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SUMMARY

Uncontrolled inflammation is a key factor in multiple disebgees,including tissue fibrosis and
cancersThe underlying mechanisms amdatment of several of these diseases are still unsolved
medical challengesThe studies described in this thesis fadion developing novel calipe and
tissueselective antinflammation and antcancer agents that targeticroinjuries, fibroblast

hyperplasia exaggerated extracellular matrix (ECM) deposition and epigenetic dysfunctions

Idiopathic pulmonary fibrosigIPF) is a lifethreatening interstitial lung disease (ILDY
ambguous cause. IPF is sustained by inflammation caused by chronic injury that promotes
inflammatory cytokines release and the accumulation of these cytokines in the bronchial tubes and
airways. IPF is a chronic and fatal disease that progressively dedimésnig functionTill date,

IPF remains untreatabl@he FDA approved drugs pirfenidone (PFD) andiintedanibi are
suboptimal in the management of IPF due to their toxic side effemis,potency, cost
ineffectiveness and minimal beneficial effect oethp at i e nt s.dn chapter 2 of thia | rat
thesis,| describedfour classes of macrolideased antfibrotic agents (28 final compounds)
designed to exploit the excellent PK and s@kedungs and/or liver tissues distribution activities

of the macrbide templates to arrive at novel afitirotic agents that may selectively accumulate
within these tissues. | investigated the effects of these compounds on the viability of foursell line
(MRC-5, A549 HepG2 and VERO), Nl B andb TpGR h wa yevelsaohfibrosis h e |
markers (FN1, MMP-9 , C O L-SMA). A cobiort of these compounds elicit aptbliferative

and antinflammatory effects with potency enhancement as high as-ftddGelative to the
standard of care PFD. Based on the data from theseiggnts, compounti5cwas identified as

a lead based while the next best compound4@gellcand20e
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Inspired by the study describeddnapter 2] designed and synthesized macroljdathromycin
(AZM) and clarithromycin (CLM)) conjugates of threet@oxidantsi alpha lipoic acid (ALA),
fumarate and piperic acid (PIPE)n chapter 3. After investigation of the cytotoxicity of these
macrolideantioxidant conjugates against cancerszalbrmal kidney cell line, and fibroblast cell
line, | observed that most of novel compounds showed significant enhandemeatthan 100
fold) in cytotoxicity and strongeantifibrotic effectsrelative to their unconjugated antioxidants.
Specifically, ALA derivatives showed strong STAT3 inhibition and extracellular matrix (ECM)
components production inhibition effects with attenuation of ‘bG&&mulation. Fumarate and

PIPE derivatives also demonstrated strongfimotic effects and N2 activation.

In Chapter 4, | report the discovery that macrolide antibiotic clarithromycin (Quigrgoes
tandem dehydratiertyclizationdehydration reaains, involving G11 and C12 hydroxyl groups

and the & keto moiety, to furnish a dihydrofuranyl macrolid®-02-63. | observed thafO-

02-63 inhibits the activities of prokaryotic and eukaryotic ribosomes and possibly disrupts the
activity of hnRNPsAO-02-63 also inhibits the proliferation of all cell lines in the N& panel

with low micromolar IGes and eligds antiinflammatory activity similar to CLM, although with a
10-fold potency enhancement. The broad -aaticer activity ofAO-02-63 could be de to its
inhibition of protein synthesis and mRNA processing, two processes that are vital for the survival

of cells

The potential of STAT3 pathway inhibition as an anticancer andirdl@mmatory strategy is
under active investigation in preclinicaldanlinical settings. Chapter 5 of this thesis focused on
validating our hypothesis thatmultaneous STAT3 ankistone deacetylase (HDAC) inhibition
will lead to more durable angpiroliferative effects in STAT&ddicted cancer cells. Toward this

end, | sythesized Jyrimethamine (PYMJerivedcompounds and tested them against-B8&yp
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A549, VERO, MDAMB-231, and ME-7 cell lines. | noticed that these compounds inhibited
both HDAC and STATS3 pathway intracellularly. Interestingly, compouttsand12c showed

6- to 10fold cell-type selectivity for a STAT-8lependent, TNBC cell line MDMB-231. In
Chapter 6, | usednin silico molecular docking tool (Autodock vina) to design three classes of
PYM derivatives (total of 12 compounds) as putative STAT3 inhibtt@sfunction by blocking
the DNA binding domain of STAT3. | synthesized these compounds and profiled tAeiBST
inhibition in a cell free assay. Subsequently, they were analyzed again&Z1&549, VERO,
MDA-MB-231, and MCF/ cell line. | found thatlass Il compound41b-d showed 106old
enhanced cytotoxicity relative to PYM and are also-fd@ better STAB pathway inhibitors.
Using a pPSTAT3 DNA binding assay, | found that the STAT3 inhibition activities of these PYM
derivatives are largely due tbeir direct STAT3 DNA binding interruption. These PYWDAC
inhibitors and STAT3 DNA domain inhibitors coulé Inovel anticancer agents that are selective

for STAT3-addicted cancer cells.

In chapter 7,1 described results from characterization of the-pruliferative activities and
mechanism of action of 19 glycosylated HDAC inhibitors (HDACI). | found thattbhempounds
are selectively cytotoxic to several HCC cell lines possibly due to Ghod@ated uptake with
lead compoun®TR-V-53 significantly nore selective for HCC cells. In collaboration with the
Petros Lab at Emory University, we found tl8$dtR-V-53 is nontoxic to healthy mice (MTD >
100 mg/kg) and effectively suppressed tumor growth in orthotopic murine modCof In
addition, we identied STR-V-165 and STR-1-195 as backup compounds. Collectively, these

glycosylated HDACI are promising aftiCC agents.
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CHAPTER 1. INTRODUCTION OF THE LINKAGE BETWEEN

TISSUE INFLAMMATION AND CANCER

1.1 Introduction :

Uncontrolled inflammation is a salient factornmultiple diseas¢ypes, including several chronic
diseases and cancers. Inflammation can be directly link to figswy, fibrosis and necrosis, and

it can be life threateningln fact, treatment of tissue fibrosis is still an unsolved medical challenge
as there are currently no tools to effeely overturn the progression of tisdi®osis anchecrosis.
Idiopathic pulmonary fibrosis, an example of tissm8ammation, remain unsolvable and
irreversible once diagnosed, with g&ar survival rate lower than many types of caicedirect
connedbn between inflammation and cancers is that tissue injury, and the concomitantly produced
inflammatory factors, mmote cancer cell growth via dysfunction in chemokines and cytokines
signaling?® It is known that some cancer types relyisifiammation signals for their progression,
angiogenesis, proliferation and survival, invasiveness, and metd&taBigrefore, targeting
inflammation is a proising therapeutic option fanany types of cancers. However, challenges
including low potency with poodrug distribution at disease sites, andtaffyet effects, which
result in overt toxicity, remain unsolved in amflammation and anttancer drug deslopment.

The studies desibed in this thesis focused on developing novelggle and tissuselective anti
inflammation and anttancer agents that targatcroinjuries, fibroblast hyperplasia exaggerated

extracellular matrix (ECM, mainly collagensppbsition and epigeneticysfunctions.
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1.2 Inflammation and causes.

Inflammation involves upregulation of pioflammatory signals and it serves dual roles in

biology. Controlled inflammation could protect infection and tissue injury while uncontrolled
inflammation sustainautoimmunity and malignant transformationReactiveoxidative stress

(ROS) produced in response to tissue injury, bacteria or virus infections, chemical stimulation,
hypoxia, or within the tumor mioenvironment (TMEkan stimulate the tissue epithelial célls.

The stimulated epithelial cells further release ROS species ardflammmatory cytokines to

trigger the immune system respofsEhe proinflammatory cytokines, which include but not

limited to TGFb ,  TUN F1] 16, IL-8, IL-10° bind to their respective receptors and cause
pro-inflammatory signa within the cell. These signals may induce the activation of inflarmmat

pathways suchas T&+ pat hway, STASIB3 ppaatthhwwaayy ,a nNdF e pi gene
These pathways could promote the expressioinglifferent proteins to either resolve the
inflammation, or progress the pathogen and cause chronic injury, tissusdjlotumorigenic
transformatiort! In some cases, the expresgedteins coulcbe components of the extracellular

matrix (ECM) that is supposed to heal and repaitigsuel? However, due to the excess tissue

damage or injury, ECM production could be out of conttdlhe accumulation of ECM causes

tissue stiffness, necrosis, and dysfunction. In other cases, proteins lHap@ptibtic STAT and

Bcl-2 family proteins could be actited with the stimulation of cytokines. These proteins could

induce aritapoptosis in cells and promote cell proliferattbhlF-e B pat hway coul d be
by these proteins,esulting in the inhibition of the tumor suppressor p53herefore,
inflammation strongly links tumor pgression with tissue/cell damage caused by injuries,

infections, and other stimuli.
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1.3 Inflammation and TissueFibrosis

Fibrosis is the thickening and scarring of the connective tissues in organs, which could be induced
by injuries from environmental stimubiohazards exposure, radiation,infection, or could be
triggered by gene mutation or other unclear intracellular disorder. The abnormally stressed
microenvironment of the tissue may cause the upregulation of cytokine expression to modulate the
stageof inflammation. Immunity responses liMbe triggered to protect the tissue from further
attacks by the pathogenic sources such as bacteria and virus. However, the process could be
overregulated when the injuries tend to be continuous over time. For exdivga cirrhosis can

be triggered byHCV infection® Due to the continuous infection and lathmation, immune
system response augnts the process of healing and induce overexpression of ECM. The
deposition of ECM could thicken the tissue which will deteriorate with sustained inflammation
and finally induce liver fibrosigOne of my majofocus n this thesis i®n Idiopathic pulmongy

fibrosis (IPF), induced by chronic inflammation and for which there is a significant unmet medical

need.

1.3.1 Idiopathicpulmonaryfibrosis (IPF)

IPF is the most common and most severe disease type of interstitialdeaged(ILD):” IPF is a
chronic and fatal disease which progressively declines the lung function. The cause of the IPF is
ambiguous, and the disease infecse$ 10,000 people worldwidé.In the US, 40,000 patients

die of IPF every yeds The prognosis of the IPF is thrst of all ILDs, as its median survival is

about 25 years from diagnosis (Fig.1).%°
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Figure 11. The 5year survivalpercentage of IPF relative to several types of cart@tse data
suggested thdPF has higher mortality rate than several canters.

1.3.2 IPF Pathogenesis

The IPF can be related to the excessive accumulation of extracellular matrix (ECM) components.
Fibronedin, tenascirC, collagen type | and Il are the ECM secreted by fibroblasts in the process
of fibrosis?*2 Fibroblast, the most common cell to produce ECM,dvated by cytokines,

growth factors, and fibrotic factors to continuously geteeEECM.

During IPF, many cells secrete cytokines to activate fibroblasts to become myofibroblasts which
are key cells thatveregulate the ECM remodeling through combinatd synthesizing features

of fibroblasts with cytoskeletal contractile charactits of smooth muscle cellg {SMA).2*

During this process, other tehre transformed as well. &pfically, endothelial cell, which lines

blood vessel, can transform to fibroblasts. Once the endothelial injury occurs, the endothelial cells
can go under a process call endothefi@senchymal transition (EMT) when stimeldtby
inflammatory cytokinesigh as TGF 1.2° The meenchymal cell is the primitivfibroblast which

can transition to fibroblast cell and induce the fibrosis. Therefore, the EMT process is one of the
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major sources of the fibrosis, as it supplies more amounts of fibroblasts and support for the ECM

production later.

Lymphocyte can alsimduce the activation of fibroblast via the Th2 polarized response. The Th2

(T cellhelper 2) response is an immune response against helminths and other extracellular injuries.
This Th2 polarization is induced by adhesion lestw endothelial cell and lympbytes. The

response secrets pmflammatory cytokines I1t4, IL-5, IL-6, IL-10, IL-13 which activate the
fibroblasts and transform them to the myofibrobld$The next important activation of fibroblasts

is through thenacrophage. The polarization obnocyte turns it into M1 or M2 Macrophage. In

IPF, M2 macrophage is the major polarized phenotype of macrophage, as the endothelial cell
injury paracrine the cytokines {4, IL-10-IL-13and TGFb t o t he mon posegof es o0 n
antrinflammation. Howeve the M2 macrophage phenotype ovegulates the expression of

TGFb signal , connective ti s-dedved gpwtlofactoh(POIGR)ct or
epidermal growth factor (EGF) and-Ily , which continuously activa the fibroblasts and induce

tissue fibrosis. On the other hand, the M1 macrophage (inflammation phenotype) can also induce
the EMT by secreting TN, IL-8 and ROS signals to endothelial cell and cause tissue necrosis

and fibrosis’’ This process is called macrophagenyofibroblast transition (MMT).

Based on the d&0rementionedliterature observations, the main pathway towards IPF is the
activation and proliferation ofidroblasts, as the ECMomponents can only be ovexpressed
when myofibroblasts are formed. Thus, inhibition of the activation and proliferation of fibroblasts

could be an effective strategy in preventing or slowing fibrosis progression.

1.4 Inflammation and tumorigenesis

1.4.1 Cancertypes linked to chronic tissue inflammation
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Several studies have shown that dysregulation of inflammatory signals caused by chronic injuries
could progress into malignant transformation. For example, chronic liver tissue injurg tguse
hepatitis infecton predisposes hepatitis patients to higher risks of cirrhosis and hepatocyte
carcinoma (HCC). Colitis associated cancer (CAC) is a subtype of colorectal cancer that is known
to be associated with inflammatory bowel disease (IB@dditionally, IPF patients also have
higher risks of lung cancé?.*® Table1.1 summarizes inflamation associated cancer types and

their inducers.

Table 1.1 Inflammation associated cancer typ&s’

Inflammation conditions Cancer type Inducer

Asbestosis Lung carcinoma Silica

Chronic Bronchitis Lung carcinoma Silica

IPF Lung carcinoma Unclear

Tuberculosis Lung carcinoma Mycobacterium tuberculosis

Liver cirrhosis HCC Hepattis infection, alcoholic
genetic

| BD, Cr ohn 6 s | Colorectal cancer Gut pathogens

ulcerative colitis
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Table 1.1 continued.

Chronic gastric inflammation

Gastric cancer

Helicobacter pylori

Refl ux oes oph Oesophagd carcinoma Gastric &ids
oesophagus
Skin inflammation Melanoma UV light

Chronic pancreatitis

hereditary pancreatitis

Pancreatic carcinoma

Alcohol, gene mutation

Schistosomiasis

Bladder carcinoma

Gramuropathogens

Cervicitis

Cervical cancer

Human papilloma vus

chronic prostatis

Prostate cancer

Bacterial infection

Sialadenitis

Salivary gland carcinoma

Bacterial infection

Sjogrensyndrome,

Hashi mot o6 s

t

MALT lymphoma

unclear

Gingivitis, lichen planus

Oral squamous cell carcinon

Bacterial infedbn

Chronic cholecystis

Gall bladder cancer

Bacteria, gall bladder stones
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Bacterial and virus infections are one causehobnic tissue injuries. HCC is linked to liver
cirrhosis that could result from infections by hepatitis virus, including hepBtitirus (HBV) and

hepatitis C virus (HCV). The cytokines (T&F a n-@) reledsed as a result of these infections
activatethe hepatocyte stellate cells (HSCs), triggering immune response and inflamthation.
Also, the failure of antviral treatment could induce chronic inflammation and liver tissuedibr

in response to the overexpression of supposedly protectivebTGF These events ult
in accumulation of ECM and liver cirrhosisThe chronic inflammation triggered ROS production

is the main cause of genetic mutation, which is responsible for carcinogenidetake placé®

Recent studies found that thielicobacter pyloriis the key pathogenic factor for chronic gastric
inflammation.H. pylorir e si des i n the host f osystemsihcaphbdet i me &
of clearing could it outH. pylori infects 50% of the world population and its infection can cause

the duodenal and gastric ulcer dise¥{dd. pylori-infected cells release 18, IL-10, TNFU t o

cause tissue inflammation as superficial gastritis. These cytokines directly stimulate immune cell.

In addition to contributions fromther fators, such as smoking and high salt consumption, chronic

inflammation caused bil. pylori infection could induce the gastric cané®r.

Exposure to chemicals is another inducer of cliranflammation. Lungs tissues are most
susceptible to the effects of chemical exposure which could cause chronic injuries such as
Bronchitis and idiopathic pulmonary fibrosis. Smoking, silica exposure, inhalation of hazardous
chemicals are the major souscef irritants that could cause chronic lung tissues inflammation

linked to lung carcinoma. The lung tissue injuries induced by these chemical irritants could cause
integrins Uvb6 and Uvb8 to st-bihThewndimgofaf &6 i ndu
b to-bRGFn epithelial cells or fibrobl*%ts ca

which induces an oveaxpression of ECM and change of metabolism in delisom aerobic
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glycolysis to anaerobic glycolysisto support extra energy for ECM production and migration
Stiffness and lung tissue necrosis occur when ECM is ovempestl Lung cancer could be

triggered in this circumstancéé.
1.5 Major inflammation pathways in tumor progresson and tissue fibrosis
151 TGFb pat hway a niddudedcartirogeneaigd i 0 n

In current understanding, T& p | a y s-edged sword iole ianflammation and cancer. In

case of common acute injury, T i s r egar ded -iaflammatory dgakipedhatt ant a
can protect tissue from injury. It plays an essential role in tissue repair as well. Howevdy, TGF

could also be aproinflammatory cytokine in the chronic injured condition and tumor
microenvironment. The activation of T&F u s gaaided bytissue inflammation, ROS up

regulation, and immune response. FBF has t hr ee | s oI andTGFOWhi c h a
plays the critical role tinduce inflammatiorf® In most of cases, TGF i s secreted by
large latent compie(LLC) in whichthe TGFb i s p r kateneycassecdhtedopgptide (LAP)

and covalently bond t o T&GFd-baimidiyn gmepmboeftéi onfs 6t K
Upon cleavage, themall latent complex (SLC) will be formed. However, TGmeeds to be

activated via the release of LAP. Only a few of cell types can secret the SLC form-&f TGFA n d

the SLC form can be activated by riortegrin activatiorf? including low pH (pH<4)® protease

activity (MMPs)#” ROS# and thrombospondii*® (TSR1) induced LAP transformation.

Il ntegrin Uvb6 andbUséBi patyonolviea dnf T&EFent me
foomof TGFb bind to Uvb6 oonUwvih& mémbhanet hEor cevb
pulling induce conformtgonal change in LAP to releasethe T6F i n t he acegrive f or

Uv b8 i ndlubdiRisto tMTAP interaction, and therefore a proteolytical cleavage between
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LAP and TGFb*°The released TGE bi nd sb Rtso tToGRF nduce i nfl ammat i
the TGFb | i-rgcaptod binding SMAD2/3, PI3K, JNK and MAPK pathways could be
activated. SMAD pathey activation induces primflammatory cytokines and ECM productidh.

Activated PI3K pathway induces cell proliferation and invasiveness, while JNK and MAPK
pathways induce cell stress, inflammation and tisseerosis’> The TGFb act i vati on
overregulation could also induce procesEMIT through transcriptional regulation and expression

of Snail familes, ZEB families, and bHLH familie4? which could induce malignant tumor
growth>354In addition, Angiogenesisould also be promoted through TBF t hr ough expr €
of ID-1 and ID3 in terms of SMADs transcriptional regulatioh® Overall, TGFb pat hway i

central to the connection between chronic infi@tion and tumorigenesis (Fih.2).
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Figure 12. TGFb pat hway i n can%r and inflammati on

The acidic tumor microenvironment promotes F6F act i vati on t hat assi st
environment around the tumor. Within the microenvironment, ceassciated fibroblasts (CSF)

are the major producer of T&F c y t *Othat willessmulate excessive ECM deposition and

form desmoplasia, a term to indicate fibrosis microenvironment around the tumor. Desmoplastic
reaction shields the tumétom exposure to chemotherapeutic agents and significentiigases

tumor growth, angiogenesis, and promotes cancer cell invasiveness and méteRtasiscati

and triple negative breast cancers are especially prondesmoplasia formation. Once

desmoplasia is built, it is hard to treat the cancer with small molecule %figs.
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TGFb pathway inhibition is a promising strategy for managing/treating fibrosis, inflaimmat
andcancer. Therapeutic targets within the TBGF pat hway i ncl-bRes-OBRt egr
kinase, SMAD2/3 phosphorylation , and TBF e x p r e s-istégannantbody rcaniblock
integrin Uvb6 -TBFMmdamd svd t hr e \APvated TGFe . r ®h et b e
other hand, MTL MMP antibody can also effectively reduce the activation of-bBGFby i nhi bi t
the function of Uvb8. FBPRei sthudghgsbBRIgakhidmas é |
inhibitor, TGFb R | ki nase thernf@GRbbiltiogand Ftorrap, smal | m
pirfenidone (PFD) and its derivatives have been found to be a ligand for the receptor. PFD has
been approved by FDA for ¢htreatment of IPE* % In addition, PFD is also known to be a

potential anttumor agent due to its TGF p at h way % Peptides tpriokies, avhich
demonstrated selegé inhibition effects onntegrin and TGFb R s have ®&E&€am repor
Kinase inhibition, selective TGB R ki nas e i n hi43lb4R and galursserttbrhava s S B
shown to potently inhibit both cancer growth and inflammation. On the other harutiamhof

p38 and SMAD phosphorylation, which suppresses-bGFueguhtion, has been achieved with

small molecule inhibitors PD169316 and ZB580°°

1.5.2 TNFalpha,NFe B pat hway and infl ammati on

The transcription factor N B i s a ofrirflagnmatiant andr immune response. -NFB
pathwayis crucial to the survival of several cancer cells as it prevents cell death and promote cell
proliferation by inhibiing the tumor suppressors such as p53. Severahffasnmatory ligands

and their regators (cytokine receptors, pattemcognition receptors (PRRs), TNF receptecell

receptors) activate N6 B pat hway, i ncl-Udi AlgRS NF®RL Bllle@RS T &iF d
for IL-6, etc® It has been shownthatNFB si gnal i ng has two separate
pathway is stimulated by TNB a nHor TLR,toc ause i nduction of | aBU
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IKK(Fig.1.3) . 1 aBU i s dwithhandinacivated by s56/Réboi pad/cRel dimers.

The phosphoryl ation of | @ BU {proteasome degradations d e g
pathway; the consequénteleased ReR/p50 will translocate into the nucleus and promote the
expression of m-inflammatory cytokines, antipofosis proteins, chemokines, cell cycle
regulators. The downstream effect of this signaling cascade is induction of tissue inflammatio
necrosis, or tumorigenesis. For the other-nanonicalNFe B pat hway ,onftomlels,st i mul
CD40L, or BAFF, causes KKU activation and -Bhimerintethease o
nucleus (Figl.3).”° Both pathways are responsible for inflammation, tissue necrosis, and

tumorigenesis.

TNF, IL-1, TLR LT, CD40L, BAFF

V]
\J

IxB kinase
(IKK)

Adaptive

inng muni 4
nnate immunity CSH

Cell survival immunity R ‘
Figure 13. Cell signaling and pathways of N¥ Bmediated inflammatior
Upregulation ofNFFe B pat hway i n sever al cancer cell s

metastasisand angiogenesis through the expression cbBNE t a r g’€Ror exampiee the.
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expressions of Be2 families of apoptsis regulator$? caspase inhibitor FLIP andVEGF*are
regulated by NFe B . I n aeddBi tail s, iMEHBuces EMT which dire
metastasig® Thus, a targeted inhibition of N6 B by p h @al agantsdsl congidered a

promising cancer therapy strategy.

Approaches that have been investigated to achieve BF i nhi bi ti on i nclude r
| KK complex inhibition, -aBoaBDN&e dgri anddd tnige Bi nihn hoii
translocatn inhibitors, p53 inductigrp65 acetylation and N& activation. Receptor inhibitors

such as TNFR inhibitor SGT1 and IL-6R inhibitor Tocilizumab; IKK inhibitors such as TPCA

1,/ BOT-64," BMS 3455418 and IMD 0354% | e B degradation i-nhibi't
70828 Parthenolidé! Lactacystirf? MG-1328% and MG11582 8 NFFe B DNA bi ndi n
inhibitors such as GYY 4187and pXSC2 are all promising N B pat hway inhibi
addition to these pathway specificagents;;NB pat hway coul d al so be in

Dexamehason&’ and aniROS agents such as lipoic &idnd Dimethyl fumarat®®

1.5.3 JAK-STAT pathwagnd inflammation

Signal Transducer and activator of transcription (STAT) is an essential regulator of inflammation
signal in the tissue inflammation. STAT family consists of sevemseimbers: STATISTAT2,
STATS3, STAT4, STAT5a, STAT5b and STAT6. Each niemnplays differentole in regulating
inflammation, proliferation, survival, and tumorigenic activifi®#n general, STAT proteins are
activated through the receptdigands (Interleukins, interferon, etc) interaction that stimulates
Janus kinases (JAKs) phosphorylation. The actvdAKs phosphorylate STAT; the dimerization

of the phophorylated STAT (§5TAT) results in the translocation of theSg AT dimer into the

nucleus where induces the transcription of STtAmet genes.
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Figure 14. General celllar signaling for STAT protein activation and transtiop.®*

Heterodimerization of STAT sulmembers occurs in the cell and these heterodimers have different
cellular activities(Table 1.2) Specifically, STATISTAT2 dimer (also STAT-ETAT1 and
STAT2-STAT2 dimers) mduces the transcription of pmaflammatory and immunoregulation
genes in interferon stimulated cells in response to virus and bacterial inféétiSr8TAT1-
STAT3 dimer induces cytokine production and inflammation or blocks the STSARIT1
activity. On the other hand, STATSTAT3 dimerization induces cell proliferation, aapogosis,

and invasionSTAT3-STAT3 dimerization (signaling) is upregulated in difficult to treat cancers
such as the triple negative breast cancer (TNBE)JCC; lung, breast, renal, and ovarian cancers,
and lymphomas, are STAT®ependent*®® STAT3-STAT5 heterodimer alsopromotes

inflammation and tumorigenesis (to be discussed more helowcomparing to others, STAT4
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may not directly link to inflammation and cancer. Rather, it connects with immasponse for
tissue inflammation. STAT4 could be activated bylR, IL-2 IL-23, IL-32, IFN-1, IL-18, IL-21
and induce tissue inflammationné disease through immune respoff8eThe known
inflammatory diseases that can be induced by STAT4Bids, HBV, typel Diabetes ett® In
addition to promoting prinflammatory cytokines production, STA-STATS5 dimer upregulates
Akt proteins, p85 and p110 for PI3K pathway to induce tumorigenesis and mutagesesey ah
cancers including breast cancer, acute myeloid leukemia, prastater and melanom&:*
STAT3-STATS5 could act similarly as inflammation promoter with cytokine actoradi’? while
by IL-4 and IL-:13 activation of STAT6 promotes its involvement mflammatory airway

hyperresponsivenes® eosinophilic infiltration:®* and responses of mast céflg1%

Table 12. The possible hetedimers and their inflammation activator and antiammation
activators:0?
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STAPprotein types Simulators Stimulators Heterodimerization

(Inflammation) (Anti-inflammation)
STAT1 Type IIFN IL-10 STAZ
Type Il IFN IL-27 STAT3
IL-6 IL-35 STAT4
STAR Type IIFN STAT1
STAT6
STAT3 IL-2 IL-10 STAT1
IL-5 IL-27 STA%
IL-6 STATS
IL-23
MCSF
GCSF
Type-l IFN
STAT4 IL-12 IL-35 STAT1
IL-23 STAT3
STATS IL-2-7, IL-9, IL-15 STAT3
IL-21
M-CSF
GM-CSF
STA® Typel IFN STAT2
IL-3
IL-4
IL-13

Among all STAT submembers, STAT3 is the most importangu&tor of inflammatory factors
that feed cancer progression. Specifically, STAN&liated upegulation of antapoptotic
proteins Bcl2 families and Mcll resists cell death, while its @gulation of Cyclin D1 and-c
Myc causes increase cell proliferatiddveractive pSTAT3 helps cancer cells evade the immune
system through upregulation of RI2 expressiot®® In addiion, STAT3 enhances cancer cell
directional migration by regulating Racl activily while it promotes angiogenesis by

transcriptionally regulating VEGF activity°

Therapeutic agents targeting STAT3 pathway Haaen welstudied as treatment modalities for
cancers but none has been approved by FDA. Representative STAGitbmstgo far investigated

include JAK kinase inhibitors, STAT3 SH2 domaphosphorylation inhibitors, nuclear
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translocation inhibitors, DNAinding domain inhibitors, and transcription inhibitors. JAK kinase
inhibitors include AZD14803'% SH2 domain inhibitors include Bt33!! Osthole!'? and
KYZ3;® STATS3 translocation inhibitoiSTAT3 DBD inhibitor methylsulfonylmethah¥ as the
VEGF promoter inhibitor, CPAL, CPA7' to prevent DNA inding; Chemical inS&4A18116

binds to Cyclin D1 promoter and Salidroside as the MM#Pomoter inhibitor!’

1.5.4 Arachidonic acid metabolism pathway and inflammation

Arachidonic acid is a precursor dfe metabolite Prostanoids which are the lipid mediators of
inflammatory response. Prostanoids include prostaglandis)( prostacyclin (PGI), and
Thromboxane (TX). PGs act as signals for-cell communications and control inflammation
status via intragllular and intercellular signaling. There are types of PGs with different functions.
For example, Prostaglandin E2@B) acts as a prmflammatory mediator which may trigger
pain, swelling, redness and other immune responses in the injured YégRyostacyclin
(prostaglandin 12, or PGI) is another prostanoid that prevents platelet formation amchtatte
vascular contractioh'® Recently, PGI has been shown to be aniafftimmatorymediator which
could modulate immune system and attenuate inflammation in ti58u&n the other hand,
Thromboxane (TXA) acts in the opposite direction as it promofdatelet formatiort?*
vasoconstrictot?? and cases Prinzmetal's angif&. In additon, TXAz could promote

inflammation, progression and metastasis in multiple turors.
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Figure 1.5. COX pathways and following prostaglandin proddéts.

Drugs, such as corticosteroid, which inhibit P@&t€teptors, have been foundetibectively block
the inflammation process. Other PG EP4 receptiagamists like GW627368%°CJ023,423!%7

and AH23848%have shown promising efficg in blocking the synthesis of PG&r TXA..

Enzymes such as cyclooxygenases (COX) that control the metabolism of arachidonic acid have
attracted attention as therapeutigits. COX families include COX, COX-2, COX-3 and COX

IV. In this family, COX1 and COX2 are the ones that have been vgélidied as targets of
inflammation and cancer treatment. CQXs a constitutively expressed enzyme with critical roles
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in tissue potection such that it guards gastrointestinal tract with synthesis of prosiagland
essential for the maintenance of mucosal intedfftiRecently however, studies found that GOX
1 is overexpressed and highly relevant tcetketiology of ovarian cancer. COK intersects
multiple protumorigenic pathwaysni high-grade serous ovarian cané&.In breast cancer,
stromal cells demonstrated with a highly overexpresseX-CQevel, which may lead to
Tumorigenesis®! In Cervical cancer, highly expressed CQXvas known to regulate COX,
PGE2 receptors, andngiogenic factor$®? Therefore, inhibiton of COXL may be a
chemoprevention strategy for cancers. G®¥ widely regarded as a destructive enzymeitha
not active in normal conditions. COX overexpression and high activities &and in injured
tissues, fibrotic tissues and tumors. G@Xs known to be highly active in multiple cancers
including breast® prostatet®* and liver cancer$® COX-2 promotes tumor rgwth, apoptosis
resistance, and angiogene'sisi® Thus, COX2 inhibition is favorable in drug discovery for anti

inflammation and ardtancer purposes.

Lipoxygenases (LOXs), a class of iroantaining metalloproteins, are other enzymesrtwilate

the arachidonic acid metalisms. LOXs catalyze the transformation of arachidonic acid to three
types of hydroxyeicosatetraenoic acids (HETEsHPETE or SHETE by 5LOX, 12-HETES by
12-LOX, 15HETEs by 15LOX. 5-HETE is the precursor of Leukogne LTAs, which is
converted to lipid mediators LTBLTC4, LTD4 LTE4 that induce asthma and inflammatid 140
Studies have found thatlETE and SHPETE stimulate the generation of superoxid@uman
neutrophis, and trigger the ROS stréésThe product LTs @ complementary prmflammatory
factors to the PGE Like COX, 5LOX contributes to tumorigenesis by directly promoting tumor
cell proliferation, growth, and survival through-tgmulation of LTs*2 For example, in a colon

cancer study, /ROX expression was found to be positively correlated with polyp size,
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intraepithelial neoplasia and adenoma, suggesting that LOX may contridb&edarly stage of
colon cancet*®On the other hand, 120X expression was found to be correlated with advanced
stages of prostate candétand an elevation of urinary levels of-HETE has been found prostate
cancer patient¥® Therefore, LOXs represent another target in arachidonic acid pathway for the

discovery in antinflammation and anttancer agents.

Current strategyfor the inhibition of arachidonic acid metabolism pathway focuses on PGs
receptorinhibition, PGE production inhibition, COX inhibition, LOX inhibition. Specifically,
PGs receptor antagonists have been widely used femélatnmation treatment. For example,
Timapiprant is a prostanoid receptor 2 gPmRhibitor that has been used flang inflammation
(atopic eosinophilic asthma) and eye alleftfylloprost is a PG receptor inhibitor used for
treatment of pulmonary arterial hypertension (PAHevipiprint is a PG DRreceptor inhibitor
currently in Phase Ill clinical trial (NCT02555683) ftvettreatment of asthné Bimatoprost is

a PG analog that acts to prevent the progression of glaucoma and manage the ocular
hypertensiort?® Inhibition of PGE production by nossteroidal antinflammatory drugs
(NSAIDs) is also effectivehowever, several early NSAIDs are reglective COX inhibitos. For
example, Ibuprofen, Indomethacin, and Aspirin are NSAIDs with no @&elective index>°

New generation of NSAIDs showing C@X inhibition have been developed. For example
celecoxib is a COX selective inhibitot?° which is still in use as anthflammatory drug for the
purpose relieving pain, swelling and rheumatoid arthritis. More recently, LOX inhilgiters
attracting more attention for application in amflammation and anttancer treatment.-BOX
inhibitors include Meclofenamate sodium, Zileuton and Myxochelins/ pseudochelin.
Meclofenamate sodium effectively suppresses the production ofs Wi® and attenuates

Asthma?®? Zileuton to downregulates several LTs and is alsedufor managing asthmzt.
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Myxochelins/pseudochelins are newly discovereldC inhibitors that gynificantly suppress

LTs production as welf?

1.5.5 Epigenetic pathway

Restricted chromatin Accessible chromatin

© Acetylation
O Methylation

. (B) Chromatin reader complexes

RNA
RNA
deoraaso @ T ﬁ increase @ Recruitment of RNA polymerase
HDAC overexpressed in most cancers {} @ {} Tumor suppresor proteins (p53 and p21)
Silencing of guardian proteins  {} HDACI ﬁ Cell cycle checkpoints re-established
L4 L 4
Uncontrolled cancer proliferation Cancer cell death

Future Med. Chem. © Future Science Group (2012)

Figure1.6. HDACs and HATs mechanism of action in chromatth.

Histone acetyltransferases (HATs) and Deacetylases (HDACSs) are key epigenetic enzymes that
regulate chomatin dynamic$> HATSs acetylate the lysine residue of histonegte ner at e 06 0 p
form of chromatin that is accessible to transcription factors. Nuclear HDACs promote the reverse
reaction togenerate restricted chromatin. HDACs deacetylate other nonhistone proteins as well.
There are eighteen HDAC isoforms grouped iftior classes®® Classes |, Il and IV arginc

dependent amidohydrolases while class IIl are NiBpendent deacetylases. Class | consists of
HDACs 1, 2, 3, and 8, whiclremostly located in the nucleus; class lla comprises of HDACs 4,

5, 7,9, and they can shuttle between the nucleus andastopClass IIb members are HDACs 6
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and 10, and are found in cytoplasm while the only member of class IV is HDAC 11. Class Il are

Sirtuins, consisting of SIRFT.

Dysfunctions in HDACs activities could promote inflammation and immune response. For
example upregulation of HDAC1 and 2 activity stimulates F6F pat hway, ¥ nduces
ECM overproduction; and promotes fibrobtasyofibroblast transformation, drcell migration.

Also, HDACs promote the expression of cytokines such as-UNF-6) and I-1 b . HDAC3
specifically recruitthe R-e B/ p65 si gnal t hr oughlegppesspreandt i ¢ r
thus TNFU i nduced 81 HDAGAmrdtHDACE are evidenced in responsible for

positive regulation Ik6 and STAT3 induced gene expressitfhberrant HDACs activities have

also be implicated in fibrosis including liver cirrhosis, cardiac fibrosis, pulmonary fibrosis, renal
fibrosis, and other inflammation diseas®sHDAC inhibitors (HDACi) MS275 and TSA

suppress the TGB-mediated MAPK and PI3K pathway inflammation signals with demoristrab
downregulation of biomarkers ofBRK and pAkt.1%2 TSA also attenuates tissue arfimation

and prevents funer damagé®® % HDAC inhibition also regulates the STAT pathway by
hyperacetylatio of STAT proteing®® Specifically, acetylation of STAT3 accelerates the STAT3
translocation towards the mitochondria where the acetylated STAT3 bind to E1 subunit of pyruvate
dehydrogenase (PDH) stimulates the conversion of pyruvate to acetyb ¢oérease metabolic

flux through the TCA cycle that will consequently stimulate energy production via oxidative
phosphorylatiort®> HDAC inhibition can also suppress tissue inflammation through inhibition of

COX activation and PGE productiéf?.

The FDA and other notJS regulatory authorities have so far approved five HDACI to treat
hematological malignancies. Vorinostat (SAHA) is approved for cutaneae$l lymphomat®’

Belinostat, Chidamide, and Romidepaie approved for peripharT-cell lymphomat®®17®while
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Panobinostat is approved for multiple myeldféFig. 1.7). The sandard pharmacophoric model
of zinc-dependent HDACI consists of a zibiding group (ZBG), a hydrophobic linker, and a
recognition cap group. Common ZBGs include carboxylic acid, hydroxauid, thiol,
trifluoroketones and benzamidi& To address thelarmacokinetic and pharmacodynamics issues
plaguing early ZBGs, there has been sustained interest in identifying novef Z&Gthis regard,

natural products flavamds (Genistein, chrysin, etc.) have been reported as HDACineiiel

ZBGs!™
[o]
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o (o]
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Romidepsin Chidamide

Figure 17. Selected HDACIs.

Other researchers have reported novel ZGs as®éeif> 1’® These new ZBGs are promising
templates for theabign of new generation of HDACi may possess targetedrdlatmmation and

anticancer activities with reduced systemic toxicity.
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1.6 Curr ent medical challenges and novel solutions for targeting inflammation pathways:

1.6.1 Challenges with inhibition of TGB p ay h w

Inhibition of TGFb p at h wiaflammadiont and anttancer treatment strategy has
encountered several challenges including aeeitity, off-target effects, and lom vivoefficacy.

The toxicity that results from TGB p at hway i ndithelvitaltmultfaceted solesdiru et
normal biology. TGFb pat hway mai nt ai ns t}ls somsltigseermaelo st a s
organs, TGFb promotes ti ssue r ergtmgistem/progenitar cefdhid r ep ai
anotherstudy, TG pat hway was sdxidaiwe effechviaisupprassioa of @@Xt |

2 activities in lung cancer céif® Thus, inhibition of TGFb may cause ¥ Ewer se e
drug candidates targeting the upstream of BGF p a tihhe& ategrin inhibitioni have been

studied in the clinic for cancer treatment. Despite of promising data from precliniozlan

models, the clinical outcomes have not been encouraging. Two trials (NCT01122888,
NCT02337309) were terminated due to a lack positive outcome and the results from three trials
(NCT00721669, NCT00284817, NCT00635193) have not disclosed to the pliieeti® Also,

the integrin mechanisminT& acti vati on and cancer is not f
Integrin activates TGk p aandhpromgte tumorigenesis, they seem to suppress pancreatic
cancer progressiol§? So, integrin intbition as a cancer treatment strategy remains to be clinically

validated.

As described in sectiah4.1labove, TGFb pat hway i s regul ated by se\v
individual or collective inhibition could overcome the challenges noted with intedribition.
Pleotropic small molecules that inhibit cohorts of TBF si gnal i ng medi at or

invedigated. PFD, a notable example that suppressesbflGp at hway t hrough MAP
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has been approueby FDA for the management pf 145 The potential of PFD as arttimor
agent is under active investigatitidHo we v e r ,  RdEOtOxity angd ww Boavailability
have limited its efficacy in IPF treatment. PFD only slows long term IPF progression with 2.47

years life expectancy extension with no evidence of stopping the disease progféssion.

1.6.2 Challenges with Nf® B athpvay inhibition

NFFeB pat hway is i mportant for both normal <cell
mutations within this pathway is relatively radfé'8® This has contributed to the low therapeutic

indices of NFa Btargeting agents. In addition, not all cancer cellsalely dependent on N& B

for survival, which makes mostof N\6B i nhi bi t ors to only suppress
not cause camce cell death. Paradoxically, \d*\B i nhi bi ti on may even aug
of certain cancer cells as it has hebserved that ovarian cancer cells could become more invasive

with NFFe B i n h'f® lA\isat, NFeerB. may pl ay very i mporteaBnt r ol
inhibitors could induce the impairment of MNFBdependent imme response and

inflammation84

Nrf-2 activation is an alternative approach to achievesNBhhibition.'®” Activated Nrf2 induces

the transcription of arfROS genes such as HOD SOD, NQOL, catalase, and other -axidant

proteins. These prates effectively suppress the signal of d B and attenuate ir
progressionMost importantly, the Nr2 activation does not impair the normalNFB p at hway i
the cell, and so effectively reduces inflammation with reduced adverse effects alticfation

could be achieved through the inhibition of Keld#te ECH-associated protein 1 (KEAP1). To

date, known KEAPInhibitors, such as dimethyl fumarate (DMF), are electrophilic compounds
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that form covalent bonds with its cysteine 288 and 3892 18 DMF has been approved for the
treatment of relapsing multiple sclerosis and psoriasis while clinical trialsating its potential
application in other inflammatory disease and cancer are onf8iRgperic acid and it analog,
piperine, are another examples of KEAP1 inhibitors whose mechanisms of action have not been
firmly established® The PPA and DMF may work similarly to inhibit the KEAP1 activity.
However, DMF and PPA &k tissue targeting and are widely distributed in the human body. The
systemic distribution could be responsible for the adverse effects, such as abdominal pain,

flushing, diarrhea, nausea, etc, which DMF has elicited in the éfhic.

1.6.3 Challenges with COX/LOX inhibition

Recent effais on achieving COXnhibition has mainly focused on COGXselective inhibition.
Celecoxib, a lead FDApproved COX2 inhibitor, is being investigated in clinical trials for the
treatment of several cancer types including head and neck cancer (NCTO416R&IKR)r cancer
(NCT02885974), TNBC (NCT04081389), malignant pleural mesothelioma (NCT03710876);
antiangiogenic therapy for medulloblastoma, ependymoma ATRT (NCT01356290) and athers. |
previous trials, Celecoxib has been studied as a combination thergoycer with cheniberapy,

due to its efficiency of COX inhibition. COX2 overexpression had been found to increase
cancer cell drug resistance to chemotherapy, and combination of celecoxib may induce drug
sensitivity instead. However, in previous dia trials, HERZ2 psitive breast cancer patients that
were treated with trastuzumab along with Celecoxib did not experience improved efficémy.

a colorectal cancer chemoprevention study, cardiovascular risks (heart failure) was observed in

patients taking high daily doga of Celecoxib foa period of 3 year®*Another study also nated
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Cel e c o x iiobaécslar dsksf® dvaldecoxib, another COX® selective inhibitor, was

voluntarily withdrawn due to the cardiovascular concéfs.

Although the roles of CO2 in malignant transformations are well established, €Gi¥so plays
leading roles in tumorigenesis (see sectldn4 for details). Unfortunately, COXA selective
inhibitors are few and have yet to beell-studied to degher the roles of COX in the
pathophysiology of cancet®’ The traditional NSAIDs COX selective inhibitors encountered
with elucidating gastrointestinal toxicity, and yet to solve the issue to‘fafemor-targding
delivery or cdktype selective COX inhibitors could potentially mitigate the Gl adversary effect.

Therefore, there is a significant need for novel CD3elective agents.

1.6.4 Challenges with STAT3 inhibition

Inhibition of multiple effectors, includig JAK kinase, SH2 Domain, and DNA binding domain,
have been investigated for inhibitions in STAT3 pathWdydowever, the FDA has approved
none of the drugs targeting these effectors. The failure of current STAT3 inhiblangely due

to toxicity and lack of specificity for STAT3. Despite this frustration, STAT3 still remains a

valuable taiget for the discovery of antnflammation and artancer drugs.

1.6.5 Challenges with HDAC inhibition:

Although HDAC inhibition has been clinically validated for the treatment of hematological

malignancies, it has so far not been effective againgt sminas. The reason for the lack of
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efficacy of HDACI against solid tumors is not fully understood. However, the fact that most
HDACi do not accumulate within the tumor interstitium at therapeutically efficacious
concentrations is a major culptt: Additionally, HDAC inhibition elicits a pleiotropic phetype,
primarly due to their nonselective inhibition of various HDAC isoforms and possibly other non
HDAC targets. This noselectivity causes reducdd vivo potency and toxic side effects.
Regardless, reactivation of tumsuppressor genes by HDACI iglisturrently being pursued as

a potentially broad cancer treatment op®h.

1.7 Solutions investigated in this thesis:

Inhibition of the major inflammation pathways enumerated herein, amflathmation and arti
cancer treatment strategy, still has great potential. Targeted inhibitibtumor/cancer cells, or
the iflamedtissued could be a feasible solution to mitigate thetaffget toxicity and systematic
toxicity of drugs inhibiting these pathways. This thesis focused on developingueéltissue
selective antinflammatory and amnttancer agents that have t@atial to overcome the

shortcomings of the currently available drugs.

1.7.1 Macrolides as templates for targeted delivery to liver and lung tissues

Azithromycin (AZM) andclarithromycin (CLM) are two macrolactone antibiotics that is widely
used to treat uppeespirdory tract infections. AZM and CLMhared similar mechanism of action

involving selective inhibition of bacterial ribosome to prevent protein syntffésis.
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AZM and CLM are highly effective in treating upper respiratory tract infections due to their
outstanding pharmacokinetics (PK) properties and selective distributions to the disease sites. AZM
and CLM selectively accumulatelimg resident macrophages and other immune cells which may
accumulate in infectious tissu&®.29% 294 AZM and CLM also acumulate in the liver tissues as
well. These macrolides demonstrate more thanf@@Denrichment in these tissues relative to the
bloodstreant®>2%7 Evidertly, AZM and CLM have intrinsic antinflammatory activities. AZM
facilitates the repair of tissue injury, downregulamskbcytes activities, and the expressions of
pro-inflammatory cytokine$%2* CLM attenuates tissue fibrosis progression by downregulating
the cytokines, and inhibiting the fibroblast migration through downregulation of inflammatory
product TXA.24 215 Third, AZM has been observed to selectivabcumulate internally with
epithelial cells, fibroblasts, lymphocyte, and hepato#é!s 21’ These evidences make AZM an
excellent lung/liver targeting antibiotics with lowstematic toxicity. In addition, AZM is well
tolerated by patients as a result of its safe metabéffteSurrently, Macroldies have been
recognized as potential adtiflammatory candidates in respiratory dised8eBased on these
attributes, AZM and CLM are ideal template molecules for the desitjmenf and lungtissues

targeted antinflammation and artancer agents.

1.7.1.1 Macrolidebased andfibrotic agents

As discussedbove, PFD,asaT&@ i nhi bi t or , showed potenti al
tissue inflammation. Tissue targeted delivergynovercome challenges associated with PFD

clinical application, such as efarget effects and systematic toxicity. We hypeitbhed that
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integration of PFEike moiety into AZM and CLM templates would afford novel TGF

inhibiting antifibrotic agents thieare selectively accumulated in the lungs and liver tissues.

In Chaptel2, | designed and synthesized four classes macrtbhded PFBike compounds (total

of 28 compounds) to test our hypothesis (Eif§). We found that the selected candidates showed
significant antinflammatory and antiibrotic effects that are more than 1,6f@0d more potent
than PFD. Specifically, amonfive lead agents, compouribc is one of the most promising
candidates based on its biological activity and chemical stru€@orapoundl5cis 10fold more
potent in inhibition of NF@e B p at h wa yfoldanoreé cy@dtpxtc BoMRC5 cells than PFD.
Also, 15c showed over 1,00€bld more potent TG#h pat hway i nhi biféeld on
more potent ECM production inhibition than PFD. From na@édm of action studies, we found
that 15cderived its bioactivities by targeting pathways responsible for thdilbrdtic activities

of PFD and AZM. Collectively, these macrolibased PFBike compounds are excellent

candidates for more didepth prechical studies as therapeutic agents fdt. P
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Figure 18. General structures of macrolitbased PFBike compounds.

1.7.1.2 Macrolide conjugated withnti-oxidantsas novel antinflammation and artancer

agents.

In Chapter 3, d follow-up on the promising aPF activities that were observed with the
macrolidebased PFBike compoundsl co-opted AZM and CLM as templates for the design of
other tissue selective antiflammatory drugs. | use®-apha lipoic acid (ALA) piperic acid
(PPA), and Fumaric aci(FMA) as a model aninflammatory drug in this followup projectALA

is a weltknown antiinflammation agent that is ubiquitously available in the in biological milieu
due to its involvement aa cofactor in several metabolic process@&LA has been touted to

possess beneficial biological properties including-eaticer, antaging, antidiabetes and anti
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HIV activities. The antinflammatory activities of ALA have been made evident by iematation

of PI3K/Akt pathway and inhibitio of NFkB?° and PDK12?° PDK1 isa TCA cycle inhibitor

which switches cell energy production from the mitochondrial raBpn into aerobic glycolysis.

In IPF or during amor growth, the myofibroblasts or cancer cells sustain reprogramming to the
glycolytic metabolism by elevating the RID.?*! Therefore, ALA has potential arfibrotic and
anticancer activities. Literature evidence furtlsepporting the bioactivity of ALA include its
downregulation of BekL, Mcl-1, Bct2, ard Bax in breast cancer cells, resulting in cell
apoptosis??% 223 However, presumably due to its weak efficacy, Ahds neither been approved

by FDA, nor successfyllused to treat any medical condition. We hypothesizaticonjugation

of ALA to AZM and CLM could enhance its potency and impart on the resulting agents lung tissue

and liver selective distribution propgr

Subsequently, | further extended this aséeny research to include PPA and fumarate analogs,
the two classes of electrophilic agents thatactasNF pat hway i nZactibaiots.or s
Again, my expectation here is that conjugation of Ris8l FMA analogs would enhance their
potency andurnish lung and liver tissue targeting aRDS agentsToward this end, | designed
and synthesized 12 macroliderived PPA and dimarateagents. General structures of these

compounds are shown in Figurd0.
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Figure 19. Structures of ALAderivatives investigated. Blue ball indicates macrolides (AZM and
CLM). The glycosylated side arms desosamine may conjugate with lipoic acid in R positien or th
hydroxyl group with ALA in multiple types of cqugation. We also made a#adinose derivative
(removal of cladinose) to investigate how this modification affects bioactivity of the synthesized

agents.

Figure 110. Structures of macrolidderived PPA and FMA agents. Blue halllicates macrolides,
(AZM and CLM). The sugar moieties desosamine is conjugated with PPA or FMA analogs in
positions R or the hydroxyl group. We also madelddinosederivatives (removal of cladinose)

to investigatéhow this modification affects bioaetty of the synthesized agents.
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In chapter3, | designed and synthesized three classes (total 12 candidates) of AZM and CLM
conjugated ALA, PPA, and fumarate derivativi-ig. 1.9 and 1.10). We observed that these
compounds have significantly enhancedatgixicity against multiple cancer cells and fibroblast

cell relative to unconjugated antioxidants. In addition, we noted that many candidates shewed anti
fibrotic effecs evidenced by the reduction in the ECM productiolVe also found that
representativeompounds in this series more potently inhibit STAT3 pathway relative to ALA.
Targeted STAT3 inhibition is highly desirable as a therapeutic strategy for Saddigted
cancers such as triple negative breast caiodurther investigate thelectrophilicantioxidants

we investigated their effects on Nzfactivity and found that they induced Mfactivation,
evidenced by HEl upregulation within 6h of exposure to sellCollectively, these data showed

that macrolidederived PPA and FMA agents are premg Nrf2 activatorsandNB B 1 nhi bi t or

1.7.1.3 A Novel anticancer macrolide.

In addition to the richness of their biological activities, several functional groups on macrolides,
including AZM and CLM, also display uniqueactivity, largely due to the unigseeric effect of

their macrolactone moiety. In Chapt&rwe have discovered that CLM undergoes a-sinp
dehydrative cyclization when treated with mildly acidic or neutral dehydration reagents, leading
to a dihydrofwanyl analog, dfCLM (AO-02-63). Thisnovel compound displayed a drastically
reduced prokaryotic translation inhibition activity and an occurrence of eukaryotic translation

inhibition relative to the parent CLM.
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AO-02-63 clarithromycin

Figure 111 Structure of AG02-63 andclarithromycin (CLM).

The new compound showed bresplectrum antcane@r activity in NCH60 panel with low
micromolar IGo (~2.55uM). Because AE@D2-63 induces eukaryotic ribosome activity inhibition,

we speculated that it could fit into the eukaryotic 80s ribosome exit tunnel, in an analogous manner
to the interaction of CM with the exit tunnel of the prokanyic 50s ribosme, to block protein
translation. More importantly, we noticed that A2-63 inherited the anfibrotic effects of CLM

but with enhanced potency (f6ld enhancement). At 2.5 to 5uM, it repressed the ECM
production significantly, CLM requass 50 uM to reeh the same level ECM production repression.

In further study, we noticed that AQR-63 acts similarly to CLM to activate HDAC2 and

downregulate the acetylation of H4.

1.7.2 Novel STAT3 inhibitors

The potental of STAT3 pathway inhibition as aanticancer sttagy is being actively in

investigated in preclinical and clinical settings. Recently, pyrimethamine (PYM) was discovered
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as a dihydrofolate reductase (DHFR) inhibitor which also has STAT3 inhibitiovitacf* 22°

PYM has been studied in clinical trials as an agent for leukemia treatment. Though no STAT3
inhibitor has been approved by the FDA, PYM could be a synthetically tractable template for the
synthesis of lestoxic STAT3 inhibitors since it iapproved for th treatment of other human
diseases such as toxoplasmosis, Isosporiasis, and cystoisosptitasihe bblogical activities

of PYM is toleram of modifications at the chloride moiety of PYM. Therefore, modifications of

this moiety could be pursued to design novel STAT3 inhibitors.

In Chapter6, | describe the @l of anin silico molecular docking tool (Awidock vina) to design
three classesfd®YM derivatives (total of 12 compounds) as putative STAT3 inhibitors that
function by blocking the DNA binding domain of STAT3. | synthesized these compounds and
profiled for their STAT3 inhibition in a cell free amg. Subsequently, they were analyretiep

G2, A549, VERO, MDAMB-231, and MCF7 cell line. I found that class 1l compouddb-d
showed 10&old enhanced cytotoxicity relative to PYM. More significantly, ttaeg also 100

fold better STAT3 pathway inhilwts. As hypothesized, the STAT3 inhibn activities of these

compounds are largely due to their direct STAT3 DNA binding interruption.

1.7.3 Novel HDAC inhibitors

To overcome the challenges of HDACI, we have hlm®imizing the classic three pharmacophoric
modeli Cap grouginker-ZBG i that vitually all HDACI fit into. We have been incorporating
into HDACI cap group chemotypes that have tissue and/ortygedl selectively. We have
developed and reported diffetegpes of HDACI based on this meth®#.23%232 233|n thisthesis,

| developed and/or characterized novel HDACI that are selective for TNBC and HCC.
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1.7.3.1 Dualacting STAT3HDACI based on PYM are selective for TNBC.

Premised on the wedistablished role of HDACs ithe regulation of STAT3 signalirnd* 23> we

had earlier hypothesized that simultaneous STAT3 and HDAC inhibition will lead to more durable
anti-proliferative effects in STAT&ddicted cancer cellsolvalidate this hypothesis, | syntiwe

5 compoundgFig. 1.12) and tested them in the same set of cell lines that we tested in ¢hapter
We noticed that these inhibited both HDAC and STAT3 pathway intracellularly. Interestingly,
compoundd.2bandl12cshowed 6 to 10fold cell-type selectiity for a STAT3dependent, TNBC

cell line MDA-MB-231. These data indicate that PYWWDACI could be the bifunctional agent

that are selective for STAT&ddicted cancer cells.

~N N NH,
Y
N NH, |
N , _~N
\
N
; s = Linkers NH,
ZBG Cl
PYM-HDACI derivative PYM

Figure 1.12. Duatacting STAT3HDACI based on PYMThe linker groups are derived from
methylere or cinnamic groups.

1.7.3.2 Glycosylated WDACi areselective for HCC.

63



Warburg effect is welknown as the main energy supply method for cancer cells. Since cancer
cells favor metabolism via glycolysis rather than oxidative phosphorylation pathway, sugar up
take and consumption rate is much highercancer cells than normal cell lines. To take an
advantage to this effect, we hypothesized that integration of glucose or mannose into the surface
cap group (recognition group) of prototypical HDACI will furnish agethiat will be selectively
up-taken ly cancer cells. GLUTZ2, a glucose transporter that is overexpressed in hepatocyte and
liver cancer cell lineg®® 22 could facilitate a selective uptake of glycosylated HDACI into HCC

cells to elicit selective HCC cells toxicity.

OH OH
HO,, 0 HO,, 0
v, R 4, R
HO og HOY Y “0”
OH OH
D-glucose derivatives D-mannose davatives

Figure 113. Glycosylated HDAC inhibitors structures. R stands for various types of HDAC
inhibitors with different types of linkers.

In Chapter7, | described results from charegiation of the anproliferative a&tivities and
mechanism of action of 19 glucesenannoseand desosaminéerived HDACIi. We found that
these compounds are selectively cytotoxic to several HCC cell lines due to Ghedidted
uptake. Specifically, gluse derivativeSTR-V-53 s significarily more selective for HCC cells.
In collaboration with the Petros Lab at Emory University, we found3$iA&-V-53is nontoxic

to healthy mice (MTD > 100 mg/kg) and effectively suppressed tumor growth in orthotomemur

model of HCC. In addition, we idetified desosamine (SFR-165) and mannose (STIRL95)
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derivatives as baeldp compounds. Collectively, these glycosylated HDACI are promising anti

HCC agents.

1.8 Conclusion

Inflammation is strongly linked to several sers chronic diseases that remaineddeffectively
managed in the clinic. Death rates from several of these diseases, including IPF, liver cirrhosis,
gastric inflammation, etc., are very high. There are copious evig#maieimplicate several of

these tbeases in malignant transformaticaskey praeinflammatory signals, including TGE
pathway, NFe B, STAT pat hway, arachidonic acid met al
essential roles in tumorigenesis. Several pharmacological agents that anglycinruse for the
treatments of alonic diseases and tumors are sgiimal, as most are systemic agents that are
plagued with overt toxicity and poor distribution at disease sites. In this thesis, | described plausible
tissue targeted and/or pathways selective approaches may overcomelldmgehadhe current
agents. Cohorts of compounds disclosed in this work merit further investigation to elucidate their
potential as new generation of targeted therapeutic agents for the treatment/management of

fibrosis, inflammation, and cancers.
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Abstract:

Idiopathic pulmonary fibrosis (IPF) is a chronic and fatal disease that progressively declines the

lung function. The FDA approved drugpirfenidone (PFD) andintedanibi are suboptimal in

the management of PFD lalg due to their toxic side effeciew potency, cost ineffectiveness

and mini mal benefici al e W describetberein four elassesaof i ent s
macrolidebased antfibrotic agents designed, using a structbased approach, froRFD and

azithromycin and clarithromyeias macrolide templates. These agents are designed to exploit

the excellent PK and selective lungs and/or liver tissues distribution activities of these macrolide
templates to arrive at novel affitorotic agents thatnay selectively accumulate within tgee

tissues. We synthesized twergight compounds and tested their effects on the viability of four

cell linesi MRC-5, A549 HepG2 and VERO. We observed that compouib@s, 11c, 11b, 15c,
20einhibited the proliferatio of these cell lines with Kgrangeof 2.510uM. Additionally,

these compounds potently inhibitNFB  aneb TP@R hways with potency e
high as 100dold relative to PFD or the unmodified macrolide templaBxsnpoundd5c

showed an optimum inhibition and/or downregulation effibrosismarkers (FN1, MMP-9,

C OL 1 A-BMA) ttlat we investigated at low micromolarséCThe next best compounds are

10¢ 11cand20e Collectively, these compounds are excellent candidates for future preclinical

studies focused on the evaluation of their paaat tissueselective antfibrotic effects inin

vivo models of IPF and liver fibrosis.
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2.1 Introduction

Pulmonary fibrosisg the thickening and scarring of the connective tissues in the lungs, which
can be induced by pulmonary injuries and inflammatiamsed by exposure to chemicals,
environmental pollutants, smoking, aggated dysfunctions, infections, and other risk fescto
Idiopathic pulmonary fibrosis (IPF) is the most common interstitial lung disease {IEB)is a
chronic and fatal disease which progressively declines the lung fuAdttencause of IPF is
ambiguous, and the disease affects 50 per 100,000 people worfdwithe US, the prevalent

rate of IPF is around 18.2 cases per 100,000 annually, and the incident rate is 5.8 cases per
100,000? In Europe, IPF prevalent rate is around 1.25 to 23.4 per 100,000, and the incidence IPF
is around 0.22 to 7.4 per 100,000he prognosis of IPF is the worst among ILD, and its median
survival range from -5 yearst A study has shown the IPF has only 28%¢r survival rate

which is much lower than many types of cancéréln a 2018 study in UK that analyzed data

from 2002 to 2012t was found that IPF incidence rates have increased since 2000 and survival

remains poof.

The pathophysiology of IPF has been well studied. IPF is sustained by inflammation caused by
chronic injury which prorates inflammatory cytokines release and the accumulation of these
cytokines in the bronchial tubes and airways. Consequenttheéipl fibroblasts are stimulated

by these cytokines to induce epitheliaéssenchymal transition (EMY)esulting in the
transformation of the fibroblasts to myoblasts overexpressing collagen, actngtiin, MMPs

and many other profibrotic extracellular matrix (ECMIY.GFb pathway activation is one of the
major initial steps in the progreesi of fibrosist! Studies have shownthat T&1 pl ay s

important roles in activating ECM producti®hEMT,*? crosslinking to other inflammatory
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pathways including MAPK pathway NF-e B p a t*Hlippa pathway?® STAT3 pathway

activatiort® ’and many othergypically, NFkB activaion is involved in tissue inflammation

and necrosis through the transcription of-priblammatory cytokines including H1, IL-2, IL-6,

IL-8,IL-12, TNFU; chemokines i ncl udi-bSgprodfu@Gralory geBeXx CL 10 ,
expreswn for stimulation ofinmune cells such as M2 phase polarization of macrophages to

cause tissue necrosfs’®®TGFb r egul ated STAT3 activation is ¢
mechanisms as welllpregulation of pPSTAT3/STAT3 ratio isrequired ifTGFb 1 st i mul at i o
to promote EMT transitiof? Inhibition of TGFb downregulates ECM accumulation, attenuates

tissue fibrogenesis, and prevents further tissue necrosis. Thufh TGFs an i deal t her

target for IPF treatment.

Efforts at developing small molecules for the treatment of IPF have furnished several clinical
candidates, targeting several pathw&ydowever, only pirfendione (PFD) and Nintedanib have

been approved by FDA. PFD is widely used by IPF pa@it improves lung function over

long-term treatment& 2>However, the latest survival data revealed that PFD treatment caused

only a limited improvement in-r survival (55.9%) vs placebo (31.5%8)This pricy drug (avg.

92,000 USD/year) does not completely reverse disease progression; and systemic exposure to

PFD causesdverse drug reactions (A3), includingsevere skin burtke rash,

photosensitivity, and gastrointestinal disorderdreated patients. PHRas a relatively poor
pharmacokinetic (PK) propertiédnecessitating-® times daily intake of high dosage (600 mg

to 2.4 g) to maintain eff e®Theadwrsecetfente ent r at i on
experienced by patients on PDF therapy and it
rate (28.7% ) of therapy discontinuatinEfforts have gone into the design of new PFD

analogs with improved oetarget effects and enhanced Hifl.?® However, none of these PFD
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analogs has proven superior so Tdrerefore, there is ammet medical need for effective

treatment/management modalities for IPF.

Macrolides azithromycin (AZM) andclarithromycin (CLM) are two macrolactone antibiotics
that is widely used to treat upper respiratory tract infections. 3tnaed similar mechamsof
action with selective target of bacterial protein synthesis by inhibiting thkenyatic ribosomes
activity2® More than selectivity to bacteria, AZM and CLM also perform outstanding
pharmaokinetics (PK) properties and selective distributions to the disease sites, whitheoul
highly effective in treating upper respiratory tract infections. Evidences found that they could
selectively accumulate in lung resident macrophages and other incelisv@hich may

overgrow in infectious lung tissiié.3* 3?2 AZM and CLM also accumulate in the liver tissues as
well. Campare to the bloodstream, the macrolides showed more thafol@to@nrichment in

these tissue¥:3® In addition, evidently, AZM an€LM also behave with intrinsic anti
inflammatory activities. For instance, AZM &ants the repair of tissue injury by attenuating
the leukocytes activities and the expressions ofiftammatory cytokines®*! Recently, AZM
has been observed to selectively accumulates internally witrekgittells, fibroblasts,
lymphocyte, and hepatocyte *? *These evidences make AZM an excellent lung/liver targeting
antibiotics with low syematic toxicity. In addition, AZM is wellolerated by patients asresult

of its safe metabolite¥.0n the other hand, tissue fitsis progression could be effectively
controlled by CLM with downregulating the cytokines and the fibroblast migration through
downregulation of inflammatory product TXA2.**Currently,macrolides have been recognized
as potential antinflammatory candidates in respiratory dise¥dgased on these attributes,

AZM and CLM are ideal teplate molecules for the design of livand lungtissues targeted

antrinflammation and amttancer agents.
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2.2 Results

2.2.1 Designandmoleculardocking

We hypothesized that the integration ofRPkke moiety into AZM and CLM templates would

afford novel TGFb nhibiting antifibrotic agents that are selectively accumulated in the lungs

and/or liver tissueslo test our hypothesis, we designed four classes of machagkd PFD

like (macrolidePFD) compounds with methylene (class 1), aryltriazolyl (class iBzolyl (class

[I1) and alkynyl (class 1V) linkers connectingthepgwao si t i on of PFDO0S phenyl
amino group desosamine moieties of AZM and ZLM (Fig. 2.1). Our design is tiased

molecular docking analysis of the interaction of PFD with itgdesi ALK -5 and MAPK p38.

We expect that this design approach will furnish macragii® compoundghat optimally

present the PFD moiety to the active sitegsofargets MA P K p 3 8GFb eeceftor ALK

57 while minimizing potential steric clash thidne macrolide moiety might present if it is in the

proper distance to the PFD moiety. PFD is known as a pleiotropic small molecule that could

inhibit multipletargets of TGFb 1 pat hway . First, PFD is a MAPEI
macrolidePFD shald maintain the property if the linker design is proper. Also, PFD could be

the p38U inhibitor, and the dockinginof PFD de
previous stdy that the PFD moiety of the novel agents interacts withl&tand Gle1 1028 In

addition, PFD is known to be AL inhibitor in blocking TGFb | i gand b5 ndi ng. Al
docking ofpirfenidone derivatives was alsaterpreted in previous study that the Pyridone

moiety is binding into the hydphobic region of the active site of ALK*’
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‘ represents the linkers of class I-IV
@\l/
aak
. N =124
Class 1 L =N o

/ N
N | ie104
Class 11 > =N

\ ,
Class IIT < >
\
n=1.2.4

Class IV N
n=1,2.3,4,5

Figure 21. Designed macrolidbased PFBike compoundga). AZM and (b). CLM with four
types of linkers (highlighted in bé).

We used molecular docking to obtaireliminaryin silico evidence of the accommodation of
macrolidePFD compounds at the p38 and Al3<active sites anduide the modiftation to the
linker regionsn order to identify candidates with optimal bingiaffinities. Molecular docking
was performed as using Autodock Vina run through PfRED, AZM, CLM and the
macrolidePFD compounds (Fig. 2.2) are docked against crystal structurep & 8 o
(PDB: 1 CM8) , p 3 8andALRBDrBodel (BBBPSUBQ) is gained from Rt Data
Base (PDBY? In similar manner to the unmodified PFD, fhgidone moiety of PFD of alll
compounds maintains invariant binding with the active site hydrophobic pafcietp-p38
interacting with Val33, lle-87, Met109,Phelll, Metl112, Gly113, Thrll4, Aspll5, Ala

160, Leul70; while the linker and macrdk moiety sterically block the Mg from interacting
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with any phosphorylated substar{€ég. 2.3a). However, &@n though all representative

candidate 6 PFD moi ety of also binds to tlA%andp 38U a't
Gly-110 (Fig. 2.3b)the binding affinities are not much enhanced compareept@@B o ( Ta bl e
2.1). In binding to ALK5 (Fig. 2.4). Among each class, the key differensen the orientation of

the macrolide moieties that is influenced by the type and the length of the linkesgr

Interestingly, we also noticed that these macreRé® compounds bindtop3 8 0 a#d ALK
with significantly increased binding affinitieslagive to unmodified PFD or AZM/CLM (Table

2.1, Table S2.1 and S2.2). The docking outputs are described fagrairepresentative member

of each class of the macrolidk=D compoundsl{ic, 13c, 15c, 2Qehat optimaly interacts with

either target baseddinding orientation and docking scores.
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Figure 22. AZM representative structures of clasl/Ifor molecular docking. (a). Structure of
11c.(a). Structure ol1c.(b). Structure ofL3c.(c). Structure ofl5c.(d). Structure oR0e.

a.

GLY-113

MET-11
LEUli:J%ﬁ/
ILE<87
MG-401
/ \ VAL33 PHE-111
MG-402
MET-109
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Figure 23. Molecular docking analysis of macrolidR+D compounds at the active site gb 8 8 2
(1 CM8) a3HB2) @)31XLMS ifteracting with PFD and Macrok&&D at the Mg site: (i).
unmodified PFD trapped into theydrophobic pocket of the active site. (i)lc binds with the

active site of the yp38 with hydrogen bonding (Al40O, Arg-70, and Mg402) with AZM moiety.

(iif) and (iv) showed binding orientation of the macroHeED 11cand13con the surface of-p

p38 (red indicates hydrophobicity, white indicatlhgdrophilicity). (v). with no triazole ring,
compoundl5cshowed different orientation of bindingaththe cladinose ring is interacting with
Glu-74. (vi) and (vii)15cshares the same orientation2@gon the binding orientation. (b). PFD
andmacrolidePFD binding to p38U at the active site,
and right is tle surface presentation reveals hydrophobic character of the active site of p38. (i)
PFD is accomodated at p3&ctive site via crucial Hbonding interactiorwith MET109 and
GLY110; right corneri surface presentation reveals hydrophobic character of the active site of
p38.(ii to v). Representativeklc, 13c, 15cand20ebinding to p38.

a.
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Figure 24 Molecular docking analysis of macrolidR-D compounds at the active site of AK
(5USQ. (a) PFD and RepresentativeacrolidePFD bind to ALK5. (i). On the left, unmodified
PFD binds to hywphobic pocket of ALK binding site. (ii) Caithte 11cinteracts with amino
acids (Asp290 and Asg51) on the surface of the ALB with Hydrogen bonding. (iii). Candidate
13cinteracts with amino acids (Asp90 and Asg851) on the surface of the ALEwith Hydrogen
bonding. (iv). Candidat&5c interacts with amino acids (Ly2813) on the surface of the ALK
with Hydrogen bonding. (v). Candida8einteracts with amino acids (H211, Asp290, and Asp
351) on the surface of the ALK with Hydrogen bondig. (b). (i) the representativesveethe
same inding orientation of unmodified PFD except (ii) compo@ae
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1CM8 (kcal/mol)| 3HP2 (kcal/mol)| 5USQ (kcal/mol
1llc -9.9 -8.8 -9.2
13c -10.4 -8.3 -9.2
15c -9.4 -8.0 -8.5
20e -9.5 -7.9 -8.7
PFD -7.6 -7.0 76
AZM -7.4 -5.5 -5.9
CLM -6.5 -5.1 -5.3

Table 2.1. The binding score output of the representatives on 1CM8, 3HP2, and 5USQ.

2.2.2 Chemistry:

Compoundd.a-c, the key intermediates in the synthesis of class | and 1l compounds were
synthesized through Cu{thediated coupling of commercially availatdanethyl-2-pyridine and
bromophenyl alcohols. Treatmentla-c with methanesulfonyl chloride afforded mesylated
compoundfa-c. The reaction oRa-c with sodium azide in DMF at elevated temperatures,
furnished aide 3a-c (Scheme2.1). Desmethylclarithrogtin 4 and desmethylazithromycif

the templates for the synthesis of class | compounds was obtained AZM and CLM using
published protocol® The reactions of and5 with 4-ethynylbenzyl methanesulfonate furnished
5, 6, 8 and9, the template compounds for the synthes$idass Il and Ill compounds (Scheme
2.2). The copper(Hcatalyzed cycloaddition reaction of aziBlec with template macrolides, 6,

8 and9 facilely furnished class il compoundslOac, 11ac, 12ac and13ac (Scheme.3ad).
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The reactions of and7 with mesylated compoun@s:-c in a CHRCN/DMSO (2:2ml) cesolvent

in the presence of Hunigbds base at dd4aevated t
andl15ac respectively (Schem23ef). To synthesizelass IV compoundhe 5methy}2-

pyridone wasoupled with liodo-4-methoxybenzene using the same condition as in step a of

Scheme 1 to afford compoud® which was subsequently demethylated with boron tribromide

at-30 to 0°C to give compourik¥. Compoun 17 was first trifated and the coupled by

Sanogashira coupling of this triflyl analog with alkynyl alcohols (n-5)Xgave alcohol§8ae.

Mesylation ofl8ae was achieved by reacting with methanesulfonyl chloride and the reaction of
these mesylates viitcompound! and7 in a CHCN/DMSO (2:2ml) cesolvent in the presence

of Hunigbs base at el evated t 9mpaad2@eur es f urn
respectively (Schenm24). All compounds were characterized ustAigNMR, *C NMR, and

mass spectraspy prior tobiological testing.

Br X A
+ | NH a |
OH _ N
n
(0 (o) O\(\%OH
n
5-methyl-2-pyridone 1a,n=1,80%

1b, n =2, 55%
1c,n=4,41%

[

A AN
b | N L n
_— —_—
o] o O{%M
n

OMs

n
2a,n=1,81% 3a,n=1,955%
2b,n=2,79.1% 3b,n=2,73.6%
2c,n =4, 87.4% 3c,n=4,97.6%

Scheme 2.1. Pirfenidone derivative intermediates synthesis process. (a}. Cul, 8
hydroxyquinonine, KCOz DMSO, 120°C, 24 h. (b). methanesulfonyl chloride, Triethyl amine,

DCM, -20°C, 1hr(c). Sodium ale, DMF, 80°C, overnight.
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Scheme 2.2. Synthesis of macrolides intermediates:-E&#)yhylbenzyl methanesulfonate,
Huni gés base4dh (DNPBOR-yn-1H0MeICanesul fonate, Hunigods

70°C, 4 h.
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10a,n =1, 38%
10b, n =2, 55%
10c, n =4, 68%

11a,n=1,40%
11b,n=2,71%
11c,n =4, 88%

12a,n=1,71%
12b,n=2,67%
12c,n =4, 79%

13a,n=1,55%
13b,n=2,63%
13c,n=4,85%



e)

| > A
(o]
| i ,

OMs
n
14a,n=1,7.9%
2a,n=1 14b,n =2, 5.8%
2b,n=2 14c, n =4, 12%
2c,n=4
f)
0
| N
\S
o OMs
n 15a,n =1, 5.4%
2a,n=1 15b,n =2, 1.0%
2b,n=2 15¢,n =4, 9%
2c,n=4
Scheme 2.3. Synthesis of clad#l ImacrolidePFD compoundqa)5, Cul , Huni g6s ba:
r.t.,, overnight. (b, Cul , Hu nird.Gogernigha. 6c,, CIluHF, Hunirg,6s base
overnight. (d)9, Cul, Huni gb6s basé4HuUMTH&O S eONDKISO oCHTr ni g

(2:2ml), 7580°C, overnight. (fYy,Hu ni g 0 s :ONOBMEQ (2:2mH, 7530°C, overight.
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1-iodo-4-methoxybenzene 5.methyl-2-pyridone

19a,n =1, 54%
19b,n=2,8.0%
19¢,n =3, 8.0%
19d,n=4,4.1%
19e,n =5,5.0%

18a,n=1,90%
18b, n =2, 84%

18¢,n=3,97% o

18d, n =4, 95%

18e,n =5,93% N I
N

20a,n =1, 45%
20b,n=2,4.9%
20c,n=3,5.6%
20d,n=4,4.9%
20e,n=5,5.0%

Scheme 2.4. Synthesis of dd¥ macrolidePFD compoundga) Cul, 8hydroxyquinonine,
K2CO;s, Toluene, 120°C, 12 h. (b) Boron tribromid20°C to r.t., DCM, MeOH. (c)
Trifluoromethanesulfonic anhydride, pyridine, DCMQ°C, 40 min. (d)Cul, Pd[P(GHs)3]4,
Huni g6 s aNa75°€,overdght. () Methanesulfonyl chloride sHf DCM, -20°C, 1 h.

Hdor7,Huni g o6 s :ONDMEEO, 758DFC, 24 h.

2.2.3 Cell cytotoxicity study

As a costeffective approach to identify lead compounds for cehalar target validation, we

first screenedlbof the synthesized compounds, PFD (positive control), template macrolides

101



(AZM and CLM) andcombination of PFD and template macrolides against four cell lines: A549,

VERO, HepG2 and MRG5 in an MTS assafables2.1-2.4).

Table 21. Effect of class | compounds on cell viability. Structures of class | compd@assand
1lac are shown atop of the Table.

MRC-5 VERO A549 Hep-G2

(UM) (UMm) (UM) (UM)
10a 12.3+1.8 | 5.1+0.2 | 11.1+2.7 | 20.3+1.0
10b 13.1+1.2 | 14.2+0.3 | 35.3+1.5 | 28.1+1.8

10c 11.6+0.3 | 12.4+0.2 | 10.9+0.4 | 36.4%6.6
lla 13.4+0.1 | 16.2+2.8 | 18.4+4.4 | 11.1+0.3
11b 13.3+0.9 | 22.6+4.9 | 15.8+3.0 | 21.8+0.4
1llc 5.7+0.1 5.9+0.1 5.0£0.2 | 2.6+0.1

Table 2.2. Effect of class Il compounds on cell viability. Structures of class Il compdiL2els
andl13ac are shown atop of the Table.
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MRC-5 VERO A549 Hep-G2

(UM) (LM) (UM) (UM)
12a 102.6+0.8| 153.2419.0| 118.3+28.4 116.5+16.0
12b 84.0+4.5 | 104.520.3| 115.9+4.1| 121.7+3.7
12c 32.845.1 | 33.3+x1.9 | 28.7+3.4 | 44.8+3.6
13a 121.0+14.1 121.6+19.4 265.1+4.0| 233.6+31.1
13b 172.1+26.9 150.6+30.6| 143.5+24.5 163.4+1.6
13c 36.146.1 | 53.2+0.1 | 35.2+5.4 | 27.7+3.3

Table 2.3. Effect of class Ill compounds on cell viability. Structures of class Il compol#als

c and15ac are shown atop of the Table.

MRC-5 VERO A549 Hep-G2
(LM) (LM) (UM) (LM)
14a NI NI NI NI
14b 119 NI NI NI
14c 15.742.3 | 19.1#3.7 | 16.3+x1.6 | 30.9+1.4
15a 55.841.9 | 47.2+0.4 | 47.245.1 | 33.0+5.4
15b 36.1+3.3 | 30.3+5.2 | 40.8+4.0 | 27.2+2.3
15¢ 5.9+0.1 23.9+1.7 | 43.2+5.7 | 52.2+1.0
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Table 24. Effect of class IV compounds and contro®D, AZM, CLM, and combinational
treatment of PFD+AZM or PFD+CLM) on cell viability. Structures of class IV compolifde
and20a-e are shown atop of the Table 4.

MRC-5 VERO A549 Hep-G2
(LM) (UM) (LM) (UM)
19a 82.6+0.3 55.542.6 | 44.1+10.8| 50.7+3.0
19b NI 130.4+21.2| 59.9+0.8 | 60.9+9.0
19¢ 15.2+0.1 55.5+0.4 | 58.6x1.4 | 24.0+1.2
19d 28.9+1.9 24.3+0.1 | 35.4+2.1| 32.0+0.1
19e 24.2+0.6 13.2+0.7 | 23.8+2.1 | 23.7+2.0
20a 23.3+3.3 71.4+6.3 | 55.9+6.4 | 53.4+3.3
20b 19.1+26 28.5+1.8 | 31.2+4.8 | 24.8+1.7
20c 41.7+0.1 364+3.8 | 42.7+8.4 | 45.2+7.4
20d 5.5+0.2 16.2+3.1 | 155+1.1 | 12.7+1.3
20e 2.2+0.1 4.7+0.3 | 6.1+0.3 2.840.0
PFD 5302.0+177.9 10788+0.6| 5409+241| 10920+1090
AZM 127.0+1.0 | 222.0+18.1| 203.5+4.5| 85.3+0.9
CLM 138.1+1.1 NI NI 130.5+0
PFD+AZM 54.2+7.2 | 136.1+2.6| 136.48.6 | 102.7+2.6
PFD+CLM | 101.5+0.5 |211.7+32.5 NI 96.2+0.0

We investigated MR&, a lung fibroblast cell line, because it is the vusied cell line for
evaluatingn vitro anttfibrotic effects of small moleules as it facilitates ECM production and

cytokine release after TGE s t i mtP1Additionally, due to strong linkage between
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progression of IPF and liver fibrosis to lung and liver cantefsye also testethe effects of

our compounds against A549 and Hgp, lung adenocarcinoma and hepatocellular carcinoma
(HCC) cell ines respectively. Notransformed monkey kidney epithelial cells (VERO) were
used as a represtative positive control.

Against MRG5 cells we found that cytotoxicity of the macrolidRFD compoundgenerally
increases with increase in the length ofrtiethylene group of the linker moieties for all
compound class, with four or five methyleneups being optimum (Tables1-2.4).
Compoundd9b and20care exceptions to this trend. Comparing the template macrolides, we
found that AZM derivatives are relagly more potent than their CLM congeners for class I
and IV compounds (Tables3 and2.4). Relative to PFD, the standard of care for, |1&Fof our
compounds are 16P,506fold more potent. The template macrolides AZM and CLM are also
cytotoxic to MRC-5 cells but they are 5 to 50Id less potent than our potent compounds
(compareldcvs CLM; and15c, 20evs AZM). To investigate if simulineous treatment of PFD
and template macrolides has comparable effects asabmlidePFD compoundsye treated

cells with combination of equal concentrations of PFD+AZM and PFD+CLM. We found that the
combirations did not reult in significant enhancemteof potency relative to AZM and CLM as
single agents (Tabt24). These results suggest thacrolidePFD compounds arggnificantly
more potent than their template PFD and macrolides as either single ageombination
thereof.

The methylene linkdength-dependency largely holds for the effects of these compounds against
A549, HepG2 andvVERO cells. Among the synthesized compounds, we found claksdis 4-
9-fold more selective for MRG relative toVERO and the two cancer cell lines testedsThi

suggest that5ccould be a lead candidate for target validationiandvo efficacy studies.
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2.2.4 Effect of lead macrolid®FD compoundsonNB B pat hway

NF-a Bpathway plays essential role in tissue fibrosis as it is stimulated by tissuermgdigited

upregulation of pranflammatory cytokine TNFJ. The a etBi watnead i MRIt es t o
fibroblastmyofibroblast transformation and induces the active mode of E@RNupgtion. It has
beenfoundthatN6 B control s the tissue inflammation p
immune system. Thus, inhibitonof \&B pat hway has been fobund to
tissue inflammation. Specifically, parthenolide, a smadlecule NFe B i nhi bi t or, was
be effective in the attenuation of interstitial lung inflammabibfCAlso,the NFe B i nhi bi t i or
activity of PFD has been linked to its effect in decreasing the transcriptional activation of the

iINOS gene promoter to suppress thedpiiion of preinflammatory NO® Thus, it would be b

value to investigate and compare the effects of macr8liel2 compounds relative to PFD on the

NFFeB pat hway.

In collaboration with JidDong Li lab at Georgia State University (GSU), we tested the effects of
representatie compounds (based on cell dgidcity) onNFe B t ranscri pti onal ac
NF-eB Luci f er as(€ig.2.® phe macelidé?BDscangpgunds and template

macrolides AZM and CLM were screened at 5 uM while PFD was screened at 5 gud k00

PFD. We noticed that PFD showed inhibition at 5 uM, while at 100 uM it caused a significant
inhibitonNFe B activity. AZM showedBspghhWwagawhi i ahf
not inhibit the pathway at 5 uM. Among the macrolIED compouds tested, we found that

10b, 10c, 2b, 12c, 13a, 15c, 19a, 19d, 28dowed significanNF-s B i nhi bi ti on at 5
Based on these findings, we postulated that AZM template may contribute significantly to the
strongNFe B i nhi bi t i on -dedvedmacraidgPFD dompolmes. IrAcaniit,
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CLM did not contributetoN® B i nhi bi ti on 10b ild4c,d9¢hawed der i vat i v
significantNFe B i nhi bi ti on. Tderevedenficoolidd’-D cbngpounds,the CL M
PFD moiety may be a significant driveithe NFe B i nhi bi tollectivelyact i vi ty. C

compoundd0c, 15c, 20are highly interesting candidates as they showeefiantitic and anti

cancer activities in addition to inhibitngN&B t r anscr i pti onal activity
A BEAS-2B
NF-kB-Luc
=
£ 2004
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©
o 1504
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o
g
= 1004
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14 0+
NTHi - + + + + + + + + + + + + + +
Compound# - - 15a 11a 13a 10a 12a 15b 11b 13b 10b 12b 15c 11c 13c

B BEAS-2B
NF-kB-Luc

Relative Luciferase activity

NTHi - + + + + + + + + + + +
Compound # - - 10c 12c 20a 19a 20d 19d PFD PFD CLM AZM
5uM 100pM

Figure 25. Effect of tested agentsn NFkB transcriptional activity at 5 pM
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2.2.5 Effect of macrolidd®FD compounds on Pr@OL1A1 expression

The ECM contains the essential components that contribute to tissue fibrosis and stiffness.
Specifically, protein céhgen | (COL1AL) is the key protemesponsible for fibrosis. In normal
tissue under ROS and injury, COL1A1 constructs the tissue with scar healing, while in chronic
injury, the collagen expression turned into a continuous expression which induceshissie f
and necrosis. Thus, COL1AXm@ession inhibition is one of the direct evidence of tissue fibrosis
inhibition. PFD, the standard care for IPF showed significant COL1A1 expression inhibition at
ICsodosag®’. AZM also caused downregulation of COL1A1 at aboutM@ange®® Therefore,

we investigated if thenacrolidePFD compoundsould inhibit the intracellular expression of
COL1AL. Weused a preCOL1A1 expression ELISA assay kit suppliegd Abcam (ab210966).
Compounds were tested at 1MEso and 1Go, and we observed that they showed concentration
dependent inhibition. Specifically, compouridib, 10c, 11a, 12b, 15c, 14c, 1%md20e

showed effects in this assay as they causesb20 cownregulation of praCOL1A1 expression

at 1/10 1Go or 1Csp concentration after 24 h treatment, whereas PFD to be dosed at 2.5 mM
concentration to have similar effect (F&6). This data suggests ththesemacrolidePFD

compoundgould suppress ECM pradtion intracellularly.
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Figure 26. Effect of macrolidePFD compound®n the production of soluble pawllagen at
variousconcentrations.

2.2.6 Effect of lead macrolid®FD compoundson TGBE pat hway

As mentioned previously, TGB1 pl ays a key role inbll PF progr ¢
pathway inhibitor that prevents SMAD2/ediated production of ECM and several cytokine

MRNASs. Shce we useth silico tools to design the macrolide-D compounds to inhibit TGE

receptor ALK5, we expect that these compounds will inhibit 6B pat hway 1 n anal
manner to the template PFD. So, we used a PromegeébTGF | uci f er asée reporter
(CS2018F03) texamine the effect of our compoundsand PFD-BGE acti vi ty. We f |
scanned the effect of selected compoud@s,(11ab, 20 PFD, AZM and CLM) at two

concentrations (1x Ié and %2 IGo) and found that compourida 20eand PFD showed

significant TGFb Jathway inhibition at these caogmtrations while other tested compounds,

including AZM and CLM, didnotshow TGBE1 i nhi bi t i 26a). Basedanthist y ( Fi ¢

data, we then expand this study to probe the-dependengffects of more compounds that
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showed both strong cell cytotoxicity and afiirotic and antiinflammation effects in MR&

cell. We found that all selected candidate3c( 11c, 14c, 15anhibited the transcriptional

activity of TGFb 1 w isob 3110 qIMQwhile PFD showed 165 1.92 mM(Fig. 2.6b). Through

the experiment, we confirmed that the representative maci®kiecompounds inhibit TGBE 1

pathway signaling, key intracellular pfibrosis pathway, with 20do 500fold enhanced

potency relatived PFD. The TG 1 i n h i \aty af theomacraideRFD compouds does

not come from the macrolide templates since AZM and CLM are devoid ofoTGF i nhi bi t i or
activity. The TGFb 1 i nhi bi t i on a ecPFD somgoyndsasfexclusively throaghr ol i d

their PFD moiety. Therefore, cakent linkage to macrolides (in the context of the macrelide

PFD compounds) facilitates the increased TGE pat hway i nhibition effe
A. Evaluation of the effects of representative compoundB@Rb act i v angIGat | | C
150=
2
% 100
2
G
= 50+
s
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B. Dosedependent effects of representative compoundsorfGRa ct i vi t vy
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Figure 27. Effect of macrolidePFD compounds on TGB act i vity wusi-ng Luc
reporter assay kit. (A) Evaluation of the effects of representative compounds emadB¥ty at
Y% 1Cspand IGo. (B) Dosedependent effects of representative coomas on TGFb  act i vi t y.

2.2.7 Intracellular target validation study

We used Western blot analysis to test the effects ahderolidePFD compoundsn the
expression status of two main proteins of the ECM compoiedt® L 1 A1 -SMA din U
order to confirmtie contributions of the targets investigated above on theirthilfacCOL1A1
a n dSMW@ are proteins essential to the builg of fibrotic lesion. Previous study on PFD
showed that it inhibits the expression of COL1A1 at2r5M concentration and onlyinor
inhibition at 1mM°®* ®°In addition, the effects of drugs on the levels @ TPAT3 proteins is
indicative of effect on fibrosis and proinflamroat marker8%8 we cosel0c,11b,and11cfor

the first round of Western blot due to their outstanding performance in one or more tests: simulation
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prediction, cytotoxicity, COL1AL inhibition scanning, anddM i nhi bi ti on. We wused P

AZM as controls.

A. Effects ofrepresentative CLMPFD 10con intracellular markers of fibrosis and

inflammation.
10c:
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B. Effects of representative AZi#FD 11bon intracellular mekers of fibrosis and
inflammation

112



DMSO PFD 11b DMSO AZM

ImM 2.5uM 5uM 5pM
— —— — COL1A] === ===
COL1AL1 _
p-STAT3
P e — - -
p-STAT3 T-STAT3
O G eeae  SEESED o—SMA —— S——
T-STAT3 GAPDH —— ——
GAPDH
COL1A1 (11b) a-SMA (11b) p-STAT3 (11b) T-STAT3 (11b)
§ 200~ S 1501 § 150 S 1507
A @ @ @
£ 150 s g 5
% % 100 % 100 & 1004
- o™ [32)
= - : :
9 & 50 @ 50+ 2 50+
o 507 2 () ()
z g = 2
g 0~ E 0- ‘TE 0- % 0-
ER LSS S8 ey EER
TS H s TR TR O

. Effects of representative AZMFD 11con intracellular markers of fibrosis and inflammation

COL1A1
S 1507
[]
3
a
DMSO 11b 11c 3 100-
25uM 5uM  2.5uM 5uM )
TGF-p — + + p 4 3 =
N —— S— — — o 50 -
COL1A1 . o
p-STAT3 SO ; 3 : F
y D e 9 0-
T-STAT3 : - AR
~ LSS S S S S
a—-SMA _— -* Q O):& ((o\’ NV o 0\/'1/\’0’1/ >
GAPDH — —_— - & QU W T Yo

113



a-SMA p-STAT3 T-STAT3

c
< 150 150 S 1507
2 A
2 < 8
o 2 g
x
< 100 & 100 @ 100 T
e == T ® 2
g s <
) o =
& 50 % 504 T 2 507
g o g
= =% =
° g
2 o - 0-! S o-

]
§§z§9§§25@<§9¢§&§*4§6§‘ QQDépgg 49 &*«@‘6* & & & §i& €§*§§¢§k§*g§
PN LRSI N w N T QA GV N Ve
ge & Q/cy Ni& Q& N éD $ V& w »» »0 N o & & NQ& R
S o ©

d. Effects of macrolide®FDcompounds Qc, 11bandllcon TG expression

DMSO PFD 10c DMSO PFD 11b DMSO PFD 11c
imM 25mM 5nmM ImM 25nM 5niM ImM 2.5mM 25mM 5mM
TGE- q—-—-n-nﬂ--dﬂ - e e

GAPDH | e SS S [ e G S e - e S

TGF-b TGF-b (11c)

N
o
o
|
[e]
o
o
|

(o2}
o
o
1
—

[Eny

a1

o
|

400

a
o
|

relative TGF{p expression
=
o
o
1
relative TGFP expression

¥
-

S Hh b H
Q/ O ﬂ/ N O &Y O WY
<<<> RS I RO AP

EERRRR S

Figure 28. Effects of representative macrok&&D compoundn the expression status of

COL 1 A1 -smwooth adiin, twanain proteins of the ECM components ar8PAT3in MRC-

5 cell after 24 h of treatmer@ompound4.0¢ 11b, andl1csignificantly inhibited thentracellular

l evel s of Griooth dctirandpBTATIwith or withoutTGFb 1 st i (Aud).at i on
CompoundslOc and 11b have no effect on TGH expression(D) while the 11c significantly
upregulatethe TGB1 expr eMMsi on at 5
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We observed thatOcand11b showed significant downregulation of COL1A1 giNM (> 50%

for 10cand >80% forl1b) (Figs.2.7ab), while 11calmost eliminated the COL1A1 expression
at the same concentration (F&j7c). The template macrolides AZM a@d.M have no effect on
COL1ALl leve at 5pM and, PFD at 1 mM also did not show any significant downregulation on
COL1AL1 expression as well. Moreovéfc (5 uM), 11b (2.5uM) and11c(2.5uM) showed
significant pSTATS3 inhibition. It required 1 mM dosagerfBFD to achieve compable p

STAT3 downregulation activities as these macrefdd compounds (Figd.7ac). These data
strongly support the potent the afilirotic effects of macrolidé®FD compounds

We also investigated effects of all compounds on-6GF|l e v e | a node showsiamyd t hat
inhibition of TGFb 1 e x pr e s s i2.6dh This eesult i no{ uRexpepcted since our
compounds are designed to inhibit T8FL  p a t h wa geptor bindmai(gr SMAD2/3

transcription)jnstead ofdirectdownregilation of TGFb 1  essignr
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Figure 29. Compoundl5c demonstrates strong afitbrosis effect in TGFb stimulated MRG5
cell line.

We then expanded our investigation intracellular target validation to inthcla lead
compound which showed selective toxicity to MBCells. We used significantly higher
concentrations of the control compounds AZM &#D than the once we used in the
experiments described above. We observed that the AZM at 50uM demonstrafénatidi
effect with suppr essi on-SHA, anifiidnectio (FM)oSineent s COL
matrix metalloproteinases (MMPSs) contributeBlGM decomposition, and upregulation of
MMPs is a biomarker of inflammation and/or fibrosis, we also tested tbetebf 15¢c on MMP
2 and 9 expression levels. We observed that AZM upregulates-R1d4fel phosphorylation of
ERK1/2 while it downregulates MMB significantly. In contrast, PFD significantly
downregulated MMR2 at 2.5 or 5 mM, and while it slightly downrdgted MMR9 at 5 mM.
Interestingly,15cshowed a similar pattern as AZM, significantly upregulating MR&nd
downregulating MMP9 in a dosalependent manner (Fig.8). This implies thal5cderives its
antifibrotic effects from a unique combinationtbe mechanism(s) of the adfitbrotic activities

of PFD and AZM. Thusl5crepresents a novel asftbrotic and antiinflammatory agent.

2.3 Condusion

Efforts at developing treatment modalities for IPF have focused on three stages of the disease:
microinjunes, abnormal wound healing process with immune activation, and fibroblast
hyperplasia exaggerated extracellular matrix (ECM, mainly collagkm)sition mediated by

transforming growth factor (TG / Sma d  $°iThe paientialmfghe drivers of thater
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stage as IPF drug target has been validated with the U.S. Food and Drug Administration (FDA)
approval of two drugs PFD and nintedanib which inhibit IPF progression via distinct
mechanisms. However, neither drug is optimal for IPF therapy dheitcatdverse sideffects,

low potency, cost ineffectiveness (either drug cost over $94,000 per year) and minimal beneficial
effectonthepatint s6 sur vi val rat e. -bised dpproaeh, whishevds her e
validated byin silico drug desigriool (Autodock Vena), to design 4 classes of macrdbidsed
antifibrotic agents. These agents are designed to exploit the excellent P&lexti/e lungs

and/or liver tissues distribution activities of these macrolide templates to arrive at novel anti
fibrotic agents that may selectively accumulate within these tissues. We designed and
synthesized twentgight compounds and tested their effean the viability of four cell lines

MRC-5, A549 HepG2 and VERO. We observed that candidate compoil®dslk, 11b, 15c,
20einhibited the proliferation of these cell lines withs§Cange of 2.510uM. To investigate

their cellular targets, we screehgelected candidates for their effects onffizmsis and pre
inflammationNFe B a n e Tp@R h wa y shat théée compoundsdootently inhibit-NF

9B aneb TPG@GR hways. Rel ative to PFD or the unmod
PFD compouds have much effective atftbrotic agents with potency enhancement as high as
100Gfold. The enhanced potencftbhe new macrolid@erived compounds is in agreement with

the results from our molecular docking studies which revealed that these compouwidds c

engage in productive interaction with amino acid residues on the outside surface-of TGF

b receptor, ALK5. Among these macrolideFD compoundsl,5cshowed an optimum inhibition
and/or downregulation of the fibrosis markers {ENVIMP-9 ,  C O L -SMA) that Wk

investigated at low micromolar k& The next best compounds a@c, 11cand20e These
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compounds arexeellent candidates for future preclinical studies focused on the evaluation of

their PK, tissue distribution and afitorotic effects in in wo models of IPF and liver fibrosis.

2.4 Materials and Methods

2.4.1 Materials

Analtech silica geplates (60 F254) were used for analytical TLC while Analtech preparative
TLC plates (UV 254, 2000 em) or silica gel
NMR spectra were taken onVarig@emini 400 MHz and Bruke 700 MHz magnea&sonance
spectroneter.'H NMR spectra were recorded in parts per million (ppm) relative to the residual
peaks of CHGI(7.24 ppm) in CDCJ *C spectra were recorded relative te tientral peak of

the CDCh triplet (81.5 ppm) were recorded with complete hetigooupling Multiplicities are
described using the abbreviation: s, singlet; d, doublet, t, triplet; g, quartet; p, pentet; dd: doublet
of doublet; dt: doublet of triplet; dgloublet of quartets, m, uitiplet; and app, apparent. High
resolution mass spectra wereomted at the Georgia Institute of Technology mass spectrometry

facility in Atlanta.

2.4.2 Synthesis

Compound 1a%® 2-Hydroxy-5-methyl pyridine (1.32), 12.1 mmol) was added to potassium
carbonate (1.67 g, 12.1 mmo8hydroxyquinoline (348 mg, 2.4 mmol) andlgdomophenyl)
methanol (4 mL, 4.17 g, 22.02 mmol) i1@0ml round bottom flask with reflux condenser

Dimethyl sulfoxide (DMSO) (25 mL) was addl into the mixture and purged with argon for 30
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min. Then, coppé€l) iodide (696 mg, 3.66 mmol) was added into the solution. The pressure tube
was capped after another 15 min of argon purge. The reaction was covered withalfoiinu
and heated to 120°@ith reflux for 24 h. The reaction was cooled to room temperatndethe
resulting green mixture was worked up with DCM (100 mL x 3) with water (150 mL). The
combined DCM layer was washed with HCI solution (1M, 100 mL) and riésengcolor turned
back to @le yellow. The aqueous layer also turned yellow. So, more DC¥h[(50 5) was used
to extract product in the agueous layer. The combined DCM layer was dried e8&xNa
evaporatedn vacuoto give the crude product as yellowvper. The crude was purifieusing
silica gel chromatography (EtOAc: methanol=10:0.7) toififrtha as pale yellow solid (2.08 g,
80%).'H NMR (400 MHz, CDC{) U 1 7.415c2 2H), 7.34 (d] = 8.4 Hz, 2H), 7.27 (d] =
9.7 Hz, 1H), 7.15 7.05 (m, 1H), 6.61 (d] = 9.3 Hz, 1H), 4.71 (d] = 5.8 Hz, 2H), 2.20 (§ =

6.0 Hz, 1H), 2.10 (d] = 1.1 Hz, 3H).

Compound 1b.%° The reaction o2-hydroxy-5-methyl pyridine (0.2 g, 83 mmol), potassium
carbonate (0.5 g, 3.6 mmol}droxyquinoline (60 mg, 0.423 mmol) ang£bromophenyl)
ethanol (0.36 mL, @7g, 1.84 mmol) in DMSO, as described for the synthesis,ofurnished
1b as pale yellow solid (125 mg, 55%MH NMR (400 MHz, cdck) U  7J.=3.8 Hz( 3H),
7.287 7.27 (d,J= 2.5 Hz, 1H), 7.25 (d] = 2.5 Hz, 1H), 7.11 (d] = 2.5 Hz, 1H), 6.60d, J =

9.3 Hz, 1H), 3.88 (q) = 6.4 Hz, 2H), 2.91 () = 6.5 Hz 2H), 2.10 (d,J = 1.1 Hz, 3H).

Compound 1c%° The reaction o2-hydroxy-5-methyl pyridine (0.35 mg, 3.21 mmol), potassium
carbonate (0.500 g,@mmol), 8hydroxyquinoline (38 mg, 0.26 mmol) ang4rbromophayl)

butanol (0.3mL, 1.37mmol) in DMSO (8 mlgs described for the synthesislef furnishedlc
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as yellow oil (145mg, 41%%H NMR (400 MHz, CDCJ) U  7J.=4.3 Hz( 5H), 7.28 (d]
= 2.7, 1.0 Hz, 1H), 6.78 (d,= 9.3 Hz, 1H), 3.85 (1 = 6.6 Hz 2H), 2.86 (tJ = 7.5 Hz, 2H),

2.27 (d,J=1.1 Hz, 3H), 1.94 1.86 (m, 2H), 1.79 (1 = 3.1 Hz, 2H).

Compound 2a.Thela(2.7 g, 12.6 mmol) was added into anhydrous DCM (50 mL).
Triethylamine (4 mL, 30.88 mmol) was added and the mixture was purdiedwgon at15°C.

15 min later, methanelsuligl chloride (2 g, 20.4 mmol) was added into the solution. The
reaction ran for 2 h until all starting materials have reacted. The solutionwaaked up by

adding saturated NaHG@olution (30 mL) and the wlayers separated. The aqueous layer was
extracted with (30 mL x 3). The combined DCM layer was washed with brine (30 mL), and dried
over NaSQu. The mixture was evaporated off resulting@mpound?a (2.7 g, 10.1 mmol, 81%)

as yellow liquid. The cruderpduct was used for the next steqaction without purification.

Compound 2b.The reaction oflb (0.154 g, 0.67 mmol) with methanelsulfonyl chloride (0.147
g, 1.2 mmol) in anhydrous DCM (20L) and triethylamine (0.17 mL, 1.2 mmol) mixture, as
describedor 2a, furnished2b (150 mg, 0.53nmol, 79.1% as yellow liquid. The crude product

was used for the next step reaction without purification.

Compound 2c.The reaction oflc (2 g, 78 mmol)with methanelsulfonyl chloride (1.75 g, 16.8
mmol) in anhydrou®CM solution (30 mL) and triethyfaine (2 mL, 15.44 mmol) mixture, as
described foRa, furnished2C (2.1 g, 6.81mmol, 87.4% as yellow liquid. The crude product

was used for the next stegaction without purification.
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Compound 3a.Compounda (600 mg,2.23 mmol) was dissolved in to DMEO mL), NaN

(200 mg, 3.08 mmol) was added and the mixture was heated to 80°C for 24 h. The reaction was
allowed to cool down to room temperature, pamigd between DCM (50 mL) and water (100

mL) and the two layers semted. The aqueous layer was asted with DCM (50 mL x 3). The
combined DCM layer was washed again with water (100 mL x 2), dried og8CNand

evaporated off to givBa (503 mg, 2.13mmp95.5% as yellow liquidtH NMR (400 MHz,

CDClL) U i 7.384n94H), 7.29 (dJ = 2.6 Hz, 1H)7.16i 7.08 (m, 1H), 6.62 (d] = 9.3 Hz,

1H), 4.40 (s, 2H), 2.11 (d,= 1.1 Hz, 3H).

Compound 3b.The reaction o2b (680 mg, 2.2 mmol) with NaiN175 mg 2.69 mmol) in DMF
(10 mL), as described for tsgnthesis oBa, furnished3b (405 mg, 1.62mmol, 73.6%) as
yellow liquid.*H NMR (400 MHz, CDCJ) U 7 7.10Zm, 5H), 7.04 6.94 (m, 1H), 6.45 (d]

= 9.3 Hz, 1H), 3.42 () = 7.2 Hz, 2H), 2.8@d, J = 7.2 Hz, 2H), 1.97 (dJ = 1.3 Hz, 3H).

Compound 3c. The reaction o2c (2.5 g, 6.08 mmol) with NatN(700 mg, 10.8 mmol) ) in
DMF (10 mL), as described for the synthesiSaffurnished3c (1.65 g, 5..nmol, 97.6%) as
yellow liquid.'H NMR (400MHz,CDd3) G 7.27 (m, 5H) J=9BHAO0 ( m,

1H), 3.56 (tJ = 6.2 Hz, 2H), 2.73 2.64 (m, 2H), 2.09 (d] = 1.1 Hz, 3H), 1.89 1.74 (m, 4H).

Compound 4: Clarithromycin (15.00 g, 20.04 mmol) was added to 500 mL round bottom flask
(RBF). Sodium eetate (14.04g, 171mmol) was added. Then 250nmathanol with 10mL
chloroform solvent was added to completely dissolve CLM. The mixture was heated to 80°C
with additon of water to dissolve NaOAc. The solution was cooled to 60°C and iodine (5.24 g,
20.60 nmol) was added to the solution in three aliguat3 min to ensure no sticky gels formed.
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The solution turned from cloudy white to dark yellow in 10 min. Sodiundyde (1 M, 10

mL) was added into the solution in the first 10 min. Then the solutiorstiveesd for 30 min.
Another 2 aliquots of sodm hydroxide (1 M, 10 mL) were added into the solution. The solution
turned clear and stirred for another 2 h at 6@&ol to room temperature, water (500 mL) and
NH4OH (10 M, 15 mL) were added. Extraction wme using DCM (150 mL X 4). The
combined DCMsolution was washed with ammonium hydroxide (1 M, 200 mL). The aqueous
layer is extracted with DCM (100 mL x 2). Thensbined DCM solution was evaporated and the
product was recrystallized using acetone;QH (15:1, 20 mL) to givel (12.5 g, 85%) as white

powder.

Compound 5 Compound! (1 g, 1.3 mmol) and-éthynylbenzyl methanesulfonate (280 mg,

1.33 mmol) were dissovd i n DMSO (10 mL) . Huni gbs base (0O
the mixture was heated ®°C for 4 h. The reaction was partitioned betw DCM (50 mL) and

water (100 mL) and the two layers were separated. The aqueous layer was extracted with DCM

(50 mLx 3). The combined DCM layer was dried overp8i&: and evaporated off. The crude

was purifed using column chromatography eluting withykticetate: hexanes (4:6) to give

compound (512 mg, 46 %) as pale yellow solid.

Synthesis of 6The reaction oEompound (2 g, 2.6 mmol) with propargyl bromide @8mg,

2.6mmol) in DMSO (10 mL)andHunigs base (1.2 mL, 6. 50°Gwillo | ) at
generate multiple byproducts) for 4 h, followed by work up as described for the synthgsis of
furnished a crude product. The crude purified using colummntiitography eluting with CHgI

MeOH: NH,OH=20: 1: 0.1 to furnisé (650mg, 34%) as palyellow solid*H NMR (400 MHz,

cdck) U 7. 26 ( sJE11304R)5Hz, 5H), @.93 (d=dt @ Hz, 1H), 4.46 (] = 7.1

123



Hz, 1H), 3.98 (s, 2H), 3.803.73 (n, 2H), 3.66 (dJ = 7.5 Hz, 1H), 3.53 3.45 (m, 1H), 3.40
(dd,J = 3.9, 2.5 Hz, 2H), 3.33 (d,= 1.1 Hz, 4H), 3.24 (d] = 7.4 Hz, 1H), 3.21 (d] = 2.9 Hz,
1H), 3.18 (s, 1H), 3.07 2.94 (m, 6H), 2.94 2.82 (m, 1H), 2.74 2.54 (m, 2H), 2.40 2.31 (m,
5H), 2.291 2.21 (m, 1H), 2.19 (d] = 10.3 Hz, 1H), 1.95 1.85 (m, 2H), 1.85 1.77 (m, 2H),
1.747 1.65 (m, 1H), 1.62 1.53 (m, 4H), 1.53 1.40 (m, 3H), 1.37 1.17 (m, 19H), 1.15 1.05

(m, 16H), 0.84 (tJ = 7.5 Hz, 4H).

Compound 7.Azithromycin (15.00 g, 20.05 mmol) was added to 5Q@0round bottom flask.

Sodium acetate (14.04 g, 171 mmol) and 120 mL 80%:20% V/V%eamelitO were added.

The mixture was heated to 50°C. lodine (5.24 g, 20.60 mmol) was added to the solution in three
aliquots within 3 min. The solution turned from clouallyite to clear yellow in 10 min. Sodium
hydroxide (1 M, 10 mL) was added into thewdiin in the first 10 im. Then the solution was

stirred for 30 min and another 2 aliquots of sodium hydroxide solution (1 M, 10 mL) were added
into the reaction. The sdion turned clear and was stirred for another 2 h at 50°C. Cool to room
temperaturethe reaction was poureato water (500 mL) and N4#OH (10 M, 15mL) and

extracted with DCM (150 mL x 4). The combined DCM layer was washed with ammonium
hydroxide (1 M, 200nL). The combined DCM layer was dried over.8@&: and evaporated.

The crude solid wain acetone:NEOH (151, 20 mL) to yield 7 as white powder (10.8 g, 73%).

Compound 8 Compound’ (1 g, 1.3 mmol) and-éthynylbenzyl methanesulfonate (280 mg,
1.33mmol\wer e di ssolved in DMSO (10 mL) and Huni g
reaction mixure was heated to 7596r 4 h, cooled to room temperature, partitioned between

DCM (50 mL) and water (100 mL) and the two layers were separated. The aqueous layer was
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extracted by DCM (500 mL x 3), the combined DCM layer was dried ove3®eand
evaporged off. The crude wasurified using column chromatography eluting with DCM:

MeOH: NHsOH=15: 1: 0.1. to give 8 (512 mg, 0.60mmol, 46.3% as pale yellow solid.

Synthesis 9. The reaction of compound(2 g, 2.6 mmol) and propargyl bromide (376.8 mg,
2.anmol) inDMSO (10 mL)ad Huni gbés base (1.2 mL, 6.5 mmol
will generate multiple byproducts) for 2 h, followed by work up 10% methanol in DCM as
described for the synthesis &ffurnished a crude product. The crude purified uswigmn
chromatographyleting with CHCk: MeOH: NHsOH=10: 1: 0.1 to furnish 9 (710 mg, 34.6%) as
pale yellow solidlH NMR (400 MHzi,7.23(h,2H)35)12 (d] = 7.6 Kz 01H),

4.75 (s, 1H), 4.46 (d, J = 7.1 Hz, 1H), 4.26 (s, 1H), 4.05 (c§.8 £z, 1H), 3.77 3.69 (m, OH),
3.63 (d, J = 6.8 Hz, 1H), 3.54 (s, 2H), 3.40 (s, 2H), 3.34 (d, J = 2.3 Hz, 3B)t3]2= 8.6 Hz,
1H), 3.04 (t, J = 9.7 Hz, 1H), 2.73 (s, 1H), 2.24 (s, 1H), 2.15 (d, J = 10.5 Hz, 1H), L8

(m, 3H), 1.79 (t, J = 14.2 Hz, 2H), 1.59 (dd= 15.0, 4.6 Hz, 1H), 1.46 (dd, J = 15.8, 8.1 Hz,
1H), 1.391 1.30 (m, 4H), 1.25 (s, 8H), 33 1.18 (m, 5H), 1.18 (s, 1H), 1.131.08 (m, 2H),

1.04 (d, J = 7.8 Hz, 3H), 0.95 (s, 1H), 0.91 (d, J = 7.0 Hz, 2H), 0.87 (d, J = 8.2 Hz, 1H).

Compound 10a.Compounds3a (60 mg, 0.25 mmol) anl (150 mg, 0.178 mmol) were

dissolved in THF (2 mL) and DMSO1 mL) . Huni gbs base (0.3 mL,
the mixture was purged with argon for 20 min. Cul (5 mg, 0.03 mmol) was added and the

reaction mixture waat room temperature overnight. The reaction was partitioned between

DCM (30 mL) and water (dmL) and the two layers separated. The aqueous layer was extracted

with DCM (50 mL); the combined DCM was dried byJS&4 and evaporated off. The crude
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was purified in preparative TLC, eluting DCM:methanol=15:1 to fura@3&(74 mg, 38%) as
white powder!H NMR (400 MHz, CDCY) U i 7.7448, 2H), 7.73 (s, 1H), 7.33 @@= 8.0
Hz, 2H), 7.30 7.23 (m, 4H), 7.11 7.04 (n, 2H), 6.59 (ddJ = 9.3, 1.5 Hz, 2H), 5.03 (di,=
11.1, 2.3 Hz, 2H), 4.89 (8,= 6.2 Hz, 2H), 4.41 (d] = 7.2 Hz, 2H), 4.34 (J = 7.1 Hz, 1H), 4.00
i 3.93 (m, 2H), 3.81 3.68 (M, 4H), 3.63 (dd] = 11.6, 7.0 Hz, 2H), 3.45 (dd= 18.1, 10.4 Hz,
3H), 3.361 3.25 (m, 1H), 3.23 (s, 2H), 3.14 @z 27.8 Hz, 5H), 3.02 (d] = 3.8 Hz, 5H), 2.88
2.79 (m, 2H), 2.68 (4 = 7.5 Hz,1H), 2.55 (d,J = 10.3 Hz, 3H), 2.29 (dd,= 13.6, 5.1 Hz, 1H),
2.09 (d,J= 1.3 Hz, 6H), 1.96 1.78 (m, 5H), 1.74 1.59 (m, 2H), 1.56 1.44 (m, 2H), 1.39 (d,
J=2.5Hz, 5H), 1.31 1.13 (m, 8H), 1.13 1.03 (m, 17H), 0.82 (td] = 7.5, 1.6 Hz, 6H)3C

NMR (101 MHz,CDC$) U0 220. 1, 174. 8, 160. 8, 160. 6,
126.4, 125.5, 124.8, 120.518.6, 114.2, 113.9, 101.7, 94.9, 79.9, 77.3, 73.2, 71.5, 68.0, 67.6,
64.6, 62.9, 56.5, 52.6, 49.6, 48.4, 44.2, 44.0, 38.1, 36.2, 35.7, 28.7, 20.5, 20.3, 18.8, 17.6,
17.0, 16.0, 15.0, 14.9, 11.3, 9.6, 8.1. HRMS (ESI) m/z Calcd.sbts6D16N7 [M+H*];

1088.6126, found 1088.6149.

Compound 10b.The reaction o8b (200 mg, 0.75 mmol} (500 mg, 0.59 mmol), Cul (20 mg,
0.12mmoh)n THF ( 2mL) , DMSO (1mL) and Hunigds
for the synthesis df0a The product was furnished by column chromatography using solvent
DCM:MeOH=15:1 to yieldlOb (359 mg, 55%) as kite powder‘H NMR (400 MHz, CDCJ) U
7.73 @d,J= 7.8 Hz, 2H), 7.64 (s, 1H), 7.367.18 (m, 8H), 7.05 (d] = 2.5 Hz, 1H), 6.56 (d] =

9.3 Hz, 1H), 5.28 (s, 2H), 5.01 (db= 11.0, 2.3 Hz, 1H), 4.86 (d,= 4.9 Hz, 1H), 4.61 (] =

7.3 Hz, 2H), 4.39d, J = 7.1 Hz, 1H), 3.97 3.88 (n, 2H), 3.79 3.67 (m, 3H), 3.60 (d] = 7.1

Hz, 1H), 3.50° 3.37 (m, 2H), 3.28 (q] = 7.1, 5.8 Hz, 3H), 3.17 (s, 1H), 3.09 (s, 3H), 3.01
2.89 (m, 5H), 2.84 () = 8.2 Hz, 1H), 2.55 (d] = 21.1 Hz, 3H), 2.27 (d] = 15.2 Hz, 1H), 2.21
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(s, 3H), 2.13¢, J = 9.9 Hz, 1H), 2.06 (s, 3H), 1.931.79 (m, 2H), 1.71 (d] = 21.9, 13.4 Hz,

2H), 1.53i 1.42 (m, 1H), 1.37 (s, 3H), 1.321.18 (m, 8H), 1.18 1.01 (m, 17H), 0.81 (gl =

8.4, 7.4 Hz, 6H)'°C NMR (101 MHz,CDCI} & 221. 1, 175.884001%B, 8,

135.1, 129.6, 127.0, 125.8, 121.4, 119.9, 115.2, 102.7, 95.9, 80.9, 78.3, 77.9, 74.3, 72.5, 70.7,

69.1, 68.6, 65.6, 63.9, 57.6, 51.4, 50.6, 49.4, 45.2, 45.0, 39.2, 39.1, 37.2, 36.9, 36.3, 34.8, 29.7,
215, 21.3,21.0, 19.8, 18.6, 18.0, 17.0, 15.9, 12.3, 10.6, 9.1. HRMS (ESI) m/z Calcd. for

CeoHgsO14N5 [M+H*]: 1102.6322, found 1102.6310.

Compound 10c.The reaction o8¢ (200 mg, 0.79 mmol% (500 mg, 0.59 mmol), Cul (20 mg,
0.12mmol) in THF (2mL),DMS® 1 mL) and Hunigbs base (0.3
for the synthesis df0a The product was furnished by column chromatography using solvent
DCM:MeOH=15:1 to yieldlOc (453 mg, 68%) apaleyellow powder!H NMR (400 MHz,
CDClL) U i 7.758m, M), 7.73 (s, 1H), 7.33 (d,= 7.9 Hz, 2H), 7.30 7.20 (m, 5H), 7.11
7.05 (m, 1H), 6.58 (d] = 9.3 Hz, 1H), 5.28 (s, 1H), 5.03 (dbi= 11.0, 2.2 Hz, 1H), 4.88 (d,=

4.8 Hz, 1H), 3.94 (dJ = 20.0 Hz, 1H), 3.81 3.69 (m, 3H), $1 (d,J = 7.1 Hz, 1H), 3.50 3.39
(m, 2H), 3.30 (ddJ = 10.2, 7.1 Hz, 1H), 3.17 (s, 1H), 3.11 (s, 3H), 3.G391 (m, 5H), 2.86
(dd,J=9.2, 7.0 Hz, 1H), 2.69 (§,= 7.5 Hz, 2H), 2.62 2.52 (m, 2H), 2.32 2.24 (m, 4H), 2.08
(d,J=1.1 Hz, 3H), 1.8 (g,J= 7.5 Hz, 1H), 1.92 1.84 (m, 1H), 1.84 1.74 (m, 1H), 1.74

1.63 (m, 3H), 1.55 1.41 (m, 1H), 1.39 (s, 3H), 1.24 (dbk 13.2, 6.2 Hz, 6H), 1.16 (d,= 7.2

Hz, 2H), 1.11 (ddJ = 6.1, 2.0 Hz, 15H),.06 (d,J = 7.5 Hz, 2H), 0.82 () = 7.4Hz, 3H).%%C

14

mL

NMR (101 MHz,CDC}) 4 175. 8, 161. 8, 147.5, 142. 6, 141.

121.3, 119.4, 114.9, 102.7, 95.9, 80.9, 78.3, 75.4, 72.5, 70.7, 69.0, 68.9, 65.6, 50.6, 50.2, 49.4,

45.6, 45.3, 45.0, 40.4, 39.3, 36.8, 34.8, 31.53,228.0, 21.5, 21.3, 21.0, 1918.6, 18.3, 18.0,
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16.8, 16.0, 15.9, 12.3, 10.6. HRMS (ESI) m/z Calcd. f9Hg0O14Ns [M+H*]: 1130.6635, found

1130.6625.

Compound 11a.Compounds3a (60 mg, 0.25 mmol) an8 (150 mg, 0.18 mmol) were dissolved
iNTHF2mL) and DMSO (1 nO3)mL, l.Aummblgwasaddecandthe

mixture was purged with argon for 20 min. Cul (5 mg, 0.03 mmol) was added and the reaction
was stirred at room temperature overnight. The reaction was partitioned between DCM (30 mL)
andwater (50 mL) and the two layeseparated. The aqueous layer was extracted with DCM (50
mL); the combined DCM was dried by 0y and evaporated off. The crude was purified in
preparative TLC, eluting with DCM: methanol=15:1 to furnigla (80 mg, 40%) a white

powder’H NMR (400 MHz,CDCl) U  7J.=7.8 Hz( 2H), 7.64 (s, 1H), 7.347.23 (m,

4H), 7.21 (dJ = 8.2 Hz, 2H), 7.04 (s, 1H), 6.55 @z 9.3 Hz, 1H), 5.27 (s, 2H), 5.12 (¥=

4.8 Hz, 1H), 4.71 4.55 (m, 3H), 4.38 (d] = 7.2 Hz, 1H)4.19 (t,J = 2.6 Hz, 1H), 4.02dqg,J =

12.6, 6.4 Hz, 1H), 3.75 (d,= 13.1 Hz, 1H), 3.62 (s, 1H), 3.55 (= 7.3 Hz, 1H), 3.44 (q] =

13.3, 12.0 Hz, 3H), 3.363.22 (m, 3H), 3.13 (d] = 24.8 Hz, 3H), 2.97 (1= 9.7 Hz, 1H), 2.72

i 2.60 (m, 2H), 53 (dd,J = 20.6, 8.7 Hz, 2H)2.26 @, J = 6.9 Hz, 4H), 2.21 (s, 3H), 2.12 (@,

= 10.3 Hz, 1H), 2.05 (s, 2H), 1.99 (= 6.9 Hz, 1H), 1.73 (dd] = 14.6, 4.9 Hz, 2H), 1.28 (,

= 3.2 Hz, 6H), 1.20 (d] = 6.2 Hz, 3H), 1.12 (d] = 7.7 Hz, 5H), 1.09 1.01 (m, 5H), 0.99 (d]

= 7.5 Hz, 28, 0.85 (qJ= 7.4, 6.8 Hz, 6H*C NMR (176 MHz,CDG)) & 179.1, 161. 7
142.9, 141.4, 139.1, 134.9, 129.3, 128.9, 127.4, 125.8, 121.5, 119.6, 115.4, 102.9, 94.4, 83.5,
78.1,77.7, 74.143.7, 73.3, 72.8, 70,40.1, 68.7, 65.6, 64.3, 62.6, 57/58,6, 49.4, 45.5, 42.7,

42.1, 36.9, 36.1, 34.6, 29.6, 27.7, 26.8, 18.1, 17.0, 16.3, 14.5, 11.2, 8.9, 7.1. HRMS (ESI) m/z

Calcd. for GeHggO13Ne [M+H*]: 1089.6482, found 1089.6474.
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Compound 11b.The reaction oEompounls 3b (65 mg, 0.28 mmol)3 (150 mg, 019 mmol),

Cul (20 mg, 0.11 mmol) in THF (2 mL), DMSO (
as described for the synthesisldf, followed by prep TLC eluting with DCM:methanol:
NH4OH=101:0.2, furnished.1b (150 mg, 71%) as white powdéH NMR (400 MHz, CDC}) i
7.771 7.70 (m, 2H), 7.64 (s, 1H), 7.367.19 (m, 7H), 7.05 (dd] = 2.5, 1.3 Hz, 1H), 6.56 (d,

= 9.3 Hz, 1H), 5.27 (s, 2H), 5.11 @z 4.8 Hz, 1H), 4.71 4.58 (m, 3H), 4.8 (d,J = 7.3 Hz,

1H),4.21 (dd,J = 3.9, 2.0 Hz, 1H), 4.1 3.96 (m, 1H), 3.77 (d] = 13.1 Hz, 1H), 3.66 (s, 1H),

3.57 (d,J= 7.2 Hz, 1H), 3.48 3.43 (m, 2H), 3.40 3.17 (m, 3H), 3.09 (d] = 18.3 Hz, 4H),

2.97 (t,J= 9.8 Hz, 1H), 2.70 (dd] = 7.5,3.6 Hz, 2H), 2.62 2.50 (m, 2H), 2.34 2.20 (m, 7H),

2.137 2.05 (m, 4H), 2.01 (s, 1H), 1.971.81 (m, 1H), 1.75 (d] = 14.8 Hz, 2H), 1.55 1.39 (m,

2H), 1.35 (tJ = 7.3 Hz, 1H), 1.28 (d] = 6.2 Hz, 2H), 1.19 1.05 (m, 11H), 1.00 (d} = 7.5 Hz,

3H), 0.92i 0.81 (m, 6H. *C NMR (101 MHz, CDG)) U 146.4,142.8, 14D.1, 137.3,

135.1, 129.6, 129.3, 127.0, 125.8, 121.4, 119.8, 115.1, 102.9, 94.4, 83.5, 78.1, 74.2, 73.7, 72.8,
70.6, 69.968.7, 65.6, 64.3, 57.7,51.4, 49.3, 45.4, 42.5, 36.9, 36.3, 34.6, 31.6, 29,2627,
22.6,22.0,21.521.4,18.1,17.0, 16.3, 14.6, 14.1, 11.2, 9.0, 7.3. HRMS (ESI) m/z Calcd. for

Cs0oH91013Ne [M+H*]: 1103.6639, found 1103.6634.

Compound 11c.The reaction oEompounds3c (200 mg, 0.70 mmolB (150 mg, 0.18 mmol),

Cul (32 mg, A7 mmol) inTHF2mL)and MSO (2 mL) and Hunigbs bas
mmol), as described for the synthesid b§ furnishedl1c(170 mg, 88%) as whiteogvder.'H

NMR (400 MHz, CDC}) & 7J=7.8 Hz( 2H), 7.72 (s, 1H), 7.32 @@= 7.8 Hz, 2H), 7.24

(p,J= 4.5, 3.9 Hz, 5H), 7.07 (s, 1H), 6.57 {d5 9.3 Hz, 1H), 5.27 (s, 2H), 5.06 (@= 4.8 Hz,
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1H), 4.66 (d,J = 9.5 Hz, 2H), 4.44 4.35 (m, 3H)4.22 (d,J = 4.4 Hz, 1H), 00 (dq,J = 12.4,

6.4 Hz, 1H), 3.77 (d] = 13.0 Hz, 1H), 3.68 3.56 (m, 2H), 3.47 (q] = 15.1, 11.4 Hz, 3H), 3.38

i 3.29 (M, 1H), 3.11 (s, 3H), 3.012.87 (m, 2H), 2.77 2.64 (m, 4H), 2.61 2.47 (m, 2H), 2.33

i 2.20 (m, 1), 2.12i 2.02 (m, 4H), 1.96q,J = 7.6 Hz, 3H), 1.81 1.62 (m, 3H), 1.54 1.40

(m, 2H), 1.361 1.25 (m, 8H), 1.22 (d] = 6.1 Hz, 4H), 1.08 (d] = 18.8 Hz, 7H), 1.01 (dl= 7.4

Hz, 2H), 0.87 (qJ = 7.5, 6.5 Hz, 7H)J*C NMR (101 MHz, CDGJ) 170.1, 161.8, 147.5, 142.7,
141.7,139.1, 135.4, 129.7, 129.3, 126.5, 125.7, 121.3, 119.5, 115.0, 102.9, 94.4, 83.4, 78.0, 77.7,
74.1,73.7,73.2, 72.8, 70.6, 70.0, 68.7, 65.6, 64.2, 62.7, 57.7, 50.2, 49.3, 45.5, 42.6, 29.7, 28.0,
27.6,26.7,22.0, 24, 21.4, 18.1, 17.0, 16.3, 14.5, 11.2, 8.9, 7.1. HRMS (ESI) m/z Calcd. for

Ce2Ho5013Ne [M+H]: 1131.6952, found 1131.6942.

Synthesis of 12a.Compound3a (105 mg, 0.20 mmol) angl(150 mg, 0.2 mmol) were dissolved
in THF (1 mL) . H b mmof was addea and the ndixtue waslpyrgedwitl2
argon for 20 min. Cul (10 mg, 0.53 mmol) was added and the reaction was stirred at room
temperature overnight. The reaction was partitioned between DCM (30 mL) and water (50 mL)
and the two layers separatddhe aqueous layer was extracted with DCM (50 mL); the combined
DCM was dried by Ne&sQs and evaporated off. The crude was purified in preparative TLC,
eluting with ethyl acetate:hexanes:MeOH=16:1:1 to furtiaf(145 mg, 71%) as palgellow
powder!H NMR (400 MHz, CDC}) T 7. 45 i(729 (m,4UH))7,26 (3, 2H9,9.23 (s,

OH), 7.05 (s, 1H), 6.56 (d,= 9.3 Hz, 1H), 5.52 (d] = 1.6 Hz, 2H), 5.01 (dd] = 11.1, 2.3 Hz,

1H), 4.87 (dJ = 4.8 Hz, 1H), 4.38 (d] = 7.2 Hz, 1H), 3.96 (d] = 8.2 Hz, 2H)3.80 (d,J = 14.0

Hz, 1H), 3.74i 3.59 (m, 4H), 3.52 3.43 (m, 1H), 3.28 3.15 (m, 5H), 2.99 (s, 4H), 2.872.77

(m, 1H), 2.56 (dtd) = 22.5, 10.4, 7.7, 4.7 Hz, 2H), 2.B&.19 (m, 5H), 2.07 (s, 3H), 1.941.61
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(m, 5H), 1.53 (ddJ = 15.2, 5.0 Hz, 1H), 1.36 (8H), 1.31i 1.12 (m, 12H), 1.11 1.00 (m,

11H), 0.80 (tJ = 7.3 Hz, 3H)’3C NMR (101 MHz,CDG)) & 220.9, 175.8, 161
141.3, 134.8, 128.9, 127.3, 122.4, 121.4, 115.3, 102.8, 96.1, 81.0, 78.3, 77.9, 67 B}.26

72.7,71.0, 69.0, 68.6, 65.7, 64.1, 53.5, 50.6, 49.3, 48.9, 45.2, 45.0, 39.3, 38.2, 37.2, 36.8, 34.9,

30.0, 21.4, 21.221.0, 19.7, 18.7, 18.0, 17.0, 15.9, 12.3, 10.6, 9.1. HRMS (ESI) m/z Calcd. for

Cs3 Hg2 O14 Ns [M+H™]: 1012.5853, found 1012.38.

Synthesis of 12b.The reaction of compoun@b (65 mg, 0.26 mmol)% (150 mg, 0.2 mmol)

and Cul (10 mg, 0.53 mmol)in THF1 mL) and Huni gdés base (0.1 m
described for the synthesis Ii#a, followed by prep TLC eluting with DCM:MeOH

NH2OH=10:1:0.2 furnished2b (135 mg, 67%) as white powdéH NMR (400 MHz, CDCJ) U
7.327 7.21 (m, 3H), 7.19 (d] = 8.1 Hz, 2H), 7.06 (s, 1H), 6.56 (@= 9.3 Hz, 1H), 5.06 4.99

(m, 1H), 4.88 (dJ = 4.8 Hz, 1H), 4.56 () = 7.3 Hz, 2H), 4.39 (d] = 7.2 Hz, 1H), 3.96 (d] =

9.7 Hz, 2H), 3.72 (dJ = 8.9 Hz, 2H), 3.63 (d] = 7.2 Hz, 1H), 3.48 (s, 1H), 3.22 (d= 4.6 Hz,

5H), 2.99 (d,J = 11.3 Hz, 6H), 2.59 (dl = 0.8 Hz, 30H), 2.36 2.27 (m, 1H), 2.25 (s, 4H), 2.14
(d,J= 0.8 Hz, 1H), 2.08 (s, 3H), 1.921.75 (m, 2H), 1.67 (d] = 14.5 Hz, 1H), 1.54 (dd},=

15.1, 5.1 Hz1H), 1.37 (s, 3H), 1.22 (td,= 15.2, 13.5, 6.9 Hz, 13H), 1.121.01 (m, 13H), 0.81

(t, J=7.3Hz, 3H)C NMR (101 MHz,CDGJ) U 221 . 18,1428 B40.8 137.3, 6
135.2,129.6, 127.0, 121.4, 115.2, 102.83, 96.1, 81.1, 78.4, 78.0, 77.2, 76.6, 74.3, 72.7, 70.9,
69.0, 68.6, 65.7, 63.7, 51.4, 50.7, 49.4, 49.0, 45.2, 45.0, 40.9, 39.3, 39.1, 37.2, 36.6, 36.4, 34.9,
29.9, 21.521.4, 21.0,19.7,47, 18.0, 17.0, 16.0, 12.3, 10.6, 9.1. HRMS (ESI) m/z Calcd. for

Cs4Hsga O14 Ns [M+H*]: 1026.6009, found 1026.5978.

131



Synthesis of 12c¢.The reaction of compounde (150 mg, 0.53 mmol% (80 mg, 0.10 mmol)
and Cul (9 mg, 0.05 mmol) inHF 2 mL)DMSO (2nL) and Huni gbés base (0.
as described for the synthesisl@f followed by prep TLC eluting with DCM:MeOH:
NH4OH=10:1:0.2 furnished2c(85 mg, 79%) as white powdéH NMR (400 MHz, CDCJ) U
7.43 (s, 1H), 7.32 7.15 (m, 5H), 7.08 (tdJ = 1.8, 1.1 Hz, 1H), 6.57 (d,= 9.3 Hz, 1H), 5.02
(dd,J=11.1, 2.2 Hz, 1H), 4.89 (d,= 4.8 Hz, 1H), 4.40 (d] = 7.1 Hz, 1H), 4.32 (td] = 7.0,

1.7 Hz, 2H), 3.96 (s, 1H), 3.83 (@l= 14.0 Hz, 1H), 61 3.59 (m, 4H), 3.48 (dd] = 10.6, 5.7
Hz, 1H) 3.30i 3.12 (m, 5H), 3.00 (s, 4H), 2.882.82 (m, 1H), 2.66 (t = 7.5 Hz, 2H), 2.62
2.51 (m, 1H), 2.3% 2.29 (m, 1H), 2.26 (s, 3H), 2.14 @z 0.8 Hz, 7H), 2.12 1.99 (m, 3H),
1.90 (tt,J = 14.7 7.0 Hz, 4H), 1.72 1.59 (m, 3H), 1.54 (dd} = 15.1, 5.0 Hz, 1H), 1.38 (s, 3H),
1.26 (d,J = 6.2 Hz, 3H), 1.23 1.14 (m, 8H), 1.11 1.02 (m, 12H), 0.81 (] = 7.3 Hz, 3H)3C
NMR (101 MHz,CDC$) U0 221. 0, 175. 8, 161.98,126154121.36 , 141,
114.8, 102.7, 96.0, 80.9, B3 78.3, 77.9, 76.5, 74.2, 72.7, 70.9, 69.0, 68.6, 65.7, 64.1, 50.6, 50.1,
49.3, 45.2, 45.0, 39.3, 39.1, 34.9, 34.7, 30.9, 29.7, 28.0, 21.4, 21.014.9,718.0, 17.0, 15.9,

12.3, 10.6, 9.1. HRMS (ESI) m/z Calcd. fogs€lo1 O13 Ne [M+H*]: 1055.6639, dund

1055.6623.

Synthesis of 13a.The reaction of compoun@=a (65 mg, 0.27 mmol)9 (150 mg, 0.2 mmol)

and Cul (10 mg, 0.53 mmol)in THF (1 mL)andug6s base (0.1 mL, O0.25
for the synthesis df2a followed by prep TLC eluting wht ethyl acetate:hexane:MeOH=16:1:1
furnished13a(110 mg, 55%) as palgellow powder!H NMR (400 MHz,CDCY) G 7. 47 ( s,
1H), 7.41i 7.31 (m, 4H), 7.30 7.23 (m, 1H), 7.07 (dt] = 2.1, 1.0 Hz, 1H), 6.59 (d,= 9.3 Hz,

1H), 5.28 (s, 1H), 5.15 (d,= 4.7Hz, 1H), 4.68 (ddJ = 9.8, 2.6 Hz, 1H), 4.39 (d,= 7.3 Hz,
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2H), 4.22 (dd,) = 3.7, 2.0 Hz, 1H), 4.124.00 (m, 1H), 3.85 (d] = 13.9 Hz, 1H), 3.72 3.62

(m, 2H), 3.59 (dJ = 7.2 Hz, 1H), 3.55 3.46 (m, 1H), 3.35 3.26 (m, 1H), 3.24 (s, 3H), 3.44,

J=9.4 Hz, 1H), 2.73 2.65 (m, 2H), 2.61 (d] = 5.8 Hz, 1H), 2.55 (d] = 10.4 Hz, 1H), 2.30 (d,

J=15.8 Hz, 7H), 2.16 (d] = 2.6 Hz, 1H), 2.11 2.01 (m, 5H), 1.99 1.83 (m, 1H), 1.79 1.71

(m, 2H), 1.56 (ddJ = 15.2, 5.0 Hz, 1H), 1.501.39(m, 1H), 1.31 (dJ = 5.5 Hz, 6H), 1.25

1.19 (m, 10H), 1.15 (dl = 7.5 Hz, 3H), 1.08 (] = 3.4 Hz, 6H)0.99 (d,J = 7.5 Hz, 3H), 0.87
(q,J=7.4,6.8Hz, 6H*C NMR (176 MHz,CDG)) 4 178.7, 161.6, 142.9,
127.5, 127.4121.5, 115.3, 102.9, 94.6, 83.6, 78.1, 77.8, 74.2, 73.7, 73.5, 73.0, 70.8, 67.0, 69.5,

68.7, 65.6, 64.5, 53.8, 53.59.4, 49.1, 45.3, 42.2, 36.9, 36.3, 34.7, 31.8, 29.7, 29.3, 27.5, 26.7,
22.0,21.6,21.3,18.2, 17.1, 16.3, 14.7, 14.1, 11.3, 9.1, 7.4.SH®HI) m/z Calcd. for & Hes

O13Ne [M+H']: 1013.6169, found 1013.6157.

Synthesis of 13b.The reaction of comgunds3b (65 mg, 0.24 mmol)9 (150 mg, 0.2 mmol)

and Cul (120 mg, 0.53 mmol) in THF (1 mL) and
for the synthesis df2a followed by prep TLC eluting with DCM:MeOH:N{®H=10:1:0.2

furnished13b (127 mg, 63%) awhite powderH NMR (400 MHz,CDCJ) & 7. 33 ( s, 1H
i 7.24 (m, 3H), 7.19 (d] = 8.1 Hz, 2H), 7.06 (d] = 2.5 Hz, 1H), 6.56 (d] = 9.3 Hz, 1H), 5.12

(d,J=4.8 Hz, 1H), 5.02 (s, 1H), 4.66 (db= 9.8, 2.6 Hz, 1H), 4.56 (8,= 7.3 Hz, 2H), 4.34d,

J=7.2 Hz, 1H), 4.27 4.21 (m, 1H), 4.04 (dt] = 12.4, 6.2 Hz, 1H), 3.81 (d,= 14.0 Hz, 1H),

2.761 2.62 (m, 1H), 2.59 (d] = 1.1 Hz, 2H), 2.51 (d] = 10.3 Hz, 1H), 2.31 (dl = 15.6 Hz,

4H), 2.24 (s, 3H), 2.08 (s, 3H), 1.99 (dck 25.6, 8.9Hz, 2H), 1.801 1.69 (m, 2H), 1.54 (dd] =

15.2, 5.0 Hz, 1H), 1.43 (ddi,= 16.8, 14.3, 7.3 Hz, 1H), 1.28 (@= 5.7 Hz, 8H), 1.26 1.18 (m,

7H), 1.15 (dJ = 7.4 Hz, 3H), 1.12 0.96 (m, 10H), 0.94 0.82 (m, 6H)13C NMR (101 MHz,

cdcl 3) 0.7,1489.0,137.2, 1354,20129.5, 126.9, 121.4, 115.0, 102.9, 78.1, 77.7, 77.4,
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77.1,76.7, 74.2,73.6, 73.0, 70.8, 68.6, 65.5, 64.3,989.3, 49.1, 45.2, 42.2, 41.0, 36.7, 36.3,
36.2,34.7, 27.5, 26.7, 22.0, 21.6, 218,2, 17.0, 16.2, 14.6, 11.2, 9.0. HRMS (ESI) m/z Calcd.

for Csa Hg7 O13 Ne [M+H™]: 1027.6326, found 1027.6318.

Synthesis of 13c.The reaction of compounds (100 mg 0.35 mmol)9 (50 mg, 0.07 mmol)

and Cul (10 mg, 0.53 mmol) in THF (1 mL), DMSO(Lmpm» and Huni gbés base (0
mmol), as described for the synthesid 2§ followed by prep TLC eluting witbCM:MeOH:
NH2OH=10:1:0.2 furnished3c (58 mg, 85%) awhite powderH NMR (400 MHz, CDCJ) U

7.45 (s, 1H), 7.32 7.20 (m, 7H), 7.11 7.07(m, 1H), 6.59 (dJ = 9.3 Hz, 1H), 5.15 (d] = 4.8

Hz, 1H), 4.69 (ddJ = 9.8, 2.7 Hz, 1H), 4.40 (d,= 7.3 Hz, 1H), 4.34 (td] = 7.0, 1.2 Hz, 2H),

4.26 (ddJ = 4.0,2.0 Hz, 1H), 4.14 4.02 (m, 1H), 386 (d,J = 13.9 Hz, 1H), 3.75 3.58 (m,

3H), 3.51 (dtJ = 13.8, 6.9 Hz, 1H), 3.33 (dd= 10.2, 7.2 Hz, 2H), 3.25 (s, 3H), 3.01 J&: 8.8

Hz, 2H), 2.70 (dddJ = 19.3, 8.5, 5.7 Hz, 4H), 2.53 (@i= 9.8 Hz, 1H), 2.30 (d] = 8.8 Hz, 7H),

2.18 (d,J=5.8 Hz, OH), 2.09 (dJ = 1.1 Hz, 3H), 2.04 1.84 (m, 3H), 1.77 () = 11.3 Hz, 2H),

1.717 1.53 (m, 3H), 1.45 (ddd,= 14.1, 9.7, 7.1 Hz, 1H), 1.31 (= 3.2Hz, 6H), 1.27 1.20

(m, 8H), 1.17 (dJ = 7.4 Hz, 3H), 1.08 (J = 3.4 Hz, 6H), 1.02 (d] = 7.5 Hz, 3H), 0.89 (td] =
7.4,6.8,26Hz, 7TH}3*C NMR (176 MHz, cCbCl 3) 0 161. 9, 161.
135.4,129.2, 126.6, 121.4, 114.9, 10245, 83.5, 78.2, 77.6, 77.5, 74.2, 73.7, 73.0, 70.9, 68.7,

65.6, 64.3, 50.1, 49.3, 45.324, 36.9, 36.2, 34.8, 30.1, 29.7, 28.0, 27.6, 26.8, 22.0, 21.6, 21.3,
18.2,17.0, 16.2, 14.6, 11.3, 9.0, 7.3. HRMS (ESI) m/z Calcd.sfo6 O13 Ns [M+H™]:

10556639, found 1055.6629.
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Synthesis of 14a.Compound2a (60 mg, 0.20 mmol) andl (150 mg, 020 mmol) were
dissolvedinCHCN (0. 5 mL) , DMSO (0.5 mL) and Huni gods
mixture was purged with argon for 20 min, Kl (5 mg, 0.03 mmeal} wdded and the reaction

was heat to 75°C overnight covered with aluminum foil. The @agtas quenched with

Na&S03 (10 mL) and DCM (30 mL). The two layers were separated and the DCM layer was
washed with water (50 mL). The aqueous layer was baciatett with DCM (50 mL) and the
combined DCM layer was dried with P&, and evaporated off.he crude was purified using
preparative TLC eluting with DCM:MeOH:Ni®H=10:1:0.2 to furnisida(15 mg, 7.9%) as

white powder!H NMR (400 MHz, CDCY) U i 7.384n¥, 1H), 7.36 7.31 (m, 1H), 7.30

7.24 (m, 1H), 7.11 (d] = 1.9 Hz, 1H), 6.61 (d] = 9.3 Hz, 1H), 5.06 (dd] = 11.1, 2.3 Hz, 1H),

4.93 (d,J = 4.8 Hz, 1H), 4.48 (d] = 7.1 Hz, 1H), 4.06 3.91 (m, 2H), 3.79 3.74 (m, 2H), 3.68

(d,J= 7.4 Hz, 1H), 3.57 3.43 (m, 1H), 3.40 3.30 (m, 1H), 3.27 (s, 2H), 3.20 (s, 1H), 3i07

2.97 (m, 5H), 2.94 2.80 (m, 1H), 2.67 2.55 (m, 2H), 2.36 (d] = 15.2 Hz, 1H), 2.25 (s, 2H)

2.18 (s, 1H), 2.16 2.04 (m, 3H), 1.92 (ddd,= 14.5, 7.4, 2.1 &, 1H), 1.87 1.68 (m, 1H), 1.66

i 1.46 (m, 1H), 1.42 (s, 3H), 1.31 @z 6.2 Hz, 2H), 1.28 1.17 (m, 10H), 1.18 1.08 (m,

10H), 0.85 (ddJ = 9.6, 5.0 Hz, 3HY*C NMR (101 MHz,CDCJ) & 175.9, 161. 8,
130.0, 129.5, 126.6, 121.4, 115102.7, 96.1, 80.9, 78.4, 77.9, 74.3, 72.7, 71.0, 69.1, 68.7, 65.7,
57.2,50.6,49.5,45.2,45.1, 39.2, 37.2, 37.0, 34.9, 30.1, 29.7, 21.5, 21.0, 19.8, 18.7, 18.0, 17.0,
16.0, 12.3, 10.6,.2. HRMS (ESI) m/z Calcd. for4gH79 O14 N2 [M+H*]: 931.5526, found

931.5506.

Synthesis of 14b.The reaction oEompound2b (60 mg, 0.20 mmoly (150 mg, 0.20 mmol)
and KI (5 mg, 0.03 mmol) dissolvedin@iIN ( 0. 5 mL) , DMSO (0.5 mL)
(0.07 mL, 0.39 mmol), as described for the synthesistaffollowed by prep TLC eluting with
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DCM:MeOH:NH:OH=10:1:0.2 furnished4b (11 mg, 5.8%) as white powdéH NMR (400

MHz, CDCk) U 7J=2408 Hg,&H), 7.07 (s, 1H), 6.59 (¥i= 9.3 Hz, 1H), 5.08 5.00 (m,

1H), 4.91 (d,) = 4.8 Hz, 1H), 4.43 (d] = 7.2 Hz, 1H), 3.97 (d] = 6.5 Hz, 2H), 3.75 () = 4.9

Hz, 2H), 3.65 (dJ = 7.2 Hz, 1H), 3.48 (s, 1H), 3.31 (s, 3H), 3.88%H), 3.02 (s, 5H), 2.87 (,

= 8.1 Hz, 2H), 2.58 (¢lJ = 12.1, 6.4 Hz, 1H), 2.35 (d,= 15.1 Hz, 3H), 2.19 (d] = 10.5 Hz,

1H), 2.09 (s, 3H), 1.9B1.78 (m, 3H), 1.68 (d] = 14.7 Hz, 1H), 1.58 (dd,= 15.1, 4.8 Hz, 1H),

1.39 (s, 3H), 1.34 1.16(m, 14H), 1.15 1.04 (m, 12H), 0.83 (f] = 7.3 Hz, 4H. 3C NMR (176
MHz,CDCk) U4 174. 8, 160. 8, 141. 6, 138. 3, 134. 2, 1
77.4,77.0, 73.3,71.7,69.8, 68.0, 67.7, 64.9, 54.3, 49.6, 48.5, 44.3, 44.0, 38.36.28.25.7,

33.9, 28.7, 20.5, 20.0, 18.7, 17.7, 1716.,0, 14.9, 11.3, 9.6, 8. HRMS (ESI) m/z Calcd. for 4

Hg1O16 N2 [M+H*]: 945.5642, found 945.5667.

Synthesis of 14c.The reaction of compoun@g (60 mg, 0.16 mmol}¥ (120 mg, 0.17 mmol)

and Kl (5 mg, 0.03 mmol) dissolved in @N (0.5 mL), DMSO0 5 mL) and Huni gods
mL, 0.5.8 mmol), as described for the synthesi&dat followed by prep TLC eluting with
DCM:MeOH:NH;OH=10:1:0.2 furnished4c (19 mg, 12%) as white powdér NMR (400

MHz, CDCk) U 1 7.234n7, 6H), 7.09 (d] = 2.6 Hz, 1H), 6.58 (d] = 9.3 Hz, 1H), 5.02 (d]

= 16.4, 5.2 Hz, 1H), 4.90 (d,= 4.9 Hz, 1H), 4.42 (d] = 7.2 Hz, 1H), 4.04 3.93 (m, 4H), 3.77

i 3.70 (M, 3H), 3.64 (d] = 7.4 Hz, 1H), 3.49 3.44 (m, 1H), 3.305, 4H), 3.18 (qJ = 6.3, 5.6

Hz, 2H), 3.05 2.91 (m, 8H), 2.86 (ddl = 9.2, 7.1 Hz, 1H), 2.72 2.48 (m, 6H), 2.35 (d] =

15.2 Hz, 1H), 2.21 (d] = 4.7 Hz, 5H), 2.08 (d] = 1.1 Hz, 3H), 1.94 1.78 (m, 3H), 1.72 1.52

(m, 4H), 1.38 (s, 2H), 1.28 (d= 6.2 Hz, 2H), 1.24 1.13 (m, 8H), 1.13 1.00 (m, 12H), 0.82

(t,J=7.4Hz,2H)®CNMR (101 MHz,CDG)) 4 175.9, 161.9, 142.6, 1
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126.4, 121.3, 114.9, 102.8, 96.1, 80.7, 78.4, 74.3, 72.7, 70.7, 69.0, 68.8, 65.7, 52.9, 50.6, 49.5,
45.3, 45.0, 39.2, 37.0, 35.4, 34.9, 29.5, 28.8, 27.9, 21.5, 21.0, 19.8, 18.7, 18.0, 17.0, 15.9, 12.3,

10.6, 90. HRMS (ESI) m/z Calcd. for C53 H85 014 N2 [M#H 973.5995, found 973.5978.

Synthesis of 15a.The reaction of compoun@a (60 mg, 0.20 mmo))7 (150 mg, 0.20 mmol)

and Kl (5 mg, 0.03 mmol) dissolvedin@IN (2 mL), DMSO (2 mL) and F
mL, 0.42 mmol), as described for the synthesis4a followed by prep TLC eluting with
DCM:MeOH:NH:OH=10:1:0.2 furnished5a(10.5 mg, 5.4%) as palellow powderH NMR

(400 MHz, CDC#)  © 1 7.134r0, 5H), 7.03 (s, 1H), 6.53 (@ 9.3 Hz, 1H), 5.12 (d] = 4.8

Hz, 1H), 4.63 (dJ = 9.7 Hz, 1H), 4.40 (d] = 7.4 Hz, 1H), 4.20 (s, 1H), 4.063.97 (m, 1H),

3.74 (d,J= 134 Hz, 1H), 3.61 (s, 1H), 3.56 (d= 7.4 Hz, 1H), 3.44 () = 13.8 Hz, 1H), 3.31
(dd,J=17.2, 8.7 Hz, 1H), 3.21 (s, 2H), 3.08.03 (m, 1H), 2.97 (s, 1H), 2.702.56 (m, 1H),

2.55 (s, 3H), 2.48 (dl = 9.7 Hz, 1H), 2.33 2.20 (m, 5H), 2.18 (s, 2H2,.04 (d,J = 10.4 Hz,

4H), 1.72 (dJ = 13.9 Hz, 1H), 1.44 (dd = 55.6, 15.0, 6.3 Hz, 1H), 1.27 (@= 6.4 Hz, 5H),

1.17 (d,J = 4.4 Hz, 5H), 1.12 (d] = 7.4 Hz, 2H), 1.06 0.91 (m, 7H), 0.82 (q] = 7.5, 6.4 Hz,

6H). ®*C NMR (176 MHz, CDCG)) U 14@.6,14®.1, 139.4, 135.3, 129.4, 126.5, 121.5,
114.9, 102.9, 94.5, 83.5, 78.2, 74.2, 73.7, 73.00 71.0, 70.0, 68.7, 65.6, 62.5, 57.43, 49.5, 45.3,
42.3,41.0,37.1, 36.2, 34.7, 30.3, 29.7, 27.6, 26.8, 22.0, 21.7, 21.4, 18.2, 17.0, 16.2,34.6, 1

9.0,7.3. HRMS (ESI) m/z Calcd. forsgHs> O13 N3 [M+H*]: 932.5842, found 932.5824.

Synthesis of 15b.The reaction of compoun@b (500 mg, 1.4 mmol)7 (200.5 mg, 0.28 mmol)
and KI (40 mg, 0.24 mmol), dissolved in &N (2 mL), DMSO (2 mL)andHui g6s base (O
mL, 2.92 mmol), as described for the synthesis4a followed by prep TLC eluting with DCM:

MeOH: NH,OH=10:1:0.2 furnished5b (12 mg, 1%) as paigellow powderH NMR (400
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MHz, CDCk) & i 7.133m, 5H)7.07 (d.J = 6.4 Hz, 1H), 6.57 (d] = 9.3 Hz, 1H), 5.27 (s,
1H), 5.02 (d,J = 4.8 Hz, 1H), 4.65 (d] = 9.9 Hz, 1H), 4.42 (d] = 7.2 Hz, 1H), 4.25 (d] = 5.2
Hz, 1H), 4.04 (dgJ = 12.6, 6.3 Hz, 1H), 3.84 (1,= 6.9 Hz, OH), 38 3.59 (m, 2H), 3.47dg,
J=16.5,9.1, 7.5 Hz, 1H), 3.30 (s, 2H), 3.21 (@i, 10.3, 7.4 Hz, OH), 3.00 (@,= 9.8 Hz, 1H),
2.81 (tg,J = 20.7, 7.0 Hz, 3H), 2.762.56 (m, 1H), 2.47 (d] = 11.2 Hz, 1H), 2.39 2.15 (m,
6H), 2.07 (s, 5H), 1.89 1.72 (m, 1H), 1.72 1.40 (m 2H), 1.28 (dJ = 6.9 Hz, 5H), 1.25 1.12
(m, 9H), 1.1 0.95 (m, 7H), 0.95 0.71 (m, 5H)}*C NMR (101 MHz,CDC)) U 161.8, 14
139.2, 135.4, 129.9, 129.5, 126.4, 121.4, 114.8, 102.8, 95.0, 83.7, 78.4, 78.1, 74.3,93.6, 72
70.7, 68.7, 65.8, 65, 55.3, 53.5, 49.5, 45.1, 42.4, 41.7, 38.6, 36.8, 36.5, 34.9, 29.7, 26.7, 22.0,
21.6, 21.4, 18.3, 17.0, 16.3, 15.2,3,19.2. HRMS (ESI) m/z Calcd. forsCHes O13 N3 [M+H]:

946.5999, found 946.5982.

Synthesis of 15c¢.The reaction of compoun@g (300 mg, 0.95 mmol){ (700 mg, 0.95 mmol)

and Kl (40 mg, 0.24 mmol) dissolveding@N (2 mL), DMSO (&e(™m4d) and
mL, 1.4 mmol), as described for the synthesi$4s# followed by prep TLC eluting with
DCM:MeOH:NH4OH=10:1:0.2 furnished5c(75.8 mg, 9%) as paigellow powder!H NMR

(400 MHz, CDC#) 0 1 7.233m, 6H), 7.12 (s, 1H), 6.60 @z 9.3 Hz, 1H), 5.33 5.28 (m,

1H), 5.05 (dJ = 4.7 Hz, 1H), 4.71 4.64 (m, 1H), 4.47 (d] = 7.2 Hz, 1H), 4.32 4.26 (m, 1H),

4.07 (dtJ = 12.6, 6.3 Hz, 1H), 3.71.3.63 (m, 2H), 3.52 (s, 1H), 3.34 @H), 3.26 (tJ= 8.9

Hz, 1H), 3.04 (tJ= 9.7 Hz, 1H), 2.85 2.77 (m, 2H), 2.62 (s, 7H), 2.50 (@= 11.2 Hz, 1H),

2.34 (s, 3H), 2.23 (dl = 15.2 Hz, 3H), 2.10 (8H), 2.00 (tJ= 7.2 Hz, 1H), 1.93 1.77 (m,

1H), 1.61 (ddd) = 30.4, 15.1, 6.6 HBH), 1.32 (d,J = 6.4 Hz, 6H), 1.26 (s, 4H), 1.121.03

(m, 8H), 1.00 0.81 (m, 7H).23C NMR (101 MHz,CDG)) & 161.3, 142.0, 138.
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120.8, 114.2, 104, 94.5, 83.3, 77.9, 77.6, 73.8, 73.0, 72.4, 70.1, 68.2, 65.0, 53.0, 48.9, 44.5,
40.4, 36.0, 34.9, 34.4, 31.1, 29.2, 28.4, 26.2, 22.1, 21.5, 21.1, 20.9, 20.6, 17.8, 16.5, 15.7, 14.7,
13.6, 10.8, 8.77.2. HRMS (ESI) m/z Calcd. forsgHgg O13 N3 [M+H*]: 974.6312, found

974.6288.

CompoundL6®®. 2-Hydroxy-5-methyl pyridine (500 mg, 4.58 mmol) was added to potassium
carbonate (900 mg, 6.42 mmol}hgdroxyqunoline (220mg, 1.49 mmol) andiddoanisole

(700 mg, 2.97 mmol) in a round bottom flask. Dty sulfoxide (DMSO) (30 mL) was added

to the mixture and the mixture was purged with argon for 15 min. Then, copper(l) iodide (250
mg, 1.49 mmol) was added toet mixture. The pressure tube was capped after another 15 min of
argon purge. The reaction wesvered with aluminum foil and heated to 120°C for 12 h. The
reaction was cooled to room temperature and the resulting green mixture was worked up as
describeddr the synthesis dfa. The crude was purified using silica gel chromatography eluting
with EtOAc:methanol=10:0.7 to furnish6 (510 mg, 52%) as palgellow solid. 1H NMR (400

MHz, CDCk) U 1 7.223r0, 3H), 7.09 (ddd, J = 2.6, 1.2, 0.7 Hz, 1H), 7.6195 (m, 2H),

6.60 (d, J = 9.6 Hz, 1H), 3.84 (s, 3H), 2.10 (s, 3H).

Compound 17.CompoundL6 (500 mg, 2.37 mmol) was dissolved in DCM (10 mL) and the
solution was purged with argon gas for 15 min and coole80&C. BBg (2 mL) was added to

the solutiondropwisely and stirring continued &0 °C for 1 h. The reaction temperature was
raised to @C (ice bath) and stirring continued overnight. MeOH (20 mL) was added dropwisely,
followed by NaHCQ@to adjust pH to & and precipitate resulted. The suspensian filtered
through vacuum and the filtrate was extracted by DCM:MeOH=10:1 (100 mL x 5). The

combined DCM layer was dried over 28, and evaporated off to furnidly (320 mg, 67%).
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IH NMR (400 MHz,CDCf) U 7 .J33:=9.2,@.6,0.4 Hz, 1H), 7.167.11 (m, 1H), 7.04

6.95 (m, 2H), 6.65 (tJ = 9.0 Hz, 3H), 2.12 (d] = 1.0 Hz, 3H).

Compound 18a.Compoundl7 (300 mg, 1.49 mmol) was dissolved in DCM (5 mL) and cooled
to-10 to-20°C. Pyridine (0.7 mL8.6 mmol) was added to the solution and triflitngaride

(0.4mL, 2.38 mmol) was added dropwisely. The reaction wapletenwithin 30 min and 1M

HCI solution (5 mL) was added to the solution to quench the reaction. Then DCM (30 mL) and
water (50 mL) weradded and the two layers separated. The DCM lagsrwashed water (30
mL), dried over NgSQs and evaporated off. Theude product (dark yellow solid) was purified
using column chromatography eluting with neat EtOAc to furnish the triflate intermediate
product as pakgellow solid (320 mg, 51%). The intaediate triflate compound (300 mg, 0.9
mmol) was treated with prep-yn-1-ol (100.1 mg, 1.8 mmol),
Tetrakis(triphenylphosphine)palladium (520 mg, 0.45 mmol) and Cul (85.5 mg, 0.45 mmol) in
CHsCN (7 mL). The mixture was purgedith argon for5minandafte t he addi ti on of
base (0.7ml, 4mmol), heated to 75°C and képring overnight. The mixture was filtered

through celite bed and the filtrate was evaporated off. The crude compound was psiriiged u
column chromatography, eluting with EtOAc:Me©18:1 to furnishl8a (323 mg, 90%) as

yellow oil. *H NMR (400 MHz, ©Cls) U i 7.518n7, 2H), 7.41 7.30 (m, 2H), 7.30 7.23

(m, 1H), 7.09 (ddd] = 2.6, 1.2, 0.8 Hz, 1H), 6.646.57 (m, 1H), 4.51d,J = 6.2 Hz, 2H), 2.11

(d,J=1.1 Hz, 4H), 1.88 (i} = 6.2 Hz, 1H).

Compound 18b.The triflate intermediate (400 m@.2 mmol) was prepared as described for the

synthesis ofl8a The triflate intermediate was treated witth3tyn-1-ol (500 mg, 6.84 ml),
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Tetrakis(triphenylphosphine)palladium (200 mg, 0.17 mmol) and Cul (33 mg, 0.17 mmol) in

CHsCN (10 mL). The mixturgvaspurgedwi t h ar gon for 5 min and aft
base (1mL, 10v/v%), heated to 65°C and kept stirring overnight. Ttiarmiwvas filtered

through celite bed and the filtrate was evaporated off. The crude compound was purified using
columnchramatography, eluting with neat EtOAc to furnisBb (370 mg, 84%) as yellow oil.

IH NMR (400 MHz, CDCJ) 1§ 1 7.43%d7J = 8.3 Hz, 2H), 7.400 7.29 (d,J = 8.3 Hz, 2H),

7.26 (d,J= 0.6 Hz, 1H), 7.09 (d] = 2.3 Hz, 1H), 6.60 (d] = 9.4 Hz, 1H), 3.8%q, J= 6.3 Hz,

2H), 2.71 (tJ = 6.3 Hz, 2H), 2.11 (d] = 1.1 Hz, 3H), 1.83 () = 6.3 Hz, 1H).

Compound 18c.The triflate intemediate (200mg, 0.58mmol) was prepared as described for the
synthesis ofl8a The triflate intermediate was treated with péfyn-1-ol (0.135 g, 1.6 mmol),
Tetrakis(triphenylphosphine)palladium (320 mg, 0.25 mmol) and Cul (68 mg, 0.25 mmol) in
CHsCN (10 ). The mixture was purgedith argon for 5 min and after the addition of Hug 6 s
base (0.8 mL, 8 v/v%), heated to 65°C &agt stirring overnight. The mixture was filtered
through celite bed and the filtrate was evaporated off. The crude compound iftad paing
column chromatography, eluting with neat EtOAc to furdi8bh (150 mg, 97%) as yellow oil.

IH NMR (400 MHz, CD@z) 0 1 7.445d2) = 8.3 Hz, 2H), 7.34 7.28 (d,J = 8.3 Hz, 2H),

7.26 (m, 1H), 7.08 (dt] = 2.7, 1.0 Hz, 1H), 6.60 (d,= 9.3 Hz, 1H), 3.83 (q] = 6.0 Hz, 2H),

2.56 (t,J= 7.0 Hz, 2H), 2.10 (s]= 1.1 Hz, 3H), 1.87 (tJ = 7.0, 6.2 Hz, 2H), 1.5@, J=5.4

Hz, 1H).

Compound 18d.The triflate intermediate (500 mg, 1.5 mmol) was prepared as described for the

synthesis ofl8a The triflate intermediate was treated witxb-yn-1-ol (294 mg, 3 mmol),
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Tetrakis(triphenylphosphine)palladium (433 Mg375 mmol) and Cul (71mg, 0.375mmol) in

CHsCN (8 mL). The mixture was purgedi t h ar gon for 5 min and afte
base (0.8 mL, 8 v/iv%), heated to 65°C and k#ipring overnight. The mixture was filtered

through celite bed and the fdite was evaporated off. The crude compound was purified using

column chromatography, eluting with neat EtOAc to furdi8d (400 mg, 95%) as yellow oil.

IH NMR (400 MHz, CDCY) i 7 . 488.6(Hd, 2H), 7.32 7.28 (d,J = 8.6 Hz, 2H), 7.29

7.24 (m,1H), 7.09i 7.05 (m, 1H), 6.60 (d] = 9.3 Hz, 1H), 3.73 (s, 2H), 2.48 {t= 6.6 Hz,

2H), 2.14i 2.03 (m, 3H), 1.80 1.65 (m, 2H), 1.28 (d] = 18.0 Hz, 3H).

Compound 18e.The triflate intermediate (200 mg, 0.58 mmol) was prepared as described for
thesynthesis ofl8a The triflate intermediate was treated whiix5-yn-1-ol (180 mg, 1.6

mmol), Tetrakis(triphenylphosphine)palladium (320 mg, 0.25 mmol) and Cul (68 mg, 0.25

mmol) in CHCN (10 mL). The mixture was purgedth argon for 5 min and after ttaeldition

of Hunigbs base (0.8 mL, 8 overnghi) The nhixtueetveasd t o 6
filtered through celite bed and the filtrate was evaporated off. The crude compound was purified
using column chromatography, eluting with neat EtOAfutaish18e(160 mg, 0.54 mmaol,

93.2%) as yellow oil.'H NMR (400 MHz, CDCY) Ui 7J.=4.8 Hz( 2H), 7.33 7.28 (d,J =

8.6 Hz, 1H), 7.27 7.24 (m, 1H), 7.10 7.05 (m, 1H), 6.60 (d] = 9.4 Hz, 1H), 3.69 (g] = 6.0

Hz, 2H), 2.44 (t) = 6.9 Hz, 2H), 2.10 (d] = 1.1 Hz, 3H), 1.65 (h] = 6.9 Hz, 4H), 1.69 1.51

(m, 4H).

Compound 19a.Compoundl8a(170 mg, 0.7 mmol) was dissolved in DCM (15 mL) and

triethylamine (360 mg, 3.5 mmol) and stirred2@°C. Methanesulfonyl chloride (0.20 g, 3.0
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mmol) was added slowly to the solution under argon; the reaction was kept $irdt60 min

and quenched with NaHG®L mL). The reaction was partitioned between DCM (50 mL) and
water (50mL) and the two layers separated. The organic layer was washed with water (30 mL),
dried over NaSQ, and evaporated off to give a crude mesylatéermediate that was used

without purification. The mesylated intermediate (85 mg, 0.27 mmol) was dissolved in
THF/DMSO solution (1:1 mL); and compoudd 1 70 mg, 0. 26 mmol ) and Hi
mL, 4 mmol) were added to the solution. The mixture waiekeo 50°C for 2 h during which

the starting materials were consumed. The solution was worked up with water (50 mL) and
chloroform (30 mL x 3). The organic layer was dried ovesS@ and the solvent was

evaporated off. The crude product was purifiechgigireparative TLC plate eluting with
EtOAc:MeOH=15:1 to furnisi9aas paleyellow solid (135 mg, 54%}H NMR (400 MHz,

CDClL) U i 7.448m 2H), 7.3% 7.28 (m, 2H), 7.27 7.22 (m, 1H), 7.07 (d] = 7.1 Hz,

1H), 6.58 (dJ = 9.4 Hz, 1H), 5.04 (dd} = 11.2, 2.3 Hz, 1H), 4.91 (d,= 4.9 Hz, 1H), 4.47 (d]

= 7.2 Hz, 1H), 3.98 (d] = 11.4 Hz, 2H), 3.74 (g} = 6.4, 5.3 Hz, 2H), 3.57 3.45 (m, 1H), 3.26

(s, 3H), 3.17 (s, 1H), 3.01 (d= 10.6 Hz, 4H), 2.98 2.81 (m, 1H), 2.81 2.67 (m, 1H), 2.57
(dt,J=7.7, 4.1 Hz, 1H), 2.40 (s, 2H), 2.34 {c 15.2 Hz, 1H), 2.19 (d] = 10.0 Hz, 1H), 2.10

(d,J= 6.0 Hz, 3H), 1.97 1.78 (m, 3H), 1.74 1.62 (m, 1H), 1.60 1.42 (m, 1H), 1.42 (s, OH),

1.38i 1.32 (m, 1H), 1.29 (d] = 6.1 Hz, 3H), 1.25 1.16(m, 8H), 1.16( 1.00 (m, 10H), 0.83 (t,
J=7.3Hz,3H)®CNMR (101 MHz,CDG) U0 175. 8, 161. 5, 142. 7, 14
126.6, 123.2, 121.5, 115.1, 102.7, 96.0, 87.2, 83.9, 80.8, 78.4, 77.9, 74.2, 72.6, 71.1, 69.0, 68.6,
65.7, 64.3, 50.6, 49,45.2, 45.0, 44.5, 39.3, 37.2, 35.9, 21.5, 21.0, 19.8, 18.7, 18.0, 17.0, 16.0,

12.3, 10.6, 9.1. HRMS (ESI) m/z Calcd. fof2E€l79 O14 N2 [M+H™]: 955.5526, found 955.5505.
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Compound 19b.The preparation of mesylated intermediate was as described foesgnh
mesylated intermediate fi®a The prepared intermediate (100mg, 0.32 mmol) was reacted with
compoundd( 200 mg, O0.28 mmol) in THF/ DMSO (1ml: 1ml
at 75-80°C overnight. The workip procedure was described in synthgsbcedure oi9a The

crude product was dried and purified through preparative TLC eluting with EtOAc:MeOH=20:1
to furnish19b as yellow solid (22 mg, 8%)H NMR (400 MHz, CDCY) U i 7.475d4) =

6.8, 2H), 7.35 7.22 (m, 2H), 7.26 (m, 1H), 7.07, (EH), 6.60 (d,) = 9.4 Hz, 1H), 5.04 (d] =

9.3 Hz, 1H), 4.92 (dJ = 4.8 Hz, 1H), 4.48 (d] = 7.1 Hz, 1H), 3.98 (d] = 7.4 Hz, 2H), 3.87

3.74 (m, 2H), 3.75 (d] = 4.7 Hz, 1H), 3.66d,J = 7.1 Hz, 1H), 3.31 (s, 3H), 3.25 (s, 1H), 3.19
(d,J= 2.4 Hz, 1H), 3.03 (s, 4H), 2.902.80 (m, 2H), 2.71 (§ = 6.3 Hz, 1H), 2.60 (s, 6H), 2.36
(d,J=15.3 Hz, 1H), 2.33 (s, 4H), 2.10 (= 1.2 Hz, 4H), 1.86 (dd] = 26.5, 11.6 Hz, 4H), 1.58
(dd,J = 15.0, 4.9 Hz, 1H), 1.40 (s, 3H), 1.30 J&; 6.2 Hz, 3H)1.25 (s, 8H), 1.26 1.16 (m,

8H), 1.15i 1.08 (m, 12H), 0.84 (g} = 7.6 Hz, 3H)}3C NMR (176 MHz,CDCJ) U 220. 7,
188.0, 175.4, 164.3, 161.6, 142.7, 140.0, 135.1, 128.7, 127.3, 12%.4, 102.5, 96.1, 81.9,
78.3,78.1,77.6,76.7,74.2,73.1, 7881, 67.9, 66.2, 58.8, 50.6, 49.6, 45.1, 45.0, 39.1, 38.6,
37.3,35.0, 215, 20.9, 19.7, 18.7, 18.0, 17.0, 16.1, 12.3, 10.6, 9.9. HRMS (ESI) m/z Calcd. for

Cs3 Hg1 O14 N2 [M+H™]: 969.5682, found 969.5662.

Compound 19c.The preparation of mesylated intezdiate was as described for synthesis of

mesylated intermediate i®aThe prepared intermediate (75 mg, 0.23 mmol) was reacted with
compound4 (200 mg, 0.27 mmol) in THF/DMSO (5L ) and Huni gbébs base (O
at 7580°C overnight. The workip praedure was described in synthesis procedui®afThe

crude product was dried and purified through preparative TLC eluting with EtOAc:MeOH=20:1
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to furnish19cas yellow solid (19ng, 8%).*H NMR (400 MHz, CDCY) 0 7J=8.8,26d ,
Hz, 2H), 7.32 7.21 (m, 3H), 7.06 (s, 1H), 6.59 (@= 9.4 Hz, 1H), 5.04 (d] = 11.1, 2.3 Hz,

1H), 4.91 (d,J = 4.8 Hz, 1H), 4.46 (d] = 7.2 Hz, 1H), 4.11 (q] = 7.1 Hz, 1H), 3.99 (s, 1H),
3.97(s, 1H), 3.79 3.72 (m, 2H), 3.66 (d] = 7.2 Hz, 1H), 3.49 (s, 1H), 3.28, 2H), 3.17 (s,

1H), 3.01 (d,J = 14.2 Hz, 5H), 2.98 2.83 (m, 1H), 2.55 (d] = 9.1 Hz, 2H), 2.48 (d] = 7.5 Hz,

2H), 2.35 (dJ = 15.2 Hz, 1H), 2.29 (s, 2H), 2.15 (s, 1H),&(@,J = 22.8 Hz, 4H), 1.95 1.82

(m, 2H), 1.81 (s, 1H), 1.69 (d= 157 Hz, 2H), 1.57 (dd) = 15.2, 4.9 Hz, 1H), 1.39 (s, 3H),

1.26 (s, 3H), 1.32 1.15 (m, 13H), 1.14 1.07 (m, 10H), 0.84 (dd,= 14.8, 7.3 Hz, 6H)\3C

NMR (101 MHz, CDC}) 2#1.0, 175.8, 161.7, 142.8, 134.0, 137.3, 135.2, 129.6, 127.0, 121.3,
115.2, 108, 96.1, 81.0, 78.3, 78.0, 76.6, 74.2, 72.7, 70.9, 69.0, 68.5, 65.7, 63.7, 51.4, 50.6, 49.3,
49.0, 45.2, 45.0, 39.3, 39.1, 37.2, 36.5, 36.3, 34.9, 29.7, 21.4, 21.0, 19,1818.17.0, 16.0,

12.3, 10.6, 9.1. HRMS (ESI) m/z Calcd. foga®lg3 O14 N2 [M+H']: 983.5839, found 983.5817.

Compound 19d.The preparation of mesylated intermediate was as described for synthesis of
mesylated intermediate fi®a The prepared intermete (170mg, 0.54mmol) was reacted with
compound4 (370 mg, 0.52mmol)inTHF/DMS ( 5: 1 mL) and Hunigbés bas
at 7580°C overnight. The workip procedure was described in synthesis procedur@afThe

crude product was dried and purifieddahgh preparative TLC eluting with EtOAc:MeOH=20:1

to furnish19d as yellow solil (21mg, 4.1%)}H NMR (400 MHz, CDCJ) U 7J=48.3Hz( d ,

2H), 7.30 (dJ = 8.5 Hz, 2H), 7.25 (d] = 5.0 Hz, 1H), 7.09 7.05 (m, 1H), 6.60 (d] = 9.3 Hz,

1H), 5.04 (ddJ = 11.1, 2.2 Hz, 1H), 4.92 (d,= 5.0 Hz, 2H), 4.47 (d] = 7.2 Hz, 2H), 3.99 (q]

= 5.5, 5.1 Hz, 3H), 3.79 3.70(m, 4H), 3.66 (dJ = 7.3 Hz, 1H), 3.50 (s, 2H), 3.31 (@= 4.3

Hz, 6H), 3.02 (d,] = 5.4 Hz, 9H), 2.88 (dd] = 9.3, 7.1 Hz, 2H), 2.6%2.53 (m, 2H), 2.48
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2.25 (m, 9H), 2.11 2.05 (m, 5H), 1.94 1.79 (m, 4H), 1.74 1.48 (m, 2H), 1.39 (s, 3H), 133

1.16 (m, 13H), 1.15 1.05 (m, 10H), 0.93 0.75 (m, 6H)!3C NMR (101 MHz, CDG) @

221.04, 175.8, 161.6, 247, 140.1, 134.9, 132.4, 126.4, 124.1, 121.5, 115.1, 96.1, 78.3, 77.9,
77.3,77.0,76.7, 74.3, 72.7, 70.7, 69.1, 50.6, 49.5, 45.3, 45.0, 39.3, 37.2, 34.9, 31.9, 29.7, 29.4,
26.1, 22.7, 215, 21.4, 21.0, 19.8, 19.3, 18.7, 18/@M, 16.0, 14.1, 12.3, 10.8.1.. HRMS (ESI)

m/z Calcd. for @ Hgs O14 N2 [M+H*]: 997.5995, found 997.5977.

Compound 19e.The preparation of mesylated intermediate was as described for synthesis of
mesylated intermediate fi®a The prepared intermeate (85mg, 0.236mmol) wasaeed with
compoundd( 230 mg, O0.31 mmol) in THF/ DMSO (5:5mL)
at 7580°C overnight. The workp procedure was described in synthesis procedur@afThe

crude product was dried and purifiedatgh preparative TLC elutgnwith

EtOAc:MeOH=20:1to furnisi9eas yellow solid (11 mg, 5% NMR (400 MHz, CDCJ) i

7.46 (d,J = 8.5 Hz, 2H), 7.28 (d] = 8.5 Hz, 2H), 7.26 7.22 (m, 1H), 7.06 (df] = 2.3, 1.1 Hz,

1H), 6.57 (dJ = 9.3 Hz, 1H), 5.03dd,J = 11.1, 2.3 Hz, 1H}.90 (d,J = 4.8 Hz, 1H), 4.43 (d]

= 7.2 Hz, 1H), 4.04 3.93 (m, 3H), 3.78 3.71 (m, 2H), 3.64 (d] = 7.3 Hz, 1H), 3.52 3.42

(m, 1H), 3.31 (s, 4H), 3.243.16 (m, 2H), 3.02 2.93 (m, 6H), 2.62 2.51 (m, 2H), 2.40 (] =

7.0 Hz, 2H), 2.35 (d] = 15.2 Hz, 1H), 2.25 (s, 3H), 2.08 (®i= 1.1 Hz, 3H), 1.94 1.78 (m,

4H), 1.73i 1.43 (m, 5H), 1.38 (s, 3H), 1.28 @@= 6.1 Hz, 3H), 1.26 1.15 (m, 12H), 1.09 (df]

= 7.6, 4.0 Hz, 13H), 0.880.78 (m, 6H)X*C NMR (101 MHz, CDCEk) ad 1751487, 161. 6,
140.0, 134.9, 132.3, 126.4, 124.2, 121.5, 115.0, 102.7, 96.0, 91.4, 80.7, 80.1, 78.3, 77.9, 74.2,
72.7,70.7, 69.0, 65.7, 50.6, 49.5, 45.3, 45.0, 39.2, 36.9, 34.9, 31.6, 29.7, 28.5, 26.4, 22.6, 21.5,
21.0,19.8,19.4, 18.18.0, 17.0, 15.9, 14.1213, 10.6, 9.0. HRMS (ESI) m/z Calcd. fossCEls7

014Nz [M+H*]: 1011.6152, found 1011.6123.
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Compound 20a.The preparation of mesylated intermediate was as described for synthesis of
mesylated intermediate i®a Subsequentlyhie mesylated intermediat85 mg, 0.27 mmol)
reacted with compound( 170 mg, 0. 27 mmol ) in THF/ DMSO (5:
mL, 4 mmol) at 50°C for 2 h. The reaction was worked up with water (50 mL) and chloroform
(30 mL x 3). The crude product wearified through preparae TLC eluting with
EtOAc:MeOH=15:1 to furnis20aas paleyellow solid (115 mg, 45%}H NMR (400 MHz,

CDClL) U i 7.46%m2 2H), 7.36 7.29 (m, 2H), 7.25 (d] = 9.8 Hz, 1H), 7.06 (d] = 2.6 Hz,

1H), 6.59 (dJ = 9.3 Hz, H), 5.12 (d,J = 4.8 Hz, H), 4.82 (s, 1H), 4.68 (dd,= 9.9, 2.6 Hz,

1H), 4.47 (dJ = 7.2 Hz, 1H), 4.27 (dd] = 4.4, 2.0 Hz, 1H), 4.06 (di,= 12.5, 6.4 Hz, 1H), 3.68

(s, 1H), 3.55 (dt) = 11.0, 7.5 Hz, 1H), 3.28 (s, 4H), 3.21 (s, 1H), 3.02 #9.9 Hz, 1H), 2.92

(s, 1H),2.817 2.63 (m, 3H), 2.53 (d] = 10.5 Hz, 1H), 2.41 (s, 3H), 2.31 (s, 4H), 2i18.14 (m,

3H), 2.09 (s, 3H), 2.08 1.95 (m, 2H), 1.87 (ddd,= 15.6, 9.2, 4.1 Hz, 2H), 1.79 (= 14.6

Hz, 1H), 1.56 (ddJ = 15.2, 5.0 Hz, 1H)1.50i 1.35 (m, 1H), 1.32 (t = 3.1 Hz, 6H), 1.26

1.14 (m, 8H), 1.13 1.00 (m, 8H), 0.89 (g] = 7.4, 6.6 Hz, 6H)}3C NMR (101 MHz, CDCJ) U
178.9, 161.7, 142.8, 140.8, 134.9, 132.5, 126.7, 123.4, 121.7, 115.2, 103.0, 9483.87.78.3,
77.9,7.4,74.4,73.8,73.1, 71.1, 70.2, 68.8, 65.7, 64.6, 62.5, 49.6, 45.4, 44.7,42.5, 42.2, 36.4,
36.3,34.9,31.2,31.1, 27.7, 26.9, 22.1, 21.7, 21.5, 18.4, 17.2, 16.3, 14.9, 11.4, 9.3, 7.6. HRMS

(ESI) m/z Calcd. for € Hg2 O13 N3 [M+H*]: 956.5842, found 96.5822.

Compound 20b.The preparation of mesylated intermediate was as described for synthesis of
mesylated intermediate i®a Subsequently, the mesylated intermediate (100 mg, 0.32 mmol)

reacted with compound (200 mg, 0.27 mmol) in THF/DMSO (5:5mB)nd Huni gbés base
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mL, 4 mmol) at 50°C overnight. The reaction was worked up as describEgbfdrhe crude

product was purigd through preparative TLC eluting with EtOAc:MeOH=15:1 to furdi8h

as paleyellow solid (13mg, 0.0134mmol, 4.9%H. NMR (400 MHz, CDCk) 4 7J=B.2 ( d,
Hz, 2H), 7.30 (ddJ = 8.6, 2.0 Hz, 2H), 7.26 (d,= 2.6 Hz, 1H), 7.08 (d] = 2.5 Hz, 1H), 6.61

(d,J= 9.4 Hz, 1H), 5.12 (d] = 4.9 Hz 1H), 5.04 (s, 1H), 4.70 (@= 9.8 Hz, 1H), 4.52 (dd] =

15.7, 7.3 Hz, 2H), 4.30 (d,= 4.7 Hz, 1H), 4.23 (dJ = 6.6 Hz, 1H), 4.08 (d] = 6.6 Hz, 2H),

3.83 (s, 1H), 3.74 3.58 (m, 4H), 3.5 (s, 2H), 3.44 3.22 (m, 8H), 3.17 2.98 (m, 2H), 2.96 (s,

2H), 2.86 (dJ = 6.5 Hz, 4H), 2.80 (s, 3H), 2.72 @@= 7.5 Hz, 2H), 2.65 2.46 (m, 6H), 2.3%d,
J=3.8 Hz, 13H), 2.23 1.96 (m, 2H), 1.94 1.83 (m, 4H), 1.82 1.43 (m, 10H), 1.41 1.03

(m, 10H), 1.02 0.69 (m, 6H)*C NMR (176 MHz,CDGJ)) & 188. 1, 164.3, 161
135.1, 132.5, 128.8, 127.2, 126.4, 123.9, 121.5, 113.8, 1E312,80.8, 78.2, 77.8, 74.3, 73.3,

73.0, 68.2, 65.9, 65.6, 52.6, 49.5, 45.1, 41.0, 36.7, 359, 34.9, 29.7, 27.1, 26.7, 21.6, 18.3,

17.0, 11.3, 7.7HRMS (ESI) m/z Calcd. for €& Hgs O13 N3 [M+H*]: 970.4432, found 970.4513.

Compound 20c.The preparation of mesylated intermediate was as described for synthesis of
mesylated intermediate fi®a Subsequently, the mesylated intermediate (100 mg, 0.30ly)nmo
reacted with compound( 170 mg, O0.23 mmol ) in THF/ DMSO (5:
mL, 4.1 mmol) at 70°C overnight. The reaction was worked up as descrid&zhfdihe crude

product was purifiethrough preparative TLC eluting with EtOAc:MeOH=1501ftirnish20cas

paleyellow solid (15mg, 0.0152mmol, 5.58%MH NMR (400 MHz, CDCJ) U0 7J=42 ( d,

Hz, 2H), 7.32 7.22 (m, 3H), 7.07 (s, 1H), 6.59 (@= 9.4 Hz, 1H), 5.10 (s, 2H), 4.68 (s, 1H),

4.507 4.39 (m, 1H), 4.25 (s, 1H), 4.07 (s, 2H), 3(64J = 7.3 Hz, 3H), 3.53 (s, 1H), 3.363.28

(M, 4H), 2.74 (s, 2H), 2.54 (s, 2H), 2.47 (s, 1H), 2.34&13.6 Hz, 6H), 2.29 (s, 2H), 2.14
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2.07 (m, 3H)2.00 (s, 3H), 1.77 1.65 (m, 3H), 1.59 (s, 2H), 1.33 (s, 10H), 1i3L10 (m,

13H), 1.08 (d,J = 1.8 Hz, 3H), 1.04 (ddl = 17.7, 8.5 Hz, 2H), 0.980.80 (m, 10H)3C NMR

(176 MHz,CDC}) U 161.6, 142.7, 140.2, 93462 132. 4,
74.3,73.0, 70.6, 65.6, 49.5, 45.3, 42.2, 36.3, 34.7, 31.9, 29.4, 26.7, 22.7, 22.0, 21.6, 21.4, 18.2,
17.1, 16.3, 14.6, 14.1, 11.3, 9.1, 7.4. HRMS (ESI) m/z Calcd.=oig§ Or3 N3 [M+H"]:

984.5712, found 984.5863.

Compound 20d.The prepeation of mesylated intermediate was as described for synthesis of
mesylated intermediate fi®a Subsequently, the mesylated intermediate (100 mg, 0.32 mmol)
reacted with compound(170mg0 . 23 mmol ) i n THF/ DMSO (5: 5mL)
mL, 4.1 mmd) at 50°C overnight. The reaction was worked up as describd@#of he crude

product was purified through preparative TLC eluting with EtOAc:MeOH=15:1 to fulfidh
aspaleyellow solid (L3mg, 0.0134mmol, 4.9%)4 NMR (400 MHz,CDCd) U0 7J=483 ( d,
Hz, 1H), 7.29 (dJ = 8.5 Hz, 1H), 7.26 (s, 4H), 7.07 @= 1.5, 1.0 Hz, 1H), 6.59 (d,= 9.3 Hz,

1H), 5.10 (d,J = 4.8 Hz, 2H), 4.68 (dd] = 9.9, 2.6 Hz, 2H), 4.45 (d,= 7.2 Hz, 2H) 4.29i 4.26

(m, 1H), 4.12 4.01 (m, 2H), 3.69 (d] = 1.6 Hz, 2H), 3.67 3.62 (m, 3H), 3.47 (g] = 7.0 Hz,

2H), 3.32 (dJ = 8.1 Hz, 6H), 3.29 3.22 (m, 1H), 3.04 (d] = 8.4 Hz, 2H), 2.77 (dd= 7.5, 4.8

Hz, 1H), 2.70 (dJ = 6.9 Hz,1H), 2.51 (dJ = 10.9 Hz, 2H), 2.43 (s, 1H), 2.37 (s, 1H), 2.32 (s,

8H), 2.25 (d,J = 6.1 Hz, 4H), 2.17 (s, OH), 2.09 @= 1.1 Hz, 3H), 2.07 1.93 (m, 4H), 1.93

1.84 (m, 1H), 1.80 (d] = 14.6 Hz, 1H), 1.70 1.53 (m, 6H), 1.46 (ddd,= 14.4, 10.07.3 Hz,

1H),1.32 (t,J= 3.1 Hz, 8H), 1.28 1.15 (m, 13H), 1.13 1.01 (m, 10H), 0.89 (tdl = 7.4, 7.0,

2.0Hz, 10H)®*C NMR (176 MHz,CD&) 0 179. 1, 161. 8, 142. 8, 140

124.4,121.6, 115.2, 103.1, 94.6, 91.3, 83.5, 80.2, 78.8, 77.6, 4.4, 73.8, 73.6, 73.2, 70.7,
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70.2,69.0, 66.2, 65.7, 62.7, 49.6, 45.5, 42.6, 42.4, 36.4, 34.8, 32.1, 29.8, 27.7, 26.9, 26.4, 22.1,
21.8,21.5,19.5,18.3,17.2, 16.4, 14.7, 11.4, 9.1, 7.4. HRMS (ESI) m/z Calceés Fys O13 N3

[M+H™]: 9986312, found 98.6296.

Compound 20e.The preparation of mesylated intermediate was as described for synthesis of
mesylated intermediate fi®a [Subsequently, the mesylated intermediate (85 mg, 0.24 mmol)

reacted with compound (170 mg, 0.23 mmol) in THEEMSO (555mL)a d Huni gbés base
mL, 4.65 mmol) at 70°C overnight. The reaction was worked up as descrid&afdihe crude

product was purified through preparative TLC eluting with EtOAc:MeOH=15:1 to fuBfishs
paleyellow solid (13 mg, 5%):H NMR (400 MHz, CCCls) 4 7J.=4.8 Hz( 2H), 7.30 (d]

= 8.6 Hz, 2H), 7.26 (m, 1H), 7.07 @= 2.4 Hz, 1H), 6.60 (d] = 9.5 Hz, 1H), 5.13 (s, 1H), 4.68
(d,J=10.5 Hz, 2H), 4.45 (d} = 7.0 Hz, 1H), 4.29 (s, 1H%,.07 (s, 1H), 3.70 3.61 (m, 2H),

3.52 (s, 2H), 3.34s, 3H), 3.25 (s, 1H), 3.04 = 9.9 Hz, 1H), 2.86 (s, 1H), 2.812.64 (m,

1H), 2.52 (dJ = 10.6 Hz, 1H), 2.41 (] = 7.0 Hz, 2H), 2.32 (s, 4H), 2.25 (s, 3H), 2.17Jd,

0.6 Hz, 4H), 2.10 (dJ = 1.1 Hz, 3H), 1.83 (s, 12H), 1.691.42 (m, 8H), 132 (d,J = 5.4 Hz,

6H), 1.28i 1.15 (m, 7H), 1.07 (] = 7.7, 7.2 Hz, 9H), 0.980.83 (m, 8H)3C NMR (176

MHz,CDCk) U0 161. 7, 142. 8, 140. 2, 135. 1, K32. 5, 1
83.5,80.1,78.3,77.8, 74.4, 73.8, 73.2, 70.7, 65.7, 62.6, 53.4, 49.6, 45.4, 42.4, 36.4, 34.8, 29.8,
28.7,27.7,26.9, 22.2,21.8, 21.5, 19.5, 18.4, 17.2, 16.4, 1448911, 7.5. HRMS (ESI) m/z

Calcd. for Gs Hoo O13 N3 [M+H™]: 1012.6468, found 1@16451.

2.4.3 Cell culture
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Cell culture and viability assays protocol were described in our previous work. In brief, VERO,

and A549 cell l i nes wer kedBagle Metiam (DMEM) (Cominddu | bec
10-017-CV), supplemented with 10% fetal bovine serum (FBS) (Cornin188CV). MRC-5

and HepG2 cells were cultured in phenol red free Minimum Essential Medium (MEM)

(Corning, 17305CV), supplemented with 10% fetal ioe serum (FBS).

2.4.4 MTS assay

Cells were seeded into a-9ll plate (2000 counts/100uL) for 24 h priortteatment and then
treated with various drug concentrations for 72 h. All drugs were dissolved in medium via
DMSO solution with DMSO concentration méined at 1%. The effect of compounds on cell
viability was measured using the MTS assay (CellTiter 96e8dgs One Solution and CellTiter
96 NonRadioactive Cell Proliferation Assays, Promega, Madison, WI) as described by the

manufacturer. 16ss were calalated using Prism GraphPad 8.

2.4.5 Anti-inflammatory activityassay (N8B i nhi bi ti on assay)

NF-a B a c tas measdungd bwluciferase assay. BE&Scells were transfected with N&= b
luciferase reporter construct in pGL3 basic vector 40 h after transfeitigocells were treated
with drugs for 1 h followed by stimulation with NTHi for 5 h. Then cells weredysih cell

lysis buffer (250 mM TrisHCI (pH 7.5), 0.1% TritosrX, 1 mM DTT) and luciferase activity was
measured by luciferase assay system (Prom&gdative luciferase activity (RLA) was
determined using the following equation; RLA = luciferase unihefcells treated with NTHi

and drug/ luciferase unit of the cells treated with mock.
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2.4.6 Human Pracollagen ELISA kit

Human precollagen ELISA kit wasupplied by Abcam (ab210966). Cells were trypsined and

seeded to 24vell plates with 5*18cell/well for 2-3 days until confluence reach to 80%. Fresh

drug solutions at 1€ and 1/10 |G concentrations were used to treat cells for 24 h. The assays
wererm i n duplicate foll owing the manufacturero
was extracted frorthe cell plate to the COL1A1 antibody precoated plate with Human Pro

collagen | alpha Taptureantibody. After 3 times of wash, a Human Rualagenl alpha 1
detectorantibodywas incubated into the precoated plate for 2 h. After the addition of the

devdoping reagents, the absorbance was read at 450 nm. MTS assay was used to determine cell

proliferation in order to normalize the collagen expressiith eell number.

2.4.7 Western blot

Cells were cultured in-@vell plate with 1*16 cells/well. After 24 h, cé$ were incubated with
serumfree MEM 24 h prior to treatment. Then the cells were treated with 50 ng/mEbTGR i t h
or without treatment. PFD, AZM, QWY, and selected compouni6c, 11b, 11@nd15cwere
independently incubated with the cells for 24 h priolysis. Then cells were washed by 1x cold
PBS and lysed with RIPA buffer containing phosphatase and protease inhibitors under 4°C. The
lysates wereollected, and the concentrations were normalized using BCA protein quantification
assay (Biovision, CAJJSA). The lysates were mixed with 10% mercaptoethanol Laemmi buffer
and denatured by heating to 100°C. The lysates were loaded -@9% €riterion TGX Precast

Gel and electrophoresed running at 150V for 66 minutes; and transferred to PVDF membrane.
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The membrane was blocked with 5% BSA in TBST buffer for 1 h. Then the membrane was
incubated with primary antibody overnight at 4°C. The Ai1A1(84336) antip-STAT3
(9145), antMMP-2 (40994s), antiFibronectin (26836s) were purchased from Cell Signal
Tecmology?®; Anti-U-SMA (ab5694) were from AbcafnanttGAPDH (se47724) were
purchased from Santa CfjZThe membrane is washed with 1x TBST 3 times fee$econdary
antibody incubation. The secondary antibody were rabbit IgG 800 and mouse IgG 680 from
IRDye. Afterwashing again 3 times with TBST, the membrane fluorescence was read using

Odyssey CLx Imagine System.

2.4.8 Bioassay (TGFh pat hway i nhibition)

Theassay kit containing A549 cell engineered with Luciferase reporter gene was provided by
Promega. The cells wereltured with the provided medium and 10% FBS. Followed
manusfactureros instruction, we seeded the ce
treatment with 1% DMSO or 1% DMSO solution of candidates. We investigated multiple

dosages of selected candidat(LO¢ 11b, 14¢ 15¢,and PFD) and scanned the other potential
candidates by treatingfor6 hwith T®F st i mul ati on ( 5iOmwege/ mL) . The
transferred to -aelphte(VVER, Z38208Pandiricubiteatdodm

temperature with 1 mM Luciferin. Afterrhin incubation, luminescence was read and data was

processed by Prism GraphPad 8.
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