
AZATNDOLE TNHTBTTORS OF AURORA KTNASES BACKGROUND OF
THE INVENTION The present invention relates to
azaindole compounds, compositions, and medicaments
thereof, as well as methods of treatments therefor.
These azaindoles inhibit Aurora kinase. Protein
kinases catalyze the phosphorylation of hydroxylic
amino acid side chains in proteins by the transfer of
the g-phosphate OfATP-Mg2+ to form a mono-phosphate
ester of serine, threonine or tyrosine. Studies have
shown that protein kinases are key regulators of many
cell functions, including signal transduction,
transcriptional regulation, cell motility and cell
division. Several oncogenes have also been shown to
encode protein kinases, suggesting that kinases may
play a role in oncogenesis. The protein kinase family
of enzymes is typically classified into two main
subfamilies: protein tyrosine kinases and protein
serine/threonine kinases, based on the amino acid
residue they phosphorylate. Aberrant protein
serine/threonine kinase activity has been implicated
or is suspected in a number of pathologies such as
rheumatoid arthritis, psoriasis, septic shock, bone
loss, cancers and other proliferative diseases.
Tyrosine kinases play an equally important role in
cell regulation. These kinases include several
receptors for molecules such as growth factors and
hormones, including epidermal growth factor receptor,
insulin receptor and platelet derived growth factor
receptor. Studies have indicated that many tyrosine
kinases are transmembrane proteins with their receptor
domains located on the outside of the cell and their
kinase domains on the inside. Accordingly, both kinase
subfamilies and their signal transduction pathways are
important targets for drug design. Since its discovery
in 1997, the mammalian Aurora family of
serine/threonine kinases has been closely linked to
tumorigenesis. The three known mammalian family
members, Aurora-A ("2"), B ("1") and C ("3"), are
highly homologous proteins responsible for chromosome
segregation, mitotic spindle function and cytokinesis.
Aurora expression is low or undetectable in resting
cells, with expression and activity peaking during the
G2 and mitotic phases in cycling cells. In mammalian
cells proposed substrates for theAurora A and B
kinases include histone H3, CENP-A, myosin TT
regulatory light chain, protein phosphatase 1, TPX2,
INCENP, p53 and survivin, many of which are required
for cell division. The Aurora kinases have been
reported to be over-expressed in a wide range of human
tumors. Elevated expression of Aurora-A has been
detected in colorectal, ovarian and pancreatic cancers
and in invasive duct adenocarcinomas of the breast.
High levels of Aurora-A have also been reported in
renal, cervical, neuroblastoma, melanoma, lymphoma,
pancreatic and prostate tumor cell lines.
Amplification/over-expression of Aurora-A is observed
in human bladder cancers and amplification of Aurora-A
is associated with aneuploidy and aggressive clinical
behavior. Moreover, amplification of the Aurora-A
locus (2Oq 13) correlates with poor prognosis for
patients with nodenegative breast cancer. In addition,
an allelic variant, isoleucine at amino acid position
31, is reported to be a low-pcnctrancc
tumor-susceptibility gene and displays greater
transforming potential than the phenylalanine-3 1
variant and is associated with increased risk for
advanced and metastatic disease. Like Aurora A,
Aurora-B is also highly expressed in multiple human
tumor cell lines, including leukemic cells. Levels of
Aurora-B increase as a function of Duke's stage in
primary colorectal cancers. Aurora-C, which is
normally only found in germ cells, is also
over-expressed in a high percentage of primary
colorectal cancers and in a variety of tumor cell
lines including cervical adenocarinoma and breast
carcinoma cells. It has been suggested that in vitro
an inhibitor of Aurora kinase activity disrupts
mitosis causing cell cycle defects and eventual cell
death. Therefore, in vivo, an Aurora kinase inhibitor
should slow tumor growth and induce regression. For
example, Hauf et al. describe an Aurora B inhibitor,
Hesperadin, that causes defects in chromosomal
segregation and a block in cytokinesis, thereby
resulting in polyploidy [Hauf, S et al. JCB 161(2),
281-294 (2003)]. Ditchf eld et al. have described an
equipotent inhibitor of Aurora A and B (ZM447439) that
causes defects in chromosome alignment, chromosome
segregation and cytokinesis [Ditchfield, C. et al.,
JCB 161(2), 267-280 (2003)]. Furthermore, the authors
show that proliferating cells, but not cell-cycle
arrested cells, are sensitive to the inhibitor.
Efficacy of a potent Aurora A and B inhibitor in mouse
and rat xenograft models was recently reported
[Harrington, E.A. et al., Nature Medicine
10(3),262-267, (2004)]. These results demonstrate that
inhibition of Aurora kinases can provide a therapeutic
window for the treatment of proliferative disorders
such as cancer (see Nature, Cancer Reviews, Vol. 4,
p927-936, Dec. 2004, for a review by N. Keen and S
Taylor). In view of the teachings of the art, there is
a need for the discovery of kinase activity
inhibitors, in particular, compounds that inhibit the
activity of Aurora kinases. SUMMARY OF THE INVENTION
In a first aspect, the present invention is a compound
of formula (I): or a pharmaceutically acceptable salt
thereof, wherein: represents a 5-membered
heteroaromatic ring fragment; A is >C=Y or
>S(O)Xwherein Y is O, S, or N-R1; wherein x is 1 or 2;
R1 is independently H, C .-C3-alkyl, or cyclopropyl;
R2 is H, C1-C6 alkyl, halo-Ci-C 6-alkyl,
C3-C6-cycloalkyl, C1-C6 alkoxy, hydroxy-Ci-C6- alkyl,
amino-Cx-C6 alkyl, C1-C6 alkoxymethyl, hydroxy,
-(CH2)y-Ar-(R7)z, or NR8R9, withthe proviso that when
A is S(O)x, R2 is not H; wherein y is 0, 1, or 2; and
z is a nonnegative integer not greater than the number
of positions available on Ax for substitution; Ar is
phenyl or heteroaryl; R3 is independently H, d-C
6-alkyl, C2-C6-alkenyl, halo-Ci-C 6-alkyl,
hydroxy-Ci-C 6- alkyl, amino-Ci-C -alkyl, Ci-C
-alkylamino-Ci-Ce-alkyl, di-Ci-C -alkylamino-Ci-C -
alkyl, -(CH 2)w-R10 ; wherein w is 1 or 2; R4 is
independently Ci-C -alkyl, halo, ImIo-C1-C -alkyl, or
Ar-(R 7) ; R5 is independently Ci-Ce-alkyl, halo,
halo-d-C 6-alkyl, Ar-(R 7)Z, -(CH 2)aNR13R14, 



-Ar-(CH 2)aNR13R14 , -A'-NR a-(CH2)b-A",
-CH2CH2C(O)-A'", or -Ar'-(C(O)(CH 2)aNR13R14)c;
wherein A' is C(O) or CH2; A" is H, NR13R14 , Ci-C
6-thioalkyl, Ci-C 6-alkoxy, -SO2CH3, or -OH; A'" is
-OH, Ci-Ce-alkoxy, or -NR 13R14 and Ar' is a 5- or
6-membered heterocycloalkyl ring; wherein a is
independently 0, 1, or 2; b is 1, 2, or 3, with the
proviso that when b is 1, A" is H; and c is 0 or 1; R6
and each R7 are each independently halo, cyano, nitro,
Ci-C -alkyl, COOH, C1-Cealkylcarbonyl, Ci-C
-alkyl-carbonyl-Ci-Ce-alkyl, amino, Ct-C d-alkyl
amino, di-Ci-C - alkylamino, amino-Ci-C -alkyl, Ci-C
-alkylamino-Ci-Ce-alkyl, di-Ci-C -alkylamino-Ci-
Ce-alkyl, OH, halo-Ci-Ce-alkyl, liydroxy-Ci-Ce-alkyl,
d-Ce-alkoxy, Ci-Qs-alkoxy-Ci-CeaUcyl, heteroaryl, or
phenyl; R8 is H or Ci-C 6-alkyl; R9 is H5 Ci-C -alkyl,
halo-d-Ce-alkyl, C3-C6-cycloalkyl, Ci-C 6 alkoxy,
-(CH2)y-Ar-(R 7) ; or R8 and R9, together with the
nitrogen atom to which they are attached form a 5- or
6-membered heterocycloalkyl ring optionally
substituted with Ci-C -alkyl, halo, amino, cyano, Ci-C
-alkoxy, or OH; R10 is heterocycloalkyl, Ar-(R 7)2
COOH, or C(O)-NR 1 1R12Rn is H or Ci-C3-alky1; R12 is
H, Ci-Ce-alkyl, halo-Ci-C 3-alkyl, or hydroxy-Ci-C
3-alkyl; or R1 1 and R12, together with the nitrogen
atom to which they are attached form 5- or -membered
heterocycloalkyl ring optionally substituted with Ci-C
-alkyl, halo, amino, cyano, Ci-C6-alkoxy, or hydroxy;
R13 is H, Ci-Ce-alkyl, or hydroxy-Q-C -alkyl; R14 is
H, Ci-C -alkyl, halo-Ci-C 6-alkyl, hydroxy-Ci-C
6-alkyl, Q-Q-alkylamino, or SO2CH3; or R13 and R14 ,
together with the nitrogen atom to which they are
attached form 5- or 6-membered heterocycloalkyl ring
optionally substituted with Ci-C -alkyl, halo, amino,
cyano, Ci-C -alkoxy, hydroxy-Ci-C -alkyl, or OH; and
R15 and R16 are each independently H, d-Ce-alkyl, or
halo, or R15 and R16, together with the carbon atom to
which they are attached form cyclopropyl, C=O, C=S, or
C=NR1; m is 0 or 1; n, o, and q are each independently
0, I or 2; and p is 0, 1, 2, 3, or 4. In another
aspect, the present invention is a composition
comprising the compound represented by Formula (I), or
a salt thereof, in admixture with one or more
pharmaceutically acceptable excipients. In another
aspect, the present invention is a method for treating
a disease of cell proliferation comprising
administering to a patient in need thereof a compound
represented by Formula 1or a salt thereof. In another
aspect the present invention is a method comprising
the step of administering to a patient in need thereof
an effective amount of a composition comprising (a)
the compound represented by Formula (I), or a salt
thereof, and (b) at least one pharmaceutically
acceptable excipient.Tn another aspect, the present
invention relates to the compound N'-{4-[4-(2-{3-
[(dimethylamino)methyl]phenyl}
-1H-pyrrolo[2,3-b]pyridin-4-yl)- 1-ethyl-1H-pyrazol-3-
yl]phenyl}-N,N-dimethylurea or a pharmaceutically
acceptable salt thereof. In another aspect, the
present invention relates to a composition comprising
N'-{4-[4-(2-
{3-[(dimethylamino)methyl]phenyl}-1H-pyrrolo[2,3-b]pyr
idin-4-yl)- 1-ethyl-1H-pyrazol-
3-yl]phenyl}-N,N-dimethylurea or a pharmaceutically
acceptable salt thereof; and (b) at least one
pharmaceutically acceptable excipient. In another
aspect, the present invention relates to a method for
treating cancer comprising administering to a patient
in need thereof N'-{4-[4-(2-{3-
[(dimethylamino)methyl]pheny 1}
-1H-pyrrolo[2,3-b]pyridin-4-yl)- 1-ethyl-1H-pyrazol-3-
yl]phenyl}-N,N-dimethylurea or a pharmaceutically
acceptable salt thereof. In another aspect, the
present invention relates to a method for treating
cancer comprising the step of administering to a
patient in need thereof an effective amount of a
composition comprising N'-
{4-[4-(2-{3-[(dimethylamino)methyl]phenyl}-lH-pyrrolo[
2,3-b]pyridin-4-
yl)-l-ethyl-lH-pyrazol-3-yl]phenyl}-N,N-dimethylurea
or a pharmaceutically acceptable salt thereof; and (b)
at least one pharmaceutically acceptable excipient. In
another aspect, m is 0. In another aspect, n is 0; p
is 0, 1, or 2, and each R is independently halo,
cyano, nitro, Ci-C6-alkyl, Ci-C -alkylcarbonyl, amino,
Ci-Cd-alkylamino, di-Ci-C -alkylamino,
amino-Ci-C6-alkyl, OH, halo-Ci-Cg-alkyl, or Ci-C
-alkoxy. In another aspect p is 0 and isIn another
aspect, q is 0 or 1, and R3 is Ci-C -alkyl,
C2-C6-alkenyl, halo-Ci-C -alkyl, hydroxy-Ci-Cg-alkyl,
amino-Ci-Ce-alkyl, Ci-C6-alkylamino-Ci-C 6-alkyl,
di-Ci-C - alkylamino-Ci-Ce-alkyl, -(CH2)W-R10 where w
is 1 or 2, R10 is heterocycloalkyl, Ar-(R7)Z, COOH, or
C(O)-NR11R12 where R11 is H or Ci-C3-alkyl; R12 is H,
Ci-C6-alkyl, halo-Ci- C3-alkyl, or
hydroxy-Ci-C3-alkyl; or R1 1 and R12 together with the
nitrogen atom to which they are attached form 5- or
6-membered heterocycloalkyl ring optionally
substituted with Ci-C -alkyl, halo, amino, cyano, Ci-C
-alkoxy, or hydroxy; and is In another aspect,I S In.
another aspect, R1 is H, R2 is Ci-C -alkyl,
fluoro-Q-Ce-alkyl, phenyl, thienylmethyl, Cs-C
-cycloalkyl, halophenyl, cyanophenyl,
trifhioromethylphenyl, benzyl, methoxy, ethoxy,
methoxymethyl, N-methylpyrrolyl, OrNR8R9, where R8 is
H or Ci-C alkyl and R9 is Ci-C alkyl, Cs-C
-cycloalkyl, phenyl, halophenyl, cyanophenyl, tolyl,
methoxyphenyl, trifluoromethylphenyl, biphenyl,
benzyl, pyrrolyl, pyridinyl, thiazolyl, or thienyl, or
R8 and R9, together with the nitrogen atom to which
they are attached, form a morpholino, thiomorpholino,
thiomorpholinyl- 1,1 -dioxide, pyrrolidinyl,
hydroxypyrrolidinyl, or piperidinyl group; R3 is Ci-C
6 alkyl, Ci-C6-aU<ylarmno-Ci-C6-alkyl,
trifluoromethyl, 2,2,2-trifluorethyl, 



1,1,1 ,3,3,3-hexafluoroisopropyl, methoxybenzyl,
hydroxyethyl hydroxypropyl, acetic acid, acetamide,
morpholinyloxoethyl, methoxyphenylacetamide,
hydroxyethylacetamide, or dihydroxypropyl; R4 is
Ci-C6-alkyl, halo, or dimethylaminomethylphenyl; n is
0 or 1; and R is acetanilido,
dimethylaminomethylphenyl, methylaminomethylphenyl,
morpholinomethylphenyl, pyrrolidinylmethylphenyl,
ethyl(2- hydroxyethyl)aminomethylphenyl,
2-hydroxyethyl-l-piperazinylmethylphenyl,
hydroxylmethylphenyl,
4-methyl-l-piperazinylpyrimidinyl,
morpholinoethylaminomethyl, hydroxyethyl aminomethyl,
dimethylaminomethyl , dimethyl aminoethyl aminomethyl
, dimethylaminomethylcarbonyltetrahydropyridinyl,
tetrahydropyridinyl, morpholinopyridinyl,
morpholinocarbonyltetrahydropyridinyl,
methylsulfonylethylaminomethyl,
4-methylpiperazinylpropylaminomethyl, -CH2CH2C(O)-A'",
where A!" is Ci-C2-alkoxy, OH, or 4-methylpiperazinyl;
or -C(O)NH(CH 2)rNR13R14, where R13 and R14 , together
with the nitrogen to which they areattached, form
N-morpholino, N-thiomorpholino, piperazinyl,
4-methylpiperazinyl, or -SCH3; wherein r is 2 or 3. In
another aspect, the present invention is a compound
selected from the group consisting of:
N'-{4-[4-(2-{3-[(dimethylamino)methyl]phenyl}-lH-pyrro
lo[2,3-b]pyridin-4-yl)-l -ethyllH-
pyrazol-3-yl]phenyl}-N,N-dimethylurea;
N-{4-[4-(2-{3-[(dimethylamino)methyl]phenyl}-lH-pyrrol
o[2,3-b]pyridin-4-yl)-l-ethyl- 1H-pyrazol-3 -yl]phenyl
}-N'-phenylurea;
N-{4-[4-(2-{3-[(dimethylamino)methyl]phenyl}-lH-pyrrol
o[2,3-b]pyridin-4-yl)-l-ethyllH-
pyrazol-3-yl]phenyl}-N'-ethylurea; N'- [4-(1-ethyl-4-
{2-[3-(4-morpholinylmethyl)phenyl] -1H-pyrrolo[2,3
-b]pyridin-4-yl} -1Hpyrazo 1-3-yl)pheny 1]
-N,N-dimethylurea;
N'-{4-[4-(2-{4-[(dimethylamino)methyl]phenyl}-lH[-pyrr
olo[2,3-b]pyridin-4-yl)-l-ethyllH-
pyrazol-3-yl]phenyl}-N,N-dimethylurea;
N-{4-[4-(2-{4-[(dimethylamino)methyl]phenyl}-lH-pyrrol
o[2,3-b]pyridin-4-yl)-l-ethyl- 1H-pyrazol-3 -yljphcnyl
}-N'-cthylurca;
N'-[4-(l-ethyl-4-{2-[4-(l-pyrrolidinylmethyl)phenyl]-l
H-pyrrolo[2,3-b]pyridin-4-yl}-lHpyrazol-
3-yl)phenyl]-N,N-dimethylurea;
N'-(4-{l-ethyl-4-[2-(l,2,3,6-tetrahydro-4-pyridinyl)-l
H-pyrrolo[2,3-b]pyridin-4-yl]-lHpyrazol-
3-yl}phenyl)-N,N-dimethylurea;
N'-[4-(4-{2-[3-(dimethylamino)phenyl]-lH-pyrrolo[2,3-b
]pyridin-4-yl}-l-ethyl-lHpyrazo 1-3-yl)phenyl]
-N,N-dimethylurea ;
N'-{4-[4-(2-{4-[(dimethylamino)methyl]phenyl}-lH-pyrro
lo[2,3-b]pyridin-4-yl)-l-methyl- 1H-pyrazol-3
-yl]phenyl }-N,N-dimethylurea;
N'-{4-[4-(2-{4-[(dimethylamino)methyl]phenyl}-lH-pyrro
lo[2,3-b]pyridin-4-yl)-l-(lmethylethyl)- 1H-pyrazol-3
-yl]pheny1} -N,N-dimethylurea; N,N-dimethyl-N'-[4-(l
-methyl-4- {2-[4-(1-pyrrolidinylmethyl)phenyl]-
lH-pyrrolo[2,3-
b]pyridin-4-yl}-lH-pyrazol-3-yl)phenyl]urea;
N'-(4-{4-[2-(4-{[ethyl(2-hydroxyethyl)amino]methyl}phe
nyl)-lH-pyrrolo[2,3-b]pyridin-4-
yl]-l-methyl-lH-pyrazol-3-yl}phenyl)-N,N-dimethylurea;
N1- {4-[4-(2- {4-[(dimethylamino)methyl]phenyl} -
lH-pyrrolo[2,3-b]pyridin-4-yl)- 1-ethyllH-
pyrazol-3-yl]phenyl}-N,N-diethylurea;
N,N-diethyl-N'-[4-(l-ethyl-4-{2-[4-(l-pyrrolidinylmeth
yl)phenyl]-lH-pyrrolo[2,3- b]pyridin-4-yl}
-1H-pyrazol-3-yl)phcnyl]urca;
N'-(4-{l-cthyl-4-[2-(4-{[cthyl(2-hydroxycthyl)amino]mc
thyl}ph.cnyl)-lH-pyrrolo[2,3-
b]pyridin-4-yl]-lH-pyrazol-3-yl}phenyl)-N,N-dim.ethylu
rea;
Nl-{4-[4^2-(4-{[ethyl(2-hydroxyethyl)ainmo]methyl}phen
yl)-lH-pyrrolo[2,3-b]pyridin-4-
yl]-l-(l-methylethyl)-lH-pyrazol-3-yl]phenyl}-N,N-dime
thylurea; N,N-diethyl-N'-(4- {4-[2-(4-
{[4-(2-hydroxyethyl)-l-piperazinyl]methyl}phenyl)-
IHpyrrolo[ 2,3-b]pyridin-4-y1]
-1-methyl-1H-pyrazol-3-yl}phenyl)urea; N1- {4-[l
-ethyl-4-(2- {3-[(methylamino)methyl]phenyl}-
1H-pyrrolo[2,3-b]pyridin-4-yl)-IHpyrazol-
3-yl]phenyl}-N,N-dimethylurea;
N'-{4-[4-(2-{4-[(dimethylamino)methyl]phenyl}-lH-pyrro
lo[2,3-b]pyridin-4-yl)-l-(lmethylethyl)-
lH-pyrazol-3-yl]phenyl}-N,N-diethylurea; N'- {4-[4-(2-
{4-[(dimethylamino)methyl]pheny1}-1H-pyrrolo [2
,3-b]pyridin-4-yI)-1-methy1-
1H-pyrazol-3-yl]phenyl}-N,N-diethylurea;
N'-(4-{4-(2-{3-[(dimethylamino)methyl]phenyl}-lH-pyrro
lo[2,3-b]pyridin-4-yl)-l-[2-
(methylamino)ethyl]-lH-pyrazol-3-yl}phenyl)-N,N-dimeth
ylurea; N'-(4- {4-
{2-[3-(hydroxymethyl)phenyl]-1H-pyrrolo
[2,3-b]pyridin-4-yl} -1-[2-
(methylamino)ethyl]-lH-pyrazol-3-yl}phenyl)-N,N-dimeth
ylurea;
N'-{4-[l-[2-(dimethylarnino)etliyl]-4-(2-{3-[(dirneth.
ylamino)methyl]phenyl}-lHpyi
tolo[2,3-b]pyridin-4-yl)-l H-pyrazol-3-yl]phenyl}
-N,N-dimethylurea; and
N,N-dimethyl-N'-[4-(l-methyl-4-{2-[2-(4-methyl-l-piper
azinyl)-5-pyrimidinyl]-lHpyrrolo[
253-b]pyridin-4-yl}-lH-pyrazol-3-yl)phenyl3urea; or a
pharmaceutically acceptable salt thereof. The present
invention addresses a need in the art by providing a
class of azaindoles that inhibit Aurora kinase
activity. Such compounds are useful in the treatment
of disorders associated with inappropriate Aurora
kinase family activity, for example, solid tumor
cancers including lung cancer, breast cancer, colon
cancer, ovarian cancer, melanoma, and pancreatic
cancer, as well as hematological cancers including
leukemia and B-cell lymphomas, AML and CML.
Accordingly, in another aspect, the present invention
is amethod for treating a cancer, including any or all
of the above-described cancers, comprising
administering to a patient in need thereof a compound
of Formula I, including any of the compounds
specifically named herein, and pharmaceutically
acceptable salts thereof. DETAILED DESCRIPTION OF THE
INVENTION In a first aspect, the present invention is
a compound of formula (I) : or a pharmaceutically
acceptable salt thereof, wherein: represents a
5-membered heteroaromatic ring fragment; 



A is >C=Y or >S(O)Xwherein Y is O, S, or N-R1; wherein
x is 1 or 2; R1 is independently H, Ci-Cs-alkyl, or
cyclopropyl; R2 is H, Ci-C6 alkyl, halo-Ci-C -alkyl,
GrQ-cycloalkyl, Ci-C6 alkoxy, hydroxy-Ci-C - alkyl,
amino-Ci-C6 alkyl, C -C6 alkoxymcthyl, hydroxy,
-(CH2)y-Ar-(R7)2, or NR8R9, with the proviso that when
A is S(O)x, R2 is not H; wherein y is 0, 1, or 2; and
z is a nonnegative integer not greater than the number
of positions available on Ar for substitution; Ar is
phenyl or heteroaryl;R3 is independently H,
d-Ce-alkyl, C2-C6-alkenyl, halo-Ci-C 6-alkyl,
hydroxy-d-Cealkyl, amino-Ci-C -alkyl, Ci-C
-alkylamino-Ci-Ce-alkyl, alkyl, -(CH2V R1; wherein w
is 1 or 2; R4 is independently Ci-C 6-alkyl, halo,
halo-Ci-C 6-alkyl, or Ar-(R 7)Z; R5 is independently
Ci-C -alkyl, halo, halo-Ci-Ce-alkyl, Ar-(R7)Z
-(CH2)aNR13R14 , -Ar-(CH 2)aNR13R14, -A'-NR
1-(CH2)b-A", -CH2CH2C(O)-A'", or -Ar'-(C(O)(CH
2)aNR13R14)c; wherein A' is C(O) or CH2;A" is
H,NR13R14 Ci-C6-thioalkyl, Ci-C 6-alkoxy, -SO2CH3, or
-OH; A'" is -OH, Ci-C 6-alkoxy, or -NR 13R14 and Ar'
is a 5- or 6-membered heterocycloalkyl ring; wherein a
is independently 0, 1, or 2; b is 1, 2, or 3, with the
proviso that when b is 1, A" is H; and c is 0 or 1; R6
and each R7 are each independently halo, cyano, nitro,
Ci-C -alkyl, COOH, C1-C - alkylcarbonyl, Ci-C
-alkyl-carbonyl-Ci-C -alkyl, amino, Ci-C -alkylamino,
di-Ci-C - alkylamino, amino-Ci-Ce-alkyl,
Ci-Ce-aUcylamino-Ci-Ce-alkyl, di-Ci-Ce-alkylamino-QCe-
alkyl, OH, halo-Ci-Ce-alkyl, hydroxy-Ci-C 6-alkyl,
Ci-C 6-alkoxy, Ci-C 6-aU<:oxy-Ci-C6- alkyl,
heteroaryl, or phenyl; R8 is H or Ci-Ce-alkyl; R9 is
H, Ci-Ce-alkyl, halo-Ci-Cc-alkyl, C3-C0-cycloalkyl,
Ci-C alkoxy, -(CH 2)y-Ar-(R 7)z; or R8 and R9,
together with the nitrogen atom to which they are
attached form a 5- or 6-membered heterocycloalkyl ring
optionally substituted with Ci-C -alkyl, halo, amino,
cyano, Ci-C -alkoxy, or OH; R10 is heterocycloalkyl,
Ar-(R 7)Z, COOH, or C(O)-NR 11R12 Rp is H or Ci-C
3-alkyl; R12 is H, Ci-Q-alkyl, halo-Ci-C 3-alkyl, or
hydroxy-Ci-C 3-alkyl; or R11 and R12, together with
the nitrogen atom to which they are attached form 5-
or 6-membered heterocycloalkylring optionally
substituted with Ci-C -alkyl, halo, amino, cyano, Ci-C
-alkoxy, or hydroxy; R13 is H, Ci-Cc-alkyl, or
hydroxy-Ci-Cc-alkyl; R14 is H, Ci-C -alkyl, halo-Ci-C
-alkyl, hydroxy-Ci-C -alkyl, Ci-C -alkylamino, or
SO2CHs; or R13 and R14 , together with the nitrogen
atom to which they are attached form 5- or 6-membered
heterocycloalkyl ring optionally substituted with Ci-C
-allcyl, halo, amino, cyano, Ci-Cc-alkoxy,
hydroxy-Q-Cc-alkyl, or OH; and R15 and R16 are each
independently H, Ci-Ce-alkyl, or halo, or R15 and R16,
together with the carbon atom to which they are
attached form cyclopropyl, C=O, C=S, or C=NR ; m is 0
or 1; n, o, and q are each independently 0, 1, or 2;
and p is O, 1, 2 3, or 4. Definitions As used herein,
a 5-mepbered heteroaromatic ring fragment refers to a
5-membered heteroaromatic ring that includes at least
one heteroatom selected from O, S, and N. Examples of
5-membered heteroaromatic ring fragments include the
following:Ar may be phenyl or heteroaryl. The term
"heteroaryl" refers to an aromatic group that contains
at least one heteroatom selected from N, O, and S.
Examples of suitable heteroaryl groups include
pyridinyl, oxidopyridinyl, furyl, tbienyl, imidazolyl,
pyrrolyl, pyrazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, triazolyl, tctrazolyl, pyrimidinyl, and
benzothiadiazolyl groups. The Ar group may be
substituted with up to the number of positions
available for substitution. For example, if Ar is
phenyl, up to five substitutions are possible (z =
0-5); if Ar is thienyl or furyl, up to three
substitutions are possible (z = 0-3); and if Ar is
oxazolyl or thiazolyl, up to two substitutions are
possible (z = 0-2). "Ci-C -alkyl" refers to a straight
or branched chain monovalent radical of 1to 6 carbon
atoms, including, methyl, ethyl, ^-propyl, isopropyl,
n-butyl, isobutyl, -butyl, "-pentyl, isopentyl,
neopentyl, and n-hexyl and isomers thereof.
"Ci-Ce-alkenyl" refers to a refers to a straight or
branched chain monovalent radical of 2 to 6 carbon
atoms and one degree of unsaturation. Examples include
vinyl and allyl groups. Examples of suitable
Ci-Cg-alkylcarbonyl groups include CHsC(O)- (acetyl)
and CHsCH C(O)- (ethylcarbonyl); examples of Ci-C
-alkyl-carbonyl-Ci-C -alkyl groups include
CH3C(O)CH2-, CH3CH2C(O)CH2-, and CH3CH2C(O)CH2CH2-;
examples OfC 1- C6-ahcylamino groups include CH NH-
(methylamino) and CH3CH2NH- (ethylamino); examples of
di-Q-C -alkylamino groups include dimethylamino,
diethylamino, and methylethylamino; examples of
amino-Ci-C -alkyl groups include -CH 2NH2
(aminomethyl) and -CH 2CH NH (aminoethyl); examples of
Ci-C -alkylamino-Ci-C - alkyl groups include
methylaminomethyl (CH3NHCH2-), ethylaminomethyl
(CH3CH2NHCH2-), and ethylaminoethyl (CH3CH2NHCH2CH2-);
examples of di-Ci-Ccalkylamino-Ci-C d-alkyl include
dimethylaminomethyl ((CHs) NCH -) and
dimethylaminoethyl ( (CHs)2NCH2CH2-). Representative
halo groups include fluoro, chloro, and bromo groups.
Examples of halo- Ci-C -alkyl (including halo-Ci-C
3-alkyl) includes trifluoromethyl,
2,2,2-trifluoroethyl, and
1,1,1,3,3,3-hexafluoroisopropyl; examples of Ci-C
-alkoxy groups include methoxy, ethoxy, n-propoxy,
isopropxy, n-butoxy, isobutoxy, and -butoxy; examples
of C1-C - alkoxy-Ci-Cc-alkyl groups include
methyloxymethyl (i.e., CH3OCH2-) and methyloxyethyl
(i.e., CH3OCH2CH2-). The term "heterocycloalkyl group"
refers to a non-aromatic 5- or 6-membered ring that
contains as least one heteroatom selected from N, O,
and S. Examples include piperidinyl, pyrrolidinyl,
piperazinyl, 4-methylpiperazinyl, morpholino,
thiomorpholino, tetrahydrofuranyl, l,3-dioxolan-2-yl,
tetrahydropyridinyl, and tetrahydropyranyl groups. 



The groups R8 and R9 (as well as the groups R11 and
R12 as well as R13 and R14) may, along with the
nitrogen atom to which they are attached, form a 5- or
6-membered heterocycloalkyl ring including
piperidinyl, pyrrolidinyl, piperazinyl,
4-methylpiperazinyl, morpholino, thiomorpholinyl- 1,1
-dioxide, and thiomorpholino groups. As used herein,
pharmaceutically acceptable refers to those compounds,
materials, compositions, and dosage forms which are,
within the scope of sound medical judgment, suitable
for use in contact with the tissues of human beings
and animals without excessive toxicity, irritation, or
other problem or complication, commensurate with a
reasonable benefit/risk ratio. The skilled artisan
will appreciate that pharmaceutically acceptable salts
of compounds according to Formula (I) may be prepared.
These pharmaceutically acceptable salts may be
prepared in situ during the final isolation and
purification of the compound, or by separately
reacting the purified compound in its free acid or
free base form with a suitable base or acid,
respectively. Tn certain embodiments, compounds
according to Formula (T) may contain an acidic
functional group and are, therefore, capable of
forming pharmaceutically acceptable base addition
salts by treatment with a suitable base. Examples of
such bases include a) hydroxides, carbonates, and
bicarbonates of sodium, potassium, lithium, calcium,
magnesium, aluminum, and zinc; and b) primary,
secondary, and tertiary amines includingaliphatic
amines, aromatic amines, aliphatic diamines, and
hydroxy alkylamines such as methylamine, ethylamine,
2-hydroxyethylamine, diethylamine, triethylamine,
ethylenediamine, ethanolamine, diethanolamine, and
cyclohexylamine. In certain embodiments, compounds
according to Formula (I) may contain a basic
functional group and are therefore capable of forming
pharmaceutically acceptable acid addition salts by
treatment with a suitable acid. Suitable acids include
pharmaceutically acceptable inorganic acids and
organic acids. Representative pharmaceutically
acceptable acids include hydrogen chloride, hydrogen
bromide, nitric acid, sulfuric acid, sulfonic acid,
phosphoric acid, acetic acid, hydroxyacetic acid,
phenylacetic acid, propionic acid, butyric acid,
valeric acid, maleic acid, acrylic acid, fumaric acid,
malic acid, malonic acid, tartaric acid, citric acid,
salicylic acid, benzoic acid, tannic acid, formic
acid, stearic acid, lactic acid, ascorbic acid,
p-toluenesulfonic acid, oleic acid, and lauric acid.
As used herein, the term "a compound of Formula (I)"
or "the compound of Formula (I)" refers to one or more
compounds according to Formula (I). The compound of
Formula (I) may exist in solid or liquid form. In the
solid state, it may exist in crystalline or
noncrystalline form, or as a mixture thereof. The
skilled artisan will appreciate that pharmaceutically
acceptable solvates may be formed for crystalline
compounds wherein solvent molecules are incorporated
into the crystalline lattice during crystallization.
Solvates may involve non-aqueous solvents such as, but
not limited to, ethanol, isopropanol, DMSO, acetic
acid, ethanolamine, and ethyl acetate, or they may
involve water as the solvent that is incorporated into
the crystalline lattice. Solvates wherein water is the
solvent incorporated into the crystalline lattice are
typically referred to as "hydrates." Hydrates include
stoichiometric hydrates as well as compositions
containing variable amounts of water. The invention
includes all such solvates. Schemes Compounds of the
present invention can be prepared by a variety of
procedures, some of which are illustrated in the
schemes below (1-1 1). It will be recognized by those
skilled in the art that the individual steps in the
following schemes may be varied to provide compounds
of Formula (1). The particular order of steps required
to produce compounds of Formula (1) is dependent upon
the particular compound being synthesized, the
startingcompound, the relative lability of the
substituted moieties as well as the feasibility of the
reaction, recognized by those skilled in the art.
Azaindolyl heteroaryls can be prepared by a variety of
carbon-carbon or carbonheteroatom cross coupling
reactions of the proto, halo or boronic acid/ester of
the heteroaryl partner with an appropriately
functionalized 7-azaindole. An example of such an
intermediate is 4-bromo-7-azaindole, the preparation
of which is described in the literature (WO200382289,
WO03/000690A1). This bromoazaindole can be further
functionalized via the 4-bromo-2-iodo-7-azaindole (2;
WO03/000690A1) by palladium catalyzed Suzuki cross
coupling reactions with appropriate boronic acids or
boronate esters (such as for example RB(OR )2, where R
is substituted heteroaryl and R is H or C1- Ce-alkyl),
as is described in the literature (Scheme 1). Examples
of functionalized heteroaryl coupling partners for the
bromoazaindoles or the azaindole boronic acids include
halidcs, boronic acids or boronate esters of furans,
oxazolcs, thiazolcs, pyrroles, pyrazoles, thiophenes,
phenyl and imidazoles. Bromoazaindoles such as
compound 2 and its precursors in Scheme 1 can be
coupled via Suzuki cross-coupling reactions to
suitable aryl halides, aryl boronic acids or aryl
boronate esters using, for example, a palladium(O)
catalyst (typically
tetrakis(triphenylphosphine)palladium(0)) in a
suitable solvent (e.g., 1,4-dioxane) containing a base
(e.g., aqueous potassium carbonate) at elevated
temperature (e.g., ~100 0C). This reaction can also be
performed using azaindolyl boronic acids and aryl
halides. Numerous aryl halides and aryl boronic
acids/esters are commercially available. Several
others are reported in the literature or can be
prepared using conventional synthetic methods or
literature procedures by those skilled in the art. In
the following Schemes, the R groups are all as
previously defined.Scheme 1 Reagents and Conditions:
a) Pd(PPh3)4, DMF, NaHCO3 (aq), 10O0C; b) i) NIS, ii)
RB(OR>, Pd(PPh3)4, NaHCO3, DMF, 10O0C c) i) mCPBA,
EtOAc; ii) (MeSO2)2O, Me4NI, DME, DMF; d) i)
Pd(PPh3)4,NaHCO3 or K2CO3, DMF, 10O0C ii) 6N NaOH(aq),
MeOH, 700C; e) Pd(dppf)Cl2, bis(pinacolato)diboron,
KOAc5 dioxane, 9O0C Azaindolyl pyrazoles such as
represented by Formula (1) can be prepared from, for
example, pyrazole bromides (10) or pyrazole boronate
esters (13). As outlined in Scheme 2, a substituted
acetophenone may be converted to a compound of formula
7 by treatment with a dialkyl acetal of
dimethylformamide, followed by reaction with hydrazine
in aqueous ethanol to produce a pyrazole 8.
Bromination using N-bromosuccinimide provides a
compound (9) which may be reacted with an alkylating
agent such as R3X 



(where X is a leaving group, exemplified by but not
restricted to halo, trifluoromethansulfonate, tosylate
or mesylate) to afford an alkylated pyrazole of
formula 10 or 11. This reaction may be performed in
the presence of base, such as potassium tertbutoxide,
potassium carbonate, or sodium hydride, in the
presence of a suitable solvent, such as
tetrahydrofuran or dimethylformamide, under an inert
atmosphere. Depending on the nature of the alkylating
agent and the reaction conditions, the compound of
formula 10 may be isolated as a pure regioisomer or a
mixture of the two possible regioisomers (where the R3
group is on either N atom of the pyrazole ring). Where
a mixture of regioisomers (10 and 11) is obtained,
these isomers may be separatedby physical methods
(such as crystallization or chromatographic methods)
at this stage or at any later stage in the synthetic
scheme. The respective pyrazoles (10 and 11) can i)
react with an azaindole boronic acid to form
tetracycles such as 15 which may be converted to the
compound of Formula (1) according to the procedures
outlined in Scheme 3, or ii) undergo borylation with a
palladium(O) catalyst (such as
bis(diphenylphosphino)ferrocenepalladium(II) in the
presence of base (such as potassium acetate) in
dioxane at elevated temperature (typically ~90C) to
form boronate esters like 13. The compound of formula
13 can then undergo Suzuki coupling to a
bromoazaindole such as 6 to furnish the tctracyclc of
formula 15 which may be converted to the compound of
Formula (1) according to Scheme 3. Scheme 2 Reagents
and conditions: a) DMF, 80 C; b) hydrazine, EtOH, 70
C; c) NBS, DMF, rt; d) R3X, NaH DMF, rt; e) KOAc,
PdCl2(PPh3)2, 1,4-dioxane, 100 0C; f) Pd(PPh3)4, 2M
K2CO3: 1,4-dioxane (1:1), 100 0C.Alternatively, the
regioisomer 10 may be prepared selectively by
treatment of a functionalized acetophenone with the
hydrazine R3NETNfH (which is commercially available or
may be synthesized using techniques conventional in
the art) to yield a hydrazone of formula 12. The
hydrazone (12) may then be reacted with the dialkyl
acetal of dimethylformamide to generate a compound of
formula 10, where R3 is attached to the b-N atom of
the pyrazole ring (Scheme 2). As depicted in Scheme 3,
4-nitrophenyl derivatives such as 15 may be reduced to
anilines such as 16, according to their specific
chemical nature. This could include, but is not
limited to, reduction of 15 (for example, by elemental
tin in aqueous hydrochloric acid or by palladium on
carbon in a solvent such as methanol under a hydrogen
atmosphere). The resulting aniline 16 can be further
functionalized depending on the nature of the
electrophilic R1X and AX groups (where X is a leaving
group such as, but not restricted to, halo,
trifiuoromethanesulfonate, mesylate, tosylate) to
provide compounds of Formula 1. The resulting
compounds of Formula 1 can include, for example,
anilines, amides, ureas, guanadines, sulfones,
sulfonamides, sulfamides, and carbamates. Amide
formation may be achieved by treating the compound of
formula 16 or 17 with an acylating reagent including
acyl chlorides, acid anhydrides, and carboxylic acids
activated by a coupling agent such as HBTU. Urea
formation may be achieved, for example, by i)
treatment of the compound of formula 16 or 17 with an
isocyanatc in an inert solvent, or ii) treatment of
the compound of formula 16 or 17 with phosgene or
equivalent in an inert solvent, followed by incubation
with the amine of interest, or iii) treatment of the
amine of interest with phosgene or equivalent in an
inert solvent, followed by incubation with the
compound of formula 16 or 17.Scheme 3 where A is
selected from H, C(S)RZ, C(O)R2, C(N)R2 C(O)OR
1S(O)R2, S(O)2R2 where X is a leaving group such as
halo, trifiuoromethanesulfonyl, mesyl, tosyl Reagents
and conditions: a) Zn, AcOH, rt; b) R1X, Et3N, THF,
rt; c) AX, Et3N, THF, rt. As depicted in Scheme 4,
variably 5-substituted azaindoles of Formula 1 can be
prepared from 4-chloro-l-[tris(l-methyletliyl)silyl]-l
H:-pyrrolo[2,3-&]pyridine (18) (prepared as described
in TetrahedronLett. 2004, 45, 2317-2319) in an inert
solvent such as tetrahydrofuran by the choice of
alkylating agent R . Trapping of the ortho-anion of
18, generated by treatment with ^ec-butyllithium in
tetrahydrofuran at -780C, with iodomethane, for
example, would provide the compound of formula 19. The
compound of formula 21 can likewise be prepared as
described in the literature (TetrahedronLett. 2004,
45, 2317-23 19). Halogen exchange of chlorine to
iodine (for instance 19 to 20 or 21 to 22) can be
achieved, for example, by heating the chloro-azaindole
(such as 19 or 22) in an inert solvent (such as
acetonitrile) containing a source of iodide (such as
sodium iodide) and acetyl chloride. Suzuki coupling of
20 and 22 to an arylboronate such as 13 can be
achieved using the conditions described in Scheme 2 to
give compounds of formula 23. Such a tetracycle (23)
can be converted to compounds of Formula (1) using the
procedure outlined in Scheme 3.Scheme 4 Reagents and
conditions: a) sec-BuLi, THF, -78 0C, then MeI; b)
NaI, AcCl, MeCN, mwave, 150 0C, 15 min; c) Pd(PPh )4,
aq. NaHCO3, DMF, 100 0C. Alternatively,
azaindolylpyrazole formation can occur at a later
stage using more highly functionalized coupling
partners as shown in Scheme 5. An optionally
substituted azaindolyl pyrazole may be prepared by
first installing the R1 and A moieties onto an
appropriate heteroaryl, as illustrated in Scheme 5
below. The compound of formula 10 may be reduced from
a nitrophcnyl derivative to an aniline under a variety
of conditions, such as depicted in Scheme 3. Depending
on the desired choice for R , the resulting aniline
may be alkylated (or not) using an alkylating agent
such as methyl iodide before installation of the A
moiety (for example, acyl, sulfonyl, sulfamyl,
carbamoyl, or guanidine) to furnish an intermediate
such as 24. Alkylation of 24 with R3X and Suzuki
cross-coupling of the resulting compound 25 with a
functionalized azaindole boronic acid such as 14 using
a palladium catalyst (typically
tetrakis(triphenylphosphine)palladium(0)) in the
presence of a base (such as potassium carbonate
aqueous solution) and a suitable solvent (such as
1,4-dioxane or iV,7V-dimethylformamide)at elevated
temperatures (typically 1000C) furnishes compounds of
Formula 1.Scheme 5 Reagents and conditions: a) i. Sn,
6N HCl, EtOH, 70 0C ; ii. R1X, pyridine, rt; iii AX,
CH2Cl2, pyridine; b) KOtBu, DMF, R3X 0 0C - rt; c)
Pd(PPh3)4, satd. aq. NaHCO3, DMF, 



10O 0C. d) 6N NaOH (aq), MeOH, 70 0C. Isomeric
azaindolyl thiophenes, as depicted in Scheme 6, can be
prepared from commercially available dihalothiophenes
26a and 26b. Selective Suzuki coupling of azaindole
boronate 14 to the more activated carbon-halogen bond
of the compound of formula 26a at high dilution
provides intermediate 27, which further couples to a
protected 4-aminophenylboronic acid to provide 28,
which can be deprotected to form the aniline 29. The
deprotection may be achieved under acidic conditions,
e.g., heating with trifluoroacctic acid or aqueous
hydrochloric acid in a solvent such as dioxanc. If
desired, the aniline 29 may be alkylated with an
alkylating agent R1X (such as methyl iodide), followed
by treatment with AX (wherein X represents a leaving
group such as halide, trifluorosulfonate, mesylate or
tosylate) to provide compounds of Formula 1. Isomers
of the thicnyl core arc easily accessed by the
sequence of two successive Suzuki couplings between
the dihaloaryl 26a or 26b and the azaindole boronate
(14) and the phenyl boronate
(N-Boc-4-aminophenylboronic acid), in either order.
Those skilled in the art will recognize that this
approach can be extended to azaindolyl furans arising
from 31a and 31b and azaindolyl pyrroles arising from
32a or 32b (which may be alkylated by successive
treatment with sodium hydride in an inert solvent such
as DMF followed by treatment with R3X). The requisite
aryls are all commercially available or can be
prepared using methods in the literature (Scheme
6).Scheme 6 Reagents and conditions: a) Pd(PPh3)4, 2M
K2CO3, 1,4-dixoane, 90 C; b) N-Boc-4-
aminophenylboronic acid boronic acid, Pd(PPli3)4,
Ba(OH)2, 1,4-dioxane, DME, H O, 80 0C ; c) i. 4M HCl,
dioxane, ii. NaHCO3, CH2Cl2, rt; d) i. R1X, TEA, THF;
ii. AX, where X is a leaving group such as halo.
Azaindolyl thiazoles and azaindolyl oxazoles can be
prepared similarly, using either a thioacetamide (33
where X=S) or an acetamide (33 where X=O),
respectively. As illustrated in Scheme 7, treating
a-bromoketone 34 with a thioacetamide or an acetamide
in ethanol provides in one instance a thiazole 35
(where X=S) or in another instance an oxazole 35
(where X=O), respectively. The thiazole or oxazole can
be brominated with bromine in a suitable solvent such
as chloroform. The brominated heterocycle 36 can
undergo Suzuki coupling with an azaindolylboronate
such as 14. This adduct can be advanced to thiazole
and oxazole analogs of the compound of Formula 1 using
analogous chemistry to that described for intermediate
15 in Scheme 3. One skilled in the art will recognize
that isomers of the thiazole and oxazole described can
be readily accessed depending on the choice of R3 as
well as the starting a-bromoketone 34.Scheme 7 or O
Reagents and Conditions: a) EtOH; b) Br2, CH2Cl2; c)
Pd(PPh3)4, 2M K2CO3(aq), 1,4- dioxane, 1000C; d) Zn,
AcOH EtOH, 700C; e) R1X, TEA THF; f) AX, TEA, THF; g)
MeOH, NaOH, 7O0C. The central phenyl moiety of these
analogs can be homologated as depicted in Scheme 8.
This provides access to compounds of Formula 1 wherein
m = 1. Using analogous chemistry to that described in
Scheme 2 and starting with a functionalizcd
Aacetylbenzonitrile, nitrile hydrolysis of the
compound of formula 44, for example using aqueous
hydrochloric acid at elevated temperature, can provide
access to amides represented by Formula (1) which can
be further elaborated to such moieties as thioamides
(treatment with Burgess reagent as known in the
literature) and bcnzylamincs (reduction with lithium
aluminum hydride), using conventional chemistry known
in the art. Similarly, reduction of the nitrile of
compound 44 can provide access to optionally
substituted amines as well as hydroxylamin.es as
represented by Formula 1.Scheme 8 Reagents and
Conditions: a) DMF, 80 0C; b) hydrazine, EtOH, 70 0C;
c) NBS, DMF, rt; d) NaH, R3X , DMF, rt; e) Pd(PPh3)4,
NaHCO3(aq), DMF, 100 0C; f >nitrile hydrolysis (HCl,
H2O) or nitrile reduction (PtO2 H2O5EtOH, H2) followed
by, if desired, R1X, Et3N, THF and/or AX, Et3N, THF In
the instance where the aryl core of the compound of
Formula (1) is an imidazole, Scheme 9 outlines the
conversion of a commercially available imidazole by
nitration {Heterocycles, 1988, 27, 371-376) to 45,
followed by base-mediated displacement on a compound
of formula 6 (using for example cesium carbonate) at
elevated temperature (typically 1500C) to afford the
tctracyclc 46 as described in the literature
(Chem,Comm. 2004 7, 778-779). This intermediate can be
converted to compounds of Formula 1 by the methods
described in Schemes 2 and 3.Scheme 9 Hetbrocyclbe ,
27(2) 371-376, 1988. Cham. Camm. 7, 778-779, 2004.
Reagents and Conditions: a) HNO3 H2SO4; b) Cs2CO3,
DMSO, 15O0C; c) Zn, HOAc, EtOH, rt; d) 6N aOH MeOH; e)
R1X TEA THF; f) AX, TEA, THF Another azaindolyl
imidazole isomer, depicted in Scheme 10, can be
prepared according to the following sequence:
dicarbonyl compound 48 can be prepared from the
reaction of a 4-nitro-benzaldehyde and a
4-formyl-7-azaindole (US2005154014) as described in
the literature (J. Med. Chem. 2005, 48(1) 2509-2517);
conversion of compound 48 to the imidazoyl tetracycle
49 can be achieved by treatment of the dicarbonyl with
an aldehyde such as R CHO in the presence of an acid
catalyst (preferably ammonium trifluoroacetate);
alkylation of the resulting imidazole 49 with an
alkylating agent (R3X) would produce a mixture of
rcgioisomcrs which can be separated by physical
methods or crystallization techniques. This
intermediate can be converted to compounds of Formula
1 using methods described in Schemes 3 and 4.Scheme 10
J. Med. Chem. 2005, 48(7) 2509-2517 J. Med. Chem.
2005, 48(7) 2270-2273 Reagents and Conditions: a) i)
NaCN, H2O/EtOH; ii) BTISfO3, H2O; b) CF3COONH 4; c)
NaH, R3X, DMF; d) Zn, AcOH, EtOH; e) 6N NaOH(aq),
MeOH, 7O0C; f) R1X , Et 3N , THF; g) AX Et3N 5THF The
preparation of another pyrazole isomer according to
methods described in the literature is illustrated in
Scheme 11. Treatment of a functionalizcd ketone with
the 



dialkyl acetal of dimethylformamide or equivalent
chemical entity generates a compound of formula 51, as
described in the literature (J. Het. Chem. 1996,
331(6), 1707-1710). Treatment of 51 with a
commercially available substituted hydrazine in
ethanol at elevated temperature (preferably ~70C)
furnishes the substituted pyrazole 52 (J. Het. Chem.
1982, 7.9(6), 1355-1 361 ) . Following methods
described in the literature (Acta Chemica Scandanavia
1992, 46(10), 972-980 and J. Org. Chem. 2001, 66(25)
8654-8656), oxidation to the N-oxide 53 followed by
bromination to 54 and reduction over palladium metal
under a hydrogen atmosphere reduces the nitro moiety
and the N-oxide to provide aniline 55. The anilines
illustrated in Scheme 11 can b e converted to
compounds of Formula 1 following the chemistry
outlined in Scheme 5 .Scheme 11 J Het. Chem 1996,
337(6), 1707-1710. J . Het Chem. 19(6), 1355-1361,
1982. AoIa Chemha Scandanavla 1992, 46(10),
997722--338800 - 13- Chem. 2001. 66(25) 8654-8656
Reagents and conditions: a) DMF, 80 0C; b) EtOH, 70
0C; c) m-CPBA, CH2Cl2; d) Br2, K2CO3, CHCl3; e) Pd(OH)
2/C, MeOH, H2; f) R1X, TEA, THF; g) AX5TEA, THF; h)
Pd(dppf)Cl 2, 2M K2CO , dioxane, 100C; i) 6N NaOH,
MeOH, 7O0C Methods of Use Compounds of the invention
can be used to treat diseases of cellular
proliferation, autoimmunity or inflammation. Disease
states which can be treated by Compounds of the
invention include, but are not limited to, cancer,
autoimmune disease, fungal disorders, arthritis, graft
rejection, inflammatory bowel disease, proliferation
induced after medical procedures, including, bxit not
limited to, surgery and angioplasty. It is appreciated
that in some cases the cells may not be in a hyper- or
hypoproliferation state (abnormal state) and still
require treatment. Thus, in certain embodiments, the
invention includes application to cells or individuals
afflicted or impending affliction with any one of
these disorders or states. Proliferative
disease/cancer Compounds of the invention inhibit
Aurora kinase. The present invention makes use of the
finding that Aurora kinase serves multiple essential
functions required for thecompletion of mitosis and
that inhibition of the kinase activity of Aurora
frequently results in cell cycle arrest and/or
abnormal cell division, both of which can trigger cell
death. Thus, by inhibiting Aurora kinase, cellular
proliferation is blocked. Compounds of the invention
find use in a variety of applications. As will be
appreciated by those skilled in the art, mitosis may
be altered in a variety of ways; that is, mitosis can
be affected either by increasing or decreasing the
activity of a component in the mitotic pathway. Stated
differently, mitosis may be disrupted by disturbing
equilibrium, either by inhibiting or activating
certain components. Similar approaches may be used to
alter meiosis. Compounds of the invention provided
herein may be particularly useful for the treatment of
cancer including solid tumors, such as skin, breast,
brain, cervical carcinomas, testicular carcinomas and
others. More particularly, cancers that may be treated
using compounds of the invention include, but are not
limited to: Cardiac: sarcoma (angiosarcoma,
fibrosarcoma, rhabdomyosarcoma, liposarcoma), myxoma,
rhabdomyoma, fibroma, lipoma and teratoma; Lung:
bronchogenic carcinoma (squamous cell,
undifferentiated small cell, undifferentiated large
cell, adenocarcinoma), alveolar (bronchiolar)
carcinoma, bronchial adenoma, sarcoma, lymphoma,
chondromatous hamartoma, mesothelioma;
Gastrointestinal: esophagus (squamous cell carcinoma,
adenocarcinoma, leiomyosarcoma, lymphoma), stomach
(carcinoma, lymphoma, leiomyosarcoma), pancreas
(ductal adenocarcinoma, insulinoma, glucagonoma,
gastrinoma, carcinoid tumors, vipoma), small bowel
(adenocarcinoma, lymphoma, carcinoid tumors, Karposi's
sarcoma, leiomyoma, hemangioma, lipoma, neurofibroma,
fibroma), large bowel (adenocarcinoma, tubular
adenoma, villous adenoma, hamartoma, leiomyoma);
Genitourinary tract: kidney (adenocarcinoma, Wilm's
tumor (nephroblastoma), lymphoma, leukemia), bladder
and urethra (squamous cell carcinoma, transitional
ceil carcinoma, adenocarcinoma), prostate
(adenocarcinoma, sarcoma), testis (seminoma, teratoma,
embryonal carcinoma, teratocarcinoma, choriocarcinoma,
sarcoma, interstitial cell carcinoma, fibroma,
fibroadenoma, adenomatoid tumors, lipoma); Liver:
hepatoma (hepatocellular carcinoma),
cholangiocarcinoma, hepatoblastoma, angiosarcoma,
hepatocellular adenoma, hemangioma; Bone: osteogenic
sarcoma (osteosarcoma), fibrosarcoma, malignant
fibrous histiocytoma, chondrosarcoma, Ewing'ssarcoma,
malignant lymphoma (reticulum cell sarcoma), multiple
myeloma, malignant giant cell tumor chordoma,
osteochronfroma (osteocartilaginous exostoses), benign
chondroma, chondroblastoma, chondromyxofibroma,
osteoid osteoma and giant cell tumors; Nervous system:
skull (osteoma, hemangioma, granuloma, xanthoma,
osteitis deformans), meninges (meningioma,
meningiosarcoma, gliomatosis), brain (astrocytoma,
medulloblastoma, glioma, ependymoma, germinoma
(pinealoma), glioblastoma multiform,
oligodendroglioma, schwannoma, retinoblastoma,
congenital tumors), spinal cord (neurofibroma,
meningioma, glioma, sarcoma); Gynecological: uterus
(endometrial carcinoma), cervix (cervical carcinoma,
prc-tumor cervical dysplasia), ovaries (ovarian
carcinoma, serous cystadenocarcinoma, mucinous
cystadenocarcinoma, unclassified carcinoma),
granulosa-thecal cell tumors, Sertoli-Leydig cell
tumors, dysgerminoma, malignant teratoma, vulva
(squamous cell carcinoma, intraepithelial carcinoma,
adenocarcinoma, fibrosarcoma, melanoma), vagina (clear
cell carcinoma, squamous cell carcinoma, botryoid
sarcoma (embryonal rhabdomyosarcoma)), fallopian tubes
(carcinoma); Hematologic: blood (myeloid leukemia
(acute and chronic), acute lymphoblastic leukemia,
chronic lymphocytic leukemia, myeloproliferative
diseases, multiple myeloma, myelodysplastic syndrome),
Hodgkin's disease, non-Hodgkin's lymphoma (malignant
lymphoma); Skin: malignant melanoma, basal cell
carcinoma, squamous cell carcinoma, Karposi's sarcoma,
moles dysplastic nevi, lipoma, angioma,
dermatofibroma, keloids, psoriasis; and Adrenal
glands: neuroblastoma. Thus, the term "cancerous cell"
as provided herein, includes a cell afflicted by any
one of the above identified conditions. Accordingly,
compounds of the invention are administered to cells.
By "administered" 



herein is meant administration of a therapeutically
effective dose of a compound of the invention to a
cell either in cell culture or in a patient. By
"therapeutically effective dose" herein is meant a
dose that produces the effects for which it is
administered. The exact dose will depend on the
purpose of the treatment, and will be ascertainable by
one skilled in the art using known techniques. As is
known in the art, adjustments for systemic versus
localized delivery, age, body weight, general health,
sex, diet, time of administration, drug interaction
and the severity of the condition may be necessary,
and will be ascertainable with routine experimentation
by those skilled in the art. By "cells" herein is
meant any cell in which mitosis or meiosis can be
altered. A "patient" for thepurposes of the present
invention includes both humans and other animals,
particularly mammals, and other organisms. Thus the
methods are applicable to both human therapy and
veterinary applications. In certain embodiments the
patient is a mammal, especially a human. Compounds of
the invention may be administered in a physiologically
acceptable carrier to a patient, as described herein.
Depending upon the manner of introduction, the
compounds may be formulated in a variety of ways. When
used to treat proliferative deseases, compounds of the
present invention can be administered alone or in
combination with other treatments, i.e., radiation, or
other therapeutic agents, such as the taxane class of
agents that appear to act on microtubule formation or
the camptothecin class of topoisomerase I inhibitors.
When so used, other therapeutic agents may be
administered before, concurrently with (whether in
separate dosage forms or in a combined dosage form) or
after administration of the compound of the invention.
Compositions Compounds of the invention may be
formulated into pharmaceutical compositions prior to
administration to a patient. Accordingly, in another
aspect the invention is directed to pharmaceutical
compositions comprising a compound of the invention
and one or more pharmaceutically acceptable
excipients. The pharmaceutical compositions of the
invention may be prepared and packaged in bulk form
wherein a safe and effective amount of a compound of
the invention can be extracted and then given to the
patient, such as with powders or syrups.
Alternatively, the pharmaceutical compositions of the
invention may be prepared and packaged in unit dosage
form wherein each physically discrete unit contains a
safe and effective amount of a compound of the
invention. As used herein, "pharmaceutically
acceptable excipient" means a pharmaceutically
acceptable material, composition or vehicle involved
in giving form or consistency to the pharmaceutical
composition. Each excipient is advantageously
compatible with the other ingredients of the
pharmaceutical composition when commingled, such that
interactionswhich would substantially reduce the
efficacy of the compound of the invention when
administered to a patient and would result in
pharmaceutically unacceptable compositions are
avoided. In addition, each excipient is sufficiently
high in purity to render it pharmaceutically
acceptable. The compound of the invention and the
pharmaceutically acceptable excipient or excipients
will typically be formulated into a dosage form
adapted for administration to the patient by the
desired route of administration. For example, dosage
forms include those adapted for (1) oral
administration, such as tablets, capsules, caplets,
pills, troches, powders, syrups, elixers, suspensions,
solutions, emulsions, sachets, and cachets; (2)
parenteral administration, such as sterile solutions,
suspensions, and powders for reconstitution; (3)
transdermal administration, such as transdermal
patches; (4) rectal administration, such as
suppositories; (5) inhalation, such as aerosols and
solutions; and (6) topical administration, such as
creams, ointments, lotions, solutions, pastes, sprays,
foams, and gels. Suitable pharmaceutically acceptable
excipients will vary depending upon the particular
dosage form chosen. In addition, suitable
pharmaceutically acceptable excipients may be chosen
for a particular function that they may serve in the
composition. For example, certain pharmaceutically
acceptable excipients may be chosen for their ability
to facilitate the production of uniform dosage forms.
Certain pharmaceutically acceptable excipients may be
chosen for their ability to facilitate the production
of stable dosage forms. Certain pharmaceutically
acceptable excipients may be chosen for their ability
to facilitate the carrying or transporting the
compound or compounds of the invention once
administered to the patient from one organ, or portion
of the body, to another organ, or portion of the body.
Certain pharmaceutically acceptable excipients may be
chosen for their ability to enhance patient
compliance. Suitable pharmaceutically acceptable
excipients include the following types of excipients:
Diluents, fillers, binders, disintegrants, lubricants,
glidants, granulating agents, coating agents, wetting
agents, solvents, co-solvents, suspending agents,
emulsifiers, sweetners, flavoring agents, flavor
masking agents, coloring agents, anticaking agents,
hemectants, chelating agents, plasticizers, viscosity
increasing agents, antioxidants, preservatives,
stabilizers, surfactants, and buffering agents. The
skilled artisan will appreciate thatcertain
pharmaceutically acceptable excipients may serve more
than one fixnction and may serve alternative functions
depending on how much of the excipient is present in
the formulation and what other ingredients are present
in the formulation. Skilled artisans possess the
knowledge and skill in the art to enable them to
select suitable pharmaceutically acceptable excipients
in appropriate amounts for use in the invention. In
addition, there are a number of resources that are
available to the skilled artisan which describe
pharmaceutically acceptable excipients and may be
useful in selecting suitable pharmaceutically
acceptable excipients. Examples include Remington's
Pharmaceutical Sciences (Mack Publishing Company),
Remington: The Science and Practice of Pharmacy
(Lippincott Williams & Wilkins), The Handbook of
Pharmaceutical Additives (Gower Publishing Limited),
and The Handbook of Pharmaceutical Excipients (the
American Pharmaceutical Association and the
Pharmaceutical Press). The pharmaceutical compositions
of the invention are prepared using techniques and
methods known to those skilled in the art. Some of the
methods commonly used in the 



art are described in Remington's Pharmaceutical
Sciences (Mack Publishing Company). Oral solid dosage
forms such as tablets will typically comprise one or
more pharmaceutically acceptable excipients, which may
for example help impart satisfactory processing and
compression characteristics, or provide additional
desirable physical characteristics to the tablet. Such
pharmaceutically acceptable excipients may be selected
from diluents, binders, glidants, lubricants,
disintegrants, colorants, flavorants, sweetening
agents, polymers, waxes or other solubility-modulating
materials. Dosage forms for parenteral administration
will generally comprise fluids, particularly
intravenous fluids, i.e., sterile solutions of simple
chemicals such as sugars, amino acids or electrolytes,
which can be easily carried by the circulatory system
and assimilated. Such fluids are typically prepared
with water for injection USP. Fluids used commonly for
intravenous (TV) use are disclosed in Remington, The
Science and Practice of Pharmacy [full citation
previously provided], and include: alcohol, e.g., 5%
alcohol (e.g., in dextrose and water ("D/W") or D/W in
normal saline solution ("NSS"), including in 5%
dextrose and water ("D5/W"), or D5/W in NSS);
synthetic amino acid such as Aminosyn, FreAmine,
Travasol, e.g., 3.5 or 7; 8.5; 3.5, 5.5 or 8.5 %
respectively;  ammonium chloride e.g., 2.14%;  dextran
40, in NSS e.g., 10% or in D5/W e.g., 10%;  dextran
70, in NSS e.g., 6% or in D5/W e.g., 6%;  dextrose
(glucose, D5/W) e.g., 2.5-50%;  dextrose and sodium
chloride e.g., 5-20% dextrose and 0.22-0.9% NaCl;
lactated Ringer's (Hartmarm's) e.g., NaCl 0.6%, KCl
0.03%, CaCl2 0.02%;  lactate 0.3%;  mannitol e.g., 5%,
optionally in combination with dextrose e.g., 10% or
NaCl e.g., 15 or 20%;  multiple electrolyte solutions
with varying combinations of electrolytes, dextrose,
fructose , invert sugar Ringer's e.g., NaCl 0.86%, KCl
0.03%, CaCl2 0.033%;  sodium bicarbonate e.g., 5%;
sodium chloride e.g., 0.45, 0.9, 3, or 5%;  sodium
lactate e.g., 1/6 M; and  sterile water for injection
The pH of such IV fluids may vary, and will typically
be from 3.5 to 8 as known in the art.Tt will be
appreciated that when compounds of the present
invention are administered in combination with other
therapeutic agents normally administered by the
inhaled, intravenous, oral or intranasal route, that
the resultant pharmaceutical composition may be
administered by the same routes. Compounds of the
invention may conveniently be administered in amounts
of, for example, 0.001 to 500 mg/kg body weight. The
precise dose will of course depend on the age and
condition of the patient and the particular route of
administration chosen. Compounds of the invention were
tested for in vitro activity in accordance with the
following assays. Aurora A Enzyme Activity Assay
Compounds of the present invention were tested for
Aurora A protein kinase inhibitory activity in
substrate phosphorylation assays. This assay examines
the ability of small molecule organic compounds to
inhibit the serine phosphorylation of a peptide
substrate, and was run in the LEADseeker (Amersham
Bioscience, Piscataway, NJ) scintillation proximity
assay (SPA) format. The substrate phosphorylation
assays use recombinant human full-length Aurora A
kinase expressed in baculovirus/Sf9 system. A
-terminal His-Thr-affmity tag was fused to the amino
terminus of amino acids 2 through 403 of Aurora A. 5
nM okadaic acid was added during the last 4 hours of
expression (experimentally determined to enhance
Aurora A's enzymatic activity). The en2yme was
purified to approximately 70% purity by mctal-chclatc
affinity chromatography. The method measures the
ability of the isolated enzyme to catalyze the
transfer of the gamma-phosphate from ATP onto the
serine residue of a biotinylated synthetic peptide
(Biotin-aminohexyl-RARRRLSFFFFAKKK-amide). Substrate
phosphorylation was detected by the following
procedure: Assays were performed in 384-well low
volume white polystyrene plates (Greiner Bio-One,
Longwood, FL). 1 nM Aurora A enzyme was added to the
wells containing 0.1 ml of test compound in 100% DMSO
and incubated for 30 minutes followed by the addition
of reaction mixture resulting in a final assay volume
of 10 ml containing 6 mJVl magnesium chloride, 1.5 mM
ATP 5 1 mM peptide substrate, 40nM microtubule
associated protein TPX2 peptide (1-43), 0.03 mCi
[gamma-P33] ATP/well, 5 aiM DTT, 25 mM KCl, 0.15 mg/ml
BSA and 0.01% Tween-20 in 50 mM HEPES, pH 7.2. The
reaction was allowed to proceed for 120 minutes at
room temperature and was terminated by the addition of
10 ml of a LEADseeker SPA bead solution containing PBS
(Dulbecco's PBS without Mg2+ and Ca2+), 50 mM EDTA,
0.03 mg of Streptavidin coupled polystyrene imaging
beads (Amersham Bioscience). The plate was sealed and
the beads were allowed to incubate overnight. The
plate was read in a Viewlux (Wallac, Turku, Finland)
plate reader. For dose response curves, data were
normalized and expressed as %inhibition using the
formula 100*(l-(U-C2)/(Cl-C2)) where U is the unknown
value, Cl is the average of the high signal (0%
inhibition) and C2 is the average of the low signal
(100% inhibition) control wells. Curve fitting was
performed with the following equation: y = A+((B-A)/
(l+(10 Lx/10LC)LD)) where A is the minimum response, B
is the maximum response, C is the logl0(XC50), and D
is the slope. The results for each compound were
recorded as pIC50 values (-C in the above equation).
Aurora B Enzyme Activity Assay Compounds of the
present invention were tested for Aurora B protein
kinase inhibitory activity in substrate
phosphorylation assays. This assay examines the
ability of small molecule organic compounds to inhibit
the serine phosphorylation of a peptide substrate, 



and was run in the LEADseeker (Amersham Bioscience)
scintillation proximity assay (SPA) format. The
substrate phosphorylation assays use recombinant human
full-length Aurora B kinase expressed in
baculovirus/Sf9 system. Following expression the
culture is incubated with 50 nM okadaic acid for 1
hour prior to purification. A N-terminal His-affinity
tag was fused to the amino terminus of amino acids 1
through 344 of Aurora B. 5mM Aurora B was activated in
50 mM Tris-HCl pH 7.5, 0.1 mM EGTA, 0.1 %
2-mercaptoethanol, 0.1 mM sodium vandate, 10 mM
magnesium acetate, 0.1 mM ATP with 0.1 mg/ml GSTINCENP
[826 - 919] at 30 C for 30 mins. Following activation
the enzyme is then dialysed into enzyme storage buffer
and stored at -70 0C.The method measures the ability
of the isolated enzyme to catalyze the transfer of the
gamma-phosphate from ATP onto the serine residue of a
biotinylated synthetic peptide
(Biotin-aminohexyl-RARRKLSFFFFAKXK-amide). Substrate
phosphorylation was detected by the following
procedure: Assays were performed in 384-well low
volume white polystyrene plates (Greiner Bio-One,
Longwood, FL). 5nM Aurora B enzyme was added to the
wells containing 0.1 ml of test compound in 100% DMSO
and incubated for 30 minutes followed by the addition
of reaction mixture resulting in a final assay volume
of 10 ml containing 6mM magnesium chloride, 3mM
manganese chloride, 1.25mM ATP, 1.25mM peptide
substrate, 0.025 mCi [gamma-P33] ATP/wcll, 5mM DTT,
0.15mg/ml BSA 0.01% Tween-20 in 5OmM HEPES,pH 7.5, and
O.lml of test compound in 100% DMSO. The reaction was
allowed to proceed for 120 minutes at room temperature
and was terminated by the addition of 10 ml of a
LEADseeker SPA bead solution containing PBS
(Dulbecco's PBS without Mg2+ and Ca2+), 5OmM EDTA,
0.03mg of Streptavidin coupled polystyrene imaging
beads (Amersham Bioscience). The plate was sealed and
the beads were allowed to incubate overnight. The
plate was read in a Viewlux (Wallac, Turku, Finland)
plate reader. For dose response curves, data were
normalized and expressed as %inhibition using the
formula 100*(l -(U-C2)/(C1 -C2)) where U is the
unknown value, Cl is the average of the high signal
(0% inhibition) and C2 is the average of the low
signal (100% inhibition) control wells. Curve fitting
was performed with the following equation: y A+((B-A)/
(l+(10 Lx/10AC)LD)), where A is the minimum response,
B is the maximum response, C is the loglO(XC50), and D
is the slope. The results for each compound were
recorded as pIC50 values (-C in the above equation).
Cellular Proliferation Assay: The ability of compounds
to inhibit the proliferation of human tumor or normal
cells was investigated using cell proliferation
assays. Briefly, cells are seeded into 96 well plates
at an appropriate density for each cell type to ensure
logarithmic growth throughout the assay and allowed to
adhere overnight. Compounds are dissolved in 100% DMSO
at approximately 10 mM and two-fold serially dilutions
are made in 100% DMSO spanning twenty concentration
points. Compounds are diluted 500-fold into cell
culture media and incubated on cells for three to six
days. Cell viability is determined using
Promega'sCellTiter-Glo reagent as per manufacturer's
instructions. Percent growth proliferation is
calculated relative to DMSO alone treated cells and
IC50 values are determined by a four-parameter fit
model using XIfLt (IDBS, Inc.). General purification
and analytical methods Preparative HPLC was conducted
on a YMC ODS-A Cl 8 (75 x 30 mm, 5 mm) using water
with 0.1% trifluoroacetic acid (solvent A) and
acetonitrile (solvent B) or on a YMC ODS-A Cl 8 (250 x
30 mm, 15 mm) using water (solvent A) and acetonitrile
(solvent B) or on an XBridge Prep C18 (19 x 150 mm, 5
mm) using water with 0.1% ammonium hydroxide (solvent
A) and acetonitrile (solvent B). Detection: 214 or 254
nm. Examples or intermediates purified by Gilson
reverse phase HPLC refer to the use of these columns.
LC-MS analysis was performed on a Perkin Elmer Sciex
100 atmospheric pressure ionization (APCI) mass
spectrometer. Retention times in LC-MS are referred to
as tR (time in minutes). 1H NMR spectra were recorded
using a Bruker DPX 400MHz spectrometer referenced to
tetramethylsilane. Chemical shifts are expressed in
parts per million (ppm, d units). Coupling constants
are in units of hertz (Hz). Splitting patterns
describe apparent multiplicities and are designated as
s (singlet), d (doublet), t (triplet), q (quartet), m
(multiplet), br (broad). Analogix(tm) chromatography
refers to purification carried out using equipment
sold by Analogix Corporation (intelliFlash 280) and
cartridges PuriFlash (RS or SF) pre-packed with
PuriSil. TLC (thin layer chromatography) plates coated
with silica gel 60 F254 were obtained from Merck.
Examples The following examples are for illustrative
purposes only and are not intended to limit the scope
of this invention. As used herein, the symbols and
conventions used in these processes, schemes and
examples are consistent with those used in the
contemporary scientific literature, for example, the
Journal of the American Chemical Society or the
Journal of Biological Chemistry. AUtemperatures are in
0C. All compounds werenamed using the MDL
TSTS(tm)/Draw 2.5 SP 1 naming program. Unless
otherwise noted, all starting materials were obtained
from commercial suppliers and used without further
purification. Specifically, the following
abbreviations may be used in the examples and
throughout the specification: g (grams); mg
(milligrams); L (liters); mL (milliliters); mL
(microliters); psi (pounds per square inch); M
(molar); mM (millimolar); Hz (Hertz); MHz (megahertz);
mmol (millimoles); mol (moles); min (minutes); h
(hours); mp (melting point); TLC (thin layer
chromatography); HPLC (high pressure liquid
chromatography); arm (atmosphere); 



R (retention time); RP (reverse phase); MeOH
(methanol); i-PrOH (isopropanol); TEA (triethylamine);
TFA (trifluoroacetic acid); THF (tetrahydrofuran);
DMSO (dimethyl sulfoxide); AcOEt (EtOAc) (ethyl
acetate); DCM (CH2Cl2) (dichlorom ethane); DMF
(N,N-dimethylformamide); CH3CN (acetonitrile) HOAc
(acetic acid); mCPBA (meta-chloroperbenzoic acid);BOC
(tert-butyloxycarbonyl); Ac (acetyl); DMAP
(4-dimethylaminopyridine); ICl (iodine monochloride)
ATP (adenosine triphosphate); BSA (bovine serum
albumin) HBTU (O-Benzotriazole-l-yl-N.N,N',N'-
tetramethyluronium hexafluorophosphate); HEPES
(4-(2-hydroxyethyl)-l-piperazine ethane sulfonic
acid); DMF-DMA ( V -dimethylformamide dimethylacetal).
The following compounds have an IC50 of less than 10
mM for Aurora A or Aurora B or both as determined by
the following assays described. The following table
illustrates the structures and names of each of the
compounds that appear in the experimental
section.PREPARATION OF BROMINATEDSTYRENIC POLYMERS OR
RESINS BACKGROUND [0001] Commonly-owned U.S. Pat. Nos.
5,677,390, 5,686,538, 5,767,203, 5,852,131, 5,852,132,
5,916,978, 6,113,381, 6,207,765, 6,232,393, 6,232,408,
6,235,831, 6,235,844, 6,326,439, and 6,521,714
describe what is believed to be the best
previously-published process technology for producing
brominated styrenic polymers such as brominated
polystyrene having the best properties of those of any
previously-published brominated styrenic polymer. In
this connection, the terms "brominated styrenic
polymer" and "brominated polystyrene" as used in the
specification and in the claims hereof refer to a
brominated polymer produced by bromination of a
pre-existing styrenic polymer such as polystyrene or a
copolymer of styrene and at least one other vinyl
aromatic monomer, as distinguished from an oligomer or
polymer produced by oligomerization or polymerization
of one or more brominated styrenic monomers, the
properties of the latter oligomers or polymers
typically being considerably different from brominated
polystyrene in a number of respects. [0002] The
processes for preparing brominated polystyrenic
polymers described in the foregoing commonly-owned
patents teach the desirability of removing coproduct
HBr that is usually found in the head space of the
bromination reactor by passing such head space vapors
into a scrubber, followed by providing a cook period
for the bromination reaction mixture to allow
bromination to continue to the desired extent, and
then terminating the bromination reaction with a
suitable aqueous medium. Such an operation is of
economic importance since the HBr coproduct is of
value either for use as HBr or for conversion to other
commercially desirable products, such as bromine
itself. In cases where bromine chloride is used as the
brominating agent, HCl is formed as a coproduct.
[0003] Despite the excellence of such prior
technology, new improvements, especially in the manner
of conducting the processes, are always welcome. This
invention is deemed to provide at least one such new
improvement. BRIEF SUMMARY OF THE INVENTION [0004]
This invention enables the valuable bromine values to
be recovered from the styrenic polymer bromination
reaction mixture in a highly efficient manner. The
invention also reduces the capital required for
conducting the overall process by eliminating
equipment typically used in the plant facilities for
scrubbing HX gases vented from the bromination reactor
in order to keep HX gas from entering the environment
and for absorbing organic solvent vapors from such
gas. Further, reaction mixtures formed in a
bromination process of this invention can be more
readily processed in the plant than corresponding
conventional styrenic polymer bromination reaction
mixtures in as much as the HX can serve as
anadditional diluent for the reaction mixture. As used
herein, including the claims, and unless expressly
stated otherwise, the formula HX denotes HBr or HCl,
or both. [0005] In accordance with one embodiment of
this invention there is provided a process of
preparing a brominated styrenic polymer having a
bromine content of at least about 50 wt%, and
preferably at least about 60 wt%, and still more
preferably at least about 67 wt% by brorninating
styrenic polymer, wherein said process is
characterized by conducting the bromination in a
liquid phase reaction mixture under superatmospheric
pressure in a closed reaction system so that gaseous
HX coproduct is not released from said closed reaction
system separately and apart from said reaction
mixture. Stated in other terms, the invention of this
embodiment is in aprocess wherein abrominated styrenic
polymer having a bromine content of at least about 50
wt%, and preferably at least about 60 wt%, and still
more preferably at least about 67 wt% is prepared by
brorninating styrenic polymer. The improvement in such
process comprises conducting the bromination in a
liquid phase reaction mixture under superatmospheric
pressure in a closed reaction system so that gaseous
HX coproduct is not released from said closed reaction
system separately and apart from said reaction
mixture. [0006] The above embodiment of this invention
(in whichever of the two forms in which it is stated
above) enables: A) capture within the bromination
reactor of substantially all coproduct HX along with
and as a part of the reaction mixture formed in a
batch bromination conducted in the closed reaction
system; or B) removal of substantially all coproduct
HX along with and as a part of the reaction mixture
existing after completion of a batch bromination of
styrenic polymer conducted in the closed reaction
system; or C) removal of substantially all coproduct
HX along with and as a part of the reaction mixture
being formed in a continuous bromination of styrenic
polymer conducted in a closed reaction system. In each
of A), B), and C) the brominated styrenic polymer and
the coproduct HX can then be separated and recovered.
[0007] Tn accordance with another embodiment of this
invention there is provided a process for the
preparation of a brominated styrenic polymer having a
bromine content of at least about 50 wt%, and
preferably at least about 60 wt%, and still more
preferably at least about 



67 wt%, said process characterized in that a styrenic
polymer is brominated under superatmospheric pressure
in the presence of aLewis acid bromination catalyst
and in a closed reaction system in which substantially
all of the HX coproduct is retained in the reaction
mixture until the catalyst is quenched either in the
reaction zone or externally from the reaction
zone.[0008] In carrying out the above process,
typically the catalyst is quenched in an aqueous
quenching medium. Preferably the HX dissolved in the
resultant aqueous phase is separated from the organic
phase containing the brominated styrenic polymer. In
cases where HX is HBr, it is preferred to recover the
bromine values in the aqueous phase by (i) steam
stripping the aqueous phase to remove residual organic
solvent from the aqueous phase and thereby provide a
hydrobromic acid product suitable for use or sale;
(ii) converting the HBr in the aqueous phase to
elemental bromine; or (iii) reacting the HBr with an
aqueous metallic base to produce a solution of a metal
bromide salt suitable for use or sale. [0009] In a
batch bromination process of this invention the liquid
reaction mixture comprised of brominated styrenic
polymer and substantially all coproduct HX can be
quenched in the reaction vessel in which they are
formed, or the liquid reaction mixture comprised of
brominated styrenic polymer and substantially all
coproduct HXcan beremoved from reaction vessel in
which they are formed and quenched in a separate
quenching zone. In this latter case the liquid
reaction mixture comprised of brominated styrenic
polymer and coproduct HX is kept under pressure,
preferably in confinement as it is transported within
piping, conduits, or the like, extending from the
reaction vessel into the separate quenching vessel and
released within the body of a liquid quenching medium,
preferably an aqueous quenching medium, contained in
the quenching vessel so that gaseous HX does not
escape into the surroundings. [0010] By "closed
reaction system" in connection with a batch process in
which the bromination and quenching are tobe carried
out seriatim in the same reaction vessel is meant that
except for piping or conduits carrying the necessary
components (including purging carrier gases, liquid
quenching medium etc.) into and out of the bromination
reaction vessel, the system is closed from its
surroundings. Ia short, the system is designed such
that gaseous HX coproduct does not escape from the
system, but rather is caused to remain within the
confines of the reaction vessel under sufficient
pressure so that substantially all of the HX coproduct
remains within and is part of the reaction mixture
until quenching whereby the HX is captured in the
quenching medium concurrently with deactivation of the
bromination catalyst. When HXis HBr, the bromine
values are then recovered in a suitable form and when
HX is HCl, the HCl can be recovered, e.g., as
hydrochloric acid, if desired. [0011] By "closed
reaction system" in connection with a batch process or
continuous process in which the bromination and
quenching are to be carried out, or are carried out,
in separate vessels or zones is meant that except for
piping or conduits carrying the necessary components
(including purging earlier gases, if used, etc.) into
and out of the bromination reaction vessel or zone and
into and out of the catalyst deactivation vessel or
zone, the system is closed from its surroundings. In
short, the system is designed such that gaseous HX
coproduct does not escape from the system, but rather
is caused to travel from the brominationreaction
vessel or zone into the catalyst deactivation vessel
or zone under sufficient pressure so that
substantially all of the HX coproduct remains within
and is part of the reaction mixture until quenching
whereby such coproduct HX is captured in the quenching
medium concurrently with deactivation of the
bromination catalyst. Here again, when HX is HBr, the
bromine values are then recovered in a suitable form,
and when HX is HCl, the HCl can be recovered, e.g. ,
as hydrochloric acid, if desired. [0012] By conducting
the process in accordance with this invention,
brominated styrenic polymer of desired bromine content
and substantially all HX coproduct are captured in the
same operation (quenching), process equipment costs
are reduced, and processing of the reaction mixture is
facilitated. [0013] These and other embodiments and
features of this invention will be still further
apparent from the ensuing description, accompanying
drawings and appended claims. BRIEF DESCRIPTION OF THE
DRAWING [0014] Figure l is a schematic flow diagram of
a bromination process of this invention that can be
used for producing brominated styrenic polymers.
FURTHER DETAILED DESCRIPTION [0015] One of the
features of this invention is the fact that the
process of this invention can be applied to any
process for producing brominated styrenic polymers,
including preferably, those of the commonly-owned
patents described at the outset of this document.
[0016] Thus for example, the process for brominating
styrenic polymers can be a process which comprises
forming a reaction mixture by feeding a mixture (i)
which is substantially free of a bromination catalyst
and (ii) which is formed from at least a brominating
agent and a styrenic polymer, to a catalytic quantity
of a bromination catalyst, this being exemplary of
process technology first described in U.S. Pat. No.
5,677,390. [0017] Similarly, the process for
brominating styrenic polymers can be a process which
comprises feeding a first stream comprising
brominating agent, a second stream comprising styrenic
polymer and a third stream comprising bromination
catalyst to a mixer to intimately mix such streams,
this being exemplary of process technology first
described in U.S. Pat. No. 5,686,538. [0018] Also, the
process for brominating styrenic polymers can be a
process which comprises contacting styrenic polymer
with a brominating agent in the presence of Lewis acid
catalyst and solvent quantities of bromochloromethane,
this being exemplary of process technology first
described in U.S. Pat. No. 5,767,203. [0019] In each
of the above processes described in U.S. Pat. No.
5,677,390; 5,686,538; or 5,767,203, such process is
improved pursuant to this invention by conducting the
brominationin a closed reaction system under
superatmospheric pressure which is typically up to
about 60 psig, to retain substantially all of the HX
coproduct in a bromination reaction mixture, and
terminating the bromination by quenching the reaction
mixture which comprises brominated styrenic polymer
and substantially all of the coproduct HX, in an
aqueous quenching medium. Preferably the brominated
styrenic polymer and theHX coproduct are separated and
recovered from at least a portion of the aqueous
quenching mixture formed during the quenching. 



[0020] In addition to the foregoing, still another
process of this invention is a process for brominating
styrenic polymers which process comprises concurrently
feeding a first stream comprising brominating agent
and a bromination catalyst, and a second stream
comprising styrenic polymer to a reaction zone
wherein: A) the bromination is conducted in a closed
reaction system to retain HX coproduct in a
bromination reaction mixture at superatmospheric
pressure, and B) the catalyst is deactivated by
quenching the reaction mixture which includes the
brominated styrenic polymer and substantially all of
the HX coproduct, in an aqueous quenching medium.
Preferably the HX dissolved in the resultant aqueous
phase is separated from the organic phase containing
the brominated styrenic polymer. When HXis HBr, it is
preferred torecover the bromine values in the aqueous
phase by (i) steam stripping the aqueous phase to
remove residual organic solvent from the aqueous phase
and thereby provide a hydrobiOmic acid product
suitable for use or sale; (ii) converting the HBr in
the aqueous phase to elemental bromine; or (iii)
reacting the HBr with an aqueous metallic base to
produce a solution of a metal bromide salt suitable
for use or sale. [0021] In each of the processes of
this invention, the superatmospheric pressure employed
can be the autogenous pressure generated in the closed
system. However, any superatmospheric pressure within
the safe operating limits of the reactor and/or
associated pressurized equipment can be used. [0022]
HX coproduct is soluble in the halogenated solvents
used in the processes of this invention. Thus, in the
practice of this invention the HX coproduct is carried
through the closed reaction zone while in solution,
and in fact serves as an additional diluent thereby
reducing the viscosity of the polymeric solution. Such
a reduction in viscosity offers the opportunity of
operating with less solvent or enabling use of a
moderately higher molecular weight of styrenic polymer
with the same level of solvent. In addition, the
typical need for a scrubbing system for scrubbing HX
coproduct from the exit gas stream from the
bromination reactor is eliminated. Instead of
providing and using such a scrubbing system, all of
the HX coproduct can be recovered in a single
operation from the contents of an aqueous quenching
system used for deactivating the catalyst. Moreover,
the capital cost fora scrubbing system and the costs
involved in the maintenance of a scrubbing system are
eliminated. [0023] Another feature of this invention
is that although it might be expected that the
bromination reaction rate would be reduced by
operating in a closed bromination reaction system so
that the HX coproduct remains with the reaction
mixture throughout the bromination, it has been found
that for all practical purposes the bromination
reaction rate appeal s to be as fast as if the
bromination was conducted at atmospheric pressure.
[0024] If necessary, the feed streams to the
bromination reaction zone can be degassed to remove
dissolved atmospheric gases that maybe entrained
therein. In this way, the possibility of exceeding the
pressure limitations of the bromination reaction
system being employed is minimized. [0025] Styrenic
polymers which are brominated in accordance with the
present invention are homopolymers and copolymers of
vinyl aromatic monomers, that is, monomers having an
unsaturated moiety and an aromatic moiety. The
preferred vinyl aromatic monomers have the formula:
H2C=CR-Ar wherein R is hydrogen or an alkyl group
having from 1 to 4 carbon atoms and Ar is an aromatic
radical (including various alkyl and
halo-ring-substituted aromatic units) of from 6 to 10
carbon atoms. Examples of such vinyl aromatic monomers
are styrene, alphamethylstyrene, ortho-methylstyrene,
meta-methylstyrene, para-methylstyrene,
paraethylstyrene, isopropenyltoluene,
isopropenylnaphthalene, vinyl toluene, vinyl
naphthalene, vinyl biphenyl, vinyl anthracene, the
dimethylstyrenes, t-butyl styrene, the several
chlorostyrenes (such as the mono- and dichloro-
valiants), the several bromostyrenes (such as the
mono-, dibromo- and tribromo- variants) . Polystyrene
isthe currently preferred styrenic polymer and, when
the styrenic polymer being brominated is a copolymer
of two or more vinyl aromatic monomers, it is
preferred that styrene be one of the monomers and that
styrene comprise at least 50 weight percent of the
copolymerizable vinyl aromatic monomers. [0026] The
styrenic polymers, which are brominated in accordance
with the present invention, are readily prepared by
bulk or mass, solution, suspension or emulsion
polymerization techniques comparable to those employed
in the polymerization of styrene. Polymerization can
be effected in the presence of free radical, cationic
or anionic initiators, such as di-t-butyl peroxide,
azo-bis(isobutyronitiile), di-benzoyl peroxide,
t-butyl perbenzoate, dicumyl peroxide, potassium
persulfate, aluminum trichloride, boron trifluoride,
etherate complexes, titanium tetrachloride,
n-butyllithium, t-butyllithium, cumylpotassium,
1,3-tiilithiocyclohexane, and the like. The
polymerization of styrene, alone or in the presence of
one or more monomers copolymerizable with styrene, is
well known and it is considered unnecessary to further
discuss the polymerization process. Styrenic polymers
produced by free radical polymerization with GPC
molecular weights of at least 1,000, preferably at
least 50,000 and most preferably 150,000 to 500,000,
are brominated in accordance with the present
invention. Anionic styrenic polymers (Le. , styrenic
polymers formed using an anionic initiator) having a
GPC number average molecular weight in the range of
2000 to 30,000, preferably in the range of 2000 to
10,000 and more preferably in the range of 3000 to
7000 constitute another preferred type of styrenic
polymers for use in this invention. Although styrenic
polymers outside these molecular weight ranges can be
brominated in accordance with the present invention,
there is typically no economic advantage in so doing.
[0027] The catalyst used in the processes of this
invention can be any bromination catalyst, provided
that the catalyst does not act to frustrate the
efficient and safe piOduction of a high quality
brominated polystyrenic product. The favored catalysts
are the Lewis acid catalysts which are typified by
AlCl3, FeCl3, AlBr3, FeBr3, SbCl5, ZrCl4, and the
like. Fe, Al and Sb2O3 may be used to form Lewis acid
catalysts by simply adding them to the reaction
system. Mixtures of catalyst can also be used. Once
the catalyst has been added to the reaction system, it
may undergo some reaction without significant loss of
catalytic activity, e.g. , AlCl3 



may convert to some extent to AlBr3. The more
preferred catalysts are the aluminum and iron-based
catalysts. Of these, more preferred are the aluminum
and iron halides, especially the bromides and
chlorides, such as AlCl3 and AlBr3 are highly
preferred. When bromine (Br2) is used as the
brominating agent, most preferred as catalyst are the
bromides such as AlBr3 or FeBr3 that show excellent
activity for aromatic bromination and do not provide a
source of HCl that could contaminate the anhydrous
HBrcoproduct stream and reduce its high value. Also
highly preferred is a catalyst solution prepared by
combining solid AlCl3 (a substance which is not
soluble in bromine) and gaseous HBr in warm (40-50 C)
liquid bromine. Arapid halogen exchange produces a
soluble bromoaluminum halide catalyst and HCl and the
catalyst can be used with or without copresence of
HCl. An advantage of using a catalyst of this type is
that the active brominating species (believed to be
the bromonium ion, Br+)is preformed, and thus the
bromination of the styrenic polymer initiates veiy
rapidly and with high selectivity. The direct addition
of AlBr3 to bromine also produces a solution of this
preferred preformed brominating species. [0028] The
catalyst is used in an amount which i s sufficient to
obtain the catalytic effect sought. These catalytic
amounts will depend on the activity of the catalyst,
but will generally fall within the range of from 0.2
to 20 weight percent and preferably within the range
of from 0.5 to 15 weight percent, based on the weight
of the styrenic polymer being brominated. Themost
active catalysts will be used in the lower amounts
while the less active catalysts will be used in the
higher amounts. For the preferred aluminum and
iron-based catalysts, it is preferred that they be
used in amounts within the range of from 0.5 to 5
weight percent. AlCl3 and FeCl3 are useful in amounts
within the range of from 0.2 to 10 weight percent.
When AlCl3, AlBr3, or a catalyst solution made from
solid AlCl3 and gaseous HBr in warm liquid bromine as
described above i s used as the catalyst, amounts
within the range of from 0.5 to 3 weight percent are
preferred. [0029] The brominating agents useful in the
process of this invention can be any of those which
can brominate aromatic carbons in the aromatic groups
of the polymer (hereinafter also referred to as
styrenic monomer units). The art recognizes Br2 and
Bid as good brominating agents, with the former being
more preferred. Bromine can be obtained commercially
in the diatomic form or can be generated by the
oxidation of FfBr. Br2 can be supplied either as a
liquid or a gas. The amount of brominating agent used
in the process should provide an overall mole ratio of
total brominating agent to total styrenic polymer fed,
which will provide from 1 to 3 bromine substitutions
per styrenic monomer unit in the polymer. Generally,
it is desired that the brominated styrenic polymer
products of this invention contain at least 30 wt%
bromine, based upon the total weight of the brominated
polymer. It is preferred that the brominated polymer
contain above about 50 wt% bromine and most preferably
above about 60 wt% bromine. For any particular
styrenic polymer, the amount of brominating agent used
in the process will be determined by the bromine
content desired considering the highest bromine
content which is obtainable with the process
parameters chosen. Thehigher bromine contents will
require the most brominating agent. It is pointed out
that as tribromination is approached, it becomes more
difficult to substitute more bromines. Adding ever
larger amounts of a brominating agent does not always
reduce this difficulty. However, it is helpful, in
attempting to maximize the bromine content, to provide
a small stoichiometric excess of brominating agent.
Stoichiometric excesses up to about 2%are preferred.
The stoichiometry is easily determined as it requires
one mole OfBr2 or BrCl per substitution sought. In
practice, the practitioner will determine the bromine
content sought on a weight basis and then will
calculate, on an idealized basis, the number of moles
of brominating agent needed to obtain the same. For
example, if the styrenic polymer is polystyrene and
the bromine content sought is 68 wt%, at least 2.7
moles of bromine or BrCl per styrenic monomer unit
will be required, not including any desired
stoichiometric excess. For brominated polystyrene, a
bromine content of from 40 to 70+ wt% bromine is
desirable. This range can be theoretically obtained
with a mole ratio of bromine to styrenic monomer unit
of from 0.9:1 to 3.0:1. Preferred for brominated
polystyrene is abromine content of from 60 to 70+ wt%,
which can be obtained with a theoretical mole ratio of
from 1.9:1 to 3.0:1 for bromine or BrCl. Theprocesses
of this invention can, with facility, provide up to
67-69 wt% and in fact even up to 70-72 wt% bromine in
the brominated styrenic polymer. In determining the
amount of brominating agent in the process, the
brominating agent in the feed mixture and any
brominating agent pre-added prior to the feed of the
mixture are both counted. As pointed out herein, it is
not necessary to pre-add a brominating agent to the
catalyst and, thus, all of the process brominating
agent requirements can be supplied via the feed of the
mixture. If, however, the practitioner chooses to
pre-add a brominating agent to the reactor, it can be
done . While the foregoing describes the overall
quantitative relationship between the brominating
agent and styrenic polymer, the quantitative
relationship between these two reactants in the feed
mixture has not been fully discussed. Generally, the
mixture which is to be fed will contain from 1 to 8
moles of brominating agent per mole of styrenic
monomer units at any time during the feed period.
During the feed, the quantitative relationship can be
constant or can vary within the above-mentioned range.
(It is within the scope of this invention to allow for
some excursions outside of the range so long as such
does not do significant harm to the process efficiency
or to product quality.) A preferred range is from 2.5
to 5 moles of brominating agent per mole of styrenic
monomer units in the feed mixture. As can be
appreciated, the use of an amount of brominating agent
in the feed mixture which gives a mole ratio of
brominating agent to styrenic monomer units which is
less than or greater than the selected overall mole
ratio of brominating agent to styrenic monomer units,
will result in exhaustion of either the brominating
agent or the styrenic polymer as a mixture constituent
before exhaustion of the other constituent. For
example, if the practitioner chooses to produce
brominated polystyrene with a 70 wt% bromine content,
an overall molar ratio of bromine to styrenic monomer
units of 3.0:1, and any excess if desired, would be
suitable. If the practitioner chooses to form a feed
mixture in which the molar ratio of bromine to
styrenic monomer units is 1:1, it can be seen that the
amount of polystyrene to be fed will be completed
before obtaining the needed overall amount of bromine.
Tn this case, the practitioner first uses the
1:1mixture and then continues on with just a bromine
feed after the polystyrene feed has been exhausted.
If, on the other hand, the molar ratio in the feed
mixture 



is chosen to be 5:1, then the bromine will first
become exhausted and the feed will have to be finished
with the polystyrene alone. Generally, it is preferred
to have the overall molar ratio and the feed mixture
ratio at least somewhat similar. In all cases though,
the initial feed should preferably contain at least a
molar ratio of bromine to styrenic monomer units of
1:1. [0030] It is preferred that the bromine used in
the process of this invention be essentially
anhydrous, . ., contain less than 100 ppm (weight
basis) water and contain no more than 10 PP1 1 organic
impurities, e.g., oil, grease, carbonyl containing
hydrocarbons, iron, and the like. Available,
commercial grade bromine may have such purity. If,
however, such is notavailable, the organic impurities
and water content of the bromine can be conveniently
reduced by mixing together a 3 to 1volume ratio of
bromine and concentrated (94-98 percent) sulfuric
acid. A two-phase mix is formed which is stirred for
10-16 hours. After stirring and settling, the sulfuric
acid phase, along with the impurities and water, is
separated from the bromine phase. To further enhance
the purity of the bromine, the recovered bromine phase
can be subjected to distillation. [0031] As before
stated, it is preferred that the processes of this
invention use a solvent. The solvent must be capable
of solubilizing the styrenic polymer feed and
underbrominated intermediates and be relatively inert
to the process at reaction conditions. The solvent
should also exhibit solubility of the underbrominated
styrenic polymers and, in preferred cases, the final
brominated product. Preferred solvents are those in
which the bromination catalyst is also soluble,
readily dispersed or readily suspended. Halogenated
solvents are preferred and are exemplified by carbon
tetrachloride, chloroform, tetrachloroethane,
methylene chloride, dichloroethane, trichloroethylene,
trichlorobenzene, methylene bromide,
1,2-dibromoethane, dichlorodifluoromethane,
bromochloromethane, and mixtures thereof. Especially
preferred are bromochloromethane, 1,2-dichloroethane,
methylene bromide, and methylene chloride. By forming
a solution of solvent and styrenic polymer, the
polymer becomes easy to handle and mix with bromine.
The solutions of this invention preferably contain
from 5 to 50 wt% polymer. More highly preferred are
those which contain from 5 to 30 wt% polymer. [0032]
It is preferred to have the bromination catalyst, to
which the bromine/styrenic polymer mixture is fed, to
be in association with a liquid so that the catalyst
can be in a solution, slurry, dispersion or
suspension. Such will enhance mixing of the reactants
and mass transfer qualities. It is expedient, but not
necessary, to use the same liquid, i.e., solvent, that
is used to form the styrenic polymer solution. Thus,
in one preferred mode, processes of this invention
will provide a mixture of halogenated solvent and
catalyst in the reactor into which the styrenic
polymer/brominating agent mixture can be fed. The
mixture of halogenated solvent and catalyst is best
described as a suspension. Generally, it is suitable
to use from 95 to 99.9 wt% liquid and preferably from
99 to 99.8 wt%, based on the total weight of liquid
and catalyst hi a second more preferred mode, the
catalyst is dissolved or suspended in the brominating
agent and then combined with the styrenic polymer
solution as it enters the reaction zone. [0033] The
solvent used to dissolve the styrenic polymer and the
liquid used in association with the catalyst are
preferably diy, that is, they contain less than about
200 ppm (weight basis) water between them and
preferably less than about 150 or 100 ppm water. The
presence of water is not desired as, in significant
quantities, it can deactivate the catalyst to an
undesirable extent. If, for some reason, the
practitioner has large amounts of water in theprocess
and dewatering is not practical, then it may be
possible to overcome the situation by simply
increasing the amount of catalyst used. For the
process of this invention, it is not a feature to
solely use water to avoid cross-linking as is taught
in U.S. Pat. No. 4,200,703, but rather, this invention
minimizes cross-linking by means which include its
novel feeding techniques. [0034] The styrenic
polymer/brominating agent mixture feed should occur
expeditiously, with consideration being given to the
ability of the process equipment to handle the heat
load from the exothermic process, the pressure
generated by the HX coproduct, and other process
concerns. In short, the feed can occur over the
shortest time period that will be allowed by the
equipment without excursion outside of critical
process parameters. Generally, it is anticipated that
the feed period for batch operations will be from 0.5
to 10 hours for a commercial-size plant. Shorter feed
periods are expected for smaller scale batch
processes. Average residence times for continuous
processes of this invention (Le., periods between the
time initiation of bromination occurs in the reaction
zone until deactivation of the catalyst occurs) are
typically less than 20 minutes, preferably 10 minutes
or less, and more preferably 5 minutes or less. [0035]
The process of this invention occurs at a temperature
in the range of -20  to 20 preferably in the range of
-10 to 10C, and more preferably in the range of -5 C
to 5 C. The bromination and preferably the transfer to
the aqueous quenching medium are conducted at
superatmo spheric pressure. Less preferred is to
reduce the pressure at commencement or during the
transfer of reactor contents to the aqueous quenching
medium, while keeping all of the reactor contents
including the HX confined, e.g., within transfer
piping or conduits so that substantially all of the HX
coproduct formed in the bromination is kept confined,
and transferred to and captured by the quenching
medium. [0036] To carry out a typical batch-type
process of this invention, a bromination catalyst,
e.g., AlCl , is suspended in essentially anhydrous
solvent, to give an easily stirrable suspension. The
suspension is prepared in a glass-lined, stirred
reactor and brought to a temperature within the range
of from -5  to 10 0C. The mix is kept under a
pressurized, inert, dry atmosphere in the reactor. A
solution of a styrenic polymer and solvent, e.g.,
bromochloromethane, is prepared and intimately mixed
with a bromine stream to yield a homogenous mixture.
The cool mixture is fed into the stirred bromination
catalyst suspension in the sealed pressurized reactor.
The intimate mixing of the styrenic polymer solution
and brominating agent can be accomplished in a number
of ways. For example, the solution and a brominating
agent can be fed to a mixing device, e.g. , a mixing
nozzle, at the lower end of the dip tube in the
reactor which extends to a point below the suspension
level. The mixingdevice is designed to obtain the
intimate mixing of the solution and brominating agent.
Also, the mixing device acts to impart mixing energy,
at the point of feed, to the intimate mixture and
catalyst suspension. Another technique for obtaining
intimate mixing of the styrenic polymer solution and
brominating agent, is to use an exterior reactor loop
having an in-line 



mixer, say an impingement mixer. Generally, the use of
an exterior reactor loop includes first charging the
reactor with abromination catalyst slurry, suspension,
etc., and then withdrawing from the reactor a stream
which is then fed to a mixer external of the reactor.
A mixture formed from at least bromine and styrenic
polymer is also fed to the mixer to yield a second
mixture which is formed from the two feeds to the
mixer. The second mixture is subsequently fed back to
the reactor. The stream withdrawn from the reactor
will initially comprise the catalyst. After the second
mixture is fed to the reactor and the process runs,
the withdrawn stream will begin to comprise brominated
polystyrene along with catalyst. Use of an exterior
reactor loop in abromination process is further
discussed with reference to FIG. 1of U.S. Pat. No.
5,677,390. [0037] The reactor is kept at a low
temperature, e.g. , from 0  to -5 C, during the feed
of the styrenic polymer and/or brominating feed, as
the case may be, and preferably from -2  to 2C. [0038]
As can be appreciated, the contents of the sealed,
pressurized batch reactor change in composition during
the bromine and polystyrene/solvent solution feeds.
Initially, the contents of the reactor comprise
catalyst and solvent. As the process runs, the reactor
contents comprise and begin to become more rich in
brominated polystyrene. During a cook period,
bromination of the last styrenic polymer fed to the
reactor occurs. Removal of the reactor contents can
continue to occur during the cook period to aid in
mixing. [0039] After the feed has been accomplished in
such batch-type operation, the reaction mixture which
includes substantially all of the HX coproduct is
maintained in the sealed reactor under
superatmospheric pressure for a cook period of from 5
to 30 minutes, and preferably from 5 to 15 minutes.
The cook temperature is within the range of from -10
to 10C and preferably within the range of from -5 to 5
C. The cook period serves to complete the bromination
of the last of the styrenic polymer fed to the
reactor. The cook period can occur in the reactor.
[0040] Bromination of styrenic polymers is a
substitution reaction. Coproduct HX is also formed in
this reaction i the practice of the present invention,
the HX formed in the process is kept within the
reactor and discharged along with the reaction mixture
into an aqueous quenching bath or zone. A dry, inert
gas, e.g., nitrogen, can be used as a carrier gas to
purge the HX vapors from the reactor into an aqueous
quenching bath or into a quenching zoneequipped with
aqueous sprays to dissolve substantially all of the
vaporous HX. The aqueous quenching bath or the sprays
in the quenching zone may contain a salt-forming base
such as sodium hydroxide so that the HX entrained in
the reaction mixture and the HX purged from the vapor
state are converted into a water-soluble dissolved
salt such as an alkali metal salt, typically NaBr or
NaCl. Preferably, only water is used for the quench so
that the hydrobromic acid or hydrochloric acid
solution that is formed is suitable for use or sale
after removal of any small quantities of retained
bromination solvent. [0041] While pure water is the
preferred aqueous quenching medium, a solution or
slurry of sodium sulfite, and/or sodium hydroxide can
be used to deactivate the catalyst, kill any remaining
brominating agent and to adjust the reaction mixture
pH. After such treatment, the quenched reaction
mixture i s settled to obtain a two-phase reaction
mixture containing an organic phase, which contains,
as a solute, the brominated styrenic polymer product,
and an aqueous phase which contains most, if not all,
of the HX coproduct. The aqueous phase is decanted and
the remaining organic phase is stripped of its solvent
component. It is most convenient to accomplish this
strip by pumping the organic phase into boiling water.
As the solvent is flashed off, the brominated styrenic
polymer product forms a precipitate. The precipitate
can be recovered by any liquid-solid separation
technique, e.g., filtration, centrifugation, etc. The
recovered precipitate is then dried. The aqueous phase
from the quench which includes the HX coproduct is
treated with live steam in either a batch or
continuous operation to remove any residual
bromination solvent. When bromine (Br2) is used as the
brominating agent, the steam stripped aqueous solution
may then be sent to a bromine recovery unit where the
bromine value is recovered as elemental bromine, or if
pure water was used for the quench, the solution is
suitable for use or sale as hydrobromic acid.
Alternatively, the stripped aqueous solution can be
treated with a metallic base in order to form a
solution of metallic bromide salt suitable for use or
sale. [0042] To carry out a process of this invention
as a typical continuous process, typically two or
three continuous feeds of the reactor components are
carried out concurrently, the reactor or reaction zone
is preferably a tubular or loop-type reactor, and
contents from the reactor are typically continuously
removed from the reaction zone and transferred to a
quenching bath or quenching zone. When two continuous
feeds are used, neither feed contains all three of the
components for a period of time greater than a few
seconds, viz., (1) brominating agent, (2) catalyst,
and (3) styrenic polymer (preferably dissolved in a
solvent), but all three of these are fed by combining
two of these three components in a one of the two
feeds. Tf in such case (3) is fed neat, the solvent
should be fed either with the brominating agent and
the catalyst or a third feed of solvent should be
used. When three feeds are used each of (1), (2), and
(3) can be fed separately but a portion of any one of
them can be combined with a feed of (1), (2)and/or (3)
provided no feed contains all three of them for a
period of time greater than a few seconds .
Permissible combination of all three feeds for a
period of time not greater than a few seconds can
arise, for example, when the three components enter a
small impingement mixing chamber in an injector and
then are injected from the injector. In such a case
the impingement mixing chamber an exit passage
therefrom constitute part of the reaction zone. [0043]
Multiple feeds of components (1), (2) and/or (3) can
be employed, if desired. [0044] The flow diagram of
Figure 1 schematically depicts one type of system that
can be used for conducting a continuous process
pursuant to this invention involving continuous
bromination of anionic styrenic polymer (i.e.,
styrenic polymer formed by use of an anionic
polymerization initiator such as a lithium alkyl).
Basically the system is composed of a loop type
reactor 40, a pump 42 for circulating the reaction
mixture including the HX coproduct through reactor 40,
a take-offline 44 for receiving from reactor 40 a
portion of the circulating reaction mixture including
HX coproduct and transmitting such contents to a
quench vessel (not shown), a dual injection system
composed of injector 43 and injector 45, an indirect
heat exchanger 46, and a static mixer 48. hi the form
depicted heat exchanger 46 is disposed 



upstream from injectors 43 and 45 and downstream from
pump 42 so as to remove heat generated by the action
of pump 42, as well as heat from the exothermic
bromination reaction. Tf desired, heat exchanger 46
can be placed at any other suitable place relative to
reactor 40. Also more than one such heat exchanger can
be employed in association with reactor 40 to remove
heat at more than one location around the loop. Heat
exchanger 46 is provided with a flow of suitable heat
absorbing liquid such as cooling water and/or ethylene
glycol. [0045] As depicted, injectors 43 and 45 are in
axial opposed alignment. Though not shown in the line
drawing of Figure 2, the orifices of injectors 43 and
45 are spaced apart from each other so that the
contents of these respective injectors are forced
directly toward each other and substantially at right
angles relative to and into the reaction mixture
including the HX coproduct flowing through reactor 40.
Such an arrangement ensures very rapid contacting
among the injected contents from the injectors and the
reaction mixture flowing through the reactor. This in
turn ensures highly rapid initiation of the
bromination reaction. Take-off line 44 as depicted
continuously removes from reactor 40 a portion of the
circulating reaction mass. The contents of take-off
line 44 are typically transported to and discharged
into a vessel (not shown) containing a quenching
liquid which promptly deactivates the catalyst. [0046]
Injector 43 receives and discharges a solution of
anionic styrenic polymer in a suitable solvent whereas
injector 45 receives and discharges a mixture of
brominating agent such as bromine, and catalyst such
as aluminum tribromide. If desired, three injectors
(not shown) can be disposed around reactor 40, one for
injecting solution of anionic styrenic polymer,
another for injecting brominating agent (with or
without solvent or diluent) and thethird for injecting
catalyst (with or without solvent or diluent) so that
contact among the three injected streams occurs
rapidly thus resulting in rapid initiation of
bromination of styrenic polymer. In such a
three-injector system the three injectors can be in
any disposition relative to each other provided the
injected contents from the injectors come into contact
with each other rapidly, preferably within a matter of
a few seconds. One such three injector arrangement
involves disposing the injectors around reactor 40
with the respective axes of the three injectors in the
same plane and radially spaced at about 120 intervals.
[0047] The system of Figure 2 is typically operated at
superatmospheric pressure. Accordingly, the HX
coproduct remains with the reaction mixture within the
confines of reactor 40 and is carried out of the
reactor via take-off line 44 and is discharged along
with the reaction mixture directly into a vessel
containing an aqueous quenching medium which takes up
the HX and prevents its escape into the environment.
Thus substantially all of the HX coproduct is captured
at the same time the reaction mixture is quenched, a
step leading to recovery of both products in
commercially desirable forms. [0048] Product recoveiy
and workup after quenching can be conducted by letting
the quenched reaction mixture settle to obtain a
two-phase reaction mixture containing an organic
phase, which contains, as a solute, the brominated
anionic styrenic polymer product and an aqueous phase
containing the HX coproduct. The aqueous phase is
decanted and the remaining organic phase is stripped
of its solvent component. It is most convenient to
accomplish this strip by pumping the organic phase
into boiling water. As the solvent is flashed off, the
brominated anionic styrenic polymer product forms a
precipitate. The precipitate can be recovered by any
liquid-solid separation technique, e.g., filtration,
centrifugation, etc. The recovered precipitated washed
product is then dried, typically at a temperature in
the range of bout 110 to about 150C. [0049] The
aqueous phase from the quench is treated with live
steam in either a batch or continuous operation to
remove any residual bromination solvent. When HX is
HBr, the steam stripped aqueous solution may then be
sent to a bromine recovery unit where the bromine
value is recovered as elemental bromine, or if pure
water was used for the quench, the solution is
suitable for use or sale as hydrobromic acid. [0050]
When using bromine as the brominating agent and
operating the system of Figure 1 at elevated pressures
in the order of 20 to 60 psig and preferably at about
45 psig, all of the HBr coproduct formed can be
retained in the liquid reaction mixture. This has the
advantage not only of eliminating a need for a
separate HBr scrubber from the overall system, but in
addition all of the bromine values in the HBr can be
recovered from the aqueous quench of the reaction
mixture thus simplifying and reducing the cost of the
recoveiy of such brominevalues. Further, the retained
HBr has a diluent effect on the reaction mixture that
reduces the viscosity of the reaction mixture. Such
reduced viscosity enables the bromination process to
operate with less solvent or enable use of a
moderately higher molecular weight anionic styrenic
polymer with the same level of solvent or allow use of
a smaller, less costly heat exchanger. [0051]
Brominated styrenic polymers produced by this
invention can be used as flame retardants for various
polymeric materials such as thermoplastic and
thermosetting polymeric materials and resins. The
weight average molecular weights of the polymers that
can be flame retarded pursuant to this invention can
vary widely, from low molecular weight polymers to
veiy high molecular weight polymers. Methods for
producing the various thermoplastic or thermosetting
polymers that can be flame retarded with the
brominated styrenic polymers of this invention are
known to those of ordinary skill in the art. Other
persons who may be unfamiliar with such matters,
should refer to the extensive literature that exists
on such subjects. Preferably the brominated styrenic
polymers of this invention are used as additive flame
retardants for various thermoplastic polymers. [0052]
As used anywhere herein including the claims, the
terms "continuous" and "continuously" denote that the
operation referred to ordinarily proceeds without
interruption in time provided however that an
interruption is permissible if of a duration that does
not disrupt steady-state conditions of that operation.
If the interruption is of a duration that disrupts
steady-state operation, a steady state condition of
operation shouldbe achieved before resuming collection
of the product. [0053] Components referred to by
chemical name or formula anywhere in the specification
or claims hereof, whether referred to in the singular
or plural, are identified as they exist prior to
coming into contact with another substance referred to
by chemical name or chemical type (e.g., another
component, a solvent, or etc.). It matters not what
preliminary chemical changes, transformations and/or
reactions, if any, take place in the resulting mixture
or 



solution as such changes, transformations, and/or
reactions are the natural result of bringing the
specified components together under the conditions
called for pursuant to this disclosure. Thus the
components are identified as ingredients to be brought
together in connection with performing a desired
operation or in forming a desired composition. Also,
even though the claims hereinafter may refer to
substances,components and/or ingredients inthe present
tense ("comprises", "is", etc.), the reference is to
the substance, component or ingredient as it existed
at the time just before it was first contacted,
blended or mixed with one or more other substances,
components and/or ingredients in accordance with the
present disclosure. The fact that a substance,
component or ingredient may have lost its original
identity through a chemical reaction or transformation
during the course of contacting, blending or
mixingoperations, if conducted in accordance with this
disclosure and with ordinary skill of a chemist, is
thus of no practical concern. [0054] Each and every
patent or publication referred to in any portion of
this specification is incorporated in toto into this
disclosure by reference, as if fully set forth herein.
[0055] This invention is susceptible to considerable
variation in its practice. Therefore the foregoing
description is not intended to limit, and should not
be construed as limiting, the invention to the
particular exemplifications presented
hereinabove.CLAIMS: 1. A process wherein a brominated
styrenic polymer having a bromine content of at least
about 50 wt% is prepared by brominating styrenic
polymer, wherein said process is characterized
bybrominating the styrenic polymer in a liquid phase
reaction mixture under superatmospheric pressure in a
closed reaction system so that gaseous HX coproduct is
not released from said closed reaction system
separately and apart from said reaction mixture. 2.
Aprocess as in Claim 1wherein the bromination is
conducted using bromine, Br2, as brominating agent so
that said gaseous HX is HBr. 3. Aprocess as in Claim 2
wherein said bromine content is at least about 60 wt%.
4. Aprocess as in Claim 2 wherein said bromine content
is at least about 67 wt%. 5. A process for the
preparation of a brominated styrenic polymer having a
bromine content of at least about 50 wt%, said process
characterized in that a styrenic polymer is brominated
under superatmospheric pressure in the presence of a
Lewis acid bromination catalyst and in a closed
reaction system in which substantially all of the HX
coproduct is retained in the reaction mixture until
the catalyst is quenched either in the reaction zone
or externally from the reaction zone. 6. A process as
in Claim 5 wherein the catalyst is quenched in an
aqueous quenching medium. 7. A process as in Claim 6
wherein brominated styrenic polymer and HX are
separated and recovered from at least a portion of the
aqueous quenching mixture formed during the quenching.
8. A process as in Claim 5 wherein the bromination is
conducted in a solvent which solubilizes the styrenic
polymer. 9. A process as in Claim 8 wherein said
solvent comprises at least one aliphatic halocarbon
and/or halohydrocarbon solvent in which the halogen
atoms are chlorine atoms, bromine atoms or both. 10.
Aprocess as in Claim 9 wherein said solvent comprises
bromochloromethane. 11. A process as in any of Claims
5-10 wherein the Lewis acid catalyst is an aluminum
halide in which the halogen atoms are bromine,
chlorine or both. 12. A process as in any of Claims
5-10 wherein bromination is effected with bromine,
bromine chloride, or both, as brominating agent. 13. A
process as in Claim 12 wherein bromine is used as the
brominating agent. 14. A process as in any of Claims
5-10 wherein the styrenic polymer is a styrenic
polymer formed by free radical polymerization. 15. A
process as in Claim 14 wherein the styrenic polymer is
polystyrene.16. A process as in any of Claims 5-10
wherein the styrenic polymer is a styrenic polymer
formed by anionic polymerization. 17. A process as in
Claim 16 wherein the styrenic polymer is polystyrene.
18. A process as in Claim 5 wherein: A) bromination is
conducted with bromine, bromine chloride, or both, as
brominating agent; B) bromination is conducted in a
solvent which solubilizes the styrenic polymer; and C)
brominated styrenic polymer and HX are separated and
recovered from at least a portion of the aqueous
quenching mixture formed during the quenching. 19. A
process as in Claim 18 wherein the styrenic polymer is
a styrenic polymer formed by free radical
polymerization or by anionic polymerization. 20. A
process as in Claim 19 wherein the styrenic polymer is
polystyrene. 2 1. A process as in Claim 5 wherein in
conducting the bromination, a mixture (i) which is
substantially free of a bromination catalyst and (ii)
which is formed from at least a brominating agent and
a styrenic polymer is fed to a catalytic quantity of a
bromination catalyst contained in said closed reaction
system. 22. Aprocess as in Claim 5 wherein a first
stream comprising brominating agent, a second stream
comprising styrenic polymer and a third stream
comprising bromination catalyst are fed to a mixer
disposed in said closed reaction system to intimately
mix such streams. 23. A process as in Claim 5 wherein
a first stream comprising brominating agent and
catalyst, and a second stream comprising styrenic
polymer are fed into said closed reaction system. 


