ,2,4-triazolo[1,5-a]pyrimidin-7-
yl]benzenecarbonitrile, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichloro--
phenyl)-5-imidazolylpyrimidin-2-ylJamine, [4-(2,4-dichlorophenyl)-5-imidazol-2-yl-
pyrimidin-2-yl}{2-[(5-nitro(2-pyridyl))amino]ethyl }amine, 6-[(2-{[4-(2,4—di_chiorophenyl)—
5-imidazolylpyrimidin-2-yl]amino}ethyl)amino]pyridine-3-carbonitrile, [5-benzotriazolyl-
4-(2,4-dichlorophenyl)pyrimidin-2-yl]{2-[(5 -nitro(2-pyridyl))amino]ethyl}amine,- [2-({2-
[(6-amino-5-nitro(2-pyridyl))amino]ethyl}amino)-4-(2,4-dichlorophenyl)pyrimidin—S-
ylJmethan-1-ol, [4-(2,4-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl }amino) -
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pyrinﬁdin~5-yl]methan—l¥ol, 2-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-
(2,4-dichlorophenyl)pyrimidin-5-yl}isoindoline-1,3-dione, [5-amino-4-(2,4-

- dichlorophenyl)pyrimidin-2-y1] {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amine, {2-[(6- -

'amino-S-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-morpholin-4-ylpyrimidin-
2-yl]amine, {2-[(6-amino-5S-nitro(2-pyridyl))amino]ethyl} {4-(2,4-dichlorophenyl)-5-[5-

(trifluoromethyl)(1,2,3,4-tetraazolyl)]pyrimidin-2-yl }amine, 1-[2-({2-[(6-amino-5-nitro(2-
pyridyl))amino]eﬂlyl}amino)-4-(2,4-dichlorophenyl)pyrinﬁdin-5-yl] pyrrolidine-2,5-dione,

[4-(2,4-dichlorophenyl)-5-pyrazolylpyrimidin-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl}-

amine, [4-(2,4-dichlorophenyl)-5-(4-methylimidazolyl) pyrimidin-2-y1] {2-{(5-nitro(2-
pyridyl))amino]ethyl}amine, [4-(2,4-dichlorophenyl)-5-(2,4-dimethylimidazolyl)pyrimidin-
2-y1]{2-[(5-nitro(2-pyridyl))amino]ethyl}amine, 6-[(2-{[4-(2,4-dichlorophenyl)-5-
imidazol-2-ylpyrimidin-2-ylJamino}ethyl)amino] pyridine-3-carbonitrile, {2-[(6-amino-5-
nitro(2-pyridyl))amino]ethyl} {4-(2,4-dichlorophenyl)-5-(morpholin-4-ylmethyl)pyrimidin-
2-yljamine, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-
piperazinylpyrimidin-2-ylJamine, {2-{(6-amino-5-nitro(2-pyridyl))amino]ethyl}[4-(4-
ethylphenyl)-5-imidazolylpyrimidin-2-yl}Jamine, 1-[4-(2,4-dichlorophenyl)-2-({2-[(5-
nitro(2-pyridyl))amino]ethyl }amino) pyrimidin-S-yl]hydropyridin—2-6r__1e, [5-
benzimidazolyl-4-(2,4-dichlorophenyl)pyrimidin-2-yl} {2-[(5-nitro(2-
pyridyl))amino]ethyl}amine, {2-[(6—_amino-5-nitro(2-pyridyl))amind]ethyl}[4—(2,4-
dichlorophenyl)-5-imidazolylpyrimidin-2-yljmethylamine, {2-[(6-amino-5-nitro(2-
pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)—5_-(4-pyriciyl)pyrimidin-2-yl]amine, {2-[(6-
amino-5-nitro(2-pyridyl))amino]ethyl}[4-(2,4-dichlorophenyl)-5-(4-methylpiperazinyl)-
pyrimidin-2-yljamine, [4-(2,4-dichlorophenyl)—5-(2-methylimidazoiyl) pyrimidin-2-y1}{2-
[(5-nitro(2-pyridyl))amino]ethyl}amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-
(2,4-dichlorophenyl)-5-(2-methylimidazolyl)pyrimidin-2-ylJamine, {2-[(6-amino-5-nitro(2-
pyridyl))amino)ethyl}[4-(2,4-dichlorophenyl)-5-(4-phenylimidazolyl)pyrimidin-2-
yl]amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} [4-(2,4-dichlorophenyl)-5-(2,4-
dimethylimidazolyl)pyrimidin-2-ylJamine, [4-(2,4-dichlorophenyl)-5-imidazol-2-
ylpyrimidin-2-yl](2-{[5-(trifluoromethyl)(2-pyridyl)] amino}ethyl) amine, {4-(2,4-
dichlorophenyl)-5-piperazinylpyrimidin-2-yl]{2-[(5-nitro(2-pyridyl)) amino]ethyl}amine,
{4-(2,4-dichlorophenyl)-5-imidazolylpyrimidin-2-yl][2-(dimethylamino)ethyl] {2-[(5-
nitro(2-pyridyl))amino]ethyl}amine, 1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl}-
amino)-4-(2,4-dichlorophenyl)pyrimidin-5-yl]-4-methylpiperazine-2,6-dione, [4-(2,4-
dichlorophenyl)-5-(1-methylimidazol-2-yl)pyrimidin-2-y1]{2-[(5-nitro(2-pyridyl))amino]-
ethyl}amine, 1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-dichloro-
phenyl)pyrimidin-5-yl]-3-morpholin-4-ylpyrrolidine-2,5-dione, 1-[4-(2,4-dichlorophenyl)-
2-({2-[(5-nitro(2-pyridyl))amino]ethyl}amino)pyrimidin-5-yl]-4-methylpiperazine-2,6-
dione, 1-[2-({2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amino)-4-(2,4-
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dichlorbphenyl)pyximidin—S‘-yl]-3-(dimethylamino)pyrrolidine-Z,'S'-didne, {5-imidazol-2-yl-
4-[4-(trifluoromethyl)phenyl] pyrimidin-2-y1} {2-[(5-nitro(2-pyridyl))amino]ethyl}amine,
{2-[(6-amino-S-nitrb(z;pyridyl))amino]ethyl}[4-(2;4—dich10rbpheﬂyl)-5-(l'-methylimidazol- :
2-yl)pyrimidin-2-ylJamine, [4-(2,4-dichlorophenyl)-5-(4-methylpiperazinyl)pyrimidin-2-
y1J{2-{(5-nitro(2-pyridyl))amino]ethyl }amine, [4-(2,4-dichlorophenyl)-5-(morpholin-4-

* ylmethyl) pYrim_idiri-2-yl] {2-[(5-nitro(2-pyridyl))amino]ethyl }amine, [4-(2,4-
' dichlorophenyl)-S-(4-methylimidazol-2-yl)pyrinﬁdin-—2-yl]'{2-'[(5-nitro(2—pyridyl))amino]-

_ ethyl}amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]jethyl}[4-(2 ,4-dichlorophenyl)-5-(4-
methylimidazol-2-yl)pyrimidin-2-yl]amine, {2-[(6-amino-5-nitro(2-pyridyl))amino]-
ethyl}[4-(2-chlorophenyl)-5-imidazol-2-ylpyrimidin-2-yljamine, {4-(2-chloro-4-fluoro-
phenyl)-S—imidazol-Z-ylpyrimidinQ-yl] {2-{(5-nitro(2-pyridyl))amino]ethyl }amine, [4-(2,4-
dichlorophenyl)-5-imidazolylpyrimidin-2-yl}{2-{(5-nitro(2-pyridyl)) amino]ethyl}(2-
pyrrolidinylethyl)amine, [4-(2,4-dich10roph'enyl)-5-imidazblylpyrimidin-Z-yl](2-morpholin-
4-ylethyl) {2-[(5-nitro(2-pyridyl))amino]ethyl }amine, 6-[(2-{[4~(2,4-dichlorophenyl)-5-(4-
methyliinidazol-2-yl)pyrimidin-2-yl]amino}ethyl)amino]pyridine~3—carbonitrile, {2-{(6-
-amino-S'-riitrO(2-pyridyl))amino]ethyl} [4-(2-chloro-4-fluorophenyl)-5-imidazol-2- -
ylpyrimidin-2-yl}amine, [4-(4-ethylphenyl)-5-imidazol-2-ylpyrimidin-2-y1]{2-[(S-nitro(2-

~ pyridyl))amino]ethyl}amine, [5-((1E)-1-aza-2-morpholin-4-ylprop-1-enyl)-4-(2,4-

dichlorophenyl)pyrimidin-2-yl] {2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl }amine, N-[4-
2 ,A-dichlorophenyl)-2-({2-[(5-nitro(2-pyridyl))amino]ethyl} amino)pyrimidin-5-yl}-
acetamide, [4-(2, 4-d1chlorophenyl)—5-nmdazol—2—ylpynm1dm—2-yl] {2-[(6-methoxy-5-
mtro(2-pyr1dyl))ammo]ethyl}amme 6-[(2-{[4-(2 4-d1chlorophenyl)-5—1mxdazoly1—
pyrimidin-2-ylJmethylamino}ethyl)amino] pyridine-3-carbonitrile, 6-[(2-{[4-(2,4-dichloro-
phenyl)-5-imidazol-2-ylpyrimidin-2-ylJmethylamino} ethyl)amino]pyridine—3-éarbonitrile,
[4-(2,4-dichlorophenyl)-5-imidazol-2-ylpyrimidin-2-ylJmethyl {2-[(5-nitro(2-pyridyD)-
amino]ethyl}amine, 6-[(2-{[4-(2-chloro-4-fluorophenyl)-5-imidazol-2-ylpyrimidin-2-
yl]amino}ethyl)amino] pyridine-B-carbonitrile, [4-(4-chloropheny!)-5-imidazol-2-
ylpyrimidin-2-yl} {2-[(S-nitro(Z-pyridyl))amino]ethyl}amin’e, {2-[(6-amino-5-nitro(2-
pyridyl)) amino]ethyl} [4-(4-chloro-2-methylphenyl)-5-imidazol-2-ylpyrimidin-2-ylJamine,
{2-[(6-amino-5-nitro(2-pyridyl))amino]ethyl} {4-(4-bromo-2-chlorophenyl)-5-imidazo}-2- '
ylpyrimidin-2-yl]amine, 6-[(2-{[4-(4-bromo-2-chlorophenyl)—S;imidazol-2-ylpyrirr1idin-2-
ylJamino}ethyl) amino}pyridine-3-carbonitrile, 6-[2-({2-[(6-amino-5-nitro(2-
pyridyl))amino] ethyl}amino)-4-(2,4-dichlorophenyl)pyrimidin-5-y1]-3-pyrrolino(3,4-
b]pyridine-5,7-dione, N-[2—({2-[(6-ammo—5—mtro(2-pyndyl))am1no]ethyl}am1no)-4 -(2,4-
dichlorophenyl) pynmldm-S-yl]-2-(methylammo)acetam1de {2-[(6-amino-5-nitro(2-
pyridyl))amino)ethyl} [4-(4-bromo-2-chlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-
yl]amine, 6-[(2-{[4-(4-bromo-2-chlorophenyl)-5-(4-methylimidazol-2-yl)pyrimidin-2-
ylJamino}ethyl)amino]pyridine-3-carbonitrile, {2-[(6-amino-5-nitro(2-pyridyl))amino] -
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ethyl}(4-(2-chloro-4-ﬂu6r0phenyl)—5—(4_-methylimidazol-2-yl)pyrimidin—2—yl]amine, 6-[(2-
{[4-(2,4-dichlorophenyl)-5-(5-chloro-2-oxohydropyridyl) pyrimidin-2-ylJamino}ethyl)-
amino]pyridine-3-carbonitrile, [6-(2,4-dichlorophenyl)-5-imidazolyl(2-pyridyl)] {2-{(5-
nitro(2-pyridyl))amino}ethyl}amine, {2-[(6-amino-5-nitro(2-pyridyl))amino] ethyl}[6-(2,4-
dichlorophenyl)-5-imidazolyl(2-pyridyl)Jamine, 6-[(2-{[6-(2,4-dichlorophenyl)-5-
imidazolyl-2-pyridylJamino}ethyl)amino]pyridine-3-carbonitrile, {2-[(6-amino-5-nitro(2-

~ pyridyl))amino]ethyl}{6-(2,4-dichlorophenyl)-5-nitro(2-pyridyl)Jamine, {2-[(6-amino-5-

nitro(2-pyridyl))aminojethyl} [6-(2,4-dichlorophenyl)-5-(4-methylimidazolyl)(2-
pyridyl)Jamine, 6-[(2-{[6-(2,4-dichlorophenyl)-5-(4-methylimidazolyl)-2-pyridyl]-
amino }ethyl)amino]pyridine-3-carbonitrile, and [4-(4-bromo-2-chlorophenyl)-5-imidazol-
2-ylpyrimidin-2-yl] {2—{(5-nitro(2#pyridyl))a1x1ino]ethyl}amine

Accordingly, these results demonstrate that compounds of the present invention
exhibit inhibitory activity against GSK3.

Example 266

Screenmg for GSK3 Inhibitory Activity Using a Cell-Based Glycogen Synthase Assay
CHO-HIRC cells are maintained in 10 cm tissue culture plates in Ham's F12

'medium/10% dialysed fetal bovine serum. Cells from a confluent 10 cm plate are
harvested and divided into the 6 wells of a 6-well tissue culture plate to a final volume of 2
ml of medium. The cells are left to grow at 37°C for 24 hours. The cells are then washed
three times in Ham's F12 medium containing no fetal bovine serum, and finally the cells .
are left for a further 24 hours at 37°C in 2 ml of the serum-free medium.

At the end of this time, 20 pl of compound dissolved in DMSO i is added to each
well and incubated at 37°C. After 20 minutes the medium is removed and the cells are
washed once in PBS at room temperature and then rapidly frozen in the plates in liquid
nitrogen. Cells are then thawed on ice in the presence of 140 ul of lysis buffér (50 mM

. Tris pH 7.8; 1 mM EDTA, 100 mM NaF, 25 pg/ml leupeptin, 1 mM DTT, 1 mM PMSF)

per well. Cells are scraped from the plates and frozen in Eppendorf tubes on dry ice.
Lysates are then thawed and refrozen on dry ice.

After rethawing, lysates are spun at 14,000 g for 15 minutes. The supernatants are
then removed and stored on ice. Each supernatant (45 pl) is added to 45 pl of reaction
buffer (65 mM Tris pH 7.8; 26 mM EDTA, 32.5 mM KF, 9.3 mM UDP-glucose; 11 mg/ml
glycogen; 500 nCi/ml “C-UDP-glucose) and a further 45 pl is added to 45 pl reaction
buffer/20 mM gluéosé-6-phosphate. Reactions are incubated at 30°C for 30 minutes and
then spotted onto a 2 cm square 31ET chromatograph paper (Whatman). “Filter papers are
washed twice for 20 minutes in 66% ethanol, rinsed brieﬂy in acetone and dried for 1 hour
at room temperature.
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- Filters are added to-5 ml of liquid scintillant and counted:in a-liquid scintillation

. counter. -- The percentage of the total glycogen synthase that:is active in any:lysate is
expressed as 100X (cpm minus glucose-6-phosphate)/(cpm plus glucose-6-phosphate). -
~ Such values are determined in duplicate for 5 different concentrations of compound and for

DMSO alone, and the values are then plotted against the logarithm of the concentration.

- The concentration of compound which stimulates glycogen synthase activity to 50% of the

maximal level is determined by fitting a sigmoidal curve to the plotted data. The maximal
level is defined as that level, to which glycogen synthase activity tends asymtotically as the
concentration of test compound increases substantially beyond the ECs,.

cample 267
Screenmg for Inhlbltlon of Tau Protem Phospho;ylatxon

A, Transient Transfection of COS Cells with GSK3 Expression Plasmxd and Tau

Expression
Plasmid Construction

COS cells are maintained in T25 tissue culture flasks in high glucose MEM

- medium / 5% fetal bovine serum. Cells from a confluent T25 flask are harvested and
80,000 cells/well are seeded into Cormng 6-well txssue culture plates in a final volume of 2 .
- ml/well of medxum ‘The cells are left to grow at 37 °C for 48 hours. The cells are then
“washed twice in Optl-MEM contalmng no fetal bovine serum, and finally the cells are left .
in 1 m! of Opti-MEM.
| Polynucleotlde encodlng tau protein 1s subcloned into plasmid pSGS under an early
- SV40 promoter to generate a tau expression plasmxd The cloning of cDNA encoding tau
‘protein is generally described in Goedert et al.,, EMBO Journal, 8(2):393-399 (1989),

which is mcorporated herein by reference. A GSK3 expressmn plasmid is prepared by

“subcloning polynucleotide encodmg GSK3p into pCG, which is an ApEVRF derivative
described in Giese et al., Genes & Development, 9: 995-1008 (1995) and Matthias et al.,

Nucleic Acid Research, 17:6418 (1989), both of which are 1ncorporated herein by
reference.

The following solutions are prepared in 1.5 ml Eppendorf tubes: Solution A: for
each transfection, 2 pg of DNA (tau expression plasmid) and 0.7 pg of DNA (GSK3
expression plasmid) are diluted into 100 pul of Opti-MEM (Gibco BRL); Solution B: for
each transfection, 8 pl of Lipofectamine reagent is diluted into 100 pul of Opti-MEM. The
two solutions are combined, mixed gently, and incubated at room temperature for 45
minutes to allow DNA-liposome complexes to form. For each transfection, 0.8 ml of Opti-

 MEM is added to the tube containing the complexes. The diluted solution is mixed gently

and overlaid onto the rinsed cells. The cells are incubated with the complexed DNA /
Lipofectamine for 6 hours at 37°C in a CO, incubator. Following incubation, 1 ml of



5

10

15

20

25

30

35

-239-

‘WO 99/65897 o PCT/US99/13809

growth medium (high glucose MEM) with 20% FBS is added to each well and incubated at
37°C overnight. ‘The medium is replaced with fresh, complete medium at 18 hours
following the start of transfection, and the cells are left to grow at 37 °C for another 48
hours.

B. ___ Tau Phosphorylation Inhibition assay
Two hours before harvesting, 2 p! of test compound (GSK3 inhibitor) dissolved in

DMSO is added to each well and incubated at 37°C. After 2 hours the medium is removed
and the cells are rapidly frozen on the plates on dry ice and stored at -70°C. Cells are
thawed on ice in the presence of 200 pl of lysing buffer (1% Triton® X-100, 20 mM Tris
pH 7.5, 137 mM NaCl, 15% glycerol, 25 pg/ml leupeptin, 1 pg ml pepstatin-A, 1 uM
PMSF, 21 pg/ml aprotinin, 50 mM NaF, 50 mM p-glycerophosphate, 15 mM sodium
pyrophosphate, 1 mM sodium orthovanadate). The contents of each well are centrifuged at
14,000 g, 4°C for 5 minutes and the supernatants transferred to clean tubes. At this point
the lysates may be stored at -20°C. | :

C. ELISA to detect phosphorylated tau in cell lysates
Immulon 4 strips (Dynatech) are coated with monoclonal anti-phosphorylated tau

R (ATS, Polymedco, Inc.) at 5 pg/ml in PBS containing Cat++ and Mg++, 100 pl/well. After

overnight incubation at 4°C, the Strips are washed twice with washing buffer (PBS
containing 0.05% Twee_n’D 20) and blocked with PBS containing 1% BSA, 5% normal
mouse serum and 0.05% Tween® 20 at room temperature for 1 hour. The strips are washed
5 times with washing buffer. Lysate (100 'p.l) diluted 1:10 in PBS containing 1% BSA,
0.1% NaNj is added into each well and incubated at room temperature for 1 hour. After
washing, 100 pl of 0.5 ug/ml biotinylated monoclonal anti-(non-phosphorylated) tau (HT7,
Polymedco, Inc.) in PBS-BSA is added into each well. Strips are washed 5 times and
HRP-conjugated streptavidin is added, incubated at room temperature for 30 minutes and
washed extensively with washing buffer. - TMB substrate (Pierce) is used for color
development and the reaction is stopped by adding an equal volume of 0.8 M sulfuric acid.
Strips are read on an ELISA plate reader using a 450 nm filter. The concentration of
compound that inhibits tau phosphorylation to 50% of the maximal level (i.e., ICsp) is
determined by fitting a sigmoidal curve to the plotted data.

‘Example 268
Testing the potential of GSK3 inhibitors to protect
primary hippocampal cells from glutamate excitdtoxicig

Hippocampi were dissected from embryonic day 18-19 rats. The tissue was
collected in Hibernate TM media (Gibco BRL) and minced into approximately 1mm
pieces. Tissue was dissociated using the Papain Dissociation System (Worthington
Biochemical Corporation). Following isolation the cells were resuspended in serum-free
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" media composed of Neurobasal TM (Gibco BRL), 2% B27 supplement (GibcoBRL), L-

glutamine and aritibiotics. Cells were plated in 35mm tissue culture dishes coated with

poly-L-lysine at a concentration of 7.5x104 cells per dish. Following 10-14 days at 37°C in -

5% CO2 cells were rinsed and fed with fresh media. The next day representative
compounds of the invention were added to the culture media to a final concentration of
between InM and 100uM. Four to eight hours followmg ‘compound addition the
conditioned media was removed from cells and stored at 37°C. . Cultures were rinsed twice
with HEPES-buffered balanced salt solution (HBSS) containing 10pM glycme Grabb and

- Choi, J. Neuroscience 19:1657-62 (1999). Cultures were then exposed for Smin at room

temperature to 200uM glutamic acid in the same HBSS. Following exposure, cultures
were rinsed three times with the buffer and then returned to their original ‘conditioned
media oontaining the compounds. Twenty to twenty-four hours following glutamic acid
exposure, cultures were rinsed in HBSS and exposed for 10 min to Trypan Blue. This dye
is taken up by dead cells. The cultures were rinsed and then fixed for 30 min in 4%
paraformaldehyde . The number of live and dead (blue nuclei) large neurons are counted
(at least 200 cells from each culture) by phase contrast microscopy and photographed.
Using this method, compounds ‘of this invention have been shown to be capable of
significantly reducmg the potential of glutamate to induce neuronal cell death.

o Example 269 _
Evaluation of Efficacy in Dlabeti_o Rodents
{The glucose tolerance test)

Cohﬁgbund formulation for oral dosing:
Test compounds were typically formulated for oral gavage as solutions in water or

suspensions in 1% carboxymethylcellulose/0.1% tween-80 (both from Sigma Chem., MO)
the day prior to administration. Some early compounds were formulated as solutions in

'15% Captisol (a modified cyclodexytrin by CyDex Co., IL) following procedures common

to those below. For water solutions, dry and lyophilized test compound powder is
solubilized in distilled water and mixed well by vortexing and sonicating. If necessary, test
solution is pH adjusted with- 1 N NaOH or 1 N HCl and is finally sterile filtered through a
syringe appended with a 0.2 micron cellulose acetate membrane (Millipore Co., MA). For
oral suspensions, the test compound powder is mixed with a fresh suspension of 1%
carboxymethylcellulose/0.1% tween-80 and extensively sonicated, pH adjusted if necessary
as described above, and vortexed until particle size is homogeneous and <10 micron in
size. |
Diabetic mouse glucose tolerance test:

Obese db/db (female C5S7BIKs/J) mice were obtained from Jackson Labs (Bar
Harbor, ME) at 8 weeks of age and used for efficacy testing 1-2 weeks later. On the
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morning of a test, food was removed eﬁrly in the moming (7-8hrs prior to the glucose
bolus). - Local ‘anesthetic (EMLA créme, Astra Pharm., MA) was applied to the end of the
tail and 50-100ul blood samples were obtained from snips of the tail tip and collected info -
eppendorf tubes containing 5ul 500U/ml sodium heparin (Elkins-Sinn, NJ) with subsequent:
isolation of plasma. Samples were obtained at various intervals throughout the day for a
total of 6-8 time points. Mice were randomized into treatment groups and administered the
first oral dose of test compound (0.2 ml volume) 4.5 hr prior to the glucose and again 0.5 hr
prior to administration of 0.2,ml 50% dextrose (Abbott Lab., IL) via oral gavage (0GTT) or
intraperitoneal injection. After the final blood sample about 2 hr following the glucose
administration, food was returned to the animals.

Regulation of basal glycemia and insulinemia:
Test compounds were typically orally administered to db/db mice (see above) or

ZDF rats (Genetic Models, Inc.; Indianapolis, IN ) in the context of a multi-day, multi-dose
regimen or as a single bolus. The ZDF rats were received at 8 weeks of age and used for
efficacy testing 1-2 weeks later. Food was removed about 30min prior to dosing and a
single bolus of test compound (dosing volume ranging from 1 — 8 mg/ml) was
administered. Blood was sampled as described above at 1-6 time points over the next 2-3
hr. Food was returned to the animal cages following the blood sampling.

Primary endpoints:
Glucose and insulin levels are measured from plasma and/or blood samples.

Glucose levels are measured from whole blood by the One-Touch glucometer (Lifescan
Co., CA) and from plasma by Beckman glﬁcose analyzer. Glucose results typically reflect
blood values for mouse and plasma values for rat studies. Measurement of insulin levels
has been via ELISA (Crystal Chem. Co., IL) following the supplier’s protocol.

Results Quantitation:

- Efficacy may be expressed as mg/dL glucose or ng/ml insulin or represented as area
under the curve (AUC) for plasma glucose (taken above the normoglycemic baseline of
100 mg/dL) and insulin (taken above the normoinsulinemic baseline of 1 ng/mL).
Typically, when expressed as AUC, the results are actually represented as reduced AUC
([(vehicle control AUC — test group AUC)/vehicle control AUCX100]). Such expression
provides a single quantitative expression of the magnitude of improved glucose disposal
and/or reduced basal hyperglycemia or insulin conservation relative to the placebo control
group.

Results:
Representative compounds of the invention exhibited good in vitro potency, and
when formulated in captisol and administered s.c. to mice (30 mg/kg), exhibited high
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“bioavailability and tissue penetrance in vive. A significant reduction in basal

hyperglycemia just prior to the glucose tolerance test, and significantly improved glucose
disposal following glucose challenge were observed. A 45-50% reduction in the AUC -
relative to the control group was observed if the glucose response is quantitated by
determining the area under the blood glucose curve (AUC) from -60 min to +120 min.
This is comparable to the efficacy obtained with Troglitazoné (when dosed orally for at
least several days at either 60 or 100 mg/kg/day). Also of significance was the observation
that insulin levels in treated animals remained lower than in control mice.

While preferred embodiments of the invention has been illustrated and described, it
will be appreciated that various changes can be made therein without departing from the
spirit and scope of the invention.
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INHIBITORS OF GLYCOGEN SYNTHASE KINASE 3

That which is claimed is:

1. A compound having the structure:

R R
. A TWN\ Ry
SRR w\'/IRc
e ®
5  wherein:

10
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20

25

W is optionally substituted carbon or nitrogen;

X and Y are independently selected from the group mnsisﬁng of nitrogen, oxygen,
and optionally substituted carbon; B

A is optionally substituted aryl or heteroaryl;

Ry, Rz, R3 and R4 are independéntly selected from the group consisting of hydrogen,
hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, alkylaminoalkyl,
loweralkoxy, amino, alkylamino, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl,
heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and heteroaryl, and R';, R, R's and R'4 are
independently selected from the group consisting of hydrogen, and optionally substituted
loweralkyl; '

Rs and Ry are independently selected from the group consisting of hydrogen, halo,
and optionally substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, alkylamino,
aralkylamino,  heteroaralkylamino, * arylamino, = heteroarylamino cycloimido,
heterocycloimido, amidino, cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl,
heteroaryl, heterobiaryl, heterocycioalkyl, and arylsulfonamido;

Rg is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, nitro,
amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl,
loweralkoxy, alkylcarbonyl,  arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl,
heteraralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy,
alkylaminocarbonyloxy, arylaminocarbonyloxy, - formyl, loweralkylcarbonyl,
loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy,
alkylamino, heteroarylamino, = alkylcarbonylamino, alkylaminocarbonylamino,
arylaminocarbonylamino, aralkylcarbonylamino, heteroaralkylcarbonylamino,
arylcarbonylamino, heteroarylcarbonylamino cycloamido, cyclothioamido, cycloamidino,

-

N U A
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heterocycloamidino, cycloimido, heterocycloimido, guanidinyl, aryl, heteroaryl,
heterocyclo, heterocycloalkyl, arylsulfonyl and arylsulfonamido;
and the pharmaceutically acceptable salts thereof,

2. A compound of claim 1 wherein at least one of X and Y is nitrogen.

5 3. A compound of claim 2 wherein one of X and Y is‘ﬁ-i'trogen and the
other of X and Y is optionally substituted carbon.

4. A compound of claim 2 wherein one of X and Y is nitrogen and the
other of X and Y is oxygen.
5. A compound of claim 2, wherein both X and Y are nitrogen.
10 6. A compound of claim 1, wherein A is an aromatic ring having from

3 to 10 carbon ring atoms and optionally 1 or more ring heteroatoms.

__ 7. A compound of claim 6, wherein A is optionally substituted
carbocyclic aryl. :
8. A compound of claim 6, wherein A is optionally substituted
15 heteroaryl. ' "
9. A compdund of claim 6, wherein A is selected from the group

consisting of substituted or unsubstituted pyridyl, pyrimidinyl, thiazolyl, indolyl,
imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thiophenyl, furanyl, quinolinyl,
purinyl, naphthyl, benzothiazolyl, benzopyridyl, and benzimidazolyl.

20 10. A compound of claim 6, wherein A is substituted with at least one
and not more than 3 substitution groups.

11. A compound of claim 10, wherein said substitution groups are
independently selected from the group consisting of nitro, amino, cyano, halo, thioamido,
amidino, oxamidino, alkoxyamidino, imidino, guanidino, sulfonamido, carboxyl, formyl,

25 loweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy, loweralkoxyalkyl,
loweralkylaminoloweralkoxy, loweralkylcarbonyl, loweraralkylcarbonyl,
lowerheteroaralkylcarbonyl, alkylthio, aminoalkyl and cyanoalkyl.

12. A compound of claim 6 wherein A has the formula:

*° C L L] S *
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wherein Rg and Ry are independently selected from the group consisting of
hydrogen, nitro, amino, cyano, halo, thicamido, amidino, oxamidino, alkoxyamidino,
imidino, guanidinyl, sulfonamido, carboxyl, formyl, . loweralkyl, haloloweralkyl,
loweralkoxy, haloloweralkoxy, loweralkoxyalkyl,loweralkylaminoloweralkoxy,
loweralkylcarbonyl, loweraralkylcarbonyl, lowerheteroaralkylcarbonyl, alkylthio, aryl and,
aralkyl. N , _

13 A compound of claim 9, wherein A is seléct¢d from the group
consisting of nitropyridyl, - aminonitropyridyl, cyanbpyridyl, cyanothiazolyl,
aminocyanopyridyl, trifluoromethyipyridyl, methoxypyridyl, ~ methoxynitropyridyl,
methoxycyanopyridyl and nitrothiazolyl. | o :

14. A compound of claim 1, wherein at least one of R., Ry, Rzand Ry is
substituted loweralkyl selected from thé-group consisting of hydrogen, unsubstituted or
substituted loweralkyl, haloloweralkyl, heterocycloaminoalkyl, and

loweralkylaminoloweralkyl.

15, ' A compound of claixh14, wherein at least one of Ry, Ry, Rz and Ry is
loweralkylaminoloweralkyl. |

16. A compound of claim14, wherein R;, R, and Rj are hydrogen and
R4 is selected from the group consisting of hydrogen, methyl, ethyl, aminoethyl,
dimethylaminoeihyl, pyridylethyl, piperidinyl, pyrrolidinylethyl, piperazinylethyl and
morpholinylethyl.

17. A compound of clai_rn 1, wherein at least one of Rs and R is selected

| from the group consisting of substituted and unsubstituted aryl, heteroaryl and biaryl.

18. A compound of claim 17 wherein at least one of Rs and R; is a
substituted or unsubstituted moiety of the formula:

s
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‘wherein Ryq, Rii, Ru, Ri3, and Ry4 are mdependently selected from the group

consisting of hydrogen, mtro amino, cyano, halo, thioamido, carboxyl, hydroxy, and
optionally substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyl,
haloloweralkoxy, aminoalkyl, alkylamino, alkylthio, alkylcarbonylamino, aralkyl-
carbonylamino, heteroaralkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino
aminocarbonyl, loweralkylaminocarbonyl, aminoaralkyl, , loweralkylaminoalkyl, aryl,
heteroaryl, cYcloheteroalkyl aralkyl, alkylcarbonyloxy, arylcarbonyloxy, aralkyl-
carbonyloxy, arylcarbonyloxyalkyl alkylcarbonyloxyalkyl heteroarylcarbonyloxyalkyl,
aralkycarbonyloxyalkyl, and heteroaralkcarbonyloxyalkyl.

: 19. | A compound of claim 18 whc‘_,rein Rio, Rii, Ris, and Ry are
hy_drogen' and Ry, is selected from the group consisting of halo, loweralkyl, hydroxy,
loweralkoxy, haloloweralkyl, aminocarbonyl, alkylaminocarbonyl and cyano.

20. A compound of claim 18 whereih Ri1, Ry3, and Ry4 are hydrogen and
Ryo and R;; are independently selected from the group consisting of halo, loweralkyl,
hydroxy, loweralkoxy, haloloweralkyl and cyano. :

21. A compound of claim 18 wherein Rjo, Ry;, Ri3, and Rys are

hydrogen and R;z'is heteroaryl.

22, A compound of claim 18 wherein Ryg, Ry, Rys, and Ryg are
hydrogen and R, is a heterocycloalkyl. '

23. A compound of claim 18 wherein at least one of Rjg, Ri1, Ri2, Ri3,
and R4 are halo and the remainder of Ry, R11, Ri2, Ri3, and R4 are hydrogen.

24. A compound of claim 18 wherein at least one of Rs and Ry is
selected from the group consisting of dichlorophenyl, difluorophenyl,
trifluoromethylphenyl, chlorofluorophenyl, bromochlorophenyl, ethylphenyl,
methylchlorophenyl, imidazolylphenyl, cyanophenyl, morphlinophenyl and
cyanochlorophenyl.

* [ L ] §. *
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25, A compound of claim 1, wherein R¢ is substituted alkyl selected
from the - group consisting of aralkyl hydroxyalkyl aminoalkyl, a_mmoaralkyl'
carbonylaminoalkyl, alkylcarbonylaminoalkyl, arylcarbonylaminoalkyl, aralkylcarbonyl-
aminoalkyl, aminoalkoxyalkyl and arylaminoalkyl.

5 26. A compound of claim 1, wherein R¢ is substituted amino selected
~ from the group consisting of alkylamino, alkylcarbonylammo, alkoxycarbonylammo,
arylalkylamino,  arylcarbonylamino, alkylthiocarbonylamino, arylsulfonylamino,
heteroarylamino  alkylcarbonylamino, arylcarbonylamino, heteroaryléai'bonylamino,
aralkylcarbonylamino, and heteroaralkylcarbonylamino.

10 27. A compound of claim 1, wherein R¢ is selected from the group
consisting of unsubstituted or substituted = aminocarbonyl, - alkyloxycarbonyl,
aryloxycarbonyl, aralkyloxycarbonyl and alkylaminoalkyloxycarbonyl,

28. A compound of claim 1, wherein Rs is selected from the group
consisting of amxdmo, ~ guanidino, cycloimido, he_terocyclmmldo, cycloamido,
15 heterocycloamido, cyclothloamido and heterocycloloweralkyl.

29. A compound of claim 1, wherein Rg is aryl.
30. A compound of claim 1, wherein R is heteroaryl.
31. - A compound of claim 30, wherein R¢ is selected from the group

consisting of substituted or unsubstituted pyridyl, pyrimidinyl, thiazolyl, indolyl,
20 imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thienyl, furanyl, quinolinyl,
pyrrolylpyridyl, benzothiazolyl, benzopyridyl, benzotriazolyl, and benzimidazolyl.

32. A compound having the structure:
Rs ' '
Re\ ~# IN
x
av)
wherein:
25 X is selected from the group consisting of nitrogen, oxygen, and optionally
substituted carbon;

-

A
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Ry, Rz, R3 and Ry are independently selected from the group consisting of hydrogen,
hydroxyl, and optionally substituted loweralkyl, cycloloweralkyl, alkylaminoalkyl,
loweralkoxy, amino, " alkylamino, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl,
heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and hetérdarYI‘ '

Rs is selected from the group consisting of hydrogen, halo, and optionally

| substltuted lowetalkyl cycloalkyl alkoxy, ammo, ammoalkoxy, alkylamirnio,. aralkylamino,

heteroaralkylammo, arylammo, heteroarylammo cyclonmdo, heterocycloimido, am1dmo,
cycloamidino, heterocycloamldmo, guanidinyl, aryl, biaryl, heteroaryl, heteroblaryl
heterocycloalkyl, and arylsulfonatmdo

Rg is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, nitro,
amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl,
loweralkoxy, alkylcarbonyl, . arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl,
heteraralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, - aralkylcarbonyloxy,
alkylaminocarbonyloxy, arylaminocarbonyloxy, @ formyl, loweralkylcarbonyl,
loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy,
alkylamino,' ~ heteroarylamino, alkylcarbonylamino, alkylaminocarbonylamino,
arylaminocarbonylamino, aralkylcarbonylamino, heteroaralkylcarbonylamino,
arylcarbonylamino, heteroarylcarbonylamino cycloamido, cyclothioamido, cycloamidino,
heterocycloamidino, cyclbimido, heieroc'ycloimido, guanidinyl, ‘aryl, heteroaryl,
heterocyclo, heterocycloalkyl, arylsulfonyl and arylsulfonamido; -

Rs and Ry are independently selected from the group consisting of hydrogen, nitro,

amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino, imidino, guanidinyl,

sulfonamido, carboxyl, formyl, loweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy,
loweralkoxyalkyl, loweralkylammoloweralkoxy loweralkylcarbonyl, loweraralkylcarbonyl
lowerheteroaralkylcarbonyl, alkylthio, aryl and, aralkyl; and
Rjo, Ri1, Ry2, Ri3, and Ry are independently selected from the group consisting of
hydrogen, nitro, amino, cyano, halo, thioamido, carboxyl, hydroxy, and optionally
substituted loweralkyl, loweralkoxy, loweralkoxyalkyl, haloloweralkyl, haloloweralkoxy,
aminoalkyl, alkylamino, alkylthio, alkylcarbonylamino, aralkylcarbonylamino,
heteroaralkylcarbonylamino, arylcarbonylamino, hetei‘Oarylcarbonylamino aminocarbonyl,
loweralkylaminocarbonyl, aminoaralkyl, loweralkylaminoalkyl, aryl, heteroaryl,
cycloheteroalkyl, aralkyl, and alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy,
arylcarbonyloxyalkyl, alkyloxycarbonylalkyl, heteroarylcarbonyloxyalkyl,
aralkycarbonyloxyalkyl, heteroaralkylcarbonyloxyalkyl;
and the pharmaceutically acceptable salts thereof. _ :
. —_—
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33, A compound of claim 32 wherein X is nitrogen.
34, A compound of claim.32_ wherein X is oxygen.
3s. A compoumi of claim 32, wherein at least one of Rg and Ry is

selected from the group consisting of nitro, amino, cyano, trifluoromethyl and loweralkoxy.

36. A compound of claim 32, wherein at least one of Ry, R, R3 and Ry
is substituted loweralkyl selected from the group consisting of hydrogen, unsubstituted
loweralkyl, haloloweralkyl, heterocycloaminoalkyl, aminoloweralkyl and
loweralkylaminoloweralkyl. | - | :

37. A compound of claim 32, wherein at least one of R;, Ry, R; and Ry
is loweralkylaminoloweralkyl. '
38. A compound of claim 32, wherein R;, R, and R; are hydrogen and

R; is selected from the group consisting of hydrogen, methyl, ethyl, aminoethyl,
dimethylaminoethyl, pyridylethyl, piperidinyl, pyrrolidinylethyl, piperazinylethyl and
morpholinylethyl. ' -

39. A compound of claim 32, wherein Rs is selected from the group
consisting of hydrogen and substituted and unsubstituted aryl, heteroaryl and biaryl.

40. A compound of claim 32 wherein Rlo, Ru, R13, and R|4 are
hydrogen and R, is selected from the group consisting of halo, loweralkyl, hydroxy,
loweralkoxy, haloloweralkyl, aminoc_:arbonyl, alkylaminocarbonyl and cyano.

41. A compound of claim 32 wherein Ry, R;3, and Ry4 are hydrogen and
Rio and Ry, are independently selected from the group consisting of halo, loweralkyl,
hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl and cyano.

S 42, A compound of claim 32 wherein Ryo is hydrogen or halo, Ry, Ry3,
and R4 are hydrogen and Ry, is heteroaryl. '

43. A compound of claim 32 wherein R, is hydrogen or halo, Ry, Ry3,
and Ry4 are hydrogen and R;; is a heterocycloalkyl.

44, A compound of claim 32 wherein at least one of Rjo, Ri1, Ri2, Ris,
and R,4 are halo and the remainder of Rjg, Ry, Ri2, Ry3, and Ry4 are hydrogen.
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45, - A compound of claim 32 wherein Rjo, Ry1, Ri2, Ri3, and Ryy, taken
together with the phenyl ring of structure IV, form a moiety selected from the group'
consisting of dichlorophenyl, 'diﬂuo'r'ophonyl trifluoromethylphenyl, chlorofluorophenyl,
bromochlorophenyl, ethylphenyl, methylchlorophenyl, nmdazolylphenyl cyanophenyl,
morpholinophenyl and cyanochlorophenyl e

46. - A compound of claim 32, wherem Rg is substltuted aIkyl selected
from the group consisting of aralkyl, hydroxyalkyl - aminoalkyl, aminoaralkyl,
carbonylaminoalkyl, alkylcarbonylaminoalkyl, .. arylcarbonylaminoalkyl,

aralkylcarbonylaminoalkyl, aminoalkoxyalkyl and arylamihoalkyl.

47. _ A compound of claim 32, wherem R6 is substituted amino selected

| from the group consisting of alkylamino, alkylcarbonylammo -alkoxycarbonylamino,

arylalkylamino,  arylcarbonylamino,  alkylthiocarbonylamino, arylsulfonylamino,

- heteroarylamino  alkylcarbonylamino,: arylcarbonylammo, heteroarylcai‘bonylamino,

aralkylcarbonylamino, and heteroaralkylcarbonylammo o

48. | A compound of clalm 32 wherem Re is substltuted carbonyl
selected from the group consisting of unsubstituted or substxtutedammocarbonyl

alkyloxycarbonyl aryloxycarbonyl, aralkyloxycarbonyl and alkylanunoalkyloxycarbonyl

49.. A compound of clalm 32 whercm Rs is selected from the group
consisting of . amidino, guanidino, cycloimido, heterocycloimido, cycloamido,
heterocycloamido, cyclothioamido and heterocycloloweralkyl. :

50. A compound of claim 32, wherein Rs is aryl.
51. A compound of claim 32, wherein Rg is heteroaryl.
52. A compound of claim 51, wherein Rg is selected from the group

consisting of substituted or unsubstituted " pyridyl, pyrimidinyl, pyrrolindinyl, thiazolyl,
indolyl, imidazolyl, oxadiazolyl, tetrazolyl, pyrazinyl, triazolyl, thienyl, furanyl, quinolinyl,
pyrrolylpyridyl, benzothiazolyl, benzopyridyl, benzotriazolyl, and benzimidazolyl.

53. A compound having the structure:
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™
wherein: _
- X is selected from the group consisting of nitrogen, oxygen, and optionally
substituted carbon; | _

Ri1, Rz, R3 and R, are independently selected from the group consisting of hydrogen,
hydroxyl, and optionally' substituted loweralkyl, cycloloweralkyl, alkylaminoalkyl,
loweralkoxy, amino, alkylamino, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl,
heteroarylcarbonyl, heteroaralkylcarbonyl, aryl and heteroaryl;

Rs is selected from the group consisting of hydrogen, halo, and optionally
substituted loweralkyl, cycloalkyl, alkoxy, amino, aminoalkoxy, alkylamino, aralkylamino,
hetcroatalkylamino,.arylamino, heteroarylamino cycloimido, heterocycloimido, amidino,
cycloamidino, heterocycloamidino, guanidinyl, aryl, biaryl, heteroaryl, heterobiaryl,
heterocycloalkyl, and arylsulfonamido; -

R is selected from the group consisting of hydrogen, hydroxy, halo, carboxyl, nitro,
amino, amido, amidino, imido, cyano, and substituted or unsubstituted loweralkyl,
loweralkoxy, alkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heteroarylcarbonyl,
heteraralkylcarbonyl, alkylcarbonyloxy, arylcarbonyloxy, aralkylcarbonyloxy,
alkylaminocarbonyloxy, arylaminocarbonyloxy, formyl, loweralkylcarbonyl,
loweralkoxycarbonyl, aminocarbonyl, aminoaryl, alkylsulfonyl, sulfonamido, aminoalkoxy,
alkylamino, = heteroarylamino, alkylcarbonylamino, alkylaminocarbonylamino,
arylaminocarbonylamino, = aralkylcarbonylamino, . heteroaralkylcarbonylamino,
arylcarbonylamino, heteroarylcarbonylamino cycloamido, cyclothioamido, cycloamidino,
heterocycloamidino, cycloimido, heterocycloimido, guanidinyl, aryl, heteroaryl,
heterocyclo, heterocycloalkyl, arylsulfonyl and arylsulfonamido; '

Rs and Ry are independently selected from the group consisting of hydrogen, nitro,
amino, cyano, halo, thioamido, amidino, oxamidino, alkoxyamidino, imidino, ‘guanidinyl,
sulfonamido, carboxyl, formyl, loweralkyl, haloloweralkyl, loweralkoxy, haloloweralkoxy,
lowetalkoxyalkyl,Ioweralkylaminolowéralko;iy loweralkylcarbonyl, loweraralkylcarbonyl,
lowerheteroaralkylcarbonyl, alkylthio, aryl and, aralkyl; and

|G \\1\\\\\!\\\!\\
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Rio, Ru, Ria, R|3, and Ry4 are independently selected from the group consisting of
hydrogen, nitro, amino, cyano, halo, thioamido, carboxyl, hydroxy, and optxonally
substituted loweralkyl, lgweralkoxy, loweralkoxyalkyl, haloloweralkyl, haloloweralkoxy,
aminoalkyl, alkylamino, alkylthio, alkylamino, atalkylammo, heteroaralkylamino,
arylamino, heteroarylamino aminocarbonyl, loweralkylaminocarbonyl, aminoaralkyl,
loweralkylaminoalkyl, aryl, heteroaryl, cycloheteroalkyl aralkyl, and alkylcarbonyloxy,
arylcarbonyloxy, aralkylcarbonyloxy, arylcarbonyloxyalkyl alkylcarbonyloxyalkyl,
heteroarylcarbonyloxyalkyl aralkycarbonyloxyalkyl heteroaralkylcarbonyloxyalkyl;

~ Rysis selected from the group consisting of hydrogen, nitro, cyano, amino, alkyl,
halo, haloloweralkyl, alkyloxycarbonyl aminocarbonyl, alkylsulfonyl and arylsulfonyl

and the pharmaceutlcally acceptable salts thereof

54. A compound of claim 53 wherem_ X is nitrogen.
55. A compoun_d of claim 53 whereian is oxygen. |
56. " A compound of claim 53, wherein_ at least one of Rg and Ry is

selected from the group consisting of nitro, amino, cyano, trifluoromethyl and loweralkoxy.

57. A compound of claim 53, wherein at least_ one of Ry, Ry, Rs and Ry
is substituted loweralkyl selected from the group consisting of hydrogen, unsubstituted
loweralkyl, haloloweralkyl, heterocycloaminoalkyl, and loweralkylaminoloweralkyl.

58. A compound of claim 53, wherein at least one of Ri, Ry, R3and Ry
is loweralkyla:mnoloweralkyl
59. A compound of claim 53, wherein Ry, R, and R; are hydrogen and

Ry is selected from the group consisting of hyd'r'egen, methyl, ethyl, aminoethyl,
dimethylaminoethyl, pyridylethyl, piperidinyl, pyrrolidinylethyl, piperazinylethyl and
morpholinylethyl. ' ' " '

60. A compound of claim 53 wherein Ry9, Ry3, Ry3, and Ry4 are
hydrogen and Ry is selected from the group consisting of halo, loweralkyl, hydroxy,
loweralkoxy, haloloweralkyl, aminocarbonyl, alkylaminocarbonyl and cyano.

61. A compound of claim 53 wherein R, ng; and Ry4 are hydrogen and
Ry and R;; are independently selected from the group consisting of halo, loweralkyl,
hydroxy, loweralkoxy, haloloweralkyl, aminocarbonyl and cyano.

/——/:
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62. éompound of claim 53 whereii Rig is hydrogen or halo, Ry, Rys,
and Ri4 are hydrogen and Rj» is heteroaryl.

63. A compound of claim 53 wherem Rm is hydrogen or halo, R;1, Ris,
and Ry4 are hydrogen and Ry is a heterocycloalkyl

64. A compound of claim 53 wherein at least one of Rlo, Rii, Rz, Ris,
and R4 are halo and the remainder of Ry, Ri1, R;z, Ri3, and Ry4 are hydrogen

65. A compound of claim 53 wherein Rjo, Ry1, Ry2, Ry3, and Rys, taken
together with the phenyl ring of structure IV, form a moiety selected from the group
consiSting of dichlorophenyl, 'di_'ﬂuorophenyl,' trifluoromethyiphenyl, chlorofluorophenyl,
bromochlorophenyl, ethylphenyl, methylchlorophenyl, imidazolylphenyl, cyanophenyl,
morpholinophenyl and cyanochlorophenyl.

66. A componnd of claim 53, wherein R is substituted alkyl selected
from the group consisting of aralkyl, hydroxyalkyl, aminoalkyl, aminoaralkyl,
carbonylaminoalkyl, ~ alkylcarbonylaminoalkyl, arylcarbonylaminoalkyl,

aralkylcarbonylaminoalkyl, aminoalkoxyalkyl and arylaminoalkyl.

67. A compound of claim 53, wherein Ry is substituted amino selected
from the grou_p consisting of alkylamino, alkylcarbonylamino, alkoxycarbonylamino,
arylalkylamino,  arylcarbonylamino,  alkylthiocarbonylamino,  arylsulfonylamino,
heteroarylamino alkylcarbonylamino, arylcarbonylamino, heteroarylcarbonylamino,
aralkylcarbonylamino, and heteroaralkylcarbonylamino. '

68. A compound of claim 53, wherein Rg is selected from the group
consisting of  unsubstituted or substitutedaminocarbonyl, alkyloxycarbonyl,
aryloxycarbonyl, aralkyloxycarbonyl and alkylaminoalkyloxycarbonyl.

69. A compound of claim 53, wherein Rg is selected from the group
consisting of amidino, guanidino, cycloimido, heterocycloimido, cycloamido,
heterocycloamido, cyclothioamido and heterocycloloweralkyl.

70. A compound of claim 53, wherein Rg is aryl.

71. - A compound of claim 53, wherein Rg is heteroaryl.
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72. A compound of claim 71, wherein R is selected from the group

~ consisting of substituted or unsubstituted pyridyl, pjlﬁﬁﬁdinyl,'pyrrolindinyl thiazolyl,

indolyl, xmldazolyl oxadlazolyl, tetrazolyl, pyrazinyl, mazolyl thienyl, furanyl, quinolinyl,
pyrrolylpyndyl benzothiazolyl, benzopyridyl, benzotnazolyl and benzimidazolyl.

73. A composition compnsmg an amount of a compound of claim 1
effective to modulate. GSK3 activity in a human or ammal subject when administered
thereto, together with a pharmaceutleally acceptable camer

74. A compos1t10n compnsmg an amount of a compound of claim 32
effective to modulate ‘GSK3 activity in a human or ammal subject when administered
thereto, together w1th a pharmaceutically acceptable carner

75. A composition comprising an amount of a compound of claim 53
effective to modulate GSK3 activity in a buman or ammal subject when administered
thereto, together with a pharmaceutically acceptable camer

76. A method of inhibiting GSK3 activity in a human or animal subject,
comprising administering to the human or animal subject a composition of claim 73.

71. A inethod of inhibiting GSK3 activity in a human or animal subject,

: compnsmg adrmmstenng to the human or animal subject a compos:tion of claim 74.

78. A method of inhibiting GSK3 act1v1ty in a human or animal subject,
comprising administering to the human or animal subject a composition of claim 75.

79. - A method of treating a cell comprising administering to the cell an -
amount of a compound of claim 1 effective to inhibit GSK3 activity in the cell.

80. A method of treating a cell compri#ing administering to the cell an
amount of a compound of claim 32 effective to inhibit GSK3 activity in the cell.

81. A method of treating a cell compnsmg administering to the cell an
amount of a compound of claim 53 effective to inhibit GSK3 activity in the cell.

82. A method for treating a GSK3-mediated disorder in 2 human or
animal subject, comprising administering to the human or animal subject an amount of a
composition of claim 73 effective to inhibit GSK3 activity in the subject.
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- 83.. ' % tnethod of claim 82, wherein thé composition is administered by a
mode of administration selected from the group consisting of oral, subcutaneous,
transdermal, transmucosal, iontophoretic, intravenous, intrathecal, buccal, sublingual,
intranasal, and rectal administration.

84. A method of claim 82, wherein said GSK3-med1ated disorder is
selected from the group consisting of dlabetes Alzheimer’s disease, obes1ty, atherosclerotlc
cardiovascular disease, essential hypertension, polycystic ovary syndrome, syndrome X,
ischemia, traumatic brain injury, bipolar disorder, immunodeficiency and cancer.

8s. A method of claim 84, which further comprises adrmmstenng to the
subject one or more additional active agents.

.86. A method of claim 85, wherein the GSK3-mediated disorder is
diabetes and the additional active agent is selected from the group consisting of insulin,
troglitazone, rosiglitazone, pioglitazone, glipizide and metformin.

87. : A compound of claim 1, 32 or 53 for use as a pharmaceutical.

88. Use of a compound of claim 1, 32 or 53 in the manufacture of a
medicament for the treatment of diabetes, Alzheimer’s disease and other neurodegenerative
disorders, obesity, atherosclerotic cardiovascular disease, essential hypertension, polycystic
ovary syndrome, syndrome X, ischemia, traumatic brain injury, bipolar disorder or cancer.
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