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Abstract
Dissertation Title:Antagonism of thea-Helix Mediated ProteinProtein Interactions of
the Bct2 and eMyc Oncoprotein Families: Proteomimetic and Srmatllecule
Strategies
Jeremy L. Yap, Doctor of Philosophy, 2014
Dissertation Directed by:Prof. Steven Fletcher, Assistant Professor, Dept. of
Pharmaceutical Sciences

The Bclk2 oncoprotein family includes both anéind preapoptotic proteins that
are normally localized within the mitochondrial outer membrane. Theeymession of
the antiapoptotic proteins (such as Bgl, Bcl-2, and Mctl) is associated with cancer
and chemotherapeutic resistance. -&poptotic Bcl2 proteins (such as Bak and Bim)
initiate the intrinsic apoptotic pathway via oligomerization at the mitochondrial
membrane. However, in the presence of emgressed antipogotic Bcl-2 proteins,
pro-apoptotic Bcl2 proteins are sequestered and the intrinsic apoptotic pathway is
antagonized. Specifically, the conserved BHaelix of the proapoptotic proteins
engagethe hydrophobic binding crevisef the antiapoptotic protinslargely through
hydrophobic i), (i + 3/4) and(i + 7) residueson one face of the helix Thoughpotent
inhibitors of Bck2 and Bcix, have been identifiedchemically diverse paBcl-2 and
Mcl-1 specific inhibitors aréacking. Inspired by the reneadvances im-helix mimicry
and fragmenbased drug design, wevesuccessfully synthesized poteki ¢ 150 nM)
panBcl-2 inhibitors based on trisbenzamide and salicylate scaffolds and validated their

activitiesin vitro.



The ¢Myc oncoprotein is an intrinsicallyigbrdered (ID) transcription factor of a
vast number of genes that are involved in cell proliferation and growth. Stmdati-
apoptotic Bci2 proteins, overexpression odMyc is associated with a myriad of cancers
such as prostate, breast, and lwmmadrs. Though biologically inactive in its ID
monomeric form, the transcriptional activation efigc is initiated upon binding its
obligatory protein partner Max. The transcriptionally activdyc- Max heterodimers
recognize and bind t h@ACBEGBaN wmnl ecstDiINAAe sweheu en
transactivation domain ofllyc recruits additional transcriptional machinery. Owing to
its ID properties, in the absence of MaxMgc does not exhibit angecondary structure
that may function as a basis for drug design. While skeéviyc specific inhibitors
have beemdentified through hgh-throughput screening, few structeaetivity
relationship (SAR¥tudies have been reported. Towards developirgnpatMyc
inhibitors, we conducted é®AR study on the-8yc inhibitor 10074G5 (IGso= 146
nM), which resulted in the discovery of anprovedinhibitor, JY-3-094 (1G5, = 33niV)

whose ester prodrugs exhibited potent cell activiti€so < 10 niv).
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Chapter I: Protein- Protein Interactions of the Anti-apoptotic Bcl-2 Family Proteins
Bcl-x. & Mcl -1
1.1) Discovery & Significance B@ Family Proteins in Oncogenesis

The B-cell lymphoma 2 (BeR) protein family is comprised of critical proteins
that are essential for the proper regulation, suppression, and activation of the intrinsic
apoptotic pathway of cell deathOwing to their critical functions in regulating the
balance between cell proliferati and cell death, the proper regulation and expression of
Bcl-2 family proteins is critical to cell homeostasis and recyclimgwards fulfilling its
functions of apoptotic regulation, the Bzlfamily is divided into two classes of proteins:
pro-apoptoic and antiapoptotic:® While both pro and antpoptotic proteins are
antagonistic in terms of their respective functions, both protein classes share similarities
amongst themselves through consenadhelical Bct2 homology (BH) domains.
Furthermore, the prapoptoticproteins of the BeR family may be further subdivided
into multi-domain (BH1BH4) proteins and the BH8ingle domain proteins. The BH3
domains of Bcl2 proteins have been confirmed by Satdeal.in 1997 as the essential
functiond regions responsible for the proteprotein interactions (PPIs) at the surfaces
of the pre and antiapoptotic proteins of Be2, constituting a highly regulated
equilibrium®® Duringanormac el | 6s | i fe cycle, this equili
the transiently increased expression of either prantiapoptotic Bci2 family proteins
in response to variouseltular stimuli. An increase in prapoptotic Bcl2 protein
expression tilts the equilibrium toward cell death, whereas a similar increase in the anti
apoptotic Bcl2 proteins will push the equilibrium towards cell survival & proliferation as

shown inFigure 1.1.



I =Pro-apoptotic Bcl-2 Protein
Cell De:llh@ Cell Survival

I:l =Anti-apoptotic Bcl-2 Protein

Figure 1.1: Geneal diagram of BeR protein protein interactions leading to eithesll deatt
or cell survival.

Increased levels of the papoptotic BH muldidomain proteins results in their
oligomerization with coupled insertion and perforation at the mitochondrial outer
membrane. The resultant mitochondrial outer membrane permeability (MOMBgs

the release of cytochronte(cyt-c) which is an essential step tife intrinsic apoptotic
pathway andvill be discussed in greater detbélow. Similarly, an increase in the levels

of antiapoptotic Bci2 proteins directly results in the sequestnatof BH mult-rdomain

& BH3-only domain proteins and the antagonism of MOMP. The role o2Bubteins

in disease, specifically cancer, was first elucidated by Tsujistotb in 1985 where they
identified chromosomal translocations that resulted B rdampant oveexpression of
anti-apoptotic Bci2 in B-cell lymphoma cell§. Specifically, the oncogenic activation of
the bcl-2 gene occurs after a deleteriousramosomal rearrangement duringcBll
lymphoma cell division where thiecl-2 gene located at chromosome locus 18921.3 is
inserted downstream from an immunoglobulin promoter region, consequently inducing

the gross amplification dicl-2 gene expression arsdibsequent oveexpression of BeP



protein®’®"  Since the identification of B as an oncogenic protein, other critical
isoforms, most notably Bell lymphoma extrdarge (Bckx, ) and myeloidcell leukemia
(Mcl-1), have been identifie¥ Though all three of the aforementioned apbptotic
oncoproteins were originally discovered in lymphoma & leukemia cells, their- over
expression has been observed to occur in an extensive range of other ¥ahdedeed,
simultaneous oveexpression of Bek;, Bcl-2, and Mcll has been correlated with
multiple types of metastatic cancers such as mesotheliomasmalhcell as well as
small cell lung cancer, colon and prostate cant& sAlthough in the past decade highly
selective Balx, & Bcl-2 chemotherapeutic agents have reached Phase Il clinical trials,
Mcl-1 has recently emerged as a more pgbrity pharmacatical target as its over
expression is directly responsible for inducing chemotherapeutic resistancexn &cl
Bcl-2 dependent cancers through selective preséti&:!®> Patients observed with
initial tumor regression owing to Bel. & Bcl-2 specific chemotherapeutic agents in the
clinic often exhibit Mctl initiated relapse followed by aggressive metastasis and robust
chemotherapeutic resance. Furthermoren vivo Mcl-1 transgenic murine model
systems have demonstrated an 85% increase in the developmertebflBnphomas
over a 2 year cohort study, further validating its aggressive oncogenic pot&ftidihe
siRNA-induced knockout of Mel in similar models that demonstrated chemotherapeutic
resistance t@ known Bcl2 drug Rituximab, was subsequently observed isergsitize
malignant cells to therapeutic treatment, further emphasizinglMxls r ol e i
metastasis & drug resistante®

As the overexpression of BeR proteins (particularly Bek, & Bcl-2) is

ultimately associated with tumor formation & resistance (mustably Mctl), they



represent clinically significant hurdles further compounded by their ubiquitous
expression in most tissues of the bdf?* The contribution of Mclil to patient
mortality further underscores the role of Exlproteins as pharmaceutically critical

proteins and highlights the urgent need for additional reséat@lheir inhibition.

1.2) Apoptotic Pathways and Signal Transduction of BEamily Proteins

As previously introduced, apoptosis is a vital cellular process whose proper
regulation is essential towards maintaining the critical balance betweemnald#ration
and cell death. In addition to its role in the regulation of cell death, apoptosis is also
equally important in the removal and recycling of damaged or diseased cells. Currently
there are two distinct cellular signal transduction pathwagsahe central to the proper
regulation of apoptosis: the extrinsic and intrinsic pathways.

In the extrinsic pathway of apoptosis, signaling cytokines such as tumor necrosis
factorrelated apoptosis inducing ligand (TRAIL), or the related apoptosis potentiating
ligand FasL, bind at the cell surface where they induce the trimerization of tumor
necrosis factor family receptors (TNEs) as seen iffigure 1.23%%%3 The trimerization
of TNF-Rs is coupled with the recruitment of death domain proteins at their cytoplasm
tails and theconversion of procaspase 8 to active caspase 8. The activation of caspase 8
is followed by the cleavage and migration of the BHt&racting domain death agonist
(Bid) pro-apoptotic protein to the mitochondrial outer membrangVhile Bid is known
to be sequestered and deactivatedbiFapoptotic Bcl2 proteins, it has been postulated
that Bid binds and stabilizes BH muttomain preapoptotic proteins as a chaperone

protein to assist in MOMP.



However, whether the initiation of MOMP via BH muttomain proteins is the salt of
their stabilization by Bid, or if the sequestration of apgoptotic Bci2 proteins by Bid
frees up BH multdomain proteins for oligomerization is still currently being
investigated.

signaling and ultimately ends with the stabilization of BH mdtimain proteins, Bid is

of t en

Extrinsic Pathway

Death Ligand
Plasma Membrane t@’: <::' (TRAIL, Fas-L)

S L SRR E K RAE

Intrinsic Pathway V <= Death Receptor

. l (TNF-R Family)
l . \ Mitochondrion

\/ Bel-2,Bely, | MOMP
or Mcl-1

Bax—Bax oligomers
or Bak—Bak oligomers

ut -c release

Figure 1.2: Signaling pathway of the extrinsic vs. |ntr|nS|c apoptotic pathway

referred to as a Abridgi ntgliobetmeeh ecul e

both apoptotic pathways"’

In contrast to the extracellular sigrakediated extrinsic pathway, the intrinsic
pathway is initiated¢hrough cellular trauma such as UV light exposure, intense heat, or
viral infection®?® While such cellular trauma has been observed to induce the up
regulation of BH3only pro-apoptotic proteins such as Bid & Bim, the specific details of
activation beyond the observed phenotype of apoptosis have yet to be elucidated. The

up-regulation of BH3only pro-apoptotic proteins then proceeds to either sequester anti

Regardless, since Bid is primarily activated through extdacedell

t



apoptotic Bcl2 family proteins, or stabilizes the formation of Exlantagonist killer
(Bak) and Bcl2 association protein X (Bax) oligomers. B&8lak & Bax Bax oligomers

then proceed to perforate the outer mitochondrial membrane to initiate MOMP and the
downstream release of egtand activation of terminal caspase 3 to initiate DNA
fragmentatiorf.”

In as much as there are certain inherent differences and similarities in the
signaling pathways between the extrinsic and apoptotic pathways, there are equally
important signaling pathways responsible for the progxpression and control of the
Bcl-2 protein family members. While the cell is an extensively complex biological
system, there exist several primary signaling pathways that are observed to be responsible
for the activation and deactivation of BZlprokins.

As previously introduced, the TNF pathway is involved in the extrinsic pathway
of apoptosis. The activation of the TNF pathway is initiated through the binding of TNF
ligands such as TNB, TRAIL, or FasL to TNF-Rs?®293%3L The binding of these TNF
ligands to TNFRs results in the homotrimerization of the TRBE which allows the
recruitment of specific death domain proteins suchFasactivated death domain
(FADD) at the cytoplasmic tails of the TNR®s. FADD proteins activate caspase 8 which
activates the BH®nly protein Bid. Activation of Bid is followed by either its
sequestration by anfipoptotic Bcl2 proteins to presumabliyee Bak and Bax, or its
binding to Bak or Bax which plays a role in the stabilization of the active Bak or Bax
oligomers for MOMP initiationKigure 1.2).

In addition to the TNFR activated apoptotic pathway, there aevesal key

kinase pathways thare known to be involved in the activation and deactivation o£Bcl



family proteins. One such pathway is the phosphoine8itkinase/protein kinase B
(PISK/PKB) pathway Figure 1.3). PI3K is a lipid kinase which specifically catalyzes
the addition of a ATP-derived phosphate to phosphoinositide-Bigphosphate (PI1P2) to
give phosphoinositide 3,4fisphosphate (PIP3}. Since PIP3 is known to act as a
second messenger recognition molecule, PI3K is considered to be a major factor of
signaling pathways involved in cell survival. The phosphorylation of PIP2 RS
followed by the activation of PKB which recognizes PIP3 through its Pleckstrin
homology (PH) domain®. Once anchored in the cytoplasmic side of the cell menghra
PKB initiates its activity as a duapecificity seringhreonine kinase by phosphorylating
pro-apoptotic Bad on Serl38.* Phosphorylation of Bad by PKB induces a
conformational cange thatauses it to be sequestered by3t2 proteins, ths inhibiting

the activation of Bax and Bak.

Growth Factor
Ligand

Plasma Membrane
9008000
S
Receptor Tyrosine
Kinase (RTK)

: Mitochondrion
Bax—-Bax oligomers
MOMP| | | ¢5
or Bak—Bak oligomers @
ol¥a%in
1.\ t-c 1t.lmse PR
Deat

Figure 1.3 Growth factor binding at receptor tyrosine klnases (RTKs) iesltice
phosphorylation of the cytoplasmic tails of RTKs. SH2 domains of PI3K recogr
the phosphorylated tyrosine residues of RTKs and catalyze the phosphorylatiot
PIP2 to PIP3. PIP3 is detected at the plasma membrane by the PH domains o
which antagonize the activity of Bad through phosphorylation of the Ser136 res
Bad.



Another kinase pathway involved in B2lsignal transduction is the Janus kinase/signal
transducer activator of transcription (JAK/STAT) signaling pathwajhe JAK/STAT
pathways are initially activate through the binding of various cytokines such as
interleukins (ILs) at cytokine receptofs.The bindingof ILs to cytokine receptors results
in the crosgphosphorylation by JAKs and the subsequent dimerization and activation of
STAT proteins which act as nuclear transcription factors of an extensively long list of cell
growth and cell survival proteins, specally Bcl-x, and Mctl. Indeed, the
overexpression of Mel has been observed concurrently with the activation of STAT5
proteins in leukemia celfé: *" Furthermore, the JAK/STAT ligand 18 is known to also
induce the activation of the aforementioned PISK/PKBhpay in a manner similar to
RTKs, thus providing a twpronged method of carcinogenesis: deactivation of pro
apoptotic proteins (Bad), and transcription of-ppptotic proteins (Bek, & Mcl-1).%

In addition to the aforementioned signaling pathways, tHerMinal region of
Mcl-1 is known to contain a relatively unstructured region of approximately dat®oa
acid residues housinggveral PreGlu-SerThr (PEST) regns that are unique to Mdl
and not found in either Bel. or Bcl-2.' The PESTregions of Mcil aretargeted for
posttranslation modifications such as ubiquitination and phosphaplatAs these post
translationalmodifications are involved in protein degradation atehctivation, such
modifications explain the comparatively ephemeral and indeed variable expression of
Mcl-1(ty2 = 20 minslhr).

Though the pathways described above are by no means a complete list of the
highly complex pathways and signaling créskk that ultimately end with either the

activation or deactivation of B@ proteins, they serve as examples that illustrate how the



Bcl-2 protein family acts as a downstream cent
both the dysregulation as well as cowmpised activity of multiple pathways are

observed in cancer, understanding how such major pathways converge on the overall
regulation of a specific family of oncoproteins allows us to focus our efforts towards

targeting such A hu essfulnhibitioneandrclnical efficaayc hi eve suc

1.3) Structure of Proand Anttapoptotic Bcl2 Proteins

Amongst the preapoptotic proteins of B, there are two known stddasses of
proteins: the BH3 singldomain proteins, and BH muitiomain proteis. As their
names imply, BH3 singldomain proteins exhibit only the conserved homologous BH3

a -helix whereas the BH muttiomain proteins exhibé -helices BH1BH4 (Figure 1.4).

Anti-apoptotic Bcl-2 Proteins

H,N--( BH4 BH3 5 B s gH] s T} mECUNEETEN
H,N-{ BH3 Bm BH2 mm BH] mmm TM HRGONES NS

iIAE PEST =m BH4 Sms BH3 = BH2 M BH] = TM SRCOMESVEE]

BH Multi-domain Pro-apoptotic Bcl-2 Proteins

H,N-- BH3 BH2 BH1 SV @B--CO; Bax
H,N- BH3 BH2 BH1 0 8B-CO, Bak

BH3 Single-domain Pro-apoptotic Bcl-2 Proteins

H,N-- ol ) (O, Bid
H,N-- ) ) T (O Bad
A pH3 | TM | ERUEE

Figure 1.4: Domain diagrams of antipoptotic, BH3 singlelomain, and Bl
multi-domain Bct2 proteins. The indicated BH domains are show
approximate regions along Wwitapplicable TM domains and PEST don
region(s) of Mci1.



In terms of the overall sequence homology shared betweermprthapoptotic Bcl2
proteins, the BH3 singldomain proteins (such as Bim) share 20% while the BH multi
domain proteins (such as Bak or Bax) share but a scant 3% sequence simiDsityite

the oveall lack of primarysequence homology, the secondary and tertiary sregas

well as overall functionality areonserved. Similarly, the BH regions shared between the
pro-apoptotic Bcl2 proteins are also conserved within the -apibptotic Bcl2 proteins

as well. In addition to the conserved BH domains,-Bgrokins ako share a trans

me mbr ane regiénT@®gure 1.4 at the Gterminus which is involved in
localization and anchoring to the outer mitochondrial membrane. In terms of apoptotic
activation, NMR solution studies had previously elucidated that it is piyriie BH3

a -helix that binds antapoptotic Bcl2 proteins: In addition to NMR solution
experiments, alanine scanning performed by Satlel. demonstrated that the n@H3

a -helices BH1, BH2, and BH4 did not participate in the apoptotic activity of'B@ike

BH3 a -elices of both BH3 single and BH muttomain proteins exhibit coasved
hydrophobic residues idt3and e 7 positioniscaad poldrf ac e o
charged r esi du e s+ Jpositan)h Speafitallydar Bakrésiaueeld8, (

181, D83, and 185 are expressed on its BH3 hdligire 1.5).%°
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Figure 1.5 BH3 a -Helix of mult-domain Bak showing the consenied+ 3, i + 5,
i + 7 residues. (PDB File: 1BXL)

Amongst these residues, L78 and D83 were found to be critical towards the
stabilization of BakBcl-x_ proteiri protein complexes by engangj in hydrophobic and
electrostatic interactions, respectively. A fluorescence polarization competition assay
(FPCA) with Bak alanine mutants L78A and D83A exhibited a-200 fold decrease in
binding affinity to Bekx,.* Similarly, the BH3 singlalomain protein Bim exhibits
homologous residues of L62, 165, D67, and F69. Owing to their nature as homologous
proteins of the BeR family, the preapoptotic proteins Ba & Bim exhibit identical
amino acid residues in the BH3 helix culminating in identical conserved intermolecular
interactions with the hydrophobic grooves of the-Ba@ntiapoptotic proteins. Moreover,
the analogous L62 and D67 in Bim have also beentiftkth via alanine scanning &
mutagenesis studies as being critical for bindthd® Si mi | ar to Sattl er d
scanning experiments, an idal approach by Fairliet al. confirmed that L62 and D67
in Bim are essential towards not only Bgl inhibitory activity, but also towards the

everelusive Mctl protein?® Of particular interest are the intrinsically disordered (ID)
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properties of the BH#&-helices of the pr@apoptotic Bcl2 proteins. Though their BH3
a -helices are structured upon binding their @aoptotic @rtner proteins, the BH3
helices havéeen observed to lack a defined structure and exist as randontfboftse
BH3 singled omai n protein Bid was introduced as
extrinsic and intrinsic pathways of apoptodsd is known to differ from other BH3
singledomain proteins as it exhibits a folded structure. fastslational modifications
to Bid are known to activate Bid by cleaving it into two 7 and 15 kDa fragments, with the
15 kDa fragment containing the aciBH3a -helix which either activates Bax or Bak,
or binds antiapoptotic Bcl2 protein.

The primary binding sites of the aforementioned BH3helices of preapoptotic
Bcl-2 proteins are the conserved hydrophobic grooves at the surfaces of {heiliel
apoptotic proteins Bek., Bcl-2, and Mcll formed bya -helices BH1BH3. The
hydrophobic groovesonsist of 4 primary binding pockets, hereafter referred to gsipl

shown inFigure 1.6 *

Figure 1.6: Bcl-xL structure with the conserved % hydrophobic
regions meked. The criticali(+ 5) residue Arg139 of BekL is
indicated directly across from the p3 pocket. (PDB: 1R2D)
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I n agreement with Sattl er 0 pecificaasilueso n
involved in the proteinprotein interactions of proand antiapoptotic Bcl2 proteins,
Fesiket al further validated that the p2 pocket formed by helicesBHB is a critical
Ahepot o whi c kapoptotigBclg erateing througihydrophobic interactioft.

2 The inner reaches of the p2 pocket ietrwith the branchedhain amino acids Val,

Leu, lle as well as Phe and Met residues. These hydrophobic residues are known to
engage in conserved hydrophobic interactions (L78 for Bak & L62 for Binthe p2
pocket Moreover, the essential natwelL78 of Bak wasonfirmed by Sattleet al via

L78A mutants of BaK. Aside from the hydrophobic contributions of the p2 pocket of the
anti-apoptotic proteins, equaliynportant electrostatic interactions are observed at the
5region (relative to residue L78 for Bak) across from the p3 binding pocket. Conserved
positively-charged Arg residues R139 (Bql), R146 (Bct2), and R263 (Mell) shown

in Figure 1.7 are knavn to engage in saliridge interactions with negatively charged

aminoacids D83 (Bak) and D67 (Bim).

Bel-x; Bcl-2 Mcl-1

Figure 1.7: Structures of Bek,, Bcl-2, and Mcil showing the conserved polar amino aci
residues Glu (red), Arg (blue), and Asn (green) within the hydrophobic binding grooves
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The importance of thealtbridge interactions near the p3 pocket hasn highlighted by
the loss of binding when either the Arg or Glu resislare mutated to alanirfé.**

Despite t he simil| aspadtices aminnoel hasca ey MlT
comparatively different topology prnarily due to a poorly defined p4 region that is
normally ordered in Bek, and Bct2. While in Bckx, and Bcl2 the p4 region forms a
well-structured and organized binding cavity that cradles the hydrophobic residues I1€85
(Bak) or Phe69 (Bim), the p4 pket of Mcll is unstructured and is fairly solvent

exposed? 43 44

It has been previously suggested that the differences within the p4
regions among Bex,, Bcl-2, and Mcll may explain why Mell presents itself as such a
difficult target. A previously reported smatholecule inhibitor ABF737 was observed

to bind Bckx. & Bcl-2 in the singledigit nanomolar range however, it had negligible
activity towards Mcll (ICso > 1 mM)**** The differences in the topological structure of
Mcl-1 are likely to explain the significant difficulties reported with regards to achieving

both pamrBcl-2 family selectivi y as wel | as sufficient pot e

towards Mch1 4

1.4) Targeting the BFB Binding Groove of Arndapoptotic Bcl2 Proteins

Owing to their larg, flexible, featureless surfaces, the design of smalkcular
inhibitors towards PPIs continues to present itself as a significant challenge. The overall
flexibility and unpredictable nature of PPIs has awarded them the infamous reputation as
beindrdggabl ed drug targets. [-l2nfadindyetde i n t er |
challenges towards achieving active and selective inhibitors further highlightsegree

of difficulty that is inherent t&*Pls as a whole.
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Regarding the design of smafiolecule inhibitors that target the conserved
hydrophobic binding grooves of aspoptotic Bcl2 proteins, there are several key
intermolecular interactions that have been introduced and are known to be critical to
binding. The BH3a -elix was previously idntified as the active binding helix among
the other BH domains that are presented on alF2Bgroteins' In terms of its
intermolecular interactions with the BH8nding groove, the BH3 helix is known as an
amphipathic helix that exhibits both hydrophobic as well as polar sides. The key
conserved hydrophobic residues on the aptly named hydrophobic side of the BH3 hel
consist of primarily Val, lleLeu, and Pheesidues. Similarly, the polar side of the BH3
helix exhibits conserved polar residues Glu, Arg, and Asp. To illustrate such interactions,
pro-apoptotic Bim is a promiscuous binder of B¢l Bcl-2, and Mctl. The BHS3
a -elix of Bim exhibits residues 158.62, 165, and F69 on its hydrophobic side and

residues E55, R63, and D67 at its polar siigyre 1.8).*

I1le58
)\\\ N Leus2 62 I’hc(>9

Glu55 ?~ 3luss > \

Ilg(a — 3L eS8

( ( \ Ph e69
- Sy i ( ‘\IgG 3

Arg63

\5p()7

Figure 1.8 An isometric and dowsthe-barrel view @ the hydrophobic and polar faces

the Bim BH3a -elix (PDB: 2NL9). The Bim to Mell interactions were deleted for
clarity of the two faces of the Bim BH3 helix residues.

Previously reported NMR solution structures, silico screening, andn vitro assays
suggest that the residues2,6865, and D67 are the most critical residues for binding.

Since L62, 165, and D67 are known to have the highest free energy contribution to
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binding ( eeeeGl 2. B.KBJ/ mol ), t hey ha-sped breeesni di udeesn toif:

the BH3a -elix. **°. Furthemore, since the BHa -helix is conserved amongst #ie
pro-apoptotic Bcl2 proteins, the overall energetic contributions of these residues to
binding areessential Owing to the importance of these conserved molecular interactions,
successfully functioml mimicry of these residues is tantamount towards achieving active
and potent (singkeligit nM) inhibitors towards the B& family. While the structural
differences surrounding Bal, Bcl-2, and Mcll still present themselves as significant
hurdles tovards achieving paBcl-2 & Mcl-1 selective smalinolecule inhibitors, there

are several potent inhibitors that have been publish#tkiiterature witha fewreaching
phase Il & Il clinical trials. Given their recurrent issues of 1specific interactns,
toxicity, nonselectivity and unknown mode of actions for certain candidates, it is
unknown whether the currently reported inhibitors will reach the market. Regardless, the
currently reported inhibitors in clinical trials stand as milestones in ¢wveldpment of
smallmolecule inhibitors towards the B2l protein family. Understanding and
acknowledging their stregths and weaknesses has offessdmuch inspiration towards

the development of our own inhibitors and as such they will be discusseslfmlldwing

sections.

1.5) Stapled BHZ Helix Peptides of Prapoptotic Bcl2 Proteins

In as much as the pfapoptotic members of the B2l family are directly

responsible for the suppression and regulation of the intrinsic apoptoticgyattng cell

itsel f has also provided its own finatur al

apoptotic Bcl2 pr ot ei ns. Speci fically, the cel
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apoptotic Bcl2 proteins is through the intermolecular interactions betwbeenBH3
death domains of prapoptotic Bcl2 proteins and the conserved BH3 binding grooves of
antiapoptotic Bcl2 proteins. Additionally, the cell ddesses the issue of selectivity
amongst the BeR proteins through distinct primary amino acid seqesniound at the
surfaces of the active BH3 helices that bind the hydrophobic groove. Owing to the role
that the BH3a -helix of proapoptotic Bcl2 proteins plays in the initiation of the
intrinsic apoptotic pathway, this suggests their potential to beogeh as a peptide
based therapeutic in cancer. Despite this potential, the abundaimceiad issues such

as BH3 helix ID, loss of secondary structure, proteolgt@gradation, cellular penetration,
and potential for immune response in patients remémnorder to address suah vivo
issues as welas better understand the molecular interactions between gmd anti
apoptotic Bcl2 proteins, Walenskgt al. synthesized a series of stabilizadhelices of

Bcl-2 domains (SAHBs) as molecular probes of-Bcf® In their original methods,
Walensky et al. synthesized an SAHB of the Bid BH3 helix with noatural
disubstituted i & (i + 4) residues functionalized with ol

stapl eso t hrcatalyget ring alosirg enatatheskiqure 1.9).

Cl, éU:\

cr Ph

Tl o,
“Staple”

Figure 1.9 General scheme of ruthenitoatalyzed ring closing
metathesis for #formation of the gHishy dr ocar B.on
(PDB: 3MK8)
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The installation of the stapled linker assists with the formation of pratecondary
structure and overcomes the entropy associated with its ID form. Circular dichroism
studies confirmed the helicity of Walenskyab s S AHBs (87 %) versus naf
protein (16%)'® In addition to the increase in helical stability of their SAHBs, exposure
to proteasem vitro exhibited a protective effect presumably though shielding of the now
cyclic peptide backbone by the hydrocarbon ch&in2D-NMR HSQC experiments of
their Bid SAHBs with*°N-labeled Bclx, exhibited similar crospeak*H-N interactions

in comparison to natural Bid, confirming thenttional binding of their SAHBE. Their

NMR experiments were further supported BYCA of their SAHBs that demonstrated a
six-fold increase in binding from Ky of 269 nM (natural Bid BH3) to &4 of 38.8 nM

(Bid BH3 SAHB). The cellular activity of their SAHBs was confirmed by both cell
viability as well as apoptotic assays with various leukemia cell lines. Specificgfy5-3
dimethylthiazol2-yl)2,5-diphenyltetrazolium bromide (MTT) assays with Jurkat, REH,
and MLL cell lines demonstrated the inhibition profile {4&= 2.2mM (Jurkat), 10.2rM
(REH), 1.6mM (MLL)) of their Bid BH3 SAHBSs. In vivo administation of 10 mg/kg of

Bid BH3 SAHB in nude mice exhibed tumor regression after day 5 with a 50% increase
in overall survivability as well. From the previous success they had with mimicking the
Bid BH3 helix, Walenskyet al. further expanded their SAHB work to that of the Mcl
BH3 helix to investigate ifa similar hydrocarbon stapling approach could be tailored
towards achieving Mel activity. FPCA screening of various stapled BH3 peptides of
Bim, Bid, and Noxa, with a truncated version of Mg}2320 demonstratedy values of

17 nM, 50 nM, and 22 nM spectively. Application of their hydrocarbon stapling
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methods to the BH& -helix of Mcl-1 showed remarkable affinityK§ = 43 nM) as well

as selectivity towards M ;72320 I ndeed, -W8AHB denngtiated nbtc |
only nanomolar affinity, but ats selectively where BH3 SAHBs of the aapoptotic
Bcl-2 proteins Bcl2 & Bcel-x. were not observed to bind Mith72320 (Kd = >1000 nM).
Interestingly, alanine mutations of the conserved BH3 residues Le))2&3AEp 218

+ 5) of their Mct1 BH3 SAHB fesulted in a significant drop Ky towards Mctli72320,
underscoring yet again the critical nature of the conservied 5 residues in terms of
Bcl-2 family drug design. The molecular interactions of their -1&AHB bound to

Mcl-1172320are shown irFigure 1.10for clarity.

Linker

- ’
C,H, “Staple” .
-

v
<

Aspl4 (i + 3)
Tle12 (i + 3)
7 Arg263 © 4 .

Phe228

€ vapss ‘L}w ® v

\Met250 N iEEa

Figure 1.10 SAHB (gray) bound to Mel (green) with the analogouys + 3,i +5
residues projected into the hydrophobic crevice. Tétdli st apl e o | i
above the SAHB Argl4 regié. (PDB: 3MK8)

Through their SAHB work, Walenskst al. confirmed not only the prapoptotic
potential of select members of the Bxfamily, but also emphasized how selectivity is
markedly different with respect to Mdl inhibition. Although their work demonstrated

nanomolar affinityin vitro, the overall therapeutic application of their SAHBSs in the
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clinic is unlikely given its mode of administration. While their Bid BH3 SAHB exhibited

tumor regression in leukemia nude mice moddlsir constant intravenous delivery may

not be wellreceived in the clinic where oral dosage forms as well as patient compliance

and routine selmedication are most desired. Coupled with the need for intravenous
administration is the existing potent@lan immune response in patients towards a
peptidederived drug as well. Though vivonude mice leukemia models showed an

extended life expectancy range of 50%, such a range may not be acceptable where the
ultimate goal is full tumoregressionandset or ati on of patients6é nat
and quality of life. Despite their potential issues, SAHBs ofBploteins have proven
themselves as not only functional model s of
vital tools in the quest towds the development of smatiolecule inhibitors of the Be2

family. The utilization of SAHBs in FPCA towards the discovery and development of

novel smalmolecule inhibitors of BeR has been reported in literature and solidifies

their position as effi@nt tools of drug design.

1.6) Synthesized Proteomimetics of the BHBlelices of Bak and Bim

Owing to how the binding of the conserved BH3helices of Bcl2 proteins is
instrumental to the regulation of apoptosis, proper mimicry of the essentialegsifithe
BH3 helix has been identified as a method of rational drug design. Specifically, the
design of molecular scaffolds that spatially project amino acid-chden mimicking
functionalities in the same orientation as the BH3 helix was first report2002 and
largely pioneered by Hamilton Given the overwhelming variety & -helix mimetic

scaffolds currently known, the scope of such mimetics detailed hereafter will be focused
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specifically on five classes of mimetics that specifically target the2Balmily proteins.
Among the five classes that will be discussed are thphéayls, picolinamides,
terephthalamides, enaminones, and the benzoyluFeasé 1.11).

Coining the phrase fproteomi ma helx o,
mimetics was designed from a terphenyl scaffold capable of projecting hydrophobic
ortho-functional groups in a similar spatial orientation as the conservedBB&k

a -helix (i), (i + 3/4), (i + 7) residuesnto the binding groove of Bet, (Figure 1.11).*

1
N OR c) d) e)
| . o
/N\\ RYCOZH R R!
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| \N H,N‘ R 0N
. — I !
L H
\ , Ox \N/go
07N RS0 R® R?
X |O OR3 .
. A kCozH
Leu78 (i) | _N
CO,H o) OH CO,H

Figure 1.11 Comparison of the Bak BH8 -helix (i), (i + 3), and { + 7) residues with the five classe
of Hami | & detixdnsmetizddd terphenylsp) picolinamidesg) terephthalamides])
enaminonesg) benzoylureas. Dashed lines indicate hydrogen bonding.

As previously introducg in 1997 Sattler ath coworkers elucidated through NMR
solution studieshat the BH3 helix of Bak binds within the hydrophobic groove of Bcl
x..* Taking into accant the above molecular interactions between the Bak 8Hlix

and Bclx,, Hamilton designed the terphenyl scaffold withrtho-functionalized
hydrophobic groups as well as carboxylic acid functionalities at the scaffold termini for
both the proper mimicry of the hydrophobic residues of the BH3 helix of Bakand
improve solubility, respectively. In addition, the phenyl rings project dhigo-
functional groups in a staggered conformation similar to a nativeslix, owing to the
steric clash of the aromatic protons adjacent to thealbond. Using FPCAwith
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fluorescein isothiocyanatebeled Bak (FITEak) and Bclx,, Hamiltonet al.identified

their naphthalenéunctionalized terphenylHigure 1.1139 as a potent inhibitor with K;

of 114 nM*" A similar terphenyl derivative that projected the naphthalene ring from the
top aryl ring exhibited significantly decreased binding to-Bclwith a K; of 2.6 m\,
suggesting that a large hydrophobic group at the middle aryl ring may particigate m
stacking interactions within the binding groove of B¢l 2D NMR experiments using

>N labeled Bclx, and the terphenyl inFigure 1.11a showed crospeak shifts
correlating to the, i + 3, i + 7 residues within the hydrophobic groove of B¢l
suggesting that their molecule was binding in a similar manner as the native Bak
peptide?’

Another class of -helix mimetic introduced by Hamilton is the picolinamide
type scaffold. Building on the concept that hydrophobic interactions on one face of the
a-helix (mimetic) are critical in the binding of Bak to Bal, Hamiltonet al engineered
the picolinamide scaffdl with an intramolecular hydrogen bonding network by
incorporating heterocyclic pyridine rings that encourage the projection of all side chains
from the same faceF{gure 1.11H. The presence of the pyridine rings allows for
hydrogen bonding between t@kealkyl, the amide NH, and the N of the pyridine rings as
shown by the dashed lines Figure 1.11h The intramolecular hydrogen bonding
restricts the rotation about the agfnide axis and also induces a degree of curvature
within the picolinamide scaffdl Both the restricted rotation and the intramolecular
curvature instill a pre onf i gur ed arrangement t drtlaot projec
functionalized isopropyl groups into the binding groove of-Bcthus encouraging its

hydrophobic interactionsThe presence of the picolinamide:
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bonding was confirmed by 1BH-NMR experiments where downfield shifts of the amide
protons were observé.Hami | t on6s 1D NMR experi mgnts wer ¢
crystallography that confirmed the presence of both the intramolecular hydrogen bonding

and the induced curvature within their picolinamide scaffdldn vitro FPCA assays of

severalorthof uncti onali zed derivatives of -Hamil tor
Bak- Bcl-x. heterodimeric complex identified a potef-isopropoxy functionalized

picolinamide that bound Be{. with aK; of 2.3nM.

Although potent derivatives of the terphenyl and picolinamide scaffolds were
reported, both scaffolds displayed poor sditybeven with the incorporation of the
carboxylic acid groups in the case of the terphenyls. Moreover, the synthetic route
leading to the terphenyl scaffold iengthy (~ 15 step synthesis), makihg synthesis of
a diverse library of terphenyl compaimdifficult. While the picolinamide scaffold has
some modularity over the terphenyl scaffold given its easily functionalized pyridine
subunits, its synthesis is not just lengthy, but pyridpyrdol tautomerization is also a
nontrivial issue that willbe covered in greater detail @hapters 2and4.

Towards addressing these shortcomings of the terphenyl and picolinamide
compounds, Hamiltoret al. introduced a synthetically simpler terephthalamide scaffold
(Figure 1.119.* Unlike the terphenylsrad picolinamides that required each varied aryl
subunit to be functionalized prior to scaffold synthesis, the terephthalamide scaffold
entails the synthesis of its carboxylic acid precursors that can be coupled with either
naturall-amino acids or a seriesf secondary amines to install thé Bnd R groups
respectively, while its zhydroxy group may react as a nucleophilic species throwgh S

reactions with various alkyl halides for facile installation of tfegfoup. The presence
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of an intramolecular lrogen bond between the NH of thé fRnctionalized amino acid
and theO-alkyl group also induces a degree of-prganization to direct the hydrophobic
R! and R groups into the binding cleft of Bai. to facilitate hydrophobic interactiorin
vitro FPCA o f Hami |l tonbds ter ep-BakBd-k aonfirrded sheiragai nst
activities with the most potent compoundrigure 1.11c where R-R® = iPr)
demonstrating & of 781 nM?#® During thein vitro assays, the terephthalamides also
exhibited remarkall improved solubility at the tested concentrations of-10* M in
phosphate buffered saline (PBS) with 0.1% DMSO as @obent’® 'H-NMR
experiments with thén vitro evaluated terephthalamid€igure 1.11cwhereR-R® =
iPr) also confirmed thiydrogen bonding between thé ®H group and Rether oxygen
where no significant shift in ppm was observed in the varied concentrations of 0.005M to
0.5M.#*>°

As an alternative method of countering the poor solubility of the terphieastd
compounds, Hamilton and eworkers introduced a novel variant of the terphenyl
scaffold by substituting the central benzene ring with-me®nbered intramolecular
hydrogen bond abilized enaminoneFjgure 1.119.>> The engineering of the-6
membered enaminone provides a greater degree of polarity versus the benzene ring of the
terphenyl scaffold. Notably, the enaminone also mimics the necessanformation to
project the B groups in the proper spatial orientation for the mimicry of the BH3
a -helix of Bak® In silico energy minimization and overlays of a methyl functionalized
enaminone derivativeF{gure 1.11d where R® = CHy) with an ), (i + 4), ( + 7)

polyalaninea -helix yieldeda rootmean square devian of 0.73 A, suggesting that the

enaminoneand its methyl groups were functioning as a mimetia afielical structure.

24



While the enaminone is capable of existing as the three tautomeric forms shown in
Figure 1.12 *H-NMR experiments showed the presenéa vinylic proton at 5 ppm as

well as a hydrogen bonded proton far downfield at 13 ppm, suggesting that either the
ketoamino or iminoenol tautomers are preferred. Supplementaly Xrystallography
experiments confirmed that the desired ketoamino teetois the most predominant
among the three despite the more energetically favorable iminoenol tautomeric form

(Figure 1.12.>*

N2 _R? Ny R2

H | ) Nx
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Figure 1.12 Mechanisnof the three enaminone tautomers possit
(Left) ketoamino tautomerMiddle) iminoenol tautomer;Right)
iminoketone tautomer.
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Hamilton et al. confirmed through Xay crystallography thathe enaminone moiety
exhibited a small deviation from planarity 0.02 A, suggesting that the enaminone is an
appropriate substitution of the central planar benzene ring of the terphenyl scaffold.
Though Hamilton had confirmed the helical mimicry of timaminone througim silico,
NMR, and Xray studies, the biological evaluation of this class of helix mimetics is yet to
be reported.

Further attempts by Hamiltoat al. at designing a more polar -helix mimetic
scaffold culminated in the synthesis of thwre recent benzoylurea scaffoldigure
1.118.%% Similar in principle to the enaminone moiety, the substitution of the central

benzene ring of the terphergdaffold with a polar acylurea group introduced a degree of
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hydrophilicity to attenuate its poor solubility. The central acylurea group also allows the
scaffold to adopt a more linear conformation through-me®nbered intramolecular
hydrogen bond which v&confirmed by Xray crystallography. Functionality of the
benzoyluredbased compoundsas demonstratethrough anin vitro FPCA with FITG

Bak- Bcl-x,. with their most potent compound displacing FFB@k and binding Bek.

with aK; of 2.4nM (Figure 1.13)*

K;=2.4 uM

Figure 1.13 Hami | t onés mo s t-bapedt
a -helix mimetic. The intramolecat hydrogen bond of the
acylurea is indicated by the dashed bond.

Hamilton and cevor k er s 6 sy 12 torit@teismctive BH3B diélix
mimetics stand as a pioneering effortstmuctural proteomimicry tlough nonrpeptidic
scaffolds. The terphenyl and picolinamide proteomimetics in particular demonstrated
their capability of disrupting BalBcl-x. complexesn vitro. Though these compounds
displayed poor solubility and lengthy syntheses, the more hydiopimd synthetically
simpler terephthalamide, enaminone, and benzoylurea derivatives addressed these issues
and maintained potent activity as observed with the terphenyls. While the five classes of

mimetics introduced in this section were capable ougiting the BakBcl-x, PPI, their
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lack of specificity towards Mel warrants further modifications to their structures to

achieve pafBcl-2 activity.

I n addition to Hamiltonds -Wwoykersreported | i ¢ s C

two series of heterocyclia-helix mimeics based on pyridazine and piperidine scaffolds

(Figure 1.14).
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Figure 1.14 Heterocyclica-helix mimetics synthesized by Rebekal. (Left) General
structure of the pyridazine core scaffoRight) General structe of the piperazingpe
scaffold. The R groups indicated hydrophobic functionalities on the aromatic subur

They designed their pyridazine scaffoldrigure 1.14 Leff) such that the
heterocyclic nitrogens of the py® iThksezi ne co
heterocyclic itirogens may participate in hydrogen bonding with either the polar residues
of proteins, or be exposed to solvent for hydrogen bonding as well. An advantage of
Rebeko6s pyridazine scaffold is the sheer Vo
subunits tht may be readily substituted with various other heterocycles through
palladium catalyzed crosoupling reactions such as Suzuki or Sonogashira coupling
methods® The synthesis of the pyridazine core was later simplified by employing an
inverse eletron demand Diel#&\lder reaction between an electrdeficient 1,2,4,5
tetrazine and an electraith dienophile?* The aliphatic groups may also be substituted

with other hydrophobic residues to mimic thg (i + 3/4), and { + 7) residues of
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proteins, such as the Bak BH3 helix. Though the pyridazine scaffold is amenable to
variations of the terminal rings and aliphatic group functionalities, the inability to
functionalize the fiwet edgeof hetedscygppl ccai
either polar or hydrophobic interactions are desired within a protein binding site- A 24
member library of pyridazine compounds was subsequently evaluated by FPCA with
FITC-Bak and Bdlx,, however a majority of the pyridazine compos demonstrated
poor activity with the most potent compound shown abovEigire 1.14 exhibiting a
23% decrease in fluorescence polarization at aM0dosage’ Since a majority of the
compounds in the library contained a&halkylated piperazine moiety, the authors
rationalized that the positive charge of the piperazine may be causing unfavorable
interactions within the hydrophobic cleft of Bl >*

An alternative series of helix mimetics is the extehdaperazine scaffold
(Figure 1.14), which Rebek designed with the intent to mimic the((+ 4), (i + 8), and
(i + 11) residues of a proteia-helix. Similar with their pyridazine core, the top and
bottom aryl rings are modular and may be functionalized prior to the introduction of the
piperazine coré®> The urea linkage at the top aryl subunit is installed by reacting the
aniline precursor with a variety of isocyanates to introduce variations at {hesRon as
well. X-ray crystallographic analysis of an isopropyl functionalizedvagirie of their
piperazine scaffold (R. = 'Pr) exhibited exceptional spatial mimicry of an ideal alanine
a-helix>® Currently, the biological apization of the piperazine scaffold to a specific

protein target is still pending.
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1.7) Natural Products as Smatiolecule Inhibitors of Be2 Family Proteins

In contrast to the previously reported Ecfamily inhibitors identified through
stapled llices and proteomimicry, naturally occurring polyphenolic compounds have
been also reported as inhibitors of Eclproteins. The discovery of select naturally
abundant polyphenols has in turn led to the development of relatedsgetnetic
derivatives i an attempt to increase potency and efficacy toward Bebteins.

Catechins and theaflavins are naturally occurring polyphenols that are found in
the leaves of the tea plaftamellia sinesis Historically the consumption of tea has
always beenregr ded as benefici al t o-beiogn dndreceng e ner a l
years, tea has been advertised as a healthy prophylaxis towards cancer as well. Currently,
there have been several attempts at investigating the specific modes of action of how the
polyphenols found in tea actually exhibit antincer effects. FPCA performed by Leone
et al. with FITC-Bad, Bclx,, and Bci2 identified four particularly potent types of
catechins that bind Bef, and Bck2>® Gallocatechin gallate (GCG), catechin gallate
(CG), epigallocatechin gallate (EGCG), and epicatechin gallate (ECG) all exhibited high
to mid-nanomolar range binding to both Bql and Bct2 (Figure 1.15.°° A similar FP
assay performed by Reetlal. with EGCG exhibited similar inhibition but also included

data with Mct1 (ICso = 920 nM)>’
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Gallocatechin gallate (GCG) Catechin gallate (CG)
K; =315 nM (Bcl-x,) K; =143 nM (Bcl-x,)
=235 nM (Bcl-2) =230 nM (Bcl-2)

¢
OH

@EOH
HO 0w oH
0,
OH OH OH OH
O ges
OH
Epigallocatechin gallate (EGCG) Epicatechin gallate (ECG)
K; = 490 nM (Bcl-x,) K; =120 nM (Bcl-x,)
335 nM (Bcl-2) =400 nM (Bcl-2)

Figure 1.15: Bcl-x,_ and Bcl2 inhibition of the catechins EGCG, GCG, CG, ar
ECG determined by FPCA.

In addition to these 4 catechins, Leateal. tested several theaflavin derivatives theg
naturally oxidized products afatechins found in black tea. Similarly, three of the four
tested theaflavins were found to bind B¢l and Bcl2 with comparable inhibition

constants to the catechirEdgure 1.16).>°

OH @ot @ot

Theaflavinin Theaflavin Theaflavin-3’ gallate
K; =250 nM (Bcl-x,) K; =480 nM (Bcl-x,) K; =315 nM (Bcl-x,)
=286 nM (Bcl-2) =690 nM (Bcl-2) =235 nM (Bcl-2)

Figure 1.16 Bcl-x_ and Bcl2 inhibition of theaflavinin, theaflavin, and theaflasdné g a |
determined by FP.
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Although 2D NMR experiments and subsequent docking studies suggested that both
catechin and theaflavins occupied thep®Lpockets of Bek,, based on thé&N to H
crosspeak shifts observed upon compound titration, Leging. further suggested that
there may be binding at the periphery of the binding groove as well. Though the FPCA
and NMR data suggest that catechins are reasonablg Blibitors, there is some
debate as to whether or not therapeutically effective exnations of catechins can be
ingested enough in daily amounts. Owing to the polyphenolic structure of the catechins
and their ease of oxidation to theaflavins, it is likely that they may be quickly
metabolized and cleared before any aatncer effectamay even begin to take root.
Moreover, the ironically toxic properties of catechins towards human topoisomerase
enzymes has been investigated and confirmed in several studies, making the therapeutic
effectiveness of telased catechins debatable despigértassociated benefits.

The most weHknown and investigated series of polyphenolic-Bdhhibitors is
Gossypol and its associated sesyinthetic derivaties Apogossypolone (ApoG) and
Sabutoclax*° Originally isolated from the cotton plafossypiumGossypol has been

reported as a potent higfanomolar paiBcl-2 inhibitor by FPCA assay&igure 1.17).%°

Gossypol Apogossypolone Sabutoclax

K; =480 nM (Bcl-x,) K;= 88 nM (Bcl-x,) K; =310 nM (Bcl-xL)
=320 nM (Bcl-2) =40 nM (Bcl-2) =320 nM (Bcl-2)
=180 nM (Mcl-1) =56 nM (Mcl-1) =210 nM (Mcl-1)

Figure 1.17 PanBcl-2 inhibition profiles as determined by FP assay of Gossypol andima 3"
generation derivatives ApoG and Sabutoclax.
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Currently now in phase Il clinical trials, Gossypol was one of fir# panBcl-2
inhibitors reported to be used in the clifft. Cell viability assays with Gossypol
reported by Menget al. with Bcl-x., Bcl-2, and Mcll overexpressing RG prostate
cancer cells demonstrated its cytotoxic activtya single agent (kg= 3.48mM).%" In
agreement with Mengt al, previous cell viability assays dating to the 1990s using a
variety of human carcinoma cell linebave also demonstrated soficromolar
equipotency as wef? Although cellular fractionation with Western blotting experiments
to detect cyic and apoptosisrducing fictor (AlF) have suggested Gossypaluced
cytotoxicity occur s t hrough apoptosi s,
cytotoxicity is independent from Bax or Bak expression according to cell viability assays
with Bax/Bak mutants. Multiple toxieffects associated with Gossypol have also been
reported and stem from the association of Gossypol with its original investigation as a
male contraceptive agent during the 1970s. During these initial clinical trials, a
significant number of patients reped physiologically toxic sideffects including but

not limited to hypokalemia, fatigue, paralysis,-t&ct irritation, and in severe cases
permanent infertility. Such toxic side effects of Gossypol are potentially related to its
reported toxicity in grthrocytes at neatherapeutic doses of 750 nM.

In order to address the toxicity of Gypol, its second generation sesginthetic
derivative, ApoG was synthesized. Though similar in overall structure to Gossypol,
ApoG lacks the two aldehyde groups of Gossypol which are suggested to act as reactive
electrophiles thus contributing to thiexicity. In vitro FP assays performed with Bgl,

Bcl-2, and Mctl demonstrated the increased potency of ApoG compared with its

precursor compound Gossypéligure 1.17). Cellviability assays with ApoG in a wide
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variety of carcinoma cells demonstratedt mmly equipotency to Gossypol, but also
decrased toxicity and systemic sideffects that were normally observed with the
administration of Gossypol in animal mod&ls.

The success of ApoG both vitro andin vivo led to the development of the
newest third generation derivative called Sabutodigure 1.17) through an SAR study
reported by Weiet al in 2010. In the original SAR reported by Wet al, the
substitdion of the isopropyl groups of ApoG withrBethylphenylethylamide resulted in
a compound that exhibited an inhibition profile with slightly compromised actinity
vitro in comparison to Gossyp8l. Regardless, initial cell viability assays of Sabutoclax
with PG3 prostate cancer cells, H460 lung cancer cells, and BP3 lymphoma cells
demonstrated a -#2-fold increase in potency in comparison to Ap®G. Further
evaluation of Sabutoclax in a B#&ak double knockout mouse demonstrated
significantly reduced toxicity in comparison to Ap8%.

In as much as how Gossypol inspired the development offien@ 3° generation
derivatives ApoG and Sabutoclax, its structure was also used as a basisdernieo
synthesis of the novel padcl-2 inhibitor, TW-73. In 2006, Shaomeng Wang and co
workers investigated the binding mode of Gossypol within the hydrophobic binding
groove of Bcl2 throughin silico docking studiesKigure 1.18.°° From theirin silico
model, Wangget al predicted that the aldehyde group of Gossypol interacted through ion
dipole interactions with Argl46 of BA& (Figure 1.18. Though the hydroxyl group
ortho to the aldehyde acts as a hydmodeond donor with the carboxamide of Asn143,
the metahydroxyl group did not appear to interact with any residues and instead was

exposed to solventE{gure 1.18).
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Hydrophobic interactions
at the p4 pocket of Bcl-2

Exposed to solvent

HO
OH
o OO AN H-bond interaction with
H

Asn143 of Bcl-2

lon-dipole interactions
at Arg146 of Bcl-2

Naphthalene ring engages in
n—n stacking interactions within
the hydrophobic groove of
Bcl-2.

Figure 1.18Wangdés predicted mol ect
within the hydrophobic binding groove of B2l
The hydrophobic interactions of Gossypol consists of the isopropyl group of the

naphthalene ring positioned within the p4 binding pocket, while the second naphthalene
ring forms p - pstacking interactions within p3 pocket of Bl (Figure 1.18.
Interestingly, the polar interactions of Gossypol mimicked those of the BimaBHalix
where Asp67 and Asn7idrmed saklbridge and hydrogen bond interactions with Arg146
and Asnl43 of Ble2 respectively. Likewise, the hydrophobic intdiaecs of Bim
consisted of Phe6®at projected within the p4 poekof Bck2 while residues Leu62 and
lle65 engaged the p2 and p3 pockets respectively. Based an #gikco predictions,
Wang et al hypothesized that a polyphenol ring functionalized with three hydroxyl
groups Figure 1.19 Compound 1) would mimic the extensive polar interactions
observed between the aldehyde and hydroxyl groups of the naphthalene ring of Gossypol
and Bct2. In additionto the three hydroxyl groups, an isopropyl group was installed on

the polyphenol ring to directly mimic the hydrophobic interactions of the isopropyl group

of Gossypol as shown figure 1.19 In order to mimic th@ - gtacking interactions of
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the leftmost naphthalene ring of Gossypol, a benzene ring was installed through an

amide linkage at the pyrogallol ring resulting in Compound 1, wivak evaluated in an

OH

OH
HO OH HO OH
H . H .
: i1

! R

Compound-1 Compound-2 O
OH OH
HO OH HO OH
H H
Qg S e
o [T o [T
# 0 :SI 0
(6] (6]
Compound-3 TW-37

Figure 1.19 Stepwisede novadesign of pafBcl-2 inhibitor TW-37.

in vitro FPCA with aK; value of 24.1mM.®® Compoundl was further modified by
substituting the isopropyl group with a benzyl grodjg@re 1.19 Compound-2) to
encourage greater hydrophobic interactions with Phe104 within the p4 pocketfBcl
The resulting Compoun# was evaluated by FPCA to befdd more potent than
Compoundl with aK; of 8.3nM. In silico docking studies of Compouri with Bcl-2
suggested that its amide linked phenyl group was unablegege the p2 pocket of B2l
that is normally occupied by Leu6df Bim. Wang and cavorkers then modified
Compound2 with a sulfonydlinked phenyl group Kigure 1.19 Compound-3) which
significantly increaseits binding to Bcl2 with aK; of 0.93mM, an 8fold higher affinity
than Compoun@®® Additional in silico modeling of Compoun@ within the binding
groove of Bcl2 suggested that both the benzyl group of the pyrogallol ring and the
sulfonelinked phenyl group could be modified further still to increase their
hydrophobicity and subsequent bindingrhe inclusion of an isopropyl group on the

benzyl moiety and a tertiary butyl group on the sulfonylbenzene ring ultimately afforded
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TW-37 thatwas fully evaluated for itén vitro activity towards FITGBim-Bcl-2 (K; =
290 nM), Bekx, (Ki = 1100 nM), and Mell (Ki = 260 nM)*® Cell-viability assays of
TW-37 in Bck2 overexpressing PC3 cells also demonstrated its oytoty with anlCsg

of 200 nM®® Given that TW37 binds Bci2 within the same regions as the native Bim
peptide, Wanget al hypothesized that the observed cytottyi of TW-37 in PG3 cells
was the result of apoptotic induction by liberated Bim peptides. Wang andréers
tested their hypothesis by performing a termin&lTP nick end labeling (TUNEL) assay
with TW-37 treated (5vM) PC-3 cells. From the TUNEL assay data, Wagigal
confirmed that TW37 induced apoptosis in PEcells where 89% of cells tested positive
for the incorporation of bromouridine (BiUJ) versus an untreated control (2.6%). A
follow up study by Ashimorand Wang was reported in 2009 where the authors evaluated
TW-37 in several head and neck cancer cell lines (OSCC3S0K&1, UM-SCG74A)
and observed an average;d®f 300 nM in all three cell line¥. TW-37 is currently still

in the preclinical trial phase.

The activity of natural polyphenols and their synthetic derivatives towardg Bcl
proteins have inspired the synthesis of a new potent class @gaghactive polyphenol
recently reported in 2012 by Zhang andworkers. Based on an anthraquinone scaffold,
Zhangodos synthetic polyph€aclkedwbsndiesggaegr o

engage both the polar Arg263 and the hydrophobic p2 pocket of Kfétjure 1.20.*

i OH o i
‘*(O‘O — i °”
L
I OH Br OH S OH
0 0o

Zhang-1 Zhang-6 Zhang-5
K; =270 nM (Mcl-1) K; =107 nM (Mcl-1) K; =13 nM (Mcl-1)
=583 nM (Bcl-2) =132 nM (Bcl-2) =24 nM (Bcl-2)

Figure 1.2Q Anthraquinone scaffolds with pant activity to Mcll & Bcl-2.
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Towards the engagement of Arg263 and the p2 pocket, Zbamd synthesized one
Aifaceo of their scaffold with a catechol r
the other Afaceo. thrafuédne desvatimeps showed poterth e i r
inhibition with their most potent scaffold demonstratinéaof 13 nM (Figure 1.20.*
2D NMR HMQC experiments showed significadtN to 'H crosspeak shifts
corresponding to the p2 and p3 mmgs of the Mcll binding cleft. Crospeak shifts
were also observed for Arg263 as well as Asn260 suggesting their anthraquinone
scaffolds were engaging Mdél via their pr o p o s efdacfetdwo apeproach.
immunoprecipitation (CéP) and Western blotting Wi ABT-737 resistant Nalré cells
confirmed the cytotoxic potential of one of their most potent anthraquinongs<I&7
nmM). In addition, supplemental apoptotic assays suggested that their compounds
exhibited neither significant collateral cytotoxicitgr apoptosisndependent cell death.

Aside from the abundance of plasherived Bcl2 active polyphenols, other
sources of potent B& inhibitors are bacteriallgenerated natural compoundehe most
definitive among theseompounds is MaritoclaxF{gure 1.21) which was discovered

from a species of aquatBtreptomyce®

OH
o Cl Cl

N~

AN
HN OH

Cl Cl O

Figure 1.2 Structure of Maribclax (Marinopyrrole A
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Unique to Maritoclax is its apparent Mtl selectivity (IGo = 10.1mM (Mcl-1)) over
other Bct2 family proteins (IGo> 80 mM (Bcl-x.)) asreported by Sebti and egorkers
through anin vitro enzymelinked immunoabsorbent assay (ELISR). The in vitro
ELISA data was supported by ceibbility assays with Maritoclax using three different
models of human leukemia K562 cells that were separately transfected wizh Baix, ,
and Mctl. The administration of Maritoclax (31100 M) to the three K562 cell models
demonstrated Abld greater selectivity for Mel (ICso = 1.6 mM) over Bekx, (IC50= 70
mvl) and Bck2 (ICso = 65mM).%8 *H-"N HSQC NMRexperiments where Mel protein
was titrated with Maritoclax identified significant creggsak shifts corresponding to the
p4 pocket of Mcll, suggesting that Maritoclax is primarily binding this region of cl
Subsequentin silico docking studies of Maoclax to the p4 pocket uncovered a
hydrogenbondnetwork between the lefhost phenol hydroxyl, carbonyl group, and the
right most phenol hydroxyl group withresidues Thr247, Asn204, and Glu308
respectively’® Although Maritoclax wa regaded as one of the few Mdl selective
inhibitors, more recent woriki 2013 by Eichhormet al was not successful in reproducing
the results of Sebti and aworkers®® Indeed, when Eichhorn investigated the activity of
Maritoclax in Bck2, Beclx,, and Mctl overexpressing Hela cells, there was no visible
cytotoxic effect observe!. Ei chhornés findings are furthe
Maritoclax was originally disogered to also have arbacterial effects in methicillin
resistantStaphylococcus aurey8RSA) prior to its identification as a selective MLl

i nhibitor. Based upon the conflicting repor

to Mcl-1 specificity equires significantly more investigation before clinical trials.
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1.8) Fragmenbased Drug Design of Smatiolecule BeR Inhibitors

Among the most studied of smatiolecule inhibitors of the B& family is the
compound (RA-(4-((4'-chloro[1,1-biphenyl] -2-yl)methyl)piperazinl-yl) -N-((4-((4-
(dimethylamino)1-(phenylthio)butar2-yl)amino)-3-nitrophenyl)sulfonyl)benzamide,
otherwise known as ABT37, which was developed by Abbott Laboratories in 2605.
Using the NMRbased high throughput screening methodology of fragipaes¢d drug
design (FBDD), Oltersdorét al investigated a chemical library of molecular fragments
for Bcl-x,. activity. By employing thisme t h o dfluoroebiphényt4-carboxylic acid
fragment was found to bind the polar residue Arg139 ob8dhrough its 4carboxylic
acid group Kyg = 0.30mM) as well as engage the p2 pocket of -Bclcomposed of
residues Tyrl01, Leul08, Vall126, and Pre{dy=4.3nM) t h r o dlgotophenyls 4 0
group’® A hydrophobic molecular fragment, 5,6,#&grahydrenapthalerl-ol was
obsewed to bind at the p3 site thiss normally bound by [1e85 of Bak. As the central
premise of FBDD is the linkage of millimolaange Kq) binding fragments to generate a
potent nanomolarange inhibitor, Oltersdorfet al. conducted a structwactivity
relationship (SAR) study to idéfy critical functional groupsultimately resulting in
ABT-737 (Figure 1.22. Though Oltersdorétal.i dent i f i efiioracbiplzenyl t he 406
4-carboxylic acid fragment engages in ionic interactions with Arg139, Fairlie later
disproved this by NMR studsewith ABT-737. In their study, Fairlie and agorkers
confirmed that the acylsulfonamide forms a hydrogen bond interaction with the amide
backbone of Gly138, rather than an ionic interaction with Arg’£3@urrently in Phase
Il clinical trials, ABT-737 potently binds Bek. and Bck2 (K, O 1 in Wtjo while

demonstrating similar nMange cytotoxic activityin cells. Previously reported cell
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assays with BaBak double mutant cell lines demonstrated minimal cytotoxic effects

from ABT-737, suggesting its mode of action is dependernhempresence of Bax or Bak

expression. Apoptotic assays that investigated the release -of pply-ADP-ribose

polymerase (PARP) cleavage, and AnnexiPNMcounterstaining further evaluated that
ABT-7376s mechani sm of acti onductior®®® i ndeed thr ou

NO, exposed to solvent
internal n—r stacking with SPh

Acylsulfonamide forms l
hydrogen bond with

NO,
Gly138 \ B
T
ABT-737 i N~
K; =1 nM (Bcl-xL & Bcl-2)
> 20 uM (Mcl-1)

4-chlorobiphenyl engages !

Piperazine ring CH, groups
contribute to Bcl-2 activity

hydrophobic p2 pocket —™

Cl l

Figure 1.22 SAR summary of the key functional groups of AB37
involved in binding Bclx, and Bcl2.

Despite the potent activity of ABT37, its poor oral bioavailability & aqueous
solubility made its sole method of administration in pase(IV bolus) difficult.
Additionally, the presence of therBi t r o p h e n ydimetlayhgdouphl @f ABFDO37
made it exceptionally susceptible to metabolic degradation. The addressing of these
issues led to the identification of the secayjheration aalog ABT-263 Figure 1.23.

In their SAR analysis of ABI737, Parket al. substitited the metabolically
labile 3-nitrophenyl group with a trifluoromethylsulfonyl group which was intended to

function as an isosteric replacemént.This substitutionincreased the systemiaral
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bioavailability of ABT-737 by 24% Si mi | ar s u b sdimethyligroupooh s
ABT-737 were also performed to address the issuedfdlNmet hy |l at i on-
dimethyl group was introduced to alleviate human serum albumin bindénggval of
this group significantly impacted its cellular efficacy.

NO
2 H soz H

ﬁjr
@ o

:O

ZI
Z

— O

Cl cl O

ABT-737 ABT-263
K; =1 nM (Bcl-xL & Bcl-2) K; =1 nM (Bcl-xL & Bcl-2)
> 20 uM (Mcl-1) =550 nM (Mcl-1)

Figure 1.23 Developnent of ABT-263 from ABT-737 with reported; values for
Bad Bcl-x,, Bax Bcl-2, and BaxMcl-1 disruption through FPCA.

Substitution of this group with a morpholine ring imparted a reasord@steincrease in
systemic concentrations vivo as well as maintained cellular efficacy. In order to
further increase binding into the hydrophobic cceviof Bclx,, the SAR study was
extended to ta 4-chlorobiphenyl group Substitution of the €hlorobphenyl with a 4
chloro-dimethylcyclohexene group allowed fomaintenance of the rigid aromatic
framework through &is-double bond, yet allowed the geminal dimethyl group to probe
the p3 pocket. The afforded compound ABG3 exhibited not only equipotent
inhibition towards Balx, and Bck2 with ABT-737 K, O 1 n M) by FPCA,
favorable oral bioavailability compared with ABA37/* Currently, ABT-263 is in

Phase Il clinical trials alongside its firgeneration parent compound ABB7.
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Although ABT-737 and ABTF263 have exhibited excellent potency and efficacy towards
Bcl-x. & Bcl-2, their lack of equipotent binding towards Mcleaves them effective
againsta very narrow range of cancet. While attempts at increasing the sensitivity of
the AABTO family 44 fhavednotuygtsbeeh suecassfal,ssuciM8AR
sudies have allowed for a deeper understanding of the structural properties and
differences among the argpoptotic Bcl2 proteins. With the previous advent of highly
selective and potent Bel and Bcl2 inhibitors, such compounds have been
overshadowedy a need for both paBcl-2 inhibitors and Mcll selective inhibitors.
l ndeed, the selective pressur 4overexgrassigd by
cancer cells through prolonged administration has been reported and further underscores
the curent need for Mell selectivity in drug discovery.?

This necessity for Mcfl selective smalinolecule inhibitors was addressed in
another FBDDBidentified compound synthesized and reported by Fesill. in 2013.
Using the FBDD method, Fesik identified two reasonably potent fragmeattenigaged
in polar and hydrophobic interactions in the Mcbinding crevice. As showhigure
1.24, the polar 3-chloro-1H-indole-2-carboxylic acidand hydrophobic 4hloro-3,5
dimethylphenoxy groups were discovered to bind very distinct regions ofl Md
identified by 2D NMR HMQC & NOESY experiments. Specifically, the3-chloro-1H-
indole-2-carboxylic acidfragmentl was observed to bind residues Ala227, Met281d
Phe270 through hydrophobic interactions at its aromatic ring as well as engage Arg239
by electrostatic interactions with its carboxylic acid. Similarly thehkro3,5
dimethylphenoxy fragmen2 induced NOEs at residues Met250, Phe270, and Val249

through its 3,5dimethyl groups, suggesting that this fragment is nestled within a deep
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section of the p2 binding pocket of Mtl*

The carboxylic acid of the-dhloro-3,5
dimethylphenoxy fragment was not found within the binding groove, but instead was
located at the periphery of the binding groove where Val253 sits. Identification of the
optimal linker between thimdoleand phenoxy fragments was performed by Isgsizing
naphthalendunctionalized derivatives of thmdole fragment with varied hydrocarbon
chain lengths. FPCA with FIT®Icl-1 revealed that the propoxynapthaldimked
indole exhibited the most significant increase in bindikg £ 370 nM) relativeto other
hydrocarbon lengths. Identification of the appropriate linker length was followed by
substitutions of naphthalene with various aromatic hydrophobic rings resulting in a

highly potent & selective Mel inhibitor Fesik53 (K; = 55 nM). Fesikb3 (Figure 1.24)

is one of the first truly selective synthetic

HO

\é/ ZT
T
o
z

(o)
Cl
Cl

Fragment 1 o 3
K; =131 uM (Mcl-1)
o Merge
—_— [0}
HOJ\L
o HsC
al CHj;
Fesik-53

HaC f CHg K; =55 nM (Mcl-1)
Fragment 2

K; =60 uM (Mcl-1)

Figure 1.24 Development of the potent Mdl inhibitor Fesik53
through FBDD and linkage of fragments 1 & 2.

Mcl-1 inhibitors with low nanomolaK; values reported to date. While its Mkl
selective binding has been confirmedibyitro FPCA, the cellulaandin vivo activities
of F e s i krmdshave yeimtp beureported. Though its activity in-Bdamily

overexpressing cancer cell | i n e sidentifeds y et
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inhibitor has inspired our own endeavors towards synthesizinglMshallmolecule
inhibitors.

In as muchas FBDD methods have aided in the discovery of novel compounds
towards Mcltl inhibiton, the discovery of active chemotherapeutic polyphenols in nature
has also led to the development of potent sgynthetic inhibitors. The discovery of
Go s sy p oBclB2sprotaim effects served as an important stepping stone towards the
development of its improved and less toxic segmthetic derivatives ApoG and
Sabutoclax, as well as its synthadie novadesigned analog TV87. The development of
synthetic derivaties of Bct2 active polyphenols has also inspired otlier novo
scaffoldssuch as the anthraquinone analogs synthesized by Ztaaig Of particular
importance to our own work are the molecular interactions of such polyphenols at the
conserved binding goves of the BeR proteins. As elucidated through NMR studies,
the polar interactions of Gossypol and its derivatives at the periphery of the binding
grooves of the BeR proteins are in agreement with the FBIdBveloped inhibitors
reported by Oltersdorind Fesik, suggesting that the modifications of our own scaffolds
should be tailored towards achieving similar interactions as well. These modifications
were synthetically achieved with out and 2 generation BH3 proteomimetics as well
as with our srall-molecule salicylates. Their syntheses and biological evaluation will be

presented in detail i@hapter 2.
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Chapter Il: Antagonism of the Oncogenic Bci2 Family Proteins Bckx. & Mcl -1
2.1) Design and Synthesis 6f Generation parBcl-2 BH3 Proeomimetics

The mimicry of secondary protein structure (suchaakelices ando strands)
through appropriately functionalized molecular scaffolds has recently advanced greatly as
a method of identifyig novel inhibitors of PPIs. In particular, the field fo
pharmacologically active proteomimetics svdargely poneered by Hamilton and
coworkersthrough the development of synthetichelix mimetics engineered to disrupt
thea -helix mediated PPI of BalBcl-x_.*"**%2"® The reported activity
mimetics has allowed the field of proteomimicry to progreds m rational approach
towards developing novel inhibitors of PPIs, an otherwise difficult and daunting target.
Hamil tonds terphenyl seri es od-helmimmecty,i c s, whi
areortho-functionalized with various hydrophobic groups that function as mimics of the
@), (i + 3/4), (i + 7), hydrophobic Var4, Leur8, and Il81 residues of one face of the
Bak-BH3 a -helix (Figure 1.11).*” To circumvent the lengthy terphenyl series, Hamilton
introduced trispicolinamides aa -helix mimetics, which engage in intramolecular
bifurcated hydrogen bonds by the inclusion of heterocyclic pyridines, thus maintaining a
A f ol drectdre to allow for the projection of hydrophobic interactions within the Bcl
x. hydrophobic binding groov&.

The proteins of the Be family play vital roles inthe regulation of apoptosis
with their proper regulation tantamount to the prevention of oncogenesis. Previously
reported NMR solution studies as well as alanine scanning had identified that the residues
of Val74 (), Leu78 { + 4), 1le81 ( + 7), and 1&€85 { + 11) of the BakBH3 a -helix

protrude into the hydrophobic crevice of Bgl to engage in hydrophobic interactichs.
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4344 Owing to the identified molecular interactions of the BRkl-x, PPl and the role of

the Bcl2 proteins in cancer, the development of novel inhibitors to this particular family
of oncogenic PPIs continues to be an active area of researcbulpaly in the context of
achieving parBcl-2 activity. Asintroducedabovein Chapter 1, the Bctx, and Bci2
selective inhibitor ABT737 is known to induce selective pressure in cancer cells that
also overexpress the related oncoprotein, Mc**® Thus, achieving paBcl-2 activity,

most particularly to Mcll oncoprotein, is of utmost importance. From their original
trispicolinamide scaffold shown ifigure 1.11, Hamilton et al. demonstrated modest
binding and disruption of the BakBcl-x. PPI in anin vitro FP assay with their most
potent compound exhibiting K; of 970 nM. The relatively potent activity of their
trispicolinamide is suggested to be thesule of the ortho-functionalized isopropoxy
groups that act as functional mimics of Val74, Leu78, and lle81. Furthermore, the
inclusion of the heterocyclic pyridine nitrogens in their structure induces the formation of
intramolecular hydrogen bonding thasstricts the backbone of their oligoamide scaffold
as well as induces a crescéike curvature in the overall structure. Although such pre
organi zation and curvature in Hamiltonb6s ol
isopropoxy groups into ghhydrophobic groove of Bdl., it was unknown if such pre
organization due to intramolecular hydrogen bonding would occur in aqueous solution
To investigate this, 50 nis silico molecular dynamics (MD) simulations in explicit water
were performed withthe Chemistry at Harvard Molecular Mechanics (CHARMM) Force
Fi el d on Hami | 1ancadssnilaptrisbemdamideamBdgrFigure 2.1) by

Dr. Kenno Vanommeslaeghe in the laboratory of Prof. Alexander MacKE@athputer

46



aided Dug Design (CADD) @nter, University of Maryland Dept. of Pharmaceutical
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Figure 2.1 Structure of BalBcl-x, complex, BH3a-helix, and compoundsand2 A) Structure of the
Bak- Bcl-x, heterodimerized complex (PDB: 1BXL). Hydrophobic regions shown in gray, basic
regions in blue, and acidic regions in ré&). BH3 helix of Bak showing thei + 4, i + 7, andi + 11
staggeredei dues | ocated on th@Shydcophebioé Maa
trispicolinamidel and the trisbenzamide analdg Dashed lines indicate the intramolecular hydrog
bonding and arrows indices the hydrogen bonds stunlisitico. Figure reprducedwith full
permission from the Royal Society of Chemistry (RSC).

In Figure 2.2, the probability distributions of the -@rminal intramolecular
hydrogen bond lengthare plotted for the distances showrFigure 2.1C. The thin solid
line represents the hydrogen bondldfetween the amide NH from thet€minus to the
heterocyclic N of the pyridine, while the bold solid line represents the hydrogenobond
the same amide NH and the O of tbeho-functionalized isopropoxy ether. The
intramolecular hydrogen bonding ®fis represented by the dashed thin line for the amide
NH from its respective @erminus and the analogous C where the picolinamide Ndvoul
be found orl. The dashed bold line represents the hydrogen bonding of the amide NH of
2 from the O of itortho-isopropoxy etkr. As evident from thprobability distributiors,
the NH - -N hydrogen bond ol is in close agreement with thaf a typial hydrogen
bond as the samplatistancs fall in the range of 2 to 3 Aln comparison, the NH- -C

of 2 samples some hydrogen bonding distance of ~2.7 A with the majority of sampling
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being significantly larger, in the range of 4 Ahe probability distibutions of the NH -
-O hydrogen bonds of and 2 are similar, however the overall decrease in sampling
observed near 2.5 A f& suggests a greater likelihood of fremation owing to the lack

of the NH - -N hydrogen bond observed In

25 I
Comp. 1 NH...N
o Comp. 1 NH...O
— ——Comp. 2NH...C
= = Comp.2NH...O
215
=
o
8
g 1
0.5 ’
0

0 1.5

H-bond distance / A
Figure 2.2 Comparison of probability distributions of the intramoleculi
hydrogen bond distances indicated by the arrowdgare 2.1¢ Figure
reproducedwith full permission from te Royal Society of Chemistry
(RSC).

Analysis of the variance in hydrogen bond distance betdeerd2 was followed
by examining the rotational propensity of thiho-isopropoxy group®f 1 and2 to be
pre-organized in the required spatial configuration to mimic ithe+ 4, andi + 7
postions of the Bak BH3& -helix. To examine theotation & preorganization oflL and
2, virtual dihedral angles were defined through the ether oxygen of the bottom
benzene/picoline ring and tid-substituted aromatic carbon. @omparative angle was
defined through th&-subsituted aromatic carbon of the middle- 4 benzene/picoline
ring and the ether oxygen of the 4 unit. Figure 2.3 shows the rotational probability

distribution about the defined dihedral argfi®mm the MD simulations.
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0O-C-C-0 virtual dihedral angle / °

Figure 2.3 Comparison of the probability distributions of the defined virtual

di hedr al angl es of Headithelbéenzamidesanaldg Thes |

virtual dihedral angle is defined as: 1) Ether oxygeresiduei, 2) TheN-substitute:

aromatic carbon, 3) the analogous ether oxygen of residde 4) theN-substituted

aromatic carbon df+ 4. Figure reproducedith full permission from the Royal

Society of Chemistry (RSC).
The solid line curven Figure 2.3 represents the rotational probability distributionlof
while the dashed line curve is indicative of its trisbenzamide arfaloghe presence of
maxima at 6 & 360° for compoundl, with slight shouldes around 120 and 246,
suggests thahe overall rotational restrictioaccursdue tothe intramolecular hydrogen
bonding Figure 2.2). Though theshoulders at 120and 240indicatea slight amount of
rotation, the lack of a 18(peak indicates that there is very minimal free rotation about
the defined virtual dihedral angle. In contrastlicompound is observed to have no
significant maxima near the’ @r 360 angles. Moreover, the slight maximum at 180
suggests that the lack of intramolecular hydrogen bondir@gjleads to conformatins

about the aryhmide axis where the functional groups are pointed in opposite directions

being favored.

49



Upon identifying the effect of hydrogen bonding on the overall rotation and pre
organization of thertho-functionalized groups, we then investigd the probability of
the ortho-ether oxygensnimicking the hydrophobic sidehains of the BalBH3 peptide
bound to Bclx, as reported in Sattletald s NMR st r uct  SgecificalyB D: 1B XL
through examination of the intramolecular distances between each ipfithet, i + 7
ortho-isopropoxy ether oxygens df and 2 in silico, we ascertained their potential to
function as structural mimetics of the BBKI3 a -elix. Table 21 shows the average as
well as the median values of tleetho-ether oxygen distances of compouridand 2,
hereafter denoted as €12-O3, corresponding to the ether oxygens of th¢eninus,
the middle picoline/benzene, and the fgimirus respectively. When compared to the
average and median distances seen in V74Z8C*- I81C* the 0102-03 angles ofl
are observed to be in close agreement with the original average
V74C*- L78C*- 181C* value of 144. In comparison, the more conformatiogaflexible
compound2 hasslightly larger average and median-O2-O3 distances in comparison
to 1. Consequently, the inease in conformational flexibilityesults in a smaller average
angle allowing? to be in good agreement with the VZ4C78C°- 181C? angle The data
from compoundd and2 suggests that both are capable of functioning as proteomimetics

ofthei,i+4,i+7hydr ophobic fihot spotahelixesi dues of th

Bak BH3 a_Helix Angstroms ()  Oligoamides Angstroms 1 (&)  Angstroms 2 (A)
V74C3-L78C? 6.2 Avg. 01-02 6.1+0.6 76+1.0
V74C*-L78C" 5.7 Med. 0102 5.9 8.0

L78C?-181C? 5.8 Avg. 0203 6.1+0.7 7.7+0.9
L78C"-181C? 7.1 Med. 0203 5.9 8.1
V74C-I181C? 11.5 Avg. 01-03 11.8+0.8 13.3+0.7

Bak BH3 a Helix DegreesBak) Oligoamides Degrees (1) Degrees (2)
V74C-L78C3- I181C* 144 Avg. 01-02-03 156+ 11° 127 + 21°
V74C-L78C- 181C* 124 Med. 0:02-03 157 125°

Table 2.1:Comparison of select residue intramolecular distances and angles fromedattfiers N MR
solution structure of BakBcl-x, with compoundd and?2 through 50 ns MD simulations.
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Although both1 and 2 are capable of functioning as mimetics through the
projection of theirortho-isopropoy groups to mimic the, i + 4,1 + 7 residues of the
Bak BH3 a -helix, we rationalized that more rotationally flexible oligoamide would
function as more potent B& i nhi bi t or s. According to Satt
Bak-BH3 a -helix projects its hyd o ph o bi ¢ i, i-h4 t 45 P redidoes into the
binding groove of Bek, in a staggered conformation rather than a-grganized
eclipsed conformation! From ar collaborative MD simulations, we observed that
compoundl projects its hydrophobic isopropoxy groups in a-prganized eclipsed
fashion due to its intramolecular hydrogen bonding. Though sucbrgemization and
eclipsing can potentially contributeo tsmaltmolecule binding by encouraging an
energetically favorable conformation, they also induce an energetic penalty through the
reduction of the overaliotational flexibility. The lack offlexibility makes it difficult to
undergo an induced fit tacommodateits binding site, thereby potentiallyegatively
impacing its bindingaffinity. It was anticipated that oligoamides of greater rotational
flexibility such as benzamides, would exhibit more conformational freedom at the Bcl
binding groove, radting in more favorable interactions to improve both binding and
potency towards Mel. Moreover, the presence of the heterocyclic pyridine nitrogens in
1 may hinder binding into the hydrophobic binding pocket ofBcthrough electrostatic
repulsion. Our hypothesis is supported by previous reports regarding how th8IBak
helix exhibits random loop regions that extend beyondiits ot 9,0 & #4,00 + 7
residues that magllow for similar flexibility.* ** The flexibility of the random loops
within the BH3 helix may also explain the p8cl-2 binding profiles observed in pro

apoptotic Bci2 members such as Bak and Bim.
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Towards investigating our hypothesis, a SAR study was performed affording the
novel synthesized oligoamide analogs loshown inFigure 2.4 In addition to re
synthesizing compound, the stepwise substitution of pyridine with benzene subunits
furnished compounda-6. This approach allowed for an extent of control over the effects
of intramolecular hydrogen bonding and consequenthg tverall conformational
flexibilities of analogs2-6. Retrosynthetic analyses &6 revealed that the proposed

analogs could be synthesized using the indicated benzene and pyridine sulitigitsan

2.4
NO, NO,
OY | N (0]
_N
O~ "OH O~ "OH
_>
NH, NH,
OY N (0]
N
O OMe O OMe
(0] OH
1: (X1_3 = N) 4: (X1 = CH, X2&3 = N)
2: (X1_3 = CH) 5: (X1&3 = CH, X2 = N)

3: (X482 =CH, X3=N) 6: (X452 =N, X3=CH)
Figure 2.4 Retrosynthetic analysis of the aryl subunits of the picolinaamide scaffol
(Left) Structures of synthesized analogd afhere the dashed lines indicate hydroge
bonding.(Right) Retrosynthetic analysis leading to the four required subfmi the
syntheses of compoundss.

Syntheses of the benzene and pyridabunits were performed as shown below
in Figure 2.5& 2.6. By reacting hydroxy-4-nitrobenzoic acid’ with thionyl chloride
(SOCb) in methanol (MeOH), methyl este8 was generated and subsequery
alkylated to give9 via the Mitsunobu reaction witisopropanol, triphenylphosphine
(PPh), and diisopropylazodicarboxylate (DIAD). Compourtd was then either

hydrolyzed with lithium hydroxide (LIOH) in a 3:1:thixture oftetrahydrofuran (THF),
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MeOH, and water (kD) to give the nitrobenzoic acikD, or reduced with tin (II) chloride

?Y

dihydrate (SnGI2H,0) in ethyl acetate (EtOAc) to afford anilidé.

OMe 0 , OMe \ S?/

Figure 2.5 Synthesis of $generation BH3 proteomimetic benzene subL(alls
SOCL MeOH, reflux, 12 h, 99%(b) 1) isopropanol, PPHhTHF, rt, 2 min; 2DIAD,
16 h, 83%jc) LIOH H,O, THF:MeOH:HO (3:1:1), rt, 1 h, 95%d) SnCL2H,0,
EtOAc, 50C, 12 h, 96%

Towards the synthesis of the required pyridine subukitgute 2.4), an alternate and
more costeffective route in comparison to the original pis@ acid subunit synthesis
was wncovered. In the original routéhe presence of pyridosyridol tautomers results

in a variable yield in th®-alkylation step due to competimalkylation Figure 2.6).
?

NO, NO, NaNO, NO, /- NO,
O NH; o NH2 H,SO, S Q\H RBr, Ag,CO4 N O\R
v Tmon Ly H,0 N n DMF N
rt, 91% 4°C, 96% rt, 52-81%
Cl Cl Cl Cl
12
NO
2 o NO,
f’( A RBr, A92CO3 = (0]
XN DMF [ n.
cl rt, 19-48% R
Cl

Figure 2.6 Original synthesis leading to tialkylated subunit. @\r with NH; on 12
is followed by diazotization to afford the pyridol which tautomerizes to yhiegne,
giving rise to theN-alkylated sideproduct. A postulatedy@r reaction to directly
furnish the desire®-isopropoxy product is indicated by (?).
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Briefly in Figure 2.6, the startingmaterial 12 was subjectedo an S Ar reactionwith
ammonia (NH) in ethanol (EtOH) to afford the nitroaniline which was diazotized with
sodium nitrite (NaN@ and subsequently quenched with water to give the pyridol. The
lone pair electrons from the pyddOH may donate into the pyridine ring to give the
pyridone tautomer. Alkylation of the pyridoqgridol tautomeric mixture yields a
mixture of both the desire®-alkylated product and the undesirNealkylated product
(Figure 2.6).*® Taking into account the apparesttho-regioselective §Ar reaction of7

with NHg, it was postulated that a similar regioselectiy&iS(Figure 2.6, denotedby ?)

with an appropriat@alcohol (isopropanol) to directly synthesize the desfbealkylated
product may be possible. Indeed, the potential for such an advantageous reaction was
confirmed through a survey of varied alcohol nucleophiles and solvent conditions. The
entirety of ths SyAr study will be explained in full detail in the followir@hapter 4.

Il n compari son t o HaFigurd 2.6p thi8 sovebalterrmativen a | rou
route Figure 2.7) was not only more cosffective but also featured half the synthetic
steps, Wwice the yield, avoided the troublesome pyriggtidone tautomers, and
ultimately afforded us excellenbrtho-selective chemistry to afford3 with near
guantitative (98%) yield. Palladium catalyzed Stille coupling b8 with
tributylvinylstannane introgced the vinyl group on th@ara-position to the nitro 013 to
give compoundl4 which was subsequently oxidized to the picolinic addl by
potassium permanganate (KM§)O The required picolinic aniling7 was synthesized by
reactingl5 first with SOC} in MeOH as with compound to afford the methyl estelrl6

which was immediately reduced with SE€H,0O in EtOAc to furnish anilind7.
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Figure 2.7 Synthesis of T generation BH3 proteomimetic pyridine subu
(a) Isopropanol, NaH, toluene’® to rt, 16 h, 98%(b) (Bu);SnCH=CH
Pd(PPh),;, DMF, 126C, 16 h, 91%(c) KMnQO,, acetone:kD, 1:1, rt, 12 h,
74%;(d) SOCh, MeOH, reflux, 12 h, 99%e) SnCL2H,0, EtOAc,50°C,
12 h, 96%

Upon synthesizing the required benzdrased monomers0 and 11, as well as
the required pyridindased monomerl5 and17, coupling of the acids and anilines was
achieved through thie situ generation of the respective acyl chlorideslffand 15 via
dichlorotriphenylphosphorane (P, followed by additiorelimination with the
anilines11 and 17 in an efficiet onepot reaction to give the barylamide seried8
(Figure 2.8). Reduction oft8a18chby SnCh2H,0 afforded the corresponding anilines
19a19c which were then coupled with eith&0 or 15 by PPRCI, to give the tris
arylamide20a20f. The trisarylamides were then reduced to the corresponding anilines
21a21f Lastly,21a21f were subjected to saponification with LiGHO to furnish the

desired final trisarylamidesl-6 in near quantitative (999%) yield.
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17: (X =N) 21a-21f (R = H)

Figure 2.8 Coupling and reduction of the benzene and pyridine subunits to yield the 1
generation BH3 proteomimeti¢a) PPhCl,, CHCL, reflux, 212 h , 9699%; (b)
SnCL2H,0, EtOAc, 506C, 12 h, 8299%; (c) LIOH'H,O, THF:MeOH:HO, 3:11, rt, 24 h,
95-99%

Originally, our intentwas to extend our study to include tetrameric arylamide
derivatives of the final compounds6. A fourth aryl subunit added to compounti$
may function as a mimic of tha ¢ 11) residue 11e85 of Bak, thus contributing to
compound binding through hydrbgbic interactions. Though we managed to synthesize
the tetrameric equivalents of the nitro intermedi2@s20f, several nosirivial synthetic
obstacles such as insolubility and aggregation in DMSO, incomplete nitro group
reduction, poor yield, and sigitant reaction sidgroduct formation were enaatered.
Since their tendency to aggregateuld inevitably translate to false results in bdath
vitro as well as cellularassays, it was decided that should the-aridamides?2-6
demonstrate comparablectivity to 1 towards Bclx,, then the tetrameric congeners

should be eschewed for the time being.
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2.2) Biological Evaluation of*lGeneration parBcl-2 BH3 Proteomimetics

A previously reported FPCA by Rosenbergal. described the usage of a FITC
labeled 16 residue BaBH3 oligopeptide (HEC-GQVGRQLAIIGDKINR-NH2; where
K denotes the FIT@ound amino acid) as a means to evaluate thgv&ues of Balx,
inhibitors/* Utilizing their assay methada similar assayas conducted b@rof. Paul
Wilder of the University of Maryland School of Medicine to ascertain the binding
profiles of1-6. Though we followed the method of Rosenbet@l, a Gaminohexanoic
acid (Ahx) linker was coupled at thet€rminus of the Bak 1:8ner oligopeptide such that
it exhibited the sequence: FITEBhx-GQVGRQLAIIGDDINR-CONH,. The titration of
this FITGAhx-Bak peptide with Bek, resulted in aKq of 12.5 nM which is in
agreement with the previolg value reported by Rosenberigy(= 34 nM) for a nopAhx
FITC-Bak peptide? The resuing ICs, values of compounds6 are shown iTable 2.2,

with the absolut&i values calculated using the CheRusoff equatior?

Compound IC5y (nM) K; (mM)

1 (X;3=N) 2139 + 387 970 + 176

2 (X;53=CH) 207 + 11 94 + 5

4 (X, =CH, X,g3=N) 738 + 326 335 + 148
5Xg3=CH,X,=N) 394 £ 54 179 + 24

_X \( 6 (X;go=N,X;=CH) 584 + 163 265 £ 74

07 OH
Table 2.2 ICxo values and correspondiiig values of compoundk6
as determined from dn vitro FPCAwith FITC-Bak- Bcl-x,. (FITC-
BakKy=12.5 nM)

Appropriately, since thiSAR study focused on the rotational flexibility of compounr@,

the pyridinebased trisarylamidé functioned as a control compound exhibiting the full
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degree of intramolecular hydrogen bonding as a result of its pysidieed scaffold. As

the pyridinerings of 1 were stepwise substituted with rbgdrogen bonding benzene
subunits seen in compoun@s6, the associated Hg and K; values decreased with the
fully substituted trisbenzamid@ demonstrating significantly improved activity and
binding. (Table 2.2). The order of magnitude decrease in bothyl@nd K; values
suggests that substitutions of the pyridines with benzene rings results in greater activity
towards Bclx, owing to the increased conformational flexibilities within the
trisarylamide sca@ilds 2-6. Moreover, the replacement of the pyridine rings with
benzene also eliminates the possibility for electrostatic repulsion between the
heterocyclic nitrogen and the hydrophobic crevice of-Bcl With the benzenbased
arylamides2-6, it is alsolikely that as the compounds bind Bgl, their rotational
flexibility allows for the reorganization of the inhibitors to accommodhge binding
crevice of Bcix,, thus facilitating more favorable interactions and lower energy
conformations as per Koshidrd s t heor y o Icidéentalty,uthiseparticdlar t .
mode of binding may also be more entropically favorable given the tendency for proteins
to be constantly exhibiting mimgde eegneat
PPI interfac€’ Although the preorganization through intramolecular hydrogen bonding
observed withl may project the hydrophobic igopyl goups into thehydrophobic
crevice of Bcix,, such preorganization may not be welblerated given the decreased
propensity for an induced fit as well as the unfavorable increase in molecular-eger (
These conjectures are in agreement with the gbdelGo and K; value differences
between the pyridinkased compound and the trisbenzamide compou@d The

decrease in both Kg and K; values in2 suggests that the absence of intramolecular

58



hydrogen bonding bestows a degree of conformational freel@acing to a more
favorable induced fit between compou@dand Bctx.. Furthermore, the stepwise
substituted compound%6 also exhibited a decreasing trend in the correspondigg IC
andK; values, further suggesting that the overall increase in confamadiflexibility is
correlated with greater activity towards Bgl.

Upon validating thein vitro activities of 1-6, their cellular activities were
evaluated in the Bclx. overexpressing cell lines DLBR (colon cancer), 145
(mesothelioma), H1299 (nesmall cell lung cancer), and A549 (adenocarcinoma).
Owing to their observed disruption of BdBcl-x. in vitro, the binding of the
proteomimetic compound$-6 at the hydrophobic crevice of Bgl would remove its
pro-survival effects and initiate apoptosis in carcinoma cells. Té¢arapoundd-6 were
evalated in the aforementioned series of cancell lines byDr. Roy Smythe of the
Scott & White MemoriaHospital & Texas A&M University in Temple, Texalable
2.3). Briefly, these carcinoma cells were incubated with compodr&lat various serial
dilutions for a period of 72hours and thepercentage of viable cells was determined
through a XTT cell viability assay. The XTT assay shows that while compdtfds
exhibited equipotent singldigit mM ICs values relative td in cancer cells, there is no

marked trend as observed in the previougtro data Table 2.2.
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Compound DLD-1 (uM) 145 (uM) H1299 (uM) AS49 (uM)

1(X;5=N) 2.0 (0.1) 43(0.1)  22(0.1) 1.1(0.1)
2 (X,.;=CH) 9.2(0.8) 41(03)  3.9(0.7) 4.4(0.9)
3X1g2=CH,X3=N)  28(1.5) 22(1.3) 17 (2) ND
4 (X, =CH, X53=N) 64 (10) 53 (7) 48 (5) ND
o 5(X143=CH,X,=N)  4.2(0.1) 5(0.1) ND 11 (1)
\ X, T/ 6 (X,g0 =N, X3 = CH) ND ND 5.2(0.8) ND

O~ "OH
Table 2.3 Cell viability assays (XTT) with the Bol_. overexpressing cell lines
DLD-1 (colon cancer), 145 (mesothelioma), H1299 (lung cancer), A549

(adenocarcinoma). Kgvalues of respective compounti$ are given imM with
S.D. values in parenthese8ssays with HMVEC control cells (not shown) were

determined to be > 5@M for all compoundd-6.

Since compound4-6 are primarily hydrophobic in nature, there is the possibility that
they may engage other efirget proteins. As such eifirget effects may be deleterious
in healthy cells1-6 were evaluated in human microvascular endothelial cells (HMVEC)
as a control in the XTT assay. The activity of compou@sn Bcl-x. overexpressing
cancer cells is betered by their relatively low cytotoxicities seen in the control HMVEC
cells where only at concentrations greater thann®0® were any cytotoxic effects
observed.  While compound4-6 were welttolerated in HMVEC cells, other
hydrophobic crevicéearing proteins may still recognize and bitvb as well. In
particular, the related protein Mtl and the noBcl-2 related prot&i human oncogene
double minute 2 (HDM2) both exhibit dyophobic binding crevicethat may interact
favorably withthe a helix mimetics1-6. The overexpression of HDM2 proteins in
cancer results in the sequestration of the p53 tumor suppressor prateiregmevention

of its cellcycle halting action, akino the apoptotic control seen with BZlfamily
proteins’® Interestingly, p53 exhibits aa -helical struture analogous with the BH3

helix of Bak. The p5& -helix exhibits the amino acid residues BBe(), Trp23 ( + 4),
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and lew6 ( +7) al ong the same helical Afaceo,
groove on HDMZ8* 7 Given the analogy of the p%8-helix and the BH3 helix of Bak,
Hamilton et al. investigated if the p53HDM2 PPI could be disrupted though a
proteomimetic strateg?® Indeed, the disruption of the pS3DM2 PPl was
subsequently reported by Hamiltet al. using terphenyl scaffolds capable of also
disruptirg the Bak Bcl-x, PPl when evaluated hip vitro FPCA/3® This suggests that
other hydrophobic arybased scaffolds such as arylamides, may also be active towards
p53 HDM2 as well. Furthermore, another a#irget PPI is the autophagic protein
Beclin-1 which binds BcRk family proteins (specifically Bek ) in a similara -helix
mediated manner as Bak and p53 for the regulation of autophagy.

From the syntheses of compourid§, the significance of the oligoamide scaffold
with regards to the disruption of the BBkl-x. PPl was evaluated both vitro and in
Bcl-x. over-expressing cancer cells. The results of the syntheses and preliminérp
& in silico analyses suggest that oligoamides with higher degrees of conformational
flexibility and hydrophobicity dislay a greater capacity to bind the hydrophobic groove

of Bcl-x., resulting in improved cell activity.

2.3) In silico Analysis of J¥-1 0 6 6 <. &Bicld1 Binding Modes

Further computational analysis of the binding interaction of compadbnd
hereafte referr eldl Ot6ad , a>¢ and MBokll was performed by docking
studies wherdY-1-106was modeled onto the-day crystal structures of Bs. and Mck
1. In collaboration with Prof. Alexander MacKerell of the University of Maryland

CADD Center,the binding of J¥1-106 with Bckx, and Mctl was analyzed by MD
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simulations to examine fluctuations within Bghoo1s0 and Mcklx20280 In addition to
MD simulations, theSite Identification by Ligand Competitive Saturati@I(CS)
methodology was ggied for quantification of the associated free energies of binding of
JY-1-106 with Bckx,. and Mcth1.

The MD simulations oflY-1-106 and its norortho functionalized analogY-1-
1063 suggest thalY-1-106is capable of binding Bet, and Mcl-1 in a $milar binding
mode as the natural BH3 muland singledomain proteins such as Bak, Bax, and Bim.
Specifically, based on the amino acid fluctuations from the MD simulationgrthe-
functionalized isopropyl groups present themselves into the bindoayegs of both Bel
x. and Mcll to effectively reproduce the hydrophobic interactions and positions of the
(i), (i + 4), (i + 7) residues of a natural BH3 helical oligopeptiéég(re 2.9).” Further
comparisons between thertho-isopropoxy functionalized JY-1-106 and non
functionalizedJY-1-106ashowed a greater degree of flexibility within select residues in

Bcl-x, and Mck1.

NH, NH,
O\l/ ;
O 'NH O~ 'NH
1 1 1
7 O\l/ FEN 120 130 150
N N Reslva smber — JY-1-106 Forward
= JY-1-106 Backward
v E JY-1-106a Forward
07 °NH 07 °NH Mcl-1 — JY-1-106a Backward
0 25 T T T T T T T
N .
Y 2305
> 13 -
Yol 2 0 A K b /5
07 OH o”on Tt A A N SN
A\ g u &7 0 1 1 1 1 | (ESRIPOU, (IS
Z [ 220 230 240 250 260 270 280
JY-1-106 JY-1-106a -, r Residuc number

Figure 2.9 Docking studies of J¥-106 and JY¥1-106a with Bcix, and Mct1 (A) Structures of JY1-106
and its norfunctionalizedanalog J¥1-106a.(B & C) Probability distribution map of J1-106 in the
forward orientation with the side chain carbons shown in green with the peptide crystal structure h
atoms in orange overlaid with J¥106 for Bclx, (B) and Mctl (C). (D) RMS variations of the residue
within the binding pocket of Bet, . (E) RMS variations of the residues within the binding pocket of M
1. Both RMS graphs depict the forward as well as backward conformationslef0& and J¥1-106a.
Figure reproduced witfull permission from BioMed Central.
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Specifically, binding oflY-1-106ainduced a greater degree of flexibility in Bcl
X1105120 WhereaslY-1-106 seemed to restrict the movement of these residues most likely
as a result of its isopropoxy groups binding within the crevice ofxBcl Similarly,
higher flexibilities are olerved in Mctlz3s260 upon binding oflY-1-106aversusJY-1-

106 which reduced the overall fluctuations within residues-lgt 240 and Mck1zss5260.

In agreement with the MD simulations, previous reports by Satlat have shown that
similar flexibilities are observed in Bol 105120 in the absence of the BH3 muttomain
protein Bak as well. The root mean square function (RMSF) plai¥-df106aandJY-
1-106 with Bcl-x. or Mcl-1 suggest that their residue fluctuations are more similar with
the unlound apeforms in the presence dfy-1-106aversusJY-1-106. Given that the
ortho-positions ofJY-1-106alack the isopropyl groups @fY-1-106, the MD simulations
suggest that the binding of 3¥106 is primarily mediated through hydrophobic
interactionsbetween itortho-isopropoxy groups and the binding crevices of-Bchnd
Mcl-1. The MD simulations oflY-1-106 andJY-1-106awere followed by subsequent
calculations of the overall ligand grid free energy (LGFE) in order to quantify the binding

of JY-1-106to Bcl-x,. and Mctl using three specific approaché@slifle 2.4).

Protein and Conformations LGFE LGFE LGFE
(Minimization) (Langevin Dynamics) (Explicit Solvent)

Bcl-x, (F) -10.2+4.3 -10.6 +4.2 -13.8+4.1

Bcl-x_ (B) -10.1+3.9 -10.6 +4.0 -158+2.7

Mcl-1 (F) -7.3+2.9 -7.2+2.3 -8.7x1.5

Mcl-1 (B) -7.8+3.9 -7.0+2.2 -7.5+2.2

Mcl-17 Bcl-x_ (F) 2.9 3.4 51

Mcl-171 Bcl-x_ (B) 2.3 3.6 8.3

Table 2.4 Ligand Grid Free Energy (LGFE, kcal/mol) of-1¥106 binding to Belx, and Mcltl. LGFE
contributions of J¥1-106 to Bcix, and Mct1 are included for both the forwards (F) and backwards (
orientations of JY1-106 with the differences in Bal. and Mct1 presented.
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While energy minimization and Langevin dynamics calculated similar values for
LGFE of -10 and -7 kcal/mol forJY-1-106 binding to Bclx, and Mctl respectively,
calculations with 50 ns explicit solvent MD simulations resulted in higher LGFE values
of -14 and-8 kcal/mol for binding to Bek. and Mclk1 respectively. The overall MD
simulations pedict that JY-1-106 binds favorably to Bek. with a 28 kcal/mol
advantage over Mel. Additionally, it was duly noted thatY-1-106 is capable of
binding in either a Aforwardod or fdAboackwardo
COxH termini. The IGFE calculations were expanded to include contributions from the
aromatic and aliphatic groups d¥-1-106 and are detailed iffable 2.5 Despite how
hydrogen bond interactions from the Neind CQH termini may occur with either Bcl
XL or Mcl-1, these irgractions were not found to be significant as their energetic

contributions were < 0.1 kcal/mol.

Protein Minimized Minimized Langevin Langevin Explicit Explicit
Orientation  (Aromatic)  (Aliphatic) Dynamics Dynamics Solvent Solvent
(Aromatic) (Aliphatic) (Aromatic) (Aliphatic)

Bcl-x, (F) -6.8 -3.4 -5.9 -4.4 -11.3 -2.5
Bcl-x_ (B) -7.1 -3.0 -7.2 -3.3 -12.4 -3.5
Mcl-1 (F) -4.7 -2.5 -4.9 2.2 -4.0 -4.7
Mcl-1 (B) -4.6 -3.1 -5.5 -1.5 -5.3 -2.2
Mcl-17 Bel- 2.1 0.9 1.0 2.2 7.3 -2.2

X (F)

Mcl-17 Bcl- 2.5 -0.1 1.7 1.8 7.1 1.3

X (B)

Table 2.5 LGFE group contributions (kcal/mol) of the aromatic and aliphatic groups-Gf106 to Bckx,
and Mct1. Both forwards (F) and backwards (B) conformations e1:IM6 were accounted for along wi
the LGFE free energy difference between-Bchnd Mcl1.

64



However, this result was anticipated as both the Bkl CQH termini were not on any
advantageous positions on the scaffold 0f13Y06 which would theoretically allow for
polar interactions with either Arg263 or Asp256 ottlIM. While the overall energy
contributions to binding are mainly attributed to both the aromatic rings as well as the
aliphatic chains, the aromatic rings exhibit greater binding in general. Given the greater
contribution to binding by the aromatic $iwdd of JY-1-106, it was suggested that
modifications on the aromatic rings may improve the overall binding to bott, Bahd

Mcl-1. The suggestions from the MD simulations and LGFE were ultimately considered

for the 2 generation of BH3 oligoamide wtti will be discussed in a later section.

2.4) Expanded Biological Evaluation of-1Y106

AlthoughJdY-1-106 was only slightly morgotent (IGo = 394nM) with regards to
the other synthesized oligoamidg the more favorable ambility profile of JY-1-106,
relativeto the mospotent compoun@, suggested there would be fewer complications in
planned animal studies. While the helix mimetie8 displayed activity towards Be{,,
other Bck2 family proteins are overexpressed @mcers as wefl. In particular, the BeR
family member Mcll has been reported as the primary-Besoform that is responsible
for relapse as well as aggressive metasta¥i As this is further compounded by the
lack of Mcl-1 specific inhibitors and the corresponding hlghels of Mctl expression
in relapse tumors, the lead compouh@1-106 was further evaluated faots potential to
disrupt the BakMcl-1 heterodimeric complex.

The evaluation odY-1-1060 s act i v i t-lywas deterained sitroMithl

an FPCA assay utilizing FIT{abeled BakBH3 peptides and Mel protein. JY-1-106
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disrupted the FITeBak- Mcl-1 PPI with an IG, of 10.2nmM. Using the |G values of

JY-1-106 6s di sr uBak McblntheoekperimentaBlerivedK; values specific

to Mcl-1 were calculated ta K; of 1.79mM. The free energy conve
RTIn(K;) was utilized to calculate a Gibbs free energy difiesgae &) of 1.4 kcal/mol

in binding energypetweenBcl-x. and Mckl. The comparative free energy difference of

JY-1-106 to Bctx, and Mckl binding was in close agreement with the MD calculations

of free energy differences shownTables 2.4 & 2.5( Okcal/mol).

JY-1-1066 s abi |l ity #xoandoMci dhrolgbin \itro BRCA was
followed by colP with Western blot experimenperformed byDr. Xiaobo Cao and Dr.
Roy Smythe of the Scott & White Memorial Hospitéb evaluate the disruption dbth
Bak- Bcl-x, and Bak Mcl-1 PPIs in Bcl2 family overexpressing cells. Co-IP and
Western blotting with REN cells (a Bgl & Mcl-1 overexpressing cell line) was
performed by administration of vehicle control (DMSO), AB37, andlY-1-106. ABT-

737 is a potenfK; < 1 nM) Bcl-x,. and Bct2 inhibitor developed by Abbott Laboratories

in 20057° Despite its tightbinding profile to Balx,, ABT-737 is a poor inhibitor of M-

1 (Ki > 20mM) and generally regarded as inactive to this particularBiemily protein.
Owing to its selectivity for and tighiinding to Bclx,, ABT-737 was selected as both a
positive control for Belx, inhibition, and as a negative control for Mclinhibition in
these biological assays. The overexpressed proteinsx.Band Mcltl were
immunoprecipitated and the disruption of their PPIs with Bak was examined with anti
Bak antibodies with Western blotting. As showrFigure 2.10, administration of JY1-

106 (5 mM) and ABT-737 (10 nM) resulted in the absence of an aB#&k band,

suggesting the displacement of Bak from-Bcl This celP with Western blot was then
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repeated with the converse conditions where Bak was immunoprecipitated and then

Western blotted anprobed for Bclx, .

JY-1-106 (SpuM) - - - +
ABT-737 (10pM)
IP: Bel-xI. WB: anti-Bak . | e—

Input WB: anti-Bel-xI. m
JY-1-106 (5uM) - - - -~
ABT-737 (10pM) : '

IP: Bak WB: anti-Bcl-x|, —— N

nput WB: anti-Bak (S — *

Figure 2.10 5 x 10 REN cells were administeredn®1 JY-1-106, 10 h
ABT-737, or DMSO control for a period of 12 hours to probe the PPl of B
Bcl-x, . Afterwards, the cells were harvested and lysed anc BahdBak

proteins were immunoprecipitated and the preteiotein interactions detect
by Western blotting. Figure reproduced with full permission from BioMed
Central.

The converse ctP with Western blot showed similar band patterns, further validating
the results.In contrast, when the € with Western blot was repeated in the context of

Bak- Mcl-1 inhibition (Figure 2.11), ABT-737 wasineffective at disrupting BakMVcl-1
at the administered dose of d. This negative result was anticipated given the poor
activity of ABT-737 towards Mefl? °% 2 JY-1-106 (5 mM) however, effectively

disrupted the BalMicl-1 heterodimer.
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IY-1-106 (5pM) - - - -
ABT-737 (10pM) - - -

®: Mokl wiiani-Bak (D D GNP -
oput WB:ani-Mcl-1 () G Gl S

JY-1-106 (SuM) : - - +
ABT-737 (10uM) - + - -

IP: Bak  WB: anti-Mcl-1  A— . — -

Input WB: anti-Bak m-

Figure 2.11 5 x 10 REN cells were administered®1 JY-1-106, 10 vh
ABT-737, or DMSO ontrol for a period of 12 hours to probe the PPI of

Bak- Mcl-1. Afterwards, the cells were harvested and lysed anellNold

Bak proteins were immunoprecipitated and the prefmiotein interactions
detected by Western blotting. Figure reproduced withpiemission from
BioMed Central.

Collectively, these data demonstrate that13Y06 is a ck-active parBcl-2
inhibitor in comparison to the limited activity of the Bal and Bcl2 specific inhibitor,
ABT-737. Given that cancer cells are likely to eegpress more than one aapoptotic
protein of the BcR family, targeting a single ardipoptotic protein with a specific
inhibitor may not necessarily lead to apoptosis and eradication of cancer tissue. Indeed,
the reported chemotherapeutic resistance of cancer cells te7BBTs a clear example
of such an issue. A p&Bcl-2 inhibitor is hus more likely to target the other isoforms of
Bcl-2 (such as Bek., Bcl-w, Mcl-1, and AF1), and is more desirable as a therapeutic
candidate.

To further investigate the efficacy of J¥106 in other Mcll overexpressing cell
lines, XTT cell viabiliy assays with AB¥737 resistant I45BR and DLDBR cell lines
were performed with the administration of -1¥106 along with three other known

chemotherapeutic agents: cisplatin, SAHA, and AR/ (Table 2.6. While all four
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agents exhibited singldigit mM inhibition in A549 and DLD1 cells, significant
differences in 1G values were observed in the Mkloverexpressing ABT737 resistant
cells (Table 2.6. Among the cell lines tested4bBR and DLD1BR were of particular
interest as these cell lineseal45 and DLD1-derived cells which are known to over
express Mell oncoproteid®> Although ABT-737 was cytotoxic to A549 and DL-D
cells, it was less effective wheompared with Mcll overexpressing cellines such as
DLD-1BR where ABF737 was 5fold less potent. In comparison to AB/B7, JY-1-106
was overall significantly more cytotoxic in the Bgl and Mctl overexpressing cell
lines F45BR (IGo= 8 Mh), DLD-1BR (IC5o =5 M), and REN (1Go = 6 Mh). JY-1-

106 also demonstrated nesguipotency with the known chemotherapeutic agents

cisplatin and SAHA in [45BR and DLI2BR cells as wellTable 2.6).

Compound A549 (uM) DLD-1 (uM) DLD-1BR(uM) H1299(uM) H23(uM) I45(uM) I-45BR(uM) REN (uM)

ABT-737 5 3 15 30 30+ 25 30+ 20
JY-1-106 5 8 5 6 12 5 8 6
Cisplatin 2 4 3 13 3 2 2 5

SAHA 3 2 8 8 1 0.5 2.5 2

Table 2.6 ICso comparisons of the drugs ABA37, JY-1-106, Cisplatin, and SAHA by XTT cell viabilit
assays with A549, DLEL, DLD1-BR, H1299, H23,-U5, F45BR, and REN cells seeded at 3 X a€lls
per well.

In addition to its cytotoxic profile as &ingle agent, JY1-106 was also
administered along with Taxol to evaluate any increased chemosensitivity in cancer cells.
As seen inTable 2.7, the administration of J¥-106 (15 nM) with Taxol (1-5 nM)
resulted in significantly improved cytotoxicity en XTT celtviability assay with A549

cells versus solely J1-106 or Taxol. A 30% increase in cytotoxicity was observed with
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the ceadminstration of J¥Y1-106 (1M) and Taxol (1 nM). The most improvement in
cytotoxicity was observed with a M dosageof JY-1-106 and 5nM of Taxol, which

inducedcytad x i city in 99% of the Tébhie@€t i on of aff ec

A 120 . JY-1-106 B
® JY-1-106 + TAXOL
100 TATOL Taxol (nM) JY-1-106 (uM) Fa CI
< 80 1 1 0.45 0.463
3 60 2 2 0.53 0.714
T 40
o 3 3 0.77 0.443
20
4 4 0.88 0.313
0
Y-1-106(M)0 1 2 3 4 S5 8
TAXOLaM)0 1 2 3 4 5 8 5 5 0.99 0.047

Table 2.7 Synergy data of JM-106 ceadministration with Taxol.A) JY-1-106 induces synergistic
inhibition of A549 cancer cells with Taxol. Taxol and-IM06 were administered to A549 cells at |
indicated concentratiorend the celiiabilities determined by XTT assayB)(Taxol and J¥1-106
concentrations with their related combination index (Cl) values. Cell viability data reproduced v
permission from BioMed Central.
Isobolggram and combination index (C¥alues were calculated to determine if
Taxol and J¥1-106 were acting in a synergisticammer. CI values less than 1 signify a
synergistic relationshipwhereas values greater than cbnstitutes an antagonistic
relationship. As shown iifable 2.7, the CI values are less than 1 with respect to the
increasing concentrations of Taxol, confirgia synergistic relationship between-1¥Y
106 and Taxol.
While the cytotoxic profile of JY1-106 in Mctl overexpressing AB¥737
resistant cellsTable 2.6 was promising in comparison to cisplatin and SAHA, it was
unknown whether its cytotoxicity was thesult of binding to Bek, and Mctl for

apoptotic induction. Indeed, cytotoxicity may result from other alternative modes of drug

action such as DNA crodekage as in cisplatin, or histone deacetylase inhibition as in
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SAHA. Towards elucidating therag action of J¥1-106, Mckl siRNA transfected

A549 cells were exposed to JI¥106 at 5niM for 24 hrs and subsequently analyzed by
Western blotting and probed for the presence of cleaved PARP which is a 116 kDa
protein involved in DNA repair. The inacttion and cleavage of PARP to a shortened

85 kDa fragment occurs in the presence of caspase proteins and is therefore an indicator
of apoptotic inductioff* As shown inFigure 2.12A, a 5nM dosage of JY1-106 induced

PARP cleavage in both Mdl siRNA transfected and control siRNA transfected A549
cells, suggesting apoptotic induction regardless of the expression level el Mcl

consistent with the inhibition of Mel by JY-1-106.

A ~ DMSO  JY1-106 ABT737 B s pueo  avr-106
Mcl-1 siRNA - + - e - +

Control siRNA + " - - + - Bax ;
Bax a -
e
. T pacin (D G—

f-aclin com—— a— a— e— e—

PARP ‘== ny
Cleaved PARP

siRNA Control Mcl-1
Mcl-1 - =

B-actin  ce— c—

Figure 2.12 Induction of PARP cleavage by Ji¥106 and ABF737 with respect to Mel
silencing.(A) A549 cells transfected with Md siRNA or control sSiRNA over 24 hours were
administered 5M JY-1-106 or ABT-737 over 12 hours and Western blotted for PARP
cleavage(B) I-45 cells exposed torM JY-1-106 showed Bax homodimers by Western blc
suggesting the induction of intrinsic apoptosis. Figure reproduced with full permission fr
BioMed Central.

However in the presence of afM dosage of ABT737, PARP cleavage was only
significant in theMcl-1 silenced cells but not the control siRNA transfected A549 cells
consistent with ABT737 being inactive against Mtl A supplemental Western blot
with JY-1-106 (5mM), 145 cells, and antBax antibody probing detected the presence of
Bax- Bax homodimers which is an indication of apoptosis through the intrinsic apoptotic

pathway Figure 2.12)
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To further investigate JI-1 06 6 s apopt ot i ¢ fiIrdl0&dni on, t h
mitochondrial membrane integrity was evaluated through 4 Xaining assay with
fluorescent microscopy. JCis a cationic dye that localizes within the mitochondrial
outer membrane. The incorporation of-IQvithin the mitochondrial mennane results
in the aggregation of X and induces a reshift in its emission spectrum to the orange
red 580595 nm rangé&® In the event of apoptosis, the mitmmndria outer membrane is
compromised resulting in a low membrane potential and the leakage-Dffrd@h the
membrane. As JQ leaves the mitochondrial membrane its concentration drops resulting
in less aggregation and a blgkift back to the green 5280 nm wavelength which can
be viewed through fluorescent microscdpyln this assay, a &M dosage of ¥-1-106
was administered to I48ells and incubated for 12 hours at’G7 The cells were then
incubated with JE1 for 20 minutes and observed through fluorescence microscopy. In
the presence of vehicle DMSO alone, the red fluorescence df-id€brporated
mitochondria is clearly visibleHigure 2.13Left Panel). Inthe J¥1-106-dosed 14xells
however, the green fluorescence -loldakagehe <cel |
from the compromised mitochondria through apoptotic inductieigufe 2.13 Right

Pane)).
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DMSO JY-1-106

Figure 2.13 Confirmation of MOMP induction through 3¥-106 administration with J@
staining and fluorescent microscopy. 145 cells were administendd BY-1-106 or DMSC
over 12 hours and incubated for 20 minutes withlJ@ye. Orange cotosignifies
incorporation of JEL into intact mitochondria (left) whereas green fluorescence is ob
during mitochondrial outer memabrane permeabilization (MOMP), loss of men
potential, and release of IC(right). Figure reproduced with full peission from BioMe:
Central.

Further evaluation of J-106 induced apoptosis was performed with a TUNEL
assay with BrdU. Cytometric analysis of BdU incorporation in comparison to Pl
staining demonstrated a significant increase in agiptaehen compared with vehicle

DMSO treatment alond=(gure 2.14).

DMSO JY-1-106
= .
\ P5 . P5
4{: =t 4'. Z}
E 2 E N
w— :1.: -
3 P4
= S
|1][]7]'[]7711]‘!1[](111] :ITI'IT]ITIITTI[IT]IIYTIT‘
50 100 150 200 250 50 100 150 200 250
PI-A (x 1.000) PI-A (x 1,000)
TUNEL positive TUNEL positive
2.5% + 0.23% 38.1% %+ 3.1%

Figure 2.14 Terminal dUTP Nick End Labeling (TUNEL) assays showing
positive resul t dromopridinen 8549 cells wesetincubate
with 5 M JY-1-106 (right) or DMSO (left) for 12 hours. Cells were then
subjected to a TUNEL reaction and apoptotic cells counted by flow cytomet
Figure reproduced with full permission from BioMed Central.
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In conjunction with JEL staining and PARP cleavage assays, the data from the
TUNEL assay further confirmed that apoptosis was the primary cytotoxic mode of action
of JY-1-106. Furthermore, thén vivo efficacy of J¥-1-106 was evaluated though a lung
cancer tumor model using nude mice intraperitoneally injected with 349 cells.

After a 20 day treatmesitee growth period, administration of dJ¥106 at intervals of 25
mg/kg 3x daily over a period of 31 days was performed in comparison to a DMSO
control.  Measurements of tumor volume during the 31 day treatment period
demonstrated a-Bld decrease in the rate of tumor growlligure 2.15), suggesting the

chemotherapeutipromise of J¥1-106 as a single ageint vivo.

25

DMSO

15

tumor volume (cm3)

JY-1-106
05 (25mg/kg)

0
1 3 5 7 911 313 45 171921 23 25 27/ 29 31

days
Figure 2.15 In vivosuppression of tumor growth nude mice by intraperitoneal
injections of J¥1-106. Nude mice were implanted with A549 tumor cells in the ri
flank and the tumors allow to grow to 5Snimdiametemover a period of 2 weeks. JY
1-106 was administered at 25mg/kg every other dag fotal of seven injections wit
tumor volumes measured every 2 days. Time points are the average tumor volt
n = 6. Figure reproduced with full permission from BioMed Central.
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Fromour synthese andin vitro andin vivo data, we have successfully conducted
an SAR study on the trisarylamide scaffold of compodndSince the substitution of
pyridine with benzene elimates the intramolecular hydrogen bonding seen with
compoundl, there is a greater degree of conformational flexibility about theaanydle
axes of compound®-6 versus the prerganization ofl. Though preorganization ofl
directs itsortho-isopropoxy groups for hydrophobic interactions within the binding
groove of Bclx,, we hypothesized that an increase in rotational flexibility through
benzene substitution would result in greater binding owing to the induced fit hypothesis.
The flexible analogs of ampoundl and Bckxy ma 'y accommodate each
structures for more favorable binding. The substitution of the pyridine ringswath
benzene rings significantly increased binding in analb§ss seen in thim vitro FPCA
data where th&; values of2-6 were an order of magnitude lowd(; (= 94 nM for 2)
versus the original compourld(K; = 970 nM). Although compounds6 were only
equipotent with compound when evaluated through XTT cell viability assays, the
evaluation of compoun® (JY-1-106) for Mcl-1 activity by FPCA showed a-fold
improvement in the disruption of the FITEBak-Bcl-1 PPl (IGo = 10.2 nM) over
compoundl (ICsp > 50M). Computational MD simulations determined that while JY
1-106 could bind in eitdcdsed maninfeorr wagdddstoi voer tfot
CO,H termini, the reduced fluctuations in the amino acid residues ekBglis0 and
Mcl-1220280 Upon JY-1-106 docking suggested it was binding in a similar manner as the
Bak BH3 helix. When the MD simulations werepeated with the norortho-
functionalizedanalog J¥1-106a, there was a greater degree of fluctuations in residues

Bcl-X 100150 and Mcklo20280, Signifying that theortho-functionalities of J¥1-106 were
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indeed participating in similar critical hydrophebi i hot spot o i nteractd.i

biological evaluations on the novel lead compoundld¥6 as a paBcl-2 active
inhibitor further validated its Mel activity through cefviability assays with Mell
overexpressing AB¥737 resistant cells. Furthevauation of J¥1-106 by CelP with
Western blot, TUNEL assay, and -ICstaining experiments confirmed that-J1¥106
induced apoptosis in cancer cells regardless ofMaVverexpression. Lastly, thea vivo
murine xenograft tumor model demonstrated-#l8 decrease in the growth of cancer
cells (A549) when administered Ji¥106 at the dosing regimen of 25mg/kg 3x daily
suggesting the therapeutic promise of1}¥06 as a single agent. a\have verified not
only the potent activity athe synthesized compads2-6, but alsaheir low cytotoxicity

in arapidly dividing nonrcancerous HMVEGQontrol cell line (1Go > 50mM). Based on
these findings we have designed and synthesized a second generation ofaimsties z
based on compounds6 as well as small library of-hydroxy-2-carboxyarene small
molecule inhibitors towards Md selectivity. The syntheses of our sed¢aeneration
trisbenzamides and-lydroxy-2-carboxyarene inhibitors and théirvitro evaluation will

be covered in detail the following sections.

2.5) Design and Synthesis 8f Beneration Mcll Specific BH3 Proteomimetics

A previously reported gsaration mutagenesis studyy Fairlieet al. investigated
the selectivity of severalBH3 a -helix mutants opro-apoptotic Bimtowards Mctl and
Bcl-x..** Mutations of the wild type amino acid®i62 (i) and Phé9 (i + 7) of Bim
resulted insignificant differences in 16 values towards Bek, and MctL.** Severa of

Fai r | i BH8lssu6Bnmutants exhibite@xclusive disruption of the FIT8im- Mcl-1
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PPI yet no activittowards the FIT@im- Bcl-x, PPl when evaluated through FP&A.
Comparisons of the tertiary structures of Bcland Mckl by Fairlie et al. have
suggested that in corapson to Bclx,, the p2 pocket of Mel is significantly more
selective to its ligands while its p4 region is highly tolerantnyf amino acid substitution

for Phé9* As the p2 region of Mel is formed by the more rigidly constrainad helix,

it is possible that the wetlefined p2 pocket of Mel is unforgiving towards polar
interactions that may cause electrostatic repuf$iohis suggestionsi in agreement
with the reported mutagenesis data by Fagtial, where L62E and L62K Bim mutants
were not able to bind Md when evaluated by FPCA. Similarly, dthough the L62F

Bim mutant was able to bind Mdl, the L62Y mutant demonstrated a markedly increased
ICs0, Suggesting that the protrusion of the polar OH of the L62Y mutant was not well
tolerated at the p2 pock&. Fai rl i eds findingswXmuans t hei r
suggest that this particular amino acid residue may be the key to achieviagy Mcl
specificity and inhibition. From our previous success with synthesizamgl evaluating

our first generation BH2 -helix mimetics2-6 towards BakBcl-x. antagonism, wéave
shown that rotationally flexible oligoamidebaseda -elix mimetics area promising

approach towards the design of potent ngaatBcl-2 inhibitors whereconformationally
constraining pyridine nibgens within the scaffold are not required for effective mimicry

of the a-helix3® ®

Moreover, the NMR solution strugte reported by Sattlest al.
identified flexible regions along the BH& -helix of Bak, implying that such
conformational flexibility allows Bak to bind most members of the-Bgrotein family

as a pafBcl-2 proapoptotic proteif. Utilizing the saturation mutagenesis datégorted

by Fairlieetalas wel | the implications ehbarBhtt ]| er 0s
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on our own Asynt het i cheartwifuacjomalites of sur mdsty
potent benzenebasedoligoamide scaffold? (Figure 2.4) towards achieving improved
Mcl-1 specificity and paBcl-2 activity. ThoughJY-1-106 was evaluated to ba

successful paBcl-2 inhibitor and praising lead compund, compoun® was chosen

amongst the originafirst generation BH3 mimetic2-6 as our design scaffold. The

trisbenzamide structure @ allows for the greatest degree of rotational flexibility,

translating to a favorable induced fit of its functiogabups for hydrphobic and polar
interactions.

Thoughcompound2 was impacted by solubility issue#s benzendased aryl

varyi

subunits are highly modular and amenable towards synthetic modification for the

installation of polar groups. Specifically, we ceotorelocate the terminal carboxylic

acid of2 tothe opposité f a af gné@scaffold Figure 2.16) in the form of a more polar

? Y (i+7) (i+5) o OR;  (i+7)
HO
N
\(r)HLllLO/ N/H

E? v (i+3) R, (i+3)
,H\

(@] N~
? T/ (i) @‘oa (i)

Figure 2.16 Proposed generatlon amphipathic BH8helix mimetic
(Left) lstgeneranon BH3 helix mimeti2 based on a trisbenzamide scaffi
(Right) 2" generation amphipathic BH3 helix mimetic with the polar

a keto acid at the top subunit as a mimetic of theX) Asp67 residue of
Bim.

a keto acid to mimic Asp7 whi c h i s a+ 5jdmnd acp oftthee Bi(n BH3
a -Hhelix. Asps7 of Bim is known toparticipate in an ionisaltbridge interaction with

theconserved Arg residues of At89(Bcl-x.) and Ar@63(Mcl-1).*°® The mimicry of
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Asp67 through ama keto acid at thei ¢ 5) position allows the scaffold to function as an
amphipathic helix mimetic for the engagement of both hydrophobic and ionic interactions
within the binding groove of Mel. The relocation of the terminal carboxylic acid2of
wasalso chosen am silico MD simulations of the related congener-I¥.06, within the
binding grooves of Bek. and Mct1l showed no energetic contributions to binding at its
terminal positiorpara to the amide bond. Relocation of the terminal carboxylid ac

our novel scaffoldtotheé ¢5) Afaced would therefore engage
the conserved Argl39 (Bal) and Arg263 (Mcll) residues and also be stabilized in
these interactions througthe 6memberedintramolecular hydrogen bondingetwork
shown inFigure 2.17. The6-membered hydrogen bonded riagsures that thisa keto
acidwill be projected at the appropriate fadetle scaffold In additionto forming salt

bridge interactions with Arg139 (Bel) and Arg263 (Mcll), the similarly conserved
amino acids ofAsn136 (Bcix.) and Asn260 (Mcll) residues may alsparticipate in

hydrogen bonding interactions witherelocateda keto acid grougFigure 2.17).

Asn260
lonizable group H-bond acceptor N-H

H
(Asp67 m|met|c) ¢ OR,§ Arg263 1@2 . L OR,

I
O

HO\[H'L WW)\,Tl
(o] H. —

_ S N
= OR,
6- membered — >
H-bond ring
o N
Rotationally flexible ©/ ©/OR1
benzamide scaffold
Figure 2.17 Comparison of the crystal structure of the Bim BH3 helix witi’@@neration mimetic
(Left) Crystal structure of Bim BHa -helix bound into Mcll with residues Leu62)( lle65  + 3),
Asp67 (+ 5), Phe69i(+ 7). (Middle) 2" generation amphipathic BH3ahelix mimetic with the

engineered structural features highlighted by arrowsght) Proposed polar interactions of the 5)
Asp67 mimickinga keto acid with Arg263 and Asn260 of Mtl
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Similar to our first generation BH3 mimetica6, the engineering foour second
generation mimetics was initiated throutlfie syntheseof the required benzene subunits
with the varied ortho-functionality of R, whi ch ef fecti vely functior
mut ant o of t h e -helicahrésawpdBinsrespeetivep (Eigure 2.17). As
the importance of the Leu62 residue was the focus of our second generation BH3
mimetics, we chose to keep the &d R functionalities as isobutyl groups. This
decision is supported by Fairlswasobservredt agenes
between the wildype Phe69 and any of the BBemutants of the Bim BH3 helix and
Mcl-1.*® Moreover, previous reports on the analogous 11é653) resdue in Bak have
shown that while it faces into the hydrophobic pockets ofapdiptotic Bcl2 proteins,
its mutation to alanine does not significantly impact the overall binding of Bak with
either Bckx, or Mcl-1.*
The synthess of the 3 generation amphipathic helix metics arepresented
within Figures 2.18& 2.19. 3-fluorobenzoic aci®2 was reactedavith fuming nitric acid
(HNOs) in sulfuric acid(H,SOy) to fumish the monenitratedacid23 as a white solid in

excellent yield (70%) due to the predominant directing effect of ith&oBo group
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)\/OH

F HNO, F NaH OJ\
H,SO04, 0°C DMF, 0°C
0-70% ON 95% O:N
0% oH o o

OH OH

22 23 24
Top subunit
NO, NO, )v NO, NO,
OH oH ! O\)\ O\)\
SOCl, K,CO3 LIOHH,0
—_— —_— —_—
MeOH, 70°C DMF, 50°C THF:H,0
98% 85% 98%
0~ ~OH 07 ~OMe 07 “OMe 07 ~OH
25 26 27 28

Middle Subunit

_KOBu _ \’< Pd/C j<
ToMF MeOH it

98%

NO,

29
Bottom Subunlt

Figure 2.18 Syntheses of the required functionalized benzene subunits fd't
generation of amphipathi -helix mimetics.

A SJAr reaction of23 with isobutyl alcohol and NaH in THF yielded the top aryl subunit
24 as a viscas oil with high yield (95%).Synthesis of subun8 entailed the reaction of
compound25 (Figure 2.18 with SOC}L in MeOH to afford the methyl est&6. O-
alkylation of 26 with isopropyl iodidewith K,COs in DMF affordedthe O-isobutyl ester
27 which was subsequently hydrolyzetb the required aci®28 with LIOHH,O in
THF:H,O. Synthesis of the finalRsubunit31 was achieved through &Ar reaction
using commercially available -fuoronitrobenzene29 and potassiumtert-butoxide
(KO'Bu) to furnish product 30 as a series of dark viscous oils in ngaantitative yield
(98%). Lastly, the reduction of thaitrogroup of30 with H, and Pd/C in MeOH gave the
requiredtert-butyl aniline subuniBlin excellent yield (98%) with no further purification
oftenrequired.

Owing to the presence of the adabile tertiary butyl ether group at;Rthe
condensations of the thréxnzene subunit®4, 28, and 31 were achievedthrough the

DMF catalyzed oxalyl chloride (COGlreaction shown inFigure 2.19 rather than
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PPRCIl, which generates copious amounts of HCI gas at the required refluxing

temperature of 8 in CHCE.

OJ\ NO, \/k NH, vk
1) (COCI), o ° 1) 24, (COCI),

DMF (cat.) H, DMF (cat.)
07 NOH CH,Cl, Pd/C CH,Cl,
T _— —_— T
28 Z)glfg* 07 >NH MeOH, rt O > NH 2) DIPEA
2Ll2 CH,Cl,
NH, . s o\’< 95% o\’< g
@/ \K 90% 82%
32 33

OJ\ OJ\ o O\/k
O,N HoN Eto%”
(0]
o (6]

NH 07 NH o 07 NH
o) H, o) cl o
o)
B ——

Pd/C

_—

MeOH, rt DIPEA, DMF
89% 76%

07 ™NH 07 ™NH 07 “NH
¥ O T
34 35 36
Figure 2.19 Condensation reactions of the aryl subunits to furnis@thgeneratior
amphipathic helix mimetics.

The nitro benzoic aci@8 was first converted to the corresponding acyl chloride in the
presence of (COGand catalytic DMF. The reton of (COCI)} in the presence of
DMF (cat.) forms a highly reactive Vilsmeier reagéntsitu which efficiently converts

28 to the acyl chloride within a matter of minutes, which can be monitored by the naked
eye through evolution of CO and @®ubbles n solution. The acyl chloride &8 was

then reacted with theert-butyl ether aniline€81 in excess of DIPEA to furnish the nitro
bisbenzamide&2 as a dark violet oil in high yield (90%) with retention of tee-butyl
group. The NG group of32 was tha selectively reducetly hydrogenation in MeOkb

afford aniline33 as a green oiith often no further purification requiredCoupling of

33 with the R; subunit24 was achieved through the usage of (CQ@&Nd catalytic DMF
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(similar with subunit28 and31) to afford the nitro trisbenzamid whilst keeping full
retention of thetert-butyl ether protecting groupThe nitro group of trisbenzamidi4
was reduced with Pd/C and; b afford the corresponding anilirgs which was then
reacted with ethylchlmglyoxylate in the presence of DIPEA in DMF to afford the
a keto ester functionalized trisbenzamigig

The tertiary butyl ether of trisbenzamid# was then deprotected to the
corresponding phenoB7 in nearquantitative yield using neat trifluoroaceticid
(CRCOyH) at room temperatureFigure 2.20. Phenol37 was then reacted with a
variety of alkyl halides with KCOs; as base in DMF at 5Q to give the Rfunctionalized
products38, whose esters were hydrolyzed to furnish the fandteto acid produifs) 39

as ivory or yellow powders in exceptional yields (98%).

Ay

07 "NH

CF4CO,H ka R4X, K,CO3

rt DMF, 50°C
98% 83-92%

O NH (0] NH
O o
36 37
[e) O\/l\
EtOTHLN
o) H

THF:H,0, rt
98%

O~ "NH

©/OR1

38

Figure 2.20 Deprotection of the Bu ester and installment of, Runctional groups a:
Aisynthetic mutanto f un cstofithe heub?2 regidue af Bir

o) o\)\
Hom)L”
07 "NH o © 07 "NH
ol LorHo, i ol
(0] NH
39
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In addition to variations of the ;Runctional group, we conducted an SAR study
to probe the electrostatic interactions of the Arg263 residue oflMzy coupling a
derivative of the aniline bisbenzamid&3 (where R and R = isobutyl group) Figure
2.19 with various polar aryl acids. Additionally, by shifting the position of the polar
functional groups of the aryl acids framntho, to meta,and topara, we hypothesized that
an understanding of the proper spatial relationships of both thbrigide interaction of
Arg263 and hydrogen bonding of Asn260 of Mclcould be gained. Briefly, -2
fluoronitrobenzen@9 wasO-alkylated with isobutanol and NaH in THF to afford the

isobutyl compoundiO as a dark brown oil (98%J-{gure 2.21).

I HO\)\ g \)\ H I \)\
F o p o
NaH Pd/C
DMF MeOH, rt

98% 98%
29 40 41

28 PPhyCl, PdIC
—_— = 7Y .
CHCl, reflux © NH MeOH, rt NH \)\
NH, 95% o) 98% o}
42 43
Ar
41 )\

NH, O
o\)\ O\)\
ArCO,H
PPh3Cl,
—_—
CHCl3, reflux

o NH 85-90% O NH

43 44
Figure 2.21 Synthesis of 2 generation BH3 mimetics with polar aryl groups to p
the electrostatic and polar interactions of Arg263 and Asn260 efLMcl
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The nitro compound40 was reduced to anilinetl through hydrogenation and
subsequently coupled with ac&8 using PPECI, in refluxing CHC} to furnish the nitro
bisbenzamidé?2 as abright yellow solid in excellent yield (95%). Subsequent reduction
as beforeigures 2.18 & 2.19 delivered the aniline bisbenzamidd which functioned
as a fAuniver sal Clkmetifitédadupliog of various polaearylRgfotips
to furnish @mpound(s)44 as a library of ofiwhite to yellow colored solids in

exceptional yields (890%).

2.6) Biological Evaluation of® Generation Mcll Specific BH3 Proteomimetics

In collaboration with Prof. Paul T. Wilder of the University of MarydaBchool
of Medicine, we evaluated the vitro activity of our 2 generation oligoamides through
the previously performed FPCA assay with otfrgeneration oligoamides, however; in
this case, McllL was substituted for Bol. as the target protein. Tétions of a FITC
labeled 16mer oligopeptide of Bak (FIT@&hx-GQVGRQLAIIGDDINR-CONH,) in the
presence of Mel resulted in a standard curve witiKgvalue of 36nM for FITC-Bak,
which isapproximatelyequal to thély of FITC-Bak binding toBcl-x, originally reported
by RosenbergKy = 34 nM)’* The 2 generation oligoamide compounds were
administered in the FPCA assay as a series of serial dilutions againdt iMdhe
presence of 10 nM of FITBak. The results of our SAR study on substinsi@f the R
group of our 2 generation oligoamides as well as the various polar arylaiugled 2

generation oligoamides are shown in their entirefyables 2.8 & 2.9respectively.
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o\)\
o]
HOW)LH
© 07 "NH
E P/O\)\
07 NH
o
Compound # Ry Group IC5q (1M) IC5o Err (uM) K; (uM) K; Err (uM)

39a ;f% ND ND ND ND
39b J.—l{/@ 269.3 97.4 10.7 3.9

39

39¢ ND ND ND ND

394 M ND ND ND ND
0

o)
39e M 105.4 15.1 41 0.6
OH
109 2.2 0.434 0.087
30f
o
39g H 86.2 19.9 3.4 0.8
o)
3%h 5933.2 4504.7 234.9 178.4
NH,
o)
30i 1581.4 4731 62.6 187
NHMe
o)
39j 5420.9 2412.9 214.7 95.5
NMe2

_N
39K W 29 0.9 0.113 0.037

Table 2.8 In vitro FPCA results of the Ryroup varied Z' generation oligoamides.
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H
OWHLH
o

39

oL
<

Compound # R, Group IC5q (1M) IC5¢ Err (uM) K; (uM) K; Err (uM)
391 ; 2755 110.4 10.9 44
!
N
30m K</©\ 22.9 54 0.906 0.214
N
39n 1.7 0.8 0.069 0.034
39 15.4 4.4 0.611 0.175
o)
39p Wo 3.1 1.1 0.122 0.045
39q /<( 1.8 03 0.072 0.012
30r w 6.1 15 0.244 0.058
HaC
39s f'</© 538 400 213 15.8
Br
CH,
39t ND ND ND ND
39u JH</Q 71.2 232 2.8 0.9

CHj
Table 2.8 (Cont.) In vitro FPCA results of the Ryroup varied 2 generation oligoamides
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HO
TH’L[
H

O

39

o L.
o

Compound#  RqGroup ICso (uM) ICs, Err (uM) K; (M) K; Err (uM)

39w ND ND ND ND

39v ”@ 106 2.8 0.419 0.111
HsC

39x ;H{H 162.5 24.1 6.4 0.9
CHg
30y ;ﬁ{/@ 5.9 33 0.233 0.129
O,N

S

39z ;HJ{/@N ND ND ND ND
)

39aa SN 51.3 18 2.1 0.7

39ab 175 5.4 0.691 0.215

G

Table 2.8 (Cont.) In vitro FPCA results of the Ryroup varied 2 generation oligoamides
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FromthereportedMel acti vity of Fairlif£6nW,jand BH3
the structure of the novel Mdl inhibitor Fesik53 (K; = 55 nM), we hypothesized that
installing hydrophobic groups, particularly aromatic rings, at thep®&sition would
impart excellent binding to Mel. This hypothesis was further supported by the NMR
studies of Fes#63 and Mcll, which suggested the hydrophobicclloro3,5
dimethylphenoxy group was nestled deep within the cavity of the p2 pocket ef Mcl
rather than simply binding at the very surface of the pocket.

Though functionalizing the Rposition with anO-benzyl group Table 2.8, 39b
to mi mi c Faiss~1D @M s62Fnutare cick not pihd@s well as expected, it
nevertheless demonated modest binding to Mdl with aK; of 10.6 M. Similar to
S haomen g deWawvoag@osach in developing TW7, it was rationalized that the
O-benzylgroup may not be sufficient enough to bind within the deep reaches of the p2
pocket on its own. A vty of substituted analogs of tii@benzyl group was therefore
synthesized as a classical example of functional group -ehdémsion, starting with
methylated derivatives of th@-benzyl group. A significant increase in binding to Mcl
was observed wh the 2 and 3methylbenzyl compound89v (K; = 419 nM) andB9u (K;
= 2.81mM) (Table 2.8. While the overall improved; values 0f39v and39u may be
explained by the general increase in hydrophobicity owing to the presence of the methyl
group, the contrast between th&irvalues suggests that having a hydrophobic group at
theortho position of the benzene ring is more favorable forddinding. Although the
4-methylbenzyl derivative89t was synthesized, thi@ vitro activity of this compound
was unable to be evaluated as it precipitated out of solution during the FPCAiteDes

how similar problems regarding insolubility were also observed with several dther 2

89
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generation proteomimeticsT@ bl e 2. 8 as d e n cucke dsueb with a n
solubility were expected given the increasingly hydrophobic nature of each intermediate
in the syntheses towards the final compourkdgures 2.19 & 2.2(0. The importance of

the ortho position with respect to hydrophobic interactions was further investigated
through the synthesis of thephenylethoxy andrtho-bromobenzyl derivativeg9r and

39s (Table 2.8 respectively. The phenylethoxy compoud€r, exhibited a 44old
improvement in bindingK; = 243 nM) which was in agreement with threrease in
binding of39v as well. In contrast, the binding 89s was negatively impacted by the
bromo group at thertho position K; = 21.3rmM). Theortho-biphenyl compound39ab

was synthesized and demonstrated improved binding 691 nM). In addition t&9r

and 395 an ortho-nitrobenzyl analog,39y was synthesized as well, however, this
partiaular analog exhibited drastically improved binding; (= 232 nM) over the
previously introducedortho substituted benzyl groups. Though this suggests that
electrostatic interactions are possible with an electron withdrawing substituent at the
ortho position of the benzene ring, it is unlikely tha®y will be selected for future
cellularandin vivo assays given the presence of the nitro group which may be readily
metabolized by cellular reductase enzymes. Improvements in binding were also observed
when the benzyl group at the;Rosition was functionalized with cyano groups as seen
with compounds39k, 391, and39m (Table 2.8. While theortho-cyanobenzyl analog

391 (Ki = 10.9mM) showed modest equipotent binding wifb (K; = 10.6mM), shifting

the cyam group to thenetaposition in39mincreased its binding to M¢l(K; = 905 nM).
Surprisingly, shifting the cyano group to tphara position in39k significantly improved

binding by 106fold (Ki = 112 nM) in comparison t@9l. The increase in binding
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observed with39k may be attributed to how thgara-cyano group is now located in a
more favorable position fqy - gtacking interactions. Specifically, thgandp, orbitals

of thesp hybridized cyano group &9k may be interacting with Phe residues within the
vicinity of the p2 pocket, such as Phe228 or Phe270. To investigate the importance of
suchp - ptackirg interactions even further, the two naphthalene ana8gsand 390

were synthesized and evaluatadvitro. The 2naphthalene analog9n was one of the

most potent compounds in the synthesized library wit af 69 nM. Though the -1
naphthalene analog§90 was modestly potentk{ = 611 nM), the difference in thk;
values suggests that the proper spatial projection of the aromatic ring is critical for the
proposed hydrophobic interactions and potent-Mdlinding. This assumption is also
supported byhe equipotent binding of the aromagiara-tert-butyl ester39p (K; = 121

nM), which may be participating in ngn- gtacking hydrophobic interactions within the
binding groove of Mcll as well.

Aside from the benzyl analogs introduced previously, smaleanched
hydrocarbon chains as well as polar groups and heterocycles were installed at the R
position of the benzamide scaffold to probe for Michctivity as mimetics of the natural
amino acid sidehains Table 2.8. Approaching this again with a ranal stepwise
chainextension method, the hydroxyl a@dmethoxy derivatives39gand39x were first
synthesized as mimetics of the L62G and L62A mutants of the Bim peptide. 3Bgth
(Ki = 3.41 M) and 39x (Ki = 6.43 mM) displayed moderately improved binding in
comparison with th&®-benzylated39b derivative K; = 10.6nM). Since this suggested
yet again that hydrophobicity at the RBosition confers Mcll binding, the four chain

extended anala39a 39¢ 39d, and39qg were synthesized. Although among these four
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compounds39g was the only analog that was soluble duringitheitro assay, it proved

to be one of the most potent compounds in the set vii{lod71 nM. To further confirm

that hydrophobicity is essential at the Bosition, the carboxylic aci@9¢ as well as its
tert-butyl ester precurs@9f, was synthesized and both evaluated Witlvalues of 4.17

nM and 434 nM, respectively. Based on #evalues 0f39eand39f, it may be possible

the ionic interactions are conferring binding to Mclthrough an alternative binding
mode with Arg or Lys residues located along the sides of the hydrophobic crédvice o
Mcl-1. Towards investigating this possibility, the carboxamide derivat8&s,39i, and

39] were synthesized, however all three demonstrated drastically less affinity fet Mcl
with K values of 2351, 62.6 MM, and 214mM, respectively. The negatiljeimpacted
binding of the carboxamide analogs suggests that ionized groups af flosifon may

also confer binding; however, hydrogen bond donating groups may not be as well
tolerated. This assumption is further supported by the modestly potefit Miatling

seen with the oxazole anal®faa(K; = 2.03nM), which is unable to act as a hydrogen
bond donor, yet may still participate as a hydrogen bond acceptor similar to the more
potent39f.

As alluded to previously, Arg263 of Mdl is not only known to make
electrostatic contacts with Asp67 the Bim BH3 helix, but the deletion of this positively
charged residue significantly impacts the binding of Bim with ¥&f Through the
polar aryl BH3 oligoamide series shownTable 2.9 an SAR study was undertaken to
probe tle proper spatial orientation necessary for electron withdrawing and anionic

substituents to engage Arg263.
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Compound # R Group IC5 (M) IC59 Err (uM) K; (uM) K; Err (uM)

44a ND ND ND ND

44b HO 175.8 15.3 6.9 0.6

(6]
(0]

HO
44c 307.9 61.6 12.2 24
HO___O
44d @ 284.6 82.8 1.3 3.3

44e HO OoH 137.3 15.9 5.4 0.6

F
o)
aaf HO\HL /9/ ND ND ND ND
N
& M

44 HOH
9 o 821.2 167.3 325 6.6
o)
4h 5 THJ\N /9 ND ND ND ND
o H

Table 2.9 In vitro FPCA results of the polar aryl ring couplel @eneration oligoamides.
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Three synthesized derivatives of benzoic a#itb, 44c, and44d, confirmed that the
positioning of the carboxylic acid grpuon the top aromatic ring is indeed crucial for
Mcl-1 binding. Specifically, a-2old difference in binding was observed amongsb

(Ki = 6.96 MM), 44c (K; = 12.1 mM), and 44d (K; = 11.2mM), thus suggesting that a
carboxylic acid at thertho positionis more likely to interact with Arg263 of Md

versus having the acid on tineetaand para positions of the ring. Although thertho
benzoic acidd4b was the most potent of the three, the isophthalic ddielexhibited
nearequipotent bindingk; = 5.48mM) with 44b, most likely due to similar electrostatic
interactions with Arg263 Since the phthalic acid ring of4e is symmetrical, this
suggests that there may be additional polar interactions at either the p4 pocket, or at the

outer periphery of the ldyophobic groove, which is flanked by polar residues.

2.7) Design & Synthesis of MilSpecific IHydroxy-2-Carboxy Arene Inhibitors

Using an FBDD approach, Fesk al.identified two molecular fragments, a polar
indole acid fragment and a hydrophobiecliloro-3,5-dimethylphenol fragment, that are
capable of binding Mel (K; = 131 M for theindole acidfragment;K; = 60 mM for the
chlorophenol fragment, respectively). Though each fragment only displayed modest
binding individually, their combination and linkage by a hydrocarbon tether resulted in
fused molecules such as the inddkivative, Fesilb3 (Figure 1.24) that displayed
potent binding to Mcll (K; = 55 nM) by FPCA. Xray crystallography elucidated the
molecular interactions between Mtland Fesil63** Specifically, the carboxylic acid

of Fesik53 was observed to form an ionic saftdge interaction with Arg263 in the
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same manner as Asp67 of Bim albeit with several major differefigsré 2.22). The
formation of the ionic irgraction between the indole acid of FeSk and Arg263 in
particular induces a slight kink within the riga#4 helix, allowing Arg263 to engage in
intramolecular ionic interactions with Asp256 as well hydrogen bond interactions with
the amide backbone af random loop of the@4 helix. The molecular interactions
between Mcll and the 4hloro-3,5-dimethylphenol fragment significantly differed from
the interactions observed between the BH3 helix of Bim andIMcThe 4chloro-3,5
dimethylphenoxy ring progs into a deep region of the p2 pocket which is usually not

engaged by the Bim BH3 heli¥igure 2.22).

Phe228

Ile2

’ Met250

Figure 2.22 X-ray crystal structure showing the detailed molecular interactions
between Fesi63 and Mcll. The residues of Md are labeleéh white with the H
bond interactions of the indole acid fragment and Arg263 elaborated by hashec
The hydrocarbon tetheredchloro-3,5-dimethylphenoxy group is nestled deep wit
the p2 pocket as seen above. (PDB: 4HW?2)

Indeed, while the conserved (esidues of Leu78 (Bak) and Leu62 (Bim) bind
within the p2 pocket of Mel, the binding of these residuescars at the very surface of
the groove Figure 2.23) ratherthan deep within the p2 pocket where thehoro-3,5

dimethylphenol fragment makes hydrophobic contacts with Met231, Leu235, Leu246,
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Arg249, Met250, and Phe2768igure 2.22). Furthermore, theydrophobic interactions
of the 4chloro-3,5dimethylphenol group within the p2 pocket are in agreement with
Fairlieds mutagenesis study wher-dicl-aPPL62F

with high potency (1§~ 10 nM)*

Figure 2.23 X-ray ciystal structure showing the molecular interactions between
BH3 helix of Bim and Mcll. The residues of Md are labeled in white while the
residues of the Bira -helix are labeled in yellow. Of particular interest is how Le
does not penetrate asaply into the p2 pocket as Fe&iR. (PDB: 2NL9)

Inspired by the reported success of Fesikal, we developed our own Mdl
specific smalmolecule inhibitors based on ahydroxy-2-carboxyarene scaffold. While
we had previouslyeported the successful Mtlinhibition of our oligoamide J¥.-106,
it was deemed necessary to increase the overall variety of our scaffolds beyond the
oligoamide in an effort to not only increase the overall possibility of a hit, but also to
synthesize anore druglike scaffold. Thus, in conjunction with the design and synthesis
of our 2 generation amphipathic BH3 proteomimetics detaileBligures 2.182.21, we
also synthesized a small focused library of Mclspecific salicylatdbased small

moleculeinhibitors with their generic structure shownHigure 2.24.
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OH group forms 6-member H-bond with
carboxylate anion and may also act as a
H-bond donor with Asn260.

lonizable group forms

salt-bridge to Arg263 .
. O Cl  lonizable group forms
\ salt-bridge to Arg263 H
HO i)

|
Flexible hydrocarbon ___ HO
tether allows induced fit
0o o Hydrophobic

)\S’N‘Rz <—group to probe
H.C —= 0 p3 region

ZT

3 CH Tetrahedral sulfonamide
Hvdroohobi / ?l ®  linkage directs R, into Hydrophobic
ydrophobic group projects the p2 pocket of Mcl-1 R1="group to probe

deep within p2 pocket of Mcl-1
Fesik-53

p2 region

Figure 2.24 Analogous molecular interactions of Fe&& with the proposed salicylate
scaffold. (eft) Molecular interactions of the indeleased Mdll inhibitor Fegk-53.
(Right) Proposed interactions of owhydroxy-2-carboxyarene scaffold with Mdl.

Based on the elucidated molecular interactions of FeSikvith Mcl-1 (Figure
2.22), we engineered our salicylate scaffold with analogous functional groups to
optimally bind both tk polar and hydrophobic regions of Mcl We specifically
selected the salicylate derivative based on its planar structure which was similar in
principle and functionality to thendole acid reported by Fesikt al** As detailed in
Figure 2.24, the carboxylic acid of our arene scaffold functions as a mimic of the critical
Asp67 residue of Bim and forms the necessary ionic interaction with Arg263orifte
hydroxy group may mask the negative charge of the carboxylate anion (pKa ~ 5) through
an intramolecular énember hydrogebonded ring at pH 7 to assist with cellular
penetration. Furthermore, there is the possibility ofdtteo-hydroxy group to act as a
hydragen bond donor with a conserved Asn260 residue located within the proximity
(approx. 5.8 A) of Arg263 of Mel. Owing to its tetrahedral geometry, the presence of

the sulfonamide linkage on our salicylate scafféldygre 2.24) induces flexibility within
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the molecule, projecting the hydrophobic functionalities of theaRl R positions to

probe the p2 and p3 pockets of Mcl These molecular interactions are illustrated by a

rudi mentary docking study of a propbsed comj
3040, perfor med wit h-1tduresyofrLijiasChen bfthe Fletchect ur e o
Lab (Figure 2.25). As shown inFigure 2.25, the 5aminosalicylate ring may form ionic

interactions with Arg263 at the top while thkeisobutyl group is projectedear the p4

region where Phe228 resides. The tetrahedral sulfonamide linker allows foclie @
3,5dimethylphenoxy group to project deep within the p2 pocket to engage residues

Met231, Val249, and Leu235 similar to FeSR (Figure 2.22).

Figure 2.25 Rudimentary docking of J6-304 within Mck1 (Left) Structure of J¥5-304. Right)
JY-5-304 (in gray) within the surfaced crystal structure of {lciThe top salicylate ring is within
close proximity (2.9 A) of Arg263 (blue) for ionic interactions. Thésobutyl group is projected
near the p4 pocket. The tetrahedral sulfonamide linkage allows forcthlerd-3,5
dimethylphenoxy ring to project deggthin the p2 pocket at the bottom. Model was provided
courtesy of Lijia Chen of the Fletcher Lab and rendered in Accelrys Discovery Studio.

As detailed inFigure 2.26 the synthesis of our salicylate scaffokgure 2.24)
was initiated through the Fischer esterification efrbinosalicylic acidt5 in MeOH and
H.SO, (conc.) to furnish the methyl estd6 as a pink solid (68%) which was used

immediately in the next step with no further purification requirdthe chemoselective
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N-functionality of 46 was readily accomplished byeductive amination with
isobutyraldehyde in the presence of sodium triacetoxyborohydride (NaBH{O#cC)
dichloroetlane afford theN-isobutyl producd7, which functions as a ¢ 3) mimic of
the 1le65 of Bim. The sulfonamide linkage was installed by readtihgith a variety of
commercially available sulfonyl chlorides, thus affording the sulfonamidégsjn
excellent yield (9098%). The methyl esters 48 were hydrolyzed using LIOH,0 in a
1:1 mixture of THF:HO to furnish the final Jhydroxy-2-carboxy N-isobutyl

sulfonamide product(g)9.

O OH O OH oﬁ/ O OH
HO H,S0, MeO NaBH(OAc);  MeO
R EEE—— —_—
MeOH, 80°C 1,2-dichloroethane
68% 63%
NH,

NH, HN
45 46 47
Q
cl—$=0 O OH O OH
|
R
Py MeO LoHH,0 MO
CH,Cl,, 0°C o THF:H,0, 50°C o
90-98% SNJ\ 95-98% SNJ\
0" "
48 49

Figure 2.28 Synthesis of hydroxy-2-carboxyarene salicylates as inhib&of Mcl-1.

As with our 29 generation amphipathic BH3 mimetics, it wasided that a step
wise approach would be prudent in order to determine the optimum R functionalities
individually. Thus, the Rposition was varied with different hydrophobic aryl groups
while the R position was kept constant as tNeisobutyl group in te synthesis. In
addition to the variations of the;Rosition, the importance of theriembered hydrogen
bonding network of the-hydroxy-2-carboxy group was investigated by comparingithe

vitro activities of compound(sy¥9 shown in Figure 2.26 with the analogous 4
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aminosalicylates and-8minobenzoic acids that were synthesized by Dr. Jay Chauhan
(Figure 227). Specifically, the 4aminosalicylates were synthesized to examine the
proper positioning of thé\-isobutyl sulfonamide R groups, while theaginobenzoic

acid derivatives were synthesized to investigate the importance of the hydroxyl and its

interactions with Asn260 of Mel.

H
oo ol’H\o o
HO)\© HO)\©\ Ho)b
N/W/
Q\S/N\)\ 0=8=0 Q\S/N\)\
R™Y R R™Y

Figure 2.27 Proposed faminosalicylate scaffold with the analogous 4
aminosalicylate and-8minobenzoic acifleft) 5-aminosalicylate scaffold showir
the intramolecular hydrogen bond netwo(kliddle) A 4-aminosalicylic acid
derivative with &-member intramolecular hydrogen bon@ight) An analogous
3-aminobenzoic acid scaffold with no hydrogen bond network.

2.8) Biological Evaluation of Mel Specific IHydroxy-2-Carboxy Arene Inhibitors

In collaboration with Prof. Paudl. Wilder of the University of MarylandSchool
of Medicine thein vitro activity of the synthesized-flydroxy-2-carboxyarene salicylate
scaffolds shown inTable 2.10 was evaluated using thEPCA methods previously
described for our ¥ generation BH3 ofjoamides fronTTable 2.8in Section 2.6. The
installation of a benzene ring at the sulfonamide R position resulted in the modestly
potent 2-hydroxy-5-(N-isobutylphenylsulfonamidebpenzoic acidJY-5-296 K; = 5.93
mM). As the range of the R groups was extended to bulkier aromatic groups, the
resultingK; values progressively improved with tRénydroxy-5-(N-isobutylnaphthalene
1-sulfonamido)benzoic acidlY-5-299 K; = 2.20mM), and the2-hydroxy-5-(N-isobutyk

[1,1-biphenyl}4-ylsulfonamido}benzoic acidlY-5-300 Ki = 1.52mM).
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O OH

Ho):gjA

N
RS
(@]

Compound # R Group IC50 (1M) IC5q Err (uM) K; (uM) K; Err (uM)

JY-5-296 149.9 10 5.9 0.4

JY-5-299 55.8 6.1 22 0.2

JY-5-300 425 29 15 0.1

o

Cl

JY-5-304 4.2 0.1 0.15 0.01

H,C
Table 2.10 In vitro FPCA results of the-&minosalicylate compounds.
This improvement in thé; values was expected, given that for both compounds the
bulkier aromatic scaffolds are more likely to project within the p2 binding pocket as see
with Fesik53 and the previously introduced pBol-2 inhibitor TW-:37%% % A
significant increase in binding waobserved in the furnishe8-(4-(4-chloro-3,5
dimethylphenoxy)N-isobutylphenylsulfonamide2-hydroxybenzoic acidY-5-304 K =
150 nM). In comparison to J%-300, the 4-(4-chloro3,5
dimethylphenoxy)benzenesulfonyl group is more conformationally flexds it is not
held by a rigid aryaryl bond. Thus, the flexibility of the4-(4-chloro-3,5

dimethylphenoxy)benzenesulfonyl group may allow for adjustments to its conformation
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to facilitate optimum binding within the p2 cavity of MEl The potent nanontar
binding of JY-5-304 suggests that the salicylate scaffold shownTable 2.10 is
projecting the varied R functionalities within the p2 binding pocket ofMclIThe trend
observed in the&; values ofTable 2.10is notably in agreement with the SAR syud
reported by Fesiket al, where the analogous-#1 biphenyl and 4-chloro-3,5
dimethylphenoxy derivatives of Fes3 exhibited improved binding witK; values of
7.6mM and 55 nM, respectivelf.

In tandem with the salicylate compounds showiT able 2.1Q the analogous-4
aminosalicylatesTable 2.11 synthesized by Dr. Jay Chauhan were evaluated thriough
vitro FPCA to investigate the positioning of tNeisobutyl sulfonamide R groups, which
were shifted to thgara position relative to the carboxylic acid. The shift to gaea
position may influence the orientation of tRegroups within the p2 pocket of Mdl.
The sulfonamiddinked R groups of the-dminosalicylate scaffolds were functionalized
with the same planar aromatic groups, and similar to the analofzbie 2.1Q the K|
values improved in conjunction with the increasing size of the aromatic rings

Similar trends in both the KgandK; data wee observed betweélable 2.10and
Table 2.11 where the larger the aromatic R groups imparted improved binding. When
compared to the analogous compounds53¥96 and JY5-299 (Table 2.10, the
benzenesulfonamide 4j17-1, and the dnaphthylsulfonamide 4173, bound less
strongly to Mctl with K values of 17/M and 16.3mM, respectively. However, when
the R position was substituted with the more elongated aromatidiphenyl (4jc1174)
and 4chloro-3,5-dimethylphenoxy groups (4jc115), theK; values had improved to 685

nM and 106 nM, respectively. In comparison to the analogous compour@SAY and
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JY-5-304, theK; values of 4jc11#4 and 4jcl1% translate to &.2-fold and 1.5fold

improvement by the introduction of thelldiphenyl and 4chloro-3,5-dimethylphenoxy

groups.
O OH
ol
N
0=$=0
R
Compound # R Group IC50 (M) ICso Err (uM) K; (uM) K; Err (uM)
4jc117-1 QX 4479 1156 177.4 458
4jc117-3 414 50 16.4 1.9
4jc117-4 17.3 27 0.686 0.107
4jc117-5 Q 29 0.1 0.106 0.005
Q\CH3
HaC
s cl

Table 2.11 In vitro FPCA results of thanalogous aminosalicylate compounds.

Along with the salicylates ifTable 2.10 & 2.11 another series of compounds
based on a-aminobenzoic scaffold were synthesized by Dr. Jay Chauhan to investigate
if eliminating the hydroxyl group has any efteon binding Table 2.12. Since the
hydroxyl group may act as a hydrogen bond donor to Asn260 ofiMeliminating this

group may negatively affect binding. Additionally, the hydrogen bonding between the
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carboxylate anion and the hydroxyl may promo#di penetration due to the masking of
the carboxylate anionds negative charg

o)

Ho):(;VK

N
R
(@]

Compound # R Group IC50 (M) IC5o Err (uM) K; (uM) K; Err (uM)

4jc177-1 ND ND ND ND

1184 439 46.9 17.4

3
v

4jc177-3

4jc177-5 Q 1.7 0.1 0.065 0.005

Table 2.12 In vitro FPCA results of the analogousaBinoberoic acids.

While similar trends were also observed withble 2.10andTable 2.11 the IGo
andK; data inTable 2.12suggest that the hydroxyl group may allow for impraWécl-1
activity through hydrogen bonding with Asn260. This suggestion is supported By the
data of the3-(N-isobutylnaphthalené-sulfonamidojbenzoic aciddjc1l773 (Ki = 46.8
nM), and the3-(N-isobutyH1,1-biphenyl}4-ylsulfonamido}benzoic acidtjc177-4 (K; =
17.3mM). Notably, both of thes&; values are higher by one order of magnitude in

comparison to the-dminosalicylates imMable 2.10 However, exceptional binding to
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Mcl-1  was demonstrated by the 3-(4-(4-chloro-3,5-dimethylphenoxyN-
isobutyphenylsulfonamidobpenzoic acidijc177-5 despite its lack of the hydroxyl group.
While the overallK; values fromTables 2.102.12 improved with larger aromatic R
groups as anticipated, 4jcl-B7bound Mcll strongly with aK; value of 65 nM.
Interestindy, this value is 2Zfold greater in comparison to its related a&nd 4
aminosalicylate analogs, 3304 (K; = 150 nM) and 4jcllh (Ki = 106 nM),
suggesting that while the hydroxyl group may interact with Asn260, the hydrophobic
interactions between thechloro-3,5-dimethylphenoxygroup and the p2 pocket may be

just as critical for Mcll activity.

2.9) Conclusions & Discussion

In conclusion, by conducting a focused SAR study on the reported picolindmide
and its related congeneps6, we hawe investigated the overall significance of the aryl
subunits and their effect on the disruption of the -Bad-x. PPIl. Specifically, we have
demonstrated that oligoamides with more conformationally flexibilities, such as the
benzamide analoB, may function not only as potent Bxi inhibitors, but ale as pan
Bcl-2 inhibitors. The cell viabilitydata of J¥1-106 support this notion, as this particular
oligoamide was capable of disrupting the Bilcl-1 PPI and inducing apoptosis in Bcl
xL and Mckl overexpressing cell liné$”> A murine tumor model of human lung
cancer has also validated the efficacy of Bak BH®elix mimicry in vivo, where a 3
fold decrease in tumor growth duringetadministration of JY1-106 (25 mg/kg) over a

span of 2 weeks was observed.
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In light of the parBcl-2 activity of JY-1-106, it was inferred that the
trisbenzamide analog would be the most amenable analog for modification owing to its
full conformatioral freedom. The resulting benzenbased ¥ generation amphipathic
BH3 proteomimetics stand as a novel class of helix mimetics capable of mimicking not
only the conserved)( (i +3/4), and ( +7) hydrophobic residues of Bim, but also the
polar ( + 5) Arg263 residue of Mel through its relocated carboxylic acid group as
shown inFigure 2.17. By varying the R group of the bottom benzene subunit, a
multitude of substituents was evaluated for optimum binding toIM@dlable 2.8). In
addition to the varitons of the R group, the top aryl subunit was substituted with polar
groupfunctionalized benzene rings to probe for the electrostatic interactions of Arg263
of Mcl-1 (Table 2.9. Among the ¥ generation mimetics synthesized, the most potent
(K; < 150nM) compounds are summarized belowlable 2.13

The SAR data inTable 2.13 suggest that functionalizing the R position with
aromatic moieties such as thecyanobenzyl, zhaphthyl, and the tertiary butyl ester
functionalized benzyl groups are necessdoy imparting potent Mell activity.
Curiously, the smallesecbutyl group was also observed to confer high potency teIVicl
as well. Owing to the fact that the Broup of39qis essentially a mimetic of theec
butyl sidechain ofisoleucine, this adtionally suggests that chirality may possibly play
an important role regarding the proper orientation of functional groups within the p2
pocket of Mctl . A similar result was al so observe:
where the L62I and L62T mutendisplayed potent binding to Mgl (1Cso ~ 10 nM).

Despite the potent activity of thé®jeneration mimetics shown Frables 2.82.9,

the trisbenzamide scaffold continues to exhibit several disadvantages, most notably,
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Ar
O)\NH
o\/k

07 > NH
OR,

Compound # R4 IC50 (uM) K; (uM)

Ar
O'B
—N o .
39k W HO\HLN 29 0.113
o H _
o OBu
39n HO\H)J\N 17 0.069
I
O oB
o u
39p o HOT\)LN 3.1 0.122
7{ I
B
o O'Bu
39q Hom)LN 1.8 0.072
I

Table 2.13 Summary of the most potent compounds fibables 2.8 & 2.9 with the R anc
Ar substitutions shown with their correspondingol@ndK; values.

insolubility and a taxing synthesis. Indeed, a number of thgéheration mimetics were
unable to be properly evaluatéd vitro due to their precipitation in agueous buffer.
Moreover, while the synthesis of th&2jeneration BH3 mimetics was intended to be
modulr and simplified by the incorporation of a purely benzeased scaffold to avoid
the aforementioned pyridorgyridol tautomers, the syntheses still remained to be a
daunting ~15 steps. With the advent of structurally simpler yet highly pdent 0

nM) Mcl-1 specific inhibitors, such as the indole and thiophene scaffolds reported by
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Fesiket al, the lengthy syntheses of an oligoamide scaffold may simply not be feasible
for the production of extensive compound librafie&.

In addition to identifying potent™ generation BH3 mimetics, we have identified
three potent lead compounds,-3¥304 K; = 150 nM), 4jcl1% (Ki = 106 nM), and
4jc1775 (K; = 65 nM), though a focused SAR study with a small library of compounds
based on 5and 4aminosalicylic acid, and-aminobenzoic acid, respectivelyables
2.1071 2.12. As shown inTables 2.10i 2.12 continuousmprovements in bindingk()
occurred with each subsgent R group ranging from the benzenesulfonamide, the
naphthylsulfonamide, and thell-&iphenylsulfonamide. The improvements in tKe
values were anticipated, since the R groups were merely being extended to larger
hydrophobic aromatic moieties, whichagnproject more deeply within the hydrophobic
p2 pocket of Mcll. In addition to variations of the R group, we also investigated the
degree to which hydrogen bonding affected Mdinding. Thantramoleculathydrogen
bonding network was incorporated Wwithe intent to stabilize the ionic interaction
between Arg263 of Mel and the carboxylate anion, and to allow for hydrogen bond
interactions between the hydroxyl group and AsnZe@ure 2.24). In addition, the 6
member hydrogen bond was also engine¢oaaissist with celpenetration and solubility.
Since the hydrogen bonded carboxylic acid edrbinosalicylic acid was in the most
likely position for mimicry of thei(+ 5) position Bim, it was originally suggested that
derivatives of the mminosalicylée scaffold would exhibit the tightest binding. In
addition to the Eaminosalicylic acid analogs, we shifted theisobutyl sulfonamide
group of the 4aminosalicylate analogs to tipara position of the carboxylic acid group

to evaluate its significance tMcl-1 binding. Aside from the two isomers of salicylic
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acid, we also extended the SAR study to a-hgdrogen bonded-aminobenzoic acid
core where the carboxylic acid is no longer held inradénber hydrogen bond with the
hydroxyl group. Since the hyokyl group may hydrogen bond with Asn260, we
anticipated that derivatives ofa&@ninobenzoic acid would bind weakest to Mcl In
agreement with our expectations, the benzenesulfonamidaphthylsulfonamide, and

1-1 -diphenylsulfonamide analogs ofdninosalicylic acid bound more potently to Mkl

than similar derivatives of-dminosalicylic acid and -@minobenzoic acid. However,
upon functionalizing the scaffold R groups with thé-ghloro-3,5-dimethylphenoxy ring,

the 3aminobenzoic acid compound 4j€7-5 unexpectedly exhibited the highest potency
(Ki = 65 nM), followed by the 4aminosalicylate compound 4jc1-6/(K; = 106 nM), and

the 5aminosalicylate compound 3%304 (K; = 150 nM). Since thé-(4-chloro-3,5
dimethylphenoxy)benzenesulfonamide grpuis considerably more flexible than the
previous naphthyl and-1 diphenyl groups, the introduction of this R group may impart
not only hydrophobic interactions in the p2 pocket, but also similar flexibility to the
entirety of the scaffold, thus allowirthe top aromatic ring to reorient itself within Mt

to further optimize its polar interactions with Arg263 and Asn260. Kihalues of J¥
5-304, 4jc11# and 4jcl7%5 may also be attributed to the reduced electron density of
the conjugate carboxylat@nion at pH 7. Specifically, while the hydroxyl group was
incorporated to target Asn260, the masking of the negative charge of the carboxylate
anion may reduce the electron density available for ionic interactions with Arg263.
Though the carboxylate amoof 4jc177%5 still exhibits delocalization of its negative
charge, without the hydroxyl group there is a greater amount of electron density for

electrostatic interactions with Arg263. Additionally, despite how 4jed €khibited the
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most potent bindingot Mcl-1 in vitro, it may notnecessarily fare as well during cell
assays where the isolated carboxylate anion inaamyper cell penetration. Though-BY

304 and 4jc115 were 3fold less potent than 4jc17in vitro, they may yet exhibit
greater activity in cells owing to their greatepenetration that is inherent to their
hydrogen bond networks. Supplemental cell viabiktyperiments of J¥5-304, 4jc1175

and 4jcl77, with Mcl-1 overexpressing cells will be able to provide a more definitive
solution tovards the significance of hydrogen bonding with respect to-Mattivity.
Alternatively, thein vitro FPCA may be repeated with tiklemethylated acids of J8-

304 and 4jcl11-b, where without the presence of the hydroxyl group, the carboxylate
anion may ndonger hydrogen bond, allowing for the electron density of the carboxylate

anion to interact with Arg263.

2.10) Future Directions

Although several potent "2 generation oligoamides were synthesized and
identified, owing to their disadvantages of poolusility and lengthy syntheses, it would
be wise to simultaneously consider a more traditional smalécule approach. Indeed,
our facile synthesis and evaluation of a library of salicylate and aminobenzoic acid
derivatives identified a number of potavitl-1 active smalimolecule inhibitors. Based
on thein vitro SAR data fromTables 2.1071 2.12 we have hypothesized that a SAR
analysis of thydroxy-2-naphthoic acid scaffold may afford a series of nov& 2
generation dhydroxy-2-carboxyarene Mel inhbitors. The thydroxy-2-naphthoic acid

scaffold is similar in planarity and size to the indole ring of the potentiMohibitor
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Fesik53. Additionally, the naphthalene ring may form hydrophopie stacking

interactions with Phe228 located within v pocket of Mcll (Figure 2.28).

6-member hydrogen bond masks
the carboxylate anion and may
act as a hydrogen bond donor with
Asn260

Carboxylic acid forms Larger aromatic scaffold forms

JH
o| (o)
ionic interactions with ™ HO . hydrophobic interactions at the
Arg263 vicinity of the p4 pocket of Mcl-
1
0=8=0
7 Cl
Sulfonyl chloride group functions
as a "universal reagent" for rapid
compound library synthesis.

Figure 2.28 Proposed molecular interactions of thlyblroxy-2-naphthoic scaffolc

Similar to our aminosalicylate compoundsTiable 2.10 & 2.11 the presence of the 6
membered hydrogen bond network in the naphthalene scaffold may assist in the
positioning of the carboxylic acid group for ionideractions with Arg263.The primary
advantage of thé&-hydroxy-2-naphthoicacid scaffold is the remarkably straightforward
synthetic route which entails the synthesis of a reactive sulfonyl chloride intermediate,
which may react with a wide scope ofaheophiles to quickly generate an extensive
library of compounds. As shown Figure 2.29 the synthesis of-hydroxy-2-naphthoic

acid derivatives is initiated by reggpecifically sulfonylating50 at the para-position

using chlorosulfonic acid (CISB) and phosphorus pentachloride (PCh DCM to
furnish the sulfonylchloridél, which functions as a Auni
react with variety of nucleophiles through addit@iimination to yield the sulfonamide

seriesb?2.
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Q OH CISOzH HO HO
HO PClg RNH,
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DCM 0=8-0 DCM 0=8-0

50 ¢ NHR
51 52

Figure 2.29 Proposed synthesis of derivativafsl-hydroxy-2-naphthoic acid as'2
generation MclL inhibitors

The synthegied final compound serieS2 will be evaluated through the previously
employedin vitro FPCA experiments with the most potent compouris £ 50 nM),
being advanced tetudies in Mcll overexpressing cancer cells such as the previously

introduced DLD1BR and 145BR cell lines’®

2.11) Materials & Methods
Synthetic Chemistry

Unless otherwise noted, all reagents and solvents were purchased from the
commercial sourcesf SigmaAldrich, Tokyo Chemical Industries (TCl), AHAesar,
and Combiblox. All laboratory hood equipment (hot plates, stirrers, flasks) was supplied
by either Fisher Scientific or VWR. Compounds were concentrated dowacuoby
Buchi rotary evapotars. *H and **C-NMR spectra were recorded on either a Varian
500MHz or 400MHz instrument. IR spectra were recorded on an attenuated diamond
crystal (ATC) IRspectroscopy instrument at the University of Maryland Baltimore
County (UMBC) Dept. of Chemistr§ Biochemistry. Melting points were recorded by a

Mel-Temp deviceand mass readings were recordesthg a Bruker AmazoiX lon Trap
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using either the electrospray ionization (ESI) or atmospheric pressure chemical ionization

(APCI) mode with positive ion dection.

ComputerAided Drug Design:

All in silico simulations were performed in collaboration with Prof. Alexander D.
MacKerell Jr. of the University of Maryland Compuisided Drug Design (CADD)
Center using the CHARMM and NAMD programs, which emptbg CHARMM22
force field and CHARMM General force field (CGenFF). The modeling and MD
simulations of the oncoproteins Bxl and Mctl were performed using the respective
PDB structures: 1BXL and 3PK1. Using these PDB structures, the bound BH3 peptide
was excised from each of the structures ofBchnd Mctl, and J¥1-106 was docked
in both its forward and backward conformations into each of the binding pockets. The
docking of J¥1-106 to Bctx, and Mckl was then subjected to 50 ns explicit solvent
MD simulations. The same procedure was also used for theisopmpoxy
functionalized analog, J1-106a to investigate the significance of the hydrophobic side
chains for Bclx, and Mcll binding.

The quantitativeinterpretations of binding of JY¥-106 and JY-1-106a were
performed using SILCS (Site Identification by Ligand Competitive Saturation)
simulations with the crystal structures of Beland Mct1l. The crystal structures of both
proteins were solvated in a water box with 1M benzene and 1M prdphoeed by
subsequent MD simulations. The probability distribution (FragMaps) identified egion
at the surface of the protaithat were favorable for hydrogen bond donors, hydrogen

bond acceptors, and aromatic and aliphatic groups. The resultingl&pagvere then
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converted to the grifree energy maps (GFE). The ligand grid free energy (LGFE)
scores were investigated for -I¥106 bound to Bek_ and Mctl using the ligand
orientations based on the three separate approaches that account for ttheatigan
protein flexibilities. 1@ protein conformations were @inedfrom the SILCS simulation
trajectories and short gas phase minimizations were then executed for the dodked JY
106 conformation while holding the protein structure fixed and the suesedD0
minimized conformations ultimately used for the grid free energy map scoring. 10 of the
complex confomations were selected at random from thr minimized structure4@hd

ps gas pase Langevin dynamics weperformed for all 10 of the complex donmations.
During the simulations, the ligand and protein atoms with a 8 A distance from the ligand
were allowed to move while keeping the tred the structures fixed. 10 complex
conformations were selected from eadftthe simulationgesulting in 100structures by
which the GFE scores were then calculated. Afterward€) asSNPT MD simulation
wasperformed with the explicit considation of water for the complexrom which100
structures were then raowhly selected andsed for the GFE scoring. @lpresented data

are the total GFE values for the full ligands summeder all the aromatic or aliphatic
side chain atoms of J¥-106 and J¥1-106a. The overall errors of the total LGFE values

are the standard errors over the 100 conformations for @gcbach.

Biological Assays:
Unless otherwise noted, the biological evaluations of theydnerations BH3
proteomimetics were performed in collaboration with Dr. Xiaobo Cao and Dr. Roy W.

Smythe of the Scott & White Memorial Hospit&l Texas A&M University in Temple,
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Texas while thein vitro evaluation of the % generation BH3 protecimetics and 1
hydroxy-2-carboxyarenes were performed in collaboration with Prof. Paul T. Wilder of
the University of Maryland School of Medicine. The procedurestiier biological
evaluations of the compounds presented in this chapter are detailed in the following

sections:

Fluorescence PolarizatioAssays

The FPCA assays were performed using a BMG PHERAstar FS multimode
microplate reader that was equipped witlo PMTs for simultaneous measurements of
both perpendicular and parallel fluorescence emission with filters equipped for 485 nm
excitation and 520 nm emission. The Bak peptide was labeled with fluorescein at the N
terminus and amidated at the-t&@minus resulting in the sequence: FIT&hx-
GQVGRQLAIIGDDINR-CONH,. The FPCA assay was performed in black
polypropylene 384 well microplates with final volumes ofrd0of varied concentrations
of Mcl-1 protein in the presence of 15 nM of the FHB&k peptide in phosphate buffered
saline (PBS) at room temperature. The FPCA assays were performed using 100-nM Mcl
1 in the same buffer with serial dilutions of compound$ie regression analysis of the
data was exetted using Origin software thdit the data to the Hill equation for the
determination of the binding affinityK) of Mcl-1 in the standard curve of the FITBak
peptide as well as to determine thed 6f the FPCA assay. The Che#iRyusoff equation
was used to determine the absolkt@alues from the 16 values as shown below:

Ki — ICSO/(l_I_[LTFlTC-Bak]/KdFlTC-Bak)
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The 1Gyo was determined from the Hill equation using the Origin software™"[t?%] is
the total ligand concentration (15 nM FITB2k). TheK T8 is the affinity of the

FITC-Bak peptide for Mcil.

Cell Viability Assays

The cell cytotoxicity of the inhibitors were assessed through quadruple sampling
(n = 4) using the 2;Bis(2-methoy-4-nitro-5-sulfophenyl}5-[(phenylamino) carbony]
2H-tetrazolium hydroxide (XTT) assay (Trevigen, Inc. Gaithersburg, MD). The
carcinoma cells were seeded and incubated withtw@6 plates in culture media with
the presence of 10% FBS for 24 hours pti@ compound treatment. The cells were
exposed to serial dilutions of the inhibitors al@7n 5% CQ over a period of 72 hours.
The medium was then aspirated and replaced withM50f fresh culture media with
XTT and the cells allowed to incubate5& CQ at 37C over a period of 5 hours. The

absorbances were then determined using a plate reader at 492 nm.

Co-IP with Western Blot Assays

The carcinoma cells were lysed using a urea containing lysis buffer and equal
amounts of the total proteinseve resolved on-20% Trisglycine gels. The proteins
were then transferred from the gels to a nitrocellulose membrane and then subsequently
co-incubated with a rabbit antiuman Bclx, polyclonal antibody, Mcll monoclonal
antibody, PARP polyclonal antdly, and a mouse artiumanb-actin antibody over 24
hours. The antibody signals were then detected through chemiluminescence and the

resulting signals visualized through autoradiography.
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Apoptotic Assays

After inhibitor treatments, the carcinoma cedlsbjected to a TUNEL assays with
a FITGTUNEL kit supplied by Promega and measured with a BD FACSanto Il Flow
Cytometry instrument. The flow cytometry data was then analyzed using the FlowJo

software.

JC-1 Assay:

The cat i oni c-tetrathoesl, b O GeFgetByfbénaimidazolylcarbocyanine
iodide (JG1) was employed to determine the loss of mitochondrial membrane potential.
The cancer cells were exposed to-IFL06 at a concentration of 8V over a period of

12 hours and the cells subsequently washed with PBS and subsequently incubated in the
presence of J& dye for 15 minutes at 3C with 5% CQ. The cells were then washed

with PBS and the loss of mitochondrial membrane potential wamiagd with an

Olympus IX71 fluorescent microscope outfitted with FITC and rhodamine filters.

In vivo Murine Tumor Models

Prior to thein vivo assays, permission was obtained from the Institutional Animal
Care and Use Committee (IACUC) at the Sad White Memorial Hospital Texas
Health Science Center. Tlre vivo assay was therefore conducted under the guidelines
of IACUC and the NIH. The efficacy of 3J¥-106 was investigated by first injecting 2 x
10° A549 carcinoma cells within the flanks of@eeks old female nude mice. Upon the

transplanted tumor cells growing to 5 mm in diameter, the mice were either treated with a
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vehicle solution of DMSO or J¥-106 at a concentration of 25 mg/kg by intraperitoneal
injections every other day over a perioi2 weeks. The tumor sizes were measured
periodically at three times per week until they reached 1.5 cm in diametet-108 or
DMSO vehicle solution was then injected and 24 hours after the mice were sacrificed and

the spleen, liver, heart, lung, atite tumors were collected, fixed, and then stained with

hematoxylin and eosin.
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Chapter Ill: Characterization and General Procedures of Bct2 & Mcl -1 Inhibitors

3.1) Supplementary Data foriGeneration BH3 Proteomimetics

NO,

0]
_socl, _ LiOHH,0_ \(
MeOH, reflux PPh3 DIAD THF MeOH H,O
THF, RT
O

O OMe OH
4

Synthesis of dsopropoxy4-nitrobenzoic acid:3-hydroxy-4-nitrobenzoic acid was
suspended in MeOH to a concentration of 0.1 M and stirretCatd® 15 minutes. SOgI

(3 eq.) was carefully added drepse into the cold solution. he reaction flask was
removed from ice bath and heated to reflux overnight. The product was isolated by
evaporating MeOH to give a yellow sokdwith 98% yield. Produc® was then

dissolved in THF to a concentration of 0.1 M and stirred at RT. Isopobgha.3 eq.)

was added followed by triphenylphosphine (1.35 eq.) and the reaction solution allowed to
stir to full solvation. DIAD (1.3 eq.) was added portwise and the reaction allowed to

stir at RT overnight. The crude product was isolated by cdretery THF down to a

yellow solid. Crude product was purified by column chromatography with 5:1
hexanes/ethyl acetate to give prodBets a yellow solid with 83% yield. Produ&tvas
dissolved in a mixture of 3:1:1 THF:MeOH;@8 and stirred at RT for Binutes.

LIOH'H20 (2 eq.) was added to the solution and allowed to stir until completion. Excess
base in the reaction mixture was neutralized with equimolar amounts of HCI from a 1M
stock solution and the reaction mixture evaporated. The crude solidewasted with

water to a separation funnel and acidified to pH 1 with 1M HCI. Pusef@opoxy4-
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nitrobenzoic acidl was extracted with ethyl acetate (3x) and concentrated to give a

yellow solid with a 98% vyield.

NH,
0
Y 0% by wt. Pd/C \(
“MeoH
O OMe
5

Procedures for methyl eamino-3-isopropoxybenzoateProduct3 from Scheme 1 was
dissolved in MeOH to 0.1 M and allowed to stir at RT. 10% mass equivalents of Pd/C
was suspended in a minimal amount of THF and pipettediepto the reaction flask.
The reation flask was then evacuated with, kthen sealed and allowed to stir at RT
overnight. The solution was filtered through Celite with MeOH to isolate the crude
product which was then concentrated down to a green solid. The crude product was
purified bycolumn chromatography with hexanes/EtOAc to give metkgdno-3-

isopropoxybenzoat® as a green solid with a 95% yield.

N N
0, . BusSn” X 0, .
NaH A \r Pd(PPhs), \( KMnO, A \(
| — — ||
Toluene ~N Toluene Acetone, RT ~-N
0°C -RT Cl 110°C
O~ "OH
7 9

Synthesis of @sopropoxy5-nitropicolinic acid: 2, 6-dichloro-3-nitropyridine6 was
dissolved indluene to a concentration of 0.1 M followed by the addition of isopropanol
(1.2 eq.). Reaction mixture was allowed to stir i@ @ce bath for 15 minutes, then NaH

(1.4 eq.) added portiewise. The reaction flask was allowed to stir ¥ or another 15
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minutes then allowed to stir overnight at RT. The reaction mixture was concentrated
down to a yellow crude solid which was purified by column chromatography with 5:1
hexanes/EtOAc to give produttwith near quantitative yield. Produttvas dissolved

in toluene to 0.1 M and tributylvinyl tin (1.1 eq.) added to the solution. The reaction
flask was evacuated witho,dind Pd(PPY)4 (5% mol eq.) added. The reaction flask was
evacuated with pland allowed to reflux underJdvernight. Reaction was workeg by
adding a 1M solution of KF (ag.) and product extracted with EtOAc (3x) and
concentrated. Column chromatography with 5:1 hexanes/EtOAc was used to purify
product8 which was concentrated down to a bright green syrup with quantitative yield.
Product8 was diluted in acetone to 0.1 M and KMn@ eq.) was added and reaction
allowed to stir at RT until completion. MeOH was used to quench the excess KMnO
then, an equivalent volume ot8 was added into the crude mixture. The crude mixture
was then cocentrated to a thick dark syrup and transferred wif® kb a separation
funnel. The crude mixture was acidified to pH 1 and then puseopoxy5-
nitropicolinic acid9 was extracted with EtOAc (3x). The extracted organic layers were

combined and commtrated down to give a yellow/effhite solid with an 87% yield.

NO, NO, NH,
0 0 0
| o j/ SoCl, | o j/ SnCly 2H0 | A \(
_N ——= _N —— [__N
MeOH, reflux EtOAc, 50°C
0% “OH 0% >OMe 0”7 >OMe
9 10 11

Synthesis omethyl 5amino-6-isopropoxypicolinate 6-isopropoxy5-nitropicolinic acid

9 was dissolved in MeOH to 0.1 M and cooled t€ @or 15 mins ad SOC} (3 eq.) was
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pipetted slowly into the reaction flask. The flask was taken out of ice bath and heated in
oil to reflux overnight. Crude reaction mixture was concentrated down to a yellow solid
and decanted to a separation funnel with EtOAc. Pruoéuetl0 was extracted with

EtOAc (3x) after basifying the crude mixture with saturated NaklCEYOAc layers

were collected and concentrated down to an orange solid with quantitative yield. Product
10was then dissolved in EtOAc to 0.1 M and warmedd¥5 SnC}2H,0 (4 eq.) was

added to the reaction mixture and allowed to stir overnight ungent completion.

Crude reaction mixture was worked up by decanting to a separation funnel and basifying
with saturated NaHC® EtOAc was used to extractqoiuctll (3x) and then

concentrated to give a brown solid with 96% vyield.

NH,
N O
NO, NH, | X
| X OY N OY
X | _X 07 "NH
NH, Repeat Coupling o)
0 0” OH 07 NH I
| o Y SnCl> . 2H,0 o Repeat Reduction =X
=X PPh;Cl, EtOAc, 50°C N \r -
CHCls, 75°C | x 07 NH
O OMe X (0]
X=NorCH O~ OMe | _X Y
O~ "OMe

General Coupling SynthesesEither picolinate estetl or benzoate est&was
dissolved in CHG to 0.1 M along with either the picolinic & or benzoic acid (1.2
eg.) and heated to reflux. P#lh (3 eq.) was added to the stirring solution with visible
effervescence. Reaction was allowed to stir f8rt®urs or monitored until completion.

The crude reaction was purified by loaded diseonto silica gel for column
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chromatography with 1:1 hexanes/ Et OAc. Pur e
90%. Reductions of nitro dimers were performed by dissolving them in EtOAc and

warming to 56C. SnC}2H.0 (4 eq.) was added and reantallowed to stir overnight.

Crude aniline dimers were worked up by decanting to a separation funnel and basifying

with saturated NaHC® EtOAc was used to extract (3x) the crude aniline dimer

products which were concentrated down to eithemdfite oryellow solids and purified

by column chromatography to give pure aniline dimers as eithaviaté or yellow

solids with yields O 90 %. The same coupling
dimers with eithe® or 4 were carried out under the same comdii with the exception

of the final reduction to give the aniline trimer which, due to solubility issues, was done

in CHCL:EtOH (3:1 ratio). Yields of the coupling and reductions to give the trimer
derivatives were all O f®Whiteoayeldw seles. €&nabbt ai ned
trimer carboxylic acids were acquired by reacting the trimer methyl esters using

LIOHH20 (2 eq.) in a mixture of THF:MeOH3Z@ (3:1:1) as in the above synthesis step

of product4. Final trimer acids were purified by bagifg to pH 14 with 0.1 M NaOH

and extracting with ethyl acetate (3x); then, 0.5 M HCI was used to acidify to pH 1 and

ethyl acetate used to extract final products as either yellow or cream colored solids with

near quantitative yields.
NO,
; .0\(
0~ "OH
(3-isopropoxy4-nitrobenzoic acid)yield = 3.8 g, 90% as a yellow solid, mp:1¥37°C,

'H-NMR (500MHz; DMSO)dy 7.91 (1H, d, ArH, J= 9 Hz) 7.76 (1H, s, AH) 7.61
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(1H, d, ArH, J= 9 Hz), 4.89 (1H, m, B-(CHa)2, J= 5.7 Hz ), 1.29 (6H, d(CH3)>-CH, J
= 6 Hz)"*C-NMR (125 MHz; CDC}) dc 169.8, 151, 144.6, 133.4, 125.3, 122, 117.5,
73.3,21.9m/z 248 (M+ Na, 100%, 473 (2M + N& 40%)" nmaycm* 2926, 1721, 1693,

1600, 1573, 1526, 1435

NO,

il
_N

O OH

(6-isopropoxy5-nitropicolinic acid): yield = 306 mg, 60% as an orange solid, mp:-128
130°C, *H-NMR (500MHz; DMSO)dy 8.47 (1H, d, AfH, J= 8.5 HZ), 7.7 (1H, d, AH,
J=8.5Hz), 5.519 (1H, m, @-(CHs)2,J = 6 Hz), 1.34 (6H, d, (B3)>-CH, J = 5.5 Hz)
3c-NMR (125 MHz; CXCl3) dc164, 159.3, 154.5, 149.5, 136.6, 136.5,118.1, 71.4, 21.9
Mz 225.2 (M, 1009%), 473.6 (2M+ Na', 16%) Nma/cmi* 2926, 1721, 1693, 1600, 1573,

1526, 1435

NH,
A
0~ “OMe
(methyl 4amino-3-isopropoxybenzoateyield =2.0 g, 95 % sa brown oil which
solidified, mp:54-56°C, *H-NMR (500MHz; DMSO, TMS)d; 7.35 (1H, d, AfH,J=8
Hz), 7.29 (1H, s, AH), 6.64 (1H, d, AH, J= 8 Hz), 5.53 (2H, s, ANH,), 4.52 (1H, m,

CH-(CHa),, J = 5.5 HZ), 3.73 (3H, s, ACO;Me), 1.27 (6H, d, (€ls)>-CH, J = 6 Hz)*C-

NMR (125 MHz; DMSO)dc 166.8,150.8, 144.8, 143.2, 140.5, 124.3, 116.4, 114.5, 112.9,

124



107.4,70.8,51.7, 222z 231.9 (M+ Na', 45%), 441.1 (2M+ Na', 100%) nma/cmi*

3496, 3375, 1687, 1605, 1587, 1573, 1518

NH,
o]
T

0~ “OMe
(methyl 5amino-6-isopropoxypicolinate)yield = 263 mg, 96% as a brown solid, mp:
117-119C, *H-NMR (500MHz; DMSO)dy 7.49 (1H, d, ArH, J = 10 Hz), 6.84 (1H, d,
Ar-H, J = 10 Hz), 5.73 (2H, s, ANH), 5.3 (1H, m, G-(CHs)), J = 6.1 Hz), 3.73H, s,
Ar-CO,Me), 1.30 (6H, d, (€ls).-CH, J = 5 Hz) **C-NMR (125 MHz; DMSO)dc165.5,
150, 137.6,129.9, 121.5, 116.8, 89.9, 67.8, 51.8, 22 232.9 (M + N3, 26%), 443.1

(2M + N&', 100%)

NO,
o
A
T
o]
(6-chloro-2-isopropoxy3-nitropyridine): *H-NMR (500MHz; CDC}) dy 8.19 (1H, d,
Ar-H, J=8Hz), 6.95 (1H, d, AH, J=8 Hz), 5.48 (1H, m, B-(CHz3),, J= 6 Hz), 1.41

(6H, d, CH-(CHg!zJ =6 HZ)
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(2-isopropoxy3-nitro-6-vinylpyridine): *H-NMR (500MHz; CDCk) dy 8.21 (1H, d, Ar
H,J=8 Hz), 6.89 (1H, d, AH, J= 8 Hz), 6.72 (1H, dd, B=CH,, J = 10.5 Hz), 6.37
(1H, d, CH=CQH,, J = 10.5 Hz), 5.62 (1H, d, CH=,, J = 10.5 Hz), 5.57 (1H, m, |g-
(CH3)2, J =6 Hz), 1.43 (6H, d, CHCHz3), J= 6 Hz)

NO,
OH

0~ “OMe
(methyl 3hydroxy-4-nitrobenzoate)*H-NMR (500MHz; CDC}) 10.5 (1H, s, AxOH),
8.18 (1H, d, AfH, J =8.5 Hz), 7.83 (1H, s, AH), 7.62 (1H, d, ArH, J= 8.5 Hz), 3.96

(3H, s, ArCO:Me); m/z(APCI) Target Mass: 197; foun®8 (M +H)"

NO,
; OT/
O~ "OMe
(methyl 3isopropoxy4-nitrobenzoate)*H-NMR (500MHz; CDC}) 7.81 (1H, d, ArH, J

= 8.2 Hz), 7.71 (1H, s, AH), 7.66 (1H, d, AH, J = 8.2 Hz), 3.96 (3H, s, ACO:Me),

2.16 (1H, m, ®-(CHs)z, J= 6.5 H2), 1.05 (6H, d, CHCHa), J = 6.5 Hz)
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NO,
'l
O™ "NH

i

O~ "OMe
(methyl 3isopropoxy4-(3-isopropoxy4-nitrobenzamido)benzoateyield: 280 mg,
100% as a yellovgreen solid, mp: 16608°C,'"H-NMR (500MHz; DMSO, TMS)4
9.67 (1H, s, ACONH) 8.1(1H, d, ArH, J= 7.7 Hz), 7.97 (1H, d, AH, J = 9.7 Hz),
7.79 (1H, s, AH), 7.62 (1H, d, AH, J= 7.7 Hz), 7.58 (1H, s, AH), 7.57 (1H, d, AH,
J=9.7 Hz), 4.95 (1H, m, B-(CHa), J = 6.2 Hz), 4.73 (1H, m, B-(CHa), J = 6.2 Hz),
3.85 (3H, s, ACO,Me), 1.33 (6H, d, (Bl3),-CH,J =5 Hz), 1.32 (6H, d, (83)>-CH,J =
5 Hz) **C-NMR (125 MHz; CDC}) dc 166.6, 163.2, 151.6, 145.9, 142.9, 139.5, 132.2,
125.8,123.2,118.9,117.2,115.4,113.1, 73.18, 71.92, 52.22, 22.24n¥1 817.1(M

+ H, 100%}, 439.0 (M+ Na',70%) nma/cm* 3432, 3079, 2974, 2906, 2364, 1723, 1678,

1599, 1527

NH,
; ,oj/
0~ "NH
i .OY
0~ “OMe
(methyl 4(4-amino-3-isopropoxybenzamide3-isopropoxybenzoateyield: 230 mg,

89% as an orange sticky solid, mp:1463°C '*H-NMR (500MHz; DMSO, TMS)dy; 8.95
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(1H, s, AFCONH), 8.32 (1H, d, AsH, J= 10 Hz), 7.6 (1H, d, AH, J = 7.7 Hz),7.56

(1H, s, AeH), 7.34 (1H, s, AH), 7.33 (1H, d, AH, J= 10 Hz) 6.73 (1H, d, AH, J =

7.7 Hz), 5.46 (2H, s, ANH,), 4.75 (1H, m, ®-(CHs),, J = 5.7 Hz), 4.6 (1H, m, 8-

(CHa)2, J = 6 Hz), 3.84 (3H, s, ACO;Me), 1.36 (6H, d, (Bl3),-CH, J = 6 Hz), 132 (6H,

d, (CH3)>-CH, J = 6 Hz)™*C-NMR (125 MHz; DMSO)dc 166.3, 164.9, 147, 143.9, 143.7,
134, 124.8,122.8,121.8,121.1, 120.26, 113.9, 113.2, 113, 71.97, 70.83, 52.5, 22.4, 22.1
m/z 387.1 (M+ H, 100%}, 772.5 (2M, 25%)nma/cm* 3363, 2971, 2358, 1710, 1596,

1515, 1486, 1423
NO,
(@)
X
T
~

O~ "NH

al

0~ “OMe
(methyl 3isopropoxy4-(6-isopropoxy5s-nitropicolinamido)benzoate)yield: 580 mg,
92% as a yellow solid, mp: 1996°C *H-NMR (500MHz; DMSO, TMS) 10.2 (1H, s,
Ar-CONH), 8.63 (1H, d, AH, J= 7.7 Hz), 8.61 (1H, d, AH, J = 7.7 Hz), 7.92 (1H, d,
Ar-H,J = 8.2 Hz), 7.66 (1H, d, AH, J= 8.2 Hz), 7.63 (1H, s, AH), 5.65 (1H, m, EI-
(CHs)z, J = 5.8 Hz), 4.9 (1H, m, B-(CHs),, J = 5.8 Hz), 3.85 (3H, s, ACO:Me), 1.44
(6H, d, (@H3)>-CH, J = 5.7 Hz), 1.37 (6H, d, (83)2-CH, J = 5.7 Hz)"*C-NMR (125
MHz; CDCk) dc 166.9, 160.3, 154.9, 150.6, 146.4, 136.6, 132.1, 126.1, 123.3, 119.2,

115.4, 113.2, 71.64, 71.50, 52.38, 22.33, 22008418.1(M + H, 100%] nma/cm* 3359,

2979, 1708, 1687, 1600, 1527, 1438
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NH»
Y
_N

0~ "NH

'l

0~ “OMe
(methyl 4(5-amino-6-isopropoxypicolinamidoj3-isopropoxybenzoateyield: 530 mg,
100% as a yellovgreen solid, mp: 17374°C *H-NMR (500MHz; CDC}, TMS)dy 10.3
(1H, s, AKCONH), 8.74 (1H, d, AtH, J= 8.2 Hz), 7.76 (1H, d, AH, J= 7.7 HZ), 7.7
(1H, d, ArH, J= 8.2 Hz), 7.8 (1H, s, ArH), 6.96 (1H, d, AH, J= 7.7 Hz), 5.57 (1H,
m, CH-(CHa)2, J = 6.1 Hz), 4.79 (1H, m, B-(CHs)2, J = 6.1 Hz), 4.2 (2H, s, ANH,),
3.9 (3H, s, AkxCOMe), 1.44 (6H, d, (Bl3)>-CH,J =7 Hz), 1.43 (6H, d, (B3)»CH,J=7
Hz) *C-NMR (125 MHz; COCls) dec 167.2, 163.2, 149.9, 146.2, 135.6, 135.1, 133.6,

124.5,123.4,119.4,118.7,117.9, 113.2, 71.34, 68.56, 52.22, 22.38n¥2 333.1(M

+ H, 100%} nma/cm* 3336, 2977, 2360, 1718, 1527, 1457
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(methyl 6isopropoxy5-(6-isopropoxy5-nitropicolinamido)picolinate: yield: 236 mg,

90% as a yellow solid, mp: 138B7°C *H-NMR (500MHz; DMSO, TMS)d; 10.17 (1H,

s, A-CONH), 8.81 (1H, d, AH, J = 8.5 Hz), 8.65 (1H, d, AH, J= 8.2 Hz), 7.91 (1H, d,
Ar-H, J= 8.5 Hz), 7.841H, d, ArH, J = 8.2 Hz), 5.62 (1H, m, B-(CHs)2, J= 5.7 Hz),

5.49 (1H, m, G-(CHs),, J= 5.7 Hz), 3.86 (3H, s, ACO:Me), 1.46 (6H, d, (El3).-CH, J

= 6.2 Hz), 1.4 (6H, d, (B3),-CH,J = 6.2 Hz)"*C-NMR (125 MHz; DMSO)dc 164.8,

160.8, 154.1, 152.1, 14B 138.7, 137.8, 137, 125.8, 120.1, 115.8, 71.8, 70.1, 52.7, 22.1,

22m/z 419.1(M + H,100%}, 859.1 (2M + N& 90%)

NH,
A OY
| _N
0~ "NH
o
T
0~ “OMe
(methyl 5(5-amino-6-isopropoxypicolinamido)s-isopropoxypicolinate)yield: 131 mg,
73% as a yellovgolid, mp: 202203°C *H-NMR (500MHz; DMSO, TMS)y 10.1 (1H, s,
Ar-CONH), 8.81 (1H, d, AfH, J= 8 Hz), 7.76 (1H, d, AH, J= 7.7 HZ), 7.59 (1H, d,
Ar-H, J =8 Hz), 6.98 (1H, d, AH, J= 7.7 Hz), 5.89 (2H, SAr-NHy), 5.49 (1H, m, E-
(CHa)2, J = 6.3 HZ2)5.43 (1H, mCH-(CHa),, J = 6.3 Hz) 3.84 (3H, SAr-CO;Me), 1.41
(12H, m,(CHs),-CH) **C-NMR (125 MHz; DMSO)dc 165, 163.3, 151.6, 149.1, 138.1,
137.2,131.3,127,124.3,120.3, 118.5, 117.9, 69.6, 68.2, 52.6, 22.3y2329.2(M +

H, 30%), 799.3 (2M+ Na',100%)
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0~ “OMe
(methyl 3isopropoxy4-(3-isopropoxy4-(3-isopropoxy4-
nitrobenzamido)benzamido)benzoatg)eld: 727 mg, 100% as a creasulored solid,
mp: 185187°C 'H-NMR (500MHz; CDC}) dy 8.84 (1H, s, ACONH), 8.75 (1H, s, Ar
CONH),8.63 (1H, d, ArH, J= 8.4 Hz),8.59 (1H, d, AfH, J = 8.4 Hz), 7.85 (1H, d, AH,
J=8.2Hz), 7.7 (1H, d, AH, J= 8.4 Hz), 7.67 (1H, s, AH), 7.61 (1H, s, AH), 7.58
(1H, s, AFH), 7.40 (1H, d, AH, J= 8.4 Hz), 7.35 (1H, d, AH, J= 8.2 Hz), 4.86 4.71
(3H, m, GH-(CHg)2), 3.89(3H, s, AFCO;Me), 1.43 (18H, m, (El3),-CH) *C-NMR (125
MHz; CDCk) dc 167, 164.6, 163.4, 151.8, 146.8, 146, 143.1, 139.6, 133.1, 131.5, 130.8,
126, 125.3,123.5, 119.3, 118.9, 118.8, 117.4, 115.6, 113.3, 112, 73.3, 72.1, 72, 52.33,
22.45, 22.43, 22.06Vz 594.2(M + H, 100%}, 1187 (2M+ H, 50%) nma/cm™* 3430,

2977, 238, 1714, 1685, 1594, 1521
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0~ “OMe
(methyl 4(4-(4-amino-3-isopropoxybenzamide3-isopropoxybenzamide3-
isopropoxybenzoateyield: 555 mg, 88 % as a pale crea&nlored solid, mp: 18082°C
'H-NMR (500MHz; CDC}) dy 8.86 (1H, SAr-CONH), 8.73 (1H, s, ACONH), 8.69
(1H, d, ArH, J= 10 Hz), 8.63 (1H, d, AH, J= 9 Hz), 7.72 (1H, d, AH, J = 9 HZ), 7.6
(2H, s, AFH), 7.46 (1H, s, AH), 7.4 (1H, d, AfH, J = 8.2 HZ), 7.3 7.24 (1H, m, AtH),
6.75 (1H, d, AtH, J = 8.2 HZz), 4.8 1 4.72 (2H, m, ®-(CHs),), 4.72i 4.65 (1H, m, G-
(CHa)), 4.22 (2H, s, AiNH,), 3.91 (3H, s, ACO,Me), 1.45 (12H, s, (B3)-CH), 1.41
(6H, d, ((H3).-CH, J = 5.9 Hz)**C-NMR (125 MHz; CDC}) dc 167, 165.4, 164.9, 146.5,
145.9, 145, 141.6, 133.4, 132.9, 129.3, 123.5, 118.7, 113.8, 113.3, 112.5, 112, 72, 71.9,
71.1,52.2, 22.44vVz 586.2(M + Na', 100%), 1149.4 (2M+ Na', 70%) nmaicni’ 3486,

3430, 3338, 2975, 2356, 1712, 1596, 1511, 1486
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0~ “OMe
(methyl 3isopropoxy4-(3-isopropoxy4-(6-isopropoxy5s-
nitropicolinamido)benzamido)benzoatgield: 355 mg, 100% as a yellow solid, mp:260
262°C *H-NMR (500MHz; CDC}) dy 10.2 (1H, s, ACCONH), 8.85 (1H, s, ACONH),
8.75 (H, d, Ar-H, J = 8.2 Hz), 8.6 (1H, d, AH, J= 8.4 Hz), 8.36 (1H, d, AH, J=8.1
Hz), 7.98 (1H, d, AH, J= 8.2 Hz), 7.71 (1H, d, AH, J = 8.4 Hz), 7.6 (1H, s, AH),
7.58 (1H, s, AH), 7.39 (1H, d, AtH, J = 8.1 Hz), 5.68 (1H, MCH-(CHs), J = 6.2 Hz),
4.85 (1H, m, G-(CHs),, J= 5.9 Hz), 4.75 (1H, m, B-(CHs),, J = 5.9 Hz), 3.89 (3H, s,
Ar-COMe), 1.50 (6H, d, (El3)»-CH, J = 6.0 Hz), 1.46 1.42 (12H, m, (El3)»-CH) *3C-
NMR (125 MHz; CDC}) dc 167, 164.6, 160.4, 154.9, 150.5, 147.2, 146, 136.6, 133.2,
131.3,130.8, 125.3, 123.5, 119.5, 118.8, 115.4, 113.3, 112, 72, 71.7, 71.5, 52.3, 22 .4,
22.3, 22m/z 595.2 (M+ H, 100%)}, 1188.9 (2M, 40%)nmacmi* 3413, 3346, 2981,

2925, 2356, 1708, 1600513, 1484
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(methyl 4(4-(5-amino-6-isopropoxypicolinamido)3-isopropoxybenzamide3-
isopropoxybenzoateyield: 276 mg, 89% as a yellow solid, mp:2280°C *H-NMR
(500MHz; CDC}) dy 10.3 (1H, sAr-CONH), 8.88 (1H, sAr-CONH), 8.8 (1H, d, ArH,
J=7.9Hz),8.63(1H, d, AH, J=8.4Hz), 7.77 (1H, d, AH, J= 8 Hz), 7.72 (1H, d,
Ar-H, J= 8.4 Hz), 7.62 (1H, s, AH), 7.59 (1H, s, AH), 7.39 (1H, d, AH, J = 8 Hz),
6.96 (1H, d, ArH, J = 7.9 Hz), 5.57 (1H, m, B-(CHa),, J = 6.2 Hz), 4.84 (1H, m, B-
(CHg)p, J = 6. HZ), 4.76 (1H, m, B-(CHa)z, J = 6 H2), 4.22 (2H, s, ANHy), 3.91 (3H, s,
Ar-COMe), 1.48i 1.41 (16H, m, (€ls)>-CH) “*C-NMR (125 MHz; CDCH$) dc 167,
164.9, 163.3, 149.9, 146.9, 145.9, 135.5, 135.2, 133.4, 132.8, 129.2, 123.5, 119.3, 118.9,
118.7,117.9,113.3,112,72,71.3, 68.6, 52.2, 22.43, 22.39, 222FH5.3 (M+ H
80%)', 1129 (2M+ H 100%) nmaycm™* 3496, 3425, 3371, 2977, 2929, 170872, 1591,

1519, 1483, 1263
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0~ “OMe
(methyl 3isopropoxy4-(6-isopropoxy5s-(6-isopropoxys-
nitropicolinamido)picolinamido)benzoateyield: 230 mg % as a solid, mp: 2254°C
'H-NMR (500MHz; CDC}) dy 10.3 (1H, SAr-CONH), 10.1 (1H, s,Ar-CONH), 8.99
(1H, d, ArH, J= 7.7 Hz), 8.72 (1H, d, AH, J = 8.2 Hz), 8.36 (1H, d, AH, J= 7.7 H2),
7.98 (1H, d, ArH, J = 8.4 Hz), 7.96 (1H, d, AH, J= 8.2 Hz), 7.70 (1H, d, AH, J= 8.4
Hz), 7.59 (1H, s, AH), 5.75i 5.60 (2H, m, &-(CHs),), 4.80 (1H, m, ®-(CHa),, J =
6.0 Hz), 3.89 (3H, s, AECO,Me), 1.53 (6H, d, (Els).-CH, J = 6 Hz), 1.49 (6H, d,
(CH3)2-CH), J = 6 Hz), 1.42 (6H, d, (83)>-CH), J = 6 Hz)™*C-NMR (125 MHz; CDC})
dc 167.1, 162.1, 160.7, 154.9, 151.2, 149.9, 146.2, 141.2, 137, 136.8, 132.9, 127, 125.7,
125.2,123.4,119,117.5,115.4,113.2, 71.8, 71.3, 69.7, 52.3, 22.4, 2z, 296 (M +
H, 100%), 1213.3 (2M + Na, 20%Nmadcm* 3365, 2985, 1695, 1600, 1511481, 1340,

1265
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0~ “OMe
(methyl 4(5-(5-amino-6-isopropoxypicolinamido)-isopropoxypicolinamido)3-
isopropoxybenzoateyield: 250 mg % as a solid, mp: 2239C 'H-NMR (500MHz;
CDCl) dy 10.3 (1H, SAr-CONH), 10.2(1H, sAr-CONH), 9.02 (1H, d, ArH, J= 7.8
Hz), 8.75 (1H, d, AH, J = 8.1 Hz), 7.96 (1H, d, AH, J = 8.2 Hz), 7.75 (1H, d, AH, J
= 7.8 Hz), 7.72 (1H, d, AH, J = 8.2 Hz), 7.6 (1H, s, AH), 6.96 (1H, d, AH, J=8.1
Hz), 5.69 (1H, mCH-(CHs),), 5.69 (1H,m, CH-(CHs),), 4.81 (1H, mCH-(CHs),), 4.25
(2H, s, ArNH,), 3.91 (3H, s, ACO;Me), 1.52i 1.41 (18H, m, (Els)>-CH) C-NMR
(125 MHz; CDC}) dc 167.1, 163.6, 162.5, 151, 149.8, 146.2, 139.7, 135.4, 134.8, 133.2,
127.1,126.1, 124.9,123.4,119.3, 119.2, 118.9, 118, 117.6, 117.5, 113.2, 71.4, 71.3, 69.2,
68.8, 68.7, 52.2, 22.4, 221z 586.2 (M + 21, 100%) 1149.4 (M + 19, 90% N ma/cni*

3504 3369, 2977, 2360, 1708, 1677, 1596, 1510, 1465
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0~ “OMe
(methyl 3isopropoxy4-(6-isopropoxy5s-(3-isopropoxy4-
nitrobenzamido)picolinamido)benzoatgield: 650 mg, 80% as a white solid, mp: 197
200°C *H-NMR (500MHz; CDC}) dy 10.2 (1H, s, ACCONH), 8.9 (1H, d, ArH, J=8.1
Hz), 8.72 (1H, d, AH, J = 8.4 Hz), 8.53 (1H, s, ACONH), 7.98 (1H, d, AiH, J=8.1
Hz), 7.86 (1H, d, AH, J= 8.2 Hz), 7.70 (1H, d, AH, J = 8.4 Hz), 7.67 (1H, s, AH),
7.59 (1H, s, AH), 7.33 (1H d, Ar-H, J = 8.2 Hz), 5.64 (1H, m, B-(CHs),, J = 6.1 Hz),
4.831 4.76 (1H, m, ®-(CHs),), 3.89 (3H, s, AICO,Me), 1.49 (6H, d, (€ls),-CH, J =
6.2 Hz), 1.45 1.41 (12H, m, (€ls),-CH) **C-NMR (125 MHz; CDC}) dc 167, 163.8,
162.1, 151.8, 150.9, 146.3,3.8, 141.3, 139, 132.9, 127.2, 126, 125.9, 125.2,123.4, 119
117.4,117.3,115.7,113.2,73.4,71.3, 70.2, 52.3, 22.4, 2218zZ295.2 (M + H,
100%), 1188 (2M, 20%)nmacmi* 3432, 3374, 3344, 2979, 2925, 1714, 1687, 1602

1517, 1481
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0~ “OMe
(methyl 4(5-(4-amino-3-isopropoxybenzamidef-isopropoxypicolinamido)3-
isopropoxybenzoateyield: 588 mg, 100% as a white solid, mp: 2Z0BPC *H-NMR
(500MHz; DMSO )dy 10.3 (1H, s, AACONH), 9.06 (1H, s, ACONH), 8.65 (1H, d, Af
H,J=8.5Hz), 8.61 (1H, d, AH, J = 8 Hz), 7.84 (1H, d, AH, J = 8 Hz), 7.65 (1H, d,
Ar-H,J= 8.5 Hz), 7.62 (1H, s, AH), 7.38 (1H, s, AH), 6.73 (1H, d, AH, J = 8.5 Hz),
5.557 5.5 (3H, m, AfNH, & CH-(CHs)2), 4.9 (1H, m, G1-(CHs),, J = 6 Hz) 4.62 {H, m,
CH-(CHa), = 6 Hz), 3.86 (3H, s, ACO,Me), 1.48 (6H, d, (Els),-CH, J = 5.6 Hz),
1.39 (6H, d, (®ls),-CH, J = 5.6 Hz), 1.33 (6H, d, (85).-CH, J = 5.6 Hz °*C-NMR (125
MHz; DMSO)dc 166.3, 165.6, 161.9, 152.4, 146.2, 144.1, 143.6, 139.8, 132.8, 128.9,
127.5, 125,123, 122.2,120.7,118.4, 116.8, 113.4,113.1, 71.7, 70.9, 69.7, 52.5, 22 .4,

22.1m/z 565 (M + H+, 10096), 1128.6 (2M+, 6096)
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(methyl 6isopropoxy5-(6-isopropoxy5s-(3-isopropoxy4-
nitrobenzamido)picolinamido)picolinate)yield: 133 mg, 87% as a white solid, mp: 240
241°C *H-NMR (500MHz; DMSO, TMS)y 10.2 (1H, s, AACONH), 9.96 (1H, s, Ar

CONH), 8.84 (1H, d, AH, J= 8.7 Hz), 8.51 (1Hd, Ar-H, J= 8.7 Hz), 7.99 (1H, d, Ar
H,J=8.7 Hz), 7.87 (1H, d, AH, J= 8.2 Hz), 7.80 (1H, d, AH, J = 8.7 Hz), 7.79 (1H,

s, Ar-H), 7.59 (1H, d, AH, J = 8.2 Hz), 5.50 (2H, m, B-(CHs),), 4.95 (1H, m, Ei-

(CHa)2, J = 5.5 Hz), 3.86 (3H, s, AEO,Me), 1.46 (6H, d, (Bls).-CH,J = 5.5 Hz), 1.41

(6H, d, ((Hs),-CH, J= 6.5 Hz), 1.35 (6H, d, (85)»-CH, J= 6.5 Hz) *C-NMR (125

MHz; CDCk) dc 160.7, 158.9, 157.7, 147.2, 146.8, 146, 138.3, 135.6, 133.9, 133.4, 122.2,
121.6,121.2,121,120.4,115.2,112.4,112.3,110.7, 68.4, 65.5, 64.7, 47.6, 1iva, 17

596.2 (M + H 10096), 1189.8 (Mi H 45%)
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O~ "OMe
(methyl5-(5-(4-amino-3-isopropoxybenzamidef-isopropoxypicolinamido)-
isopropoxypicolinateyield: 85 mg, 88% as a yellow solid, mp: 1802°C 'H-NMR
(500MHz; DMSO, TMS)d,; 10.2 (1H, s, AACONH), 9.09 (1H, s, ACONH), 8.85 (1H,
d, Ar-H, J = 8.1 Hz), 8.63(1Hd, Ar-H, J= 8 Hz), 7.84 (1H, d, AH, J= 8.1 Hz), 7.81
(1H, d, ArH, J= 8 Hz), 7.38 (1H, s, AH), 6.73 (1H, d, AiH, J= 8.2 Hz), 5.51 (4H, m,
Ar-NH, & 2(CH-(CHs))), 4.62 (1H, m, €-(CHs),, J = 5.8 Hz), 3.87 (3H, s, AEO,Me),
1.50 (6H, d, (Bl3)>-CH, J = 5.9 Hz), 1.42 (6H, d, (83)>-CH,J = 5.9 Hz), 1.33 (6H, d,
(CH3)>-CH, J = 5.9 HZ)'*C-NMR (125 MHz; DMSO)dc 165.6, 164.9, 162.4, 152.5,
151.9, 144.1, 143.6, 139.2, 138, 128.9, 127.7, 126.4, 125.1, 122.2, 120.6, 120.3, 116.9,
113.4,113.1,70.9, 70, 69.99, 69.91, 52.7, 22.4, 22.2,1%2.588 (M + Na+, 100%)

1153.3 (M + Na+, 95%)
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O~ OH
(4-(4-(4-amino-3-isopropoxybenzamide3-isopropoxybenzamided-isopropoxybenzoic
acid): yield: 50 mg, 100% as a white solid, mp: 228F°C *H-NMR (500MHz; DMSO,

TMS) dy 9.28 (1H, s, ACONH), 8.95 (1H, s, ACONH), 8.301 (1H, d, AH, J = 8 H2),

8.16 (1H, d, ArH, J = 7.5 Hz), 7.57 (4H, m, AH), 7.34 (2H, m, AH), 6.72 (1H, d, Ar
H,J=8Hz), 5.44 (2H, s, ANH,), 4.801 (1H, m, B-(CHs),, J= 6.1 Hz) 4.72 (1H, m,
CH-(CHa)2, J = 6 Hz), 4.61 (1H, m, B-(CHs),, J= 6.1 Hz), 1.39 (6H, d, (83),-CH, J =

6 Hz), 1.35 (6H, d, (B3)>-CH,J = 6 Hz), 1.32 (6H, d, (B3),-CH, J = 6 Hz)"*C-NMR

(125 MHz; DMSO)dc 167, 164.5, 164.3, 147.6, 147, 143.29, 143.25, 132.2, 129.2, 122.1,
121.4,121.3,120.7,120.3, 120, 113.9, 112.7, 112.6, 112.1, 71.4, 71.3, 70.3, 21.9, 21.8,
21.7m/z 550.2 (M + H 95%), 1099.3 (M + H 100%)nma/cnit 3401, 2975, 2364, 1683,

1592, 15171486, 1413

141



0~ "OH
(4-(4-(5-amino-6-isopropoxypicolinamido)3-isopropoxybenzamide3-
isopropoxybenzoic acidyield: 50 mg, 100% as an effhite solid, mp: 26@262°C *H-
NMR (500MHz; DMSO, TMS)y 10.2 (1H, s, ACONH), 9.28 (1H s, A~CONH), 8.65
(1H, d, ArH, J= 9 Hz), 8.18 (1H, d, AH, J= 8.6 Hz), 7.637 (1H, s, AH), 7.603i 7.57
(4H, m, ArH), 6.98 (1H, d, AH, J=8.6 Hz), 5.81 (2H, s, ANH,), 5.47 (1H, m, El-
(CHa)2, J = 5.9 Hz) , 4.92 (1H, m, B-(CHs),, J= 5.9 Hz), 472 (1H, m, Gi-(CHa3),, J =
5.9 Hz), 1.41 (12H, d, B-(CHs)2, J = 5 Hz), 1.36 (6H, d, B-(CHs),, J = 5 Hz)**C-
NMR (125 MHz; DMSO)dc 167.2, 164.6, 162.7, 149.1, 147.9, 146, 137.7, 132.1, 127.3,
120.6,117.9,114.3,112,71.8,71.4, 68, 22.3, 22.19, 224651.2 (M + H, 100%)
573.2 (M + Na+, 60%) 1123.4 (M + Na+, 90%)Nmay/cnit 3349, 2971, 2923, 2860,

1675, 1591, 1517, 1481

142



0~ "OH
(4-(5-(5-amino-6-isopropoxypicolinamido¥-isopropoxypicolinamido)3-
isopropoxybenzoic acidyield: 50 mg, 100% as a yellow solid, mp: 2862°C *H-NMR
(500MHz; DMSO, TMS)d4 10.3 (1H, s, A/ACONH), 10.1 (1H, s, A)CONH), 8.92 (1H,
d, Ar-H, J = 8.2 Hz), 8.61 (1H, d, AH, J= 8.2 Hz), 7.87 (1H, d, AH, J= 7.9 Hz), 7.65
i 7.58 (3H, m, ArH), 6.98 (1H, d, AfH, J= 7.9 Hz), 5.89 (2H, s, ANH,), 5.64 (1H, m,
CH-(CHa)2, J = 6 Hz), 5.45 (1H, m, B-(CHs),, J = 6 Hz), 4.87 (H, m, CH-(CHa),, J =
6 Hz), 1.48 (6H, d, (83).-CH, J= 6 Hz), 1.43 (6H, d, (H3).-CH,J = 6 Hz), 1.39 (6H, d,
(CH3),-CH), J = 6 Hz)"®*C-NMR (125 MHz; DMSO)dc 166.9, 162.7, 161.2, 150.3, 148.6,
145.6, 138.5, 137.7, 131.9, 130.8, 125.7, 122.6, 116.9, 113, 71, 69.2, 67.8, 21.9, 21.75,
21.71m/z 552.2 (M + H+, 100%) 1125.4 (2M + Na+, 100%Nna/cm* 3411, 3357,

2975, 2929, 2360, 2337, 1685, 1598, 1517, 1465
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0~ "OH
(4-(5-(4-amino-3-isopropoxybenzamide§-isopropoxypicolinamido)3-
isopropoxybenzoic acidyield: 10mg 100% as a yellogreen solid, mp: 2384¢°C 'H-
NMR (500MHz; DMSO, TMS)y 12.8 (1H, s, ACO,H), 10.3 (1H, s, ACONH), 9.07
(1H, s, AkCONH), 8.61 (2H, t, 2(AH), J = 8.2 Hz), 7.83 (1H, d, AH, J = 8.2 Hz),
7.637 7.61 (2H, m, AH), 7.37 (2H, s, AH), 6.72 (1H, d, AH, J = 8.2 Hz), 5.56
5.49 (3H, m, Gl-(CHs), + Ar-NHy), 4.87 (1H, m, €-(CHs), J = 5.7 Hz), 4.611H, m,
CH-(CHs),, J= 5.7 Hz), 1.47 (6H, d, (85).-CH,J = 5.6 Hz), 1.38 (6H, d, (83),-CH, J
= 5.6 Hz), 1.32 (6H, d, (83),-CH, J = 5.6 Hz) ¥*C-NMR (125 MHz; DMSO)dc 167.4,
165.5, 161.7, 152.4, 146, 144, 143.6, 139.9, 132.2, 127.4, 122.2, 118.2, 116.7, 113.6,
113.3,113,71.5, 70.8, 69.7, 22.3, 22.1742573.2 (M + Na+, 100%) 1123.4 (2M +

Na+, 50%]
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(5-(5-(4-amino-3-isopropoxbenzamidoXp-isopropoxypicolinamido)e-

isopropoxypicolinic acid)yield: 30 mg, 100% as a solid, mp: 2287°C *H-NMR

(500MHz; DMSO, TMS)d; 10.2 (1H, s, ACONH), 9.08 (1H, s, ACONH), 8.82 (1H,

d, Ar-H, J= 7.7 Hz) 8.61 (1H, d, AH, J= 8.2 HZ), 7.8%1H, d, ArH, J= 7.7 Hz), 7.76

(1H, d, ArH, J= 8.2 Hz), 7.37 (2H, s, AH), 6.72 (1H, d, AH, J= 8.1 Hz), 5.59 5.45

(4H, m, 2(@H-(CHs)2), Ar-NHyp), 4.608 (1H, m, €-(CHs)2), 1.49 (6H, d, (€l3).-CH), J

= 5.9 Hz), 1.409 (6H, d, (€s),-CH), J = 5.9 Hz) 1.32 (6H, d, (Ei3)>-CH), J = 5.9 Hz),

1.23 (5H) *C-NMR (125 MHz; DMSO)dc 165.9, 165.6, 162.4, 152.5, 151.8, 144.1,
143.7,139.2,139.1, 128.8, 127.7, 126, 125.1, 122.3, 120.7, 119.9, 116.8, 113.4, 113.1,

70.9, 70, 69.7, 29.5, 22.4, 22.3, 22z 551.3 (M, 50%), 1125.3 (M + Na+, 50%)
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3.2) Supplementary Data for“?Generation Mctl Specific BH3 Proteomimetics

F _HNO;
"HpS0,, 0°C. ~ DMF
0°C - rt

O~ "OH
1

Synthesis of5-|sobutoxy2—n|troben20|c acid 3—f|uoroben20|c acidl was dissolved in
H.SO4 (conc.) to 1M and the reaction vessel cooled®. OHNO; was added dropise

over a @riod of 20 minutes while the flask was vigorously stirring4@.0After 2 h, the
reaction solution was poured into ice and the resulting water layer was separated with
EtOAc (3x). EtOAc layers were dried with brine and, 8@, and concentrateith vacuo

to give2 as a white solid with quantitative yield. ProdZctvas used in the next step
without further purification. In the next step, a round bottom flask was charged with
isobutanol diluted to 0.2M with DMF and stirred vigorously 80 NaH was addk
portionwise and the reaction allowed to stir &€0for 20 minutes. After 20 minutes, a
solution of2 in DMF was added dromise and the reaction allowed to stir overnight.
The next day, the reaction solution was decanted to a separating funnev@odatric
equivalents of 1M HCI added. The aqueous DMF was separated with EtOAc (3x) and
the organic layer backwashed with 1M HCI then dried with brine angbGla The
organic layers were removédvacuoto give a dark brown oil which later solidified a

brown crystal3 with 96% vyield. The resulting produ& was used without further

purification.
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socl, O K,CO4 © LiOHH,0 ©

MeOH, 70°C DMF, 50°C THF:H,O
O4OH 07 _"OMe 07 "Ome o7 ~on
Synthesis of dsobutoxy4-nitrobenzoic acid A suspension of -Biydroxy-4-nitrobenzoic
acid4 in MeOH was heatedt7dC and allowed to stir vigorously. SOQB eq.) was
carefully added drowise and the reaction allowed to stir alCvernight. The next
day, MeOH was removed directlly vacuoto give5 as a brown solid (98% yield) which
was used without furthepurification. Compound was charged into a round bottom
flask and solvated with DMF to 0.1M and stirred vigorously 8C50K,COzs (3 eq.) was
added and the reactions allowed to stir for 15 minutes%.580propyl iodide (1.5 eq.)
was added and theaction allowed to stir at G overnight. The next day, the reaction
solution was decanted to a separation funnel and 3 volumetric equivalent® aidded.
The aqueous layer was separated with ether (3x) and the organic layers dried with
NaSO, and renovedin vacuoto give6 as a brown crystal (77% yield) which was used
in the next step without further purification. In the next step, a round bottom flask was
charged with6 and solvated with a 1:1 solution of THR®. LIOHH,O (2 eq.) was
added and # reaction allowed to stir at 8D overnight. The next day, the reaction
solution was removeth vacuoto give an aqueous residue which was acidified to pH 1
with 1M HCI. The precipitate was collected by vacuum filtration and dried with hexanes

to give7 as a pure yellow solid (97% vyield).
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NO, NH,
' 0

() (j Kt (K

8 10
Synthesis of Atert-butoxy)aniline: 2-fluoronitrobenzene3 was solvated with THF to
0.5M and the flask allowed to stir at@ KOBu (1.5 eq.) was added portiavise and
the reaction allowed to stir at rt overnight. THF was remornedcuoand the resulting
residue resolvated in CHCI, and decanted to a separating funnel. The organic layers
were washed with NECI (sat. aq.) 3x and then dried with 88, and concentrate
down in vacuoto give 9 as an orange oil (98% yield) which was used without further
purification. In the next step, compoufildvas solvated in MeOH to 0.1M. Pd/C (10%
wt.) was added as suspension in THF and the reaction vessel evacuated waitd H
allowed to stir at rt for 16 h. The next day, the solution was filtered through Celite with

MeOH to give crude producO as a dark brown solution which was concentrated

vacuoto a brown oil and purified by column chromatography in 5:1 hexanes/EtOAc

(60%yield).
N2 NO
(e} 2
K oo, oL
DMF (cat.)
o CH,Cl,
2) DIPEA A
0, CH,Cl,
o\/k 0°C - 1t @O\K
1
07 “OH

7
Synthesis of Nitro Dimem-(2-(tert-butoxy)pheny}3-isobutoxy4-nitrobenzamide A
round bottom flask was charged with compound.1 eq.) and solvated with GEl; to

0.1M. (COCI} (2.2 eq.) was added followedy DMF (cat.) resulting in visible

148



effervescence. The reaction was allowed to stir at rt for 1 h, then the reaction solution
removedn vacuo The residue was azeotroped twice with,CHin vacuobefore being
re-solvated in CHCIl, and allowed to stir gorously at 6C. DIPEA (4 eq.) was added

and the reaction allowed to stir for 15 minutes. Aniline compdlhevas added as a
solution in CHCI, and the reaction allowed to stir £(@for 16 h. The reaction solution

was decanted to a separation funnedl 8 volumetric amounts of GBI, added. The
organic layers were washed with 1M HCI (3x), dried with3&;, and then concentrated

in vacua The crude productll was purified by flash chromatography with

hexanes/EtOAc to afford pure prodddtas a browrsolid (86% yield).

NO, NH,
o o

Pd/C, H,
O NH MeOH, rt o) NH
SR CYK

11 12
Synthesis of 4amino-N-(2-(tert-butoxy)pheny}3-isobutoxybenzamideA round bottom
flask was charged withN-(2-(tert-butoxy)phenyl3-isobutoxy4-nitrobenzamide 11
solvated in MeOH to 0.1M. Pd/C (1094.) was added as a suspension in THF and the
flask evacuated with Hand allowed to stir at rt for 16 h. The solution was then filtered

through Celite with MeOH to afford pure prodd@ as a violet solid (98% yield) without

further purification.
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O\)\
O~ "OH
3 1) (COCl),

DMF (cat.)
CHZCIZ

Hy 2) DIPEA

0°C - rt

Lo L

o
e @ X
Sh
12
Synthesis ofN-(4-((2-(tert-butoxy)phenyl)carbamoytp-isobutoxyphenyh5-isobutoxy
2-nitrobenzamide A round bottom flask was charged with compouhdl.1 eq.) and
solvated with CHCI; to 0.1M. (COCI) (2.2 eq.) was addedlfowed by DMF (cat.)
resulting in visible effervescence. The reaction was allowed to stir at rt for 1 h, then the
reaction solution removeitd vacua The residue was azeotroped twice with,CH in
vacuobefore being resolvated in CHCl, and allowed testir vigorously at 6C. DIPEA
(4 eq.) was added and the reaction allowed to stir for 15 minutes. Aniline tdwexs
added as a solution in GEl, and the reaction allowed to stir at@for 16 h. The
reaction solution was decanted to a separatiomdlumand 3 volumetric amounts of
CH.CI, added. The organic layers were washed with 1M HCI (3x), dried wigs®ia
and then concentrateth vacuo The crude productl3 was purified by flash
chromatography with C¥CI,/EtOAcC to afford pure product3 as a lbown gum solid

(77% yield).
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Synthesis of 2-amin(}N-(4-((2—(tert—butoxy)phenyl)carbamoy+)2-isobutoxypheny|)5—
isobutoxybenzamideA round bottom flask was charged witB and solvated in MeOH

to 0.1M. Pd/C (10% wt.) waadded as a suspension in THF and the flask evacuated with
H, and allowed to stir at rt for 16 h. The solution was then filtered through Celite with
MeOH to afford crude produd4 as a bright green solution. The crude product was
purified by column chromitography with 3:1 hexanes/EtOAc to afford a bright green

solid 14 (80% yield).

;»A o E/ok
EtO\IHL
HoN I H
(e} NH (e} NH
OJ\ 1) EtojHOkCI ?OJ\
O NH
J°

O
O NH
@"K
14

DIPEA, DMF
Synthesis of thyl-2-((2-((4-((2-(tert-butoxy)phenyl)carbamoyip-

CH,Cl, 0°C

isobutoxyphenyl)carbamoyd-isobutoxyphenyl)aminoR-oxoacetate A round bdtom
flask was charged with compoud, solvated with CkCl,to 0.1M and stirred at’C.

DIPEA (2 eq.) was added and the reaction allowed to stir for 15 minutes. Ethyl
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chloroglyoxylate (1.1 eq.) was added dnejse and the reaction allowed to stir 4&€Cor

16 h. The reaction solution was then decanted to a separation funnel and 3 volumetric
amounts of CHCl, added. The organic layers were washed with 1M HCI (3x), dried
with NaSQy, and then concentratéavacuo The crude produdt5 was purified by

column chromatography with 4:1 hexanes/EtOAc to afford pure prddies a brown

solid (56% yield).

0 O\)\ 0 O\)\
EtO EtO
O™ 'NH 0”7 "NH
ovk TFA E;/OJ\
O™ "NH 0”7 “NH
©/oj< ©/OH
15 16
Synthesis okthyl 2-((2-((4-((2-hydroxyphenyl)carbamoyip-
isobutoxyphenyl)carbamoy¥-isobutoxyphenyl)aminoR-oxoacetate Compoundl5
was solvated with TFA to 0.02 M and stirred at rt and the reaction monitored until

completion. TFA was removed vacuoand ceevaporated with toluene (2x) to gité

as a yellow solid (98% yield) with no further purification.

oL oL
o) o)
EtO EtO
m)k” WAH
o) o)
Ao & "X o
o K,CO; o
—_—_—
DMF, 0°C
07 “NH 0”7 NH
17

16
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General Procedure of @ Reaction for R-functionalized Trimer IntermediatesA

round bottom flask was charged with solvated to 0.1M in DMF and stirred @
K>COs (1.2 eq.) was added and the reaction allowed to starfother 15 minutes at®©.
Alkyl halide (1.1 eq.) was added and the reaction allowed to stfiCatdd 16 h. The
reaction solution was decanted to a separating funnel and diluted with 3 volumetric
equivalents of 1M HCI. The aqueous layer was partitiongh ether (3x) and the
organic layers backwashed with 1M HCI (2x), dried with8@&;, and concentrated down
in vacua Crude product(s)7 was purified by flash chromatography with

hexanes/EtOAc to give pure product{3)as a white solid (892%).

oL

O,N
0”7 “OH

5-isobutoxy:2-nitrobenzoic acid 96% as brown crystal&4-NMR (400MHz,DMSO,
TMS) dy 8.03 (1H, dAr-H, J = 9.2 Hz), 7.27.18 (2H, mAr-H), 3.9 (2H, dOCH,, J =
6 Hz), 2.03 (1H, mCH, J= 6.2 Hz), 0.97 (6H, dCH3),, J = 6.4 Hz)"*C-NMR

(100MHz,DMSO)dc 167, 163, 139.7, 132.5, 127, 116.6, 114.7, 75.2, 27.9, 19.2

NO,
O\)\

0~ "OH
3-isobutoxy4-nitrobenzoic acid:97% as a yellow solidH-NMR (400MHz,DMSO,

TMS) dy 7.95 (d,Ar-H, J= 8 Hz), 7.74 (sAr-H), 7.63 (d,Ar-H, J= 8 Hz), 4 (dCH>, J
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= 5.6 Hz), 2.03 (MCH, J = 6.2 Hz), 0.97 (d(CH3), J = 6.4 Hz)'*C-NMR (100MHz,

DMSO)dc 166.2, 151.3, 142.4, 136, 125.3, 121.5, 115.6, 75.5, 28, 19

orx

2-(tert-butoxy)aniline 60% as a brown oifH-NMR (400MHz,DMSO, TMS)dy 6.81
(d,Ar-H,J=7.8 Hz), 6.75 (tAr-H,J= 7.4 Hz), 6.65d, Ar-H, J= 7.8 Hz) 6.44 (tAr -
H,J= 7.4 Hz), 4.66 (\NH>), 1.3 (s(CH3)3) **C-NMR (100MHz,DMSO) dc 143.1,

141.9, 123.9,123.3, 116.1, 115.2, 79.1, 28.9

MeO OMe

o] o)
3,5-bis(methoxycarbonyl)benzoic acid20% as a white solid, 'H-NMR (400MHz,
DMSO, TMS)dy 8.65 (3H, app d, AH), 3.92 (6H, s, 2(CeMe) *C-NMR (100MHz,
DMSO)dc 166, 165.1, 134.1, 133.5, 132.8, 131.2, 58/2 (APCI) Target Mass: 238;
found 239 (M +HJ

O.~_OH

O~ "OMe
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4-(methoxycarbonyl)bemoic acid 50% as a white solid,*H-NMR (400MHz, DMSO,
TMS) dy 13.33 (1H, s, CeH), 8.04 (4H, d, ArH, J = 8.4 Hz), 3.87 (3H, s CMe) °C-
NMR (100MHz, DMSO)dc 167, 166.9, 135.2, 134.8, 130, 129.8, 52.9

O
OH

O~ OMe

3-(methoxycarbonf)benzoic acid 55% as a white solidH-NMR (400MHz, DMSO,

TMS) d413.33 (1H, br s, CéM), 8.48 (1H, s, AH), 8.208.15 (2H, m, ArH), 7.687.64

(1H, m, ArH), 3.88 (3H, s, CeMe) **C-NMR (100MHz, DMSO) d: 170.6, 169.7, 138,

137.4,134.2, 133.9, 133.6, .56

2-(methoxycarbonyl)benzoic acidBB5% as a colorless oitH-NMR (400MHz, DMSO,
TMS)dy 7.777.75 (1H, m, AfH), 7.637.61 (3H, m, AfH), 3.78 (3H, s, CeMe)
(100MHz,DMSO) d: 168.5, 168.4, 132.8, 132.3, 131.8, 13129.2, 128.5, 52.8

@) OMe

MeO OMe

O O

trimethyl benzenel,3,5tricarboxylate 98% as a brown crystatH-NMR (400MHz,
DMSO, TMS)dy 8.64 (3H, s, AH), 3.92 (9H, s, 3(CeMe) *C-NMR (100MHz,

DMSO) dc 164.9, 133.8, 131.4, 53.3
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(@) OMe

(@) OMe

dimethyl terephthalate 98% as a brown solidH-NMR (400MHz, DMSO, TMSYy

8.07 (4H, s, AH), 3.87 (6H, s, 2(CMe)) “*C-NMR (100MHz,DMSO) dc 165.8, 133.8,

129.9,53.2
(@]
OMe
(@) OMe

dimethyl isophthalate 98% asa brown crystal!H-NMR (400MHz, DMSO, TMSYy
8.46 (1H, s, AH), 8.19 (2H, s, AiH), 7.68 (1H, s, AiH), 3.88 (6H, s, 2(CeMe)) °C-

NMR (100MHz,DMSO) dc 165.8, 134, 130.5, 130.1, 129.9, 53

dimethyl phthalate 98% as @rown oil,"H-NMR (400MHz, DMSO, TMS) 7.67 (4H,
app d, ArH), 3.81 (6H, s, 2(Ce@Me)) **C-NMR (100MHz, DMSO) dc 172.5, 136.8,

136.5, 133.8, 57.

54

2-isobutoxyaniline 71% as a brown oitH-NMR (400MHz, DMSO, TMS)Y6.74 (LH,

s, A-H,J = 8 Hz), 6.736.61 (2H, m, AfH), 6.506.46 (1H, m, AfH), 4.61 (2H, s, N>),
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3.68 (2H, d, O®.CH, J = 6.8 Hz), 2.02 (1H, m, C#€H(CH),, J = 6.6 Hz), 0.99 (6H, d,
CH,CH(CH3)2, J = 6.8 Hz)(100MHz, DMSO)dc 146, 138.1, 121.1, 116.6, 114.2,119,

74.3,28.2,19.6

b

1-isobutoxy2-nitrobenzene 98% as a dark brown oifH-NMR (400MHz, DMSO,
TMS)dy7.85 (1H, d, ArH, J =7.6 Hz), 7.62 (1H, t, AH, J= 7.8 Hz), 7.33 (1H, d, Ar
H,J=8.8 Hz), 7.09 (1H, t, AH, J = 8.2 Hz), 3.92 (2H, d, OB,CH, J = 6.4 Hz), 2.02

(1H, app spt, CBCH(CHa)2, J = 6.4 Hz), 0.97 (6H, d, C}H(CH3)2, J= 7.2 H2)

NO,
o

0~ "NH

S
N-(2-(tert-butoxy)phenyl)3-isobutoxy4-nitrobenzamide 86% as a brown solidH-
NMR (400MHz, CDCE, TMS) dy 8.76 (1H, SNH) 8.5 (1H, dAr-H, J= 8 Hz), 7.92
(1H, d,Ar-H, J= 8.8 Hz), 7.68 (1H, SAr-H), 7.39 (1H, dAr-H, J= 8 HZ), 7.127.06
(3H, m,Ar-H), 3.96 (2H, dOCH», J = 5.6 Hz), 2.18 (1H, mCH, J = 6.2 Hz), 1.45 (9H,
s, (CH3)3), 1.06 (6H, d(CH3),, J = 6.4 Hz)**C-NMR (100MHz, CDC}) dc 162.5, 152.8,

1445, 141.4, 140.1, 131.6, 125.8, 124, 123.5, 120.8, 119.9, 117, 113.8, 80.8, 29.1, 28.9,

28.1, 18.9m/z(APCI) Target Mass: 386; found 387 (M +H)

157



NH,
o\

0~ "NH
%
4-amino-N-(2-(tert-butoxy)phenyl)3-isobutoxybenzamide98% as a violet solidH-
NMR (400MHz, CDC}, TMS) dy 8.65 (1H, sNH), 8.54 (1H, dAr-H, J = 8 Hz), 7.44
(1H, s,Ar-H), 7.3 (1H, dAr-H, J = 8 Hz), 7.09 (2H, m (d+t)Ar-H), 6.98 (1H, tAr-H,
J=7.6Hz), 6.76 ( 1H, dAr-H, J= 7.6 Hz), 4.42 (2H, broad BH,), 3.86 (2H, dO-
CHy, J= 6.4 HZ), 2.15 (1H, nCH, J = 6.4 Hz), 1.44 (9H, {CH3)3), 1.05 (6H, d,
(CH3)2, J = 6 HZ)™*C-NMR (100MHz,DMSO) dc 164.5, 146.2, 145.1, 142.2, 133, 123.9,

123.3,12%5,122.3,121.4,112.8,110.3, 80.3, 79.6, 74.5, 29, 28.2,m&ZEAPCI)

Target Mass: 356; found 357 (M +H)

NH,
O\)\

4-amino-3-isobutoxyN-(2-isobutoxyphenyl)benzamid®8% as a cream solitH-NMR
(400MHz, DMSO, TMS)dy 8.88 (1H, s, COMl), 7.97 (1H, d, AH, J = 8 Hz), 7.34
7.30 (2H, m, ArH), 7.097.05 (2H, m, ArH), 6.93 (1H, t, AfH, J= 7.4 Hz), 6.68 (1H, d,
Ar-H, J = 8.8 Hz), 5.38 (2H, s, NJ), 3.82 (2H, d, OB.CH, J = 6.4 Hz), 3.78 (2H, d,

OCH,CH, J = 6.4 Hz), 2.8 (2H, m, 2(CHCH(CHs),), J = 6.2 Hz), 1.031.00 (12H, m,
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2(CH,CH(CH3)2) °*C-NMR (100MHz, DMSO) dc 164.8, 149.9, 145.1, 142.1, 128.2,

124.7,122.5,121.7,121.5,120.7, 112.7, 112.3, 110.2, 74.6, 74.4, 28.3, 28.2, 19.6, 19.5

NO,
o

3-isobutoxyN-(2-isobutoxyphenyh4-nitrobenzamide 98% as a brown crystaltH-

NMR (400MHz, DMSO, TMS)dy 9.71 (1H, s, COM), 8.01 (1H, d, AH, J = 8 Hz),

7.79 (1H, s, AH), 7.66 (1H, d, AH, J = 8 Hz), 7.60 (1H, d, AH, J = 8.8 Hz), 7.21

(1H, t, Ar-H, J = 7.8 Hz), 7.09 (1H, d, AH, J = 8 Hz), 6.97 (1H, t, AH, J = 7.4 Hz),

4.01 (2H, d, O@,CH, 6.4 Hz), 3.79 (2H, d, OE,CH, 6.4 Hz), 2.04 (2H, nnt,
2(CH,CH(CHs),), J = 6.6 Hz), 1.060.96 (12H, m, 2(CLCH(CH3),) *C-NMR (100MHz,
CDCl) dc 168.5, 156.9, 156.2, 146.1, 144.8, 131.8, 131.5, 130.4, 130.2, 125.3, 124.6,

118.9, 117.7,80.4, 79.3, 332.8, 24.2, 23.9

N-(4-((2-(tert-butoxy)phenyl)carbamoyip-isobutoxyphenyh5-isobutoxy2-

nittobenzamide 97% as a green solitH-NMR (400MHz, CDC}, TMS)dy 8.81 (1H, s,
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NH), 8.6 (1H, dAr-H, J= 8.8 Hz), 8.54 (1H, 0Ar-H, J = 8 Hz), 8.188.16 (2H, mAr-

H), 7.61 (1H, sAr-H), 7.45 (1H, dAr-H, J= 8 Hz), 7.127.04 (5H, mAr-H), 3.91 (2H,

d, O-CH,, J = 7.2 Hz), 3.84 (2H, d)-CHy, J = 5.6 Hz), 2.12 (2H, m(CH),), 1.47 (9H,

s, (CHa3)3), 1.04 (6H, d(CHa)z, J = 6.4Hz), 0.99 (6H, d(CHa), J = 6.8 Hz)"*C-NMR
(100MHz, CDC}) dc 164.3, 163.8, 163.6, 147.8, 144.4, 138.5, 135.1, 132.4, 130.8, 130.5,
127.4,123.5,123.2, 121, 119.7, 119.5, 118.5, 115.7, 113.9, 110.7, 80.7, 75.4, 75.2, 29.1,

28, 27.9, 19.1, 19n/z(APCI) Target Mass: 647; found 648 (M +H)

O~ "NH
(J°r

2-amino-N-(4-((2-(tert-butoxy)phenyl)carbamoyfp-isobubxyphenyl}5-
isobutoxybenzamideB1% as a bright green solitH-NMR (400MHz,DMSO, TMS)dy
9.67 (1H, sNH), 9.36 (1H, sNH), 8.24 (1H, dAr-H, J = 8 Hz), 7.94 (1H, sAr-H),
7.647.61 (2H, m (s+d)Ar-H),7.187.09 (4H, mAr-H), 6.95 (1H, dAr-H, J= 8.8 HZ),
6.8 (1H, d Ar-H, J = 8.8 Hz), 5.88 (2H, $\H>), 3.94 (2H, dOCH> J = 6.4 Hz), 3.69
(2H, d,OCH,, J= 6.4 Hz), 2.14 (1H, nCH, J= 6.6 HZ), 1.99 (1H, nCH, J = 6.2 Hz),
1.34 (9H, s{CH3)3), 1.05 (6H, d(CH3),, J = 7.2 Hz), 0.98 (6H, dCH3),, J = 7.2 Hz)
¥C-NMR (100MHz,DMSO) dc 166.8, 164.2, 150.2, 149.4, 147.3, 143.8, 132.5, 131.1,

130.4, 125,124.1,123.2,122.7,121.7,121.5, 120.2, 119.6, 116.6, 112.8, 110.8, 80.3, 75,

74.8, 29, 28.29, 28.27, 19.59, 19.54
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o [jK

ethyl 2((2-((4-((2-(tert-butoxy)phenyl)carbamoyR-isobutoxyphenyl)carbamoy-
isobutoxyphenyl)amino@-oxoacetate 56% as a brown solidH-NMR (400MHz,

CDCl;, TMS) dy 12.2 (1H, sNH), 8.8 (2H, dAr-H, J = 8.8 Hz), 8.69.62 (2H, m (app.

dd), Ar-H), 8.53 (1H, dAr-H, J= 7.2Hz), 7.61 (1H, sAr-H), 7.42 (1H, dAr-H, J=

8.8 Hz), 7.16 (1H,sAr-H) , 7.127.07 (3H, mAr-H), 6.99 (1H, tAr-H, J = 7 Hz), 4.41

(2H, g, C-CHy, J = 8.4 Hz), 3.95 (2H, d, HCH,, J= 6.2 Hz) , 3.74 (2H, d, HCH.,

J=6.2 Hz), 2.22.01 (2H, m, HC-CH-(CHs),. 1.45 (9H, S(CH3)3), 1.08 (6H, d, HE

(CH3)2, J=6.8 Hz) , 1.02 (6H, d, HQCH3),, J = 6.8 Hz)">C-NMR (100MHz,

DMSO)d: 166, 163.8, 160.8, 155.7, 154.3, 147.8, 144.4,132.4, 131.4, 130.8, 130.3,
123.5,123.3,122.8, 121, 119.7, 119.1, 118.9, 118.5, 112.4,110.4, 80.7, 75.1, 74.8, 63.4,

29.1,28.3,19.3,19.1, 14
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0”7 “NH \/@
J°

ethyl 2((2-((4-((2-(bereyloxy)phenyl)carbamoyiP-isobutoxyphenyl)carbamoy}-
isobutoxyphenyl)amino@-oxoacetate50% as a white solidH-NMR (400MHz, CDC},
TMS) dy 12.19 (1H, sNH), 8.788.54 (5H, m, ArH), 7.51-7.00 (13H, m, AH), 5.14
(2H, s, OG45), 4.41 (2H, q, @H.CHs, J = 5.2 Hz), 3.87 (2H, app. s,&H,CH), 3.73
(2H, app. s, @GH,CH), 2.202.07 (2H, m, 2(CHCH(CHs)2)), 1.42 (3H, m, OChCH5),
1.07-1.03 (12H, m2(CH,CH(CH3),) **C-NMR (100MHz, CDC4) dc 165.9, 164.2160.7,
155.7,154.3,147.7, 147.4, 136.3, 131.4, 1303®.3, 128.8, 128.5, 128.1, 127.5, 123.8,

123.3,122.8,121.6,119.8, 119, 118.9, 118.8, 112.4, 111.7, 110.2, 77.3, 77, 76.7, 75, 74.8,

71.1,63.4,28.2,19.3,19.1

O

Etoj%k

o

o
'

ethyl 2((2-((4-((2-hydroxyphenyl)carbamoytp-isobutoxyphenyl)carbamoy-
isobutoxyphenyl)aminoR-oxoacetate 90% as a yellow solidH-NMR (400MHz,
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DMSO, TMS)dy 12.01 (1H, sNH), 9.92 (1H, sNH), 9.71 (1H, s, AOH), 9.59 (1H, s,

NH), 8.35 (1H, d, AH, J= 9.2 Hz), 7.85 (1H, d, AH, J= 8.4 Hz), 7.68 (1H, s, AH),

7.62 (2H, t, AfH,J= 8.2 Hz), 7.51 (1H, s, AH), 7.24 (1H, d, AH, J = 9.2 Hz), 7.05

(1H, t, Ar-H, J= 7.4 Hz), 6.93 (1H, d, AH, J = 7.6 HZ), 6.85 (1H, t, AH, J = 7.4 Hz),

4.29 (2H, g, HC-CHy, J = 7 Hz) 3.92 (2H, d, HE&H,, J = 5.6 Hz), 3.83 (2H, d, HC

CHyp, J = 5.6 Hz), 2.06 (2H, mHC-(CHa),), 1.3 (3H, t, HC-CH>, J = 7 Hz), 1 (12H, ap.

t, HC-(CH3)) “*C-NMR (100MHz,DMSO) dc 166.1, 164.6, 160.1, 154.9, 153.8, 151.1,
149.6, 132.1, 130.2, 129.1, 125.8, 125.6, 124.6, 124.2, 123.3, 122.3, 119.6, 118.9, 118.7,

115.9, 113.7,111.3, 74.3, 74, 62.6, 27.7, 27.6, 18.96, 18.92, 13.7

@)

EtO\[HJ\

@)

o .
7

ethyl 2((4-isobutoxy-2-((2-isobutoxy4-((2-
methoxyphenyl)carbamoyl)phenyl)carbamoyl)phdyamino)-2-oxoacetate42% of a
white solid *H-NMR (400MHz, CDC}, TMS) dyy 12.22 (1H, s, CON), 8.82 (1H, s,
CONH), 8.66 (2H, t, AfH, J= 8 Hz), 8.60 (1H, s, AH), 8.52 (1H, d, COIH,J=8.4
Hz), 7.61 (1H, s, AH), 7.44 (1H, d, AH, J= 8.4 Hz), 7.19 (1H, s, AH), 7.157.03
(3H, m, ArH), 6.94 (1H, d, AH, J = 8 Hz), 4.44 (2H, g, OB,CHs, J = 6.2 Hz), 4.01
3.96 (5H, m, OEI,CH & OMe), 3.76 (2H, d, OB,.CH, J= 6.4 Hz), 2.21 (1Happ spt,

CH,CH(CHa),, J = 6.6 Hz), 2.11 (1H, app spt, GEBH(CHs), J = 6.6 Hz), 1.45 (3H, t,
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OCH,CH3, J = 7 Hz), 1.11 (6H, dCH,CH(CH3),, J = 6.8 Hz), 1.04 (6H, d,
CH,CH(CH3), J = 6.8 Hz);**C-NMR (100MHz, CDC}) dc 165.9, 164.4, 160.7, 155.7,
154.3,148.1, 147.8,131.4, 131.1, 130.2, 127.7, 123.8, 123.3, 122.8, 121.1, 119.6, 119,
118.9,118.8,112.4, 110.5, 109.9, 75.1, 74.8, 63.4, 55.8, 28.2, 19.3, 18/(APCI)

Target Mass: 605; found 606 (M +H)

O\)\
O
EtO
o
o (@) NH
O\)\

ethyl 2((4-isobutoxy2-((2-isobutoxy4-((2-
isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)phejainino)-2-oxoacetate 31% of a
white solid,*H-NMR (400MHz, CDC4, TMS)dy 12.26 (1H, s, CBIH) 8.83 (1H, s,
CONH), 8.728.64 (3H, m, ArH), 8.55 (1H, d, AiH, J = 7.4 Hz), 7.60 (1H, s, CKH),
7.43 (1H, d, AfH, J= 7.4 Hz), 7.19 (1H, s, AH), 7.13 (1H, d, AH, J= 9.6 Hz), 7.06
7.01 (2H, m, ArH), 6.91 (1H, d, AH, J = 8 Hz), 4.44 (2H, q, kC-H,C, J = 7 Hz), 3.97
(2H, d,CHy, J= 6.4 Hz), 3.86 (2H, dCH>, J= 6.4 Hz), 3.76 (2H, dCH,, J = 6.4 Hz),
2.222.19 (2H, m, CH),), 2.122.09 (2H, mCH), 1.44 (3H, tH3C-H,C, J = 7Hz), 1.12
(12H, app. s,§Hs)s), 1.04 (6H, d, CH3)2, J = 6.4 Hz)**C-NMR (100MHz, CDCH§) dc

165.9, 164, 160.8, 155.7, 154.2, 147.7, 131.4, 131, 130.2, 127.9, 123.7, 123.3, 122.8, 121,
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119.4,119.1, 118.9, 118.6, 112.3, 110.7, 110.3, 75.1, 74.8, 63.4, 28.3, 28.2, 19.4, 19.3,

19.1, 14

o)
o
EtO
o
© (@) NH
oL

O~ "NH o)

chukok
ethyl 2((2-((4-((2-(2-(tert-butoxy) 2-oxoethoxy)phenyl)carbamoy2-
isobutoxyphenyl)carbamoy¥-isobutoxyphenf)amino)-2-oxoacetate 15% of a pale
violet solid,"H-NMR (400MHz, CDC}, TMS)dy 12.24 (1H, s, COH), 9.30 (1H, s,
CONH), 8.84 (1H, s, C8IH), 8.66 (2H, t, AfH, J= 86 Hz), 8.52 (1H, d, AH, J= 6.4
Hz), 7.68 (2H, app. d, AH, J=12.8 Hz), 7.20 (1H, s, AH), 7.147.06 (3H, m, ArH),
6.90 (1H, d, ArH, J= 7.2 Hz), 4.62 (2H, CH>), 4.43 (2H, q, HC-H,C,J = 7.2 Hz),
4.01 (2H, dCH>, J= 6.4HZ), 3.76 (2H, dCH, J= 6.4 Hz), 2.24.08 (2H, mCH) 1.51
(9H, s, OBU),1.44 (3H, tHsC-H,C,J = 7 Hz), 1.11 (6H, d,GHs3),, J = 6.4 Hz), 1.04
(6H, d, CH3)2, J = 6.4 Hz)**C-NMR (100MHz, CDC}) dc 168.3, 165.9, 164.4, 160.7,
155.7,154.2, 147.5,131.3, 130.7, 130.2, 129.3, 123.8, 123.3, 122.9, 120.6, 119.8, 119,

118.8, 113.8, 112.4,110.2, 82.8, 75, 74.8,67.9,63.4, 28.2, 28.1, 19.3, 19.1, 14
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1, g
'

H

ethyl 2((2-((4-((2-(2-(tert-butoxy) 2-oxoethoxy)phenyl)carbamoy2-
isobutoxyphenyl)carbamoy¥-isobutoxyphenyamino)-2-oxoacetate 98% of a white

solid, 'H-NMR (400MHz, DMSO, TMS)X 13.23 (1H, br s., Cé4), 12.00 (1H, s,

CONH), 9.93 (1H, s, CON), 9.71 (1H, s, CON), 8.35 (1H, d, ArH, J = 9.6 Hz), 7.99

(1H, d, ArH,J = 7.6 Hz), 7.87 (1H, d, AH, J= 8.4 Hz), 7.66 (2H, s, AH), 7.51 (1H, s,
Ar-H), 7.247.23 (2H, app d., AH), 7.187.12 (2H, m, ArH), 7.05 (1H, t, ArH,J =8

Hz), 4.79 (2H, s, 08,), 4.29 (2H, q, CHCH>, J = 6.4 Hz), 3.92 (2H, d, O8,CH, J =

6.4 Hz), 3.83 (2H, d, O8,CH, J = 5.6 Hz), 2.06 (2H, MCH,CH(CHa)), 1.29 (3H, t,
CHsCH>, J = 7 Hz), 1.00 (12H, app s., GEH(CH3),) *C-NMR (100MHz, CDC}) dc

170.8, 166.1, 163.9, 160.1, 154.8, 153.8, 151.2, 132.4, 130.2, 129.3, 125, 124.8, 124 .4,

123.4,122.7,122.4,121.8, 119.3, 118.8, 113.8, 111.2, 74.4, 74.2,62.7, 27.7, 19
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Ethyl-2-((2-((4-((2-((4-cyanobenzyl)ox)phenyl)carbamoyh2-
isobutoxyphenyl)carbamoy¥-isobutoxyphenyl)aminoR-oxoacetate 57% of a white
powder, 'H-NMR (400MHz, DMSO, TMSHy 12.01 (1H, s, CON), 9.93 (1H, s,
CONH), 9.66 (1H, s, CON), 8.35 (1H, d, AH, J = 8.8 Hz), 7.84 (3H, app. d, Ad),
7.71 (3H, app. t, AH), 7.62 (2H, s, AH), 7.51 (1H, s, AiH), 7.21 (2H, dd, AH, J =
9.1 Hz), 7.13 (1H, d, AH, J = 8 Hz), 7.02 (1H, t, AH, J = 7.4 Hz), 5.30 (2H, s, O&,),
4.29 (2H, q, CH3E,, J = 7.2 Hz), 3.85 (4H, app. t, 2(®GCH)), 2.05 (2H,m,
2(OCH,CH(CHgy)2), 1.29 (3H, tCH3CH,, J = 6.6 Hz), 0.99 (12H, n2(OCH,CH(CH3),)
BCc-NMR (100MHz, DMSO)d: 166, 164.4, 160.7, 155.7, 154.2, 147.8, 146.9, 141.6,
132.6, 132.2, 131.4, 130.7, 130.4, 127.9, 127.5, 126.9, 124, 123.3, 122.7, 122.1, 120.4,

119, 118.9, 118.6, 118.3, 112.4, 112.2, 111.6, 110.4, 75.1, 74.8, 69.9, 64.1, 63.5, 28.2,

19.3,19.1, 14
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Ethyl-2-((2-((4-((2-((2- cyanobenzyl)oxy)phenyl)carbamoyB}
isobutoxyphenyl)carbamoy¥-isobutoxyphenyl)aminoR-oxoacetate 56% of a white

solid, 'H-NMR (400MHz, DMSO, TMS)y 12.00 (1H, s, CON), 9.91 (1H, s, CON),
9.49(1H, s, COM), 8.34 (1H, d, AiH, J = 9.6 Hz), 7.90 (1H, d, AH, J= 6.8 Hz), 7.82

(3H, app d.J = 7.6 Hz), 7.71 (1H, t, AH, J = 7.4 Hz), 7.597.50 (4H, m, ArH), 7.23

(3H, t, ArH, J= 8.2 Hz), 7.04 (1H, t, AH, J= 7.2 Hz), 5.39 (2H, s, Of), 4.29(2H, q,
OCH,CHs, J = 7.2 Hz), 3.84 (4H, m, OH,CH), 2.05 (2H, m, 2(CLCH(CHs)y)), 1.29

(3H, t, OCHCH3, J = 7 Hz), 1.020.96 (12H, m2(CH,CH(CH3))) **C-NMR (100MHz,
DMSO)dc 165.9, 164.5, 160.8, 155.7, 154.2, 147.7, 146.7, 139.7, 133.4, 133.2, 131.3,
130.8, 130.3, 129.1, 128.8, 128.1, 124, 123.3, 122.8, 122.1, 120.7, 119, 118.9, 118.8,
117.2,112.4,111.5, 110.4, 75.1, 74.8, 68.5, 63.4, 28.2, 19.3, 19rh/AAPCI) Tamget

Mass: 706; found 707 (M +H)
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Ethyl-2-((2-((4-((2-((3-cyanobenzyl)oxy)phenyl)carbamoy?:
isobutoxyphenyl)carbamoy¥-isobuoxyphenyl)aminoj2-oxoacetate 37% of an ivory
solid, *H-NMR (400MHz, DMSO, TMS) 12.00(1H, s, COMH), 9.91 (1H, s, CON),

9.68 (1H, s, COM), 8.35 (1H, d, AH, J = 9.2 Hz), 8.03 (1H, s, AH), 7.867.83 (2H,

m, Ar-H), 7.78 (1H, d, AH, J = 7.2 Hz), 7.697.50 (6H, m, AfH), 7.257.14 (3H, m,

Ar-H), 7.02 (1H, t, ArH, J = 7 Hz), 5.25 (2H, SOCH>), 4.29 (2H, g, @H,CHs, J = :

7.4 Hz), 3.85 (4H, app dd., @H.CH), 2.05 (2H, m, 2(CECH(CHs),), 1.29 (3H, t,
OCH,CHs, J = 7 Hz), 1.030.96 (12H, m, 2(ChCH(CHs),) **C-NMR (100MHz,

CDCh) dc 165.9, 164.3, 160.7, 155.5, 154.2, 147.8, 146.9, 137.9, 132.1, 131.5, 131.3,
130.7, 130.4, 129.8, 128, 124, 123.3, 122.7, 122.1, 120.3, 119, 118.9, 118.5, 118.3, 113,

112.4, 111.5, 110.4, 75, 74.8, 69.7, 63.4, 28.2, 19.3, 19;I/FZ4{APCI) Target Mas:

706; found 707 (M +H)
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Ethyl-2-((4-isobutoxy2-((2-isobutoxy4-((2-(naphthalen2-
ylmethoxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir®pxoacetate 73% of
an ivory solid,"H-NMR (400MHz, DMSO, TMSY12.0L (1H, s, COM), 9.91 (1H, s,
CONH), 9.63 (1H, s, CON), 8.35 (1H, d, AH, J = 9.2 Hz), 8.03 (1H, s, AH), 7.90
(2H, d, ArH, J= 8.4 Hz), 7.84 (1H, d, AH, J= 8.8 Hz), 7.79 (1H, d, AH, J= 7.2 H2),
7.75 (1H, d, ArH, J = 8 Hz), 7.667.63 (3H, m, AfH), 7.537.50 (3H, m, ArH), 7.26
7.19 (3H, m, AfH), 7.02 (1H, t, AfH, J = 7.6 Hz), 5.36 (2H, s, OH>), 4.28 (2H, q,
OCH,CHs, J = 7.2 Hz), 3.81 (4H, app dd., @H,CH), 2.061.95 (2H, m,
2(CH,CH(CHsa),), 1.28 (3H, t, OCHCH3, J = 7 Hz), 1.00 (6H, d, (CKCH(CH3),, J= 6.8
Hz), 0.91 (6H, d, (CBCH(CH3), J = 6.8 Hz)*®*C-NMR (100MHz, CDCH}) dc 165.8,
164.2, 160.7, 155.6, 154.3, 147.6, 147.4, 133.8, 133.2, 133.1, 131.4, 130.7, 130.2, 128.7,
128.2, 127.9, 127.8, 126.6, 126.4, 124.9, 123.8, 123.3, 122.7, 12B’8, 119, 118.9,

118.8, 112.3, 111.9, 110.1,74.9, 74.7, 71.3, 63.3, 28.2, 28.1, 19.2, 19r/zIAPCI)

Target Mass: 732 found 732 (M)
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Ethyl-2-((4-isobutoxy2-((2-isobutoxy4-((2-(naphthalen1-
ylmethoxy)phenylcarbamoyl)phenyl)carbamoyl)phenyl)aming)-oxoacetate 73% of
an ivory solid,*H-NMR (400MHz, DMSO, TMS)y 12.00 (1H, s, CON), 9.88 (1H, s,
CONH), 9.46 (1H, s, CON), 8.34 (1H, d, AH, J = 9.2 Hz), 8.19 (1H, d, AH, J =8
Hz), 7.95 (1H, d, AH, J= 8 Hz), 7.91 (1H, d, AH, J= 8 Hz), 7.797.72 (3H, m, AfH),
7.557.40 (7TH, m, AfH), 7.257.22 (2H, m, A-H), 7.03 (1H, t, ArH, J = 7.8 Hz), 5.66
(2H, s, O®1>), 4.29 (2H, g, O€,CHs, J = 7 Hz), 3.83 (2H, d, OB,CH, J = 6.8 HZ),
3.72 (2H, d, O@I,CH, J = 6 Hz), 2.03 (2H, spt2(CH.CH(CHa),, J = 7 Hz), 1.29 (3H, t,
OCH,CH3, J = 7 Hz), 1.00 (6H, d, 2(CHCH(CHs),, J = 6.4 Hz), 0.94 (6H, d,
2(CH,CH(CH3)2, J = 6.8 Hz)"*C-NMR (100MHz, CDC}) dc 165.8, 164.1, 160.7, 155.7,
154.3, 147.5, 147.4, 133.9, 131.7, 131.5, 131.3, 130.5, 130, 129.7, 129, 128.4, 127.1,

126.9,126.2, 125.3, 123.8, 123.3, 122.8, 121.8, 119.7, 119, 118.8, 112.3, 112, 109.9, 74.8,

74.7,70.1, 63.4, 28.2, 28.1, 19.2, 19.1;, ¥z (APCI) Target Mass: 732; found 732 (M)
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Ethyl-2-((2-((4-((2-(2-amino-2-oxoethoxy)phenyl)carbamoyi?-
isobutoxyphenyl)carbamoy-isobutoxyphenyldmino)-2-oxoacetate 60% of an ivory
solid, 'H-NMR (400MHz, DMSO, TMS) dy 12.00 (1H, s, CON), 10.07 (1H, s, CON),
9.93 (1H, s, COM), 8.35 (1H, d, AH, J = 9.2 Hz), 7.86 (1H, d, AH, J = 8.8 Hz),
7.81-:7.80 (2H, m, AfH), 7.667.65 (2H, m, ArH), 7.49 (2H, d, AH, J = 8.8 Hz), 7.24
(1H, d, ArH, J= 9.2 Hz), 7.19 (1H, tAr-H, J= 7.8 Hz), 7.167.03 (2H, m, AfH), 4.57
(2H, s, O®1>), 4.29 (2H, g, OB,CHs, J = 7 Hz), 3.91 (2H, d, OB,CH, J = 6.4 Hz),
3.83 (2H, d, OGI,CH, J = 6.4 Hz), 2.132.02 (2H, m, 2(CHCH(CHs))), 1.30 (3H, t,
OCH,CH3, J = 7 Hz), 1.020.99 (12H, m,2(CH,CH(CH3),) **C-NMR (100MHz,
DMSO) dc 170.8, 166.7, 165, 160.7, 155.4, 154.3, 151.7, 150.4, 132.8, 130.7, 129.7,
127.9,126.2,124.8,123.8,122.9,121.9, 120.1, 119.2, 114.3, 114, 111.8, 74.8, 74.6, 68.2,

63.1, 55.3, 28.2,28.1,19.4, 14.2
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Ethyl-2-((4-isobutoxy-2-((2-isobutoxy4-((2-(2-(methylamino}2-
oxoethoxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)amirpxoacetate 50% of

an ivory solid,"H-NMR (400MHz,CDCls, TMS) dy 12.21 (1H, s, CON), 8.82 (1H, s,
CONH), 8.65 (2H, t, ArH, J = 8.2 Hz), 8.531H, s, COM), 8.14 (1H, d, ArH, J = 8

Hz), 7.60 (1H, s, CON), 7.48 (1H, d, ArH, J = 8.8 Hz), 7.187.05 (4H, m, ArH), 6.89

(1H, d, ArH, J = 8 Hz), 6.80 (1H, s, AH), 4.65 (2H, s, O8,), 4.42 (2H, q, OEl,CHs,

J=7.6 Hz), 3.97 (2H, d, O&,CH, J = 6 Hz), 3.76 (2H, d, OB.CH, J = 6 Hz), 2.86 (3H,

d, CONHMe, J = 4.8 Hz), 2.21 (1H, app spt, GEH(CHz3),, J = 6.7 Hz), 2.11 (1H, app

spt, CHCH(CHs),, J = 6.7 Hz), 1.43 (3H, t, OC¥Hs, J = 7 Hz), 1.11 (6H, d,
CH(CH3)z, J = 6.8 Hz), 1.04 (6H, d, CH(gs),, J = 68 Hz) *C-NMR (100MHz,
CDCl) dc 168.6, 165.9, 164.9, 160.7, 155.7, 154.2, 148.1, 147.7, 131.3, 130.5, 130.3,
127.4, 125.4, 123.3, 122.7, 122.6, 122.5, 119.1, 119, 118.8, 112.4, 112.2, 110.5, 75.1,

74.8,68.4,63.4,28.2,25.9,19.3,19.1, 14
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Ethyl-2-((2-((4-((2-(2-(dimethylamino}2-oxoethoxy)phenyl)carbamoy2-
isobutoxyphenyl)carbamoy¥-isobutoxyphenyl)aminoR-oxoacetate 54% of an ivory
solid, 'H-NMR (400MHz,CDCl;, TMS) dy 12.27 (1H, s, CON), 10.33 (1H, s, ONH),
8.84 (1H, s, COM), 8.68 (1H, d, ArH, J= 8.8 Hz), 8.65 (1H, d, AH, J = 9.2 Hz), 8.42
(1H, d, ArH, J = 6.8 Hz), 7.87 (1H, d, AH, J= 8.8 Hz), 7.79 (1H, s, AH), 7.19 (1H, s,
CONH), 7.147.00 (4H, m, AfH), 4.86 (2H, s, O6l,), 4.43 (2H, q, OBl,CH3, J= 7.6
Hz), 4.01 (2H, d, OB,CH, J = 6.4 Hz), 3.76 (2H, d, O8,CH, J = 6.4 Hz), 3.02 (3H, s,
CONMe), 2.98 (3H, s, CONIe), 2.20 (1H, app spGH2CH(CHs)2, J= 6.6 Hz), 2.11(1H,
app sptCH,CH(CHs),, J = 6.6 Hz), 1.44 (3H, t, OC¥CH3, J = 7.4 Hz), 1.1 (6H, d,
CH,CH(CH3),, = 6 Hz), 1.04 (6H, d, CKCH(CH3),, J = 6 Hz)**C-NMR (100MHz,
CDCl) dc 168.3, 165.8, 164.6, 160.7, 155.7, 154.3, 149.1, 147.4, 131.4, 130.8, 130.7,
130, 124, 123.5, 123.3, 123, 121.8, 120.5, 119, 118.8, 116.6, 112.3, 110.3873074,
63.4, 35.8, 35.5, 28.3, 28.2, 19.3, 19.1, iz (APCI) Target Mass: 676; found 677 (M

+H)"
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tert-butyl-4-((2-(4-(2-(2-ethoxy-2-oxoacetamidop-isobutoxybenzamide$-
isobutoxybenzamido)phenoxy)methyl)bemte 57% of an ivory solid, ‘H-NMR
(400MHz, CDCl;, TMS)dy 12.22 (1H, s, CON), 8.80 (1H, s, CON), 8.668.55 (3H,

m, Ar-H & CONH), 8.54 (1H, t, ArH, J = 4.8 Hz), 8.03 (2H, d, AH, J = 8 Hz), 7.52

(1H, s, ArH), 7.48 (2H, d, AH, J = 8 Hz), 7.40 (1H, d, AH, J = 8.8 Hz), 7.18 (1H, s,

Ar-H), 7.12 (1H, d, ArH, J = 9.6 Hz), 7.067.03 (2H, m, AfH), 6.966.94 (1H, m, A¢

H), 5.23 (2H, s, O6,), 4.42 (2H, q, OEl,CHs, J = 7.2 Hz), 3.89 (2H, d, O8,CH, J =

6.4 Hz), 3.76 (2H, d, OB,CH, J = 6.4 Hz), 2.212.07 (2H, m, 2(CHCH(CHa)y)), 1.59

(9H, s, OC(®3)3), 1.43 (H, t, OCHCH3, J = 7 Hz), 1.07 (6H, dCH,CH(CH3),, J = 6.4

Hz), 1.04 (6H, d,CH,CH(CH3),, J = 7.2 Hz)**C-NMR (100MHz, CDC}) dc 165.9,

165.1, 164.3, 160.6, 155.7, 154.3, 147.7, 147, 140.7, 132, 131.4, 130.8, 130.3, 129.9, 128,
126.8, 123.8, 123.3, 122.8, 121.8, 120, 119.16, 119.10, 118.8, 112.4, 111.6, 110.1, 81.1,

75,74.8,70.3,63.4,28.27,28.22,28.1,19.3,19.1, 14
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Ethyl-2-((2-((4-((2-(secbutoxy)phenyl)carbamoyip-isobutoxyphenyl)carbamoyii-
isobutoxyphenyl)amino®-oxoacetate 30% of a yellow solid,'H-NMR (400MHz,
CDCl;, TMS)dy 12.26 (1H, s, CON), 8.83 (1H, s, CON), 8.77 (1H, sCONH), 8.69
(1H, d, ArH, J = 8.8 Hz), 8.66 (1H, d, AH, J = 8.8 Hz), 8.55 (1H, d, AH, J = 8 Hz),
7.62 (1H, s, AH), 7.41 (1H, d, AH, J = 8.4 Hz), 7.19 (1H, s, AH), 7.14 (1H, d, AH,

J = 8.4 Hz), 7.086.99 (2H, m, ArH), 6.93 (1H, d, AH, J = 8 Hz), 4.44 (2H, q,
OCH,CHs, J = 7.4 Hz), 3.97 (2H, d, Od,CH, J = 6.4 Hz), 3.77 (2H, d, OE,CH, J =

6.4 Hz), 2.21 (1H, app spt., GBH(CH3),, J = 6.7 Hz), 2.12 (1H, app spt.,
CH,CH(CHa), J = 6.7 Hz), 1.84 (1H, app spt.HTHsCH,, J = 7.1 Hz), 1.76 (1H, app
sxt, (H,CH,CHjs, J= 6.7 Hz), 1.44 (3H, t, OC¥CH3, J= 6.8 Hz), 1.38 (3H, d, OCH45,
J=5.2 Hz), 1.11 (6H, d, C}H(CHs),, J = 6.8 Hz), 1.071.04 (9H, m, CHCH(CH3), &
CH2CH3) *C-NMR (100MHz, CDCH4) dc 165.9, 164, 160.8, 155.7, 154.2, 147.8, 146.4,
1314, 131.1, 130.2, 128.8, 123.6, 123.3, 122.8, 121, 119.5, 119.1, 118.9, 118.6, 112.5,
112.3, 1104, 76.3, 75.1, 74.8, 63.4, 29.3, 28.2, 19.4, 19.3, 19.1, 14/Q.7(APCI)

Target Mass: 647; found 648 (M +H)
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Ethyl-2-((4-isobutoxy2-((2-isobutoxy4-((2-(1-
phenylethoxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)amifbpxoacetate 55%
as a white solidH-NMR (400MHz, CDCl;, TMS) dy 12.01 (1H, s, CON), 9.96 (1H, s,
CONH), 9.51 (1H, s, CON), 8.35 (1H, d, AH, J = 9.2 Hz), 7.87 (1H, d, AH, J = 8.4
Hz), 7.80 (1H, d, AH, J= 7.6 Hz), 7.657.61 (2H, m, ArH), 7.527.48 (3H, m, ArH),
7.33 (2H, t, ArH, J = 7.6 Hz), 7.25 (2H, tAr-H,J= 7.2 Hz), 7.03 (1H, t, AH,J=7.8
Hz), 6.936.90 (2H, m, AfH), 5.53 (1H, g, OEICHs, J = 6.2 Hz), 4.29 (2H, q,
OCH,CHs, J = 6.8 Hz), 3.93 (2H, d, OG,CH, J = 6.4 Hz), 3.84 (2H, d, OG,CH, J =
6.4 Hz), 2.112.02 (2H, m, 2(CHCH(CHs),)), 1.58 (3, d, OCHCH3, J = 6.4 Hz), 1.29
(3H, t, OCHCH3, J = 7 Hz), 1.00 (12H, m, 2(C#H(CHs),) *C-NMR (100MHz,
CDCl) dc 165.9, 164.1, 160.8, 155.7, 154.2, 147.8, 146.5, 142.2, 131.4, 131, 130.3,
128.8, 128.4, 127.9, 125.3, 123.6, 123.3, 122.8, 121.4, 119.5, 119.1, 118.9, 118.6, 113.3,

112.4,110.4,75.1, 74.8, 63.4, 28.29, 28.26, 24.3, 19.3, 19.1, 14

177



O

Et
O\[‘HJ\
H

O

Ethyl-2-((2- ((4—((2§2>b/romobenzyl)oxy)phenyl)carbamoy2r
isobutoxyphenyl)carbamoy¥-isobutoxyphenyl)aminoR-oxoacetate 62% of a white

solid, *H-NMR (400MHz,DMSO, TMS) dy 12.00 (1H, s, CON), 9.91 (1H, s, CON),

9.55 (1H, s, COM), 8.35 (1H, d, ArH, J= 9.2 Hz), 7.83 (1H, d, AH,J = 8 Hz), 7.77

(2H, m, ArH), 7.607.58 (2H, m, ArH), 7.51 (1H, s, AH), 7.38 (1H, t, AtH, J= 7.6

Hz), 7.29 (1H, AfH, J= 7.2 Hz), 7.257.18 (3H, m, ArH), 7.04 (1H, t, ArH, J = 8 Hz),

5.22 (2H, SOCH»), 4.29 (2H, g, OEI,CHs, J = 6.8 Hz), 3.84 (4H, app t., GCH),

2.05 (2H, spt, 2(CKCH(CHa3),), J= 6.4 Hz), 1.29 (3H, t, OC}H3, J = 6.8 Hz), 1.01

(6H, d, CH(®H3)2, J = 6.4 Hz), 0.97 (6H, d, CH(d3)2, J = 6.4 Hz)"*C-NMR (100MHz,

CDCls) dc 165.9, 164.3, 160.7, 155.7, 154.2, 147.7, 147, 135.4, 133, 131.4, 130.8, 130.3,
130, 129.6, 128.2, 127.7, 123.8, 123.3, 123.1, 122.8, 121.8, 120, 119, 118.9, 118.8, 112 .4,

111.8,110.3,75,74.7,70.7,63.4, 28.2,19.3,19.1, 14
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ethyl 2((2-((4-((2-((4-fluorobenzyl)oxy)phenyl)carbamoy-
isobutoxyphenyl)carbamoy-isobutoxyphenyl)aminoR-oxoacetate 74% of a white
solid, *H-NMR (400MHz,DMSO, TMS) dy 12.22 (1H, s, CON), 8.80 (1H, s, CON),
8.65 (1H, d, ArH, J=9.6 Hz), 8.618.59 (2H, m, ArH & CONH), 8.55 (1H, d, ArH, J
= 6.8 Hz), 7.53 (1H, s, AH), 7.42 (2H, m, AiH), 7.31 (1H, d, AH, J= 8.8 Hz), 7.18
(1H, s, AFH), 7.146.99 (6H, m, ArH), 5.13 (2H, s, OB5), 4.44 (2H, q, OB,CHs, J =
7.2 Hz), 3.90 (2H, JOCH,CH, J = 6 Hz), 3.75 (2H, d, OB,CH,J = 6 Hz), 2.212.08
(2H, m, 2(CHCH(CHa),)), 1.44 (3H, t, OCHCH3, J= 7 Hz), 1.09 (6H, dCH,CH(CH3),,
J =6 Hz), 1.04 (6H, dCH,CH(CH3),, J = 6 Hz)**C-NMR (100MHz, CDC}) dc 165.9,
164.2, 163.9, 161.4, 160.7, 155.7, 154.3, 147.7, 147.2, 132, 131.4, 130.8, 130.3, 129.5,
129.4,128.1, 123.8,123.3,122.7,121.8, 119.9, 119, 118.89, 118.82, 115.9, 115.7, 114.1,
112.4,111.7,110.2, 75, 74.8, 70.4, 63.4, 28.27, 28.24, 198,189m/z(APCI) Target

Mass: 699; found 700 (M +H)
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ethyl 2-((4-isobutoxy2-((2-isobutoxy4-((2-(thiazol5-
ylmethoxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir®pxoacetate 83% of

a yellow solid,*H-NMR (400MHz,DMSO, TMS) dy 12.24 (1H, s, CON), 8.94 (1H, s,
CONH), 8.81 (1H, s, CON), 8.668.61 (2H, m, ArH), 8.568.53 (2H, m, AtH), 7.96

(1H, s, AFH), 7.55 (1H, s, AH), 7.34 (2H, d, AfH, J = 7.6 Hz), 7.18 (1H, s, AH),

7.17-7.01 (4H, s, AH), 5.40 (2H, s, O8,), 4.4 (2H, q, OG1,CHs, J = 7.2 Hz), 3.93

(2H, d, OH,CH, J = 6.4 Hz), 3.76 (2H, d, O&,CH, J = 6.4 Hz), 2.21 (1H, app spt,
CH,CH(CHs),, J = 6.9 Hz), 2.10 (1H, app spt, GEH(CHs)2, J = 6.8 Hz), 1.44 (3H, t,
OCH,CH3, J = 7 HZ), 1.10 (6H, d, CKCH(CH3),, J = 7.2HZ), 1.05 (6H, d,

CH,CH(CH3),, J = 7.2 Hz)**C-NMR (100MHz,CDCls) dc 165.9, 164.2, 160.8, 155.7,
154.6, 154.2, 147.7, 146.5, 142.6, 131.4, 130.6, 130.3, 128.1, 123.8, 123.3, 122.7, 122.3,
120.1,118.98, 118.91, 118.7,112.4,111.5,110.4, 75, 74.7, 63.4, 63.3, 28.2, 19.3, 19.1,

14; m/z(APCI) Target Mass: 688; found 6881 +H)"
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ethyl 2-((4-isobutoxy2-((2-isobutoxy4-((2-((4-
methylbenzyl)oxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)ami@ejxoacetate

82% of a white solid*H-NMR (400MHz,DMSO, TMS) dy 12.22 (1H, s, CON), 8.80

(1H, s, CONH), 8.668.64 (2H, m, ArH), 8.648.54 (2H, m, AtH), 7.53 (1H, s, CON),
7.347.28 (3H, m, ArH), 7.23 (2H, d, ArH, J = 8 Hz), 7.17 (1H, s, AH), 7.12 (1H, d,
Ar-H,J= 8.8 Hz), 7.077.02 (3H, m, AfH), 5.12 (2H, s, O6l,), 4.43 (2H, g, OB ,CHs,
J=7.2 Hz), 3.90 (2H, d, OG,CH, J = 6.4 Hz),3.75 (2H, d, OE1,CH, J = 6.4 Hz), 2.40

(3H, s, AFCH3), 2.352.07 (2H, m, 2(CHCH(CHs),)), 1.44 (3H, t, OCHCH3, J = 7 Hz),

1.09 (6H, dCH,CH(CH3), J = 6.4 Hz), 1.05 (6H, dCH.CH(CH3),, J = 6.4 Hz)*C-

NMR (100MHz,CDCls) dc 165.9, 164.2, 160.7, 155.7, 154.3, 147.7, 147.4, 138.3, 133.3,
131.4,130.8, 130.2, 129.5, 128.2, 127.6, 123.8, 123.3, 122.8, 121.6, 119.7, 119, 118.9,
118.8,112.4,111.8,110.2,75,74.8, 71.1, 63.4, 28.27, 28.24, 21.2, 19.3, 1&niz 14

(APCI) Target Mass: 695; found 696 (M +H)
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ethyl 2-((4-isobutoxy2-((2-isobutoxy4-((2-((3-
methylbenzyl)oxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)ami@e)xoacetate

79% of awhite solid,"H-NMR (400MHz,CDCI3, TMS) di; 12.21 (1H, s, CON), 8.80

(1H, s, COM), 8.69 (1H, s, AH), 8.65 (1H, d, AtH, J = 9.6 Hz), 8.59 (1H, d, AH, J

= 8.4 Hz), 8.54 (1H, d, AH, J= 6.4 HZ), 7.55 (1H, s, COM), 7.347.30 (2H, m, ArH),
7.267.23 (2H, m, ArH), 7.207.17 (2H, m, AtH), 7.12 (1H, d, ArH, J = 8.8 HZ), 7.07

7.00 (3H, m, ArH), 5.12 (2H, s, GH,), 4.44 (2H, g, OB,CHs, J = 7.2 Hz), 3.89 (2H,

d, OCH,CH, J = 6.4 Hz), 3.75 (2H, d, O8,CH, J = 6.4 HZ), 2.39 (3H, s, ACH3), 2.2

2.07 (2H, m, 2(CHCH(CHa)y)), 1.44 (3H, t, OCHCH3, J= 7 Hz), 1.09 (6H, d,
CH,CH(CH3), = 6.4 Hz), 1.04 (6H, d, C}CH(CH3),, J = 6.4 Hz)) °C-NMR
(100MHz,CDCl3) d: 165.9, 164.2, 160.6, 155.7, 154.3, 147.7, 147.4, 138.5, 136.3, 131 .4,
130.8, 130.2, 129.2,128.7, 128.2, 124.4, 123.8, 123.3, 122.8, 121.6, 119.7, 119, 118.8,
112.4,111.8,110.3,75,74.8,71.2,63.4, 28.27, 28.24, 21.4, 19.3, 19rh/AAPCI)

Target Mass: 695; found 696 (M +H)
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ethyl 2-((4-isobutoxy2-((2-isobutoxy4-((2-(oxazolt5-

2

ylmethoxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir@pxoacetate 71% of a
white solid,"H-NMR (400MHz,DMSO, TMS) dy 12.00 (1H, s, CON), 9.92 (1H, s,
CONH), 9.49 (1H, s, CON), 8.398.34 (2H, m, AtH), 7.83 (1H, d, AiH, J = 8.4 Hz),

7.73 (1H, d, AtH, J = 8.4 Hz), 7.597.56 (2H, m, AfH), 7.50 (1H, s, AH), 7.32 (1H, d,
Ar-H,J=9.2 Hz), 7.29 (1H, s, AH), 7.257.20 (2H, m, AfH), 7.04 (1H, t, ArH,J =

7.4 Hz), 5.27 (2H, s, Oid,) 4.29 (2H, g, O€,CHs, J = 6.2 Hz), 3.87 (2H, d, O,CH,

J =6 Hz), 3.83 (2H, d, OB,CH, J = 6 Hz), 2.082.03 (2H, m, 2(OCKCH(CHs),)), 1.30

(3H, t, OCHCH3, J = 6.4 Hz), 1.00 (12H, app 2(OCHCH(CH3),)), J = 6.6 Hz),*°C-

NMR (100MHz,CDCls) dc 165.9, 164.3, 160.7, 155.7, 154.2, 147.7, 146.5, 131.4, 130.7,
130.3, 128.5, 126.6, 123.8, 123.3, 122.7, 122.5, 120.2, 119, 118.9, 118.7, 112.3, 112.2,

110.4,75,74.8,63.4,61.1, 28.2,19.3,19.1, 14
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2-((2-((4-((2-hydroxyphenyl)carbamoytp-isobutoxyphenyl)carbamoy}-
isobutoxyphenyl)amino®-oxoacetic acid 95% of an ivorysolid, *H-NMR (400MHz,
DMSO, TMS)dy11.9 (1H, s, COM), 9.90 (1H, s, CON), 9.71 (1H, s, AIOH), 9.59

(1H, s, COM), 8.38 (1H, d, AsH, J= 9.2 Hz), 7.83 (1H, d, AH, Ji 8.4 Hz), 7.67 (2H,

s, Ar-H), 7.62 (1H, t, AH, J= 7.4 Hz), 7.5 (1H, s, AH), 7.23 (1H, d, AfH,J=9.2

Hz), 7.05 (1H, t, ArH, J= 7.6 Hz), 6.93 (1H, d, AH, J= 8.4 Hz), 6.84 (1H, t, AH, J =

7.4 Hz), 3.91 (2H, HC-CH>, J = 6 Hz), 3.83 (2H, dHC-CH,, J = 6.8 Hz), 2.05 (2H, m,
HC-(CHa), J = 6.6 Hz), 1.00 (12H, app#C-(CH3),, J = 6.4 Hz) *C-NMR (100MHz,
DMSO)dc166.7, 165.1, 162, 155.9, 155.2, 151.7, 150.1, 132.7, 130.9, 129.6, 126.3,
126.1, 125.1, 124.9, 123.7, 122.7, 120.1, 119.4, 119.2, 116.5, 114.2, 111.8, 74.9, 74.6,

28.2,28.1,19.4
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2-((2-((4-((2-(tert-butoxy)phenyl)@arbamoyl}2-isobutoxyphenyl)carbamoy}-
isobutoxyphenyl)aminoR-oxoacetic acid 47% of a colorless sersolid, *H-

NMR (400MHz, DMSO, TMS)dy 11.79 (1H, s, CBIH), 9.79 (1H, s, CgH), 9.43 (1H,

s, CONH), 8.52 (1H, d, ArH, J = 8.8 Hz), 7.967.91 (2H, m, A-H), 7.677.63 (2H, m,

Ar-H), 7.43 (1H, s, AH), 7.187.1 (4H, m, ArH), 3.93 (2H, d, @H,, J = 6 Hz), 3.81

(2H, d, GCHy, J = 6.4 Hz), 2.12.03 (2H, mCH), 1.34 (9H, s, @Bu), 1.0:0.99 (12H, m,

(CH3)s) *C-NMR (100MHz,DMSO)dc 166.5, 164.8, 164.2, P68, 154.7, 151.2, 147.5,
132.4,132.2,131.4, 130, 125.2,124.3, 124.2, 124, 123.2, 122.7, 122.2, 119.9, 119, 114.2,
111.4,80.3,79.6, 74.9, 74.5,55.3, 49, 31.1, 29, 28.2, 19.5,m&&SI) Target Mass:

619; found 642 (M +N&)
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2-((2-((4-((2-(benzyloxy)phenyl)carbamoyB-isobutoxyphenyl)carbamoy-
isobutoxyphenyl)amino®-oxoacetic acid 92% white solidH-NMR (400MHz, DMSO,
TMS) dy 11.8 (1H, s, CBIH), 9.79 (1H, s, CeH), 9.55 (1H, s, ANH), 8.52 (1H, d,
Ar-H,J=9.6 Hz), 7.91 (1H, d, AH, J= 8 HZ), 7.74 (1H, d, AH, J = 7.6 Hz), 7.6 (2H,

app. d, ArH,J=8.4 Hz), 7.52 (2H, app. d, Ai,J=6.8 Hz), 7.43 (1H, s, AH), 7.3&

7.3 (3H, m, ArH), 7.19 (3H, app. s, AH), 7-6.99 (1H, m, ArH), 6.19 (2H, sCH>),

3.87 (2H, dCHy, J= 5.6 Hz), 3.81 (2H, dCH,, J = 6.4 Hz), 2.082.04 (2H, m, CH),),

1.00 (12H, d,CH3)4 J = 6.4 Hz)**C-NMR (100MHz,DMSO) dc 166.5, 164.8, 162,8

154.8, 151.4,151.2,137.5,132.5,131.3, 129.8, 128.7, 128.2, 127.7, 127.6, 126.3, 125 .4,

124.2,124,122.2,121, 120.1, 119, 114, 113.5, 111.5,74.6, 74.5, 70.1, 28.2,19.5, 19.4
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2-((2-((4-((2-ethoxyphenyl)carbamgl)-2-isobutoxyphenyl)carbamoyi¥-
isobutoxyphenyl)aminoR-oxoacetic acid 98% of an offwhite solid,"H-NMR

(400MHz, DMSO, TMS)Y4 11.94 (1H, s, COH), 9.92 (1H, s, CBIH), 9.40 (1H, s,
CONH), 8.38 (1H, d, ArH, J = 9.6 Hz), 7.82 (2H, app. t, A, J= 9.4 Hz), 7.637.58

(2H, m, ArH), 7.50 (1H, s, AH), 7.23 (1H, d, AH, J=8 Hz), 7.16 (1H, t, AH, J =

7.4 Hz), 7.09 (1H, d, AH,J= 8 HZ), 6.79 (1H, t, AH, J= 7.4 HZ), 4.10 (2H, q,

CH,CHs, J = 7.2 Hz), 3.91 (2H, dCH», J = 6.4 Hz), 3.82 (2H, dCH,, J = 6.4 Hz), 2.06

(2H, m,CH), 1.37 (3H, t, CHCH,, J= 6.6 Hz), 0.99 (12H, app. {CH3)4, J = 7 Hz) *°C-

NMR (100MHz, DMSO)d¢: 166.7, 164.7, 162, 155.8, 155.3, 151.7, 151, 133, 130.9,
129.6,127.4, 126, 125.1, 124.4, 123.7, 122.7, 120.6, 119.9, 119.2, 114.3, 112.8, 111.6,

74.8,74.6, 64.3, 28.2, 28.1, 19.4, 15
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2-((4-isobutoxy2-((2-isobutoxy4-((2-
isopropoxyphenyl)carbamoyl)phenyl)carbamoyl)phenyl)amirpxoacetic acid 98%
of a pale yellow solid*H-NMR (400MHz, DMSO, TMSYy 11.94 (1H, s, COH), 9.93
(1H, s, CONH), 9.31 (1H, s, CBIH), 8.38 (1H, d, ArH, J= 8.8Hz) , 7.897.83 (2H, app.
dd, Ar-H), 7.63:7.57 (2H, m, AfH), 7.50 (1H, s, AiH), 7.23 (1H, d, ArH-, J = 8 Hz),
7.147.12 (2H, m, AfH), 6.97 (1H, t, ArH, J = 6.6 Hz), 4.63 (1H, spt., CH-(CHs),)
3.91 (2H, d, GCH,-CH, J = 6.4 Hz), 3.82 (2H, d, @H,-CH, J = 6.4 Hz), 2.06 (2H, m,
CH,-CH-(CHj3)y), 1.31 (6H, d, CHCH3)2, J = 6.4 Hz), 0.99 (12H, app. t., 2(Ci€H3),),
J =7 Hz)®C-NMR (100MHz, DMSO)dc 166.7, 164.6, 162, 155.8, 155.2, 151.8, 149.6,
133, 130.9, 129.6, 128.5, 125.8, 125.2, 124, 123.7, 122.7, 120.8, 119.8, 119.2, 114.7,

114.3,111.6, 74.8,74.6, 71.3, 28.2, 28.1, 22.3,19.4
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2-((4-isobutoxy-2-((2-isobutoxy-4-((2-
isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir@®jpxoacetic acid 98%
of a white solid*H-NMR (400MHz, DMSO, TMS)y 11.92(1H, s, CONH), 9.90(1H, s,
CONH), 9.40(1H, s, CONH), 8.38 (1H, d, AsH, J = 9.6 Hz), 7.847.78 (2H, m, ArH),
7.627.58 (2H, m, AfH), 7.49 (1H, s, AiH), 7.247.15 (2H, m, AfH), 7.08 (1H, d, AH,
J=7.6 Hz), 6.97 (1H, t, AH, J= 7.6 Hz), 3.89 (2H, d, @H,-CH, J = 6 Hz), 3.82 (4H,
app. s., @CH,-CH), 2.06 (3H, mCH,-CH-(CHs),), 0.99 (18H, app. t., 3(ClCH3),))
BCc-NMR (100MHz, DMSO)d: 166.2, 164.1, 161.5, 154.6, 151.1, 150.8, 132.5, 130.4,

129.1, 126.8, 125.6, 124.5, 124, 123.1, 122.1, 120.1, 119.4, 118.6, 113.7, 112.2, 110.9,

74.3,74.1,74,27.7,27.69, 27.64, 19, 18.9
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2-((2-((4-((2-(secbutoxy)phenyl)carbamoyR-isobutoxyphenyl)carbamoyi-
isobutoxyphenyl)aminoR-oxoacetic acid 79% of a yellow solid'H-NMR (400MHz,
DMSO, TMS)dy 11.94 (1H, s, CON), 9.92 (1H, s, CON), 9.31 (1H, s, CON), 8.38

(1H, d, ArH, J = 8.8 Hz), 7.88 (1H, d, AH, J = 7.6 Hz), 7.83 (1H, d, AH, J = 8 Hz),
7.607.56 (2H, m, ArH), 7.50 (1H, s, AiH), 7.23 (1H, d, AH, J = 8.8 Hz), 7.177.09

(2H, m, ArH), 6.96 (1H, t, AfH, J = 7.4 HZ), 4.43 (1H, sxt, O&(CHs)CH, J = 5.6 Hz),

3.90 (2H, d, O®I,CH, J = 6.8 HZ2),3.83 (2H, d, OEI,CH, J = 6.8 Hz), 2.08.02 (2H, m,
2(CH,CH(CHs),)), 1.731.62 (2H, m, CHEI.CH3), 1.26 (3H, d, CHEl3, J = 6 Hz),
1.01-0.98 (12H, m,2(CH,CH(CH3),)), 0.94 (3H, t, CHCH3, J = 7.4 Hz) ®C-NMR
(100MHz, DMSO)dc: 166.2, 164, 161.5, 155.2, 154.7, 151.2, 149.3, 132.5, 130.4, 129.1,
127.9, 125.3,124.7, 123.5, 123.1, 122.2, 120.2, 119.3, 118.7, 114, 113.8, 111, 75.4, 74.3,

74,28.5,27.6,18.9,18.8
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2-((2-((4-((2-(carboxymehoxy)phenyl)carbamoytp-isobutoxyphenyl)carbamoy}-
isobutoxyphenyl)amino®-oxoacetic acid 98% of a white solid!H-NMR (400MHz,
DMSO, TMS)dy 13.24 (1H, s, CeH), 11.9 (1H, s, CBIH), 9.92 (1H, s, CBIH), 9.69
(1H, s, CONH), 8.38 (1H, d, AH, J = 9.6Hz), 7.99 (1H, d, AH, J = 8 Hz), 7.85 (1H, d,

Ar-H, J = 8.4 Hz), 7.657.63 (2H, m, AfH), 7.50 (1H, app. d., AH), 7.23 (1H, app. dd,
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Ar-H, J = 9.6 Hz), 7.177.05 (3H, m, AfH), 4.79 (2H, s, @CH,), 3.92 (2H, d, GCH,-
CH, J = 6.8 Hz), 3.83 (2H, d, @H,-CH, J = 6.8 Hz), 2.02.02 (2H, m, CkCH-
(CHs)z)), 1.010.98 (12H, app. t., 2(CKCH3)2)) *C-NMR (100MHz, DMSO)dc 171.4,
166.7, 164.5, 162, 155.9, 155.2, 151.8, 149.8, 132.8, 130.9, 129.8, 128.6, 125.5, 125,
123.7, 123.2, 122.7, 122.2, 119.8, 119.2, 115, 114.3, 111.6, 74.8, 74.6, 67.3, 28.2, 28.1,
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2-((2-((4-((2-(2-(tert-butoxy)-2-oxoethoxy)phenyl)carbamoy2-
isobutoxyphenyl)carbamoy¥-isobutoxyphenyl)aminoR-oxoacetic acid 92% of a
white ivory solid,*H-NMR (400MHz, DMSO, TMS)l;11.88 (1H, s, CON), 9.88 (1H,
s, CONH), 9.53 (1H, s, CON), 8.39 (1H, d, A\H,J =), 7.95 (H, d, ArH, J= 7.6 Hz),
7.87 (1H, d, AH, J = 7.2 Hz), 7.63 (2H, app. d, A, J = 8.4 Hz), 7.48 (1H, s, AH),
7.22 (1H, d, AfH, J =), 7.13 (1H, d, AH, J = 7.2 Hz), 7.087.04 (2H, m, AfH), 4.75
(2H, s, GH>), 3.94 (2H, dO-CH»-CH, J = 4.6 Hz), 3.2 (2H, d,0CH,CH, J = 4.6 Hz),
2.07 (2H, br. mCH,CH(CHs),), 1.43 (9H, s, OC(B3)s, 1.00 (12H, d2(CH(CH3),), J =
4.4 Hz)®C-NMR (100MHz, DMSO)dc 168.7, 166.7, 164.5, 155.1, 151.6, 149.8, 132.7,
131.1, 129.9, 128.3, 125.6, 124.8, 123.7, 123.5, 122.6, 122, 120, 119.2, 114.4, 114.2,

111.4,82.1,74.8,74.6,67.2,28.2,28.1,19.4
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2-((2-((4-((2-(2-amino-2-oxoethoy)phenyl)carbamoyh2-isobutoxyphenyl)carbamo)
4-isobutoxyphenyl)aminoR-oxoacetic acid 33% of an ivory solid!H-NMR (400MHz,
DMSO, TMS)dy 11.55 (1H,s, CON), 10.07 (1H, s, CON), 9.67 (1H, s, CON), 8.48
(1H, d, ArH, J = 9.2 Hz), 8.00 (1H, d, AH, J = 8.8 Hz), 7.81 (2H, m, AH), 7.66 (2H,
m, Ar-H), 7.50 (1H, s, AH), 7.34 (1H, s, AH), 7.16 (2H, t, ArH, J = 9.4 Hz), 7.09
7.02 (2H, m, ArH), 4.56 (2H, s, OB), 3.92 (2H, d, OE,CH, J = 6 Hz), 3.79 (2H, d,
OCH,CH, J = 6.8 Hz), 2.182.01 (2H, mm,2(CH,CH(CHs),), 1.030.99 (12H, m,
2(CH,CH(CH3),)) *C-NMR (100MHz, DMSO)dc 173.7, 169.5, 167.9, 167, 165.7,
156.9, 153.7, 153.2, 135.6, 134.9, 133.1, 130.9, 129, 127.6, 126.6, 126.4, 124.8, 123,

122.8,121.8,116.9,116.7, 116.6, 114.5, 77.8,77.4,71.1,31.1, 22.4,22.3
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2-((4-isobutoxy2-((2-isobutoxy4-((2-((4-
methylbenzyl)oxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)ami@e)xoacetic

acid: 98% of an ivory solid*H-NMR (400MHz, DMSO, TMSY, 11.94 (1H, s, CON),
9.90 (1H, s, COM), 9.51 (1H, s, CON), 8.39 (1H, d, AiH, J = 8.8 Hz), 782 (1H, d,
Ar-H,J=7.6 Hz), 7.75 (1H, d, AH, J= 8 Hz), 7.667.57 (2H, m, AfH), 7.50 (1H, s,
Ar-H), 7.40 (2H, d, AiH, J = 8 Hz), 7.23 (1H, d, AH,J = 8.4 HZ), 7.177.15 (4H, m,
Ar-H), 7.026.97 (1H, m, AfrH), 5.14 (2H, s, OH>), 3.84 (4H, app t.2(OCH,CH),J =

6.8 Hz), 2.28 (3H, s, AC€H3), 2.05 (2H, spt., 2(CKCH(CHs),), J = 6.5 Hz), 1.00 (6H, d,
CH,CH(CH3),, J = 6.8 Hz), 0.97 (6H, d, C¥H(CH53),, J = 6.4 Hz)**C-NMR (100MHz,
DMSO)dc 166.2, 164.2, 161.5, 155.4, 154.7, 151.2, 150.7, 136.8, 133.9, 132.4, 130.4,
129.1, 128.8, 127.2,127, 125.7, 124.6, 124 .4, 123.1, 122.1, 120.4, 119.5, 118.7, 113.7,

112.9, 111, 74.2, 74, 69.6, 27.69, 27.64, 20.6, 18.9
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2-((4-isobutoxy2-((2-isobutoxy4-((2-((3-
methylbenzyl)oxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)ami@e)xoacetic

acid: 88% of an ivory solid*H-NMR (400MHz, DMSO, TMSYl;11.94 (1H, s, CON),

9.90 (1H, s, COM), 9.56 (1H, s, CON), 8.39 (1H, d, AiH, J = 8.8 Hz), 7.82 (1H, d,
Ar-H,J=7.6 Hz), 7.72 (1H, d, AH, J = 7.6 Hz), 7.637.60 (2H, m, ArH), 7.49 (1H, s,

Ar-H), 7.307.16 (6H, m, ArH), 7.10 (1H, d, AH, J = 7.6 Hz), 7.00 (1H, t, AH, J =

8.2 Hz), 5.14 (2H, s, O&,), 3.84 (4H, app t., 2(0H,CH), J = 6.4 Hz), 2.29 (3H, s, Ar
CH3),2.07%-2.02 (2H, m, 2(CHCH(CHs),)) 1.00 (6H, d, CHCH(CH3),, J = 6.8 Hz), 0.97

(6H, d, CHCH(CH3),, J = 6.4 Hz)**C-NMR (100MHz, DMSO)dc 166.7, 164.8, 162,
155.9, 155.2, 151.7, 151.5, 137.9, 132.9, 130.9, 129.6, 128.7, 128.6, 128.2, 127.6, 126.4,
125.4,124.9, 124.7, 123.7, 122.7, 121, 120, 119.2, 114.3, 113.5, 111.6, 74.8, 74.6, 70.2,

28.2,28.1,21.4,19.4
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2-((4-isobutoxy2-((2-isobutoxy4-((2-((2-
methylbenzyl)oxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)ami@e)xoacetic

acid: 98% of an ivory solid'H-NMR (400MHz, DMSO, TMS) 11.94 (1H, s, CON),

9.89 (1H, s, COM), 9.54 (1H, s, CON), 8.38 (1H d, Ar-H, J = 8.8 Hz), 7.80 (1H, d,
Ar-H,J=8 Hz), 7.71 (1H, d, AH, J= 7.6 Hz), 7.587.55 (2H, m, AfH), 7.507.49 (2H,

m, Ar-H), 7.267.15 (6H, m, ArH), 7.01 (1H, t, AfH, J = 7.4 Hz), 5.17 (2H, s, Of),

3.83 (4H, d, 2(OE,CH), J = 6 Hz), 2.32 (3H s, ArCH3), 2.052.03 (2H, m,
2(CH,CH(CHs),)), 1.00 (6H, d, CHCH(CH3),, J = 6.8 HZ), 0.97 (6H, d, CYCH(CH3)o,

J=6.4 Hz)"*C-NMR (100MHz, DMSO)dc 166.7, 164.9, 162, 155.2, 151.6, 136.6, 135.3,
132.9, 131, 130.4, 129.6, 128.4, 128.3, 127.5, 126.5, 126, 125.7, 124.9, 123.6, 122.6, 121,

120, 119.2,114.2, 113.6, 111.5, 74.7, 74.6, 68.8, 28.2, 28.1, 19.4, 18.8
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2-((2-((4-((2-((4-fluorobenzyl)oxy)phenyl)carbamoy2-isobutoxyphenyl)carbamoys-
isobutoxyphenyl)amino®-oxoacetic acid 98% of a white solid!H-NMR (400MHz,
DMSO, TMS)dy11.93 (1H, s, CON), 9.89 (1H, s, CON), 9.54 (1H, s, CON), 8.39
(1H, d, ArH,J=9.2 Hz), 7.82 (1H, s, AH,J = 8.8 Hz), 7.73 (1H, d, AH,J = 7.6 Hz),
7.597.56 (4H, m, ArH), 7.49 (1H, s, AiH), 7.247.16 (5H, m, ArH), 7.00 (1H, t, ArH,
J=8.4 Hz),5.17 (2H, s, O4,), 3.83 (4H, app. t, 2(0&,CH), J = 6 Hz), 2.05 (2H, spt.,
2(CH2CH(CHa)2)), J = 6.6 Hz), 1.00 (6H, d, CKCH(CH3),, J = 6.4 Hz), 0.97 (6H, d,
CH,CH(CH3),, J = 6.8 Hz)**C-NMR (100MHz, DMSO)dc 166.1, 164.3, 162.7, 161.5,
160.3, 155.7, 154.6, 151.1, 150.7, 133.1, 132.4, 130.4, 129.5, 129.4, 129.1, 127, 125.8,

124.8, 124.4, 123.1, 122.1, 120.5, 119.5, 118.6, 115.1, 114.9, 113.7, 112.9, 111, 74.2, 74,

68.9, 27.68, 27.64, 18.9
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2-((4-isobutoxy2-((2-isobutoxy4-((2-
methoxyphenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir®pxoacetic acid 50% of

a white solid *H-NMR (400MHz, DMSO, TMS)Yy 11.92 (1H, s, CON), 9.89 (1H, s,
CONH), 9.49 (1H, s, CON), 8.39 (1H, d, AsH), 7.83 (1H, d, AH), 7.69 (1H, d, AH,
J=8Hz), 7.65 (1H, s, AH), 7.61 (1H, d, ArH, J = 8.4 Hz), 7.49 (1H, s, AH), 7.24

7.18 (2H, m, AfH), 7.10 (1H, d, ArH, J = 7.6 HZ), 6.98 (1H, t, AH, J= 7.6 Hz), 3.91

(2H, d, OGH,CH, J = 6.4 Hz), 3.83.82 (5H, m, O3 & OCH,CH), 2.05 (2H, spt.,
2(CH,CH(CHs),), J = 6.8 Hz), 1.00 (12H, app. t., 2(GEBH(CH3),, J = 6.4 Hz)**C-

NMR (100MHz, DMSO)dc 166.1, 164.3, 161.5, 155.7, 154.6, 151.7, 151.1, 132.3, 130.4,
129.1, 126.5, 125.8, 124.8, 124.3, 123.1, 122.1, 120, 119.5, 118.6, 113.7, 111.3, 74.3, 74,

55.5,54.8, 30.5, 27.7, 27.6, 18.9
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2-((4-isobutoxy2-((2-isobutoxy-4-((2-((2-
nitrobenzyl)oxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir@®pxoacetic acid
88% of a pale yellow solidH-NMR (400MHz, DMSO, TMS)11.96 (1H, s, CON),

9.91 (1H, s, COM), 9.64 (1H, s, CON), 8.38 (1H, d, ArH, J = 9.2 Hz), 8.131H, d,
Ar-H,J = 8 Hz), 7.92 (1H, d, AH, J = 7.6 Hz), 7.82 (1H, d, AH, J= 7.6 Hz), 7.74

7.70 (2H, m, ArH), 7.627.58 (3H, m, ArH), 7.50 (1H, s, AH), 7.247.15 (3H, m, Af

H), 7.03 (1H, t, ArH, J = 7.4 Hz), 5.56 (2H, s, Of,), 3.87 (2H, d, OEI,.CH,J = 6.4

Hz), 3.83 (2H, d, OB,CH, J = 6.4 HZ), 2.05 (2H, br. m, 2(G&&H(CHs),), J = 6 Hz),

1.00 (6H, d, CHCH(CH3)z, J = 6.4 Hz), 0.97 (6H, d, C¥CH(CH3),, J = 7.2 Hz)*C-
NMR (100MHz, DMSO)dc 166.7, 165.8, 164.9, 162, 155.7, 155.3, 153.4, 151.7, 151.1,
147.5, 134.3, 133.2, 132.9, 130.9, 129.6, 129.4, 129.3, 127.6, 126.6, 125.9, 125.2, 125,

123.6,122.7,121.5,120.2, 119.2, 114.3, 113.7, 111.7, 74.8, 74.6, 67.4, 28.2, 28.1, 19.4
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2-((4-isobutoxy2-((2-isobutoxy4-((2-(thiazol5-
ylmethoxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir®pxoacetic acid 98%

of a pale yellow solid*H-NMR (400MHz, DMSO, TMS);;11.91 (1H, s, CON), 9.86

(1H, s, CONH), 948 (1H, s, COM), 9.06 (1H, s, AH), 8.35 (1H, d, AH, J = 9.2 HZ),

7.98 (1H, s, AiH), 7.78 (1H, d, AH, J = 8.4 Hz), 7.69 (1H, d, AH, J = 8 Hz), 7.56

7.54 (2H, m, ArH), 7.46 (1H, s, AH), 7.257.16 (3H, m, ArH), 7.00 (1H, t, ArH, J =

7.6 Hz), 542 (2H, s, OGl,), 3.83 (2H, d, OB,CH, J = 6.8 Hz), 3.79 (2H, d, O&,CH,

J=6.8 Hz), 2.01 (2H, spt, 2(GBH(CHs),), J = 6.4 Hz), 0.97 (6H, d, CHCH(CH3),, J =

7.2 Hz), 0.95 (6H, d, CHCH(CH3),, J = 6.4 Hz)*C-NMR (100MHz, DMSO)dc 166.7,

164.8, 162, 155.7, 155.2, 151.6, 150.8, 142.9, 132.9, 131, 129.6, 127.8, 126.3, 125.4,
124.9, 123.7, 122.7, 121.6, 120.1, 119.2, 114.2, 114, 111.6, 74.8, 74.6, 63.3, 28.2, 28.1,

19.4
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2-((4-isobutoxy2-((2-isobutoxy-4-((2-(oxazol5-
ylmethoxy)phenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir®pxoacetic acid 98%

of a pale yellow solidH-NMR (400MHz, DMSO, TMS)Y;11.89 (1H, s, CON), 9.86

(1H, s, COM), 9.45 (1H, s, CON), 8.36 (2H, s, AH), 7.78 (1H, d, ArH, J = 8 Hz),

7.69 (1H, d, ArH, J= 7.6 Hz), 7.557.52 (2H, m, ArH), 7.45 (1H, s, AiH), 7.29 (1H, s,

Ar-H), 7.26 (1H, d, AH, J = 8 Hz), 7.207.16 (2H, m, AfH), 7.00 (1H, t, ArtH,J =8

Hz), 5.23 (2H, s, 08,), 3.83 (2H, d, OB,CH, J = 6.4 Hz), 3.79 (2Hd, OCH,CH, J =

6.8 Hz), 2.03 (2H, m, 2(C¥H(CHas),), J = 6.2 Hz), 0.96 (12H, app. t.,
2(CH,CH(CH3),)) *C-NMR (100MHz, DMSO)c 166.7, 164.9, 162156.1, 1552,

153.1, 151.7, 150.8, 147.9, 132.9, 131, 1129.6, 127.9, 126.6, 126.3, 125.5, 124.9, 123.6,

122.6,121.7,120,119.214.2, 111.6, 74.8, 74.6, 60.9, 28.2, 28.1, 19.4
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2-((2-((4-((2-([1,1"-biphenyl}2-yImethoxy)phenyl)carbamo2-
isobutoxyphenyl)carbamoy¥-isobutoxyphenyl)amino)2-oxoacetic acid 96% of an
ivory solid, '"H-NMR (400MHz, DMSO, TMS), 11.91 (1H, s, CON), 9.86 (1H, s,
CONH), 9.41 (1H, s, CON), 8.35 (1H, d, ArH, J = 96 Hz), 7.77 (1H, d, AH, J= 8
Hz), 7.697.67 (2H, m, ArH), 7.547.50 (2H, m, ArH), 7.45 (1H, s, AH),7.407.31
(7H, m, ArH), 7.27 (1H, d, AH, J= 8.8 Hz), 7.19 (1H, d, AH, J = 9.6 Hz), 7.09 (1H,
t, Ar-H, J = 7 Hz), 6.966.90 (2H, m, AfH) 5.02 (H, s, OCH,), 3.78 (4H, app t.,
2(0CH,CH), J = 6.2 Hz), 2.01 (2H, spt, 2(GBH(CHs),)), J = 6.4 Hz), 0.96 (6H, d,
CH,CH(CH3),, J = 6.8 Hz), 0.92 (6H, d, C}CH(CH3),, J = 6.8 Hz)**C-NMR (100MHz,
DMSO)d: 166.7, 164.9, 162, 155.2, 151.7, 151.3, 141.6, 140.3, 134.2, 134.1, 133, 130.9,

130.2, 129.6, 129.3, 128.7, 128.6, 127.9, 127.8, 127.5, 126.4, 125.4, 125, 123.6, 122.7,

121.1,120.1,119.2, 114.3, 113.3, 111.6, 74.8, 74.6, 68.7, 28.1, 19.4
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2-((2-((4-((2-((2-bromobenzyl)oxy)phenyl)carbamoyB-isobutoxyphenyl)carbamoy)
4-isobutoxyphenyl)aminoR-oxoacetic acid 89% of an ivory solid*H-NMR (400MHz,

DMSO, TMS)dy 11.94 (1H, s, CON), 9.90 (1H, s, CON), 9.55 (1H, sSCONH), 8.38

(1H, d, ArH, J = 8.8 Hz), 7.81 (1H, d, AH, J = 8 Hz), 7.78 (1H, d, AH, J = 8 HZ),
7.687.65 (2H, m, ArH), 7.597.57 (2H, m, ArH), 7.50 (1H, s, AH), 7.38 (1H, t, ArH,
J=7.4Hz), 7.29 (1H, t, AH,J = 7.6 Hz), 7.247.17 (3H, m, ArH), 7.04 (1H, t, ArH,

J = 8.6 Hz), 5.22 (2H, s, O,), 3.853.82 (4H, m, 2(OE,CH)), 2.082.02 (2H, m,
2(CH,CH(CHs),)), 1.01-:0.96 (12H, m, 2(ChCH(CH3),) *C-NMR (100MHz,
DMSO)dc 166.1, 164.3, 161.5, 155.3, 154.7, 151.2, 150.4, 135.7, 132.2, 130.4, 129.8,
129.6, 129.1, 127.6, 127.2, 125.8, 124.7, 124.4, 123.1, 122.1, 122, 119.5, 118.7, 113.7,

113.2, 111, 74.2, 74, 69.5, 27.6, 18.9
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ethyl 2((3-((2-isobutoxy4-((2-
isobutoxyphenyl)carbamoyl)phenyl)carbamgl)phenyl)amino}2-oxoacetate 77% of an
ivory solid,*H-NMR (400MHz, DMSO, TMS)}, 10.9 (1H, s, COM), 9.46 (1H, s,

CONH), 9.35 (1H, s, CON), 8.36 (1H, s, AiH), 8.03 (1H, d, ArH, J= 8.4 H2, 7.93

(1H, d, ArH, J= 7.6 Hz), 7.80 (1H, d, AH, J= 7.6 Hz), 7.72 (1H, d, AH, J = 8 H2),
7.627.53 (3H, m, ArH), 7.16 (1H, t, ArH, J = 7.4 Hz), 7.08 (1H, d, AH, J = 8 Hz),

6.97 (1H, t, ArH, J= 7.4 Hz), 4.33 (2H, g, O8,CHs, J= 7 Hz), 3.92 (&, d, OH,CH,

J=6 Hz), 3.82 (2H, d, OB,CH, J= 6.4 HZ), 2.142.05 (2H, m, 2(CHCH(CHs),)), 1.33

(3H, t, OCHCH3, J = 7.2 Hz), 1.010.99 (12H, m2(CH,CH(CH3),)) *C-NMR

(100MHz, CDCE) dc 164.2, 160.6, 154, 147.7, 147.5, 137.2, 135.9, 130.8, 130.6, 129.9,
127.9,123.6, 123.1, 121, 119.4, 118.8, 118.7, 118.6, 110.7, 110.3, 75.2, 74.8, 63.9, 28.3,

28.1, 19.4, 19.3, 14n/z(APCI) Target Mass: 576; found 576 (M +H)
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ethyl 2((4-fluoro-2-((2-isobutoxy4-((2-
isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)phenyl)amir®pxoacetate 61% of an

ivory solid,*H-NMR (400MHz, DMSO, TMS)l, 12.08 (1H, s, CON), 10.02 (1H, s,

CONH), 9.39 (1H, s, CON), 8.468.42 (H, m, Ar-H), 7.847.62 (3H, m, AfH), 7.62

7.54 (3H, m, ArH), 7.17 (1H, t, ArH, J= 7.8 Hz), 7.09 (1H, d, AH, J = 8 Hz), 6.97

(1H, t, Ar-H, J = 7.4 Hz), 4.29 (2H, q, O8,CHs, J = 6.4 HZ), 3.88 (2H, d, O&,CH,J =

6 Hz), 3.82 (2H, d, OB,CH, J = 5.6 Hz) 2.082.04 (2H, m, 2(CHCH(CHs)y)), 1.29

(3H, app s, OCbCH3) 1.01-0.95 (12H, m2(CH,CH(CHs),)) *C-NMR (100MHz,

CDCl) dc 165, 164, 160.5, 157.2, 154.6, 147.8, 147.5, 134.7, 131.4, 129.9, 127.8, 123.89,
123.82, 123,121, 120.3, 120.1, 119.4, 119.3, 118.6, 113.3, 113, 110.7, 110.4, 75.2, 64.8,

63.6, 28.4, 28.1, 19.4, 19.2/z(APCI) Target Mass: 594; found 595 (M +H)
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5-((2-isobutoxy4-((2-isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)isophthalic acid
55% of an ivory solid®H-NMR (400MHz, DMSO, TMS) 13.53 (2H, br s, CéH),

9.98 (1H, s, AH), 9.37 (1H, s, AH), 8.70 (2H, s AH), 8.64 (1H, s, AH), 7.93 (1H,

d, Ar-H,J=7.6 Hz), 7.80 (1H, d, AH, J = 7.6 Hz), 7.62 (1H, s, AH), 7.58 (1H, d, Af
H,J=8.8 Hz), 7.17 (1H, t, AH, J = 7.8 Hz), 7.09 (1H, d, AH, J= 8 Hz), 6.97 (1H, t,
Ar-H,J = 7.4 Hz), 3.92 (2H, d, O&,CH, J = 7.2 Hz), 3.82 (2H, d, O8,CH,J=5.6

HZ), 2.122.05 (2H, m, 2(CHCH (CHs),)), 1.030.99 (12H, m, 2(ChCH(CHs)y)) *3C-

NMR (100MHz, DMSO)dc 165.9, 164.1, 163.6, 150.8, 150.7, 135.2, 132.4, 132, 131.7,
129.7,126.9,125.6, 124, 123.7,120.1, 119.5, 112.1, 110.9, 74.4, 74.1, 27.7, 18/48.9

(APCI) Target Mass: 548; found 549 (M +H)
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4-((2-isobutoxy4-((2-isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)benzoic acd8%
of an ivory solidH-NMR (400MHz, DMSO, TMS)Yy 13.26 (1H, br s, CéH), 9.68
(1H, s, COMH), 9.36 (1H, s, CON), 8.108.03 (4H, m, AfH), 7.96 (1H, d, ArH, J =
8.8 Hz), 7.80 (1H, d, AH,J= 7.6 Hz), 7.62 (1H, s, AH), 7.58 (1H, d, ArH,J=8.8
Hz), 7.17 (1H, t, A, J= 7.8 Hz), 7.08 (1H, d, AH, J= 8 Hz), 6.97 (1H, d, AH, J =
7.4 Hz), 3.91 (2H, d, O8,, J= 6.4 Hz), 3.82 (2H, d, O&,, J = 6.4 HZz), 2.122.05 (2H,
m, 2(CHCH(CHs)2)), 1.01-0.99 (12H, m2(CH,CH(CH3),)) **C-NMR (100MHz,
DMSO)dc167.1, 164.9, 164.6, 151.4, 150.9, 138.5,134.1, 132.3, 130.3, 129.9, 128.1,

127.4,126.1,124.5,123.9, 120.6, 120.1, 112.7, 111.4, 74.9, 74.6, 28.3, 28.1, 19.5, 19.4

m/z(APCI) Target Mass: 504; found 505 (M +H)
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3-((2-isobutoxy4-((2-isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)benzoic acd8%

of an ivory solid,*H-NMR (400MHz, DMSO, TMS)Hy 13.26 (1H, br s, CeH), 9.71 (1H,

s, CONH), 9.36 (1H, s, CON), 8.51 (1H, s, AiH), 8.15 (2H, d, AiH, J = 6.8 Hz),7.98

(1H, d, ArH, J= 8.4 Hz), 7.80 (1H, d, AH,J = 7.6 Hz), 7.767.57 (3H, m, AfH), 7.16

(1H, t, Ar-H, J= 7.8 Hz), 7.08 (1H, d, AH, J =8 Hz), 6.97 (1H, t, AH, J = 7.4 Hz),

3.92 (2H, d, OEl,, J =6.4 Hz), 3.82 (2H, d, Og,, J= 6.4 Hz), 2.12.05(2H, m,
2(CH,CH(CHs)y)), 1.020.99 (12H, m2(CH,CH(CHs),)) **C-NMR (100MHz, DMSO)

dc 164.2,164.1, 150.8, 150.3, 134.6, 132.3, 131.6, 129.9, 128.9, 128.1, 126.9, 125.6, 124,

123.2, 120, 119.6, 112.1,110.8, 74.4,72.12, 27.7, 27.6, 19, 18.9
O NHO
S\j/O\)\
O NH
@ox
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2-((2-isobutoxy4-((2-isobutoxyphenyl)carbamoyl)phenydarbamoyl)benzoic acid93%

of a light brown solid'H-NMR (400MHz, DMSO, TMS)y 13.09 (1H, br s, CgH),

9.44 (1H, s, COM), 9.33 (1H, s, CON), 8.09 (1H, d, AH, J = 7.2 Hz), 7.87 (1H, d,
Ar-H,J= 8 Hz), 7.81 (1H, d, AH, J= 8 Hz), 7.67 (1H, t, AH, J = 7.4 Hz), 7.607.56

(4H, m, ArH), 7.16 (1H, t, ArH, J = 7.8 Hz), 7.08 (1H, d, AH, J = 8 Hz), 6.97 (1H, t,
Ar-H,J = 7.4 Hz), 3.87 (2H, d, O8,, J = 6.4 Hz), 3.82 (2H, d, O,, J= 6.4 Hz), 2.11

2.05 (2H, m, 2(CHCH(CHs))), 1.0:0.98 (12H, m, 2(CH,CH(CH3);) **C-NMR
(100MHz, DMSO)dc 167.4, 167.3, 164.1, 150.7, 149.2, 138.2, 131.6, 130.6, 130.3, 130,
129.5, 129.4, 127.3, 126.9, 125.5, 123.8, 121.9, 120.1, 119.5, 112.1, 110.7, 74.5, 74.1,

27.7,27.4,19, 18.9

4-(2-aminobenzamidoB-isobutoxyN-(2-isobutoxyphenyl)benzamideé81% of a white
solid, '"H-NMR (400MHz, DMSO, TMS), 9.369.33 (2H, app d, 2(COM)), 8.13 (1H,
d, Ar-H,J= 8 Hz), 7.82 (1H, d, AH, J = 8 Hz), 7.637.57 (3H, m, AfH), 7.23 (1H, t,
Ar-H,J=7.8 Hz), 7.16 (1H, t, AH, J= 7.4 HZ) 7.08 (1H, d, AH, J = 8 Hz), 6.97 (1H,
t, Ar-H, J= 7.4 Hz), 6.82 (1H, d, AH, J= 8.8 Hz), 6.63 (1H, t, AH, J= 7.4 Hz), 6.38
(2H, s, ArH), 3.92 (2H, d, OB, J= 6.4 Hz), 3.82 (2H, d, O,, J= 6.4 Hz), 2.1.04

(2H, m, 2(CHCH (CHs)2)), 1.030.96(12H, m, 2(CHCH(CHs),)) “*C-NMR (100MHz,
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DMSO)dc 167.3, 164.6, 151.2, 150.1, 149.6, 132.9, 131, 130.9, 128.5, 127.5, 126, 124.3,

122, 120.6,120.2,117.6, 115.9, 115.5, 112.7, 111, 74.9, 74.6, 28.3, 28.2, 19.6/19.4
(APCI) Target Mass: 475; found 476 (M +H)

H,N

O~ 'NH
O\)\

4-(3-aminobenzamidoB-isobutoxyN-(2-isobutoxyphenyl)benzamid®8% of a light

brown solid *H-NMR (400MHz, DMSO, TMS) 9.34 (1H, s, CON), 9.13 (1H, s,

CONH), 8.16 (1H, d, AH,J = 8.4 Hz), 7.82 (1H, d, AH, J= 8 Hz), 7.617.57 (2H, m,
Ar-H), 7.207.13 (3H, m, ArH), 7.08 (1H, d, AH,J = 8 Hz), 7.02 (1H, d, AH,J=8

Hz), 6.97 (1H, t, AfH, J= 7.4 Hz), 6.78 (1H, d, AH, J= 7.6 Hz), 5.41 (2H, s, N>),

3.93 (2H, d, OCI,CH, J = 6 Hz), 3.82 (2H, d, OB,CH, J = 6.4 Hz), 2.172.04 (2H, m,
2(CH,CH(CHs),)), 1.030.99 (12H, m2(CH,CH(CH3),)) *C-NMR (100MHz, DMSO)

dc 165.8, 164.6, 151.2, 149.6, 149.4, 135.6, 131, 130.9, 129.6, 127.5, 126, 124.3, 121.6,

120.6, 120.3, 117.6, 114, 113, 112.7, 111, 75, 74.6, 28.3, 28.1, 19.5, 19.4
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2-amino-5-fluoro-N-(2-isobutoxy4-((2-isobutoxyphenf)carbamoyl)phenyl)benzamide

98% of a borwn solidH-NMR (400MHz, DMSO, TMS) 9.68 (1H, s, COM), 9.34

(1H, s, COMH), 8.06 (1H, d, AsH, J= 8 Hz), 7.82 (1H, d, AH, J= 8 Hz), 7.667.56

(2H, m, ArH), 7.47 (1H, d, AH, J = 8.4 Hz), 7.187.14 (2H, mAr-H), 7.08 (1H, d, A
H,J=8Hz), 6.97 (1H, t, AH, J = 7.4 Hz), 6.876.84 (1H, m, AfH), 6.17 (2H, s, M),

3.90 (2H, d, OE1,CH, J=6.4 Hz), 3.82 (2H, d, O&,CH,J=6.4 Hz), 2.12.05 (2H, m,
2(CH,CH(CHs))),1.030.99 (12H, m2(CH,CH(CH3),) **C-NMR (100MHz,CDCl) dc

166.1, 166, 164.2, 155.6, 153.3, 147.7, 147.4, 145.4, 130.9, 130.3, 127.9, 123.6, 121,
120.6, 120.3, 119.4,119.1, 119, 118.7, 118.6, 116.15, 116.1, 112.8, 112.6, 110.7, 110.3,

75.1,74.7, 28.3, 28.2, 19.4, 191@/z(APCI) Target Mass: 493; found 49M1 (+H)"
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methyl 4((2-isobutoxy4-((2-isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)benzaate

30% of a yellow solid'H-NMR (400MHz, CDC4, TMS) dy 8.82 (1H, s, COM), 8.72

(1H, s, CONH), 8.67 (1H, d, AfH, J = 8 Hz),8.54 (1H, d, AfH, J = 7.6 Hz), 8.19 (2H, d,
Ar-H,J = 8.8 Hz), 7.94 (2H, d, AH, J= 8 Hz), 7.60 (1H, s, AH), 7.44 (1H, d, AH, J

= 8.4 Hz), 7.086.99 (2H, m, ArH), 6.91 (1H, d, AH, J = 8 Hz), 3.983.96 (5H, m,

OCH, & CO,Me), 3.86 (2H, d, OB, J= 6.4 Hz), 2.28.16 (2H, m, 2(CHCH(CHa),)),

1.11 (12H, m, 2(CHCH(CH3),)) *C-NMR (100MHz,CDCls) dc 166.1, 164.2, 147.7,

147.5, 138.6, 133.2,130.78, 130.72, 130.2, 127.9, 126.9, 123.7, 121, 119.4, 118.8, 118.7,

110.7,110.4, 75.1, 74.8, 52.4, 28.3, 28.2, 19.3, 19.2
%OMe
(@) NHO
;ox
(@) NH
@ox
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methyl 2((2-isobutoxy4-((2-isobutoxyphenyl)caremoyl)phenyl)carbamoyl)benzoate

91% of a yellow solid*H-NMR (400MHz, DMSO, TMSYy 9.60 (1H, s COM), 9.34

(1H, s, COMH), 8.06 (1H, d, AsH, J= 8.8 Hz), 7.87 (1H, d, AH, J = 7.2 Hz), 7.82 (1H,

d, Ar-H,J= 7.2 Hz), 7.71 (1H, t, AH, J= 7.4 Hz), 7.8-7.57 (4H, m, ArH), 7.16 (1H, t,
Ar-H,J=7.8 Hz), 7.08 (1H, d, AH, J= 8 Hz), 6.97 (1H, t, AH, J= 7.4 Hz), 3.88 (2H,

d, OCH,CH, J= 7.2 Hz), 3.82 (2H, d, O,CH, J = 6.4 Hz), 3.78 (3H, s, Cle), 2.12

2.04 (2H, m, 2(CHCH(CHa)y)), 1.030.99 (12H,m, 2(CH,CH(CH3),)) **C-NMR
(100MHz,DMSO) dc 167.4, 167.1, 164.6, 151.2, 150.1, 138.5, 132.5, 131.5, 130.6, 130.3,
129.8,128.1, 127.5, 126, 124.3, 123, 120.6, 120, 115.5, 112.7, 111.3, 75, 74.6, 52.7, 28.3,

28, 19.56,19.51

5-(benzyloxyjN-(2-isobutoxy4-((2-isobutoxyphenyl)carbamoyl)phenyB-
nitrobenzamide 35% of a yellow solid*H-NMR (400MHz, DMSO, TMS)y 9.96 (1H,
s, CONH), 9.36 (1H, s, CON), 8.20 (1H, d, AH, J = 8.8 HZ), 8.06 (1H, d, AH, J=8
Hz), 7.82 (1H, d, AH, J= 7.6 Hz), 7.60 (2H, s, AH), 7.49 (2H, d, ArH, J = 6.8 HZ),
7.447.29 (5H, m, ArH), 7.17 (1H, t, AfH,J= 7.4 Hz), 7.08 (1H, d, AH, J= 8.4 Hz),

6.98 (1H, t, ArH, J= 7.4 Hz), 5.31 (2H, s, O&,), 3.87 (2H, d, OB,CH, J = 8.8 Hz),
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3.82 (2H, d, OEI,CH, J= 9.6 Hz), 2.12.04 (2H,m, 2(CHCH(CHs)y)), 1.02:0.98 (12H,
m, 2(CHCH(CH3)2)) **C-NMR (100MHzDMSO) d: 164.9, 164.6, 162.9, 151.3, 150.2,
139.3, 136.2, 136, 131.8, 130.1, 129, 128.7, 128.2, 127.4, 126.1, 124.4, 123.3, 120.6, 120,
116.3,115.3,112.7, 111.4, 75.1, 74.6, 70.7, 28.3, 28; ABZAPCI) Target Mass: 611;

found 612 (M +HJ

methyl 3((2-isobutoxy4-((2-isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)benzaate

61% of an ivory solid"H-NMR (400MHz, DMSO, TMS)Yy 9.78(1H, s, COM), 9.38

(1H, s, COMH), 8.52 (1H, s, AH), 8.238.17 (2H, m, ArH), 7.98 (1H, d, AH,J=8.8

Hz), 7.81 (1H, d, AH, J=7.6 Hz), 7.72 (1H, t, AH, J= 7.4 Hz), 7.637.58 (2H, m,

Ar-H), 7.17 (1H, t, AtH, J = 7.8 Hz), 7.08 (1H, d, AH, J= 8 Hz), 6.98 (1H, t, AH, J

= 7.4 Hz), 3.93.91 (5H, m, CGMe & OCH,), 3.81 (2H, s, 085, J=5.6 Hz), 2.15

2.04 (2H, m, 2(CHCH(CHs)y)), 1.031.00 (12H, m2(CH,CH(CH3),)) **C-NMR
(100MHz,DMSO) dc 166, 164.6, 151.3, 150.9, 135.3, 132.6, 132.5, 132.2, 130.4, 129.7,
128.5,127.4,126.1, 124.5, 123.8, 120.6, 120.1, 112.7, 111.4, 74.9, 74.6, 52.8, 28.3, 28.2,

19.5, 19.4m/z(APCI) Target Mass: 518; found 519 (M +H)
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dimethyl 5((2-isobutoxy4-((2-
isobutoxyphenyl)carbamoyl)phenyl)carbamoyl)isophthala&% of an ivory solid*H-

NMR (400MHz, CDC}, TMS) dy8.93 (1H, s, COM), 8,88 (1H, s, CON), 8.77 (2H, s,
Ar-H), 8.72 (1H, s, AH), 8.67 (1H, d, ArH, J= 8.4 HJ, 8.54 (1H, d, AtH, J = 8 Hz),

7.61 (1H, s, AH), 7.45 (1H, d, AH, J = 7.2 Hz), 7.085.99 (2H, m, AfH), 6.91 (1H, d,
Ar-H, J= 8 Hz), 4.00 (8H, m, 2(Cle) & OCH,CH), 3.87 (2H, d, OB,CH, J = 6.4

Hz), 2.302.17 (2H, m, 2(CHCH(CHa),)), 1.15 (6H, d, EI,CH(CH3),), J = 7.2 HZ), 1.11

(6H, d, CHCH(CH3),), J = 6.4 Hz)**C-NMR (100MHzCDCl) dc 165.2, 164.1, 162.8,
147.7,147.4,135.4,133.7,131.9, 131.6, 130.9, 130.5, 127.9, 123.7, 121, 119.4, 118.8,
110.7,110.3,75.1, 74.7,52.6, 28.3, 28.2, 19.3,;18/2(APCI) Target Mass: 576; found

577 (M +H)'

214


































































































































































































































































































































































