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(Substituted 4-Amino-Thiazol-2-yl Compounds as CDKs Inhibi

ers

Cross-Reference To Related Avoolications

This regular application claims priority to.U.S. Provisional Application No. 60/063,634

filed October 27, 1997, and U.S. Provisional Application No. 60/063,666, filed Octoper 28,
1997.

Field Of The Invention

This invention is directed to pharmaceutical compositions containing aminotaiazole
compounds for inhibiting cyclin-dependent kinases (CDKs), such as CDK 1, CDK2, CDK4, and
CDKS. Thé invention is also directed to the therapeutic or prophylactic use of pharmaceutical
compositions containing such conipounds and to methods of treating malignancies and other
disorders by administering effective amounts of such compounds.

Backeround Of The Invention

Uncontrolled cell proliferation is the insignia of cancer. Cell prolife ation in responsa to

vzmous stimuli is manifested by a deregulation of the cell chvmon cycle,

ells multiply andé divide. Tumor cells typically have dﬂm’* ge to the g2n

indirectly regulate progression through the cell division cycle.

CDKs constitute a class of enzymes that play critical roles in regulating the transitions

between different phases of the cell cycle, such as the progression from a quiesceni siags iz Gj

(the gap between mitosis and the onset of DN A replication for a new round of ¢2!l division) to S

(the period of active DNA synthesis), or the progression from G2 to M phase. in which active

‘mitosis and cell-division occur. See, e.g., the articles compiled in Science, vol. 274 (1926), pp.

1643-1677; and Ann. Rev. Cell Dev. Biol., VOI. 13 (1997) pp. 261-291. CDK complexes are
formed through association of a regulator

and E) and a catalytic kinase subunit (e.
the name implies, the CDXs display
pbOSpnorwau: their targe: subsirates, an
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activate genes whose products are responsible for S phase progression. Rb pnosphorylation and
inactivation by CDK4/cyclin D permit passage of the cell beyond the restriction point of the G,
phase, whersupon sensitivity to extracellular growth or inhibitory signals is lost and the cell is
comumitted to cell division. During late G), Rb is also phosphorylated and inactivated by
CDK2/cyclin E, and recent evidence indicates that CDK2/cyclin E can also regulate progression
into S phase through a parallel pathway that is independent of Rb phosphorvlation (ses Lukas et
al., “Cyclin E-induced S Phase Without Activation of the pRb/E2F Pathway,” Genes and Dev.,
vol. 11 (1997), pp. 1475-1492).

The progression from G, to S phase, accomplished by the action of CDK4/cyclin D and
CDK2/cyclin E, is subject to a variety of growth regulatory mechanisms, toth negative and
positive. Growth stimuli, such as mitogens, cause increased synthesis of cyclin D1 and thus
increased functional CDK4. By contrast, cell growth can be “reined in,” in response to DNA
damage or negative growth stimuli, by the induction of endogenous inhibitory proteins. These

~XIP|

. e e . . w IP
naturally occurning protein inhibitors include p21 AFLICIPL p27

p INK24 .
,and the p16™** family, the
latrer of which innibit CDK4 exclusively ¢see Harper, “Cyclin Dependznt Kinase Inhibitors,”

Cancer Surv., vol. 29 (1997), pp. 51-107). Aberrations in this control svsiem, particularly those
that affect the function of CDK4 and CDK2, are implicated in the advancement of cells to the
highly proliferative state characteristic of malignancies, such as familial melanomas, esophagzal
carcinomas, and pancreatic cancers (ses, e.g., Hall and Peters, “Genetic Alterations of Cyclins,
Cyclin-Dependent Kinases, and CDK Inhibitors in Human Cancer,” Adv. Cancer Res., vol. 68
(1996), pp.67-108; and Kamb et al., “A Cell Cycle Regulator Potentially Involved in Genesis of
Many Tumor Types.” Science, vol. 264 (1994), pp. 436-440). Over-expression of cvelin D1 is
linked to esophageal, breast, and squamous cell carcinomas (see, e.g., D2iSal et al,, “Cell Cycl
and Cancsr: Critical Events at the G. Resiriction Point,” Criticzl Rev.

RO zesl

h

(1696), pp. 127-142). Genes encodin finep

have deletions and mutations in fami

he CDK4-specific inhibitors of the p

iial melanoma. gliomas, leukemias, sar

ech L., “Deletions of
3.” Narure, vol. 368
bezn observed in
with poor |
prognesis. In addition, the cellular fevels of the CDX inhibiter p27, whic:

substratz ' in breast, colon. and prosiate

cancers. andé the expression levels ef p2

aversely corrzlaizd with tns siage of disense (se2
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Lod% etal., “Increased Proteasome-de qaent Degradation of fthe C chn-Deoefment I&mas=
pe

Inhibitor p27 in Agzressxve Colorectal Carcinomas,” Nature Medicine, vol. 3 (199/) pp. 231 i-
234). The p21 proteins also appear to transmit the p53 tumor-suppression signal to the CDKs;

thus, the mutation of p53 in approximately 50% of all human cancers may indirectly result in
deregulation of CDK activity.

The emerging data provide strong validation for the use of compounds inhibiting CDKs
nd CDK4 and CDK?2 in particular, 25 anti-proliferative therapeutic agents. Certain
biomolecules have been proposed for this purpose. For example, U.S. Patent No. 5,621,082 to

Xiong et al. discloses nucleic acid eacoding an inhibitor of CDKS, and European Patent

Publication No. 0 666 270 A2 describes peptides and peptide mimetics that act as inhibitors of

CDX1.2nd CDK?2. Several small molecules have been identified as CDK inhibitors (forar

arnor
(2924

-
2351,

review, see Webster, *“The Thera &DC“UC Potential of Targeting the Cell Cycle,” Exp. Opin. Inv
Drugs, vol. 7 (1998), pp. 865-887). The flavone flavopiridol displays modest selectivity for
inhibition of CDKs over other kinases, but inhibits CDK4, CDK?2, and CDX1! equipcteatly, with

ICsss in the 0.1-0.3 pM range. Fmvoomdol is currently in Phase II clinical trials as an oncoicgy

chemotherapeutic (Sedlace:c et al., “Fiavopiridol (L80-8275; NSC 649890), A New Kinase

Inhibitor for Tumor Therapy,” Inz. J. Oncol., vol. 9 (1996), pp. 1143-1168). Analezso

flavopiridol are the subject of other pubtications, for example, U.S. Patent No. 5,733,920 to

Mansuri et al (Intern‘.uonal Publication No. WO 97/ 16447) a ‘.nd Imev-lc.rlon al Publication Nos.

WO 97/42949, and WO 98/1 7662. Results with purine-based derivatives are described in Schow

etal., Bioorg. Med. Chem. Lex., vol. 7 (1997), pp. 2697-2702; Grant et al,, Proc. Amer. Assoc.

Carcer Res,. vol. 36 (1998), Abs L 1207: Legravend et al,, Bioorg. Med. Chem. Le::

r., vol. &
" (169%), pp. 793-798; Gray et al, Science, vol. 281 (1993), pp. 533-3

38%; and Furet et al., 216th
ACS Natl. Mm (AL” 23-2

27, 1993, Beston), Abst MEDI-218
Tubiications disclose certain pyris es that

. In additicn, the following
t inhibit cyclin-depen
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for effective and specific inhibitors of CDK4 and/or CDK2 for treating one or more types of

turmors.

Summarv Of The Invention

Accordingly, one object of the invention is to attain compoundg and drug compositions
that inhibit the activity of one or more CDKs, such as CDK2, CDK4, and/or CDKS$, or cyclin
complexes thereof. A further object is to provide an effective method of treating cancer
indications through CDX inhibition, preferably through inhibition of CDK4 or CDK4/D-type
cyclin complexes and/or CDK2 or CDK2/E-type cyclin complexes. Another object is to achieve
pharmaceutical compositions containing compounds effective to block the transition of cancer
cells into their proliferative phase. These and other objects and advantages of the invention,
which will become apparent in light of the detailed description below, are achieved through cell-

cvcle control agents of the invention described below.

In one general aspect, the invention relates to pharmaceutical compositions comprising:

(a) a cell-cycle control agent selected from:

(1) compounds of the Formula I:

NH,
P'1\ /2‘&\(0
NT g
H
F|2

¢Y)

R'!is a substituted or unsubstituted group selected from: C;.4-alkyl
(c.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, or rerz-butyl);
Cl.é-alkényl; Cj¢-alkynyl; C;¢-alkoxyl; Cy.¢-alcohol; carbocyclic or
heterccvclic cvelealkyl, which may be moenccyciic or fused or non-fused
polycyclic (e.g., cyclopropyl, cyclobutvl, cyclopentyl, cvclohexyl) or
heterccycloalkyl, which may be monocyciic or fused or non-fused polycvelic
(e.g., pyrrolicinyl, piperidinyl, morpholinyl); carbocyclic or heterocyclic,
monocyclic or fused or non-fused polycyclic aryl (e.g., phenyl, naphthyl,
pyrrolyl, indelyl, furanyl, thiophenyl. imidazelyl. oxazolyl. isoxazolyl,
thiazolyl, triazolyl, tetrazoiyl, pyrazolyl, pyricdinyl, quinolinyi, isoquinolin}l’l,
acridinyl, pyrazinyl, pyridazinyl, pyrimidinyl. benzirhidazolvl,

bepzot‘*iophenyl, or benzofuranyly; carbenyl (2.2, carbexyl. ester, aldehvde, or
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kctone) ehhcx (Crs- al‘(yl)-ca:uonyl (C|-6~alkyl) aryl (Ci.s-alkyl)-cycloalkyl; -
(Cree-alky)-(C,¢-2ikoxyl); aryl-(C)-alkoxyl): thicether (e.g aryl S-aryl,
cycloalkyl-S-aryl, c,cloalkyl S-cycloalkyl or dialkyl sulfide); thml and
sulfonyl; and

| R? s 2 substituted or unsubstituted: carbocyclic or heterceycelic,
monocyclic or fusad or non-fused polycyclic, ring structure;

where each optional substituent for R' and R?is indepen dcnflxr

halogen (e.g., chloro, iodo, bromo, or fivoro); oxygen'(=0); halcalkyl (e.g.,
trifluoromethyl); C.s-alkyl; Cyg-alkenyl; Cy¢-alkynyl; hydroxyl; Cy.e-alkoxyi;
carbocyclic cycloalkyl, which may be rnonccyclic or fused or non-fused

ra

polycyclic (e.g., ¢vclopropyl, cyclobutyl, cyclopeatyl, or cyclohexyl), or
heterocycloalky!, which may be monocyclic or fused or non-fused polvevelic
3 \ Y poLyes

(e.g., pyrrolidinvi, piperidinyl, piperazinyl, moroholinyi, or thiazinyl):.
carbocyclic or .c:érocyclic, monocyclic or fused or non-fused poiveyelic aryl
(e.z., phenyl, narhthyl, pyrrolyl, indolyl, furapyl,. thiophenyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, tnlazoiyl, tetrazolyl, pyrazolvi, pyridinyl,
quinclinyl, isoquinolinyl, acridinyl, ﬁyrazinyl, pyridazinyl, py'rimidin’-fl,
benzimidazolyl, behzothiophenyl or benzofuranyl); amino (primary,
secondary, or tertiar; _y) nitro; thiol; thicether; imine; cyane; afnic’b;
phosphonato; phosphine; carboxyl; thiocarbonyl; sulfonyl; sulfonamids;
ketone; aldehydc.; or ester;

otable salts of comrounds of the Formula I; and
narmac=uuc._llv active metabolites-of cc
a pharmacsuiically accegiadie camier.

- ~ea 1 =
s - atrrimal Ammmee
L 08 11.Vbxa[ o : . C-.—c. C2: CoImDesiiiens

comprising:

(2}




wherein:

()

R' is selected from:

r@%- N—%\}%

< > e
5 N\_/N i O g i
Y S~

_N\_/N"lfg_\_/%'

Rlisa substituted or unsubstituted: carbocyclic or heterocyclic,

monocyclic or fused or non-fused polycyclic, ring structure; where each
. . ~ 2oy 0 .
optional substituent for R~ is independently a halogen (e.g., chloro, iode,

bromo, or fiuoro); oxygen (=0); haloalkyl (e.g., trifiucromethyl}: Cig-alkvl;

vad ?

C,.s-alkenyl; Cy.¢-alkynyl: hydroxyl; Cy.¢-alkoxyl; carbocyclic cyeloalkyl,

which may be monocyclic or fused or non-fused polycyclic (e.g., cyclopropyl,

cyclobutyl, cyclopentyl, or cyclohexyl), or a heterocycloalkyl, which may be

monocyvclic or fused or non-fused polycyclic (e.g., pyrrolidiny!, piperidinyl,
piperazinyl, morpholinyl, or thiazinyl); carbocyclic or heterocyclic, monocyclic
or fused or non-fused polycyclic aryl (e.g., phenyl, napnthyl, pyrrolyl, indolyl,

furanyl, thiophenyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl. triazolyl,

etrazolyl, pyrazolyl, pyridinyl, quinclinyl, isoquinolinyl, acridinyl, pyrazinyl,
pyricaziny

1, pyrimidinyl, benzimidazolyl, benzothiophenyl, or cenzofuranyl);

aminc (primary, secondary, or tertiaryv); nitro; thiol; thioether; imine; cvano;

o~

amice; chosphonato; phosphine; carsexyl; thiocarbonyl: sulfonyt:
sulfornamide; ketone; aldehyde; or ester;
(it pharmaceutically acceptabie salts of cempeounds of the Formula I; and

(1) prodrugs and pharmaceutically active metabolitss of compounds of

the Formula I or pharmaceutically acceptable salts thereo:: and

o -—

sarmaceuucally acceptable carriar

Such compositions ars

CDK, or funga! CDK compiexas

are useful as inhibitors of mammalian CDI\/"‘« cemplexss, insect
. Such compositions are also useful for conrroliing

)
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toqs “Thus, in one general aspect the mvenuon is

directed to pharmaceutical compositions containing oha.rmaceuuca.lly effective amounts of cell-
cycle control agents.

In a preferred embodiment, the invention is directed to potent cell-cycle-control agents

where R? in Formula I is an ortho-substituted aryl ring structure (e.

g., o-substituted phenyl).
Particularly preferred among such agents are those in which R® is an o-disubstituted phenyl.

The invention further relates to methods of usi gicell-cycle contro!l agents for treating
diseases or disorders mediated by CDK inhibition, especially those mediated by CDK4 and/or
CDK?2 inhibition. More particularly, the invention is directed to methods of treating
mahcnanmes or cancer- type dxsoraer; by administering a ph..rnaceuucal compesition
comprising a cell-cycle control aoent Additionally, the invention relates to the use of cell-cycle
control agents to prevent or treat mycotic infections.

Other aspects, aovantages and preferrBd features of the invention will become apparent
from the detailed description below.

Detai}ed Descriotion And Preferred Embodiments Of The Inveation

In one general embodiment, the invention relates to pharmaceutical compositions e
comprising:

N
ac:i

(a) an amount of a cell-cycle control agent effective to inhibit a CDK, the cell-
cycle control agent being:

(1) a compound of the Formula I

th

R /k \\
M
wherein:

a substuituted or unzupsinuiad gr o Cig-alkvl:

Ci¢-aikenyl; Cg-alkynyl; C;.é-a_‘koxy‘ caroocylic or hetsrocyclic, monocyciic

AT

or fused or non-fused polvc velic, cveloalkyl; carbocyclic or he terocyclic,

aryl; car
alkyl)-carbonyl; (Cyg-alkyl)-aryi: (Crg-alkyl)-cyeloalkyl; (Cpe-aikyD-(Cree-

monocvciic or fused or non-fused polycyclic, aryl; carponyl: ether; (Cis-

alkoxyl); arvl-(Cy.¢-alkoxyl); thicetner; thiol; and sulfonyl: and
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R? is a substituted or unsubstituted, carbocyclic or heterocyclic,
monocyclic or fused or non-fused polycyclic, ring structure;

' where each optional substituent for R' and R? is independently a
halogen; haloalkyl; C;¢-alkyl; Cis-alkenyl; Cy¢-alkynyl; hydroxyl; Cy.¢
alkoxyl; amino; nitro; thiol; thioether; imine; cyano; amido; phosphonato;
phosphine; carboxyl; thiocarbonyl; sulfonyl; sulfonamide; ketone; aldehyde; or
ester;

(i1) a pharmaceutically acceptable salt of a compound of the Formula I; or
(iii) 2 prodrug or pharmaceutically active metabolite of 2 compound of the
Formula I or a pharmaceutically acceptable salt thereof; and

)] a pharmaceutically acceptable carrier.

In another general embodiment, each optional substituent for R' and R? may be
independently selected from, in addition to the above-identified groups, the follewing groups:
oxygen: carbocyclic or heterocyclic, monocyclic or fused or non-fused polycyclic, cycloatkyl;
and carbocyclic or heterocyclic, monocyclic or fused or non-fused‘po]ycyclic, aryl. Such
substituents may optionally be further substituted with a substituent selected from such groups.

Examples for the moiety R' include substituted or unsubstituted aryl and alkyl, such as
phenyl, pyridyl, benzimidazole, benzyl, and C,¢-alkyl. In a preferred embodiment, these groups
have one or more substituents selected from: halogen; oxygen; haloalkyl; Cy.¢-alkvl: cycloalkyl:

eterocycloatkyl; aryl; hydroxyl; Cy.¢ alkoxyl; amino; nitro thioether; cyano; amico; carboxyl;
sulfonamico; ketone; aldehyde; and ester.

Other preferred moieties for R’ are phenyl groups substituted by an alkylamine or

pyvridine group having opticnal substituents selected from the group described in the above

P4 1, Tem s : L - . 3
cuonaly containing, in additorn to the nitrogen ring atom, on2 or more heteroatoms selectad

from N, O and S.

nenyvi substituted in the para positon

H
..
<

a Zetzrocycloalkyl, for example piperidinyl, piperazinyl. thiazinyl, or morpheliny!

curidyl eroup. The following ars examples of preferred R' groups:
: Yigrous g I P oagel):

A vwea NN\ N N -
-0 P00 0O

el
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- Other particularly prefefred R' groups include pher\yl groups substituted with carbonyl

or sulfonamide moieties, wherein the carbonyl carbon and sulfonamide nitrogen ars opuonall\

further substituted. The followma are examples of preferred R' groups:
" -
T A n_/'—
| Nj— - — N S -
- E—\\_/>§ . o‘Qg Y )
(@} . .

“/_\”"E—@?' EVARE A N
b \_7/ N/ g_\_//_ , 3 \L// '
where R* is'selected frorr'\..C;-Cé alkvl, C;-Cs alkoxy, arvh aryloxy, and amine. A

Other preferred examples for the moiety R' include substituted or unsubstituied preayl,
alkylbenzyl, alkyl, benzyl carboxyl ester, benzyloxyphenyl, dimeihylarrﬁnop"nenyi, pyridin_vl"'
phenethyl, alkylcarboxyl, alkylpiperidinyl, phenylamino, cyclohexyl, Benzyli:arboxyialkyl,
benzylnitro, phenyl-alkoxyl, ethyl benzoate, benzyl carboxyl, alkylbenzoimidazots,

benzoimidazole, benzyldimethylamino, pyridinyl-sulfanyl, cyanobenzyl, and phenyi sulfamyl
9 .
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In preferred embodiments, R®in Formulalis a bulky group such as a substituted or

unsubstituted carbocyclic or heterocyclic monocycle, or a substituted or unsubstituted fused or

non-fused carbocyclic or heterocyclic polycycle. More preferably, R? is a substituted (carbo or

poly)-(monocycle or polycycle); even more preferably, R¥issucha cyclic ring structure bearing
a substituent at the position adjacent or vicinal to the point of attachment (to the core structure).
For example, preferred species for R? include an ortho-substituted aromatic rin g
structure such as o-substituted phenyl or thienyl, or a 1,2-substituted cycloalkyl or cvcloalkenyl
ring structure such as 2-substituted cyclopent-1-enyl. Particularly preferred examples for the
moiety R? include substituted or unsubstituted: o-halophenyl (e.g., o-fluorophenyl, o-
chlorophenyl, o-iodophényl, or o-bromophenyl), o-nitrophenyl, o-aminophenyl, 0-C, -
alkylphenyl, 0-C;.¢-alkoxypheny! (e.g., o-methoxyphenyl or o-ethoxyphenyl), 0-C;.¢-
alkoxybenzothiophenyl, o-methylthiophenyl, benzonitrile, and carboxybenzyl. Particularly
preferred examples for the moiety R? also include orzo-disubstituted aryls, for example, 2.6-
dihalophenyl (e.g., 2,6-difluorophenyl) and 2-halo-6-trifluoromethylphenyl (e.g., 2-fluoro-5-
wifiuoromethylphenyl). Compounds of the Formula I whers R” is a 1,2-substituted cyclic ring
structure, optionally having ene or more additional substituents, such as an ortho-substituted arvl
having another substituent at the para position, have been surprisingly found to be potent CDXK

mnhibitors.

Particularly preferred examples of compouncs of Formula I inciude:
) NHZ

Another preferred compound of Formulz Iis:

“

16
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/"\N_Q——NH
v

Other partiéularly preferred examples of compounds of Formula I include:

Pharmaceutical compositions according to the inventicn may, aliernatively or in
addition to a compound of the Formula I, comprise as an active ingredient a pharmaczutically
acceptable salt of a compound of the Formula I, or a prodrug or phérrnaceutically aciive
metabolite of such a compound or salt. Such compounds, salts, prodrugs, and metabolites are

sometimes referred to herein collectively as “cell-cycle control agents.”

Compositions in accordance with the invention inhibit the kinase activity of CDK/cyclin

complexes, such as those active in the Go or G, stage of the cell cycle, e.g., CDK2, CDK4,

and/or CDK6 complexes. Preferred compositiens of the invention contain cell-cycle control
agents having an inhibition constant against CDK4 or a CDK4/D-type cyclin complek of about |
pM or less, more preferably of about 500 nM or less, even more preferably of about 200 nM or
less, and most preferably of about 100 nM or less. Especially preferred compounds of the

inventicn include those having 2 CDK4/cyclin D3 inhitition constant (K; CDK4/D3) of about

nis

100 nM or less. Other preferred compesitions of the invention contain ceii-cycle control age

M or

less, more preferably of about 500 nM or less, even mors preferably of atout 200 nM or less. and

most preferzbly of acout 100 oM or less.

Cexinin compournds of the Formula I may existin v

forms. T
caliv accepis
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Pharmaceutically acceptable salts include conventional acid-addition salts or base-addition salts
formed from suitable non-toxic organic or inorganic acids or inorganic bases. EXemplary acid-
- addition salts include those derived from inorganic acids such as hydrochloric acid, hydrobromic
acid, hydroiodic acid, sulfuric acid, sulfamic acid, phosphoric acid, and nitric acid, and those
derived from organic acids such as p-toluenesulfonic acid, methanesulfonic acid, ethane-
disulfonic acid, isethionic acid, oxalic acid, p-bromophenylsulfonic acid, carbonic acid, succinic
acid, citric acid, benzoic acid, 2-acetoxybenzoic acid. acetic acid, phenylacetic acid, propionic
acid, glycolic acid, stearic acid, lactic acid, malic acid, tartaric acid, ascorbic acid, maleic acid,
hydroxymaléic acid, glutamic acid, salicylic acid, sulfanilic acid, and fumaric acid. Exemplary
base-addition salts include those derived from ammonium hydroxides (e.g., 2 quaternary
ammonium hydroxide such as tetramethylammonium hydroxide), those derived from inorganic
bases such as alkali or alkaline earth-metal (e.g., sodium, potassium, lithium, calcium. or
magnesium) hvdroxides, and those derived from organic bases such as carbonates, bicarbonatss,
amines, benzylamines, piperidines, and pyrrolidines.

The term “prodrug” refers to a metabolic precursor of a coﬁlpound of the Formula I (er
2 sali thereof) that is pharmaceutically acceptable. A prodrug may be inactive when
administered to a subject but is converted in vivo to an active compound of the Formula 1. The
term “active metabolite™ refers to a metabolic product of a compound of the Formula 1 that is

pharmaceutically acceptable and effective. Prodrugs and active metabolites of compo

Formula 1 may be determined using techniques known in the art.

unds of the

Cell-cycle control agents in accordance with the invention are useful as pharmaceuticals

for treating proliferative disorders in mammals, esyecially humans, marked by unwanied
proliferation of endogznous tissue. Compounds of the Formula I may be used for treating

subjects having a disorder associated with excessive cz2il proiiferation, e.g., cancers, psoriasis,

immunelogical disordars involving undesired prolifsrziion of leukocytes, and resienosis and

. L mryom 3 e mrdapma — - At mmmmmarimda
¢ciner smooth-muscle dicorders. Furthemmors, H

\ .
vch compeunds may be used to prevent ce-

differentiation of post-mitotic tissue and/or cells.

pharmaceutically ac::;taole carrier and an effective amoun: of at least one celi-cvele control
agant. The term “efTective amount” means an amoeunt tha: significantly inhivlis proliferaiion

and/or prevents de-differenuation of a eukaryotic cell. e.g., 2 mammalian, insect, piant. or fun

al

.g., specific therapeutic treatment.
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The specific dosage amount of a cell-cycle control agent beihg adrninisteréd to obtain
therapeutic or inhibitory effects, of course, may be determined in a manner known in the art 4
according to the particular circumstances surrounding the case, including, e.g., the specific agenf
being administered, the route of administration, the condition being treated, and the subject or
host being treated. An exemplary total daily dose of a cell-cycle control agent, which may be
administered in single or multiple doses, contains a dosage level of from about 0.01 mg/kg body
weight to about 50 mg/kg body wéight. |

The cell-cycle control agents of the invention may be administered by any of a variety of
suitable routes, such as orally, rectally, transdermally, subcutaneously, intravenously,
i.ntramluscula:ly, or intranasally. The cell-cycle con&ol agents are preferably formulated into

compositions suitable for the desired routes before being administered.

A pharmaceuncal COITlDOSl tion or preoaranon accordm° 1o the invention CO‘TZDL'FE an

effective amount of a celi-cycle control agent and a pharmaceutically accaptabizs carri

a diluent or excipient for the agent. When the carrier serves as a diluent, it may be a solid, semi-

31‘, such as

sohd or hqmd material acting as a vehicle, excipient, or medium for the active msr=a1e. t(s).

Compositions according to the inveation may be made by admixing the active ingredient(s) with

a carrier, or diluting it with a carrier, or enclosing or encapsulating it Wwithin a carrier, which may

be in the form of a capsule, sachet, paper container, or the like. Exemplary ingredients. in
. addition to one or more cell-cycle control agents and any other active ingredients, include Avical
(microcrystalline cellulose), starch, lactose, calcium sulfate dihydrate, terra alba, sucrosa, tai

gelatin, agar,pectin, acacia, magnesium stearate, stearic acid, peanut oil, olive cil, giyceryl

monostearate, Tween 80 (polysorbate 80), 1,3 ~butanediol, cocoa butter - beeswax, poly

glycol, pronylene glycol, sorbitan monostearate, polysorbate 60, 2-octy1dodecanol, benzvl
alcohol, glycine, sorbic acid, potassium sorbate,

lisodium hydrogen phesphat
and water '

The compositions may be preparsd in any of a variety of forms s

mode of administration. For example, pharmaceutical compositions may be prépa.r : in the form
of tablets, pills, powders, lozenz=s. sachets, cachets, elixis

Z2ng=si.saznset Xiss,
= p

Syrups, aerosdls (as solids or in liguid media), cintmeass (2.g., contain:

a cell-cycle control agent), soft-gel and hard-gel capsules, uppositoriss, sterile injeciable
solutions, siarile packagad powdars, and the liks 3

A pharmaceutical composition according 1o the investion compz ises 2 cali-cycle conirei

-

other active ingredients, such as a known anticroli

13

agent and, ortionally, one or mors

s .
granve
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agent that is compatible with the cell-cycle control agent and snitable for the indication being

treated. In a preferred embodiment, a pharmaceutical composition of the invention includes an

effective amount of a cell-cycle control agent of the Formula I as an active ingredient.
Compounds in accordance with the invention may be prepared in manners analogous to

those specifically described below, with the lettered example prefixes (i.e., A,B,C,D,E, F, G,

H,J, K,L, M and N) designating general synthesis schemes.

EXAMPLES

o Example A(l): (4-Amino-2-phenylamino-thiazol-5-y1)-(3-nitrophenyl)-methanone

Q-
" /a s\ NO;
R o}

Following the procedure of Gewald et al., J. Prakt. Chem., vol. 35 (1967), pp. 97-104,
sodium (188 mg, 8.20 mmol) was carefully dissolved in methanol (9 mL) at 0°C and allowed to
warrn to ambient temperature. The resultant solution was added portionwise to a mixture of
cyanamide (345 mg, 8.20 inmol) and pheny! isothiocyanate (0.98 mL, 8.2 mmol), whereupon
heat evolved. 2-Bromo-3"-nitroacetophencre (2.00 g. 8.2 mmol) was added, and the resultant
mixture stirred overnight at ambient temperature. The mixture was diluted with water (150 mL).
A yellow-brown solid was filtered off, rinsed with water and 2 small amount of ether, dried
under vacuum, and recrystallized from ethanol to give 2.17 g (32% yield) of the title compound

in the form of dark brown crystals, melting point (mp) 186-187°C.

1H NMR (DMSO-dg): §10.95 (1H, s), 8.44 (1H,t, J = 1.9 Hz), 8.54-8.22 (2H, bs), 8.34 (1H,
ddd, 7=8.2,1.9, 0.9 Hz), 8.12 (1H, ddd, J = 8.2, 1.9, 0.9 Hz), 7.78 (1H, 1, J = 8.2 Hz), 7.62 (2K,
d,J =7.8 Hz), 7.36 (2H.t.J = 7.8 Hz), 7.09 (1H, 1, ] =7.8 Hz).

ESDMS (MH™): 341.

Anal. Calcd. for C16H]12N403S « EtOH: C,55.94; E, 470; N, 14.30; S, 8.20. Found: C,
55.96; H,4.73; N, 14.4C; S, 8.29.

s Exampie A(2): (4-amino-2-phenyvlamine-thiazoi-3-y1)-(4-nitrophenyl)-methanone

A(1). Phenyl isothiocvanate and 2-bromo-4'-nitro-acstophenone gave, after recrysialiization

from ethanol, 3.06 g (53% yield) of red-brown crystals. mp 162-164°C.

14




lHN’vIR(DM:.O de): 8 10.91 (1H, ), 8.38 (2H, bs), 8:0(2H d,1=8. /Hz) 7.90 (m d,J=
8.7 Hz), 7.59 (2H, 4, ] = /5Hz) 736 (2H,1,1=75Hz),7.10(1H, 4, T = 7.5 Hz).

FABMS (MH™): 341. _

Anal. Caled. for C1gH12N403S: C, 56.46;H,3.55; N, 16.46; S, 9.42. Found: C, 56.54; H,
3.54: N, 16.52; S, 9.42.

o Example A(3): [4-Amino-2- (pynd.m-.a-ylaxmno) th.\a.zol D—yl]-pnenyl -methanone

The title compound was prepared in a mannerAsir‘nilar to that described for Example
A(1). Pyridin-3-yl isothiocyanate and phenacyl chloride provided, after recrystallization from

ethanol, 4.1 g (75% yield) of yellow crystals, mp 227-229°C.
P

1H \\/IR (DMSO-de): 810.95(1H, s),8.82( 1H,d,J = 2.5 Hz), 8.28 (1H, dd,J = 4.7, 1.2 Hz)
8”3(‘7H bs), 817(1H ddd, J=8.4,28, 16Hz) 768(1H d,J =69 Hz), /66(1H,

Hz), 7.54-7.44 (3H, m), 7.39 (1H, dd, ] = 8.4, 47Hz)

?

J=738

. HRFABMS: Calcd. for C15H]3N408 (MH™): 297.0810. Found: 297.0815.

Anal. Caled. for C15H]2N40S ¢ EtOH: C, 59.63; H, 5.30; N, 16.36; §, 9.36. Found: C, 59.62;
H,532; N, 16.43; §,9.41.

o Example A(4): (4-Amino—2-pheny1amino-thiazoi-S-yl)-pyr‘idin-’l-yl-'methanone

Qs

The tide comnound was prenared in 2 manner similar 10 that described for Example

Al 1) Phenyl! iscthiocyanate and 2- (’7-bromoc.c tyl)pyridine (see Menassé et al., Helv. Chim
Acta, vol. 38 (1955) pp. 1289-1291 Imuta et al., J. Grg. Chem., vol. 45 (1980), 152 3332-3353;

- gave, afterre rystalhzanon from 035‘ efhanol 51I0mz (71% yleld) of brown nesdiss,

mp 181.5-
183.0°C.

(”;,bs,,Sé"(IH,de J=5118, 1.2 Hz), 8.2C
(1H, bs), 8.13(1H. dt, J =7.5,1.2 Hz), 8.01 (1H,d,J=7.5

Hz),7.54 (1H,ddd,J =7.5.5.1, 1.2 Hz), 7.36 2H,, 1= 7.5 Hz), 7.07(1H

THNMR (DMSO-dg): 6 10.75(1H, s), 8.9

HRFABMS: Calcd. for C15H13N408 (1\/[H+): 297.0810. Found: 297.0818. ..

135
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~ Anal. Caled. for C15H]12N408 « H20: C, 57.31; H, 4.49; N, 17.82; S, 10.20. Found: C, 57.31;

011382

L}

H, 4.46; N, 17.80; S, 10.14.

« Example A(S): Ethyl 4-[4-Amino-5-(2-ni'tro-benzoyl)-thiazol-.?-ylamino]-benzoate

j\Q Hz
HaCCHO N«{\ Q

|
u/ks Moz

The title compound was prepared in a manner analogous to that used in Example A(1).

4-Carboethoxy-phenyl isothiocyanate and 2-bromo-2™-nitro-acetophenone gave, after

recrystallization from ethanol, 1.2 g (59% yield) of yellow crystalline powder, mp 262-265°C.

: g NMR (DMSO-de): 8 11.08 (1H, s), 8.12 (2H, bs), 8.08 (1H,d,J=8.7Hz),7.93(2H,d,J =

8.7 Hz),7.82 (1H, dt, 1 =72, 1.2 Hz), 7.77-7.66 (3H, m), 7.73 (1H, d, } = 8.7 Hz), 4.28 (2K, ¢.]
=7.2Hz), 1.30 (3H,t, 1 =7.2 Hz).

ESIMS (MH™): 413.

Anal. Caled. for C19H18N403S: C,55.33; H, 3.91; N, 13.58; §,7.77. Found: C,55.22; H,

3.86; N, 13.48; S, 7.67.

¢ Example A(6): [4-Amino-2-(2-mc:hyl-1H-benzoirnidazol~6-y1;1mino)-thiazol-S-yl]-(2-nitro- _

phenyl)-mcthanonc
0 7‘\&%@
'
) oA (o

The title compound was prepared in a similar manner to that described in Example
A(1). 6-Isothiocyanato-2-methyl-1H-benzoimidazole (ses Galley et al., German Patent
Publication DE 2259220 (1973); C.A. No. 478781 (1973)) and 2-bromo-2'-nitro-acetophenone

gave, after recrystallization from ethanol, 1.2 g (62% yield) of brown crystals, mp 150.0-
192.5°C.

1 NMR (DMS0-d4): § 12.20 (1K, £3), 10.76 (15, ), 8.10-8.76 (3H, m), 7.76 (1H, 1, I = 7.0

~1

Hz),7.70-7.58 (3H, m), 7.40 (1H, d.J = 8.4 Hz), 7.13 (1H. dd, T = 8.4, 1.6 Hz), 2.44 (3H. 5.
FABMS (MH™): 395.

Anal. Caled. for C1gH14Ng03S » H20: C, 52.42; H,3.91; N, 20.38; S, 7
H,3.89; N, 20.31: S, 7.86.

.77. Found: C, 5%.29;

o Example A(7): [4-Amino-2-(4-iodo-phenylamino)-thiazol-5-yl}-(2-nitro-phenyl)-methanone

16
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s N, -N-Hz . ’
g Ja
N L No |
The title compound was prepared analogously to Example A(1). 4-Iodophenyl

isothiocyanate and 2-bromo-2 -nitro-acetophenone provided 7.9 g (88% yield) of orange-red
powder, mp 182-184°C.

14 NMR (DMSO-dg): §10.89 (1H, s), 8.20 (1H, s), 8.50 (1H,d, J = 8.7 Hz), 7.80 (1H, dd, I =

8.7, 6.2 Hz), 7.72-7.62 (4H, rh), 7.41 (2H, d, ] =8.7 Ha).

FABMS (MH™): 467. _

Anal. Calcd. for C16H]1N4O3SI: «C, 41.21; H, 2.38; N, 12.02; S, 6.88;1,27.22. Found: C,

41.34; H,2.46; N, 12.07; S, 7.02; 1, 27.35.

. Example A(8): [4-Amino-2-(4-nitro-phenylamino)-thiazol-5-yl]-phenyl-methanone

OZNQ’ N,
S\ ‘S C)
N’Es\

.H . O .

The title compound was prepared in a manner analogous to that described for Example
A(D. 4-Nitropheny! isothiocyanate and phenacyl chloride furnished 2.5 g (60% yield) of solid,
mp 280.0-281.5°C. '
JHNMR (DMSO-dg): & 11.38 (1H, s), 8.30-8.18 (2H, bs), 8.23 (2H, d,J = 9.3 Hz), 7.87 (2H, d,
J=9.3Hz),7.69 (2H, dd, ] = 7.8, 1.6 Hz), 7.56-7.44 (3H, m).
' FABMS (MH"): 341.

Anal. Calcd. for C16H12N403S: C, 56.46; H,3.55; N, 16.46; S, 9.42. Found: C, 56.40; H,
| 3.49; N, 16.40; 5, 9.41. '

o Example A(9): [4-Amino-2-(1H-benzoimidazol-6-yl-amino)-thiazol-5-y11-( 2-nitro-phenyl)-

methanone
NH,
i
N
H H ] 0> NO2

The title compound was prepared in a manner similar to that described for Example
A(l). 6-Isothiocyanato-1H-benzoimidazole (see Boev et al., Pharm. Chem. J. (Engl. Transl.),
vol. 24 (1990), pp. 818-822) and 2-brome-2'-nitro-acetophenone affordzd, after recrystallization

-

from ethanol/methanol, 1.5 2 (83% yield) of red-brown amorphous pdxn'dcr, mp 249-235°C.

17




lH NMR (DMSO-dg): & 12.50 (1H, bs), 10.84 (1H, s), 8.20 (1H, s), 8.60 (2H, bs), 8.03 (1H, d, J

= 8.1 Hz), 7.88-7.78 (1H, m), 7.76 (1H, 4, J = 7.5 Hz), 7.66 (1H, t, ] = 7.5 Hz), 7.63 (1H, ), 7.55
(1H,d,J=8.7Hz), 7.21 (1H, 4,J = 8.7 Hz).

FABMS (MH™1): 381.

Anal. Caled. for C17H]12Ng03S: C, 53.68; H, 3.18; N, 22.09; S, 8.43. Found: C,53.69; H,
3.14; N, 21.99; S, 8.39.

» Example A(10): [4-Amino-2-(4-methoxy-phenylamino)-thiazol-5-yl]-(2-nitro-phenyl)-

methanone
2 JZ N
\
Nis NO.
H ol 2

The title compound was prepared in a manner similar to that described for Example
A(1). 4-Methoxy-pheny! isothiocyanate and 2-bromo-2™-nitro-acetophenone provided, after

recrystallization from aqueous ethanol, 562 mg (43% yield) of brown-red crystals. mp 185-
188°C.

g NMR (DMSO-dg): &10.65 (1H, s), 8.25 (2H, bs), 8.20 (1H,d,J =7.5Hz),7.77 (1H,, I =

7.5Hz),7.66 (1H, t, J = 7.5 Hz), 7.62 (1H, d, = 7.5 Hz), 741 (2H, d, ] =8.7 Hz), 6.92 (2H. 4, ]
=87 Hz),3.72 3H, s). '

FABMS (M+Na™): 393,

Anal. Caled. for C17H14N404S: C,53.13; H, 3.81; N, 15.13; §, 8.66. Found: C, 55.08; E,
3.83; N, 15.11; S, 8.56.

e Example A(11): [4-Aminc-2-(pyridin-3-ylamino)-thiazol-5-y1}-(2-nitro-phenyl)-methanone

The title compound was prepared as esseatially described for Example A1), Pyridin-3-

vi isothiccyanate and 2-bromo-2'-nitre-acetophanone afforded. afier column chromatography

with 5% MeOH/CH2Cla, 730 mg (42% yield) of yellow salid, mp 143.5-126.0°C.

IH NMR (DMSO-dg): 8 10.95 (1H, bs), 8.62 (1H. s}, 8.19 (1K, dd, J =4.7, 1.3 Kz), 8.08-7.86

(4H,m), 7.76 (1H, &, J = 8.3, 0.9 H2), 7.66 (1H,dd, ) = 8.4, 1.3 Hz), 7.62 (1H. ¢, = 7.5 Hz),
7.21(1H. ad. J=38.4, 4.7 Hz).
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FABMS (MH™): 342.

Anal. Calcd. for C15H]1N503S ¢ 0.5 Héo « 0.4 EtOH: C,51.46;H,3.94; N, 18.99; S, 8.69.
Found: C, 51.86; H, 3.88; N, 19.24; S, 8.88.

.o Example A(IZ): 4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazole-5-carboxylic acid

ieN At el

The title compound was prepared éssentially as described for Example A(1). 6-

methyl ester

Isqthiocyanato—lH-benzoimidazole; (see Boev et al., Pharm. Chem. J. (Engl. Transl.). vol. 24

(1990), pp. 818-822) and methyl bromoacetate gave in 63% yield a yellow solid, mp 266-267°C.
1H NMR (DMSO-dg): & 12.37 (1H, bs), 10.52 (1H, s), 8.15 (1H, ), 7.92 (1K, 5), 7.52 (1H, 4,7

=8.7Hz),7.23 (1H, dd, ] = 8.7, 1.9 Hz), 6.89 (2H, bs), 3.62 (3H, 5).
FABMS (MH+): 250. ' '

Anal. Caled. for C) 1H] 1N302S » 0.15 EtOH: C, 49.87; H, 4.05: N, 23.64; S, 10.82. Found: C,
49.94: H,3.94; N, 23.41: S, 10.79.

Example A(13): [4-Amino-2-(p-tolylamino)-thiazol-5-yl}-(2,4-dimethoxyphenyl)-

. methanone
CHs
= Ha
T
AL
S
0

N OCH;
The title compound was prepared' in a manner similar to that described for Examnpie
A(1). p-Tolyl isothiocyanate and 2-bromo-2',4‘-dime;thoxyacetop‘nenone gave, after
" recrystallization froﬁl MeOH/CHCl3, 78 mg (24% yield) of a yellow solid, mp 215-216°C.
IH NMR (DMSO-dg): 8 10.51 (1K, ), 7.88 (2H, bs), 7.41 (2H, ¢, I = 8.4 Hz), 7.16 (2K, d. I =
8.4Hz), 7.12 (2H, d, ] = 8.4 Hz), 6.58 (1H, d, ] =2.2 Hz), 6.52 (1H, ¢¢, ] = 84,22 Hz), 3.78
(3H, ), 3.74 (3H,s), 2.24 (3H, s). '

IR (KBr): 327¢

~

. 2939, 1606, 1515, 1432, 1306, 1284, 1209, 1157, 1124, 1032 cm™+.

Anal. Caled. for C1gH19N303S: C.61.77; H, 5.18; N, 11.37; S, £.63. Found: C, 61.69; H,
5.16;N, 11.33;: S, 8.79. :

o Example A(

14): [4-Amino-2-{p-tolylamino)-thiazol-5-yl}-(2.4-dimethyvlphenyl)-methanone

19
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The title compound was prepared in a manner similar to that described for Example
A(1). p-Tolyl isothiocyanate and 2-bromo-2’,4’-dimethylacetophenoﬁe gave, after
recrystallization from MeOH/CHCIl3, 65 mg (33% yield) of a yellow crystals, mp 220-221°C.
1H NMR (DMSO-dg): §10.58 (1H,s), 7.99 (2H, bs), 7.39 (2H, d, I = 8.1 Hz), 7.17 (2H, 4, ] =
7.8 Hz),7.13 (2H, d, ] =8.1 Hz), 7.04 (1H, 5), 7.00 (1H, 4, = 7.8 Hz), 2.73 (3H, 5), 2.24 (3H,
s), 2.22 (3H, s).
IR (KBr): 3266, 2921, 1612,.1598, 1546, 1518, 1431 cm-L.
Anal. Calcd. for C1gH19N30S: C, 67.63; H, 5.68; N, 12.45; S, 9.50. Found: C, 67.70; H, 5.73:
N, 12.47; S, 9.62.

e Example B: [4-Amino-2-(p-tolylamino)-thiazole-5-carbonyl}-phenyl Benzoate
2\ /? _/NH: p
HN—{ /\\\N/Q/O °
o

An intermediate, S-(4-Benzoyloxyphenylacetyl)-N'-cyano-N"-p-tolyl-isothiourea, was
first prepared following a proceddrc in Gewald et al., J. Praki. Chem, vol. 35 (1967), pp. 97-104.
Sodium (6.7 mg, 0.29 mmol) was carefully dissolved in methanol (0.5 mL) and allowzd to cool
to ambient temperature. To the resultant solution was added p-toly! isothiocyanate (43 mg, 0.29
mmo)) and cyanamide (12 mg, 0.29 mmol). After 1 hour, 4-bromoacetylphenyl benzoate (52
mg, 0.29 mmol) was added, and the resultant mixture was stirred overnight at ambient
temperature. The mixmure was then diluted with water (10 mL). The resulting tan solid was
filtered off, rinsed with water and a small amount of ether, dried under vacuum, and
r:cry'stéllized from ethanol/CHCI3 to give an initial crop of 63 mg (51% yield) of S-{=-

benzovioxyphenylacety)-N'-cyano-N"-p-tolyl-isothiourea (as white nezdles):
H’J”

N ,C;N = l
Sl SNIZN
oS C

H

Q

i

TH NMVR (DMSO-dg): 68.10-8.04 (2H, m). 7.72 (1K, ddd. J =7.5

2

o), 720 (QH. ¢, J = 8.7 Ez), 7.03 (4H, dd, J = 11.2,8.7 Hz), 410 (1H, ¢, ]
¢, J=.12.1 Hz), 2.19 3H, s).
20
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From the intermediate the title compound was prepared as follows. Crude S- (4-
benzoyloxypnenylacetyl)—N -cyano-N"-p-tolyl- 1soth1ourea (0.2% mmol) and metnylamme (101
uL, 0.73 mmol) in ethyl acetate (1 mL) was heated at reflux for 2 hours, then allowed to cool to
ambient temperature, and concentrated in vacuo to a crude solid, which crystallized from
| MeOH/CHCI3 in' successive crops to afford 67 mg (54% yield) of yelllow needles, mp 245-
247°C.

1H NMR (DMSO-dg): §10.71 (1H, s), 8.34-8.11 (4H, m), 7.80-7.72 (3H m), 7.66-7.57 (2H,
m), 7.46 (2H, 4, J=8. 1 Hz),7.38 (2H, d, ] = 8.4, Hz), 7.16 (2H, 4, J = 8.4 Hz), 2.26 (3H, 5).
IR (KBr): 3451, 3332, 3026, 1732, 1597, 1522, 1444, 1264, 1206, 1164, 1062, 708 cm-l.
HRFABMS: Calcd. for C2aH19N303SCs (M+Cs+): 562.0201. Found: 562.0184.

Anal. Calcd. for C24H9N303S: C, 67.12; H, 4.46:N,9.78; S, 7.47. Found: C, 66.90; H, 4.43;

N, 9.70; S, 7.50. '

+ Example C(1):- 4-[4—Amino_-S-(4-methoxy-bénzoyl)-miazol-2-ylamino]-benzoic Acid Meny
Ester

To a mixture of 4-methoxycarbonylphenyl isothiocyanate (82 mg, 0.5 mmol) and
cyanamide (23 mg, 0.55 mmol) in acetonitrile (5 mL), a solution of potassium tert-butoxide (61
mg, 0.55 mmol) in zerz-butanol (5 rnL) was added. After 30 minutes at ambient temperature, 2-
brom6—4'-methoxy-acetophenone (115 mg, 0.5 mmol) was added. After 2 hours at ambient
temperature, the reaction mixmure was diluted with water (50 mL). The product was collected by

 filtration, rinsed with water and ethyl ether, and dried under vacuum to furnish a yellow solid
172 mg (50% yield).

1HN\/IR(D‘VISO<15) 58.00 2KE.d.J =82 Hz),7.84 2H. d,] =82 Hz), 7.72(

72 (2H.d, J=8%
Hz), 7.10 (2H, 4, ] = 8.2 Hz), 3.90 (6H, s).

FABMS (MH+): 384.
Anal. Caled=for C19E17N3045 » 0.5 H20: C,57.36: H, 471, N, 10.56: §
56.97; H,4.74;, N, 10.51; §, 8.07.

&.05. Found: C,

Example C(2): [¢-Amino-2-{=-benzvloxv-phenylamine)-thiazol-5 -ull-- 4.methoxy-phenvii-
methanone




01155%

O\ACL NJNHngHS
'.“JLSHO
H

The title compound was prepared in a manner like that described for Example C(1). 4-
Benzyloxy-phenyl isothiocyanate and 2-bromo-4-methoxy-acetophenone gave a yellow-brown

. solid in 85% yield, mp 222-224°C.

1H NMR (DMSO-dg): §7.70 (2H, d, ] = 8.2 Hz), 7.58-7.34 (7TH, m), 7.06 (4H, dd,J = 7.5, 1.2
Hz), 5.18 (2H, s), 3.94 (3H, 5).

FABMS (MH*): 432.

Anal. Caled. for C24H2N303S: C, 66.80; H, 491; N
N,9.76; S, 7.53.

,9.74,S,7.43. Found: C, 66.86; H,4.91;

o Example C(3): [4-Amino-2-(4-dimethylamino-phenylamino)-thiazol-5- yl] (4-methoxy-
phenyl)-methanone

$Ha

HJC'N' i N-_\/\‘Hz
N/&=
H

-

0

The title compound was prepared similarly as described for Example C(1) from 4-
dimethylamino-pheny!l isothiocyanate and 2-bromo-4-methoxy-acetophenone to give the product
as a yellow solid in 85% yield, mp 178-180°C.

IH NMR (DMSO-d¢): §7.70 (2H, d, ] = 8.2 Hz), 7.34 (2H.d,J = 8.2 Hz),7.00 (2H,d, J=8.6
Hz), 6.80 (2H, d, ] = 8.6), 3.94 (3H, 5), 2.94 (6H, s).

Anal. Calcd. for C1gHagN402S: C, 61.94; H, 5.47; N, 15.21; S, 8.70. Found: C, 62.22; H,
5.48;N,15.03; S, 8.58.

o Example C(4): [4-Amino-2-(4-dimethylamino-phenylamino)-thiazol-5-y1]-(2-nitro-phenyl)-

methanone

‘jlf"a Nids
Q X \HQ

The title compound was prepared in a manner analogous to that described for Example

C(1). 4-Dimethvlamino-phenyl isothiocyanate and 2-bromo-2 -nitro-acetophenone furnished a

yellow solid in 90% yield, mp > 195°C (decomp.).
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9H, bs), 7.76 (2H, m), 7.27 (2H. bs), 6.74 (2H, 4, T = 9.0 Hz),

~ '"H NMR (DMSO-d¢)

Al avelas

3.38 (6H, s).
FABMS (MH™): 384.

Anal. Calcd. for C18H17\I;,O_,S 0.5 CH3CN: C, 56.49; H, 462,N 15.07; S, 7911 Found C
56.71; H, 4,64, N, 19.09; S, 7.88.
e Example C(5): (4-Amino-2-phenethylamino—thiaz01-5-yl)-(z-njtro-phenyl)-mcthanone

NH2
NN\ NO2

O\/\NLSI _

The title compound was érepared essentially as described for Example C(1). Phenethyl
isothiocyanate and 2-bromo-2-nitro-acetophenone provided an amorphous yellow solid in 90%
yield, mp 75.0-81.5°C (decomp.).

* 1H NMR (DMSO-dg): 8 8.67 (1H, bs), 8.00 (1H, d, J = 8.1 Hz), 7.80 (2H, bs), 775 (1H, , T =

75 Hz), 7.65 (14, 1, ] = 7.5 Hz), 7.58 (1H, d, I = 6.5 Hz), 7.04-7.32 (SH, m), 3.50 (2H, bs), 2.82
"(H, 1,1 =72 Hz).

FABMS (MH™): 369.

* Anal. Calcd. for Cy3H6N4O3S @ 0.1 H,0 ¢ 0.1 CeHyu C, 58.97; H, 4.68; N, 14.79; §, 8 48.
Found: C,58.97;H,4.78; N, 14.54; §, 8.37.

e Example C(6): Methyl 2(S) [4 Amino-5-(4- mtro-benzoyl)-thxazol 7-ylarnmo] butyrate

L 41(d

The title compound was prepared in a manrer similar to that described for Example
C(1). Methyl 2(S)-isothiocyanato-butyrate and 2-bromo-4™-nitrc-acetophienone afforded an
amerphous recé-brown solid in 89% yield.

1H NMR (CDCl3): &8.28 (2H, d, ] = 8.2 Hz), 7.86 (2K, J = 8.2 Kz}, 3.54 (3H, 5), 4.32 (1H. bs),
2.12(1H, m), 1.88 (1H, m), 0.96 (3K.t,J = 6.4 Hz).

FABMS (MH™): 385.

e Example C(7): [4-Amino-2-((4-dimethylaminophenyl)amino)- t‘uazol 5-yl}-(3-methyl- |,
benzo[b]thiophen-2-yl)- -methanone
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The title compound was prepared essentially as described for Example C(1). 4-
Dimethylaminophenyl isothiocyanate and 2-(2-bromoécetyl)-3-methy1-benzo[b]thiophene gave,
after recrystallization from ethanol, 210 mg (92% yield) of yellow powder, mp 123-126°C.

11 NMR (DMSO-dg): & 10.50 (1H, s), 8.20 (2H, bs), 7.96 (1H, ddd, J=5.0,5.0, 1.5 Hz), 7.82

(1H, ddd, J = 4.1,4.1, 1.7 Hz), 7.44 (2H, ddd, J = 9.0, 4.5, 45Hz),7.26 (2H,d,J =85 Hz); 6.69
(2H, 4,1 =9.0 Hz), 2.84 (6H, ).

FABMS (MH*): 409. :
Anal. Calcd. for C21H20N2082 » 0.5 H20 » 0.5 MeOH: C,59.56; H, 5.35; N, 12.92; §, 14.79.
Found: C, 59.87; H,5.39; N, 12.86; S, 14.69.

o Example C(8): [4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazol-5-yl]-(3-methyl-

benzo[b]thiophen-2-yl)-methanone

The title compound was prepared in a manner like that described for Example C(1). 6-

Isothiocyanato-lH—benzoimidazolé (see Boev et al., Pharm. Chem. J. (Engl. Transl)., vol. 24

(1990), pp. 818-822) and 2-(2-bromoacetyl)-3-methyl-benzo[b]thiophene provided 160 mg (53% '
yield) of yellow powder, mp 235-240°C. '

'H NMR (DMSO0-4¢): 812.50 (1H, s), 10.9 (1H. s), 8.28 (2H, bé), 8.19 (1H, s), 8.20-7.93 (1H,

m), 7.93-8.00 (2H, m), 7.56 (14, d, J = 8.7 Hz), 7.50-7.40 (2H, m), 7.25 (1H, d,1 = 8.7 Hz), 2.49
(3K, s).

FABMS (MH*): 406.

Anal. Caled. for CooH15N5082 * 0.5 H20: C, 57.95; H, 3.89; N, 16.90; S, 15.47. Found: C,
57.98; H, 3.88; N, 17.04; S, 15.55.

9

Q
=

. "\
Hi e =




011352
The title compound wa$ prepared essentially as described for Exampie C(1). 4-
Dimethylaminophenyl isotkﬁocyénate -ahd 2-(2-bromoacetyl)-5-chloro-3-methyl-
benzo[b]thiophene provided 54% yield of yellow powder, mp 2635-268°C.
'H NMR (DMSO-de):- 8 10.60 (IH, 5), 8.04 (2H, bs), 8.00 (1H, d, ] = 8.7 Hz), 7.83 (1H, d,T =
1.8 Hz), 7.46 (1H, dd, J = 8.7, 1.8 Hz), 7.34-7.20 (2H, m), 6.63 (2H, 4,1 =9.0 Hz), 2.85 (6H, s)
243 (3H,s).
FABMS (MH*): 443/445. . .
Anal. Caled. for C21H19N40S2Cl: C, 56.94; H, 4.32; N, 12.65; S, 14.48; C1, 8.00. Found: C
56.82; H, 4.39; N, 12.42; §, 14.42; C1, 8.17.
o Example C(10): [4-Amino-2—(fH-benzoimida.zol-6-y1-amino)-thiazol-S-yl]-(S-chloro—S—
methyl-benzo[b)thiophen-2-yl)-methanone

N
. s
PV
ﬁ‘ R
H

The title compound was prepared in a similar manner as that described for Exampie
C(l). 6-Isothiocyanato-1H-benzoimidazole (see Boev, et al., Pharm. Chem. J. (Engl. Transl.)
vol. 24 (1990), pp. 818-822) and 24(2-bromoacetyl)-5-chloro-3-methy1-benzo[b]t‘niophene |
prowded 59% yield of yellow powder, mp 275-280°C. :
'H NMR (DMSO-dg): 8 12.44 (1H, s), 10 86 (1H, s), 8.30 (2H, bs), 8.18 (1H., s), 8.02 (1H,¢,1 =

8.4 Hz), 7.90 (1H,d,} =2 OHz) 7.86 (1H, bs), 7.55 (1H, d,J = 8.4 Hz), 7.45 (1H,dd, T =87,
2.0 Hz), 7.25 (IH, d,1=87 Hz), 2.46 (3H, s).
ESIMS (MH‘*‘)‘ 440/442.

Anal. Calcd. for Co0H14N5082Cl » 1.0 H20: C,52.435; K, 3.52; N 15.29; S, 14.00; Cl, 7

Found: C, 52.61;H,3.60; N, 15.15; S, 14.12; Cl, 7.81.

o Exa_mple C(11): [4—Arrdno-2-(benzo[1,3]éioxol-S-yl-araino)-thiazol-5-y1}-(Z-nitro—phe—wﬁ')~
methanone )

The title compound was prepared analogously to Example C(1). 3,2-

Mzthylenedioxyphenyl isothiocyanate and 2-bromo-2'-nitro-acetophencne provided

a yallow
solid in 73% yieid, mp 200.0-202.3°C.
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'H NMR (DMSO-dg): 8 10.69 (1H, 5), 8.04 (2H, bs), 8.03 (1H, 4, =7.8 Hz), 7.78 (1H, dd, J

7.8, 6.5 Hz), 7.67 (1H, dd, J = 7.2, 6.5 Hz), 7.63 (1H, d, ] = 7.2 Hz), 7.28 (1H, 5), 6.89 (1H, d,]
= 8.9 Hz), 6.85 (1H, d, J = 8.9 Hz), 6.00 (2H, s).

FABMS (MH*): 385.

Anal. Caled. for C17H12N405S: C, 53. 12,H 3.15; N, 14.58; S, 8.34. Found: C, 53.02; H,
3.20, N, 14.39; S, 8.27.

s Example C(12): [4—Amino-2-(4-methoxy-phenylamino)—thiazol-S-yl]-(2-iodo—phenyl)—
methanone

Ha
NTR
HaCO.
i) Q)—s
N
H

Er\/ﬁ\@
2-Bromo-2-iodoacetophenone, which has the structural formula , was first
P

prepared as follows. According to a procedurg of King et al., J. Org. Chem, vol. 29 (1964), pp.
3459-3461, to a solution of 2"-iodoacetophencne (3.34 g, 14.4 mmol) in EtOAc was added
copper(Il) bromide (6.34 g, 28.8 mmol), and the resulting mixture was heated at reflux for 90
minutes. The mixture was allowed to cool, and the solid was filtered off and rinsed with EtOAc.
The filtrate was concentrated, providing 4.60 g (98% yield) of 2-bromo-2"-iodoacetophencne as 2
yellow oil, which matched previously reported material (Lutz et al,, J. Org. Chem., vol. 12
(1947), p. 617).

The title compound was next prepared essentially as descriped for Example C(1). 4-
Methoxyphenyl isothiocyanate and 2-bromo-2-iodoacetophenone provided a ysllow solid in
71% yield, mp 187-190°C.

'H NMR (DMSO-de): & 10.56 (1H, s), 8.03 (2H, bs}, 7.85 (1H,d, ] =7.5 Hz), 7.32-7.48 (3H,
m), 7.29 (1H, dd, J = 7.5, 1.6 Hz), 7.12 (1H,td. J = 7.5, 1.6 Hz), 6.90 (2H, d, ] = 9.0 Hz), 3.51
(3H, s).

FABMS (MH®): 452,
Anal. Caled. for C17H]4N30251 « 0.05 CgHg * 0.2 E1OH: C,43.73; K, 3.36; N, 9.05; S, 6.96;
1.27.33. Found: C,46.06; H,3.54; N, 2.09; S, 7.04; 1. 27.€2.

Example C(13): [4-Amino-2-(4-nizro-phenylamino)-thiazol-S-yl]-(-.’Z-nitfo—phenyl)—

methanone




R,

The title compound was prepared in 2 manner similar to that described for Example
C(1). 4-Nitrophenyl! xsothlocyanate and 2-brorno-2 mtroacetophenone provided a yellow solid
in 45% yield, mp 266.0-268.2°C.
'H NMR (DMSO-de): 8 10.80 (1H, s), 8.23 (2H, d,J = 9.4 Hz), 8.15 (2H, bs), 8.08 (lH d,l=

8.1 Hz),7.84 (2H, d,J = 9.4 Hz), 7.83 (1H, t, ] = 7.5 Hz), 7.75-7.66 (2H, m).
FABMS (MH*®): 386. ‘

Anal. Caled. for C1gH]1N505S: C,49.87: H, 288 N, 18.17: S, 8.32. Found: C, 49.83; H,
2.90; N, 18.10; S, 8.27. :

¢ Example C(14). (4-Amino-2-cyclohexylamino-thiazol-S-yl)-(2-nitro-pheny1)—me:hanone
| Q0
Ei s 0 NO;

The title compound was prepared analogously to Example C(1). Cyclohexyl

isothiocyanate and 2-bromo-2'-nitroacetophenone provided a yellow solid in 45%.yie1d, mp 116-
118°C. | ‘

'H NMR (DMSO-de): & 8.62 (1H, bs), 8.00 (1H, d,J =8.1 Hz), 7.97 (2H, b5), 7.75 (1H, dd, J = |
8.1‘, 7.5 Hz), 7.64 (1H, dd, J = 8.1, 7.5 Hz), 7.59 (1H, d, } = 7.5 Hz), 3.62 (1H, bs), 1.94-1.78
(2H,m), 1.73~1.60' (2H, m), 1.58-1.46 (1H, m), 1.32-1.02 (5H, m) .

FABMS (MH*): 347,

- Anal. Calcd. for C15H18N403S » 0.7 H20: C,53.53; H,5.45; N, 15.61; §,8.93. Found: C.
53.79;H, 524, N, 15.44; §, 8.93.

) Example C(b) [4-Amino-2- (-Hsopropyl -phenylamino)-thiazol-5-yl}- -(2-nitro-phenyl)-

methanone )
. Ha
N
A~ Vo
2
NS e

The title compound was prepared essentially as described for Exampie C(1). ISOpropyi
isothiocyanate and 2-bromo-2'-z

nitroacerorhenone provided a yellow -ohd in 58 yield, mp
202.5-205.0°C.
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' NMR (DMSO-de): 5 10.74 (1H, 5), 8.05 (2H, bs), 8.03 (1H, d, I = 7.5 Hz), 7.78 (1H, dt, ] =
7.5, 1.3 Hz), 7.71-7.60 (2H, m), 7.41 (2H, d, 1 = 8.3 Hz), 7.20 (2H, d, ] = 8.3 Hz), 2.83 (1H,
heptet, J = 6.9 Hz), 1.16 (6H, d, J = 6.9 Hz).
FABMS (MH*): 383.
Anal. Caled. for C19H8N403S: C, 59.67; H, 4.74; N, 14.65; S, 8.38. Found: C, 59.62; H,
477;N, 14.56; S, 8.43.

o Example C(16): {4-Amino-2-[2-(4-chloro-phenyl)-ethylamino]-thiazol-5-yl}-(2-nitro-

le = xI]yl) me dlmorl c
N/LS 2

The title compound was prepared in a manner similar to that described for Example
C(1). 4-Chlorophenethy! isothiocyanate and 2-bromo-2*nitroacetophenone provided a yellow
solid in 61% yield, mp 117-120°C.
'H NMR (DMSO-dg): 88.74 (1H, bs), 8.00 (1H, d,J =8.1 Hz), 7.95 (2H, bs), 7.75 (1H, td, J =
7.5,1.2Hz),7.64 (2H,1d,1=8.1, 1.6 H2),7.57(1H,dd, ] =7.5, 1.2 Hz), 733 QH, ¢, T =8.4
Hz), 7.23 (2H, 4, J = 8.4 Hz), 3.60-3.35 (2H, m), 2.81 (2H, t, ] = 6.8 Hz).
FABMS (MH™): 403.

Anal. Calcd. for C18H]5N403SCl# 0.5 EtOH: C,53.58; H,4.26; N, 13.16; S, 7.53; Cl, 8.32.
Found: C,53.63; H, 4.33; N, 13.22; §, 7.47; Cl, 8.45.

» Example C(17): [4-Amino-2-(4-diethylamino-phenylamino)-thiazol-3-yl]-(2-nitro-phenyl)-

methanone
CH2CHs NH; )
1
HaCHzC™ N :
. [}
H 0 o

The title compound was prepared in a manner like that described for Example C(1). 4-

Diethylaminophenyl isothiocyanate and 2-bromo-2'-nitroacetophenone provided a yellow solid
in 63% yield, mp 202.5-205.0°C.

'H NMR (DMSO-d¢): §10.43 (1K.s), 8.01 (1H,d,J=8.1 Ez),7.97 (2H, bs), 7.75 (1K, dd. J =

8.1,7.8 Hz),7.64 (1H.dd, ] =8.1,7.8 Hz), 759 (1H,d, ] =7.8 Hz), 7.18 (2K, d, ] = 9.0 Hz);
6.61 (2H, d,J = 9.0 Hz), 3.28 (4H, ¢.J =7.2 Hz), 1.05 (6H,t,J = 7.2 Hz).
FABMS (MH™): 412




Anal. Caled. for C20H2 1N303S C, 58.38; H 5.14; N,
5.20; N, 16.77; S, 7.94.

o Example C(18): {4-Amino-2- (4-dxethy1ammo phenvla.nnno)—thmzol -5-yl}-(4-nitro- phenyl)- ‘

methanone
¢HzCHa NO2
H sCHzC‘N\Q NH2; S
y ’Ls\
H o}

The title compound was prepared in a manner analogous to that described for Example
C(1). LDiethylaminoPhenyl isothiocyanate and 2-bromo-4"-nitroacetophenone provided a
yellow solid in 63% yield, mp 220-221°C. |

'H NMR (DMSO-dg): & 10.51 (1H, s), 8.42 (2H, bs), 8.26 (2H, d,J = 12.0Hz), 7.84 (2H, d, ] =

12.0 Hz), 7.22 (2H, 4, T = 9.0 Hz), 6.63 (2H, d, J = 9.0 Hz), 3.26 (4H, q, ] = 6.8 Hz), 1.05 (6H, 1,
J = 6.8 Hz). ‘

FABMS (MH¥): 412,

Anal. Calcd. for C20H21N503S: C, 58.38; H, 5.14; N, 17.02; S, 7.79. Found: C, 58.23; H,
5.16; N, 16.94; S, 7.86.

e Example C(19): {4-Amino-2- (1H-benzo1m1dazol-6-ylammo) -thiazol-3-yl]}-(3-methyl-

. thiophen-2-yl)-methanone

O

‘The title compound was prepared essentially in the manner described for Example C(1).

6-Isothxocyanatc~IH-beuoxmxdazole (see Boev et al., Pharm. Chem. J. (Engl. Transl)., vol. 24
(1990),pp. 818-82 2) and 2-(2-bromoacetyl)-3-methyl-thiophene (U S. Patent No. 5,1859,049; an

acetyl brominated with copper(Il) bromide according to 2 procedurs from K.ng etal, J. Org

Chem., Vol. 29( 964), pp. 3459-3461; representative procedure in Examzle C (19)) provided

67% yield of yellow powder, mp 285-287°C."

'H NMR (DMSO-d): 6 12.60 (1H, bs), 10.78 (1E, sJ, 823 (1K, s), 8.1A7 (2H, bs), 7.93 (1H, s).
7.56 (1H,d,J=8.7Hz),7.55(1H,d,J=50Hz),7.2

(1H, dd, =87, 1.9 Hz), 6.60 (1H, d J—
5.0 Hz), 2.36 (3H, s).

FABMS (MH*): 336.
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Anal. Calcd. for C1gH13N50S7 ¢ 0.6 H,0: C,52.47; H. 3.91; N, 19.12; §, 17.51. Found: C,
52.50; H,3.90; N, 19.10; S, 17.71.

o Example C(20): [4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazol-5-y1}-(2,4-dimethyl-
phenyl)-methanone

A o}

The title compound was prepared in a2 manner similar to that described for Example
C(1). 6-Isothiocyanato-1H-benzoimidazole (ses Boev et al., Pharm. Chem. J. (Engl. Transl.},
vol. 24 (1990), pp. 818-822) and 2-bromo-2"4-dimethylacetophenone provided 77% yield of
yellow powder, mp 290-292°C. .
I'H NMR (DMSO-d,): 812.43 (1H, bs), 10.65 (1H, 5), 8.18 (1H, s), 8.00 (2H, bs), 7.80 (1H, s),
7.54 (1H, 4, 1=8.7Hz),7.20 (1H,d,] =87 Hz),7.16 (1H,4,1 = 7.5 Hz), 7.03 (1H, 5), 6.99
(1H, d,J=7.5Hz), 2.26 (3H, s), 2.22 (3H, s).
FABMS (MH*): 364. .
Anal. Calcd. for C1gH17N508S: C, 62.79; H,4.71; N, 19.27; S, 8.82. Found: C 62.50; H, 4.7%;
N, 19.22; S, 8.72. ' ' '

Example C(21): [4-Amino-2-(pyridin-3-ylamino)-thiazol-5-yl]-(2,4-dimethyl-phenyl)-

methanone
NH,
N
N4
H S
o)

The title compound was prepared in a manner similar to that descr}béd for Example
C(1). 3-Pyridyi-isothiocyanate and 2-bromo-2',4-dimethylacetophenone provided 63% yield cf
vellow powder, mp 200—202°C._ '
'H NMR (DMSO-dg): 8 10.82 (1K, s), £.76 (1H, d, I = 2.5 Hz), 8.25 (1H, ¢, J = 4.1 Hz), 8.06
(1H,d.J=8.4 Hz), 8.04 (2H, bs), 7.36 (1H. dd,J = 8.4,4.1 Hz), 7.21 (1K, d, J = 7.5 Hz), 7.06
(1H,s),7.02 (1H, 4,1 =7.5 Hz), 2.28 (3H, 5), 2.23 (3H, 3).
FABMS (MH*): 323.
Anal. Caled. for C)7H16N2408S: C,62.64; H. 497, N, 17.27; S, 6.88. Found: C, 62.86; H, 5.03:
N, 17.17; 5, 9.95. o
+ Example C(22): 3-[4-Amin0-5-(2—cyano—benzoyi)—thiazo!-2-y1amino]-benzSniuile

30




=N\ NHz 7%
N
NC’u \ ==
. N"E;S-\HO
H o) 2

The title compound was prepared essentially as described for Example C(1). 3-

Cyanopheny! isothiocyanate and 2-bromo-2'-nitro-acetophenone furnished an orange solid in
94% yield, mp 235-236°C. '

'H NMR (DMSO-de): 5826 (1H, bs), 806 (1H,d,J=8.0Hz),7.8 (1H,t, ] =7.0Hz),7.74-7.64
" (3H, m), 7.58-7.48 (2H, m).

IR (KBr): 3460, 3307, 3271, 3083, 2214, 1625, 1601, 1525 _cm'l.

Anal. Caled. For C17H{ [N503S: C, 55.80; H, 3.03; N, 19.17; S, 8.78. Found: C, 55.70; H
3.05: N, 19.01; S, 8.73. "

o Example C(23): [4-Amino-2-(3-methoxy—propylan'lino)-miazo]-5-y1]-(2-nitro—phenyl)—

methanone
_ : NH;
HiCO™N ,2
5 .
N
N7s NO,

The title compound was prepared analogously to Example C(1). 3-Methoxypropy!

isothiocyanate and 2-bromo-2’-nitro-acetophenone furnished a yellow solid in 90% yield, mp
170-172°C-

lHNMR(D\/ISO de): 68.02-7.92 (2H, m), 74 (1H,t,J=7T. 0 Hz), 7.68-7. 56 (2H, m), 3.38-3.22
(7H, m), 1.78-1.66 (7H m).

Anal. Caled. for C14H16N404S: C,49.99; H, 4.79; N, 16.66; S, 9.53. Found: C, 50. 04; H,
481N, 16.69;8,9.61.

¢ Example C(24): I1-{4-[4—Amino-5-(2-nitro-benzoyl)-thiazol-ﬁ-ylamino]-phenyl}-ethanone

v o
/')lL
NO2
N7 TS -
N 0

The titis compound was prepared in a manner similar to Example C(1). 4-Ac=tyiphenyl

isothiocyanate and 2-bromo-2’-nitre-acetophenone furnished a yellow solid in 87% yield. mp
264-265°C.

'H NMR (DMSO-ds): 88.06 (1K, d,J=8.0Hz),7.

62 (24, d. ] = 9.0 Hz), 7.84-7.78 (1H. m),
7.73-7.64 (44, m), 2.42 (3H, 5). : o

IR (KBr): 3389, 3248, 1650, 1655, 1537, 1472, 1420. 1273 cm-l,

1
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Anal. Calcd. for C1gH14N404S: C. 56.54; H, 3.69; N, 14.65; S, 8.39. Found: C,56.39%; H,
373;N, 14.44; S, 8.31.

o Example C(25): {4-Amino-2-[4-(2-chloro-5-trifluoromethyl-pyridin-2-yl sulfanyl)-
phenylamino]-thiazol-5-yl}-(2-nitro-phenyl)-methanone

Lot

_ The title compound was prepared in a manner similar to that described for Example

'C(l). 2-[4-(2-Chloro-5-trifluoromethyl-pyridine-2-yl-sulfanyl)-phenyl]} isothiocyanate and 2-

bromo-2’-niro-acetophenone furnished an orange solid in 52% yield, mp 150-152°C.

'"H NMR (DMSO-dg): §8.65 (1H, bs), 8.38 (1H. bs), 8.06 (2H.d, ] =8.0 H2), 7.80 (1H, t,J =
7.0 Hz), 7.74-7.64 (4H, m), 7.54 (2H, d. ] = 8.0 Hz).

IR (KBr): 3272, 3048, 1596, 1531, 1431, 1320 cm~1.

Anal. Caled. for C22H13CIF3N503S2: C,47.87; H, 2.37; N, 12.69; §, 11.62; C], 6.42. Found:
C,47.79; K, 2.44; N, 12.54; S, 11.70; C1, 6.52. "

Example C(26): Methyl 3—[4-Am'1no-5-(2-mcxhoxy-benzoyl)-thiazol-Z;ylamino]-benzoate

NH2
HzCOYQ X
N Ha
0 ¥ S Y OCHa

The title compound was prepared essentially as described for Example C(1). 3-
Methoxycarbonylphenyl isothiocyanate and 2-bromo-2'-methexy-acetophenone gave an 1vory
solid in 59% yield, mp 214-215°C.
1H NMR (DMSO-dg): & 10.81 (1H, s), 8.12-7.90 (4H, m), 7.62 (1H,ddd. ] =7.8, 1.2, 1.2 Hz),
749 (1E,1,J=7.9Hz),7.39 (1H,ddd, ] =8.7,8.7,1.7Hz), 725 (1H, dd, J =7.5. 1.0 H2), 7.0%
(1H,d.J =84 Hz), 698 (1H,ddd, 1 =7.5,7.5,0.6 Hz), 3.85 (3H, s), 3.87 (3H, s}.

FABMS (MH+): 327.
IR (KBr): 3473, 3333, 3261. 3092, 1718, 1602, 1527, 1417, 1294 cm~1.

Anal. Calcd. for C1gH7N304S: C, 59.52; H, 4.47; N, 10.66; §,8.36. Found: C.3
4.46; N, 10.93; S, 8.38.

D

Al E,

s Example C(27): {4-Amino-2-[2-(4-chioro-phenyl)-ethylemino]-thiazol-3-v1}-{ -menou-

pheavli-methanons

an
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The title compound was pfepared in 2 manner like that described for Example C(1).
The product from 4-c1’ﬂorophenethyl isothiocyanate and 2-bromo-2’-methoxy-acetophenone was
extracted with 10% i-PrOH/CHCI3. The resultant solid was washed with Et20 to give an ivory
solid in 49% yuald mp 150-151°C.
1H NMR (DMSO-d6): 68 53 (2H, bs), 7.87 (1H, bs), 7.39-7.28 (3H m), 7.23 (2H,d,J =84

Hz), 7. 17(1H dd 1=175,1.6Hz),7.03(1H, d,] = 8.4 Hz), 693(1H t,J =7.5 Hz), 3.88 (3H,
s), 3.40 (2H, bs) 281 (2H,t,J= 70Hz)
FABMS (MH+): 388.

IR (KBr): 3354, 3214, 3166, 3103, 1600, 1578, 1544, 1525, 1462, 1363 cm-1.

Anal. Calcd. for C1gH18CIN302S: C, 58.83; H, 4.68; N, 10.83; S, 8.27. Found: C, 58.70; H,
4.62; N, 10.75; S, 8.25.

« Example C(28): [4-Amino-2- (pyndm-3-ylammo) -thiazol-5-y1}-(2,4- dxchloro-pnenyl)-

methanone
N ’E ~ -
N S a

The title compound was prepared in a manner similar to that described for Example

C(1). 3- Pyndyl 1soth:ocyanate and 2,2' 4’ -mch]oroacetophenone gave a yellow solid i in 39%
yield, mp 209-2 10°C.

1H NMR (DMSO-dg): § 10.95 (1H, 5), 8.77 (1H, d, ] =2.5 Ha), 8.28 (1H, dd, J = 4.7, 1.6 Hz),

.8.16 (2H, bs), 8.06 (1H, bd, J =9.6 Hz), 7.70 (1H, d, ] = 1.6 Hz), 7.48 (2H, dd, ] = 11.5, 8.1 Hz),

7.37(1H,dd,J =8.4,4.7 Hz).
FABMS (MH+): 365.

IR (KBr): 3378, 37/2,31/5 3072, 1608, 1586, 1361, 1525, 1424 m-1,

Anal. Calcd. forC13H10C12\4OS ¢ 0.9 H7O: C,47.23;H.3.12; N, 14.69; S, 8.41. Found: C
47.03; H, 3.09;'N, 14.52; S, 8.42.

e Example C(29): [4-Amino-2-(pyridin-3-yla amino)-thiazoi-3-yl]- (7-me‘hox*-'\hewl)
methanone

(53}
[¥5)
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N
N,
N/LS
H o)

The title compound was prepared in a manner analogous to Example C(1). 3-Pyridyl-

OCH,

isothiocyanate and 2-bromo-2’-methoxy-acetophenone gave an off-white/ivory solid in 67%
yield, mp 245-246°C.

14 NMR (DMSO-dg): §10.80 (1H,s), 8.77 (1H,d,J =2.8 Hz), 8.25 (1H, dd, ] =4.7, 1.2 Hz),

8.07 (1H, ddd, J = 8.4,2.8, 1.6 Hz), 8.00 (2H, bs), 7.44-7.33 (2H, m), 7.24 (1H,dd,J =7.5, 1.6
Hz),7.09 (1H,d,3=81Hz), 6.98 (1H, t, ] = 7.5 Hz), 3.76 (3H, s).
" FABMS (MH+): 327.

IR (KBr): 3424, 3310,2971, 1632, 1603, 1526, 1459, 1405 cm-l,
Anal. Calcd. for C16H14N202S: C, 58.88; H, 4.32; N, 17.17; 5, 9.82. Found: C, 58.84; H,
433: N, 17.07; S, 9.90.

Example C(30): [4-Amino-2-(pyridin-3-ylarino)-thiazol-5-yl]-napnthalen-2-yl-methanone
NH,
—
N@ e
N e
. o .
The title compound was prepared essentially as described for E.{ample C(1). 3-Pyridyl-
isothiocyanate and 2-bromo-2'-acetonaphthone gave, zfter recrystallization from EtOH, a yellow
solid in 12% yield, mp 242-243°C (decomp.).

IH NMR (DMSO-dg): §10.97 (1H,5), 8.82 (1H, d, J = 2.5 Hz), 8.36-8.18 (3H, m), 8.13 (1H.
ddd,J = 8.4,4.0, 1.6 Hz), 8.08-7.93 (2H, m), 7.77 (1K. ¢¢,J = 8.4, 1.6 Hz), 7.60 (2H, dddé, ] =

14.3,10.6,7.9,2.2 Hz), 7.39 (1H, dd, ] = 8.4, 5.0 Hz).
FABMS (MH+): 347.

IR (KBr): 3462, 3316,3261, 3071, 1623, 1584, 1531, 1421 cm7 L,

Anal. Caled. for C19H14N4OS: C, 65.88; H, 4.07; N, 16.17; S, 9.26. Found: C, 65.80; H, ¢.0%;
N, 16.09; §, 5.34.

o Example C(31): [4-Amino-2-(2-methoxyv-benzvlzminoj-thiazol-5-y1i-(5-chloro-benzofuran-

2-yl)-methanone

i
-
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Maninet similart

*_ The title compound waa.px‘p aredina
C(1). 2-Methoxybenzyl xsothlocyanate and 2-bromoacetyl-S—chlorobenzofuran pro?ided 62%
yield of yellow powder, mp 241-242°C. )
1H NMR (DMSO-dg): §9.17 (1H, bs) 8 .78 (1H, bs), 8.21 (1H, bs), 7.83 (1H, d, } = 2.2 Hz),
7.66 (1H,d,1=9.0Hz), 744 (1H,dd, 1=9.0, 2.2 Hz),7.39 (1H,s), 778(1H d, J-Sle)

725 (1H,dd,J=7.5,7.2 Hz),7.01 (IH,d, J= 8.1 Hz), 69’7(1Hdd3 7.5,7.2 Hz), 451 (2H,
bs), 3.82 (3H, ). )

FABMS (MHT): 414/416.

Anal. Calcd, for C20H16N303CIS: C, 58 04; H, 3.90; N, 10.15; S, 7.75; Cl, 8.

57. Found: C,
57.97; H,3.85; N, 10.11; S, 7.85; Cl, 8.63.

e Example C(32): [4-Amino-2-(1H-benzoimidazol- 6-ylamino)- -thiazol- 5-y1] (’)-rnemoxy-

NHz
(::@ i
E N s
: H

The title compound was prepared in a manner analogous to that described for Example

phenyl)-methanone

OCHj3

C(1). 6-Isothiocyanato-1H-benzoimidazole (ses Boev et al., fhar_m. Chem. J.. (Engl. Transl.)
vol. 24 (1990), pp. 818-822) and 2-bromo-2'-methokyacetophenone provided 72% yiel.d of
amorphous yellow powder, mp 180-185°C (decomp.).

1H NMR (DMSO-de): 8 12.40 (1H, bs), 10.61 (1H, bs), 8.16'(‘1H, ), 7.94 (2H, bs), 7.83 (1H,
bs), 7.53 (1H, d, J = 8.4 Hz), 7.36 (1H, ddd, I = 8.4, 7.6, 1.6 Hz), 7.24-7.16 (2E,
J=8.1Hz), 695 (1H,dd, ] =7.6,7.2 Hz), 3.74 (3H, 5). '
FABMS (MH™): 366.

m), 7.05 (1H, d,

 Anal. Caled. for C13H{5N5025 » 0.5 HoO: C, 57.74; H, 431; N, 18.71; S, 8.36.
57.78;H, 4.29; N, 18.64; S, 8.53.

Example C(33): 4-[4-Amine-5-(2,4-dimethoxy-benzoyl)-thiazol-2-yiaminoj-
benzenesulfonamide

HZN\ :'Io
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The title compound was prepared essentially as described for Example C(1). 4-
Isothiocyanato-benzenesulfonamide and 2-bromo-2'4-dimethoxyacetophenone provided 75%
yield of yellow powder, mp 249-250°C.

1H NMR (DMSO-dg): & 10.93 (1H, bs), 7.93 (2H, bs), 7.75 (4H, bs), 7.25 (2H, bs), 7.21 (1H, ¢,
J=8.1Hz),6.61 (1H, d, ] = 1.9 Hz), 6.55 (1H,dd, J = 8.1, 1.9 Hz), 3.79 (3H, 5). 3.76 (3H,’s).

. FABMS (MH™): 435.

Anal. Caled. for C1gH18N40552: C,49.76; H, 4.18; N, 12.89; §, 14.76. Found: C, 49.66; H,
4.15; N, 12.77; S, 14.86.

» Example C(34): Ethyl 4-[4-Amino-2-(4-sulfamoyl-phenylamino)-thiazole-5-carbonyl}-
benzoate

HN P ) OCHCHa
o’ ‘Q . e :
NN
The title compound was prepared substantially as described for Exampie C(1). 4-
Isothiocyanato-benzenesulfonamide and ethyl 4-bromoacetyl-benzoate provided 92% yield of
yeliow powder, mp 225-227°C. |
1H NMR (DMSO-dg): 8 11.16 (1H, s), 8.32 (2H, bs), 8.04 (2H, d,J=8.4 Hz), 780 (2H, d,J =
8.4 Hz), 7.78 (4H, bs), 7.26 (2H, bs), 4.33 (2H, g, =7.2 H2), 1.33 (3H, 1, ] =72 Kz).
FABMS (MH*): 447, |

50.11; H,3.97; N, 12.26; S, 14.14,

e Example C(35): 4-{4-Amino-3-(2,4-dimethyl-benzoyl)-ihiazoi-2-ylamino}-

benzenesulfonamide

H;N.‘_’p ’ . /\/
£ =y
C )~
' \
: NS
K c
Tr2 title compound was preparad essentially as Zezerived for Example CF1). 4-

Isothiocvanatobenzenesulfonamide and 2-bromo-2',4'-dimzinyvlaceiophencne furnished a yellow

solid in 75% yield, mp 242-244°C.
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1H NMR (leISO-ds)i "510.97 (1H, bs), 8.00 (24, bs), 7.76 (2H, d, ] = 9.7 Hz), 7.72 (2H, 4, J =
9.7Hz),7.24 (21-1, bs), 7.22(1H, d,J =75 Hz), 7.07 (1H, s), 7.03 (1H, 4, ] = 7.5 Hz), 2.29 (3H,
s), 2.23 (3H, s).

FABMS (MHT): 403.

Anal. Caled. for C1gH8N403S2: C,53.71; H, 4.51; N, 13.92; S, 15.93. Found: C,53.47; H,
4.54;N, 13.69; S, 15.83.

e Example C(36): {4-Amino-2-{4-(2-chloro-5-trifluoromethyl-pyridine-2-yl sulfanyl)-

phenylamino]-thiazol-3-yl }'-(2,6¢dichloro~4-triﬂuorbmethyl-phgnyi‘)—methanone

CFa
The title compound was prepared essentially as described for Example C(1). 2-[4-(2-
Chloro-5-trifluoromethyl-pyridin-2-yl-sulfanyl)-phenyl] isothiocyanate and 2-bromo-

2’ 6’ dichloro-4'-triflucromethyl-acetophenone furnished an orange solid in 52% yield, mp 130-
132°C.

IH NMR (DMSO-dg): §8.65 (1H, bs), 8.38 (1H, bs). 8.06 (2H, d, ] = 8.0 Hz), 7.80 (1H, 1, J =
7.0 Hz), 7.74-7.64 (4H, m), 7.54 (2H, d, T = 8.0 Hz). ' |
IR (KBr): 3272, 3048, 1596, 1531, 1431, 1320 cm-.

Anal, Caled. for C22H3CIF3N503S2: C,47.87; H, 2.37; N, 12.69; S, 11.62; Cl, 6.42. Found:
C,47.79; H, 2.44; N, 12.54; S, 11.70; Cl, 6.52.

e Example C(37): (4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazel-5-y1]-(2,6-dichloro-4-
trifluoromethyl-phenyl)-methanone |

NHz 0

N/ .
s

N
QN\\ Noc \/\c=
N ;

3
The title compound was prepared in 2 manner anzlogous to that ¢ascribed for Exampie

C(1). 6-Isothiocyanaio-1 H-benzoimidazole (se2 Boev et 2. Paarm. Cren

' vol. 24 (1990), po. 818-822) and 2-brome-2',6'-dichloro-4'-trifluoromethyl-acetophenone gave a

yellow solid in 56% yizeld that decomposed at a temperature above 180°C.

TH NMR (DMSO-dg): 61245 (1H, bd, J = 16.0 Hz), 11.10-10.80 (1H, m), 8.20 (1K, s), 8.C0
(2H, 5), 7.70-7.43 (2K, m), 7.20 (1H, ¢, ] = 8.0 Hz). )

37
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IR (KBr): 3191,2974, 1619, 1559, 1467, 1309 cm™1.
FABMS (MH+): 472.

Anal. Calcd. for C1g8H10C12F3N50S o 0.6 HOAc » 0.1 CH2Cl2 * H20: C, 4558, H, 2.95; N,

12.18; S, 5.69; Cl, 13.92. Found: C, 45.70; H, 3.05; N, 12.45; C}, 13.87.

o Example C(38): 4-[4-Amino-5-(2,6-dichloro~4-trifiuoromethyl-benzoyl)-thiazol-2-ylamino}-
benzenesulfonamide

NHz c ]

/
HzN~ g
EONH c cFs

" The title compound was prepared essentially as described for Example'C(l). 4-
Isothiocyanatobenzenesulfonamide and 2-bromo-2°,6 -dichloro-4-(trifluoromethyl) acetophenone

furnished, after recrystallization from EtOH/H>0 and drying via benzene azeotrope, a yellow
solid in 46% yield, mp 294-296°C.

1H NMR (DMSO-dg): 88.10 (1H, ;), 8.05 (2H,s) 7.77 (4H, dd. ] = 5.0, 14.0 Hz).
HRFABMS: Calcd. for C7H12‘C12F3N4O352 (MH™): 510.9680. Found: 510.9697.
Anal. Caled. for C17H11CI2F3N403S52 * 0.1 H.O » CgHe: C,40.28; H, 2.51: N, 10.30; §,
11.97; Ci, 13.51. Found: C,40.58; H,2.28; N, 10.75; S, 12.31; Cl, 15.61.

» Example C(39): Phenyl 4-[4- Amino-2-(4-sulfamoy!-phenylamino)-thiazole-5-carbonyl]-
benzoate

HaN_ P

c”

QC) ( )
= . ,NHZ a
QN’E L\po ©
!

The title compound was prepared in a manner 2nalogous to that used in Example C(1).
4-Isothiocyanato-benzenesulfonamide and 4-(bromoz=2tvl)-pheny! benzoate provided a yzllew
solid in 77% yield, mp >300°C. | |
'HNMR (DMSO-de): & 11.13 (1H, s), 8.26;(21-1, bs). 8.15 (2H, dd, ] =7.2, 1.6 Hz), 7.83-7.73
(7TH, m), 7.66-7.59 (2H, m). 7.41 (2H, d. ] = 6.9 Hz), 7.27 ( 2H, ).

ERFABMS (MH™): Calcd.: 493.0797. Found: 493.0812. ‘
Anal. Caled. for Ca:HsNsOsS: « 0.2 H:O: €, 35,45, K. 372N, 11.25; S, 12.87. Found: c.
3.34;H,3.392; N, 11.01; S, 12.88.

in
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mudazol-S-yl)-methanone

5-Bromoacety1--r-me_thyl-1H-imidazole, which has the structural formula

was first prepared as follows. Bromine (0.40 mL, 7.77 mmol) was added dropwise to a solution

of 5-acetyl-4-methyl-1H-imidazole (964 mg, 7.77 mmol; LaMattina et al, J. Org. Chem., vol. 43
(1983), pp. 897-898) in HOAc (20 mL). Afier two days, the HOAc was removed in vacuo and
the residue partitioned with CH,Cl, and sat. aq. NaHCO;. The organic layer was washed with
brine, dried over Na;SOs. and ev'aporatsd to provide a light brown solid. 625 mg ( '—‘.O% yield)
which was used without further purification.

'"H NMR (DMSO-dg): 6 12.65 (lh bs), 7.67 (1H, 5),4.62 (2H, 5), 2.44 5E

5ri, 8).
The title compound was prepared in 2 manner analogous to that used in Example C(1)
4—\/Iethoxy phenyl isothiocyanate and 5-bromoacetyl-4-methyl-1H-imidazole provided a ysllow
powder i in 57% yield, mp 248-50'C.

"HNMR (DMSO-de): & 12.28 (1H, bs), 10.21 (1H, s), 8.00 (2H, bs), 7.56 (1H, s), 749 (2H. d.J
=9.0 Hz), 6.94 (2H, d, ] = 9.0 Hz), 3.75 ( 3H, 5), 2.50 (3H, 5).
HRFABMS (M+Na"): Calcd.: 352.0844. Found: 352.0840.

" Anal. Caled. for CysHisNsO.S ¢ 0.5 H,0: C, 53.24: H, 4.77; N, 20.70; S, 9.48. Found: C
53.43: H,4.78; N, 20.54; S, 9.38.

Example C(41): [4-Amino-2( -imidazol-1-yl-paenylamino)-thiazol-3-yl}-(Z,4-dimetiyi-
phenyl)-methanons

l—\--lsotruoc vanato-phenyl)-lH-imidazole. which has the siructural rormula
r‘:\/r\l /—\ NCS

, was first prepared as follows. To a solution of 1-(4-amino-phenvl)-1E-

imicazole (1.00 g, 6.30 mmol; Venuti et 2l, J. Med. Chemn., vol. 31 (1S 88) pp. 2136-2145) 8

catone (10 mL) at 0°C was simultanaously addad 2 solution of tmojhosgene (
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mmol) in acetone (15 mL) and a solution of 25% aq. Na,COs (15 mL). The mixture was stirred
at 0°C for 0.5 hour and allowed to warm to room temperaﬁure over 1.5 hour. The acstone was
removed under reduced pressure and the residue diluted with H,O. The cream-colored
precipitate was filtered off, washed with H»O, and dried under high vacuum to give 1.20g (95%

crude yield) of a light tan solid, which was used without further purification.

'H NMR (DMSO-d¢): &8.33(1H,s),7.81 (1H,s), 7.76 (2H,d,J = 8.8 Hz), 7.61 (2H.d, J = 8.8
Hz), 7.12 (1H, 5).

The title compound was prepared in a manner like that described for Example C(1). 1-
(4-lsothiocjanato-phenyl)-1H-imidazole and 2-bromo-2’ ,4’-dimethyl—acetbphcnone provided a
yellow solid in 14% yield, mp 180.0-180.5°C.

15 NMR (DMSO-dg): 810.80 (1H,s), 8.10 (1H, s), 8.02 (1H, bs), 7.68 (2K, ¢, 1 = 7.5 Hz),
7.58 (2H, d,J = 9.0 Hz), 7.20 (1H, d, J = 7.8 Hz), 7.10-7.00 (2H, m), 2.28 (3H., 5), 2.24 (3H, s).
IR (KBr): 3393, 3119, 2925, 1612, 1566, 1524, 1425 cm™.

FABMS (MH¥): 390.

Anal. Caled. for C, H(N,OS + 0.2 H,0: C, 64.17; H, 4.97; N, 17.82; S, §.16. Found: C,'64.14;
H,4.98:N, 17.68; S, 8.21.

. Example C(42): [4-Amino-2-(4-imidazol-1-yl-phenylamino)-thiazol-5-yl}-(3-methyl-

thiophen-2-yl)-methanone

NH,

. \ S
NVN\@“N%
BT

The title compound was prepared in a manner like that described for Example C(1). 1-
(¢-Isothiocyanato-phenyl)-1H-imidazole (from Example C(41)) and 2-tromoacetyl-3-methyl-

thiophene (from Example C(19)) provided 2 yeliow sclid in 83% yield. mp>300"C.

<

IH NMR (DMSO-dg): §10.98 (1H.s),8.25 (1K, ), £.18 (1K. bs), 7.77 (1K, s), 7.7

(8]
T

(2H,i =

»

6.5 Hz), 7.65 (1K, 5), 7.62 (2H, I = 4.7), 7.10 (1H, 5), 6.98 (1E. 4.7 = 5.0 B2, 2.23 (3H. 5).
TR (KB:): 3402, 3278, 3103, 2982, 1609, 1523, 1422, 1306 cra”,

Anal. Caled. for C.H,N;0S:: C,56.67: H.3.96; N, 18.36; S, 16.81. Found: C, 36.38; K, 4.06:
N, 18.13; S, 16.67.

[ ]

xample C(43): [4-Amine-2-(1H-benzimidazol-5-ylaminci-thiazoi-3-v1]-(1-methvl-1H-

pyrrol-2-yl)-methanone
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//N\;é\l ALIQN
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The title compound was prepared in 2 manner analogous to that used in Example C(1)
6-Isothiocyanato-1H-benzoimidazole (see Boev et al., Pharm. Chem. J. (Engl. Translij., vol. 24

(1990), pp. 818-822) and 2-chlorcacetyl-N-methyl-pyrrole (Croce et al., Synthesis (1990), pp.
212-213) provided a yellow solid in 42% yield, mp 284-285°C.

'HNMR (DMSO-de): 61243 (lH bs), 10.65 (1H, bs), 8.18 (1H, s), 7 9" (3H bs), 7.55 (1H, 4,

J=8.7Hz),7.27 (1H, de 8/19Hz) 697(1Hm)667(1hdd1—37 2.1 Ez), 6.04 (1H,
dd, I =4.1,2.1 Hz), 3.80 (3H, s).

HRFABMS (MH"): -Caled.: 339.1028. Found: 339.1024.

Anal. Calcd. for Cj6H,:N6OS + 0.3 H,0: C, 55.90; H, 4.28; N, 24.45; S, 9.33. Founé: C, 56.08;
H, 4.28; N, 24.46; §, 9.33.

o Example C(44): 1-{4-[4-Amino-5-(3-methyl-thiophene

-2-carbonyl)-thiazol-2-vlemino]-
phenyl}-ethanone

The title compound was prepared essentially as described for Example C(1). 4-

Acetylphenyl isothiocyanate and 2-bromoacetyl-3-methyl-thiophene (from Example C(19)) gave
a yellow solid in 89% yield, mp 171-2°C.

1H NMR (DMSO-dg): §11.14 (1H, ), 8.22 (2H, bs), 7.95 (2H, d, ] = 9.0 Hz), 7.76 2H, 4, ] =

9.0 Hz), 7.62 (1H,d, J = 5.0 Hz), 7.00 (1H, d, = 5.0 Hz), 2.53 (3H. 5), 2.39 (3H, s}
IR (KBr): 3618, 3354, 3254, 3178, 3072, 1651, 1599, 1524, 1403, 1355, 1318, 1275,
FABMS (MH: 357. o

Anal. Caled for C17H15N30282  0.5H
55.92: H, 4.44: N, 11.51; S, 17.44,

~

. E*(a.mple C(43). trans- DRS Amino-4RS-{4 -mathyvi-thiophene-2-carbonyl)-

-{4-amino-
thiazol-2-ylamino]-benzoyl}-dihydro-furan-2-one

HN S

5a>;}\©\ 'Yzb
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The title compound was prepared essentially as described for Example C(1). The

product from 4—isothio-cyanato-benzoyl-DL-homéscﬁne lactone and 2-bromoacetyl-3-methyl-

thiophene (from Example C(19)) was extracted into 10% i-PrOH/CHCl3. Flash column

chromatography with 2-3-4-5-6% MeOH/CH2Cl2 stepwise gradient gave a yellow solid in 43%

yield, mp 162-3°C.

11 NMR (DMSO-dg): 811.05 (1H, s), 8.88 (2H, d, J = 8.1Hz), 8.32 (2H, bs), 7.85 (2H, 4, I =

9.0 Hz), 7.74 (2H, d, ] = 9.0 Hz), 7.61 (1H, d J=50Hz),699(1H,d,J =5.0Hz),473 (1H,q, ] - -

=9.3 Hz), 440 (1H, ddd, ] = 10.8,8.7, 2.0 Hz), 4.26 (1H, ddd, J = 10.2, 8.7, 6.7 Hz).

IR (KBr): 3413, 3284, 3084, 1773, 1637, 1608, 1524, 1413, 1313, 1254, 1181 em-L,

FABMS (MH"): 443.

Anal. Caled for CooH18N404S2 « 0.4H20: C, 53.41; H,4.21; N, 12.45; §, 14.26. Found: C,

53.56; H, 4.28; N, 12.30; S, 14.43.

e Example C(46): Ethyl 3RS-[4-Amino-5-(3-methyl-thiophene-2-carbonyl)-thiazol-2-
ylamino]-butyrate .

Hac™

N
A

S

The title compound was prepared essentially as described for Example C(1). The
product from ethyl dl-3-isothiocyanato-butyrate and 2-bromoacetyl-3-methyl-thiophene (from
Example C(19)) was extracted with 10% i-PrOH/ CHCI3. Flash column chromatography with

3% MeOH/CH2Cl7 gave a yellow solid in 45% yield, mp 129-30°C.

1H NMR (DMSO-dg): 88.61 (1H,d, ] =7.8 Hz), 8.08 (2K, bs), 7.53 (1H, ¢, ] =5.0 Hz), 6.94

(1H,d,J=35.0Hz),4.05 (2H, q, I =7.2 Hz), 2.33 (3H, 5}, 1.22-1.12 (6E

H m).
IR (KBr): 3307, 3213, 3160, 2976, 1737, 1618, 1586, 1525, 1423, 1349, 1
FABMS (MH"): 353.

215, 1185,1001 cm™*.

Anal. Caled for C15H19N303S2: C,50.97; H. 5.42; N, 11.8%; S, 18.14. Found: C, 50.81; H,
539;N, 11.72: S, 17.97.

:-

s Example C(47): 4-[4-Amino-5-(4-methyl-thiazole-3-carbonyl)-thiazol-2-ylamino]~

benzenesulfonamide




5-Bromoacetyl-4-methyl- tmazole wtuch has the structural formula 0
prepared as described in Sych et al., J. Gen. Chem. USSR, vol. 32 (1967) pp. 970-973. Bromlne
(0.75 mL, 7.77 mmol) was added dropwxse into the solution of 1-(4-methyl-thiazol-3-yl)-
ethanone (2.05 mg, 14.5 mmol; Ganapathi et al,, Proc.-Indian Acad. Sci. Sect. A, vol. 22 (1545),
pp. 362-378) in HOAC (3 mL). The mixture was stisred at 85°C for 1.5 hours and turned inio
yellow cake. HOAc (3 ml) was added, and after 1.5 hours, allowed to cool. The HOAcC was
removed in vacuo and the residue partitioned between CHaCl, and sat aq NaHCO;. The organic
layer was washed with brine, dried over Na,SOs, and evaporated to give a black solid, 13¢
(41% yield), which was used withou,t, further purification.
'HNMR (CDCl3): & 8.85 (1H,s), 4.28 (2H, s), 2.81 (3H, s).

The title compo&nd was prepared in a manner analogous to that used in Example C(1).
4-Isothiocyanato-benzenesulfonamide and 5-bromoacetyl-4-methyl-thiazole provided a brown
* solid in 31% yield, mp 265-266 C.

' NMR (DMSO-d): § 11.18 (1H, 5), 9.08 (1H, 5), 8.30 (2H, bs), 7.78 (4H, bs),.7.72 (2H. bs),
255 (3H, s).

Anal. Caled. for Ci6H3NsOs58;: C, 42,52, H, 331N, 17.115 S, 24.32. Found: C,42.28; &,
333N, 17.15;§, 24.52.

. EXample C(48): 4-[4—Arnino-5—(3-methyl-thiophene—2-carbonyl)-thiazoi-’l—ylamino]-
benzenesulfonamide

The title comnpcund was prepared in a manner ana‘ocous to that used in Example C(1).

4-Isothiocyanato-benzenesulfonamide and 2-bromoace tyl-3-methyl-thicphene (from Exampie
C(19)) provided a veliow solid in 69% vield, mp 284.5-286.0 C. ,
'HNMR (DMSO-dg): & 11.11 (1H, s), 8.20 (2K, bs), 7.80 (2H, ¢, I =10.7 Hz}, 7.
=10.7 Hz), 7.61 (1K, ¢. ] =5.0Hz), 7.26 (2!—!,..53 6.50 (1H.d.J
Anal. Calcd. for CsBE:NiOsSs: C, 4367 K, 3
3.58; N, 14.04; S, 24.36.

76 (2H, <. ]
=5.0Hz} 238 (GH, s).
358;N, 14.20; S, 24.39. i

» Example C(49): 4-14.Amino-3-(3-methyi-benzo[b]thiophene-2-carpen yl)-thizzoi

vlamino]}-benzenesulfonamide
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The title compound was prepared in a manner analogous to that used in Example C(1).
4-Isothiocyanato-benzenesulfonamide and 2-(2-bromoacetyl)-3-methyl-benzo[b]thiophens
'provided a yellow powder in 73% yield, mp 274.0-275.5°C.

'"HNMR (DMSO-dg): §11.17 (1H, bs), 8.33 (2H, bs), 8.04-7.97 (1H, m), 7.90-7.84 (1H, m),
7.78 (4H, bs), 7.51-7.44 (2H, m), 7.27 (2H, 5), 2.52 (3H, s).

Anal. Caled. for CjgHgN,O5S;5: C, 51.33; H, 3.63; N, 12.60; S, 21.64. Found: C,51.19; K,
3.67; N, 12.31; S, 21.37.

o Example C(50): 4-[4-Amino-5-(2,5-dimethyl-thiophene-3-carbonyl)-thiazol-2-ylamino]-
benzenesulfonamide »

Q

A
=

HZN‘ p CH3

CH;
o 3

CHa

<

S

3-Bromoaceiyl-2,5-dimethyl-thiophen:, which has the structural formula i o CH
, was prepared in a manner analogous to 2-bromo-2*-iodoacstophenone for Example C(12). 3-
Acetyl-’.?.., 5-dimethylthiophene (6.83 g, 44.3 mmol) provided 10.1 g (98% yield) of yellow oil,
which was used without further purification.
'"HNMR (CDCl5): §7.22 (1H, s), 4.64 (2H, 5), 2.58 (3H, 5).2.36 (3H, s).

The title compoﬁnd was prepared in a manner analogous to that used in Example C{1).
4-Isothiocyanato-benzenesulfonamide and 3-bromoacetyl-2,5-dimethyl-thiophene provided a
yellow powder in 69% yield, mp 263-5C.

"HNMR (DMSO-dg): §11.02 (1K, ), 8.03 (2H, bs), 7.76 (4H, s). 7.25 (2H, 5), 6.87 (1K, 5).
2.43 (3H, s), 2.38 (3K, 5).

Anal. Caled. for Ci6HsN4O:S5: C,47.04; K. 3.95; N, 13.71; S, 23.55. Found: C, 47.01; H,
3.92; N, 13.62; §, 23.47.

-

* Example C(51): 4—[4-Amino-5-(2-oxo-l.2,3,4-tetrahydro«c_uino1ine-6—carbonyl)-thiazol-i-

vlamino]-benzenesulfonamids

2




The title compound was prepared essentially as described for Example C(1). 4-
Isothiocyanato-benzenesulfonamide and 6-(bromoacety1)-?.-oxo-1',2,3,4-tetfahydr0quinoline gave
a grey-yelléw solid in 438% yield, mp 300-305°C(d). |
1H NMR (DMSO-dg): § 11.08 (1H, s), 10.32 (1H, s), 8.17 (2H, bs), 7.82-7.70 (4H, m), 7.33-
7.45 (3H, m), 7.27 (14, s), 6.§0 (1H, d,J =8.1 Hz),2.93 (4H,t,J =7.7 Hz).

R (KBr): 3266, 3193, 3069, 1679, 1597, 1525, 1434, 1365, 1317, 1153 cm -l

HRFABMS. Calcd. forC 19H18N50452 (MH"): 444.0800. Found: 444.0816.

Anal. Caled for C1gH17N350452 «0.6 MeOH: C, 50.88; H, 4.23;N,15.13; S, 13.86. Found
C,51.02; H, 4.00; N, 15.00; S, 13.60.

» Example C(52). [4-Amiho.—2-(iH-benzoimidazol-G-ylarnino)-thiazol-S-yl}-{i,é dichloro-
phenyl)-methanone -

NHy

7z NN \
4 H \_7

ci
S
2-Bromo-2’,6’-dichloro-acetophenone, which has the structural formula 7

was prepared as follows. To 2’,6’-dichloroacetophenone (1.0

'Ci

1

g, 5.30 mmol) in HOAc (5 mlL)

was added dropwise bromine (272 ul, 5.30 mmol). The mixture was heated 2: $0°C for 1 hour,

then diluted with ice-water and partitioned between ether and sat ag NaHCO;. The organic lay
* was washed with brine, dried over MgSOQ., concentrated and azeoiroped with heptane twice, to
obtain 1.41 g (100% yield) of a light yellow oil, which matched by 'HNMR md IR previousiy

described (sez Mlotkowska et al., Pol. J. Chem., vol. 55 (1981), pp. 631-642 =mdwa usas

without further purification.
'H NMR (CDCl;): §7.39-7.33 (3H, m), 4.23 (7H s).

~

Thetide compound was prepared in 2 manner analogous to that used in

. 6-Iscthiocyanato- 1| H-benzoimidzazole (s22 Beev et al,, Pharm. Chem. J. Ef*’ Trans!)., vol. 2
J oy

(19%0), pp. 818-822) and 2-bromo-2',6'-dichloro-acetophenone (I‘OmE"'\""‘ C‘il)) nro
a veliow solid in 47% yield. mp 203-208 C.
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017

"HNMR (DMSO-dg): 8 12.47 (1H, 4, J = 17.7 Hz), 10.83 (1H, d, ] = 16.5 Hz), 8.22-7.80 (3H,
m), 8.18 (14, s), 7.76-7.36 (SH, m), 7.19 (1H, d, J = 8.4 Hz).

Anal. Calcd. for C;9H2NsOSCls: C, 50.51: H, 2.74; N, 17.32; S, 7.93; Cl, 17.54. Found: C,
50.32; H, 2.78; N, 17.11; S, 7.91; C1, 17.75.

i ."
[N

e Example C(53): {4-Amino-2-[{4-(1H-imidazo!-2-yl)-phenylamino]-thiazol-5-y1}-(2,6-

dichloro-4-trifinoromethyl-phenyl)-methanone
Nz o
J ci
N N
[.NS\@*N%
l"{ H }’\/\C F3
N =
-0

2-(4-Nitro-phenyl)-1H-imidazole, which has the structural formula 7

was first prepared as follows. To a solution of 2-phenylimidazole (3.00 g, 34.7 mmol) in conc.
H,SO; (20 mL) at 0°C was added a solution of conc. HNO3 (2.2 mL, 35 mmol) in conc. H-SO.
(5 mL). The resultant brown mixture was stirred at 0°C for 2 hours and quenched with crushed-

ice. A pale whits precipitete formed, which was filtersd. The fiitrate was brought 1o pH 9 with

2N NaOH. A yellow precipitate formed, which was filtered off, washed with H:0, and
recrystallized from boiling MeOH to give 3.0 g (46% yield) of a yellow solid. This crude

product was used without any further purification.

1H NMR (MeOH-d:): & 8.34 (2H, d, J = 9.0 Hz), 8.08 (2H. d, J = 5.0 Hz), 7.26 (2K, s).

N =

E>_ \ MNH2
/2

-{1H-Imidazol-2-yl)-aniiine, which has the structural formula N , Was

next prepared as follows. To a suspension of 2-(4-niro-phenyl)-1H-imidazole (1

in

03

~1

g.
mmol) in absolute ethanc] (30 mL) was added 10% Pd-C (250 mg). The resultant mixture was

stirred under an atrmosphere of H; for 5 hours. The mixture was filtared through a pad of Celite.

The filtrate was concenrrated under reduced pressure to afford 1.20 g (95% in crude vield) of 2
red gum. which was used without further purification.

2-{4-Isothiocyanato-phenyl)- 1 E-imidazols, which hasth

Mo =
C N\)—\__<—/>—;\::s
N

= strucrural formula

. Was prepared in 2 manner analogous to 1-(4-isothiocyanato-prenyl)- 1H-

imidazoie for Example C(41). 4-{1H-Imidazol-2-yl)-aniline gave a paie-brown solid. which
recrysiallized from CHCl: in 85% yield, and was used without any farther pusification.

TH NMR (MeOH-d.): 8 7.88 (4H, bd. J = 7.8 Hz), 7.58 (2H, s).

46
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~ The title compound was prepared in a manner like that described for Example C(l) 2-
(-,-Isod'nocyanalo-phenyl) -1H-imidazole and 2-bromo-’.7.’,6'-d1chloro4’-mﬂuoromethyl-
acetophenone gave, after purification via preparative thin layer chromatography with
. MeOH:CHCl; (8:92) as eluant,.a yellow solid in 21% yield, mp 195-197°C.
IH NMR (DMSO-dg): 5 11.0 (1H, 5), 8.18 (1H, s),
(2H, 4,7 = 8.1 Hz) , 7.12 (2H, bs).
R (KBr) 3400, 2929, 1610, 1527, 1426, 1310 cm™

8.02 (2H,s), 7.88 (2H, 4, ] = 8.7 Hz), 7.62

HRFABMS: Calcd. for C20H13C17F3NSOS (MHT™): 498.0170. Found: 498.0183.
Anal. Caled. for CaoH 2CLF3NsOS * H,0: C, 46.52; H, 2.73; N, 13.56; C1, 13.73; §, 6.21.
Found: C, 46.45; H, 2.78; N 13.40; Cl 13.73, 8, 6.11.

) Examole C(54): [w-Ammo- -(4-morpholin-4-yl- phenv amino)-thiazol-5-y1}-(2,4-dimethyl-
phenyl)-methanone

4-(4-Isothiocyanato-phenyl)-morpholine, which has the structural formula

@ AW o |
N , was made as follows. To 4-morpholinoaniline (2.0 g, 11.2 mmol) and

triethylamine (5.01 mL, 35.9 mmol) in THF (200 mL) at 0'C was added dropwise thiophosgene

(1.03 mL, 13.5 mmol). The mixture stirred at ambient temperature overnight, and then was

partitioned between ether and water. The ether layer was washed with water and brine, dried
over MgSO., and concentrated to give 2.46 g (99%) of dark brown solid.

'HNMR (CDCl3): 8 7.15 (2H, ¢, J = 9.3 Hz), 6.87 (2H, ¢, ] = 9.3 Hz), 3.80 (4H, t, = 5.0 Hz),
3.19 (4H,1,] = 5.0 Hz).

The title compound was prepared in a manner an gous to that used in Example C(1.

4-(4-Isothiocyanato-phenyl)-momholine and 2-bromo-2°, 4-mmethylacetophenone provided a
yellow solid in 28% yield, mp 253-254.5 C.

'HNMR (DMSO-de): §10.44 (1H, s), 7.98 (2H, bs). 7.31\(2H, d.J=9.0Hz),7.14 (1H,d.]=
7.8 Hz), 7.02 (1H, s), 6.99.(1H, d, J = 7.8 Hz), 6.90 (2H. ¢, ] = 9.0 Hz), 3.70 (4H, t, ] = 4.7 Hz),
3.04 (4H,t. 1 =4.7 Hz), 2.26 (3H, s5), 2.20 (3H, 9).

Anal. Caled. for C2oH:NO:S: C, 6468, H, S92; N, 12.7
N, 13.64; §,7.93.

-

1, §,7.85. Found: C, 64.49; K, 3.97;

47
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Example C(55): [4-Amino-2-(4-morpholin-4-yl-phenylamino)-thiazol-5-y1)-(2,6-dickloro-
phenyl)-methanone

NH

2 0o
/\ NN P
L \Q\f\_sc

The title compound was prepared in a manner analogous to that used in Example C(1). 7
4-(4-Isothiocyanato-phenyl)-morpholine (from Example C(54)) and 2-bromo-2",6’-dichloro-
acetophenone (from Example C(52)) provided a yellow sdlid in 9% yield, mp 245-247°C.
'HNMR (DMSO-de): & 10.58 (1H, s), 8.02 (2H, bs), 7.52 (2H, d,1=173 Hz),7.41 (1H, m), 7.30
(2H, d, I = 9.0 Hz), 6.92 (2H, d, ] = 9.0 Hz), 3.72 (4H, dd, ] = 5.0, 4.2 Hz), 3.06 (4H, dd, ] = 5.0,
42 Hz). . |

Anal. Calcd. for Ca0H gN:0,SCl: C, 53.46; H, 4.04; N, 12.47; S, 7.14; Cl, 15.78. Fournd: C,
53.39; H, 4.04; N, 1247, S,7.21; C|, 15.71.

o Example C(56): Ethyl 4-[4-Amino-5-(2,6-dichloro-benzoyl)-thiazol-2-ylamino]-benzoats
. .
NTNR
\
HaCHLCO N/L'sc-
H
The title compound was prepared in a manner analogous to that used in Example C(1).
4-Ethoxycarbonylphenyl isothiocyanate and 2-bromo-2’,6'-dichloro-acetophenone (from
Example C(52)) provided an amorphous yellow solid in 43% yield.
'HNMR (DMSO-de): § 11.13 (1H, s), 8.15 (2H, bs), 7.92 (2H. d, ] = 8.7 Hz), 7.70 (2H, 4, J

8.7 Hz), 7.58-7.40 (3H, m), 4.27 (2H, q, ] = 7.0 Hz), 1.29 (3H, , ] = 7.0 Hz).

Anal. Caled. for C1gHsN303SCla: C, 52.30; H, 3.47; N, 9.63; S, 7.35,; Cl, 16.25. Found: C,
52.20; H, 3.42; N, 9.63; §, 7.44; Cl, 16.26.

Example C(37): [4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazol-3-y1]-(2.4,6-trimethyl-
phenyl)-methanonz

2-Brome-2’ 4" 6" -trimethvl-acetophenone, which has the structural formulz
Hs '

-

CHs |, was prepared in a manner analogous to 2-bromo-2'-jodo-acetophenone, see
43
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trimethylacetophenone (1.50 g, 9.25 mmol) provided 2.26 g (100%) of
clear oil, which was used without further purification. |

"I NMR (CDCly): 56.87 (2H, ), 4.27 (2H, 5), 2.22 9K, 5 ).

Example C(12). 2,4,6-trim

The title compound was prepared in 2 manner analogous to that used in Example C(1).
6-Isothiocyanato-1H-benzoimidazole (s
(1990), pp. 818-822) and 2-bromo-2’,4’,6’-trimethyl-acetophenone provided a yellow powder in
26% yield, that decomposed above 185°C.
'HNMR (DMSO-dg): & 12.42 (1H, bs), 10.66 (1H

es Boevet al,, Phann. Chem. J. (Engl. Transl)., vol. 24

.bs), 8.17 (1H, 5), 7.96 (2H, bs), 7.75 (1H,
bs), 7.4 (1H, bs), 7.16 (1H, d, ] = 8.7 Hz), 6.82 (2H, 5), 2.21 (3H, 5), 2.11 (6H, 5).
HREABMS (MH"): Calcd.: 378.1389. Found: 378.1381.

Anal. Caled. for C2gHsNsOS » 0.3 H.O: C, 62.74; H, 5.16; N, 18.29; S, 8.37. Found: C, 62.96;
H,5.14 N, 18.24; S, 8.35.

o Example C(58): [4-Amino-2- (1H-benzoxm1dazol 6-ylamino)-thiazol-5-y1]-(2,3,6-trimethyl-
phenyl)-methanone '

- NHp

2-Bromo-2’,3’ ,6’-Lfimethyl-acetophenone, which has the structural formula
Hj

HiC  CHs | was prepared in 2 manner analogous to 2-bromo-2'-iodo-acetophenone for

Example C(12). 2°,3°,6'

-LrirnethylaCPtoch"nonc (1.50 g, 9.25 mmol) provided 2.10 g (93%) of
clca: oil, which was used without further purification. '

The title compound was prepared in a manner analogous to that used in Ex ample C(1).

6-Isothiocyanato-1H-benzoimidazole (se2 Boev et al,, Pharm. Chem. J. (Engl. Transl)., vol. 24

(1990), pp. 818-822) and 2-bromo-2',3’,6'-trimethyl-acetophenone prdvidéd a yellow powder in

70% yield, that decomposed above 196 C.
'HNMR (DMSO-de): 8 12.41 (1H, bs), 10.65 (1H, bs), 8.17 (1H, 5), 7.96 (2H, b;),770(1H
bs), 7.52 (1H, bs), 7.17 (1H, dd, T = 8.4, 1.9 Hz), 6.82 (2H, 5), 2.11 (SH, s).

Anal. Caled. for CooHisN5OS: C,63.64; H, 5.07; N, 18.55; S, 8.50. Found: C,63.40; H, 5.17;
N, 18.37; S, 8.36.
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Exampie C(39): [4-Amino-2-(4-sulfamoy!-phenylamine)-thiazol-5-v1}-(3,5-dimethyl-
pyridin-2-yl}-methanone

oHEr

, was first prepared as follows. 4-Acetyl-3,5-dimethyipyridine (500 mg, 3.36
mmol; Kmﬁsy et al,, Can. J. Chem., vol. 41 (1963), pp. €95-702) was dissolved in 30% HBr in
acetic acid (1 mL), heated to 70°C, and treated with a mixturs of bromizne (0.17 mL, 3.36 mmol)
in 30% HBr in ace:ic acid (0.5 mL). After 2 hours, the mixture was allowzd to cool to ambient
temperature and ether (8 mL) was added. The resultant precipitate was filtersd off, rinsed with
ether (2x), and dried to afford 1.03 g (100%) of a purple solid, mp 222-225°C, that was used
without further purification. »

The title compound was prepared essentially as described for Example C(1). 4-

Isothiocyanato-benzenesulfonamide and 4-(bromoacetyl)-3,5-dimethylpyridine hydrobromide
provided a tan solid, which was purified via column chromatography with 109% MeOH/CHCl;

and crystallized from MeOH to obtain 35 mg (51%) of amocrphous yellow solid.

IH NMR (DMSO-dg): & 11.09 (1H, s). 8.32 (2H, s), 8.18 (2H, bs), 7.74 (4H,dd, T = 11.5,9.3
Hz), 7.27 (2H, 5), 2.15 (€H, 9).

(CSSTYN

. IR (KBr): 3378, 3342, 3260, 3160, 1625, 1594, 1560, 1518, 1443, 1342, 1160 cm-L.
HRFABMS: Calcd. for CnH}stO;Sg (.\/IH—) 404.0851. round: 404.084C.

Anal. Caled for C17H17N503S2 « 0.4 H20 » 0.3 MeOH: C, £9.44; H. 4.56; N, 16.66; S, 15.26.
Found: C,49.13; H,4.31; N, 16.61; S, 15.10.

» Example C(60): [4-Amino-2-(1H-benzoimidazoi-8-yiamino)-thiazol-3-v1}-(2,6-dimethyi-

phenvl)-methanone
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“ .
’ I8 N i CREI) X :
2’,6"-Dimethylacetophenone, which has the structural formula , was prepared

according to a procedure for o-niiro-ace:ophenone (Reynolds et al, Org. Syn. Coll., vol. TV

(1963), pp. 708-710). 2,6-Dimethylbenzoic acid (3.00 g, 20.0 mmol) provided 2.56 g (86%
yield) of yellow oil, which was used without further purification.

'"HNMR (CDCI3): §7.16 (1H,1,J=7.2Hz),7.02 (2H,¢,1=7.2 Kz), 2.43 (3H,5),2.25 (6H, s).

. Sr\jj@
2-Bromo-2',6'-dimethyl-acetophenone, which has the siructural formula

was preparsd in a manner analogous to 2-bromo-2’-iodo-acetophenone, see Example C(12).

2',6’-dimethylacetophenone (1.50 g, 10.1 mmol) provided 2.04 g (89% yield) of clear oil, which
was used without further purification. :

'"HNMR (CDCl5): § 7.21 (1H,t,J = 7.2 Hz), 7.05 (2H, t, ] = 7.2 Kz), 4.25 (2H, s), 2.26 (6H,s).
The title compound was prepai-ed ina rﬁanner analogous to thai used in Example C(1). 6-
Isothiocyanato-lH—benzoimidazole (sez Boevetal, Pharm. Chem. J. (Engl. Transl)., vol. 24
(‘1990). pp. 818-822) and 2-bromo-2",6’-dimethyl-acetophenone provided a yellow solid in %1%
yield, that decomposed above 185°C. | E
'HNMR (DMSO-de): & 12.41 (IH,‘ bs), 10.67 (1H, bs), 8.17 (1H, s), 7.99 (2H, 5), 7.60 (1H, s},

7.52(1H,s), 7.17 (1H, dd, ] =87, 1.9 Hz), 7.12 (1H,d, } = 7.1 Hz), 7.02 (1H, d, I = 7.5 Ha),
2.15 (6H, s).

HRFABMS (MH"): Caled.: 364.1232. Found: 364.1227.

Anal. Caled. for CoH;7N50S « 0.3 CH;0H: C, 62.14; H.492; N, 18.77; S,-8.60. Found: C, .
62.43;H,5.15; N, 18.91; §, 8.60.

" Exarnpie C(61): [4-Amino—2-(1H-be:zoimidazol-é-ylamino)—thiazol-S-yl}-(2-methyl-6-

" nitro-phenyl)-methanone

NHz

N N P ra
Nﬂle ¢
Y o))

y ¥ L . 3 p S
2'-Methyl-6"-nitro-acetophencze, which has the sirucrural formula O

prepared according 1o a procedure for ¢-nitro-acetophenone (se2 Reynolds et 2], Org. Syn. ColL,

51
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vol. IV, (1963), pp. 708-710). 2-Methyl-6-nitrobenzoic acid (13.0 g, 82.8 mmol) provided 14.7

g (99% yield) of yellowoil, which was used without further purification.
'"HNMR (CDCI3): 88.04(1H,d,]=84Hz),755(1H,d,J=75Hz),7.44(1H,dd, ] =8.4,75
Hz), 2.56 (3H, s), 2.35 (3H, s).

2-Bromo-2'-methyl-6'-nitro-acetophenone, which has the structural formula

C

2N , was prepared in a manner analogous to 5-bromoacetyl-4-methyl-1H-imidazole for

Example C(40). Crude 2’-methyl-6’-nitro-acetophenone (1.56 g, 8.72 mL) furnished a white
solid, 2.17 g (97% yield), that was used without further purification.
"HNMR (CDCl3): 88.11(1H,d,J=7.8Hz),7.62(1H,d,J=7.8 Hz), 7.
4.33 (2H, s), 2.40 (3H, s).

32(1H,4,t= 7.8 Hz),

The title compound was prepared in a manner anzlogous o that used in Example C(1).
6-Isothiocvanato-1H-benzoimidazole (see Boev et al., Pharm. Chem. J. (Engl. Transl)., vol. 24

(1990), pp. 818-822) and 2-bromo-2’'-methyl-6'-nitro-acetophenone provided a brown solid in
32% yield, mp 198-201°C.

'HNMR (DMSO-d¢): & 12.40 (1H, bs), 10.78 (1H. bs). 8.17 (1H, d, ] = 10.6 Hz), 8.00 (2H, bs)

7.92 (2H,d, J = 8.4 Hz), 7.68 (1H, d,J =7.5 Hz), 7.62-7.44 2H, m), 7.19 (1H, d, ] = 7.5 Hz), .
2.30 (3, s).

HRFABMS (MH"): Caled.: 395.0926. Found: 395.0920

Anal. Celcd. for C;3H;:N¢0:S « 0.5 H,0: C, 3239, H,2.75; N, 20.83; S. 7.95. Found: C.
53.43; H,3.67; N, 20.68; S, 7.81.

Exampie C(62): [4-Amino-2-{4-morpholin-4-yl-phenyiamino)-thiazo!-3-y1}-(2.6-dimethyl-
phenyl)-methanone

NH;

I I ces
L./"‘/\\\\ Bﬁjﬁ
v HL

¢ title compound was prepared in 2 manner 2nalogous to that used in Example C(1).

In

4-(4-Isothiocyanato-phenyl)-morpholine (from Example C(34)) and 2-bromo-27,6"-dimethyl-

acetorhernone (from Example C(€0)) provided a brown solid in 23% yield, mp 221-223 C.
'HNMR (DMSO-2ds): 6§ 10.42(1H,5), 7.95 (2H, bs), 7.30 2K, d. J =20 H “2),

7.18-7.10 (1H,
m), 7.02 (2H,d, ] =7.5Hz), 651 (2H,¢,1=90Hz2),3.72 (¢4,1, ] = 2.8 Hz). 3.05 (4H, 1, J =
4.8 Hz), 2.16 (6H, s).
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HRFABMS (M-+): Calcd.: 408.1620. Found: 408.1607.

Anal. Calcd. for CosHaiN.0S + 075 H;0: C, 62.61; H, 6.09; N, 13.28; S, 7.60. Found: C,
62.64: H, 6.10; N, 13.05; S, 7.55.

Example C(63): [4-Amino-2-(1H-benzoimidazol-5-yl-amino)-thiazol-3-y1]-(3,5-dichioro-
pyridin-4-yl)-methanone

AN wes
first prepared as follows. A mixture of 3,5-dichloropyridine-4-carboxylic acid (4.00 g, 20.9
mmo); Cale et al., J. Med. Chem., vol. 32

mL), and thionyl chloride (3.80 mL

'4-Bromoacetyl-3,S-dichloropy'ridine, which has the structural formula

(1989), pp. 2178-2199), benzene (20 mL), DMF (0.4

. 52.0 mmol) was heated at reflux for 60 min, allowed to cool
to ambient temperature, concentrated in vacuo, suSpen-ded in éther {20 mL), and cautiously
treated with a solution of trimethylsilyldiazomethane (25 mL of 2.0 M in hexé:nes). After 72

hours, 48% HBr (18 mL) was carefully added dropwise over 20 min, initially with vigorous gas
evolution. After 30 min, the mixture was made alkaline carefully with NaHCO; and extracted
with ether. The ethereal layers were dried over N2,SO, and evaporated to give an orange oil,
which was purified via column chromatography with 50% CH:Cla/hex eluant to separate 2.50 ¢
(51%) of 3,5-dichioropyridine-4-carbonyl chioride as a yellow oil, providing desired product

2.00 g (36%) of pale yellow crystals that darkened at ambient temperature, which was used
without further puriﬁcation

NMR (CDCI) d 8.58 (2H, 5), 4.37 (2H, s).

Anal. Calcd forC H.BrCLNO « 0.02 C¢Hys: C, 31.60; H, 1.59; N, 5.18. Found C,3192; H,
1.39; N, 5.24.

The title compound was prepared essentially as described for Example C(1). 6-

Isothiocyanato-1H-benzoimidazole (522 Boev et al., Pharm. Chem. J. (Engl. Tra;nsl)., vol. 24

(1990), pp. 818-822) and 4-(bromoacetyl)-3,5-dichloropyridine gave a product that was exiracte
into 10% MeOH/CHC); and column chromatography with same to furnish a yellow amorphous

solid, 198 mg (55%). An analytical s;rﬁple precipitated from EtOH, mp 735 240° (d).

1H NMR (CD;0D): §8.60 (2H, 5), 8.18 (1H, 5), 7.98 (1H, bs), 7.38 (1H, d, ] = 9.0 Hz), 7.30
(1H, dd, J = 1.2, 8.7 Hz).

53
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IR (KBr): 3183, 1608, 1544, 1461, 1427, 1355 cm~L.
HRFABMS:" Calcd. for C;gH;ClaNgOS (MH™): 4035.0092. Found: 405.0079.
Anal. Caled for C16H;oCl:NgOS * 1.1 H.O: C,45.21; H, 2.8%: N, 19.77; Cl, 16.68; S, 7.54.
Found: C, 45.49§ H, 2.59; N, 19.64; Cl, 16.62; S, 7.43.
e Example C(64): 2S-[4-Amino-2-(1H-benzoimidazol-5-yl-amino)-thiazole-3-caroonyl]-N-

carbobenzyloxy-pyrrolidine

el

’\§J° .

W el

H M T
2S-Bromoacetyl-N-carbobenzyloxy-pyrrolidine, which has the structural formula

3O

N

NH;

, was first prepared as follows. The acid chloride of N-carpobenzyloxy-L-

proline (1.20 g, 4.80 mmol) was made according to Aoyama et al. Chem. Pharm. Bull., vol. 29

(1981), pp. 3249-3253, with oxalyl chloride and a catalytic amount of DMF. To a solution of the
crude acid chloride in THF (5 mL) and MeCN (5 mL) at 0°C was carefully added dropwise'a
solution of trimethylsilyldiazomethane (5.0 mL of 2.0 M in hex), and initially vigorous gas
evolution occumred. The resultant red suspension was allowed to warm and stirred at ambient
temperature overnight. The brown mixture was then cooled to 0°C, cautiously treated with a
mixture of 47% HBr (4.1 mL) and ether (10 mL), and initially vigorous gas evolution ensued.
The mixture was allowed to warm to ambient temperature over 1h, then made alkaline with satd
aq NaHCO; (20 mL), and extracted with EtOAc (2 x 20 mL). The combined organic layers were
dried over Na>SQ. and evaporated to give a brown oil, 1.57 g (100%), which was used without

further purification.

NMR (CDCls): 8§ 7.44-7.24 (3, m), 4.3+ (1H, ¢, I = 13.6 B2), 427 (1H, ¢, ] = 15.€ Hz).
The tile compound was prepared essentially as described tor Exampie Cil). 6-
Isothiocyanato-1H-benzoimidazole (s2e Boev et al,, Pharm. Chem. J. (Engl. Transl)., vol. 24

(1990), pp. 818-822) and 2S-bromoacetyl-N-carbobenzyleiy-pyrrolidine provided a solid that

was precinitated from iPrOH/hex twice to give a yellow amorphous selid, 154 mg (54%), mp
130-165° (d).
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1 NMR (DMSO-d;s): &12.40 (1H, d,J=7.8 Hz), 10.68 (1H.4,] = 19.3 Hz), 8.20 (1H, 4, J =
10.6 Hz), 8.10-7.70 (2H, m), 7.52 (1H, dd, J = 8.7, 34.8 Hz), 7.45-7.05 (5H, m), 5.17-4.80 (2H,
m), 4.32 (1H, d, J = 4.9 Hz), 4.30-4.18 (1H, bm), 2.33-1.70 (2. bm).
IR (KBr): 3278, 1686, 1599, 1360 1421, 1356, 112
HRFABMS: Calcd. for C23HasNeOsS (MH): 463.
Anal. Calcd for C23H22Ng0;S ¢ 0.1 H,0 + 0.7 iPrOH:

Found: C,359.53; H, 5.53; N, 16.60; S, 6.22.

¢ Example C(63): 28-[4- Amino-2-(4-sulfamoyl-phenylamino)-thiazole-3-carbonyl]-N-

carbobenzyloxy-pyrrolidine
HaNd { >
2 OS\©~ “w >‘G \

The title compound was prepa:ed essentially as described for Example C(1). 4-
‘Isothiocyanato-benzenesulfonafnide and 2S-bromoacetyl-N-carbotenzyloxy-pyrroli diﬁe (see
Example C(64)) provided a solid that was purified via column éhromatograp‘ny with 5%
MeOH/CHC!; eluant to give a yellow amorphous solid, '146 mg (46%), mp 150-160° (d).

.1H NMR (DMSO-de): 8 11.05 (IH,Ad, J=10.0 Hz), 7.98 (2H, bd, I = 17.1 Hz), 7.79 (4H, dd,J
=12.1,9.7 Hz), 7.41-7.11 (5H, m), 5.15-4.89 (2H, m), 4.32-4.21 (1H, bm), 3.51-3.40 (2H, bm),
2.35-2.13 (1H, bm), 1.93-1.75 (3H, bm).

IR (KBr): 3288, 1686, 1598, 1550, 1527, 1420, 1157 cm-1.

HRFABMS: Caled. for C2xHa:N505S2Cs (M+Cs™): 634.0195. Found: 634.0215.

Anal. Calcd for C20H23Ns0532 ¢ *+0.3H.0°+0.1 CHCl;: C. 51 15; H,4 60; N, 13.50; S, 12.36.

, Found: C,51.36; H, 4.63; N, 13.31; S, 1247.

. E.xarnple C(66): [4—Amino—2-(1H—benzoimida.zol-é—ylamino)-thiazol-S-yl]-(?.—bromo 6-
methyl-phenyl)-methanone

10, b@Q

H d

2'-Bromo-6'-methyl-acetophenone, which has the structural formuja &

prepared in a manrer analogous to o-nitro-acetophenone (ses Reynoldset al., Org. Syn. Coll,
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vol. TV (1963), pp. 708-710). From 2-methyl-6-bromobenzoic acid (3.10 g, 14.4 mmol) was

provided 2.45 g (80%).of yellow oil, which matched previously described material by 'H NMR

(Swenton et al., J. Org. Chem., vol. 58 (1993), pp. 3308-3316) and was used without further
purification.

2,2’-Dibromo-6’-methyl-acetophenone, which has the structural formula B

was prepared in a manner analogous to 2-bromo-2’-iodo-acetophenone, see Example C(12).
Crude 2’-Bromo-6’-methyl-acetop’ncnone (1.00 g, 4.6%9 mmol) provided 1.48 g of yellow oil,
which was used without further purification. ‘

'HNMR (CDCI3): &7.44-7.37 (1H, m), 7.21-7.17 (2H, m), 4.42 (2H, 5), 2.31 (3K, s).

The title compound was prepared in a manner analogous to that used in Example C(1).
6-Isothiocyanato-1H-benzoimidazole (se2 Boev et al., Pharm. Chem. J. (Engl. Transl)., vol. 24
(1990), pp. 818-822) and 2,2’-dibromo-6’-methyl-acetophenone provided a brown solid in 32%
yield, mp 208-210°C.

'HNMR (DMSO-dg): §12.43 (1H, bs), 10.74 (1H, bs), 8.18 (1H, s), 8.02 (24, 5), 7.75 (1H, bs ),
7.44 (1H, bs), 7.44 (1H, d, ] = 7.5 Hz), 7.28-7.14 (3H, m), 222 (3H,5). o
ESIMS(MH"): 428/430. .

Anal. Caled. for CgH:NsOSBr« 1.0 H;0: C,48.44; H, 3.61; N, 15.69; S, 7.18: Br, 17.90.
Found: C, 48.54; H, 3.69; N, 15.57; S, 7.11; Br, 17.88.

¢ Example C(67): [4-Amino-2-{1H-benzoimidazol-6-ylamino)-thiazol-3-yi]-(3-methyl-

biphenyl-2-yl)-methanone

1-{3-Methyl-biphenyi-2-yl)-ethanone, which has the structural formula O , Was
prepared in the following manner. To 2'-bromo-5"-methyl-acztophenone (from Example C(€6);
760 mg, 3.58 mmol) and Pd(OAc), (114 mg) in DMF (38 mL) at 0'C under Ar® was added in.
succession phenylboronic acid (495 mg) and 2M ag Na2COs5 (1.6 mL).. The mixture was heated
at 90°C for 3 hours. then diluted with water (50 mL), and extracted with ether (2:x 100 mL). The
etherzal extracts were concentraied 1o a crude product, which was purified via column
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chromatography with 2-5% ether/hexane stepwise
yellow oil, used without further purification.
'HNMR (CbCl;): 6 7.44-731 (54, m), 7.25-7
(3H, s).

gradient to obtam 670 mg (89% yield) of

7.19 (2H, m),.7.16-7.09 (lH m), 2.33 (3H, s), 1.93

- 2-Bromoacetyl-3-methyl-biphenyl, which has the struc;uré.l formula
2d in 2 manner analogous 1 2-brome-2’-iode-acetophenone, ses Example C(12). Crude
1-(3-methyl-biphenyl-‘l-yl)—ethanpné (295 mg, 1.40 mmol) provided 413 mg of yellow oil,

which was used without further purification.

'HNMR (CDCI3): §7.48-7.18 (8H, .m) 442 (2H, s), 2.38 (3H. s).

| The title compound was prepared in a manner analogous to that used in Example C(1).
6-Isothlocyanat0-IH-oe’lzoxrmdazole (see Boev et al., Pharm. Chem. J. (Engl. Transl)., vol. 24

(1990), pp. 818-822) and 2-bromoacety!-3- methyl-bxphenyl provided a yellow solid in 49%
yield, mp 184-190°C.

'"HNMR (DMSO-dg): 5 8.13 (1H, 5), 7.87 (1H, 5), 7.53 (1H, &, 7 = 8.7 Hz), 7.46-7.39 (2H, m),
7.38-7.15 (7H, m ), 2.35 (3H, 5). '

HRFABMS (M+): Caled.: 426.1389. Found: 426.1374. ‘
Anal. Caled: for C22H,sNsOS + 1.0 H,O « 0.3 CH;CN: C, 64.82; H, 4.84; N, 16.29; S, 7.03.
Found: C, 64.88; H, 4.69; N, 16.40; S, 7.28.

e Example C(68): [4-Amino-2-(4-methoxy-benzylamino)-thiazol-5-y1]-(2,5-dimethyl
thiophen-3-yl)-methanone | |

O
HCO & Ne N cH,

The title compound was prepared in a manner like that described for Example C(1). 3- -

Bromoacetyl-2,5-dimethyl-thiophene (from Exc.mple C(D")) and 1- ("—1soth10cy"nﬂro~ thyl)-4-
methoxy-benzene provided a white solid in 72% yield, mp 175°C.
1H NMR (DMSO-dg): & 6.88 (2H, d, ] = 8.7 Hz), 6.74 (2H.,d, ] = 8.7 Hz), 6.41 (1H,s), 6.24

(1H, s), 4.88 (2H, s). 3.78 (3H, 5), 2.40 (3H, s), 1.98 (3H, s).
IR (KBr): 3311, 2920, 1663, 1552, 1514, 1244 cm™.

FABMS (MH':"): 330.




Anal. Calcd. for C1gH19N30.85: C, 57.8%; H,5.13; N, 11.25; S, 17.17. Found: C, 57.97; H,
5.11; N, 11.33; S, 17.28.

o Example C(69): {4-Amino-2-[4-morpholin-4-yl-phenylamino]-thiazol-5-yl}-(3,5-dichloro-
p}Tidin-ﬁ.-‘yl)-methanonc

NN

— @"“.’H\ /C;

The title compound was preparzd in a2 manner anaiogous to that used in Example C(1).
4-(4-Isothiocyanato-phenyl)-morpholine (from Exampls C(54)) and 4-bromoacetyl-3,5-dichloro-

pyridine (from Examplc C(63)) provided a yellow solid in 58% yield, mp 291.5-292.5 C.

'HNMR (DMSO-dg): 8 10.75 (1H, s), 8.71 (2H, 5), 8.32 (1H, bs), 8.01 (1H, bs), 7.30 (2H, bs),

6.92 (2H. d,J=9.0 Hz),3.70 (4H, t,J = 4.5 Hz), 3.05 (4H, t,} = 45 H2).
FABMS (MH"): 450/452

Anal. Calcd. for CmHnNiO‘aSClv C, 50.67; K, 3. 80 N, 15.55;§,7.12, C}, 15.74. Found: C,
50.55; H,3.83; N, 15.29; S, 6.95, C}, 15.47.

Example C(70): {4-Amino-2-[4-(4-methyl-piperazin-1-yl)-phenylamino]-thiazol-5-y1}-(3,5-

dichloro-pyridin-4-yl)-methanone

HaCon”
L~

|-Methyl-4-(4-nitro-phenyl)-piperazine, which has the structural formula

u j , was first prepared as follows. A mixwre of 1-methyl-piperazine (4.00 g,

39.9 mmol) and 1-chloro-4-nitro-benzene (3.14 g, 20.0 mmol) was heated to §0°C for 24 hours,

allowed to cool, and diluted with H,O. The agueous layer was extractad with MeOH:CH:Cl:

(20:80; 4 x 50 mL). The combined orgznic lavers were dried over MgSO., filtered, concentrated

under reduced pressure, and recrystallized from ethanol to afford 3.2 g (75% yield) of a yellow

solid, which matched previously reported material by 'H NMR (de Silvaet al., J. Chem. Soc.

Perkin Trans. 2, vol. 9 (1993), pp. 1611-1616) and was usad without further purification.

4-(4-Methyl-piperazin-1-yl)-aniline, which has the structural formula

—N N !
n/

JNH, . . : ; :
= , was next prepared as foilows. To a suspension of 1-methyl-4-(4-nitro-

phenyl)-piperazine (2 g, 9.02 mmol) in absojute ethanol (30 mL) was added 10% Pd-C (250 mg).
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Th

pad of Celue The filirate was concentratzd under reduced pressure (o

afford 1.7 g (99% yield)

of a brown solid, which was used without further purification.
lHNMR(CDCI) 8681 (2H,d, J=8.8 Hz), 6.62 (2H, d,J=8.8 Hz),3.42

(2H, bs), 3.15 (4H. t,
J=5.0Hz),2.68 (4.1, ] = 5.0 Hz), 2.40 (3H, 5).

l-(4-Isoth1ocyanato-phenyl)--r-methyl-piperazin;, which has the structural formula
—

—NUN—QNCS , was prepared in a manner analogous to 1-(4-isothio-cyanato-phenyl)-1H-
imidazole for Example C(41). 4-(4-Mcthyl-piperazin-l-yl)-aniliﬁe provided 1.7 g (83% yield) of _
a cream-colored solid, mp 118-126°C (lit. 120-122°C, Galstuckova et al., J. Org. Chem. USSR
(Engl. Transl.), vol. 5 (1969), pp.fl 121-1124), which was used without further purification. IR
spectrum matched that reported by Martvon et al., Chem. Zvesti, vol. 27 (1973), pp. 808-810.
'"HNMR (CDCl;): §7.20 2H, d, ] =9.0 Hz), 6.82 (2H, d, ] =9.0 Hz), 3.20 (4H, dd,J = 5.0, 4.7
Hz),2.52 (4H,dd,1=5.0,47 Hz) 2.24 (3H, s).

Anal. Caled. for C;;HsN;S: C,61.77,H,6 48; N, 18.01; S, 1q 69. Fou'ld C, 613] H. 6.56;
N, 17.86; S, 13.65. )

The title compound was preparad in a manner like that described for Example C(1): 1-
(-r—Isothiocyanato-phenyl)-4-methyl;piperazine and 4-bromoacety!-3,5-dichloro-pyridine (frorn-
Example C(63)) gave a crude solid, which after recrystallization with EtOH/H,0, provided a 40
mg (23% yield) of a pale brown solid, mp 150-151°C.

1H NMR (DMSO-dg): 8 10.78 (1H, 5), 8.70 (1H, s), 8.00-8.41 (2H, m), 7.24 (2H, bs), 6.88 (2H,
d, ] = 9.0 Hz), 3.08 (4H, dd, 1 = 5.0, 4.7 Hz), 2.40 (4H, dd, 1 = 5.0, 4.7 Hz), 2

.20 (3H, s).
IR (KBr): 3395, 2925, 1618, 1546, 1514, 1426, 1240 cm’

, HRFABMS: Calcg. for CoHz;ClaN6OS (MH*): 463.0875. Found: 563.0861.

Anal. Caled. for C2gHoNgOSCla» 0.6 H;O « 0.1 EtOH « 0.05.CHCl;3: C, 50.20; H, 5.06; N,
16.22; S, 6.19, Cl. 14.71. Found: C,50.34; H, 5.11; N, 16.53; S, 6.43; Cl, 14.74.

e Example C(71): {4-Amino-2-[4-(4-methyl-piperazin-1-yl)- phenylammo] -thiazol-5-y1}-(2.6-
cm.nloro—ph nyl}-methanone.

~

. NHz

H,c-N ‘Q )L g’j ,

The titlz compound was prepared in a manner like that described for Example C(1). 1-

(4-Isothiocyanato-phenyl)-4-methyl-piperazine (from Example C(70)) .a-nd 2-bromo-2',6'-
59
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cichloro-acetophenone (from Example C(52)) gave, after recrystaliization with
H-O/EtOH/CH,Cl4, 2.2 g (64% yield) of a yelow solid, mp 160-162°C.

'HNMR (DMSO"dQ): 8 10.60 (1H, s), 8.00 (2H, bs), 7.20-7.41 (4H, m), 6.88 (2H,d, 1 =9.0
Ez), 3.08 (4H, dd, ] =5.0, 4.7 Hz), 2.40 (4H, dd, ] = 5.0, 4.7 Hz), 2.18 (34, s).

IR (KBr): 3294,3164, 2942, 2810, 1610, 1546, 1427, 1242 cm’.

HRFABMS: Calcd. for C31H5,ClNsOS (MH™): 462.0522. Found: 462.0906.

Axnal. Caled. for C21H21N50SClh * 0.5 H,0 1 EtOH « 0.1 CH.Cla: C, 52.75: H, 5.40; N, 13.32;
§,6.10,Cl, 14.83. Found: C, 53.06; H, 5.37; N, 13.51; S, 6.26; Cl, 14.63.

» Exampie C(72): [4-Amino-2-(1H- benzormdazol &- yIam*no) -thiazol-3-y1}-(3,5-dibromo-

thiophen-2-yl)-methanone
N Br
¢ Nrz oA
: A\
PN—D\ ’Ew
E: s : Br
o)

2-Acetyl-3,3-Zibromo-thiophene, which has the structaral formula 5
first prepared as follows. To a solution of 2, 4-dibromothiophene (2.0 g, 8.27 mmol) and acetyl
chloride (0.82 mL, 11.6 mmol) in ether (3 mL) was added portionwise AICl; (1.5 g, 11.2 mmol).
Alter 4 hours, another portion of acetyl chloride and AIC!; wers added, the mixture was refluxed
for 1 hour and allowed 1o cool. The reaction was carefully quenched with ice and extracted with
ether. The ethereal layers were decolorized with activated carbon, dried over MgSQO,, passed
through a pad of silica gel, and concentrated to give 1.8 g (77% yield) of dark brown oil, which
had a 'H NMR spectrum that matched previously described, see del Agua et al. J. Heterocycl.
Chem., vol. 18 (1981), pp. 1345-1347, and was vsed without further characterization.

2-Bromoacetyl-3,S-dibrémo-thiophene, which has the structural formula

N
s

(41
1
O%j_{
w

. Was neXt prepared in 2 manner analogous to 2-bromo-2"-iodo-acstophenone, se
Example C(12). 2-Acetyl-3,5-dibromo-thiophene (220 mg, 0.77 mmol) provided 295 mg of dark
orown seiid, which was used without further purification.

‘HNMR (CDCls): 8 7.13 (1H, 5), 4.54 (2H, s).
Finally, the titiz compound was prepared in a manner analogots to that used in Example

C(1). 6-lsothiocyanato-1H-benzoimicdazole (see Boev et al., Prarm. Chem. J. (Engl. Transl;.,
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vol. 24 (1590), pp.-818-822) and 2-bromoacetyi-3,5-dibromo-thiophene provided a dark brown
J Yy e

solid in 50% v vield, mp 261-764 C.
'HNMR (DMDO-de). 8 12.50 (1H, bs), 10.94 (1H, s), 8.27 (2H, bs), 8.21 (1H, 5), 7.87 (1H, bs) .

7.57(1H,d,1=8.7 Hz), 736 (1H,s), 7.24 (1H, 4, ] = 8.7 H2).
HRFABMS (MH"): Calcd.: 499.8673. Found: 499.8686.
Anal. Calcd. for C sHoNsOS:Br« 0.5 H,0: C, 35.45; H, 1.98; N, 13.78; §, 12.62; Br, 31.45.
Found: C,35.37;H, 1.73; N, 13.52; §, 12.75; Br, 31.25.

Example C(73): 4—[4-Amino-5-(3,3-dibromo—thiophene-2-carbonyl)—t}ﬂazol-z-ylamino]-
benzzanesulfonamide
NHz
7 Br
N

== \ =
W iR
: .Br

)
HzN—#
0

The title compound was prepared in 2 manner analogous to that used in Example C(1).
4-Isothiocyanato-benzenesulfonamide and 2-bromoacetyl-3,5-dibromo-thiophene (from Example
C(72)) provided a yellow powder in 41% yield, mp 254-255°C.

'HNMR (DMSO-dg): & 11.24 (1H, s), 8.31 (2H, bs), 7.77 (4H, 5), 7.40 (1H, 5), 7.28 (2H, ).
FABMS (MH"): 536/538/540.

Anal. Caled. for CieHoN4O5S;:Bra: C,31.24; H, 1.87) N, 10.41; S, 17.87; Br, 29.69. Found: C
31.08; H,1.90; N, 10.16; §, 17.69; Br, 29.96.

Example C(74): [4-Amino-2-( 1H-benzoimidazbl-6-y1 amino)-thiazol-5-yl]}-(1,5-dimethyl-

1H-imidazol-4-yl)-methanone

VN “CHa

1,5-Dimethyl-1H-imidazole-4-carboxylic acid, which has the structural formula
e
HO Nﬁﬁa )

c N” , was first made as folléws. A fresh solution of NaOH (3.86 g, 96.5 mmol).in

wazer (20 mL) was added to 2 solution of ethyl 1 *-dime\thyl-1H-imidazole-4—carboxylate (5.3¢
g, 32.0 mmol; Ohno et al, Chem. Pharm. Bull., vol. 42 (1994), pp. 1463-1473) in EtOH (20 mL).
After 5 hours, the mixture was cooled to 0°C, and acidified with 38% HCl to pH 3-4. The

rasultant white solid was filtered off, washed with small amount of cold EtOH:H,0 (1:1), and
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dried under high vacuum to give 3.51 g (78%) of whitz solid, which was used without further
purification.

'HNMR (D,0): 8849(11—1 s), 3.73 (3H, 5), 2.46 (3H. 5).

Anal. Calcd. for CeHgN20O2: C,51.42; H, 5.75; N, 19.959. Found: C,51.52; H, 5.78; N, 19.98.

1.5-Dimethyl-1H-imidazols-4-carboxylic acid N-methoxy-N-methyl-amide, which has

i:C . c
the structural formula o , was next prepared as follows. To a mixture of 1,5-

dimethyl-1H-imidazole-4-carboxylic acid (2.01 g, 14.4 mmol) in DMF (20 mL) was added O-(7-

azabenzotriazol-1-y1)-N,N,N’ \N’-tetramethyluronium hexafivorophosphate (HATU; 6.00 g, 15.8

mmol) and diisopropylethylamine (7.5 mL, 43 mmol). Afier 5 min,, to the resultant clear

solution was added N,O-dimethylhydroxylamine hydrochloride (1.54 g, 15.79 mmol). After 1
hour, the resultant yellow solution was partitioned between CHCl; and water. The separated
organic layer was washed with water and brine, drisd over KsCOs, concentrated, and dried under
high vacuum to provide 1.88 g (72% yield) of light brown solid, which was vsed without furt

purification.

'HNMR (CDCl:): §7.36 (1H, s), 3.81 3H, s), 3.56 (3H. 5), 3.47 (3H, 5), 2.45 (3H, 5).

1-(1,5-Dimethyl-1H-imidazol-4-yl}-ethanone, which has the structural formula
Ha
HG N/CHa
4 J _
, was prepared as follows. To a solution of crude 1,5-dimethyl-1H-imidazole-4-

carboxylic acid N-methoxy-N-methyl-amide (1.69 g, 9.21 mmol) in THF (55 mL) at -78 C was

added dropwise 1.4 M CH3;MgBr in ether (8.55 mL, 12.0 mmol). The mixture was allowzd to

warm 1o ambient temperature over one hour, then guenched with IN HCI, basified to pH 9 with
IN NaOH, concentrated under reduced pressure to remove the THF, and extractad with EtOAc
(200 mL). The organic layer was separ
(54% yield) of yellow solid, which was used without fu

further purification.
'HNMR (CDCly): 8 7.35 (1H, 5), 3.37 (3H, 5), 2.33 (3H.5). 2.33 (3H, s).

2-Brome-1-(1.5-dimerhy!-1H-imidazol-4-vli-2thanone, which has the structural formula
Hi
= K CHz
=\ /_JN
4 \ -
o N

, was next prepared as follows. To 1-{1,5-dimethyl-1H-imidazol-4-y})-ethanone
(464 mg, 3.36 mmol) in HOAc (8.5 mL) at 0'C was zdded dro opwise bromine (173 ul, 3

-~
-

(DAY

mmol). Afier 36 hours at ambient temperature, crude 2-d

bromo-1-{1,5- Q1rnethvl 1H- 1m1dazol
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yl)-ethanone hydrobromide salt was filtered off as 2 brown solid, which was succes'sively

‘washed with a minimal amount of water and ether, dissolved in CHC]l;, cooled to 0C, treatad

with NaHCOs, and concentrated under reduced pressure below 40°C to obtain 719 mg (99%
yield) of yellow oil, which was used without further purification.

'HNMR (DMSO-ds): & 8.40 (1H, s), 4.68 (2H, s), 3.66 (3H, 5), 2.67 (3H, s).

The ttle compound was finally prepared in a manner analogous to that used in Example
C(1). 6-Isothiocyanato-1H-benzoimidazole (ses Boev et al., Pharm. Chem. J. (Engl. Transl),
vol. 24 (1990), pp. 818-822) ﬁnd 2-bromo-1-(1,S-dimethyl-1H-imidazol44-yl)-ethanone provided
a dark brown solid in 15% yield, mp 275.5-277°C.
'HNMR (DMSO-dq): § 12.42 (1H, 5), 10.42 (1H, 5), 8.16 (1H, 5), 7.94 (1H, bs), 7.61-7.30 (2H,
m), 7.26 (1H,dd, J =8.4, 1.9 Hz), 3.54 (3H, 5), 2.51 (3H, 5).
HRFABMS (MH™): Calcd.: 354.1137. Found: 354.1132.

Anal. Calcd. for CysH,sN70S * 0.5 H,0 + 0.8 CH;OH: C, 52.00; H, 4.99; N, 25.27; S, 8.26.

Found: C,52.27; H, 4.81; N, 25.06; S, 8.12.

e Example C(75): [4-Amino-2-(4-morpholin-4-yl-phenylamino)-thiazol-3-yl}-(2,6-dichloro-3-
nitro-phenyl)-methanone ‘

HaN O

2-Bromo-2',6’-dichlore-3'-nitro-acetophenone, which has the structural formula
o
Q

Br

G NOz a5 first prepared as follows. To a solution of 2’,6’-dichloro-3’-nitro-

"acetophenone (1.3 g', 5.6 mmol; Bresiin, et al., J. Med. Chem., vol. 38 (1995), pp. 771-793) in

glacial acstic acid (5 mL) at ambient ternperature was added bromine (352 pL. 6.83 mmo!). The
resulting mixture was heated to 80°C for 1 hour, allowed to cool, and diluted with éther. The
. organic layer was washed with icé-cold H.0 (25 mL), sat ag. NaHCO; (3 x 25 mL), and brine
(25 mL), dried over MgSO,, and conceniratzd under reduced pressure to give 1.7 g (97% in
crude yield) of a yellow oil, which was used without further purification.
'HNMR (CDCl3): §7.98 (1K, d, J =8.7 Hz), 7.38 (1H, d, ] = 8.7 Hz), 4.40 (2H, s).
The title compound was preparzd in 2 manner like that described foréxampie C(1). 2-

Bromo-2’,6’-dichloro-3’-nitro-acetopnenone and 4-(4-isothiocyanato-phenyl)-morpholine (from
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Exampie C(34)) gave a crude solid, which after purification by flash column chromatography
with hexane/EtOAcC (70:30) as eluant, provided a dark-brown foam in 52% yield, mp 170-172°C.
"HNMR (DMSO-de): 8 10.70 (1H, s), 8.30 (1H,s), 8.10 (1H,d,J = 9.0 Hz), 7.90 (1H,d,1=8.7
Hz), 7.20-7.30 (2K, m), 6.90 (2H, d, ] = 9.0 Hz), 3.70 (4H,dd,J=5.0,4.7 Hz), 3.06 (4H,dd,J =
5.0, 4.7 H2). |
IR (KBr): 3289, 2966, 2848, 1634, 1542, 1425, 1343, 1225, 1108 cm.

HREABMS: Calcd. for Cag H;-ClaN<O,SNa (M+Na+): 516.0276. Found: 516.0238.
Anal. Caled. for Cag HisClaNsO.S « 0.35 CHCls: C,45.59; H, 3.26; N, 13.06; S, 5.98, Cl, 20.07.
Found: C,45.33; H,3.37; N, 12.96; §, 5.93; C}, 20.27.

o Example C(76): 4-[4-Amino-5-(1,5-dimethyl-1H-imidazole-4-carbonyl)-thiazol- 7-ylam1no]

benzenssulfonamide
HoN~ P
21 '§

" The title compound was prepared in a manner analogous to that used in Example C(1).
4-Isothiocyanato-benzenesulfonamide and 5-bromoacetyl-1,5-dimethyl-1H-imidazole (from
Example C(74)) provided a yellow solid in 8% yield, mp 293-294C.

'HNMR (DMSO-ds): 8 10.80 (1H, s), 7.81 (2H, 4,1 =9.0 Hz), 7.75 (2H, d, ] =9.0 Hz), 7.62
(1H,s), 7.24 (2H, s), 3.56 (3H, s), 2.52 (3H, s).
HRFABMS (M+Nz"): Calcd.: 415.0623. Found: 415.0609.

nal. Caled. for CysHeNgO:Ss » 1.0 CH;OH « 1.0 CHClx: C,42.53; H, 4.45; N, 18.26; S, 13.53.
Found: C,42.57; H, 441; N, 18.18; §, 14.07.
¢ Example C(77): [4-Amino-2-(4-morpholin-4-yl-phenylamino)-thiazol-5-yl]-(1,5-dimethyl-

1E-imidazol-4-yl)-methanone

@ NN‘/\SJVJ

=~/ A NagMN=cH,
H

The title compound was prepared in a manner analogous to that used in Example C(1).
4.{4-Isothiocyanato-phenyl)-morpholine (from Example C(54)) and 3-bromoacetyl-1,5-
dimethvl-1H-imidazole (from Example C(74)) provided a yellow solid in 12% yield, mp >300°C.

NMR (DMSO-de): 610.21 (18, s), 7.57 (1H, 5), 7.42 2H, d,J=8.§ Ez), 6.94 (2H,d, J = 8.8
Ez),3.72 (4H.t, J = 4.7 Hz). 3.534 (3H, 5), 3.06 (4H, t. ] = 4.7 Hz), 2.30 (3H. 5).
ERFABMS (M+): Caicd.: 398.1525. Found: 398.1516.
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Anal. Calcd. for CjeH2aNg0S » 0.2 CH;0H « 0.2 CHCls: C, 54.34; H,541;N, 19.60; S, 7.48.
Found: C,54.63; H,5.27;N, 19.56; S, 7.47. '

« Example C(78): [4-Amino-2-{1H-benzoimidazol-6-ylamino)-thiazol-3-yl}-(3-methyl-3-
nitro-thiophen-2-yl}-methanone

Nrg

@N%

HC

k3 /\

G

NO2
2-Acetyl-3-methyl-5-nitro-thiophene, which has the structural formula S
was first prepared as follows. 2-Bromo-3-methyl-5-nitro-thiophene (5.17 g, 23.3 mmol; Spinelli

R}

et al, J. Chem. Soc. Perkin Trans. 2, (1975), pp. 620-622), ributyl (1-ethoxyvinyhtin(IV) (8.65
mL, 25.6 mmo}), and dichlorobis-(triphenylphosphine) palladium(Il) (163 mg, 0.23 mmol) in

toluene (10.5 mL) was heated under Ar® at 100°C for 2.5 hours. 5% aq HCI (78 mL) was adde
and the mixture stirred at 60 C for 15 min., then partitioned with ether and water. The organic

layer was separated, dried over MgSO,, and concentrated to a residue that was dissolved in ether

(130 mL). 1,8-Diazabicyclo{5.4.0Jundec-7-ene (DBU; 2.2 eq) and 2 0.1M solution of iodine in

ether was added dropwise until color persisted for several seconds. The resultant solution was

passed through a short column of silica gel and concentrated in vacuo to give 3.74 ¢ (87% yield)

of yellow solid, which was used without further purification.

'HNMR (CDCl;): §7.72 (1H, 5), 2.58 (3H, 5), 2.57 (3H, s).

2-Bromoacetyl-3-methyl-5-nio-thiophene, which has the structural formula
HsC

E(\n’ﬂ\ ‘
s” ~NO;

o , was prepared in a manner analogous to 2-bromo-2’-jodo-acetophenone, see

Exa.mple C(12). 2-Acetyl-3-methyl-5-nitro-thiophene (230 mg, 1.24 mmol) provided 330 mg of

a cloudy yellow oil, which contained a trace amount of dibrominated byproduct by NMR, which
was used without further purificatior. '

'HNMR (CDCL): 8 7.75 (1H, 5), 4.28 (2H, 5), 2.60 (QH. 5).

The title compound was prepared in a manner analogous to that used in Example C(l).

6-Isothiocyanato- | H-benzoimidazole (ses Boev et al., Pharm. Chem. J. (Engl. Transl)., vol. 2—

(1990), pp. 818-822) 2nd 2~bromogcetyl-B-me:hyl-J-mtro-tmopnene prov1ded a vellow solid in
23% yield, mp >300 C.
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'"HNMR (DMSO-dg): §12.50 (1H, d, J = 14.3 Hz), 11.01 (1H, bs), 8.40 (2H, bs), 8.21 (1H, 5),
8.02 (1H, s), 7.63 (1H, bs), 7.52 (1H, bs), 7.36 (1H, 4, ] = 11.0 Hz), 2.33 (3H, 5).
HRFABMS (MH"): Calcd.: 401.0491. Found: 401.0474.
Anal. Caled. for CgH;2Ng05S5 * 0.7 H,0 + 0.8 CH3;OH: C, 46.00; H, 3.81; N, 19.16; S, 14.62.
Found: C,45.92; H, 3.50; N, 19.096; S, 14.59.

Example C(79): [4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazol-5-yl]-(2,6-difluoro-
phenyl)-methanone

2-Bromo-2’,6’-difluoro-acetophenone, which has the structural formuia F

was first prepared in a manner analogous to 2-brome-2'-iodo-acetophenone, see Example C(12).
2',6’-difluoroacetophenone (703 mg, 4.5 mmol) provided 1.01 g (96% yield) of lighi yellow oil,
which was vsed without further purification.
"HNMR (CDCls): §7.56-7.42 (1H, m), 7.07-6.98 (2H, m), 4.38 (2H, s).

The title compound was prepared in a rﬁa.nner analogous to that used in Example C(1).

6-1sothiocyanato-1H-benzoimidazole (see Boev et al., Pharm. Chem. J. (Engl. Trans!)., vol. 24

(19%0), pp. 818-822) and 2-bromo-2’,6’-difluoro-acetophenone proviced yellow crystals in 78%

yield, mp 194-200°C.

'HNMR (DMSO-de): §12.45 (1H, s), 10.86 (1H, 5), 8.19 (1H, 5), 8.16 (2H, bs), 7.80 (1H, bs),
7.59-7.44 (2H, m), 7.22-7.11(3H, m).

HRFABMS (MH™): Caled.: 372.0731. Found: 372.0725.

Anal, Calcd. for C7H;,NsOSF, . 0.5H:0: C,53.68; H,3.18; N, 1841; S, 843, Found: C,
33.73;H, 3.14; N, 18.32; S, 8.53.

Example C(80): {4-Amino-2-[4-(4-methyl-piperazin-1-yl)-phenylamino]-thiazol-5-v1}-(2,6-
difluoro-phenyl)-methanone

The title compound was prepared in a manner analogous to that used in Example C(1).

1-(4-Isothiocyanato-pheny!)-4-methyl-piperazine (from Example C(70)) and 2-bromo-2’,6’-
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diﬂuoro-acetophenorié (from Example C(79j) provided a yellow solid in 71% yieid, mp 168-
70°C.

'HNMR (DNISO'dé) d 10 62 (1H, s), 8.11 (2H, bs), 7.54-7.43 (1H, m). 7.28 (2H,d.J=75
Hz), 7.20-7.10 (2H, m), 6.90 (2H, d, ] =9.0 Hz), 3.08 (4H,, I =
Hz), 2.19 (3H, s).

=4.8Hz),2.41 (4H.1,J =48

IR (KBr): 2942,2809, 1620, 1590, 1546, 1516, 1464, 1429, 1238, 1002 cm™.
HRFABMS (MH"): Caled.: 430.1513. Found: 430.1502. -

Anal. Calcd. for Cy1HaiNsOSF; * 0.3 HO: €, 38.00; H,5.01; N, 16.10; S, 7.37. Found: C
57.98: H,4.92; N, 16.08; S, 7.42.

o Example C(81): ({4—Amino-’z-ié.--(4-metbyl-piperazin-1-yl)-phenylaxnino]-thiazol-S-yl}-
(2,6-dichloro-4-triﬂuoromethyl-phenyl)-methanone
o
N
: H CF3
The title compound was prepared in a manner like that described for Example C(1). 1-
(4-Isoth1ocyanato phenyl)-4- methyl-pxperazme (from Example C(70)) and 2-bromo-2’,6'-

dxchloro -trifluoromethyl-acetophenone gave, after recrystallization from EtOAc/hexane,

yellow needles in 68% yield, mp 239-240°C.

IH NMR (DMSO0-dg): & 8.00 (2H, s), 7.28 (2H, bs), 6.92 (2H, d, ] = 8.7 Hz), 3 10(4H,dd. J =
5.1,4.7 Hz),2.42 (4H, dd, J =5.1, 4.8 Hz), 2.20 (3H, s).

IR (KBr): 3377,3283, 2942, 2813, 1598, 1542, 1513; 1425 cm™.

FABMS (M+Na*): 552.

Anal. Caled. for CyoHaoClF;NsOS < 0.8 H.0+0.7 C¢Hya: C, 52. OO H, 5.23; N, 11.57; §, 5.30,

ClL 1172 Found: C,51.94;H,4.98; N, 11.18; S, 5.20; Cl, 11.48.

e Example C(82): N-{3- [-,-Ammo- 2-(1H-benzoimidazol-6-ylamino}- tmazow-:-\.aroonyl] -2,4-

dichloro-phenyl}-acetamide

N o
NN
‘35
T A N)—- ci
L )=+

\
K .
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3'-A mi’mo-2’,6’-dichloro -acetophenone, which has the structural formula croN

was first pr:pared as follows. To a solution of SnCl, » 2 H,0 (7.70 g, 34.2 mmol) in 6N ag HCl
(20 mL)) was added 2',6’-dichloro-3"-niro-acetophenone (4.00 g, 17.1 mmol; Breslin, et al., J.
Med. Chem., vol. 38 (1995), pp. 771-793). The resultant mixture was heated at reflux for 5
hours, allowsd to cool, and carefully treated with anhydrous Na,COs. The resultant white
precipitate was filtered off and washed with CHCl;. The organic laysr was reserved and the

agueous layver was extracted with CHCl; (3 x 50 mL). The combined organic layers were dried
over MgSO., filtered, and concentrated in vacuo 1o give a black oil, which was puriﬁed via flash
column chromatography with EtOAc:hexane (20:80) zs eluant. In this manner, 2.6 g (75% yieid)

of a pale brown oil was obtained and used without further purification.
1H NMR (CDCls): §7.08 (1H, d,J =8.7 Hz), 6.70 (1H, d, ] = 8.7 Hz), 4.12 (2H, bs), 2.56 (3H,
s).

(3-Acetyl-2 4-dichloro-phenyl)-acetamide, which has the structiral formula,

, was next prepared as follows. To a solution of 3'-amino-2",6’-dichloro-

acetophenone (2.40 g, 11.8 mmol) in glacial acetic acid (25 mL) was added acetic anhydride

(5.56 mL, 58.8 mmol). The resultant mixture was heated at reflux for 2 hours, allowed to cool,
and diluted with ether (100 mL). The organic layer was washed with H-O (2 x 50 mL), dried
over MgSQq, concentrated in vacuo, and azeotroped with n-heptane to give 2.3 g of a pale whitz

solid, which was used without further purification.

IHNMR (CDCl): 58.38 (1H, d, 1=9.1 Hz), 7.62 (1H, bs), 7.34 (1H. d,J = 9.0 Hz), 2.60 (3§,

m vi-2.4-dichloro-phenyl)-aceramide, which has the structural formula,

O
& ZNNT e
c < °

. Was prepared in 2 manner analogous 1o 2-bromo-2",6’-dichloro-3’-nitro-
le C(73). N-(3-Aceryl-2.4-dichloro-phenyvl}-acetamide gave a pale

brown oil in 100% crude )/131d, which was used without further puriﬁc*t'v‘-.
TH NMR (CDCL): §8.48 (1H, d, J =8.7 Hz), 7.60 (14, bs), 7

5). 2.2 (3H. s).

738 (1H. <. J= 90‘-123 4.40 (2H,
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The titie compound was prepared in a manner like that described for Exampie C(1). 6-
Isothiocya.nato-lH-ben;oinﬁdazole (ses Boev et al., Pharm. Chem. J. (Engl. Transl.), vol. 24
(1990), pp. 81 8-822) and N-(3-bromoacetyl-2,4-dicl'1loro-phenyl)-écetamide gave a product
which was purified via flash column chromatography with a stepwise gradient of MeOH:CH.Cl,
(10:90) to HOAc:MeOH:CH,Cl, (1:10:90) to provide a yellow foam in 56% yield, that
decomposed above 200°C. :
"HNMR (DMSO-ds): 89.90 (1H, s), 8.20 (1H, 5), 7.84-7.96 (1H, m), 7.68 (1H,d,J = 7.4 Hz),
7.58 (1H, d, J = 8.8 Hz), 7.2;'1» (1H, d,J =8.4 Hz), 2.20 (3H, s). ‘
IR(KBr): 3295, 1625, 1525, 1425 em’™.
HRFABMS. Calcd. (MHE™): 461.0354. Found: 461.0344.
Anai. Caled. for CygH5ClaNgO-S « H,O » 3 HOAc: C, 45.53

5.53;H,4.28; N, 12.74; S, 4.86, Cl,
.10.75. Found: ‘'C,45.93 H, 4.08; N, 12.49; S, 4.83; Cl, 10.45.

e Example C(83): [4-Amino-2-(4-morpholin-4-yl-phenylamino)-thiazel-5-yl]-(3-methyl-
 biphenyl-2-yl)-methanone ' A

o™ . NH, -
U\@\N’Ls

L HLC

The title compound was prepared in a manner analogous to that used in Example C(1).

4-(4-Isothi6cyanato-pheny])-morpholinc (from Example C(54)) and 2-bromoacctyi-3-methy1-
biphenyl (from Example C(67)) provided 2 yellow solid in 29% yield, mp 125-35°C.

'"H NMR (DMSO-de): & 10.40 (1H, 5), 7.86 (2H, s), 7.42-7.24 (9H, m), 7.19 (1H., 4,1 = 7.5 Hz),
6.93 (2H,d,J =8.7 ‘Hz), 3.73 (4H,t,1 =4.4 Hz), 3.07 (4H, t, ] = 4.4 Hz), 2.26 (3H, 5).
HRFABMS (M"): Caled.: 471.1855. Found: 471.1839. -

Anal. Calcd. for C:%HzﬁNﬁ,O‘_’S « 1.0 CF;CO,H: C, 59.58; H, 4.66; N, 9.58; S, 5.48. Found: C,
59.41;H, 5.01;N,9.26; S, 5.18.

o Example C(84): [4-Amino-2-(4-morpholin-4-y1-phenylarrﬁno)—thiazol-s-yl]-(2-bromo~6-

methyl-phenyl)-methanone
NH, \O
Y N“ Br
) s
t  HaC ¥
H .

The titie compound was pregared in a manner analogous to thdt used in Example C(1).

4-(4-Isothiocyanato-phenyl)-morpheline (irom Example C(54)) and 2,2-’-'dibromc‘s-S'-’ncthy]-
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acetophenons (from Example C(66)) provided a crude solid, which was trimurated with
MeOH/CHC!; to furnish a yellow solid in 22% yield, mp 103-125C. ]
'HNMR (DMSO-ds): §10.57 (1H, s), 8.01 (2H, bs), 7.46 (1K, d, I = 7.5 Hz), 7.39-7.18 (4K,
m), 6.96 (?H,d, ] =8.7Hz), 3.74 (4H, 1, ] = 47 Hz), 3.09 ( 4H, t, J = 4.7 Hz), 2.20 (3H, s).
HRFABMS (MH™): Calcd.: 73.0647/475. Found: 473.0657/475.

- Anal. Caled. for C2,H;N4O:SBr » 0.7 MeOH ¢ 0.6 CHClx: C,47.60; H, 437N, 9.98; 5, 5-.71.
Found: C,47.95; H,4.05;N,9.77; §,5.51.
« Example C(85): 4-[4-Amino-5-(2,6-diﬂuoro-benzoylj-t’niazol-Z-yla*njno]-

benzenzsulfonamide

NH
P N
HoNe \

C:)?‘Q\ ﬁ)_ .

The title compound was prepared in a manner analogous to that used in Example C(1).
4-Isothiocyanato-benzenesulfonamide and 2-bromo-2’,6’-Cifluoro-acetophienone (from Example
C(79)) provided light yelIow’crystals in 69% yield, mp 258-260°C.

'HNMR (DMSO-dg): 811.20 (1H, s), 8.20 (2H, bs), 7.79 (24, d, 1 =9.0 Hz), 7.74 (2H,d, I =
9.0 Hz), 7.61-7.49 (1H, m), 7.26 (2H, 5), 7.22 (1H, d, T = 7.9 Hz), 7.19 (1H, d,J = 8.0 Hz).

IR (KBr): 3310, 1622, 1599, 1547, 1325, 1467., 1425, 1410, 1318, 1156 em™".

HRFABMS (MH™): Caled.: 411.0397. Found: 411.0410. A

Anal. Caled. for C1¢H2N:05S,F2 » 0.7 CH;0H: C, 46341 H,3.45;N, 12.94; S, 14.82. Found:
C,46.19; H.3.12; N, 12.83; S, 14.94.

¢ Example C(86): N-(3-{4—Arnino-2-[4-(4-mcihy1-piperazin-I-yl)-phenylamino].-:‘ni:zolc-S-

carbonvl}-2,4-dichloro-phenyl)-acetamide

The title compound was prepared in a manner like that described for Example C(1). 1-

4-Tsothiccyvanato-phenyl)-4-methyl-piperazine (from Exampie C(70)) and N-{2-bromoacetyi-3-

chloro-prenyl)-acetamide (from Example C(82)) gave. after recrysiallization with EtOH/CHCIs.

60 mg (13% vield) of a vellow solid, mp 195-197°C.




'H NMR (DMSO-d6):. 8 10.62 (1H, s), 9.62 (1H, 5), 7.90 (iH, bs), 7

Hz), 7.47 (1H, d,J = 8.8 Hz), 7.30 (2H, bs), 6.92 (2H, 4, T = 9.1 Hz), 3. 08 (4H

H2), 2.42 (4H,dd, J = 5.1, 4.6 Hz), 2.18 (3H, s), 2.08 (3H, s).

IR (KBr): 3260, 3023, 2801, 1666, 1613, 1525, 1437, 1382, 1299 cm’

HRFABMS. Calcd. (M+Na¥): 541.0956. Found: 541.0970.

Anal. Caled. for C23H24ClzNgO2S « 0.5 H,0+ 04 EOH: C, 52.27; H,5.05; N, 15.37; §, 4.86, C],
12.97. Found: C, 52.13; H, 5.09; N, 15.13; §, 5.78; Cl, 12.96.

o Example C(87): {4-Amino-2-[4-(4-methy1—piperazin-1-y!)-phenylimino]-thia.zol-i-yl}-3-
methyl-thiophen-2-yl-methanone

" HGy NH, &7
/\#“ N : S/J
NS ©
H
The title compound was prepared in a manner like that described for Example C(1).
(4-Isothiocyanato-phenyl)4-méthyi-piperazine (from Example C(70)) and 2-bromoacetyl-3-
methyl-thiophene (from Example C(19)) gave, after reérystalliiation with EtOH/CHCl;, a dark
yellow solid in 75% yield, mp 237.0-237.5°C. -
, 1FNMR (DMSO-dg):’ 8 10.50 (1H, 5), 8.10 (1H, bs), 7.56 (1H,d. T = 5.0Hz),738(2H,d,J =

88Hz) 6.96 (3H, m), 3.10 (4H, dd, J = 5.1, 4.7 Hz), 2.45 (4H, dd, ] = 4.9, 4.7 Hz), 2.38 (3H, s),
2.24 (3H,s). -

IR (KBr): 3434, 3319, 2943, 2809, 1393, 1546, 1414 cm’.
HRFABMS. Calcd (MH™): 414.1422. Found: 414.1408.

Anal. Caled: CoH13NsOS»+ 3 H,O: C,57.34; H, 5.68; N, 16.72; S,

15.31. Found: C, 57.01; H,
37-,N 16.41; S, 1534, -

. Examnle C(88): trans-3RS-Amino-4RS-{4-[4-amino-5-(3,5- d1chloropvr1dme-4-‘.arbonyl)

thiazol-2-ylamino}-benzoyl }-dihvdro-furan-2-one

NHZ

\ A
LI L

=N

—

The title compound was prepared essentially as described for Example C(1). 4-

Isothiocyanato-benzoyl-DL-homoserine lactone and 4-bromoacetyl-3,5-dichloropyridine (from

Example C(63)) gave a product which was purified via column chromatography with 10
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MeOH/CHCI3 as eluant to provide an amorphous yellow solid, 203 mg (79%), that decomposed
above 150°C.
'HNMR (DMSO-de): 8 11.17 (1H, s), 8.89 (1H, d,J=8.0 Hz), 8.76 (2H, 5), 7.86 2H, d, ] = 8.7

Hz), 7.69 (24, d. ] = 8.7 Hz),4.73 (1H, q, ] = 9.3 Hz), 4.42(14,ddd, J = 8.9,8.7, 1.8 Hz), 4.27
(1H,ddd,J=10.0, 8.7, 6.7 Hz).

HRFABMS. Caled. for CoH;5ClNsOsSNa (M+Na"): 514.0120. Founc: 514.0133.
IR (KBr): 3284, 1774, 1610, 1524, 1459, 1423, 1348. 1306, 118C em- 1
Anal. Caled for CacH sClaNsO4S » 0.253 H20 « 0.6 CHClx: C,43.32; H, 2.85; N, 12.32; C,

23.70; S, 5.64. Found: C,43.31;H, 2.78; N, 12.46; Cl, 24.07; S, 5.63.

e Example C(89): [4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazo}-5-yl}-(2,6-dichloro-3-

nitro-phenyl)-methanone

H O2N

The title compound was prepared in a manner like that described for Example C(1). 2-
Bromo-2’,6’-dichlore-3’-nitro-acetophenone (from Example C(73)) and é-isothiocyanato-'lH-
benzoimidazole (ses Boev et al., Pharm. Chem. J. (Engl. Transl.), vel. 24 (1990), pp. 818-822)
provided, after column chromatography with 1% HOAc/10% MeOH/CH.Cls as eluant. 26%
yield of yellow powcer, mp 250-252°C.
'HNMR (DMSO-d): §8.18 (1H, s), 8.00 (2H, d, J = 8.7 Hz), 7.80 (1H. ¢, J = 8.7 Hz), 7.52
(1H,bd, J =8.1 Hz), 7.24-7.10 (2H, m).
IR (KBr): 3383, 1607, 1500 cm™,

HRFABMS: Caled. for C17HsClaNgOsS(M-H¥): 447.9930. Found: 447.9930.
Anal. Caled. for C17H10C12N503S «0.1 Hzo « 1 MecOH+0.7HOAc+ Q.1 CH?_C]:I C, 43, 0', H,

3
335, N, 15.54; §,3.93,C, 1442, Found: C,43.26; H,3.011 N, 14.73: 5, 7.14; CL, 14.74
. ple

dimethvl-thiophen-3-yl)-methanone

Y D

|
NHp 3
ol e
N/kﬁ . Crz

S

CHa

!
H
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The title compound was prepared in a manner like that descrid oed for Example C(1). 3-
Bromoacetyl-2,5- dlmethyl-thloph"x“ (from Example C(50)) and 1- (—-1sothxocyanato-phenyl)—4-
methyl-piperazme (from Example C(70)) gave, after purification via flash column :
chromatography with 5-10% MeOH:CH,Cl; as stepwise gradient eluant, 2 yellow solid in 70%
yield, mp 205-206°C.

'H NMR (DMSO-dg): & 10.50 (1H, s), 8.00 (2H, bs), 7.48 (7T—1 d,]=87Hz),695 (7H d,J=

8.7 Hz), 6.80 (1H, 5), 3.10 (4H, dd,} = 5.0, 4.4 Hz), 2.46 (4H,1,J = 4.7 Hz), 2.42 (3H, 5), 3.38
(3H, 5), 2.24 (3H, s).

IR (KBr): 3154 2944, 2804, 1609, 1543 1516, 1420, 1296 cm’™.

HRFABMS Calcd. for C‘J1H‘)6NSOS'7 (MHT*): 428.1579. Found: 428.1566.

Anal. Caled. for C2;HasNsOS, ¢ 0.7 H,0: C,537. 30 H, 6.04: N, 1591:; S, 14.57. Found: C
57.19: H, 6.06; N, 15.77; S, 14.55.

o Example C(91): [4-Amino-2-(1H-benzoimidazol-é-ylamino}thiazol-S-yl]-(S-amino—-r-
bromo-2,6-dichloro-phenyl)-methanone

3’-Amino-4’-bromo-2’,6'-dichloro-acetophenone, which has the structural formula

Br -

¢ NMy | was first prepared as follows. 3’-Amino-2',6'-dichloro-acetophenone (from

Example C(82); 2.15 g, 11.3 mmol) in HOAc (8.7 mL) was ca.refully degassed with argon and

cooled 10 0°C, bromine was added, and the reaction mixture was then allowed to warm to .
ambient temperature. After 0.5 hour, the mixture was diluted with ice/water and extracted with
ether. The combined ethereal layers were washed with sat ag. NaHCO; and brine, dried over

K2COs, and evaporated to afford 2.87 g (90%) of brown solid, which was'used without further
puriﬁcétion.

3 -er_lino-zA'-dibromo-z’,6'-dichloro-acetopbénone, which has the structural formula
c
Q

er

€ NrFz | was prepared in a manner analogous to 5-bromoay etyl-4-methyl-1H-imidazole

for Example C(40). 3'-Amino-4'-bromo-2’,6'-dichloro-acetophenone provided, after column
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chromatography with a stepwise gradient of 2.5-5% CH.Cla/hex, 725 mg (22% yield) of white

solid, which was used without further purification. Later fractions yielded 33% recovery of
starting material.

The title compound was prepared in a manner analogous to that used in Example C(1).
6-Isothiocyénato-lH-bsnzoimidazole (see Boev et al., Pharm. Chem. J. (Engl: Transl)., vol. 24
(1990), pp- 818-822) and 3’-amino-2,4’-dibromo-2’,6’-dichloro-acetophenone provided light
yellow crystals in 34% yizld, mp 227-230°C.

'THNMR (DMSO-d): §12.48 (1H, bs), 10.85 (1H, s), 8.22 (1H, s), 8.06 (2H, bs), 7.80 (1H, bs),
7.34 (1H,s), 7.58 (1H,d,] = 8.5 Hz), 7.22 (1H, d,) = 8.5 Hz), 5.75 (2H, 5) .

FABMS (W): Calcd.: 498.9333. Found: 498.9312.

Anal. Calcd. for C;7H;;N;OSCl,Br » 0.8 H,O: C, 39.83; H,2.48; N, 16.39; §, 6.26. Found: C,
39.92; H,2.43; N, 16.26; S, 6.14.

e Example C(92): 4-[4-Amino-5-(2,5-dichloro-thiophene-3-carbonyl)-thiazol-2-ylamino]-

benzenesulfonamide

T OEN P

W

3-Bromoacetyl-2,5-dichloro-thiophene, which has the structural formula
was prepared in a manner analogous to 2-bro-mo-2’-iodo-acetophenone, see Example C(12): 3-
Acetyl-2,5-dichlorothiophene (2.0 g, 10.2 mmol) provided 2.9 g (100% yield) of yellow oil,
which was used without further purification.

'HNMR (CDCls): 8 7.25 (1H, 5), 4.40 (2H, s).

The title compound was preparad in a manner analogous to that used in Example C(1).
4-Isothiocyanato-benzenesulfonamide and 3-bromoacstyl-2,5-dichloro-thiophene provided a
vellow solid in 65% yield, mp 274-276°C.

"HNMR (DMSO-dg): §11.20 (1H, s), 8.24 (2H, bs), 7.80 (4H. s), 7.33 (1H, 5), 7.31 (2H, 5).
FABMS (MH"): 449/451.
Anal. Caled. for CHoN:0585Cla: C,37.42; H,2.24; N

Ty b

, 1247, 5, 21.41; Cl. 15.78. Found: C,
37.56; H,2.19: N, 12.39: S, 21.29; Cl, 15.71.
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e Example C(93): [4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazol-5-yl}-(2,5-dichloro-

thiophen-3-yl)-methanone

' (N ci
A+
(S
/ - -
H L) {
1 = c
H o d

The title compound was prepared in a manner analogous to that used in Example C(1).
6-Isothiocyanato- 1 H-benzoimidazole (see Boev et al., Phérm. Chem. J. (Engl. Transl)., vol. 24
(1990), pp. 818-822) and 3-bromoacetyl-2,5-dichloro-thiophene (frorﬁ Example C(92)) provided,
after precipitation with THF, an amorphous yeliow soiid in 32% yield, mp >300°C.

'HNMR (DMSO-de): §12.52 (1H, bs), 10.89 (1H, s), 8.26 (1E, 5), 8.21 (2H, bs), 7.90 (1H, bs),
7.60 (1H, d,J = 8.4 Hz), 7.28 (1H, "s), 7.27(1H,d,J=84Ez).
ESIMS(MH™): 410/412.

Anal. Caled. for C1sHNsOS,Cly « 0.1 HCI « 0.6 THE: C,45.71; H, 3.06; N, 15.32; S, 14.03; Cl,
16.28. Found: C,45.84;H,2.83; N, 15.01; S, 14.27; Cl, 16.00.

o Example C(94): {4-Amino-2-[4-(4-methyl-piperazin-1-yl)-phenylamino]-thiazol-5-yl1}-(3-
methyl-5-nitro-thiophen-2-yl)-methanone

H:N
Noo o
N\ |
S
HaC~N N-—@_,\; s ,
/ H NO»

The title compound was prepared in a manner analogous to that used in Example C(1).

' 1-(4—150thiocyanato-phcnyl)-4-methy1-piperazine (from Example C(70)) and 2-bromoacetyl-3-
methyl¥5-nitro-thi6phene (from Example C(78)) afforded, aiter precipitation with aqueous
EtOH, an amorphous dark brown solid.in 64% yield.

) 'HNMR (DMSO-dg): & 10.88 (1H, s), 8.38 (2H, bs), 8.04 (lH, s), 7.38 (2H, d, ] = 9.0 Hz), 6.98
(2H, d, J = 9.0 Hz), 3.35 (4H, bs), 3.15 (4H, bs), 2.34 (31-1, 5),2.28 (3H, s).

HRFABMS (MH"): Caled.: 459.1273. Found: 439.1259. '
- Anal. Caled. for C5H2N¢O3S,+ 0.8 H,O + 0.2 EtOH: C, 50.81; H,5.18; N, 17.43; S, 13.30.
‘Found: C,50.94; HA4.98;N, 17.13; S, 13.55.

~

Example.C(95): 4-[4-Amino-5-(3-methy!-3-niro-thicphene-2-carbonyl)-thiazol-2-ylamino)-

benzenesulfonamide




C

The title compound was prepared in a manner analogous to that used in Example C(1).
- 4- Isothxocyanato-benz nesulfonamide and 2-bromoacetyl-3-methyl- 5-nitro-thiophene (from
Example C(78)) provided a dark brown in 38% yield, mp 268-265°C.

'HNMR (DMSO-dg): §11.31 (1H, s), 8.46/(2H, bs), 8.08 (1H, 5), 7.81 (4H, 5), 7.32 (2H. 5),
2.38 (3H,s).

Anal. Calcd. for CisH3NsOsS5: C,40.99; H, 2.98; N, 15.94; S, 21.89. Found: C,41.11; H.2.95;
N, 15.66; S, 21.70.

e Example C(96): (3-Amino-4-bromo-2,6-dichloro-phenyl)-{4-aminc-2-[4-(4-methyl-

piperazin-1-yl)-phenylamino]-thiazol-5-yl}-methanone

The title compound was prepared in 2 manner analogous to that used in Exampie C(1).

1-(4-Isothiocyanato-phenyl)-4-methyl-piperazine (from Example C(70)) and 3'-amino-2,4’-

dibromo-2',6’-dichlord-acetophenone (from Example C(91)) provided, after recrystallization
from EtOH, a yellow powder in 43% yield, mp 180-182°C.

"HNMR (DMSO-de): §10.61 (1H, s), 8.01 (2H, bs), 7. 39(1H s), 7.28 (2H,4d4,1 =87 Hz) 6.54

(2H, d,] =8.7 Hz), 5.74 (2H, 5), 3.11 (4H, bs), 2.45 (4H, bs), 2.23 (3H, s).

HRFABMS (MH™): Calcd.: 555.0136/557/559. Found: 535. 0122/557/5569.

Anal, Caled. for C5 Ha;NgOSCl-Br « 0.7 H-0 « 0.6 EtOH: C, 44.70; H, 439, N, 14.09; S, 3.38.
Found: C,44.84; H, 4.18; N, 13.95; 8.5.27.

e Example C(97): 2-{4-(1- Axc:'=tv;-m"‘-*uin--‘.--yl)-phenyiamino]-4-amino—thiazol—S-yl-(_’Z,6-
dichlorophenyl)-methanone

1-Acetyl-4-(4-nitro-phenyl)-piperazine, which hes the structural formula
as first prepesed in @ manner analogous 1o N-{3-ace

— [ St
/N—\ NOz
= etyi-2,4-dichiore-

phenyl)-acetamnide for Example C(82). 1-(4-Nitro-phenyl)-piperazine gave a yellow solid in-

83% yield, which matched pnwouslw reporied material by 'H NMR (Katz et 2., J. Amer. Chem.

Soc., vol. 111 (1089),00
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1-Acetyl-4-(4-amino-phenyl)-piperazine, which has the strﬁctural formula

\ : ‘

0>— N\—/NhQ_NHZ, was prepared in a manner analogous to 4-(4-methyl-piperazin-1-yl)-
aniline for Example C(82). 1-Acetyl-4-(4-nitro-phenyl)-piperazine gave 2 pale white powder in
100% crude yield, which was used without any further purification.

'"HNMR (CDCly): & 6.85 (2H, d, J =8.7 Hz), 6.58 (2H, d,J =8.7 Hz), 3.78 (2H, dd, ] = 5.3,5.0

Hz), 3.62 (2H,t,J =5.3,5.0 Hz), 3.62 (2K, dd, J =353, 5.0 Hz), 2.98-3.10 (4H, m), 2.18 (3H, s).

1-Acetyl-4-(4-isothiocyanato-phenyl)-piperazine, which has the structural formula

”S .
>_ N TN\ & ’
NN < > N I N
o == , was prepared in a manner analogous to 1-(4-isothiocyanato-phenyl)-1H-

imidazole for Example C(41). 1-Acetyl-4-(4-amino-phenyl)-piperazine provided a cream-
colored powder in 88% yield.

'H NMR (CDCl3): 87.18 (2H, ¢, J =9.0 Hz), 6.82 (2H, d, J = 9.0 H2), 3.78 (2H,dd, ] = 5.1, 5.3
Hz), 3.64 (25, dd, J = 4.9, 5.3 Hz), 3.16-3.27 (4H, m), 2.10 (34, 9).

‘ The title compound was prepéred in= manner like thét described for Example C(1). 2-
Bromo-2’,6’-dichloro-acetophenone (from Example C(52)) and 1-acetyl-4-(4-isothiocyanato*
'phenyl)-piperazine gave a crude produét that ﬁrecipitated from hexanes to provide a cream solid
in 37% yield, mp 265-267°C.

1I-_I NMR (DMSO-dg): & 10.60 (1H, bs), 8.02 (2H, bs), 7.50 (2H, d, J = 1.9 Hz), 7.42 (1H, m),

7.38 (2H, bs), 6.98 (2H, d, J = 9.0 Hz), 3.60 (4H, 5), 3.20-3.10 (4H, m). 2.00 (3H, 5).
IR (KBr): 3377,3166, 1601, 1542, 11425 cm™.

HRFABMS: Calcd. for C2:H32Cl;N50,S (MH™): 490.0871. Found: 490.0858.

_ Anal. Caled. for C22H3;ClaN3505S « 0.16 H,0 < 0.1 CeH 2 .C, 54.08; H, 4.56; C1, 14.13; N, 13.95;

S, 6.39. Found: C,53.88; H, 4.32; Cl, 1446; N, 14.28; §, 6.54.

. Exarnple C(98): 2-[4-(1-Aceryl-piperazine-4-yl)-phenylamino}-4-zmino-thiazol-5-y1-(3-
methyl-thiophen-2-yl)-methanone |

HaG

. NH,
o)\ N

N
N N
N Q
CH .

The title compound was prepared in a manner like that descrived for Example C(1). I-
Acetyl-4-(4-isothiocyanato-phenyl)-piperazine (from Example C(97)) 2nd 2-bromoacetyl-3-

methyl-thiophene (from Example C(19)) provided a yellow solid in 37% yield, mp 290-292°C.
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'

'HNMR (DMSO-dg): 8 10.60 (1H, bs), £.10 (2H, bs), 7.48 (1H, d,J = 5.0 Hz), 740 QH,d,J =

8.7 Hz), 6.96-7.04 (2H, m), 3.60 (4H, s), 3.18 (2H, bs), 3.12 (2H, bs), 2.40 (3H, s), 2.02 (3H, s).
IR (KBr): 3377, 3166, 1633, 1601, 1542, 1425, 1225 cm™.

Anal. Calced. for C2;H23Ns0,S » 1 H,O: C, 56.89; H, 5.27; N, 15.80; S,14.46. Found: C, 56.98;
H,527;N, 15.72; §, 14.35.

-2-ylamino]-

e Example C(99): 4-[4-Amino-5-(2-fluoro-6-trifluoromethyl-benzoyl)-thiazol

benzenesulfonamide

g

2-Bromo-2’-fluore-6’-trifluoromethyl-acetophenone, which has the structural formula

F . was prepared in 2 manner analogous to 2-bromo-2'-iodo-acetophenone, ses

Example C(12). 2'-Fluoro-6’~(trifiuoromethyi)-acetophenone (745 mg, 3.61 mmol) provided
1.05 g of yellow oil, which was used without further purification.

'"HNMR (CDClL;): & 7.69-7.52 (2H, m), 7.44-7.35 (1H, m), 4.42 (3H, s).

The title compound was prepared in a manner analogous to that used in Example C(1).
4-Isothiocyanato-benzenesulfonamide and crude 2-bromo-2’-fluoro-6’-trifluoromethyl-
acetophenone provided a light yellow solid in 21% yield, mp 290-292°C.

'HNMR (DMSO-dg): 8 11.15(1H, s), 8.20 (2H, bs), 7.83-7.68 (7H, m), 7.31 (2H, s).
Anal. Caled. for C7HaN.O38:F4: C, 44.35; H, 2.63; N, 12.17; S, 13.93. Found: C,44.42; H,
2.64; N, 12.13; §, 13.94.

s Example C(100): {4-Amino-2-{4-{4-msthyl-piperazin-1-yl)-phenylamino}-thiazol-5-y1}-(2-

fluoro-4-wifluoromethyl-phenylj-methanone

HsC-N/j.
1N

The title compound was prepared in a manner analogous 10 that used in Exc

1-{4-Isothiocyanato-phen and 2-bromo-27-f uore-
6’ -mnuoromemyl-acctopnenone (frem Example C(99)) procuc:d a crudﬂ product that

recrystallized from EtOH to provide 2 yellow powder in 74% vield, r’lp 155-158°C.




'H NMR (DMSO-dg): 5 10.62 (1H, s), 8. 06 (2H, bs), 7.72-7

Hz), 6.93 (2H, d, J = 8.7 Hz), 3.11 (4H, bs), 2.45 (4H, bs), 2

HRFABMS (MH"): Calcd.: 480.1481. Found: 480.1468.

Anal. Caled. for C2oHNsOSF,» 1.0 EtOH: C, 54.84; H, 5.18; N, 13.33; S, 6.10. Found: C,
55.11; H,5.1; N, 13.31; §, 6.00.

Example C(101): 4-Arnino-2-[4-(1-tert-butoxycarbonyl-piﬁérazine-4-y1)-phenylamino]-
thiazol-5-y1-(2,6-difluorophenyl)-methanone

)\

1-tert-Butoxycarbonyl-4-(4-nitro-phenyl)-piperazine, which has the structural formula

gTetass
© , was first prepared as follows. To a suspeasion of 1 (4-nitro-phenyl)

piperazine (2.00 g, 9.65 mmol) in dioxane (30 mL) was added diisopropyletnyiamine (1.43 ml,
10.6 mmol) and di-t-butyl dicarbonate (2.10 g, 9.65 mfnol). After 12 hours, the mixture was *
_popred into H,0 (100 mL) and extracted with EtOAc (2 x 50 mL). The combined organic la'yers
were dried over NIgSO4, filtered, and concentrated in vacuo to give a yellow solid, which .
' recrystallized from EtOAc/hexane to afford 2.2 g of yellow needles. This material was used
without further purification.
'HNMR (CDCl): & 8.20 (2H, d, J = 9.3 Hz), 6.82 (2H, d, ] =9.3 Hz), 3.58-3.64 (4H, m), 3.28-
3.44 (4H, m), 1.54 (9H, s).

1-(4- Au'mno-phenyl) tert-butoxycarbonvl-plpefazme, which has the stractural formula
R |
: }N\—/N—Q_th , was prepared in 2 manner analogous to 4-(4-methyl-piperazin-1-yl)-
aniline for Example C(70). 1-teri-Butoxycarbonyl-4-(4-nitro-phenyl)-piperazine furnished a pale
~ brown gel in 100% crude yield, which was used without further purification. .
'"HNMR (CDCl;): §6.84 (2H, d, J = 8.7 Hz), 6.67 (2H.d,7=8.8Hz),3.58 (4H,dd, I =3.1, 1,30
Hz),2.97(4H,dd, J =52, 4.8 Hz), 1.52 (94, s).

1-tert-Butoxycarbonyl-4-(4-isothiocyanato-phenyl)-piperazine, which has the structural

-

formula , was prepared in a manner analogous to 1-(4-isothiocyanato-

phenyl)-1H-imidazole for Example C(41). 1-(4-Aminc-phenyl)-4-tert-butoxycarbonyl-
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piperazine afforded cream-colored needles in 87% yield. which were used without further
purification.,

IH NMR (CDCl3): 87.18 (2H, d,J = 9.0 Hz), 6.82 (2H, d,J = 9.0 Hz), 3.64 (4H,t,] = 5.3 Hz),
324 (4H,t,J=5.3 Hz), 1.54 (9H, 5).

The title compound was prepared in a manner analogous to that used in Example C(1).
1-tert-Butoxycarbonyl-4-(4-isothiocyanato-phenyl)-piperazine and 2-bromo-2’,6'-difluoro-
acetophenone (from Example C(79)) gave a crude product which recrystallized from EtOH to
furnish a yellow solid in 67% yield, mp 140-143°C.

'HNMR (DMSO-de): 8 10.67 (1H, s), 8.13 (2H, bs), 7.56-7.45 (1H, m), 7.35 (2H, 4,1 =9.0
Hz), 7.23-7.13 (2H, m), 6.96 (2H, d, J = 5.0 Hz), 3.46 (4H, bs), 3.07 (4H. bs), 1.43 (9H, s).
HRFABMS (MH"): Calcd.: 516.1881. Found: 516.1900.

Anal. Calcd. for CosH2NsO5SF; « 0.8 H.0 + 0.8 EtOH: C, 536.536; H, 3.57; N, 12.99; §, 5.65.
Found: C, 56.34: H, 5.54; N, 12.89: §, 5.83.

o Example C(102): 4-[4-Ainino-5-(2,6~diﬁuoro—benzoyl)—zhiazol-’l—y]amino]-benzamide

Q

Ny

G

*3, was
first prepared according to a method from McKee et al., J. Am. Chem. Soc., vol. 48 (1946), pp.

4-Isothiocyanato-benzamide, which has the structural formula HzN

2506-2507. To a solution of 4-aminobenzamide (5.00 g, 36.7 mmol) in water (60 mL) and 38%
aq HCI (15 mL) was added thiophosgene (3.08 mL , 40.4 mmol). After approximately 30 min,
the resultant white precipitate was filtered off, washed with water, and dried under high vacuum
to obtain 4.66 g (78% yield) of white powder, which was used without further purification.
'"HNMR (DMSO-dg): 58.08 (1H, bs), 7.94 (2H, d, J = 8.7 Hz), 7.53 (2H, d. ] = 8.7 Hz), 7.51
(1H, bs).

The title compound was prepared in 2 manner analogous to that used in Example C(1).
4-Isothiocyanato-benzamide and 2-bromo-2’,6’-difluoro-acetophenone (from Example C(79))
provided a yellow solid in 26% yield. mp 297-298°C.

"HNMR (DMSQ-de): 8 11.07 (1H, 5), £.22 (24, bs), 7.91 (1H, 5). 7.88 (2K, ¢, 1 =8.7 Hz), ¥,
7.66 (2H, d,] = 8.7 Hz), 7.62-7.50 (1H, m), 7.31 (1H, s), 7.27-7.18 (2K, m).

ERTEY

Anal. Caled. for C\7H s2N4O2SFa: C, 54.54; H, 3.23; N, 14.97; S, 8.57. Found: C, 54.27; H,
3.27;N, 14.68; S, 8.35.
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e Example C(103): tert-Butyl ({4-[4—Amino-S—(2,6-diﬂuoro-benzdyl)-t'niazol-’l—ylamino]-
phenyl}-methyl-amino)-acstate

NH,

7“33% ~ W
o \Q"‘{H :

tert-Butyl {methyl-(4-nitro-phenyl)-amino}-acetate, which has the structural formula

?, was first prepafed as follows. To a solution of sarcosine t-butyl ester
hydrochloride (2.0 g, 11 mmol) in ISMSO (6 mL) was added 4-fluoro-nitrobenzane (1.6 g, 11
mmol) and triethylamine (3.4 mL, 24 mmol). The resultant mixture was heated at 100°C for 12
'ho'urs. The resultant }iellow suspension was allowed to cool, diluted with H,0 (100 mL), and
extracted with ether (2 x 100 mL). The combined organic layers were dried over MgSOs,
-ﬁltered, and concentrated in vacuo to give yellow needles, which recrystallized from
ether/hexane to give 2.0 g of yello;v nezdles, which were used without further purification.
"HNMR (CDCl;): 88.18 (2H, d, ] = 9.3 Hz), 6.62 (2H, d, ] =9.7 Hz), 4.08 (2H, 5), 3.20 (3H: s),
1.42 H, s). |

tert-Butyl [(4-amino-phenyl)-methyl-amino]-acetate, which has the structural formula

] .
£
QL
| - NHz . , . . -
, was prepared in a manner analogous to 4-(4-methyl-piperazin-1-yl)-aniline
for Example C(70). teri-Buryl [methyl-(4-nitro-pheny1)-amino]-acetate provided ared oil in
95% crude yield, which was used without further purification.

'ENMR (CDCl;): §6.60-6.80 (4H, m), 4.08 (2H, s), 3.20 (2H, bs), 3.80 (2H, 5), 2.82 (3H, s),
1.42 (9H, s).

teri-Butyl [(4-isothiocyanato-phenyl)-methyl-amino]-acetate, which has the structural
| A

N__,c=5

formula , was prepared in a manner analogous to 1-(4-isothiocvanato- .,

phenyl)-1H-imidazole for Example C(41). tert-Butyl [(4-amino-phenyl)-methyl-amino]-acerate

furnished a pale brown sciid in 98% yield, which was used without further purification.

g1
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'H (CDClL): 0 7.10(2H,d,J=9.1 Hz), 6.52 (2H,d,J=95.1 Hz), 3.90 (2H. 5). 2.92 (GH, 5), 1.30
(9H, s).

The title compound was prepared in a meanner like that described for Example C(1).
tert-Butyl [(4-isothiocyanato-phenyl)-methyl-amino]-acetate and 2-bromo-2',6’-difluoro-
acetophenone (from Example C(79)) provided a cream powder in 34% yield, mp 200.0-200.5°C.
'HNMR (DMSO-de): §7.44-7.56 (1H, m), 7.10-7.30 (4H, m), 6.62 (2H, 4, J = 9.0 Hz), 4.08
(2H, s), 2.95 (3H, 5), 1.32 (9H, 5).

IR (KBr): 3248, 3142,2978, 1725, 1619, 1537, 1466, 1231 cm’.
Anal. Caled. for C23Hi..FaN:O5S: C, 58.22; H,5.10; N, 11.81; §, 6.76. Found: C, 58.27; H,
5.11; CL, N, 11.53; S, 6.63.

s Example C(104): 4-Amino-2-[4-(1-teﬁ-butoxycarbonyl-piperazine--@-yl)~pheny1amjno]-

thiazol-3-yl-(3-methyl-thiophen-2-yl)-methanone

X0y, %

The title compound was prepared in 2 manner like that described for Exampie C(1). 1-
ert-Butoxycarbonyl-4-(4-isothiocyanato-phenyl)-piperazine (from Example C(101)) and 2-
bromoacetyl-3-methyl-thiophene (from Example C(19)) gave, after recrystallization with

EtOAc/hexane, 387 mg (52% yield) of a yellow solid, mp 175-176°C.

1H NMR (CDCls): §7.00-6.85 (4H, m), 367 (4H,dd,J=5.3,5.0Hz), 3.18 (4H, dd, ] =5.3,5.0
Hz), 2.48 (3H, 5), 1.42 (34, s).

IR (KBr): 3260,2978, 1725, 1684, 1601, 1531, 1419, 1231 cm™".

Anal. Caled. for Co¢HaoNsO3S5: C, 57.68; H, 5.85; N, 14.02; S, 12.83. Found: C, 37.74; H
5.82; CI, N, 13.95; §,12.95.

Example C(103): 4-Amino-2-[4-(1-tert-butoxycarbonyl-p iperazine-4-yl)-phenyiamino]-

thiazol-3-yl-(2,6-dichlorophenyl)-methanone

NHQ

73- @ﬁv%

The title compound was preparad in 2 manner liks that described for Example ). 1-
tert-Butoxycarbonyl-4-(4-isothiocyanato-phenyl)-piperazine (from Examo e C(101)) and 2-

bromo-2’,6’-dichlore-acztophenone (from E\_mp e C(5

~

2)) afiorded a crude product, which was

g2




purified via flash column chromatography with MeOH: CHle’; (2.5:97.5) as eluant and

azeotrop..d with hexanes to give a yellow solid in 90% yield, mp 165-167°C.
'HNMR (CDCL): §7.2

m), 1.42 (9H, s).

2(2H,d,7=9.0Hz), 6.92 (2H,d,J = 9.0 Hz), 3.60 (4H, m) 3.18 (4H,

IR (KBr): 3401, 3271, 2966, 1689, 1607, 1542, 1460, 1225 cm’.

HRFABMS: Calcd. for CasHasNsO3CIS (MH*)" 548.1290. Found: 548.1270.

Anal. Calcd. for C75H17N503C1':S + 0.1 CgHye: C,55.23; H,5.07; N 12.58; C1, 12.74; §, 3. 76.
Found: C, 55.34; H, 528 N, 12.29; Cl, 12.48; §, 5.38.

o Example C(106): (3-Acetarmdo-_,6-dxchloro-pnenyl)-{4-amino-2-(Lten-butgxycarbonyl-

piperazin-1 -yl)—amino-thia.zol-S-yl]-methanone

The title compound was prepared in a manner like that described for Example C(1). !-
tert-Butoxycarbonyl-4-(4-isothiocyanato-phenyl)-piperazine (from Example C(101)) and N-(3-
“bromoacetyl-2 4—dichloro—phenyl)-acetamide (from Example C(82)) provided a pale yellow solid
in 57% yield, mp 248-250°C.
'"HNMR (CDCly): §7.20 (2H, d, J = 9.0 Hz), 6.92 (2H, d,1=9.0 Hz), 3.54-3. 66 (4H, m), 3.12-
3.22 (4H,m), 2.28 (3H, s), 1.42 (8H, s).
IR (KBr): 3377, 3271, 3177, 2978, 1672, 1548, 1437, 1250, 1231 cm’.

HRFABMS: Calcd. for C27H3;ClaNgOaS (MH™): 605.1505. Found: 605.1528.
Anal. Caled. for Ca7H30ClNgOsS » 1.3 H.0: C,51.56;H,5.22; N, 13.36; C1, 11.27; 5, 5.10.
Found: C,51.50; H, 5.18; C}, 11.15; N, 13.19; S, 4.99.

o Example C(107): 4-{4- Amino-3-(2.4,6-trichlero-benzoyl)-thiazol-2 -yl armno]
benzenesulfonamide

1
_ - Hy
2,4,6-Trichloroacetophenone, which has the swuctural formula @7 Cl, was first

prepared as follows. Adapted from a procedure by Reynolds et al., Org. Syn. Coll., vol. TV

g3
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(1963), pp. 708-710. To Mg turnings (283 mg, 11.3 mmel) and EtOH (0.25 mL) was added

CCly (11 pL). The ensving reaction subsidzd, before a solution of diethyl malonate (1.71 mL,

11.33 mmol) in EtOH (0.91 mL) was added at a rate to sustain reaction. After 30 min, the

mixture was refluxed to consume Mg for one hour, then allowed to cool. The solid mass was
suspended in ether (25 mL) and a solution of 2,4,6-trichlorobenzoyl chloride (2.50 g, 10.3 mL)
in ether (5 mL) was added cautiously. Afier 3 days, a solution of H2SO4 (0.6 mL) in water (10
mL) was carefully added to dissolve any solids, and extracted with ether (2 x 10 mL). The
extracts were dried over MgSO4 and evaporated to a cloudy oil, which was placed in HOAc (3

mL), H,0 (2 mL) and H>SO4 (0.33 mL), and h_eated to reflux. Afier 7.5 hours, the mixture

was
allowed to cool overnight. The mixture was made alkaline with IN NaOH (35 mL) and

extracted with ether (3 x 10 mL). The combined ethereal layers were dried with MgSO; and
evaporated to give 1.80 g (78%) of a whit2 solid that was used without further purification
(previously described in Baker et al., J. Chem. Soc. (1941), pp. 796-302).

2-Bromo-2’,4",6’-trichloroacetophenone, which has the structural formula

c Cl, was prepared in a manner analogous to 2-bromo-2’iodo-acetophenone for

Example C(12). Crude 2’,4°,6"-trichioroacetophenone afforded 1.27 g (94%) of gold crystals

that were used without further purification (previously described in Baker et al,, J. Chem. Soc.
(1941), pp. 79¢-802).

THNMR: 87.42 (2H, s), 4.42 (s, 2H).
The title compound was preparsd essentally as described for Example C(1), except that

excess potassium t-butoxide (2.2 eguivalents) was employed. 4-Isothiocyanato-
benzenesulfonamide and 2-bromo-2’,4’,6 -trichloroacetophenone provided a dark brown gum,
which was purified via column chrematography with 10% M2OH/CECI; and precipitated &
MeOH/CHCI; to obtain 96 mg (21%) of an amorphous, pale yellow solid.
I NMR (CD;0D): 57.87 (4H, dd, ] = 14.6, 9.0 Hz), 7.60 (2H, ).

IR (KB

£): 3312, 1593, 1545, 1459, 1421, 1161 em- L.
ESIMS (MH™): 477/479/481. (M™): £73/477/479.

S, 13.42. Found:.C.
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Example C(108): 4-[4-Amino-5-(2,6-difluoro-benzoyl)-thiazol-2-ylamino]-N-methyl-
benzenesulfonamide.” '

4-Amino-N-methyl-benzenesulfonamide, which has the structural formula

HG @
N—§.-©_NH2 . R

H O , was first made as follows. N-Methyl-4-nitro-benzenesulionamide (2.38 g,
11.9 mmol; Khanna et al., J. Med..Chem., vol. 40 (1997), pp- 1619-1633) and 10% Pd/C (230
mg) in MeOH (60 mlL) was stirred under hydrogen atmosphere for 2 hours and filtered. The
filtrate was concentrated in vacuo to provide 2.17 g (98% yield) of colorless crystalline fiakes,
which by 'H NMR matched that reported in the literature (Khanna et al., J. Med. Chem., vol. 40
(1997), pp. 1619-1633) and was used without further purification.

4-Isothiocyanato-N-methyl-benzenesulfonamide, which has the structural formula
< _

HG @ £
N3 N ’

H O , was prepared in a manner analogous to 4-isothiocyanato-benzamide of
Example C(102). 4-Amino-N-methyl-benzenesulionamide (2.17 g, 11.7 mmol) gave 2.10 g
(79% yield) of white fluffy powder, which was used without further purification.

'HNMR (DMSO-d): §7.83 (2H, d, ] =8.4 Hz),7.65 (2H, d, ] = 8.4 Hz), 7.61 (1H, q, ] = 4.9
Hz),2.43 (3H,d, ] =4.9 Hz).

The title compound was prepared in a manner analogous to that used in Example C(1).
4-Isothiocyanato-N-methyl-benzenesulfonamide and 2-brome-2',6’-difiuoro-acetophenone (from
. Example C_(79)) provided a crude product, which was extfacted with 10% i-PrOH/CHCI; and
purified via column chromatography with 5% MeOH/CHCI; to afford an amorphous yellow
powder in 41% yield, that decomposed above 200°C. ‘

'HNMR (DMSO-ds): § 11.23 (1H,'s), 8.33 (2H, bs), 7.81 (2H, d, ] = 8.5 Hz), 7.54 2H, d,] =

3H,

8.5 Hz), 7.63-7.41 (1H, m), 7.39 (1H, q, ] = 5.0 Hz), 7.23 (2H, t, ] = 7.1 Hz), 2.41 (
H2). '

d,J=50

HRFABMS (MH™): Calcd.: 425.0554. Found: 425.0566

Anal. Caled. for C7H,;,N;O;8:F> » 0.5 CH;OH: C,47.72: H.3.66; N, 12.72; S, 14.56. Fornd
C,47.56;H,3.52; N, 12.72; S, 14.77.
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Example C(109): 4-[4-Amino-5-(2,6-difluoro-benzoyl)-thiazol-2-ylamino)-N,N-dimethyl-
benzenesulfonamide

4-Amino-N, N-dimethyl-benzenesulfonamide, which has the structural formula

, was next prepared as follows. Crude N, N-dimethyl-4-nitro-
fonamide (3.89.g, 16.9 mmol; Khanna et al., J. Med. Chem., vol. 40 (1997), pp. 1619-
1633) 10% P&/C (800 mg), MeOH (80 mL), and THF (200 mL) were stirred under hydrogen for
6 hours and filtered. The filtrate was concentrated in vacuo to furnish 3.68 g of yellow solid,
which was identical by '"H NMR spectrum to previous description by Khanna et al., J. Med.

Chem., vol. 40 (1997), pp. 1619-1633 and was used without further purification.

4-Isothiocyanat

o-N, N-dimethyl-benzenesulfonamide, which has the structural formula

S

£

N
, Was next made as follows. To a solution of 4-amino-N, N-dimethyl-

benzenesulfonamide (2.0 g, 10 mmol) in acetone (50 mL) at 5'10°C were added simultaneously a
solution of thiophosgene (0.91 mL. 12 mmol) in acetone (20 mL) and 25% aq Na,CO; (10 mL).
After 5 min at 5-8°C, the mixture was allowed to warm and was stirred at ambient temperature
for a haif hour. The solvent was evaporated and water (70 mL) was added. The resultant light-

ellow precipitate was filtered off, washed with water, and dried under vacuum to afford 2.35 ¢
(97% yield) of white powder, which was vsed without further purification.
'HNMR (DMSO-dg): §7.82 2H, d, ] = 8.4 Hz), 7.69 (2H,d.J=84 Hz), 2.63 (6H, s).

The title compound was prepa:e':l in

4-Isothiocyanato-N, N- mmethy;-:en enasu
(from Example C(79)) provided a cruce brown solid that recrystallized from EtOH to give light-
trown crystals in 52% yield, mp 240-242°C.
'HNMR (DMSO-d): §11.24 (IH. ), 8.14 (2H. bs), 7.84(2H.d.J=88Hz2).7.72(2
8.8 Hz),7.62-7.49 (1H, m), 7.23 (14, ¢,J=79Hz), 720 (1H, 4, =8.0 Ex), 2
Anal. Caled. for CgHgN:OsSaFx: C, 4331 H, 368, N, 12.78; S, 1463 F

12,78,

3.71; N, 12.68: S, 14.50. : )
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e Example C(110): (4-Amino-2-{4—-[(2-dimethy]amino-ethyl)-methyi-amino]-phenylmnino}-
thiazol-5-y1)-(2,6-difluoro-phenyl)-methanone

HaCay ™ \©\ A~
CHa

N-(4-Nitrophenyl}-N,N’ ,N’-trimethyl-ethane-l,2-dia.rnine, which has the strutural
HaC( N/\/N
v L |
o ~ NO2, was first prepared in a manner analogous to tert-butyl [methyi-(4-

nitro-phenyl)-arnino]-acetate for Example C(103). 4-Fluoronitrobenzene and N,N,N’-trimethyl-

formula

ethylendiamine gave a brown oil in 87% crude yield, which was used without any further
purification.

"HNMR (CDCl3): 08.14 (2H, 4, J=9 .6 Hz), 6.64 (2H,d,J=9.3 Hz),3.58 (2H,,J = 73 Hz),
"3,12 (3H, 5) 2.52 (2H, 1, J = 7.5 Hz), 2.32 (6H, 5).

N-(4»Aminophepyl)—N,N’ ,N’-ethane-1,2-diamine, which has the structural formula
CHa '

H:,C\N A~UN
C"x_,

: NH2 was prepared in a manner analogous to 4-(4-methyl-piperazin-1-yl)-

.aniline for Example C(70). N-(4-nitrophenyl)-N,N,N’-trimethyl-ethane-1,2-diamine furnished a
eddish-brown oil in 92% crude yield which was used without further purification.

'HNMR (CDCl;): & 6.62 (4H, s), 3.30 (2H, dd, 1=17.6,7.4Hz),2.853H,s),247 (2H,dd, I =
7.7, 72Hz) .32 (6H, s).

(A-Isothlocyanato-pnenyl)-N N’ N”-mmethvl ethane 1,2- dla.rmne which has the

. ] : ¢Ha
HSC*N"\/N =
&H s '
structural formula : N” |, was prepared in a manner analogous to 1-(4-

isothiocyanato-phenyl)-1H-imidazole for Example C(41). N-(4-Aminophenyl)-N,N’ N'-ethane-
1,2-diamine provided a brown oil in 75% crude yield, which was used without further
purification. ‘ )

lI-IN"VIR(CDCI;) 87.13(2H, d, ] = 8.8 Hz), 701 (2H,d,}=8.2 Hz),3.99 (2H,dd, ] =7.6,7
Hz), 3.15 (1H, bs), 3.02 (3H, 5), 2.80 (6H., ).

"

The title compound was preparad in a manner like that described for Exa.mplc C(1). N-
(4-Isothiocyanato-phenyl)-N,N’ N’-trimethyl-ethane-1,2-diamine and 2-bromo-2',6’-difluoro-
acetophenone (from Example C(79)) afforded a crude product, which was purified via flash

&7
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column chromatography with a stepwise gradient of MeOH:CH.Cl; (2.5:97.5-10:90) 10 provide a

yellow solid in 55% yield, mp 96-98°C. :

"HNMR (DMSO-de): 87.42-7.55 (1H, m), 7.10-7.24 (4H, m), 6.64 (2H, d, ] = 9.0 Hz), 2.90

(3H, 5),2.38 (ZH,.dd, 1=172,6.5Hz),2.18 (6H, s).

IR (KBr): 3394, 3180, 2948, 2828, 1620, 1546, 1523, 1466 cm’” .

HRFABMS: Calcd. for C3H24FaNsOS (MH™): 432.1670. Found: 432.1638.

Anal. Caled. for C3;HssFaNsOS « 0.4 H,O: C, 57.49; H, 547; N, 15.96; S, 7.31. Found: C,

57.36; H, 5.45; N, 15.77; S, 7.27.

o Example C(il 1): 2-[4-(1-Acetyl-piperazin-4-yl)-phenylamino]-4-zmino-thiazol-3-y1-(2,6-
difluorophenyl)-methanone

Nez o

NN

M

N F

\ ==

F

>0

The title compound was prepared in a manner like that described for Example C(1). 1-
.Acetyl-4-(4-isothiocyanato-phcnyl)—piperazine (from Example C(97)) and 2-bromo-2’,6’-
difluoro-acetophenone (from Example C(79)) provided 320 mg (66% yield) of a cream-colored
solid, mp 298°C. _
"HNMR (DMSO-d¢): §7.44-7.58 (1H, m), 7.36 (2H, bd, ] =7.2 Hz), 7.18 (?H, dd. ] = 8.1, 7.5
Hz), 6.95 (2H,4d, ] = 9.0 Hz), 3.58 ( 4H, bs), 3.00-3.20 (4H, m), 2.05 (3H, s)
IR (KBr): 3389, 3154, 1607, 1601, 1542, 1419, 1231 cm™.

HRFABMS: Calcd. for C»H, FaNsOSNa (M+ Na™): 480.1282. Found: 480.1266.

Anal. Caled. for C2oH2NsO,F,S « 0.3 H,O: C, 57.08; H, 4. 70; N, 15.13; S, 6.93. Found: C,
56.95; H, 4.74; N, 15.16; §,6.82

e Example C(112): 2-[4-(1-Acetyl-piperazin-4-yl)-phenylamino]-3-aminc-thiazol-5-y1-(2.5-
dimethyl-thiophen-3-yl)-methanone

O

)]\N
l\/N hil
s
H
The title compound was prepared in a manner like that descriped for Example C(1).- 1-
Acetyl-4-(4-isothiocyanato-phenyl)-piperazine (from C(97)) and 3-bromoacetyl-2,5-dimethyl-
thiophene (from Example C(50)) provided 200 mg (53% yield) of 2 pale cream-colored solid, mp
282-283 °C.

88
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'HNMR (DMSO-d): §7.42 (2H, d, J = 9.0 Hz), 6.98 (2H, d, J = 9.0 Hz), 6.82 (1H, 5), 3.60
(4H, bs), 3.02-3.20 (4H, m), 2.46 (3H, 5), 2.38 (3, 5), 2.05 (3H, 5).

IR (KBr): 3401, 3166, 1637, 1601, 1542, 1425, 1231 e, |

HRFABMS: Calcd. for CpHyNs0,S; (MH*): 456.1528. Found: 456.1510.

Anal. Calcd. for CooHasNsO5Sa: C, 57.87: H, 5.74; N, 15.34; S, 14.05. Found: C, 57.85; H,
'5.53;N, 15.23; S, 14.20.

¢ Example C(113): 4-[4-Amino—5-(2—ﬂudro-6-triﬂuorome;hyl-bcnzoyl)-thiazol-2-ylamino]-

benzamide
Ha
o) 3‘ Fa
HaN S
: _)\Q"‘.‘ F
H

The title compound was prepared in a manner analogous to that used in Example C(1).
4-Isothiocyanato-benzamide (from Example C(102)) and 2—bromo-2’-ﬂuoro-6’;triﬂu0romethy1-
éc'ctophenone (from Example C(99)) p;dvided a crude product, which was purified via column
cﬁromatography- with a stepwise gradient of 8-10% EtOH/CHClI; to afford an axﬁorphous yellow
solid in 14% yield that decomposed above 145°C.
1HNMR (DMSO-de): 5 8.30 (1H, bs), 8.10 (1H, bs), 7. 94-7 82 (3H,m), 7.74-7.62 (DH m), 7.30
(lH, s).

HRFABMS (MH*)' Calcd.: 425.0695. Found: 425.0709.

Anal. Caled. for CigHN4O:SFs 09EtOH C,51.05; H,3.76; N, 12.03: S, 6.88. Found: C,
51.14;H,3.78; N, 12.36; S, 6.79.

. Example C(114): 4-[4-Amino-5 -(3-methyl-thiophene-z-carbqnyl)-thiazol-’l-ylamino]'-N-
methyl-benzenesulfonamide '

-H NHz
i P N .

The title compound was prepared in 2 manner analogous to that used in Example C(1).
4-IsothiOCYanato-N—methyl-bénzenesulfonarnide (from Example C(108)) and 2-bromoacetyl-3-
methyl-thiophene (from Example C(19)) provided a yellow solid in 57% yield, mp 197.0-
199.5°C. |
"HNMR (DMSO-de): 8 11.19 (1H, s), 8.24 (2H, bs), 7.86 (2H, d, J = 8.7 Hz), 7.75 2H, d, ] =

8.7 Hz), 7.65 (1H, d, J = 5.0 Hz), 7.36 (1H, q, ] = 6.1 Hz), 7.03 (1H, d, J = 5.0 Hz), 2.42 (3H, S),
2.41 (3H, d, ] = 6.1 Hz).
89




. HRFABMS (MH"): Caled.: 409.0463. Found: 409.0474.

Anal. Caled. for C1sH¢NsO5S3» 0.4 H,0: C,46.23; H, 4.07; N, 13.48; S,
46.28; K, 3.98; N, 13.38; S, 23.08.

e Example C(115): 4-[4-Amino-5-(2,4,6-trifluoro-benzoyl)-thiazo!-2-yl-amino]-

benzenesulfonamide

2-Chlore-2",4",6’-trifluoroacetophenone, which has the structural formula

3
Ct
T F

F, was first prepared as follows. To a mechanically stirred solution of 1,3,5-
trifluorobenzene (5.17 mL, 50.0 mmol) in dichloroethane (12.5 mL) was added gradually AlCl;
(13.4 g, 115 mmol) over 15 min. time period with caution. Violent bumping and HC) gas
evolution was observed. The 'mixmre was carefully heated 10 reflux, and chloroacetyl chloride
(6.20 g, 4.37 mL, 55.0 mmol) was added dropwise over 45 min. time period. After 6 hours at
reflux, the mixture was allowed to cool over 12 hours, then carsfully poured onto an ice/water
slush (~200 mL) and extracied with ether (3 x 50 mL). The combined ethereal layers were
washed with 10% aq. HC! (2 x 30 mL), IN agq. NaOH (3 x 30 mL), and brine (25 mL), dried
over MgS504-and evaporated to give 5.28 g (51%) of a yellow solid that was used without further
purification. (An analytical sample crystaliized from ether/hexane to give yellow microcrystals,
mp4345°C)
'THNMR (CDCly): §6.81 (2H, t, ] = 8.4 Hz), 4.54 (2H. 5.
IR (KBr): 1721, 1637, 1616, 1447, 1201, 1128, 1045 cm™L.
Anal. Caled. for CgH4CIF;0: C, 46.07; H, 1.93; Cl, 17.00. Found: C, 45.92; H, 1.95; Cl, 16.97.
The title compound was prepared essentially as described for Example C(1), except that
excess potassium t-butoxice (2.2 equivalents) was employed. 4-Isothiocyanato-
benzenesulfonamide and 2-chloro-2',4°,6 -trifluoroacetophenone gave a red-brown solid, which
was purified via column chromatography with 5% MeOH/CH:Cl, as eluant. Precipitation with
trace hexane in MeOH/CH.Cls gave 70 mg (33%) of yeliow amorphohs powder that

decomposad above 148°C.

IH NMR (CD;0OD): 67.91 (1H,s), 7.86 (4H, dd, I = 14.8, 69 Hz), 6.99 (2H, éd, ]
Hz).

=9.0,7.5

%0
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IR (KBr): 3278, 1602, 1549, 1425, 1155 cmm-1. :
HRFABMS. Caled for C1H 2F3N,05S, (MH"): 429.0303. Found: 429.0315.
Anal. Calcd for Ci¢H}F3N405S, » 1.1 H,O: C, 42.87; H,2.97; N, 12.50: S, 14.31. Found: C,
42,98, H,2.73; N, 12.12; , 14.48..

. Exa.mple C(116): {4- Ammo-2 [4-(4-methyl-p1perazme 1- sulfonyl)-phﬂnylarmno] thiazol-5-
yl} (2,6-difluoro-phenyl)-methanone

Hy '
HiCep ) @ F
v“‘.fﬂﬁf%
' H

1-Methyl-4»-(4—nitro-beniénesulfonyl)-piperazine, which has the structural formula

HgC-N/_\N-%—QN _
, was prepared in a manner analogous to that used for N-methy1-4—mtro-

benzenesulfonamide for Example C(108) (Khanna et al., J. Med. Chem., vol. 40 (1997), pp.
1619-1633). 4-Nitrobenzenesulfonyl chloride and 1-methylpiperazine gave 5.1 g (88% yield) of

- yellow solid, which was used without further punﬁcanon

4- (4—Methy1~p1perazme 1-sulfonyl)-aniline, which has the structural formula

OO
» Was prepared in 2 manner analogous to that used for N-methyl-4-
a:mno-benzenesulfona:mde for Example C(108). 1-Methyl-4-(4-nitro-benzenesulfonyl)-.

plpera.zme provided a gray solid in 99% yield, which was used in the next step without further
purification.

'"HNMR (DMSO-dq): §7.37 (2H, d, J = 8.8 Hz), 6.67 (2H, d, ] = 8.8 Hz), 6.16 (2H, bs), 3.30
(4H, bs), 3.03 (4H, bs), 2.58 (3H, 5). '

l-(4'-Isothiocyanatd-berizenesulfonyl)-4-methyl-piperazine, which has the structural

e OOy,
: S , was made in a manner analogous to 4-xsothlocyanato—

benzamide for Example C(102). 4-(4- Methyl-plperazme 1-sulfonyl)-aniline provided 1.1 g
(94% yield) of white crystals which were used without further purification.

'HNMR (CDCly): § 7.74 (2H,d, J = 8.6 Hz), 7.35 (2H, d, ] = 8.6 Hz), 3.27 (4H, bs), 2.77 (4H,
bs), 2.47 (3H, s). '

formula




N a =r
Ut ‘

“

The title compound was prepared in a manner analogous to that used in Example C(1).
1-(4-Isothiocyanato-benzenesulfonyl)-4-methyl-piperazine and 2-bromo-2’,6’-difluoro-
acetophenone (from Example C(79)) provided a yellow solid in 69% yiéld, mp 172-174°C.
'HNMR (DMSO-dg): §11.23 (1H, bs), 8.21 (2H, bs), 7.84 (2H, d, ] = 8.8 Hz), 7.69 (2H, d, ] =
8.8 Hz), 7.62-7.49 (1H, m), 7.22 (14, d,J = 7.8 Hz), 7.19 (1H, d,T = 8.1 Hz), 2.87 (4H, t, J = 4.5
Hz), 2.35 (4H,t,J =45Hz), 2.13 (3H, 5).

HRFABMS (MH": Calcd:: 494.1132. Found: 494.1120.
Anal. Calcd. for C;3)H;;N503S:F,+ 0.1 H,O « 0.5 CH;0H: C, 50.50; H, 4.57;N, 13.70; S, 12.54. .
Found: C,50.34; H,4.3%; N, 13.51; §, 12.63.

Example C(117): (4-Amino-2-{4-[(2-dimethylamino-ethyl)-methyl-amino]-phenylamino}-
thiazol-3-yl)-(3-methyl-thiophen-2-yl)-methanone
. N
3?\} N\ P
HiC- ™ N/Ls s
lCH! }"l ch‘k)

The title compound was prepared in a manner like that described for Example C(1). N-
(4_—Isothjocyanato—phenyl)-N,N',N'—tn'methyl-ethane-1,2-diarnine (from Example C(110)) and 2-
bromoacetyl-3-methyl-thiophene (from Example C(19)) gave, after purification via flash column
chromatography with MeOH:CH,Cl, (5:95) as eluant, a yellow foam in 70% yield. v
'HNMR (DMSO-dg): §7.22(1H,d,J=5.0Hz ),7.16 (2H,d,J=9.0Hz),6.72 (1H,d,7=5.0

Hz), 6.58 (ZH, d, 1 = 9.0 Hz), 3.44 (24, dd, ] = 7.7, 7.4 Hz), 3.00 (3H, s), 2.42 (3H, s), 2.3 (6H,
s). '

IR (KBr): 3377, 3269, 2937, 2821, 1609, 1543, 1518, 1423 cm’™".

HRFABMS: Calcd. for CooHasClaNsOSa (MHT): 416.1579. Found: 416.1594.

Anal. Calcd. for C50HasClL,NsOSs » 1 HoO: C, 55.40; H, 6.28; N, 16.15; S, 14.71. Found: C,
55.43;H,5.94; N, 16.37; S, 14.57.

e Example C(118): 4-{4-[4-Amino-3-(2,6-difluoro-benzeyl)-thiazol-2-ylamino]-phenvl }-1-
P y pneny

Ny
5 .
M~ N
Hic-N N/ /
e

methyl-piperazin-2-one
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4-(4-Nitro-phenyl)-piperazin-2-one, which has the strucrural formula

HN N—@—Noz -
, was first prepared in 2 manner analogous to tert-butyl [methyl-(4-nitro-

pheny!)-amino]-acetate for Example C(103). Piperazin-2-one (Aspinall et al., J. Amer. Chem.

Soc., vol. 62 (1940), pp. 1202-1204) and 4-fluoronitrobenzene furnished a yellow solid in 63%

yield, which was used without any further purification.

'H NMR (CDCl): 5 8.10 (24, d, J = 8.8 Hz), 6.80 (2H. d, ] = 9.2 Hz), 6.38 (1H, bs), 4.10 (2H,
5), 3.74-2.52 (4H, m).

1-Methyl-4-(4-nitro-phenyl)-piperazin-2-one, which has the structural formula

HgC;N N—C>—No2
, was next prepared as follows. To a suspension of 4-(4-nitro-phenyl)-

piperazin-2-one (500 mg, 2.26 mmol) in THF (5 mL) was added NaH (60 mg, 25 mmol). The

mixture was cooled to 0°C, iodomethane (162 uL, 2.59 mmol) was added, and then the mixture

was allowed to warm to ambient temperature. After 12 hours, the solvent was removed in vacuo

to give a yellow Agu‘m, which was treated with H,O. Tﬁe resultant yellow precipitate was filtered

off, washed with H,O, and dried under high vacuu’m for several hours to afford 420 mg (79%
yield). -

'HNMR (CDCl;): §8.18 (2H, d, ] =9.4 Hz), 6.78 (2H. d, ] = 9.4 Hz), 4.08 (2H, s), 3.68 (2H,

dd,J=4.7,3.6 Hz), 3.54 (2H,dd, ] = 4.9, 3.7 Hz), 3.02 (3H, 5).

4-(4-Amino-phenyl)- 1-methyl-piperazin-2-one, which has the structural formula

_ ' ,was prepared in a manner analogous to 4-(4-methyl-piperazin-1-yl)-

. aniline for Example C(70). 1-Methyl-4-(4-nitro-phenyl)-piperazin-2-one provided a brown gum,
whi;h was used without any further purification.

'H NMR (CDCl;): §6.78 (2H, d, ] = 9.0 Hz), 6.60 (2H.d, ] = 9.0 Hz), 3.76 (2H, 5), 3.44 (
dd,J =58,4.9Hz),3.20 (2H. dd. J =4.9,4.0 Hz), 3.02 (3H, s).

24

L5,

&

4-(4-Isothiocyanato-phenyl)-i-methyl-piperazin-2-one, which has the structural formul
—

\ £ .
H:C-N N—@—N -

—/ , was prepared in a manner analogous to 1-(4-isothiocyanato-phenyl)-:H-
imidazole for Example C(41). 4-(4-Amino-phenyl)-l-methyl-piperazin-’_’.-oﬁe gave a cream-

colorzd powder in 85% yield, which was used without further purification.
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"HNMR (CDCl;): 8 7.18 (2H, d, J = 9.0 Hz), 6.80 (2H, d, ] = 9.0 Hz), 3.90 (24, s). 3.50 (4H.,
bs). 3.70 (3H, s).

The title compound was prepared in a manner like that described for Exampie C(1). 2-

bromo-2',6’-difluoro-acetophenone (from Example C(79)) and 4-{4-isothiocyznate-phenyl)-1-
methyl-piperazin-2-one provided a yellow solid in 77% yield, mp >300°C.

"HNMR (DMSO-dg): §7.60-7.70 (1H, m), 7.48 (2H, bd, J = 8.3 Hz), 7.31 (2H,1,J = 7.9 H2),
7.09 (2H,d, J=9.0 Hz), 3.88 (2, s5), 3.58 (4H, bd, ] = 4.4 Hz), 3.02 (3H, s).

Anal. Caled. for C3;HgF2NsO,8: C, 56.88; H, 4.32; N, 15.79; S, 7.23. Founé: C, 56.81: H,
442;N,1583%8,731.

e Example C(119): [4—Amino—?_-(4-thiomorpholin—4-y]-phenylamino)—thiazol-S-yl]-(Z,6-

difluoro-phenyl)-methanone

NHp
o N [
N
H
™\
g N

4-Thiomorpholin-4-yl-aniline, which has the structural formula

first prepared as follows. 4-(4—Nitro-pheny])-tﬁiomorpholine (1.50 bc_r 6.70 mmol; Beach et al., J.

Chem. Soc. Perkin Trans. 2 (1984), pp. 217-221) and 10% P&/C (200 mg of wet DeGussa type,

50% by wt.) was stirred in ethyl acetate (20 mL) and MeOH (20 mL) under hvdrogen overnight
and filtered. The filtrate was concentrated in vacuo to give 1.28 g (98% yield) of white
crystalline flakes, which were used without further purification.

4-(4-Isothiocyanato-phenyl)-thiomorpholine, which has the structural formula

» was prepared in a manner analogous to 4-isothiocyanato-N,N-dimethyl-
benzenesulfonamide for Example C(109). 4-Thiomorpholin-4-yl-aniline provided a yellow
powder in 83% yield.

'"HNMR (CDCl3): §7.13 (2H,d,J=9.1Hz), 6.79 (2H, d,J=9.1 Hz), 3.39 (4K, ddd, ] =
5.0,2.6 Hz),2.72 (4H, ¢dd, ] = 5.2, 5.0, 2.6 Hz).

The title compound was prepared in a manner analogous to that used in Example C(1).

4-(4-Isothiocyanato-phenyl)-thiomorpholine and 2-br omo-27,6"-difluoro-acetophenone (from

Example C(79)) provided a veliow powder in 51% vield, mp 128-130°C.
{ I T F . :




(3117'—'

'HNMR (DMSO-de): & 10.64 (1H, s), 8.12 (2H, bs), 7.56-7.44 (15, m), 7.30 (2H, &, ] = 9.0

Hz),7.18 (1H, 4,3 = 7.7 Hz), 7.15 (1H, d, T = 8.1 Hz), 6.91 (2H, d, T = 9.0 Hz), 3.47 (2H. dd. I =
5.1,5.0 Hz), 2.65 (2H, dd, T = 5.1, 5.0 Ha). |
HRFABMS (MH"): Calcd.: 433.0968. Found: 433.0980.

Anal. Caled. for CyH1sN,OSF, » 0.2H,0: C, 55.08; H, 425; N, 12.85; S, 14.71. Found: C,
55.02 H, 4.14; N, 12.72; S, 14.53.

+ Example C(120): 4-{47[4-.Aﬁ1ino-5-(2,6-diﬂuoro-benzoyl)—thiazoI-Q-ylamino]-_;:"nenyl}-
piperazin-2-one »

4-(4-Amino-phenyl)-piperazin-2-one, which has the structural formula

F%NO—NHZ

, was prepared in a manner analogous to 4-(4-methyl-piperazin-1-yl)-aniline -
for Example C(70). 4—(4-Nit.ro-phenyl)—pipera.zin-?-dne (from Example C(113)) gave apale
brown oil in 100% crude yield, which was used without any further purification.

" 'HNMR (CD;OD): §7.02 (2H, d,J =8.7 Hz), 691 (2H, d, ] = 8.8 Hz), 3.81 (2H, 5), 3.59 (2H,
dd,1=35.9,4.8 Hz), 3.46 (2H, dd, ] = 5.9, 4.8 Hz).

4-(4dIsothiocyanato-phenyl)-pipe;azin-Z-one, which has the structural formula

05 ’
e
i'N\._/N_Q—N
imidazole for Example C(41). 4-(4-Amino-phenyl)-piperzzin-2-one provided a cream-colored
, solid, which was used without further purification.

'HNMR (CDCLy): §9.00 (1H, bs), 8.20 (2H, 4, J =9.0 Hz), 7.80 (2H, d, ] = 9.0 Hz), 4.50 (2H,
), 4.00-4.30 (4H, m).

» Was prepared in a manner analogous tol-(4-isothiocyanato-phenyl)-1H-

The title compound was prepared in a manner like that described for Example C(1). 2-
bromo-2’,6’-difluoro-acetophenone (from Example C(79)) and 4-(s-isothiocyanato-phenyl)-
piperazin-2-one provided a yellow solid in 56% yield, mp 280-282°C.

'HNMR (DMSO- dg): 0 9.12 (3H, bs), 8.32-8.44 (1H, m), 8.18 (2H, b4, J = 69I-u 8.05 (2 h
J=82Hz),7.78 (2H, d, ] = 9.0 Hz), 4.52 (2H, 3).

HRFABMS: Calcd. for CaoH3FaNs0,S (MH*): 430.1149. Found:

430.1138.

G5




Anal. Caled. for CaoH7F,NsO-S + 0.3 HoO: C, 55.24; H, 4.08; N, 16.11; S, 7.37. Found: C,

35.24; H, 410 N, 15.87; §,7.34.
e Exampie C(121): {4-Amino-2-[4-(4-cyciopropyimethyl-piperazin- l-yl) phenylamino]-

thiazol-5-y1}-(2.6-difluoro-phenyl)-methanons

a”@y{%

1-Cyclopropylmethyl-4-(4-nitro-phenyl)-piperazine, which has the suructural formula

N NOy
_ N , was first prepared as follows. To a suspension of 1-(4-nitro-phenyl)

piperazine (2.50 g, 12.1 mmol) in DMF (10 mL) was added anhydrous Nz;CO; (639 mg, 6.03

mmol) and bromomethylcyclopropane (585 pL, 6.03 mmol). The mixture was heated at 100°C
overnight, then allowed to cool and diluted with 20 (30 mL). The separated aqueous layer was
extracted with CHCI- (3x 50 mL). The combined organic layers were dried over Na,SOs,

filtered, and conce mrated under reduced pressure to give an orange-brown solid, which was

purified via flash column chromatography with 2.5% MeOH/CH,Cl, as eluant to give 2.65'g
(84% yield) of a yellow solid. This material was used without any further purification.
'H NMR (CDCl;): §8.10 (2H, d, ] =10.7 Hz), 7.11 (2H, d,J = 9.5 Hz), 3.45 (4H, dd, ] = 5.3,

5.1 Hz), 2.65 (4H, d4, J =5.3,5.1 Hz), 2.29 (2H, d, ] = 6.6 Hz), 0.84-0.98 (1H, m), 0.50-0.38
(2H, m), 0.10-0.15 (2H, m).

4-(4-Cyclopropylmethyl-piperazin-1-yl)-aniline, which has the suuctural formula

<‘\_/'—\

\ ik , was prepared in a manner analogous to4-(4-methyl-piperazin-1-yl)-
aniline for Example C(70). 1-Cyclopropylmethyl-4-(4-nitro-phenyl)-piperazine furnished a red
solid in 99% crude yield, which was used without further purification.

'H NMR (CDCl:): & 6.85 (2H, d, J=9.9 Hz), 6.62 (2H, &, ] = 8.8 Hz), 3.42 (2H, bs), 3.10 (4H,
dd,J=35.1,4.8 Hz), 2.69 (4H,dd, J = 5.1, 4.9 Hz), 2.30 (2K, d. ] = 6.5 Hz), 0.90-0.98 (1H, m),
0.50-0.56 (2H, m), 0.10-0.15 (2H, m).

1-Cyclopropylmethyl-4-(4-

S
—_ ¢
formula =

isothiocyanato-phanyi)-piperazine, which has the siruc J

, was prepared in a manner analogous tol-(4-isothiocyanato-
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phenyl)-lH-irnidazole for Example C(41). 4-(4-Cyclopropylmetf1yl-p1peraz1n-l-yl)-aniline gave

a dark-brown oil in 95% crude yield, which was used without further purification. :

'H NMR (éDCl3): 8 6.80 (2H, d, J=9.0 Hz), 6.68 (2H, d, J = 9.1 Hz), 3.08 (4H, bs), 2.55 (4H,

bs),2.10 (2H, d; J = 6.2 Hz), 0.65-0.80 (1H, m), 0.42 (2H, d, ] = 8.0 Hz),0.00 (2H,d,J =46
Hz).

The title compound was prepared in a manner like that described for Example C(1). 1-

Cycloprooylmethyl-4»-(4-1soduocyanato -phenyl)-piperazine and 2-bromo-2’,6’-difluoro-
acetophenone (from Example C(79)) provided, after crystalhzéxion ﬁorn EtOH, a yellow solid in
17% yield, mp 215-218°C.

lH NMR (DMSO de): & 10.60 (lH s), 8.04 (2H, bs), 7. 46 7.56 (1H, m), 7.18-7.20 (7H m), 7.08

(_H dd,J=8.0,7.7 Hz), 6.82 (2H, d, ] = 9.1 Hz), 2.98-3.03 (4H, m), 2. 47 (4H, bs),2.12 (2K, ¢,
J=6.6 Hz), 0.72-0.78 (1H, m), 0.34-0.42 (2H, m), 0.00-0.12 (2H, m).
IR (KBr): 2917, 1620, 1513, 1428 cm™'.

HRFABMS: Calcd. for C24HasFaNsOSCs (M+Cs™): 602.0802. Found: 602.0818.
Anal. Caled. for C2HasFaN50S « 0.5 H,0 « 0.1 EtOH: C, 60.16; H, 5.55; N, 14.49: S, 6.64. -
Found: C,59.94; H, 5.24; N, 14.19; , 6.92.

* Example C(122): [4-Amino-2- (4- pyndm-4-yl -phenylamino)-thiazol-5-yl]- (2 6-difluoro-

phenyl)-methanone
Hz
N
N
H

' NH,
4-Pyridin-4-yl-aniline, which has the structural formula Q_Q— , was first

prepared as follows. A mixture of 4-(4-nitro-phenyl)-pyridine (600 mg, 3.0 mmol; Wang et al,,
J. Phys. Chem., vol. 99 (1995), pp. 6876-6888) and 10% Pd/C (100 mg) in EtOH (20 mL) was
stirred under a hydrogen atmosphere overnight. The catalyst was filtered off and the filtrate
concentrated in vacuo to provide 510 mg (100% yield) of white solid.

'HNMR (CDCL;): §8.59 (2H, dd, J = 6.2, 1.6 Hz), 7.51 (2H, d, ] = 8.6 Hz), 7.46 (2H, dd, J =
6.2, 1.6 Hz), 6.79 (2H, d, J = 8.6 Hz).

4-(4-Isothiocyanato-phenyl)-pyridine, which has the structural formula

— .
N\\__/>—®—NCS

» Was prepared as follows. To 4-pyridin-4-yl-aniline (200 mg, 1.18 mmol)
in THF (35 mL) at 0°C was added in succession Et;N (0.33 mL, 2.4 mmol) and thiophosgene (99
97




#l, 1.29 mmol) dropwise. After 20 min. at 0°C, then ambient temperature for 10 min., the
solvent was evaporated. The residue was suspended in water, filtered, washed with minimal
water, and dried under vacuum to give a brown solid, 240 mg (96%), which was used without

further purification.

'HNMR (CDCl;): & 8.62 (2H,d,J=6.3 Hz), 7.57 (2H, d, J = 8.6 Hz), 7.45 2H, d, ] = 6.3 Hz),
7.27 (2H, d,] = 8.6 Hz).

The title compound was prepared in a manner analogous to that used in Example C(1).
4-(4-Isothiocyanato-phenyl)-pyridine and 2-bromo-2’,6’-difluoro-acetophenone (from Example
C(79)) provided, after recrystallization from EtOH, a brown powder in §4% yield, mp >300°C.
'"HNMR (DMSO-dg): §11.08 (1H, s), 8.61 (2H, d, J= 6.0 Hz), 8.25 (2H, bs), 7.85 (2H, d, ] =
8.8 Hz),7.73 (2H, d, = 8.8 Hz),7.71 2H, d,J = 6.0 Hz), 7.61-7.49 (1H, m), 7.23 (14, d, ] =
7.7 Hz),7.20 (1H, d, ] =8.1 Hz).

HRFABMS (MH™): Calcd.: 409.0933. Found: 409.0921.

Anal. Caled. for C3H4N4OSF;+ 0.4 H,O » 0.3 EtOH: C, 60.41; H, 3.90; N, 13.05; S, 7.47.

Found: C,60.51; H, 3.65; N, 12.69; S, 7.86.

s Example C(123): {4-Amino-2-[4-(4-carbamoyl-piperazin-1-yl)-phenylarnino}-thiazolé-,yl I-
(2,6-difluoro-phenyl)-methanone

'S

k/N

1-Carbamoyl-4-(4-nitro-phenyl)-piperazine, which has the structural formula

P
HZ’}-U—O_NOE, was first obtained according to a procedure from Cain 2t 21, J. Med.
Chem., vol. 20 (1977), pp. 987-996, wherein 1-(4-nitrophenyl)piperazine was treated with
potassium cyanate to provide a wfﬁte solid, 705 mg (99%), which was used without further |
purification.
'HNMR (CDCl3): § 6.71 (2H,d,J=8.6 Hz), 6.50 (2H, d. ] = 8.6 Hz), 5.97 (2H, bs), 4.58 (2H,
bs), 3.39 (4H, dd, J =5.1, 49 Hz), 2.82 (4H, dd, ) = 5.1, 4.9 Hz).

1-(+-Amino-phenyl)-4-carbamoyl-piperazine, which has the formula

/N
%_N\_/N—Q_NHQ ’
H2N » Was next prepared as follows. A mixture of 4-(4-nitro-phenyl)-

piperazine-1-carboxylic acid amide (760 mg, 3.22 mmol), 10% P&/C (120 mg), MeOH (20 mL),

and THF (20 mL) was stirred under hvdrogen for 2 hours. The catalyst was filtered off and the
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filtrate concentrated in vacuo to provide a white solid,-705 mg (99%), which was used without
further purification.

'"HNMR (CDCL3): 86.71 (2H, d, J = 8.6 Hz), 6.50 (2H, 4, J = 8.6 Hz), 5.97 (2H, bs), 4.58 (24,
bs), 3.39 (4H, dd, J =5.1,4.9 Hz), 2.82 (4H,dd, J = 5.1, 4.9 Hz).

1-Carbamoyl-4-(4-isothiocyanato-phenyl)-piperazine, which has the siructural formula

0>_ ™\
N
KN/ , was prepared as follows. To a suspension of 1-(4-amino-phenyl)-4-
carbamoyl-piperazine (300 mg, 1.36 mmol) in THF (30 mL) at -35°C was successxvely added
73 mmol) and thiophosgene (104 pl, 1.36 rnmol) dropwise. The

solvent was evaporated and the tarry residue diluted with water. The resultant light brown solid

triethviamine (0.38 mL, 2

was filtered off, washed with a small amount of water, and dried under vacuum to afford a brown
powder, 337 mg (94% yield), which was used without further purification.
"HNMR (CDCl;): 3 7.08 (2H, d, J = 9.0 Hz), 6.7

6 (2H, d, J=5.0 Hz), 4.45 (2H, bs), 330 (4H
dd,J=5.4,5.0 Hz), 3.15 (4H, dd, ] = 5.4, 5.0 Hz).

The title compound was prepared in a manner analogous to that used in Example C(1).
1-Carbamoy!-4-(4-isothiocyanato-phenyl)-piperazine and 2-bromo-2’,6'-difluoro-acetophenone
(from Example C(79)) provided 2 light-gray powder in 45% yield, mp 278.5-279°C.

'HNMR (DMSO-d): 8 10.69 (1H, s), 8.16 (2H, bs), 7.63-7.51 (1H, m). 7.38 2H, d, = 9.0

Hz),7.25 (1H, d, 1 =7.8 Hz), 7.21 (14, d,J = 7.9 Hz), 70”(7H d, ] =9.0 Hz), 6.09 (24, bs
3.48 (2H,t,1=4.7 Hz),3.11 (2H, t, ] = 4.7 Hz).

HRFABMS (M+Na"): Calcd.: 81.1234. Found: 431.1246.

Anal. Caled. for C5 HagNgO,SF;+ 0.5 H-O: C, 53.95; H,4.53; N, 17.98; S, 6.86. Found: -C,
53.92; H,4.35; N, 17.64; S, 6.64.

.
®

Example C(124): {4-Amino-2-[4-(3R,4-dimethyl-piperazin-1-yl)-phenylamino]-thi azol-5-
y1}-(2,6-difluoro-phenyl)-methanone

3R-’\/Ietnvl 1-(4-niro-phenyl)-piperazine, which has the structural formula

/\

HaC , was made first as follows. (R)-(-)-2-Methylpiperazine (186 mg, 1.86

mmol), 1-fivoro-4-nitrobenzene (131 mg, 0.93 mmol), EuN (0.26 mL, 1.86 mmolﬁﬁ and

acetonitrile (2 mL) was refluxed overnight and then concentrated in vacuo. The residue was
99 , :




suspended in water and the resultant solid was filtered off, washed with minimal .watsr, and dried
under vacuum to provide a bright yellow solid 128 mg (62% yield), which was used without
further purification.
'HNMR (CDCl3): 88.12 (2H, d, J =9.5 Hz), 6.82 (24, d, J = 9.5 Hz), 3.80-3.71 (2H, m), 3.18-
3.08 (1H, m), 3.04-2.88 (3H, m), 2.58 (1H, dd, } = 12.3, 12.3 Hz), 1.16 (3H, 4, ] = 6.3 Hz).
1,2R-Dimethyl-4-(4-nitro-phenyl)-piperazine, which has the structural formula
OO

» was prepared as follows. A mixture of 3R-methyl-1-(2-nitro-phenyl)-
piperazine (124 mg, 0.56 mmol), sodium formate (93 mg, 1.37 mmol), formic acid (1.3 mL), and
formalin (1.5 mL) was stirred at 80°C overnight, cooled, poured into ica/water, and extracted
with CHCl;. The organic layer washed with brine, dried over N2,SO., and concentrated to give
116 mg (71% yield) of yellow crystals, which were used without further purification.
. 'HNMR (CDCl): §8.12 (2H,d,J=9.4Hz), 6.82(2H, d,] =94 Hz),3.76 (1H, d, J = 12.4 E2),
3.67 (1H, 4,1 =124 Hz),3.14 (1H, ddd, J = 12.4, 11.7, 1.5 Hz), 2.90 (1H,d,J=11.7Hz2),2.74
(1H,dd, =117, 10.9 Hz), 2.40 (1H, m), 2.34 (3H, 5), 2.22 (1H, m), 1.16 (3I-i, d,J=6.3Hz).

4—(3R,4?Dimethyl—piperazin-l-yl)-aniline, which has the structural formula

HiC

' » was made as follows. A mixture of 1,2R-dimethyl-4-(4-nitro-phenyl)-
piperazine (168 mg, 0.71 mmol), 10% P&/C (30 mg), and MeOH (10 mL) was stirred under
hydrogen for 1.5 hours. The catalyst was filtered off and the filtrate concentrated in vacuo to
provide 2 cloudy yellow oil, which was used without further purification.

'HNMR (CDCL): & 6.91 (2H,d.J=8.8 Hz), 6.75 (2H, d, ] = 8.8 Hz), 3.66-3.32 (4K, m), 3.03-
2.89 (2H, m), 2.63-2.43 (2H, m), 2.44-2.36 (1H, m), 2.44 (3H, s), 1.22 (3H, d J=6.1Hz).

4-(4-Isothiocyanato-phenyl)-1,2R-dimethyl-piperazine, which has the structural formula
HiC~ {3~ Snes

HsC , was preparzd as follows. To 4-(3R,4-dimethyl-piperaz

perazin-1-yl}-aniline
(0.71 mmol) in THF (15 mL) at -35°C was added in succession Et;N (0.20 mL, 1.43 mmot) and
thiophosgene (58 111, 0.75 mmol) dropwise. The solvent was evaporatad and the residus
partitioned with CHC; and water. The organic laver was dried with N2.SO. and concentraiad to

furnish a brown powder, 184 mg, which contained trace Et;N by NMR, but was sufficient for use
without further purification.
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'HNMR (CDCl3): 8 7.12 (7H d,J=9.1Hz),6.82 (2H, d, J 9.1 Hz), 3.58-3.46 (7H m), 3.13-
3.03 (2H, m), 2.89- 2.75.(1H, m), 2.65-2.41 (2H, m), 2.49 (3H, ), 1.27 3H, 4,J = 6.3 Hz).

The title compound was prepared in a manner analogous to that used in Example C(1).
t-(4-Isothiocyanato-phenyl)-1,2R-dimethyl-piperazine and 2-bromoe-2',6’-difluoro-acetophenone
(from Example C(79)) provided a yellow powder in 57% yield, mp 115-118°C.

'HNMR (DMSO-de): § 10.65 (1H, bs), 8.15 (2H, bs), 7.62-7.30 (1H, m), 7.35 (2H, d, ] = 6.0
Hz),7.23 (1H, d, J = 7.7 Hz), 7.20 (1H, d, ] = 8.0 Hz), 6.97 (2H,4d, ] = 9.0 Hz), 3.59-3.49 (2H,
m), 3.34 (3H, s), 2.90-2.72 (2H, m), 2.40 (1H, t, ] = 10.9 Hz), 2.28-2.05 (2H, m), 1.09 3H,d,J =
6.2 Hz),.

HRFABMS (MH"): Calcd.: 444.1670. Found: 444.1656.
Anal. Calcd. for C22H3NsOSF,« 0.8 H,O « 0.6 t-BuOH: C, 58.33: H, 6.14; N, 13.94; S, 6.38.
Found: C, 58.38; H, 5.92; N, 13.89; S, 6.33

o Exampie C(125): {4-Amino-2-[4-(3S 4-dimethyl-piperazin-1-yl)-phenylamino]-thiazol-3-
y1}-(2,6-difluoro-phenyl)-methanone

HaCy'™ ™

3\/"’\@\ )..
4-(4-15othiocyanato-phenyl)-I,ZS-dimethyl-piperazine, which has the structural formula

——CN—@—NCS ’

7

» Was prepared according to the route employed for its enantiomer, 4-(4-
isothiocyanato-phenyl)-1,2R-dimethyl-piperazine for Example C(124). ‘The resultant yellow
powder displayed a comparable NMR spectrum and was used without further purification.

The title compound was prepared in a manner analogous to that used in Example C(1).
4 (-‘--Isothioéyanaﬁtd-phenyl) 1,25-dimethyl-piperazine and 2-bromo-2’,6'-difiuoro-acetophenone
(frormi Example C(79)) provided a yellow powder in 77% yield, mp 110- 116 C.
'HNMR (DMSO-dg): §10.65 (1H, bs), 8.15 (2H, bs), 7 62-7.50 (1H, m), 7.35 (2H,d,J =9.0
Hz),7.23(1H, d,J = 7.7Hz), 7.20 (1H, ¢, J = 8.0 Hz), 6.97 (2H, d, ] = 9.0 Hz), 3.59-3.49 (2H,
m), 3.34 (3H, 5), 2.90-2.72 (2H, m), 2.40 (1H, 1, ] = 10.9 Hz).2

28-2.05 (2H, m), 1.09 (3H,4d,J =
6.2 Hz).

IR (KBr): 3386, 3274, 3168, 2970, 2807, 1620, 1589, 1547, 1517, 1464 1429, 1238, 1001 cra”.
HRFABMS (MH™): Calcd.: 444.1670. Found: 444.1659.
Anal. Caled. for C22Ha3NsOSFy+ 0.7 H-O » 0.2 t-BuOH: C

found: C, 53.06; H, 5.61; N, 14.58: S, 6.90.

-

.58.15; H,5.65; N, 14.87: S, 6.81.
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o Example C(126): (4-Amino-2-{4-{(3-dimethylamino-propyl)-metkyvl-2mino}-phenylamino}-
thiazol-5- ¥1)-(2,6-difluoro-phenyl)-methanone

NH2
" ﬁ—%g
\/\ "‘)—

N-(4-N itroohcnvl)-N,N' N’-trimethyl-propanc-l ,3-diamine, which has the structural

\/\’ O
formula " , was first prepared in a manner znalogous 1o tert-butyl

[methyl-(4-nitro-phenyl)-amino}-acetate for Example C(103). 4-Fiuorenitrobenzene and

HaC

N,N,N’-trimethyl-propanediamine gave a yellow oil, which was heatec up t0 280°C at | torr to
remove starting materials, furnishing an orange oil, 4.26 g (85% cruce vield), which was used
without any further purification.

"H NMR (CDCls): §8.10(2H, ddd, J=9.5,8.2,5.3 Hz), 6.64 (2H, ddd, J = 9.5, 8.2, 5.3 Hz),
3.50 (2H,t,J = 7.2 Hz), 3.08 (3H $),2.07 (3H, 1, } = 6.8 Hz), 2.23 (6H. 5), 1.72-1.82 2H, m).

y e

N-{4-Aminophenyl)-N,N’,N’'-propane-1,3-diamine, which has the structural formula
e

Hf N
A~

Mz was prepared as follows. A mixture of N- -(4-nitrophenyl)-N,N',N’-
trimethyl-propane-1,3-diamine (1.72 g, 7.25 mmo!), tin(II) chloride dihydrate (8.05 g, 36.2
mmol), dioxane (25 mL), and ethano! (5 mL) was heated at reflux for 2.5 hours, then allowead to
cool. To the resultant mixture was added sat ag. Na»COj; until no gas evolution was observed.
Celite was added to ease subsequent filtering. The solids were rinsed with MeOH, and the
filtrate was concentrated under reduced pressure and extracted with 10% MeOH/CHCI; (4x).
The combined extracts were washed with brine, dried over N2;SOs, 2nd evaporated to give a
black oil, which was purified via column chromatography with alumina (neutral, activity I) and

1% MeOE/CH,Cl; as elvant to afford 0.39 g (26%) of a darkening brown oil that was used

without further purification.

'HNMR (CDCl): & 6.67 (4H, dd, J = 9.0, 8.6 Hz), 3.22 (2B, t, J=7Z2HED

(2H, 4,1 =7.53Hz),2.25 (€4, 5), 1.70 (2H, p. I = 7.4 Hz).
N-{(4-Isothiocyanate-phenyl)-N, N’ N’-trimethyl-propane-1,3-Ziamine, which has th=

H':(P X
2 A &
o i \Q £
) 1 .
structural formula N , Was prepared in a manner znalogous to 4-(4-

isothiocyanaio-phenyl)-1,2R-dimethyl-piperazine for Example C(124). N-(4-Aminophenyl)-
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N,N’,N’-propane-1,3-diamine provided a black oil in 86% crude yiefd, which was used without
further puriﬁczf.tion. .
'HNMR (CDCly): 8§7.09 (2H, d,] = 9.0 Hz), 6.59 (2H, d, ] =9.0 Hz), 3.38 (2H, ] = 7.2 Hz),
2.94 (3H,5),2.36 (2H,t,J = 7.2 Hz), 2.29 (6H, 5), 1.7 H, p, ] = 7.2 Hz).

IR (KBr): 2127, 1605, 1514, 1379 cm™.

The title compound was prepared in a manner like that described for Example C(1). N-
(4-Isothiocyanato-phenyl)-N, N’ ,N’-trimethyl-propane-1,3-diamine and 2-bromo-2',6’-difluoro-
acetophenone (from Example C(79)) afforded a brown oil, which was punﬁed via flash column
chromatography with a stepwise gradient of 7-14% MeOH/CHCI; and precipitated from
CH:Cla/hex to provide an amorphous yellow solid in 51% yield, mp 115-120°C (decomp).
"HNMR (DMSO-dg): §10.50 (1H, bs), 8.05 (2H, bs), 7.50 (1H, ddd, I = 15.3, 8.4, 6.7 Hz),
7.10-7.35 (4H, m), 6.68 (2H, d, J =9.1 Hz), 2.84 (3H. 5), 2.27 (2H, 1, } = 7.2 Hz), 2.16 (6H. 5)
1.61 (2H, p, ] =7.3 Hz).

IR (KBr): 3393,3279, 3165, 2951, 1619, 1545, 1524, 1462, 1436 cm.
HRFABMS: Calcd. for CnH1FaNsOS (MH™): 446.1826. Found: 446.1810.

Anal. Caled. for C3;Ha3FaN5sOS « 0.8 Ho0 « 0.4 CeHya: C, 59.28; H, 6.56; N, 14.16; S,6.49. .
Found: C, 59.37; H, 6.31; N, 13.76; S, 6.26.

Example C(127): (2,6-Difluoro-phenyl)-{2-[4-(4-pyridin-4-yl-piperazin-1-yl)-
phenylamino]-thiazol-5-yl}-methanone

Ha

@”@%

-(4-Nitro-phenyl)-4-pyridin-4-yl-piperazine, which has the structural formula
OO
- , wWas prepared in a manner analogous to tert-butyl [methyl-(4-nitro-

phenyl)-amino}-acetate for Example C(103). 4-Fluoronitrobetizene and 1-(4-pyridyl)piperazine

(Ratous et. al., J. Med. Chem., vol. 8 (1965), pp. 104 107) gave a brown powder in 27% yield,
which was used without further purification.

iHNMR(CD}OD) 88.20 (2H, d, 1 =35.0Hz), 8.08 (ZH, d, J~9LHZ) 7.04 (2H, d,] =9.5 Hz).
62-3.68 (4H, m), 3.50-3.56 (4H, m). ‘
4-(4-Pyridin-4-yl-piperazin-1-yl)-aniline, which has the structural formula

/’—\
\_/

_< >—NH2 " -
, was prepared in a maanner analogous to 4-(4-methyl-piperazin-1-yl)-

103 -
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aniline for Example C(70). 1-(4-Nitro-phenyl)-4-pyridin-4-yl-piperazine afforded a brown
powder in IQO% crude yield, which was used without further purification.

'H NMR (CD;OD): & 8.16 (2H, d, J = 6.7 Hz), 6.90 (4H, bd, ] = 8.9 Hz), 6.74 QH, d, ] = 6.6
Hz),3.56 (4H, dd, ] =5.3,5.0 Hz), 3.14 (4H, dd, 1 = 5.0, 4.2 H2).

1-(4-Isothiocyanato-phenyl)-4-pyridin-4-yl-piperazine, which has the structural formula
NQ—NC\JN—O_N“Q\S o -

- » Was prepared as follows. To a solution of 4-(4-pyridin-4-yl-
piperazin-l-yl)-aniline (2.00 g, 7.86 mmol) in 10% aq HC1 (10 mL) was added thiophosgene
(720 uL, 9.43 mmol). After 0.5 hour, the resultant yellow precipitate was filtered off, washed
with sat ag NaHCO;3 and H,0, and dried under high vacuum to give 1.9 g (82% yield) of a
yellow powder, which was used without further purification.

'H NMR (DMSO-de): 86.73 (4H, d, J =8.8 Hz), 6.51 (4H, d,] = 8.8 Hz), 3.32 (4H, bs), 3.29
(4H, bs). '

The title compound was prepared in a manner like that described for Example C(1). I-
(4-Isothiocyanato-phenyl)-4-pyridin-4-yl-piperazine and 2-bromo-2’,6’-difluoroacetophenone
(from Example C(79)) provided, after recrystallization with trace DMSO in MeOH/CHCl;, a
pale tan powder in 30% yield, mp 155-157°C.

'H NMR (DMSO-de): §8.16 (2H, d, ] = 6.0 Hz), 8.04 (1H, bs), 7.40-7.52 (1H,m), 7.32 (2H, ¢,
J=8.7Hz),7.15(2H,1,J = 7.7 Hz), 6.96 (2H, d,J = 9.0 Hz), 6.85 (2H, d, ] = 5.5 Hz), 3.60 (4H,
bs).

HRFABMS: Calcd. for CosHasFaNsOS (MH™): 463.1622. Found: 493.1606.

Anal. Caicd. for CasH3FaNgOS « 0.7 MeOH ¢ 0.1 CHCl; 0.1 DMSO: C, 58.40; H, 4.81; N,
15.72; S, 6.60. Found: C, 58.38; H, 4.50; N, 15.37; S, 7.00.

Example C(128): {4-Amino-2-[4-(1-methyl-[1,4}-diazepan-4-yl)-phenylamino]-thiazol-5-
y1}-(2,6-difluoro-phenyl)-methanone

|2

-
F
F

N=
N/ \ N e

H

1-Methyl-4-(4-nitro-phenvl)-[ 1,4]diazepane, which has the structural formula

» was preparzd in a manner analogous 10 tert-butyl [methyl-(4-nitro-
phenyl)-amino]-acetate for Example C(103). 1-Methvl-homopiperazine provided a yellow
powder in 93% yield, which was used without further purification.
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'"H NMR (CDCl3): §8.12 (2H, d, J = 9.5 Hz), 6.64 (2H, d, J = 9.5 Hz), 3.56-3.70 (4H, m), 2.74
(2H,dd,} =49, 3.3 Hz), 2.58 (2H, dd, ] = 5.6, 5.4 Hz), 2.40 (3H, s}, 2.00-2.08 (2H, m).

4-(4-Methyl-[ 1,4]diazepan-1-yl)-aniline, which has the structural formula

(\\ N-\__/—NHz

» Was prepared in a manner analogous to 4-(4-methyl-piperazin-1-yl)-aniline
for Exampie C(70). 1-Methyl-4—(4—nitro-pheny1)—[l,4]diazepane furnished a purple oil in 100%
crude yield, which was used immediately without further purification..
'"H NMR (CDCL3): §6.68 (2H, d, T = 12.2 Hz), 6.60 (2H, d,J=6.8 Hz),3.52 (2H, dd, ] = 4.8,
4.7Hz), 343 (2H,t,J = 63Hz) 271(7H dd,J=49,47 Hz),2

.58 (2H, dd, 1 =5.3, 5.4 Ha),
2.38 (3H, s), 1.95-2.04 (1H, m). '

1-(4-Isothiocyanato-phenyl)-4-methyl-[ 1,4]diazepane, which has the structural formula
FNO N .
A S, was prepared in 2 manner analogous 1o 1-(4-isothiocyanato-phenyl)-1H-
imidazole for Example C(41). 4-(4-Methyl-[1 ,4]diaze_pan-1-yl)-aniline gave a crude product that
 was extracted with CHCI; to eventually afford a black oil in 85% crude yield. This material was
used immediately without any furthér purification. _
'HNMR (CDCL3): 87.02(2H,d,J =9.0 Hz), 6.56 2H,d, J=9.0Hz),3.54 (2H,dd, ] =4.8,4.8
Hz), 3.45 (2H, t, J = 6.3 Hz), 2.67 (2H, dd 1=49,48 Hz),2

53(2H, dd, 1 =56, 5.4'Hz), 2.36
(3H,s), 1.97 (2H, p, I = 5.7 Hz). '

- The title compound was prepared in a manner like that described for Example C(1).
1{4-Isothiocyanato-pheny!)-4-methyl-[1,4]diazepane and 2-bromo-2’,6’-difluoro-acetophenons
(from Example C(79)) provided, after crystallization from boilin 2 EtOH, a light-tan powder in
| 26%yield, mp 138-140°C. |

'"H NMR (DMSO-de): & 8.05 (1H, s), 7.42-7.52 (1H, m), 7.10-7.22 (4H, m), 6.64 (2H, d, ] =9.1

HZ),'3.36-3.52 (4H, m), 2.58 (2H, dd, I =4.8, 4.7 Hz),
s), 1.82-1.92 (2H, m). '

242 (2H,dd, J=5.6,5.4Hz),2.25 (3H,

HRFABMS: Calcd. for C2,HyFaNsOS (ME™): 444 1670 Found: 444.1656.

Aral. Caled, for C22Hy3FaNsOS « 0.5 B,0 + 0.8 EtOH: C, 57.92; H, 5.93; N, 1431

; S, 6.55.
Found: C, 38.05; H, 5.69; N, 14.15; S, 6.55.
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e Example C(129): 3-({4-[4-Amino-5-(2,6-difluorobenzoyl)-thiazol-2-yl-amino]-phenyl }-
methylamino)-propionitrile

3-[Methyl-(4-nitro-phenyl)-armino]-propionitrile, which has the structural formula

HaG
N
NCN @NOZ

‘of 2 40% solution in MeOH) was added to a suspension of N-methyl-4-nitroaniline (5.00 g, 32.9

mmol) and acrylonitrile (7.23 mL) in dioxane (80 mL). The resultant solution was heated at

, was prepared as follows. Benzyltrimethylammonium hydroxide (7.23 mL -

55°C for 3.5 hours, then poured into water, and extracted with 20% isopropanol in chioroform.
The separated organic layer was washed with water, dried over K-COj3, and concentrated to 2
suspension of yellow solid, which was diluted with ether. The solid was filtered off and dried

under vacuum to obtain 6.15 g (91 % yield) of yellow solid, which was used without further
purification. '

'HNMR (CDCl): §8.17 (2H,d, J = 9.4 Hz), 6.66 (2H, d, ] = 9.4 Hz), 3.82 (2H, t, J = 6.7 Hz),

3.19 (3K, s), 2.66 (2H, t,J = 6.7 Hz).

3-[(4-Amino-phenyl)-methyl-amino]-propionitrile, which has the structural formula

HaG .
N
e \O‘NH - . . .
?, was prepared in a manner analogous to 4-(3S,4-dimethyl-piperazin-1-yl)-
henylamine for Example C(134). 3-[Methyl-(4-nitro-pheny!)-amino]-propionitrile gave a
P P Y
brown oil in 100% yield, which was used without further purification.
"HNMR (CDCl;): & 6.68 (4H, s),3.57 2H, t, J=7.0 Hz). 2.90 (3K, 5), 2.51 QH. t, ] = 7.0 Hz).

3-[(4-Isothiocyanato-phenyl)-methyl-amino]-propionitrile, which has the structural

, Was prepared in a manner anaiogous to 4-{4-isothiocyanato-
phenyl)-1,2S-dimethyl-piperazine for Example C(134). 3-[(4-Amino-phenyl)-methyl-amino]-
propioniuile gave a brown solid in 95% yield, which was used without further purification.
'HNMR (CDClL): 87.15(2H,d,J=9.1 Hz), 6.62 (2H, d. T = 6.1 Hz), 3.72 (2H, t, ] = 6.8 Hz),
3.05 (3H,s), 2.58 (2H, t. I = 6.8 Hz). '

The title compound was prepared in 2 manner analogous 1o that used in Example C(1).

53-[4-(4-Isothiocyanato-phenyl)-methylamino}-propionitriie and 2-bromo-2’,6'-difluoro-

-
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acetophenone (from Example C(79)) provided an amorphous yellow p-owder in 66% yield, mp
120-130°C (dzcomp). .
'HNMR (DMSO-dg): §10.52 (1H, bs), 8.10 (2H, bs), 7.49 (1H, ddd, I = 15.3, 8.2, 6.7 Hz), 7.26
(2H, bd, J = 8.2 Hz), 7.15 (24, dd, J = 8.1, 7.7 Hz), 6.76 (”H d, J=9.1Hz),363 (2H,t,J=6.7
Hz),2.91 (3H, s), 2.69 (2H, t, i= 6.7 Hz).

IR (KBr): 3417,3309, 1618, 1548, 1523, 1463, 1436, 1376, 1356, 1234, 1001 cm™.
HRFABMS Caled. for CyoH sNsOSFaNa (M+Na"): '436.1020. Found: 436.1030.

Anal. Calcd. for C2oH;7N508F, * 0.2 H,O « 0.45 t-BuOH: C, 38. 13; H,490;N, 15.55; S, 7.12.
Found: C, 57.88; H, 4.79; N, 15.16; S, 6.95.

Example C(130): 2-{4-Amino-2-(4-nitro-phenylamino)-thiazole-3-carbonyl]-phenyl
Benzoate

The title compound was prepared essentially as.described for F:xample C(1). In
addition, two other reaction products were isolated after flash column chromatography and
identified: characteristics for (Z)- and (E)-4-(2-hydroxy-phenyl)-3-(4-nitro-phenyl)-3H-thiazol-
2-ylidene-cyanamide follow below. 4-Nitro-phenyl isothiocyanate and 2’-benzoyloxy-2-bromo-
‘ acetophenone provided title compound as a yellow solid, mp 258-260°C.

'H NMR (DMSO-dg): §11.35 (1H, s), 8.23 (24, d, ] = 9.3 Hz), 7.98-8.04 (4H, m), 7.85 (2H, ¢,
J=9.2Hz), 7.35-7.67 (1H, m), 7.52-7.63 (’4H. m), 7.39-7.45 2H, m).

3C NMR (MeOH-d,): 8 181.5, 166.4, 164.4, 147.2, 145.8, 142.0, 135.2, 134.3,131.2,130.0,
129.3,129.2,128.3, 126.5, 125.6, 123.9, 118.3. |

Anal. Calcd for CasH6N40sS: C, 59.99; H, 3.50; N, 12.17; S, 6.96. Found C,58.25; H, 3.54;
N, 11.77; S, 6.94.

Eariier-eluting component, (Z)-4-(2-hydroxy-phenyl)-3-(4-niro-phenyl)-3H-thiazol-2-

OzN o=\
10N
N

, was isolaiad as a2 *

ylidene-cyanamide, which has the structural formula

vellow amorphous solid.
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T
[N

' NMR (DMSO-d): §9.79 (1H, s), 8.18 (2H, d, J = 9.0 Hz), 7.55 (2H, 4, ] = 9.0 Hz), 7.26

(1H,dd,1=175,1.5Hz),7.17 (1H, ddd, ] = 7.5, 7.4, 1.5 Hz), 7.05 (1H,s), 6.79 (1H,dd, ] = 7.6,
7.4 Hz), 6.65 (1H, d, 8.2 Hz).

BC NMR (MeOH-d,): §176.8,157.9, 150.3, 143.6, 141.7, 134.4, 134.2, 132.0, 126.0, 122.1,
119.5, 119.3,117.9, 107.3.

HRFABMS: Calcd. for C;¢H;oN40sS (MH™): 339.0552. Found: 339.0550.
A later-eluting component, (E)-4-(2-hydroxy-phenyl)-3-(4-nitro-phenyl)-3H-thiazol-2-

02N N’c\
LS,

ylidene-cyanamide, which has the structural formula /j OF  was isolated as a yellow

amorphous solid.

'"HNMR (DMSO-d¢): 813.2(1H,s),8.25(2H,4,J=9.2Hz),7.75(1H,dd, J=7.8, 1.5 Hz),

7.55 (1H, ddd, J =8.6,7.5,1.1 Hz),7.41 (1H, ddd, J = 8.6, 7.5, 1.1 Hz), 7.25 (1H, dd, ] = 8.1,
1.0 Hz), 7.13 (1H, d, 9.2 Hz), 7.01 (1H, s). )

3C NMR (MeOH-d,): §174.8,162.1, 152.2, 143.6, 134.0, 131.4, 129.9, 126.4, 126.2, 122.0,

121.5, 117.8, 105.6.
ESIMS: Calcd. for C)¢HoN4O5S (MH™): 339. Found: 339.

e Example C(131): (4-Amino-2-{4-[4-(2,2,2-trifluoro-ethyl)-piperazin- 1-yl]-phenylamino}-
thiazol-5-y1)-(2,6-difluoro-phenyl)-methanone

1-(4-Nitro-phenyl)-4-(2,2,2-trifluoro-ethyl)-piperazine, which has the structural formula
5(“ N/

, was first prepared in a manner analogous to tert-butyl [methyl-(4-nitro-
phenyl)-amino}-acetate for Example C(103). 1-(4-Nitro-phenyl)-piperazine and 1,1
2-iodo-ethane gave a yellow-orange solid in 33% crude yield.

'H NMR (CDCl3): §8.13 (2H,d, J =92 Hz), 6.82 (2H, d,J = 9.2 Hz), 3.51-
2.99 (2H, m), 2.87-2.77 (4H, m).

,1, 1-trifluoro-

3.38 (4H, m), 3.10-
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4-[4- (7._,--Tnﬂuoro-ﬂmyl)-pxperazm 1-yl]-aniline, which has the structurc.l formula

ﬂ , Was next prepared in a manner analogous to 4-(4-methyl-piperazin-1-

y1)-aniline for Example C(70). 1- (-f-*\htro-phenyl)-—-(Z,2.2-tnﬂuoro- thyl)-piper

ins gave a
pale-brown solid in 100% crude yield.

lI-}L’f\lVIR(CDClii) 6 6.83 (2H,d,J=8.8 Hz), 6.68 (2H, d,J= 881—12) 3.40 (2H, bs), 3.11-3.06
(6H m), 2.86 (4H, d¢, J =5.1, 4.7 Hz). . :
-«\e-lsothlocvanato-pnenyl)-4-(2,2,2-Lrifluoro-ethyl)~piperazine, which has the

f ' N.C”s |

structural formula , Was prepared in 2 manner analogous to 1-(4-

isothiocyanato-phenyl)-4-methyl-piperazine for Example C(70) from 4-{4-(2,2,2-trifluoro-ethyl)-

piperazin-1-yl]-aniline, providing a brown powder in 89% yield.

'"HNMR (CDCI3): § 7.15 (2H,d,J=9.1Hz), 6.85 (2H, d.J=9.0Hz),3.25(4H,dd. J=4.9,52

- H2),3.05 (2H, q,J = 9.5 Hz), 2.86 (4H, dd, J = 5.1, 4.8 Hz).

The title compo;md was prepared in a manner like that descrived for Example C(1). I-

_ (4-isothiocyanato-phenyl)-4-(2,2,2-triflucro-ethyl)-piperazine and 2-bromo-2’,6’-

difluoroacetophenone (from Exa.mplc C(79)) provided, after purmcauon via column

chromatography with 5% MeOH/CHCI3 as eluant, a yellow powder in 63% y1eld mp 99-102°C.
'HNMR (DMSO-d6): §8.12 (1H, bs), 7 .58-7.46 (1H, m), 7.30 (2H, bd. J = 7.4 Hz), 7.18 (2H,

dd,J=7.8,7,7Hz),692(2H,4d,] = 89Hz)374(2HqJ—10’*Hz)317(4Hdd1—4150
Hz), 2.76 (4H, bd, J = 4.6 Hz).

IR (KBr): 3394,

3276, 3178, 3058, 2954, 2829, 1617, 1388, 1547, 1‘67 1426, 1231 cm’'.
Anal. Calcd. for C2>H20F;NsOS » 0.15 CHCls: C, 51.62; H, 3.94; N, 13.59; S, 6.22. Found: C
51.68; H,3.93; N, 13.39; S, 6.03.

. Exarnpie C(131): (4~Amino-’7-[4-[4-(2.2,2-trif1uoroethyl)—piperaiin—l-yI]-phenylamino}-

thiazol-5-yl)-(2,6-difluoro-phe nyl)-rnetha.none

KO-
-Nitro-phenyl)-4-(2.2,2- mﬂuoro-ethyl) -piperazine, wiich has the structural formula

R~ . ’
')(': \\/N\Q‘ NG : )

was first prepared in a manner analogous 10 teri-butyl [methyl-(4-nitro-
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phenyl)-amino]-acetate for Example C(103). 1-(4-Nitro-phenyl)-piperazine and 1,1.1-trifluore-
2-jodo-ethane gave a yellow-orange solid in 33% crude yield.

'HNMR (CDCI3): §8.13 (2H, d, J =9.2 Hz), 6.82 (2H, ¢, ] = 9.2 Hz), 3.51-3.38 (4H, m), 3.10-
2.99 (2H, m), 2.87-2.77 (4H. m). '

4-[4-(2,2,2-Trifluoro-ethyl)-piperazin-1-yl}-aniline, which has the stuctural formula

FfN/\\
FF k/N\Q\NH .

2, was next prepared in 2 manner analogous to 4-(4-methyl-piperazin-1-
yh)-aniline for Example C(70). 1-(4-Nitro-pheny!)-4-(2,2.2-trifluoro-ethyl)-piperazine gave a
pale-brown solid in 100% crude yield.
'H NMR (CDCI3): & 6.83 (2H, d, J = 8.8 Hz), 6.68 (2H, d, J = 8.8 Hz), 3.40 (2H, bs), 3.11-3.06
(6H, m), 2.86 (4H, dd, J = 5.1, 4.7 Hz).

1-(4-Isothiocyanato-phenyl)-4-(2,2 2-trifluoro-ethyl)-piperazine, which has the

X N
structural formula , was prepared in a manner analogous to 1-(4-

isothiocyanato-phenyl)-4-methyl-piperazine for Example C(70) from 4-[4-(2.2,2-trifluoro-ethyl)-
piperazin-1-yl]-aniline, providing a brown powder in 89% yield. .
'HNMR (CDCI3): §7.15(2H, d, ] =9.1 Hz), 6.85 (2H, d, J = 9.0 Hz), 3.25 (4K, dd, ] = 4.9,5.2
Hz), 3.05(2H, q,J =9.5 Hz), 2.86 (4H, dd, ] = 5.1, 4.8 Hz).

The title compound was prepared in a manner like that described for Example C(1). 1-
(4-1sothiocyanato-phenyl)-4-(2,2,2-trifluoro-ethyl)-piperazine and 2-bromo-2’,6’-

difluoroacetophenone (from Example C(79)) provided, after purification via column

chromatography' with 5% MeOH/CHCI3 as eluant, a yellow powder in 63% yield, mp 99-102°C.
'"HNMR (DMS0-d6): 88.12 (1H, bs), 7.58-7.46 (1H, m), 7.30 (2H, bd, J = 7.4 Hz), 7.18 (2H,

dd,J=728,7,7Hz),6.92 (2H,d,T=8.9H2),324 (2H,q. J =103 Hz), 3.12 (4H,dd. ] =4.1,5.0
Hz),2.76 (4H, bd, ] = 4.6 Hz).

IR (KBr): 3394, 3276, 3178, 3038, 2954, 2829, 1617, 1588, 1547, 1462, 1426, 1231 cm™.

Anal. Caled. for C22H,0F,NsOS » 0.15 CHCl3: C,51.62; H, 3.94, N, 13.59; §, 6.22. Found:
51.68; H.3.93; N, 13.39; S, 6.03.

* Example D(1): (3-Amino-phenyl)-(4-amino-2-phenviamino-thiazol-3-yl)-methanone

= N
N’ks
" )
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A mixture of the title compound from Example A(1) ((4-aﬁﬁno-2~pheny1amino—ihiazol-
5-y1)-(3-nitrophenyl)-methanone, 520 mg, 1.53 mmol) and 10% palladium on carbon (80 mg) in
THF (10 mL) was stirred under a hydrogen atmosphere overnight. The catalyst was filtered off

and the filtrate concentrated in vacuo to give 470 mg of a crude solid that recrystallized from

ethyl acetate/benzene to provide 100 mg (19% yield) of li gﬁt yellow powder, mp 162-164°C.

1H NMR (DMSO-de): 8 10.75 (1H, s), 8.42 (2H, bs), 8.15 (2H, bs), 7.60 (2H, d, J = 7.8 Hz),
7.34 (2H,d,J=7.8 H2),7.23 (1H,t,J=7.8 Hz), 7.14 (1H, 5), 7.07 (1H, &, ] = 7.8 Hz), 7.05 (1H
t,J=7.8Hz),6.91(1H,d,J=7.8 Hz).

FABMS (MH™): 311,

Anal. Calcd. for C16H14N4OS ¢ HpO » CgHg: C, 59.30; H, 4.98; N, 16.66: S, 9.54. Found: C,
150.02; H, 4.61; N, 16.34; S, 9.25.

Example D(2): (4-Amino-phenyl)-(4-amino-2-phenylamino-thiazol-3-yl)-methanone

Q AL e
N‘( w )
H S
o]

~ The title compound was prepared in 2 manner like that described for Example D(1).
Catalytic reduction of the title compound of Example A(2) ((4-nitro-phenyl)-(4-amino-2-
- phenylamino-thiazol-5-yl)-methanone) provided, after recrystallization from ethanol, 410 mg
(90% yiéld) of red amorphous powder, mp >300°C.

1H NMR (DMSO-de): 8 10.85 (1H, bs), 8.44-8.20 (2H, bs), 8.36 (1H, d, ] = 8.7 Hz), 8.17 (IH,

'd,J=8.7Hz),7.89 (1H, d, J = 159 Hz), 7.86 (1H, d, ] = 15.9 Hz), 7.62 (2H, d,] = 7.8 Hz), 7.37
(2H,1,J=7.8Hz), 7.09 (1H, t,J = 7.8 Hz).

" FABMS (MH™): 311.

Anal. Caled. for CjgH14N40S » 0.5 H20: C, 60.17; H, 4.73; N, 17.54; S, 10.04. Found: C,
60.09; H, 4.73; N, 17.58; S, 9.93. |

- ¢ Example D(3): [4-Amino-2-(4-dimsthylamino-phenylamino)-thiazol-3-yl}-(2-amino-
phenyl)-methanone )

=]
HaC N
M NH,
NS o )

The title compound was prepared essentially as described for Example D(1). Catalytic
reduction of the title compound of Example C(4) gave 26 mg (30% vield) of an amorphous solid.
111
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L4 NMR (DMSO-d¢): §10.38 (1H, 5), 8.06 (2H, bs), 7.31 (2H, &, T = 9.0 Hz), 7.30 (1H, ¢, I =

7.5 Hz),7.08 (1H,t,J =75Hz), 6.72 (2H, 4,1 =9.0Hz), 6.68 (1H, d,J = 7.5 Hz), 6.51 (1H, t,J
=7.5 Hz),5.75 (2H, 5), 2.88 (6H, s).

FABMS (MH™): 354.

Anal. Calcd. for C18H19N50S » 0.5H,0 ¢ 0.3 MeOH: C, 59.07; H, 5.74; N, 18.82; S, 8.62.
Found: C,59.24:H,5.56;N, 18.51;S,836.

Example D(4): [4-Amino-2-(4-amino-phenylamino)-thiazol-3-yl}-phenyl-methanone

HaN NHz
Oy
N’Ks
H o}

The title compound was prepared in a manner similar to that described for Example

D(1). Catalytic reduction of the title compound from Example A(8) (i.e., [4-amino-2-(4-nitro-
phenylamino)-thiazol-S-yl]-phgnyl-méthanone. 450 mg, 1.32 mmol) gave, after recrystallization

from ethanol, 120 mg (29% yield) of orange powder, mp 167-169°C.

'y NMR (DMSO-de): & 10.38 (1H, s), 8.15 (2H, bs), 7.64-7.55 (2H, m). 7.47-7.38 (3H. m),
7.10 (2H, d, J = 8.6 Hz), 6.55 (2H, d, J = 8.6 Hz), 5.20 (2H, bs).

FABMS (MH™Y: 311.

Anal. Caled. for C16H14N40S » H20: C, 56.96; H, 5.08; N, 16.61; S, 9.50. Found: C, 56.94;
H, 5.07; N, 16.60; S, 9.64.

o Example D(5): 4-[4-Amino-5-(3-amino-5-amino-thiophene-2-carbonyl)-thiazol-2-ylamino}-
benzenesulfonamide

The title compound was prepared in a manner analogous to that used in Example D(1).
The title compound of Example C(95) was hydrogenated and recrystallized from EtOH to
provide a brown powder in 96% vield, mp 268-271C.
'ENMR (DMSO-dg): §10.97 (1H, s), 7.91 (2H, s), 7.82 (2H.d, J = 9.1 H2), 7.78 (24, d. J = 9.1
Ez), 7.28 (2H, 5), 6.43 (2H, s5), 5.81 (1H, s5), 2.24 (3H. s).
FABMS (MH™): 410.

1

3
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Anal Caled. for CysH;sNs03S5 + 0.1 H,0O » 0.3 EtOH: C 44.07; H,4.03; N, 16.47; S,226 3.
Found C, 4423, H,3.93; N, 16.07; S, 2301

* Example E(1): 4 [4-Amino-5- (7—nnro—benzoyl)—tmazol-9-yla'mpo]-benzoxc Acid

L
To a suspension of the title compound of Example A(5) (i.e., éthyl 4-[4-amino-5-(2-

nitro-benzoyl)-thiazol-2-ylamino}-benzoate, 950 mg, 2.3 mmol), in methanol (15 mL) was added

3N NaOH (10 mL). .After 30 minutés, the mixture was acidified to a pH of 4 with IN HCJ,
whereupon a yellow precipitate formed. The mixture was diluted with water (100 mL). The

solid was filtered off and rinsed with water. Recrystalliiation from ethanol provided 672 mg
~ (76% yield) of yellow crystals, mp 289-292°C.

1H NMR (DMSO-dg): 6 12.75 (1H,s), 11.13 (1H, s), 8.12 (2H, bs), 8.08 (1H, d, ] = 7.8 Hz),

7.91 2H, d,1=8.7 Hz), 7.82 (1H, td, J = 8.4, 0.9 Hz), 7.78-7.68 (H, m).
FABMS (MH™): 385,

Anal. Caled. for C19H|8N403S: C, 53.12; H,3.15; N, 14.58; S, 8.34. Found: C, 53.29; H,
3.25; N, 14.31; S, 8.11.

» Example E(2): 4-[4-Amino-2-(4-su1fafnoyl-pheny1amino)—thiazole-S-carbonyl]-benzoic Acid
: o)
) 6 ' OH

@L

To a suspension of ethyl 4-[4-amin0-2-(4-su1famoy1-phenylarnino)-thiazole-5~

HaN

carbonyl}-benzoate (500 mg, 1.12 mmol; Example C(34)) in MeOH (10 mL) was added IN ag
NaOH (3.4 mL, 3.4 mmol). After 4 hours, the resultant mixture was acidified with IN ag HCl to

pH 3 and filtered. The isolated brown solid crystalhzed in EtOH to provide 330 mg (70% yield)
of light brown crystals, mp 298.5-300C.

~

'"HNMR (DMSO-d¢): 8 13.15(1H, s), 11.14 (1H, s), 8.31 (2H, bs), 8.02 (2H, d, I = 8.1 Hz),
778 (4H,s),7.77 (2H, d, ] = 8.1 Hz), 7.26 ( 2H, s).
HRFABMS (M+Na"): Calcd.: 441.0303. Found: 4241.0320.

Anal. Calcd. for Cj7H,aN4OsS, » 0:4 H.O: C, 47.97; H, 3.50; N, 13.16- S, 15.07. Found C,
480' H, 3"8 N, 12.98; S, 15.18.
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e Example F [4-Ammo-7 (4-methoxy -phenylamino)-thiazole-5-carbonyl]-benzonitrile

TR,

To a solution of the compound of Exarnple C(12) (2.00 g, 4.43 mmol) in pyridine (5
ml) was added copper(I) cyanide (709 mg, 8.86 mmol), and the mixture was heated to reflux.
After 2 hours, the resultant mixture was allowed to cool, acidified with IN agueous HCl, and
extracted with 20% MeOH/CHCI3. The CHCI3 extracts were combined, washed with H20 and
brine, dried over Na2S04, and evaporated to provide a dark-brown viscous oil, which was
purified via preparative thin-layer chromatography with 5% MeOH/CH2Cl7 and precipitated

from EtOH to furnish 255 mg (61% yield) of yellow amorphous solid that decomposed at 110-
116°C.

IH NMR (DMSO-dg): & 10.70 (1H, s), 8.24 (2H, bs), 7.91 (1H, d, ] = 7.8 Hz), 7.80-7.66 (2H,

m), 7.61 (1H,td, J = 7.8, 1.2 Hz), 7.42 (2H, 4,1 =9.0 Bz), 6.92 (2H,d,J=9.0 Hz), 3.72 (3H, s
FABMS (MH""‘.): 351.

Anal. Calcd. for C1gH14N402S ¢ 0.25 H2O ¢ 0.2 EtOH: C, 60.‘69: H,4.35; N, 15.39; S, 8.81.
Found: C, 60.84; H, 4.24; N, 15.07;.8, 9.02.

e Example G: [4-Amino-2-(1H-benzoimidazol-6-ylamino)-thiazol-5-yl]-(3-amino-2,6-

dichloro-phenyl)-methanone

The title compound of Example C(82), N-{3-{4-aminc-2-(1H-benzoimidazol-6-
ylamino)-thiazole-5-carbonyl]-2,4-dichloro-phenyl}-acstamice (100 mg, 0.220 mmol), was
placed in 6N ag. HCI (4 mL) and stirred at ambient temperature for 24 hours. The mixture was
brought to pH 7 with 2N ag NaOH and the resultant paie yellow precipitate was filtered off,
washed with H2O, recrystallized from MeOH/H,0, and dried under high vacuum. A yellow
solid was obtained in 36% yield, mp 235-237°C.

'HNMR (DMSO-de): §8.16 (1H, bs), 7.86 (2H, bs), 7.38-7.62 (1H, m), 7.18 (1H. d. J = 8.5 .
Hz),7.02 (1H, d, J = 8.8 Hz), 6.68 (1H, ¢,J = 8.7 Hz), 5.50 (1H, bs).

IR (KBr): 3177, 1614, 1543, 1443, 1308 e’

FABMS (MH™): 419.
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Anal.' Caled. for C;7H,:ClN6OS » 0.8 H,0 « 1 MeOH: C, 46.42; H, 3.81; N, 18.04; S, 6.88.
Found: C,46.37; H, 3.45;Cl, 15.29; N, 17.84; S, 6.77.

» Example H(1): [4-Amino-2-(4-piperazin-1-yl-phenylamino)-thiazol-5-yl]-(3-methyl-
thiophen-2-yl)-methanone Trihydrochloride

v GHO  NHs”
L =\
- \©\;§jjt\3 o e

H

The title compound was prepared as follows. To a solution of the title compound of
Example C(104) (100 mg, 0.20 mol) in a mixture of THF (1 mL) and MeOH (0.5 mL) was
added a solution of 4N HC] in dioxane (200 pL, 0.80 mmol). The resultant suspension was
heated at reflux for 2 hours. The suspension was allowed to cool and filtered. The isolated solid
was washed with anhydrous ether and dried to provide a yellow solid in 97% yield, mp 198-
200°C. :

'"HNMR (DMSO-dg): § 10.80 (1H, m), 9.22 (1H, bs), 7.60 (1H, d, T =5.0 Hz), 7.42 (1H, d,J =

8.7 Hz), 6.98-7.08 (3H, m), 3.38 (4H, 4, ] = 4.4 Hz), 3.22 (4H, s), 2.18 (3H, s).

IR (KBr): 3177, 1614, 1543, 1443, 1308 cm™. -

-HRFABMS: Calcd. for CysH»Ns0S, (MH™): 400.1266. Found: 400.1254.

Anal. Caled. for CjH3N5OS, + 0.6 H,O « 3 HCE: C,43.91; H, 4.89; N, 13.47; S, 12.34. Found:

C,43.61; H,4.97;, N, 13.12; S, 12.16. - . ‘

» Example H(2): (B-Amino-z,6—dichloro-phenyl)-[4-arnino-2-(4-piperazin-l-yl-pheﬁS'lmnino)-
thiazol-5-yl]-methanone Trihydrochloride |

The title compouﬁd was prepared in a manner like that described for Example H(1).
The title corﬁpound of Example C(106) provided a yellow solid in 48% yield, mp >280°C.
| 'HNMR (DMSO-dg): §8.88 (1H, bs), 8.00 (1H, bs), 7.4Q(2H, bs), 7.18 (1H, d, T = 8.7 Hz), 6.98
(2H, d,J = 84'Hz),6.80(1H, ¢, J = 8.7 Hz), 3.38 (4H, s), 3.12 (4H, s).
IR (KBr): 3406, 1618, 1560, 1458, 1308 cm’
HRFABMS: Calcd. for Ca0Ha:Cl:NgOS (MH1): 463.0875. Found: 4@3.08&2.

Anal. Caled. for CagH30CLNsOS * 3 HCl * 0.5 dioxane: C, 42.84; H, 4-.41; Cl, 28.74; N, 13.62;
S.5.20. Found: C, 42.96; H, 4.47; Cl, 28.58; N, 13.53; S, 5.15.
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Example H(3): [4-Amino-2-(4-piperazin-1-yl-phenylamino)-thiazol-5-y1]-(2,6-dichlcro-
phenyl)-methanone -

AN )

k/”@ )L

The title compound was prepared in a manner like that described for Example H(1).
The title compound of Example C(105) provided a yellow solid in 44%( yield, mp 298-300°C.
'"HNMR (DMSO-dg): §7.60-7.50 (5H, m), 7. 08 (2H, d, ] = 7.8 Hz), 3.44 (4H, bs).
IR (KBr): 3395, 2959, 1618, 1513, 1425 cm’™.

HRFABMS: Caled. for C20H20ClLNsOS (MH™): 448.0766. Found: 448.0749.

Anal. Calcd. for C3oHsClsNsOS 1.2 H,0+ 09 HCL: C, 47.78; H, 4.47; Cl, 20.45; N, 13.93; §,

6.38. Found: C, 47.99; H, 4.38; Cl, 20.57; N, 13.56; S, 6.24.

o . Example J(1): [4-Amino-2-(4-piperazin-1-yl-phenylamino)-thiazol-5-y1]-(2,4,6-trichloro-
phenyl)-methanone .

{4-Ammo-’7 -[4-(4-t-butoxycarbonyl-piperazin-1 -yl)-phcnylamxno]-thlazol 5-y1}-(2,4,6-
trichloro-phenyl)-methanone, which has the structural formula
NH,

- o
W N
>L° LN\Q-N)— =
H ci, was prepared essentially as described for Example C(1).
1-t-Butoxycarbonyl-4-(4-isothiocyanato-phenyl)-piperazine (from Example C(101)) and 2-

bromo-2’,4’,6’-trichloroacetophenone (from Example C(107)) gave a black tar, which

precipitated from EtOH to give 144 mg (50%) of yellow amorphous powder, mp 192-193°C (d).

IH NMR (DMSO-dg): §7.78 (2H, s), 7.33 (2H, bm), 6.98 (2H, d, J = 9.0 Hz), 3.15-3.03 (4H,
m), 1.45 (s, 9H).

IR (KBr): 3389, 3276, 3166, 1676, 1608, 1577, 1544, 1461, 1421, 1366, 1235, 1202, 1164 cm™L.
HRFABMS: Calcd for CasHasClN5O3SCs (M+Cs™): 715.9847. Found: 715.9822 §

Anal. Caicd for C35H35C1;,I\:503S «0.75 H:0 0.4 EtOH: C, 50.40; H, 4.90; N, 11.39; Ci, 17.30;
S,5.22. Found: C, 50.69; H, 5.16; N, 10.98; C], 17.70; S, 4.90.
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The title compound was prepared as follows. {4—Arnino~’_7-[-‘.——(4-tert-butoxycarbonyl~

piperazin-1-yl)-phenylamino]-thiazol-5-y1}-(2,4,6-trichloro-phenyl)-methanone (50 mg, 0.086

mimol) was surred in trifluoroacetic acid (TFA; 0.5 mL) at 0'C. After 20 min at 0°C, 2 minimal
amount of water was added, and sat aq NaHCO; was used for neutralization. The resultant

uspension was filtered to obtain a yellow paste, which gave a suspension with MeOH/CHCl;
and led to 1solauon of 22 mg (42%) of yellow amorphous powder.

IH NMR (DMSO-de): 87.80 (2H, 5), 7.38 (2H, d, ] = 9.0 Hz), 7.01 (2H, d, ] = 9.0 Hz).

IR (KBr): 3396, 3284, 3178, 1676, 1614, 1543, 1461, 1423, 1202, 1137 cm-1.
HRFABMS: Calcd for CaoH;3CliNsOS (MH'): 484.0346. Found: 484.0333.

Anal. Caled for CaoH sClsNsOS « 0.8 MeOH « 0.8 CHCly: C, 42.96; H, 3.67; N, 11.60. Found:
C,42.87, H, 3.45; N, 11.27.

Example J(2): [4-Amino-2-(4-piperazin-1-yl-phenylamino)-thiazol-5-y1]-(2,6-difluoro-

phenyl)-methanone
N )
™\ NN,
HN Y \
\\/ \Qb{)‘s F
H

The utle compound was prepared essentially aé described for Example J(1). To the title
compound of Example-C(101) (250 fng, 0.48 mmol) in CH,Cl; at 00C was added TFA (5 mL).
After 20 min at 0°C, the resultant clear solution was concentrated in vacuo to a residue which
was suspended in a minimal amount of water, cooled to 0°C, and basified with sat. Na,COs to

pH 9. The solid was collected and recrystallized from EtOH to obtam 116 mg (58% yxe 1d) of
yellow solid, mp 190—193 C.

'HNMR (DMSO-d): & 8.13 (2H, bs), 7.52 (1H, p, 1 = 7.3 Hz), 7.36 (2H, 4, ] = 8.7 Hz), 7.19
(2H, t,J =8.7 Hz), 6.99 (2H, t, d = 8.7 Hz), 3.24 (4H, bs), 3.13 (4H, bs).
HRFABMS (MH"): Calcd.: 416.1357. Found: 416.1370.

Anal. Caled. for CaoHgNsOSF2+ 0.7 H.0 + 0.7 CF;COOH: C,49.9¢; H, 4.11; N, 13.49; S, 6.17.
Found: C,50.16; H, 4.33; N, 13.14; S, 6.06.

Example J(3): [4-Amino-2-(4-piperazin-1-yl-phenylamino)-thiazol-5-v1]-(2,4,6-trifluorc-
phenyl)-methanone ‘

NH2
o}
E




DTTI’Zf

{4-Amino-2-[4-(4-t-butoxyc arbonyl-piperazin-} -yl)-phenylamino]-thiazoI-S-yl} -(2,4,6-
trifluoro-phenyl)-methanone, which has the structural formula
NH3

] N
° @*ﬂ F
H F, was prepared essentially as described for Example C(1).

1-tert-Butoxycarbonyl-4-(4-isothio-cyanato-phenyl)-piperaziné (from Example C(101)) and 2'-
bromo-2,4,6-trifluoroacetophenone (from Example C(113)) gave a yellow solid, which
crystallized from EtOH to give 200

F

mg (80%) of yellow amorphous powder that darkened at
125-130°C, mp 132-135°C (decomposed).

IH NMR (CDsCN): 88.69 (1H, bs), 7.46 (2H, d, J = 9.0 Hz), 7.20-7.10 (4H, m), 3.74-3.62 (4H,
m), 3.28-3.20 (4H, m), 1.60 (s, 9H).

IR (KBr): 3389, 3282, 3178, 1686, 1637, 1604, 1546, 1427, 1366, 1343,
1035,999 cm-!,

1233, 1168, 1121,

HRFABMS: Calcd for CysHy7F3Ns03S (MH™): 534.1787. Found: 534.1772. .
Anal. Calcd for CasHaeF3NsO3S + 1 H,O « 0.5 EtOH: C, 54.35;H,5.44; N, 12.19; S, 5.38.
Found: C, 54.26; H, 5.07; N, 11.92; S, 5.50.

The title compound was prepared essentially as described for Example J(1) to give a '
brown solid, which was purified via column chromatography with 10% MedH]CHCh as eluant
to provide 57 Iﬁv (60%) of a yellow-orange amorphous solid that decomposed above 205°C.
1H NMR (CD; CN) 87.78 (2H, s), 7.42 (2H, d,1 = 9.0 H2), 7.01 (2H, d, ] = 9.0 Hz), 3.30-3.18
(4H, m), 3.14-3.02 (4H, m).

IR (KBr): 33406, 1603, 1544, 1430, 1237, 1120, 1034 cm"!.
HRFABMS: Calcd for Ca0H sFsNsOS (MH"): 434.1262. Found: 434.1274.

Anal. Caled for CaoH,gF3NsOS * 0.7 MeOH + 0.7 CHCl;: C,47.65; H 4,02; N, 12.98: S, 5.94,
Found: C, 47.84; H, 3.64; N, 12.59: S, 5.69.

¢ Example J(4): 4-[4-Amino-5-(2,6-difluoro-benzoy!})-thiazol-2-ylamino]-N-piperidin-4-
ylmethyl-benzenesulfonamide
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N-tert-Butoxycarbonyl-4-carbamoyl-piperidine, which has the structural formula

%—o D_<\JH2

0>— O , was made as follows. To isonipecotamide (5.00 g, 39.0 mmol) in dioxane
(100 mL) was added di-tert-butyl dica;bonate (8.51 g, 39.0 mmol) and N, N-
diisopropylethylamine (6.0 mL, 42.9 mmol). The mixture was allowed to stir overnight, then
evaporated undr reduced pressure to dryness. The residue was partitioned between CHCI; and
IN HCl. The organic layer was washed with water and brine, driéd over Na,SO,, and
concentrated to give 8.3 g (93% yield) of white solid, which was used without further
purification. '
'HNMR (CDCls):  5.53 (2H, bs), 4.03 2H, &, J = 13.7 Hz), 2.33 (2H, tt, ] = 11.8, 3.7 Hz), 2.08
(2H, bs), 1.89 (2H, dd, I = 13.7, 3.7 Hz), 1.69 (1H, dd, J = 11.8, 4.4 Hz), 1.65-1.57 (1H, m), 1.44
(9H, 5). : |

4-Aminomelhyl-N-tert-butoxyca:bonyl-pipcridine, which has the structural formula _

O

» was made as follows. To N-tert-butoxycarbonyl-4-carbamoyl-piperidine

_ (15.6 mmol) in THF (40 mL) at -78°C under Ar was added LiAIH, (592 mg, 15.6 mmol). The

mixture was allowed to warm to ambient temperature slowly and after a half hour, recooled to -
78°C, quenched with ethyl acetate, and partitioned between EtOAc and 2N NaOH. The organic
layer was separated, dried over K,COj3, and concentrated to give 1.98 g (59% yield) of yellow

slurry, which was used without further purification.

N-tert-Butoxycarbonyl-4-[(4-nitro-benzenesulfonylamino)-methyl]-piperidine, which

| ﬂ@ﬁ‘g‘Q‘mz
* has the structural formula 0 , was made as follows. 4-

nitrobenzenesulfonyl chloride (2.05 g, 9.24 mmol) was added to a solution of 4-aminomethyl-N-
tert-butoxycarbonyl-piperidine (1.98 g, 9.24 mmol) in THF (20 mL) at ambient temperature.
The mixture was refluxed for 1 hour, concentrated in vacuo, and partitioned between CH,Cl> and

IN HCl. The organic layer was washed with brine, dried over Na,SO,, Passed'through a pad of

{
silica gel, and concentrated to give 1.71 g (46% yield) of yellow solid, which was used without

further purification. }

v

4-[(4—Amino—bcnzencsuifonylamino)-methyl]-N-tcrt-butoxycarbonyl-piperidine, which

‘}’}O_’W'%—O-””z

119

has the structural formula , was prepared as follows. N-tert-
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[R]
wh

Butoxycarbonyl-4-[(4-nitro-benzenesulfonylamino)-methyl}-piperidine (1.70 g, 4.26 mmol), 10
% PA/C (250 mg), MeOH (10 mL), and THF (10 mL) was stirred under hydrogen for 2 hours
and filtered. The filtrate was concentrated to a residue that was purified via column

chromatography with 5% MeOH/CHCl; as eluant, producing 1.39 g (88% yield) of white solid,
which was used without further purification. '

N-tert-Butoxycarbonyl-4-[(4-isothiocyanato-benzenesulfonylamino)-methyl}-
AN HN—C; NCS
. T |
piperidine, which has the structural formula  © , was prepared in a

manner analogous to 1-(4-isothiocyanato-phenyl)-morpholine for Example C(54). 4-[(4-Amino-
benzenesulfonylamino)-methyl]-N-tert-butoxycarbonyl-piperidine provided a yellow solid in

39% yield, which was used without further purification.

4-{[4-(5-Acetyl-4-amino-thiazol-2-ylamino)-benzenesulfonylamino}-methyl} -N-tert-

butoxycarbony!l-piperidine, which has the structural formula
T~ e
Yo &/‘%O L
o} ~N
H

Example C(1). N-tert-Butoxycarbonyl-4-[(4-isothiocyanato-benzenesulfonylamino)-methyl]-

, Was prepared in a manner analogous to that used in

piperidins an¢ 2-bromo-2’,6’-difluoro-acetophenone (from Example C(79)) provided a yellow
solid in 50% yield.
"HNMR (DMSO-dg): § 1122 (1H, 5), 8.20 (2H, bs), 7.84-7.73 (3H, m), 7.62-7.54 (2H,m), 7.24
(2H, dd,J=7.8,7.7 Hz), 3.89 (2H, 4, J = 12.8 Hz), 3.35 (2H, sj, 2.52(2H,d,J=1.2Hz), 1.60
(2H, d, 1 =10.1 Hz), 1.56-1.42 (1H, m), 1.39 (94,5), 0.91 (2H, d, ] = 12.8 Hz).

The title compound was prepared in a manner analogous to that used in Example J(1).
A-{ [4-(5-Acetyl-4-amino-miazol-;_7-ylarnino)—benzenesulfonylamino]-methyl }-N-tert-
butoxycarbonyl-piperidine provided a brown solid in 28% yield.
"HNMR (DMSO-dg): §8.11 (2H, bs), 7.70 (4H, bs), 7.58-7.42 (1H, m), 7.20 (14,4, = 7.8
Hz), 7.15 (1H. d, J = 7.8 Hz), 3.80 (2H, bs), 3.05 (2H, d. ] = 10.0 Hz), 2.60 (2H, d, ] = 6.8 Hz),
1.65(2H, ¢,J=12.2 Hz), 1.52 (1H, bs), 1.07 (2H, d,J = 10.0 Hz).
HRFABMS (MH™): Caled.: 507.1210. Found: 507.1206.
Anal. Calcd. for C23H3Ns03S5F> 0.1CH:0H » 0.2 CF3COOH: C, 50.65; H, 4.73: N, 13.12: §,
12.02. Found: C, 50.92; H, 4.44: N, 12.87; S, 12.18. .
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¢ Example J(5): {4-Amino-2-[4-(cis-3,S-dimethyl-piperazin-l-yl)-phenylamino]-thi_azol-s-.

y1}-(2,6-éifluoro-phenyl)-methanone

2,6-cis-dimethy1~4-(4-ni1ro-phenyl)-piperazine, which has the structural formula
Hr}_/v—@—rqoz
piperazine for Example C(124). éis-2, 6-Dimethylpiperazine gave 2.19 g (100% yield) of yellow
powder mp 130-131.50C, which was used without further purification.
'HNMR (CDCl): 5 8.03 (2H.d,1=9.5Hz),7.02 (2H, d, J=9.5 Hz), 3.88 (2H, dd, J = 12.4,

2.0 Hz), 2.82-2.68 (2H, m), 2.44-2.33 (3H, m), 1.03 (6H, d, J=6.3 Hz).
IR (KBr): 1596, 1509, 1482, 1316, 1252, 1193, 1119, 1101 cm".

» Was first prepared essentially as described for 3R-methyl-1-(4-nitro-phenyl)-

Anal. Caled. for C,;H2N;0u: C, 61.26; H, 7.28; N, 17.86. Found: C, 61.25: H, 7.42, N, 17.84.

1-tert—Butoxycarbonyl-'l,6-dimethyl-4-(4—nitro-phenyl)—piperazine, which has the

SO
structural formula

(4-nitro-phenyl)-piperazine (1.00 g, 4.25 mmol) in dioxane (20 mL) was added di-tert-butyl

» was prepared as follows. To 2,6-cis-dimethyl-4-

dicarbonate (1.12 g, 5.12 mmol) and N, N-diisopropylethylamine (1.37 mL, 9.76 mmol). After 3

hours at 80°C, the mixture was allowed to cool and evaporated to dryness. The solid was

suspended in water, filtered off, washed with water, and dried under vacuum to give 1.40 g (98%
* yield) a yellow povédcr, which was used without further purification. _ ‘

lHNMR (CDCls): 88.12 (2H, ddd, 1 =7.3,2.1,2.1 Hz), 6.80 (2H, ddd,J=73,2.1,2.1 Hz),

430(2H, ddd, J =13.2,6.8,4.5Hz), 3.71 (4, 2H, ] = 13.2 Hz),3.22 (dd, 2H, T = 12.8, 4.5 Hz),
149 (9H,5), 1.29 (6H,d, ] = 6.8 Hz).

IR (KBr): 1689, 1594, 1489, 1400, 1322, 1257, 1057 coi™'.

——

1-(EAmino-phenyl)-4-tert-butoxycarbonyl-3,S-dimethyl-piperazine, which has the

O X——\ —— T 1
e S |

» was prepared as follows. Hydrogenation of crade
1-ten-butoxycarbonyl-’z,6-dirnethyl-4-(4-nitro-phenyl)-piperazine (1.48 g, 4.41 mmol) in THF

structural formula
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(20 mL) and MeOH (20 mL) with 10% Pd/C as cz'xtalyst gave 1.12 g (83% yield) of a clear sticky
oil, which was used without further purification.
'"HNMR (CDCl;): §8.13 (2H,d,J=9.4 Hz), 6.81 (2H, d,J=9.4 Hz), 4.30 (2H, ddd, ] = 13.2,
6.8,4.5 Hz),3.71 (2H, d,J = 13.2 Hz), 3.21 (2H, dd, J = 13.

2,45 Hz), 1.49 (9H, s), 1.29 (6H, d,
J=6.8 Hz).

l-(tcn-Butoxycarbonyl)-z,6-cis-dim=thyl-4-(4-isothiocyanato-phenyl)—piperazine,

SO
which has the structural formula 7L » Was prepared in a manner analogous

to 4- (4-1sothlocyanatophenyl) -morpholine for Example C(54). 1-(4-Amino-phenyl)-4-tert-
butoxycarbonyl-3,5-dimethyl-piperazine provided a clear sticky foam that recrystallized from
cold ether/hexanes to furnish pale tan crystals in 68% yield, mp 97-980C.

'HNMR (CDCl3): 8 6.74 (2H, d, ] = 8.7 Hz), 6.67 (2H, 4, ] = 8.7 Hz), 4.20-4.08 (2H, m), 3.08
(2H,d,J=11.6 Hz),2.71 (2H, dd, J = 11.6, 3.9 Hz), 1.41 (9H, 5), 1.28 (6H, d, } = 6.8 Hz).

IR (KBr): 2175, 2135, 1691, 1507, 1395, 1341, 1246, 1177, 1098 cm™.

Anal. caled for C;gHasN350,.S: C, 62.21; B, 7.25; N, 12.09: §,9.23. Found: C,62.31; H, 7.32;
N, 11.96; S, 9.39.

4-Amino-2-[4-(1 ~tert-butoxycarbonyl-2,6-cis-dimethyl-piperazine-4-yl)-phenylamino]-

thiazol-5-yl-(2, 6—diﬂuorophcnyl)-methanone, which has the structural formula

;S s
O

, was prepared in a manner analogous to that used in

Example C(1). l-(ten—Butoxycarbonyl)-2,6-cis-dimethyl-4-(4-isoihiocyanato-phenyl)-piperazine
and 2-bromo-2',6’-difluoro-acetophenone (from Example C(79)) provided a yellow solidin 51%
yield, which was used without further purification.
'"HNMR (DMSO-de): 5 10.66 (1H, s). 8.12 (2H, bs), 7.56-7.44 (1H, m), 7.38 (2H. d, 7 =9.0
Hz), 7.18 (1H,d, J = 7.7 Hz), 7.15 (1H, ¢, ] = 8.1 Hz), 6.95 (2H, d, J = 9.0 Hz), 4.14-4.03 (2H,
m). 3.49-3.41 (2H, m), 2.75 (2K, dd, J = 12.2, 44 Hz), 1.42 (9H, S), 1.24 (6H, d, ] = 6.7 Hz).
FABMS (M+Na"): 566

The title compound was prepared in a manner analogous to that used in Example J( 1.
4-Amino-2-[4-(1-tert-butoxycarbonyl-2,6-dimethyl-piperazine-4-yl)- phenylanuno]-thxazol-S-yl-

(2.6-difluorophenyl)-methanone provided a brown powder in 52% yield, mp 293:294.5°C.
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'HNMR (DMSO-d): 8 8.11 (2H, bs), 7.56-7.44 (1H, m), 7.26 (2, d, J = 9.0 Hz), 7.18 (1H, d,J
=7.7Hz),7.14 (1H, d, J = 8.1 Hz), 6.85 (2H. d, J=9.0Hz),3.48 (2H, dd, T = 10.9, 2.2 Ha),
2.88-2.76 (2H, m), 2.07 (4H, , J = 10.9 Hz), 1.00 (6H, d, ] = 63 Hz).

HRFABMS (MH"): Calcd.: 444.1670. Found: 444.1658.

Anal. Caled. for C2oHa3N:OSF, » 0.4 H,0: C, 58.63: H, 53’7 N, 15.54; §,7.11. Found: C,
58.64; H, 5.40; N, 15.23; S, 6.96.

o Example J(5): {4-Anﬁno-2-[4—(3,S-dimethyl-piperazin-l-yl)-phéﬁy]arrljno]-thiazol-S-yl}-
(2,6-difluoro-phenyl)-methanone

2.2-Dimethyl-4-(4-nitro-phenyl)-piperazine, which has the structural formula

| » was first prepared as follows. Crude 2, 2-Qv*nethylpxperazme (10.0 mmol;
Chu etal., Can. J. Chem., vol. 70 (1992), pp. 1328-1337), 4-fluoro-nitrobenzene (5.0 mmol, 706
mg), and K,CO; (8.3 g, 60.0 mmol) in DMSO (10 mL) was heated at 100°C for 4 hours, cooled,
ailuted with watch (100 mL), and extracted with ether:ethyl acetate (200:50 mL). The organic
layer was washed with water (3x) and brine, and concentrated to provide 1.17 g (100% yield) of
yellow solid, which was used without further purification.
'HNMR (CDCl,): § 8.13 (2H, d,J=9.5 Hz), 6.80 (2H, d, J = 9.5 Hz), 3.38 (2H, dd, ] = 55 5.0
Hz),3.20 (2H, 5), 3.07 (2H, dd, J = 5.5, 5.0 Hz), 1.21 (6H, s).

1-tert-Butoxycarbonyl-2,2-dimethyl-4-(4-nitro-ohen 1)-piperazine, which has the
y 3 y -phenyl)-pip

\
' . Q
T3
structural formula 0

amino-p‘neriyl)-4-(tert-butoxycarborxyl)-2,6-dimethy]-pipcrazine for Example J(3). 2.2-

» was prepared in a manner analogous to 1-(4-

Dxrnethyl--r-(4-nitro-phenyl)-piperazine provided a bright yellow solid in 99% vield, which was
used without further purification. >

'HNMR (CDCLs): 68.15(2H,d,J=9.4Hz), 6.64 (2H,d, J=9.4 Hz),3.90 (2H, dd, J = 6.0, 5.5
Hz),3.54 (2H, dd,J = 6.0, 5. 5Hz),3.53 (2H, s), 1.51 (9H, 5), 1.44 (6H, s). 5

l-(i‘.—-Amino—p‘x nvl)-r-(tert buto*cycarboml)- W3- d1m=t"xy1-p1perazme which has the.

7/ N\ NH,
structural formula %U_Q_

, was prepared zs follows. 1-te

rt-Butoxycarbonyl-
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2,2-dimethyl-4-(4-nitro-phenyl)-piperazine (700 mg, 2.09 mmol) and 10% Pd/C (100 mg) in

" THF (15 mL) and MeOH (15 mL) was stirred under hydrogen for 2 hours and fiitered. The

filtrate was concentrated in vacuo to give 2 light brown slurry, which was used without further
purification.

'"HNMR (CDCl): § 6.69-5.65 (4H, m), 3.67 (2H. dd, J =5.8, 5.4 Hz), 3.21-3.14 (2H, m), 3.01
(2H, s), 1.49 (9H, s), 1.43 (6H, s).

1-(tert-Butoxycarbonyl)- 2,2-dimethyl-4-(4-isothiocyanato-phenyl)-piperazine, which

—"—“3)_5—\

\ NCS
has the structural formula —/

, was prepared analogous to 4-

isothiocyanato-benzamide for C(102). 1-(4-Amino-phenyl)-4-(tert-butoxycarbonyl)-3,3-

dimethyl-piperazine provided a white solid in 80% yield, which was used without further

purification.

'HNMR (CDCl5): §7.15 (2H, d,J=9.0 Hz), 6.63 (2H,d,J=9.0 Hz), 3.85(2H,dd, ] =35.9,5.5

Hz),3.42 (2H,dd,J =59, 5.5.Hz), 3.37 (2H, s), 1.57 (9H, s), 1.44 (6H, s).
4-Amino-2-[4-(1-tert-butoxycaroonyl-2,2-dimethyl-piperazine-4-yl)-phenylamino]-

L‘niazol—S—yl-(2,6—d1ﬂuorophenyl)-methanone, which has the structural

Hz

T?iac—,\/N‘Q ,Ls

HaC

formula , was prepared in 2 manner analogous to that used in

Example C(1). 1-(tert-Butoxycarbonyl)- 2,2-dimethyl-4-(4-isothiocyanato-phenyl)-piperazine
and 2-bromo-2’,6’-difluoro-acetophenone (from Example C(79)) provided a yellow powder in
60% yield, which was used without further purification.
"HNMR (DMSO-ds): 8 10.58 (1H, s), 8.13 (2H, bs), 7.61-7.48 (1H, m), 7.40-7.15 (5H, m), 6.79
(2H,d,J = 9.1 Hz), 3.74 (2H, dd, ] = 5.8, 5.3 Hz), 3.41-3.30 (4H, m), 1.48 (9H, 5), 1.39 (6H, 3).
The title compound was prepared in a manner analogous to that used in :xample (.
4- Amino-2-[4-(1-tert-butoxycarbonyl-2,2-dimethyl-piperazine-4-yl)-phenylamino]-thiazol-5-yl-
(2,6-difluorophenyl)-methanone provided a yellow solid in 51% yield, mp 203-210°C.
'HNMR (DMSO-d¢): & 8.15 (2H, bs), 7.63-7.54 (1H, m), 7.35 (2H, d,J = 9.0 Hz), 7.25 (1H, 4,J
=7.7Hz),7.22 (1H, d,J = 8.1 Hz), 6.98 (2H, 4, ] = 9.0 Hz}, 3.10-3.04 (2H, m), 3.02-2.95 (2H,
m), 2.92 (2H, s), 1.21 (6H, s). : ’
IR (KBr): 3276, 2961, 1620, 1590, 1546. 1516, 1464, 1429, 1364, 1257, 1232, 1002 cm".
HRFABMS (MH"): Caled.: 444.1670. Found: 444.1657.
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J Example K: {4- Amino-2-[4- (4-pyndm-2-yl-pmerazm- -yl)-phenylamino]- tmazol-S-y]}
(2,6-difluoro-phenyl)-methanone

. S NH
N
QCMQ-N)\_ C
. H

l-(4—Nitro-pheny1)—"f;pyridin-.‘Z-yl-piperazine, which has the structural

/ I\ C
formula Q_NL-/ Nz

tert-butyl [methyl-(4—nin-o-phenyl)-imino]-acetate for Example C(103). 1-Pyridin-2-yl-

, was first prepared in 2 manner analogous to

piperazine and 4-fluoronitrobenzene gave a yellow solid in 85% yield. »
'"HNMR (CDCl;): § 8.13-8.28 (3H, m), 7.50-7.58 (2H, m), 7.52(1H, ddd, J = 15.7,7.3

6.88 (2H, d, ] =9.4 Hz), 6.70 (2H, dd, J = 7.4, 5.1 Hz), 3.78 (4H.dd, J=74,50Kz),
dd, J =5.7,3.3 Hz). :

.0 Hz),
3.62 (4H,

4—(1-Pyridin-ziyl-piperazin-4-y1)-ani]ine, which has the structural formula
™\
Q_NL/N_@—NHz

aniline for Example C(70). 1-(4-Nitro-phenyl)-4-pyridin-2-yl-piperazine afforded a ¢ gray solid in
94% crude yield, which was used without further purification. '

'HNMR (CDCI;): 8 8.22 (1H, bd, J =3.5 Hz), 7.52 (1H, ddd, ] = 17.6, 7.2, 1.9 Hz), 6.88 (2H, d,

J=8.7 Hz), 6.62-6.78 (4H, m), 3.72 (4H, dd, ] =5.2, 5.0 Hz ), 3.48 (2H, bs), 3.18 (4H,t,J =52,
5.0 Hz). ‘

, was prepared in a manner analogous to 4-(4-methyl-piperazin-1-yl)-

1-(4-Isothiocyanato-phenyl)-4-pyridin-2-yl-piperazine, which has the szructural
y phen) P yi-pip }

l)“

formula » Was prepared in a manner analogous to 1-(4-isothiocyanato-

phcnyl)—4-pyridin-4-yl-pip§razine for Example C(127). 4-(4-Pyridin-2-yl-piperazin-1-yl)-aniline
gave 2.2 g (95% vield) of a yellow solid, which was used without any further purificztion.
'HNMR (CDGl;): §8.26 (1H, bd, ] = 6.3 Hz),7.91 (1H, ddd,J = 18.1, 7.1, 1.8 Hz), 7.18 (2H,
d,J =9.0 Hz), 6.82-7.00 (4H, m), 4.10 (4H, dd, ] = 5.3, 5.1 Hz), 3.48 (—‘H dd,J=33,52 Hz}.
The title compound was prepared as follox;vs. To a solution of 1-(4-isothiocyanato-
phenyl)-4-pyridin-2-yl-piperazine (250 mg, 0.84 mmol) in dry MeOH (4.'-rnL) was édded

cyanamide (35 mg, 0.84 mmol) and a fresh solution of NaOH (67 mg, 1.67 mmol) in dry MeOH
125
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(4 mL). After 1 hour, 2-bromo-2’,6’-difluoro-acetophenone (from Example C(79); 178 mg, 0.76
mmol) was added. The next day, the resultant yellow suspension was filtered. The solid was
washed with H,O and dried under high vacuum to afford a yellow solid in 86% yield, mp 138-
140°C. _ .
1H NMR (DMSO‘dé): 08.12 (2H, dd, ] = 6.5, 1.7 Hz), 7.42-7.60 (2H, m), 7.32 (2H, bd, } = 8.5
Hz), 7.08 (2H,1,J=9.0Hz), 6.98 (2H, d,J = 9.0 Hz), 6.88 (2H, d, ] =8.7 Hz ), 6.64 (1H, dd, I =
7.0,5.0Hz),3.62 (4H,t,J =4.7 Hz), 3.20 (4H,t, ] = 4.7 Hz).
IR (KBr): 3369, 3180, 2835, 1620, 1597, 1546, 1466, 1433, 1232 cm™.

HRFABMS: Calcd. for CasHx:FaNgOS (MH™): 493.1622. Found: 493.1608.
Anal. Calcd. for Ca2sH2aFaNeOS ¢ 0.9 HyO: C.§8.90; H,4.90; N, 16.49; S, 6.29. Found: C,
S5891; H, 4.64; N, 16.55; S, 6.24.

e ExampleL: {4-Amino-2-[4-(4-carboxamido-piperidin-1-yl)-phenylamino]-thiazol-5-y1}-

(2,6-diﬂuoro-phenyl)-methanone

Nl’"2
)\C @ Mf
'4-Carboxamido-1—(4-mtro-phcny1)-piperidine, which has the structural formula
HaN '
o , was prepared in a manner analogous to tert-butyl {methyl-(4-nitro-

phenyl)-amino}-acetate for Example C(103). 4-Fiuoronitrobenzene and isonipecotamide gave 2
yellow powder in 98% crude yield, which was used without further purification.
'H NMR (CD;0D): §8.22 (2H, d,J=9.5Hz), 7.12 (2H, ¢, ] =9.5 Hz), 4.20 (2H.d,J =125

Hz), 3.16 (2H, ddd, J = 25.6, 13.3, 2.7 Hz), 2.62-2.70 (1K, m), 2.02 (2H, bd, ] = 10.3 Hz), 1.83-
1.95 (2H, m).

1-(4-Amino-phenyl)-4-carboxamido-piperidine, which has the structural formula
O
N /—/>-—NH2
© N\ . was prepared in 2 manner analogous to 4-(4-methyl-piperazin-1-yl)-

aniline for Example C(70). 4-Carboxamido-1-(4-nitro-phenyl)-piperidine gave a pale yellow

powder in 100% crude yield. which was used without further purification.

'H NMR (CD;OD): 8 6.60 (2H, bs), 6.42 (24, ks), 3.22 (2H, bs). 2.38 (2H, bs), 2.02 (1H, bs),
1.72-1.92 (4H, m).
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4-Carboxamido-1-(4-isothiocyanato-phenyl)-piperidine, whxch has the st:uctural

OO | ‘ g ~
formula © , was prepared in a2 manner analogous to 1-(4-isothiocyanato-

phenyl)-4-pyridin-2-yl-piperazine for Example K(1). 1-(4-Amino-phenyl)-4-carboxamido-
piperidine to give a cream-colored powder in 93% yield, which was used without further
purification.

'H NMR (CDCly): §7.14 ('7H d,J=9.0 Hz), 6.86 (2H, d,J = 9.0 Hz), 5.50 (1H, bs), 5.30 (1H,
bs), 3.74 (2H, 4, J = 12.8 Hz), 2.82 (2H, ddd, J = 24.3, 12.5, 2.8 Hz), 2.30-2.40 (1H, m), 1.80-
2.08 (4H, m). '

The title compound was prépared as follows. To a solution of 4-carboxamide-1-(4-
isothidcyanato-phenyl)-piperidine (198 mg, 0.76 mmol) in MeOH (3 mL) was added cyanamide
(32 mg, 0.76 mmol) and a solution of sodium methoxide in MeOH (1.65 mL of 0.5 N, 0.83
mmol). After 30 min, 2-bromo-2’,6’-difluoro-acetophenone (162 mg, 0.69 mmol; from Example
C(79)) was added. After 2 hours, H,O was added. The yellow precipitate was fiitered off
washed with water, and recrystallized from boiling MeOH to give 200 mg (63% if vield) of an
-amorphous yellow powder, mp> 300°C.

'H NMR (DMSO-de): & 7.46-7.58 (1H, m), 7.28 (2H, dd, ] =8.8, 7.5 Hz), 7.16 (3H,

7.7Hz),6.82(2H,4d,] = 9.1 Hz), 3.68 (2H, bd, J = 12.6 Hz), 3.64 (24, ddd, ] =
Hz), 2.04-2.18 (1H, m), 1.52-1.82 (4H, m).

d,J=28.0,

237,12.1,28

HRFABMS: Calcd. for. C»nH, FaNsO.SNa (M+Na"): 480.1282. Found: 4%0.12646.

Anal. Calcd. for CapH3FaNsO,S < 0.2 szz C,57.31 K, 4.68; N, 15.19; S, 6.95. Found: C

57.25; H, 4.63; N, 15.31; S, 7.01. : )

¢ Example M: 1-{4-[4-Amino-5-(2,6-difluoro-benzoyl)-thizzol-2-ylaminc]-phenyl)
piperidine-4-carboxylic Acid

NiFa

HO 4
°>@©N%

1- (A-Nxtropheuyl) -piperidine-4-carboxylic acid, which has the structural form

» was prepared in 2 manner analogous to teri-butyl [methyl-(4-nitro-
phenyl)-amino]-acetate for Example C(103). 4-Fluoronitrobenzans and i isonipecotic acid.

afforded a yellow powder in 89% crude yield, which was usad without f“‘thar purification.
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'"H NMR (CDCl5): 6 8.00 (24, d, J = 10.8 Hz), 6.71 (2H, d, J=10.7 Hz), 3.80 (1H, 1, ] = 3.9
Hz),3.72 (1H, 1, ] = 3.8 Hz), 2.98 (2H, ddd, ] = 24.3, 11.1, 3.0 Hz), 2.48-2.60 (1H, m), 1.88-2.02
(2H, m), 1.68-1.82 (2H, m).

Benzy] 1-(4-nitrophenyl)-piperidine-4-carboxylate, which has the structural formula

do%NQ
' NO2 | was prepared as follows. To a suspensicn of 1-(4-nitro-phenyl)-

piperidine-4-carboxylic acid (500 mg, 2._01 mmol) in acetonitrile (10 mL) was added K,COs5
(612 mg, 4.44 mmol) and benzyl bromide (265 pL, 2.22 mmol). The resultant mixmure was
heated at reflux for 2 hours, allowed to cool, and diluted with H20. The agueous layer was
extracted with ether (2 x 50 mL). The combined organic layers were dried over MgSQ., filtered,
and concentrated in vacuo to give 470 mg (64% in crude yield) of a yellow soiid, which was
used without further purificaton.

'H NMR (CDCl;): & 8.13 (2H; d, ] = 9.4 Hz), 7.30-7.42 (5H, m), 6.83 (2H, d, J= 6.4 Hz), 5.18
(2H, s), 3.92 (2H, dd, J = 3.9,3.5 Hz), 3.10 (2H, ddd, ] = 24.5,13.7, 2.9 Ez), 2.62-2

...... 70 (1E, m),
2.08 (2H, dd, J = 13.5, 3.5 Hz), 1.84-1.94 (2H, m).

Benzyl 1-(4-aminophenyl)-piperidine-4-carboxylate, which has the structural formula
(¢

o0
O

N+ was prepared as follows. To a solution of benzyl 1-(4-nitro-phenyl)-
piperidine-4-carboxylate (400 mg, 1.18 mmol) in dioxane (5 ml) and ethano} (1 mL) was added
tin(Il) chloride dihvdrate (1.06 g, 4.70 mmol). The resultant solution was heatzd at refiux for 4
hours, allowed to ccol, and to aggregate solids, a small amount of Celite adced. The mixtrre
was brought to pH 8 with saturated ag NaHCO: and filtered. The filtrate was diluted with E;O
(50 mL) and extracted with 5% MeOH in CHCl: (2 x 50 mL). The combined organic layers
were dried over MgSO., filtered, and concentratzd in vacuo to furnish 400 mg (100% crude
yield) of a cream-colored powder, which was used without further purification.
'H NMR (CDCl;): 87.30 (5K, bs), 6.58 (2H, ¢, = 8.8 Hz), 6.42 (2H, ¢, ] = 8.8 Hz). 4.94 (2K,

$),3.28 (1H,dd. ] =3.6,3.1 Hz), 3.18 (1H. dd, ] =3.6, 3.0 Hz}, 2.46 (2H, ¢dd, ] =232, 11.8,




formula , was prepared as follows. To 2 solution of benzyl 1-(4-

amino-phenyl)-piperidine-4-carboxylate (400 mg, 1.29 mmol) in THF (5 mL) at -35°C was
added in succession Et;N (435 pL, 3,12 mmol) and thiophosgene (108 uL, 1.42 mmol). The
resultant mixture was allowed to warm to ambient temperature, stirred for 0.5 hour, diluted with’
H,0 (50 mL), and extracted with CHC13' (2x50mL). The combinéd organic lavers were dried
over MgSO, filtered, and concentrated under reduced pressure to give 400 mg (92% in yield) of

a yellow powder, which was used without further purification.
'H NMR (CD;OD): 38.10 (2H, d,J =9.5Hz), 7.38 (5H, d, J = 4.5 Hz}, 6.92 (2K, ¢, ] = 9.5 Hz),
5.18 (2H, 5),4.00 (1H, t,J = 3.4 Hz), 3.96 (1H, dd, ] = 3.5,3.2 Hz), 3.13 (2H, ddd, ] = 24.9,

13.8, 2.9 Hz), 2.71-2.77 (1H, m), 2.05(2H, dd,J=14.1,3.4 Hz), 1.74-1.83 (B

ZH, m).

Benzyl 1-{4-[4-amino-5-(2,6-difiuorobenzoyl)-thiazol-2-ylamino]-phenvi}-piperidine-

4;carboxylate, which has the structural formula H

prepared as prepared in a manner like that described for the title compound of Example C(1).
Benzyl 1-(4-isothiocyanato-phenyl)-piperidine-4-carboxylate and 2-bromo-2,6’-difluoro-

acetophenone (from Example C(79)) provided brown powder in 82% yield, and was used
without further purification.

'"H NMR (DMSO-de): §7.30 (1H, m), 7.18 (ZH, d,7=89 Hz), 6.92 (2H, ¢, 1 = 0.0 Hz), 4.96

(2H, s), 3.62 (2H, bd, ] = 9.2 Hz), 2.80 (2H, ddd, J = 26.4, 14.1, 2.6 Hz), 2.36-2.58 (1H, m), 2.0+
(2H, bd, J = 3.1 Hz), 1.80-1.92 (2H, m).

* The title compound was preparzd as follows. To a mixture of benzyl 1-{4-[4-amino-5-
(2,6-difiuoro-benzoyl)-thiazol-2-ylamino]-phenyl }-piperidine-4-carboxylate (130 mg, 0.27

mmol) in ethanol (10 mL) was added 20% palladium(Il) hydroxide on carbon (60 mg). The

~

resultant mixture siirred under a hydrogen atmosphers for 48 hours. Ths camlve: was filrarad

onto a pad of Celite and rinsed with ethanol. The filtrate was concentraiad vnder reduced

pressure, and minimal ethyl acetate and CHCl; were added to induce precipiiation. The solid

was filtered off, washed with ethyl acetate, and dried to give 40 mg (30%) of 2 vzle blue

amorphous powder, mp 273-277°C, which was used without further purificatios
L P

-~
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'H NMR (DMSO-de): 88.10 (1H, bs), 7.46-7.58 (1H, m), 7.30 (2H, bd, J = 7.5 Hz), 7.16 (2H_,
dd,J=8.0,7.9 Hz), 6.92(2H,d, J =9.1 Hz), 3.58 (2H, bd, ] = 12.6 Hz), 2.52 (2H, dd, T = 11.2,
10.4 Hz), 2.32-2.40 (1H, m), 1.88 (2H, bd, ] = 16.1 Hz), 1.58-1.70 (2H, m).
- Anal. Calcd. for ngHzonN,;O;S +0.9H,0+ 0.1 CHCl:: C, 54.55; H, 4.54; N, 11.51; S, 6.59.
Found: C,54.55; H,430;N,11.13; S,6.40.
s Example N(1): [4—Axinino-Z-(él—nitro-phenylarnino)—thiazol—5-yl]-(Z-hydrdxy-phenyl)-
methanone -

and Example N(2): N-[5-(2-Hydroxy-benzoyl)-2-(4-nitrc-phenylamino)-thiazol-4-y1]-

Oy
QNQ}S—%H

benzamide

Both title compounds were obtained from the same experiment. The title compound of
Example C(130) stirred in a mixture of 2.5% aq. KOH (5 eq) in tetrahydrofuran for one hour.
The crude product mixture was separated via flash column chromatography with 5%
MeOH/CH,Cl, to furnish the two title compounds, as yellow amorphous solids in 30 and 50%
yields, respectively, of Examples N(1) and N(2).

For Example N(1): [4-Amino-2-(4-nitro-phenylamino)-thiazol-5-yi}-(2-hvdroxy-
phenyl)-methanone:

'H NMR (DMSO-dg): §11.40 (1H, s), 11.00 (1H, s), 824 (4H,d,J = 9.3 Hz),7.89 2H. 4, ] =
9.3 Hz), 7.47 (1H, d, ] = 6.9 Hz), 7.34 (1H, dd, 1 = 7.9, 7.7 Hz), 6.92 (2H, d. I = 7.8 Hz).
HRFABMS: Caled. for CigH12N4O,S (MH™): 357.0658. Found: 357.0660.

For Example N(Z): N-[5-(2-Hydroxy-beazoyl)-2-(4-nitro-phenylamino)-thiazol-4-yi1-
benzamide:

"H NMR (DMSO-dg): & 11.80 (1H, s), 11.60 (1H, 5), 10.30 (1H, s), 8.27 (2H,¢,7=9.2 Hz),
8.00 (2H,d,J =92 Hz),7.92 (2K, d, ] = 7.1 Hz), 7.56-7.68 (3H, m), 7.43 (AIIH, éd. J=17.6, 176

Hz), 7.34 (1H, ddd, ] =8.5,7.0, 1.6 Hz), 6.94 (1H, d. ] = 8.2 Hz), 6.89 (1H, dd,] = 7.6, 7.5 Hz).
ESIMS: Caled. for Ca3Hi1gNsOsS (MHE™): 461. Found: 461.
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Other compounds may be made in accordance with the invention in manners similar to
those described above. Additional exemplary compounds of the invention are identified in
Tables I, 11, and III below, wﬁich provide results of biochemical and biological assays.
BIOCHEMICAL AND BIOLOGICAL EVALUATION:

Cyclin-dependent kinase activity was measured by quantifying the enzyme-catalyzed,
time-dependent incorporation of radioactive phosphate from 3 P]ATP or [JJP]ATP into a

protein substrate. Unless noted otherwise, assays were performed in 96-well plates in a total

volume of 50 uL, in the presence of 10 r'\\I HEPES (N-[2 bvd;oxyethyl]pmerazme-\i -{2-

ethanesulfonic acid]) (pH 7.4), 10 rnM MgCl2, 25 pM adenosine triphosphate (ATP), 1 mg/mL

ovalbumin, 5 pg/mL leupeptin, 1 mM dithiothreitol, 10 mM T-glycerophoesphate, 0.1 mM

sodium vanadate, 1 mM sodium fivoride, 2.5 mM ethylene glycol-bis(B-aminoethy! ether)-

N, N,N'N'-tetraacetic acid (EGTA), 2% (v/v) dimethylsulfoxide, and 0.03 - 0.4 uCi [ /33p PJATP
per reaction. Reactions were initiated with enzyme, incubated at 30°C, and termninated afier 20

minutes by the additjon of ethylenediaminetetraacetic acid (EDTA) 10 250 mM. "The
phosphorylated substrate was then captured on a nitrocellulose or phosphocellulese membrane

using a 96-well filtration manifold, and unincorporated radioactivity was removed by repeated

washing with 0.85% phosphoric acid. Radioactivity was quantified by exposing the dried
membranes to a phosphorimager.

Apparent K; values were measured by assaying enzyme activity in the presence of

different inhibitor compound concentrations and subtracting the background radioactivity
measured in the absence of enzyme. The kinetic parameters (kcat, Km for ATP) were measured

for each enzyme under the usual assay conditions by determining the dependence of initial raies

‘on ATP concentration.

Kalsidagr

Inhibition data were fit to an equation for competitive inhibition using
agraph (Synergy Software), or were fit to an eguation for compe

it

titive t.c::n-bnc ng

inhibition using the software KineTic (BioKin, Ltc.).

Inhibition of CDX4/Cvclin D Rerinoblastoma Kinase Activitv:

A complex of human CDK4 and cyclin D3, or a complex of cyclin Di and a fusiea

protzin of human CDK4 and gluathione-S-transferase (GST-CDK4), or 2 compiex of ht

CDX# and genetically trunczated (1-264) cyclin D3, was puriﬁedu

L)
=

S LIPS S A A sAnl
sing tradirional biocheamica!

salUiite
< g

hromatographic techniques frem insect celis that had besn co-infecied with the corresconding
caculovirus expression vecsters (s er and Kim, “Chemical Inkibitors ¢f Cyclin-

Dependent Kinases,” Merhocs in En:ymal,. vol. 283 (1997), pp. 113-128.). Theenzvme
compiex (5 or 50 nM) was assayad with 0.3-0.5 pg of purified recombinant retinobiastoma
: 131




protein fragment (Rb) as a substrate. The en gineered Rb fragment (residues 386-928 of the

native retinoblastoma protein; 62.3 kDa) contains the majority of the phosphorylation sites found

in the native 106-kDa protein, as well as 2 tag of six histidine residues for ease of purification.
Phosphorylated Rb subsirate was captured by microfiltration on a nitrocellulose membrane and
quantified using a phosphorimager as described above. For measurement of tight-binding
inhibitors, the enzyme compiex concentration was lowered to 5 nM, and the assay duration was
extended to 60 minutes, during which the time-dependence of product formation was linear.

Inhibition of CDK2/Cvelin A Retinoblastoma Kinase Activitv:

CDK2 was purified using published methodology (Rosenblatt et al., "Purification and
Crystallization of Human Cyclin-dependent Kinase 2,” J. Mol. Biol., vol. 230, 1693, pp. 1317-
1319) from insect cells that had been infected with a baculovirus expression vector. Cyclin A

was purified from E. coli cells expressing full-length recombinant cyclin A, and a truncared

cyclin A construct was gznerated by limited proteolysis and purified as describes ;revicus}v

(Jefirey et al., “Mechanism of CDX activation revealed by the siructure of a cvc‘-n A-CDX2

complex,” Nature, vel. 376 (27 July 1995), pp. 313-320). Purified, proteolyzed cyclin A was
included in the assay at a three- to five-fold molar excess to CDK2. Alternativelv, a complex of

CDK2 and proteolyzed cyclin A was prepared and purified by ge! filtration. The substrate for

this assay was the same Rb substrate fragment used for the CDK4 assays. and the methodology

of the CDK2/cyclin A aad the CDK#4/cyclin D3 assays was essentially the same, except that

CDK2 was present at 130 nM or 3 nM. K; values were measured as descri

cribed above.
Inhibition of CDK1(cde2V/Cvcelin B Histone H1 Kinase Activiry:

The complex of human CDK! (cdc2) and cyclin B was purchased from New England
Biolabs (Beverly MA). Altematively, a CDK1/glutathione-S-transferase-cyclin Bl complex was

purified using glutat'“;ior aifinity chromatography from insect cells that had

with the corresponding taculovirus expression vectors. The assav was

above at 30°C usin its of cdc2/cyclin B, 10 ug Histene Kl proteir. and 0.1

i by microtiiration orn

T ag ¢ascrined abov

'
3911 g,

I{(2), etc.), where "+ cznotes a compound having a known siructure {i.e..

the compounc per se is
known). are providec teiow in Tables I. IL, and Iil. Urlass indicated ot~

Zerwise in a particuizs
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entry, the units and assays used are as indicated in the applicable column of the table. The
abbreviation *N.1.” indicates that no inhibition was observed at the concentration indicated.

Table I. K; with CDKs

Ki | K| K
Example ~ Structure CDK

, 4D | 2ZA | 1/B
1 (nM)

1y f o 640°% | 4 0.5

L] [~

12y » R 80007
JRO U SR
H -] l‘ll\’lb

13y >5

M
>100
pr
660%;

o
Ny ) .
Q0 |7
s
H ©

. 490°
Qﬂ}\b

Xy

*H

NP

X O
c
=
u,c"'@ e
'_r § P
TCs
V_/nu, :
q i )\(O/
Y ®

a = D-type cyclin is D3; b = D-type cyclin is D1; ¢ = D-type evclin is tnincated D3
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Table 1. K; with CDKs (Continued)

10

15

)
(W]}

K | K| K
Example Structure CDK |{CDK|CDK
4D | 27A | 1/B
(oM) | (aM) | (uM)
A(3) i_C(Q 2000° |6100} 3.5
Q; 1
C( O\( 140° | 780 }0.293
-
Nr $ o 02
C(6) Ne > 10
"’3)\,,{}/:? pM?
1(6) . none @
Q\( Nry 10 pM?
nr s o
D(3) Ff@; | 380°
z*isﬁé 4
(7 H:c__.f“’ w, ~ 1500°
I(8) O\ Ad:,p/ 4300°
19) 2300°
s
a4 Ny 3 5 -
A(&) OW 2000° 13100] 2.7
1(10) / N'__/NMz CHy >2Q
r{c’is = pM'

a = D-type cyclin is D3; b =D-type cyclinis D1: ¢ = D-type cyclin is truncaiad D3




Table 1. K; with CDKs (Continued)

' Ki | K

Structure CDK |CDK
' 4D | 2/A
(aM) [(nM) {(

520°
QE

380°

duf
e
&

W"T
.
QR

CrzCHy
c .
NHy
£
Hr o '@

a = D-type cyclin is D3; b = D-type cyclinis D1; ¢ = D-type c'yclin is truncatad D3




Table I. K; with CDKs (Continued)

Structure

K;
CDK
4D
(nM)

Ki
CDK
2/A
(nM)

mgqﬁip

& No

420°

eSS
s e

L] [+] 2

¢

HyC!
QQ !
3
r

NOy
°

R

none @
25 uM?

none @
25 uM®

i
HaC?

QA
YK

L]

none @\ none
23uMY| @

100u
M

a = D-tvpe cyclin is D3;

b = D-type cyclinis D1;

¢ = D-type cyclin is truncatzd D37




~ TableI. K;with CDKs (Continued)

- K | K
Structure CDX |CDK
4D | 2/A

(aM) | (nM)
1500°

Qi

|
K

R

¥ ;’fﬁ‘s: { ‘
R c NCp
(e "
>
N :5 ( t
% ")

e
N

L] u/zs_»/\f s

4

a = D-type cyclin is D3; b =D-type cyclinis DI; ¢ =D-type cyciin"i‘s tuncated D3
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Table 1. K; with CDKs (Continued)

K; Ki | Ks
Example Structure CDX |{CDK|CDK
4D | 2/A | UB
i (nM) | (aM) | (uM)
C(13) “U 51°
C(14) Q N g""‘() 57°
r/(s NOs
C(1%) ] )_I_Q 57°
Ni’sj.‘ Y NC3
M)
C(16) 170°
N+,
oy
VR T
C(25) /& e 1300°
F \QNASH Nz
C24) i ' 8 | 248 |0.046
N—-/N“!
Hr/(s c No;
C(22) g 67"
e 5_@{ Q
can Ff 72°
Ny
Q0
ATt
C(18) r | 12900° | none
/’h Y @10
rU\(J uM
CG7) /U . 78 310 |0.233
/~ Ay /
O~
C(23) YA 330°

01

-1

€1

[N

a=D-type cyclin is D3; b= D-type cyciinis Di; ¢ = D-type cyclin is trunczizd D3
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Table I. K; with CDKs (Continued)
K | K
Structure CDK |CD

4D | 2A
(nM) | (nM)

mr I:CR | 158 | 277

Vel

13900

O o C
_ =

u,::’? _{p/
o
Nrg
Reabestcl
) oy ,‘, S
L} N —

a = D-type cyclin is D3; b = D-type cyclin is D1; ¢ = D-type cyclin is truncated D3




a

Table I. K; with CDKs (Continued)

Structure

K;
CDh
4/D
(nM)

K;
CDXK
2/A
(aM)

57

20

>100
uM?

D-type cyclinis D3; b=D-iype cyclinis D1 ¢ =

D-type

~
~ 7
-

A3

~
[

1
i

inistruncated D3 7




Table I K; with CDKs (Continued)

Ki | Ki

Structure CDK |{CDK
4D | 2/A
(nM) | (nM)
1170°

a=D-type cyclinis D3; b= D-type cyclin is D1; ¢ = D-type cyclin is truncated D3




Table I. K; with CDKs (Continued)

K | Ki
Structure CDK |CDK
4D | 2/A
(nM) |(nM)

HaN, A a
p I—SN:?? 23 10
\ I
Ks™ %

& = D-type cyclin is D3; b= D-tvpe cyclinis D1; ¢ = D-type cyclin is truncated D3 ©




Table 1. K; with CDKs (Continued)

K | K
Example Structure CDXK |CDK
4D | 2/A

(nM) | (aM)
- C(59) ‘ »lOO“ 135

C(60) | 56°

1(25)

C(61)

C(62)

C(63)

C(64)

C(63) | o s 38000°

C(66) ‘ 53°

C(67_)'

a = D-type cyclin is D3; b =D-type cyclin is D1; ¢ = D-type cyclin is truncated D3 ’




Table I. K; with CDKs (Continued)

Structure

K;
CDK
4/D
(nM)

K;
CDK
2/A
(nM)

uea “[81%

>30
pM*

20°

O
O

M N F
. L'/N‘Q\ﬂ/‘\‘—sc 7N

i
(N NHz /g
' = 4 ==,
" K 8 ar
Q
14

H;N\ P

(Q
N’ s Br
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Table I K, with CDKs (Continued)

K | K
Structure CDX [CDXK
4D | 2/A
(nM) | (nM)
32° 83

a = D-type cyclin is D3; b = D-type cyclir is Di; ¢ = D-type cyclin is truncated D3




Table I. K; with CDKs (Continued)

K| K
Structure CDX |CDK
4D | 2/A
(nM) | (nM)
65° | 305

T
f r&@@t
K -UHV s )y ::

Hy NO,

"N I

Yo R

AAL O

¥ b
H
NOy
A
N \
F e TH,
K ¢

Q2N &o

o Ny
& U —'/N';-.z
= ;l )Zs 3 ‘ == o
" A s

a = D-type cyclinis D3; b =D-type cyciin is DI; ¢ = D-type cyciin is truncated D3 ’




Table I. K; with CDKs (Continued)

K; K;

Structure CDK |CDK
o 4D | 2/A

(nM) | (aM)

- f e 1.5°
HHC&O‘\%% .

H Br

HN/\ 3 HCir{):P

[y

K/KQV; e
H

m #3HCI e
So¥ia S
h

M

C(100)

C(101)
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Table 1. K; with CDKs (Continued)

K | K | K
Example Structure CDX |CDK|CDK
4D {2/A | /B
(oM) | (aM) | (M)
C(102) X o 21° 49 10.017
A O-720
C(103) % < % 110° | 595
C(104) } N""’ 190° | 730
YO~ 1
Qggwﬁ g
C(103) %;. S 60* | 1060
q)—ﬁ 3\_ N
O~ A
C(106) 134° 11460
%\Q)'wﬁ Js C q
12) e T 6.4° | 135 |0.405
C(107) e 13.8° 1125
e X
£ ( y{,\a
C(108) - T . 23° | 6.8 |0.009
C(109) Ky ™ . §3° 28 10.033
St ,
C(110) "'\/\/r:/- W/w, 14% | 260 ‘0.104
N N c
&, k/'\?J/LSH 5 i
: &D |

a=D-type cyclinis D3; b = D-type cvclinis D1; ¢ = D-tvpe cvelin is tranczied D
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Table I. K; with CDKs (Continued)

Example Structure -

K | K
CDK (CDK
4D | 2/A
M) | (nM)

C(111)

217 | 216

C(112)

23°

C(ils)

C(114)

C(115) |

I3)

J(4)

C(116)

J(5)

Cai7) "
n,:\':/\/

Cry

011352
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Table 1. K; with CDKs (Continued)

K; K;
Example Structure CDXK |CDK
4D | 2/A
(nM) | (nM)

c(11g) | & 10.3% | 191
;LN\/\

O

C(119)

caz)

c(121)

C(122)

a = D-tvpe cyciin is D3; © = D-type cvclin is DI; ¢ = D-iype cyclin is truncais ¢ Dz
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Table 1. K; with CDKs (Continued)

Ki | K
~ Structure CDK |CDK

4D | 2/A
(M) {(nM)
22°

C(126)

C(127)

C(128)

C(129)

a=D-typecyclinis D3; b= D~tyf:e cyclinis DI; ¢ = D-type cyclin is truncated D3

Inhibition of Cell Growth': Assessment of Cvtotoxicitv:

Inhibition of cell growth was measured using the tetrazolium salt assay, which is based
on the ability of viable ceus to reduce 3-(4,S-dimethyithfaz01—2-y1)-2,5-[2H]-diphenyltetrazolium
bromide (MTT) to formazan (Mossman, Journal of Immunological Methods, vol. 65 (1983), pp.
55-58). The xvater-insolusle purple formazan product was then detected spectrophotometrically.
Various cell lifies (HCT-116, Saos-2, U2-0S, SW480, COLO-?.OS, RXF-393, M14, MDA-MB-
468, and MCF7) were grown in 96-well plates. Cells were plated in the appropriate medium.at 2
volume of 135 ul/well in either McCoy's 5A Medium (for Saos-2, U2-0S, SW480, and HCT-
116 cells), RPMI (for COLO-205, RXF-393, M 14 cells), or Minimum égsential I\JIedium Eagle

(for MDA-MB-468 and MCF7 cells). Plates were incubated for four hours befdre addition of
151




inhibitor compounds. Different concentrations of inhibitor compounds were added in 0.5% (v/v)
dimethylsulfoxide (15 uL/well), and cells were incubated at 37°C (5% CO») for four to six days
(depending on cell type). At the end of the incubation, MTT was added to a final concentration
of 0.2 mg/mL, and cells were incubated for 4 hours more at 37°C. After centrifugation of the

plates and removal of medium, the absorbance of the formazan (solubilized in

dimethylsulfoxide) was measured at 540 nm. The concentration of inhibitor compound causing

50% inhibition of growth was determined from the linear portion of a semi-log plot of inhibitor

concentration versus percentage inhibition. All results were compared to control cells treated

only with 0.5% (v/v) dimethylsulfoxide.
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pRb Immunoblotting:

The ability of compounds to inhibit phosphorylation of the retinoblastoma protein (pRb)
was assessed by western blot analysis. An anti-Rb antibody was used to measure the conversion
of hyper;phosphorylated pRb to hypo-phosphorylated pRb. An a.nti-phospho-kb (ser780)
antibody was used to specifically measure dcphc;sphorylaﬁon at serine 780, a site that has
previously b'een shown to be phosphorylated by CDK4/cyclin D. Inhibition of pRb
phosphorylation is indicated by a “+" in Table 1Tl below, and failure to inhibit pRb
phosphorylation is indicated by 2 “-” in the table. |

Human colon tumor cells (HCT-116 cells; 5x1 06) were plated on 100 mM dishes and
allowed to grow overnight. Five micromolar of each compound was added for 12 hours. The
cells were then collected and centrifuged. The cell pellets were lysed by the addition of 100 uL
lysis buffer (50 mM HEPES (pH 7.0), 250 mM NaCl, 5 mM ethylenediaminetetraacetic acid,
0.1% Nonidet P-40, 1 mM dithiothreitol, 2 mM sodium pyrophosphate, 1 mM sodium
orthovanadate, 1 pg/mi aprotonin, 1 pg/ml leupeptin, 50 1 g/m! phenylmethylsulfonyl flucride).
Forty micrograms of protein were separated by sodium dodecyl sulfate-pdlyécrylamide gel
electrophoresis (SDS-PAGE) on a 6% gzl. The proteins were transferred to nitrocelivloss and
blocked with 5% blocking buffer in Tris-buffered saline overnight. The anti-Rb antibody
(Pharmingen), the anti-phospho-Rb (Ser 780) antibody (MBL), and secondary antibody were

incubated for 1 hour at room temperature foliowed by three wash steps in 0.01% Tween-20 in

Tris-buffered saline. The Rb protein was detected using chemiluminescence according to the
manufacturer (Amersham).




Table III: Inhibition of pRb Phosphorylation

Example

Compound

Inhibits
pPRb

I-ation

phosphory

Inhibits

pRb
(ser 780)

phosphoryl

~ .ation

- C(85)

+

1(2)

C(80) +
C(@3)
HD
C50)

CET)
c73)
C@El)
Cod)

F
can

The examples above illustrate compounds according to Formula I and assays that may
readily be performed to determine their activity levels against the various CDK/cyclin
compléxes. It will be appueﬂt that such assays or other suitable assays known in the art may be
,used to select an inhibitor having a desired level of activity'-agajnst a selected target.

While the invention has been illustrated by reference to specific and preferred

embodiments, those skilled in the art will recognize that variations and modifications may be

made through routine experimentation and practice of the invention. For example, those of
‘ordinary skill in the art will recognize that variations or substitutions to the compounds of
Formula I may be made without adversely affecting in a significant manner their efficécy in the
pharmaceutical compositions. Thus, the invention is intended not to be limited by the foregoing

description, but to be defined by the appended claims and their equivalents.u

v

-




What is claimed is:

L. A compound of the Formula I:

NH;

R /Z \ o
I
ey

wherein:

R!is 2 substituted or unsubstituted group selected from: Cs-alkyl; Cye-alkenyl; Cyg-
alkynyl; Cl.g-alkoxyl; C,.¢-alcohol; carbocyclic or heterocyclic, monocyclic or fused cr non-
fused polycyclic, cycloalkyl; carbocyclic or heterocyclic, monocyclic or fused or non-fused
polycyclic, aryl; carbonyi; ether; (C\.6-atkyl)-carbonyl; (Cj.¢-alkyl)-aryl; (Ci.¢-alkyl)-cycloalkyl;
(C.¢-atkyl)-(C;.6-alkoxyl); aryl-(C.s-alkoxyl); thloether thiol; and sulfonyl; wherein when R'is
substituted, each substituent independently is a halogen; haloalkyl; Cy.¢-alkyl; Cyg-zixenyl; Cys-
alkynyl; hydroxyl; C,s-alkoxyl; amino; nitro; thiol; thioether; iming; cyano; amido;

phosphonato; phosphine; carboxyl; thiocarbonyl; sulfonyl; sulfonamide; ketone; aldshvde; ester;

oxygen; carbocyclic or heterocyclic, monocyclic or fused or non-fused polycyclic, cicloalkyl; er

carbocychc or heterocyclic, monocyelic or fused or non-fused polycyclic, aryl; and
R?is a carbocyclic or heterocyclic, monocyclic or fused or non-fused polyerclic, ring

structure having a substituent at the position adjacent to the point of attachment, which ring

structure is optionally further substituted, where each substituent of R? independentiv is a

halogen: haloalkyl; C,.¢-alkyl; C).¢-alkenyl; C,.¢-alkynyl; hydroxyl; Cy.¢-alkoxyl: amino; nitro;

thiol; thioether; imine; cyano; amido; phosphonato; phosphine; carboxyl; thiocarbori; sulfonyl;

sulfonamide; ketone; aldehyde; ester; oxygen; carbocyclic or heterocyclic, monocyeiic or fused

or non-fused pelycyclic, cycloalkyl; or carbocyclic or heterocyclic. monocyelic or fused or non-

fused polycyclic, aryi;

or a pharmaceuticaily acceptable salt of a compound of the Formula I. or a prodrug cr

pharmaceutically active metabolite of a compound of the Formuia [ or prarmaceutizally

acceptabie salt thersof.

2. A compound. pharmaceutically acceptable sait, prodru» Oor phar

active metabolite thersof according to claim 1, wherein: when R’ is su
independently is a halogzn, haloalkyl, Cye-alkyl, Cjs-alkenyl, Ciez

C.¢-alkoxyl, amino, nitro, thiol, thioether, imine, cyano, amide, phosphonaio,
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carboxyl, thiocarbonyl, sulfonyl, sulfonamide, ketone, aldehyde, or ester; and each substituent of
R? independently is 2 halogen, haloalkyl, C, ¢-alkyl, Cy.¢-alkenyl, C;.s-alkynyl, hydroxyl, ;-
alkoxyl, amino, nitro, thiol, thioether, imine, cyano, amido, phosphonato, phosphine, carboxyl

thiocarbonyl, sulfonyl, sulfdnamjde, ketone; aldehyde, or ester.

3. A compound, pharmaceutically acceptable salt, prodrug, or active metabolite

according to claim 1, wherein R is a substituted phenyl group.
4, g, or active metabolite

according to claim 1, wherein R' is phenyl substituted with an alkylamine or pyridine group.
5.

A compound, pharmaceutically acceptable salt, prodrug

A compound, pharmaceutically acceptable salt, prodrug, or active metabolite

according to claim 1, wherein R’ is selected from the group consisting of:
TN\ . ) | p— o] —\
N ,N_Qé' >—N N-—@-é- >—N N
' —/ COHN
/ N\ - :
AR VA (\\N

WAS
\/

NCNO?-

O-O-Or . OO
SCN—@% . N/;/ N \_ p ¢-
>

— N\
>_N/_\\/? \_/—/L/_\_

~ : I F— .
?.. /N\/\/N\Q. -
>‘C W e
A compound, pharmaceutically acceptable salt, prodrug, or active metabolie

according to claim 1, wherein R' is phenyl substituted by optionally subsmuted carbonyl or
sulfonamide.

6.
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7. A compound, pharmaceutically acceptable salt, prodrug, or active metabolite
according to claim 1, wherein R' is selected from the group consisting of:

o

O WO Ot
1O -OHOr 3O

-and

where R’ is selected from the group consisting of C;-Cs alkyl, C;-Ce alkoxy, aryl, aryloxy, and
amine. 4

8. A compound, pharmaceutically acceptable salt, prodrug or active metabolite

according to claim 1, wherein R? is ortho-substituted phenyl or thienyl.

9. A compound, pharmaceutically acceptable salt, prodrug or active metabolite

according to claim 9, wherein Rz is o-halopheny! or o-dihalophenyl.

10. A compound, pharmaceutically acceptable salt, prodrug or active metabolite

according to claim 10, wherein R?is o-difluorophenyl.

1L A compound according to claim | selected from the group consisting of:

H@N

and pharmaceutically acceptable salts, predrugs, and active meabolites thereof.

12. " A compound according to claim 1 selected from the group consisting of:




and pharmaceutically acceptable salts, prodrugs, and active metabolites thereof.

A compound selected from the group consisting of:




, and
or a pharmaceutically acceptable salt, prodrug, or active metabolite of said compound.
14. A pharmaceutical composition comprising:
(a) an amount of a cell-cycle control agent effective to inhibit CDK4 or a
CDKé4/cyclin complex, said cell-cycle control agent being selected from the group
consisting of:

6] a compound of the FormulaI:

Nﬂz
7\
R O
Ny /(s)\(
H L

(D

wherein: .

R' is a substituted or unsubstituted group selected from: C-

alkyl; Cy¢-alkenyl: Cy6-alkynyl; C,4-alkoxyl; C,.¢-alcohol:
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carbocyclic or heterocyclic, monocyclic or fused or non-fused
polycyclic, cycloalkyl; carbocyclic or heterocyclic, monocyclic or
fused or non-fused polycyclic, aryl; carbonyl; ether; (C;.s-alkyl)-
carbonyl; (C;.¢-alkyl)-aryl; (Cy.s-alkyl)-cycloalkyl; (Cyg-alkyl)-(Cye-
alkoxyl); aryl-(C,.¢-alkoxyl); thioether; thiol; and sulfonyl; wherein
when R' is substituted, each substituent independently is 2 halogen;
haloalkyl; C,.¢-alkyl; Ci¢-alkenyl; Cy¢-alkynyl; hydroxyl; C; -
alkoxyl; amino; nitro; thiol; thioether; irﬁine; cyano; amido;
phosphonato; phosphine; carboxyl; thiocarbonyl; sulfonyl;
sulfonamide; ketone; aldehyde; ester; oxygen; carbocyclic or
heterocyclic, monocyclic or fused or non-fused polycyclic, cycloalkyl;
or carbocyclic or He:erocyclic, monocyclic or fused or non-fused
polycyclic, aryl; and
| Rlisa carbocyclic or neterocyclic, monocyclic or fused or
non-fused polyeyclic, ring structure héving a substituent at the :
position adjacent to the point of attachment, which ring structure is
optionally further substituté, where each substituent of R?
independently is a halogen; haloalkyl; C,.¢-alkyl; Cj.¢-alkenyl; C).q-
alkynyl; hydroxyl; C,.¢-alkoxyi; amino; nitro; thiol; thioether; imine;
cyano; amido; phosphonato; pnosphine; carboxyl; thiocarbonyl;
sulfonyl; sulfonamide; ketone; aldehyde; ester: oxygen; carbocyclic or
heterocyclic, monocyelic or fused or non-fused polycyciic, cycloalkyl;
or carpocyclic or heterocyciic, monocyclic or fused or non-fused
polveyclic, arvl; _
@) . a2 pharmacsuzically acceptable salt of a compound of
the Formula I: and
(iii) a prodrug ¢ pharmaceutically active mezabolite of a
compound of the Formula I ¢r a pharmaceutically acceprable sale
thereof; and
(b) . apharmaceutically acceptabie carrier.
13. A method of treating a disease or disorder mediated by inhibition of CDK4 or a
CDK4/cyclin comﬁlex, comprising administering to a subject in nesd Qf‘éuch treatment a cell-

cycle control agent selected from the group consisting of:

167




compounds of the Formula I:

wherein:

R! is a substituted or unsubstituted group selected from: Cj¢-alkvl; Cye-

alkenyl; C.¢-alkynyl; Ci¢-alkoxyl; C,s-alcohol; carbocyclic or heterocyclic, monceyclic or
fused or non-fused polycyclic, cycloalkyl; carbocyclic or heterocyclic, monocyclic or fused or
non-fused polycyclic, aryl; carbonyl; ether; (C.6-alkyl)-carbonyl; (C)s-alkyl)-aryl; (C,¢-alkyl)-
cycloalkyl; (Cys-alkyl)-(Cj.¢-alkoxyl); aryl-(C,.¢-alkoxyl): thioether; thiol; and sulfonyl; wherein
when R' is substituted, each substituent independently is a halogen; haloalkyl; C,.c-zlkvl; C, -
alkenyl'; Cis-alkynyl; hydroxyl; oxygen; C;.¢-alkoxyl; amino; nitro; thiol; thioether: imine;
cyano; amido; phosphonato; phosphine; carboxy}; thiocarbonyl; sulfonyl; sulionamice; ketone;
aldehyde; or ester; and
| R’isa carbocyclic or hetcrocyclic, monocyclic or fused or non-fused

po}ycyclic, ring structure having a substituent at the position adjacent the point of ariachment,
which ring structure is optionally further substituted, where each substituent .of R’ independently
is a halogen; haloalkyl; C,¢-alkyl; C,.¢-alkenyl; C,¢-alkynyl; hydroxyl; Cj.¢-alkoxyl: amino;
nitro; thiol; thioether; imine; cvano; émido; phosphonato; phosphine; carboxy!; thiccarbonyl;
sulfonyl; sulfonamide; ketone; aldehyde; or ester;

pharmaceuticaliy acceptable salts of compounds of the Formula I; and

prodrugs and pharmaceutically active metabolites of compounds of the Fermula [ and
their pharmaceutically acceptable salts.

16. A compound of the Formula I:

wherein:

R!is selected from:
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