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Abstract

A series of novel, potent antagonists of the inhibitor of apoptosis proteins (IAPs) were synthesized
in a highly convergent and rapid fashion (< 6 steps) using the Ugi four-component reaction as the
key step, thus enabling rapid optimization of binding potency. These IAP antagonists compete
with caspases 3, 7 and 9 for inhibition by X chromosome-linked IAP (XIAP) and bind strongly
(nanomolar binding constants) to several crucial members of the AP family of cancer pro-survival
proteins to promote apoptosis, with a particularly unique selectivity for melanoma IAP (ML-IAP).
Experiments in cell culture revealed powerful cancer cell growth inhibitory activity in multiple
(breast, ovarian and prostate) cell lines with single agent toxicity at low nanomolar levels against
SKOV-3 human ovarian carcinoma cells. Administration of the compounds to human foreskin
fibroblast cells revealed no general toxicity to normal cells. Furthermore, computational modeling
was performed, revealing key contacts between the AP proteins and antagonists, suggesting a
structural basis for the observed potency.

Although apoptosis (programmed cell death) is an essential part of normal homeostasis, the
evasion of apoptosis by cells is one of the defining hallmarks of cancer.! While advances in
cancer chemotherapeutics over the last few years have improved life expectancy in many
cases, the onset of intrinsic or acquired resistance remains a major barrier to effective
treatment.? Defective apoptotic signalling by caspases, a family of intracellular proteases, is
an underlying cause of resistance to cell death.3 The activity of caspases is suppressed by a
number of endogenous proteins, foremost among them being the inhibitor of apoptosis
proteins (IAPs).*® In humans the IAP family consists of eight members, including X
chromosome-linked IAP (XIAP), cellular IAP 1 (clAP1), cellular IAP 2 (clAP2), and
melanoma IAP (ML-1AP). Each of the IAPs contains regions called baculoviral IAP repeat
(BIR) domains which are 70-80 amino acids in length. In XIAP, the BIR2 domain and the
linker preceding it inhibit the effector caspases 3 and 7, while BIR3 binds to, and
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antagonizes, the initiator caspase 9. The second mitochondria-derived activator of caspases
(Smac) protein is an endogenous dimeric proapoptotic antagonist of XIAP. Acting through
the intrinsic apoptotic pathway, Smac is released into the cytosol from the mitochondrial
intermembrane space in response to cellular stress. Specifically, it is the Smac N-terminal
AVPI sequence (Scheme 1B) that directly binds to a well, defined surface groove created by
the BIR domains of each IAP family member and de-represses the actions of caspases,
allowing apoptosis to proceed. Thus, the inhibition of 1APs by small molecules, or
“inhibiting the inhibitors”, is a highly promising approach for the treatment of cancer.

Following initial studies by Fesik and co-workers,57 several research groups initiated
programs directed at developing IAP antagonists that mimic the AVPI tetrapeptide sequence
(Scheme 1A). For example, the synthesis and characterization of drug-like bicyclic
peptidomimetics were reported separately by Genentech,® S. Wang® and P. Seneci.10 In
addition to being potent IAP antagonists in vitro and in cells, these compounds exhibited
promising drug-like properties, a logical consequence of their reduced peptidic nature
compared with AVPI.

While such Smac peptidomimetics appear to be promising targets, previous syntheses of this
framework have generally been laborious, requiring numerous (11-19) synthetic steps and
purifications. A notable drawback to the reported procedures is their linear nature, in effect
creating a bottleneck for rapid lead optimization. We therefore envisaged a scaffold that
could mimic the pertinent interactions of AVPI with IAPs, avoid the typical issues
associated with peptides as pharmaceutical agents, and yet could also be synthesized rapidly
and efficiently in convergent fashion. This led us to hypothesize that peptidomimetic 1a and
its derivatives might be both synthetically accessible and lead to potent, drug-like IAP
antagonists.* Although the [4,3,0]-bicyclic lactam core is known and has been studied for its
propensity to adopt a reverse-turn conformation, application of previous methods to
assemble 1a would require a lengthy linear synthesis or necessitate the use of specialized
reaction conditions, such as anodic oxidation.11-18 We theorized that use of the Ugi four-
component reaction (Ugi 4CR) had the potential to provide rapid access to the desired
heterobicyclic structures.1® Utilization of this novel paradigm, if realized, would bring about
the formation of six bonds and two stereocenters (one stereoselectively) over two steps.
Herein we report the synthesis of novel, potent IAP antagonists via the highly efficient
application of the Ugi 4CR.

RESULTS AND DISCUSSION

Synthetic proof of concept

Our initial test of the feasibility of using the Ugi 4CR as the key step in the construction of
compound 1a is shown in Scheme 1B. Dipeptide 2a,20 ammonia, butanedial monoacetal
(3a)2! and commercially available benzyl isocyanide (4a, R=Bn) were stirred in 2,2,2-
trifluoroethanol (TFE)22 under microwave irradiation at 80 °C for 20 min. We were
delighted to find that the Ugi 4CR product 5a (R=Bn) was produced cleanly as a 1:1 mixture
of diastereomers. Next, to test the stereoselective formation of the 6,5-heterobicycle 1a
(R=Bn), a six-fold molar excess of trifluoroacetic acid (TFA) was added to the crude
product 5a from the previous step. As a result, several transformations were accomplished in
one pot: acid-induced oxocarbenium ion formation and capture by the amide nitrogen to
form the five-membered ring, loss of methanol from the resulting N,O-acetal to give a
transient N-acyliminium ion which was stereoselectively trapped by the pendant serine
hydroxyl group to generate the bicycle, and finally cleavage of the N-terminal amine Boc-
protecting group. The resulting stereochemistry at the N,O-acetal stereocenter was
exclusively as shown and was controlled by the configuration at L-serine.11-18 The product
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was then purified by flash chromatography over basic alumina to yield peptidomimetic 1ain
30% overall yield from 2a.

Expansion of the reaction scope

With a robust method in place, we then sought to expand the substrate scope by varying the
Ugi 4CR carboxylic acid and isocyanide components. As shown in Figure 1, the
methodology was extended to various readily available starting materials, together with
aldehyde 3a and ammonia. The Ugi 4CR was conducted as before (Scheme 1B), followed
by treatment with TFA. Pleasingly, two-step yields were good despite the entropic
disadvantage of constructing comparatively large scaffolds in a single step. Both aliphatic
and aromatic isocyanides performed well in the reaction, generally giving overall yields
above 60% for the two step process.

The ambit of the reaction sequence was further increased by varying the carboxylic acid and
aldehyde components to generate a more diverse set of heterocycles. In place of the
dipeptides, the protected amino acids 6a (X=0) and 6b (X=S) were utilized, as shown in
Figure 2. This modification served two purposes: first, preparation of the homoserine analog
of 2a (Scheme 1B) was complicated by formation of an inseparable y-lactone byproduct.3
Second, the change allowed for chromatographic separation of the two diastereomers 8 and
9. The reaction sequence was conducted as shown in Figure 2 with the Ugi 4CR followed by
the aforementioned acid-induced reaction cascade. However, primary amine 7 was isolated
and used without purification in the coupling reaction with Boc-N-Me-Ala-OH to give a 1:1
mixture of diastereomers 8 and 9. For the majority of entries (10a—c, 10e), the two
diastereomers were fully or partially separated by a single flash chromatography on silica
gel. A final TFA-induced removal of the amine protecting group gave compounds 10a—f in
impressive overall yields (36-60%) for the four step sequence with only a single
purification. As may be expected, the homocysteine-derived compounds (10c and 10f, 47%
and 60%, respectively) were delivered in higher yields compared to their oxygen-containing
counterparts (10a and 10e, respectively), with 10e and 10f benefiting additionally from the
Thorpe-Ingold (gem-dialkyl) effect?4 during ring closure.

Utility of the convertible isocyanide

In order to expand the potential product scope, application of a convertible isocyanide, an
activated carboxylate surrogate which allows for selective functionalization of the C,
terminal amide, was investigated (Scheme 2). In theory, isocyanide 4e? fulfilled our needs
well; its conversion from the acetanilide after the Ugi 4CR to N-acylindole is achieved under
moderately acidic conditions, similar to those used for conversion from 5ato 1a (Scheme
1B), thus requiring no additional steps.26

Thus, isocyanide 4e was used with 6a, 3a and ammonia in the 3 step reaction sequence to
yield pure 11 (21% 3-step yield + 20% R-isomer, separated isomers) as shown in Scheme 2.
In an attempt to directly displace the indole moiety, 11 was subjected to treatment with
several nucleophiles to no avail; degradation was predominant to product formation in these
cases. This resistance to nucleophilic attack and substitution is surprising given the well,
established propensity of N-acylindoles to undergo this type of reactivity, as demonstrated
by Fukuyama.2® Extrapolation of the three-dimensional structure of 11 from the X-ray
crystal structure of the similar naphthyl amide 8b (Figure 3A) indicates that steric hindrance
at the reactive carbonyl should not be a significant barrier to reaction. Fortunately,
hydrolysis of 11 proceeded well and carboxylic acid 13 was isolated in 75% yield. A
subsequent coupling reaction with (R)-chroman-4-ylamine (14) followed by deprotection
gave the final compound 15 in 88% yield. Thus, the synthetic strategy described in Scheme
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2 adds versatility by allowing for the synthesis of a variety of C-terminal carboxylate
derivatives in stereochemically pure form.

Compound 8b was further analyzed by single crystal X-ray diffraction analysis (Figure
3A).27 The refined structure revealed that the more polar of the two diastereomers possesses
the desired stereochemistry, corresponding to the AVPI stereoconfiguration at P3 (Scheme
1B). The stereochemistry of the separated isomers of the remaining compounds in Figure 2
was similarly and tentatively correlated based on polarity due to their structural similarity.28

Biological activity of IAP antagonists

The new compounds were evaluated in a panel of relevant biochemical assays to determine
their activity against IAP family proteins. To measure binding potency in vitro, a series of
fluorescence polarization (FP) competition assays were employed independently for the BIR
domains of XIAP, clAP1, clAP2 and ML-IAP (Table 1).2° Most of the compounds
synthesized and tested showed only low to moderate levels of binding to the BIR2 domain
of XIAP, with 10e showing the best potency (K;=9.64 1M). We previously showed that AP
antagonists possessing a C-terminal 1-naphthyl amide exhibited more potent binding to the
BIR2 domain relative to BIR3 of XIAP;39 however, this effect was not apparent for the
present compounds (e.g. 1d, 10b).

More promising results were observed for the XIAP BIR3 domain binding data. Initial assay
results obtained for the 6,5-bicyclic compounds (1a-1€), while modest, were important in
verifying the scaffold as a potential lead structure as well as providing some vital
preliminary SAR data. The most potent XIAP BIR3 ligand of the 6,5-bicyclics, 1c (P2
derived from threonine), gave a K; of 6.87 uM. This is compared to the two-fold lower
binding affinity for 1b (P2 derived from serine) against XIAP BIR3, suggesting that the area
of the pocket occupied by the P2 region of 1c may be receptive to substituents. The 6,5-
bicyclic derivatives (1a—1€) also exhibited micromolar binding affinities for the BIR3
domains of clAP1 and clAP2, results which helped to confirm the multi-1AP antagonist
activity of the series. A significant breakthrough in potency was made, however, in the 7,5-
bicyclic series. Compound 10a exhibited a thirty-fold increase in binding affinity for XIAP
BIR3 (Kj=440 nM) and was similarly potent against clAP1 and clAP2 BIR3, with Kj values
of 61 and 149 nM, respectively. In addition, the analog of 10a possessing a chroman-4-
ylamide [(S)-15] in place of the tetrahydronaphth-1-ylamide displayed a similar potency
profile to 10a. Substitution of oxygen for sulfur within the seven-membered heterocyclic
ring (P2: homoserine—homocysteine), as in 10a—10c, resulted in a slight reduction in
potency against XIAP, clAP1 and clAP2. On the other hand, the sulfur-containing 10c
showed a ten-fold improvement in binding affinity for the BIR domain of ML-IAP (K;=43
nM) compared with 10a (Kj=344 nM). Furthermore, introduction of a gem-dimethyl group
to the P3 pyrrolidine ring, as in 10e and 10f, resulted in a significant improvement in
binding affinity, especially against ML-1AP. Thus, the K; values for 10e and 10f against
ML-1AP are 2 nM and 4 nM, respectively. These results are significant given that ML-1AP/
Livin31-33 is a member of the IAP family of proteins that has been shown to be a potent
Smac ligand and validated as a target for anticancer therapy.3*3 Interestingly, the phenyl-
fused tricyclic derivative 10d was more potent against clAP1 and clAP2 than XIAP BIR3
and ML-1AP. Overall, the SAR data indicate that there are exploitable hydrophobic regions
within the protein active site on both sides of the core heterobicyclic scaffold. Finally, the
clinical candidate GDC-0152 recently reported by Genentech (see Scheme 1A) was tested
side-by-side in the FP assays for comparative purposes. Interestingly, we found the
compound to be less potent in our hands than the reported values.36
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Unique selectivity for ML-IAP

The exceptional level of ML-1AP binding of 10e and 10f merits further comment.
Previously reported IAP antagonists typically exhibit a higher level of binding to this IAP
family member relative to XIAP, but generally no more than a range of 2- to 10-fold (see
Table 1, GDC-0152).8:37:38 The 50- and 67-fold increase seen with 10e and 10f,
respectively, is certainly unique for small molecule IAP antagonists and could explain the
significant increase (relative to the XIAP BIR2/3 binding values) in induction of cell death
in certain cancer cell lines. In addition, it has been shown that ML-1AP is not widely
expressed in normal tissues, and so specificity for this IAP member could be important and
exploitable in a therapeutic context.39

Molecular modelling provides insights to binding

We next investigated the putative interactions of compound 10e with the BIR3 domain of
clAP1 and the BIR2 domain of XIAP using modelling in silico.1040 Qur studies implicate
several factors that could account for the observed BIR selectivity of this compound
(Figures 3B and 3C). Firstly, binding of 10e to the BIR2 domain of XIAP appears to be
disfavored due to a less adept interaction between the 7,5-bicyclic structure (P2-P3) and
His223 as well as clashes between the C-terminal substituent in P4 and Lys206 (Figure 3C),
consistent with findings on peptide selectivity differences between BIR2 and BIR3
domains.?! The BIR3 domain of clAP1 (Figure 3B), as well as XIAP and ML-IAP, contain
strictly conserved Trp- (Trp323 in clAP1) and Gly-residues (Gly306 in clAP1) in these
positions that are more suitable to accommodate compound 10e and related scaffolds
relative to BIR2. The model further illustrates that the gem-dimethyl group in the P3
pyrrolidine ring of 10e aids binding to the BIR3 domain of clAP1 by efficiently occupying a
hydrophobic space between Trp323 and Phe324 of clAP1 BIR3 (Figure 3B).

Potent anticancer effects of IAP antagonists

Based on the impressive in vitro data, AP antagonists 10e and 10f were tested to determine
their effects on cancer cell viability in a relevant cellular context. Tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) is a member of the TNF family of cytokines
which triggers apoptosis via binding to the cell surface death receptors DR4 and DR5.42
TRAIL has been shown to act in combination with other therapeutic agents, including I1AP
antagonists, to induce tumor cell death.* We therefore tested the ability of 10e and 10f to
sensitize TRAIL-resistant MDA-MB-231 breast adenocarcinoma cells to apoptosis.?3 As
shown in Figure 4A, 10e and 10f each potently sensitized MDA-MB-231 cells to a
concentration of TRAIL (5 ng/mL) that did not induce cell death alone, with LDs values of
3 and 2 nM, respectively. Compounds 10e and 10f also induced cell death in SKOV-3
ovarian cancer cells as single agents (no TRAIL) at low nanomolar concentrations (Figure
4B). Interestingly, when 10e and 10f were co-administered with TRAIL (100 ng/mL), no
significant difference in potency was observed.*3 SKOV-3 cells may be sensitive to these
Smac mimetics in the absence of exogenous TRAIL due to endogenous production of TNF
family cytokines, as has been observed with other IAP antagonists and confirmed in our
hands with 10e and 10f (Figure 5D).*4 This is consistent with 10e and 10f being potent
inhibitors of clAP1 and clAP2, proteins which suppress apoptosis in the context of TNF
receptor signalling. Finally, 10e was tested against human foreskin fibroblasts (HFF) to
evaluate its effects in normal cells (Figure 4A). No toxicity was observed, even in the
presence of TRAIL (100 ng/mL). Taken together, these data suggest the potential utility of
our novel AP antagonists as therapeutic agents to treat certain forms of cancer with minimal
adverse effects.
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The resistance of MDA-MB-231 cells to TRAIL-induced apoptosis and the potent ability of
10e and 10f to rescue this condition are demonstrated in Figure 4C. The impact of TRAIL
alone was only first observed at a concentration of 30 ng/mL, and at the maximum dose of
100 ng/mL only 30% of the cells had undergone cell death. This contrasts sharply with
MDA-MB-231 cell viability in the presence of 10e and 10f (5 M) which demonstrated
maximum cell death induction at around 10 ng/mL TRAIL in both cases.

Single agent toxicity, although indicative of the power of the small molecule to illicit a
cellular response, may not be a desirable feature for a therapeutic agent, in the case of IAP
antagonists. This kind of activity invokes activation of the non-canonical NF-xB
inflammatory pathway for the production of TNF-related death receptor ligands which,
although attractive on a cellular level, may be less desirable in a clinical setting.®> Thus, this
point of distinction between our compounds and previously reported small- molecule Smac
mimetics, at least in regards to the MDA-MB-231 cell line, could be advantageous.

Abrogation of IAP inhibition of caspases

To demonstrate that the observed binding of our IAP antagonists to IAP family members
results in concomitant enhanced caspase activity, several experiments were performed
(Figure 5). As an initial test, the IAP antagonists were evaluated in competition and
derepression (caspase and XIAP BIR domain premixed) dose-response assays with the
appropriate caspase-XIAP BIR domain combination (Figure 5A). Consistent with its relative
affinity for the BIR2 and BIR3 domains of XIAP (Table 1), the Smac mimetic 10e showed
good rescue of caspase 9 activity (BIR3), even to levels equal to that involving no BIR3 at
higher concentrations. Caspase 3 and 7 (BIR2) rescue ability was somewhat attenuated,
especially in the case of caspase 7. Interestingly, 10e was in effect equally capable of
outcompeting and derepressing the caspase-IAP complex for caspases 3 and 9, but only
showed moderate competition and negligible derepression for caspase 7, likely because
caspase 7 is more strongly inhibited by XIAP than is caspase 3, and thus more difficult to
derepress. This finding is fully consistent with the two-site binding mode of inhibition of
caspases by XIAP, and that mutation of the caspase, interacting groove on BIR2 has a larger
impact on caspase 7 inhibition than on caspase 3.4°

Caspase activity was then investigated in MDA-MB-231 cells treated with TRAIL in
conjunction with 5 pM 10e or 10f (Figure 5B). Both compounds showed marked ability to
promote caspase 3/7 activity, with 10e eliciting a =3.5-fold increase over vehicle. A more
modest impact on caspase activity was observed when 10e and 10f were added in the
absence of TRAIL (Figure 5B), consistent with the MDA-MB-231 cell viability data (Figure
4A). In addition, immunoblot analysis of MDA-MB-231 cell lysates revealed that 10e and
10f induce degradation of clAP1 within minutes (only 24 h time point shown), consistent
with other previously described Smac mimetics in the same cell line (Figure 5C). Taken
together, these data show a direct correlation between the IAP inhibitory activity of the
compounds and a caspase-dependent mechanism.

CONCLUSION

In conclusion, we have developed a highly efficient synthesis of novel IAP antagonists with
potent activity both in binding and cellular assays. In addition, the high selectivity of the
present Smac mimetics for ML-1AP over XIAP is unique. The defining features of our
approach include its brevity, operational simplicity with relatively few purifications, and
convergent nature of the synthesis allowing access to diverse structures. These new
compounds should prove to be valuable tools that can be used to explore the role of ML-1AP
in normal and cancerous cells, which is the topic of current research. Expansion of the
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methodology for the synthesis of additional scaffolds and their biological evaluation is
underway and will be reported in due course.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS
IAPs Inhibitor of apoptosis proteins
XIAP X chromosome-linked IAP
clAP cellular IAP
ML-IAP melanoma AP
BIR baculoviral 1AP repeat
Smac second mitochondria-derived activator of caspases
Ugi 4CR Ugi four-component reaction
TFE 2,2,2-trifluoroethanol
TFA trifluoroacetic acid
Bn benzyl
FP fluorescence polarization
TRAIL tumor necrosis factor-related apoptosis-inducing ligand
HFF human foreskin fibroblasts
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Scheme 1.
(A) Previous Smac mimetics from Genentech and S. Wang are based on the crucial N-
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terminal AVPI binding domain, but suffer from lengthy syntheses. (B) Novel Smac mimetic
1a can be accessed quickly in two chemical steps from dipeptide 2a.
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Figure 1.

Ugi 4CR results: expansion of the substrate scope. [a] Conditions: 1 eq. 2a or 2b, 1.05 eq.
3a, L eq. 4b, 4c or 4d in TFE, pW at 80 °C, 20 min; 6 eq. TFA, DCM, 23 °C; [b] 1:1 d.r. [c]
Yield is of semi-pure 1c, which was further purified by reverse-phase HPLC for analysis.
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Figure2.

Further expansion of the Ugi 4CR product output. [a] Conditions: a) 1 eq. 6a (XY=0H) or

6b (XY=STrt), 1.05eq. 3a, 3b or 3c, 1 eq. 4b or 4d in TFE, pW at 80 °C, 20 min; 8-10 eq.
TFA, DCM, 32 °C; b) Boc-N-Me-Ala-OH, HOBT, EDC, NMM, THF; c) 8 eq. TFA, DCM
23 °C; [b] Total yield given; 10a—c and 10e were separated as enriched diastereomers (=3:1
d.r., see Sl for details) after third step for analysis; [c] Diastereomers not separated.
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N-Acylindole 11 as a handle for the synthesis of stereochemically pure C-terminal
carboxylate derivatives.
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Figure3.

(A) Compound 8b (ellipsoids at 50% probability level) as determined by single crystal X-
ray analysis. (B) Compound 10e (cyan) modelled onto the surface groove occupied by Smac
in complex with clAP1 BIR3 (grey surface) and (C) clAP1 BIR2. (B) 10e was superimposed
on PBD entry 3MUP followed by a conformational search over rotatable bonds. Key
contacts Trp323, Phe324 and Gly306 indicated (brown). (C) BIR2 from 1130 was overlayed
on the model and is displayed with compound 10e. Key contacts His223 and Lys206
(equivalent to Trp 323 and Gly306 of clAP1 BIR3) indicated (yellow).
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Figure4.

Cell death induction by IAP antagonists. (A) MDA,MB,231 cells were treated with
compounds 10e or 10f and 0 or 5 ng/mL TRAIL. The ability of the IAP antagonists to
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promote apoptosis is in stark contrast to their effect on non-cancerous HFF cells (100 ng/mL

TRAIL). (B) SKOV-3 cells were treated with compounds 10e or 10f and 0 or 5 ng/mL
TRAIL. (C) MDA-MB-231 cell viability dose-response curves for TRAIL-induced
apoptosis (20 h) in the presence of vehicle or 5 M of 10e or 10f.
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Figureb5.

Caspase rescue ability of Smac mimetics. (A) Purified recombinant human caspases 3 [0.1
nM], -7 [1 nM] or -9 [2.2 TM] were used in combination with XIAP BIR2 [1 nM] and BIR3
[2.1 TM]. During the derepression assay (blue), caspases and the BIRs were allowed to form
a complex for 30 minutes before the addition of increasing concentrations of 10e. For the
competition assay (red), increasing concentrations of 10e were added at the same time as the
enzyme and inhibitor. The ratio of inhibited to uninhibited caspase activity (Vi/V,) was
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obtained by monitoring the release of fluorescence from the fluorogenic substrates Ac-
DEVD-afc for caspases 3 and 7 or Ac-LEHD-afc for caspase 9. (B) Caspase 3/7 activity
assays in MDA-MB-231 cells pretreated with vehicle (0.1% DMSO) or 5 M of 10e or 10f
before treatment with 100 or 0 ng/mL TRAIL for 4 h. Activity is normalized to that of
vehicle + or — TRAIL values, respectively, and all assays are carried out in triplicate as least
twice. (C) Immunoblot analysis of clAP1/2 and XIAP expression in MDA-MB-231 cells
treated with vehicle (0.1% DMSO) or 5 M of 10e or 10f for 24 h. Tot. Erk 1/2 and B-actin
are shown as equal loading controls. (D) Treatment of SKOV-3 cells with 5 M of 10e or 10f
for 24 h resulted in robust production of TNF while the same treatment of MDA-MB-231
cells failed to produce any detectable TNF.
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Table 1
Fluorescence polarization competition assay data.
XIAP clAP1 clAP2 ML-IAP
Cmpdl@  BIR2Ki (M) BIR3K; (1M)  BIR3K; (uM)  BIR3K; (1M)  K; (M)
1a >56.0 >39.1 8.98 28.9 >25
1b >56.0 13.3 1.18 331 8.33
1c >56.0 6.87 1.05 2.70 5.07
1d 51.0 >39.1 5.36 9.71 >75
1le >56.0 283 1.49 3.81 >75
(9-10a >56.0 0.44 0.061 0.149 0.344
(9-10b 17.2 9.23 0.411 0.799 471
(9-10c >56.0 061 0.130 0.260 0.043
10d >56.0 0.93 0.034 0.056 0.314
(9-10e 9.64 0.10 0.022 0.047 0.002
10f 156 0.27 0.085 0.116 0.004
(9-12 >56.0 326 6.97 9.72 >25
(9-15 >56.0 0.35 <0.010 0.071 0.294
(R)-15 >56.0 >39.1 127 27.2 ND
GDC- 298 0.258 0.102 0.144 0.041
01520 (0.112) (0.028) (0.017) (0.043) (0.014)

[a]
[b]

See SI for error values. Compounds 1a-1e, 10d and 10f are diastereomixtures; otherwise major stereoisomer tested is indicated.

Measured values; reported values in parentheses. See structure above (Scheme 1A).
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