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COMPOSITIONS AND METHODS FOR TREATING CANCER

RELATED APPLICATIONS
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This application claims the benefit of U.S. Provisional Application Nos. 62/819,332,
filed March 15, 2019, and 62/904,241, filed September 23, 2019, the contents of which are

fully incorporated by reference herein.

BACKGROUND

(Glioblastoma {glioblastoma multiforme; GBM)} accounts for the majority of prirnary
malignant brain tumors 1o adults. Amplification and mutation of the epidermal growth factor
receptor {EGFR) gene 1s a signature genetic abnormality encountered in GBM (Sugawa, et al.
{1990} Froc. Nail. Acad Sci. 87 8602-8606,; Ekstrand, et al. (1992} Froc. Natl, Acad,

Sei. 891 4309-4313). A range of potential therapies that target EGFR or its mutant
constitutively active form, AEGFR, including tyrosine kinase inhibitors (TKls}), monoclonal
antibadies, vaccines, and RNA-based agents, are currently in development or in clinical trials
for the treatment of GBM. However, to date their efficacy 1o the chinic has 50 far been Hmited
by both upfront and acquired drug resistance {Taylor, et al. {2012y Curr. Cancer Divug
{orgeis. 12:197-209). A major hmitation 1s that current therapies such as erlotinib, lapatinib,
gefitinib and afatinib are poorly brain penetrant (Razier, et al. (2010) Newro-Oncology 12:95-
103; Reardon, et al. (2015) Newro-Oncology 17:430-439; Thiessen, et al. (2010} Cancer
Chemother. Pharmaco! 65:353-361)

Molecular targeted therapies have revolutionized cancer treatment and paved the path
for modern precision medicine, However, despite well-defined actionable genetic alterations,
targeted drugs have failed in glioblastoma {(GBM} patients. This is in large part due to
insufficient CNS penetration of most targeted agents to levels necessary for tumor kill;
potentially evoking robust adaptive mechanisms to drive therapeutic resistance. While drug
combinations that inhibit both the primary lesion and the compensatory signaling pathway(s}
are appealing, these combination therapy strategies have been hampered by eshanced
toxicities leading to subthreshold dosing of each drug,

Au alternative therapeutic approach targets an oncogenie driver to modify an
important functional property for tumor survival, rendering cells valnerable to an orthogonal
second hit® This “synthetic lethal” strategy may be particularty atiractive when the
oncogene-regulated functional network(s} intersect with tumor cell death pathways. Ina
certain example, oncogenic signaling drives glucose metabolism {o suppress infrinsic

-1~



WO 2020/190765 PCT/US2020/022743

apoptosis and promote survival. Inhibition of oncogenic drivers with targeted theraptes can

trigger the intrinsic apoptotic machinery as a direct conseguence of attenuated glucose

consumption. The intertwined pature of these tumorigenic pathways may present therapeutic

opportunities for rational combination treatments, however, this has yet to be investigated.
In view of the foregoing, there remains a chinical need for bratn penetrant

chemotherapeutics for the treatment of ghioblastoma and other cancers.

SUMMARY OF THE INVENTION

In one aspect, the present disclosure provides compounds of Formula 1 or Formula [

ORS
RZa Q

/

- /;N

N\

RS'

i3

8y (1)

or a pharmaceutically acceptable sali thereof, wherein:

Z is aryl or hetercaryl;

R and R?® are each independently selected from hydrogen, alkyl, halo, CN, and NOy;

RY is hydrogen, alkyl, or acyl;

R is alkoxy;

R is alkyl; R"and R® are, each independently, selected from hydrogen, alkyl, such as
alkoxvalkyl, araltkyl, or arylacyl;

R is hydrogen, alkyl, halo, CN, N, OR, cycloalkyl, heterocycelyl, aryl or hetercaryl: and

* is hydrogen, alkyl, halo, CN, NO2, OR® cycloalkyl, heterocyelyl, aryl or heteroaryl: or

R and RY taken together comptlete a carbocyclic or heterocyclic ring.

In certain aspects, the present disclosure provides methods of inhibiting EGEFR or
AEGFR, comprising administering to a subject an amount of a compound of the disclosure.
In certain aspects, the present disclosure provides methods of treating cancer

comprising administering to a subject in need of a treatment for cancer an amount of a
compound of the disclosure. In some embodiments, the cancer 1s glioblastoma multiforme.
In certain aspects, the present disclosure provides methods of treating cancer

comprising administering to a subject a glucose metabolism wnhibitor and a cytoplasmic p33

[
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stabilizer, wherein the glucose metabolism wnhibitor ts 3 compound of the disclosure. In some
embodiments, the cancer is glioblastoma muliiforme.
In certain aspects, the present disclosure provides methods of making compounds of

Formula I or Formula I*,

BRIEFBESCRIPTION OF THE BRAWINGS

FIG. ¥ depicts the oral pharmacokinetics of JGKO0S at 10 mg/kg and those of
erfotintb at 25 mg/kg. JGKOO03 has good CNS penetration compared to erfotinib,

FIG, 2 depicts the activity of erfotinib {(left columns) and JGKO0S (right columns)
against HGFR mutant glioblastomas HK301 and GBM39, respectively. JGKOOS has lower
activity than erlotinib in both cases.

FIG. 3 depicts the cell free EGFR kinase activities of erlotinib and JGKO010. Both
compounds have an ICs of approximately 8 oM.

FIG. 4 depicts the potencies of erlotinib (left columns), JGKOOS (center coluruns),
and JGKO10 (right columns) against HK301 and GBM39 cells.

F1G. § shows the oral pharmacokinetics of JGKO0S at 10 mg/kg and of JGKO10 at 10

,"
=

2]
=

[4ie)

FIG. 6 depicts comparisons of EGFR inhibitors in multiple primary glioblastoma celi
fines. Columns 1-4: GBM39 (EGFRvI, 5-8 GSI100 (EGFRwW{/EGFRVI, 9-12: G8017
(A289T), 13-16: GS024 (EGFR polysomy).

FIG, 7TA depicts JGKO10 activity in EGFR altered hung cancer. FIG. 7B depicts
JGKO10 activity in EGFR Amp epidermoid carcinoma.

FIG. 8A depicts JGKO10 oral pharmacokinetics at 6 mg/kg FIG, 8B depicts JGKO10
oral pharmacokinetics at 10 mg/kg. FIG. 3C depicts JGKO10 1V pharmacckinetics at 6
mg'ke FIG, 8D depicis JGKO10 IP pharmacokinetics at 6 mg/kg.

FIG, 9 depicts the activities of erlotinib and exemplary compounds of the disclosure
against EGFR Amp WT + vEE HK301.

FIG. 18 depicts the activities of erlotinib and exemplary compounds of the disclosure
against EGFR vl Amp GBM 39

FIG. 11 depicts the activities of erlotinit and exemplary compounds of the disclosure
against HK301 cells.

FIG. 12 depicts the activities of erotinib and exemplary compounds of the disclosure

against GBM 39 celis,
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FIG, 13A depicts the phosphor-EGFR v inhibition of erfotinth and exemplary
compounds of the disclosure. FIG, 13B depicts the phosphor-EGFR vIT inhubition of
erfotinib and exerplary compounds of the disclosure.

FI1G. 14A depicts the pharmacokinetics of JGKO0S, FIG, 148 depicts the
pharmacokinetics of JGKO005,

FIG, 15A depicts the pharmacokinetics of JGKO38. FIG. 158 depicts the
pharmacokinetics of JGKO38.

FIG. 16A depicts the pharmacokinetics of JGKG10. FIG. 168 depicts the
pharmacokinetics of JGKO10.

FIG, 17A depicts the pharmacckinetics of JGKO37 FIG, 178 depicts the
pharmacokinetics of JGKO037.

FIG. 18A depicts a comparison of mouse brain/blood pharmacokinetics between
Erlotinib and JGKO37. FIG, 188 depicts a comparison of mouse brain/blood
pharmacokinetics between Erlotimb and IGKO037.

FIG. 19 depicts the brain penetration of erlotintb and exemplary compounds of the
disclosure.

FIG. 28 depicts the effect of treatment with either a vebicle or JGK037 on RLU
change.

FIGS. 21A-21F depict the inhibition of EGFR-driven glucose metabolism 1nduces
minimal cell death but primes GBM cells for apoptosis. F1G, 21A depicts percent change in
BPE-FDG uptake after 4 hours of erlotinib treatment relative to vehicle in 19 patient-derived
GBM gliomaspheres. “Metabolic responders” (blue} are samples that show a significant
decrease in F-FDG uptake relative to vehicle, whereas “non-responders” (red) show no
significant decrease. FIG. 218 depicts percent change inn glucose consumption and lactate
production with 12 hours of erlotinib treatment relative to vehicle. Measurements are made
using Nova Biomedical BioProfile Analyzer. FIG, 21C depicts Annexin V staining of
metabolic responders {(blue, #=10) or non-responders {red, #=9} after treatment with erfotinib
for 72 hours. FIG, 210 depicts the percent change, relative to vehicle control, in priming as
determined by cytochrome ¢ release following exposure to each BH3 peptide (BIM, BID, or
PUMA } in metabolic responders or non-responders treated with erlotinib for 24 hours. FIG.
21E depicts Left: Immunoblot of whole cell lysate of HK301 cells overexpressing GFP
control or GLUTT and GLUT3 (GLUT1/3) Raght: Changes 1o ghucose cousumption or

factate production of HK301-GFP or HK301-GLUT/3 after 12 hours of erlotinib treatment.
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Yalues are relative to vehicle control. FIG. 21F depicts using HK301-GFP or HK301-
GLUTI/3 cells. Erlotinib concentration for all experiments was T uM. Comparisons were
made using two-taited unpatred Student’s #-iest. Data represent means + s.¢ m. values of three
independent expertments. *p<0.05, **p<0.01, ***p<G.001, ****p<0.0001.

FIGK, 22A-22H depict Cytoplasmic p33 hinks EGFR to wtrinsic apoptosis. FIG, 224
depicts immuncblot of indicated proteins in two responders (HK301 and HK336) expressing
CRISPR/CASS protein with control guide RNA {sgCtri) or p53 guide RNA (pS3KO). FIG.
228 depicts the percent change, relative to vehicle control, in priming as determined by
cvtochrome ¢ release tollowing exposure to BIM peptide in sgCtrl and pS3KO celis treated
with erfotinib for 24 hours. FIG, 22C depicts immunoblot of indicated proteins in HK301
spCirl, pS3K O, pS3K G + p537% and pS3KO + p33™. FIG. 22D depicts that
immunoflucrescence of pS3 protein combined with DAPI staining to reveal protein
focalization in HK301 seCul, pS3KO + pS337% and pS3KO + p53™ (scale bars = 20 um).
Gliomaspheres were first disassociated to single cell and adhered to the 96-well plates using
Cell-Tak (Coming) according to manufacturer instructions. Adhered cells were then fixed
with ice-cold methanol for 10 min then washed three times with PBS. Cells were then
incubated with blocking solution containing 10% FBS and 3% BSA in PBS for | hrand
subseguently incubated with p53 {Santa Cruz, SC-126, dilution of 1:50) antibody overnight at
4°C. The following day, cells were incubated with secondary antibody (Alexa Fluor 647,
diution 1:2000} for an hour and DAPI staining for 10 min, then imaged using a Nikon T
Eclipse microscope equipped with a Cascade I fluorescent camera (Roper Scientific). Celis
were imaged with emissions at 461 oM and 647 nM and then processed using NIS-Elements
AR analysis software. FEG. 22F depicts changes in indicated roRNA levels following 100
nM doxorubicin treatment for 24hrs in HK301 sgCurl, pS3KO, p33KO + p339% and pS3KO
+ pS3™ Levels were normalized to respective DMSQ treated cells. FIG. 22F depicts similar
data to 228 but in HK301 seCurl, p83KG, pS3KO + p339° and p33KO + p33* FIG. 226G
depicts similar data to 22F but in HK301 sgCtrl, pS3KQ, p33KO + p538 7™ ps3KO +
pS3RT and pSIKO -+ pS3MES FIG. 22H depicts similar data to 228 and 22F but in HK301
sgCrrl, pS3KO, p33KO + ps3R 7 983K 0 + p53%78 and pS3KO + p33N* Erlotinib
concentration for all experiments was 1 pM. Comparisons were made using two-tailed
unpaired Student’s /~test. Data represent means + s e.m. values of three independent

experirents. *p<.05, #*p<0.01, #*¥¥p<0.001, MFF¥p<0 0001,
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FIGS. 23A-23F depict BelxL prevents GBM cell death by binding to and
sequestering cytoplasmic p33 in EGFRi-metabolic responders. FIG, 23A depicts the
immunoprecipitation of p33 in two metabolic responders (HK301 and GBM39) following 24
hours of erlotinib treatment. The immunoprecipitate was probed with the indicated
antibodies. Below are respective pre-imamunoprecipiiation lysates (nput). FIG, 23B depicts
data similar to 23A but in two non-responders (HK393 and HK254) FIG, 23C depicts data
simntlar to 23A and 23B but in HK301-GFP and HK301-GLUT1/3. To the right are
immunoblots for indicated oputs. FIG, 230 depicts HK301 was treated for 24 hours with
erfotintb, WEHI-539, or both and immunoprecipitation and immuncblotting was performed
as described previcusly. FIG, 23E depicts annexin V staining of two responders (GBM39
and HK301) and a non-responder (HK393) following 72 hours of treatment with erfotintb,
WEHI-539, or both, FIG. 237 depicts annexin V staining of HK301-GFP and HK301-
GLUTI/3 following 72 hours of treatment with erlotinib, wehi-339, or both. Erlotinib and
WEHI-5339 concentrations for all experiments were 1 pM and 5 uM, respectively.
Comparisons were made using two-tatled unpaired Student’s #~test. Data represent means +
5.¢.1m. values of three independent experiments. *p<0.0S, **p<0.0L.

FIGS. 24A-240 depict the synergistic lethality of combined targeting of EGFR and
p53. FEG, 24A depicts a summary of alterations in EGFR and genes involved in p33
regulation across 273 GBM samples. Genetic alterations in HGFR (amp/mutation) are
mautually exclusive to those in p33. As shown, EGFR alterations are on the lett side of the
table while roost alterations in pS3 are on the nght. FIG, 248 depicis a table indicating the
significant associations between alterations in £GFR and genes involved in the p53 pathway.
FIG. 240 depicts Annexin V staining of a metabolic responder (left: HK301) and nou-
responder (right: GS017) treated with varying concentrations of erlotinib, nutlin, and in
combination represented as a dose-titration matrix. FIG, 24D depicts the dose-titration of
erfotinib and nuthin as described 1n 24€C was conducted across 10 metabolic responders and ©
non-responders, and the synergy score was calculated {see Materials and Methods). FIG, 24K
depicts Annexin V statning of HK301-GFP and HK301 GLUT1/3 foliowing 72 hours of
treatment with erlotinid, nutlin, or both. ¥IG, 24F depicts the same as 24E but in HK301-
sgCirt and HK301-pS3KO. FIG. 246 depicts HK301 that was treated for 24 hours with
erfotinib, nutlin, or in combination. Immunoprecipitation was performed with
imrounoglobulin G control antibody or anti-pS3 antibedy, and the immunoprecipiiate was

probed with the indicated antibodies. Below are respective pre-immunoprecipitation ysates
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{input). All data are representative of at least »=3 independent experiments, mean + SEM,
Unless indicated, erlotinib and nutlin concentrations for all experiments were | pMand 2.5
ub, respectively. ¥% p <Q .01, #%% p<Q.001, *¥#* p<0.0001

FIGS, 25A-28F depict the modulation of glucose metabolism primes EGFRi non-
responders for pS3-mediated cell death. FIG, 25A depicts the percentage change in UF-FDG
uptake after 4 hours of erlotinib, 2DG, or pictilisib treatment relative to vehicle in HK393 and
HK254. FIG. 258 depicts the percentage change, relative to vehicle control, in priming as
determined by cytochrome ¢ release following exposure to BIM peptide in HK393 and
HK254 following erlotinib, 2DG, or pictilisib for 24 hours. FIG, 25C depicts data similar to
258 but 1o HK393 sgCul and pS3KO. FIG. 25D depicts the immunoprecipiiation of pS3 in
HK393 and HK 254 following 24 hours of 2DG or pictilisib treatment. The
immunoprecipitaie was probed with the indicated antibodies. Below are respective pre-
immunoprecipitation fysates (input). F1G. 25K depicts the synergy score of various drugs
{erlotimb, 2DG, and pretilisib) in combination with nutho in HK393 and HK254 FIG, 25F
depicts Annexin V statning of HK393 sgCui and HK393 p53K O following 72 hours of
treatroent with 2DG, pictilistb, 2DG + nuthing, or pictilisib + nutlin. Unless indicated, erlotinib,
2DG, pictilisib, and nutlin concentrations for all experiments were 1 g, 1 M, 1 uM and
2.5 uM, respectively. Comparisons were made using two-tatled unpaired Student’s #~test.
Diata represent means + s.em. values of three independent experiments. *p<0.05, **p<0.01,
#ER<0.001.

FIGS. 26A-26H depict the combined targeting of EGFR-driven glucose uptake and
p33 suppresses tumor growth in vive. FIG. 26A depicts the F-FDG PET/CT imaging of
GBM39 intracranial xenografts before and after 15 hours erdotinib treatment (75 mg/kg).
FI1G. 268 depicts GBM39 intracranial xenografts that were treated with vehicle (n=5), 75
rag/ke ertotinib (=7}, S0 mg/kg Wdasanutlin (#=5), or in combination daily (=12}, and tumor
burden was assessed at indicated days using secreted goussia luciferase (see Materials and
Methods). FEG. 26C depicts data similar to 26A but in HK393 intracranial xenografts. FIG.
26D depicts data similar to 268, but in HK393 wntracranial xenografts (n=7 for all groups}).
FIG. 28K depicts the percent survival of 26B. FIG, 26F depicts the percent survival of 26C.
FIG. 366G depicts the percent survival of metabolic responder HK336 following wndicated
treatments for 25 days and then released trom drug (=7 for all groups). FIG, 26H depicts the
percent survival of non-responder G025 following indicated treatments for 25 days aund then

released from drug (=9 for all groups). Comparisons for 268 and 26D used data sets from

I
B



WO 2020/190765 PCT/US2020/022743

the last measurements and were made using two-tatled unpaired t-test. Data represent means
+ s.e.m. values. **p <0.01.

FIGS. 27A-27G depict the charactenization of GBM cell lines following EGFR
inhibition. FIG. 27A depicts the percent change in “*F-FDG uptake at indicated times of
erfotinih treatment relative to vehicle in two retabolic responders (HK301 and GBM39),
FIG. 278 depicts an immunebloet of indicated proteins of a metabolic responder (HK301) and
non-responder (HK217) tollowing genetic knockdown of EGFR with siRNA. FiG, 27C
depicts the percent change in “F-FD(G uptake in HK301 and HK 217 following genetic
knockdown of EGFR. FIG. 27D depicts the change 1n glucose consumption with 12 hours of
erlotintb treatment in three metabolic responders (HK301, GBM39, HK390) and three nou-
responders (HK393, HK217, HK254). Measurements are made using Nova Biomedical
BioProfile Analyzer. FIG, 27E depicts the change in and lactate production with 12 hours of
erfotinib treatment in three metabolic responders (HK301, GBM39, HK390) and three non-
responders (HK393, HK217, HK254) Measurements are made using Nova Biomedical
BioProfile Analyzer. FIG. 27F depicts basal ECAR measurements of two responders
{(HK301 and GBM39, 1u blue) and two nov-responders (HK217 and HK393, w red)
following 12 hours of erlotinib treatment. FIG. 27G depicts change iy glutamine
consumption following 12 hours of erfotinib treatment, as measured by Nova Biomedical
BioProfile Analyzer. Erlotintb concentrations for all experiments were 1 uM. Comparisons
were made using two-tailed unpaired Student’s #~test. Data represent means = s.e.m. values of
three independent expeniments, *p<G.03, ¥*p<Q 01, ¥**p<0.001, ****p<<0.0001.

FIGS, 28A-288 depict alterations inn downstream signaling foliowing EGFR
inhibition correlate with metabolic response. FIG, 28A depicts an smmunoblot of indicated
proteins tollowing 4 hours of erlotinib treatment in metabolic responders. FIG. 288 depicts
an immunoblot of indicated proteins following 4 hours of erlotinib treatment in metabolic
non~responders.

FIGS, 29A-298 depicts the genetic characterization of patient-derived GBM cell
fines. F1G. 294 depicts the genetic background across a panel of GBM lines. FIG. 298
depicts flucrescence in sifi hybridization (FISH) of HK390, HK3306, HK254, and HK393
showing polysomy of LFGER Fluorescence in situ hybridization (FISH) was performed using
commercially available fluorescently labeled dual-color EGFR {redyCEP 7{green) probe
{Abbott-Molecular). FISH hybridization and analyses were performed on cell lines, following

the manufacturer's suggested protocols. The cells were counterstained with DAPI and the
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fluorescent probe signals were imaged under a Zetss (Axiophot) Fluorescent Microscope
equipped with dual- and triple-color filters.

FIGS. 30A-308 depict EGFR inhibition shifts the apoptotic balance in metabolic
responders. FEG, 38A depicts an immunoblot of indicated proteins following 24 hours of
erfotinib treatment in metabolic responders (GBM39, HK301, and HK336) and non-
responders (HK217, HK393, and HK234). ¥FIG, 388 depicts example of dynamic BH3
profiling analysis in a metabolic responder (HK301), Left: Percent cytochrome ¢ release is
measured following exposure to various peptides at indicated concentrations. Right: The
difference in cytochrome ¢ release between vehicle treated cells and erlotinib treated celis 1s
caleulated to obtain the percent priming. Edlotinib concentrations for all experiments was
TuM.

FIGS, 31A-31C depict GLUT/3 overexpression rescues atienuated glucose
metabolism caused by EGFR inhibition. FIG. 31A depicts the change in glucose
consurnption and lactate production with 12 hours of erlotingb treatment 1o HK301-GFP and
HEK301 GLUTI/3. Measurements are made using Nova Biomedical BioProfile Analyzer.
FIG. 318 depicts Left: Immunoblot of whole cell lysate of GBM39 cells overexpressing GFP
control or GLUTT and GLUT3 (GLUTI/3). Right: Changes in glucose consumption or
lactate production of GBM39-GFP or GBM39-GLUT /3 after 12 hours of erlotinib
ireatment. Values are relative to vehicle control. FIG. 31C depicts data stmilar to 35A but in
GBM3S-GFP and GBM30-GLUT1/3. Erlotinib concentrations for all experiments was 1 uM.
Comparisons were made using two-tatled unpaired Student’s #-test. Data represent means +
s.e.m. values of three independent experiments. ¥p<0.05, ¥¥p<Q.01, ¥**p<0.001,
kxR 0001,

FIGS. 32A-321 depict cyvtoplasmic p33 is required for EGFRi-mediated apoptopic
priming. FIG. 32A depicts the percent change in "*F-FDG uptake following 4 hours of
erfotinib treatment tn HK301 sgCtrl and pS3 KO cells (mean + s.d, n =3} FIG, 328 depicts
relative mRINA levels of pS3-regulated genes following 24 hours 1 M erlotinib treatment in
or 100 nM doxorubicin treatment in HK301 (metabolic responder). FIG. 32 depicts HK301
cells infected with a p53-luciferase reporter system and p53 activity was measured following
24 hours of 1 uM erlotintb treatment (mean + s.d, n = 3}. Resulis are representative of two
independent experiments. FIG. 328 depicts Immuncblot of indicated proteins in HK336
sgCtrl, pS3K O, p53KO + p339% and p33KO + p533% FIG. 32F depicts the
immunofluorescence of p53 protein combined with DAPI staining to reveal protein

-0
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localization in HK336 sgCtrl, pS3KO + pS39%, and p33KO + p33* (scale bars = 20 um).
Immunofluorescence was performed as previously described. FYG. 32F depicts changes in
indicated mRNA levels following 100 nM doxorubicin treatroent for 24hrs in HK336 sgCirl,
pS3KO, pS3KO + p537% and pS3KO + p33™ (mean = s.d, n = 3). Levels were normalized
to respective DMSO treated cells. FIG, 32G depicts the percent change, relative to vehicle
control, in apoptotic priming - as determined by cytochrome ¢ release following exposure to
BIM peptide - in HK336 sgCtrl, p533K0, pS3KO + p539% and p53K O + p53™ cells treated
with erlotinily for 24 hours. (mean + s.d., n =2} Results are representative of two
independent experiments. FIG. 32H depicts an immunoblot of indicated proteins in HK301
sgCtrl, pS3KO, p33KO + p33R™ 7 083K 0 + pS3™ and pS3KO + pS3NE FIG. 321
depicts the percent change in priming in HK301 following 24 hours of erlotinib treatment
with ot without PFTu pre-treatment (10pM for 2 hours) (mean £ s.d., n =2} Results are
representative of two independent experiments.

FIGS. 33A-33D depict the inhibition of EGFR-driven glucose metabolism induces a
Bel-xL dependency through cytoplasmice pS3 functions. FIG. 33A depicts the percent change,
relative to vehicle control, 1n prming as determined by cytochrome ¢ release following
exposure 10 BAD and HRK peptides in metabolic responders {(HK301 and HK336) or non-
responder (HK229) treated with erlotinib. FIG. 338 depicts Left: Immunoprecipitation of
P33 in GBM39-GFP and GBM39-GLUTI/3 following 24 hours of erlotinib treatment. The
immunoprecipitate was probed with the indicated antibodies. Right: respective pre-
immunoprecipitation fysates (input). FIG, 33C depicts Annexin V staining of HK301 dleft)
and HK336 {right) sgCul, pS3KO, p53 KO + p53%%_ and p33KO + ps3™ following 72 hours
of treatment with erlotinib, WEHI-339, or combination. FIG. 33D depicis data similar to 33C
but in GBM39-GFP and GBM39-GLUT1/3. Erfotintb and WEHI-539 concentrations for all
experiments were 1 uM. Comparisons were made using two-tailed unpaired Student’s #-test.
Data represent means + s.e.m. values of three independent experiments. *p<0.05, **p<0.01,
R0 001

FIGS. 34A-34H depict the inhibition of EGFR-regulated glucose metabolism and pS3
activation promote intrinsic apoptosis in GBM. FIG, 34A depicts the immunobliot of
wndicated proteins following 24 hours of erlotinib, nuthin or in combination in two metabolic
responders (HK301 and GBM39). FIG. 348 depicts Annexin V staining in HK301 and
HK217 following genetic knockdown of EGFR and subsequent nutlin treatroent for 72 hours,
FI1G. 34C depicts the detection of BAX cligomerization in HK301-GFP and HK301-
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GLUTHGLUTS. Following 24 bours of indicated treatment, cells were harvested and
incubated in ImM BMH to promote protein cross-linking and immunoblotied with indicated
auntibodies. Below BAX is immunoblot for eytosolic eytochrome ¢ following cellular
fractionation. FIG. 34D depicts the Top: Immuncblot of indicated protetns in HK301-GFP
and HK301-HA-Belxl. Bottorm: Annexin V staining tn HE301-GFP and HK301-HA-BelxL
following 72 hours of treatment with eriotinib, nutlin, or combination. FIG, 34K depicts
Annexin V staining of HK301 following 72 hours of erlotinib, nutlin or the combination +/-
PFTu pretreatment { 10uM for 2 hours). FIG, 34F depicts Annexin VY staining of HK301
seCirl, pS3KO, p33K O + pS3RYTH ps3K O + p53%7 and p53KO + p33N following 72
hours of treatment with erlotinib, nutlin, or combination. FIG. 34G depicts data simiar {o
34F but in HK301 sgCul, pS33KO, pS3KO + pS39% and p33KO + p33™ Drug
concentrations for all experiments are as follows: edotineb (1 pM), nuthin (2.5 pM).
Comparisons were made using two-tatled unpaired Student’s t-test. Diata represent means =
s.e.m. values of three independent expeniments, *p<(.03, ¥*p<0.01, ***p<0.001,
FHREN<(.0001. FIG. 34H depicts data similar to 344G but in HK336 sgCul, p53KO, pS3KO +
2539 and pS3KO + p53™ Drug concentrations for all experiments are as follows: erlotinib
{1 puMy, matlin (2.5 uM). Comparisons were made using two-tailed unpaired Student’s t-test.
Data represent means + s.e.m. values of three independent experiments. *p<0.05, **p<0.01,
#HRp<(.00], FFHHp<0.0001.

FIGS. 35A-38F depict the inhibition of glucose metabolism in metabolic responders
and non-responders prowotes nirinsic apoptosis. FIG. 384 depicts the percent change,
relative to vehicle control, in priming as determined by cytochrome ¢ release following
exposure to BIM peptides in metabolic responder HK301 following 24 hours of erlotinib or
20G treatment. FIG, 358 depicts Left Immunoprecipitation of pS3 in HK301 following 24
hours of 2DG treatment. The immunoprecipitate was probed with the indicated antibodies.
Right: respective pre-immunoprecipitation lysates (input). FIG. 38C depicts OCR and ECAR
measurements of HK301 cells following exposure to oligomycin and rotenone. FEG, 38D
depicts Annexin V staining in HK301 following 72 hours of treatment with nutiin, erlotinib,
20, oligomycin, rotenone as individual agents or in combination with nutlin. FIG, 38E
depicts an immunoblot of indicated proteins following 4 hours of erlotinib or pictilisib
treatment in two non-responders (HKZ54 and HK393). FIG. 35F depicts the
Immunoprecipitation of p33 in HK254 following 24 hours of prctilistb or 2DG treatment. The
immunoprecipitate was probed with the indicated antibodies. Below are respective pre-
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fmmunoprecipiiation bysates (input). Drug concentrations for all experiments are as foliows:
erlotirub (1 M), nuthin (2.5 uM), 2DG 3 mM for HK301 and 1 mM for HK254),
ohigomycin (1 pM), rotenone (1 M), and pictilisib {1 uM). Coroparisons were made using
two-tatled unpaired Student’s t-test. Data represent means + s.e.m. values of three
independent experiments. **¥¥p<0 0001

FIGS. 36A-36D depict the /i vive efficacy of EGFR nhibition and p53 activation.
FIG. 36A depicts the brain and plasma concentrations of Idasamutlin at indicated time points
(rr=2 mice/time point) in pon-tumor bearing wice. FIG, 368 depicts the
immunohistochemistry (IHC) analysis of p33 expression in indracranial tumor-bearing
xenografts following 36 hours fdasanutlin (50 mg/kg) treatment. FIG. 36C depicts the
percent change in F-FDG uptake following 15 hours of erlotinib treatment in GBM39 (#=3)
and HK393 (=5) wtracranial xenografts. FIG. 36D depicts the change in mice body weight
following daily treatment with erfotinih {75 mg/kg) or combined erlotinib {75 mg/ke} and
Idasanutlin (50 mg/kg). All treatments were done orally. Data represent means & s.em,
values of three independent experuments. *p<0.0S.

FIG. 37A depicts that direct inhibition of glycolysis with 2DG (hexokinase wnhibitor)
or cytochalasin B (a glucose transporter inhibitor) unexpectedly synergizes with p53
activation {with nuthin). FIG. 37B depicts low glucose (0.25mM) leads to synergistic cell kill
with BCL-xL inhibition with navitoclax{ABT-263). FIG. 37C depicts low glucose (0.25mM)
fcads to synergistic cell kill with BCL-xL indubition with nutlin.

FIG. 38 depicts a comparison between metabolic responders to EGFR1 whibutor,
erfotinib, and metabolic non-responders. The combination of erfotinib and nutlin leads to an
unexpected synergistic synthetic lethality in metabolic responders but not in non-responders.

FIG. 39A shows the enantiomeric purity of synthetic intermediate § as determined by
chiral SFC (Chiralpak AD-3 column, 40% MeOH). FIG. 398 shows the enantiomeric purity
of synthetic intermediate {835 as determined by chiral SFC (Chiralpak AD-3 column, 40%
MeQOH). FEG. 39C show the enantiomeric purity of synthetic intermediate (R)-5 as
determined by chiral SFC (Chiralpak AD-3 column, 40% MeOH). FIG. 39D show the
enantiomeric purity of Mosher ester dernivatives 8 as determined by chiral SFC (Chiralpak
AD-3 column, 40% MeOH).

FI1G. 48 depicts the activities of erlotinib, lapatinib, gefitinib, and exemplary

compounds of the disclosure against US7 EGFRwt.
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FIG. 41 depicts the activities of erdotinib, lapatinih, gefitinib, and exemplary
compounds of the disclosure against U87 EGFRvii,

FIG. 42 depicts the activities of erotinib, lapatinib, gefitinib, and exemplary
compounds of the disclosure against HK301, a patient derived, EGFRvII mutant GBM
ghomasphere.

FIG. 43 depicts the activities of erlotinib, lapatinib, gefitinib, and exemplary
compounds of the disclosure against GBM39, a patient derived, EGFRVIIE mutant GBM
ghiomasphere.

FIG. 44 depicts the activities of erlotintb, lapatinib, | and exemplary compounds of
the disclosure in a GBM39 EGFRvI mutant mouse model.

FIG, 45A depicts the activities of erlotinib and exemplary compounds of the
disclosure in a HCC827 lung cancer EGFR mutant cell line. FEG. 458 depicts the activities
of erlotinit and exemplary compounds of the disclosure in a PCS lung cancer EGFR mutant
cell line. ¥IG, 45C depicts the activities of erlotintb and exemplary compounds of the
disclosure in a HE38 lung cancer mutant cell line.

FIG. 46 depicts the activities of erlotinib and exemplary compounds of the disclosure
in a PCY hung cancer EGFR mutant mouse model.

FIG. 47 depicts certain metabolites of exemplary compounds of the disclosure.

FIG. 48A depicts the activite of exemplary compounds of the disclosure against
HK301.

FIG, 488 depicis the activite of exemplary compounds of the disclosure against

GBM39. FIG, 48C depicts the activite of exemplary compounds of the disclosure

against NHA.

FIG, 49A decpits the ADME characteristics of an exemplary compound of the
disclosure in rats following PO admistration.

FIG. 498 decpits the ADME characteristics of an exemplary compound of the
disclosure 1n rats following PO adnustration.

FIG. 530A depicts the activity of certain compounds of the disclosure as compared
against the current standard of care (i.e., Labpatinib, Erlotinib, Gefitinib, and AZD37359)
against HK301, a patient derived, EGFRVHT mutant GBM ghomasphere,

FiG. 508 depicts the activity of certain compounds of the disclosure as compared
against the current standard of care (1 e, Labpatinb, Erlotingb, Gefitinib, and AZD3759)
against HK301, a patient derived, EGFRvII mutant GBM gliomasphere.
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FIG. S1A depicts the activity of certain compounds of the disclosure as compared
against the current standard of care {i.¢., Labpatinib, Erlotinib, Gefitinib, and AZD3739)
against GBM39, a patient devived, EGFRvIT mutant GBM ghomasphere. FIG. S1B depicts
the activity of certain compounds of the disclosure as compared against the current standard
of care (i.e, Labpatinib, Erlotinib, Gefitinib, and AZD3759) against GBM39, a patient
derived, EGFRvIH mutant GBM gliomasphere.

FIG, S2A depicts the activity of osimertinib and JGKO068S against pEGFRwt. FIG.
528 depicts the activity of osimertinib and JGKO6BS against pEGERIL

FIG. 8534 depicts the activity of osimertinib and JGKO68S against HK301, FIG, 83B
depicts the activity of osimertinib and JGKO68S against GBM39.

FIG., 84A depicts the activity of AZD37359, AZD9291, and JGKO08S against certain
EGFR mutants. FIG. 348 depicts the activity of AZD3759, AZDO291, and JGKOGRS agaiust
pEGEFR A263P. FIG, 84 depicts the activity of AZD3759, AZDY291, and JGKO0ES against
pEHGFR AZ89V. FIG, 54D depicts the activity of AZD3759, AZDO291, and JIGK{(68S8
against pEGFR AZB9D . FIG. 84K depicts the activity of AZD3759, AZDO291, and JGKU6BS
against pEGFR G598V,

DETAILED DESCRIPTION OF THE INVENTION

Gliomas are the most commonly oceurring form of bratn tumor, with glioblastoma
multiforme (GBM} being most malignant form, causing 3—4% of all cancer-related deaths
{Louis et al. (2007} dcia. Newropathol 114 97-109). The World Health Organization
defines GBM as a grade IV cancer characterized as malignant, mitotically active, and
predisposed to necrosis. GBM has a very poor progonosis with a S-year survival rate of 4-5%
with the median survival rate of GBM being 12.6 months {(McLendon et al. (2003) Cancer.
98 :1745-1748.). This can attributed to unique treatment Hrottations such as a high average
age of onset, tumor location, and poor current understandings of the tumor pathophysiology
{Louts et al. (2007 Acto. Newropathol, 114: 97-109) The standard current standard of care
for GBM includes tumor resection with concurrent radiotherapy and chemotherapy and in
recent yvears there have been few marked improvements that increase survival rates {Stewart,
et al. (2002} Lancer. 359:1011-1018}.

The standard for GBM chemotherapy s temozolomide (TMZ}, which is a brain-
penetrant alkyviating agent that methylates purines (A or G} in DNA and induces apoptosis

(Stupp, et al. (2005} N Engl J Med. 352:987-99¢). However, TMYZ use has drawbacks in
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that stignificant risk arises from DNA damage in healthy cells and that GBM cells can rapidly
develop resistance towards the drug (Carlsson, et al. (2014) LMBO. Mol Med. 6. 1359-
1370) As such, additional chemotherapy options are urgently requirved.

EGFR is 2 member of the HER superfamily of receptor tyrosine kinases together with
ERBB2, ERBR3, and ERBB4. A common drver of GBM progression ts EGFR amplification,
which is found in nearly 40% of all GBM cases (Hynes et al. (2005} Nar. Rev. Cancer. 5: 341~
354; Hatanpaa et al. {2010) Neoplasia. 12 :675-684)  Additionally, EGFR amplification 1s
associated with the presence of EGFR protein variants: in 08% of EGFR mutants; there is a
deletion in the N-terminal ligand-binding region between amino acids © and 273, These
deletions in the hgand-binding domains of EGFR can lead to ligand-independent activation of
EGFR (Yamazaki et al. (1990} Jpn. ./ Cancer Res. 81 773779},

Small molecule tyrosine kinase inhibitors (TK1Is) are the most clinically advanced of
the EGFR-targeted therapies, and both reversible and ureversible inhibitors are in clinical
irtals. Examples of the reversible inhibitors and ureversibie inhubitors include erlotinib,
gefitinib, lapatinib, PKI166, canertinib and pelitinib (Mischel et al. (2003) Brain Pathol 13
$2-61) Mechamstically, these TKis compete with ATP for binding to the tyrosine kinase
domain of EGEFR, however, these EGFR-specific tyrosine kinase inhibitors have been relatively
ineffective against gliomas, with response rates only reaching as high as 25% in the case of
erlotintb (Mischel et al. (2003} 8rain Pathol 13 52-61; Gan et al. (2009) J. Clin. Newrosci.
16 748-54). Although TKIs are well tolerated and display some antitumor activity in GBM
patients, the recurrent problem of resistance to receptor inhubition hmus thewr efficacy (Learn
et al. (2004} Ciin. Cancer. Res. 10: 3216-3224; Rich et al. (2004} Nar. Rev. Drug Discov. 3.
430-446). Addwionally, recent studies have shown that brain plasma concentrations of gefitinb
and erlotinib following therapy were only 6-11% of the starting dose, suggesting that these
compounds may be failing to cross the blood-brain barrier as illustrated in table 1 (Karpel-
Massler et al. (2009} Mol Cancer Res. 7 :1000-1012). Thus, tnsufficient delivery to the target

may be another cause of the disappointing clintcal results.
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Table 1 Brain Penetration Rates of the Current Standard of Care Drugs

Compound Primary Daily Dose Plasma CSF (ng/mi} Brain
(ng/ml} Penetration
rate (%)
Afatinth EGFR- 50 66.7 (.46 0.7
mutant
NSCLC
Alectinib ALK~ 1200 1.5 (unbound i3 86.7
mutant cone.
NSCLC
Crizotinib ALK- SO0 237 0.616 .26
mutant
NSCLC
Hriotinib EGFR- 150 11404937 | 287+ 168 | 2774045
mutant
NSCLC
BGFR- 1500 {weekly}) 4445.9 511 1.2
mutant
NSCLC
Gefitinib EGFR- 250 326+ 116 37+19 1.13£036
mutant
NSCLC
EGFR- 750-1000 13459~ 14.7-143 1 1.07-3.58
mutant 5094 4
NSCLC
Lapatinib HER2 + 1250 1515, 3472 13,45 0.09, 013
breast
cancer

In light of this evidence, there remains an unmet chinical need for potent tyrosine kinase
inhibitors that have the ability to cross the blood brain barrier and treat inhibit EGFR and s
isaforms.

Furthermore, cross-talk among oncogenic signaling and metabolic pathways 1s shown
by the inventors to create opportunities for novel combination therapies in GBM. More
specifically, the inventors have discovered that acute inhibition of EGFR-driven glucose
uptake induces minimal cell death, vet fowers the apoptotic threshold in patient-derived GBM

cells and “primes” cells for apoptosis. Unexpectedly, mechanistic studies, by the inventors,
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revealed that Bel-xL blocks cytoplasmic pS3 from triggering intrinsic apoptosts, leading to
tumor survival. Pharmacological stabilization of p53 (such as for example, with the brain-
penetrant small molecule, Idasanutiin} enables p33 to engage the indrinsic apoptotic
machinery, promoting synergistic lethality with targeting EGFR-driven glucose uptake in
GBM xenografts. Notably, the inventors also discovered that rapid changes in F-
fluorcdeoxyglucose { SF-FDG) uptake using, for example, non-invasive positron emission
tomography could predict sensitivity to the combination i vive,

The inventors, infer alic, identify a critical link between oncogene signaling, glucose
metabolism, and cytoplasmic pS3, which could be exploited tor combination therapy in GBM

and other malignancies

Compounds of the Disclosure

In one aspect, the present disclosure provides compounds of Formula 1 or Formula [

ORS

RZa

or a pharmaceutically acceptable sali thereof, wherein:

Z is aryl or hetercaryl;

R* and R™ are sach independently sefected from hydrogen, alkyl, halo, CN, and NQO»;

RY is hydrogen, alkyl, or acyl;

R is alkoxy;

R is alkyl; R"and R® are, each independently, selected from hydrogen, alkyl, such as
atkoxvalkyl, aralkyl, or arylacyl;

R is hydrogen, alkyl, halo, CN, N, OR, cycloalkyl, heterocycelyl, aryl or hetercaryl: and

R is hydrogen, alkyl, halo, CIN, NO», OR® cycloalkyl, heterocyclvl, aryl or heteroaryl; or
R and RY taken together comptlete a carbocyclic or heterocyclic ring.
In certain preferred embodiments of Formula I or Formula I*, at least one of is R* and

R? not H. In certain such embodiments of Formuia I or Formula I¥, if R™ is hydrogen, then

i
w3
H
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R™ {5 selected from allyl, halo, CN, and NO». In other such embodiments of Formula I or
Formuia I¥, if R?" is hydrogen, then R¥ is selected from alkyl, halo, CN, and NO.
In certain embodiments of Formula T or Formula ¥, the compound is a compound of

Formula {IVa) or Formula (IVb):

(IVa) {IVb)

or a pharmaceutically acceptable salt thereof, wherein
each instance of R” is independently selected from alkyl, alkoxy, OH, CN, NO;, halo, alkenyl,
alkyoyl, aralkyloxy, cycloalkyl, heterocyelyl, aryl, or heteroaryl.
In certain embodiments, of Formula L I*, Iva, and Ivb, RY is hydrogen. In other
preferred embodiments, RM 18 OR'.
In certain embodiments, of Formula [ I*, fva, and IVb, R’ is hydrogen. In other
embodiments, R’ is alkyl. In vet other embodiments, R’ is alkoxyalkyl. In vet other
embodiments, R is arylacyl.

i2

In certain embodiments, of Formula 1 I¥, Iva, and IVh, R'? is heteroaryl, such as
furanyl. In certain embodiments, the hetercaryl is substituted with alkvl, alkoxy, OH, CN, NO»,
\S - 9 N

O Aikyl/u\N’ﬁ\f%g‘

xy
S . . X
halo, £ , OF £ . In other preferred embodiments, RY is
OR®,

o certain embodiments of Formula I, I¥, Iva, and IVb, R® is hydrogen In other

embodiments, R¥is alkyl. In vet other embodiments, R¥is alkoxyalkyl. In certain embodiments,

-~ 18 -
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R?® is alkyl substituted with O . O . of

o

H
| TNT}{
e O
. r<:>H
o |

In certain preferred embodiments, of Formula I I*, Iva, and IVb, R and R'? combine
to form a carboceylic or heterocyclic ring, such as a S-member, 6-member, or 7-member
carbocyehic or heterocychic ring. Tu certain embodiments, the carboeyclic or heterocyclic ring
is substituted with hydroxyl, alleyl {e.g, methyl}, or alkenyl {e.g., vinyl}.

In certain embodiments, of Formula I, T¥, Iva, and IVb, the compound 1s a compound

of of Formula {a, Ib, Ic, or Id:

or a pharmaceutically acceptable sali thereof, wherein:
Xi1sQ, S, or NH;

Zis arvl or heteroaryl)
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R’ is hydrogen or alkyl;
R and R? are each independently selected from hydrogen, alkyi, halo, CN, and NO»:
R’ is hydrogen, atkyl, or acyl;
R* is alkoxy;
R7 s alkyl; and
1118 0.3,

In certain embodiments of Formula Ia, Ib, Ic, or Id, either R?® or R® is selected from
alkyl, halo, CN, and N}, In certain preferred embodiments of Formula Ia, Ib, k¢, or Id, 7 18
phenyl. In certain preferred embodiments of Formula Ia, Ib, Ic, or Id, Xis O. In certain preferred
embodiments of Formula fa, Ib, Ic, or Id, nis 1.

In certain embodiments of Formula Ia, b, Ic, or Id, the compound is a compound of

Formula (Ila) or Formulda (Tib):

(Ha} (1ib)

or a pharmaceutically acceptable salt, wherein
each instance of R® is independently selected from alkyl, alkoxy, OH, CN, NO:, halo, alkenyl,
atkynyl, aralkyloxy, cycloalkyi, heterocyelyl, arvl, or hetercaryl.
In certain embodiments, wherein R is represented by Formula A:
R78
o

~ .
75
R { v

(A)

wherein,
R’ and R™ are each independently selected from alkyl, alkenyl, alkynl, cycloalkyl,
heterocyelyl, aryl or heteroaryl; or R™ and R7° combine to form a heterocyclyl; and

y is 0-3

~ 20 -
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In certain embodiments of Formula Ha or IIb, R is alkyl (e.g, methyl or ethyl) In
certain embodiments, R is substituted with heterocyelyl (e.¢.. morpholinyl, piperidinyl,
pyrrolodingl, or piperazinyl, such as N-methyl piperazinyl}) In other embodiments, R! is
substituted with amino (e.g., dimethyl amino). In other embodiments, R is alkyl substituted
with hydroxyl. In certain preferred embodiments, R! 18 in the § configuration. In other
embodiments, R' is in the R configuration.

In certain preferred embodiments of Formula IIa or IIb, R’ is hydrogen. In other
embodiments, R® is acyl. In certain embodiments, R is alkylacyl. In certain embodiments, R

is alkyloxyacyl. In certain embodiments, R’ is acyloxyalkyl. In certain embodiments, R’ is

]
k ;and R° is alkyl.

In certain embodiments of Formula Ha or Ub, £ 18 aryl or heteroaryl optionally
substituted with one or more R%; and each instance of R® is independently selected from alkyl,
alkoxy, OH, CN, NO», halo, alkenyl, alkynyl, aralkyloxy, cycloalkyl, heterocyelyl, aryl, or
heteroary!. In certain preferred embodiments, 7 is pheny! substituted with 1,2, 3,4, or 5R® In
certain embodiments, each R® is independently selected from halo, alkyl, alkynyl, or
arylalkoxy. In even more preferred embodiments, 2 1s 2-fluoro-3-chlorophenyl, 2-
fluorophenyl, 2 3-ditluorophenvl, 2, 4-difluorophenyl, 2 5-diftuorophenyl, 2,6-diftuorophenyl,
2,4, 6-trifluorophenyi, pentafiuorophenyl, 2-fluoro-3-bromophenyl, 2-Huore-3-ethynyiphenyl,
and Z-fluore-3-{trifluoromethyljphenyl. In other even more preferred embodiments, 2 is 3-
cthynylphenyl Tn vet other even more preferred embodiments, Z is 3~chloro-4-{((3-
fluorobenzyljoxyibenzene. In yet other even more preferred embodiments, Z is 3-chiorg-2-
(riflucromethyliphenyl. In vet other even more preferred embodiments, Z is 3-bromophenyl.
In yet other even more preferred embodiments, 2 is 2-fluoro, S-bromophenyl. In vet other even

more preferred embodiments, 7 15 2, 6-difluoro, S-bromophenyl. In certain embodiments, 7 18

Q ]
*;éi[/iLQfR‘ HN._Ou_ o

substituted with one R selected from N or O Cand RY and RY are

3

independently selected from alkyl
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In certain embodiments of Formula Hla or Hib, the compound 18 a compound of

Formula (Iffa):

(Ilfa)

and each R® is independently selected from fluore, chioro, or bromo.

In certain embodiments of Formula s or Hib, the compound is a compound of

Formula (b}
Rza
e
R 1’ O'/

(liib}
and each R® is independently selected from fluoro, chloro, or bromo.

In certain embodiments of Formula Hia or Ifib, the compound 13 a compound of
Formula (1He):

R?a

(Ikc)

and each R® is independently selected from fluoro, chloro, or bromo.

In certain embodiments of Formula la, 1h, Ic, Id, Ha, {ib, IHa, {iib, or Illc, R™ is halo
{e.g., fluore). In other preferred embodiments, , R% is hydrogen.

In certain embodiments of Formula Ia, Ib, Ic, Id, Ifa, IIb, Iffa, 1b, or Iflc, R™ is halc

{e.z., fluoro). In other preferred embodiments, R™ is hydrogen.
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In certain embodiments of Formula la, Ib, fe, Id, i, b, {Ha, i, or llc, the

\/ Ny T
\,/E F /‘\ /\V/’\ £ 2 N
/j/ NH T
compound is L T\ff*

LI LT QLCC

= f}"h‘j ot \\/’A\ \/N\v/"“\o, s =N F

NH\”%’ by Y
' e - H .

N AN , N )
\N/\ \] \N‘/\ PR e ,N

’(J\V/J\f /O\,\.{/.\ ,Nﬁ

/\ ’\1/ F o NP ;;N F

Z_z’/
,r““\

b I”

j HN /ﬁf& FOHN /iﬁ/sr
L L , Of E” Jora
pharmaceutically acceptable salt thereot.
In certain embodiments of Formula la, Ib, fe, Id, i, b, {Ha, i, or llc, the
\N/\W P E % N\\\}
Lvaj\Of FP N

compound ts \(\/ -
« . O
O, YO
O/ : o =N O,.f
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o N
ARy
SO
G P ./;N
HN

Io certain embodiments of Formula 1, the compound is & ot
D
100
N
p o E
HN E a LBr
.

. or a pharmaceutically acceptable salt thereof.

In certain embodiments of Formula Ia, Tb, Ic, Id, Ha, Hb, Iia, Hib, or g, the

HNTTN [O\L’/\\/ NQW \/[ \f( SNPLN
'\/“\,f o~ //\fi\i . HO O‘/i\\f/ 2N .
NH {/‘\(B‘r NH /i\\rar
|9 |9

compound 15 # or : ,ora

pharmaceutically acceptable salt thereof

Methods of Treatment

In certain aspects, the present disclosure provides methods of inhibiting EGFR or
AEGFR, comprising administering to a subject an amount of a compound of the disclosure.

In certain aspects, the present disclosure provides methods of treating cancer
comprising of administering to a subject in need of a treatment for cancer an amount of a
compound of the disclosure. In certain embodiments, the cancer is bladder cancer, bone cancer,
brain cancer, breast cancer, cardiac cancer, cervical cancer, colon cancer, colorectal cancer,
esophageal cancer, fibrosarcoma, gasiric cancer, gastrointestinal cancer, head, spine and neck
cancer, Kapost's sarcoma, Kidney cancer, leukeria, liver cancer, lymphoma, melanoma,
multiple myeloma, pancreatic cancer, penile cancer, testicular germ cell cancer, thymoma
carcinoma, thymic carcinoma, lung cauncer, ovarian cancer, or prostate capcer. In certain
embodiments, the cancer is glioma, astrocyioma or glioblastoma. In certain embodiments, the
cancer 18 glioblastoma. In certain embodiments, the cancer is glioblastoma multiforme. In
certain embodiments, the method reduces cancer cell proliferation.

In certain aspects, the present disclosure provides methods of treating cancer 1n a
subject, the method comprising administering to the subject a ghucose metabolism inhubitor and
an additional agent, wherein the glucose metabolism is a compound of the disclosure or a

pharmaceutically acceptable salt thereof and the additional agent s a cytoplasmic p53
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stabilizer. In certain embodiments, the cancer i3 bladder cancer, bone cancer, brain cancer,
breast cancer, cardiac cancer, cervical cancer, colon cancer, colorectal cancer, esophageal
cancer, fibrosarcoma, gastric cancer, gastrointestinal cancer, head, spine and neck cancer,
Kapost's sarcoma, Kidney cancer, leukemia, liver cancer, lymphoma, melanoma, multiple
myeloma, pancreatic cancer, pente cancer, testicular germ cell cancer, thymoma carcinoma,
thymic carcinoma, hung cancer, gvarian cancer, or prostate cancer. In certain embodiments, the
cancer is glioma, astrocytoma or glioblastoma. In certain embodiments, the cancer 1s
ghioblastoma. In certain embodiments, the cancer is glioblastoma wmultiforme. In certain
embodiments, the method reduces cancer cell proliferation. In certain embodiments, the cancer
is refapsed or refractory. In other embodiments, the cancer is treatment naive,

In certain embodiments, the subject has been determined to be susceptible to the

glucose metabolism inhibitor by a method comprising:

a. obtaining a tirst blood sample from the subject;
b. placing the subject on a ketogenic diet;
c. obtaining a second blood sample from the subject after being placed on a ketogenic

diet for a period of time;

d. measuring glucose fevel in the first and in the second blood sample;

e comparing the glucose level in the second blood sample with the glucose level in the
first blood sample; and

£ determining that the subject 1s susceptible if the glucose level in the second blood

sample 18 reduced as compared to glucose levels in the first blood sample.

In certain embodiments, the reduction in the glucose level between the second blood
sample and the control blood sample is about or greater than 0,15 mM . In certain embodiments,
the reduction in the glucose level between the second blood sample and the control blood
sample 18 about or greater than 0.20 mM. In certain embodiments, the reduction in the glucose
fevel between the second blood sample and the control blood sample s in the range of 0.15
mM - 2.0 mM. In certain embodiments, the reduction in the glucose level between the second
blood sample and the control blood sample is in the range of .25 mM ~ 1.0 mM.

In certain embodiments, the cytoplasmic p53 stabilizer is an MDMZ inhibitor. In
certain embodiments, the MDM2 inhibitor 1s a nuthin. In certain embodiments, the MDM2
inhibitor is nutlin-3 or idasanutiin. In certain embodiments, the subject is administererd
50 mg to 1600 mg of idasanuthin. In certain embodiments, the subject 1 adnunistererd
100 mg of idasanutlin. In certain embodiments, the subject is administered 150 mg of

-~ 28 -



WO 2020/190765 PCT/US2020/022743

idasanutlin. In certain embodiments, the subject is administered 300 mg of idasanutlin. In
certain embodiments, the subject is administered 400 mg of idasanutiin. In certain
embodiments, the subject 13 administered 600 mg of idasanutlin. In certain embodiments, the
subject is administered 1600 mg of idasanutlin. In other embodiments, the MIDMZ inhibitor is
ROSO45337, ROSSO378E, ROOE39921, SAR40SE3R, DR-3032, DS-3032h, or AMG-232.

In certain embodiments, the cytoplasmic p53 stabilizer is a BCL-2 inhibitor. In certain
embodiments, the BCL-Z inhibitor is antisense oligodeoxynucleotide G313%, mRNA
antagonist SPC2996, venetoclax {ABT-199), GDC-0199, obatoclax, paclitaxel, navitoclax
(ABT-263), ABT-737, NU-0129, S 055746, or APG-1252.

In certain embodiments, the cytoplasmic p53 stabilizer is a Bel-xL inhibitor. In certain
embodiments, the Bel-xL inhibitor is WEHI 539, ABT-263, ABT-199, ABT-737, sabutoclax,
ATI01, TW-37, APG-1252, or gambogic acid.

In certain embodiments, the glucose metabolism inhibitor and the cytoplasmic p53
stabilizer are administered o the same composition. In other embodiments, the glucose
metabolisot inhibitor and the cytoplasmic pS3 stabilizer are administered in separate
COMPOsIIonNS.

in certain embodiments, the method further comprises administration of an additional
therapy.

Tvpes and stages of Gliomas

Primnary malignant brain tumors are tumors that start in the brain or spine are known
cotlectively as gliornas. Gliomas are not a specitic type of cancer but are a tevm used to
describe tumors that originate in ghial cells. Examples of primary malignant brain tumors
include astrocytomas, pilocytic astrocytomas, pleomorphic xanthoastrocytomas, diffuse
astrocytomas, anaplastic astrocytomas, GBMs, gangliogliomas, oligedendrogliomas,
ependyrmormas. According to the WHO classification of brain tumors, astrocytomas have
been categorized into four grades, determined by the underlying pathology. The
characteristics that are used to classify gliomas include nutoses, cellular or nuclear atypia,
and vascular proliferation and necrosis with pseudopalisading features. Malignant {or high-
grade) gliomas include anaplastic glioma (WHO grade 111} as well as glioblastoma
multiforme (GBM, WHO grade IV). These are the most aggressive brain tumors with the
WOrst prognosis.

GBRMs 15 the most common, complex, treatment resistant, and deadliest type of brain

cancer, accounting for 45% of all brain cancers, with nearly 11,000 men, women, and
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chiidren diagnosed each year. GBM (also known as grade-4 astrocytoma and glioblastoma
multiforme) are the most common types of malignant {cancerous} primary brain tumors.
They are exirervely aggressive for a number of reasons. First, ghoblastoma cells multiply
quickly, as they secrete substances that stimulate a rich blood supply. They also have an
ability to invade and infiltrate long distances into the normal brain by sending microscopic
tendrifs of tumor alongside normal cells. Two types of ghicblastomas are known, Primary
GBM are the most common form; they grow guickly and often cause symptoms early.
Necondary glioblastomas are less common, accounting for about 10 percent of all GBMs.
They progress from low-grade diffuse astrocytoma or anaplastic astrocytoma, and are more
often found in vounger patients. Secondary GBM are preferentially focated 1o the frontal lobe
and carry a better prognosis.

(GBM 15 usually treated by combived multi-modal treatment plan including surgical
removal of the tumor, radiation and chemotherapy. First, as much tumor as possible is removed
during surgery. The tumor’ s location 1o the brain often determines how much of it can be safely
removed. After surgery, radiation and chemotherapy slow the growth of remaining tumor cells.
The oral chemotherapy drug, temozolomide, 13 most often used for six weeks, and then monthly
thereafter. Another drug, bevacizumab (known as Avastin®), is also used during treatment.
This drug attacks the tumor’s ability to recruit blood supply, often slowing or even stopping
tumor growth.

Novel investigational treatments are also used and these may involve adding treatments
to the standard therapy ot replacing one part of the standard therapy with a different treatment
that may work better. Some of these treatments include immunotherapy such as vaccine
imrmunotherapies, or low-dose pulses of electricity to the area of the brain where the tumor
exists and nano therapies involving spherical nucleic acids (SNAg) such as NU-0129. In some
embodiments, the methods of the current disclosure are used in combination with one or more
of the aforementioned therapies.

Emodiments of the methods and compositions discussed herein are also contemplated
to be applicable to other types of cancers, including but not Hmited to hing cancer, non-CNS
cancers, UNS cancers, and CNS metastases such as brain metastases, leptomeningeal

metastases, chorordal metastases, spinal cord metastases, and others,
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The nventors have demonstrated that the pharmacological pS3 stabilization, such as
with a CNS-penetrant small molecule, for example, was synergistically lethal with the
inhibition of HEGFR-driven glucose uptake in patient-derived, primary GBM models. The
inventors have demonsirated, for the first time, that the non-transcriptional functions of p33
can have a critical role tn stivaulating intrinsic apoptosis in metabolic responders. Accordingly,
the methods of treatment described herein comprise the administration of cytoplasmic p33
stabilizer(s} in combination with glucose metabolism inhibitors. Cytoplasmic p53 stabilizer(s)
and ghicose metabolism inhibitors can be administered in the same or in different
compositions, coconutantly or sequentially. It 1s contemplated that in some embodiments a
single pS3 stabilizer is used and in other embodiments more than on p33 stabilizer 1s used. For
example, the combination of nutlin with ABT 737 (which binds BCL-2 and BCL-X1) is
reported to synergistically target the balance of pro-apoptotic and anti-apotptoic proteins at the
mitochondrial level, thereby promoting cell death. (Hoe er & 2014, Nature Reviews. Vol 13,
pp. 2173 As intended herein, a ovtoplasmic pS3 stabilizer is any small molecule, antibody,
peptide, protein, nucleic acid or derivatives thereot that can pharmacologically stabilize or
activate pS3 divectly or indirectly. The stabilization of cytoplasmic pS3 leads to priming cells,

such as cancer cells, for apoptosis.

ATDA2 and
Protein levels of pS3 within cells are tightly coutrolied and kept low by 1ts negative
regulator, the E3 ubiquitin protein ligase MDM2. In embodiments of the methods or
composition of the current disclosure, the cvtoplasmic pS3 stabilizer s an MDM2
antagonist/inhibitor. In some embodiments, the MDM2 antagonist i1s a nutlin, In further
embodiments, the nutlin is nutlin-3 or idasanutlin. In other embodiments, the MDM?2
antagonist 1s ROS0435337 (also known as RG7112), RO5503781, ROOE39921, SAR4(U5838
{alsc known as MIE-773}), DS-3032, DS-3032b, or AMIG-232 or any other MDM?2 inhibitor.
Other compounds within the scope of the current methods known to bind MDM-2
include Ro-2443, MI-219, MI-713, MI-888, D8-3032h, benzodiazepinediones {for example,
TDPS21252), sulphonamides (for example, NSC279287), chromenotriazolopyrimidine,
morpholinone and piperidinones (AM-8353), terphenyls, chalcones, pyraroles, imidazoles,
imidazole-indoles, isoindolinone, pyrrohidinone (for example, PXIN822), priaxon, piperidines,
naturally derived preoviated xanthones, SAH-& (stapled peptides) sMTide-02, sMTide-02a

{stapled peptides}), ATSP-7041 (stapled peptide), spircligomer {o-helix mimic) Other
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compounds that are known to cause protein folding of MDM2 include PRIMA-TMET (also
known as APR-240) Aprea 102-105, PK033, PK5174, PKS196, PK7088, benzothiazoles,

stictic acid and NSC319726.

In further embodiments of the current methods or compositions, the cytoplasmic p53
stabilizer is a BCL-2 inhibitor. In some embodiments, the BCL-2 inhibitor is, for example,
antisense oligedeoxynucieotide (33139, mRNA antagonist SPC2996, venetoclax (ABT-199),
GDC-0199, obatociax, paclitaxel, navitoclax {ABT-263), ABT-737, NU-0129, § (55746,

APG-1252 or any other BCL-2 inhibitor.

fn yet further embodiments of the current methods or compositions, the cytoplasmic
p53 stabilizer is a Bel-xL intubitor. In some embodiments, the Bel-xL inhibitor 1s, for example,
WEHIS39, ART-263, ABT-199, ABT-737, sabutoclax, ATI101, TW-37, APG-1252, gambogic

acid or any other Bel-xL inhibitor.

Methods of Assessment

In embodiments of the methods and compositions of the current disclosure, the subject
with GBM or cancer i3 classified to be either a “metabolic responder” or a “metabolic non-
responder” ie. determuned to be susceptible to glucose metabolism inhibitors. In certain
embodiments, the classification of the subject 15 prior to administering to the subject a treatment
comprising a glucose metabolism inhibitor and a cytoplasmic p33 stabilizer. Accordingly, the
current disclosure provides for methods for assessiog a cancer, classifving a subject,
determining the susceptibility of a subject to treatments involve analysis of glucose
metabolism, glycolysis or glucose uptake. Methods to classify a subject as metabolic responder
is described in details in Example 1. Techniques to monttor glycolysis and glucose uptake is
provided by T. TeSlaa and MLA. Teitell. 2014, Methods in Enzymology, Volume 542, pp. 92-
114, incorporated heretn by reference.

Glycolysis is the intracellular biochemical conversion of one molecule of glucase into
two molecules of pyruvate with the concurrent generation of two molecules of ATP. Pyruvate
is a metabolic intermediate with several potential fates including entrance into the
tricatboxyhic acid (TCA) cycle withio mitochoudria to produce NADH and FADH:.

Alternatively, pyruvate can be converted tnto {actate in the cyiosol by lactate dehydrogenase
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with concurrent regeneration of NAD™ from NADH. An increased fhux through glycolysis
supports the proliferation of cancer cells by providing, for example, additional energy in the
form of ATP as well as glucose-derived metabolic intermediates for nucleotide, lipid, and
protein biosynthests. Warburg {Oncologia. 19569217583} first cbserved that proliferating
tumor cells augment acrobic glyeolysis, the conversion of glucose to lactate in the presence
of oxygen, inn contrast to nonmalignant cells that mainly respire when oxygen is available.
This mitochondrial bypass, called the Warburg effect, occurs in rapidly profiferating cells
including cancer cells, activated lymphocytes, and pluripotent stem cells. The Warburg eftect
has been exploited for clinical diagnostic tests that use positron emission tomography (PET)
scanning to identify increased cellular uptake of fluorinated glucose analogs such as F-
deoxyglucose.

Thus, glycolysis represent a target for therapeutic and diagnostic methods. In the
context of the current methods, the measurement of glucose uptake and lactate excretion by
malignant cells may be useful to detect shifis in glucose catabolism and/or susceptibility to
ghucose metabolism inhibitors. Detecting such shifts 1s important for methods of treating GBM,
methods of reducing the risk of weffective therapy, methods for reducing the chances of tumwor

¥F.deoxyglucose PET serves in certain

survival. For the purposes of this disclosure,
embodiments as a rapid non-invasive functional biomarker to predict sensitivity to pS3
activation. This non~-invasive anlaysis could be particularly valuable for malignant brain tumors
where pharmacokinetic/pharmacodynarics assessient 1s extremely ditficult and impractical.
fn some cases, delayed imaging protocols (41) and parametric response maps (PRMs) with
MRI fusion can be useful for quantifying the changes in tumore PF-FDG uptake (42).

In certain aspects, the methods can relate o measuring glucose uptake and lactate
production. For cells in culture, glveolytic flux can be quantified by measuring glucose uptake
and lactate excretion. Glucose uptake into the cell i1s through glucose transporters (Glutl-
(lutd), whereas lactate excretion is through monocarboxylate transporters (MCTI-MCUT4) at

the cell membrane.

Methods to detect ghicose uptake and lactate excretion include, for example,
extracellular glucose or lactate kit, extracellular bicanalyzer, ECAR measurement, [3H]-2-DG

or [14C}-2-DG uptake DG uptake or 2-NBDG uptake.
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Commercially available kits and instruments are available to quantify glucose and
factate levels within cell culture media Kit detection methods are usually colonmetric or
fluorometric and are compatible with standard lab equipment such as spectrophotometers.
BioProfile Analyzers {such as Nova Biomedical} or Biochemistry Analyzers { such as for
example YSI Life Sciences) can measure levels of both glucose and lactate in cell culture
media. GlucCell {Cesco BioProducts) can measure only glucose levels in cell culture media.
While each commercial method has a different detection protocol, the collection of culture

media for analysis is the same.

Glycolysis can also be determined through measurements of the extracellular
acidification rate (ECAR) of the surrounding media, which is predominately from the excretion
of lactic cid per unit time after its conversion from pyruvate. The Seahorse extraceliular flux
{(X¥) analyzer (Seahorse Bioscience) 15 a tool for measuring glycolysis and oxidative

phosphorylation (through oxygen consumption) simultanecusly in the same cells.

Certain embodiments of the methods of the current disclosure include the use of glucose
analogs. As would be familiar to a person skilled in the art, to determine the glucose uptake
rate by cells, a labeled tsoform of glucose can be added to the cell culture media and then
measured within cells after a given period of time. Exemplary types of glucose analogs for
these studies include but are not limited to radicactive glucose analogs, such as 2-deoxy-D3-
[1,2-3H}-glucose, 2-deoxy-D-{1-14C}-glucose, or 2-deoxy-2-(**F)-fluorc-D-glucose (('FDGY,
or fluorescent glucose analogs, such as 2-[N-(7-nitrobenz-2-oxa-1,3-diaxol-4-yhamino}-2-
deoxyglucose (2-NBDG). Measurements of radicactive glucose analog uptake require a
scintitfation counter, whereas 2-NBDG uptake is usually measured by flow cytometry or
fluorescent microscopy. In some ermbodiments, the glucose uptake s measured by the uptake

of radio-labelled glucose 2-deoxy-2-[fluorine-18]fluore- D-glucose (*F-FDG). In further
embodiments, detecting the "F-FDG is by positron emission tomography (PET). In some
embodiments, the biopsy 1s taken from a GBM tumor. A detailed description of an example of
measuring " F-FD(G is provided in the examples below.

In certain aspects, the methods can relate to comparing ghicose uptake of a biclogical
sample such as a tumor sample with a control. Fold increases or decreases may be, be at least,
or be at Most 1-, 2-, 3« 4=, 5=, 6=, 7=, 8-, 0o 10-, 11- 12+, 13 14= 15 16-, 17 18-, 19 20-

k2
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25+, 30-, 35, 40-, 45+, 50+, 55-, 60-, 65, T0-, 75-, 0=, 85, 90-, 95-, 100~ or more, ot any range
derivable therein. Alternatively, differences in expression between a sample and a reference
may be expressed as a percent decrease or increase, such as at least or at most 20, 25, 30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, 8S, ©0, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190,
206, 300, 400, 500, 600, 700, 800, 900, 1000% difference, or any range derivable therein,
Other ways to express relative expression levels are with normalized or relative
numbers such as 0.001, 0.002, 0.003, 0.004, 0.005, 0.006, 0.007, 0.008, 0.009, 0.01, 0.02, 0.03.
0.04, 005,006,007, 008,009 01,02,03,034,05,06,07 68,09 1.0, 1.1,12,13,14,

15,16, 1.7, 18,19, 20,21, 22, 23, 24,25 26 27,28 29, 3.0, 31,32 33, 3.4 35,
36,37 38.39,40,41,42,43,44,45 46 47, 48 49, 50,51,52 53,54, 55,56,

£

57,58, 59, 60,6.1,62 63,64 65 66 67,68, 69,70, 71,72 73, 74,75,
78 80,81, 82 83,84, 85 86 87,88 89,90,.91,92 93.94,95, 96 97,98, 99,

-3
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78,76, T,

k2

10.0, or any range derivable therein. In some embodiments, the levels can be relative 1o a
control.

Algorithms, such as the weighted voting programs, can be used to facilitate the
evaluation of biomarker levels. In addition, other clinical evidence can be combined with the
biomarker-based test to reduce the risk of false evaluations. Other cytogenetic evaluations may

be considered in some embodiments.

Methods of Synthesis

In another aspect, the present disclosure provides methods of making compounds of

Formulda 1, I*) or a pharmaceutically acceptable salt thereot, according to Scheme 1 or Scheme

2
REB
M X
Rl Ny N\ N
i B
- N
(nx N
sz 5\11
RTN\Z

-33 -



WO 2020/190765 PCT/US2020/022743

X N
{7, i u
P 8
Rot™ ™y
Syt

Scheme 2

wherein:
X183, S, or NH;
Z is aryl or hetercaryl;
Rbis atkoyl;
R™ and R™ are each independently selected from hydrogen, alkyl, halo, ON, and NO»;
R’ is hydrogen, alkyl, or acyl;
R* is alkoxy:
R is atkyl;
R* is an alkyl substituted with a leaving group, e.g., a haloatkyl or sulfonylatkyl,
B is a base;
Nu i3 a nitrogen-containing heterocyele (e g, baving at least one N-H bound), arowoalkyl, or
hydroxyalkyl;
Sv!is a solvent; and
1115 0.3,
In certain preferred embodiments, R*! is sufonylalkyl (e.g., CHzS(QROCH:-).
In certain embodiments, B is a nitrogenous base {e.g., triethylamine or
diisopropylethylamine}.
In certain embodiments, Nu is a nitrogen-containing heterocyele having at least one N-
H bond {eg, morpholine, N-methylpiperazine, piperidine, or pyrrolidine).  In other
embodiments, Nu 18 amunoalkyl (e.g., dimethylamine).
In certain embodiments, the solvent is an aprotic solvent {e.g., dimethylformamide).
In certain preferred embodiments, the method further comprises a step according o

scheme 3 or 4;
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Scheme 4

whereuy:

R* is alkyl or hydroxyalkyl;

R and R*® are each alkyl;

R*! is aminoary! or aminoheteroaryl; and
Sv? is an acid.

In certain preferred embodiments, R* is hydroxyalkyl.

fu certain embodiments, R and R*™ are each methyl

in certain embodiments, R* is aminoaryl. In other embodiments, R* is
aminoheteroaryl,

In certain embodiments, Sv? is an alkylacid (e.g., acetic acid).

In certain preferred embodiments, the step in scheme 3 or 4 1s performed at a
temperature in the range 115-150°C. In certain embodiments, the step is performed at a
ternperature in the range 125-130°C. In certain embodiments, the step further comprises
treatment with a base, such as amminoum hvdroxide,

In certain embodiments, the method further comprises a purification step. In certain
embodiments, the purification step coruprises coluron chromatography, preparative thin layer

chromatography, or high performance liguid chromatography.

Definitions
Unless otherwise defined herein, scientific and technical terms used n this application

shall have the meanings that are commonly understood by those of ordinary skill in the art.
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Generally, nomenclature used in connection with, and techniques of, chemisiry, cell and tissue
culture, molecular biology, cell and cancer biology, neurobiology, neurochemistry, virology,
immunology, microbiology, pharmacology, geuetics and protein and nucleic acid chemustry,
described herein, are those well known and commonly used in the art.

The methods and techniques of the present disclosure are generally performed, unless
otherwise indicated, according to conventional methods well known in the art and as described
in vartous general and more specitic references that are cited and discussed throughout this
specification. See, e.g. “Principles of Neural Science”, McGraw-Hill Medical, New York, N Y.
(2000}, Motulsky, “Intuitive Biostatistics”, Oxtord University Press, Inc. (1995); Lodish et al |
“Molecular Cell Biology, 4th ed”, W. H. Freeman & Co, New York (2000); Griffiths et al|
“Introduction to Genetic Analysis, 7th ed.”, W H. Freeman & Co., NY. {(1999); and Gilbert et
al., “Developmental Biology, 6th ed.”, Sinauer Associates, Inc., Sunderland, MA (2000},

Chemistry terms used herein, unless otherwise defined herein, are used according to
conventional usage 1o the art, as exemplified by “The McGraw-Hill Dictionary of Chemical
Termys”, Parker S, Ed., McGraw-Hill, San Francisco, U A, (1985).

All of the above, and any other publications, patents and published patent applications
referred to in this application are specifically incorporated by reference herein. In case of
conflict, the present specification, including its specific definitions, will control.

The term “agent” is used herein to denote a chemical compound (such as an organic or
inorganic compound, a mixture of chemical compounds), a biological macromolecule (such as
a nucleic acid, an antibody, including parts thereof as well as humanized, chimeric and human
antibodies and monoclonal antibodies, a protein or portion thereot, e.g., a peptide, a lipid, a
carbohydrate), or an extract made from biological materials such as bactenia, plants, fungi, or
animal {particularly mammalian) cells or tissues. Agents include, for example, agents whose
structure 18 known, and those whose structure is not known. The ability of such agents to
inhibit AR or promote AR degradation may render them suitable as “therapeuntic agents” in the
methods and compositions of this disclosure.

A “patient,” “subject,” or “individual” are used interchangeably and refer to either a
human or a non-human animal. These terms include mammals, such as humans, primates,
fivestock anumals (including bovines, porcines, etc.), companion animals {e.g., camnes, felines,
etc.y and rodents {e.g., mice and rats).

“Treating” a condition or patient refers to taking steps to obtain beneficial or desired
results, including clinical results. As used herein, and as well understood 1n the art, “treatment”
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is an approach for obtaining beneficial or desired results, including clinical results. Beneficial
or desired clinical results can include, but are not limited to, alleviation or amelioration of one
or more symptoms or conditions, diminishment of extent of disease, stabilized (e not
worsening} state of disease, preventing spread of disease, delay or slowing of disease
progression, amelioration or palliation of the disease state, and remission (whether partial or
total), whether detectable or undetectable. “Treatment” can alse mean prolonging survival as
compared to expected survival if not receiving treatment.

The term “preventing” is art-recognized, and when used in relation to a condition, such
as a local recurrence {e.g, pain}, a disease such as cancer, a syndrome complex such as heart
failure or any other medical condition, is well understood in the art, and includes administration
of a composition which reduces the frequency of, or delays the onset of, symiptoms of a medical
condition o a subject relative to a subject which does not receive the composition. Thus,
prevention of cancer includes, for example, reducing the number of detectable cancerous
growths in a population of patients receiving a prophylactic treatment relative to an untreated
control population, and/or delaying the appearance of detectable cancerous growths in a treated
population versus aun untreated countrol population, eg, by a statistically and/or clinucally
significant amount.

“Administering” or “admimstration of” a substance, a compound or an agent {0 a
subject can be carried out using one of a variety of methods known to those skilied in the art.
For example, a compound or an agent can be administered, intravenously, arterially,
intradermally, intramuscularly, intraperitoneally, subcutaneously, ocularly, sublingually, orally
{by ingestion), intranasally (by inhalation), intraspinally, intracerebrally, and transdermally (by
absorption, e.g., through a skin duct) A compound or ageot can also approprately be
introduced by rechargeable or binodegradable polymeric devices or other devices, e g, patches
and pumps, or formulations, which provide for the extended, slow or controlled release of the
compound or agent. Administering can also be performed, for example, once, a plurality of
times, and/or over one or more extended periods.

Appropriate methods of administering a substance, a compound or an agent to a subject
will also depend, for example, on the age and/or the physical condition of the subject and the
chemical and biological properties of the compound or agent {e.g., solubility, digestibility,
bipavailability, stability and toxicity). In some embodiments, a compound or an agent is

administered orally, eg., to a subject by ingestion. In some embodiments, the orally

1

o

]
s



WO 2020/190765 PCT/US2020/022743

administered compound or agent is in an extended release or slow release formulation, or
administered using a device for such slow or extended release.

As wused herewn, the phrase “conjoint admimstration” refers to any form of
administration of two or more different therapeutic agents such that the second agent is
administered while the previousty administered therapeutic agent 15 still effective in the body
{e.g., the two agents are simultanecusly effective in the patient, which may include synergistic
etfects of the two agents). For example, the different therapeutic compounds can be
administered either in the same formulation or 1u separate formulations, either concomitantly
or sequentially. Thus, an individual who receives such treatraent can benefit from a combined
effect of different therapeutic agents.

A “therapeutically effective amount” or a “therapeutically effective dose” of a drug or
agent is an armnount of a drug or an agent that, when admirustered to a subject will have the
intended therapeutic effect. The full therapeutic effect does not necessarily occur by
admunistration of one dose, and may occur only after admnistration of a series of doses.

Thus, a therapeutically effective amount may be administered in one or more administrations.
The precise effective amount needed for a subject will depend upon, for exarople, the
subject’s size, bealth and age, and the nature and extent of the condition being treated, such
as cancer or MDS. The skilled worker can readily determine the effective amount for a given
sitnation by routine experimentation,

As used herein, the terms “optional” or “optionally” mean that the subsequently
described event or circumstance may occur of may vot occur, and that the descniption
includes instances where the event or circumstance occurs as well as instances in which it
does not. For example, “optionally substituted alkyl” refers to the alkyl may be substituted as
well as where the alkyl is not substituted

It 1s understood that substituents and substitution patterns on the compounds of the
present invention can be selected by one of ordinary skilled person in the art {0 result
chemically stable corapounds which can be readily synthesized by techniques known in the art,
as well as those methods set forth below, from readily available starting materials, i a
substituent is itself substituted with more than one group, it is understood that these multiple
groups may be on the samwe carboun or on different carbous, so long as a stable structure results,

As used herein, the term “optionally substituted” refers to the replacement of one to six
hydrogen radicals in a given structure with the radical of a specified substituent wncluding, but
not limited tor hydroxyl, hydroxyalkyl, alkoxy, halogen, alkyi, nitro, silyl, acyl, acvloxy, arvi,
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cycloalkyl, heterocyelyl, amino, aminoalkyl, cyano, haloalkyl, haleatkoxy, ~-OCO-CH»-O-
alkyl, -OP{O} G-alkyl) or -CHR-OP(OXO-alkyl . Preferably, “optionally substituted” refers
to the replacement of oue to four hydrogen radicals in a given structure with the substituents
mentioned above. More preferably, one to three hydrogen radicals are replaced by the
substituents as mentioned above. It is understood that the substituent can be further substituted.

E

As used herewn, the term “alkyl” refers to saturated aliphatic groups, including but not
fimited to C1-Cho straight-chain alkyl groups or Ci-Cip branched-chain alkyl groups. Preferably,
the “alkyl” group refers to C1~Cs straight-chain alkyl groups or (1~Cs branched-chain alkyl
groups. Most preferably, the “alkyl” group refers to C-Cy straight-chain alkyl groups or C1-Cy
branched-chain alkyl groups. Examples of “alkyl” wnclude, but are not hmited to, methyl, ethyl,
T-propyl, Z-propyl, n-butyi, sec-butyl, tert-butyl, 1-pentyl, Z-pentyl, 3-pentyl, neo-pentyl, 1-
hexyl, 2-hexyl, 3-hexyl, i-heptyl, 2-heptvl, 3-heptyl, 4-heptyl, 1-octyl, 2-octyl, 3-octyl or 4-
octyl and the like. The “alkyl” group may be optionally substituted.

The term “acyl” is ant-recognized and refers to a group represented by the general
formula bydrocarbylC{Q)-, preferably alkyiC(O)-

The term “acylaming” 15 art-recognized and refers to an amino group substituted with
an acyl group and may be represented, for example, by the formula hydrocarbylCLOINH-.

The term “acvloxy” is art-recognized and refers to a group represented by the general
formula hydrocarbylC{OY3-, preferably alkviC(0)0-,

The term “alkoxy” refers to an alkyl group having an oxygen attached thereto
Representative atkoxy groups include methoxy, ethoxy, propoxy, tert-butoxy and the like.

The term “alkoxyalkyl” refers to an alkyl group substituted with an alkoxy group and
may be represented by the general formula alkyl-O-alkyl.

The term “alkyl” refers to saturated aliphatic groups, including straight-chain alkvl
groups, branched-chain altkyl groups, cycloalkyl {alicyclicy groups, alkyl-substituted
cycloalkyl groups, and cycloalkyl-substituted alkyl groups. Tu preferred embodiments, a
straight chain or branched chain alkyl has 30 or fewer carbon atoms in its backbone {e.g., Ci.
3o for straight chatns, T for branched chaing), and more preferably 20 or fewer,

Maoreover, the term “alkyl” as used throughout the specification, examples, and claims
is intended to include both unsubstituted and substituted alkyl groups, the latter of which

refers to alkyl moieties having substituents replacing a hydrogen on one or more carbons of
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the bydrocarbon backboune, including haloalkyl groups such as trifluoromethyl and 2,2,2-
trifluoroethyl, etc.

The term “Cuy” or “Ci-Cy7, when used 1o conjunction with a chernical moiety, such
as, acyl, acvloxy, atkvl, alkenyl, alkynvl, or alkoxy is meant to include groups that contain
from x to y carbons o the chain. Coalloyl indicates a hydrogen where the group isina
terminal position, a bond if internal. A Crsalkyl group, for example, contains from one to six
carbon atoms in the chain,

The term “alkylaming”, as used herein, refers to an amino group substituied with at
teast one alkyl group.

The term “alkoylthio”, as used herein, refers to a thiol group substituted with an alloyl
group and may be represented by the general formula alkylS-

The term “amide”, as used herein, refers to a group

O
o
210
wherein R” and RY each independently represent a hydrogen or hydrocarbyl group, or RY and
R taken together with the N atom to which they are attached complete a heterocycle having
from 4 to 8 ators 1n the ring structure.

The terms “amine” and “aming” are art-recognized and refer to both unsubstituted and

substituted amines and salts thereof, e.g., a motety that can be represented by

RY Re
BN 0f BeeNlR0
R?O FE«;Q'

wherein R7, R and R*? each independently represent a hydrogen or a hydrocarbyt group, or
R’ and R' taken together with the N atom to which they are attached complete a heterocycle
haviog from 4 to & atoms in the ring structure.

The term “aminoalkyl”, as used herein, refers to an alkyl group substituted with an
Aming group.

The term “aralkyl”, as used herein, refers to an alkyl group substituted with an aryl
Sroup.

The term “aryl” as used herein include substituted or unsubstituted single-ting aromatic
groups in which each atom of the ring is carbon. Preferably the ring is 2 5~ to 7-membered

ring, more preferably a O-membered ring  The term “aryl” also cludes polyeyclic ring
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systems having two or more cyclic rings in which two or more carbons are common to two
adjoining rings wherein at least one of the rings 18 aromatic, e.g., the other cyclic rings can be
cycloalkyls, cvcloalkenyls, cycloalkynyls, arvls, hetercaryls, and/or heterocyelyls.  Aryl
groups include benzene, naphthalene, phenanthrene, phenol, aniline, and the like.

The term “carbamate” is art-recognized and refers to a group

f‘g\,lj\Rggs‘j\/Ji\ 19

R i
wherein R” and R'" independently represent hydrogen or a hydrocarby! group.

The term “carbocyelylalkyl”, as used herein, refers to an alky! group substituted with a
carbocycle group.

The term “carbocycle” includes 3-7 mermbered monocyclic and §-12 membered
bicyelic rings. Hach ring of a bicyelic carbocycle may be selected from saturated, unsaturated
and aromatic rings. Carbocyele includes bicyelic molecules in which one, two or three or
more atoms are shared between the two rings. The term “fused carboeycle” refers to a
bicyclic carbocycle in which each of the rings shares two adjacent atoms with the other ring.
Each ring of a fused carbocyele may be selected from saturated, unsaturated and aromatic
rings. In an exemplary emnbodiment, an aromatic ring, €.¢., phenyl, may be fused to a
saturated or unsaturated ring, ¢ g., cyclohexane, cyclopentane, or cyclohexene. Any
combination of saturated, unsaturated and aromatic bicyclic rings, as valence permits, is
wcluded o the definttion of carboceyclic. Exemplary “carbocycles” inchude cyclopentane,
cyvclohexane, bicyelo[2.2 iheptane, 1,5-cyclooctadiene, 1,23 4-tetrahydronaphthalene,
bicyclo[4.2 Ojoct-3-ene, naphthalene and adamantane. Exemplary fused carbocycles include
decalin, naphthalene, 1,2,3 4-tetrahvdronaphthalene, bicyclo[4.2 Ojoctane, 4,5,6,7-tetrahydro-
tH-indene and bicyclof4.1 Othept-3- “Carbocycles” may be substituted at any one or
more positions capable of bearing a hydrogen atom.

The term “carbocyelylalkyl”, as used herein, refers to an alkyl group substituted with a
carbocycle group.

The term “carbonate” 1s ast-recognized and refers to a group ~OCO-.

The term “carboxy”, as used herein, refers to a group represented by the
formula -CO:H.

The term “ester”, as used herein, refers to a group -C(O)OR” wherein R” represents a

hydrocarbyl group.
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The term “ether”, as used herein, refers to a hydrocarbyl group linked through an
oxygen to another hydrocarbyl group. Accordingly, an ether substituent of a hydrocarbyl
group may be hydrocarbyl-O-. Ethers may be either syrmmetrical or unsymmetrical.
Examples of ethers include, but are not limited to, heterocycle-G-heterocyele and arvl-0O-
heterocyele. Ethers include “alkoxyaliovl” groups, which roay be represented by the general
formula alkyl-O-alkoyl.

The terms “halo” and “halogen” as used herein means halogen and meludes chloro,
fluoro, bromo, and iodo.

The terms “hetaralkyl” and “heteroaralkyl”, as used herein, refers to an atkyl group
substituted with a hetaryl group.

The terms “hetercaryl” and “hetarvl” include substituted or unsubstituted aromatic
single ting structures, preferably S- to T-membered rings, more preferably 5~ to 6-membered
rings, whose ring structures include at least one heteroatom, preferably one to four hetercatoms,
more preferably one or two heteroatoms. The terrus “heteroaryl” and “hetaryl” also include
polyeyclic ring systems having two or more cyclic rings in which two or more carbons are
common o two adjoimng rings wherein at least one of the vings i3 heteroaromatic, e g., the
other cyelic rings can be cycloalkyls, cycloatkenyls, cycloalkynyls, aryls, heteroaryls, and/or
heterocyelyls. Hetercarvl groups include, for example, pyrrole, furan, thiophene, imidazole,
oxazole, thiazole, pyrazole, pyridine, pyrazine, pyridazine, and pyrimiding, and the like.

The term “heteroatom” as used herein means an atom of any element other than carbon
or hydrogen. Preferred heteroatorus arve nitrogen, oxygen, and sulfur,

The term “heterocyelylalkyl”, as used herein, refers to an altkyl group substituted with
a heterocycle group.

The terms “heterocyclyl”, “heterocycle”, and “heterocyclic” refer to substituted or
unsubstituted non-aromatic ring structures, preferably 3- to 10-membered rings, more
preferably 3- to 7~-membered rings, whose ting structures include at least one heteroatom,
preferably one to tour heteroatoms, more preferably one or two heteroatoms. The terms
“heterocyelyl” and “heterocyelic” also include polyeyclic ring systems having two or more
cyclic rings in which two or more carbons are common 1o two adjoining rings wherein at
feast one of the rings is heterocyclic, e g, the other cychic rings can be cycloalkyls,
cyvcloalkenyis, cycloalkynyls, aryls, heteroaryls, and/or heterocyelyls. Heterocyelyl groups
include, for example, pipendine, piperazineg, pyrrolidine, morpholine, lactones, lactars, and

the like.
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The termy “hydrocarbyl”, as used herein, refers to a group that is bonded through a
carbon atom that does not have a =0 or =S substituent, and typically has at least one carbon-
hydrogen bond and a prumarily carbon backboune, but may optionally include heteroatoms.
Thus, groups like methyl, ethoxyethyl, 2-pyridyl, and even trifluoromethyl are considered to
be hydrocarbyl for the purposes of thig application, but substituents such as acetyl {(which has
a = substituent on the linking carbon) and ethoxy (which is linked through oxvgen, not
carbon) are not. Hydrocarbyl groups include, but are not linuted to aryl, hetercaryl, carbocyele,
heterocycle, alkyl, alkenyi, alkyuyi, and combinations thereof.

The term “hydroxvalkyl”, as used herein, refers to an alkyl group substituted with a
hydroxy group,

The term “lower” when used in conjunction with a chemical moiety, such as, acyl,
acyloxy, atloyl, alkenvl, allkynyl, or alkoxy is meant to tnclude groups where there are ten or
fewer atoms in the substituent, preferably six or fewer. A “lower alky!”, for example, refers to
an alkyl group that contaius ten or fewer carbon atorus, preferably six or fewer. In certain
embodiments, acyl, acyloxy, alkyl, alkenyl, alkynyl, or alkoxy substituents defined herein are
respectively lower acyl, lower acyloxy, tower alkyl, lower alkenyl, lower alkynyl, or lower
alkoxy, whether they appear alone or in combination with other substituents, such as in the
recitations hydroxyalkyl and aralkyl (n which case, for example, the atoms within the aryl
group are not counted when counting the carbon atoms in the alkyl substituent}.

The terms “polyeyelyl”, “polyeyele”, and “polyeycelic” refer to two or more rings {e.g.,

cycloalkyls, cycloalkenyls, cycloalkyunyls, aryls, hetercaryls, and/or heterocyclyis) in which
tWOo Or more atoms are common o two adjoining rings, .2, the rings are “fused rings”. Each
of the rings of the polyeycle can be substituted or unsubstituted. In certain embodiments, each
ring of the polycycle contains from 3 to 10 atoms in the ring, preferably from 5to0 7.

The term “suifate” is artrecognized and refers to the group —OSO:H, or a
pharmaceutically acceptable sait thereof.

The term “sulfonamide” is art-recognized and refers to the group represented by the

general formulae

He
EARNN
f—s-N_or : 0
\ -
G R \RQ

wherein R” and R'% independently represents hydrogen or hydrocarbyl.

The term “sulfoxide” 19 art-recognized and refers to the group-S{{}}-,
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The term “sulfonate” s art-recognized and refers to the group SGsH, or a
pharmaceutically acceptable salt thereof.

The term “sulfone” is art-recoguized and refers to the group =S5O~

The term “substituted” refers to moieties having substituents replacing a hydrogen on
one or more carbons of the backbone. Tt will be understood that “substitution” or “substituted
with” includes the implicit proviso that such substitution is in accordance with permitted
valence of the substituted atom and the substituent, and that the substitution results in a stable
compound, e.g., which does not spontaneously undergo transformation such as by
rearrangerment, cyclization, elimination, etc. As used herein, the term “substituted” is
contempiated to 1nclude all permissible substituents of organic compounds. In a broad
aspect, the permissible substituents include acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and non-aromatic substituents of organic compounds.
The permissible substituents can be one or more and the same or different for appropriate
organic compounds. For purposes of this invention, the heteroatoms such as nifrogen may
have hydrogen substituents and/or any permissible substituents of organic compounds
described herein which satisty the valences of the heteroatoms. Substituents can nclude any
substituents described herein, for example, a halogen, a hydroxyl, a carbony! {(such as a
carboxyl, an alkoxycarbonyl, a formyl, or an acvl), a thiocarbonyl (such as a thioester, a
thioacetate, or a thioformate}, an atkoxyl, a phosphoryl, a phosphate, a phosphonate, a
phosphinate, an amino, an amido, an amidine, an imine, a ¢yano, a nitro, an azido, a
sulfhydrvl, an alkoylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a sulfonyl, a
heterccyelyl, an aralkyl, or an aromatic or heteroaromatic moiety. it will be understood by
those skilled in the art that the moieties substituted on the hydrocarbon chain can themselves
be substituted, if appropriate.

The term “thioatky!”, as used herein, refers to an alkyl group substituted with a thiol
group.

The term “thicester”, as used herein, refers to a group -C{O)SR” or —-SC{OR’

wherein R” represents a hydrocarbyl.

The term “thicether”, as used herein, is equivalent to an ether, wherein the oxygen is
replaced with a sulfur,

The term “urea” is art-recognized and may be represented by the general formula
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wherein R” and R'¥ independently represent hydrogen or a hydrocarbyl.

The term “modulate” as used herein includes the inhibition or suppression of a function
or activity {such as cell proliferation) as well as the enhancement of a function or activity.

The phrase “pharmaceutically acceptable” is art-recognized. In certain embodiments,
the term includes compositions, excipients, adjuvanis, polymers and other matertals and/or
dosage forms which are, within the scope of sound medical judgment, suitable for use in contact
with the tissues of human beings and ammals without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate with a reasonable benefit/risk ratio.

“Pharmaceutically acceptable salt” or “salt” 15 used herein to refer to an acid addition
salt or a basic addition salt which is suitable for or corpatible with the treatment of patients.

The term “pharmaceutically acceptable acid addition salt” as used herein means any
non-toxic organic or inorganic salt of any base compounds represented by Formula L
fHustrative inorganic acids which form suitable salts include hydrochloric, hydrobromice,
sulfuric and phosphoric acids, as well as metal salts such as sodium monochydrogen
orthophosphate and potassium hvdrogen sulfate. Blustrative organic acids that form suitable
salts include mono-, di-, and tricarboxylic acids such as glycolic, lactic, pyruvie, malonig,
succinic, ghitaric, fumaric, malic, tartaric, citric, ascorbic, maleic, benroic, phenylacetic,
cinnamic and salicylic acids, as well as sulfonic acids such as p-toluene sulfonic and
methanesulfonic acids. Fither the mono or di-acid salts can be formed, and such salts may
exist in either a hydrated, solvated or substantially anhydrous form. In general, the acid
addition salts of compounds of Formula | are more soluble tn water and various hydrophilic
organic solvents, and generally demonstrate higher melting points in comparison to their free
base forms. The selection of the appropriate salt will be known to one skilled 1 the art.
Other non-pharmaceutically acceptable salts, e.g., oxalates, may be used, for example, in the
isolation of compounds of Formula I for laboratory use, or for subsequent conversion to a
pharmaceutically acceptable acid addition salt.

The term “pharmaceutically acceptable basic addition salt” as used herein means any
non-foxXic organic of inorganic base addition salt of any acid compounds represented by
Formula 1 or any of their intermediates. Hlustrative inorganic bases which form suitable salts

include lithium, sodium, potassinm, calcium, magnesium, or barium hydroxide. Hlustrative
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organte bases which form suitable salts include aliphatic, alicyclic, or aromatic organic amines
such as methylamine, trimethylamine and picoline or ammonia.  The selection of the
appropriate salt will be known to a person skilled n the art,

Many of the compounds useful in the methods and compositions of this disclosure have
at least one stereogenic center in thetr structure. This stereogenic center may be presentina R
or a § configuration, said R and S notation is used in correspondence with the rules described
in Pure Appl. Chem. (1976), 45, 11-30. The disclosure contemplates all stereoisomeric forms
such as enantiomeric and diasterecisomeric forms of the compounds, salts, prodrugs or
mixtures thereof (including all possible mixtures of sterecisomers). See, e.g, WO 01/0662726.

Furthermore, certatn compounds which contain alkenyl groups may exist as Z
{zusammen} or E {(entgegen) isomers. In each instance, the disclosure includes both mixture
and separate individual isomers,

Some of the compounds may also exist in tautomeric forms, Such forms, although not
exphicitly mndicated 1n the forrmoulae described herein, are intended to be ncluded withio the
scope of the present disclosure.

143

“Prodrug” or “pharmaceuatically acceptable prodrug” refers to a compound that s
metabolized, for example hydrolyzed or oxidized, in the host after administration to form the
compound of the present disclosure {e.g., compounds of formula ). Typical examples of
prodrugs include compounds that have biclogically labile or cleavable {protecting) groups on
a functional moiety of the active compound. Prodrugs include compounds that can be oxidized,
reduced, aminated, deaminated, hydroxylated, dehvdroxylated, bydrolyzed, dehydrolyzed,
alkvlated, dealkylated, acylated, deacylated, phosphorylated, or dephosphoryiated to produce
the active compound. Examples of prodrugs using ester or phosphoramidate as biologically
iabile or cleavable (protecting) groups are disclosed in U.S. Patents 6,875,751, 7,585 851, and
7,964,580, the disclosures of which are incorporated herein by reference. The prodrugs of this
disclosure are metabolized to produce a compound of Formula I The present disclosure
includes within its scope, prodrugs of the compounds described herein.  Conventional
procedures for the selection and preparation of suitable prodrugs are described, for example, in
“Design of Prodrugs” Ed. H. Bundgaard, Elsevier, 1985

The phrase “pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid filter,
diluent, excipient, solvent or encapsulating material useful for formulating a drug for

medicinal or therapeutic use.
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The term “Log of solubility”, “Log®” or “logS” as used herein 1s used in the art to
quaniity the agueous solubility of a compound. The agueous solubility of a compound
significantly affects its absorption and distnbution charactenistics. A low solubility often
goes along with a poor absorption. LogS value is a unit stripped logarithm (base 10} of the

solubility measured in mol/hiter,

Pharmaceutical Compositions

The compositions and methads of the present invention may be utilized to treaf an
individual in need thereof. In certain embodiments, the individual 1s a mammal such as a
human, or a non-human mammal. When administered to an animal, such as a human, the
composition or the compound 1s preferably administered as a pharmaceutical composttion
comprising, for example, a compound of the tnvention and a pharmaceutically acceptable
carrier. Pharmaceutically acceptable carriers are well known in the art and include, for
example, aqueous solutions such as water or physiologically buftered saline or other solvents
or vehicles such as glycols, glveerol, oils such as olive oil, or injectable organic esters. In
preferred embodiments, when such pharmaceutical compositions are for human
administration, particularly for invasive routes of administration (1.2, routes, such as injection
or implantation, that circumvent transport or diffusion through an epithelial barrier), the
aqueocus solution is pyrogen-free, or substantially pyrogen-free. The excipients can be
chosen, for example, to effect delayed release of an agent or to selectively target one or more
cells, tissues or organs. The pharmaceutical composttion can be in dosage unit form such as
tablet, capsule (including sprinkle capsule and gelatin capsule}, granule, lyophile for
reconstitution, powder, solution, syrup, suppository, tnjection or the like. The composition
can also be present in a transdermal delivery system, e g, a skin patch. The composition can
also be present in a3 solution suitable for topical administration, such as a lotion, cream, or
gintment.

A pharmaceutically acceptable carrier can contain physiologically acceptable agents
that act, for example, to stabilize, increase solubility or to increase the absorption of a
compound such as a compound of the invention. Such physiologically acceptable agents
include, for example, carbohydrates, such as ghicose, sucrose or dexirans, antioxidants, such
as ascorbic acid or glutathione, chelating agents, low molecular weight proteins or other
stabilizers or excipients. The choice of a pharmaceutically acceptable carrier, including a

physiclogically acceptable agent, depends, for example, on the route of administration of the
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composition. The preparation or pharmaceutical composition can be a selfemulsifving drug
delivery system or a selfmicroemulsifying drug delivery system. The pharmaceutical
composition {preparation ) also can be a hiposome or other polymer matrix, which can have
incorporated therein, for example, a compound of the invention. Liposomes, for example,
which comprise phospholipids or other lipids, are nontoxic, physiologically acceptable and
metabolizable carriers that are relatively simple to make and administer.

The phrase "pharmaceutically acceptable” is employed herein to refer to those
compounds, materials, compostiions, and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues of human beings and ammals
without excessive toxicity, irritation, allergic response, or other problemy or complication,
commensurate with a reasonable benefit/risk ratio.

The phrase "pharmaceutically acceptable carrier” as used herein means a
pharmaceutically acceptable material, composition or vehicle, such as a liquid or solid filler,
diluent, excipient, solvent or encapsulating material. Each carmer must be "acceptable” in the
sense of betng compatible with the other ingredients of the formulation and not injurious to the
patient. Some examples of matenals which can serve as pharmaceutically acceptable carriers
include: (1) sugars, such as factose, glucose and sucrose; (2) starches, such as corn starch and
potato starch; (33 cellulose, and s derivatives, such as sodium carboxymethyl cellulose, ethyl
celluiose and cellulose acetate; (4) powdered tragacanth; (5) malt; {6} gelatin; {7} talc; (&)
excipients, such as cocoa butter and suppository waxes; {9} oils, such as peanut oil, cottonseed
oil, safflower oil, sesame o1, olive oil, corn o1l and soybean oil; (10) glycols, such as propylene
ghyeol; (11) polyols, such as glycerin, sorbitol, mannitol and polyethviene glycol; (12) esters,
such as ethyl oleate and ethyl laurate; {(13) agar; (14} buffering agents, such as magnesium
hydroxide and aluminum hydroxide; {15} alginic acid; (16} pyrogen-free water; {17} isotonic
saline; {18) Ringer's solution; {19} ethyl alcohel; (20) phosphate butter solutions; and (2 1) other
non-toxic compatible substances employed in pharmaceutical formulations.

A pharmaceutical composition {preparation) can be administered to a subject by any
of a number of routes of adminisiration including, for example, orally (for example, drenches
as in aquecus of non-agquesus scolutions or suspensions, tablets, capsules (including sprinkle
capsules and gelatin capsules), boluses, powders, granules, pastes for application to the
tongue}; absorption through the oral mucosa {e.g., sublingually); subcutaneously;
transdermally (for example as a patch applhied to the skin}; and topically (for example, as a
cream, ointment or spray applied to the skin). The compound may also be formulated for
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inhalation. In certain embodiments, a compound may be sumply dissolved or suspended in
sterile water. Details of appropriate routes of administration and compositions suitable for
same can be found in, for example, U.S. Pat. Nos. 6,110,973, 5,763,493, 5,731,000,
5,541,231, 5,427,798, 5,358,970 and 4,172,896, as well as in patents cited therein.

The formulations may conveniently be presented in umt dosage form and ruay be
prepared by any methods well known in the art of pharmacy. The amount of active ingredient
which can be combined with a carrier material to produce a single dosage form will vary
depending upon the host being treated, the particular mode of admintstration. The amount of
active ingredient that can be combined with a carrier material to produce a single dosage
form will generaily be that amount of the compound which produces a therapeutic effect.
Generally, out of one hundred percent, this amount will range from about 1 percent to about
ninety-nine percent of active ingredient, preferably from about S percent to about 70 percent,
most preferably from about 10 percent to about 30 percent.

Methods of preparing these formulations or compositions include the step of bringing
into association an active compound, such as a compound of the invention, with the carrier and,
optionally, one or more accessory ingredients. In general, the formulations are prepared by
uniformiy and intimately bringing into association a compound of the present invention with
hiquid carriers, or finely divided solid carriers, or both, and then, if necessary, shaping the
product.

Formulations of the invention suitable for oral administration may be in the form of
capsules (including sprinkle capsules and gelatin capsules), cachets, pills, tablets, lozenges
(using a flavored basis, usually sucrose and acacia or tragacanth), lvophile, powders, granules,
Of as 4 solution Or a SUSPension 1 an agueous of non-agqueocus hquid, or as an oil-in-water or
water-in-oil liquid emulsion, or as an elixir or syrup, or as pastilies (using an inert base, such
as gelatin and glycerin, or sucrose and acacia) and/or as mouth washes and the like, each
containing a predetermined amount of a compound of the present invention as an active
ingredient. Compositions or compounds may also be administered as a bolus, electuary or
paste.

To prepare solid dosage forms for oral adnunistration {capsules (including sprinkle
capsules and gelatin capsules), tablets, pills, dragees, powders, granules and the like), the
active ingredient is mixed with one or more pharmaceutically acceptable carriers, such as
sodium citrate or dicaleium phosphate, and/or any of the following: (1) fillers or extenders,
such as starches, lactose, sucrose, ghucose, mannitol, and/or silicic acid; (2) binders, such as,
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for example, carboxymethylcelinlose, alginates, gelatin, polyvinyl pyrrolidone, sucrose
and/or acacia; (3} humectants, such as glycerol; (4} disintegrating agents, such as agar-agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate; {5} solution retarding agents, such as paraffin; {6) absorption accelerators, such as
quaternary ammonium compounds; {7} wetting ageunts, such as, for exarple, cetyl alcohol
and glycerol monostearate; (8} absorbents, such as kaolin and bentonite clay, (9} lubricants,
such a tale, calcium stearate, maguoesiur stearate, solid polyethylene glycols, sodium lauryl
sulfate, and mixtures thereof; (10} complexing agents, such as, modified and unmodified
cyvelodextrins; and (11) coloring agents. In the case of capsules (including sprinkie capsules
and gelatin capsules), tablets and pilis, the pharmaceutical composiiions may also comprise
buffering agents. Solid compoesitions of a similar type may also be employed as fillers in soft
and hard-filled gelatin capsules using such excipients as lactose or nulk sugars, as well as
high molecular weight polvethyiene glycols and the like.

A tablet may be made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared using binder (for example, gelatin
or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative, disintegrant (for
example, sodium starch glycolate or cross-linked sodium carboxymethyl cellulose), surface-
active or dispersing agent. Molded tablets may be made by molding in a suitable machine a
mixture of the powdered compound moistened with an nert hiquid diluent.

The tablets, and other solid dosage forms of the pharmaceutical compositions, such as
dragees, capsules (including sprinkle capsules and gelatin capsules), pills and granules, may
optionally be scored or prepared with coatings and shells, such as enteric coatings and other
coatings well known in the pharmaceutical-formulating art. They may also be formulated so as
to provide slow or controlled release of the active ingredient therein using, for exampie,
hydroxypropylmethyl cellulose in varying proportions to provide the desired release profile,
other polymer mairices, hposomes and/or microspheres. They may be stertlized by, for
example, filtration through a bacteria-retaining filter, or by incorporating sterilizing agents in
the form of sterile solid compositions that can be dissolved 1n sterile water, or some other sterile
injectable medium immediately before use. These compositions may also optionally contain
opacifying agents and may be of a composition that they release the active wngredient(s} only,
or preferentially, in a certain portion of the gasirointestinal tract, optionally, in a delayed

manner. Exaroples of embedding compositions that can be used wchude polymeric substances
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and waxes. The active ingredient can also be tn micro-encapsulaied form, if appropriate, with
one or more of the above-described excipients.

Liguid dosage forms useful for oral admimstration include pharmaceutically acceptable
emulsions, lyophiles for reconstitution, microemulsions, solutions, suspensions, syrups and
elixirs. In addition to the active ingredient, the liguid dosage forms may contain inert diluents
commonly used in the art, such as, for example, water or other solvents, cyclodextring and
dertvatives thereof, solubilizing agents and emulsifiers, such as ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glveol, 1,3~
butylene glycol, otls {in particular, cottonseed, groundnut, corn, germ, olive, castor and sesame
oils), glycerol, tetrahydrofuryt alcohol, polyethyiene glveols and fatty acid esters of sorbitan,
and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as wetling
agents, emulsifying and suspending agents, sweetening, flavoring, coloring, perfuming and
preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agents as,
for example, ethoxylated isostearyl alcohols, polvoxyvethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentontie, agar-agar and tragacanth, and
mixtures thereof

Dosage forms for the topical or transdermal admimstration include powders, sprays,
cintments, pastes, creams, lotions, gels, solutions, patches and inhalants. The active compound
may be mixed under sterile conditions with a pharmaceutically acceptable carrier, and with any
preservatives, buffers, or propellants that may be required.

The ointments, pastes, creams and gels may contain, o addition to an active
compound, excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, cellulose derivatives, polyethvlene glveols, silicones, bentonites, silicic acid, tale
and zinc oxide, or mixtures thereof.

Powders and sprays can contain, in addition to an active compound, excipients such as
iactose, tale, silicic acid, aluminum hydroxide, calcium silicates and polyamide powder, or
mixtures of these substances. Sprays can additionally contain customary propeliants, such as
chloroftuorohydrocarbons and velatile unsubstituted hydrocarbons, such as butane and
propane.

Transdermal patches have the added advantage of providing controlled delivery of a
compound of the present invention 1o the body. Such dosage forms can be made by

-5 -



WO 2020/190765 PCT/US2020/022743

dissolving or dispersing the active compound in the proper medium. Absorption enhancers
can also be used to increase the flux of the compound across the skin. The rate of such flux
can be controlled by either providing a rate controliing membrane or dispersing the
compound i a polymer matrix or gel.

The phrases "parenteral administration” and "admimistered parenteraliy® as used
herein means modes of administration other than enteral and topical administration, usually
by injection, and includes, without limitation, intravenous, intraruscular, intraarterial,
intrathecal, intracapsular, totraorbital, intracardiac, intradermal, intraperitoneal, transtracheal,
subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal and
intrasternal injection and infusion. Pharmaceutical compositions suitable for parenteral
administration comprise one or more active compounds in combination with one or more
pharmaceutically acceptable sterile isotonic aqueous or nonagqueous solutions, dispersions,
suspensions of enlsions, or steriie powders which may be reconstituted into sterile
injectable solutions or dispersions just prior to use, which may contain antioxidants, buffers,
bacteriostais, solutes which render the formulation isctonic with the blood of the intended
recipient of suspending or thickening agents.

Examples of suitable aqueous and nonagueous carriers that may be employed in the
pharmaceutical compositions of the invention include water, ethanol, polyols {(such as glycerol,
propylene glycol, polvethylene glveol, and the like), and suitable mixtures thereof, vegetable
oils, such as olive otl, and injectable organic esters, such as ethyl oleate. Proper fluidity can be
maintatoed, for example, by the use of coating materials, such as lecithin, by the maintenance
of the required particle size in the case of dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting ageunts,
emulsifying agents and dispersing agents. Prevention of the action of microorganisms may be
ensured by the inclusion of various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include isotonic
agents, such as sugars, sodiurn chloride, and the like into the compositions. In addition,
prolonged absorption of the injectable pharmaceutical form may be brought about by the
inclusion of agents that delay absorption such as aluminum monostearate and gelatin.

In some cases, in order to prolong the effect of a drug, it s desirable to slow the
abisorption of the drug from subcutanecus or intramuscular injection. This may be
accomplished by the use of a liquid suspension of crystalline or amorphous material having
poor water solubility. The rate of absorption of the drug then depends upon its rate of
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dissolution, which, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally adnunistered drug form is accomplished by dissolving or
suspending the drug o an ol vehicle.

Injectable depot forms are made by forming microencapsulated matrices of the
subject compounds 1o biodegradable polymers such as polviactide-polyglycolide. Depending
on the ratio of drug to polymer, and the nature of the particular polymer employed, the rate of
drug release can be controlled. Examples of other biodegradable polymers include
poly{orthoesiers) and poly{anhydrides). Bepot injectable formulations are also prepared by
entrapping the drug in hiposomes or microemulsions that are compatible with body tissue.

For use in the methods of this invention, active compounds can be given perse or as a
pharmaceutical composition containing, for example, 0.1 to 99.5% {more preferably, 0.5 to
0%y of active ingredient in combination with a pharmaceutically acceptable carrier.

Methods of introduction may also be provided by rechargeable or bicdegradable
devices. Various slow release polymeric devices have been developed and tested in vivo in
recent yvears for the controlled delivery of drugs, inchading protetnaceous biopharmaceuticals.
A variety of biocompatible polymers (incloding hydrogels), including both biodegradable and
non-degradable polymers, can be used to form an implast for the sustained release of a
compound at a particular target site.

Aciual dosage levels of the active ingredients in the pharmaceutical compositions may
be varied so as to obtain an amount of the active igredient that is effective to achieve the
desired therapeutic response for a particular patient, composition, and mode of administration,
without being toxic to the patient.

The selected dosage level will depend upou a variety of factors including the activity
of the particular compound or combination of compounds employed, or the ester, salt or amide
thereof, the route of admunisiration, the fime of administration, the rate of excretion of the
particular compound(s) being employed, the duration of the treatment, other drugs, compounds
and/or materials used in combination with the particular compound(s) employed, the age, sex,
weight, condition, general health and prior medical history of the patient being treated, and hike
factors well known in the medical arts.

A physician or veterinarian having ordinary skill in the art can readily determine and
prescribe the therapeutically effective amount of the pharmaceutical composition required.
For example, the physician or veterivarian could start doses of the pharmaceutical
composition or compound at levels lower than that required in order to achieve the desired

~ 53 .



WO 2020/190765 PCT/US2020/022743

therapeutic effect and gradually increase the dosage until the desired effect is achieved. By
“therapeutically effective amount” 1s meant the concentration of a compound that 1s sufficient
to eheit the destred therapeutic effect. 1t is generally understood that the effective amount of
the compound will vary according to the weight, sex, age, and medical history of the subject.
{Other factors which influence the effective amount may inchude, but are not limited to, the
severity of the patient’s condition, the disorder being treated, the stability of the compound,
and, if desired, another type of therapeutic agent being administered with the compound of
the invention. A larger total dose can be delivered by multiple administrations of the agent.
Methods to determine efficacy and dosage are known to those skilied in the art (Isselbacher et
al. (1996} Harrison’s Principles of Internal Medicine 13 ed |, 1814-1882, herein incorporated
by reference).

o general, a suitable daily dose of an active compound used in the compositions and
methods of the invention will be that amount of the compound that is the lowest dose eftective
to produce a therapeutic effect. Such an effective dose will generally depend upon the factors
described above.

If desired, the effective daily dose of the active compound may be administered as
one, two, three, four, five, six or more sub-doses administered separately at appropriaie
intervals throughout the day, optionally, in unit dosage forms. In certain embodiments of the
present jnvention, the active compound may be administered two or three times daily. In
preferred embodiments, the active compound will be admirustered once daily,

The patient receiving this treatroent 1s any amimal in veed, wchuding primates, in
particular humans, and other mammals such as equines, cattle, swine, sheep, cats, and dogs;
pouliry; and pets 1o general.

In certain embodiments, compounds of the invention may be used alone or conjointly
administered with another type of therapeutic agent.

The present disclosure inchudes the use of pharmaceutically acceptabie salts of
compounds of the invention in the compositions and methods of the present invention. In
certain embodiments, contemplated salts of the nvention include, but are not limited 1o,
alkyl, dialkyi, triatkyl or tetra-alkyl ammonium salts. In certain embodiments, contemplated
salts of the invention include, but are not himited to, L-arginine, benenthamine, benzathine,
betaine, calcium hydroxide, choline, deanol, diethanclamine, diethylamine, 2-
{diethylanmuno)ethanol, ethanolanune, ethylenediamine, N-methylghucamine, hydrabamine,

1H-imidazole, hithium, L-lysine, magnesium, 4-(2-hydroxyethy! imorpholine, piperazine,
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potassium, 1-(2-hydroxyethyhpyrrolidine, sodium, triethanolamine, romethamine, and zine
salts. In certain embodiments, contemplated salts of the invention tnclude, but are not limited
to, Na, Ca, K, Mg, Zn or other metal salts. In certain ernbodiments, contemplated salts of the
invention include, but are not limited to, 1-hydroxy-2-naphthoic acid, 2, 2-dichloroacetic acid,
2-hydroxyethanesulfonic acid, 2-oxoglutaric acid, 4-acetamidobenzoic acid, 4-aminosalicylic
acid, acetic acid, adipic acid, l-ascorbic acid, {-aspartic acid, benzenesulfonic acid, benzoic
acid, {+}-camphoric acid, (+-camphor-10-sulfonic acid, capric acid (decanoic acid), caproic
acid (hexanoic acid), caprylic acid {octanoic acid), carbonic acid, cinnamic acid, citric acid,
cyclamic acid, dodecyisulfuric acid, ethane-1,2-disulfonic acid, ethanesulfonic acid, formic
acid, fumarte acid, galactaric acid, gentiste acid, d-glucoheptonic acid, d-gluconic acid,
d-glucuronic acid, glutamic acid, glutaric acid, glycerophosphoric acid, glycolic acid,
tippuric acid, hydrobromic acid, hydrochloric acid, 1sobutyric acid, lactic acid, lactobionic
acid, lauric acid, maleic acid, I-malic acid, malonic acid, mandelic acid, methanesulfonic acid
, naphthalene-1,5~disulfonic acid, naphthalene-2-sulfonic acid, nicotinic acid, nitric acid,
olei¢ acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid, proprionic acid, i-
pyroglutamic acid, salicviic acid, sebacic acid, stearic acid, suceinic acid, sulturic acid,
I-tartaric acid, thiocyanic acid, p-toluenesulfonic acid, triffuorcacetic acid, and undecylenic
acid acid salts.

The pharmaceutically acceptable acid addition salts can also exist as various solvates,
such as with water, methanol, ethanol, dimethylformamide, and the like. Mixtures of such
solvates can also be prepared. The source of such solvate can be from the solvent of
crystatiization, inherent in the solvent of preparation or crystallization, or adventitious to such
solvent.

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
COMPOSHIONS.

BExamples of pharmaceutically acceptable antioxidants tnclude: (1) water-soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like, (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butvlated hvdroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,

propyl gallate, alpha-tocopherol, and the hike; and (3) metal-chelating agents, such as cifric
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acid, ethylenediamine tetraacetic acid (EDTA}, sorbitol, tartaric acid, phosphoric actd, and

the fike.

EXAMPLES
The invention now being generally described, it will be more readily understood by
reference to the following examples which are included merely for purposes of illustration of
certain aspects and embodiments of the present invention, and are uot jutended to limit the
invention.

Example 11 Preparation of Exemplary Compounds of the JGK series

General Procedures: Compounds of the JGK series may be prepared by the methods
described below, or by any other suitable method. The JGK series compounds are sometimes
referred to herein with a JON prefix. All reactions were routinely carried out under an inert
atmosphere of argon. Unless otherwise noted, materials were obtained from commercial
suppliers and were used without purification. Al solvents were purified and dried by standard
techuiques just before use. THY and B0 were freshly distiied from sodium and
benzophenone. Methylene chloride, toluene, and benzene were purified by refluxing with
Cal, Reactions were checked by thin layer chromatography (Kieselgel 60 F254, Merck).
Spots were detected by viewing under a UV light, and by colorizing with charring after
dipping 1u a p-amsaldehyde solution or phosphomolybdic acid solution. In agueous work-up,
all organic solutions were dried over anhydrous magnesium sulfate and filtered prior to rotary
evaporation at water pump pressure. The crude compounds were purified by column
chromatography on a silica gel (SilicaFlash P60, 230-400 mesh, SiliCycle Inc). Proton {'H)
and carbon () NMR spectra were obtained on a Bruker AV 400 (400/100 MHz} or Bruker
AVE00 (500/125 MHz) spectrometer. Chemical shifts are reporied in ppm units with MesSi
or CHCl: as the internal standard. Splitting patterns are designated by s, singlet; d, doublet; ¢
triplet; m, multiplet; b, broad High resolution mass spectrometry data was obtained using a

Thermo Fisher Scientific Exaciive Plus with fonSense ID-CUBE DART source.
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Preparation of JGKBG1, JGKOB3

SNy
\Q/\/O\ﬁ e ,Nﬁ Boc,O \C‘/\\"'O\ﬁ/ SN ,N\r‘OR
PN RCH PRSI

HN P i, 43 h o F

16}
N Y‘O
Erfotinib |

JGRODT (R = Me, 73%)
JGRODI (R = B, 71%)

ISGKO01] To a solution of Hrlotinib {134 mg, 0.3406 mumol) 1o anhydrous methanol
(5.0 mL} was added Di-fers-butyl dicarbonate (228 mg, 1.7029 mmal) in one portion at room
teraperature. After being stirred at the same temperature for 48 h and concentrated in vacuo.
The reaction mixture was diluted with H,O (30 mb) and EtOAc (30 mL) The layers were
separated, and the agueous layer was extracted with EtOAc¢ {2 x 30 mL}. The combined organic
fayers were washed successively with FpQ and saturated bring, dried over ashydrous MgSOs,
filtered, and concentrated /7 vacuo. The residue was purified by column chromatography (sifica
gel, hexanes/EtOAc, 3/1) to give JGK 881 (156 mg, 73%); 'H NMR {400 MHz, CDChL) S 7.86
(s, 1), 743 (s, 1 H), 7.20-7.23 (m, 2 H), 7.16 (s, J= 1.2, 7.6 Hz, 1 H), 7.09 (d, / = 8.0 Hz
1H), 4.16-4.25 (m, 4 H), 3.80(, =52 Hz, 2H), 377 (¢, /=52 Hz, 2 H), 3.45 (5, 3 H), 3.44
{s,3 H),3.44 (s, 3 H), 3.03 (5, 1 H}, 1.55 (5, 9 F), 111 {5, © H); 5C NMR {100 MHe, CDCL)
1521, 1515, 1492, 1488, 1457, 142.7, 1306, 1289 1274, 1253, 122.6, 1215, 1147,
111.4, 108.0, 90.7, 3.7, 83.3, 82.9, 76.8, 70.9, 70.7, 68.8, 68.7, $0.2, 59.1, 55.0, 28.2, 27.3;
HRMS-ESTMHH] found 626.3061 [caled for CaHaslNzOs 625 29931
[JGRB03} To a solution of Erlotinib {101 mg, 0.2567 mmol) in anhydrous ethanol (2.0
L) was added Di-rers-butyl dicarbonate (172 mg, 12836 mmol) in one portion at room
temperature. After being stirred at the same temperature for 48 h and concentrated in vacuo.
The reaction mixture was diluted with HoO (30 mb) and EtOAc¢ (30 mL} The layers were
separated, and the agueous layer was extracted with Et{dAc¢ (2 x 30 mL}. The combined organic
iayers were washed successively with Hx( and saturated brine, dried over anhydrous MgSQOy,
filtered, and concentrated i vacuo. The residue was purified by column chromatography (silica
g, 71%); "H NMR (400 MHz, CDCl) 5 7.86
TH), 743 (s, TH), 734 (s, 1 H), 7.21-7.24 {m, 2 H), 7.16 {d, /= 7.6 Hz, 1 H), 7.10 (d, J =
76 Fz, 1 H), 4.17-4.25 (m, 4 F), 3.61-3.82 (m, 6 1), 3.46 (5, 3 FI), 3.45 (s, 3H), 3.02 (5, 1 H),
1.55 (s, © H), 1.23 (1, J = 6.8 Hz, 3 H), 1.12 (s, 9 H); C NMR (100 MHz, CDClz) 8 152.0,

gei, hexanes/EtOAc, 3/1) to give JGRO83 (117 m
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151.4, 1492, 1489, 145.5, 143.0, 130.8, 128.8, 127.3, 1253, 1225, 121.7, 1147, 111.3, 107.9,
89.3, 83.7, 832, 82.8, 76.7, 70.9, 70.7, 68 8, 68.6, 63.0, 59.2, 59.1, 28.2, 27 4, 14.6: HRMS-
ESI [M+H]" found 640.3211 [caled for CastasN3Oy 63931501,

-J

Preparation of JGKOG2
\O/‘\/O I/\ ,N%\. \O/\\/O\ ?/\\QY/N\}]
! A0 P E
/-O\/’\O,/ N 2 ey NG ,1\{;-\\[_ ZN
T
HN o F 80°C 3 NN ~ Z
\J 88% i Q )

Erfotinik JGKG02

To a solid of erlotinib (165 mg, 0.4194 rmmol) was added acetic anhydride (5.0 mL). After
being heated at 90 °C {(bath temperature) with stirring for 3 d, the reaction mixture was cooled
to room temperature and neutralized with saturated aqueous NaHCO; (20 mL), and diluted
with EtOAc (20 mL). The layers were separated, and the agueous layer was extracted with
EtdAc {2 x 30 mL) The combined organic layers were washed successively with HxO and
saturated brine, dried over anhydrous MgSQOy, filtered, and concentrated i vacuo. The residue
was purified by column chromatography (stlica gel, hexanes/EtOAc, 1/1 1o 173} to give
JGKO02 (161 mg, 389 isolated yield); 'H NMR (400 MHz, CDC16906 (s, 1 H), 745(t, J

= 1.6 Hz, 1H,), 7.37-7.39 ¢m, 2 H), 7.36 (s, 1 H), 7.30-7.34 (m, 1 H), 7.15 s, 1 H), 4.32 ¢4, J
=48 Hz, 2H) 416 (. /=48 Hz, 2 H), 3.86 (t, J= 48 Hz, 2 H), 3.79 (1, /= 4.8 Hz, 2 H),
3.46 (s, 3 H), 3.45 (5,3 H), 3.06 (s, 1 H), 2.14 (s, 3 H); 5C NMR (100 MHz, CDClL:) 8 1705,
1588, 1561, 1535, 151 1, 1508, 141.0, 1309, 1303, 1293, 127.5, 123 4, 117 2, 1079, 103 1,
824,784, 70.6, 703, 68.9, 68.7, 593, 59.3, 23.7; HRMS-ESI [M+H]" found 436.1811 [caled
for CoaHpsNa0Os 43517881

Preparation of JGK818, JGKO32-General Procedure for substitution with aniline

analogues
F

HN <l
e A T\Jt(
KGOz

Moy DMF o Aty
ao” i e \\; E = L\Q‘ i N
’=‘i i t0 80 °C 0°C, 24 R b
e 24 h, 87% 3“% \H’ﬁ
2 3 F/ \:‘//
JGKotp

[Cyelization] To a solution of diol 2 (530 mg, 2.6959 mamol) in DMF (13 S mb, 0.2 M)

was added i one portion potassium carbonate {1490 mg), followed by successive dropwise
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addition of 1-bromo-2-chloroethane (1.3 mL) at room temperature under Ar. After being heated
at 60 °C (bath temperature} with stirring for 24 h, the reaction mixture was cooled to room
temperature, guenched with HoO (50 mL). The layers were separated, and the agueous layer
was extracted with EfOAc {80 mL). The combined organic layers were washed successively
with Hx(3 and saturated brine, dried over anhydrous MgSOu, filtered, and concentrated i vacuo.
The residue was purified by column chromatography (silica gel, hexanes/EtQOAc, 6/1 10 3/1) to
give fused-chioroquinazoline 3 (404 mg, 67%); 'H NMR (400 MHz, CDCls) 8 8.84 (s, | H),
To4 (s, 1 H), 747 (s, 1 H), 4.43-4.45 (m, 2 H}, 439-4.42 {m, 2 H}. {known compound; Chilin,
A.etal L Med Chem. 2818, 53, 1862-1866]

ISGEB18] To a selution of fused-chioroquinazoline 3 (114 mg, 0.5120 mmol) in DMF
(2.6 ml.) was dropwise added 3-chloro-2-flucroaniline (0.10 mi.) at roow temperature. After
being heated at 60 °C (bath temperature) with stirring for 24 h, the reaction mixture was cooled
to room temperature and difuted with E0O (30.0 mL) to give white suspension. The resulting
white solid were washed successively with EnQO (2 % 50 mb) and collected to give JGKO16
{140 mg, §2%); 'H NMR (400 MHz, CDCL) § 868 (s, 1 H), 8.59 (ddd, /= 3.2, 6.8, 6 8 Hz, 1
Hy, 739 (s, T H), 734 (5, 1 H), 7.29 (s, 1 H), 7.10-7.18 (m, 2 H), 4.38-4.43 {m, 4 H), 'H NMR
(500 MHz, DMSO-ds) 8 11.78 (s, 1 H), 8.79 (s, 1 H), 8.45 (5, 1 H), 7.62 (1, /= 7.0 Hz, 1 H),
750 (t, J="7.0Hz, 1 H), 7.43 (s, 1 H), 7.34 (t, /= 8.0 Hz, 1 H), 4.46-4.53 (m, 2 H), 4.40-4.52
(., 2 H) ; PC NMR (125 MHz, DMSO-ds) & 159.8, 154.0, 152.2, 149.9, 145.7, 135.2, 1299,
1281, 1264, 1258, 1209 1113, 1081, 1058, 655, 646, HRMS-EST [M+H] found
332.0551 {caled for CigHn CIFN:O2 33105181

Preparation of JGKB80S

L,
HN oy
l«;fj
,O\.{ N ,NQE CHZCN [O\:’\ ;N{“}
L, /E\:\\;}‘ =N T > .xj’i\\ff =N
9 : 80°C, 12 h o ; .
Ci 8%, HN PN /;e‘f':'
. O
F

JGKOOS
To a solution of fused-chloroguinazoline 3 (14 mg, 0.0628 mmol} in CH3CN (2.0 mL}
was dropwise added 3-ethynylaniline (0.05 ml)} at room temperature. After being heated at 80
°C (bath temperature) with stirning for 12 h, the reaction mixture was cooled to room
temperature, and concentrated in vacws. The residue was purified by column chromatography
{silica gel, hexanes/EtOAc, 3/1) to give JGKGOS (10 mg, 52%); 'H NMR (400 MHz, DMSO-
- 59 .
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ds} & 945 (s, 1 H), 8.43 (5, 1 H), 8.04-8.05 {m, 2 H), 7.87-7.90 (m, 1 H}, 7.34 {1, J = 7.9 Hz, |
), 7.14-7.16 (m, 2 ), 4.35-4.39 (m, 4 H), 4.14 (s, 1 H), 1C NMR (100 Mz, DMSO-ds) §
156.8, 153.3, 149.5, 146.5, 144.1, 140.2, 1293, 126.7, 124.9, 122.7, 122.1, 113.0, 1104, 108.3,

2

84.0, 80.9, 64 9, 64.6; HRMS-EST [M+H]" found 304.1079 [caled for CisHisN3G; 303.1002],

SGKG2S
[O X 'N\
o AN
HN];’\A’\
e
JGKG25

Preparation of JGK0235 was followed by General Procedure; JGKO25 (25%); '"H NMR
{400 MHz, DMSQO-ds) 6 1130 (s, T H), 873 {5, T H}, 828 {s, 1 H}, 751758 {m, 1 H) 741~
748 (m, 1 H}, 735 (s, VH), 7.17-7.23 {m, 1 H), 4.44-4.50 (m, 2 H), 4.39-4.44 (m, 2 H), ¥C
NMR (125 MHz, MeOD) & 161.6 (/= 245.9 Hz), 160.0, 157.6 (J = 249.6 Hz), 152.1, 150.1,
145.6, 135.4, 1304, 1214, 112.4, 1109 1081, 108.1, 105.4, 65.5, 64.6; HRMS-ESE [M+H]"
found 316.0890 [caled for CeHuFaNaOy 31508131

JGKO26

0 ~ N{w
L@l:f 2N
H

JGKO26
Preparation of JGK826 was followed by General Procedure; JGKH26 (22%); 'H NMR
(400 MHz, DMSGO-ds) 6 11.09 (s, 1 H}, 874 (5, L H), 8.18 (5, 1 H}, 7.39-7.51 {m, 2 H}, 730 (s,
1 H), 7.23-7.29 (m, | H), 4.45-4.49 {m, 2 H), 4.40-4.44 {m, 2 H); C NMR (125 MHz, MeOD)
O 1598 ISR 1 {(J=2396 Hz), 1537 (/=2432He), 1521, 1501, 1457, 1357, 1260, 1179,
117.8, 116.0, 1109, 1082, 1062, 65.5, 64,6, HRMS-ESI [M-+H]" found 316 0893 {caled for
CisHuF N3G 31508131
SGRE2T
L
o
S

JEROZY
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Preparation of JGKO27 was followed by General Procedure; JGEKO27 (6%); 'H NMR
(400 MHz, DMSO-dy 6 1123 (bs, 1 H), 875 (s, 1 H), 829 (s, 1 H), 7.01 {5, 1 H), 746-755
(m, 1 H}), 7.29 (1, /= 8.1 Hz, 2H}, 4.46-4.50 (m, 2 H}, 4.40-4.46 (m, 2 H}; “C NMR (125 MHz,
MeQD) & 163 6, 1607, 1604, 1584, 1525, 151§, 146.2, 1304, 115.6, 1135, 1134, 1119,
1093, 108.2, 662, 653; HRMS-EST IM+H] found 3160889 {caled for CioHuFaN:(;,
315.08131

JGKO28

JGKO28

Preparation of JGK828 was followed by General Procedure; JGKO028 (41%), 'HNMR

{500 Mz, MeOD) 0864 (s, 1 HY, 803 (5, 1 H), 731-738 {m, 2 H), 7.24-7 31 {m, 2 H), 4.50-

455 {m, 2 H), 4.44-4.50 (rm, 2 H); PC NMR (125 MHz, MeOD) § 160.1, 152.8, 1509 (/=

2450 Hz), 1490, 1462, 1459 (/= 2497 Hz), 134.6, 126.0, 124.0, 1231, 1162, 1098, 10738,
105.0, 65.2, 64.2; HRMS-ESI [M+H]" found 316.0884 [caled for CioHuFaN3Gy 315.08131

JGKOIS

JGKO28
Preparation of JGK029 was followed by General Procedure; JGKO25 (52%); "H NMR
{500 MHz, MeOI3} & 8.60 {5, 1 H)? 798 (s, T H), 729 (s, 1 H}, 7.07-7.13 {m, 2 H), 450-4 53

(ra, 2 H}, 4.44-4.48 (m, 2 H); PC NMR (125 MHz, DMSO-ds) & 161.7, 160.3, 158.6, 158.1,
1532, 1503, 1444, 1437, 1172, 1138, 113.0, 1123, 1095, 101.5, 653, 64.5, HRMS-ESI
IMHT found 334.0794 [caled for CieHpFaN30; 333.0719].
JGEK#17
e
\W
o //\ =N
WTI\\
® C/ :’/
Jargyy ©
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Preparation of JGKO17 was followed by General Procedure; JGEO17 (5%); 'H NMR
(500 MHz, CDCL)8859(s, 1 H), 815(d, /=83 Hz 1 H}, 749 (t, /=81Hz | H), 738 s,
1H), 7.34(d, J=79Hz, L H), 7.21 (s, 1 H}, 4.41-4.42 {m, 2 H), 4.38-4.40 {m, 2 H); YC NMR
(125 MHz, CDCI:) 8 156.4, 153.2, 1497, 146.7, 144.5, 138.4, 133.5, 132.2, 128 2, 125 4, 119.9,
1197, 1143, 1104, 1057, 645, 643,

Preparation of JGK0O04

o | HZN\/%,CA N
benzoy-: ghionce \\\\v 0 \E\jf K/\f)
[EN

pyridine i
HO \W CHLCly G \,/N*j CHLCN l Xy ,«NQ‘\.
s N 27N N PN N
Ho” 0°Ctor \[ 80°C, 5% ¢
el 12 1, 52% ﬁf%f’\\o 48% ’\\\/gg H“‘\(’ﬁ
z s 20 e A
JoKons  ©

oY

[Benzoviation] To a cooled {0 °C) solution of diol 2 (205 mg, 10428 mmol) in
anhydrous CHaCh (5.2 mL, 0.2 M} was dropwise added successively pyridine (0.5 mb) and
benzoyi chloride (0.7 mL} under Ar. After being stirred at the room temperature for 12 h, the
reaction mixture was gquenched with saturated aqueous NHLCE (20 mi), and diluted with
CHCl (20 mL). The layers were separated, and the aqueous layer was extracted with CHaChy
{2 xS0 mL}) The combined organic layers were washed successively with HoO and saturated
brine, dried over anhydrous MgSQq, filtered, and concentrated in vacuo. The residue was
purified by column chromatography {silica gel, hexanes/EtOAc, 10/1) to give benzoyl
chloroguinazoline 2-(23 (220 mg, 52%}; 'H NMR {400 MHz, CDCLYS 9.07 (5, 1 H), 831 (5,
PH), 816 (s, 1 Hy, 8.04-8.07 {m, 4 H}, 7.53-758 {m, 2 H}, 734739 {(m, 4 H)

[FGKB04] To a solution of benzoyl chloroquinazoline 2-(2) (180 mg, 0.444 mmol) in
CH3ON (3.0 mbL) was dropwise added 3-chloro~-2-fluoroaniline (0.06 mL, 0.533 mmol) at
room temperature. After being heated at 80 °C (bath temperature) with stirring for 15 h, the
reaction mixture was cooled to room temperature, and concentrated in vacio. The residue
was purified by column chromatography (silica gel, hexanes/EtOAc, 3/1) to give
JGKO04 (109 mg, 48%); 'H NMR (400 MHz, CDCl) 6 8 85 (s, 1 H), 8.48-8.53 {m, 1 H),
B.O8 (1, /=72 Hz 4 H), 7.99(d, /=32 Hz, 2 H), 7.51-7.59 (m. 3 H), 739 (dd, /= 8.4, 16.0
Hz 4 H), 7.16-7.21 {m, 2 H); PC NMR (125 MHz, CDCH) 8 164.2, 163.7, 156.6, 155.1,
150.6, 1491, 148.6, 147.5, 1421, 1341, 134.1, 130.3, 130.2, 128.6, 128.6, 128.1, 128.0,
1279 1278, 1253, 124.6, 1245, 1229, 1216, 121.0, 1209, 1144, 113.3; HRMS-ESI

o)

N YA
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PVEHHTT found 514.0963 {caled for CasHpCIFN:Os 51308861

Preparation of JGKH06

O\ﬁ-’ R ‘NQ} CH3ON C)\/\Y’NQ]
i e H i
AN S

Q"IN 50°C, 24 b o g
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L/, 2_(2) L;‘;‘i \L

JGKO0S <

To a solution of benzoyl chloroquinazoline 2-(23 (100 mg, 0.247 mmol) in CH;CN
{3.0 mL) was dropwise added 3-ethynylaniline (0.05 mL, 0.430 mmol} at room temperature.
After being heated at SO °C (bath temperature) with stirring for 24 b, the reaction mixiure was
cooled to room temperature and concentrated i vacuo. The residue was purified by column
chromatography (silica gel, hexanes/EtOAc, 4/1) to give JGKO06 (48 mg, 40%); '"H NMR
(400 MHz, CDCI) $ 871 (5, 1 H), B.03 (d, J= 8.0 Hz, 2 1), 7.96 (s, 1 F), 7.90-7.95 {m, 2
Hy, 779 (s, 1 H), 7.62-775 (m, 3 1), 755, /= 7.3 Ha, 1 F), 748 (1, /= 7.5 Hz, 1 H), 7.37
(t,.J=74Hz 2 H), 7.22-7.31 (m, 4 H), 3.04 (s, 1 ) C NMR (100 MHz, CDCL) 5 164.8,
163.9, 156.7, 1553, 148.9, 1469, 141 .3, 1381, 134.1, 134.0, 130.3, 130.1, 1289, 128.6,
128.5, 1281, 128.0, 127.9, 124 8, 1227, 122.4, 122.1, 11S.1, 113 1, 83 3; HRMS-ESI
IVIHHT found 486.1443 [caled for CaoH 19Ns0y 485.1370]

Preparation of JGK832

NN % ,O\ﬁ,»\,l\i%:
P HCH [ A ALK
07 dinxane/ THEMeOH 07

JGKO1D SOKDE2

1.0 M hydrogen chloride solution was generated by addition of hydrogen chlonide
solution (0.1 mL, 4.0 M in dioxane, 0.4 mmol} to THF (0.3 mL} at room temperature. To a
solution of JGKO18 (6.1 mg, 0.01839 mmol} in MeOH was dropwise added the above-
generated hydrogen chloride solution {0.030 mL, $.030 mmol} at room temperature. After
being stirred at the same temperature for 10 seconds, the reaction mixture was concentrated
i vaeno 1o give JGKD32 (6.7 mg, 99%), TH NMR (500 MHz, DMSO-ds) 8 11.63 (s, 1 H),
& 81 (s, 1 H), 8.36 (s, 1 H), 7.63 (ddd, J= 1.6, 6.9, 8.3 Hz, 1 H), 7.39 (s, | H), 7.35 (ddd, J =
11, 8.1, 162 He, 1 H), 4.49-4.51 (m, 2 H), 4.43-4.45 (m, 2 H).

-~ 83 -
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Preparation of JGKB1Z

OO0, gy OO0
S o ®°C, 128

F.T
HN /’ﬁ,cs 84%
C g
i
JGK312

To a solid of JGEKO1E (39 mg, (.1176 mmol) was added acetic anhydride (5.0 mL}.
After being heated at 80 °C {(bath temperature} with stirring for 12 h, the reaction mixture was
cooled to room teraperature and neutralized with saturated agueous NaHCO: (20 ml), and
dituted with EtQAc (20 mL). The layers were separated, and the agueous layer was extracted
with EtOAc (2 x 30 md.). The combined organic lavers were washed successively with HaO
and saturated brine, dried over anbydrous Mg8Q,, filtered, and concentrated in vacwo. The
residue was purified by column chromatography (silica gel, hexanes/EtQOAc, 2/1to /1) to give
JGKB12 (37 mg, 84% isolated yield); 'H NMR (400 MHz, CDCI) 6 9.01 (s, 1 H), 7.49 (s, 1
Hy 744 (s, T H), 731-741 {(im, 2H), 709, ./J=80Hz 1 H),441-443 (m, 2 H), 437440
(m, 2 H), 2.15 (s, 3 H); UC NMR (125 MHz, CDCEL)S 170.2, 159.2, 1533, 151.3, 1497, 145.8,
130.6, 120.8, 1207, 124.7, 1225, 1224, 117.7, 113.6, 109.2, 64.5, 64.2. 22.9: HRMS-ESI
IVEFHT found 374.0701 [caled for CiaHCIN:Os 373.06231

Preparation of JGKBIS

oM

&
L{f\ 5

& 35°C, 12 h HNL_ ,&,,K:
3 51% W;\/\ HN O
= /\W,O\
o]

JGKD1E

To a solution of L-amine acid analogue A {227 mg, 0.7712 mmol) in DMF (3.0 mL)

was added in one portion fused-chloroquinazoline 3 (117 wmg, 0.5932 mumol} at room
temperature. After being heated at 35 °C (bath temperature} with stirring for 12 b, the reaction
muxture was cooled to room temperature and diluted with saturated brine (30.0 mL} and EtOAc
{30.0 mL) to give yellow suspension. The layers were separated, and the aqueocus layer was
extracted with EtOAc¢ (2 x 50 mL). The combined organic layers were concentrated # vacuo.

The residue was purified by colurn chromatography (stlica gel, CHCly/MeOH, 40/1 to 10/1}
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to give JGKOIS (261 mg, 92%); H NMR (500 Mz, CDCL) 8 857 (s, 1 H), 7.64 (s, 1 H),
761 (d, J=8.0Hz 2H), 7.37¢s, 1 H), 727 (s, 1 Fi3, 7.08 (d, J = 8.5 Hz, 2 H}, 5.09 (d, J = 7.5
Hz, 1 H), 4.54 (dd, J= 6.0, 13.5 Hz, | H), 431-4.33 (m, 2 H), 4.27-4.29 (m, 2 H), 3.68 (s, 3
H),3.06 (dd, J= 5.6, 140 Hz, 1 H), 3.00(dd, /= 6.1, 13.3 Hz, 1 FD), 1.39 (5, 9 H), °C NMR
(125 MHz, CDCL)Y8 1724, 156.5, 155.2, 153.6, 149.1, 146.3, 143.8,137.6, 131.6, 129.7, 121.7
1138, 110.3, 106.6, 80.0, 64.4, 64.2, 54.4, 52.2, 37.6, 283; HRMS-ESI [M+HT" found
4812082 [ealed for CosHaNaOs 480.20031,

3

Preparation of JGKB16, JGKO23

0 LiOH O N Ko
5 \t CF,00,H [ THFHO L \’; i
AJIA o el S 61 Nt
i N MJL\O/’(' i, 5 h \C wi, L 2h HN\‘ﬁ/\l/NHz
i i 7T i . 82% L : ;
l:{' /\\H/Q\ Lo =P - /O\ RN /\\Tr,oh
O Y
JGKO1S O JOKD16 JOKe23

[JGKB16 (Boc deprotection}] To a solution of JGKH1S (121 mg, 0.251 mmol)
anhydrous CH:Cl: (5 mL, 0.05 M} was dropwise added triffuorcacetic acid (1.0 mL) at room
temperature. After being stirred at the same temperature for 5 b, the reaction mixture was
quenched with saturated aqueous NaHCO: (20 mb), and diluted with CHCly (20 mL). The
fayers were separated, and the aqueous layer was extracted with CHRCL (2 x 30 mL} The
combined organic layers were washed successively with Hx(O and saturated brine, dried over
anhydrous MgSQy, filtered, and concentrated & vacuo. The residue was purified by column
chromatography (silica gel, CH>Cl/MeOH, 20/1) to give JGKO16 (74 mg, 77%); 'H NMR
(400 MHz, DMSO-dds) § 10.5 (s, 1 H), 8.68 (5, 1 H), §.43 (s, 2 H}, 8.20 (5, 1 H), 7.68 {d, J
BAHe 2H), 726(d, /=84 Hz 2H), 723 (s, L H}, 444-446 {m, 2 H), 439441 {m, 2 H),
368 (s, 3H), 3.03-3.13 (m, 2 H): "H NMR (400 MHz, CDiODY 8826 (5, 1 Hy, 7.73 (5, 1 H),
760 (d, /=84 Hz, 2H), 7.17(d, J= 8.4 Hz, 2 H), 7.08 ( H) 431-4.35 (m, 4 H), 3.72 (¢, J
=66 Hz, 1 H), 3.68 (s, 3 H), 3.27-3.29 (m, 1 H), 3.01 (dd, J=5.9, 13.6 Hz, | H), 2.89 (dd, J
= 70,135 Hz, 1 H); PO NMR (100 MHz, CD:0D) 8 1744, 157.4, 152.6, 149.7, 145.0, 144 .2,
137.5, 1328, 1292, 1228, 122.3, 111.5, 1101, 1079, 64,5, 64.1, 552, 51 0, 39.5; HRMS-EN
IVEEHT found 3811553 [caled for CaoHzN4O4 380.1479],

GKE23 (Hydvolysis}] To a cooled (0 °C) solution of JGKO16 (42 mg, 0.1104 mmol}
in THF/H:O (3:1, total 4.0 mL} was added in one portion lithium hydroxide (14 mg}. After
being stured at the room temperature for 2 h, the reaction mixture was neutralized with 1N HCI
and diluted with EtOAc (20 mL}). The layers were separated, and the aqueous layer was
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extracted with EtOAc {100 mL). The combined organic layers were washed successively with
2O and saturated brine, dried over anhydrous MgSQu, filtered, and concentrated 7 vacuo.
The residue was purified by coluron chromatography (sihica gel, CH:Cl/MeOH, 30/1 to 15/
to give JGKU23 (25 mg, 62%), 'H NMR (400 MHz, CDCL) 8 8.62 (s, 1 H), 8.12 (s, 1 H), 7.7
{d,/=84Hz 2H) 740(d, J=84Hz 2 H) 724 (s, | H), 448-4.50 {m, 2 H), 442-4 44 {m,
2H), 428(t, /=68 Hz, 1 H), 3.32-3.37 (m, 1 H), 3.20(dd, J= 7.6, 14.8 Hz, 1 H); ¥C NMR
(125 MHz, CDChL) 8 169.7, 159.1, 152.4, 148.8, 146.0, 136.1, 134.1, 133.1, 129.7, 1297,
1248, 1248, 1100, 1081, 1049 652, 642, 53.6, 35 4; HRMS-EST [M+H] found 367 1334
fcaled for CioHyalNa0y 366.13221

Preparation of JGK828

Mel,07 N
A
HO ‘i/ﬁ/\N S Lo Hom/\\ ,»NQ\E
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-
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To a solution of chloroquinazeline 2 (104 myg, 0.5294 mmol) in isopropyl alcohol (5.3
k) was dropwise added amino acid (187 mg) at room temperature. After being heated at 50
°C {bath temperature} with stirring for 12 b, the reaction mixture was cooled {0 room
terperature and and concentrated i vacuo. The residue was purified by column
chromatography (silica gel, hexanes/EtAc, 5/1 to 3/1) to give JGKO28 (128 mg, 53%); 'H
NMR (400 MHz, DMSO-d5) 5 10.68 (s, 1 H), 10.22 (br, 1 H), 8.64 (s, 1 H), 7.91 (s, 1 H),
753 (d, /=84 Hz, 2 H), 7.26-7.31 {m, 4 H), 4.12-4.18 (m, 1 H), 3.59 (s, 3 H), 2.98 (dd, ./
5.2, 14.0Hz, 1 H), 2.84 (dd, J=10.0, 132 Hz, 1 H), 1.30 (s, 9 Hy: C NMR (125 Mz,
DMSO-d:3 8 173.0, 1582, 1559, 155.6, 148.7, 1484, 1361, 1358, 129.7, 1247, 107 .6,
1073, 103.3, 78.8, 55,7, 52,3, 363, 28.6, HRMS-EST [M+H]" found 455.1920 [calcd for
CosHoeNsOs 45418461
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JGRO14
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JEKG14
JGKO14 (26%); 'H NMR (400 MHz, CDCL) 8 8.62 (s, | H), 7.66 {d,./=8.4 Hz, 2 H),
735(s, 1 H),7.16 (d, /=84 Hz, 2 H), 4.99(d, /= 7.6 Hz, 1 H), 4.56-4.62 (m, 1 H), 4.36-4.42
(m, 4 H), 3.73 (5, 3 H), 3.03-3.15 (m, 2 H), 1.43 (5, 9 H); C NMR (125 MHz, CDCl) 5 1
156.5, 155.2, 153.6, 149.1, 1463, 143.8, 137.6, 131.6, 1297, 121.7, 113.8, 110.3, 106.6, 0.0,
64.4, 64.2, 54.4, 52.2,37.6, 28.3; HRMS-ESI [M+H]" found 481.2080 [caled for CosHaeNeOs
480.2003].

JGKRO2
A2 //TN'\
[\OL;‘ N
NN
L Ao
i
JBKO23

Preparation of JGK#2% was followed by synthetic procedure of JGKH23; H NMR
(400 MHz, CDCLYGB.62(s, T H), 812, 1 H, 771{(d, /=84 Hz 2H), 740(d, /=84 Hz,
2H), 7.24 (s, 1 H), 4.48-4.50 (m, 2 H), 4.42-4.44 (m, 2 H), 428 (¢, J= 6.8 Hz, 1 H), 3.32-3.37
(m, T H), 3.20(dd, J= 7.6, 14.8 Hz, 1 H}, VO NMR (125 MHz, CDC) 8 169.7, 159.1, 152 4,
1488, 146.0, 1361, 134.1, 1331, 1297, 1297, 1248, 1248, 110.0, 1081, 1049, 652, 642,
53.6, 35.4; HRMS-ESI [M~+H]" found 367.1347 [caled for CioHizNsOy 366.13221
Preparation of JGK822
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To a solution of diol X (121 mg, 0.6155 rumol) in DMF (3.0 mL) was dropwise added

3~chloro-2-fluoroaniline (.14 mL} at room temperature. After being heated at 60 °C (bath
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temperature) with stirring for 3 d, the reaction mixiure was cooled to room temperature and
dituted with EtzO (30.0 mbL) to give white suspension. The resulting white solid were washed
successively with EO (3 x 530 mb) and CHCly (2 % 30 mL) and collected to give JGKG22
(132 mg, 70%); 'H NMR (400 MHz, DMSO-ds) § 11.16 (br, 1 H), 10.43 ¢br, | H), 8.68 (s, 1
Hy, 791 (s, T HY, 758 (e, /=7 1Hz, T H), 748 (1, /=08 Hz 1 H), 740 (s, 1 H}, 730 J=
& 1 Hz, 1 H): BC NMR (125 MHz, DMSO-ds) § 159 1, 156.4, 154.1, 1521, 149.1, 1483, 135 1,
1297, 128 1, 126.8, 1257, 1208, 107.4, 106.9, 102.9; HRMS-ESI [M+H]" found 3060437
fealed for CraHoCIFN:Oy 305.0361].

Preparation of JGKBI8

| 50Ck | & 0 O:LE/ %’Nﬁ
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{Chiorination] To a solution of 11 (500 mg, 2.134 mmol)} tn thiony! chloride (7.5
ml, 9.28 M} was dropwise added dimethyiformamide (0.15 mL) After being heated at 80 °C
{bath temperature} with stirring for 2 h, the reaction mixture was cooled to room temperature
and concentrated i vacuo. The residue was washed successively with ERO (200 mL), and
immediately used to the next step.

{Substitution] To a solution of above generated chloroguinazoline 12 1n anhydrous
DMF (11 md, 0.2 M) was dropwise added 3~chloro-2-flucroaniline (.50 mL., 4.548 mmol) at
room temperature under Ar. Atter being stirred at the same temperature for 1 b, the reaction
maixture was diluted with 6O (100.0 mL} to give white suspension. The resulting white sohid
were washed successively with ERO (2 < S0 mL) and collected to give JGKO18 (525 mg, 68%),

The spectroscopic data was matched with Zhang, X er of J Med. Chem, 2015, 58, 8200-8215.

Preparation of 13
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{Acetyl Deprotection] To JGKOIS (S50 myg, 1520 mmol} was dropwise added
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amronia solution (8.0 b, 7 N in methanol). After being heated at 50 °C (bath temperature)
in sealed tube with stirring for 2 h, the reaction mixture was cooled to room temperature and
concentrated 7 vacro. The resulting white solid were washed successively with ELO (2 < 50

ml} and collected to give 13 (394 mg, 81%); The resulting spectroscopic data was matched

with that of Zhang, X et ol J Med Chem. 2018, 38 8200-8215.

Preparation of 14

_ i
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To a cooled (0 °C) solution of 13 (113 mg, 0353 mmol} in anhydrous DMF (2 mi) was
dropwise added triethylamine (0.25 mL, 1.767 mmol} followed by dropwise addition of Di-
ter-butyl dicarbonate (62 mg, 0459 mmol} in ashydrous DMF (2 mb) under Ar. After being
stirred at roon temperature for 3 d, the reaction mixture was quenched with saturated aqueous
HxO (10 mb), and diluted with EtOAc (10 mL). The layers were separated, and the agueous
fayer was extracted with EtOAc (2 * S0 mbL} The combined organic layers were washed
successively with HoO and saturated brine, dried over anhydrous MgSOs, filtered, and
concentrated in vacwo. The residue was purified by column chromatography (silica gel,
hexanes/EtOAc, 5/1 t03/1) to give 14 (42 mg, 28% isolated yield), 'H NMR (400 MHz, CDCl)
3 8.69 (s, | H), B.39-8.45 (m, 1 H), 7.64 (s, 1 H), 7.44 (s, 1 H), 7.11-7.16 {m, 2 H), 3.90 (5, 3
H), 1.59 (5, 9 H);, PC NMR (125 MHz, CDChY 8 1562 (J = 395 Hz), 154.9, 151.3, 1503,
1495 (/=224 1 Hz), 1404, 1281 (/=9 6Hz), 1248, 1244 (/=48 Hz), 1215 1208 (/=
ST2Hey, 1135, 1090, 1088, 846,562, 27.6;

Preparation of C
H
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To a solution of A' (56 mg, 0.1904 mmol) in anhydrous CH2C1; (2 mL) was dropwise
added triethylamine {0.08 ml., 0.5712 mmol} followed by addition of chloroacetyi chloride
{0.05 mL, 0.6286 mmol} at room temperature under Ar. After being stirred at the same

temiperature for 1 h, the reaction mixture was quenched with saturated aqueous NHyCl (20

- H9 -
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ml}, and dituted with CHRCh (20 mL). The lavers were separated, and the aqueous layer was
extracted with CHCL (2 x 30 mL). The combined organic layers were washed successively
with HoO and saturated brine, dnied over anhydrous MgSQy, filtered, and concentrated in
vacue. The crude product was used for the next step without further purification.

Preparation of JGKO31
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jAlkylation] To a cooled (0 °C) solution of 14 (44 mg, 0.1058 mmol} o DMF (2.0 mL)
was added in one portion potassium carbonate (73 mg, 0.528 mmol} followed by dropwise
addition of above generated € (0.1904 mmol) tn DMF (2.0 mL} at roow temperature. After
being heated at 40 °C {bath temperature} with stirring for 3 d, the reaction mixture was
guenched with HoO (10 L), and diduted with EtQAc (10 mL). The layers were separated, and
the aqueocus layer was extracted with EtOAc (2 x 50 mL}. The combined organic layers were
washed successively with HzO and saturated brine, dried over anhvdrous MgSQy, filtered, and
concentrated 7n vaceo. The residue was purified by column chromatography (silica gel,
hexanes/EtOAc, 100/1 to 30/1} to give alkvlated product 14-(2) (43 mg, 55% isolated vield);
T NMR (400 MHz, CDCI) 881645, 1 H), 7.48 (d, J= 84 Hz, 2 H), 7.44 (s, 1 H), 6.98-7.13
(m, 5H), 6.34 (m, 1 H), 4.95 (4, J= 7.4 Hz, 1 H), 4.54 (d, J= 6.5 Hz, 1 H), 448 {5, 2 H), 3.69
(s, 6 H), 2.95-3.13 {m, 2 H), 1.53 (s, 9 H), 1.40 (s, © H).

iDeprotection] To a solution of alkylated product 1442} (26 myg, 0.0348 mwol) n
anhydrous MeOH (5.0 mL} was dropwise added 0.5 N hydrochloride solution (0.5 mL). After
being stirred at the same temperature for 24 h, the reaction mixture was concentrated in vacuo.
The residue was purified by column chromatography {reverse phase silica gel, MeOH or
MeOH/H0, 10/1) to give JGKO31 (12 mg, 61%); 'H NMR (400 MHz, MeOD) § 8.20 {s, 1
Hy, 7.67 (s, 1 HY, 7.49 (1, /= 7.9 Hz, 2 H), 7.24-730 (m, 1 H), 7.11-7.21 {m, 4 H), 3.94 (s, 3
H), 3.59 (s, 3 H), 2.83-3.01 (m, 2 H), HRMS-ESI [M+H]" found 554.1631 [caled for
Co7HasCIFNOs 55315227,
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Preparation of JGKH33
| !
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To a solution of JGKH3T (S myg, 0.009026 mmol) in anhydrous THF (6 mL) and HO
(2 mL) was added lithium hydroxide - HoO (3 mg) in one portion. After being stirred at room
teraperature for 2 b, the reaction mixture was neutralized with 1N hydrochloride solution and
concentrated 77 vacuo. The residue was purified by reverse column chromatography {reverse
phase silica gel, MeOH/ALO, 5/1) to give JGKO33 (4.4 mg, 90%): 'H NMR (400 MHz, MeOD)
§716(s, 1 H)L 632 (s, LH), 6.03 (4, J= 8.2 He, 2 H), 5.89-5.98 {m, 2 H), 5.59-5.79 (m, 4 H),
400 (s, 2 F), 251 (s, 3 FI), 246 (¢, ./ = 5.6 Hz, 1 H); °C NMR (125 MHz, MeOD) § 163.9,
159.4,157.2, 1543, 152.1, 1495, 137.1, 135.4. 129.7. 126.9, 124 .6, 121 5, 1203, 108 0, 106.9,
978, 56.6, 53.5, 356, HRMS-ESI [M+H]" found 5401435 [caled for CogHsCIFN:Os
539.1366]

Preparation of JGKO08
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Lapatinib /7\ JGKO08

To a solution of lapatinib (326 mg, 0.561 mmol) in anhydrous MeOH (5.6 mL) and
CHaCh (5.6 mL) was dropwise Di-fers-butyl dicarbonate (378 mg, 2.819 mmol} in one portion
under Ar. After being stirred at room temperature for 2 d, the reaction mixture was quenched
with saturated aqueous HoO (10 mL), and diluted with CHCl; (10 mL) The layers were
separated, and the aqueous layer was extracted with CHCly (5 x 50 mL} The combined
organic layers were washed successively with H>O and saturated brine, dried over anhydrous
MgSQy, filtered, and concentrated in vacuo. The residue was punified by column
chromatography (silica gel, hexanes/EtOAc, 3/1 to I/l ) to give JGKO88 (119 mg, 31% isolated
vietd), TH NMR (500 MHz, CDCLY 8 8.71 (bs, 1 H), 8.64 (s, 1 H), 844 {s, 1 ), 7.85-7.95 (1,
3H), 7.68{(d, J= 7.8 Hz, 1 H), 732-7.37 (m, 1 H), 721 (dd, J= 8.4, 10.3 Hz, 2 H), 6 98-7.03
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(m, 1 ), 696(d, J=89Hz 1H), 639(d, J=47 1 Hz, 1 H), S.13 (s, 2H), 453 {d, /=322
Hz, 2H), 399 J=73Hz, 2H)339(d J=0661Hz 2 H), 280 (s, 3 H}, 1.49 {s, 9 H), °C
NMR (125 MHz, CDCL)Y 8 163.9, 162.0, 158.0, 154.2, 1527, 1517, 1S1.0, 1391 (4, J

Hz), 132.4, 1301 (d, /= 8.1 Hz), 129.1, 128.6, 128.2, 125.1, 123.1, 1224, 122.3, 1154, 114.9
(d,J=21.0Hz), 114.1{d.J=13.9Hz), 113.9, 111.5, 110.9, 107.7, 81.3, 70.0, 45.0, 43.6, 42.3,
41.4,41.2, 28 4, HRMS-EST IM-+H]" found 681.1946 [caled for CauFlsCIFNO6S 68018661,

Preparation of JGKO11

N Nﬁ E/\\%:/N\
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TN | \L med S ] i I
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Lapatinib
To asolid of fapatinib (68 mg, €.353 mmol) was added acetic anhydride (5.0 mL) under
Ar. After being stirred at room temperature for 2 d, the reaction mixture was concentrated i
vaciro. The residue was purified by columu chromatography (silica gel, hexanes/EtQOAc, 3/T o
1/3) to give JGKO02 (48 mg, 62% isolated yield), 'H NMR (500 MHz, CDCls5) 8 9.18 (s, 1 H),
8 10-8 17 {(m, 3 H), 750(d, J=25Hz 1 H), 727-736(m, 2 H) 7A8(dd, /=706, 138 Hz 2
H, 697703 (m, 2H, 679(d, J=33Hz, 1 H), 644 (4, /=33 Hz, 1 H), 514 (s, 2 H), 406
(5.2 H), 3.86 (/= 6.6 Hz, 2 H), 3.30 (1, /= 6.6 Hz, 2 H), 2.95 (s, 3 H), 2.33 (s, 3 HL. 2
3Hy BCNMR (125 MHz, CDCEYS 1714, 171.2, 1639, 162.2, 162.0, 154.0, 1537, 152.5,
1510, 1385 (/=73 Hz), 1342, 1308, 1303, 130.2, 1299, 1291, 1274, 1239, 1224 (/=
29 Hz), 1218, 1180, 1151, 1150, 1140 (/=52 Hz}, 1138, 111.1, 1089 701 (/=17 Hz),
523, 47.0, 414, 407,
Ca3HaaCIFNLO6S 66415531

237, 21.8; HBMS-EST {MHH] found 6651628 [caled for

Example 2: Preparation of further exemplary compounds of the IGK series

General Chemistry Infermation

All chemicals, reagents, and solvents were purchased from commercial sources when
available and were used as received. When necessary, reagenis and solvents were punfied
and dried by standard methods. Atr- and motsture-sensitive reactions were carried out under
an inert atmosphere of argon in oven-dried glassware. Microwave-irradiated reactions were
carried out in a single mode reactor CEM Discover microwave synthesizer. Room
ternperature reactions were carried out at ambient temperature {(approximately 23 °Cy. All
reactions were monitored by thin layer chromatography (TLC) on precoated Merck 60 Fasy
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silica gel plates with spots visualized by UV light {4 = 254, 365 nm) or by using an alkaline
KMnQOy solution. Flash column chromatography (FC) was carried out on Si{d; 60 {particle
size 0.040-0.063 mum, 230-400 mesh). Concentration under reduced pressure {(in vacuo) was
performed by rotary evaporation at 25-50 °C. Purified compounds were further dried under
high vacuum or in a desiceator. Yields correspond to purified compounds, and were not
further optimized. Proton nuclear magnetic resonance ({H NMR) spectra were recorded on
Bruker spectrometers (operating at 300, 400, or 500 MiHz}. Carbon NMR (Y NMR) spectra
were recorded on Bruker spectrometers {either at 400 or 500 MHz) NMR chemical shifts (8
ppm) were referenced to the residual solvent signals. "H NMR data are reported as follows:
chemical shift in ppm; multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, quint =
quintet, m = multiplet/complex pattern, td = triplet of doublets, ddd = doublet of doublet of
doublets, br = broad signal); coupling constants (/) in Hz, integration. Data for PC NMR
spectra are reported in terms of chemical shift, and if applicable coupling constants. High
resolution mass {HRMS) spectra were recorded on a Thermo Fisher Scientific Exactive Plus
with IonSense ID-CUBE DART source mass spectrometer. Compounds 4-chloro-7 8-
dihydrof1,4]dioxino{ 2,3-glquinazoline (1), 4-chloroquinazoline-6,7-diol (2}, and JGKO10
were prepared as previously reposted.

General Procedure A for the Synthesis of 4-Anilinoguinazoline Compounds
JGRO3S-IGKO041, and JKGO43.

A mixture of the 4-chloroquinazoline (1 equivy in /PrOH (0.1-0.3 M) was treated with
the aniline (1 equiv}, and the mixture was beated at 80 °C under microwave irradiation {60 W)
for 15-20 min. The mixture was cooled to 23 °C, treated with additional aniline {1 equiv), and
again subjected to microwave irradiation (80 °C, 60 W, 15-20 min). The mixiure was either
concentrated under reduced pressure, or the precipitated 4-anilinoquinazoline hydrochloride
salt was isolated by filiration {washings with cold PrOH). The residue was suspended in sat.
aq. NaHCQ;, and extracted with CHoCl (3x). The combined organic extracts were washed
with water, brine, dried (NaxSQy), filtered, and concentrated. Punfication by FC {(elution with
a gradient of CHxCL/E1OAC or hexanes/EtOAc) afforded the desired products typically as

white to off-white, or pale-yellow solids.
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N-(Z-Fluorophenyl)-7 . 8-dihydrof L 4]dioxine]2. 3-glguinazolin-4-amine (JGKU38).

XS
o N

HN SN

L
Following general procedure A, compound JGKO035 was prepared from 4-

chloroquinazoline | (51 mg 0.23 mmol) and 2-fluorcaniline (40 pL, 0.48 mmol} in iPrOH
(1.5 mL). FC (CHLCL/BEtOAc 10:1 — 10:4) gave JGKO35 (56 mg, 82%) as a white solid. 'H
NMR (500 MHz, CDClzy 68.68 (s, TH), 8.64 (id, /=82, 1.7 Hz, 1H), 738 (5, 1H), 7.36 (br,
THY, 731 (s, 1H), 7220 J=75He, 1H), 717 (ddd, J=11.2, 83, 1.5 Hz, 1H), 7.10-7.05
(m, 1H}, 4.44 — 437 ppm {m, 4H). PC NMR (126 MHz, CDCls): 6 156.08, 153.60, 153.50
(d, /=12427 Hz), 14952, 146.65, 14434, 12731 (d, /=95 Hz}, 124.66 (d, /=37 Hz),
12397{d, /=T 8 Hz}, 12289, 11506 (d, /= 193 Hz), 114.46, 11062, 106,10, 64.69, 64.51
ppm. HRMS (DARTY: m/z [M — HY caled for CieHiiFN3O27, 296.0841; found, 296 0841

4-Chlore{7,7,8,8-"H4}-7 8-dihydrol i, d}dioxine|2,3-glquinazsline {3).

oo
> =N
’ b Ci

A solution of compound 2 (193 mg, 0.98 mmol} in dry DMF (4.8 mL) was treated
with Cs:C0: (788 mg, 2.42 mmol}, stirred for 5 min, and treated dropwise with 1-bromo-2-
¢hloro(®Ha)ethane (270 uL, 3.16 mmol). The mixture was stirred at 23 °C for 1 h, and then at
70 °C for 18 h. After the mixture was cooled 1o 23 °C, all volatiles were removed 1n vacuo,
The residue was dissolved in CHoCl (40 mb), washed with water (2 x 13 mL}, brine (13
mL}, dried (NaxSOy), filtered, and evaporated. Purification by FC (CH:ClL/EtOAc 1.0 —
10:1.5) afforded the title compound 3 (109 mg, 49%) as a white fluffy solid. "H NMR (400
MHz, CDCh): 884 (s, 1H), 7.64 (s, 1H), 7.47 ppm (5, 1H). YO NMR (101 MHz, CDCl) 6
160,19, 152,52, 151 .54, 147 .93, 146.06, 120,10, 11372, 110.83 ppm {two upfield carbons not
observed). HRMS (DARTY: m/z [M + HI" caled for CooHaDaCING,™, 227.0520; found,
2270516
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N-(3-Chioro-2-fluorophenyl}7,7.8,8- Hs}-7,8-dihydro 1 4ldioxine|2,3-glguinazolin-4d-

amine (JGK836).
]
DG N
2 -
1T
oo SN
HN

A
i,/

Following general procedure A, compound JGKO36 was prepared from 4-
chloroguinazoline 3 (35 myg, 0.24 mmol) and 3-chlore-2-fluorcanitine (52 ul, 047 mmol) in
iPrOH (1.2 mL). JGKO36°HC!I was isclated by filtration from the crude reaction mixture, and
after basification and extraction gave pure JGK036 (67 mg, 82%) as a pale-veliow solid. 'H

NME {500 MHz, DMSO-de): $9.62 (s, 1H), 8.34 (s, 1H), 7.93 (s, 1H), 7.53 — 7.43 (m, 2H)

2

727 (id, /= 8.1, 1.3 Hz, 1H), 7.19 ppm (s, 1H). BC NMR (126 MHz, DMSO-ds): 5 157.17,
153.10, 152.45 (d, /= 2492 Hz), 149.28, 146.04, 143.68, 12821 (d, /= 12.0 Hz), 127.27,
127.03, 12487 (d, J = 4.7 Hz), 120,11 (d, J= 16.7 Hz), 112,48, 109.64, 108.35, 63.50 (m,
2C7s). HRMS (DART): miz [M + H]" caled for CreHsDyCHFN:O:™, 336.0848; found,
3360841,

N-(3-Bromo-2-fluorophenyi}-7.8-dibydro{ 1, 4]dioxine|2,3-glquinazelin-4-amine

(JGKO37).
O
o
HN@&

Following general procedure A, compound JGKO37 was prepared from 4-
chloroquinazoline 1 (100 mg, 0.45 mmol) and 3-bromo-2-flucrcaniine (100 pl, 0.892 mmol}
i PrOH (1.5 o), FC ({CHCL/EIOAC 10:0 — 10:3) gave JGKO37 {150 myg, 89%) as a pale-
vellow solid. 'H NMR (500 MHz, CDCl3): §8.68 (s, 1H), 865 (ddd, /= 8.3, 7.4, 1.5 Hz, 1H),
739 (s, 1H}, 735 (br, 1H}, 729 (s, 1H), 729 - 724 (m, 1H), 711 (1d, J =82, 1.6 Hz, IH}
444 — 438 ppm (m, 4H). BC NMR (126 MHz, CDCLY: §155.89, 15337, 150.15(d, S = 2422
Hzy, 14970, 146.75, 144,53, 128,65 (d, /= 105 He), 12724, 12531 (d, /=47 Hz), 121.79
1314.53, 110.59, 108.59 (d, /= 19.4 Hz}, 105.93, 64.70, 64.51 ppm. HRMS (DART) p/z [M —
HI caled for CraHieBrFN;G,7, 373.9940; found, 373.9946.
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N-{2-Fluore-3-[{iriethyistiyhethynyliphenyi}-7 . 8-dibydroll 4ldioxine[2,3-glgquinazolin-

0 N
CI
o7 N .

HNE\/

P

4-amine {4}.

ST
]

A 1 dram vial was charged with JGKO10 (75 mg, 0.23 mmol), XPhos (19.7 mg, 0.04]
mmol}), Cs:C0O: (195 mg, 0.60 mmol), {PACh={MeCNR] (3.6 mg, 0.014 mmol}. The vial was
evacuated and backfilled with argon (repeated at least twice). Dry acetonitnile (1 mb) was
added, and the orange suspension was stirred at 23 °C for 25 min, then ethynyliriethyisilane
{150 ul, 0.84 mmol) was injected. The tube was sealed, and the reaction mixture stirred at 935
°C in a preheated ol bath for 3.5 h. The suspension was allowed to reach 23 “C, diluted with
EtdAc, filtered through a plug of 51O» {washings with EtQAc), and evaporated. Purification
by FC (510;; hexanes/EtOAc 8:2 — 4:6) afforded the title compound 4 (48 mg, 49%) as a
yeliow foamy sofid. 'H NMR (500 MHz, CDCL): $8.681 (td, J = 8.1, 1.9 Hz, 1H), 8.678 (s,
1H), 7.382 (s, 1H), 7376 (br, 1H), 7.28 ¢s, TH), 7.21 ~ 7.12 (m, 2H), 4.44 — 438 (m, 4H), 1.07
(t, /=79 Hz, 9H), 0.71 ppm {g. J = 7.9 He, 6H). C NMR (126 MHz, CDCL): § 155.95,
153.81 (d, .J = 248.0 Hz), 153.44, 149.62, 146.66, 144.47, 12768, 127.60, 124.15 (d, /= 4.5
Hzy, 12279 11449 11177 (4, J = 146 Hz), 11061, 10597, 98.65, 98.49 (d, J = 3.7 Hz),
64,70, 64.51, 763, 450 ppm. HRMS (DARTY m/z [M + HY caled for CaHyyN2G:Si
436.1851; found, 4361831,

2

N-(3-FEthynyl-2-fHuorophenyl}- 7, 8-dihydroll 4ldioxine[2,3-glguinazelin-d-amine
{JGKO38).

A mixture of compound 4 (40 mg, 0.09 mumol) wn wet THF (0.9 mL) was treated
dropwise with a 1 M solution of TBAF in THF (450 pl, 0.45 mmol), and the mixture was
stirred at 23 °C for 18 h. Water (10 mL) was added, and the mixture was extracted with EtCAc
{3 x 15w} The combined organics were washed with brine (20 mL), dried (Na;SQ4), filiered,

and evaporated. Purification by FC {81, hexanes/EtGAc 7.3 —» 3.7}, followed by a second
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FC (Si0; CHLCI/BtOAC 1.0 — 6:4) afforded JGKO038 (19 mg, 64%%) as an off-white solid. 'H
NMR (500 MHz, CDCls): §8.69 (td, § = 8.0, 1.8 Hz, 1H), 8.67 (s, 1H), 7.38 (s, 1H), 7.36 (br,
1H), 7.29 (s, 1), 7.24 — 7.15 (m, 2H}, 4.43 ~ 4.38 (m, 4H), 3.34 ppm (s, 1H). °C NMR (126
MHz, CDCls)y 6 15594, 15404 (d, J = 2488 Hz), 153.39, 149.65, 146,70, 144,47, 127 81,
12768 (d, J=91Hz), 12430 (d, /=4 7Hz), 12347, 11449, 11058, 11050 {d, /=143 Hz),
105.99, 82.95 (d, J = 3.5 Hz), 76.70 (d, ./ = 1.6 Hz), 64.69, 6450 ppm. HRMS (DART): m/z
IV -+ HIT caled for CrsHFNRO:", 322.0986; found, 322.0981,

N-{2-Fluore-3-{trifluoremethyliphenyl}]-7,8-dihydroll 4]dioxine[2,3-glguinazelin-4-
amine (JGRKO39).

{Q e l,.N\
o = F

Following general procedure A, compound JGK039 was prepared from 4-
chlorogquinazoline 1 (37 mg, 0.17 mmol} and 2-fluoro-3-(trifluoromethyvhaniline (42 ul, 033
mmol} in PrOH (1.5 mb), FO (CHCL/EIOAC 1:0 - 10:3) gave JGKO039 (35 mg, 58%) as
an off-white solid. '"H NMR (500 MHz, CDCl): 69.00 - 8.92 (m, 1H), 8.70 (s, 1H), 7.42 (br,
1FD), 7.40 (s, 1FL), 7.35 — 7.28 (m, 2FE), 7.30 (5. 15}, 4.46 — 4.38 ppm {m, 4. C NMR (126
MHz, CDCly 615577, 15324, 150.27 {d, J=252.0 Hz), 149 81, 146.80, 144,66, 128.62 (d,
J=85Hz), 12634, 124,44, 124 40, 122,66 {q, /=272 4 Hz}, 12041 {q, /= 4.6 Hz), 11458,
110,55, 105 86, 64.70, 64.51 ppm. HRMS (DART): m/z [M — HY caled for CHpoFaN=Oy 7,
364.0715; found, 364.0712,

4-Chlovo-8,9-dihydro-7H-[1,4]dioxepine]2,3-glguinazoline {§).

mﬁ

A solution of compound 2 (100 mg, 0.51 mmol} inn dry DMF (10 mbL) was treated
with CC0; (460 mg, 1.41 mmol), stured for 15 min, and treated dropwise with 1,3~
dibromopropane {135 pl, 1.33 mmol} The mixture was stirred at 23 °C for 1 h, and then at
65 °C for 18 b, After cooling to 23 °C, all volatiles were removed in vacuo. The residue was

suspended in CHLCh (20 mL), and washed with water (2 x S mL}, dried (Na:SOy), filtered,
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and evaporated. Puritication by FC thexanes/CHLClL 110 — 001 — CHRCL/EIOAC 10:1.5),

followed by a second FC (hexanes/EtOAc 10:1 — 10:3) gave the title compound 5 (41 mg,

34%) as a white solid. 'H NMR (500 MHz, CDCls): §8.87 (s, 1H), 7.75 {s, 1H), 7.55 (s, 1H),

446 (t, = 5.8 Hz, 2H), 440 (¢, J = 6.0 Hz, 2H), 2.34 ppm {(quint, J = 5.9 Hz, 2H). PC NMR

(126 MHz, CDCl3y 5 160,57, 158.86, 153,10, 153.03, 148.88 120.83, 118,19, 115.64, 70.51,

70.33,30.51 ppm. HRMS (DART): m/z [M + HY caled for CiHioCINGG,™, 237.0425; found
3

3

N-(3-Chloro-2-fluerophenyl}-8,9-dihydre-7H-{1 4{dioxepine|2,3-glquinazolin-4-amine
{IGKO40).
) - N
O
N A
&)

Following general procedure A, compound JGKO40 was prepared from 4-
chloroguinazoline S (33 mg, 0.14 mamol) and 3-chloro-2-fluoroanitine (32 pl., 0.29 mmol} in
PrOH (1.5 mL)y. FC {CHCL/E DA 1:0 — 10:3.5) gave JGKO040 (34 mg, 70%) as a white
solid. 'H NMR (500 MHz, DMSO-ds): 6 9.72 {5, 1H), 839 (s, 1H), 8.08 (s, 1H), 7.53 — 7.45
{m, 2H), 729 (s, 1H), 727 (d, /=81, 13 Hz 1H), 432 J=55Hz 2H), 4294, /=56
Hz, 2H), 222 ppm {quint, /= 5.6 Hz, 2ZH) PC NMR (126 MHz, DMSO-ds ). 6157 43, 156,67,
153.85, 152,48 (d, J = 2493 Hz), 15074, 14729, 128,05 {d, ./ = 12.0 Hz), 127 41, 127.04,
12491 {d, J=4.7Hz), 12013 (d, /=165 Hz), 11752, 11381 11077, 70.75, 70.62, 30.80
ppm. HRMS (DARTY: sr/z [M + HI caled for CoHCIENGG,T, 346.0753; found, 346.0740,

8-Chloro-2H-[1,31dioxolo]4.5-glguinavoline (&),
e
P

A solution of compound 2 {100 mg, 0.51 mmol} in dry BMF (3.4 mL} was treated with
CseC0s3 (335 myg, 1.03 mumol), and stirred at 23 °C for 1S min. The mixture was treated
dropwise with chloroiodomethane (130 pl, 1.79 mmol), stirred for 1 h, and then at 70 °C for
17 b, After the muxture was cooled to 23 °C, all volatiles were removed in vacuo. The residue

was suspended in CHLOCL (30 mL), washed with water {2 x 7 mL}, dried (NaxSQy), filtered,
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and evaporated. Punification by FC (hexanes/CH:CL 310 — 011 — CHRCL/EIOAC 10:2) gave
the title compound 6 (38 mg, 36%) as a white, fluffy solid. 'H NMR {400 MHz, CDCls): §8

(s, 1H), 7.49 (s, 1H), 732 (s, 1H), 6.21 ppm (s, ZH). PC NMR (126 MHz, CDCl): 5 159.82,
154,89 152,79, 150.94, 14978, 121.23, 105.23, 102 .89, 101 12 ppm. HRMS (DART): m/z [M
+ H]" caled for CoHsCINGG,™, 209.0112; found, 209.0104.

NAZ-Chiore-2-fluorophenyl}-28H-{1, 3}{&!0%930 4,5-glquinazolin-8-amine (JGKO41),
HN

Following general procedure A, compound JGKO041 was prepared from 4-

/

chloroguinazoline 6 (35 mg, 0.17 mmol} and 3-chioro-2~fluoroaniline (38 uk, 035 mwmol) in
PrOH (1.5 mL), FC (CHCL/EIOAC 1:0 — 1) gave JGKO041 (35 myg, 66%) as a pale-yellow
solid. "H NMR (500 Mz, DMSO-dey: §9.53 (5, TH), 837 {s, 1H), 7.84 (s, 1), 753 — 7.44
(o, 2H, 727 (td, J= 8.1, 1.3 Hz, 1H), 7.20 (5, 1H), 6.25 ppm (s, 2H). PC NMR (126 MHz,
DMSO-ds) 6 15737, 15310, 152.60, 15243 (d, J= 2480 Hz), 14856, 147 28, 12830 (d, ./ =
PE9 Hz), 12717, 12690, 12488 (d, J = 4.8 Hz), 12012 (d, J = 16,4 Hz), 10982, 10459,
102.38, 9877 ppm. HRMS (DART): m/z M + HI caled for CisHpoCHENO,", 318.0440;
found, 318.0435

{(3-Chlore-2-fluorephenyl}{7,8-dikydro{l . 4{dioxine2,3-glquinazolin-4-yhaminomethyl
acetate (JGKO43),
[O
Q N F

O N ™ res
T
S

A mixture of JGKOI0 (50 mg, 0.15 mmol} in dry THF (0.5 mL) was treated dropwise
with a 1 M solution of LiIHMDS in THF (150 pl, 0.15 mmol) at 0 °C. After stirring for 15 min
at that temperature, the mixture was added dropwise to a solution of chloromethyl acetate (55
pub, 0.57 mmol} in dry THF (0.5 mL}. The flask which initially contained the solution of
JGKO10 was rinsed with 0.5 mbL of dry THF and added to the reaction mixture. After stirring

at 0 °C for 2 b, stirring was continued at 23 °C for 22 b Sat. ag. NaHCGO; (10 mL) were added,

~ 79 -
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and the mixture was exiracted with EtOAc (3 x 10 mL). The combined organics were dried
{(NaxSOq), filtered, and evaporated in vacuo. Purification by FC (CHCL/E1QAc 1:0 > LD
afforded the title compound JGK043 (30 rag, 49%) as a pale-yellow solid. 'H NMR (500 MHz,
CDCL): §7.93 (s, 1H), 7.88 (s, 1H), 7.08 ~ 6.97 (m, 2H), 6.94 (td, /=72, 2.1 Hz, 1H), 6.82
(s, 1H), 5.73 (s, 2H), 4.40 ~ 4.29 {m, 4H), 2.12 ppm {5, 3H). PC NMR {126 MHz, CDCh)Y: §
17033, 15296, 15010 (d, J = 2450 Hzy, 14037, 14805, 14324, 14017 {d, J = 131 Hz),
13189, 124,17, 124,32 (d, J= 4.8 Hz), 122.59(d, /= 2.4 Hz), 121.33(d. J= 17.1 Hz), 115.41,
11431, 102.24, 71.19, 65.07, 6423, 20.85 ppm. HRMS (DARTY m/z [M + H]" caled for
CioHisCIFN: 047, 404 080R; found, 404.0792.

Example 3: Preparation of further exemplary compounds of the JGK series

General Procedures: All chemicals, reagents, and solvents were purchased from
commercial sources when available and were used as received. When necessary, reagents and
solvents were purified and dried by standard methods. Air- and moisture-sensitive reactions
were carried out under an inert atmosphere of argon in oven-dried glassware. Microwave-
irradiated reactions were carried out in a single mode reactor CEM IDhscover microwave
synthesizer. Room temperature {(RT) reactions were carried out at ambient temperature
{approximately 23 °C). All reactions were monttored by thin layer chromatography (TLC) on
precoated Merck 60 Fasg silica gel plates with spots visualized by UV light {4 = 254, 365 nm)
or by using an alkaline KMnOy solution. Flash column chromatography (FC) was carried out
on 510y 60 (particle size 0.040-0.063 mm, 230-400 mesh). Concentration under reduced
pressure (in vacuo} was performed by rotary evaporation at 25-50 °C. Purified compounds
were further dred under high vacuum or 10 a desiceator. Yields correspond to purified
compounds, and were not further optimized. Proton nuclear magnetic resonance {'H NMR)
spectra were recorded on Broker spectrometers {operating at 300, 400, or S60 MHz). Carbon
NMR (PC NMR) spectra were recorded on Bruker spectrometers (either at 400 or 500 MHz).
NMR chemical shifts {§ ppm) were referenced to the residual solvent signals. 'H NMR data
are reported as follows: chemical shift in ppm; multiplicity {s = singlet, d = doublet, t = triplet,
q = quartet, quint = quintet, m = multiplet/complex patiern, td = triplet of doublets, ddd =
doublet of doublet of doublets, br = broad signal}; coupling constants {/) in Hz, integration.
Data for ¥C NMR spectra are reported in terms of chemical shift, and if applicable coupling

constants. High rescolution mass (HRMS) spectra were recorded on a Thermo Fisher Scientific

-~ R0 -
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Exactive Plas with lonSense ID-CUBE DART source mass spectrometer, or on a Waters LCT

Premier mass spectrometer with ACQUITY UPLC with autosampler.

3-{{7.8-Dihydra]i 4}dioxine|2,3-glquinazolin-4-yHiamins}-2-flucrebenzonitrile
{(JGR44).

[O P ifN\\“\j

o D =N & y
HN I \/f"ff’
P
FHUNMR (500 MHz, CDCla): 8= 9.06 — §.98 (m, 1H), 869 (s, 1H), 7.41 (s, 1H), 7.39

(br, 1H), 7.35 - 731 (m, 2}»{), 730 (s, 1H), 4.45 — 437 ppro (m, 4H). BC NMR (126 MHz,
CDCL): §= 155.63, 153.63 (d, /= 254.6 Hz), 153.04, 140,94, 146.80, 144.76, 128.60 (d, J =
7.8 Hz), 127.48, 126,58, 12531 (d, /= 4.5 Hz), 114.56, 113.80, 110.45, 105.83, 101.30 {(d, J

= 13.9 Hz), 64.70, 64.51 ppm. HRMS (EST) m/z [M + HI" caled for CHFNGO,", 323.0939;

found, 323.0927.

3-{{7,8-Dihydreo{l 4{dioxine[2,3-glquinazelin-4-yi}aminoibenzonitrile (JGKI45).

O N
[
o Wz N
/‘GN
P

-

HHNMR (500 MHz, DMSO-ds): §=9.68 (s, 1H), 8.52 (s, 1H), 8.46 (¢, J= 1.9 Hz, 1H),
S.lS(ddd,JZS.Z 2.3, 1.2 Hz, 1H), 8.08 (s, 1H), 758({, J=79Hz 1H), 7.53(dt, /=76, 1.4
Hz, 1H), 7.22 (s, 1H), 4.49 — 4.36 ppm {m, 4H). PC NMR (126 MHz, DMSO-ds): 6= 156.24,
152.69, 14931, 146.15, 143.80, 140.52, 129,87, 12635, 12596, 124.15, 118.93, 112.66,
111.23, 10996, 10830, 6452, 64.19 ppm. HRMS (DART) m/iz M + HY" caled for
C17H NGOy, 305.1033; found, 305.1018.
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Ethyl (3-chiovoe-2-fluorophenyl)7 8-dihydroll,d]dioxine|2 3-glguinazolin-4-yicarbamate

{JGK847).
O o~ UN
OO
o #N e
\\/C} N .
T
L

Cl

HONMR (500 MHz, CDChy, 8= 8.96 (s, 1H), 7.483 (s, 1H), 7.477 (s, 1H), 7.37 (dd, J
=8.1,6.7 Hz, 2H), 7.08 (td. /= 8.1, 1.5 Hz, 1H), 4.45 - 438 (m, 4H), 4.27 (g, J = 7.1 Hz, 20},
1.22 ppm ¢,/ = 7.1 Hz, 3H). C NMR (126 MHz, CDCls): 158.98, 154.43 (d, J=250.7 HZ),
153.90, 15341, 151,17, 14968, 14561, 130,12, 12985 (d, JS= 124 Hz), 12820, 12450 (4, .J
=5 1Hz), 122.22¢d, /=168 He), 11796, 113,51, 10968 (d, /=20 Hz), 64.73, 6436, 63 .44,
14.43 ppm. HRMS (ESD): m/z [M -+ HT caled for CiobheCIFN:G47, 404.0808; found, 404.0800.

{£}-4-{3-Bromo-2-fluorcaniline}-7,8-dihydro[l 4]dioxine|2,3-glquinarelin-7-ol {{£}
JGKB56).
O N
O
HO o SN

"H NMR (500 MHz, DMSO-ds): =961 (s, 1H}, 834 (s, 1H), 791 (s, 1H), 7.72(d, ./
=54Hz, 1H), 760, J=T71Hz 1H) 755(,J=75Hz, 1H), 721 J=82Hz IH), 7.1%
{5, 1H}), 570 - 559 {mm, 'EH), 427 (d, J= 11.0 Hz, H) 417 ppm {d, J = 10.6 Hz, '},H). B
NMR (126 MHz, DMSO-de): 6= 15718, 15338 (d, J = 2474 Hz), 153.13, 14878, 146.14,
141,92, 130,12, 12805 (d, /=13 8 Hz), 127.78, 12545{(d, /=4 4 Hz), 111,95 10987 108.71,
10855 (d, ./ = 203 Hz), 8863, 67.23 ppm. HRMS (DARTY m/z [M + HJ caled for
CisHuBrFN3Gr™, 392.0041; found, 392.0030.
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Diastereoisomeric mixture of (E)cis- and (Epirans-N-(3-Bromeo-2-fluerophenyl)-7.8-

eiinmthyi-’?ﬁ—éihydm{1,4}diﬂxing§'2’3—g}quinamiin«i»amine {=}-cis/frans-JGKU51 ),

iL

TN

2

HONMR (500 MHz, CDCly; (E)-cisfirans 2:1) § = 8.68 (s, 1H), 8.68 — 863 (m, 1H),
737 (s, 1H), 735 (br, 1H), 728 (5, 1H), 728 - 724 {(m, 1H), 710 (td, /= &2, 1.6 Hz, IH}
452-439¢(m, 13H),4.09-398 (m, O.7TH), 1453(d, /=6 1Hz, 1.1H), 1451 (d, J=06.1 Hz,
THD, 1.369 (d, /= 6.6 Hz, 1 OH), 1368 ppm (d, J = 6.6 Hz, 1.9H) PC NMR (126 MHz,
CDCL; (Fpois/trans 2.1y §= 15587, 15584, 153.19, 15012 (d, /=242 5 Hz}, 15009 (d, /=
2422 Hz), 14987, 148.89, 14677, 144,64, 14363, 12873 (d, J = 10.0 Hz), 12715 12712,
12531 (d, /=47 Hz}, 12171, 121.70, 114.30, 113.93, 110.54, 11047, 10857 (d, J = 194
Hz), 105.66, 10528 ppm. HRMS {(DARTY: m/z [M + HT caled for CisHisBriNz0,", 404 0404;
found, 404 0393

{tp-cis-N-{3-Bromeo-2-flucrophenyl-7,8-dimethyl-7,8-dihydro i, 4]dioxino|2 3~

glguinazolin-4d-amine ((:t)-JGK{BSZ b

\
,;,,N
\©, Br

'H NMR (500 MHz, CDCla): §=8.68 (s, 1H), 8.66 (ddd, J=8.6, 7.4, 1.6 Hz, 1H), 7.38

(s, 1TFD), 7.35 (br, 1F), 7.28 (s, 1H), 7.30 - 7.23 {m, 1H), 7.10 (td, /= 8.2, 1.5 Hz, 1H), 4.50 -

4.41 (m, 2HD), 1369 (d, J = 6.6 Hz, 3H), 1.368 ppm (4, / = 6.5 Hz, 31). C NMR (126 Mz,

CDCL): §= 155.85, 153,19, 150,11 (d, J = 242.1 Hz), 148.89, 146.77, 143.63, 12873 (d, J =

0.2 Hz), 127.14, 12531 (d, J = 4.7 Hz), 121.71, 11430, 110.54, 108.57 (d, J = 19.5 Hz),

105.65, 72.85, 72.58, 14.71, 14 55 ppm. HRMS (EST): m/z [M + H]" caled for Crat BNy,
404.0404; found, 404.0416,

-3 -
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N-(3-Bromo-4-chlore-2-fluerophenyl}-7,8-dihydrol i d}dioxine]2.3-glguinazolin-4-amine
{JGKO53).

H NMR (500 Mz, BMS()—df,}: &=9.70 (s, 1H), 8.35 (s, 1H), 7.94 (s, 1H}, 7.61 {dd,
J= 8.8 7.7 He, 1H), 7.55 (dd, J= 8.7, 1.5 Hz, 1H), 7.20 (s, 1H), 4.47 - 4.35 ppm {m, 4H). ¥C
NMR (126 MHz, DMSO-ds): 6= 157.03, 154.14 (d, J = 249.5 Hz), 153.01, 14936, 146.08,
14374, 130,75, 127.77 (&, J= 2.9 Hz), 126.80 (d, /= 13.4 Hz), 12537 (d, /= 3.8 Hz), 112.50,
131015 {4, J = 22.5 Hz), 109.66, 108.39, 64.51, 64.14 ppm. HRMS (DART): m/z [M + HJ*
caled for CisHuBrCIFN: Gy, 409.9702; found, 409.9697.

N-(3,4-Dibromo-2-fluorophenyl)-7,.8-dihydro]i . 4{dioxine{2,3-glquinazolin-4-amine

(JGKDS4),
O N
C
o NN

HN l\
= Br

LB

H NMR (500 MHz, DMSO-ds) 6= 9.65 (s, 1H), 8 34 (s, 1H), 7.92 (s, 1H), 7.67 (d, ./
= 8.7 Hz, 1H), 7.55 (t,./ = 8.2 Hz, 1H), 7.20 (5, 1H), 445 — 435 ppm (m, 4H). BC NMR (126
MHz, DMSO-dh): 8= 156.95, 153 98 (d, ./=249.1 Hz}, 152,99, 14935, 146.09, 143 .74, 128 50
{d, /=37Hz), 12814, 12721 (d, /=137 Hz), 12096, 112.51, 112.33, 109.68, 108 36, 64 51,
64.14 ppm. HRMS (DARTY m/z [M + H}" caled for CieHuBnFN;0:", 453.9197; found,
4539191,
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N-(§-Bromo-2-fluorophenyl})-7.8-dihydroj 1 4]dioxine|2.3-glquinazelin-d-amine
{IGKO55).
e N

2
(L
HN I \I,Br
g

H NMR (500 MHz, CDCLY: =899 (dd, J= 7.3, 2.5 Hz, 1H), .72 (s, 1H), 7.38 (s,
1H), 7.36 {br, 1H), 7.27 (s, 1H), 7.16 (ddd, J = 8.7, 4.6, 2.5 Hz, 1H), 7.04 (dd, J= 10.9, 8. 7 Hz,
1H>, 4.44 — 436 ppm (m, 4H). "C NMR (126 MHz, CDCls): 6= 155.59, 15335, 15216 (d. J

43.1 Hz), 149.69, 146.67, 144.52, 128.75 {d, J = 10.5 Hz), 126.16 (d, J = 7.6 Hz), 125.06,
11719 {d, J = 3.4 Hz), 116.20 (d, /= 20.9 Hz), 114.52, 110,48, 10585, 64.68, 64.50 ppm.
HRMS (DARTY. miz M+ H]" caled for CieHuBrFN0s", 376.0091; found, 376.0077.

N-(3-Bromo-2,6-difluorophenyl}-7,8-dihydrofl 4]disxino{2,3-glguinazelin-4-amine

{(JGKRO56)
A~ oN
S9Y%
o %&N e
HN . N

FHNMR (500 MHz, DMSO-de). 8= 9.60 (s, 1H), 832 (s, 1H), 7.94 (s, 1H), 7.74 (1d, J
=81, 5.5 He, 1H), 7.28 (t, /=93 Hz, 11D, 7.21 (s, 111), 4.44 — 4.38 ppm (m, 4H) °C NMR
{126 MHz, DMSO-ds): 8= 157.78 (dd, J = 248.8, 3.3 Hz), 157.37, 155.01 (dd, J = 2479, 4.9
Hzy, 153.08, 14047, 146.04, 143.86, 130.76 (d, /=93 Hz), 11730 (t, J = 17.5 Hz), 113.30
(dd, /=218, 3.0Hz), 112.56, 109.45, 108.28, 103.55 (dd, S =20.4, 3.6 Hz), 64.52, 64.14 ppm.
HRMS (ESI): m/z [M -+ H]" caled for CiaH BrinN0,7, 393 .9997; found, 394.0008.

N-{3-Brome-2,4-difluovophenyl)-7,.8-dihydrol Ldjdioxine[2,3-glquinazelin-4-amine

{JGKB57)
Oulm N
O
O/ N A -
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L NMR (500 MHz, CDCL) 8= 8.64 (s, 1H), 8.51 (1d, J = 9.0, 5.6 Hz, TH), 7.33 (s,
1H), 7.29 (s, 1H), 7.23 (br, 1H), 7.04 (ddd, /= 9.2, 7.8, 2.1 Hz, 1H), 4.45 - 4.37 ppm {m, 4H),
13C NMR (126 MHz, CDCL«;): S=156.10, 15580 (dd, J = 246.6, 3.5 Hz), 153.28, 151.25 (dd,
J=2451 40 Hz), 14974, 146,56, 14453, 124309(dd, /=108, 3 4 Hz), 122.72(dd, /=83
8 Hey, 11442, 11149 (dd, /=225, 3.9 Hay, 11034, 10598, 97.86 (dd, J=25.7, 229 Hz),
64.69, 6450 ppm. HRMS (ESH: m/z [M + H] caled for CigHnBrFaNsO;", 393.9997; found,
3940013,

N-(3-Bromo-S-chlore-2-fluerophenyl}-7,8-dihydrol i d}dioxine]2.3-glguinazolin-4-amine
(JGKO38).

H NMR (500 MHz, CDClL): 8= 8.88{dd, J= 6.6, 2.6 Hz, 1H), 873 (5, 1H), 7.41 (s,
1D, 7.37 (br, HHD), 7.26 (s, 1H), 728 — 7.23 (m, 1H), 4.44 — 439 ppm {m, 4H). "C NMR (126
MHz, CDCliy 0= 15545, 153,13, 14988, 148,00 {d, /= 241.7 Hz), 14676, 144.72, 130.30
(d, /=44 Hz), 12926 (d, /= 10.8 Hz), 126.08, 12121, 114.60, 110.49, 108.68(d, /=209
He), 105,71, 64.70, 64.52 ppm. HRMS (ESI) av/z [M + H]" caled for CusHnBrCIFN:Oy,
449.9702; found, 409.9713.

{*}-srans-N-(3-Brome-2-fluorophenyl)-7 8-dimethyl-7 8-dihiydro}l,4]dioxins|2,3-
glguinavelin-4d-amine {{(&}-JGKO59),

o O N
2, / 4
g
Q/\ =N £
HN iﬁ(,ﬁr

-

HONMR (500 MHz, CDCL)Y: 6= 8.68 (s, 1H), 866 (ddd, J = 8.6, 7.3, 1.6 Hz, 1H),
7376 (s, 1HY, 7.375 (br, TH), 7.28 {5, 1H), 7.28 ~ 7.24 (m, 1H), 7.10 {td, /= 8.2, 1.6 Hz, 1H),
4.08 ~3.98 (m, 2H), 1.451 (d, /= 6.1 Hz, 3H), 1.448 ppm {d, /= 6.1 Hz, 3H). *C NMR (126
Mz, CDCL): 8= 155.90, 153,12, 15012 (d, J = 242.5 Hz), 149.90, 146.59, 144.65, 128.70
(4, /= 10.2 Hz), 12718, 12530 (d, J = 4.5 Hz), 121.74, 113.84, 110.43, 108,57 (d, /= 19.2

- R4 -
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Hzy, 10531, 7531, 7505, 1723, 17.20 ppm. HRMS (ESI) m/z (M + HY caled for
CisHisBrFN3Qy', 404.0404; found, 404.0405.

N-(3,4-Dichloro-2-fluorophenyl}-7,8-dihydrofi,4]dioxins{2,3-glquinazelin-4-amine

{JGKOs6),
o N
/ ”
[ | \?q
o NN

HN\[C;ICE

Ci

'H NMR (500 MHz, CDCLY, &= 8.67 (s, TH), €39 (&, J= &6 Hz, 1H), 7.40 (s, 1H),
738 (br, 1H), 7.33 (dd, J = 9.1, 2.1 Hz, 11D, 7.31 (s, 13D}, 4.45 — 438 ppm (m, 4FD. PC NMR
(126 MHz, CDCL): 8 = 155.84, 153.08, 149.98 (d, / = 246.3 Hz), 149,88, 146.42, 144,67,
127.55,127.19(d, /= 10.0 Hz), 12530 (d, /= 4.1 Hz), 121.05, 12047 (d, /= 18.2 Hz), 114.36,
11043, 105.97, 64.71, 64.51 ppm. HRMS (ESD: m/z [M + HJ™ caled for Oy CLFNO,,

366.0207; found, 366.0207.

N-(3-Bromeo-2,5-diflucrophenyl)-7.8-dihydrof L 4djdioxine|2,3-glguinazelin-4-amine
{(JGKO61)
(X
o R NN B
HN

s

H NMR (500 MHz, DMSO-de): 8= 9.65 (s, 1H), 8.40 (s, 1H), 7.93 (s, 1H), 7.63 ~ 7.54
(m, 2H), 7.21 (s, 1H), 4.45 — 4.37 ppm (m, 4H). BC NMR (126 MHz, DMSO-de): 8= 157.29
(d, J=143.5 Hz), 156.84, 152.93, 149.97 (d, /= 242.0 Hz), 149.43, 146.16, 143.81, 12922 -
12844 (m), 11630 (d, J=26.7 Hz), 113.99 (d, J = 25.7 Hz), 112.53, 109.73, 108.76 {dd, / =
22,5, 12.5 Hz), 108.33, 64.52, 64.15 ppm. HRMS (DARTY miz [M + HI" caled for
C1oH 1 BrF N0, 393.9997; found, 393 9988,

{£3-N-(3-Bromo-2-fluorophenyly-7-ethenyh-7,8-dihydrofl 4 ]dioxine|2,3-glguinazolin-4-
amine ({(£}-JGKO62).
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HH NMR (500 MHz, CDCly. 8= 8.68 (s, 1H), 8.65 (ddd, /=82, 7.3, 1.5 Hz, 1H), 7.40
(s, 1H), 7.37 (br, 1H), 7.35 (s, 1H), 7.27 (ddd, ./ = 8.0, 6.4, 1.5 Hz, 1H), 7.10 (td, /=82, 1.6
Hz, 1H), 5.95 (ddd, J= 17.3, 10.7, 5.8 Hz, 1H), 5.60 (dt, /= 17.3, 1.2 Hz, 1H), 548 (dt, J =
10.7, 1.1 Hz, 1H), 4.82 - 4.74 (m, 1H), 442 (dd, J=11.5, 2.5 Hz, 1H), 4.09 ppm (dd, /= [ 1.6,
8.1 Hz, 1H). PC NMR {126 MHz, CDCl) § = 155.90, 15338, 150.14 {d, J = 242.4 Hz),
14912, 146.70, 144.12, 131.48, 128.64 (d, /= 103 Hz), 127.24, 12530 (d,J=4.7 Hz), 121.76,
12043, 114.29, 110.69, 108,58 (d, J = 19.3 Hz), 106.06, 74.03, 67.84 ppm. HRMS (DART):
miz [M + HJ" caled for CisHuBrEN:O2", 402 0248, found, 402.0233.

Example 4: Bioactivity and assay protocol of Exemplary Compounds

The Cell Free EGFR Kinase Assay was performed using the EGFR Kinase System
{Promega #V3831). 13 concentrations at 2-fold dilutions from 250nM to 0.03052nM, a no drug
control, and a no enzyme control were used in duplicates on 25ug of EGFR enzyme per
reaction. The ADP-Glo Kinase Assay (Promega #V6930) was used to measure EGFR activity
in the presence of inhibitors.

The GIS0 Assavs were performed using patient-derived glioblastoma cells. 13
concentrations at 2-fold dilutions from 40,000nM to 9.77aM (for GBM lines) or from 4,000nM
t0 0.977aM (for Lung Cancer lines (HK031}} were plated on 384-well plates in quadruplicates
with 1300 cells per well. Cells were incubated for 3 days and then proliferation was assessed
by Cell Titer Glo (Promega #G7570). As a reference, Erlotinib exhibited an Glso of 642 oM
(FIKK301) and 2788 nM (GBM39).

Pharmacokinetic studies were performed on male CD-1 mice aged 8-10 weeks. Mice
were dosed as indicated in duplicates. At the time points, whole blood was obtained by retro-
orbital bleeding and brain tissue was harvested. Blood samples were centrifuged to obtain
plasma and brain tissue was washed and homogenized. Samples were extracted with
acetonitrile and supernatant was dried using a speed-vac. Dried samples were solubilized
50:50:0.1 acetonitrile water formic acid and guantified on an Agilent 6400 series Triple

(Quadrupole LE/MS.
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Table 3. Activity of Exemplary Compounds

Mumber Structure HK301 Glso GBM39 Glso
(0M) {nM)
JGRE01 2214 19676
o O

Sy N O\L:\
\/’\O P
7 w@“

JGEO02 f\\vf A\},\r 5448 19824
\,/’\ Lf

JGROO3 e\i/ 1127 23116
0.0

O N0
i
pO O

R
P
\Ef
@)

[\
(W8]
(8]
¢ ]
£ ot

162690

JGRH4 (/\Ln/

I,\ Q HNL l Ci
= .
JGKODS ploy O N‘ﬁ 8824 20536
o ~N

-
S

HN@,/’Z’

- 9 .




WO 2020/190765

PCT/US2020/022743

Number Structure HK301 Glsp GBM39 Glso
(M) {nM)
JGKG06 11012 S13R%
JGEROO7 Q2147 -
JGKOO8 81269 -
JGK309 6096 14640
JGKO10 7805 2594
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Number Structure HK301 Glsp GBM39 Glsg
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Example 51 Protein binding of edotinib and exemplary compounds of the disclosure

Hlustrated below in Table 4 1s the protein binding of erlotinib and several exemplary

compounds of the disclosure. Fu refers to “fraction unbound”. Kpuu refers to the “unbound

partition coefficient of the brain and plasma, at equilibrium”.

Table 4: Protein Binding of Erlotinib and Exenplary Compounds of the Disclosure

Compound Fu (bloed)/Fu (brain} | Bound (blood)/{(brain) Kpuu (Avg)
Hriotinib 4. 88% 095.12% 0.0513
2.93% 97 07%
AZD3T59 5.20% 94 80% 0.802
1.44% 98.56%
FGKO0S 1.35% 98.65% 0.491
1.02% 98 98%
FGKO38 1.30% 98 70% 0575
0.89% 99.11%
FGKO23 1.44% 98 .56% 1.037
141% 98 59%
JGKO10 1.12% 98 88% 1.045
1.10% 98 90%
FGKO37 1.70% 98 30% 13061
1.04% 98 96%
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FGKO042 1.85% 98.15% 1.033
1.14% 98.86%

JGKO63 8.04% 91.96% 0.341
3.78% 96.22%

JGK 066 7.04% 92.96% L175
3.02% 96.98%

JGRO6R 6.31% 93.6%% 1184
2.11% 97.89%%

JGKO68S 5.96% 94 .04% 118l
1.86% 98.14%

JGKO68R 5.33% 94.67% 1.046
1.57% 98.43%

IGKOS838 7.02% 092.98% 0.798
2.42% 97.58%

Example & Classification of EGFRI metabolic responders and non-Responders

Changes in glucose consumption with acute EGFR inhibition across 19 patient-derived
GBM cell lines was characterized. The cells were cultured 1o supplemented serum-free medium
as gliomaspheres which, in contrast to serum-based culture conditions, preserve many of the
molecular features of patient tumors, Treatment with the EGFR tyrosine kavase inhibitor
(BGFRi) erlotinib identified a subset of GBMs whose radio-labeled glucose uptake {*F-FDG)
was significantly attenuated with EGFR inhubition; hereafter termed “metabolic responders”
{(FIG. 21A and FIG. 27A). Sidencing of EGFR using siRNA confirmed that the reduction in
glucose uptake was not due to off target effects of erlotinib (FIG. 27B, 27C). Reduced *F-FDG
uptake in EGFRI treated cells was associated with decreased lactate production, glucose
consumption, and extracellular aciditication rate (ECAR), yet glutamine levels remained
unchanged (FIG. 218 and FIG. 278-G). Finally, decreased glucose utilization correlated with
perturbations in RAS-MAPK and PRK-AKT-mTOR signaling — each of which can regulate
glucose metabolism in GBM and other cancers (FIG 28A)

in contrast, in all “non-responders” GBMs (ie. no change in “F-FDG uptake with
EGFRI or siRNA)Y (FIG. 21A and FIG. 278, 27C), no changes w ghucose consumption, lactate
production, and ECAR were observed despite robust inhibition of BEGFR (FIG. 218, FIG 27D-

G, and FIG. 28B) Moreover, RAS-MAPK and PRK-AKT-mTOR signaling were largely
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unaffected in these cells (FIG. 28B}. Notably, while ali metabolic responders had alterations in
LGEFR (copy number gain, mutation), 6 GBM lines without a metabolic response also contained
LGFR mutations and/or copy number gains (FIG. 29A, 20B) Taken together, these data
ilustrate two key points. First, acute inhibition of EGFR rapidly attenuates glicose utilization
in a subset of primary GBM cells, and second, genetic alterations o £GHFR could not alone

predict which GBMs have a metabolic response to EGFRI

Example 7: EGFRiI Metabolic responders are primed for apoptosis

Perturbations 1o glucose metabolisty can induce the expression of pro-apoptotic factors
and stimulate intrinsic apoptosis, suggesting that reduced glucose uptake in response to EGFRi
would stimulate the intrinsic apoptotic pathway. Indeed, acute erlotinib treatment promoted the
expression of the pro-apoptotic BH3-only proteins, BIM and PUMA, only in the metabolic
responder cultures (FIG. 30A). However, annexin V staining revealed that the metabolic
responders had ooly modest {(~17%), albeit significantly higher, apoptosis compared with non-
responders (~3%}, foliowing 72 hours of erlotinib exposure (FIG. 21C).

The low level of apoptosis, despite pronounced induction of pro-apoptotic factors, led
the inventors to ask if perturbing glucose uptake with EGFRI “primes” GBM cells for
apoptosis; thus increasing the propensity for apoptosis without inducing significant cell death.
To test this, the inventors treated both metabolic responders and non-responders with erlotinib
for 24 hours and performed dynamic BH3 profiling to guantify the changes in apoptotic
priming (FIG. 30B). Using multiple BH3 peptides (e g, BIM, BID, and PUMA), we observed
a significant increase in apoptotic priming — as determined by the change in cytochrome ¢
release relative to vehicle — in the metabolic responders with edotinib treatment (FIG. 21D -
dark gray bars). Importantly, priming in the metabolic responders was signiticantly higher than
priming in the nouv-respounders (FIG. 21D — hight gray bars), supporting the premise that
attenuated glucose uptake with EGFR: triggers apoptotic priming in GBM.

The inventors tested if reduced glucose uptake is required for apoptotic priming with
EGFRI, by checking whether rescuing glucose consumption should mitigate these effects. To
test this, glucose transporters | (GLUT!) and 3 (GLUT3) were ectopically expressed in two
metabolic responders (HK301 and GBM39). Enforced expression of GLUTI and GLUTS
(GLUT1/3} rescued BEGFRi-mediated attenuation of glucose uptake and lactate production in
both cell lines (FIG. 21E and FIG. 31A-C) and, importantly, markedly suppressed apoptotic

priming in response to EGFR1 (FIG. 21F). Collectively, these data demonstrate that EGFRi-
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mediated inhibition of glucose consumption, although insufficient to 1nduce significant cell
death, lowers the apoptotic threshold potentially rendering GBM cells vulnerable to agents that

explott this primed state.

Example 8: Cytoplasmic pS3 is required for apoptotic priming with EGFR:

The mechanism by which GBMs become primed for apoptosis with EGFR: was
wvestigated. The whibitton of oncogene-driven glucose metabolism renders GBM cells
synergistically susceptible to cyvtoplasmic p33 dependent apoptosis.  Attenuated glucose
metabolic flux i GBM, via targeting oncogenic signaling (e.g, EGFRY), results in cytoplasmuie
953 engaging the intrinsic apoptotic pathway (“priming”}. However, Bcl-xl blocks
cytoplasmic p33-mediated cell death. Pharmacological p53 stabilization overcomes this
apoptotic block, leading to synergistic lethality with combined targeting of oncogene-driven
ghucose metabolism in GBM.

In cells that are in a primed state, the anti-apoptotic Bel-2 family proteins {e.g. Bel-2,
Bel-xL, Mcl-1} are largely loaded with pro-apoptotic BH3 proteins {e.g., BIM, BID, PUMA,
BAD, NOXA, HRK); consequently, cells are dependent on these wteractions for survival. The
UMor suppressor protein, ps3, is known to upregulate pro-apoptotic proteins that subsequently
need to be bound by anti-apoptotic Bel-2 proteins to prevent cell death. To examine whether
£33 is required for EGFRi-induced priming, we silenced p53 with CRISPR/CAS-© (hereafter
referred to as pS3K0) 1n two metabolic responders (HK301 and HEK336, FIG. 22A), While the
change in glucose consumption with EGFRI was unaffected in pS3KO cells (FIG. 32A), BH3
profiling revealed pS3K O nearly abolished erfotinib-induced apoptotic priming in both HK301
and HK336 cells (FIG. 228).

As pS3 transcriptional activity has been shown to be enhanced under glucose limitation,
it we wvestigated to determine whether p33-mediated transcription was induced by EGFRu
However, erlotinib did not increase the expression of p33-regulated genes {e.g., p2!, MDA2,
FIG3, TIGAR)Y (FIG. 32B), nor wnduce pS3-luciferase reporter activity in HK301 wmetabolic
responder cells (FIG. 32C). These data indicate that while p53 is required for priming with
EGFRy, its transcriptional activity may not be necessary.

in addition to p53 s well-deseribed nuclear functions, p53 can localize in the cytoplasm
where it can directly engage the intrinsic apoptotic pathway. To evaluate whether cvtoplasmic
p33 is important for apoptotic priming with EGFRi, we stably introduced a p53 mutant with a

=y

defective nuciear localization signal (p53%') into HK301 and HK336 pS3KO gliomaspheres.
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As expected, pS3%" was expressed (FIG. 22C and FIG. 32D, restricted to the cytoplasm (FIG.
220 and FIG. 32E) and had no transcriptional activity (FIG. 22F and FIG. 32F). Conversely,
reconstitution of wild-type p53 {p33™) in HK301 and HK336 p33KO cells displayed similar
localization as parental cells and rescued transcription of p33-regulated genes (FIG. 22C-E and
FIG 32E-G). Remarkably, stable introduction of pS3%% significantly restored priming with
erlotinib in both HK301 and HK336 pS33K O cells to levels comparable to p53™ (FIG. 22F and
FIG. 32G), indicating that the cytoplasmic function of pS3 s required for EGFRi-mediated
priming. In support of this, introduction of a transcriptionally active (FIG. 2622G), yet nuclear-
confined pS3 mutant (pS3™%) into HK301 pS3KO cells failed to induce EGFRi-mediated
apoptotic priming (FIG. 220, 22H and FIG 32H). Finally, pharmacological inhibition of
cytoplasmic p53 activity with pifithrin-p (PFT) markedly reduced priming with erlotinib
{(F1G. 321 Collectively, these results show that cytoplasmic p33 engages the 1ntrinsic apoptotic
machinery following EGFR1 in GBM.

Prior work demonstrated that homan tumor-denived pS3 mutanis — specifically those in
the DNA binding domain —~ have duminished cyvioplasmic functions in addition to
transactivation deficiencies. Thus, the inventors tested whether stable expression of two of
these “hotspot” p53 mutants, R175H or R273H, 1o HK301 pS3K O would have reduced EGFRi-
mediated priming (FIG. 32H). As expected, both mutants lacked transcriptional capabilities
{(FIG. 22G) and, consistent with reduced cytoplasmic activity, were incapable of apoptotic
priming with EGFRi (FIG. 22H) Therefore, in line with previous findings, oncogenic
mutations o the DNA binding domain of pS3 result o “dual hus”, whereby both transactivation
and cytoplasmic functions are abrogated — the latter having implications for apoptotic priming
with EGFR1.

Example 90 Inhibition of BGER-driven glucose upiake creates an exploitable Bol-xL

dependency

Bel-xl can sequester cytoplasmic p33 and prevent pS3-mediated apoptosis; thus

creating a primed apoptotic state and a dependency on Belx for survival, Indeed, BH3
profiling revealed a dependence on Bel-xL for cell survival in EGFR: metabolic responders
{F1. 33A). Therefore, we hypothesized that attenuated glucose consumption with EGFRi may
result o sequesiration of cytoplasmic p33 by BelxL. To investigate this, we performued co-
immunoprecipitations to examine the dynamics of pS3-Bel-xl. interactions in response {0
EGFR: in both responders (n=2) and non-responders (n=2} Importantly, we observed

markedly heightened Bel-xl. and p53 interactions following erlotinib treatment tn metabolic
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responders {FIG. 23A) but not in non-responders (FIG. 238). This suggests that inhibition of
EGFR-dependent glucose consumption results in sequestration of pS3 by Bel-xL. Consistent
with this wnterpretation, ectopic expression of GLUT/3, which rescues the EGFRi-mediated
reduction in glucose uptake and apoptotic priming, prevented the association of p53 with Bel-
xL{FIG. 23C and FIG. 33B). These findings strongly indicate that EGFRi-mediated inhibition
of glucose uptake primes GBM cells for apoptosis by promoting an interaction befween
cytoplasmic p33 and Bel-xL.

The hberation of p33 from Bel-xl. enables pS53 to directly activate BAX, resulting in
cviochrome ¢ release and cell death. Once we recognized increased binding between Bel-xL
and pS3 1n metabolic responders in response to EGFRI, we asked whether displacement of p33
from BelxL elicits apoptosis. To test this, we treated a metabolic responder (HK301) with
erlotinib and the specific Bel-xL inhibitor, WEHI-S39. The addition of WEHI-539 disrupted
the association of Bel-xL with p33 under erlotinib treatment (FIG. 23D}, leading to synergistic
fethality in HK301 and GBM39 cells {metabolic responders) (FIG. 23K}, Notably, cytoplasmic
P33 was sufficient for the combinatorial effects in EGFR1 metabolic responder cells (FIG.
33C) However, WEHI-539 did not enhance apoptosis in a non-responder (HK393) treated with
erfotinib, suggesting that atienuation of glucose uptake with EGFRi, and subsequent
association between pS3 and Bel-xl, is necessary to generate a dependence on BelxL for

survival {(FIG. 33E). In support of this, enforced expression of GLUT/3 significantly mitigated

»

cell death with the drug combination (FIG. 23F and FIG. 33D} Together, these observations
wndicate that Bel-xL, attenuates GBM cell death wn response to EGFRi-mediated inhibition of
ghucose uptake by sequestering cytoplasmic p33 (FIG. 32G).
Example 10 Combined targeting of EGFR and p33 is synergistic in EGFRI metabolic
responders

The mechanistic studies revealed a potential therapeutic opportunity in EGFR-driven

BMs that will be dependent on functional pS3. While the p33 signaling axis is one of the
three core pathways altered in GBM, analysis of the TCGA GBM dataset demonstrated that
253 mutations are mutually exclusive with alterations in FGHR (Figs. 28A and 28B).
Conversely, in patients with FGFR mutations or gains, the p53 pathway can be suppressed
through amplification of MOM2 and/or deletions 1o the negative regulator of MDM2Z, pl4
ARF, at the CDKN24 tocus. Given these relationships, and the requirement of pS3 for
prinung under EGFRi-attenuated glucose uptake, we hypothesized that stabilization of p53

via MDM2 inhibition may have similar therapeutic effects to Bel-xL antagonism. Using

~3
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nutlin — an extensively characterized inhibitor of MDBM2 — we found striking synergistic
fethality when paired with erlotinib in a metabolic responder gliomasphere. Greater than 90%
of HK301 cells underwent apoptosis with combined erfotinib and nuthin (FIG. 24C). Notably,
we observed no synergy between these drugs in a metabolic non-responder (GS017, FIG.
24C). We then tested this combination across our panel of primary GBM cells {all p53 wild-
type} and found synergistic lethality only in GBMs with a metabolic response to EGFR:
{(F1G. 24D and FIG. 34A). Genetic knockdown of LGHFR confirmed synergy ondy in the
metabolic responders (FIG. 34B). Importantly, enforced expression of GLUTL/3 significantly
reduced BAX oligermization, cytochrome ¢ release and apoptosis with combined erlotinib
and nuthin (FIG. 24 and FIG. 34C), supporting the concept that inhibition of glucose
metabolism with EGFRI is required for the synergistic effects of the erlotinib and nutlin
combination.

The role of p53 in eliciting cell death to combined erfotinib and nutlin was then
investigated. As expected, CRISPR/CAS-9 targeting of p33 in two EGFR metabolic
responders (HK301 and HK336) completely mitigated sensitivity to the drug combination
(F1(G. 24F). Likewise, ectopic expression of Bel-xb markedly suppressed cell death with
combined treatment, consistent with a critical function for Bel-xL in antagonizing p53-
mediated apoptosts (FIG. 34D}, Moreover, sinular o the results with Bel-xD inhibition {e.g.,
WEHI-539), the addition of nuthin liberated pS3 from Bel-xd. under erdotint treatment (FIG.
24(). These data are in agreement with prior observations that pS3 stabilization can stimulate
cytoplasmic pS3-mediated apoptosis. In support of the suggestion that cyioplasmic p53
activity is required for EGFRI and nutlin induced apoptosis in metabolic responders,
blocking cytoplasmic p33 activity with PFTp sigmificantly reduced the synergistic effects of
the combination (FIG. 34E}, while, HK301 cells containing the nuclear-confined p53 mutant,

, were incapable of enhanced apoptosis with erlotinib and nutlin (FIG. 34F). Finally,
the cancer “hotspot” mutants, R175H and R273H, which have both transactivation and
cvtoplasmic deficiencies, were completely insensitive to the drug combination (F1G. 34F).
While cytoplasmic pS3 is desired 1o promote cell death with the drag combination, we
cbserved in some instances that both the transcription-dependent and independent functions of
pS3 are needed for optimal execution of synergistic apoptosis with nuthin (FIG. 34F). These
results are consistent with reports that the transcription-independent functions of p&3 can alone
execute intrinsic apoptosis, whereas, 1n other contexis, may require us transcription-dependent

functions to stimulate cytoplasmic p53 mediated cell kall. Collectively, the results described
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herein show that combined targeting of EGFR-driven glucose metabolism and pS3 can induce
marked synergistic cell death in primary GBM; which is dependent on the cytoplasmic
functions of pS3.

Example 11: Modulation of glucose metabolism primes EGERI nen-responders for p53-
mediated cell death

The aforementioned data led the tnventors to propose a model where EGFRi-mediated
atteruation of glucose metabolism primes the apoptotic machinery, resulting in synergy with
pro-apoptotic stimult such as pS3 activation. The synergy lies between induction of cetiular
stress by EGFR inhibitors, reduction of glucose uptake and the priming of the cell for
apoptosis and the stabilization of p33 by astagonists of BCL-2. EGFR inhibition caun rapidly
attenuate glycolysis in cellular stress. This creates a tumor-specific vulnerability in which
wntrinsic apoptosis can be sigruficantly enhanced by: 1) activation of p53 (such as, for
example, through nutlin, analogues or others described herein) and 2} inhibition of BCL-2
{by any of several agents as described herein such as tor example, ABT-263 (Navitoclax).

Alogical prediction of this model 1s that direct inhibition of glucose metabolism should
phenocopy the effects of EGFRi. Consistent with this, addition of the glucose metabolic
inhibitor 2-deoxyglucose (2B3G) stimulated apoptotic priming, binding of pS3 to BelxL, and
synergy with nutlin in HK301 cells (an EGFR1 metabolic responder) (Figs. 40A, 40B, and
4003}, Interestingly, inhibition of oxidative phosphorylation with oligomycin {complex V/ATP
synthase} or rotenone {complex I} did not synergize with nutlin treatment in HK301
gliomaspheres (FIG. 35C and 35D). Thus, reduced glucose metabolic flux alone, but not
oxidative metabolism, appears to be sufficient for synergistic sensitivity to p53 activation.

This prompted the inventors to consider whether modulating glucose consumption in
EGFRI non-responders results in a similar p53-dependent vulunerability. To tnvestigate this,
they tested whether direct inhibition of glucose uptake, with 2DG, or through targeting PISK —
a well characterized driver of glucose metabolism - elicits apoptotic priming tn two EGEFR
metabolic non-responders (FIG. 2Z5A). In contrast to erlotinib treatment, acute inhibition of
PI3K with pictiisib abrogated PBK-AKT-nTOR signaling (FIG. 35E), and significantly
reduced "*F-FDG uptake in HK393 and HK254 cells (FIG. 25B). The decrease in glucose
consumption with pictilisib was associated with significantly lagher apoptotic priming and, as
anticipated, 213G completely mirrored these effects (FIG. 25B and C). Therefore, EGFRi
metabolic non-responders can be primed for apoptosis following inhibition of glucose uptake.

Importantly, CRISPR/CAS-9 targeting of pS3 in HK393 significantly suppressed priming
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mediated by 2DG or pietilisib. (FIG. 25D). Moreover, pS3-dependent priming was associated
with heightened Bel-xL and pS3 binding, indicative of sequestration of p33 by Bel-xL to block
apoptosis (FIG. 25H and FIG. 35F). Consistent with this interpretation, combining 2DG or
pictilisib with nutlin caused significant, p533-dependent synergistic lethality in EGFRi non-
responder cells (Figs. 25F & 25G). Taken together, these data demonstrate that acute inhibition
of glucose metabolism, either directly or with targeted therapy, promotes pS3-dependent
apoptotic priming in GBM; which, creates a targetable vulnerability for enhanced cell kil

Example 12: Combinatorial therapeutic strategy and non-invasive biomarker for targeting
GBM i vive

The results obtained in cell culture show that combined targeting of oncogene~-driven
glucose metabolism and p533 has synergistic activity in primary GBM. This led the us fo
wvestigate whether this approach could be effective 1o orthotopic GBM xenograft models. For
these studies, we employed a potent, MDM2 inhibutor, Idasanutlin, which is currently in
clinical trials for many malignancies. Given the uncertainty ot CNS penetration for ldasanutlin,
we first demonstrated that Idasanuthin can accumulate in the brain of mice with an intact blood-
brain-barrier (brain plasma, 035} and stabilizes pS3 in orthotopic tumor-bearing mice (Figs.
4TA & 41B).

Mext, as perturbations in glucose metabolism with oncogene inhubition are required for
synergistic sensitivity to p33 activation, we reasoned that rapid attenuation i glucose uptake
in vivo following EGFRI administration — as measured by "*F-FDG PET — could serve as a
non-invasive predictive biomarker for therapeutic efficacy of combined erfotimb + Idasanuthn
treatment (FIG. 26A). We observed, in orthotopic xenografts of an EGFR-metabolic responder
gliomasphere (GBM39), that acute erfotinib treatment (75 mg/kg) rapidly reduced “F-FDG
uptake (15 hours post erlotintb administration} (FIG. 268 and FIG. 36C). In separate groups of
maice, they tested the individual drugs and the combination of daily erlotinib (75 mg/ke)
treatment and Idasanuthin (30 mg/kg) Relative to single agent countrols, we observed
synergistic growth inhibition — as determined by secreted gowssic luciferase - in GBM39
intractamal tumor-bearing rotce, with minimal toacity (FIG. 26B and FIG. 36D). In contrast,
orthotopic xenografts of a non-metabolic responder {HK393) showed no changes in 'F-FDG
uptake with acute EGFRy (FIG. 26D and FIG. 36C), nor synergisiic activity with the erlotinib
and Idasanutlin combination (FIG. 26E) Thus, non-invasive “F-FDG PET, used to measure
rapid changes in glucose uptake with EGFR1, was effective in predicting subseguent synergistic

sensitivity to combined erlotinib and Idasanutlin,
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Finally, we gvaluated the effects of the drug combination on overall survival in
orthotopic xenografts of either two EGFRi metabolic responders (GBM39 and HK336) or
two non-responders (HK393 and GS025). All tumors were p33 wild-type (FIG. 29A).
Following evidence of tumor growth {as determined by gaussia luciferase), mice were treated
with vehicle, erlotinib, Idasanutlin, or the combination forup to 25 days. The drug
combination led to a pronounced increase in survival only in the EGFRI metabolic responder
GBM tumors (Figs. 30F-1). Taken together, these data show that combined targeting of
EGFR and p53 syvergistically inhibits growth and prolongs survival in a subset of pS3 wild-
type GBM orthotopic xenografts. Importantly, **F-FDG PET was valuable as a non-invasive

predictive biomarker of sensitivity to this new combination therapeutic strategy.

Example 13 Direct inhibition of glyveolysis with 2DG or evtecahalsin B

We tested how direct inhubition of glycolysis with a hexokinase inhibitor (2DG) and 2
ghucose transporter inhibitor (cytochalasin B) affect p33 activation by nuthin. The results shown
in FIG. 37 demonstrate that low glucose (0.25 mM}) leads to synergistic cell kill with BCL-xL
whibition with navitoclax or nuthin. Cell death was measured using annexin V staining in
single agents or in combination with pS3 activator, nuthin. The same effects were recapitulated
by cuituring gliomaspheres in low glucose conditions {(0.25mM) and treating them with nuthn

or navitoclax (ABT-263) for 72 hours.

Example 14: Experimental procedures

Mice

Female NOD soid gamma (NSG), 6-8 weeks of age, were purchased from the
University of California Los Angeles (UCLA) medical center animal breeding facility. Male
CD-1 mice, 6-8 weeks of age, were purchased from Charles River. All mice were kept under
defined flora pathogen-free conditions at the AAALAC-approved amimal facility of the
Division of Laboratory Animals (DLAM) at UCLA. All animal experiments were performed
with the approval of the UCLA Office of Animal Resource Oversight (OARG).
FPatient-derived GBM cells

All patient tissue to derive GBM cell cultures was obtained through explhcit informed
consent, using the UCLA Institutional Review Board (IRB) protocol: 10-00005. As previously
described'?, primary GBM cells were established and maintained in gliomasphere conditions

consisting of DMEM/F12 (Gibeo), B27 (Invitrogen), Penicillin-Streptomycin (Invitrogen}, and
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4

Glutamax (Invitrogen) supplemented with Heparin (5 ug/mL, Sigma}, EGF (50 ng/mi., Sigmaj,
and FGF (20 ng/mL, Sigma). All cells were grown at 37°C, 20% Oz, and 5% CO» and were
routinely wonitored and tested vegative for the presence of mycoplasma using a commercially
available kit (MycoAlert, Lonza) At the time of experiments, most HK lines used were
between 20-30 passages {exceptions HK38S pB, HK336 pl§), while GS and GBM39 Lines were
fess than 10 passages. All cells were authenticated by short-tandem repeat (STR) analysis
Reagents and antibodies

Chemical inhibitors from the following sources were dissolved in DMSO for in vitro
studies: Erlotinib {Chemietek), Nutlin-3A (Selleck Chemicals), WEHI-539 (APExBIO),
Pietihisib (Selleck Chemicals), Oligomyctn (Sigma), Rotenone (Sigma). 2DG (Sigma) was
dissolved freshly in media prior to usage. Antibodies used for immunoblotiing were obtained
from the listed sources: B-actin (Cell signaling, 3700), tubulin (Cell signahing, 3873), p-EGFR
Y1086 (Thermo Fischer Scientific, 36-9700), t-EGFR (Millipore, 06-847), t-AKT {Cell
Stgualing, 4685}, p-AKT T308 (Cell Signaling, 13038), p-AKT 5473 (Cell Signaling, 4060),
GERK (Cell Signaling, 4695), p-ERK T202/Y204 (Cell Signaling, 4370}, t-86 (Cell Signaling,
2217}, p-86 5235/236 (Cell Signaling, 4858}, -4EBP1 (Cell Signaling, 9644}, p-4EBP1 §65
{Cell Signaling 9451}, Glu3 (Abcam, ab15311), Glutl (Millipore, 07-1401), p53 (Santa Cruz
Biotechnology, 8C-126), BAX (Cell Signaling, 5023), BIM (Cell Signaling, 2933), Bel-2 {(Cell
Signaling, 2870}, Bel-xL {Cell Signaling, 2764), Mcl-1 (Cell Signaling, 54533, Cytochrome ¢
{Cell Signaling, 4272}, and Cleaved Caspase-3 {Cell Signaling, 9661). Antibodies used for
immunoprecipitation were obtained from the listed sources: p53 (Cell Signaling, 12450} and
Bel-xb {Cell Signaling, 2764). Secondary antibodies were obtained from the listed sources:
Anti-rabbit IgG HRP-linked (Cell Signaling, 7074} and Anti-mouse IgG HRP-linked (Cell
Signaling, 7076). All immunoblotting antibodies were used at a dilution of 1:1000, except -
actin and tubulin, which were used at 1:10,000. Immunoprecipitation antibodies were diluted
according to manufacturer’s nstructions {1:200 for pS3 and 1:100 for Bel-xL). Secondary
antibodies were used at a dilution of 1:5000.

BE_Fluorodeoxyghicose (185-FDG) upiake assay.

Cells were plated at 5+ 10* cells/ml and treated with designated drugs for indicated time
points. Following appropriate treatruent, cells were collected and resuspended in glucose-free
DMEM/F12 (USBiological) containing ""F-FDG (radicactivity 1 uCi/mL). Cells were
incubated at 37°C for 1 br and then washed three times with wce cold PBS. Radioactivity of

each sample was then measured using a gamma counter.
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(lucose, glutamine, and laciate measurements

Cellular glucose consumption and lactate production were measured using a Nova
Biomedical BioProfile Basic Analyzer. Briefly, cells were plated in 1 x 107 cells/mlin 2 mL of
ghiomasphere conditions and appropriate drug conditions (#=5). 12 hrs following drug
treatment, 1 ml of media was removed from each sample and analyzed 1 the Nova BioProfile
analyzer. Measurements were normalized to cell number.
Asmexin V apoptosis assay

Cells were collected and analyzed for Annexin V and PI staining according o
manufacturer’s protocol (BD Biosciences). Briefly, cells were plated at S x 10" celis/ml and
treated with appropriate drugs. Following indicated time points, cells were collected,
trypsinized, washed with PBS, and stained with Annexin V and PI for 15 minutes. Samples
were then analyzed using the BD LSRI How cytometer.
Tmmunoblotting

Cells were collected and lysed in RIPA buffer (Boston BioProducts) containing Halt
Protease and Phosphatase Inhibitor {Thermo Fischer Scientific). Lysates were centrifuged at
14,000x g for 1Smin at 4°C. Protein saroples were then botled wn NuPAGE LDS Sample
Bufter (Invitrogen) and NuPAGE Sample Reducing Agent (Invitrogen) and separated using
SDS-PAGE on 12% Bis-Tris gels (Invitrogen) and transferred to nitrocellulose membrane
{GE Healthcare). Immunoblotting was performed per antibody’s manufacturer’s
specitications and as mentioned previcusly. Membranes were developed using the
SuperSignal system (Thermo Fischer Scientific).
Immunoprecipitation

Cells were collected, washed once with PRS, and incubated 1o IP lysis buffer (25 M
Tris-HCL pH 7.4, 150 mM NaCl, 1 mM EDTA 1% NP-40, 5% Glycerol) at 4°C for 15
mainutes. 300-500 ug of each sample was then pre-cleared in Protein A/G Plus Agarose Beads
{Thermo Fischer Scientific) for one hour. Foliowing pre-clear, samples were then incubated
with antibody-bead conjugates overnight according to manutacturer’s specifications and as
mentioned previousty. The samples were then centrifuged at 1000g for 1 min, and the beads
were washed with 500 pl of IP lysis buffer for five times. Proteins were chuted from the
beads by botling 1 2x LDS Sample Buffer (fovitrogen) at 95°C for 5 mun. Samples avalyzed
by immunoblotting as previously described. Immunoprecipitation antibodies were diluted
according to manufacturer’s instructions {1:200 for pS3 and 1:100 for Bel-xL).
Dynamic BH3 profifing
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GBM gliomaspheres were first disassociated to single-cell suspensions with TrypLE
{Gibeoy and resuspended in MER butter (150 mM Mannttol 10 mM HEPES-KGH, 50 mM
KL 002 M EGTA, 0.02 M EDTA, 0.1 % BSA, S mM Succinate), S0ul of cell suspension
(3x10" cells/well) were plated in wells holding 50 ul. MEB buffer containing 0.002% digitonin
and indicated peptides in 96-well plates. Plates were then incubated at 25°C for 50 min. Cells
were then fixed with 4% paratormaldehyde for 10min, followed by neutralization with N2
buffer (1.7M Tris, 1.25M Glyeine pH 2.1) for Smin. Samples were stained overnight with 20
ul. of staining sohation (10% BSA, 2% Tween 20 in PBS) contamning DAPI and anti-
cviochrome ¢ (BioLegend) The following day, cytochrome ¢ release was quantified using BD
LSRRI How cytometer. Measurements were normalized to appropriate controls that do not
promaote cytochrome ¢ release (DMSQO and inactive PUMAZA peptide). Delta priming refers
to the difference in amount of cytochrome ¢ release between vehicle treated cells and drug
treated cells.

BAX oligomerization

7.5 x 10° cells were treated with indicated drugs. Following 24 hr of treatment, cells
were collected, washed once with ice cold PBS, and re-suspended in 1 mM
bismaleimidohexane (BMH) in PBS for 30 min. Cells were then pelleted and lysed for
immunoblotting, as described above.

Cytochrome ¢ defection

5 million cells were plated at a concentration of 1x10° cells/mL and treated with
wndicated drugs. Following 24 hr of treatmoent, cells were coliected, washed once with ice cold
PBS. Subcellular fractionation was then performed using a mitochondrial isolation kit (Thermo
Fischer Scientific, 89874). Both cytoplasmic and mutochondrial fractions were subjected to
immunoblotting and cytochrome ¢ was detected using cytochrome ¢ antibody at a dilution of
11000 (Cell Signaling, 4272).

Mouse xenograft studies

For intracranial experiments, GBM39, HK336, HK393, and 5025 cells were
injected {4x10° cells per injection) into the right striatum of the brain of female NSG mice (6-
& weeks old). Injection coordinates were 2 mm lateral and | mm posterior to bregma, at a
depth of 2 mm. Tumor burden was monitored by secreted gaussia fuciferase and following
three consecutive growth measurements, mice were randomized into four treatment arms
consisting of appropriate vehicles, 75 mg/kg erlotinib, 50 mg/kg Idasanuthin, or a

combination of both drugs. Vehicle consisted of 0.5% methylcellulose in water, which is used
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to dissolve erlotinib, and a proprietary formulation obtained from Roche, which isused to
dissolve Idasanutiin. Tumor burden was assessed twice per week by secreted ganssia
tuciferase. When possible, mice were treated for 25 days and taken off treatment and
monitored for survival. Drugs were administered through oral gavage. Sample sizes were
chosen based off estimates from pilot experiments and results from previous Hierature!®.
Investigators were not blinded to group allocation or assessment of cutcome. All studies were
in accordance with UCLA OARO protocol guidelines.
fntracramial delayed PET/CT mouse imaging

Mice were treated with indicated dose and time of erlotinib then pre-warmed,
anesthetized with 2% isoflurane, and intravenously injected with 70 uCi of “F-FDG.
Following 1hr unconscious uptake, mice were taken off anesthesia but kept warm for ancther
S hr of uptake. 6 hr after the initial administration of “F-FDG, mice were imaged using G8
PET/CT scanner {Sofie Biosciences). Per above, quantification was performed by drawing 3
regions of 1nterest (RO using the AMIDE software.
Immunohistochemistry

Immunochistochemistry was performed on 4 um sections that were cut from FFPE
{formalin-fixed, paraffin-embedded) blocks. Sections were then deparaffinised with xylene and
rehydrated through graded ethanol. Antigen retrieval was achieved with a pH 9.5 Nuclear
Diecloaker {Biocare Medical) in a Decloaking pressure cooker at 95°C for 40 min. Tissue
sections were then treated with 3% hydrogen peroxide (LOT 161509, Fisher Chemical) and
with Background Sniper (Biocare Medical, Concord, CA, USA) to reduce nonspecific
background staining. Primary antibody for p53 (Cell Signaling, 2527} was applied in a 1:150
dilution for 80 mun followed by detection with the MACH 3 Rabbit HRP- Polymer Detection
kit (Biocare Medical}. Visualization was achieved using VECTOR NovaREDR (SK-4800;
Vector Laboratories, Inc } as chromogen. Lastly, sections were counterstained with Tacha’s
Automated Hematoxylin {(Biocare Medical}.
Ounantitative RT-PCR

RNA was extracted from ali cells using Purelink RNA Kit (Invitrogen}. ¢cDDNA was
synthesized with iScript cBNA Synthesis Kit (Bio-Rad) as per manufacturer's instructions.
Quantitative PCR {gPCR) was conducted on the Roche LightCycler 480 using SYBRGreen
Master Mix {Kapa Biosciences). Relative expression values are normalized to control gene
{(GAPDHY. Privoer sequences are as histed (57 to 37y #27 (forward

GACTTTGTCACCGAGACACC, reverse GACAGGTCCACATGGICTTC), PUMA
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fforward ACGACCTCAACGCACAGTACG, reverse
GTAAGGGCAGGAGTCCCATGATG), G4PDH (forward
TGCCATGTAGACCCUTTGAAG, reverse ATGGTACATGACAAGGTGCGG), MDA
(forward CTGTGTTCAGTGGCGATTOG, reverse AGGGTCTCTTGTTCCGAAGE),
HGAR (forward GGAAGAGTGCCCTGTGTTTALC, reverse
GACTCAAGACTTCGGGAAAGG), PIG3 (forward GCAGCTGCTGGATTCAATTA,
reverse TCCCAGTAGGATCCGCCTAT).
P53 reporter activity

Cells were first infected with lentivirus synthesized from a pS3 reporter plasnud
which codes for luciferase under the control of a p53 responsive element:
TACAGAACATGTCTAAGCATGCTGTGCCTTGCCTGGACTTGCCTGGCCTTGCOTTY
GGG Infected cells were then plated into a 96-well plate at 5,000 cells/ 50 uL and treated
with indicated drugs for 24 hr and then tncubated with 1 mM D-luciferin for two hours.
Bioluminescence was measured using IVIS Lomina I (Perkan Elmer).
(renefic manipulation

In general, lentivirus used for genetic manipulation were produced by transfecting 293-
FT cells (Thermo) using Lipofectamine 2000 (Invitrogen). Virus was collected 48 hours after
transtection. The lentiviral sgp53 vector and sgControl vector contained the following guide
RNA, respectively: CCGGTTCATGCCGCCCATGC and GYAATCCTAGCACTTTTAGG.
LenttCRISPR-v2 was used as the backbone Glutl and Glut3 ¢DNA was cloned from
commercially available vectors and incorporated into pLenti-GLuc-IRES-EGFP lentiviral
backbone containing a CMV promoter {Glutl was a gift from Wolf Frommer {Addgene
#18085%), Glut? was obtained from OriGene #8C 115791, and the lentiviral backbone was
obtained from Targeting Systems #GL-GFP}. pMIG Bel-xL was a gift from Stanley Korsmeyer
{Addgene #8790} and cloned into the lentiviral backbone mentioned above (Targeting
Systems). Cytoplasmic (K305A and R306A) and wild-type p53 constructs were a kind gift
from R Agami and G Lahav. The genes of interest were cloned into a lentiviral vector
containing a PGK promoter. Constructs for p53 DINA binding domainy mutants (R175H) and
{R273H} as well as the nuclear mutant (1L.348A and L350A) were generated using site-directed
rmutagenesis {(New England Biolabs #E05545) on the wild-type pS3 construct.

For EGFR knockdown experiments, siRNA against EGFR (Thermo Fischer Scientific,
$563) was transtected into celis using DharmaFECT 4 (Dharmacon). Following 48 hours, cells

were harvested and used for indicated experiments.
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Immunofhiorescence

For immunofivorescence, gliomaspheres were first disassociated to single cell and
adhered to the 96-well plates using Cell-Tak (Cormng) according to manufacturer instructions.
Adhered cells were then fixed with ice-cold methanol for 10 min then washed three times with
PBS. Cells were then incubated with blocking solution containing 10% FBS and 3% BSA
PBS for 1 hr and subsequently incubated with p53 (Santa Cruz, 8C-126, dilution of 1:50)
antibody overnight at 4°C. The following day, cells were incubated with secondary antibody
{Alexa Fluor 647, ditution 1:2000} for an hour and DAPI staining for 10 min, then tmaged
using a Nikon T Eclipse microscope equipped with a Cascade U fluorescent camera (Roper
Scientific). Cells were imaged with emissions at 461 nM and 647 nM and then processed using
NIS-Elements AR analysis software.
Uxygen consamption vate (OCK) and extracellular acidification rate (FCAR) measurements

For metabolic measurements involving OCR and ECAR, gliomaspheres treated with
indicated drugs were first disassociated to single cell suspensions and adhered to X¥F24 plates
{Seaborse Bioscience) using Cell-Tak {Corning) according to manufacturer instructions. Prior
to the assay, cells were supplemented with unbuffered DMEM, and incubated at 37°C for 30
min before starting OCR and ECAR measurements. Basal ECAR measurements between
control and erlotinib treated cells are shown.
Mass-speciroscopy sample preparation

Male CD-1 mice {6-8 weeks old) were treated with 50 mg/ke Idasanutlin in duplicate
through oral gavage. At 0.5, 1, 2, 4, 6, 8, 12, and 24 br after admindsiration, mice were
sacrificed, blood was harvested by retro-orbital bleeding, and brain tissue was collected. Whaole
blood from mice was centrifuged to 1solate plasma. Idasanuthin was isolated by hguid-hquid
extraction from plasma: 50 gl plasma was added to 2 yl internal standard and 100 uL
acetonitriie. Mouse brain tissue was washed with 2 mL cold PBS and homogenized using a
tissue homogenizer with fresh 2 mL cold PBS. Idasanutlin was then isolated and reconstituted
in a similar manner by hquid-liquid extraction: 100 gl brain homogenate was added to 2 L
internal standard and 200 pl. acetonitrile. After vortex mixing, the samples was centrifuged.
The supernatant was removed and evaporated by a rotary evaporator and reconstituted in 100
ul. 80:50 water: acetonitrile.
Idasanuiiin detection by mass-spectromenry

Chromatographic separations were performed on g 100 x 2.1 rorn Phenomenex Kinetex

C18 column (Kinetex) using the 1290 Infimty LC system (Agilent). The mobile phase was
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composed of solvent A: 0.1% formic acid in Mih-0) water, and B 0.1% formic acid o
acetonitrile. Analytes were eluted with a gradient of 5% B (0-4 min), 5-99% B (4-32 min)}, 99%
B {32-36 min}, and then returned to 5% B for 12 min to re-equilibrate between injections.
Injections of 20 uL into the chromatographic system were used with a solvent flow rate of 0.10
ml/min. Mass spectrometry was performed on the 6460 triple quadrupole LOC/MS system
{Agilent). lonization was achieved by using electrospray in the positive mode and data
acquisition was made in multiple reactions monitoring (MRM) mode. The MRM transition
used for Idasanutlin detection was m/z 616.2 — 421 2 with fragmentor voltage of 114V, and
coliision energy of 20 eV Analyte signal was normalized to the internal standard and
concentrations were determined by comparison to the calibration curve {0.5, 5, 50, 250, 500,
2000 nM). Idasanutlin brain concentrations were adjusted by 1.4% of the mouse brain weight
for the residual blood in the brain vasculature.
Secreted gaussia luciferase measuremenis

Cells were 1wofected with a lentiviral vector containing secreted gawssia luciferase
{sGluc} reporter geve (Targeting Systerus # GL-GFP) and wntracramally implanted nto the
right striatum of mice (4 x 10° cells/mouse). To measure the levels of secreted Gaussia
tuciferase {(3Glug), 6 pLl of biood was collected from the taif vein of the mice and immediately
nuixed with 50 mM EDTA to prevent coagulation. Glue activity was obtained by measuring
chemiluminescence following injection of 100 gL of 100 uM coelentarazine (Nanoclight) in a
96 well plate.
Svnergy score calculations

1.0 x 10° GBM cells were plated in triplicate and treated with erlotinib, nutlin, or
combination at multiple concentrations using a matnx where each drug was added to the cells
at six concentrations {0-10 pM} Annexin V staining was measured following 72 hrs of
treatrment. Using the Chalice software, the response of the combination was compared to its
single agents. The combinatorial effects were calculated using the synergy score.
DINA seguencing

Targeted sequencing was performed for samples HK206, HK217, HK250, HK290 for
the following genes BCLIIA, BCLIIB, BRAF, CDKN2A, CHER2, EGFR, ERBBZ, IDHI,
LOH2, MSHS, NFI, PIK3CA, PIK3RI, PTEN, RBI, TP53 using Wlumina Miseq. There were 1
to 2 miliion reads per sample with average coverage of 230 per gene. Copy number variants
were deterrotned for these saroples using a whole genome SNP array. The genetic profile of

(GBM39 has been previcusly reported in the literature.
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Whole exome sequencing was performed for samples HK 157, HK229, HK248, HK250,
HKZ254, HK296, HK301, HK336, 350, HK390, HK393 and carried out at SeqWright
Samples were grouped 1nto 2 pools with separate capture reactions. Nextera Rapd capture and
library preparation were used and sequencing performed on a HiSeq 2500, Zx100 bp with 100x
on-target coverage, 2 full rapid runs, each with 1 normual diploid control. Copy number analysis
for these samples was carried cut using EXCAVATOR software.

Annotation of TCGA samples

273 GBM samples from the TCGA were analyzed for genetic alterations in EGFR, pS3
and pS3-regulated pathways. Co-occurrences of mutations were examined and only significant
interactions are displayed. Data was analyzed using cBicPortal as previously described.
Fluorescence in sity Hyvbridization (FISH)

Fluorescence m st hvbridization (FISH} was performed using commercially available
fluorescently labeled dual-color BEGFR {red)/CEP T{green) probe (Abbott-Molecular). FISH
hybridization and analvses were performed on cell lines, following the manufacturer's suggested
protocols. The cells were counterstained with DAPI and the flucrescent probe signals were imaged
under a Zeiss {Axiophot) Fluorescent Microscope equipped with dual- and triple~-color filters.
Stortistical analysis.

Comparisons were made using two-tailed unpaired Student’s #-tests and pr values <0.08
were considered statistically significant. All data from multiple independent experiments were
assumed to be of normal variance. Data represent means + s.e.m. values. All statistical analyses
were caleulated using Prismo 6.0 (GraphPad). For all i vitro and in vive experiments, no
statistical method was used to predetermine sample size and no samples were excluded. Forin
vivo tumor measurements, the last data sets were used for comparisons between groups. As

described above, all mice were randomized before studies.

Example 15 Exemplary Desion Rational for Certain Compounds of the JGK Series

Certain Compounds of the present disclosure were designed according to Scheme 1.
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Scheme 1.

Example 16 Preparation of Further Exemplary Compounds of the JGK Series

Exemplary compounds of the present disclosure were prepared according to the

following methods.
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Scheme 3. Syathesis of JGKG68S ((§)-JGKO68). The synthesis was performed in the
samie way as tor the racemic sample of JGKO68 ((£)-JGKB68), but with enantiomerically pure
{-(~}-glycidol. The other enantiomer JGKG68R ({(/)-JGKO68) was prepared using (R)-(+)-

glycidol {not shown).
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Scheme 4. The enantiomeric purity of the synthetic intermediate § was determined by
chiral SFC (Chiralpak AD-3 column, 40% MeQH) and by comparison of the '"F NMR spectra

of the Mosher ester derivatives of 8 (FIG. 39},
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Scheme 7, Synthesis of JGRB76 — JGKO8H.

Scheme 8. Synthesis of JGKO86-JGKO9.
General Chemistey Information

All chemicals, reagents, and solvents were purchased from cormmercial sources when
available and were used as received. When necessary, reagents and solvents were purified
and dried by standard methods. Atr- and motsture-sensitive reactions were carried out under
an mert atinosphere of argon in oven-dried glassware. Microwave-trradiated reactions were
carried out in a single mode reactor CEM Discover microwave synthesizer. Room
termperature {(RT) reactions were carried out at ambient temaperature (approximately 23 °C).
All reactions were monttored by thin layer chromatography {TLC) on precoated Merck 60
Fsq silica gel plates with spots visualized by UV light (4= 254, 365 nm) or by using an
alkaline KMnQ: solution. Flash column chromatography (FC) was carried out on 8102 60
{particle size 0.040-0 063 wom, 230-400 mesh) Preparative thin-layer chromatography
{PTLC) was carried out with Merck 60 Fisy silica gel plates (20 x 20 cm, 210-270 mm) or
Analtech Silica Gel GF TLC plates (20 x 20 cm, 1000 mm)}. Concentration under reduced
pressure {in vacuo} was performed by rotary evaporation at 23-50 “C. Purified compounds
were further dried under high vacuum or in a desiceator. Yields correspond to purified
compounds, and were not further optimized. Proton nuclear magnetic resonance ({H NMR)
spectra were recorded on Bruker spectrometers {operating at 300, 400, or 500 MHz). Carbon
NMR (PC NMR ) spectra were recorded on Bruker spectrometers {(either at 400 or 500 MHz).
NMR chemical shifts {§ ppm) were referenced to the residual solvent signals. "H NMR data
are reported as follows: chemical shift in ppm; multiplicity (s = singlet, d = doublet, t =
triplet, g = quartet, quint = quintet, m = multiplet/complex pattern, td = triplet of doublets,
ddd = doublet of doublet of doublets, br = broad signal}; coupling constants (/) in Hz,

integration. Data for PC NMR spectra are reported in terms of chemical shift, and if
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applicable coupling constants. High resolution mass (HRMS) spectra were recorded on a
Thermo Fisher Scientific Exactive Plus with lonSense ID-CUBE DART source mass
spectrometer, or on a Waters LOT Premier mass spectrometer with ACQUITY UPLC with

autosampler.

General Procedures (GP). GP-/; Nucleophilic Substitiion of Quinazoliny! Mesvlates
with Secondary Amines. A mixture of quinazolinyl mesylate (1 equiv) in DMF {0.05 M) was
treated with the secondary amine {5 equiv) and triethvlamine (2 equiv), and the mixture was
stirred at 8BS °C for 24 h. The mxture was cooled 1o 23 °C, and evaporated. The residue was
dissolved in EtQOAc (20 mL), washed with 10 m» NaCOH (4 x 5 mL}, brine (&8 mL), dried
{(Na28Qy), filtered, and evaporated. Purification by FC or PTLC afforded the desired products

typically as off-white, friable foams.

GP-2: Nucleophilic Avomatic Substitution of 4-Chioroquinazoline with Anifines. A
rxture of 4-chloroguinazohuoe (1 equivy in acetomtrile (0.1 M) was treated with aniline (2
equivy, and with a 4 M solution of HCI in dioxane {1 equiv). The mixture was heated at 80 °C
under microwave irradiation for 30 min. The mixture was either concentrated under reduced
pressure, or the precipitated 4-anilinoquinazoline hydrochioride salt was isclated by filtration
{washings with B0} The residue was suspended in sat. aq. NaHCG;, and extracted with
CHCh (3x). The combined organic extracts were washed with water, brine, dried (Na;SQ4),
filtered, and concentrated. Purification by FC (elution with a gradient of CHCL/EtQAc or
hexanes/EtOAc) afforded the desired products typically as white to off-white, or pale-yellow

splids.

4~ 3-Bromo-2-fuoroanilinajguinazoline-6, 7-divl bis(2, 2-dimethyipropanoate) {1 ).

PEV(‘J\I:: N\\\E
pivey ~F N
HN _Br

~

A mixture of 4-chloroquinazoline-6,7-divl bis(2,2-dimethylpropanoate)’ (41.08 g, 113
mmol) in PrOH (450 mL) was treated with 3-bromo-2-flnorcaniline {17.05 mL, 152 mmol)
and stirred at 80 °C for 3.5 b, The mixture was cooled 10 23 °C and evaporated. The residue
was several tirmnes resuspended in hexanes (50 mL) and concentrated, and then dried under HV.

The residue was recrystallized from EtOH to give a yellow solid, which was suspended in sat.
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aq. NaHCGO: (1 L), and extracted with DCM (3 x 550 mi}). The combined organics were
washed with water (400 L), brine (400 mL}, dried (MgSQu), filtered, and evaporated to afford
the title compound ¥ (35.057 g, 60%) as a yvellow friable foam.

H NMR (500 MHz, CDCl): 6= 876 (s, 1H), 846 (¢, J= 7.5 Hz, 1H), 7.72 (s, 1H),
768 (s, 1H), 7.56 (br, 1H), 732 (ddd, /=80,64, 1. SHz, 1H), 711 {td, /=82, 1 S Hz, 1H),
140 s, OH), 139 ppm (s, 9H). YC NMR (126 MHz, CDChY: 6 = 176,13, 17555, 156.71,
15496, 15069 (d, Jop = 243.7 Hz), 148.75, 147 83, 142,45, 128.27, 127.86 {d, Jor = 10.8 Hz},
12529 (d, Jop = 4.7 Hz), 122,70, 122.51, 11443, 113.21, 108.84 (d, Jor = 194 Hz), 39.54,
39.51,27.40, 2732 ppm. HRMS (DART): m/z [M + HY caled for CoaHoeBrFN:047, 518.1085;
found, S18 1072

4-{3-Bromo-2~fluoroanilinc)quinazoline-6, 7-diol {2).

HO N
,f\/
T

HOT

HN E/\
S

Br

A stirred slurry of 1 (34.988 g, 67 S mmol ) was treated at © °C with 7 M solution of NH;
in MeOH (241 mb, 1.69 mol). The mixture was stirred at 0 °C for 15 min, and then at 23 °C
for 4.5 h. The nuxture was evaporated, and the residue suspended in water (400 mL), stirred
overnight, and filtered. The residue was washed with water (300 mL), acetonitride (100 mL},
DCM (4 x 150 mL), B0 (2 x 150 mL), and dried in a desiccator to afford the title compound
2(23.68 g, quant ) as a pale~-yellow powder.

'HONMR (500 MHz, DMSO-db): 6 = 8.18 (s, 1H), 7.59 — 7.47 (m, 2H), 7.51 (s, 1H),
7.16(t,./= 8.0 Hz, 1H), 6.87 ppm (s, 1H). PC NMR (126 MHz, DMSO-de): & = 156.43, 156,12,
153.06 {d, Jfor = 246.7 Hz), 15134, 14839, 14680, 12923 12901, 12712, 12523 (d, Jor =
43 Hz), 10847, 10832, 107.0%, 103.04 ppm. HRMS (DART): m/z [M + HJ" caled for
CraHpBrFNOrT, 349.9935; found, 349.9923.

4~{3-Bromo-2-fluoroanilino)-7-hivdroxy ’quinazm’in G-yl 2, 2-dimeihylpropanoate {3).

HO \]

>{l§\ 3
HN ,)\\\T,Br
»

g
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A stirred suspensicn of 2 {3560 mg, 10.0 mmol} in DMF {52 .6 mL} was ireated with
EtaN (5.57 mL, 40.0 mmol}, cooled to —40 °C, and treated dropwise with Piv20 (3. 14 mbL, 155
romol). The mixture was stirred at —40 °C for 1 h, after which the cooling bath was removed,
and stirring was continued for 2.5 h. The reaction mixture was diluted with DCM {500 mL),
washed with 10% aitrie acid {2 x 30 ml), dred (NaxS0s), filtered, and evaporated. FC
{DCM/ELCAC 11 - 0:1) afforded a solid, which was redissolved in EtOA¢ (750 mL), and
washed with half-sat. ag. NHyCL{4 x 7S mbL}, dried (Na:8Qy), filtered, and evaporated to afford
the title compound 3 (2.844 g, 66%) as a beige-yellow solid.

H NMR (500 MHz, DMSO-de): 6 = 11.00 (br, 1H), 9.70 (s, 1H), 8.39 (s, 1H), 8.14 (5,
1H), 7.59(ddd, /= 8.0, 6.2, 1.6 Hz, 1H), 7.53 (dd& J=83 71, 1.6z 1H), 721 (td. J
1.2 Hz, TH), 7.17 (s, 1H), 1.36 ppm (s, 9H). BC NMR (126 MHz, DMSO-ds): 6 = 175.93,
157.68, 154.61, 154.53, 153.34 (d, Jor = 2473 Hz), 149.80, 13965, 130.14, 12792 (d, Jor =
129 Hz), 12762, 12547 (d, Jor =4 4 Hz), 11636, 111.00, 10855 (d, J = 20.0 Hz), 107.77,
38.64, 26.93 ppm. HRMS (DART): sw/z [M + H]" caled for CoHeBrFN305", 434.0510; found,
434.0489.

2

(4 pd~( 3-Bromo~2-flunoroaniline - 7-{ foxivan-2-yimethoxy [guinazolin-6-y! 2,2~
dimethylpropanoate {((=)-4).

/Q
LA ol N
o \
l = \?\E
B W NN

HNE\Br

P

A vorxture of 3{1350 mg, 3.11 mool) and PPh: (2038 mg, 7.77 munol) in THF (21 mL)
was treated with glycidol (495 ub, 7.46 mmotl), cooled to 0 °C, and treated with DIAD (1 47
mb, 7.46 mmol) during 10 min. The mixture was stirred at 23 °C for 2.5 h, and concentrated.
FC (DCM/EIOAC 91 — 4:6) afforded the title compound (£)-4 (848 mg, 56%) as an off-white
solid.

"HNMR (500 MHz, CDCL): 6=8.73 (s, 1H), 8.54 (ddd, /=86, 7.3, 1.6 Hz, 1H}, 7.54
(s, 1H), 7.45 (br, TH), 7.30 (ddd, J = 8.2, 6.4, 1.5 Hz, 1H), 7.28 (s, 1H), 7.11 (¢, /= 8.2, 1.6
Hz, 1H), 434 (dd, J= 10.8, 3.0 Hz, 1H), 3.99 (dd, /= 108, 6.2 Hz, m), 335 (ddt, J=62, 4.1,
2.8 Hz, 1H), 2.92 (dd, /= 4.8, 4.1 Hz, 1H), 2.74 (dd, J = 4.8, 2.6 Hz, 1H), 1.45 ppm (s, OH).
3¢ NMR (126 MHz, CDCl): 6 = 176.87, 156,46, 155.10, 154.93, 150.41 (d, Jor = 243.3 Hz),
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15¢.27, 140,99, 128.25 {d, Jop = 10.5 He), 12775, 12528 (4, Jor = 4.7 Hz), 12222, 114.02,
10972, 109,49, 10874 (d, Jor = 19.1 Hz), 70.05, 49.55, 44.56, 39.45, 2738 ppm. HRMS
(DART): m/z [M + HY caled for CoMinBrFNsQy™, 490.0772; found, 490.0764.

(Ej-N-{3-Bromo-2-flucropheny{j-T-ethenyl-7 8-dibydrof 1 4 fdioxinef 2, 3-giquinazolin-4-
amine

(- FGRO62).

Sesel
o

el

A solution of PPhs (832 mg, 3.17 munoly and DIAD (624 pl, 3.17 muuel) in THF (23 )
was stirred at 0 “C for 15 win, and then added dropwise to a solution of ()-8 (1149 mg, 2.73
mmol} in THF (27 mL} during 10 min at 0 °C. The mixture was stirred at 0 © for 2 h, and
evaporated. FC (hexanes/EtQAc 9:1 — 4:6) followed by another FC (DCM/EtQAc 110 —
6.4} afforded the title compound (£}-JGK86Z (1115 mg, quant.} as an off-white friable foam.
' NMR (500 MHz, CDCl): 8= 8.68 (s, 1H), 8.65 (ddd, /=82, 7.3, 1.5 Hz, 1H), 7.40 (s,
1H), 7.37 (br, 1H), 7.35 (s, 1H), 7.27 (ddd, /= 8.0, 6.4, 1.5 Hz, 1H), 7.10 (td, /= 8.2, 1 6 Hz,
THY, 595 (ddd, /=173, 107, S8 He, 1H), S.60(dt, J= 173, 1.2 Hz, 1H}, 548 {dt, /=107,
1.1 Hz, 1H), 482 — 4.74 {m, 1H), 442 (dd, J=11.5, 2.5 Hz, 1H), 409 ppm (dd, F= 116, 8.1
Hz, 1H). C NMR (126 MHz, CDCl): 8= 15590, 153.38, 150,14 (4, /= 242.4 Hz), 14912,
146,70, 144,12, 131,48, 128.64(d, J= 103 Hz), 127.24, 12530 (d, /=47 Hz), 12176, 120 43,
11429 11069, 108 58 (d, /=193 Hz), 106.06, 74 03, 67 84 ppm. HRMS (DARTY: m/z [M +
HY" caled for CisHBrFEN:O2", 402.0248; found, 402.0233.

(=i 4-{3-Bromo-2-fluoroaniline -7, 8~ditydrof { 4]dioxinof 2, 3~g [quinazolin-7-yil fmethanol

{ETENT
HO\/E L ,fN
Br
L,

A mixture of (x4 (842 mg, 1.72 mmol) in MeOH (31 mL) was treated with KoCOs
{482 mg, 3 .49 romol), stirved at 23 °C for 10.5 b, and concentrated. The residue was suspended

in half-sat. ag. NHyC1 (130 mL), and extracted with Et0A¢ (3 x 20 mL). The combined organics
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were washed with water (20 mL), brine (20 mi.), dried (Na;SOy), filtered, and concentrated to
atford the title cormpound (£)-8 (720 myg, quant. } as a yellow solid.
FHNMR (500 MHz, DMSO-do): 6 = 9.59 (s, 1), 8.34 {5, 1F), 7.95 (s, 1), 7.59 (ddd,

=8.0,62,1.6Hz, 1H), 7.55 (ddd, F= 8.4, 7.0, 1.6 Hz, 1H), 7.24 - 718 (i, | H), 721 (s, 1H),
516, J=56Hz, 1H), 440 (dd, /= 115,24 Hz, 1H), 434 {did, J=7.6, 52, 2.3 Hz, TH),
421 (dd, J=11.5, 7.4 Hz, 1H), 3.76 - 3.64 ppm (m, 2H). C NMR (126 MHz, DMSO-ds): 8
= 157.20, 153.35(d, Jor = 247 5 Hz), 15310, 148 88, 145.05, 143.39, 130.11, 128.05 (d, Jor =
3.0 Hzy, 12773, 12544 (d, Jor = 4.4 He), 11233, 10979, 10856 (d, Jor = 20.0 Hz}, 1083
73,78, 65.50, 59.78 ppm. HRMS (DART): m/z [M + HY caled for CoyHuBEN:05", 406.0197;
found, 406 0185

(tj=f 4-(3-Bromo- 2~f2’u0:"(7amﬁm))~7,8~.:z'ihya’m[1, djdioxinol 2, 3~-glquinazolin-7-yi fmethy!

methanesulfonate ((2)-6).
O ,N\\\\E
Q\ /Q L - E x;’; o N
,,S\\ S O o
0 .

. F
HN I,\ Br
=

A solution of (£)-5 (088 mg, 1.69 mmol} in THF (14 mL} was treated with EtN (357
ul, 2.56 mmol}, cooled to 0 °C, and treated dropwise with MsCl (174 pl, 2.24 mmol). The
mixture was stirred at 23 °C for 16 h, cooled to 0 °C, treated with sat. ag. NaHCO: (120 mL),
and extracted with DCM (3 x 120 mL}. The combined organics were washed with water {100
mb}, brine (100 mL), dried (NaxSOy4), filtered and evaporated. FC (DCM/EtOAC 82 — 37}
afforded the title compound {(+}3-6 (496 mg, 61%) as an off-white solid.

H NMR (500 MHz, CDCL): § =869 (s, 1H), $.60(ddd, /=85,7.2, 1.4 Hz, 1H}, 743
(Sﬁ 1H), 739 {br, TH), 7.37 {5, 1H), 7.29 {ddd, ./ = 8.1, 6.5, 1.5 Hz, 1H}, 711 (td, J=R82 15

z, 1H), 4.63 (did, /= 7.2, 4.9, 2.5 Hz, 1H), 4.52 (dd, /= 4.9, 0.9 Hz, 2H), 4.49 (dd, /= 11.8,
2.5 Hz, 1H), 4.29(dd, J= 11.8, 7.1 Hz, 1H), 3.13 ppm (s, 3H), BC NMR (126 MHz, CDChL):
o= 15002, 153.66, 150.28 (d, Jor = 242 9 Hz}, 148.65, 146,80, 143.09, 12843 (d, Jor = 104
Hzy, 127 54, 12532 (d, Jor = 4.7 He), 122,01, 11477, 110.90, 10866 (d, Jor = 194 Hz),
10644, 71.10, 6646, 64777 3802 ppm. HRMS (DARTY m/iz (M + HT caled for
CiaHsBrFN:OsST, 483.9973; found, 483 9950,

s

i

3

]
1
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(= j=d~{3-Bromo-2-fluoroaniiline)-7-{{ 2-(acetoxy ) bui-3-en- I -y{joxy}guinazolin-e-y! 2,2~
dimethyipropanoaie ((1)-7).
OAC

A mixtare of 3 (2639 mg, 6.08 mmol) and PPh; (3986 mg, 152 wmoly o THF (41 mL)
was treated with racemic 1-hydroxybut-3-en-2-yl acetate’ {1.7 mL, 13.7 mmol}, cooled to 0
°C, and treated dropwise with DIAD (2.7 mL, 13.7 mmol). The mixture was stured at 23 °C
for 3 h, and concentrated. FC (BCM/EtOAc 1.0 — 6:4) afforded the crude (£3-7 {5508 g,
estimated yield 60%) as aun off-white solid, which was contaminated with remaining PhaPO.
The material was used in the next step without any further purification.

H NMR (400 MHz, CDCls): 6 = 8.74 (s, 1H), 8.53 (t, J= 7.9 Hz, 1H), 7.53 (s, 1H),
745 (br, TH), 7.33 (s, 1H), 730 (t, J = 7.7 Hz, 1H), 7.11 (&, J = 8.0 Hz, 1H), 5.90 (ddd, J =
17.0, 10.6, 6.2 Hz, 1H), 5.65 (g, J = 6.0 Hz, 1H), 5.49 — 5.29 (m, 2H), 431 - 4.08 {m, 2H),
211 (s, 3H), 141 ppm (s, OH). V€ NMR (126 Mz, CDCL): 6 = 176.51, 170,08, 156.49,
15524, 154.88, 150.46 (d, Jor = 243 2 Hz), 150.17, 140.90, 132.16, 128,18 (d, Jor = 11.0 Hz),
127.86, 12531 (d, Joy = 4 8 Hz), 122.27, 119.64, 114.00, 109.56, 10939, 108.76 (d, Jer = 19.4
Hz), 72.18, 6981, 3934, 2733, 21.19 ppm. HRMS (DARTY: m/z (M + HJ" caled for
CosHeBrFN;Qs7, 546.1034; found, 546.1018.

E

(& j~d={ 3-Bromo-2-fluoroanilinej-7-{ ( 2-hydroxybut-3-en-1-viJoxy fquinazolin-6-of {(+}-8).

A mixture of crude ()7 (5508 mg, contaminated with rematning PR3P0 from the last
step) in MeOH (61 mL) was treated with KoC0O5 (4198 mg, 30.4 mmol), stirred at 23 °C for 1
h, and concentrated. The residue was suspended in haif-sat ag. NH4Cl (1 L), and extracted with

EtOAc (3 x 600 mL}. The combined organics were dried (NayS04), filtered, and evaporated.
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FC{DCM/EIOAC 11— 0: 1) afforded the title compound (3-8 (1154 mg, 45% over two sieps)
as an off-white solid.

H NMR (500 MHz, DMSO-ds): 8 = 9.46 (s, 'EH), 940 (br, 1H), 833 (s, 1H)y, 771 (s,
TH), 7.59 ~ 7.52 (m, 2H), 7.203 {s), 7.197 (td, T = 8.1, 1.1 Hz, 1H), 6.01 {ddd, J= 174, 10.7,
49 Hz, TH), 542 (dt, /=173, 1.9 Hz, 1H), S36 {(br, 1H), 520 (dt, /=106, 1 8 Hz, 1H)}, 4.49
(br, 13, 420 (dd, /= 9.8, 3.8 Hz, 1H), 3.95 ppm (dd, = 98, 7.5 Hz, 1H). 1*C NMR (126
MHz, DMSO-ds) & = 15677, 15330 (d, Jor = 2449 Hz), 15277, 152 31, 146,66, 14611,
137.61, 12975, 12846 (d, Jop = 13.0 Hz), 127,40, 12538 {d, Jor = 4.3 Hz), 11558, 10942,
108.50 (&, Jor = 19.8 Hz), 107.68, 105.14, 72.56, 69.26 ppm. HRMS (DART): m/z [M + H]'
caled for Cied s BrFNG0O57, 420.0354; found, 420.0340.

(< j=2~fd-{ 3-Bromo-2-fluoroanilino -7, 8-ditydrol { 4 {dioxine{ 2, 3-glguinczolin-7-yifethan- 1~

HO /\’ j\\/
/lj,, Br
L,

o

A nuxture of (£}-JGKO62Z (480 mg, 1.19 mmol) in THF (4.8 mL} was treated with a
0.5 m solution of 9-BBN 1n THF (4.8 mL, 239 mamol), and the mixture was stirred at 68 °C for
16 h. The mixture was cooled to 0 °C, diluted with THF (2.4 mL), and treated with 3 N Na(QOH
(3 mL, 895 mmol), and 30% HyO: (474 b, 89S mmol), and stirred at 23 °C for 6 h. The
mixture was concentrated to about half of the oniginal volume of THF, diluted with water (100
mi} and brine (40 mL}, and extracted with EtOGAc (3 x 100 mL). The combined organics were
washed with water (70 mL}, brine (70 mL), dried (NazSQOy4}, filtered, and evaporated to afford
the title compound {}-9 (912 mg) as a yellow foam, which was directly used in the next step
without further purification.

'H NMR (_500 MHz, CDCls) 6= §.66 (5, 1H), 8.62 (ddd, J= 8.8, 7.4, 1.6 Hz, 1H), 7.35
(s, 1FF), 7.33 (br, 1H), 7.2 (ddd, J= 8.0, 6.5, 1.6 Hz, 1H), 7.16 (s, 1H), 7.09 (td, /=8.2, 1.6 Hz,
TH), 4.50 (did, /= 8.4, 6.4, 2.3 Hz, 1H), 4.43 (dd, /= 11.5, 2.3 He, 1H), 409 (dd, /=115, 8.2
Hz, 1H), 4.01 - 3.91 (m, 2H), 1.95 ppm (td, /= 6.5, 5.3 Hz, 2H). BC NMR (126 MHz, ChCh):
5= 15584, 153.28, 150.08 (_d, Jop = 242.6 Hz), 14942, 146,47, 144.20, 12851 (d; Jor = 10.2
Hz), 127.31, 12530 (d, Jor = 4.7 Hz), 121.69, 113.95, 110.50, 108.58 (d, Jor = 192 Hz),
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105.83, 71 33, 68.49, 58.23, 33 61 ppm. HRMS (ESI): sv/z {M + H caled for CisHisBriN0s™,
4200354, found, 420.0370.

(4 p=2-f4~{ 3-Bromo-2-fluoroanifino)-7, 8-dibvdrof { 4 [dioxino [ 2, 3-glquinazalin-7-yifethy!

methanesulfonaie ((£)-18).

0 N
&I
“ o o
&7 3

HN

R, B
i P

A solution of crude (£3-9 (912 mg) in THF (11.9 mL} was treated with EtN (931 mL,
6.68 mmol}, cooled to 0 °C, and treated dropwise with MsCl {462 ul, 597 mmol). The mixture
was stirred at 0 °C for 15 min, and then at 23 °C for 21 h. The mixiure was cooled to0 0 °C,
treated dropwise with sat. ag. NaHCO; (120 mL)}, and extracted with DCM (3 x 120 mL). The
combined organics were washed with water (100 mL}, brine (100 mL), dried (Na:SQu), filtered,
and evaporated. FC (DCM/EtOAc 9.1 — 4:6) afforded the titde compound (:)-18 (112 mg,
19% over two sieps) as an off-white, friable foam.

H NMR (500 MHz, CDCL): 5= 8.6% (s, 1H), 8.60 (ddd, /= 8.6, 7.3, 1.5 Hz, 1H), 7.44
(br, 1H), 7.42 {s. 1H), 7.35 (s, 1H), 7.29 (ddd, /= 8.1, 6.5, 1.6 Hz, 1H), 7.11 (14, F= 8.2, 1.5
Hz, 1H} 460 - 448 (m, 3H), 444 (dd, /=116, 24 Hz, TH), 4.12{dd, /=116, T6 Hz, 1H),
308 (s, 3H), 2.24 — 2.10 ppm {m, 2H). BC NMR (126 MHz, CDCl): & = 156.03, 153.39,
15031 (d, Jop= 2429 Hz}, 14911, 146.54, 143.60, 12847 (d, Jor = 10.5 Hz), 12752,
(d, Jor = 4.6 Hz), 122,02, 114.30, 110.68, 108.66 (d, Jor = 19.2 Hz), 106.32, 69.78, 67.82,
65.05, 37.75, 30.90 ppm. HRMS (EST): av/z [M + HY caled for CroFlisBriNz 0587, 498 0129,
found, 498.0144.

12532

{p-N-{3-Bromo-2-flucrophenyl)-7-f (tmorpholin-d-ylimethvl -7 8-dihvdrof { 4] dioxing{ 2, 3-
glguinazolin-d-amine ((£)-FGKO63).

. o N
LI
TN NN

HN )\\T

C

Br
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Following general procedure GP-1, compound (#3-JGRO63 was prepared from (£)3-6
(20 mg, 0.04 mmol} and morpholine (I8 pl, 021 mmol} in DMF (826 uylL). PTLC
(DCM/EOAC 1:9) afforded (£3-JGKO63 (15 mg, 76%:) as an oft-white, friable foam.

H NMR (500 MHz, CDCI;): o=867 (s 1H), 863 {(ddd, J=8.6,73, 1 SHz, 1H) 738
{s, 1H}, 737 {br, 1H), 731 (s, 1H}, 727 (ddd, J=80, 643, 1.5 Hz 1H), 710 ¢d, /=82, 15
Hz, 1H), 450 - 441 (m, 2H), 421 - 4.12 (m, 1H), 3.75{t, /= 4.7 Hz, 4‘8(),” T7{dd, /=134,
5.9 Hz, 1H), 2.69 — 2.54 ppm (m, 5H). PC NMR (126 MHz, CDCh): § = 15589, 153 36,
150,15 (d, Jor =242 5 Hz), 14935, 146.66, 144.02, 128 60 (d, Jop = 104 Hz), 12727, 12530
{d, Jorp = 4.6 Hz), 12180, 114.29, 11063, 108.58 {d, Jer = 19.5 Hz), 1006.06, 71,61, 6718,
67.01, 58.94, 54 56 ppm. HRMS (ESTy: me/z {M — HY caled for CoiHpsBrFNGs™, 473.0630;
found, 473.0630.

(L j-N-{3-Bromo-2-flucropheny{j-7-{ 2-(morpholin-4-yljethvl[ -7 8-dibvdrof 1 4 ]dioxinef 2, 3-
giguinazolin-4-amine ((£)-FGK864).

L
/\Nx’\v Q/‘ =
A HNL A Br
E o

Following general procedure GP-1, compound (+)-JGKE64 was prepared from (+3-18
(35 mg, .07 mmol) and morpholine (31 gk, 0.35 mmol) in DMF (1.4 mbL) PTLC (EtQAc,
0.5% acetonitrile, 15% agq NHiOH) toliowed by another PTLC (EtOAc) afforded (+)-
JGKO64 (25 mg, 73%) as an oft-white, friable foam.

'H NMR (500 MHz, CDCl): 6= 868 (s, 1H), 8.65(ddd, /=83, 7.4, 1.5 Hz, 1H), 739
{s, 1H), 7.36 (br, 1H), 7.28 (s, 1H}, 730 - 725 {m, 1H), 7.11 (td: J=872 15 Hz, 1H), 444
(dd, /=113,23Hz 1H), 443 437 (m, 1H)}, 410{dd, /=113, 77 Hz 1H),3.73(, /=47
Hz 4H), 2.602(ddt, J=125 84, 39 He, 2H), 2.57 - 242 {1, 4H), 2.00 - 1 .82 ppm (u, 2H).
B NMR (126 Mz, CDCH): 8 = 15586, 15331, 150,13 {d, Jor = 242 3 Hz), 149 .40, 146 .67,
14433, 128.66 (d, Jop = 104 Hz), 12722, 12533 (d, Jor =46 Hz), 12175, 114.21, 11063,
T08.58 (d, Jow = 19.2 Hz), 105,87, 72.20, 6833, 67.06, 5423, S3.86, 28.15 ppmy. HRMS (ESIx
miz M+ HI caled for CoHnBrFNLO5™7, 489.0932; found, 489.0935.

4‘
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(j-N-(3~-Bromo-2-fluorophenyi-7-{ {piperidin- { -yijmethyl]- 7 8-diliydrof 1 4 {dioxino{ 2, 3~
glguinazolin-d-amine {({:)-JGK865).

sNese
k/N\// o = =N "
HN S B
i o

Following general procedure GP-1, compound ()-JGKE6S was prepared from (£)-6
{40 mg, 0.08 mmol} and piperidine (41 uyl, 041 mmol} in DMF {1.65 mL}. PTLC (EtDAc)
afforded (£)-dG K865 (24 mg, 61%) as an off-white, friable foam.

'H NMR (500 MHz, CDCl:): 6 = 8.66 (5, 1H), 8.63 (ddd, J = 8.7, 7.3, 1.5 Hz, {H),
7.369 (5, 1H), 7368 {br, IH), 730 (s, 1H}, 7.26 (ddd, ./ = 8.1, 6.5, 1.5 Hz, 1H), 7.09 (id, J =
82, 15Hz, 1HL 446 (dd, /=113 23 Hz 1H), 443 (ddd, /=83, 58, 2.0 Hz 1H), 412 (dd,
J=112, 7S5 He, 1H 271 (dd, J=13.3, 5.9 Hz, 1H), 258 (dd, /=134, 6.2 Hz, 1H), 2.59 ~
242 (m, 4H), 1.65 ~ 1.57 {(m, 4H), 1 .49 — 1,41 ppm (m, 2H). PC NMR (126 MHz, CDCl): 6
= 15586, 15326, 150,12 (4, Jor = 242.6 Hz), 14949, 146,62, 144 .23, 12865 {d, Jor = 103
Hz), 12718, 12527 (d, Jor = 4.5 Hz), 121.76, 114,16, 110.57, 108.56 {d, Jor = 19.4 Hz),
106.00, 71.87, 67.46, 5934, 55.59, 26.07, 24.20 ppm. HRMS (ESI): m/z [M + H]" caled for
CooHpsBrFNO,™, 473.0983; found, 473.0991.
(L p=N-{ 3-Bromo-2-fluoraphenyli-7-{ (dimethylaminoimethyi |- 7, 8-difvdrof { 4 [dioxino{ 2, 3-
glquinazolin-4-amine ((L}-JGKE56).

A2
R
| L [ S
/N\/ O ’?N{:

HN J\j/gr
E P

Following general procedure GP-1, compound (£)-JGKO66 was prepared from (£)-6
{45 mg, 0.09 mmol} and a 2 M solution of MexNH in THF (232 pl., 0.46 mmol) in DMF (1.85
1LYy PTLC (BEtOAc, .5% acetonitrile, 1.5% aq. NH:OH) afforded (#3-JGKE866 (39 mg, 97%)

as an oftf-white, friable toam.
H NMR (500 MHz, CDCL): 6 = 8.680 (s, 1F ) 3.075 (ddd, I = 8.2, 7.5, 1.5 Hz, 1H),
7350 (s, 1H), 738 (s, 1H), 737 (br, 1H), 727 (ddd, /=80, 64, 1.5 Hz, 1H), 710{d, /=16
Hz, 1H), 446 - 441 (o, TH), 445(dd, /=118, 23 Hz, 1H), 412(dd, /= 119, 8.1 He, 1H),
273 dd, J=132, 7.1 Hz, 1H), 255 (dd, /= 131, 5.0 Hz, 1H}, 2.38 ppm {s, 6H). “C NMR

- 132 -
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{126 MHz, CDClyy 6= 155,89, 15334, 180.07 (4, Jor = 2423 Hz), 14938, 146,67, 144.06,
1270 (d, Jor = 104 Hz), 127.16, 12529 (d, Jor = 4.7 Hz), 121,65, 11427, 110.67, 108.56 (4,
Jov = 19.4 Hz), 106,15, 71.70, 67.20, 59.78, 46,41 ppm. HRMS (ESI} m/z [M + HI" caled for
C}gHmBTFN;O# 433.067 U ifound 433.0677.

{2 p=N-{3-Bromo-2-flucrophenylj-7-{(pvrralidin-I-ymeihyi [~ 7, 8-ditrydrof § 4 [dioxinof2, 3~

glguinazolin-4-amine ((£)-JGKO67).
O N

A /E TN
S f"aN
O F

\’f
HN\CV L Br
l

Following general procedure GP-1, compound ()-JGKE67 was prepared from (£)-6
{35 mg, 0.07 mmol) and pyrrolidine (30 ul, .36 mmol) in DMF (1,45 mL}). PTLC (EtOAc,
1.5% iPrOH, 1.5% ag. NHOH) afforded (Z3-JGEKS867 (31 mg, 93%j) as an off-white, friable
foam.

HNMR (500 MHz, CDCl)y: 6 = 8.68 (s, 1H), 8.67(ddd, /= 87, 7.5, 1.6 Hz, 2F {) 7.39
(s, 1H), 736 (br, 1H), 735 (s, 1H), 727 (ddd, /=8.0,64, 1 5 Hz, 2H) 710 (td, /=82, 1.
Hz, 1H), 449 - 442 (m, 1H), 448 (dd, /=116, 20 Hz, TH}, 415¢dd, J =117 80 Hz, 1H},
288 (dd, /=129, 65 Hz, 1H), 280 (dd, /=126, 55 Hz, 1H), 2.72 - 2.60 {m, 4H), 1.90 -

79 ppm {m, 4H) PC NMR (126 MHz, CDCLY: 8 = 15587, 15332, 15009 (d, Jor = 242.6

Hz), 14945, 146,08, 144.18, 12871 {d, Jor = 103 Hzy, 12715, 12530 (d, Jor = 4.7 Hz),
121,67, 11426, 110.65, 108.56 {d, Jov = 194 Hz), 106.06, 72.73, 67.35, 56.57, 5515, 2375
ppm. HRMS (BST): m/z [M + HT caled for CoiHnBrFNO,™, 459 .0826; found, 459.0845.

(41

(L d=N-{3-Bromo-2-fluorophenyli-7-{ (4-methylpiperazin-I -yl imethyl -7, 8-
ditydrof { 4]dioxino] 2, 3-g[quinczolin-d-amine ((£-JGK368).

- O

N A

O
hagliNe} F

HN )\\\I,Br
|®

Following general procedure GP-1, compound (£)-JGKOE68 was prepared from (£)-6
{35 mg, 0.07 mmol} and 1-methyipiperazine (40 ul, 0.36 mmol} in DMF {145 mL}. PTLC
(EtOAc//PrOH 85:15, 1.5% ag. NHLOH) afforded (£)-JGK868 (29 mg, 82%:) as an off-white,

frigble foam.
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TH NMR (500 MHz, CDCL) 6= 8.68 (s, 1H), 8.64 {ddd, J=8.3,73, 1.5 Hz, 1H), 7.39
(s, 1H), 7.36 (brd, /=38 Hz, 1H), 732 (s, 1H), 7.27(ddd, /= 8.0,6.5, 1.6 Hz, 1H), 7.10 (1,
J=§2, 1.5 He, 1H), 448 — 4.41 (o, Ai) 415 (dd, J=11.5, 8.6 Hz, 1H), 2.78 (dd, J = 13
6.0 Hz, 1H), 2.601 (dd, /= 8 Hz, [H), 2.656 (br, 4H), 2.51 {br, 4H), 2.32 ppm (s, 3H).
B NMR (126 MHz, CDCLY: 8 = 155.89, 153.35, 150.15 {d, Jor = 242.6 Hz), 149 40, 146.69,
144.11, 128.64 (d, Jor = 103 Hz), 127.24, 12530 (d, Jor = 4.7 Hz), 121.78, 114.27, 110.63,
10859 (d, Jor = 19.2 Hz), 106.07, 7T1.80, 67.27, 58.43, 55.10, §3.96, 46.06 ppm. HRMS (ESI):
iz M+ HT caled for CoaFHnaBrFN:O»", 488 1092; found, 488.1109.

kh

kh

(A j-N={ 3-Bromo-2-fluoropheny{j-7-{ 2-(dimethylamino)ethyl |7 8-dihvdrof { 4] dioxing{2, 3~
giguinazolin-d-amine ((L)-JGK69).

Wevel
| \Lj’ &y

Following general procedure GP-1, compound {(£)}-JGKH6% was prepared from (£)-10
{32 mg, 0.06 mmol} and a 2 M solution of MexNH 1o THF (161 ul, 032 mmol) in DMF (13
ml). PTLO (Bt Ac, 5% /PrOH, 1.5% aq NH4OH) afforded (1)-JGKE63 (19 mg, 66%) as an
off-white friable foam.

H NMR (500 MHz, CDCLY: 4 - 7 (s, 1H), 863 {ddd, /=87, 74, 1.6 Hz, 1H),
7373 {br, 1H), 7.371 {5, iH}, 728 (s, 1H}, 728 - 724 (m, IH), 7.10 (&d, /=82, 1.5 Hz, 1H),
442¢dd, =114, 23 Hz 1H)L 438Gdd, /=77, 51,23 Hz, TH), 408 (dd. J 3,78 Hs,
H}, 2.56 (1, /=72 Hz, 2H}, 2.29 (s, 0H}, 1.93 {dq, /= 142, 74 Hz, 1H}, 184 ppm {dtd, /=
142,75, 51 He, 1H). PCNMR (126 MHz, CDBClLY: 6= 15586, 153.26, 1530.14(d, Jor= 242 4
Hz}, 14942, 146.65, 14436, 128.67 (d, Jor = 10.5 Hz), 12718, 12530 (d, Jov = 4.7 Hz),
12177, 114,14, 110.60, 108.56 (d, Jor = 19.2 Hz), 10588, 72,19, 68.34, 5506, 4558, 29.16
ppm. HRMS (ES1): sn/z [M + HI caled for CooHoBrFNLO, T, 447 .0826; found, 447 .0820.

(4 p-N=( 3~Bromo-2-fluorophenyii-7-{ 2-{4-methyipiperazin-i~ylethyl]-7 &-
ditiydrof 1 4jdioxinof 2, 3~g]quinazolin-4-amine !(i;—f(ri{#”i?)

[ L )
f’\\/ N
l)\\\\(,gi‘
2
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Following general procedure GP-1, compound (+)-JGKET8 was prepared from (+3-18
(32 mg, 0.06 mmol} and I-methylpiperazine (36 yl, 0.32 mmel} in DMF (1.3 mL} PTLC
(EtQAc/iPrOH 8.2, 1.5% aq. NHiOH) afforded (2)3-JGK870 (21 mg, 65%) as an off-white
friable foam.
'H NMR (500 MHz, CDChY: 8 = 8.66 (s, 1H), 8.62 (ddd, /=85, 7.3, 1.5 Hz, iH),
7373 by, TH), 7.367 (s, 1H), 7.29 -7 24 (m, 1H), 7.28 {s, 1H), 7.09 (1d, /= 8.2, 1.5 He, 1H),
43{dd, J=114 23 Hz IH),437(dd, /=77 54 23 Hz, 1H), 408 (dd, /=114, 79 Hz,
TH}, 2.68-2.54 (m, 2H), 2.50(br, 8H), 230 (s, 3H), 1 .94 (dtd, /= 13.6,7 5,6 0 Hz, 1H), 1.86
ppm (did, /= 142, 7.3, 5.3 Hz, 1H). VT NMR (126 MHz, CDCly) 6= 155.86, 153.27, 150.16
{(d, Jor = 242 5 Hz), 149 41, 146.64, 14437, 128.64 {d, Jor =103 Hz), 12722 12528 (d, Jor
= 4.0 Hzy, 12181, 114,13, 110,60, 10857 {d, Jor = 194 He), 105.88, 72.38, 6836, 5520,
5377, 5325, 46,11, 28.50 ppm. HRMS (ESI): m/z M + H caled for CuHaeBrENsG;,

5021248, found, 502.1261.

S-Fluoro-2, 3-difydro- I 4-benzodioxine (11).

F
/G\]/V\\
L
G,f T

A mixture of 3-fluorobenzene-1,2-diol {7233 mg, 56.5 mmol) in DMF (113 mL) was
treated with K,COs (19514 mg, 141 mmol), stirved for 10 min at 23 °C, and treated with 1-
bromo-2-chloroethane (9.4 mL, 113 mmol). The nuxture was stirred at 23 °C for 1 h, and then
at 95 °C for 16 h. The mixture was cooled 10 23 °C, difuted with water (150 mL)}, and extracted
with EtOAc (3 x 150 mL). The combined organics were washed with water (90 L), brine {90
ml}, dried (NaySOy), filtered, and evaporated. FC (hexanes/EtOAc 30:1 — 10:1) afforded the
title compound 13 {7973 mg, 92%)} as a clear, coloriess oil.

H NMR (400 MHz, CDCLY: 6 = 6.78 — 6.63 (m, 3H), 434 — 4.26 ppm (m, 4H). PC
NMR {101 MHez, CDCLYy 6 = 152.05 (d, Jor = 2443 Hz), 14527 (d, Jor = 3.8 Hz), 132.78 {d,
Jep =139 Hz), 120.02(d, Jor =89 Hr), 11274 (d, Jor = 3.1 Hz}, 108.52 (d, Jor = 18.1 Hz),
64.50, 64 45 ppm. HRMES (DART): mlz {MI7 caled for ColHFO™, 154.0428; found, 154.0420.

G-Bromo-S-fluoro-2, 3-ditrvdro-1,4-benzodioxine (12).

[Oﬁ, Br
O‘ f{;:
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A solution of 11 (7812 mg, 50.7 mmol) in MeOH (101 mL ) was treated with NBS (9022
g, 50.7 mmol), and heated at 70 °C for 30 min. The mixture was cooled to 23 °C, and
concentrated. The residue was dissolved in BCM (700 L), washed with water (300 ml), dried
(MgSGs), filtered, and evaporated. FC (hexanes/EtGAc30:1 — 20:1) followed by dryving under
HV at 100 °C o remove any remaining starting material, afforded the title compound 12 (8307
mg, 75%, containing about 15% of the regiotsomer) as a clear, colorless oil, which solidified
in the freezer to give an off-white solid.

H NMR (400 Mz, CDCLY. 4= 6.96 {dd, J= 9.0, 7.0 Hz, 1H), 6,59 (dd, J= 9.0, 2.0
Hz, 1H), 435 — 4.24 ppm (m, 4H). 3C NMR (101 MHz, CDCh). ¢ = 148.87 (d, Jor = 2451
Hz), 144.53 (4, Jor = 3.5 Hz), 133 .81 {d, Jop = 14.6 Hz), 12331, 11339 (d, Jor = 3.6 Haz),
10917 (4, Jor= 193 Hzy, 64.51, 6434 ppm. HRMS (DARTY: me/z [M caled for CeHeBrFOL™,
231.9530; found, 2319325,

S-Fluoro-2, 3-dibydro-1,4-benzodioxine-t-carboxylic acid (13).

o ;’J‘j’%ﬁ
80

A nuxture of 12 (7.0 ¢, 30.0 mrol) in THF (108 mL) was cooled to —78 °C, and treated
dropwise with a 2.5 M solution of #Buli in hexanes (12.02 ml, 30.0 mmol) during 10 min
The mixture was stirred at =78 °C for 30 nun, and then transferred via cannula onto crushed
dry ice (rinsed the canvula with 10 ol of THF). The mixture was allowed to warms to 23 °C,
and concentrated. Water (200 mL} and | M NaOH (50 mL) were added to the residue, and the
ag. phase was extracied with ERO (3 x 60 mL). The aq phase was acidified with 6 M HC (18
ml}, and extracted with DCM (3 x 150 mL). The combined organics were washed with brine
(150 mL}, dried (MgSOy), filtered, and evaporated. FC thexanes/EtOAc 7:3 — 3.7} afforded
the title compound 13 (3591 mg, 60%) as a white solid.

'H NMR {400 MHz, DMSO-ds): 6 = 12.90 (br, 1H), 7.33 (dd, /=89, 7.7 Hz, 1H), 6.78
(dd, J = 8.9, 1.7 Hz, 1H), 439 — 4.29 ppm (m, 4H). BC NMR (101 MHz, DMSO-de) § =
164.65{(d, Jor=3.0Hzy, 15121 {d, Jor=257 5 Hz)}, 14850(d, Jor =44 Hz), 13268 (d, Jor =
136 Hz), 12244 (d, Jor= 14 Ha), 11212 (d, Jor =34 Hey, 11197 (d, Jor =73 Hz), 64,42,
63.91 ppm. HRMS (DARTY m/z [M — HI™ caled for CoHgFOy, 197.0256; found, 197.0250.

Lahyl (S-flucro-2, 3-difydro- i 4-herzodioxin-6-yljcarbamate (14},
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A mixture of 13 (650 mg, 3.28 mmol) in toluene (131 ;L) was treated with E6N (1 .4
mL, 9.84 mmol}, and at 10 °C with DPPA (780 ul, 3.62 mmol}. The nuxture was stirred at 23
°C for 30 nun, then at 85 °C for 1.5 h. The muxture was cooled to 23 °C, treated with BEtOH (5
ml), stirred for 1.5 b at 23 °C, and concentrated. The residue was dissolved in ERO (150 mbL),
washed with sat. ag. NaHCO; (40 mL), water {40 mL}, brine (40 mL)}, dried (MgSQy), filtered,
and evaporated. FC (hexanes/DCM 7.3 — 1:9) afforded the title compound 14 (512 mg, 65%)
as a white solid.

H NMR (500 MHz, CDClz): 6= 7.42 (br, 1H), 6.64 (dd, /=92, 2.2 Hz, 1H), 6.56 {br,
1H), 432 — 424 (m, 4H), 422 (q, J = 7.1 Hz, 2H), 1.31 ppm {1, / = 7.1 Hz, 3H). BC NMR
(126 MHz, CDCly): 6 = 153,80, 142.61 (d, Jer = 246.0 Hz), 140.82, 132.66 (d, Jor = 12.4 Hz),
12036 (d, Jop = 6.9 Hz), 11236, 111.81 (d, Jor = 3.7 Hz), 64.72, 64.29, 61.61, 14.66 ppm.
HRMS (DARTY: m/z M + H] caled for CriHFNGLT, 242 0823, found, 242.0816.

F0-Fuoro-7 S-dibydraf i 4 [dioxinof 2, 3~glguinazaline (1§},

=
OO
o LA N

A mixture of 14 (450 mg, 1. 87 mmol) and HMTA (263 mg, 1.87 mmol} in TFA (5.7
mL} was irradiated in the microwave at 110 °C for 10 min. The mixture was cooled to 23 °C,
diluted with water {60 mL}, treated with & M NaOH (12 mL)}, and extracted with DCM (3 x 60
mL} The combined organics were washed with water (50 mbL), brine (50 mL), dried (NaxSOq),
filtered, and evaporaied to give a foamy, vellow ail.

A mixture of the oil in 10% KOH in dioxane/water 1:1 (15.5 mL) was treated with
HGFe(CNJe] (614 myg, 1.87 momol), and 1rradiated in the microwave at 100 °C for 10 min. This
procedure was repeated a total of four times (4 cycles of addition of 1 equiv of potasstum
ferricyanide followed by microwave irradiation}). The resulting mixture was diluted with water
{160 mL}, and extracted with DCM (3 x 120 mi). The combined organics were washed with
water {100 mL), brine (100 mL), dried (Na:SQy), filtered, and evaporated to aftord the title
compound 15 (330 mg, 8%} as a yellow solid, which was used 1o the next step without any

further purification.
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HONMR (500 Mz, CDCls) 6= 921 (br, 13, 919 (s, 1H), 7.18 (¢, J = 2.0 Hz, 1H),
4.53 — 4.41 ppm (m, 4H). PC NMR (126 MHz, CDCL): 6 = 158.06 (d, Jer = 2.9 Hz), 153.81
(d, Jor = 1.8 Hz), 145.76 {4, Jor = 2.9 Hz), 144,40 (d, Jor = 256.1 Hz), 138.56 (d, Jor = 11.0
Hz), 136.73 (d, Jor = 10.1 Hz), 119.81 (d, Jor = 2.7 Hz), 106.55 {d, Jor =4.3 Hz), 64.78, 64.34
ppoy, HRME (DART): m/z [M + HY” caled for CoHsFN2Gy™, 207 0564; found, 207.0563.

[0-Flnoro-7 8-dilydrof I, 4]dioxine{ 2, 3~g/quinazolin-4(3H }-one {16).

A solution of 15 (306 wg, 148 mmol) o AcOH (1 L) was treated dropwise with a
0.833 i solution of CAN in water {7.12 mL, 5 94 mmol), and stirred at 23 °C for 15 min. The
white precipitate was collected by filtration, and washed with water (2 x 2 mL)}, acetonitrile (2
x 2 by, DOM (2 mL), and Et; G (2 mL} to afford a first batch of the title compound. The ag.
filtrate was neutralized to pH ~7 with 1 M NaOH, and the white precipitate was collected as
before by filtration, followed by washings to afford a second batch of the titie compound 16
(81 mg, 25%) as a white solid.

HONMR (500 MHz, DMSO-db): 6 = 12.19 (br, 1H), 7.98 {(d, ./ = 33 Hz, 1H), 732 (s,
1H}, 4.52 ~ 4 28 ppm (m, 4H). PCNMR (126 MHz, DMSQO-ds): 6 = 15931, 144,58 (d, Jor =
2518 Hz), 14428, 14380 (d, Jor =34 He), 13786 (d, Jop = 111 Hz), 13294 {d, Jog =89
Hz), 11575, 106.62 {d, Jor = 3.7 Hz), 64.57, 64 .02 ppm. HRMS (DART): m/z [M + HY caled
for CioHsFINOR", 2230513, found, 223.0503.

4-Chioro-10-fluoro-7 8-difvdrof { 4 {dioxine{ 2, 3-g {quinazolive {I7).

A stirred suspension of 16 (92 mg, 041 mmol) in toluene (1.2 mL) was treated with
DIPEA (220 ub, 120 mmol), followed by dropwise addition of POCKL (103 ub, 1.12 mmol) at
10 °C. The mixture was stirred at 23 °C for 1 b, then at 90 °C for 5 h, and concentrated. The
residue was treated with sat. agq. NaHCO: (10 mL) at 0 °C for 5 min, diluted with water (5§ mL},
and extracted with BCM (3 x 7 mbL). The combined organics were washed with half-sat. ag.

NaHCO; (7 mL), brine (7 mL), dried (Na:504), filtered, and evaporated to afford the utle
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compound 17 (81 mg, 51%) as a hight-brown solid, which was used in the next step without
any turther purification.

"HONMR (500 Mz, CDCls): 6 = 8.90 (s, THD), 7.51 (d, /= 2.0 Hz, 1H), 4.55 — 4.43
ppm {m, 4H). PC NMR (126 MHz, CDCL): 6 = 160.48 (d, Jor = 4.3 Hz), 152.31, 146.29 (d,
Jop=33 Hz), 14463 (4, Jor =256 2 Hz}, 13895 (d, Jog =113 Hz), 137 68{d, Jop =102 Hz),
11856 {(d, Jor =24 Hz}, 10582 (d, Jor =4.2 Hz), 64 81, 64 .41 ppm. HRMS (DARTY: m/z [M
+ HI caled for CotHCIFNLQ,T, 241 .0175; found, 241.0174.

S-Fluoro-7-nitro-2, 3-dihvdro- 1 4-benzodioxine~6-corboxylic acid (18).

"
0 ,%/kCOZH
Lo:[i\/ NO;

A vowxture of 13 (1500 mg, 7.57 mumol} 1o AcOH (7.5 mL) was treated dropwise with
Ho8G4 (2.02 mLy at 10 °C. The vigorously stirred mixture was treated dropwise with 65%
HNG; (2.6 mL} at 0 °C during 10 min. The resulting mixture was stirred at 0 °C for 30 min,
and then at 23 °C for 16 h. The mixture was poured into ice~-water {40 mb), and the white
precipitate was collected by filtration {washings with cold water, 40 ml}, and dried in a
desiccator to afford the title compound 18 (1280 mg, 70%;) as a white solid,

'H NMR (500 MHz, DMSO-ds): 6 = 14.00 {br, 1H), 7.62 (d, J= 1.7 Hz, 1H), 452 -
4.40 ppm (o, 4H). PC NMR (126 MEz, DMSO-db): 6 = 162.71, 147.16 (d, Jor = 248.7 Ha),
14472 {(d, Jor =51 Hz), 13815 (d, Jor = 13.7 Hz}, 13710 {d, Jor = 0.6 Hz), 11344 (d, Jor =
203 Hey, 109.52(d, Jor =23 Hz), 64 97, 64 48 ppro. HRMS (DARTY: m/z [M — HJ caled for
CoH:FNQs™, 242.0106; found, 242.0124.

7-Amino-S-fluoro-2, 3-ditiydro-1,4- ’*mzzadiaxine G-carbaxylic acid {19).

E LK,[CO o

A mixture of 18 {500 mg, 2.06 mmol} and 5% Pd/C (223 mg, 0.10 mmol) in MeCH (21
ml.} was stirred under an atmosphere of Hy at 23 °Ctor 13 .5 b, The muxture was filiered through
Celite (washings with EtOH)}, and evaporated to give the title compound 1% (418 myg, 95%) as
a grey solid, which did not seer to be very stable.

HNMR (500 MHz, DMSO-ds) 4= 835 (br, 2H), 6.04 (d, /= 1. O Hz, 1H), 420 -4.24
{m, 2H), 4.19 — 4.14 ppm (m, 2H). C NMR (126 MHz, DMSO-ds): 6 = 167.36 (d, Jor = 2.9
Hz), 15136 (d, fop = Hz), 14886 (d, Jor = 7.0 Hz), 14581 (d, Jor = 5.7 Hz), 122,38 {4,
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Jep = 15,4 Hzy, 97.19 (d, Jor = 2.9 Hz), 9537 (d, Jor = 10.9 Hz), 64.95, 63.58 ppm. HRMS
(DART): m/z [M + HY caled for CsHoFNG™, 214.0519; found, 214.0508.

S-Fluoro-7 8-difiydrof 1,4 ]dioxine{ 2, 3-g{quinazolin-4(3H )-one {28).

F O
800}
o N

A mixture of 19 (417 mg, 1.96 mmol) in formamide (2.3 ml, 58.7 mmol} was stirred
at 120—-125 °C for 16 h. The mixture was cooled to 0 °C, and treated with water (4 mL), stirred
for 30 min, diluted with water {4 mL}, and filtered. The residue was washed with cold water (3
x 5 mL), and dried over Drierite under HV to afford the title compound 28 (249 mg, 57%) as
an off-white sohd.

H NMR (400 MHz, DMSO-de): 6 = 12.00 (br, 1H), 7.90 (d, J= 3.6 Hz, 1H), 6.93 (d,
J= 1.9 He, 1H), 445 — 4.35 ppm (m, 4H). BC NMR (126 MHz, DMSO~ds). 6 = 157.64 (d, Jor
3.0 Hz), 149.70 (d, Jor = 6.0 Hz), 148.45 (d, Jor = 261.3 Hz), 144.60, 142.99, 131.47 (d, Jer
12.7 Hz)y, 108.76 {(d, Jor = 3.5 Hz), 106.38 (d, Jor = 3.8 Hz), 64.69, 63 98 pprmn. HRMS
(DARTY: m/z [M + HY" caled for CioHaFN20O5™, 223.0513; found, 223 0510,

4 hloro-S-fluoro-7 S-dibydrof i, 4 [dioxinoef 2, 3-olguinazoline (21).
Y ¢ f & :
e

N
R
LI
O//,
F Ci

A stirred suspension of 20 (90 mg, 0.41 myvol) o toluene (1.2 mk) was treated with
DIPEA (215 ub, 1.24 mmol), tollowed by dropwise addition of POCEH (100 gL, 1.09 mmol} at
10 °C. The mixture was stirred at 23 °C for | h, then at 88 °C for 5 h, and concentrated. The
residue was treated with sat. aq. NalHCO: (10 ml) at 0 °C, diluted with water (5 mL), and
extracted with DCM (3 x 7 mL}. The combined organics were washed with half-sat. ag.
NaHCO: (7 mL), brine {7 mL), dried {(NaySO4), filtered, and evaporated to afford the title
compound 21 {96 mg, 99%) as a hght-orange solid, which was used in the next step without
any further purification.

HONMR (500 MHz, CDCEY 8= 8.83 (s, 1H), 735 (d, J = 2.0 Hz, 1H), 451 - 445
ppm (m, 4H). YC NMR (126 MHz, CDCL): 6 = 156.76 (d, Jor = 4.5 Hz), 152.70 (d, Jer = 2.3
Hz), 151.66 (d, Jor = 4.9 Hz), 146.08, 144.51 (4, Jer = 261.8 Hz), 134.04 (d, Jer = 14.0 Hz),
110.85 (d, Jor = 7.7 Hz), 109.43 (d, Jor = 4.0 Hz), 64.89, 64.37 ppm. HRMS (DARTY: m/z [M
+H]" caled for CioHhCIFNGG, ™, 241.0175; found, 241.0176.
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N-{3-Bromo-2-fluorophenyl}-10-fluoro-7, 8-dikydrof 1 4 [dioxine{ 2, 3-g{quinazolin-d-amine

(FGKO71)

Following general procedure GP-2, compound JGKO71 was prepared from
chloroquinazoline 17 (35 mg, 0.15 mmol} and 3-bromo-2-fluoreanitine. FC (BCM/EICAC 1:0
— §:2) afforded JGKO71 (44 myg, 77%}) as a white solid,

"H NMR (500 MHz, DMSO-ds): 6= 976 (s, 1H), 838 (s, 1H), 7.80(d, /= 1 8 Hz, 1H),
762{(ddd, J=80,63, 16 Hz 1H), 754(ddd, /=85, 71,1 6Hz 1H), 722(d, /=80, 12
Hz, 1H), 4.53 ~ 4,40 ppm (m, 4H). PC NMR (126 MHz, DMSO-ds): 6 = 156.93 (d, Jep =
Hz}, 153,44 (d, Jor =247 5 Hz), 153,12, 144.04 (d, Jor = 250.0 Hz), 143.97 (d, Jor =3 2 Hz},

04 {d, Jop =109 Hz), 13562 (d, Jor =99 Hz), 130,48, 127.89, 12762 (4, Jor = 13.1 Hz),
12551 {d, Jor = 4.5 Hz}, 10858 (d, Jor = 23 .4 Hz), 10851, 103.25 (d, Jor = 3.9 Hz), 64.63,
64.21 ppm. HRMS (DART). a¢/z [M + HI" caled for CieHuBrFaNa(y", 393.9997, found,
393.9999.

N-(3-Bromo-2-fluorophenyi}-S-fluoro-7, 8~dihydro ] § 4 jdioxinof 2, 3-g]quinazolin-d-amine

(FGKO72).

O N
\/
A

FF

o
FHN )\ﬁjr
L"

Following general procedure GP-2, compound JGK672 was prepared from
chloroguinazoline 21 (35 mg, 0.15 mmol} and 3-bromo-2-flucrcanttine. FC (BCM/EtOAc 1.0
— 8.2} afforded JGKO72 (47 mg, 82%) as a white solid.

' NMR (500 MHz, CDCls)y 6= 867 (ddd, J= 86,72, 1.5 Hz, 1H), 8.62 (s, 1H), 8§52
{dd, ./=19.06,22Hz, 1H), 729{(ddd, /=81, 64, 1 5Hz, 1H), 723{(d, /=20Hz, iH), 7.10
(td, .= B2, 1.6 Hz, 1H), 448 — 4.42 ppm (m, 4H). C NMR (126 MHz, CDCL): & = 15527
(d, Jor = 5.2 Hz}, 15390, 15034 (d, Jor = 243 9 Hz), 14993 {d, Jor = 6.2 Hz}, 14575 (4, Jor
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= 250.3 Hz), 144.78, 131.96 (d, Jov = 15.6 Hz), 12843 (d, Jor = 10.4 Hz), 127.71, 125.20 {d,
Jor = 4.7 Hz), 122.48, 109.69 (d, Jor = 3.3 Hz), 108.63 (d, Jor = 19.2 He), 101,42 (d, Jov = 7.2
Fiz), 64 .84, 64.48 ppm. HRMS (DART): m/z [M + HT caled for CieHnBrF N0, 393.9997,

found, 393.9996.

Example 17 Brain Penetration of Exemplary Compounds of the Disclsoure

Disclosed in table 5 Brain to plasma percentages and unbound ratios of drugs in bran
to plasma of indicated drugs in non-tumor bearing mice

Table S: Brain Penetration of Exemplary Compounds of the Disclsoure

Compound R?i?ﬁ?;;;gﬁ;? 3 Kpuu {Avg)
Erlotinib 8.50 0.051
JGKO0S 64.8 .491
JGKO38 R4.3 0.575
JGKO28 106.2 1.037
JGKO10 106.4 1.045
JGKO37 2121 1.301
JGK042 167.6 1.033
JGKO63 72.5 .341
JGKO66 2743 1.175
JGKO68 3545 1.184

JGKO0ES 3783 1.181
JGKO74 166.2 nd.
JGKO0838 2313 0.798
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Example 18 Preparation of }%Lxempiarv Compounds of the JGK series

o 3H
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Scheme 1. Synthesis of JGKO68S,
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Scheme 2. The preparation of the (K-enantiomer JGRO68R or of racemic mixtures (JGK868)

W,

follows the same route as shown tn Scheme 1, but employs (K}~ or racemic glycidol,

respectively.
L / OTa “ ,A\ f\‘\.—l’ A N Ny
e }
\~ e \/L \/ \J\ I K/N\J[ =N F
N A 2 5
Aco EF CHO cQ o AP CHO HN\_/J\ B
{R-18 JCNDBES i\;J

Scheme 3. Svnthesis of benzodioxane carbaldehyde (#)-18 in one step from benzaldehyde 1
with chiral glycidyl tosylate. This route avoids the Mitsuncbu reaction in Scheme 1
{preparation of 2 from 1). Compound {K)-18 can be used in the route shown tn Scheme 1 for

the preparation of JGKB688.

General Chemistry Infermation
All chemicals, reagents, and solvents were purchased from commercial sources when
available and were used as recetved. When necessary, reagents and solvents were purified and

dried by standard methods. Air- and moisture-sensitive reactions were carried out under an
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inert atmosphere of argon in oveo-dnied glassware. Microwave-irradiated reactions were
carried out in a single mode reactor CEM Discover microwave synthesizer. Room temperature
{RT) reactions were carried out at amabient tewmperature {approximately 23 °C). All reactions
were monitored by thin layer chromatography (TLC) on precoated Merck 60 Fasg silica gel
plates with spots visualized by UV hight (1 = 254, 365 nm) or by using an alkaline KMn{.
solution. Flash colummn chromatography (FC) was carried out on $10; 60 (particle size 0.040-
0.063 mm, 230-400 mesh}. Preparative thin-layer chromatography (PTLC) was carried out
with Merck 60 Fass silica gel plates (20 x 20 om, 210-270 mum} or Analtech Silica Gel GF TLC
plates (20 % 20 cm, 1000 mamw ). Concentration under reduced pressure (in vacuo} was performed
by rotary evaporation at 23-50 °C. Purified compounds were further dried under high vacuum
or tn 3 desiccator. Yields correspond to purified compounds, and were not further optimized.
Proton nuclear magnetic resonance { H NMR) spectra were recorded on Bruker spectrometers
{operating at 300, 400, or 500 MHz). Carbon NMR (PC NMR) spectra were recorded on
Bruker spectrometers {(either at 400 or 500 MHz) NMR chemical shifts (& ppm) were
referenced to the residual solvent signals. 'H NMR data are reported as follows: chemical shift
in ppm; muliiphcity s = singlet, d = doublet, = iriplet, g = guartet, quint = quintet, m =
multiplet/complex pattern, td = triplet of doublets, ddd = doublet of doublet of doublets, br =
broad signal); coupling constants (/) in Hz, integration. Data for PC NMR spectra are reported
in terms of chemical shift, and if applicable coupling constants. High resolution mass (HRMS}
spectra were recorded on a Thermo Fisher Scientific Exactive Plus with lonSense ID-CUBE
DART source mass spectrometer, or on a Waters LCT Premier mass spectrometer with

ACGQUITY UPLC with autosampler.

S-Formyl-2-hvdroxyphenvl acetate (1),

A mixture of 3,4-dihydroxybenzaldehyde (100 g, 0.724 moly in THF (965 ml) was
cooled to 0 °C, and treated with 10% aq. NaOH (724 mL, 1.81 mol} over 4-5 min. After the
reaction mixiure was stirred at 0 °C for 15 min, acefic anhydride (A0, 32.1 mi, 0.869 mol)
was added dropwise over 20 min. The mixture was stirred for 30 min at the same temperature,
and then poured oto a roixture of E1OAC (1.25 Ly and 2 m HCEH(1 13 L) at O °C. The phases
were separated, and the ag phase was extracted with EtOAc¢ (4 x 250 mL). The combined

organics were washed with water (2 x 300 mL), brine (500 mL), dried (Na;SO4), filtered, and
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evaporated. The residue was treated with 3 small amount of s-heptane and evaporated (3x}.
Recrystallization from EtOAc (275 mL; crystals washed with EnO) gave a first crop of the title
compound 1{66.96 g, 51%) as hight-brown crystals. Recrystallization of the mother liquor from
EtOAc gave a second crop of the title compound 1 {29.436 g, 23%) as a light-brown solid. 'H
NMR (500 MHz, CDCLY 0 985 (s, TH), 7.73 = 7.65 (o, 2H), 711 {d, /=83 Hz, 1H)}, 634
{br, 1H), 2.39 (s, 3H). PC NMR (126 MHz, CDCl): 6 190.40, 168.99, 152.96, 138.81, 130.24,
12972, 124,13, 117.87, 21 .09 HRMS (DARTY: m/z [M + H]" caled for CoHo(y™, 181.0495;
found, 181.0488.

S-Formyl-2-{{ 2R j~oxivan-2-yi{methoxy }pheny! acefate ({R)-2).

Ao
I

Ao CHG

A mixture of 1 (32.5 g, 0.18 mol) and triphenylphosphine (PPhs, 70.976g , 0.27 mol}
in THF (905 mL) was treated with (S)-glyveidol (1795 mL, 0.27 mol), cocled to ¢ °C, and
treated dropwise with ditsopropyl azodicarboxvylate {DBIAD, 508 ml., 0.289 mmol) over 30
min. The mixture was stirred for an additional 10 min at 0 °C, after which the cooling bath was
removed, and stirring was continued at 23 °C for 15.5 h. All volatiles were evaporated, and

crude (R)-2, obtained as a brown oil, was used without any further purification in the next step.

{35)-3-(Hvdroxymethyl}-2, 3-dikydro-1, 4-benzodioxine-6-carbaldebiyde ((5)-3).

L
HO o N oo

A mixture of crude (X)-2 in MeQH (1.564 L) was treated with KoCGOs (4987 ¢, 0.36
mol} and stirred at 23 °C for 18.5 h, and then the solvent was evaporated. The residue was
suspended iy half-sat. NH4C1{750 mL), and extracted with EtOAc (3 x 500 mL}. The combined
organics were washed with water (250 mL), brine {250 mL}), dried (Nax3Q4), filtered, and
evaporated. The crude matertal was purified by several rounds of flash chromatography
(hexanes/EtOAc 9:1 — 1:1) as well as by precipitation from hexanes/EtO 101 (1o remove
triphenylphospine oxide PhiiPO), to afford the title compound (833 {17322 g, 49% over two
steps) as a white solid. "H NMR (500 MHz, CDCh): 4 9.81 (5, 1H}, 7.43 {d, /= 1.8 Hz, 1H),
741 (dd, J=8.1, 1.9 Hz, 1H), 7.00(d, /= B2 Hz, 1H), 439 (dd, /= 11.4, 2.3 Hz, 1H), 431 -

4.25 (m, 1H), 4.20 (dd, J=11.3, 7.9 Hz, 1H), 3.95 (dd, /= 12.1, 4.3 Hz, 1H), 3.87 (dd, J =
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12.1, 49 Hz, 1H), 2,18 {br, 1H) PC NMR (126 MHz, CDCL) 6 190.79, 148.76, 143.46,
130,79, 124 .46, 11833, 117.70, 73.31, 65.61, 61 54 HRMS (DART): m/z [M + HJ' caled for
CioHuQOs™, 195.0652; found, | 650,

[OR-7-Cyane-2, 3-difiydro-1 4-benzodioxin-2-vifme thyi aceicie ((R)-4).

\,/( :O\
AcO .
e C FNeN

A mixtare of {S3-3 (17.322 g 0.089 mol) in AcOH (189 mL} was treated with KOAc
{22944 g 0.234 mol}, stirred at 23 °C for 10 mun, and then treated with NHOH-HCI (16.233
g, 0.234 mol}. The resulting mixture was stirred at 120 - 125 °C for 18.5 h. The mixture was
cooled to 23 °C, poured o water {1 L), and extracted with EtOAc {4 x 250 mL) The
combined organics were treated with 3.5 M NaOH (400 mlb) and sat. aq. NaHCO: (100 mE) o
obtain a final pH of ~8, and the emulsion was stirred at 23 °C for | h. The organic layer was
separated, and washed with sat. agq. NaHCGO5 (300 mL), water (300 mL}, brine (300 mL), dried
{(NazSOy), filtered, and evaporated. Purification by flash chromatography (hexanes/EtOAc 10:1
— 6.4} afforded the title compound (R3-4 (13.513 g 65%) as a clear, colorless oil 'H NMR
(500 MHz, CDCL): 6 7.20 (d, J=2.0 Hz, 1H), 7.16 {(dd, J= 8.4, 2.0 Hz, 1H), 6.94 (d, ./ = 8.4
Fiz, 1H), 4.43 ~ 438 (m, 1FD, 436 (dd, /=116, 2.4 Hz, 1H), 434 (dd, ./ = 11.1, 4.5 Hz, 1),
430¢dd, J=11.6, 4.6 Hz, 11, 4.11 €dd, /=115, 7.2 Hz, 1H), 2.12 (s, 3H). C NMR (126
MHz, CDCly 0 17004, 147 13, 143 11, 12628, 121.56, 11885, 11832 10513, 7111, 6545,
62.24, 20 83 HRMS (DART): an/z M + HI caled for CoHpaNQsT, 2340761, found, 234.0759.

[(2R)-7-Cyano-G-nitro-2, 3-difydro-1 4-benzodioxin-2-yifmethy! acetate ((R})-3;.

Oﬁi\i@ 2

ACC}\{[ o
o CN
A muxture of (/-4 {13.345 g, 57.2 mrool) in Ac:0 (743 mbL) was treated with HzSO.

{3.05 mL, 7.2 mmol)}, cooled to 0 °C, and treated dropwise with 70% HNO; (19.63 mL, 286
mmol} at 0 °C over 35 min. The mixture was stirred for another 2 h at 0 °C, and then at 23 °C
for 3.5 b, The mixture was poured into wce-water (850 mL), and the pH was adjusted to ~7 with
6 M NaQOH (320 mbL). Sat. aq. NaHCO; (200 mL) was added, and the mixture was extracted
with CHaCl (3 x 500 mb). The combined organics were washed with sat. ag. NaHCG; (400

ml.}, water (400 mL), brine (400 mL}, dried (Nax8O4), filtered, and evaporated to afford the

title compound (R)-5 {15.696 g 99%) as a yellow oil, which was used in the next step without
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any further purification. "H NMR (500 MHz, DMSO-ds): 6 7.96 (s, 1H), 7.80 (s, 1H), 4.73 -
4.67 (m, 1H), 458 (dd, /= 11.8, 2.6 Hz, 1H), 4.36 (dd, J = 12.5, 3.7 Hz, 1H), 4.31 (dd, J =
12.5, 5.7 He, 1H), 427 (¢d, J= 118, 7.0 Hz, 1H), 2.05 (s, 3H). PC NMR (126 MHz, DMSO-
de). 6 170.11, 147.75, 146.26, 142.23, 123.77, 115.21, 115.17, 100.06, 72.00, 64.98, 61.72,
20.52. HRMS (DART): sz [M + H]” caled for € uM06, 279.0612; found, 2790601,

(38} 7-Amino-3-(hvdroxymethyi}-2, 3-dihydro-1 4-benzodioxine-6-carbonitrile ((S)-6).

.OmNHz
oL
© 07 N o

A suspension of (R)-5 (15591 g, 56 mmol) in water/ethanol 1:1 (250 mL}) was treated
with NaxS5:04 (39.266 g, 185 mmol}, and the mixture was stirred at 50 °C for 105 min, and then
heated to 70 °C for 2 b while treated portionwise with cone. HCIH(73.6 mL | 0897 mol) during
that time. The mixture was cooled to 23 °C, poured on ice, and the pH was adjusted to ~10
with 6 M NaQH (200 mbL) and balf-sat. NaHCO; (500 mbL). The muxture was extracted with
Et}Ac (3 x 500 mL}. The combined organics were washed with water (500 mL), brine (500
ml}, dried (NazSOq), filtered, and evaporated to atford crude {8)-6 (9.483 g, 82%%5) as an orange-
vellow solid, which was used in the next step without any further purification. 'H NMR (500
Mz, DMSO-di) 6 692 (s, 1H), 629 (5, 1H)}, 550 (br, 2H), 5.04 (1, /=57 Hz, 1H), 432 (dd,

=107, 1.6 Hz, 1H), 4.07 - 3.99 (m, 1H), 400 (dd, /=112, 83 Hz, 1H), 3.64 - 3.51 {m,
2H). ¥C NMR (Em Mz, DMSO-de) ¢ 14850, 14729, 13439, 11904, 118,04, 102,45,
86.72, 73.25, 65.92, 5977 HRMS (DARTY: m/z [M + H|" caled for CroHwNa(y™, 206 .0686;
found, 206.0685.

N©-{(285)-7-Cyvano-2-(hydroxymethyi)-2, 3-ditivdro- 1, 4-benzodioxin-6-y{j-N N-
dimethyimethan-imidamide ((S)-7).

E
H &
© o} CN

A mixture of (S3-6 (938 g 455 mmol) in toluene (117 b} was treated with AcOH
{143 ul, 2.5 mmol) and DME-DMA (13.1 mL, 98.9 mmol), and the mixture was stirred at 103
°C for 3 h. The evaporated MeOH (~4 — S mL) was collected 1n a Dean-Stark trap to monitor
the progress of the reaction. The mixture was cooled to 23 °C and evaporated to obtain crude
(5)-7 (14.243 g quant.) as a viscous, brown oil, which was used in the next step without any

further purification. 'H NMR (500 MHz, CDCli): 4 751 (s, 1H), 7.05 {s, 1H), 6.48 (s, TH},
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33 (dd, /= 11.2, 2.0 Hz, 1H), 423 - 4.17 (m, TH), 4.13 (dd, /= 11.2, & 1 Hz, 1H), 3.90 ¢dd,
J=12.1, 4.2 Hz, 1H), 3.83 (dd, /= 12.1, 4 8 Hz, 1H), 3.07 (s, 3H), 3.05 (s, 3H). C NMR (126
MHz, CDCLY. & 160.40, 153.78, 147.68, 138.63, 121.08, 118.64, 108.16, 9931, 73.34, 65.83,
61.67, 4051, 34.82. HRMS (DARTY. m/z [M + H]" caled for CisHisN30s™, 262, 1186; found,
262.1183.

[{78)-4~(3-Bromo-2~flucroamniiine}-7 8~dilvdrof I, 4] dioxino{ 2, 3~g/quinazolin-7-yl fmeihanol

{(5)-8).
Q N
e ~ane
Ho\g\l \?\3
< .
o7 TN E
HN )\#Br
1®

A mixture of {537 v AcOH (152 mL) was treated with 3-bromo-2-fluorcaniiine (6.63
mkL, 59.1 mmol}, and the mixture was stirred at 125 — 130 °C for 3 h. The mixture was cooled
to 23 °C, poured into ice-water (500 mi.}, and the pH was adjusted to ~0 with sat. aq. NHy(OH
{185 mL} and halt-sat. ag. NaHCGO3 (200 ml}. The mixture was extracted with EtOAc (3 x 400
rl.), and the combined organics were washed with half-sat. ag. NaHCOs (400 mL), water (400
mbL}, brine (400 mL)}, dried (NayS8O4), tiltered, and evaporated. The residue was dissolved in
MeOH (272 wl), and treated with K:COs (12.579 g, 91 mmol), stivred at 23 °C for 1 h, and
evaporated. The residue was suspended in half-sat. ag. NH4CH (700 mL), and extracted with
EtOAc (3 x 400 mL). The combined organics were washed with water (400 mL)}, brine (400
mb), dried (NaxSQ4), filtered, and evaporated. The orange-yvellow residue was suspended in
EtOAc, warmed to 65 °C, and then let slowly cool down to 23 °C overnight. Filtration, and
washing of the residue with cold hexanes (2 x 15 mL) and EO (2 x 15 mL), and drying under
high vacuum afforded the title compound (8§3-8 (9407 g 50.9% over two steps) as a fine,
yeliow powder. H NMR (300 MHz, DMSO-ds): 6 9.69 (s, 1H), 8.33 (s, 1H), 7.99 (s, 1H), 7.59
(ddd, J= 8.0, 6.2, 1.6 Hz, 1}, 7.54 (ddd, J= 8.4, 7.0, 1.6 Hz, 1H), 7.24 - 7.17 {m, 1H), 7.20
(s, TFE), 5.20 (t, /= 5.6 Hz, 1), 4.49 (dd, J= 11.5, 2.4 Hz, 1), 437 - 4.29 (m, 1H), 4.21 (dd,
J=11.6, 7.4 Hz, 1H), 3.76 - 3.64 (m, 2H). °C ‘w\ﬁ{( 26 MHz, DMSO-ds): 6 157.22, 153.38
(4, Jor =247 0 Hz), 153.09, 148 87, 145 94, 143 37, 130.08, 128.09 (d, Jer = 12.9 Hz), 127 75,

12543{d, Jor=4 5Hz), 11229, 109 81, 108 54 (d, Jor = 20 0 Hz}, 108,49, 73.77,65.52, 59.76.
HRMS (DART): m/z [M + H]" caled for CrrHuBrEN;O17, 406.0197; found, 406.0185.

2
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TR jdef 3-Bromo-2-fluoroaniline)-7 B-ditivdrof 1 4 fdioxinef 2, 3-olguinazofin-7-vi{methy!{
{ ; Y, 34 R4 Ve 3

methanesulfonate ((R)-9).
“‘ \/[ \I\/
%/3
“C

A mixture of (518 (9.01 g 222 mmol) and MesN-HCI (234 mg, 2.45 mmol) in
acetontirile {148 mL) was treated with EGN (6,18 mL, 44.4 mmol), cooled to 0 - 5 °C, and
ireated dropwise with a solution of MsCl (2.57 mL, 33.2 mmol) in acetonitrile (17 mL; rinsed
with 3 mL} over 10 min. The mixture was stirred at 0 °C for 1 h. Water (100 mb) was added,
and most of the acetonifrife was evaporated in vacuo. Addutional water (700 mL} was added,
and the mixture was extracted with EtOAc (3 x 400 mL}. The combined organics were washed
with water (400 mL), brine (400 mL}, dried (NaxSOy), filtered, and evaporated to afford the
title compound (-9 (10.33 g, 96%) as a vellow, friable foam, which was used in the next step
without any further purification. 'H NMR (500 MHz, CDCL): 8 8.70 (s, 1H), 8.62 (ddd, J =
87,73, 1.6 Hz, 1H), 7.44 (s, 1H), 7.362 (5, 1H), 7.360 (br, 1), 7.29 {ddd, /= 8.1, 6.5, 1.5

= 1H), 711 4d, /=82, 16 Hz, 1H), 467 -4.61 (m, 1H}, 454 -4 51 {m, 2H}, 450 (dd, J =
117, 24 Hz, 1H, 429(dd, /=118, 7.1 Hz, 1H}, 3.13 {5, 3H)

{78 )-N-{3-Bromo-2-flucrophenylj-7-{{4-methyipiperazin- i -y jmethyl]-7 8-
ditydrof { 4dioxino {2, 3-giquinazolin-d-cmine (JGKH68Y).

\N O N N\
K/]‘i\yf[axi e »ch

/
A mixture of (K}3-% in DMF (427 mL} was treated with 1-methylpiperazine (11.83 mL,

107 mmol} and Et3N (5,95 mb, 42 7 mmol}, and the mixture was stirred at 85 °C for 24 h. The
mixture was cooled to 23 °C, and evaporated. The residue was dissolved in EtDAc (1.2 L), and
washed with 0.5 v NaOH {4 x 250 mLl}, brine (250 mL)}, dried (NaxSOq), filtered, and
evaporated. Purification by flash chromatography (CH2Cl/MeOH 1.0 — 8:2) afforded the title
compound JGKO68S (6,013 g 58% over two steps) as an off-white, friable foam. '"H NMR
(500 MHz, CDCls) 6 §.67 (s, 1H), 8 63 (ddd, /= 8.7, 7.3, 1.6 Hz, 1H), 7.374 (5, 1H), 7.372
(br, 1H), 7.32 (s, 1H), 7.26 (ddd, J= 8.1, 6.5, 1.5 Hz, TH), 7.09 (td, /= 8.2, 1.6 Hz, 1H}, 4.4

o
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440 (m, 2H), 4.14 (dd, /= 11.8, 8.0 Hz, 1), 277 (dd, J= 13.4, 6.0 Hz, 1H), 2.653 (dd, J =
13.4, 5.8 He, 1H), 2.648 (br, 4H), 2.51 (br, 4H), 2.32 (s, 3H

r)\ /’\ AN N \J\ /l“\ (, \v/‘ '\j\ T PNy Ny N\
O P ' W e Ii E l i .
4O \M\ f\//\f N SNy F NN N
-~ \3 N
Q LiN\I’[‘/\T.E-' . B HN\I/S\\I/-BY
N2 {§1-16 \l\,_;j JCNOS3S E\,ﬁ

Scheme 4, Synthesis of JGKO83S.

fert-Butyl {{{78)-4-3-bromo-2-fluorcaniling}-7, 8-dikydrof 1 4idioxino {2, 3-g [quinazolin-7-
viimethvllmiperazine-{-carboxylate ((5)-18).

O
>LO) N”ﬁ A0 o N%E

Following general procedure GP-1 of Example 16, compound (8)-18 was prepared
from K-8 (91 mg, €.188 mmol} and feré-butyl piperazine-1-carboxylate (175 mg, 0.94 mmol)
in DMF (3.8 mL), and stirred at 85 °C for 15 h. PTLC (CHoCL/EtOAC 4:6) atforded (5)-16 (50
mg, 46%;) as an off-white, friable foam. 'H NMR (500 MHz, CDClz): 6 8 68 (s, 1H), 8.65 (ddd,
J=83,74, 15Hz, 1H), 739 (s, 1H}, 736 {(br, 1H), 731 (s, 1H), 727 {ddd, /=8.0,65, 1.5
He, TH), 700 d, J =82, 1 S Hz, 1H), 450 -442 (m, 2H), 4 17 (dd, J , 8.2 He, 1H),
347, J=51Hz 4H), 27 S(dd J=134,59Hz 1H), 267 (dd, /=135, 59 Hz, 1H), 2.62
— 247 (m, 4H), 1.47 (s, SH). ¥C NMR {126 MHz, CDCh): ¢ 155.89, 154.83, 153.39, 150.15
(d, Jop =242 4 Hz}, 14936, 14672, 14402, 128063 (d, Jor = 103 Hz), 12727, 12534, 121 .78,

v 3

11434, 110.66, 108.60 (d, Jor = 195 Hz), 10606, 7997, 7176, 67.18, 58.56, 53 .96, 2857,

‘Jq

one carbon signal missing (probably due to overlapping peaks). HRMS (DART): s/z [M + HY
caled for CosHaoBrFNsOy™, 574.1460; found, 574.1432.

(78)-N~{3-Bromo-2-fluorophenyi)-7-{ (piperazin-1-vmethvl {-7 8-difvdrof {4 [dioxing |2, 3-
giguinazolin-d-amine (JGKO838).
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AN o LN S
HN 2 Br
l e

A mixture of (3318 (42 mg, 0.073 mmol} in CHCl (500 pl) and TEA (250 ul) was
stirred & °C for 12 h. The muxture was diluted with 1 M HCE (20 mL}, and washed with
CHRCL (3 x 7 mL). The aqueous phase was diluted with 6 M NaOH (4 mL} to pH >12, and
extracted with EtOAc (3 x 8 mL). The combined organics were washed with brine (8 mL),
dried (Na2S804), filtered, and evaporated. Purification by PTLC (CHCL/MeQOH 8:2) afforded
the title compound JGKB8838 (18 mg, 52%) as a white, friable foam. 'H NMR (500 Mz,
CDCl) 6 808 (s, TH, 800 {ddd, /=82, 73, 1.6 Hz, TH), 739 (s, 1H), 735 (brd, J=4.0
Hz 1H}, 732(s, 1H, 727{ddd, /=81, 65 16Hz 1H), 711 {td, /=82 15 Hz, 1H) 450
442 (m, 2H), 419433 {m, 1H), 293 (&, /=49 Hz, 4H), 2.76 {dd, /= 134, 5.9 Hz, 1H),
2.63(dd, J=13.4, 6.0 Hz, 1H}, 2.63 — 2.50 (m, 4H). PC NMR (126 MHz, CDCL): § 155.88,
15335, 15002 (d, Jor = 242.3 Hz), 14945, 14671, 14417, 128.67 {d, Jor = 10.4 He), 12721
12532 {d, Jor = 4.7 Hz), 12174, 11430, 110.64, 10838 (d, Jop = 193 Hz), 106.02, 7170,
6732, 5919, 5554, 46.23. HRMS (DART) m/z [M — HI caled for CoibbeBrFNsGy
472.0790; found, 472.0773.

J2R-T-Formyi-2, 3-difydro-{ 4-henzodioxin-2-yi fmethyl acetate ((R)-18).

w SO,

Anuxture of £ {150 wg, 0.833 mmol) and (2R)-glycidyl tosylate (203 rug, 0.891 mumol}
in DMF (2 mL) was treated with KoCOs (181 mg, 1.31 mmol), and the mixture was stirred at
60 °C for 15 h. The mixture was cooled to 23 °C, water (30 mL} was added, and the mixture
was extracted with EtOAc (3 x 15 mbL). The combined organics were washed with water (15
mb), brine (15 mL), dried (Na:SOu), filtered, and evaporated. Purification by preparative thin
faver chromatography (hexanes/EtOAc 7.3 ) atforded the title compound (K318 (111 mg, 56%)
as a clear, colorless oil. 'H NMR (400 MHz, CDChY: 6 =982 (s, 1H), 7.44(d, /= 1 8 Hz, 1H),
742 (dd, /=82, 1.9 He, 1H), 7.00 (4, J= 8.1 Hz, 1H), 4.46 — 4.39 (m, 1H), 437 (dd, J= 11.5,
24 Hz 1H),435(dd, /=117, 49Hz 1H),431(dd, /=119 51 Hz 1H), 413 {dd, /=115,
7.1 Hz, 1H), 2.11 (s, 3H). BC NMR (101 MHz, CDCL). 6 190.72, 170.67, 148.57, 143.22,
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131.15, 124.38, 118.76, 117.85, 70.94, 65.54, 62.36, 20.83. HRMS (DART): m/z (M + HJ
caled for CiaHs0s™, 237.0757; found, 237.0745.

(4 i=-N=-(3-Uhloro-2-flucropheny)-7-{(4-methylpiperazin- i-viimethyl]-7 8-
ditydrof { 4]dioxing {2, 3-glquinazoliy-d-cmine (JGKETS).

PRSI N
fe¥ess
TNy = =

T NMR (500 MHz, CDCL): 6 8.68 (s, TH), 8.61 (1d, /=73, 2.2 Hz, TH), 7.39 (s, 1H),
735 (brd, J=34Hz 1H), 7.32 (s, 1H), 7.16 {td, J=8.1, 1.2 Hz, 1H), 713 (1d, /=82, 1.9
Hz, 1H), 449 ~ 4 41 (m, 2H), 4.15 (dd, J= 11.8, 8.1 Hz, 111), 2.78 (dd, J = 13.4, 5.9 Hz, 1F),
2.66 (dd, J=13.4, 5.9 Hz, 1H), 2.64 (br, 4H), 2.48 {br, 4H), 2.31 (5, 3H). *C NMR (126 MHz,
CDCLY: & 155.89, 153 35, 149.44, 14930 (d, Jor = 244.2 Hz), 146.72, 144.15, 128.76 {4, Jor
=93 Hz), 124.71 {d, Joe = 4.7 Hz), 124.45, 121.01, 120.85 (d, Jor = 16.1 Hz), 11430, 110.63,
106.05, 71.81, 67.31, 58.50, 5517, 54.15, 46 19. HRMS (DART): m/z M + HJ" caled for
CoaHosCIFNsG: ™, 444.1597; found, 444.1582.

(4 3=N-( 3-Bromo-2-fluoraphenvi-8-{ (morpholin-d-yDmethyl {7, 8~dilydrof § 4 jdioxinof 2 3~
glquinazolin-d-amine (JGKE76).

She j\/:lfm
ren

T NMR (500 Mz, DMSO-de). § 9.62 (s, 1H), 8.33 (5, 11), 7.94 (s, 1H), 7.59 (ddd, /
=80,62, 1.6Hz, 1H), 754 (ddd, J=85, 7.1, 1.6 Hz, 1H), 7.21 (td, /=81, 1.2 Hz, 1H), 7.19
(s, 1H), 4.63 — 4.56 (m, 1H), 4.46 (dd, J = 11.6, 2.5 He, 1H), 4.17(dd, J = 11.6, 7.1 Hz, 1H),
3.59¢t,J=4.6 Hz, 4H), 2.71 - 2.59 (m, 2H), 2.57 - 2.44 (m, 4H). C NMR (126 MFHz, DMSO-
de): 6 15722, 153.37 (4, Jor = 2473 Hz), 153.13, 148,75, 146.16, 143.28, 130.14, 128.02 (d,
Jor = 13.0 Hz), 127.74, 125.45 (d, Jor = 4.7 Hz), 112,57, 10961, 108.55 (d, Jor = 19.9 Hz),
108.23, 7141, 6629, 66.18, 5797, 53.89. HRMS (DART) m/z M — HJ caled for
O HBrIENGDy, 473.0630; found, 473.0608.

(4 p=N=( 3~Bromo-2-fluorophenyi -8-{ (dimethylaminojmethvi |- 7, 8-dibvdrof I, 4 [dioxine{ 2 3-
glguwinazolin-d-amine {(JGKET77).
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H NMR (500 MHz, DMSO-de): 6 9.62 (s, 1H), 8.33 (s, 1H), 7.94 (s, 1H), 7.59 (ddd, J
= 80,62, 1.6 He, 1), 7.54(ddd, /= 8.5, 7.1, 1 6 Hz, 1F), 721 (1d, /=& 1, 1.2 Hz, 1H), 7.17
(s, THY, 4.57 ~ 4.51 (m, 1H), 4.44 (dd, /= 11.6, 2.5 Hz, 1F), 4.14 (dd, J = 11.7, 7.1 Hz, 1H),
2.58 (s, TH), 2.57 (s, 1H), 2.25 (s, 6H). BC NMR (126 MHz, DMSO-ds}: 6 157.22, 153.38 (d,
Jor = 247 4 Hz), 153,12, 148,78, 146.16, 143.29, 130.14, 128.02 (d, Jow = 13.1 Hz), 127.75

12545 (d, Jor=4.4 Hz), 112.54, 109.59, 108.55 (d, Jor = 19.8 Hz), 108.20, 71.76, 66.31, 58.73,

in

4592 HRMS (DART): m/z [M — HY caled for Gt BeFNG,7, 431.0524; found, 431.0503.

(f)-1\74(3~Br0m0—2;;"2’2:0?0;)%n} - S’~[’4»ﬁhlif';}{mpemzi;%l )Umefh},ﬁ~ 7,8~
ditydrof {4 jdioxinof 2, 3-gf qmmz:oz;fiz 4~ammc (f (ni&{i

)\\\Tfsr
i L

FHNMR (500 Mz, DMSO-de). 6 9.61 (s, 1H), 8.33 (5, 1H), 7.94 (s, 1H), 7.59 (ddd, ./
=8.0,62, 1.6 Hz, 1TH), 7.54 (ddd, /=85, 7.1, L6 Hz, 1H), 721 {td, J= 8.1, 1.2 Hz, 1), 7.19
(s, 1H), 4.60 — 4.53 {m, 1H), 4 4@@5 J=11.6,2.5 Hz, 1H), 4.14 (dd, /= 11.7, 7.1 Hz, 1H),
268 - 2.59 {m, 2H), 2.53 (br 13, 2.34 (br, 4H), 2.16 (5, 3H). BC NMR (126 MHz, DMSO-
dey. 6 157.22, 153.38 (4, Jor = 247.4 Hz), 153.12, 148.78, 146.15, 143.29, 130.13, 128.02 (d,
Jop = 131 Ha), 127.74, 125,45 (d, Jog = 4.5 Hz), 112,55, 109.60, 10855 (d, Jor = 198 Hz),
108.22, 71.57, 66.34, 57.52, 54.68, 53.29, 45.72. HRMS (DART): m/z [M — H]" calced for
CorHasBrFNsOy, 486.0946, fmmd, 486.0928.

(= j-N~(3-Bromo-2-fluorophenyij-S-{{pyvrrofidin-I-ylimethl |- 7 8-ditvvdrof I 4 [dioxinof2, 3~
glguinazolin-d-cmine (FGKG79;.

speeey
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H NMR (500 Mz, DMSCOede): 6 9.61 (s, TH), 8.33 (s, 1FD), 7.94 (s, 1H), 7.59 (ddd, J
=8.0,63, 1.6 Hz, 1H), 7.54 (ddd. /=85, 7.1, 1.6 Hz, 1H), 7.21 (td, J=8.0, 1.2 Hz, 1H), 7.19
(s, 1H), 4.57 — 4,49 (m, 1F), 4.46 (dd, /= 11.6, 2.5 Hz, 1H), 416 (dd, J= 11.6, 7.1 Hz, 1H),
280 (dd, J=12.8, 6.0 Hz, 1H), 2.73 (dd, J = 12.8, 6.2 Hz, 1H), 2.62 ~ 2.48 {m, 4H), 1

1 66 (m, 4H). BC NMR (126 MHz, DMSO-ds) 6 15722, 153.37(@,u<;p =247.5 Hz), 153.12,

148,79, 140.17, 14329, 13015, 02 {d, Jor = 12.9 Hz}, 127.74, 12545 (d, Jor = 4.5 Hz),
112.54, 10958, 108,55 (d, Jor = 20.0 Hz), 108,19, 72,65, 6632, §5.42, 54 31, 23.23. HRMS

(DARTY m/z {M ~ HI caled for O HuoBrFND,, 457.0681; found, 457.0660.

{(Aj-N={ 3-Bromo-2-fluoropheny{j-8-{ (piperidin- [~y imethvi]{-7 S-dilivdrof I 4 [dioxine{2, 3~
<f'qwnazofm d-qinine (JGKO8H).

pRe. \,N
SRSOY
o7 NN R
HN ij\j,Br
1P

T NMR (500 MHz, DMSO-de): 6 9.61 (5, 1H), 8.33 (s, 1H), 7.94 (s, 1H), 7.59 (ddd, J
=8.0,63, 1.6 Hz, 1H), 7.54 (ddd, /=84, 7.0, 1.6 Hz, 1H), 7.21 (td, J= 8.1, 1.2 Hz, 1H), 7.18
(s, 1H), 4.59 — 4.52 (m, 1), 4.44 (dd, J= 116, 2.5 Hz, 1}), 414 (dd, J= 11.7, 7.1 Hz, 1H),
2.65 - 2.54 (m, 2H), 2.53 ~ 2.37 {m, 4H), 1.55 - 1.47 (m, 4H}, 1.43 - 134 (m, 2H). YC NMR
(126 MHz, Di\’iSGdg,): o 15721, 15337 (d, Jer = 2471 Hz), 15311, 148 83, 146.15, 14332,
13012, 128.03 (d, Jor = Hz), 127.73, 12545 ¢d, Jor=4.5 Hz), 11253, 10957, 108 55 {4,
Jer = 108 Hzy, 10819, 71.63, 6642, 5835, 5474, 25,61, 23.83 HRMS (DART) m/z [M -
Hi caled for CoHnBrENGy™, 4710837, found, 471.0814,

N-{3-Bromo-2-flusrophenyll(7,7 8,8 H -7 8-dibvdrof 1, 4 ]dioxinef 2, 3-gjquinazolin-4-amine
(JGKB8I)

FHNMR (500 Mz, DMSO-de). 6 9.61 (s, 1H), 8.33 (5, 1H), 7.93 (s, 1H), 7.59 (ddd, ./
=7.9,63, 1.6 Hz, 1H), 7.54 (ddd, /= 8.4, 7.1, 1.6 Hz, 1H), 7.21 (td, J=8.1, 1.2 Hz, 1H), 7.19
(s, 1H). C NMR (126 MHz, DMSO-ds): 6 157.19, 153,37 (d, Jor = 2472 Hz), 153.10, 149.27,
146.03, 143.67, 130.12, 128.03 (d, Jor = 13.0 Hz), 127.74, 125.44 (d, Jer = 4.2 Hz), 112.47,
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109.63, 10855 (d, Jor = 199 Hz), 10835, HRMS (DARTY m/z [M + HI caled for
C1eHsDyBrFN(h", 380.0342; found, 380.0327.

(L p=N-{ 3-Bromo-2-fluoraphenyii-7-{ 2~(pyrrolidin- I-yiethyl {7, 8-dilbydrof I 4 fdioxinof 2, 3~
giquinazolin-d-amine (JGKO84).

A N \i
/\J\ =N

o .
HN g B
P

HONMR (500 MHz, DMSO-ds): 6 9.60 (s, 1H), 8.33 (3, 1), 7.95 (s, 1H), 7.58 (ddd, ./
=80,62 16Hz IH), 753{ddd, /=84,70, 1 6Hz, 1H), 721 (id, /=81, 1.1 Hz, 2H), 7.20
{s, TH}, 450 (dd, J= 115,23 Hz, 1H), 442 - 436 (m, 1H), 412 (dd, /=115, 77 Hz, 1H},
270 - 2.56 {m, 2H), 2.49 - 2.40 {m, 4H}, 1.8 - 1.78 (m, 2H), 1.73 — 1.64 (m, 4H). PC NMR
(126 MHz, DMSO-de): ¢ 15721, 183.33 (d, Jor = 247.5 Hey, 15313, 148.95, 146.02, 143 37,
13008, 128.07(d, Jor =131 Hz), 127.64, 12548 (d, Jor=4.6Hz}, 112.26, 10978, 10858 (d,

19.8 Hey, 10844, 7176, 67.78, 5363, 51.03, 2953, 23.16. HRMS (DART) m/z [M +
HY caled for CaxHapsBrENLG,™, 473 .0983; found, 473.0976.

(L }=N-{ 3-Bromo-2~fluoraphenyli-7-{ 2-(piperidin- 1-vijeihyl[-7 S8-dibvdrof 1 4 [dioxine{ 2, 3-

glquinazolin-d-amine (JGKO8S).
T f",—N
HN i T L Br
//

T NMR (500 Mz, DMSO-de). § 9.60 (s, 1H), 8.33 (5, 11L), 7.94 (s, 1H), 7.58 (ddd,
=8.0,6.2, 1.6 Hz, 1H), 7.53 (ddd, J = 8.4, 7.1, 1.6 Hz, 1H), 7.204 (d, J = 8.2, 1.3 Hz, 1H),
7198 (s, 1H), 4.51 (dd, J= 11,5, 2.4 HFz, 1H), 439 - 4.33 (m, 1), 411 (dd, /= 11.6, 7.8 Hz,
1H), 2.50 ~ 2.44 (m, 2H), 2.42 - 2.27 (m, 4H}, 1.90 ~ 1.76 (m, 2H), 1.55 — 1.45 {m, 4H), 1.42

134 (m, 2H). PC NMR (126 MHz, DMSO-ds) 4 157.20, 153.33 (d, Jer = 2474 Hz), 153.12,
148.95, 146.02, 143.39, 130.08, 128.07 (d, Jor = 13.1 Hz), 127.64, 125.48 (d, Jor = 4.5 Hz),
112.25, 109.77, 10858 (d, Jor = 20.0 Hz), 108.43, 71.97, 67.80, 54.08, 53.96, 27.69, 25.61,
2412 HRMS (DART): m/z [M + HJ™ caled for CosHasBrIFNGO:™, 487.1139; found, 487.1137.
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(j-N-(3~Bromo-2-fluoropheny[i-8-{ 2-(morpholin-d-yiiethyi{-7 8-dibydrof { 4 fdioxinoe{ 2, 3~
glguinazolin-d-amine (’J(Eﬁ'ﬂ@é)

e peey
@ o

"H NMR (500 MHz, DMSO- u’@): §9.63 (s, 1H), 832 (5, | H), 93 (s, 1H), 7.58 {ddd, ./
= 80,63, 1.5 Hz, 1H), 7.53 (1, /= 7.0 Hz, 1H), 721 (td, J= 8.1, 1.2 Hz, 1H}, 4.50 (dd, J =
11.5, 2.4 Hz, 1H), 4.47 - 4.40 (m, 1H), 4.10 (dd, /= 11.6, 7.4 Hz, 1H), 3.58 (1, /= 4.7 Hz, 4H),
2.55 « 2.46 (m, 2H), 2.45 ~ 2.33 {m, 4F), 1.92 ~ 1.79 (m, 2H}. PC NMR (126 MHz, DMSO-
dey 6 157.20, 153.33 (4, Jor = 248.3 Hz), 153.06, 148.94, 146.06, 143.26, 130.03, 128.12 {4,
Jor = 9.8 Hz), 127.69, 12544 (d, Jop = 4.4 Hz), 112.47, 109.64, 108.55 (d, Jor = 19.9 Ha),
108.18, 72.30, 67.35, 66.22, $3.53, $3.28, 27.25. HRMS (DARTY. sz [M + HJ™ caled for

ConHnBaFNGD: ", 489.0932; found, 489.0926.

W4
v
[

f,

(< j-N~(3-Bromo-2-fhoropheny !j-8~[2 (dimethvicmingleihiyl-7 8-dilvdrof i 4] dicxine{ 2, 3-
glguinazolin-d-amine (FGKO87)

i
N~ O N
PUL I R
OA/ - P

B NMR (500 MHz, DMSO-de) 6 9.61 (s, 1H), B33 (s, 1H), 7.93 (5, 1H), 7.59 (1, / =
6.9 Hz, 1H), 7.54 (t,./="7.5 Hz, 1H), 7.21 (. J= 8.1 Hz, 1H), 718 (s, 1H), 4.49(dd, /= 11.6,
2.3 Hz, TH), 4.45 - 438 {m, 11, 4.09 (dd, /= 11.6, 7.5 Hz, 1H), 2.47 - 2.38 (m, 2H), 2.17 (s,
6H), 1.86 ~ 1.78 (m, 2. 7C NMR (126 MHz, DMSO-de): & 157.20, 153.37 (d, Jor = 247.6
Fiz), 153.08, 148.99, 146.14, 143.29, 130,10, 128.07 {d, Jor = 15.6 Hz), 127.72, 125 44 (4, Jox
=4 4 Hz), 112.50, 109.58, 108.54(d, Jor = 19.7 Hz), 108.13, 72.30, 67.36, 54.43, 45.17, 2827,
HRMS (DART): m/z [M + HI" caled for CooHyBrFNLO;7,447.0826, found, 447.0818.

(< j-N~{3-Bromuo-2-flucrophenyj-8- 2-(4-methyipiperazin-{-vie il {-7,8-
dibydrof 1 4 jdioxinof 2, 3-glquinazofin-4-amine (JGKO88).
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~
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o I A 2N o

HN@,E&‘

H NMR (500 MHz, DMSO-ds}: 6 9.62 (s, 1H), 833 (5, 1H), 7.93 (s, 1H), 7.50 (¢, J =
7% Hz, 1H), 7.54 (t, J= 7.5 Hz, 1H), 7.21 (t, /= 8.0 Hz, 1H), 7.17 (5, 1H), 4 49 (dd, /= 11.5,
2.4 Hz, 1H), 4.45 - 438 (m, 1H), 410 (dd, J= 11.6, 7.4 Hz, TH), 2.48 - 2.21 (m, 10H), 2.14
(s, 3H), 1.91 ~ 1.76 (m, 2F). C NMR (126 MHz, DMSO-de): & 15720, 153 36 (d, Jow = 246.9
Fiz), 153.08, 148.98, 146.13, 143.28, 130.09, 128.05 (d, Jor = 11.7 Hz), 127.72, 125.44 (d, Jor
=43 Hz), 112.50, 109,58, 108.55 (d, Jep = 19.8 Hz), 108.13, 72.40, 67.37, 54.78, 53.11, 52.65,

4576, 2761, HRMS (BARTY m/z [M + HY™ caled for CnaHasBrFNG,™, 502.1248; found,
S02.1240.

(}~N={ 3-Bromo-2-fluorophenyvii-8-{ 2-(pyrrolidin- I pletqyd |7, 8-iqydrof 1 4] dioxine] 2 3~
giguinazolin-4-amine (JGKO89).

A
%\,,NNAEOL\ N
o LA N =
el

'H NMR (500 MHz, DMSO-de): 8 9.62 (s, 1H), 833 (s, 1H), 7.93 (s, 1H), 7.59 {1, J =
72 He, 1H), 7.53 (t,./ = 7.5 Hz, 1H), 7.21 (¢, J = 8.0 Hz, 1H), 7.17 (5, 1H), 4,49 (dd, /= 11.5,
2.4 Hz, 1H), 447 ~ 4.41 {m, 1), 410 (dd, /= 11.5, 7.4 Hz, 1H), 2.68 ~ 2.53 (m, 2H), 2.50 -
2.40 {m, 4H), 1.89 ~ 1.81 (m, 2H), 1.73 — 1.65 (mn, 4H). YC NMR (126 MHz, DMSO-ds). 6
157.20, 153.36 (d, Jor = 246.9 Hz), 153.07, 148.98, 146.13, 143.28, 130.07, 128.10, 127.71,
125.44 (4, Jor= 4.6 Hz), 112.48,109.60, 108 55 {(d, Jor = 19.8 Hz), 108.15, 72.31, 67.37, 53 57,
50.97, 29.58, 23.14. HRMS (DART) m/z [M + H|" caled for CoHusBrFNLO,7, 473.0983;
found, 473.0976.

Br

{5 p=N-{3-Bromo-2-flucrophenylj-8-1 2-(piperidin-{-yethyl |7 8-difiydrof 1, 4 dioxinof 2, 3-
glguinazolin-4-amine (JGKE94;.
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[vr\s\/ Ou_ N
I

o.f < < F

HNC_ A - B
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H NMR (500 MHz, DMSO-ds}: 6 9.62 (s, 1H), 832 (5, 1H), 7.93 (s, 1H), 7.59 (¢, J =
71 Hz, 1H), 7.53 (4, J= 7.5 Ha, 1H), 7.21 (id, J= 8.0, 1.2 Hz, 1H), 7.17 (s, 1H), 4.49 (dd, J =
11.5, 2.4 Hz, 1H), 4.44 ~ 437 (m, 1H), 4.10 (dd, /= 11.6, 7.4 Hz, 1H), 2.48 - 2.43 (m, 2H),
241 227 {m, 4H), 1.90 — 1.77 (m, 2F), 1.54 — 1 45 (m, 4H), 1.42 — 1 34 (m, 2FD. BC NMR
(126 MHz, DMSO-ds): 8 157.19, 153.34 {d, Jor = 246.7 Hz), 153.07, 149.00, 146.11, 143 .29,
130.07, 12810, 127.71, 12544 (4, Jor = 4.3 Hz), 112.48, 109 60, 108.55 (d, Jer = 19.9 Hz),
108.14, 72,50, 67.40, 54.02, $3.87, 27.70, 25.63, 24.13. HRMS (DART): m/z [M + H|" caled
for CosHpsBrFNLO,”, 487.1139; found, 487.1133.

N-{3-Bromo-2-fluoropheny{}-8, 9-dibydro-TH-{ 1 4 [dioxepino{ 2, 3-g{quinczolin-4-amine

(FGKO8I).
© S ’”N\
CJAO
O//;YIN e
HN };\\}/Br
©

o

H NMR (500 MHz, CDCls): 6 8.71 (s, 1H), 8.65 (ddd, J =83, 7.3, 1.5 Hz, 1H), 7.48
(s, 1H}, 7.43 (s, 1H), 7.39 (br, 1H), 7.28 (ddd, J = 8.1, 6.5, 1.5 Hz, 1H), 7.11 {td, /=82, 1.6
Flz, 1H), 441 (£, /=57 Hz, 1H), 438 (¢, J= 5.8 Hz, 1H), 232 (p, /= 5.8 Hz, 1H). BC NMR
(126 MHz, CDClz): 6 157.06, 156.08, 153.93, 15162, 150,19 {d, Jor = 242.7 Hz), 14783,
128.53 (d, Jor = 10.4 Hz), 127.39, 12532 (d, Jor = 4.7 Hz), 121.84, 119.15, 111.47, 110.85,
108.62 (d, Jor = 193 Hz), 70.86, 70.51, 31.03. HRMS (DART): m/z {M + HI caled for
C-HuBrFNO,", 390.0248; found, 390.0236.

N-3-Bromo-2-fluorophenyl}-2H-{ 1,3 jdioxolof4 5-glauinczalin-&-amine (JGKH92).
O
CTI
Q—"' o /’N F
HN

] X

P

Br

- 1588 -



WO 2020/190765 PCT/US2020/022743

HONMR (500 MHz, CDChL) 6 869 (s, 1H), 8.58 (ddd, /=83, 7.3, 1.5 Hz, 1H), 7.28
(ddd, F=8.1, 6.5, 1.6 Hz, 1H), 7.25 (br, 1H), 7.14 (s, 1H), 7.11 (td, =82, 1.6 Hz, 1H), 6.17
(s, 2H), signal of one proton missing {probably hidden by the chioroform signat). PC NMR
(126 MHz, CDCla)y ¢ 156,10, 15337, 15322, 15022 (d, Jovr = 242.3 Hz), 14937, 14843,
128.67 {d, Jor = 104 Hzy, 127.28, 12530 (d, Jor = 47 Hz), 121,84, 11075, 108.64 (4, Jop =
19.4 Hz), 10629, 102,48, 96 49, HRMS (DART): m/z [M + HY caled for CisHinBrFN:0y",

361.9935; found, 361.9925.

Example 19 Metabolic Studies of Exemplary Compounds of the JGK series

Exemplary compounds (16 mM} were incubated in human, dog, mouse, or rat liver
maicrosormes {1 mg/mL) for up to 90 minutes at 37°C. Reactions were stopped by the addition
of acetonitride. Controls {compound free) microsome studies were run in parallel, LCMS
Studies were performed on a Waters Xevo G2 QTof equipped with a Luna Omega Polar C1§,

1.6 m, 2.1 x 30 mum column. Streutures of exmplrary metabolites are decpited in FIG. 47,

Madification Human (%} | Beg (%) | Mouse (%) | Rat (%)
1. Parent §7.8 35 599 70.2
2. Hydroxvlation 6.0 0.0 0.0 4.8
3. N-demethylation 137 0.9 5.4 82
4 Hydroxylation 42 61.9 22.0 219
S. Hydroxylation 0.7 0.0 0.0 0.6
6. N-dealkylation 0.5 0.0 1.3 2.7

INCORPORATION BY REFERENCE

All publications and patents mentioned herein are hereby incorporated by reference in
their entirety as it each individual publication or patent was specifically and wdividually
indicated o be incorporated by reference. In case of conflict, the present application, including

any definitions herein, will control.

EQUIVALENTS

While specific embodiments of the subject invention have been discussed, the above
specitication 1s illustrative and not restrictive. Many variations of the invention will become
apparent to those skilled in the art upon review of this specification and the claims below. The
full scope of the invention should be determined by reference to the claims, along with their

full scope of equivalents, and the specification, along with such variations.
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We claim:

i A compound of Formula I or Formula T

ey ()

or a pharmaceutically acceptable salt thereof, wherein:

Z is aryt or hetercarvl;

R and R?® are each independently selected from hydrogen, alkyl, halo, CN, and NOy;

R? is hydrogen, alkyl, or acyl;

R* is alkoxy:

R is alkyl; R and R® are, each independently, selected from hydrogen, alkyl, such as
alkoxyalkyl, aratkyl, or arylacyl;

R is hydrogen, alkyl, halo, CIN, NO», OR, cycloalkyl, heterocyclyl, aryl or heteroaryl; and

R is hydrogen, alkyl, halo, CIN, NO2, OR®, cycloalkyl, heterocyelyl, aryl or heteroaryl; or

R'" and R taken together complete a carbocyclic or heterocyelic ring,

2. The compound of claim 1, wherein if R* is hydrogen, then R is selected from alkyl,

halo, ON, and NO».

5

3. The compound of claim 1, wherein if R®® is hydrogen, then R™ is selected from alkyl,

halo, N, and NO;.

4, The compound of any one of the preceding claims, wherein the compound is a

compound of Formula (IVa) or Formula (IVb):
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(1vVa) (1Vh)

or a pharmaceutically acceptable salt thereof, wherein
each instance of R® is independently selected from alkyl, alkoxy, OH, CN, NQ;, halo, alkenyl

atkvoyi, aralkyloxy, cycloalkyi, heterocvelyi, aryl, or beteroaryl.

5 The compound of any one of claims 1-4, wherein RM is hydrogen.
6. The compound of any one of claims 1-4, wherein R" is OR’.
7. The compound of claim 6, wherein R is hydrogen.
8. The compound of claim 6, wherein R’ is allyl.
9 The compound of claim 6, wherein R’ is alkoxyalkyl.
106 The compound of claim 6, wherein R is arvlacyl.
1§y The compound of any one of claims 1-10, wherein R is heteroaryl, such as furanyl.
12, The compound of claim 11, wherein the heteroaryl 1s substituted with alkyl, alkoxy,
LS X5
NP AT
Alkyt g8 S
d \OJI\N’\/ D Alkyl” TN
L 0 o
- - Se)\ é}\
OH, CN, NO>, halo, , oF s
13 The compound of any one of clairms 1-10, wherein R™ is OR®.
i4.  The compound of claim 13, wherein R? is hydrogen.
15. The compound of claim 13, wherein R® is alkoxyalkyl.
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16, The compound of claim 15, wherein R is alky! substituted with
Ho o H
| /\T“‘Tﬁ{ EA\}(N\ET}{ E SN ,N\H 1
~ 0 j\;f O A O
S
- G L0 LOH
o E ™ HoN ™~ HoN
O , O ,or O
17. The compound of claim 15, wherein R¥ is acyl.
18, The compound of any one of claims 1-4, wherein R and R*? combine to form a

carbocylic or heterocyclic ring, such as a S-member, 6-member, or 7-member carbocyclic or

heterocyclic ring.

19 The compound of claim 18, wherein the carbocyclic or heterocyclic ring 1s substituted

with bydroxyl, alkyl (e.g., methyl}, or alkenyl (e.g., vinyl}.

260, The compound of any one of claims 1-3, wherein the compound 15 a compound of

Formuia fa, Ib, Ic, or Id:

(e (1d}

or a pharmaceutically acceptable sali thereof, wherein:

Xis(, S, or NH;
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Z1s arvl or heteroaryl,

R! is hydrogen or alkyl;

R and R are each independently selected from hydrogen, alkyl, halo, CN, and NO»;
R’ is hydrogen, atkyl, or acyl;

RY 5 atkoxy,

R is alkyl; and

nis -3

21 The compound of any one of claims 1-20, wherein either R or R™ is selected from

alkyl, halo, CN, and NQ;.

22, The compound of claim 20 or 21, wherein the compound is a compound of Formula

{Ha) or Formula (Iiby:

(Ha)

or a pharmaceutically acceptable salt thereof, wherein
each instance of R® is independently selected from alkyl, alkoxy, OH, CN, NQ;, halo, alkenyl

alkvuyl, aralkyloxy, cycloalkyl, heterocyelyl, aryl, or heteroaryl.
23, The compound of claim 22, wherein R' is alkyl {e.g., methyl or ethyl) substituted with
heterocyelyl {e.g., a nitrogen-~containing heterocyelyl, such as morpholinyl, pipenidiny,

pyrrolodinyl, or piperazinyl, such as N-methvl piperazioyl).

24 The compound of claim 22, wherein R is alkyl {e.g., methy! or ethyl) substituted with

amino {(e.g., dimethyl amino).

25. The compound of any one of claims 20-24, wherein R’ is represented by Formula A

163 -



WO 2020/190765 PCT/US2020/022743

wherein,

R and R are each independently selected from alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycivl, arvl or heteroaryl; or R¥ and R combine to form a heterocyelyl: and

y 18 0-3.

26.  The compound of claim 22, wherein R’ is alkyl (e g, methyl or ethyl) substituted with

hydroxyl.

=3

b2

The compound of any one of claims 20-26, wherein R' is in the § configuration.

28. The compound of any one of claims 20-26, wherein R' is in the 8 configuration.
29, The compound of any one of claims 1-28, wherein R’ is hydrogen.
30. The compound of any one of claims 1-28, wherein R’ is acyl.
31, The compound of claim 30, wherein R* is alkyvlacyl
32. The compound of claim 30, wherein R” is alkyloxyacyl.
33 The compound of claim 30, wherein R is acyloxyalkyl
34 The compound of claim 30, wherein R is

jio §
N

9
R Ei i

N cand

R’ is alkyl.
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35. The compound of any oue of claims 1-34, wherein 2 1s 2-fluore-3-chlorophenyl, 2-
fluorophenyl, 2,3-difluorophenyl, 2,4-difluorophenyl, 2,5-difluorophenyl, 2 6-difluorophenyl,
2,4 o-triftuorophenyl, pentafiuorophenyl, 2-fuoro-3-bromophenyl, 2-fluoro-3-ethynylphenyl,

and 2-fluoro-3-(friffuoromethyl jphenyl.

36, The compound of any one of claims 1-34, wherein Z 18 3-gthyayiphenyl
37 The compound of any one of claims 1-34, wherein Z i3 3-chloro-4-{(3~

fluorcbenzyljoxybenzene.

38. The compound of any one of claims 1-34, wherein Z 15 3-chloro-2-

{trifluoromethyliphenyl.

39. The compound of any one of claims 1-34, wherein £ 15 2-fluoroe-3-bromophenyl.

40. The compound of any one of claims 1-34, wherein Z 15 2-fluoro-S-bromeophenyl.

41 The compound of any one of claims 1-34, wherein Z is 2 6-diffucro-S-bromophenyl.
42. The compound of any one of claims 1-34, wherein:

7 is substituted with one R® selected from

O
o ?i(/ﬁ\ o R
. RE
O/ HN 7{/0\ =
NH; of G - and

R” and R' are independently selected from alkyl.

43, The compound of any one of claims 1-34, wherein the compound is a compound of
Formula (Iffa):
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or a pharmaceutically acceptable salt thereof, wherein

each R® is independently selected from fluore, chiore, or bromo.

44, The compound of any oue of claims 1-34, wherein the compound is a compound of

Formula ({ifb):

or a pharmaceutically acceptable salt thereof, wherein

each R® is independently selected from fluore, chiore, or bromo.

45, The compound of any one of claims 1-34, wherein the compound is a compound of

Formula (Ific):

(Ilic):
or a pharmaceutically acceptable salt thereof, wheremn

each R® is independently selected from flucro, chioro, or bromo.
o 3

46, The compound of any one of claims 1-45, wherein R% is hydrogen.

47. The compound of any one of claims 1-45, wherein R* is halo (e.g., fluoro).
48 The compound of any one of claims 1-47, wherein R* is hydrogen.

49 The compound of any one of clairms 1-47, wherein R™ is halo {e.g., fluoro).
50. The compound of any one of claims 1-49, wherein the compound is:
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Q
Br NH__. % Br

1 T\ = roj@ "
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NH /j/Br NH\/\ Br \EH /KfBr
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oy
¥

, of ’ ,ora
pharmaceutically acceptable sait thereof.

St The compound of any one of claims 1-49, wherein the compound is:

/‘\

‘/\N/\L f‘\\ﬁ\

HN

F

Br

E
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¢ N N ,/\L \T
LA N

|
,/N\{LO/ -
O
e e
P
& L
fii &) N Y
- \,‘//\[ \ﬂ\\\_\r’ ﬁ LVN\//‘\Y,O Ry N\\[
A A 89
O - \O, N E

N%,

i |
\/ N \/’TO . "'"\\\\Y’ N\ N N e -~ \"\/
P i // i =N ,/\\\,:;, . E

75’ O
cand N ara

pharmaceutically acceptable salt thereof.

52.  The compound of claim 1, wherein the compound is:
)

A 7S N\\\} DOt N\\\1
L A 2N E o N

O < Ty = s e

HN i/ﬁ/sr D HN LB
or ; or a pharmaceutically acceptable salt

thereof.
53. The compound of any one of claims 1-49, wherein the compound s
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Sve

:"EO\"/\\O,/' = ;;.N r
NH ,g,ar

P

oF L” " or a pharmaceutically

acceptable salt thereof

54. A pharmaceutical composition comprising the compound of any one of the preceding

claimas and a pharmaceutically accepiable exciptent,

s8S. A method of inhibiting EGFR or a variant thereof, such as AEGFR, EGFR.
extracellular mutants, BEGFR AZ8S, EGFR T263, and/or EGFR activating mutants, tor
example ex19 deletion, comprising administering to a subject a cornpound or composition of

any one of claims 1-54,

36, A method of treating cancer, comprising of administering to a subject in need of a

treatment for cancer a compound or composttion of any one of clatms 1-54.

57 The method of claim 56, wherein the cancer is bladder cancer, bone cancer, brain
cancer, breast cancer, cardiac cancer, cervical cancer, colon cancer, colorectal cancer,
esophageal cancer, fibrosarcoma, gastric cancer, gastrotntestinal cancer, head, spine and neck
cancer, Kaposi’s sarcoma, kidney cancer, leukemia, Hiver cancer, lymphoma, melanoma,
multiple myeloma, pancreatic cancer, pentle cancer, testicular germ cell cancer, thymoma

carcinoma, thymic carcinoma, lung cancer, gvarian cancer, or prostate cancer,

58, The method of claim 57, wherein the cancer is glhioma, asirocytoma or ghoblastoma.

59, A method of treating cancer in a subject, the method comprising administering to the
subject a ghicose metabolism inhibitor and an additional agent, wherein the glucose
raetabolism inhibitor 18 a compound of any one of claims 1-53 or a pharmaceutically

acceptable salt thereot and the additional agent 1s a cytoplasmic pS3 stabilizer,

60, The method of claim 59, wherein the cancer is bladder cancer, bone cancer, brain
cancer, breast cancer, cardiac cancer, cervical cancer, colon cancer, colorectal cancer,

esophageal cancer, fibrosarcoma, gastric cancer, gastrointestinal cancer, head, spine and neck
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cancer, Kaposi's sarcoma, kidney cancer, leukemia, fiver cancer, lymphoma, melanoma,
multiple myeloma, pancreatic cancer, penile cancer, testicular germ cell cancer, thymoma

carcinoma, thymic carcinoma, lung cancer, ovarian cancer, or prostate cancer,

61, The method of claim 59, where the cancer is glioblastoma multiforme, ghioma, low-
grade astrocyioma, mixed oligoastrocytoma, ptlocytic astrocytoma, pleomorphic
xanthoastrocytoma, subependymal giant cell astrocytoma, anaplastic astrocytoma, UNS

cancer, non-CUNS cancer, or UNK metastases or lung cancer.

62. The method of claim 59, wherein the cancer is glioma, astrocytoma or glioblastoma.
63, The method of any one of claims 55-62, wheretn the method reduces cancer cell
proliferation.

64.  The method of any one of claims 59-63, wherein the subject has been determined to

have cancer that 1s susceptible to glhucose metabolism inhibitors.

65, The method of claim 64, wherein the subject has been deternuned to be susceptible to

the glucose metabolism inhibitor by a method comprising:

a obtaining a first blood sample from the subject;
b. placing the subject on a ketogenic diet;
c. obtaining a second blood sampie from the subject after being placed on a ketogenic

diet for a period of time;

d. measuring glucose level in the first and in the second blood sample;
3 comparing the ghucose level in the second blood sample with the glucose level in the

first blood sample; and
£ determining that the subject is susceptible if the glucose level in the second bload

sample is reduced as compared to ghicose levels in the first blood sample.

66.  The method of claim 65, wherein the reduction in the glucose level between the

second biood sample and the control blood sample is about or greater than 0.15 mM.

&7, The method of claim 65, whergin the reduction in the ghicose level between the

N

second blood sample and the control bload sample is about or greater than 0.20 mM.
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68, The method of claim 65, wherein the reduction in the ghicose level between the

second blood sample and the control blood sample is in the range of 0.15 oM - 2.0 mML

69 The method of claim 65, wherein the reduction in the ghicose level between the

second blood sample and the control blood sampie 1s in the range of 025 mM - 1.0 mM

70, The method of any one of claims 59-69, wherein the cytoplasmic p33 stabilizer is an

MIDM2 inhibitor.

71 The method of claim 70, wherein the MDM2 inhibitor is a mutlin,

72. The method of claim 70, wherein the MDM2 inhibitor is nutlin-3 or idasanuthin.
73 The method of claim 72, wherein the subject is admimstered SO mg to 1600 mg of
idasanutlin.

74, The method of claim 72 or 73, wherein the subject is administered 100 mg of
idasanutlin.

75, The method of clatm 72 or 73, wherein the subject is administered 150 mg of
idasanutlin.

76. The method of claim 72 or 73, wherein the subject is administered 300 mg of
wdasanutlin,

77. The method of claim 72 or 73, wherein the subject is administered 400 mg of
wdasanutlin,

78.  The method of claim 72 or 73, wherein the subject is administered 600 mg of
idasanutlin,

79, The method of claim 72 or 73, wherein the subject 1s administered 1600 mg of
idasanutlin,
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&0, The method of claim 70, wherein the MDBM2 inhibitor 1s ROS045337, ROSS03781,
RO6E39921, SAR40S83R, DS-3032, DS-3032b, or AMG-232.

g1 The method of any one of claims 59-70, wherein the cyvtoplasmic p53 stabilizer is a

BCL-2 inhibitor.

&2, The method of claim 81, wherein the BCL-2 inhibitor is antisense
ohgodeoxymucleotide G3139, mRNA antagonist SPC2996, venetoclax (ABT-199), GDBC-
3199, chatoclax, paclitaxel, navitoclax (ABT-263}, ABT-737 NU-0129, K 055746, or APG-

1252,

83, The method of any one of claims 59-70, wherein the cytoplasmic p353 stabilizerisa

Bcl-xL inhibitor,

84, The method of claim 83, wherein the Bel-xL inhibitor is WEHI 539, ABT-263, ABT-
199, ABT-737, sabutoclax, AT101, TW-37, APG-1252, or gambogic acid.

85, The method of any one of claims 59-84, wherein the glucose metabolism inhibitor and

the cytoplasmic p33 stabilizer are administered tn the same composition.

86,  The method of any one of claims 59-84, wherein the glucose metabolisro inhibitor and

the cvtoplasmic p33 stabilizer are administered in seperate compositions.

&7 The method of any one of claims 53-86, wherein the cancer s relapsed or refractory.
88. The method of any one of claims 55-87, wherein the cancer is treatment naive.
89.  The method of any one of claims 59-88, wherein the method further comprises

administration of an additional therapy.

90. A pharmaceutical composition comprising a ghicose metabolism inhibitor and a
cytoplasmic pS3 stabilizer, wherein the glucose metabolism inhibitor is a compound of any

one of claims 1-33.
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81, The pharmaceutical composition of claim 90, wherein the cytoplasmic pS3 stabilizer

s an MDM?2 inhibitor.

92, The pharmaceutical composition of claim 91, wherein the MIDMZ2 inhibitor is a nutlin,

e pharmaceutical composition of claim 91 or 92, wheretn the MDM?2 inhibitor is
93 The ph tical posit f ol 1 or 92, wi the MDM2 tonhibis

nuthin-3 or idasanutlin,

94, The pharmaceutical composition of claim 91, wherein the MIDMZ inhibitor is

R{OS045337 ROSS503781, RO083%9921, SAR40S838, D8-3032, DS-3032h, or AMG-232.

95, The pharmaceutical composition of claim 90, wherein the cytoplasmic pS3 stabilizer

is a BCL-2 inhibitor.

96. The pharmaceutical composition of claim 95, wherein the BCL-2 inhibitor is
antisense oligodeoxynucieotide G3 139, mRNA antagonist SPC2996, venetoclax {ABT-199},
GDC-0199, obatoclax, paclitaxel, navitoclax (ABT-263), ABT-737, WU-0129, § 055746, or
APG-1252.

97. The pharmaceutical compaosition of claim 90, wherein the cytoplasmic p53 stabilizer

is & Bel-xL inhibitor,

98.  The pharmaceutical composition of claim 97, wherein the Bel-xL inhibitor 1s WEHI
339, ABT-263, ABT-199, ART-737, sabutoclax, AT101, TW-37, APG-1252, or gambogic
actd.

99, A method of making a compound of any one of claims 1-52 or a pharmaceutically

acceptable salt thereot, according to Scheme 1 or Scheme 2

Scheme 1
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X N
{7, i u
P 8
Rot™ ™y
Syt

Scheme 2

wherein:

X183, S, or NH;

Z is aryl or hetercaryl;

Rbis atkoyl;

R™ and R? are each independently sefected from hydrogen, alkyl, halo, N, and NO»;

R’ is hydrogen, alkyl, or acyl;

R* is alkoxy:

R is alkyl;

R* is an alkyl substituted with a leaving group, e.g., a haloatkyl or sulfonylatkyl,

B is a base;

Nu i3 a nitrogen-containing heterocyele (e g, baving at least one N-H bound), arowoalkyl, or
hydroxyalkyl;

Sv!is a solvent; and

nis 0-3,

100, The method of claim 99, wherein R is sufonylalkyt {e.g., CHES(OR0OCH:-).

101, The method of claim 99 or 100, wherein B 1s a nitrogenous base {(e.g, triethylanmine

or ditsopropylethylamine).

102, The method of any one of claims 99-101, wherein Nu 13 a heterocycle having at least

one N-H bond (¢ g, morpholine, N-methyipiperazine, piperidine, or pyrrolidine).

103 The method of any one of claims 99-102, wherein Nu 13 anmunoalkyl {e.g.,

dimethyvlamine}.
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104, The method of any one of claims 99-103, wherein the solvent is an aprotic solvent

{e.g., dimethylformamide).

105, The method of any one of ¢laims 99-104, wherein the method further comprises a step

according to Scheme 3 or Scheme 4:

R% X RN N
P
X
RZb
Rzé RZBa
X N N X
(Ji ] RSN “R23 R24 (/IE E
n
- =
R22 K = 22 X7
R?b

4

cheme 4

r
Ly

wherein:

R** is alkyl or hydroxyalkyi;

R*% and R¥ are each alloyl;

R is aminoaryl or aminoheteroaryl; and

Sv* is an acid.

106, The method of claim 105, wherein R* is hydroxyalkyl.

107, The method of claim 105 or 106, wherein R**? and R*" are each methyl,
108, The method of any one of claims 105-107, wherein R is aminoaryl.

109 The method of any one of claims 105-107, wherein R™ is aminohetercaryl.

110, The method of any one of claims 105-109, wherein 8v* is an allylacid {e.g., acetic

- 175 -
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111, The method of any one of claims 105-110, wherein the step ts performed at a

temperature in the range 115-150°C.

112, The method of claim 111, wherein the step is performed at a tesnperature in the range

125-130°C.

113, The method of any one of claims 105-112, wherein the step further comprises

treatroent with a base, such as amminoum hydroxide.

114, The method of any one of claims 99-113, wherein the method further comprises a

purification step.

115, The method of claim 114, wherein the purification step comprises column
chromatography, preparative thin layer chromatography, or high performance liquid

chromatography.
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FIG. 44
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FIG. 45A
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FIG. 45B
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