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(57) ABSTRACT 

The invention relates in part to molecules having certain 
biological activities that include, but are not limited to, inhib 
iting cell proliferation, modulating protein kinase activity and 
modulating polymerase activity. Molecules of the invention 
can modulate casein kinase (CK) activity and/or poly(ADP 
ribose)polymerase (PARP) activity. The invention also relates 
in part to methods for using Such molecules. 
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Mean Plasma Concentrations in CR Mice After IV and PO Administrations at 5 
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SERINE-THREONNE PROTEINKNASE AND 
PARPMODULATORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority under 35 U.S.C. S 
119(e) to U.S. Provisional Application Ser. No. 60/842,061 
filed Sep. 1, 2006: U.S. Provisional Application Ser. No. 
60/844.542 filed Sep. 13, 2006: U.S. Provisional Application 
Ser. No. 60/846,683 filed Sep. 22, 2006: U.S. Provisional 
Application Ser. No. 60/873,936 filed Dec. 7, 2006; and U.S. 
Provisional Application Ser. No. 60/859,716 filed Mar. 19, 
2007. The contents of these documents are incorporated 
herein by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The invention relates in part to molecules having 
certain biological activities that include, but are not limited to, 
inhibiting cell proliferation, modulating serine-threonine 
protein kinase activity and modulating polymerase activity. 
Molecules of the invention can modulate casein kinase (CK) 
activity (e.g., CK2 activity) and/or poly(ADP-ribose)poly 
merase (PARP) activity. The invention also relates in part to 
methods for using Such molecules. 

DISCLOSURE OF THE INVENTION 

0003. The present invention in part provides chemical 
compounds having certain biological activities that include, 
but are not limited to, inhibiting cell proliferation, inhibiting 
angiogenesis, modulating protein kinase activity and modu 
lating polymerase activity. Certain molecules can modulate 
casein kinase 2 (CK2) activity and/or a poly(ADP-ribose 
)polymerase (PARP) activity and can affect biological func 
tions that include but are not limited to, inhibiting gamma 
phosphate transfer from ATP to a protein or peptide substrate, 
inhibiting angiogenesis, inhibiting cell proliferation and 
inducing cell apoptosis, for example. The present invention 
also in part provides methods for preparing novel chemical 
compounds, and analogs thereof, and methods of using the 
foregoing. Also provided are compositions comprising the 
above-described molecules in combination with other agents, 
and methods for using such molecules in combination with 
other agents. 
0004 The compounds of the invention have the general 
formula (A): 

(A) 

0005 wherein the group labeled a represents a 5-6 mem 
bered aromatic or heteroaromatic ring fused onto the ring 
containing Q', wherein C. is a 6-membered aryl ring option 
ally containing one or more nitrogenatoms as ring members, 
or a five membered aryl ring selected from thiophene and 
thiazole; 
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0006 Q' is C=X, Q is NR, and the bond between Q 
and Q is a single bond; or Q" is C X-R, Q is N, and 
the bond between Q' and Q is a double bond; and 

0007 wherein X represents O, S or NR, and Z'-Z and 
R" and Rare as defined below: 

0008 provided that when Q' in Formula (A) is 
C NHdB, where q is optionally substituted phenyl: 

0009 if the ring labeled C. is a six-membered ring 
containing at least one Nas a ring member, at least one 
R present must be a polar substituent, or if each Ris 
H, then dB must be substituted; and 

(0010) if the ring labeled c. is phenyl, and three of 
Z-Z' represent CH, then Z cannot be C OR", and 
Z cannot be NH, NO, NHC(=O)R" or 
NHC(=O) OR", where R" is C1-C4 alkyl. 

0011. The invention also includes the pharmaceutically 
acceptable salts of compounds of formula (A). Thus in each 
compound of the invention, Formula (A) represents a fused 
tricyclic ring system which is linked through either Q', or Q' 
to a group R, which is further described below. 
0012. Thus, provided herein are compounds of Formulae 

I, II, III and TV: 

Formula I 

Z6 

Z 

Formula II 
O 

5 5 

627 - * 
Zin n Z8 21 N74 

3 

Z S. - Z. 
Formula III 

OR 
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27 NN 
Zin n Z8 a N74 

3 

Z S. - Z. 
Formula IV 

SR 
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Z6 27. NN 

Z's Ns 21 N74 

Zls:- Z3 
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and pharmaceutically acceptable salts, esters, prodrugs and 
tautomers thereof, wherein: 

0013) each Z, Z, Z, and Z is N or CR: 
0014) each of Z, Z, Z7 and Z is CR or N: 

0.015 each R and each R is independently H or an 
optionally substituted C1-C8 alkyl, C2-C8 heteroalkyl, 
C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, 
C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, 
C6-C10 aryl, C5-C12 heteroaryl, C7-C12 arylalkyl, or 
C6-C12 heteroarylalkyl group, 

0016 or each R and each R can be halo, OR, NR, 
NROR, NRNR, SR, SOR, SOR, SONR, NRSOR, 
NRCONR, NRCOOR, NRCOR, CN, COOR, CONR, 
OOCR, COR, or NO, 
0017 wherein each R is independently H or C1-C8 
alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 het 
eroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, 
C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 
heteroaryl, C7-C12 arylalkyl, or C6-C heteroaryla 
lkyl, 

0018 and wherein two R on the same atom or on 
adjacentatoms can be linked to form a 3-8 membered 
ring, optionally containing one or more N, or S. 

0019 and each R group, and each ring formed by 
linking two R groups together, is optionally Substi 
tuted with one or more substituents selected from 
halo, =O, =N CN, —N OR', =NR', OR, NR', 
SR', SOR', SONR's NR'SOR', NR'CONR', 
NRCOOR, NRCOR, CN, COOR, CONR, 
OOCR, COR', and NO, 
0020 wherein each R" is independently H, C1-C6 
alkyl, C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 het 
eroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-12 
arylalkyl, or C6-12 heteroarylalkyl, each of which 
is optionally substituted with one or more groups 
selected from halo, C1-C4 alkyl, C1-C4 het 
eroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy, 
amino, and =O; 

0021 and wherein two R' can be linked to form a 3-7 
membered ring optionally containing up to three het 
eroatoms selected from N, O and S, 

0022 R is H or optionally substituted member selected 
from the group consisting of C-C alkyl, C2-C6 heteroalkyl, 
and C1-C6 acyl: 
0023) each R is independently Horan optionally substi 
tuted member selected from the group consisting of Co 
alkyl, Coalkenyl, Coheteroalkyl, Cascarbocyclic ring, 
and Cls heterocyclic ring optionally fused to an additional 
optionally substituted carbocyclic or heterocyclic; or R is a 
C, alkyl, Coalkenyl, or Coheteroalkyl substituted with 
an optionally Substituted Cls carbocyclic ring or Cls hetero 
cyclic ring; and 

0024 in each - NRR, RandR together with N may 
form an optionally substituted 3-8 membered ring, 
which may optionally contain an additional heteroatom 
selected from N, O and S as a ring member; 

0.025 provided that when NR'R' in Formula (I) is 
—NHdB, where d is optionally substituted phenyl: 
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0026 if at least one of Z-Z is N, at least one R 
present must be a polar substituent, or if each R is H. 
then dB must be substituted; and 

0027) if each of Z-Z is CR, and three of Z'-Z 
represent CH, then Z cannot be C OR", and Z 
cannot be NH, NO, NHC(=O)R" or NHC(=O)— 
OR", where R" is C-C alkyl. 

In certain embodiments, provided are compounds hav 
ing the structure of Formulae I, II, III, and IV, and 
pharmaceutically acceptable salts, esters and tau 
tomers thereof, wherein: 

each Z, Z, Z, and Z is N or CR; 
each of Z, Z, Z7 and Z is N or CR: 

0028) 
0029) 
0030) none, one or two of Z'-Z are N and none, one or two 
of Z-Zare N: 

0031 each R and each R is independently H or an 
optionally substituted C1-C8 alkyl, C2-C8 heteroalkyl, 
C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, 
C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, 
C6-C10 aryl, C5-C12 heteroaryl, C7-C12 arylalkyl, or 
C6-C12 heteroarylalkyl group, 

0032) or each Rand each Risindependently halo, OR, 
NR, NROR, NRNR, SR, SOR, SOR, SONR, 
NRSOR, NRCONR, NRCOOR, NRCOR, CN, 
COOR, CONR, OOCR, COR, polar substituent, car 
boxy bioisostere, COOH or NO, 
0033 wherein each R is independently H or C1-C8 
alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 het 
eroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, 
C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 
heteroaryl, C7-Carylalkyl, or C-C heteroaryla 
lkyl, 

0034) and wherein two R on the same atom or on 
adjacent atoms can be linked to form a 3-8 mem 
bered ring, optionally containing one or more N, O 
or S: 

0035) and each R group, and each ring formed by 
linking two R groups together, is optionally substi 
tuted with one or more substituents selected from 
halo, -O, -N CN, -N OR', -NR', OR', 
NR', SR', SOR', SONR', NR'SOR', 
NR'CONR, NRCOOR, NRCOR, CN, COOR, 
CONR, OOCR, COR', and NO, 
0036) wherein each R is independently H, 
C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6 acyl, 
C2-C6 heteroacyl, C6-C10 aryl, C5-C10 het 
eroaryl, C7-12 arylalkyl, or C6-12 heteroaryla 
lkyl, each of which is optionally substituted with 
one or more groups selected from halo, C1-C4 
alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 
heteroacyl, hydroxy, amino, and =O; 

0037 and wherein two R' can be linked to form a 
3-7 membered ring optionally containing up to 
three heteroatoms selected from N, O and S; 

0038) R' is Horan optionally substituted member selected 
from the group consisting of C1-C6 alkyl, C2-C6 heteroalkyl, 
and C1-C6 acyl: 
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0039) each R is independently Horan optionally substi 
tuted member selected from the group consisting of Co 
alkyl, Coalkenyl, Coheteroalkyl, Cascarbocyclic ring, O 
and Cls heterocyclic ring optionally fused to an additional 
optionally substituted carbocyclic or heterocyclic; or R is a OH 
C alkyl, C2-10 alkenyl, or C2-lo heteroalkyl substituted with o NH 
an optionally Substituted Cls carbocyclic ring or Cls hetero- N O X-R 

/ cyclic ring; and 

0040 in each - NRR, RandR together with N may 
form an optionally substituted 3-8 membered ring, 
which may optionally contain an additional heteroatom NH 
selected from N, O and S as a ring member; 

45 O S-R7 O S-R7 
0041 provided that when NR'R' in Formula (I) is M\ M 
—NHdB, where d is optionally substituted phenyl: O O O 

0.042) if all of Z-Z are CH or one of Z-Z is N, at 
least one of Z'-Z is CR and at least one R must be x 
a non-hydrogen Substituent; or f NH S -OH S -NH2 

0043) if each R is H, thend must be substituted; or NS 2N, M \, M \, 
0044) if all of Z-Zare CH or one of Z-Z is N, then Z is 
not C OR", and Z is not NH, NO, NHC(=O)R" or H H 
NHC(=O) OR", where R" is C1-C4 alkyl. - Na -N R7 -OH 

S R7 S P 
0045. In certain embodiments, one, two, three or four of M \, M \, r o2 \ 
Z, Z, Z7 and Zare N. For embodiments in which two of Z, O O 
Z, Z7 and Z are N, the ring nitrogenatoms may be adjacent 
(e.g., nitrogenatoms at Zand Z, Zand Z", or Z” and Z) or 
may be separated by one or two ring positions (e.g., nitrogen 

f atoms at Z and Z7, Z and Z or Z and Z). In certain \ 
embodiments, at least one R substituent is a polar Substitu- NS e-N NN 2 OH 
ent, such as a carboxylic acid or a salt, an ester or a bioisostere N 
thereof. In some embodiments, at least one R is a carboxylic 
acid-containing Substituent or a carboxylate bioisostere, or a 
salt or ester thereof, for example. In some embodiments, at 
least one R is a carboxylic acid-containing substituent or a 
salt thereof. 

NH NH 
0046) The term “polar substituent as used herein refers to V 
any Substituent having an electric dipole, and optionally a O X-R O /\ R7 
dipole moment (e.g., an asymmetrical polar Substituent has a O O O 
dipole moment and a symmetrical polar substituent does not 
have a dipole moment). Polar substituents include substitu 
ents that accept or donate a hydrogen bond, and groups that 
would carry at least a partial positive or negative charge in 
aqueous Solution at physiological pH levels. In certain 
embodiments, a polar Substituent is one that can accept or 
donate electrons in a non-covalent hydrogen bond with O -R ? -N 
another chemical moiety. In certain embodiments, a polar / N O 
substituent is selected from a carboxy, a carboxy bioisostere 
or other acid-derived moiety that exists predominately as an 
anion at a pH of about 7 to 8. Other polar substituents include, 
but are not limited to, groups containing an OH or NH, an 
ether oxygen, an amine nitrogen, an oxidized Sulfur or nitro- -OH -NH2 - Na 

S S R7 gen, a carbonyl, a nitrile, and a nitrogen-containing or oxy 
gen-containing heterocyclic ring whether aromatic or non- ? \, / \, M V 
aromatic. In some embodiments, the polar Substituent 
represented by R is a carboxylate or a carboxylate bioisos 
tere. 

0047. “Carboxylate bioisostere” or “carboxy bioisostere” R7 
as used herein refers to a moiety that is expected to be nega- 7& r -OH 
tively charged to a Substantial degree at physiological pH. In / \, O 
certain embodiments, the carboxylate bioisostere is a moiety OH 
selected from the group consisting of: 
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-continued 

NH NH 

( \ W 2. N n 2 2 
N YN R7 

and salts and prodrugs of the foregoing, wherein each R" is 
independently H or an optionally substituted member 
selected from the group consisting of Coalkyl Coalk 
enyl, Co heteroalkyl, Cs carbocyclic ring, and Cls het 
erocyclic ring optionally fused to an additional optionally 
substituted carbocyclic or heterocyclic ring; or R is a Co 
alkyl, Coalkenyl, or Coheteroalkyl substituted with an 
optionally substituted Cls carbocyclic ring or Cls heterocy 
clic ring. In certain embodiments, the polar Substituent is 
selected from the group consisting of carboxylic acid, car 
boxylic ester, carboxamide, tetrazole, triazole, car 
boxymethanesulfonamide, oxadiazole, oXothiadiazole, thia 
Zole, aminothiazole and hydroxythiazole. In some 
embodiments, at least one R present is a carboxylic acid or a 
salt, or ester or a bioisostere thereof. In certain embodiments, 
at least one R present is a carboxylic acid-containing sub 
stituent or a salt, ester or bioisostere thereof. In the latter 
embodiments, the R substituent may be a C1-C10 alkyl or 
C1-C10 alkenyl linked to a carboxylic acid (or salt, ester or 
bioisostere thereof), for example, and in Some embodiments, 
the R substituent is not NHCOOCHCH. 

(0.048. In certain embodiments, at least one of Z'-Z and Z-Z is a nitrogen atom, and one or more ring nitrogen atoms 
can be positioned in the ring containing Z-Zor in the ring 
containing Z-Z such that each ring is independently an 
optionally substituted pyridine, pyrimidine or pyridazine 
ring. For example, one or more ring nitrogenatoms within the 
ring containing Z-Z may be arranged as follows: 
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-continued 
R64 

N 

Sr., in 
R6C 2 Na2 

R6D R6D 
R64 

R&B 

rs 
N- 2 NN 

where each R, R, R and RP independently is selected 
from R' substituents defined above with respect to com 
pounds of Formula I, II, III or IV. In certain embodiments, no 
two adjacent Z-Zor Z-Z both are N. 
0049. A polar substituent may be at any position on the 
ring containing Z'-Z' in Formula I, II, III or IV, and the ring 
may include one, two, three or four polar Substituents. In 
certain embodiments, each of Z'-Z may be CR and one of 
the R substituents may be a polar substituent (e.g., a carboxy 
late or carboxylic acid ester, or a tetrazole) arranged at any 
one of the positions in the ring containing Z'-Z'. 

where R is a polar substituent and each R, R, R and 
RP independently is selected from R substituents, as 
defined above with respect to compounds of Formula I, II, III 
or IV. 

0050. In certain embodiments of the compounds in the 
foregoing Formulae, R is H. In some embodiments, R is H 
or CH and R is an optionally substituted 3-8 membered ring, 
which can be aromatic, nonaromatic, and carbocyclic or het 
erocyclic, or R is a Coalkyl group Substituted with such an 
optionally substituted 3-8 membered ring. In specific 
embodiments, R is an optionally substituted five-, six-, or 
seven-membered carbocyclic or heterocyclic ring, and some 
times is an optionally Substituted phenyl ring. 

0051. In some embodiments pertaining to compounds of 
Formula I, R is Hor CH, and R is a phenyl substituted with 
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one or more halogen (e.g., F. Cl) or acetylene Substituents, 
which substituents sometimes are on the phenyl ring at the 
3-position, 4-position or 5-position, or combinations thereof 
(e.g., the 3- and 5-positions). 

0052 R in certain embodiments is a C-alkylsubstituted 
with an optionally Substituted phenyl, pyridyl or morpholino 
ring substituent, or substituted with NR'R' where R is as 
defined above (e.g., R may be N(CH)). The polar group 
represented by R in some embodiments is a carboxy, car 
boxyalkyl (e.g., carboxymethyl), tetrazole or amide (e.g., 
—CONH2) substituent. In other embodiments, R represents 
a carboxylate bioisostere. 

0053) An R substituent in certain embodiments, such as 
R', sometimes is a NR'R' substituent, such as a NH 
(C1-C6 alkyl) moiety (e.g., NH-CH), for example. In 
Some embodiments, the compound has the structure of For 
mula I; R is H or CHs; R is an optionally substituted five-, 
six-, or seven-membered carbocyclic or heterocyclic ring, 
and sometimes is an optionally Substituted phenyl ring; and 
one R is a carboxylic acid or a salt, an ester or a carboxylate 
bioisostere. In some embodiments, the compound has the 
structure of Formula I; R is H or CHs; R is an optionally 
substituted five-, six-, or seven-membered carbocyclic or het 
erocyclic ring, and sometimes is an optionally Substituted 
phenyl ring; and one or two of Z, Z, Z7 and Z are N. 
0054. In some embodiments of compounds of Formulae I, 

II, III or IV, each of Z', Z, Z, and Z is CR, and at least one 
R is H, or at least two Rare H. Often, at least one R is H, or 
at least two Rare H. In some embodiments, (i) each Z, Z, 
Z, Z, Z, Zand Z is CR and Z7 is nitrogen; or (ii) each Z', 
Z, Z, Z, Z, Z7 and Z is CR and Z is nitrogen; or (iii) each 
Z, Z, Z, Z, Z, and Z is CR and each of Z and Z7 is 
nitrogen. Each R and/or each R present in certain embodi 
ments is hydrogen, except that at least one R present is a 
polar substituent. In some embodiments, each R,R,RP, 
R., R. R. and RP is H and R is a polar substituent 
(e.g., carboxylate, carboxylic acid, tetrazole). 

0.055 Also provided herein are compounds of Formula 
(A) represented by one of Formulae V. VI, VII or VIII: 

Formula V 

Formula VI 
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-continued 
Formula VII 

Formula VIII 

and pharmaceutically acceptable salts, esters, prodrugs and 
tautomers thereof; where Z, Z, Z, Z, Rand Rare defined 
above with respect to compounds of Formulae I, II, III and IV. 
and each R and R' is independently selected from an R 
substituent defined above with respect to compounds of For 
mulae I, II, III and IV. As with compounds of Formulae I, II, 
III and IV, at least one R present is a polar substituent, such 
as a polar substituent described above. Embodiments 
described with respect to compounds of Formulae I, II, III and 
IV also may be applied to compounds of Formulae V. VI, VII 
and VIII. 

0056. In certain embodiments, provided are compounds 
having a structure of Formulae V. VI, VII and VIII, and phar 
maceutically acceptable salts, esters and tautomers thereof. 
wherein: 

0057 each Z, Z, Z, and Z' independently is N or CR 
and none, one or two of Z, Z, Z, and Z is N: 

0058 each R, R and R' independently is Horan 
optionally substituted C1-C8 alkyl, C2-C8 heteroalkyl, 
C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, 
C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, 
C6-C10 aryl, C5-C12 heteroaryl, C7-C12 arylalkyl, or 
C6-C12 heteroarylalkyl group, 

0059) or each R, R and R' independently is halo, 
OR, NR NROR, NRNR, SR, SOR, SOR, SONR, 
NRSOR, NRCONR, NRCOOR, NRCOR, CN, 
COOR, polar substituent, carboxy bioisostere, CONR, 
OOCR, COR', or NO, 
0060 wherein each R is independently H or C1-C8 
alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 het 
eroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, 
C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 
heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroaryla 
lkyl, 
0061 and wherein two R on the same atom or on 
adjacent atoms can be linked to form a 3-8 mem 
bered ring, optionally containing one or more N, O 
or S: 

0062) and each R group, and each ring formed by 
linking two R groups together, is optionally substi 
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tuted with one or more substituents selected from 
halo, -O, -N CN, -N OR', -NR', OR', 
NR', SR', SOR', SONR', NR'SOR', 
NR'CONR, NRCOOR, NRCOR, CN, COOR, 
CONR, OOCR, COR', and NO, 

0063 wherein each R is independently H, 
C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6 acyl, 
C2-C6 heteroacyl, C6-C10 aryl, C5-C10 het 
eroaryl, C7-12 arylalkyl, or C6-12 heteroaryla 
lkyl, each of which is optionally substituted with 
one or more groups selected from halo, C-C, 
alkyl, C-C heteroalkyl, C-C acyl, C-C het 
eroacyl, hydroxy, amino, and =O; 

0064 and wherein two R' can be linked to form a 
3-7 membered ring optionally containing up to 
three heteroatoms selected from N, O and S, 

0065 R is H or optionally substituted member selected 
from the group consisting of C-C alkyl, C2-C6 heteroalkyl, 
and C1-C6 acyl: 

0066 each R is independently Horan optionally substi 
tuted member selected from the group consisting of Co 
alkyl, Coalkenyl, Coheteroalkyl, Cascarbocyclic ring, 
and Cls heterocyclic ring optionally fused to an additional 
optionally substituted carbocyclic or heterocyclic; or R is a 
Calkyl, Coalkenyl, or Coheteroalkyl substituted with 
an optionally substituted Cls carbocyclic ring or Cls hetero 
cyclic ring; and 

0067 in each - NRR, RandR together with N may 
form an optionally substituted 3-8 membered ring, 
which may optionally contain an additional heteroatom 
selected from N, O and S as a ring member; 

0068 provided that if R in Formula IV is phenyl, substi 
tuted phenyl, -CH(CH)—(CH2). NEt, —(CH)-pip 
erazine-(CH2). NH2 cyclohexane or butyl, then one or 
more of R present is a non-hydrogen moiety. 
0069. In some embodiments pertaining to compounds of 
Formulae V, VI, VII and VIII, each of Z, Z, Z, and Z is 
CR, and at least one R is H, or at least two Rare H. Often, 
at least one of R and R is H, and sometimes each of R' 
and R' is H. In certain embodiments, each Rand/or each of 
R and R' present is H, except that at least one R present 
is a polar substituent. In some embodiments, each R. R. 
RP, R and R' is H and R is a polar substituent (e.g., 
carboxylate bioisostere, carboxylic acid, tetrazole). 

0070. In certain embodiments pertaining to compounds of 
Formula V. R is H or CH and R is an optionally substituted 
five-, six- or seven-membered carbocyclic or heterocyclic 
ring (e.g., optionally Substituted phenyl ring). In some 
embodiments pertaining to compounds of Formula V. R. is H 
or CH, and R is a phenyl ring substituted with one or more 
halogen (e.g., F. Cl) or acetylene Substituents, which Substitu 
ents sometimes are at the 3-position, 4-position or 5-position, 
or a combination thereof (e.g., the 3- and 5-positions). R in 
certain embodiments is a C- alkyl Substituted with an 
optionally substituted phenyl, pyridyl, morpholino or pyrro 
lyl substituent, or a C- alkyl substituted with a hydroxyl 
substituent or substituted with a substituent —NR'R'', where 
R" is as defined above (e.g., R can be N(CH)). An R 
substituent in certain embodiments, such as R' or R', 
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sometimes is a NR'R' substituent, such as a NH-(C1 
C6 alkyl) moiety (e.g., NH-CH), for example. 

0071 Provided also are compounds of Formulae IX, X, XI 
and XII: 

Formula IX 

Formula X 
O 

5 

N N1 R 

R-( 
S 21 74 

3 
Z s - Z. 

Formula XI 
OR 

N n N 

R-( 
S 21 74 

3 

Z S. - Z. 
Formula XII 

SR 

N n N 

R-( 
S 21 74 

3 
Z s - Z. 

and pharmaceutically acceptable salts, esters, prodrugs and 
tautomers thereof; where Z, Z, Z, Z, R, R and Rare 
defined above with respect to compounds of Formulae I, II, III 
and IV. As with compounds of Formulae I, II, III and IV, at 
least one R present is a polar substituent, such as a polar 
Substituent described above (e.g., carboxylic acid, carboxy 
late, tetrazole). For compounds of Formula IX, Rand Rare 
not both hydrogen, and independently are H, Y” or -LY', 
where Y' is an optionally substituted 5-membered ring or 
optionally Substituted 6-membered ring (e.g., heterocyclic 
ring or carbocyclic ring each being aryl or non-aryl), Y is an 
optionally substituted 5-membered aryl ring or optionally 
substituted 6-membered aryl ring, and L is a C1-C20 alkyl 
linker or C1-C20 alkylene linker. In some embodiments, pro 
vided are compounds having a structure of Formulae IX, X, 
XI and XII, and pharmaceutically acceptable salts, esters and 
tautomers thereof, wherein: 

0072 each Z, Z, Z, and Z is NorCR and none, one or 
two of Z', Z, Z, and Z is N: 
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0073) each RandR is independently Horan option 
ally substituted C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 
alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 
heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 
aryl, C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 
heteroarylalkyl group, 

0.074 or each Rand R can be halo, OR, NR, NROR, 
NRNR, SR, SOR, SOR, SONR, NRSOR, 
NRCONR, NRCOOR, NRCOR, CN, COOR, polar 
substituent, carboxy bioisostere, CONR, OOCR, COR, 
or NO, 
0075 wherein each R is independently H or C1-C8 
alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 het 
eroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, 
C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, C5-C10 
heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroaryla 
lkyl, 

0076 and wherein two R on the same atom or on 
adjacent atoms can be linked to form a 3-8 mem 
bered ring, optionally containing one or more N, O 
or S: 

0077 and each R group, and each ring formed by 
linking two R groups together, is optionally substi 
tuted with one or more substituents selected from 
halo, -O, -N CN, -N OR', -NR', OR', 
NR', SR', SOR', SONR', NR'SOR', 
NR'CONR, NRCOOR, NRCOR', CN, COOR', 
CONR, OOCR, COR', and NO, 
0078 wherein each R is independently H, 
C1-C6 alkyl, C2-C6 heteroalkyl, C1-C6 acyl, 
C2-C6 heteroacyl, C6-C10 aryl, C5-C10 het 
eroaryl, C7-12 arylalkyl, or C6-12 heteroaryla 
lkyl, each of which is optionally substituted with 
one or more groups selected from halo, C1-C4 
alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 
heteroacyl, hydroxy, amino, and =O; 

0079 and wherein two R' can be linked to form a 
3-7 membered ring optionally containing up to 
three heteroatoms selected from N, O and S; 

0080 R is H or optionally substituted member selected 
from the group consisting of C-C alkyl, C2-C6 heteroalkyl, 
and C1-C6 acyl: 
0081) each R is independently Horan optionally substi 
tuted member selected from the group consisting of Co 
alkyl, Coalkenyl, Coheteroalkyl, Cs carbocyclic ring, 
and Cls heterocyclic ring optionally fused to an additional 
optionally substituted carbocyclic or heterocyclic; or R is a 
C, alkyl, Coalkenyl, or Coheteroalkyl substituted with 
an optionally Substituted Cls carbocyclic ring or Cls hetero 
cyclic ring; and in each - NR'R. RandR together with N 
may form an optionally substituted 3-8 membered ring, 
which may optionally contain an additional heteroatom 
selected from N, O and S as a ring member. 
0082 Embodiments described with respect to compounds 
of Formulae I, II, III, IV, V, VI, VII and VIII also may be 
applied to compounds of Formulae IX, X, XI and XII. In some 
embodiments pertaining to compounds of Formulae IX, X, 
XI and XII, each of Z', Z, Z, and Z is CR, and at least one 
R is H, or at least two Rare H. Roften is H, and in certain 
embodiments, each RandRpresentis H, except that at least 
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one R present is a polar substituent. In some embodiments, 
each R. R. RP and R is Hand R is a polar substituent 
e.g., carboxylate, carboxylic acid, tetrazole). 9. y y 

0083. In certain embodiments pertaining to compounds of 
Formula IX, R is Hor CH and R is an optionally substituted 
five-, six- or seven-membered carbocyclic or heterocyclic 
ring (e.g., optionally Substituted phenyl ring). In some 
embodiments pertaining to compounds of Formula IX, R is 
Hor CH and R is a phenyl ring substituted with one or more 
halogen (e.g., F. Cl) or acetylene Substituents, which Substitu 
ents sometimes are at the 3-position, 4-position or 5-position, 
or a combination thereof (e.g., the 3- and 5-positions). R in 
certain embodiments is a C- alkyl Substituted with an 
optionally substituted phenyl, pyridyl, morpholino or pyrro 
lyl substituent, or a C- alkyl substituted with a hydroxyl 
substituent or substituted with a NR'R' (e.g., N(CH4).) 
substituent. R in certain embodiments sometimes is a 
—NRR substituent, such as a NH-(C1-C6 alkyl)moiety 
(e.g., -NH-CH), for example. 
0084. Also provided herein are compounds of Formulae 
XIII, XIV, XV and XVI: 

Formula XIII 

21 
HR 

HN N 

Z 
r NN 
N Sa 21 

R8 

Formula XIV 

21 
HR 

HN N 

Z 
r NN 
N N 21 

COOH 

Formula XV 

HN R9 

N r n 
Nan 21 
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-continued 
Formula XVI 

HN R9 

Z 

r n 
NS 21 

COOH 

and pharmaceutically acceptable salts, esters, prodrugs and 
tautomers thereof, wherein: 
and pharmaceutically acceptable salts, esters, prodrugs and 
tautomers thereof, wherein: 
0085 Z is N or CR; 
0086) each R', R, R and Rindependently is Horan 
optionally substituted C1-C8 alkyl, C2-C8 heteroalkyl, 
C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 
heteroalkynyl, C1-C8 acyl, C2-C8 heteroacyl, C6-C10 aryl, 
C5-C12 heteroaryl, C7-C12 arylalkyl, or C6-C12 heteroary 
lalkyl group, 
0087 or each R', R, R and Rindependently is halo, 
CF, CFN, OR, NR NROR, NRNR, SR, SOR, SOR, 
SONR, NRSOR, NRCONR, NRCOOR, NRCOR, CN, 
COOR, carboxy bioisostere, CONR, OOCR, COR, or NO, 
0088 R is independently an optionally substituted C1-C8 
alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalk 
enyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, 
C2-C8 heteroacyl, C6-C10 aryl, C5-C12 heteroaryl, C7-C12 
arylalkyl, or C6-C12 heteroarylalkyl group, or 
0089 R is independently halo, OR, NR, NROR, 
NRNR, SR, SOR, SOR, SONR, NRSOR, NRCONR, 
NRCOOR, NRCOR, CN, COOR, CONR, OOCR, COR, or 
NO, 
0090 wherein each R is independently H or C1-C8 alkyl, 
C2-C8 heteroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, 
C2-C8 alkynyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C8 
heteroacyl, C6-C10 aryl, C5-C10 heteroaryl, C7-C12 aryla 
lkyl, or C6-C12 heteroarylalkyl, 
0.091 and wherein two R on the same atom or on adjacent 
atoms can be linked to form a 3-8 membered ring, optionally 
containing one or more N, O or S. 
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0092 and each R group, and each ring formed by linking 
two R groups together, is optionally Substituted with one or 
more substituents selected from halo, =O, —N—CN, 
=N OR', —NR, OR, NR', SR, SOR, SONR', 
NR'SOR',NR'CONR, NRCOOR, NRCOR', CN, COOR', 
CONR, OOCR, COR', and NO, 
0093 wherein each R" is independently H, C1-C6 alkyl, 
C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, C6-C10 
aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or C6-12 het 
eroarylalkyl, each of which is optionally substituted with one 
or more groups selected from halo, C1-C4 alkyl, C1-C4 het 
eroalkyl, C1-C6 acyl, C1-C6 heteroacyl, hydroxy, amino, and 

0094) and wherein two R' can be linked to form a 3-7 
membered ring optionally containing up to three heteroatoms 
selected from N, O and S. 

0.095 n is 0 to 4; and 
0.096 p is 0 to 4. 
0097. In certain embodiments for compounds of Formulae 
XIII, XIV, XV and XVI, Z is N. In some embodiments, R is 
a caboxy moiety, Such as a carboxylate or carboxylic acid. In 
certain embodiments, R is selected from C=CR, -C=CH, 
—CH, —CHCH. —CF, —CFN, —C N, OR or halo 
gen. In some embodiments R is selected from halogen, 
—C=CR or -C=CH. In certain embodiments R is selected 
from halogen or -C=CH, and in some embodiments R is 
halogen, is chloro, is bromo or is —C=CH. 
0098. Also provided herein is a pharmaceutical composi 
tion comprising a compound described herein and a pharma 
ceutically acceptable carrier. Pharmaceutical compositions 
can be utilized in treatments described herein. 

0099 Provided also are methods for identifying a candi 
date molecule that interacts with a CK2 or PARP protein, 
which comprise: contacting a composition containing a CK2 
or PARP protein and a compound described herein with a 
candidate molecule under conditions in which the compound 
and the protein interact, and determining whether the amount 
of the compound that interacts with the protein is modulated 
relative to a control interaction between the compound and 
the protein without the candidate molecule, whereby a can 
didate molecule that modulates the amount of the compound 
interacting with the protein relative to the control interaction 
is identified as a candidate molecule that interacts with the 
protein. In certain embodiments, the protein is a CK2 protein, 
Such as a CK2 protein comprising the amino acid sequence of 
SEQ ID NO: 1, 2 or 3 or a substantially identical variant 
thereof, for example. 

(NP_001886: casein kinase II alpha 1 subunit isoform a Homo sapiens) 
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In certain embodiments the protein is in a cellor in a cell-free 
system. The protein, the compound or the molecule in some 
embodiments is in association with a solid phase. In certain 
embodiments, the interaction between the compound and the 
protein is detected via a detectable label, where in some 
embodiments the protein comprises a detectable label and in 
certain embodiments the compound comprises a detectable 
label. The interaction between the compound and the protein 
sometimes is detected without a detectable label. 

0101 Also provided are methods for modulating the activ 
ity of a CK2 protein or PARP protein, which comprise con 
tacting a system comprising the protein with a compound 
described herein in an amount effective for modulating the 
activity of the protein. In certain embodiments the activity of 
the protein is inhibited, and sometimes the protein is a CK2 
protein, Such as a CK2 protein comprising the amino acid 
sequence of SEQID NO: 1, 2 or 3 or a substantially identical 
variant thereof, for example. In some embodiments the pro 
tein is a PARP protein, such as a PARP protein comprising the 
amino acid sequence of SEQ ID NO. 4 or a substantially 
identical variant thereof, for example. In certain embodi 
ments, the system is a cell, and in other embodiments the 
system is a cell-free system. The protein or the compound 
may be in association with a solid phase in certain embodi 
mentS. 

0102 Provided also are methods for inhibiting cell prolif 
eration, which comprise contacting cells with a compound 
described herein in an amount effective to inhibit prolifera 
tion of the cells. The cells sometimes are in a cell line, such as 
a cancer cell line (e.g., breast cancer, prostate cancer, pancre 
atic cancer, lung cancer, hemopoietic cancer, colorectal can 
cer, skin cancer, ovary cancer cell line), for example. In some 
embodiments, the cancer cell line is a breast cancer, prostate 
cancer or pancreatic cancer cell line. The cells sometimes are 
in a tissue, can be in a Subject, at times are in a tumor, and 
Sometimes are in a tumor in a Subject. In certain embodi 
ments, the method further comprises inducing cell apoptosis. 
Cells sometimes are from a subject having macular degen 
eration. 

0103 Also provided are methods for treating a condition 
related to aberrant cell proliferation, which comprise admin 
istering a compound described herein to a subject in need 
thereof in an amount effective to treat the cell proliferative 
condition. In certain embodiments the cell proliferative con 
dition is a tumor-associated cancer. The cancer Sometimes is 
of the breast, prostate, pancreas, lung, colorectum, skin, or 
ovary. In some embodiments, the cell proliferative condition 
is a non-tumor cancer, Such as a hematopoietic cancer, for 
example. The cell proliferative condition is macular degen 
eration in Some embodiments. 

0104 Provided also are methods for treating cancer or an 
inflammatory disorder in a subject in need of such treatment, 
comprising: administering to the Subject a therapeutically 
effective amount of a therapeutic agent as described herein; 
and administering to the Subject a molecule that inhibits 
PARP or CK2 in an amount that is effective to enhance a 
desired effect of the therapeutic agent. The therapeutic agent 
sometimes is a compound of formula TA1-1, TA2, TA3-1, 
TA4-1, TA5-1 or TA6-1 as described herein, or a pharmaceu 
tically acceptable salt of one of these compounds. In certain 
embodiments, the molecule that inhibits PARP or CK2 is a 
compound of Formula I, II, III, IV, V,VI,VII, VIII, IX, X, XI 
or XII as described herein, or a pharmaceutically acceptable 
salt thereof. In some embodiments, the molecule that inhibits 
PARP or CK2 is a known compound shown above, or a 
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compound in one of the Tables provided herein, or a pharma 
ceutically acceptable salt of one of these compounds. In some 
embodiments, the desired effect of the therapeutic agent that 
is enhanced by the molecule that inhibits PARP or CK2 is a 
reduction in cell proliferation. In certain embodiments, the 
desired effect of the therapeutic agent that is enhanced by the 
molecule that inhibits PARP or CK2 is an increase in apop 
tosis in at least one type of cell. The therapeutic agent in 
certain embodiments is: 

0105 or a pharmaceutically acceptable salt thereof, or a 
specific isomer or mixture of isomers thereof. In some 
embodiments, the therapeutic agent and the molecule that 
inhibits PARP or CK2 are administered at substantially the 
same time. The therapeutic agent and molecule that inhibits 
PARP or CK2 sometimes are used concurrently by the sub 
ject. The therapeutic agent and the molecule that inhibits 
PARP or CK2 are combined into one pharmaceutical compo 
sition in certain embodiments. Some embodiments are 
directed to a pharmaceutical composition comprising athera 
peutic agent of any of formulas TA1-1, TA2, TA3-1, TA4-1, 
TA5-1 or TA6 admixed with a molecule that inhibits PARP or 
CK2, or a pharmaceutically acceptable salt thereof. In some 
pharmaceutical compositions, the molecule that inhibits 
PARP or CK2 is a PARP inhibitor and is a known compound 
shown above, or is GPI 15427, GPI 16539. In some embodi 
ments, the molecule that inhibits PARP or CK2 is a compound 
of Formula I, II, III, IV, V, VI, VII, VIII, IX, X, XI or XII as 
described herein, or a pharmaceutically acceptable salt 
thereof. In some embodiments the therapeutic agent is a com 
pound of formula TA2 or a pharmaceutically acceptable salt 
thereof. A therapeutic composition in certain embodiments 
comprises a therapeutically effective amount of a therapeutic 
agent of the formula TA2: 

or a pharmaceutically acceptable salt thereof, or a specific 
isomer or mixture of isomers thereof, admixed with an 
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amount of a PARP inhibitor or a pharmaceutically acceptable 
salt of a PARP inhibitor, wherein the PARP inhibitor is 
selected from the group consisting of GPI 15427, GPI 6539, 
and the known compounds shown above; and where the 
amount of the PARP inhibitor or the pharmaceutically accept 
able salt of a PARP inhibitor is an amount that is effective to 
enhance a desired effect of the therapeutic agent. 
0106 Also provided are compositions comprising a com 
pound described herein and an isolated protein. The protein 
Sometimes is a CK2 protein, such as a CK2 protein compris 
ing the amino acid sequence of SEQID NO: 1, 2 or 3 or a 
substantially identical variant thereof, for example. In some 
embodiments, the protein is a PARP protein, such as a PARP 
protein comprising the amino acid sequence of SEQID NO: 
4 or a substantially identical variant thereof, for example. 
Certain compositions comprise a compound described herein 
in combination with a cell. The cell may be from a cell line, 
Such as a cancer cell line. In the latter embodiments, the 
cancer cell line is sometimes a breast cancer, prostate cancer, 
pancreatic cancer, lung cancer, hemopoietic cancer, colorec 
tal cancer, skin cancer, ovary cancer cell line. 
0107 These and other embodiments of the invention are 
described in the description that follows. 

BRIEF DESCRIPTION OF THE DRAWING 

0108 FIG.1 depicts assay data showing inhibition of CK2 
activity. 

0109 FIGS. 2A and 2B show mean plasma concentrations 
of compounds described herein over time after intravenous 
and oral administration to ICR mice. 

0110 FIGS. 3A and 3B show tumor volume over time and 
body weight over time, respectively, in tumor-bearing 
Xenograft animals administered a compound described 
herein. 

0111 FIGS. 3C and 3D illustrate effects of the compound 
on tumors in individual animals. 

0112 FIGS. 4A and 4B show tumor volume over time and 
body weight over time, respectively, in tumor-bearing 
Xenograft animals administered a compound described 
herein. 

MODES OF CARRYING OUT THE INVENTION 

0113 Compounds of Formulae I, II, III, IV, V, VI, VII, 
VIII, IX, X, XI, XII, XIII, XIV, XV and XVI can exert 
biological activities that include, but are not limited to, inhib 
iting cell proliferation, modulating protein kinase activity and 
modulating polymerase activity. Compounds of such Formu 
lae can modulate CK2 activity and/or PARP activity, for 
example. Such compounds therefore can be utilized in mul 
tiple applications by a person of ordinary skill in the art. For 
example, compounds described herein may find uses that 
include, but are not limited to, (i) modulation of protein 
kinase activity (e.g., CK2 activity), (ii) modulation of poly 
merase activity (e.g., PARP activity), (iii) modulation of cell 
proliferation, (iv) modulation of apoptosis, and (v) treatments 
of cell proliferation related disorders (e.g., administration 
alone or co-administration with another molecule). 
0114 "Optionally substituted as used herein indicates 
that the particular group or groups being described may have 
no non-hydrogen Substituents, or the group or groups may 
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have one or more non-hydrogen Substituents. If not otherwise 
specified, the total number of such substituents that may be 
present is equal to the number of H atoms present on the 
unsubstituted form of the group being described. Where an 
optional Substituent is attached via a double bond. Such as a 
carbonyl oxygen (=O), the group takes up two available 
valences, so the total number of substituents that may be 
included is reduced according to the number of available 
Valences. 

0115 The compounds of the invention often have ioniz 
able groups so as to be capable of preparation as salts. In that 
case, wherever reference is made to the compound, it is under 
stood in the art that a pharmaceutically acceptable salt may 
also be used. These salts may be acid addition salts involving 
inorganic or organic acids or the salts may, in the case of 
acidic forms of the compounds of the invention be prepared 
from inorganic or organic bases. Frequently, the compounds 
are prepared or used as pharmaceutically acceptable salts 
prepared as addition products of pharmaceutically acceptable 
acids or bases. Suitable pharmaceutically acceptable acids 
and bases are well-known in the art, such as hydrochloric, 
Sulphuric, hydrobromic, acetic, lactic, citric, or tartaric acids 
for forming acid addition salts, and potassium hydroxide, 
Sodium hydroxide, ammonium hydroxide, caffeine, various 
amines, and the like for forming basic salts. Methods for 
preparation of the appropriate salts are well-established in the 
art. In some cases, the compounds may contain both an acidic 
and a basic functional group, in which case they may have two 
ionized groups and yet have no net charge. 

0116. In some cases, the compounds of the invention con 
tain one or more chiral centers. The invention includes each of 
the isolated stereoisomeric forms as well as mixtures of ste 
reoisomers in varying degrees of chiral purity, including race 
mic mixtures. It also encompasses the various diastereomers 
and tautomers that can be formed. The compounds of the 
invention may also exist in more than one tautomeric form; 
the depiction herein of one tautomer is for convenience only, 
and is also understood to encompass other tautomers of the 
form shown. 

0117. As used herein, the terms “alkyl,”“alkenyl” and 
“alkynyl include Straight-chain, branched-chain and cyclic 
monovalent hydrocarbyl radicals, and combinations of these, 
which contain only C and H when they are unsubstituted. 
Examples include methyl, ethyl, isobutyl, cyclohexyl, cyclo 
pentylethyl 2-propenyl, 3-butynyl, and the like. The total 
number of carbon atoms in each Such group is sometimes 
described herein, e.g., when the group can contain up to ten 
carbon atoms it can be represented as 1-10C or as C1-C10 or 
C1-10. When heteroatoms (N, O and S typically) are allowed 
to replace carbonatoms as in heteroalkyl groups, for example, 
the numbers describing the group, though still written as e.g. 
C1-C6, represent the sum of the number of carbon atoms in 
the group plus the number of Such heteroatoms that are 
included as replacements for carbonatoms in the backbone of 
the ring or chain being described. 
0118. Typically, the alkyl, alkenyl and alkynyl substitu 
ents of the invention contain 1-10C (alkyl) or 2-10C (alkenyl 
or alkynyl). Preferably they contain 1-8C (alkyl) or 2-8C 
(alkenyl or alkynyl). Sometimes they contain 1-4C (alkyl) or 
2-4C (alkenyl or alkynyl). A single group can include more 
than one type of multiple bond, or more than one multiple 
bond; such groups are included within the definition of the 
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term “alkenyl' when they contain at least one carbon-carbon 
double bond, and are included within the term “alkynyl 
when they contain at least one carbon-carbon triple bond. 
0119) Alkyl, alkenyl and alkynyl groups are often option 
ally substituted to the extent that such substitution makes 
sense chemically. Typical Substituents include, but are not 
limited to, halo, =O, —N CN, -N OR = NR, OR, 
NRSR, SOR, SONR, NRSOR, NRCONR, NRCOOR, 
NRCOR, CN, C=CR, COOR, CONR, OOCR, COR, and 
NO, wherein each R is independently H, C1-C8 alkyl, 
C2-C8 heteroalkyl, C1-C8 acyl, C2-C8 heteroacyl, C2-C8 
alkenyl, C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 het 
eroalkynyl, C6-C10 aryl, or C5-Coheteroaryl, and each Ris 
optionally substituted with halo, =O. —N—CN.—N OR', 
=NR, OR, NR', SR', SOR', SONR, NR'SOR, 
NR'CONR, NRCOOR, NRCOR', CN, C=CR, COOR', 
CONR's OOCR, COR', and NO, wherein each R" is inde 
pendently H, C1-C8 alkyl, C2-C8 heteroalkyl, C1-C8 acyl, 
C2-C8 heteroacyl, C6-C10 aryl or C5-C10 heteroaryl. Alkyl, 
alkenyl and alkynyl groups can also be substituted by C1-C8 
acyl, C2-C8 heteroacyl, C6-C10 aryl or C5-C10 heteroaryl, 
each of which can be substituted by the substituents that are 
appropriate for the particular group. 
0120 Acetylene' substituents are 2-10C alkynyl groups 
that are optionally substituted, and are of the formula 
-C=C R", wherein R is H or C1-C8 alkyl, C2-C8 het 
eroalkyl, C2-C8 alkenyl, C2-C8 heteroalkenyl, C2-C8 alky 
nyl, C2-C8 heteroalkynyl, C1-C8 acyl, C2-C. heteroacyl, 
C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or 
C6-C12 heteroarylalkyl, 

0121 and each R" group is optionally substituted with 
one or more substituents selected from halo, =O, 
—N CN, -N OR', —NR, OR, NR', SR', SOR, 
SONR, NR'SOR, NR'CONR, NRCOOR, 
NRCOR, CN, COOR, CONR, OOCR, COR', and 
NO, wherein each R" is independently H, C1-C6 alkyl, 
C2-C6 heteroalkyl, C1-C6 acyl, C2-C6 heteroacyl, 
C6-C10 aryl, C5-C10 heteroaryl, C7-12 arylalkyl, or 
C6-12 heteroarylalkyl, each of which is optionally sub 
stituted with one or more groups selected from halo, 
C1-C4 alkyl, C1-C4 heteroalkyl, C1-C6 acyl, C1-C6 
heteroacyl, hydroxy, amino, and =O; and wherein two 
R" can be linked to form a 3-7 membered ring optionally 
containing up to three heteroatoms selected from N, O 
and S. In some embodiments, R' of —C=C R' is Hor 
Me. 

0122) “Heteroalkyl”, “heteroalkenyl', and “heteroalky 
nyl' and the like are defined similarly to the corresponding 
hydrocarbyl (alkyl, alkenyl and alkynyl) groups, but the het 
ero terms refer to groups that contain 1-3 O.S or N heteroa 
toms or combinations thereof within the backbone residue; 
thus at least one carbon atom of a corresponding alkyl, alk 
enyl, or alkynyl group is replaced by one of the specified 
heteroatoms to form a heteroalkyl, heteroalkenyl, or het 
eroalkynyl group. The typical and preferred sizes for hetero 
forms of alkyl, alkenyl and alkynyl groups are generally the 
same as for the corresponding hydrocarbyl groups, and the 
substituents that may be present on the heteroforms are the 
same as those described above for the hydrocarbyl groups. 
For reasons of chemical stability, it is also understood that, 
unless otherwise specified. Such groups do not include more 
than two contiguous heteroatoms except where an oxo group 
is present on N or S as in a nitro or Sulfonyl group. 
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0123. While “alkyl as used herein includes cycloalkyl 
and cycloalkylalkyl groups, the term "cycloalkyl may be 
used hereinto describe a carbocyclic non-aromatic group that 
is connected via a ring carbon atom, and “cycloalkylalkyl 
may be used to describe a carbocyclic non-aromatic group 
that is connected to the molecule through an alkyl linker. 
Similarly, “heterocyclyl may be used to describe a non 
aromatic cyclic group that contains at least one heteroatom as 
a ring member and that is connected to the molecule via a ring 
atom, which may be C or N; and "heterocyclylalkyl may be 
used to describe such a group that is connected to another 
molecule through a linker. The sizes and Substituents that are 
suitable for the cycloalkyl, cycloalkylalkyl, heterocyclyl, and 
heterocyclylalkyl groups are the same as those described 
above for alkyl groups. As used herein, these terms also 
include rings that contain a double bond or two, as long as the 
ring is not aromatic. 
0.124. As used herein, acyl encompasses groups com 
prising an alkyl, alkenyl, alkynyl, aryl or arylalkyl radical 
attached at one of the two available valence positions of a 
carbonyl carbon atom, and heteroacyl refers to the corre 
sponding groups wherein at least one carbon other than the 
carbonyl carbon has been replaced by a heteroatom chosen 
from N, O and S. Thus heteroacyl includes, for example, 
—C(=O)CR and —C(=O)NR2 as well as —C(=O)—het 
eroaryl. 
0.125 Acyl and heteroacyl groups are bonded to any group 
or molecule to which they are attached through the open 
valence of the carbonyl carbon atom. Typically, they are 
C1-C8 acyl groups, which include formyl, acetyl, pivaloyl, 
and benzoyl, and C2-C8 heteroacyl groups, which include 
methoxyacetyl, ethoxycarbonyl, and 4-pyridinoyl. The 
hydrocarbyl groups, aryl groups, and heteroforms of Such 
groups that comprise an acyl or heteroacyl group can be 
substituted with the substituents described hereinas generally 
Suitable Substituents for each of the corresponding compo 
nent of the acyl or heteroacyl group. 
0.126 Aromatic' moiety or “aryl moiety refers to a 
monocyclic or fused bicyclic moiety having the well-known 
characteristics of aromaticity; examples include phenyl and 
naphthyl. Similarly, "heteroaromatic' and "heteroaryl” refer 
to Such monocyclic or fused bicyclic ring systems which 
contain as ring members one or more heteroatoms selected 
from O, S and N. The inclusion of a heteroatom permits 
aromaticity in 5-membered rings as well as 6-membered 
rings. Typical heteroaromatic systems include monocyclic 
C-C aromatic groups such as pyridyl, pyrimidyl, pyrazinyl, 
thienyl, furanyl, pyrrolyl pyrazolyl, thiazolyl, oxazolyl, and 
imidazolyl and the fused bicyclic moieties formed by fusing 
one of these monocyclic groups with a phenyl ring or with any 
of the heteroaromatic monocyclic groups to form a C8-C10 
bicyclic group Such as indolyl, benzimidazolyl, indazolyl, 
benzotriazolyl, isoquinolyl, quinolyl, benzothiazolyl, benzo 
furanyl, pyrazolopyridyl, quinazolinyl, quinoxalinyl, cinno 
linyl, and the like. Any monocyclic or fused ring bicyclic 
system which has the characteristics of aromaticity in terms 
of electron distribution throughout the ring system is included 
in this definition. It also includes bicyclic groups where at 
least the ring which is directly attached to the remainder of the 
molecule has the characteristics of aromaticity. Typically, the 
ring systems contain 5-12 ring member atoms. Preferably the 
monocyclic heteroaryls contain 5-6 ring members, and the 
bicyclic heteroaryls contain 8-10 ring members. 
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0127. Aryl and heteroaryl moieties may be substituted 
with a variety of substituents including C1-C8 alkyl, C2-C8 
alkenyl, C2-C8 alkynyl, C5-C12 aryl, C1-C8 acyl, and het 
eroforms of these, each of which can itself be further substi 
tuted; other substituents for aryl and heteroaryl moieties 
include halo, OR, NR, SR, SOR, SONR, NRSOR, 
NRCONR, NRCOOR, NRCOR, CN, C=CR, COOR, 
CONR, OOCR, COR, and NO, wherein each R is indepen 
dently H, C1-C8 alkyl, C2-C8 heteroalkyl, C2-C8 alkenyl, 
C2-C8 heteroalkenyl, C2-C8 alkynyl, C2-C8 heteroalkynyl, 
C6-C10 aryl, C5-C10 heteroaryl, C7-C12 arylalkyl, or 
C6-C12 heteroarylalkyl, and each R is optionally substituted 
as described above for alkyl groups. The Substituent groups 
on an aryl or heteroaryl group may of course be further 
substituted with the groups described herein as suitable for 
each type of Such Substituents or for each component of the 
Substituent. Thus, for example, an arylalkyl Substituent may 
be substituted on the aryl portion with substituents described 
herein as typical for aryl groups, and it may be further Sub 
stituted on the alkyl portion with substituents described 
herein as typical or Suitable for alkyl groups. 

0128. Similarly, “arylalkyl and “heteroarylalkyl refer to 
aromatic and heteroaromatic ring systems which are bonded 
to their attachment point through a linking group Such as an 
alkylene, including Substituted or unsubstituted, Saturated or 
unsaturated, cyclic or acyclic linkers. Typically the linker is 
C1-C8 alkyl or a hetero form thereof. These linkers may also 
include a carbonyl group, thus making them able to provide 
Substituents as an acyl or heteroacyl moiety. An aryl or het 
eroaryl ring in an arylalkyl or heteroarylalkyl group may be 
substituted with the same substituents described above for 
aryl groups. Preferably, an arylalkyl group includes a phenyl 
ring optionally substituted with the groups defined above for 
aryl groups and a C1-C4 alkylene that is unsubstituted or is 
substituted with one or two C1-C4 alkyl groups or heteroalkyl 
groups, where the alkyl or heteroalkyl groups can optionally 
cyclize to form a ring Such as cyclopropane, dioxolane, or 
oxacyclopentane. Similarly, a heteroarylalkyl group prefer 
ably includes a C5-C6 monocyclic heteroaryl group that is 
optionally substituted with the groups described above as 
Substituents typical on aryl groups and a C1-C4 alkylene that 
is unsubstituted or is substituted with one or two C1-C4 alkyl 
groups or heteroalkyl groups, or it includes an optionally 
substituted phenyl ring or C5-C6 monocyclic heteroaryland 
a C1-C4 heteroalkylene that is unsubstituted or is substituted 
with one or two C1-C4 alkyl or heteroalkyl groups, where the 
alkyl or heteroalkyl groups can optionally cyclize to form a 
ring Such as cyclopropane, dioxolane, or oxacyclopentane. 

0129. Where an arylalkyl or heteroarylalkyl group is 
described as optionally substituted, the substituents may be 
on either the alkyl or heteroalkyl portion or on the aryl or 
heteroaryl portion of the group. The substituents optionally 
present on the alkyl or heteroalkyl portion are the same as 
those described above for alkyl groups generally; the Sub 
stituents optionally present on the aryl or heteroaryl portion 
are the same as those described above for aryl groups gener 
ally. 

0130 "Arylalkyl groups as used herein are hydrocarbyl 
groups if they are unsubstituted, and are described by the total 
number of carbon atoms in the ring and alkylene or similar 
linker. Thus a benzyl group is a C7-arylalkyl group, and 
phenylethyl is a C8-arylalkyl. 
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0131) “Heteroarylalkyl as described above refers to a 
moiety comprising an aryl group that is attached through a 
linking group, and differs from “arylalkyl in that at least one 
ring atom of the aryl moiety or one atom in the linking group 
is a heteroatom selected from N, O and S. The heteroarylalkyl 
groups are described herein according to the total number of 
atoms in the ring and linker combined, and they include aryl 
groups linked through a heteroalkyl linker, heteroaryl groups 
linked through a hydrocarbyl linker Such as an alkylene; and 
heteroaryl groups linked through a heteroalkyl linker. Thus, 
for example, C7-heteroarylalkyl would include pyridylm 
ethyl, phenoxy, and N-pyrrolylmethoxy. 
0.132 Alkylene' as used herein refers to a divalent hydro 
carbyl group; because it is divalent, it can link two other 
groups together. Typically it refers to —(CH), where n is 
1-8 and preferably n is 1-4, though where specified, an alky 
lene can also be substituted by other groups, and can be of 
other lengths, and the open Valences need not be at opposite 
ends of a chain. Thus —CH(Me)- and —C(Me)- may also be 
referred to as alkylenes, as can a cyclic group Such as cyclo 
propan-1,1-diyl. Where an alkylene group is Substituted, the 
Substituents include those typically present on alkyl groups as 
described herein. 

0133. In general, any alkyl, alkenyl, alkynyl, acyl, or aryl 
or arylalkyl group or any heteroform of one of these groups 
that is contained in a Substituent may itself optionally be 
substituted by additional substituents. The nature of these 
substituents is similar to those recited with regard to the 
primary substituents themselves if the substituents are not 
otherwise described. Thus, where an embodiment of for 
example, R7 is alkyl, this alkyl may optionally be substituted 
by the remaining substituents listed as embodiments for R' 
where this makes chemical sense, and where this does not 
undermine the size limit provided for the alkyl per se; e.g., 
alkyl substituted by alkyl or by alkenyl would simply extend 
the upper limit of carbonatoms for these embodiments, and is 
not included. However, alkyl substituted by aryl, amino, 
alkoxy, —O, and the like would be included within the scope 
of the invention, and the atoms of these substituent groups are 
not counted in the number used to describe the alkyl, alkenyl, 
etc. group that is being described. Where no number of sub 
stituents is specified, each Such alkyl, alkenyl, alkynyl, acyl, 
or aryl group may be substituted with a number of substitu 
ents according to its available Valences; in particular, any of 
these groups may be substituted with fluorine atoms at any or 
all of its available valences, for example. 
0.134) “Heteroform as used herein refers to a derivative of 
a group Such as an alkyl, aryl, or acyl, wherein at least one 
carbon atom of the designated carbocyclic group has been 
replaced by a heteroatom selected from N, O and S. Thus the 
heteroforms of alkyl, alkenyl, alkynyl, acyl, aryl, and aryla 
lkyl are heteroalkyl, heteroalkenyl, heteroalkynyl, heteroa 
cyl, heteroaryl, and heteroarylalkyl, respectively. It is under 
stood that no more than two N, O or Satoms are ordinarily 
connected sequentially, except where an oxo group is 
attached to N or S to form a nitro or sulfonyl group. 
0.135) “Halo', as used herein includes fluoro, chloro, 
bromo and iodo. Fluoro and chloro are often preferred. 
0.136 Amino” as used herein refers to NH, but where an 
amino is described as “substituted' or “optionally substi 
tuted’, the term includes NR'R'" wherein each R' and R" is 
independently H, or is an alkyl, alkenyl, alkynyl, acyl, aryl, or 
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arylalkyl group or a heteroform of one of these groups, and 
each of the alkyl, alkenyl, alkynyl, acyl, aryl, or arylalkyl 
groups or heteroforms of one of these groups is optionally 
substituted with the substituents described herein as suitable 
for the corresponding group. The term also includes forms 
wherein RandR" are linked together to form a 3-8 membered 
ring which may be saturated, unsaturated or aromatic and 
which contains 1-3 heteroatoms independently selected from 
N, O and S as ring members, and which is optionally substi 
tuted with the substituents described as suitable for alkyl 
groups or, if NR'R" is an aromatic group, it is optionally 
substituted with the substituents described as typical for het 
eroaryl groups. 

0137 As used herein, the term “carbocycle” refers to a 
cyclic compound containing only carbon atoms in the ring, 
whereas a "heterocycle” refers to a cyclic compound com 
prising a heteroatom. The carbocyclic and heterocyclic struc 
tures encompass compounds having monocyclic, bicyclic or 
multiple ring systems. 

0138. As used herein, the term "heteroatom” refers to any 
atom that is not carbon or hydrogen, Such as nitrogen, oxygen 
or sulfur. 

0139 Illustrative examples of heterocycles include but are 
not limited to tetrahydrofuran, 1.3 dioxolane, 2.3 dihydrofu 
ran, pyran, tetrahydropyran, benzofuran, isobenzofuran, 1.3 
dihydro isobenzofuran, isoxazole, 4.5 dihydroisoxazole, pip 
eridine, pyrrolidine, pyrrolidin 2 one, pyrrole, pyridine, pyri 
midine, octahydro pyrrolo3.4 bpyridine, piperazine, pyra 
Zine, morpholine, thiomorpholine, imidazole, imidazolidine 
2.4 dione, 1.3 dihydrobenzimidazol 2 one, indole, thiazole, 
benzothiazole, thiadiazole, thiophene, tetrahydro thiophene 
1.1 dioxide, diazepine, triazole, guanidine, diazabicyclo 
2.2.1]heptane, 2.5 diazabicyclo2.2.1]heptane, 2.3.4.4a,9.9a 
hexahydro 1H 3 carboline, oxirane, oxetane, tetrahydropy 
ran, dioxane, lactones, aziridine, aZetidine, piperidine, lac 
tams, and may also encompass heteroaryls. Other illustrative 
examples of heteroaryls include but are not limited to furan, 
pyrrole, pyridine, pyrimidine, imidazole, benzimidazole and 
triazole. 

0140. As used herein, the term “inorganic substituent 
refers to Substituents that do not contain carbon or contain 
carbon bound to elements other than hydrogen (e.g., elemen 
tal carbon, carbon monoxide, carbon dioxide, and carbonate). 
Examples of inorganic Substituents includebutare not limited 
to nitro, halogen, azido, cyano, Sulfonyls, sulfinyls, Sul 
fonates, phosphates, etc. 
0141. The terms “treat' and “treating as used herein refer 
to ameliorating, alleviating, lessening, and removing Symp 
toms of a disease or condition. A candidate molecule or 
compound described herein may be in atherapeutically effec 
tive amount in a formulation or medicament, which is an 
amount that can lead to a biological effect, such as apoptosis 
of certain cells (e.g., cancer cells), reduction of proliferation 
of certain cells, or lead to ameliorating, alleviating, lessening, 
or removing symptoms of a disease or condition, for example. 
The terms also can refer to reducing or stopping a cell prolif 
eration rate (e.g., slowing or halting tumor growth) or reduc 
ing the number of proliferating cancer cells (e.g., removing 
part or all of a tumor). These terms also are applicable to 
reducing a titre of a microorganism in a system (i.e., cell, 
tissue, or Subject) infected with a microorganism, reducing 
the rate of microbial propagation, reducing the number of 
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symptoms or an effect of a symptom associated with the 
microbial infection, and/or removing detectable amounts of 
the microbe from the system. Examples of microorganism 
include but are not limited to virus, bacterium and fungus. 

0142. As used herein, the term “apoptosis” refers to an 
intrinsic cell self-destruction or Suicide program. In response 
to a triggering stimulus, cells undergo a cascade of events 
including cell shrinkage, blebbing of cell membranes and 
chromatic condensation and fragmentation. These events cul 
minate in cell conversion to clusters of membrane-bound 
particles (apoptotic bodies), which are thereafter engulfed by 
macrophages. 

0.143. The invention in part provides pharmaceutical com 
positions comprising at least one compound within the scope 
of the invention as described herein, and methods of using 
compounds described herein. For example, the invention in 
part provides methods for identifying a candidate molecule 
that interacts with a CK2 or PARP protein, which comprises 
contacting a composition containing a CK2 or PARP protein 
and a molecule described herein with a candidate molecule 
and determining whether the amount of the molecule 
described herein that interacts with the protein is modulated, 
whereby a candidate molecule that modulates the amount of 
the molecule described herein that interacts with the protein is 
identified as a candidate molecule that interacts with the 
protein. 

0144. Also provided are methods for modulating the activ 
ity of a CK2 protein or PARP protein, which comprises con 
tacting a system comprising the protein with a compound 
described herein in an amount effective for modulating (e.g., 
inhibiting) the activity of the protein. The system in such 
embodiments can be a cell-free system or a system compris 
ing cells. Also provided are methods for reducing cell prolif 
eration, and optionally inducing apoptosis, which comprises 
contacting cells with a compound described herein in an 
amount effective to reduce proliferation of the cells. The cells 
in Such embodiments can be in a cell line, in a tissue or in a 
Subject (e.g., a research animal or human). In related embodi 
ments, provided are compositions comprising a compound 
described herein in combination with a protein or cell, such as 
an isolated protein (e.g., isolated CK2 or other serine-threo 
nine protein kinase protein or PARP protein) or a cell in a cell 
line (e.g., HCT-116 cell line). 
0145 Provided also are methods for modulating a serine 
threonine protein kinase activity. Serine-threonine protein 
kinases catalyze the transfer of a gamma phosphate from 
adenosine triphosphate to a serine or threonine amino acid in 
a peptide or protein Substrate. Thus, included hereinare meth 
ods which comprise contacting a system comprising a serine 
threonine protein kinase protein with a compound described 
herein in an amount effective for modulating (e.g., inhibiting) 
the activity of the protein. In some embodiments, the activity 
of the serine-threonine protein kinase is the catalytic activity 
of the protein (e.g., catalyzing the transfer of a gamma phos 
phate from adenosine triphosphate to a peptide or protein 
substrate). In certain embodiments, provided are methods for 
identifying a candidate molecule that interacts with a serine 
threonine protein kinase, which comprise: contacting a com 
position containing a serine-threonine protein kinase and a 
compound described herein with a candidate molecule under 
conditions in which the compound and the protein interact, 
and determining whether the amount of the compound that 



US 2009/0264423 A2 

interacts with the protein is modulated relative to a control 
interaction between the compound and the protein without 
the candidate molecule, whereby a candidate molecule that 
modulates the amount of the compound interacting with the 
protein relative to the control interaction is identified as a 
candidate molecule that interacts with the protein. Systems in 
Such embodiments can be a cell-free system or a system 
comprising cells (e.g., in vitro). The protein, the compound or 
the molecule in some embodiments is in association with a 
Solid phase. In certain embodiments, the interaction between 
the compound and the protein is detected via a detectable 
label, where in some embodiments the protein comprises a 
detectable label and in certain embodiments the compound 
comprises a detectable label. The interaction between the 
compound and the protein sometimes is detected without a 
detectable label. 

0146 The serine-threonine protein kinase can be from any 
Source. Such as a mammal, ape or human, for example. 
Examples of serine-threonine protein kinases that can be 
inhibited by compounds disclosed herein include without 
limitation human versions of CK2, CK2O2, Pim-1, CDK1/ 
cyclinB, c-RAF, Mer, MELK, DYRK2, Flt3, Flt3 (D835Y), 
Flt4, HIPK3, HIPK2, ZIPK and ZIPK. A serine-threonine 
protein kinase sometimes is a member of a Sub-family con 
taining one or more of the following amino acids at positions 
corresponding to those listed in human CK2: leucine at posi 
tion 45, methionine at position 163 and isoleucine at position 
174. Examples of such protein kinases include without limi 
tation human versions of CK2, STK10, HIPK2, HIPK3, 
DAPK3, DYK2 and PIM-1. Nucleotide and amino acid 
sequences for serine-threonine protein kinases and reagents 
are publicly available (e.g., World Wide Web URLs ncbi.n- 
lm.nih.gov/sites/entrez and Invitrogen.com). 

0147 The invention also in part provides methods for 
treating a condition related to aberrant cell proliferation. For 
example, provided are methods of treating a cell proliferative 
condition in a subject, which comprises administering a com 
pound described herein to a subject in need thereof in an 
amount effective to treat the cell proliferative condition. The 
Subject may be a research animal (e.g., rodent, dog, cat, 
monkey), optionally containing a tumor Such as a Xenograft 
tumor (e.g., human tumor), for example, or may be a human. 
A cell proliferative condition sometimes is a tumor or non 
tumor cancer, including but not limited to, cancers of the 
colorectum, breast, lung, liver, pancreas, lymph node, colon, 
prostate, brain, head and neck, skin, liver, kidney, blood and 
heart (e.g., leukemia, lymphoma, carcinoma). 
0148 Also provided are methods for treating a condition 
related to inflammation or pain. For example, provided are 
methods of treating pain in a subject, which comprise admin 
istering a compound described herein to a subject in need 
thereof in an amount effective to treat the pain. Provided also 
are methods of treating inflammation in a subject, which 
comprises administering a compound described herein to a 
subject in need thereof in an amount effective to treat the 
inflammation. The Subject may be a research animal (e.g., 
rodent, dog, cat, monkey), for example, or may be a human. 
Conditions associated with inflammation and pain include 
without limitation acid reflux, heartburn, acne, allergies and 
sensitivities, Alzheimer's disease, asthma, atherosclerosis, 
bronchitis, carditis, celiac disease, chronic pain, Crohn's dis 
ease, cirrhosis, colitis, dementia, dermatitis, diabetes, dry 
eyes, edema, emphysema, eczema, fibromyalgia, gastroen 
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teritis, gingivitis, heart disease, hepatitis, high blood pressure, 
insulin resistance, interstitial cystitis, joint pain/arthritis/ 
rheumatoid arthritis, metabolic syndrome (syndrome X), 
myositis, nephritis, obesity, osteopenia, osteoporosis, Parkin 
son's disease, periodontal disease, polyarteritis, polychondri 
tis, psoriasis, Scleroderma, sinusitis, Sjögren's syndrome, 
spastic colon, Systemic candidiasis, tendonitis, urinary track 
infections, vaginitis, inflammatory cancer (e.g., inflamma 
tory breast cancer) and the like. Methods for determining 
effects of compounds herein on pain or inflammation are 
known. For example, formalin-stimulated pain behaviors in 
research animals can be monitored after administration of a 
compound described herein to assess treatment of pain (e.g., 
Liet al., Pain 115(1-2): 182-90 (2005)). Also, modulation of 
pro-inflammatory molecules (e.g., IL-8, GRO-alpha, MCP-1, 
TNFalpha and iNOS) can be monitored after administration 
of a compound described hereinto assess treatment of inflam 
mation (e.g., Parhar et al., IntJ Colorectal Dis. 22(6): 601-9 
(2006)), for example. Thus, also provided are methods for 
determining whether a compound herein reduces inflamma 
tion or pain, which comprise contacting a system with a 
compound described herein in an amount effective for modu 
lating (e.g., inhibiting) the activity of a pain signal or inflam 
mation signal. Provided also are methods for identifying a 
compound that reduces inflammation or pain, which com 
prise: contacting a system with a compound of Formula I, II, 
III, IV, V,VI,VII, VIII, IX, X, XI, XII, XIII, XIV, XV or XVI; 
and detecting a pain signal or inflammation signal, whereby a 
compound that modulates the pain signal relative to a control 
molecule is identified as a compound that reduces inflamma 
tion of pain. Non-limiting examples of pain signals are for 
malin-stimulated pain behaviors and examples of inflamma 
tion signals include without limitation a level of a pro 
inflammatory molecule. 
0.149 The invention also in part pertains to methods for 
modulating angiogenesis in a subject, and methods for treat 
ing a condition associated with aberrant angiogenesis in a 
subject. Thus, provided are methods for determining whether 
a compound herein modulates angiogenesis, which comprise 
contacting a system with a compound described herein in an 
amount effective for modulating (e.g., inhibiting) angiogen 
esis or a signal associated with angiogenesis. Signals associ 
ated with angiogenesis are levels of a pro-angiogenesis 
growth factor such as VEGF. Methods for assessing modula 
tion of angiogenesis also are known, Such as analyzing human 
endothelial tube formation (BD BioCoatTM Angiogenesis 
System from BDBiosciences). Provided also are methods for 
identifying a compound that modulates angiogenesis, which 
comprise contacting a system with a compound of Formula I, 
II, III, IV, V, VI, VII, VIII, IX, X, XI, XII, XIII, XIV, XV or 
XVI; and detecting angiogenesis in the system or an angio 
genesis signal, whereby a compound that modulates the 
angiogenesis orangiogenesis signal relative to a control mol 
ecule is identified as a compound that modulates angiogen 
esis. Also provided are methods for treating an angiogenesis 
condition, which comprise administering a compound 
described herein to a subject in need thereof in an amount 
effective to treat the angiogenesis condition. Angiogenesis 
conditions include without limitation solid tumor cancers, 
Varicose disease and the like. 

0150. Any suitable formulation of a compound described 
above can be prepared for administration. Any suitable route 
of administration may be used, including, but not limited to, 
oral, parenteral, intravenous, intramuscular, transdermal, 
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topical and Subcutaneous routes. Depending on the Subject to 
be treated, the mode of administration, and the type of treat 
ment desired—e.g., prevention, prophylaxis, therapy; the 
compounds are formulated in ways consonant with these 
parameters. Preparation of suitable formulations for each 
route of administration are known in the art. A Summary of 
Such formulation methods and techniques is found in Rem 
ington's Pharmaceutical Sciences, latest edition, Mack Pub 
lishing Co., Easton, Pa., which is incorporated herein by 
reference. The formulation of each substance or of the com 
bination of two Substances will generally include a diluent as 
well as, in some cases, adjuvants, buffers, preservatives and 
the like. The substances to be administered can be adminis 
tered also in liposomal compositions or as microemulsions. 
0151. For injection, formulations can be prepared in con 
ventional forms as liquid solutions or Suspensions or as Solid 
forms suitable for Solution or Suspension in liquid prior to 
injection or as emulsions. Suitable excipients include, for 
example, water, Saline, dextrose, glycerol and the like. Such 
compositions may also containamounts of nontoxic auxiliary 
Substances such as wetting or emulsifying agents, pH buffer 
ing agents and the like, such as, for example, sodium acetate, 
Sorbitan monolaurate, and so forth. 

0152 Various sustained release systems for drugs have 
also been devised, and can be applied to compounds of the 
invention. See, for example, U.S. Pat. No. 5,624,677, the 
methods of which are incorporated herein by reference. 
0153 Systemic administration may also include relatively 
noninvasive methods such as the use of Suppositories, trans 
dermal patches, transmucosal delivery and intranasal admin 
istration. Oral administration is also suitable for compounds 
of the invention. Suitable forms include syrups, capsules, 
tablets, as is understood in the art. 

0154 For administration to animal or human subjects, the 
appropriate dosage of the a compound described above often 
is 0.01-15 mg/kg, and sometimes 0.1-10 mg/kg. Dosage lev 
els are dependent on the nature of the condition, drug efficacy, 
the condition of the patient, the judgment of the practitioner, 
and the frequency and mode of administration; however, opti 
mization of such parameters is within the ordinary level of 
skill in the art. 

0155 Therapeutic Combinations 
0156 The invention provides methods to treat conditions 
Such as cancer and inflammation by administering to a subject 
in need of such treatment a therapeutically effective amount 
ofatherapeutic agent that binds to certain DNA segments and 
administering to the same subject a PARP or CK2 modulator 
in an amount that is effective to enhance the activity of the 
therapeutic agent. A PARP or CK2 modulator is an agent that 
inhibits or enhances a biological activity of a PARP protein or 
a CK2 protein, and is generically referred to hereafter as a 
“modulator.” The therapeutic agent and the modulator may be 
administered together, either as separate pharmaceutical 
compositions or admixed in a single pharmaceutical compo 
sition. The therapeutic agent and the modulator may also be 
administered separately, including at different times and with 
different frequencies, as long as the modulator is adminis 
tered at a time that increases the potency of the therapeutic 
agent. The modulator may be administered by any known 
route, such as orally, intravenously, intramuscularly, nasally, 
and the like; and the therapeutic agent may also be adminis 
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tered by any conventional route. In many embodiments, at 
least one and optionally both of the modulator and the thera 
peutic agent may be administered orally. 
0157. In some embodiments, the modulator and the thera 
peutic agent are administered at the same time, whether in 
separate dosages or admixed in a single dosage. Where the 
frequency of administration of the two materials can be 
adjusted to match, the modulator and therapeutic agent are 
preferably combined into a single pharmaceutical composi 
tion, so the treated patient may receive a single oral dosage or 
a single injection, for example. 
0158. The amount of each of these materials to be admin 
istered will vary with the route of administration, the condi 
tion of the subject, other treatments being administered to the 
Subject, and other parameters. The therapeutic agents of the 
invention may, of course, cause multiple desired effects; and 
the amount of modulator to be used in combination with the 
therapeutic agent should be an amount that increases one or 
more of these desired effects. The modulator is to be admin 
istered in an amount that is effective to enhance a desired 
effect of the therapeutic agent. An amount is “effective to 
enhance a desired effect of the therapeutic agent, as used 
herein, if it increases by at least about 25% at least one of the 
desired effects of the therapeutic agent alone. Preferably, it is 
an amount that increases a desired effect of the therapeutic 
agent by at least 50% or by at least 100% (i.e., it doubles the 
effective activity of the therapeutic agent.) In some embodi 
ments, it is an amount that increases a desired effect of the 
therapeutic agent by at least 200%. 
0159. The amount of a modulator that increases a desired 
effect of a therapeutic agent may be determined using in vitro 
methods, such as cell proliferation assays. The therapeutic 
agents of the invention are useful to counter hyperprolifera 
tive disorders such as cancer, thus they reduce cell prolifera 
tion. Thus, for example, a suitable amount of a modulator 
could be the amount needed to enhance an antiproliferative 
effect of a therapeutic agent by at least 25% as determined in 
a cell proliferation assay. 
0.160 The modulator used in the present invention 
enhances at least one desired effect produced by the thera 
peutic agent it is used with, thus the combinations of the 
invention provide a synergistic effect, not merely an additive 
effect. The modulators themselves are at times useful for 
treating the same types of conditions, and thus may also have 
Some direct effect in Such assays. In that event, the “amount 
effective to increase a desired effect” must be a synergistic 
enhancement of the activity of the therapeutic agent that is 
attributable to enhancement by the modulator of an effect of 
the therapeutic agent, rather than a simple additive effect that 
would be expected with separate administration of the two 
materials. In many cases, the modulator can be used in an 
amount (concentration) that would not be expected to have 
any apparent effect on the treated Subject or the in vitro assay, 
so the increased effect achieved with the combination is 
directly attributable to a synergistic effect. 
0.161 The present invention includes methods and com 
positions for treating a patient having a cell proliferation 
disorder oran inflammatory disorder with a therapeutic agent 
as described herein, and a “modulator” described above, 
where the timing of administration of the modulator permits 
it to enhance a desired effect of the therapeutic agent. 
0162 Modulators of PARP and CK2 are known. Inhibitors 
of PARP are well known in theart, and some have been shown 
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to potentiate the activity of other drugs for certain uses. For 
example, it has been reported that treating a carcinoma cell 
colony with a PARP inhibitor at a concentration that had no 
substantial growth inhibition or cellular toxicity alone 
increased the activity of cytotoxic agents temozolomide and 
topotecan substantially. C. R. Calabrese, et al., Clin. Cancer 
Res., vol. 9, 2711-18 (July 2003). This effect is believed to be 
related to the role PARP plays in DNA repair: because PARP 
promotes repair of damaged DNA, it is thought to increase the 
effects of compounds that act by damaging DNA. These 
include compounds that alkylate DNA, which may include 
temozolomide, and topoisomerase inhibitors such as topote 
can. Id. 

0163 The present invention relates to the use of a “modu 
lator” as described above in combination with a therapeutic 
agent that can act by binding to regions of DNA that can form 
certain quadruplex structures; the therapeutic agents have 
anticancer activity on their own, but their activity is enhanced 
when they are used in combination with a modulator. This 
synergistic effect allows the therapeutic agent to be adminis 
tered in a lower dosage while achieving equivalent or higher 
levels of at least one desired effect. 

0164. The therapeutic agents of the invention are com 
pounds that bind to certain motifs in nucleic acids. The thera 
peutic agent to be used can be selected from several different 
classes of compounds, such as those that bind to quadruplex 
forming regions of DNA. The therapeutic agents are useful 
for the treatment of cancer and other indications such as 
inflammatory disorders, and methods for making and using 
them are known in the art. Several preferred classes of these 
therapeutic agents are described below. Each class of thera 
peutic agents can be used in combination with any active 
PARP inhibitor, including but not limited to those disclosed 
herein. 

0165. In one aspect, the therapeutic agent can be a com 
pound of formula (TA1-1): 

(TA1-1) 
V O O 

A 
U 

X N 

W 

R5 

0166 and pharmaceutically acceptable salts, esters and 
prodrugs thereof; 

0167 wherein V is H, halo, or NR'R': 
0168 A is H, fluoro, or NR': 
0169 Z is O, S, NR' or CH: 
0170 U is OR or NR'R: 
0171 X is OR, NR'R, halo, azido, or SR; 
0172 n is 1-3: 
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0173 wherein in NR'R, R and R may form a double 
bond or a ring, each of which is optionally substituted; 
0174) R' is Hora C alkyl: 
0175 R is Hora Co alkyl or Coalkenyl optionally 
containing one or more non-adjacent heteroatoms selected 
from N, O, and S, and optionally substituted with a carbocy 
clic or heterocyclic ring; or R is an optionally substituted 
heterocyclic ring, aryl or heteroaryl; 
0176 R is a substituent at any position on W; and is H. 
OR. C. alkyl, C2-alkenyl, each optionally substituted by 
halo, =O or one or more heteroatoms; or R is an inorganic 
Substituent; and 
0.177 W is an optionally substituted aryl or heteroaryl, 
which may be monocyclic or fused with a single or multiple 
ring and optionally containing a heteroatom; 
0.178 or a compound having formula (TA1-2): 

(TA1-2) 
V O O 

A 
U 

X N 

Z 

W 

0.179 wherein V, A, X, Z and U are as defined in formula 
TA1-1, and W is selected from the group consisting of 

A / 2. 

5. 21 ex 

ne 
R5 N 

(c. C. 2. 
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-continued 

0180 wherein Q, Q, Q, and Q are independently CH or 
N: 

0181 Y is independently O, CH, =O or NR'; and 
0182 R is as defined in formula 1. 
0183 Compounds of this structure, and methods for mak 
ing and using them, are described in U.S. patent application 
Ser. No. 1 1/106,909, to Whitten, et al., which is entitled 
SUBSTITUTED QUINOBENZOXAZINE ANALOGS 
AND METHODS OF USING THEREOF, and was filed on 
Apr. 15, 2005. 

0184 In a specific embodiment of the therapeutic agents 
of formula (TA1-1), the therapeutic agent is a compound 
having formula (TA1-1A): 
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(TA2) 

ul-Q F 

N N 
N N 

O 

e O N 

Null C 
or a pharmaceutically acceptable salt, esters or prodrug 
thereof, or a specific isomer or mixture of isomers thereof. 
0185. In another aspect, the therapeutic agent of the com 
binations of the invention is a compound of this formula: 

(TA3-1) 
V O O 

A 
U 

X N 

W 

R5 

0186 and pharmaceutically acceptable salts, esters and 
prodrugs thereof; 

0187 wherein V is H, halo, or NR'R': 
0188 A is H, fluoro, or NR': 
0189 Z is O, S, NR' or CH: 
0190. U is OR or NR'R: 
0191 X is OR, NR'R, halo, azido, or SR; 
0.192 n is 1-3: 
0193 wherein in NR'R, R and R may form a double 
bond or a ring, each of which is optionally substituted; 

0194) R' is Hora C alkyl: 
0.195 R is Hora Co alkyl or Coalkenyl optionally 
containing one or more non-adjacent heteroatoms selected 
from N, O, and S, and optionally substituted with a carbocy 
clic or heterocyclic ring; or R is an optionally substituted 
heterocyclic ring, aryl or heteroaryl; 

0196), R is a substituent at any position on W; and is H. 
OR. C. alkyl, C2-alkenyl, each optionally substituted by 
halo, =O or one or more heteroatoms; or R is an inorganic 
Substituent; and 
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0.197 W is an optionally substituted aryl or heteroaryl, 
which may be monocyclic or fused with a single or multiple -continued 
ring and optionally containing a heteroatom; 

0198 or a compound having formula (TA3-2) O QN 's Q? 

3. 
V O O N 

Nx R5 

0199 wherein V, A, X, Z and U are as defined in formula 
I, and W is selected from the group consisting of 

N Q 
No 

Xe N 
N 

R5 N x 

R5 

Six 5 O 

R N 

N ex 
N 1. Y R5 

1. 2. 
2. R O 

N 

Y 1. 6. 

O - N {\ 
NX Y 
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-continued 

eO 

R 
5 N Q R 

Y 

N 5 

Y 
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-continued 
O 

r eO 2. 
O 

O 

s Q and 2. 
O 

O 

r eO 2. 
O 

0200 wherein Q, Q, Q, and Q are independently CH or 
N: 
0201 Y is independently O, CH, =O or NR'; and 
0202 R is as defined in formula 1. 
0203 The preparation and activity of these compounds of 
formula (TA3-1) are described in U.S. Patent Application Ser. 
No. 60/811,992, filed Jun. 8, 2006, to Nagasawa, et al., 
entitled QUINOLONE ANALOGS DERIVATIZED WITH 
SULFONIC ACID, SULFONATE OR SULFONAMIDE. 

0204. In another aspect, the therapeutic agent of the com 
binations of the invention is a compound of this formula: 

(TA4-1) 

0205 and pharmaceutically acceptable salts, esters and 
prodrugs thereof; 

0206 wherein B, X, A, or V is absent if Z, Z, or Z", 
respectively, is N, and independently H, halo, azido, R. 
CHR, SR, OR or NR'R' if Z, Z, or Z, respectively, is C; 
O 

0207 A and V. A and X, or X and B may form a carbocy 
clic ring, heterocyclic ring, aryl or heteroaryl, each of which 
may be optionally Substituted and/or fused with a cyclic ring; 
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0208 Z is O, S, NR", CH, or C=O; 
0209 Z, Z, Zand Z are C or N, provided any two Nare -continued 
non-adjacent; 

0210 W together with N and Z forms an optionally sub 
stituted 5- or 6-membered ring that is fused to an optionally 
Substituted Saturated or unsaturated ring; said Saturated or 
unsaturated ring may contain a heteroatom and is monocyclic 
or fused with a single or multiple carbocyclic or heterocyclic N 
rings; 

21 2x1 
0211 U is R, OR, NRR, NR' (CR), NR'R'', or (R) 
N=CR'R'', wherein in N=CR'R'R'' and R together with C 
may form a ring, S X 5 

(R) 
0212 provided U is not H, and when U is OH, OR or NH, N 
then at least one of Z'-Z is N: 

N 1. 
0213 in eachNR'R'', RandR together with N may form 1. 
an optionally Substituted ring; ex (R) 
0214) in NR'R'', RandR together with N may form an (R), 
optionally substituted ring; 
R" and Rare independently H or C, alkyl; 
0215 each R is H, or a Co alkyl or Coalkenyl each 
optionally Substituted with a halogen, one or more non-adja 
cent heteroatoms, a carbocyclic ring, a heterocyclic ring, an 
aryl or heteroaryl, wherein each ring is optionally Substituted; 
or R is an optionally substituted carbocyclic ring, heterocy 
clic ring, aryl or heteroaryl; N X 
0216) R' is H, a Co alkyl or Coalkenyl optionally (R), 
containing one or more non-adjacent heteroatoms selected 
from N, O and S, and optionally substituted with a carbocy 
clic or heterocyclic ring; or R and R together with N may QN 2 
form an optionally Substituted ring; '', s 
0217 each R is a substituent at any position on ring W: N Q 
and is H, OR, amino, alkoxy, amido, halogen, cyano or an N X (R), 
inorganic substituent; or R is C, alkyl, Calkenyl, C 
alkynyl, -CONHR', each optionally substituted by halo, 
carbonyl or one or more non-adjacent heteroatoms; or two QN 2 
adjacent R are linked to obtain a 5-6 membered optionally s 
substituted carbocyclic or heterocyclic ring that may be fused -Q 
to an additional optionally substituted carbocyclic or hetero- QN N 5 
cyclic ring; and , (R) 

0218 n is 1-6. K 
0219. In the above formula (TA4-1), B may be absent (R), 
when Z' is N, or is Hora halogen when Z' is C. 
0220. In the above formula (TA4-1), W together with N 
and Z forms an optionally substituted 5- or 6-membered ring No N 
that is fused to an optionally substituted aryl or heteroaryl . Q 
selected from the group consisting of: X Y 

(R) 2x 
(R), 

N N Xe-N - 
N (R) NRs), 

1.x X Nex 
(R), (R), (R), 
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-continued 

1. 
1. 

(R), 

N 

(R), 

YOYOYi Ya YasY Yo Y YX a 
R (R5 n 

Q (R5). 

23 

0221) wherein each Q, Q', Q', and Q is independently 
CH or N: 

Oct. 

-continued 
Q 

DO N 2x 
(R), 

Q 

DO O ex 
(R), 

Q 

DO O 2x 
(R), 

Q 

DO O ex 
(R) 

O 

s 
ex 

(R) 
O 

O 

r 
ex 

(R), 
O 
O 

s 
ex 

(R), 
O 

0222 Y is independently O, CH, C=O or NR': 
0223) in and R is as defined above. 
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0224. In other embodiments, W together with N and Z 
form a group having the formula selected from the group 
consisting of 

and 

wherein Z is O, S, CR', NR", or C=O; 
each Z is CR, NR", or C=O, provided Z and Zif adjacent 
are not both NR'; 

each R" is H, C, alkyl, COR or S(O)R’ wherein p is 1-2; 
R is H, or a substituent known in the art, including but not 
limited to hydroxyl, alkyl, alkoxy, halo, amino, oramido; and 

ring S and ring T may be saturated or unsaturated. 

0225. In some embodiments, W together with N and Z 
forms a 5- or 6-membered ring that is fused to a phenyl. In 
other embodiments, W together with N and Z forms a 5- or 
6-membered ring that is optionally fused to another ring, 
when U is NR'R', provided U is not NH. In certain embodi 
ments, W together with N and Z forms a 5- or 6-membered 
ring that is not fused to another ring, when U is NR'R' (e.g., 
NH). 

0226. In yet another embodiment, the compounds of the 
present invention have the general formula (TA4-2A) or 
(TA4-2B): 

(TA4-2A) 
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-continued 
(TA4-2B) 

(R), 

wherein A, B, V. X, U, Z, Z, Z, Z, Zand n areas described 
for TA4-1; 
Z is O, NR, CR, or C–O; 
R is H, C, alkyl, hydroxyl, alkoxy, halo, amino or amido; 
and 

Z and Z may optionally form a double bond. 
0227. In the above formula (TA4-1), (TA4-2A) and (TA4 
2B), U may be NR'R'', wherein R' is H, and R is a Coalkyl 
optionally substituted with a heteroatom, a C cycloalkyl, 
aryl or a 5-14 membered heterocyclic ring containing one or 
more N, O or S. For example, R may be a Coalkyl substi 
tuted with an optionally substituted morpholine, thiomorpho 
line, imidazole, aminodithiadazole, pyrrolidine, piperazine, 
pyridine or piperidine. In other examples, RandR together 
with N forman optionally substituted piperidine, pyrrolidine, 
piperazine, morpholine, thiomorpholine, imidazole, or ami 
nodithiazole. 

0228. The compounds of formula (TA4-1), and methods 
of making and using them, are described in U.S. patent appli 
cation Ser. No. 1 1/228,636, to Whitten, et al., entitled QUI 
NOLONE ANALOGS, and filed on Sep. 16, 2005. 
0229. In yet another aspect, the therapeutic agent to be 
combined with a PARP inhibitor can be selected from com 
pounds having this formula: 

(TA5-1) 

0230 and pharmaceutically acceptable salts, esters and 
prodrugs thereof; 
0231 wherein V. X, and Y are absent if attached to a 
heteroatom other than Nitrogen, and independently H, halo, 
azido, R. CHR, SR, OR or NR'R' when attached to C or 
N; or 
0232 wherein VandX, or XandY may form a carbocyclic 
ring, heterocyclic ring, aryl or heteroaryl, each of which may 
be optionally substituted and/or fused with a cyclic ring: 
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0233 Z, Z and Z are C, N, O or S; 
0234 Z is O, S, NR, CH, or C=O; 
0235 W together with N and Z forms an optionally sub 
stituted 5- or 6-membered ring that is fused to an optionally 
substituted aryl or heteroaryl, wherein said aryl or heteroaryl 
may be monocyclic or fused with a single or multiple ring, 
and wherein said ring optionally contains a heteroatom; 

0236 U is C(=O)R, COOR, CONR'R'', 
CONR' (CR), NRR, SOR, SONR'R'', 

SONRNR'R', SONROR2, SONR' (CR), NRR 
or SONRNR' (CR), NR'R' or SONR O 
(CR), NRR: 
0237 wherein in each NR'R, R and R together with N 
may form an optionally Substituted ring; 

0238 in NR'R'', RandR together with N may form an 
optionally substituted ring; 
0239) R' and Rare independently H or C alkyl: 
0240 each R is H, or a Co alkyl or Coalkenyl each 
optionally Substituted with a halogen, one or more non-adja 
cent heteroatoms selected from N, O and S, a carbocyclic 
ring, a heterocyclic ring, an aryl or heteroaryl, wherein each 
ring is optionally substituted; or R is an optionally substi 
tuted carbocyclic ring, heterocyclic ring, aryl or heteroaryl; or 
R’ is COR' or S(O) R' whereinx is 1-2; 
0241) R' is H, a Co alkyl or Coalkenyl optionally 
containing one or more non-adjacent heteroatoms selected 
from N, O and S, and optionally substituted with a carbocy 
clic or heterocyclic ring; or R and R together with N may 
form an optionally Substituted ring; 

0242 each R is a substituent at any position on W; and is 
H, OR, amino, alkoxy, amido, halogen, cyano or an inor 
ganic substituent; or R is C, alkyl, C- alkenyl, 
—CONHR', each optionally substituted by halo, carbonyl or 
one or more non-adjacent heteroatoms; or two adjacent Rare 
linked to obtain a 5-6 membered optionally substituted car 
bocyclic or heterocyclic ring, optionally fused to an addi 
tional optionally substituted carbocyclic or heterocyclic ring; 
and 

0243 n is 1-6. 
0244. In the above formula (TA5-1), ring T may form an 
optionally substituted 5-membered ring selected from the 
group consisting of 
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-continued 

NV ( 

XO 
M -(({ cc)C) r)X NyO (–{M O) r)I)Y OV 

N 

c)Y{2s 
X -( 

NY vV N 2s.V s( 
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-continued -continued 

R2 

\ N s NS 

x-y XN \ O 
le N x-N N={ 

Y N R{ N 
M M 
Y Y 

V 

N S S O Y 

x-XI x-(I X x-x x-X \ le N N 
N N / / 

Y N N 

Y: Ye 
V V 

Y Y 
N^ X-{ N? 0245. In the above formula (TA5-1), W together with N 
V N M and Z may form an optionally substituted 5- or 6-membered 
N aryl or heteroaryl ring that is fused to an optionally Substituted 

Y aryl or heteroaryl selected from the group consisting of: 

V V O 
V V 
N N 

N. O ={ X-N V M 
N O O N N N 

2. Ns NeX 
V O (R) (R), (R), 

V 
N 

O ={ X- \ 
N 

A / Y 
N 
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-continued 

Q 

DO O 2x 
(R), (C 

x2 
(R), 

Q 

DO O 2&Q 
(R), 

0246 wherein each Q, Q', Q', and Q is independently 
CH or N: 

0247 P is independently O, CH, C-O or NR': 
0248 in and R is as defined above. 
0249. In other embodiments of these compounds, W 
together with N and Z may form a group having the formula 
selected from the group consisting of 
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At 7. / 
(R), (R) 

A -l, 
S }J G3. (R), 

0250) wherein Z is O, S, NR, CH, or C=O; 
0251) 

and 

each Z is CR, NR, or C–O; 
0252) R' is H, or a substituent known in the art, including 
but not limited to hydroxyl, alkyl, alkoxy, halo, amino, or 
amido; and 

0253 Ring S and M may be saturated or unsaturated. 

0254. In some embodiments, W together with N and Z 
may form a 5- or 6-membered ring that is fused to a phenyl. 

0255 In yet another embodiment, the compounds of the 
present invention have the general formula (TA5-2A) or 
(TA5-2B): 

(TA5-2A) 

(TA5-2B) 

(R), 

0256 wherein U, V, W, X, Y, Z, Z, Z, Z, Rand n areas 
described above for TA5-1; 
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0257) Z is CR, NR, or C–O; and 
0258 Z and Z may optionally form a double bond. 
0259. In the above formula (TA5-1), (TA5-2A) and (TA5 
2B), U may be SONR'R'', wherein R is H, and R is a Co 
alkyl optionally Substituted with a heteroatom, a C 
cycloalkyl, aryl or a 5-14 membered heterocyclic ring con 
taining one or more N, O or S. For example, R may be a Co 
alkyl substituted with an optionally substituted morpholine, 
thiomorpholine, imidazole, aminodithiadazole, pyrrolidine, 
piperazine, pyridine or piperidine. In other examples, R' and 
R together with N forman optionally substituted piperidine, 
pyrrolidine, piperazine, morpholine, thiomorpholine, imida 
Zole, or aminodithiazole. 

0260. In other embodiments of these compounds, U is 
SONR'-(CR), NRR: n is 1-4; each R" is Horalkyl: 
and RandR' in NR'R' together form an optionally substi 
tuted piperidine, pyrrolidine, piperazine, morpholine, thio 
morpholine, imidazole, or aminodithiazole. In some 
examples, U is SONH-(CH), NR'R' wherein RandR 
together with N form an optionally substituted pyrrolidine, 
which may be linked to (CH), at any position in the pyrro 
lidine ring. In one embodiment, R and R together with N 
form an N-methyl substituted pyrrolidine. 
0261. In one embodiment, the present invention provides 
compounds having formula (TA5-1), (TA5-2A) or (TA5-2B), 
wherein: 

0262 each of V and Y if present is independently H or 
halogen (e.g., chloro or fluoro); 

0263 X is —(R)R'R'', wherein R is C or N and wherein 
in each —(R)R'R, R and R together may forman option 
ally substituted aryl or heteroaryl ring: 
0264 Z is NH or N-alkyl (e.g., N CH): 
0265 W together with N and Z forms an optionally sub 
stituted 5- or 6-membered ring that is fused with an optionally 
Substituted aryl or heteroaryl ring; and 

0266 U is SORR (CH), CHR NRR, 
wherein R is CR' or N; R is Horalkyl; R is Hor Coalkyl 
and wherein in the -CHR NR'R' moiety each R or R' 
together with the C may form an optionally substituted het 
erocyclic or heteroaryl ring, or wherein in the —CHR— 
NR'R' moiety each R or R together with the N may forman 
optionally Substituted carbocyclic, heterocyclic, aryl or het 
eroaryl ring. 

0267 In another embodiment, the present invention pro 
vides compounds having formula (TA5-1), (TA5-2A) or 
(TA5-2B), wherein: 
0268 V and Y if present is H or halogen (e.g., chloro or 
fluoro); 
0269 X if presentis-(R)R'R'', wherein R is C or Nand 
wherein in each —(R)R'R', RandR together may forman 
optionally substituted aryl or heteroaryl ring; 

0270 Z is NH or N-alkyl (e.g., N CH): 
0271 W together with N and Z forms an optionally sub 
stituted 5- or 6-membered ring that is fused with an optionally 
Substituted aryl or heteroaryl ring; and 

0272) U is SORR (CH), CHR NRR, 
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0273) R is CR' or N: 
0274 R is H or alkyl and wherein in the CHR 
NR'R' moiety each R or R together with the C may forman 
optionally substituted heterocyclic or heteroaryl ring, or 
wherein in the CHR NR'R' moiety each R or R' 
together with the N may form an optionally substituted car 
bocyclic, heterocyclic, aryl or heteroaryl ring. 

0275. In yet another embodiment, the compounds of the 
present invention have the general formula (TA5-3): 

(TA5-3) 

(R), 

0276 wherein U, V, X, Y, Z, Z, Z, Z, R and n are as 
described above. 

0277. In yet another embodiment, the compounds of the 
present invention have the general formula (TA5-4A) or 
(TA5-4B): 

(TA5-4A) 

\ |/ 
(R), 

(TA5-4B) 
O 

N U 

x-( 
S N Z 

\ |/ 
(R), 

0278 wherein U,V,X, Z, Rand n are as described above 
for TA5-1. 
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0279 Compounds of Formula (TA5-1), and methods for 
making and using them, are described in U.S. Patent Appli 
cation Ser. No. 60/811,990, to Pierre, et al., entitled PYRIDI 
NONE ANALOGS, which was filed Jun. 8, 2006, and in U.S. 
Provisional Patent Application to Nagasawa, et al., filed on 
Mar. 1, 2007, having attorney docket no. 53223-3003001. 

0280. In still another aspect, the therapeutic agent for the 
combinations of the invention can be a compound of the 
formula: 

(TA6-1) 
O O 

A 
U 

X N 

Z 

W 

R5 

0281 and pharmaceutically acceptable salts, esters and 
prodrugs thereof, 

0282) whereinX is H, OR, NR'R'', halogen, azido, SR or 
CHR: 

0283) A is H, halogen, NR'R', SR, OR, CHR, azido or 
NR' (CR), NRR: 
0284) Z is O, S, NR' or CH: 
0285) U is R, OR, NR'R' or NR' (CR), NRR 
provided U is not H: 

0286 W is an optionally substituted aryl or heteroaryl, 
which may be monocyclic or fused with a single or multiple 
ring optionally containing a heteroatom; 

(0287 wherein R" and R together with N in NR'R', and 
RandR together with N in NR'R' may independently form 
an optionally Substituted 5-6 membered ring containing N. 
and optionally O or S; 

0288) R' and Rare independently Hora C alkyl; and 
0289 R and Rare independently H, or a Co alkyl or 
Calkenyl optionally containing one or more non-adjacent 
heteroatoms selected from N, O, and S, and optionally sub 
stituted with a substituted or unsubstituted aryl, heteroaryl, 
carbocyclic, or heterocyclic ring; or R is an optionally 
cycloalkyl, Substituted heterocyclic ring, aryl or heteroaryl; 

0290 R is a substituent at any position of W and is H. 
halo, cyano, azido, —CONHR, OR, or C. alkyl or C. 
alkenyl, each optionally substituted by halo, =O or one or 
more heteroatoms; 

0291 provided X and A both are not H, and further pro 
vided that R is cyano or CONHR' when A is H. halogen or 
NRR2 
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0292 or a compound having formula (TA6-1A) 

(TA6-1A) 
O O 

A 
U, 

RHC N 

Z 

W 

R5 

0293 and pharmaceutically acceptable salts, esters and 
prodrugs thereof; 

0294) A is H, halogen, azido, SR, OR, CHR, NR'R', 
or NR' (CR), NRR: 
0295) Z, U, W. R. R. RandR areas defined informula 
TA6-1; and 

0296 R is a substituent at any position of W and is H. 
halo, cyano, azido, —CONHR, OR, or C. alkyl or C. 
alkenyl, each optionally substituted by halo, =O or one or 
more heteroatoms; 

0297 wherein each optionally substituted moiety in for 
mula TA6-1 and -1A is substituted with one or more halo, 
cyano, azido, acetyl, amido, OR, NR'R', carbamate, Co 
alkyl, Coalkenyl, each optionally Substituted by halo, =O. 
aryl or one or more heteroatoms selected from N, O and S; or 
is Substituted with an aryl, a carbocyclic or a heterocyclic 
r1ng. 

0298. In the above formula TA6-1 or TA6-1A, W may be 
selected from the group consisting of 
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-continued -continued 
O 

N N 

r eX 2x 1. 
R5 R5 Y 2. 

O 

N 

N X c R 5 

Y 

eO 

R 5 

s 
1. NQYY 

( 

1. 
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-continued 

R5 
O 

O 

r Q 2. 
O 

0299) 
N: 

0300 
0301) 
0302) In some embodiments of these compounds, each 
Win the above formula TA6-1 or TA6-1A may be an option 
ally substituted phenyl, pyridine, biphenyl, naphthalene, 
phenanthrene, quinoline, isoquinoline, quinazoline, cinno 
line, phthalazine, quinoxaline, indole, benzimidazole, ben 
ZOxazole, benzthiazole, benzofuran, anthrone, Xanthone, 
acridone, fluorenone, carbazolyl pyrimido-4.3-blfuran, 
pyrido4.3-bindole, pyrido 2,3-bindole, dibenzofuran, 
acridine or acridizine. In one embodiment, W is an optionally 
substituted phenyl. 

wherein Q, Q', Q', and Q are independently CH or 

Y is independently O, CH, =O or NR'; and 
R is as defined in formula 1. 
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0303. The compounds of formula (TA6-1), and methods 
for making and using them, are described in U.S. patent 
application Ser. No. 1 1/404.947, to Whitten, et al., which was 
filed on Apr. 14, 2006, and is entitled QUINOBENZOX 
AZINE ANALOGS AND METHODS OF USING 
THEREOF. 

0304. The present invention utilizes the above therapeutic 
agents in combination with at least one modulator. Examples 
of PARP inhibitors are known in the art, and are disclosed, for 
example, in C. R. Calebrese, et al., Clin. Cancer Res. vol. 9, 
2711-18 (2003); S. J. Veuger, et al., Cancer Res. vol. 63, 
6008-15 (2003); C. R. Calabrese et al., J. Natl. Cancer Inst. 
96(1), 56-67 (2004): “Potent Novel PARP Inhibitors. Expert 
Reviews in Molecular Medicine, Vol. 7(4) (March 2005); and 
P. Jagtap, Nature Rev. Drug Discovery, vol. 4, 421-40 
(20045). The PARP inhibitors disclosed in these documents 
are suitable for use in the methods and compositions of the 
present invention. Additional PARP inhibitors that can be 
used include, for example, 10-(4-methyl-piperazin-1-ylm 
ethyl)-2H-7-Oxa-1,2-diaza-benzodellanthracen-3-one (GPI 
15427) and 2-(4-methyl-piperazin-1-yl)-5H-benzoc1.5 
naphthyridin-6-one (GPI 16539). See Di Paola, et al., Eur: J. 
Pharmacology, 527(1-3), 163-71 (2005). Representative, but 
non-limiting, examples of PARP inhibitors that are suitable 
for use in the invention include the known compounds shown 
hereafter, including the pharmaceutically acceptable salts 
thereof, and individual isomers or mixtures of isomers 
thereof. 

O O 

NH NH 

- 
HN / NS 

/ x / x 

Tricyclic lactam indoles Tricyclic benzimidazoles 

- 

MeN 

AG14.361 
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O O 

NH NH 
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-continued 
O O 

NH NH2 

als 
N Me N 

OH HN / 

NU-1025 

OH 

NU-1085 
O 

F NH 

HN / 

NHMe 

AG-014699 

0305 Modulators that can be utilized in combination with 
a therapeutic agent described above also include compounds 
having structures of Formula I, II, III, V,VI,VII, VIII, IX, X, 
XI or XII described herein. 

0306 The compound TA1-1A is a preferred therapeutic 
agent for use in the methods and compositions of the inven 
tion. More detail on suitable methods for its formulation and 
administration are provided in U.S. Provisional Application 
Ser. No. 60/803,864 to Lim, et al., which was filed on Jun. 3, 
2006. 

0307 The invention also in part provides pharmaceutical 
compositions comprising at least one therapeutic agent 
within the scope of the invention as described herein in com 
bination with at least one modulator. Optionally, the compo 
sition may comprise a diluent or other pharmaceutically 
acceptable excipients. 

0308 For administration to animal or human subjects, the 
appropriate dosage of the therapeutic agent is typically 0.01 
15 mg/kg, preferably 0.1-10 mg/kg. Dosage levels are depen 
dent on the nature of the condition, drug efficacy, the condi 
tion of the patient, the judgment of the practitioner, and the 
frequency and mode of administration; however, optimiza 
tion of such parameters is within the ordinary level of skill in 
the art. 

0309 Similarly, the dosage of a modulator, such as a com 
pound of Formula I, II, III, IV, V,VI,VII, VIII, IX, X, XI or XII 
described herein, is typically between about 0.01-15 mg/kg, 
and about 0.1-10 mg/kg. A modulator may be separately 
active for treating a cancer. For combination therapies 
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described above, when used in combination with a therapeu 
tic agent, the dosage of a modulator will frequently be two 
fold to ten-fold lower than the dosage required when the 
modulator is used alone to treat the same condition or Subject. 
Determination of a suitable amount of the modulator for use 
in combination with a therapeutic agent is readily determined 
by methods known in the art. 
0310 Also provided are methods for modulating the activ 
ity of a PARP protein, which comprises contacting a system 
comprising the PARP protein with a composition described 
herein in an amount effective for modulating (e.g., inhibiting) 
the activity of the protein. The system in such embodiments 
can be a cell-free system or a system comprising cells. Also 
provided are methods for reducing cell proliferation, and 
optionally inducing apoptosis, which comprises contacting 
cells with a composition or a combination therapy as 
described herein, wherein a therapeutic agent is administered 
in an amount effective to reduce proliferation of the cells, and 
a PARP inhibitor is administered in an amount sufficient to 
enhance the efficacy of the therapeutic agent. The cells in 
Such embodiments can be in a cell line, in a tissue or in a 
Subject (e.g., a research animal or human). 
0311. The invention also in part provides methods for 
treating a condition related to aberrant cell proliferation. For 
example, provided are methods of treating a cell proliferative 
condition in a subject, which comprises administering a 
therapeutic agent described herein and a PARP inhibitor 
described herein to a subject in need of treatment for a cell 
proliferative disorder; the therapeutic agent and the PARP 
inhibitor are administered in amounts effective to treat the cell 
proliferative condition. The subject may be a research animal 
(e.g., rodent, dog, cat, monkey), optionally containing a 
tumor Such as a Xenograft tumor (e.g., human tumor), for 
example, or may be a human. 
0312. A cell proliferative condition sometimes is a tumor 
or non-tumor cancer, including but not limited to, cancers of 
the colorectum, breast, lung, liver, pancreas, lymph node, 
colon, prostate, brain, head and neck, skin, liver, kidney, 
blood and heart (e.g., leukemia, lymphoma, carcinoma). 
0313 Any suitable formulation of the therapeutic agent 
and the PARP inhibitor can be prepared for administration, 
either together or separately. Any Suitable route of adminis 
tration may be used for each component, including but not 
limited to oral, parenteral, intravenous, intramuscular, trans 
dermal, topical and Subcutaneous routes. The two Substances 
used together (PARP inhibitor and therapeutic agent) may be 
administered separately or together. When administered 
together, they may be in separate dosage forms, or they may 
be combined into a single combination drug. Thus, provided 
herein are pharmaceutical compositions comprising a thera 
peutic agent as described herein and at least one PARP inhibi 
tor, and a pharmaceutically acceptable excipient. 
0314. The following examples illustrate and do not limit 
the invention. 

EXAMPLE1 

Processes for Synthesizing Compounds of Formulae 
I, II, III and IV 

Process 1 

0315. 3-bromo-4-pyridine carboxylic acid (3.0 g, 14.9 
mmol) in ethanol (100 mL) was treated with concentrated 
sulfuric acid (5 mL). 

Oct. 22, 2009 

rs OH rs 1N 
Na2 Na2 

Br Br 

The mixture was brought to reflux at which time everything 
went into solution. After 12 hours at reflux, LCMS indicated 
that the reaction was complete. The reaction mixture was 
cooled to room temperature and concentrated on a rotary 
evaporator to a third of its original volume. The mixture was 
then diluted with 250 mL of ethyl acetate and washed twice 
with Saturated aqueous Sodium bicarbonate. Concentration 
on a rotary evaporator yielded 3.25 g of the ethyl ester as a 
yellowish oil which was sufficiently pure enough for subse 
quent chemical transformations. LCMS (ESI) 216.2 (M-1). 

O 

N 1N 
N 2 Br 

pi NH2 
B 

HO1 
—- 

O 
O 

N NH 

Na2 

O 

0316 Ethyl 3-bromo-4-pyridine carboxylate 1.15 g, 5.0 
mmol), 2-amino-4-methoxycarbonyl-phenylboronic acid 
(1.04 g. 4.5 mmol), sodium acetate (1.64 g. 20 mmol), 1,1'- 
bis(diphenylphosphino) ferrocene palladium (II) chloride 
(complexed with dichloromethane) (182 mg, 0.25 mmol) and 
dimethylformamide (7.5 mL) were combined in a flask. The 
flask was evacuated and filled with nitrogen twice and heated 
to 125°C. with stirring for 12 hours or until LCMS indicated 
the absence of any starting material. The mixture was cooled 
to room temperature and water (100 mL) was added to form 
a brown precipitate. The precipitate was filtered to yield 637 
mg of methyl 5-oxo-5,6-dihydrobenzoc2.6naphthyridine 
8-carboxylate. LCMS (ESI) 255.4 (M+1)". 

O 

N NH 

Na2 
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-continued 
C 

N1 NN 
N 2 

O 

0317 Methyl 5-oxo-5,6-dihydrobenzoc2.6naphthyri 
dine-8-carboxylate (200 mg, 0.787 mmol) was combined 
with phosphorus oxychloride (1 mL) and heated to reflux. 
After 2 hours, LCMS indicated the absence of any starting 
material. The volatiles were removed under reduced pressure. 
The residue was taken up in dichloromethane (50 mL) and 
washed twice with Saturated aqueous Sodium bicarbonate. 
The organic phase was dried over Sodium Sulfate and concen 
trated on a rotary evaporator to give methyl 5-chlorobenzoc 
2.6naphthyridine-8-carboxylate (140 mg) as a grayish 
solid. LCMS (ESI) 273.3 (M+1)". 

C 

N1 NN Her 

- 
O 

O 

O 
N1 NN He 

- 
O 

O 

HN 

N1 NN 

- 
OH 

O 

0318 Methyl 5-chlorobenzoc2.6naphthyridine-8-car 
boxylate (20 mg, 0.074 mmol) was combined with aniline (60 
mg, 0.65 mmol) and N-methylpyrrolidinone (0.2 mL) in a 
microwave tube and the mixture was heated to 120° C. for 10 
minutes at which time LCMS indicated that the reaction was 
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complete as indicated by the absence of any starting material. 
The mixture was then purified by HPLC to yield the ester (22 
mg) or it could be treated with 6N sodium hydroxide to yield 
the acid (19 mg). LCMS (ESI) 316.3 (M+1)". "HNMR (400 
MHz, CDOD) 10.17 (1H, s), 9.67 (1H, br), 8.99 (1H, d, 5.9 
Hz), 8.83 (1H, d, 8.6 Hz), 8.62 (1H, d, 5.9 Hz), 8.24 (1H, d, 
1.6 Hz), 8.04 (1H, s), 8.02 (1H, s), 7.93 (1H, dd, 8.2, 1.6 Hz), 
7.43 (1H, d, 7.4 Hz), 7.41 (1H, d, 7.4 Hz), 7.10 (1H, m). 

C 

N1 NN He 

- 
O 

O 

HN C 

N1 NN -e- 

- 
O 

O 

Cl 
N1 NN 

- 
OH 

O 

0319 Methyl 5-chlorobenzoc2.6naphthyridine-8-car 
boxylate (232 mg, 0.853 mmol) was combined with meta 
chloroaniline (217 mg, 1.71 mmol) and N-methyl pyrrolidi 
none (1 mL) in a flaskand the mixture was heated to 80°C. for 
2 hours at which time LCMS indicated that the reaction was 
complete as indicated by the absence of any starting material. 
The mixture was dissolved in CHCl2, washed with saturated 
aqueous sodium bicarbonate and dried over NaSO. The 
material was purified by flash chromatography (SiO, 1:1 to 
9:1 gradient of EtOAc/Hexanes) to obtain the ester. The mate 
rial was dissolved in methanol and 6Naqueous NaOH and the 
mixture stirred at 50° C. for 30 minutes. The volatiles were 
removed in vacuo. The residue was triturated from acetic 
acid/THF/methanol using a mixture of hexanes and ethylac 
etate. Filtration and drying provided 147 mg of 5-(3-chlo 
rophenylamino)benzoc2.6naphthyridine-8-carboxylic 
acid. LCMS (ESI) 350 (M+1)". "HNMR (400 MHz, DMSO 
d) & 10.21 (s, 1H), 9.72 (brs, 1H), 9.02 (d. J5.6, 1H), 8.89 (d. 
J=8.8, 1H), 8.62 (d. J=5.6, 1H), 8.31 (brs, 1H), 8.28 (d. J=1.6, 
1H), 8.10 (brid, J=8, 1H), 7.99 (dd, J=2, J=8.4, 1H), 7.46 (t, 
J=8.0, 1H), 7.16 (brid, J=7.2, 1H) ppm. 
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0320 Sodium acetate (410 mg, 5 mmol) and 1,1'-bis 
(diphenylphosphino) ferrocene palladium (II) chloride (com 
plexed with dichloromethane) (36 mg, 0.05 mmol) were 
added to a mixture of ethyl 3-bromo-4-pyridine carboxylate 
(230 mg, 1.0 mmol) and 2-amino-4-cyanophenylboronic acid 
hydrochloric acid salt (179 mg, 0.9 mmol). The mixture was 
connected to an exit bubbler and heated to 120° C. for 18 
hours at which time LCMS analysis indicated that the reac 
tion was done based on the disappearance of starting material. 
After cooling to room temperature, water was added and the 
dark solids were filtered and washed with dichloromethane to 
give 5-oxo-5,6-dihydrobenzoc2.6naphthyridine-8-carbo 
nitrile (156 mg) as a gray Solid which was Sufficiently pure 
enough for Subsequent chemical transformations. LCMS 
(ESI) 222.4 (M+1)". "HNMR (400 MHz, DMSO-d) 12.2 
(1H, s), 9.96 (1H, s), 8.90 (1H, d, 5.1 Hz), 8.77 (1H, d, 8.2 
Hz), 8.13 (1H, d, 5.1 Hz), 7.73 (1H, dd 8.2, 1.6 Hz), 7.70 (1H, 
d, 1.6 Hz). 

O 

rn NH 
Nn 2 Hess 

Š 
C 

rns 
Na2 

Š 
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0321) Phosphorus oxychloride (2 mL) was added to the 
5-oxo-5,6-dihydrobenzoc2.6naphthyridine-8-carboni 
trile (150 mg, 0.66 mmol). The mixture was heated reflux for 
3 hours at which time LCMS analysis indicated the absence of 
any starting material. Volatiles were removed under vacuum 
and the crude product was dissolved in dichloromethane, 
washed with brine and Saturated aqueous Sodium bicarbonate 
and dried over Sodium sulfate. After concentrating under 
vacuum, the crude product was triturated with ethyl acetate 
and hexanes to give 5-chlorobenzoc2.6naphthyridine-8- 
carbonitrile (125 mg). LCMS (ESI) 240.3 (M+1)". 

C 

rns 
Na2 He 

Š 

HN 

rsrs 
Na2 

0322. A mixture of the 5-chlorobenzoc2.6naphthyri 
dine-8-carbonitrile (30 mg, 0.13 mmol), aniline (60 mg, 0.65 
mmol) and dimethylformamide (0.2 mL) was heated to 120° 
C. in a microwave reactor for 10 minutes. LCMS indicated 
that absence of starting material. The mixture was diluted 
with water and left to stand for a few minutes as 5-(pheny 
lamino)benzoc2.6naphthyridine-8-carbonitrile (25 mg) 
precipitated as an off-white solid. LCMS (ESI) 2.97.3 
(M+1)". 
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Compound 

0323 Sodium azide (65 mg, 1 mmol) and ammonium 
chloride (53 mg, 1 mmol) were added to a crude mixture of 
the 5-(phenylamino)benzoc2.6naphthyridine-8-carboni 
trile (25 mg, 0.084 mmol) in dimethylformamide (0.2 mL). 
The mixture was heated for 18 h at 120° C. at which time 
LCMS analysis indicated the absence of any starting material. 
The mixture was diluted with water and purified by prepara 
tive HPLC to give N-phenyl-8-(1H-tetrazol-5-yl)benzoc2. 
6naphthyridin-5-amine (14 mg). LCMS (ESI) 340.3 
(M+1)". "HNMR (400 MHz, CDOD) 10.11 (1H, s), 8.96 
(1H, d, 5.9 Hz), 8.85 (1H, d, 8.2 Hz), 8.53 (1H, d, 5.5 Hz), 
8.47 (1H, s), 8.16 (1H, d, 8.6 Hz), 7.88 (1H, s), 7.86 (1H, d, 
0.8 Hz), 7.57-7.51 (3H, m), 7.36-7.31 (2H, m). 

0324 Representative compounds are set forth hereafter in 
Table 1A. 

TABLE 1A 

LCMS (ES) 
Molecular Weight mz 

O 239.2 240 M + 1" 

N 

O 

O 

O 297.3 298 IM + 1" 

O O 
O 

1n 1a 297.3 298 IM + 1 O O 

NN 

O O 
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Compound Molecular Weight 
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O 24O2 

rNS 
N 21 
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O 

O 254.2 

rNS 
Na2 

O 
N 

O 

3.09.4 

N 
1N1 N 

O 3.14.3 
N 

39 

LCMS (ES) 
mz 

264M + 1" 

241 M + 1 

255 M + 1" 

310 IM + 1 

315 M + 1" 
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TABLE 1 A-continued 

Compound Molecular Weight 

O 321.3 

N M NNW 
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rsrs 
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40 

LCMS (ES) 

322 M + 1" 

316M + 1 

311 M + 1 

265M + 1" 
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TABLE 1 A-continued 

Compound Molecular Weight 

O 3394 
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N W NN, 
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O 
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41 

LCMS (ES) 

340M+ 1 

335 M + 1" 

330M+ 1" 

346 M + 1" 
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TABLE 1 A-continued 

Compound Molecular Weight 

367.8 

N C 

rns 
N 2 

O 
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O 

C 367.76 
HN C 

rsrs 
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OH 
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1N-Nn HN CH3 

rsrs 
N 2 

Šs 

42 

LCMS (ES) 

368M + 1 

368M + 1 

297 M + 1" 

292 M + 1 
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TABLE 1 A-continued 

Compound Molecular Weight 

381.79 
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LCMS (ES) 

382 IM + 1 

360 IM + 1 

334 M + 1 

345 M + 1" 
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TABLE 1 A-continued 

Compound Molecular Weight 

|Cl 349.77 
HN C 

rsrs 
N 2 

OH 

O 

ICl. 357.34 
HN F 

rsrs 
Na2 

H 
N 

N 
NN/ 

. 391.79 
HN F 

rsrs 
N 21 

H 
N 

N N / NN 

C 349.77 

IO 
N1 NN 

OH 

44 

LCMS (ES) 

350M+ 1" 

358 M + 1" 

392 M + 1 

350M+ 1" 

Oct. 22, 2009 
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TABLE 1 A-continued 

Cls Š. 
Compound 

rns 
N 21 

OH 

O 

HN C 

rsrs 
N 21 

H 
N 

Y 
M NS, 

JCO rNs 
N 21 

OH 

O 

N 

rsrs 
N 2 

N 

Molecular Weight 

339.35 

373.80 

329.3S 

353.38 

45 

LCMS (ES) 

340M+ 1 

374M + 1" 

330M+ 1" 

354M + 1 

Oct. 22, 2009 
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TABLE 1 A-continued 

Compound Molecular Weight 

-Cl 377.82 
HN C 

N1 NN 

- 
OH 

O 

-Cl 361.37 
HN F 

N1 NN 

- 
OH 

O 

357.41 
HN 

N Cro 
- 

OH 

O 

F 351.31 

Cl 
rns 
Na2 

OH 

46 

LCMS (ES) 

378 M + 1" 

362 M + 1 

358 M + 1" 

352M + 1" 

Oct. 22, 2009 
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TABLE 1 A-continued 

Compound Molecular Weight 

ICl. 340.33 
HN CN 

rsrs 
N 21 

OH 

O 

|Cl 363.80 
HN C 

rsrs 
N 21 

O 
NCH, 

O 

|Cl 335.79 
HN C 

rsrs 
N 21 

OH 

C 417.77 

in 1 Y1 NC 
N1 NN 

OH 

47 

LCMS (ES) 

341 M + 1 

364M + 1 

336 M + 1" 

418 M + 1 

Oct. 22, 2009 
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TABLE 1 A-continued 

Compound 

N 
21 

Ov 
rsrs 
N 2 

OH 

O 

HN C CH 

rsrs 
N 21 

OH 

O 

F 

HN 
F 

F 

rsrs 
N 21 

OH 

O 

HN 

rsrs 
N 21 

OH 

Molecular Weight 

356.38 

329.3S 

383.32 

27929 

48 

LCMS (ES) 
mz 

357 M+ 1" 

330M+ 1" 

384M + 1 

280 IM + 1" 

Oct. 22, 2009 
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Process 2 

O O 

? OH r o1 
Nan Br --- 

Br 

0325 5-bromopyrimidine-4-carboxylic acid (prepared 
according to the procedure described in U.S. Pat. No. 4,110, 
450) (1.0 eq, 6.14 g. 30.2 mmol) was suspended in CHCl 
(100 ml). Oxalylchloride (1.1 eq, 2.9 ml, 33.0 mmol) was 
added followed by 2 drops of DMF. The mixture was stirred 
at room temperature overnight and the Volatiles were 
removed in vacuo. The residue was taken in MeCH (50 ml) 
and heated. After evaporation of MeCH in vacuo the com 
pound was dissolved in CH2Cl and poured on a prepacked 
silica gel column. The material was eluted using 20% Ethyl 
acetate in hexanes. Evaporation of the solvent provided 
methyl-5-bromopyrimidine-4-carboxylate as a light orange 
crystalline solid (2.54g, 39% yield). LCMS (ES): 95% pure, 
m/z 217 MI; 219 M+2; H NMR (CDC1, 400 MHz) & 
4.04 (s.3H), 9.02 (s, 1H), 9.21 (s, 1H) ppm. 
Process 3 

O 

N CH 

YSS -- 

N 
N Br 

NH, HCI 

(HO)2B 
--- 

O 

O 
NCH, 

O 

N 

r NH 
NN 

O 

O 
NCH, 

0326 Sodium acetate (4.0 eq, 1.92 g, 23.41 mmol) and 
1,1'-bis(diphenylphosphino)ferrocene palladium (II) chlo 
ride (complexed with dichloromethane) (0.05 eq, 214 mg. 
0.29 mmol) were added to a mixture of methyl-5-bromopy 
rimidine-4-carboxylate (1.0 eq, 1.27 g. 5.85 mmol), and 
2-amino-4-(methoxycarbonyl)phenylboronic acid hydro 
chloride (1.0 eq, 1.35 g, 5.85 mmol) in anhydrous DMF (10 
ml). The Mixture was stirred under nitrogen atmosphere at 
120° C. for 18 hours. Water and brine were added and the 
resulting solid impurities filtered off. The material was 
extracted with CHC1 (4x) and the combined extracts dried 

49 
Oct. 22, 2009 

over NaSO. After evaporation of CHCl, the remaining 
DMF was evaporated by heating the residue in vacuo. The 
resulting solid was triturated in CHCl, filtered and dried to 
provide methyl 5-oxo-5,6-dihydropyrimidoA,5-cquinoline 
8-carboxylate as a beige solid (127 mg, 8.5% yield). LCMS 
(ES):>80%pure, m/z 256M+1]; H NMR (DMSO-de,400 
MHz) & 3.79 (s.3H), 7.81 (d. J=8.0, 1H), 8.68 (d. J=8.8, 1H), 
9.49 (s, 1H), 10.19 (s, 1H), 12.37 (s, 1H) ppm. 

Process 4 

O 

N 

r NH 
N N He 

O 

O 
YCH, 

0327 In a vial, methyl 5-oxo-5,6-dihydropyrimido4.5-c 
quinoline-8-carboxylate (1.0 eq, 151 mg, 0.59 mmol) was 
mixed in toluene (1 ml) with DIEA (1.5 eq, 155 ul, 0.89 
mmol) and POCl (5 eq, 270 ul, 3.0 mmol). The mixture was 
stirred at 120° C. for 1 hour and cooled down to room tem 
perature. After adding ice and water the compound was 
extracted with CHCl (4x). The solution was filtered over 
NaSO, and filtered through a pad of celite. After evaporation 
of the volatiles, the material was triturated in a mixture of 
ethyl acetate and hexanes, filtered and dried to afford methyl 
5-chloropyrimido-4,5-cquinoline-8-carboxylate as a light 
brown fluffy solid (115 mg, 71% yield). LCMS (ES): 95% 
pure, m/z 274M+1)". "H NMR (DMSO-d 400 MHz) & 
3.96 (s.3H), 8.37 (dd, J= 1.6, J=8.4, 1H), 8.60 (d. J=1.6, 1H), 
9.15 (d. J=8.8, 1H), 9.74 (s, 1H), 10.61 (s, 1H) ppm 
Process 5 
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-continued 
F 

OH 

0328 methyl 5-chloropyrimidoA,5-cquinoline-8-car 
boxylate (10 mg) was mixed with 3,5-difluoroaniline (100 
mg) in NMP (0.1 ml). The mixture was heated under micro 
waves at 120° C. for 10 minutes. Water was added and the 
material extracted with CHCl2. The solvent was removed. 
Trituration in a mixture of ethylacetate and hexanes and fil 
tration provided methyl 5-(3,5-difluorophenylamino)py 
rimidoA.5-cquinoline-8-carboxylate. This material was 
suspended in a 1:1 mixture of THF and MeOH (2 ml) and a 5N 
aqueous solution of Lithium Hydroxide was added. The mix 
ture was vigorously stirred at room temperature for 5 hours. 
Water and 6N hydrochloric acid were added to induce pre 
cipitation of the expected material. The solid was filtered, 
washed with water, dried and suspended in MeCH. Filtration 
and drying gave 5-(3,5-difluorophenylamino)pyrimido-4,5- 
cquinoline-8-carboxylic acid as a yellow solid (4 mg., 31% 
yield). LCMS (ES): 95% pure, m/z. 353 M+1. "H NMR 
(DMSO-de, 400 MHz) & 6.90 (br t, J=9.6, 1H), 8.02 (dd. 
J=1.6, J=8.0, 1H), 8.18 (bra, J=10.8, 2H), 8.34 (d. J=1.6, 1H), 
8.86 (d. J=8.4, 1H), 9.65 (s, 1H), 10.40 (s, 1H), 10.44 (s, 1H) 
ppm. 
Process 6 

50 
Oct. 22, 2009 

-continued 

0329 5-(3-ethynylphenylamino)pyrimido4.5-cquino 
line-8-carboxylic acid was prepared using the same method, 
starting from methyl 5-chloropyrimido-4,5-cquinoline-8- 
carboxylate and 3-ethynylaniline. LCMS (ES): 95% pure, 
m/z 341 M+1)". "H NMR (DMSO-de, 400 MHz) & 4.20 (s, 
1H), 7.19 (d. J=7.6, 1H), 7.42 (t, J=8.0, 1H), 7.99 (dd, J= 1.6, 
J=8.4, 1H), 8.30 (d. J= 1.6, 1H), 8.34 (dd, J=1.6, J=8.0, 1H), 
8.49 (brs, 1H), 8.85 (d. J=8.8, 1H), 9.65 (s, 1H), 10.11 (s, 1H), 
10.43 (s, 1H) ppm. 

0330 Representative analogs (Table 1B) were prepared by 
the same method using methyl 5-chloropyrimido-4,5-c 
quinoline-8-carboxylate and appropriate amines. 

TABLE 1B 

Structure MW LCMS (ES) m/z 

F 382.78 383 M+ 1" 

HN C 

N 

NS 
Na2 

On 
CH 
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TABLE 1 B-continued 

Structure MW 

368.75 

HN C 

N 

1. n NN 
N 2 

OH 

O 

|Cl 334.30 
HN F 

N 
1. N1 NN 
N 21 

OH 

350.76 a 

LCMS (ES) m/z 

369M + 1 

335M + 1" 

351 M + 1" 

384.3114 385 M + 1 

C 

N 

Nrs 
Na2 

OH 

O 

F 
HN 

N F 

NS 
Na2 

OH 

O 

51 
Oct. 22, 2009 

TABLE 1 B-continued 

Structure MW LCMS (ES) m/z 

339.3501 340M+ 1 + 

HN S S. 
N 

NS 
N 21 

NH2 

O 

Process 7 

O 

S N 
HC1 21 OH -> 

N 
N Br 

S 
HC1 

0331 methyl-5-bromo-2-(methylthio)pyrimidine-4-car 
boxylate was prepared according to the procedure used in 
process 2 for the preparation of methyl-5-bromopyrimidine 
4-carboxylate. LCMS (ES): >90% pure, m/z 263 Mt, 265 
IM+2; H NMR (CDC1,400 MHz) & 2.59 (s.3H), 4.00 (s, 
3H), 8.71 (s, 1H) ppm. 
ProceSS 8 

Br 

0332 Methyl-5-bromo-2-(methylthio)pyrimidine-4-car 
boxylate (1.0 eq, 661 mg, 2.52 mmol) was dissolved in 
CHCl (10 ml), meta-chloroperbenzoic acid (m-cpba, 77% 
pure grade, 2.5 eq, 1.42 g., 6.34 mmol) was added and the 
mixture was stirred at room temperature for 1 hour. To the 
resulting suspension was added anhydrous THF (10 ml), 
methylamine hydrochloride (10 eq, 1.7g, 25.18 mmol) and 
DIEA (10 eq, 4.3 ml, 24.69 mmol) and the mixture stirred at 
room temperature overnight. The solvents were removed in 
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vacuo prior to adding CH2Cl and a saturated aqueous sodium 
bicarbonate solution. The two phases were decanted and two 
further CHCl extractions were carried out. The combined 
extracts were dried over NaSO and the solvents evaporated. 
Purification by flash chromatography on silica gel (20-30% 
ethylacetate in hexanes) provided methyl 5-bromo-2-(methy 
lamino)pyrimidine-4-carboxylate as an off-white solid (461 
mg, 75% yield). LCMS (ES): >95% pure, m/z 246M", 248 
M+2". 
ProceSS 9 

0333 Sodium acetate (3.0 eq, 240 mg, 2.93 mmol) and 
1,1'-bis(diphenylphosphino)ferrocene palladium (II) chlo 
ride (complexed with dichloromethane) (0.05 eq, 36 mg, 
0.049 mmol) were added to a mixture of methyl 5-bromo-2- 
(methylamino)pyrimidine-4-carboxylate (1.0 eq, 240 mg. 
0.975 mmol), and 2-amino-4-(methoxycarbonyl)phenylbo 
ronic acid hydrochloride (1.0 eq, 226 mg, 0.98 mmol) in 
anhydrous DMF (2 ml). The mixture was stirred under micro 
wave heating at 120° C. for 10 min. Addition of water induced 
precipitation of the expected compound that was filtered and 
dried. methyl 3-(methylamino)-5-oxo-5,6-dihydropyrimido 
4.5-cquinoline-8-carboxylate (57 mg, 21% yield). LCMS 
(ES): >80% pure, m/z 285 M+1". 
Process 10 

52 
Oct. 22, 2009 

-continued 

0334 3-(methylamino)-5-(phenylamino)pyrimido4.5-c 
quinoline-8-carboxylic acid was prepared using methods 
described in process 3 and 4 starting from methyl 3-(methy 
lamino)-5-oxo-5,6-dihydropyrimido-4,5-cquinoline-8-car 
boxylate. The final product was purified by flash chromatog 
raphy and isolated as a yellow solid (0.35 mg). LCMS (ES): 
>95% pure, m/z 346 M+1". 
Process 11 

NH, HCI 
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0335) In a microwave vessel, methyl 5-bromo-2-(meth 
ylthio)pyrimidine-4-carboxylate (1.0 eq, 274 mg, 1.18 
mmol), 2-amino-4-(methoxycarbonyl)phenylboronic acid 
hydrochloride (1.2 eq, 329 mg, 1.42 mmol), and sodium 
acetate (3.0 eq,291 mg, 3.55 mmol) were mixed in anhydrous 
DMF (2 ml). The mixture was degassed by bubbling nitrogen 
gas in the Solution for 10 min and the reaction heated under 
microwaves at 120° C. for 30 min. After cooling down the 
expected material crashed out of NMP. The solid was filtered, 
suspended in water filtered and dried. The material was tritu 
rated in AcOEt and filtered give a yellow solid. The same 
procedure was repeated 9 times using the same amounts of 
materials to provide methyl 3-(methylthio)-5-oxo-5,6-dihy 
dropyrimido4.5-cquinoline-8-carboxylate (283 mg, 10% 
yield). LCMS (ES): >95% pure, m/z. 302 M+1)", "H NMR 
(DMSO-d 400 MHz) & 2.71 (s.3H), 3.89 (s.3H), 7.80 (dd, 
J=1.6, J=8.4, 1H), 7.97 (d. J=1.6, 1H), 8.59 (d.J8.8, 1H), 9.98 
(s, 1H), 12.34 (s, 1H) ppm. 

Process 12 

O 

S N 

HC1 Y NH 
Nan --- 

O 

O 
NCH, 

S 
HC1 

0336 methyl 3-(methylthio)-5-oxo-5,6-dihydropyrimido 
4.5-cquinoline-8-carboxylate (1.0 eq,279 mg, 0.926 mmol) 
was suspended in toluene (2 ml). POCl (2 ml) and DIEA (0.5 
ml) were added and the mixture stirred at 120°C. for 5 hours. 
The volatiles were removed in vacuo and CHCl was added. 
The organic phase was washed with Saturated aqueous 
sodium bicarbonate, washed with water and dried over 
NaSO. The solution was filtered through a pad of celite and 
the solvents removed in vacuo. The material was triturated in 
hexanes and AcOEt, filtered and dried to provide methyl 
5-chloro-3-(methylthio)pyrimidoA,5-cquinoline-8-car 
boxylate as a beige solid (184 mg. 63% yield). LCMS (ES): 
>95% pure, m/z 320M+1,322 M+3". 

Oct. 22, 2009 

Process 13 

0337 methyl 5-chloro-3-(methylthio)pyrimidoA.5-c 
quinoline-8-carboxylate (1.0 eq, 182 mg, 0.57 mmol) was 
mixed with aniline (0.5 ml) in NMP (1 ml). The mixture was 
heated under microwave for 10 minutes at 120° C. Water was 
added and the resulting solid was filtered and dried. The 
compound was triturated in EtOAc and hexanes and filtered 
to afford methyl 3-(methylthio)-5-(phenylamino)pyrimido 
4.5-cquinoline-8-carboxylate as a yellow solid. LCMS 
(ES): >95% pure, m/z. 377 M+1". This material was sus 
pended in CHCl (4 ml) and meta-chloroperbenzoic acid 
(77% pure, 2.5 eq 165 mg 0.737 mmol) was added in small 
portions. After one hour, an additional amount (100 mg) of 
mcpba was added and the mixture stirred for 1.5 hours. After 
addition of more CHCl2, the organic phase was washed with 
water (4x), dried over NaSO and the solution was filtered 
through a pad of silica gel, eluting with a MeOH/CH.Cl 
mixture. After evaporation of the solvents, methyl 3-(meth 
ylsulfonyl)-5-(phenylamino)pyrimido-4,5-cquinoline-8- 
carboxylate was isolated as a yellow solid (166 mg, 72% 
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yield). LCMS (ES): >95% pure, m/z 409 M+1)", "H NMR 
(DMSO-d 400 MHz) & 3.77 (s, 3H), 3.93 (s, 3H), 7.15 (t, 
J=7.2, 1H), 7.45 (t, J=7.6, 2H), 7.99 (dd, J=2.0, J=8.4, 1H), 
8.16 (d. J=7.6, 2H), 8.28 (d. J=2.0, 1H), 8.89 (d. J=8.8, 1H), 
9.76 (s, 1H), 10.61 (s, 1H) ppm. 
Process 14 

Structure 

HN 

HN N 
y n n N 
N 21 

Oct. 22, 2009 

-continued 

0338. In a closed vial, methyl 3-(methylsulfonyl)-5-(phe 
nylamino)pyrimido-4,5-cquinoline-8-carboxylate (1.0 eq, 
62 mg, 0.152 mmol) was mixed with Methylamine hydro 
chloride (100 mg), DIEA (260 ul) in DMF (1 ml). The mix 
ture was stirred at 60° C. for 40 min. Addition of water 
induced precipitation of methyl 3-(methylamino)-5-(pheny 
lamino)pyrimido-4,5-cquinoline-8-carboxylate which was 
isolated by filtration. This material was suspended in a 1:1:1 
mixture of THF, MeOH and water (4 ml), and vigorously 
stirred at 60° C. in the presence of LiOH (200 mg) for 1.5 
hours. Water aqueous HCl were added and to reach pH=1. 
The solid was filtered, dried and triturated in AcOEt/hexanes 
to provide 3-(methylamino)-5-(phenylamino)pyrimidoA,5- 
cquinoline-8-carboxylic acid as a yellow solid (40 mg, 74% 
yield). LCMS (ES): >95% pure, m/z 346 M+1". 

0339. The following analogs (table 1C) were prepared 
using the same method. After purification by preparative 
HPLC and genevac evaporation the material were isolated as 
Solids. 

TABLE 1C 

Molecular 

Weight LCMS (ES) m/z 

371.39 372 M + 1" 

OH 
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TABLE 1 C-continued 

Structure 

OH 

OH 

O 

OH O 
HN 

OH 

HO 

HN 

OH 

55 

Molecular 

Weight LCMS (ES) m/z 

373.41 374M + 1 + 

389.41 390 IM + 1 + 

375.38 376 M + 1 + 

389.41 390 IM + 1 + 

Oct. 22, 2009 
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Structure 

TABLE 1 C-continued 

OH 

OH 

OH 

56 

Molecular 

Weight LCMS (ES) m/z 

414.46 415 M + 1 + 

430.50 431 M + 1 + 

44449 445 M + 1 + 

458.51 459 M + 1 + 

Oct. 22, 2009 
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TABLE 1 C-continued 

Molecular 

Structure Weight LCMS (ES) m/z 

482.53 483 M + 1" 

OH 

369.38 370M+ 1" 

t O HN N NN N 

NN 2 
OH 

O 

ICl. 405.84 406 M + 1 
HN C 

N 
Y n NN 

Na2 

OH 

O 

428.36 429 M + 1" 

HC F 
HN 

O N F 
n NN 

Na2 

OH 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

t HN 
HN N Cl 

n NN 

N n2 

OH 

O 

th -Q 
N N Cl 

HC1 n NN 

Na2 

OH 

O 

n-Q 
HN N Cl 

1 n NN 
Na2 

OH 

O 

n-Q H 
HC N N n Cl 

N 

OH 

59 

Molecular 

Weight LCMS (ES) m/z 

379.80 380M+ 1" 

393.83 394 M+ 1" 

365.77 366 M+ 1" 

407.85 408 M + 1" 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

F 
HN 

HN N F 
y N n N 
N 2 

OH 

O 

". -Cl HN C 

N N n N 
N 21 

OH 

O 

F 

t HN 
HN N Cl 

n n N 

N 2 

OH 

O 

F 

HN 

"N N n Cl N 

N 2 

OH 

60 

Molecular 

Weight LCMS (ES) m/z 

439.39 440 M + 1 

393.83 397 M+ 1" 

397.79 398 IM+ 1" 

383.76 384M + 1" 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

F 

HN 

H 
N N Cl 

1 n NN 

Na2 

OH 

O 

F 

HN 

H3CN -n- N Cl O N1 NN 

Na2 

OH 

O 

HN 
H Š. 
N N 

1No.1N1 N1 SN 
Nn 2 

OH 

O 

HN Šs 

OH 

61 

Molecular 

Weight LCMS (ES) m/z 

423.83 424 M + 1 

441.84 442 M + 1" 

427.46 428 M + 1 

441.48 442 M + 1" 

CH 

Oct. 22, 2009 
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TABLE 1 C-continued 

Molecular 

Structure Weight LCMS (ES) m/z 

-O- 455.51 456M + 1" 
HN S 

H S. 
N 

NN-N-N N1 NN 
CH3 Na2 

OH 

439.47 440 M + 1 

Ou Cls CH 
NN 

N 
n 

N 2 

OH 

O 

-O- 4.09.44 410 IM + 1 
HN Šs 

CH 

n N Aulus r 2 
OH 

ICl. 366.76 367 M + 1" 
HN C 

"N's NN 
Na2 

OH 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

HC 

CH 
HN N 

Na2 

O 
NCH, 

O 

O NH2 

HN C 

HN N 

NN 2 

O 
NCH, 

O 

C 

HN 

S N 

s C2. 
n 

HN N 

Na2 

OH 

NN 

O 
NCH, 

O 

HN C 

NN 

63 

Molecular 

Weight LCMS (ES) m/z 

399.40 400 IM + 1" 

450.88 451 M + 1" 

450.94 451 M + 1" 

436.85 437 M+ 1" 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

HO O 

HN C 

HN N y n NN 

Na2 

OH 

C 

OH 

OH 

OH 

64 

Molecular 

Weight LCMS (ES) m/z 

437.84 438 M + 1 

436.91 437 M + 1 

324.33 325 M + 1" 

335.36 336M + 1" 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

OH 

OH 

N 
-Ns NN 

Na2 

OH 

O 

HN F 

N 

v-Yrs 
Na2 

OH 

65 

Molecular 

Weight LCMS (ES) m/z 

385.42 386M + 1" 

371.39 372 M + 1" 

407.37 408 M+ 1" 

389.38 390 IM + 1" 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

HN O 

N h 
1. Y n NN 3 

Na2 

OH 

O 

HN NN 

Na2 

OH 

O 

O 
N 

N. N 

v-YSr. 
Na2 

OH 

66 

Molecular 

Weight LCMS (ES) m/z 

401.42 402 M + 1 

386.41 387 M + 1 

385.42 386M + 1" 

365.39 366 M+ 1" 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

F 

HN C 

HC N 
3 n1n- n SN 

CH N 21 

OH 

O 

F 

HN C 

CH3 Na2 

OH 

O 

OC 21 NN HN C 

J. R. N 
N N1 NN 

Na2 

OH 

O 

F 

HC 
No HN C 

HC --- N 3 No N1 NN 

Na2 

OH 

O 

67 

Molecular 

Weight LCMS (ES) m/z 

454.88 455 M + 1" 

523.00 524 M+ 1" 

474.87 475 M + 1" 

471.87 472 M + 1" 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

F 

HN C 

H 
H N N 
N n n N 

N 

M Na2 

HC OH 

O 

21 
N 

S 
Y n NN 

OH 

O 

N 2 

N. N 
N-N-N-N- 

Na2 

OH 

O 

O 
N 
Ns 

Na2 

OH 

68 

Molecular 

Weight LCMS (ES) m/z 

463.85 464 M + 1 

474.87 475 M + 1" 

474.87 475 M + 1" 

407.42 408 M + 1" 

Oct. 22, 2009 



US 2009/0264423 A2 

TABLE 1 C-continued 

Structure 

CH 

OH 

OH 

69 

Molecular 

Weight LCMS (ES) m/z 

340.40 341 M + 1 

366.42 367 M + 1" 

295.30 296 M + 1" 

337.38 338M + 1" 

Oct. 22, 2009 
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TABLE 1 C-continued 

Structure 

OH 

OH 

HN n N 

N 

OH 

OH 

70 

Molecular 
Weight LCMS (ES) m/z 

309.32 310M+ 1" 

323.35 324 M+ 1" 

399.33 400M+ 1" 

386.41 387 M + 1" 
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Structure 

TABLE 1 C-continued 

OH 

OH 

OH 

OH 

71 

Molecular 

Weight LCMS (ES) m/z 

339.35 340M+ 1" 

386.41 387 M + 1 

399.45 400 IM + 1" 

337.38 338M + 1" 
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TABLE 1 C-continued 

Structure 

F HN 

F N 

F s NN 
Na2 

OH 

O 

N -A 
2 HN 

| a 
N N's NN 

Na2 

OH 

O 

HN 

C N 

rsrs o Na2 
OH 

O 

F HN 

F N 

s NN 
Na2 

OH 

72 

Molecular 

Weight LCMS (ES) m/z 

439.39 440 M + 1" 

386.41 387 M + 1 

405.84 406 M + 1" 

407.37 408 M+ 1" 

Oct. 22, 2009 



US 2009/0264423 A2 

TABLE 1 C-continued 

Structure 

Na2 

OH 

O 

HN 

/ \ N. N 
O ~ns NN \ / 

Na2 

OH 

O 

HN 

N 
--~~N's n 

Na2 

OH 

O 

H3C HN 

N. N 
s NN 

Na2 

OH 

73 

Molecular 

Weight LCMS (ES) m/z 

353.38 354M + 1" 

408.45 409 M + 1 

367.40 368 M + 1" 

399.45 400 IM + 1" 
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TABLE 1 C-continued 

Structure 

HN 

H 

"SS-N's NN 
CH3 Na2 

O 

HN 

N 

N 2 

OH 

O 

HN 

HC O N in 1'N1N1 N1 NN 

N 2 

O 

Process 15 

OH 

OH 
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Molecular 
Weight LCMS (ES) m/z 

395.45 396 M + 1" 

379.41 380M+ 1" 

381.43 382 IM + 1 

-continued 

0340 3-(cyclopropylamino)-5-(3-(trifluoromethyl)phe 
nylamino)pyrimido-4,5-cquinoline-8-carboxylic acid (20 
mg) was mixed with 2 equivalent of an appropriate primary 
amine in NMP (0.5 ml). HOBt (14 mg), triethylamine (13 uL) 
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and EDCI (18 mg) were added and the mixture was stirred at 
70° C. for 1 hour. Water and HCl were added and the material 
was isolated by filtration. This protocol was used to prepare 
compounds shown in table 1D 

TABLE 1D 

LCMS 
Structure MW (ES) m/z 

438.41 439 

IM + 1 + 
F 

HN 

HN N F 
y N NN 
N 21 

NH2 

O 

478.47 479 

IM + 1 + 
F 

HN 

HN N F 
n NN 

N 2 

H 
N 

O 

452.43 453 

IM + 1 + 
F 

HN 

HN N F 
n NN 

N 21 

YCH, 
O 

Process 16 

H 
N 

Oct. 22, 2009 

-continued 

0341 3-(cyclopropylamino)-5-(3-(trifluoromethyl)phe 
nylamino)pyrimidoA,5-cquinoline-8-carboxylic acid (100 
mg, 0.23 mmol) was reacted with diphenylphosphoryl azide 
(50 ul, 0.23 mmol) and triethylamine (34 ul, 0.23 mmol) in 
isopropanol (8 ml). The mixture was stirred at 95°C. for 3 
hours. The solvents were removed and the residue partitioned 
between water and ethylacetate. The organic layer was dried 
over NaSO and the solvents removed in vacuo. Addition of 
CHCl induced formation of a solid that was filtered off and 
dried to afford isopropyl 3-(cyclopropylamino)-5-(3-(trifluo 
romethyl)phenylamino)pyrimido-4,5-cquinolin-8-ylcar 
bamate. LCMS (ES): 90% pure, m/z. 497 M+1". 

EXAMPLE 2 

Processes for Synthesizing Compounds of Formulae 
V,VI,VII and VIII 

0342 Process 1 
O O 

/ OH 

S Br Br 

0343 2-bromo-3-thiophene carboxylic acid (1.0 eq, 12.56 
g, 60.66 mmol) was suspended in CHCl (200 ml). Oxalyl 
chloride (1.1 eq, 5.9 ml, 67.16 mmol) and 5 drops of DMF 
were added, inducing formation of gas. The mixture was 
stirred overnight at room temperature and the volatiles were 
removed in vacuo. The resulting Solid was suspended in dry 
methanol (150 ml) and the mixture heated to ebullition. 
Evaporation of the solvents afforded methyl 2-bromo-3- 
thiophene carboxylate (13.16 g., 98% yield) as a crude brown 
oil. LCMS (ES): 99% pure, m/z not detected; H NMR 
(CDC1,400MHz) 83.88 (s.3H), 7.23 (d, J-5.6, 1H), 7.56 (d. 
J=5.6, 1H) ppm. 
Process 2 

O 

Br 
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-continued 
NH, HCI 

(HO)2B 
-es 

O 

O 
NCH, 

O 

/ NH 

S 

O 

O 
NCH, 

0344) In a microwave vessel, methyl 2-bromo-3- 
thiophene carboxylate (1.0 eq, 260 mg, 1.18 mmol), 2-amino 
4-(methoxycarbonyl)phenylboronic acid hydrochloride (1.1 
eq,300 mg, 1.30 mmol), sodium acetate (3.0 eq, 292 mg, 3.56 
mmol) and PdCl(dppf) (0.05 eq, 31 mg, 0.059 mmol) were 
mixed together in anhydrous DMF (2 ml). The mixture was 
heated in a microwave oven at 120° C. for 10 nm. Water was 
added and the solid filtered and dried. The material was sus 
pended in CHCl, filtered and dried to afford methyl 4-oxo 
4,5-dihydrothieno3.2-cquinoline-7-carboxylate as a yellow 
solid (152 mg, 50% yield). LCMS (ES): 95% pure, m/z. 260 
M+1; H NMR (CDC1,400 MHz) & 3.99 (s.3H), 7.54 (d. 
J=5.2, 1H), 7.79 (d. J=4.8, 1H), 7.86 (d. J=8.4, 1H), 7.91 (dd. 
J=8.4, J= 1.6, 1H), 8.03 (d. J=1.2, 1H) ppm. 
Process 3 

O 

/ NH 

S 
-- 

O 

O 
NCH, 

O 

7 NH 

S 

O 

OH 

0345 Methyl 4-oxo-4,5-dihydrothieno 3.2-cquinoline 
7-carboxylate (1.0 eq, 618 mg, 2.38 mmol) was suspended in 
10 ml of a mixture of MeOH, THF, and water (1:1:1, v:v:v). 

76 
Oct. 22, 2009 

LiOH (2.0 eq, 114 mg. 4.76 mmol) was added and the mixture 
was stirred at room temperature for 2 hours. An additional 
amount of LiOH (114 mg) was added and the mixture was 
stirred for an hour. LiOH (50mg) was added and the mixture 
stirred for an additional 2 hours. Water was added and the 
solution filtered through a pad of celite. The pad of celite was 
thoroughly washed with aqueous 1 N NaOH. The solution 
was acidified with 6 Naqueous HCl to induce precipitation of 
the expected material. Filtration and drying afforded 4-oxo 
4,5-dihydrothieno 3.2-cquinoline-7-carboxylic acid as a 
yellow solid (562 mg, 96% yield). LCMS (ES): 95% pure, 
m/z 246 M+1; H NMR (DMSO-de, 400 MHz) & 7.61 (d. 
J=5.2, 1H), 7.73 (dd, J=1.6, J=8.0, 1H), 7.88 (d. J=5.6, 1H), 
7.92 (d. J=8.4, 1H), 8.02 (d. J=1.6, 1H), 11.92 (s, 1H), 13.21 
(br. s. 1H) ppm. 
Process 4 

O 

OH 

OH 

0346) 4-oxo-4,5-dihydrothieno 3.2-cquinoline-7-car 
boxylic acid (1.0 eq, 38 mg, 0.155 mmol) was suspended in 
dioxane (1 ml). LiAlH4 (7.0 eq, 40 mg, 1.05 mmol) was added 
and the mixture stirred at 100° C. for 45 nm. Water was added, 
then MeCH and CHC1. The solid salts were filtered off and 
washed with MeOH and CHC1. After evaporation of the 
Volatiles in vacuo, the material was dissolved in a mixture of 
NMP, MeOH and water and was purified by preparative 
HPLC. Genevac evaporation afforded 7-(hydroxymethyl)th 
ieno3.2-cquinolin-4(5H)-one as an off-white solid (12 mg. 
34%). LCMS (ES): 95% pure, m/z 232 M+1; H NMR 
(DMSO-de, 400 MHz) & 4.56 (s. 2H), 7.15 (d. J=7.6, 1H), 
7.39 (brs, 1H), 7.55 (d. J=5.2, 1H), 7.73 (d. J=5.2, 1H), 7.76 
(d. J=8.0, 1H), 11.73 (s, 1H) ppm. 
Process 5 

O 

CH 
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-continued 
O 

( NH 
Br 

0347 Methyl 4-oxo-4,5-dihydrothieno 3.2-cquinoline 
7-carboxylate (1.0 eq, 17 mg, 0.066 mmol) was suspended in 
a mixture of chloroform (0.3 ml) and acetic acid (0.1 ml). 
NBS was added (9.5 eq, 112 mg 0.63 mmol) and the mixture 
stirred at 70° C. for 16 hours. Water and aqueous ammonia 
was added and the material was extracted with CHCl (2x). 
The combined extracts were dried over NaSO and the sol 
vent removed in vacuo to provide methyl 2-bromo-4-oxo-4, 
5-dihydrothieno 3.2-cquinoline-7-carboxylate (17 mg, 
76%). LCMS (ES): >85% pure, m/z 338 LM, 340M+2); 
H NMR (CDC1/CDOD, 8: 1,400 MHz) & 3.99 (s, 3H), 
7.30 (m, 1H), 7.69 (d. J=8.4, 1H), 7.45 (m, 1H), 7.88 (brid, 
J=8, 1H), 8.05 (brs, 1H) ppm. 
Process 6 

NH 
Br 

NH 
Br 

OH 

0348 Methyl 2-bromo-4-oxo-4,5-dihydrothieno 3.2-c 
quinoline-7-carboxylate (1.0 eq, 17 mg, 0.050 mmol) was 
suspended in a 1:1:1 mixture of MeOH/THF/water (0.6 ml). 
LiOH (39 mg) was added and the mixture stirred at room 
temperature for one hour. Water and 6NHCl was added and 
the resulting precipitate was filtered. The material was puri 
fied by preparative HPLC. Genevac evaporation provided 
2-bromo-4-oxo-4,5-dihydrothieno3.2-cquinoline-7-car 
boxylic acid as a solid (2.1 mg, 13% yield). LCMS (ES): 
>95% pure, m/z 324M, 326M+2; H NMR (DMSO-d 
400 MHz) & 7.75 (s, 1H), 7.75 (dd, J=1.6, J=8.0, 1H), 7.90 (d. 
J=8.4, 1H), 8.03 (d. J=1.6, 1H), 12.06 (s, 1H) ppm. 
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Process 7 

O 

/ NH 

S 

O 
NCH, 

O 
O 

7 NH 

S 

NH2 

O 

0349. In a closed vessel, Methyl 4-oxo-4,5-dihydrothieno 
3.2-cquinoline-7-carboxylate (44 mg., 0.170 mmol) was 
Suspended in concentrated aqueous ammonia (1 ml). The 
mixture was stirred at 100° C. overnight. Aqueous 1N NaOH 
was added and the mixture stirred at room temperature for 2 
hours. The solid was filtered and dried to provide 4-oxo-4,5- 
dihydrothieno 3.2-cquinoline-7-carboxamide as a brown 
solid (13 mg, 32% yield). LCMS (ES): 95% pure, m/z 245 
M+1. 
ProceSS 8 

O NH2 

(HO)2B CH 
/ o1 -- He 

S Br 
O 

7 NH 

S 

0350. In a microwave vessel, methyl 2-bromo-3- 
thiophene carboxylate (1.0 eq, 64 mg., 0.29 mmol), 2-amino 
phenyl boronic acid (1.2 eq, 48 mg, 0.35 mmol), Sodium 
acetate (3.0 eq, 71 mg, 0.86 mmol) and PdCl2(dppf) (0.1 eq, 
15 mg 0.028 mmol) were mixed together in anhydrous DMF 
(0.2 ml). The mixture was heated in a microwave oven at 120° 
C. for 5 nm. The material was purified by preparative HPLC. 
Acetonitrile was evaporated, and the compound was 
extracted with CHCl (3x). The combined extracts were 
washed with water, dried over NaSO, and the solvents 
removed in vacuo. Recrystallization in EtOH provided thieno 
3.2-cquinolin-4(5H)-one as a tan crystalline solid (7 mg. 
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12% yield). LCMS (ES): 95% pure, m/z 202 M+1; "H 
NMR (CDC1/CDOD, 8: 1,400 MHz) & 7.28 (m, 1H), 7.33 
(m. 1H), 743-7.50 (m, 2H), 7.74 (d. J=44, 1H), 7.82 (d. 
J=7.6, 1H) ppm 
ProceSS 9 

O 

CH3 
? o1 -- 

S Br 

NH, HCI 

(HO)2B 

S S. 
O 

/ NH 

S 

Sa n 

0351. In a microwave vessel, methyl 2-bromo-3- 
thiophene carboxylate (1.0 eq,250 mg, 1.13 mmol), 2-amino 
3-cyanophenyl boronic acid HCl (1.1 eq, 250 mg, 1.24 
mmol), sodium acetate (3.0 eq, 278 mg, 3.39 mmol) and 
PdCl2(dppf) (0.007 eq, 4.3 mg, 0.0082 mmol) were mixed 
together in anhydrous DMF (2.5 ml). The mixture was heated 
in a microwave oven at 120° C. for 10 nm. Water was added 
and the material extracted with CHC1. The organic extracts 
were washed with brine, dried over NaSO and the solvents 
removed in vacuo. The resulting solid was Sonicated in 
AcOEt, filtered and dried to afford 4-oxo-4,5-dihydrothieno 
3.2-cquinoline-7-carbonitrile as a beige solid (121 mg, 48% 
yield). LCMS (ES): 95% pure, m/z 227 M+1. 
Process 10 

O 

/ NH 

H 
N 

Y 
N- / 

0352) 4-oxo-4,5-dihydrothieno 3.2-cquinoline-7-carbo 
nitrile (1.0 eq, 20 mg, 0.088 mmol) was dissolved in anhy 
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drous DMF (0.15 ml). Sodium azide (4.0 eq. 23 mg, 0.354 
mmol) and ammonium chloride (4.0 eq, 19 mg, 0.354 mmol) 
were added and the mixture stirred at 120° C. overnight. The 
reaction mixture was cooled down and water was added. 
Addition of aqueous 6NHCl induced formation of a precipi 
tate. After filtration and drying in vacuo, 7-(1H-tetrazol-5- 
yl)thieno3.2-cquinolin-4 (5H)-one was isolated as a green 
ish solid (18 mg, 76% yield)). LCMS (ES): 95% pure, m/z 
270 M+1, 242 M+1-N; H NMR (DMSO-de, 400 
MHz) & 7.64 (d. J=5.2, 1H), 7.86 (dd, J=1.6, J=8.4, 1H), 7.89 
(d. J=5.2, 1H), 8.09 (d. J=8.0, 1H), 8.16 (d. J=1.6, 1H), 12.03 
(S, 1H) ppm. 
Process 11 

O 

/ NH 
Hess 

S 

O 
YCH, 

O 
O 

7 1N1 So 
S -- 

O 
YCH, 

0353 Methyl 4-oxo-4,5-dihydrothieno 3.2-cquinoline 
7-carboxylate (1.0 eq. 18 mg 0.069 mmol) was dissolved in 
anhydrous DMF (0.4 ml). KCO (7.0 eq, 70 mg, 0.506 
mmol) and 3-bromo-1-propanol (16 eq, 100 ul, 1.144 mmol) 
were added and the mixture stirred at 100° C. for 1.5 hour. 
After adding water, the mixture was extracted with CHC1. 
The combined extracts were dried over NaSO and the sol 
vents removed in vacuo. Compounds 8 and 9 were separated 
by preparative TLC on silica gel (eluted twice with 30% 
AcOEt in hexanes, then once with 50% AcOEt in hexanes). 
The less polar compound is methyl 4-(3-hydroxypro 
poxy)thieno 3.2-cquinoline-7-carboxylate (12 mg). LCMS 
(ES): 80% pure, m/z. 318 M+1. The more polar compound 
is methyl 5-(3-hydroxypropyl)-4-oxo-4,5-dihydrothieno3, 
2-cquinoline-7-carboxylate (19 mg). LCMS (ES): 80% pure, 
m/z. 318 M+1. The two compounds were used for the 
following step without any further purification. 
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Process 12 

O 

/ 1N1\o 
S He 

NCH, 
O 

O 

7 1N1\o 
S 

OH 

O 

0354 Methyl 5-(3-hydroxypropyl)-4-oxo-4,5-dihy 
drothieno3.2-cquinoline-7-carboxylate (1.0 eq. 19 mg. 
0.060 mmol) was dissolved in a 1:1:1 mixture ofTHF, MeOH 
and water (0.5 ml). LiOH (40mg) was added and the resulting 
mixture stirred at room temperature for 1.5 hours. Water, 
MeOH and HCl were added and the solution purified by 
preparative HPLC. Genevac evaporation afforded 5-(3-hy 
droxypropyl)-4-oxo-4,5-dihydrothieno3.2-cquinoline-7- 
carboxylic acid as a white solid (4 mg, 22% yield). LCMS 
(ES): 95% pure, m/z 304LM+1)". "H NMR (CDC1/CDOD, 
8: 1,400MHz) & 2.08 (qi, J-6.0, 2H), 3.61 (t, J=5.2, 2H), 4.62 
(t, J=6.0, 2H), 7.53 (d. J=5.2, 1H), 7.77 (d. J 5.2, 1H), 7.93 (d. 
J=8.0, 1H), 7.99 (dd, J=1.2, J=8.4, 1H), 8.26 (d. J=0.8, 1H) 
ppm. 

Process 13 
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0355 Methyl 4-(3-hydroxypropoxy)thieno 3.2-cquino 
line-7-carboxylate was prepared according to the procedure 
used in process 12. 4-(3-hydroxypropoxy)thieno3.2-c 
quinoline-7-carboxylic acid was isolated as a Solid (3 mg, 
26% yield). LCMS (ES): 95% pure, m/z 304 M+1". 
Process 14 

O 

/ NH 
--- 

S 

O 
NCH, 

O 

O t 
N 

7 1N1 YCH, 
S 

On 

0356 Methyl 5-(2-(dimethylamino)ethyl)-4-oxo-4,5-di 
hydrothieno3.2-cquinoline-7-carboxylate was prepared 
according to the procedure used in process 11 starting from 
methyl 4-oxo-4,5-dihydrothieno3.2-cquinoline-7-carboxy 
late and 2-dimethylaminoethyl chloride. LCMS (ES): 95% 
pure, m/z 331 M+1". 
Process 15 

O th 
N 

r-so He 

S 

O 
YCH, 

O 
O CH 

CFCOH 
N 

/ 1N1 YCH, 
S 

OH 

O 

0357 5-(2-(dimethylamino)ethyl)-4-oxo-4,5-dihy 
drothieno3.2-cquinoline-7-carboxylic acid was prepared 
according to the procedure used in process 12. Preparative 
HPLC and genevac evaporation provided the material as a 
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TFA salt. LCMS (ES): 95% pure, m/z 317 M+1)", "H NMR 
(CDC1/CDOD, 8: 1,400MHz) & 3.06 (s, 6H), 3.50 (t, J=7.6, 
2H), 4.88 (t, J=7.6, 2H), 7.53 (d. J=5.2, 1H), 7.73 (d. J=5.6, 
1H), 7.89 (d. J=8.4, 1H), 7.95 (brd, J=8.4, 1H), 8.2 (brs, 1H) 

Process 16 

O 

/ NH 
S -- 

0358 Methyl 4-oxo-4,5-dihydrothieno 3.2-cquinoline 
7-carboxylate (1.0 eq, 1.50 g, 5.79 mmol) was suspended in 
dry toluene (15 ml). POC1 (1.2 eq, 0.64 mmol, 6.99 mmol) 
and DIEA (0.8 eq, 0.81 mmol. 4.65 mmol) were added and 
the mixture vigorously stirred at 120° C. for 3 hours under 
nitrogen atmosphere. The mixture was hydrolyzed by addi 
tion of ice and water. The compound was extracted with 
CHC1 (4x). The combined extracts were dried over NaSO, 
and the black solution filtered through a pad of celite. After 
evaporation of the Volatiles in vacuo, the resulting Solid was 
triturated in a mixture of AcOEt and hexanes. Filtration and 
drying provided methyl 4-chlorothieno 3.2-cquinoline-7- 
carboxylate as a yellow fluffy solid (1.14 g. 71% yield). 
LCMS (ES): 95% pure, m/z 278 M+1)", "H NMR (CDC1, 
400 MHz) & 4.01 (s.3H), 7.72 (d. J=4.8, 1H), 7.74 (d. J=5.2, 
1H), 8.14 (d. J=8.4, 1H), 8.25 (d. J=8.4, 1H), 8.85 (d. J=1.6, 
1H) ppm. 
ProceSS 17 

0359 4-chlorothieno 3.2-cquinoline was prepared 
according to the procedure used in process 16, starting from 
thieno 3.2-cquinolin-4(5H)-one. 4-chlorothieno 3.2-c 
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quinoline was isolated as a solid (71 mg, 93% yield). LCMS 
(ES): 95% pure, m/z 220M+1", 223 M+3". 
Process 18 

0360 4-chlorothieno3.2-cquinoline-7-carbonitrile was 
prepared according to the procedure used in process 16. 
4-chlorothieno3.2-cquinoline-7-carbonitrile was isolated 
as a yellow fluffy solid (833 mg, 77% yield). LCMS (ES): 
95% pure, m/z 245 M+1", 247 M+3". 
ProceSS 19 

0361 4-chlorothieno3.2-cquinoline-7-carbonitrile (1.0 
eq. 23 mg, 0.094 mmol), aniline (0.1 ml) and NMP (0.1 ml) 
were mixed in a vial. The mixture was heated in a microwave 
oven at 120°C. for 10 nm. Water was added and the resulting 
solid 4-(phenylamino)thieno 3.2-cquinoline-7-carbonitrile 
was filtered and dried. LCMS (ES): 95% pure, m/z. 302 
M+1". 
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Process 20 

0362 4-(phenylamino)thieno 3.2-cquinoline-7-carboni 
trile (34 mg., 0.113 mmol) was dissolved in NMP (0.3 ml). 
30% aqueous HO (0.2 ml) was added followed by addition 
of 6N NaOH (50 ul). The mixture was stirred at 50° C. for 2 
hours. An extra amount of 30% aqueous HO (0.3 ml) and 
6N NaOH (100 ul) were added and a 70% conversion was 
achieved after 30 min. Water was added and the solid filtered 
and dried. The material was further reacted under the same 
conditions in order to achieve a complete transformation. 
4-(phenylamino)thieno3.2-cquinoline-7-carboxamide was 
isolated as solid (30 mg, 83% yield). LCMS (ES): 95% pure, 
m/z 320M+1". 
Process 21 
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-continued 

0363 4-(phenylamino)thieno 3.2-cquinoline-7-car 
boxamide (28 mg, 0.088 mmol) was suspended in N,N-dim 
ethylformamide dimethylacetal and the mixture stirred at 80° 
C. under nitrogen atmosphere for 2 hours. The volatiles were 
removed in vacuo. Acetic acid (0.5 ml) and anhydrous hydra 
zine (0.1 ml) and the mixture stirred at 115° C. for 1 hour. 
Water and brine were added and the solid filtered. The mate 
rial was purified by preparative HPLC. Genevac evaporation 
and trituration in AcOEt/hexanes afforded N-phenyl-7-(4H 
1,2,4-triazol-3-yl)thieno3.2-cquinolin-4-amine as an off 
white solid (9 mg, 30% yield). LCMS (ES): 94% pure, m/z. 
344 M+1". 
Process 22 
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0364 4-(phenylamino)thieno 3.2-cquinoline-7-carboni 
trile (1.0 eq, 27 mg, 0.0897 mmol) and hydroxylamine hydro- -continued 
chloride (10 eq, 62 mg, 0.892 mmol) and KCO (10 eq, 124 
mg, 0.896 mmol) were mixed in EtOH (0.5 ml) and the 
mixture heated under microwave at 100° C. for 10 min. The 
solid were removed by filtration and washed with EtOH. The 
solvents were removed in vacuo. The crude material was 
suspended in chloroform (0.5 ml). Ethyl chloroformate (20 
ul) and triethylamine (20 ul) were added and the mixture 
stirred at room temperature for 10 min. CHCl was added 
and the organic phase was washed with brine. The organic 
phase was dried over NaSO and the solvent removed. The 
crude material was suspended in NMP (1 ml) and heated 
under microwave at 160° C. for 10 min. The material was 
purified by preparative HPLC. Genevac evaporation afforded 
3-(4-(phenylamino)thieno3.2-cquinolin-7-yl)-1,2,4-Oxa 
diazol-5(4H)-one as an off-white solid (7 mg, 22% yield). 
LCMS (ES): 95% pure, m/z. 361 M+1. 
Process 23 0365 4-chlorothieno3.2-cquinoline-7-carbonitrile (1.0 

eq. 23 mg, 0.094 mmol), aniline (0.1 ml) and NMP (0.1 ml) 
were mixed in a vial. The mixture was heated in a microwave 
oven at 120°C. for 10 nm. Water was added and the resulting 
solid 4-(phenylamino)thieno 3.2-cquinoline-7-carbonitrile 
was filtered and dried. LCMS (ES): 95% pure, m/z. 302 
M+1. This material was mixed in a vial with DMF (0.5 ml), 
NHCl (50mg) and NaNs (50mg). The mixture was stirred at 
120° C. for 3 hours. After addition of water and filtration, 
N-phenyl-7-(1H-tetrazol-5-yl)thieno3.2-cquinolin-4- 
amine was isolated as a beige Solid (13 mg, 41% yield). 
LCMS (ES): 95% pure, m/z 345 M+1,317 M+1-N. "H 
NMR (DMSO-de, 400 MHz) & 7.07 (t, J=7.2, 1H), 7.40 (t, 
J=7.6, 2H), 8.00 (dd, J=1.6, J=8.4, 1H), 8.04 (d. J=5.2, 1H), 
8.10 (dd, J=1.2, J=8.8, 2H), 8.19 (d. J=8.0, 1H), 8.25 (d. 
J=5.6, 1H), 8.43 (d. J=1.6, 1H), 9.34 (s, 1H) ppm. 

He- 0366 Representative analogs (Table 1C) were prepared by 
the same method using 4-chlorothieno3.2-cquinoline-7- 
carbonitrile and appropriate amines. The reaction tempera 
tures used for the microwave reactions ranged from 120° C. to 
180° C. After synthesis of the tetrazoles, the materials were 
isolated by preparative HPLC/genevac evaporation. In some 
instances, the materials precipitated after addition of water to 
the reaction mixture and were isolated by filtration. 

TABLE 1C 

Structure M.W. LCMS (ES) m/z 

339.42 340M+ 1 
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TABLE 1 C-continued 

Structure M.W. LCMS (ES) m/z 

362.38 363 M+ 1" 

396.83 397 M+ 1" 

374.42 375 M + 1" 

378.84 379 M+ 1" 
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TABLE 1 C-continued 

Structure M.W. LCMS (ES) m/z 

408.86 409 M + 1 

404.45 405 M + 1 

428.39 429 M + 1" 

402.47 403 M + 1" 
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TABLE 1 C-continued 

Structure M.W. LCMS (ES) m/z 

o-CH3 404.45 405 M + 1" 

392.41 393 IM + 1 

374.42 375 M + 1" 

388.45 389 IM+ 1" 
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TABLE 1 C-continued 

Structure M.W. LCMS (ES) m/z 

428.39 429 M + 1" 

404.45 405 M + 1 

416.46 417 M + 1 
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TABLE 1 C-continued 

Structure M.W. LCMS (ES) m/z 

412.39 413 M + 1" 

374.42 375 M + 1" 

386.47 387M + 1" 

378.84 379 M+ 1" 
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TABLE 1 C-continued 

Structure M.W. LCMS (ES) m/z 

401.44 402 M + 1" 

423.27 424 M + 1" 

401.44 402 M + 1" 

423.29 424 M + 1" 

  



US 2009/0264423 A2 Oct. 22, 2009 
89 

TABLE 1 C-continued 

Structure M.W. LCMS (ES) m/z 

362.38 363 M+ 1" 

358.42 359 M+ 1" 

369.40 370M+ 1" 

388.45 389 IM+ 1" 
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TABLE 1 C-continued 

Structure M.W. LCMS (ES) m/z 

372.45 373 M+ 1" 

358.42 359 M+ 1" 

C 446.84 447 M + 1 

CH3 388.45 389 IM+ 1" 

Oct. 22, 2009 

  

  


































































































































































































































































































































































