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ABSTRACT: The synthesis of a stereochemically diverse library of medium-sized rings cytokines
accessible via a “build/couple/pair” strategy is described. Key aspects of the synthesis include = @

apoptosis

SNAr cycloetherification of a linear amine template to afford eight stereoisomeric eight-

membered lactams and subsequent solid-phase diversification of these scaffolds to yield a
6488-membered library. Screening of this compound collection in a cell-based assay for the H"E‘u
suppression of cytokine-induced f-cell apoptosis resulted in the identification of a small- i '8 i}
molecule suppressor capable of restoring glucose-stimulated insulin secretion in a rat 3-cell line. L TN \Os
The presence of all stereoisomers in the screening collection enabled preliminary determination
of the structural and stereochemical requirements for cellular activity, while efficient follow-up
chemistry afforded BRD0476 (probe ML187), which had an approximately 3-fold increase in activity. These results demonstrate the
utility of diversity-oriented synthesis to probe discovery using cell-based screening and the importance of including stereochemical
diversity in screening collections for the development of stereo/structure —activity relationships.
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Type-l diabetes is caused by the autoimmune destruction of Scheme 1¢
insulin-producing f-cells in the pancreas. The infiltration of

.. . . PMBO
pancreatic islets by macrophages and secretion of inflammatory o) w.uuMe
cytokines sugh as IL-13, IFN-y, and TNF- are believed to cause Me TBSO Me . N
p-cell death.” Activation of transcription factors such as NFkB and PMBO N. -

. . . . \/\N/\/\/ “Boc

STAT1 by these cytokines triggers the intrinsic apoptotic pathway do o] Me
in both rodent and human cell models.> A small-molecule probe 1o ON "
capable of preventing or reversing cytokine-induced -cell death & Me Boc
could have great potential in developing therapies for early stage HO— 2
type 1 diabetes. 0_}"“‘Me 3a-d

Previous efforts to suppress [3-cell apoptosis with small mol- og e .
ecules involved compounds with antioxidant or antiinflammatory —_— SMe ! Stereochemistry !
activity>* and, more recently, with inhibitors of histone deacetylase FmocHN 0% 4a: 2S,5R6S
activity.>® Previously, we described a suite of cell-based assays that Me—N | 4b: 2R5RES |
can be used to identify small-molecule suppressors of 3-cell death Alloc . :; %ggggg :
and examined the effects of inhibitors of glycogen synthase kinase tad L ;
3. This pilot-scale screen identified small molecules that in-
creased ATP levels, but the majority of these compounds did not “Reagents and conditions: (a) 2-Fluoro-3-nitrobenzoic acid chloride
have effects on other aspects of f-cell biology, such as insulin (2), NEts;, DCM, room temperature, 84—100%. (b) CsF, DMF, 85 °C,
secretion. Therefore, we sought to identify more complete sup- 97—99%. (c) 10% Pd/C, H,, EtOH. (d) FmocCl, ageuous NaHCOj,
pressors of 3-cell apoptosis that allowed for normal -cell function. dioxane, 65—-98% over two steps. (¢) TBSOTY, then HF/pyridine.

Diversity-oriented synthesis (DOS)E%*IO has emerged as a (f) AllocCl, pyridine. (g) DDQ, pH 7 buffer, 7S—89% over three steps.

practical strategy to assemble compound libraries with a high
degree of stereochemical and skeletal diversity, serving to aug-
ment traditional screening collections of commercially available
compounds and natural products.”'' "7 DOS compounds rival

optimization. These principles were highlighted recently by an
aldol-based “build/couple/pair” (B/C/P) strategy, resulting in a

collection of various medium- and large-sized rings derived from

natural products in terms of complexity (as measured by sp Received: ~ May 18, 2011
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a common linear intermediate.”"*” We sought to capitalize on
this versatile intermediate to increase further the diversity of our
compound collection. Building on our past success with the SyAr
reaction for cycloetherification,”* we aimed to build a library that
would provide both structure—activity relationships (SAR) and
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(9), RCOCI (8), CH,O or skip. (d) Pd(PPhs),, barbaturic acid.
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(f) 15% HF/pyridine, THF; TMSOMe.

stereochemical structure —activity relationships (SSAR) in pri-
mary screens for biological activity. Coupling this information
with the ability to synthesize analogues rapidly, exploiting short,
modular synthetic pathways, provides a quick and efficient
process to optimize hits identified in high-throughput screening
(HTS). Here, we describe the development of a stereochemically
diverse library of medium-sized rings and the results of a screening
campaign for the suppression of 3-cell apoptosis. Further optimi-
zation of the initial hit cluster and follow-up biological studies
resulted in a compound capable of restoring physiological proper-
ties to f-cells in the presence of pro-inflammatory cytokines.
The synthesis of the library scaffolds commenced with linear
intermediate 1, which was accessed by coupling a suitably pro-
tected y-amino acid w1th an amino alcohol, followed by reduction
of the resulting amide.*> All stereoisomers of both the y-amino
acid and the amino alcohol were coupled together, resulting in the
generation of la—d and ent-la—d, allowing for the full stereo-
chemical matrix of scaffolds to be synthesized. Acylation of 1a—d
with 2-fluoro-3-nitrobenzoic acid chloride (2) proceeded smoothly
to give the precursor to the key step, an intramolecular SyAr
reaction (Scheme 1). While we had anticipated that stereochem-
istry might play a role in the efficiency of the ring formation,*” all
stereoisomers reacted smoothly with cesium fluoride for desilyla-
tion followed by cyclization to give desired 3a—d in excellent yield.
Functional group manipulation to prepare for solid-phase library
production was achieved through a stepwise process involving:
(1) nitro reduction and subsequent protection of the aniline as
the Fmoc carbamate, (2) protecting group exchange from the
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Figure 1. Primary screening data displayed as percent inhibition of beta-cell apoptosis. A total of 6488 compounds derived from eight stereoisomeric
SnAr scaffolds were tested. The full matrix of building blocks for R (y-axis) and R, (x-axis) is shown. Empty cells represent compounds that were not
tested due to low purity or unavailability. Highlighted blocks represent the top-scoring compounds identified in the primary screen.
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incompatible Boc group to an Alloc, and (3) PMB removal to
reveal the site for immobilization onto solid support. The sequence
was high yielding and could be carried out on a multigram scale.
With all stereoisomers of 4 prepared, we turned our attention
to library production. Immobilization of the scaffold first in-
volved activation of SynPhase Lanterns with triflic acid to give the
silyl triflate, followed by exposure with the scaffold in the
presence of 2,6-lutidine (Scheme 2). Typical loading levels for
the immobilization step were 15—18 ymol/Lantern. Removal of
the Fmoc-protecting group under standard conditions followed
by capping with sulfonyl chlorides, isocyanates, acid chlorides, or
formaldehyde (27 building blocks or skip) introduced the first
appendage diversity (R;) at the aniline. Palladium-mediated
Alloc deprotection in the presence of barbaturic acid revealed
the second appendage diversity site (R,) at the amine, which was
capped with sulfonyl chlorides, isocyanates, acids, or aldehydes
(29 building blocks or skip). Release from solid support was
achieved with HF/pyridine, yielding an average of 14.1 umol of
each final compound per Lantern. All possible combinations of
building blocks were used for each stereoisomer (except where
R, = skip) to afford a 6488-membered library. All compounds
were analyzed by ultraperformance liquid chromatography
(UPLC), and those samples with purity >75% at 210 nm
(5820 compounds, 90% pass rate) were submitted for HTS.
The SyAr-based library was included with other DOS and
commercial libraries in a HTS campaign designed to identify
suppressors of cytokine-induced S-cell apoptosis. The rat S-cell
line IN'S-1E* was treated in 384-well format with this library in
the presence of a cocktail of pro-inflammatory cytokines (IL-1/3,
IFN-y, and TNF-) for 48 h. Luciferase-based measurement of
cellular ATP levels was used as a surrogate of cell viability.” Several
DOS compounds partially restored [3-cell viability in the presence
of these cytokines, and we were able to determine some SSAR
features from the primary assay. As shown in Figure 1, lactams 4c
and ent-4d were the preferred stereoisomers, demonstrating the
importance of the stereochemistry within the eight-membered
ring. The SR,6R stereochemistry was required for activity, while
the configuration of the excocyclic stereocenter was less critical.
Urea substituents appeared to be favored at the aniline position, as
compared to sulfonamides and amides. At the amine position,
sulfonamides resulted in greater ATP levels as compared to ureas
and amines. (25,5R,6R)-S was the most potent member of the
library, with an ECs of 4.9 #M in restoring [3-cell viability.
Using compound $ as a starting point, additional SARs were
explored via the preparation of a variety of analogues and sub-
sequent testing for the restoration of cellular ATP levels in
INS-1E cells as a readout. We first explored the nature of the urea
substituent at R;. On the basis of primary screening results, the
bulky napthyl substituent appeared to be preferred over simple
phenyl groups; thus, we focused on subtle modifications to the
napthyl ring. As shown in Table 1, saturation of the napthyl ring
was not tolerated (compounds 6 and 7), nor was replacement
with a benzofuran ring (compound 8). We next explored modi-
fications to the sulfonamide at R,. When the para-methoxyl
group was moved to either the ortho- or the meta-position
(compound 9 and 10), the activity was abolished. Replacement
with a more bulky phenoxy group (compound 11) also resulted
in aloss of activity. Potency was retained and even increased with
the introduction of a m,p-disubstituted analogues (compound 12
and 13). Compound 13 (BRD0476, probe ML187>*) in parti-
cular was a potent suppressor of 3-cell death, resulting in the best
performance among all analogues, with an ECs, of 0.78 uM and

Table 1. ECso (#M) and Maximum Activity of Synthesized
Analogues in Restoring f-Cell Viability
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99% maximum activity. The 2,3-dichlorophenyl urea was also
synthesized and tested (compound 14) to explore further the
replacement of the napthyl ring; however, this compound was
inactive. Removal of the primary alcohol did not affect activity
(compound 15 and 16).

The most potent analogue, compound 13 (BRD0476), was
chosen for further characterization of its effects on different
aspects of [3-cell biology. Cas})ase—?) activity is normally highly
elevated in apoptotic [3-cells.” Pro-inflammatory cytokines in-
duced a 6.5-fold increase in caspase-3 activity (Figure 2A).
Treatment with 13 in the presence of cytokines reduced cas-
pase-3 activity in a dose-dependent manner. IL-18 is known to
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Figure 2. Cellular effects of 13 in cytokine-induced f3-cell death. (A) Effects of 13 on caspase-3 activity after 48 h of treatment. (B) Effects of 13 on the
cellular production of nitrite after 48 h of treatment. (C) Effects of 13 on mitochondrial membrane potential of nitrite after 48 h of treatment. (D) Effects
of 13 on glucose-stimulated insulin secretion after 48 h of treatment. Data represent the mean = standard deviation of eight independent wells for insulin
secretion and 24 independent wells for A—C. * indicates p < 0.01 as compared to the cytokine treatment alone.

induce gene expression of nitric oxide synthase (iNOS), an effect
that is potentiated by IFN-y.>* The subsequent formation of NO
drives cell death by both necrosis and apoptosis. Nitrite produc-
tion is a surrogate measurement of nitric oxide generated by
cytokine-treated INS-1E cells and is measured colorimetrically
using the Griess reagent (a commercially available mixture of
naphthylenediamine dihydrochloride and sulfanilamide). Com-
pound 13 induced a dose-dependent decrease in the pro-
duction of nitrite (Figure 2B), although the effect was more modest
than caspase-3 activity. Cytokine-mediated 3-cell apoptosis has been
reported to cause a loss of the mitochondrial membrane potential
(AW,,). JC-1 is a dye commonly used to measure AW . Mito-
chondrial membrane potential was reduced 2.5-fold in the presence
of cytokines and is restored to normal levels by treatment with com-
pound 13 (Figure 2C). Finally, glucose-stimulated insulin secretion
(GSIS) is one of the most important physiological functions of -
cells. After brief starvation followed by challenge with high (16 mM)
glucose levels, -cells secrete insulin into the cell culture media.
GSIS was abolished after 2 days of treatment with pro-inflammatory
cytokines; however, simultaneous treatment with S #¢M compound
13 restored GSIS to nearly normal levels (Figure 2D).

In summary, we have expanded on past efforts to identify novel
small-molecule suppressors of cytokine-induced [-cell apoptosis.
These results show that the improved DOS analogue 13
(BRD0476, probe ML187%*) protected rat 3-cells from pro-inflam-
matory cytokines and may represent a viable strategy to protecting
pancreatic 3-cells in the context of type-1 diabetes. Ongoing efforts
are currently focused on the identification of the lead compound's
mechanism of action, which will be the basis of a future publication.
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