
TAP TNHTBTTORS BACKGROUND OF THE INVENTION FIELD OF
THE INVENTION [01] The present invention describes
compounds that inhibit IAPs (inhibitors of apoptosis
proteins), processes for their preparation,
pharmaceutical compositions containing them, and their
use in therapy. The compounds of the present invention
are useful in the treatment of cancer, autoimmune
diseases and other disorders where a defect in
apoptosis is implicated. DESCRIPTION OF RELATED ART
[02] Apoptosis (programmed cell death) plays a central
role in the development and homeostasis of all
multi-cellular organisms. Apoptosis can be initiated
within a cell from an external factor such as a
chcmokinc (an extrinsic pathway) or via an
intracellular event such a DNA damage (an intrinsic
pathway). Alterations in apoptotic pathways have been
implicated in many types of human pathologies,
including developmental disorders, cancer, autoimmune
diseases, as well as neuro-degenerative disorders. One
mode of action of chemotherapeutic drugs is cell death
via apoptosis. [03] Apoptosis is conserved across
species and executed primarily by activated caspases,
a family of cysteine proteases with aspartate
specificity in their substrates. These cysteine
containing aspartate specific proteases ("caspases")
are produced in cells as catalytically inactive
zymogens and are proteolytically processed to become
active proteases during apoptosis. Once activated,
effector caspases are responsible for proteolytic
cleavage of a broad spectrum of cellular targets that
ultimately lead to cell death. In normal surviving
cells that have not received an apoptotic stimulus,
most caspases remain inactive. Tf caspases are
aberrantly activated, their proteolytic activity can
be inhibited by a family of evolutionarily conserved
proteins called IAPs (inhibitors of apoptosis
proteins). [04] The IAP family of proteins suppresses
apoptosis by preventing the activation of procaspases
and inhibiting the enzymatic activity of mature
caspases. Several distinct mammalian IAPs including
XIAP, c-IAPl , C-IAP2, ML-IAP, NAIP (neuronal
apoptosisinhibiting protein), Bruce, and survivin,
have been identified, and they all exhibit
antiapoptotic activity in cell culture. IAPs were
originally discovered in baculovirus by their
functional ability to substitute for P35 protein, an
anti-apoptotic gene. IAPs have been described in
organisms ranging from Drosophila to human, and are
known to be overexpressed in many human cancers.
Generally speaking, IAPs comprise one to three
Baculovirus IAP repeat (BIR) domains, and most of them
also possess a carboxylterminal RING finger motif. The
BIR domain itself is a zinc binding domain of about 70
residues comprising 4 alpha-helices and 3 beta
strands, with cysteine and histidine residues that
coordinate the zinc ion. It is the BIR domain that is
believed to cause the anti-apoptotic effect by
inhibiting the caspascs and thus inhibiting apoptosis.
XIAP is expressed ubiquitously in most adult and fetal
tissues. Overexpression of XIAP in tumor cells has
been demonstrated to confer protection against a
variety of pro-apoptotic stimuli and promotes
resistance to chemotherapy. Consistent with this, a
strong correlation between XlAP protein levels and
survival has been demonstrated for patients with acute
myelogenous leukemia. Down-regulation of XIAP
expression by antisense oligonucleotides has been
shown to sensitize tumor cells to death induced by a
wide range of pro-apoptotic agents, both in vitro and
in vivo [05] In normal cells signaled to undergo
apoptosis, however, the IAP-mediated inhibitory effect
must be removed, a process at least in part performed
by a mitochondrial protein named Smac (second
mitochondrial activator of caspases). Smac (or,
DIABLO), is synthesized as a precursor molecule of 239
amino acids; the N-terminal 55 residues serve as the
mitochondria targeting sequence that is removed after
import. The mature form of Smac contains 184 amino
acids and behaves as an oligomer in solution. Smac and
various fragments thereof have been proposed for use
as targets for identification of therapeutic agents.
[06] Smac is synthesized in the cytoplasm with an
N-terminal mitochondrial targeting sequence that is
proteolytically removed during maturation to the
mature polypeptide and is then targeted to the
inter-membrane space of mitochondria. At the time of
apoptosis induction, Smac is released from
mitochondria into the cytosol, together with
cytochrome c, where it binds to IAPs, and enables
caspase activation, therein eliminating the inhibitory
effect of IAPs on apoptosis. Whereas cytochrome c
induces multimcrizationof Apaf-1 to activate
procaspase-9 and -3, Smac eliminates the inhibitory
effect of multiple IAPs. Smac interacts with
essentially all IAPs that have been examined to date
including XIAP, c-IAPl, C-IAP2, ML-IAP, and survivin.
Thus, Smac appears to be a master regulator of
apoptosis in mammals. [07] It has been shown that Smac
promotes not only the proteolytic activation of
procaspases, but also the enzymatic activity of mature
caspase, both of which depend upon its ability to
interact physically with IAPs. X-ray crystallography
has shown that the first four amino acids (AVPI) of
mature Smac bind to a portion of IAPs. This N-terminal
sequence is essential for binding IAPs and blocking
their anti-apoptotic effects. [08] Current trends in
cancer drug design focus on selective targeting to
activate the apoptotic signaling pathways within
tumors while sparing normal cells. The tumor specific
properties of specific chemotherapeutic agents, such
as TRAIL (tumor necrosis factorrelated
apoptosis-inducing ligand) have been reported. TRAIL
is one of several members of the tumor necrosis factor
(TNF) superfamily that induce apoptosis through the
engagement of death receptors. TRAIL interacts with an
unusually complex receptor system, which in humans
comprises two death receptors and three decoy
receptors. TRAIL has been used as an anti-cancer agent
alone and in combination with other agents including
ionizing radiation. TRAIL can initiate apoptosis in
cells that overexpress the survival factors Bcl-2 and
BcI-XL, and may represent a treatment strategy for
tumors that have acquired resistance to
chemotherapeutic drugs. TRAIL binds its cognate
receptors and activates the caspase cascade utilizing
adapter molecules such as TRADD (TNF
Receptor-Associated Death Domain). TRAIL signaling can
be inhibited by overexpression of cIAP-1 or 2,
indicating an important role for these proteins in the
signaling pathway. Currently, five TRAIL receptors
have been identified. Two receptors TRAIL-Rl (DR4) and
TRAIL-R2 (DR5) mediate apoptotic signaling, and three
non functional receptors, DcRl, DcR2, and
osteoprotegerin (OPG) may act as decoy receptors.
Agents that increase expression of DR4 and DR5 may
exhibit synergistic anti tumor activity when combined
with TRAIL.[09] Currently, there are drug discovery
efforts aimed at identifying compounds that interfere
with the role played by IAPs in disease states where a
defect in apoptosis is implicated, such as in cancers
and autoimmune diseases. SUMMARY OF THE INVENTION [10]
The present invention provides IAP inhibitors and
therapeutic methods of using these 



inhibitors to modulate apoptosis. [11] In one aspect
the present invention provides compound of Formula
(I): or a pharmaceutically acceptable salt thereof,
wherein: Rl is H, hydroxy, alkyl, alkenyl, cycloalkyl,
heterocycloalkyl, aryl, alkoxy, aryloxy, or
heteroaryl; R2 and R2' are each independently H,
alkyl, cycloalkyl, or heterocycloalkyl; or when R2' is
H then R2 and Rl can together form an aziridine or
azetidine ring; R3 and R4 arc each independently H,
alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; or, R3 and R4 are both carbon atoms linked
by a covalent bond or by an alkylene or alkenylene
group of 1 to 8 carbon atoms where one to three carbon
atoms can be replaced by O, S(O)n or N(R8); R5 is H,
hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; R6 is H,
hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl,R7 is alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; R8
is H, hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; M is a bond or
an alkylene group of 1 to 5 carbon atoms; n is 1 or 2,
and subject to the proviso that when R5 and R6 arc
both H, or when R5 is aryloxy and R6 is H, then either
(1) R3 and R4 are both carbon atoms linked by a
covalent bond or by an alkylene or alkenylene group of
1 to 8 carbon atoms where one to three carbon atoms
can be replaced by O, S(O)n or N(R8), or (2) R7 is
selected from where R9, RlO, R12, Rl3 and Rl4 are
independently selected from hydroxy, alkoxy, aryloxy,
alkyl, or aryl. [12] In another aspect, the present
invention provides compounds of Formula (II):or a
pharmaceutically acceptable salt thereof, wherein: Rl
is H, hydroxy, alkyl, alkcnyl, cycloalkyl,
hetcrocycloalkyl, aryl, alkoxy, aryloxy, or
heteroaryl; R2 and R2' are each independently H,
alkyl, cycloalkyl, or heterocycloalkyl; or when R2' is
H then R2 and Rl can together form an aziridine or
azetidine ring; R3 and R4 are each independently H,
alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; or, R3 and R4 are both carbon atoms linked
by a covalent bond or by an alkylene or alkenylene
group of 1 to 8 carbon atoms where one to three carbon
atoms can be replaced by O, S(O)n or N(R8); R5 is H,
hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; R7 is alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; R8
is H, hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; M is a bond or
an alkylene group of 1 to 5 carbon atoms; n is 1 or 2,
and subject to the proviso that when R5 is H, or
aryloxy, then either (1) R3 and R4 are both carbon
atoms linked by a covalent bond or by an alkylene or
alkenylene group of 1 to 8 carbon atoms where one to
three carbon atoms can be replaced by O, S(O)n or
N(R8), or (2) R7 is selected fromwhere R9, RlO, R12,
R13 and R14 are independently selected from hydroxy,
alkoxy, aryloxy, alkyl, or aryl. [13] In yet another
aspect, the present invention provides compounds of
formula (IV) or a pharmaceutically acceptable salt
thereof, wherein: Rl is H, hydroxy, alkyl, alkenyl,
cycloalkyl, heterocycloalkyl, aryl, alkoxy, aryloxy,
or heteroaryl; R2 and R2' are each independently H,
alkyl, cycloalkyl, or heterocycloalkyl; or when R21 is
H then R2 and Rl can together form an aziridine or
azetidine; R3 and R4 are each independently H, alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; or,
R3 and R4 are both carbon atoms linked by a covalent
bond or by an alkylcnc or alkcnylcnc group of 1 to 8
carbon atoms where one to three carbon atoms can be
replaced by O, S(O)n or N(R8), R6 is hydroxy, alkoxy,
aryloxy, alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; R7 is alkyl, cycloalkyl, heterocycloalkyl,
aryl, or heteroaryl; R8 is H, hydroxy, alkoxy,
aryloxy, alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; M is a bond or an alkylcnc group of 1to 5
carbon atoms; and n is 1 or 2 .[14] For simplicity and
illustrative purposes, the principles of the invention
are described by referring mainly to specific
illustrative embodiments thereof. In addition, in the
following description, numerous specific details arc
set forth in order to provide a thorough understanding
of the invention. It will be apparent however, to one
of ordinary skill in the art, that the invention may
be practiced without limitation to these specific
details. In other instances, well known methods and
structures have not been described in detail so as not
to unnecessarily obscure the invention. DEFINITIONS
[15] "Alkyl" (monovalent) and "alkylene" (divalent)
when alone or as part of another term (e.g., alkoxy)
mean a branched or unbranched, saturated aliphatic
hydrocarbon group, having up to 12 carbon atoms unless
otherwise specified. Examples of particular alkyl
groups include, but are not limited to, methyl, ethyl,
n-propyl, isopropyl, n- butyl, isobutyl, sec-butyl,
tert-butyl, n-pentyl, 2-methylbutyl,
2,2-dimethylpropyl, n-hexyl, 2- methylpentyl,
2,2-dimethylbutyl, n-heptyl, 3-heptyl, 2-methylhexyl,
and the like. The terms "lower alkyl", "C1-C4 alkyl"
and "alkyl of 1 to 4 carbon atoms" are synonymous and
used interchangeably to mean methyl, ethyl, 1-propyl,
isopropyl, cyclopropyl, 1- butyl, sec-butyl or
t-butyl. Examples of alkylene groups include, but are
not limited to, methylene, ethylene, n-propylene,
n-butylene and 2-methyl- butylene. The term alkyl
includes both "unsubstituted alkyls" and "substituted
alkyls," (unless the context clearly indicates
otherwise) the latter of which refers to alkyl
moieties having substituents replacing one or more
hydrogens on one or more (often no more than four)
carbon atoms of the hydrocarbon backbone. Such
substituents are independently selected from the group
consisting of: halo (e.g., I, Br, Cl, F), hydroxy,
alkenyl, alkynyl, amino, cyano, alkoxy (such as Ci-C
alkoxy), aryloxy (such as phcnoxy), nitro, carboxyl,
oxo, carbamoyl, cycloalkyl, aryl (e.g., aralkyls or
arylalkyls), heterocyclyl, heteroaryl, alkylsulfonyl,
arylsulfonyl and -OCFv Exemplary substituted alkyl
groups include cyanomethyl, nitromethyl,
hydroxymethyl, trityloxymethyl, propionyloxymethyl,
aminomethyl, carboxymethyl, carboxyethyl,
carboxypropyl, 2,3-dichloropentyl, 3-
hydroxy-5-carboxyhexyl, acetyl (where the two hydrogen
atoms on the -CH portion of an ethyl group are
replaced by an oxo (=0), 2-aminopropyl,
pentachlorobutyl, trifluoromcthyl, mcthoxycthyl,
3-hydroxypcntyl, 4-chlorobutyl,
1,2-dimcthyl-propyl,pentafluoroethyl,
alkyloxycarbonylmethyl, allyloxycarbonylaminomethyl, 



carbamoyloxymethyl, methoxymethyl, ethoxymethyl, t-
butoxymethyl, acetoxymethyl, chloromcthyl,
bromomethyl, iodomcthyl, trifluoromethyl, 6-
hydroxyhexyl, 2,4-dichloro (n-butyl), 2-amino
(iso-propyl), and 2-carbamoyloxyethyl. Particular
substituted alkyls are substituted methyl groups.
Examples of substituted methyl group include groups
such as hydroxymethyl, protected hydroxymethyl (e.g.,
tetrahydropyranyl- oxymethyl), acetoxymethyl,
carbamoyloxymethyl, trifluoromethyl, chloromethyl,
carboxymethyl, carboxyl (where the three hydrogen
atoms on the methyl are replaced, two hydrogens are
replaced by an oxo (=0) and the other hydrogen is
replaced by a hydroxy (-OH), bromomethyl and
iodomcthyl. The term alkylcnc includes both
"unsubstitutcd alkylcncs" and "substituted alkylenes,"
(unless the context clearly indicates otherwise). The
alkylene groups can be similarly be substituted with
groups as set forth above for alkyl. [16] "Alkenyl"
(monovalent) and "alkenylene" (divalent) when alone or
as part of another term mean a unsaturated hydrocarbon
group containing at least one carbon-carbon double
bond, typically 1 or 2 carbon-carbon double bonds, and
which may be linear or branched. Representative
alkenyl groups include, by way of example, vinyl,
allyl, isopropenyl, but- 2-enyl, n-pent-2-enyl, and
n-hex-2-enyl. The terms alkenyl and alkenylene include
both "unsubstituted alkenyls" and "substituted
alkenyls," as well as both "unsubstituted alkenylenes"
and "substituted alkenylenes," (unless the context
clearly indicates otherwise). The substituted versions
refer to alkenyl and alkenylene moieties having
substituents replacing one or more hydrogens on one or
more (often no more than four) carbon atoms of the
hydrocarbon backbone. Such substituents are
independently selected from the group consisting of:
halo (e.g., I, Br, Cl, F), hydroxy, amino, cyano,
alkoxy (such as Ci-C alkoxy), aryloxy (such as
phenoxy), nitro, carboxyl, oxo, carbamoyl, cycloalkyl,
aryl (e.g., aralkyls), heterocyclyl, heteroaryl,
alkylsulfonyl, arylsulfonyl and - OCF . [17] "Alkynyl"
means a monovalent unsaturated hydrocarbon group
containing at least one carbon-carbon triple bond,
typically 1 carbon-carbon triple bond, and which may
be linear or branched. Representative alkynyl groups
include, by way of example, ethynyl, propargyl, and
but-2-ynyl.[18] "Cycloalkyl" when alone or as part of
another term means a saturated or partially
unsaturated cyclic aliphatic hydrocarbon group
(carbocycle group), having up to 12 carbon atoms
unless otherwise specified and includes cyclic and
polycyclic, including fused cycloalkyl. The term
cycloalkyl includes both "unsubstituted cycloalkyls"
and "substituted cycloalkyls," (unless the context
clearly indicates otherwise) the latter of which
refers to cycloalkyl moieties having substituents
replacing one or more hydrogens on one or more (often
no more than four) carbon atoms of the hydrocarbon
backbone. Such substituents are independently selected
from the group consisting of: halo (e.g., I, Br, Cl,
F), hydroxy, amino, cyano, alkoxy (such as Ci-C
alkoxy), aryloxy (such as phcnoxy), nitro, carboxyl,
oxo, carbamoyl, alkyl (including substituted alkyls
such as trifluoromethyl), aryl, heterocyclyl,
heteroaryl, alkylsulfonyl, arylsulfonyl and -OCF3.
Examples of cycloalkyls include cyclopropy,
cyclobutyl, cyclopentyl, cyclohexyl,
tetrahydronaphthyl and indanyl. [19] "Amino" denotes
primary (i.e., -NH2), secondary (i.e., -NHR) and
tertiary (i.e., -NRR) amines, where the R groups can
be a variety of moieties, usually an alkyl or an aryl.
Particular secondary and tertiary amines are
alkylamines, dialkylamines, arylamines, diarylamines,
aralkylamines and diaralkylamines. Particular
secondary and tertiary amines are methylamine,
ethylamine, propylamine, isopropylamine, phenylamine,
benzylamine dimethylamine, diethylamine, dipropylamine
and disopropylamine. [20] "Aryl" when used alone or as
part of another term means an aromatic carbocyclic
group whether or not fused having the number of carbon
atoms designated or if no number is designated, from 6
up to 14 carbon atoms. Particular aryl groups include
phenyl, naphthyl, biphenyl, phenanthrenyl,
naphthacenyl, and the like (see e. g. Lang's Handbook
of Chemistry (Dean, J . A., cd) 13th cd. Table 7-2
[1985]). Phenyl groups arc generally preferred. The
term aryl includes both "unsubstituted aryls" and
"substituted aryls" (unless the context clearly
indicates otherwise), the latter of which refers to
aryl moieties having substituents replacing one or
more hydrogens on one or more (usually no more than
six) carbon atoms of the hydrocarbon backbone. Such
substituents are independently selected from the group
consisting of: halo (e.g., I, Br, Cl, F), hydroxy,
amino, cyano, alkoxy (such as CI-C alkoxy), aryloxy
(such as phenoxy), nitro, carboxyl, oxo, carbamoyl,
alkyl (such as trifluoromethyl), aryl, -OCF3,
alkylsulfonyl, arylsulfonyl,heterocyclyl and
hetcroaryl. Examples of such substituted phenyls
include but arc not limited to a mono-or di (halo)
phenyl group such as 2-chlorophenyl, 2- bromophenyl,
Achlorophenyl, 2,6-dichlorophcnyl, 2,5-dichlorophcnyl,
3,4-dichlorophcnyl, 3- chlorophenyl, 3-bromophenyl,
4-bromophenyl, 3,4-dibromophenyl, 3-chloro-4-
fluorophenyl, 2- fluorophenyl; a mono-or di (hydroxy)
phenyl group such as Ahydroxyphenyl, 3- hydroxyphenyl,
2,4-dihydroxyphenyl, the protected-hydroxy derivatives
thereof; a nitrophenyl group such as 3-or
4-nitrophenyl; a cyanophenyl group, for example,
4-cyanophenyl; a mono-or di (lower alkyl) phenyl group
such as Amethylphenyl, 2,4-dimethylphenyl, 2-
methylphenyl, 4- (iso-propyl) phenyl, Acthylphcnyl, 3-
(n-propyl) phenyl; a mono or di (alkoxy) phenyl group,
for example, 3,4- dimethoxyphenyl,
3-methoxy-4-benzyloxyphenyl, 3- methoxy-4-
(1-chloromethyl) benzyloxy-phenyl, 3-ethoxyphenyl, 4-
(isopropoxy) phenyl, 4- (t-butoxy) phenyl, 3-
ethoxy-4-methoxyphenyl; 3-or 4-trifluoromethylphenyl;
a mono- or dicarboxyphenyl or (protected carboxy)
phenyl group such 4-carboxyphenyl,; a mono-or di
(hydroxymethyl) phenyl or (protected hydroxymethyl)
phenyl such as 3- (protected hydroxymethyl) phenyl or
3,4-di (hydroxymethyl) phenyl; a mono-or di
(aminomethyl) phenyl or (protected aminomcthyl) phenyl
such as 2- (aminomethyl) phenyl or 2, 4- (protected
aminomethyl) phenyl; or a mono-or di (N-
(methylsulfonylamino)) phenyl such as 3-
(Nmethylsulfonylamino) phenyl. Also, the substituents,
such as in a disubstituted phenyl groups, can be the
same or different, for example,
3-methyl-4-hydroxyphenyl, 3- chloro- 4-hydroxyphenyl,
2-methoxy-4-bromophenyl, 4-ethyl-2-hydroxyphenyl,
3-hydroxy-4- nitrophenyl, 2-hydroxy-4-chlorophenyl, as
well as for trisubstituted phenyl groups where the
substituents are different, as for example
3-methoxy-4-benzyloxy-6-methyl sulfonylamino, 3-
methoxy-4-benzyloxy-6-phenyl sulfonylamino, and
tetrasubstituted phenyl groups where the substituents
are different such as 3-methoxy-4-benzyloxy-5-
mcthyl-6-phcnyl sulfonylamino. Particular substituted
phenyl groups arc 2-chlorophcnyl, 2-aminophcnyl,
2-bromophcnyl, 3- mcthoxyphcnyl, 3-ethoxy-phcnyl,
Abenzyloxyphenyl, 4-methoxyphenyl, 3-ethoxy-4-
benzyloxyphenyl, 3,4-diethoxyphenyl,
3-methoxy-4-benzyloxyphenyl, 3-methoxy-4- (1-
chloromethyl) benzyloxy-phenyl, 3- methoxy-4-
(1-chloromethyl) benzyloxy-6-methyl sulfonyl
aminophenyl groups. Fusedaryl rings may also be
substituted with the substituents specified herein,
for example with 1, 2 or 3 substituents, in the same
manner as substituted alkyl groups. 



|21] "Heterocyclic group", "heterocyclic",
"heterocycle", "heterocyclyl", "hctcrocycloalkyl" or
"heterocyclo" alone and when used as a moiety in a
complex group, are used interchangeably and refer to
any cycloalkyl group, i.e., mono-, bi-, or tricyclic,
saturated or unsaturated, non-aromatic
hetero-atom-containing ring systems having the number
of atoms designated, or if no number is specifically
designated then from 5 to about 14 atoms, where the
ring atoms are carbon and at least one heteroatom and
usually not more than four (nitrogen, sulfur or
oxygen). Included in the definition are any bicyclic
groups where any of the above heterocyclic rings arc
fused to an aromatic ring (i.e., an aryl [e.g.,
benzene) or a heteroaryl ring). In a particular
embodiment the group incorporates 1 to 4 heteroatoms.
Typically, a 5- membered ring has 0 to 1 double bonds
and 6-or 7- membered ring has 0 to 2 double bonds and
the nitrogen or sulfur heteroatoms may optionally be
oxidized (e. g. SO, SO2), and any nitrogen heteroatom
may optionally be quaternized. Particular non-aromatic
heterocycles include morpholinyl (morpholino),
pyrrolidinyl, oxiranyl, indolinyl, isoindolinyl,
tetrahydroquinolinyl, tctrahydroisoquinolinyl,
oxctanyl, tctrahydrofuranyl, 2,3- dihydrofuranyl,
2H-pyranyl, tetrahydropyranyl, aziridinyl, azetidinyl,
l-methyl-2-pyrrolyl, piperazinyl and piperidinyl. The
term heterocyclo includes both "unsubstituted
heterocyclos" and "substituted heterocyclos" (unless
the context clearly indicates otherwise), the latter
of which refers to heterocyclo moieties having
substituents replacing one or more hydrogens on one or
more (usually no more than six) atoms of the
heterocyclo backbone. Such substituents arc
independently selected from the group consisting of:
halo (e.g., I, Br, Cl, F), hydroxy, amino, cyano,
alkoxy (such as Q-C alkoxy), aryloxy (such as
phenoxy), nitro, carboxyl, oxo, carbamoyl, alkyl (such
as trifluoromethyl), -OCF aryl, alkylsulfonyl, and
arylsulfonyl. [22] "Heteroaryl" alone and when used as
a moiety in a complex group refers to any aryl group,
i.e., mono-, bi-, or tricyclic aromatic ring system
having the number of atoms designated, or if no number
is specifically designated then at least one ring is a
5-, 6-or 7- membered ring and the total number of
atoms is from 5 to about 14 and containing from one to
four heteroatoms selected from the group consisting of
nitrogen, oxygen, andsulfur (Lang's Handbook of
Chemistry, supra). Included in the definition are any
bicyclic groups where any of the above heteroaryl
rings are fused to a benzene ring. The following ring
systems are examples of the heteroaryl (whether
substituted or unsubstituted) groups denoted by the
term "heteroaryl": thienyl (alternatively called
thiophenyl), furyl, imidazolyl, pyrazolyl, thiazolyl,
isothiazolyl, oxazolyl, isoxazolyl, triazolyl,
thiadiazolyl, oxadiazolyl, tetrazolyl, thiatriazolyl,
oxatriazolyl, pyridyl, pyrimidyl, pyrazinyl,
pyridazinyl, thiazinyl, oxazinyl, triazinyl,
thiadiazinyl, oxadiazinyl, dithiazinyl, dioxazinyl,
oxathiazinyl, tetrazinyl, thiatriazinyl, oxatriazinyl,
dithiadiazinyl, imidazolinyl, dihydropyrimidyl,
tetrahydropyrimidyl, tetrazolo [1, 5-b] pyridazinyl
and purinyl, as well as bcnzo-fuscd derivatives, for
example bcnzoxazolyl, bcnzofuryl, benzothienyl,
benzothiazolyl, benzothiadiazolyl, benzotriazolyl,
benzoimidazolyl and indolyl. The term heteroaryl
includes both "unsubstituted heteroaryls" and
"substituted heteroaryls" (unless the context clearly
indicates otherwise), the latter of which refers to
heteroaryl moieties having substituents replacing one
or more hydrogens on one or more (usually no more than
six) atoms of the heteroaryl backbone. Such
substituents are independently selected from the group
consisting of: halo (e.g., I, Br, Cl, F), hydroxy,
amino, cyano, alkoxy (such as Ci-Ce alkoxy), aryloxy
(such as phcnoxy), nitro, carboxyl, oxo, carbamoyl,
alkyl (such as trifluoromethyl), -CO^aryl,
alkylsulfonyl, and arylsulfonyl. Particular
"heteroaryls" include; lH-pyrrolo[2,3- ]pyridine, 1,
3-thiazol-2- yl, 4- (carboxymethyl)-5-methyl-l, 3-
thiazol-2-yl, l,2,4-thiadiazol-5-yl, 3- methyl- 1,
2,4-thiadiazol-5-yl, l,3,4-triazol-5-yl,
2-methyl-l,3,4-triazol-5-yl, 2-hydroxy- 1,3,4-
triazol-5-yl, 2-carboxy-4-methyl-l,3,4-triazol-5-yl ,
1, 3-oxazol-2-yl, 1, 3,4-oxadiazol-5- yl, 2-methyl-l,
3,4-oxadiazol-5-yl, 2- (hydroxymethyl)- 1,
3,4-oxadiazol-5-yl, 1, 2,4- oxadiazol-5-yl, 1,
3,4-thiadiazol-5-yl, 2-thiol-l, 3,4-thiadiazol-5-yl,
2- (methylthio)-l, 3,4-thiadiazol-5-yl, 2-amino-l,
3,4-thiadiazol-5-yl, lH-tetrazol-5-yl,
1-methyl-lHtctrazol- 5-yl, l-(l-(dimcthylamino)
cth-2-yl)-l H-tctrazol-5-yl, l-(carboxymcthyl)-l
Htetrazol- 5-yl, 1- (methylsulfonic
acid)-lH-tetrazol-5-yl, 2-methyl-lH-tetrazol-5-yl, 1,
2,3- triazol-5-yl, 1-methyl- 1, 2,3-triazol-5-yl,
2-methyl-l, 2,3-triazol-5-yl, 4-methyl-l, 2,3-
triazol-5-yl, pyrid-2-yl N- oxide, 6-methoxy-2-
(n-oxide)-pyridaz-3-yl, 6- hydroxypyridaz-3-yl,
1-methylpyrid-2-yl, 1- methylpyrid-4-yl,
2-hydroxypyrimid-4-yl, 1,4, 5,6-tetrahydro-5,
6-dioxo-4-mcthyl-as-triazin-3-yl, 1, 4,5,
6-tctrahydro-4-(formylmethyl)-5,
6-dioxo-as-triazin-3-yl, 2,5-dihydro-5-oxo-6-hydroxy-
astriazin-3-yl,
2,5-dihydro-5-oxo-6-hydroxy-as-triazin-3-yl ,
2,5-dihydro-5-oxo-6- hydroxy-2-methylastriazin- 3-yl ,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl,
2,5-dihydro-5- oxo-6-methoxy-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-as-triazin-3-yl, 2,5- dihydro-
5-oxo-2-methyl-as-triazin-3-yl, 2,5-dihydro-5-oxo-2,
6-dimethyl-as-triazin-3-yl, tetrazolo [1, 5-b]
pyridazin-6-yl and 8-aminotetrazolo [1, 5-b]
-pyridazin-6-yl. An alternative group of "heteroaryl"
includes: 4- (carboxymethyl)-5-methyl-l,
3-thiazol-2-yl, 1, 3,4- triazol-5-yl, 2-methyl-l,
3,4-triazol-5-yl, 1H-tetrazol-5-yl, 1-methyl-
lH-tetrazol-5-yl, 1- (l-(dimethylamino)
eth-2-yl)-lH-tetrazol-5-yl, l-(carboxymethyl)-
1H-tetrazol-5-yl, 1- (mcthylsulfonic acid)-lH-
tctrazol-5-yl, 1, 2,3-triazol-5-yl, 1,4, 5,6-
tctrahydro-5,6-dioxo- 4-methyl-as-triazin-3-yl, 1,
4,5, 6-tetrahydro-4- (2-formylmethyl)-5, 6-dioxo-
as-triazin- 3-yl, 2,
5-dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3-yl ,
2,5-dihydro-5- oxo-6-
hydroxy-2-methyl-as-triazin-3-yl, tetrazolo [1, 5-b]
pyridazin-6-yl, and 8-aminotetrazolo [1, 5- b]
pyridazin-6-yl. [23] "IAP Inhibitor" or "IAP
antagonist" means a compound which interferes with the
physiological function of an IAP protein, including
the binding of IAP proteins to caspase proteins, for
example by reducing or preventing the binding of IAP
proteins to caspase proteins, or which reduces or
prevents the inhibition of apoptosis by an IAP
protein, or which binds to an IAP BIR domain in a
manner similar to the amino terminal portion of Smac.
[24] As used herein, the terms "pharmaceutically
acceptable", "physiologically tolerable" and
grammatical variations thereof, as they refer to
compositions, excipients, carriers, diluents and
reagents, are used interchangeably and represent that
the materials can be administered to a human being.
[25] "Pharmaceutically acceptable salts" include both
acid and base addition salts. [26] "Pharmaceutically
acceptable acid addition salt" refers to those
non-toxic salts which retain the biological
effectiveness and essential properties of the free
bases and which are not biologically or otherwise
undesirable, and are formed with inorganic acids and
with organic acids. The acid addition salts of the
basic compounds are prepared by contacting the free
base form of the compound with a sufficient amount of
the desired acid toproduce the salt in the
conventional manner. The free base form may be
regenerated by contacting the salt form with a base
and isolating the free base in the conventional 



manner. The free base forms generally differ from
their respective salt forms somewhat in certain
physical properties such as solubility in polar
solvents. [27] "Pharmaceutically acceptable base
addition salts" are formed with metals or amines, such
as alkali and alkaline earth metal hydroxides, or with
organic amines. The base addition salts of acidic
compounds are prepared by contacting the free acid
form with a sufficient amount of the desired base to
produce the salt in the conventional manner. The free
acid form may be regenerated by contacting the salt
form with an acid and isolating the free acid in a
conventional manner. The free acid forms usually
differ from their respective salt forms somewhat in
certain physical properties such as solubility in
polar solvents. [28] As used herein "subject" or
"patient" refers to an animal or mammal including, but
not limited to, human, dog, cat, horse, cow, pig,
sheep, goat, chicken, monkey, rabbit, rat, and mouse.
[29] As used herein, the term "therapeutic" refers to
the amelioration of, the prevention of, an improvement
of, or a delay in the onset of one or more symptoms of
an unwanted condition or disease of a patient.
Embodiments of the present invention arc directed to
therapeutic treatments by promoting apoptosis, and
thus cell death. [30] The terms "therapeutically
effective amount" or "effective amount", as used
herein, means an amount of a compound, or a
pharmaceutically acceptable salt thereof, sufficient
to inhibit, halt, delay the onset of, or cause an
improvement in the disease being treated when
administered alone or in conjunction with another
pharmaceutical agent for treatment in a particular
subject or subject population. For example in a human
or other mammal, a therapeutically effective amount
can be determined experimentally in a laboratory or
clinical setting, or may be the amount required by the
guidelines of the United States Food and Drug
Administration, or equivalent foreign agency, for the
particular disease and subject being treated. DETAILED
DESCRIPTION OF THE INVENTION[31] It has been
demonstrated in accordance with the present invention
that the IAP-binding compounds of the present
invention are capable of potentiating apoptosis of
cells. [32] Compounds of the present invention can be
used in their free base or free acid forms or in the
form of their pharmaceutically-acceptable salts. In
the practice of the present invention, compounds of
the present invention in their free base or free acid
forms generally will have a molecular weight of 1000
or below, most often a molecular weight of 800 or
below and often a molecular weight of 600 or below.
[33] The following preparations and schemes are
illustrative of synthesis of compounds of the present
invention. Abbreviations which are used throughout
these schemes and in the application generally, are
identified in the following table: Abbreviation
Meaning Abbreviation Meaning ACN Acetonitrile NMP
N-methylpyrrolidinone Cbz and Z Benzyloxycarbonyl DIAD
diisopropyl azo dicarboxylate Boc Diisobutylaluminium
and/or tcrt-buryloxycarbonyl DIBAL hydride boc
4-dimethylamino THF Tetrahydrofuran DMAP pyridine DCM
Dichloromethane DMF Dimethylformamide
2,3-dichloro-5,6-dicyano-l,4 DDQ DMSO dimethyl
sulfoxide benzoquinone mCPBA 3-chloroperbenzoic acid
TFA trifiuoroacetic acid HOAc or Hex Hexanes acetic
acid AcOH high performance liquid HPLC DIPEA
Diisopropylethylamine chromatography TLC thin layer
chromatography NMM N-methylmorpholine EtOAc ethyl
acetate NCS N-chlorosuccinimide Ph Phenyl TEA (Et3N)
Triethylamine 2-(7-Aza- 1H-benzotriazole- 1-yl)-
Methane- HATU 1,1,3,3-tctramcthyluronium MsCl
sulfonylchloride hexafluorophosphateMc Methyl* Et
Ethyl zPr  so-propyl Bu or tert-Bu tert-buty\ cPr
Cyclopropyl cHex Cyclohexyl Mcthancsulfonyl TBAF
tetrabutyl ammonium fluoride MsCl chloride OMs
Methanesulfonyloxy OTs -0-SO 2-Ph-Me
tert-butyl-dimethyl- TBDMSCl tcrt-butyl-dimcthyl-silyl
chloride OTBS silanyloxy O Ph3P triphenylphosphine Ac
Acetyl ( C I l -Me) n-Bu Normal butyl DMA
Dimethylamine Honer-Wadsworth- Swern[O] Swern
Oxidation HWE Emmons reaction TBA-Cl Tetra-n-butyl
ammonium chloride DMS Dimethylsulfide Normal
phase-high performance 2,2-dimcthyl-l,3- NP-HPLC
Meldrum's Acid liquid chromatography dioxane-4,6-dione
N-3-(dimethylaminopropyl)-N '- ethylcarbodiimide
hydrochloride EDCI 1-Ethyl -3-(3- Imid. Imidazole
Dimethylaminopropyl)carbodiimide- 



HCl TES triethylsilane * Alternatively, as is commonly
accepted convention, a vacant terminal bond may also
be used to indicate a methyl. [34] Abbreviations for
NMR data reported in the following examples are as
follows: s=singlet, d=doublet, t=triplet, q=quartet,
m=multiplet, dd=doublet of doublets, ddd=doublet
ofdoublet of doublets, dt=doublct of triplets,
app=apparent, br=broad, J indicates the NMR coupling
constant measured in Hertz. [35] The binding
affinities of the compounds listed below to XIAP BIR-3
or cIAP-1 BIR-3 were determined substantially as
described by Nikolovska-Coleska, Z. et.al. (Analytical
Biochemistry (2004), vol. 332:261-273) using as the
fluorogenic substrate the fluorescently labeled
peptide AbuRPF-K(5-Fam)-NH2. The binding affinities of
the compounds are reported as a Kd value. Briefly,
various concentrations of test peptides were mixed
with 5 nJVl of the fluorescently labeled peptide
(i.e., a mutated N-terminal Smac peptide -
AbuRPF-K(5-Fam)-NH2) and 40 nM of the BIR3 for 15 min
at RT in 100 mL of 0.1M Potassium Phosphate buffer, pH
7.5 containing 100 mg/ml bovine gglobulin. Following
incubation, the polarization values (mP) were measured
on a Victor2V (available from PerkinElmer Life
Sciences) using a 485nm excitation filter and a 520 nm
emission filter. The reported Kd values are supplied
as ranges (A = < 0.1 mM, B = 0.1 mM to l mM, C = > l
mM to l OmM, D = >10 mM) and, unless otherwise
indicated, are the Kd for XIAP BIR-3. Scheme I [36]
2-{3-[Acetyl-(3-bromo-pyridin-2-yl)-aminol-propenvU-4-
(tert-butyl-dimethylsilanyloxyVpyrrolidine-
l-carboxylic acid benzyl ester (2) : Under a nitrogen
atmosphere at 0 C, NaH (0.89 g, 23.0 mmol) was added
in portions to a solution containing 2-
acctylamino-3-bromopyridinc (4.12 g, 19.2 mmol) in DMF
(30 mL). After 15 min at 0 'C for and 1 h at ambient
temperature the reaction mixture was recooled to 0 C
and a solution containing 1 (8.99 g, 19.2 mmol. See:
Ohtake, N., et a J. Antibiotics 1997, 50, 586-597) in
DMF (10 mL) was added dropwise. The reaction mixture
was then stirred at ambient temperature for 2 h at
which point TLC analysis revealed complete
consumptionof 1 [1:1 hexancs/EtOAc, Rf(I) = 0.6; Rf(2)
= 0.3]. The reaction mixture was cooled to 0 C
followed by the dropwise addition of saturated aqueous
NH4Cl. The product was extracted with diethyl ether.
The combined ether extracts were washed with water,
brine, dried over anhydrous Na SO , filtered and
concentrated. The crude product was purified by flash
silica gel chromatography (20% EtOAc/hexanes) to
afford 6.0 g (54%) of 2 as an white solid. 1H NMR
(CDCl 3, 300 MHz) d 7.4-7.2 (m, 5H), 5.6-5.4 (m, 2H),
5.0 (s, 2H), 4.4-4.2 (m, 4H), 3.5-3.2 (m, 2H), 1.8 (s,
3H), 1.6 (s, 2H), 0.9 (s, 6H), 0.1 (s, 9H) ppm. Scheme
II [37] 4-Acetoxy-2-d -acetyl-
lH-pyrrolo[2,3-b1pyridine-3-ylmethyl)-pyrrolidine-l-ca
rboxylic acid benzyl ester (3): Under a nitrogen
atmosphere, a solution containing 2 (5.92 g, 10.1
mmol) in anhydrous DMF (50 mL) was charged with (W-Bu)
NCl (2.8 g, 10.1 mmol), K2CO (1.4 g, 10.1 mmol), NaHCO
2 (0.68 g, 10.1 mmol), and Pd(OAc) 2 (0.045 g, 0.20
mmol) at ambient temperature. The heterogeneous
mixture was immersed in a pre-heated (85 C) oil bath.
After 3 h, TLC analysis revealed some 2 remained
therefore additional Pd(OAc) 2 catalyst (0.01 g) was
added. After an additional 1 h of heating, 2 was
completely consumed by TLC analysis [ 1 : 1
EtOAc/hexanes, Rf(2) = 0.3; Rf(3) = 0.8]. The warm
reaction mixture was cooled in an ice bath then
diluted with diethyl ether and filtered through a pad
of Celite(r). The solids were washed with diethyl
ether and the filtrate was washed several times with
water to remove excess DMF, then washed once with
brine, dried over anhydrous Na SO4, filtered, and
concentrated to afford 5.1 g of crude 3 which was
purified by flash silica gel chromatography (20%
EtOAc/hexanes) to afford 3.0 g (59%) of 3 as an white
solid. 1H NMR (CDCl 3, 300 MHz) d 5.18 (m, IH), 7.60
(m, IH), 7.18 (m, IH), 7.05 (dt, J = 2.4, 8.7 Hz, IH),
4.13 (m, IH), 3.41 (m, IH),3.33 (m, 2H), 3.17 (app dd,
J = 14.1, 38.1 Hz, IH), 2.61 (s, 3H), 1.83 (m, 3H),
1.69 (m, IH), 1.49 (s, 9H) ppm. Scheme III OTBS OH
[38] 2-( 1-Acetyl- 1H-pyrrolo| 2,3-b] Dpyridine-3
-ylmethyl)-4-hydroxy-pyrrolidine- 1- carboxylic acid
benzyl ester (4): To a solution containing 3 (2.99 g,
5.88 mmol) in THF (20 mL) at 0 C was added a solution
of TBAF ( 1 M in THF, 11.8 mL, 11.8 mmol) in a
dropwisc fashion. After 1.5 h, TLC analysis revealed
complete consumption of 3 [ 1:1 hexanes/EtOAc, Rf(3) =
0.64; Rf{4) = 0.3]. The solvent was removed in vacuo
and the residue was dissolved in EtOAc and washed with
water, brine, dried over anhydrous Na2SO4, filtered,
and concentrated to afford 2.1 1 g of crude 4 which
was used without further purification. Scheme IV [39]
4-Hvdroxy-2-(lH-pyrrolo[2,3-b1pyridin-3-ylmcthyl)-pyrr
olidinc-l-carboxylic acid benzyl ester (5) : To a
solution containing 4 (2.1 1 g, 5.36 mmol) in MeOH (30
mL) at 0 C was added IM NaOH (8.1 mL, 8.05 mmol) in a
dropwsie fashion. After 1 h, TLC analysis revealed
complete consumption of 4 [EtOAc, Rf{4) = 0.4; R (5) =
0.2]. The MeOH was removed in vacuo and the residue
was dissolved in EtOAc, washed withdilute aqueous HCl,
water, brine, dried over anhydrous Na SO , filtered
and concentrated to afford 1.99 g of crude 5 which was
used in the next step without further purification.
Scheme V [40] 4-(4-Nitro-benzoyloxy)-2-(
1H-pyrrolo[2,3-b]pyridine-3-ylmethyl)-pyrrolidine- 1-
carboxylic acid benzyl ester (6) : To a solution
containing 5 ( 1.99 g, 5.66 mmol),/?- nitrobenzoic
acid (1.23 g, 7.36 mmol), and Ph3P (2.07 g, 7.92 mmol)
in THF (35 rnL) at 0 was added DIAD (1.6 mL, 8.2
mmol). After the addition was complete, the ice bath
was removed and the reaction mixture was stirred at
ambient temperature for 2 h at which point TLC
analysis revealed complete consumption of 5 [EtOAc,
Rf{5) = 0.2; Rf(6) 0.6 ] . The solvent was removed in
vacuo and the residue was dissolved in EtOAc, washed
with saturated aqueous NaHCO , brine, dried over
anhydrous Na2SO , filtered, and concentrated to afford
7 g of crude 6 which was purified by flash silica gel
chromatography (20% EtOAc/hexanes) to obtained 2.68 g
of 6 (95%) as a white solid 1H NMR (CDCl , 300 MHz): d
8.3 (d, J = 35 Hz, 2H), 7.6 (d, J =35 Hz, 2H), 7.2 (m,
5H), 7.0 (s, IH), 5.2 (s, 2H), 4.4-3.2 (m, 3H),
3.0-2.9 (m, IH), 2.2 (s, 2H), 1.9 (s, 2H) ppm. Scheme
VI[41]
4-Hydroxy-2-(lH-pyrrolo[2,3-blDpyridinc-3-ylmethyl)-py
rrolidinc-l-carboxylic acid benzyl ester (7) To a
solution containing 6 (2.8 g, 5.6 mmol) in a 3:1
mixture of McOH/DCM (40 mL) at 0 C was added IN NaOH
(8.5 mL) and the reaction mixture was stirred at
ambient temperature for 15 min when TLC analysis
revealed complete consumption of 6 [ 1 : 1
EtOAc/hexanes; Rf{6) = 0.3; Rf(T) = 0.02]. The solvent
was removed in vacuo and the residue was dissolved in
EtOAc, washed with dilute aqueous HCl, water, brine,
dried over anhydrous Na SO filtered, and concentrated
to afford 2.7 g 



of crude 7 which was purified by flash silica gel
chromatography (50% EtOAc/hexanes) to obtained 1.6 g
of 7 (94%) as a white solid. 1H NMR (CDCl3. 300 MHz):
d 8.5 (m, 2H), 7.4 (s, 5H), 7.0 (m, 2H), 5.2 (s, 2H),
4.3 (s, IH), 4.2 (m, IH), 3.65-3.8 (m, IH), 3.5- 3.3
(m, 2H), 3.2-3.0 (m, IH), 1.9-2.0 (m, 3H) ppm. Scheme
VU [42]
4-Acetoxy-2-(lH-pyriOlo[2,3-blDpyridine-3-ylmethyl)-py
rrolidine-l-carboxylic acid benzyl ester 8) : To a
solution containing 7 (1.6 g, 4.55 mmol) in DCM (20
mL) at 0 'C was added triethylamine ( 1.3 mL, 9.1
mmol) followed by the dropwise addition OfAc O (0.64
mL, 6.82 mmol) and a catalytic amount of DMAP. The
reaction mixture was stirred under a nitrogen
atmosphere for 30 min at which point TLC analysis
revealed the complete consumption of 7 [EtOAc: Rf{7) =
0.2, Rf(8) = 0.4]. The reaction mixture was
transferred to a separatory funnel, diluted with DCM,
washed successively with water, dilute aqueous HCl,
water, and brine, then dried over anhydrous Na2SO ,
filtered, and concentrated to afford 1.96 g of crude 8
which was used without further purification. Scheme
VIII[43] Acetic acid
5-(lH-pyiTOloF23-biDpyridine-3-ylmemyl)-pyrrolidin-3-y
l ester (9): To a solution containing 8 (0.5 g, 1.27
mmol) in a 1: 1 mixture of MeOH/EtOAc (14 mL) was
added catalytic amount of 5% Pd-on-C and the
heterogeneous mixture was placed on a Parr apparatus
at 50 PSI (3.4 atm) hydrogen pressure for 2 h. TLC
analysis revealed the complete consumption of 8
[EtOAc: Ri(8) = 0.4, Ri(9) = 0.04]. The Pd-on-C
catalyst was removed by filtration through a pad of
Celite(r) and the clarified filtrate was concentrated
in vacuo. LC/MS confirmed the formation of 9 : mass
spectrum, m/z = 260.1 [(M + H)+]. The crude product
(9) was used without further purification. Scheme IX
[44] Acetic acid
l-(2-tert-butoxycarbonylamino-3-methoxy-butyryl)-5-(lH
-pyrrolo[2,3- b1pyridine-3-ylmethyl)-pyrrolidin-3-yl
ester (10): To a solution containing crude 9 (0.33 g,
1.27 mmol) and Boc-L-Thr(Me)-OH (0.30 g, 1.27 mmol) in
NMP ( 10 mL) at 0 0C was added DIPEA (0.22 mL, 1.27
mmol) followed by HATU (0.48 g, 1.27 mmol) and the
reaction mixture was stirred to ambient temperature
over 12 h at which point TLC analysis revealed the
complete consumption of 9 [1:1 EtOAc/hexanes; Ri(9) =
0.01, Rf(IO) = 0.4]. The reaction mixture was diluted
with diethyl ether and washed successively with dilute
aqueous HCl, water, saturated aqueous NaHCO , water
(5X), brine, and dried over anhydrous Na2SO ,
filtered, and concentrated to afford 0.5 g ofcrude 10
which was purified by flash silica gel chromatography
(20% EtOAc/hexancs) to provide 0.37 g (61%) of 10 as a
white solid. 1H NMR (CDCl3, 300 MHz): d 9.2 (s, IH),
8.4-8.2 ( m, 2H), 7.1 (s, IH), 5.6 (d, J = 10.7 Hz,
IH), 5.3 (s, IH), 4.6-4.4 (m, 2H), 4.0 (m, 2h), 3.9
(m, IH), 3.6 (m, IH), 3.4 (s, 3H), 2.8 (dd, J = 16 Hz,
10 Hz). 2.1 (s, 3H), 1.4(s, 9H), 1. 1 (d, J = 10.7 Hz,
3H) ppm. Scheme X [45] Acetic acid
l-(2-amino-3-methoxy-butyryl)-5-(lH-pyrrolor2,3-b1pyri
dine-3-ylmethyl)- pyrrolidin-3-yl ester (11): To a
solution of 10 (0.20 g, 0.42 mmol) in DCM (16 mL) at 0
C was added TFA (4 mL). After 45 min, TLC analysis
revealed the complete consumption of 10. [1:1
EtOAc/hexanes; Rf(IO) = 0.5, Rf(Il) = 0.04]. After
concentration in vacuo, the residue was dissolved in
EtOAc and washed successively with saturated aqueous
NaHCO , water, and brine, then dried over anhydrous
Na2SO4, filtered, and concentrated to afford 0.16 g
crude 11 which was used without further purification.
Scheme XI [46] Acetic acid 1-
{2-[2-(tert-butoxycarbonyl-methyl-amino)-propionylamin
ol-3-methoxybutyryl)-
5-(lH-pyrrolo[23-b1pyridine-3-ylmethyl)-pyrrolidm-3-yl
ester ( 13): To a solution containing 11 (0.16 g, 0.42
mmol) and BoC-L-N(Me)-AIa-OH (0.09 g, 0.42 mmol) in
NMP (5 mL) at 0 C was added DlPEA (0.07 mL, 0.42 mmol)
followed byHATU (0. 16 g, 0.42 mmol). The reaction
mixture was allowed to slowly warm to ambient
temperature. After 12 h, TLC analysis revealed the
complete consumption of 11 [EtOAc; Rf(Il) = 0.1,
Rf(12) = 0.4]. The reaction mixture was diluted with
diethyl ether then washed successively with dilute
aqueous HCl, water, saturated aqueous NaHCOs, water
(5X), and brine. The organic extract was dried over
anhydrous Na2SO4, filtered, and concentrated to afford
0.23 g of 12 which was used without further
purification. Scheme XIl [47] (l-(l-|
4-Hvdroxy-2-(lH-pyrrolof2,3-blpyridine-3-ylmethyl)-pyr
rolidine-l-carbonyll-2-
methyl-propylcarbamoyll-ethvD-methyl-carbamic acid
tert-butyl ester (13) : To a solution containing 12
(0.16 g, 0.28 mmol) in a 5:1 mixture of MeOH/DCM (6
mL) was added IM NaOH (0.3 mL, 0.3 mmol) at 0 C. After
90 min, TLC analysis revealed the complete consumption
of 12 [20% MeOH/DCM; Rt(12) = 0.55, Rf{13) = 0.5 1].
Following removal of the solvent in vacuo, the residue
was dissolved in EtOAc and washed successively with
dilute aqueous HCl, water, and brine. The organic
extract was dried over anhydrous Na2SO , filtered, and
concentrated to afford 0.15 g of 13 which was used
without further purification. Scheme XIII[48]
N-U-[4-Hvdroxy-2-(lH-pyrrolo[2,3-blpyridiii-3-ylmcthyl
)-pyrrolidine-l-carbonyl1-2- methoxy-propyl)
-2-methylamino-propionamide (14) : To a solution
containing 13 (0.29 g, 0.56 mmol) in DCM (16 mL) at 0
C was added TFA (4 mL). After 1.5 h, TLC analysis
revealed the complete consumption of 13 [20% MeOH/DCM,
Rj(13) = 0.5, Rf{14) = 0.2] The reaction mixture was
concentrated in vacuo and the residue was dissolved in
EtOAc and washed successively with saturated aqueous
NaHCOi, water, and brine. The organic extract was
dried over anhydrous Na2SO4, filtered, and
concentrated. The crude product was purified by C18
RP-HPLC [Solvent A : Water w/0. 1% v/v HOAc, Solvent
B: ACN w/0.1% v/v HOAc. Dynamax Microsorb Cl 8 60 A, 8
m, 4 1.4 mm x 25 cm (Varian, Inc); Flow: 40 mL/min;
Detector: 254 nm). The product-containing fractions
were pooled, frozen, and lyophilized to afford 0.13 g
of 14 (identified as Compound A in Table 1). 1H NMR
(CDCl3. 300 MHz): d 8.26 (m, 2H), 7.93 (m, IH), 7.2
(m, 2H), 4.7 (m, IH), 4.55 (m, 2H), 4.0 (m, IH), 3.7
(m, 2H), 3.7 (m, IH), 3.4 (s, 3H), 3.35 (m, IH), 3.19
(app t, IH), 3.0 (app t, IH), 2.42 (s, 3H), 2.4 (m,
IH), 2.19 (s, IH), 1.35 (d, J = ll, 3H), 1.3 (d, J =
11, 3H) ppm. [49] Using the general procedures
outlined in Schemes I through XIII and the appropriate
amino acid analogues to the amino acid reagents
Boc-Thr(Mc)-OH and Boc-N(Mc)Ala- OH, the compounds
reported in Table 1 were prepared and tested for their
binding affinities (Kd) to XIAP BIR-3 or cIAP-1 BIR-3.
Table 1Scheme XIV mCPBA, DCM [50]
3-(l-Benzyloxycarbonyl-pyrrolidin-2-ylmethyl)-lH-pyrro
lo[2,3-b1pyridine N-oxide (16): A solution containing
15 (600 mg, 1.8 mmol) in DCM (15 mL) was cooled to 0
0C. mCPBA (500 mg, 1.7 mmol) was added in portions.
After 2 h, the reaction mixture was 



diluted with DCM and washed successively with aqueous
NaHCO (2X) and brine, dried over anhydrous Na2SO ,
filtered, and concentrated. The crude product was
purified by flash silica gel chromatography (5%
MeOH/DCM) to afford 530 mg (83%) of 16. Mass spectrum,
m/z = [352.0] (M)+.[51] Using the general procedures
outlined in Schemes I through XIV and the appropriate
amino acid analogues to the amino acid reagents
Cbz-Hyp-OH, Boc-Thr(Me)-OH, and Boc-N(Mc)Ala-OH the
compounds reported in Table 2 were prepared and tested
for their binding affinities (Kd) to XIAP BIR-3 or
cIAP-1 BIR-3. Table 2 Scheme XV [52]
3-(l-Benzyloxycarbonyl-pyrrolidin-2-ylmethyl)-l-methyl
-lH-pyrrolor2 3-blpyridine (17): A solution containing
15 (1.7 g, 5.07 mmol) in anhydrous THF (25 mL) was
cooled to 0 0C. NaH (60%, 230 mg, 6.08 mmol) was added
in portions. Following theaddition, the reaction
mixture was warmed to ambient temperature. McI (720
mg, 5.07 mmol) in THF (2 mL) was added dropwise. After
30 min, the reaction mixture was concentrated in vacuo
and the residue was dissolved in EtOAc. The organic
solution was washed successively with water and brine,
dried over anhydrous Na2SO , , filtered, and
concentrated. The crude product was purified by flash
silca gel chromatography (2:1 hexane/EtOAc) to afford
1.38 g (77%) of 17. Mass spectrum, m/z = [350.0] (M +
H)+. [53] Using the general procedures outlined in
Schemes I through XIII and Scheme XV and the
appropriate amino acid analogues to the amino acid
reagents Cbz-Hyp-OH, Boc- Thr(Mc)-OH, and
BoC-N(Mc)AIa-OH the compounds reported in Table 3 were
prepared and tested for their binding affinities (Kd)
to XIAP BIR-3 or cIAP-1 BIR-3. Table 3 Scheme XVI[54]
2-(l-Methyl-2-phenyl-lH-pyrrolo[2,3-blpyridin-3-ylmeth
v -pyrrolidine-l-carboxylic acid benzyl ester (18): A
mixture containing 17 (300 mg, 0.86 mmol), CsOAc
(dried at 120 0C under high vacuum for 16 h, 329 mg,
1.72 mmol), Pd(OAc)2 ( 1 mg, 0.5 mol%), Ph P (4.5 mg,
2 mol %), and PhI (21 1 mg, 1.03 mmol) in DMA (0.2 mL)
was warmed to 125 "C. After 16 h, the reaction mixture
was cooled to ambient temperature and diluted with
DCM. The heterogeneous mixture was filtered through
Celite(r) and the filtrate was concentrated in vacuo.
The crude product was purified by flash silica gel
chromatography (4:1 hexanes/EtOAc) to afford 62 mg
(17%) of 18 together with 128 mg (43%) of unreacted
17. Mass spectrum, m/z = [426.1] (M + H)+. [55] Using
the general procedures outlined in Schemes I through
XIII and Scheme XVI and the appropriate amino acid
analogues to the amino acid reagents Cbz-Hyp-OH, Boc-
TIu(Me)-OH, and Boc-N(Me)Ala-OH the compound reported
in Table 4 were prepared and tested for its binding
affinities (Kd) to XIAP BIR-3 or cIAP-1 BIR-3. Table
4Scheme XVII [56]
3-Hvdroxypyrrolidine-l,2-dicarboxylic acid l-fe;
t-butyl ester 2-methyl ester (20): A solution
containing ester (19, 16 g, 7 1 mmol. See: Hodges,
J.A.; Raines, R.T. J. Am. Chem. Suc . 2005, 45, 15923)
in DMF (100 rriL) was cooled to 0 0C. To this solution
was added K2CO3 (16 g, 116 mmol) followed by
iodomethane (5.4 mL, 87 mmol). The reaction mixture
was slowly warmed to ambient temperature over 1 h at
which time it became a yellow heterogeneous solution.
This mixture was heated at 90 C for 1 h and then
cooled to ambient temperature. The solution was
diluted with brine, extracted with diethyl ether,
dried over anhydrous Na2SO , filtered, and
concentrated to afford 14.8 g (87%) of 20 as a yellow
oil (See: Demange, L.; Cluzeau, J.; Menez, A.; Dugave,
C. Tetrahedron Lett. 2001, 42, 651). Scheme XVIII [57]
3-(fe;
t-Butyldimethylsilanyloxy)pyrrolidine-l,2-dicarboxylic
acid 1-fe/t-butyl ester 2- mcthyl ester (21): A
solution containing alcohol 20 (14.8 g, 60 mmol) in
DCM (150 mL) was cooled to 0 C. To this solution was
added imidazole (5.4 g, 79 mmol) followed by
/-butyl-dimethylsilyl-chloride (10 g, 66 mmol) in two
portions. The reaction mixture was warmed to ambient
temperature over 1 h. After 5 h, the solution was
diluted with IMHCl and extracted twice with DCM. The
combined organic extracts were dried over anhydrous
Na2SO , filtered, and concentrated to afford 2 1.2 g
(99%) of 21 as a yellow oil. 1H NMR (CDCl 3, 300 MHz)
d 4.38-4.34 (m, IH), 4 . 18 (br s, rotomers, 0.5H),
4.04 (app d, J = 2.1 Hz, rotomers, 0.5H), 3.74 (s,
3H), 3.62-3.50 (m, 2H), 2.04-1.96 (m, IH), 1.85-1 .78
(m, IH), 1.46 (s, minor rotomer), 1.41 (s, 9H), 0.92
(s, minor rotomer), 0.86 (s, 9H), 0.1 1 (s, 6H), 0.09
(s, minor rotomer) ppm. Scheme XIX [58]
3-(ter?-Butyldimethylsilanyloxy)-2-hydroxymethylpyrrol
idine- 1-carboxylic acid tertbutyl ester (22): A
solution containing 21 (12 g, 33 mmol) in THF (50 mL)
was cooled to 0 C. LiBH in THF (2M, 20 mL) was added
in a dropwise fashion. After 1 h, the solution was
warmed to ambient temperature. After 2 h, the solution
was diluted with MeOH, then H O, and concentrated. The
residue was extracted with EtOAc, washed with IM HCl,
saturated aqueous NaHCO , brine, dried over anhydrous
Na2SO , filtered, and concentrated to afford 9.5 g
(87%) of 22 as a colorless oil (See: Herdeis, C ;
Hubmann, H.P.; Lottcr, H. Tetrahedron: Asymmetry,
1994, 5, 119). Scheme XX [59]
3-(?er?-Butyldimethylsilanyloxy)-2-formylpyrrolidine-l
-carboxylic acid te/t-butyl ester (23): A solution
containing 2M oxalyl chloride in DCM (22 mL) in DCM
(40 mL) was cooled to -78 0C. A solution containing
DMSO (3.2 mL, 45 mmol) in DCM (20 mL) was added in a
dropwise fashion. After 45 min, alcohol 22 (9.5 g, 29
mmol) in DCM (50mL) was added in a dropwisc fashion.
After 45 min, TEA (16 mL, 115 mmol) was added in a
dropwise fashion. The reaction mixture was warmed and
maintained at 0 C for 15 min. The solution was diluted
with IM HCl, extracted with DCM, washed with brine,
dried over anhydrous Na SCM, filtered, and
concentrated to afford 9.5 g (100%) of 23 as a yellow
oil. 1H NMR (CDCl 3 300 MHz) d 9.53 (d, J = 29 Hz,
IH), 4.39-4.36 (m, IH), 4.24 (m, rotomer, 0.5H), 3.93
(m, rotomer, 0.5H), 3.73-3.49 (m, 2H), 1.98-1.86 (m,
2H), 1.47 (s, minor rotomer), 1.41 (s, 9H), 0.88 (s,
9H), 0.09 (s, 6H), 0.07 (s, minor rotomer) ppm. Scheme
XXl [60]
3-(?grf-Butyldimethylsilanyloxy)-2-(2-ethoxycarbonylvi
nyl)pyrrolidine-l-carboxylic acid ferf-butyl ester
(24): To a suspension containing NaH (60%, 1.9 g, 46
mmol) in THF (50 mL) was slowly added
triethylphosphonoacetate (7.5 mL, 38 mmol) in THF (20
mL) at 0 0C. After 30 min, a solution containing
aldehyde 23 (9.5 g, 29 mmol) in THF (40 mL) was then
added in a dropwise fashion. The solution became
orange-colored and stirring was continued for 0.5 h.
The reaction mixture was diluted with brine, extracted
with EtOAc, dried over anhydrous Na2SO4, filtered, and
concentrated to afford 8.6 g (74%) of 24 as a yellow
oil which was used without further purification. 1H
NMR (CDCh, 300 MHz) d 6.82-6.72 (m, IH), 5.87 (d, J =
15.6 Hz, IH), 4.24-4.1 1 (m, 4H), 3.67-3.46 (m, 2H),
1.94-1.89 (m, IH), 1.79 (m, IH), 1.48 (s, rotomer,
4.5H), 1.41 (s, rotomer, 4.5H), 



1.31-1.24 (m, 3H), 0.91-0.88 (m, 9H), 0.09-0.07 (m,
6H) ppm. Scheme XXIl[61]
3-(ferf-Butyldimethylsilanyloxy)-2-(3
-hvdroxypropenvDpyrrolidine- 1-carboxylic acid
fcrt-butyl ester (25): A solution containing 24 (8.6
g, 22 mmol) in DCM (80 mL) was cooled to -78 C. To
this solution was slowly added boron trifluoride
etherate (2.8 mL, 22 mmol) followed by the addition of
IM DIBAL in DCM (60 mL). The solution was stirred at
-78 C for 1 h. The reaction mixture was then treated
with EtOAc and stirred for 30 min. The reaction
mixture was allowed to warm to -5 "C. The reaction was
quenched by the dropwise addition of IM HCl. The
mixture was diluted with DCM and H2O and the layers
were separated. The aqueous layer was extracted with
DCM. The combined organic extracts were dried over
anhydrous Na2SO filtered, and concentrated to afford
8.5 g of 25 as a light yellow oil which was used
without further purification. 1H NMR (CDCl3, 300 MHz)
d 5.70 (m, IH), 5.59-5.55 (m, IH), 4.16-4.13 (m, 2H),
4.05 (m, 2H), 3.72-3.35 (m, 4H), 1.95-1.88 (m, 2H),
1.77-1.67 (m, 2H), 1.48-1.44 (m, 9H), 0.88 (s, 9H),
0.08-0.03 (m, 6H) ppm. Scheme XXIII [62]
^-fl/?5-2i?-[3-(fer/-Butyldimethylsilanyloxy)]-2-(3-me
thanesulfonyloxypropenyl) pyrrolidine- 1-carboxylic
acid tert-hvAy\ ester (26): To a solution containing
alcohol 25 (8.5 g, 24 mmol) in DCM (30 mL) was added
triethylamine (4.0 mL, 29 mmol). The solution was
cooled in an ice bath and methanesulfonyl chloride (2
mL, 26 mmol) was added in a dropwise fashion. The
reaction mixture was stirred at ambient temperature
for 30 min. Water (10 mL) was added and the product
was extracted with DCM (3 x 50 mL). The organic
extracts were combined and washed with IM HCl, brine,
dried overanhydrous Na SO , filtered, and concentrated
to afford 8.9 g of 26 (92% over two steps) as an
orange oil that was used without further purification.
1H NMR (CDCl , 300 MHz) d 5.73 (m, IH), 4.71 (d, J =
5.4 Hz, IH), 4.30-4.15 (m, IH), 4.06 (m, IH),
3.54-3.33 (m, 2H), 3.02 (s, 3H), 1.94-1.89 (m, IH),
1.79-1.78 (m, IH), 1.45-1.43 (m, 9H), 0.92-0.87 (m,
9H), 0.09-0.07 (m, 6H) ppm. Scheme XXIV [63]
2-{3-[Acetyl-(3-bromo-pyridin-2-yl)-aminol-propenyl|-3
-(tert-butyl-dimethylsilanyloxyVpyrrolidine-
l-carboxylic acid tert-butyl ester (27): To a
well-stirred solution of
N-(3-Bromo-pyridin-2-yl)-acetamide (2.24 g, 10.4 mmol)
in DMF (8 mL) at 0 0C was added NaH (522 mg, 13.0
mmol, 60% disp. in mineral oil) in one portion. Gas
evolution was immediately noted. The solution was
stirred at 0 0C for 30 minutes after which time it was
warmed to room temperature and stirred for an
additional 45 min. The reaction was recooled to 0 0C
and a solution of 26 (4.31 g, 10.4 mmol) in DMF (12
mL) was added dropwise over 10 min. The reaction was
stirred for an additional 4 hr warming gradually to
room temperature. The reaction was quenched with
brine, and extracted with EtOAc. The organic was
washed with copious water and brine, dried over Na2SO
, filtered and concentrated. The crude residue was
purified via flash chromatography (Siq 2, 1:1
EtOAc/hexanes) to afford 27 (2.53 g, 44%) as an orange
oil. Mass spectrum, m/z = [556.0] (M)+. Scheme XXV[64]
2-(l-Acetyl-lH-pyrrolor2,3-b]pyridine-3-ylmethyl)-3-(
tert-butyl-dimethyl-silanyloxyV pyrrolidine-
1-carboxylic acid tert-butyl ester (28): To a
well-stirred solution of 27 (2.53 g, 4.56 mmol) in DMF
(23 rnL) was added tetra-"-butyl ammonium chloride
(1.27 g, 4.56 mmol), Sodium Formate (310 mg, 4.56
mmol), and K2CCh (818 mg, 5.93 mmol) and Pd(OAc)2 (20
mg, 0.09 mmol). The resultant solution was heated to
85 0C for 2.5 hr., during which time the color changed
from orange to black. The reaction was then cooled to
room temperature, quenched with brine, and extracted
with EtOAc. The organic phase was washed with water
and brine, dried over Na SO , filtered and
concentrated. The crude residue was purified via flash
chromatography (SiO2, 4:1 Hex/EtOAc) to afford 28
(1.32 g, 61%) as a colorless oil. Mass spectrum, m/z =
[474.1] (M)+. Scheme XXVI 165]
3-(tert-Butyl-dimethyl-silanyloxy)-2-(lH-Dyrrolor2,3-b
lpyridine-3-ylmethyl)- pyrrolidine- 1-carboxylic acid
tert-butyl ester (29): To a well-stirred solution of
28 ( 1.32 g, 2.79 mmol) in MeOH ( 15 mL) was added
1MNaOH (5 mL). The reaction was stirred for 30 minutes
at room temperature, after which time it was
concentrated. The residue was dissolved in CH2Cl2,
washed with brine, dried over Na2SO , filtered and
concentrated to afford 29 (1.12 g, 93%) as a foamy
white solid which was taken forward without further
purification. Mass spectrum, m/z = [432.1] (M)+.Scheme
XXVII [66] 3-Hydroxy-2-(lH-pyrrolo|
2,3-b1pyridin-3-ylmethyl)-pyrrolidine-l-carboxylic
acid tertbutyl ester (30): To a well-stirred solution
of 29 (1.12 g, 2.59 mmol) in THF (13 mL) at room
temperature was added a 1.0 M solution of TBAF in THF
(3.9 mL, 3.9 mmol). The reaction was stirred
overnight, after which time the reaction was
concentrated and the residue purified directly via
flash chromatography (SiC>2, 100% EtOAc) to afford 30
(730 mg, 89%) as a foamy white solid. Mass spectrum,
m/z = [318.4] (M)+. Scheme XXVIII [67]
3-Acetoxy-2-(lH-pyrrolo[2,3-b]pyridine-3-yImethyl)-pyr
rolidine-l-carboxylic acid tertbutyl ester (31): To a
well-stirred solution of 30 (620 mg, 1.95 mmol) in
CH2Cl2 (10 mL) at 0C was added DMAP (cat.) followed by
Ac2O (184 uL, 1.95 mmol). The reaction was continued
stirring overnight warming gradually to room
temperature. The reaction was concentrated and the
residue purified directly via flash chromatography
(SiO , 1:1 EtOAc/Hex) to afford 3 1 (690 mg, 98%) as a
white foamy solid. Mass spectrum, m/z = [360.0] (M)+.
Scheme XXIX[68] Acetic acid 2-( lH-pyrrolo|
~2,3-b]pyridin-3-ylmethyl)-pyrrolidin-3-yl ester (32*)
: To a wcll-stirrcd solution of 31 (726 mg, 2.02 mmol)
in CH2Cl2 (8 niL) at 0 0C was added TFA (2 mL). The
reaction was stirred for an additional 5h. The
reaction was concentrated and the crude residue was
taken up in 10% MeOHZCH Cl2, washed with NaHCO (sat)
and brine and concentrated. The residue was then taken
up in MeOH, filtered and concentrated to afford 32
(485 mg, 93%) as a white solid. Mass spectrum, m/z =
[260.0] (M)+. Scheme XXX [69] Acetic acid
l-(2-tert-butoxycarbonylamino-3,3-dimethyl-buryryl)-2-
(lH-pyrrolor2,3- b]pyridin-3-ylmethyl)-pyrrolidin-3-yl
ester (33): To a well-stirred solution of Boc-Tle- OH
(206 mg, 0.89 mmol) in DMF ( 1 mL) at 0 0C was added
/Pr2NEt (220 uL, 1.28 mmol) and HATU (339 mg, 0.89
mmol). The resultant pale yellow solution was allowed
to stir for an additional 20 min at 0 0C after which
time a solution of 32 (220 mg, 0.85 mmol) in DMF (2
mL) was added. The reaction was stirred overnight
while warming gradually to room temperature. The
reaction was diluted with EtOAc, washed with water 



and brine, dried over Na2SO4, filtered and
concentrated. The resultant crude was purified via
flash chromatography (SiO2, gradient 1:1 EtOAc/Hex to
100% EtOAc) to afford 33 (390 mg, 97%) as an off-white
solid. Mass spectrum, m/z = [473.1] (M)+.Scheme XXXI
[70] Acetic acid
l-(2-amino-3.3-dimethyl-butyryl)-2-(lH-pyrrolo[23-b1py
ridin-3-ylmethyr)- pyrrolidin-3-yl ester (34): To a
well-stirred solution of 33 (390 mg, 0.83 mmol) in
CH2Cl2 (8 mL) at 0 0C was added TFA (2 mL). The
reaction was stirred for 20 min at 0 0C then warmed to
room temperature for an additional 2 h . The reaction
mixture was then concentrated and the residue
dissolved in 10% MeOHZCH2Cl2, washed with NaHC q
3(sat) and brine, and concentrated. The residue was
then dissolved in CH Cl , dried over Na2SO , filtered
and concentrated to afford 34 (255 mg, 83%) as a
browncolored foam which was taken forward without
further purification. Mass spectrum, m/z = [373.1]
(M)+. Scheme XXXII [71] Acetic acid
l-{2-[2-(tert-butoxycarbonyl-methyl-amino)-propionylam
ino]-3,3-dimethylbutyrv
-2-(lH-pyrrolor2,3-b1pyridin-3-ylmethyl)-pyrrolidin-3-
yl ester (35): To a wellstirred solution
ofBoc-N(Me)Ala-OH (72 mg, 0.35 mmol) in DMF ( 1 mL) at
0 0C wasadded /Pr NEt (90 uL, 0.35 mmol) and HATU (133
mg). The reaction was continued stirring for 20 min,
after which time a solution of 34 (125 mg, 0.34 mmol)
in DMF (2 mL) was added. The reaction was allowed to
stir overnight warming gradually to room temperature.
The reaction was then diluted with EtOAc, washed with
water and brine, dried over Na2SO !, filtered and
concentrated to afford 35 (150 mg, 79%) as an
off-white solid that was taken forward without further
purification. Mass spectrum, m/z = [558.2] (M)+.
Scheme XXXIII [72] Acetic acid
l-[33-dimethyl-2-(2-methylamino-propionylamino)-buryry
l]-2-(lHpyrrolo[
2,3-b1pyridin-3-ylmethyl)-pyrrolidin-3-yl ester (36):
To a well-stirred solution of 35 (150 mg, 0.27 mmol)
in CH2Cl2 (6 mL) at 0 0C was added TFA ( 1 mL) and the
reaction was stirred at 0 0C for 1 h, then warmed to
room temperature for 1 h. The reaction mixture was
concentrated and the residue dissolved in 10%
MeOH/CH2Cl2, washed with NaHCO? (sat.) and brine, and
concentrated. The residue was then taken up in MeOH,
filtered and concentrated to afford 36 (128 mg, >100%)
as a yellowish oil that was taken forward without
further purification. Mass spectrum, m/z = [458.2]
(M)+. Scheme XXXIV[73]
N-{l-[3-Hvdroxy-2-(lH-pyrrolo[2,3-b1pyridin-3-ylmethyl
Vpyrrolidine-l-carbonyl1-2.2- dimethyl-propyU
-2-methylamino-propionamide (37): To a well-stirred
solution of 36 (128 mg, 0.28 mmol) in MeOH (3 mL) at 0
0C was added 1M NaOH ( 1 mL). The reaction was stirred
for 1.5 h then concentrated. The residue was purified
directly via reverse phase HPLC (C18, 10 - 70% MeCN/H
20 , 30 min). The appropriate fractions were collected
and lyophilized to afford 37 (69 mg, 59%) as a
flocculent white solid. 1 C NMR (75 MHz, CDCl )
O173.5, 173.3, 170.5, 170.2, 148.0, 142.3, 128.3,
127.9, 124.2, 123.5, 120.7, 120.6, 115.7, 115.4,
110.7, 109.9, 74.1, 72.1, 68.0, 66.8, 59.2, 58.8,
57.3, 46.2, 44.4, 36.2, 35.5, 33.7, 33.3, 31.6, 29.7,
28.0, 26.6, 22.3, 18.6, 18.2 ppm. Mass spectrum, m/z =
[415.2] (M)+. [74] Using the general procedures
outlined in Schemes XVII through XXXIV and the
appropriate amino acid analogues to the amino acid
reagents Boc-Tle-OH and Boc- N(Me)AIa-OH the compounds
reported in Table 5 were prepared and tested for their
binding affinities (Kd) to XIAP BIR-3 or cIAP-1 BIR-3.
Table 5Scheme XXXV [75]
3-Methoxy-pyrrolidine-l,2-dicarboxylic acid 1-benzyl
ester (39): To a solution of NCbz- 3-hydroxyproline
(38, 14.4 g, 54.5 mmol) in THF (180 mL) at room
temperature was added NaH (7.6 g, 190.7 mmol) in three
portions, during which time a slight exothcrm and gas
evolution was noted. After 1 h, CH3I (13.3 mL, 109.0
mmol) was added and the reaction was heated to reflux.
After 4 h, the yellow-colored reaction mixture was
cooled to room temperature and allowed to stir
overnight. The reaction mixture was concentrated and
the residue was dissolved in EtOAc and extracted with
H2O. The bright yellow aqueous layer was acidified to
pH 2 using 3M HCl and extracted with EtOAc. This
yellow organic layer was washed with brine, dried over
anhydrous Na2SO4, filtered and concentrated to afford
39 (13.4 g, 88%) as a viscous orange-colored oil which
was used without further purification. Mass spectrum,
m/z = [279.9] (M)+. Scheme XXXVI39 40 [76]
2-Hydroxymethyl-3-methoxy-pyrrolidine-l-carboxylic
acid benzyl ester (40): To a solution of 39 (13.4 g,
48.1 mmol) in THF (160 mL) at room temperature was
added a 2M solution of BHh-DMS in THF (125 mL, 250.2
mmol) in one portion, during which time some bubbling
was noted. The resultant pale solution was then heated
at reflux. After 3 h, the reaction mixture was cooled
to 0 0C and quenched by the dropwise addition of MeOH,
during which time vigorous gas evolution was noted.
The reaction mixture was concentrated and the
resultant residue was taken up in EtOAc and washed
successively with H O and brine. The combined aqueous
phase was back-extracted with EtOAc, and the combined
organic extracts were dried over anhydrous Na2SO4,
filtered and concentrated. The crude product was
purified by flash silica gel chromatography (1:1
EtOAc/hexanes) to afford 10.5 g (83%) of 40. [77]
Using the general procedures outlined in Schemes XX
through XXXVI and the appropriate amino acid analogues
to the amino acid reagents Boc-Tle-OH and Boc-
N(Mc)AIa-OH the compounds reported in Table 6 were
prepared and tested for their binding affinities (Kd)
to XlAP B1R-3 or cIAP-1 BIR-3. Table 6Scheme XXXVlI
[78] 2-Formyl-3-methyl-pyrrolidine-l-carboxylic acid
tert-butyl ester (42): A 500-mL threeticckcd flask
equipped with an overhead stirrer and nitrogen inlet
was charged with a IM solution of oxalyl chloride in
DCM (20.5 mL, 0.041 mol) and anhydrous DCM (100 mL)
and cooled to -78 0C. A solution of anhydrous DMSO
(3.45 mL, 0.044 mol) in DCM (20 mL) was added dropwise
with stirring. After 30 min, alcohol 41 (7.35 g, 0.034
mol. See: Herdeis, C ; Hubmann, H. P. Tetrahedron
Asymmetry 1992, 3, 1213-1221; and, Ohfune, Y.; Tomita,
M. J. Am. Chem. Soc. 1982, 104, 351 1-3513) was added
in DCM (40 mL) in a dropwise fashion. After 30 min,
Et3N (23.7 mL, 0.17 mol) was added resulting in the
formation of a white suspension. The reaction mixture
was transferred to a 0 0C ice/water bath and
maintained for 30 min. The reaction mixture was
quenched by the addition of water. The product was
extracted with DCM and the combined organic extracts
were washed successively with water, 1M HCI, and
brine. The organic phase was dried over anhydrous
Na2SOa, filtered, and concentrated to afford 7.05 g
(99%) of aldehyde 42 which was used without further
purification. 1H NMR (CDCl , 300 MHz) d 9.45 (s, minor
rotamer), 9.40 (s, IH, major rotamer), 3.78-3.35 (m,
3H), 2.3-2.0 (m, 2H), 1.70- 



1.55 (m, IH), 1.47 (s, minor rotamer), 1.42 (s, 9H,
major rotamer), 1.15 (d, J = 6 Hz, 3H) ppm.Scheme
XXXVIII [79]
2-(2-Ethoxycarbonyl-ethyl-3-methyl-pyrrolidine-1-carbo
xylic acid tert-butyl ester (43): A 500-mL 3-neck
round-bottomed flask was charged with sodium hydride
(60%, 1.77 g, 0.044 mol) in anhydrous THF (100 mL)
under nitrogen and cooled to 10 0C. A solution of
triethyl phosphono acetate (9.15 g, 0.041 mol) in THF
(50 mL) was added drop wise to the NaH/THF suspension.
Following the addition, crude aldehyde 42 (7.25 g,
0.034 mol) in THF (15 mL) was added in a dropwise
fashion. After 1 h, the reaction was complete by TLC
analysis [30% EtOAc/Hcxancs: Rf(42) = 0.7; Rf<43) =
0.75]. The reaction mixture was quenched by the
addition of saturated aqueous NH4Cl. The product was
extracted with EtOAc, washed with IM HCl, water,
brine, dried over anhydrous Na2SO4, filtered, and
concentrated to afford 13.3 g of crude 43 (quant.)
which was used without further purification. 1H NMR
(CDCl3, 300 MHz) d 6.8 (m, IH), 5.82 (m, IH), 4.2 (m,
2H), 4.0-3.25 (m, 3H), 2.2-1 .85 (m, 2H), 1.70-1 .55
(m, IH), 1.47 (s, minor rotamer), 1.42 (s, 9H, major
rotamer), 1.15 (d, J = 6 Hz, 3H) ppm. Scheme XXXIX
[80]
2-(3-hvdroxy-propenyl)-3-methyl-pyrrolidine-l-carboxyl
ic acid tert-butyl ester (44): A solution containing
crude 43 (16.7 g, 0.059 mol) in DCM (150 mL) was
cooled to -78 0C. BF3-Et2O (8.9 mL, 0.07 mol) was
added followed by the dropwise addition of DIBAL (2
M/DCM, 200 mL, 0.4 mol). After 2 h, TLC analysis
indicated complete consumption ofthe 43 [TLC analysis:
1:1 hexane/EtOAc, Rf(44) = 0.3]. EtOAc (40 mL) was
added and the reaction mixture was warmed to -15 0C.
The reaction mixture was carefully quenched with IM
HCl until pH = 2. The product was extracted with DCM.
The organic extracts were washed with IM HCl, water,
and brine, dried over anhydrous Na2SO , filtered, and
concentrated. The crude product was purified by silica
gel chromatography (2:1 hexanes/EtOAc) to afford 7.2 g
(51%) of 44. 1H NMR (CDCl3, 300 MHz) d 5.8-5.5 (m,
2H), 4.18 (m, 2H), 4.0-3.25 (m, 3H), 2.2-1.85 (m, 2H),
1.55-1.3 (m, IH), 1.43 (s, 9H), 1.15 (d, = 6 Hz, 3H)
ppm. Scheme XL [81]
2-(3-Methanesulfonyloxy-propenyl)-3-methylpyrrolidine-
1-carboxylic acid tert-butyl ester (45): To a solution
containing 44 (6.0 g, 0.025 mol) in DCM (25 mL) at 0
0C was added Et N (4.5 mL, 0.032 mol). After 5 min, a
solution containing methanesulfonylchloride (2.33 mL,
0.03 mol) in DCM (5 mL) was added dropwise. After 2 h,
TLC analysis revealed complete consumption of 44 [1:1
hexanes/EtOAc, Rt{45) = 0.5; Rf(44) = 0.4]. The
reaction mixture was poured onto ice-water and
extracted with DCM. The organic extracts were washed
with water, brine, and dried over anhydrous Na2SO4,
filtered, and concentrated to afford 7.05 g (89%) of
crude 45 as a pale brown oil which was used without
further purification. 1H NMR (CDCl3, 300 MHz) d
5.8-5.5 (m, 2H), 4.69 (d, J = 6.15 Hz, 2H), 3.85-3.3
(m, 3H), 3.0 (s, 3H), 2.0-1.9 (m, IH), 1.55-1.30 (m,
IH), 1.40 (s, 9H), 1.0 (d, J = 6.74 Hz, 3H) ppm.
Scheme XLI[82] 2-
(3-[Acetyl-(2-bromo-5-fluoro-phenyl)-arninol-propenyl
i -3-methyl-pyrrolidine-lcarboxylic acid (46): To a
suspension of NaH (60%, 1.44 g, 0.036 mol) in DMF (15
mL) at 0 0C was added a solution containing
2-bromo-5-fluoroacetanilide (8.35 g, 0.036 mol) in DMF
(10 mL). After 30 min, a solution containing crude 45
(9.58 g, 0.03 mol) in DMF (10 mL) was added and the
reaction mixture was warmed to ambient temperature
overnight. The reaction was quenched by pouring onto
the ice-water containing IM HCl. The product was
extracted with diethyl ether, washed with water,
brine, dried over anhydrous Na2SO , filtered, and
concentrated. The product was purified by flash silica
gel chromatography (2: 1 hcxanc/EtOAc) to afford 5.41
g (45%) of 46 as a pale brown viscous oil. 1H NMR
(CDCl 3, 300 MHz) d 7.62 (m, IH), 7.05 (m, 2H), 5.65-
5.25 (m, 2H), 4.9-4.7 (m, IH), 4.3-4.1 (m, IH),
3.85-3.3 (m, 4H), 2-1.9 (m, IH), 1.8 (s, 3H) 1.55- 1.3
(m, IH), 1.43 (s, 9H), 0.96 (d, J = 6.15 Hz, 3H) ppm.
Mass spectrum, m/z = [354.3] (M - Boc)+. Scheme XLlI
[83] 2-(l-Acctyl-6-fluoro-l
H-indol-3-ylmcthyl)-3-mcthyl-pyrrolidinc-l-carboxylic
acid tcrtbutyl ester (47): A solution containing 46 (5
g, 0.01 1 mol), /7-Bu4NCl (3.3 g, 0.012 mol), K2CO.
(1.65 g, 0.012 mol), and NaHCO 2 (0.81 g, 0.012 mol)
in DMF (20 mL) was degassed under high vacuum.
Palladium acetate (0.49 g, 0.002 mol) was added and
the heterogeneous reaction mixture was immersed in a
preheated (80-85 0C) oil bath. After 3 h, TLC analysis
revealed complete consumption of 46 [ 1: 1
hexane/EtOAc, Rf{46) = 0.4, Rf(47) = 0.5]. The
reaction mixture was cooled in an ice bath and diethyl
ether (100 mL) was added. The mixture was filtered
through Cclitc(r) and the solids were washed with
diethyl ether. The filtrate was washed with water,
brine, dried over anhydrous Na2SO , filtered, and
concentrated. The crude product was purified by normal
phase HPLC (10-100% EtOAc/hexane over 50 min) to
afford 2.2 g (54%) of 47 as brown, viscous oil. 1H NMR
(CDCl3, 300 MHz) d 8.22-8.1 (m, IH), 7.7-7.5 (m, IH),
7.15-6.97 (m, 2H), 3.8- 2.65 (m, 4H), 2.6 (s, 3H),
2.12-1.85 (m, IH), 1.62 (s,lH), 1.42 (s, 9H, major
rotamer), 1.4 (s, minor rotamer), 0.9 (d, J = 6 Hz,
3H) ppm. Mass spectrum, m/z = [274.5] (M - Boc)+.
Scheme XLIII [84]
2-{6-Fluoro-lH-indol-3-ylmethyl)-3-methyl-pyrrolidin-l
-carboxylic acid tert-butyl ester (48): To a solution
containing 47 (2.2 g, 0.006 mol) in MeOH (15 mL) was
added IM NaOH (6 mL, 0.006 mol) at 0 0C. After 30 min,
TLC analysis revealed complete consumption of 47
[EtOAc/hexanes 1:1, Ri(47) = 0.6; R (48) = 0.5]. The
solvent was removed in vacuo and the residue was
dissolved in EtOAc. The organic phase was washed with
IM HCl, water, brine, dried over anhydrous Na2SO
filtered, and concentrated to afford 2.11 g (quant.)
of crude 48 which was used in the next step without
further purification. 1H NMR (CDCl , 300 MHz) d 9.0
(s, IH, major rotamer), 8.85 (s, minor rotamer),
7.62-7.5 (m, IH), 7.1-6.72 (m, 3H), 3.8-2.7 (m, 5H),
2.15-1.3 (m, 3H), 1.55 (s, 9H), 0.85 (d, J = 7 Hz, 3H)
ppm. Scheme XLIV [85]
6-Fluoro-3-(3-methyl-pyrrolidin-2-ylmethyl)-l H-indole
(49): To solution containing 48 (0.89 g, 0.0024 mol)
in DCM (20 mL) at 0 0C was added TFA (4 mL). After 2
h, TLC analysis revealed complete consumption of 48
[10% MeOH/DCM, Rf(48) = 0.7, R (49) = 0.3]. The
reaction mixture was concentrated in vacuo, diluted
with DCM, washed withaqueous NaHCCh, brine, dried over
anhydrous Na SO , filtered, and concentrated to afford
0.6 g (86%) of 49 which was used without further
purification. 1H NMR (CDCl , 300 MHz) d 9.0 (br s,
IH), 7.6-7.35 (m, IH), 7.1-6.7 (m, 3H), 4.2 (brm, IH),
3.2-2.5 (m, 5H), 2.1-1.2 (m, 3H), 1.05 (d, J = 6.74
Hz, 3H) ppm. Scheme XLV [86] l - -
-Fluoro-lH-indol-S-ylmethylpyrrolidine-l-carbonyll^-me
thoxypropyDcarbamic acid tert-butyl ester (50): To a
solution containing crude 49 (0.3 g, 1.1 mmol) and
Boc-Thr(Me)-OH (0.31 g, 1.3 mmol) in NMP (5 mL) at 0
0C was added 



DIPEA (0.25 mL, 1.44 mmol) followed by HATU (0.5 g,
1.3 mmol) and the reaction mixture was stirred at
ambient temperature for 6 h. The reaction mixture was
diluted with EtOAc and washed successively with dilute
aqueous HCl, water, saturated aqueous NaHCO , water,
and brine. The organic phase was dried over anhydrous
Na2SO , filtered, and concentrated. The product was
purified by reverse-phase HPLC (Cl 8; 50-100%
ACN/watcr v/v 0.1% AcOH). The product-containing
fractions were concentrated in vacuo to afford 0.28 g
(48%) of 50 as a white solid. 1H NMR (CDCl3. 300 MHz):
d 8.2 (s, IH), 7.8-7.5 (m, IH), 7.05 (m, 2H), 6.92 (m,
IH), 5.6 (d, J = 10.7 Hz, IH), 4.6 (m, IH), 4.1 (m,
IH), 3.6 (m, 3H), 3.4 (s, 3H), 3.35 (m, IH), 2.6 (m,
IH), 2.1 (m, 2H), 1.7 (m, IH), 1.48 (m, H) 1.45 (s,
9H), 1.21 (d, ./= 6.45 Hz, 3H, major rotamer), 1.14
(d, J = 6.45 Hz, minor rotamer), 0.90 (d, J =7.03 Hz,
minor rotamer), 0.76 (d, J =6.45 Hz, 3H, major
rotamer) ppm. Mass spectrum, m/z = [447.7] (M)+.
Scheme XLVI[87]
2-Amino-l-[2-(6-fluoro-lH-indol-3-ylmcthyl)-3-tncthylp
yrrolidin-l-v p-3-mcthoxybutan- one (51): To a
solution containing 50 (0.28 g, 0.63 mmol) in DCM (20
mL) at 0 0C was added TFA (4 mL). After 2h, TLC
analysis showed the complete consumption of 50 [10%
MeOH/DCM, Rf(SO) = 0.6, Rf (51) = 0.2]. The reaction
mixture was concentrated in vacuo and the residue was
dissolved in DCM and washed successively with
saturated aqueous NaHCq 3, and brine. The organic
extracts were dried over anhydrous Na SO , filtered,
and concentrated to afford 0.36 g (quant.) of crude 5
1 which was used without further purification. Scheme
XLVII [88] {1-
-2-(6-fluoro-lH-indol-3-ylmethyl)-3-methyl-Dyrrolidine
-l -carbonyll-2-
methoxypropylcarbamovU-ethyll-methyl-carbamic acid
tert-butyl ester (52): To a solution containing 5 1
(0.09 g, 0.26 mmol) and Boc-N(Me)Ala-OH (0.063 g, 0.31
mmol) in NMP (3 mL) at 0 0C was added DIPEA (0.075 mL,
0.43 mmol) followed by HATU (0.13 g, 0.34 mmol). The
reaction mixture was stirred at ambient temperature
for 16 h . The reaction mixture was diluted with EtOAc
and then washed with IM HCl, saturated aqueous NaHCO ,
water, and brine. The organic extract was dried over
anhydrous Na2SO , filtered, and concentrated. The
crude product was purified by RP HPLC (Cl 8; 50-100%
ACN/water v/v 0.1% HOAc) to afford 0.052 g (38%) of
52. 1H NMR (CDCh. 300 MHz), -3:1 mixture of rotamers:
d 9.4 (s, minor rotamer), 8.9 (s, IH, major
rotamer),7.76-7.4 (m, IH), 7.05-6.89 (m, 2H), 6.9-6.82
(m, IH), 4.08-3.95 (m, 2H), 3.7-3.2 (m, 5H), 3.38 (s,
3H), 3.35-3.25 (m, IH), 2.8 (s, 3H), 2.65-2.55 (m, IH
), 2.3-2.0 (m, IH). 1.5 (s, 9H), 1.34 (d, J = 7.3 Hz,
3H, major rotamcr), 1.29 (d, J = 13 Hz, minor
rotamcr), 1.17 (d, J =6.4 Hz, 3H, major rotamer), 0.91
(d, J = 7.0 Hz, minor rotamer), 0.73 (d, J = 6.7 Hz,
3H, major rotamer) ppm. Mass spectrum, m/z = [532.8]
(M)+. Scheme XLVlIl [89] N-U- ( l-2-(6-fluoro-
1H-indol-3-ylmethyl)-3-methyl-pyrrolidine-
1-carbonyll-2-methoxypropyU-
2-methylamino-propionamide (53): To a solution
containing 52 (0.052 g, 0. 1 mmol) in DCM (20 mL) at 0
C was added TFA (4 mL). After 1 h, TLC and mass
spectrum analysis revealed the completion consumption
of 52 [10% McOH/DCM, Rf{52) = 0.6, Rr (53) = 0.2]. The
reaction mixture was concentrated in vacuo and the
residue was neutralized by the addition of saturated
aqueous NaHCO . The aqueous solution was purified by
reverse-phase HPLC (water/ACN v/v 0.1% HOAc) to afford
pure acid addition salt 53 HOAc (0.058 g). 1H NMR
(CDCl , 300 MHz): d 9.2 (s, IH), 8.2 (s, 0.5H), 7.8
(d, J = 8 Hz, IH), 7.6 (m, IH), 7.05-7.02 (m, 2H),
6.92-6.80 (m, IH), 4.84-4.8 (m, IH), 4.15-4.03 (m,
IH), 3.83-3.75 (m, IH), 3.72-3.63 (m, IH), 3.58-3.5
(m, 2H), 3.39 (s, 3H), 3.32-3.26 (m, IH), 2.9-2.65 (m,
IH), 2.58 (s, 3H), 2.48-2.1 (m, 2H), 1.57-1.5 (m, 1H),
1.46 (d, J = I Hz, 3H), 1.2 (d, ./ = 6 Hz, 3H), 0.75
(d, J = 6 Hz, 3H) ppm. Mass spectrum, m/z = [432.7]
(M)+. [90] Using the general procedures outlined in
Schemes XXXVII through XLVIII and using the
appropriate amino acid analogues to the amino acid
reagents Boc-Thr(Mc)-OH and BoC-N(Me)AIa-OH, the
compounds reported in Table 7 were prepared and tested
for their binding affinities (Kd) to XIAP BIR-3 or
cIAP-1 BIR-3.TABLE 7 Scheme XLIX[91]
trans-2R-\2-{3-\Acetyl-(2-bromo-5-fluorophenyl)&mmo]pr
opcnyl)]-?>-(tertbutyldimethylsilanylox g
)pyrtolidine-l-carboxylic acid tert-butyl ester (54):
To a solution containing
N-(2-bromo-5-fluorophcnyl)acctamide (5.7 g, 24 mmol)
in DMF (30 mL) was added NaH (60%, 1.2 g, 30 mmol) at
0 C. After 30 min, the solution was warmed and
maintained at ambient temperature for 30 min. To this
solution was slowly added mesylate 26 (See Scheme
XXIII) (8.9 g, 24 mmol) in DMF (30 mL) at 0 "C. The
reaction was allowed to slowly warm to ambient
temperature over 1 h. After 2 h, the solution was
diluted with brine, extracted with diethyl ether,
washed twice with brine, dried over anhydrous Na2SO ,
filtered, and concentrated to afford 12 g of crude 54
(the product contained unrcactcd acctanilidc that
co-clutcd on TLC) which was used without further
purification. Scheme L [92] trans-2R-\2-
\3-[Acetyl(2-bromo-5-fluorophenyl)ammo1propenyl 1-3-
hvdroxypyrrolidine-1-carboxylic acid ferf-butyl ester
(55): To a solution containing crude 54 ( 11 g,
approx., 19 mmol) in THF (30 mL) was added IM TBAF/THF
(25 mL) at ambient temperature. After 1 h, the
solution was diluted with EtOAc, washed with IM HCl,
brine, dried over anhydrous Na2SO , filtered, and
concentrated. The residue was absorbed on silica gel
and purified by flash silica gel chromatography (1:1
hexanes/EtOAc to 5% MeOH/DCM) to afford 4.2 g of
alcohol 55 as an orange-colored foam. 1H NMR (CDCl3,
300 MHz) d 7.65 (m, IH), 7.04-7.02 (m, 2H), 5.62 (m,
IH), 5.40-5.34 (m, IH), 4.74-4.69 (m, IH), 4.26-4.00
(m, 2H), 3.74-3.38 (m, 3H), 2.69-2.57 (m, IH), 1.82
(s, 3H), 1.46 (s, 9H) ppm. Scheme LI[93] A-
-^-Cl-Acetyl-
-fluoro-lH-indol-S-ylmethvDl-S-hydroxypyrrolidine-lcar
boxylic acid tert-butyl ester 56 To a solution
containing 55 (5.7 g, 12.5 mmol) in DMF (40 mL) was
added K2CO3 ( 1.7 g, 12.3 mmol), sodium formate (0.86
g, 12.7 mmol), tetrabutylammonium chloride (3.5 g,
12.7 mmol), and Pd(OAc) 2 (0.32 g, 1.4 mmol) at
ambient temperature. This reaction mixture was
immersed in an oil bath preheated to 90 C. After 4 h,
the reaction mixture was cooled in an ice bath,
diluted with brine, extracted with EtOAc, washed twice
with brine, dried over anhydrous Na2SO , filtered, and
concentrated to afford 4.5 g of crude indole 56 as an
orange-colored foam that was used without further
purification. Scheme LII [94]
frfl.s-2ff-[2-(6-Fluoro-lH-indol-3-ylmethyl)1-3-hydrox
ypyi tolidine-l -carboxylic acid fe/t-bufyl ester
(57): To a solution containing acetate 56 (2.5 g, 6.6
mmol) in MeOH (15 mL) was added IM NaOH (8 mL) at
ambient temperature. After 40 min, the solution was
concentrated, diluted with EtOAc, washed with brine,
dried over anhydrous Na2SO , 



filtered, and concentrated. The residue was purified
by NP-HPLC (SiO , 40% EtOAc/hexanes increasing to
EtOAc over 30 min) to afford 1.3 g of indole 57 as a
light yellow-colored foam. 1H NMR (CDCl , 300 MHz) 8
8.75 (s, rotomer, 0.5H), 8.71 (s, rotomcr, 0.5H), 7.52
(dd, J = 9.0, 14.1 Hz, IH), 7.03-6.81 (m, 3H),
4.15-4.08 (m, 2H),3.96 (dd, J = 3.3, 10.2 Hz, IH),
3.57-3.33 (m, 2H), 3.22-3.09 (m, IH), 2.60-2.49 (m,
2H), 2.01-1.91 (m, IH), 1.79-1.75 (m, IH), 1.50 (s,
9H) ppm. Scheme LIII [95] r
/7,v-2i?-r3-Acetoxy-2-('6-fluoro-lH-indol-3-ylmethyl)l
pyrrolidine-l-carboxylic acid ferf-butyl ester (58):
To a suspension containing indole 57 (0.35 g, 1.1
mmol) in DCM (10 mL) was added acetic anhydride (0.15
niL, 1.5 mmol) followed by DMAP (10 mg, 0.08 mmol) at
ambient temperature. After 30 min, the solution became
homogeneous. After 1 h, the solution was diluted with
IM HCl, extracted with DCM, dried over anhydrous
Na2SO4, filtered, and concentrated to afford 0.36 g
(87%) of 58 as a yellowcolored oil. 1H NMR (CDCl , 300
MHz) d 8.62 (s, rotomer, 0.5H), 8.57 (s, rotomer,
0.5H), 7.62-7.51 (m, IH), 7.03 (d, J =7.8 Hz, IH),
6.98 (s, IH), 6.90-6.85 (m, IH), 5.05 (s, IH),
4.18-4.08 (m, IH), 3.51-3.1 1 (m, 3H), 2.90-2.44 (m,
IH), 2.23 (s, 3H), 1.86-1.84 ( 11 , 2H), 1.53 (s, 9H)
ppm. Scheme LIV [96] trans-2R-\Acetic acid
2-(6-fluoro-1H-indol-3-ylrnethyn]pyrrolidin-3-yl ester
(59): To a solution containing carbamate 58 (0.48 g,
1.3 mmol) in DCM (15 mL) at 0 C was added TFA (3 mL).
After 15 min, the reaction was warmed and maintained
at ambient temperature for 1 h. The solution was
concentrated, diluted with EtOAc, washed withsaturated
NaHCC>3, dried over anhydrous Na2SO , filtered, and
concentrated to afford 0.32 g (89%) of amine 59 as an
orange-colored oil that was used without further
purification. 1H NMR (CDCl 3, 300 MHz) d 8.25 (s, IH),
7.52 (dd, J = 5.4, 8.7 Hz, IH), 7.03-6.91 (m, 2H),
6.88 (ddd, J = 0.9, 8.7, 17.4 Hz, IH), 5.01-4.98 (m,
IH), 3.44 (m, IH), 3.07-3.00 (m, 2H), 2.82 (dd, = 8.1,
14.7 Hz, IH), 2.14-2.03 (m, 2H), 2.03 (s, 3H),
1.82-1.79 (m, IH) ppm. Scheme LV [97] trans-2R-[Acetic
acid
l-(2-tert-butoxycarbonylamino-3-methoxybutyryl)-2-(6-f
luoro-lHindol- 3-ylmcthylV|pyrrolidin-3-yl ester (60):
To a solution containing Boc-L-Thr(Mc)- OH (105 mg,
0.45 mmol) in NMP (4 mL) at 0 C was added HATU (169
mg, 0.44 mmol) followed by DIPEA (0.1 mL, 0.57 mmol).
After 5 min, amine 59 (124 mg, 0.45 mmol) in NMP (5
mL) was added in a dropwise fashion. The reaction
mixture was allowed to warm to ambient temperature.
After 1 h, the solution was diluted with EtOAc, washed
with IM HCl, saturated aqueous NaHCO , brine, dried
over anhydrous Na2SO , filtered, and concentrated to
afford 260 mg of amide 60 as an orange-colored oil
that was used without further purification. Scheme
LVI[98] trans-2R-\Acetic acid
l-(2-amino-3-mcmoxybutyryl)-2-(6-fluoro-lH-indol-3-
ylmethyl)1pyrrolidin-3-yl ester (61): To a solution
containing 60 (0.26 g, 0.53 mmol) in DCM (15 mL) at 0
C was added TFA (3 mL). After 15 min, the reaction
mixture was warmed to ambient temperature. After 1 h,
the solution was concentrated, diluted with EtOAc,
washed twice with saturated aqueous NaHCCb, dried over
anhydrous Na SO , filtered, and concentrated to afford
0.20 g (97%) of amine 61 as an orange-colored oil that
was used without further purification. 1H NMR (CDCl3,
300 MHz), mixture of amide rotamcrs: 5 8.75 (s, 0.3H),
8.3 1 (s, 0.7H), 7.80 (dd, J = 5.4, 8.7 Hz, 0.7H),
7.45 (dd, J = 5.4, 8.7 Hz, 0.3H), 7.07-7.00 (m, 2H),
6.94-6.87 (m, IH), 5.17 (d, J = 4.5 Hz, 0.3H), 5.07
(d, J = 4.5 Hz, 0.7H), 4.53-4.43 (m, IH), 3.80-3.69
(m, 2H), 3.43 (s, 2H), 3.26 (s, IH), 3.58-3.18 (m,
IH), 2.94 (m, IH), 2.54 (2m, IH), 2.22-2.08 (m, IH),
2.05 (s, 3H), 1.99 (s, 3H), 1.69 (m, 2H), 1.27 (d, J =
6.9 Hz, 3H), 1.21 (d, J = 6.9 Hz, 3H), 1.00 (d, J =
6.3 Hz, IH) ppm. Mass spectrum, m/z = [391.6] (M+).
Scheme LVIl [99] trans-2R-\Acetic acid 1-
{2-r2-(tert-butoxycarbonylmethylamino)propionylamino]-
3-
methoxybutyryll-2-(6-fluoro-lH-indol-3-ylmethyl)]pyrro
lidin-3-yl ester (62): To a solution containing
BoC-L-N(Mc)-AIa-OH (47 mg, 0.23 mmol) in NMP (4 mL) at
0 C was added HATU (88 mg, 0.23 mmol) followed by
DIPEA (0.1 mL, 0.57 mmol). After 5 min, amine 61 (90
mg, 0.23 mmol) in NMP (5 mL) was added in a dropwise
fashion. The reaction mixture was allowed to warm to
ambient temperature. After 1 h, the solution was
diluted with EtOAc, washed with IM HCl, saturated
aqueous NaHCO , brine, dried over anhydrous Na2SO4,
filtered, and concentrated to afford 120 mg of amide
62 as an orange-colored oil that was used without
further purification.Scheme LVIII
methylaminopropionylamino)butyrvnipyrrolidin-3-yl
ester (63): To a solution containing carbamate 62 (120
mg, 0.21 mmol) in DCM (15 mL) at 0 C was added TFA (3
mL). After 15 min, the reaction mixture was warmed to
ambient temperature. After 1 h, the solution was
concentrated, diluted with EtOAc, washed twice with
saturated aqueous NaHCC^, dried over anhydrous Na2SO4,
filtered, and concentrated to afford 89 mg (89%) of
amine 63 as a brown oil that was used without further
purification. Mass spectrum, m/z = [476.5] (M)+.
Scheme LIX [101] -
-[N-U-r2-(6-Fluoro-lH-indol-3-ylmethyl)-3-hvdroxy-pyrr
olidine-l-carbonyll-2- methoxy-propyl)
]-2-methylamino-propionamide (64): To a solution
containing 63 (89 mg, 0.19 mmol) in MeOH (10 mL) was
added IM NaOH ( 1 mL) at ambient temperature. After 20
min, the solution was concentrated, diluted with water
containing 0 .1% HOAc and purified by RP-HPLC (Dynamax
Microsorb C18 6qA, 8 m, 41.4 mm x 25 cm; Flow: 40
mL/min; Detector: 272 nm) using a 30 minute gradient
method starting from 10% ACN/water w/0. 1% v/v HOAc to
70% HOAc/water w/0. 1% v/v HOAc. The productcontaining
fractions were frozen and lyophilized to afford 64 (44
mg) as an off-white solid. 1H NMR (CDCl3/cU-MeOH, 300
MHz), mixture of amide retainers, d 8.65 (br s,0.3 H),
8.45 (br s, 0.7H), 8.12 (br s, IH), 7.68-7.64 (m, IH),
7.53 (app d, J = 8.4 Hz, 0.3H), 7.38 (app q, J = 5.4
Hz, 0.7H), 7.09-6.98 (m, 2H), 6.90-6.84 (m, IH), 4.86
(br s, IH), 4.54-4.41 (m, IH), 4.30 (app d, J = 3.9
Hz, 0.3H), 4.22 (br s, 0.7H), 3.95-3.79 (m, 2H),
3.69-3.63 (m, IH), 3.50 (m, 0.5H), 3.26 (m, 0.5H),
3.41 (s, 2H), 3.33 (s, IH), 2.93 (app q, J = 6.9 Hz,
0.5 H), 2.82 (app d, J = 7.2 Hz, 0.5 H), 2.48 (app q,
J = 10.8 Hz, 1H), 2.34 (s, 2H), 2.26 (s, IH), 1.28
(app d, J = 6.9 Hz, 1.5 H), 1.21 (app d, J = 6.3 Hz,
1.5 H), 1.02 (d, J = 6.3 Hz, IH) ppm. Mass spectrum,
iti/z = [434.5] (M)+. [102] Using the general
procedures outlined in Schemes XLIX through LIX and
the appropriate amino acid analogues to the amino acid
reagents Boc-Thr(Mc)-OH and BoC-N(Mc)AIa- OH, the
compounds reported in Table 8 were prepared and tested
for their binding affinities (Kd) to XIAP BIR-3 or
cIAP-1 BIR-3. Table 8Scheme LX
3-Acctoxy-2-(2-chloro-6-fluoro-lH-indol-3-ylmcthyl)-py
rrolidinc-l-carboxylic acid tertbutyl ester (65) A
solution containing 58 (See Scheme LIII)(I 8 g, 4
mmol) in CCU 



(30 mL) was treated with benzoyl peroxide (21 mg, 0 09
mmol) followed by NCS (649 mg, 4 9 mmol) at ambient
temperature The reaction mixure was warmed to reflux
After 1 h, the reaction mixture was concentrated onto
silica gel and chromatographed (3 1 hexanes/EtOAc) to
afford 1 2 g (63%) of 65 as an amber-colored foam
Scheme LXI[104J Acetic acid
2-(2-chloro-6-fluoro-lH-indol-3-ylmcthyr)-pyrrolidin-3
-yl ester (66): A solution containing 65 (1.2 g, 2.92
mmol) in DCM (20 mL) at 0 0C was treated with TFA (5
mL). After 4 h, the reaction mixture was concentrated
in vacuo and the residue was dissolved in EtOAc,
washed successively with aqueous NaHCO? (2X), brine,
dried over anhydrous Na2S0 , filtered, and
concentrated to afford 0.9 g (99%) of 66 which was
used without further purification. Mass spectrum, tn/z
= [310.9] (M)+. Scheme LXII [105] Acetic acid
1-(2-tert-butoxycarbonylamino-3-methoxy-butyryl)-2-(2-
chloro-6-fluoro- 1Hindol- 3-ylmethyl)-pyrrolidin-3-yl
ester (67): To a solution containing amine 66 (225 mg,
0.72 mmol), Boc-Thr(Me)-OH (177 mg, 0.75 mmol), and
HATU (289 mg, 0.76 mmol) in NMP (4 mL) at 0 C was
added DIPEA ( 110 mg, 0.86 mmol). The reaction mixture
was allowed to warm to ambient temperature. After 2 h,
reaction mixture was diluted with diethyl ether and
washed successively with dilute aqueous HCl, water
(5X), aqueous NaHCO , water (2X), then brine. The
organic phase was dried with anhydrous Na2SO4,
filtered, and concentrated to afford the crude product
which was purified by flash silica gel chromatography
(1:1 hexanes/EtOAc) to afford 146 mg (38%) of 67 as a
tan-colored foam. Mass spectrum, m/z = [526.0] (M)+.
Scheme LXTTT[106] Acetic acid 1-(2-amino-3-methoxy-b
iityryl)-2-(2-chloro-6-fluoro-] H-indol-3-ylmethyl)-
pyrrolidin-3-yl ester (68): A solution containing 67
(145 mg, 0.27 mmol) in DCM (10 mL) at 0 0C was treated
with TFA (2 mL). After 40 min, the reaction mixture
was concentrated in vacuo and the residue was
dissolved in EtOAc, washed successively with aqueous
NaHCOs (2X), brine, dried over anhydrous Na2SO ,
filtered, and concentrated to afford 101 mg (86%) of
68 which was used without further purification. Mass
spectrum, m/z = [425.9] (M)+. Scheme LXIV [107] Acetic
acid
l-{2-[2-(tert-butoxycarbonyl-methyl-amino)-propionylam
ino]-3-methoxyburyrvU-
2-(2-chloro-6-fluoro-lH-indol-3-ylmethyl)-pyrrolidin-3
-yl ester (69): To a solution containing amine 68 (50
mg, 0.12 mmol), BoC-N(Me)AIa-OH (25 mg, 0.12 mmol),
and HATU (47 mg, 0.12 mmol) in NMP (3 mL) at 0 C was
added DIPEA (15 mg, 0.12 mmol). The reaction mixture
was allowed to warm to ambient temperature. After 2 h,
reaction mixture was diluted with diethyl ether and
washed successively with dilute aqueous HCl, water
(5X), aqueous NaHCO?, water (2X). then brine. The
organic phase was dried with anhydrous Na2SO ,
filtered, and concentrated to afford the crude product
which was purified by flash silica gel chromatography
( 1: 1 hexanes/EtOAc) toafford 72 mg (99%) of 69 which
was used without further purification. Mass spectrum,
m/z = [61 1.1] (M)+. Scheme LXV [108]
N-|l-r2-(2-Chloro-6-fluoro-lH-indol-3-ylmcthyl)-3-hvdr
oxy-pyrrolidinc-l-carbonyll-2- methoxy-propyl
\-2-methylamino-propionamide (70) : A solution
containing 69 (72 mg, 0.12 mmol) in DCM (10 mL) at 0
0C was treated with TFA (2 mL). After 1 h, the
reaction mixture was concentrated in vacuo and the
residue was dissolved in EtOAc, washed successively
with aqueous NaHCCb (2X), brine, dried over anhydrous
Na2SC>4, filtered, and concentrated. Mass spectrum,
m/z = [51 1] (M)+. [109] The residue was dissolved in
McOH (5 mL) and cooled to 0 0C. Aqueous NaOH (IM, 0.14
mL) was added. After 30 min, the reaction mixture was
warmed to ambient temperature. After 30 min, the
solvent was removed in vacuo and the residue was
purified by reverse-phase HPLC (2" Dynamax Cl 8
column; A: water w/ 0.1% v/v HOAc; B: ACN w/ 0.1% v/v
HOAc; Method: 10-70% B over 30 min; Flow: 40 mL/min)
to afford 16 mg of 70 as a white solid following
lyophilization. Mass spectrum, m/z = [468.9] (M)+.
[110] Using the general procedures outlined in Schemes
LX through LXV and the appropriate amino acid
analogues to the amino acid reagents Boc-Thr(Me)-OH
and Boc-N(Me)Ala- OH, the compounds reported in Table
9 were prepared and tested for their binding
affinities (Kd) to XIAP BIR-3 or cIAP-1 BIR-3.Table 9
Scheme LXVI[111]
r2-(2.2-Dimethyl-4.6-dioxo-ri.3ldioxan-5-ylideneV2-hvd
roxy-l-dH-indol-3-ylmethvncthyl]- carbamic acid
tcrt-butyl ester (72): To a wcll-stirrcd suspension of
Boc-D-Trp- OH (71, 12.5 g, 41.0 mmol) and Meldrum's
acid (5.92 g, 41.0 mmol) in CH2Cl2 (205 mL) at 0 0C
were added DMAP ( 11.8 g, 61.6 mmol) and EDCI (7.55 g,
61.6 mmol) at which time the reaction became a pale
yellow homogeneous solution. The reaction mixture was
allowed to slowly warm to ambient temperature. After
16 h, the reaction mixture was diluted with CH2Cl2 and
washed with 10% KHSO4, and brine. The organic phase
was dried over anhydrous Na SO filtered and
concentrated to afford 72 (17.1 g, 96%) as an
off-white solid which was used without further
purification. 1H NMR (CDCU, 300 MHz) d 8.19 (br s,
IH), 7.71 (m, IH), 7.34 (d, ./ = 7.5 Hz, IH),
7.21-7.06 (m, 4H), 5.96 (d, J = 5.7 Hz, IH), 5.12 (m,
IH), 3.35 (m, IH), 3.13 (m, IH), 1.73 (s, 3H), 1.58
(s, 3H), 1.35 (m, 9H) ppm. Scheme LXVII EtOAc reflux
[112]
3-Hydroxy-2-(lH-indol-3-ylmethyl)-5-oxo-2,5-dihvdro-py
rrole-l-carboxylic acid tertbutyl ester (73): A
well-stirred solution of 72 (17.1 g, 39.6 mmol) in
EtOAc (300 mL) was heated to reflux in a preheated oil
bath. After 1 h, the reaction mixture was cooled to
ambient temperature The EtOAc solution was extracted 5
x 100 mL NaHCO (sat.), andthe combined aqueous
extracts were acidified to pH = 2 using 3 M HCl. The
resultant aqueous phase was extracted 4 x EtOAc and
the combined extracts were washed with brine, dried
over anhydrous Na2SO , filtered and concentrated to
afford 73 (13.5 g, >100%) as a foamy white solid which
was taken forward without further purification. 1H NMR
(CDCl3, 300 MHz) d 8.32 & 8.17 (br s, IH, rotamers),
7.62 - 6.92 (m, 5 H), 4.63 (s, IH), 3.50 (t, J = 3.9
Hz), 2.79 (d, J = 22.5 Hz, IH), 2.21 (d, J = 23.1 Hz),
1.63 (br s, 9H) ppm. Mass spectrum, m/z = [328.1]
(M)+. Scheme LXVIII [113]
3-Hydroxy-2-dH-indol-3-ylmcthylV5-oxo-pyrrolidinc-l-ca
rboxylic acid tcrt-butyl ester (74): To a well-stirred
solution of 73 (13.0 g, 39.6 mmol) in CH2Cl2 (200 mL)
and AcOH (25 mL) at 0 0C was added NaBH4 (3.27 g, 83.2
mmol) portion-wise. The reaction mixture was continued
stirring at 0 0C for 2.5 h, after which time the
reaction mixture was quenched with H O. The layers
were separated and the aqueous phase was extracted
with CH2Cl2. The combined organic extracts were washed
successively with 3 



x H2O and brine, dried over anhydrous Na2SO , filtered
and concentrated to afford an off-white solid. This
crude material was purified through a plug OfSiO
(cluting with 1: 1 EtOAc/hcxancs) to afford 74 ( 11.9
g, 91%) as a foamy white solid. 1H NMR (CDCl3, 300
MHz) d 8.49 (br s, IH), 7.70 (d, J = 7.5 Hz, IH), 7.36
(d, ./ = 7.8 Hz, IH), 7.15 (dt, ./ = 6.6, 18 Hz, 2H),
7.01 (d, J = 1.8 Hz, IH), 4.50 (q, J = 6.3, 12.3 Hz,
IH), 4.37 (q, J = 7.5, 14.7 Hz, IH), 3.28 (m, 2H),
2.52 (dd, J = 7.8, 17.4 Hz, IH), 2.26 (dd, J = 7.8,
17.4 Hz, IH), 1.44 (s, 9H) ppm. Mass spectrum, m/z =
[330.2] (M)+. Scheme LXIX[114]
3-Hydroxy-2-(lH-indol-3-ylmethy
p-pyrrolidine-l-carboxylic acid tert-butyl ester (75):
To a well-stirred solution of 74 (11.9 g, 36.0 mmol)
in THF (180 mL) at ambient temperature was added a 2.0
M/THF solution of BHrDMS (54 mL, 108.1 mmol) dropwise
over 30 min during which time gas evolution was
observed. The resultant yellow solution was heated to
reflux in a preheated oil bath. After 4 h, the pale
green reaction mixture was cooled to ambient
temperature, poured into Et O (600 mL) and quenched
with NH Cl (sat.). The layers were separated and the
organic phase was washed successively with 5% citric
acid, H2O and brine. The resultant organic layer was
dried over anhydrous Na SO filtered and concentrated
to afford 75 (8.09 g, 71%) as a foamy white solid
which was used without further purification. 1H NMR
(CDCI3, 300 MHz) d 8.17 (br s, IH), 7.75 (br s, IH),
7.36 (d, J = 8.1 Hz, IH), 7.17 (dt, J = 0.9, 6.9 Hz,
IH), 7.12 (dt, J = 1.2, 8.1 Hz), 7.08 (s, IH), 4.22
(m, 2H), 3.44 (m, 3H), 3.09 (dd, J = 9, 14.4 Hz, IH),
1.90 (s, IH), 1.72 (m, IH), 1.46 (s, 9H) ppm. Mass
spectrum, m/z = [316.8] (M)+. Scheme LXX [115]
S-Acetoxy^-dH-indol-S-ylmethyD-pyrrolidine-l-carboxyli
c acid tert-butyl ester (76): To a well-stirred
suspension of 75 (8.09 g, 25.5 mmol) in CH2CI2 (125
mL) was addedDMAP (cat.) and Ac O (3.63 mL, 38.3 mmol)
at which time the reaction became yellow and
homogeneous. The reaction mixture was continued
stirring for 18 h, during which time the color changed
from yellow to red. The reaction mixture was diluted
with CH2C and washed successively with 1M HCl, NaHCCb
(sat.) and brine. The resultant organic layer was
dried over anhydrous Na2SO , filtered and
concentrated. The foamy brown solid was adsorbed onto
SiO2 and purified via flash chromatography (SiO2, 2:1
hexanes/EtOAc) to afford 76 (4.73 g, 52%) as a foamy
white solid. 1H NMR (CDCl 3, 300 MHz) d 8.19 (bs, IH),
7.67 (bs, IH), 7.33 (d, 7.8 Hz, IH), 7.17 (dt, J =
0.9, 7.2 Hz, IH), 7.10 (dt, J = 1.2, 7.8 Hz, IH), 6.93
(s, IH), 5.14 (q, J = 6.0 Hz, IH), 4.39 (q, J = 6.0
Hz, IH), 3.50 (m, IH), 3.37 (m, IH), 2.10-1.80 (m,
5H), 1.39 (m, 9H) ppm. Mass spectrum, rn/z = [358.8]
(M)+. Scheme LXXI [116] Acetic acid
2-(lH-indol-3-ylmethyl)-pyrrolidin-3-yl ester (77): To
a well-stirred solution of 76 (2.61 g, 7.28 mmol) in
CH2Cl2 (35 mL) at 0 0C was added TFA (8 mL). The
resultant dark green solution was stirred for an
additional 2 h after which time the reaction was
concentrated. The residue was taken up in CH2Cl and
washed 2 x NaHCO (sat.) and brine. The resultant
organic phase was dried over anhydrous Na2SO4,
filtered and concentrated to afford 77 ( 1.78 g, 95%)
as a foamy pale yellow solid which was used without
further purification. 1H NMR (CDCl 3, 300 MHz) d 7.28
(bs, IH), 7.59 (d, J = 7.8 Hz, IH), 7.34 (d, = 7.5 Hz,
IH), 7.18 (t, J = 6.9 Hz, IH), 7.10 (t, ./ = 7.5 Hz,
IH), 7.04 (s, IH), 5.22 (m, IH), 3.42 (m, IH), 3.20
(m, 2H), 3.03 (m, 2H), 2.87 (m, IH), 2.13 (s, 3H),
1.91 (m, 2H) ppm. Mass spectrum, m/z = [258.8] (M)+.
Scheme LXX1[117]
3-Acetoxy-2-(2-bromo-lH-indol-3-ylmethyl)-pyrrolidine-
1-carboxylic acid tert-butyl ester (78): To a solution
containing 76 (7.62 g, 21.3 mmol) in CHCl3 (215 niL)
at O0C was added KOAc (6.26 g, 63.7 mmol) followed by
the dropwise addition OfBr 2 (4.07 g, 25.4 mmol) in
CHCI3 (8 mL). After 15 min, the heterogeneous reaction
mixture was diluted with brine and DCM. The layers
were separated and the organic phase was washed
successively with 10% aqueous Na2S2C and brine, dried
over anhydrous Na2SO , filtered, and concentrated. The
crude bromide was purified by flash silica gel
chromatography (2:1 hexanes/EtOAc to 1:3
hexanes/EtOAc) to afford 6.31 g (68%) of 78. Mass
spectrum, m/z = [436.8] (M)+. Scheme LXXlIl [118]
Acetic acid
2-(2-bromo-lH-indol-3-ylmcthyl)-pyrrolidin-3-yl ester
(79): A solution containing 78 (3.24 g, 7.40 mmol) in
DCM (20 mL) was treated with TFA (4 mL) at 0 0C.
Additional TFA was added as needed over 7 h . Upon
complete consumption of 78, the reaction mixture was
concentrated in vacuo. The crude product was purified
by reverse-phase HPLC (2" Dynamax Cl 8 column; A:
water w/ 0.1% v/v HOAc; B: ACN w/ 0.1% v/v HOAc;
Method: 10-100% B over 30 min; Flow: 40 mL/min). The
productcontaing fractions were combined and
concentrated in vacuo to remove ACN. The aqueous
solution was partitioned with EtOAc and washed
successively with aqueous NaHCO? and brine. The
aqueous washes were back extracted with EtOAc and the
combined organic extracts were dried over anhydrous
Na2SO filtered, and concentrated to afford 1.09 g
(44%) of 79. Scheme LXXlV [119] Acetic acid
2-(2-bromo- 1H-indol-3 -ylmethyl)-
1-(2-tert-butoxycarbonylamino-2-
cvclohcxyl-acetyl)-pyrrolidin-3-yl ester (80): To a
solution containing amine 79 (0.34 g, 1.00 mmol),
Boc-Chg-OH (285 mg, 1. 11 mmol), and HATU (460 mg,
1.21 mmol) in NMP (5 mJL) at 0 C was added DlPEA (169
mg, 1.31 mmol). The reaction mixture was allowed to
warm to ambient temperature over night. The reaction
mixture was diluted with diethyl ether and washed
successively with dilute aqueous HCT, water (5X),
aqueous NaHCO , water (2X), then brine. The aqueous
washes were back extracted with diethyl ether and the
combined organic extracts were dried with anhydrous
Na2SO filtered, and concentrated to afford 0.66 g
(>100%) of crude 80 which was used withour further
purification. Scheme LXXV[120] Acetic acid
l-f2-amino-2-cvclohexyl-acetyl)-2-(2-bromo-lH-indol-3-
ylmethyl)- pyrrolidin-3-yl ester (81): A solution
containing crude 80 (0.66 g) in DCM (10 mL) was
treated with TFA (2 mL) at 0 0C. After 1 h, the
reaction mixture was concentrated in vacuo. The crude
residue was diluted with EtOAc and washed successively
with aqueous NaHCU3 (2X) and brine. The combined
aqueous washes were back extracted with EtOAc and the
combined organic extracts were dried over anhydrous
Na2SO4, filtered, and concentrated to afford 0.16 g
(33%, 2 steps) of 8 1 which was used directly without
further purification. Scheme LXXVI [121] Acetic acid
l-(2-[2-(benzyloxycarbonyl-methyl-amino)-promonylamino
1-2-cvclohexylacetyl|-
2-(2-bromo-lH-indol-3-ylmethyl)-pyrrolidin-3-yl ester
(82): To a solution containing crude amine 8 1 (0.16
g, 0.33 mmol), Cbz-N(Me)Ala-OH (87 mg, 0.36 mmol), and
HATU (153 mg, 0.40 mmol) in NMP (5 mL) at 0 "C was
added DIPEA (56 mg, 0.43 



mmol). The reaction mixture was allowed to warm to
ambient temperature over night. The reaction mixture
was diluted with diethyl ether and washed successively
with dilute aqueous HCl, water (5X), aqueous NaHCq 3,
water (2X), then brine. The aqueous washes were back
extracted with diethyl ether and the combined organic
extracts were dried with anhydrous Na2SO , filtered,
and concentrated to afford 0.27 g (>100%) of crude 82
which was used withour further purification. Mass
spectrum, m/z = [697.0] (M + H)+. Scheme LXXVII[122]
N-O -Cyclohcxyl^-P-hydroxy^- p
H-indol-S-ylmcthvO-pyrrolidm- 1-yl]-2-oxo-cthyl} -
2-methylamino-propionamide (83): A mixture containing
crude 82 (0.27 g) and 10% Pdon- C (-0.1 g) in MeOH (20
mL) was placed in a Parr bottle and pressurized to
50-55 PSI (3.4-3.7 atm) hydrogen. After 2 hr of
shaking on a Parr apparatus, the reaction mixture was
filtered and the solids were washed with MeOH. The
filtrate was concentrated in vacuo and the residue was
dissolved in MeOH (10 mL). At 0 C, aqueous NaOH (IM, 2
mL) was added. After 2 h, glacial HOAc (4 mL) was
added and the reaction mixture was concentrated in
vacuo. The residue was dissolved in watcr/ACN
containing 0.1% v/v HOAc and the product was purified
by reverse-phase HPLC (2" Dynamax Cl 8 column; A:
water w/ 0.1% v/v HOAc; B: ACN w/ 0.1% v/v HOAc;
Method: 10-70% B over 30 min; Flow: 40 mL/min) to
afford 67.4 mg (39%, 2 steps) of the acid addition
salt 83'HOAc as a white solid following
lyophilization. Mass spectrum, m/z = [441.0] (M)+.
[123] Using the general procedures outlined in Schemes
LXVI through LXXVII and the appropriate amino acid
analogues to the amino acid reagents Boc-Chg-OH and
Cbz- N(Me)AIa-OH, the compounds reported in Table 10
were prepared and tested for their binding affinities
(Kd) to XIAP BIR-3 or cIAP-1 BIR-3.Tabic 10 Using the
general procedures outlined in Schemes LXVI through
LXXVIL and the appropriate amino acid analogues to the
amino acid reagents Boc-Chg-OH and Cbz- N(Mc)AIa-OH,
the compound reported in Table 11 were prepared and
tested for its binding affinities (Kd) to XIAP BIR-3
or cIAP-1 BIR-3.Table Scheme LXXVIII
2-[2-(4-Fluoro-phcnyl)-1H-indol-3-ylmcthyl]-3-hydroxy-
pyrrolidinc-1-carboxylic acid tert-butyl ester (84): A
mixture containing 78 (See Scheme LXXII)(1.1 g, 2.52
mmol), K2CO3 (1.22 g, 8.82 mmol), 4-F-phenylboronic
acid (458 mg, 3.27 mmol), and (Ph3P)4Pd (145 mg, 5 mol
%) was heated at 85 0C for 5 h. The reaction mixture
was cooled to ambient temperature and diluted with
EtOAc. The organic solution was washed successively
with IN HCl and brine, dried over anhydrous Na2Sq 4,
filtered, and concentrated. The crude product was
purified by silica gel chromatography to afford 920 mg
(81 %) of 84 as a yellow-colored solid. Mass spectrum,
m/z = [452.9] (M)+.Using the general procedures
outlined in Schemes LXXIII through LXXVII and the
appropriate amino acid analogues to the amino acid
reagents Boc-Chg-OH and Cbz- N(Me)AIa-OH, the
compounds reported in Table 12 were prepared and
tested for their binding affinities (Kd) to XIAP BIR-3
or cIAP-1 BIR-3. Table 12Scheme LXXIX 85 8 6 [127]
4-(tert-Butyl-dimethyl-silanyloxy)-pyrrolidine-1.2-dic
arboxylic acid 1-benzyl ester 2- methyl ester (86): A
solution of Z-Hyp-OMe (85, 49.4 g, 177 mmol) and
imidazole (14.5 g, 214 mmol) were dissolved in DCM
(215 mL) and cooled to 0 0C. A solution containing
tert-butyldimethylsilyl chloride (TBS-Cl, 29.8 g, 198
mmol) in DCM (100 mL) was added over about 68 minutes
at <4 0C. The reaction was allowed to warm and stir
overnight at room temperature. TLC analysis indicated
only a trace of starting material. The reaction was
quenched with water (150 mL). The organic layer was
washed with water (150 mL) containing cone. HCl (2-3
mL, pH was about 1) and then with brine (113 g). After
concentration, the crude product (86) was obtained as
an oil (93 g) which was used without further
purification. Scheme LXXX 86 87 [128]
4-(tert-Butyl-dimethyl-silanyloxy)-pyrrolidine-l,2-dic
arboxylic acid 1-benzyl ester (87): The oil from the
previous step (86, 93 g, 177 mmol), THF (350 mL) and
water (173 g) were combined and treated with LiOH
monohydrate (7.8 g, 186 mmol) at room temperature.
After 7 h, the reaction was complete by TLC analysis.
The reaction mixture was diluted with water (350 mL)
and extracted with isopropyl acetate (690 mL). The
organic layer was extracted with water (170 mL). The
combined aqueous layers wereacidified with cone. HCl
(19.7 g) to pH 2 and the product was extracted into
toluene (350 mL). The organic layer was washed with
water (350 rtiL) containing cone. HCl ( 1 g, pH 2).
The organic layer was concentrated on the rotary
evaporator and dried on a vacuum pump to provide a
waxy solid (87, 62.9 g, 93%, two steps). Scheme LXXXI
[129]
4-(tert-Butyl-dimethyl-silanyloxyV2-(6-fluoro-lH-indoI
e-3-carbonyl)-pyrrolidine-lcarboxylic acid benzyl
ester (88): Z-Hyp(OTBS)-OH (87, 55.5 g, 145 mmol) was
dissolved in toluene (265 mL). DMF (0.1 mL) and oxalyl
chloride (22.4 g, 174 mmol) were added at room
temperature. After 2-3 h, the bubbling stopped. After
4 h, the mixture was concentrated on a rotary
evaporator (65 0C bath, ca. 30 min) to provide 95 g of
a light yellow solution which was confirmed to be
clean acid chloride with some traces of impurities
present by 1H NMR analysis. [130] 6-FIuoroindole (39.2
g, 290 mmol) was dissolved in chlorobenzene
(anhydrous, 300 mL) and toluene (200 mL) and the
solution was cooled in an icc/acctonc bath to -4 0C. A
solution of 3M EtMgBr in diethyl ether (101 g, 294
mmol) was added over 3 1 minutes at <2.5 0C resulting
in a pale amber solution. After 30 min, the acid
chloride/toluene solution from above was dripped in
over about 45 minutes at <2 0C. The reaction was kept
cold for 1 h then let slowly warm. After about 4 h
(10.6 0C), the reaction mixture was quenched with HOAc
(9 g, exothermic to 17.5 0C) and then water
(exothermic). A total of 200 mL water and 300 mL EtOAc
were added. The organic layer was separated and washed
with water (100 mL, slow separation). The organic
layer was concentrated to afford 227 g of 88 as an
amber-colored oil which was used without further
purification.Scheme LXXXII [131]
2-(6-Fluoro-1H-indole-3-carbonyl)-4-hydroxy-pyrrolidin
e-l-carboxylic acid benzyl ester (89): The oil from
the previous step (88, 227 g) was diluted with THF
(600 mL). A 1M TBAF/THF solution (160 mL) was added
and stirred at room temperature. After 9 h, another 20
mL of the 1 M TBAF/THF solution was added and the
reaction was left over the weekend. The mixture was
concentrated and redissolved in EtOAc (600 mL). Upon
washing the solution with water (310 mL), the product
precipitated to form a thick suspension. The mixture
was filtered (slow) and the solids were washed with
EtOAc (165 mL in portions) and dried to provide 43 g
of 89 [77% overall yield for 2 steps based on
Z-Hyp(OTBS)-OH]. The combined filtrates were
concentrated to precipitate an 



additional 4.8 g (8.6%) of 89 after drying. Scheme
LXXXIII [132]
2-(6-Fluoro-lH-indole-3-carbonyl)-4-(4-nitro-benzoylox
y)-pyrrolidine-l-carboxylic acid benzyl ester (90): A
solution containing 89 (51.1 g, 134 mmol),
4-nitrobenzoic acid (27.9 g, 167 mmol) and
triphenylphosphine (48.9 g, 187 mmol) in anhydrous THF
(700 mL) and DMF (175 mL) was cooled to 2 0C. DIAD
(37.4 mL, 194 mmol) was added over 1 hat 2-3 0C. After
1 h, the solution was allowed to warm to room
temperature and stir overnight. By HPLC analysis the
reaction was complete. The reaction mixture was
concentrated in vacuo and MeOH (250 mL) was added and
concentrated to form a thick suspension (322 g). MeOH
(250 mL) was again added and concentrated in vacuo to
afford a thick suspension (420 g) that was chilled in
an ice bath for about 1.5 h . The product was
collected on a vacuum filter and washed with chilled
MeOH (190 mL). The product air-dried on the filter to
provide 82.9 g (> 100%) of 90 as a light
yellow-colored solid which still contained some
residual McOH. Scheme LXXXIV
2-(6-Fluoro-1H-indole-3-carbonyl)-4-hydroxy-pyrrolidin
e-1-carboxylic acid benzyl ester (91): The damp solid
from the previous step (90, 82.9 g) was suspended in a
mixture of THF (600 mL), methanol (200 mL) and water
(100 mL). A 50% aqueous NaOH solution (16.0 g, 200
mmol) was added (slightly exothermic from 23.7 0C to
25.9 0C). After 2 h, the reaction was complete by TLC
analysis. HOAc (5.3 g) was added to adjust the pH to
7-8 (the orange solution color changed to pale
yellowish) and the reaction mixture was concentrated
in vacuo. Water (500 mL) was added and concentration
was continued until a thick suspension formed (736 g).
The product was collected on a vacuum filter and
washed with water (400 mL in portions). The product
was dried in a vacuum oven at 55 0C to provide 42.6 g
(83%, 2 steps) of 9 1 as an off-white solid. Scheme
LXXXV[134]
2-(6-Fluoro-lH-indole-3-carbonylV4-hydroxy-pyrrolidine
-l-carboxylic acid tert-butyl ester (92): A suspension
of 91 (3.8 g, 10 mmol), BoC2O (2.4 g, 11 mmol), and
10% Pdon- C (0.5 g, 5 mol %) in MeOH (50 mL) was
shaken using a Parr apparatus at 40 PSl (2.72 atm)
hydrogen pressure for 2 h . The reaction mixture was
filtered and the filtrate was concentrated in vacuo to
afford crude 92 as a white solid which was used
without further purification. Mass spectrum, m/z =
[348.7] (M)+. Scheme LXXXVI [135]
(6-Fluoro-lH-indol-3-yl)-(4-hvdroxy-pyrrolidin-2-yl)-m
cthanonc (93): A solution containing crude 92 in DCM
(20 mL) was cooled to 0 0C. TFA (4 mL) was added.
After 2 h, the reaction mixture was concentrated in
vacuo and the crude product was purified by
reverse-phase HPLC (2" Dynamax C18 column; A: water w/
0.1% v/v HOAc; B: ACN w/ 0.1% v/v HOAc; Method: 10-70%
B over 30 min; Flow: 40 mL/min) to afford 2.3 g (95%,
2 steps) of 93 as a pale yellow foam following
lyophilization. Mass spectrum, m/z = [248.7] (M)+.
Scheme LXXXVII[136] ( l - -
-Fluoro-lH-indole-S-carbonyD^-hydroxy-pyrrolidine-l-ca
rbonyli^^-dimethylpropyl) -carbamic acid tert-butyl
ester (94): To a solution containing amine 93 (0.30 g,
1.20 mmol), Boc-Tle-OH (0.31 g, 1.32 mmol), and HATU
(0.50 g. 1.32 mmol) in NMP (13 mL) at 0 C was added
NMM (0.15 g, 1.44 mmol). The reaction mixture was
allowed to warm to ambient temperature overnight. The
reaction mixture was diluted with diethyl ether and
washed successively with dilute aqueous HCl, water
(5X), aqueous NaHCO-,, water (2X), then brine. The
aqueous washes were back extracted with diethyl ether
and the combined organic extracts were dried with
anhydrous Na2SU4, filtered, and concentrated to afford
the crude product which was purified by normal-phase
HPLC (2" Dynamax SiCh column (Varian, Inc.); A:
hcxancs; B: EtOAc; Method: 100% B over 30 min; Flow:
40 mL/min). The product-containing fractions were
combined and concentrated in vacuo to afford 0.33 g
(60%) of 94. Mass spectrum, m/z = [462.0] (M)+. Scheme
LXXXVIlI [137]
2-Amino-l-[2-(6-fluoro-lH-indole-3-carbonyl)-4-hvdroxy
-pyrrolidin-1-yl]-33-dimethylbutan- 1-one (95): A
solution containing 94 (0.33 g, 0.72 mmol) in DCM (3
mL) was cooled to 0 0C. TFA ( 1 mL) was added. After 2
h, the reaction mixture was concentrated in vacuo and
the crude product was purified by reverse-phase HPLC
(2" Dynamax Cl 8 column; A: water w/ 0.1% v/v HOAc; B:
ACN w/ 0.1% v/v HOAc; Method: 10-70% Bover 30 min;
Flow: 40 mL/min) to afford 0.19 g (73%) of 95
following lyophilization. Mass spectrum, m/z = [361.8]
(M)+. Scheme LXXXIX [138] ( 1- {1-[2-(6-Fluoro-
1H-mdole-3-carbonyl)-4-hvdroxy-pyi tolidme-
1-carbonyl]-2,2-
dimethyl-propylcarbamoyU-ethyD-methyl-carbamic acid
benzyl ester (96): To a solution containing amine 95
(0.19 g, 0.53 mmol), Cbz-N(Mc)Ala-OH (140 mg, 0.58
mmol), and HATU (220 mg, 0.58 mmol) in NMP (14 mL) at
0 "C was added NMM (60 mg, 0.64 mmol). The reaction
mixture was allowed to warm to ambient temperature
overnight. The reaction mixture was diluted with
diethyl ether and washed successively with dilute
aqueous HCl, water (5X), aqueous NaHCO 3, water (2X),
then brine. The aqueous washes were back extracted
with diethyl ether and the combined organic extracts
were dried with anhydrous Na2SCM, filtered, and
concentrated. The crude product was purified by
reverse-phase HPLC (2" Dynamax C l 8 column; A: water
w/ 0.1% v/v HOAc; B: ACN w/ 0.1% v/v HOAc; Method:
30-100% B over 30 min; Flow: 40 mL/min) to afford 0.10
g (35%) of 96 following lyophilization. Mass spectrum,
tn/z = [581.0] (M )+. Scheme XC[139] N-
{1-[2-(6-FIuOrO-
1H-indole-3-carbonyl)-4-hydroxy-pyrrolidine-l
-carbonyll-2,2- dimcthyl-propyl)
-2-mcthylamino-propionamidc (97): A solution
containing 96 (0.1 g, 0.17 mmol) and 10% Pd-on-C (30
mg) in MeOH (20 mL) was shaken on a Parr apparatus
under 45 PSl (3.06 atm) hydrogen pressure. After 2 h,
the reaction mixture was filtered and concentrated.
The crude product was purified by reverse-phase HPLC
(2" Dynamax C18 column; A: water w/ 0.1% v/v HOAc; B:
ACN w/ 0.1% v/v HOAc; Method: 10- 70% B over 30 min;
Flow: 40 mL/min) to afford 69.4 mg (90%) of 97 HOAc
following lyophilization. Mass spectrum, m/z =[447.0]
(M)+. [140] Using the general procedures outlined in
Schemes LXXIX through XC and the appropriate amino
acid analogues to the amino acid reagents Boc-Tle-OH
and Cbz- N(Me)AIa-OH, the compounds reported in Table
13 were prepared and tested for their binding
affinities (Kd) to XlAP B1R-3 or cIAP-1 BIR-3. Table
13Scheme XCI [141]
4-Acctoxy-2-(2.3-dihvdro-lH-indol-3-ylmcthyl)-pyrrolid
ine-l-carboxylic acid benzyl esters (99 and IQO): TFA
( 100 mL) was cooled to 0 0C. With vigorous stirring
of the biphasic solution, triethylsilane (7.7 g, 66.5
mmol) was added in one portion followed by the
dropwise addition of 98 (8.7 g, 22.1 mmol) in DCM (10
mL). After 2 h, the reaction mixture was concentrated
in vacuo. The residue was dissolved in EtOAc and
washed successively with saturated aqueous NaHCC>3
(until no gas evolution observed), then 



brine, dried over anhydrous Na2SO , filtered, and
concentrated. The crude products were purified by
normal-phase HPLC (2" Dynamax SiO2, 10-100% EtOAc in
hcxancs over 30 min) to afford 6.5 g (75%) of an ~ 1:
1 mixture of 99 and 100 which was used directly in the
next reaction. Scheme XCII [142]
4-Acetoxy-2-(l-acetyl-2.3-dihvdro-lH-indol-3-ylmethyl)
-pyrrolidine-l-carboxylic acid benzyl esters (101 and
102): A solution containing 1: 1 mixture of 99 and 100
(6.5 g, 16.4 mmol), TEA (2.5 g, 24.7 mmol) , and DMAP
(cat.) in DCM (100 mL) was cooled to 0 0C.
Acetylchloride (1.44 g, 18.1 mmol) was added via
syringe. After 2 h, the heterogeneous reaction mixture
was diluted with DCM and washed successively with
aqueous NaHCO^, water, and brine, dried over anhydrous
Na2SO filtered, andconcentrated. The crude products
were purified by normal-phase HPLC (2" Dynamax SiO2,
34% EtOAc/hexanes) to afford 1.5 g (21%) of 101 and
2.8 g (39%) of 102. Mass spectrum, m/z = [436.6] (M)+.
Scheme XCIl [143] Acetic acid
5-(l-acetyl-2.3-dihydro-lH-indol-3-ylmethyl)-pyrrolidi
n-3-yl ester (103): A solution containing indoline 101
(0.2 g, 0.45 mmol) and 10% Pd-on-C (50 mg) in EtOAc
(20 mL) was shaken on a Parr apparatus under 50 PSI
(3.4 arm) hydrogen atmosphere. After 5 hr, the
reaction mixture was filtered through Celite(r) and
the solids were washed with EtOAc. The filtrate was
concentrated to afford 0.26 g (>thcory) of crude 103
which was used without further purification. [144]
Using the general procedures outlined in Schemes XCI
through XCIII and LXXXVIII through XC and the
appropriate amino acid reagents, the compounds
reported in Table 14 were prepared and tested for
their binding affinities (Kd) to XIAP BIR-3 or cTAP-1
BTR- 3 . Table 14Scheme XCIII [145]
4-Acetoxy-2-(l-acetyl-5-bromo-2,3-dihvdro-lH-indol-3-y
lmethyl )-pyrrolidine-lcarboxylic acid benzyl ester
(104): A solution containing 101 (0.8 g, 1.83 mmol)
and KOAc (635 mg, 6.45 mmol) in CHCl3 (30 mL) was
cooled to 0 0C. Bromine (0.35 g, 2.19 mmol) in CHCU (5
mL) was added in a dropwise fashion. Following the
addition of Br2, LC/MS analysis revealed the presence
of both 101 and 104, therefore an additional portion
of KOAc (680 mg) and Br2 (0.31 g in 5 mL CHCl3) were
added. Following the addition, the reaction was
quenched by the addition of aqueous Na2S O . The
reaction mixture was diluted with DCM and the layers
were separated. The organic phase was washed with
brine, dried over anhydrous Na2SO , filtered, and
concentrated. The crude product was purified by
normal-phase HPLC (2" Dynamax SiO , 34% EtOAc/hexanes)
to afford 104. Mass spectrum, rn/z = [516.6] (M)+.
Scheme XCIV [146J 4-Acetoxy-2-( l
-acetyl-5-vinyl-2,3-dihvdro- lH-indol-3-ylmethyl)-r
yrrolidine- l - carboxylic acid benzyl ester (105): A
mixture containing 104 (0.32 g, 0.62 mmol), (Ph3P)4Pd
(7 mg, 0.01 mol %), 2,4,6-trivinylcycloboroxane
pyridine complex (150 mg,0.62 mmol), K2CO3 (86 mg,
0.62 mmol) in 4:1 DME/water was warmed to 90 0C. After
8 h, the reaction mixture was cooled and diluted with
EtOAc. The organic solution was washed successively
with water and brine, dried over anhydrous Na SOzI,
filtered, and concentrated. The crude product was
combined with the crude product from a second reaction
performed on 0.35 mmol-scale and purified by
normal-phase HPLC (2" Dynamax SiO 2, 60-100% EtOAc in
hexanes over 30 min) to afford 260 mg (59%) of 105.
Mass spectrum, m/z = [462.6] (M)+. Scheme XCV [147]
Acetic acid
5-(l-acetyl-5-ethyl-2.3-dihvdro-lH-indol-3-ylmethylVpy
rrolidin-3-yl ester (106): A solution containing
indoline 105 (0.26 g, 0.56 mmol) and 10% Pd-on-C (100
mg) in EtOAc (20 rnL) was shaken on a Parr apparatus
under 50 PSI (3.4 atm) hydrogen atmosphere. After 8 h,
the reaction mixture was filtered through Cclitc(r)
and the solids were washed with EtOAc. The filtrate
was concentrated to afford 0.26 g (>theory) of crude
106 which was used without further purification. Mass
spectrum, m/z = [330.6] (M)+. [148] Using the general
procedures outlined in Schemes XCIIT through XCV and
LXXXVTTT through XC and the appropriate amino acid
reagents, the compounds reported in Table 15 were
prepared and tested for their binding affinities (Kd)
to XIAP BIR-3 or cIAP- 1 BIR- 3 .Table 15 [149] The
compounds of the present invention may exist in
unsolvated forms as well as solvated forms, including
hydrated forms. The compounds of the present invention
(e.g., compounds of Formula I) also are capable of
forming both pharmaceutically acceptable salts,
including but not limited to acid addition and/or base
salts. Furthermore, compounds of the present invention
may exist in an amorphous form (noncrystalline form),
and in the form of clathrates, prodrugs, polymorphs,
bio-hydrolyzable esters, racemic mixtures, or as
purified stereoisomers including, but not limited to,
optically pure enantiomers and diastereomers. In
general, all of these forms can be used as an
alternative form to the free base or acid forms of the
compounds, as described above and arc intended to be
encompassed within the scope of the present
invention.[150] A "polymorph" refers to solid
crystalline forms of a compound. Different polymorphs
of the same compound can exhibit different physical,
chemical and/or spectroscopic properties. Different
physical properties include, but arc not limited to
stability (e.g., to heat or light), compressibility
and density (important in formulation and product
manufacturing), and dissolution rates (which can
affect bioavailability). Different physical properties
of polymorphs can affect their processing. A
"clathrate" means a compound or a salt thereof in the
form of a crystal lattice that contains spaces (e.g.,
channels) that have a guest molecule (e.g., a solvent
or water) trapped within. The term "prodrug" refers to
compounds that are rapidly transformed in vivo to
yield the parent compound of the above formulae, for
example, by hydrolysis in blood. A thorough discussion
is provided in T. Higuchi and V. Stella, "Pro-drugs as
Novel Delivery Systems," VoI 14 of the A.C.S.
Symposium Series, and in Bioreversible Carriers in
Drug Design, ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987,
both of which are incorporated herein by reference.
[151] Compounds and salts of the present invention may
also exist in tautomeric forms, such as an enol and an
imine form, and the corresponding keto and enamine
forms and geometric isomers and mixtures thereof.
Tautomcrs exist as mixtures of a tautomeric set in
solution. In solid form, usually one tautomer
predominates. Even though only one tautomer may be
described by the formulae above, the present invention
includes all tautomers of the present compounds. [152]
The compounds of the present invention can be
administered to a patient either alone or a part of a
pharmaceutical composition. A variety of non-limiting
methods for 



administering the compounds and related compositions
to patients include orally, rectally, parcntcrally
(intravenously, intramuscularly, or subcutancously),
intracistcrnally, intravaginally, intraperitoneally,
intravesically, locally (powders, ointments, or
drops), or as a buccal or nasal spray. [153]
Pharmaceutical compositions to be used comprise a
therapeutically effective amount of a compound as
described above, or a pharmaceutically acceptable salt
or other form thereof together with a pharmaceutically
acceptable excipient. The phrase "pharmaceutical
composition" refers to a composition suitable for
administration in medical or veterinaryuse. It should
be appreciated that the determinations of proper
dosage forms, dosage amounts, and routes of
administration are within the level of ordinary skill
in the pharmaceutical and medical arts . [154]
Compositions suitable for parenteral administration
conveniently comprise a sterile aqueous preparation of
a compound or composition of the invention, which is
preferably isotonic with the blood of the recipient.
This aqueous preparation may be formulated according
to known methods using suitable dispersing or wetting
agents, emulsifying and suspending agents. Various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, and sorbic acid also
may be included. The sterile injectable preparation
also may be a sterile injectable solution or
suspension in a non-toxic parenterally-acceptable
diluent or solvent, for example, as a solution in 1,
3-butane diol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution, and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this
purpose any bland fixed oil may be employed including
synthetic mono-or di-glycerides. In addition, fatty
acids such as oleic acid may be used in the
preparation of injectables. Prolonged absorption of
the injectable pharmaceutical form can be brought
about by the use of agents delaying absorption, for
example, aluminum monostearate and gelatin. Carrier
formulation suitable for subcutaneous, intravenous,
intramuscular, etc. administrations can be found in
Remington's Pharmaceutical Sciences, Mack Publishing
Co., Easton, PA which is incorporated herein in its
entirety by reference thereto. [155] Solid dosage
forms for oral administration include capsules,
tablets, pills, powders, and granules. In such solid
dosage forms, the compound is admixed with at least
one inert pharmaceutically acceptable cxcipicnt such
as (a) fillers or extenders, as for example, starches,
lactose, sucrose, glucose, mannitol, and silicic acid,
(b) binders, as for example, carboxymethylcellulose,
alignates, gelatin, polyvinylpyrrolidone, sucrose, and
acacia, (c) humectants, as for example, glycerol, (d)
disintegrating agents, as for example, agar-agar,
calcium carbonate, potato or tapioca starch, alginic
acid, certain complex silicates, and sodium carbonate,
(e) solution retarders, as for example paraffin, (f)
absorption accelerators, as for example, quaternary
ammonium compounds (g) wetting agents as for example,
cctyl alcohol, and glycerol monostearate, (h)
adsorbents, as for example,kaolin and bentonite, and
(i) lubricants, as for example, talc, calcium
stcaratc, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, or mixtures thereof.
In the case of capsules, tablets, and pills, the
dosage forms may also comprise buffering agents. Solid
dosage forms such as tablets, dragees, capsules,
pills, and granules also can be prepared with coatings
and shells, such as enteric coatings and others well
known in the art. The solid dosage form also may
contain opacifying agents, and can also be of such
composition that they release the active compound or
compounds in a certain part of the intestinal tract in
a delayed manner. Examples of embedding compositions
which can be used are polymeric substances and waxes.
The active compounds can also be in micro encapsulated
form, if appropriate, with one or more of the
above-mentioned cxcipicnts. Such solid dosage forms
may generally contain from 1% to 95% (w/w) of the
active compound. In certain embodiments, the active
compound ranges from 5% to 70% (w/w). [156] Liquid
dosage forms for oral administration include
pharmaceutically acceptable emulsions, solutions,
suspensions, syrups, and elixirs. In addition to the
compound or composition, the liquid dosage forms may
contain inert diluents commonly used in the art, such
as water or other solvents, solubilizing agents and
emulsif ers, as for example, ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propyleneglycol,
1,3-butyleneglycol, dimethylformamide, oils, in
particular, cottonseed oil, groundnut oil, corn germ
oil, olive oil, castor oil and sesame oil, glycerol,
tetrahydrofurfuryl alcohol, polyethyleneglycols and
fatty acid esters of sorbitan or mixtures of these
substances. Besides such inert diluents, the
composition can also include adjuvants, such as
wetting agents, emulsifying and suspending agents,
sweetening, flavoring, and perfuming agents. [157]
Compositions for rectal administrations arc preferably
suppositories which can be prepared by mixing
compounds of the present invention with suitable
non-irritating excipients or carriers such as cocoa
butter, polyethyleneglycol or a low-mwlting,
suppository wax, which are solid at ordinary
temperatures but liquid at body temperature and
therefore, melt in the rectum or vaginal cavity and
release the active compound. [158] Dosage forms for
topical administration of a compound of this invention
include ointments, powders, sprays, and inhalants. The
active compound is admixed under sterileconditions
with a physiologically acceptable carrier and any
preservatives, buffers, or propellants as may be
required. Ophthalmic formulations, eye ointments,
powders, and solutions arc also contemplated as being
within the scope of this invention. [159] The
compounds and compositions of the present invention
also may benefit from a variety of delivery systems,
including time-released, delayed release or sustained
release delivery systems. Such option may be
particularly beneficial when the compounds and
composition are used in conjunction with other
treatment protocals as described in more detail below.
[160] Many types of release delivery systems are
available and known to those of ordinary skill in the
art. They include polymer base systems such as
poly(lactide-glycolide), copolyoxalates,
polycaprolactones, polyesteramides, polyorthoesters,
polyhydroxybutyric acid, and polyanhydrides.
Microcapsules of the foregoing polymers containing
drugs are described in, for example, U.S. Pat. No.
5,075,109. Delivery systems also include nonpolymer
systems that are: lipids including sterols such as
cholesterol, cholesterol esters and fatty acids or
neutral fats such as mono-di-and tri-glyccridcs;
hydrogcl release systems; sylastic systems; peptide
based systems; wax coatings; compressed tablets using
conventional binders and cxcipicnts; partially fused
implants; and the like. Specific examples include, but
are not limited to: (a) erosional systems in which the
active compound is contained in a form within a matrix
such as those described in U.S. Pat. Nos. 4,452,775,
4,667,014, 4,748,034 and 5,239,660 and (b) diffusional
systems in which an active component permeates at a
controlled rate from a polymer such as described in
U.S. Pat. Nos. 3,832,253, and 3,854,480. In addition,
pump-based hardware delivery systems can be used, some
of which are adapted for implantation. 



[161] Use of a long-term sustained release implant may
be desirable. Long-term release, as used herein, means
that the implant is constructed and arranged to
deliver therapeutic levels of the active compound for
at least 30 days, and preferably 60 days. Long-term
sustained release implants are well-known to those of
ordinary skill in the art and include some of the
release systems described above. [162] In practicing
the methods of the present invention, the compounds
and compositions of the presnt invention are
administered in a therapeutically effective amount.
Generally,doses of active compounds would be from
about 0.01 mg/kg per day to 1000 mg/kg per day. It is
expected that doses ranging from 50-500 mg/kg will be
suitable, preferably intravenously, intramuscularly,
or intradcrmally, and in one or several
administrations per day. When practicing the conjoint
or combination therapy described in more detail below,
the administration of the compounds and compositions
of the presnt invention can occur simultaneous with,
subsequent to, or prior to chemotherapy or radiation,
so long as the chemotherapeutic agent or radiation
sensitizes the system to the compounds and
compositions of the presnt invention. [163] In
general, routine experimentation in clinical trials
will determine specific ranges for optimal therapeutic
effect for a particular compound and composition of
the presnt invention and each administrative protocol,
and administration to specific patients will be
adjusted to within effective and safe ranges depending
on the patient condition and responsiveness to initial
administrations. However, the ultimate administration
protocol will be regulated according to the judgment
of the attending clinician considering such factors as
age, condition and size of the patient, the potency of
the compound or composition, the duration of the
treatment and the severity of the disease being
treated. For example, a dosage regimen of the compound
or composition can be an oral administration of from
1mg to 2000 mg/day, preferably 1 to 1000 mg/day, more
preferably 50 to 600 mg/day, in two to four
(preferably two) divided doses, to reduce tumor
growth. Intermittent therapy (e.g., one week out of
three weeks or three out of four weeks) may also be
used. [164] In the event that a response in a subject
is insufficient at the initial doses applied, higher
doses (or effectively higher doses by a different,
more localized delivery route) may be employed to the
extent that the patient tolerance permits. Multiple
doses per day arc contemplated to achieve appropriate
systemic levels of compounds. Generally, a maximum
dose is used, that is, the highest safe dose according
to sound medical judgment. Those of ordinary skill in
the art will understand, however, that a patient may
insist upon a lower dose or tolerable dose for medical
reasons, psychological reasons or for virtually any
other reason.[165] The compounds of the present
invention and pharmaceutical compositions comprising a
compound of the present invention can be administered
to a subject suffering from cancer, an autoimmune
disease or another disorder where a defect in
apoptosis is implicated. In connection with such
treatments, the patient can be treated
prophylactically, acutely, or chronically using
compounds and compositions of the present invention,
depending on the nature of the disease. Typically, the
host or subject in each of these methods is human,
although other mammals may also benefit from the
administration of a compound of the present invention.
[166] As described in US 7,244,851, the disclosure of
which is incorporated herein by reference, IAP
antagonists can be used for the treatment of all
cancer types which fail to undergo apoptosis. Thus,
compounds of the present invention can be used to
provide a therapeutic approach to the treatment of
many kinds of solid tumors, including but not limited
to carcinomas, sarcomas including Kaposi's sarcoma,
erythroblastoma, glioblastoma, meningioma,
astrocytoma, melanoma and myoblastoma. Treatment or
prevention of non-solid tumor cancers such as leukemia
is also contemplated by this invention. Indications
may include, but arc not limited to brain cancers,
skin cancers, bladder cancers, ovarian cancers, breast
cancers, gastric cancers, pancreatic cancers, colon
cancers, blood cancers, lung cancers and bone cancers.
Examples of such cancer types include neuroblastoma,
intestine carcinoma such as rectum carcinoma, colon
carcinoma, familiary adenomatous polyposis carcinoma
and hereditary non-polyposis colorectal cancer,
esophageal carcinoma, labial carcinoma, larynx
carcinoma, hypopharynx carcinoma, tong carcinoma,
salivary gland carcinoma, gastric carcinoma,
adenocarcinoma, medullary thyroidca carcinoma,
papillary thyroidca carcinoma, renal carcinoma, kidney
parenchym carcinoma, ovarian carcinoma, cervix
carcinoma, uterine corpus carcinoma, endometrium
carcinoma, chorion carcinoma, pancreatic carcinoma,
prostate carcinoma, testis carcinoma, breast
carcinoma, urinary carcinoma, melanoma, brain tumors
such as glioblastoma, astrocytoma, meningioma,
medulloblastoma and peripheral neuroectodermal tumors,
Hodgkin lymphoma, non-Hodgkin lymphoma, Burkitt
lymphoma, acute lymphatic leukemia (ALL), chronic
lymphatic leukemia (CLL), acute myeloid leukemia
(AML), chronic myeloid leukemia (CML), adult T-ccll
leukemialymphoma, hepatocellular carcinoma, gall
bladder carcinoma, bronchial carcinoma, small cell
lung carcinoma, non-small cell lung carcinoma,
multiple myeloma, basalioma, teratoma, retinoblastoma,
choroidca melanoma, seminoma, rhabdomyo sarcoma,
craniopharyngeoma, osteosarcoma, chondrosarcoma,
myosarcoma, liposarcoma, fibrosarcoma, Ewing sarcoma
and plasmocytoma. [167] The inventors believe that the
IAP antagonists of the present invention will be
particularly active for treating human malignancies
where clAPl and clAP2 are overexpressed (e.g., lung
cancers, see Dai et al, Hu. Molec. Genetics, 2003 v 12
pp791-801; leukemias (multiple references), and other
cancers (Tamm et al, Clin Cancer Res, 2000, v 6,
1796-1 803). The inventors also expect that the IAP
antagonists of the present invention will be active in
disorders that may be driven by inflammatory cytokines
such as TNF playing a pro-survival role (for example,
there is a well defined role for TNF acting as a
survival factor in ovarian carcinoma, similarly for
gastric cancers (see Kulbe, et al, Cancer Res 2007,
67, 585-592). [168] In addition to apoptosis defects
found in tumors, defects in the ability to eliminate
selfreactive cells of the immune system due to
apoptosis resistance arc considered to play a key role
in the pathogenesis of autoimmune diseases. Autoimmune
diseases are characterized in that the cells of the
immune system produce antibodies against its own
organs and molecules or directly attack tissues
resulting in the destruction of the latter. A failure
of those self-reactive cells to undergo apoptosis
leads to the manifestation of the disease. Defects in
apoptosis regulation have been identified in
autoimmune diseases such as systemic lupus
erthematosus or rheumatoid arthritis. [169] Examples
of such autoimmune diseases include collagen diseases
such as rheumatoid arthritis, systemic lupus
erythematosus. Sharp's syndrome, CREST syndrome
(calcinosis, Raynaud's syndrome, esophageal
dysmotility, telangiectasia), dermatomyositis,
vasculitis (Morbus Wegener's) and Sjogren's syndrome,
renal diseases such as Goodpasture's 



syndrome, rapidly-progressing glomerulonephritis and
membrano-proliferative glomerulonephritis type II,
endocrine diseases such as type-I diabetes, autoimmune
polyendocrinopathy-candidiasis-ectodermal dystrophy
(APECED), autoimmuneparathyroidism, pernicious anemia,
gonad insufficiency, idiopathic Morbus Addison's,
hyperthyreosis, Hashimoto's thyroiditis and primary
myxedema, skin diseases such as pemphigus vulgaris,
bullous pemphigoid, herpes gestationis, epidermolysis
bullosa and erythema multiforme major, liver diseases
such as primary biliary cirrhosis, autoimmune
cholangitis, autoimmune hepatitis type-1 , autoimmune
hepatitis type-2, primary sclerosing cholangitis,
neuronal diseases such as multiple sclerosis,
myasthenia gravis, myasthenic Lambert-Eaton syndrome,
acquired neuromyotony, Guillain-Barre syndrome
(Muller-Fischer syndrome), stiff-man syndrome,
cerebellar degeneration, ataxia, opsoklonus, sensoric
neuropathy and achalasia, blood diseases such as
autoimmune hemolytic anemia, idiopathic
thrombocytopenic purpura (Morbus Wcrlhof), infectious
diseases with associated autoimmune reactions such as
AIDS, Malaria and Chagas disease. [170] The present
invention also is directed to the use of the compounds
and compositions as a chemopotentiating agent with
other treatment approaches. The term
"chemopotentiating agent" refers to an agent that acts
to increase the sensitivity of an organism, tissue, or
cell to a chemical compound, or treatment namely
"chemotherapeutic agents" or "chemo drugs" or to
radiation treatment. Thus, compounds and compositions
of the present invention can be used for inhibiting
tumor growth in vivo by administering them in
combination with a biologic or chemotherapeutic agent
or by using them in combination with chemoradiation.
In these applications, the administration of the
compounds and compositions of the present invention
may occur prior to, and with sufficient time, to cause
sensitization of the site to be treated.
Alternatively, the compounds and compositions of the
present invention may be used contemporaneously with
radiation and/or additional anti-cancer chemical
agents (infra). Such systems can avoid repeated
administrations of the compounds and compositions of
the present invention, increasing convenience to the
subject and the physician, and may be particularly
suitable for certain compositions of the present
invention. [171] Biological and
chemotherapeutics/anti-neoplastic agents and radiation
induce apoptosis by activating the extrinsic or
intrinsic apoptotic pathways, and, since the compounds
and compositons of the present invention relieve
inhibitors of apoptotic proteins (IAPs) and, thus,
remove the block in apoptosis, the combination of
chcmothcrapcutics/antineoplastic agents and radiation
with the compounds and compositons of the present
invention should work synergistically to facilitate
apoptosis. [172] A combination of a a compound of the
present invention and a chcmothcrapeutic/anti
neoplastic agent and/or radiation therapy of any type
that activates the intrinsic pathway may provide a
more effective approach to destroying tumor cells.
Compounds of the present invention interact with
TAP's, such as XlAP, clAP-1, clAP-2, ML-AP, etc., and
block the IAP mediated inhibition of apoptosis while
chemotherapeutics/anti neoplastic agents and/or
radiation therapy kills actively dividing cells by
activating the intrinsic apoptotic pathway leading to
apoptosis and cell death. As is described in more
detail below, embodiments of the invention provide
combinations of a compound of the present invention
and a chemotherapeutic/anti-neoplastic agent and/or
radiation which provide a synergistic action against
unwanted cell proliferation. This synergistic action
between a compound of the present invention and a
chemotherapeutic/anti-neoplastic agent and/or
radiation therapy can improve the efficiency of the
chemotherapeutic/anti-neoplastic agent and/or
radiation therapies. This will allow for an increase
in the effectiveness of current
chemotherapeutic/anti-neoplastic agents or radiation
treatments allowing the dose of the
chcmothcrapcutic/anti-neoplastic agent to be lowered,
therein providing both a more effective dosing
schedule as well as use of a more tolerable dose of
chemotherapeutic/anti-neoplastic agent and/or
radiation. [173] In an embodiment of the present
invention, the patient is treated by administering a
compound or a pharmaceutical composition of the
present invention at a time the patient is subject to
concurrent or antecedent radiation or chemotherapy for
treatment of a neoproliferative pathology of a tumor
such as, but not limited to, bladder cancer, breast
cancer, prostate cancer, lung cancer, pancreatic
cancer, gastric cancer, colon cancer, ovarian cancer,
renal cancer, hepatoma, melanoma, lymphoma, sarcoma,
and combinations thereof. [174] In another embodiment
of the present invention, the compound or composition
of the present invention can be administered in
combination with a chemotherapeutic and/or for use in
combination with radiotherapy, immunotherapy, and/or
photodynamic therapy,promoting apoptosis and enhancing
the effectiveness of the chcmotherapeutic,
radiotherapy, immunotherapy, and/or photodynamic
therapy. 1175] Embodiments of the invention also
include a method of treating a patient afflicted with
cancer by the contemporaneous or concurrent
administration of a chemotherapeutic agent. Such
chemotherapeutic agents include but are not limited to
the chemotherapeutic agents described in "Modern
Pharmacology with Clinical Applications", Sixth
Edition, Craig & Stitzel, Chpt. 56, pg 639-656 (2004),
herein incorporated by reference. The chemotherapeutic
agent can be, but is not limited to, alkylating
agents, antimetabolites, anti-tumor antibiotics,
plant-derived products such as taxanes, enzymes,
hormonal agents, miscellaneous agents such as
cisplatin, monoclonal antibodies, glucocorticoids,
mitotic inhibitors, topoisomerase 1inhibitors,
topoisomerase II inhibitors, immunomodulating agents
such as interferons, cellular growth factors,
cytokines, and nonsteroidal antiinflammatory
compounds, cellular growth factors and kinase
inhibitors. Other suitable classifications for
chemotherapeutic agents include mitotic inhibitors and
nonsteroidal anti-estrogenic analogs. [176] Specific
examples of suitable biological and chemotherapeutic
agents include, but are not limited to, cisplatin,
carmustinc (BCNU), 5-fluorouracil (5-FU), cytarabinc
(Ara-C), gemcitabine, methotrexate, daunorubicin,
doxorubicin, dexamethasone, topotecan, etoposide,
paclitaxel, vincristine, tamoxifen, TNF-alpha, TRAIL,
interferon (in both its alpha and beta forms),
thalidomide, and melphalan. Other specific examples of
suitable chemotherapeutic agents include nitrogen
mustards such as cyclophosphamide, alkyl sulfonates,
nitrosoureas, ethylenimines, triazenes, folate
antagonists, purine analogs, pyrimidine analogs,
anthracyclines, bleomycins, mitomycins, dactinomycins,
plicamycin, vinca alkaloids, cpipodophyllotoxins,
taxanes, glucocorticoids, L-asparaginasc, estrogens,
androgens, progestins, luteinizing hormones,
octreotide actetate, hydroxyurea, procarbazine,
mitotane, hexamethylmelamine, carboplatin,
mitoxantrone, monoclonal antibodies, levamisole,
interferons, interleukins, filgrastim and
sargramostim. Chemotherapeutic compositions also
comprise other members, i.e., other than TRAIL, of the
TNF superfamily of compounds.[177] Another embodiment
of the present invention relates to the use of a
compound or 



composition of the present invention in combination
with topoismerase inhibitors to potentiate their
apoptotic inducing effect. Topoisomcrasc inhibitors
inhibit DNA replication and repair, thereby promoting
apoptosis and have been used as chemothemotherapeutic
agents. Topoisomerase inhibitors promote DNA damage by
inhibiting the enzymes that are required in the DNA
repair process. Therefore, export of Smac from the
mitochondria into the cell cytosol is provoked by the
DNA damage caused by topoisomerase inhibitors.
Topoisomerase inhibitors of both the Type I class
(camptothecin, topotecan, SN-38 (irinotecan active
metabolite)) and the Type II class (ctoposidc) arc
expected to show potent synergy with compounds of the
present invention. Further examples of topoisomerase
inhibiting agents that may be used include, but are
not limited to, irinotecan, topotecan, etoposide,
amsacrine, exatecan, gimatecan, etc. Other
topoisomerase inhibitors include, for example,
Aclacinomycin A, camptothecin, daunorubicin,
doxorubicin, ellipticine, epirubicin, and
mitaxantrone. [178] In another embodiment of the
invention, the chemotherapeutic/anti-neoplastic agent
for use in combination with the compounds and
compositions of the present invention may be a
platinum containing compound. In one embodiment of the
invention, the platinum containing compound is
cisplatin. Cisplatin can synergize with a compound of
the present invention and potentiate the inhibition of
an IAP, such as but not limited to XIAP, cIAP-1,
c-IAP-2, ML-IAP, etc. In another embodiment a platinum
containing compound is carboplatin. Carboplatin can
synergize with a compound of the present invention and
potentiate the inhibition of an IAP, including, but
not limited to, XIAP, cIAP-1, c-IAP-2, ML-IAP, etc. In
another embodiment a platinum containing compound is
oxaliplatin. The oxaliplatin can synergize with a
compound of the present invention and potentiate the
inhibition of an TAP,including, but not limited to,
XIAP, cTAP-1 , c-IAP-2, ML-IAP, etc. [179] Platinum
chemotherapy drugs belong to a general group of DNA
modifying agents. DNA modifying agents may be any
highly reactive chemical compound that bonds with
various nucleophilic groups in nucleic acids and
proteins and cause mutagenic, carcinogenic, or
cytotoxic effects. DNA modifying agents work by
different mechanisms, disruption of DNA function and
cell death; DNA damagc/thc formation ofcross-bridges
or bonds between atoms in the DNA; and induction of
mispairing of the nucleotides leading to mutations, to
achieve the same end result. Three non-limiting
examples of a platinum containing DNA modifying agents
arc cisplatin, carboplatin and oxaliplatin. [180]
Cisplatin is believed to kill cancer cells by binding
to DNA and interfering with its repair mechanism,
eventually leading to cell death. Carboplatin and
oxaliplatin are cisplatin derivatives that share the
same mechanism of action. Highly reactive platinum
complexes are formed intracellularly and inhibit DNA
synthesis by covalently binding DNA molecules to form
intrastrand and interstrand DNA crosslinks. [181]
Non-steroidal anti-inflammatory drugs (NSAIDs) have
been shown to induce apoptosis in colorectal cells.
NSAIDs appear to induce apoptosis via the release of
Smac from the mitochondria (PNAS, November 30, 2004,
vol. 101:16897-16902). Therefore, the use of NSAIDs in
combination with the compounds and compositions of the
present invention would be expected to increase the
activity of each drug over the activity of either drug
independently. [182] Many naturally occurring
compounds isolated from bacterial, plant, and animals
can display potent and selective biological activity
in humans including anticancer and antineoplastic
activities. In fact, many natural products, or
semi-synthetic derivatives thereof, which possess
anticancer activity, are already commonly used as
therapeutic agents; these include paclitaxcl,
ctoposidc, vincristine, and camptothccin amongst
others. Additionally, there are many other classes of
natural products such as the indolocarbazoles and
epothilones that are undergoing clinical evaluation as
anticancer agents. A reoccurring staictural motif in
many natural products is the attachment of one or more
sugar residues onto an aglyconc core structure. In
some instances, the sugar portion of the natural
product is critical for making discrete protein-ligand
interactions at its site of action (i.e.,
pharmacodynamics) and removal of the sugar residue
results in significant reductions in biological
activity. In other cases, the sugar moiety or moieties
are important for modulating the physical and
pharmacokinetic properties of the molecule.
Rebeccamycin and staurosporine are representative of
the sugar-linkedindolocarbazolc family of anticancer
natural products with demonstrated anti-kinasc and
anti-topoisomerase activity. 1183] Taxancs arc
anti-mitotic, mitotic inhibitors or microtubule
polymerization agents. Taxanes are characterized as
compounds that promote assembly of microtubules by
inhibiting tubulin depolymerization, thereby blocking
cell cycle progression through centrosomal impairment,
induction of abnormal spindles and suppression of
spindle microtubule dynamics. Taxanes include but are
not limited to, docetaxel and paclitaxel. The unique
mechanism of action of taxane is in contrast to other
microtubule poisons, such as Vinca alkaloids,
colchicine, and cryptophycines, which inhibit tubulin
polymerization. Microtubules arc highly dynamic
cellular polymers made of alpha-bctatubulin and
associated proteins that play key roles during mitosis
by participating in the organization and function of
the spindle, assuring the integrity of the segregated
DNA. Therefore, they represent an effective target for
cancer therapy. [184J Yet another embodiment of the
present invention is the therapeutic combination or
the therapeutic use in combination of a compound or
composition of the present invention with TRAIL or
other chemical or biological agents which bind to and
activate the TRAIL rcccptor(s). TRAIL has received
considerable attention recently because of the finding
that many cancer cell types are sensitive to
TRAIL-induced apoptosis, while most normal cells
appear to be resistant to this action of TRAIL.
TRAIL-resistant cells may arise by a variety of
different mechanisms including loss of the receptor,
presence of decoy receptors, or overexpression of FLIP
which competes for zymogen caspase-8 binding during
DISC formation. In TRAIL resistance, a compound or
composition of the present invention may increase
tumor cell sensitivity to TRAIL leading to enhanced
cell death, the clinical correlations of which arc
expected to be increased apoptotic activity in TRAIL
resistant tumors, improved clinical response,
increased response duration, and ultimately, enhanced
patient survival rate. In support of this, reduction
in XIAP levels by in vitro antisense treatment has
been shown to cause sensitization of resistant
melanoma cells and renal carcinoma cells to TRAIL
(Chawla-Sarkar, et al., 2004). The compounds of the
present invention bind to IAPs and inhibit their
interaction with caspases, therein potentiating
TRAIL-induced apoptosis.[185] Compounds and
compositions of the present invention also can be used
to augment radiation therapy (or radiotherapy), i.e.,
the medical use of ionizing radiation as part of
cancer treatment to control malignant cells. Although
radiotherapy is often used as part 



of curative therapy, it is occasionally used as a
palliative treatment, where cure is not possible and
the aim is for symptomatic relief. Radiotherapy is
commonly used for the treatment of tumors. It may be
used as the primary therapy. It is also common to
combine radiotherapy with surgery and/or chemotherapy.
The most common tumors treated with radiotherapy are
breast cancer, prostate cancer, rectal cancer, head &
neck cancers, gynecological tumors, bladder cancer and
lymphoma. Radiation therapy is commonly applied just
to the localized area involved with the tumor. Often
the radiation fields also include the draining lymph
nodes. It is possible but uncommon to give
radiotherapy to the whole body, or entire skin
surface. Radiation therapy is usually given daily for
up to 35-38 fractions (a daily dose is a fraction).
These small frequent doses allow healthy cells time to
grow back, repairing damage inflicted by the
radiation. Three main divisions of radiotherapy are
external beam radiotherapy or teletherapy,
brachytherapy or sealed source radiotherapy and
unsealed source radiotherapy, which are all suitable
examples of treatment protocol in the present
invention. The differences relate to the position of
the radiation source; external is outside the body,
while sealed and unsealed source radiotherapy has
radioactive material delivered internally.
Brachytherapy sealed sources are usually extracted
later, while unsealed sources are injected into the
body. [186] Administration of the compounds and
compositions of the present invention may occur prior
to, concurrently with, or subsequent to the
combination treatment protocol. A variety of
administration routes arc available. The particular
mode selected will depend, of course, upon the
particular chemotherapeutic drug selected, the
severity of the condition being treated and the dosage
required for therapeutic efficacy. The methods of the
invention, generally speaking, may be practiced using
any mode of administration that is medically
acceptable, meaning any mode that produces effective
levels of the active compounds without causing
clinically unacceptable adverse effects. Such modes of
administration include, but are not limited to, oral,
rectal, topical, nasal, intradermal, inhalation,
intra-pcritoncal, or parenteral routes. The term
"parenteral" includessubcutaneous, intravenous,
intramuscular, or infusion. Intravenous or
intramuscular routes are particularly suitable for
purposes of the present invention. It is understood
that the examples and embodiments described herein are
for illustrative purposes only and that various
modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be
included within the spirit and purview of this
application and the scope of the appended claims. For
example, a futher subset of compounds are those where
R5 is hydroxy and R6 is H, in any of formulae (1),
(U), (III) or (VIlI) and in which either (1) both R3
and R4 are carbon atoms linked by a covalent bond or
by an alkylene or alkenylene group of 1 to 8 carbon
atoms where one to three carbon atoms can be replaced
by O, S(O)n or N(R8), or (2) R7 is selected from where
R8 is H, hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl and R9, RlO,
R12, R13 and R14 are independently selected from
hydroxy, alkoxy, aryloxy, alkyl, or aryl.What is
claimed is: 1. A compound of Formula (1): or a
pharmaceutically acceptable salt thereof, wherein: Rl
is H, hydroxy, alkyl, alkenyl, cycloalkyl,
heterocycloalkyl, aryl, alkoxy, aryloxy, or
heteroaryl; R2 and R2' are each independently H,
alkyl, cycloalkyl, or heterocycloalkyl; or when R2' is
H then R2 and Rl can together form an aziridine or
azetidine ring; R3 and R4 are each independently H,
alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; or, R3 and R4 are both carbon atoms linked
by a covalent bond or by an alkylene or alkenylene
group of 1 to 8 carbon atoms where one to three carbon
atoms can be replaced by O, S(O)n or N(R8); R5 is H,
hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; R6 is H,
hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl, R7 is alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl; R8
is H, hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; M is a bond or
an alkylene group of 1to 5 carbon atoms; n is 1 or 2,
and subject to the proviso that when R5 and R6 are
both H, or when R5 is aryloxy and R6 is H, then either
(1) R3 and R4 are both carbon atoms linked by a
covalent bond or by an alkylene or alkenylene group of
1 to 8 carbon atoms where one to three carbon atoms
can be replaced by O, S(O)11 or N(R8), or (2) R7 is
selected fromwhere R9, RlO, RI2, R13 and R14 are
independently selected from hydroxy, alkoxy, aryloxy,
alkyl, or aryl. 2. A compound of claim 1having formula
(II): or a pharmaceutically acceptable salt thereof,
wherein: Rl is H, hydroxy, alkyl, alkenyl, cycloalkyl,
heterocycloalkyl, aryl, alkoxy, aryloxy, or
heteroaryl; R2 and R2' are each independently H,
alkyl, cycloalkyl, or heterocycloalkyl; or when R2' is
H then R2 and Rl can together form an aziridine or
azetidine ring; R3 and R4 arc each independently H,
alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; or, R3 and R4 are both carbon atoms linked
by a covalent bond or by an alkylene or alkenylene
group of 1 to 8 carbon atoms where one to three carbon
atoms can be replaced by O, S(O)n or N(R8); R5 is H,
hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl; R7 is alkyl,
cycloalkyl, heterocycloalkyl, aryl, or heteroaryl;R8
is H, hydroxy, alkoxy, aryloxy, alkyl, cycloalkyl,
heterocycloalkyl, aryl, or hctcroaryl; M is a bond or
an alkylene group of 1 to 5 carbon atoms; n is 1 or 2,
and subject to the proviso that when R5 is H, or
aryloxy, then either (1) R3 and R4 are both carbon
atoms linked by a covalent bond or by an alkylene or
alkenylene group of 1 to 8 carbon atoms where one to
three carbon atoms can be replaced by O, S(O)n or
N(R8), or (2) R7 is selected from where R9, RlO, R12,
R13 and R14 arc independently selected from hydroxy,
alkoxy, aryloxy, alkyl, or aryl. 3. A compound or a
pharmaceutically acceptable salt of claim 2 wherein R7
is selected from where R9, RlO, RI l , R12, R13 and
R14 arc independently selected from hydroxy, alkoxy,
aryloxy, alkyl, or aryl. 4. A compound or a
pharmaceutically acceptable salt of claim 3 wherein R7
is selected from5. A compound or a pharmaceutically
acceptable salt of claim 3 wherein R l is methyl or
ethyl; R2 is methyl, ethyl, or hydroxymethyl; R3 is
isopropyl, tert-butyl, cyclohexyl, RMeCHOMe, -MeCHOH;
R5 is H, or hydroxy; R6 is H, hydroxy, methyl, or
methoxy. 



6 . A compound of claim 2 having the structure of
formula (TTT): o r a pharmaceutically acceptable salt
thereof. 7 . A compound o f claim 1 having formula
(IV):or a pharmaceutically acceptable salt thereof,
wherein: Rl is H, hydroxy, alkyl, alkenyl, cycloalkyl,
hctcrocycloalkyl, aryl, alkoxy, aryloxy, or
heteroaryl; R2 and R2' are each independently H,
alkyl, cycloalkyl, or heterocycloalkyl; or when R2' is
H then R2 and Rl can together form an aziridine or
azetidine; R3 and R4 arc each independently H, alkyl,
cycloalkyl, hctcrocycloalkyl, aryl, or heteroaryl; or,
R3 and R4 are both carbon atoms linked by a covalent
bond or by an alkylene or alkenylene group of 1 to 8
carbon atoms where one to three carbon atoms can be
replaced by O, S(O)n or N(R8), R6 is hydroxy, alkoxy,
aryloxy, alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; R7 is alkyl, cycloalkyl, heterocycloalkyl,
aryl, or heteroaryl; R8 is H, hydroxy, alkoxy,
aryloxy, alkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; M is a bond or an alkylene group of 1 to 5
carbon atoms; and n is 1 or 2 . 8. A compound or a
pharmaceutically acceptable salt of claim 7 wherein R7
is selected from where R9, RlO, R I l , R12, R13 and R
H are independently selected from hydroxy, alkoxy,
aryloxy, alkyl, or aryl.9. A compound or a
pharmaceutically acceptable salt of claim 8 wherein R7
is selected from 10. A compound or a pharmaceutically
acceptable salt of claim 9 wherein Rl is methyl or
ethyl; R2 is methyl, ethyl, or hydroxymethyl; R3 is
isopropyl, tert-butyl, cyclohexyl, RMeCHOMe, or
-MeCHOH; R5 is H, or hydroxy; R6 is H, hydroxy,
methyl, or methoxy. 11. A compound of claim 7 having
formula (V): ), or a pharmaceutically acceptable salt
thereof. 12. A compound of claim 11 having formula
Vl:(Vl), or a pharmaceutically acceptable salt
thereof. 13. A compound of claim 11 having formula
VII: (VU), or a pharmaceutically acceptable salt
thereof. 14. A compound of claim 1 having formula
(VIII) or a pharmaceutically acceptable salt thereof.
Page 11O of 11915. A compound of claim 1, or a
pharmaceutically salt thereof, having the following
formula and selected from the group consisting of
compounds identified in the following table:WIRELESS
COMMUNICATIONINFORMATION RELAY CROSS-REFERENCE [0001]
The present Application for Patent claims priority to
Provisional Application No. 61/021,537 entitled
"APPARATUS AND METHOD TO FACILITATE IDENTIFICATION AND
SUPPORT OF MOBILE TERMINALS WITHIN A NETWORK" filed on
January 16, 2008, and hereby expressly incorporated by
reference herein. [0002] The present Application for
Patent claims priority to Provisional Application No.
61/021,545 entitled 'APPARATUS AND METHOD TO
FACILITATE IDENTIFICATION AND SUPPORT OF MOBILE
TERMINALS WITHIN A NETWORK" filed on January 16, 2008,
and hereby expressly incorporated by reference herein.
BACKGROUND Field [0003] The following description
relates generally to wireless communication and in
particular to using at least one relay to aid in data
transmission. Background [0004] Wireless communication
systems are widely deployed to provide various types
of communication content such as, for example, voice,
data, and so on. Typical wireless communication
systems can be multiple-access systems capable of
supporting communication with multiple users by
sharing available system resources (e.g., bandwidth,
transmit power, . ..). Examples of such
multiple-access systems can include code division
multiple access (CDMA) systems, time division multiple
access (TDMA) systems, frequency division multiple
access (FDMA) systems, orthogonal frequency division
multiple access (OFDMA) systems, and the like. [0005]
In a wireless communication network, multiple base
stations are placed upon fixed locations to create a
coverage area. Through use of a mobile device, a user
can output information that transfers to a base
station of the coverage area and is forwardedto an
appropriate location (such as a mobile device of
another user) - similarly, the user can collect
information forwarded from the base station in a
comparable manner. As the user and mobile device
travel, there can be a breakdown in communication with
a base stations (e.g., based upon a long physical
distance between the base station and mobile device).
Therefore, a handoff can occur where the mobile device
transfers to a more suitable base station. SUMMARY
[0006] The following presents a simplified summary of
one or more aspects in order to provide a basic
understanding of such aspects. This summary is not an
extensive overview of all contemplated aspects, and is
intended to neither identify key or critical elements
of all aspects nor delineate the scope of any or all
aspects. Its sole purpose is to present some concepts
of one or more aspects in a simplified form as a
prelude to the more detailed description that is
presented later. [0007] According to one aspect, there
can be a method for determining if there should be
assistance provided to a mobile device operable upon a
wireless communication device. The method can include
ascertaining if a relay is near an edge of a cell
based upon evaluation of a downlink transmission.
Moreover, the method can include determining if
assistance should be provided by the relay to the
mobile device based upon analysis of an uplink
transmission and further based on the ascertaining of
the relay being near the edge of the cell. [0008] With
another aspect, there can be an apparatus that
incorporates a measurement module that ascertains if a
relay is near an edge of a cell based upon evaluation
of a downlink transmission. The apparatus can also
incorporate an appraisal module that determines if
assistance should be provided by the relay to the
mobile device based upon analysis of an uplink
transmission and further based on the ascertaining of
the relay being near the edge of the cell. [0009] In a
further aspect, there can be at least one processor
configured to determine if there should be assistance
provided to a mobile device. The processor can use a
first 



module for ascertaining if a relay is near an edge of
a cell based upon evaluation of a downlink
transmission. The processor can also use a second
module for determining if assistance should be
provided by the relay to the mobile device based upon
analysis ofan uplink transmission and further based on
the ascertaining of the relay being near the edge of
the cell. [0010] Concerning one aspect, there can be a
computer program product with a computer-readable
medium. The medium can include a first set of codes
for causing a computer to ascertain if a relay is near
an edge of a cell based upon evaluation of a downlink
transmission. Additionally, the medium can include a
second set of codes for causing the computer to
determine if assistance should be provided by the
relay to the mobile device based upon analysis of an
uplink transmission and further based on the
ascertaining of the relay being near the edge of the
cell. [0011] In yet another aspect, there can be an
apparatus with means for ascertaining if a relay is
near an edge of a cell based upon evaluation of a
downlink transmission. The apparatus can also have
means for determining if assistance should be provided
by the relay to the mobile device based upon analysis
of an uplink transmission and further based on the
ascertaining of the relay being near the edge of the
cell. [0012] According to one aspect, there can be a
method for assisting communication of a mobile device
operable upon a wireless communication device. The
method can include identifying that a mobile device
should be provided assistance based upon monitored
uplink and downlink information. The method can also
include instructing a relay to provide assistance to
the mobile device upon identifying that assistance
should be provided. [0013] With another aspect, there
can be an apparatus with a classifier module that
identifies that a mobile device should be provided
assistance based upon monitored uplink and downlink
information. The apparatus can also be with a support
module that instructs a relay to provide assistance to
the mobile device upon identifying that assistance
should be provided. [0014] In a further aspect, there
can be at least one processor configured to assist
communication of a mobile device. The processor can
configure with a first module for identifying that a
mobile device should be provided assistance based upon
monitored uplink and downlink information. The
processor can also configure with a second module for
instructing a relay to provide assistance to the
mobile device upon identifying that assistance should
be provided. [0015] Concerning one aspect, there can
be a computer program product with a computer-readable
medium. The medium can incorporate a first set of
codes forcausing a computer to identify that a mobile
device should be provided assistance based upon
monitored uplink and downlink information. The medium
can also incorporate a second set of codes for causing
the computer to instruct a relay to provide assistance
to the mobile device upon identifying that assistance
should be provided. [0016] In yet another aspect,
there can be an apparatus with means for identifying
that a mobile device should be provided assistance
based upon monitored uplink and downlink information.
The apparatus can also function with means for
instructing a relay to provide assistance to the
mobile device upon identifying that assistance should
be provided. [0017] To the accomplishment of the
foregoing and related ends, the one or more aspects
comprise the features hereinafter fully described and
particularly pointed out in the claims. The following
description and the annexed drawings set forth in
detail certain illustrative features of the one or
more aspects. These features are indicative, however,
of but a few of the various ways in which the
principles of various aspects may be employed, and
this description is intended to include all such
aspects and their equivalents. BRIEF DESCRIPTION OF
THE DRAWINGS [0018] Fig. 1 illustrates a
representative wireless communication system in
accordance with at least one aspect disclosed herein.
[0019] Fig. 2 illustrates a representative
communication configuration in accordance with at
least one aspect disclosed herein. [0020] Fig. 3
illustrates a representative wireless communication
system with an assistance evaluator and assistor in
accordance with at least one aspect disclosed herein.
[0021] Fig. 4 illustrates a representative wireless
communication system with a detailed assistance
evaluator for operation regarding uplink transmission
in accordance with at least one aspect disclosed
herein. [0022] Fig. 5 illustrates a representative
wireless communication system with a detailed
assistance evaluator for operation regarding downlink
transmission in accordance with at least one aspect
disclosed herein. [0023] Fig. 6 illustrates a
representative wireless communication system in
accordance with a detailed assistance evaluator for
operation regarding power usage in accordance with at
least one aspect disclosed herein.[0024] Fig. 7
illustrates a representative wireless communication
system with a detailed assistor for operation
regarding a downlink assignment channel in accordance
with at least one aspect disclosed herein. [0025] Fig.
8 illustrates a representative wireless communication
system with a detailed assistor for operation
regarding uplink communication in accordance with at
least one aspect disclosed herein. [0026] Fig. 9
illustrates a representative wireless communication
system with a detailed assistor for operation
regarding relay transmit power in accordance with at
least one aspect disclosed herein. [0027] Fig. 10
illustrates a representative wireless communication
system with a detailed assistor for operation
regarding digital assistance in accordance with at
least one aspect disclosed herein. [0028] Fig. 11
illustrates a representative wireless communication
system with a detailed assistor for monitoring mobile
device operation in accordance with at least one
aspect disclosed herein. [0029] Fig. 12 illustrates a
representative methodology for operation of a relay in
accordance with at least one aspect disclosed herein.
[0030] Fig. 13 illustrates a representative
methodology for determining if assistance should be
provided in accordance with at least one aspect
disclosed herein. [0031] Fig. 14 illustrates a
representative methodology for providing analog
assistance in accordance with at least one aspect
disclosed herein. [0032] Fig. 15 illustrates a
representative methodology for providing digital
assistance in accordance with at least one aspect
disclosed herein. [0033] Fig. 16 illustrates a
representative mobile device in accordance with at
least one 



aspect disclosed herein. [0034] Fig. 17 illustrates a
representative base station in accordance with at
least one aspect disclosed herein. [0035] Fig. 18
illustrates a representative wireless communication
system in accordance with at least one aspect
disclosed herein. [0036] Fig. 19 illustrates a
representative system for determining if relay
assistance should be provided in accordance with at
least one aspect disclosed herein. [0037] Fig. 20
illustrates a representative system for providing
relay assistance in accordance with at least one
aspect disclosed herein.DETAILED DESCRIPTION [0038]
Various aspects are now described with reference to
the drawings. In the following description, for
purposes of explanation, numerous specific details are
set forth in order to provide a thorough understanding
of one or more aspects. It may be evident, however,
that such aspect(s) may be practiced without these
specific details. [0039] As used in this application,
the terms "component," "module," "system" and the like
are intended to include a computer-related entity,
such as but not limited to hardware, firmware, a
combination of hardware and software, software, or
software in execution. For example, a component may
be, but is not limited to being, a process running on
a processor, a processor, an object, an executable, a
thread of execution, a program, and/or a computer. By
way of illustration, both an application running on a
computing device and the computing device can be a
component. One or more components can reside within a
process and/or thread of execution and a component may
be localized on one computer and/or distributed
between two or more computers. In addition, these
components can execute from various computer readable
media having various data structures stored thereon.
The components may communicate by way of local and/or
remote processes such as in accordance with a signal
having one or more data packets, such as data from one
component interacting with another component in a
local system, distributed system, and/or across a
network such as the Internet with other systems by way
of the signal. [0040] Furthermore, various aspects are
described herein in connection with a terminal, which
can be a wired terminal or a wireless terminal. A
terminal can also be called a system, device,
subscriber unit, subscriber station, mobile station,
mobile, mobile device, remote station, remote
terminal, access terminal, user terminal, terminal,
communication device, user agent, user device, or user
equipment (UE). A wireless terminal may be a cellular
telephone, a satellite phone, a cordless telephone, a
Session Initiation Protocol (SIP) phone, a wireless
local loop (WLL) station, a personal digital assistant
(PDA), a handheld device having wireless connection
capability, a computing device, or other processing
devices connected to a wireless modem. Moreover,
various aspects are described herein in connection
with a base station. A base station may be utilized
for communicating with wireless terminal(s) and may
also be referred to as an access point, a Node B, or
some other terminology.[0041] Moreover, the term "or"
is intended to mean an inclusive "or" rather than an
exclusive "or." That is, unless specified otherwise,
or clear from the context, the phrase "X employs A or
B" is intended to mean any of the natural inclusive
permutations. That is, the phrase "X employs A or B"
is satisfied by any of the following instances: X
employs A; X employs B; or X employs both A and B. In
addition, the articles "a" and "an" as used in this
application and the appended claims should generally
be construed to mean "one or more" unless specified
otherwise or clear from the context to be directed to
a singular form. [0042] The techniques described
herein may be used for various wireless communication
systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms "system" and "network" are
often used interchangeably. A CDMA system may
implement a radio technology such as Universal
Terrestrial Radio Access (UTRA), cdma2000, etc. UTRA
includes Wideband-CDMA (W-CDMA) and other variants of
CDMA. Further, cdma2000 covers IS-2000, IS-95 and
IS-856 standards. A TDMA system may implement a radio
technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a
radio technology such as Evolved UTRA (E-UTRA), Ultra
Mobile Broadband (UMB), IEEE 802.1 1 (Wi-Fi), IEEE
802.16 (WiMAX), IEEE 802.20, Flash-OFDMD, etc. UTRA
and E-UTRA are part of Universal Mobile
Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) is a release of UMTS that uses E-UTRA,
which employs OFDMA on the downlink and SC-FDMA on the
uplink. UTRA, E-UTRA, UMTS, LTE and GSM are described
in documents from an organization named "3rd
Generation Partnership Project" (3GPP). Additionally,
cdma2000 and UMB are described in documents from an
organization named "3rd Generation Partnership Project
2" (3GPP2). Further, such wireless communication
systems may additionally include peerto- peer (e.g.,
mobile-to-mobile) ad hoc network systems often using
unpaired unlicensed spectrums, 802.xx wireless LAN,
BLUETOOTH and any other short- or long- range,
wireless communication techniques. [0043] Various
aspects or features will be presented in terms of
systems that may include a number of devices,
components, modules, and the like. It is to be
understood and appreciated that the various systems
may include additional devices, components, modules,
etc. and/or may not include all of the devices,
components, modules etc.discussed in connection with
the figures. A combination of these approaches may
also be used. [0044] Referring now to Fig. 1, a
wireless communication system 100 is illustrated in
accordance with various embodiments presented herein.
System 100 comprises a base station 102 that can
include multiple antenna groups. For example, one
antenna group can include antennas 104 and 106,
another group can comprise antennas 108 and 110, and
an additional group can include antennas 112 and 114.
Two antennas are illustrated for each antenna group;
however, more or fewer antennas can be utilized for
each group. Base station 102 can additionally include
a transmitter chain and a receiver chain, each of
which can in turn comprise a plurality of components
associated with signal transmission and reception
(e.g., processors, modulators, multiplexers,
demodulators, demultiplexers, antennas, etc.), as will
be appreciated by one skilled in the art. [0045] Base
station 102 can communicate with one or more mobile
devices such as mobile device 116 and mobile device
122; however, it is to be appreciated that base
station 102 can communicate with substantially any
number of mobile devices similar to mobile devices 116
and 122. Mobile devices 116 and 122 can be, for
example, cellular phones, smart phones, laptops,
handheld communication devices, handheld computing
devices, satellite radios, global positioning systems,
PDAs, and/or any other suitable 



device for communicating over wireless communication
system 100. Metadata pertaining to an incoming
communication (e.g., cellular call) can be displayed
upon the mobile device. For instance, a number of
minutes remaining on a 'pay as you go' telephone can
be presented to a user. [0046] As depicted, mobile
device 116 is in communication with antennas 112 and
114, where antennas 112 and 114 transmit information
to mobile device 116 over a forward link 118 and
receive information from mobile device 116 over a
reverse link 120. Moreover, mobile device 122 is in
communication with antennas 104 and 106, where
antennas 104 and 106 transmit information to mobile
device 122 over a forward link 124 and receive
information from mobile device 122 over a reverse link
126. In a frequency division duplex (FDD) system,
forward link 118 can utilize a different frequency
band than that used by reverse link 120, and forward
link 124 can employ a different frequency band than
that employed by reverse link 126, for example.
Further, in a time division duplex (TDD) system,
forward link 118 and reverse link 120 canutilize a
common frequency band and forward link 124 and reverse
link 126 can utilize a common frequency band. [0047]
The set of antennas and/or the area in which they are
designated to communicate can be referred to as a
sector of base station 102. For example, multiple
antennas can be designed to communicate to mobile
devices in a sector of the areas covered by base
station 102. In communication over forward links 118
and 124, the transmitting antennas of base station 102
can utilize beamforming to improve signal-to-noise
ratio of forward links 118 and 124 for mobile devices
116 and 122. In addition, while base station 102
utilizes beamforming to transmit to mobile devices 116
and 122 scattered randomly through an associated
coverage, mobile devices in neighboring cells can be
subject to less interference as compared to a base
station transmitting through a single antenna to all
its mobile devices. [0048] Referring now to Fig. 2, an
example configuration 200 is disclosed for observing
uplink and downlink transmission related to a mobile
device 202 and determining if communication assistance
should be provided to the mobile device (assisting in
sending information (e.g., providing uplink support),
collecting information (e.g., providing downlink
support), or processing information). With an
illustrative communication system, the mobile device
202 can transfer information to a base station 204
(e.g., as an uplink or reverse link) - conversely, the
base station 206 can send information to the mobile
device 202 (e.g., as a downlink or forward link),
which can be forwarded from another location, such as
a satellite, another base station, another mobile
device, and the like. [0049] There can be instances
where there is limited coverage and thus resources are
relatively scarce. Therefore, a relay 206 can be
introduced for assisting the mobile device 202 in
information communication by facilitating
communication with the base station 204. The relay 206
can monitor pilots or beacons of the downlink and use
a result of the monitoring to determine physical
location of the relay 206 relative to the base station
204. Specifically, the relay 206 can determine if the
physical location is at an edge of a cell 210 produced
by the base station 204. According to one embodiment,
the relay functions optimally (e.g., is of most
benefit to the mobile device 202) when at the edge of
the cell 210. [0050] In addition to monitoring the
downlink, the relay 206 can observe uplink
transmissions. There can be evaluation of an
observation result to determine if there is amobile
device that can be assist by the relay 206 (e.g., the
mobile device 202) and to determine if assistance is
appropriate (e.g., it is beneficial for the relay 206
and the mobile device 202 to engage in the
assistance). For instance, a determination can be made
on if there are mobile devices physically close enough
to the relay to reap a benefit. [0051] If it is
determined that the relay 208 is at the edge and there
is a mobile device for which it is appropriate to
provide support, then support can be granted (e.g.,
digital support, analog support, etc.). For example,
the mobile device 202 can attempt to send 4MB of
information to the base station 206. Without
assistance, the mobile device can send four 1MB
packets in a serial manner. However, the assistance
can enable the relay 206 to transmit first and third
1MB packets serially to the base station 204 while the
mobile device 202 transmits second and fourth 1MB
packets serially, thus resulting in the transfer
occurring in less time. Likewise, the relay 206 can
provide assistance in transmitting from the base
station 204 to the mobile device 202. In another
example, the mobile device 202 and relay 206 can
attempt to send identical packets under an assumption
that multiple tries are necessary to be successful.
Thus, attempts can take place concurrently (e.g., the
mobile device 202 and relay 206 transfer the packets
simultaneously increasing exposure to the base station
204) and thus communications should complete in a
timelier manner. It is to be appreciated that the
relay 206 can function as user equipment (e.g.,
another mobile device, access terminal, etc.) and
continue operation when not functioning in a relay
capacity. Moreover, the relay 206 can function
transparently to the mobile device 202 and/or the base
station 204. It is to be appreciated that the relay
206 can provide assistance to more than one mobile
device at one time. [0052] Now referring to Fig. 3, an
example configuration 300 is disclosed for assisting a
mobile device through use of a relay. An assistance
evaluator 302 can be employed to determine if
assistance of a mobile device should occur. Based upon
a positive determination, an assistor 304 can enable
dispatching of information (e.g., through use of a
relay) related to the mobile device. It is to be
appreciated that the assistance evaluator 302 and/or
assistor 304 can implement upon a relay, a third party
device, user equipment, etc. [0053] The assistance
evaluator 302 can employ a measurement module 306 that
concludes if a relay is near an edge of a cell based
upon evaluation of a downlinktransmission. Being at
the edge can minimize interference experienced from a
base station engaged with a mobile device that is
being assisted. In addition, the relay can be a valid
access terminal of a communication network to decode
downlink control information (e.g., access terminal
uplink assignments). [0054] An appraisal module 308
can be used that determines if assistance should be
provided by the relay to a mobile device based upon
analysis of an uplink transmission. According to one
embodiment, the determination is made upon concluding
that the relay is near the edge. The appraisal module
308 can function such that a determination is made
that the mobile device is in close enough proximity to
the relay (e.g., based upon an evaluation of the
uplink transmission). [0055] If it is determined that
the relay is at the edge and that there is a mobile
device that is close enough to the relay, then a
classifier module 310 can be used that identifies 



that a mobile device should be provided assistance
based upon monitored uplink and downlink information.
Other metrics can be used in determining if there
should be assistance provided to the mobile device,
such as power consumption of the mobile device, of the
relay, etc. Analysis that is more complex can be
performed to determine if there should be assistance
provided to the mobile device. For example, a mobile
device can request relay assistance or it can be
determined that while the relay is at an edge and a
mobile device is close, there is estimated to be
little benefit to use a relay (e.g., the mobile device
is running at high efficiency). [0056] A support
module 312 can be used that provides assistance to the
mobile device by instructing a relay to operate. The
assistance can be in relation to uplink, downlink,
forward link, reverse link, etc. Moreover, the
assistance can be digital or analog as well as be in a
limited instance (e.g., for a period of time) or so
long as constraints are met (e.g., if the relay
remains near an edge and the mobile device is still
relatively close, then relaying can continue). [0057]
Referring now to Fig. 4, an example system 400 is
disclosed for monitoring an uplink transmission (e.g.,
radio uplink). An uplink transmission can include
transmission from a mobile device to a base station
(e.g., in a cellular network) or from a base station
to a satellite (e.g., in a data transmission
implementation). An assistance evaluator 302 (e.g.,
with measurement module 306 and/or appraisal module
308) can process uplink information while an assistor
302 provides support to a mobile device if
appropriate.[0058] A supervisor module 402 can be used
that monitors the uplink transmission. The supervisor
module 402 can globally observe communication (e.g.,
through performing a global scan within a geographical
area) and identify uplink communication. In an
alternative embodiment, the supervisor module 402 can
make a request to an identified base station to
provide information pertaining to engaged
communications. If there is an engaged communication
with a mobile device that is physically near a relay,
then the supervisor module 402 can scrutinize the
uplink. [0059] An investigation module 404 can analyze
the monitored uplink transmission (e.g., metadata
pertaining to the transmission). A result of the
analysis can used in making the determination on if
assistance should be provided to the mobile device.
For instance, if the uplink transmission suggests that
the mobile device is physically far away from a relay,
then a determination can be made that assistance
should not be provided since there can be a high
likelihood of interference and/or it could be wasteful
of relay resources (e.g., since communication with a
distant mobile device can use a relatively large
amount of power). [0060] It is to be appreciated that
artificial intelligence techniques can be used to
practice determinations and inferences disclosed
herein. These techniques employ one of numerous
methodologies for learning from data and then drawing
inferences and/or making determinations related to
dynamically storing information across multiple
storage units (e.g., Hidden Markov Models (HMMs) and
related prototypical dependency models, more general
probabilistic graphical models, such as Bayesian
networks, e.g., created by structure search using a
Bayesian model score or approximation, linear
classifiers, such as support vector machines (SVMs),
non-linear classifiers, such as methods referred to as
"neural network" methodologies, fuzzy logic
methodologies, and other approaches that perform data
fusion, etc.) in accordance with implementing various
automated aspects described herein. These techniques
can also include methods for capture of logical
relationships such as theorem provers or more
heuristic rule-based expert systems. These techniques
can be represented as an externally pluggable module,
in some cases designed by a disparate (third) party.
[0061] Referring now to Fig. 5, an example system 500
is disclosed for processing downlink communication
metadata. An assistance evaluator 302 (e.g., with
measurement module 306 and/or appraisal module 308)
and an assistor 304 can be employed in relation to
assisting a mobile device. The assistance can be
performed insending uplink information as well as
downlink information. An observation module 502 can be
used that monitors a downlink transmission (e.g.,
global monitoring, specific monitoring, etc.). Similar
functionality to the supervisor module 402 of Fig. 2
can be implemented by the observation module 502
(e.g., requesting downlink metadata from a base
station) and vice versa. [0062] A calculation module
504 can be used that evaluates the monitored downlink
transmission (e.g., from a base station). A result of
the evaluation can be used used in making the
conclusion of the measurement module 306 of Fig. 3
(e.g., the downlink information is analyzed to
estimate a location of a relay in comparison to a cell
of a base station). If it is determined that the relay
is at an edge of the cell, then uplink communication
can be monitored, processed, and used to determine if
assistance should be provided. [0063] According to one
embodiment, the observation module 502 includes a
manger (e.g., inherent of the observation module 502)
that decodes downlink control information (e.g.,
access terminal uplink assignments). The decoded
control information is processed to infer or determine
a relay location in relation to a cell. In one
embodiment, the relay is a valid access terminal
(e.g., a terminal authorized to engage with a base
station) that is scheduled on an uplink when decoding
downlink control information. [0064] Referring to Fig.
6, an example system 600 is disclosed for using power
of a mobile device to determine if assistance should
be provided from a relay. An assistance evaluator 302
(e.g., with measurement module 306 and/or appraisal
module 308) can be used to process power metadata and
based upon a result of the processing (and evaluation
of other information, such as uplink and downlink), an
assistor 304 can be employed. Power usage of the
mobile device can be indicative that the mobile device
is struggling in operation and benefit from a relay.
[0065] An inspection module 602 can be used that
monitors power capability of the mobile device. The
power capability can be used in determining if
assistance should be provided by the relay to the
mobile device. The relay provides assistance based
upon a positive determination (e.g., a determination
based upon uplink communication, power and uplink
communication, etc.). Additionally, battery condition
can be used in determining if assistance should be
provided. For example, if a mobile device is low on
battery power, then a relay can be employed to
facilitate energy conservation (e.g.,using the relay
permits the mobile device to expend less power and/or
operate for a shorter timeframe). [0066] According to
one embodiment, a threshold level is used to determine
if assistance should be provided by the relay to the
mobile device (e.g., there is use of the threshold
level to determine if the mobile device and relay are
physically close enough 



to one another). A selection module 604 can set the
threshold through comparing a data rate transmission
of the mobile device against a signal-to-interference
ratio (SINR) of the data rate transmission. For
instance, if the data rate is very low relative to
what can be supported based on SINR, then the mobile
device can be a likely candidate for assistance. The
amount of the threshold value can be established
during operation, when implementing the relay or
mobile device, etc. In one configuration, a scoring
system can be used by a relay, where mobile device are
assigned a score based upon physical proximity (e.g.,
established by uplink communication) or power
consumption. The scores can be compared against one
another and a mobile device with an appropriate score
(e.g., a highest score, above a score threshold, etc.)
can be assisted. An establishment module 606 can be
used that resolves how to support the mobile device
(e.g., determines that analog assistance is
appropriate), the assistance is provided in accordance
with a result of the resolution. [0067] Now referring
to Fig. 7, an example system 700 is disclosed to
facilitate providing assistance to a mobile device
(e.g., assist in forwarding information). An
assistance evaluator 302 and an assistor 304 (e.g.,
with classifier module 310 and/or support module 312)
can be used (e.g., implemented upon a relay) to listen
to a downlink and uplink communication session. A
determination can be made on if analog or digital
assistance should be provided upon learning that
assistance is appropriate. According to one
embodiment, the supporter 212 retransmits a delayed
version of an access terminal signal used by the
mobile device. [0068] The assistor can use an
examination module 702 that monitors a downlink
assignment channel. The examination module 702 can
implement along with (e.g., as the same entity) and/or
share functionality with the observation module 502 of
Fig. 5 and vice versa. A verification module 704 can
be employed that determines a start time of an uplink
transmission for the mobile device (e.g., neighboring
access terminal) based upon the monitored downlink
assignment channel. Additionally, evaluation ofthe
downlink assignment channel can take place to
determine a nature of the assignment (e.g., the
assignment is sticky or persistent, and the like).
[0069] Now referring to Fig. 8, an example system 800
is disclosed for processing uplink communication
concerning assisting a mobile device. An assistance
evaluator 302 and an assistor 304 (with a classifier
module 310 and support module 312) can process
information to determine assistance to provide as well
as to provide the determined assistance. A check can
take place with the mobile device to confirm that
assistance is allowed where assistance does not take
place without permission (e.g., permission of a mobile
device or base station). However, the assistance can
also be provided such that the mobile device and/or
the base station (e.g., true base station) are unaware
of the assistance. [0070] The assistor 204 can use a
detection module 802 that monitors an uplink
communication for the mobile device. Functionality can
be shared between the assistor 204 and the supervisor
module 402 of Fig. 4 (e.g., implement together). As
part of the assistance, an uplink communication can be
transmitted through the relay - therefore the assistor
304 can use an emission module 804 that transmits a
scaled version of the uplink communication. Moreover,
the assistor can determine how to scale the
communication and perform the scaling. It is to be
appreciated that monitoring and transmission can occur
upon one band (e.g., through use of two separate RF
(radio frequency) chains and antennas). [0071] Now
referring to Fig. 9, an example system 900 is
disclosed for using power capabilities of the mobile
device in providing assistance. An assistance
evaluator 302 can make observation concerning
engagement between a mobile device and a base station.
An assistor 304 (with a classifier module 310 and
support module 312) can provide assistance to the
mobile device (e.g., aid in information communication)
[0072] A resolution module 902 can be used that
determines a manner (e.g., how to provide assistance,
to what level assistance should be provided) in which
to assist the mobile device. For instance, a mobile
device can struggle in providing information to a base
station, so the resolution module 902 can determine
that the relay should assist in providing information.
However, if the relay is also functioning as a mobile
device and has a relatively large number of resources
being consumed, then a determination can be made that
the level of assistance should be relatively
low.[0073] According to one embodiment, transmit power
of the relay can be taken into account in determining
the manner. A decision module 904 can select a
transmit power of the relay (e.g., an amount of power
to be used in providing assistance to the mobile
device), the selected transmit power is used in
determining the manner. Since higher power can cause
higher interference, the transmit power should be kept
as low as reasonably possible. [0074] Now referring to
Fig. 10, an example system 1000 is disclosed for
facilitating communication forwarding. An assistance
evaluator 302 and an assistor 304 (e.g., with
classifier module 310 and/or support module 312) can
be used to determine that assistance to a mobile
device should be provided. In addition, a check can be
performed by the assistance evaluator 302 or the
assistor to determine if there is a ban on relay
performance. For instance, if a mobile device emits
highly sensitive information, then it can be desirable
for the mobile device alone to emit information, even
if emission is at a less then desirable rate. A scan
of the communication (e.g., uplink, downlink, etc.),
mobile device, base station, etc. can determine that
there is an instruction that relay should not occur
and the relay can follow the instruction. [0075]
According to one implementation, the assistance
provided by the assistor 304 can be digital. An
intermediary module 1002 can be used that intercepts a
packet on a first communication from the mobile device
to a base station and a conveyance module 1004 can be
employed that retransmits the packet (e.g., to the
base station). For instance, in a communication there
can be multiple attempts to send a packet of
information before all the information can be
appreciated by the base station. Therefore, if at
least one relay transfers the packets, appreciation
can take place in less time. [0076] Now referring to
Fig. 11, an example system 1100 is disclosed for
determining if assistance should be provided to a
mobile device. An assistance evaluator 302 and an
assistor 304 (e.g., with classifier module 310 and/or
support module 312) can be used evaluate communication
between the mobile device and base station. A scan
module 1102 can be used that observes communication of
the mobile device. The scanner can incorporate aspect
disclosed herein, including those of the supervisor
module 402 of Fig. 4 and/or the observation module 502
of Fig. 5. An assessor module 1104 can analyze a
product of the observation and a result of the
analysis can be used in makingthe identification.
Functionality of the assistance evaluator 302 can be
carried over to 



the assessor module 1104 and vice versa. [0077] Now
referring to Fig. 12, an example methodology 1200 is
disclosed for evaluating a mobile device relationship
with a base station and determining if assistance
should be provided through use of a relay. Downlink
transmission of a base station can be monitored at
action 1202 and an inference can be drawn between the
monitored transmission and a location of a relay
(e.g., potential relay) to the base station. A check
1204 can take place to determine if the relay is near
and edge of a cell of the base station. If the relay
is not near the edge, then the methodology 1200 can
return to action 1202. According to an alternative
embodiment, a measurement can be taken or estimated on
how close the relay is to the edge and the check 1202
can determine if further operation should occur enough
if the relay is not at the edge (e.g., the relay is
close enough to the edge to warrant further
functionality). [0078] If it is determined that the
relay is near the edge, then an uplink transmission
from at least one mobile device to the base station
can be monitored at event 1206. Thus, a relay can
listen to a downlink and an uplink - for instance, in
an FDD system, there can be radio frequency
capabilities and baseband processing to listen to
different bands. Check 1208 can operate to determine
if assistance should be provided to the mobile device.
If there should not be assistance provided, the
methodology 1200 can return to event 1206 such that
changes can occur where the check 1208 produces a
different result. [0079] If assistance should be
provide, then the another check 1210 can take place to
determine if analog or digital assistance should be
provided. A type of assistance to provide can be
hard-coded in a relay, base station, mobile device,. .
. or can be determined based upon contextual factors.
If digital assistance should be provided, then the
methodology 1200 can provide digital assistance at act
1212; if analog assistance should be provided, then
the methodology 1200 can provide analog assistance at
act 1214. [0080] Now referring to Fig. 13, an example
methodology 1300 is disclosed for determining if
assistance should be provided to a mobile device from
a relay. A power threshold can be set at act 1302 to
regulate how much power of a relay should be dedicated
to an assistance operation. While the threshold can be
global (e.g., applied to all mobile device assistance
operations), the methodology 1300 can also configure
suchthat the threshold is set for engagements
individual mobile device encounters. Moreover, the
threshold set at act 1302 can be for the mobile device
- power used by the mobile device can be a factor in
determining if assistance should be provided (e.g.,
high power usage signifies assistance should be
given). [0081] Monitoring of a downlink transmission
can occur through event 1304 and an estimate can be
made on a relay position in relation to a cell of a
base station and an absolute position at action 1306.
A check 1308 can determine if a relay is near an edge
of the cell. If the relay is not near the cell, then
the methodology can return to event 1304. [0082] If
the relay is near the edge of the cell, the uplink
transmission of the mobile device can be monitored at
event 1310. In addition to monitoring an uplink
transmission, power output can be monitored at act
1312 (e.g., output of the relay, of the mobile device,
etc.) and evaluated at event 1314 (e.g., comparing an
actual power level against a power threshold). A check
1316 can determine if assistance should be provided to
a mobile device. [0083] If assistance is not to be
provided, then the methodology 1300 can return to
monitoring uplink transmission at event 1310 (e.g., to
determine if there is a change and thus potential that
the outcome of check 1316 change). In an alternative
embodiment, the methodology 1300 can return to act
1312 (e.g., to determine if power level changes enough
to warrant a different outcome of check 1316). If
assistance should be provided, then a determination
can be made on the assistance to provide at action
1318 and the assistance can be provided at action
1320. [0084] Now referring to Fig. 14, an example
methodology 1400 is disclosed for providing assistance
to a mobile device (e.g., providing uplink
assistance). Uplink and downlink of communication
between a mobile device and base station can take
place at event 1402. A result of the monitoring can be
analyzed at act 1404 and identification can occur on
if there should be assistance provided at action 1406
(e.g., analog assistance). Upon determining that
assistance should be provided, a manner in which to
provide the assistance can be determined. [0085] There
can be retransmission of a delayed version of an
access terminal signal used by the mobile device at
action 1410 (e.g., another instance of an uplink
transmission offset from when the mobile device sends
the uplink transmission). Additionally, there can be
determining a start time of an uplink transmission for
themobile device based upon the monitored downlink
assignment channel at act 1412. At event 1414, there
can be selecting a transmit power of the relay, the
selected transmit power is used in determining the
manner and at action 1416 there can be transmitting a
scaled version of the uplink communication. [0086] Now
referring to Fig. 15, an example methodology 1500 is
disclosed for providing digital assistance to a mobile
device from a relay. Monitoring of an uplink and
downlink communication between a mobile device and
base station can occur at event 1502. Based upon a
result of the uplink and downlink monitoring, there
can be an identification (e.g., a determination made,
a communication received, etc.) that assistance should
be provided at act 1504. [0087] Additionally, there
can be a determination made that digital assistance
should be provided through event 1506. If there is to
be digital assistance, a packet communicated from the
mobile device to the base station can be intercepted
and evaluated at act 1508. The packet can be
retransmitted at action 1510 as many times as
appropriate (e.g., until the base station appreciates
the packet information). [0088] Referring to Figs.
12-15, methodologies relating to operations regarding
relay assistance. While, for purposes of simplicity of
explanation, the methodologies are shown and described
as a series of acts, it is to be understood and
appreciated that the methodologies are not limited by
the order of acts, as some acts can, in accordance
with one or more embodiments, occur in different
orders and/or concurrently with other acts from that
shown and described herein. For example, those skilled
in the art will understand and appreciate that a
methodology could alternatively be represented as a
series of interrelated states or events, such as in a
state diagram. Moreover, not all illustrated acts can
be required to implement a methodology in accordance
with one or more embodiments. [0089] It will be
appreciated that, in accordance with one or more
aspects described 



herein, inferences can be made regarding whether
information should be disclosed, what metadata should
be presented, etc. As used herein, the term to "infer"
or "inference" refers generally to the process of
reasoning about or inferring states of the system,
environment, and/or user from a set of observations as
captured via events and/or data. Inference can be
employed to identify a specific context or action, or
can generate a probability distribution over states,
for example. The inference can be probabilistic-that
is, the computation of a probability distribution over
states of interest based on aconsideration of data and
events. Inference can also refer to techniques
employed for composing higher-level events from a set
of events and/or data. Such inference results in the
construction of new events or actions from a set of
observed events and/or stored event data, whether or
not the events are correlated in close temporal
proximity, and whether the events and data come from
one or several event and data sources. [0090]
According to an example, one or more methods presented
above can include making inferences pertaining to a
location of a mobile device in a cell. By way of
further illustration, an inference can be made related
to a manner of providing assistance. It will be
appreciated that the foregoing examples are
illustrative in nature and are not intended to limit
the number of inferences that can be made or the
manner in which such inferences are made in
conjunction with the various embodiments and/or
methods described herein. [0091] Fig. 16 is an
illustration of a mobile device 1600 that facilitates
determining if relay assistance should be provided to
the mobile device 1600. Mobile device 1600 comprises a
receiver 1602 that receives a signal from, for
instance, a receive antenna (not shown), and performs
typical actions thereon (e.g., filters, amplifies,
downconverts, etc.) the received signal and digitizes
the conditioned signal to obtain samples. Receiver
1602 can be, for example, an MMSE receiver, and can
comprise a demodulator 1604 that can demodulate
received symbols and provide them to a processor 1606
for channel estimation. Processor 1606 can be a
processor dedicated to analyzing information received
by receiver 1602 and/or generating information for
transmission by a transmitter 1616, a processor that
controls one or more components of mobile device 1600,
and/or a processor that both analyzes information
received by receiver 1602, generates information for
transmission by transmitter 1616, and controls one or
more components of mobile device 1600. [0092] Mobile
device 1600 can additionally comprise memory 1608 that
is operatively coupled to processor 1606 and that can
store data to be transmitted, received data,
information related to available channels, data
associated with analyzed signal and/or interference
strength, information related to an assigned channel,
power, rate, or the like, and any other suitable
information for estimating a channel and communicating
via the channel. Memory 1608 can additionally store
protocols and/or algorithms associated with estimating
and/or utilizing a channel (e.g., performance based,
capacity based, etc.).[0093] It will be appreciated
that the data store (e.g., memory 1608) described
herein can be either volatile memory or nonvolatile
memory, or can include both volatile and nonvolatile
memory. By way of illustration, and not limitation,
nonvolatile memory can include read only memory (ROM),
programmable ROM (PROM), electrically programmable ROM
(EPROM), electrically erasable PROM (EEPROM), or flash
memory. Volatile memory can include random access
memory (RAM), which acts as external cache memory. By
way of illustration and not limitation, RAM is
available in many forms such as synchronous RAM
(SRAM), dynamic RAM (DRAM), synchronous DRAM (SDRAM),
double data rate SDRAM (DDR SDRAM), enhanced SDRAM
(ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus
RAM (DRRAM). The memory 1608 of the subject systems
and methods is intended to comprise, without being
limited to, these and any other suitable types of
memory. [0094] Processor 1602 is further operative Iy
coupled to a measurement module 1610 and/or an
appraisal module 1612. The measurement module 1610 can
ascertain if the mobile device 1600 is near an edge of
a cell. In addition, the appraisal module 1612 can
determine if assistance should be provided to the
mobile device 1600 by another base station or device
functioning as a relay. Mobile device 1600 still
further comprises a modulator 1614 and a transmitter
1616 that transmits a signal (e.g., base CQI and
differential CQI) to, for instance, a base station,
another mobile device, etc. Although depicted as being
separate from the processor 1606, it is to be
appreciated that the measurement module 1610 and/or
appraisal module 1612 can be part of processor 1606 or
a number of processors (not shown). [0095] Fig. 17 is
an illustration of a system 1700 that facilitates
assisting a mobile device through relay functionality.
System 1700 comprises a base station 1702 (e.g.,
access point, . ..) with a receiver 1710 that receives
signal(s) from one or more mobile devices 1704 through
a plurality of receive antennas 1706, and a
transmitter 1722 that transmits to the one or more
mobile devices 1704 through a plurality of transmit
antennas 1708. Receiver 1710 can receive information
from receive antennas 1706 and is operatively
associated with a demodulator 1712 that demodulates
received information. Demodulated symbols are analyzed
by a processor 1714 that can be similar to the
processor described above with regard to Fig. 16, and
which is coupled to a memory 1716 that stores
information related to estimating a signal (e.g.,
pilot) strength and/or interference strength, data to
be transmitted to or received from mobiledevice(s)
1704 (or a disparate base station (not shown)), and/or
any other suitable information related to performing
the various actions and functions set forth herein.
[0096] Processor 1714 is further coupled to a
classification module 1718 and/or to a support module
1720. The classification module 1718 can identify that
assistance should be provided while a support module
1720 can provide the assistance. Information to be
transmitted can be provided to a modulator 1722.
Modulator 1722 can multiplex the information for
transmission by a transmitter 1724 through antenna
1708 to mobile device(s) 1704. Although depicted as
being separate from the processor 1714, it is to be
appreciated that the classification module 1718 and/or
support module 1720 can be part of processor 1714 or a
number of processors (not shown). [0097] Fig. 18 shows
an example wireless communication system 1800. The
wireless communication system 1800 depicts one base
station 1810 and one mobile device 1850 for sake of
brevity. However, it is to be appreciated that system
1800 can include more than one base station and/or
more than one mobile device, wherein additional base
stations and/or mobile devices can be substantially
similar or different from example base station 1810
and mobile device 1850 described below. In addition,
it is to be appreciated that base station 1810 and/or
mobile device 1850 can employ the systems (Figs. 1-1 1
and 16-17) and/or methods (Figs. 12-15) described
herein to facilitate wireless communication there
between. 



[0098] At base station 1810, traffic data for a number
of data streams is provided from a data source 1812 to
a transmit (TX) data processor 1814. According to an
example, each data stream can be transmitted over a
respective antenna. TX data processor 1814 formats,
codes, and interleaves the traffic data stream based
on a particular coding scheme selected for that data
stream to provide coded data. [0099] The coded data
for each data stream can be multiplexed with pilot
data using orthogonal frequency division multiplexing
(OFDM) techniques. Additionally or alternatively, the
pilot symbols can be frequency division multiplexed
(FDM), time division multiplexed (TDM), or code
division multiplexed (CDM). The pilot data is
typically a known data pattern that is processed in a
known manner and can be used at mobile device 1850 to
estimate channel response. The multiplexed pilot and
coded data for each data stream can be modulated
(e.g., symbol mapped) based on a particular modulation
scheme (e.g., binary phase-shift keying (BPSK),
quadrature phase-shift keying (QPSK), M-phase-shift
keying (M-PSK), M-quadrature amplitude
modulation(M-QAM), etc.) selected for that data stream
to provide modulation symbols. The data rate, coding,
and modulation for each data stream can be determined
by instructions performed or provided by processor
1830. [00100] The modulation symbols for the data
streams can be provided to a TX MIMO processor 1820,
which can further process the modulation symbols
(e.g., for OFDM). TX MIMO processor 1820 then provides
NT modulation symbol streams to NT transmitters (TMTR)
1822a through 1822t. In various embodiments, TX MIMO
processor 1820 applies beamforming weights to the
symbols of the data streams and to the antenna from
which the symbol is being transmitted. [00101] [0079]
Each transmitter 1822 receives and processes a
respective symbol stream to provide one or more analog
signals, and further conditions (e.g., amplifies,
filters, and upconverts) the analog signals to provide
a modulated signal suitable for transmission over the
MIMO channel. Further, NT modulated signals from
transmitters 1822a through 1822t are transmitted from
NT antennas 1824a through 1824t, respectively. [00102]
At mobile device 1850, the transmitted modulated
signals are received by NR antennas 1852a through
1852r and the received signal from each antenna 1852
is provided to a respective receiver (RCVR) 1854a
through 1854r. Each receiver 1854 conditions (e.g.,
filters, amplifies, and downconverts) a respective
signal, digitizes the conditioned signal to provide
samples, and further processes the samples to provide
a corresponding "received" symbol stream. [00103] An
RX data processor 1860 can receive and process the NR
received symbol streams from NR receivers 1854 based
on a particular receiver processing technique to
provide NT "detected" symbol streams. RX data
processor 1860 can demodulate, deinterleave, and
decode each detected symbol stream to recover the
traffic data for the data stream. The processing by RX
data processor 1860 is complementary to that performed
by TX MIMO processor 1820 and TX data processor 1814
at base station 1810. [00104] A processor 1870 can
periodically determine which precoding matrix to
utilize as discussed above. Further, processor 1870
can formulate a reverse link message comprising a
matrix index portion and a rank value portion. [00105]
The reverse link message can comprise various types of
information regarding the communication link and/or
the received data stream. The reverse link message
canbe processed by a TX data processor 1838, which
also receives traffic data for a number of data
streams from a data source 1836, modulated by a
modulator 1880, conditioned by transmitters 1854a
through 1854r, and transmitted back to base station
1810. [00106] At base station 1810, the modulated
signals from mobile device 1850 are received by
antennas 1824, conditioned by receivers 1822,
demodulated by a demodulator 1840, and processed by a
RX data processor 1842 to extract the reverse link
message transmitted by mobile device 1850. Further,
processor 1830 can process the extracted message to
determine which precoding matrix to use for
determining the beamforming weights. [00107]
Processors 1830 and 1870 can direct (e.g., control,
coordinate, manage, etc.) operation at base station
1810 and mobile device 1850, respectively. Respective
processors 1830 and 1870 can be associated with memory
1832 and 1872 that store program codes and data.
Processors 1830 and 1870 can also perform computations
to derive frequency and impulse response estimates for
the uplink and downlink, respectively. [00108] It is
to be understood that the embodiments described herein
can be implemented in hardware, software, firmware,
middleware, microcode, or any combination thereof. For
a hardware implementation, the processing units can 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, other electronic
units designed to perform the functions described
herein, or a combination thereof. [00109] When the
embodiments are implemented in software, firmware,
middleware or microcode, program code or code
segments, they can be stored in a machine-readable
medium, such as a storage component. A code segment
can represent a procedure, a function, a subprogram, a
program, a routine, a subroutine, a module, a software
package, a class, or any combination of instructions,
data structures, or program statements. A code segment
can be coupled to another code segment or a hardware
circuit by passing and/or receiving information, data,
arguments, parameters, or memory contents.
Information, arguments, parameters, data, etc. can be
passed, forwarded, or transmitted using any suitable
means including memory sharing, message passing, token
passing, network transmission, etc.[00110] For a
software implementation, the techniques described
herein can be implemented with modules (e.g.,
procedures, functions, and so on) that perform the
functions described herein. The software codes can be
stored in memory units and executed by processors. The
memory unit can be implemented within the processor or
external to the processor, in which case it can be
communicatively coupled to the processor via various
means as is known in the art. [00111] With reference
to Fig. 19, illustrated is a system 1900 that
determines if relay assistance is appropriate. For
example, system 1900 can reside at least partially
within a mobile device. It is to be appreciated that
system 1900 is represented as including functional
blocks, which can be functional blocks that represent
functions implemented by a processor, software, or
combination thereof (e.g., firmware). System 1900
includes a logical grouping 1902 of electrical
components that can facilitate operation. For 



instance, logical grouping 1902 can include electrical
component for ascertaining if a relay is near an edge
of a cell based upon evaluation of a downlink
transmission 1904 and/or electrical component for
determining if assistance should be provided by the
relay to the mobile device based upon analysis of an
uplink transmission and further based on the
ascertaining of the relay being near the edge of the
cell. Additionally, system 1900 can include a memory
1908 that retains instructions for executing functions
associated with electrical components 1904 and 1906.
While shown as being external to memory 1908, it is to
be understood that one or more of electrical
components 1904 and 1906 can exist within memory 1908.
[00112] Turning to Fig. 20, illustrated is a system
2000 that provides relay assistance. System 2000 can
reside within a base station, for instance. As
depicted, system 2000 includes functional blocks that
can represent functions implemented by a processor,
software, or combination thereof (e.g., firmware).
System 2000 includes a logical grouping 2002 of
electrical components that can facilitate operation.
Logical grouping 2002 can include electrical
components for identifying that a mobile device should
be provided assistance based upon monitored uplink and
downlink information 2004. In addition, the logical
grouping 2002 can include electrical components for
instructing a relay to provide assistance to the
mobile device upon identifying that assistance should
be provided 2006. Additionally, system 2000 can
include a memory 2008 that retains instructions for
executing functions associated with electrical
components 2004 and2006. While shown as being external
to memory 2008, it is to be understood that electrical
components 2004 and 2006 can exist within memory 2008.
[00113] The various illustrative logics, logical
blocks, modules, and circuits described in connection
with the embodiments disclosed herein may be
implemented or performed with a general purpose
processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general-purpose processor may be a
microprocessor, but, in the alternative, the processor
may be any conventional processor, controller,
microcontroller, or state machine. A processor may
also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration. Additionally, at
least one processor may comprise one or more modules
operable to perform one or more of the steps and/or
actions described above. [00114] Further, the steps
and/or actions of a method or algorithm described in
connection with the aspects disclosed herein may be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the
two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory,
registers, a hard disk, a removable disk, a CD-ROM, or
any other form of storage medium known in the art. An
exemplary storage medium may be coupled to the
processor, such that the processor can read
information from, and write information to, the
storage medium. In the alternative, the storage medium
may be integral to the processor. Further, in some
aspects, the processor and the storage medium may
reside in an ASIC. Additionally, the ASIC may reside
in a user terminal. In the alternative, the processor
and the storage medium may reside as discrete
components in a user terminal. Additionally, in some
aspects, the steps and/or actions of a method or
algorithm may reside as one or any combination or set
of codes and/or instructions on a machine readable
medium and/or computer readable medium, which may be
incorporated into a computer program product. [00115]
In one or more aspects, the functions described may be
implemented in hardware, software, firmware, or any
combination thereof. If implemented in software,the
functions may be stored or transmitted as one or more
instructions or code on a computer-readable medium.
Computer-readable media includes both computer storage
media and communication media including any medium
that facilitates transfer of a computer program from
one place to another. A storage medium may be any
available media that can be accessed by a computer. By
way of example, and not limitation, such
computer-readable media can comprise RAM, ROM, EEPROM,
CD-ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any
other medium that can be used to carry or store
desired program code in the form of instructions or
data structures and that can be accessed by a
computer. Also, any connection may be termed a
computer-readable medium. For example, if software is
transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable,
twisted pair, DSL, or wireless technologies such as
infrared, radio, and microwave are included in the
definition of medium. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk and blu-ray
disc where disks usually reproduce data magnetically,
while discs usually reproduce data optically with
lasers. Combinations of the above should also be
included within the scope of computer-readable media.
[00116] While the foregoing disclosure discusses
illustrative aspects and/or embodiments, it should be
noted that various changes and modifications could be
made herein without departing from the scope of the
described aspects and/or embodiments as defined by the
appended claims. Furthermore, although elements of the
described aspects and/or embodiments may be described
or claimed in the singular, the plural is contemplated
unless limitation to the singular is explicitly
stated. Additionally, all or a portion of any aspect
and/or embodiment may be utilized with all or a
portion of any other aspect and/or embodiment, unless
stated otherwise.CLAIMS WHAT IS CLAIMED IS: 1. A
method for determining whether assistance should be
provided to a mobile device operable upon a wireless
communication device, comprising: ascertaining if a
relay is near an edge of a cell based upon evaluation
of a downlink transmission; and determining if
assistance should be provided by the relay to the
mobile device based upon analysis of an uplink
transmission and further based upon the ascertaining
of the relay being near the edge of the cell. 2. The
method of claim 1, wherein the relay is transparent to
a base station and the mobile device. 3. The method of
claim 1, further comprising: 



monitoring the uplink transmission; and analyzing the
monitored uplink transmission, a result of the
analysis being used in making the determination. 4.
The method of claim 1, further comprising monitoring
power capability of the mobile device, wherein the
power capability is used in determining if assistance
should be provided by the relay to the mobile device.
5. The method of claim 1, wherein a threshold level is
used to determine if assistance should be provided by
the relay to the mobile device. 6. The method of claim
1, further comprising setting a threshold level, said
setting being performed through comparing a data rate
transmission of the mobile device against a
signal-to-interference ratio of the data rate
transmission. 7. The method of claim 1, further
comprising providing assistance based upon a positive
determination that assistance should be provided.8.
The method of claim 7, further comprising resolving
how to support the mobile device, the assistance being
provided in accordance with a result of the
resolution. 9. The method of claim 1, further
comprising: monitoring the downlink transmission; and
evaluating the monitored downlink transmission,
wherein a result of the evaluation is used in
ascertaining if the relay is near the edge of the
cell. 10. The method of claim 9, wherein monitoring
the downlink transmission comprises decoding downlink
control information. 11. The method of claim 10,
wherein the relay is a valid access terminal that is
scheduled on an uplink when decoding downlink control
information. 12. An apparatus, comprising: a
measurement module that ascertains if a relay is near
an edge of a cell based upon evaluation of a downlink
transmission; and an appraisal module that determines
if assistance should be provided by the relay to a
mobile device based upon analysis of an uplink
transmission and further based upon the ascertaining
of the relay being near the edge of the cell. 13. The
apparatus of claim 12, wherein the relay is
transparent to a base station and the mobile device.
14. The apparatus of claim 12, further comprising: a
supervisor module that monitors the uplink
transmission; and an investigation module that
analyzes the monitored uplink transmission, a result
of the analysis being used in making the
determination. 15. The apparatus of claim 12, further
comprising an inspection module that monitors power
capability of the mobile device, the power capability
being used in determining if assistance should be
provided by the relay to the mobile device.16. The
apparatus of claim 12, a threshold level being used to
determine if assistance should be provided by the
relay to the mobile device. 17. The apparatus of claim
12, further comprising a selection module that sets
the threshold through comparing a data rate
transmission of the mobile device against a
signal-to-interference ratio of the data rate
transmission. 18. The apparatus of claim 12, wherein
the relay provides assistance based upon a positive
determination that assistance should be provided. 19.
The apparatus of claim 18, further comprising an
establishment module that resolves how to support the
mobile device, the assistance being provided in
accordance with a result of the resolution. 20. The
apparatus of claim 12, further comprising: an
observation module that monitors the downlink
transmission; and a calculation module that evaluates
the monitored downlink transmission, wherein a result
of the evaluation is used in ascertaining if the relay
is near the edge of the cell. 21. The apparatus of
claim 20, wherein the observation module comprises a
management module that decodes downlink control
information. 22. The apparatus of claim 21, wherein
the relay is a valid access terminal that is scheduled
on an uplink when decoding downlink control
information. 23. At least one processor configured to
determine if there should be assistance provided to a
mobile device, comprising: a first module for
ascertaining if a relay is near an edge of a cell
based upon evaluation of a downlink transmission; anda
second module for determining if assistance should be
provided by the relay to the mobile device based upon
analysis of an uplink transmission and further based
upon the ascertaining of the relay being near the edge
of the cell. 24. A computer program product,
comprising: a computer-readable medium comprising: a
first set of codes for causing a computer to ascertain
if a relay is near an edge of a cell based upon
evaluation of a downlink transmission; and a second
set of codes for causing the computer to determine if
assistance should be provided by the relay to the
mobile device based upon analysis of an uplink
transmission and further based upon the ascertaining
of the relay being near the edge of the cell. 25. An
apparatus, comprising: means for ascertaining if a
relay is near an edge of a cell based upon evaluation
of a downlink transmission; and means for determining
if assistance should be provided by the relay to the
mobile device based upon analysis of an uplink
transmission and further based upon the ascertaining
of the relay being near the edge of the cell. 26. A
method for assisting communication of a mobile device
operable upon a wireless communication device,
comprising identifying whether a mobile device should
be provided assistance based upon monitored uplink and
downlink information; and instructing a relay to
provide assistance to the mobile device upon
identifying that assistance should be provided. 27.
The method of claim 26, the provided assistance being
analog assistance. 28. The method of claim 27, wherein
providing assistance to the mobile device further
comprises retransmission of a delayed version of an
access terminal signal used by the mobile device.29.
The method of claim 27, further comprising: monitoring
a downlink assignment channel; and determining a start
time of an uplink transmission for the mobile device
based upon the monitored downlink assignment channel. 



30. The method of claim 27, further comprising:
monitoring an uplink communication of the mobile
device; and transmitting a scaled version of the
uplink communication. 31. The method of claim 30,
wherein monitoring and transmission occur upon one
band. 32. The method of claim 27, further comprising
determining a manner in which to assist the mobile
device, the assistance being used by the relay and
conveyed through the instruction. 33. The method of
claim 32, further comprising selecting a transmit
power of the relay, the selected transmit power being
used in determining the manner of assistance. 34. The
method of claim 27, wherein the relay is transparent
to the mobile device and a related base station. 35.
The method of claim 26, the provided assistance being
digital assistance, and wherein providing digital
assistance further comprises: intercepting a packet on
a first communication from the mobile device to a base
station; and retransmitting the packet. 36. The method
of claim 26, further comprising: observing
communication of the mobile device; and analyzing a
product of the observation, a result of the analysis
being used in making the identification.37. An
apparatus, comprising: a classifier module to identify
whether a mobile device should be provided assistance
based upon monitored uplink and downlink information;
and a support module that instructs a relay to provide
assistance to the mobile device upon identifying that
assistance should be provided. 38. The apparatus of
claim 37, the provided assistance being analog
assistance. 39. The apparatus of claim 38, wherein the
support module further retransmits a delayed version
of an access terminal signal used by the mobile
device. 40. The apparatus of claim 38, further
comprising: an examination module that monitors a
downlink assignment channel; and a verification module
that determines a start time of an uplink transmission
for the mobile device based upon the monitored
downlink assignment channel. 41. The apparatus of
claim 38, further comprising: a detection module that
monitors an uplink communication of the mobile device;
and an emission module that transmits a scaled version
of the uplink communication. 42. The apparatus of
claim 41, wherein monitoring and transmission occur
upon one band. 43. The apparatus of claim 38, further
comprising a resolution module that determines a
manner in which to assist the mobile device, the
assistance being used by the relay and conveyed
through the instruction. 44. The apparatus of claim
43, further comprising a decision module that selects
a transmit power of the relay, wherein the selected
transmit power is used in determining the manner of
assistance.45. The apparatus of claim 38, wherein the
relay is transparent to the mobile device and a
related base station. 46. The apparatus of claim 37,
the provided assistance being digital assistance, and
wherein providing digital assistance further
comprises: an intermediary module that intercepts a
packet on a first communication from the mobile device
to a base station; and a conveyance module that
retransmits the packet. 47. The apparatus of claim 37,
further comprising: a scan module that observes
communication of the mobile device; and an assessor
module that analyzes a product of the observation, a
result of the analysis being used in making the
identification. 48. At least one processor configured
to assist communication of a mobile device,
comprising: a first module for identifying that a
mobile device should be provided assistance based upon
monitored uplink and downlink information; and a
second module for instructing a relay to provide
assistance to the mobile device upon identifying that
assistance should be provided. 49. A computer program
product, comprising: a computer-readable medium
comprising: a first set of codes for causing a
computer to identify that a mobile device should be
provided assistance based upon monitored uplink and
downlink information; and a second set of codes for
causing the computer to instruct a relay to provide
assistance to the mobile device upon identifying that
assistance should be provided. 50. An apparatus,
comprising:means for identifying that a mobile device
should be provided assistance based upon monitored
uplink and downlink information; and means for
instructing a relay to provide assistance to the
mobile device upon identifying that assistance should
be provided. 


