
PYRIMIDINYL BENZOTHIOPHENE COMPOUNDS BACKGROUND OF THE
INVENTION Protein kinases modulate a wide variety of
biological processes of cells, especially those that
carry signals from the cell membrane to intracellular
targets and coordinate complex cellular functions.
Many extracellular stimuli that induce cellular
responses to occur inside the cells act through
affecting protein kinases and the pathways regulated
by these kinases. Consequently, one or more cellular
responses such as cell proliferation, differentiation,
migration, activation of transcription factors,
control of protein synthesis, regulation of cell
cycle, secretion of hormones and cytokines/chemokines,
and glycogen metabolism can be regulated by these
extracellular stimuli. Examples of such stimuli
include various environmental stress signals (e.g.
oxidative stress; heat shock, ultraviolet radiation,
bacterial endotoxin, H2O2), inflammatory cytokines
(e.g. tumor necrosis factor a (TNF-b) and
interleukin-6 (IL-6)), and growth factors (e.g.
epidermal growth factor (EGF), and transforming growth
factor beta (TGF-b)). Due to the importance of protein
phosphorylation in regulating many aspects of cell
life, aberrant protein kinase activity will result in
abnormal phosphorylation of key functional proteins
and enzymes and therefore is associated with many
human diseases, in particular those involved in
proliferative and inflammatory responses, such as
cancer, rheumatoid arthritis (RA), chronic obstructive
pulmonary disease (COPD), inflammatory bowel disease,
osteoarthritis, asthma, as well as cardiovascular and
neurological disorders. Accordingly, there has been a
substantial effort in medicinal chemistry to develop
therapeutic agents targeting protein kinases for the
treatment of human diseases. IKKbeta is a key kinase
regulating inflammation and stress related pathways
and thus has been linked to the development of a
variety of human diseases. For example,
intra-articular administration of a dominant-negative
IKKbeta significantly reduced the severity of the
adjuvant-induced arthritis in rats (Tak PP et al,
Arthritis Rheum. (2001) 44(8)1897-1907). IKKbeta
knockout cells have dramatic defects in expressing
TNFa-induced cytokines, chemokines, or adhesion
molecules that are involved in inflammatory disease
such as RA and COPD. Through conditional or
tissue-specific knockout of IKKbeta, this kinase is
found to be required for survival and proliferation of
peripheral B-cells and for prevention of apoptosis
mediated by TNFa (Ii Z-W, Omori AS, Labuda T, Karin M,
Rickert RC, "IKKb is required for peripheral B cell
survival and proliferation" The J. Immunol, (2003),
170:4630-4637; Maeda S, Chang L, et al. "IKKbeta is
requiredfor prevention of apoptosis mediated by
cell-bound but not by circulating TNFa" Immunity,
(2003), 19:725-737). Moreover, deletion of IKKbeta in
myeloid cells also reduced the growth of
colitis-associated cancer (Greten FR et al, Cell,
(2004), 118:285-296,). Furthermore, several groups
have demonstrated that IKKbeta kinase inhibitors can
induce cell growth inhibition and/or augment TNFa- or
TRAIL-induced cell death in different cancer cell
lines (Takaomi et al Clinical Cancer Res., (2005), VoI
11:1974-82; Hideshima et al, JBC, (2002) 277:
16639-47; Lam et al Clinical Cancer Res., (2005) VoI
11:28-40).The present invention provides novel
pyrimidinyl benzothiophene compounds believed to have
clinical use for treatment of cancer and inflammatory
diseases through inhibiting IKKbeta. BRIEF SUMMARY OF
THE INVENTION The present invention provides compounds
of Formula I : Formula I wherein: R1 is hydrogen,
hydroxy, halo, methylthio, aminosulfonyl,
pyrid-2-ylamino, 3- methylaminocarbonylphenyl,
-C(O)NR8R9, -(CH2)0.iNHSO2R12 , -CH2NHCONHR13 ,
-NHC(O)R14 , or pyrrolidinonyl optionally substituted
with ethyloxycarbonyl; R2 is hydrogen, hydroxy, halo,
cyano, (Ci-C4)alkyl, or (Ci-C4)alkoxy; R3 is hydrogen,
halo, or methyl; R4 is (a) -NR6R7 or (b)
aminomethylcyclohexyl, piperidinyl,
2,2,6,6-tetramethylpiperidin-4-yl,
2,2,6,6-tetramethylpiperidin-4-ylethenyl,
4-(Ci-C4)alkylpiperidin-4-yl, or pyrrolidinyl; wherein
(b) may be optionally substituted with a substituent
selected from the group consisting of (C2-C4)alkenyl,
(C3-C6)cycloalkyl, C(O)R10, and (Cr C4)alkyl
optionally substituted with halo, (C1- C4)alkoxy, or
(C3-C6)cycloalkyl; R5 is hydrogen when n is 1-7 or
hydroxy when n is 2-7; R6 is hydrogen or (Cr C4)alkyl;
R7 is selected from the group consisting of hydrogen,
(Ci-C4)alkyl, piperidin-4-yl optionally substituted
with (Ci-C4)alkyl, piperidinylcarbonyl optionally
substituted with (Ci-C4)alkyl, pyrrolidin-3-yl
optionally substituted with (Ci-C4)alkyl, and
pyrrolidinylcarbonyl optionally substituted with
(Ci-C4)alkyl; alternatively R6 and R7 along with the
nitrogen to which they are attached form a ring
selected from the group consisting of piperazinyl,
homopiperazinyl, 4-dimethylaminopiperidin-l-yl, 3-
dimethylaminopyrrolidin-1-yl, or
hexahydro-pyrrolo[3,4-c]pyrrolyl; wherein the ring may
be optionally substituted from the group consisting of
(C2-C4)alkenyl, (C3- C6)cycloalkyl, C(O)R10, and one
to three (Ci-C4)alkyl substituents optionally
substituted with hydroxy; R8 is hydrogen or (Cr
C4)alkyl; R9 is hydrogen, (Ci-C4)alkyl, (Ci-C4)alkoxy,
(C3-C6)cycloalkyl, thiazolyl, imidazolyl, pyridyl,
phenyl optionally substituted with halo,
2-hydroxy-2-phenyl-ethyl, imidazolylethyl,
6-chloropyrid-3- ylmethyl, or furan-2-yl-(Ci-C4
alkyl);alternatively R8 and R9 along with the nitrogen
to which they are attached form a heterocycle selected
from the group consisting of morpholinyl and
thiazinyl; R10 is hydrogen, (Cr C4)alkyl, or NHR11;
R11 is hydrogen or (Ci-C4)alkyl; 



R12 is (Ci-C4)alkyl, trifluoro(C 1-C4)alkyl, benzyl,
or (C3-C6)cycloalkyl; R13 is (Cr C4)alkyl,
(C3-C6)cycloalkyl, or benzyl optionally substituted
with (Cr C4)alkyl, halo, or (Cr C4)alkoxy; R14 is
(C3-C6)cycloalkyl, piperidinyl, indolylmethyl, or
benzyl optionally substituted with 3-
dimethylamino-2-hydroxypropoxy; provided that when R4
is piperidinyl, R1 is -C(O)NR 8R9; and n is 1-7
provided that n is 1 only when R4 is
-aminomethylcyclohexyl or 2,2,6,6-
tetramethylpiperidin-4-ylethenyl; or a
pharmaceutically acceptable salt thereof. The present
invention provides a method of treating multiple
myeloma in a mammal comprising administering to a
mammal in need of such treatment an effective amount
of a compound of Formula I or a pharmaceutically
acceptable salt thereof. The present invention also
provides a method of treating colon cancer in a mammal
comprising administering to a mammal in need of such
treatment an effective amount of a compound of Formula
I or a pharmaceutically acceptable salt thereof. The
present invention also provides a method of treating
large cell lung cancer in a mammal comprising
administering to a mammal in need of such treatment an
effective amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof. The present
invention also provides a method of treating
glioblastoma in a mammal comprising administering to a
mammal in need of such treatment an effective amount
of a compound of Formula I or a pharmaceutically
acceptable salt thereof. The present invention also
provides a method of treating ovarian cancer in a
mammal comprising administering to a mammal in need of
such treatment an effective amount of a compound of
Formula I or a pharmaceutically acceptable salt
thereof. The present invention also provides a method
of treating rheumatoid arthritis in a mammal
comprising administering to a mammal in need of such
treatment an effective amount of a compound of Formula
I or a pharmaceutically acceptable salt thereof. The
present invention also provides a method of treating
chronic obstructive pulmonary disease in a mammal
comprising administering to a mammal in need of such
treatment an effective amount of a compound of Formula
I or a pharmaceutically acceptable salt thereof. The
present invention also provides a pharmaceutical
formulation comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof, in
combination with a pharmaceutically acceptable
excipient, carrier, or diluent.-AThis invention also
provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the
manufacture of a medicament for the treatment of
cancer, in particular multiple myeloma, colon cancer,
large cell lung cancer, glioblastoma, and ovarian
cancer. Additionally, this invention provides a
compound of Formula I or a pharmaceutically acceptable
salt thereof for use in the treatment of cancer in
mammals, in particular multiple myeloma, colon cancer,
large cell lung cancer, glioblastoma, and ovarian
cancer. Furthermore, this invention provides a
pharmaceutical composition adapted for the treatment
of cancer, in particular multiple myeloma, colon
cancer, large cell lung cancer, glioblastoma, and
ovarian cancer comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof in
combination with one or more pharmaceutically
acceptable excipients, carriers, or diluents. This
invention also provides the use of a compound of
Formula I or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament for the
treatment of inflammatory diseases, in particular
rheumatoid arthritis and chronic obstructive pulmonary
disease. Additionally, this invention provides a
compound of Formula I or a pharmaceutically acceptable
salt thereof for use in the treatment of inflammatory
diseases, in particular rheumatoid arthritis and
chronic obstructive pulmonary disease. Furthermore,
this invention provides a pharmaceutical composition
adapted for the treatment of inflammatory diseases, in
particular rheumatoid arthritis and chronic
obstructive pulmonary disease comprising a compound of
Formula I or a pharmaceutically acceptable salt
thereof in combination with one or more
pharmaceutically acceptable excipients, carriers, or
diluents. The invention also provides a compound of
Formula II: Formula II wherein: R1 is hydrogen,
-C(O)X, hydroxy, (Ci-C3)alkyl, (Ci-C3)alkoxy, halo, or
cyano; X is amino-, methylamino-, cyclopropylamino-,
thiazolylamino-, imidazolylamino-, morpholinyl, or
thiazinyl; R3 is hydrogen, methyl, or halo; and R4 is
piperidin-4-yl optionally substituted with Ci-C4
alkyl, piperazin-4-yl optionally substituted with one
to three Ci-C4 alkyl substituents one of which is
optionally substituted with hydroxy;
3-dimethylaminopyrrolidin-l-yl;
-aminomethylcyclohexyl; homopiperazinyl;
hexahydro-pyrolo[3,4-c]pyrrole; or R RbN-(Ci-C4)alkyl;
provided that when R4 is piperidinyl, R1 is -CO(X); R
and Rb are independently H or methyl; and N' is 1-4
provided that n' is 1 only when R4 is
-aminomethylcyclohexyl; or a pharmaceutically
acceptable salt thereof.DETAILED DESCRIPTION OF THE
INVENTION The general chemical terms used in the
formulae above have their usual meanings. For example,



the term "(Ci-C 4)alkyl" includes straight chain and
branched alkyls, e.g., methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, ec-butyl, and terf-butyl.
The term includes methoxy, ethoxy, propoxy, and
butoxy. The term "(C3-C6)cycloalkyl" includes
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.
The term "(C2-C4)alkenyl" includes straight chain and
branched alkenyls, e.g., ethenyl, propenyl,
isopropenyl, butenyl, isobutenyl, seobutenyl, and
terf-butenyl. The term "halo" includes fluoro, chloro,
bromo, and iodo. The skilled artisan will appreciate
that certain compounds of Formula I contain at least
one chiral center. The present invention contemplates
all individual enantiomers or diastereomers, as well
as mixtures of the enantiomers and diastereomers of
said compounds including racemates. It is preferred
that compounds of Formula I containing at least one
chiral center exist as single enantiomers or
diastereomers. The single enantiomers or diastereomers
may be prepared beginning with chiral reagents or by
stereoselective or stereospecific synthetic
techniques. Alternatively, the single enantiomers or
diastereomers may be isolated from mixtures by
standard chiral chromatographic or crystallization
techniques. It will be understood by the skilled
reader that most or all of the compounds of the
present invention are capable of forming salts. The
compounds of the present invention are amines, and
accordingly react with any of a number of inorganic
and organic acids to form pharmaceutically acceptable
acid addition salts. Such pharmaceutically acceptable
acid addition salts and common methodology for
preparing them are well known in the art. See, e.g.,
P. Stahl, et ah, HANDBOOK OF PHARMACEUTICAL SALTS:
PROPERTIES, SELECTION AND USE, (VCHA/Wiley-VCH, 2002);
S.M. Berge, et al., "Pharmaceutical Salts, " Journal
of Pharmaceutical Sciences, VoI 66, No. 1, January
1977. Such salts include salts formed from the
following acids: acetic acid, citric acid, esylic
acid, fumaric acid, glyolic acid, glucuronic acid,
glutaric acid, hydrochloric acid, lactic acid, maleic
acid malic-d acid, malic-1 acid, mandelic-d acid,
mandelic 1acid, mesylic acid, napadisylic acid, oxalic
acid, phosphoric acid, succinic acid, sulfuric acid,
tartaric-d acid, tartaric-1 acid, and tosylic acid.
While all of the compounds of Formula I are useful in
the treatment of cancer and inflammatory diseases
certain classes of compounds are preferred. The
following paragraphs describe such preferred classes:
a) R1 s C(O)NR8R9; b) R2 is hydrogen, hydroxy,
methoxy; c) R3 is hydrogen, chloro, or methyl; d) R4
is -NR 6R7, piperidinyl, or pyrrolidinyl; e) R5 is
hydrogen;f) R6 and R7 along with the nitrogen to which
they are attached form a piperazinyl optionally
substituted with one to three (Ci-C4)alkyl; g) R1 is
-C(O)NR 8R9 and is attached in the 4-position of the
benzothiophene, R8 is hydrogen, and R9 is (Ci-C
4)alkyl or (C2-C6)cycloalkyl; h) R1 is -C(O)NR 8R9 and
is attached in the 6-position of the benzothiophene,
R8 is one to three (Cr C4)alkyl substituents, and R9
is (Cr C4)alkyl or (C2-C6)cycloalkyl; i) R1 is
-C(O)NR8R9; R2 is hydrogen; R3 is hydrogen, halo, or
methyl; R4 is -NR6R7, piperidinyl, or 4-(Ci-C
4)alkylpiperidin-4-yl; wherein R4may be optionally
substituted with (Ci-C 4)alkyl; R5 is hydrogen; R6 and
R7 along with the nitrogen to which they are attached
form a piperazinyl optionally substituted with (Cr
C4)alkyl; R8 is hydrogen or (Cr C4)alkyl; R9 (Cr
C4)alkyl or (C3-C6)cycloalkyl; alternatively R8 and R9
along with the nitrogen to which they are attached can
form a morpholinyl; and n is 2-3; and j ) A compound
selected from the group consisting of
2-{5-chloro-2-[3-(4-methylpiperazin-l-yl)-
propylamino]-pyrimidin-4-yl}
-benzo[i]thiophene-4-carboxylic acid cyclopropylamide
tri-hydrochloride and
2-{5-methyl-2-[3-(4-methylpiperazin-l-yl)-propylamino]
-pyrimidin-4-yl}-benzo[i]thiophene-4- carboxylic acid
cyclopropylamide di-hydrochloride. The compounds of
the present invention can be prepared by a variety of
procedures, some of which are illustrated in the
schemes below. It will be recognized by one of skill
in the art that the individual steps in the following
schemes may be varied to provide the compounds of
Formula I . The particular order of steps required to
produce the compounds of Formula I is dependent upon
the particular compound being synthesized, the
starting compound, and the relative lability of the
substituted moieties. Some substituents have been
eliminated in the following schemes for the sake of
clarity and are not intended to limit the teaching of
the schemes in any way. The products and intermediates
are isolated after standard extractive and
chromatographic or crystallization techniques. As used
herein, the term "suitable protecting group" means a
well-known protecting group such as those described in
T.W.Greene, "Protecting Groups in Organic Synthesis",
John Wiley and Sons, New York, N.Y., 1991 . The
products and intermediates are isolated after standard
extractive and chromatographic or crystallization
techniques. The compounds of Formula I may be prepared
as described in the following scheme.Scheme I A
substituted or unsubstituted benzo[b]thiophene is
first metallated with butyl lithium followed by
reaction with a lower (Ci-C4) trialkylboronate ester,
such as triisopropyl borate to produce the boronic
acid (1) upon workup. As an alternative to butyl
lithium when X is hydrogen, a 2-boronic acid
intermediate may be synthesized if R1 is bromo or iodo
and metallated at the 2-position with lithium
diisopropyl amine in THF followed by the
trialkylboronate ester. Compound (1) then undergoes a
palladium catalyzed coupling reaction using a reagent
such as PdCl2(dppb) in a polar aprotic solvent such as
1,4-dioxane with a 2,4- dichloropyrimidine (2) at
elevated temperature (70-1 10 0C) to produce the
halopyrimidine (3). The halogen 



at the 2 position of halopyrimidine (3) is then
displaced by (4) or an excess of (4), often at
elevated temperatures (-95 0C), or in the presence of
a base such as sodium hydride or lithium carbonate to
produce Formula I . The primary amines (4) are either
commercially available or may be prepared via 1)
sodium azide, amine or protected amine displacement
reactions on alkylhalide or alkylsulfonate substrates
or 2) reductive amination of aldehydes or ketones that
are known in the art. It should be clear to one
skilled in the art of chemical transformations that
the primary amine (4) may contain a second amino group
that is either 1) less reactive in the displacement
reaction as a secondary amine or 2) protected from
displacement by any of a number of protection groups,
such as tert-butylcarbamates, phthalimides, or
benzylcarbamates which can be subsequently removed by
acid hydrolysis, treatment with hydrazine, or
hydrogenation, respectively. IfR 1 is bromo, then
several known functional group transformations may
also be performed. For example, palladium catalyzed
carbonylation, using a reagent such as Pd(OAc)2/dppf,
where R1 = bromo in methanol provides a methyl ester.
This is followed by further known ester
transformations, such as hydrolysis to the acid or
aminolysis to an amide. A free acid above may also be
coupled with amines in the presence of a variety of
dehydrating agents known to those skilled in the art
to form amides. Similarly, the N-methoxy amide of acid
functions are known to those skilled in the art to be
suitable substrates for preparing ketones and the
like, by reaction with heteroaryllithium reagents.The
skilled artisan will appreciate that not all of the
substituents in the compounds of Formula I will
tolerate certain reaction conditions employed to
synthesize the compounds. These moieties may be
introduced at a convenient point in the synthesis, or
may be protected and then deprotected as necessary or
desired. The skilled artisan will appreciate that the
protecting groups may be removed at any convenient
point in the synthesis of the compounds of the present
invention. Methods for introducing and removing
nitrogen and oxygen protecting groups are well known
in the art; see, for example, Greene and Wuts,
Protective Groups in Organic Synthesis , 3rd Ed., John
Wiley and Sons, New York, Chapter 7 (1999).
Furthermore, the skilled artisan will appreciate that
in many circumstances, the order in which moieties are
introduced is not critical. The particular order of
steps required to produce the compounds of Formula I
can be dependent upon the particular compound being
synthesized, the starting compound, and the relative
lability of the substituted moieties. Preparation 1
[l,4-Bis(diphenylphosphino)butane]dichloropalladium(II
) ([dppb]PdCl 2)
Bis(benzonitrile)dichloropalladium(II) (20.0 g, 52.1
mmol) is dissolved in trichloromethane (CHCl3) (200
mL), then a solution of
l,4-bis(diphenylphosphino)butane in CHCl3 (200 mL) is
added in portions over 20 minutes. After stirring for
40 minutes, the yellow solid is filtered, washed with
CHCl3 (200 mL) and dried in vacuum oven overnight to
give the title compound (30.6 g, 97% yield).
Preparation 2
4-(3-Aminopropyl)-piperazine-l-carboxylic acid
terf-butyl ester (A). Preparation of
4-(3-bromopropyl)-piperazine-l-carboxylic acid
terf-butyl ester. 1,3-Dibromopropane (6.78 mL, 66.8
mmol) is added to a stirred solution of piperazine-1-
carboxylic acid terf-butyl ester (4. 15 g, 22.2 mmol)
and diisopropylethylamine (7.73 mL, 44.4 mmol) in
anhydrous 1,4-dioxane (40 mL). The resultant mixture
is heated in an oil bath at 90 0C for 20 hours. At
ambient temperature ethyl acetate (160 mL) and
half-saturated aqueous sodium bicarbonate (NaHCO3)
(120 mL) are added to the mixture. The organic layer
is separated, dried over magnesium sulfate, filtered,
and concentrated. The crude oil is subjected to
chromatography on silica gel and eluted with 2
MNH3/Me0H in dichloromethane 0-3% to provide the title
compound as a dark oil (4.80 g, 70% yield). (B).
Preparation of
4-(3-azido-propyl)-piperazine-l-carboxylic acid
terf-butyl ester Sodium azide (2.24 g, 34.2 mmol) is
added to a stirred solution of
4-(3-bromo-propyl)-piperazine- 1-carboxylic acid
terf-butyl ester (4.80 g, 15.6 mmol) in anhydrous DMF
(DMF) (40 mL). The resultant mixture is heated in an
oil bath at 55 0C under nitrogen for 3 days. At
ambient temperature, ethyl acetate (160 mL) and
half-saturated aqueous sodium chloride (NaCl) (200 mL)
are added to the mixture. The organic layer is
separated, washed with half-saturated aqueous NaCl
(200 mL), dried over magnesium sulfate, filtered, and
concentrated to provide the title compound as a dark
oil (3.88 g, 92% yield). (C). Preparation of
4-(3-amino-propyl)-piperazine-l-carboxylic acid
terf-butyl ester.Triphenylphosphine (2.78 g, 10.6
mmol) is added to a stirred solution of
4-(3-azido-propyl)- piperazine-1-carboxylic acid
terf-butyl ester (2.05 g, 7.61 mmol) in a solution of
THF (10 mL)/acetonitrile (30 mL)/water (4 mL). The
resultant mixture is stirred for 16 hours. After
concentration and subsequent chromatography on silica
gel, eluting with 2 M NH3/CH3OH in dichloromethane
0-20%, the title compound is obtained as a clear oil (
1.76 g, 95% yield). Preparation 3
5-(2-Aminoethyl)-hexahydropyrrolo[3,4-c]pyrrole-2-carb
oxylic acid terf-butyl ester Using the method of
4-(3-aminopropyl)-piperazine-l-carboxylic acid
terf-butyl ester, the title compound is synthesized
from hexahydropyrrolo[3,4-c]pyrrole-2-carboxylic acid
terf-butyl ester. Preparation 4
3-(4-Isopropylpiperazin- 1-yl)-propylamine (A).
Preparation of
2-[3-(4-isopropylpiperazin-l-yl)-propyl]-isoindole-l,3
-dione _/V-(3-Bromopropyl)phthalimide (16.7 g, 62.4
mmol) is added to a stirred solution of
1-isopropylpiperazine (8.00 g, 62.4 mmol) and
diisopropylethylamine (8.06 g, 62.4 mmol) in anhydrous
1,4-dioxane (300 mL). The resultant mixture is heated
in an oil bath at 90 0C for 20 hours. At ambient
temperature, chloroform (300 mL) and half-saturated
aqueous NaCl (200 mL) are added to the mixture. The
organic layer is separated, dried over magnesium
sulfate, filtered, and concentrated. The crude oil is
subjected to 



chromatography on silica gel and eluted with 2 M
NH3/CH3OH in dichloromethane 0-5% to provide the title
compound as a tan oil (17.4 g, 87% yield). (B).
Preparation of
3-(4-isopropylpiperazin-l-yl)-propylamine Hydrazine
(8.63 g, 270 mmol) is added to a stirred suspension of
2-[3-(4-isopropylpiperazin-l-yl)-
propyl]-isoindole-l,3-dione (17.0 g, 53.9 mmol) in
anhydrous ethanol (400 mL). The resultant mixture is
heated in an oil bath at 75 0C for 16 hours. At
ambient temperature, dichloromethane (300 mL) is added
to the mixture and the suspension is allowed to stir
for 10 minutes. After filtration and concentration,
the title compound is obtained as a tan oil (8.12 g,
81% yield). Using the methods of
3-(4-isopropylpiperazin-l-yl)-propylamine, the
following amines are synthesized from an appropriate
7V-(bromoalkyl)phthalimide and corresponding amines:
H2N-(CH2)n - N N-RPreparation 10 3-(3
,5-cz's-Dimethylpiperazin- 1-yl)-propylamine Using the
method of 3-(4-isopropylpiperazin-l-yl)-propylamine,
the title compound is obtained from
7V-(3-bromopropyl)phthalimide and
2,6-cz's-dimethylpiperazine as a tan oil. Preparation
11 3-(3 ,5-cz's-Dimethyl-4-methylpiperazin-
1-yl)-propylamine Using the method of
3-(4-isopropylpiperazin-l-yl)-propylamine,
2-[3-(3,5-cz's-dimethyl-piperazinl-
yl)-propyl]-isoindole-l,3-dione is prepared as a white
solid (92% yield). To a stirred solution of this white
solid (10.0 g, 33. 1mmol) in acetonitrile (120 mL) at
ambient temperature is added formalin (27 mL, 33 1
mmol), the solution is allowed to stir for 10 minutes.
Sodium cyanoborohydride (5.21 g, 82.9 mmol) and acetic
acid (3 mL) are sequentially added to the reaction
mixture and the resultant mixture is stirred for
another 2 hours. After concentration, the crude
product is dissolved in dichloromethane (150 mL),
washed with saturated aqueous NaHCO (60 mLx2), dried
and concentrated. After chromatography on silica gel,
eluting with 2 M NH3/CH3OH in dichloromethane 0-6%,
2-[3-(3,5-cz's-dimethyl-4-methylpiperazin-l-yl)-
propyl]-isoindole-l,3-dione is obtained as a tan oil
(7.90 g, 75% yield). To a stirred solution of this tan
oil (7.0 g, 22 mmol) in anhydrous methanol (250 mL) is
added hydrazine (5.69 g, 177 mmol), the resultant
mixture is heated in an oil bath at 65 0C for 16 hours
to form a suspension. The suspension is concentrated
to 60 mL in volume. After filtration and
concentration, the title compound is obtained as a tan
oil (4.01 g, 97% yield). Using the method of
3-(4-isopropylpiperazin-l-yl)-propylamine, the
following compounds are prepared from
7V-(2-bromoethyl)phthalimide and corresponding amines
and isolated as tan oils: R- -NHPreparation 14
4-(3-Aminopropyl)-piperidine-l-carboxylic acid
tert-butyl ester (A). Preparation of 4-(3
-hydroxypropyl)-piperidine-l-carboxylic acid
tert-butyl ester Di-tert-butyl dicarbonate (3.66 g,
16.8 mmol) is added to a stirred solution of
3-piperidin-4-ylpropan- 1-ol (1.60 g, 11.2 mmol) in
anhydrous dichloromethane (20 mL) at ambient
temperature under nitrogen. The resultant mixture is
allowed to stir for 2 hours. The mixture is directly
subjected to chromatography purification on silica gel
and eluted with MeOH in dichloromethane 0-3% to give
the title compound as a clear oil (2.40 g, 88% yield).
(B). Preparation of
4-(3-azidopropyl)-piperidine-l-carboxylic acid
tert-butyl ester Methanesulfonyl chloride (0.690 mL,
8.92 mmol) is added to a stirred solution of
4-(3-hydroxypropyl)- piperidine-l-carboxylic acid
tert-butyl ester (1.67 g, 6.86 mmol) and collidine
(1.27 mL, 9.61 mmol) in anhydrous dichloromethane (20
mL) at 0 0C under nitrogen. The resultant mixture is
allowed to stir at 0 0C for 30 minutes, then at
ambient temperature for 1.5 hours. The mixture is
directly subjected to chromatography purification on
silica gel and eluted with MeOH in dichloromethane
0-3%, to give the mesylate product (2.05 g). The
mesylated product (0.730 g, 2.27 mmol) is dissolved in
anhydrous DMF (8 mL), followed by the addition OfNaN3
(0.325 g, 5.00 mmol), and then the mixture is heated
at 55 0C for 18 hours. At ambient temperature, the
mixture is diluted with dichloromethane (40 mL) then
it is washed with water (15 mL x 3). The organic layer
is dried over sodium carbonate and concentrated to
give the title compound (0.566 g, 92% yield). (C).
Preparation of
4-(3-aminopropyl)-piperidine-l-carboxylic acid
tert-butyl ester Triphenylphosphine (0.657 g, 2.50
mmol) is added to a stirred solution of
4-(3-azido-propyl)- piperidine-1-carboxylic acid
tert-butyl ester (0.560 g, 2.09 mmol) in THF (2
mL)/CH3CN (5 mL)/H20 ( 1 mL) and the mixture is
stirred at ambient temperature for 18 hours. After
concentration and subsequent chromatography
purification on silica gel, eluting with 2 MNH3/Me0H
in dichloromethane 0-15%, the title compound is
obtained as a clear oil (0.420 g, 83%
yield).Preparation 15 3-(
1-Methylpiperidin-4-yl)-propylamine (A). Preparation
of 3-(l-methylpiperidin-4-yl)-propan-l-ol. Formalin
(6.33 g, 2 11mmol) is added to a stirred solution of
3-(piperidin-4-yl)-propan-l-ol (3.02 g, 2 1.1mmol) in
acetonitrile (30 mL) at ambient temperature. The
solution is allowed to stir for 20 minutes. Sodium
cyanoborohydride (3.3 1 g, 52.7 mmol) and acetic acid
(3 mL) are sequentially added to the reaction mixture
and the resultant mixture is stirred for another 2
hours. After concentration, the crude product is
dissolved in dichloromethane (150 mL), washed with
saturated aqueous NaHCO3 (60 mL x 2), dried and
concentrated. The crude product is subjected to
chromatography on silica gel and eluted with 2
MNH3/CH3OH in dichloromethane 0-15% to give the title
compound as an oil (2.70 g). (B). Preparation of
3-(l-methylpiperidin-4-yl)-propylamine. 



Using the method of
4-(3-aminopropyl)-piperidine-l-carboxylic acid
terf-butyl ester, the title compound is prepared and
isolated as an oil. Preparation 16
4-(Benzo[i]thiophen-2-yl)-2-chloropyrimidine Aqueous
Na Cq 3 solution (2 N, 45 mL) is added to a stirred
mixture of thianaphtha-2-boronic acid (8.00 g, 44.8
mmol) and 2, 4-dichloropyrimidine (6.69 g, 44.8 mmol)
in 1, 4-dioxane (100 mL) at 60 0C. The resultant
mixture is allowed to stir under nitrogen for 30
seconds before powdered [dppb]PdCl2 ( 1.35 g, 2.24
mmol) is added to the mixture. The resultant mixture
is immediately heated in an oil bath at 90 0C for 14
hours. At ambient temperature, 600 mL CHCI3 and 400 mL
half-saturated aqueous NaCl solution are added to the
mixture. The organic layer is separated and the
aqueous layer is further extracted with CHCI3 (100
mL). The combined organic layers are dried over sodium
sulfate (Na2SO4), filtered, and concentrated to give a
wet solid. Methylene chloride (25 mL) and diethyl
ether (10 mL) are added to the mixture and the
suspension is sonicated and filtered to give a tan
solid. The solid is then dissolved in 80 mL of warm
dichloromethane and chromatographed on silica (ISCO
Redi Sep column, 120 g) to give the title compound as
a white solid (6.78 g, 57% yield). Using the method of
4-(benzo[i]thiophen-2-yl)-2-chloropyrimidine, the
following compounds are synthesized from
thianaphtha-2-boronic acid and the corresponding
2,4-dichloropyrimidines:Preparation 20
4-(Benzo[&]thiophen-2-yl)-5-bromo-2-chloropyrimidine
n-Butyl lithium (20.7 mL, 1.6 M in hexane) is added
dropwise to a stirred solution of benzo[6]thiophene
(4. 12 g, 30. 1 mmol) in anhydrous THF (50 mL) at -78
0C under nitrogen. The resultant solution is allowed
to stir at -78 0C for 15 minutes. The lithiated
benzo[i]thiophene is then added via canula over 20
minutes to a stirred solution of
5-bromo-2-chloro-pyrimidine (5.95 g, 30.1 mmol) in
anhydrous THF (100 mL) at -30 0C. Upon the completion
of the addition, the solution is allowed to stir at
-30 0C for an additional 30 minutes then at 0 0C for
another 30 minutes. The reaction is quenched with
acetic acid ( 1.99 g, 33. 1 mmol), then after 5
minutes, it is treated with a solution of DDQ (7.17 g,
31.6 mmol) in anhydrous THF (150 mL) in portions at 10
0C. The mixture is stirred for 20 minutes at 10 0C
before it is concentrated to give a dark solid. The
solid is then suspended in chloroform (500 mL) and the
suspension is sonicated and filtered through a pad of
silica. Additional 700 mL chloroform is used to wash
the solid. The combined filtrates are concentrated to
give a solid. The solid is re-suspended in
dichloromethane (20 mL)/diethyl ether (20 mL) and the
suspension is sonicated and filtered to give the title
compound as a yellowish solid (9.62 g, 98% yield).
Preparation 2 1
2-(5-Bromo-2-chloropyrimidin-4-yl)-benzo[i]thiophene-4
-carboxylic acid cyclopropylamide (A). Preparation of
2-(5-bromo-2-chloropyrimidin-4-yl)-benzo[i]thiophene-4
-carboxylic acid. Butyllithium (2.5 M in hexane, 14.1
mL) is added dropwise to a stirred solution of
benzo[i]thiophene-4-carboxylic acid (3.00 g, 16.8
mmol) in anhydrous THF (50 mL) at -78 0C under
nitrogen. The resultant mixture is allowed to stir for
45 minutes at -78 0C before it is added, via cannula,
to a stirred cold solution of
5-bromo-2-chloropyrimidine (3.26 g, 16.8 mmol) in
anhydrous THF (50 mL) at -30 0C. Upon the completion
of the addition, the reaction mixture is stirred for
30 minutes at -30 0C, then at ambient temperature for
another 1.5 hours. Acetic acid (2.4 mL) is added to
the reaction mixture, after 5 minutes, followed by the
addition of 2,3-dichloro-5,6-dicyano-l,4-benzoquinone
(4.01 g, 17.7 mmol) dissolved in THF (10 mL). The
mixture is allowed to stir for 10 minutes before it is
treated dropwise with HCl (37%, 30 mL), then the
mixture is stirred for another 1 hour. THF is
evaporated off and the mixture becomes a suspension.
The solid is filtered off, washed with water (100 mL x
2), and then dried under vacuum. The dry solid is
suspended in dichloromethane (45 mL) and ethanol (5
mL) and stirred for 30 minutes. After filtration, the
solid is resuspended in ether (50 mL) and the
suspension is stirred for another 30 minutes. After
filtration and vacuum drying, the title compound is
obtained as a yellow solid. (2.64 g, 42% yield). (B).
Preparation of
2-(5-bromo-2-chloropyrimidin-4-yl)-benzo[i]thiophene-4
-carboxylic acid cyclopropylamide
Diisopropylethylamine ( 1.19 mL, 6.82 mmol),
l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride (0.650 g, 3.41 mmol) and
1-hydroxybenzotriazole (0.460 g, 3.41 mmol) are
sequentiallyadded to a stirred suspension of
2-(5-bromo-2-chloropyrimidin-4-yl)-benzo[&]thiophene-4
-carboxylic acid (1.20 g, 3.25 mmol) in anhydrous
dichloromethane (25 mL) at ambient temperature under
nitrogen. The resultant light suspension is treated
with cyclopropylamine (0. 190 g, 3.41 mmol), then the
reaction mixture is allowed to stir for 5 hours. The
reaction mixture is diluted with dichloromethane (50
mL) before it is washed with water (100 mL). The
aqueous layer is extracted with dichloromethane (100
mL x 2) to ensure no precipitation is present in the
aqueous layer. The combined organic layers are
concentrated and then resuspended in dichloromethane (
1 mL)/diethyl ether (9 mL). After sonication and
subsequent filtration, the solid is washed with
additional dichloromethane ( 1 mL)/diethyl ether (9
mL) and dried to provide the title compound ( 1.10 g,
97% yield). Preparation 22 Racemic
3-(3-aminopropyl)-piperidine-l-carboxylic acid
terf-butyl ester Using the method of
4-(3-aminopropyl)-piperidine-l-carboxylic acid
terf-butyl ester, the compound is prepared as an oil.
Preparation 23
(3-(4-Benzhydryl-2,6-cz's-dimethylpiperazin-l-yl)-prop
ylamine Benzhydryl bromide (4.33 g, 17.5 mmol) is
added to s stirred solution of
2,6-cisdimethylpiperazine 



(2.00 g, 17.5 mmol) and diisopropylethylamine (2.94 g,
22.8 mmol) in anhydrous dichloromethane (50 mL) at 0
0C. The resultant mixture is allowed to stir
overnight. After concentration and subsequent
chromatography on silica gel, eluting with 2 M
NH3/CH3OH in dichloromethane: 1-3%,
benzhydryl-3,5-czs-dimethyl-piperazine is obtained as
a white solid (3.0 g, 61% yield).
7V-(3-Bromopropyl)phthalimide (2.50 g, 9.33 mmol) is
added to a stirred solution of benzhydryl-
3,5-cz's-dimethylpiperazine (2.61 g, 9.33 mmol) and
diisopropylethylamine ( 1.81 g, 14.0 mmol) in
N,Ndimethylacetamide (25 mL). The resultant mixture is
heated at 120 0C for 48 hours. After concentration and
subsequent chromatography on silica gel, eluting with
2 M NH3/CH3OH in dichloromethane: 0-1%, 2-
[3-(4-benzhydryl-2,6-cz'5-dimethylpiperazin-l-yl)-prop
yl]-isoindole-l,3-dione is obtained as a brown oil
(1.98 g, 45% yield). Hydrazine (1. 10 g, 34.2 mmol) is
added to a stirred solution of
2-[3-(4-benzhydryl-2,6-cz' -
dimethylpiperazin-l-yl)-propyl]-isoindole-l,3-dione (
1.98 g, 4.28 mmol) in ethanol (70 mL). The mixture is
heated at 70 0C for 12 hours to form a suspension. At
room temperature the mixture is filtered and the
filtrate is concentrated to give
3-(4-benzhydryl-2,6-cz's-dimethyl-piperazin-l-yl)-prop
ylamine ( 1.02 g, 71% yield) as an oil.Preparation 24
(3-(4-Methyl-[ 1,4]diazepan- 1-yl)-propylamine Using
the method of
3-(4-isopropylpiperazin-l-yl)-propylamine,
3-(4-methyl-[l,4]diazepan-l-yl)- propylamine is
synthesized as an oil from l-methyl-[l,4]diazepane.
Preparation 25
2-(2-Chloro-5-fluoropyrimidin-4-yl)-benzo[&]thiophene-
4-carboxylic acid cyclopropylamide (A). Preparation of
2-(2-chloro-5-fluoropyrimidin-4-yl)-benzo[&]thiophene-
4-carboxylic acid An aqueous 2N Na2COs solution (36
mL) is added dropwise to a stirred solution of (4-
carboxybenzo[i]thiophen-2-yl)boronic acid (3.63 g,
18.8 mmol) and 2,4-dichloro-5-fluoropyrimidine (3.00
g, 18.0 mmol) in ethyleneglycol dimethyl ether (50 mL)
at room temperature under nitrogen atmosphere. Upon
the completion of addition,
dichlorobis(triphenylphosphine)palladium(II) (0.22 g,
3% mol) is added in one portion, then the reaction
mixture is heated at 100 0C overnight. The mixture is
cooled to 10 0C, then 37% HCl (10 mL) is added in
portions to form a suspension. After filtration and
washing with water, the solid is dried under vacuum.
The dry solid is suspended in 30 mL of
dichloromethane/ethanol (10: 1), sonicated, filtered,
and dried again to provide
2-(2-chloro-5-fluoropyrimidin-4-yl)-benzo[i]thiophene-
4- carboxylic acid (2.95 g, 48% yield). (B).
Preparation of
2-(2-chloro-5-fluoropyrimidin-4-yl)-benzo[i]thiophene-
4-carboxylic acid cyclopropylamide Using the method of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid cyclopropylamide,
2-(2-chloro-5-fluoropyrimidin-4-yl)-benzo[&]thiophene-
4-carboxylic acid cyclopropylamide is synthesized from
2-(2-chloro-5-fluoropyrimidin-4-yl)-benzo[i]thiophene-
4-carboxylic acid and cyclopropylamine as a solid (89%
crude yield) Preparation 26
2-(2-Chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophene-
4-carboxylic acid cyclopropylamide Using the method of
2-(2-chloro-5-fluoropyrimidin-4-yl)-benzo[i]thiophene-
4-carboxylic acid cyclopropylamide,
2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophene-
4-carboxylic acid cyclopropylamide is prepared and
isolated as a tan solid. Preparation 27
2-(2,2,6,6-Tetramethylpiperidin-4-ylidene)-ethylamine
Potassium terf-butoxide (9.40 g, 83.7 mmol) is
suspended in THF (175 mL), then cooled to 0 0C.
Cyanomethyl-phosphonic acid diethyl ester (16.0 g,
90.2 mmol) is added over five minutes. After stirring
for 20 minutes, 2,2,6,6-tetramethylpiperidin-4-one
(10.0 g, 64.4 mmol) dissolved in THF (50 mL) is added
to the reaction mixture at -78 0C. After the addition
is complete the cold bath is removed. The reaction is
stirred overnight, then enough water is added to
dissolve any suspended salts. The organic layer
isseparated and the aqueous layer is extracted with
EtOAc. The organic layers are combined, concentrated,
then the residue is chromatographed on silica gel,
eluting with 0-3% 2MNH3/Me0H in dichloromethane to
give 3.77 g of
(2,2,6,6-tetramethylpiperidin-4-ylidene)-acetonitrile
(33% yield). The above product ( 1.13 g, 6.34 mmol) is
dissolved in anhydrous diethyl ether (15 mLl), cooled
to 0 0C and 1.0 M lithium aluminum hydride in diethyl
ether is slowly added to the reaction mixture. The
cold bath is removed and the reaction mixture is
stirred for 18 hours. The reaction mixture is quenched
with MeOH until gas evolution ceases. Saturated
Rochelle's salt (45 mL) is added and the reaction
stirred vigorously for 2 hours. 4 equivalents of 5 N
NaOH is added and the reaction stired for an hour.
Diethyl ether (45 mL) is added and the two layers are
separated. The aqueous layer is extracted with diethyl
ether again, then the organic layers are combined,
dried over Na2SO filtered, and concentrated to give
785 mg (68% yield) of
2-(2,2,6,6-tetramethylpiperidin-4-ylidene)-ethylamine.
Preparation 28
4-(2-Aminoethyl)-4-methylpiperidine-l-carboxylic acid
tert-butyl ester (A). Preparation of
4-methyl-piperidine-l,4-dicarboxylic acid 1-tert-butyl
ester 4-methyl ester Piperidine-l,4-dicarboxylic acid
1-tert-butyl ester 4-methyl ester ( 1.00 g, 4.11 mmol)
is dissolved in THF (10 mL) and cooled to -78 0C. 2.0
M Lithium diisopropyl amide in THF is added dropwise,
then stirred for 1 hour. Iodomethane (0.563 mL, 9.04
mmol) is added and the mixture is stirred for 1 hour.
The cold bath is removed and the reaction stirred for
an additional 0.5 hour. The reaction mixture is
quenched with saturated ammonium chloride (3 mL),
concentrated, taken up in dichloromethane, and
chromatographed on silica gel, eluting with EtOAc in
dichloromethane 0-5%, to give the title compound as 



a slightly yellow oil. (680 mg, 64% yield). (B).
Preparation of
4-hydroxymethyl-4-methylpiperidine-l-carboxylic acid
tert-butyl ester 4-Methylpiperidine-l,4-dicarboxylic
acid 1-tert-butyl ester 4-methyl ester ( 1.48 g, 5.73
mmol) is dissolved in THF (15 mL) and cooled to 0 0C.
1.0 M lithium aluminum hydride in THF (6.30 mL, 6.30
mmol) is added dropwise. After 1.25 hours the reaction
is quenched with MeOH, then stirred with saturated
Rochelle's salt until two layers form. The two layers
are separated and the aqueous layer is treated with 5
N NaOH and extracted with diethyl ether. The organic
layers are combined, concentrated, and chromatographed
using silica gel, eluting with EtOAc in hexanes 0-40%,
to give the title compound (1.27g, 97% yield). (C).
Preparation of
4-methanesulfonyloxymethyl-4-methylpiperidine-l-carbox
ylic acid tert-butyl ester To
4-hydroxymethyl-4-methylpiperidine-l-carboxylic acid
tert-butyl ester ( 1.25 g, 5.45 mmol) and pyridine
(0.661 mL, 8.18 mmol) in dichloromethane (10 mL) at 0
0C is added methanesulfonyl chloride (0.593 mL, 7.63
mmol). After 3 hours, one additional equivalent of
methane sulfonylchloride and pyridine are added. After
1 hour the reaction mixture is concentrated, then
EtOAc and water are added. The organic layer is
concentrated and chromatographed on silica gel eluting
with MeOH in dichloromethane 0-3% to give the title
compound as a yellow oil ( 1.60 g, 95% yield).(D).
Preparation of
4-cyanomethyl-4-methylpiperidine-l-carboxylic acid
tert-butyl ester To
4-methanesulfonyloxymethyl-4-methylpiperidine-l-carbox
ylic acid tert-butyl ester (0.440 g, 1.43 mmol)
dissolved in DMSO (3 mL) is added potassium cyanide
(0.373 g, 5.73 mmol). The mixture is heated to 130 0C
for 18 hours. The reaction mixture is cooled and
diluted with EtOAc and water. The organic layer is
concentrated, taken up in MeOH and concentrated again
to give the title compound as a brown oil (263 mg, 77%
yield). (E). Preparation of
4-(2-aminoethyl)-4-methylpiperidine-l-carboxylic acid
tert-butyl ester To 5% Rh/Al2O3 (0.600 g) suspended in
water (2 mL) is added ethanol (5 mL), 4-cyanomethyl-4-
methylpiperidine-1-carboxylic acid tert-butyl ester
(0.258 g, 1.083 mmol) dissolved in ethanol (10 mL) and
28% NH3 (aq) (0.25 mL). The reaction mixture is
subjected to 50 psi hydrogen gas and stirred at room
temperature for 18 hours. The reaction mixture is
filtered to remove the catalyst, then the filtrate is
concentrated and chromatographed on silica gel,
eluting with 0-10% (2 M NH3 in MeOH) in
dichloromethane to give the title compound (130 mg,
50% yield). Preparation 29
2-(2,2,6,6-Tetramethyl-piperidin-4-yl)-ethylamine To
2-(2,2,6,6-tetramethylpiperidin-4-ylidene)-ethylamine
(0.480 g, 2.63 mmol) in MeOH (5 mL) is added 10% Pd/C
(48 mg) and 5 N HCl (2.63 mL, 13.2 mmol). At 50 psi
hydrogen gas at 50 0C the reaction mixture is stirred
for 18 hours. The reaction is filtered to remove the
catalyst and resubjected to the reaction conditions
using RhClPPh 3 (0.26mmol). Due to incomplete reaction
the mixture is diluted with water, concentrated to
remove any organic solvent, filtered to remove any
solids, and then concentrated again. The residue is
dissolved in acetic acid and resubjected to the
hydrogenation conditions using 100 mg of palladium
black and 50 psi hydrogen gas at 50 0C for 18 hours.
The mixture of products is not easily purified, so the
crude mixture is treated with di-tert-butyl
dicarbonate in dichloromethane and then purified by
silica gel chromatography using a high enough
percentage of 2 M NH3 in MeOH in dichloromethane to
isolate 240 mg of
[2-(2,2,6,6-tetramethyl-piperidin-4-yl)-ethyl]-carbami
c acid tert-butyl ester. [2-(2,2,6,6-
Tetramethyl-piperidin-4-yl)-ethyl]-carbamic acid
tert-butyl ester (240 mg, 0.844 mmol) is dissolved in
2:1 MeOH:dichloromethane (10.5 mL) and HCl (g) is
bubbled for 5 minutes. After 1 hour, the reaction
mixture is concentrated to give a foam (219 mg). The
foam is dissolved in MeOH and loaded onto an SCX 5g
resin column. The column is washed with MeOH, then the
product is released with 7 M NH3 in MeOH. After
concentration the title compound is obtained and used
without further purification (138 mg). Preparation 30
4-(3 -Aminopropyl)-4-methylpiperidine- 1-carboxylic
acid tert-butyl ester (A). Preparation of
4-(2-cyanoacetyl)-4-methylpiperidine-l -carboxylic
acid tert-butyl esterAcetonitrile (3.07 mL, 58.4 mmol)
is added to THF (75 mL). At -78 0C 1.6 M BuLi in
hexanes is slowly added. After 15 minutes,
4-methylpiperidine-l,4-dicarboxylic acid 1-terf-butyl
ester 4-methyl ester (6.83 g, 26.5 mmol) dissolved in
THF (75 mL) is added dropwise. After 1 hour 2.2
equivalents of 5N HCl is added at -78 0C. The reaction
is warmed to room temperature and concentrated to
about 50 mL volume. EtOAc (50 mL) and saturated
aqueous sodium chloride (25 mL) are added to the
mixture. The organic layer is separated, dried over
Na2SO , concentrated, and chromatographed on silica
gel, eluting with 0-20% EtOAc in dichloromethane, to
give the title compound (4.80 g, 68% yield). (B).
Preparation of 4-(2-cyano-l
-hydroxyethyl)-4-methylpiperidine-l-carboxylic acid
terf-butyl ester To
4-(2-cyanoacetyl)-4-methylpiperidine-l-carboxylic acid
terf-butyl ester (6.20 g, 23.3 mmol) dissolved in dry
MeOH (95 mL) is added sodium borohydride ( 1.76 g,
46.6 mmol) portion wise over 10 minutes. The ice bath
is removed after 1 hour and stirring is continued for
1 hour. The reaction mixture is concentrated, then
dissolved in EtOAc (50 mL) and some MeOH. The mixture
is washed with IN HCl (25 mL). Saturated aqueous
sodium chloride (25 mL) is added and the organic layer
is dried over Na2SO4, then concentrated. The residue
is dissolved in dichloromethane, loaded onto a silica
gel column, and chromatographed. After pooling
fractions and concentrating, the mixture is dissolved
in MeOH and concentrated again to give the title
compound as a slightly yellow oil (5.89 g, 95% yield).
(C). Preparation of
4-(2-cyano-l-methanesulfonyloxyethyl)-4-methylpiperidi
ne-l-carboxylic acid terf-butyl ester and
4-(2-cyanovinyl)-4-methylpiperidine-l-carboxylic acid
terf-butyl ester To
4-(2-cyano-l-hydroxyethyl)-4-methylpiperidine-l-carbox
ylic acid terf-butyl ester (4.24 g, 15.8 mmol) and
pyridine (3.07 mL, 39.5 mmol) dissolved in
dichloromethane (45 mL) at 0 0C is added 



methanesulfonyl chloride (3.45 mL, 42.6 mmol). After 1
hour, the reaction is not complete and is warmed to
room temperature. After 18 hours at room temperature 1
equivalent of pyridine and 1 equivalent of
methanesulfonyl chloride is added and stirred for 4
hours. The reaction mixture is diluted with EtOAc and
washed several times with saturated NaHCO 3. The
organic layer is dried over Na2SO4, filtered and
concentrated to give crude
4-(2-cyano-l-methanesulfonyloxy-ethyl)-4-methylpiperid
ine-l-carboxylic acid terf-butyl ester. Assuming 100%
yield,
4-(2-cyano-l-methanesulfonyloxyethyl)-4-methylpiperidi
ne-lcarboxylic acid terf-butyl ester (5.47 g, 15.8
mmol) and triethylamine ( 11.0 mL, 79 mmol) are
dissolved in MeOH (60 mL) and heated at 70 0C for 1
hour and concentrated. The residue is dissolved in
EtOAc and washed with water, then concentrated and
chromatographed using 100% dichloromethane to give
cis/trans-
4-(2-cyanovinyl)-4-methylpiperidine-l-carboxylic acid
terf-butyl ester (3.93 g, 99% yield) as a clear oil.
(D). Preparation of
4-(3-aminopropyl)-4-methylpiperidine-l-carboxylic acid
terf-butyl ester
Cis/trans-4-(2-cyanovinyl)-4-methylpiperidine-l-carbox
ylic acid terf-butyl ester (1.00 g, 4.0 mmol),
5%Rh/Al2O3 (0.500 g) and 28% aqueous NH3 ( 1.25 mL)
are heated at 35 0C in ethanol (20 mL) and 50 psi
hydrogen gas for 18 hours. The reaction mixture is
filtered through Celite(r), concentrated, and
chromatographed with 0-20% (2M NH3 in MeOH) in
dichloromethane to give the title compound as a clear
oil (0.65 g, 63% yield).Preparation 31 Racemic
4-(3-amino-l-hydroxypropyl)-4-methylpiperidine-l-carbo
xylic acid terf-butyl ester Using the method of the
preparation of
4-(3-aminopropyl)-4-methylpiperidine-l-carboxylic acid
terf-butyl ester,
4-(3-amino-l-hydroxypropyl)-4-methylpiperidine-l-carbo
xylic acid terf-butyl ester is prepared from
4-(2-cyano-l
-hydroxyethyl)-4-methyl-piperidine-l-carboxylic acid
terf-butyl ester. Preparation 32
2-(2-Chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophene-
6-carboxylic acid A). Preparation of
2,-(2-chloro-5-methylpyrimidine-4-yl)-benzo[i]thiophen
e-6-carboxylic acid methyl ester
Benzo[i]thiophene-6-carboxylic acid methyl ester (7.30
g, 38.0 mmol) is dissolved in THF (100 mL) and cooled
to -78 0C. Triisopropylborate (9.5 mL) and lithium
diisopropylamine solution (23 mL of 2.0 M solution)
are added sequentially and the reaction mixture is
allowed to slowly warm to room temperature over 3
hours. The reaction is stirred at room temperature for
1 hour at which time 2,4-dichloro- 5-methylpyrimidine
(6.82 g, 4 1.8 mmol), l,l
'-bis(diphenylphosphino)ferrocene (1.05 g, 1.90 mmol),
palladium (II) acetate (0.44 g, 1.9 mmol), and sodium
carbonate (57 mL of 2.0 N solution) are added. The
reaction is heated at 70 0C for 20 hours. After the
reaction solution cools to room temperature, water
(100 mL) and dichloromethane (100 mL) are added. The
resulting precipitate is filtered and washed with
dichloromethaneto give a tan solid (4.55 g). The
combined organic layers are dried over anhydrous
sodium sulfate and concentrated. The resulting solid
is subjected to chromatography on silica gel, eluting
with EtOAc/hexanes 5-50%, to give 1. 16 g of
additional material of the title compound (5.71 g
total, 47% yield). (B). Preparation of
2-{5-methyl-2-[3-(4-methylpiperazin-l-yl)-propylamino]
-pyrimidin-4-yl}- benzo[i]thiophene-6-carboxylic acid
methyl ester A mixture of
2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophene-
6-carboxylic acid methyl ester (2.08 g, 6.50 mmol) and
l-(3-aminopropyl)-4-methylpiperazine (3.00 g, 19.0
mmol) in 1,4-dioxane (40 mL) is heated at 90 0C for 20
hours. The solvent is evaporated and the resulting
residue is subjected to chromatography on silica gel,
eluting with 2M NH3/CH3OH in dichloromethane 0-8%, to
give the title compound ( 1.30 g, 72% yield).
ES+(OT/Z) 460 [M+H]. (C). Preparation of 2-
{5-methyl-2-[3-(4-methyl-piperazin-l-yl)-propylamino]-
pyrimidin-4-yl}- benzo[i]thiophene-6-carboxylic acid
tri-hydrochloride
2-{5-Methyl-2-[3-(4-methylpiperazin-l-yl)-propylamino]
-pyrimidin-4-yl}-benzo[i]thiophene-6- carboxylic acid
methyl ester ( 1.3 1 g, 2.98 mmol) is dissolved in
methanol (30 mL), THF (30 mL) and water (10 mL) and
lithium hydroxide solution (4.6 mL of 2.0 M solution)
is added. The solution is heated at 70 0C for 4.5
hours and 5N HCl (9 mL) is added in one portion while
still heating the solution. The solution is cooled to
room temperature and the resulting solid is filtered
and washed with methanol. The solid is dried at 60 0C
in a vacuum oven for 4 hours to give the title
compound ( 1.43 g, 97% yield). ES+(OT/Z) 426
[M+H].Preparation 33 Preparation of
2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[&]thiophene-
6-carboxylic acid methylamide Using the method of
Preparations (A)-(D) in
2-{5-chloro-2-[3-(4-methylpiperazin-l-yl)-
propylamino]-pyrimidin-4-yl}
-benzo[i]thiophene-4-carboxylic acid cyclopropylamide
tri-hydrochloride, the title compound is synthesized
from 6-bromo-benzo[i]thiophene as a tan solid.
Preparation 34
2-[5-Chloro-2-(3-piperidin-4-ylpropylamino)-pyrimidin-
4-yl]-benzo[i]thiophene-6-carboxylic acid methylamide
(A). Preparation of
2-(2,5-dichloropyrimidin-4-yl)-benzo[&]thiophene-6-car
boxylic acid methylamide Using the method of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid cyclopropylamide, the title compound is
synthesized from 6-bromo-benzo[i]thiophene as a tan
solid. (B). Preparation of
2-[5-chloro-2-(3-piperidin-4-ylpropylamino)-pyrimidin-
4-yl]-benzo[i]thiophene-6- carboxylic acid methylamide
4-(3-Aminopropyl)-piperidine-l-carboxylic acid
terf-butyl ester (0.72 g, 3.0 mmol) is added to a
stirred suspension of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-6-car
boxylic acid methylamide (0.40 g, 1.2 mmol) and
diisopropylethylamine (0.38 g, 3.0 mmol) in anhydrous
1,4-dioxane (15 mL) at room temperature under
nitrogen. The resultant mixture is heated in an oil
bath at 90 0C for 12 hours. At 



room temperature, the mixture is concentrated and the
resultant solid is washed with diethyl ether (20 mL)
to give a yellow solid. The solid is suspended in
dichloromethane (5 mL), followed by the successive
addition of triethylsilane (0.7 mL) and TFA (4 mL).
The resultant yellow solution is stirred for 2 hours.
After concentration to dryness, the crude product is
dissolved in MeOH (20 mL)/dichloromethane (10 mL) and
the solution is treated in portions with 2N LiOH (4.2
mL) to form a suspension. After concentration and
subsequent chromatography on silica gel, eluting with
2.0 M NH3/Me0H in dichloromethane 0-10%, the title
compound is obtained as a yellow solid (0.26 g, yield
49%). ES+(OT/Z) 444 (35Cl) and 446 (37Cl) [M+H].
Preparation 35
[2-(2-Chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophen-
6-yl]-morpholin-4-yl-methanone Using the method of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid cyclopropylamide, the title compound is
synthesized from 6-bromo-benzo[i]thiophene as a tan
solid. Preparation 36
[4-(6-Aminomethyl-benzo[b]thiophen-2-yl)-pyrimidin-2-y
l]-[3-(4-methyl-piperazin-l-yl)-propyl]-amine (A).
Preparation of
C-benzo[i]thiophen-6-ylmethylamineBenzo[&]thiophene-6-
carbonitrile (9.70 g, 61.1mmol) is dissolved in THF
(400 mL) and cooled to 0-5 0C. Lithium aluminum
hydride (183 mL of 1.0 M solution in THF) is added
dropwise over 30 minutes and the reaction is stirred
for 20 hours while warming to 25 0C. The reaction is
cooled with an ice bath and water (6.94 mL) is slowly
added followed by 15% sodium hydroxide (6.94 mL) and
water (20.83 mL). The resulting precipitate is
filtered and washed with diethyl ether. The filtrate
is concentrated to give the title compound as a
colorless oil (8. 16 g, 82% yield). ES+(OT/Z) 164
[M+H]. (B). Preparation of
benzo[i]thiophen-6-ylmethylcarbamic acid terf-butyl
ester Benzo[i]thiophen-6-yl-methylamine (7.80 g, 47.8
mmol) is dissolved in THF (400 mL) and diterf- butyl
dicarbonate (13.9 g, 63.5 mmol) is added. After
stirring for 20 hours, the solvent is removed. The
resulting residue is dissolved in dichloromethane and
the solvent is evaporated to give a pale yellow solid
(8.0 g, 64% yield). (C). Preparation of
[2-(2-chloropyrimidin-4-yl)-benzo[i]thiophen-6-ylmethy
l]-carbamic acid terf-butyl ester
Benzo[i]thiophen-6-ylmethyl-carbamic acid terf-butyl
ester (3.6 g, 13.8 mmol) is dissolved in THF (100 mL)
and cooled to -78 0C. Triisopropylborate (8.5 mL) is
added, followed by lithium diisopropylamine solution
(27 mL of 2.0 M solution), and the reaction is allowed
to slowly warm to room temperature over two hours. The
reaction is stirred at room temperature for two hours
at which time 2,4- dichloropyrimidine (4.59 g, 30.8
mmol), l,l '-bis(diphenylphosphino)ferrocene (388 mg,
0.700 mmol), palladium (II) acetate (164 mg, 0.730
mmol) and sodium carbonate (28 mL of 2.0 N solution)
are added. The reaction is heated for 20 hours at 70
0C. After the reaction solution is cooled to 25 0C,
water (100 mL) is added. The mixture is extracted with
dichloromethane and the extracts are evaporated. The
resulting solid is subjected to chromatography on
silica gel, eluting with EtOAc/hexanes 5-50%, to give
the title compound ( 1.47 g, 28% yield). ES+(OT/Z) 376
(35Cl) and 378 (37Cl) [M+H]. (D). Preparation of (2-
{2-[3-(4-methylpiperazin-l-yl)-propylamino]-pyrimidin-
4-yl}-benzo[i]thiophen-6- ylmethyl)-carbamic acid
terf-butyl ester A mixture of
[2-(2-chloropyrimidin-4-yl)-benzo[i]thiophen-6-ylmethy
l]-carbamic acid terf-butyl ester ( 1.47 g, 3.90 mmol)
and l-(3-aminopropyl)-4-methylpiperazine ( 1.36 g,
8.60 mmol) in dioxane (38 mL) is refluxed for 3 hours.
The solvent is removed and the residue is subjected to
chromatography on silica gel, eluting with 2.0
MNH3MeOH in CHCl3 0-10%, to obtain the title compound
(1.36 g, 70% yield). ES+(OT/Z) 497 [M+H]. (E).
Preparation of
[4-(6-aminomethyl-benzo[i]thiophen-2-yl)-pyrimidin-2-y
l]-[3-(4-methyl-piperazin-lyl)- propyl] -amine
(2-{2-[3-(4-Methylpiperazin-l-yl)-propylamino]-pyrimid
in-4-yl}-benzo[i]thiophen-6-ylmethyl)- carbamic acid
terf-butyl ester ( 1.36 g, 2.74 mmol) is dissolved in
dichloromethane (20 mL) and TFA (3.2 mL) is added.
After stirring for 20 hours, methanol is added and the
mixture is passed through an SCX column. After eluting
with methanol to remove the salts, 20% 2.0
MNH3/MeOH)/EtOAC is used to elutethe product which is
then passed through a 15 g silica gel column using the
same solvent system. The title compound is obtained as
a yellow solid (0.73 g, 68% yield). ES+(OT/Z) 397
[M+H]. Preparation 37
[4-(6-Aminomethylbenzo[i]thiophen-2-yl)-5-chloropyrimi
din-2-yl]-[3-(4-methylpiperazin-l-yl)-propyl]- amine
(A). Preparation of
2-(2,5-dichloropyrimidin-4-yl)benzo[&]thiophene-6-carb
onitrile To a -70 0C solution of 6-cyanobenzothiophene
(7.98 g, 50.1 mmol) and triisopropylborate (10.4 g,
55. 1 mmol) in THF (100 mL) is added lithium
diisopropylamide (27.6 mL, 2 M solution in
heptane/THF/ethylbenzene, 55. 1 mmol) dropwise over 10
minutes. The mixture is stirred for 3 hours and then
allowed to slowly warm, over 2 hours, to room
temperature. To the mixture is then added 2,4,5-
trichloropyrimidine (9. 19 g, 50. 1 mmol), 2 N Na2Cq 3
(50 mL, 100 mmol), l,l '-bis(diphenylphosphino)-
ferrocene ( 1.39 g, 2.51 mmol) and palladium(II)
acetate (563 mg, 2.51 mmol) and the resultant mixture
is heated to reflux for 18 hours. Upon cooling to room
temperature, the mixture is concentrated under reduced
pressure, extracted from water (100 mL) with
dichloromethane (3 x 200 mL). The combined organic
extracts are concentrated under reduced pressure to
yield a beige solid (18.7 g). The crude material is
sonicated in diethyl ether (200 mL) and filtered to
provide the title compound as a light beige solid
(14.8 g, 97% yield). (B). Preparation of 2-
{5-chloro-2-[3-(4-methylpiperazin-l-yl)-propylamino]-p
yrimidin-4-yl}- 



benzo[i]thiophene-6-carbonitrile Using the method of
(2-{2-[3-(4-methylpiperazin-l-yl)-propylamino]-pyrimid
in-4-yl}- benzo[i]thiophen-6-ylmethyl)-carbamic acid
terf-butyl ester, the title compound is synthesized
from 2-(2,5-
dichloropyrimidin-4-yl)benzo[i]thiophene-6-carbonitril
e and l-(3-aminopropyl)-4-methylpiperazine and
isolated as a solid. ES+(OT/Z) 427 (35Cl) and 429
(37Cl) [M+H]. (C). Preparation of
[4-(6-aminomethyl-benzo[i]thiophen-2-yl)-5-chloropyrim
idin-2-yl]-[3-(4- methylpiperazin- 1-yl)-propyl]
-amine Into a pressure vessel is added
2-(5-chloro-2-(3-(4-methylpiperazin-l-yl)propylamino)p
yrimidin- 4-yl)benzo[i]thiophene-6-carbonitrile (6.23
g, 14.6 mmol), acetic acid (25 mL), MeOH (500 mL) and
Rainey Nickel (2.5 mL). The mixture is hydrogenated at
60 psi for 12 hours, filtered and concentrated under
reduced pressure. The resulting gum is dissolved in
water (200 mL) and extracted with diethyl ether (200
mL). The aqueous layer is basified to pH=14 with 5 N
NaOH and extracted with dichloromethane (2 x 200 mL).
The organic layer is concentrated under reduced
pressure and subjected to chromatographic purification
on silica gel, eluting with 7:2.5:0.5 EtOAc/Me OH/Et3N
in dichloromethane: 0-100%, to give the crude material
as a mixture of products (3.53 g). This material is
subjected to reverse phase purification, 10-25% 0.1%
TFA in CH3CNA). 1% TFA in water on a C18 Symmetry
column, to yield a yellow solid (2.55 g). This solid
is dissolved in 2.5 N NaOH (100 mL) and extracted with
dichloromethane(3 x 100 mL). The organic layers are
concentrated to afford the title compound as a yellow
solid (808 mg, 13% yield). ES+(OT/Z) 43 1 (35Cl) and
433 (37Cl) [M+H]. Preparation 38
4-(6-Bromobenzo[&]thiophen-2-yl)-2,5-dichloropyrimidin
e A solution of 6-bromobenzo[i]thiophene (5.00 g, 23.5
mmol) in THF (50 mL) is cooled to -70 0C. Lithium
diisopropylamide (12.9 mL, 2M solution in
heptane/THF/ethylbenzene, 25.8 mmol) is added dropwise
over 7 minutes and the mixture is allowed to warm to
room temperature overnight. To the mixture is added
2,4,5-trichloropyrimidine (4.3 1 g, 23.5 mmol), 2 N
Na2CO3 (23.6 mL, 47.2 mmol), 1,1 ' -
bis(diphenylphosphino)ferrocene (651 mg, 1.17 mmol)
and palladium(II) acetate (263 mg, 1.17 mmol) and the
mixture is heated to reflux for 2 1 hours. Upon
cooling to room temperature, the mixture is
concentrated under reduced pressure, extracted from
water (100 mL) with dichloromethane (3 x 150 mL) and
10% MeOFjydichloromethane (2 x 150 mL). The combined
organic extracts are concentrated under reduced
pressure to yield a brown solid (9. 15 g). The crude
material is sonicated in diethyl ether (200 mL) and
filtered to provide the title compound as a light
brown solid (6.66 g, 79% yield). Preparation 39
[4-(6-Bromobenzo[i]thiophen-2-yl)-pyrimidin-2-yl]-[3-(
4-methylpiperazin-l-yl)-propyl]-amine Using the method
of
4-(6-bromobenzo[i]thiophen-2-yl)-2,5-dichloropyrimidin
e, the title compound is synthesized from
6-bromobenzo[i]thiophene and isolated as a solid.
Preparation 40
[4-(6-Aminobenzo[i]thiophen-2-yl)-5-methylpyrimidin-2-
yl]-[3-(4-methylpiperazin-l-yl)-propyl]-amine (A).
Preparation of benzo[i]thiophen-6-ylamine A mixture of
6-bromobenzo[i]thiophene (16.0 g, 76.0 mmol),
benzophenone imine (16.6 g, 9 1.5 mmol),
tris(dibenzylidineacetone)palladium(0) (0.72 g, 0.80
mmol), l,l '-bis(diphenylphosphino)ferrocene (1.3 g,
2.3 mmol) and sodium terf-butoxide (10.8 g, 112 mmol)
in toluene is refluxed for 20 hours. The solvent is
evaporated and the residue is chromatographed on
silica, eluting with dichloromethane) to give the
title compound ( 1.52 g, 11% yield). (B). Preparation
of benzo[i]thiophen-6-ylcarbamic acid terf-butyl ester
A mixture of benzo[i]thiophen-6-ylamine ( 1.33 g, 8.93
mmol), di-terf-butyldicarbonate (2.65 g, 12. 1mmol)
and dimethylaminopyridine (0.35 g, 2.8 mmol) in THF
(80 mL) is stirred for 20 hours. Solvent is evaporated
and the residue is chromatographed on silica gel,
eluting with EtOAc in hexanes 0-40%, to give the title
compound as a brown oil ( 1.5 1 g, 68% yield). (C).
Preparation of
[2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophen-
6-yl]-carbamic acid terf-butyl
esterBenzo[&]thiophen-6-yl-carbamic acid terf-butyl
ester ( 1.06 g, 4.30 mmol) is dissolved in THF (40 mL)
and cooled to -78 0C. Lithium diisopropylamine
solution (8.5 mL of 2.0 M solution) and
triisopropylborate (6.0 mL, 26 mmol) are added. The
reaction is stirred at -78 0C for 90 minutes before
the cooling bath is removed. After stirring for three
hours, 2,4-dichloro-5-methylpyrimidine (0.74 g, 4.5
mmol), 1,1 '-bis(diphenylphosphino) ferrocene (120 mg,
0.220 mmol), palladium (II) acetate (50.4 mg, 0.220
mmol), and sodium carbonate (9.5 mL of 2.0 N solution)
are added. The reaction is heated at 70 0C for 20
hours. After the reaction solution is cooled to 25 0C,
water (100 mL) is added. The mixture is extracted with
dichloromethane and the extracts are evaporated. The
resulting solid is chromatographed on silica gel,
eluting with EtOAc in hexanes 5-50%, to give the title
compound as a yellow solid (0.32 g, 20% yield). (D).
Preparation of
(2-{5-methyl-2-[3-(4-methylpiperazin-l-yl)-propylamino
]-pyrimidin-4-yl}- benzo[i]thiophen-6-yl)-carbamic
acid terf-butyl ester A mixture of
[2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophen-
6-yl]-carbamic acid terfbutyl ester (0.32 g, 0.85
mmol) and l-(3-aminopropyl)-4-methylpiperazine (0.41
g, 2.6 mmol) in 1,4- dioxane (15 mL) is refluxed for
48 hours. Solvent is removed and the residue is
chromatographed on silica gel, eluting with 2.0 M
NH3/MeOH in dichloromethane 0-10%, to obtain the title
compound as a yellow solid (0.33 g, 78% yield). ES+
(jn/z) 497 [M+H]. (E). Preparation of
[4-(6-aminobenzo[i]thiophen-2-yl)-5-methylpyrimidin-2-
yl]-[3-(4-methylpiperazin-lyl)- propyl] -amine 



(2-{5-Methyl-2-[3-(4-methylpiperazin-l-yl)-propylamino
]-pyrimidin-4-yl}-benzo[i]thiophen-6- yl)-carbamic
acid terf-butyl ester (0.33 g, 0.66 mmol) is dissolved
in dichloromethane (6 mL) and TFA (0.78 mL) is added.
The solution is stirred for 20 hours before adding
methanol. The mixture is passed through an SCX column.
After eluting with methanol, 20% of 2.0 M NH3/MeOH in
EtOAc is used to elute the product which is then
chromatographed on silica gel, eluting with 2.0 M
NH3/MeOH in dichloromethane 0-15%, to give the title
compound as a yellow oil. (166 mg, 64% yield). ES+
(m/z) 397 [M+H]. Preparation 4 1
Piperidine-4-carboxylic acid
{3-[5-chloro-4-(4-cyclopropylcarbamoyl-benzo[i]thiophe
n-2-yl)-pyrimidin-2- ylamino] -propyl} -amide (A).
Preparation of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid cyclopropylamide A suspension of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid (5.00 g, 15.4 mmol) in dichloromethane
(100 mL) is treated at room temperature with
cyclopropylamine ( 1.20 mL, 17.3 mmol) in the presence
of 7V,iV-diisopropylethylamine(3.00 mL, 17.2 mmol),
l-(3-diethylaminopropyl)-3- ethylcarbodiimide
hydrochloride (3.34 g, 17.4 mmol), and
1-hydroxybenzotriazole (2.33 g, 17.2 mmol) for 20
hours. Water (20 mL) is then added, and after stirring
for 20 minutes, the mixture is filtered, and dried.The
obtained solid is suspended in dichloromethane (50
mL), stirred for 2 hours, filtered, and dried to
provide the title compound (5.60 g, 99%). (B).
Preparation of
2-[2-(3-aminopropylamino)-5-chloropyrimidin-4-yl]-benz
o[&]thiophene-4-carboxylic acid cyclopropylamide A
stirred suspension of
2-(2,5-dichloropyrimidin-4-yl)-benzo[&]thiophene-4-car
boxylic acid cyclopropylamide (5.59 g, 15.3 mmol) in
1.4-dioxane (60 mL), (3-amino-propyl)-carbamic acid
terf-butyl ester (2.70 mL, 2.69 mg, 15.5 mmol) in
7V,7V-diisopropylethylamine(5.20 mL, 3.86 g, 29.9
mmol) is heated at 97 0C for 120 hours. The mixture is
then cooled to room temperature, diluted with
dichloromethane (120 mL), filtered, washed with
dichloromethane (2 x 25 mL), and dried to provide
{3-[5-chloro-4-(4-
cyclopropylcarbamoyl-benzo[i]thiophen-2-yl)-pyrimidin-
2-ylamino]-propyl}-carbamic acid terf-butyl ester
(5.00 g, 65%). This intermediate (4.99 g, 9.94 mmol)
is suspended in methanol (120 mL) and treated with 10%
aqueous HCl (10 mL) and the mixture is heated at 1000C
for 24 hours. The mixture is then cooled to room
temperature, quenched with 2 N NaOH (20 mL), filtered,
washed with H2O (60 mL), dichloromethane (60 mL), and
diethyl ether (60 mL), and dried to provide the title
compound (3.99 g, 99%). (C). Preparation of
piperidine-4-carboxylic acid
{3-[5-chloro-4-(4-cyclopropylcarbamoylbenzo[
i]thiophen-2-yl)-pyrimidin-2-ylamino]-propyl} -amide A
suspension of
2-[2-(3-aminopropylamino)-5-chloropyrimidin-4-yl]-benz
o[i]thiophene-4- carboxylic acid cyclopropylamide (500
mg, 1.24 mmol) in dichloromethane (30 mL) is treated
at room temperature with piperidine-l,4-dicarboxylic
acid mono-terf-butyl ester (340 mg, 1.48 mmol) in the
presence of -/V,-/V-diisopropylethylamine(0.220 mL,
163 mg, 1.26 mmol), l-(3-diethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (240 mg, 1.25 mmol),
and 1-hydroxybenzotriazole (171 mg, 1.21 mmol) for 24
hours. The mixture is then diluted with
dichloromethane (30 mL), filtered, washed with H O (30
mL), and diethyl ether (30 mL), and dried to provide
4-{3-[5-chloro-4-(4-cyclopropylcarbamoylbenzo[
i]thiophen-2-yl)-pyrimidin-2-ylamino]-propylcarbamoyl}
-piperidine-l-carboxylic acid terf-butyl ester (700
mg, 92%). A stirred mixture of this intermediate (695
mg, 1. 13 mmol) in dichloromethane (25 mL) is treated
at room temperature with TFA (2.5 mL) for 72 hours.
The mixture is then concentrated under reduced
pressure, and subjected to chromatographic
purification on silica gel, eluting with 2 M NH3/MeOH
in dichloromethane: 16-40%, to provide the title
compound (492 mg, 85% yield). Preparation 42
2-(2,5-Dichloropyrimidin-4-yl)-7-methoxybenzo[i]thioph
ene-4-carboxylic acid cyclopropylamide (A).
Preparation of 7-methoxybenzo[i]thiophene To a
solution of 7-bromobenzo[i]thiophene (10.0 g, 46.9
mmol) in dry DMF (234 mL) is added copper iodide (8.90
g, 46.9 mmol,), followed by the addition of sodium
methoxide (30% in MeOH, 176 mL, 938 mmol) at room
temperature under nitrogen atmosphere. The mixture is
heated at 100 0C for 2 hours and cooled to room
temperature. Water (400 mL) is added and the mixture
is extracted with diethyl ether (4 x 200 mL). Organic
layers are washed with cooled water (3 x 75 mL),
saturated aqueous sodiumchloride (100 mL), dried
(MgSO4), and concentrated to give the title compound
as yellow oil (7.58 g, 98% yield). (B). Preparation of
7-methoxybenzo[&]thiophene-4-carboxylic acid
Phosphorous oxychloride (7.1 mL, 76.7 mmol) is added
dropwise to a cooled dry DMF (13.2 mL, 170.4 mmol) at
such rate that the temperature does not exceed 5 0C.
After 30 minutes at this temperature, a solution of
7-methoxybenzo[i]thiophene (7.00 g, 42.6 mmol) in dry
DMF (2 mL) is added dropwise. The stirring continues
at 5 0C for 30 minutes and at room temperature for 45
minutes. Afterward, the mixture is heated to 117 0C
and then at 90 0C for 2 hours, cooled to 00C, and
neutralized with a solution of sodium acetate (62 g)
in water (300 mL). The resulting mixture is extracted
with diethyl ether (5 x 150 mL) and the organic layers
are washed with cooled water (5 x 100 mL), saturated
aqueous sodium chloride (100 mL), dried (MgSO4) and
concentrated. The crude material is purified on slica
gel (hexanes/EtOAc 9 :1) to give
7-methoxybenzo[i]thiophene-4-carbaldehyde as a yellow
solid (5.5 g, 68% yield). To a stirred solution of the
intermediate (14.9 g, 77.5 mmol) in acetone (300 mL)
is slowly added a solution of potassium permanganate
(14.9 g, 94.3 mmol) in water (525 mL) at 0 0C and the
mixture is stirred for 75 minutes. Then, isopropanol
(100 mL) is added and the mixture is divided in two
portions. Each portion is treated with HCl (100 mL,
12%), diluted with water (300 mL) and extracted with
EtOAc (3 x 300 mL). Organic layers are washed with
water (300 mL), saturated aqueous sodium chloride (300
mL), dried (MgSO4), and 



concentrated. Residue is collected and diluted with
EtOAc (600 mL) and the suspension is warmed to 70 0C
and filtered to give the title compound as a white
solid (10.3 g, 63% yield). At room temperature, the
filtrate forms a suspension. After filtration, an
additional 3.2 g is obtained. ES+ (OT/Z) 207 [M-H].
(C). Preparation of
2-(2,5-dichloropyrimidin-4-yl)-7-methoxybenzo[i]thioph
ene-4-carboxylic acid To a -78 0C solution of
diisopropylamine (2.9 mL, 20.9 mmol) in dry THF (28
mL) is added a solution of w-butyllithium (13.1 mL,
20.9 mmol, 1.6 M in hexane) under nitrogen atmosphere
and the mixture is stirred for 30 minutes. The mixture
is added to a suspension of
2-(2,5-dichloropyrimidin-4-yl)-7-
methoxybenzo[i]thiophene-4-carboxylic acid ( 1.36 g,
6.53 mmol) in dry THF (40 mL) at -78 0C. The resultant
mixture is warmed to 0 0C and the stirring continues
for 2 hours. The mixture is cooled to -40 0C and
triisopropylborate (5.4 mL, 23.5 mmol) is added
dropwise. The mixture is warmed to room temperature
where the stirring continues for another 2 hours. A
solution of HCl (12%, 40 mL) is added at 0 0C and the
mixture is stirred at room temperature for 30 minutes.
Water (40 mL) is added and the suspension is filtered
off. The solid is washed with water to give
2-(2,5-dichloropyrimidin-4-yl)-7-
methoxybenzo[i]thiophene-4-carboxylic acid-2-boronic
acid as a white solid (1.56 g, 95% yield). To a
solution of 2,4,5 -trichloropyrimidine (1.24 g, 6.76
mmol) in dry dimethoxyethane (6 mL) are successively
added dichlorobis(triphenylphosphine) palladium (II)
(146 mg, 0.21 mmol), sodium carbonate (2 N in water,
12.2 mL, 24.6 mmol) at room temperature under nitrogen
atmosphere. The mixture is heated to 45 0C for 10
minutes and a suspension of
2-(2,5-dichloropyrimidin-4-yl)-7-methoxybenzo[i]thioph
ene- 4-carboxylic acid-2-boronic acid ( 1.55 g, 6.15
mmol) in dimethoxyethane (24 mL) is added over 1 hour
period. The mixture is stirred at 45 0C for 1.5 hours
then cooled to room temperature. The mixture
isacidified to pH 2 with a solution of HCl (12%) and
diluted with water (50 mL). The mixture is filtered
off and the solid is washed with water and diethyl
ether to provide the title compound as a yellow solid
(2.5 g) which is used in the next step without further
purification. (D). Preparation of
2-(2,5-dichloropyrimidin-4-yl)-7-methoxybenzo[i]thioph
ene-4-carboxylic acid cyclopropylamide To a stirred
suspension of
2-(2,5-dichloropyrimidin-4-yl)-7-methoxybenzo[i]thioph
ene-4- carboxylic acid (2.50 g, 3.07 mmol) is added
diisopropylethylamine ( 1.12 mL, 6.44 mmol),
N-Qdimethylaminopropyl)- 7V'-ethylcarbodiimide
hydrochloride (617 mg, 3.22 mmol) and 1-
hydroxybenzotriazole (435 mg, 3.22 mmol) at room
temperature under nitrogen atmosphere. The mixture is
treated with cyclopropylamine (184 mg, 3.22 mmol) and
stirred at room temperature for 1 day. The mixture is
diluted with dichloromethane (60 mL) and washed with
water (3 x 30 mL). The organic phase suspension is
filtered off to give a yellow solid which is washed
with dichloromethane and water to give the title
compound as a yellow solid (880 mg, 72% yield).
Preparation 43
[5-Chloro-4-(6-triisopropylsilanylsulfanyl-benzo[i]thi
ophen-2-yl)-pyrimidin-2-yl]-[3-(4-methylpiperazin-
1-yl)-propyl]-amine To a solution of
[4-(6-bromobenzo[i]thiophen-2-yl)-5-chloropyrimidin-2-
yl]-[3-(4- methylpiperazin-l-yl)-propyl] -amine (600
mg, 1.24 mmol) in toluene (3 mL) is added
tetrakis(triphenylphosphine)palladium(0) (100 mg,
0.0870 mmol) and triisopropylsilanethiol potassium
salt (previously prepared from triisopropylsilanethiol
using essentially the method described in Tetrahedron
Lett., 35., (20), 3221-3224, (1994)) (285 mg, 1.24
mmol) at room temperature under a nitrogen atmosphere.
The mixture is heated to 100 0C for 2 hours then
cooled to room temperature. Water (50 mL) is added and
the mixture is extracted with EtOAc (3 x 20 mL). The
organic layers are dried (MgSO4) and concentrated to
give the title compound as a sticky red solid (660
mg). Preparation 44
2-{5-Methyl-2-[3-(4-methylpiperazin-l-yl)-propylamino]
-pyrimidin-4-yl}-benzo[i]thiophene-6-sulfonic acid
benzhydryl-amide (A). Preparation of
benzo[i]thiophene-6-sulfonic acid benzhydrylamide To a
suspension of magnesium ( 1.14 g, 46.9 mmol) in dry
THF (50 mL) is added iodine (100 mg) followed by slow
addition of 6-bromobenzo[i]thiophene (5.00 g, 23.5
mmol) in dry THF (100 mL) at 64 0C (internal
temperature) under a nitrogen atmosphere. During the
addition, dry toluene (20 mL) is added to the mixture.
When addition is completed, the mixture is heated at
68 0C (internal temperature) for 3 hours then cooled
to -60 0C where a stream of sulfur dioxide is passed
through the solution for 10 minutes. The mixture is
allowed to warm to room temperature, the sulfur
dioxide bubbling continues for an additional 5
minutes, and the mixture is stirred for 45 minutes.
After filtration and concentration, a reddish solid
isobtained (8.0 g), which is diluted with
dichloromethane (235 mL), treated with
TV-chlorosuccinimide (3.45 g, 25.8 mmol) at room
temperature, and stirred for 2 hours. After filtration
and concentration, a reddish solid is obtained (5.8
g), which is diluted with dichloromethane (234 mL),
treated with aminodiphenylmethane (20.2 mL, 117 mmol)
at 0 0C and the mixture is stirred for 1 hour. Water
(200 mL) is added and the mixture is extracted with
dichloromethane (3 x 200 mL). The organic layers are
dried (MgSO4) and concentrated. The crude product is
suspended in dichloromethane /hexane before it is
filtered to give the title compound as a white solid.
The filtrate is concentrated and the residue is
chromatographed on silica gel (dichloromethane) to
give a second crop of title compound (total 2.52 g).
ES+ (m/z) 378 [MH]. (B). Preparation of
2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophene-
6-sulfonic acid benzhydrylamide To a solution of
diisopropylamine (2.09 mL, 14.87 mmol) in dry THF (10
mL) is added a solution of w-butyllithium ( 1.6 M in
hexane, 9.14 mL, 14.62 mmol) at -78 0C under a
nitrogen atmosphere, the mixture is stirred for 30
minutes. A solution of benzo[i]thiophene-6-sulfonic
acid benzhydrylamide (925 mg, 2.44 mmol) and
triisopropylborate (2.87 mL, 12.43 mmol) in dry THF
(10 mL) is added. The mixture 



is slowly warmed to 10 0C over 1 hour and stirred at
room temperature for 30 minutes. A solution of sodium
carbonate (2 M in water, 3.78 mL) is added followed by
the addition of 2,4 dichloro5- methylpyrimidine (5 17
mg, 3.17 mmol) and (l,l
'-bis(diphenylphosphino)ferrocene)palladium (II)
chloride (99.6 mg, 0.122 mmol). The mixture is heated
at 60 0C for 1.5 hours then cooled to room
temperature. Water (40 mL) is added and the mixture is
extracted with EtOAc (3 x 40 mL). The organic layers
are dried (MgSO4) and concentrated. The residue is
chromatographed on silica gel, eluting with
hexanes/EtOAc 90: 10 to 40:60, to give the title
compound as a yellow solid (457 mg, 37% yield). (C).
Preparation of
2-{5-methyl-2-[3-(4-methylpiperazin-l-yl)-propylamino]
-pyrimidin-4-yl}- benzo[i]thiophene-6-sulfonic acid
benzhydryl-amide To a stirred suspension of
2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophene-
6-sulfonic acid benzhydrylamide (457 mg, 0.903 mmol)
in dry 1,4-dioxane (4.5 mL) is added
diisopropylethylamine (0.3 15 mL, 1,81 mmol) and
l-(3-aminopropyl)-4-methylpiperazine (213 mg, 1,35
mmol). The mixture is heated at 97 0C for 1 day. After
concentration and subsequent chromatographic
purification on silica gel, eluting with 2 M NH3/MeOH
in dichloromethane: 0-10%, the title compound is
obtained as a yellow solid (3 17 mg, 57% yield). ES+
(m/z) 627 [M+H]. Preparation 45
2,5-Dichloro-4-(6-methylsulfanylbenzo[i]thiophen-2-yl)
-pyrimidine (A). Preparation of
6-methylsulfanylbenzo[i]thiophene A mixture of
6-bromobenzo[i]thiophene (2.0 g, 9.4 mmol) and sodium
thiomethoxide ( 1.30 g, 18.8 mmol) in DMF (15mL) is
stirred at 90 0C under nitrogen for 6 hours. The
reaction is cooled to room temperature, extracted with
ethyl acetate and saturated aqueous sodium chloride,
washed with 2 N aqueousNaOH solution, saturated
aqueous sodium chloride, dried over Na2SO4, filtered,
and evaporated. The residue is purified by
chromatography on silica gel, eluting with ethyl
acetate:hexanes 3:7, to give the title product as a
red liquid (1.4Ig) which is used for next reaction
without further purification. (B). Preparation of
2,5-dichloro-4-(6-methylsulfanylbenzo[i]thiophen-2-yl)
-pyrimidine To a stirred solution of
6-methylsulfanylbenzo[i]thiophene ( 1.41 g, 7.82 mmol)
and triisopropylborate ( 1.80 mL, 7.82 mmol) in THF
(20 mL) at -78 0C under nitrogen is added lithium
diisopropylamine (4.3 mL, 2 M solution). The reaction
is allowed to slowly warm to room temperature. An
aqueous solution OfNa2CO3 (2.50 g, 23.5 mmol, in 11mL
of water) is added, followed by the addition of
2,4,5-trichloropyrimidine ( 1.58 g, 8.60 mmol) and [1,
1-bis (diphenylphospheno)ferrocene] palladium (II)
chloride (0.32 g, 0.39 mmol). The reaction mixture is
heated at 60 0C under nitrogen for 1 hour. After being
cooled to room temperature, the suspension is filtered
and the solid is washed with water and ethyl acetate
then dried under vacuum. The crude product is purified
by chromatography on silica gel, eluting with
dichloromethane:hexanes 2:8 to 3:7, to give the title
product as a light yellow solid (0.19 g). Preparation
46
2-(2,5-Dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid amide Diisopropylethylamine (0.574 mL) is
added to a stirred suspension of
2-(2,5-dichloropyrimidin-4-
yl)-benzo[i]thiophene-4-carboxylic acid ( 1.02 g, 3.14
mmol) in anhydrous dichloromethane (20 mL) at 0 0C
under nitrogen to form a clear solution. The solution
is treated dropwise with 7M NH3/Me0H (0.493 mL, 3.45
mmol) to form a suspension. Powdered l//-benzotriazol-
1- yloxytris(dimethylamino)phosphonium
hexafluorophosphate ( 1.46 g, 3.30 mmol) is added to
the mixture and the resultant mixture is allowed to
stir at 0 0C for 2 hours and at room temperature for 5
hours. Diethyl ether (15 mL) is added in small
portions to the mixture. The mixture is stirred for
another 20 minutes before filtration. After drying,
the title compound is obtained as a tan solid and is
used without further purification (0.994 g).
Preparation 47
(2-(5-Bromo-2-chloropyrimidin-4-yl)-benzo[i]thiophene-
4-carboxylic acid [bis-(4-methoxyphenyl)- methyl]
-amide Using the method of
2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophene-
4-carboxylic acid [bis-
(4-methoxyphenyl)-methyl]-amide, the title compound is
synthesized from 2-(5-bromo-2-chloropyrimidin-
4-yl)-benzo[i]thiophene-4-carboxylic acid as a tan
solid. Preparation 48 (R)-4-(3 -Aminopropyl)-3
-methylpiperazine- 1-carboxylic acid tert-butyl ester
7V-(3-Bromopropyl)phthalimide (6.50 g, 24.2 mmol) is
added to a stirred solution of ( )-3 -methyl
piperazine- 1-carboxylic acid tert-butyl ester (4.85
g, 24.2 mmol) and diisopropylethylamine (4.70 g,
36.4mmol) in anhydrous 1,4-dioxane (50 mL). The
resultant mixture is heated in an oil bath at 90 0C
for 20 hours. After concentration, the mixture is
subject to chromatography on silica gel, eluting with
2 M NH3/CH3OH in dichloromethane 1-3%, to provide the
intermediate product (7.5 g, 79% yield). The
intermediate product (7.54 g, 19.5 mmol) is dissolved
in anhydrous ethanol (250 mL) then treated with
hydrazine (3.75 g, 117 mmol). The stirring mixture is
heated in an oil bath at 70 0C for 16 hours to form a
white suspension. At room temperature the mixture is
filtered and the filtrate is concentrated to give a
mixture of solid and oil. The mixture is suspended in
ethanol (10 mL) and diethyl ether (50 mL). After
filtration and concentration, the title compound is
obtained as a tan oil (4.72 g, 93% yield). Using the
method of
(_K)-4-(3-aminopropyl)-3-methylpiperazine-l-carboxylic
acid terf-butyl ester, the following compounds are
synthesized from the corresponding
methylpiperazine-1-carboxylic acid terfbutyl ester
Preparation 52
4-(3-Aminopropyl)-4-ethylpiperidine-l-carboxylic acid
terf-butyl ester 



(A). Preparation of 4-ethylpiperidine-l,4-dicarboxylic
acid 1-tert-butyl ester 4-methyl ester Using the
method of 4-methylpiperidine-l,4-dicarboxylic acid
1-terf-butyl ester 4-methyl ester, the title compound
is synthesized from piperidine-l,4-dicarboxylic acid
1-terf-butyl ester 4-methyl ester and isolated as a
tan oil. (B). Preparation of
4-(3-aminopropyl)-4-ethylpiperidine-l-carboxylic acid
terf-butyl ester Using the method of
4-(3-aminopropyl)-4-methylpiperidine-l-carboxylic acid
terf-butyl ester , the title compound is synthesized
from 4-ethylpiperidine-l,4-dicarboxylic acid
1-terf-butyl ester 4-methyl ester and isolated as a
clear oil. Preparation 53 Racemic
3-(3-aminopropyl)-piperidine-l-carboxylic acid
terf-butyl ester (A). Preparation of racemic
3-(3-methanesulfonyloxypropyl)-piperidine-l-carboxylic
acid terf-butyl esterUsing the method of
4-(3-azidopropyl)-piperidine-l-carboxylic acid
tert-butyl ester, the title compound is synthesized
from racemic 3-piperidin-3-ylpropan-l-ol and isolated
as an oil. (B). Preparation of racemic
3-(3-aminopropyl)-piperidine-l-carboxylic acid
tert-butyl ester Potassium phthalimide (7.79 g, 42.1
mmol) is added to a stirred solution of racemic 3-(3-
methanesulfonyloxypropy^-piperidine-l-carboxylic acid
tert-butyl ester (9.00 g, 28.0 mmol) in DMF (60 mL).
The mixture is allowed to stir at 55 0C for 16 hours.
At room temperature,e the mixture is concentrated, the
oil is diluted in ethyl acetate (50 mL), and the
solution is washed with water (50 mL). The organic
layer is concentrated and the crude product is
chromatographed on silica gel, eluting with ethyl
acetate in hexane 0-25%, to give
3-[3-(l,3-dioxo-l,3-dihydroisoindol-2-yl)-propyl]-pipe
ridine-l-carboxylic acid tert-butyl ester (9.84 g, 94%
yield). A stirred solution of this intermediate (9.00
g, 24.2 mmol) in ethanol (400 mL) is treated with
hydrazine (4.65 g, 145 mmol). The mixture is heated at
50 0C for 16 hours to form a white suspension. At room
temperature the suspension is quickly filtered and the
filtrate is concentrated to give the oil containing a
small amount of white solid. This mixture is diluted
in ethanol (10 mL and diethyl ether (50 mL), filtered,
and concentrated to provide the title compound as an
oil (5.0 g, 85% yield). Preparation 54 Racemic
4-(3-aminopropyl)-3-isopropylpiperazine-l-carboxylic
acid tert-butyl ester (A). Preparation of racemic
3-isopropyl-iperazine-l-carboxylic acid tert-butyl
ester Di-tert-butyl dicarbonate (7.37 g, 33.8 mmol) is
added to a stirred solution of racemic 2-
isopropylpiperazine (4.80 g, 37.5 mmol) in anhydrous
dichloromethane (50 mL) at 0 0C, then the mixture is
stirred at room temperature for 16 hours. After
concentration and subsequent chromatographic
purification on silica gel, eluting with 2 MNH3/MeOH
in dichloromethane 1-3%, the title compound is
isolated as oil (5.3 g, 62% yield). (B). Preparation
of racemic
4-(3-aminopropyl)-3-isopropylpiperazine-l-carboxylic
acid tert-butyl ester Using the method of
3-(4-isopropylpiperazin-l-yl)-propylamine, the title
compound is synthesized from racemic
3-isopropyl-piperazine-l-carboxylic acid tert-butyl
ester and isolated as a tan oil. Preparation 55 (A).
Preparation of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid methyl ester Using the method of
2-(2-chloropyrimidin-4-yl)-benzo[i]thiophene-4-carboxy
lic acid methyl ester, the title compound is
synthesized from benzo[i]thiophene-4-carboxylic acid
methyl ester and 2,4,5- trichloropyrimidine and
isolated as a solid. (B). Preparation of 2-
{5-chloro-2-[3-(4-methylpiperazin-l
-yl)-propylamino]-pyrimidin-4-yl}-
benzo[i]thiophene-4-carboxylic acid methyl ester A
stirred suspension of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid methyl ester (440 mg, 1.30 mmol) in
1,4-dioxane (10 mL) is treated with
3-(4-methyl-piperazin-l-yl)-propylamine (610 mg, 3.90
mmol) and diisopropylethylamine (500 mg, 3.90 mmol),
the resultant mixture is heated at 90 0C under
nitrogen for 16 hours. After concentration and
subsequent chromatographic purification on silica gel,
eluting with 2 M NH3/MeOH in dichloromethane 1-10%,
the title compound is isolated as a solid (3 10 mg,
51% yield). (C). Preparation of
2-{5-chloro-2-[3-(4-methylpiperazin-l-yl)-propylamino]
-pyrimidin-4-yl}- benzo[i]thiophene-4-carboxylic acid
tri-hydrochloride Aqueous 2 N LiOH ( 1. 1 mL, 2.2
mmol) is added to a stirred solution of
2-{5-chloro-2-[3-(4-
methylpiperazin-l-yl)-propylamino]-pyrimidin-4-yl}-ben
zo[i]thiophene-4-carboxylic acid methyl ester (280 mg,
0.610 mmol) in water (3 mL), MeOH (6 mL) and THF (12
mL). The mixture is heat at 70 0C for 2 hours. While
at 70 0C, 5 N HCl ( 1 mL) is added to the solution,
then the solution is allowed to cool to room
temperature. After concentration, the yellow solid is
suspended in THF (20 mL), sonicated, filtered, and
dried to give the title compound as a solid (320 mg,
94% yield). Preparation 56
2-[5-Methyl-2-(2-piperidin-4-ylethylamino)-pyrimidin-4
-yl]-benzo[i]thiophene-6-carboxylic acid dimethylamide
A stirred mixture of
2-(2-chloro-5-methylpyrimidin-4-yl)-benzo[i]thiophene-
6-carboxylic acid dimethylamide (473 mg, 1.43 mmol),
4-(2-aminoethyl)-piperidine-l-carboxylic acid
terf-butyl ester (814 mg, 3.56 mmol) and
diisopropylethylamine (0.747 mL, 4.29 mmol) in
1,4-dioxane (5 mL) is heated at 97 0C under nitrogen
for 2 days. At room temperature the mixture is
concentrated and the crude product is chromatographed
on silica gel, eluting with MeOH in dichloromethane
0-2%, to give 4-{2-[4-(6-
dimethylcarbamoyl-benzo[i]thiophen-2-yl)-5-methylpyrim
idin-2-ylamino]-ethyl}-piperidine-l-carboxylic acid
terf-butyl ester. The intermediate is then subject to
deprotection by dissolving in dichloromethane (20 mL)
and treating with triethylsilane (0.9 mL) and TFA (4
mL). The resultant yellow solution is stirred at 



room temperature for 1 hour. After concentration and
subsequent chromatography on silica gel, eluting with
2.0 M NH3/MeOH in dichloromethane 3-12%, the fractions
containing the desired product are collected and
concentrated to give yellow foam. This foam is
dissolved in MeOH (20 mL), treated with 0.5 N LiOH (20
mL) then concentrated to give the crude product of the
title compound as yellow foam. It is used for next
reductive methylation without further purification.
Example 1
[4-(Benzo[i]thiophen-2-yl)-pyrimidin-2-yl]-[3-(4-methy
lpiperazin-l-yl)-propyl] -amine tri-hydrochloride
el-(3-Aminopropyl)-4-methylpiperazine (3.02 g, 19.2
mmol) is added to a stirred suspension of 4-
(benzo[6]thiophen-2-yl)-2-chloro-pyrimidine (2.06 g,
8.34 mmol) in anhydrous 1,4-dioxane (25 mL) at ambient
temperature under nitrogen. The resultant mixture is
heated in an oil bath at 95 0C for 28 hours. At
ambient temperature the mixture is concentrated and
subject to chromatographic purification on silica gel,
eluting with 2 M NH3/CH3OH in dichloromethane 0-6%, to
give the free base of the title compound as a white
solid (2.83 g, 92% yield). The above free base (1.42
g, 3.86 mmol) is dissolved in methanol (10
mL)/dichloromethane (15 mL). A small stream of
anhydrous HCl gas is slowly bubbled through the
stirred solution for 2 minutes, then the resulting
yellow solution is concentrated to give a yellow
solid. The yellow solid is resuspended in methanol (5
mL), while being sonicated, it is diluted with diethyl
ether (25 mL). After filtration and drying, the title
compound is obtained as a yellow solid ( 1.85 g, 100%
yield). ES+(OT/Z) 368 [M+H]. Using methods similar to
[4-(benzo[i]thiophen-2-yl)-pyrimidin-2-yl]-[3-(4-methy
lpiperazin-l-yl)- propyl] -amine tri-hydrochloride,
the following compounds are synthesized and isolated
as free base or HCl salt:Example 17
r4-(Benzor&lthiophen-2-yl)-5-methyl-pyrimidin-2-yll-r3
-(piperazin-l-yl)-propyll-amme
4-(3-Aminopropyl)-piperazine-l-carboxylic acid
tert-butyl ester (261 mg, 1.07 mmol) is added to a
stirred suspension of
4-(benzo[6]thiophen-2-yl)-2-chloro-5-methyl-pyrimidine
(140 mg, 0.537 mmol) and diisopropylethylamine (140
mL, 0.805 mmol) in anhydrous 1,4-dioxane (3.5 mL) at
ambient temperature under nitrogen. The resultant
mixture is heated in an oil bath at 95 0C for 36
hours. At ambient temperature the mixture is
concentrated and chromatographed on silica gel,
eluting with 2 MNH3/CH3OH in dichloromethane 0-6%, to
give
4-{3-[4-(benzo[i]thiophen-2-yl)-5-methyl-pyrimidin-2-y
l]-amino-propyl}- piperazine-1-carboxylic acid
tert-butyl ester as a white solid (178 mg, 70% yield).
TFA ( 1 mL) is added to a stirred solution of the
above product (168 mg, 0.359 mmol) and triethylsilane
(0.172 mL, 1.08 mmol) in anhydrous 1,2-dichloroethane
(3 mL) at ambient temperature under nitrogen. The
resultant solution is allowed to stir for 8 hours.
After concentration, the crude product is suspended in
CH3OH (5 mL)/dichloromethane (3 mL) then treated with
2.5 N lithium hydroxide (LiOH) (0.43 mL) before it is
chromatographed on silica gel, eluting with 2 M
NH3/CH3OH in dichloromethane 5- 20%, to give the title
compound as a yellowish solid (132 mg, 100% yield).
ES+(OT/Z) 368 [M+H]. Example 18
[4-(Benzo[&lthiophen-2-yl)-5-bromopyrimidin-2-yll-(2-p
iperazin-l-yl-ethyl)-amine tri-hydrochloride Using the
method of
[4-(benzo[i]thiophen-2-yl)-5-methylpyrimidin-2-yl]-[3-
(piperazin-l-yl)- propylamine , the free base of the
title compound is synthesized from
4-(benzo[i]thiophen-2-yl)-5-bromo- 2-chloro-pyrimidine
as a white solid. It is readily converted to the
tri-hydrochloride salt. ES+(OT/Z) 418 (79Br) and 420
(8 1Br) [M+H]. Example 19
2-[2-(3-Piperazin-l-ylpropylaminoVpyrimidin-4-yll-benz
o[&lthiophene-4-carboxylic acid cyclopropylamide
tri-hydrochloride (A). Preparation of
benzo[i]thiophene-4-carboxylic acid methyl ester A
mixture of 4-bromobenzo[i]thiophene (20.0 g, 93.8
mmol), Pd(OAc)2 (4.26 g, 19.0 mmol), l,l
'-bis(diphenylphosphino)ferrocene (15.4 g, 27.8 mmol)
and triethylamine (72.0 mL, 520 mmol) in MeOH (422
mL)/dimethylsulfoxide (DMSO) (638 mL) is introduced to
a 1 L high pressure reaction vessel. The vessel is
pressurized with 100 psi carbon monoxide (CO) gas,
then the mixture is heated at 80 0C for 24 hours. The
dark reaction mixture is concentrated to evaporate off
MeOH before it is poured onto 2.4 L ice water with
stirring to form a suspension. After filtration, the
solid is taken up in dichloromethane and the filtrate
is extracted with dichloromethane. The combined
dichloromethane solution is concentrated to give a
dark gum, it is dissolved in dichloromethane (50 mL)
and subjected to chromatography on silica gel, eluting
with dichloromethane in hexanes 50-100%, to give the
title compound as a tan oil (15.2 g, 84% yield).(B).
Preparation of
2-(2-chloropyrimidin-4-yl)-benzo[&]thiophene-4-carboxy
lic acid methyl ester Lithium diisopropylamide (5.70
mL, 2 M in THF) is added dropwise to a stirred
solution of benzo[i]thiophene-4-carboxylic acid methyl
ester (2.00 g, 10.4 mmol) and triisopropyl borate
(2.63 mL, 11.4 mmol) in anhydrous THF (20 mL) at -78
0C under nitrogen. Upon the completion of the
addition, the mixture is allowed to warm slowly over 1
hour to ambient temperature where it is stirred for
another 1 hour. Aqueous Na2Cq 3 solution (2 M, 15.6
mL) is added to the mixture, followed by the addition
of 1,1 ' - bis(diphenylphosphino)ferrocene (3 18 mg,
0.570 mmol), palladium(II) acetate (129 mg, 0.570
mmol) and 2,4-dichloropyrimidine ( 1.46 g, 10.4 mmol).
The reaction mixture is heated to reflux for 16 hours.
At ambient temperature THF is evaporated off, the
aqueous layer is extracted with CHCI3 (100 mL x 2) and
the combined layers are concentrated to give a dark
solid. The solid is dissolved in dichloromethane and
purified by chromatography on silica gel, eluting with
dichloromethane in hexanes 50-100%, to give the title
compound as a yellowish solid (1.60 g, 51% yield).
(C). Preparation of 4-
{3-[4-(4-methoxycarbonyl-benzo[i]thiophen-2-yl)-pyrimi
din-2 -ylamino]-propyl }- 



piperazine-1-carboxylic acid terf-butyl ester Using
the method of
[4-(benzo[i]thiophen-2-yl)-pyrimidin-2-yl]-[3-(4-methy
lpiperazin-l-yl)- propyl]-amine tri-hydrochloride, the
title compound is synthesized from
2-(2-chloro-pyrimidin-4-yl)-
benzo[i]thiophene-4-carboxylic acid methyl ester as a
solid (74% yield). (D). Preparation of 4-
{3-[4-(4-carboxy-benzo[i]thiophen-2-yl)-pyrimidin-2-yl
amino]-propyl}-piperazine-lcarboxylic acid terf-butyl
ester di-hydrochloride Aqueous LiOH solution (2.5 N,
2.0 mL) is added to a stirred solution of 4-{3-[4-(4-
methoxycarbonyl-benzo[i]thiophen-2-yl)-pyrimidin-2-yla
mino] -propyl} -piperazine-1-carboxylic acid terfbutyl
ester (700 mg, 1.49 mmol) in THF (7 mL)/MeOH (4 mL),
the resultant mixture is stirred at 40 0C for 4 hours.
At 40 0C, 5 N HCl (2. 1mL) is added in one shot to the
reaction mixture. Within 2 minutes the mixture becomes
a suspension. After filtration and drying, the title
compound is obtained as a yellow solid (950 mg, 99%
yield). (E). Preparation of
2-[2-(3-piperazin-l-yl-propylamino)-pyrimidin-4-yl]-be
nzo[i]thiophene-4-carboxylic acid, cyclopropylamide
tri-hydrochloride Diisopropylethylamine (0.578 mL,
3.33 mmol) and cyclopropylamine (0.23 1mL, 3.33 mmol)
are added sequentially to a stirred suspension of
4-{3-[4-(4-carboxy-benzo[i]thiophen-2-yl)-pyrimidin-2-
ylamino]-propyl}-piperazine-l-carboxylic acid
terf-butyl ester dihydrocholric acid (950 mg, 1.66
mmol) in anhydrous DMF (10 mL). Powdered
l//-benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (884 mg, 2.00 mmol) is added to
the mixture, the resultant mixture is allowed to stir
at 50 0C for 14 hours. The mixture is concentrated and
chromatographed on silica gel, eluting with 2 M
NH3/CH3OH in dichloromethane 1-5%, to give the
TV-cyclopropylcarboxamide as a yellowish solid. The
above TV-cyclopropylcarboxamide is dissolved in MeOH
(40 mL)/dichloromethane (20 mL) and a small stream of
anhydrous HCl gas is bubbled through the stirred
solution for 3 minutes. The warm solution is capped
with a glass stopper and stirred at ambient
temperature overnight to form a yellowsuspension.
After filtration and drying, the title compound is
obtained as a yellow solid (480 mg, 53% yield).
ES+(OT/Z) 437 [M+H]. Example 20
2-{5-Chloro-2-[3-(4-methylpiperazin-l-yl)-propylamino]
-pyrimidin-4-yl}-benzo[&]thiophene-4-carboxylic acid
cvclopropylamide tri-hydrochloride (A). Preparation of
benzo[i]thiophene-4-carboxylic acid A few crystals of
iodine are added to a stirred suspension of magnesium
(Mg) (4.79 g, 197 mmol) in anhydrous THF (100 mL)
under nitrogen atmosphere, then a solution of
4-bromo-benzo-thiophene (40.0 g, 188 mmol) in
anhydrous THF (150 mL) is added dropwise. Initially
only 5% of the total amount is added (ca. 1 mL) to
start the reaction, after that the rest of the amount
is added at the rate to keep the reaction temperature
around 50-55 0C. This takes around 30 minutes and
finally the reaction is heated at 5O0C for 1hour. When
most of the Mg is consumed, the reaction is cooled to
23 0C and CO2 gas (generated from dry ice in a flask)
is bubbled into the solution. This reaction is
exothermic and the temperature of the solution is kept
around 23 0C by means of an ice bath. The bubbling
continues for 15-20 minutes until a copious
precipitate appears. The reaction is carefully
quenched with aqueous 10% HCl at 0 0C. Aqueous sodium
chloride is added and the mixture is extracted with
EtOAc. The organic phase is extracted with aqueous 2 M
sodium hydroxide (NaOH) and the aqueous phase is then
acidified with aqueous 37% HCl to pH 1to form a
suspension. After filtration and drying, the title
compound is obtained as a white solid (24.9 g, 74%
yield). (B). Preparation of
(4-carboxybenzo[i]thiophen-2-yl)boronic acid
n-Butyllithium (2.5 M, 94 mL) is added dropwise to a
stirred solution of diisopropylamine (33.0 mL, 235
mmol) in anhydrous THF (300 mL) at -78 0C under
nitrogen atmosphere. After 30 minutes, a solution of
benzo[i]thiophene-4-carboxylic acid (20.0 g, 112 mmol)
in anhydrous THF (300 mL) is added. Upon the
completion of addition, the reaction mixture is
allowed to warm up to 0 0C where it is stirred for
another 2 hours. The reaction mixture is cooled to -30
0C before it is treated with triisopropyl borate (65.0
mL, 282 mmol). The cooling bath is then removed and
the reaction is allowed to reach ambient temperature
where it is carefully quenched with concentrated HCl
(200 mL). After evaporation of THF a suspension is
formed, the solid is collected by filtration, washed
twice with water (150 mLx2) and dried to provide the
title compound as a white solid (20.0 g, 80% yield).
(C). Preparation of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid An aqueous Na2Cq 3 solution (2 M, 500 mL)
is added dropwise to a stirred solution of
(4-carboxybenzo[ i]thiophen-2-yl)boronic acid (56 g,
0.25 mol) and 2,4,6-trichloro-pyrimidine (42.1 g,
0.230 mol) in ethyleneglycol dimethyl ether (620 mL)
at room temperature under nitrogen atmosphere. Upon
the completion of addition, PdCl2(PPh3)2 (5.3 Ig, 3%
mol) is added in one portion, then the reaction
mixture is heated at 100 0C overnight. The mixture is
cooled to 10 0C, then 37% HCl (150 mL) is added in
portions to form a suspension. After filtration and
washing with water (300 mLx3) the solid is dried under
vacuum.Then the solid is suspended in 1 L of
dichloromethane/ethanol (10: 1) and stirred overnight.
After another round of filtration and drying, the
first crop of title compound (28.0 g, 38% yield) is
obtained. Mother liquor is concentrated and the
residue is suspended in acetone ( 1 mL) and stirred
overnight. After filtration, the solid is re-suspended
in 200 mL of dichloromethane/ethanol (ethanol) (3 :1)
and stirred for 2 hours. Additional 5 g of the title
compound is obtained after filtration and drying.
Overall yield is 44%. (D). Preparation of
2-(2,5-dichloropyrimidin-4-yl)-benzo[i]thiophene-4-car
boxylic acid, cyclopropylamide. Diisopropylethylamine
( 1.42 mL) is added to a stirred suspension of
2-(2,5-dichloro-pyrimidin-4-
yl)-benzo[i]thiophene-4-carboxylic acid (2.55 g, 7.84
mmol) in anhydrous dichloromethane (40 mL) at 0 0C
under nitrogen to form a solution, followed by
sequentially addition of cyclopropylamine (0.570 mL, 



8.23 mmol) and powdered
l//-benzotriazol-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (3.64 g, 8.23 mmol). The resultant
mixture is allowed to stir at 0 0C for 2 hours, then
at ambient temperature for 3 hours. Diethyl ether (35
mL) is added in small portions to the mixture, the
mixture is stirred for another 20 minutes before
filtration. After drying, the crude title compound
(2.45 g) is obtained as a tan solid. It is used
without further purification. (E).
2-{5-Chloro-2-[3-(4-methyl-piperazin-l-yl)-propylamino
]-pyrimidin-4-yl}-benzo[i]thiophene-4- carboxylic
acid, cyclopropylamide tri-hydrochloride.
l-(3-Aminopropyl)-4-methylpiperazine (2.27 g, 14.4
mmol) is added to a stirred suspension of crude
2-(2,5-dichloro-pyrimidin-4-yl)-benzo[i]thiophene-4-ca
rboxylic acid, cyclopropylamide (2. 10 g, 5.77 mmol)
in anhydrous 1,4-dioxane (40 mL) at ambient
temperature under nitrogen. The resultant mixture is
heated at 95 0C for 6 hours. After concentration, the
solid residue is re-suspended in dichloromethane (40
mL)/CH30 H (16 mL) before it is treated with 2N LiOH
(2.89 mL). The mixture is sonicated then subject to
separation on silica gel, eluting with 2M NH3/CH3OH in
dichloromethane 0-8%. The fractions containing desired
product are collected and slowly concentrated in vacuo
until it becomes a 10 mL suspension. Diethyl ether (40
mL) is added in small portions to the suspension under
sonication. After filtration and drying, a light
yellow solid (1.89 g, 68% yield) is obtained. The
above free base is dissolved in dichloromethane (80
mL)/MeOH (80 mL), then bubbled with a small stream of
anhydrous HCl gas for 3 minutes. The yellow solution
is slowly concentrated until it becomes a 15 mL
suspension. Diethyl ether (70 mL) is added in small
portions to the suspension under sonication. After
filtration and drying, the title compound is obtained
as a yellow solid (2. 17 g, 94% yield). ES+(OT/Z) 485
(35Cl) and 487 (37Cl) [M+H]. Using the method of
2-{5-chloro-2-[3-(4-methylpiperazin-l-yl)-propylamino]
-pyrimidin-4-yl}- benzo[i]thiophene-4-carboxylic acid
cyclopropylamide tri-hydrochloride, the following
compounds may be prepared and isolated as the free
base or the hydrochloride salt:SYNCHRONISATION I N A
MULTICARRIER RECEIVER WITH GUARD INTERVAL CARRELATION
[0001] The present application claims priority to
provisional U.S. Application Serial No. 60/737,087,
entitled "IMPROVED TIME TRACKING ALGORITHM VIA GUARD
INTERVAL CORRELATION FOR OFDM SIGNALS," filed November
15, 2005, assigned to the assignee hereof and
incorporated herein by reference. BACKGROUND I . Field
[0002J The present disclosure relates generally to
communication, and more specifically to techniques for
performing time tracking at a receiver in a
communication system. II. Background [0003] Orthogonal
frequency division multiplexing (OFDM) is a
multi-carrier modulation technique that can provide
good performance for some wireless environments. OFDM
partitions the overall system bandwidth into multiple
(K) orthogonal frequency subbands, which are also
called subcarriers, tones, bins, and so on. With OFDM,
each subband is associated with a respective
subcarrier that may be modulated with data. Up to K
modulation symbols may be sent on the K subbands in
each OFDM symbol period. [0004] In an OFDM system, a
transmitter typically transforms the modulation
symbols for each OFDM symbol period to the time domain
with a K-point inverse fast Fourier transform (IFFT)
or inverse discrete Fourier transform (IDFT) to obtain
K timedomain chips. To combat delay spread in a
communication channel, the transmitter repeats some of
the K chips to form an OFDM symbol. The repeated
portion is commonly called a guard interval or a
cyclic prefix. The guard interval is used to combat
intersymbol interference (ISI) and inter-carrier
interference (ICI) caused by delay spread, which is
the time difference between the earliest and latest
arriving signal paths at a receiver. [0005] The
receiver performs the complementary processing and
removes the guard interval in each received OFDM
symbol. The receiver then transforms K
time-domainsamples for each received OFDM symbol to
the frequency domain with a K-point fast Fourier
transform (FFT) or discrete Fourier transform (DFT) to
obtain K received symbols for the K subbands. The
receiver then performs detection on the received
symbols to recover the transmitted modulation symbols.
The receiver typically maintains a time tracking loop
that determines the proper placement of an FFT window
for each received OFDM symbol. This FFT window
indicates which samples should be retained and which
samples should be discarded. Data detection
performance is greatly affected by the placement of
the FFT window. [0006] There is therefore a need in
the art for techniques to perform time tracking at a
receiver to achieve accurate placement of the FFT
window. SUMMARY [0007] Techniques for performing time
tracking at a receiver are described herein. A channel
impulse response estimate for a communication channel
may be derived, e.g., based on a received pilot. A
first arriving path (FAP) and a last arriving path
(LAP) may be detected based on the channel impulse
response estimate. The FAP and LAP may be correctly
detected, and the detected FAP and LAP may be the true
FAP and 



LAP, respectively. However, if the delay spread of the
communication channel is excessive, then the FAP and
LAP may be incorrectly detected, and the detected FAP
and LAP may be swapped and may correspond to the true
LAP and FAP, respectively. [0008] To resolve ambiguity
in the detected FAP and LAP, two hypotheses may be
evaluated. The first hypothesis may correspond to the
FAP and LAP being correctly detected, and the second
hypothesis may correspond to the FAP and LAP being
incorrectly detected. For each hypothesis,
hypothesized FAP and LAP are determined based on the
detected FAP and LAP5 and a correlation window is
determined based on the hypothesized FAP and LAP. The
correlation window for each hypothesis may cover all
or a portion of the guard interval for the
hypothesized FAP and/or all or a portion of the guard
interval for the hypothesized LAP. For each
hypothesis, correlation may be performed between a
first segment of received data within the correlation
window and a second segment of received data, which
may be K samples away, where K is the duration of the
useful portion of an OFDM symbol. The correct
hypothesis may be determined based on the correlation
results for the two hypotheses. The timing at the
receiver may be updated based on the hypothesized FAP
and LAP for the correcthypothesis. OFDM demodulation
may e performed based on the updated receiver timing,
e.g., the FFT window may be accurately placed based on
the receiver timing. [0009] Various aspects and
embodiments of the invention are described in further
detail below. BRIEF DESCRIPTION OF THE DRAWINGS [0010]
The features and nature of the present invention will
become more apparent from the detailed description set
forth below when taken in conjunction with the
drawings in which like reference characters identify
correspondingly throughout. [0011] FIG. 1 shows a
block diagram of a transmitter and a receiver. [0012]
FIG. 2 shows a block diagram of an OFDM modulator at
the transmitter. [0013] FIG. 3 shows a block diagram
of an OFDM demodulator at the receiver. [0014] FIG. 4
shows a block diagram of a time tracking loop at the
receiver. [0015] FIGS. 5A-5F illustrate FAP and LAP
detection for two exemplary channel impulse response
estimates. [0016] FIGS. 6A-6D show channel topologies
and channel impulse responses for two exemplary
operating scenarios. [0017] FIGS. 7A-7C show possible
decisions by an FAP & LAP detector. [0018] FTGS. 8A-8D
illustrate an embodiment for resolving ambiguity in
the FAP and LAP detection by correlating OFDM symbol
data. [0019] FIG. 9 shows correlation windows used to
resolve FAP and LAP ambiguity. [0020] FIG. 10 shows a
process for resolving ambiguity in detected FAP and
LAP. [0021] FIG. 11 shows another process for
resolving ambiguity in the detected FAP and LAP.
[0022] FIG. 12 shows a process for performing time
tracking at the receiver. DETAILED DESCRIPTION [0023]
The word "exemplary" is used herein to mean "serving
as an example, instance, or illustration." Any
embodiment or design described herein as "exemplary"
is not necessarily to b e construed as preferred or
advantageous over other embodiments or designs. [0024]
The time tracking techniques described herein may be
used for various communication systems such as an OFDM
system, an orthogonal frequency divisionmultiple
access (OFDMA) system, a single-carrier frequency
division multiple access (SC-FDMA) system, and so on.
An OFDMA system utilizes OFDM. An SC-FDMA system may
utilize interleaved FDMA (IFDMA) to transmit on
subbands that are distributed across the system
bandwidth, localized FDMA (LFDMA) to transmit on a
block of adjacent subbands, or enhanced FDMA (EFDMA)
to transmit on multiple blocks of adjacent subbands.
In general, modulation symbols are sent in the
frequency domain with OFDM and in the time domain with
SC-FDMA. An SC-FDMA symbol includes a guard interval
that is generated in the same manner as a guard
interval for an OFDM symbol. For clarity, the time
tracking techniques are specifically described below
for an OFDM-based system. [0025] FIG. 1 shows a block
diagram of a transmitter 110 and a receiver 150 in an
OFDM-based system 100. At transmitter 110, a transmit
(TX) data processor 120 processes (e.g., formats,
encodes, interleaves, and symbol maps) traffic data
and generates data symbols. As used herein, a data
symbol is a modulation symbol for traffic data, a
pilot symbol is a modulation symbol for pilot, which
is data that is known a priori by both the transmitter
and receiver, and a zero symbol is a signal value of
zero. [0026] An OFDM modulator 130 receives and
multiplexes the data symbols and pilot symbols onto
data and pilot subbands, respectively, performs OFDM
modulation as described below, and provides an OFDM
symbol for each OFDM symbol period. An OFDM symbol
period is the duration of one OFDM symbol and is also
referred to as a symbol period. A transmitter unit
(TMTR) 132 receives and processes (e.g., converts to
analog, amplifies, filters, and frequency upconverts)
the OFDM symbols and generates 



a modulated signal, which is transmitted via an
antenna 134 to receiver 150. [0027] At receiver 150,
an antenna 152 receives the modulated signal from
transmitter 110 and provides a received signal to a
receiver unit (RCVR) 154. Receiver unit 154 conditions
(e.g., filters, amplifies, frequency downconverts, and
digitizes) the received signal and provides received
samples. An OFDM demodulator (Demod) 160 processes the
received samples as described below and obtains K
received symbols for the K subbands in each OFDM
symbol period. The received symbols include received
data symbols for the data subbands and received pilot
symbols for the pilot subbands. OFDM demodulator 160
performs time tracking to properly place the FFT
window for each OFDM symbol period. OFDM demodulator
160 also performs data demodulation/ detection on the
received data symbols with a channel estimate to
obtain data symbolestimates, which are estimates of
the data symbols sent by transmitter 110. A receive
(RX) data processor 170 then processes (e.g., symbol
demaps, deinterleaves, and decodes) the data symbol
estimates to obtain decoded data. In general, the
processing by OFDM demodulator 160 and RX data
processor 170 is complementary to the processing by
OFDM modulator 130 and TX data processor 120,
respectively, at transmitter 110. [0028]
Controllers/processors 140 and 180 control the
operation of various processing units at transmitter
110 and receiver 150, respectively. Memories 142 and
182 store data and program codes for transmitter 110
and receiver 150, respectively. [0029] FIG. 2 shows a
block diagram of OFDM modulator 130 at transmitter 110
in FIG. 1. Within OFDM modulator 130, a
symbol-to-subband mapping unit 210 receives and maps
the data and pilot symbols to subbands used for data
and pilot, respectively, maps zero symbols to unused
subbands, and provides K transmit symbols for the K
total subbands. Each transmit symbol may be a data
symbol, a pilot symbol, or a zero symbol in each OFDM
symbol period. For each OFDM symbol period, a unit 212
transforms the K transmit symbols to the time domain
with a K-point IFFT/IDFT and provides a transformed
symbol that contains K time-domain chips. Each chip is
a complex value to be transmitted in one chip period.
A parallcl-to-scrial (P/S) converter 214 serializes
the K chips for each transformed symbol. A guard
interval insertion unit 216 then repeats a portion (or
G chips) of each transformed symbol to form an OFDM
symbol that contains K + G chips. Each OFDM symbol
contains K chips for a useful part and G chips for the
guard interval. The guard interval is used to combat
ISl and ICl caused by delay spread in the
communication channel. The length of the guard
interval, G, determines the largest delay spread that
the receiver can tolerate without incurring ISI and
ICI at a modest moving velocity. [0030] FIG. 3 shows a
block diagram of an embodiment of OFDM demodulator 160
at receiver 150 in FIG. 1. Within OFDM demodulator
160, a pre-processor 310 processes the received
samples from receiver unit 154 and provides input
samples. Pre processor 310 may perform automatic gain
control (AGC), timing acquisition, filtering, sample
rate conversion, direct current (DC) offset removal,
frequency error estimation and removal, and/or other
functions. A unit 312 removes the guard interval in
each received OFDM symbol based on an FFT Start
pointer and provides K input samples forthat OFDM
symbol. The FFT Start pointer controls the placement
of the FFT window for each received OFDM symbol.
[00311 For each received OFDM symbol, a unit 314
performs a K-point FFT/DFT on the K input samples and
provides K frequency-domain received symbols for the K
total subbands. A channel estimator 318 derives a
channel estimate based on the received pilot symbols.
The channel estimate may be a time-domain channel
impulse response estimate and/or a frequency-domain
channel frequency response estimate. A data
demodulator 316 performs data demodulation/detection
on the received data symbols with the channel estimate
and provides data symbol estimates. [0032] A time
tracking loop 320 performs time tracking as described
below, determines the timing for each received OFDM
symbol, and provides the FFT Start pointer. Although
not shown in FIG. 3 for simplicity, OFDM demodulator
160 may include processing units for frame detection,
frame synchronization, frequency tracking, and/or
other functions. [0033] Channel estimator 318, time
tracking loop 320, and other units within OFDM
demodulator 160 may perform processing at the sample
rate. These units may also decimate the samples and
perform processing at a lower rate in order to reduce
computational complexity. These units may also
ovcrsamplc the received signal and perform processing
at a higher rate in order to achieve better
resolution. For clarity, the description below assumes
processing at the sample rate, and various quantities,
constants, and thresholds are given for sample rate
processing. [0034] The receiver may perform time
tracking in various manners and based on various types
of information sent by the transmitter. For example,
the transmitter may transmit a pilot on N subbands
that are uniformly distributed across the K total
subbands, where 1< N < K . The receiver may receive an
OFDM symbol containing the pilot, remove the guard
interval, and perform a K-point FFT/DFT on the useful
part of 



the received OFDM symbol to obtain N received pilot
symbols for the N pilot subbands. The receiver may
then remove the modulation on the N received pilot
symbols to obtain channel gains and may perform an
N-point IFFT/IDFT on the N channel gains to obtain a
channel impulse response estimate containing N channel
taps, which may be denoted as hn for n =0, ..., N-I .
The receiver may also derive a channel impulse
response estimate in other manners known in the art.
In an embodiment that isdescribed below, the receiver
performs time tracking based on the channel impulse
response estimate. [0035] FIG. 4 shows a block diagram
of an embodiment of time tracking loop 320 in FIG. 3.
Within time tracking loop 320, a unit 410 receives the
N channel taps for the channel impulse response
estimate from channel estimator 318 and computes the
square magnitude of each channel tap. Unit 410 may
also filter the square magnitudes of the channel taps
across multiple symbol periods. Unit 410 provides a
channel power profile containing (filtered or
unfiltered) square magnitude values for the channel
taps. A detector 412 detects for the first arriving
path (FAP) and the last arriving path (LAP) based on
the channel power profile and provides the detected
FAP and LAP, as described below. A unit 414 resolves
ambiguity in the detected FAP and LAP and provides
output FAP and LAP. A center of mass (CM) detector 416
determines the center of mass of the channel power
profile based on the output FAP and LAP. A summer 418
subtracts a timing target from the detected center of
mass and provides a timing error. The timing target is
a target position for the FFT window and may be a
programmable value. The timing error is indicative of
the error between the detected center of mass and the
target position for the FFT window. [0036] A loop
filter 420 filters the timing error and provides a
timing adjustment. For the embodiment shown in FIG. 4,
loop filter 420 implements a first order lowpass
filter. A multiplier 422 multiplies the timing error
with a gain. A summer 424 sums the output of
multiplier 422 with the output of a delay unit 426 and
provides the timing adjustment. Delay unit 426 stores
the output of summer 424 for the next loop update.
Other designs and/or other transfer functions may also
be used for loop filter 420. A limiter 430 limits the
timing adjustment to within a predetermined range of
values and provides an advance/retard (Adv/Ret) output
that indicates how much the FFT window should be
moved. A summer 434 sums the advance/retard output
with the current FFT Start pointer from a delay unit
436 and provides an updated FFT Start pointer. Delay
unit 436 stores the updated FFT Start pointer for the
next loop update. [0037] Detector 412 may detect for
the FAP and LAP in various manners. For clarity, a
specific scheme for detecting the FAP and LAP based on
the channel power profile is described below. For this
scheme, the energy of all channel taps within a
sliding window is first computed for different tap
positions, as follows:Ek O, ..., N - I , Eq (I) where
is the energy of the channel taps within the sliding
window at tap position k, W is the width of the
sliding window, and "mod N" denotes a modulo-N
operation. [0038] The sliding window width may be
selected to be less than or equal to half of the
length of the channel impulse response estimate, or W
N/2 . The channel impulse response estimate length is
typically less than or equal to the guard interval, or
N < G . This is because the guard interval is
typically selected to be greater than the channel
delay spread in order to avoid ISI and ICI. Equation
(1) essentially moves the sliding window in a circular
fashion across the channel power profile and, for each
tap position k, computes the energy of the W channel
taps within the sliding window. The sliding window
wraps around to the front of the channel power profile
upon reaching the end of the channel power profile.
[0039] A finite difference is then computed for each
tap position based on the tap energies, as follows: D
n = 2 - " ) mod N -  n mo N , for n = 0, ..., N - 1,
Eq (2) A- O fc-Q where Q is the finite difference
order, and Dn is the finite difference value for tap
position n . A sliding window of length 2Q is used to
compute the finite difference. This sliding window is
moved in a circular fashion across the channel power
profile. For each tap position n, the finite
difference Dn is computed as the difference between
the combined energies in the first half of the sliding
window minus the combined energies in the second half
of the sliding window. [0040] Two metrics used to
detect for the FAP and LAP may be defined based on the
tap energies and the finite difference values, as
follows: SFAF(k) = 1 Ek + (1 - a ) D(k_Qn)modN , for k
=0, ..., N - 1, Eq (3) iAJ ( =- 2 -Ek +(l- a2) - (
_Q)mod N , for k =0, ..., N - 1, Eq (4)where cc\ and
are coefficients used for FAP and LAP detection,
respectively, SpAp(k) is a metric for FAP detection at
tap position k, and 



SLAP(K) is a metric for LAP detection at tap position
k. [0041] Coefficient determines the sensitivity of
the FAP detection and may b e selected such that an
FAP is detected if it is the last large value before a
drop in a zone of near-maximum accumulated energy.
Similarly, coefficient c 2 determines the sensitivity
of the LAP detection and may be selected such that an
LAP is detected if it is the first large value before
a rise in the zone o f near-maximum accumulated
energy. Coefficients I and 2 may b e selected to
provide good performance for FAP and LAP detection,
respectively, and may b e determined based on computer
simulation, empirical measurements, and so on. [0042]
The location of the FAP may b e determined based on
SFAP(K), as follows: FAPd = arg {max {SFAF(ky\ } , Eq
(5) k where FAPd is an index for a detected FAP of
sufficient strength. In equation (5), the largest
value for SFAP(K) is first identified, and FAPd i s
set t o the index that yields the largest value for
SFAP{^)- [0043] The location of the LAP may be
determined based on SiAp(k), a s follows: LAPd ( n
+W-l)modN , Eq (7) where LAPd is an index for a
detected LAP of sufficient strength. In equations (6)
and (7), the smallest value for S LAP (JC) is first
identified, the index that yields the smallest value
for SFAP ) is denoted as min, and LAPd is set to W - 1
tap positions to the right of min- The mod N operation
in equation (7) constrains LAPd to be within a range
of 0 through N-I . In the following description, FAP
and LAP denote the true FAP and LAP, respectively, and
FAPd and LAPd denote the detected FAP and LAP,
respectively. [0044] FTGS. 5A through 5C show FAP and
LAP detection for an exemplary channel impulse
response estimate. For this example, N = 16 , and the
channel impulse response estimate contains two large
channel taps at tap positions 3 and 8 as shown inFlG.
5A. FlG. 5B shows a plot 512 of the energy E k and a
plot 514 of the finite difference Dn (with W = 8 and Q
= 2 ) for the channel impulse response estimate shown
in FIG. 5A. FIG. 5C shows a plot 516 of the metric
SFAP (K) and a plot 518 of the metric SLAP(K), with 1
= OC2 = 0.5 . [0045] As shown in FIG. 5B, the FAP may
be ascertained by detecting for a falling edge in plot
512 for the energy Ek, which may in turn be
ascertained by detecting for a peak in plot 514 for
the finite difference Dn. The finite difference
operation for Dn may enhance noise. Hence, a weighted
sum of the finite difference Dn and the energy Ek may
be used as the metric SFAP (K)- Similarly, the LAP may
be ascertained by detecting for a rising edge in plot
512 for the energy Ek, which may in turn be
ascertained by detecting for a trough in plot 514 for
the finite difference Dn. A weighted sum of the finite
difference Dn and the energy Ek may be used as the
metric SLAP ) in order to mitigate the effects of
noise enhancement. For the example shown in FIGS. 5A
through 5C, the largest value for SFAP(K) occurs at
index k =3 , and the FAP is detected to be at FAPd= 3
. The smallest value for SLAP(K) occurs at index k = l
, and the LAP is detected to be at LAPd 1+ 8-1 = 8 .
[0046] FIGS. 5D through 5F show FAP and LAP detection
for another exemplary channel impulse response
estimate containing two large channel taps at tap
positions 3 and 13. FIG. 5E shows a plot 522 of the
energy Ek and a plot 524 of the finite difference Dn.
FIG. 5F shows a plot 526 of the metric SFAP (K) and a
plot 528 of the metric SLLP (K). For the example shown
in FIGS. 5D through 5F, the largest value for SFAP (K)
occurs at index = 13 , and the FAP is detected to be
at FAPd= 13 . The smallest value for SLAP (K) occurs
at index k = 12, and the LAP is detected to be at LAPd
= (12 + 8-l)modl6 = 3 . [0047] For clarity, a specific
scheme for detecting FAP and LAP has been described
above. This scheme may provide erroneous FAP and/or
LAP under certain conditions. For example, if the
sliding window length is smaller than the channel
delay spread, then it may be possible to pick a middle
channel path as a likely candidate for cither FAP or
LAP. Furthermore, depending on the relative positions
of the channel paths and/or their relative powers,
this detection scheme with W = N/2 may detect
different candidates for FAP and LAP. The erroneous
detection of FAP and LAP may be avoided, e.g., by
assuming that the previous center of mass was
correctly located around a predetermined point DnUd-
Then, for the current channel estimate, an initial
decision may be made as towhich signal path appears
later than Dmid and which signal path comes before
Dmid but is aliased into the channel estimate earlier.
Assuming that the channel content is equally likely to
appear early as well as late, a cut-off point between
past and future may be set to Dn + N / 2 , and any
channel tap after this cut-off point is assumed to
have arrived earlier but is aliased. Note that the
channel content may have previously been present only
up until D J + max{Dh}/2 , where 11 is the channel
delay spread. The region between D J 1 +max{ D }/2 and
D n J 1 +N/2 represents a search zone for late channel
content. In general, FAP and LAP detection may be
performed in various manners and 



to account for various channel conditions. [0048] The
FAP and LAP detection scheme described above in
equations (1) through (7) provides relatively accurate
detected FAP and LAP when the channel delay spread D ,
is less than or equal to half of the guard interval,
or Dh < G/2 . However, when the delay spread is longer
than half of the guard interval, the decisions may be
swapped so that LAPd = FAP and FAPd = LAP . Hence, the
detected FAP may or may not be the true FAP, and the
detected LAP may or may not be the true LAP. The
accuracy of the FAPd and LAPd decisions is dependent
on the actual channel taps, the channel delay spread,
and possibly other factors. Hence, it is desirable to
achieve accurate detection of FAP and LAP. [0049] The
FAP and LAP may also be detected in other manners.
Regardless of the scheme used for FAP and LAP
detection, there may be ambiguity as to whether the
detected FAP and LAP are correct or swapped. [0050]
The ambiguity in the FAP and LAP detection may be
resolved by exploiting the relationship between the
start of the FFT window (which is indicated by the FFT
Start pointer) and the resulting channel delay
profile. In particular, the locations of the FAP and
LAP in the channel impulse response estimate are
dependent on (1) the propagation delays for the FAP
and LAP and (2) the placement of the FFT window. This
relationship is illustrated by two examples below.
[0051] FIG. 6A shows an exemplary transmission of an
OFDM symbol via a communication channel with multiple
signal paths. In general, each signal path may have
any complex gain and any propagation delay, both of
which are determined by the channel environment. For
simplicity, the gains for the FAP and LAP are assumed
to beequal in this example. The delay spread of the
communication channel is D , which is the difference
between the propagation delays for the FAP and LAP.
[0052] The OFDM symbol includes a useful part and a
guard interval. The receiver obtains a copy of the
OFDM symbol via each signal path. Each OFDM symbol
copy is scaled by the complex gain for the associated
signal path and is further delayed by the propagation
delay for that signal path. For simplicity, FIG. 6A
shows only the first OFDM symbol copy received via the
FAP and the last OFDM symbol copy received via the
LAP. The start of the last OFDM symbol copy is delayed
by A samples from the start of the first OFDM symbol
copy. The received OFDM symbol is a superposition of
all of the OFDM symbol copies at the receiver. 1.
0053] FIG. 6A also shows the placement of the FFT
window for the OFDM symbol. The start of the FFT
window is indicated by the FFT Start pointer. The FFT
window has a width of K samples and determines which
samples are selected for subsequent processing. For
the example shown in FIG. 6A, the start of the FFT
window is D samples away from the first sample in the
useful part of the OFDM symbol copy for the FAP and is
D - Ah samples away from the first sample in the
useful part of the OFDM symbol copy for the LAP.
[0054] FIG. 6A also shows an ISI/ICI-free region,
which is an overlapping region for the guard intervals
for all OFDM symbol copies at the receiver. If the FFT
Start pointer is within the ISI/ICI-free region, then
the proper K samples are selected for processing, and
ISI and ICI are not encountered, which is desirable.
The goal of time tracking loop 320 is to maintain the
FFT Start pointer within the ISI/ICI-free region.
[0055] FTG. 6B shows a channel impulse response
estimate for the exemplary transmission shown in FIG.
6A. The channel impulse response for the communication
channel includes a channel tap for each signal path.
For simplicity, FIG. 6B shows only two channel taps at
indices of D and D + D for the FAP and LAP,
respectively. The magnitude of each channel tap is
determined by the complex gain for the associated
signal path. The location or index of each channel tap
is determined by the propagation delay for the
associated signal path and the FFT Start pointer.
[0056] FIG. 6B essentially shows a channel delay
profile for the communication channel. For this
channel delay profile, the FFT Start pointer is mapped
to the origin. The channel gain for each signal path
is mapped to an index determined by the distance
between the FFT Start pointer and the first sample in
the useful part of the OFDMsymbol copy for that signal
path. The channel delay profile includes information
that indicates the start of the channel impulse
response estimate. [0057] FIG. 6C shows another
exemplary transmission of an OFDM symbol via a
communication channel with multiple signal paths
having a delay spread of G -D . For the example shown
in FTG. 6C, the start of the FFT window is D + Dh
samples away from the first sample in the useful part
of the OFDM symbol copy for the FAP and is D 4-G
samples away from the first sample for the useful part
of the OFDM symbol copy for the LAP. [0058] FIG. 6D
shows a channel impulse response estimate for the
exemplary transmission shown in FlG. 6C. This channel
impulse response estimate includes two channel taps at
indices of D and D + D corresponding to the LAP and
FAP, respectively. In this example, the first sample
in the useful part of the OFDM symbol 



copy for the LAP is more than G from the start of the
FFT window. This results in the channel tap for the
LAP wrapping around and appearing at index D, which is
to the left of the channel tap for the FAP. [0059] As
shown in FIGS. 6A through 6D, the channel delay
profile (e.g., in FIG. 6B or 6D) may be determined
based on the channel topology (e.g., in FIG. 6A or 6C)
and the FFT Start pointer. Conversely, the channel
topology may be determined based on the channel delay
profile and the FFT Start pointer. [0060] FIGS. 6A
through 6D assume that the FFT Start pointer is not in
the useful portion of an OFDM symbol. A given channel
topology may also be associated with multiple possible
FFT Start pointer locations. For example, the channel
topology in FIG. 6D may also be obtained with the
start of the FFT window being at D samples to the
right away of the start of the useful portion of the
OFDM symbol copy for the FAP, i.e., G samples to the
right of the FFT Start pointer location shown in FIG.
6D. The uncertainty in the FFT Start pointer may also
be tested to determine the correct FAP and LAP. [0061]
Time tracking loop 320 attempts to maintain the FFT
Start pointer within the TST/TCT-free region. Time
tracking loop 320 attempts to achieve this goal in the
presence of timing drift due to difference between the
clock frequencies at the transmitter and receiver,
variations in the clock frequencies over time, changes
in thecommunication channel, and so on. Accurate
updating of the FFT Start pointer is essential to
achieve good data detection performance. [0062] FIG.
7A shows an exemplary channel impulse response
estimate at the receiver. The receiver has knowledge
of the channel tap at each tap position but, prior to
time tracking, docs not know where the channel impulse
response actually starts. FAP & LAP detector 412
within time tracking loop 320 detects for the FAP and
LAP. [0063] FIGS. 7B and 7C show two possible outcomes
of the FAP and LAP detection for the channel impulse
response estimate shown in FIG. 7A. The channel delay
profile for the outcome in FTG. 7B indicates that the
detected FAP is at index D and the detected LAP is at
index D + D . The channel delay profile for the
outcome in FIG. 7C indicates that the detected LAP is
at index D and the detected FAP is at index D + D .
[0064] Based on the channel impulse response estimate
shown in FIG. 7A, FAP & LAP detector 412 provides the
detected FAP and LAP, which may be as shown in FIG. 7B
or 7C, depending on whether the delay spread Dh
exceeds the limit of the time tracking algorithm, the
magnitude and location of the channel taps, and
possibly other factors. If the actual channel delay
profile is as shown in FIG. 7B and the FAPd and LAPd
decisions are correct, then the channel topology shown
in FIG. 6A may be reconstructed based on the
relationship between the channel topology, the FFT
Start pointer, and the channel delay profile. However,
if the actual channel delay profile is as shown in
FIG. 7B and the FAPd and LAPd decisions are incorrect,
then the incorrect channel topology shown in FIG. 6C
may be reconstructed. [0065] The FFT Start pointer is
updated in different manners for the channel
topologies shown in FIG. 6A and 6C. Hence, incorrect
detection of the FAP and LAP results in erroneous
interpretation of the channel topology, which then
results in the FFT Start pointer being updated in a
suboptimal or wrong manner, which may in turn degrade
performance for both time tracking and data detection.
[0066] To resolve ambiguity in the FAP and LAP
detection, the receiver may evaluate two hypotheses
for the FAPd and LAPd decisions to determine whether
these decisions are correct or incorrect. Hypothesis 0
may denote a hypothesis that the FAPd and LAPd
decisions are correct, and hypothesis 1 may denote a
hypothesis that the FAPd and LAPd decisions are
incorrect. For each hypothesis, the receiver may
reconstruct the channel topology for that hypothesis
by exploiting the OFDM symbolstructure and using the
relationship between the FFT Start pointer and the
channel delay profile, as described above for FIGS. 6A
through 6D. From the reconstructed channel topology,
the receiver can ascertain where the guard interval
and guard copy are located based on the OFDM symbol
structure. The receiver may then evaluate each
hypothesis and perform correlation between the guard
interval and guard copy. The correct hypothesis will
yield a larger correlation result and may be used to
correct erroneous FAPd and LAPd decisions. [0067]
FIGS. 8A through 8D show an embodiment for resolving
ambiguity in the FAP and LAP detection by correlating
OFDM symbol data. For this example, the true FAP and
LAP and the detected. FAP and LAP are assumed to be as
shown in FIG. 8B, and the detected FAP and LAP are
incorrect. In the following description, FAPh and LAPh
denote the hypothesized FAP and LAP, respectively, for
a particular hypothesis. [0068] For hypothesis 0, the
hypothesized FAP and LAP are equal to the detected FAP
and LAP, respectively, or FAPhO= FAPd and LAPhO= LAPd,
as shown in FIG. 8B. The channel topology shown in
FIG. 8A is reconstructed based on the hypothesized FAP
and LAP and the FFT Start pointer. For the embodiment
shown in FIGS. 8A through 8D, a correlation window
covers the first sample in the guard interval of the 



OFDM symbol copy for the FAP through the last sample
in the guard interval of the OFDM symbol copy for the
LAP. For hypothesis 0, the correlation window starts
at sample index To,a and ends at sample index To,b-
[0069] For hypothesis 1, the hypothesized FAP and LAP
are equal to the detected LAP and FAP, respectively,
or FAPhO= LAPd and LAPhO = FAPd, as shown in FTG. 8D.
The channel topology shown in FIG. 8C is reconstructed
based on the hypothesized FAP and LAP shown in FIG. 8D
and the FFT Start pointer. For hypothesis 1, the
correlation window starts at sample index Tl a and
ends at sample index Ti . [0070] For each hypothesis
i, the start of the correlation window, T;,a, may be
determined as: Ti = FFT Start + TFLP / - G , for i =
0, 1, Eq (8) where TFAP , is the tap location for
FAPhz. TFAP>0 = D -+ Ah for hypothesis 0 shown in
FIGS. 8A and 8B, and TFAP L= D for hypothesis 1 shown
in FIGS. 8C and 8D.[0071J For each hypothesis i, the
end of the correlation window, Ti 0, may be determined
as: T\ b = FFT Start + TLLP , for / 0, I 5 Eq (9)
where TLAP, is the tap location for LAPhz after
accounting for any wrap-around effect. TLAP = D + G
for hypothesis 0 shown in FIGS. 8A and 8B, where G is
added to account for LAPhO appearing to the left of
FAPhO due to wrap-around effect. LAP I - + D for
hypothesis 1 shown in FIGS. 8C and 8D, where G is not
added because LAPhI appears to the right of FAPhI and
there is no wrap-around effect. [0072] The size of the
correlation window for each hypothesis i may be
computed as T b -T a . As shown in FIGS. 8A and 8C,
the correlation windows for hypotheses 0 and 1
typically have different sizes. [0073] A correlation
is performed between the guard interval and the guard
copy for each hypothesis i, as follows: where rn is an
input sample at sample index n for the received OFDM
symbol, Ct is the correlation result for hypothesis i,
and " * " denotes a complex conjugate. [0074] FIGS. 8A
and 8C show the guard interval as well as the guard
copy for each OFDM symbol copy. The guard interval is
shown by gray shading, and the guard copy is shown
with a dashed box. For each OFDM symbol copy, the
guard interval is a duplicate of the guard copy. As
shown in equation (10), each sample in the guard
interval is multiplied with the complex conjugate of a
corresponding sample in the guard copy, and the
multiplication results arc accumulated across the
length of the correlation window. The division by
(T1h-T/ a) in equation (10) accounts for different
correlation window sizes being used for hypotheses 0
and 1 and results in a normalized correlation result.
[0075] If the hypothesized FAP and LAP are the true
FAP and LAP, as shown in FIG. 8D, then the correlation
window covers the guard interval and the guard copy
ofthe transmitted OFDM symbol, as shown in FlG. 8C.
The channel topology for the true hypothesis then
results in a higher correlation result between the
guard interval and the guard copy because these
sections carry the same waveform from the transmitter.
If the hypothesized FAP and LAP are not the true FAP
and LAP, as shown in FIG. 8B, then the correlation
window covers a portion of the actual guard interval
and also a portion of the useful part of the
transmitted OFDM symbol. The channel topology for the
false hypothesis then results in a lower correlation
result between the "guard interval" and "guard copy",
which contain random data that are often statistically
independent. The correlation results for the two
hypotheses may thus be used to determine which
hypothesis is correct and to correct any erroneous
FAPd and LAPd decisions that result from using only
the channel impulse response estimate. [0076] The
correct hypothesis may be determined as follows: if CO
C , then FAPo = FAPd and LAPo = LAPd , else Eq ( 1 1a)
if > C0 , then FAPo = LAPd and LAPo = FAPd , Eq (1Ib)
where FAPo and LAPo are the output FAP and LAP
provided by unit 414 in FlG. 4. Equation ( 1Ia) is for
the case in which hypothesis 0 is correct and the
detected FAP and LAP are provided directly as the
output FAP and LAP, respectively. Equation ( 1Ib) is
for the case in which hypothesis 1 is correct and the
detected FAP and LAP are swapped and provided as the
output FAP and LAP [0077] FIG. 9 shows various
embodiments of the correlation window. For the
embodiment shown in FIGS. 8A through 8D, which is
labeled as Window 1 in FIG. 9, the correlation window
starts at the first sample of the guard interval for
the hypothesized FAP and ends at the last sample of
the guard interval for the hypothesized LAP. For the
embodiment labeled as Window 2, the correlation window
starts at the middle sample of the guard interval for
the hypothesized FAP and ends at the last sample of
the guard interval for the hypothesized LAP. For the
embodiment labeled as Window 3, the correlation window
covers the entire guard interval for the hypothesized
LAP. For the embodiment labeled as Window 4, the
correlation window covers a portion (e.g., the second
half) of the guard interval for the hypothesized LAP.
For the 



embodiment labeled as Window 5, the correlation window
covers the entire guard interval for the hypothesized
FAP. For the embodiment labeled as Window 6,
thecorrelation window covers the ISl/lCI region for
the hypothesized FAP and LAP. For the embodiment
labeled as Window 7, the correlation window has a
fixed size (e.g., G samples) and is centered at the
middle of the ISI/ICI region for the hypothesized FAP
and LAP. Various other correlation windows may also be
used. In another embodiment that is not shown in FIG.
9, the correlation window size may be selected as W >
max {D . In this embodiment, the previous FAP/LAP
locations may be used to limit the correlation window
size. [0078] FIG. 10 shows an embodiment of a process
1000 for resolving ambiguity in the detected FAP and
LAP. The FAP and LAP are initially detected, e.g.,
based on a channel impulse response estimate for a
communication channel (block 1012). The FAP and LAP
may be detected, e.g., by determining the energies of
channel taps within a sliding window for different tap
positions, determining finite difference values based
on the energies, detecting the FAP based on a first
function of the energies and the finite difference
values, and detecting the LAP based on a second
function of the energies and the finite difference
values, as described above for equations (1) through
(7). [0079] Hypothesized FAP and LAP for a first
hypothesis corresponding to the FAP and LAP being
correctly detected are determined based on the
detected FAP and LAP (block 1014). Hypothesized FAP
and LAP for a second hypothesis corresponding to the
FAP and LAP being incorrectly detected are also
determined based on the detected FAP and LAP (block
1016). A correlation window is determined for each
hypothesis based on the hypothesized FAP and LAP for
that hypothesis (block 1018). The correlation window
for each hypothesis may cover all or a portion of the
guard interval for the hypothesized FAJP and/or all or
a portion of the guard interval for the hypothesized
LAP. [0080] Correlation is then performed on received
data for the first hypothesis based on the correlation
window for the first hypothesis (block 1020).
Correlation is also performed on the received data for
the second hypothesis based on the correlation window
for the second hypothesis (block 1022). For each
hypothesis, the correlation may be performed between a
first segment of received data within the correlation
window for that hypothesis and a second segment of
received data that is K samples away, where K is the
duration of the useful portion of an OFDM symbol. The
correct hypothesis is then determined based on the
correlation results for the first and second
hypotheses (block 1024).10081] In another aspect, the
correct FAP and LAP are determined by evaluating a
single hypothesis. The FAP and LAP may be initially
detected as described above. A single hypothesis for
the FAP and LAP may be selected for evaluation in
various manners. [0082] In an embodiment, a hypothesis
that results in a smaller timing adjustment to the
current FFT Start pointer is selected for evaluation.
In this embodiment, the amount of timing adjustment to
the current FFT Start pointer for hypothesis 0 is
determined and denoted as DT0. The amount of timing
adjustment to the current FFT Start pointer for
hypothesis 1 is also determined and denoted as T1. The
hypothesis with the smaller timing adjustment is
selected for evaluation and is called hypothesis s .
Correlation is performed for the selected hypothesis s
as described above. The correlation result C for
hypothesis s may be compared against a threshold Cth-
If C is greater than Ca,, then hypothesis s is deemed
to be the correct hypothesis, and the FFT Start
pointer may be updated based on the hypothesized FAP
and LAP for hypothesis s . Otherwise, if C is equal to
or less than Cth, then the other hypothesis that was
not evaluated (which is called hypothesis u) is deemed
to be the correct hypothesis, and the FFT Start
pointer may be updated based on the hypothesized FAP
and LAP for hypothesis u . [0083] In another
embodiment, a hypothesis is selected for evaluation
based on timing (e.g., timing adjustments) for prior
hypothesis decisions. In this embodiment, timing
adjustments may be computed for hypotheses 0 and 1 as
described above. The timing adjustments for the two
hypotheses may b e compared against timing adjustments
for the correct hypotheses for prior update intervals.
For example, timing adjustments for P most recent
correct hypotheses may be stored, and the hypothesis 0
or 1 that is closer to more of the P stored hypotheses
may be selected for evaluation. As another example,
the hypothesis 0 or 1 that is closer to the average
timing of the P stored hypotheses may be selected.
Other types of history information may also be stored
and used for hypothesis selection. In any case, the
selected hypothesis may be evaluated, and the
correlation result C may be compared against the
threshold Cth to determine whether the selected
hypothesis s or the unselected hypothesis u is the
correct hypothesis. [0084] A single hypothesis may be
selected for evaluation based on the detected FAP and
LAP and history information, as described above. The
single hypothesis may also be selected without history
information. For example, hypothesis 0 may always
beselected, or one hypothesis may be randomly
selected. The selected hypothesis may be evaluated and
compared against the threshold Cth - The threshold Qf1
may be a fixed 



value that may be selected to achieve good
performance. The threshold Ca, may also be a
configurable that may be set, e.g., based on the
correlation results for the recent correct hypotheses.
The correlation window for the selected hypothesis may
be determined based on any of the embodiments
described above for FIG. 9. A variable size
correlation window may improve detection performance.
However, a fixed size correlation window may reduce
implementation complexity. [0085] FIG. 11 shows an
embodiment of a process 1100 for resolving ambiguity
in the detected FAP and LAP. The FAP and LAP are
initially detected, e.g., based on a channel impulse
response estimate for a communication channel (block
1112). A single hypothesis for the FAP and LAP is
selected for evaluation (block 1114). The hypothesis
may be selected based on the current FFT Start
pointer, history information for prior hypotheses, and
so on. Correlation is then performed on received data
for the selected hypothesis (block 1116). Whether the
selected hypothesis is the correct hypothesis is
determined based on the correlation result and a
threshold (block 1118). [0086] The techniques
described herein may be used to resolve ambiguity in
the FAP and LAP detection when the channel delay
spread is more than half of the guard interval (or Dh
> G/ 2 ) as well as when the channel delay spread is
less than or equal to half of the guard interval. In
general, the techniques may be used to resolve
ambiguity in any two channel taps for an impulse
response of a communication channel, where the
ambiguity is due to uncertainty as to whether the
first channel tap is earlier or later than the second
channel tap. Correlation may be performed for a first
hypothesis corresponding to the first channel tap
being earlier than the second channel tap. Correlation
may also be performed for a second hypothesis
corresponding to the first channel tap being later
than the second channel tap. The correlation results
for the two hypotheses may be used to determine
whether the first channel tap is earlier or later than
the second channel tap. [0087] Referring back to FIG.
4, center of mass detector 416 receives the output FAP
and LAP from unit 414 and determines the center of
mass of the channel impulse response estimate. In an
embodiment, detector 416 determines the center of mass
based solely on the output FAP and LAP. For example,
the center of mass may be set equal to the midpoint
between FAPo and LAPo, as follows:DS = (LAPo - FAPo)
mod , and Eq (12a) CM = (FAPo + DS/2) mod N , Eq (12b)
where DS is the detected channel delay spread. Tn
equation (12a), the channel delay spread is computed
as ((LAPo - FAPo) mod N}, where the mod N operation
accounts for the case in which LAPo is to the left of
FAPo in the channel delay profile. In equation (12b),
the center of mass is half of the channel delay spread
from FAPo, where the mod N operation accounts for
possible wrap-around of the center of mass. In another
embodiment, the center of mass is determined based on
more than two (e.g., all) channel taps in the channel
impulse response estimate, channel taps with
sufficient strength, and so on. The center of mass
computation may be performed in other manners known in
the art. [0088] The timing error from summer 418 may
be computed as follows: Timing Error = CM - Timing
Target . Eq ( 13) The timing error is a signed value
that may be positive, zero, or negative. [0089] In an
embodiment, the timing adjustment from loop filter 420
may be computed as follows: Timing Adjustment ( ) =
Timing Error x Gain + Timing Adjustment (t-1). Eq (14)
In another embodiment, the timing adjustment may be
computed as follows: Timing Adjustment (t) =Timing
Error x Gainl + Timing Adjustment (t-1) x Gain2. Eq (
15) Gain in equation (14) and Gainl and Gain2 in
equation (15) may be fixed or programmable values.
[0090] The timing adjustment may be limited to within
a predetermined range of values, as follows: Adv/Ret
(t) = SAT (Timing Adjustment (t), Max Adjust} , Eq
(16)where Max Adjust is an absolute value for the
maximum timing adjustment for any given update and SAT
{ } is a saturation operation. The resulting Adv/Ret
(t) is a saturated signed value. [0091] The FFT Start
pointer may he updated as follows: FFT Start pointer
(t) = FFT Start pointer ( -1) + Adv/Ret (t). Eq (17)
The FFT Start pointer is advanced by K+G sample
periods for each OFDM symbol and is further updated by
Adv/Ret (t) in each loop update interval. [0092] Time
tracking loop 320 attempts to maintain the center of
mass at a specific location in the channel delay
profile, which is referred to as the target timing. A
good location for the target timing may be dependent
on the actual channel impulse response, the length of
the channel estimation window (N), the length of the
guard interval (G), and so on. A programmable value
may be used for the target timing. The loop filter
gain, Max Adjust, and/or other parameters may be fixed
or configurable values. 



[0093] FTG. 12 shows an embodiment of a process 1200
for performing time tracking at the receiver. The FAP
and LAP are initially detected, e.g., based on a
channel impulse response estimate for a communication
channel (block 1212). Ambiguity in the detected FAP
and LAP is then resolved by performing correlation on
received data for at least one hypothesis for the FAP
and LAP (block 1214). Two hypotheses may be evaluated
as described in FIG. 10 or a single hypothesis may be
evaluated as described in FIG. 11. The timing at the
receiver is then updated based on the hypothesized FAP
and LAP for the correct hypothesis (block 1216). For
block 1216, the center of mass of the channel impulse
response estimate may be determined based on (e.g., as
the midpoint between) the hypothesized FAP and LAP for
the correct hypothesis. A timing error may be
determined based on the center of mass and a timing
target and may be filtered to obtain a timing
adjustment. The timing adjustment may be limited to
within a predetermined range of values and may be used
to update the receiver timing, e.g., the FFT Start
pointer. OFDM demodulation is performed on the
received data based on the updated receiver timing
(block 1218). The FFT Start pointer may be used to
select samples in the received data for processing.
[0094] The techniques described herein may be
implemented by various means. For example, these
techniques may be implemented in hardware, firmware,
software, or a combination thereof. For a hardware
implementation, the processing units used toresolve
ambiguity in a channel estimate and/or to perform time
tracking at a receiver may be implemented within one
or more application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital
signal processing devices (DSPDs), programmable logic
devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic
units designed to perform the functions described
herein, or a combination thereof. [0095] For a
firmware and/or software implementation, the
techniques may be implemented with modules (e.g.,
procedures, functions, and so on) that perform the
functions described herein. The software codes may be
stored in a memory (e.g., memory 182 in FIG. 1) and
executed by a processor (e.g., processor 180). The
memory may be implemented within the processor or
external to the processor. [0096] The previous
description of the disclosed embodiments is provided
to enable any person skilled in the art to make or use
the present invention. Various modifications to these
embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein
may be applied to other embodiments without departing
from the spirit or scope of the invention. Thus, the
present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the
widest scope consistent with the principles and novel
features disclosed herein. [0097] WHAT IS CLAIMED
IS:CLAIMS 1. An apparatus comprising: at least one
processor configured to detect for a first arriving
path (FAP) and a last arriving path (LAP) in a
communication channel, to perform correlation on
received data for a first hypothesis corresponding to
the FAP and LAP being correctly detected, to perform
correlation on the received data for a second
hypothesis corresponding to the FAP and LAP being
incorrectly detected, and to determine a correct
hypothesis among the first and second hypotheses based
on correlation results for the first and second
hypotheses; and a memory coupled to the at least one
processor. 2 . The apparatus of claim 1, wherein the
at least one processor is configured to determine a
first correlation window for the first hypothesis and
a second correlation window for the second hypothesis
based on the detected FAP and LAP. 3. The apparatus of
claim 2, wherein the at least one processor is
configured to perform correlation between a first
segment of received data within the first correlation
window and a second segment of received data, and to
perform correlation between a third segment of
received data within the second correlation window and
a fourth segment of received data. 4. The apparatus of
claim 3, wherein the first and second segments arc
separated by K samples and the third and fourth
segments are separated by K samples, where K is a
duration of a useful portion of an OFDM symbol. 5. The
apparatus of claim 1, wherein the at least one
processor is configured to determine hypothesized FAP
and LAP for each hypothesis based on the detected FAP
and LAP.6. The apparatus of claim 5, wherein the at
least one processor is configured to determine a
correlation window for each hypothesis to cover guard
intervals for the hypothesized FAP and LAP for the
hypothesis. 7. The apparatus of claim 5, wherein the
at least one processor is configured to determine a
correlation window for each hypothesis to cover at
least a portion of a guard interval for the
hypothesized FAP and at least a portion of a guard
interval for the hypothesized LAP. 



8. The apparatus of claim 5, wherein the at least one
processor is configured to determine a correlation
window for each hypothesis to cover at least a portion
of a guard interval for the hypothesized FAP. 9. The
apparatus of claim 5, wherein the at least one
processor is configured to determine a correlation
window for each hypothesis to cover at least a portion
of a guard interval for the hypothesized LAP. 10. The
apparatus of claim 1, wherein the at least one
processor is configured to detect for the FAP and LAP
based on a channel impulse response estimate for the
communication channel. 11. The apparatus of claim 10,
wherein the channel impulse response estimate
comprises multiple channel taps, and wherein the at
least one processor is configured to determine
energies of channel taps within a sliding window for
different tap positions, to determine a finite
difference based on the energies for different tap
positions, to detect for the FAP based on a first
function of the energies and the finite difference,
and to detect for the LAP based on a second function
of the energies and the finite difference. 12. The
apparatus of claim 5, wherein the at least one
processor is configured to determine a center of mass
of an impulse response for the communication channel
based on the hypothesized FAP and LAP for the correct
hypothesis, to update apointer based on the center of
mass, and to use the pointer to select samples in the
received data for processing. 13. The apparatus of
claim 12, wherein the at least one processor is
configured to determine the center of mass as a
midpoint between the hypothesized FAP and LAP for the
correct hypothesis. 14. The apparatus of claim 12,
wherein the at least one processor is configured to
determine a timing error based on the center of mass
and a timing target, to filter the timing error to
obtain a timing adjustment, and to update the pointer
based on the timing adjustment. 15. The apparatus of
claim 14, wherein the at least one processor is
configured to limit the timing adjustment to within a
predetermined range of values. 16. The apparatus of
claim 1, wherein the at least one processor is
configured to update timing based on the correct
hypothesis, and to perform orthogonal frequency
division multiplexing (OFDM) demodulation on the
received data based on the updated timing. 17. A
method comprising: detecting for a first arriving path
(FAP) and a last arriving path (LAP) in a
communication channel; performing correlation on
received data for a first hypothesis corresponding to
the FAP and LAP being correctly detected; performing
correlation on the received data for a second
hypothesis corresponding to the FAP and LAP being
incorrectly detected; and determining a correct
hypothesis among the first and second hypotheses based
on correlation results for the first and second
hypotheses. 18. The method of claim 17, wherein the
detecting for the FAP and LAP comprises detecting for
the FAP and LAP based on a channel impulse response
estimate for the communication channel.19. The method
of claim 17, wherein the performing correlation on the
received data comprises determining a first
correlation window for the first hypothesis and a
second correlation window for the second hypothesis
based on the detected FAP and LAP, performing
correlation between a first segment of received data
within the first correlation window and a second
segment of received data, and performing correlation
between a third segment of received data within the
second correlation window and a fourth segment of
received data. 20. The method of claim 17, wherein the
performing correlation on the received data comprises
determining hypothesized FAP and LAP for each
hypothesis based on the detected FAP and LAP,
determining a correlation window for each hypothesis
to cover a portion of a guard interval for the
hypothesized FAP, a portion of a guard interval for
the hypothesized LAP, or both, and performing
correlation for each hypothesis based on the
correlation window for the hypothesis. 21. The method
of claim 17, further comprising: updating timing based
on the correct hypothesis; and performing orthogonal
frequency division multiplexing (OFDM) demodulation on
the received data based on the updated timing. 22. An
apparatus comprising: means for detecting for a first
arriving path (FAP) and a last arriving path (LAP) 



in a communication channel; means for performing
correlation on received data for a first hypothesis
corresponding to the FAP and LAP being correctly
detected; means for performing correlation on the
received data for a second hypothesis corresponding to
the FAP and LAP being incorrectly detected; andmeans
for determining a correct hypothesis among the first
and second hypotheses based on correlation results for
the first and second hypotheses. 23. The apparatus of
claim 22, wherein the means for performing correlation
on the received data comprises means for determining a
first correlation window for the first hypothesis and
a second correlation window for the second hypothesis
based on the detected FAP and LAP, means for
performing correlation between a first segment of
received data within the first correlation window and
a second segment of received data, and means for
performing correlation between a third segment of
received data within the second correlation window and
a fourth segment of received data. 24. The apparatus
of claim 22, wherein the means for performing
correlation on the received data comprises means for
determining hypothesized FAP and LAP for each
hypothesis based on the detected FAP and LAP, means
for determining a correlation window for each
hypothesis to cover a portion of a guard interval for
the hypothesized FAP, a portion of a guard interval
for the hypothesized LAP, or both, and means for
performing correlation for each hypothesis based on
the correlation window for the hypothesis. 25. The
apparatus of claim 22, further comprising: means for
updating timing based on the correct hypothesis; and
means for performing orthogonal frequency division
multiplexing (OFDM) demodulation on the received data
based on the updated timing. 26. A processor readable
media for storing instructions operable to: detect for
a first arriving path (FAP) and a last arriving path
(LAP) in a communication channel; perform correlation
on received data for a first hypothesis corresponding
to the FAP and LAP being correctly detected;perform
correlation on the received data for a second
hypothesis corresponding to the FAP and LAP being
incorrectly detected; and determine a correct
hypothesis among the first and second hypotheses based
on correlation results for the first and second
hypotheses. 27. The processor readable media of claim
26, and further for storing instructions operable to
detect for the FAP and LAP based on a channel impulse
response estimate for the communication channel. 28.
The processor readable media of claim 26, and further
for storing instructions operable to determine a first
correlation window for the first hypothesis and a
second correlation window for the second hypothesis
based on the detected FAP and LAP, perform correlation
between a first segment of received data within the
first correlation window and a second segment of
received data, and perform correlation between a third
segment of received data within the second correlation
window and a fourth segment of received data. 29. The
processor readable media of claim 26, and further for
storing instructions operable to determine
hypothesized FAP and LAP for each hypothesis based on
the detected FAP and LAP, determine a correlation
window for each hypothesis to cover a portion of a
guard interval for the hypothesized FAP, a portion of
a guard interval for the hypothesized LAP, or both,
and perform correlation for each hypothesis based on
the correlation window for the hypothesis. 30. The
processor readable media of claim 26, and further for
storing instructions operable to update timing based
on the correct hypothesis; anddirect orthogonal
frequency division multiplexing (OFDM) demodulation on
the received data based on the updated timing. 31. An
apparatus comprising: at least one processor
configured to determine first and second channel taps
for an impulse response of a communication channel, to
perform correlation on received data for a first
hypothesis corresponding to the first channel tap
being earlier than the second channel tap, to perform
correlation on the received data for a second
hypothesis corresponding to the first channel tap
being later than the second channel tap, and to 



determine whether the first channel tap is earlier or
later than the second channel tap based on correlation
results for the first and second hypotheses; and a
memory coupled to the at least one processor. 32. The
apparatus of claim 31, wherein for each hypothesis the
at least one processor is configured to determine a
correlation window for the hypothesis to cover a
portion of a guard interval for the first channel tap,
a portion of a guard interval for the second channel
tap, or both, and to perform correlation for the
hypothesis based on the correlation window. 33. The
apparatus of claim 31, wherein the at least one
processor is configured to update timing based on the
correct hypothesis and to perform demodulation on the
received data based on the updated timing. 34. An
apparatus comprising: at least one processor
configured to detect for a first arriving path (FAP)
and a last arriving path (LAP) in a communication
channel, to select a hypothesis for the FAP and LAP
for evaluation, to perform correlation on the received
data for the selected hypothesis, and to determine
whether the selected hypothesis is a correct
hypothesis based on correlation result for the
selected hypothesis; and a memory coupled to the at
least one processor.35. The apparatus of claim 34,
wherein the at least one processor is configured to
select the hypothesis based on history information for
hypotheses previously evaluated. 36. The apparatus of
claim 34, wherein the at least one processor is
configured to select a hypothesis associated with
timing that is closest to timing of hypotheses
previously evaluated. 37. The apparatus of claim 34,
wherein the at least one processor is configured to
determine whether the selected hypothesis is the
correct hypothesis based on the correlation result and
a threshold. 38. An apparatus comprising: means for
detecting for a first arriving path (FAP) and a last
arriving path (LAP) in a communication channel; means
for selecting a hypothesis for the FAP and LAP for
evaluation; means for performing correlation on the
received data for the selected hypothesis; and means
for determining whether the selected hypothesis is a
correct hypothesis based on correlation result for the
selected hypothesis. 39. The apparatus of claim 38,
wherein the means for selecting the hypothesis
comprises means for selecting the hypothesis based on
history information for hypotheses previously
evaluated. 40. The apparatus of claim 38, wherein the
means for determining -whether the selected hypothesis
is the correct hypothesis comprises means for
determining whether the selected hypothesis is the
correct hypothesis based on the correlation result and
a threshold. 


