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Figure 6: FL118 as a new drug platform in combination of cisplatin
inhibits both pancreatic cancer cell growth and tumor metastasis
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(57) Abstract: Described herein, are the chemical synthesis, matter of compositions, formulation, function, methods and uses of the
FL118 platform Positions 7 and/or 9-derived analogues for treating cancer or other human diseases. Compounds derived from chemical
modifications of the FL.118 platform are employed alone or in combination with other anti-cancer agents to preclude, eliminate or
reverse cancer phenotypes. This invention intends to realize unique personalized cancer treatment (personalized precision medicine)
through application of a series of structural relevant individual FL.118 platform-derived analogues, which target multiple cellular human
disease-relevant proteins and their signaling pathways.
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MATTER OF COMPOSTTION, SYNTHESIS, FORMULATION AND APPLICATION OF F1.118
PLATFORM POSITIONS 7 AND S-DERIVED ANATOGUES FOR TREATMENT OF HUMAN
DISEASE

CROSS-REFEREMNCE TO RELATED APPLICATIONS
[0001] This PCT mtermational patent application claims prionty fo the U8, provisional patent application
sersal No 62/732,553, filed on Septernber 17, 2018, which mcorporates by reference m s entirety the subject
matter of the previously mentioned U.S. provisional patent application and the PCT international patent
application mumber PCTAUS201 5022095 entifled "USE OF THE FLUTS CORE CHEMICATL STRUCTURE
PLATFORM TO GENERATE FL118 BERIVATIVES FOR TREATMENT OF HUMAN DISEASE™ filed

on March 24, 2015,

STATEMENT OF GOVERNMENT-SPONSORED RESEARCH
F00021 This mrvention was made in part with United States government support under Grant Number
R44CA 176937 awarded by the National Cancer Institute (NCI) to Canget BioTekpharma LLC. The Untied

States government has cerfam rights n the mvention.

FIELD OF THE INVENTION
[0003] The present disclosure relates to the matter of composition, synthesis, fornmlation, demonstration and
protection of the FL118 Positions 7 and 9-dertved analogues for treatment and/or prevention of human
disease including hwnan cancer and neoplasin that are associated with freatment-resistant and survival

patlyways, cancer targets and cancer biomarkers.
BACKGROUND

[0004] The FL118 compound chemical structure has been shown 1o be effective in treatment of different
Inuman disease including cancer.

SUMMARY OF THE INVENTION
[0005] We have provided a lot of evidence m owr previously filed PCT uernational patent application
{PCTAUS2015/022095) mentioned above that the FL1 18 compound chemical structiwe appears to be a great
platforn: for chemical generation of a sevies of FL118 analogues for treatment of different human disease
mchiding cancer. Owr follow-up studies further mdicated the novelty of FL11¥ platformi. For example, we
demonsirated that while the FL118 chemical structure is similar to camptothecin {CPT) and the FDA-
approved CPT analogues irinotecan, SN-38 {active metabeolite of irinotecan) and topotecan, which are known
to use the topoisomerase I (Topl) as thew therapentic farget, the antitumor activity/efficacy of FL118 15
urelevant to Topl expression {Li F, et al. Topl: a major target of FL 118 for tis antitumor efficacy or mamly
involved in its side effects of hematopoietic toxicity? Am J Cancer Res 2017, 7: 370-82). Specifically, we

1
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demonstrated that in human colorectal cancer aimal models FL11& can exhibit high antitimor efficacy to
regress fumeors with no or very low Topl expression, while turnors wiil bigh Topl expression can show high
resisfance or show much less sensttivity to FL11I8 treahment.

[0006] We have thuroughly reviewed all the CPT analogues that were moved into clinical trials m the past
6+ detades, we fouud that the entire scademie and mdustaial field has largely used Topl mhubiton wtensity
to predict the antibunor potential of 8 CPT analogue. However, acctunulating evidence supports oty notion
that certam CPT analogues can exert significant non-Top l-mediated anfitumor activity; m fact, Top! actvvity
ihibition by such analogues appears to be involved 1n the drug side effects (e 2. hematopoietic toxicity),
since normal tissue and cell renewal requires Topl for DNA replication. The fact is that while most (if not
all} of the CPT analogues m clinical development that exlubited stronger mhibition of Top! activity than
either wrmotecan andfor fopotecan; yet, extensive clinical trials with these analogues did not show a
significant advantage over winofecan or topotecan m antitumor activity and/or high side-effect foxicities (Li
F,Jiang T, Li Q, Ling X: CPT and its derivatives are known to target Top1 as their mechanism of acton:
did we miss something in CPT analogue molecular targets for treating human disease such as cancer?
Am ] Cancer Res 2017, 7:2350-94). We predict that if further focusing on finding CPT analogues with
strong mhibition of Topl function/activity as the primary criferion for preclinical and chinical development
of CPT analogues, we may contimously be unable to make a breakthrough 1o the developnient of next
generation of novel CPT analogues with hugh efficacy and low toxicities for human disease {e.g. cancer)
treatinent.

[G007] We propose o develop CPT derrvatives that exlubits low miubitory effects on Topl funclion/activity,
while targeting multiple key disease-associated genes and/or gene products. Such molecnles should possess
high efficacy and low toxicity for fighting cancer and other human diseases.

[0008] In this invention, we provide examples of various FL118 platform-derive compounds synthesized in
owr research team to demonstrate that FL118 platform-derived compounds are a rich resowrce to discover
great compounds that extubit high anticancer efficacy with low foxicity to treat various types of cancer.

00007 The present disclosure provides a composition comprising Fornmla 1 having the following formula:

Qe
< IS

Formula

[00010]
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{0001 1] In one situation, wherein the “R27 on Posttton 9 of Formmda 113 “H”, and the “R1” on the
Position 7 of Formmula 1 1s independently selected from, but is not limited to, the Group I-a, Group H-a,

Group Hl-a and Gronp IV-a below:
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{00015]
[00016] In another stfuation, wherein the “R1” on Posifion 7 of Formula 1 i1s “H”, and the “R2” on
Position 9 of Formuda 1 15 independently selected from, but is not linited fo, the Group I-b, Group II-b,

Group HI-b and Group IV-b below:
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(000621} In the third situation, wheremn the “R2” on Position 9 of Formwla 1 i1s one of the following
chemical groups: F-, Cl-, Br-, I-, FCHo-, Fo2UH-, FaC-, CICH:-, CL:CH-, CIzC-, BrCHz-, Br:CH-, Brs(-,
ICHz-, CH-, LC-, HO-, HONH-, CHzQ-, FCH20-, Fo2CHO-, CICH20-, Ch{UHO-, NHz-, NH2CHz-,
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NH2OFH-, CHsNH-, FOH:NH-, F:CHNH-, CICHoNH-, ChCHNH-, {CH3)RN-, (FCH2 )aN-, (F20HN-,
{CICH pN-, (CLCHN-, -NHCIO)NH:, -C{O)CHs, -C{O)CHE, ~-C{OYCHE:, -COYCHCL, -COCHC L, -
CO:CHs, ~-CORCHRE, -CO:CHE,, COxCH:CL, -COCHCL, and -CIOW(CH:z)e, and the “R1” on Posttion 7 of
Formuda 1 is mdependently selected from, but is not imited to, the Group I-a, Group H-a. Group Ul-a and
Group IV-a.

{00022 In the forth situation, whereiy the “R17 on Posttion 7 of Formuda 1 13 one of the followmmg
chemieal groups: F-, Cl-, Br-, I-, FCHz-, F2CH-, Fal-, ClOCHz-, ChOH-, ChO-, BrCHy-, BrzCH-, B0~
ICH:-, LOH-, [30-, HO-, HONH-, CHaO-, FCH:O-, F:CHO-, CICH:0-, CLCHO-, NHa-, NH2UH»-,
NH:CFH-, CHaNH-, FCHNH-, F2CHNH-, CIOHNH-, CROHNH-, (CHs:N-, (FCH:)N-, (F2CH):N-,
{CICHzN-, (CECHREN-, -NHC{OWH:, -C{O)YCHs, -C{OYCH:F, -C{OYCHF:, -C{OCH2Cl, -C{OYCHC(l:, -
COCHz, -CO:CHRF, -COpCHF2, COCH:CL, -CO:CHCL, and -C{OIN{CH2):, and the “R2” on Position 9 of
Formuda | s mdependently selected from, but 15 not linusted fo, the Group I-b, Group II-b, Group HH-b and
Group IV-h.

[00023] In ilusirative embodiments, the compounds of Formula 1 also include their Position 20 ester
corresponding compounds denved from vanious esterifving chemical groups, and all of the compounds of
Formula 1 are admuustered orally, mtravenously, subcutaneously, transdenmally, miraperitoneally, or by
mhalation. In iHlustrative embodiments, the disease is selected from the group consisting of a neoplastic
disease, an autoimnuing disepse, restenosis, and any other human disease relevant to abnormal cell
proliferation such as Tuberous Sclerosis Complex (TSC) and cancer.

100024} In some embodiments, the disease 1s one or more cancers selected from the group consisting
of solid tumors, blood cancers, fibrosarcoma, myxosarcoma, hposarcoma, chondrosarconia, osteogenic
sarcoma, chordoma, angiosarcoma, endotheliosarcoma, hymphangiosarcoma, pseudomivxoma perifonei,
tvmphangioendotheliosarcoma, svnovioma, mesothelioma, Ewing's tumor, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer,
squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, head and neck cancer, sweat gland
carcinoma, sebaceous gland carcinoma, papillary carcinoma, papitlary adenocarcinomas,
cvstadenocarcimoma, meduliary carcinoma, bronchogenic carcmoma, renal cell carcimoma, hepatoma, bile
duct carcinoma, choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, uterine
cancer, testicular tomor, lung carcinoma, small cell hmyg earcinoma, bladder carcinoma, epuihelial carcinoma,
glioma, glioblastonia, glioblastoma multiforme, astrocyvtoma, medulloblastoma, crantopharyngioma,
ependymoma, pmealoma, hemangioblastoma, acoustic nenroma, ohiodendroghoma, Schwannoma,
meningioma, melanoma, neuroblastoma, retinoblastoma, leukemia, acute leukenua, acute lymphocytic

leukemia, acute myelocvtic lenkemia, acnte mveloblastic leukemia, acute promyelocytic leukenua, acute
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myelomonocytic lenkemia, acute monocytic lenkemia, acute ervthrolenkemia, ehronic leukemia, chronic
myvelooytic leukemia, clonie lymphocytic leukemia, iymphoma, Hodgkin's disease, non-Hodghkin™s disease,
multiple myveloma and thymoma or any conibination thereof,

[00025] In suitable embodiments, the one or more cancers are one or More MEeaSIRtc Cancers, prinwry
tumaors, refraciory cancers, progressive cancers, mvastve cancers, sohd twmors, dissenunated twnors or
hematological cancers. In illustrative embodiments, the one or mote cancers are refractory to one or more
therapeutic indications. In Hlustrative embodiments, the refractory cancer phenotype comprises expression of
one or more resistance nrkers selected from the group reported m our previous mvention
{(PCTAIS2015/022005) that consists of, but not hmted fo, survivin, Mcl-1, XIAP, ¢IAP2, ABC transporter
proteins, hypoxis inducing factor 1o (HIF-1a), Hdm?2, HdmX, p33, mutant APC, anddor smstant Kras. In
iusirative embodiments, the ABC transporter protemns are selected from the gronp consisting of ABCG2,
ABCC4, MDR1, MRP1, heat shock protemn 60 (HSP6), stress-7( protemn {GRP75}), ATP-dependent RNA
helicase DDX3 (p68), nucleolar RNA helicase 2 (DDX21), elongation factor 2(EF2), pre-mRNA-splicing
factor ATP-dependent ENA helicase (DHX13S), Transitional endoplasmic reticnlum ATPase {TERA),
Transferrin receptor protemn {TFR 1), MAP kmase-activated protem kmnase 2 (MAPK?), Catenin beta-1
{CTNR1}, Early endosome antigen 1 (EEAT}Y, Guanine nucleotide-bmding protein subunit beta-2-like 1
{GBLP), Electron fransfer flavoprotein subwnut alpha (ETFA), Proteasome aciivator complex subunit 3
{PSME3}, UPF0368 protem Cxorf26 {{UX026), Peroxiredoxin-2 (PRDX2), Peroxiredoxm-1 {PRDX1),
Thioredoxm-dependent peroxide reductase (PRDX3), Serine/arginine-rich splicing factor 3 {(SRSF3),
Proteasome subunii beta type-2 {(PSB2), Glutathuone S-transferase P {GSTPI), MAP/ microtubule affintly-
regulating kinase 3 (MARK3}, DNA-damage mducible 1 {DDI1), umor protein D582-hke 2 (TPDS2L2),
calcim channel, voliage-dependent, beta 1 subunit (CACNB1), Probable G-protein coupled receptor 1
{PGPCR1), ubiguitin specific peptidase 2 {USP2), melanocortin 2 receptor (MU2R), Fibroblast growth factor
18 (FGF18), tumor protein p33 mnducible protem 3 {TP5313), CCHC-type zinc finger, nucleic acid binding
proteint {CNBP), WD repeat domain 22 {WDR22), Potassnumn voltage-gated channel subfamily E member 1
{PVGCSE-M1), ubiguitin-conjugating enzvine E2T (putative) {UBE2T), Ubtguitin-like protein 7 (ULP7},
RNA bmding motf, single stranded interacting protein 2 (RBMRS2), Cyioplasmie tvrosine-protem kinase
{BMX)), and evelin Bl interacting protein I {CCNB1IP1). In illustrative embodiments, the p33 15 wild type,
null or a p33 mutant, or wherein there is an aberration in a canonical pd3 pathway, or any combination
thereof.

[00026] In ilusirative embodiments, the compound of Formula 1 includes acute freatmient resistance.
In some embodinents, the compound of Formula 1, and thewr pharnmaceutically acceptable salt of the

compound of Formula 1 for overcoming acute and chronic acquired and/or mherent treatment resistance is

e
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administered to the subyect separately. sequentially or simultaneously with one or mote agents selected from
the group consisting of chemotherapeutic agents, chemopreventive agents, are derived from natural plants,
are derived from non-plants, curcumin, resverairol, vitamin D3, vintam A, vitamuny E, vitanun C,
wothiocvanates (ITCs), allvl isottuoeyanate (ATTC), sibibinin (silybm), Sulindae, selepium-containing
compounds, Methylseleniric seid, Amoorn rofuituka-derived AMR analogs, AMR-Me, AMR-MeOAL,
terameprocel, celecoxib, mnatintb, quercetin, Epigallocatechin-3-gallate (EGCG). Deanelin, 3,3
Dundolvimethane (DIM), Emodin, Genstem, Tolfenanic acid, Simvastatin, Gambogic acud,
Docosahexaenoie acid, Ursolic acid, Oleanclic acid, Bufalin, Sulforaphane, Noseapine, Indomethaein
{imndomethacin}, Lupeol, Decursin, Avicmn D, Ciglitazone, Bevacizumab {Avastin), crohibulin, Baicalem,
Paxillime, Purvalanol A, NUG140, Ardisianone, NVE-BGT226, HDAC mlubitors, MS-275/FEntinostat, SAHA,
Anacardic acid, Diterpenes, Bufotalin, Withafermn A, Plumbagin, Flavokawam A, Flavokawain B, Ponicidin,
Escin, Kuguacm J, LOB-118, Crotepoxide, Kuguaglveoside €, Destruxin B, Evodianume, Sesanun,
prostanoids, endothelin antagonists, cvtoplasnue kinase mhibitors, receptor kinase inhibitors, endothelin
receptor anfagonists, ambrisentan, bosentan, and sifaxsentan, PDES (PDE-V) inlubitors, sildenafil, tadalafil,
and vardenafil, calcum channel blockers, amlodipme, felodipmne, varepamil, dilttazem, menthol,
prostacychin, treprostini, iloprost, beraprost, mtric oxide, oxvgen, heparin, warfann, diuretics, digoxim,
cvelosporns, cyelosporin A, CTLA4-Ig, antibodies such as ICAM-3, anti-IL-2 receptor {Anti-Tac), anti-
CB45RB, anti-CD2, anti-CD3 {OKT-3), anti-ChH4, anti-CD&0, anti-CDI86, agents blocking the mnferaction
berween CD40 and gp39, antibodies to CD40, antibodies to gp39, D154, CD40 fusion proteins, gp38
fusion proteins, CD401 g, CD8gp30, nuclear transiocation inhibitors of NF-kappa B function,
deoxvspergualin {DSG), cholesterol biosynthesis mbubitors, HMG CoA reductase mhibtiors, lovastafin,
simvastatin, non-steroidal anti-mflammatory drugs (NSAIDs), thuprofen, aspirin, acetanunophen,
teflunonide, deoxyspergualin, cvelooxygenase inhibitors, celecoxib, steroids, prednisolone, dexamethasone,
gold compounds, beta-agonisis, salbutamol, LABAs, salmeterol, leukotriene antagonists, montehikast,
antiproliferative agents, methotrexate, FK3006, tacrolimus, Prograf, mycophenolate mofetil, cytotoxic drags,
azathioprine, VP-16, etoposide, fludarabine, doxorubin, adriamyvein, amsacrine, camptothecin, cytarabine,
gemeifabing, fuorodeoxyuridine, melphalan, cyclophosphamide, antimetabolites, methotrexate,
topotsomerase mbubitors, camptothecn, DNA alkylators, cisplatin, kinase inhibitors, sorafenub, nucrotubule
poisons, pachitaxel, TNF-¢ mhibitors, tenidap, anti-TNF antibodies, soluble TNF receptors, hvdroxy urea,
rapamycin, sirolimus, and Rapamune, or any combination thereof.

(00027 In illustrative embodiments, the compound of Formuula 1 1s fornndated into various forms of
aqueous suspension, nanoparticles or solid stafus such as tablet, capsules, etc. In tllusirative embodiments,

the salt 1s a chloride, phosphate, mesylate, bismesvlate, tosvlate, lactate, tartrate, malate, bis-acetate, or
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citrate salt. In iflustrative embodiments, the compound of Fornwila 1, the pharmaceutically acceptable salt of
the componnd of Formula 1, the pharmacentically acceptable salt of the tantomer, is administered in a total
daily dosage from about 0.01 mg/kg to about 10 mg'ke. In dlustrative embodiments, the comipound of
Formuda 1, the pharmaceutically acceptable salt of the compound, 1s administered from one to five timex
weekly.

{00628 In illustrative embodinsents, the compound of Fonmula 1, the pharmaceuntically acceptable salt
of the compound, is aduministered in nuit dosage form, wherem the wit dose comprises from about 0.01
my'ke toabout 10 meky of the compennd, tantomer, and/or salts based on the subject’s body weight, or
from about 0.01 meg/ke to about 20 mg/g of the compound, tautomer, and/or salfs.

(00029 In illustrative embodiments, the unit dose 1s sufficient fo provide: {a) a Coax of about 10 to
400 ng/mL of the compound n a subject’s plasma or 3 Cwmex of abont 10 to 460 ng/ml. of the compound i
the subject’s blood when it 15 admnisiered fo the subject; andfor (b) about 1 to 50 ng/mL of the compound m
a subject’s plasma 12 hours after administration or about 1 o 30 ng/ml. of the compownd in the subject’s
blood 12 hours afier adnunistration to the subject; and/or (¢) about 0 to 3 ng/ml. of the compound i a
subjeet’s plasma 24 howrs after admmistration or about { fo 3 ng/mL of the compound in the subject’s blood
24 hours after admnistration to the subject; and/or {d} active gradients of Formula 1 sustamn 1- 25 pg/mL
{gram) in tunor within 48 hours after administration to the subject. In illustrative embodiments, the subject
1s a human subject.

[00030] In ilustrative embodiments, the compound of Fornwmila 1 1s a compound of any of the
embediments described heremn.

(400311 in illustrative embodiments, a pharmaceutical composition 1s provided herem, which
comprises the compound of Formula 1, the pharmacentically acceptable salt of the compound, which fimther
inciudes a pharmaceutically acceptable carrter. In itlustrative embodiments, the present disclosure provides
for the use of an active ingredient for the preparation of pharmacentical compositions for treating a
neoplastic disease i a subject or a biological condition asseciated with the neoplastic disease m the subject,
wherein the active ingredient is a compound of Formuda 1.

[00032] In tHustrative embodiments, the compownd of Fornmda 1 1s a compound of any of the
embodiments described herein.

[00033] In one aspect, the present invention entails & method for chemically synthesizing the
individual compounds of Formula 1.

[00034] In one aspect, the present mvention provides for an agueous suspension formulation of the
foregoing compound of Formula 1, where the fornmlation cotnprises in saline and a type of eycledextiin

such as hyvdroxypropyl-R-cvelodextrin from about (.1 te about 10% {w/v) 1y saline. In some embodiments,
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the fornmlation finally reaches a status of ethanol-containing suspension gy to 40mg/ml. of 3 compound of
Formula 1 containing 40% (w/v) of a tvpe of cyclodextnin such as hyvdroxypropyi-B-oyvclodextiin; 1o soime
gmbodunents before saline dilution, In some Hlustrative embodiments, the formulation fivally reaches a
status of organic solvent-free. In tlustrative embodunents, the formulation entatls hvdroxypropyl-§-
cvclodextrin from 0.1 to 10% in saline {w/v) and propylene glycol (PG) from 1 to 5% (PG} {w/v or wiw}
with or without a polyethylene glyeol 400 from 0 to 4% (W/v). where the combination of the propylens
glycol and polvethviete glveol 1 total 1s from 1 fo 3% total (wiv).

10005351 In one aspect, the present invention entails a method of producing an sthanol-containing or
organic solvent-free formulation containing a compound of Fornmla 1, or a pharmaceutically acceptable sali
of the compound of Formula 1.

100036} In ihustrative embodiments, the cveledextnino s hydroxypropyl-B-cyclodexinn. In illustrative
embodiments, the hydrexypropyl-B-cyclodextrin (HPRCD) 1s present in the agueous suspension formulation
at a final conceniration of about from 0.1 to about 10% (w/v) in saline. In illustrative embodiments, the other
solvent is selected from one or more of propylene glveol {(PG), polvethylene glyeol (PEG) 300, and PEG106.
In illustrative embodiments, the one or more of PG, PEG300 and PEG400 15 present m the formulation af a
concentration of about from 1 to about 5% of total i saline (w/v) m the suspension status or 9-3% mn a
powder/tablet status (w/w). In illustrative embodimments, the emulsifier is hydroxypropyl methyleellulose
{HPMC). In some embodiment, the HPMC with viscosity of 40-60cps 15 present in the formulation at a final
concenfration of about from 2% to aboutf 3% (w/iv} In dlustrative embodiments, the formulation at a3 final
concentration from 0.1 to 10 mg/mL of a Formula 1 compound as final concentration after dilufion.

[00037] It one aspect, the present invention entails a method of producing an organic solvent-free
powder/tablet formulation contaming a compound of Formula 1, or a pharmaceutically acceptable salt of the
compound of Fornmla 1.

00038} In another aspect, the present mvention provides an orgamc solvent-free powdercapsule/tablet
formulation of the foregoing compounds from Formula 1, where the formulation comprises
Fillers/Binders/Diluents {celluloses/cellnlose denivatives, starches/starch derivatives, lactose), Dismtegrant
{collordal sihicone dioxide, croscarmeliose sodimm, crosspovidone), Glidant {dibasic calcinm phosphate,
colloidal silicone dioxide), Lubricants (magnesimm stearafe, stearic acid, polvethylene glvcol, Talc),
Antimicrobials/Preservative (propylene glyeol/PG, propylene paraben, methyl paraben, glycerin}.

[00039] It the next aspect, the present tnvention provides an organic solvent-free powder
capsuleftablet formulation of the foregoing compounds selected from Formula 1, where the formmlation
comprises microcrystaliine cellulose (MCC, 30% - 80%%), corn starch {0% - 40%), lactose (1096 - 25%),

collowdal silicone dioxide (196 - 3%), dibasic calcium phosphate (1% - 10%}, magnesiom stearate {0.2% -
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3%}, propylene glyeal (1% ~ 3%}
[00040] In avother aspect, the present wvention provides au organte sobvent-free powder of HPECD-
formulated FL11I& complex powders that are directly dissolved i an aqueous solution such as saline with 0-
3% propyiene glveol (PG) to make the powder nto a suspension for miraperitonest (1.p/IPAp), tnlravenous
{1.v.AvIV) or oral (p.oJpoY adpmistration for treatment of cancer.
{00041 The foregoing summary is ilustrative only and is not wtended to be in any way himiting. In
addition to the illustrative aspects, embodiments, and features described above, finther aspects, embodinients,
and features will become apparent by reference fo the following drawings and the detaded descriphion.
BRIEF DESCRIPTION OF THE DRAWINGS
JO0042] Figure 1 shows that FL.118 platform downregniates the expression of multiple antiapoptotic
proteins and upregulates certain proapoptotic protems in pancreatic cancer cells: Subconfluent pancreatic
cancer cells were treated with FL.1 18 as shown, and the expression of antiapoptetic proteins swrvivin, Mcel-1,
XIAP, and cIAP2 as well as proapoptotic proteinns Bad, Bun and Bax was detected by western blots using
corresponding antibodies for each protem. GAPDH is an mternal control for protem loadimg. The resulf from
PANCI pancreatic cancer cell line 1s shown mn A, and the result from MIA PaCa2 (Mia2) pancreatic cancer
cell hine is shown m B.
[00043] Figure 2 shows the mnduction of apoptosis, pancreatic cancer cell killing and cell viability
inhibition by FL118 platform: A and B, FL118 treatment results i activation of caspase-3 and cleavage of
PARP. Subconfluent pancreatic cancer cells (A, PANCI; B, MIA PaCa?) were treated with FL118 as shown,
and the activation of casepase-3 and cleavage of PARP were detected by western blots. GAPDG 1s the
internal control for total protein loading. C, FL118 mduces pancreatic cancer cell death. Subconfiuent
PANCI and Mia2 pancreatic cancer cells were treated with vehicle or with FL118 at 10, 10 and 500 nM for
48h. Then the sub-(G1 DINA content (Iater apoptotic dead cells) was determined by flow cytometry. Relative
sub-(G1 DNA production levels were analvzed and the data were derived from 3 mdependent testing and
shown as histogram as mean + SD. D, FL118 mbubits pancreatic cancer cell viability. Subconfluent Mia2,
PANC1 and BxPC3 pancreatic cancer cells as well as normal human dermal fitvoblast cells were treated
with vehicle {(no FL118) or with a series of FL118 concentrations as shown for 72h. Then the cell wiability
was determmed using MTT assav. The data were shown as lustogram with mean + 8D derived from 3
independent testing assays.
[00044] Figure 3 shows the effects of FL.118 plaiform on the expression of proteins that are involved
the pancreatic cancer cell DNA damage and repair: A, Subcontfluent PANCI pancreatic cancer cells were
treated with FL118 as shown, and the expression of ERCC1, ERCC6, v-H2AX, ChK1i, ChK2, ATM, ATR,

RADST and DNA Pol H was detected by western blots using corresponding antibodies for each protein.
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GAPDH 15 an internal control for protemn loading. B, Decrease of ERCC6 expression ean be resened with
proteasome whibitor MG 132, Subcouiluent SKOV3 cells were freated with FL 118 and MG132 alone or in
combiuation as shown for 8h, followed by western blot analyses with ERCC6 antibody. Tubulin 1s the
mternal control for protein loading. €, Comparison of F1.118 and topotecan {TOP) effects on ERCCS
gxpression. Subconfluent SKOV3 cells were treated with FL118 or TOP as shown for 8k, followed by
western blot analyses with ERCC6 antibody. Tubulin s the internal control for proteim loading.

{00045] Figwre 4 shows the FL118 platform but not cisplatin 1s able 1o elimivate drug-resistant
GFPeODC-positive A2780CP cells: A and B, Subconfluent cells were treated with and without cisplatin
{C1s) for 72h. Phase-conirast and GFP anaging of cells were digitally faken. € and D, Quantiative elffecis of
cisplatin {C) and FL118 (D)} freatment, respectively, on the percentage changes of drug-resistant GFPcODC
postitve A2780CP cells.

1300461 Figure 5 shows that the FL118 platform targels both prohiferative cancer cells and latent siem
cell-like cancer cells: A, FL118-cisplatin combination enhances killing of PANCT cells. Dead cells were
determined by trvpan blue exclusion. B, GFPcODC-positive cells survive 50-TIM cisplatin for 4 days,
evaluated with trypan blue exclusion assay. C, FL118-cisplatin kills GFPcQDC positive {drug-resistant} cells
{arrows). Phase-contrast and GFP mnaging of cells were digtfally taken. D, FL118-cisplatin combination
reduces PANCI spheroid cell mumber. ®, P<0.001. FL, FL118; T, ume. E, Effects of F1L.118 on pancreatic
cancer stem cell sphere formation. See detard in the method section. F, Colony formation of CD44 stem cell
marker-positive pancreatic cancer cells. G, Quantitative data derived from the data shown in the Figure 5F.
100047 Figure 6 shows the in vive imaging to monitor pancreatic fumor growth and metastasis
using an orthotopic LucPANCIT model with and without FL118 platform mn combination of cisplatin: Model
setting np was described i Methods. Several days after orthotopic unplantation of LucPANAT1 cells, nuice
were treated with and without FL118 and cisplatin as show via qw x 4 schedules. A, Biohmunescent nnages
of whole mouse bodies freated with and without FL118 and cisplatin overtime {shown on days 7, 60, 70 and
903, B, Tumor growth curve of bioluminescent timage {BLI) was shown as total flux overtime. d, dav/days.
[00048] Figure 7 shows the high efficacy of FL 118 platform miubition of pancreatic cancer PDX
alone or in combmation of gemottabine: PDX tumors were onginally established from pancreatic cancer
patient twnor fissues obtamned from metastatic sites of the disease i the clinic. Mouse models of human
pancreatic cancer PDX tumors were set up by subcutaneousiy inoculating 30-40 mg tamor tissue on the flank
of SCID nuce. The FL118 platform drug was fornmilated i an orgamc solvent-free with HPECD (2-
hvdroxypropyvi-B-cyclodexirm) as drug carriers in 2% HPMC (hvdroxypropyl methvlcellulose) and 120 PG
{propvylene glycol) m saline {a thick aqueous suspension} for oral admmistration. Pancreatic cancer PDX

mmors were mamntained on severe Combined Innumodeficiency (SCID) mice. Experimental SCID muee
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were subcutaneonsly implanted with individual pancreatic cancer PDX tumors at the flank area of nice.
Seven to 14 days after the implanted tumors grew to 100-300 mm® {designated as dav 0), FL11§ was
adninistrated via witraperstoueal injection (1p/IP} with a dose of about half maxumum tolerated dose
{1/2MTD, 5 mg'kg) (A, B, C) or with a dose of 0.75 mg/ke in combination with gemcitabine at 80 mgke
{~12MTD) (D) weekly for 4 times {qw x 4} as shown {arrows). A, Pancreatic cancer PDX 14244 tumors. B,
Results from pancreatic cancer PDX1 7624 tumors. € and D, Results from pancreatic cancer PDX 10978
fumors. Each curve represents mean £ 8D deryved from five muce {5 mice per group). E, The same data
shown in the Figure 7D were presented in the tmmor volimme format to show the really size of the tumor
during the experiments.

100049 Figure 8 shows the favorable effects of FL118 platform on animal body weight changes
during treatment in both murine and canine animals: Model setting up was described in Methods. A,
Effects of FL118 on the body weight change of BALB/cj mice. Results from vehicle and FL11R MTD
dosing level {10mg/kg]} were shown with oral route via gw x4 {arrowed). The body weigh curves
were derived from the mean + SD derived from 6 independent BALB/¢f mice. B and G, Effects of FL118
on the body weight change of beagle dogs. Results from vehicle and FL118 at 0.55mg/kg {1/4MTD],
Limg/kg {(1/2MTD) and 2.2mg/kg (MTD) dosing levels were shown with oral administration of
FL118 on Days 1 and 8. The body weigh histograms were derived from the miean £ SD.detived from 2
male or 2 female beagle dogs.

[00030] Figure 9 shows the pharmaceokinetics {PK) results of the oral adininistration of FL118
platform. SCID mice were subeataneously implanted with haunan colon SWe20 and HT-29 tumors. After the
implanted tumor grew to 600-1000 mm®, FL.118 was orally administrated at 1.5 mgfke. Then, blood and
tumor tssues were collected at 30 nmun, 1h, 4h, &b, 12h and 245 Three SO niice at each time pomt were
used. Sample analvses were described in Metheds. Each curve 1s the mean drag concentrabion £ 5D fom 3
mice that were analyzed using Excel software.

(00051} Figure 10 shows the confurmative re-festing of the antitwinor efficacy and toxicity of the
FL11R analognes of F1.7s-3, FL.7s-4 and FL7s-7 m HT-3 retinoblastoma xenograft tumors. Human HT-3
retinoblastoma xenograft fumors were initially established by subentanecusly yjection of 2-53 x 108 HT-3
calls i 8 volume of 100-200 gL mednm. Mouse models of HT-3 xenoerafts were set up by subentaneously
moculating 30-40 mg tumor fissue on the flank of SCID nuce. Treatment with mdividual compounds was
initiated 7-14 days after the fransplanted tumors reached 100 - 200 mm® (designated day 0). The treatment
schedule is the weekly for fouwr-times via oral drug administration {g7d x 4) as arvowed. The individual
compounds were fornmilated in an organic solvent-free with HPRCD as drug carriers m 2% HPMC
{hvdroxypropyl methylcellulose) and 1% PG {propylene glycol) in saline (a thick aqueous suspension} for
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oral administration. The vehicle 1s the same thick agueous suspension without dmg, A, FL7s-3-treated
xenogratt tumor cwrve profile (left panel) and body weight profile {night panel) over the experimental period.
B. FL7s-4-freated xenograft tumor cwrve profile (lefl pavel) and body weight profide (right pavel) over the
experiimental period. €. FL7s-7-treated xenograft turnor curve profile (left panel} and body weight profile
{right panel} over the expenimental period. Of note, SCID mice bearing HT-3 retinoblastoma tibors treated
with vehicles were euthanized with in 3 weeks due to over size tunoss.

{00032] Figwe 11 shows the confirmation testimg of the antitumor efficacy and toxigity of the FLI1E
analogues of FL7-3, and FL7-18 in HT-3 retinoblastoma xenograft tumors. Mouse madels of buman HT-3
retmoblastorma humors were established as described i Figure 10, Treatiment with mdividual compounds was
initiated 7-14 days after the transplanted tumors reached 100 - 130 mm?® {(designated day 0). The treatment
schedule 1s the weekly for four time oral administration {q7d x 4} as shown with arrows using the orgamic
solvent-free HPRCD thuck soup contaming 2% HPMUC {(hydroxyipropyl methvicellulase) and 1% PG
{propviene glycol} m saline as vehicle. A. FL.7-5-treated xenograft tumor curve profile (left panel) and body
weight profile (right panel) over the expernnental pertod. B, FL7-14-freated xenografl tumor cwrve profile
{left panel} and body weight profile {right panel} over the experimental period. Of note, sac: sacuificed.
[00053] Figure 12 shows the antitamor efficacy and toxicity of the FL118 platform-derived analognes,
FL7N-1, FL7N-2 and FL7N-3, in HT-3 retinoblastoma xenografl tmwor models. Mouse models of hmman
HT-3 retinoblastoma tamors and dmg formulation are the same as described in Figure 10. Treatiment with
individual compounds was initiated 7 davs after the transplanted tumors reached 100 - 200 nun® (designated day
). The ansroal model of human HT-3 retinoblasfoma xenografl tumors was only treated for once as shown
by a black arrow via oral adnunistration. A. FL7N-1 xenograft tumor curve profile for the entire experiment
period {left panel) and for the first 20 days {(muiddle panel} after freatment. The animmal body weight profile
was shown i the right panel over the experimental period. B, FL7N-2 xenograft tumor curve prefile for the
entire experument period (left panel} and for the first 15 days (nuddle panel) afier treatment. The animal body
weight profile was shown in the right panel over the experimental period. C. FL7N-3 xenograft tumor enrve
profile for the entire experiment peried (lefi panel} and for the first 8 davs (middle panel} after treatment.
The animal body weight profile was shown i the right panel over the expenimental pertod. Of note, all mice
were euthanized when tamor reached 1500 mm’. So, individual mice were enthanized at on different days at
different percentage of tumor size due to the tumor size was different at the time when reatment was given.
[00054] Figure 13 shows the antimamor efficacy and toxicity {(body weight changes) of the FL118
platform-derived analogue FL7N-1 in pancreatic cancer (14244} and colorectal cancer (27454) patient-
derived xenograft (PDX) tumor i antmal models. PDX fumors were originally established on severe

Combmed Immunodehiciency (SCID) muce from pancreatic and colorectal cancer patient tumor tissues
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obtained from metastatic sites of the disease i the clinic. The FL118 platform drue was formmiated in an
organic solvent-free with HPBCD (2-hyvdroxypropyl-8-cyvelodextriny as drug caniers i 2% HPMU
{hydroxvpropyl methyloellulose) and 19% PG (propylene glycol) m saline (a thick aqueous suspension) for
oral administration. The vehicle 15 the same think agueous suspension without ding, Experimental SCID
mice were subeutaneously implanted with 36-40 mg individual PDRX tunsors (1solated from maintenance
mige} at the flank area (left side for PDX 14244 and right side for PDX27454) of SCID woice. Treatment with
vehicle or drug was nitiated 7-14 days after the wansplanted tumors reactied 100 - 200 mun® (designated day 0).
Theanunal model of PDX humors wias orally treated weekly for 3 thues as shovwn with Back avows. A
Pancreatic cancer PDX 14244 tumor curve profile obtaimed after with vehicle or with FLTN1 treatment. B.
Colorectal cancer PDX 27454 tumor curve profile obtamed after with vehicle or with FLTNI treatment. C.
The anmal body weight change profile after with vehicle or with FL7N-1 treatmment was shown over the
experumental pertod.

[00055] Figure 14 shows the antitumor efficacy and toxicily of the FL118 platform-dertved analogues,
W-bi, W-b2 and W-b3, m SWa20 colorectal cancer xenograft fumor models. Monse models of lnuman
SW620 xenograft tumors and drug formulation are the same as described m Figure 10. Treahment with
individual compounds was initiated 7 days after the transplanted tumors reached 100 - 200 mmy® (designated day
0}. The animal model of human SW620 xenograft umors was treated weekly for 2 tumes as shown with
black arrows via oral administration. A. W-b1 xenograft nunor curve profile duning the experument period
{upper panel). The animal body weight change profile was shown in the lower panel over the experimental
period. B, W-b2 xenograft tmmor curve profile durmg the experiment pertod {upper panel}. The animal body
weight change profile was shown m the lower panel over the experimental peried. €. W-b3 xenograft tumor
curve profile during the experiment period {upper panel}. The animal body weight change profile was shown
in the lower panel over the experimental period.

[00036] Figure 15 shows the antitemor efficacy and toxicity of the FL118 platform-derived analogues,
W-b4, W-b3 and W-b6, mn SW620 colorectal cancer xenograft tumor models. Mouse models of human
SWo20 xenograft tumors and drug fornmulation are the same as described in Figure 10, Treatment with
individual compounds was initiated 7 davs after the transplanted tumors reached 100 - 200 mm’ (designated day
&), The animal model of human SWE20 xenograft Runors was treated weeldy for 2 times as shown with
black arrows via oral administration. A, W-b4 xenograft tumor curve profile during the experiment period
{upper panel). The amimal body weight change profile was shown in the lower panel over the experumental
period. B, W-b3 xenograft tumor curve profile during the expertment period {apper panel). The animal body
weight change profile was shown m the lower panel over the experimental period. €. W-b6 xenograft fumor

cwrve profile during the experument peried {upper panel}. The animal body weight change profile was shown
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in the lower panel over the experunental period.

{00037} Figure 16 shows the antitumnor efficacy and toxieity of the FL118 platfomn-derived analogues,
W-b7, W-b9 and W-b18, in SWE20 colorectal cancer xenograft tumor models. Mouse tnodels of human
SW62( xenograft tumors and diug formulation are the same as described in Figure 18, Treatment with
individual compounds was initiated 7 days gfter the tansplanted tumors reached 100 - 200 mm® (designated day
). The animal model of human SWE2{ xenograft tumors was treated weekdy for 1-2 thnes as shown with
black arvows via oral admimstration. A, W-h1 sepograft tumor cvrve profile during the experiment period
{upper panel). The anumal body weight change profile was shown in the lower panel over the experitental
perind. B, W-b2 xenograft tumor curve profile during the expernment period {upper panel}. The anmal body
weight change profile was shown i the lower panel over the expenimental period. €. W-b3 xenograft tumeor
curve profile during the expeniment period {upper panel). The animial body weight change profile was shown
in the lower panel over the experumental period.

[00058] Figure 17 shows the antimimor efficacy and toxicity (body weight changes) of the FL.118
platform-derived analogue Hx-4 in pancreatic cancer {14244} and colorectal cancer {27454) patient-derived
xenograft {PDX) tumor m animal models. PDX tumor establishment, dmg formulation for oral
admamistration, vehicle composition and experimental SCID mice of PDX tumors preparation were the same
as described in Figures 7 and 13. PDX fumor SCID mice treatient with vehicle or with Hx-4 was mitated 7-
14 days after the transplanted tunors reached 106 - 200 mm” (designated day 0). The animal model of PDX
tumors was orally treated weekly for 3 times as shown with black arrows. A, Pancreatic cancer PDX 14244
tumor curve profile obtamed after with vehicle or with Hx-4 treatment. B, Colorectal cancer PDX27454
tumor curve profile oblaiped after with vehicle or with Hx-4 freatment. C. The anmimal body weight change
profile after with vehicle or with Hx-4 treatment was shown over the experimental period.

[00059] Figure 18 shows the antitumor efficacy and toxicily (body weight changes) of the FL118
platform-dertved analogue Hx-5 in pancreatic cancer {14244) and colorectal cancer {27434) patient-derived
xenograft {PDX) mmor m animal meodels. PDX fumor establishment, drug formulation for oral
adnunistration, vehicle composition and experimental SCID nuce of PDX tumors preparation were the same
as described m Figures 7 and 13, PDX fwmor SCID mice treatiment with vehicle and Hx-5, respectively, was
ttiated 7-14 davs after the fransplanted fumors reached 100 - 200 mm® (designated day 0). The animal model
of PDX tumors was orally treated weekly for 3 times as shown with black arrows. A. Pancreatic cancer
PDX 14244 mumor curve profile obtained after with vehicle or with Hx-3 treatment. B. Colorectal cancer
POIX27434 tumor curve profile obtammed after with velucle or with Hx-5 treatment. C. The animal body
weight change profile after with vehicle or with Hx-35 treatmnent was shown over the experimental period.

[00060] Figure 19 shows the antitumor efficacy and toxicity (body weight changes) of the FL118
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platform-derived analogue Hx-6 m pancreatic cancer {14244) and colorectal eancer {(27454) patient-derived
xenograft {PDX) tmmor i anunal medels. PDX tumor establishinent, drug formulation tor pral
administration, vehicke composition and expermnental SCID mice of PDX tuntors preparation were the same
as described in Figures 7 and 13, PDX nwmeor SCID mice treatinent with vehicle and Hx-0, vespectively, was
initiated 7-14 davs after the fransplavted tumors reached 100 - 200 nun’ {designated day ). The amimal model
of PDX tumors was orally treated weeldy for 3 times a3 shown with black arrows. AL Pancreatic cancer
PDX 14244 mmor curve profile obtained after with vehicle or with Hx-6 treatment. B. Colorectal cancer
POIX27434 numor curve profile obtained after with vehicle or with Hx-6 weatment. €. The animal body
weight change profile after with vehucle or with Hx-6 treatment was shown over the expenimental period.
(00061} Figure 20 shows the antitumor efficacy and toxicity (body weight changes) of the FL118
platform-derived analogue Hx-6 in pancreatic cancer {14244) and colorectal cancer {27454) patient-derived
xenografl {PDX) tmmor m animal models. PDX fumor establishment, drug formulation for oral
adnumistrafion, vehicle composition and experimental SCID muce of PDX fumors preparation were the same
as described in Figures 7 and 13. PDX fumor SCID nuce freatinent with velicle and Hx-7, respectively, was
initiated 7-14 days after the fransplanted tumors reached 100 - 200 mm® {designated day 0). The animal model
of PDX tumors was orally treated weekly for 3 times as shown with black arrows. A. Pancreatic cancer
PDIX 14244 numor curve profile obtained after with vehicle or with Hx-7 treatment. B. Colorectal cancer
PDX27454 tuwmor curve profile obtamed after with velucle or with Hx-7 treatment. C. The animal body
weight change profile after with vehicle or with Hx-7 treatinent was shown over the experimental period.
100062} Figure 21-1 shows the antitwnor efficacy and toxicity (body weight changes) of the FL1IR
platform-dertved analogue 70Q6 11 pancreatic cancer {14244) and colorectal cancer (27454) patieni-denived
xenogratt {PDX} tumor I animal models. PDX tumor establishment, diug formulation for oral
adnunisiration, vehicle composition and experimental SCID muce of PDX tumors preparation were the same
as deseribed m Figwres 7 and 13. PDX fumor SCID} mice freatment with vehicle and 7Q6, respectively, was
inttiated 7-14 days after the transplanted fumors reached 100 - 200 nm® (designated day 0). The animal model
of PDX nunors was orally treated weekly for 4 times as shown with black arrows {one cowrsefeyele}. A.
Pancreatic eancer PDX 14244 fumor curve profile obtamed after with vehicle or with 736 treatment. B.
Colorectal cancer PDX27454 mmor curve profile obtamed after with vehicle or with 7Q6 treatment. C. The
animal body weight change profile affer with veliele or with 7Q6 treatment was shown over the
experimental period.

[00063] Figure 21-2 shows the antitumor efficacy and toxicity (body weight changes) of the FL118
platform-derived analogue 7Q# in colorectal cancer (27454 patient-derived xenografi (PDX)} tunor m

antmal models. PDX tumor establishment, drug formulation for intra-peritoneal {1.p.} adnunistration, vehicle
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composition and experimental SCITY mice of PDIX tumots preparation were the same as described in Figures
7 and 13. PDX tumor SCID mice treatment with vehicle and 7Q6 via 1.p. for only ong time as shown
{arrowed), respectively, was inttiated 7-14 days after the transplanted tumors reached 100 - 200 nuy®
{designated dav (). A. Colorectal cancer PDX27434 tumer curve profile obtained after with vehicle or with
TQ6 treatinent. B, The ammal body weight change profile atter with vehicle or with 7Q6 treatiuent was
shown.

{00064 ] Figure 22 shows the antittunor efficacy and toxicity (hody weight changes) of the FL118
platform-dertved analogue 7Q9 in pancreatic cancer {14244y and colorectal cancer {(27454) patient-derived
xenograft (PDX) tumor i mumal models. PDX twmor establishiment, drug formulation for oral
adnunisiration, vehicle composition and experimental SCID nuce of PDX tumors preparation were the same
as deseribed in Figures 7 and 13. PDX tumor SCID mice treatment with vehicle and 7Q9, respectively, was
initiated 7-14 days after the transplanted tumors reached 100 - 200 nu’ (designated day 0). The animal model
of PDX tumors was orally treated weekly for 4 times as shown with black arrows {one course/eyele}. Al
Pancreatic cancer PDX 14244 mmor curve profile obtained after with vehicle or with 7Q9 treatment. B
Colorectal cancer PDXXN27454 fumor curve profile obtamed after with vehicle or with 709 freatment. €, The
aninal body weight change profile after with vehicle or with 7Q9 treatinent was shown over the
experumnental pertod.

[00065] Figure 23 shows the antitumor efficacy and toxicity (body weight changes) of the FL11IK
platformi-derived analogue 7Q24 1 pancreatic cancer {14244) and colorectal cancer (27454} pattent-denived
xenograft (PDX) tumor i animal medels. PDX numor establishment, dmg formmiation for oral
admunistrabion, vehicle composition and expermmental SCID mice of PDX humors preparation were the same
as described m Figores 7 and 13, PDX tumor SCID nuice treatinent with vebicle and 7Q24, respectively, was
initiated 7-14 davs after the fransplanted tumors reached 100 - 200 mun’ {(designated day ). The animal model
of PDX tumors was crally treated weekly for 4 times as shown with black arrows {one coursefcyele). Al
Pancreatic cancer PDX 14244 tumor curve profile obtamed after with velucle or with 7Q24 treatment. B.
Colorectal cancer PDX 27454 tumor curve profile obtained after with vehicle or with 7Q24 treatment. C. The
animnal body weight change profile after with vebicle or with 7224 treatment was shown over the
experunental period.

[00066] Figure 24 shows the antitumor efficacy and toxicity {body weight ehanges) of the FL118
platform-dertved analogue 7Q28 in colorectal cancer (27434) patient-derived xepograft {(PDX) tumor i
antmal models. PDX tumor establishment, drug formulation for intra-peritoneal (i.p.) admmistration, vehicle
composition and expertmental SCID puce of PDX tumots preparation were the samne as described in Figures

7 and 13. PDX tumor SCID mice treatment with vehicle and 7Q28 via 1.p. for only one time as shown by an
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arrow, respectively, was initiated 7-14 days after the transplanted tumors reached 100 - 200 mm® (designated
day 0). A, Colorectal cancer PDX27454 tumor carve profile obiained affer with velucle oy with 7Q28
treatment. B, The snumal body weight change profile after with vebicle or with 7028 freatment was shown.
Of note, oral admnistration of 7Q28 decreases 7028 antitumor etficacy (data note shown).

{00067 Figure 33 shows the antitumior efficacy and foxicily (body weight changes) of the FL118
platform-derived analogue 7031 in colorectal cancer {27454} patient-derived xenograft (PDX) tumor in
animal models. PDY tumor establishment, doug formulation for intra-peritoneal (1.p ) adoumsivation, vehicle
conmposition and experimental SCID mice of PDX tnmors preparation were the same as described 1o Figures
7 and 13. PDX fumor SCID nuce freatment with velucle and 7Q31 wia Lp. for only one time as shown by an
arrow, respectively, was initiated 7-14 days afier the transplanted finnors reached 100 - 200 mm” (designated
day (). A. Colorectal cancer PDX27434 munor curve profile obtained after with vehicle or with 7031
treatment. B, The anumal body weight change profile after with vehicle or with 731 treatment was shown.
Of note, oral administration of 7Q31 decreases 7Q28 antitumor efficacy (data note shown).

[00008] Figure 26 shows the antitumor efficacy and toxicity (body weight changes) of the FL118
platform-dertved analogue 7432 i colorectal cancer (27454) patient-derived xepograft {PDX) tumor 1n
animnal models. PDX tumor establishment, drug formulation for oral {p.0.} adnumstration, vehicle
coniposition and experimental SCID nuce of PDX tumots preparation were the same as described m Figures
T and 13. PDX twmor SCID nuce ireatment with vehicle and 7Q32 via p.o. for weekly x 4 as shown by amrows
{one cycle/course), respectively, was initiated 7-14 days after the transplanted tamors reached 100 - 200 nun’®
{designated dav 0). A. Colorectal cancer PDX27454 tumor curve profile obtained after with vehicle or with
T332 ireatment. B. The anunal body weight change profile affer with vehicle or with 7Q32 treatment was
shown. Of note, 1.p. adnunistration of 7032 mncreases 70432 toxicity to ammals m comparison with oral
administration of 7Q32 (data note shown).

100069 Figure 27 shows the antitumor efficacy and toxicity (body weight changes) of the FL118
platform-dertved analogue 7Q35 n colorectal cancer (27454) patient-derived xenograft (PDX) tumor m
animal models. PDX nunor establishment, drug formulation for intra-peritoneal (1.p.} administration, vehicle
composition and experunental SCID nuce of PDX tumors preparation were the same as described m Figures
7 and 13. PDX twmor SCID nuce freatment with vehicle and 7Q35 via 1.p. for only one time as shown by an
arrow, respectively, was initiated 7-14 days after the transplanted tumors reached 100 - 200 mum? (designated
day 0). A. Colorectal cancer PDX27454 tumor curve profile obtained after with vehicle or with 7Q35
treatment. B, The animal body weight change profile after with velucle or with 7Q335 treatment was shown.
Of pote, oral admimstration of 7Q35 decreases 7Q35 antitwmor efficacy (data note shown).

[00070] Figure 28 shows the antitumor efficacy and toxicity (body weight changes) of the FL118
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platform-derrved analogue 70236 in colorecial cancer {27454) patient-denived xenograft (PDX) tumor in
animal models. PDX tumor establishient, drug formulation for intra-peritoneal {1.p.) adnumsiration, vehicle
compositron and expermnenial SCID mice of PDX fumors preparation were the same ag described 1 Figures
7.and 13. PDX twmor SCID mice treatment with vebicle and 7036 via i.p. for only one time as shown by an
grrow, respectively, was initiated 7-14 davs after the transplanted funors reached 100 - 200 mnm® (designated
day 1. A. Colorectal cancer PDIX27454 tunor curve profile obtamed after with vehicle or with 70Q36
treatruent. B, The anuwal body weight change profile after with vehicle or with 7Q36 treatment was shown.
Of note, oral administration of 7Q36 loses >80% 7Q33 antitumort efficacy (data note shown).

[00671] Figure 29 shows the antifumor efficacy and foxiciy {(body weight changes) of the FL118
platform-derived analogue 9Q10 (9-10} in pancreatic cancer {14244) and colorectal cancer {27454) patient-
derived xenograft (PDX) tunor i animal models. PDX tumor establishinent, drug formulation for oral
admunistrabion, vehicle composition and expermmental SCID mice of PDX fumors preparation were the same
as described in Figures 7 and 13, PDX tumor SCID mice freatment with vehicle and 9Q10 (9-10), respectively,
was initigted 7-14 davs after the transplanted tumors reached 100 - 200 mun® (designated dav 0). The animal
meodel of PDX tumors was orally treated weekly for 3 times as shown with black arrows. Al Pancreatic
cancer PDX 14244 tumor curve profile obtained after with vehacle or with 9Q10 {9-10) treatment. B.
Colorectal cancer PDX 27454 tumor curve profile obtained after with vehicle or with 9Q10 {9-10) treatment.
€. The annmal body weight change profile after with vehicle or with 9Q10 {9-10) treatment was shown over
the experunental period. Of note, velucle mouse body weight changes were within 10%.

00072} Figure 30 shows the antitumor efficacy and toxicity (body weight changes) of the FL118
platform-dertved analogue 9Q17 (9-17) 1 pancreatic cancer {14244) and colorectal cancer {27454) paizent-
derived xenograft {PDX) tumor in amumal models. PDX tumor establishment, drug formulation for oral
adnunistration, vehicle composition and experimental SCID muce of PDX tumors preparation were the same
as deseribed in Figures 7 and 13. PDX tumor SCID nice treatinent with vehicle and 9Q17 {9-17), respectively,
was iniiiated 7-14 days after the transplanted tumors reached 100 - 200 nun’ {designated day 03. The animal
model of PDX numors was orally freated weekly for 3 times as shown with black arrows. A. Pancreatic
cancer PDRIX 14244 tumor curve profile obtained after with vehicle or with 940317 (9-17) treatment. B,
Colorectal cancer PDX27454 mmor curve profile obtamed after with vehicle or with 9Q17 (8-17) treatment.
. The animal body weight change profile after with vehicle or with 9Q17 {(9-17) treatinent was shown over
the experimential period. Of note, vehicle mouse body weight changes were within 10%.

[00073] Figure 31 shows the antimumor efficacy and toxicity {(body weight changes) of the FL118
platform-derived analogue 9Q18 (9-18} in pancreatic cancer {14244) and colorectal cancer {27454) patient-

derived xenograft (PDX) tunor i animal models. PDX tumor establishinent, drug formulation for oral
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administration, vehicle composition and experimental SCID mice of PDX tumors prepatation were the same
as desciibed in Figures 7 and 13, PDX twnor SCID nuce treatiment with vehicle and 9Q 18 (8-18), respectively,
was intiiated 7-14 days after the transplanted tumors reached 100 - 200 nm?® {destenated day 0). The antnial
model of PDIX numors was orally treated weekly for 3 times as shown with black arrows. A, Pancreatic
cancer PDX 14244 tumor curve profile oblaiped after with vehiole or with 9Q18 (8-18) treatipent. B,
Colorectal cancer PDN27454 tumor curve profile obtamed after with vebicle or with %18 (9-18) treatinent.
€. The animal body weight change profile after with vehicle or with 9Q 18 (8-18} treatruent was shown over
the experimiental period. Of note, vehicle mouse body weight changes were within 10%.

[000674] Figure 32 shows the comparison of the antttumor efficacy and toxicity (body weight loss) of
FL118 as an example in two distinct formulation recipes {Recipe 1: orgamic solvent-free agueouns suspension
versus Recipe 2: ethanol-aqueocus suspension) m human UMUCS bladder cancer xenograft tumor of SCID
mouse models: UMUC3 xenograit tumors were intfially established by snbentaneously mjection of 2-3 x 105
UMUCS cells i a volume of 100-200 pl. medinm. Mouse models of UMUC3S xenoprafts were setup by
subcutaneously inoculating 30-40 mg twmor fissue on the flank of SCID mice. Treatment with organic
solvent-free aqueonus FL11E suspenston versus with ethanol-agueous FL11¥ suspension was mutiated 7-14
days afier the transplanted tumors reached 100 - 200 nuyy’® (designated dav 0). The treatment schedule is the
weekly for four-tines via oral diig administration {q7d x 4} as arrowed. A. Antiunaor activity comparison of
organic solvent-free aqueous FL1 18 suspension (Recipe 13} with ethanol-aqueous FL118 suspension (Recipe
2). B, Toxicity (body weight loss) comparison of organic solvent-free aqueous FL118 suspension {Recipe 1)
with ethanol-aqueous FL11R suspension {Recipe 2}

(400751 Figure 33 shows the anfitunor efficacy and toxicity {bodv weight loss) of FL118 mna
conventent and climical compatible formulation with spray-dry processes tested i human colorectal cancer
{27454) patient-derived xenograft (PDX)) tuinors 1o animal models. FL118 was formulated info the ethanol
solufion with HPRCD (2-hvdroxypropyi-8-cvclodextrin} and then use of spray-dry process to get an FL118-
HPBCD formulated complex powder. The FL118-HPBUD complex powders were milled to a particle size <
400 mesh (37 nucrons), which was subsequently dissolved m saline with 5% PG {propylene glycol) to make
a suspension before oral adounssivation. The velicle is the saline with 5% PG with equivalent HPBCD
without FL118. PDX tmmor establishment m expenimental SCID mice was the same as described m Figures

7 and 13. PDIX fumor SCID mice were treated with vehicle and F1.118 wia p.o. for weekly x 4 as shown by
arrows, after the fransplanted tumors reached 100 - 200 nun’ (designated day 0) in 7-14 davs. A. Colorectal
cancer PDXN27454 tumor curve profile obtained after with vehicle or with FL 118 treatment. B. The animal
body weight change profile after with vehicle or with FL11¥ treatment was shown

[00076] Table 1: Effects of FL118 on BALB/cj mouse hematological parameters.
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{06477 Table 2: Effects of F1.118 on BALRB/cj mouse serum biochemical parameters.

{00075} Table 3: Effects o EL118 on beagle dogs® hematological parameters.

[00079] Table 4; Effects of FL118 on beagle dogs™ setwn brochemica! paranieters.

[O00R0] Table 5: /n vitro antituner activity of F1.118 7(3-series derivatives (ICso/ EC30 1 pM).
[ooost] Table 6: I virro antttuinoer activity of FL118 90 -sevies dertvatives {ICxEC30 1 uM).
1006082} Table 7: FL7s- and FL7-series ICso'ECse 1 cancer cells o nM.

{00083 Table 8: FL.7N-senes ICs6/ECss in cancer cells m oM.

[D0084] Table 9: Wh-series ICso/ECso iy cancer cells in M.

[O008S] Table 10: Hx-sertes ICso/ECse m cancer cells m aM.

[O008G] Table 11: Experimental design of the beagle dogs for FL118 toxicity and MTD studies.
[00087] Table 12: Potential biochemical biomarkers and targets identified using ligands (FL118

and FL118 analogue} through ligand affinity purification and tritium {3H}-labeled ligand screening of

protein ProtoArray.

DETAILED DESCRIPTION OF THE INVENTION
[00088] The present disclosure relates to, inter afia, a novel class of compounds which function as
anfi-cancer agents. Likewise, methods for synthesis and uhility of such compounds n the freatment and/or
prevention of human disease conditions are disclosed herean. The present disclosure further relates to
pharmacentical formulations of the compounds, which possess therapeutic and/or prophyviactic mdications
for subjecis m need of treatment.
[0008%] The defimtions of certain ternms as used m this specification are provided below. Linless
defined otherwise, all technical and scientific terms used herein generally have the same meaning as
commonly understood by one of ordinary skill in the art to which this mvention belongs. As used in this
specification and the appended claims, the smgular forms “a”, “an” and “the” mclhude plural referents unless
the content clearly dictates otherwise. For example, reference to "a compound” includes a combination of
two o more compounds, and the hike.
Terminology
[00000] As used herein, “abowt™ will be understood by persons of ordinary skill in the art and will
vary to some extent depending upon the context in which it is used. If there are uses of the term which are
not clear to persens of ordinary skill in the art, given the context m which 1t 1s used, “about” will mean up to
plus or minus 10% of the enumerated value.
(00091} As used herein, the “administration” of an agent or drug, e g., one or more anttapoptotic
protein andfor signaling mhbitor compounds, to & subject or subjects includes any route of infroducing or
delivering fo a subject a compound to perform its infended function. Administration can be carried out by
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any suitable ronte, inchuding orally, mtranasally, by inhalation, parenterally {intravenowusly. intramuscularly,
mtraperifoneally, or subcutanecusly), rectally; or topieally. Adnunistration ncludes self~adnurustration and
the admimstration by another. It 1s also to be appreciated that the varions modes of treatiment or prevention of
medical conditions as described are mtended to mean “substantial”, which includes total but also less than
fotal freatment/prevention, and wherens some binlogically or medically relevant result is achieved.

o LS

L As used herein, the terms “assessing,” “assaving,” “deternurung,™ and “measuring” are used
interchangeably and melude both quantitative and qualitative detenminations. These terms refer o any form
of measwrement, and molude determiming if a characferistic, trait, or feature 15 present or not. Assessing may
be relative or absohute. “Assessing the presence of " mcludes deternuning the amount of something present

andior absent.

(000931 As used herein, the term “climcal factors™ refers to any data that a medical practitioper may
consider in deternuning a diagnosis, prognosis, or therapeutic regimen for treating or preventing a disease or
diseases. Such factors include, but are not limited fo, the patient’s medical lustory, a physical examination of
the patient, complete blood count, exammnation of blood cells or bone marrow cells, cytogenetics, pulmonary
health, vascular indications of disease, and immunophenotyping of cells.

100094 As used herein, the terms “comparable” or “corresponding’™ iy the context of comparing two
or more samples, responses fo treatment, or drugs, refer to the same fype of sample, response, freatment, and
drug respectively used in the comparison. In some embodimments, comparable samples miav be obtained from
the same mdividual at different times. In other embodiments, comparable samples may be chtained from
dafferent mdividuals, e.g., a patient and a healthy mndividual. In general, comparable samples are normalized
by a commeon factor for control purposes.

[00005] As used herein, the term “composition” refers to a product with specified mngredients in the
spectfied aniounts, as well as any product which results, directly or mdirectly, from combination of the
specified ingredients 1 the specified amonnts.

[00096] As used herein, the term “diagnosis™ means detecting a disease or disorder or determining the
stage or degree of a disease or disorder. Typically, a diagnosis of a disease or disorder s based on the
evaluation of one or more factors and/or symptoms that are mdicative of the disease. That 15, a diagnosis can
be made based on the presence, absence or amonnt of a factor which is mdicative of presence or absence of
the disease or condition. Each factor or symptom that 1s consudered to be indicative for the diagnosis of a
particular disease does not need be exclusively related to the particular disease, i 2., there nwy be differential
diagnoses that can be inferred from a diagnostic factor or svinptom. Likewise, there may be instances where
a factor or svaptom that 1s indicative of a particnlar disease is present in an individual that does not have the
particular disease. The ferm “diagnosis™ also encompasses deternmrung the therapentic effect of a dmg
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therapy, of predicting the patiern of response to a dimg therapy. The diagnostic methods may be used
dependently, or in combination with other diagnosing and/or staging methods known 1n the medical art for
a parbicular disease or disorder.

o

[00007] As-used heremn. the terms “drug.” “compound.” “active agent,” “agent.” “actives.”
“pharniacentical composttion,” “pharmaceutical formulstion,” and “phamacologically active agent” are used
inferchangeably and vefer to any chemical compound, camplex or composttion, charged or uacharged. that is
smtable for adminstration and that has a beneficial binlogical effect, suitably a therapentic effect m the
weatiment of a disease or abnornial physielogical condition, althougly the effect may alse be prophyiactic in
nature. The terms also encompass pharmacentically acceptable, pharmacologically active dertvatives of
those active agents specifically mentioned herein, including, but not limited to, salis, esters, amides,
prodrugs, active metabolites, analogs, and the ike. When the terms “active agent,” “phanmacologically
active agent,” and “API” {active pharmaceutical ingredient) are used, then, or when a particular active agent
is specifically wdentified, 1t 15 to be understood that applicants mtend fo inchude the active agent per se as well
as pharmaceutically acceptable, pharmacologically active salts, esters, amides, prodrugs, conjugates,
metabolifes, analogs, ete.

[00008] As used heremn, the terms “effective amount™ or “pharmaceutically effective ampount”™ or
“therapentically effective amount™ of a composition, 18 a quantity sufficient fo achieve a deswed therapeutic
andfor prophylactic effect, e.¢., an amount which resulls m the prevention of, or a decrease i, the syvimptoms
associated with a disease that 1s being treated. The amount of a composition of the invention admunistered o
the subject will depend on the type and severity of the disease and on the characteristics of the individual,
such as general health, age, sex, body weight and tolerance to drugs. It will also depend on the degree,
severity and tvpe of disease. The skilled artisan will be able to determine appropriate dosages depending on
these and other factors. The compositions of the present mvention can also be administered in combination
with one or more additional therapeutic compounds.

000991 As used herein, the term “neoplastic disease™ refers to cancers of anv kind and onigin and
precursor stages thereof. Accordingly, the termi “neoplastic disease”™ includes the subject matter identified by
the terms “neoplasia”, “neoplasm”, “cancer”, “pre-cancer” or “tumor.” A neoplastic disease is generally
manifest by abnormal cell division resulting in an abnormal level of a particular cell population. Likewise,
the monoclonal expansion of endothelial cells may refer to a “neoplasm™ of the pulmonary arteriolar
endothelial cells. The abnormal cell division undetlying a neoplastic disease, moreover, is typically inherent
in the cells and not a nonmal phvsiological response to infection or mflammation. In some embodiments,
neoplastic diseases for diagnosis using methods provided herein include carcinoma. By “carcinoma,” if is

meant a benign or malignant epithelial timor.

]
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[000100] As used hetein, the term “pharmaceutically acceptable salt” inclndes a salt with an inorganic
base, organic base, inorganic acid, organie acid, or basic oracidic anino actd. As salis of mworganyc bases,
the mvention includes, for example, alkal metals such as sedmym o potassium; alkaline earth metals such as
calcwm and magnesium or ahwninwn; and ammonia. As salts of organic bases, the mvention includes, for
example, tunethvianune, trethyvlamine, pytidine, pieoline, ethanolamine, diethanclamine, and
tricthabolamine. As salts of mnorganic acids, the nstant wvention includes, for example, hydrochioric aeid,
hydroboric acud, nitric acud, sulfunic acid, and phosphonic acid.  As salis of organic acids, the mstant
mvention wcludes, for example, formic acid, acetic acid, trifluoroacetic acid, fiunaric acid, oxalic acid,
fartaric actd, maletc acid, lachic acid, cifrie acid, succinie acid, malie acid, methanesulfonic actd,
benzenesnifonic acid, and p-toluenesulfomic acid.  As salts of basic anuno acids, the mstant invention
inchudes, for examiple, arginine, lysine and ornithine. Acidic amino acids inchide, for example, aspartic acid

and ghitamic acid.

(000101} As used herein, the term “prognosis™ refers to a prediction of the probable course and
outcome of a clinical condition or disease. A prognosis 15 usually made by evaluating factors or svmptoms of
a disease that are mdicative of a favorable or unfavorable course or outcome of the disease. The phrase
“deternuning the prognosis™ as used heremn refers to the process by which the skilled artisan can predict the
cowrse or outcome of a condition in a patient. The term “prognosis” does not refer to the ability {o predict
the course or outcome of a condition with 100% accaracy. Instead, the sklled artisan will understand that
the term “prognosis” refers to an increased probability that a certain cowse or outcome will occur; that is,
that a cowrse or outcome is more likely to ocour in a patient exhibiting a piven condition, when compared fo
those mdividuals not exhibiting the condition. The terms “favorable prognosis™ and “positive prognosis,” or
“unfavorable prognosis” and “negative prognosis™ as used herein are relative terms for the prediction of the
probable course and/or likely outcome of a condition or a disease. A favorable or positive prognosis predicts
a better outcome for a condition than an unfavorable or negative prognosis. In a general sense, a “favorable
prognosis” 1s an outcome that is relatively better than many other possible prognoses that could be associated
with a particular condition, whereas an unfavorable prognosis predicts an outcome that is relatively worge
than many other possible prognoses that could be associated with a particular condition. Typical examples
of a favorable or positive prognosis include a better than average cure rate, a lower propensity for metastasis,
a longer than expected hife expectancy, differenfiation of a benign process from a cancerouns process, and the
hke. For example, a postiive proguosis 1s one where a patient has a 30% probability of bemg cured of a
particular cancer after treatment, while the average patient with the same cancer has only a 25% probability
of being cured.

(000102} Asused herein, the term “reference level” refers to a level of a substance which may be of
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interest for comparatrve purposes. In some embodiments, a reference level may be a specified compeosition
dosage as an average of the dose Jevel froun samples taken from a control subject. In other embodiments, the
reference level mayv be the level i the same subject at a different time, e g, 8 tinie course of administering
the composition, such as the level determined at 2, 4, 6, &, and 10 munutes (inin), efc.

[000103] As used herein, the termus “samuple” or “fest sample” reler to any lupuad or solid material
containing collected from a subject. I suitable embodiments, a fest sample 1s obitained from a biclogical
source, Le.a “hiological sample ™ such as cells m onllure or & tissue sample from an ammal, most

preferably. a murine subject, manumal or human subject.

[000104] As used herein, the terms “subject” or “mndividual,” refer to a mamimal, such as a mouse, rat,
or human, but can also be another animal such as a domestic animal, e g, a dog, cat, or the like, a farm
animal, e.g., a cow, a sheep, a pig, a horse, or the like, or a laboratory animal, e g., a monkey, a rai, a mouse,
a rabbit, a puinea pig, or the hke. The ferm “patient™ refers 1o a “subject” who 1s, or 1s suspected to be,

afflicted with a diseasa.

(000103} As used heren, the terms “treating”™ or “treatment” or “alleviation™ refer to both therapentic
treatment and prophylactic or preventative measures, wherein the objective 1s to prevent or slow down
{lessen) the targeted pathologic condition or disorder. A subject is successtully “treated” for a disorder if,
after receiving a therapeutic agent accordmg to the methods of the present mvention, the subject shows
observable and/or measurable reduction in or absence of one or more signs and svinptoms of a particular

disease or condition.

[0001046] As used herein, reference to a certamn element such as “hydrogen™ or “H™ 1s meant to inchude
all 1sotopes of that element. For example, if an R group 15 defined to include hydrogen or H, 1t also includes
deutermum and frtium.

JO0a107} Overview

[000108] Control of human disease to extend life span and quality of life is the goal in clinical practice.
in the field of human cancer control, the challenge 1s the treatment {e.g., chemotherapy and radiation)
resistance, which results m untreatable disease or a high rate of metastasis and/or recurrence affer treatment.
Therefore, cancer freatment resistance, metastasis and recurrence are the primary causes of cancer death and
continie to challenge the entire field.

(000109} Critical analysis of the peer-reviewed literature mdicates that the challenge for overcoming
treatinent resistance is that the inherent or acquired {induced) resistance to treatment is through diverse
mechanisms, ofien resulting from the fact that cancer cells usually possess diverse genetic and epigenetic
alternations and abnormal expression of cancer-associated protems. To address the challenge in treatment

resistance, the fact that treatment resistance results from Jiverse mechanisms nmst be addressed. The prior
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art is devoid of efficacious strategies to this end.

{0001 10] Using one molecularty targeted agent in concert with one or two traditional evietoxie drugs as
a combination regnnen has beea previously emploved, However, thus approach is only able to alleviate the
treatment resistance refated to toxicity and efficacy for some of cancer patients with particular cancer types
andlor faverable genetic background. Auncther challenging problens of freatment resistance 1s that canceris a
highly heterogeneous disease (Swanton € Intratumor heterogeneity: evolution throngh space and fime,
Cancer research 2012, 72:4875-4882), gene-expression signatures of favorable versus unfavorable prognosis
cant be detected in different regions of the same numor, and a significant percentage of soniatic mutations
may not be detected across every tumor region of the same tumor (Gerlinger M, et al.: Intratumor
heterogeneity and branched evelution revealed by multiregion sequencing, The New England jowmnal of
medicine 2012, 366:883-892). This extenstve infra-tumor heterogeneity presents difficult challenges with
respect {o personalized cancer treatmment {personalized medicine) and biomarker development. Therefore,
new sfrategies o resolve such challenges are needed.

(000111} One aspect of the present invention involves the invention of some particular anticancer
compouls with specific spectium of activity demonsirated 1o examples, which were created by the present
mventors, but where such compounds nevertheless possess defined multiple targeting mechanisims,
quantitatively and/or qualitatively, to combat cancer cell treatment resistance. Among the novel compounds
disclosed herein, while each compound can target or bypass multiple resistant factors, mdividual compounds
show distinct selectivity {quantitatively and/or qualitatively) with broad-spectrum overlap. Such a group of
compounds impart therapentic indications, which overcome treatiment resistance resulted from diverse
genetic and/or epigenetic alternations and abootmal cancer-associaied gene expression. Thus, mdividual
compounds target a particular cancer type or the same type of cancer with overlapped but distinct genetic
backgrounds. In turn, this imparts novel sirategies of personalized precision medicine to resolve the
treatinent resistance challenge. Likewise, from a cost-effective point of view since gach anticancer
compound has a defined particular target set {quantitatively or qualitatively), i order to save biomarker
testing costs for some cancer patients for diagnostic andfor prognostic indications, these individual drugs can
be also used for cancer treatment i general without a pre-biomarker testing procedure. For these patients a
particular drug selection would be based on general knowledge related to the cancer and the drugs, but not
based on biomarker or genetic determinations {since m most cases if not all, the relattonship is nsually not so
clearly defined), although this would compromise the maximal value of these types of drugs. This
unprecedented strategy to overcome freatment resistance at a manner of personalized precision medicine
comes out of our unexpected resulis recentlv obtained. See Examples.

[000112] The anti-cancer drug, camptothecin {CPT) was initially identified and 1solated from plant
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extracts by D, Mansukh Want and D, Monroe Wall in collaboration with National Cancer Institute (NCT) of
the United States. While a vaniety of camptethecun structure-based compouuds {camptothecin derivatives)
have been synthesized, only two camptothecin analogs, wmotecan and topotecan (both are campiothecn
structure-based derivatives), were conmmercialized in clinical practice for cancer trestment. Currently.
irinetecan and topotecan represent the best two compounds identified among camptothecin structure-based
analogs i terms of their anfitumor activity versns thetr toxicity. However, cancer resistance o irinotecan or
topotecan treatiment is a comrnon 1ssue e chinical practice, which sertously challenges the scope of ther
application. In our previeus patent {PCT/AISIZ22093%), we demonstrated that some of our vnique compounds
protected i the previous invention would effectively overcome mmotecan- and topotecan-resistant funors
{see our recent publication after filmg the patent for detail: Ling X, et al: FL118, a novel camptothecin
analogue, overcomes irinotecan and topotecan resistance in human tumor xenograit models, Am | of
Transi Res 2015, 7:1765-1781).

[000113] A unigue camptothecin analogue, FL11IR, targets and bypasses nmltiple freatiment resistant
factors and functions fo eliminate many types of haman tumor xenografls i anunal models. See Ling X, ot
al.; A Novel Small Molecule FL118 That Selectively Inhibtts Survivin, Mcl-1, XIAP and ¢IAP2 ina p53-
Independent Manner, Shows Superior Antitomor Activity, PLOS ONE 2012, 7:e45571. Studies also revealed
that the antitumor activily of FL11R is highly dependent on its primary siructure and sieric configuration
{Zhac J, et al.; Antitumor activity of FL118, a smrvivin, Mcl-1, XIAP, cIAP2 selective inhibitor, 1s highly
dependent on its primary structure and steric configuration, Molecular Pharmaceutics 2014; 11 437467}
Resultz from the previous patent (PCT/USI3/22005) revenl that FL118 effectively overcomes irmotecan and
topotecan-mnduced treatment resistance {(Ling, et al., Am ] of Transl Res 2015, 7:1765-1781) FL118
effectivelv bypasses the refractory phenotypes emanated from the ATP-binding cassette {ABC) transpotters
such as ABCG2, while SN-38 {(active metabolite of irinotecan) and topotecan were substrates of ABCG2 and
unable to bypass ABCG2-induced treatmient resistance. Now these findings from the previous mvention
{PCT/USI5220935) were published in Westover D, et al: FL118, a novel camptothecin derivative, is
insensitive to ABCG2 expression and shows improved efficacy in comparison with irinotecan in colon
and lung cancer models with ABCG2-induced resistance, Molecular Cancer 2015, 14:92. Furthermore,
our recent studies indicated that the known therapeutic target of camptothecin, rinotecan/SN-38 {active
metabelite of rinotecan) and topotecan s topoisomerase I {Topl}, and Topl expression s requured for them
to show antitumor activity. In contrast, the antitumor efficacy of the FL118 platform is irrelevant to the
expression of Topl, human tumors without the expression of Topl exhibited high sensitivity to FL118
treatment (L1 F, et al: Topoisomerase I {Topl}: a major target of FL118 for 1ts anbitumor efficacy or mamly

mvolved in its side effects of hematopoietic toxieity? Am J Cancer Res. 2017; 7: 370-82}.
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{0001 14] In this invention, we demonstrated that imdividual compounds derived from the FLIIR
platform show distinet anti-cancer activity and toxictty among different cancer types or in the same cancer
types with different individual deugs. This mvention has also described in vanous embodiments of the
further development of the ethanol-containing formulation and organic solvent-free fonmulation of water-
insoluble FL118 andior FL11R analogues 1 aqueous suspension format, powder capsule format ot fablet
format for oral (per oral, pofp.o.). intra-perttoneal (ip/APA p )y or mtravenous (v IVLY) admmistration.
[000115] In ihastrative embodiments, the present mvention provides the matter of compositions and
chemical synthesis of 3 group of commpounds that were derived from the Positions 7 or Position 9 of the
FL118 platform as well as the use of these novel compounds of Formula 1 for human disease such as cancer
treatment. Examples for detailed synthesis of individual FL118 core structure platform-denved analogues are
described below.

JOD0I16] Svnthesis of exemplary FL118 (10,1 1-methvienedioxy-campiothecini platform Position 7-

derived vompounds

[000117] Preparation of FL118 platform derivatives at the 7th position with cinnamenyl (exemplar):
(000118} Step 1: Preparation of ' -amino-3' 4’ -methvlenedioxy chalcone:
[060119] 3 d-methvienedioxy acetophenone was dissolved i nifromethane {(80mL), and concentrated

niric acid {20.7mL) was added dropwise to it. The nuxture reacted for 2 hr and saturated sodmum bicarbonate
solution was added dropwise to 1t to get the pH to about 7. The mixture was extracted with dichloromethane
for 3 times. The organic laver was combined, washed with brine, dried by anhvdrous MgSO4 and
concentrated. The vellow oil resultant was purified by column chromatographv{ethyl acefate: petroleum
ether=1:8) and resulted in 7.8 g light vellow solid {76%). mp 110-112°C

(000120} ¢-nitro-3 4-methvienedioxy acetophenone(7 8g. 37 3nunol)} was dissolved in ethyl
acetate(70mL) and catalvtic amount Pd/C was added. The mixture reacted under hvdrogen balloon for 12hr.
The catalyst was filtered out and the filtrate was concentrated. The resultant was 3.5g light vellow sohd
{83%). mp 123-124°C.

(000121} G-amine-3 4-methvlenedioxy acetophenone(0.2g, 1. 1mmol} was dissolved in anhvdrous
alcohol{10mi), sodum hydroxide{(0.4g, 1 1mmol) and benzaldebyde{0.14g, 1 3mumol} were added i
sequence. The mixture reacted for 12hr and solution was concentrated. The mixture was purified by column
chromatography (ethyl acetate: petrolenm ether=1:4) and resulted in 0.21 g vellow solid (7196). mp 130-132
o

(000122} H NMR (CDCl, 600 MHz) 8: 8.08 (s, 1 H, ArH), 781 (d, /=152 Hz 1 H, =CHAr), 7.53 (d,
J=132Hz 1 H, ArCOCH=), 6,79 {d, J=77Hz, 2 H, AtH), 6.67(d,J=7.7Hz, 2 H, AsH), 6.60 {t, 7 =77
Hz, I H, ArH}), 6.54 (s, 1 H, ArH}, 6.20 (brs, 2 H, NHz}, 6.02 {s, 2 H, OCH:0).
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000123} The preparing process of &7 -amine-3" 4" -methylenedioxy-4-bromo-chaleone was the
samie as that of 6° -amino-3" 4" -methylenedioxy chalcone, except that the reagents were 6-amine-3.4-
methylenedioxy acetophenone and 4-bromo-benzaldehyde; The preparing process of 6' -amino-3" 47 -

i

methylenediony-3 4~ dimethoxy-chalcone was the same as that of 6' -amine-37 4' -methyvienedioxy

chaleone, except that the reagents were S-amune-3 d-methylenedioxy acelophenone and 3. 4-dimethoxy-

f

benzaldehyde: The preparing process of ' -amino-3’ 4" -methylenedioxy-2-chloro-chalcons was the
same as that of ' -amine-3" 4" -methylenedioxy chalcone, except that the reagents were 6-amino-3 4-
methvlenedioxy acetophenone and 2-chlovo-benzaldehyde; The preparing process of 6' -amino-3' 47 -
methylenedioxy-3.4-methyvlenedioxy-chalcone was the same as that of 67 -amino-3' 47 -methvlenedioxy
chalcone, except that the reagenis were S-amino-3 4-methvienedioxy acetophenone and 3 4-methylenedioxy
benzaldehyde; The preparing process of 67 -amino-3' 4° -methylenedioxy-3.4.3- trimethoxy-chalcone
was the same as that of 6' -amino-3" 4° -methylenedioxv chalcone, except that the reagents were 6-
amme-3,4-methylenedioxy acetophenone and 3.4, 5-tnimethoxy-benzaldehvde; The preparing process of 6-
amino-3.4' -methvlenedioxy-4-methoxy-chalcone was the same as that of 6-amino-3 4-methylenedioxy
chalcone, except that the reagenis were S-amno -3 4-methylenedioxy acetophenone and 4-methoxy-
benzaldehyde;

(000124} Step 2: Preparing the FL118 (10,1 l-methylenedioxy-camptothecin) derivatives at the 7th
position with cinnamenyl:

(000125} FL7-5: 20 (5)-7- cinnamenyl-10,1 1- methvlenedioxy-camptothecin(48)-4-Ethyl-7 8-dihydro-
4-hvdroxy-1H-pyrano{3 4-fhindolizine-3,6, 16¢4H}-trione {200mg, 0.76mmol) was disselved in anhvdrous
toluene{70mi). &' -anuno-3' 47 -methvienedioxy chalcone {8.372, 1.37 nunol) and para-toluenesulfonic
{26.2 mg, (.15 mmol) were added. The mixture reacted at 110 Cunder mitron for 24hr. The mixture was
cooled and the solvent was removed under reduced pressure. The compounds were purified by celumn
chromatography {dichloromethane: methancl=97:3} and resulted m 270 mg hght vellow solid (72%). mp
220-222°C.

F000126] 'H NMR (CF:C00D, 600 MHz) 8: 8. 19 (s, 1 ). 7.98 (s. 1 H), 7.91 (s, 1 H), 7.87 (4. J=4.4
Hz, 2 H), 7.81 (d, /=165 Hz, 1 H3, 7.69 (s, 1 H), 7.60 (s, 3 H), 6.48 (s, 2 H), 6.00 (d, /=16.5 Hz, 1 H), 5.95
(s, 2 H), 5.66 {d. J=17.04 Hz, 1 H), 2.21 {m, 2 H), 1.20 (£, ./=7.2 Hz, 3 H}. PC NMR (CF;C0O0D, 150 MHz)
a: 178.6, 1604, 159.7, 154.9, 153.7, 1514, 1488, 1424, 1422 141.2, 136.5, 1339, 131.3, 1302, 128 5,
128.4, 1239, 120.1, 107.3, 10657, 103.5,95.6, 762, 68.6, 548,33 4 B.1.

0601271 FL7-6: 20 {5}-7- {4-bromo-cinnamenyl)- 10, 1 1- methylenedioxy-camptothecmy: 7-6 was

prepared and purified as described for the synthesis and purifing of 7-3 using {4S)-4-FEthyi-7 8-dibydro-4-
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hydroxy-1H-pyrano{3,4-1] indolizine-3,6,10(4H)-trivneana and 6' -amino-3" 47 -methvlenedioxy-4-
bromo- chalcone. The resuliant was 300 mg hght vellow solid (70%), mp 238 °C

[000128] HHNMR (CFCO0D, 600 MHz) &: 746 (s, 1 HL 731 (5, 1 H), 7.07(d, =74 Hz, 2 H), 6.81
{d. /=63Hz, 1 H.L669{s, 1 HL 641 (5, 3HL 618, 2H}, 5365(s.2H), 523, ~7.04Hz, 2H), 2,11 {mm,
2H), 082 (1, =7.2 Hz, 3 H). PC NMR {CF:COO0D, 150 MHz) & 177.2, 161.3, 139.7, 1539, 152.7, 151 4,
14R.9, 142.6, 142.2, 1412, 136.6, 132.9, 1318, 130.1, 1294, 128.2 126.4, 1249 1239 1205, 1077, 1058.5,
103.9,99.6, 76.3. 08.7. 54.3,33.2, &3

[000129] FL7-7: 20(8)-7-{3 4-chmethoxy cinnamenyD-10,1 T-methylenedioxy-camptothecin: 7-7 was
prepared and purified as described for the synthesis and purifing of 7-5 using (45)-4-Ethyl-7 8-dihydro-4-
hydroxy-1H-pyrano{3 4-flindolizine-3,6 1{4H}-trione and &' -amine-3' 4’ -methvienedioxy-3.4-
dumethoxv-chalcone. The resultant was 230 mg light vellow solid { 33%6). mp 192 °C.

000130} 'H NMR (DMSO-ds, 600 MHz) 6: 7.50 (d, /=7.68 Hz, 2 H), 740 (d, /=13.2 Hz. 2 H), 7.28 {5,
TH) 7.14(d, J=8.22Hz, 2H). 637 (s, 1 H), 6.15(s, 2 H), 530 (s, 2 H}, 4.76 {5, 2 H), 3.88 {5, 3 H), 3.84
3H), 2.29 (m, 2 H), 1.23 (1../=7.2 Hz, 3 H). C NMR (DMSO-de, 150 MHz) &: 1752, 162.9, 1503, 157,
1524, 1508, 150.2, 148.6, 145.1, 1449, 137.5, 1353, 1340 1309, 127.8, 1252 1228 1214, 1196, 1115,
110.3, 1665, 1017, 973, 774, 682, 55.4, 552, 534 8, 20.5, 106,

(000131} FL7-8: 20 (5}-7- { 2- chloro-cinnamenyl}-10,11- methyienediva-campmthecm: 7-% was
prepared and purified as described for the svathesis and purifing of 7-5 using (45)-4-Ethyl-7 8-dihydro-4-
hydroxy-1H-pyrano[3 4-flindolizine-3 6 10(4H}-irtone and &' -amimo-3" 4 -methyvlenedioxy-2-chloro-
chalcone. The resultant was 250 mg light vellow sohid (62%). mp 209-212 °C.

(000132} "H NMR (CF:CO0D, 600 MHz) 6: 758 (s, L H1. 751 (s, 1 H), 734 {d, =72 Hz 2 H), 7.11
(d, ~68Hz 1H),7.02{s, 1 H),8.73(s, 3H), 627 {5, 2H), 595 (3, 2 H), 5.66 {d, /=84 Hz, 2 H}, 2.81 {m,
2 H), .90 {t, /=7.2 Hz, 3 H). "C NMR {CF:C00D, 150 MHz)} 5: 176.6, 161.4, 159.7, 1543, 153.5, 151 4,
148.9 1444 1427 141.2 1365, 1331, 1313, 130.2, 1286, 1284, 1239 1201, 1075, 106.7, 104.5, 992,
772,681, 548,334, 84

1000133} FL7-9: 20(5)-7-{3 4-methvlenedioxy-cinnamenyl 3-10, 1 I-methyvlenedioxy-campiothecin: 7-9
was prepared and purified as described for the synthesis and purnifing of 7-5 using {48)-4-Ethvl-7 8-dihydro-
4-hydroxy-1H-pyrano|3 4-flindolizine-3 6, 10(4H)-trione and 6’ -amino-3° 4’ -methylenedioxy-3,4-
methylenedioxv-chalcone. The resultant was 150 myg light vellow solid (36%). mp 177 C.

(000134} 'H NMR (DMSO-ds, 600 MHz} §: 7.53 (d, J=4.38 Hz, 2 H), 7.530 (4, =7.68 Hz, 3 H), 7.21 {4,
J=276Hz, 1 H), 7.13(d, =768 Hz. 2 H}, 636, =828 Hz, 2 H), 6.21 (s, 2H). 5.39 (s, 2 H}, 4.76 (5, 2 H),
2.29 {m, 2 H), L.O8 {t, /=7.38 Hz, 3 H). °C NMR (DMSO-ds, 150 MHz) &: 167.7, 154.6, 1522, 151.1, 145.0,

148 8. 145.7. 130.0, 1386, 1287, 1260, 125.8. 124.1. 115.9, 109.6, 108.6, 104.2. 103.7. 102.9,99.1, 98 1,
32
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762, 68.6, 548 21 3. 83
[00G135] FL7-10: 20(%)-7-{ 3.4, 5frunethoxy-cinnameny)- 10,1 -methvlenediox y-camptothein: 7-10
was prepared and purified as described for the synthesis and punfingof 7-5 ustng (48)-4-Ethyl-7 8-dihydio-
4-hvdroxy-1H-pyrano{3,4-flindolizine-3,6, 10(4H -irione and 6 -amino-3" 47 -methvlenedioxy-3.4.5-
frimmethoxyv-chaleone. The resultant was 200 myg Heht vellow solid (45%). mp 167 T

[0001346] TH NMR (DMEO-ds, 600 MHz) 6 744 (s, 1 H), 740 (s, 1 H), 715 (s, 2 H), 6.64 (s, T H},
SIT 821 He, 2H) 6231 (5, 2H), 339, 2 H.L 476 (5. 2H), 3.1 (5, 6 H), 374 (5, 3 H), 185 {m, 2 H),
0.89{t, =738 Hz, 3 H). PO NMR (DMSO-ds, 150 MHZ) 8: 1723, 1503, 1589, 158.4, 156.2, 1529, 151.5,
1495 1458, 1413, 1406, 139.1, 1359, 133.1, 1288, 1223, 121.6, 118.6, 105.9, 1053, 1049, 102.1, 100.1,
97.4. 773, 68.6, 59.9. 36.2. 36.0. 30.3,30.4, 7.5

(06031371 FL7-12: 20{5)-7- {4- methoxy -cinnamenyl}-10.1 1- methyvlenedioxy-campiothecin: 7-12 was
prepared and purified as described for the svnthests and purifingof 7-5 using (483-4-Ethyl-7 8-dihydro-4-
hvdroxy-1H-pyranof3 4-flindolizine-3,6, 10{(4H}-trione and 6' -amino-3° 4’ -methylenedioxy-4-methoxy-
chalcone. The resultant was 250 mg Light vellow solid (62%). mp 203-205 °C.

[000138] TH NMR (DMSO-de, 600 MHz) &: 788 {(d, =882 Hz. 2 H), 7.52 (s, 1 H). 749 (s, 1 H}, 7.21
(d. /=822 Hz 2H} 7.12{d. ~69Hz, 2H).L 708 (s, L H), 633 (5, 2H)YL 539 (. 2 H), 4.76 (s, 2 H), 3.88 (s,
IH), 2.28 {m, 2 H), 0.93 (1, J=7.68 Hz, 3 H). O NMR (DMSO-de, 150 MHz} §: 174.5, 162.7, 160.5, 1593,
154.2, 151.9, 148.5, 139.0, 1383, 135.8, 131.2. 1309, 130.4, 1287, 126.0, 1244, 116.5, 1154, 103.9, 103 7,
995,081, 76.8,67.7, 562, 54.3, 213,79

{000139] Preparation of FL118 platform derivative at the 7th position with phenethyl (exemplar):

(06031401 Step 1: Preparation of 6’ -amine-3' 4" -methylenedioxy dilivdrochalcone:
(000141} G-anunoe-3 4-methvlenedioxy chalcone {(0.30g, 1. lmmol) was dissolved in ethyl

acetate{23ml} and cafalytic amount Pd/C was added. The mixture reacted under hydrogen balloon for 10 hr.

the catalyst was hiltered ontf and the filtrate was concentrated. The resultant was 0.26g light yellow solid

{87%). mp 103-104 °C.

(0001421 TH NMR (CDCh, 600 MHz) 8: 745 (s, 1 H, ArH), 6.62{d, J=6.4Hz, 2 H, AtH), 6.35(d. J=

6.4 Hz. 2 H, ArH), 6.31 (s, 1 F. ArFD, 6.28 (s, 1 B, ArH). 6.20 (brs, 2 H, NHa). 6.07 (s, 2 H, OCH0), 2.69

(t,J=4.7 Hz, 2 H, AtCOCH:), 2.67 (t, J= 4.7 Hz, 2 H, CILAD.

(000143} The preparing process of 6 -amine-3’ 4° -methylenedioxy-4-bromo dihvdrochalcone was

the same as that of 6’ -amino-3' 4' -methylenedioxy dilivdrochalcone, except that the reagenis were 6 -
:

amino-3° 47 -methylenedioxy -4-bromo-chalcone; The preparing process of 6 -amino-37 47 -

methylenedioxy-3,4- dimethoxy- dihydrochalcone was the same as that of 6 -amino-3’ 47 -
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methylenedioxy dilivdrochalcone, except that the reagents were 6" -amine-3' 4

dimethoxy-chalcone; The preparing progess of 67 -amino-3" 4" -methylenedioxy -2-chioro-
diiydrochalcone was the same asthat of ¢ -amune-3" 47 -methvlesedioxy dibydrochalcone, except that

the reagents were 6 -amino-3' 4" -methylenedioxy -2-chlore-chalcone; The preparing process of 67 -
aomme-37 47 -methyvlenedioxy-3.4- methylenedioxy-dihydrochalcone was the same as that of 67 -amino-
¥ . 4 ?

-methylenedioxy dibydrochalcone, except that fhe reagents were the preparing processof ' -

34
-methylenedioxy-3,4.5-

amino-3' 4° -methylenedioxy-3, 4-methyvlenedioxy-chalcone; The preparing process of 67 -amino-3
-methyienedioxy-3,4,5-trimethoxy dilivdrochalcone was the same as that of 6/ -amine-3° 47 -

methylenedioxy dihvdrochalcone, except that the reagents were 6' -amino-3' 4
A" -methvienedioxy -4-methoxy
-methylenedioxy diltvdrochalcone, except that

trimethoxy chalcone, The preparing process of 6’ -amino-3" 4
H

diliydrochalcone was the same as that of 6’ -amino-3’ 4
-methvienedioxy -4-methoxy chalcone.

the reagents were 6° -amino-3' 4/
Step 2: Preparing the FL118 platform derivatives at the 7th postiion with phenethyl
FL7-14: 20 (5)-7- phenethvi-10.11- methvlenedioxy-camptothecin: (48)-4-Ethyl-7 8-dibydro-

[060145]

37 4" -methyvlenedioxy dibydrochalcone (0.37g, 1.37 mmoljand para-
toluenesulfonic (26.2 mg, 8.15 mmol) were added. The mixture reacted at 110°C under nitron for 24 hn. The
reduced pressure. The compounds were purified

[000144]
4-hyvdroxy-1H-pyrano{3.4-flindolizine-3.6, 10{dH)-trione (200 mg, (.76 mmoliwas dissolved m anlivdrous

toluene(70 mL). ¢’ -amino-

mixture was cooled and the solvent was removed under
by column chromatography  (dichloromethane: methanol=97:3} and resulted m 280 mg light vellow solid

(75%3.mp 220-223 °C.
[000146]  'H NMR (CF:COOD, 600 MHz) 8: 7.93 (s, 1 H), 7.58 (s. 1 H), 7.53 (s. 1 H), 7.09 (s, 3 H),
6.89¢s, 2 H). 6.31 (5.2 H), 5.76 (4, /=17.1 Hz, 1 H). 542 (d, J=17.04 Hz, 1 H), 4.75 (dd, /=192 Hz,
J=18.66 Hz, 2 H). 3.58 (d. /=20.34 Hz. 2 H), 3.18 (s. 2 H), 1.99 (mm. 2 H), 0.99 (t. /=7.68 Hz, 3 H). 3C NMR
. 1393, 138.6, 129.7, 12828,

{CF:CO0OD, 150 MHz) &: 176.2, 1578, 157.6, 154.9, 152.9, 1513, 1497, 1396, 1
1285, 1281, 12771272, 1217, 1051, 1038, 100.2, 975, 738, 662, 51.2, 35.1

S

FL7-17: 20 (5)-7-{4-bromo- phenethvl)-18,11- methvlenedioxy-camptothecin: 7-17 was
prepared and purified as described for the synthesis and purifingef 7-14 nsing (483-4-Ethyl-7 8-dihydro-4-

[000147]
hydroxy-1H-pyrano[3 4-flindolizine-3,6 1{d4H)-trione and &' -amine-3" 4 -methvienedioxy-4-bromo-

dihydrochalcone. The resultant was 300 mg hght vellow sohid (68%). mp 240-243 .
' NMR (DMSO-ds, 600 MHz) &: 7.59 (s, 1 ). 7.46 (5. 2 H), 7.23 (m. 3 1), 7.12 (s, 1 H).

[000148]
628 (s, 2 H). 5.39 (s, 2 H), 4.82 (dd. /~18.66 Hz, /=10.95 Hz, 2 H), 2.84 (s, 2 H), 2.28 (5. 2 H), 1.86 (m, 2
34
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H), 087 (. 72 Hz 3 H) PCNMR (DMSO-de, 150 MHZ) 3 1731, 1572151 5, 1506, 149 6, 1474,
1466, 146.1, 142.5 1414, 1383, 1292, 1288, 128.7, 126.8, 1261, 124.7, 1186, 105.8, 103.2, 100.0, 966,
T2RG57,498,352,308 214 83

[000149] FL7-16: 20 S}-7-{3 4-dimethoxy phenethyl}-10,1 l-methylenedioxy-camptothecu: 7-16 was
prepared and purified as described for the synthests and purifin of 7-14 using (48)-4-Ethyl-7 8-dihydro-4-

#

hydroxy-1H-pyrano|3 4-flindolizine- 3,6, 10{4H -rione and &' -amine-3" 4" -methylenedioxy-3 4-
dimethoxy-dihydrochalcone. The resultant was 270 mg light yellow solid (64%). mp 165-168 °C.

(000156} H NMR (DMBO-de, 600 MHz}6: 766 (s, L HL 753 (s, 1 H)L 726 (s, 1 HYL 677 {5, 2 H),
655, T H), 648, 1 H), 612 (5, 2H), 544 (s, 2H), 495(s,2 H), 3.68(s, 6 H), 3538 (¢, =714 Hz, 2 H),
203 {t, =7.14 Hz, 2 H), 1.91 (m, 2 H), 0.93 {t, /=7.68 Hz, 3 H). BC NMR (DMSO-de, 150 MHz) &: 173.1,
187.3,1532, 1531, 1514, 150.6, 149.7, 1494, 1477 1468, 1422, 1369, 136.6, 1284, 1249 1185, 106.7,
105.9, 1055, 103.1, 100.2,96.4, 72.9, 63.7, 563, 56.1, 50.1, 35.6,31.8, 308, 83

(000151} FL7-15: 20 ({5)-7- (2-chloro-phenethy)-10,11- methvlenedioxy-camptothecm: 7-15 was
prepared and purified as described for the synthesis and purifing of 7-14 using (48)-4-Fthyl-7 R-dibydro-4-
hydroxy-1H-pyrano{3 4-flindolizine-3,6 10{4H)-trione and 8 -amine-3" 4 -methvienedioxy-2-chloro-
dihydrochalcone. The resultant was 270 mg light vellow solid (6796). mp 183-18¢ C.

(000152} H NMR (DMSO-ds, 600 MHz) 8: 7.48 (4, /=828 Hz, 3H), 7.28 (s, | H), 722 (s, 1 H}, 7.12
{d, =768 Hz 2H)}, 639, 1 H), 529 (s, 1 H}, 540 (5, 2 H}, 498(d, /=1098Hz, 2 H), 2.28 (5, 4 H), 1.82
{m, 2 Hj, 0.86 {t, /=7.14 Hz, 3 H). PC NMR (DMSO-ds, 150 Mz} §: 1752, 157.2, 151.5, 150.3, 1482,
147.1, 1466, 146 4, 1425 1407 1383, 1203 1288 1286, 1268 1262 1247 1186, 1058 1025 1001,
97.6,729,657 499 352 307 224, 83,

(000153} FL7-11: 20(5)-7-(3 4-methylenedioxy-phenethyvl}- 10,1 I-methvienedioxy-camptothecin: 7-11
was prepared and purified as described for the synthesis and purifing of 7-14 using (4S)-4-Ethyl-7 8-dihvdro-
4-hvdroxy-1H-pyrano[3.4-f}lindolizine-3.6, 10(4H -irione and 6 -amine-3" 4’ -methvienedioxy-3.4-
methylenedioxy-dibydrochalcone. The resultant was 140 me light vellow solid (31%6). mp 153-1537 C.
(000154} H NMR (DMSO-de, 600 MHz) 8: 7.66 (5, 1 H), 7.53 (s, L H), 726 (5, 1 H), 6.55 (s, 1 H},
648, THYL632(s, 2HL 544 (5. 2 H), 495 {5, 2 H), 368 (5, 9 H), 3.38 {1, =714 Hz, 2 H), 293 (1. /=714
Hz, 2 H), 1.91 {m, 2 H), 0.93 {i, /=7.68 Hz, 3 H). ¥C NMR (DMSO-ds, 150 MHz) &: 173.1, 157.3, 153 .2,
153.1, 1514, 150.6, 1497 1494 1477 1468, 1422, 136.9, 136.6, 1284, 1249, 1185, 1067, 105.9, 1055,
103.1, 1602, 964, 72.9, 657, 605, 563, 56.1, 50.1, 356,31 .8, 30.8, 83

L%

[000155] FL7-13: 20(3)-7- {4- methoxy - phenethyl}-10,11- methylenedioxy-camptothecin: 7-13 was
prepared and purified as described for the synthesis and purifing of 7-14 using (45)-4-Ethyl-7 8-dibydro-4-

hydroxy-1H-pyrano[3 4-flindolizine-3,6 14} -trione and &' -amine-3" 4’ -methvlenedioxy-4-methoxy-
3

[¥]
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diiydrochalcone. The resultant was 160 mg lght vellow solid (41%6). mp 172-175 C.

[000156] H NMR (DMSO-ds, 600 MHz) &: 748 (d, F7.74Hz, 2H), 741 (s, L H), 721 (5. 1 H), 7.13
{d, J=7T.14Hz, 2H), 681 {4, &7 68 Hz, 1 H), 6.27 (5, 2H), 539 (3, 2H}, 476 {5, 2 H), 3.68 {5, I H}, 2.83 {5,
2 H), 2.28 (s, 2 H), 1.86 (m, 2 H), 6.89 (1, /=6.06 Hz, 3 H}. PC NMR (DMSO-de, 150 MHz) §: 173.0, 1583
1872, 1516, 1505 1491, 1469, 1458, 1428, 1384, 1332, 1301, 1286, 12843, 126.0, 1246, 1187, 1142,
1084, 1033, 999, 968 729, 658, 355, 499, 343, 30.8, 213,83

{000157] Preparation of FL118 platform derivatives at the Tth position with a8 heterocychic ethyl
group {exenplar):

[O60158] Step 1: Preparation of 6° -amino-3' 4° -methvienedioxy-morpholinviethyl benzophenone
3 4-methvlenedioxy acetophenone (8. 1g, 49.3 mmol) was dissolved in nitromethane {80mL, and
concenfrated niric acid (20.7mL) was added dropwise o it. The mixfure reacted for 2hr and saturated
sodmm bicarbonate solution was added dropwise to 1t to get the pH to about 7. The nuxture was extracted
with dichloromethane for 3 times. The organic laver was combined, washed with brine, dried by anhvdrous
MeSOs and concentrated. The vellow oil resultant was purified by column clvomatographv{ethvl acetate :
petrolemm ether=1:8) and resulted in 7.8 g light vellow solid (76%). mp 110-112 T;

(000159} 6-nifro-3 4-methyvlepedioxy acetophenone (7.8g, 37.3nmunol) was dissolved m DMF-DMA,
the mixture reacted at 110°C for 2 br and then was cooled to room temperature. Hexane was added and
yvellow solid precipitated. We filtered and got 9.4g filter cake (9539%).

(000160} The solid obtamned {(3.4g, 35 dnumol) was dissolved i dioxane {60mL) and morpholme

{3 .6mL, 36mmol}. The mixture was heated fo reflux for 6lw. The solvent was removed under reduced
pressure and resulted in yellow otl. The compounds were purified by column chromatography (petroleum
ether: ethyl acetate=1:2) and resulted m 8§ 7g light vellow solid (8094

(000161} The resuitant compound (8.0g, 26. Inunol) was dissolved m acetic acid (20mL} and the
mixture was cooled to 0°C. Sodinm borohvdride {493 Tmg 13 lnumol) was added. The solvent was removed
under reduced pressure and the compounds were purified by column chromatography (petroleum ether: ethyvl
acetate=1:2}). The result was 3.6 g hight vellow solid (70%)

[000162] The resuitant compound {5.6g, 18.19mmol) was dissolved in ethyl acetate (70mlL) and
catalvtic amount Pd’C was added. The mixiure reacted under hvdrogen balloon for 12br. The catalyst was
filtered out and the filtrate was concentrated. The result was 4.3g hight yellow sohid {80%).

(000163} H NMR (500 MHz, DMSO)Y 8 7.34 (s, 2H), 724 (s, 1H), 6.29 (s, 1H), 5.92 (s, 2H), 3.57 -
3.50(m, 2H), 294 (¢, J=7 .4 Hz, 2H), 2.57 {t, J=7.3 Hz, 2H), 2.37 (s, 4H).

(000164} Preparation of &' -amine-3° 4 -methvienedioxv-thiomorpholinviethyl benzophenone was
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the same as that of preparation of 6" -amino-3' 4" -methylenediony- morpholinylethyl benzophenone,
except thai the reagent was thiomorpholine; preparation of 67 -amino-3° 47 -methylenedioxy-(2-
methylpiperidviethy! benzophenone was the same as that of preparation of ' -amipo-3" 4" -
methylenedioxy- morphelinylethyl benzophenone, except that the reagent was 2-methvipipenidine.

[000165] Step 2: Preparing the FL11S platform derivatives at the 7th positon with a heterocyelic ethyt
group:

[000166] FL7N-1: 20 (5)-7- marpholinyiethyl -10.11- methylenedioxy-camptotheetn: (48)-4-Ethyl-7 8-
dibivdro-4-hydroxy-1H-pyrano{3 4-fhndohizine-3 6 10(4H }-irone(200mg, 0. 76nmioly was dissolved in
anhrdrous foluene (70mL}, 6' -amino-3' 47 -methvlenedioxy-morpholinviethyl benzophenone {0.38¢g,
1.37mmol} and para-toluenesulfonic (26.2 mg, 0.15 mmol} were added. The mixture reacted at 110 Cunder
nitron for 24 hir. The mixture was cooled and the solvent was removed under reduced pressure. The
compounds were purtfied by column chromatography {dichloromethane: methanol=97:3) and resulted in
150mg hight vellow solid {409%). mp »250 °C

(000167} HNMR (CF:CO0D, 600 MH2) 8: 726 (5, 1 H)Y, 6.98 (s, 1 H}, 6.74 (s, 1 H), 5.9 (s, 2 H),
476¢(d, 1 HL474(d, 1 H),422¢{s,2H}, 3.67(m, 4 H),269{(d, 2H}, 2.65{(d, 2 H), 237(d. 4 H), 1.87 (m, 2
H}, 0.96 (1, 3 H). *C NMR (CFCO0D, 150 MHz) &: 178.6, 159.4, 157.7, 156.8, 151.7, 149.4, 1458, 141 4,
13927, 126.2, 1235, 120.9, 1083, 1022, 101.5, 1014, 73.0, 66.8, 58.1, 55,53, 53.7.45.6, 302, 28 328 4, 26.2,
5.6.

[000168] FL7N-3: 20 {3)-7- thiomorphohnvlethyl -10.11- methylenedioxy-camnptothecm: TN-3 was
prepared and purified as described for the synthesis and purifing of 7-28 usmyg (48)-4-Fthyl-7 8-dibydro-4-
hydroxy-1H-pyrano[3 4-flindolizine-3,6 10{dH})-rione and &' -amime-3" 47 -methvlencdioxy-
thiomorpholinviethyl benzophenone, resulted in 170me hight vellow solid {(453%). mp 5250 °C.

foooisg] 'H NMR (CF:CO0D, 600 MHz) 8: 7.26 (5, L HL 6.98 (s, 1 H), 6.74 (5. 1 H), 5.9 (s, 2 H),
4760, 1THL474(d, 1 H)L422{s,2H), 273 (m 4 H), 2.69{d, 2H). 265 (d, 2 H}, 254 (d 4 H}, 187 {m. 2
H), 0.96 {1, 3 H). °C NMR (CFsCOO0D, 1530 MHz) &: 172.6, 1594, 157.7, 156.9, 151.7, 1494, 1458, 141 .4,
1392, 1262, 1235, 120.9, 1083, 1022, 101.5, 101 .4, 73.0, 65.1, 383, 38,1, 555, 456, 302, 285, 284,
26.2, 53.6.

{000170] Preparation of FL118 plattorm derivatives at the Tth position with arvl or heteroaryl
{exemplar):

(000171} Step 1: 20 {S)-O-acetyl-FL118 (10,1 I-methylenedioxy-camnptotheciny: 10.11-
methylenedioxy-camptothecin (0.23g, 0.58nuncl) was added into anhydride acetic (6mL)Y and pyridine

{4ml.), and the mixture reacted for 48 hr. The muxture was poured infe 25k hexane and solid precipitated.
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The mixture was filtered and the filter cake was washed by hexane. The result was 240mg vellow solid
{95%). mp »230 T,

[064172] Step 21 20 ($)-O-acetyl-7-chloro-FL.118 (10,11 -methvlensdioxy-camplothecin):

{00173} 30%hwdrogen peroxide sclution {3.2ml., 28numol) was added fo the wixtare of 20 {51-0-
acetyl-10,1 I-methyvlenedioxy-camptothecin (0. 24, §.55mmol) and acetic acid (20mL). The mixture reagted
at 750 for 3 b The mixture was cooled and the solvent was removed under reduced pressure. resulted in
210 mp yellow solid (85%). Oxalvl chioride (0.1mL, 1. Linmel) was added to the mixtue of the compound
resulted in (0 21 g, 0.47mmol) in DMF (20mL) at 0°C . The nuxture reacted at 15°C for 3h The mixhwe was
poured irto e water {30ml) and  extracted with dichloromethane for 3 times. The organic layer was
contbied, dried by anhydrous MgSQOs and concentrated. Thea it was purified by column chromatography
{dichloromethane:methanol=100:1) and resulted in 0.16 g vellow solid {75%6). mp »250 C.

(000174} HNMR (CF:COO0D, 600 MHz) 5: 742 (s, 1 H), 7.36 {s, L H}, 6.74 (5, 1 H), 5.9 (s, 2 H),
476¢d, 1HY, 4.74 (d, 1 1), 4.22 (s, 2 H), 2.01 (s, 3 H), 1.96 {m, 2 H), 0.96 (1, 3 H). PC NMR {CF:CO0D,
ISOMHz)y & 1725, 1706, 162.8, 1581, 157.0, 1509, 1499, 1455, 142.4 1369, 1257 1227, 1083, 1027,
101.6,101.2, 760,655,421, 270,21.1, 21 1.

(000175} Step 3: 20 {5)-O-acetyl-7-(pyridyi-4- -FL118 {10,1 I-methvienedioxy-camptothecin}:
[000176] In a 10mL Microwave reaction tube, 20{5)-O-acetyl-7-chloro-10,11- methvienedioxy-
camptothecin(0 47g, Tmmol). pyridyl-4-boric acid(0.18g, 1. 3mmol}. cesium fluoride {0.30g, 2.0munol).
Pd{PPha}s+{0.11g, 0.1mmol) and dioxane {5mL} were added mn sequence. The mixture reacted under
microwave at 120°C for 30min. The mixture was cooled and the solvent was removed under reduced
pressure. Then i was purified by column chromatography {dichloromethane-acetone=30:1} and resulted m
$.43 g vellow solid {83%). mp >25¢ T.

(000177} W-bi: 20 {(S)-7-(pvridvi-4-)-FL 118 (10,1 1 -methylenedioxv-camptotheciny: 20{5)-O-acetyl-7-
{pyridyi-4-}-10.1 1-methyvlenedioxv-camptothecmn{ 0.4 3g 0. 84molwas dissolved m methanol (20mL), and
sodium methoxide(D.09g,1 68 mmol} was added. The mixture reacted at room temperatiwe for 12 hr. the pH
was adyjusted to pH=7.0, and the solvent was removed under reduced pressure. Then it was purified by
column chromatography (dichloromethaneacetone= 30:1) and resulied in 0.39 g vellow solid {(83%). mp
=250 .

[000178] H NMR (CF:CO0D, 600 MHz) &: 8.91 (d, I =58 Hz, 2H), &32{d, I=8.6 Hz, 1H), 787 {1,
J=77Hz 1H), 779 -770(m, 2H), 763 (1, =77 Hz, 1H), 741 {d. T=57Hz 2H), 6.11 {5, 2H}, 3.73 {4,
J=164Hz 1H}, 5330(d, I=164Hz, IH,S (s, 2H). 372 (s, IHL 202 - 180 (m, 2H}, 1 06 (1. =74
Hz, 3H). "C NMR (CF:CO0D, 150 MHz) 8: 172.5, 159.7, 137.3, 157.0, 151.6, 149.9, 149.8, 149.6, 145.5,
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1445, 1427 141.9, 1239, 121.6, 1212, 120.0. 108.1, 106.3, 101.6, 161.2. 73.0, 65.8 446 303,56
[000179] Preparation of FL.118 platform denivative at the 7th positton with phenvl {(exemplar)y:

[000188] Step 1: Preparation of 1-03 5-dnnethytbenzovy-3, 4-methvienedioxy-G-nitrobenzene:
[000181] A mixture of §-nitro-piperonal{194 3 mg. 1 mmol}, palladinm clioride(8 87 myg, 0.05 mmol},

Tri{1-naphthyl) phespluge (20.6 mg, 0.05 nunel), (3. 5-dimnethylphenyl) boronte acid (2.0mmwol), KoCQs (414
mg, 3 puncl) and THF(S mi} was heated to reflux at 65 °C for 24 b, After the reaction, the mixture was
concentrated fo dry, dichloromethane was added, then filrated. Pytidinmom dichromaie (3643 mg, 1 Snunol}
was added to the filtrate at vt (25°C). The mixture was stined at vt for 24 h. Filtrated and the filttate was
concentrated to drv. The black solid obtained was purified by column clromategraphy {ethyl acetate:
petroleum ether=1:9) and 278 mg yellow sohid {73%} was obtained.

(000182} THNMR (500 MHz,CDCl) 8¢ 7.70 (s, 1H}, 7.59 (m.2H), 7.50 (s, 1H), 705 (5, 1H), 626 (5,
2H), 2.45 (g, 6H). .

(000183} The preparing process of 1-{4-1sopropyibenzovi)-3. 4-methyvlenedioxy-6-mtrobenzene was the
same as that of 1-(3,53-di methylbenzoyD-3, 4-methylenedioxy-6-nitrobenzene, except that the reagents were
2-bromine-6-nitro-piperona and 4-isopropylphenyl boronic acid; The preparing process of 1-{(4-
butylbenzovl)-3, 4-methvlenedioxy-6-nitrobenzene was the same as that of 1-3,5-di methvlbenzovi)-3, 4-
methylenedioxy-6-nifrobenzene, except that the reagents were 2-bromine-G-nifro-piperona and 4-butylphenyl
borenic acid; The preparing process of 1-{4-ethoxyi benzoyl)-3, 4-methylenedioxy-6-nitrobenzene was the
same as that of 1-(3,5-dimethvibenzovl)-3, 4-methvlenedioxy-6-nitrobenzene, except that the reagents were

2-bromine-6-nitro-piperona and 4-ethoxyiphenyl boronic acid;

(000184} Step 2: Preparation of 1-{3,5-dunethvibenzovi}-3, 4-methvienedioxy-6-aminobenzene:
[G00185] 1-(3,5-di methyibenzovl)-3, 4-methylenedioxy-6-niirobenzene {224 mg, .75 mmol} was

dissolved mn methanol {(50mL) and catalytic amount Pd/C was added. The mixture reacted under hvdrogen
balloon for 24k The catalyst was filtered out and the filtrate was concentrated. The resuli was 190mg light
vellow sohd (85%).

[000186] TH NMR (500 MHz, CDCI3Y8: 741 (m, 2H), 7.38 (m, 1H), 6.94 (m, 1H), 6.49 {s, 2H), 6.24
{s, 1}, 5.93 {5, 2H), 2.44 (s, 611).

[000187] The preparing process of 1-{4-isopropylbenzoyi}-3, 4-methylenedioxy-6-anunobenzene was
the same as that of 1-(3,5-di methylbenzovl)-3, 4-methylenedioxy-6-aminobenzene, except that the reagent
was 1-{4-isopropyvibenzovh)-3, 4-methylenedioxy-6-nitrobenzene; The preparing process of 1-{4-
butylbenzovi}-3, 4-methylenedioxy-6-ammobenzene was the same as that of 13 3-dimethyibenzovi)-3, 4-
methylenedioxy-6-anuncbenzene, except that the reagent was 1-{4-butylbenzovl}-3, 4-methvlenedioxy-6-
niirobenzene; The preparmng process of 1-{4-ethoxyl benzovi}-3, 4-methvlenedioxy-6-anminobenzene was the
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same as that of 1-(3 5-dimethylbenzovl)-3, 4-methvlenedioxy-6-aminobenzene, except that the reagent wasl-
{4-gthoxyl benzoyl}-3, 4-methylenedioxy-6-nifrobenzene;

[000188}] Step 3: Preparing FL118 (10,1 Lamethylenedioxy-canptothecin) dertvatives with the 7th
position bemg phenvl:

[000189] FL7Q-12: (205)-7-(3 5-dimethylphenyD)- 10,1 L-methvienedioxy camptothecm: (48)-4-Ethvl-
7. 8-dihydro-4-hydroxy-1H-pyrano{ 3 4-flindohizine-3 6, 10{4H)- trione{100mg, (1 3&mmol} was dissolved n
anhivdrons toloene (40 mL} 103, 5-4 methylbenzoyli-3, 4-methvlenedioxy-G-nitrobenzene {135 mg, 0.5
mimol} aid para-tolusnesulfonic (132 me, 0.073 mmol) were added. The mixnwe reacted at 110 C under
nitron for 24h. The mixture was cooled and the solvent was removed under reduced pressure. The
compounds were purified by column chromafography (dichloromethane: methancl=97:3) and resulted in 38
mg light vellow sohd (25%).

[000190] TH NMR (500 MHz, 3 & 7.65 (s, 1H), 7.57 (5. 1H), 7.20 (s, 1H), 7.09 (s, 1H), 7.04 (s, 1H),
TOU{s, IH)L, 617 ¢q. J=12Hz, 2H), 573 (d, /=161 He, 1H), 530 ({d, J= 161 Hz, 1H), 5.03 (m, 2H),
379 (s, 1H), 2.45 ¢4, J= 1.4 Hz, 6H), 1.90 (m, 2H), 1.06 (t, /= 7.4 Hz, 3H). P*C NMR {151 MHz, CDCh) &:
174.01, 157,50, 151,35, 150.12, 14951, 149,14, 14817, 147.26, 143.35, 138.92 13477, 130.86, 12637,
126.26, 124,81, 117.61, 105.83, 10229, 101,44 97.30, 72.79, 66.38, 50.23, 31.54, 21 .45, 7.85.

[000191} FL7Q-1: {203)-7-{4-isopropyliphenyl}-10,1 I -methyvlenedioxy camptothecin: 7Q-1 was
prepared and purified as described for the svnthesis and purifing of 7Q-20 using (48)-4-Ethyl-7 8-dihydro-4-
hvdroxy-1 H-pyranof3,4-f] indolizine-3 6, 10{4H)-frioneana and 1-{4-isopropylbenzovh)-3, 4-methvienedioxy-
G-anunobenzene. The resulf was 58 mg light vellow solid {30%).

(0001921 TH NMR (600 MHz) 8:7.64 (s, 1H). 7536 (s, 1H), 745 (m, 2H), 740 (s, 1H}, 734 (8. J=77
Hz, 1H), 7.09 (s, 1H), 616 (d. J=22Hz 2H) 5.72(d, /=161 Hz, 1H), 5.29(d, J=16.1 Hz, 1H), 5.0Hm,
2H), 3.81 {5, 1H), 2.82{g, /=76 Hz, ZH), 1.90 {m, 2H), 1.39 {{, J=7.6 Hz, 3H), 1.053 {{. /=73 Hz, 3H).
BCNMR (151 MHz, CDCls) 60 173.91, 157.52, 151.33, 150.13, 149,49, 149.16, 148,15, 147.17. 145.50,
143,07, 132.06, 128.89, 128.75, 12651, 12479 117.67, 10583, 10234, 101 .33, 97.30, 72.76, 66.35, 3026,
31.56.28.78, 1547, 7.87.

[000193} FL7Q-2: (20s)-7-{4-butylphenyl}-10.1 1 -methylenedioxy camptothecin: 7Q-2 was prepared
and purified as described for the svathesis and purifing of 7Q-20 using (48)-4-Ethyl-7 8-dihydro-4-hvdroxy-
1H-pyrano[3 4-1] indolizine-3,6, 10{4H-tnioncana and 1-{4-butylbenzovl}-3, 4-methyvlenedioxy-6-
aminobenzene. The result was 78 mg light vellow sohid {(33%).

[000194] 'H NMR (600 MHz, ) &: 7.58 (s, 1H), 7.51 (5, 1H), 7.41 (m, 3H), 7.33 (d,.7= 7.8 Hz, 1H),
707 (s, 1H), 6.15¢s. 2H), 5.72 (d, /=161 Hz, 1H), 528 {d. /=16.1 Hz, 1H), 5.02 {m, 2H), 3.83 (s, 1H),
277 {t. /=78 Hz, 2H), 1.88 (m, 2H), 1.74 {m, 2H}. 1.47 (m, 2H). 1.04 (m, 6H). ¥C NMR (151 MHz,
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CDC & 17391, 15752, 151,30, 15012, 14949, 149 14 14817, 14719 144 24 14385, 13202 12941
128.60, 126,47, 124.77, 117.64, 105,83, 102.30, 101.33,97.25, 72.76, 66.34, 50.21, 35.535, 33
2247, 14,61, 7.86,

[000195] FL7Q-4: {20s)-7-{4-ethoxviphenyl)- 18,1 H-methylenedioxy camptothecin: 70Q-4 was prepared

52, 3155,

‘.)J
a9

and puitied as described for the svathesis and purtfing of 7Q-20 using (48)-4-Ethyl-7 8-dihydro-4-hydroxy-
1H-pyrano{3 4-f] mdolizme-3,6, 1{4H)-rioneana and 1-{4-cthosxyl benzoyly-3, 4-methylenediony-6-
ammnobenzene. The result was 67 mg hght yellow sohid (34%6).

(000196} THONMR (600 MHz) & 7.65(s, TH), 7.57(s, 1H), 7.37(m, 2H), 7.13(d, J=7.7Hz, 3H}, 6.17(d,
J=1.6Hz, 2H), 573 {4, /=16.1Hz, 1H}, 5.30{d, /=161 Hz, 1H}, 5.05 (m, 2H), 418 (q. /=70 Hz, 2H), 3.79
{s, 1H), 2.12(s, 2H}, 1.90 (m, 2H), 1.53 (, J=7.0 Hz, 3H), 1.06 (t, /=73 Hz, 3H). “C NMR {151 MHz,
CDCLe) & 173.85, 150,66, 157,49, 151.24, 150.22, 149.36, 14908, 148.11, 14712, 14274, 130.09, 126.64,
126,49, 124 .83 117.59, 11528, 105,73, 102.31, 101.24, 97.31, 72,75, 66.29, 63.75, 50.23, 31.52, 14.87, 7.83.
[000197] Svnthesis of evemplary FLI18 ¢10,1 1-methvienedioxy-camptothecing platform Position 9-

derived compounds

[O60198] Preparation of FL118 platform dertvative at the 9th position with phenvl {exemplar):
(000199} Step 1: Preparation of 2-bromune-6-nitro-piperona:
000200} NBS (8 mmol, 1.42 g) was added to the stirring solution of 6-nitropiperonal {3nwmod, 1.03g)

1 concentrated sulfuric acid {8 ml), then the resulting mixture was heated at 43°C for 43min. Then wce
{100g) was put in. The mixture was exiracted with ethyl acetate for 3 times. The organic layer was combined,
washed with brine, dried by anbydrous MgSQ4 and concentrated. the vellow solid obtained was purified by
column clromatography {ethyl acetate: petroleun ether=1:9) and resulted m 1.23 g vellow solid {50%).
0002011 TH NMR (500 MHz, DMSO-d6) &: 10.13 {5, 1H), 6.36 {s, 1H), 6.30 {5, 2H).

(000202} Step 2: Preparation of 2-(4-ethvlphenvl)-6-mtro piperonal:

(000203} A mixture of 2-bromine-6-nitro-piperona {Immol, 274mg), 4- ethviphenyi boronic acid (1.2
mmol}, Pd{dppHClz, (0.1 mumol, 46 mg), KoCOs {2 nunol, 276 mg), toluene {3 ml) was heated to reflux at
120 °C for 8 h. Then water (25ml) was added. The mixture was extracted with dichloromethane for 3 times.
The organic layer was combined, washed with brine, dned by anhydrous MgSQ4 and concentrated. the
vellow sohd obtained was purified by column chromatography (ethyl acetate: petrolenm ether=1:9) and

resulted in 195 mg vellow solid {65%).

(000204} H NMR (500 MHz, Chloroform-«) & 10.11 (s, 1H}, 7.46 (s, 1H), 7.29 {m, 3H). 6.19 (s, 2H},
2.73 {m, 2H), 1.28 {m, 3H).
(000205} The preparing process of 2-{4-1sopropviphenvi}-&-nifro piperonal was the same as that of 2-
{4-cthylphenyl}-6-mtro piperonal, except that the reagents were 2-bromine-6-nitro-piperona and 4-
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sopropyiphenyl boronic acid; The preparing process of 2-(4-butviphenyl}-6-nitro piperonal was the same as
that of 2-{4-ethvipheny-O-nitro piperonal, except that the reagents were 2-bromine-6-nifro-piperona and 4-
butylphenv] borouie acid; The preparing process of 2-(4-cthoxyvlphenyD-G-nitto piperonal was the same ag

that of 2-{4-ethylpheny}-6-nitro piperonal, except that the reagents were 2-bronune-G-nitro-piperona and 4-
ethoxyiphenyl boronic acid, The preparng process of 2-{4-propyiphenvi)-6-nitvo piperonal was the same ag
that of 2-{4-ethylphenvi}-6-nifro piperonal, except that the reagents were 2-bromine-6-nitro-piperona and 4-
propylphenyl boronic acid: The preparug process of 2-(3-ethoxyiphenyli-6-mtro piperonal was the same as
that of 2-{4-ethylpheny)-6-nitro piperonal, except that the reagents were 2-bronune-G-nitro-piperona and 3-

ethoxyiphenyl boronic acid;

(000206} Step 3: Preparation of 2-(4-ethylphenyl}-6-anino piperonal:

(0602071 2-{4-ethylphenyl}-0-nifro piperonal {195 mg, 0.65 minal) was dissolved in methanol {70mL)
and catalytic amount Pd/C was added. The mixture reacted under hyvdrogen balloon for 24hr. The catalyst
was filtered out and the filtrate was concentrated. The resultant was 146mg light vellow solid (83%).
000208} 'H NMR (500 MHBz, Chloroform-«) & 9.38 {s, 1H)}, 7.62 {5, 2H), 7.30 (s, 4H), 6.36 (s, 1H). 5.
94 (s, 2H), 2.66 (m, 2H), 1.22 (m, 3H).

[000209] The preparing process of 2-(4-isopropyiphenvi-6-amino piperonal was the same as that of 2-
{4-ethviphenvl}-6-amino piperonal, except that the reagent-was 2-¢4-1sopropyipbenyl-6-uitro piperonal; The
preparing process of 2-{4-butylphenyl)-6-amino piperonal was the same as that of 2-(4-ethyiphenyl)-6-amino
piperonal, except that the reagent was 2-(4-butyiphenvl)-6-nitro piperonal; The preparing process of 2-{4-
ethoxyiphenyi}-6-ammo piperonal was the same as that of 2-{4-ethyviphenyl}-6-amino piperonal, except that
the reagent was 2-{4-ethoxviphenvh-6-nitro piperonal; The prepanng process of 2-{4-propviphenyl)-6-amino
piperonal was the same as that of 2-(4-ethviphenvl}-6-amimo piperonal, except that the reagent was 2-(4-
propyiphenvyi}-6-nitro piperonal; The preparing process of 2-(3-ethoxylphenyl}-6-amino piperonal was the
same as that of 2-(4-ethylphenyl}-6-anuno piperonal, except that the reagent was 2-(3-ethoxylphenyli-6-nitro
piperonal;

1a60210} Step 4: Preparing the FL118 (10,1 l-methylensdioxy-camptothecin) derivatives with the 9%
posiiton being phenvl:

(0006211} FL9Q6: (20s)-9-(4-ethviphenvl}-FL118 (10,1 | -methvlenedioxy camptothecin): {48)-4-Ethyl-
7.8-dihydro-4-hydroxy-1H-pyrano| 3. 4-flindolizine-3,6,10{4H)- trione(100mg, 0.3%mmeol} was dissolved in
anhyvdrous toluene (40 mL). 2-(4-ethylphenyl)-6-anuno piperonal {146 mg, 0.54 mmol} and para-
toluenesulfonic {13.1 mg, 0.075 mmol) were added. The mixture reacted at 110°C  under nitron for 24k,
The nuxture was cooled and the solvent was removed under reduced pressure. The compounds were parified
by column chromatography (dichloromethane: methanol=97:3) and resulted i 42mg light yellow solid
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{21%}.
[000212] TH NMR (500 MHz, Chiloroform-d) 8 827 {s, 1H), 775 ¢s, 1H), 765 (s, 1H), 744 (4. I =
Hz 4H), 620 (s, 2H), 5.74 (d. =162 Hz, 1H), 531 (4, J =163 He, 1H). 517 {5, 2H}, 3.76 (s, 1H}, 2.80 (g,
=7.7Hz, 2H), 191 (m, 2H), 136 (1, =76 Hz, 3H), 1.06 (L J=7.3 Hz, 3H). ¥C NMR (151 MHz,
CDCI3) 60 173,99, 157.69, 15099, 150,17, 149.99, 147.98, 14688, 146.31, 144.85, 13030, 12949, 128.32,
12784, 127.33, 12545, 117,76, 116,90, 10520, 102,15, 9736, 7281, 6636, 5020, 31.61. 28.75, 154D, 7.86.
[000213] FL2G1: (20s)-9-{4-1soprapyiphenyl}-FLUIR (10,1 L-methylenedioxy camptothecu): Q1 was
prepared and purified as described for the synthesis and purifing of 9Q6 using (48)-4-Ethyi-7 8-dibydro-4-
hydroxy-1H-pyrano{3,4-1] indolizmne-3 6, 10(4H -roneana and 2-{4-opropyiphenyl}-6-amino piperonal.
The resultant was 58 mg light yellow solid (30%).
[000214] 'H NMR (500 MHz, Chloroform-d } 8: 8.24 (s, 1H), 7.61 {5, 1H), 7.52 {s, 1H), 7.45 {m, 4H),
618 (s, 2H), 5744, J=161Hz 1H},5.30(d, J=16.1 Hz, 1H}, 5.16 (5, 2H), 3.79 (s, IH). 3.06 (p. 1 =70
Hz, 1H), 1.80 (m, 2H). 137 (d, J=7.0Hz, 6H), 1.06 (1, ] = 7.4 Hz, 3H). ¥C NMR (151 MHz, CDCh) &
173.90, 157.65, 150.93, 150.19, 14903, 14930 147.93, 146.82, 14635, 130.29, 12938, 127.86, 127 31,
127.08, 12542, 117.79, 11690, 105.18, 102.11, 97.36,72 .81, 66.30, 50.20, 34.03, 31.63,23.96, 7.84.
(000215} FL9Q2: {20s)-9-{4-butylphenyl}-FL118 (10,11 -methyvienedioxy camptothecin): 9Q2 was
prepared and purified as described for the synthesis and purifing of 9Q6 using (48)-4-Ethyl-7 8-dihydro-4-
hydroxy- 1 H-pyrano[3.4-f] mdolizme-3,6,10{4H}-trioneana and 2-(4-butylphenyl}-6-amino piperonal. The
resultant was 40 mg light vellow solid {20%).
(000216} *H NMR (500 MHz, Chloroform-d } &: 8.23 (s, 1H), 7.63 (s, 1H), 7.535 {s, 1H), 7.42 {s, 4H),
618 (s, 2H), 5744, /=163 Hz, 1H), 530 (d. J=162 Hz, 1H), 5.16(s, 2H), 3.79 {s, LH), 2.75 (m, 2H},
1.91 {m, 2H), 1.71 {m, 2H), 146 (q, J= 7.4 He, 2H), 1.06 (t, /=73 Hz, 3H), 1.00 (1, J= 7.3 Hz, 3H). *'C
NMR (151 MHz, CDCls) &: 173,99, 157.68, 150.98, 150106, 149.08, 14797 14687, 14629, 143.59, 13023,
129,44, 12004, 127.86, 12732 12543, 117.78, 116.92, 105.20, 102.15, 97.36, 72.81, 66.36, 5622, 35.56,
33.54,31.61, 2252, 1402, 7.87.
(000217} FL9OQ4: (20s3-9-{4-ethoxyiphenyl)-10.1 I -methylenedioxy camptotheecin: 904 was prepared
and parified as described for the svathesis and purifing of 9Q6 using (48 }-4-Ethyl-7 8-dihydro-4-hvdroxy-
1H-pyrano{3 4-f] indolizine-3,6,10{4H }-trioneana and 2-{4-ethoxviphenyl}-6-mitro piperonal. The resuliant
was 49 mg hight vellow solid {25%).
[000218] TH NMR (500 MHz, Chloroform-d } & 8.24 (5, 1H), 7.69 {5, 1H), 7.58 (s, 1H}, 742 (d, J=8.2
Hz, 2H), 7.12(d, J=7.0Hz, 2H), 6.19 (s, 2H), .75 {d. J=16.2Hz, 1H), 531 {(d.J=16.1 Hz, 1H}), 517 {s,
23, 4.15(m, 2H), 3.75 (s, 1H), 1.91 (m, 2H), 1.50(t, 7= 6.9 Hz, 3H), 1.06 (t, J= 7.4 Hz, 3H). *'C NMR
{151 MHz, CDClx) & 173.99, 15920, 157.68, 150.97, 150.15, 149.96, 147.99, 14688, 146.34, 131.55,
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12780, 127.30, 12558, 124,10 11778, 116,66, 11495 105.09, 102,11, 97.34, 7281, 66.36, 63.63, 50.20,
31.61, 1489, 7.86.

[000219] FLQS; {20s)-9-{4-propviphenvh-FL118 (10.1 I-methvienedioxy canmptothecny: 9QS5 was
prepared and purified as described for the synthesis and purifing of 9Q6 using (48)-4-Ethyi-7 8-dibydro-4-
hydroxy-1H-pyrano] 3 4-1] indolizine-3 .6, 10(4H -rionesna and 2-{4-propyiphenyl)-g-anune piperonal. The
resuliant was 41 mg hight vellow solid (21%)

{000220] TH NMR (500 MHz, Chloroform-d } & 8§.22 (s, 1H). 7.62 {5, 1H}, 7.53 {s, 1H}, 742 (s, 4H),
5.184{s, 2H), 574 (d, =162 Hz, 1H), 530 (d. J= 162 Hz, 1H}, 5.16 (s, 2H}, 3.79 {3 1H}. 2.73 (o1, 2H),
1.91 {m, 2H), 177 {m, 2H), 1.05 (t, J= 7 4Hz, 6H). *C NMR (151 MHz, CDCI3) §: 174.01, 157.68, 151.02,
150.14, 14999 147 98 146 88, 14632, 14337 130.22, 12050, 129.08, 127 87, 12733, 125,45, 117 80,
116.93, 105,19, 102.14, 97.35, 72.80, 66.38, 50.21, 37.95, 31 61, 24 46, 14.02, 7.86.

(400221} FL3Q7: (20s)-9-3-ethoxyiphenyl}-10,1 1 -methylenedioxy camptothecin: 907 was prepared
and muified as described for the svnthesis and purifing of 9Q0 using (4S)-4-Fthyl-7 8-dihydro-4-hvdroxy-
1H-pyranof3 4-1] indolizine-3,6,10{4H)-trioneana and2-(3-ethoxviphenvi)-6-amino piperonal. The resultant
was 38 mg hight vellow solid {309%).

(000222 TH NMR (500 MHz, Chloroform-d ) & 8.21 (5, 1H). 7.61 (s, 1H}, 7.51 {m, 2H), 7.05 {(m. 3H).
618 {s, 2H), 5.75{d. J=161 Hz, 1H}, 531 {(d, J=16.1Hz, 1H), 5.16{s, 2H), 412 {g. J=7 0 Hz, 2H), 3.77
{s, 1H), 1.90 {m, 2H), 1.47 (t, /7= 6.9 Hz, 3H), 1.06 (1, J= 7.4 Hz, 3H). "C NMR (151 MHz, CDCh) &
174.04, 15934, 157.70, 151.02, 150,13, 15008, 147.92, 146,89, 14627, 133.61, 130.03, 127 .85, 127.39,
12533, 122,53, 117.81, 116,84, 116,73, 114.37 16538, 102.21, 97.34, 72.80, 66,40, 63.65, 30.21, 31.60,
1485, 7.86.

Pharmaceutical Compositions

(000223} Pharmaceutical composttions were covered by the previous mvention (PCT/USIS/ 220051
Here we added new inventions. In one aspect, the present disclosure provides pharmaceutical compositions
which mclude at least one compound of Formula 1 and one or more pharmaceutically acceptable carmers.
The compositions of the present inverntion may contaim other therapeutic agents for combination as described
above, and may be fornwilated, for example, by employing conventional or specialized solid or Liguid
vehicles or diluents, as well as pharmacentical addifives of a type appropriate to the mode of desured
administration. Specifically, in the suspension pharpaceutical format, (1) the suspension of a compownd of
Formula 1 countain ethanol-hydroxyvpropyl-B-eyclodextrin (HPRCD }-compound complex with saline in the
presence or absence of up to 5% propylene glycol (PG) io dilute before oral admunistration; (it} the ethanol-
HPRCD solution-formulated a compound of Formula 1 complex can directly go mito the spray-dry process

to get a compowrd of Fornuila 1-HPBCD powder conmplex. Then this powder is jet-milled and the jet
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milled Formula 1-HPACD powder can be directly diluted in saline contaming up to 3% P{ before oral
adiministration; and {n1) the cotnpound of Formula 1-HPBCD complex powder in the tablet format
forawdation, the pharmaceutical conposition contains fillery/binders/diluents (e.g. celluloses/vellulose
derivatives, starches/starch dernvatives, lactose), disuitegrant {e.g. colloidal silicone diexide, croscarmeliose
sodinm, crosspovidone), ghidant (e g. dibasie calctum phosphate, colloidal sihicone dioxide), lubricans {e g
magnesiun: stearate, stearie acid, polvethylene glveol, Tale), antimicrobials/preservative {propylene giveol,
propyvlene paraben, methyl paraben, glycern), efe., according to our technigues phus other well known i the
art of pharmaceutical formulation. For example, see, Remington: The Science and Practice of Pharmacy,
21st Ed., Lippincott Willlams & Wilkins {2003).

(00602241 Pharmacentical composttions are typically formulated {o be compatible with its infended route
of adnunistration. Whale this wivention focuses on oral admimstration of FL118 and FL118 core structure
platform-derived analogues in an agueous suspension, such formulation can also be used for ip and v
admimstration. The tablet formats should be only used for po.

(0002251 The agueous suspension format for oral admmistration includes different recipes. In one
recipe, the aqueous suspension contains the complex format of ethanol-HPECD-2 compound of Formula 1
complex fornmilation, which will be further diluted with saline m the presence or absence of up to 5% PG
before oral adnunistration. In another recipe, the ethanol-HPRCD-a compound of Foromia 1 complex will
directly go mio the spray-diy process to get the HPBCD-a compound of Fornmla 1 complex powder,
followed by a jet-milling fo get the powder particle size at <37 nucrons. Then the jet-milled HPRCD-a
conipound of Formula 1 complex powder can be dissolved in saline with up to 3% PG before admmustration.
In the third recipe, the suspension contains an organic solvent-free foregoing compound of Formula 1
formulated with a type of cycledextnin {e.g. hydroxypropyl-g-cyclodexinin, but not limited o), propvlene
glyeol (PG, 1-5%;) with or without polvethviene glveol (PEG) 300 {or PEG400) {0-5%) and hydroxypropyl
methylceliulose (HPMC, 2-3%) inn saline, which is ready o use.

(000226} The powder or tablet format for oral admunsiration includes an organic solvent-free
powder/tablet formulation of a foregomng compound of Fornmla 1 fornmlated with a type of evelodextrin {e.g.
hvdroxypropyl-B-cyclodexinm, but not limited o), where the formulation fimther comprises microcrystallime
cellulose (MCC, 3096 - 80%), corn starch (8% - 40%), lactose (10% - 25%), colloidal silicone dioxide (1% -
3%}, dibasic calcmum phosphate (1% - 10%), magnestum stearate {0.2%6 - 3%%), propylene glycol (1% - 10%).
(000227} For application o the eve for treatment of retinoblastoma or other Inuman diseases, the active
conipound may be m the form of a solution or suspension in a suitable stertle agueous or non-agueous
vehicle m the presence of a low percentage {1-3%) of a cyclodextrn such as § oyclodexivm, hvdroxypropyi-

B-cvclodextrin, sulfobutylether-f-cyclodextrin but not limited to, which are mcorporated into the solvent
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formulation with or without a thicken agent such as HPMCO (hydioxypropyl methyleelinlose). Additives, for
nstauce bulfers, preservatives mcluding bactericidal and fungicidal agents, such as propvlene glveol (PG,
phenyvl mercuric acetate or nitrate, benzalkonnun chlonde, or chilorohexidine and thickentng agents such as
hypromellose may alse be meluded.

[000328] The pharmaceutical composifion and method of the present disclosure oay fusther melude
additional therapeutically active componnds {second agents). as noted herein andfor knowt n the art, which
are typically emploved for treating one or more pathological conditions m concert with the compositions
comprising compounds of Formula 1 of the present disclosure. The combination of therapeutic agents acts
synergistically fo effect the treatment or prevention of the various diseases, disorders, andfor cenditions
described herein. Such second agents, include, but are not lunited to, chemotherapeutic andfor
chemopreventive agents from plants or non-plants such as curcumin, resveratrol, vitamin D3, isothiocyanates
{ITCs), e.g., allvl wsothiocvanate (AITC), prostanoids, endothelin antagonists, evtoplasmic kimase inhibitors,
receptor kinase mhibitors, endothelin receptor antagonists, e g, ambrisentan, bosentan, and sitaxsentan,
PDES (PDE-V) mhubitors, e.g, sildenafil, tadalafil, and vardenafil, calctum channel blockers, ¢.g.,
amlodipme, felodipine, varepamul, diltiazem, and menthol, prostacyelin, treprosiinil, toprost, beraprost,
nitric oxide, oxygen, heparm, warfarm, dinretics, digoxin, cvclosporing, e g, cyclosporin A, CTLA4-Ig,
antibodies such as ICAM-3, anti-IL-2 receptor {Anti-Tac). anti-CD4SRB, anti-CD2, anti-CD3 (OKT-3), ant-
CB4, anti-CDIR0, anfi-CDES, agents blocking the mteraction between CD40 and gp39, such as antibodies
specific for CD40 and/or gp39, 7e., CD 154, fusion protemns constructed from CD40 and gp3% (CD401g and
UDR8gp39), mhibitors, such as nuclear translocation mnhibitors, of NF-kappa B function, such as
deoxvspergualin (DS, cholesterol biosynthesis mhubitors such as HMG CoA reductase mbubitors
{lovastatin and simvastatin}, non-steroidal anti-inflammatory drugs (NSAIDs) such as ibuprofern, aspirin,
acetaminophen, leflunonude, deoxyspergualin, cvelooxvgenase mnhibitors such as celecoxib, steroids such as
prednisolone or dexamethasone, gold compounds, beta-agonists such as salbutamol, LABAs such as
salmeterol, leukotuiene antagomsts such as montelukast, antiproliferative agents such as methotrexate,
FKS06 (tacrolinms, Prograf), mycophenolate mofetd], cytotoxic drags such as azathioprine, VP-16,
etoposide, fludarabine, doxornbin, adrsamyeoin, amsacrine, campiothecin, cviarabine, gemcitabine,
fluorodeoxyuridme, melphalan and cvclophosphanude, antimetabolites such as methotrexate, fopoisomerase
inhibitors such as camptothecin, DNA alkvlators such as cisplatin, kinase mhibifors such as sorafenib,
microtubule poisons such as paclifaxel, TNF- a mhubitors such as tenidap, anti-TNF antibodies or seluble
TNF receptor, hydroxy urea and rapamycin (sirolimus or Rapamune) or derivatives thereof.

(000229} The compounds from Formula | of the invention may also be prepared as salts which are

pharmaceutically acceptable, but 1t will be appreciated that non-pharmaceutically acceptable salts also fall
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within the scope of the present disclosuire at least to the extent that such salts are useful as intermediates in
the preparation of phanmacentically acceptable salis. Examples of pharmaceutically accepiable salts inchade,
but are not lnmted to, sulfates, phosphates, mesylates, bismesylates, tosylates, lactates, tartrates, malates, is-
acetates, citrates, bishydrochloride salts, salts of gharmaceutically acceptable cations such as sodiun,
potassiug, hithiun, calem, maguesiure, ammoninm and alkylammonium; acid addition salts of
pharmaceutically acceptable morganic acids such as hydrochloric, erthophospliorie, sulfuric, phosphonic,
nitric, carbonic, borie, sulfamic and hydrobromic acids; or salfs of phanmaceutically acceptable organic acids
such as acetic, propionic, butyrie, tartarie, maleic, hydroxvaaleie, fumaric, citrie, lactic, mweie, gluconic,
benzoie, succnue, oxalic, phenvlaceiic, methanesnlfonic, fribalomethanesulfonic, toluenesulionic,
benzenesnifonic, isetluonic, salicvhic, sulphamlic, aspartic, glutamic, edetic, stearic, palmitic, oleic, lauric,
pantothentic, tannic, ascorbic, valeric and orotic acids. Salts of amine groups may also comprise gquaternary
ammontum salts i which the ammno nitrogen atom cairtes a suitable organie group such as an alkyl, alkenvl,
alkyny! or aralkyl moiety. The salts may be formed by conventional means, such as by reacting the free base
form of the compound with one or more equivalents of the appropriate acid 1n a solvent or medium in which
the salt 1s msoluble, or m a solvent such as water which s removed m vacwm or by freere drving or by
exchanging the antons of an existing salt for another anion on a suitable 1on exchange resin. In some
embodiments, the salt s a chlonde, sulfate, phosphate, mesvlate, bismesvlate, tosylate, lactate, tartrate,
malate, bis-acetate, cifrate, or bishydrochionide salt.

(000234} In some embodiments, the compounds of Formla 1 of the present disclosure are admunistered
in a therapeutically effective amount. Such an administration imparts that a compound of Formula 1 will
elicit a response associated with, e.g., cells, tissues, flaids, of a subject being sought by the clinician. In some
embodiments, from about .01 to 5 mg/'kg of subject body weight from per day to per week 13 admimstered.
Suitable dosage levels include, for example, from 0.01 1o 5 mg'kg per day fo per week, from 0.05 0 1 mgkg
per day to per week, or from €.1 to 0.5 mg'kg per day to per week or every two weeks. Within this range, in
some embodiments, the dosage s rom 0.05 10 0.2, 0.2 10 1 or 1 to 5 mg'kg per day or weekly or every two
weeks. The dosage may be selected, for example, to any dose within any of these ranges, for therapeutic
efficacy andfor svmiptomatic adpustment of the dosage to the subject being freated.

(000231} It will be understood that the specific dose level and frequency of dosage for any particular
subject may be varited and will depend npon a variety of factors including the activaty of the specific
compound of Formula 1 employed, the metabolic stability and length of action of that compound, the age,
body weight, general health, sex, diet, mode and time of adnunistration, rate of excretion, drug combination,
the sevenity of the particular condition, and the host undergoing therapy.

Methods and Uses
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[000232] The present mvention wdentified unigue therapeutic mdications with respect to treatment
{chemotherapy, radiation) resistance factors, which are targeted for overcomung canger resistance through the
use of a corppound of Formula 1 to target or bypass two ot more of the defined set of ireatment resistant
factors for cancer control. This set of treatment resistant factors includes aberrant expression of survivin,
Mel-1, XIAP, cIAP2, ATP-binding cassette {ABLC) transporier proteins {such as ABCG2, ABCC4, MDRI,
MRPL}), hyvpoxia inducing factor 1o (HIF-1a), HdmX and HdmX i the Hdm2/HdmX complex, ERCCa,
wild-type, null or mutation of p33 as well as p53 related pathways: Use of alternative study approaches
mchiding diug affmidy column punification and fittum-labeled compound of Formula 1 probe profein
microarray global search of dmg-protein interaction, additional biomarkers are revealed. This mcludes, but
not limited to, sarvivin, Mcel-1, XTAP, cIAP2, ABC transporter proteins, hypoxia imducing factor 1o (HIF-
1a}, Hdm?, HdmX, p53, mutant APC, andfor nmtant Kras. In illustrative embediments, the ABC transporter
proteins are selected from the group consisting of ABCG2, ABCCH, MDR1, MRPI, heat shock profem 60
{(HSPaG), stress-70 protein (GRP75), ATP-dependent RNA helicase DDXS {p68}, nucleolar RNA helicase 2
{DDX21)}, elongation factor 2(EF2), pre-mRNA-sphcing factor ATP-dependent RNA helicase (DHX15),
Transitional endoplasmic reticnlum ATPase {TERA), Transferrin receptor protem (TFR1), MAP kinase-
activated protem kinase 2 (MAPK?2). Catenin beta-1 {CTNB1), Early endosome antigen 1 (EEA1), Guanine
nucleotide-binding protein subunit beta-2-like 1 (GBLP), Electron franster flavoprotein submt alpha
{ETFA), Proteasoine activator complex subunit 3 (PSME3), UPF036R protem Cxorf26 (CX026),
Peroxiredoxin-2 (PRDX2), Peroxiredoxin-1 (PRDX1), Thioredoxm-dependent peroxide reductase (PRDX3),
Serine/argimne-rich splicing factor 3 (SRSF3}, Proteasome subut beta type-2 {PSB2), Glutatlyone 5-
transferase P (GSTP1), MAP/microtubule affinity-regulating kinase 3 (MARKS), DNA-damage inducible |
{DDI1}, tumor protem D32-hke 2 (TPDA2L2}, calorum channel, voltage-dependent, beta § subumt
{CACNB1}, Probable G-protemn coupled receptor 1 {PGPCR1), ubquitin spectfic peptidase 2 {USP2),
melanocortin 2 receptor (MC2R), Fibroblast growth factor 18 {FGF18), tumor protemn p33 inducible protein
3 {(TP3313), CCHC-type zinc finger, mucleic acid binding protemn (CNBP), WD repeat domain 22 {(WDR22),
Potassiun volfage-gated channel subfamily E member 1 {(PVGCSE-M1), ubiguitin-conjugating enzyme E2T
{putative} (UBE2T), Ubiquitin-hike protein 7 (JLPT), RNA binding motif, single stranded interacting protein
2 (RBMS2), Cvioplasmic tyrosme-protem kinase (BMX), and cychin Bl mteracting protem 1 (CONBIIP).
In illustrative embodiments, the p33 is wild type, null or a p53 mutant, or wherem there is an aberration in a

canonical p53 pathway, or any combination thereof.

(000233} The present mvention is further illustrated by many examples presented below, which should
not be construed as limiting in any way. The following is a description of the materials and methods used
throughout the examples.
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[000234] Cell tines, cell crlture and reagents. The human colotectal cancer cell lines (SW620, HT29),
the retinoblastoma cell ine HT-3, the human pancreatic ductal adenocarcinoma cell lines, PANCI, MIA
PaCa2 {Mial), BxPC3 aud ovanan cancer cell line SKVO3 were otiginally obtained fromy ATCC. PANCH
that expresses luctferase (fucPANC 1Y was generated in this study with the parental PANCI cell lines. Human
ovartan cancer cell Hnes A2780 and tis cisplatin-rexistant counterpart A2780CP were gifts from Dy, Steven
Howell [92]. All these cell ines were maintained meither DMEM or RPMI 1640 medium supplied with
10% fetal bovine serum (FBS, Atlanta Binlogicals, Lawrenceville, GA), penucallin (100 votts/nnd) and
streptomyvent (0.1 ug/ml) (Invitvogen, Grand Island, WY). Cells were routinely subeultured twice a week and
mamtaned 1o a bunndified meubator with 3% CO2 af 37°C. Cisplaim (Fresemus Kabi USA, LLC),
gemcitabine (Pfizer) and Abraxane {Celgene)} were from Roswell Park Cancer Institute Hospital Pharmacy.
Monoclonal anti-tubnilin antibody, polyclonal anti-actin antibody and geat peroxidase-conjngated anti-rabbit
IgG antibody were purchased from Sigma (St Lowts, MO). Anfibodies for survivin {(FL-142), ERCCH,
ERCC6, v-H2AX, ChK1, ChK2, ATM, ATR, RADSL, DNA Pol p and GAPDH were from Santa Cruz
{Santa Cruz, CA}. Antibodies for Mel-1, XIAP, cIAP2, Bad, Bmm, Bax, cleaved/activated caspase-3 and
{cleaved and fuall length} PARP were from Cell Signalmg (Beverly, MA, USA). MTT (3-{4.5-
dimethylthiazel-2-vi]-2 .5 -diphenyltetrazolinm bromide) and leupeptin were purchased from USB
{Cleveland, OH}. MG132 was purchased from Medchemexpress {Princeton, NI}, D-luciferin potassium salt
was purchased from Geold Biotechnology {St. Lowus, MO). FL118 was synthesized in house with a purity =
95%. FL118 mn the formulated suspension for in vive animal oral admmnisiration 1s hughly stable for more
than 12 months and has no observable changes in s antitmnor efficacy i comparison with the freshly
prepared when tested in human tamor animal models.

0002351 Formudation af Formula I compounds for in vitro and in vive studies. For in vitro studies,
Formula 1 compounds are uutially dissolved in DMSO at 1 mM as a stock solution. Prior to addition of the
drug to the cells, the stock solution 1s further difufed with DMSO to a concentration of 2 1000x of the final
concentration used for the experiment. The 1000x working stock solution s directly diluted into experiment-
relevant buffers/solution or cancer cell type-relevant medmm. For i vive studies, the compounds of Formula 1
are fornmlated using a know-how method and unigne processes described above and below.

1000236} Western blofting/Tmmunoblotiing. Cancer cells treated with and without FL11S (in some
experiments in the presence of MG132) were lysed m RIPA buffer containing 150 mM NaCl, 1.0% IGEPAL
CA-630, 0.5% sodium deoxycholate, 0.1% SDS, and 50 mM Trig, pH 8.0, Fifiy ug total protein from each
sample were heated at 953°C for 5 mumutes after miximg with equal volume of 2X SDS loading buffer.
Samples were separated on 12-15% SDS-pelyacrylamide gel electrophoresis (SDS-PAGE) gels and

electrotransferred to Pure Nitrocellulose Membranes (Bio-Rad, Hercules, CA). The membrane was then

40
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bloeked in 5% skum nulk i TBS-T baffer (20 mM Tris/HC pH 7.5, 8.137 M NaCl, and 0.1% Tween 20y at
room temperature for 2-3 howrs. Next, the membrane was incubaied with different prunary antibodies in
TBS-T containing 5% BSA overmight at 4°C in the range of dilutions from ;500 to 1:2000. After washing
with TBS-T, the membrane was incubated in TBS-T butfer contaming 5% skiny milk and corresponding
secondary antibody {1:3000) for 45-60 1winutes at room temperature with shaking, Protetn of muterest was
detected using Western Lightnine Plas —ECL (Perkin Flmer, Walthan, MAY and visualized by various times
{3-120 seconds) of exposure. Actin was detected as the nternal contrel fo nonmalize total protem loading for
each sample.

(060237} DNA sud-G1 flow ovtomerry anafvses. PANCY and MIA PaCa-2 pancreatic cancer cells were
treated with or without FL118 for 48 howrs, then harvested by trypsimization and washed with PBS. Cells {~1
x 10°%) were resuspended in § mi 70% ethancl. After the initial fixation, cells were suspended in 0.5 mi PBS
containing 25 pgfml PI, 0.2% Triton X-100 and 40 yg/mi RNase A. Afier 30 nunutes incubation af 4°C, the
cells were analyred by flow cytometry. Data from flow cyvtometry was analyzed using WinList software
{Verity Software House hac., Topsham, ME} and presented as a relative fold sub-G1 DNA content increase
in comparison with vehicle-treated controls. Triplicate assays were performed. The expermental results were
expressed as the mean + SD. The statistical significance of differences was determuned by Student’s -fest
between two groups.

(000238} MTT assays. Cell growth/viability inhibitory effect of drug (FL118, gemcitabine, Abraxane,
cisplatin} alone and in combination, respectively, on cell growth was deternuned by MTT cell viability assay.
Viable cells (2300 cells per well) were plated 1n each well in 96-well plates. Afler an overnight menbation,
cells were treated with and without relevant drugs alone and 1 combination, respectively, at various
concentrations and meubated for 72 hours. MTT, a colorimetric substrate, was added to a final concentration
of 0.4 mg/ml to each well. Cells in 96-well plates were further incubated in a 3% CO» tncubator at 37°C for
4 howrs, and then the medium was aspirated. The MTT metabolic product formazan was solubilized by
adding 200ul of DMSO to each well. Absorbance in the relevant wells was measured at 570 nm using an
Ultra Microplate Reader (Bio-Tek Instrunients). Each experiment was performed at least m wiphicate.
ICse/ECs0 values were calonlated from a series of drug dose ranges for each analyzed compound, using
GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, CA).

1000239} Generation of A2780-GFPcQDC, A2780CP-GFPcODC and PANCIGFPcODC cells and
Fuorescence microscopy to detect stem-like and drug resistant green cells. The retroviral expression vector
pQUCXIN-ZsGreen-cODC (omithine decarboxylase}, confaining a green fluorescence marker, was kindly
provided by Dr. Frank Pajonk (Viashi E, et al, In vive imaging, tracking, and targeting of cancer stem

cells. ] Natl Cancer Inst. 2009; 101: 350-9). The retroviral particles collected from packaging cells that
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transfected with the above vector were infected into A2780, A2780CP and PANC1 cells, respectively. The
transfected cell pool was nsed for experiments. The transiected cells were treated with and without cisplatin
or FL118 alone or 1o combination for defined times, Cell images were acquired digitally wsing the Olyipus
IX73 Inverted Score s {Olympus). Percentages of living cells were obtamed from the average of the total
cells connted frone 10 microscopic fields.

1006240} Matrigel stem cell cnlnral assayv. The sphere forniation assay was performed with PANCH
cells by treatiment i the presence of vehicle and FLI118 at 1, 10 and 100 oM. Spheres were mamfained in
Improved MEM containing 20 ng/mi epidermal growth factor, 10 ng/ml basic fibroblast growth factor, 3
pg'ml msulin and 0.4% Bovine Serum Albumm. PANC lcells were plated at a densiiy of 1000 cells/well m
24-well ultralow attachment plates {(Sigma-Aldrich). Briefly, 1000 PANC]I cells were suspended i 40ul
medium and mixed thoroughly with 80 L. BD Matrige!™ (BD Bioscience, San Jose, CA, USA}) The
muxture was plated onio the edge of the well, and the plates were mcubated in a 3% CO2 mncnbator at 37°C
for 45 minutes to allow the BD Matrigel™ to solidify. Upon solidification, FL11R treatment was
adnunistered. Spheres in each well were set in the plate to grow for 20 days and then quantitated visually
under a microscope at the magnification of 10X

(000241} Ci}4 positive cell sorting and CD44-positive cell colony formaiion. CD44 positive {(CD44+)
cells were purified (sorted out) using fluorescence activated cell sorting (FAUS). FITC-conjugated mouse
ani-lnuman CD44 was used m FACS pwrification of CD44+ PANCI cells. Briefly, PANCI cells were
harvested by using 0.25% typsm/0.02% EDTA.  After re-suspension of the cells i cell-culture media, the
cells were counted and washed in PBS with 2 % FBS and collected by centrifugation. Add 10 L FTTC-
D44 antibody to 1 ml PBS contanung 1 nullion cells and 2% of FBS for 30 muutes on wce. Following the
antibody labeling, PANCI cells were washed m PBS with 2 % BSA before flow cvtometric analysis was
carried out on a BD FACSAria™ 111 cell sorter {BD Science, USA). PANCT CD44+ cells were plated in 6-
well plates at the density of 300 cells/well, the cells were treated with vehicle or with FLI18 at 1, 18 and 100
nM 24h after seeding. Vehicle and FL118 were washed out with PBS after 72h treatment; the cells were
continously cultured in complete medinmm with 10% serum in an mcubator at 37°C, 3% €Oz for 12 days.
Colonies were fixed, stamed with crysial violet solution and umages were taken before countmg colomes on
day 12. The experimental results were expressed as the mean = SD. The statistical sigmificance of
differences was determined by Student’s t-test between two groups.

14602423 Animal model study approval. ANl in vive experiimental studies were performed following the
IACUC-approved mouse protocel, which was approved by the Institutional Animal Care and Use Conuniftee
{IACUCQC) at Roswell Park Comprehensive Cancer Center. All SCID mice used are 6-12 weeks of age.

0002431 Human xenagraft tiunors used. In this imvention disclose, hunian SW620 (colorectal), HT29
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{colorectal) and HT-3 (retinoblastoma) cancer cell line-established xenograft timors were used. Hunan tumor
cell line-derived xepografl tumors are initially established by snboutaneonsly injecting 2-5x10¢ cultured cancer
cells i a volume of 100-150 yuL medium o the Hank ares of severs combined nununodeficiency (SCID)
niice. The derived tumors are then passed a couple of penerations m mice by transplanting 30-50 mg non-
necrotic lunor niass via a frocar for experiments or mainfenance, o this nwention disclose, we also used two
types of cancer patient-derived xenegiaft {PDIX) tumors: hunwan colorectal cancer PDX {27454} and human
pancreatic cancer PDX {14244, PDX tumors were originally established on severe Combined
Imnmnodeficiency (SCID} mice from pancreatic and colorectal cancer patient tumor tissues obtained from
metastatic sites of the disease m the clinic.

(000244} Human pancreatic ductal adenocarcinoma (PDACH orthotapic rumor sonse model and
treatment. PANCI cells (LucPANC1) grown in culture medivm were harvested by trypsinization, washed
twice m tce-cold PBS, and adjusted fo 5 x 107 viable cells/mi. Twenty-uL volumes containing 1 nillion
LucPANCT cells were injected mto a SCID mouse pancreas. Specifically, for mtra-pancreatic implantation
of LucPANCI cells, SCID mice were anesthetized with jsoflurane using the rodent anesthesia machine
provided and mamntained by the Animal Center. The surgical plane of anesthesia was monitored with pedal
withdrawal reflex. Eve omtment was placed i the eves. The abdomen was shaved and prepaved nsing an
iodine scrub and alcohol. An up fo one om incision was made nsing scissors, one thivd of the splesn was
pulled out and LucPANCT cells were mjected m 20 gL volume {1 nullion cells) info the tail of the pancreas
using a 29 gauge needle. The pancreas was returned to the abdomen and the abdominal wall musculature and
the peritonenm were sutwred using 3.0 absorbable surgical suture. The skin was closed with wet bond, which
was removed 7 davys affer surgerv. Postoperative analgesia was 0.05 mg/kg of buprenorphine subeutaneously
qR-12 hours postoperatively as needed. The mice were allowed o recover alone n a cage that was placed on
a circulating warm water-heating pad. This reduces post-surgical shock. Once the mice were fully recovered
from the surgical procedure and were freely moving arowud the cage with normal eating and drinking, the
mice were refurned to their cage. If any mice display signs of a mortbund condition during the course of the
study, they were ewthanized. Healthy orthotopic mice were randomiy divided into 2 groups {3 mice per
group}. a control/velucle group and an FL118-cisplatm treatment group {of note, LucPANCT cells are drug
resistant and i order to keep the amount of surgical mice to a nunimum, the drag alone group was not
included in the studv). Treatments with vebicle and FL118 plus cisplatin were started 7 days after cell
orthotopic implantation. The freatment schedule was that cisplatin at 5 mg'kg (half maximum tolerated dose,
~12MTD) and FL11I8 at 0.75 mg'ke (~1/6MTD via ip m our studies} were given on days 7, 14, 21 and 28
{g7d x 4) via mtrapertioneal routes (ip). Bioluminescence imaging (BLI) was taken every 1-3 week {week 1

is the baseline)}.
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[000245] Mouse whale hody in vivo Braging. SCID monuse whole body maging was performed to
detect luciferase reporter activity using the Xenogen IVIS® jx vive Imaging System {Caliper Life Science,
Hopkton, MA) 1 the Translational hinaging Shared Resource at Roswell Park Cancer Instabute (RPCI).
Prioy to imaging, tumor-bearing mice were anesthetized with isoflurane {Patterson Logistics Services Inc.,
Mount Joy, PA) at 2.5% mixed with oxyvegen in a separate induction chamber. After induction anesthesia,
pice were intraperttoneally injected with D-Inciferin potassitun salt dissolved 1n PBS at a dose of 73 mg'ke
and fransterred mto the in vive imaging chamber. Animals were provaded 2.5% maintenance anesthesia
within the imaging chamber, and teny minutes after D-luciferin injection BLI was performed for detection of
fuciferase activity. Following imaging, animals were returned to cages and montiored to ensure full recovery.
Reported measurements of total flux, representative of BLI signal intensity, were obtained by tracing a
region of interest over the entire fumor. All measurements and displayed psendocolorized BLI radiance
images were obfamed using the Living Image (PerkanElmer, Waltham, MA) software.

[000246] Huwman pancreatic cancer patient-derived xenograft {PDX} tumor mouse model and treatment.
Expertiments followed the TACUC-approved mouse protocol. Briefly, buman PDAC PDX fumors maintained
on SCID nuice were 1solated, and a piece of non-necrotic tumor tissues (33-40mg) were subcutaneously
transplanted mito the flank area of female SCID mice. Seven to 14 days afier tumor transplantation at which
PDIAC PDX fumors were grown t0150-230 mm® (defined as day 0), mice were randomly divided into the
required groups {5 nuce per group) for FL118 alone or i combination testing, In thus study, we used the
tinesaving uiraperitoneal {ip) route for drug adnunistration. The schedule for FL118 and gemcitabine is
weeldy for 4-time drag admunistration etther alone or in combination. FL11R in the curvent study used a basic
formulation recipe, which contains FL1IS (0.1 - 0.25 mg/ml), DMSO (3%), and hydroxypropyl-f-cvelodextnin
{0.05 - 0.125%, w/v) in saline. The formulation process was described in detail in our previous patent
{(PCT/US2011/038338). The vehicle solntion contains DMSQO (396}, and hydroxypropyi-B-oyvelodextrin (0.03
- (.125%, w/v) i saline without FL118. Tumor length (L) and width (W) were measured using digital
vernter calipers 1-3 tumes per week until the end of experunental studies. The tumor volume (v} was
caloulated using the fornmala: v = 0.5 (L x W7} Then the tumor size was divided by the day 0 tumor size as
percentage turpor size versus day 0. The mean tumor volume + standard deviation (SD) af each time point
was dertved from 5 nuce in each group. The fumor curves were made using Sigma Plot software.

[O002477 Use of immune-competent BALB/cf mice for FLIIX toxicity and MTE siudies. Female
BATB/cj nuce at the age of six weeks were purchased from Jackson Laboratorv. Mice were randomly
divided mnto 4 groups with six muce per groups. Mice were then treated with vehicle, FL11R at 10 mgikg (this
is the FL118 MTD in 8CID nuce}, 12.5 mg/'kg and 15 mg/kg via oral administration with the schedule gw x

4. MTD was defined as the highest dose that resulis i no drug-related moribund staie or death, with a

W
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temporary body weight loss of no more than 20%, no significant clinieal pathology changes mcluding
hematology and biochenusiry parameters. Other signs of toxicity documented during the experiment
nchuied mouse behavior, fur status, moversent and diarthes. Mouse hematology and chenustry studies were
performed in Roswell Park Andmal Center in-house service using ProCyite Dx® Hematology Analyzer
{IDEXX BipResearch) and Catalyst Dx® Chemistry Analyzer (IDEXX BioReseaich).

[O00248] Use of imnnme-competent beagle dops for FLI118 toxicity and MTD stedies. The Contrast
Rescarch Orgmuzation (CROY Covance has performed the stadies. The expeniment method 1 brief 1s below:
(000249} The FLI1& MTD was estitnated o be 12 mgfg/dose for two doses in SCID mice. The
caloulated FL118 MTD for dogs 15 2 mg'kg. Therefore, doses were set as 0.55, 1.1, and 2.2 mg'kg. Nme
male and nipe ferale purebred beagle dogs atf the age of 5 months with a body weight range of 7.0 - 101 kg
for male and 7.2 to &.3 kg for females were recetved from Covance Research Products, Inc. (Cumberland,
Virgiia). Antmnals were acclunated fo the test facility {Greenfield, Indiana) for 15 days prior to mutiation.
Animnals were socially housed by sex. Anmimals were assigaed to the study using a computerized procedure
designed to achieve body weight balance with respect to group assignment with the experimental design
shown i Table 11.

(000250} The formulation of FL118 in thus study are FL118 at 0.11, 0.22 and 0.44 mg/ml m 0.44% {2-
hvdroxypropyD-B-cyclodextrin (HPBCD), 2% hydroxypropyvl methvicethulose (HPMCY and 1% propyviene
glycol (PG} i sterile salme (9.85% NacCl). Thus oral adnunistration solution without FL118 was the velucle
control, Dose fornmlations were administered by oral gavage once on Days 1 and 8 of the dosing phase at a
dose volume of 5§ mL/kg. Doses were based on the most recently recorded scheduled body weight. Anmmalsg
were checked twice daily (a.m. and p.m.} for mortality, abnormalities, and signs of pain or distress.
Abnormal findings were recorded. Cageside observations were conducted for each anumnal once datly duning
the dosing phase, except on days when detailed observations were conducted. Abnormal findings were
recorded. Detailed observations were conducted for each animal once during the predose phase and on Days
1, 4, and B {prior to dosing, as applicable)} of the dosing phase. Detatled observations were also collected for
gach animal on the day of scheduled sacrifice. Abnormal findings or an mdication of normal was recorded.
U each day of dosing, cageside observations were conducted for each amimal approximately 1, 4, and 24
howurs postdose. Abnormal findings were recorded. Postdose observation start times were based on the timne
dosing was completed for each group/sex. Body weights were recorded twice during the predose phase and
on Days 1, 4, and & {prior te dosing, as applicable) of the dosing phase. Quantitative food consumption was
recorded from Dayvs 1 to 4, 4 {o §, and 8 {o 9 of the dosing phase. Blood samples for hematology, coagulation,
and clinical chemistry were collected from fasted animals via a jugular vein. Blood samples were collected

once during the predose phase and on the day of schednled sacrifice. The anticoagnlants were sodiun: citrate
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for coagutlation tests and potassiam EDTA for hematology tests. Samiples for clinical chemistiy wete
collected without anticoagulant.

10002511 On Day 10 of the dosing phase, all anunals, having been fasted ovenught, were anesthetized
with sodium pentebarbital, exsangninated, and necropsied. Terminal body wetghts were recorded for
sacrificed anivals. A macroscopic examination of the external featurves of the tarcass; external body orifices;
abdominal, thoracic, and crantal cavities; oreans; and fissues were performed. A Pathologist was available
for consaltation during necropsies. Organ weights were recorded at the scheduled sacrifice. Pamred organs
were weizhed together. The statistical dats analyses mnclude means and standard deviations (8D} with the
parameters of absolute body weight, body weight change, guaniitative food consumption, continunous chinical
pathology values, and ternmunal body weights and organ weights

[0002527 Specimen preparation for Pharmacokinetics (PK} studies in tumor bearing mice. Drug PK
studies were performed as follows: SCID mice were first inoculaied with human SWe620 and HT29 tumors
{of note, for PK data comparison, both tumors on individual nuce at both left and right flank sites), when
tumor size grew o approximate S00-1000 mny’, a single oral administration of FL118 was given at a dose of
1.5 mg/ke to six groups of SCIHD mice {3 mice per group) bearing human SWH20 and HT29 xenograft
tumors. Of pote, 1.5 mg'kg for oral adnunisiration of FL118 1s close to the FL118 MTD (maximum tolerated
dose} for the schedules of daily for five times {qld x 5} and every other day for five times {q2d x 5). Tumor
ussues and blood samples were collected af a series of time pomts of 30minutes, 1 howr, 4 howrs, 12 hows
and 24 hours. Each tumor tissue was collected in a fube and immediately frozen with hquid nitrogen; each
blood sample was collected m a Li-Heparin LH/1.3 tube (SARSTEDT), and plasma was recovered by
centrifugation (1500rpm x 2 mmutes). The collected plasma from each blood sample was transferred mio a
new tube and immediately frozen m hguid nitrogen. Liquid nitrogen-frozen specimens were then transferred
to an -B0°C freezer for analysis.

(0002531 Pharmacokinetics analysis of compound gfter oral administration. Drug m plasma 1s
extracted with acidified methanol. An 00 L aliguot of ice-cold acidified methanol is added to 200 uL
plasma and vortexed for 15 sec. In parallel, FL118 in mouse tissue or lmman xenografl tumor tissue is first
homogenized m 1x PBS (W/V = 1g tissue/3 ml 1x PBS} and then extracted with acidified methanol. An 800
uL aliquot of ice-cold acidified methanol s added to 200 L. homogenized tissue and then vortexed for |
min. The samples ave then centrifuged at 13,000 rpm for 5 mun. and the supernatant is trapsferred to a clean
13X 100mm glass tube. Samples are dried under vacuum and stored at -20°C until analysis. Dried samples
were then reconstituted i 200 uL of mobile phase (0% 3% TEA and 20% acetonitrile pH 3.5} and 15 uLl 1s
injected. Analysis is carried out using an Acquity UPLC system with Fluorescence detection mterfaced with

Empower software. Separation is carried out on an Acquity BEH Shield RP18 1 7um, 2. imun X 100num

h
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column (Waters). The fluorescence detector is set at the following Excitation {Fx) and Emussions (Em)
wavelengths: Ex 370nm Em 510um. The calibration standards are prepared by spiking plasma with FL11S;
the calibration corve range 1s Sng/mlb - S00ng/ml. To ensure guality assurance, qualiy countrol samples are
prepared m plasma at 235 and 250 ng/ml aliqueted and stored at -20°C. The QCs are myjected in daphicate at
the beginuing and end of the gssay. Assay has been validated. Validation consists of ranning fwelve standard
curves over the course of 5 days. QU samples are analvzed with each cwve. The overall precision (JeCV=
&.4) and overall accuracy (101%%) of the assay calibrators 1s shown to be excellent. QU pregision measured
A8 %CV is equal to 7.5% and overall QC aceuracy is 96%.

[O00254] Uise of witium CHi-labeled FL118 ar FL11S anclogue as probes to search biochenical
targersibiomuarker through screening of the Invitrogen Profodryar®.

[06G255] The *H labeling of a small molecule/tigand {FL118 or an analogue): A 50 mi round bottom
flask s charged with 0.8 — 1 mg FL-2, 120 mg PdBaS04 5%, 00 C1 T2 Gas, Inunersed m silicone oil bath at
180°C — 190°C for 24 hours. Dissolved m 1 mil of DMSO and back-exchanged 10 x with 5096 ETOH.
Iyected directly to CapCeL L Pak C-18 column, mobile phase 30% CH3CN1 0.1% TFA, flow 6 ml/mun, 11V,
= 200 num, r.t. = 40 min. After purtfication, a probe with a specificity of 16.5 mCr/mmi were obtamed for
screening >9.000 hnan proteins on the Invitrogen ProtoAiray.

(000256} ProtoArray® screening with ‘H-labeled probe (FL-2): 1. Blocking the ProtoArrav: a)
Immediately place the mailer containing the Human Protein Microarray v3.0 at 481 C upon removal from
storage af — 2003 C and equilibrate the mailer at 417 € for at least 15 nunuies prior to use. b) Place Human
Protem Microarrays with the barcode facing up m the bottom of a 4-chamber mcubation {ray such that the
barcode end of the nucroarray is near the {rav end containing an indented numeral. ¢) Using a sternile pipette,
add S mL FL-2 Assay Buffer into each chamber. Avoid pipetimg buffer directly onio the array surface. d)
Incubate the tray for 1 howr at 4.C on a shaker setf at 30 rpun (circular shaking). e) After incubation, remiove
Protein Microarrays from FL-2 Assay Buffer. To remove amray from the 4-chamber mcubation tray, msert
the tip of forceps mio the indented mumeral end and gently pry the array upward. Using a gloved hand, pick
up the nucroarray by holding the arrav by its edges only. Tap to remove excess hiquid from shde surface. f)
Proceed mmediately to Probing the Array. 2. Probing the ProtoArray: a) Place each ProtoArray horizontally
in a separate sterile 50 mL contcal tube with about 1/3 of the array extended ontside of the tube as shown in
the figure below. The barcoded end of the array should protrude from the tube {face up). b) For each
ProtoArtay, add 100 uL of probing mixture inclading FL-2 and the positional mapping reagent “H-estradiol
and pipet the mixture gemtly onto the surface of the ProtoArray. ¢y Gently place a covership over the surface
of the ProtoArray nsing foreeps to avoid capturing bubbles. d} Position the ProtoArray with coverslip within

the conical mbe with the privted side of the array facing up. Cap the tube. Place the tube on a flat surface
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such that the printed side of the array is facing up and the tube is as level as possible. If needed, tape the
cowical fube on the flat suriace to avoid any accidental disturbances. €} Iucnbate the array at 411 € for 90
minutes without shaking. 1Y Rentove conies! tube contanung ProteAnay from mcubator and add 40 ml
Trittum SMI Assay Buffer to the tube. g) Incubate the arvay m buffer for 30 seconds at room temperature.
The glass covership will flogt off. Do not remove the covership with forceps if i is not dislodged from the
array. h) Using foreeps, carehdly remove the dislodged covershy without touching the array surface. Discard
the coverslip appropriately as radicactive waste. 1} Decat the Trtinm SMI Assay Buffer. Be sure to dispose
of the radicactive waste property. 1} Add 40 mlL of Tresh Tritinm SMI Assay Buffer to the tube. Incubate the
array for 30 seconds at reom temperature. Decant buffer. Repeat wash step one more time. Be sure to dispose
of the radioactive waste properly. k3 If Tritium SMI Assay Buffer with NaCl is used, complete one additional
wash with Tritmum SMI buffer lacking NaCl. 3. Drying and exposing the ProtoArray: a) Remove the atnay
from the chamber at the end of the probing procedure. Tap one edge of the array gently on a laboratory wipe
for a few seconds fo drain any buffer. b) Place each array in a shide holder (or a sterile S0 ml conical tube, if
you do not have a shide holder). Ensure the array is properly placed and is secure in the holder to prevent any
damage to the array duning cenfrifugation. ¢) Centrifisge the array in the shide holder or 50 mL conical tube at
200 A~ z for 1 minute in a centrifuge {equipped with a plate rotor, if you are using the slide holder) at room
temperature. Verify the array 15 completely dryv. dy Using transparent tape, adhere the slides to an 8X19
Exeter Conservation Board {or thick filter paper of sunilar size}. Only tape the top and bottom edges of the
shde without covering any array area. The adbesion helps to prevent unwanted movement during the long
exposure time and also helps to prevent the tritinm from transferring on to the screen. Place ProtoArray m X-
ray film cassetie and divectly overlay with a tubun-sensitive phosphor screen. ¢) Expose ProtoArray to the
phosphor screen for 16 days. 4. Image acquisition and analysis: GenePix Pro v7 (Molecunlar Devices
Corperation) andfor ScanArray. Acquisttion Software (PerkinElmer, Inc.) was used for image acquisition
and analysis.

(0002571 FL118 or FLIIS analogue affinity columm purification of biochemical rargets/biomarkers. 1.

Ligand (FL.118 or an analogue) coupling: a} Equilibrate 2 coluinns of DADPA Ultralank Support

{Thermotisher) and the bottle of Wash Buifer fo room temperature. b} Remove top cap and twist off bottom
tab from the column (Use supplied white tips to recap column bottom)} (Note: When uncapping colimn
throughout procedure, always remove the top cap before the bottom cap to prevent air bubbles from being
drawn into the resin bad. ¢ Place 2 columns onto a home-made rack to allow storage solution to dramn from
column. dy Equilibrate colunmn by addmmg 2 mi of coupling buffer {CB) and allowing it to flow through resin
bed and drain from column. Then, gradually eguilibrate the resin with 3 mi (column volume s 2 ml) of each

of the following solutions with gradual imncreased DMSO to 80% from 109 before adding FL118 m 80%
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DIMSO: 2025 CB. Replace bottom cap (a supplied white tip). Dhscard flow-through from the collection test
tube. ¢} Add 5 mi control solution (4.5 mi DMSO + 0.3 mi CB) fo the column 1 {see AZ above); Add § il
FL118 solution {2.5 ml FLU1& (Ling/m! in DMSO) + 2 ml DMSO+ 0.5 mi CB] to the colunm 2. )
Resuspend the resin in the control or FL118 sohation by gentle reverse up and down. g} Transfer the resmy
slurry to a 13 nd comical tube labeled with 1 and 2. iy Add 200 pd PharmaLink Coupling Reageut (37%
formaldehyde soluhion) 1n each 15 md tube: 200 gl per 2-4 ml FL118 binding solution}. 1) Cap the tube and
incubate the FLI18 shurry at 34°C 1o swirling for ~ 24 hours. ) Then add 1000 pl BC plas 30 gl

Formaldehyde to each columu swirling at 55°C for 48 hovrs. 2. Transfer Resin Shurry to New Cohumn

Column Washing, and Storage for affinity punification: a) Prepare 4 rooin temperatiire empty columas. Open

top cap and apply the bottom cap to each colunm with pure ddH20 to full and then open the bottom cap to
let 1t drain out but not dry. b} Add -2 mi CBD3/4 {~30-535% aqneous} to each coltumn and let it drain out but
not dry. ¢) Cap the botfom cap when the solution How almost cut from the colunwm (net let coluwmn deyy. d)
Swir] the fwo 15 ml reaction tubes to resuspend the control shunry or FL118/vesmn shurry. Then use 1 o pipet
to 1) transfer comirol slurry into the column 1 {C1: control-cyto) and 2 {C2: FL118-cyto), and 2} transfer
FL11B slurry mio the columns 3 {C3: controb-nucl) and 4 {C4: FL118-nucl). Of note, 3) DMEO/BC =
4.5mb5.5 nd; and b} colunm volume 1s 1 mi now. e} Allow resin to settle and then open the bottom cap to
allow the solution to flow out of the upright column to drain all the reaction solution. £} Washing the column
with 2 mi CBD3 then 2 ol CBD3, and then with 2 mi ultrapure water/DMSO selution (75:25) to prevent
butfer precipitation. Then washing with 1.5 mi 100% DMSO to help remove non-reacted FL118. g)
Continuously washing the colunm with 1 mi CBDS to each columm, and then i turn: with 1 sl CBDS,|
CBD4, CBD3, CBD2 and CBD1, and finally with 4 ml fr1s washing buffer (0.1 M Trig, pH 8.0}, and then
continue {o wash column with tris wishing buffer by adding ¢ x 4 mli tris washing buffer (0.1 M Tris, pH 3.8)
to quench the active sile that were not sealed by FL118. Up on the Wash® dratned to 2 mwl, recap colunmn and
put colunms at oven at 32-37C for 45 min to facilifate quenching the active site that were not sealed by
FL118. Then additional 3 x 4 mi wash with tus washing buffer (0.1 M Tns, pH 8.0). At the last additional
wash with 8 mi fris washing buffer with 0.04% NaN3 {column foll}, recap the botton: column cap to
mamtain the Tris buffer for mserting the Disk by nierging the whole wet disk mto tris washing buffer and
pushing disk down fo a | mm gap using a Pastewr pipet. Then let the solution dramn to 2 mi above resin and

then capped the column, and store colunm upright at 4°C (cold room). 3. Affinity column purification of

ligand (FL.118 or an analogue}-binding proteins: Cancer cell Ivsates were passed through affinity colimn and

control column i parallel. After extensive wishung with washing buffer, the profeins binding on the colunmn

were eluted with SM urea buffers. 4. Protein identification: After the eluted protein solution de-urea and

concentration through 3K OMEGA Nanosep 1.5 mi tube device. The resulted protein nuxtures with confrol
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colunw-resulted mixtures in parallel were analvzed by proteoniics described below.

[000238] Proteisidentificatioy from protein suxture using a robust proteomics tecimology: The

chtamed proters mixtures were analvzed using the Qu Lab-developed TonStar/MS 1-based protecmics
technology (Shen X, Shen 8, LaJ, Hu Q. MNie L, Tu €, Wang X, Orsbumm B, Wang I, Qu I' An IonStar
Experimental Stratesy for ME1 Ion Current-Based Quantification Using Ultrahigh-Field Oibitrap:
Reproducible, In-Depth, and Accurate Protern Measwrement 1o Large Coborts. ] Proteome Res 2017,
16:2445-56). Briefly, through a process of protem exiraction, veduction, alkylation and organic solvent
precipiation and digestion of the obiained protem pellets with trypstn, 4ug peptide saraples in 4l will go
through the process of Nano LCUHF-Orbitrap LUMOS MS analyses, as described. Then a siringent set of
criteria will be emploved for protemn identification. The IonStar processing pipeline will be used for MS1
quantification of the identified proteins from our samples. Gene Ontology {GO) annotation {quantified
proteins) will be analvzed using onhine tools of DAVID Biomformatics Resources vé.7
{http//david abec netferf gov) and Ingenutty Pathway Analysis (IPA, Ingenuity Systems). For GO
enrichment analysis, all quantified proteins will be nsed as background. Profemn function, upsiream regulator,
and pathiway analysis were carried out using IPA for a Core analysis. Biological and functional annotations
assigned by the software will be manually exanuned and regrouped into respective categories. Hierarchical
cluster analysis {(uncentered Pearson correlation distance and centroid-linkage} will be analyzed using
Chuster 3.0 and displayed by TreeView supporting tree-based and mmage-based browsing of hierarchical frees
thtip/fwww eisenlab org), when needed. We will analyze the changes of protein network pathways
UVOK262 cells with and without Hx6 treatment using GSEA analvsis tools. Based on our proteomics
technology, >7000 proteins can be quantified without nussing data from a cell lysate sample.

(000259} Analysis of API {active pharmaceutical mgredient)-HPBCD powder complex diffraction
with X-rav powder diffractometer {(XRPD): The crysial or amorphous status of each prepared compound of
Fourmuila 1-HPRCD complex powder will be determined using XRPD. Specifically, about Smg samples of
each powder will be spread onto the center of Si-subsirate {samples area will be 1 cmn in diameter) for XRPD
testing. Laboratory XRPD patterns for samples will be collected at 25°C. The diffraction data will be
collected over the angular range of 26= 3°—40° with a step size of 28= 0.02° and accounting time of 0.12
s/step.

[000260] Analysis of miscibility of the API (i.e. a compound of Formula 1}-HPBCD powder complex
with Modulated differential scanning calorimetty {(mDSC): The miscibility status of AP in the APL-
HPBCD complex powder will be determined using mDSC, Specifically, mDSC analyses will be camvied ont
on a Q2000 differential scanping calorimeter {TA, USAj) at a 2°Chuin heating rate over the temperature
range from room temperature to 300°C 1n a dynamic pitrogen atmosphiere. Fach API-HPBCD complex
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powder will be weighed into a Tzero shuninum sample pan covered by a pinhele hid; an empty pan served as
ihe veference vonirol for testing. Additionally, the glasg iransilion temperature [Tg) of the APT-HPRUD
coniplexes from each of the AP compound of Formuda 1 powder.

(0002611 Analvsis of the AP {i.&. a compound of Formnula 1) loading m HPRUD with High
performance hguid clvonwtography (HPLC)Y: The weight percentage of AP loading m HPRCD will be
determined by HPLC, Specifically, HPLC will be cartied oufl to determine the weigh! percentage of the APL
{a compound of Formula 1} load m HPRCD. This will use the Waters X8elect CSH €18 column (3. 5um, 4.6
X 150mm, Waters, Iraland) in the testing. The mobile phase will be a gradient program of §.05% agueous
trifluoroacetic acid {Mobile phase A) and acetonitrile with 0.05% tnifluoroacetic acid (Mobile phase B},
which will be pumped at a total flow rate of 1 mL per pun. The gradient will be as follows: initial conditions
10% B in A, then linear gradient of 10 fo 60% B m A over 15 min, then linear gradient of 6010 90% Bin A
over 10min, 90% B m A hold for Smin, refirn to mitial conditions for 0.01min and hold for 10min. The
ternperature of the column will be mamtained at 30°C and the eluent will be monitored at a wavelength of

220 . The uyection volume will be 5.0 uL. The diluent will be DMSO.

EXAMPLES
(000262} The present invention is further illustrated by the following examples, which should not be

construed as hmiting i any way. The following is a description of the examples.

(000263} FL118 platforsm inhibits sailtiple antiapoptotic proteins in drag-resistant pancreatic cancer-
stem like cells. Since our yavention indicated that FL118 15 a great platform for the generation of novel drugs
{PCT/US2D15/022095) as well as the well-known treatment {dimg, radiation} resistance of pancreatic cancer,
we therefore deternuned whether FL118 inhibits multiple antiapoptotic proteins (survivin, Mcl-1, XIAP,
¢EAP2?} in freatment-resistant pancreatic ductal adenocarcinoma (PDAC) cell lines. Pancreatic cancer cell
lines Mia-Paca2 {Mia2) and PANCI were reported to be very aggressive and resistant to all first-line drags
{Legoffic A et al,, Identification of genomic alterations associated with the aggressiveness of pancreatic
cancer using an ultra-high-resolution CGH array. Pancreatology. 2009; 9: 267-72), because of this we
selected to use these cell lines to deternune the effect of FL118 on the expression of various antiapoptotic
proteins as well as some pro-apopiotic proteins using western blots. Our data showed that FL11§ treatment in
the range of 16k (hours) to 48h differentially modulaties the expression of antiapopiotic protems (XIAP,
cIAPZ Mel-1 or survivin) in both PANCT and Mia? cells in a dose-dependent manner {Figure 1A and 1B),
while such treafment mduced the expression of pro-apopiotic proteins {Bad, Bim or Bax) in different degrees
{Figure 1A and 1B}.

(0002641 Next, we deternuned whether FL118-mediated inhibition of antiapoptotic proteins and

pwduction of pro-apoptotic protews shown in Figure 1 would be accompanied by mduction of apoptosts and
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cell killing. Our studies indicated that as short as 24h treatment with FL11S platform (10-500 nM) strongly
induces caspase-3 activation and PARP pleavage (hallmarks of apoptosis, Figure 2AB} in PANC!T and Mia2
cells. Futthermore, the activation of these apeptotic markers was acconyparued with a sigmificant merease of
sub-G1 DNA content in PANCT and Mia? cells, indicating the cell killing effect of FLIIR (Figue 2C).
Counsistent with these findings, we also deternuved the effect of FL118 on cell viahility for PANCI, Mia2, as
well as the gemeitabine-sensttive BxPC-3 pancreatic cancer cell hines. Our data revealed that FL118 at low
concentrations {nM level} effectively mibubited pancreatic cancer cell viability (Figure 2D). Based on the
published statis of pemcitabine resistance and seositivity of PANCI, Mia2 aud BxPC-3 {Legoffic A et al,
Pancreatology. 2009; 9. 267-72), FL118 appeared to be more effective in infubiting the viabduty of
gemcitabine-resistant PANCI and MiaZ2 cells in comparison with FL118's effect on the vialulity of the
gemcitabine-sensitive BxPC-3 cells (Figure 2D). Thus observation suggests that FLL118 platform prefer to kil
drug resistant pancreafic cancer cells.

[000265] FLII8 platform exhibits sustained inhibition of ERCCG and induction of H24X in drug-
resistant pancreatic cancer cells. It 1s well known that drug/radiation-induced DNA damage can activate
ATM signahmg, which in tumn results in the accumulation and activation of p53 and mnduces apoptosis. In
order to have a deeper insight into the relationship of FL118 platform treatment with potential cellular DNA
damage, we determined the effect of FL118 platform on the expression of a panel of DNA damage and repair
genes in the freatment-resistance pancreatic cancer cell lne PANCE. We found that among the panel of
proteins tested that are relevant to DNA damage/repair process (ERCCE, ERCC6, v-H2AX, ChK1, ChK2,
ATM, ATR, RADS1, DNA Pol ), FL118 strongly decreased the expression of ERCC6 and induced v-
H2AX (Figure 3A). ERCC6 15 a ortfical regulator for preferential repawr of active genes. It has also been
documented that elevated expression of ERCC6 confers resisfance to 5-Fu treatment and is associated with
poor survival in CRC patients. Our additional studies indicated that inhibition of ERCCGE expression by
F1.118 platform appeared to be mediated by the profeasome degradation pathway since the FL11R platform-
mediated downregulation of ERCC6 was rescued i the presence of the proteasome inhibator MG132 (Figure
3B). Additionally, the FL118 platform had a much stronger effect than topotecan on the mnhibition of ERCCé
expression {Figure 3C).

000266} The FLII8 platform reduces the stem-like cancer cell population in drug-resistant evarian
and panecreatic eaneer cells, suggesting its great platform nature. Based on the fact that the FL118 platform
could elimimate colorectal cancer without relapse in many cased, we hypothesized that FL118 should
effectively reduce dmg-resistant cancer cells including cancer stem cells {CSC} becanse the antiapoptotic
proteins survivin and Mcl-1 are known to play mportant roles in CSC drug resistance. To test this, we used a

novel approach developed i Dr. Pajonk’s ab for the live tracking of drug resistant cells {(VlashiE, etal,, In
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vivo imaging, tracking, and targeting of cancer stem cells, ] Natl Cancer Inst. 200%9; 101: 350-9). Tihas
approach takes advantage of reduced 268 proteasonye activity of drug resistant cells. In the cell line that
stably expresses the 265 activity reporter (GFPeODC fusion proteny), only drug-vesistant cancer cells will
remain (GFP-positive due fo the reduced 268 activity. Here, we used both multidrug-resistant ovarian cancer
cell line AR7ROCP and drug-resistant PDAC cell line PANCUT 1o test the above hypothesis. We found that in
the established GFPeODC-expressing cells, there are sigmificantly more GFPeODC posttive cells i the
drup-resistant A27R0CPTO-GFPeODO cells than iy the parental drug-sensifive A2780-GFPeODC line
{Fignte 4A}. As shown, cisplatin treatinent of AZ7ROCPTO-GFPcODC eells at 10 pM for 72h killed 90% of
the total cell population, but GFPcODC-positive cells smrvived (Figure 4B, 4C). In contrast, treatment with
the FL.118 platform at 10 M and 100 oM decreased more than 50% of the GFPcQDC-positive drug-resistant
AZ7ROCP cell population {Figure 41)).

0002671 Next, we applied the same system to generate pancreatic cancer PANCI-GFPcODC cells. We
tested FL118-cisplatin combmnation regumens for drug-resistant cancer cell killing measured by irvpan blue
exclusion assay. A 4-day single agent treatment with 20uM cisplatin or 10 oM FL118 indnced a simuidar
degree of cell death (~18%), while combmation treatment with FL118-cisplatin mduced 62% cell death,
indicating a 3-fold higher cell killing compared to the single agent treatment {Figure 3A). GFPcODC-
positive PANCI cells were low {~0.3%) tn PANCI-GFPcODC cell hine but were exiremely dimg-resistant,
which is consistent with the CS( featwre in a typical cancer cell hine. GFPcODC-positive {drug resistant)
cells could survive 50 uM of cisplatin for a 4-day treatment, while the same treatment killed 92% of GFP-
negative {drug sensitive} PANCI cells (Figure 5B). Interestinglv, in this parficular condition, single
treatiment with cisplatin at 20 M, or with FLI1I8 at 10 oM appeared nnable to kall GFPcODC-positive {drug
resistant) cells (Figure 3C, Cis, 20 pM, FL, 10nM), while the FL.118-cisplatin combmation killed the
extremely dmg resistant GFPcODC-posttive PANCT cells (Figure 5C, FL+Cis, arrows). However, in owr
pancreatic CSC spheroid formation experiment, we found that most of the alive drug-resistant, stem cell-like
cells were unable fo form spheres (Figure 5D). Specifically, m the spheroid formation for the 18-day
pancreatic spheroid culture experiment, 10 nM FL118, 3pM cisplatin, or their combmations were able to
significantly miubit spherowd formation, especially n the combmmation situation in comparison with no drag
control (100, p<.001, Figure 5SD)).

[000268] To further confirm these findings, we alternatively used the typieal matngel-based ¢SC
sphere formation assay which is know to more closely numic #n vivo situations. In this assay only dmg
resistant stem-like cancer cells ave able {o form spheves. The FL 118 platform extubsied hugh efficacy
mhibiting sphere formation (Figure SE). To further demonstrate the effect of FL118 on stemi-like. ding-

resistant cancer cells, we isolated the CD44 stem cell marker-positive pancreaiic cancer cell population from
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the drug-resistant PANCT cells. We performed colony formation of D44 stem cell marker-positive cells
using the steni-cell culture condition. Consistent with the data from Figure 3E, the FL118 platform
stgntficantly minbided colony formation at even 1 oM, whule FL118 at 10 and 100 ndM was able to
completely elimmate colony formation of CD44 stem cell marker-positive PANCH cell (Figwe 5F-G). These
resulis (Figure SE-G) indicate that the drug-resistant, stem-like cancer cells m the CD44 stemcell marker-
postiive PANCT cells are much more sensitive to FL 118 freatinent than the artificially-generated GFPeQDC-
positive PANCT cells (Figwre 5C-D). Thus, the GEPcODC-positive cell model may be an extremely dmg
resistant cell model or a tess actual cell mimie system after transfection of the GFPcODC-expressing vector
and selection process for obiammg GFPcODC-expressing cells, which may not fully mumic the CD44 stem
cell marker-positive dmyg resistant cells. Alfernatively, the discrepancy may also result from the further
enrichment of the bighly drug-resistant population after selection of GFPcODC-expressing cells. Together,
our collective studies strongly suggest that the FL118 platform alone and FL118 in combmation with
cytatoxic diugs are novel therapentic options, which can effectively reduce drig-resistant, sfem-like
pancreatic cancer cell populations.

(0602691 Combination of the FLIIR platfors and cisplatin inkhibits both pancreatic tumor growth and
metastasis. PDAC resistance fo trealment paves the way to cancer cell metastasis. Metastasis is a challenging
concein smee pancreatic cancer patients often present with metastatic disease. To test whether the FL118
platform could inhibit both PDAL tumor growth and metastasis {o other sias, we used an orthotopic PANCI
model. In order to use bioluminescence in wive mnaging {BLI) to monitor tumor growth and metasfasis
living mice, we generated Inciferase expressing PANCI cells (LucPANCT) and mjected a million
LucPANCY cells m 20-microliter volumes mto the pancreas of SCHD muce. These mice were treated either
with velucle (Figure 0A, left panel, n=3) or with FL118-cisplatin combanation (Figure 64, right panel}.
These mice were freated with vehicle or FL118 at 0.75 mg/kg (1/6 maximum tolerate doses: 1/6MTD} in
combination with cisplatin {3 mgfkg, 1/2MTD) via intraperitoneal {ip} injection from day 7, weekly for 4
times {gw x 4. BLI was performed every 1-3 week with 7d as the basehne (Figure 64, top panel}. Our
studies mdicated that the radiance intensities of individual fumors fell m a very narrow range, suggesting a
simall variation of tumor implantation m owr procedwre {Figwre 6A). FL118-cisplatin treatiment considerably
mhibits PANCI twinor growth and metastasis to other sites m the LucPANC! orthotopic model in a
relatively low dosing level. For example, on day 60 (60d) after LucPANCI cell mplantation, tumors in all
treated mice were regressed to an undetectable level (Figure 6 A, second row}. Of note, on dav 90, after
finishing treatment on dav 28, BLI detected local metastasis i two of the three mice in the confrol group (4
red turnor centers and 2 red tumior centers, respectively), but no local metastasis were detected in the FL118-

cisplatin-treated group {Figure 6, 90d, forth row/bottom panel}. Necropsy from the antinals at the end of the
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study mdicated the fumor not only on the pancreas {primary hunors), bt also on the liver {one monse with
two sites and the other with one stte) and small intestine (only the former mouse with oue site), indicating
tamot metastasis. Incontrast, only signuficantlv saualler tuntors grew in the original fumor site {paocreas) of
the FL118-cisplatin treated mice. Iraportantly, this was only one cyele/course treatment. These results
indicate that our model system could precisely measure the onset of metastasis o other orgau siftes. The
overall BLI mtensity guantified from the total timor of each gronp over time were presented i Fignre 6B.
These observations mdicate that the FL 118 platform 15 a vnigque and promusing platform and a core structural
drug for generating new drugs with even better andior differential antitumor effieacy o different tvpes of
human capcers. The stady also suggests that FL118 platform kills boih proliferative cancer cells and drag
resistant/latent CSC-like cells, which will be further confirmed n the next exemplar experiment described
below.

1400270} The FLI1S platform alone or in combination with gemcitabine eliminates human PDAC
PDXs in aninal modely. Next, we used hnuman pancreatic cancer patient-derived xenograft (PDX) fumor
miodels for alternative i vive studies, since the PDX model s the most clinically relevant animal model and
can present many of the lstological featiwes and heterogeneous treatment sensitivity/response of hunors
found i patients. If has been recently documented that pancreatic cancer PDXs retain active
paracrine/Hedgehog signaling, and desmoplasia ts active in PDX numor mouse models. Our studies
demonstrated that FL118 ix not a substrate of ABCG2 and Pgp, and exlubits a favorable PK (see below).
Based on these characteristics of the FL118 platform, we reasoned that desmoplasia-mediated drug
resistance might not be a barrter preventing FL11R from reaching therapeutic levels in cancer celis.
Therefore, we tested the FL118 efficacy alone and 1n combinaizon with gemeitabine {a typical pancreatic
cancer drug) in buman PDAC PDX fumor models. Among eight PDAC PDX tumor models tested, we found
that four of them exlubited high sensifivity to FL118 reatment. As shown in Figure 7A and 7B, PDX14244
and PDX 17624 showed high sensitivity to FL11&, and FL118 was able to elimmate these PDX tuomors after
one cycle of treatment {gw x 4, Figure 7A, 7B, only one cycle/course treatment). However, the other 4
exhibited less sensitivity i vartous degrees to FL118. For example, the PDIX10978 shown in Figure 7C,
F1L.118 was only able to delay PDX10978 fumor growth. Nexi, we tested whether FL118 i combmation with
conunonly used pancreatic cancer drugs such as gemcitabme could solve the FL118 msensifivity issue. We
performed a FL118 and gemcitabine combination treatment on the FL 118 less sensitive PDAC PDX10978
used above. In this study, we used FL118 at 9.75 mg/kg {(~1/6MTD) and gemoettabine at 60 mg'kg
{~1/2MTD)} alone or in combination via ip with the qw x 4 schedule {one cycle/course treatment). We found
that either FL.118 or gemcitabime alone only delayed tumor growth. In contrast, a combmation of FL118 with

gencitabine was able to elimmate PDX10978 twmors i all § treated animals for 21 davs with only one cycle
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of treatment (Figure 713, from days 14-35). Alternatively, we used tunor absolute size histogram format to
show the synergy of the combiation treatment (Figiwe 7E). Our studies suggest that a large percentage of
PDAC tumiors could exhibit high sensitivity to the FL11S platforin, while some other PDAC tumors may
show less sensitivity to FL118 treatiment. However, PDAC tumeors with less sensttivity to FL118 could be
seusttized by FL 118 i combimation with a pancreatic cancer evtotoxie drug such as gemeitabing, nsed here
to cltmimate such PDAC mots.

[000271} The FLIIS platform exhibits favorable toxicology profile i botl murine and canine animals.
Our stdies indicated that FLIIR i its oral formmuiation hay a maximum tolerated dose (MTD) at 10 me'ke in
human twmor-beating SCID muce m the weekdy for 4-time admmstration {gw x 4). Smee SCID mice have
deficient imnmune systems, it 1s very unporfant to determine whether FL118 has a sinular MTD i immune
competent mice at the sane ronte and schedule. We found that the use of 2 12.5 mg/kg oral gw x 4 resulted
in »20% body weight loss inchiding some mice with moribund states. However, the use of 10mgkg was
well tolerated by BALB/ci mice and the mouse body weight loss 15 within porual variation range {Figure
8A). Consistently, the result from the evaluation of 17 hematological parameters mndicated that only the
white bleod cells (WBC) and lymphocvtes {LYMPH]} decreased to the edge of normal range, low side (Table
1). Afier FL11R treatment, all others are similar {o vebicle-treated samples, and within the normal range
variation (Table 1). Sumilarly, among the 12 chinical biochenustry parameters, the cutcome from FL118-
treated samples is very similar to the oufcome from the vehicle-ireated samples, which are close to or within
the normat variation range (Table 2).

a. For the dog toxicology studies, all animals survived in good condition to the end of experniment. No
significant FL11B8-related clinical observations were noted. Certam observed fecal abnormalities were
mfrequent, transient, and noted for some amimals during the predose phase; therefore, they were not FL118-
related. No, or only muumal body weight changes withun the variation of normal antmal weight changes
were observed for all FL118-treated groups (Figure &B, C). These observations are consistent with the
outconies from hematological analvsis of the collected samples, most of which have a change within the pre-
dosing variation. The results from vehicle and highest FL11R dose-treated dogs are shown in Table 3. As
shown, in this FL118 MTD dose level, FL118 only extubits very nunor effects on a few hematological
paranyeters such as decreased platelets and monocytes, but none of these are considered sertous (Table 3).
Similarly, 1 clintcal biochemistry studies, very few differences were present between control and FL118 test
article-treated animals or between predose and dosing phase test results for individual dogs, and all were
consistentt with normal variation and considered incidental (Table 4). The observed differences were
charactenized by most or all of the following: small magmitude, no relationship to dose, mconsistent between

sexes, absence of correlative findings, and/or sinnlarity to differences present before initiation of desing.
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Thus, overall the FL118 platform toxicology profiles in dogs are nghly favorable. which 15 ericial since the
physiology of dogs ts much closer to human than o the mice.

JORO272] A rewly developed formularion for oral adwinisivarion of FL118 obtatned favorable
pharmcokinetios (PK) profiles. Owr previous studies reveal that FL11& mntravenous (1.v.} injection 1s rapadly
accuwrnulated in rnor but quickldy cleared from blood stream, while FL11R can be matntained 1o fumor for a
long half-life (Ling. et al: FLI18, a novel camptothecm analogue, overcomes iinotecan and fopotecan
resisfance iy human tumor xenograit models, American Journal of Translatiopal Research 2015, 7:1765-
1781). However, Lv. injection is riot convenient; administration of drug needs nurse help. Ro for
conunercialization of an anticancer drug, when possible, oral adnunisiration i1s always the first chotce. In this
regard, we took advantage of the newly developed formulation for oral administration of the FL118 platform
as a fornmlation testing article; then we determined the PK profile of FL118 after oral adnunistration. The
PK studies mn this way revealed that sumular to v, admuosteaizon of FL1 IR, oral adounstration of FLI18 m a
orgaic solvent-free HPECD as drug carrier aqueous/saline suspension obtained favorable PK profile.
Specifically, after oral administration, FL118 guickly accunmilated mto tumor and the concentration of
FL118 in tumor 15 many folds higher than those 1 serum (Figure 9).

[000273} Several times of in viva testing af a group of FL118 platform-derived analogues (FL75-3,
FL7s-4 FL7s-7, FL7-5, FL7-14, FL7-15, FL7-17} revealed that FL7s-3 and FL78-7 ave the top two
prowsing candidate wmoleciles for potentially moving on. Based on the intial finding from the oral
administration of the FL118 analogues of FL7s-3, FL7s-4, FL7s-7, FL7-5, FL7-14, FL7-15 and FL7-17, we
re-tested the antitumor actrvity and toxictty (body weight loss) profile m mulfiple doses for oral
adnumstration of the FL118 platform-derived analogues of FL7s-3, FL7s-4, FL7s-7, FL7-5, FL7-14. We did
not mclade FL7-15 and FL7-17, because other in vivo data suggested that FL7-15 and FL7-17 1s not as good
as FL7-3 and FL7-14, m terms of overall antitumor activity versus foxicity profiles. By use of multiple doses
of oral administration for the mdividnal drugs of FL7s-3, FL7s-4, FL7s-7, FL7-5, FL7-14 with a weekly x 4
schedule (Figures 10, 11), owr i viveo animal model-of-wiman retinobiastoma xenograft studies indicated
that F1.7s-3 and FL7s-7 appear to be the top two candidates that need fo be considered for moving on.
[000274] Another growp of 3 FL118 platform-based analogues was svnthesized: While all of the three
new compands are prowising, one of the three candidates showed exceptional anti-vetinoblastoma nanor
aotivity without showing toxicity tested in all the three doses used. To these three novel compounds, we
performed 7n vivo animal model studies to evaluate thew antihwmor activity and foxicity usig the HT-3
retimoblastora xenografl tumor models. In this experiment, we still took advantage of the newly developed
formudation for oral administration of compounds. Due to the himited amount of compounds then, we were

only able to orally adnunistrate each drug for one time at 3-4 doses based on the drug availability as shown

66



WO 2020/061106 PCT/US2019/051595

{Figure 12} The i vivo animal model studies with oral admimistration revealed that all of the 3 new
corppounds, FLIN-1, ELTN-2 and FL7N-3 extubited great antitumor activity and favorable toxicdy profiles
{Fignre 12). Moreover, the FL7N-1 exhubited excephional antitunior activity in all three doses msed (& mgikg,
10 mgdg and 15 mg/ke) without showing toxicity (1nouse body weight loss) at any of these three doses
{Figure 124A), suggesting a characieristic of a lughly targeted mn terms of mecharasm of action (MOA).
1006275 FLTN-] appears {o e g greal drug for treatment of children varve disease of retinohlastoma,
seithough FLIN-T exhibits good antitumor aotivity in pancreatic cancer patieni-derived xenvgraft (PDX}
namor modely (142441 and in colorectal vancer PDX models (27454, Based on the anti-retinoblastona
tumor activity of FL7N-1 obtained m Figure 12 by using one time ding admmmstration, we nex{ tested the
FL7N-1 antitamor efficacy and toxicity {body weight changes) in pancreatic cancer {14244) and colorectal
cancer {27454} PDX mumor in animal models. PDX tumors were originally established on SCID nuce from
pancreaiic and colovectal cancer patient fumor tissues obiained from metastatic sites of the disease m the
chimic. The FL7N-1 was formulated in an organic solvent-free with HPRCD (2-hydroxvpropyl-§-
cyclodexinn} in 2% HPMC (hydroxvpropy! methyleellulose) and 196 PG {propvlene glveol) in saline {a
thick aqueous suspension} for oral adnunistration. The vehicle 1s the same agueous suspension without
FL7N-1. Experimental SCID mice were subentaneously implanted with 30-40 mg individual PDX tumors
{1solated from maintenance mice} at the flank area (left side for PDX 14244, and right side for PDX27454) of
SCID muce. Treatment with vehicle or FL7N-1 was mitiated 7-14 days after the transplanted tumors reached
100 - 200 mny”® (designated day 0). The animal model of PDX tumors was orally treated weekly for 3 times as
shown with black arrows. Our studies mdicated that while FL7N-1 exhibited very good anfi-pancreatic
cancer PDX 14244 tumor (Figure 13A) and anti-colorectal cancer PDX 27454 tumor (Figure 13B}, it appears
that FL.7N-1 exhibited exceptional anfi-retinoblastoma activity {Figure 12A}. Thus, FL7N-1 may be a
priority candidate to be developed for treatment of children rare disease retinoldlasioma.

(000276} Anti-tumor activity of FL1I8 platform-derived Wb series of drugs (W-b1, W-b2, W-b3, W-b4,
W-b3, W-bo, W-h7, W-b8, W-b10:HxT) in colorectal cancer SW620 cell-established xenagraft umors. We
have also tested a new group of FL118 platform-derived compounds {W-bi, W-b2, W-b3, W-bd, W-b3, W-
b6, W-b7, W-b0o, W-b1{/Hx7) using the SW620 cell-established xenograft tumors i SCID nuice. Human
SW620 xenograft tumors were initially established by subcutaneously injection of 2-5 x 10° SW620 cells in
a volume of 100-150 yL medmm. Mouse models of SW620 xenograits were set up by subcutapeously
moculating 33-40 mg fumor tissue (1solated from tumor mamtenance SCID mice} on the flank of SCID mice.
Treatment with mdividual compounds was mitiated 7-14 days afier the wansplanted tumors reached 100 - 200
o’ {designated day 0). The treatment schedule is weekly for 1-2 times in a series of dose levels based on the

avatlable drug amounts then. The mdividual compounds were formulated m an organic solvent-free with
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HPRCD in 2% HPMO (hydroxypropyl methyleellulose) and 1% PG {propylene glycol) in saline {a thick
aqueous suspension) for oral administration. The vehicle 13 the same thick aqueous suspension without dag,
Our i wve testing of these ndividual drugs revealed that wilule most of these compounds extubited great
antittunor getivity, the compounds of W-b2, W-b3 and W-b6 possess nwch higher anfitumor actrvity than the

other compounds m this Wh-series (Figwres 14— 16).

{00277} Anti-tomor qetivity of FLIIS platform-derived Hy-series of drugs (Hxd, HxS, Hetand
B TAVBI0 B -panereatie sanver patieht-derived xepoaraft tPBX) simsr sradels r 14233  and vvosfovectal
g4 } },! flad * g 3 E

cancer PDX tadels (27454}, We have also fested another pew group of FL1 18 platforni-derived compouads
{Hx4, HxS, Hx6 and Hx7/W-b10) 1 pancreatic cancer {14244} and colorectal cancer (27454} patient-derived
xenograft {PDX) mmor in animal models. PDX tumors were originally established on severe Combined
Immunodeficiency (SCIDY mice from pancreatic and colorectal cancer patient tirnor tissues obtamed frony
metastatic sites of the disease m the climic. The FL118 platform drug was fornmlated m an organic solvent-
free with HPRCD (2-hydroxypropyl--cyclodextring in 2% HPMC (hvdroxvpropyl methyicellulose} and 1%
PG {propviene glveol) in saline {a thick agueons suspension) for oral admunstration. The vehicle is the same
think agueouns suspension withowt dmg. Experimental SCIT) nuce were subcutaneously implanted with 30-49
mg mdividual PDX tumors (isclated from mainfenance mice) af the flank area {left side for PDX 14244, and
right side for PDX27454) of SCID mice. Treatment with vehicle or a drug (Hxd, HxS, Hx6 and Hx7/W-b10)
was Initiated 7-14 days after the transplanted tumors reached 100 - 200 mm® (designated day 0). The animal
model of PDX numors was orally freated weekly for 3 timmes as shown with black arrows. Our in vive testing
of these individual drugs revealed that while each of these compounds exhibited great anfittunor activity, the
conpounds of Hx6 and Hx7/W-b10 possess much higher antitumor activity with favorable toxicity (both
weight changes} profiles than the other two compounds in this Hx-series {(Figures 17— 20).

(000278} Anti-tumor activity of FL118 platform-derived 7(0-series (1. 7Q1-7024) of drugs in
pancreatic cancer patient-derived xenograft (PDX) tumor models (14244} and in colorectal cancer PDY
models (274541 We have also tested another new group of FL118 platfornm-derived 7Q-series (1)
compounds in pancreatic cancer {14244} and colorectal cancer {27454} patient-derived xenograft (PDX)
tomor i animal models and identified 7Q6, 7Q9, and 7324 as the top 3 compounds in these tumor models
among the compounds of this series (1}, Specifically, PDX nunors were originally established on severe
Combined Innnunodeficiency (SCID) mice from pancreatic and colorectal cancer patient tumor fissues
obtained from metastatic sties of the disease in the clinic. The FL118 platform drug was formulated in an
organic solvent-free with HPRCD (2-hvdroxypropvi-f-oycledextrin) in 2% HPMC (hydroxvpropyl
methylceliulose) and 1% PG (propylene glycol) in saline (a thick agueous suspension} for oral administration.

The vehicle 1s the same think aqueous suspension without drug. Experimental SCID nuce were
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subcptaneously mmplanted with 30-40 me imndividual PDX tmors (isolated from maintenance mice) at the
flank area {(left side for PDX 14244, and right side for PDX27454) of SCID mice. Treatinent with vebicle ora
drug of 7Q-series { 1) was initiated 7-14 days affer the fransplanted tuinors reached 100 - 200 mm® (designated
day 0}. The animal model of PDDX tumors was orally treated weekly for 4 times {one cyele/course, as shown
with black arrows). Our f vive testing of these individual drugs revealed that while each of these compounds
exhibited good antitumor activity, the compounds of 706, 709, and 7Q24 possess much highet sntitamor
activity than the other compounds in this 7Q-series (1) (Figores 21 — 23}

(0002791 Anti-tummor activity of FLIIR platforse-derived TO-veries (20 TOM-TEHEN of drags in in
colorectal cancer PDX models {27454). We have also tested a group of the 7(Q-sernies {2) compounds m
colorectal cancer (27454} patient-denived xenograft (PDX) twnor m amimal models and identified 7Q28,
TFQ31, 732, 735 and 7036 being ughly promising in this fumor models among the compounds of this
T-sertes (2). Specifically, PDX tumors were onigmally established on severe Combined Immunodeficiency
{SCTD) mice from pancreatic and colorectal cancer patient humor tissues obtained from metastatic sifes of the
disease i the chinic. The FL118 platform drag was formulated in an organic solveni-free with HPRCD (2-
hydroxypropyl-B-cyclodextrin} in 2% HPMC (hydroxypropvl methvicellulose) and 1% PG (propylene
glveol) in saline {a thick agueous suspension)} for oral administration or nira-pernitoneal adminisiration. The
vehicle 1s the same think agueous suspension withount drug. Experimental SCID mice were subcufaneously
implanted with 30-40 mg individual PDX tumors (isolated from maintenance mice) at the flank area for
PDIX27454 of SCID mice. Treatment with vehicle or a drug of 7Q-series {2) was inttiated 7-14 dayy after the
transplanted tumors reached 100 - 200 mm’ {designated day 0). The aniimal model of PDX tumors was orally
treated weekly for 4 times (one cycle/course, as shown with black arrows) or only one time drug
administration. Our i vive testing revealed that the compounds of 7Q28, 7Q31, 7Q32, 7035 and 7036
possess much higher antitmmor activity than the other compounds in thus 7Q-series (2} (Figures 24 — 28}
(000280} Anti-tnor activity of FLIIR platfors-derived 90-series of drugs in pancreatic cancer
patient-derived xenograft (PDX) tumor models {14244) and in colorectal cancer PDX models (27434} We
have also tested another new group of FL1 18 platform-derived 9Q-series compounds in pancreatic cancer
{14244) and colorecial cancer (27434) patient-dertved xenograft (PDX) tumor in amal models and
dentified 910, 9Q17 and 9018 as the top 3 compounds n these fomor models among the compounds of
this sertes. Specifically, PDX fumors were ongmally established on severe Combined Immunodeficiency
{SCID)} nuce from pancreatic and colorectal cancer patient fumor tissues obtained from metasiatic sites of the
disease m the climic. The FL118 platform drug was formulated in an organic solvent-free with HPRCD (2-
hvdroxypropyi--cyclodexirmy) in 2% HPMC (hydroxypropyl methyleellulose) and 1% PG {propylene
glveel} in salme {a thick agueous suspension) for oral adnumnustration. The vehicle 15 the same think agueons
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suspension without diug. Experiimental SUID mice were subcutaneously implanted with 30-40 mg mndividual
PDX tummors {isolated from mamitenance mice) at the flapk area (left side for PDX 14244, and right side for
PDX27454) of SCID muce. Treatment with vehucle or a drug of 9Q-series was mitiated 7-14 days after the
transplanted tumors reached 160 - 200 mn’ {designated day 0). The animal model of PDX tumors was orally
reated weekly for 3 fimes i two doses due to drag hinitation then {95 shown with black amrows). Our i vive
testing of these individual drugs revealed that while each of these compounds exlubited antitunor activity,
the compounds of 9Q10, 9Q17 and Q18 possess higher antiturnor activity than the other compounds m this
9Q)-series {Figures 28 — 31}, Here, we want to emphasize that while the 9Q-series compounds appear to have
less anfitumor activity than the 7Q-series compounds, 9(Q-series compounds exhiubited more favorable
toxicity (body weight changes) profiles than the 7(Q-series.

[0002R81} Anti-tumor aetivity and toxicity camparizon for ovel adninistration of FLI118 foremilated in
two different recipes: ethanol-HPRCD-FLI I8 complex suspension formulation {refer to [0139]} and organic
solvent-free FLI18 agueous suspension fornudation (refer to {01407}, We have performed comparison
testing of two different mventive formulations to be used for FL118 or a compound of Formula 1 by using
FL118 drug as an example. The detailed process of making the ethanol-HPSCD-FL118 complex suspension
is described in {0130, and the detailed process of making the organic solveni-free drug aqueous suspension
is described in {140} In this testing example, the ethanol-HPACUD-FL118 complex suspension {Recipe 2}
contams 40meg/ml dmg (FL118 i this case), 40% HPBCD m non-aquecus 100% ethanol. This stock-state
drug format was diluted for 80 times with saline to 0.5 mg/mL drug (FL118 m this case) before oral
administration of the drug to mice. In contrast, the organic solvent-free drug aqueous suspension {Recipe 1}
is a type of ready-to-use suspension that contams 0.5 mg/mL dmg (FL118 in ths case), €.5% HPRCD, 2%
HPMC and 196 PG in saline. We nsed human bladder cancer cell line UMUC3-established xenograft tumor
models for the studies. Our studies demonstrated that while FL118 i the two different formulations
exhibited antitumor activity with simtlar foxicity {(body weight changes), it appears that the ethanol-HPRUD-
FL11I8 complex (Recipe 2) exhibited better antittunor efficacy than those of the organic solvent-free FL118
aqueous suspenston {Recipe 1) (Figure 32).

(000282} The antitumor efficacy and toxicity (body weight loss) of FL118 in a conventent and climical
conipatible formulation with pray-dry processes tested 1 human colovectal cancer (27454} patient-dertved
xenograft {PDX) mmors in animal models. FL118 was formulated into the ethanol-HPBCD (2-
hvdroxypropyl-B-oyclodestrm) muster solution and then ase of spray-dry process to get an FL11E-HPBCD
formulated complex powder. The FL118-HPBCD complex powders were milled to a particle size <400
mesh (37 microns), which was subsequently dissolved in saline with 5% PG (propylene glycol) to make a

suspension before oral admunistration. The vehicle is the saline with 3% PG with equivalent HPHCD without
By
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FL1IR. PDX fumor establishment in experimental SCID mice was the same as described 1 Figures 7 and 130
PDX turpor SCID mice were treated with vehicle and FL118 via poo. for weekdy x 4 as shown by arrows, affer
the transplanted tumors reached 100 - 200 nu® (designated day 0} in 7-14 days. As shown in the Figure 33,
FL11R at its half MTD ecthibited preat antitumor activity (Figure 22A), while showing no toxicity at all {no
nioase body weight changes, Figure 22B).

1000283} The inhibition of cell growth and viahifitv in vartous cancer coll types were tested usig MTT
assay for references. The IC0se/EC so vesults for the FL1IR platformi-derived 7(-senies dimgs are shown in
Table 3. The I/ ECs results for the FL118 platform-derived 9Q-sertes drugs are shown in Table 6. The
1Cs0/ECss resulis for the FL1 18 platform-derived FL.7s- and FL7-senes diugs are shown in Table 7. The
ICs0/ECso results for the FL118 platform-derived FL7N-series drugs are shown in Table 8 The ICsoECso
results for the FL118 platform-derived Wh-series dirugs are shown in Table 9. The ICse/ECs0 results for the
FL118 platform-derived Hx-series drugs are shown m Table 10,

[000284] FPratein bimacrkers and targety discavered frov gend (FLI18 or an esvdoguel affinity
purification and protein Protodrray probing. Through the use of FL118 or an FL118 analogue as a ligand
for affinity purification and/or use of tritinm (*H)-labeled ligand screening of the over 9,000 human protein
on the ProtoArray (Invitrogen), we found many proteins that can bind to the ligand. The top candidates were
shown i Table 12.

Pharmaceutical formmdation process

[000285] The newly mvented fornmlation 1s the further to the development of related wventions. See,
e.g., PCTAISIS/22095 (Use of the FL118 core chemical stmcture platform to generate FL11R derrvatives for
treatment of human disease}, all of which are hereby mcorporated by reference in thew eatirety.

(000286} The aguecus suspension formulation of the compound of Formula 1 for oral adnunstration (in
somie cases, iv or ip is also conmipatible) was mvented 1n two situations as described blow.

[OB02R7] The agneons suspension formulation (Recipe 1) of a compound of Formula 1 for oral
admuanistration s further mvented to be prepared 1n the following steps:

[00023R] Step 1: Dissolving a type of cyclodextrin {e.g. hvdroxypropyl-f-cyclodextrin, HPSCD] mto
ethanol in same embodiments; or into dimethyl sulfoxide (DMSO) 1 some embodiments; or into
dimethylacetamide (DMA) in some embodiments; or nxo dimethyHormamide {DMF) in some embodiments;
or into N-methvi-2-pyrrolidone (NMP) in some embodumnents or inio heptafluorobutyric
acid‘perfluorobutyric acid (HFBA/PFBA) m some embodiments; {but not inte dichlormethane; chlorofonn;
acetone; tefralydrofuran; 1, 4-dioxone; trichloreethylene; 1,1, dichloro-1-fluoroethane; perfluoropolyether;
perflnochexane; trifluoreacetic acid; pentafluoropropionic anhyvdride; perchloroethyiene;

bis{irifluoromethane) sulfonamide; or perfluorcoctane}; to make an organic solvent-cvelodextrin master
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splution 1 an appropriate concentration, which depend on the amount of a componnd of Formula 1 that will
be dissolved . Generally speaking, each corupound molecnte of Formula 1 shounld have 1.5 10 2.0
molecules of a type of cyclodextrin (e.g HPBED) in a test-demonstrated working organic solvents {ie.
ethanol, DMSQ, DMA, DMFE, NMP or HFBA/PFBA).

[000389] Step 2: Dissolving FL118 or a compound of Formula 1 into an organic solvent-
cycledextrin solution, by vigorous vortex for > 1 hour or shaking for =24 bours {o make sure the drug
loading formulation completion (1.e. 100% dug/API loading inte HPRCDY. Then the resultant mixed
polyrner-siate suspension goes mio & process to get rig of these organic solvents. This can go through
different approaches including, but not limited to, lyoplulization, drum dryers, falling film evaporators,
thin fihm evaporators, and little-ford reactors to get nid of the organic solvents. For some of these organic
solvent suspension complex mixtures such as in the case of ethanol, 1t 15 also possible to use spry-drvying
approach by the use of a closed loop spray drying system with solvent recovery and an inert gas {e.g.
nifrogen) to make an mert atmosphere during spray drying process.

(000290} Step 3: The remained Formula 1 compound-cyclodextrin complex powder in a div state is
then resuspended with an agqueous solnfion contaming: hvdroxypropyl methvicellulose (HPMC, e.g. HPMC
with viscosity of 40-60cps at 2-3%) and propylene glycol (PG, 1-5%6) in saline (NaCl, 0.85% with pHS-6.5)
with pelvethylene glveol (PEG) 300 or PEG400 at a concentration of 8-4%. the formulation at a final
concentration of a compound of Formula 1 may be at range from 0.1 fo about 5 mg/m] for oral
admunistration.

(000201} Preparation of 8% stock solution of HPMC with viscosity of 40-60cps for 100- mi as

(000292} Weight 30g HPMUC and add them mto a 1000ml thick glass bottle and then add 900 ml 83-
95°C hot saline and put the bottle into a 95°C water bath. Shaking every 15-30 min for 6 hours, then add bot
saline to 1000 nd (8% HPMC mn sahine).

[000293] Then fix the 1000 mi bottom m a horizontal position on a shaker, and shaking overnight at RT
at 200rpm. It should be very thick transparent solution appears.

(000294} Preparation of 2% HPMC for 1000 mi contaming 1% PG as examiple:

[000295] 250 mi 8% HPMC + 740 ml saline + 10 ml PG = 1000 ml 2% HPMC

[000296] The aqueous suspension formulation of a compound of Fonmula 1 in Recipe 2 for po, ip or iy
adnumstration is further mvented fo be prepared in the followmng steps:

(000297} Step 1: Dissolve a type of eyclodextrin such as 2-hydroxypropvi-g-cyeledextum (HPBCD)
into non-aqueous 100% ethanol (buf nerther DMSO; DMA; DMFE; NMP or HFBA/PFBA): nor

dichiormethane; chloroform; acetone; tetralvdrofuran; 1, 4-dioxone; trichloroethiylene; 1.1, dichloro-1-
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fhoroethane; perfinoropolyether; perflnochexane; rifluoreacetic acid; pentafiuoropropionic anhydride;
perchloroethviene; bisthiflvoramnethane} sulfonanude; or perfluoreoctane) to make an ethanol-HPBCD
master solution.

[000298] Step 2: Dissolve FL118 or a compound of Fornnla 1 mifo the ethancl-HPBCD master sohition
to formy an ethanol-HPBCD-drug complex.

0002991 Step 3: Spry-drving of the ethanol-HPRCD-drug complex suspension 1s then carried out by
the use of a closed loop spray drving systeny with solvent recovery and an mert gas (e.g. nitrogen) to make an
inert atmosphere during spray drying process. Thus process will result in an HPRCD-drug complex powder.
(000300} Step 4: The prepared HPRCD-drug complex powder will be further dried under vacuum at 30
°C overnight to get the HPRCD-dmg complex powders drying enough for the next step jet milling.

(000301} Step 4: Use of a jet-milhing system/machine to mill the HPECD-drug complex powder into
fine particles {< 37 nucrons}.

000302} Step 5: At the time before oral admimistration to a subject/patient, dilute the mulled HPRCD-
drg complex powder with saline in the presence of up to 5% PG by vigorous shaking before oral
adnunistration to the subject {patient).

JOg0303] A particalar example is provided below:

[000304] 1) Weight 20 ¢ HPBCD to be dissolved in non-agueons 160% ethanol to a total volume of 100
ml. {(of note, need about 87 mL non-aquecus ethanol in this case) to make a 20% HPBCD-ethanol master
solution by shaking >1 hour to make sure disselving completion.

(000305} 2} Dissolve 2 g of FL118 or a compound of Formula 1 mto the 100 mL 20% HPBCD-ethanol
master solution (1.e. 20 mg drug per mL) through high-speed {(such 1,000 rpm}) mixture with a magnetic bar
for >24 hours.

(000306} 3) Spry-drving the ethanol-HPBCD-drug complex suspension by the use of a closed loop
spray drving system with solvent recovery and an mert gas {e.g. nifrogen} to make an mert atmosphere
duning spray drying process. This process will resnlt in an HPECD-dimig complex powder. (Of note, the
ethanol-HPRCD-drag complex suspension should be sturing during spray drving.

(000307} 4} The prepared HPRCD-dmg complex powders will be dried vnder vacwum at 3¢ °C
overnight to get the HPRCD-dmg complex powders drying enough for the next step jet milling.

000308} 5) Process of jet milling: The diving HPRCD-drug complex powders will be milled through a
jet mill machine to get the HPRCD-drug complex powders in a fine size {< 37 nucrons/400 mesh).

[060309] &) At the time before oral administration fo a patient, dissolve the mitled HPECUD-drug

complex powder into a concentration of drug/APT at 0.1-10 mg/ml using saline in the presence of §-5% PG
T3
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by vigorous shaking. Forip or v rotite APT concentration should be ¢.1-2 meg/ml. and for po it can be 1-10

[000310] The nuilled HPPCD-drug complex powders can be further formulated mto the tablet product
fororal adounisiration, This can be prepared in the follewing steps;

000311} Step 1 The milled HPRCD-drug complex powders {10-30%) will be nuxture with
microerystaltine cellndose (MUOC, 30% - 80%:), com starch {0% - 40%5), Iactose { 10% - 2539%), colloidal
siticone dioxide (0% - 394}, dibasic caloium phosphate (1% - 1095), and magnestam stearate {0.2% - 3%).
The excipient mixtre will be further milled fo let every ingredient be evenly distributed in the powder.
(0603121 Step 2: This smooth powder is then pressed into various sizes and forms of tablets by a dry
COTRPIESSION Process.

(000313} The present disclosure is not to be linited m terms of the particular embodiments described
in this apphication. Mapy modifications and variations can be made without departing from its spurit and
scope, as wiil be apparent to those skilled in the art. Functionally equivalent methods and apparatuses within
the scope of the disclosure, 1 addition to those enmmerated herein, will be apparent fo those skilled in the art
from the foregoing descriptions. Such modifications and variations are iifended to fall within the scope of
the appended claims. The present disclosure 1s to be hmited only by the terms of the appended clanms, along
with the full scope of equivalents to which such clainis are entitled. It 1s to be understood that this disclosure
is not limited to particular methods, reagents, compounds composttions or biological systems, which ean, of
course, vary. It 1s also to be understood that the termmology used herein is for the purpose of describing
particular embodiments only, and is not indended to be himtting. In addition, where features or aspects of the
disclosure are described m ferms of Markush groups, those skilled in the art will recognize that the disclosure
15 also thereby desenibed m terms of any individual member or subgroup of members of the Markush group.
(000314} As will be understood by one skilled in the art, for any and all purposes, particularly i terms
of providing a written deseription, all ranges disclosed herein also encompass any and all possible subranges
and combinations of subranges thereof. Aoy lisied range can be easiy recognized as sufficiently describing
and enabling the same range bemg broken down mto at least equal halves, thirds, quarters, fifths, tenths, efc.
Az a non-limiting example, each range discussed herein can be readily broken down into a lower third,
rmuddie thurd and upper third, efc. As will also be understoed by one skilled m the art all language such as

i3

“up te,” “at least,” “greater than,” “less than,” and the like mclude the number recited and refer to ranges
which can be subsequently broken down into subranges as discussed above. Finally, as will be understood
by one skilled m the art, a range mehudes each mdividual member.

(000315} While various aspects and iHlustrative embodiments have been disclosed berein, other aspects
and embodiments will be apparent to those skilled in the art. The various aspects and embodiments
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disclosed herein are for purposes of lhistration and are not imtended to be limiting, with the true scope and
spirit being indicated by the following clauns.

[000316} All refercuces cited herem are incorporated by reference heremn mn their enfireties and for all
purposes to the same extent as if each individual publication, patent, oy patent application is specifically and
individually mcorporated by reference m tis entirety for all purposes.

1006317} The foregome summary 1s dlostrative only and 13 not infended to be m any way imitting. In
addition to the ilustrative aspects, embodimments, and features described above, further aspeets,
embodiments, and features will become apparent by reference to the drawings and examples presented in the

detasled description i the current mvention.
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CLAINMS
What s clanned is

1. A composition comprising:

Ty
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wherein the substituents are selected from the group consisting off

the Rz 15 H, and the Ry 1s mdependently selected from the grotp consisting of the Group I-a, Group H-a,

iH-a and Group IV-a below:
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wherein the R: 1s H, and the Ro 1s independently selected from the group consisting of the Group I-b, Group II-b,

Group H-b and Group IV-b below:
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Group
IV

IR P

wheremn the Ra is one of the following chemical groups: F-, Cl-, Be-, CHz-, I+, FCHz-, F2:CH-, F:C-, CICHz-,
ChCH-, ClsC-, BrCH»-, BraCH-, Brs(C-, ICH»>-, :CH-, C-, HO-, HONH-, CH:0-, FCH20O-, F2:CHO-, CICH:0-,
ChCHO-, NHz-, NH2CHe-, NHCFH-, CHaNH-, FCHaNH-, F2CHNH-, CICH:NH-, ChCHNH-, {CHapN-,
{FCHzpN-, (F2CHRN-, {CICHzRN-, (CLCHEN-, -NHC({O)NH:. -C{OYCHs, -C{OYCHRF, -C(ONCHF;, -
C{OYWCH:Cl, -C{OYCHCl, -COx(CH;z, -COCHF, -COCHF:, COCH2CY, -CO2CHC, or -C{ON{CHz )z, and the
Ri 8 independently selected from the gronp consisting of the Group I-a, Group II-a, Group IH-a and Group IV-a,
aud
wherein R is one of the following chemucal groups: F-, Cl-, Br-, I-, CHs-, FCHsz-, F2CH-, F3C-, CICH:-, ChCH-,
ClaC-, BeCHa-, Br:CH-, BraC-, ICH:2-, CH-, C-, HO-, HONH-, CH50-, FCH20-, FoUCHO-, CICH0-,
CLCHO-, NHa-, NHzCHz-, NHzCFH-, CHsNH-, FCHoNH-, F2CHNH-, CICH:NH-, CRCHNH-, {CHa)N-,
{FCHz)N-, (F2UHREN-, (CICH:N-, (CLCHRN-, -NHC{{NH;, -C{OYCHs, -C{ONCH:F, -C{O)YCHP:, -
COYCH:CL, -C{OYCHC, -CO2CHs, -COXCH:F, -CO:CHF:, CO2CHCL, -COCHC L, ot -C{ON{CHz), and R
1s independently selected from the group consisting of the Group I'b, Group Ii-b, Group II-b and Group IV-b,
wheretn the Position 20 ester correspondimng compounds derived from various esterifying chemical
Sroups.
2. The composition of clamm 1, wherein the compound of Formula 1 m a type of formulation 15

admunistered orally, miravenously, subcutaneously, transdermally, mtraperitoneallv, or by mhalation.
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3. The composition of clamy 1, wherein the disease 1s selected from the group consisting of a neoplastic
disease, an antomunune disease, restenosis, Tuberous Sclerosis Complex {T8C) and any other lnman disease
relevant to cell proliferation.

4. The composition of clamm 1, wherein the disease is one or more cancers selected from the group
consisting of solid tumors, blood cancers, fibrosarcoma, mvxosarcoma, liposarcoma, chondrosarcoms,
osteogenic sarcoma, chordoma, angiosarcoma, endothehiosarcoma, hymiphangiosarconia, psendomyxoma
peritoner, hmphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma,
rhabdemyesarconma, colon carcinoma, pancreatic cancer, breast cancer, ovarian cancer, prostate cancer,
squamons cell carcmoma, basal cell carcimoma, adenocarcinoma, head and neck cancer, sweat gland
carcinomna, sebaceous gland carcinoma, papillary carcinoma, papillary adenocarcmomas,
cystadenocarcinoma, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatonma, bile
duct carcmoma, chortocarcinoma, seminoma, embryvonal carcimoma, Wilms' bunor, cervical cancer, uterine
cancer, fesficitdar tumor, lang carcinoma, small cell nng carcinoma, bladder carcinoma, epithelial carcinoma,
ghioma, glioblastoma, glioblastoma multiforme, astrocytoma, medulloblastoma, cranjopharyigioma,
ependymoma, pinealoma, hemangioblastoma, acoustic newroma, oliodendroghioma, Schwannoma,
menmngioma, melanoma, nenroblastoma, retinoblastora, leukenuia, acute leukemia, acute lvmphocvtic
leukemia, acute myvelocytic leukemia, acute mveloblastic leukenua, acute promyelocyiic lenkemia, acute
myelomonocviic leukenua, acute monooytic leukenua, acute erythroleukemia, chronic leukenua, chromc
myelocytic leukenua, chromic lviphocytic leukenua, hvimphoma, Hodgkin's disease, non-Hodgkin's disease,
multiple myeloma and thymoma, and any combination thereof.

5. The compostiion of claun 4 wherein the cancer melecular phenotype comprises expression of one or
more biomarkers or targets selected from the group consisting of survivin, Mcl-1, XIAP, ¢IAP2, ABC
transporter protetns, hypoxia inducing factor 1o (HIF-1a), Hdm2, HdmX, p33 {wild type, null or mutant},
mutant APC, mutant Kras, ABC fransporter proteins, heat shock protein 60 {HSPG0O}), stress-70 protein
{GRP73), ATP-dependent RNA helicase DDXS {p68), nucleolar RNA helicase 2 (DDX21}, elongation factor
2{EF2), pre-mRNA-splicing factor ATP-dependent RNA helicase {DHX135)}, Transitional endoplasmic
reticithum ATPase (TERA), Transfernin receptor protein (TFR1), MAP kinase-activated protem kinase 2
{MAPK?2}, Catenin beta-1 (CTNB1}, Early endosome antigen 1 {(EEA1), Guanine nucleotide-binding protein
subunit beta-2-like 1 {GELP), Electron transfer flavoprotein subunit alpha (ETFA), Proteasome activator
complex subunit 3 (PSME3), UPF)368 protein Cxorf26 (CX026), Peroxiredoxm-2 (PRDX2},
Peroxiredoxin-1 (PRDX1), Thioredoxin-dependent perexide reductase {PRDX3), Serine/arginine-rich
splicing factor 3 (SRSF3), Proteasome subunit beta type-2 (PSB2), Glutathione S-transferase P (GSTP1),
MAP/nucrotubule affintty-regulating kinase 3 (MARK3), DNA-damage mducible 1 (DDI1), tumor protem
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D52-Iike 2 {TPDX32L.2), caletinn channel, voltage-dependent, beta 1 subunit (CACNRBI}, Probable G-protem
coupled receptor 1 {PGPCR1), ubignitin spectfic peptidase 2a (USP2a), melanocortio 2 receptor {(MC2IR),
Fibroblast growth factor 18 {(FGF18), tunor protein p53 wducible protewy 3 (TPS313), CCHC-type zing
finger, nucleic acid hinding protein {CNBP}, WD repeat domain 22 (WDR22}, Potasstum voltage-gated
channel subfamily E member 1 (PVGCSE-MU), gbiguitin-conjugating euzyme E2T {putative} (UBE2T),
Ubtquitin-hike protemn 7 (ULP7), RNA binding motif, smele stranded interacting protemn 2 (RBMS2),
Cyioplassuc tyrosing-protein kinase {BMX), and cvelin Bl mteracting protein 1 {CCNBIIPL.

5. The composition of claim 1, wherein the compound of Formula 1 or a pharmaceutically acceptable
salt of the compound of Formula 1 for overcommg acute and chromc acquued or mhberent treatment
resistance is adnunistered to the subject separately, sequentially or simultaneously with one or more agents
selected from the group of agents consisting of chemotherapeuntic agents, chemopreventive agents, agenis
derived from natural plants, agents derived from non-plants, curcumin, resveratrol, vitamin D3, vintam A,
vitamin E, vifanun C, isothioeyanates (ITCs), allvl 1sothiocvanate (ATTC), stlibinin (silybin), Sulindac,
selentum-containing compounds, Methvlseleninic acid, dmoora rebitka-derived AMR analogs, AMR-Me,
AMR-MeQAc, terameprocol, celecoxib, imatinth, quercetin, Epigallocatechin-3-gallate {EGUG), Degueln,
3.3-Dundolyvimethane (DIM), Emodin, Genisteimn, Tolfenamic acid, Sunvastatin, Gambogic acid,
Docosahexaenoic actd, Ursolic acid, Oleanolic acid, Bufalin, Sulforaphane, Noscapine, Indomethacin
{mdomethacmn}, Lupeol, Decwrsin, Avicm D, Ciglitazone, Bevacizumab { Avastin}, crohibulin, Baicalem,
Paxilline, Purvalanol A, NU6140, Ardisianone, NVP-BGT226, HDAC inlubitors, MS-275/Entinostat, SAHA,
Anacardic actd, Diterpenes, Bufotalin, Withafermn A, Plumbagin, Flavokawam A, Flavokawain B, Ponicidin,
Escin, Kuguacm J, LOB-118, Crotepoxide, Kuguaglveoside C, Destruxin B, Evodianume, Sesamun,
prostanoids, endothelin antagomsts, ovtoplasnue kinase mbibitors, receptor kinase inhibitors, endothelin
receptor anfagonists, ambrisentan, bosentan, and sifaxsentan, PDES (PDE-V) inlubitors, sildenafil, tadalafil,
vardenafil, calcium channel blockers, amiodipine, felodipine, varepamul, dilfiazem, menthol, prostacyclin,
treprostaul, tloprost, beraprost, nitric oxide, oxvgen, heparn, warfarin, diretics, digoxin, cyclosporins,
cvelospornin A, CTLA4-Ig, antibodies, CD1 34, CD48 fusion proteins, gp39 fusion proteins, D401 g,
CD8ep3Y, nuclear franslocation inhibtors of NF-kappa B function, deoxyspergualin (DSG), cholesterol
biosynthesis ihibitors, HMG CoA reductase minbitors, lovastatin, simvastatin, non-sterotdal anti-
inflammatory drugs (NSAIDs), ibuprofen, aspirin, acetanunophen, leflunomide, deoxvspergualin,
evclooxvgenase inhibitors, celecoxib, stercids, preduisolone, dexamethasone, gold compounds, beta-agonisis,
salbutamel, LABAs, salmeterol, leukotriene antagonists, montelukast, antiproliferative agents, methotfrexate,
FK306, tacrolimus, Prograf, myvcophenolate mofetil, cvtotoxic drugs, azathioprine, VP-16, etoposide,

fiudarabine, doxorubin, adriamyein, amsacrine, campiothecin, cytarabine, gemncitabine, fluorodeoxyuridine,
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melphalan, evelophosphamide, antimetabolites, methotrexate, topoisomerase inhibifors, camptothecin, DNA

slkviators, cisplatin, kingse mbdbitors, sorafemb, piicrotubule poisons, paclitaxel, TNE- ¢ inhibtlors, tenwdap,

anti-TNF antibodies, soluble TWF receptors, hydroxy wea, rapamyein, siroliows, Rapamune, and any

combination thereof

T.

The composition of claim 1, wherein a compound of Formula 1 or FL118 is formulated inte a master

solution of an organic solvent containing & type of eyelodextrin to be formudated into a type of eyelodextrin-

drug complex Suspension; whetein ai organie solvent-fiee type of evelodextom-drug 15 Bugther made mio a

complex powder for oral {per oral, po/p.o.), infra-perttoneal (p/APap.} or intravenous ((vIV/LY)

administration or into a solid tablet format for po application as follows:

8.

1) Dassolving a type of evclodextrin into ethanol; dimethyl sulfoxide (DMSQ}; dimethyvlacetamide
{DMA); dunetbylformanude {DMF); N-methyl-2-pyrrolidone (NMP): or heptafluorcbutyric
acid‘perflnorobutvric acid (HFBA/PFBA}, but not into dichlormethane; chloroform; acetone;
tetralydrofuran; 1, 4-dioxone; irichloroethylene; 1.1, dichlore-i-flnoroethane; perfluoropolyether;
perfluoohexane; trifluoroacetic acid; pentafluoropropionic anhvdride; perchiloroethylene;
bis(triftuoronethane }-sulfonamide; or perfluorcoctane, fo make an organic solvent-cyclodexirin
master solution in a predetermuined conceniration such as 209%;

2} Dissolving a compound of Formula 1 or FL118 nto the organie solvent-cvclodextrm solution at a
ratio of every compound molecule with 1.5 - 2.0 eyclodextrin molecules, by vigorous vortex for >1
hour or stitring at a high speed such as 1,000 rpim for >24 hows with a magnetic bar to make 100%
dmg/API loading into a type of cvclodextrin, rendering a polymer-state suspension;

3} Processing the resultant polymer-state suspension fo eliminate organic solvents through a process
selected from the group consisting oft lyoplulization, drum dryers, falling film evaporators, thin film
evaporators, and httle-ford reactors; wherein this will result in a type of cvclodextrimn-drug complex
powdet;

4y Dryving the prepared type of cvclodexirin-drug complex powder under vacunm at 30 °C overnight;
5y Milling the dried tvpe of cyclodextrin-drug complex powder using a jet-milling system/machine
mto fine particles of about less than 37 microns;

6 Resuspending the milled type of cyclodextrin-drug complex powder with an agueous solntion with
up to 3% PG for po, 1v or 1p admimistration o pahients.

The composition of claum 7 wherein the milled type of cyclodextrin-drug {i.e. FL.118 or a compound

of Fornmla 1} complex powder 1s made into an aqueous suspension cortaining: 2-3% hvdroxypropyl

methylcelltiose (HPMC, viscosity of 40-60cps) and 1-5% propylene glveol (PG} 1n saline (0.85% NaCh

with polyvethyvlene glvcol (PEG) 300 or PEG 400 at a concentration of 8-4%, the formulation at a final

[v53
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concentration of FL11& or a compound of Formula 1 10 a range from 0.1 to about 3 meg/mi. for oral
adipinistration.
9. The composition of claim 7, wherem the milled tvpe of cyelodextiin-diug complex powder 1s inade
mto a tablet format by evenly mixing with Fillers. Binders or Diluents, Disintegratants, Glidauts, Lubricants
or Antinderobials, or Preservatives, and then pressing the resulting smooth even powder into a fablet by a dry
compression i a tablet machine.
i, The composttion of claim % wherein the Fillers, Binders or Diluents are selected from the group
consisting of celluloses or cellulose derivatives, starches or starch derivatives, and lactose; the
Disintegratanis are selected from the group consisiing of colloidal silicone dioxide, croscarmeliose sodium,
and crosspovidone; the Ghidants are selected from the group consisting of dibasic calcium phosphate, and
colloidal silicone dioxide; the Lubricands are selected from the group consisting of magnesium stearate,
stearic acid, polyethviene glveol, and Tale; and the Anfnmicrobaals, or Preservative are selected from the
group consisting of propylene glveol, propyiene paraben, methyl paraben, and glycern.
11, The composition of claim 9 wherein the ratio of the ingredienis i the power format are 10-50% of
the nuiled type of eyclodexirm-drug complex powder, 30% - 809 microcrystatline celhulose (MCQ), 0% -
40% corn starch, 10% - about 25% lactose, 0% - 3% colloidal silicone dioxide, 1% - 10% dibasic calcium
phosphate, and 0.2% - 3% magnesium stearate in the tablet format.
12. The composition of clamm 1, wherem a compound of Formula 1 or FL 11§ 15 formulated into an
aqueons suspension formulation for po, 1v or ip admunistration comprising the steps of
1) Dissolving a type of cyclodextrin iio non-aqueous 100% ethanel to make an ethanol-cyclodextiin
master solufion;
2y Dhssolving a compound of Fornunida § or FL118 mto the ethanol-cyclodextrin master solution o
form an ethanol-cyclodexinin-drug complex suspension;
3} Spryv-dryving of the ethanol-cyclodexirin-digs {a compound of Formula 1 or FL11&) complex
suspension is then carried out by the use of a closed loop spray drving systemn with solvent recovery
and an inert gas (e.g. nifrogen) to make an inert atmosphere during the spray drving process; wheremn
this process will result m a type of cyclodextrin-ding complex powder;
4} Drying the prepared type of cvclodextrm-drug complex powder under vacunm at 30 °C overmight;
5y Milling the dried tvpe of cyclodextrin-drug complex powder using a jet-milling system/machine
into fine particles of about less than 37 microns; and
6) Resuspending the milled type of cyclodextrin-drug complex powder with an agueous solution

with up to 5% PG for po, iv or ip adminisiration to patients.
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13, The composition of claim 7 wherein the type of evclodextrin is hydroxypropyl-g-cyelodextrin
{HPBOCD}, B eyclodextrin {BOD) or sulfobutylether-f-eyclodextrin (SBRCDH.
14, The composition of claim 8, wherein the type of evclodextrin is hvdroxypropyl-Preyelodextrin
{HPBCDY, § eyclodextrin (BCD) or sulfebutylether-P-cvelodextrin (SBRCD).
18 The composition of claim 9, wherein the type of cyelodextiin is hvdroxypropyi-f-oyeladexirin
{HPBCDY, B evelodextrin (BCD) or sulfobutvlether-P-evelodexirin (SBRCD).
16, The composition of clafin 12, wherein the tvpe of cyclodestnin is hydroxypropyl-B-evelodextrn
{HPBCDY, B cyclodextrin (BCD) or sulfobutylether-PB-cvclodextrin (SBRCD).
17,  The composition of claim 12 wherein the step of naking a typical exemplar ethanol-HPBCD master
solution mcludes the step of: dissolving the 20g HPBECD m non-agueous 100% ethanol to a total volume of
100 miL to make a 20% HPRCD-ethanol master solution.
18, The composition of claim 17 wherein the step of makmg an ethanol-HPBCD-diug complex
suspension inchides the step of: dissolving 2g of FL118 or a compound of Fornmla 1 into the 100 mL 20%
ethanol-HPPRCD master solution fo make an ethanol-HPRCD-dmg complex suspension.
19, The composition of claim 17 wherein the step to make an aqueous suspension for po, ip or iv
admimistration meludes the steps:
1} Processing the spry-drving of the ethanol-HPRCD-dmyg including a compound of Fornmula 1 or
FL118 complex suspension by the use of a closed loop spray drving system with solvent recovery
and an inert gas o make an mert atmosphere during the spray drying process; wherein this process
will result in a type of HPRCD-dmug complex powder;
2} Further drying the prepared HPRPCD-dmg complex powder under vacuum at 30 °C overnight;
3} Mulling the dnied HPRCD-dimg complex powder usmg a jet-nulling system or machie mio fine

particles of about less than< 37 microns;

4) Resuspendmg the mulled HPRCD-drug complex powder with saline with up to 5% PG for po, v or
ip administration to patients just before patient administration; wherein the concentration of
drug/API is in the range of 0.1-10 mg/mlL using saline in the presence of §-5% PG by vigorous
shaking; for ip or iv route, APl {a compound of Formula 1 or FL118) concentration is 8.1-1
mg/ml and for po is 1-10 mg/ml.
20, The composttion of claum 1, wherem the compound of Formula 1 or FL118 is formulated into various
forms of agqueous suspension, nanoparticles or solid status tablet, or capsules which contain a salt selected
from the group consisting of chloride, phosphate, mesylate, bismmesvylate, fosylale, lactate, {arirate, malafe,

bis-acetate, and citrate salt and 1s orally adnmumistered from one to five times weekly.
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21, The composition of clamy 1, wherein the compotnd of Formula 1 or FLTIS in vanous formulation
formats is a compound of any of the emnbedinents described heremn, and 15 administered orally, mtravenonsly,

snbeutancousty, ransdennally, nxrapertioneally, or'by mbhwalation.
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Figure 5: FL118 as a new drug platform target both proliferative and

latent cancer stem cell-like cancer cells
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