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of the Invention The present invention relates to inidazo[lzékﬁ%gﬁrsgine
conpounds useful as protein kinase inhibitors (such as for é
_inhibitors of the cyclin- dependent kinases, mtogen-activated protein

ki nase (MAPKI ERK), glycogen synthase kinase 3(GSK3beta) and the |ike),
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Protein kinase inhibitors include kinases such as, for example, the inhibitors
of the cyclin-dependent kinases (CDKs), mitogen activated protein kinase
15 (MAPK/ERK), glycogen synthase kinase 3 (GSK3beta), and the like. The cyclin-
dependent kinases are serine/threonine protein kinases, which are the driving
force behind the ceil cycle and cell proliferation. Individual CDK's, such as, CDK1,
CDK2, CDK3, CDK4, CDK5, CDK6 and CDK7, CDKS and the Tike, perform distinct
roI_ES in cell cycle progression and can be classified as either G1, S, or G2M phase
C‘J‘ZO enzyrhes. Uncontrolied proiiferation is a halimark of cancer cells, and misregulation
of CDK function occurs with high frequency in many important solid tumors. CDK2
and CDK4 are of particular interest because their activities are frequently
misregulated in a wide variety of human cancers. CDK2 activity is required for
progression through G1 to the S phase of the cell cycle, and CDK2 is one of the
25  key components of the G1 checkpoint. Checkpoints serve to maintain the proper
sequence of cell cycle events and allow the cell fo respond to insults or to
profiferative signals; while the loss of proper checkpoint controf in cancer celis
contributes to tumorgenesis. The CDK2 pathway influences tumorgenesis at the
Ievef of tumor sup'pressor function (e.g. p52, RB, and p27) and oncogene
30 activation (cyclin E). Many reports have demonstrated that both the coactivator,
cyclin E, and the inhibitor, p27, of CDK2 are either over — or underexpressed,



contributes to tunorgenesis. The CDK2 pat hway influences tunorgenesis at the
| evel of tunor suppressor function (e.g. p52, RB, and p27) Sf n ne . 30
activation (cyclin E). Many reports have denonstrated thatzg Eﬁafﬂgﬁp
coactivator, «cyclin E, and the inhibitor, p27, of CDK2 are either over - or
under expressed, 23 March 2007 2 respectively, in breast, colon, nonsnall
cell lung, gastric, prostate, bladder, non- Hodgkin's |ynphoma, ovarian, and
ot her cancers. Their altered expressizdn has been shown to correlate with

i ncreased CDK2 activity |levels and poor overall survival. This observation
makes GEKZeANEly, irf brei] Eien YndiRinimpyst mﬁgpgééﬁiaﬁp@s&@t@getaﬁdfe@,rnéme o
devel opment years, a nunber of adenosine -triphosphate (ATP) conpetitive
snmal | digggkits hsnpbames oxgriamlandasthpe pancrss. Theis alfeted expiession has t he
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10 CDK inhibitors are known. For example, flavopiridol (Formuia i) is a .
nonselective CDK inhibitor that is currently undergoing human clinical trials, A. M. ( J-
Sanderowicz et al, J. Clin. Oncol. (1998) 16, 2986-2999.
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15 Other known inhibitors of the CDKs include, for example, olomoucine (J.
Vesely et af, Eur. J. Biochem., (1994) 224, 771-786) and roscovitine (I. Meijer ef
al, Eur. J. Biochem., (1997) 243, 527-536). U.8. 6,107,305 describes certain
pyrazolo[3,4-b] pyridine compounds as CDK inhibitors. An illustrative compound
from the ‘305 patent has the Formula ll:



fromthe 305 patent has the Formula Il: 23 March 2007 3 O N / NHK S
Kimet al, J. Med. Chem 45 (2002) 3905-3927 and WO 02/1012%% d'ﬁﬁ%ﬁ?
certain am not hiazol e conpounds as CDK inhibitors. 5 Pyraz M C8f nes are
known. For Exanple, W92/18504, WO02/50079, W95/35298, W02/ 40485,
- EP94304104. 6, EP0628559 (equivalent to US Patents 5,602,136, 5,602,137 and
5,571,813), U.S. 6,383,790, Chem Pharm Bull., (1999)47 928, J. Med.
Chem, (1977) 20, 296, J. Med. Chen1,:%1976) 19 517 and Chem Pharm Bull.
(1962) 10 620 di scl ose various pyrazol opyrimdines. 10 There is a need for
new conmpounds, formulations, treatments apd~xtherapies to treat diseases and
dlsorders aSSOCIated mnth CDKs It IS, th* e, an object of this
PC ' 7 —eatrent- or prevention or
. anelloratlon of such dlseases and di sorder syy"C115 Sunmary of the Invention
Inits nany enbodi nents, the present inventijon provides a novel class of
i m dazo[ 1, 2- a] pyrazi ne conpounds as |nh|b| ors of cyclin dependent ki nases,
met hods of preparing such conpoundsj phaﬁhaceutlcal conposi tions conpri sing
‘one or nore _such. compounds, nethods of preparlng pharmaceutical fornul ations
20 conprising one or nore sye
prevention, i nhi bition or ' dne O nore di seases associated
with the CDKs using such cop racedti cal conpositions. In one
aspect, the present applicatio dlsclosesﬂa co ound, or pharnmaceutically
. acceptabLessaLLs“QLssQLMaLesugi_sfu onpoun sadeconpound 25 havi ng the
general structure shown in Formul a O _ﬁgg Nhrch 2007

K. S. Kim et al, J. Med. Chem. 45 (2002) 3905-3927 and WO 02/10162

| C ' disclose Certain aminothiazole compounds as CDK inhibitors.

5 Pyrazolopyrimidines are known. For Example, W092/18504, WO02/50079,
WQ095/35298, W002/40485, EP94304104.6, EP0628559 (equivalent to US
Patents 5,602,136, 5,602,137 and 5,571,813), U.S. 6;383,790, Chem. Pharm.
Bull., (1999) 47 928, J. Med. Chem., (1977) 20, 296, J. Med. Chem., (1976) 19
517 and Chem. Pharm. Bull., (1962) 10 620 disclose various pyrazolopyrimidines.

10 There is a need for new compounds, formulations, treatments and
therapies to treat diseases and disorders associated with CDKs. It is, therefore, an
object of this invention to provide compounds useful in the treatment or prevention

or amelioration of such diseases and disorders.

( 15 ~ Summary of the Invention

In its many embodiments, the present invention provides a novel class of
imidazo[1,2-a]pyrazihe compounds as inhibitors of cyclin dependent 'kinases,
methods of preparing such compounds, pharmaceutical compositions comprising
one or more such compounds, methods of preparing pharmaceutical formulations

20 - comprising one or more such compounds, and methods of treatment, prevention,
inhibition or amelioration of one or more diseases associated with the CDKs using
‘such compounds or pharmaceutical compositions.

In one aspect, the present application discloses a compound, or

pharmaceutically acceptable salts or solvates of said compound, said compound

- 25 having the general structure shown in Formula lil:



4 RLRR N\ NI'N R3I NNH Fornmula Ill wherein: Ris selected fromthe
group consisting of H, halogen, aryl, heteroaryl, 5 cyclo al kyl ,
het erocycl yl, heterocyclylal kyl, al kenyl, al kynyl, CKC»R?QémMﬁd1Q&%E8)N ~
(R6)n C/N (R8)n N\1 1-2 and _2 I~N 8)n wherein each of said aryl,
het eroaryl, cycloal kyl, arylal kyl, alkenyl, heterocyclyl 10 and the

het erocycl yl noi‘eti es whose structures are shown i medi ately above for R
‘can be unsubstituted or optionally intependently substituted with one or
nore noieties which can be the same or different, each noiety being
independently selected fron1the gro@p cqg5|st|ng of hal ogen, al kyl,

eyetoatkyt—CF3—CN— —ORR NRSR6, - C{R2) R6, -C( O) NR5R6, .
- (CHR5) nOR6, - SR6, - S( 02) R7 15 &02) R -N(R5) S(Q2)R7, -N(R5)C(O R7 and
-N(R5) (O NRSR6;  R1 is H, hal ogen R2 is selected fromthe group
consisting of R9, alkyl, aryl, aryI alkyl, het eroaryl, heteroaryl al kyl,

het erocyclyl, al kenyl, aI kynyl I’oalHkyI cycl oal kyI al kyl ,

het er ocycl yl al kyl , -CF3 C(O)R? FaI IE%L%ﬁpbstltut ed with 1-6 R9 20 groups
whi ch groups can be the same or diff wi th each R9 being

whereln

R is se|ected from the group consisting of H, halogen, aryl, heteroaryl,
cycloalkyl, arylalkyl, heterocyclyl, heterocyclylalkyl, alkenyl, alkynyl,
-C(O)R’, o o
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wherein each of said aryl, heteroaryl, cycloatkyl, arylalkyl, alkenyl, heterbcyclyl
10  and the heterocyclyl moieties whose structures are shown immediately above for
R can be unsubstituted or optionally independently substituted with one or more
moieties which can be the same or different, each moiety being independently
selected from the group consisting of halogen, alkyl, cycloatkyl, CF3, CN, -OCF3;, ( }
-OR®, -C(O)R’, -NRR®, -C(02)R®, -C(O)NR’R?, -(CHR®),OR®, -SR®, -S(0)R’,
15 -S(O2NR°R®, -N(R®)S(0,)R’, -N(R%)C(O)R’ and -N(R®)C(O)NR®R?;
R'is H, halogen, or alky!;
R?*is selected from the group consisting of R®, alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, heterocyclylalky!, -CF3, -C(O)R’, alkyl substituted with 1-6 R?
| 20  groups which groups can be the same or different with each R® being

11‘?/ (CH2)m\4 \N-R8

13 L

B
i—(CHi—N  N—R
independently selected, —



(CH -(CH2)m N N-R8 2) m-R8 i ndependently selected, ~/ 23 March 2007 5
-aryl-N--\ NNR8 _aq'l/--\NR8 and ~' , Wherein each of%ﬂs]@iad a%rc%zj ,
heteroaryl, cycloalkyl, arylalkyl and heterocyclyl can be Bt ted or
optionally i ndependently substituted with one or nore noieties which can be
- the sane or different, each noiety being independently selected fromthe
group consisting of 5 hal ogen, al kyl, cycloal kyl, CF3, CN, -OCF3, -OR6,
-C(OR7, -NR5R6, -C(02)R6, -C(O NR5R6% -SR6, -S(02)R7,-S(02)NR5R6

-N(R5) S(02) R7, -N(R5)C(O)R7 and -N(R5) C(O)NR5R6; R3 is selected fromthe

group caqnsi Sti ng /o‘f—\H efT‘aryI8 heterocyclyl, -(CHRS)n-aryl, -
(CHR5) %h_f@v‘oar‘& N (CHR5) n- N 10
- ( CHR5) n--het-er ocyt aI ky‘fm (CHR Wﬁ@m each of gaigpeyly hptexpag!,

((:;?:Fgélnk l@(%%éan@(ﬁt%c C aryI gmﬁﬁﬂﬁ%%gp“?%&zyﬁm% and |

-/, V\Anmta)enmb substinited aithl ondet momemymeﬂmlvdm&irecmbe ltyd sapmnobe
substituted or optionall S one or npre noieties_which can

ubstitu
15 be t K¥'e8Rb ecﬂCthF’\@éYéﬁtng @Q@H%@%@&S%@FW@ frmaéb@r@d@m conaeling obd from

L ors R b cRialo P e S 2 %*“,s%??%sa"“% SR
- N( R5) seoa))WR’SRN(—BaﬁcemzRéns(OWL)F& CNNR'SB@OzW e )@(Om’karhd 20 R6 is
sel ect ede(Fr{ )m(E))ﬁRg&@up consisting of H alkyl, aryl, heteroaryl,
R3 is selected from the group conssstlng of H, aryl, heteroaryl, heterocyclvi,
3 -(CHR®)-aryl, - (CHR®)-heteroaryl, -(CHR®)y-cycloalkyl,
. | -(CHR®),

10 -(CHR®)y-heterocycloalkyl, -(CHR®),-CH(aryl),, o//l:>

b

«{CHR®)p—N  N-RS |
5 6 5] 8 5m6
\_/ ,  -{CHR%,-OR®, -S(02)RE, -C(O)R®, -S(02)NR°R?,

-C{O)ORE, -C{OINR®RS, cycloalkyl, -CH(aryl),, -CH(heteroaryl), -(CHz)m-NRE,

e S
and , wherein each of said aryl, heteroaryl and heterocyciyl
can be substituted or optionally substituted with one or more moieties which can-

15  be the same or different, each moiety being independently selected from the
group consisting of halogen, alkyl, aryl, cycloalkyl, CFs, CN, -OCF3, -OR®, -NR°R®,
] -C(02)R®, -C(ONR’R?, -SR®, -S(02)R®, -S(02)NRR®, -N(R%)S(02)R”,
C,i -N(R®C(O)R and -N(R®)C(O)NR°RE;
R’is H or alkyl;

20 R® is selected from the group consisting of H, alkyl, aryl, heteroaryl,
arylalkyl and heteroarylaikyl, wherein each of said alkyl, heteroarylalkyl, aryl, -
heteroaryl and arylalkyl can be unsubstituted or optionally substituted with one or
more moieties which can be the same or different, each moiety being
independently selected from the group consisting of halogen, alkyl, aryt,

25  cycloalkyl, CF3, OCFs, CN, -OR?, -NR°R®, -CH,0R®, -C(O2)R?, -C(OINR°R®,

SR8, -S(02)R, -S(0INR®RE, -N(R%)S(02)R’, -N(R%)C(O)R" and
“N(R°)C(O)NRR5;



aryl al kyl and heteroaryl al kyl, wherein each of said al kyl, heteroarylal kyl,
aryl, heteroaryl and aryl al kyl can be unsubstituted or 0pt23%§r‘ch§20
substituted with one or nore noieties which can be the same or Qerent
each noiety being independently selected fromthe group consisting of

hal ogen, al kyl, aryl, 25 cycloal kyl, CF3, OCF3, CN, -OR5, -NR5R6, -CH2OR5,
-C(02)R5, -C(ONRSR6, -SR6, -S(02)R7, -S(02)NR5R6, -N(R5)S(02)R7,

-N(R5) C(O R7 and N(R5)C(O NR5R6; 23 Qarch 2007 6 R7 is selected fromthe
group conS|st17ng of alkyl, aryl, heteroaryl, arylalkyl an,

het er oar yl al Ryis salhoted froradbé g@u;s aods:atukgbf alhgt, argahgleaband, ariajity]

-.—e I tuted
with on@i‘%pe?ﬁnﬂpéwi%ﬂegaﬁ i@ée‘ﬂ/rﬁa@ﬁ‘ Cléaﬁ?“i Kyhdedereardalkyh ttero@é[i:h noi ety
DeLrS (DAFRRARY b RetpiaetRbidd aﬁ%ﬁgﬁneﬂ%%@gmﬂ@é@%@g Biggen. alkyl,

-C(O NRBR@E;tl%S%;Ch (0K B samé(diﬁlﬁlﬁéﬁﬁ, eadN(RbjeB¢ ﬁ@)ri@'ﬁndebléﬁ&e)nﬁ(p) R7 and )
b, -1 OPRRBIRE! TOmdhe SrRHB RENS SERpRAaIoaepo sl AVISPUI IV hines. 08By - aryl : 10
B sevsoms e g g FReL S SRS, P
- N( R5) qsommﬁaR- Nmsa)ﬁ)a(qzwkismmﬁﬂ(@)w aod4N(RHOO)MRIR%and 15 pis O- 3.
- can b6 LSETUTEIRSEREIR] EarvbROaHB CoPErERBL R oTCUINR e at fve di seases, for
SR SIOIRCIOR SO o gy, oL Se.laer 1 e
cartd ovascul ® IQGetGCm.ﬁ‘em thei gralip dionsisting ol hdidgeng &IN, dRERS es
-C(02)R®, -C(OINR®R?, -ORS, -C(O)R, -SR?, -S(02)R, -S(O)NR°R, ()
-N(R®)S(02)R’, -N(R®C(O)Rand —N(R*)C{ONR®RE; |
m is 0 1o 4;
nis 1-4; and
15 p is 0-3.
The compounds of Formula }I can be useful as protein kinase inhibitors and
can be useful i'r{the treatment and prevention of proliferative diseases, for
example, cancer, inflammation and arthritis. They may also be useful in the
treatment of neurodegenerative diseases such Alzheimer's disease, cardiovascular

20 diseases, viral diseases and fungal diseases.

Detailed Description - ()

1In one embodiment, the present invention discloses imidazo[1 ,2-a]pyrazine

o compounds which are represented by structural Formula i, or a pharmaceutically
25 acceptable salt or solvate thereof, wherein the various moieties are as described
above. |
In another embodiment, R is selected from the group consisting of H,
-—— halogen, aryl, heteroaryl, alkenyl and —C(O)R’, wherein each of said aryl and
heteroaryl can be unsubstituted or optionally independently substituted with one or
30 more moieties which can be the same or different, each moiety being
independently selected from the groﬂp consisting of halogen, alkyl, CF3, CN, -
" OCF3, and -OR®.



Det ai l ed Description In one enbodi nent, the present invention discloses

I m dazo[ 1, 2- a] pyrazi ne conpounds whi ch are represented byggtrucégpﬁ}
Formula 111, or a pharnaceutically 25 acceptable salt or IM@P er eof ,
wherein the various noieties are as described above. In another enbodi nent,
Ris selected fromthe group consisting of H, halogen, aryl, heteroaryl,

al kenyl and -C(O R7, wherein each of said aryl and heteroaryl can be
unsubstituted or optionally independenfly substituted with one or 30 nore
noi eti es which can be the sane or different, each noiety being

i ndependent | yn sebtdrasmbodimdifeRbisad ordowet aliyng of hal ogen, al kyl, CF3, CN,
- OCF3, and -OR6. 23 March 2007 ,7 In another enbodiment, Rl is Hor |ower
“al kyl . 1 n_andd Repthersiabediment. 3" issselecledtfeamithe graecemnsisiingohsi sti ng of

hal ogen I Y, er V. I I 7 R7, wherein,each of said
al kyl, hgfcl aﬁga{lfeéf'&'E'%S%Pg%nélﬁ%&dﬁﬁ%é?@$e %e'gﬁchanﬁ%w? épendent |y
substi t gkl NetefoEca bvheubBitatdPsr vhiiciblvanddiridentyamsatutdy f ferent,
each noi ety being independently selected fromthe group consisting of

hal ogenWwithi iy or arge rapieties abid cambe-torsameacadifferant, eatfotiaielytheing i s

sel ecteq fraomi. r.ou | St f H. I et er aryl n- (GHR5) n-aryl, -
(GRS - TSy SR EROR B 8B saisitit gt s SR s R

x~(CH2) OCIRY ak -Gkf.aryl )2, 0 and , wherein each of said aryl and
heteroaryl- can be substituted or,optionally substituted with one or nore

noi eti es whi dhapgtharembedigemb BT isdkaleetedfromdhe brovsi eensistingaf Hndapendent 1 y

BT L s e e R R
- ~(CHR%), p 3 /(CHZ)m\CN~RB

C 10 -CH(aryl),, 0 and , Wherein each of said aryl

and heteroaryl can be substituted or optionally substituted with one or more
moieties which can be the same or different, each moiety being independently
selected from the group consisting of halogen, alkyl, aryl, CF3, CN, -C(02)R® and -
S(0,)RE.
15~ In another embodiment, R® is H or lower alkyl,
in another embodiment, mis 0 to 2.
In another embodiment, nis 1 to 3.
In an additional embodiment, R is selected from the group consisting of H,
phenyl and heteroaryl. |
20 " In an additional embodiment, R" is H, Br or methyl.
C : In an additional embodiment, R%is F, Ci, Br, 1, aryl, alkenyl, heteroaryl or -
CFa.
In an additional embodiment, R? is phenyl, (pyrid-2-yl)methyl, (pyrid-3-
| yhmethyl, (pyrid-4-yl)methyl, 2-[(pyrid-3-yl)ethyl, 2-[(pyrid-4-yi)lethyl, 2-ylpropanol,
25  3-ylpropyt-10pyrrolidin-2-one; or —C{O)CHj3;, wherein said pyridyl can he
unsubstituted or optionally substituted with one or more moieties which can be the

same or different, each mbiety being independently selected'fror_g___tbbe_ group

consisting of F, Cl, Br, CF3, lower alkyl, methoxy and CN.
In an additional embodiment, R® is H.
30 In an additional embodiment, mis 0.

In an additional embodiment, nis 1 or 2.



I n anot her enbodinent, mis 0 to 2. In another enbodinment, nis | to 3. In

an additional enbodinent, Ris selected fromthe group consi.sii H

phenyl and heteroaryl. 20 In an additional enbodi nent, Rl ﬁ%ﬁﬁé@@gﬁ@;

methyl. In an additional enbodinment, R2 is F, C, Br, |, aryl, alkenyi,
heteroaryl or CF3. In an additional enbodiment, R3 is phenyl, -
(pyrid-2-yl)methyl, (pyrid-3- yl)methyl, (pyrid-4-yl)nethyl,
2-[(pyrid-3-yl)]ethyl, 2-[(pyrid-4-yl¥]ethyl, 2-ylpropanol, 25 3-ylpropyl-1

Opyrrolidin-2-qne, or-C(O CH3, wherein said pyridyl can be unsubstituted or
optionally séﬂé?%?ﬂ“@ﬁﬁﬂP%ﬁﬁSH€W§W”ﬁ§ﬁ§5h@W€ﬂF§§b%hﬂeh can be the sane or
~di-f-f ; i i i eaty—seleeted—-froem-t-he—group
consisting of F, d, Br, CF3, |ower g é?, met hoxy and CN. In an additi onal
enbodi nent, R5 is HoH; 30 In apqadditional enbodi nent, mis OcH;n an
addi ti onal enPQd' nt, i or 2. 23 Narch 2007 8 Ap= tive group of |
conpounds i s shohnégn‘ﬁggr’ﬁg' “Tabl e 1¥%ﬁ3“CHB CH3H; ¢l HFT N¥ "N N ~N H N HN *
/|HN|\\'*\\lzy$N-N CH3 .’§3~W>§~w_.cMNYL--NNYN
~N NYNH HN. HN =N Nﬁ/L\‘N HN ~

g B TS

S =N QCH-, ‘_/ _ \N




HHNHNHNN N /1 / N/ /I NV I ~NN Br Br\ Br \' / N\ NNN N\\ N-
NN HN HN\ HN\ 51 / / S®2CH3 |1 N cllr-~ BrBr Br NNI\# INh%!OOﬂYNCI
NM~N HNHN HNHIN\N/ / NN\ N / I 01,~-BrNN\! NC Mggc NC N
Y HNHNC NYNHN t,) / / NN/ ~NI \' NNCOREt \ N 23 March 2007 9 /I
-Ja/ Br -NN )I-,-- A M NCF\ /. NNN HNHNMNM ~NHNT

9




J I NHN/ 1TV N\ N SSi -,--NNN\V I / N HHN ~ HNT"~ NY \ N NHy
N\ NO Br NCOCH3 N~~ N\ \ / N HNNY NN HN HN lewlﬁhzoﬁ?3\l\l\
N OH\ 4/ NNN HN\ NBr/ I Br 9Br I N\ / NNCO NC ~ NN
HNHN d N~NHNHNCH3\ | N

Another embodiment discloses compounds of the formula:
5 of the formula:
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As used above, and throughout this disclosure, the following terms, unless
otherwise indicated, shall be understood to have the foliowing meanings:

"Patient" includes both human and animals.

“‘Mammal” means humans and other mammalian animals. -

"Alkyl" means an aliphatic hydrocarbon group which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain.
Preferred alkyl groups contain about 1 to about 12 carbon atoms in the chain.
More preferred alkyl groups contain about 1 fo about 6 carbon atoms in the chain.
Branched means that one or more lower alky} groups such as methyl, ethyi or
propyl, are attached to a linear alkyl. chain. "Lower alkyl” means a group having
about 1 to about 6 carbon atoms in the chain which may be straight or branched.
The term "substituted alkyl" means that the alkyl group may be substituted by one
or more substituents which may be the same or different, each substituent being-
independently selected from the group consisting of halo, alkyl, aryl, cycloalkyl,
cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl)z,
carboxy and —C(Q)0O-alkyl. Non-limiting examples of suitable alkyl groups{ include

methyl, ethyl, n-propyl, isopropyl and t-butyl.
"Alkynyl" means an aliphatic hydrocarbon group containing at least one

- carbon-carbon triple bond and which may be straight or branched and comprising

about 2 to about 15 carbon atoms in the chain. Preferred alkyny! groups have

5
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Br fry / \' HNHNMN~N/ 1T /1 NWy N \ N\ N---0 CF3 23 March 2007 11 ON,
Br OHHBr HBr NO OHHNHN HO HN 6JN\ N 6,1N and HB%&‘ Ny' N
HN ~I \ N As used above, and throughout this disclosure ?1 f°$'| W ng
terns, unless 5 otherw se indicated, shall be understood to have the

foll ow ng neanings: "Patient" includes both human and animals. "Manmal "
means hunans and ot her nmammalian animals. "A kyl" neans an aliphatic

hydr ocar bon group which may be strai Bt or branched and conprising about 1
to about 20 carbon atons in the chain. 10 Preferred al kyl groups contain

about &bbat 2koabol? 12aakisom atoens i thet dteais aidmorliprefapalsiietboad 2abky!  gr oups
cont ai n‘about to about 6 carhon_ atons in the chain. Br anched rreans t hat

one or akeKk4| n glqms '%W‘Qu@ﬁ%eﬁéﬂﬁws thatigne ermops lgwar alky '

SR ot i e e S
"Lower alkynyl" means about 2 to a_bout 6 carbon atoms in the chain which may ’

5 be stfaight or branched. Non-limiting examples of suitable alkynyl groups include

ethynyl, propyny!; 2-butynyl and 3-methylbutynyl. The terrh "substituted alkynyl"
means that the alkynyl group may be substituted by one or more substituents
which may be the same or different, €ach substituent being independently
selected from the group consisting of alkyl, aryl and cycloalkyl.

10 "Aryl” means an aromatic monocyclic or multicyclic ring system comprising

4
et

about 6 to about 14 carbon atoms, preferably about 6 to about 10 carbbn atoms. (
The aryl group can be optionally substituted with dne or more "ring system |
substituents” which may be the same or different, and are as defined herein. Non-
limiting examples of suitable aryl groups include phenyl and naphthyl, |

15 "Heteroaryl" means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring -
atoms, in which one or more of the ring atoms is an element other than carbon, for
example nitrogen, oxygen or sulfur, alone or in combination. Preferred heteréaryls
cdntain about 5 to about 6 ring atoms. The "heteroaryl" can be optionally

20  substituted by one or more "ring system substituents” which may be the same or
different, and are as defined herein. The prefix aza, oxa or thia before the .
'heteroéry! root name means that at least a nitrogen, oxygen or suliur atom )
respecti\}ely, is present as a ring atom. A nitrogen atom of a heteroaryl can be

- optionally oxidized to the corresponding N-oxide. Non-limiting examples of

25  suitable heteroaryls include pyridyl, pyrazinyl, furanyl, thienyl, pyrimidinyf,
pyridone (including N—substitdted pyridones), isoxazolyl, isothiazoiyt, oxa_zolyi,
thiazolyl, pyrazolyl, furazanyl, pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl,

- -pyrazinyl-pyridazinyt; quinoxalinyl; phttrlazinyl, oxindolyl, imidazo[1,2-a]pyridinyl,

imidazd[2,1-b]thiazo}yl, benzofurazanyl, indolyl, azaindolyl, benzimidazolyl,

30 benzothienyl, quinolinyl, imidazolyl, thienopyridyl, quinazolinyl, thienopyrimidyl,
pyrrolopyridyl, imidazopyridyl, isoquinolinyl, benzoazaindolyl, 1,2,4-triazinyl,
benzothiazolyl and the like. The term “heteroaryl” also refers to partially saturated



15 The term "substituted al kyl" means that the al kyl group nmay be
substituted by one or nore substituents which may be the $3 r&h(fﬂ?fferem’
each substituent being independently selected fromthe grdup consisting of
hal o, al kyl, aryl, cycloal kyl, cyano, hydroxy, al koxy, alkylthio, am no,

- -NH(al kyl ), -NH(cycl oal kyl), -N(al kyl)2, carboxy and -C(O O al kyl .
Non-limting exanpl es of suitable al kyl groups include 20 nethyl, ethyl,
n-propyl, isopropyl and t-butyl. "Al kydyl" neans an aliphatic hydrocarbon
group containing at | east one - carbon-carbon triple bond and which may be

st r ai ghhetarobnynwieties suclt aspior eixagplafietrahZdicisajudnudiyll Setesneivaqaholys i n the
~ chai n. Prg&grﬁ.ﬁg al kynyl groups have 23 March 2007 12 about 2 to about 12
—carbon—&81e18e €+ he chain; ‘and nore-preferably about 2 to about 4 carbon

atonms in then e ~BF %Pgﬁi _ _ 4 ps such
as net hyl, etﬁ}ﬁ*%rc_)graggyl, aﬁ%%g:'? tz%i;' EQ{P(? erlgﬁggwhg%%%%&K%%? %fk% Lower
al kyny!| areraapsevbuosly d2scabedoBtef6rredrdralkylatcompiise ah@wehalkEI grouphNoRy S5 be
straij gh} or branched. Non-limting exanpl es of suitable alkynyl groups

i ncl Rde i”@tﬁ%/%ﬁmpﬁsﬁprleza@ﬁ @FPuRMErCBIdeb et phgnetivhand er m
B e
substi t uent "’ﬁ&!ky@rylhdmmmj&mbﬂw:asﬁl‘Q'B:I[mnfwlmitrhﬁhe aflvapderpisretasng of
Ly B Lok Mt s o ok S
bt 1 onal e Gdmbic & & Bttoie aRaRABralEricly. 1 Bore ORRBRRAT, &% i ch
mayibe niwetydsthroughitheergnt, and are as defined herein. Non- limiting
(et or oar yl * “ueiRRIH THEBRRA RO HaIES Mongr Sk SIETIG By st em
comr SRR oo S EArIRTS, pRELEB SRS B i, 10,
car bon, chrbon soar|Rrefertadgpsioaliylyieys contain dboyt SHtcoakoutr7 ring @torhgnat i on.
Preferr q’%éhc%tc;%ra?l?ﬁ %laﬁ be optionally substituted with one or more "ring-system
.1 5 substituents" which may be the same or different; and are as defined above. Non-
limiting examples of suitable monocyclic cycloalkyls include cyclopropyl, !
cyclopentyl, cyclohexyl, cyclohepty! and fhe like. Non-limiting examples of suitable
muiticyclic cycloalkyls include 1-decalinyl, norbornyl, adamantyl and the like, as
well as partially saturated species such as, for example, indanyl,
20 tetrahydronaphthyl and the like. '
“Halogen” means fluorine, chlorine, bromine, or iodine.
(:, : "Ring system substituent" means a substituent attached to an aromaitic or
Ron-aromatic ring system which, for example, replaces an available hydrogen on
the ring system. Ring system substituents may be the same or different, each
25 Dbeing independently selected from the group consisting of atkyl, alkenjd, alkynvyi, |
aryl, heteroaryl, aralkyl, alkylaryl, heteroaralkyl, heteroary!alkenyl, '
heteroarylalkynyl, alkylheteroaryl, hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy,

) acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl, agﬂpxéyqar_bonyl,

aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl, heteroarylisulfonyl, alkylthio, arylthio,
30  heteroarylthio, aralkylthio,- heteroaralkytthio, cycloalkyl, heterocyclyl, -C(=N-CN})-

NHa, -C{(=NH)-NH,, -C(=NH)-NH(alkyl), Y1Y2N-, Y{Y2N-alkyl-, Y1Y2NC(O)-,

Y1Y2NSOo- ahd -SOgNYqu,' wherein Y4 and Y2 can be the same or different and



contain about 5 to about 6 ring atonms. The "heteroaryl"” can be optionally 20
substituted by one or nore "ring system substituents" whi c% chlt? 6-}1e sane
or different, and are as defined herein. The prefix aza, Q |a bef ore
the heteroaryl root name neans that at |east a nitrogen, oxygen or sul fur
atom respectively, is present as a ring atom A nitrogen atomof a
heteroaryl can be "~ optionally oxidized to the corresponding N oxide.
Non-1inmiting exanpl es of 25 suitable Heteroaryls include pyridyl, pyrazinyl,
furanyl, thienyl, pyrimdinyl, pyri done (including Nsubstitut ed _

pyri donam)lndeaamulywe!ecmdtﬂmaztbe groumxaam*styrhg of hydmgehyblkylpw)azol yl,

f I 1
g R BR R b S B e TRzl moiety

im daz i ndol yI ,
won naol LI ShRMEhELaYY, fer’a%%%%ifgt e R on REORIAAL Bon | N0
t h| enopatomg/(onequrmaead:rn oatbort) rmnemopg rsysmedyl Examplesafauehimyiety are

bensot nHESINNS s RGO aClarme AR dng ks Minich st GPisteSIBar il 1 y

saturat d BFe .2007 13 heteroaryl noieties such as, for exanple,
t.et-rahydre-segui-nol'yl + -tetrahydrogti-nol “yt—and-th. e ke-. "“Aralkyl" or
“aryl al kyl" means an aryl~a kyl - group in which the aryl and alkyl are as

previously descri bed. Prfe red ar@ s conprisie-a | ower alkyl group. Non-
5 limting exanpl es of sur aI groups |de benzyl, 2-phenethyl
and naphthalenylnethyl »ond it el ety is through t he al kyl .
="AlLkylaryl” _means. arLal_k J—er yl- group- IH~\7‘\I|1}I-Ch the al kyl and aryl are as
previ ousl y delsletaroexdylbrrmfamsraadoarawnnatlyBsturatqdmweoayctlmm*rmaltilcytthcgr oup. Non

limting exanple of a. suit r The nd to the )
par ent g SRR sBestit AU B SR M il AsnkspreRisbbiv bt hBa, ot 1
nony  ObbBUH 10 FiKEldtSmis ROWRKHLEHB oCRBRS bftHiadhRf tﬁetrﬁ)@%ﬁmw aar bon
atons, preferably about 5 to about 10 carbon atons. Préferred cycl oal kyl

rings cefaraent etheutham earbanoior examiphgyniftogen, oxygen or sulfur, alone or in
combination. There are no adjacent oxygen and/or sulfur atoms present in the ring

system. Preferred heterocyclyls contain about 5 to about 6 ring atoms. The prefix
aza, oxa or thia before the heterocyclyl root name means that at ieast a nitrogen,
15 oxygen or sulfur atom respectively is present as a ring atom. Any —NH in a |
heterocyclyl ring may exist protected such as, for example, as an -N(Boc}, -
N(CBz), -N(Tos) group and the like; such protections are also considered part of
this invention. The heterocycly! can be optionally substituted by one or more "ring
syétem substituents" which may be the same or different, and are as defined -
20  herein. The nitrogen or sulfur atom of the heterocyclyl can be optionally oxidized ()
“to the corresponding N-oxide, S-oxide or S,S-dioxide. Non-limiting examples of
suitable monocyclic heterocyclyl rings include piperidyl, pyrrolidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, thiazolidinyl, 1,4-dioxany!, tetrahydrofuranyl
tetrahydrothiophenyl, lactam, lactone, and the like.
25 It should be noted that in hetero-atom containing ring systems of this
--inventien; there are no hydroxyl-groups-on-carbon atoms adjacenttoa N, O or S,
as well as there are no N or S groups on carbon adjacent to another heterocatom.
Thus‘, for example, in the ring: |



The cycl oal kyl can be optionally substituted with one or nore "ring system
15 substituents” which may be the sone or different, and a&ﬁﬁﬁ?cﬁﬁBb ed
above. Non- |limting exanples of suitable nonocycllc cycl oa ude
cycl opropyl, cyclopentyl, cyclohexyl, cycloheptyl and the I|ke

. hbn-liniting exanpl es of suitable nulticyclic cycl oal kyl s include

1-decal inyl, norbornyl, adamantyl and the like, as well as partially
saturat ed species such as, for exanpl & indanyl, 20 tetrahydronaphthyl and
the like. "Fblogen" means fluorine, chlorine, bronine or iodine. C "Ring
system substituent” neans a subqfltu nt attached to an aromatic or
non-aromatic ring system which, exanpl e, replaces an avail abl e hydrogen

- —en—the-ring system Ri'ng system subst'Ntuents-may be the sane or different,

each 25 being i ndependently sel e group consisting of alkyl,
al kenyl, al kynyl, aryl, heteroarytsnaral kyy, al kylaryl, heteroaral kyl,
heteroarylalkenyl, het eroaryl al kynyH, al kyl heteroaryl, hydroxy,

hydr oxy aryloxy, aral koxy, acyl, aroyl, halo, nitro, cyano,
car boxy?hea[%ll%i? -%éH?FBXQ@%S%@a gﬁblﬁ margéglzk@ﬁéar bonyl, al kyl sul fonyl,
aryl sul f onyl gﬁ;,% étf‘ﬁﬁ' pi ryl thio,
ar al kyl t hi o, t het er ogfa?i/h HBL ot tag{tébzﬂe ! f@rméé‘%%élﬁ)?b%or%&ah@@@ - NH2,

- C( =NH) miditjes: C-=NH) - NH( aI Kyt ) YIYZN— YTYZN-—aI Kkyl=, 7Y1IY2NC( O) - Y1Y2NSO2-
and - SO2NY]j Y2, wherein Y1 and Y2 can be the same or di fferent and 23 March
...,A,ZOQL_LLaLe_J_ndﬂpﬁnd ted onsi sting of hydrogen,
al kyl, aryl, cycloal kyl, kyl . ng system substituent” may al so

mean Si ngI e noiety whi ch smul aneouysl ,{] | aces two avail abl e hydrogens
on t% adj-acent carbon atons l'{one H2BR eac c%h‘bon) on a ring system

(gx] er}): Egr@f;oﬁﬁaegﬁeﬁ@nygﬁrgé&gﬁfgélhﬂn%t%agfsﬁggf nigﬁé"mlvéﬂﬁgh oxy. C_( CH3) 2- and
“Alkynylalkyl” means an alkynyl—alkyl— group in which the a!kynyl and alkyl
are as previously described. Preferred alkynylalkyls contain a lower alkynyl and a
lower alkyl group. The bond to the parent moiety is through the alkyl. Non-limiting
10  examples of suitable alkynylalkyl groups inciude propargylmethyl.
| "Heteroaralkyl" means a heteroafyl—aikyl- group in which the heteroaryl and
alkyt are as previously described. Preferred heteroaralkyls contain a lower aikyl
group. Non-limiting examples of suitable aralkyl groups include pyridylmethyl, and
quinolin-3-ylmethyl. The bond to the parent moiety is through the alkyl.
15 "Hydroxyalky!" means a HO-alkyl- group in which alkyl is as previously
defined. Preferred hydroxyalkyls contain lower aikyl. Non-limiting examples of
C suitable hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.
"Acyl” means an H-C(O)-, alkyl-C(O)- or cycloalkyl-C(QO)-, group in which
- the various groups are as previously described. The bond to the parent moiety is
20 through the carbonyl. Preferred acyls contain a lower alkyl. Non-limiting examples |
of suitable acyl groups include formyl, acetyl and propanoyl. _
"Aroyl“ means an aryl-C(O)- group in which the aryl group is as previously
described. The bond to the parent moiety is through the carbonyl. Non-limiting

examples of suitable groups include benzoyl and 1- naphthoyl.
25 . "Alkoxy" means an alkyl-O- group in which the alkyl group is as prévious_ly
described. Non-limiting examples of suitable alkoxy groups inciude methoxy,



"Heterocyclyl” means a non-aromatic saturated nonocyclic or nulticyclic ring
system conpri sing about 3 to about 10 ring atons, preferaq:,}/M?ﬁ fQWlgp? tO )

10 about 10 ring atons, in which one or nore of the atons Th e ring system
is an el enent ot her than carbon, for exanple nitrogen, oxygen or sulfur,
alone or in conbination. There are no adj acent oxygen and/or sul fur atoms
present in the ring system Preferred heterocyclyls contain about 5 to
about 6 ring atons. The prefix aza,1®xa or thia before the heterocyclyl

root nane means that at |least a nitrogen, 15 oxygen or sulfur atom
respecbthmdyymmopmqs,&mprapoﬂy Bho - RGTORY. 'Hﬁé’bohlﬂitd)m@phﬁérﬁrrﬁméﬁﬂd ring my .
exi st 5{ h-as,-for exanple, -as-an - N(Boc), ‘N(-€Bz)—=N(Tos) group
and th TPPQch%Bm?r&WQéﬂtlons are al so considered part of this invention. °

ubst 1t uent SRoEAedss BRI bR SUEY IR ABY o B S BiSRARE, 257 7"

her ei ndeﬂ‘iﬁi‘)éﬂ thm}Emtﬂ’fg @xdrﬁplesaif@mtgﬁletéw|da9§,eogpymcmude:pnemqpﬁhu onal l'y
oxidized to the correspondl ng N-oxide, S-oxide or S,S-dioxide.” Non-limting.

exa?mpl @@pbthoxyu‘(h@m ABibe parent meiskt isdhraugh hergiber exYarte pi peri dyl |

E’VEJ oL 9t A BLI R dhe o THERIPDL BYue ENAINARLAY gz Lyt
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of this invention, there are no hydrox groups on carbon atons adjacent to
a N, 0bsnzdoxy gedyfiar QaBaPWBﬁ@n&ﬂ&eth Bbe e paresh Mydatydsj acent to

anot he f for exanple, in the r| ng: 23 March 2007 15 4 32
51 N&h'ﬁﬁbﬁetﬁgreﬁigrn%%ga attached directly to carbons marked 2 and 5. It

shegl d al so "Atkyhthiotdnédias an alkybBegreug iy WhichUthl alieyl grap BxaeTpreviotdlg
o described. Non-limiting examples of suitable alkylthio groups include methyithio

e

and ethylthio. The bond to the parent moiety is through the sulfur.
"Arylthic" means an aryl-S- group in which the aryl group is as previously
described. Non-limiting examples of suitable arylthio groups include phenylthio
15 and naphthylthio. The bond to the parent moiety is through the sulfur.
"Aralkylthio” means an aralkyl-S- group in which the aralkyl group is as
previously described. Non-limiting example of a suitable aralkylthio group is
benzylthio. The bond to the parent moiety is through the sulfur.
| "Alkoxycarbonyl” means an alkyl-O-CO- group. Non-limiting examples of
20 suitéble alkoxycarbonyl groups include methoxycarbonyl and ethoxycarbonyl. The
bond to the parent moiety is through the carbonyl.
~"Aryloxycarbonyl" means an aryl-O-C(O)- group. Non-limiting examples of .
suitable aryloxycarbonyl groups include phenoxycarbonyl and naphthoxycarbonyl.
| - The bond fo the parent moiety is through the carbonyl.
25 "Aralkoxycarbonyl” means an aralkyl-O-C(O)- group. Non-limiting example
of a suitable aralkoxycarbonyl group is ben?_yloxycarbonyl. The bond to the parent
moiety is through the carbonyl. _
~“Atkylsuifonyl” means an alkyl-S{O,)- graup. Prefeired grOupé"are those in
which the alkyl group is lower alkyl. The bond to the parent moiety is through the
30 sulfonyl. |
"Arylsulfonyl" means an aryl S(O3)- group. The bond to the parent moiety is
~ through the sulfonyl.



noieties: "No 5 Hand N CH are consi dered equivalent in certain enbodi ments
of this invention. "Alkynylalkyl" neans an al kynyl -al kyl - ﬁgﬂgﬁanO i ch
the al kynyl and al kyl are as previously described. Preferried alkynyl al kyl s
contain a |lower alkynyl and a |ower alkyl group. The bond to the parent

moi ety is through the alkyl. Non-limting 10 exanples of suitable

al kynyl al kyl groups include propargyl mnethyl. "Heteroaral kyl" nmeans a :
het eroaryl -al kyl - group in which the Reteroaryl and al kyl are as previously
-described. Preferred heteroaral kyls contain a | ower al kyl ~ group.

Non-limting Sk
‘qui nol i n- 3-_yl1ﬁ%e%fhg§lhf%¥ﬁfgt@%d

" ' kdyl met hyl , d
bondqﬁgg?ﬁ{e@glgﬁlgn@r%!@epw@g%ﬂﬁrogﬁfg% %lhgeal Kyl .a25
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t he various groups are as previou

ond to the parent

noi eSy issibs@tlients andlor vadables kwa permirsifie oniygif aogh soatinationsardsontan- al Kyl .
Non-limti exanpl es _of, syitable acy|] groups include fornyl, acetyl and
propanoﬁt"?g‘gw U'T?Eaﬁ’é/ éf?%é? (}PU’@P@%{‘ %‘?&W?ﬁt‘m’pﬂ'ﬁ ﬁi@eg‘ﬁyﬁ group is as
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as previousl descr ] bed. n-limting exanples of suitabl e _al koxy groups
i ncl ude net hé’@? %Z@‘ l@?‘@ﬁa%ﬁ*bsq‘@egt : ,S%W@Eé%??ﬂfp %F‘@SJE‘? and
qPox;gpeEﬁ%dt@nggpralhh%|§af Ritietidd ety is through the ether oxygen.
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oxy" means an ary

15

20

group 1n which the aryl group is as previously
The term "isolated” or "in isolated form" for a compound refers to the

physical state of said compound after being isolated from a synthetic process or
natural source or combination thereof. The term "purified" or "in purified form” for
a cbmpound refers to the physical state of said compound after being obtained
from a purification process or processes described herein or well known to the
skilled artisan, in sufficient purity to be characterizable by standard analytical
techniques described herein or well known to the skilled artisan. -

It should also be noted that any heteroatom with unsatisfied valences in the
text, schemes, examples and Tables herein is assumed to have the hydrogen
atom(s) to satisfy the valences. _

When a functional group in a compound is termed “protected”, this means
that the group is in modified form to preclude undesired side reactions at the

protected site when the compound is subjected to a reaction. Suitable protecting

- groups will be recognized by those with ordinary skili in the art as well as by

25

reference to standard textbooks such as, for example, T. W. Greene et al,
Protective Groups in organic Synthesis (1991), Wiley, New York.
When any variable (e.g., aryl, heterocycie, R2, etc.) occurs more than one

time in any constituent or in Formula !li, its definition on each occurrence is

30

independent of its definition at every other occurrence.

As used herein, the term “composition” is intended to encompass a product

- comprising the specified ingredients in the specified amounts, as well as any



described. Non-limting exanples of suitable aryloxy groups include phenoxy
and 5 napht hoxy. The bond to the parent noiety is throughztal"\ﬁargll;I 9867 oxygen.
"Aral kyl oxy" means an aral kyl -O group in which the aral kyl"™"groupTs
previ ously described. Non-limting exanples of suitable aral kyl oxy gr oups
i nclude benzyloxy and 1- or 2-naphthal enenet hoxy. The bond to the parent
moi ety is through the ether oxygen. 10 "Al kylthio" means an al kyl -S- group
in which the alkyl group is as previddsly described. Non-limiting exanpl es
of suitable alkylthio groups include nmethylthio and ethylthio. The bond to

t he pargtuobivRich resuks)rditegily tohénditddtiyl frormPedinblaionroFang spacided! - S group
I n which the aryl.groeup-is-as-previously descri-bed.—MNon-l1mting exanples
of sui t'&gf@'%!?t)‘?'l"f' ﬁ"‘%%?‘é)ﬂﬁ@ aynisle phenyl t h| o 15 and naphthylthio. The

bond to th " hi 0"

ol Kyl - S o fiObe SRRSO i LI RbGadi of e ovehfrf Bt 8§ qesers bed.

Non- | i ngértegphxtadeseint The&@trhabﬁcﬂrag‘ma%)éth loged Hevin| aen@l%@Zé” thio. The

bond to the parent noiety is through the sulfur. "Al koxycar boz nmeans an
&
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e e L

group. b@mgbum of FormyRMil Gisa ehlt aﬁwdr%l@i@t@wéu@gf/maai@@nyéuogrdﬂmédﬁu@%l ude
phenoxycar bonyl and napht hoxycar bony The bond to the parent noiéty is

t hr oughistReVidgAra rfy Higgehi anday «3ie) @aPBbﬁWQ‘S as hlovebRelivelyiSysteme O) -~ gr oup.

penzyl ok HTRe Ao Ry BLbEL SRbe R LR E et SR in Pt bony

-- A kxuesignf ¢1987) Favaasl BNRetkey,| ed( Arericein RiarRisekaticgldagsoistibnedied t hose i n
whi ch the al ky IPgrou Is Lower alkyl. The bond to the parent noiety is ) i
3

t hr oughPergaman Peass.digph of whish aig mgﬁgﬂorawangemmarqip@c@gpergpoup The C
bond to the RgyGhteMbdts'aphystll S568idtbh ¥4 E8MBbund of this invention

with one or more solvent molecules. This physical association involves varying
degrees of ionic and covalent bonding, including hydrogen bonding. In certain
‘15 instances the solvate will be capable of isolation, for example when one or more
solvent molecules are incorporated in the crysial lattice of the crystalline solid.
"Solvate” encompasses both solution-phase and isolatable solvates. Non-limiting:
examples of suitable solvates include ethanolates, methanolates, and the like.
"Hydrate" is a solvate wherein the solvent molecule is H20.
20 | "Effective amount” or "therapeutically effective amount” is meant to
describe an amount df compound or a composition of the present invention ( .
effective in inhibiting the CDK(s) and thus producing the desired therapeutic,
ameliorative, inhibitory or preventative effect.
The compounds of Formula il can form salts which are also within the -
25  scope of this invention. Reference to a compound of Formula lIl herein is
| understood to include reférence to salts thereof, uhless otherwisé indicated. The

term "salt(s)", as employed herein, denotes acidic salts formed with inorganic

————-——andfororganicacids; as well &5 basic salts formed with inorganic and/or organic
bases. In addition, when a compound of Formula i} contains both a basic moiety,

30 such‘as, but not limited to a pyridine or imidazole, and an acidic moiety, such as,

but not limited to a carboxylic acid, zwitterions ("inner salts”) may be formed and

~ are included within the term "salt(s)" as used herein. Pharmaceutically acceptable



23 March 2007 17 The term "substituted" neans that one or nore hydrogens
on the designated atomis-replaced-with-a selection from L ndi ed
group, provided that the designated atom s nornal val encytzgﬁmoéer@ﬁ?ﬁ@
exi sting circunstances is not exceeded, and that the substitution results
. in a stable compound. Conbinations of 5 substituents and/or variables are
perm ssible only if such conmbinations result in stable conpounds. By
"stabl e conpound' or "stable structureglfgis neant a conpound that is
sufficiently robust to survive isolation to a useful degree of purity froma
reacti on; @ ¥oHliBxicA PHySIBIOEAMY e f 4 leGet e, D ' nt.
The ter?rll opt |Ho 'I PRy Itu eag" e%ﬁb‘i’e%l&éﬂeﬁ‘ésu@,i t ut ?gﬁ%\t}\'ﬁl‘(ﬁh the 10
speci-Hi-egiegisnpserat-dififsaiishorcompcetride ed-arematH-salydtesibrmed; fom i sol at ed
fornm for a conpound refers to the hysi c state of said conmpound after
bel g | SOPAHYS Y GrRCArByh e mpPunt o6 ERenis N1 sespar Ry bifan SRS nat | on

t her eof .-acTchﬁr bééé[‘s"v.f)l‘iﬁréécéﬁ@quﬂfalér{tgarg?'\fﬁﬁt‘; 'trgg.rﬁ&ﬁi n d@h %@@eﬁm&%fef ers to

~the physical state sal d conpoun e ei ng obtal ne froma
puri®i cdhe saltprecipiatesrorpn acexgenidanedivipe ollveresl oy yophdlizhtiGmown to t he

skilled artisan, in sufficjent rity to be characterizable by standard

anal yti cal f@@m%@é@@@ﬁﬁﬂ%ggﬁﬁmﬁweﬁ%@ﬁ& ﬁﬁ%%li?a &5, 1eEZ3ates) od
—--aFt--i--”Sﬂﬁ-:'—éﬁlz—ﬁE% : ~bacpat et Lhat rany b L OTRAN: ' tisfied

val encesb | net e kﬁ%?@%ﬁgﬂg%’%eég@%lbg gﬁ%’%@ﬁ%@%@%ﬁﬁﬁéassumd to
__have t heamphargelfor2diea famzsataso hgdtdchloriddse hydictmamides\Whgdraiodidest i onal

group i onpoynd, i s terned "protected", this an C.that th roup is
b fadatatoriaPatesy Bt el s aepnina Fusr ARG s (it 1gS. GRS od o t o
whegpat h kSni ,eC Faqidies- | ecting groups

Q/i I ?Obe%r@ggﬁgggk%éﬁ%gééﬁﬁy Lé%%%'dél nar yaltgﬁ'i ?Lﬁé:t%l@? %\@ar{%‘}%,as wel |l as by 25
ef er endhiocyasatesdtoiuensasuifboales (alsorkresyn Bertosylates| )eanditheikeG eene et al

P ' O ' i c_Synt hesi 1991), W/ Yor K.
Var abl ARl acRs Rt pERerhsorsidersd sub e o e tormtanet "

pharmaceutically useful salts from basic pharmaceutical compounds are

S ialy e b

diséussed, for example, by S. Berge et al, Journal of Pharmaceutical Sciences

15 (1977) 66(1) 1-19; P. Gould, International J. of Pharmaceutics (1986) 33 201-217;
Anderson et al, The Practice of Medicinal Chemistry (1996), Academic Press,
New York; and in The Orange Book (Food & Drug Administration, Washington,
D.C. on their website). These disclosures are incorporated herein by reference
thereto.

20 Exemplary basic salts include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth metal salts such as calcium

C and magnesium salts, salts with organic bases (for example, organic amines)
stuich as dicyclohexylamines, t-butyl amines, and salts with amino acids such as
~arginine, lysine and the like. Basic nitrogen-containing groups may be

25 quarternized with agents such as lower alkyl halides (e.g. methyl, ethyl, and butyl
chiorides, bromides and iodides), dialkyl sulfates (e.g. dimethyl, diethyl, and
dibutyl sulfates), long chain halides (e.g. decyl, lauryl, and stearyl chlorides,
bromides and iodides), aralky! hali_d_,e§_.(@_.g-f.,bgn;y‘_ta_n_d__pb@ﬂe_thyl_.bromides), and

others.
30 Ali such acid salts and base salts are intended to be pharmaceutically
acceptable salts within the scope of the invention and all acid and base salts are
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(1987) " 14" o mpouttfF Phur A I, A SplSsoNeae e BB Beprdd bsf o 2™l n
Drug 1@xPsh ¢ibir GLASTAEIEDRT (oBexRophs astsh anmfd@bi aifoRNAEHBARWLER A '

Associ ation and Perganon Press, both of which are incorporated here
r ef 8r eh@etonRsiceiopms argspntaraplatecdiherain grypsiice thapsesentinwentism.a conpound’ of

i n by

ssoci ati on

i nvol ves_varlﬁfﬁtghé@%‘g&égg&%@%—%ﬂﬁ%m%&m'&Pﬁéﬁsﬁﬁ%%&%ydr ogen - -

~ bondi nGike? bf &R praisent dSmposhde gRslutivey Boby af thakhlts, kehveapahhe of isol ation,

for exanp

e when one or nore solvent nolecules are incorporated in t

“cryst alPrpetasc the Conmasnvistas Welhas$be isalts andsohvates obtheopredsuass, bot

Zol vat oo 5 BaBI R sPAR0S: 48 KERGmrarS Gaffohdh vl £ 172 2

solpat esulfatitieints, lindlugplg\arintioperifoems IwWhHRR mag exfst kboehiiv ehaabs@ice or
"therapeutically effective anount” is nmeant to describe an anount of g
conpourff agymne benpnralamenis fpBs.cAfoRISRIBRES, @hd diasiereomeric Fommi bi t i g)

the CDls)odtRenbliiSd BiBHURLIRGRR highidhe BRRRFY HoSitiondRbhla! | ve

i nhi bitory or p

15

evéntative €
(such as, for example, 4-pyridyl and 3-pyridyl). individual sterecisomers of the

compounds of the invention may, for example, be substantially free of other

isomers, or may be admixed, for example, as racemates or with all other, or other

_ selected, stereocisomers. The chiral centers of the present invention can have the

20

S or R configuration as defined by the JUPAC 1974 Recommendations. The use
of the terms "salt", "solvate™ "prodrug” and the like, is intended to equally apply tc
the salt, solvate and prodrug of enantiomers, stereoisomers, rotamers, tautomers,
positional isomers, racemates or prodrugs of the inventive compounds.

| The compounds according to the invention have pharmacological
properties; in particular, the compounds of Formula lll can be inhibitors of pfotein

“kinases such as,'for example, the inhibitors of the éyc|in-dependent kinases,

25

mitogen-activated protein kinase (MAPK/ERK), glycogen synthase kinase
3(GSK3beta) and the like. The cyclin dependent kinases (CDKs) include, for
example, CDC2 (CDK1), CDK2, CDK4, CDKS, CDK6, CDK7 and CDKS. The

novel compounds of Formula il are expected to be useful in the therapy of

- ———proliferative diseases such as cancer; autsimmune diseéases, viral diseases,

30

fungal diseases, neurological_/neurodegenerative disorders, arthritis, inflammation,
anti-proliferative (e.g., ocular retinopathy), neuronal, alopecia and cardiovascular
disease. Many of these diseases and disorders are listed in U.S. 6,413,974 cited

earlier, the disclosure of which is incorporated herein.

he
h
itable
is a

()



The conpounds of Fornmula Il can formsalts which are also within the 25
scope of this invention. Reference to a conpound of For nul 3'|\h$mﬂ%@?n S
understood to include reference to salts thereof, unless otherws

indicated. The term"salt(s)", as enployed herein, denotes acidi c salts

- formed with inorganic ---andlor-organic acids; as-well-as basic salts
formed-wi th inorganic and/or organic bases. In addition, when a conpound of
Formula 111 contains both a basic noietty, 30 such as, but not limted to a

pyridine or imdazole, and an acidic noiety, such as, but not linmted to a

carboxyl ¢ aaiidre 3deONs: E3pARRS el Fam N O FOLEERAhe o o 1 ncl uded

within: the term"salt/( as us erein ar maceut | c y acceptabl e 23
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__.phosphathasphpreyil wmmgkm_yaajh@yé atcasHodgkms hahphomay ihbay el Iyraphamat es,
t hi ocyanatqeé k@&l ene quonat es (also known as tosylates,) and the Ilke

Addi ti orfil QP:ar e general |y consi dered sui table for the
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armaceutic e Practice o i ci na

Chemi stry (13 %5 Ri '1‘ E’”Q‘"NEW “Fg’f'@%‘&??@“?‘?\mﬁ*t?@ ange Book (Food &

Drug Ad%gbgéﬁﬁbg;%on}gashl ngton, D.C. on their website). These disclosures
are incorporatéd herein by reference
tumors of the central and peripheral nervous system, including

15  astrocytoma, neuroblastoma, glioma and schwannomas; and
other tumors, including melanoma, seminoma, teratocarcinoma,
osteosarcoma, xenogi_grq@a pigmentosum, keratoctanthoma, thyroid follicular
) ::éncemr_éndnb_(waposi's sarcoma.
Due to the key role of CDKs in the regulation of cellular proliferation in
20 general, inhibitors could act as reversible cytostatic agents which may be useful in
the treatment of any disease process which features abnormal cellular
C proliferation, e.g., benign prostate hyperplasia, familial adenomatosis polyposis,
. neuro-fibromatosis, atherosclerosis, pulmonary fibrosis, arthritis, psoriasis,
glomerulonephritis, restenosis following angioplasty or vascular surgery,
25  hypertrophic scar formation, inflammatory bowel disease, transplantation
rejection, endotoxic shock, and fungal infections.
Compounds of Formula Ill may also be useful in the treatment of
Alzheimer's disease as suggested by the recent finding that CDKS5 is involved in
the phosphorylation of tau protein (J. Biochem, (1995} 117, 741-749).
30 "~ Compounds of Formuia [l may induce or inhibit apoptosis. The apoptotlc

response is aberrant in a variety of human diseases. Compounds of Formula lll,

as modulators of apoptoéis, will be useful in the treatment of cancer (including but



thereto. 20 Exenplary basic salts include anmoniumsalts, alkali netal salts
such as sodium lithium and potassiumsalts, alkaline e élola tz'fjlmsal ts
such as cal cium and nmagnesium salts, salts with organic b ses‘[E?f or exanpl e,
organi c am nes) such as dicycl ohexyl am nes, t-butyl am nes, and salts with
am no acids such as arginine, lysine and the like. Basic

ni trogen-contai ni ng groups may be 25 quarternized with agents such as | ower
al kyl halides (e.g. nethyl, ethyl, am®? butyl chlorides, brom des and

| odi des), dialkyl sulfates (e.g. dinmethyl, diethyl, and dibutyl sulfates),

| ong chgaini d o068 tdhe i inaBOE)S BT iri : m des and
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(6] my X1 St n the _

111, and salts, solvates and prodrugs thereof, Ir
t autboreaiioirhowme(rediatechgiphesrulanephritis; rhetoratoidi arthritishesdriagis) such 5

AT o cnaamaane B Fef BEL SR Gusamvne TeBilse anobuon i somer s and the
like) o IR g,@d@ i j : f LS.t vat es and
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- prodrugh)DS3eiatedidemeotia, Maikifsands diseasé, alngoirophas yateeslrsoleroaisbons on -
various_10.substituents, .incl udi nantioneric, for whi ¢ y exist even
in the SBOdRJEOEEN e @Wg%r?g'jqphﬂcﬂ'ﬁ%?rieéeﬁ%‘?n‘i%éeréﬁrﬁﬁ%ﬁ"rforrers, and

di agf er ARARIdyeplREERYndromes, Apfasiiet h,ars%ﬁgmi«% @;lmgté},%o%fé@@& wifh this

~invention, as are positional isomers (such a xanpl e, "4-pyridyl and/ 7y
3- pyr i dpiypcardialiinfadictiinss stoke apd reparfusion finjun: embythrdia, atharbeclienvsist | on may,

for exapml@indiEed S 2ichha Rhibtd (veF d¥eabl Phematological diseases (including

but not limited to chronic anemia and aplastic anemia), degenerative diseases of
the musculoskeletal system (including but not limited to osteoporosis and arthfitis)
15  aspirin-sensitive rhinosinusitis, cystic fibrosis, muliiple sclerosis, kidney diseases
~and cancer pain. ' |
Compouhds of Formula i1, as inhibitors of the CDKs, can modulate the
level of cellular RNA and DNA synthesis. These agents would therefore be useful
in the treatment of viral infections (including but not limited to HIV, human
20  papilloma virus, herpesvirus, poxvirus, Epstein-Barr virus, Sindbis virus and
adenovirus).
. Compounds of Formula ill may also be useful in the chemoprevention of
cancer. Chemoprevention is defined as inhibiting the development of invasiﬂze
- cancer by either blocking the initiating mutagenic event or by blocking the
25  progression of pre-malignant cells that have already suffered an insult or inhibiting _
tumor ;elébse. o | '
Compounds of Formula I may also be useful in inhibiting turhor
~angiogenesisand metastasis. '
Compounds of Formula 1l may also act as inhibitors of other protein
30 kinases, e.g., protein kinase C, her2, raf 1, MEK1, MAP Kinase, EGF ‘recéptor,
PDGF receptor, IGF receptor, PI3 kinase, wee1 kinase, Src, Abl and thus be

effective in the treatment of diseases associated with other protein kinases.



15 isomers, or may be adm xed, for exanple, as racemates or with all other,
or other selected, stereoisonmers. The chiral centers of taﬁhﬂﬁﬁfﬁ
i nvention can have the S or R configuration as defined by 1974
Recommendati ons. The use of the ternms "salt", "solvate"” "prodrug” and the
. like, is intended to equally apply to the salt, solvate and prodrug of
enantioners, stereoisoners, rotaners, tautomers, 20 positional isoners,
racemates or prodrugs of the inventivg3conpounds. The conpounds according to
the invention have pharnacol ogi cal properties; in particular, the conpounds
of Formul a | lncuiek Bpdcial Biis Giventibn S BlREMOCKIMASAREH Hib exanpl e,
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cyclin dependent. kinases,. (CDKs) jngcluyde, for exanmple, CDC2 ( 1), CDK2,
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cancer, “autoi nune di seases, viral diseases, fung seases,
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anti-proliferat, e.qg.,,ocul ar retinopathy), neuronal,. alqpecia and
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the bl adder, THESLAPPOVKGA! thig taveqlion May alse hequsetulip GRmiGadoml | cel | | ung
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| ynphocytic teukenig.acute .| hobl astic, | eykem a; PB-cell homa; T- cell |
| yohoniie BB T st o 206tk FHo PR aRenis Guahas bR Pibhoma and
Bur ket t ‘bt hyhRe® 1o, DNA interactive agents (such as cisplatin or doxorubicin)); |

taxanes (e.g. taxotere, taxol); topoisomerase Il inhibitors (such as etoposide);

15 topoisomerase | inhibitors (such as irinotecan (or CPT-11), camptostar, or
topotecan); tubulin interacting agents (such as paclitaxel, docetaxel or the
epothilones); hormonal agents (such as tamoxifen); thymidilate synthase inhibitors
(such as 5-fluorouracil); anti-metabolites (such as methoxtrexate); aikylating
agents (such as temozolomide (TEMODAR™ from Schering-Plough Corporation,

20 Kenilworth, New Jersey), cyclophosphamide); Famesyl protein transferase-

_ inhibitors (such as, SARASAR™(4-[2-[4-[(11R)-3,10-dibromo-8-chioro-6,11-
C ~ dihydro-5H-benzo[5,6]cyclohepta(1 ,2—b]pyridin-1 1-yl-}-1-piperidinyl}-2-oxoehtyl}-1-
piberidinecarboxamide, or SCH 66336 from Schering-Piough Corporation,
 Kenilworth, New Jersey), tipifarnib (Zamestra® or R115777 from Janssen
25 Pharmaceuticals), L778,123 (a farnesyl protein transferase inhibitor from Merck &
Company, Whitehouse Station, New Jersey), BMS 214662 (a farnesyl protein
transferase inhibitor from Bristol-Myers Squibb Pharmaceuﬁ_cals, Princeton, New
- Jersey); signal transduction inhibitors (such as, Iressa (from Astra Zeneca

Pharmaceuticals, Eng!and), Tarceva (EGFR kinase inhibitors), antibodies fo
30 EGFR (e.g., C225), GLEEVEC™ (C-abl kinase inhibitor from Novartis
Pharmaceuticals, East Hanover, New Jersey); interferons such as, for example,

intron (from Schering-Plough Corporation), Peg-Intron (from Schering-Plough
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tunors of the central and peripheral nervous system including 15
astrocytoma, neurobl astoma, glioma and schwannonmas; and ot her tunors,
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Testosterone, Prednisone, Fluoxymesterone, Dromostanolone propionate,
Testolactone, Megestrolacetate, Methylprednisolone, Methyliestosterone,
Prednisolone, Triamcinolone, Chlorotrianisene, Hydroxyprogesterone,
15 Aminoglutethimide, Estramustine, Medroxyprogesteroneacetate, Leuprolide,
Flutamide, Toremifene, goserelin, Cisplatin, Carboplatin, Hydroxyurea,
.. Amsacrine, Procarbazine,-Mitotane, Mitoxantrone, Levamisole, Navelbene,
Anastrazole, Letrazole, Capecitabine, Reloxafine, Droloxafine, or -
Hexamethylmelamine,
20 If formulated as a fixed dose, such combination products employ the:

compounds of this invention within the dosage range described herein and the ( '

.\__/

other pharmaceutically active agent or treatment within its dosage range. For
example, the CDC2 inhibitor olomucine has been found to act synergistically with ‘
known cytotoxic agents in inducing apoptosis {J. Cell Sci., (1995) 108, 2897. !

25 Compounds of Formula lii may also be administered sequentially with known |
anticancer or cytotoxic agents when a combination formulation is inappropriate.
The invention is not limited in the sequence of administrétion; compounds of

—-—Formuta il -may be administered either prior to or after administration of the known

anticancer or cytotoxic agent. For example, the cylotoxic activity of the cyclin-

30 dependent kinase inhibitor flavopiridol is affected by the sequence caf'
administration with anticancer agents. Cancer Research, (1997) 57, 3375. Such



5 aut oi mune nedi at ed gl onerul onephritis, rheumatoid arthritis, psoriasis,
I nfl ammat ory bowel disease, and autoi mmune di abetes nellit arch 2007
neur odegenerative disorders (including but not limted to Mlel mer s
di sease, n deneritia Parkin os n s disease, anyotrophic |ateral sclerosis,

- retinitis pignmentosa, spinal nuscul ar atrophy and cerebel |l ar degeneration),

10 nyel odyspl astic syndrones, aplastic anem a, ischemc injury associ ated

wi th myocardial infarctions, stroke a@g8 reperfusion injury, arrhythm a,

at herosclerosis, toxin-induced or alcohol related |iver diseases,

hemat ol egirridudsl HRATRHN(thB IR diherbbts SRilled iniHesH be V?EQLQ? 'aﬁeﬁ@i‘ﬁg‘ a and

apl astic anem a), degenerative diseases of the nuscul os etal system
trnc#udphgﬁb@mﬁnor limted to osteoporosis and arthritis) 15

aspirin-sensi | ,nosi nusi ti S fi.br,o It| | e scl ergsis,

ki dney diseaﬁﬁ§¥&QN@VcEH@é?SBﬁ? ﬂ“%%ﬂﬁ%@ﬁﬂé”gpgﬁ%Pﬂﬁ] qtlons cMPRENGi t or s of
the CDKgn fAdGumfsididéSstidie cérﬁﬁ@bn%f%hhuiaaﬂn BNé;fma? ﬁ h,heS' s. These
agents would therefore be useful 1n the t reat ment vira fections

(i ndh udiasgepiablenzgalt o solvate theredfyandt mmeam@ﬂnwmne omove lam;-cdmepesw rus,
poxvi ru ark Virus rus denovir Conpounds of
For il aieBImaNG ke ean6er apshs Tolr dhairpPateindie AMaunts b e

Chenopr eypiouABs] Featpidedessl iMtEidd Meripsuteuml@pment of invasive cancer
by either %ktc king the |n|t?§t!ng nﬁ%g eﬁﬁgﬁgvent or by bl ocking the 25

pragr.ession d'ﬂqemf@rmcogrgiml prepéettelshﬁtth@aommhndadgf thsis filesrdibnamay beul t or
|nh|b|t|naf tu rela al,so be useful in

f F la |11
i nhi bi t €AG" y aHgr ﬁéﬁggﬁgpﬁﬁ%gﬁlﬁ% ‘?@%ﬁﬁﬁﬂ}%@egf Formula 111 may
al sgp aCtph@ﬁnh&b]b?iché%é%fs Whith arBldstiiBed tatki ﬁ§§@§eeﬁ cSrriedblf \g;ﬁ tie nase G,

er2, raf 1 Ki nase, EGF receptor, DG receptor, receptor,
13 ki nasgponads accarding teths m&nhmlanﬂdbemealtef fective i n the treatment of

di seases assqglalodhd i QD Tirdied & Bhgr'n'?aacse% calzcompomp oS Which

comprise at least one compound of Formula Ili, or a pharmaceutically acceptable

salt or solvate of said compound and at least one pharmaceutically acceptable
15  carrier. _

For preparihg pharmaceutical compositions from the compounds described
by this invention, inert, pharmaceutically acceptable carriers can be either solid or
quuid.‘ Solid form prepérations include powders, tablets, dispersible granules,
capsules, cachets and suppositories. The powders and tablets may be comprised

20  of from about 5 to about 95 percent active ingredient. Suitable solid carriers are
known in the art, e.g., magnesium carbonate, magnesium stearate, talc, sugar or
CJ lactose. Tablets, powders, cachets and capsules can be used as solid dosage
- forms suitable for oral administration. Examples of pharmaceutically acceptable
carriers and rﬁethods of manufacture for various compositions may be found in A.
25  Gennaro (ed.), Remingfon’s Pharmaceutical Sciences, 18" Edition, (1990), Mack
Publishing Co., Easton, Pennsylvania.

Liquid form preparations include solutions, suspensions and emuisions. As
an example may be mentioned water or water-propylene glycol solutions for
parenteraf injection or addition of sweeteners and opacifiers for oral solutions,

30 suspensions and emulsions. Liquid form preparations may also includé solutions

for intranasal administration.



23 Anot her aspect of this invention is a nethod of treating a manmal (e.g.,
human) - havi ng- a_di sea- se-or-eond~i ti on-associ at ed-w t h-t he. SCQK?ch
adm nistering a therapeutically effective anmount of at %\ ohe corrpound

of Formula Ill, or a pharmaceutically acceptable salt or soI vate of said
conpound to the mammal . 5 A preferred dosage is about 0.001 to 500 ny/ kg of -
body wei ght/day of the conpound of Formula IIl. An especially preferred

dosage is about 0.01 to 25 ng/kg of 26ody wei ght/day of a conpound- of
FornmuTal TT- oTa pharmaceutically acceptable salt or solvate of said

compnund. - Theresuinsrepdratiohs!sitablePoe Pty iROIUBE SskRioNs drt combi nat i on

10 _(adm ni stered together.or.s anti - cancer

t r eat meetids inpawdar fosm; adiich may heniar epspbination ovithoa @harmaveaticatlyi - cancer
agents s roup consisting of cytostatic agents, cytotoxic
agentsa(ogéﬁ E)ge C%I’é’% % zla%an "Eefffcﬂ‘&p ‘F?ﬁﬁ%&%%s’t 9- BNRIEAt er acti ve agents
(such as ci gpé@iridni@sd E@(%Imd?mrﬁr)aparét%"tﬁét iR iﬂteﬁcﬁ?&b%eecoﬁ\zégﬂ%a

- topoisonerase |l inhibitors (such as etoposide); 15 topolsonera
i nhbbi tsheslykefore usei to limid tarni prepacitions oy entbarrptais:lrmrenderalt opot ecan) ;

gggf lh: IQd@hfsjr%ﬁébw%Hf il s Hﬁgﬂﬁ Cﬂ‘&ﬁl&“?&ﬁ&%ﬁﬁﬁbﬁ |eéi‘9‘é!$l9g'ﬂr°rt hase
i nhibitors T(H%U(%mgéuﬁdi. bﬂﬂf@wéﬁﬂndr) ma@rrﬁléo %%t@él%rétﬂé é;(ah?eérrﬁél Iy 6 o

met hoxt r exat e) ylating agents (such as tenozol om
~Schef T ngePrasieTas p@nmqsamnsmnmhe the farm oRereaias, defjgns, egcdsmihiosphani de) ;-

shraoneforqal R Fiefa8 bEgnyPd i SafastigfgeEaten of the matix or
di hydr Qe§é1vbm§§>é 2sre Xon0BaMI In HrePamYor Migipdrpogk: 1 - 1- pi peri di nyl ] - 2- oxoeh
S tyl]-1- pi per| necar boxam de, or SCH 66336 from Scheri ng- Pl ough

Cor por at i on, T heeempapnds ¢ of Nn;wnyenbegr)may alpofbﬁ delivergdsubstteneoysiyr R 157(77 |
from Jansse C 73 12 a,farnesyl protein transferase i
i nhi bitor frd%%\/ggg{({ﬁ% @ﬁ/)s %fﬁ'f‘&ﬁ’i% rg{lg,[ i on, New Jersey), BMS 214662 ‘
(a farnesyl mrepdrably, the pnafrﬁa@aﬁﬁucanbﬁéwafréﬁoﬁ rsqmaBnm@a@éa@&ﬁfrm Spui bb i
Phar maceut i cals, Princeton, New Jersey); transduction inhibitors '

(au_haasych f fppragthe pqeparaimmgtaugzmdﬁghmto su:tab y S|zed unit doses containing.
15  appropriate quantities of the active component, e.g., an effective amount to

achieve the desired purpose.

The quantity of active compound in a unit dose of preparation may be
varied or adjusted from about 1 mg to about 100 mg, preferably from about 1 mg
to-about 50 mg, more preferably from about 1 mg to about 25 mg, according to the _ !

20  particular application. ' - '
The actual dosage employed may be varied depending upon the )
requirements of the patient and the severity of the condition being treated. -
Determination of the proper dosage regimen for a particular situation is within the
- skill of the art. For convenience, the total daily dosage may be divided and
25 administered in portions during the day as required.
" The amount and frequency of administration of the compounds of the
invention and/or the pharmaceutically acceptable saits thereof will be regulated
——————gccordingto the judgmentof the attending Ei'i'ﬁi’éi’éiﬁ“EOﬁ's“tEi"é“ﬁﬁ@fé‘Jé'leéEtﬁ“ré as
age, condition and size of the patient as well as severity of the symptoms being
30 treated. A typical recommended daily dosage regimen for oral administration can
range from about 1 mg/day to about 500 mg/day, preferably 1 mg/day to 200
mg/day, in two to four divided doses. |



Phar maceuti cal s, England), Tarceva (EGFR kinase inhibitors), antibodies to
30 EGFR (e.g., C225), G.EEVECTM (C- abl ki nase inhibitor frc%amr\éﬁr bms

Phar maceuti cal s, East Hanover, New Jersey); interferons such as 120r
exanple, intron (from Schering-Pl ough Corporation), Peg-Intron (from

. Schering-Pl ough 23 March 2007 24 Corporation); hornonal therapy

conbi nati ons; aronmatase conbi nations; ara-C, adrianycin, cytoxan, and
gentitabi ne. Qther anti-cancer (also Rhown as anti-neopl astic) agents
‘include but are not limted to Uracil nustard, Chiornethine, |Ifosfam de,
Mel phal an, ChAmsthabaspéct of ShiBiipantiones.a it tehbyibiaaertcaapagtically

Tri et hyl enet hi ophosphoram ne, Busul fan, Carnustine, Lonustine, Streptozocin,

--Pacarbagiifeiverpgeunt-af-aldeasterg-sempeundi oreui bh or andharmapgugigatni ne,

from SaRgra SRERIR o AR oty blmpoBHE A Prarfifed el s bRE st i e,
Vi ncri stanier, Wahidedriluelt.eonyci n, Dacti nonmycin, 10 Daunor ubi cin,

~Doxor ubi cin, Epirubicin, |darubicin, Mthranycin, Deoxycofornycin,
M t dhyci n- C, YE! ABpRicigispastof thisiinyestiereisia kit sompiiging an agmaeunt of at

or omet St 318 o RERHeS MR ot BB ARG Micehy BEEEREPE SaPor
Met hyl peelaicsol sdlg colfidiiid &5 antRhont of it ionel gandet ﬁi@eéaEWI one,
Chl orotri ani sene, Hydr oxygr ogest erone, 15 Am nogl ut et hi m de, . Est ranusti ne,

Medr oxy BRe@sansreanses eoantlisted @poye whereimithe amogats ebiheniveplemogeser el i n,

Ci spl at | 0 -0, : nRAacrine, - Procar bazi ne, - M t ot ane,

M toxantnrr'&t';%@?ﬁ%egigﬁtéﬁIdggwgg\%%ﬂééﬁgpc eﬁ%gSt razol e, Letrazol e, Capecitabine,
Rel fxaf i ne, Dheligxaitigredisolosetieraintis gkariptifiéd by tRO folfoviing prbparetdons a fi xed

se, such conbination products enploy the conmpounds of this invention
i thi n 8Ad examnies waigeskrud nobbe geaskiad dadmitibe ssoperof tha dingiesirecal |y

. . oS H
Cohi bt ARERae MEERLITERS plitiiyR ddPafiBaes BNMGo< Rl bEXARRIG bNe OO
those skilled in the art. .

Where NMR data are presented, 1H spectra were obtained on either a -

15 Varian VXR-200 (200 MHz, 1H), Varian Gemini-300 (300 MHz) or XL-400 (400
- MHz) and are reported as ppm down field from Me4Si with number of protons,
multiplicities, and coupling constants in Hertz indicated parenthetically. Where
LC/MS data are presented, analyses was performed using an Applied Biosystems
_ AP1-100 mass spectrometer and Shimadzu SCL-10A LC column: Altech platinum |
20 €18, 3 micron, 33mm x 7mm ID; gradient flow: 0 min — 10% CH3CN, 5 min ~ 95%
L CH;CN, 7 min — 95% CH3CN, 7.5 min — 10% CH;CN, 9 min — stop. The retention
~ time and observed parent ion are given. |
The following solvents and reagents may be referred to by their
abbreviations in parenthesis:
25  Thin layer chromatography: TLC
dichloromethane: CH:Cl,
ethyl acetate: AcOEt or EtOAc
~ methanol: MeOH
triflucroacetate; TFA
30 triethylamine: EtsN or TEA
butoxycarbonyl: N-Boc or Boc

nuclear magnetic resonance spectroscopy: NMR



known cytotoxic agents in inducing apoptosis (J. Cell Sci., (1995) 108,

2897. 25 Conpounds of Fornula Il nmay al so be adm ni stered fﬁ@”@'ﬁd(ﬁl ly with
known anticancer or cytotoxic agents when a conbination f% [At9"0n i s

i nappropriate. The invention is not limited in the sequence of

adm ni stration; conpounds of Formula -tfl-my be adm nistered either prior .

to or after admnistration of the known anticancer or cytotoxic agent. For
exanmpl e, the cytotoxic activity of thag cyclin 30 dependent ki nase inhibitor

flavopiridol is affected by the sequence of admnistration with anticancer
agent s.j; o @= ch 23 March 2007 25 techni ques
a?e.AA,L.r_.i%#n._"--I & oD i mg%cégme & C-‘- ar-t—as—welH—as- at t endi ng

physi ciligh resoléicw nedggdpactiometry: #RIE , this invention includes

conmbi nations conprising an anmount of at |east one conpound of Formula I11,
or a phBafiéesufleal Iy 5 acceptable salt or solvate thereof, and an anount of
one or : (i cer treatnents and anti-cancer agents |isted above

wher ei n&?llki{ﬁo%%bu}nn gpof the conpounds/ treatnents result in desired

t hemapemidrelitefd: @4t . The pharmacol ogi cal properties of the conpounds of this
invention may be confirmed by a nunber of pharnmacol ogi cal assays. The

~exenpl | @iagek  T0_phar macol-ogi-cal--assays- whi-eh--are descri bed |-ater have been

carri ed':f‘ﬂ{'lt wi th the C conmpounds according to the invention and their

salts. "M &MY on is also directed to pharmaceuti cal conpositions which
CONDr i SRowh tarfpefat@RCoCRTRABRMPEbEAf px#@ 111, or a pharmaceutically
acceptable salt or solvate of said conpound and at | east one

__pharpaceutically acceptable 15 carrier. For prepari-ng-pharmaceuti cal

co agm&&mthe conpounds described by this invention, inert,
pharirac acceptable carriers can be either solid or |liquid. Soli 0
form pr pREFARATR/E X AMPLPOYWer s, tabl ets, dispersible granules, capsules,
cachet sTand suppoSitori és. The powders and tablets nay be conprised

Chs | i
N.___CONH, Br /
. N .
e O
N ) HN l‘{’l

0 3
A mixture of 1-methylimidazole-2-carboxamide (3.00 g, 24 mmol) and
15  phenacyl bromide (5.73 g, 29 mmol} in anhydrous CH3CN (90 mL ) was stirred and
refluxed under N, for 1 day. The mixture was filtered, the solid was washed on |
filter with CH3CN (2 x 30 ml.) and dried in a vacuum. White solid (5.86 g, 80 %)

was obtained.

P
R

20  PREPARATIVE EXAMPLE 1.1 and 1.2:

By essentially the same procedure given in Preparative Example 1,

compounds given in Column 2 of Table 1.1 can be prepared by combinihg 1-
methylimidazole-2-carboxamide with the bromoketones given in Column 1.
TABLE 1.1

Prep. Column_1 1 Column 2

Example




20 of fromabout 5 to about 95 percent active ingredient. Suitable solid
carriers are known in the art, e.g., nagnesiunlcarbonate,ﬁgﬁagg 2

stearate, talc, sugar or C lactose. Tablets, powders, cachet capsul es
can be used as solid dosage fornms suitable for oral admnistration. Exanples
. of pharmaceutically acceptable carriers and nethods of manufacture for
various conpositions may be found in AL 25 Gennaro (ed.), Remngton's

Phar maceuti cal Sciences, 18t' Editiongg(1990), Mack Publishing Co., Easton,
Pennsyl vani a. L|qU|d forn1preparat|ons i nclude sol utions, suspensions and

enmul si o% peTrEnt T onmed wat er—or—yat er - propyl ene gl ycol
sol uti o tion or addition of syeeteners and opacifiers
for o 4o v o aha e a e ot

U U

may al so i ncl ude s _Bfor| igtr adm ni stration. 23 March 2007 26
Aer osol | preparatj ons suitable flor atat i | ncliude sol uti ons and
solids jn powder} fo which nay bein c %ﬁ g-with a pharmaceutically
~acceptapl e carrijer, guch as an i nert jconpregse e.g. nitrogen. Also

i ncluded are solfd o prepar ajti ons 't hat afe m?'g?lded to be converted, 5
shortl yt before use, to liquid florm preparations for ¢ither oral or
parenteral admijnistration. Sugh liquid forns includ¢ solutions,
- -suspensians;—and—emn-stons——The-—conpounds—of the—invention may al so be
del i verjablZe transdermally. The transdedermal conposfions can a the form of

ons 'agm‘ﬂjl stons--tiqui-d—formprepar ati ons

__creans.|lotions.| aergsols _and/lor &[’T]JLS_L_O_[]S and_can bhe_included in a

transdef mal patch of = e Bamtrix or] 10 reservoir typejas are conventional in
the art| for this| purp The l‘o ;u s of this inyention may al so be
r hl. + h

del i vered subeutianee 'ol Pref tHhe-coppound-—i-statm ni-stered-oral | y.
referably, the |phar uti cal |pr epgr\at/lr\o%ﬁgii\ a unit dosage form In
uch form the preparation is subdivi deddiN ugfablty sized unit doses
containjng 15 aﬂpprqﬁ\@t/e\quaﬁti ties of t conmponent, e.g., an
effectilve amount| to O

g
o
I—.
wg
®

'PREPARATIVE EXAMPLE 2:

Cl HN :,% Br -
\

This compound was prepared by _essentially same procedure set forth in
5 Preparative Example 1.
( __ PREPARATIVE EXAMPLE 3:

- 7NN
HN\'HQN HNj("‘\j,}
CH3
A mixture of the product from Preparative Example 1 (4.62 g, 15 mmol}) and
10 - imidggq[g _LZE:QO g, 375 mmol) was stirred under N at 175°C for 20 hr, then it was

cooled to 100°C and poured into stirred ice-cold water (400mL). The mixture was
stirred for 15 min, and then filtered. The solid was washed on filter with water (2 x
100 mL) and dried in a vacuum at 100°C. White solid (2.43 g, 77 %) was

obtained.



achi eve the desired purpose. The quantity of active conpound in a unit dose
of preparation may be varied or adjusted fromabout 1 ng gﬁfbﬁf%‘%po ny,
preferably fromabout 1 ng to about 50 ngy, nore preferabl? ) % ut 1 ny
to about 25 ng, according to the 20 particular application. The actual
dosage enpl oyed nmay be .vari ed dependi ng upon the requirenents of the
patient and the severity of the condition being treated. Determ nation of
‘the proper dosage regimen for a partd@ular situation is within the skill. of
the art. For convenience, the total daily dosage nmay be divi ded and 25

adm nistered in portions during the day as required. The anobunt and

-fr-egueney—of—adm-ni-strati-oen-of-t-he conpounds of ‘the invention and/or the
pharWPBXEEABKM,A/EEWE‘%E@-%“C&&Q@Heof will be regulated according to

t he judgnet . i i Asi derd s age,

condi tion ar‘?&%s’%‘eﬂh%wv}%ﬁ%i?)g%é@gg@%nd@sfb%g’@gér{ﬁ{éyg%ﬁb Eeeg'syrrpt ons being
30 treabatbouhds Yierain CEoATR oM Fdbia? Hycdlois@ peap=ped TRim ompiudlds

adm ni stration can range fromabout | ng/day to about 500 ng/day,

pr €3 er gep in GRJpawyit o 200 ng/day, in two to four divided doses. 23 March
2007 27 Another aspect of this i i is a kit conprising a

t herapeuti-cally effective-a. nou. i&m{i | east one-conpound-of-Forrmula I11,
or a phar peggut | Celdnin 1accept abl e sgbfun@f 2sol vate of shid conpound and a
pharma¢eutical |y acceptable «carrijer, vehicle or diluept. 5 Yet another
aspect |{dEXamRP¥ | nvention is a kit fconprising an anount|of at |east one
conpounm f—Forputa—t++t—or—apharpaceuticatt-y—acceptapl e salt or solvate
of sai d“conpound and an anount of jat | east one anticangcer therapy and/or

anti-cancer agent |i above, wherein amounts of |the two or nore
i ngredifents reshbt i) desi red therppgy efif ect. 10 The invention discloseq
y

ti |
herein|is exerrplﬁ/e eNTXY | opi NGYPrepgarat i oSy :
o HN\H):*‘,? Br ﬁép HN\H..Q | o
VYR Y™
3.2
0 0
O, |
o s}
()
PREPARATIVE EXAMPLE 4:
Qﬁﬁ“’ \ |
al HN\H)‘;} -
0

10 Method 1:
- This compbur_l-dm\;\'r;;f)repared by essentially same procedure set forth in
Preparative Example 3. LCMS; MH" = 246. |

Method 2:
Pyridinium hydrochloride (378.6g, 3.28moles) was placed in a 2L round

15  bottomed flask and heated under reflux under a gentle stream of nitrogen until all



and exanpl es which should not be construed to linit the scope of the

di scl osure. Alternative nechanistic pathways and anal ogous structures wl|
be apparent to those skilled in the art. Wiere NVR data ar @3pMarskAe@d, 1H
spectra were obtained on either a 15 Varian VXR-200 (200 MHz, 1 H), Varian
.Gem ni - 300~ ¢(:300—M4z) or XL-400 (400 MHz) and are reported as-ppm-down field
from Me4Si with nunber of protons, nmultiplicities, and coupling constants
in Hertz indicated parenthetically. re LC/ Ms data are presented,

anal yses was perfornmed using an Appli Bi osystens APl -100 nass

spectroneter and ,Shigdz SCt- 1CA LC colum; Altech platinum?20 C18, 3

m cr on, 93heateral h ,"&']jtﬁai he tillp spmppypdiromiBsperaiive Example 2 950 CHICN,
7 R G L Nerr, 09 : | B_~ : fetention time
and o'bség\??eé?égg%%t 5@3%@&‘3@@%@‘%@ %crggrﬁé)g&ﬂvgjg]@dgﬁd reagents nmay
be ref erf®Rdmhewlby) ¢dmintialhphbdescdbed ivs Praparatien EResipe 22 Wwabiddddayiaine

chromat ography: TLC dichl oronet hane: CH2CI 2 ethyl acetate: AcOEt or EtOAc
met hanolPorfigroandithe miybire wasthaated tmdeg oefiyy at 2148 4nosd5 mirsN herhatea

oY A ol RN S IR fd EEERORPRERRDETRY 1R 22
resol ut iphh warssi G:peThe anietury washiBpdraldd tol drgnsss aind Btdredrnlties freep®l. 5
m erolt t'l%;ég fes%!kting material was triturated with MeOH (4L), fittered and the solids were
washed-with-additional MeOH-{2L.)-The-combined filtrates Were evaporated to
dryness fo give a solid (49.75g). The latter was broken up and triturated with
- 10  distilled water (250ml.) and then filtered. The filtrate was discarded and the solid
C’- was dissolved in hot MeOH (850mL.).and added to silica gel (~800mL) and Sea

Sand (~350mL) and the mixture was evaporated to dryness. The resulting mixture

was introduced as a plug on to a silica gel column (40x9¢m) and the latter was

eluted with CH2Cl (4L), followed by 1%-2.5% MeOH in CH;Cl, and then neat
15  MeOH, to give the title compound (8.06g, 41%): FABMS: m/z 246.0 (MH™);

HRFABMS: m/z 246.0434 (MH"), C12HgCIN;O requires: m/z 246.0434.

PREPARATIVE EXAMPLE &:
©\¢\N \ ©\"%\N \
HNW([:"} N N :N>

C | - 0 cl

A mixture of the product from Preparative Example 3 (1.20 g, 5.71 mmol)
20 and pyridine (0.32 mL, 4.0 mmol) in POCl; (6.5 ml.) was stirred and refluxed
~ under Ny for 5 hrs. The mixture was poured into 1 00 mL of ice, a solution of
NaOH (10 g) in HoO (100 mL) was added, and the mixture was extracted with
CHyClz (4 x50 mL). The extracté were dried over Na,SQy, filtered and the solvent
_ was evaporated. Column chromatography on silica gel with CH.Clo/EtCAc (2:1) -
25  afforded off-white solid (520 mg, 40 %). |




grans;-g - ----- mlligranms: ng roomtenperature or rt (anbi ent) about 25C.
10 EXAMPLES PREPARATI VE EXAMPLE 1: CH3 O OXD CYCONH2 + / m%; ﬁ %é OCH3
A m xture of 1-nethylim dazol e-2-carboxam de (3.00 g, 'Y' & 75
phenacyl brom de (5.73 g, 29 nmmol) in anhydrous CH3CN (90 m.) was stirred
and refluxed under N2 for | day. The m xture was filtered, the solid was -
washed on filter with CH3CN (2 x 30 nL) and dried in a vacuum Wite solid
(5.86 g, 80 %9 was obtained. HI 20 BREPARATI VE EXAMPLE 1.1 and 1.2: By
essentially the sane procedure given in Preparative Exanple 1, conpounds
gi ven lPR@#ARATWEEWPEE%lEﬁﬁﬂSQe prepared by conbl ni ng 1-

nmet hyli-m-dazele-2 3 vys - 1. TABLE
1.1 Prep. cﬁwmemt!@lmﬁ same Em@ﬁdwemfamm?re@awtwez@xammlesi Y NOONHN

Br - O~Oc?c\mpog'_'gs give% in Column 2 of Table 3.1 can be prepared from compounds

given in Column 1.

5 S TABLE 3.1
Prep. (Columni ~  {Column2 |
Example |
o . _

o\-‘ HN. =y o7 _Nﬁ/k»N | )

O Cl
5.2
O ]
/ N 7NN
HN “jl.} N \N
) cl
PREPARATIVE EXAMPLE 6: | . ()

ThIS compound was prepared by essentaaliy same procedure set forth in
10  Preparative Example 5. Off-white solid; LCMS; MH = 264.
PREPARATIVE EXAMPLE 7:




Br O-N O-O" 'Nr C-.{ 0 s PREPARATIVE EXAMPLE 2: N CI HN N Br

Thi s conmpound was prepared by essentially sane procedure se M&E&Lw
Preparative Exanpl e 1. PREPARATI VE EXAMPLE 3: Br N~ HN HNy ?\I OA

m xture of the product from Preparative Exanple 1 (4.62 g, 15 mmol) and 10
-imdazol € (255079, 375 mmol) was stirred under N2 at 175C for 20 hr, then
it was cooled to 100C and poured into stirred ice-cold water (400nL). The
m xture was stirred for 15 mn, and t n filtered. The solid was washed on
filter with water (2 x 100 nL) and drled in a vacuum at 100C. Wite solid
(2.43 g, 77 %9 was, obtained. 23 March 2007 .30 PREPARATI VE EXAMPLE 3.1 and

3.2: By essentially t ane procedure g| v Prepar ative Exanple 3,

conpounds given in Co 2 _of TabI e 2. ed from corrpounds 5

given in Colum 1. = N -
N\

Cl . Cl
A solution of N-Bromosuccinimide (“NBS”) (180 mg, 1.0 mmoil) in

anhydrous CH3CN (5 mL) was added under N to a stirred solution of the product

from Preparative Example 5 (230 mg; 1.0 mmol} in anhydrous CH3CN (5 mL) and
5 CHyCl; (3 mL). The mixture was stirred at 25°C for 5 hr and the solvent was then

| ~ evaporated. - Chromatography on silica gel with CHzClo/EtOac (10:1) afforded
white solid (204 mg, 96 %). |
PREPARATIVE EXAMPLE 7.1 and 7.2;

By essentially the same procedure given in Preparative Example 7,

~

10  compounds given in Column 2 of Table 4.1 can be prepared from compounds

given in Column 1.

TABLE 4.1
Prep. Column 1 Column 2
Example
74

7.2

15



TABLE 2.1 Prep. Columm 1 Columm 2 Exanple 3.1 ONpYN~, NN -~ OcsH3 O
3.2 0~N 0N ~/ NN HNNBr HNOCH3 0 ~- | PREPARATI\@%%QEE N~
Cl HNN O 10 Method 1: This conpound was prepared by essent

procedure set forth in Preparative Exanple 3. LCM5;, M+ = 246. Method 2:
Pyri di ni um hydrochl oride (378.6g, 3.28nmoles) was placed in a 2L round 15
bottomed fl ask and heated under reflux under a gentle stream of nitrogen
until all 23 March 2007 31 of the neédderial had nelted. The title conmpound
from Preparative Exanple 2 [31:648 crude, prepared from

1- met hypREFZATIRFRZERANPKEE: de (10g, 79.9mwpl es) essentially as descri bed
I n. Preparative Exanple 2] waS added in one portion and the m xture was
heat ed under reflux at 215C for 15 mn. The hot 5 solution was poured into a

m xture of 1.6L of ice and conc@ﬂ(—l\( 500rrL). The
This compound was prepared by essential!y same procedure set forth in
5___Preparative Example 7. White solid; 1. CMS; MH" = 342 o

PREPARATIVE EXAMPLE 9: '

A solution of N-iodosuccinimide (“NIS”) (450 mg, 2.0 mmol) in anhydrous

/—‘\
p—

/\>
N sy
Cl
CH3CN (10 mL) was added under N to a stirred solution of the product from _
10  Preparative Example 5 (460 mg, 2.0 mmol) in anhydrous CH3;CN (6 mL) and 1,2-
dichloroethane (10 mL). The mixture was refluxed for 30 hr and the solvent was
then evaporated. Chromatography on silica gel with CH;Clo/EtOac (10:1) afforded

white solid (602 mg, 85 %).
/g M

PREPARATIVE EXAMPLE 10:

15
This compound was prepared by essentially same procedure set forth in
Preparative Example 9. White solid; LCMS; MH" = 390.
PREPARATIVE EXAMPLE 11:

%ﬁ

.
N

20



pH was -10.5. The m xture was evaporated to dryness and stored in t he
freezer. The resulting material was trlturated w th MeOH (%% d 4db?red and
the solids were ----- washed-wi t h-additional "MOH (21 he-co R & trates
were evaporated to dryness to give a solid (49.75g). The latter was broken
.up and triturated with 10 distilled water (250n.) and then filtered. The
filtrate was di scarded and the solid was dissolved in hot MeOH (850nl). and
added to silica gel (-800nL) and Sea 38and (-350m.) and the m xture was
evaporated to dryness. The resulting m xture was introduced as a plug on to

a silica gel I g I 2 (4L),
foll owed by 1% Zég&pél\)/g%g%ﬁg %@%{é@%ﬁg%ﬁﬁal eatmgﬁ%;g%#%gt %ght he title
rrconﬁe&nﬂ’réﬁamiqe Exbraple FABME: sofid. 246. 0 (MN; HRFABMS: nfz 246.0434 (M),
C12HOCl %32 EEE Has m z 246.0434.. PREPARATIVE EXAMPLE 5: N N - H\W N N N
0od A he product from Preparative Exanple 3 (1.20 g, 5.71 nmmol)
20 and pyridine (0.3 , 4.0 nmol) in PCCI3 (.5 mM-) was stirred and
refluxed wunder N2 @ hrs The m xture was red intb 100 nL of ice, a
solution of NaOH (I®.g)J (100 mL) we 3 d the m xture was
extracted with CH2Cl 2 ( X

filtered and the sol veht S !évaporat ed. Col ur

)'—ThE"Ektrac S reNdr ed over Na2S(4,
=-ography on silica
gel with CH2CI 2/ Et OAc (2: 1pr25-afforded off-white glid (520 ng, 40 %9 . 23
March 2007 32 PREPARATI VE EXAMPLE 5.1 and 5.2: By esyentially the same
procedure given in Preparative Exanple 5, conpounds _fiven in Colum 2 of
Tabl e 3.1 can be prepared from conpounds given in I%?n.l. 5 TABLE 3.1
x

-~ 5

(‘ A mixture of the product from Preparative Example 10 (78 mg, 0.20 mmol),
3-(aminomethyl)pyridine (24 mg, 0.22 mmol), dilsopropylethylamine (0.5 mL}, and
anhydrous dioxane (1.0 mL) was stirred at 90°C under N, for 48 hr. The solvent
was evaporated and the residue was purified by column chromatography on silica

10  gel with CH2C|2/MGOH!CODC aqueous NH;OH (50:1:0.1). White solid (67 mg, 78

%) was obtained. LCMS; MH* = 462, m.p. 173-175°C.

EXAMPLES 11.1 and 11.2;

By essentially the same procedure given in Preparative Example 11,

.15 compounds given in Column 2 of Table 5.1 can be prepared from compounds
given in Column 1.
C TABLE 5.1
Example Column 1 Column 2

11.1




Prep. Colum |

1 TCl
N TC

5.2 00

Ol N ONN- N H\\

NBS') (180 mg, 1.0 mmol)

Colum 2 Exanple 5.1 O/N N O/NOy N O HNw~
PREPARATI VB4
Thi s conmpound was prepared by essentially sane proce ure se
in 10 Preparative Exanple 5. Of-white solid;
EXAMPLE 7: 23 March 2007 33 N NY-,
N- Br onosucci ni m de ("

NN NO C

LCVS, MH
NNN C C
in

was added under N2 to a stirred sol uBfon of the product

Exanmple 5 (230 nm,

1.0 mol)

i n_anhydrous CH3CN (5 m -)

A sol ution of
anhydrous CH3CN (5 ml -)

The m x
evapor
white s

t1r.2 was
ted. Chrd
ol i d (294

stirred at 25C for
rrat(?graphy on sili
96

Br

Cl

Ca 8e| wi th CH2C 2/ Et

Br

ooy |
N Q,ﬁ,\,/\g

5 hr and the sol vent]

@)
: N\
f or t h
PREPARATI VE

264

from Preparative
and 5 CH2C12 (3 nlL).
was t hen
Cac (10:1) afforded

Ns\\'/k"-N

HN

~

N

EXAMPLE 12-25:

).

By essentially same procedure set forth in Example 11, the compounds
shown in column 3 of Table 2 were prepared. |
5 TABLE 2
Example | Column 2 Column 3 DATA
12 LLCMS:
Br
7 ”’\S /g (M+2H)+ =
N%N % 382, M.P. >
Cl 205°C.
=
|
N
: ()
13 _ B | Br LCMS: |
7z N’g & N”g (M+2Hq+ =
Nﬁ)*N Nﬁ)‘\*N 382, M.P: 185-
Cl HN 188°C.
7
N




PREPARATI VE EXAMPLE 7.1 and 7.2: By essentially the sane procedure given in
Preparative Exanple 7, 10 conpounds given in Colum 2 of Taggg%ﬁﬂQQ&?n
m

prepared from conpounds

2 Exanple 7.1 Br
-NNN C

-Y -

_‘ OY N ONY N
d T15 23 March 2007 34 PREPARATIVE EXAMPLE 8: N ~ r

NN1C

c

given in Colum 1. TABLE 4.1 Prep:

7.2 00

N N Br

be
Col umm
N N N

NN C C

Thi s conmpound was prepared by essentially sane procedure set forth in

Preparative Exanple 7. Wite solid;, Cd% M = 342~

14 7 7 LCMS: MH+ =
_ | /Br | Br
NI N N/\% 1394, M.P: 177-
N%‘N Nﬁ/L‘\‘N 179°C.
Cl HN
' ™
2N
15 P o e LCMS: MH+ =
| - 7 N/\S | Z N’\g 394, M.P: 120-
c N%N N%N 122°C.
' Cl HN
Y
=
16 O 8 N LCMS: MH+ =
NN ”/g 7 N’\g 371, M.P: 145-
Nﬁ)ﬁ, N\\]%‘N 146°C.
Cl HN\[::]
C |77 . | o | LOMS:MA+=
7 N/\g 7 N’% 449, M.P: 177-
N*\\])*N Nﬁ)*N 179°C.
Cl HN
| A
N
CF,

5



PREPARATI VE EXAMPLE 9: ~I ~I I N NN YINCOC A solution of

N-i odosuccinimde ("NIS") (450 ng, 2.0 nmol) in anhydrous ﬁ%&é

was added under N2 to a stirred solution of the product fr ye aratlve
Exanple 5 (460 ng, 2.0 mml) in anhydrous CH3CN (6 m-) and 1, 2-

di chl oroet hane (10 nL). The m xture was refluxed for 30 hr and the sol vent
was then evaporated. Chromatography on silica gel with CH2Cl 2/ Et Cac (10:1)

af forded white solid (602 ng, 85 % .38REPARATI VE EXAMPLE 10: 15 ~I | 1)

C Nytrw TG This corrpound was prepared by essentially same procedure set

forth iim8 Prepar Pﬂrﬁ nple 9. Wii te.sol1d; LCVS5; JAW+ EREPARATI VE
N | I\I\

EXAMPLE-11. Cl lf [ 20 C1 23] 5-Thi's conmpound was :

prepared by essgn ocedu‘r\\e/g/;;ﬁg h in | 4B8ddPa204e Exanple 9.

Wi te splid. EXAI\/PLE 1 4 - o .
Nay N 206°C. ‘

19 l L LCMS: MH+ =
NY'Q-N Nﬁ){‘N 141°C. , (

20 5 LCMS: MH+ =
. r Br :
7 N/\S / N/\g 415, M.P: 150-
¢ N%’/k\N cl NYL\‘N 152°C.

()

21 LCMS: MH+ =
Br Br ‘
Z N’§ | 7 N/§ 415, M.P: 146-

c HN

S




/I NN C NYNO N~NY1 TTGA HNN A mxture of the product from
Preparative Exanple 10 (78 ng, 0.20 mml), 3- (anlnonethyl)%y %2
0.22 mol ), diisopropylethylamne (0.5 nL), and anhydrous o%ane P 0 nL)
was stirred at 90C under N2 for 48 hr. The solvent was evaporated and the
.residue was purified by colum chromatography on silica 10 gel wth
CH2Cl 2/ MeOH/ conc. aqueous NH4OH (50:1:0.1). Wite solid (67 ng, 78 % was
obtai ned. LCVM5;, MH = 462, mp. 173-17%¢. EXAVMPLES 11.1 and 11.2: By
essentially tile sane procedure given in Preparative Exanple 11, 15
conpoundSsgi VEN 1N _SQl unm 2 of ~ Tabli g~5. I Tarm be prepa D appunds
given in l um 1. LE 5.1 BE)Ja ‘fﬁ)l\ﬁ &W;JEP Y OyN(C
N~ ON{NO N. \ N-|/ K23\ \hzaaL_qagm¢gggo O N Br

0) NBr cl Nﬁ/le o NQ}/J&»N 80°C.

1

]

123 o LCMS: MH+ =
Br . Br
N __ 7 N/\S Z N’\g 578, M.P: 175-

o4 : | LCMS-MH+= |
Z N/g ~ W 462, M.P: 162-
cl N-\\H‘\‘*N cl Nﬁ)“N | 164°C.

e
2N\

‘.25 a | o LCMS:MH+=
y N,\S N N’g | 370, M.P: 127-
e Nﬁ/{bN Ci N\\])*N 129°C. _




N~ ~N NYI - - -
procedure set forth in Exanple 11,

N NY N C

HN 6,1N EXAMPLE 12-25: By essentially sane
t he conpounds (, ) '

sho n,c
Table 2 were prepared. 5 TABLE 2 Exanpl e Columm 2 Col umm SQ%AAFAChW

m 3 of
Br Br
13 Br

/

ti

N.

LCVS:  / Nom( / Nom( (MF2H)+ _ N N NY "N 382, MP. > Cl HN 205C. N
Br LCMS: Nom( N-( (Mr2H)+= NY "N N1 N 382, MP: 185- Cl HN 188C.
23 March 2007 37 14 i Br Br LOMS: M+ 394, MP: 177- NY 'N NYN 179C. d HN

‘ON 15 / Br

Br

LCVS: M+ NY N 394, #0OP: 120-

10

EXAMPLES 251 and252:

Compounds given in Column 2 of Table 6.1 are prepared from compounds
given in Column 1 by acidic hydrolysis (HCI in H,0), followed by neutralization

(K2CO3) and column chromatography.

TABLE 6.1
Example | Column 1 Column 2
25.1
- i . N —
OYN 7 N"S N Z N’g
O\I Nﬁ)ﬁ\‘N N =N
HN HN
“ 3 3
N N
25.2
/?L _ HN Br
o N Br = N/\S
Nﬁ/k“N HN
HN '
“
= | N
N
EXAMPLE 26:

Br
S
N‘\\[/]%N

Cl

Br
= N/\g
N%N

L
SO,Me

A mixture of the product from Preparative Example 7 {81 mg, 0.20 mmol)

and 4-methylsulfonylaniline hydrochloride (55 mg, 0.32 mmol) in



~ Y NY "N NYj'N 122C. d HN 16 Br Br LCMS: M+ IN'~ 1 / Nn 371, MP
145- NYN N\ N 146C. O HNY 17 Br Br LCMS: M+ N N 449, MZE %éﬂzﬁ}g ~
NYN 179C. A HN N CF3 23 March 2007 38 18 LCMS: M+ _ I\M 20
NY NYLN 206C. C HN 19 LCMS. M+ _ / N~ J \ N 428, MP: 139- NN N N~~ 141C
- HN N 20 Br Br LCMs: M+ _ N~ N415, MP: 150- 0 N LN A N N 152C. C
HN 21 Br Br LCMs: M+ _ i

41
diisopropylethylamine (1.5 mL) was stirred at 1100C for 3 days. The solvent was _
——————evaporated-and-theresidue-was-purified-by-column 'chromatography on silica gel
with CHzCl./MeOH/conc. aqueous NH,OH (20:1:0.1). White solid (22 mg, 20 %) .
~ was obtained. M. P. 251-254°C, LCMS: (M+2H)" = 445. |

5 EXAMPLE 27:
Br
= N’%

N\ \N

o

This compound was prepared by essentially same procedure set forth in
Example above. M. P. 169-170°C, LCMS: (M+2H)" = 367.

PREPARATIVE EXAMPLE 28:
Br
= N/\S

10 : NH,

Product from Preparative Example 7 (185 mg, 0.60 mmol) was stirred with
conc. Aqu'edus NH4OH (3 mL) and 2 M NHj3in 2-propano! (6 mL) in a closed
(: p_réssure tube at 90°C for 24 hr. The solvent was evaporated and the residue was
15 purified by column chromatography on silica gel with CH,Clo/MeOH/conc.
-Aqueous NH4OH (20:1:0.1). Slightly yellow solid (138 mg, 80 %) was obtained.
M. P. 215-217°C, LCMS: MH" = 291.
PREPARATIVE EXAMPLE 29:

Bf\lf\lN

W, 7 Y@

_ __Br

20 A mixture of 2—amino-3,5-dibromopyrazme (Aldrich, 6.0g, 24.0 mmol) and
50% aqueous solution of chloroacetaldehyde (Aldrich, 4.8 mL) in 2-pr0pano_! (30
mL) was stirred and refluxed under N3 for 24 hr. CHxCl; (300 mL) and

~ triethylamine (12 mL) were added and the solvent was evaporated. The residue



\'' I / N\~ N415 MP: 146- C M O NyL 147C. d HNI \ N 23 March 2007

39 22 Br Br LCMs: MH+ _ O NNN\-- d N\ 80C d HN-%C&ZEB@S Br Br
LCVS: M+ _ NN 578, MP: 175- G NY'-- N C M\ N CF3 177 M§c N/ N

O 24/ 1 1 /1 1 LCMS: MH _ N\~ N462, MP: 162- C NN NC N N 164C. C

HTIN "N 25 d d LCvMs: M#+ _ / N~ N370, MP: 127- C NM\~NC N N 129C.
SCI . HN N 23 March 2007 42 ' .

was suspended in 10:1 HO:2-propanol (200 mL), filtered, and the solid was
washed on filter with 10:1 HxO:2-propanol (2x100 mL.). It was dried in a vacuum
to yield pale beige solid (4.81g, 74 %).

PREPARATIVE EXAMPLE 30;

-Br/N\ Br/N\
Br

o NMp

A mixture of the product from Preparative Example 29 (1.80 g, 6.45 mmol) '
and concentrated aqueous NH4OH (27.0 mL) was stirred in a closed pressure N :
10  vessel at 90°C for 24 hr. The solvent was evaporated and the residue was ( ,j
purified by column chromatography on silica gel with EtOAc. White solid (1.01 g,
73 %) was obtained. LCMS: MH* = 213. |
PREPARATIVE EXAMPLE 31:

. B"Y\N% | ©\/\Nf\>
N%N NQI);»N
NH; NH,

15 A mixture of the product from Preparative Example 30 (600 mg, 2.36
mmol), phenyl boronic acid (431 mg, 3.53 mmol}, Pd(PPhs)s (277 mg, 0.24 mmol), -
and NaxCO3;(2.50 g, 23.6 mmol) in 1,2-dimethoxyethane (30 mL) and H,0 (8 mL)I
was stirred and refluxed under N; for 24 hr. The mixture was poured into H,O
(500 mL), extracted with CH2Cl, (4 x 50 mL) and the extracts were dried over

20 “NapS0, and filtered. The solvent was evaporated and the residue was purified by
column chromatography on silica gel with PhCHs/7N NH3 in MeOH (10:1). This
afforded a slightly impure product as a péle orange solid, which was used for the

next step.

PREPARATIVE EXAMPLE 32:
2 | \

SO

25 NH, NHAC



40 EXAMPLES 25.1 and 25.2: Conpounds given in Colum 2 of Table 6.1 are
prepared from conpounds given in Colum | by acidic hydrolys] %E%JOJ]n
H20), followed by neutralization 5 (K2CO3) and colum chro o@? ~"TABLE
6.1 Exanple Columm | Colum 2 25.1 Br Br ) Oylg N~ H-NN ON ~NNN }
HTINHN i It \ NV N 252 OH\N~ Br - NBr NNYN ~-N N(NHN HN~ 1[I\
N(._ \ NEXAWLE 26: \N N-NNN

43

A mixture of the product from Preparative Example 31 (210 mg, 1.0 mmol),

acetylcioTide(0:286-mi4-0-mmot); and-pyridine (0-657 mi=-8:0-mmol) in 1,2-
dichloroethane (5 ml) was stirred and refluxed for 72 hr. The mixture was poured
into 10% aqueous Nay;CO; and extracted with CH2Cl; (3 x 20 mL). The extracts

5 were dried over Na;SQ,, filtered and the solvent was evaporated.

Chromatography on silica gel with EtOAc as eluent afforded 141 mg (56 %) of pale

yellow solid.
PREPARATIVE EXAMPLE 33:
o 2N = N/\S
N%H;|\> Nﬁ/l:éN
10 NHAC _ NHAG

A solution of NBS (72 mg, 0.40 mmol) in anhydrous CH3CN (2.0 mL) was
- added under N> to a stirred solution of the product from Preparative Example 32
(100mg, 0.40 mmol} in anhydrous CH3CN (2.0 mL) and CH.Cl; (6.0 mL). The
15  mixture was stirred at 25°C for 48 hr and the solvent was then evaporated.
Chromatography on silica gel with CH2Cl./EtOAc (4:1) afforded pale yellow solid
(41 mg, 31 %). M. P. 163-165°C, LCMS: (M+2H)" = 333. |
EXAMPLE 34: |

e
e
FN
{
e

HN HN
o =
| I
S N

20
A mixture of the product from Example 17 (85 mg, 0.20 mmol), pheny!
boronic acid (37 mg, 0.30 mmol), Pd{PPha)s (23 mg, 0.02 mmol), and Na,CO3
(212 g, 2.00 mmol) in 1,2-dimethoxyethane (3.2 mL) and H,O (0.8 mL) was stirred



C HN  SO2Me 10 A mixture of the product from Preparative Exarrple 7 (81 ng,
0.20 mml) and 4-nmethyl sul fonyl aniline hydrochloride (55 #gg %% gm)

23 March 2007 41 diisopropylethylamne (1.5 m-) was stir Igl a{' 9 C fora
days. The solvent was evaporated and thene residue was purified by colum
chromat ography on silica gel wth CH2Cl 2/ MeOH conc. aqueous NH4ACOH
(20:1:0.1). Wiite solid (22 ng, 20 %9 was obtained. M P. 251-254C, LCMS:
(MF2H)' = 445. 5 EXAMPLE 27: i 1 Br 44 N N HN I~ This conpound was
prepared by essentially same procedure set forth in Exanple above. M P.

169- 178fd reflidEd (hiertitsfor B, TRRERMKRATE Was POMEY Mtadd, @160 mL\) I/ N\

LN\ N=N.N~N10 Cl._NL.H2 Progduct from Preparative Exanple 7 (185 ng, 0.60

mol ) wxtasterwitly CizOle (40018 miahare the sxigasts weraidripdoner NayS@eand,

vas. cuharest oI sotvbR Rl ARrayBd SRS e Yas PRt Enllim ogr aphy on

sili Cacﬂﬂimﬂo@i’e;ﬁﬁrﬁ@h %Ihb’ﬁ@‘béﬂ Q@thEtOﬁ&ﬂN%@}H §15 § 6RBidLeBlotbss ﬁlalxght l'y yell ow

SO|Id(1 n%; 9 7C LCIVB MH+=
olid (46 mg, 61 ). M. P. 138 140°C LCMS (M+2H)
EXAMPLES 35 AND 36:
3 : 2 -
\ -
2NN ZTINTN
Ny = N%(]*“N -
o ()
HN HN :
= ] = l.
N 2 N
10 35 ' 36

These compounds were prepared by essentially same procedure sei forth
in Example 34 above. Compound 35: M. P. 168-169°C, LCMS: MH" = 384;
Compound 36: M. P. 154-156°C, LCMS: MH" = 384.

EXAMPLE 37:
e _
NN N%]/k“m
HN HN
= l = i
15 N N

A mixture of the product from Example 17 (214 mg, 0.50 mmol),
tributyl{vinyljtin (174 mg, 0.55 mmol), and Pd(PPhs)s (68 mg, 0.05 mmol), in 1,4-
dioxane (10 mi.) was stirfed and refluxed under N5 for 24 hr. The solvent was

20  evaporated and the residue was purified by column chromatography on sifica gel



PREPARATI VE EXAMPLE 29: Br "N Br ~-' N NY\NHz N\N 20 A m'xture of

2-am no- 3, 5-di br onopyrazine (Al drich, 6.0g, 24.0 nmol) and : 8%}%8

sol ution of chl oroacetal dehyde (Al drich, 4.8 nlL) in 2-propano é" ) was
stirred and refluxed under N2 for 24 hr. CHRC 2 (300 m-) and trlethyl am ne
‘(12 m.) were added and the sol vent was evaporated. The residue 23 March 2007
42 was suspended in 10:1 H20: 2-propanol (200 m.), filtered, and the solid
was washed on filter with 10:1 H2O 24% opanol (2x100 niL). It was dried in a
vacuum to yield pale beige solid (4.81g, 74 % . PREPARATI VE EXAMPLE 30: 5

Br Br Nyilh b‘HgN OzliﬂéOchonc "K&leous N{QL;@I—P(@‘@); £001). tFlfﬁe, Hﬁgﬂ%ﬁ% {,q%par ative

Exanpl e 29 nmol conc rat d aqu ous nm.) was
“ stirred ?Sﬁycavmmféalnﬂdﬁéd?é&&}Mé%@dLCMS diE" =B284 hr. The sol vent was

evapor at ln:;LEt Eg eS| due was ~. -purified by colum chromat ography on

silica Bt White solid (1.01 g, 73 %9 was obtained. LCVS: M+ =

©213. PREPARATI VE EXAI\/PLE 31: Br "N N N NyJ NH2 NH2 15 A mixture of the

product from Preparatiye Exanple 30 (500 ng, 36 nmol ), phenyl boronic acid
hPh3) 4 (277 mg, O. 24 ), andcdBREOS (2.50 g,
S : (30 m-) ansh H2O£8, -)

(431 ngy, 3.53 mmol),
Nﬁ)"\*N NQT/JQN

23.6 mol) in 1, 2-di

HN HN
/l &
o &N
5 N

A mixture of the product from Example 17 (214 mg, 0.50 mmol),

tributyl(ethoxyvinyljtin (199 mg, 0.55 mmol), and Pd(PPh;); (58 mg, 0.05 mmot),
in 1,4-dioxane (10 mL) was stirred and refluxed under N, for 24 hr. 5 M HCI (1.0

10 mlL) was added, the mixture was stirred for 5 min, then triethylamine (5 mL) was
added and the solvent was evaporated. The residue was purified by column
chromatography on silica gel with EtOAc/MeOH (10:1) and then triturated with
cyclohexane (10 mL). Pale yellow solid (104 mg, 65 %) was obtained. M. P. 192-
194°C, LCMS: MH* = 344.

156 EXAMPLE 39:

)
\;
=
Z 0
Q
E:
\.:E:
prd
= \%{
Q
T

HN HN
2 &
N N

MeMgl (3.0 M in Et;0, 0.20 mL, 0.60 mmol) was added to a stirred solution

20  of the product from Example 38 (51 mg, 0.15 mmol) in anhydrous Et;O (3 mL) and

| CH.Cl2 (6 mL). The mixture was stirred at 25°C for 3 hr and then poured into H,0
{100 mL) and extracted with CH2Cl> (3 x 20 mL). The extracts were dried over



was stirred and refluxed under N2 for 24 hr. The m xture was poured into H20
--'} (500 nmL), extracted with CH2Cl12 (4 x 50 m-) and the gg%‘ﬁ;? re
dried over 20 Na2SO4 and filtered. The sol vent was evapor at 4P

resi due was purified by columm chromatography on silica gel with PhCH3/ 7N
NH3 in MeOH (10:1). This afforded a slightly inpure product as a pale
orange solid, which was used for the next step. PREPARATI VE EXAMPLE 32: N
N N 25 NH2 NHAc 23 March 2007 43 A%fixture of the product from Preparative
Exanple 31 (210 ng, 1.0 nmmol), acetyl to idu-(,"80-nt-4:0-nmmlj;

- and- pdNa:8ihe tta®d an tie- Soiventyas evap@ratet. cMeoraseduwawes (hirifitd bywas stirred
and refluxed for-#2-hr—Fhe-m Xt ure-was—-paour.ed '--La—LO%??quegus Na2CO3 and
ext r actC@H R LA égﬁa?'y 9"?3‘1‘3@196‘.‘ Wﬁ‘i@@x@ﬁ@@?@%&ﬂam& e fpleer Na2so4,
filter i ) aAPOA - ® y on silica gel with
Et CAc Sil%ﬂ%g‘i&?‘i%??ﬁ%ﬁ%%@ﬁ?ﬂ%. ?@%q&)%dcof Lgﬁ%mge%{%@]‘sol i d. PREPARATI VE,
EXAMPLIPRBPABATIME BXAMPLED40HAC i NHAc A solution of NBS (72 ng, 0.40 nmol)
i n anhydrous CH3CN (2.0 nL) was added under N2 to a stirred solution of the
product from Preparative Exanple 32 00ng, 0.40 mmol) in anhydrous CH3CN
(2.0 m-) and CH2CI2 (6.0 nL). The 1¥ mithre was stirred at 25C for 48 hr
and the sol vent was then evaporated.N tography on silica gel with

CH2Cl 2/ Et OAc (4:1) afforded pale yellolw solid (41 my, 31 %. M P.
1635165C, LOVB: _(Mr2H)" = 333. “

This compound was made according' to the 'I.i'tératra;é bmr_b'crédﬂre'(J. Med.
Chem. 1983, 26, 357.and J. Med. Chem. 1992, 35, 3845.).

EXAMPLE 41:
()
I/\ng ‘ (\N/\g
Cl HN
~)
10 =

A mixture of the product from Preparative Example 40 (50 mg, 0.30 mmol),
2-(aminomethyl)pyridine (45 mg, 0.42 mmol), and diisopropylethylamine (0.20 mL)
in anhydrous 1,4-dioxane (0.50 mL) was stirred under N, at 100°C for 24 hr. The
15  solvent was evaporated and the residue was purified by column chromatography ( ' 1B
on silica gel with CH,Cly/MeOH/conc. agueous NH,OH (2:1:0.1). White solid (45
mg, 63 %) was obtained. M. P. 125-127°C, LCMS: MH" = 240.
EXAMPLES 42-48:
By essentially same procedure set forth in Preparative Example 41,

20  compounds given in column 3 of Table 3 were prepared.

25



EXAMPLE 34: N \ N\

0.30 nmmol ),

N NNN HN HN/~ ~~
product from Exanple 17 (85 ng, 0.20 nmol),
Pd( PPh3) 4 (23 ny,

0.02 mmol ),

phenyl
and Na2CO3

bor oni ¢
(212

\ N\ N 20 A mxture of the

o5 0000) 1 n

1, 2-di met hoxyet hane (3.2 nL) and H2O (0.8 nlL) was stirred 23 March 2007 44

and refl uxed under
extracted wwth CH2CI 2 (4 x 15 m-) and the extracts were dried over

N2 f or

24 hr.

The m xture was poured into H20 (100 nl),

Na2SO4

and filtered. The solvent was evapord&ied and the residue was purified by
colum chromat ography on silica gel with Et CQAc/ MeOH (30:1) to afford’
colorless waxy 5 solid (46 ng, 61 %UragvlE . 138-140C, LCMS: (Mr2H) + = 378.
EXAMPLES 35.AND 36: N QOe- s ~1 N NY NNY "N HNHNNN 10 35 36 These
* conpoundsEx@mnelepn &dvaw Dy essefldliannyg sane procaddEAset forth in Exanpl e
34 abovd. Conpound 35: M P. 168-169C, LCMS: M+ |= 384; Conpognd 36: M P.
’ 154- 156(,,42'_CI'VB. wH*: 38:‘{ M. P. 152-
N =
N:\)Q\ 7 154°C, LCMS:
ol . MR"™ = 239.
| - 43 ’§ M. P. 130-
_ 3 =
\ ;\II/\ Y 7NN 132°C, LCMS:
&l HN MH™ =254,
7 X
=N
4 . /g M. P. 104-
=3 =
I(\ NN 7N 105°C, LCMS:
ﬁ/l\N NQrJ\N .
o HN\L MH™ = 207.
OCH,3
45 M. P. 182-
= =
7NN Y 184°C, LCMS:
NQ\]);»N Nﬁ)t—N
MH" =225,
Cl : HN©




EXAMPLE 37: NI N: N,NNN HNHN~ ~I 15 N\ N A mxture of the prOdUCt

from Ex
nmol ),
and ref
resi due
45 wi.th

nmg, 75
COCH3

anple 17 (214 ng, 0.50 mmol ), tributyl(vinyl)tin (174 ?\,333
and Pd(PPh3)4 (58 ng, 0.05 nmol), in 1,4- dioxane (1 Wﬁr?c 7stirred

| uxed under N2 for 24 hr. The solvent was 20 evaporated and the
was purified by colum chromatography on silica gel 23 March 2007
CH2Cl 2/ MeOH conc. Aqueous NH4OH (40:1:0.1).. Pale yellow solid (123
% was obtained. M P. 1-38-#81C, LCM5: MH = 328. EXAMPLE 38: | [/ |
N NNN HHNi i I 5\ NNA mxture of the product from Exanple 17

(214

~ Pd(-PPh

refl uxe
stirred

yel | ow

.4@. 50 m1m|) t |5uty (ethoxyvinyp)tin (399 mig3-0.55 fmol ), and
A58 7 e ' O—d--)-—was—stirred and
d under Ng\lfo 2 hro & M HQ.. 0 10 ni)| 18&8CaLaMB: t he mi xture was

for 5 nmiin,Yrhel triethyl aming Nn1_) was gd%g%tpand the sol vent was.
g

solid (104 ng, 65 % was obtai 192- 194C, LCM5: MH = 344.

\

47 o M. P. 186-

= = .
@\ r!:/\ LY |1sec,Loms:
MH" = 315,

Ci NH

| f )

18 | M. P. 143-
7N ' 7NN 145°C, LCMS:
MH* = 240.

Ci HN

=
2N

XAMPLE 49:

ol
Meprt

NHZ HNL
PN
A mixture of the product from Preparative Example 28 (1.16 g, 4.00 mmol),

pyrimidine-5-carboxaldehyde (540 mg, 5.00 mmol), and Ti(OiPr)4 (4.54 g, 16.0
mmol) in anhydrous THF (20 mL) was stirred under N, at 50°C for 3 hr. The

evaporaﬂt ed. The resjtdue was purifiedy ol um o' raphy on silica gel
with Et|OAc/ MeOH|{(10:1) and then tritur ted vmth cycl ohexane (10 nL). Pale



15 EXAMPLE 39: \ Il / COCH3 OH ~ II\\ NNNINNY' H\N~HN \ N\ N MM
(3.0 Min Et20 0.20 nL, 0.60 mml) was added to a stirred s%ll\y%cggoo 0 of
t he product from Exanple 38 (51 ng, 0.15 nmol) in anhydrous "Et ( -) and
CH2ClI 2 (6 mL). The m xture was stirred at 25C for 3 hr and then poured into
-H20 (100 mL) and extracted with CH2CI2 (3 x 20 nlL). The extracts were dried
over 23 March 2007 46 Na2SO4, filtered and the sol vent was evaporated. The
residue was purified by colum chromag@mgraphy on silica gel with .

CH2Cl 2/ M eOH (20:1) to aff ord pale vyellowsolid (27 ng, 50%9. M P.

compound beg mads R B 2 o R e dr-o ol e pgded td i
- 1983726 36 wad-stirreideat 2 sfor-3@ 98, e mbedfe vasipodhel Bid 5% aueods N ~N
40 (80 mySON] 890ty saruvated Bbielss NAcI'BE il as added and Hi s =™ ©
was extracted with CH.Cl; (3x100 mL). The combined extracts were dried over
5 NaxSQOy, filtered, and the solvent was evaporated. The residue was puriﬁed by -
column chromatography on silica gel with CH,Cl./MeOH/conc. agueous NH,OH
(20:1:0.1). Pale yellow solid (410 mg, 27 %) was obtained. M. P. 201-203°C,
LCMS: MH" = 383.
- EXAMPLE 50:

107 777 A stocK solition of the title compound from Preparative Example 8 (1.2g) in

anhydrous CH3CN (120mL) was prepared and an aliquot (1mL, 10mg,
0.0291mmoles) was placed in each of the wells of an X-Block containing PS-
DMAP resin (77.6mg, 0.1164mmoles). Freshly prepared 1M solutions of a library
of 96 primary amines (0.0873mL, 0.0873mmoles) were added i:o each of the 96
15  wells of the X-Block. The unit was sealed and heated at 60-70°C for 26h. The
block was cooled, opened and filtered into a new X-Block containing PS-
Isocyanate resin (35mg, 0.073mmoles) and PS-Trisamine resin (35mg,
0.15mmoles) and the PS-DMAP resin was washed with CH3CN (0.5mL/well). The
X-Block was sealed and shaken at 25°C for 71h. The block was opened, filtered
20- and each well was washed with CH3CN {0.5mL). The wells were evaporated to
- dryness on a Speedvac concenirator. The samples were analyzed by LCMS and |
C ' samples that were <80% pure were further purified as needed by preparative
LCMS. The samples were each dissolved in 60% DMSO-CH3CN (1mL) and
0.8mL of each were injected onto the preparative HPLC (using a Phenomenex
25 Luna 5n C-18(2) column; 60x21.2mm; 5n micron: flow rate of 20mL/min; gradient
elution using water-CH3;CN-1% aqueous formic acid) and the fractions
corresponding to the desired molecular weight of the product +/- imu were
- collected. The final products that were all >90% pure are_listed_ in the Table 4.

30 |



2- (am nonet hyl ) pyridine (45 ng, 0.42 nmmol ), and diisopropyl et hyl am ne (0.20
m-) in anhydrous 1, 4-di oxane (0.50 m-) was stirred under é\#z at 100C for
24 hr. The 15 sol vent was evaporated and the residue was pur M@Eth?;pOZol um
chromat ography on silica gel with CH2Cl 2/ MeOH conc. aqueous NH4ACOH
(2:1:0.1). Wite solid (45 ng, 63 %9 was obtained. M P. 125-127C, LCME:
M+ = 240. EXAMPLES 42-48:. By essentially sanme procedure set forth in
Preparative Exanple 41, 20 conpoundsSffi ven in colum 3 of Table 3 were
prepared. 25 23 March 2007 47 TABLE 3 Exanple -Colum 2 Col'um 3 DATA 42 M
P. 152 N ;y 154C, LCVs: NN M+ = PRBLE} HN ~- 43 M P. 130- NN N NN
132C, LCMB: - —=-tN-€—HN-VH =254, 44— M—P-104-- ~N \~ | ~ 105C, LCM5: N N \N
C HNr\ M+ = 207. OCH3 45 M P. 182 :

LCMS | %
sRuctuRe | ww | “TES | Ry

377.7 | 37192 | 97

379.7 | 3812 | 90 ()

391.7 | 393.2 93

393.7 | 395.2 99

395.7 | 3971 98

405.7 | 4071 100




N N/ IN~N NON 184C, LCvs: [/ T M+ = 225. HN O 23 March 2007 48 46 M
P. 183- 185C, LCMs: N NN ~NCI HN MHO = 240. 6 47 M P. ]“ﬁﬁ?ﬁﬁ-y %C,
LCMS: NN M NCO NH M# =315, 48 M P. 143- ~ ~ N\~N N;Yzﬁ e 2P - d
HN = 240. \ N XAWPLE 49: (j Br Br N~ h~cS N NNH2 HN NN

51

407.7 | 409.2 83

4090.7 | 411.2 99

419.7 | 4211 100

419.8 | 421.2 94

423.7 | 426.2 100

427.7 | 429.2 99

427.7 | 429.2 91




5 A mxture of the product from Preparative Exanple 28 (1.16 g, 4.00 mmol),
pyri m di ne-5-car boxal dehyde (540 ng, 5.00 mmol), and Ti (G Pr g4.54 , 16.0
mol ) in anhydrous THE (20 m -) was stirred under N2 at 50C $oMagh 007 The 23
March 2007 49 m xture was cooled to 25C, NaBH3CN (1-26 g, 20.0 mml) was
added, and the 1t-259C for30Orain. The m xture-was-poured into 5% aqueous
NaCH (500 ml.), saturated agueous Nadl (50 nL) was added, and the m xture

was extracted with CH2Cl 2 (3x100 nl). 5Ehe conbi ned extracts were dried over
5 Na2SO4, filtered, and the solvent was evaporated. The residue was purified
by col prm chr pnat ography on SiTi¢a gel wth PCI 27 VeQH conc. aqueous NHACH

(201071 —Paje yettow-sotd{(4p—rg—2+—%—was—ebtat-Red—M—P.. .201- 203C,
LCMS: M+ = 383. EXAMPLE 50: 10 -{- - A|stock splution |ofthe title conmpound
from Preparati ye Exanple 8 (1.2g)|in anhydrousj{ CH3CN (}120n.) was prepared
and an aliquot|(1nL, 10ng, 0.0291}mmol es) was p|aced i each of the wells of
an X- Bl ock con1a|n|ng PS- DVAP resin (77.6ng, Ol 1 164nmol es). Freshly
prepared 1M so §..0f syt y of 96 prinmafy am nes (0.0873ni, :

0. 0873miol es) pf the {96 15 wells of |{the X-Block. The unit
was sealed and br 26h.| The b| ock wag cool ed, opened and

filtered into i clya rlesin (35ny,
- 0.073mmwpl es) a rry:{@%rﬂg 3]98? rmg%es) and t he PS- DVAP
L/ wel | )]. The X Bl ock was seal ed and shaken

resin. —washi

at 25C for 71 cned, fliltered] 20 and each well was washed
wth BCN (0 >_evaporated tp dryngss on a Speedvac
concentifat or. hl yzed [py LCMS and  sgnpl es that were <90%
pure werle furt djed by |preparative. LCVMS. The sanples were
1 m-) and O} 8nL of [each were injected(”

each di $sol ved|i '
onto the prepa W F21e8 OlMeIAEK2 a0 .

4418 | 4432 | o4

4437 | 4451 100

N

448.2 | 449.1 91

455.8 | 457.3 99




25 Luna 5n C-18(2) colum; 60x21.2mm 5n mcron: flow rate of 20nL/ m n;
gradient elution using water-CH3CN-1 % aqueous form c aci d) d tg
fractions corresponding to the desired nol ecul ar wei ght of 2CHEATER §Q|7(:t + -
1 mu were collected. Thefinal products that were all >90L pure are |isted
in the Table 4. 30 23 March 2007 50 TABLE 4 STRUCTURE MWLCVMS R mnlz
PURITY NH 377.7 379.2 97 /| 2 379.7 381.2 90 xwr~N N.Ncl _ 391.7 393.2
93 CYF ~" a hw N~ hCi~ 393.7 395.3399 ~ mzmax,.': 395.7 397.1 98 R
NINC . ~HN,;; 405.7 407.1 100 23 March 2007 51 N. { 407.7 409.2 93
rep 4097 411.p 99 pouf:izw : ‘

462.2 | 463.1 99

478.8 | 480.1 100

481.7 | 4833 97

503.8 | 505.1 94

517.9 | 519.1 160

4458 | 447.2 98

381.7 | 383.1 | 99




6r fi NN 419.7 421.1 100 Bf:~ tea 419.8 421.2 94 Lr kiNc -f M.: 423.7
425.2 100 arwl 427.7 429.2 99 ‘'er ~ f N ~" 427.7 429.2 91 gﬁ%ksrc 2007
52 F1 . Na 3 437.8 439.2 95 Br" * Y i 441.8 443.2 90 F 8 2004 s
. ~zt Y 3 441.8 443.2 94 r~N\ N1}: 443.7 445.1 100 f',r \ | ~YCH tr
448.2 449.1 91 | 455.8 457.3 99

54

3947 | 3962 | 98

395.7 | 3971 92

408.7 | 4102 98

1409.7 | 4111 100

409.7 | 411.2 96

414.7 | 416.1 97

St



23 March 2007 53 N Cl
a 517.9 519.1 100 Br'

23 March 2007 54 394.7 396.2 98 s 1 9

HN C462.2 463.1 99 478.8 480.1 100 ~ |
| CN481.7 483.3 97 FFj Br I~-NQQ k HN 503.8 505.1 94
rfrr NH 445.8 447.2 98 381.7 383.1 & Marchgpdy 1

55
| 422.8 424.2 98
B _leO.T 432.2 ) 794 ., '

431.7 | 4332 94
434.8 | 436.1 100
434.8 | 436.1 100
434.8 | 436.2 95
436.7 | 438.1 100

I ~I1tt'C1

tli'l  Br

11]-‘

d



Ni 395.7 397.1 92 408.7 410.2 98 4-3 409.7 411.1 100 HNn 4 r ~OH | S, t
r " T.ri ' ap N e ~ fs N~'1 N~NOHC~S.;,HN4OQ.7%1@.2%§ Br ~
414.7 416.1 97 ‘. ~. ..\ Nome 23 March 2007 55 rQ "" 422, @4¥arch 2887 o

1 N> N430.7 432.2 94 tN~ j'NN 431.7 433.2 94 iNCi a_ HN; 434.8
436.1 100 _ L

56

436.8 | 438.2 | 98

4368 | 4382 | o8 S
|
4488 | 4502 | 95
4508 | 4522 | 95
()

462.8 | 464.3 99

- 463.8 | 465.3 92




/I IS NN Cl e. ":,HN,d tir 434.8 436.1 100 wu ., Nv "" 434.8 436.2 95 HaC
tN-NC i HNN 436.7 438.1 100 : N) O 23 March 2007 56 2&%@%%@@?8
438.2 98 i I r iNG{ Nac | 436.8 438.2 98 | 448.8 450. 450. 8
452.2 95 WwWN 462.8 464.3 99 1 NN Q.. 463.8 465.3 92 1CS 23 March 2007

Y

57

4968 | 4981 | - 99

' PREPARATIVE EXAMPLE 51:

e -
C Nﬁ)\N Nﬁ/l\/NS

5 Br Br

A solution of NBS (1 eq.) in anhydrous CH3CN (2.0 mL ) is added
under N to a stirred solution of the product from Preparative Example 29 in
_ anhydrous CH3CN and CH,Cl; . The mixture is stirred at 25°C for 48 hr and the
10  solvent is then evaporated. Chromatography on silica gel with CH,Cl,/EtOAC

affords the product.
EXAMPLE 52 :
Br 8 Br
A PN
Ny NS
_ Br HN
C I
2N
15 A mixture of the product frbm Preparative Example 51, 3-(aminomethyl)

pyridine (1.1eq), diisopropylethylamine (3.0 eq), and anhydrous dioxane is stirred
at 90°C under N for 48 hr. The solvent is evaporated and the residue is purified
- by column chromatography on silica gel with CH.Cl./MeOH/conc. agueous

NH;OH to yield the product.
20 EXAMPLE 53:




S NN Cla Na 496.8 498.1 99 PREPARATI VE EXAMPLE 51: Br Br\ N Br\ N~ Ny N
Nyl- N 5 Br Br A solution of NBS (1 eq.) in anhydrous 4 9@9_ S
added under N2 to a stirred solution of the product from% reh ¢0) Exanpl e
29 in anhydrous CH3CN and CH2Cl 2. The m xture is stirred at 25C for 48 hr
and the 10 solvent is then evaporated. Chromatography on silica gel with
CH2ClI 2/ Et QAc affords the product. EXAMPLE 62: Br Br Br Br.~-- NN NN N ~
Br HN ~| N 15 A mixture of the prodlﬁﬂ from Preparative Exanple 51,

3-(am nonethyl) pyridine (1.1 eq), dilsopropylethylanne (3.0 eq), and
anhydrous dioxane is stirred at BOC under N2 for 48 hr.BThe solvent is
evaporated and the resi oy ified by %’OLF&WTN r omat ogr aphy on

silica gel with CN2Cl 2/ I\/Em Ac.7 aquevus—™NHACH {o yleld the product. 20
EXAMPLE 53: 23 March 2007 N XN

HN AcN
N “
N ~N

A mixture of the product from Example 52, acetyl chloride (4.0 eq.), and
pyridine {8.0 eq.} in 1,2-dichloroethane is stirred and refluxed for 72 hr. The
mixture is poured into 10% agueous Na,CO; and extracted with CH.Clo. The

5 extracts are dried over Na,SOy, filtered and the solvent is evaporated.

Chromatography on silica gel with EtOAc as eluent affords the product. _ (" "'4)
EXAMPLE 54: '
Br N Br
Ny =N Ny ~=N
AcN OH AcN
= l — ]
N 2N
10 A mixture of the product from Example 53, the aminolacchol (1.5 eq.), and

triethylamine (2.0 eq.) in dioxane is stirred and refluxed for 72 hr. The mixture is
poured into 10% agueous NaxCO; and extracted with . The extracts are dried over (

N

- NaySQ,, filtered and the solvent is evaporated. Chromatography on silica gel with
CH,Cl,:MeOH as eluent affords the product.
15

20




Br Br BrBr "N N\ NNN HN AcNi i i I N\ NA mxture of the product from
Exanpl e 52, acetyl chloride (4.0 eq.), and pyridine (8.0

1, 2-dichloroethane is stirred and refluxed for 72 hr. The EQMatrdl:JHPZeD(IITS pour ed
into 10% aqueous Na2CO3 and extracted with CH2Cl 2. The 5 extracts are dried
over N62SO4, filtered and the sol vent s evaporated. Chronmatography on silica
gel with Et OAc as eluent affords the product. ( J EXAMPLE 54: Br Br N Br N
NT\ NNN AcNOH AcN~I NN 10 A nbQture of the product from Exanple 53,

t he am nol acohol (1.5 eq.), and triethylamne (2.0 eq.) in dioxane is
stirred and refluxed for 72 hr. TheTaBkEwWe is poured into 10% aqueous
Na2CO3 and extracted vmth The extracts are dried over Na2SO4, filtered and
t he sol vent By fSsapbplY the s@nearacedigtivernin Exam@he B! CUNBIRINGCH2 Ol 2: MeCH as

e et BB O P S PR Y R o £ 1

compounds given in column 2 can be prepared.

Example | Column 1 Column 2

o
OH

55

OH H Br
NYEN

H Br
56 N
" O;W%
Na
HO AcN
N

Br

' 2 . Z N
HO N

HO

™

Ac

“

N

10



I nternmedi ates from Preparative Exanple 53 with the am nes given in colum 1,
conpounds given in colum 2 can be prepared. Exanple Col uWh@ﬁp?Z 55 C
NHZ CHHBr OHI NNYN AN/ I ~N 56 HBr O NN O N c OH H ~r
57 NH2 N~~~ HO HO N N AcIN/I N 5 10 23 March 2007 60 EXAMPLE 58: Br Br

N ANY ~ N j\N- : '

60

EXAMPLE 58: ' |

OH

A mixture of the product from Example 54, and KoCOs (2.0 eq.) in 1:1 EtOH
5 ?ﬁ;f)mié stirred at 60°C for 2 hr. The mixtui;é is poured into H.O and extracted with
CH2Clo. The extracts are dried over NazSO,, filtered and the solvent is evaporated. (  ‘)' '
Chromatography on silica gel with CH2Cl; :MeOH :conc.NH,;OH affords the
product.

10 7 TABLE 6
By essentially the same procedure given in Example 58, starting form i

compounds given in Column 1, compounds given in column 2 can be prepared.

Example | Column 1 Column 2
59
OH H Br OH H Br
SReA s
Va
] =
= g
60
ﬂ Br | H Br
Na '“‘N . Na "“‘N
HO AeN HO HN
7 7
N 2 N




M~NNNOHANOHHN i i I\ N- -_ -\ N_Amxture of the product from
Exanpl e 54, and K208 (2.0 eq.) in 1:1 EtOH 5 :H20 is strrrgqﬁ{t’?g@;or 2
hr. The m xture is poured into H20 and extracted with CHZCI g racts
are dried over Na2SO4, filtered and the solvent is evapor at ed.

-Chr omat ography on silica gel with CH2Cl 2: MeOH : conc. NHA0H affords t he
product. 10 TABLE 6. By essentially the same procedure given in Exanple 58,
starting form conpounds ‘given in Coly 1, conpounds given in colum 2 can
be prepared Exanpl e Col um | Col um 59 OH HBr 5HBr NYN NI -N NNN AcN

H \' N N—60—tHrBr—HBr—N—N-—§— 111 VNV N1 23
March 2p07 _ _
61 E . Bri H Br
%\N,\S N%\N/\S
HO N%N HO Nﬁ)}N
AcN ‘ HN
“ | 7]
S N
ASSAY: | 7
BACULOVIRUS CONSTRUCTIONS:  Cydlins A and E were cloned into
(- pFASTBAC (Invitrogen) by PCR, with the addition of a GIUTAG sequence

5 (EYMPME) at the amino-terminal end to allow purification on anti-GIuTAG affinity
columns. The expressed proteins were approximately 46kDa (cyclin E) and
50kDa (cyclin A) in size. CDK2 was also cloned into pFASTBAC by PCR, with
the addition of a haemaglutinin epitope tag at the carboxy—termi.na(_ end
(YDVPDYAS). The expressed protein was approximately 34kDa in size.

10 .
ENZYME PRODUCTION: Recombinant baculoviruses expressing cyclins A E
and CDK2 were infected into SF9 cells at a multiplicity of infection (MOI) of 5, for

48 hrs. Cells were harvested by centrifugation at 1000 RPM for 10 minutes.
Cycl'in-contain_ing (E or A) pellets Wére combined with CDK2 containiﬁg cell
pellets and lysed on ice for 30 minutes in five times the pellet volume of lysis
buffer containing 50mM Tris pH 8.0, 0.5% NP40, 1mM DTT and
protease/phosphatase inhibit‘ors (Roche Diagnostics GmbH, Mannheim,
Germany). Mixtures were stirred for 30-60 minutes to promote cyclin-CDK2 '
complex formation. Mixed lysates were then spun down at 15000 RPM for 10
20 minutes and the supernatant retained. 5mi of anti-GIUTAG beads (fdr one liter of
SF9 celis) were then used to capture cyclin-CDK2 complexes. Bound beads were
washed three times in lysis buffer. Proteins were competitively eluted with lysis
buffer containing 100-200ug/mL of the GIUTAG peptide. Eluate was dial'yzed
overnightin 2 liters of kinase buffer containing 50mM Tris pH 8.0, 1mM DTT,



61 61 5 HBr HBr HO NN\\~N HO NN AcN HTN i | N N ASSAY: BACULOVI RUS
CONSTRUCTI ONS: Cyclins A and E were cloned into pFASTBAC (lnvitro en7) by
PCR, with the addition of a G uTAG sequence 5 (EYMPME) at tﬁg\f‘gﬂfﬁhgoq er m nal
end to allow purification on anti-GuTAG affinity colums. The expressed
protei ns were approximtely 46kDa (cyclin E) and 5CkDa (cyclin A) in size.
CDK2 was al so cloned into pFASTBAC by PCR, with the addition of a

haemagl utinin epitope tag at the carb6ky-term nal end (YDVPDYAS). The
expressed protein was approxi mately 34kDa in size. 10 ENZYME PRODUCTI ON:

Recombi naniM hagoIpio0uVEsodMmr @8itdvagaeldtd 4ng 20% Hlyceryl méekgs i nfected
into SF9 cells at a multiplicity of infection ( ) of 5, for 48 hrs. Cells

wer e hasterstidd aliguosrat-79@Qat i on at- 1000 RPM for 10 m nutes.
Cyclin-containing (E or A) pellets were conbined with CDK2 contai ning cell

C5 pellets and lysed.on ice for 30 minutes in five times the pellet vol une
of lysi i%mﬁf&ﬁﬁﬁaﬁﬁﬁ&@(t SHH2 ‘éméa@em;sayg (ei?]eszﬁnﬁ,OrjEmEBmdeaﬁd
Gor iy WO 0 eV e R R R s S CE B b o R V. ok

conpl ex Yok Erizgthe Wak eliluledsateiinAiedohcEhRBticPBN50 0y IMSAR0bIFA for 10 20
m nutes and t he supernatant retained. 5m of anti-G uTAG beads (for one

liter ofcongrmingdidraM Ts pHith@n! UrebtiMaEiz AT Tyand G1aBBodiuml exes. Bound
beads were washed. h_h_r_ee tines in Jysis buffer. Proteins were conpetitively

el uted wWrthevppadate. Joprsubsiaiausad inghese readiogsmase bistinyited Repbidst i de.
Tt HiyEl Hotf HistoRU MRS Arlershlalt, UR). The'dubaistd Wab thafig ol 6" S0
10  and diluted to 2 uM in kinase buffer. Compounds were diluted in 10%DMSO to
desirable concentrations. For each kinase reaction, 20 pf of the 50 uglmi enzyme | (} -'
solution (1 pg of enzyme) and 20 pl of the 1 pM sdbstrate solution were mixed,
then combined with 10 ul of diluted compound in each well for testing. The kinase
reaction was started by addition of 50 pl of 4 pM ATP and 1 nCi of 33P—ATP (frbm

15  Amersham, UK). The reaction was allowed to run for 1 hour at room temperature.
The reaction was stopped by adding 200 pl of stop buiffer containing 0.1% Triton
X-100, 1mM ATP, 5mM EDTA, and 5 mg/ml streptavidine coated SPA beads
(from Amersham, UK) for 16 minutes. The SPA beads were then captured onto a
96-well GF/B filter plate (Packard/Perkin Elmer Life Sciences) using a Filiermate

20 universal harvester (Packard/Perkin Elmer Life S¢iences.). Non-specific signals.
were eliminated by washing the beads twice with 2M NaCl then twice with 2M ( \

NaCl with 1% phosphoric acid. The radicactive signal was then measured using o

a TopCount 96 well liquid scintillation counter (from Packard/Perkin Eimer Life

Sciences). '

25 , '
1ICs DETERMINATION:  Dose-response curves were plotted from inhibition

data generated, each in duplicate, from 8 point serial dilutions of inhibit_ory
“cofipoutids. “Coriceritration of compotnd was plotted against % kinase activity,
calculated by CPM of treated samples divided by CPM of untreated samples. To
30 generate ICs values, the dose-response curves were then fitted to a standard -
sigmoidal curve and 1Cs values were derived by nonlinear regression analysis.

The thus-obtained ICs values for the compounds of the invention are shown in
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cal cul ated by CPM of treated sanples divided by CPM of untreated sanples. To
30 generate | C50 val ues, the dose-response curves were theﬁ%i&ttggPBQ a
standard signoidal curve and | C50 val ues were derived by

regression analysis. The thus-obtained | C50 val ues for the conpounds of the
invention are shown in 23 March 2007 63 Table 7. These kinase activities
were generated by using cyclin A or cyclin E using the above-descri bed
assay. Table 7 5 CWD IC50(M %A NH @& INH @ 0.05ug/nL 0.5ug/ nL 15 CH3
N;:Y ~NN HNM CH3 22.5 MNM~N HNT N Br 4.18 NN HN 23 March 2007 64 /1 |

0.53 \ N™NN —HN‘\[/\I 0.53
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N Br 30.7 67.8 C N kNHIN O N 23 March 2007 67 As denonstrated-above
by the assay val ues, the conpounds of the present inventio db
excel | ent CDK inhibitory properties. Wile the present inventlon Has been
described with in conjunction with the 5 specific enbodinents set forth
-above, many alternatives, nodifications and other wvariations thereof wll
be apparent to those of ordinary skill in the art. Al such alternatives,
nodi fi cations and variations are intefided to fall within the spirit and
scope of the present invention. C 23 March 2007 68 CLAIMS 1. A conpound
represented by the structural formula: R R-N~ NN R3.NH Fornula III or
‘a pharmaceutically acceptable salt or solvate thereof, wherejn:

sel ect ed frofetdngRalipledsngvea byessay valpesydhe C&F‘}POUWtCﬁﬂB‘aPWSE"t

cye! 92! KilonuBh Y bxcdIRRE LB flibror Brasefeg! v al k1 alkenyl, “al kynyl

While the present invention has been described with in conjunction with the
5 specific embodiments set forth above, many alternatives, modifications and other
variations thereof will be apparent to those of ordinary skill in the art. All such
alternatives, modifications and variations are intended to fall within the spirit and

scope of the present invention. _ . e



N1.2 (Re)=~ N(R8)n jN(R8)n NC- 1.2 and -2 N (R3) wherein each of said
aryl, heteroaryl, cycloal kyl, arylal kyl, alkenyl, heterocyc%,:}/g %;%Pghe
het er ocycl yl nopi eti es whose structures are shown i medi at el BBV

can be unsubstituted or optionally independently substituted with one or
nore noieties which can be the sane or different, each noiety being

i ndependently selected fromthe group consisting of hal ogen, alkyl,

cycl oal kyl, CF3, CN, -OCF3, -0OR6, -C(OR7, -NR5R6, -C(02)R 6, -C(O) NR5R6,
-(CHR5) nOR6, -SR6, -S(02)R 7, -S(02)BRS5R6, -N(R5)S(R)R7, -N(R5)C(OR and
-N(R5) C(O NR5R6; R is H, halogen or alkyl; R2 is selected fromthe group
consi sting of halogen, R9, aryl, ar@LAIMS|, heteroaryl, heteroarylal kyl,
het erocycl yl, al kenyl, al kynyl, cycloal kyl, 23 March 2007 69 -CF3, -C(OR7,
al kyl substituted with 1-6 RO groups which groups can be the sane or

di fferentqwith eaepod k@regente@igkgﬁ@@@@éturmirmﬂ@d -(CH2) /_\ ~-N-R6

[ (CH26<-\ -R8 m~- < N -aryl- aryl and , wherein each of
said aryl, heteroaryl, arylalkyl and' het[g;rocyclyl can be unsubstituted or
optionally independently substit®eg one or nore noieties which can be
the sane or different, each noi ety mdependently selected fromthe
group consi sting of hal ogen, alkyl, \Noal kyl, CF3, CN, -OCF3, -ORG,
-C(OR, -NRSR6, -C(02)R 6, C(O)NR§ - SR6, -S(02)R 7, -S(O2) NR5RG,
-N(R5) S(Q2)R7, -N(R5)C(O R7 and R

Formula 1l

or a pharmaceutically acceptable salt or solvate thereof,
wherein:
R is selected from the group consisting of H, halogen, aryl, heteroaryl,
cycloalkyl, arylalkyl, heterocyclyl, heterocyclylalkyl, alkenyl, alkynyl,
-C(O)R’,

2
N A
i

(R
wherein each of said aryl, heteroaryl, cycloalkyl, arylalkyl, alkenyl, heterocycly!

RB
(Rﬂ)n N ; (

and

and the heterocyclyl moieties whose structures are shown immediately above for
R can be unsubstituted or optionally independently substituted with one or more
moieties which can be the same or different, each moiety being independently
selected from the group consisting of halogen, alkyl, cycloalkyl, CF3, CN, -OCFs3,
-OR®, -C(O)R7, -NR°R?, -C(02)R®, -C(O)NR°R®, -(CHR®),,0R®, -SR®, -S(02)R’,
-S(02)NR°R®, -N(R®)S(02)R7, -N(R%)C(O)R” and -N(R%)C(O)NR°R?;

R'is H, halogen or alkyl;

R?is selected from the group consisting of halogen, R?, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, heterocyclyl, alkenyl, alkynyl, cycloalkyl,



-N(R5) C(O NR5R6; R3 is selected fromthe group consisting of H, aryl,
heteroaryl, heterocyclyl, -(CHR5)"-aryl, - (CHRS), heteroarzgl aféﬁéﬁﬁs) n- OR
6, -S(02)R 6, -C(OR6, - S(02)NR5R6, -C(O OR6, -C(O) NR5R6, cycl\floal il
-CH(aryl )2, -(CH2)mNR8, -(CHRS)n-ND /(CH2)m~~\N-R6 (CHR5), CH(aryl)2, O
and , wherein each of said aryl, heteroaryl and heterocyclyl can be
substituted or optionally substituted wth one or nore noieties which can
be the sane or different, each noiety being independently selected fromthe
group consi sting of hal ogen, alkyl, amg, cycloal kyl, CF3, CN, -OCF3, -ORS,
-NRSR6, -C(Q2)R5, -C(O NRS5R6, -SR6, - S(2)R6, -S(O2)NRSR6, -N(R5)S(02)R 7,
- N( R5) C( Oy &7, a0 O)R\(ilG) SxleytNRBRGYithRE-6i R gioaps alhioh groBps ican velteet ed from t he

group consi sting,.of | kyl,, aryl, .heteroaryl, ~arylal kyl and

het er oar yﬁaﬁnﬁﬁf?"‘fmm’ﬁ‘ 858%%#’%% 'Bgﬁﬁ’ e,"ﬁi‘lé?l?f’%ir ylal kyl, aryl,

het eroaryl, and aryjahkyl c n/mzmgtub@titut ed or optionally substituted with
one or redCHpiet esNw’chcan b ha~g&ine or different, each noiety being

i ndependent |y sel ettéd fromthe gr consi sting of hal ogen, alkyl, aryl,
cycl oal kyl,, CF3, %l‘—;i CN, -CRS, 5R6, -CH2OR5, -C(R) RS, -C(O NR5R6, 23
Mar ch 2003—743,;%—8 . NSRD2) R7 VIS CR}ARS5R6, - N(R5) S(02) R 7, -N(R5) C(O) R7
and -N(R5)C(O NR5R6¥ R7 amd sel e;:\»eef f r grwhdreingzamhpfcaitsamyt, inegeroanygl kyl |

aryl, heter .. arylal kyl and heteroarylal kyl, erein each of said

al kyl , he?@’?%gﬁﬁngﬂ]%ﬂoc Iyl!cjanﬂ%q gps&&s@ﬁ:tgcgﬂlaoéf%n!aﬁ?ﬂﬂ%.pgaﬁe%t@ unsubsti t ut ed
or opti onglibstitsteBswiiht sHeeolr MokdnRRAic8WHIEH 8an BB s&Pe\Wiidiferen chén t he same
or different, each noiety being independently selected fromthe group

consi st i ngARY bginggarepeiideptly sgiepte:d €9t DrUP, camesitingof balogen, alkyl,
cycloalkyl, CF3, CN, -OCF3, -OR®, -C(O)R’, -NR°R®, -C(0O2)R®,
-C(OINR°R®, -SR?, -S(02)R’, -S(02)NR°R?, -N(R%S(02)R’, -N(R})C(O)R’ and
-N(R°)C(O)NR°R®:

R? is selected from the group consisting of H, aryl, heteroaryl, heterocyclyl,
-(CHR®)y-aryl, - (CHR®),-heteroaryl, -(CHR®),-OR®, -S(02)R®, -C(O)R?, -
S(02)NR°RE, -C(O)OR®, -C(O)NR®R?, cycloalkyl, -CH(aryl)s, —(CH2)m-NRE, -

_(CHR5)n—FjI:> W (CHz)m\/‘_\N_RS
(CHR®),-CH(aryl),, o and \_/ , wherein each of
said aryl, heteroaryl and heterocyclyl can be substituted or optionally substituted
with one or more moieties which can be the same or different, each moiety being
independently selected from the group consisting of halogen, alkyl, aryl,
cycloalkyl, CF3, CN, -OCF3, -OR®, -NR°R®, -C(02)R®, -C(O)NR°R®, -SR®, -
S(02)R?, -S(02)NR°R®, -N(R%S(02)R’, -N(R®)C(O)R and
-N(R®)C(O)NR°R?;

R%is H or alkyl;

R® is selected from the group consisting of H, alkyl, aryl, heteroaryl,
arylalkyl and heteroarylalkyl, wherein each of said alkyl, heteroarylalkyl, aryl,
heteroaryl and arylalkyl can be unsubstituted or optionally substituted with one or
more moieties which can be the same or different, each moiety being
independently selected from the group consisting of halogen, alkyl, aryl,
cycloalkyl, CF3, OCF3, CN, -OR®, -NR°R®, -CH,OR?, -C(02)R®, -C(O)NR°R®,



CN, -OR5, -NR5R6, -CH2OR5, -C(2)R5, -C(O NR5R6, - SR6, -S(02)R7

S(02) NR5R6, - N(R5) S(2) R7, - N(R5) C(O) R7 and - N(R5) C( O NR5R6 R6 0§el ected
fromthe group consisting of R6, -C(O NR5R6, -S(02)NR5R6, HA ':1372% C( ) R6
, -S(02)R 7 and -(CH2)-aryl; RO is selected fromthe group consisting of

hal ogen, CN, NR5R6, -C(OZ)R6, -C(ONR5R6, -OR6, -C(OR7, -SR6, -S(02)R 7,
-S(02) NR5R6, -N(R5) S(Q2)R7, -N(R5)C(O) R7and -N(R5)C(O) NR5R6; mis 0 to 4,
nis 1-4, and pis 0-3. 2. The conpound of claiml1l, wherein Ris selected
fromthe group consisting of H, halogen, aryl, heteroaryl, alkenyl and
-C(O R7, wherein each of said aryl and heteroaryl can be unsubstituted or

opt i onal | BR neB(@e)Rfe AB(GL)NRIRT, i-NRYB(O4)RA -NERBOEO)RDard noi et i es whi ch can be

t he sane s, each noiety being independently selected fromthe
gr oup coni‘k@%@@ﬁgﬁ%al ogen, alkyl, CF3, CN, - OCF3, and -OR6; Rl is H or

l'ower al kyl; K ik seReleRRfr&f tlﬁé gmdﬂ%r&iéﬁHB of kg, %Nlnﬂet@foéﬂ?ﬂ g6Rdkylar y!

heteroaryl, -al kenyl and - wherei n each’of said ar and heteroaryl

can be Lﬁmmterqmwlauwbwl'@p@mmﬁh lof said cedipdrivedencayyaliys arv, m@eromtlh one or
mor & noi eé ‘ﬂ@ g@%ﬁbgtﬂﬁteﬁ%p%ng ﬁ; éd’br edoﬁﬁﬁ'ﬁngodr%é’rgbe' ng

|ndependen € group co SIStI ogen, —al kyl ,
CN, OCF3momtleIs whih ca?ﬁbéﬁra:éarﬁ@@?dlfféier%ead\ meledr beirgfindapenkiently oup

G - aigred ot the 0rcR FRBTRING of helgaan, Akl 3 Y'l(m@%mb@sm 'R8 0
oot anﬁffgﬁéﬁ%ffcﬁﬁéﬁs%“?ﬁﬂ;%m‘?%ej’r}’.!‘."fﬁf" S-S o
(02)NR°R®, -N(R*)S(0O2)R’, -N(R*)C(O)R’ and -N(R )C(O)NR R
R® is selected from the group consisting of R®, -C(O)NR°R®,
-S(02)NR°R?®, -C(O)R’, -C(02)R? , —-S(02)R” and —(CHy)-aryl;
R? is selected from the group consisting of halogen, CN, NR°R®,
-C{02)R®, -C(O)NR®R®, -OR®, -C(O)R, -SR?, -S(0,)R’, -S(0)NR°R®,
N(R®S(02)R’, -N(R®)C(0)R7and —N{R*)C(O)NR°RS;
m s 0 to 4;
nis 1-4; and
p is 0-3.

2. The compound of claim 1, wherein R is selected from the group consisting
of H, halogen, aryl, heteroaryl, alkenyl and —C{O)R’, wherein each of said aryl
and heteroaryl can be unsubstituted or optionally independently substituted with
one or more moieties which can be the same or different, each moiety being
independently selected from the group consisting of halogen, alkyl, CF3, CN, -
OCF3, and -OR®;

R"is H or lower alkyl;

R? is selected from the group consisting of halogen, aryl, heteroaryl,
alkenyt and —C(O)R’, wherein each of said ary! and heteroaryl can be
unsubstituted or optionally independently substituted with one or more moieties
which can be the same or different, each moiety being independently selected
from the group consisting of halogen, alkyl, CF3, CN, -OCF3, and -OR®;



whi ch can be the sanme or different, each noiety being i ndependently sel ected
fromthe group consisting of hal ogen, alkyl, aryl, CF3, CN, ﬁé %f@@Tand
S(XR) R6; R5is Hor lower alkyl; mis 0 to 2; and nislor%?

conpound of claim2, wherein Ris phenyl substituted with one or nore

noi eties selected fromthe group consisting of F, C, Br and OCF3. 4. The
conpound of claim2, wherein RR is F, d, Br, |, ethenyl, or -C(CH3)2- OH ;
5. The compound of claim4, wherein R2 is Br, or |I. 6. The conpound of claim

2, wherein R3 is H propan-I|-of-2-yl,7phenyl, benzyl, (pyrid-2-yl)nethyl, '
(pyrld 3-yl)nmethyl, (pyrid-4- yI)nethyI 2- [(pyrld 3- yI)]ethyI and
2-[(pyrid-4- yIBﬂnstLelctedﬂmmlthegamjp Mnsmmg af bk ayyl, Iﬁetecdawll, AGHRPAYl of said

benzyl) and p n be un optional ly. i endently

subst i t ut¥Hh \/\X‘f’lﬁﬂ r PrB’rl'e( cé#f V\ﬁgl (S}RB ]‘P@ﬁl"hec@&f‘?ﬁ 2or different,
each noi.ginrofei ndepend %Zﬁm ed fromthe group consisting of F,

ad, Br, CF3, |ower sal kyI thoxy and CN. 7. The conpound of
claim®6, whereio [ sar(cpyrl d- 2- ther%.%\ é@d}ﬁ:bf &418 aryl G4d8. The conpound
of claim®6, wherein R3 is The conpound of cl aim 6,

wher ei n ﬁ@terga(véyan depubsi ququ optlona Iy aub,ﬁslmis@ m'jthoqnet PMPts MQiedies\ r Br NN \
N Br QN fhibh bk bethe shietdY differanl¥ath ndiety taithg inBBhdhddrtly'seRidtsd 3

from the group consisting of halogen, alky!, aryl, CF3, CN, -C(O2)R® and -
S(0-)R;

R%is H or lower alkyl;

mis 0 to 2; and

nis1or2.

3. The compound of claim 2, wherein R is phenyl substituted with one or
more moieties selected from the group consisting of F, CI, Br and OCF3.

4. The compound of claim 2, wherein R%is F, Cl, Br, |, ethenyl, or -C(CHa3)2-
OH.

5. The compound of claim 4, wherein R?is Br, or |.

6. The compound of claim 2, wherein R%is H, propan-1-ol-2-yl, phenyl,
benzyl, (pyrid-2-yl)methyl, (pyrid-3-y)methyl, {pyrid-4-y)methyl, 2-[(pyrid-3-
yN)lethyl and 2-[(pyrid-4-yl)]ethyl wherein each of said phenyl (including phenyl of
said benzyl) and pyridyl can be unsubstituted or optionally independently
substituted with one or more moieties which can be the same or different, each
moiety being independently selected from the group consisting of F, Cl, Br, CF3,
lower alkyl, -S{O2)CH3, methoxy and CN.

7. The compound of claim 6, wherein R? is (pyrid-2-yl)methyl.
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8. The compound of claim 6, wherein R® is (pyrid-3-yl)methyl.
9.  The compound of claim 6, wherein R® is (pyrid-4-y)methyl.

10. A compound of the formula:
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or a pharmaceutically acceptable salt or solvate theregof.

11. A compound of the formula:
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N 6~N 6~N 6,, N or a pharmaceutically acceptable salt or Soi%’ﬁlﬁfc tztb%rreof
12. The use of at |east one conmpound of claim1l for the manu ure of a
medi canment to inhibit cyclin dependent kinases ("CDK2"). 13. The use of an
anount of a first compound, which is a conpound of claim 1, or a

phar maceutically acceptable salt or solvate thereof; and an anobunt of at

| east one second compound, said second conmpound being an anti-cancer agent;
for the manufacture of a medicanent f@b treating one or nore di seases
associated wth cyclin dependent kinase, wherein the armunts of the first

conpound and sai d second conpound result in a therap c effe 14. The
met hod of cl aiun 13, further.conprising radiation the th 2007 76
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or a pharmaceutically acceptable salt or solvate thereof.

12.  The use of at least one compound of claim 1 for the manufacture of a
medicament to inhibit cyclin dependent kinases (“CDK2").

13.  The use of an amount of a first compound, which is a compound of claim
1, or a pharmaceutically acceptable salt or solvate thereof; and an amount of at
least one second compound, said second compound being an anti-cancer agent;
for the manufacture of a medicament for treating one or more diseases
associated with cyclin dependent kinase, wherein the amounts of the first

compound and said second compound result in a therapeutic effect.

14.  The method of claim 13, further comprising radiation therapy.
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M t oxantrone, Levam sol e, Navel bene, CPT-11, Anastrazole, Letrazole,
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claim 13, additionally conprising one or nore anti-cancer agents selected
from t he gfppopdedaBi €l ipodecan, camptastarn topotapant paditaxsladeastaxebxor ubi ci n,

t axot ere, e | (e =1 L 1L n, 7 77
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f 1 uor our asjiclophoephamides 8&H66338), R 11&TFZ oL 018, 1123, B S| 204862 pinggvade, SCH 66336,

R115777, L1778, 123, Bg/,s %1@% ressa, larcev anti bodi es to EGFR,
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Chl or met hadiReitdbirfs UL sl PORIoARethidY, MoafERtige | MelphBRP! eFftambucil,
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Di et hyl st EFQXATIN S Pen?ostatme, Vinblastine, Vincristine, Vindésine, Bleomycin,
Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin, ldarubicin, Mithramycin,
Deoxycoformycin, Mitomycin-C, L-Asparaginase, Teniposide 170-
Ethinylestradiol, Diethylstilbestrol, Testosterone, Prednisone, Fluoxymesterone,
Dromostanolone propionate, Testolactone, Megestrolacetate,
Methylprednisolone, Methyitestosterone, Prednisolone, Triamcinolone,
Chlorotrianisene, Hydroxyprogesterone, Aminoglutethimide, Estramustine,
Medroxyprogesteroneacetate, Leuprolide, Flutamide, Toremifene, goserelin,
Cisplatin, Carboplatin, Hydroxyurea, Amsacrine, Procarbazine, Mitotane,
Mitoxantrone, Levamisole, Navelbene, CPT-11, Anastrazole, Letrazole,

Capecitabine, Reloxafine, Droloxafine, or Hexamethylmelamine.

16.
amount of at least one compound of claim 1 in combination with at least one

A pharmaceutical composition comprising a therapeutically effective

pharmaceutically acceptable carrier.

17.
or more anti-cancer agents selected from the group consisting of a cytostatic

The pharmaceutical composition of claim 13, additionally comprising one

agent, cisplatin, doxorubicin, taxotere, taxol, etoposide, CPT-11, irinotecan,




Test ost erone, Predni sone, Fl uoxynesterone, Dronpstanol one propionate,
Test ol act one, Megestrol acetate, Methyl predni sol one, Met hyl t%ﬁ\ﬁ’ér&ﬁﬁ@@fa’
Predni sol one, Triantinolone, Chlorotriani sene, Hydroxyprogesterone,
Am nogl ut et hi m de, Estranustine, Medroxyprogesteroneacetate, Leuprolide,
Fl utam de, Torem fene, goserelin, G splatin, Carboplatin, Hydroxyurea,
Ansacrine, Procarbazine, Mtotane, Mtoxantrone, Levam sol e, Navel bene, CPT-
11, Anastrazole, Letrazole, Capecitabine, Reloxafine, Droloxafine, or
Hexanet hyl nel am ne. 77
camptostar, topotecan, paclitaxel, docetaxel, epothilones, tamoxifen, 5-
fluorouracil, methoxtrexate, 5FU, temozolomide, cyclophosphamide, SCH 66336,
R115777, L778,123, BMS 214662, Iressa, Tarceva, antibodies to EGFR,
Gleevec, intron, ara-C, adriamycin, cytoxan, gemcitabine, Uracil mustard,
Chlormethine, Ifosfamide, Melphalan, Chlorambucil, Pipobroman,
Triethylenemelamine, Triethylenethiophosphoramine, Busulfan, Carmustine,
Lomustine, Streptozocin, Dacarbazine, Floxuridine, Cytarabine,
6-Mercaptopurine, 6-Thioguanine, Fludarabine phosphate, Pentostatine,
Vinblastine, Vincristine, Vindesine, Bleomycin, Dactinomycin, Daunorubicin,
Doxorubicin, Epirubicin, ldarubicin, Mithramycin, Deoxycoformycin, Mitomycin-C,
L-Asparaginase, Teniposide 17a-Ethinylestradiol, Diethylstilbestrol,
Testosterone, Prednisone, Fluoxymesterone, Dromostanolone propionate,
Testolactone, Megestrolacetate, Methylprednisolone, Methyltestosterone,
Prednisclone, Triamcinolone, Chlorotrianisene, Hydroxyprogesterone,
Aminoglutethimide, Estramustine, Medroxyprogesteroneacetate, Leuprolide,
Flutamide, Toremifene, goserelin, Cisplatin, Carboplatin, Hydroxyurea,
Amsacrine, Procarbazine, Mitotane, Mitoxantrone, Levamisole, Navelbene, CPT-
11, Anastrazole, lLetrazole, Capecitabine, Reloxafine, Droloxafine, or

Hexamethylmelamine.



