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ABSTRACT
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GABAARs (gamma-aminobutyric acid type A receptors) are transmembrane pentameric ligand-
gated chloride ion channels that respond to GABA, the central nervous system's principal
inhibitory neurotransmitter (CNS). The benzodiazepines (BZDs) bind between the GABAAR
a+y2-subunits at their extracellular interface. The binding of ligands to distinct subunits of GABAA
receptors, notably the a1-6B2/3y2 ion channels, can have a wide range of effects on brain activities.
The sedative, ataxic, amnesic, anticonvulsant, and addictive actions of GABAARs' al-subtype
selective ion channels should be avoided, except for the anticonvulsant and anxiolytic effects,
while creating ligands for this BZ allosteric modulatory site. Many studies have linked the 02/3-
containing GABAARs to anxiolytic, anticonvulsant, and antinociceptive properties. Muscle
relaxation may be mediated by interaction of a3 subtypes at higher doses. GABAAaRS that include
the a5 subtype are known to play a role in cognition, learning, and memory. GABA activity

disruption at a5 GABAAR subtypes plays a role in the pathophysiology of CNS illnesses such



schizophrenia, major depressive disorder (MDD), bipolar disorder, and some anxiety disorders

such as OCD.

Medulloblastoma is the most common pediatric brain tumor. There are four subgroups of
medulloblastoma: WNT, SHH, Group 3 and Group 4. Group 3 has the highest morbidity rate,
relapse and metastasis rate. The standard treatment of medulloblastoma includes surgical removal
of the tumor followed by radiation and chemotherapy which cause unwanted side effects such
hearing impairment, permanent damage to the endocrine system and neurocognitive functions and
secondary tumors. Better treatments of medulloblastoma are needed. In group 3 medulloblastoma
tumors they show a high expression of GABRADS receptors, which is the a5 subunit of ligand gated
ionotropic y-aminobutyric acid type A receptors. In recent times, there is a lot of evidence
published on the role of ion channel activity on brain cancer progression. Collaborating with Dr.
Sengupta’s research group at Emory University it was shown that by using positive allosteric
modulators of GABRADS such as benzodiazepines like KRM-11-08 and QH-11-66 the cell viability
of group 3 medulloblastoma can be impaired in vivo and in vitro with better specificity and potency
than the standard of care treatments in the clinic. In this research several analogues of KRM-11-08
were designed, synthesized, and assayed and the most potent analogue binds with native tumor
receptors with ECso and 1Cso values of ~0.8 micromolar. As a result of this binding, there is a 2 x
10° ions.sec chloride flux which morphologically evokes mitochondrial membrane
depolarization, nuclei distention, and cellular blebbing. This is correlated with the localization of
pro-apoptotic Bcl-2-associated death promoter (BAD) protein. Thus, this potent, non-toxic
benzodiazepine may serve as an efficient anti-cancer drug for group 3 type medulloblastoma. This

study was published in 2019.



Melanoma is the deadliest form of skin cancer. More than 100,000 people are expected to be
diagnosed in the USA in 2021. Current treatment with radiotherapy and immune checkpoint
inhibitors does not show significant improvement in patients. Therapy combined with QH-II-66,
radiation, and an immune checkpoint inhibitor shows improved results in controlling the metastasis
by lowering the mass of the tumor. By gene expression analysis it was seen that these cancer cells
show high expression of GABAA receptors, includes a5 GABAA subunits. Electrophysiology
shows these receptors are functional. This sensitization to melanoma cells is benzodiazepine
exclusive and does not impair normal cells. In a syngeneic mouse model of melanoma QH-II-66
showed increase in the depolarization in mitochondria which initiates programmed cell death of
cancer cells. Combined therapy with QH II 66 and radiation show even better results. Lymphocyte
and CD8+T cell counts were also increased after the treatment. Large-scale synthesis here was
developed for QH II 66. It was important to point out the related benzodiazepine was either very
weak or not active at all in these cancers. Thus, this potent, non-toxic benzodiazepine may serve
as an efficient anti-cancer drug for melanoma. This study produced one publication in 2021 and

two patent application submission in 2022.

After these studies a large scale synthesis was required. An efficient large scale synthetic route was
developed for KRM II 08 and QH II 66. In the new route there was a 40% overall yield for QH II
66 and a 35% overall yield for KRM II 08. It was achieved by purification of steps by a
crystallization process. This synthetic route helped reduce the time and money, as well as made
the procedure more efficient to synthesize these two compounds. More than 30 grams of each of

these two compounds were synthesized during this study.



These two-lead compounds were also tested in H1792 lung cancer cell lines. Both compounds
were active in H1792 lung cancer cell lines. At least 20 analogues were synthesized and analyzed
on H1792 cancer cell lines in collaboration of Dr. Krummel’s and Dr. Sengupta’s lab at University
of Cincinnati. A new novel compound TA II 73 was discovered during this process which was two
times more efficacious than the previous lead compound QH II 66 in H1792 non-small cell lung
cancer cell lines, melanoma cell lines and glioblastoma cell lines. This TA I 73 developed a whole
new series of anticancer benzodiazepines which have a 2’CHj3 in the pendent phenyl ring. TA 11 73
is non sedative on the rotorod assay at 40 mg/Kg dose. During this process the synthetic route for
TAII 73 was also improved. Experiment also showed that it is also active in LN 18 cell line which

was derived from glioblastoma cancer patients.

There are important consequences of the development of the anticancer drugs contained in a
privileged benzodiazepine skeleton. QH 11 66, KRM 11 08, TA Il 73 and many other anticancer
drugs have gone through the blood brain barrier in 20 to 30 minutes, as opposed to many anticancer
drugs which do not have to be injected directly into the brain. While QH 1l 66 and analogs greatly
enhance the anticancer activity of radiation and/or immune checkpoint inhibitor when they are
given together, the combination of all three is even more potent, synergistically in mouse cancer

models. In addition, these anticancer compounds are non-toxic for normal cells.

Furthermore, the anxiolytic activity and slight sedative activity of these agents will be important
to patients who are undergoing dual or combination therapy because some stress will be decreased.
It is felt, especially in combination therapy, anticancer drugs developed here will have clinical

significance.
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A topology for gabaar subunits that has been proposed. The n-terminal end in the
extracellular domain is designated the n-terminal end, and M1-M4 are transmembrane

sections. (figure adapted from Burt, et al. 17 and Clayton, et al.)®®........ccoocvviveeviiennne. 2

In longitudinal vision (a) and cross-sectional view (b), schematic representations of
GABAA, the ligand-gated chlorine ion channel, is shown (b). The M1-M4 transmembrane
domains are represented by the numbers 1-4. Within the lipid bilayer membrane, the

domain M2 domain is responsible for the majority of the pore lining. (figure modified from

Keramidas et al.19 and Clayton et al.)®® ..........cocoocovoiiieieiiiieeeeeeee e, 3
As seen from the synaptic cleft, the arrangement of the al1f3y2 GABAAR subtypes. Gaba
binding sites are found at the interfaces between the a+ and - subunits, while bzd binding
sites are found at the interface between the a+ and y- subunits. Each subunit's loop C is
represented by the o+. (figure modified from Clayton, et al.*¥and Ernst, et al.)?’ ............. 4
Diazepam, chlordiazepoxide, imidazodiazepine (IMDZ), midazolam, and flumazenil are
some of the most prevalent BZDs. Both BZDs and imdzs have their atoms labeled.
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midazolam can only bind to the DS SIteS........ccevoiiiiiiiiiiiiiiesiee e 6

When a depolarizing stimulus originates a nerve signal, the membrane potential changes
with time. A potential that is hyperpolarized is one that is further away from the threshold

potential. (modified from a figure in Terry Clayton's Ph.D. Thesis) 8 ........ccocoeieieenaes 10

GABAAR BZR displays the descriptors and regions of the milwaukee-unified
pharmacophore/receptor model for BZD. Within the unified pharmacophore/receptor
model for the BZR, pyrazolo[3,4-c]quinolin-3-one CGS-9896 is depicted as a dotted line,
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FIGURE 9
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a key diazadiindole is depicted as a thin line, and diazepam is depicted as a thick line. H1
and H2 refer to the BZR's hydrogen bond donor sites, whereas A2 refers to a hydrogen
bond acceptor site that may be required for significant inverse agonist action in vivo. The
four lipophilic zones are represented by L1, L2, L3, and Ldi, whereas the negative steric
repulsion regions are represented by S1, S2, and S3. The lone pair of electrons on the
nitrogen (N) or oxygen (O) atoms of the ligands is referred to as Lp. (modified from

Clayton €t al) 8., .. o n sttt en et en s rn s 13

Images of overlap between induced volumes produced from receptor subtype specific
ligands: a) al and a2 subtypes; b) a2 and a3 subtypes; ¢) a4 and a6 subtypes; d) al and a6
subtypes; e) al and a5 subtypes; f) diazepam and the unified pharmacophore model
descriptions in the contained volume of the al subtype each grid measures 4 A in width
and height, and the yellow color denotes overlapping induced volumes. 8" (modified from

aFigure in Clayton et al.) ....occeeeieiiiiiiiesece s 15

BZ/GABAAR binding data of diazepam and QH-11-066 in vitro. (modified from a figure in

M. Poe and t. Clayton's Ph. D. Theses) 8 78.... i ense s 16

IMDZ ligands 1 and 2 have enantiotopic chiral imidazodiazepine (IMDZ) structures.... 16
In the a5 and a2 pharmacophore/receptor models, ligand occupancy of SH-053-2'F-R-CH3
(1) and SH-053-2'F-S-CH3 (2) was observed. (adapted and reprinted from Clayton et al.)

%" however R-CH3 is and does not bind to the al, 02 and 03 subtypes. .........cccocovvevnvee.. 18

B dendrogram depicting the classification of embryonal tumors of the cerebellum.
Medulloblastomas should be differentiated from the less common atrts and etantrs of the
cerebellum. Under the current consensus classification of medulloblastoma four principal

subgroups are identified: WNT, SHH, Group 3, and Group 4. The evidence suggests that
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each of the four principal subgroups will likely have distinct ‘subsets’ that are biologically
and clinically homogeneous as compared to other subsets from within the same subgroup.
As the nature and number of subsets for each subgroup are currently unknown, the
consensus classification suggests that each subset be named using a greek letter (a, B, v,
etc.) Until such time as they are sufficiently characterized to be named based on their

molecular etiolOgY. ...ocveieiiiieiiiesee st 25

Comparison of the various subgroups of medulloblastoma including their affiliations with

previously published papers on medulloblastoma molecular subgrouping. .................... 26

Chemical structures of compounds. The study employed structurally related
benzodiazepines shown in the upper line. The compounds are made up of the basic
benzodiazepine chemical structure; benzene and diazepine ring fusion, and color-coded
structural changes. Chemical structures of the study's standard-of-care therapy substances

shown in the lower line. JQ1 has a structural resemblance to the benzodiazepine SH-I-75.

Effect of compounds in a microdevice on flank tumors. Representative photos of D425 and
DAOY tumor slices excised 24 hours following exposure to a microdose of each
medication from the device, revealing discrete areas of apoptosis as measured by cleaved-
caspase-3 expression (brown). 250 um scale bars. For human D425 and DAQOY tumors
subjected to KRM-I1-08, SH-I-75, QH-11-066, JQ1, Mebendazole, and Cisplatin, the
apoptotic index (percent apoptotic cells/all cells in drug-affected tissue region) was

calculated (all 35 percent drug in PEG1450). Please give (p 0_01) averages from 6

geographically different reservoirs from at least 3 tUmors. .......ccecevvvivivciiiiiiiiiiei, 33
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FIGURE 19
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FIGURE 21

Molecular imaging of chemical distribution using maldi fticr mass spectrometry. Laser
desorption/ionization with matrix assistance mass spectrometric imaging (msi) of the
distribution of three drugs in sections of a mouse flank tumor with an implanted device
using fourier-transform ion cyclotron resonance (MALDI FTICR) (a) KRM-11-08 (m/z
293.1084); (b) QH-11-066 (m/z 275.1178); and (c) a fragment of JQ1 (m/z 401.0834). The
left and right panels, respectively, show scanned images of tissue sections overlaid with
MALDI FTICR MSI data and MALDI FTICR MSI data alone. The device's location in

each part is shown with red dotted lines. The images were taken at a spatial resolution of

30 meters. 1000-meter SCAlE DArS.......cceuerieiiiiiiiiiiiiiiee ettt 35
QH-11-066 at oy interface of gabaa reCepPtOr........c.ccivvveiiieiiiiiiiiiseisei s 36
KRM I1 08 at the o y~ interface of gabaa receptor..........cceovveeviiiviiiiiiiieceiceeeiin 38

The effectiveness of potentiation of ligands expressed in HEK cells, a1-6,33y2 GABA ion

channels, with EC3 gaba with janet fisher (USC)._....ccccooovviveviiiiieiiiisieiee s 39

Cytotoxicity data of synthesized QH Il 66 analogs in HEK293T and HEPG2 cells........ 39
Cartoon of a GABAA receptor (GABAAR) with an apafy subunit stoichiometry. GABAAR
consists of five subunit transmembrane segments (each subunit has four transmembrane
helices), represented as cylinders, and extra/intra-cellular domains. The five subunits create
the chloride-anion conduction pore. Inter-subunit binding sites for y-aminobutyric acid
(GABA) and benzodiazepine are shown as yellow and red spheres, respectively........... 41
Common core structure of a ‘benzodiazepine’ (1,4-benzodiazepine and 5-phenyl ring
systems). Indicated are sites frequently modified in a benzodiazepine (R, R?, R?, RY),

which may impart a degree of GABAAR subtype-selectivity. Introduction of an additional

ethinyl group at R” imparts the benzodiazepine with a5-GABAAR selectivity4® 147 ..... 42
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FIGURE 22

FIGURE 23

FIGURE 24

Supervised heatmap clustering analysis across molecular subgroups WNT, SHH, Group 3,
and Group 4 using Z-score scaling, 1-pearson correlation distance, and average clustering.
The relationship between genes is indicated by the dendrogram (left). Shown bottom, left
is a color palette where color scaling indicates low (green) to high (red) expression. 1d1 are
the subgroups: WNT, blue; SHH, red; Group 3, yellow; Group 4, green; and ID2 are within
individual subgroups: WNT: a, blue; B, cyan; SHH: a, red; B, brown; vy, purple; 8, pink;

Group 3: a, yellow; B, brown; v, orange; Group 4: a, neon green; 3, mint green; v, green).

Supervised heatmap clustering analysis of the molecular subgroup Group 3 using z-score
scaling, 1-pearson correlation distance, and complete clustering. Shown bottom, left is a
color palette where color scaling indicates low (green) to high (red) expression. ID1: group

3, yellow; ID2 within group 3: a, yellow; B, brown; ¥, OTange.........ccoovvereiiiiieiiiinneens 45

Boxplots of GABR and MYC gene expression across all four molecular subgroups (left)
and separately GABRA5 (middle) and MYC (right) gene expression of the Group 3
subgroup.supervised heatmaps and boxplots show expression differences for both
GABRAS and MYC within the group 3 and WNT subgroups. The correlation between MYC
and GABRADS is not overall statistically significant in group 3 (p = 0.202). However, there
is a significant positive correlation in expression between GABRA5 and MYC in the group
30 subtype (p = 0.006), where it was reported that MYC loss is more frequent 3, but not
in group 3p (p = 0.336). Group 3y has the highest level of MYC expression.™*’ a significant
positive correlation (p = 0.634) in expression between MYC and GABRADS in the group 3y
subtype was not found. As well as the group 3y, the WNT subgroup of patients have high

MYC expression. There is a significant positive correlation GABAA receptor subunit
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FIGURE 25

FIGURE 26

FIGURE 27

FIGURE 28

FIGURE 29

(GABR) correlation in gene expression in stages 3 and 4 cutaneous melanoma patients.
Correlograms of GABR gene expression by molecular subgroup: mitf-low, keratin, and
immune. Positive correlation values are indicated in red and negative values in blue.
Correlation values not marked by an "x" are not statistically significant, using a correlation
test at p-value < 0.01. Correlation analyses among the GABR genes were performed using
spearman’s correlation. Correlograms were used to summarize the correlations using the

‘COTTPIlOt’ T PACKAZE. .uviitiiiiiiiisii ettt 45

GABAA receptor subunit (GABR) correlation in gene expression in 763 medulloblastoma
tumors. Correlogram of GABR gene expression by subgroup: (a) WNT, (b) SHH, (c) Group
3, and (d) Group 4. Positive correlation values are indicated in red and negative values in
blue. Correlation values not marked by an "x" are statistically significant, using a

correlation test at p-value <0.01.......cccoeviiiiiiiiiiiiiieei e 47

GABR and MYC gene expression in medulloblastoma cell lines. QRT-PCR of N-MYC in
patient derived medulloblastoma cell lines DAQOY, D283, and D425. Values in all panels

are presented as the mean and standard deviation of three experiments. ..........c.cccve..... 48

GABR and MYC gene expression in medulloblastoma cell lines. QRT-PCR of C-MYC in
DAOQY, D283, and D425. Values in all panels are presented as the mean and standard

deviation of three eXperiments. ......ccovcveeiiieiiieciscese et 49

QRT-PCR of GABR expression in D283. Data are represented as a fold-change value with
respect to expression of the housekeeping gene TBP, tata box binding protein. Values in
all panels are presented as the mean and standard deviation of three experiments........... 50
A functional a5-GABAA receptor in D283 cells. The GABRA5S protein product (or a5

subunit) localizes to the cell membrane in patient derived medulloblastoma cell line D283
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FIGURE 30

FIGURE 31

FIGURE 32

FIGURE 33

FIGURE 34

FIGURE 35

FIGURE 36

FIGURE 37

FIGURE 38

with diffuse staining over the plasma membrane, as visualized by immunofluorescence
microscopy using an antibody specific to the a5 subunit (green). Nucleus of cells is stained

with 4',6-diamidino-2-phenylindole (DAPI). Scale bar, 10 microns..........ccccocvveveinannn. 51

Representative current trace from a whole-cell patch clamp electrophysiology recording of
a D283 cell, clamped at -60 mv. Filled boxes above the current trace denote the period of
y-aminobutyric acid (GABA) exposure (2 seconds) and are labeled with the concentration

applied (0.01 — 30 LM)..eeiiiiiiiiises ettt 52

Chemical structures of a5-selective benzodiazepines (BZ) tested. ......cccoevvvicveiveinennene. 52

Dose-response curves from mts cell proliferation assay at 48 hours presented as semi-log

PIOTS. ettt e s 53
Derived ICso values for tested benzodiazepines. .......eceveiiiiiiiiiiiiiiiiiieie s 53
Chemical structures of nor variations of a.5-selective benzodiazepines (BZ) tested........ 54

Dose-response curves from mts cell proliferation assay at 48 hours presented as semi-log

Derived ICso values for nor variations of tested benzodiazepines. ........c..coecevceieeiiiviennne. 55

Whole-cell patch clamp recordings from D283 cells. Patient derived medulloblastoma cell
line D283, clamped at -60 mv, responses to GABA by a5-selective benzodiazepines QH-
11-066. Filled boxes above current trace denote duration of GABA application. Open boxes
denote the period of benzodiazepine exposure and are labeled with the concentration

APPHEA. et e 55

Whole-cell patch clamp recordings from D283 cells. Patient derived medulloblastoma cell
line D283, clamped at -60 mv, responses to GABA by a5-selective benzodiazepines KRM-

11-08. Filled boxes above current trace denote duration of gaba application. Open boxes

XXiii



FIGURE 39

FIGURE 40

FIGURE 41

denote the period of benzodiazepine exposure and are labeled with the concentration

APPIEA. ot 56

Data of whole-cell patch clamp recordings from D283 cells. Patient derived
medulloblastoma cell line D283, clamped at -60 mv, responses to gaba by a5-selective
benzodiazepines QH-11-066 (a) and KRM-11-08 (b). Both QH-11-066 and KRM-11-08 (BZ)
show enhanced submaximal (ECs-EC10) responses in a concentration-dependent manner.
The effects of QH-11-066 and KRM-11-08 were not significantly different from one another

(p > 0.05, student’s t-test). Whole-cell patch-clamp recordings were performed on D283

using methods like those previously described 127, ... 57
Cytotoxicity assay of benzodiazepines. (a) measurement of cytotoxicity of KRM-11-08 and
the nor variant using HEK293 (a) and HEPG2 (b) cell lines. In both the cell lines the LD50
values for KRM-11-08 and the nor variant are greater than 200 pum. Hence, KRM-11-08 is
safe and non-toxic until the concentration is less than or equal to 200 um. TA-I-12: in
HEPG2 cell lines, the LD50 value is greater than 200 um. In HEK293 cell lines, the LD50
value is greater than 100 um. Hence, nor compound is safe and non-toxic until the
concentration is less than or equal to 100 um. This is much higher than any therapeutic

0. ittt et e ettt e e e ettt eeeeeeeeettteeeeeeeeeeeennneneeeeeeeetaaannneeeeeteeeetaaannnereeeteeeasaannrreeeaaaaas 58

Both QH-11-066 and KRM-11-08 (BZ) show enhanced gaba potentiation submaximal (ecs-
eC10) responses in a concentration-dependent manner: PCsg: 43 £ 7 vs 61 £ 9, hill slope 2.7
+ 5 versus 2.9 + 5 and PCsg 0.13 + 0.09 versus 0.14 + 0.07 um, respectively. The effects

of QH-11-066 and KRM-11-08 were not significantly different from one another (p > 0.05,

StUAENE S E-TEST) . et 58
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FIGURE 42

FIGURE 43

FIGURE 44

FIGURE 45

FIGURE 46

FIGURE 47

Assessment of change in native GABAAR in D283 cells over time following exposure to
KRM-11-08. D283 cells were untreated, treated with DMSO, or treated with KRM-11-08
(BZ) for 6 (a) and 24 (b) hours and then stained for imaging. There is no detectable change
in degree or localization of staining for protein product of GABRAS (green).................. 59
Mitochondrial fission and depolarization induced by benzodiazepine target. (a)
flourescence microscopy imaging of live D283 cells following a 10-minute incubation with
dimethyl sulfoxide (DMSO; 0.125%), carbonyl cyanide 4-trifluoromethoxy)
phenylhydrazone (FCCP, 20 um), or KRM-11-08 (BZ) (0.8 um). Media alone had no dmso.
Peak: Aex, 549 nm; Aem, 575 nm. (b) quantitation of the positively charged red-orange dye
tetramethylrhodamine ethyl ester (TMRE) after a 10-minute incubation of dmso, fccp, or
KRM-11-08 (BZ). Media alone had no DMSO. Tmre staining was quantified with the leica
application suite x (LAS X) software platform. Data are presented as standard deviation
from mean of thirty or more cells (media, n=30; DMSO, n=43; KRM, n=39; FCCP, n=35).

Scale bar in panel (a) image iS 10 MICIONS. .......occueiiieiiiieiiesise et 59

RT-PCR of human metastatic melanoma lines for GABR Qenes.........ccccccoecvivveiviiisnennn, 60

RT-PCR of murine cell line B16F10-GP for select GABR genes. Total RNA was extracted
from cells (RNEASY mini kit, QIAGEN), converted into cdna by PCR (cloned amv first-
strand synthesis Kit, invitrogen), analyzed using SYBR dye (SYBR green PCR master mix,

applied biosystems). Primers used were as detailed in kallay et al. 12, ..........cccccevevneee. 61

Western blots of cell lines BL6F10-GP and AS75. ........uueeeeeeeeeeeiieeieeeeeeeeeeeens 62

Effect of GABAA receptor positive allosteric modulators on viability of human metastatic
melanoma cell line A375 and murine line B16F10. (a) MTS assay of cell lines A375 (top)

and B16F10-GP (bottom) treated with allopregnanolone for 48 h. (b) MTS assay of cell
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FIGURE 48

FIGURE 49

FIGURE 50

FIGURE 51

FIGURE 52

lines A375 (top) and B16F10-GP (bottom) treated with diazepam for 48 h. Methods used
were as detailed in methods section of text; dose-response curve error bars are + standard

BITOF OF TN 1A, oiiii it ittt et ettt et e et s e et eteeeessasanneeeeeeeeessaaansnneeeeeeeesassannnenneeresass 63

Examination of the effect of emapunil on medulloblastomacells...........ccccccoeicviiinnnnen, 64

Response of mouse MY C-driven/dominant-negative p53 cell line to KRM-11-08. Mouse
MYC-driven mb with a dominant-negative p53 missense mutation in the dna-binding
domain does not respond to KRM-11-08 in vitro. Tumor cells from three samples (MP)

were treated with drug for 48 hours and viability was assessed. ........cccocvvcviveriiiiiinennnns 65

KRM-11-08 does not alter the cell cycle. Shown is fluorescence-activated cell sorting or
facs data of D283 cells untreated or media control (left three panels), treated with DMSO
(middle three panels), or a5-selective benzodiazepine KRM-I1-08 (right three panels) at 6,
12, and 24 hours. Table contains peak values at G1, S, and G2 phases of the cell cycle for

the three experimental groUPS. ......occveiveiiiieiieii ettt s s 66

Quantitative RT-PCR of gene expression in D283 cells following KRM-I1-08 exposure.
(@) TP53, PTEN, MDM2 and AKT1-3 expression in D283 cells exposed to media (blue
column), DMSO (orange column), or KRM-II-08 (red column). (b) PI3K subunit
expression in D283 cells exposed to media (red column), dmso (blue column, or KRM-I1-

08 (PUIPIE COIUMN). ottt 67

Contribution of p53 to response of a5-selective benzodiazepine KRM-II1-08. (a)
immunoflourescence microscopy imaging of D283 cells at 24 hours following incubation
with media alone, DMSO, or KRM-11-08 (BZ, 0.8 um). Cells were stained using antibodies
specific to a5 (green) and p53 (red). Nucleus of cells were stained with 4',6-diamidino-2-

phenylindole (DAPI). Scale bar in bottom, right image is 10 microns. (b) western blot of
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FIGURE 53

FIGURE 54

FIGURE 55

MDM2 and p53 at 6- and 24-hours post-incubation with KRM-11-08. Western blots of
whole cell (top), cytoplasmic (middle), and nuclear (bottom) extracts. Loading controls for
blots are BETA-ACTIN, LAMIN-B1, and/or PARP1. (c) western blot of p53 using
antibody that recognize the protein regardless of post-translational modification and
specific to phosphorylation of p53 serine392 (PS392). Gapdh is the loading control. (d)
dose-response curve of mouse MYC-driven medulloblastoma cells with a p53 dominant-
negative missense mutation following incubation with KRM-11-08. Tumor cells were
treated with varying concentrations of KRM-11-08 for 48 hours and viability of cells was

T I B S S S0, . .ttttitiee s et e ettt eeeeeseeeeeeeeeeeeeeeessananeeeeeeeeeeesaaannstneeeeeaeeessanesbeeeeetaeaaasannnnnes 68

Activation of the instrinsic pathway of apoptosis. (a) immunoflourescence microscopy
imaging of D283 cells at 24 hours following incubation with media alone, DMSO, or
KRM-11-08 (BZ, 0.8 um). Cells were stained using antibodies specific to a5 (green) and
the protein bad (red). Nucleus of cells were stained with 4',6-diamidino-2-phenylindole
(DAPI). Scale bar in bottom, right image is 10 microns. (b) western blot of protein bad at
6- and 24-hours post-incubation with KRM-11-08 (BZ). Loading control for blot is beta-

BCEI . ettt oottt tteteeeetsesee.teseeeessssssssssssssesessessssassssseesssesssssssssseseeeseeessianaseneeeeeees 69

Apoptosis proteome profiler array assay. (a) raw data from two independent experiments
(a and b panels) of D283 cells treated with dmso or 0.7 um KRM-11-08 for 24 hours. 300
micrograms of protein was used per assay. Arrays were incubated at 4°c overnight. (c)

guide to wells labeled in panels “a” and “b”.......cccvviiiiiiiiiiiiiiiiiiiiisi 70

Type a gaba neurotransmitter receptors (GABAARS) are composed primarily of two a, two
B, and y subunits encoded by GABR genes gabra (1 to 6), GABRB (1 to 3), and GABRG (1

to 3), respectively. Gabaar consists of five subunit transmembrane segments which create
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FIGURE 56

FIGURE 57

FIGURE 58

FIGURE 59

the chloride anion (CI-) conduction pore. Inter-subunit binding sites for gaba (yellow
hexagon) and benzodiazepine (red hexagon) are shown, recognizing the afafy subunit
stoichiometry. Benzodiazepine and gaba bind at o/y and o/p interfaces, respectively.
Benzodiazepines have a common core structure. Shown are sites frequently modified (R1,
R2, R2’, R7), which may impart a gabaar subtype-preference. GABAAR subtype preferring
benzodiazepines (BZD) KRM-11-08 and QH-11-066 differ from diazepam by having an R7

ACELYIENE GrOUP . eeiiiieiee sttt ettt ettt 80

Normalized gene expression data for GABR genes from stage iii/iv melanoma specimens.
Samples were classified into three melanoma molecular subgroups. Heatmap for analysis
of  expression across  subgroups  was  generated using morpheus

(https://software.broadinstitute.org/morpheus). ........cceceeicveiiiieiieiisce s 81

Gabaa receptor subunit (GABR) correlation in gene expression in stages 3 and 4 cutaneous
melanoma patients. Correlograms of GABR gene expression by molecular subgroup:
MITF-low, keratin, and immune. Positive correlation values are indicated in red and
negative values in blue. Correlation values not marked by an "x" are not statistically
significant, using a correlation test at p-value < 0.01. Correlation analyses among the GABR
genes were performed using spearman’s correlation. Correlograms were used to

summarize the correlations using the ‘corrplot’ r package. ........oocoiicviiiiiiiiiiiiiiiiiinen, 81

RT-PCR of human metastatic melanoma lines for GABR genes (key: GABRAL-6, A1-A®;
GABRB1-3, B1-B3; GABRG1-3, G1-G3; GABRD, D; GABRE, E; GABRQ, Q; GABRP, P;
GABRR2, R2; GABRR3, R3). Bar graphs show means * standard error of the mean...... 82

RT-PCR of murine cell line B16F10-GP for select gabr genes (key: GABRA1-5, A1-A5;

GABRB2-3, B2-B3; GABRG1-2, G1-G2). Total rna was extracted from cells (RNEASY
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FIGURE 60

FIGURE 61

mini kit, QIAGEN), converted into CDNA by PCR (cloned AMV first-strand synthesis kit,
invitrogen), and analyzed using SYBR dye (SYBR green pcr master mix, applied
biosystems). Primers used were as detailed in Kallay et al. (30). Bar graphs show means +

StANAard ErTOr OF The MMBAN. ...ttt iii i ettt et et e ettt etesssasanseeeeeeeaeessssaneseereresesasasannnnees 83

Western blots of cell lines B16F10-GP and A375. Whole-cell extracts were prepared as
described®. Cells were washed 2x with ice cold pbs and scraped into ripa buffer (boston
bioproducts), 10 mm naf, 1 mm sodium orthovanadate with complete protease inhibitor
cocktail (ROCHE). Lysate was then incubated on ice for 30 min, centrifuged, and
supernatant protein concentrations determined using the bca kit (PIERCE). Cell lysates
(10-30 pg) were prepared in laemmli sample buffer (bio-rad), reducing agent (bolt), heated
5 min at 100°c and cooled on ice. Proteins were subjected to sds-page on a 10% precast
gradient gel (BIORAD) and transferred to PVDF membrane (AMERSHAM). After
transfer, membranes were blocked in 5% nonfat dry milk in 1x PBST (cell signaling) for 1
h and incubated for 16 h at 4°c with primary antibody: p53 (1:1000, cell signaling
technology), GABRA2 (1:1000, aviva), GABRA3 (1:1000, sigma-aldrich), GABRAS
(1:1000, aviva), and B-actin (1:1000, cell signaling technology) in 5% milk in pbst.
Immunodetection was performed with anti-rabbit horseradish-peroxidaseconjugated
secondary antibody (1:10000, cell signaling technology) or anti-mouse horseradish—
conjugated secondary antibody (1:10000, GE healthcare limited), and visualized with
chemoluminiscent HRP antibody detection reagent (Thermo Scientific, supersignal west

Femto maximum sensitivity substrate). .........ccccocvevieiiiiiiiiiiiiiiii s 84

Representative whole-cell patch clamp electrophysiology recordings of transmembrane

anion flow in A375 cell lines in response to GABA at 1, 3, 10, and 30 um GABA.
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FIGURE 62

FIGURE 63

FIGURE 64

FIGURE 65

Horizontal calibration bars represent 2 seconds, and the vertical bars represent 500 PA;

sweeps are ensemble recordings from 8 electrodes. ........ccvoveviveviiieiciiiciiiiiiiiseiea 85

Representative whole-cell patch clamp electrophysiology recordings of transmembrane
anion flow in B16F10-GP cell lines in response to GABA at 1, 3, 10, and 30 um GABA.
Horizontal calibration bars represent 2 seconds, and the vertical bars represent 500 PA;

sweeps are ensemble recordings from 8 electrodes. ........ccvcuevvviiiiiiiiiiiiiiiiiiiseira 85

Potentiation of GABA responses in A375 cells in response to benzodiazepines (QH-11-066

and KRM-11-08). The GABA concentration was 1 um. The benzodiazepine concentrations

were 0, 0.3, 1,3 and 10 M. ceeeieeiiieiiieesc s 86
Potentiation of GABA responses in B16F10 cells in response to benzodiazepines (QH-11-
066 and KRM-11-08). The gaba concentration was 1 pm. The benzodiazepine

concentrations were 0, 0.3, 1,3 and 10 ptim._..ooeveviivieniiiiiiiiicieiiiciis 87

Mechanism of benzodiazepine impairment of metastatic melanoma cell line A375 and
murine line B16F10. Study of mitochondria transmembrane potential in A375 (upper
panel) and B16F10-GP (lower panel) cells. Mitochondrial membrane potential was
measured using the TMRE mitochondrial membrane potential assay kit (ABCAM). A375
or B16F10-GP cells were treated with drug (2 um QH-11-066) or control solutions (10 min,
37°c), 50 nm TMRE added (20 min, 37°c), and TMRE fluorescence visualized (LEICA
SP8) and quantified (las x platform, LEICA). DMSO concentration is equivalent to DMSO
concentration in QH-I1-066, 0.125%. Standard error of the mean (where: A375: n=28

(media), 32 (dimethyl sulfoxide, DMSO), 30 (QH-11-066), 28 (FCCP); B16F10: n=24

(media), n=13 (DMS0), n=26 (QH-11-066), N=27 (FCCP). ....ccreesrsrrreeessssssssesssssssssseeee 89

XXX



FIGURE 66

FIGURE 67

FIGURE 68

FIGURE 69

FIGURE 70

In vitro MTS assay of A375 cells in response to QH-11-066 have IC50 = 2.7 £ 0.2 um and

IC50 =8.2 £ 0.9 um, 1€SPECtIVE]Y. evviiriiiiiiiiiiiiiiiiiiiiii sttt 89

In vitro MTS assay of B16F10-GP cells in response to QH-11-066 have 1C50 = 2.7 £ 0.2

um and 1C50 = 8.2 = 0.9 pum, 1eSpPectiVely. L.uuuviiiiiiiiiiiiiiiiiiiiicii s 90

Effect of GABAA receptor positive allosteric modulators on viability of human metastatic
melanoma line A375 and murine line B16F10. (a) mts assay of cell lines A375 (top) and
B16F10-GP (bottom) treated with allopregnanolone for 48 h. (b) MTS assay of cell lines
A375 (top) and B16F10-GP (bottom) treated with Diazepam for 48 h. Methods used were
as detailed in methods section of text; dose-response curve error bars are + standard error

OF N1 T AN . .ttt et ettt oot e ettt ettt e eeseeaeeeeeeeeaessasansseeeeeeeessanansnneseeeaaassssannnenneeaaaaas 91

The dose-dependent reduction in B16F10-GP tumor growth. Mice were implanted in left
and right flanks with B16F10-GP tumor cells. Mice received QH-11-066 i.p. At three
different doses (10, 25, and 50 mg/kg) from day 10 daily for 7 days. Tumor measurements
were taken with at least 4-5 mice per group (*p<0.05; **p<0.01; ***p<0.001;
****n<0.0001). Each line in the top panel represents a tumor. Methods used were as

detailed in Methods SECtION OF the tEXE. ...eeiiiiieieii ettt s et e eeieeeeeessssaaneeeeeeeaeas 93

Top, schematic showing showing the tumor, benzodiazepine, and radiation strategy. Mice
were implanted in left (L) and right (R) flanks with B16F10-GP tumor cells. Mice received
either: (i) vehicle alone. Control; (ii) radiation alone (5 gy, right flank only); (iii) QH-I1-
066 beginning day 10; (iv) radiation (5 gy, right flank only) on day 10 (in the morning),
followed by QH-11-066 (in the evening. Bottom, effect of combination of QH-11-066 and 5
gy radiation on tumor growth kinetics. Tumor measurements were taken with at least 4-5

mice per group and results are a combination of two experiments. In groups receiving QH-

XXXi



FIGURE 71

FIGURE 72

FIGURE 73

I1- 066, 10 mg/kg was injected i.p. Daily for 7 days. (*p<0.05; **p<0.01; ***p<0.001,;

HHFHHNL0,0001). ceasssrreeeernsssseseesssnssessssssssasssssesssesssesssessssssesssessssssssssessssssesssssssesssssssesssnne 95

Percent CD8 of total lymphocytes and number of CD8+ T cells per gram of tumor. Tils
were isolated at day 7-8 after radiation as described in materials and methods and stained

with indicated antibodies. Error bars are representation of SEM. .........cccooveviiiiiinannn 96

QH-11-66 and 10 gy radiation in B16F10-GP melanoma mouse model. (a) top, schematic
showing the tumor, benzodiazepine, and radiation strategy. Mice were implanted in left (L)
and right (R) flanks with B16F10-GP tumor cells (0.5 million cells in 25% matrigel). At
day 10, mice received either: (i) vehicle alone control; (ii) radiation alone (10 gy, right
flank only); (iii) QH-11-066 beginning day 10; (iv) radiation (10 gy, right flank only) on
day 10 (in the morning), followed by QH-11-066 (in the evening). Bottom, effect of
combination of QH-11-066 and 10 gy radiation on tumor growth kinetics. Each line
represents a mouse. (b) mean tumor growth of mice in (a). Tumor measurements were
taken with at least 4-5 mice per group and results are the combination of two experiments.
(*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). In groups receiving QH-11-066, 10
mg/kg was injected i.p. Daily for 7 days. (c) photographs of mice from four treatment

groups at the conclusion of the experiment. Note left and right flanks. ............cccccevene.n.. 97

Gsea plots of differentially expressed genes. Gene set enrichment analysis (GSEA) plots
of differentially expressed genes for cytokine:cytokine receptor interaction pathway (left),
GSE32533 WT_VS_MIR17 (middle), and TP63 (right) for the three treatment groups: 5
gy vs control (top row), 5 gy+QH-11-066 vs control (middle row), QH-11-066 vs control

(IDOTEOIM FOW). ettt ettt ettt s e et s e et e s e e eaneas 98

XXXii



FIGURE 74

FIGURE 75

Differential gene expression in mouse tumors treated with benzodiazepine and/or radiation.
Expression levels of differentially expressed genes in enriched immunity-related KEGG
pathway (CYT:CYT receptor is abbreviation for cytokine:cytokine receptor), p63 target
genes, and enhanced expression of genes associated with overexpression of the microrna
MIR-17, identified by enrichment analysis of the immunesigdb compendium of
transcriptional immune signatures genes in the enriched gene sets were considered to be
differentially expressed if EDGER FDR < 0.05 in any one of the 3 comparisons. Left,
heatmap indicates the membership of each gene (rows) in the enriched gene sets (columns).
Middle, heatmap displays the expression levels of the genes in individual samples
(columns) in terms of log2 counts per million (LCPM). Each Icpm has been normalized by
subtracting the gene-specific average Icpm of the untreated samples. Right, heatmap
displays the statistical significance and the direction of the change in each of the
comparisons made (5 gy vs control; 5 gy+QH-11-066 vs control; QH-11-066 vs control)
(columns), each vs control. The statistical significance is expressed in log10(p-value) when
expression ratio was less than 1 (down-regulation) and -log10(p-value) when expression
ratio was greater than 1 (up-regulation) resulting in negative numbers for downregulation

and positive for upregulation. ..........ocveeviieiieiiiiciiee e 99

QH-11-66 (an anxiolytic and slightly sedative benzodiazepam) potentiates immune
checkpoint inhibitor. Top, schematic showing the therapeutic strategy. Mice were
implanted in the left (L) and right (R) flanks with B16F10-GP tumor cells (day 0). Day 10,
mice received either: (i) vehicle alone control; (ii) QH-11-066; (iii) a- PD-L1; (iv) QH-I1I-
066 and a-PD-L1. Bottom, effect of combination of QH-11-066 and o-PD-L1 on tumor

growth kinetics. In the groups receiving QH-11-066, 10 mg/kg was injected i.p. Daily for 7

XXXiii



FIGURE 76

FIGURE 77

days. In group receiving a-PD-L1, 200 ug was injected i.p. Every 3 days through end of
the experiment. Tumor measurements were taken with at least five mice per group

(*p<0.05; **p<0.01; ***p<0.001; ****P<0.0001). ..orerrreerrsssrreersssseesssssssessssssssesnaseeee 101

Top, representative flow showing percent IFN-y and TNF-a in total CD8+ T cells after tils
were stimulated with peptide, as described in materials and methods. IFN-y and TNF-a
were stained with appropriate antibodies by intracellular staining. Middle, graph showing
percent IFN-y+CD8+ of total CD8+ T cells and number of IFN-y+CD8 T+ cells per gram
of tumor. Bottom, graph showing percent TNF-a +CD8+ of total CD8+ T cells and number

of TNF-0. +CD8 T+ cells per gram of tUmOr. ..o..eveiiiiiiiiiiiiiiiiiiiicce 102

Effectiveness of polytherapy with QH-11-66 on tumor volume. (a) top, schematic showing
the therapeutic strategy. Mice were implanted in the left (L) and right (R) flanks with
B16F10-GP tumor cells (day 0). Day 10, mice received either: (i) vehicle alone; (ii) QH-
I1- 066; (iii) radiation (5 gy, right flank only) on day 10 (in the morning), followed by QH-
11-066 (in the evening); (iv) QH-I1-066 and a-PD-L1, beginning on day 10; radiation (5 gy,
right flank only) on day 10 (in the morning), followed by a-PD-L1 (in the evening). In
groups receiving QH-11-066, 10 mg/kg was injected i.p. Daily for 7 days. In group
receiving a-PD-L1, 200 pug was injected i.p. Every 3 days through the end of experiment
or maximum of 5 injections. Bottom, effect of combination of dual and triple therapy on
tumor growth kinetics. Tumor measurements were taken with at least 4-5 mice per group
(*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). For kinetics of tumor volume, tumors
were measured at indicated time points and experiment were done twice. The data is a
combination of both experiments. Vehicle alone control, n=9; QH-I1-066, n=10; QH-II-

066/5 gy n=10; QH-11-066/a-PD-L1, n=10; 5 gy/a-PD-L1, n=10; combo, n=10.......... 103

XXXiV



FIGURE 78

FIGURE 79

FIGURE 80

FIGURE 81

FIGURE 82

Percent CD8 of total lymphocytes and number of CD8+T cells per gram of tumor in right
and left tumors. Tils were isolated at day 7-8 after radiation as described in materials and
methods and stained with indicated antibodies. Error bars are a representation of sem. 103
Top and middle, representative flow showing percent IFN-y and TNF-a in total CD8+ T
cells after tils were stimulated with peptide as described in materials and methods. IFN-y
and TNF-o were stained with appropriate antibodies by intracellular staining. Bottom,
graph summarizing the percent IFN-y+CD8+ of total CD8+ T cells and number of IFN-

y+CD8 T+ cells per gram Of tUMON . ......coviiiiiiiiiiiiiiesescss e 105

Tumor weights and total number of lymphocytes per tumor with different treatments.
Tumor weight and total lymphocyte numbers per gram of tumor on the right and the left
sides for monotherapy, dual, and combo therapies, as indicated. Mice were sacrificed and
tumors excised at the end of the experiment, 8 days after radiation treatment. Cells were
isolated as described in materials and methods. The cells were counted using count bright

absolute counting beads and analyzed on BD FACSCANTO . .oovvvevviciiiveiiiiin 106

Immune response to benzodiazepine and 10 gy radiation. (a) graphs showing number of
cd8+ t cells per gram of tumor and percent cd8 t cells of total lymphocytes. (*p<0.05;

**0<0.01; ***p<0.001; ****D<0.000L). .orrreeerrsssrereenmssseseseessnssssssessssssssssesssassssssesenens 107

Immune response to QH-11-66 and 10 gy radiation. Representative flow plots showing
percent TNF-o+ and IFN-y+ CD8+ T cells. The cells were stimulated with GP33-41
peptide as described in the methods section of the text. The graphs summarize the results
of the flow plots and show number per gram of tumor. The graphs are a mean from 8-10
mice from two experiments. (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). Methods

used were as detailed in the methods SECtioN Of tEXE. ..ooiiiiiiiiiiiiiiiiiiiiiieieieieieiiiieasaaaaaens 108

XXXV



FIGURE 83

FIGURE 84

FIGURE 85

FIGURE 86

FIGURE 87

FIGURE 88

FIGURE 89

FIGURE 90

FIGURE 91

FIGURE 92

FIGURE 93

FIGURE 94

FIGURE 95

FIGURE 96

FIGURE 97

FIGURE 98

Increase in antigen specific CD8 T cells by QH-11-66 and 10 gy radiation. (a & b)
representative flow plots showing percent GP33+PD1+ CD8+ T cellsamong CD8+ T cells.
The graphs summarize the results of the flow plots and show the number of GP33+CD8+
T cells per gram of tumor. The graphs are mean from 8-10 mice from two experiments.
(*p<0.05; **p<0.01; ***p<0.001). Methods used were as detailed in the methods section

OF BB e ttiiit ittt ettt ee ettt ettt eeeeesessssseeeeeeeesesssnanssesseeeeeeeeseaaneseeeeeeeees e annssreeeeeeessaaannnnnnets 109

Structures of QH 11 66 and KRM T 70....cuuiiiiiiiiiiiiiie i ssessie e enneeas 117

Cell viability assay for QH 11 66 in the H1792 lung cancer cell line. Data unit is um... 118

Cell viability assay for KRM 111 70 in H1792 lung cancer cell line. Data unit is pm.... 119

Cell viability assay for TA 11 72 in the H1792 cell line. Data unit is pm._.................... 120
Cell viability assay for MYM 111 85 in the H1792 cell line. Data unit is pm................. 120
Cell viability assay for MYM | 43 in H1792 cell line. Data unit is M. ....ccocoeeveeeineenen. 121
Cell viability assay for MYM 1V 95 in H1792 cell line. Data unit is M. _.......ccoevevneene.. 122

Cell viability assay for MYM V 17 in the H1792 in the cell line. Data unit is um........ 123

Cell viability assay for MYM 1 59 in the H1792 cell line. Data unit is pM................... 123
Cell viability assay for TA I11 70 in the H1792 cell line. Data unit is pm._.................... 123
Cell viability assay for TA 111 50 on the H1792 cell line. Data unit is pm._................... 124
Cell viability assay for TA 111 52 on the H1792 cell line. Data unit is pm._................... 125
Cell viability assay for TA 111 56 on the H1792 cell line. Data unit is pm._................... 126
Cell viability assay for TA 111 62 in H1792 cell line. ...occovvvvviviiiieiiiiiiiciecieiii 126

Effect of removal of ZnCl, from the reaction mixture in the second step of the synthesis

of 2’CH3 5-bromo 2-bminobenzophenone 68. Left image shows the hard mass formation

XXXVi



due to the solidification of ZnCl, after wet loading in column chromatography. Right

picture shows the effect of complete removal of ZnCl, from the reaction mixture. ...... 189

XXXVii



Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5

Scheme 6

Scheme 7

Scheme 8

Scheme 9

Scheme 10

Scheme 11

Scheme 12

Scheme 13

Scheme 14

Scheme 15

Scheme 16

Scheme 17

Scheme 18

Scheme 19

Scheme 20

Scheme 21

Scheme 22

LIST OF SCHEMES

Initial synthetic route for QH 11 66 (8)

Improved synthetic route to make QH 11 66.

Improved cyclization route

Synthetic route to synthesis of Nor-QH 11 66

Synthetic route to synthesis of KRM Il 08

Synthetic route to synthesize Nor KRM 11 08.

Synthesis route to synthesize MYM 111 85.

Synthesis route to synthesize D2 QH 11 66.

Successful synthetic route to >95% D5 QH Il 66
Synthetic route to sulfur analogs TA 111 50 and TA 11l 52
Synthetic route to TA 111 62 (part 1)

Synthetic route to synthesize TA 111 62 (part 2)

Proposed synthetic route for KRM 11 08 analogues (part 1)
Proposed synthetic route for KRM 11 08 analogues (part 2)
Proposed synthetic route of 43 and 16.

The gate’s method for the synthesis of diazepam 60.

Proposed synthesis route to synthesize TA 11 59, 2’CH3z analog of 7-Br QH 11 66.

Grignard reaction of 49.

Product of grignard reaction with 49

Proposed synthesis for 68 and it’s analogues.

Synthetic route for 2°CHs 5-br 2-aminobenzophenone 68.
Synthesis of para bromophenyl n-benzamide 69.

XXXViii

127

130

131

133

134

135

136

137

138

143

144

144

173

174

176

177

178

180

180

181

185

186



Scheme 23

Scheme 24

Scheme 25

Scheme 26

Synthetic route of n-(4-bromo-2-(2-methylbenzoyl) phenyl) benzamide 70.

Deprotection of benzoyl group from 70 to furnish 68.

Synthetic route for TA 11 73 (74).

Synthetic route for TA 1V 46 (77).

XXXiX

187

188

191

192



TABLE 1

TABLE 2

TABLE 3

TABLE 4

TABLE 5

TABLE 6

TABLE 7

TABLE 8

TABLE9

TABLE 10

TABLE 11

TABLE 12

TABLE 13

LIST OF TABLES

The impact of GABAA a1-6B1-3y2 receptor subtypes on the CNS. 184638 presented at the
University of the West Indies' Mona Symposium (2014).>° Mckernan et al. had already
reported a part of this (ACNP). Pharmacologists collaborated with the milwaukee group to

define the red pharmacology. Cook et al. presented at the ASPECT meeting on april 9th in

Orlando, FL. 7

Summary of electrophysiology derived values for GABA + Benzodiazepines on human

metastatic melanoma cell line A375 and murine line B16F10-GP. 86
Effect of benzodiazepines on viability of human and mouse melanoma cell lines. ------- 92
At ph 7.4 rt, no change at all. ---139
At ph 7.4 37c, no change at all. -139
At ph 8.0 rt, no significant change. 140
At ph 8.0 37°c, no significant change. 140
At ph 4.0 rt, no significant change. 140
At ph 4.0 37°c, no significant change. 141
Optimization of cyclization of amide 40 174
Reaction of 64 with different grignard reagents. --------=====mmmmmmmmmm oo 182
Optimization of the grignard reaction of 64 with o-tolyl magnesium bromide ---------- 183

Optimization of the grignard reaction of 64 with o-tolyl magnesium bromide ---------- 184

x|



ACh
AHR
AP-4
ASM
BALF
BBB
BQL
BZD
BzR
CFA
CDAP
CINP
CMC
CNS
COPD
CRS
Dl
DLM
DNP-KLH
DS
ETSP

FDA

LIST OF ABBREVIATION

acetylcholine

airway hyperresponsiveness
4-Aminopyridine

airway smooth muscle
bronchoalveolar lavage fluid
blood-brain-barrier

below the quantification limit
benzodiazepine

benzodiazepine receptor

complete Freund’s adjuvant
chlordiazepoxide
Chemotherapy-induced neuropathic pain
carboxymethyl cellulose

central nervous system

chronic obstructive pulmonary disease
chronic restraint stress
diazepam-insensitive

dog liver microsomes

dinitrophenyl hapten-keyhole limpet hemocyanin
diazepam-sensitive

Epilepsy Therapy Screening Program
Food and Drug Administration

xli



FST forced swim test
GABA gamma-aminobutyric acid
GABAAR gamma-aminobutyric acid type A receptors

GABA&R gamma-aminobutyric acid type B receptors

GINA Global Initiative for Asthma

hERG human Ether-a-go-go-Related Gene
HEK human embryonic kidney cells
HDM house dust mite

HLM human liver microsomes

HPLC high-performance liquid chromatography
ICSS ICSS

IMDZ imidazodiazepine

IgG immunoglobulin G

IP intraperitoneal

v intravenously

KA kainic acid

KOR kappa opioid receptors

LABA long-acting B2 agonist

LR Lawesson’s reagent

LTG lamotrigine

MAM methylazoxymethanol acetate

MCh methacholine

MDD major depressive disorder

xlii



MED

MES

MLM

MOE

MPE

MRM

MTD

mTLE

MW

NAM

NIMH

NO

NMDA

Ovasl/c

PAM

PBR

PCLS

PCP

PDSP

PEG

PFC

Pl

PK

minimal effective dose

maximal electroshock

mouse liver microsomes
Molecular Operating Environment
maximum possible effect

multiple reaction monitoring
minimal toxic dose

mesial temporal lobe epilepsy
molecular weight

negative allosteric modulator
National Institute of Mental Health
nitric oxide

N-methyl-D-aspartate

ovalbumin sensitized challenged
positive allosteric modulator
peripheral benzodiazepine receptor
precision-cut lung slice
phencyclidine

Psychoactive Drug Screening Program
polyethylene glycol

mouse prefrontal cortex

protective indices

pharmacokinetics

xliii



PPI prepulse inhibition

PTZ pentylenetetrazole

PWT paw withdrawal threshold

PO oral administration

RLM rat liver microsomes

SABA short-acting (32 agonist

SAR structure-activity relationship
SCMET subcutaneous pentylenetetrazole
SE severe epilepsy

SEM standard error of the mean

SLA spontaneous locomotor activity
SNL sciatic nerve ligation

SSRI selective serotonin reuptake inhibitors
sRaw specific airway resistance

SST somatostatin

TLC thin-layer chromatography

TLE temporal lobe epilepsy

TPE time of peak effect

TSPO translocator protein

UCMS unpredictable chronic mild stress

xliv



ACKNOWLEDGEMENT

First of all, I would like to thank my supervisor, Professor Dr. James M. Cook, for giving me the
opportunity to work in the cancer projects. His generous personal and professional support, and
his exceptional advice helped me a lot in my research as well as in the writing of my thesis. In
addition, 1 am grateful to him for his continued encouragement to complete my PhD in synthetic
medicinal Chemistry over the years on this wonderful journey. | would also like to thank the
members of my doctoral committee, Professors Dr. Schwabacher, Dr. Pacheco Dr. Peng and Dr.
Arnold for their excellent lectures in the field of chemistry, helpful suggestions, and insightful

discussions.

| would like to thank to our numerous collaborators, and it was a great experience working with
them. | want to thank Dr. Arnold at UW-Milwaukee and his group members specially to Nick
Zahn and Michelle Meyer to collaborate on rotorod study and cytotoxicity assay. My sincere
gratitude is with the research group of Dr. Soma Sengupta and Dr. Daniel Krummel and her group
members Dr. Laura Kallay, Aniruddha Karve and Donatien Kamdem Toukam for conducting
numerous assays on different types of cancer cell lines for last few years which we very crucial

for my Ph.D. thesis.

| am grateful to the past and present members of the Cook Group. It is a great pleasure to be a part
of this outstanding group. | want to express my sincere gratitude to Dr. Kashi Reddy Methuku who
trained me for setting up a reaction for the first time and to Dr. Michael Rajesh for helping on the
cytotoxicity assays. | want to thank Dr. Lalit Golani for his training on molecular modelling by
using different type of modelling software. 1 would like to thank Dr. V.V.N. Phani Babu

Tiruveedhula and Dr. Tofiqgue Rahman for their wonderful companionship, support, discussion,

xlv



and advice after many hours of work in the lab. | want to convey my special thanks to Dr. Zubair
Ahmed Khan for his excellent ideas. | really enjoyed working with my current group members

Prithu Mondal, Kamal Prasad Pandey, Sepideh Rezvanian, Yeunus Mian and Dishary Sharmin.

I would like to acknowledge the financial and academic support of the UW-Milwaukee
Department of Chemistry and the UW-Milwaukee Graduate School. | express my sincere gratitude
to Dr. Frank H Holger for his superb support of NMR, and to Mr. Neal Korfhage for the design
and manufacture of highly specialized glassware. | am grateful to and appreciate Dr. Anna Benko
for her excellent expertise and support over the past five years in supporting mass spectrometry. |
would also like to thank Dr. Shama Mirza for his help with the mass spectrometry analysis. | would
also like to thank Mr. Kevin Blackburn, Ms. Elise D. Nicks, Ms. Wendy Grober, Ms. Shelley

Hagen, Ms. Mary Eckert and Ms. Goldie Gibbs for being there for me whenever help was required.

Finally, | want to express endless respect to my Mother Mrs. Momtaz Begum, whose endless
struggle after my father Md. Monirul Islam’s death gave me the privilege to continue my study
since my childhood. I also want to thank my wife Fathiya N Jahan who was with me during the
last seven years and was the best companion for me during ups and downs in Ph.D work to keep
me motivated all time. Without these two ladies | may not have enough courage and mental

strength to carry on the Ph.D. work.

xlvi



Chapter 1 Introduction

1. 1 The GABAA receptors

Gamma (y)-amino butyric acid (GABA) is the chief inhibitory neurotransmitter in the central
nervous system (CNS) in the mammalian brain. GABA works by inhibiting excess neuronal
activity.! The inhibitory effect of GABA initiates by binding to GABA receptors. GABA receptors
have two major classes: GABAA receptors (GABAAR) and GABAg receptors (GABAgR). The
GABAA-rho receptors, usually known as GABAc receptors, are now considered as a subclass of
GABAA receptors because the composition of p (rho) subunits is associated with GABAaR. We
are not discussing GABACc receptors in this thesis.? The GABAaRSs are made up of fast-acting
transmembrane ligand-gated chloride ion channels. During activation, GABAAR goes through a
conformational change in the ion channel which permits chloride ions to pass through the
pentameric channel. This creats a hyperpolarization of the gradient and reduces neuronal
transmission.® On the other side the slow-acting GABAgR are members of the G-protein coupled
receptor class. GABAgR are associated in the mediation of the activity of potassium and calcium
channels.* After accumulation of evidence it has been shown that a change in the proper function
of GABAAR is linked to a number of disorders in the CNS, such as schizophrenia,® major

depressive disorder (MDD),® anxiety,” epilepsy® as well as neuropathic pain.®

To study the connection between the activity of GABAAR and different CNS disorders, a
large amount of research has been carried out to learn about the structures and activities of
GABAARs. The princople reason for different pharmacological effects is the presence of multiple
variations of the specific combination of GABAAR subunits.!® There are 19 subunit isoforms (a1-

6, B1-3, y1-3, 8, &, , 0, p1-3) in humans.!* The combination of a, p and y subunits (al-6p1-3y2)



in a stoichiometric ratio of 2:2:1 is the minimal requirement of the most common and well
researched GABAAR.? A fully functional allosteric effect of benzodiazepines at the o and y

interface always requires this combination.

Wisden et al.!2 proved the presence of GABAAR in the CNS of rodents, as well as the
distribution of different combinations of GABAAR by immunocytochemistry studies. Studies have
been showed that a1l B1-3 and y2 have high expression throughout the brain synaptically, as well
as extrasynaptically.'® In the rat brain a1p2y2 is the most prevalent combination and the highest
abundance of GABAAR which are at least 60 % of total GABAAR.**® The 02 and a3 containing
GABAARs are second in abundance and are approximately 20-30 % of GABAAR in rat brain.*°
The a5 containing GABA RS are mostly found in the cortex, and the hippocampus. They make up
about 5 % of the total GABAAR. In comparison to other subtype combinations in rat brain this
number is very low.?3® But, GABAARSs are not localized to the CNS; a significant amount of
studies indicates that GABAAR also can be found in other tissues outside of brain including the

organs such as the lungs, stomach, heart sinus node, intestines, etc. !

Extracellular
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Figure 1. A topology for GABAAR subunits that has been proposed. The N-terminal end in the extracellular
domain is designated the N-terminal end, and M1-M4 are transmembrane sections. (Figure modified from
Burt, et al. ¥ and Clayton, et al.)*®



The molecular mass of GABAAR subunits is approximately ~50 kD, and the structure of
the receptor proteins show high homology. Every subunit is made up of four transmembrane
domains M1-M4, attached in the lipid bilayer of its neuron. Both the C- and N- terminals, of the
subunit are located in the extracellular domain, which contains a potential glycosylation site and a
“cys-loop” formed by a disulfide bond at the N-terminal end. The large intracellular area can be
found in between domain 3 and 4. They are responsible for the modification of GABAAR at
possible phosphorylation sites (Figure 1). A circular formation can be found within the five

monomeric subunits in the hetero- or homo- pentameric chloride ion channel (Figure 2).2"%°
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Figure 2. In longitudinal vision (A) and cross-sectional view (B), schematic representations of GABAA; the
ligand-gated chlorine ion channel, is shown (B). The M1-M4 transmembrane domains are represented by the
numbers 1-4. Within the lipid bilayer membrane, the domain M2 domain is responsible for the majority of the
pore lining. (Figure modified from Keramidas et al.!® and Clayton et al.)*®

It has been well documented in addition to the two binding sites for GABA, GABAARS
contain multiple binding sites for other psychoactive compounds which includes benzodiazepines,
barbiturates, anesthetics, neurosteroids, ethanol, etc., at the synapse and inside the channel as
well 12 10.14.18 The view from the extracellular region of the clockwise-arranged afafy subunits
illustrates the binding sites of GABAAR (Figure 3). There are two interfaces of the a'B* subunits

where GABA binds on the other hand the benzodiazepines bind at the interface of the yo’

3



subunits.!> 7 18 Seighert, Ernst, Cook et al.discovered that at the interface of the proteins fa* is
also a binding site termed the PQ site and CGS 9895 was a receptor ligand. *® 2021 \Very recently
Knutson et al, have published an article in which he peoved that this receptor can also be alpha 6
subtype selective.??4 Drugs such as barbiturates'> 1> and ethanol,?>2® can also bind in the interior
portion of the ion channel, which enhances the response of GABA and opens the chloride ion pore
directly to a degree, which results in the addiction potential or even death.1? 10 1417 Hence

allosteric modulators of GABAR are much safer such as benzodiazepine receptor ligands.

Figure 3. As seen from the synaptic cleft, the arrangement of the a1p3y2 GABAAR subtypes. GABA binding
sites are found at the interfaces between the o+ and - subunits, while BZD binding sites are found at the
interface between the a+ and y- subunits. Each subunit's loop C is represented by the +. (Figure modified from
Clayton, et al.®®and Ernst, et al.)?’

1. 2 Benzodiazepines (BZD)

Benzodiazepines (BZDs) are a class of psychoactive drugs. They were first discovered in 1955 by
Leo Sternbach. Diazepam is one of the first and most precribed BZD drugs. It was marketed as
Valium in 1963 and today.?® BZDs show potent activity, low toxicity?®, minimal drug-drug
interactions in the liver, rapid penetration across the blood-brain barrier (BBB), rapid absorption
from the gastrointestinal tract, and ready distribution in the brain.3'33 This is why BZDs have been

among the first choices for more than 50 years for the treatment of neumerous CNS disorders such



as anxiety, seizures, and insomnisia.?® * Typical BZDs contains a core structure of a benzene ring

fused with a seven-membered diazepine ring and a C-5 pendant phenyl C ring (Figure 4).>°

Classical 1,4-benzodiazepines such as diazepam (Figure 4) and alprazolam exhibit potent affinity
to BzZ/GABAAR non-selectively at the benzodiazepine binding site (BzR), at the interface of the -
ot subunits.> 7 18 That is why the o and y subunits are just as crucial as the B subunits for the
occurance of the pharmacological effects of BZDs.% It has been documented that BZDs interact
with a1-35B213y2 GABAAR subtypes, but show fewer pharmacological effects at y13 subtypes.®’ In
additon to this the major diazepam-sensitive (DS) GABAAR subtypes are accompanied by two
other subtypes, the a4- and a6-containing diazepam insensitive (DI) GABAaR, which are less
abundant in the brain,3 in comparison to the DS GABAAR subtypes. Studies have shown that the
binding pocket of diazepam-insensitive (DI) subtypes is unable to tolerate the pendent phenyl C
ring of BZD ligands, such as the 1,4-benzodiazepine diazepam and the imidazodiazepine (IMDZ)
midazolam (Figure 4).2°4° Although, drugs like the antagonists flumazenil (Figure 4), which does
not contain the pendent phenyl C ring, can bind to all 6 major subtypes at DS, as well as DI sites,**

it can antagonize the effect at all 6 major subtypes.

Without the presence of GABA, a BZD itself can not modulate GABAAR directly.*! After a BZD
binds to the GABAAR ion channel, the affinity of GABA to GABAAR becomes tighter, which
leads to a much higher frequency of the chloride ion channel opening and increased
hyperpolarization of the membrane potential.*? This leads to increased inhibition of neuronal
firing, which is the reason for the series of pharmacological properties; for example, anxiolytic,
ataxic, amnesic, and sedative effects, as well as anticonvulsant effects, etc as mentioned. Some of

these virtues permit the in vivo use of BZDs for treatment of CNS disorders, which includes GAD,



SAD, PTSD, status epilepticus, and panic disorders. Although BZDs have a lot of advantages, they

also exhibit many adverse effects. The reasons
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Figure 4. Diazepam, chlordiazepoxide, imidazodiazepine (IMDZ), midazolam, and flumazenil are some of the
most prevalent BZDs. Both BZDs and IMDZs have their atoms labeled. Flumazenil can bind to both the DS
and DI sites, whereas diazepam, chlordiazepoxide, and midazolam can only bind to the DS sites.

are the concurrent non-selective binding and efficacy at many of the GABAAaRs.> % Some common
side effects of BZDs are sedation, ataxia, amnesia, addiction, fatigue, dependence, withdraw
issues, muscle-relaxation, and tolerance to the antinociceptive and anticonvulsant effects.*3°
There is a large medical need for improved BZDs which could carry the desired pharmacological
properties. They need to be safe enough so that the unwanted side effects can be avoided for better

treatment of a series of CNS disorders.

1. 3 Modulation of BZDs on the Pharmacological Effects of GABAAR
There are a significant amount of studies, which have been done on GABAARS. The evidences

from these studies have confirmed the pharmacological effects of the GABAaRS mostly rely on



modulation of receptor subtypes, principally due to the differences of the ax subunits. \Mohler,

Sieghart,

Table 1-1 The impact of GABAA a1-6B1-3y2 receptor subtypes on the CNS. 18 4% presented at the University
of the West Indies' Mona Symposium (2014).% Mckernan et al. had already reported a part of this (ACNP).
Pharmacologists collaborated with the Milwaukee group to define the red pharmacology. Cook et al. presented
at the ASPECT meeting on April 9™, 2019 in Orlando, FL.

Subtype Associated effect

Anxiolytic, sedation, anterograde amnesia, ataxia, some anticonvulsant action,

al addiction, dependance, as well as involved in the development of tolerance and muscle
relaxation
o2 Anxiolytic, anticonvulsant action, antihyperalgesic effects.

Some anxiolytic action, some antinociceptive effects, anticonvulsant actions at higher

a3

doses, some muscle relaxation at higher doses.
o4 Diazepam-insensitive (DI) site, important in lung disorders in the periphery.

Cognition, learning, temporal, and spatial memory (may be memory component of
ad

anxiety), schizophrenia, depression and in the periphery asthma.

Diazepam-insensitive (DI) site, important in Tic disorders, Tourette's syndrome,
ab

migraine, trigeminal orofacial pain and perhaps schizophrenia.

McKernan, Sigel, Seeburg, Squires, and Haefely worked for several years to determine the
structures and the corresponding effects for each subunit. They have achieved this by employing
receptor binding, pharmacology and a molecular genetic models, that specific mutations for a
specific a subunit can modify activity. This required the exchange of the histidine amino acid (AA)

by an arginine AA in the al subunit (alHis101Arg),*® a2His101Arg, a3His126Arg,*" and



aSHis105Arg.*® Rodents were used in these models. These rodents contained the specific
mutations, on the basis of which they were treated with diazepam. If there was a change in
behavioral response (or lack thereof), it was assumed to be mediated by the mutated subunits in
comparison with the wild-type animals.*¢-*® The pharmacological effects of various subtypes are
shown in Table 1. This table is a summary of much early work by Mohler, Rudolph, McKernan,
Sieghart, Siegel et al. and in red is this activity was determined by the Milwaukee group in

collaboration with pharmacologists.

The al-containing GABAARs are assumed to be responsible, as mentioned for the anxiolytic
effects, sedative effects, anterograde amnesia, ataxia, development of tolerance, addiction,
dependence, and some anticonvulsant action as well as some muscle relaxation.*® % The a2-
containing GABAARs contribute in large part to the anxiolytic, antinociceptive and some
anticonvulsant effects.*” > Some hypnotic effects and some muscle relaxation may occur at higher
doses. Most of the antihyperalgesic effects of the y2 subtype originate from the GABAAR found
in the spinal cord. It was confirmed by a triple-point mutation study and other work by Zeilhofer,
Cook et al. Where Hz-166 was used as the ligand.*® % The a3- GABAARSs exhibit anxiolytic-like
effects, anticonvulsant action, antinociceptive effects and muscle relaxation at higher doses.*’ %
% The a5-GABAARS play role in cognition, memory, and spatial learning and are likely to be an
important component in the memory component of anxiety.*® % However o5p3y2 ion channels
are involved in asthma, MDD and schizophrenia. The o4- and a6- GABAAR are diazepam
insensitive (DI) subtypes because they lack, as mentioned, sufficient space in the binding pocket
for the pendant C ring of BZDs, specifically for 1,4-benzodiazepines and IMDZ. Consequently,
there is no ataxic nor sedative CNS side effects is related to these two subtypes.®>° Some recent

studies have indicated that a5- and a4-containing GABAaRs can be found in the peripheral



nervous system (PNS), especially in lungs,*®® which give rise to one more possible treatment for
asthma by using a5 selective BZDs. Recently, Knutson et al. have published evidence that the a6
Bz/GABAergic subtypes, at the PQ site, are associated with migraine, trigeminal pain, Tic diseases

such as Tourette's syndrome, OCD and schizophrenia.??*

In addition to receptor subtype variety, chloride ion influx plays the critical role in the
pharmacological effects of GABAARs in the CNS which results from allosteric modulation of
GABA receptors. BZDs like diazepam act to the ion channel's GABAAR BZD allosteric site and
lock it into an agonist conformation. The orthosteric binding of GABA to the ion channel is
increased as a result of this action. When the receptor binds to GABA, it alters the conformation
within the membrane, increasing the frequency with which the chloride ion channel opens. The
membrane potential progressively decreases as a result of this effect (Figure 5). Neuronal
transmission is further inhibited by this hyperpolarization, resulting in sedative, anxiolytic,
hypnotic, amnesic, and anticonvulsant actions in the CNS, as well as muscle relaxant effects. In
the absence of GABA, BzR ligands are unable to activate the intrinsic chloride ion channel; but,
as allosteric modulators, they can mediate ion influx and vary the complex's opening frequency.
60-62 There are three types of BZDs that can interact with GABAA/BzRs: agonists, inverse
agonists, and antagonists. BZD agonists, also known as positive allosteric modulators (PAM), are
substances that increase chloride ion inflow and increase GABA's effects. It should be emphasized
that unlike other agonists, BZD PAMs do not bind to the GABA binding site. Inverse agonists,
also known as negative allosteric modulators (NAM), bind to the BZD site and have the opposite
effect, lowering GABA-induced chloride ion influx. Depolarization of the membrane occurs as a
result, decreasing the likelihood of neuronal firing activity. In addition to full agonists and inverse

agonists, partial agonists and partial inverse agonists' are substances that elicit varying efficacy



in the range of maximum augmentation or reduction as a partial effect. The third kind of BZDs
(antagonists)? have no pharmacological effect because they neither increase nor inhibit GABA
function. However, because these antagonists have a higher binding affinity for BzR sites than
other BZD ligands, they impede the interaction of PAMs and NAM s at the BzR site.'® As a result,
antagonists like flumazenil, BCCt, and 3PBC are widely employed to reverse the effects of a BZD-
mediated response due to their capacity to occupy the BzR site and inhibit the binding of other

BZDs. Flumazenil has been used as an antidote to reverse BZD overdose for more than 40 years.

63

The notion of GABAAR subtype diversity and BZD allosteric modulation is critical for

comprehending GABAAR's complex pharmacological effects, as well as a guide for future ligand
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Figure 5. When a depolarizing stimulus originates a nerve signal, the membrane potential changes with time.
A potential that is hyperpolarized is one that is further away from the threshold potential. (Modified from a
figure in Terry Clayton's Ph.D. thesis) ¢

design for the treatment of many CNS illnesses. For example, hypnotic and sedative drugs can be

made from ligands that are al subtype selective agonists. However ol subtype selective
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antagonists, on the other hand, are effective in reversing the hypnotic, ataxic, amnesic, or sedative
effects of clinical BZDs, as well as the respiratory depression. Most importantly, ligands with
a2/3/5 or a2/3 subtype selective agonist or partial agonist activity and devoid of al subtype PAM
effects can elicit desirable effects in the treatment of anxiety disorders, convulsions, diabetic
neuropathy, neuropathic pain, inflammatory pain, complex regional pain disorders, fibromyalgia,
and panic disorders, among other conditions, with little or no sedative effects from al subtypes.
In addition, a5 subtype specific inverse agonists have been demonstrated to improve learning and
memory deficiencies without inducing undesired inverse agonist effects (anxiety, convulsions) at
the al subtype. As a result, the varying potency at distinct subtypes can be used to create a unique

spectrum of pharmacological effects.

1. 4 Molecular Modeling — Pharmacophore Model

Despite the fact that BZDs have a number of therapeutically important CNS pharmacological
effects, multiple attempts to crystallize the transmembrane protein GABAAR, particularly the
most critical recombinants of al-6B1-3y2, have failed until 2019, which impeded had further
development and creation of novel BZDs. As a result, before electron microscopy helped to solve
the structure of the alp3y2 ion channel last year, fragment-based molecular modeling and
structure-activity relationship (SAR) studies were thought to be the best two methods for
investigating the overall effects of BZDs, as well as developing new drugs with greater selectivity

to treat specific diseases.

The Unified Pharmacophore/Receptor Model has been created & 567 in Milwaukee®” during the
last three decades, based on in vitro binding affinities at BzR subtypes of more than 150 BZD
ligands, including all three types: agonists, inverse agonists, and antagonists.*® %567 GABAAR

subtype selective ligands from 15 structural families, including BZDs, %-%° beta-carbolines, 7%72
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3 pyridodiindoles, “*" imidazopyridines’®, and pyrazoloquinolines. To

triazolopyrimidines,
produce the estimated binding pockets, ’’ ligands were overlayed on a planar template ligand
(diindole template) to predict the BZD binding site. Over fifty rigid ligands were synthesized to

arrive at the first pharmacophore receptor models.

The locations and descriptors of the two-dimensional representation of the full pharmacophore
model are shown in Figure 6. H1 (Y210), H2 (H102), A2 (T142), and L1 were employed as anchor
points in the model, with H1 and H2 representing two hydrogen bond donor sites on the protein,
A2 representing one hydrogen bond acceptor site crucial for inverse agonist action in vivo, and L1
representing a lipophilic pocket. There are three additional lipophilic areas (L2, L3, and LDi)
where van der Waals interactions, as well as p —n and n-n stacking mediate interactions between
the ligand and the protein. Furthermore, three negative steric repulsive areas (S1, S2, and S3) that
reflect the proteins themselves have been postulated. The extracellular domain lies in the LDi area

between indole carbon atoms 5 and 6. 8 6566
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Figure 6. GABAAR BzR displays the descriptors and regions of the Milwaukee-Unified
Pharmacophore/Receptor Model for BZD. Within the unified pharmacophore/receptor model for the BzR,
pyrazolo[3,4-c]quinolin-3-one CGS-9896 is depicted as a dotted line, a key diazadiindole is depicted as a thin
ling, and diazepam is depicted as a thick line. H1 and H2 refer to the BzR's hydrogen bond donor sites, whereas
A2 refers to a hydrogen bond acceptor site that may be required for significant inverse agonist action in vivo.
The four lipophilic zones are represented by L1, L2, L3, and LDi, whereas the negative steric repulsion regions
are represented by S1, S2, and S3. The lone pair of electrons on the nitrogen (N) or oxygen (O) atoms of the
ligands is referred to as LP. (Modified from Clayton et al) 1

Several major patterns were provided to explain the association between subtype selectivity and
ligand structure (Figure 7) based on the ligand docking studies at the BzR using the pharmacophore

model, which were incredibly useful for future ligand design and modification.®

In the region L2, there is a minor difference in the induced volumes of the al and a2

subtypes.

- The included volume revealed that the binding pockets of the a2 and a3-containing
GABAAR subtypes are extremely similar in size, lipophilicity, and shape.

- A comparison of the induced volumes of the a4 and a6 subtypes revealed that the 4
subtype's volume is smaller than the a6 subtype's, particularly in the L2 and LDi
regions.

- The L3 lipophilic pocket is essentially non-existent in the 04 and a6 subtypes, as
evidenced by the overlap of the included volume of the al subtypes vs the a4 and a6
subtypes.Because they lack the binding pocket for the pendant phenyl ring found in
most BZDs and IMDZs, these two subtypes are diazepam insensitive DI sites in
comparison to other DS subtypes.

- Inthe a5 subtypes, the volume of the L2 area is slightly bigger than in the al subtypes,

as well as the 02 and a3 subtypes. This is a key trait for a5 subtype selectivity with

reduced binding at the ol subtype. For example, switching from a chlorine atom

(diazepam) to an ethinyl group (QH-11-66) at the C (7) position (Figure 8),%> 78 changed
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the binding affinity ratio of a5 over al subtypes from 1.27 to 11.22, significantly
increasing the selectivity of the a5 subtype in comparison to the binding affinity of the
al subtype at the same time and resulting in QH-11-66, a potential anticancer drug. QH

I1 66 is less sedating than diazepam, but it just as potent as an anxiolytic.

Furthermore, a recent study by Mohler et al. found that the coupling of al to a5 subtypes resulted
in the development of resistance to the anticonvulsant effects of BZDs.”® As a result of the strategy
of limiting binding affinities and efficacy at both a1 and a5 subtypes, a series of compounds with
anticonvulsant and antinociceptive action with no evidence for the development of tolerance were
developed, similar to the results proposed by Mohler 882 in the field of anticonvulsant medicines.
Remember that clinical BZDs are effective against status epilepticus in humans for around
3 days, but a2/a3 subtype specific ligands in animal models appear to be devoid of tolerance
development in convulsions and discomfort (Cook, et al ASPECT talk, April 9th, 2019,

Orlando, FL)
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b) Orthogonal views of the overlap (yellow)

a) Orthogonal views of the overlap (yellow)
volumes of and reen)

volumes of and

d) Orthogonal views of the overlap (yellow) volumes
of and (

e) Orthogonal views of the overlap (yellow) volumes f) Diazepam and the unified pharmacophore descriptors
of and a | ‘ depicted in the included volume of the alb3g2 subtype.

Figure 7. Images of overlap between induced volumes produced from receptor subtype specific ligands: a) al
and a2 subtypes; b) a2 and a3 subtypes; ¢) a4 and a6 subtypes; d) el and a6 subtypes; e) al and a5 subtypes;
f) diazepam and the unified pharmacophore model descriptions in the contained volume of the al subtype Each
grid measures 4 A in width and height, and the yellow color denotes overlapping induced volumes. ¢ (Modified
from a figure in Clayton et al.)
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Figure 8. BzZIGABAAR binding data of diazepam and QH-11-066 in vitro. (Modified from a Figure in M. Poe
and T. Clayton's Ph. D. theses) % 78

O F

1 (SH-053-2'F-R-CHg) 2 (SH-053-2'F-S-CHj)
Figure 9. IMDZ ligands 1 and 2 have enantiotropic chiral imidazodiazepine (IMDZ) structures.

Clayton, et al. (2015) provided an improved pharmacophore model and homology model for a5
GABAAR subtypes during the last few years.®” In addition to the binding affinities and updated
compound library, the chiral methyl enantiomers at the C(4) position from the IMDZ class were
identified as a new lipophilic region L4: the a5 subtype-selective ligand SH-053-2'F-R-CH3 (1)
and its enantiomer the a2/a3/a5 subtype-selective ligand SH-053-2'F-S-CH3 (2),% see Figure 9.
According to current research, the novel binding pocket (L4) was only found in the a5 subtype

and not in the a2 or a3 subtypes. Both enantiomers (R and S) can fit into the a5 subtype's binding
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pocket (see included volume). However, the R-isomer (1)'s pendant phenyl ring did not fit into the

binding pockets of the a2 or a3 subtypes. This phenyl group protruded beyond the included
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SH-053-2"F-R-CH3 1 does not fit the pharmacophorein the  The left image of figure rotated 90°. It can be clearly seen
included volume of the alpha 2 subtype that the conformation of 1 is such that the pendant 6-phenyl sticks
outside the included volume

SH-053-2F-S-CH, 2 fits the pharmacophore in the The left image of figure rotated 90°. It can be clearly seen that
included volume of the alpha 5 subtype 2 fits within the included volume
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included volume of the alpha 5 subtype 1 fits within the included volume

Figure 10. In the a5 and a2 pharmacophore/receptor models, ligand occupancy of SH-053-2'F-R-CHs (1) and
SH-053-2'F-S-CHs (2) was observed. (Adapted and reprinted from Clayton et al.)  However ligand R-CH3
does not bind to the al, 02 and a3 subtypes.
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volume, rendering the R-CH3 isomer ineffective at binding to at a2 and a3 subtypes. (Figure 10).
The S-isomer (2), on the other hand, was easily accommodated in all three subunits (a2, a3, and
ab), because the a2 and a3 subunits are comparable in shape and size. The results of the

pharmacophore model's are compatible with the efficacy data of the 2/3/5 subtype-selective ligand

when combined with efficacy data of the S-ligand(2).5’
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Chapter 2 Cancers

2. 1 Medulloblastoma
The central nervous system (CNS) is made up of the brain and spinal column. Vital functions such

as thought, speech, body strength, etc are controlled by the central nervous system.

A brain tumor starts when normal and healthy cells in the brain became altered and start growing
out of control, creating a tumor mass. A tumor can be either cancerous or benign. A cancerous
tumor can be malignant, which means it can grow and spread to different parts of the body. A

benign tumor is one that can grow but does not spread to other organs.

Medulloblastoma is one type of brain tumor. Medulloblastoma starts in cells in the cerebellum,2®

which is located at the back of the brain. It controls body movement as well as coordination.

Medulloblastomas are usually rapidly growing tumors that spread through the cerebrospinal fluid
and frequently metastasize to different locations along with the surface of the brain and spinal
cord. Metastasis like these, which spreads down to the cauda equina at the end of the spinal cord,

is called "drop metastasis"

Each year between 250 and 500 children are diagnosed with medulloblastoma. About 18% to 20%
of all childhood brain tumors cases are medulloblastoma, which makes it the most common
cancerous brain tumor among children. Medulloblastomas occur mostly in children who are
younger than 16 years old. In all diagnosed cases more than 70% are younger than 10 years. The

chance of getting medulloblastoma becomes lower after the age of 9 years.
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Medulloblastoma can also be found in adults, but it is not as common as it is in children. About
33% of medulloblastoma cases in the United States occur in adults which are between the ages of

20 to 44.

The survival rate indicates what percent of children live after the tumor is found. The survival rate
of children with medulloblastoma relies on different factors, such as the risk level for this disease
as well as the age of the child when he or she was diagnosed. Children who are younger than 3-
years old may have a lower survival rate, may be because the disease is usually more aggressive

in this age group.

Overall, the survival rate for medulloblastoma patients in which the tumor has not spread is about
70% to 80%. The survival rate in the case in which the tumor has spread to the spinal cord is lower,

about 60%.

It is important to consider that statistics on the survival rates for children with medulloblastoma
are estimated. The estimates were calculated from annual data based on the number of children

with this type of tumor in the United States. Also, this data is measured every 5 years.

Doctors are still doing research to understand the causes of most childhood tumors,
medulloblastoma is one in them. The factors listed below are linked with a higher risk of

medulloblastoma:

e Gender. Medulloblastoma is less common in girls than in boys.

e Age. Medulloblastoma occurs most often in the first 8 years of life, with about 50% of

cases occurring in children who are less than 6 years old.

21



e Genetics. Genetic conditions are listed below, which can be linked with a higher risk of
developing medulloblastoma:
o Nevoid basal cell carcinoma syndrome (NBCCS)
o Turcot syndrome (a subtype of familial adenomatous polyposis (FAP) or Lynch
syndrome)

o BRCA1 gene mutations

The following symptoms or signs are common in children with medulloblastoma. These alterations
are not always present in children with medulloblastoma. A symptom could also be caused by a

medical issue other than a brain tumor.

e Headaches

« Morning vomiting that worsens over time

e Clumsiness

o Problems with handwriting and other motor skills that worsen over time

e Problems with vision or an eye turning inwards

If medulloblastoma spreads to the spinal cord, it may cause the following symptoms:

e Back pain
« Inability to control the bowels and bladder

o Difficulty walking
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2. 1. 1 Types of Medulloblastoma

Current morphological (histopathological) classification schemes for medulloblastoma include
varieties such as desmoplastic/nodular, MBEN (medulloblastoma with extensive nodularity),
classic medulloblastoma, large cell, and anaplastic medulloblastoma. Various groups have begun
to sub-classify medulloblastoma based on changes in the transcriptome84 as a result of recent
advances in the ability to monitor transcription across the genome in the context of a single
experiment. This transcriptional approach to tumor sub-classification has also been applied to a
variety of non-medulloblastoma histologies 85, 86, 87, 88, 89, 90, with the underlying assumption
that tumors with similar transcriptomes will behave biologically similarly, allowing a
transcriptionally driven classification to serve as a guide for successful anti-neoplastic therapy.
The number of medulloblastoma 'subgroups' identified within medulloblastoma patient cohorts is
mostly determined by the number of individual tumors within each cohort, with bigger cohorts
revealing greater layers of hierarchical complexity.34 9192 93 Scientists from several laboratories
published article on this topic agreed that there were four primary transcriptional subgroups of
medulloblastoma, with many of these subgroups showing a subsequent level of hierarchical
structure that will be designated the subtypes of the subgroups, based on the published literature
and some unpublished data presented at a recent consensus conference in Boston, Massachusetts
(Fig. 11). The exact number of subtypes for each subgroup is unknown at this time, however each
subgroup is expected to have multiple subtypes.

WNT, SHH, Group 3, and Group 4 are the names of the four main subgroups of medulloblastoma
(Fig. 12). The signaling pathways Wnt and Shh (Sonic Hedgehog) were called after those thought

to be important in the pathophysiology of that subtype. Because the biology
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of the remaining two subgroups is less well understood, the decision was to keep generic names for
the time being until the underlying biology driving these subgroups could be properly defined. There
is evidence for subtypes within subgroups, especially in Group 3, as indicated by the fact that by using
the clustering method, a small number of "intermediate™ tumors were classified into Group 3 or Group

4 among Non-WNT, Non-SHH cancers.

While the subsets of the subgroups are obvious, they are not well described at this time, thus until
more characterization from several centers and on much larger cohorts were available the
consensus was to designate them with Greek letters (a, B, y etc.). (Fig. 11). The four principal
subgroups of medulloblastoma were named as follows: WNT, SHH, Group 3, and Group 4 (Fig.
12). The Wnt and Shh (Sonic Hedgehog) were named for the signaling pathways thought to play
prominent roles in the pathogenesis of that subgroup. Because the biology of the remaining two
subgroups is less well understood, the decision was to keep generic names for the time being until
the underlying biology driving these subgroups could be properly There is evidence for subtypes
within subgroups, particularly in Group 3, as evidenced by the fact that among Non-WNT, Non-
SHH tumors, a tiny number of "intermediate” tumors may be classified to Group 3 or Group 4
based on the clustering technique used. Particularly for Group 3, there is evidence for the existence
of subtypes within the subgroups, which is also identified by the fact that among Non-WNT, Non-
SHH tumors, there may be a small fraction of “intermediate” tumors that would be classified to
Group 3 or Group 4 according to the clustering algorithm applied.®* While the subsets of the
subgroups appear obvious, they are not well characterized at this time, so the consensus was to
name them using Greek letters (a, B, y, etc.) until additional characterization from multiple centers,

on much larger cohorts, became available. (Fig. 11). Since the four groups
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was proposed and were clearly different in terms of demographics, histology, DNA copy-number

aberrations, and

Cerebellar Embryonal Tumors

ATRT | Medulloblastoma | ETANTR

hh. Group3 Group4

anB i SHRBY shhy  Group3a Group3p Group4 B

Figure 11. Dendrogram depicting the classification of embryonal tumors of the cerebellum. Medulloblastomas
should be differentiated from the less common ATRTs and ETANTRs of the cerebellum. Under the current
consensus classification of medulloblastoma four principal subgroups are identified: Wnt, Shh, Group 3, and
Group 4. The evidence suggests that each of the four principal subgroups will likely have distinct ‘subsets’ that
are biologically and clinically homogeneous as compared to other subsets from within the same subgroup. As
the nature and number of subsets for each subgroup are currently unknown, the consensus classification
suggests that each subset be named using a Greek letter (a, B, v, etc.) until such time as they are sufficiently
characterized to be named based on their molecular etiology.

clinical outcome as which is also nicely summarized in a meta-analysis paper.®® The authors
consider it very helpful to begin using these subgroups in the clinic. More specifically,
subgrouping according to molecule will not only help to detect target cohorts for certain drugs
(e.g., SHH inhibitors), but also significantly help to the outcome prediction by the time of
diagnosis®, even more than any of the currently used clinical markers such as patient age,
metastatic stage at diagnosis, level of resection, and histological subtype according to the WHO
classification®. Although it is evident that few tumors will either be positive for more than one

marker or negative for all markers®, it is good that using two markers that are supposed to use the
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same subgroup (such as SFRP1 and GAB1 for SHH tumors) resulted in a very high overlap in a
study which was published in the same issue.®®. In the following, the distinctive characteristics of

these four core subgroups are shown in more detail.

Molecular Subgroups of Medulloblastoma
CONSENSUS WNT SHH Group 4
Cho (2010) c6 3 C1/C5 C2/C4
Northcott (2010) WNT SHH Group C Group D
Kool (2008) A B E C/D
Thompson (2006) B C,D E, A A C
DEMOGRAPHICS i '
Age Growp: ¥ § X | et i & R |
e
Gender:Qd‘ ddQQ ddQQ ddQ ddQ
CLINICAL FEATURES '
Histology classic, rarely LCA desmgglsiisé:cL/chdular, classic, LCA classic, LCA
Metastasis rarely M+ uncommonly M+ very frequently M+ frequently M+
Prognosis very good infants good, others poor intermediate

intermediate

GENETICS , 1p-
& }(6' 3q+}{ . ge 1q+}( = N, +ﬁ Tk

' 17q+ } & 10q- q

M il 800 120: @@ 16 18q+

CTNNBI mutation PTCH1/SMO/SUFU mutation in7q il7q
GLI2 amplification MYC amplification CDK6 amplification

GENE EXPRESSION MYCN amplification MYCN amplification

i Vs WNT signaling SHH signaling Photoreceptor/GABAergic || Neuronal/Glutamatergic
by \ MYC + ) MYCN + MYC +++ minimal MYC/MYCN

Figure 12. Comparison of the various subgroups of medulloblastoma including their affiliations with previously
published papers on medulloblastoma molecular subgrouping.

2.1.1.1 WNT subgroup

The Wnt subgroup is the most well-known of the medulloblastoma subgroups due to its excellent

long-term prognosis in comparison to other subgroups.®® Long-term survival rates for Wnt
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medulloblastoma patients are projected to approach 90%, with those who die succumbing to

therapy-related problems or secondary neoplasms rather than recurrent Wnt medulloblastoma.%

Turcot syndrome is caused by germline mutations in the Wnt pathway inhibitor APC, which leads
to a medulloblastoma propensity. In addition, sporadic medulloblastomas have been shown to have
somatic mutations in the CTNNB1 gene, which codes for B-catenin.®”-® These extensive germline
and somatic genetic data strongly suggests that canonical Wnt signaling has an etiological role in
the pathogenesis of this group of tumors, leading to the identification of 'Wnt subgroup

medulloblastomas.

To date, almost all Wnt medulloblastomas investigated show a typical histology. CTNNB1
mutations, nuclear immunohistochemistry staining for -catenin, and monosomy six are all common
features of Wnt medulloblastomas (deletion of one copy of chromosome 6 in the tumor). It's
uncertain which of these markers is a gold standard for diagnosing Wnt medulloblastoma, as there
have been reports of medulloblastomas with a clear Wnt transcriptional signature but no
monosomy six.*? The scenario is further complicated by the recent revelation of a single
medulloblastoma with mutations in both CTNNB1 and PTCH.*® Indeed, over-representation of
Whnt pathway genes has been seen in Shh and Group 3 medulloblastomas, while the relevance of
this finding is unknown.®? Although medulloblastomas with giant cell/anaplastic histology have
been observed in the Wnt subgroup, they appear to have the same good prognosis as the Wnt
subgroup. % Which of the effects of monosomy 6, nuclear staining for -catenin, mutation of
CTNNBL1, immunohistochemical staining for DKK192, 100, or a transcriptional signature that
clusters with other "Wnt' tumors should be used as a gold standard for the diagnosis of Wnt

medulloblastoma needs to be confirmed in larger cohorts of well-characterized medulloblastomas.
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Even though men are more prone to develop medulloblastoma, Wnt medulloblastomas have a male
to female ratio of roughly 1:1. Wnt medulloblastomas can afflict persons of any age, however they
are more prevalent in adults. Apart than monosomy six, the genome of Wnt medulloblastomas has
few additional areas of genetic amplification or deletion.®? Wnt medulloblastomas are thought to
emerge from the cerebellum's lower rhombic lip, according to a mouse model recently
published.'® This mouse model will surely aid in the preclinical testing of new medications.
Because most patients with Wnt medulloblastoma live, it's probable that they're being overtreated
with existing medicines, which are extremely morbid, and a clinical study of therapeutic de-

escalation in this patient cohort is now being discussed.

2.1.1.2 Sonic Hedgehog Subgroup (SHH)

The Sonic Hedgehog signaling system, which is expected to induce tumor initiation in many, if
not all, instances, is called after the Shh group of medulloblastomas. Gorlin syndrome is caused
by germline mutations in the Shh receptor PTCH, which involves a tendency to
medulloblastoma.’21% |ndividuals with germline mutations in the Shh inhibitor SUFU, infantile
medulloblastoma, are prone to medulloblastoma.l% 105 106, 107 |n sporadic medulloblastoma,
somatic mutations of PTCH, SMO, and SUFU, as well as amplifications of GLI1 and GLI2, have
been found.1%":198.199 The current suggestion to legally designate them 'Sonic Hedgehog' subgroup
medulloblastomas is based on genetic findings suggesting Shh signaling in the genesis of this

group of tumors.

Transcriptional profiling has mainly identified sonic hedgehog subgroup medulloblastomas.8 %%
92,110,111, 112 1mmunohistochemical staining for SFRP182, 12113 or GAB1.'® have also been used

to detect Shh medulloblastomas. Because the PTCH gene is situated on chromosome 9q22,
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deletion of chromosome 9q seems to be confined to Shh medulloblastomas.®? The Shh subgroup
of tumors'®® has the majority of documented mice models of medulloblastoma. Human Shh
medulloblastoma has a strangely dichotomous temporal incidence, in that it is quite common in
both newborns (0-3 years) and adults (>16 years), but significantly less common in children (3—-
16 years). The extent to which adult Shh medulloblastomas resemble child Shh medulloblastomas
will be determined through large-scale tumor studies. Females predominate in Shh
medulloblastoma, according to some recent studies® but not others®. The gender ratio in all
published research is roughly 1:1. The Shh subgroup includes the majority, if not all,
nodular/desmoplastic medulloblastomas. However, because up to 50% of Shh subgroup
medulloblastomas are not nodular/desmoplastic, this is not a useful marker for the subgroup. Shh
medulloblastomas have a prognosis similar to Group 4 medulloblastomas, although it's somewhere
in between Wnt medulloblastomas (excellent) and Group 3 medulloblastomas (bad). Small
compounds targeting smoothened (SMO) have recently been shown to be very effective, if briefly,
against Shh medulloblastoma, highlighting the critical need to discover effective and feasible

markers for Shh medulloblastoma,16- 117,118

2.1.1.3 Group 3

Although they cover the bulk of LCA cancers, Group 3 tumors are usually ‘classic'
medulloblastomas. A transcriptional profile that clusters with other Group 3 cancers is the current
gold standard for diagnosing a Group 3 tumor.% %9 NPR3 immunohistochemistry positive has
been proposed as a Group 3 marker.®? While Shh subgroup cancers have high levels of MYCN
expression, Wnt subgroup and Group 3 tumors have high levels of MYC expression, Group 4

tumors have low levels of both MYC and MYCN expression, with the exception of a

29



few cases of MYCN amplification.® 92 115 As a result, one group has proposed that Group 3
cancers be dubbed the MY C group.115 MY C amplification (but not MYCN amplification) appears
to be nearly exclusively restricted to Group 3.% %92 The medulloblastoma oncogene OTX2
appears to be exclusive to Group 3 and Group 4 tumors in terms of amplification and
overexpression.®% 119.120.121 Groyp 3 cancers overexpress numerous genes first discovered for their
function in retinal development, while the relevance of these genes in Group 3 tumor pathogenesis

is still unknown.

Malignancies in Group 3 are far more likely than cancers in Group 4 to gain chromosome 1q and/or
lose chromosomes 5qg and 10qg. Males are more likely than females to have Group 3 tumors, which
are present in newborns and children but nearly never in adults. LCA histology is common in
Group 3 tumors, and they are commonly metastatic.’? Indeed, it has been argued that earlier
identification of metastatic status as a risk factor for poor prognosis in medulloblastoma was really
identifying a subset of individuals who were enriched for Group 3.%2 Group 3, in which one subset
(Group 3) comprises all patients with MY C amplifications and assumes that most of the high risk
of recurrence and mortality is associated with a Group 3 diagnosis, has the greatest evidence for a
clear'subset of a subgroup' in medulloblastoma to date. Group 3 patients, on the other hand, did
not have MYC amplifications and had the same clinical result as Group 4 patients.*® This
interesting result will need to be confirmed in further cohorts, as well as the creation of
therapeutically useful indicators for identifying Group 3 and Group 3 patients. Despite the fact that
Group 3 tumors are more similar to Group 4 cancers than Shh or Wnt tumors, the demographic,
clinical, transcriptional, and genetic distinctions between Group 3 and Group 4 show that they are
separate entities.’ %> The poor prognosis of Group 3 patients clearly shows that the

medulloblastoma community has to focus more on this subgroup in order to create useful
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biomarkers, understand the underlying etiology, and establish realistic mice models to produce

better therapies.

2.1.1. 4 Group 4

A 7-year-old kid with a characteristic histology medulloblastoma with an isochromosome 17q is
the prototype medulloblastoma. Because the molecular etiology of Group 4 tumors is still
unknown, the current standard nomenclature has been given the generic designation 'Group 4'
awaiting further research. Group 4 medulloblastomas are now distinguished by a transcriptional
profile that clusters with another Group 4 medulloblastomas. KCNAL has been proposed as an
immunohistochemical marker for Group 4 cancers, however more research is needed.90,92
Although isochromosome 17q is found in 26% of Group 3 tumors, it is significantly more prevalent
in Group 4 tumors, where it is the most common cytogenetic alteration (66%) as described in Kool
et almeta-analysis .'s of all published data sets in this issue of the journal.%? 122 |solated 17p deletion
is also present in Group 3 and 4 tumors, but nearly never in Wnt or Shh subgroup
medulloblastomas. The deletion of the X chromosome, which is present in 80 percent of females
with Group 4 medulloblastoma, is the only other significant cytogenetic abnormality among Group
4 tumors. Given the high male:female ratio in Group 4 patients, the high prevalence of X
chromosome deletion in females with medulloblastomas is particularly concerning (2:1). Multiple
studies have found that genes involved in neural differentiation and development are
overrepresented in Group 4 tumors, albeit neither the genetic basis nor the clinical significance of
this has been determined.®® °% %2 Group 4 patients, like those with Shh malignancies, have an

intermediate prognosis. Although Group 4 tumors account for more than 30% of all
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medulloblastomas, we know the least about their molecular pathophysiology, and no mice models

of Group 4 tumors have been identified.

2. 1. 2 Interaction of benzodiazepines with a5-GABAA receptors
Several tumor models were used to do an intratumor microdose efficacy study. In the study several

benzodiazepaines were used which can enhance the action of GABA at a5-GABAA receptors.

Diazepam QH-11-066 KRM-11-08 SH-1-75
MW 284.74 g/mol MW 274.32 g/mol  292.31 g/mol MW 355.39 g/mol
\ o \ o \ © N 9
N N N " 3
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Cisplatin Mebendazole JQ1
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Figure 13. Chemical structures of compounds. The study employed structurally related benzodiazepines shown
in the upper line. The compounds are made up of the basic benzodiazepine chemical structure; benzene and
diazepine ring fusion, and color-coded structural changes. Chemical structures of the study's standard-of-care
therapy substances shown in the lower line. JQ1 has a structural resemblance to the benzodiazepine SH-1-75.

In these agents cisplatin, mebendazole and the bromodomain JQ1 were included. Medulloblatoma
tumor cell lines were used to create a nude mouse flank xenograft. D425 and D283 tumor cell

xenografts express a high degree of a5-GABAA receptors. Results found from microdevice
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technology indicates D425 and D283 tumor cell flank xenografts were more sensitive than DAOY
tumor cell flank xenografts to the benzodiazepine derivatives. KRM-11-08 (19) sensitizes most,
which is a positive allosteric modulator of a5-GABAA receptors. In the same model two other
compounds SH-I-75 and QH-11-66 (8) also sensitized D425 and D283 tumor cell flank xenografts.
The difference between KRM-11-08 (19) and QH-11-66 (8) is KRM-I11-08 (19) contains a fluorine
atom at the 2’ position while QH-11-66 bears a hydrogen atom at the 2’ position. KRM-11-08 (19)

and QH-11-66 (8) have similar structures, and both are benzodiazepines.

D425

Cisplatin Mebendazole  KRM-11-08 SH-1-75

60 ®D425 ¥ DAOY
E 50 - ":[V
R 40 - :
£
>
§ 30 -
g 2 T
§ 10 |
2' o & 1y

o4 |

KRM-11-08 SH-I-75 QH-11-066 Jai Mebendazole Cisplatin

Figure 14. Effect of compounds in a microdevice on flank tumors. Representative photos of D425 and DAOY
tumor slices excised 24 hours following exposure to a microdose of each medication from the device, revealing
discrete areas of apoptosis as measured by cleaved-caspase-3 expression (brown). 250 um scale bars. For human
D425 and DAQY tumors subjected to KRM-11-08, SH-1-75, QH-11-066, JQ1, mebendazole, and cisplatin, the
apoptotic index (percent apoptotic cells/all cells in drug-affected tissue region) was calculated (all 35 percent
drug in PEG1450). Please give (p 0_01) averages from 6 geographically different reservoirs from at least 3
tumors.

Exposure to KRM-11-08 (19) leads to apoptosis in 38% of exposed cells (apoptotic index, Al)

within 24 hours in this model, compared with 21% for SH-1-75 and 13% for QH-11-066 (8) (Fig.
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14). KRM-11-08 (19) is also significantly more potent than all other standard-of-care treatments
tested in this tumor (Fig. 14). Another a5-GABAA receptor expressing tumor model, D283, also
shows significantly higher local apoptosis induction in response to benzodiazepine derivatives
KRM-11-08 (19) (Al = 32%) and QH-11-066 (8) (Al = 30%) treatment, as compared to other
standard-of-care treatments tested. Interestingly, cisplatin,4JQ1,* and mebendazole11 exhibited a

greater effect on the non-a5-GABAA receptor expressing tumor cell line DAQY (Fig. 14).

MALDI mass spectrometry imaging analyses*3#'% was performed on cross-sectioned mouse
frozen flank tissue to demonstrate local drug distribution of compounds released from the
microdevice. Shown in Figure 15 is a 2-dimensional MALDI mass spectrometry images
displaying the distribution of KRM-11-08 (19) (Fig. 15(A)), QH-11-066 (8) (Fig. 15(B)), and JQ1
(Fig. 15(C)) with relative intensities. The high mass accuracy measurement achieved by the FTICR
analyzer (better than 1 ppm) enabled confirmation of the release of each compound from the
microdevice. For JQ1, only ions from the fragmentation of the parent molecule were detected
during the MALDI MSI analysis. The high laser intensity (i.e., 35%) may be responsible for an in-

source fragmentation of the drug.

Based on the correlation with a hematoxylin and eosin (H/E) stained serial section, all the
compounds were released into the tumor tissue at maximum diffusion distances of 560 um for JQ1
and greater than 1150 um for KRM-11-08 (19) and QH-11-066 (8) (Fig. 15). This area of exposure
is approximately congruent with the regions of apoptosis induction that are observed in Figure 14,

implying that the presence of the drug leads to apoptosis.
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Figure 15. Molecular imaging of chemical distribution using MALDI FTICR mass spectrometry. Laser
desorption/ionization with matrix assistance Mass spectrometric imaging (MSI) of the distribution of three
drugs in sections of a mouse flank tumor with an implanted device using Fourier-transform ion cyclotron
resonance (MALDI FTICR) (A) KRM-11-08 (m/z 293.1084); (B) QH-11-066 (m/z 275.1178); and (C) a fragment
of JQ1 (m/z 401.0834). The left and right panels, respectively, show scanned images of tissue sections overlaid
with MALDI FTICR MSI data and MALDI FTICR MSI data alone. The device's location in each part is shown
with red dotted lines. The images were taken at a spatial resolution of 30 meters. 1000-meter scale bars

QH-11-066 (8) and KRM-11-008 (19) are a5SGABAAR positive allosteric modulators that decreased

the expression of HOXADS, a homeobox transcription factor that controls p53 expression, showed
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in a cell viability assay.! The research group of Dr. Soma Sengupta studied 763 primary
medulloblastoma patient tumors to better understand the role of a5-GABAAaR in group 3 cell

viability.

N V.

Figure 16. QH-11-066 at a* v Interface of GABAA Receptor in the a1p3y2 em cryostructure (Nature 2019)

2.1.2.1 QH-11-066 at a* y Interface of GABAA Receptor

Cryo-ER structures were used to explain the three most significant interactions of (QH-11-066. 8),
which allow them to function as a PAM. But with less sedation than diazepam. (Cook et al, US

Patent 2006)
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- With al Ser205, the bifurcated hydrogen bonding was 3.1A for the N atom in the seven-
member ring and 2.9A for the oxygen atom.

- The interaction created by QH-11-066 (8) with the a1 His102 via halogen bonding with the
backbone carbonyl was less than the halogen bond formed by diazepam with a1His102 via
halogen bonding with the backbone carbonyl.

- The pi-pi stacking with a1Tyr210 and a1Phe100.

In the DZP bound cryo-ER structure (6HUP), the distance between the chlorine atom and the
carbonyl oxygen was 3.2A, while in the case of QH-11-066 it was 3.8A for the ethinyl function.
(6HUOQ). In both cyro-ER structures, the o-hole angle is 165. QH- 11-066's bifurcated hydrogen
bond with al1Ser205 is shorter than the one produced by bound DZP. The shorter hydrogen bond
and bifurcated hydrogen bond interaction of al13y2 are consistent with the same sedative effect

as diazepam, but it is much less. (US Patent, Cook et al, 2006)

2.1.2.2 KRM-11-008 at the a*y~ Interface of the GABAA Receptor

Here The most critical hydrogen bonding bifurcation is:
- With alSer205, the N atom in the seven-member ring was 2.2A, and the oxygen atom was
2.5A.

- The pi-pi stacking with a1Tyr210 and a1Phe100.
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Figure 17. KRM 11 08 (19) at the a* y~ Interface of GABAA Receptor

QH- 11-066 (8)'s bifurcated hydrogen bond with a1Ser205 is longer than the one produced by
bound KRM-I11-008 (19). Because KRM-11-008 (19)'s bifurcated hydrogen bond is shorter than

QH-11-066 (8), it has a stronger affinity for the a1p3y2 em cryostructure than QH-11-066 (8).

1M

100 nM o0

300+ 450 -

=]

] S 4004
g 29 { £ E% 82 350-}}-} 71
5 2 ool 2 0]
£ -5 @ < 250 A g
8 & 150 % £ 22 200 72
T - 7
© £8 '0) %
g - © 0O 450 Z
= @ 100 = - 7
® = 400 »
50 - 50 é
o i\

123456 123456

b

0
123456 123456 123456 123456

QH-1-66 1 QH-11-66
EKR;A-M 70 JKRM-III-70
ez KRM-11-08 Kgxll-lz‘s
B FR-1-44

rlq\go 'Iqﬁo
Oy L
=N
O U
QH-11-66 KRM-I1I-70 KRM-1-08

38



Figure 18. The effectiveness of potentiation of ligands expressed in HEK cells, a1-6,3y2 GABA ion channels,
with EC3 GABA with Janet Fisher (USC).

2.1.2.3 Cytotoxicity Study with De. Arnold et al.

The cytotoxicity experiment was done in both human embryonic kidney cells (HEK293T) and
human liver cancer cell lines (HEPG2) to examine the toxicity of all analogs at the cellular level

for the selection of safe lead compounds. The findings are shown in the figure 19 below.

Ligands were cultured for 48 hours with HEK293T and HEPG2 cells, respectively, before cell
viability was determined using a Cell-Titer Glo (Promega). DMSO was utilized as a negative
control, while 3-dibutylamino-1-(4-hexylphenyl)-propan-1-one was used as a positive control (150
mM in DMSO final concentration used as a positive control). Three independent quadruplet
experiments were used to determine the data. The LDso values of each substance in HEK293 and
HEPG2 cell lines were provided in the last two columns, respectively. The LDso values indicate
that most of the chemicals are non-toxic.

QH-11-66
KRM-111-70 %

= - i KRM-11-08 23 * ddn
= A KRM-III-77 = *  KRM-11-08
S v TA-1-12 (NOR-KRM-11-08) A KRM-1II-77
* FR-1-43 g ¥ TA-1-12 (NOR-KRM-11-08)
* FR-1-43
1 ° 1 2 3 .'1 ° H 2 3
log [Conc.] (uM) log [Conc.] (uM)
& -6 174.6 = 13 242.7 =10
MK;@M&II—OS 2SS EE T 20, 2T 7.4 =355
138587 '

NOR-KRM-II-08 Z QM =R G 260.8 = 13.5

E:- 16512259 130.9 + 6.7

. NOR-KRM-III-70 NA NA

'@%-n-ss NA NA

Figure 19.Cytotoxicity data of synthesized QH 11 66 analogs in HEK293T and HEPG2 cells.
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The LDso values for most of the compounds in HEPG2 cell lines were greater than 200 uM,
indicating that they are safe and non-cytotoxic. The LDso value of QH-11-66 and KRM-11-08 are
also greater than 100 uM, indicating that they are safe to use. For safety reasons, the chemical
concentration in the clinical trial will be substantially lower than 100 uM. Toxicology assays for
ADME must be performed with GMP material for further research. Due to the presence of more
metabolic enzymes in the liver than in the kidney, the LDso value of the same drug is usually higher

in the liver HEPG2 cell lines than in the kidney HEK?293 cell lines.

2. 1. 3 Modulating native GABAA receptors in medulloblastoma with a5 subtype preferring
positive allosteric benzodiazepine-derivatives induces cell death.

Group 3 tumors contain a high expression of GABRA5, which codes for the a5-subunit of the
ligand-gated ionotropic y-aminobutyric acid type A neurotransmitter receptor (GABAAR).:?
GABAARs are fundamental in determining excitation/inhibition balance in the central nervous
system. As an ionotropic receptor regulating chloride-ion flux, GABAaRSs predominantly function
to hyperpolarize neural cells following binding of the ligand, y-aminobutyric acid (GABA),
thereby decreasing the likelihood of generating an action potential. GABAAR is a pentameric
complex, usually consisting of two a, two 3, and single y subunits topologically arranged as a-3-
v-a-B (Fig. 18). There are nineteen genes that encode subunits of GABAARs, including of six o
(GABRAL1-6), three p (GABRB1-3), and three y (GABRG1-3) subunits.'*? 143 Given the critical role
of GABAAR in brain function, GABAARS have been an important therapeutic target since the
clinical introduction of benzodiazepines Librium and Valium (or diazepam) in the 1960s.44 145
Benzodiazepines bind at the y-a interface of a GABAAR (Fig. 18) and are positive allosteric

modulators, acting to increase the effectiveness of GABA and thus chloride-anion flux. FDA
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approved benzodiazepines consist most commonly of fusion of diazepine and benzene rings (1,4-
benzodiazepine) and a phenol ring (5-phenyl-1H-benzo[e]) (Fig. 18). Changes to the chemical
structure of a benzodiazepine can alter its selectivity for a GABAAR subtype. For example, Cook
and colleagues introduced an ethinyl bond to the diazepine ring of 1,4-benzodiazepine at C-7, in
place of a chlorine atom in diazepam (Fig. 18) and reported increased selectivity for the a5

containing GABAAR. 146 147

Figure 20. Cartoon of a GABAA receptor (GABAAR) with an apafy subunit stoichiometry. GABAAR consists
of five subunit transmembrane segments (each subunit has four transmembrane helices), represented as
cylinders, and extra/intra-cellular domains. The five subunits create the chloride-anion conduction pore. Inter-
subunit binding sites for y-aminobutyric acid (GABA) and benzodiazepine are shown as yellow and red spheres,
respectively.

In the investigation of GABAAR in group 3 with Dr. Sengupta and Dr. Krummel, we
showed that the GABRAS protein product (or a5-subunit) was present in-patient derived group 3
cell lines and tumor tissue and contributed to assembly of a functional GABAAR.** Drugs that

inhibited GABAAR did not impair cancer cell growth significantly. Paradoxically, the
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benzodiazepine diazepam did impair growth of group 3 cells in vitro but only weakly. This
suggested that benzodiazepines might impair cell viability by perturbation of cell ion homeostasis,
possibly leading to osmotic stress and inducing cell death.'*® Still, diazepam had an 1Cso of only
~10 uM and it is a non-selective benzodiazepine. Given that group 3 patient tumors exhibit high
expression of a5-GABAAR, an a5-GABAAR selective benzodiazepine was tested, and it was
observed to exhibit an order of magnitude more potent 1Cso. 8 Further, potency of the a5-
GABAAR selective benzodiazepines tested in an intracranial xenograft mouse model was greater
than the standard-of-care chemotherapeutic agent cisplatin,®® as well as agents proposed as

potential

Figure 21. Common core structure of a ‘benzodiazepine’ (1,4-benzodiazepine and 5-phenyl ring systems.)
Indicated are sites frequently modified in a benzodiazepine (R, R?, R?, R"), which may impart a degree of
GABAAR subtype-selectivity. Introduction of an additional ethinyl group at R? imparts the benzodiazepine
with a5-GABAAR selectivity4® 147,

therapeutics for medulloblastoma, including bromo-domain inhibitor JQ1%! and the anthelmintic
drug mebendazole.'®? Mechanistically, the a5-GABAAR selective benzodiazepine assayed (termed
‘QH-11-066") caused cell cycle arrest and its effectiveness in inducing apoptosis was abrogated by

loss in expression of HOXAS, a homeobox transcription factor that regulates p53 expression.'4®
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Further, QH-11-066 was capable of sensitizing group 3 cells to radiation and cisplatin in a p53-
dependent manner.*® Thus, p53 appears important in the response of group 3 cells to GABAAR
mediated chloride-anion flux.

The following is a broad analysis of GABAAR and MYC expression in 763 primary
medulloblastoma patient tumors, detailed characterization of GABAAR in a patient derived cell
line, identification of chemical features critical to a5-GABAAR selective benzodiazepine potency
and examination of how such a5-GABAAR selective benzodiazepines may impair viability of
group 3 cells. It was found that group 3 tumors share high subgroup-specific and correlative
expression of specific GABAAR subtypes. Group 3 cells have functional GABAARS that are
druggable using a5-GABAAR preferring benzodiazepines. The chloride flux in this tumor cells is
efflux mechanism and cause severe stress and effects apoptosis. The binding of one such potent
and non-toxic a5-GABAAR selective benzodiazepine (KRM-11-08, 19) to the native a5-GABAAR
in these cells enhances a chloride-anion flux that rapidly induces mitochondrial fragmentation and
its membrane depolarization, as well as upregulates expression of TP53 and activates apoptosis,
without arresting the cell cycle. Benzodiazepines are psychoactive GABAAR modulators that are
non-toxic, cross the blood-brain barrier, and clinically used widely. Either alone or in conjunction
with other therapeutic modalities, the benzodiazepine KRM-11-08 (19) may serve as a non-toxic
therapeutic for treating medulloblastoma. The ligands QH 11 66 (8) and KRM 11 08 do exhibit some
sedation, but not nearly as much as diazepam (Cook et al, Us Patent 2006). Moreover, in treating
patients with brain tumors drug that is also anxiolytic and slightly sedating is considered a plus in

this treatment paradigm.

2.1.3.1 GABAAR subunit and MY C gene expression in primary medulloblastomas
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The GABAR and MYC expression was analyzed across all four subgroups (WNT, SHH, group 3
and group 4) in 763 resected primary medulloblastoma tumors'®’ (Fig. 20; Fig. 23). This analysis
by Dr. Sengupta reveals that:
- All subgroups have a shared high expression of select GABR genes.
- There is subgroup-specific high expression of some GABR genes, and some subgroups
have GABR expression that is specific to only a subset of patients within the subgroup.
- There is a positive correlation in expression of GABRA5S and MYC in a subset of group 3
and WNT tumors.

ID1: WWNT WSHH  Grp3 WGrpd
102: WWNTa HWNTP WSHHa MSHHP MSHHy MSHHO Grp3a MGrp3p MGrp3y MGrpda Grpd MGrpdy
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Figure 22. Supervised heatmap clustering analysis across molecular subgroups WNT, SHH, group 3, and
group 4 using z-score scaling, 1-Pearson correlation distance, and average clustering. The relationship between
genes is indicated by the dendrogram (left). Shown bottom, left is a color palette where color scaling indicates
low (green) to high (red) expression. ID1 are the subgroups: WNT, blue; SHH, red; group 3, yellow; group 4,
green; and ID2 are within individual subgroups: WNT: a, blue; , cyan; SHH: a, red; p, brown; vy, purple; 9,
pink; group 3: a, yellow; B, brown; y, orange; group 4: a, neon green; f§, mint green; vy, green).

GABRB3 expression is high across all four subgroups, with subtle differences in the degree
of expression across subgroups (Fig. 20 and 22). Expression is also high for GABRG2, but there
is greater variability in the degree of expression between subgroups. Group 3 and group 4 have

highest expression of GABRG2 reported by Dr. Sengupta and Dr. Krummel.
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Figure 23. Supervised heatmap clustering analysis of the molecular subgroup group 3 using z-score scaling, 1-
Pearson correlation distance, and complete clustering. Shown bottom, left is a color palette where color scaling
indicates low (green) to high (red) expression. ID1: group 3, yellow; ID2 within group 3: a, yellow; B, brown;
Y, orange.

GABR expression between subgroups and within some subgroups is variable: (i) WNT
subgroup subtypes (a and ) have high expression of GABRG3 and GABRE; (ii) SHHy subtype
has high expression of several GABR genes that distinguish it from SHHa, SHHP, SHHJ, while
all SHH subgroup patients have high expression of GABRA2 and GABRG1. Medulloblastoma
patients with poorest prognosis are those in the group 3 subtype. Group 3 patients have high
GABRAGS expression (Fig. 21), as reported previously but based now on analysis of a significantly
larger dataset. GABRAS expression is consistently highest in the group 3y subtype, which carries

the poorest prognosis.
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Figure 24. Boxplots of GABR and MYC gene expression across all four molecular subgroups (left) and
separately GABRAS (middle) and MYC (right) gene expression of the group 3 subgroup.Supervised heatmaps
and boxplots show expression differences for both GABRAS and MYC within the group 3 and WNT subgroups.
The correlation between MYC and GABRAS is not overall statistically significant in group 3 (p = 0.202).
However, there is a significant positive correlation in expression between GABRA5 and MYC in the group 3a
subtype (p = 0.006), where it was reported that MYC loss is more frequent %, but not in group 3p (p = 0.336).
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Group 3y has the highest level of MYC expression.¥” A significant positive correlation (p = 0.634) in expression
between MYC and GABRAGS in the group 3y subtype was not found. As well as the group 3y, the WNT subgroup
of patients have high MYC expression (Figure. 20). There is a significant positive correlation
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Figure 25.GABAA receptor subunit (GABR) correlation in gene expression in stages 3 and 4 cutaneous
melanoma patients. Correlograms of GABR gene expression by molecular subgroup: MITF-low, Keratin, and
Immune. Positive correlation values are indicated in red and negative values in blue. Correlation values not
marked by an "X are not statistically significant, using a correlation test at p-value < 0.01. Correlation
analyses among the GABR genes were performed using Spearman’s correlation. Correlograms were used to
summarize the correlations using the ‘corrplot’ R package.

of MYC and GABRAS5 (p < 0.001) in the WNT subgroup (Fig. 23), but GABRAS expression is

significantly lower than in group 3 tumors.

2.1.3.2 GABR expression in group 3 tumors and D283 cells is consistent with assembly

of a a5-GABRAR

Benzodiazepines bind at the y-a interface of a GABAAR. A pentameric GABAAR that is sensitive
to modulation by a benzodiazepine would require a,  and y subunits (Fig. 19). To identify the
probable composition of a GABAAR in medulloblastoma patient tumors that would be sensitive to

benzodiazepine modulation, the correlation in the expression of GABAAR subunits in
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Figure 26. GABAA receptor subunit (GABR) correlation in gene expression in 763 medulloblastoma tumors.
Correlogram of GABR gene expression by subgroup: (A) WNT, (B) SHH, (C) group 3, and (D) group 4. Positive
correlation values are indicated in red and negative values in blue. Correlation values not marked by an ""X"
are statistically significant, using a correlation test at p-value <0.01.

all four subgroups of medulloblastoma using the 763 primary tumor normalized dataset were
examined™’ (Fig. 24). Using a Spearman’s correlation test (where p < 0.01) it was found that:
- There was a positive correlation in all four subgroups in expression of GABR genes that
may form a functional GABAAR sensitive to benzodiazepine modulation.
- Group 3 has a particularly high and correlative expression that includes GABRAS. In the
WNT, SHH, and group 4 subgroups there is a shared correlation in expression of two
groups of genes that suggest assembly of a functional GABAAR and its composition.
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The GABR gene groups in WNT, SHH, and group 4 are:

(1) GABRA1, GABRB2, and GABRG2, which code for al, B2, and y2 subunits,

respectively; and

(2) GABRA2, GABRBL1, and GABRG1, which code for a2, B1, and y1 subunits, respectively.

In group 3 there is a set of GABR genes that exhibit high expression and have a significant

correlation in expression of GABRA5, GABRB3, and GABRG2 or GABRAG3, which code

for a5, B3, y2 and y3 subunits, respectively.
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Figure 27. GABR and MYC gene expression in medulloblastoma cell lines. gRT-PCR of N-MYC in patient
derived medulloblastoma cell lines Daoy, D283, and D425. Values in all panels are presented as the mean and

standard deviation of three experiments.

To investigate how benzodiazepines may impair group 3 cell viability requires use of a cell line(s)

that reflects the molecular profile of group 3 patient tumors (Fig. 21). As noted, a significant

difference in expression between group 3 subtypes and other medulloblastoma subgroups is the

degree of GABRAS expression. Further, group 3 tumors typically have low N-MYC and high C-

MYC or MYC expression 37, We therefore analyzed expression by qRT-PCR of patient derived
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Figure 28. GABR and MYC gene expression in medulloblastoma cell lines. qRT-PCR of C-MYC in Daoy, D283,
and D425. Values in all panels are presented as the mean and standard deviation of three experiments.

cell lines Daoy, D283 and D425 for N/C-MYC and GABRAS. Daoy is reported as SHH subgroup
derived, 1> 1% while D283 and D425 cell lines are both reported as group 3 patient derived cell
lines.® 19 Quantitative RT-PCR analysis reveals that Daoy, D283, and D425 have a low and
similar degree of expression of N-MYC (Fig. 25). Daoy has no significant expression of C-MYC.
In contrast, D283 and D425 cell lines have high C-MYC expression (Fig. 33), as is characteristic
of some WNT and group 3 patient tumors (Fig. 23). As noted, group 3 tumors have high correlative
expression of GABRA5, GABRB3, and GABRG2, genes which cluster on chromosome/locus
15q12. In addition, group 3o patient tumors have high GABRAL expression. The D283 cell line
has very high GABRAS expression, relative to other GABRA genes, and higher GABRB3 and
GABRG?2 than other GABRB and GABRG genes, respectively (Fig. 27). There is a consistency in
expression between group 3 patient tumors and the D283 cell line. Most likely, the D283 cell line

is representative of group 3 or
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Figure 29. qRT-PCR of GABR expression in D283. Data are represented as a fold-change value with respect to
expression of the housekeeping gene TBP, TATA Box binding protein. Values in all panels are presented as the
mean and standard deviation of three experiments.

3y, given the lower GABRAL expression detected by gRT-PCR in this cell line, which is more

reflective of group 3a as reported by Sengupta and Krummel et al.

2.1.3.3 D283 cells have a functional a5-GABRAR

Gene expression alone does not indicate that D283 cells have a functional GABAAR. Immuno-
staining for the GABRAS protein product (the a5-subunit) shows diffuse staining that appears
localized to the plasma membrane (Fig. 28). However, to establish that D283 cells express
functional GABAAaRS, whole-cell path clamp recordings of single D283 cells were obtained. If
functional GABAARS were expressed on the cell surface, then its agonist GABA should elicit a
concentration-dependent chloride-anion flux. For D283 cells the average maximal current, ECso,

and Hill slope of GABA responses in D283 cells was -480 + 120 pA, 1.26 + 0.05 uM, and 1.37 +
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a-GABRAS DAPI Merge

Figure 30 A functional a5-GABAA receptor in D283 cells. The GABRAS protein product (or 5 subunit)
localizes to the cell membrane in patient derived medulloblastoma cell line D283 with diffuse staining over the
plasma membrane, as visualized by immunofluorescence microscopy using an antibody specific to the a5
subunit (green). Nucleus of cells is stained with 4’,6-diamidino-2-phenylindole (DAPI). Scale bar, 10 microns.

0.07 respectively (where n=8) (Fig. 29) demonstrating a concentration-dependent chloride-anion
flux commensurate with GABA concentration. The electrophysiology recordings also provide
insight into the GABAAR subtype, the chloride-anion flux rate, and number of functional receptors
per D283 cell. The low GABA ECso of the native GABA-sensitive receptor in D283 cells is
consistent with the expression of a aspay2 or y3-like GABAAR, and this is supported by the gRT-
PCR analysis of D283 cells (Fig. 27), as well as GABR expression in group 3 patient tumors. The
basal chloride-anion efflux rate is ~2 x 10° ions per second, which is consistent with the rate of
recombinantly expressed GABAAR. We estimate that there are 1000 functional native a5-

GABAARs per D283 cell.
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Figure 31.Representative current trace from a whole-cell patch clamp electrophysiology recording of a D283
cell, clamped at -60 mV. Filled boxes above the current trace denote the period of y-aminobutyric acid (GABA)
exposure (2 seconds) and are labeled with the concentration applied (0.01 — 30 pM).

2.1.3.4 Benzodiazepines are potent modulators of the native a5-GABAAR

Using a cell proliferation assay and the D283 cell line, the benzodiazepine variants to

CH; CHs
|l O e}

o
() &

QH-11-066 KRM-I1II-70 KRM-II-08 KRM-III-77

Figure 32. Chemical structures of a5-selective benzodiazepines (Bz) tested.
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Figure 33. Dose-response curves from MTS cell proliferation assay at 48 hours presented as semi-log plots.

identify aspects of the chemical structure that might be critical t

0 potency were screened. All

benzodiazepines examined were synthesized to be a5-GABAAR selective and differed chemically

at R1' of the 1,4-benzodiazepine ring system or the endocyclic 2'

ring (Fig. 30 - 35).

or exocyclic R? of the phenyl

Bz IC;, (LM)
QH-11-066 3.4%£0.3
KRM-I1I-70 -
KRM-11-08 0.8+0.1
KRM-111-77 16.3+£3.4

Figure 34. Derived ICso values for tested benzodiazepines.
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The most potent benzodiazepines that emerged from this analysis are compounds with a hydrogen

at R1' and no modification at the endocyclic 2' or exocyclic R? (NOR-QH-11-066) or fluoride at

2 i 2 i

AL AL AL AL
& () o O

NOR-QH-11-066 NOR-KRK/I-III-70 NOR-KRM-1I-08 FR-01-43

Figure 35. Chemical structures of NOR variations of a5-selective benzodiazepines (Bz) tested.

the exocyclic R? (KRM-11-08 and NOR-KRM-11-08). Benzodiazepines with a larger halide (e.g.,
chloride) at exocyclic R*” (KRM-I11-77 and FR-01-43) are significantly poorer ligands for the
150 -
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Figure 36. Dose-response curves from MTS cell proliferation assay at 48 hours presented as semi-log plots.

native D283 a5-GABAAR. The 2'-F at the exocyclic R? on KRM-11-08 may form a better three-
centered hydrogen bond in the a5-GABAAR binding site, which is consistent with in silico
modeling studies.'® 162 It was also noted, surprisingly, an apparent increase in cell growth for
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benzodiazepine KRM-111-70, which has an exocyclic nitrogen at R%. This benzodiazepine may

bind to an alternative or secondary target to elicit such an effect. A possible secondary target is the

peripheral
Bz IC5, (UM)
NOR-QH-11-066 0.51+£0.06
NOR-KRM-I1I-70 12.16+1.85
NOR-KRM-I1-08 0.85+0.09
FR-01-43 14.97+£2.54

Figure 37. Derived 1Cso values for NOR variations of tested benzodiazepines.

benzodiazepine channel TSPO, which could enhance mitochondrial function and cell proliferation.

CHs 0.1 02 0.5
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50 pA

QH-11-066 5 sec

Figure 38. Whole-cell patch clamp recordings from D283 cells. Patient derived medulloblastoma cell line D283,
clamped at -60 mV, responses to GABA by a5-selective benzodiazepines QH-11-066. Filled boxes above current
trace denote duration of GABA application. Open boxes denote the period of benzodiazepine exposure and are
labeled with the concentration applied.

2.1.3.5 Benzodiazepines enhances a significant chloride-anion eflux in tumors.

We elected to pursue for greater in vivo, etc analysis the benzodiazepines QH-11-066 (8) and KRM-
[1-08 (19), which have ICso values of 3.4 + 0.3 and 0.8 + 0.1 puM, respectively on D283 cells,
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determined using a cells viability assay (Fig. 16, 19). Whole-cell patch clamp recordings were
obtained of the effect of these two benzodiazepines on GABAAR function on D283 cells (Fig. 37;

Fig. 38). QH-11-066 (8) and KRM-11-08 (19) both

0.5
[KRM-II-08], uM

- |
Gaea,03uM HH IH

R

5 sec

1 2
O O
Il

50 pA

Figure 39. Whole-cell patch clamp recordings from D283 cells. Patient derived medulloblastoma cell line D283,
clamped at -60 mV, responses to GABA by a5-selective benzodiazepines KRM-11-08. Filled boxes above current
trace denote duration of GABA application. Open boxes denote the period of benzodiazepine exposure and are
labeled with the concentration applied.

enhanced ECjo responses in a concentration-dependent manner: PCso: 43 + 7 vs 61 + 9, Hill slope
2.7£5vs2.9+5and PCs00.13+£0.09 vs 0.14 + 0.07 UM, respectively. The high apparent affinity
for GABA in D283 cells is consistent with the presence of functional a5-containing GABAARS in
D283 cells. The ECso values for benzodiazepines QH-11-066 (8) and KRM-11-08 (19) are
remarkably similar in all the assays performed, p > 0.05 Student’s t-test, in contrast to their 1Cso
values (Fig. 38). In all cases, the modulation peaks below 2 uM and has a maximum effect of

~50%.
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Figure 40. Data of whole-cell patch clamp recordings from D283 cells. Patient derived medulloblastoma cell
line D283, clamped at -60 mV, responses to GABA by a5-selective benzodiazepines QH-11-066 (A) and KRM-
11-08 (B). Both QH-11-066 and KRM-11-08 (Bz) show enhanced submaximal (ECs-EC10) responses in a
concentration-dependent manner. The effects of QH-11-066 (8) and KRM-11-08 (19) were not significantly
different from one another (p > 0.05, Student’s t-test). Whole-cell patch-clamp recordings were performed on
D283 using methods like those previously described ?7.

Given the more potent ICso of KRM-11-08 and its potential for future therapeutic use, we assessed
its hepatocyte toxicity profile to establish if it were safe at the concentration at which it shows
efficacy. The median lethal doses (LDso values) for KRM-11-08 (19) as well as the NOR variant
(NOR-KRM-11-08, 21) are greater than 200 and 100 uM, respectively, when tested using two
different cell lines (HEPG2 and HEK?293) (Fig. 39). KRM-I1-08 (19) as well as the NOR variant
are safe and non-toxic until the concentration is less than or equal to 100 uM. A concentration

significantly higher than the ICso and ECsp values for these benzodiazepines they were used to

treat tumors.
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Figure 41. Cytotoxicity assay of benzodiazepines. (A) Measurement of cytotoxicity of KRM-11-08 and the NOR
variant using HEK293 (A) and HEPG2 (B) cell lines. In both the cell lines the LD50 values for KRM-11-08 and
the NOR variant are greater than 200 pM. Hence, KRM-11-08 is safe and non-toxic until the concentration is
less than or equal to 200 pM. TA-1-12: In HEPG2 cell lines, the LD50 value is greater than 200 pM. In HEK293
cell lines, the LD50 value is greater than 100 pnM. Hence, NOR compound is safe and non-toxic until the
concentration is less than or equal to 100 pM. This is much higher than any therapeutic dose.
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Figure 42. Both QH-11-066 and KRM-11-08 (Bz) show enhanced GABA potentiation submaximal (ECs-ECuo)
responses in a concentration-dependent manner: PCso: 43 = 7 vs 61 + 9, Hill slope 2.7 £ 5 versus 2.9 + 5 and
PCso 0.13 + 0.09 versus 0.14 + 0.07 pM, respectively. The effects of QH-11-066 and KRM-11-08 were not
significantly different from one another (p > 0.05, Student’s t-test).
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Figure 43. Assessment of change in native GABAAR in D283 cells over time following exposure to KRM-11-08.
D283 cells were untreated, treated with DMSO, or treated with KRM-11-08 (Bz) for 6 (A) and 24 (B) hours and
then stained for imaging. There is no detectable change in degree or localization of staining for protein product
of GABRAGS (green).
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Figure 44. Mitochondrial fission and depolarization induced by benzodiazepine target. (A) Flourescence
microscopy imaging of live D283 cells following a 10-minute incubation with dimethyl sulfoxide (DMSO;
0.125%), carbonyl cyanide 4-trifluoromethoxy) phenylhydrazone (FCCP, 20 pM), or KRM-11-08 (Bz) (0.8 pM).
Media alone had no DMSQO. Peak: Aex, 549 nm; Aem, 575 Nnm. (B) Quantitation of the positively charged red-
orange dye tetramethylrhodamine ethyl ester (TMRE) after a 10-minute incubation of DMSO, FCCP, or KRM-
11-08 (Bz). Media alone had no DMSO. TMRE staining was quantified with the Leica Application Suite X (LAS
X) software platform. Data are presented as standard deviation from mean of thirty or more cells (media, n=30;
DMSO, n=43; KRM, n=39; FCCP, n=35). Scale bar in panel (A) image is 10 microns.
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2.1.3.6 Benzodiazepine induces early changes in mitochondrial structure-function.

Since one expected that the binding of a benzodiazepine target to the native GABAAR in group 3

medulloblastoma cells might alter ionic flux rapidly assuming exogenous GABA is > 0.3 uM,
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Figure 45. RT-PCR of human metastatic melanoma lines for GABR genes.

early changes were examined both to the mitochondria and the mitochondrial membrane potential.
The staining for GABAAR at the plasma membrane remains similar and constant in DMSO and
KRM-11-08 treated cells, as well as untreated cells over 48 hours (Fig. 41), suggesting that the
receptor remains intact and possibly then functional. We also examined changes in mitochondrial
morphology using the cationic stain tetramethylrhodamine ethyl ether (TMRE), which is taken-up
by functioning mitochondria. We observe that at ten minutes following benzodiazepine exposure,
the mitochondria have fragmented or undergone fission but continue to take-up TMRE (Fig. 42A).
Fission of the mitochondria is not observed in the DMSO control but is when a protonophore,
carbonyl cyanide-4-(triflouromethoxy)phenylhydrazone (or FCCP) is added to the cells. FCCP
disrupts mitochondrial ATP synthesis.163 164
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FCCP depolarizes mitochondria or causes loss of A¥m. %* FCCP is therefore commonly
used as a positive control for monitoring a change in mitochondria membrane potential, as it causes

reduced TMRE staining. We quantified the degree of TMRE staining of thirty or more cells in all
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Figure 46. RT-PCR of murine cell line B16F10-GP for select GABR genes. Total RNA was extracted from cells
(RNeasy Mini Kit, Qiagen), converted into cDNA by PCR (Cloned AMV First-strand Synthesis Kit,

Invitrogen), analyzed using SYBR dye (SYBR Green PCR Master Mix, Applied Biosystems). Primers used
were as detailed in Kallay et al. 62,

treated groups (media only, n=30; DMSO alone, n=43; KRM-11-08 treated, n=39; and FCCP
treated, n=35) (Fig. 42B). KRM-11-08 caused a depolarization of mitochondrial membrane
potential to D283 cells within 10 minutes of exposure. DMSO does not cause a change in

mitochondrial membrane polarization.
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Figure 47. Western blots of cell lines B16F10-GP and A375.

There is observed, as noted above, a chloride-anion eflux in D283 cells that is commensurate with
benzodiazepine target administration. This flux then mediates depolarization of the mitochondrial
membrane. Also present in the outer mitochondrial membrane is the peripheral benzodiazepine
metabotropic receptor TSPO to which the benzodiazepine diazepam has reported to bind and
whose activity can reduce mitochondrial membrane potential %> %6 \We therefore tested if the
TSPO agonist emapunil influences viability of Daoy and D283 cell lines to determine if the

observed potency of KRM-11-08 was a consequence of its binding to TSPO (Fig. 47).
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Emapunil does not impair viability of either Daoy or D283 cells. This observation supports

the contention that the
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Figure 48. Effect of GABAA receptor positive allosteric modulators on viability of human metastatic melanoma
cell line A375 and murine line B16F10. (A) MTS assay of cell lines A375 (top) and B16F10-GP (bottom) treated
with allopregnanolone for 48 h. (B) MTS assay of cell lines A375 (top) and B16F10-GP (bottom) treated with

diazepam for 48 h. Methods used were as detailed in Methods section of text; dose-response curve error bars
are = standard error of the mean.

primary and effective binding site of KRM-11-08 that induces apoptosis is not TSPO, but the
GABAAR.
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Figure 49. Examination of the effect of emapunil on medulloblastoma cells.

2.1.3.7 Contribution of p53 in response to the benzodiazepine anticancer targets.

Previously it was demonstrated that antitumor benzodiazepines were capable of impairing cell
viability of group 3 cells including of the cell line D425, which has a TP53 exon 4 single-nucleotide
polymorphism (R72P), which has been reported to impact the apoptotic response to some types of
stress.'®” Since the D425 response to the benzodiazepine’s tested was not impacted by the TP53
polymorphism, this supports p53 not being critical to the cell death response. However, this point
mutation may not impair all functions of p53 and the apoptotic response of some types of stress
are not impacted.®® It was also previously observed that anticancer benzodiazepines were capable
of sensitizing group 3 cells to either radiation or a chemotherapeutic intervention and this

phenomenon was abrogated by a p53 knockdown#8, which supports the role of p53 in the apoptotic

response mediated by these benzodiazepines targets. To
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Figure 50. Response of mouse MY C-driven/dominant-negative p53 cell line to KRM-11-08. Mouse MY C-driven
MB with a dominant-negative p53 missense mutation in the DNA-binding domain [2] does not respond to
KRM-11-08 in vitro. Tumor cells from three samples (MP) were treated with drug for 48 hours and viability
was assessed.

further establish the possible importance and role of p53 in responding to anticancer
benzodiazepine mediated stress and apoptosis, we have tested the efficacy of KRM-11-08 (19) was
tested to impair viability of cells originating from the mouse MYC-driven tumor generated from
CD133+ cells in the postnatal cerebellum by overexpression of MYC and dominant-negative p53
(DNp53) (termed MP tumors), which have a missense mutation that impairs the proteins DNA-
binding domain.'®® Tumors of this mouse model resemble human MYC-driven medulloblastoma
molecularly and the analysis of microarray data from this tumor indicates a high gene expression
of GABRAS (Fig. 48). We observed that the MP tumors have a KRM-11-08 ICso > 16 uM (Fig.
48), as compared to KRM-11-08 ICso in D283 cells of 0.8 uM (Fig. 32). This is consistent with the
transcriptional function of p53 having a role in the stress--mediated response to the anticancer
benzodiazepine, but possibly that is the DNA-binding domain’s function (i.e., gene expression)
alone is not critical to inducing apoptosis.
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Figure 51. KRM-11-08 does not alter the cell cycle. Shown is fluorescence-activated cell sorting or FACS data
of D283 cells untreated or media control (left three panels), treated with DMSO (middle three panels), or a5-
selective benzodiazepine KRM-11-08 (right three panels) at 6, 12, and 24 hours. Table contains peak values at
G1, S, and G2 phases of the cell cycle for the three experimental groups.

Previously it was observed that a less potent benzodiazepine studied here (see QH-11-066 (8), ICso
3.4 uM) (Fig. 32), caused cell cycle arrest. We therefore repeated an analysis on the cell cycle of
D283 cells of the more potent benzodiazepine KRM-11-08 (ICsg 0.8 uM). Surprisingly, KRM-I1I-
08 does not arrest the cell cycle of D283 cells at either 24 or 48 hours following its incubation with
D283 cells (Fig. 49). This suggests that the less potent benzodiazepine tested earlier may have a
secondary or ‘off-target’ effect in group 3 medulloblastoma cells that contributes to this cell cycle
death phenomenon. However, arresting the cell cycle is not critical to benzodiazepine-mediated
apoptosis.

Since p53 appears to play a critical role in the cells stress response to benzodiazepine target
mediated chloride-anion flux and its DNA-binding domain contributes to this role, the impact of
the benzodiazepine KRM-I11-08 on expression of genes that participate in the PTEN-p53-AKT-

MDM2 signaling axis was examined, 17172 specifically: PI3K molecules (Class | regulatory and
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Figure 52. Quantitative RT-PCR of gene expression in D283 cells following KRM-11-08 exposure. (A) TP53,
PTEN, MDM2 and AKT1-3 expression in D283 cells exposed to media (blue column), DMSO (orange column),
or KRM-11-08 (red column). (B) PI3K subunit expression in D283 cells exposed to media (red column), DMSO
(blue column, or KRM-11-08 (purple column).

catalytic subunits, Class Il, and Class Ill); serine/threonine kinases AKT1, AKT2, and AKTS3;
PTEN, the phosphatase which negatively regulates the PI3K/AKkt signaling pathway, stabilizes p53,
and whose expression is regulated by p53; and MDM2, which codes for the E3 ubiquitin ligase
that functions as a negative regulator of p53 (Fig. 50). The changes were examined in the
expression of these genes as well as TP53 in D283 cells at 6- and 24-hours post-incubation with
KRM-11-08. MDM2, PTEN, AKT1-3, as well as TP53 are all upregulated in the KRM-11-08 treated
cells. This effect is anticancer benzodiazepine-specific, since the DMSO control shows no change
in TP53 and PTEN levels while MDM2 and AKT1-3 expression are down-regulated in DMSO
treated cells (Fig. 50). Of the PI3K genes, only the Class | catalytic and regulatory subunits PI3CA
and PIK3R1, respectively, are significantly upregulated. Although MDM2, PTEN, and AKT

expression is upregulated in KRM-11-08 (19) treated cells, protein levels are unchanged. Only p53
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protein levels increased significantly at the 24-hour time point in the D283 cells treated with KRM-

11-08 (19) and in both nuclear
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Figure 53. Contribution of p53 to response of a5-selective benzodiazepine KRM-11-08. (A) Immunoflourescence
microscopy imaging of D283 cells at 24 hours following incubation with media alone, DMSO, or KRM-11-08
(Bz, 0.8 uM). Cells were stained using antibodies specific to a5 (green) and p53 (red). Nucleus of cells were
stained with 4',6-diamidino-2-phenylindole (DAPI). Scale bar in bottom, right image is 10 microns. (B) Western
blot of Mdm2 and p53 at 6- and 24-hours post-incubation with KRM-11-08. Western blots of whole cell (top),
cytoplasmic (middle), and nuclear (bottom) extracts. Loading controls for blots are beta-actin, Lamin-B1,
and/or PARP1. (C) Western blot of p53 using antibody that recognize the protein regardless of post-
translational modification and specific to phosphorylation of p53 Serine392 (pS392). GAPDH is the loading
control. (D) Dose-response curve of mouse MYC-driven medulloblastoma cells with a p53 dominant-negative
missense mutation following incubation with KRM-11-08. Tumor cells were treated with varying concentrations
of KRM-11-08 for 48 hours and viability of cells was then assessed.

and cytoplasmic fractions (Fig. 51A). As well as observing an increase in p53 levels by Western
blot, we observed an increase in p53 levels by immunofluorescence with the most intense staining

in the nucleus (Fig. 51B).

2.1.3.8 Activation of cell death
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As reported above, there are very early changes observed in mitochondrial structure and function.

These early changes, including a change in mitochondrial transmembrane potential, may function

to
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Figure 54. Activation of the instrinsic pathway of apoptosis. (A) Immunoflourescence microscopy imaging of
D283 cells at 24 hours following incubation with media alone, DMSO, or KRM-11-08 (Bz, 0.8 pM). Cells were
stained using antibodies specific to a5 (green) and the protein BAD (red). Nucleus of cells were stained with
4',6-diamidino-2-phenylindole (DAPI). Scale bar in bottom, right image is 10 microns. (B) Western blot of
protein BAD at 6- and 24-hours post-incubation with KRM-11-08 (Bz). Loading control for blot is beta-actin.

precipitate events that result in D283 cell death. However, cell death is not immediate and may
require the transcriptional activity of p53, as noted above, as well as its migration to the cytoplasm.
We initially examined whether D283 cells underwent senescence. Analysis of senescence-
associated beta-galactosidase of DMSO alone and KRM-11-08 (19) treated that in 48 hours at most
~12% of the cells may be undergoing senescence (Fig. 53), which does not account for the loss in
cell viability observed in our cell viability assays using KRM-11-08 (19) reported earlier (Fig. 32).
Subsequently utilized an immune-blotting approach was utilized to identify a change in levels
and/or post-translation modification of proteins that have a role in apoptosis in D283 cells
incubated with DMSO alone or KRM-11-08. The only significant change observed was of the

degree of post-translation modification of p53, and phosphorylation of residue Serine392 (pS392)

69



(Fig. 53). It was confirmed by Western blot that p53 was modified at S392 (Fig. 52). We also
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Figure 55. Apoptosis proteome profiler array assay. (A) Raw data from two independent experiments (A and
B panels) of D283 cells treated with DMSO or 0.7 uM KRM-11-08 for 24 hours. 300 micrograms of protein was
used per assay. Arrays were incubated at 4°C overnight. (C) Guide to wells labeled in panels “A” and “B”.
important p53 phosphorylated residues (S20, S46, or K382) (Fig. 53). Only p392 was observed
and not only in the anticancer benzodiazepine target treated cells, but also in control cells (DMSO
alone and media or untreated). The pS392 appears to be a constitutively active modification of p53
in D283 cells.

This was, therefore, examined by immunofluorescence for KRM-I1-08 treated D283 cells
for a change in amount and/or localization of pro-apoptotic Bcl-2 family members Bax, Puma,

Bcl-2, Bel-xL, and BAD.'”® Only the BAD protein exhibits a change in intensity detected by

immunoflourescence in the KRM-11-08 treated D283 cells (Fig. 52A). There is a slight increase in
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BAD levels between 6 and 24 hours (Fig. 52B). It has been reported that BAD and p53 do complex

at mitochondria to induce apoptosis. 1’417

2.1. 4 MATERIALS AND METHODS

2.1.4.1 Gene expression analysis

Normalized gene expression data for sixteen GABR genes and MYC from 763 primary resected
medulloblastoma specimens was used*’. Samples were classified into four medulloblastoma
subgroups and further into twelve subtypes: two WNT subgroups [a (n=49), B (n=21)], four SHH
subgroups [a (n= 65), B (n= 35), y (n=47), 6 (n= 76)], three group 3 subgroups (a (n= 67), B (n=
37), v (n=40)] and three group 4 subgroups [a (n=98), B (n = 109), y (n = 119)]. Heatmaps for
analysis of expression across all four subgroups and among group 3 subtypes were generated using
Morpheus (https://software.broadinstitute.org/morpheus). Boxplots for expression analysis were
created in R. Correlation analyses among the GABR genes were performed using Spearman’s
correlation and the p-values of the correlation test are reported in legends to Figures. Correlograms

were used to summarize the correlations using the ‘corrplot’ R package.

2.1.4.2 Human medulloblastoma cell lines

Daoy and D283 cell lines were purchased from the American Type Culture Collection (ATCC),
while D425 was obtained through a material transfer agreement between Emory and Duke
University. Daoy is a human medulloblastoma derived cell line representative of the SHH

subgroup.t%51% D283 is a human medulloblastoma derived cell line that is TP53-wildtype and
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representative of group 3. D425 is a human medulloblastoma derived cell line that is TP53-

mutated and representative of group 3.1°8.1%9

2.1.4.3 Cell proliferation assay

The D283 cells (75 pL; 7500 cells) were added per well of a Falcon® 96 well flat bottom TC-
treated polystyrene cell culture plate (Corning) in pentaplicates and incubated at 37°C (5% CO3)
for 4-5 hours. Dulbecco modified eagle’s medium (DMEM) (1X) (Thermo Fisher Scientific),
lacking phenol-red and penicillin/streptomycin but with 20% FBS and 4 mM L-glutamine, was
used for plating. Benzodiazepines were suspended at room temperature in DMSO (0.125%) to
prepare a 40 mM stock solution of drug. Benzodiazepines were further diluted in DMSO (0.125%)
to a 4 mM working stock to use for drug dilution in DMEM. Drug was added to prepare final
concentrations (0.05, 0.1, 0.25, 0.5, 0.75, 1.0, 2.5, and 5.0 uM in 0.125% DMSO). After a 48-hour
incubation of drug with cells or DMSO alone as control at 37°C (5% CO>), 20 uL of CellTiter 96®
AQueous One Solution Cell Proliferation Assay (MTS) (Promega) was added per well and plate
was then incubated for 1 hour at 37°C (5% CO). Cell absorbance (490 nm) was recorded using a
Synergy H1 microplate reader (BioTek). To obtain an experimental reading, media alone control
(the average reading of wells containing only media) was subtracted from DMSO (0.125%) control
and drug treated values. Drug treated values were then divided by DMSO control values to
normalize data. Inhibitor concentration at half-maximal binding (ICso) values and dose response
drug curves were obtained using the ‘[Inhibitor] versus normalized response’ nonlinear regression

function in Prism 7 software (GraphPad).
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2.1.4.4 Electrophysiology

D283 cells were maintained at 37°C in 5% COz in DMEM: F12 (1:1), GlutaMax, 10% FBS, with
1% penicillin/ streptomycin (DMEM+). Cells were grown on poly-D-lysine-coated glass
coverslips (VWR). Patch-clamp experiments were performed on cells at 24-72 hours post-plating.
All experiments were performed at 22°C and across multiple days to control for cell health and
expression efficiency. All reagents used in electrophysiology experiments were purchased from
Sigma, unless otherwise noted.

Whole-cell patch-clamp recordings were performed on D283 using methods like those
previously described.’®® Patch pipettes were fabricated from thin-walled borosilicate glass
(TW150F-4, World Precision Instruments, Inc.) using a horizontal puller (P-97, Sutter
Instruments, Inc.) to give a resistance of 2-8 MQ when filled with intracellular solution (120 mM
KCIl, 2mM MgCl;, 10mM EGTA, and 10 mM HEPES, adjusted to pH 7.2 with NaOH,
315 mOsm). Extracellular solution contained 161 mM NaCl, 3 mM KCI, 1 mM MgClz, 1.5 mM
CaClz, 10 mM HEPES, and 6 mM D-glucose, adjusted to pH 7.4 with NaOH (320-330 mOsm). A
rapid solution changer (RSC-160, BioLogic Science Instruments) connected to a 10-channel
infusion pump (KD Scientific Inc.) was used to deliver GABA and benzodiazepine solutions. The
rapid solution changer was controlled by protocols written in pClamp 9 (Molecular Devices, LLC).
Whole-cell currents were recorded at -60 mV, filtered at 100 Hz, and sampled at 200 Hz with a
MultiClamp 700B amplifier and DigiData 1322A digitizer (Molecular Devices, LLC).

GABA concentration-response assays were performed by exposing each whole-cell patch
to increasing concentrations of GABA (0.01, 0.03, 0.01, 0.3, 1, 3, 10, and 30 uM) for 2 seconds,
with an 8 second washout between concentrations. Recordings were baseline corrected and

analyzed in MATLAB (MathWorks, Inc.). Peak currents (1) were measured from GABA exposures
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and fitted using least-squares nonlinear regression analysis based on the Hill equation: | = Imax
*[A]"M/(ECso™ + [A]™), where | is current peak amplitude, Imax is maximum current amplitude,
ECxo is the GABA concentration producing the half-maximal response, A is agonist concentration,
and nH is the Hill coefficient. GABA concentration-response assays were individually fitted to the
Hill equation for each whole-cell recording. The maximum peak current, ECso, and Hill coefficient
were estimated based on averaged values for the receptor and are reported as mean + standard error
of the mean (SEM).

GABAAR o5-selective benzodiazepine concentration response relationships were
constructed for QH-11-66 (0.1 — 2 uM) and KRM-11-08 (0.1 — 5 uM). For each D283 cell, the
reference EC10 GABA response was established (C) before determining the peak response to co-
application of benzodiazepine and GABA EC1o (M). Percent potentiation (P) was calculated using
the equation P=100x(M-C)/C. Potentiation was fitted using least-squares nonlinear regression
analysis based on the equation: P = Pmax *[Bz]""/(PCso™ + [Bz]™), where P is potentiation, Pmax
is maximum potentiation, PCsg is the benzodiazepine concentration producing the half-maximal
effect, Bz is the benzodiazepine concentration, and nH is the Hill coefficient. Concentration-
Potentiation relationships were individually fitted to the Hill equation for each whole-cell
recording. The maximum potentiation, PCso, and Hill coefficient were estimated based on

averaged values for the receptor and are reported as mean * standard error of the mean (SEM).

2.1.4.5 Determining mitochondria structure and membrane potential

Mitochondrial membrane potential was measured in live D283 cells using the TMRE
(tetramethylrhodamine, ethyl ester) Mitochondrial Membrane Potential Assay Kit (Abcam).

Briefly, D283 cells were plated on poly-D-lysine—coated glass coverslips and allowed to adhere
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overnight. Cells were treated with either 0.7 uM KRM-I11-08, DMSO, 20 uM FCCP (carbonyl
cyaninde 4-(trifluoromethoxy) phenylhydrazone) or fresh media. After 10 minutes at 37°C (5%
CO») treatment media was removed and replaced with 50 nM TMRE in cell culture media and
incubated for 20 minutes at 37°C (5% COg). Cells were then rinsed with PBS and TMRE
fluorescence was immediately visualized with a Leica SP8 confocal microscope. Fluorescence
intensity was quantified with the Leica Application Suite X (LAS X) software platform (Leica

Microsystems, Wetzlar, Germany).

2.1.4.6 Quantitative real time PCR

Total RNA was extracted from cells using the RNeasy Mini Kit (Qiagen) and converted into cONA
with the Cloned AMV First-strand Synthesis Kit (Invitrogen) and a 7500 Fast Real Time PCR
system (Applied Biosystem). RNA expression was analyzed using a SYBR dye based approach
(SYBR Green PCR Master Mix, Applied Biosystems) in 96-well plates (Applied Biosystems).
Each well contained 20 pL, consisting of 8 uL. SYBR Green PCR Master Mix, 4 uL primers, and

4 uL. cDNA. TBP primers were used for normalization.

2.1.4.7 Microscopy

Preparation of cells for fluorescence microscopy was carried out at room temperature. Cells were
plated on poly-D-lysine coated glass coverslips and treated for the indicated times. Cells were
fixed in 4% (w/v) paraformaldehyde (Electron Microscopy Sciences, EMS) for 1 hour, washed in
PBS (6X, 5 minutes each time), incubated 1 hour in blocking buffer (PBS, 0.8% Triton X-100,
10% normal goat serum), and then kept overnight in blocking buffer with antibody (anti-GABRAS5

(Aviva Systems Biology Corp.); anti-BAD (Santa Cruz Biotechnology); TP53 (Cell Signaling
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Technology), or anti-Bcl-xL (Santa Cruz Biotechnology). Cells were washed in PBS (6X, 5
minutes each time) before addition of fluorescent goat anti-rabbit and goat anti-mouse secondary
antibodies (Alexa 1g488 [green] or Alexa 1g555 [red], Invitrogen) for 60 minutes. Cells were
washed in PBS (6X, 5 minutes each time) and coverslips were mounted on slides using Immuno
Mount DAPI and DABCO Mounting Media (EMS). Fluorescence was visualized with a Leica SP8
confocal microscope and images prepared using the Leica Application Suite X (LAS X) software

platform (Leica Microsystems).

2.1.4.8 Western blot analysis

Cells for Western blots of whole cell extract were washed with ice-cold PBS twice and centrifuged
at 1200 rpm for 5 minutes. After washing, cells were lysed with ice-cold phosphate buffered RIPA
with glycerol (2X) (20 mM sodium phosphate, 300 mM NaCl, 2% Triton X-100, 1% Sodium
deoxycholate, 0.2% SDS, and 10% Glycerol) (Boston BioProducts) with added phosphatase
inhibitors (Halt™ Phosphatase Inhibitor Cocktail, Thermo-Scientific), protease inhibitor cocktail
(Sigma-Aldrich) and supplemented with 1 mM EDTA and 1 mM phenylmethylsulfonyl fluoride
(Sigma-Aldrich). Cells were then vortexed 5 seconds every 5 minutes for a total of 15 minutes.
After lysing, the cells were centrifuged (11000 rpm, 10 minutes) to separate remaining cell debris.
Cells for preparation of nuclear and cytoplasmic extract fractions were prepared using the NE-
PER Nuclear Cytoplasmic Extraction Reagent kit (Thermo-Scientific) per manufacturer’s
instructions. The treated cells were also washed with ice-cold PBS twice and centrifuged at 1200
rpm for 5 minutes prior to lysis with the extraction Kit.

The Pierce BCA Protein Assay (Thermo-Scientific) was used to quantify the amount of

protein in lysates prior to Western Blot analysis. The proteins (20 ug whole cell and 15 ug
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cytoplasmic and nuclear fractions) were resolved by polyacrylamide/SDS gel electrophoresis
using 10% pre-cast gels (Bio-Rad). Running conditions were set to 120 V for 2 hours. For most
Westerns, proteins were transferred (130 V, 50 minutes) to 0.45 uM PVDF membranes. However,
to detect BAD and Caspase-9 antibodies, proteins were transferred (130 V, 50 minutes) to a 0.45
MM nitrocellulose membrane. Membranes were blocked for 1 hour in PBS containing 0.1% Tween
20 and either 5% non-fat dry milk or 5% BSA. Membranes were incubated overnight with primary
antibody (anti-p53, anti-PTEN, anti-Caspase-9, anti-GAPDH, anti-B-actin, Lamin B1, PARP, Cell
Signaling Technologies; anti-MDM?2, Abcam). Additionally, Abcam’s p53 Antibody Sampler
Panel (S20, S46, S392, phospho-p53 (K382), and p53 (DO)), was used. After primary antibody
incubation, membranes were washed 3X for 10 minutes each time with 0.1% PBST or 0.1% TBST
(for phospho-p53 antibodies). Membranes were incubated in appropriate horseradish peroxidase-
conjugated secondary antibodies: anti-rabbit or anti-mouse (GE Healthcare). Membranes were
washed again (3X, 10 minutes each) with 0.1% PBST or 0.1% TBST. Proteins were visualized
using either ECL Western Blotting Detection Reagent (Amersham) or SuperSignal™ West Pico

PLUS Chemiluminescent Substrate (Thermo Scientific) and X-ray film.

2. 2 Melanoma
The incidence of melanoma continues to rise, and advanced/metastatic disease confers a poor

prognosis.t*® Approximately 50% of melanomas harbor somatic B-raf (BRAF) mutations, most
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commonly V600E (80%) or V600K (14%),'°1% which sensitizes them to treatment with BRAF
or BRAF/MEK inhibitor combinations. The first generation of a clinically active BRAF-inhibitor
(vemurafenib) produced high systemic objective response rates.'* Subsequent development of the
next-generation combination therapies with BRAF/MEK-inhibitors, such as dabrafenib and
trametinib, further improved progression-free survival.'*>%" However, most patients acquire
resistance to these therapies through several genetic or adaptive mechanisms or to a lesser
extent, experience intrinsic resistance.'*82% More recently, a combination of immune checkpoint
inhibitors targeting programmed cell death-1 (PD-1) and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) (nivolumab and ipilimumab) produced an overall response rate of ~60% and
durable responses in a portion of patients, including in patients with melanoma brain
metastases.?%2% These therapies work independently from the BRAF mutational status. However,
most metastatic melanoma patients do not experience durable responses to ICI.
While significant progress has been made, novel therapeutic strategies to treat
BRAF/MEK inhibitor or ICI resistant disease are desperately needed. Furthermore, there are
unique clinical challenges, such as the presence of melanoma brain metastases, which are
associated with significant morbidity and mortality, and the brain may represent a therapeutic
sanctuary site because of the blood-brain barrier. Target that penetrates the BBB would be a key

advantage in treatments.

Gene expression analysis by The Cancer Genome Atlas (TCGA) of melanoma patient
tumors revealed that GABR genes, which code for subunits of the Type A y-aminobutyric acid
(GABA) neurotransmitter receptor (GABAAR), are among those most highly expressed.?®® Soma
et al. conducted a more extensive analysis of GABR expression in metastatic melanoma tumors as

well as characterization of melanoma cells for intrinsic GABAAR activity. It was found that
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melanoma patient expression of GABR genes varied with the molecular subgroups of melanoma
defined by TCGA, including the MITF-low and Keratin groups, and that melanoma cells express
functional GABAARs, as assessed by whole cell patch-clamp electrophysiology experiments.
Furthermore, it was found by Dasgupta et al. that enhanced GABAAR mediated membrane
permeability to anions with GABAAR subtype selective benzodiazepines results in depolarized
mitochondria in melanoma cells and impaired melanoma cell viability in vitro. In a syngeneic
melanoma mouse model, the anticancer benzodiazepine alone promotes reduction in tumor growth
and when combined with radiation and/or the programmed death ligand immune checkpoint
inhibitor (a-PD-L1), greatly potentiated effectiveness. The target benzodiazepine with radiation
promotes both ipsilateral and an abscopal antitumor activity associated with increased tumor
infiltration with antigen-specific polyfunctional CD8 T-cells. The study identified a potential novel
anti-tumor strategy combining radiation and/or immune checkpoint inhibitors with modulation of

GABAARs in melanoma using a subtype preferring anticancer benzodiazepine.

2.2.1 RESULTS

2.2.1.1 GABAAR subunit expression in metastatic melanoma patient tumors.

Type A y-aminobutyric acid (GABA) neurotransmitter receptors (GABAARS) form pentameric
chloride anion channels, composed mostly of two a, two B, and y subunits encoded by
GABR genes GABRA (1 to 6), GABRB (1 to 3), and GABRG (1 to 3), respectively?'®?!! (Figure
54). We conducted a comprehensive analysis of GABR expression in stage 111/IV melanoma
patients in the TCGA dataset of cutaneous melanoma?®® (Figure 55). This analysis reveals that in

the
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Figure 56. Type A GABA neurotransmitter receptors (GABAARs) are composed primarily of two a, two B,
and vy subunits encoded by GABR genes GABRA (1 to 6), GABRB (1 to 3), and GABRG (1 to 3), respectively.
GABAAR consists of five subunit transmembrane segments which create the chloride anion (CI-) conduction
pore. Inter-subunit binding sites for GABA (yellow hexagon) and benzodiazepine (red hexagon) are shown,
recognizing the afafy subunit stoichiometry. Benzodiazepine and GABA bind at a/y and o/p interfaces,
respectively. Benzodiazepines have a common core structure. Shown are sites frequently modified (R1, R2, R2’,
R7), which may impart a GABAAR subtype-preference. GABAAR subtype preferring benzodiazepines (BZD)
KRM-11-08 and QH-11-066 differ from diazepam by having an R7 acetylene group.

‘MITF-low’ subgroup patients, there is notable expression of GABRA3, GABRB1, and GABRG2.
In contrast, ‘Keratin’ subgroup patients exhibit a greater enhanced expression of GABRAS,
GABRB3, and GABRG3. ‘Immune’ subgroup patients similarly exhibit GABR expression, but not
of a clear subset of GABR genes. A pairwise correlation analysis of the GABR expression patient
data in the three TCGA proposed melanoma subgroups suggests there is a correlated expression
in MITF-low and Keratin subgroups that may yield GABAARs composed of a331y2 and a533y3,

respectively (Figure 56).

GABR expression measured by bulk-RNA sequencing in the TCGA study®® may be
reflective of transcripts from non-tumor as well as tumor cells. To confirm expression of GABR
genes in melanoma cells, Sengupta et al. performed RT-PCR analysis for GABR expression in four
patient derived melanoma cell lines (A375, RPMI-7951, SKMEL-24, SKMEL-28). All cell lines

tested
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Figure 57. Normalized gene expression data for GABR genes from stage 111/1V melanoma specimens. Samples
were classified into three melanoma molecular subgroups. Heatmap for analysis of expression across subgroups
was generated using Morpheus (https://software.broadinstitute.org/morpheus).
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Figure 58. GABAA receptor subunit (GABR) correlation in gene expression in
stages 3 and 4 cutaneous melanoma patients. Correlograms of GABR gene expression by
molecular subgroup: MITF-low, Keratin, and Immune. Positive correlation values are indicated in red and
negative values in blue. Correlation values not marked by an ""X'" are not statistically significant, using a
correlation test at p-value < 0.01. Correlation analyses among the GABR genes were performed using
Spearman’s correlation. Correlograms were used to summarize the correlations using the ‘corrplot’ R package.
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Figure 59. RT-PCR of human metastatic melanoma lines for GABR genes

(Key: GABRAL-6, Al1l-A6; GABRB1-3, B1-B3; GABRG1-3, G1-G3; GABRD, D; GABRE, E;
GABRQ, Q; GABRP, P; GABRR2, R2; GABRR3, R3). Bar graphs show means * standard error of the mean.

express to a varying degree GABRA3, while SKMEL-24 and SKMEL-28 have uniquely high
GABRA2 and GABRAGS expression, respectively (Figure 57 and 58). There is significantly less
expression of GABRB1-3 and GABRG1-3 in these human melanoma cell lines, compared to
GABRA1-6 levels. Western blotting of human melanoma cell line A375 and murine line B16F10-
GP for subunits a2, a3 and a5 protein abundance is concordant with RT-PCR results (Figure

59).
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Figure 60. RT-PCR of murine cell line B16F10-GP for select GABR genes (Key: GABRA1-5, A1-A5; GABRB2-
3, B2-B3; GABRG1-2, G1-G2). Total RNA was extracted from cells (RNeasy Mini Kit, Qiagen), converted into
cDNA by PCR (Cloned AMV First-strand Synthesis Kit, Invitrogen), and analyzed using SYBR dye (SYBR
Green PCR Master Mix, Applied Biosystems). Primers used were as detailed in Kallay et al. (30). Bar graphs
show means + standard error of the mean.
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Figure 61. Western blots of cell lines B16F10-GP and A375. Whole-cell extracts were
prepared as described®®. Cells were washed 2x with ice cold PBS and scraped into RIPA buffer
(Boston BioProducts), 10 mM NaF, 1 mM sodium orthovanadate with complete protease inhibitor
cocktail (ROCHE). Lysate was then incubated on ice for 30 min, centrifuged, and supernatant
protein concentrations determined using the BCA kit (Pierce). Cell lysates (10-30 pg) were
prepared in Laemmli sample buffer (Bio-Rad), reducing agent (Bolt), heated 5 min at 100°C and
cooled on ice. Proteins were subjected to SDS-PAGE on a 10% precast gradient gel (BioRad)
and transferred to PVDF membrane (Amersham). After transfer, membranes were blocked in 5%
Nonfat Dry Milk in 1x PBST (Cell Signaling) for 1 h and incubated for 16 h at 4°C with primary
antibody: p53 (1:1000, Cell Signaling Technology), GABRA2 (1:1000, Aviva), GABRA3 (1:1000,
Sigma-Aldrich), GABRAS5 (1:1000, Aviva), and p-actin (1:1000, Cell Signaling Technology) in 5%
milk in PBST. Immunodetection was performed with anti-rabbit horseradish-peroxidaseconjugated secondary
antibody (1:10000, Cell Signaling Technology) or anti-mouse horseradish-
conjugated secondary antibody (1:10000, GE Healthcare limited), and visualized with
Chemoluminiscent HRP Antibody Detection Reagent (Thermo Scientific, SuperSignal West
Femto Maximum Sensitivity Substrate).
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Figure 62. Representative whole-cell patch clamp electrophysiology recordings of transmembrane anion flow
in A375 cell lines in response to GABA at 1, 3, 10, and 30 pM GABA. Horizontal calibration bars represent 2
seconds, and the vertical bars represent 500 pA; sweeps are ensemble recordings from 8 electrodes.

2.2.1.2 Melanoma cells possess functional GABAARS.

GABAAR is a chloride anion channel that changes the transmembrane potential of cells, either
depolarizing or hyperpolarizing depending upon the activity of other membrane transport
proteins as described earlier.??? To validate that expression of GABAAR subunits in melanoma
cell lines leads to assembly of a functional receptor, we utilized whole cell patch-clamping of
human (A375) and murine (B16F10-GP) melanoma lines was emplyed to detect
electrophysiological currents. Both cell lines exhibited a response to the neurotransmitter GABA,
the GABAAR endogenous ligand (Figure 60; Table 1). Compared to A375, B16F10-GP cells

exhibited a larger maximal response to and a greater affinity for GABA.
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Figure 63. Representative whole-cell patch clamp electrophysiology recordings of transmembrane anion flow
in B16F10-GP cell lines in response to GABA at 1, 3, 10, and 30 pM GABA. Horizontal calibration bars
represent 2 seconds, and the vertical bars represent 500 pA; sweeps are ensemble recordings from 8 electrodes.
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Table 2-1 Summary of electrophysiology derived values for GABA + anticancer benzodiazepines on human
metastatic melanoma cell line A375 and murine line B16F10-GP.

B16F10-GP cells
Condition ECso0 (M) nH Imax (PA) Pmax (%) N
GABA 28+02 1.3+ 0.6 -430+ 70 - 6
KRM-11-08 + 1 uyM GABA 02201 1.3+0.2 - 86+4 4
QH-11-066 + 1 pM GABA 0.16 £ 0.09 1.0+0.3 - 52+6 5

A375 cells

Condition ECso (M) nH Imax (PA) Pmax (%) N
GABA 84+38 1.120.3 -230 + 41 - 8
KRM-11-08 + 1 uM GABA 1.7+0.2 0.7+0.2 - 7 %2 6
QH-11-066 + 1 uM GABA 09+04 0.5+01 - 1055 5

Where: EC50, concentration of compound producing half or 50% of the maximum response;
nH, Hill coefficient; Imax, maximal current observed; Pmax, maximal percent potentiation;
N, number of independent measurements. Values are means + standard error of the mean
for the indicated number (N) of cells.
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Figure 64. Potentiation of GABA responses in A375 cells in response to benzodiazepines (QH-11-066 and KRM-
11-08). The GABA concentration was 1 pM. The benzodiazepine concentrations were 0, 0.3, 1, 3 and 10 pM.

Benzodiazepines bind at the a-y interface of a GABAAR (Figure 54). A fully functional
benzodiazepine binding site requires assembly of a GABAAR with a canonical afafy subunit

stoichiometry as mentioned previously.?3
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Figure 65. Potentiation of GABA responses in B16F10 cells in response to benzodiazepines (QH-11-066 and
KRM-11-08). The GABA concentration was 1 pM. The benzodiazepine concentrations were 0, 0.3, 1, 3 and 10
pM.

Benzodiazepine binding increases the probability of the channel opening in the presence of GABA,
thus increasing the flow of anions crossing the membrane or holds the channel open longer. Since
benzodiazepines interact with the GABAAR at a site different than GABA, one tested the effect
of benzodiazepines on the current of A375 and B16F10-GP cells. We tested two benzodiazepines
(QH-11-066 and KRM-11-08) that were originally designed as anxiolytics were tested, to observe
if an enhanced current was elicited, as expected if a GABAAR has an affaffy subunit stoichiometry.
QH-11-066 and KRM-11-08 possess the privileged structure of diazepam, but with less sedative and
ataxic effects than diazepam and Librium.?'4?1® which was achieved by a subtle alteration of their
chemical structure (Figure 54) that increased preference for specific GABAAR subtypes, as

opposed to diazepam.

It was found that QH-11-066 and KRM-11-08 enhanced the effect of GABA in a dose dependent
manner in A375 and B16F10-GP cells (Figure 62 and 63; Table 1). The electrophysiology results
also indicate that both QH-11-066 and KRM-11-08 act as GABAAR positive allosteric modulators,
increasing membrane anion permeability. Further, the micromolar GABA EC50 values obtained
by electrophysiology indicate that the receptors in the melanoma cells studied are more likely to
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be ‘synaptic’ isoforms (al, 2 or 3 containing) and not GABA supersensitive ‘extra synaptic’
isoforms (or 04 or 5 containing), consistent overall with RT-PCR and Western blots of cell lines

A375 and B16F10-GP.

2.2.1.3 Benzodiazepine QH 11 66 (8) depolarizes melanoma cell membrane potential

and impairs viability.

In our studies of the effect of the benzodiazepine QH 11 66 (8) on medulloblastoma cells it was
shown that changes that followed the benzodiazepine-mediated increase in membrane anion
permeability included, depolarization of the mitochondrial transmembrane potential 21721
ultimately resulting in apoptosis via the intrinsic mitochondria-mediated pathway. Thus, one tested
if QH 11 66 elicited a similar response in A375 and B16F10-GP cells. To test if the melanoma cell
membrane potential was changed the cationic stain tetramethylrhodamine ethyl ether (TMRE) and
fluorescence microscopy imaging of live cells was employed. TMRE is taken-up by functioning
mitochondria and exhibits reduced staining if the mitochondrial transmembrane is depolarized.
We find at 10 minutes after exposure to QH-11-066 (8) that mitochondrial membranes of A375 and
B16F10-GP cells are depolarized (Figure 64). This is consistent with a flow of chloride anions
out of the melanoma cell, which was established to be the case in medulloblastoma cells.?
Previously, in the studies of medulloblastoma cancer cells which have intrinsic GABAAR activity,
it was found that sustained incubation of medulloblastoma cells with the benzodiazepines QH-I1-

066 or KRM-11-08 can impair their viability in culture.?’-21°
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Figure 66. Mechanism of benzodiazepine impairment of metastatic melanoma cell line A375 and murine line
B16F10. Study of mitochondria transmembrane potential in A375 (upper panel) and B16F10-GP (lower panel)
cells. Mitochondrial membrane potential was measured using the TMRE Mitochondrial Membrane Potential
Assay Kit (Abcam). A375 or B16F10-GP cells were treated with drug (2 uM QH-11-066) or control solutions
(20 min, 37°C), 50 nM TMRE added (20 min, 37°C), and TMRE fluorescence visualized (Leica SP8) and
quantified (LAS X platform, Leica). DMSO concentration is equivalent to DMSO concentration in QH-11-066,
0.125%. Standard error of the mean (where: A375: n=28 (media), 32 (dimethyl sulfoxide, DMSO), 30 (QH-I11-
066), 28 (FCCP); B16F10: n=24 (media), n=13 (DMSO), n=26 (QH-11-066), n=27 (FCCP).
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Figure 67. In vitro MTS assay of A375 cells in response to QH-11-066 have IC50 = 2.7 £+ 0.2 pM and IC50 = 8.2
+ 0.9 pM, respectively.

In medulloblastoma cells these anticancer benzodiazepines were more than 10-fold effective in

impairing cell viability than diazepam?’.
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Figure 68. In vitro MTS assay of B16F10-GP cells in response to QH-11-066 have IC50 = 2.7 £+ 0.2 pM and IC50
=8.2 £ 0.9 pM, respectively.

We therefore examined if these benzodiazepines as well as diazepam impacted the viability of
melanoma cells. To determine their effect on melanoma cell survival, we treated A375 and
B16F10-GP cell lines in culture with QH-11-066 (8), KRM-11-08 (19), or diazepam over 48 hours.
We observed a dose-dependent reduction in cell viability in both cell lines with QH-11-066 (8) or

KRM-I1- 08 (19) (Figure 65 and 66). In contrast, diazepam had no effect on the viability of either

A375 or B16F10-GP cells (Figure 67A).
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Figure 69. Effect of GABAA receptor positive allosteric modulators on viability
of human metastatic melanoma line A375 and murine line B16F10. (A) MTS assay of cell
lines A375 (top) and B16F10-GP (bottom) treated with allopregnanolone for 48 h. (B) MTS assay of cell lines
A375 (top) and B16F10-GP (bottom) treated with diazepam for 48 h. Methods used were as detailed in Methods
section of text; dose-response curve error bars are + standard error of the mean.

Similar IC50 values were obtained for additional human metastatic melanoma lines treated with

QH-11-066 (8) and KRM-11-08 (19) (Table 2). Cell lines which appeared to show no response to
the
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Table 2-2 Effect of benzodiazepines on viability of human and mouse melanoma cell lines.

ICso Benzodiazepine

Cell line p53 KRM-II-08 QH-11-066
B16F10-GP 6.1+0.5uM 8.2+0.9 uM
(Mm)
A375 Skin; epithelial WT 1.33 £ 0.08 uM 2.7+0.2 uM
(Hs) morphology;
malignant
melanoma
MeWo Derived from lymph  E258K/Q317 Minimal sensitivity at 5 Minimal sensitivity at 5
(Hs) node; malignant UM UM
melanoma;
fibroblast
morphology
SK-MEL-2 (Hs) skin: derived from G245S 1.84+1.2 uM 1.52 £0.63 pM

metastasis on skin
of thigh; polygonal
morphology
SK-MEL-5 (Hs) Skin, derived from WT 2.15+0.95 uM 1.78 £ 0.89 uM
metastatic axillary
node;
SK-MEL-28 Polygonal L145R No sensitivity at 10 uM No sensitivity at 10 uM
(Hs) morphology;
melanoma

benzodiazepines were those where TP53 was mutated, which is consistent with a role of p53

signaling in the response of cells to the benzodiazepines, as noted in previous medulloblastoma

studies.?17219

To determine whether the effect on cell survival was benzodiazepine-specific, we tested
the effect of allopregnanolone on cell viability. Allopregnanolone is also a positive allosteric
modulator of GABAAR like benzodiazepines, but a non-benzodiazepine neurosteroid that does
not bind at the canonical high affinity benzodiazepine binding site located at the a-y interface.
Allopregnanolone does not impair the viability of A375 or B16F10-GP lines (Figure 67B),

suggesting that the effect on melanoma cell survival is anticancer benzodiazepine-specific or at
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least specific

to the more selective benzodiazepine-derivatives tested (QH-11-066 and KRM-11-088).

2.2.1.4 The lead ligands alone promote reduction in tumor growth.

The 1C50 values in melanoma cells with benzodiazepines QH-11-066 and KRM-I11-08 are an order

of magnitude higher than in medulloblastoma cells, ~6 uM vs. ~0.6 uM, respectively.
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2.0+ 2.0+ 2.0+ 1.54

5 15 § 15 § 15 §

) ) © o 1.04

£ . £ o : :

= 1. = 1. = 1.04 =

S S S S

5 5 5 5 0.51

£ 0.51 £ 0.54 £ 0.54 =

= | e | bes | b

(= = = =

0.0 — 0.0~ 0.0 0.0
10 15 20 25 30 10 15 20 25 30 10 15 20 25 30 10 15 20 25 30
Days After Days After Days After Days After
Tumor Innoculation  Tumor Innoculation Tumor Innoculation Tumor Innoculation

o 1.5
£ Key:
@ 10 O No Treatment
21
3 1 10 mg/kg
S @ 25 mglkg
55 057 = 50 mglkg
g
F 0.0-

10 15 20 25 30
Days After Tumor Innoculation

Figure 70. The dose-dependent reduction in B16F10-GP tumor growth. Mice were implanted in left and right
flanks with B16F10-GP tumor cells. Mice received QH-11-066 i.p. at three different doses (10, 25, and 50 mg/kg)
from Day 10 daily for 7 days. Tumor measurements were taken with at least 4-5 mice per group (*p<0.05;
**p<0.01; ***p<0.001; ****p<0.0001). Each line in the top panel represents a tumor. Methods used were as
detailed in Methods section of the text.

Since it was observed that melanoma cell viability in vitro was impaired by QH-11-066 and KRM-

11-08 (albeit with a modest 1C50), one investigated if the benzodiazepines had anti-tumor activity

93



in the B16F10-GP syngeneic melanoma murine model. The QH-11-066 was used for in vivo testing
given that this compound has previously been tested in primates as an anxiolytic without any
adverse effects or toxicity,* while KRM-11-08 has not been similarly tested. In addition, QH-11-
066 is more soluble which makes it more experimentally tractable for detailed study. Employing
QH-11-066, one observed a dose-dependent reduction in B16F10-GP tumor growth at three dosage
points (10, 25, and 50 mg/kg) (Figure 68). There was a negligible difference between doses of 25
and 50 mg/kg, indicating that a lower dose of the benzodiazepine is sufficient for anti-tumor

activity in an otherwise aggressive melanoma model.

2.2.1.5 Anti-cancer Benzodiazepine anti-tumor activity was potentiated in

combination with either radiotherapy or a-PD-L1 checkpoint therapy.

Radiotherapy remains a standard-of-care for most cancers. In the earlier study on
medulloblastoma, it was found that QH-11-66 (8) was capable of sensitizing cells in culture to
radiation. This phenomenon was not tested in an animal model. It was reasoned that a
benzodiazepine might be beneficial in an in vivo model in conjunction with radiation and that this
should be explored in an immunocompetent model more reflective of the tumor
microenvironment, given that varied immune cells may also possess GABAARs and contribute to
increased effectiveness of the drug. We elected to use the B16F10-GP syngeneic melanoma
murine model to assess whether QH-11-066 (8) potentiates radiation to control both ipsilateral and
contralateral tumor volume. Further, we chose to use a dose of 10 mg/kg of QH-11-066 (8), which
by itself had little direct anti-tumor activity relative to the higher doses tested. Using this dose the
objective was to assess for real synergy, rather than treatment additivity with radiation.
We implanted B16F10-GP melanoma cells in both the right and left flanks of C57BL/6

mice (Figure 69). A single dose of radiation (either 10 or 5 Gy) was delivered to the right flank
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Figure 71. Top, Schematic showing showing the tumor, benzodiazepine, and radiation strategy. Mice were
implanted in left (L) and right (R) flanks with B16F10-GP tumor cells. Mice received either: (i) vehicle alone.
control; (ii) radiation alone (5 Gy, right flank only); (iii) QH-11-066 beginning Day 10; (iv) radiation (5 Gy, right
flank only) on Day 10 (in the morning), followed by QH-11-066 (in the evening. Bottom, Effect of combination
of QH-11-066 and 5 Gy radiation on tumor growth kinetics. Tumor measurements were taken with at least 4-5
mice per group and results are a combination of two experiments. In groups receiving QH-11- 066, 10 mg/kg
was injected i.p. daily for 7 days. (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001).

only on Day 10 after tumor implantation, when tumors are palpable. Tumor growth was then
measured for the following experimental groups: (i) vehicle alone control; (ii) QH-11-066 alone at
10 mg/kg, injected i.p. every day for seven days beginning on Day 10; (iii) a single dose of
radiation (10 or 5 Gy), delivered on Day 10; (iv) 10 or 5 Gy (in the morning) on Day 10, followed

by QH-11-066 (10 mg/Kkg, in the evening), then injected i.p. every day for seven days. We find that

combination of radiation and QH-11-066 resulted in significantly reduced ipsilateral and
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Figure 72. Percent CD8 of total lymphocytes and number of CD8 T cells per gram of tumor. TILs were isolated
at day 7-8 after radiation as described in materials and methods and stained with indicated antibodies. Error
bars are representation of SEM.

contralateral tumor volume, when compared to either monotherapy (benzodiazepine or radiation
alone) or the control (Figure 69; Figure 70). These effects were consistent at both tested
radiation doses (10 or 5 Gy). Together, these results indicated a synergistic anti-tumor response
of QH-11-66 (8) plus radiation and a potent out of field abscopal effect of this combination in an
otherwise highly treatment resistant tumor model. The transcriptomes of the tumors treated with
QH-11-066 (8) was sequenced and with radiation, and then QH-11-066 (8), plus radiation, as well
as the control. In comparison to the control, one identified: 42 differentially expressed (FDR < 0.1)
genes in QH-11-066 (8) treated tumors; 1564 differentially expressed genes in the radiation treated
tumors; and 587 differentially expressed genes in QH-11-066 (8) plus radiation treated tumors
(Table 2). An enrichment analyses of gene expression for all Kyoto Encyclopedia of Genes and
Genome (KEGG) pathways and transcription factor targets (Table S3) revealed statistically
significant up-regulation in all three treatment groups in comparison to control of genes with roles
in the cytokine: cytokine receptor interaction pathway, whereas target genes of the p63, a member
of the p53 family of transcription factors, were upregulated in the radiation and QH-11-066 (8) plus

radiation
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Figure 73. QH-11-66 and 10 Gy radiation in B16F10-GP melanoma mouse model. (A) Top, Schematic showing
the tumor, benzodiazepine, and radiation strategy. Mice were implanted in left (L) and right (R) flanks with
B16F10-GP tumor cells (0.5 million cells in 25% matrigel). At Day 10, mice received either: (i) vehicle alone
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control; (ii) radiation alone (10 Gy, right flank only); (iii) QH-11-066 beginning Day 10; (iv) radiation (10 Gy,
right flank only) on Day 10 (in the morning), followed by QH-11-066 (in the evening). Bottom, Effect of
combination of QH-11-066 and 10 Gy radiation on tumor growth kinetics. Each line represents a mouse. (B)
Mean tumor growth of mice in (A). Tumor measurements were taken with at least 4-5 mice per group and
results are the combination of two experiments. (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). In groups
receiving QH-11-066, 10 mg/kg was injected i.p. daily for 7 days. (C) Photographs of mice from four treatment
groups at the conclusion of the experiment. Note left and right flanks.

treated tumors. Increased expression of TP63 has been associated with the genotoxic treatment of

melanoma cell lines, and in our results
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Figure 74. GSEA plots of differentially expressed genes. Gene Set Enrichment Analysis (GSEA) plots of
differentially expressed genes for Cytokine:Cytokine receptor interaction pathway (left),
GSE32533 WT_VS_MIR17 (middle), and TP63 (right) for the three treatment groups: 5 Gy vs Control (top
row), 5 Gy+QH-11-066 vs Control (middle row), QH-11-066 vs Control (bottom row).
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Figure 75. Differential gene expression in mouse tumors treated with benzodiazepine and/or radiation.
Expression levels of differentially expressed genes in enriched immunity-related KEGG pathway (cyt:cyt
Receptor is abbreviation for cytokine:cytokine receptor), p63 target genes, and enhanced expression of genes
associated with overexpression of the microRNA mir-17, identified by enrichment analysis of the
ImmuneSigDB compendium of transcriptional immune signatures.>*+% Genes in the enriched gene sets were
considered to be differentially expressed if edgeR FDR < 0.05 in any one of the 3 comparisons. Left, heatmap
indicates the membership of each gene (rows) in the enriched gene sets (columns). Middle, heatmap displays
the expression levels of the genes in individual samples (columns) in terms of log2 counts per million (LCPM)56.
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Each LCPM has been normalized by subtracting the gene-specific average LCPM of the untreated samples.
Right, heatmap displays the statistical significance and the direction of the change in each of the comparisons
made (5 Gy vs Control; 5 Gy+QH-11-066 vs Control; QH-11-066 vs Control) (columns), each vs control. The
statistical significance is expressed in log10(p-value) when expression ratio was less than 1 (down-regulation)
and -log10(p-value) when expression ratio was greater than 1 (up-regulation) resulting in negative numbers for
downregulation and positive for upregulation.

the enrichment of p63 targets was corroborated by the increased expression of TP63 in the
radiation and QH-11-066 (8) plus radiation treated tumors (> 100-fold increase, FDR < 0.0002 in
both comparisons), but not in the QH-I1-066 (8) alone treated tumors (FDR > 0.7). We also
conducted an enrichment analysis of the ImmuneSigDB compendium of transcriptional immune
signatures. This analysis identified the enhanced expression of genes associated with
overexpression of the microRNA mir-17, whose expression has also been shown to be enhanced
by p6336. Having observed that QH-11-066 (8) could sensitize a melanoma tumor to radiation and

that expression of genes with roles in the cytokine: cytokine receptor interaction pathway was

enhanced, one set out

0Q Day 0 Day 10 Day 17 " Day 20
L{ JR a-PD-L1
A QH-11-066

% “sh Key:
S 1.6+ | | 4 No treatment
e ., - @ o«-PD-L1
- | i @ QH-II-066
= 0.8 . © QH-1I-066+x-PD-L1
£ 0.4- :
=

0.0- !

10 15 20
Days Post Inoculation

100



Figure 76. QH-11-66 (an anxiolytic and slightly sedative benzodiazepam) potentiates immune checkpoint
inhibitor. Top, Schematic showing the therapeutic strategy. Mice were implanted in the left (L) and right (R)
flanks with B16F10-GP tumor cells (Day 0). Day 10, mice received either: (i) vehicle alone control; (ii) QH-I1-
066; (iii) a- PD-L1; (iv) QH-11-066 and a-PD-L1. Bottom, Effect of combination of QH-11-066 and a-PD-L1 on
tumor growth kinetics. In the groups receiving QH-11-066, 10 mg/kg was injected i.p. daily for 7 days. In group
receiving a-PD-L1, 200 ug was injected i.p. every 3 days through end of the experiment. Tumor measurements
were taken with at least five mice per group (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001).

to examine if potentiation could be extended to an immune checkpoint inhibitor. Immune
checkpoint inhibitors have shown some degree of success in treatment of metastatic melanoma,
but most patients with advanced disease exhibit poor and variable response to immunotherapy.*
19We elected to examine if QH-11-066 (8) could potentiate the programmed death ligand 1 immune
checkpoint inhibitor (a-PD-L1). One implanted B16F10- GP melanoma cells in both the right and
left flanks of C57BL/6 mice. Then one injected i.p. on Day 10 in both the right and left flanks: (i)
QH-11-066 (10 mg/kg), then every day for seven days; (ii) a-PDL1 (200 pg), then every third day
thereafter; (iii) QH-11-066 (8) (10 mg/kg) and a-PD-L1 (200 pg) at time and frequency detailed
for monotherapy treatment groups (Figure 73). It was found that monotherapy treatment with QH-
11-066 (8) or a-PD-L1 resulted in comparable reductions in tumor volume. The most significant
reduction in tumor volume is observed with the dual therapy consisting of QH-11-066 (8) and a-

PD-L1 (Figure 73). Similar to what was observed for radiation, QH-11-066 (8) and a-PD-L1

exhibited a synergistic anti-tumor response.
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Figure 77. Top, Representative flow showing percent IFN-y and TNF-a in total CD8+ T cells after TILs were
stimulated with peptide, as described in materials and methods. IFN-y and TNF-o were stained with
appropriate antibodies by intracellular staining. Middle, Graph showing percent IFN-y+CD8+ of total CD8+
T cells and number of IFN-y+CD8 T+ cells per gram of tumor. Bottom, Graph showing percent TNF-a +CD8+
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of total CD8+ T cells and number of TNF-a +CD8 T+ cells per gram of tumor.

2.2.1.6

tumor regression. We reasoned that having observed potentiation of radiation and a-PD-L1

Combined QH-11-66 (8), a-PD-L1, and radiotherapy results in significant

by QH-11-066
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Figure 78. Effectiveness of polytherapy with QH-11-66 on tumor volume. (A) Top, Schematic showing the
therapeutic strategy. Mice were implanted in the left (L) and right (R) flanks with B16F10-GP tumor cells (Day
0). Day 10, mice received either: (i) vehicle alone; (ii) QH-11- 066; (iii) radiation (5 Gy, right flank only) on Day
10 (in the morning), followed by QH-11-066 (in the evening); (iv) QH-11-066 and a-PD-L1, beginning on day 10;
radiation (5 Gy, right flank only) on Day 10 (in the morning), followed by a-PD-L1 (in the evening). In groups
receiving QH-11-066, 10 mg/kg was injected i.p. daily for 7 days. In group receiving a-PD-L1, 200 pg was
injected i.p. every 3 days through the end of experiment or maximum of 5 injections. Bottom, Effect of
combination of dual and triple therapy on tumor growth Kinetics. Tumor measurements were taken with at
least 4-5 mice per group (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001). For kinetics of tumor volume, tumors
were measured at Indicated time points and experiment were done twice. The data is a combination of both
experiments. Vehicle alone control, n=9; QH-11-066, n=10; QH-11-066/5 Gy n=10; QH-11-066/a-PD-L1, n=10;
5 Gy/a-PD-L1, n=10; Combo, n=10.

individually, there might be a more significant tumor response if one administered a ‘combo’
consisting of radiation (5 Gy), a-PD-L1, plus QH-11-066. As before, we implanted B16F10-GP
melanoma cells in both the right and left flanks of C57BL/6 mice (Figure 75). One tested the

following experimental groups: (i) vehicle alone control; (ii) QH-11-066 alone (10 mg/kg); (iii) a
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Figure 79. Percent CD8 of total lymphocytes and number of CD8 T cells per gram of tumor in right and left
tumors. TILs were isolated at day 7-8 after radiation as described in materials and methods and stained with
indicated antibodies. Error bars are a representation of SEM.

103



single morning dose of radiation (5 Gy) delivered to the right flank, followed by an evening dose
of QH-11-066 (10 mg/kg); (iv) a-PD-L1 plus QH-I11-066; (v) a single morning dose of radiation (5
Gy) delivered to the right flank, followed by an evening dose of a-PD-L1; (vi) a triple or combo
therapy, consisting of a single morning dose of radiation (5 Gy) delivered to the right flank,
followed by evening doses of a-PD-L1 plus QH-11-066. After initial i.p. injection of QH-11-066 on
Day 10, QH-11-066 was injected i.p. every day for seven days, while a-PD-L1 was injected i.p.

every third day thereafter.

The dual treatments of QH-11-66 plus radiation or QH-11-66 plus a-PD-L1
were better than radiation or a-PD-L1 alone (Figure 75), as reported above. Further, right flank
tumors which received radiation exhibited greater reduction in tumor growth in treatments
including radiation than the left flank tumors, as expected based on above. There is again a
pronounced abscopal effect for left non-irradiated flank tumors, as noted above. But clearly, the
most significant ipsilateral and abscopal effect is seen in the combo treatment group, complete
tumor regression in some animals (Figure 75). QH-11-066 plus radiation, plus e-PD-L1
treatment have a synergistic anti-tumor response, as well as a potent abscopal effect in

combination.
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Figure 80. Top and Middle, Representative flow showing percent IFN-y and TNF-¢ in total CD8+ T cells after
TILs were stimulated with peptide as described in materials and methods. IFN-y and TNF-a were stained with
appropriate antibodies by intracellular staining. Bottom, Graph summarizing the percent IFN-y+CD8+ of total
CD8+ T cells and number of IFN-y+CD8 T+ cells per gram of tumor.

2.2.1.7 Immunophenotyping treated tumors.

To determine whether the apparent synergistic effect of benzodiazepine QH-11-066 plus radiation
(10 or 5 Gy) and/or a-PD-L1 was mediated by an enhanced immune response, one performed
immunophenotyping of bilateral tumors (Figure 70 and 74; Figure 76 and 77); Figures 78, 79
and 80). Compared to the control, QH-11-066 and radiation (5 or 10 Gy) monotherapies resulted
in significantly increased numbers of tumor-infiltrating lymphocytes (TILs) in both ipsilateral and
contralateral tumors. The dual therapy of QH-I1-066 and radiation (5 or 10 Gy) results in a

particularly pronounced increase in numbers of TILs in contralateral tumors, as compared to
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Figure 81. Tumor Weights and total number of lymphocytes per tumor with different treatments. Tumor
weight and total lymphocyte numbers per gram of tumor on the right and the left sides for monotherapy, dual,
and combo therapies, as indicated. Mice were sacrificed and tumors excised at the end of the experiment, 8
days after radiation treatment. Cells were isolated as described in Materials and Methods. The cells were
counted using count bright absolute counting beads and analyzed on BD FACSCanto IlI.

either radiation or QH-11-066 monotherapies. This effect appears most pronounced at the lower
radiation dose (5 Gy) administered. Compared to the control, monotherapy, and dual therapy, the
combo therapy resulted in significantly increased numbers of TILs in both ipsilateral and

contralateral tumors.

The total number of CD8+ T cells increased with radiation (10 or 5 Gy) in the ipsilateral

tumor, as compared to the contralateral tumor. When QH-11-066 was
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Figure 82. Immune response to benzodiazepine and 10 Gy radiation. (A) Graphs showing number of CD8+ T
cells per gram of tumor and percent CD8 T cells of total lymphocytes. (*p<0.05; **p<0.01; ***p<0.001;
*+*%*n<0.0001).

combined with radiation, there was a comparable increase in the total number of CD8+ T cells in
both ipsilateral and contralateral tumors. While the number of CD8+ T cells increase in number in
this treatment group, the overall portion of lymphocytes that are CD8+ T cells does not show a
significant increase, indicating that QH-11-066 may elicit an infiltration of other immune cells into
the tumor. While the total number of CD8+ T cells increased with radiation (10 or 5 Gy) alone and
the dual combination of QH-11-066 plus radiation or a-PD-L1 in the ipsilateral tumor, GP33-
antigen specific CD8+ cells significantly increased in both ipsilateral and contralateral tumors only
in the dual or combo therapy groups, indicating a potent tumor-specific immune response (Figure

81). This is extremely important in terms of potential treatment of patients.

Examination of the polyfunctionality of the CD8+ T cells reveals that the frequency of
interferon-y (IFN-y) and IFN-y/tumor necrosis factor-o. (IFN-y/TNF-a) producing CD8+ T cells
were most significantly increased in both ipsilateral and contralateral tumors treated with dual and
combo therapies (Figure 70C; Figure 80), indicating an increase in antigen-specific,
polyfunctional effector T cells. QH-11-066 has a significant effect on the numbers and frequency
of IFN-y and IFN-y/TNF-a producing CD8+ T cells on contralateral tumors treated with radiation

(5 or 10 Gy). Together, these results indicate that QH-11-066 has direct anti-tumor activity, while
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Figure 83. Immune response to QH-11-66 and 10 Gy radiation. Representative flow plots showing percent TNF-
o+ and IFN-y+ CD8+ T cells. The cells were stimulated with GP33-41 peptide as described in the Methods
section of the text. The graphs summarize the results of the flow plots and show number per gram of tumor.
The graphs are a mean from 8-10 mice from two experiments. (*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001).
Methods used were as detailed in the Methods section of text.

a dual or triple combination with QH-11-066 has synergy with ipsilateral and abscopal anti-

tumor activity mediated by an increase in antigen-specific effector CD8+ T cells.
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Figure 84. Increase in antigen specific CD8 T cells by QH-11-66 and 10 Gy radiation. (A & B) Representative
flow plots showing percent GP33+PD1+ CD8+ T cells among CD8+ T cells. The graphs summarize the results
of the flow plots and show the number of GP33+CD8+ T cells per gram of tumor. The graphs are mean from
8-10 mice from two experiments. (*p<0.05; **p<0.01; ***p<0.001). Methods used were as detailed in the

Methods section of text.
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2. 2. 2 Discussion

Here, it is shown that melanoma cell lines, both human and murine, express functional GABAaRS
that are activated by the ligand/agonist GABA, and this is enhanced by specific anticancer
benzodiazepines, positive allosteric modulators of the ion channel. These observations are
consistent with the GABAAR in melanoma cells forming a hetero-pentameric structure with a
canonical afofy subunit stoichiometry. It is shown that the benzodiazepine QH-I1-066 (8) is
capable of directly impairing the viability of melanoma cells in vitro, while reducing tumor volume
in a syngeneic melanoma model, even at a benzodiazepine dose comparable to that administered
for adult human patients for a wide range of clinical conditions, including anxiety. We also find
that QH-11-066 (8) potentiates radiation, even at a sub-optimal dose, and also the immune
checkpoint inhibitor a-PD-L1, to enhance both ipsilateral and distant abscopal anti-tumor
responses. The response is associated with enhanced tumor infiltration of CD8+ T cells that
produce IFN-y and TNF-a. There is also enhanced expression of genes with roles in
cytokine:cytokine receptor activity, transcription factors in the p53 pathway (notably p63), and
genes concordant with microRNA mir-17 overexpression. At this point in time, a more detailed
understanding of the underlying molecular mechanism of beneficial anticancer benzodiazepine
mediated potentiation of radiotherapy and immune checkpoint inhibition in melanoma tumor cells
is necessary, but QH-11-66 (8) mediated enhancement in expression of cytokine:cytokine receptor

activity may be pivotal.

From the findings reported here and elsewhere, we hypothesize that a benzodiazepine
may contribute to regression of melanoma tumors by direct and indirect mechanisms. In the
‘direct’ contribution to tumor control, QH-11-66 (8) enhanced membrane anion permeability in

melanoma tumor cells, which depolarizes their mitochondria, as we observed in cell culture
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experiments, and thereby elicits an apoptotic response. Depolarization of mitochondria may result
in an opening of the permeability transition pore, commensurate with dysregulation of Ca?*
homeostasis; defective respiration, commensurate with depletion of ATP; increase in reactive
oxygen and nitrogen species; and cytochrome c release.??? In the studies of medulloblastoma cell
response to QH-11-66, it was found that the intrinsic mitochondrial mediated apoptotic pathway is
activated.?*® As noted, perturbation in ion homeostasis may also underly the enhanced expression
of genes involved in the p53 pathway signaling and cytokine:cytokine receptor activity and
signaling which we find in the treated tumors. We find enhanced expression of p63 target genes in
all treatment groups in comparison to the control. Increased p63 expression after genotoxic
treatment of melanoma cells has been observed and shown to interfere with p53 mediated
apoptosis by the mechanism that involves mitochondrial translocation®. The increase of p63
expression was comparable in both radiation and combined QH-11-066 plus radiation treated
samples, but it is plausible that depolarization of mitochondria by QH-11-066 interferes with the
anti-apoptotic function of the p63 protein. Interestingly, breast cancer tumors exhibit enriched
IFN-y signaling that is associated with enhanced p63 expression??®, highlighting an important
connection between p63 and immune signaling. Further, p63 has been reported to suppress both
tumorigenesis and metastatic spread in a murine model by mediating down-regulation of the
microRNA processing enzyme Dicer as well as the ‘oncomiRNA’ miR-130b.% The observation
that there is enhanced expression of genes associated with overexpression of the microRNA mir-
17 is intriguing, as MIR17 expression has also been shown to be enhanced by p63. It may be that
p63 enhanced expression in melanoma cells regresses the tumors in part by controlling Dicer

and miRNA activity.
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In the ‘indirect” mechanism to tumor control, the benzodiazepine QH-11-066 may enhance
CD8+ T cell infiltrate into the melanoma tumor milieu to contribute to potentiating the response
to radiation and immune checkpoint inhibition. As noted, QH-I1-066 has a small effect on cell
viability in vitro, as assessed by its micromolar IC50, while in vivo, when administered in
combination with radiation and/or an immune checkpoint inhibitor, or even on its own at a higher
dose, regresses the melanoma tumors. This observation suggests that the benzodiazepine at a lower
dose is acting as a ‘sensitizer’ and at a higher dose (25 mg/kg once daily) is acting through another
mechanism, perhaps by positively modulating GABAAR receptors on CD8+ T cells®’. Indeed,
GABAARs have been reported to be expressed in CD8+ T cells (as well as in neutrophils,
monocytes, CD3+ and CD4+ T cells) and GABAergic signaling has been observed to contribute
to responses to intracellular pathogens??’ and autoimmune diseases®2®. However, it remains unclear
whether GABAAR may mediate directly in enhancing T cell infiltration into the tumor and/or
whether the receptor can modulate co-inhibitory checkpoints. It can not be overlooked that QH-
11-66 (8), KRM-11-08 (19) and their analogs go through BBB in 20 to 30 minutes in contrast
to other anticancer agents. Moreover, the anxiolytic and slight sedative activity (Cook et al,
US Patent 2006) would be a positive effect to patients undergoing radiation therapy or any

anticancer treatment.

The results of this study suggest that use of QH-I11-66 (8) or analogs to modulate GABAAR as
a ‘sensitizer’ of melanoma tumors to radiation and/or an immune checkpoint inhibitor is a
future avenue to explore clinically. Repurposing of a benzodiazepine in such therapeutic
combinations have the potential to improve outcomes for patients in a rapidly translatable and
cost-effective manner. QH-11-066 (8) exhibits anxiolytic activity and has been shown to be safely

administered in non-human primates and has a penetrance through the blood-brain barrier
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equivalent to diazepam.?16:220230.231 Hence, while additional preclinical evaluation is necessary,
this study suggests that clinical investigation of QH-I1-66 (8) or analog-based combination
therapies are warranted. Examination of QH-11-066 (8) to amplify immune checkpoint inhibition
is an important finding here. Finally, QH-11-066 (8) may be particularly effective in tackling the
challenging melanoma metastatic lesions that form throughout the body, including to the brain in
~50% of these patients, as well as and obviously serving to remedy the anxiety that such patients

experience.

2. 2. 3 Materials and Methods by Dr. Kallay, Kamdem, Dr. Krummel and Dr. Sengupta
(University of Cincinnati).

2.2.3.1 Cell lines.

Human melanoma cell line A375 and murine line B16F10 were purchased from
American Type Culture Collection (ATCC, Manassas, VA). The B16F10 line was transduced
according to manufacturer instructions (Clontech) with lentiviral vector expressing Lymphocytic
choriomeningitis (LCMV) Glycoprotein (GP). The genome was engineered to express GP protein
together with green fluorescent protein (GFP). This engineered line is referred to as B16F10-GP
throughout the text. The cell lines were tested for pathogen contamination to ensure an absence of

all major viruses and mycoplasmas, according to past instructions.

2.2.3.2 Electrophysiology.

Electrophysiology recordings utilized methods like those described in the past publications.3%43
Intracellular saline solution contained 145 mM CsCl, 2 mM CaCl2, 2 mM MgClI2, 10 mM EGTA
and 10 mM HEPES. Extracellular saline solution contained 140 mM NaCl, 5mM KCI, 2 mM
CaCl2, 1 mM MgCI2, 10 mM HEPES and 10 mM D-glucose. Both salines were adjusted to pH
7.4 (320-330 mOsm) and 0.2 pm filter sterilized. A375 and B16F10-GP cells were dissociated
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with detachin (Genlantis, San Diego, CA), resuspended in extracellular saline (2.5x106 cells/mL)
and agitated prior to loading on to 384-well fluxion ensemble plates. GABA!" concentration
response relationships were constructed by measuring responses to 0.03, 0.1, 0.3, 1, 3, 10 and 30
UM GABA. Benzodiazepine concentration-potentiation relationships were constructed by
measuring responses to 1 UM GABA in the absence and presence of 0.03, 0.1, 0.3, 1, 3, and 10
UM of QH-11-066 or KRM-11-08. Cells were patched using an lonflux Mercury microfluidic
automated patch clamp system (Fluxion Biosciences, Alameda, CA). Up to 1,280 cells were
patched at -60 mV using an automated suction protocol, followed by superfusion with ligand and
drug combinations. Current data was recorded at 10 kHz and stored for offline analysis with

bespoke MatLab scripts.

2.2.3.3 Cell viability.

The A375 and B16F10-GP cells were cultured in DMEM (Corning CellGro) containing 10%
FBS (GIBCO), L-glutamine 1x (GIBCO), and penicillin-streptomycin solution 1x (GIBCO). Cells
were used in early passage (fewer than 25 passages after resuscitation) and were negative for
Mycoplasma. For cell viability dose-response assays, cells (1500 for B16F10-GP; 2000 for A375)
were seeded (75 pL per well) in a 96-well flat bottom cell culture plate (Falcon) and incubated at
37°C (5% COy) for 16 hours in HEPES and phenol-red-free 1X Dulbecco modified eagle’s
medium (DMEM, Gibco) with L-glutamine and sodium pyruvate, penicillin-streptomycin, and
10% FBS. Benzodiazepines were synthesized as described?'421% kept lyophilized at room
temperature, and suspended prior to use in dimethyl sulfoxide (DMSO; 0.125%) to prepare a 40
mM stock solution. Drug was added to plated cells in 25 pL aliquots to prepare final concentrations
in pentaplicates (0.3125, 0.625, 1.25, 2.5, 5.0, 10, 20, and 30.0 uM). After a 24- or 48-hour

incubation of drug with cells or a DMSO vehicle control at 37°C (5% CO>), 20 uL CellTiter 96®
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AQueous One Solution (Promega) was added per well, after which the plate was incubated 1 hour
at 37°C, and absorbance (490 nm) was measured to quantify cell viability. To calculate % cell
viability, media control (average reading of wells containing only media) was subtracted from
DMSO control and drug-treated values. Drug-treated values were normalized by dividing by mean
DMSO absorbance values and converting to percent. IC50 values were obtained using GraphPad

Prism 7 (GraphPad Software Inc., La Jolla, CA). All graphs were produced in GraphPad Prism 7.

2.2.3.4 Mouse experiments at the University of Cincinnati.

The B16F10-GP cell line was grown in Dulbecco's Modified Eagle's medium
(DMEM) supplemented with 10% Fetal Bovine Serum, 100 U/mL penicillin and 100 pg/mL
streptomycin, with 2 mM glutamine. Cells were cultured at 37°C with 5% CO..
The B16F10-GP melanoma cells (5 x 105) were implanted in matrigel (25%) on the right and left
flank of 6-8-week-old female C57BL/6 mice (Jackson Laboratories, Bar Harbor, ME). Mice were
used in accordance with the Emory University Institutional Animal Care and Use Committee
guidelines. After the tumors were palpable (10 days), mice were irradiated on the right side with a
Superflab bolus (0.5 cm tissue equivalent material) placed over the tumor, and thereafter tumor
measurements taken as indicated. Measurements of the left tumor are indicative of an abscopal
response. Irradiation was done using an X-RAD 320 irradiation unit; a self-contained X-ray system
for delivering a precise radiation dosage. The shielded cabinet includes an Adjustable Specimen
Shelf, Sample Viewing Window and Beam Hardening Filter Holder. The light beam (< 8 mmz2)
was focussed on the tumor (right flank only) and mice were irradiated while under anesthesia.
Tumor diameters were measured using calipers. Tumor volume was calculated using the formula
for an ellipse (i.e. 4/3n.(L.w.h), where 1, w, h are three radii of the tumor taken perpendicullar to

each other).
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Treatment of mice with a-PD-L1 or QH-11-066 occurred after 10 days tumor inoculation,
as detailed in legends of relevant Figures. The a-PD-L1 antibody (200 ug; clone 10F9.G2) was in
phosphate buffer saline (500 uL) and injected i.p. every third day per the protocol, as antibody
levels decrease and need to be maintained at a constant level. QH-11-066 was dissolved in 1%
DMSO and 0.5% Tween-20 as well as water, and injected i.p. at the indicated doses daily for a

week. Control mice in the experiments were injected i.p. with vehicle for a week.

2.2.3.5 Tumor infiltrating lymphocytes (TILSs) isolation and flow cytometry.

For flow cytometric analysis, tumors were harvested 7-8 days after radiation. Single cell
suspensions of tumors were prepared by mincing the tumors with scissors and digesting them with
collagenase IV (150 U/mL) and DNAse (20 pg/mL) for one hour under shaking. The cells were
centrifuged and suspended in 195% RPMI. The cell suspension was layered on top of histopaque
(Sigma). After centrifugation, the TILs were collected at the interphase and stained with markers
of interest. All samples were run on LSRII (BD) or BD FACSCanto and analyzed using FlowJo
software. For intracellular cytokine analysis, TILs were isolated from the tumor and stimulated for
6 hours in the presence of brefeldin and myostatin with a LCMV specific glycoprotein peptide

GP33-41 and stained with antibodies of interest and analyzed by flow cytometry.

2.2.3.6 RNA-seq and data analysis.

Tumors  were excised from mice, immediately snap frozen in  liquid
nitrogen, and then stored at -80°C. RNA was extracted (Qiagen, AllPrep FFPE Kit), quantified,
and then quality measured using the DV200 score (fraction of RNA fragments whose length is >
200 nucleotides). The samples used met the following requirements: >750 ng RNA, a preferred

concentration 10 ng/uL, DV200 > 0.3). Samples (n=4 per treatment group) were processed and
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sequenced at the Broad Institute by the Transcriptome Capture method using Illumina
HiSeq2500. Sequence reads were aligned to the reference mouse genome (mm210) using the
STAR aligner?®, reads aligning to each known gene were counted using featureCounts.*® The
differential expression analysis between different sample types was performed based on the
negative-binomial statistical model of read counts as implemented in the edgeR Bioconductor

package46 and p-values were adjusted using False Discovery Rates (FDR).?*® The enrichment

238 239

KEGG pathways?®’, transcription factor targets?®, and ImmuneSigDB gene sets®° were identified
using the gene set enrichment analysis?*° as implemented in the FGSEA R package?*! with 100,000
random permutations. Results were visualized using the ComplexHeatmap package. 242

2. 3 Activity of analogs and metabolites of QH 11 66 in H1792 lung cancer cell
lines.

Some anticancer benzodiazepine-target analogues and metabolites were synthesized and tested in
H1792 cell lines. H1792 cell lines are related to non-small cell lung cancer such as

adenocarcinoma. These types of lung cancers are among the most aggressive type of lung cancers

and lead to many patient fatalities.

2. 3. 1 Direct analogue of QH 11 66
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Figure 85. Structures of QH 11 66 and KRM 111 70
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QH 11 66 and KRM 111 70 were tested in the cell viability assay on the H1792 cell line. The ICso
of QH 11 66 was between 5.523 uM to 6.563 uM. The average ICso was 6.027 uM. (Figure 86) On
the other hand KRM 111 70 showed an 1Cso value 4.474 uM to 6.107 uM. The average ICsg value
was 5.240 uM. (Figure 87) Based on this data KRM 111 70 shows better results in comparison with

QH 11 66. KRM 111 70 has a nitrogen at the 2’ position of the C-5 pendant phenyl ring, whereas

QH 1II 66 has a 2’H at this position.

H1792 H3CT O
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;5 100 4 O
2 754 s —N
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QH-I1-66 (uM) QH-II-066
6.027

5.523 to 6.563

Figure 86. Cell viability assay for QH 11 66 in the H1792 lung cancer cell line. Data unit is uM.
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Figure 87. Cell viability assay for KRM 111 70 in H1792 lung cancer cell line. Data unit is uM.

2. 3. 2 Deuterated analogues of QH 11 66

DG o DsC o
N\g N %
O — - N
Z N F
MYM-I11-85 TA-11-72

Two deuterium compounds, TA 111 72 and MYM 111 85 were synthesized and analyzed in the
lung cancer cell viability assay. TA 1l 72 has 5 deuterium atoms and MYM 1l 85 has three
deuterium atoms as N-CDs. The C-D bonds are nine times stronger than a C-H bond. After analysis
on the lung cancer cells the 1Cso value for TA 111 72 was in the range from 5.069 uM to 6.483 uM.
The average 1Cso was 5.741 uM and was close to the 1Csp obtained for QH 11 66 and KRM 111 70

(Figure 85). The ICso value for MYM 111 85 range from 5.903 uM to 7.460 uM and the average
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was 6.644 uM which indicates this compound is also active against metastasis in the H1792 lung

cancer cell line. (Figure 86)
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Figure 88. Cell viability assay for TA 111 72 in the H1792 cell line. Data unit is uM.
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Figure 89. Cell viability assay for MYM 111 85 in the H1792 cell line. Data unit is M.
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2. 3. 3 Metabolites of QH 11 66 analogs.

Benzodiazepines are normally metabolized at two different sites. If it is a N-CH3 benzodiazepine
it become a desmethyl benzodiazepine by N-desmethylation of the N-CH3 group. In the next step
this desmethyl intermediate can be converted to a 3-hydroxy desmethylbenzodiazepine metabolite.
They can also form 3-hydroxy intermediates and then undergo desmethylation. Even if the chiral
3-hydroxy metabolite is formed it racemizes very readily. Four of the QH 11 66 analog metabolites

were assayed to observe their activity in H1792 lung cancer cell lines.

MYM 1 43 was tested in the cell viability assay on the H1792 cell line. The 1Cso of MYM 1 43

was in between 63.19 uM to 179.3 uM. The average ICso was 95.70 uM. (Figure 90)

MYM 1V 95 was tested in the cell viability assay on the H1792 cell line. The ICso of MYM 1V

95 was in between 391.8 uM to 2643 uM. The average ICso was 694.9 uM. (Figure 91)

MYM V 17 was tested in the cell viability assay on the H1792 cell line. The ICso of MYM V 17

was in between 18.01 uM to 22.97 uM. The average ICso was 20.32 uM. (Figure 92)
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Figure 90. Cell viability assay for MYM 1 43 in H1792 cell line. Data unit is uM.
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Figure 91. Cell viability assay for MYM IV 95 in H1792 cell line. Data unit is uM.

MYM | 59 was tested in the cell viability assay on the H1792 cell line. The ICso of MYM 1 59

was infinity which means this compound is inactive against this type of cancer. (Figure 93)
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Figure 92. Cell viability assay for MYM V 17 in the H1792 in the cell line. Data unit is pM.
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Figure 93. Cell viability assay for MYM 1 59 in the H1792 cell line. Data unit is uM.

TA 111 70 was tested in the cell viability assay on the H1792 cell line. The 1Cso of TA 111 70 was

in between 100.3 uM to 212771 uM. The average ICso was 660.2 uM. (Figure 94)
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Figure 94. Cell viability assay for TA 111 70 in the H1792 cell line. Data unit is uM.
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A difference between the activity of these compounds or duration of action might be realized in
Vivo in rodents. Since these are in vitro screens the similar activity of QH-11-66, KRM-11-08, TA-

[11-72 and MYM-111-85 are expected.

2. 3. 4 Thio analogues of QH 11 66.

Two thio analogues TA 111 50 and TA 111 52 of QH-11-66 were synthesized and tested on H1792
the lung cancer cell lines. TA 11 52 contains a 2’H substituent and TA 111 50 bears a 2°F group.

The ICsp value range of TA 111 50 was from 35.9 uM to 48.9 uM over three trials. (Figure 95)
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Figure 95. Cell viability assay for TA 111 50 on the H1792 cell line. Data unit is uM.

For TA 111 52 the ICsp value ranges from 28.7 uM to 38.2 uM over three trials. (Figure 96).
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Figure 96. Cell viability assay for TA 111 52 on the H1792 cell line. Data unit is puM.

2. 3. 5 Bis-ethnyl and Bis-bromo analogues of QH 11 66.

Two other analogues TA 111 56 and TA 111 62 of QH-I1-66 were synthesized and tested in H1792
cell lines. TA 11l 56 contains two bromine atoms at the C-5 and C-7 positions. The corresponding
TA 111 62 bears two acetylene groups at the C-5 and C-7 positions. The ICso value range of TA 111
56 was from 36.1 uM to 43.0 uM over three trials. (Figure 97) The ICso value range of TA 111 62

was from 144.3 uM to 297.2 uM over three trials. (Figure 98)
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Figure 97. Cell viability assay for TA 111 56 on the H1792 cell line. Data unit is uM.
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Figure 98. Cell viability assay for TA 111 62 in the H1792 cell line.
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2. 4 Chemistry

2. 4.1 Synthesis of QH 11 66

The ethinyl benzodiazepine QH 1l 66 (8) is the lead compound in this research. This compound
showed very good activity in lung cancer H1792 cell lines, medulloblastoma G3 D283 cell lines
and two melanoma cell lines A375 and B16F10. After obtaining excellent data on different cancer

cell lines, it was decided to develop a synthetic route to synthesize QH 11 66 (8) on large scale.

0 OY\BI' H o
NH, Br NH Ni
Bf)k/ NH3 O
o e 0 — Fi
NaHCOs, DCM CH30H, Reflux, 8hrs
O 0°C, 2hrs, 95% O O
; 3 (60%) 4 (40%)
1
CH2COOH B
HoSO4, 1t, 81% | D12
» +
= - 3 N °
| P TBAFH,0 O Pd(OAc),, PPhz
=N ¢ =N T™MS acetylene po
@ TE @, ‘S' ACN TEA N
o F
1hr, 90% / O reflux, 8hrs, 80%
7 (Nor QH-11-66) 6
THF, 0°C-t

1hr, 75% CHal, NaH

oS
s

8 (QH-1I-66)

A\

Scheme 1. Initial synthetic route for QH 11 66 (8)

QH 11 66 (8) previously synthesized by the Milwaukee group was a six-step process. The 2-amino

benzophenone (1) was used as the starting material. An amide coupling reaction was carried out
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by using bromoacetyl bromide in the presence of solid sodium bicarbonate in DCM at 0°C to room
temperature. In the second step the so formed amide was cyclized by stirring in a saturated solution
of ammonia in methanol. This step required at least 8 hours at reflux. In the third step the cyclized
product was brominated by using bromine in the presence of acetic acid and concentrated sulfuric
acid. In the fourth step a Heck-type coupling reaction was performed to replace the bromine atom
by an ethinyl trimethyl silyl group. For this reaction palladium acetate and triphenyl phosphine
were used as the catalyst. The silyl group was removed by using tetrabutylammonium fluoride in
THF. In the final step the N-methylation was done by treatment of N-H amide with methyl iodide

and sodium hydride was used as the base to provide QH 11 66 (8).

In this method there were several problems.

1. In the second step a saturated ammonia solution in methanol was employed. The ammonia does
an Sn? reaction with the terminal bromine to furnish a terminal amine. This amine then attacks the
carbonyl group to initiate the cyclization to provide the desired imine. To make a saturated solution
of ammonia in methanol one needed a continuous flow of ammonia into the dry methanol. The
temperature during this process must be at zero degrees Celsius. When dissolving ammonia in
methanol on large scale it was very difficult to control the concentration. If the saturated solution
of ammonia in methanol was too concentrated the desired product formed an imidate impurity.
This makes the purification of the benzodiazepine more difficult for the Rf values were very

similar.

2. In the third step the bromination at the 7 position was executed by using bromine. Acetic acid
and concentrated sulfuric acid were also used. The problem with this reaction is the toxicity of the

bromine was an undesirable trait for this reagent.
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3. In the fourth step a Heck-type coupling reaction was carried out to replace the bromine at the 7
position by a trimethyl silyl acetylene function. In this process palladiam aceteate and triphenyl
phosphine were used. Triphenyl phosphine is air sensitive; it forms triphenyl phosphine oxide in
the presence of oxygen in the air. Because of this problem, degassing is required for this process.
Another problem was the Rt value of the TMS protected benzodiazepine was very close to the 7-
bromo starting material (5) which made the purification very difficult on chromatography. The

crystallization of most intermediates must be achieved.

4. In the final step the N-methylation was done by using methyl iodide in the presence of sodium
hydride in THF. Sodium hydride acts a base. This base is strong. It can not only remove the N-H
proton but also abstract the proton from the C-3 position of the reactant. This provides another

impurity in the reaction mixture which must be removed.
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Scheme 2. Improved synthetic route to make QH 11 66.

To solve the above-mentioned problems the synthetic route was redesigned. The redesigned

synthetic route contained six steps. (See Scheme 2)

- Inthe first step 2-aminobenzophenone was brominated at the para position and it was done
by treatment with N-bromosuccinamide. The reaction was done in DCM at -10°C to 0°C
and stirred for 2 hours. The product was purified by crystallization in 5:95 ethyl acetate:
hexanes. The best percent yield of this reaction process was 95%. The other 5% was the

dibrominated impurity. The use of N-Bromosuccinamide solved the difficulties using

bromine.
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Scheme 3. Improved cyclization route

- In the second step the amide coupling was done by using bromoacetyl bromide in the
presence of sodium bicarbonate. This reaction was done in DCM at 0°C to room
temperature. Chloroacetyl chloride works as well as bromoacetyl bromide and was much
cheaper. The product was purified by crystallization using (10: 90) ethyl acetate: hexanes

to give a 95% vyield.

- In the third step the cyclization was done by replacing ammonia with
hexamethylenetetramine (HMTM) developed by Dan Knutson in the presence of
ammonium acetate. The reaction was done in isopropyl alcohol by heating to reflux for 6
hours. The reaction is known as the Delapine reaction. This approach solved the imidate
byproduct issue faced in the previous route. There was only one product formed. The
benzodiazepine was purified by crystallization with 30:70 ethyl acetate: hexanes. The yield

of pure benzodiazepine was 85%.
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The N-methylation was done in the fourth step of this route. There are two reasons to do it
at the fourth step. The first one is the Heck-type coupling provides a lot of impurities if
there is an N-H group present. If the N-H group is protected, the Heck-type coupling
process proceeds well, which makes the purification very easy. The second reason is if this
step is done after the installation of the acetylene function the base can abstract the
acetylene proton which can generate one more impurity. In previous routes sodium hydride
was used which was causing problems by producing more than two unnecessary
byproducts. This problem was solved by using potassium tert-butoxide, a more hindered
base than sodium hydride and one in which it was easier to control. This approach provided
75% yield of the desired N-methyl amide.

In the fifth step the Heck-type coupling was done. Using ortho tolyl phosphine as the ligand
solved the problem of forming triphenylphosphine oxide byproduct due to the presence of
air. Ortho tolyl phosphine does not become oxidized by oxygen from the air, so degassing
was not required in this stage. This was discovered by Greg Fu and the ortho tolyl ligand
has a bigger bite angle. The TIPS acetylene function was used to form a greater R¢
difference between the starting material and desired product. The TIPS group was also
easier on chromatography to remove which reduced byproducts. The percent yield of this
stage was 78%.

In the final step the TIPS group was removed by using tetrabutyl ammonium fluoride
(TBAF) in THF at -20°C to room temperature. This step takes about 1 hour with stirring.

QH-11-66 was crystallized from isopropanol in 90% yield.
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2. 4. 2 Synthesis of NOR QH 11 66

Analogous to QH 11 66, Nor QH 11 66 also showed very good anticancer activity. It exhibited the
most potent 1C50 value in the medulloblastoma G3 cancer cell line. This compound was able to
penetrate the blood brain barrier within 30 minutes of IP administration as is QH-11-66. Nor QH 11
66 was synthesized by following the steps in the Scheme below. The largest scale executed was

50g scale and the overall yield was 70%.

. 0 0O
N Pd(OAc)z, P(o- tolyl)s N~<
O TIPS acetylene )
— > —
Br N ACN, TEA —( F y
reflux, 8hrs, 87% Si =
O AN
5 14

H
"
TBAF.H-0 O =
2 > 4 N
THF, 0°C-rt,
1hr, 91% O

7 (Nor QH-11-66)

Scheme 4. Synthetic route to synthesis of Nor-QH 11 66

2. 4. 3 Synthesis of KRM 11 08 and TA | 12
KRM 1II 08 is the 2°F analog of QH-11-66. This compound showed very good activity in
medulloblastoma G3 cancer cell lines. It induced a 38% apoptosis rate. TA | 12 is the 2°F analog

of Nor QH 11 66, TA I 12 is also known as Nor KRM 11 08.

The starting material for KRM 11 08 was 2-amino 5-bromo 2’fluoro benzophenone. The synthesis
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Scheme 5. Synthetic route to synthesis of KRM 11 08

Was similar to the route to QH 11 66. It is illustrated in Scheme 5. The largest scale was done on

50g, of starting material 2-amino 5-bromo 2’fluoro benzophenone.

TA 112 (Nor KRM-11-08) was also synthesized via the same route as nor QH-11-66. The largest

scale in that case was 20 grams starting from the compound 9. (Scheme 6)
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Scheme 6. Synthetic route to synthesize Nor KRM 11 08.

2. 4. 4 The synthesis of deuterated analogues of QH 11 66

2.4.4.1 Synthesis of the N-CD3 analogs of QH 11 66 and KRM-11-08.

Two N-CD3 compounds were synthesized designated TA | 16 and MYM 111 85. The TA | 16 can
be synthesized from Nor KRM |1 08 by treating the amide with deuterated methyl iodide in the
presence of potassium tert-butoxide in THF at 0°C to room temperature. MYM 111 85 can be
synthesized from nor QH 1 66 via a similar route. The final products can be purified by column

chromatography with ethyl acetate-hexanes (20:80).
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Scheme 7. Synthetic route to synthesize MYM 111 85.

2.4.4.2 Synthesis of D2 QH 11 66

To synthesize D2 QH 11 66 one needed to exchange the hydrogen atoms at the C-3 position of QH
11 66. To do this one needed a sufficiently strong base and a deuterated solvent. The procedure was

as follows:

- Dissolved 50mg of QH 11 66 in ImL of D4-methanol

- Add lequivalent of base

- Stir for 1 hour at room temperature

- Filter the ppt by using a PTFE filter

- Evaporate the D4-Methanol on a rotary evaporator under reduced pressure. Take the 1H
NMR to confirm the exchange of three hydrogen atoms with deuterium. One deuterium
from the acetylene and two from the C3 position.

- Dissolve the solid in regular methanol and evaporate the solvent for 5-6 times to regenerate

the acetylene hydrogen atom.
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Scheme 8. Synthetic route to synthesize D2 QH 11 66 (<86% D).

D4-methanol was used as a solvent. In the first attempt KoCOs was used as a base, but there was
no deuterium exchange observed. For the next trial potassium tert-butoxide was employed. In this
attempt 86% deuterium was present at the C3 position. Many attempts were made to increase the
percent deuterium exchange by changing the bases and reaction temperatures, but there were no
improvements. We concluded that if heat is applied the deuteriums after work up become
exchanged with hydrogen. Without heat one cannot regenerate back the acetylene hydrogen. 95+%

deuterium was required to do most in vivo assay.

2.4.4.3 Synthesis of D5-QH 11 66.

After several unsuccessful attempts to synthesize at least 95% deuterated D2 QH 11 66 we decided
to see what we observed in the case of deuteration of D3- MYM |11 85. This compound contains
an N-CDsz moiety. We followed the exact procedure for synthesis of D2-QH Il 66 for the
deuteration of MYM I11 85, but the results were the same as observed in the case of D2 QH 11 66.

Potassium tert-butoxide was used as the base and D4-methanol was used as the solvent.
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Scheme 9. Successful synthetic route to >95% D5 QH 11 66

After this result of 86% incorporation the synthetic procedure was altered slightly. The MYM IlI
85 was dissolved in D4-methanol and 1.1 equivalents of potassium tert-butoxide was added. The
mixture was sonicated at 50°C for one hour. Then 4mL of DI water was added to the mixture at
room temperature. This solution was extracted with ethyl acetate and the solvent was removed
under an argon flow. After this a 96% deuterium exchange at the C-3 position of MYM Il 85 was
observed and gave this 95%+ D5 QH 11 66, which was assigned code number of TA 1ll 72. (D5-

QH-11-66)

2.4.4.3.1 Stability of the deuteriums in TA 111 72 at different pH values.

Several different pH conditions were employed to observe the stability of the deuterium atoms in
TA 111 72. The stability was tested at pH 4, 7.4 and 8 at room temperature and at 37°C. There were
no significant changes observed in the percentage of deuterium atoms neither at the acetylene
position nor at the C-3 position. Observing this result, it was concluded that TA 11l 72 was stable
enough in the human body that one could conduct the in vitro and in vivo anticancer assays and

use it to treat cancer patients.
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C3 H1 0.05
C3 H2 0.06
Acetylene H 0.94

Table 2-3 Integration of H atom at normal temperature of QH 11 66

sample | C3H1 C3 H2 Acetylene H

1 hr 0.06 0.07

2 hr 0.06 0.07 0.91
4 hr 0.07 0.08 0.90
24 Hr 0.07 0.08 0.90

Table 2-4 At pH 7.4 RT, No change at all.

1 hr 0.06 0.06 0.93

2 hr 0.06 0.07 0.92
4 hr 0.07 0.08 0.92
24 hrs 0.07 0.08 0.91

Table 2-5 At pH 7.4 37C, No change at all.
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m C3 H1 C3 H2 Acetylene H

1 hr 0.09 0.11 0.89
2 hr 0.09 0.11 0.88
4 hr 0.10 0.11 0.90
24 Hr 0.09 0.10 0.91

Table 2-6 At pH 8.0 RT, No significant change.

1hr 0.06 0.06 0.93

2 hr 0.06 0.07 0.92
4 hr 0.07 0.08 0.92
24 hrs 0.07 0.08 0.91

Table 2-7 At pH 8.0 37°C, No significant change.

m C3 H1 C3 H2 Acetylene H

1 hr 0.09 0.10 0.91
2 hr 0.09 0.11 0.91
4 hr 0.09 0.11 0.90
24 Hr 0.10 0.12 0.91

Table 2-8 At pH 4.0 RT, No significant change.
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1 hr 0.09 0.09 0.89

2 hr 0.10 0.11 0.88
4 hr 0.10 0.11 0.91
24 hrs 0.10 0.12 0.91

Table 2-9 At pH 4.0 37°C, No significant change.

2.4.4.3.2 Solubility comparison of TA | 16 with other N-substituted QH Il 66 analogs

inD4-methanol.

CONFIDENTIAL -

NP g WP N
“ 2 O ,\N/S r O _§ = O ;5
O o) 5 Cr

QH 1166 KRM-11-08 TA116
CD3-QH Il 66

Insoluble Soluble Insoluble

Figure 99. Solubility of N-CDz and N-CHz analogs of KRM 11 08 and QH 11 66
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One observed an anomaly during deuteration of N-CH3 and N-CD3 analogs of QH Il 66. The
deuterium incorporation at the C-3 position in case of N-CD3 analogs was better than N-CH3
analogs. It was proposed a theory that the reason for this was due to the presence of unreacted
potassium tert-butoxide present during the work up. To prove this theory, we designed an
experiment wherein we stirred different N-CH3 and N-CD3 analogs in the absence of any base in
D4-methanol at room temperature for 24 hours. After the experiment we observed the N-CD3
analogs had much better solubility in D4-methanol without the base at room temperature than the
N-CH3 analogs in D4-methanol. We checked the 1H NMR to see any changes at the C-3 position
of all the analogs. We did not observe any hydrogen replaced with deuterium. This indicates that
a base is required to install deuterium at the C-3 position of a QH 1l 66 analog whether it is an N-

CH3 or N-CD3 analog.

But this observation does not provide the reason for having better deuterium exchange in the case

of N-CD3 analogs.

However, from the Figure 99 in the previous page it is clear CD3-QH-I11-66 and CD3-KRM-11-08
(TA-1-16) are more soluble in D4-methanol than the two N-CHs analogs. One point is that in the
N-CHs analogs immediately after the deuteration the percent deuteration is around 95%. It is only
in refluxing in H4-methanol wherein the percent deuteration drops to 86% while trying to remove
the ethinyl-D bond. Perhaps it is harder to dissolve the N-CHz analogs, so it takes more heat and
time to remove the ethinyl C-D bond than in CDs-analogs, hence the percent incorporation at the

C-3 remains at >95% deuterium in the N-CD3 analogs.

2. 4. 5 Synthesis of thio analogues of QH 11 66.
The thio analogs of QH 11 66 (TA 111 50) and KRM-11-08 (TA-I11-52) were synthesized from the

KRM 11 08 by using Lawesson’s reagents in THF by refluxing them for an hour respectively. The
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TA 111 52 was synthesized from the QH 11 66 via a similar route as stated. The percent yield of

both processes was approximately 50% in both cases.

\
NP N—”
O \i Lawesson's reagent O
Z i THE, 1hr, reflux &
O O

8 (QH-1I-66) 25 (TA-III-50)

Lawesson's reagent

THF, 1hr, reflux
52%

19 (KRM-11-08) 26 (TA-II-52)

Scheme 10. Synthetic route to sulfur analogs TA 111 50 and TA 111 52

2. 4. 6 Synthesis of 7,9- disubstituted analogues of QH 11 66

Br
NH2 NHz NHz
O o  DCM, NBS O a O o
—— 3 Br Br
-10°C-0°C
2hrs, 95% ‘ O
1 2 (95%) 27 (5%)
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Scheme 11.Synthetic route to TA 111 62 (part 1)

During the purification stage of the bromination of 2-aminobenzophenone by using N-
bromosuccinamide it was observed that there was a dibrominated byproduct which was removed
by ethyl acetate-hexanes 10:90. It was decided to make a diacetylated analog of QH 11 66 to see if
it can fit in the binding pocket in the H1792 cancer cell lines. One followed a similar route
employed for the synthesis of QH Il 66 to synthesize the diacetylated analog of QH Il 66. The

code number for this analog is TA 111 62.

Br H
Br Oﬁ’/\Br N‘io Br \N
NH
HMTM, NHsOAc O CHal, -BuOK ‘i
O o e R i : > B O

IPA, Reflux, 8hrs THF, 0°C-rt =N
Br 80%
o O 1hr, 72% O
218 29 (TA-II-56) 30 (TA-11I-58)
>- si—
Il If
\ o \ o]
Pd(OAc)z, P(o- tolyl)s N TBAEH20 N\.<
TIPS acetylene O ] = O )
» —
ACN, TEA —< FZ N THF, -10°C-rt > =N
reflux, 4hrs, 70% \rSI O E 1hr, 90% O
31 32 (TA-111-62)

Scheme 12. Synthetic route to synthesize TA 111 62 (part 2)
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2. 5 Experimental

2. 5. 1 (2-Amino-5-bromophenyl) (phenyl)methanone (9)

NH,

Br [ 0

To a solution of 2-aminobenzophenone 1 (50 g, 253.5 mmol) in DCM (600 mL), which was stirred
at -10°C for 10 min, NBS (47.4 g, 266.2 mmol) was added in portions. The mixture was stirred for
2 hours at 0°C. After the reaction progress was completed (TLC), the mixture was diluted with
H>0 (300 mL), extracted with DCM (300 mL), washed with brine (100 mL), and dried (Na>SOs).
It was concentrated under reduced pressure. The crude bromide compound was purified by
crystallization = from  EtOAc  and  hexanes (10:90) to give (2-amino-5

bromophenyl)(phenyl)methanone 9 (66 g, 94.29% yield) as a yellow solid.

'H NMR (500 MHz, CDCl3): § 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 x ArH), 7.52-7.49

(m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 6.67(d, 1H, ]=8.5Hz, H-3), 6.11 (br's, 2H, NH ).
13CNMR (500 MHz, CDCI, ): 198.2,149.4,139.5,134.4,133.4,131.7,129.3,128.5,120.3,119.2,

118.8. Rr= 0.4 at 1:9 (silicagel, ethylacetate/Hexanes) The spectral properties of 2 were identical

to those in the published reports.
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2. 5. 2 N-(4-Methyl-2-(1- phenylethenyl) phenyl)propanamide (10)

(0) Br

Br l 0

To a mixture of (2-amino-5-bromophenyl)(phenyl) methanone (9, 60 g, 217.29 mmol), sodium
bicarbonate (36.50 g, 434.58 mmol), and DCM (600 mL), bromoacetyl bromide (24.61 mL, 282.48
mmol) was added dropwise over a 60 minutes period. The temperature was kept between -10°C —
0°C with continuous stirring. The white colored reaction mixture, which resulted, was then allowed
to stir for longer than 3 h at rt. The completion of the reaction was verified by analysis by TLC
(silica gel) and 50% ethyl acetate / hexanes. The reaction mixture was then slowly diluted over 30
min with water (300 mL) as carbon dioxide bubbles evolved. The biphasic mixture, which
resulted, was allowed to stand for 15 min and the layers were separated. The aq layer was extracted
with dichloromethane (300 mL) and the combined organic layers were washed with 5% aq sodium
bicarbonate solution (300 mL) and then 10% aq sodium chloride solution (300 mL). The organic
layer was dried (Na2SO4). The solvents were removed under reduced pressure and the residue was
slurried with ethanol (300 mL) at 50 — 55°C for 30 min. Upon cooling to rt and after holding the
temperature for 1 h, the solid, which formed, was filtered and washed with ethanol (60 mL x 3).
The solid was dried under vacuum at 40°C to afford the product N-(4-methyl-2-(1-

phenylethenyl)phenyl)propanamide 3 as an off-white solid (82.6 g, 95.5%).

146



'H NMR (500 MHz, CDCls): §11.60 (s,1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 x
ArH), 7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 6.67(d, 1H, J=8.5Hz, H-3),
4.21 (s, 2H). 13C NMR (500 MHz, CDCls): 198.2,165.21, 149.4, 139.5, 134.4, 133.4, 131.7,
129.3, 128.5, 120.3, 119.2, 118.8, 42.3 The spectral properties of 2 were identical to the published

values?.

2. 5. 3 7-Bromo-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one (5).

H

N\io
Br l =N

A mixture of N-(4-Methyl-2-(1- phenylethenyl) phenyl) propanamide (10) (70 g, 176.3 mmol),

hexamethylenetetramine (HMTM, 54.38 g, 387.9 mmol), ammonium acetate (29.9 g, 387.9
mmol), and isopropanol (700 mL) was heated to reflux (82°C). The reaction mixture was held at
reflux for 6 h, at which point the reaction progress was deemed complete on analysis by TLC
(silica gel and 1:1, ethyl acetate/hexanes). The reaction mixture was then cooled to 0 — 5°C using
an ice bath. The solid, which resulted, was filtered, and washed with cold isopropanol (100 mL x
2) and then water (100mL x 4). The solid was dried under vacuum at 40°C to afford 32 g of the
benzodiazepine 4 as an off-white solid. The IPA was removed from the mother liquor under
reduced pressure. The solid was then extracted with ethyl acetate. The ethyl acetate was removed
under reduced pressure and the residue was purified by column chromatography using 1:4 ethyl
acetate/hexanes to afford 7-bromo-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one (5). (38.9

g, 70%)
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'H NMR (500 MHz, CDCls): 9.89 (s,1H), 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 X ArH), 7.60-7.57 (m,
2H, 2 X ArH), 7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.32 (s, 2H). 13C NMR
(500 MHz, CDCl3): 170.2,165.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3, 128.5, 120.3, 119.2,
118.8, 56.2. Rf= .4 (Silicagel, ethylacetate/Hexanes 1:2) The spectral properties of 2 was identical

to the published values.’
2. 5. 4 7-Bromo-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one (11)

V4

o
)

The 7-bromo-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one 5, (38.0 g, 120.6 mmol) was
dissolved in THF, (150 mL) and the solution was cooled to -0°C using an ice bath. Then potassium
tert butoxide (16.23 g, 144.7 mmol), which was dissolved in 100 mL of THF, was added dropwise
by using an addition funnel. Then methyl iodide (8.26 mL, 132.7 mmoL) was added dropwise to
the reaction mixture over a 5 min period, while maintaining the temperature at 0°C. Upon
completion of the addition, the reaction mixture was allowed to warm to rt and stir for 60 min, at
which point the reaction was deemed complete on analysis by TLC (silica gel). The reaction
mixture was then diluted with ethyl acetate (200 mL) and a solution of 10% aqg sodium chloride
(200 mL) was added. The biphasic mixture, which resulted, was allowed to stand for 15 min and
the layers were separated. The aqg layer was then extracted with ethyl acetate (100 mL) and the
combined organic layers were washed with 10% aqg sodium chloride solution (100 mL). The
organic layer was dried (Na>2SQO4). The solvent was removed under reduced pressure. The brown

solid, which was obtained, was purified by crystallization using 15:85(ethyl acetate/hexanes), to
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give 7-bromo-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one 11 (29.76 g, 75%) as

a brownish white solid.

'H NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (D, 1H), 3.6(D,1H), 3.3(S,3H).
13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3, 128.5,
120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. Ry= 0.5 (silica gel, ethyl acetate/hexanes 1:2) The
spectral properties of 5 were identical to the published values.?

2. 5.5 1-Methyl-5-phenyl-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-
benzodiazepin-2-one. (12)

W
\

TIPS

In a 500mL round bottom flask, Pd (OAc). (955mg, 4.25 mmol) and P(o-tolyl)s (2.58gm, 8.45
mmol) was added to 50 mL of acetonitrile. The mixture was stirred until a slurry appeared, which
took about 20 min. Then 7-bromo-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one
11, (28.0 g, 85.05 mmol), triethylamine (23.63 mL, 190.34 mmol), (triisopropylylsilyl)acetylene
(24.8 mL,110.57 mmol) and additional acetonitrile (250 mL) was added. The reaction mixture was
then heated to reflux (75°C) and held for 6 h, at which point the reaction was deemed complete on
analysis by TLC (silica gel). Upon completion of the reaction progress, the mixture was cooled to
rt and filtered through celite. After washing with acetonitrile (100 mL x 2), the solvents were

removed under reduced pressure and the residue was dissolved in dichloromethane (400 mL). Then
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5% aq sodium bicarbonate (400 mL) was added. The biphasic mixture, which resulted, was
allowed to stand for 15 min and the layers were separated. The aq layer was then extracted with
DCM (300 mL) and the combined organic layers were washed with 5% aqg sodium bicarbonate
solution (300 mL) and then 10% aq sodium chloride solution (300 mL x 3). The organic layer was
dried (Na2S04) and it was purified by flash chromatography on silica gel. This process gave a dark
orange liquid that became solidified eventually on standing to give 1-methyl-5-phenyl-7-
((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one, (12) (269 ,71% crude

yield) as a waxy solid.

'H NMR (300 MHz, CDCls): 7.67(d, 3H) 7.43-7.51 (m, 4H), 7.32-7.28 (d, 1H), 4.83 (D, 1H),
3.81(D,1H), 3.42(S,3H), 1.11(s,21H). 13C NMR (500 MHz, CDCls): 169.8, 168.7, 143.6, 138.0,
135.1, 133.6, 130.8, 129.7, 128.4, 121.0, 119.4, 118.8, 105.0, 92.3, 56.6, 34.8, 18.6, 11.2. R¢=10.7
(silica gel, ethyl acetate/hexanes 1:2) The spectral properties of 6 was identical to the published

values.’

2. 5. 6 7-ethynyl-1-methyl-5-phenyl-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one (8)

oS
.

1-Methyl-5-phenyl-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one 12,

=

(20.0 g, 60.16 mmol), water (3 mL) and tetrahydrofuran (200 mL) were cooled to -20°C using a
dry ice / IPA bath. Then tetrabutylammonium fluoride hydrate, [LM in THF (72.19 mL, 72.19

mmoL)] was added dropwise to the reaction mixture over a 30 min period, while maintaining the
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temperature at -20 to -15°C. Upon completion of the addition, the reaction mixture was allowed
to warm to rt and stir for an additional 60 min, at which point the reaction progress was deemed
complete on analysis by TLC (silica gel). The reaction mixture was then diluted with ethyl acetate
(150 mL) and 10% aq sodium chloride (150 mL). The biphasic mixture, which resulted, was
allowed to stand for 15 min and the layers were separated. The aq layer was then extracted with
ethyl acetate (150 mL x 3) and the combined organic layers were washed with 10% aqg sodium
chloride solution (150 mL). The organic layer was dried (Na2SOs). The solvents were removed
under reduced pressure. Then the mixture was dissolved in 300 mL of ethyl acetate and then stirred
with 200gm of silica gel for 2 hours and filtered. The amount of solvent was reduced to about 40
ml under reduced pressure. Then 200mL of hexanes was added dropwise to the mixture and it was
allowed to stir overnight. The solid, which formed, was filtered and the grey solid was
recrystallized from 1:4 (ethyl acetate/hexanes) to get 9 gm of cream white colored QH 1l 66. The
filtrate was concentrated under reduced pressure and after purification by column chromatography
this provided more of QH 11 66 (8) (1.2 g). These solids were dried under vacuum at 40°C. (10.2

g, 80%)

'H NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (d, 1H), 3.6(d,1H), 3.3(S,3H),
3.1(s,1H). 13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3,
128.5, 120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. Rr= 0.4 (silicagel, ethylacetate/hexanes 1:2)
HRMS (ESVIT-TOF): m/z [M + H] " caled for C1sH14N20: 275.1179; found 275.1148. The spectral

properties of 8 was identical to the published values.'>*
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2. 5. 7 5-phenyl-7-((triisopropylsilyl)ethynyl)-1,3-dihydro-2H-benzo[e] [1,4] diazepin-2-one
(14)

TIPS

In a 500mL round bottom flask, Pd (OAc)2 (955mg, 4.25 mmol) and P(o-tolyl)s (2.58gm, 8.45
mmol) was added to 50 mL of acetonitrile. The mixture was stirred until a slurry appeared, which
took about 20 min. Then 7-bromo-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one (5) (28.0 g,
85.05 mmol), triethylamine (23.63 mL, 190.34 mmol), (triisopropylylsilyl)acetylene (24.8
mL,110.57 mmol) and additional acetonitrile (250 mL) was added. The reaction mixture was then
heated to reflux (75°C) and held for 6 h, at which point the reaction was deemed complete on
analysis by TLC (silica gel). Upon completion of the reaction progress, the mixture was cooled to
rt and filtered through celite. After washing with acetonitrile (100 mL x 2), the solvents were
removed under reduced pressure and the residue was dissolved in dichloromethane (400 mL) and
5% aq sodium bicarbonate (400 mL) was added. The biphasic mixture, which resulted, was
allowed to stand for 15 min and the layers were separated. The aq layer was then extracted with
dichloromethane (300 mL) and the combined organic layers were washed with 5% aq sodium
bicarbonate solution (300 mL) and then 10% aq sodium chloride solution (300 mL x 3). The
organic layer was dried (Na,SO4) and it was purified by flash chromatography on silica gel. This

process gave a dark orange liquid that gets solidified eventually on standing to give 1-methyl-5-

152



phenyl-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one 14, (32.10 g

,87% crude yield)

IH NMR (300 MHz, CDCls): 7.67(d, 3H) 7.43-7.51 (m, 4H), 7.32-7.28 (d, 1H), 4.83 (D, 1H),
3.81(D,1H), 3.42(S,3H), 1.11(s,21H). 13C NMR (500 MHz, CDCls): 169.8, 168.7, 143.6, 138.0,
135.1, 133.6, 130.8, 129.7, 128.4, 121.0, 119.4, 118.8, 105.0, 92.3, 56.6, 34.8, 18.6, 11.2. R;=0.7

(silica gel, ethyl acetate/hexanes 1:2)

2. 5. 8 7-ethynyl-5-phenyl-1,3-dihydro-2H-benzo[e] [1,4] diazepin-2-one (7)

1-Methyl-5-phenyl-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one 14,
(20.0 g, 60.16 mmol), water (3 mL) and tetrahydrofuran (200 mL) were cooled to -20°C using a
dry ice / IPA bath. Then tetrabutylammonium fluoride hydrate, [IM in THF (72.19 mL, 72.19
mmoL)] was added dropwise to the reaction mixture over a 30 min period, while maintaining the
temperature at -20 to -15°C. Upon completion of the addition, the reaction mixture was allowed
to warm to rt and stir for an additional 60 min at which point the reaction progress was deemed
complete on analysis by TLC (silica gel). The reaction mixture was then diluted with ethyl acetate
(150 mL) and 10% aq sodium chloride (150 mL). The biphasic mixture, which resulted, was

allowed to stand for 15 min and the layers were separated. The aq layer was then extracted with
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ethyl acetate (150 mL x 3) and the combined organic layers were washed with 10% aqg sodium
chloride solution (150 mL). The organic layer was dried (Na2SOs). The solvents were removed
under reduced pressure. Then the mixture was dissolved in 300 mL of ethyl acetate and then stirred
with 200gm of silica gel for 2 hours and filtered. The amount of solvent was reduced to about 40
ml under reduced pressure. Then 200mL of hexanes was added dropwise to the mixture and it was
allowed to stir overnight. The solid, which formed, was filtered and the grey solid was
recrystallized from 1:4 (ethyl acetate/hexanes) to get 10.18 gm of cream white colored Nor QH 11
66. The filtrate was concentrated under reduced pressure and after purification by column
chromatography provided more of Nor QH 11 66 (1.19 g). These solids were dried under vacuum

at 40°C. (11.37 g, 91%)

'H NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (D, 1H), 3.6(D,1H), 3.3(S,3H),
3.1(s,1H). 13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3,
128.5, 120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. Rr= 0.4 (silicagel, ethylacetate/hexanes 1:2)
HRMS (ESI/IT-TOF): m/z [M + H]" calcd for C17HI12N20: 260.2890; found 260.2865. The

spectral properties of 6 was identical to the published values.

2. 5.9 2-bromo-N-[4-bromo-2-(2-fluorobenzoyl)phenyl]-acetamide (15)
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To a mixture of (2-amino-5-bromophenyl)(2’ fluorophenyl) methanone (50 g, 169.99 mmol),
sodium bicarbonate (28.56 g, 339.99 mmol), and dichloromethane (500 mL), bromoacetyl bromide
(17.76 mL, 203.98 mmol) was added dropwise over a 60 min time period. The temperature was
kept between -10°C — 0°C with continuous stirring. The white colored reaction mixture, which
resulted, was then allowed to stir for longer than 3 h at rt. The completion of the reaction was
verified by analysis by TLC (silica gel) and 50% ethyl acetate / hexanes. The reaction mixture
was then slowly diluted over 30 min with water (300 mL) as carbon dioxide bubbles ocurred. The
biphasic mixture, which resulted, was allowed to stand for 15 min and the layers were separated.
The aq layer was extracted with dichloromethane (300 mL) and the combined organic layers were
washed with 5% aqg sodium bicarbonate solution (300 mL) and then 10% aqg sodium chloride
solution (300 mL). The organic layer was dried (Na.SO4). The solvents were removed under
reduced pressure and the residue was slurried with ethanol (300 mL) at 50 — 55°C for 30 min.
Upon cooling to rt and after holding the temperature for 1 h, the solid, which formed, was filtered,
and washed with ethanol (60 mL x 3). The solid was dried under vacuum at 40°C to afford the
product 2-bromo-N-[4-bromo-2-(2-fluorobenzoyl)phenyl]-acetamide (15) as an off-white solid

(67.73 g, 96%).

IH NMR (500 MHz, CDCls): §11.60 (s,1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 x
ArH), 7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 6.67(d, 1H, J=8.5Hz, H-3),
4.21 (s, 2H). 13C NMR (500 MHz, CDCls): 198.2,165.21, 149.4, 139.5, 134.4, 133.4, 131.7,

129.3, 128.5, 120.3, 119.2, 118.8, 42.3
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2. 5. 10 7-Bromo-5-(2-fluorophenyl)-1,3-dihydrobenzo[e]-1,4-diazepin-2-one (16)

'.

0

A mixture of 2-bromo-N-[4-bromo-2-(2-fluorobenzoyl)phenyl]-acetamide (15), (50 g, 120.48
mmol), hexamethylenetetramine (HMTM, 35.47 g, 252.99 mmol), ammonium acetate (19.5 g,
252.99 mmol), and isopropanol (500 mL) was heated to reflux (82°C). The reaction mixture was
held at reflux for 6 h, at which point the reaction progress was deemed complete on analysis by
TLC (silica gel and 1:1, ethyl acetate/hexanes). The reaction mixture was then cooled to 0 — 5°C
using an ice bath. The solid, which resulted, was filtered, and washed with cold isopropanol (100
mL x 2) and then water (100mL x 4). The solid was dried under vacuum at 40°C to afford 32 g of
the benzodiazepine 4 as an off-white solid. The IPA was removed from the mother liquor under
reduced pressure. The solid was then extracted with ethyl acetate. The ethyl acetate was removed
under reduced pressure and the residue was purified by column chromatograpy using 1:4 etheyl
acetate/hexanes to afford 7-Bromo-5-(2-fluorophenyl)-1,3-dihydrobenzo[e]-1,4-diazepin-2-

one. (16) (28.1 g, 70%)

IH NMR (500 MHz, CDCls): §9.89 (s,1H), 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m,
2H, 2 x ArH), 7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.32 (s, 2H). 13C NMR
(500 MHz, CDCl3): 170.2,165.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3, 128.5, 120.3, 119.2,

118.8, 56.2. Rs = .4 (silicagel, ethylacetate/hexanes 1:2)
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2. 5. 11 7-Bromo-5-(2-fluorophenyl)-1,3-dihydro-1-methyl-2H-1,4 benzodiazepin-2-one.
(17)

The 7-Bromo-5-(2-fluorophenyl)-1,3-dihydrobenzo[e]-1,4-diazepin-2-one (16). (25 g, 75.04
mmol) was dissolved in THF, (150 mL) and the solution was cooled to -0°C using an ice bath.
Then potassium tert butoxide (10.10 g, 90.00 mmol) which was dissolved in 100 mL of THF, was
added dropwise by using an addition funnel. Then methyl iodide (5.14 mL, 82.54 mmoL) was
added dropwise to the reaction mixture over a 5 min period, while maintaining the temperature at
0°C. Upon completion of the addition, the reaction mixture was allowed to warm to rt and stir for
60 min, at which point the reaction was deemed complete on analysis by TLC (silica gel). The
reaction mixture was then diluted with ethyl acetate (200 mL) and a solution of 10% aqg sodium
chloride (200 mL) was added. The biphasic mixture, which resulted, was allowed to stand for 15
min and the layers were separated. The aq layer was then extracted with ethyl acetate (100 mL)
and the combined organic layers were washed with 10% aq sodium chloride solution (100 mL).
The organic layer was dried (Na2SOs). The solvent was removed under reduced pressure. The
brown solid which was obtained was purified by crystallization using 15:85(ethyl
acetate/hexanes), to give  7-Bromo-5-(2-fluorophenyl)-1,3-dihydro-1-methyl-2H-1,4-

benzodiazepin-2-one (17) (18.75 g, 72%) as a brownish white solid.

IH NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 x ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (D, 1H), 3.6(D,1H), 3.3(S,3H).
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13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3, 128.5,

120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. R¢= 0.5 (silica gel, ethyl acetate/hexanes 1:2)

2. 5. 12 1-methyl-5-(2-fluorophenyl)-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-
benzodiazepin-2-one. (18)

\
N//O

Lol
Cr

In a 500mL round bottom flask, Pd(OAc). (615mg, 2.74 mmol) and P(o-tolyl)s (1.66 gm, 5.47

/
TIPS~

mmol) was added to 50 mL of acetonitrile. The mixture was stirred until a slurry appeared, which
took about 20 min. Then 7-Bromo-5-(2-fluorophenyl)-1,3-dihydro-1-methyl-2H-1,4
benzodiazepin-2-one, (17) (18 g, 51.84 mmol), triethylamine (15.26 mL, 109.46 mmol),

(triisopropylylsilyl)acetylene (18.4 mL,82.01 mmol) and additional acetonitrile (200 mL) was
added. The reaction mixture was then heated to reflux (75°C) and held for 6 h, at which point the
reaction was deemed complete on analysis by TLC (Silica gel). Upon completion of the reaction
progress, the mixture was cooled to rt and filtered through celite. After washing with acetonitrile
(100 mL x 2), the solvents were removed under reduced pressure and the residue was dissolved in
dichloromethane (400 mL) and 5% aq sodium bicarbonate (400 mL) was added. The biphasic
mixture, which resulted, was allowed to stand for 15 min and the layers were separated. The aq
layer was then extracted with dichloromethane (300 mL) and the combined organic layers were
washed with 5% aqg sodium bicarbonate solution (300 mL) and then 10% aq sodium chloride

solution (300 mL x 3). The organic layer was dried (Na>SO4) and it was purified by flash
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chromatography on silica gel. This process gave a dark orange liquid that gets solidified eventually
on standing to give 1-methyl-5-(2-fluorophenyl)-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-

2H-1,4-benzodiazepin-2-one, (18) (16.28g ,70% crude yield) as waxy solid.

'H NMR (300 MHz, CDCls): 7.67(d, 3H) 7.43-7.51 (m, 4H), 7.32-7.28 (d, 1H), 4.83 (D, 1H),
3.81(D,1H), 3.42(S,3H), 1.11(s,21H). 13C NMR (500 MHz, CDCls): 169.8, 168.7, 143.6, 138.0,
135.1, 133.6, 130.8, 129.7, 128.4, 121.0, 119.4, 118.8, 105.0, 92.3, 56.6, 34.8, 18.6, 11.2. R¢=0.7
(silica gel, ethyl acetate/hexanes 1:2)

2. 5. 13 7-ethynyl-5-(2-fluorophenyl)-1,3-dihydro-1-methyl-2H-1,4-Benzodiazepin-2-one
(KRM 11 08) (19)

1-methyl-5-(2-fluorophenyl)-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-
benzodiazepin-2-one, (18) (16.0 g, 35.66 mmol), water (3 mL) and tetrahydrofuran (200 mL)
were cooled to -20°C using a dry ice / IPA bath. Then tetrabutylammonium fluoride hydrate, [1M
in THF (42.79 mL, 42.79 mmoL)] was added dropwise to the reaction mixture over a 30 min
period, while maintaining the temperature at -20 to -15°C. Upon completion of the addition, the
reaction mixture was allowed to warm to rt and stir for an additional 60 min, at which point the
reaction progress was deemed complete on analysis by TLC (silica gel). The reaction mixture was
then diluted with ethyl acetate (150 mL) and 10% aq sodium chloride (150 mL) solution. The

biphasic mixture, which resulted, was allowed to stand for 15 min and the layers were separated.

159



The aq layer was then extracted with ethyl acetate (150 mL x 3) and the combined organic layers
were washed with 10% aqg sodium chloride solution (150 mL). The organic layer was dried
(Na2S0s). The solvents were removed under reduced pressure. Then the mixture was dissolved in
300 mL of ethyl acetate and then stirred with 200gm of silica gel for 2 hours and filtered. The
amount of solvent was reduced to about 40 ml under reduced pressure. Then 200mL of hexanes
was added dropwise to the mixture and it was allowed to stir overnight. The solid, which formed,
was filtered and the grey solid was recrystallized from 1:4 (ethyl acetate/hexanes) to get 9.20 gm
of cream white colored KRM 11 08. The filtrate was concentrated under reduced pressure and after
purification by column chromatography provided more of KRM 11 08 (1.22 g). These solids were

dried under vacuum at 40°C. (10.42 g, 91%)

'H NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (D, 1H), 3.6(D,1H), 3.3(S,3H),
3.1(s,1H). 13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3,
128.5, 120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. Rr= 0.4 (silicagel, ethylacetate/hexanes 1:2)
HRMS (ESI/IT-TOF): m/z [M + H]" calcd for CISHI13FN20: 292.3112; found 292.3098.

2. 5. 14 1-methyl-5-(2-fluorophenyl)-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-
benzodiazepin-2-one. (20)
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In a 500mL round bottom flask, Pd(OAc). (955mg, 4.25 mmol) and P(o-tolyl)s (2.58gm, 8.45
mmol) was added to 50 mL of acetonitrile. The mixture was stirred until a slurry appeared, which
took about 20 min. Then 7-Bromo-5-(2-fluorophenyl)-1,3-dihydrobenzo[e]-1,4-diazepin-2-one
(16), (28.0 g, 85.05 mmol), triethylamine (23.63 mL, 190.34 mmol), (triisopropylylsilyl)acetylene
(24.8 mL,110.57 mmol) and additional acetonitrile (250 mL) was added. The reaction mixture was
then heated to reflux (75°C) and held for 6 h, at which point the reaction was deemed complete on
analysis by TLC (Silica gel). Upon completion of the reaction progress, the mixture was cooled
to rt and filtered through celite. After washing with acetonitrile (100 mL x 2), the solvents were
removed under reduced pressure and the residue was dissolved in dichloromethane (400 mL) and
5% aq sodium bicarbonate (400 mL) was added. The biphasic mixture, which resulted, was
allowed to stand for 15 min and the layers were separated. The aq layer was then extracted with
dichloromethane (300 mL) and the combined organic layers were washed with 5% aq sodium
bicarbonate solution (300 mL) and then 10% aq sodium chloride solution (300 mL x 3). The
organic layer was dried (Na-SOa4) and it was purified by flash chromatography on silica gel. This
process gave a dark orange liquid that gets solidified eventually on standing to give 5-(2-
fluorophenyl)-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one

(20,) (25.549g ,70% crude yield)

'H NMR (300 MHz, CDCls): 7.67(d, 3H) 7.43-7.51 (m, 4H), 7.32-7.28 (d, 1H), 4.83 (D, 1H),
3.81(D,1H), 3.42(S,3H), 1.11(s,21H). 13C NMR (500 MHz, CDCls): 169.8, 168.7, 143.6, 138.0,
135.1, 133.6, 130.8, 129.7, 128.4, 121.0, 119.4, 118.8, 105.0, 92.3, 56.6, 34.8, 18.6, 11.2. Rr=0.7
(silica gel, ethyl acetate/hexanes 1:2) The spectral properties of 20 was identical to the published

values.
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2. 5. 15 7-Ethynyl-5-(2-fluorophenyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one (21)

5-(2-fluorophenyl)-7-((tripropan-2-ylsilyl)  ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one
(20), (20.0 g, 60.16 mmol), water (3 mL) and tetrahydrofuran (200 mL) was cooled to -20°C using
a dry ice / IPA bath. Then tetrabutylammonium fluoride hydrate, [1M in THF (72.19 mL, 72.19
mmoL)] was added dropwise to the reaction mixture over a 30 min period, while maintaining the
temperature at -20 to -15°C. Upon completion of the addition, the reaction mixture was allowed
to warm to rt and stir for an additional 60 min at which point the reaction progress was deemed
complete on analysis by TLC (silica gel). The reaction mixture was then diluted with ethyl acetate
(150 mL) and 10% aq sodium chloride (150 mL). The biphasic mixture, which resulted, was
allowed to stand for 15 min and the layers were separated. The aq layer was then extracted with
ethyl acetate (150 mL x 3) and the combined organic layers were washed with 10% aqg sodium
chloride solution (150 mL). The organic layer was dried (Na2SOas). The solvents were removed
under reduced pressure. Then the mixture was dissolved in 300 mL of ethyl acetate and then stirred
with 200gm of silica gel for 2 hours and filtered. The amount of solvent was reduced to about 40
ml under reduced pressure. Then 200mL of hexanes was added dropwise to the mixture and it was
allowed to stir overnight. The solid, which formed, was filtered and the grey solid was

recrystallized from 1:4 (ethyl acetate/hexanes) to get 9.00 gm of cream white colored Nor KRM 11
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08 (TA112) (21). The filtrate was concentrated under reduced pressure and after purification by
column chromatography provided more of TA 1 12 (21) (1.89 g). These solids were dried under

vacuum at 40°C. (10.89 g, 85%)

'H NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (D, 1H), 3.6(D,1H), 3.3(S,3H),
3.1(s,1H). 13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3,
128.5, 120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. Rr= 0.4 (silicagel, ethylacetate/hexanes 1:2)

HRMS (ESI/IT-TOF): m/z [M + H]" caled for C17H1FN20: 278.2779; found 278.2768.

2. 5. 16 7-ethynyl-1-(methyl-d,)-5-phenyl-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one. (22)

The 5-phenyl-7-((ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one (7), (4.0 g, 15.34 mmol) was
dissolved in THF (15 mL) and the solution was cooled to 0°C using an ice bath. Then potassium
tert butoxide (1.90 g, 16.92 mmol), which was dissolved in 20 mL of THF, was added dropwise
by using an addition funnel. Then deuterated methyl iodide (1.24 mL, 19.94 mmoL) was added
dropwise to the reaction mixture over a 5 min period, while maintaining the temperature at 0°C.
Upon completion of the addition, the reaction mixture was allowed to warm to rt and stirred for

60 min, at which point the reaction was deemed complete on analysis by TLC (silica gel). The
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reaction mixture was then diluted with ethyl acetate (20 mL) and a solution of 10% aqg sodium
chloride (20 mL) was added. The biphasic mixture, which resulted, was allowed to stand for 15
min and the layers were separated. The aq layer was then extracted with ethyl acetate (20 mL) and
the combined organic layers were washed with 10% aqg sodium chloride solution (20 mL). The
organic layer was dried (Na2SOs). The solvent was removed under reduced pressure. The brown
solid, which was obtained was purified by crystallization using 15:85(ethyl acetate/hexanes), to
give 7-ethynyl-1-(methyl-d;)-5-phenyl-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one (22)(3.7 g,

86%) as a white solid.

'H NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (D, 1H), 3.6(D,1H), 3.1(s,1H).
13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3, 128.5,
120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. R¢= 0.5 (silica gel, ethyl acetate/hexanes 1:2) HRMS

(ESVIT-TOF): m/z [M +H] + calcd for C1sH1:D3N20: 277.3350; found 277.3329

2. 5. 17 7-Ethynyl-1-(methyl-ds)-5-phenyl-1,3-dihydro-2H-benzo[€e] [1,4] diazepin-2-one-
3,3-02 (24)

The 7-ethynyl-1-(methyl-ds)-5-phenyl-1,3-dihydro-2H-benzo[e] [1,4] diazepin-2-one(22), (0.5 g,
1.8 mmol) was dissolved in d*-methanol (1 mL). Then potassium tert butoxide (0.22 g, 1.9 mmol)
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was added to the solution. The mixture was sonicated for 45 min starting from rt to 50C. After the
reaction was completed (checked by NMR) 5 ml of de-ionized water was added and the mixture
was extracted with (5ml X 2) ethyl acetate. It was dried by first with blowing argon over it and
then placing it in high vacuum. This gave 1-CD3-methyl-5-phenyl-7-ethynyl-1,3-dihydro-2d-1,4-
benzodiazepin-2-one with 97% deuteration at C-3 position via integration by NMR spectroscopy,
to give 7-Ethynyl-1-(methyl-ds)-5-phenyl-1,3-dihydro-2H-benzo[e] [1,4] diazepin-2-one-3,3-d>

(D5 QH 11 66) (24) (0.49 g, 97%) as a white solid.

IH NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 3.1(s,1H), . 13C NMR (500 MHz,
CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3, 128.5, 120.3, 119.2, 118.8, 82.3,
79.2,56.2, 34.2. Rr= 0.5 (silica gel, ethyl acetate/hexanes 1:2), HRMS (ESI/IT-TOF): m/z [M +

H] + calcd for C1gH9DsN20: 279.3473; found 279.3422.

2. 5. 18 (2-amino-3,5-dibromophenyl) (phenyl) methanone (27)

To a solution of 2-aminobenzophenone 1 (100 g, 253.5 mmol) in DCM (600 mL), which was
stirred at -10°C for 10 min, NBS (94.8 g, 532.4 mmol) was added in portions. The mixture was

stirred for 2 hours at 0°C. After the reaction progress was completed, the mixture was diluted with
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H>0O (600 mL), extracted with DCM (600 mL), washed with brine (200 mL), dried over Na>SOs,
and concentrated under reduced pressure. The crude bromide compound was purified by
crystallization from ethylacetate and hexanes (10:90) to give (2-amino-3,5-dibromophenyl)

phenyl- methanone (27) (9 g, 5% yield) as a yellow solid.

"H NMR (500 MHz, CDCL): 8 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 x ArH), 7.52-

7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 6.67(d, 1H, J=8.5Hz, H-3), 6.11 (brs, 2H,

NHz)' 13C NMR (500 MHz, CDC13): 198.2,149.4,139.5,134.4,133.4,131.7,129.3, 128.5, 120.3,

119.2, 118.8. Rr= 0.4 at 1:9 (silicagel, ethylacetate/Hexanes)

2. 5. 19 N-(2-benzoyl-4,6-dibromophenyl)-2-bromoacetamide (28)

To a mixture of (2-amino-3,5-dibromophenyl) (phenyl) methanone (27, 8 g, 22.53 mmol),
sodium bicarbonate (3.79 g, 45.06 mmol), and dichloromethane (100 mL), bromoacetyl bromide
(2.75 mL, 31.52 mmol) was added dropwise over a 60 min time period. The temperature was kept
between -10°C — 0°C with continuous stirring. The white colored reaction mixture, which resulted,
was then allowed to stir for longer than 3 h at rt. The completion of the reaction was verified by
analysis by TLC (silica gel) and 50% ethyl acetate / hexanes. The reaction mixture was then slowly
diluted over 30 min with water (30 mL) as carbon dioxide bubbles ocurred. The biphasic mixture,

which resulted, was allowed to stand for 15 min and the layers were separated. The aq layer was
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extracted with dichloromethane (30 mL) and the combined organic layers were washed with 5%
aq sodium bicarbonate solution (30 mL) and then 10% aqg sodium chloride solution (30 mL). The
organic layer was dried (Na2SO4). The solvents were removed under reduced pressure and the
residue was slurried with ethanol (30 mL) at 50 — 55°C for 30 min. Upon cooling to rt and after
holding the temperature for 1 h, the solid, which formed, was filtered, and washed with ethanol
(60 mL x 3). The solid was dried under vacuum at 40°C to afford the product N-(2-benzoyl-4,6-

dibromophenyl)-2-bromoacetamide 28 as an off-white solid (10.24 g, 95.5%).

IH NMR (500 MHz, CDCls): 511.60 (s,1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 x
ArH), 7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 6.67(d, 1H, J=8.5Hz, H-3),
4.21 (s, 2H). 13C NMR (500 MHz, CDCl3): 198.2,165.21, 149.4, 139.5, 134.4, 133.4, 131.7,

129.3, 128.5, 120.3, 119.2, 118.8, 42.3
2. 5. 20 (5,7-Dibromo)-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one 29

B H o
N

.

A mixture of N-(2-benzoyl-4,6-dibromophenyl)-2-bromoacetamide, 28 (10 g, 21.01 mmol),
hexamethylenetetramine (HMTM, 6.48 g, 46.22 mmol), ammonium acetate (3.56 g, 46.22 mmol),
and isopropanol (100 mL) was heated to reflux (82°C). The reaction mixture was held at reflux
for 6 h, at which point the reaction progress was deemed complete on analysis by TLC (silica gel

and 1:1, ethyl acetate/hexanes). The reaction mixture was then cooled to 0 — 5°C using an ice bath.
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The solid, which resulted, was filtered, and washed with cold isopropanol (50 mL x 2) and then
water (50mL x 4). The solid was dried under vacuum at 40°C to afford 4.8 g of the benzodiazepine
4 as an off-white solid. The IPA was removed from the mother liquor under reduced pressure. The
solid was then extracted with ethyl acetate. The ethyl acetate was removed under reduced pressure
and the residue was purified by column chromatograpy using 1:4 etheyl acetate/hexanes to afford

(5,7-Dibromo)-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one. 29 (5.8 g, 70%)

IH NMR (500 MHz, CDCls): $9.89 (s,1H), 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 X ArH), 7.60-7.57 (m,
2H, 2 x ArH), 7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.32 (s, 2H). 13C NMR
(500 MHz, CDCl3): 170.2,165.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3, 128.5, 120.3, 119.2,

118.8, 56.2. Rt = .4 (Silicagel, ethylacetate/Hexanes 1:2)

2.5. 21 (5, 7-Dibromo)-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one 30

0

The (5,7-Dibromo)-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one, 29 (5.0 g, 12.69 mmol)
was dissolved in THF, (50 mL) and the solution was cooled to -0°C using an ice bath. Then
potassium tert butoxide (1.57 g, 13.95 mmol) which was dissolved in 100 mL of THF was added
dropwise by using an addition funnel. Then methyl iodide (0.87 mL, 13.95 mmoL) was added
dropwise to the reaction mixture over a 5 min period, while maintaining the temperature at 0°C.

Upon completion of the addition, the reaction mixture was allowed to warm to rt and stir for 60
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min, at which point the reaction was deemed complete on analysis by TLC (silica gel). The
reaction mixture was then diluted with ethyl acetate (20 mL) and a solution of 10% aq sodium
chloride (20 mL) was added. The biphasic mixture, which resulted, was allowed to stand for 15
min and the layers were separated. The aq layer was then extracted with ethyl acetate (50 mL) and
the combined organic layers were washed with 10% aq sodium chloride solution (50 mL). The
organic layer was dried (Na2SOs). The solvent was removed under reduced pressure. The brown
solid which was obtained was purified by crystallization using 15:85(ethyl acetate/hexanes), to
give (5, 7-Dibromo)-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one 30 (3.88 g,

75%) as a brownish white solid.

'H NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (D, 1H), 3.6(D,1H), 3.3(S,3H).
13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3, 128.5,
120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. Ry= 0.5 (silica gel, ethyl acetate/hexanes 1:2) The
spectral properties of 5 was identical to the published values.

2. 5. 22 1-Methyl-5-phenyl-(5.7-((ditripropan-2-ylsilyl) bisethynyl)-1,3-dihydro-2H-1,4-
benzodiazepin-2-one
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In a 500mL round bottom flask, Pd(OAc)2 (213 mg, 0.95 mmol) and P(o-tolyl)s (578mg, 1.9
mmol) was added to 50 mL of acetonitrile. The mixture was stirred until a slurry appeared, which
took about 20 min. Then 7-bromo-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one
29, (3.88 g, 9.5 mmol), triethylamine (2.66 mL, 19 mmol), (triisopropylylsilyl)acetylene (6.4
mL,28.5 mmol) and additional acetonitrile (50 mL) was added. The reaction mixture was then
heated to reflux (75°C) and held for 6 h, at which point the reaction was deemed complete on
analysis by TLC (Silica gel). Upon completion of the reaction progress, the mixture was cooled
to rt and filtered through celite. After washing with acetonitrile (20 mL x 2), the solvents were
removed under reduced pressure and the residue was dissolved in dichloromethane (40 mL) and
5% aqg sodium bicarbonate (40 mL) was added. The biphasic mixture, which resulted, was allowed
to stand for 15 min and the layers were separated. The aq layer was then extracted with
dichloromethane (30 mL) and the combined organic layers were washed with 5% aqg sodium
bicarbonate solution (30 mL) and then 10% aq sodium chloride solution (30 mL x 3). The organic
layer was dried (Na2S0O4) and it was purified by flash chromatography on silica gel. This process
gave a dark orange liquid that gets solidified eventually on standing to give 1-Methyl-5-phenyl-
(5.7-((ditripropan-2-ylsilyl) bisethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one 31, (4.12 g

,71% crude yield) This material was used in the next step without further purification.

R¢=0.7 (silica gel, ethyl acetate/hexanes 1:2)
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2. 5. 23 7,9-diethynyl-1-methyl-5-phenyl-1,3-dihydro-2H-benzo[e] [1,4] diazepin-2-one

1-Methyl-5-phenyl-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one 31,
(4.12 g, 6.74 mmol), water (3 mL) and tetrahydrofuran (200 mL) were cooled to -20°C using a dry
ice / IPA bath. Then tetrabutylammonium fluoride hydrate, [1M in THF (13.48 mL, 13.48 mmoL)]
was added dropwise to the reaction mixture over a 30 min period, while maintaining the
temperature at -20 to -15°C. Upon completion of the addition, the reaction mixture was allowed
to warm to rt and stir for an additional 60 min at which point the reaction progress was deemed
complete on analysis by TLC (silica gel). The reaction mixture was then diluted with ethyl acetate
(50 mL) and 10% aq sodium chloride (50 mL). The biphasic mixture, which resulted, was allowed
to stand for 15 min and the layers were separated. The aq layer was then extracted with ethyl
acetate (50 mL x 3) and the combined organic layers were washed with 10% aq sodium chloride
solution (50 mL). The organic layer was dried (Na.SO4). The solvents were removed under
reduced pressure. Then the mixture was dissolved in 30 mL of ethyl acetate and then stirred with
20gm of silica gel for 2 hours and filtered. The amount of solvent was reduced to about 40 ml
under reduced pressure. Then 40mL of hexanes was added dropwise to the mixture and it was
allowed to stir overnight. The solid, which formed, was filtered and the grey solid was

recrystallized from 1:4 (ethyl acetate/hexanes) to get 1.3 gm of cream white colored QH 11 66. The
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filtrate was concentrated under reduced pressure and after purification by column chromatography

provided more of QH 11 66 (0.5 g). These solids were dried under vacuum at 40°C. (1.8 g, 80%)

'H NMR (500 MHz, CDCls): 7.82(d, 1H) 7.66-7.64 (m, 2H, 2 x ArH), 7.60-7.57 (m, 2H, 2 X ArH),
7.52-7.49 (m, 2H, 2xArH), 7.38 (dd, 1H, J=8.5, 2.0Hz,H-4), 4.6 (D, 1H), 3.6(D,1H), 3.3(S,3H),
3.1(s,1H). 13C NMR (500 MHz, CDCls): 171.2, 168.21, 149.4, 139.5, 134.4, 133.4, 131.7, 129.3,
128.5, 120.3, 119.2, 118.8, 82.3, 79.2, 56.2, 34.2. Rr= 0.4 (silicagel, ethylacetate/hexanes 1:2)

HRMS (ESI/IT-TOF): m/z [M + H]" calcd for C20H14N20: 298.3367; found 298.3352.

Chapter 3 Synthesis of QH 11 66 analogues

3. 1 Synthesis of 7-Br NOR QH |1 66 analogues.
3. 1. 1 BISCHLER-NAPIERLSKI Approach

3.1.1.1 Chemistry

The plan to the targets was to start with p-bromoaniline. An amide coupling reaction would be
carried out by using a Boc protected chiral or non-chiral amino acid. This reaction could be done
using DCC as a coupling reagent in DCM at room temperature. In the next step deprotection of
the Boc group would be done via stirring in trifluoracetic acid in DCM at room temperature. Then
the amine group would be re-protected by using a ortho substituted benzoyl chloride in the
presence of sodium bicarbonate in DCM at room temperature. In the next step the product would
be cyclized by using polyphosphoric acid or phosphorous oxychloride and heat. After that using a
copper free sonogashira coupling reaction would be used to install a silyl protected ethinyl group

at the c-7 position. In the next step the silyl group would be deprotected by using the tetra butyl
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ammonium fluoride (TBAF) reagent. In the final step the N-H group would be N-methylated by
using methyl iodide in presence of sodium tert-butoxide to be furnished the final product. See the
scheme 13.

The first step was done on 20-gram scale. The para bromoaniline (33) was reacted with the Boc
protected glycine (34) in the presence of DCC in DCM. This reaction was started at 00C and it
was allowed to warm to room temperature. This reaction mixture was stirred for 12 hours. After
the reaction was completed (TLC). The white colored urea byproduct was removed by filtration.
The solvent was removed under reduced pressure and the solid was crystallized by using 20:80
(Ethyl acetate: Hexanes). After recrystallization an 80% yield of amide (35) was achieved. In the
next step deprotection of the Boc group was carried out in the presence of trifluoroacetic acid in

DCM at room temperature. This mixture was stirred for 12 hours.

H @ j\
N
Boc” \)LOH H CF;~ "OH
NH, (34) N .Boc (36)
> YN -
Br DCC, DCM, 0°C-rt Br 0 DCM, 6-8 hrs, rt
. 12 hrs, 80% 35 95%
O.__ClI

X 0
H
Y™ X 38 (X=CF and Y=CH) N )H,x
L TONTYS
(0] h -

H
N = 39 (X=CCl and Y=CH)
Br 0 1. NaOH, H,0, 30min
37

2. 12M HCI, overnight 40 (X=CF and Y=CH)
95% 41 (X=CCl and Y=CH)

Scheme 13. Proposed synthetic route for KRM 11 08 analogues (part 1)

After the completion of the reaction the solvent was removed under reduced pressure. The solid

which remained was dissolved by using ethyl acetate and washed with sat. sodium bicarbonate
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solution. The product was crystallized from 50:50 (Ethylacetate: Hexanes) to furnish 95% vyield.
The amine function of the product was protected by a benzoyl group. Benzoyl chloride was used
to do this reaction. The reaction process was done in DCM in the presence of sodium bicarbonate
at room temperature. The reaction process was completed in 30 minutes and the solid was purified
by crystallization in 30:70 (Ethyl acetate: Hexanes) to give a 95% vyield of the benzamide (40, 41).
Cyclization of the benzamide (40) was attempted in the presence of phosphorous oxychloride and
polyphosphoric acid with extreme heat. In the first approach phosphorous oxychloride was

employed. This process was done in toluene, acetonitrile at reflux and with no solvent at extreme

heat.
H o
y A O N Pd(OAc):(PPhs),
NW/QN)K(X\ POCI; A TMS—=
g« & YI\J > =i =
Br % Toluene, reflux, ACN, TEA, reflux
6-8 hrs, <25% YeEhe 4-6 hrs, 70-75%
X = CH, CF, CCl, CCH; v
Y = CH, CF, CCI, CCH3
A = H, R-CH3, S-CH3
H H \' 0
H 0 NP N
KMA TBAFH20 A CHsl, t-BuOK A
= — E— =N
\ F N THF, 0°C 1t Z . THF, 0°C-1t, Z
#h Y= 1 hr, 90% Y= 1 hr, 90% =N

M ) &

KRM-1I-08 Analogues

Scheme 14. Proposed synthetic route for KRM 11 08 analogues (part 2)

Table 3-1 Optimization of cyclization of amide 40
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g O A H
s Raq!
2 ‘ Br

X:‘ —
CF,CH
CF,CH

CF.CH

The mixture was refluxed for 6-8 hours. In all the trials the percentage yield was very low,
approximately 25% (See Table 2). The product was purified by column chromatography in 30:70
(Ethyl acetate : Hexanes).

The same trials were carried out in polyphosphoric acid, but there was no reaction. A few different

types of substituted benzoyl chlorides were used later on but there was still no reaction in poly

SOLVENTS

None

ACN

Toluene

phosphoric acid. (See scheme 15)

POCI,, Solvent
Reflux, 6-8 hrs

<25%

Time

6-8

6-8

6-8
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Reagent
POCI3
POCI3

POCI3

Yield

22%

23%

27 %



O Cl
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r

Scheme 15. Proposed synthetic rout of 43 and 16.

3. 1. 2 Gate’s method to synthesize Diazepam.

Marshall Gates published a route to prepare diazepam in 1980. It was a six-step route. He started
from 5-chloro isatoic anhydride (54). In the first step the N-H group was protected by converting
it into an N-CHs compound. The reaction process was done in DMF, methyl iodide was used as
methylating agent. In the next step a seven membered diazepine ring was synthesized from a six
membered anhydride (55). Glycine was used in this step. The next step was protection of the N-H
group in the seven membered diazepine ring. This step was carried out with an excess of acetic
anhydride by refluxing for two- and one-half hours. The next step was to perform Grignard reaction

to obtain the desired benzophenone 58. The deprotection of the amide function was done in the
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next step to furnish a terminal amine function with hydroxyl amine. In the last step a cyclization

was carried out in presence of sodium bisulfite. (Scheme 16)

|

H Nigs6
N (0] N

P CHyl, NayCO; Y Glycene

0 = 0] S
cl DMF, -10°C-rt Cl AcOH, reflux, - k.
z o 1hr, 75%
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16 hrs, 85%

54 56

N
Ac0 N 61 h
) 0
reflux, 4hrs, 94% THF, 15-18°C, 2 hrs Cl
H b
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\N 0
NH,OH NaHsSO; O ‘i
- - o e
Pyridine, 70°C, EtOH, H,O Cl =N
45 hrs reflux, 12 hrs O
(Diazepam) 60

Scheme 16. The Gate’s method for the synthesis of diazepam 60.

3.1.2.1 Chemistry

The synthetic route presented in Scheme 16 was proposed the synthesis of TA Il 73 (74), 2°CH3
analog of QH 11 66 which is a very important compound in the study of cancer. It was an eight-

step process. The Gate’s method for diazepam was adopted to prepare TA 11 73 (74).
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The 2-amino 5-bromo benzoic acid 45 was used as the staring material for the proposed route. In
the first step 5-bromo isatoic anhydride 46 was synthesized by treating 2-amino 5-bromo benzoic

acid 45 with triphosgene in THF at 70°C. The reaction mixture was allowed to stir for 2 hours.

H N._O
N__O
NH> Triphosgene - \f CHjsl, NaH - \Of
Br. OH THF, 50°C, Br %4 DMF, -10°C-rt Br
o)
6

o overnight, quant. 16 hrs, 70% o
47
45 4
\ 0] \ O
Glycene N AcO P
) >
AcOH, reflux, NH reflux, 4hrs, 65%
1hr, 75% Br Br NY
O O o
48 49
MgClI o
(@)
NJJ\
N H
53 ™ NH,OH
""""""""" - @ " pyridine, 705G,
THF, -20°C-rt, 2 hrs Br 2 1

45 hrs

EtOH, H,O
reflux, 12 hrs

(TA-11-59) 52

Scheme 17. Proposed synthesis route to synthesize TA I1 59, 2°CH3s analog of 7-Br QH 11 66.

A saturated solution of sodium hydroxide was used to trap the unreacted phosgene gas during the
reaction process in a phosgene gas trapping vessel. After complete conversion to the anhydride 46
reaction process was stopped and allowed to cool down to room temperature. The anhydride 46

precipitated as a white solid. It was separated by filtration and washed with methanol to furnish
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the pure 5-bromo isatoic anhydride 46. The yield of this step was 95%. The largest scale was done
on 50-gram to provide a large amount of the anhydride 46.

The methylation was done in the second step at the N-H position by using methyl iodide, sodium
hydride used as the base and DMF was used as the solvent. The reaction mixture was stirred at
room temperature for 16 hours. The reaction was quenched by adding water at 0°C and extracted
with DCM. The N-methyl amide 47 was crystallized by adding hexane dropwise at 0°C to 10°C to
DCM solution. The percentage yield at this stage was 85%.

In the third step a ring expansion reaction was done to form the diazepine system. Acetic acid was
used as the solvent. The N-methyl 5-bromo isotoic anhydride 47 was treated with glycine in acetic
acid. This mixture was heated to reflux for 2.5 hours. After the reaction was completed (TLC) the
hot solution was added directly to an ice-water mixture. The white precipitate which formed was
filtered to furnish the diazepine 48. The yield was 65% at this stage.

The N-H group of the 7-membered diazepine ring 48 was protected by installing an acetyl group.
This was done by refluxing the starting material in an excess amount of acetic anhydride for four
hours. After four hours the rection mixture was allowed to cool down to room temperature. The
acetamide 49 crystallized and was filtered to furnish the product. The yield was 70%.

After this step the acetyl protected 7 membered diazepine ring 49 was treated with ortho tolyl
magnesium chloride in THF at room temperature analogous to the method of Gate’s. At first the
Grignard reagent was prepared by adding metallic magnesium to a solution of ortho tolylchloride
in THF by refluxing for an hour. A solution was made of the reactant in THF, and the temperature
was cooled to -20°C. Then freshly prepared Grignard reagent was added dropwise for 20 minutes
at a rate of ImL per minute. After completing the addition, the temperature was increased to room

temperature it was allowed to stir for an hour. After consuming all the staring material, the reaction
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progress was stopped by using a saturated ammonium chloride solution. After workup with ethyl
acetate a white product was collected. After characterization by 1H NMR it was confirmed that

the product which formed, was not the desired benzophenone. The product was the corresponding

tertiary alcohol 62.

Br N

Scheme 18. Grignard reaction of 49.

This reaction was repeated several times, but the results were the same, and the product was always

a tertiary alcohol.

©/MQCI OY\E )

\
N—° N
§ e C
THE, rt. 1 hr 5 OH
Br N 1 ? r
2 W, >
49

Scheme 19. Product of Grignard reaction with 49
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After getting similar results in several trials, we decided to stop trying this route and moved

forward to a different route.

3. 2 Synthesis of 5-bromo 2-amino benzophenone analogues.
3. 2. 1 Weijian Zhang’s Method.

O

cl MgBr
"]
N x
~
2 Solvent, -78°C-rt

NH, 63
-
Br OH Pyridine, rt, Br
. 10 min, 95% o
45 64
Oy© NH,
NH Strong acid Br 0] X =CH, CCHj3, CF, CCF,
> Y = CH, CCH5, CF
Br 0 ReﬂUX: 95% YZIX
[
Y2 X X

Scheme 20. Proposed synthesis for 68 and it’s analogues.

3.2.1.1 Chemistry

According to the proposed route of Weijiang Zhang in Milwaukee, in the first step 6-bromo-2-
phenyl-4H-benzo[d] [1,3] oxazin-4-one 64 was synthesized. 5 bromo 2 amino benzoic acid 45 and
benzoyl chloride 63 were used as starting materials. This reaction was carried out in pyridine. 5
bromo 2 amino benzoic acid 45 was dissolved in pyridine. A second solution of benzoyl chloride
63 in pyridine was made and added dropwise into the first solution over 15 minutes at 0°C. After

addition of benzoyl chloride 63, the reaction process was completed within 10 minutes with
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stirring. The precipitate which formed was filtered and collected. The product was washed with
enough water used to remove the excess amount of pyridine several times.

In the second step the required Grignard reagent was made. To make the Grignard reagent a
solution in a solution of ortho substituted bromobenzene in THF, dry Mg turnings were added.
The mixture was allowed to heat to reflux until all the magnesium metal was consumed. To the
other solution of 6-bromo-2-phenyl-4H-benzo[d] [1,3] oxazin-4-one 64 in THF the freshly
prepared Grignard reagent was added at -20°C over a period of 20 minutes. The reaction mixture
was then allowed to stir at room temperature for an hour. The reaction was quenched by adding
ammonium chloride. Ethyl acetate was used to extract the product. One of the products, the tertiary
alcohol precipitated from a solution of 20% ethyl acetate in hexane. Only about 20% of desired
product was collected by chromatography.

This Grignard reaction was done for four other analogs of ortho substituted bromobenzenes. On

all occasions the respective tertiary alcohol was found as major product. (See Table 3)

Table 3-2 Reaction of 64 with different Grignard reagents.

MgBr
O,
) kg o
S J T
B o or?(/)
r ~ (o]
THF -10°C - RT Br N Br

Y= X

Y LY
1, 80-85% 2, 15-20%
sl No X v Temperatur Erilijialaice Diifation Produ.ct No
e & 2 Yield
1 CF CF -10C-RT 2 30 Min 19%
2 CCH3 CH -10C-RT 2 30 Min 17%
3 CCF3 CH -10C-RT 2 30 Min 20%
4 CCH3 CCH3 -10C-RT 2 30 Min 15%
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In order to increase the amount of the desired product (N-(4-bromo-2-(2-methylbenzoyl) phenyl)

benzamide) the Grignard reaction attempts were made to optimize the process by altering the

Grignard solvent, reaction solvent, temperature, and duration. In the table 2 data is shown for the

ortho tolyl ligand. The data indicated to get rid of the formation of the tertiary alcohol the Grignard

reagent should be added at -40°C and let solution slowly climb to room temperature. The yield of

the desired product from this process was less than 20% but no alcohol was formed.

The similar yields were obtained for the 2°6” difluoro analogue. In this case the tertiary alcohol

was not formed if the Grignard reagent was added at -40°C but the desired product (N-(4-bromo-

2-(2-methylbenzoyl) phenyl) benzamide) was formed in lower yield, which was less than 20%.

(See table 4)

Table 3-3 Optimization of the Grignard reaction of 64 with o-tolyl magnesium bromide

SLNO X Y Slignard | Reacdan Equivalance | Condition | Duration Foggztlzrsc’f
Solvent | Solvent (1,2)

1 CCH3 CH DEE THF 2 -40C-RT 30 min >80%,<15%
2 CCH3 CH DEE THF 2 -78C-RT 30 min | >80%, <15%
3 CCH3 CH DEE THF 2 O0C-RT 30 min | >80%, <15%
4 CCH3 CH DEE THF 2 -78C-(-)40C 2 hrs 0%(TLC), 0%
5 CCH3 CH DEE THF 2 -78C-0C 30 min | >60%, <10%
6 CCH3 CH DEE DCM 2 -40C-RT 30 min 0%,<20%
7 CCH3 CH DEE DCM 2 -40C-RT 1hr 0%, <25%
8 CCH3 CH DEE DCM 2 -40C-RT 2 hrs 0%,<25%
9 CCH3 CH DEE DCM 2 -40C-RT 4 hrs 0%, <25%
10 CCH3 CH THF DCM 2 -40C-RT 30 min >70%,<15%
11 CCH3 CH DEE DCM 2 -40C-RT 1hr 0%, <25%

183




Table 3-4 Optimization of the Grignard reaction of 64 with o-tolyl magnesium bromide

SLNO X Y nglg:ea':f RSZE:\C,S:]): Equivalance | Condition | Duration FOF:?(;EE?&M
1 CF EF DEE THF 2 -40C-RT | 30min | >50%<15%
2 CF CF DEE THF 2 -78C-RT | 30min | >50% <15%
3 CF CF DEE THF 2 OC-RT 30 min | >50%, <15%
4 CF CF DEE THF 2 -78C-(-)40C 2 hrs 0%(TLC), 0%
5 CF CF DEE THF 2 -78C-0C | 30min | >30% <5%
6 CF CF DEE DCM 2 -40C-RT | 30 min 0%,<10%
7 CF EF DEE DCM 2 -40C-RT 1hr 0%, <15%
8 CF CF DEE DCM 2 -40C-RT 2 hrs 0%,<15%
2] CF CF DEE DCM 2 -40C-Rflx 1 hrs 0%, <20%
10 CF CF THF DCM 2 -40C-RT | 30min | >30%<15%
11 CF CF DEE DCM 2 -40C-Rflx 2 hr 0%, <20%

In the final step of the proposed route the N-(4-bromo-2-(2-methylbenzoyl) phenyl) benzamide
was treated with 10N hydrochloric acid to remove the benzoyl group. The reaction was
unsuccessful. Later, the acid was changed to Hydrobromic acid and refluxed for 17 hours, but also

in this trial the benzoyl group was not get removed.

3. 2. 2 Friedel crafts acylation.

3.2.2.1 Chemistry

3.2.2.1.1 Synthesis of 2°CH3s 5-Br 2-aminobenzophenone 68.

Friedel crafts acylation method was applied to synthesize the 2’CHs 5-Br 2-aminobenzophenone
68. In the first trial para bromoaniline 33 was used as the starting material. The starting material

was treated with 2 equivalents of ortho tolyl benzoyl chloride 67. (See Scheme 21)
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Br 1. ZnCl,, neat, 220°C, 12hrs '

2. AcOH. H,S04, H0, reflux
33 17 hrs, 22%

68

Scheme 21. Synthetic route for 2°CHs 5-Br 2-aminobenzophenone 68.

The reaction was done under neat conditions analogous to extensive work done by Farjana Rashid
and Yeunus Mian. Zinc chloride was used as a catalyst. In the first step a mixture of para
bromoaniline 33 and ortho tolyl benzoyl chloride 67 was heated until the mixture turned to a liquid
phase. When the temperature reached 180°C, the zinc chloride was added under a flow of argon.
Then the temperature was increased to 220°C and maintained at this temperature for 12 hours.
After 12 hours the reaction was allowed to cool to room temperature. Acetic acid, sulfuric acid,
and water in a ratio of 2:1.5:1 was added to the cooled mixture and temperature was raised until
the mixture began to reflux. The reflux was carried on for 17 hours. After 17 hours the reaction
mixture was allowed to cool to room temperature and was poured into a large amount of a mixture
of ice-water. Then diethyl ether was used to extract the ketone. It was then washed with a saturated
sodium chloride solution (x3). Then sodium sulfate was used to furnish a moisture free diethyl
ether extract. The solvent was evaporated to get a crude mixture of 2’CHsz 5-bromo 2-
aminobenzophenone 68. The crude material was purified by column chromatography by using a
mixture of 5:95 ethyl acetate and hexane on silica gel. This process was done on 10 gram in scale
and the yield was only 22%. However, this attempt gave enough starting material of 68 to continue.
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This reaction has three steps. In the first step the para bromoaniline 33 was protected by forming
para bromophenyl N-benzamide 69. In the second step the Friedel Craft acylation reaction took
place and formed the benzophenone 68. In the third step a mixture of acetic acid, sulfuric acid and
water in a ratio of 2:1.5:1 used to deprotect the benzamide to form the 2°CHsz 5-Bromo 2-

Aminobenzophenone.

O
Cl
NH, 67 H
e - 1
Br NaHCO3, DCM, rt Br 0]
2hrs, 95%
33 69

Scheme 22. Synthesis of para bromophenyl N-benzamide 69.

It was decided to follow these three different steps to get rid of additional impurities and improve
the overall percentage yield.

N-(4-bromophenyl)-2-methylbenzamide 69 was synthesized by treating para bromoaniline 33 with
ortho tolyl benzoyl chloride 67 in DCM in the presence of solid Sodium bicarbonate at room
temperature. The mixture was stirred for two hours. After confirming the consumption of starting
material by TLC the reaction was quenched by adding water. A white precipitate was formed and
filtered out to get the purified N-(4-bromophenyl)-2-methylbenzamide 69. The amide 69 was dried
under the air for 24 hours to furnish a moisture free product. This step was performed for two more

times. The overall yield was 95%.
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Scheme 23. Synthetic route of N-(4-bromo-2-(2-methylbenzoyl) phenyl) benzamide 70.

In the second step the Friedel Crafts acylation reaction was carried out. One equivalent of ortho
tolyl benzoyl chloride 67 was used at this stage. The reaction was done in neat conditions. The
ZnCl; was added at 180°C. The mixture was heated at 220°C for 12 hours. After this the mixture
was allowed to cool to room temperature. Excess water was added to the mixture and the mixture
which resulted clots heated to reflux at 100°C. The hot water was cooled to about 70°C and
decanted. This process was done 3-5 times. This process removes the unreacted ZnCl, from the
product which is not required in the final step of this process where in the benzoyl group is
removed. This provides a much cleaner reaction product and is a significant progress. The product

formed in this step was not purified.
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Scheme 24. Deprotection of benzoyl group from 70 to furnish 68.

To a mixture of acetic acid, sulfuric acid, and water in a ratio of 2:1.5:1 the crude 70 was added.
This mixture was allowed to heat to reflux for 17 hours. After the reaction is done (TLC) the
mixture was transferred into an ice-water mixture and extracted with diethyl ether. The extract was
brought to alkaline pH by using 3M potassium hydroxide to remove the excess amount of acid
from the diethyl eth mixture. The diethyl ether was removed under reduced pressure to furnish a
crude mixture of the 2°CHzs 5-bromo 2-bminobenzophenone 68. The product was purified by using

5:95 ratio of ethyl acetate and hexanes mixture on column chromatography.
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Figure 100. Effect of removal of ZnCl. from the reaction mixture in the second step of the synthesis of 2°CH3
5-bromo 2-bminobenzophenone 68. Left image shows the hard mass formation due to the solidification of ZnCl.
after wet loading in column chromatography. Right picture shows the effect of complete removal of ZnCl, from
the reaction mixture.

This process was repeated two times as mentioned. From the benzamide step, the highest yield
was 44%. The product was characterized by 1H NMR and C13 NMR. This is better yield than

(<25%) yield via other methods.
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3.2.2.1.2 Synthesis of 2°CFs 5-Br 2-aminobenzophenone and 2’,6’-difluoro 5-Br 2-

aminobenzophenone.

By following a similar synthetic route for the synthesis of 2’CHs 5-Br 2-aminobenzophenone 68,
attempts were made to synthesize 2’CF3 5-Br 2-aminobenzophenone and 2’,6’-difluoro 5-Br 2-
aminobenzophenone.

After synthesizing these other benzophenones via this route, we went forward to make their 7-
bromo NOR QH Il 66 analogs with a trace amount of solvent remaining because in both cases it
was impossible to get rid of the solvent totally. After synthesizing the analogs in both cases, we
observed eight hydrogen atoms in the 1H NMR spectrum in the aromatic regions which is similar
to that of 7-bromo NOR QH 11 66. It was decided to take 19F NMR to confirm the presence of
fluorine. KRM II 08 was used as a standard because it has a fluorine atom at the 2’ position.

The 19F NMR indicated that in both fluorine cases there was an absence of fluorine atoms. The
standard and the starting materials 2-trifluoromethyl benzoyl chloride and 2,6 difluoro benzoyl
chloride did contain the fluorine peak in the 19F NMR spectrum at -112 ppm. By conducting the
synthesis one more time it was found one was losing the fluorine atoms during the deprotection of
the benzamide group due to the harsh condition. We found several published articles to support
for this phenomenon.

It was decided to perform the deprotection of the benzoyl group by using hydrazine monohydrate

but in both cases the reactions were unsuccessful.
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3.2.2.1.3 Synthesis of TA Il 73 (74), 2°CH3s analogue of QH 11 66.

After the synthesis of 2’CH3 5-Bromo 2-Aminobenzophenone 68, the synthesis TA 1l 73 74 was
carried out by following the same route employed for the preparation of QH Il 66. (See Scheme
25) The route employed consisted of five steps from the starting material 68. The largest scale was

on 10-gram scale began with the 2’CHs 5-bromo 2-aminobenzophenone 68. Overall of TA Il 73

(74) was 29%.
o]
Br
NH, o) 1
O p Br/u\/Br o HMTM, NH,OAc
i % Br IPA, reflux
o ) 3
NaHCOs, DCM, 0°C-rt P i)
2 hrs, 95% |
=
68 1
Y. o
NK Pd(OAc), P(o-tolyl);
CHjl, +-BuOK o O . TIPS—= "
THF, 0°C-rt > ACN, TEA, reflux
; ()
1 hr, 70% O 6 hrs, 75%
(TA-11-59) 52 73
\
\_°
TBAF. H,0 O
- =N
THF, -20°C-1t, &
1 hr, 90% O
(TA-1I-73) 74

Scheme 25. Synthetic route for TA 11 73 (74).
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3.2.2.1.4 Synthesis of TA IV 46 (77).

The related imidazobenzodiazepine for studies of SAR TA IV 46 was synthesized from the
bromide TA 11 59 (72). The imidazole part was installed by executing two steps. In the first step
TA 11 59 (72) was treated with diethyl chlorophosphate in the presence of potassium tert-butoxide
in THF. A solution of diethyl chlorophosphate in THF was added to the reaction vessel at -50°C
dropwise for 5 minutes. This was analogous to Li’s, Poe’s and Sharmin’s procedure. Then the
temperature was allowed to rise to room temperature and the mixture was allowed to stir until all
the starting material 72 had been consumed. After this the mixture was cooled down to -50°C,
potassium tert butoxide and ethyl isocyanoacetate were added to the the mixture and let the
temperature allowed to rise to the room temperature. This mixture was allowed to stir overnight.
After completion of the reaction on confirmation by TLC (silica gel), a saturated solution of

sodium bicarbonate was added to the reaction mixture.

0O

1. t-BuOK, diethyl chlorophosphate, r/N
THF -40°C-rt, 2 hrs N / 0™\, Pd(OAc), P(o-tolyl)s
2. 1. t-BuOK, ethylisocyanoacetate, TIPS—=
THF, -40°C-rt, 12 h = »>
Al G 12 5 Br N ACN, TEA, reflux
0,
NaHCO3, extraction G, 1%
TBME, Crystallization, 45%
(TA-IV-42) 75
\//N > (/ N ?
N—/ O\ N—/ O\
O TBAF. H,O O
=N ot =N
—(Si Z THE, -20°C-1t, Z
\( O 1 hr, 90% O
76 (TA-IV-46) 77

Scheme 26. Synthetic route for TA 1V 46 (77).
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Ethyl acetate was used to extract the product (TA-IV-42, 75) and it was purified by column
chromatography with a 50:50 ethyl acetate and hexanes mixture.

In the next step a copper free sonogashira coupling reaction was performed to install the TIPS
acetylene in the 7-Br position. In the final step the TIPS protected TA-1V-42 (76) was treated with
TBAF to deprotect the TIPS group to get the final product TA-1V-46 (77). The product was
purified by column chromatography with a solution of 50% ethyl acetate in hexanes. The overall
yield from TA 11 59 to TA-IV-46 was 30%. The largest scale from TA-11-59 was 5 grams. This
material 75 and 77 was immediately sent out for PDSP, rotorod, righting reflex for the results will

be important regarding SAR.
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3. 3 Experimental

3. 3. 1 tert-butyl (2-((4-bromophenyl) amino)-2-oxoethyl) carbamate. (35)

Br

The parabromoaniline (33, 50 g, 290.0 mmol) and Boc-D-alanine (34, 84.5 g, 482.5 mmol) were
dissolved in dry DCM (300 mL) and stirred at 0 oC. Then dicyclohexylcarbodiimide (DCC; 104.7
g, 507.5 mmol) was dissolved in dry DCM (150 mL) to form a homogenous solution, which was
added to the former mixture dropwise over a 30 min period at 0°C. The solution was allowed to
stir for 22 h at rt. The dicyclohexyl urea byproduct which was formed was filtered off and washed
with DCM until the solid was colorless. The organic layers were combined and concentrated under
reduced pressure. The crude solid was dissolved in hexane at 45°C, and the Boc analog was
recrystallized when cooled down to rt after adding seed crystals. The crystals were further washed
with hexane to afford the majority of Boc analog. The filtrate was combined, concentrated, and
purified on a flash column chromatography (silica gel, DCM/hexane 1:1) to yield additional
product (76.4 g, 80 %):

IH NMR (300 MHz, CDCl3) § 9.41 (s, 2H), 7.58-7.61 (d, J = 9.0 Hz, 2H), 7.23- 7.27 (d, J = 9.0

Hz 2H), 4.15 (s, 2H), 0.74 (s, 9H), 1.45 (m, 1H); 13C NMR (300 MHz, CDCls) & 172.73 (),
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169.03 (s), 131.75 (s), 130.16 (s), 126.66 (s), 122.75(s), 78.43 (S), 47.73 (S), 25.52 (s); This was
used in the next step without further characterization.

3. 3. 2 2-amino-N-(4-bromophenyl) acetamide (37)

H
N\”/\NHQ
O

Br

In a two neck round bottom flask the tert-butyl (2-((4-bromophenyl) amino)-2-oxoethyl)
carbamate (35, 16.0 g, 48.6 mmol) was dissolved in dry DCM (100 mL) and stirred at 0°C. Then
trifluoroacetic acid (36; 44.6 mL, 583.2 mmol) was dissolved in dry DCM (100 mL) was added to
the former solution dropwise over a 30 min period at 0°C. An outlet pipe was added to get rid of
the produced carbon dioxide. The solution was allowed to stir for 12 h at rt. After completion of
the reaction confirmed by TLC the reaction was stopped. The solvent was evaporated, and the
crude was extracted by using a saturated sodium bicarbonate and ethyl acetate. The organic part
was washed with saturated sodium chloride. The solvent was evaporated to get the crude. The
product 2-amino-N-(4-bromophenyl) acetamide was crystallized by using 20% ethyl acetate

solution in hexanes. (10.56 g, 95 %):

IH NMR (300 MHz, CDCI13) 6 9.31 (s, 1H), 7.48-7.11 (d, J = 9.0 Hz, 2H), 7.22—- 7.25 (d, J = 9.0
Hz 2H), 5.36 (s, 3H) 3.47 (s, 2H); 13C NMR (300 MHz, CDCI3) & 172.23 (s), 131.55 (s, 2C),
130.35 (s, 2C), 126.86 (s), 122.75(s), 45.32 (s); This was used in the next step without further

characterization.
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3. 3. 3 N-(2-((4-bromophenyl) amino)-2-oxoethyl)-2-fluorobenzamide (40)

O F

H
N
\g/\{:Ji
Br

To a mixture of 2-amino-N-(4-bromophenyl) acetamide (5.0 g, 21.83 mmol), sodium bicarbonate
(3.67 g, 43.66 mmol), and dichloromethane (60 mL), ortho fluoro benzoyl chloride (3.13 mL, 26.2
mmol) was added. The temperature was kept between -10°C — 0°C with continuous stirring. The
white colored reaction mixture, which resulted, was then allowed to stir for longer than 2 h at rt.
The completion of the reaction was verified by analysis by TLC (silica gel) and 50% ethyl acetate
/ hexanes. The reaction mixture was then slowly diluted over 30 min with water (100 mL) as
carbon dioxide bubbles occurred. The biphasic mixture, which resulted, was allowed to stand for
15 min and the layers were separated. The aq layer was extracted with dichloromethane (50 mL)
and the combined organic layers were washed with 5% aqg sodium bicarbonate solution (50 mL)
and then 10% aq sodium chloride solution (30 mL). The organic layer was dried (Na2SOs4). The
solvents were removed under reduced pressure and the residue was slurried with ethanol (30 mL)
at 50 — 55°C for 30 min. Upon cooling to rt and after holding the temperature for 1 h, the solid,
which formed, was filtered, and washed with ethanol (50 mL x 3). The solid was dried under
vacuum at 40°C to afford the product N-(2-((4-bromophenyl) amino)-2-oxoethyl)-2-
fluorobenzamide 40 as an off-white solid (7.28 g, 95%).

'H NMR (300 MHz, CDCls) & 9.11 (s, 2H), 7.66-7.70 (dd, 2H), 7.38-7.51 (m, 2H), 7.31-7.36

(dd,2H), 7.18-7.31 (ddd, 1H), 7.14-7.21 (ddd, 1H), 3.96 (s, 2H); 3C NMR (300 MHz, CDCls) &
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172.73 (s), 163.03 (d, J= 250Hz), 135.15 (s), 131.75 (s), 130.16 (s), 129.86(s), 126.16 (s),
122.45(s), 120.97 (s), 114.65 (s), 42.43 (s); This was used in the next step without further

characterization.

3. 3. 4 N-(2-((4-bromophenyl) amino)-2-oxoethyl)-2-chlorobenzamide (41)

O (i

H
N
7(1)/\m
Br

It was synthesized by following the procedure as N-(2-((4-bromophenyl) amino)-2-oxoethyl)-2-
fluorobenzamide.

IH NMR (300 MHz, CDCl3) § 9.41 (s, 2H), 7.58-7.61 (d, J = 9.0 Hz, 2H), 7.23— 7.27 (d, J = 9.0
Hz 2H), 4.15 (s, 2H), 0.74 (s, 9H), 1.45 (s, 9H); 23C NMR (300 MHz, CDCl3) 6 174.23 (s) 172.73
(s), 134.85 (s), 134.46 (s), 134.36 (s), 131.75 (s), 130.16 (s), 129.56(s), 128.05 (s), 126.66 (),

122.65(s), 42.53 (s); This was used in the next step without further characterization.

3. 3. 5 6-bromo-2H-benzo[d][1,3] oxazine-2,4(1H)-dione (46)

N__O
\f

Br ]/O
O

In a 1L 3-neck round bottom flask 5-bromo 2- aminobenzoic acid (50 g, 231.4 mmol) was

dissolved in dry DCM (300 mL) and stirred at 0°C. Then triphosgene (25.22 g, 85 mmol) was
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added and stirred for 30 minutes to form a homogenous solution. A trap was added by using
saturated sodium hydroxide to neutralize excess phosgene gas. Temperature raised to 70°C
gradually in 30 minutes. The solution was allowed to stir for 12 hrs at 70°C. By confirming with
TLC the reaction was stopped and let it cool down to room temperature. After cooling down a
white precipitate was formed which is the product. The filtrate was collected and concentrated by
using rotary evaporator. The crude was then first washed with 5% sodium hydroxide and later with
brine. Ethyl acetate was used as the extraction solvent. The organic ethyl acetate part was
concentrated and crystallized to product 6-bromo-2H-benzo[d][1,3] oxazine-2,4(1H)-dione by
using 20% ethyl acetate in hexanes solution (55 g, 98%):

1H NMR (300 MHz, CDCl3)  13.05 (s, 1H), 8.05-8.10 (d, 1H), 8.03-8.11 (dd, 1H), 7.31-7.38 (dd,
1H), 13C NMR (300 MHz, CDCl3) § 184.03 (s), 176.60 (s), 148.08 (s), 139.10 (s), 128.30 (s),
125.38 (s), 122.73 (s); HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C8H4BrNO3 242.0257;

found 242.0243.

3. 3. 6 6-bromo-1-methyl-2H-benzo[d] [1,3] oxazine-2,4(1H)-dione (47)

|
w« N__O
i i
Br & ]/O
0

In a 1L three neck round bottom flask 6-bromo-2H-benzo[d][1,3] oxazine-2,4(1H)-dione (50 g,
290.0 mmol) was dissolved in dry DMF (300 mL) and stirred at 0°C. The flask was degassed for
three times to make sure the reaction mixture remains under argon. Sodium hydride 60% dispersed

in mineral oil () was added in portions. During addition the temperature kept under 0°C. The
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temperature raised to room temperature and was stirred for 16 hours. After confirming reaction
completion by using TLC the reaction was stopped by adding ice water. The mixture was extracted
by using ethyl acetate. The organic layer was washed with brine. The extract was concentrated by
evaporating ethyl acetate. The crude was then crystallized by using 20% ethylacetate in hexanes
solution gives brown solid as product 6-bromo-1-methyl-2H-benzo[d] [1,3] oxazine-2,4(1H)-

dione. 47 (44.5 gm, 84%)

'H NMR (300 MHz, CDCI3) § 7.85-7.93 (dd, 1H), 7.86— 7.92 (dd, 1H), 7.22-7.29 (dd, 1H), 3.45
(s, 3H); 3C NMR (300 MHz, CDCI3) & 168.28 (s), 147.45 (), 142.21 (s), 140.05 (s), 131.79 (s),
118.24(s), 116.33 (s), 113.28 (s), 33.43 (s); This was used in the next step without further

characterization.

3. 3. 7 7-bromo-1-methyl-3,4-dihydro-1H-benzo[e] [1,4] diazepine-2,5-dione (48)

O '
N

Br NH
O

In a three neck round bottom flask 6-bromo-1-methyl-2H-benzo[d] [1,3] oxazine-2,4(1H)-dione
(20 g, 78.1 mmol) and glycine (8.8 g, 117.2 mmol) were dissolved in acetic acid (100 mL) and
stirred at room temperature. The mixture was heated to reflux for 3 hours. After 3 hours the
reaction was stopped. In a beaker filled with ice water, the hot reaction mixture was added and

stirred for 30 minutes. The slurry which was produced was filtered to collect the white solid which
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is the product, 7-bromo-1-methyl-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione 48. The

solid was dried under air overnight to get dry product. (16.5 gm, 64%)

IH NMR (300 MHz, CDCl3) § 8.11 (s, 1H), 7.78 (s, 1H), 7.68 (d, 1H), 7.11 (d, 1H), 3.85 (d, 2H),
3.41 (s, 3H); 1*C NMR (300 MHz, CDCls) 8 169.21 (s), 167.92 (s), 135.73 (s), 133.51 (s), 128.71
(s), 123.48(s), 118.82 (s), 46.21 (s), 36.42 (s); This was used in the next step without further

characterization.

3. 3. 8 4-acetyl-7-bromo-1-methyl-3,4-dihydro-1H-benzol[e] [1,4]diazepine-2,5-dione (49)

\No
Br N
o I

In a three neck round bottom flask 7-bromo-1-methyl-3,4-dihydro-1H-benzo[e][1,4]diazepine-
2,5-dione 48 (15 g, 55.8 mmol) was dissolved in acetic anhydride (50 mL) and stirred at room
temperature. The mixture was heated to reflux for 3 hours. After 3 hours the reaction was stopped.
In a beaker filled with ice water, the hot reaction mixture was added and stirred for 30 minutes.
Ethyl acetate was used to extract the product. The extract was the washed with brine. The organic
part was concentrated by rotary evaporator to get the crude product. The product, 7-bromo-1-
methyl-3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione 49 was crystallized by using a 40%
ethyl acetate solution in hexanes to get it as a white solid. The solid was dried under air overnight

to get dry product. (11.2 gm, 65%)
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IH NMR (300 MHz, CDCls) § 8.11 (s, 1H), 7.78 (d, 1H), 7.21 (d, 1H), 5.71 (d, 1H), 3.76 (d, 1H),
3.47 (s, 3H), 2.73 (s, 3H); 13C NMR (300 MHz, CDCl3) $172.41 (s), 166.21 (s), 164.76 (s), 141.11
(s), 136.22 (s), 134.51 (s), 131.11 (s), 123.92 (s), 117.51 (s), 45.72 (s), 35.91 (s), 27.85 (s) ; This

was used in the next step without further characterization.

3. 3. 9 6-bromo-2-methyl-4H-benzo[d] [1,3] oxazin-4-one

NY
O
Br

O

In a three neck round bottom flask 5-bromo 2- aminobenzoic acid 45 (5 g, 23.14 mmol) was
dissolved in Pyridine (50 mL) and stirred at room temperature. NaHCOs3 (3.88 g, 46.23 mmol) was
also added to the solution. Acetyl chloride (1.98 mL, 27.77 mmol) was added dropwise to the
mixture. The mixture was stirred for 10 minutes and checked by TLC. When the reaction was
completed, cold water was added to mixture. The white solid which precipitated was filtered and
collected which is the product 6-bromo-2-methyl-4H-benzo[d] [1,3] oxazin-4-one. The collected

solid was washed with water and dried overnight. (5.27 gm, 95%)

1H NMR (300 MHz, CDCls) § 8.03-8.10 (dd, 1H), 8.05- 8.10 (dd, 1H), 7.10— 7.20 (dd, 1H) 1.77
(s, 3H); 13C NMR (300 MHz, CDCl3) & 185.90 (s), 184.09 (s), 148.08 (s), 139.12 (s), 125.40 (s),

122.12 (s), 19.82 (s); This was used in the next step without further characterization.
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3. 3. 10 6-bromo-2-phenyl-4H-benzo[d] [1,3] oxazin-4-one (64)

Br

In a three neck round bottom flask 5-bromo 2- aminobenzoic acid 45 (5 g, 23.14 mmol) was
dissolved in Pyridine (50 mL) and stirred at room temperature. NaHCO3 (3.88 g, 46.23 mmol) was
also added to the solution. Benzoyl chloride 63 (3.22 mL, 27.77 mmol) was added dropwise to the
mixture. The mixture was stirred for 10 minutes and checked by TLC. When the reaction was
completed, cold water was added to mixture. The white solid which precipitated was filtered and
collected which is the product 6-bromo-2-phenyl-4H-benzo[d][1,3]Joxazin-4-one, 64. The

collected solid was washed with water and dried overnight. (6.64 gm, 95%)

IH NMR (300 MHz, CDCls) § 8.12-8.20 (dd, 1H), 8.14— 8.18 (dd, 1H), 8.06— 8.14 (dd, 2H); 7.63-
7.78 (m, 1H), 7.52— 7.68 (t, 2H), 7.48— 7.55 (d, 1H) 3C NMR (300 MHz, CDCls) § 189.61 (s),
184.52 (s), 148.58 (s), 142.57 (s), 139.12 (s), 129.05 (s), 126.55 (s), 126.31(s), 125.46(s).

124.38(s), 122.75(s); This was used in the next step without further characterization.
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3. 3. 11 N-(4-bromophenyl)-2-methylbenzamide (69)

H
N

/©/ @)
Br

To a mixture of parabromoaniline 33 (50 g, 290.7 mmol), sodium bicarbonate (48.83 g, 581.3
mmol), and dichloromethane (500 mL), benzoyl chloride (37.15 mL, 319.77 mmol) was added
dropwise. The temperature was maintained between -10°C — 0°C with continuous stirring. The
white colored reaction mixture, which resulted, was then allowed to stir for longer than 2 h at rt.
The completion of the reaction was verified by analysis by TLC (silica gel) and a solution of 50%
ethyl acetate / hexanes. The reaction mixture was then slowly diluted over 30 min with water (300
mL) as carbon dioxide bubbles occurred. The biphasic mixture, which resulted, was allowed to
stand for 15 min and the layers were separated. The aq layer was extracted with dichloromethane
(300 mL) and the combined organic layers were washed with 5% aq sodium bicarbonate solution
(300 mL) and then 10% aq sodium chloride solution (300 mL). The organic layer was dried
(Na2S0a). The solvents were removed under reduced pressure and the residue was slurried with
ethanol (300 mL) at 50 — 55°C for 30 min. Upon cooling to rt and after holding the temperature
for 1 h, the solid, which formed, was filtered, and washed with ethanol (60 mL x 3). The solid
was dried under vacuum at 40°C to afford the product N-(4-bromophenyl)-2-methylbenzamide

69 as an off-white solid (80.12 g, 95%).

IH NMR (300 MHz, CDCls) & 10.56 (s, 1H), 7.65-7.72 (dd, 2H), 7.41- 7.51 (dd, 2H), 7.41-7.54
(tt, 1H), 7.41-7.53 (ddd, 2H), 7.30-7.37 (dd, 2H); 3C NMR (300 MHz, CDCls) & 169.73 (s),
133.96 (s), 133.55 (s), 131.75 (s), 130.16 (s), 128.25 (5, 2C), 127.62 (s, 2C), 126.66 (5), 122.75 (s)
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3. 3. 12 (2-amino-5-bromophenyl) (o-tolyl) methanone (68)
NH>»
O O
Br

In a 500 mL 3-neck round bottom flask N-(4-bromophenyl)-2-methylbenzamide 69 (50 gm,
172.32 mmol) was charged at room temperature. Under argon flow ortho toluoyl benzoyl chloride
69 (24.8 mL, 189.5mmol) was added. A condenser and a thermometer were added to the round
bottom flask. The temperature of the mixture was raised to 180°C. ZnCI2 was added to the hot
liquid. After that the temperature was allowed to rise to 220°C and kept the temperature at that
point for 3 hours. After 3 hours the reaction mixture was cooled down to room temperature and
water was added to it. The reaction mixture was refluxed for an hour and cooled down to 50°C.
The liquid was decanted. A mixture of sulfuric acid, Acetic acid and water in a ratio of 2:1.5:1 was
added to the mixture and refluxed for 17 hours. After 17 hours the hot mixture was transferred to
an ice-water mixture and extracted with diethyl ether. The organic part was then washed with a
saturated sodium bicarbonate solution and with brine. The solvent was evaporated to get a crude
mixture. The product (2-amino-5-bromophenyl) (o-tolyl) methanone 68 was purified by column

chromatography as yellow solid (20.7 g, 39%). A 2% ethyl acetate solution in hexanes was used.

1H NMR (300 MHz, CDCls) § 8.07- 8.11 (dd, 1H), 7.96- 8.07 (ddd, 1H), 7.70-7.79 (dd, 1H), 7.61-
7.75 (ddd, 1H), 7.34-7.43 (m, 2H), 6.64-6.72 (dd, 1H) 5.35 (s, 2H), 2.23 (s, 3H); 13C NMR (300

MHz, CDCls) 5 190.64 (s), 145.46 (), 138.47 (s), 137.96 (s), 133.16 (s), 129.35(s), 128.85 (s),
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128.66 (s), 128.67 (s), 125.65 (s), 124.35 (s), 117.76 (s), 113.26 (s), 19.82 (s); HRMS (ESI/IT-

TOF) m/z: [M + H]+ Calcd for C14H12BrNO 290.1543; found 290.1528.

3. 3. 13 2-bromo-N-(4-bromo-2-(2-methylbenzoyl) phenyl) acetamide (71)

O

Br
NH
O O
Br

To a mixture of (2-amino-5-bromophenyl) (o-tolyl) methanone 68 (10 g, 34.46 mmol), sodium
bicarbonate (5.79 g, 68.92 mmol), and dichloromethane (100 mL), bromoacetyl bromide (3.60
mL, 41.35 mmol) was added dropwise. The temperature was kept between -10°C — 0°C with
continuous stirring. The white colored reaction mixture, which resulted, was then allowed to stir
for longer than 3 h at rt. The completion of the reaction was verified by analysis by TLC (silica
gel) and 50% ethyl acetate / hexanes. The reaction mixture was then slowly diluted over 30 min
with water (100 mL) as carbon dioxide bubbles occurred. The biphasic mixture, which resulted,
was allowed to stand for 15 min and the layers were separated. The aq layer was extracted with
dichloromethane (100 mL) and the combined organic layers were washed with 5% aq sodium
bicarbonate solution (100 mL) and then 10% aq sodium chloride solution (300 mL). The organic
layer was dried (Na2SO4). The solvents were removed under reduced pressure and the residue was
slurried with ethanol (100 mL) at 50 — 55°C for 30 min. Upon cooling to rt and after holding the

temperature for 1 h, the solid, which formed, was filtered, and washed with ethanol (60 mL x 3).
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The solid was dried under vacuum at 40°C to afford the product 2-bromo-N-(4-bromo-2-(2-

methylbenzoyl) phenyl) acetamide as an off-white solid (13.56 g, 95.5%).

IH NMR (300 MHz, CDCl3) § 12.01 (s, 1H), 8.66 (d, J = 9.0 Hz, 1H), 7.71 (d, J = 9.0 Hz, 1H),
755 (s, 1H), 7.44 (s, 1H), 7.35 (s, 2H), 4.07 (s, 2H), 2.35 (s, 3H).13C NMR (300 MHz, CDCl3) &
190.64 (s), 172.73 (s), 139.27 (), 138.47 (s), 137.96 (s), 131.86 (s), 130.16 (s), 129.35 (s), 128.66
(s), 127.56 (s), 125.65(s). 124.35(s), 122.76(s), 36.02 (s), 19.82(s); HRMS (ESI/IT-TOF) m/z: [M

+ H]+ Calcd for C16H13BrNO2 411.0869; found 411.0851.

3. 3. 14 7-bromo-5-(o-tolyl)-1,3-dihydro-2H-benzole] [1,4] diazepin-2-one (72)

A mixture of 2-bromo-N-(4-bromo-2-(2-methylbenzoyl) phenyl) acetamide, 71 (10 g, 24.3 mmol),
hexamethylenetetramine (HMTM, 7.50 g, 53.5 mmol), ammonium acetate (4.12 g, 53.5 mmol),
and isopropanol (100 mL) was heated to reflux (82°C). The reaction mixture was held at reflux
for 6 h, at which point the reaction progress was deemed complete on analysis by TLC (silica gel
and 1:1, ethyl acetate/hexanes). The reaction mixture was then cooled to 0 — 5°C using an ice bath.
The solid, which resulted, was filtered, and washed with cold isopropanol (100 mL x 2) and then
water (100mL x 4). The solid was dried under vacuum at 40°C to afford 3.2 g of the

benzodiazepine 72 as an off-white solid. The IPA was removed from the mother liquor under
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reduced pressure. The solid was then extracted with ethyl acetate. The ethyl acetate was removed
under reduced pressure and the residue was purified by column chromatograpy using 1:4 etheyl
acetate/hexanes to afford 2.01 grams more of 7-bromo-5-(o-tolyl)-1,3-dihydro-2H-benzo[e]

[1,4] diazepin-2-one 72 (5.21 g, 65%)

IH NMR (300 MHz, CDCls) & 11.95 (s, 1H), 8.68 (d, J = 9.0 Hz, 1H), 7.65 (d, J = 9.0 Hz, 1H),
7.45 (d, J = 22.1 Hz, 2H), 7.27 — 7.17 (m, 2H), 7.14 (d, J = 7.6 Hz, 1H), 3.65 (s, 2H), 2.23 (s, 3H).
13C NMR (75 MHz, CDCl3) § 200.64, 170.52, 139.35, 138.24, 137.51, 136.52, 136.16, 131.20,
130.77, 128.31, 125.50, 122.95, 115.09, 53.65, 19.80. HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd

for C17H15BrN20O 329.1892; found 329.1922.

3. 3. 15 7-bromo-1-methyl-5-(o-tolyl)-1,3-dihydro-2H-benzo[e] [1,4] diazepin-2-one (52)

The 7-bromo-5-(o-tolyl)-1,3-dihydro-2H-benzo[e] [1,4]diazepin-2-one 72, (5.0 g, 15.2 mmol)
was dissolved in THF, (30 mL) and the solution was cooled to -0°C using an ice bath. Then
potassium tert butoxide (1.87 g, 16.7 mmol) which was dissolved in 30 mL of THF was added
dropwise by using an addition funnel. Then methyl iodide (1.14 mL, 18.2 mmoL) was added
dropwise to the reaction mixture over an 1 min period, while maintaining the temperature at 0°C.
Upon completion of the addition, the reaction mixture was allowed to warm to rt and stir for 60

min, at which point the reaction was deemed complete on analysis by TLC (silica gel). The
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reaction mixture was then diluted with ethyl acetate (20 mL) and a solution of 10% aqg sodium
chloride (200 mL) was added. The biphasic mixture, which resulted, was allowed to stand for 15
min and the layers were separated. The aq layer was then extracted with ethyl acetate (50 mL) and
the combined organic layers were washed with 10% aq sodium chloride solution (50 mL). The
organic layer was dried (Na2SOs). The solvent was removed under reduced pressure. The brown
solid which was obtained was purified by crystallization using 15:85(ethyl acetate/hexanes), to
give 7-bromo-1-methyl-5-(o-tolyl)-1,3-dihydro-2H-benzo[e] [1,4] diazepin-2-one 52 (3.91 g,

75%) as a brownish white solid.

IH NMR (300 MHz, CDCls) 6 7.42 (d, J = 6.4 Hz, 4H), 7.28 (d, J = 4.1 Hz, 1H), 7.17 (d, J = 8.1
Hz, 1H), 7.01 (d, J = 2.2 Hz, 1H), 4.33 (s, 2H), 3.87 (s, 3H), 2.10 (s, 3H). 3C NMR (126 MHz,
CDCl3) 6 169.93, 168.86, 143.10, 138.19, 134.37, 132.89, 130.73, 129.50, 128.45, 122.79, 116.82,
56.94, 34.85, 19.98.; HRMS (ESI/IT-TOF) m/z: [M + H] + Calcd for C17H1sBrN.O 343.2169;
found 343.2152.

3. 3. 16 1-methyl-5-(o-tolyl)-7-((triisopropylsilyl)ethynyl)-1,3-dihydro-2H-benzo[e] [1,4]
diazepin-2-one (73)

In a 500mL round bottom flask, Pd (OAc)2 (112 mg, 0.5 mmol) and P(o-tolyl)z (304.37 mg, 1.0

mmol) was added to 50 mL of acetonitrile. The mixture was stirred until a slurry appeared, which
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took about 20 min. Then 7-bromo-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one
52, (3.50 g, 10.2 mmol), triethylamine (4.26 mL, 30.6 mmol), (triisopropylylsilyl)acetylene (3.43
mL,15.3 mmol) and additional acetonitrile (50 mL) was added. The reaction mixture was then
heated to reflux (75°C) and held for 6 h, at which point the reaction was deemed complete on
analysis by TLC (Silica gel). Upon completion of the reaction progress, the mixture was cooled
to rt and filtered through celite. After washing with acetonitrile (100 mL x 2), the solvents were
removed under reduced pressure and the residue was dissolved in dichloromethane (400 mL) and
5% aq sodium bicarbonate (400 mL) was added. The biphasic mixture, which resulted, was
allowed to stand for 15 min and the layers were separated. The aq layer was then extracted with
dichloromethane (300 mL) and the combined organic layers were washed with 5% aq sodium
bicarbonate solution (300 mL) and then 10% aq sodium chloride solution (300 mL x 3). The
organic layer was dried (Na-SO4) and was evaporated under reduced pressure. This process gave
a dark orange liquid that gets solidified eventually on standing to give 1-methyl-5-phenyl-7-
((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one, 73 (3.4 gm ,71% crude

yield). This material was used in the next step without further purification.

3. 3. 17 7-ethynyl-1-methyl-5-(o-tolyl)-1,3-dihydro-2H-benzole] [1,4] diazepin-2-one (74)
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1-Methyl-5-phenyl-7-((tripropan-2-ylsilyl) ethynyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one 73,
(3.40 g, 7.6 mmol), water (0.5 mL) and tetrahydrofuran (30 mL) were cooled to -20°C using a dry
ice / IPA bath. Then tetrabutylammonium fluoride hydrate, [IM in THF (10.9 mL, 10.9 mmoL)]
was added dropwise to the reaction mixture over a 30 min period, while maintaining the
temperature at -20 to -15°C. Upon completion of the addition, the reaction mixture was allowed
to warm to rt and stir for an additional 60 min at which point the reaction progress was deemed
complete on analysis by TLC (silica gel). The reaction mixture was then diluted with ethyl acetate
(50 mL) and 10% aq sodium chloride (50 mL). The biphasic mixture, which resulted, was allowed
to stand for 15 min and the layers were separated. The aq layer was then extracted with ethyl
acetate (50 mL x 3) and the combined organic layers were washed with 10% aq sodium chloride
solution (150 mL). The organic layer was dried (Na.SO4). The solvents were removed under
reduced pressure. Then the mixture was dissolved in 50 mL of ethyl acetate and then stirred with
20gm of silica gel for 2 hours and filtered. The amount of solvent was reduced to about 40 ml
under reduced pressure. Then 20mL of hexanes was added dropwise to the mixture and it was
allowed to stir overnight. The solid, which formed, was filtered and the grey solid was
recrystallized from 1:4 (ethyl acetate/hexanes) to obtain cream white colored TA Il 73. (1.98 g,

90%)

IH NMR (500 MHz, CDCls) § 7.63 — 7.60 (m, 1H), 7.38 — 7.27 (m, 4H), 7.24 — 7.18 (m, 2H), 4.86
(t, J = 11.4 Hz, 1H), 3.81 (dd, J = 18.3, 10.8 Hz, 1H), 3.46 (s, 3H), 3.05 (s, 1H), 1.99 (d, J = 8.0
Hz, 3H).13C NMR (126 MHz, CDCl3) § 171.32, 169.86, 143.10, 138.91, 136.26, 134.67, 133.12,
130.84, 130.49, 129.67, 128.39, 125.97, 121.12, 118.19, 81.95, 78.27, 56.79, 34.72, 19.94. HRMS

(ESI/IT-TOF) m/z: [M + H] + Calcd for C19H16N20 288.3420; found 288.3406.
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3. 3. 18 ethyl 8-bromo-6-(o-tolyl)-4H-benzo[flimidazo[1,5-a] [1,4] diazepine-3-carboxylate
(75)

7-bromo-5-(o-tolyl)-1,3-dihydro-2H-benzo[e] [1,4] diazepin-2-one (72) (10 g, 30.3 mmol) was
suspended in dry THF (150 mL) and cooled to -50 °C using a dry ice bath, after which potassium
t-butoxide (4.1 g, 36.5 mmol) was added in one portion. The reaction mixture was stirred until it
reached 0 °C and then stirred for 0.5 h at 0 °C. The mixture was then cooled to -50 °C, after which
diethyl chlorophosphate (6.15 mL, 42.4 mmol) was added dropwise with an addition funnel. The
dry ice bath was removed to allow the temperature to rise to 0 °C, after which it was allowed to
stir for 2 h with an ice-water bath. The solution was then cooled to -78 °C with a dry-ice bath and
ethyl isocyanoacetate (4.63 g, 42.4 mmol) was added, immediately followed by a second portion
of potassium t-butoxide (4.1 g, 36.5 mmol). This solution was allowed to stir overnight during
which period it was allowed to warm to rt. The reaction was completed after 14 h on analysis by
TLC (silica gel, EtOAc/hexanes, 1:1). The reaction mixture was quenched by addition of a cold
saturated aq solution of NaHCO3 (50 mL) and extracted with EtOAc. The organic layers were
combined and washed with brine (2 x 20 mL), and dried (Na2SOa4). The solvent was removed under
reduced pressure to obtain a dark brown solid residue. The solid was washed with EtoO/EtOAc

(9:1) to remove most of the impurities and the solid was further recrystallized from EtOAc and
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hexane (1:4), and this was followed by washing the solid with cold Et>O to afford the majority of
the pure ethyl ester 75. The remaining filtrate was combined and purified by flash chromatography
to obtain additional ethyl ester 75 (silica gel, EtOAc/ hexanes=1:1) as an off-white solid (7.22 g,

56% yield)

IH NMR (500 MHz, CDCls): & = 8.60 (d, J = 4.4 Hz, 1H), 8.11 (d, J = 7.9 Hz, 1H), 8.00 (s, 1H),
7.86 (td, J = 8.0, 1.7 Hz, 1H), 7.80 (dd, J = 8.6, 2.2 Hz, 1H), 7.60 (d, J = 2.1 Hz, 1H), 7.51 (d, J
=8.6 Hz, 1H), 7.41 (dd,J=7.1,5.2 Hz, 1H), 6.13 (d, J = 10.4 Hz, 1H), 4.51 - 4.33 (m, 2H), 4.17
(d, J = 11.6 Hz, 1H), 1.44 (t, J = 7.1 Hz, 3H); 13C NMR (500 MHz, CDCl3): & = 167.0, 162.9,
156.2, 148.7, 138.4, 136.9, 135.3, 135.0, 134.5, 134.4, 129.3, 128.5, 124.9, 124.3, 123.9, 120.5,
60.7, 45.0, 14.4; HRMS (ESI/IT-TOF): m/z [M + H]" calcd for C21H1sBrNsO2: 424.2892; found:

424.2881.

3. 3. 19 ethyl 6-(o-tolyl)-8-((triisopropylsilyl)ethynyl)-4H-benzo[f]limidazo[1,5-a] [1,4]
diazepine-3-carboxylate (76)

In a 500mL round bottom flask, Pd (OAc)2 (132mg, 0.59 mmol) and P(o-tolyl)s (359 mg, 1.18
mmol) was added to 50 mL of acetonitrile. The mixture was stirred until a slurry appeared, which
took about 20 min. Then 7-bromo-1-methyl-5-phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one 5,

(5.0 g, 11.8 mmol), triethylamine (3.62 mL, 25.96 mmol), (triisopropylylsilyl)acetylene (3.44
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mL,15.34 mmol) and additional acetonitrile (50 mL) was added. The reaction mixture was then
heated to reflux (75°C) and held for 6 h, at which point the reaction was deemed complete on
analysis by TLC (Silica gel). Upon completion of the reaction progress, the mixture was cooled
to rt and filtered through celite. After washing with acetonitrile (100 mL x 2), the solvents were
removed under reduced pressure and the residue was dissolved in dichloromethane (100 mL) and
5% aq sodium bicarbonate (100 mL) was added. The biphasic mixture, which resulted, was
allowed to stand for 15 min and the layers were separated. The aq layer was then extracted with
dichloromethane (100 mL) and the combined organic layers were washed with 5% aq sodium
bicarbonate solution (100 mL) and then 10% aqg sodium chloride solution (100 mL x 3). The
organic layer was dried (Na.SO4) and was evaporated under reduced pressure. This process gave
a dark orange liquid that gets solidified eventually on standing to give ethyl 6-(o-tolyl)-8-
((triisopropylsilyl)ethynyl)-4H-benzo[flimidazo[1,5-a] [1,4] diazepine-3-carboxylate, 76
(4.399 ,71% crude yield). This material was used at the next step without purification.

3. 3. 20 ethyl 8-ethynyl-6-(o-tolyl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate
(77)

ethyl 6-(o-tolyl)-8-((triisopropylsilyl)ethynyl)-4H-benzo[flimidazo[1,5-a] [1,4] diazepine-3-

carboxylate 76, (4.39 g, 8.35 mmol), water (0.5 mL) and tetrahydrofuran (30 mL) were cooled to
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-20°C using a dry ice / IPA bath. Then tetrabutylammonium fluoride hydrate, [1M in THF (10.9
mL, 10.9 mmoL)] was added dropwise to the reaction mixture over a 30 min period, while
maintaining the temperature at -20 to -15°C. Upon completion of the addition, the reaction mixture
was allowed to warm to rt and stir for an additional 60 min at which point the reaction progress
was deemed complete on analysis by TLC (silica gel). The reaction mixture was then diluted with
ethyl acetate (50 mL) and 10% aq sodium chloride (50 mL). The biphasic mixture, which resulted,
was allowed to stand for 15 min and the layers were separated. The aq layer was then extracted
with ethyl acetate (50 mL x 3) and the combined organic layers were washed with 10% aq sodium
chloride solution (150 mL). The organic layer was dried (Na2SOs). The solvents were removed
under reduced pressure. Then the mixture was dissolved in 50 mL of ethyl acetate and then stirred
with 20gm of silica gel for 2 hours and filtered. The amount of solvent was reduced to about 40
ml under reduced pressure. Then 20mL of hexanes was added dropwise to the mixture and it was
allowed to stir overnight. The solid, which formed, was filtered and the grey solid was
recrystallized from 1:4 (ethyl acetate/hexanes) to obtain cream white colored TA 1V 46 (77). (2.77

g, 90%)

IH NMR (500 MHz, CDCl3) & 7.97 (s, 1H), 7.74 (dd, J = 8.3, 1.8 Hz, 1H), 7.58 (d, J = 8.3 Hz,
1H), 7.37 (d, J = 1.8 Hz, 1H), 7.33 (dd, J = 14.0, 6.7 Hz, 2H), 7.26 (t, J = 7.2 Hz, 1H), 7.17 (d, J
= 7.5 Hz, 1H), 6.09 (s, 1H), 4.43 (s, 2H), 4.14 (s, 1H), 3.16 (s, 1H), 1.89 (s, 3H), 1.44 (t, J = 7.1
Hz, 3H). 13C NMR (126 MHz, CDCl3) § 170.24, 162.82, 139.57, 138.71, 135.83, 135.28, 134.79,
134.52, 134.10, 130.90, 129.68, 129.60, 129.56, 129.47, 126.03, 122.50, 121.97, 81.36, 79.92,
60.86, 44.81, 19.83, 14.45. HRMS (ESIIT-TOF) m/z: [M + H] + Calcd for C2sH19BN3O;

369.4145; found 369.4105.
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Chapter 5 Appendix

5.1 Appendix |

5. 1.1 Testing New Compounds from Dr Cook’s Lab

Testing New Compounds from Dr Cook’s Lab

(Donatien Kamdem Toukam, Roman Caceres and Laura Kallay)

Compound Cell line tested** = ICso*
LN18 2.8 uM
QH-11-066 H1792 4.5 uM
B16F10 10.7 uM
NOR-QH-11-066 LN18 0.69 uM
LN18 2.2 UM
H1792 3.3 uM
MYM-I111-85 U-87 MG-Luc? 4 uM
MBO002 2.2 uM
B16F10 12.4 uM
MYM-V-17 LN18 5.17 uM
MYM-I1-43 LN18 00
MY M-I-59 LN18 00
MY M-I1V-95 LN18 00

*|Cso was determined using CellTiter96R Aqueous One Solution Cell Proliferation Assay kit (#G3581) from
Promega.

** _LN18: Human Glioma cell line from ATCC# CRL-2610 (https://www.biocompare.com/20260-
Miscellaneous-Human-Cell-Lines/893528-LN18/).

- U-87 MG-Luc2: Human Glioma cell line, from ATCC? #HTB-14-LUC2
(https://www.atcc.org/products/htb-14-luc2).

- MB002: Human Medulloblastoma cell line, from Expasy, Accession# CVCL_VU79,
(https://web.expasy.org/cellosaurus/CVCL_VU79).

- H1792: Human Lung Adenocacinoma cell line from ATCC #CRL-5895
(https://www.atcc.org/search#q=h1792&sort=relevancy&numberOfResults=24).

- B16F10: Mouse melanoma cell line from ATCC # CRL-6475 (https://www.atcc.org/products/crl-
6475).
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5.1.2 Testing TA 11 73

AN

TAIIT3

Testing TA 11 73

SummaryTA Il 73

Cell lines

TAN73

A375

2.05 M

LN18

0.92 uM

H1792

2.1uM

AITS with TAITS - o= 206 um HA792 with TA 11 73 - 1o s 20w LNAS with TA I 73 - 0y = ssam
100
3 I ?5_ e
u T T T T T U T T T T T r‘] T T T T T T * T T
40 45 00 05 10 15 A0 45 00 05 10 15 20 45 40 05 00 05 10 15
Log[TA-I-73] pM Log[TA-I1-73] pht Log[TAI-73] OM
TANl 73 on LN18
DMSO | 0.79738 | 0.71308 | 0.71678 | 0.76128 | 0.77088 | 0.08788 | 0.08188 | 0.06958 | 0.04798 | 0.07698 | 7.5
0.3125 | 0.43788 | 0.56838 | 0.59078 | 0.63608 | 0.58798 | 0.08338 | 0.07178 | 0.08438 | 0.09148 | 0.07468 | 10
0.625 0.42728 | 0.45918 | 0.43968 | 0.49238 | 0.54278 | 0.08268 | 0.10608 | 0.09398 | 0.11098 | 0.08668 | 15
1.25 0.21338 | 0.31858 | 0.31448 | 0.34768 | 0.33348 | 0.11718 | 0.10668 | 0.10358 | 0.14068 | 0.11228 | 20
2.5 0.11648 | 0.15718 | 0.15728 | 0.18288 | 0.23838 | 0.14598 | 0.11648 | 0.15788 | 0.07518 | 0.12578 | 25
5 0.04388 | 0.05778 | 0.06138 | 0.05568 | 0.08528 | 0.13098 | 0.12248 | 0.14708 | 0.10368 | 0.09418 | 30
TA 1l 73 on H1792
DMSO | 1.58404 | 1.65584 | 1.71794 | 1.72644 | 1.77764 | 0.28504 | 0.29484 | 0.26484 | 0.25964 | 0.25844 | 7.5
0.3125 | 1.54154 | 1.52874 | 1.50564 | 1.59624 | 1.61804 | 0.21664 | 0.21494 | 0.19754 | 0.20434 | 0.24524 | 10
0.625 1.54914 | 1.55654 | 1.50524 | 1.57904 | 1.51644 | 0.18434 | 0.19124 | 0.21484 | 0.21114 | 0.20084 | 15
1.25 1.29904 | 1.43074 | 1.47874 | 1.50414 | 1.42144 | 0.20064 | 0.23784 | 0.25524 | 0.23584 | 0.20244 | 20
2.5 0.69724 | 0.75054 | 0.69564 | 0.70614 | 0.72114 | 0.22834 | 0.22464 | 0.22004 | 0.20404 | 0.17034 | 25
5 0.24154 | 0.30614 | 0.29524 | 0.31604 | 0.36194 | 0.26834 | 0.23474 | 0.25354 | 0.20394 | 0.25714 | 30

250




TAIl 73 on A375

DMSO | 1.19146 | 1.21346 | 1.18086 | 1.19776 | 1.18076 | 0.05826 | 0.07006 | 0.09006 | 0.05506 | 0.08366 | 7.5
0.3125 | 1.13266 | 1.10766 | 1.11936 | 1.14546 | 1.12706 | 0.05016 | 0.05306 | 0.07306 | 0.05046 | 0.09976 | 10
0.625 | 1.11026 | 1.08856 | 1.09196 | 1.08156 | 1.20366 | 0.08146 | 0.08386 | 0.08446 | 0.08536 | 0.10306 | 15
1.25 0.86086 | 0.87436 | 0.85906 | 0.95756 | 0.91066 | 0.10966 | 0.13626 | 0.12866 | 0.10386 | 0.10416 | 20
2.5 0.46826 | 0.46726 | 0.45916 | 0.47156 | 0.46426 | 0.13136 | 0.12406 | 0.13466 | 0.11146 | 0.11436 | 25
5 0.13236 | 0.13706 | 0.13556 | 0.13906 | 0.13396 | 0.13086 | 0.13496 | 0.11316 | 0.11566 | 0.14136 | 30
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5. 1. 3 Testing deuterated analogues of Diazepam, QH 11 66 and KRM 11 08

Compounds

Diazepam analogues

£Ds (o}

9

D3 DIAZ TA
Chemical Formula: CygHD4CIN,O
Molecular Weight: 287.75871

DiD3 O

MYM Il 85

CD

.
SO O

@A @y

O DiD5
D5 DIAZ TA

Chemical Formula: C1gHgDsCIN,O
Molecular Weight: 289.77103

TAIT0

Synthesis

O \{ KOBu-t, CD3 O \g DID3
_ =N I
ol N THF. RT, 30 min 2
NORDAZEPAM D3 DIAZ TA
Chemical Formula: C45H4CIN,O Chemical Formula: C1gH19D3CIN,O
Molecular Weight: 270.71364 Molecular Weight: 287.75871
O KOBu-t, CDyl O \i
= —_— =
Z N THF, RT, 30 min =z N QHD3
NOR QH 11 66 MYM 1Il 85
Chemical Formula: Cy7H,N,0 Chemical Formula: C1gH4D3N,0
Molecular Weight: 260.28998 Molecular Weight: 277 33505
CDs
N [o]
KOBu-t, CD3
THF, RT, 30 min KRMD3

NOR KRM Il 08 TAI16

Chemical Formula: C47H,FN,O

Chemical Formula: C4gHoD3FN,O
Molecular Weight: 278.28044

Molecular Weight: 295.32551

253

QH analogues

4Dy [}

oS

Chemical Formula: C4gH;4D3N,0
Molecular Weight: 277.33505

Chemical Formula: C4gHgDsN,0O
Molecular Weight: 279.34737

KRM analogues

QHD3

TA116
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DiD3

DiD5

QHD3

QHD5

DiD3/D5 cytotoxicity

Cell lines | DID3 (uM) | DiD5 (uM)
A375 N/A N/A
LN18 N/A N/A
H1792 N/A N/A
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KRMD3/D5 cytotoxicity

Cell line | KRMD3 (uM) | KRMD5 (uM)
A375 0.35 0.63
LN18 243 2.67
H1792 2.13 2.52
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A375 human melanoma cell line

H1792 human non -small cell lung cancer line
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5. 1. 4 Cytotoxicity Methods

1- Drug Preparation:
Each compound powder was weighed and dissolved in DMSO to a concentration of 40mM.

Dissolved compounds were stored at 4°C.

2- Drug dilutions:

Eleven dilutions were used with preparation protocol was as follow:

Drug Concentration Volume of | Volume of Volume of
(UM) medium 40 mM prediluted drug
stock
30 2mL 1.5 L /
25 2 mL 1.25 pL /
20 2 mL 1.0 yL /
15 1 mL / 1mL of 30 uM
10 1 mL / 1 mL of 20 uM
7.5 1 mL / ImL of 15 uM
5 1 mL / 1 mL of 10 uyM
2.5 1mL / 1 mL of 5 uM
1.25 1 mL / 1 mL of 2.5 uM
0.625 1mL / 1 mL of 1.25
UM
0.3125 1mL / 1 mL of 0.625
UM
DMSO 2 mL / 1.5 pL of
DMSO

3- Cell culture process:
Prior to cell proliferation assay, optimum cell number for each cell line was determined and the
cell number giving about 1.0 OD value after one hour of incubation with the CellTiter 96®
AQueous One Solution Cell Proliferation Assay reagent (Promega) was choose for cell

proliferation experiments.
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Day1: Cells were trypsinized, count and diluted to:

- A375 Human melanoma cells: 30000 cells/mL (3000 cells/100 pL or 3000 cells/well)

- LN18 Human Glioma cells: 50000 cells/mL (5000 cells/100 pL or 5000 cells/well)

- H1792 Human NSCLC cells: 12000 cells/mL (1200 cells/100 pL or 1200 cells/well)
100 pL of cell suspension was added to 96 well plate: Rows B to G and columns 2 to 11 were
seeded with cells, outer wells around the plate were filled with 100 pL PBS except wells A2 to A6
filled with medium without cells. Cells were then incubated 24 hours and allowed to attach.

Day2: Addition of drug and controls to plated cells:

- Background control: Medium in wells A2 to A6 was aspirated and replaced with 100

pL fresh medium

- Control DMSO and each drug dilution was added to 5 consecutive wells in the same

raw. Medium was carefully sucked out and 100 pL of control or diluted drug added.

- After drug addition, plates were returned into incubator for 48 to 72 hours.

Day 5 or 6: 20 pL of CellTiter 96® AQueous One Solution Cell Proliferation Assay
reagent (Promega) was added to each control or test well, incubated 1 to 2 hours, then OD was
acquired at 490 nm.

4- Data analysis:

- The average OD from the five wells containing medium and no cells (A2 to A6) was

calculated and the value subtracted from each individual OD reading.

- The OD readings for each drug dilution was normalized to DMSO control, set as 100 %

cell viability / proliferation.

- Log drug concentration versus percentage viability is then plotted using GraphPad

Prism.
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Summary:

Cells were counted and dispensed in 96 well plates. Plates were incubated 24 hours for cells to
attach. Drugs and DMSO were diluted to desired concentrations in phenol free medium. Medium
on cells was aspirated and replaced with 100 uL of fresh phenol free medium containing drug, and
the plate returned to incubator for 48 to 72 hours. The CellTiter 96® AQueous One Solution Cell
Proliferation Assay (Promega) reagent was reconstituted following manufacturer’s instructions.
Aliquots were stored at -20° C. Reconstituted reagent was thawed, vortexed and 20 uL dispensed
to each well, then the plate incubated at 37°C for 1 to 2 hours. OD at 490 nm was acquired and the
readings from test wells were corrected by subtracting the average OD obtained of wells containing
medium only. OD readings were then normalized to DMSO and the Log concentration versus

percentage cell viability plotted using GraphPad Prism software.
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5. 1. 5 Cytotoxicity raw data for deuterium analogues of Diazepam, QH 11 66 and KRM I
08.

MTS cell proliferation Experiments in 96 wells plate format
Raw OD values at 490 nm

LN18 Human Glioma
LN18 Glioma cells treated with KRMD3

1 2 3 4 5 6 7 8 9 10 11 12
Drug[uM] Drug[uM]
Background 0.0602 | 0.0583 [ 0.0598 | 0.0581 | 0.0582

DMSO 0.8064 | 0.8457 | 0.8732 | 0.8449 | 0.8272 75 [ 01426 [ 01488 [ 0.1557 [ 01482 [ 0.139
0.3125 0.8165 | 0.8588 | 0.8966 [ 0.8497 | 0.8422 10 [ 01356 [ 01332 [ 01351 [ 0.1552 [ 0.1444
0.625 0.8625 | 0.8169 | 0.8568 | 0.8661 | 0.8943 15 [ 01527 [ 01728 [ 01536 | 0.1811 [ 0.1612
1.25 0.7507 | 0.7928 | 0.8061 [ 0.8144 | 0.7953 20 [ 01702 [ 01896 [ 01854 | 0.1884 [ 0.1792

2.5 04608 | 0.4578 [ 0.4771 [ 04795 [ 0.501 25 | 01959 [ 02148 [ 01936 | 0.1909 [ 0.193
5 0.1682 | 0.172 0.1725 | 0.1797 | 0.1895 30 | 01997 [ 01925 [ 0.2083 | 0.192 0.2046

LN18 Glioma cells treated with KRMD5

Drug[uM] 1 2 3 4 5 6 Drug[uM] 7 8 9 10 11 12
Background 0.0636 0.0625 0.0629 0.0609 0.0615

DMSO 0.9827 1.008 0.987 0.9806 0.9506 7.5 0.1636 0.1658 0.1645 0.1604 0.1659
0.3125 1.033 0.9972 1.0384 0.9675 0.8674 10 0.1531 0.1444 0.1559 0.1549 0.1797
0.625 0.9766 | 0.9914 | 0.9992 | 0.9396 | 0.9899 15 0.1607 | 0.1747 | 01718 | 0.1809 | 0.1875
1.25 0.9239 0.9036 0.9362 0.9258 0.939 20 0.2042 0.1965 0.1906 0.2015 0.1831
2.5 0.6108 0.6117 0.5996 0.6281 0.6285 25 0.201 0.198 0.2013 0.2089 0.2142
5 0.2096 0.2422 0.2316 0.2411 0.2372 30 0.2053 0.2228 0.2203 0.2165 0.2085

LN18 Glioma cells treated with QHD3

DrugluM] | 1 2 3 2 5 6 Drug[pM] 7 8 9 10 11 | 12
Background 0.0709 | 0.0846 | 0.0707 | 0.0706 | 0.0707

DMSO 16082 | 1.6618 | 16368 | 16542 | 1.6327 7.5 | 02424 | 02274 | 0.2557 | 0.2396 | 0.2581
0.3125 16075 | 1.5913 | 1.5981 | 1.5501 | 1.5704 10 | 02507 | 0.2283 | 0.2557 | 0.2504 | 0.2726
0.625 15703 | 1.5949 | 1.527 | 1.5249 | 1.5248 15 | 03167 | 03017 | 03237 | 03283 | 03234
1.25 13003 | 1.3536 | 1.3512 | 1.3088 | 1.3208 20 | 03775 | 04053 | 04001 | 04041 | 03953
2.5 0.5377 | 0.5457 | 0.575 | 0.5296 | 0.5568 25 | 03771 | 04375 | 04219 | 04111 | 04094
5 0.2194 | 0.2382 | 02702 | 0.2421 | 0.2314 30 | 03965 | 04076 | 0.4364 | 04041 | 0.4506

LN18 Glioma cells treated with QHD5

DrugluM | 1 2 3 ] 5 6 Drug[uM 7 3 9 10 11| 12
Background 0.0765 | 0.0759 | 0074 | 0.0751 | 0.074

DMSO 15831 | 1.5774 | 16277 | 1.5822 | 1.6015 7.5 | 02358 | 0.2663 | 0.2487 | 0.2681 | 0.265
0.3125 15535 | 1.5763 | 1.5011 | 1.5631 | 1.5213 10 | 02439 | 0.2492 | 0.2335 | 0.2769 | 0.2507
0.625 1.5212 | 1.5742 | 1.6468 | 1.5542 | 1.5033 15 | 03234 | 02873 | 03119 | 03409 | 0.3399
1.25 14820 | 1.532 | 1.5499 | 1.5436 | 1.5297 20 | 03427 | 03179 | 03323 | 03721 | 0.3488
2.5 09102 | 0.938 | 09306 | 0.9136 | 0.0087 25 | 04506 | 04466 | 0.4126 | 04022 | 0.4184
5 03271 | 03194 | 03109 | 0.3474 | 03799 30 | 03733 | 03958 | 03865 | 04182 | 0.4251
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LN18 Glioma cells treated with DiD3

DruguM [ 1 2 3 4 5 6 Drug[uM 7 8 9 10 1| 12
Background 0.0784 | 0.0714 | 0.0697 | 0.0717 | 0.0716
DMSO 1.6341 | 16248 | 1.6534 | 1.6235 | 1.6005 75 | 16419 | 16277 | 16154 | 1.6817 | 1.6693
0.3125 1.6688 | 1.5675 | 1.6119 | 1.6043 | 1.5316 10 | 16072 | 16249 | 1.6168 | 1.6682 | 1.6326
0.625 1.7155 | 1.6573 | 1.6627 | 1.6383 | 1.5854 15 | 16107 | 16125 1.635 1.702 | 1.6386
1.25 1.6508 | 1.6205 | 1.5942 | 1.5668 | 1.5372 20 | 15938 | 1.5893 | 1.5814 1.685 | 1.6718
2.5 1.6645 | 1.6314 [ 16569 [ 1.5951 | 1.6373 25 | 16523 | 16527 [ 1.6528 | 1.7125 | 1.6664
5 1.6953 | 1.6614 [ 1.6595 1.674 | 1.6572 30 | 17017 | 17049 | 1.6967 | 1.7309 | 1.7416
LN18 Glioma cells treated with DiD5
Drug[pM] | 1 2 3 4 5 6 Drug[pM] 7 8 9 10 1 | 12
Background 0.0741 | 0.0781 | 0.0733 | 0.0721 | 0.0764
DMSO 1.732 1.7125 1.6139 1.6774 1.632 7.5 1.6892 1.6531 1.6705 1.7373 1.6578
0.3125 1.7417 | 1.6445 1.641 | 1.6795 | 1.6614 10 | 1.7341 | 16853 [ 1.7052 | 1.7468 | 1.6558
0.625 1.6994 | 1.6902 | 1.7088 | 1.6894 | 1.6737 15 | 17134 | 17117 [ 17319 | 1.7611 | 1.6703
1.25 1.6351 | 1.6377 | 16673 | 1.6451 | 1.6381 20 | 17063 | 16852 | 1.6635 | 1.7167 T7s
2.5 1.7328 | 1.6837 | 1.6935 | 1.7019 | 1.6577 25 | 1.7084 | 1.7315 | 1.6695 | 1.7149 | 1.7271
5 1.7427 | 1.7427 1.752 | 1.6699 | 1.6871 30 | 1.7338 | 1.7422 | 17119 | 1.7342 | 1.6908
A375 melanoma
A375 melanoma cells treated with KRMD3
Drug[uM] 1 2 3 4 5 6 Drug[puM] 7 8 9 10 11 | 12
Background 0.1603 0.16 0.1636 0.1612 0.1651
DMSO 1.4589 | 13988 | 1.2223 | 1.1161 | 1.3267 75 | 0.1905 0192 [ 01897 | 01764 | 0.1904
0.3125 1.276 | 0.9274 | 0.7121 | 0.7274 | 06751 10 [ 01827 | 01841 | 0.1876 | 0.1824 | 0.1944
0.625 1.0479 | 06119 | 03703 | 05102 | 04734 15 | 01944 | 02024 | 02031 | 02071 | 0.2114
1.25 0.6998 0.4111 0.3488 0.3412 0.3385 20 0.1994 0.2054 0.1953 0.1936 0.2224
2.5 0.2611 | 0.2548 [ 0.2529 0.242 | 0.2257 25 | 02005 | 02036 | 01966 | 0.2002 | 0.2071
5 0.1983 | 01925 [ 01986 | 0.2051 | 0.1873 30 [ 02037 | 02118 | 02148 | 0.2067 | 0.2055
A375 melanoma cells treated with KRMD5
Drug[puM] il 2 3 4 5 6 Drug[pM] 7 8 9 10 11 | 12
Background 01621 | 01603 | 0.1596 | 0.1653 | 0.1616
DMSO 1.3588 | 1.0497 [ 09557 [ 0.8829 | 1.0792 75 | 01834 | 01921 | 01847 | 01754 [ 01959
0.3125 1.3477 | 09508 [ 06906 | 0.6949 | 0.6365 10 [ 01789 0.192 0181 | 01812 [ 0.1888
0.625 1.181 | 0.6884 | 0.5779 | 0.5047 | 0.5217 15 | 01937 | 0.1886 | 0.1838 | 0.1908 0.199
1.25 0.7131 0.5062 0.3574 0.3637 0.366 20 0.1995 0.1978 0.1975 0.1974 0.2066
2.5 0.2665 | 0.2638 | 0.2515 | 0.2437 | 0.2411 25 [ 02007 | 0.2061 | 0.2076 0.198 | 0.2093
5 0.1895 [ 0.2097 | 0.1987 | 0.1949 | 0.2045 30 [ 02012 | 0.1976 0.2 0.201 | 0.2065
A375 melanoma cells treated with QHD3
Drug[uM] 1 2 3 4 5 6 Drug[uM] 7 8 9 10 11 | 12
Background 0.1627 | 0.1608 | 0.1608 | 0.1605 | 0.1581
DMSO 1.4472 | 13275 | 1.2746 | 1.1941 | 1.4627 7.5 | 01888 | 0.1942 | 0.1914 0.193 | 0.1919
0.3125 1.2325 [ 09848 | 0.7548 | 0.7057 | 0.7397 10 [ 01999 | 0.1985 [ 0.2022 | 0.1969 0.19
0.625 1.1549 0.736 0.546 0.521 | 0.5343 15 | 02148 | 02195 | 02102 | 0.2347 | 0.2211
1.25 0.5946 | 0.4284 | 03509 | 03682 | 03312 20 | 02157 | 02175 | 02301 | 0.2252 | 0.2194
25 0.2599 | 0.2345 [ 02419 [ 02521 | 0.2421 25 [ 02082 | 02302 | 0.2226 | 0.2126 | 0.2071
5 0.1874 | 01977 | 02061 | 0.1958 | 0.2026 30 [ 02156 | 02327 | 02311 | 0.2096 | 0.2073
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A375 melanoma cells treated with QHD5

Drug[uM] 1 2 3 4 5 6 Drug[pM] 7 8 9 10 1| 12
Background 0.1617 0162 | 01619 | 0.1626 | 0.1604
DMSO 1.4395 | 13934 | 11239 | 1.2814 | 1.3477 75 | 01937 0.204 | 01913 | 01913 | 02018
0.3125 1.3933 | 09785 | 0.8254 0.746 | 0.6908 10 | 0.1866 | 0.1923 | 01879 [ 0.1869 | 0.2029
0.625 1.2446 | 0.7538 | 06135 | 0.5348 | 0.5524 15 | 0.1966 | 0.2019 | 0.2035 [ 0.2017 | 0.1957
1.25 0.7854 | 0.4584 | 03801 | 0.3838 | 0.3766 20 0.202 | 0.2067 | 02091 [ 0.2225 0.221
2.5 03197 | 02674 | 01878 | 0.1852 | 0.1772 25 | 01751 | 0.1799 | 0.1769 0.182 | 0.1763
5 0.1678 | 0.1676 | 0.1561 | 0.1686 | 0.1655 30 | 01679 | 0.1807 | 0.1808 [ 0.1798 | 0.1698
A375 melanoma cells treated with DiD3
Drug[uM] g 2 3 4 5 6 Drug[pM] 7 8 9 10 11 | 12
Background 0.1671 | 01762 | 01673 | 0.1673 | 0.1642
DMSO 1.4905 | 1.2847 | 1.1689 | 1.2809 | 1.3884 75 | 1.5367 | 1.6033 | 1.6132 | 1.6141 [ 1.5896
0.3125 1.4923 1.2134 0.8119 0.8165 0.8882 10 0.8803 1.1181 1.2936 1.5284 1.603
0.625 1.4665 | 1.1145 | 0.8685 | 0.7881 | 0.6536 15 [ 08254 0.916 | 1.0895 | 1.4002 | 1.7093
1.25 1.526 | 1.1974 | 0.8654 | 0.7816 0.828 20 0.707 | 0.8067 | 08583 | 1.2451 | 1.7327
2.5 1.521 | 1.3031 | 1.1787 | 1.0639 1.068 25 | 1.0483 | 09845 | 1.2005 | 1.4362 | 1.6933
5 1.5522 | 1.5416 | 1.5471 | 1.5004 | 1.5155 30 [ 16771 | 1.7467 | 1.6977 | 1.7076 | 1.7025
A375 melanoma cells treated with DiD5
Drug[uM] 1 2 3 4 5 6 Drug[uM] 7 8 9 10 11 [ 12
Background 0.1633 | 0.1606 0163 | 01796 [ 0.1646
DMSO 1.3852 1.292 | 1.1875 1.24 | 1.3567 7.5 | 14184 | 13997 | 1.5117 | 1.4644 1.498
0.3125 1.3003 | 1.0993 [ 09681 [ 1.0317 | 0.9042 10 [ 09781 | 1.0945 | 1.2619 | 1.3906 | 1.5321
0.625 1.3709 | 09768 [ 0.7806 | 0.8258 | 0.7827 15 [ 06942 | 08497 | 1.0163 | 1.3413 | 1.6095
1.25 1.3846 | 1.2416 | 09775 | 0.8884 | 0.8684 20 [ 08781 | 09012 | 0.9866 | 1.1565 | 1.6049
2.5 1.3686 1.2552 1.2023 1.1462 1.0913 25 0.9928 1.0816 1.2005 1.56 1.6426
5 1.459 | 1.4449 | 1.5155 | 1.4882 [ 1.4871 30 [ 1.6245 | 1.6893 | 1.6455 1.686 | 1.6777
H1792 NSCLC cells
H1792 NSCLC cells treated with KRMD3
Drug[pM] 1 2 3 4 5 6 Drug[pM] 7 8 9 10 11| a4z
Background 0.0772 | 0.0742 | 0.0699 | 0.0689 | 0.0692
DMSO 0.7967 | 08122 | 08049 | 0.8497 | 0.8459 7.5 0202 | 0.1903 | 0.1847 | 0.1829 | 0.2056
0.3125 0.6606 | 0.7103 | 0.7383 | 0.7128 [ 0.7382 10 | 01619 | 01497 | 01739 [ 01716 | 0.1695
0.625 0.6504 | 0.7545 | 0.8072 | 0.7105 | 0.7698 15 | 0.1483 | 0.1462 | 0.1688 0.169 0.174
1.25 0.6363 | 0.6459 | 0.6569 | 0.6967 | 0.6292 20 | 0.1642 0.166 | 0.1612 0.157 0.175
2.5 0322 | 03297 [ 03452 | 03488 | 03771 25 0.168 | 0.1693 0152 | 01445 | 01737
5 0.2005 | 0.2091 | 0.2082 | 0.2035 | 0.2047 30 | 01582 | 01603 | 01587 [ 01793 | 0.1586
H1792 NSCLC cells treated with KRMD5
Drug[uM] 1 2 3 4 5 6 Drug[puM] 7 8 9 10 11 | 12
Background 0.0716 | 0.0757 | 0.0704 | 0.0762 | 0.0781
DMSO 0.7483 | 0.8678 | 0.8438 0.893 | 0.7905 75 | 01839 | 01878 | 0.1963 | 0.1812 | 0.2004
0.3125 0.6244 0.8344 0.8177 0.8437 0.782 10 0.1775 0.1831 0.1748 0.1997 0.1916
0.625 0.7664 | 0.7675 | 0.7824 | 0.8368 | 0.8092 15 | 01624 | 01802 [ 01692 | 01777 | 0.1588
1.25 0.6814 | 0.6907 | 06825 | 0.7184 | 0.6819 20 | 01705 | 01778 | 01741 | 01602 | 0.1535
2.5 0.4569 | 0.4839 | 04647 | 04824 | 0.4445 25 | 01634 | 01703 [ 01814 | 01652 | 0.1779
5 0.2446 | 02476 | 02301 | 02333 | 0.2218 30 | 01586 | 01578 [ 01723 | 01673 | 0.1922
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H1792 NSCLC cells treated with QHD3

Drug[uM] 1 2 3 4 5 6 Drug[pM] 7 8 9 10 1| 12
Background 0.0673 | 0.0681 | 0.0662 | 0.0675 | 0.0669
DMSO 072 | 0.8107 0.716 | 0.7623 | 0.7237 75 | 01706 | 01967 | 0.1833 | 0.1624 | 0.1917
0.3125 0.7658 | 0.7165 0.759 | 0.7096 0.726 10 0179 | 01807 | 01676 [ 0.1789 0.176
0.625 0.6395 | 0.7232 0.763 | 06914 [ 0.7948 15 | 0.1551 | 0.1554 0.157 | 0.1698 | 0.1479
1.25 0.5535 | 0.5995 | 0.5528 | 0.6011 0.555 20 | 0.1542 | 0.1583 0.154 0.15 | 0.1538
2.5 0.268 | 0.2739 [ 0.2982 [ 0.2808 | 0.2812 25 | 01557 | 01494 | 01613 [ 01397 0.163
5 0.1523 | 01686 | 0.1801 | 0.1681 | 0.1765 30 | 01581 | 0.1483 | 0.1402 [ 01502 | 0.1582
H1792 NSCLC cells treated with QHD5
Drug[uM] 1 2 3 4 5 6 Drug[pM] 7 8 9 10 1| 12
Background 0.073 | 0.0746 | 0.0701 | 0.0729 | 0.0706
DMSO 0.731 | 0.8279 | 0.7674 | 0.7909 | 0.7592 75 | 02046 | 01832 | 01806 [ 0.1717 | 0.2005
0.3125 0.6716 0.7648 0.8016 0.7692 0.7396 10 0.1597 0.165 0.1644 0.1862 0.1782
0.625 0.6135 | 0.6869 | 0.5893 | 0.7554 | 0.7216 15 | 0.1662 0.155 | 0.1547 | 0.1663 | 0.1582
1.25 0.6177 | 06326 | 05962 | 0.6539 | 0.5967 20 | 01551 | 0.1545 | 0.1606 | 01743 | 0.1745
2.5 0.3063 0326 | 03565 | 03333 | 0.2937 25 | 0.1578 | 0.1544 | 0.1573 0.167 | 0.1644
5 0.207 | 0.2063 [ 0.1955 [ 0.1993 | 0.2008 30 | 01572 | 01699 | 01652 [ 01589 | 0.1623
H1792 NSCLC cells treated with DiD3
Drug[uM] 1 2 3 4 5 6 Drug[pM] 7 8 9 10 1 | 42
Background 0.0687 | 0.0676 0.068 | 0.0761 [ 0.0688
DMSO 0.7485 | 0.8095 | 0.7822 0.795 | 0.7505 7.5 | 07223 | 0.7165 0.76 | 0.7833 | 0.7881
0.3125 0.6762 | 0.7223 | 0.7736 | 0.7857 | 0.8055 10 | 0.8187 | 0.8302 | 0.8294 [ 0.7985 | 0.8088
0.625 0.7581 | 0.7665 | 0.7843 | 0.8107 | 0.8529 15 | 0.8376 | 0.8505 | 0.8865 [ 0.8851 | 0.7846
1.25 0.7154 0793 | 0.7841 | 08219 | 0.8329 20 | 0.9454 | 09476 | 09818 0.899 | 0.8681
2.5 0.729 0.7642 0.8003 0.7501 0.7659 25 0.8883 0.9267 0.9528 0.9249 0.8847
5 0.8226 | 09724 | 0.8958 | 0.9228 | 0.8293 30 | 0.8917 | 09614 | 09321 [ 0.8962 0.878
H1792 NSCLC cells treated with DiD5
Drug[uM] | 1 2 3 4 5 6 Drug[uM] 7 8 9 10 11 [ 12
Background 0.0714 0.0722 0.0698 0.069 0.0691
DMSO 0.794 | 07463 [ 0.7804 | 0.8099 | 0.8095 75 | 07589 [ 0.7879 | 0.8051 | 0.7729 | 0.7684
0.3125 0.743 | 0.7251 0.849 | 0.8262 | 0.7892 10 | 0.8026 | 0.8467 | 0.8628 [ 0.7885 | 0.8233
0.625 0.6843 | 0.8283 | 0.8383 | 0.8672 | 0.8783 15 | 0.8356 | 09191 | 08799 | 0.8964 | 0.8082
1.25 0.7713 | 0.7618 | 0.7892 | 0.8555 | 0.8334 20 | 09135 | 0.8961 | 0.8836 [ 0.9783 | 0.8326
2.5 0.7539 | 08855 | 0.8978 | 0.8648 | 0.8889 25 0.896 | 09381 | 09167 [ 09148 | 0.9016
5 0.7765 | 0.8166 | 0.8155 | 0.8333 | 0.8341 30 | 0.9429 | 0.9565 0948 | 09186 | 08877
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5. 1. 6 MTS Analysis of metabolites of QH 11 66 analogues.

ICs, summary for new benzodiazepines in H1792

Icso (HM) Icso Range (uM)

QH-11-66 6.027 6.027 — 6.563
MYM-I11-85 6.644 5.903 - 7.460
TA-1I-72 5.741 5.069 — 6.483
KRM-I11-70 5.240 4.474 - 6.107
NOR-KRM-111-70 (n = 2) 39.93, 43.91 34.56 —49.27
TA-11I-70 660.2 100.3 — 212,771
MYM-I1-43 95.70 63.19 —179.3
MYM-I-59 3.320e+35 infinity - infinity
MYM-IV-95 694.9 391.8- 2643
MYM-V-17 20.32 18.01 —22.97

MTS Analysis of Cook Compounds — Set 1A

H1792 H1792 H1792
125 1254
125
— K & —
F 1004 ] = 100 4 £ 100
= & 754 F T *
§ 15 £ 75 Nk
3 ] i
> 5o > L >
B . 2 . i
2 354 . o254 . & 354
0 T T 0 T T 0 T T
0.1 1 10 01 1 10 01 1 10
TAAI-72 (uM) MYM-II-BS (uM) QH-I1-66 (uM)
(CD;-QH-11-66)
ICso 5.741 6.644 6.027
95% CI 5.069 to 6.483 5.903 to 7.460 5.523 to 6.563

(profile likelihood)

TA-I1I-72 has 5 deuteriumsincluding an N-CD; with 2 deuteriumsin C-3 position. MYM 11 85 has only N -CD;.
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MTS Analysis of Cook Compounds — Set 1B

H1792 H1792 H1792
125 125 125
F 1004 F 1004 g 1004
:? T34 E; 75 1_’; u__i_'\'\F‘\\
3 & 8
= 304 s 504 s 50 .
G 25 S 254 3 254
0 T T 2 T T a T T
0.1 1 10 0.1 1 10 0.1 1 10
KRM-II-T0 (uM) NOR-KRM-II-T0 (uM) NOR-KRM-11-70 (ul)
1Cso 5.240 39.93 43.91
95% ClI 4.474 t0 6.107 34.56 to 49.27 40.48 to 48.01

(profile likelihood)

MTS Analysis of Cook Compounds — Set 1B (cont.)

H1792
1254
S e S e e = TR T
Z 754 )
]
< s04
& 25
'} T T
01 1 10
TAII-70 (uM)
ICso 660.2
95% Cl 100.3 to 212771

(profile likelihood)
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MTS Analysis of Cook Compounds — Set 2A

H1792 H1792
1254 1245
Emﬂ_ﬂ = 100 . L [ . ;Ei lt-_
z 15 z 15
i :
= a0+ = ab
o 25 o 23
0 T T 0 T T
01 i 10 [N} 1 10
MYM-1-42 {uld) MY M--59 {uM)
ICso 95.70 3.320e+035
95% ClI
(profile likelihood) 63.19t0179.3 -infinity to +infinity

MTS Analysis of Cook Compounds— Set 2B

H1792

H1792
1254
1254
g 100-—*—%—'—{% = 100
= —
E 75 ._3_?‘ 754
i i
3 50 ; 50
© 25 S 25
0
01 1I |I|:| 0I:I 1 ‘II 1I|:|
MYM-VI-95 (uM) MYMAAT
1Csp 694.9 20.32
95% ClI
(profile likelihood) 391.8 to 2643 18.01 t0 22.97
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5. 1. 7 Development of QHii066 as a Potentiator of Temozolomide in GBMs By Aniruddha
S. Karve, Advisor: Pankaj B. Desai, PhD

Development of QHii066 as a
Potentiator of Temozolomide
in GBMs

Aniruddha S. Karve
Advisor: Pankaj B. Desai, PhD

Cincinnati
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QHI1066: A Novel Benzodiazepine targeting a5-GABA,R

\ 0 Molecular weight 274.3 g/mol
N-—
logP (o/w) 2.6
Ka 3.9
_ =N P
5 Hydrogen Bond Donor Count 0
@ Hydrogen Bond Acceptor Count 2
= Rotatable Bond Count 2
O;E:E:-!Ilc §Z!__A! receptor Positive allosteric mogulation. Intrinsic pathway of apoptosis
fs functional Sygnificant Cl effix causes depalanzabion activated (=24 h),

BAD complaxes with p53

— % N-. i
.
lDopolyiullon!

Mitochondria Fission BAD-p53 complex

BAD, Bok-2-msvociated desth promater

UNIVERSITY OF

Cincinnati
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Formulation Development for QHiiD66

Co-solvent basedinjectable formulation (U.S.
FDA approved for Benzodiazepines)

Characteristics

Drug content (5 mg/mL)

Maximum drug solubility (10 mg/mL)

Propylene Glyco(40%)

Stable atroom temperature up to 6 months

Absolute ethanol (10%)

Stable at 4 C up to atleast 10 months

Benzoic acid (5%)

No effecton drug metabolism observed

SodiumBenzoate (5%)

No visible adverseffects observed in rats 12
hours after single dosiepadministration

Benzyl alcoho(1.5%)

Waterfor injection (q.9 andNaOHor HClfor
pH adjustment to 5.0

UNIVERSITY OF

Cincinnati
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In vitro Cytotoxicity studies of QHii066
(BT142-GFP -Luc cells)

QHii066 0.1 uM R —
.‘-i\ A
.
\;\ .
€ 10 3
n . QHII0E6
- & QHii0B6 + TMZ \
TMZ 1 uM  QHii066+TMZ 0.5uM | = ™z 1
L T 1
0 0.2 0.4 0.6 0.8 1
Concentration (uM)

C.I. = IC5,[QH+TMZJ/IC5,[QH] + IC5,[QH+TMZ/IC 5,[TMZ]

Combination index: 0.235
C.l. < 1 indicates synergy

UNIVERSITY OF

Cincinnati
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In vitro Cytotoxicity studies of QHii066 (G43 cells)

QHii066 1pMm m*
—a— =

1 QHii066

E l +— QHii066 +TMZ
@ + = TMZ
®
\ 1
QHii066+TMZ 0.1uM .\\'i"“x\ I
—~—3

e R I L L TR
o 10 20 30 40 50

Concentration (pM)

C.I. = IC5[QH+TMZ]/IC5,[QH] + IC5[QH+TMZ/IC 5,[TMZ]

Combination index: 0.02
C.l. < 1 indicates synergy

UNIVERSITY OF

Cincinnati
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Chemosensitization of a panel of GBM cells by

QHii066

Cell MGMT status Recurrence § IC;, TMZ JIC,, QH |IC;, QH (0.1 J Combination
line status (um) (um) UM) (non- Index

cytotoxic

concentratio

n) + TMZ

(uMm)
G76 |[Methylated Recurrent §1.31 0.613 0.103 0.24
G75 Methylated Primary 106.73 3.23 0.126 0.032
G43 Unmethylated Primary 165.43 6.67 0.360 0.018
BT142 | Unmethylated Primary 15.33 0.443 0.190 0.235

(IDH1 mutant)

UNIVERSITY OF

Cincinnati
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Mechanistic studies to Elucidate Potentiation of TMZ
activity (Inhibition of efflux pumps)

% ATPase activity

120

100

@
=1

@
=

o
a

Tt
=]

o

T

T Z+Sodium orthovanadate

TMZ+QHIDGE

Inhibition of AT Pase activity by QHii066

273

SB-Predeasy assay for MDR1 was
used to analyze effect of QHii066
on efflux of TMZ through ATPase
pumps (e.g. Pgp)

QHii066 inhibited efflux pumps at
1 uM concentration

ATPase pump inhibition by
QHii066 was comparable with
that by Na-orthovanadate, a well
known ATPase pump inhibitor
Further studies are required to
identify the ATPase pump
inhibited by QHii066 using
transformed Pgp overexpressing
MDCK1 and Caco2 cell lines.

UNIVERSITY OF

Cincinnati




In vitro PK studies for QHII066

Reaction mixture:
0.2 mg Human Liver microsomes
50 mM Phosphate buffer

Incubation times:
0, 10, 15, 30 and 60 min

1 mM MgCI2 .
Extraction solvent: Ethyl acetate
0.5 mM EDTA y
0.1 uM NADPH
Drug: 5 uMm
A) LC-MS/MS forQHii066 invitro metabolism B) LC-MS/MS for Midazolam invitro metabolism
T MS? k088 e s | T a0 01 -- -
Pl oAE— 7 I| J S

MES 4-HD-MDZ

| Mo des-methyl-GH-iI-066 observed 34z - 234

| MST 1-HO.MDZ
1z —= 328

UNIVERSITY OF

Cincinnati
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Intracranial Microdialysis

Perfusate
(0.1-5 pi/min)

Stereotaxic
implantation
\ of the cannula
guide

Microdialysis
probe

Shaft ‘\\g

Membrane b
Cannula head-piece | i~
Cannula guide —)

Brain cannula
guide

w—
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Part inserted in
animal’s brain

Microdialysis probe

Perfusate Dialysate

l

1
.I»l
1o
B% o S
Shaft a9 .: >
°
o}
O3 —
olet!
s0e! © o
o ! e
- I .
Semipermeable . M
2 A e ©
membrane ol %io e
e
o o
oo
Yoy >
5

UNIVERSITY OF
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Study Overview

/Concentric Probe Construction and Guide
Cannula (GC) preparation.

In vitro and in vivo recovery analysis for
probes indicate 20.5% in vitro and 25.78% in
vivo recovery of QHii066 through the probes

Extraction of QHii066 using ethyl acetate and
bioanalysis using LC-MS/MS and
Pharmacokinetic Modelling with Phoenix
WinNonlin® v 8.2.2

Pharmacokinetic Study
overview for QHii066

Surgeries performed on Jugular vein
catheterized (JVC) CD-IGS Rats (n=6; Male; b.w
>200 g; age > 6 weeks) for insertion of GC.
Rats acclimatized to GC overnight

Probe insertion through the GC and
equilibration followed by injection of QHii066
formulation (Dose: 5 mg/kg i.p.). Brain ECF
and blood collection through Probe and JVC at
0,0.5,1,2,4,6,8 and 10 h after injectionj

UNIVERSITY OF

Cincinnati
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Rat Brain ECF and Plasma PK studies for QHII066

* QHii066 Dose: 5 mg/kgi.p.

* Pharmacological observations:
Deep sedation

No visible response to toe pinch

Normal breathing and body
temperatures

Slow movements after 68 h post
administration

* Onset of action: ~ 0.5 h posti.p.
administration

* Duration of action:6-8 h posti.p.
administration

UNIVERSITY OF

Cincinnati
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PK Analysis Approach

¢ Mobile Phase: 95:5:0.001 Acetonitrile:Water:Formic acid
Extraction of QHii066 samples performed using liquid -liquid extraction method
Extraction solvent: Ethyl acetate

Assay and Extraction
Procedure
Development

~
e Sensitivity: 0.5 — 500 ng/mL
Lems/Msassay | Internal Standard: Diazepam
Development y
~
* Phoenix WinNonlin® v 8.2.2 was utilized for NCA and compartmental analysis
¢ Models were finalized based on %CV < 30 between predicted and observed PK
PK Analysis para meters

UNIVERSITY OF

Cincinnati
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Pharmacokinetics of QHii066 in Rat Plasma

1-compartmental PK Non-compartmental PK
Analysis Analysis
700 == 1000

|

i

QHIi066 Plasma Concentration (ng/mL)

QHIiN66 Plasma Concentration {ng/ml )

100 T T

Time (h)

UNIVERSITY OF

Cincinnati
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PK Parameters of QHii066 in Rat Plasma

1-compartmental Pharmacokinetics

of QHii066 in Rat Plasma

Non-compartmental Pharmacokinetics
of QHii066 in Rat Plasma

1
K01 3.45h Az 0.191h1
K10 0.241h1
AUC (0-10h 2392.16h* L
AUC 2768.875h*ng/mL Uc (0-10h) 392.16h*ng/m
Absorptiont1/2 0.201h Elimination t1/2 3.67h
Elimination t1/2 2.88h Cl/F 1.61L/h/kg
CI/F 1.805L/h/kg
Tmax 0.83h Tmax 1.00h
Cmax 545.89ng/mL Cmax 541.01ng/mL

UNI

VERSITY OF

Cincinnati
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Pharmacokinetics of QHii066 in Rat Brain
Extracellular fluid (Corrected for In vivo recovery)

1-compartmental PK Non-compartmental PK
Ana|ysis Analhrcice
3200 =
~ 1E+04
5 E
3 2
i -
= 2400 = o o
2 8 1000 L
& E 1800 §
wE w
& c
o [
& 20 — @
I 2
[=} 2
5
"_? ] I 1 ' T ' 1 ‘ I .I.v Y I

Time (h)

UNIVERSITY OF

Cincinnati

281



PK Parameters of QHii066 in Rat Brain ECF

1-compartmental Pharmacokinetics Non-compartmental
of QHii066 in Rat Brain ECF Pharmacokinetics of QHii066 in Rat
Brair=EGH
Cmax 2879ng/mL Cmax 2800ng/mL
Tmax 0.5h Tmax 0.5h
AUC(0-10h) 22656h*ng/mL AUC(0-10h) 14604h*ng/mL
K01 0.335 ht AUC(0-inf) 15352 h*ng/mL
K10 0.331 ht V/F 0.95 L/kg
V/F 0.67 L/kg Cl/F 0.325L/hr/kg
CI/F 0.22L/hr/kg Elimination
Elimination t1/2 2.01h
t1/2 2.09h Az 0.344h1
Absorption
t1/2 2.06 h

UNIVERSITY OF

Cincinnati
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QHii0&86 Concentration (ng/mL)

3500 —

3000

2500

2000

1500 —

1000
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Brain ECF:Plasma Partitioning of QHii066

] . —a— ECF Concentration

—#— Plasma Concantration

0 —-r.\..—...»\w'\‘.‘\.j

0 2 4 b 8 10

Time (h)
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Time (h) Brain ECF:PlasmaRatio

0.5 5.49
1 4.92
2 6.83
4 5.22
6 5.55
8 4.49

UNIVERSITY OF

Cincinnati




Comparative PK of Other Benzodiazepines

Rat Brain and Plasma PK of Diazepam Rat Plasma PK of Midazolam 2
?001_,
I DIAZEPAM
P DIAZEPAM £ 600
< 2 I
2 200 £
E 1004 % 400 AN
£ 7] - 5
g 4o § 200 ™1
; § b’fff‘—f:fi e
g 204 % ”’*}’;; ‘;"
a
< 0
IC-: 5t 0 10 20 30 40 50 60
71 3, i Time (min)
(¢} | 2 3 4 5 [
Diazepam Dose: 5 mg/kg i.p . Midazolam Dose: 0.75 mg/kg i.v.
t1/2=~09h t1/2=~15min

UNIVERSITY OF

Cincinnati

284



Future Studies

* PK Studies: Protein Binding Experiments
Caco-2 cell permeability experiments

Animal experiments to determine Total Brain
Concentration

* Mechanistic Studies: MGMT Methylation NGS
GABRAS expression studies

Cincinnati
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5. 1. 8 Genes In Heatmap

Cytokine.cytoki Radiation_vs_U QHII_vs_Untreat
ne.receptor.int ntreated_log2Fo Radiation_vs_U ed_log2FoldCha QHII_vs_Untreat
|genes eraction IdChange ntreated_padj nge ed_padj

ENSMUSG00000004814 |Ccl24
ENSMUSG00000005268  |Prir
ENSMUSG00000005824 |Tnfsf14
ENSMUSG00000008999 |Bmp7
ENSMUSG00000009185  |Ccl8
ENSMUSG00000017057 |ll13ral
ENSMUSG00000020007 |lI20ra
ENSMUSG00000020122  [Egfr
ENSMUSG00000021508 |Cxcl14
ENSMUSG00000023078 |Cxcl13
ENSMUSG00000023915 [Tnfrsf21
ENSMUSG00000024379 |[Tslp
ENSMUSG00000024620 |Pdgfrb
ENSMUSG00000024621 |Csflr
ENSMUSG00000026072 |li1rl
ENSMUSG00000026073  |ll1r2
ENSMUSG00000026180 |Cxcr2
ENSMUSG00000027358 |Bmp2
ENSMUSG00000027399 [ll1a
ENSMUSG00000027947 |ll6ra
ENSMUSG00000028019  |Pdgfc
ENSMUSG00000028599 |Tnfrsflb
ENSMUSG00000029231 |Pdgfra
ENSMUSG00000030748 |ll4ra
ENSMUSG00000031380 |Vegfd
ENSMUSG00000032440 |Tgfbr2
ENSMUSG00000034394  |Lif
ENSMUSG00000035448 |Ccr3
ENSMUSG00000037944  |Ccr7
ENSMUSG00000039760 |lI122ra2

3.548294193 0.002551078 3.824321839 0.031571673
2.959865947 0.04552787 3.849327512 0.574451203
1.643749172 0.047867046 0.666596253 0.74658225
6.8639052 0.000158975 1.74698418 0.740957377
1.375156483 0.00538401 0.810130665 0.613902131
0.793194692 0.034319086 0.044369475 0.987557181
6.048700666 0.002454351  -0.094380019 1
3.206446051 8.44171E-06 1.141366859 0.446352737
2.205415229 0.000836517 1.485213557 0.268408178
3.260817943 0.002640159 1.907345607 0.618653562
1.187055637 0.060159092 0.454936875 0.748232939
2.632825849 0.006068905 1.215496339 0.647795459
0.891687542 0.03138916 0.031536253 0.99946126
1.51635937 5.11361E-05 0.485051091 0.676433518
1.985242898 0.000144177 0.601226701 0.702257932
2.370631997 0.009841498 0.111099656 0.984706097
2.569297268 0.049932289 1.469016557 0.734178408
1.929939781 0.04448678 0.971370484 0.669849823
1.728433942 0.039022305 0.235877121 0.950340468
1.531930411 0.017257531 0.432766632 0.766884258
1.96144031 0.003859866 0.970590453 0.623275761
0.928942705 0.044978636 0.372939759 0.744188347
2.588389142 6.81893E-08 0.710676758 0.647795459
1.214904933 0.000219844 0.217686165 0.833517224
2.832655149 0.000598016 1.229574193 0.657152856
0.680753024 0.028152572 -0.044506973 0.97774378
1.458808863 0.044985142 0.471382863 0.786714006
2.271466983 0.036772793 1.568356741 0.631452833
1.719088041 0.024796193 0.399782834 0.838697858
6.596179235 0.002135483 0 1

B R R R R R R R R R R RRRRRRRRRERRRRRRRB B B B
OO0 0000000000000 O0D000DO0DO0O0DO0DO0DO0O0O0O0 OO
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ENSMUSG00000043088
ENSMUSG00000044244
ENSMUSG00000044337
ENSMUSG00000049103
ENSMUSG00000054263
ENSMUSG00000055737
ENSMUSG00000057722
ENSMUSG00000059201
ENSMUSG00000061353
ENSMUSG00000062960
ENSMUSG00000071713
ENSMUSG00000071714
ENSMUSG00000003032
ENSMUSG00000005251
ENSMUSG00000012350
ENSMUSG00000016028
ENSMUSG00000017144
ENSMUSG00000019851
ENSMUSG00000020042
ENSMUSG00000020176
ENSMUSG00000020961
ENSMUSG00000022382
ENSMUSG00000022479
ENSMUSG00000025105
ENSMUSG00000026167
ENSMUSG00000026413
ENSMUSG00000026589
ENSMUSG00000026971
ENSMUSG00000027356
ENSMUSG00000029026
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Cytokine.cytoki Radiation_vs_U QHII_vs_Untreat

ne.receptor.int ntreated_log2Fo Radiation_vs_U ed_log2FoldCha QHII_vs_Untreat
|genes eraction IdChange ntreated_padj nge ed_padj
117re 1 0 2.568171149 0.04552787 0.583057684 0.857136323
1120rb il 0 2.878955295 0.004515355 0.037612293 i,
Ackr3 1 0 1.252895345 0.035164731 0.591395625 0.701230018
Ccr2 1 0 1.247155789 0.008892927 0.596067254 0.651832556
Lifr il 0 1.744655058 0.000239182 0.830215641 0.574451203
Ghr 1 0 1.290037958 0.010764755 1.291699916 0.490248197
Lepr 1 0 3.59944499 0.000675947 0.722443563 0.750330922
Lep 1 0 3.038749581 0.031009532 3.172863193 0.3491081
Cxcl12 1 0 2.084623614 3.90205E-10 0.667040723 0.636697306
|Kdr 1 0 0.743869665 0.089426434 0.218970709 0.831092706
Csf2rb al 0 1.264255408 0.0040666 0.56783684 0.676433518
Csf2rb2 1 0 1.220479115 0.034578143 0.414111552 0.768671681
|Kifa 0 2.846309153 5.09593E-05 0.823758174 0.647795459
Ripk4 0 7.410340918 0.001769584 3.06403167 0.623275761
Ehf 0 4.087365974 0.069609143 1.865691527 0.720576226
Celsrl 0 3.446695173 0.003400843 0.28644433 0.91784845
Rnd3 0 1.009561035 0.050669479 0.193861481 0.879740653
Perp 0 7.378731769 3.87872E-05 0.321544416 0.861549122
|Btbd11 0 4.006336927 0.002974839 1.100295624 0.720576226
Grb10 0 1.857700176 0.000291413 1.072002297 0.335410006
Ston2 0 3.050704421 0.016532926 1.033386962 0.763284084
Wnt7b 0 4.796554738 0.013880412 1.19875237 0.722228706
Vdr 0 3.466119332 0.002628584 -0.215587034 0.928425037
|Bncl 0 9.232690337 0.000799253 1.59587272 1
Wnt10a 0 5.400724439 0.004658212 0.371504709 1
Pkpl 0 10.21850515 1.04647E-05 2.216418337 0.647799406
Secl6b 0 2.257989566 0.010680613 1.150530776 0.647795459
|itgb6 0 4.988916812 0.001414059 1.694504089 0.652360248
Fermtl 0 9.111978136 0.000714318 3.605584171 0.670586273
Trp73 0 5.201340871 0.016355386  -2.864985068 0.778089141



ENSMUSG00000029055
ENSMUSG00000029120
ENSMUSG00000029581
ENSMUSG00000030849
ENSMUSG00000032012
ENSMUSG00000032013
ENSMUSG00000032289
ENSMUSG00000033721
ENSMUSG00000037188
ENSMUSG00000039238
ENSMUSG00000040249
ENSMUSG00000047281
ENSMUSG00000048399
ENSMUSG00000049336
ENSMUSG00000051339
ENSMUSG00000054252
ENSMUSG00000055333
ENSMUSG00000057719
ENSMUSG00000067006

Cytokine.cytoki Radiation_vs_U QHII_vs_Untreat

ne.receptor.int ntreated_log2Fo Radiation_vs_U ed_log2FoldCha QHII_vs_Untreat
|genes eraction IdChange ntreated_padj nge ed_padj
Plch2 0 5.476568469 0.003807115 0.255895427 0.998619632
Ppp2r2c 0 4.621735839 0.028550552 -0.488463207 0.982243346
Fscnl 0 1.063156504 0.008266135 0.228574504 0.846392578
Fgfr2 0 5.975861505 0.000796147 3.290867382 0.548231958
Nectinl 0 4.267556824 0.000112487 1.342376711 0.550353814
Trim29 0 7.985130459 4.26749E-05 0.69550018 0.833673904
Thsd4 0 2.409862844 0.071128459 1.178310838 0.720576226
Vav3 0 1.43797027 0.042475269 0.115203249 0.965316732
Grhi3 0 2.647459104 0.015670573 0.033382887 1
Zfp750 0 7.959388867 0.002928016 2.468377641 0.675067952
Lrpl 0 0.770175201 0.009540141 0.051636827 0.971865446
Sfn 0 4.549928898 0.000274701 0.44502189 0.77597666
Tprg 0 6.5417506 0.003427368 0.836217828 0.947893317
Tenm2 0 6.940601282 0.000857526 0.847445735 0.899917729
2900026A( 0 1.604940764 0.018032395 0.029842498 il
Fgfr3 0 3.131966868 0.002289168 0.149387417 0.963187105
Fat2 0 2.098292592 0.049526436 0.079625403 0.988780451
Sh3rf2 0 7.384122993 0.000391975 0.420740201 1
Serpinb5 0 10.55238268 8.74853E-05 3.831192824 0.646732913
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ENSMUSG00000004814
ENSMUSG00000005268
ENSMUSG00000005824
ENSMUSG00000008999
ENSMUSG00000009185
ENSMUSG00000017057
ENSMUSG00000020007
ENSMUSG00000020122
ENSMUSG00000021508
ENSMUSG00000023078
ENSMUSG00000023915
ENSMUSG00000024379
ENSMUSG00000024620
ENSMUSG00000024621
ENSMUSG00000026072
ENSMUSG00000026073
ENSMUSG00000026180
ENSMUSG00000027358
ENSMUSG00000027399
ENSMUSG00000027947
ENSMUSG00000028019
ENSMUSG00000028599
ENSMUSG00000029231
ENSMUSG00000030748
ENSMUSG00000031380
ENSMUSG00000032440
ENSMUSG00000034394
ENSMUSG00000035448
ENSMUSG00000037944
ENSMUSG00000039760

Radiation_QHII_ Radiation_QHII_ Radiation_QHII_

vs_Untreated_lo vs_Untreated_p vs_QHII_log2Fol Radiation_QHII_

g2FoldChange  adj dChange vs_QHII_padj
2.26116435 0.352438728  -1.537385939 B 1
1.073524536 0.760473829  -2.658345415 1
0.201369712 0.912854511 -0.415272113 1
6.479470079 0.002857265 4.781176182 0.027507453
1.074068765 0.280286983 0.295298287 il
0.248801941 0.734452385 0.238038043 1
4.499058374  0.056848119  4.656248273 0.022877086
1.634735872 0.080087288 0.539400488
1.114856909 0.418975056  -0.330621707
2.118857596 0.261828244 0.242607531
0.192415743 0.886424041 -0.225703321
2.245177888 0.06389603 1.063370045
0.338781174 0.655228172 0.341983709
0.574415724 0.397017313 0.126696665
1.010133928 0.357479451 0.448747731
1.684901957 0.060734467 1.605499896 0.135047512
2.594930527 0.266023881 1.146293518 1
1.059982997 0.448558788 0.122804191 1
1.019475298 0.50888636 0.813384768 1
0.753957433 0.457810889 0.359905827 1
1.33179276 0.257419242 0.398956658 1
0.447818864 0.613765246 0.10792457 1
1.347628982 0.13616093 0.679812302 1
0.299879166 0.686563836 0.113961993 1
1.267733527 0.507242318 0.071495216 1
-0.041296695 0.962843689 0.042265727 1
1.037717277 0.400472527 0.622095471 ik
0.795010111 0.874174778 -0.713501316 1
0.753253687 0.54467461 0.382475495 1
6.888999358 0.024320261 6.96409912 0.036797118
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ENSMUSG00000043088
ENSMUSG00000044244
ENSMUSG00000044337
ENSMUSG00000049103
ENSMUSG00000054263
ENSMUSG00000055737
ENSMUSG00000057722
ENSMUSG00000059201
ENSMUSG00000061353
ENSMUSG00000062960
ENSMUSG00000071713
ENSMUSG00000071714
ENSMUSG00000003032
ENSMUSG00000005251
ENSMUSG00000012350
ENSMUSG00000016028
ENSMUSG00000017144
ENSMUSG00000019851
ENSMUSG00000020042
ENSMUSG00000020176
ENSMUSG00000020961
ENSMUSG00000022382
ENSMUSG00000022479
ENSMUSG00000025105
ENSMUSG00000026167
ENSMUSG00000026413
ENSMUSG00000026589
ENSMUSG00000026971
ENSMUSG00000027356
ENSMUSG00000029026

Radiation_QHII_ Radiation_QHII_ Radiation_QHII_

vs_Untreated_lo vs_Untreated_p vs_QHII_log2Fol Radiation_QHII_

g2FoldChange  adj dChange vs_QHII_padj
0.541016717 0.832265027  -0.006868196 B 1
1.526731043 0.075832435 1.53261208 0.232411342
0.290725109 0.798051836  -0.272761228
0.52495957 0.623465151 -0.0349283
0.921323551 0.321679172 0.136296081
0.203776667 0.880967345 -1.024944371
1.204868045 0.516482098 0.523691606
0.37740559 0.93633692 -2.767992521 0.826230966
0.829701375 0.349211832 0.200803307
-0.000488757 1 -0.182344129
0.261167086 0.783267596 -0.271317891
0.311323266 0.779588611 -0.073460466
1.696623658 0.007399836 0.912625811
6.426983696 6.37241E-05 3.471626337 0.257496234
3.304329126 0.185572868 1.491968189 d
1.81939874 0.219152348 1.570815239 0.731262924
0.143416513 0.899468721 -0.014830993 il
6.522659262 4.98586E-10 6.247082675 4.51557E-09
1.762264422 0.428626871 0.690784373 1
1.285659626 0.141293204 0.247995761 1
1.266942535 0.529617194 0.298749951 1
3.209773189 0.089575431 2.076828681 1
2.442647245 0.070527244 2.717762614 0.08585214
7.76036081 0.001988321 6.274775943 0.010577053
4.267910793 0.024291355 3.920400482 0.11068318
8.876462828 1.32954E-07 6.720400682 0.000113655
0.686179738 0.711889399 -0.434011965 ik
3.55291644 0.049168281 1.890323425 1
8.435123182 0.000694616 4.989040278 0.10092584
4.165160154 0.061002054 7.014039527 0.005846923
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5. 1. 9 Cook Lab Compounds Data Summary for TA-111-50, TA-111-52, TA-111-56, TA-111-
62

Cell Viability Studies by Dr. Laura Kallay

IC;, range (n = 3 unless noted)

QH-11-66 4.0-6.1 uM (n = 6)
TA-111-50 35.9—48.9 uM
TA-111-52 28.7 — 38.2 uM
TA-111-56 36.1 —43.0 uM
TA-111-62 144.3 —297.2 uM
TI-04-74 43.9-63.2 uM
CD3-QH-11-66 5.72 uM (n=1)

QH-11-66
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Cell Viabality (%%)

Cell Viakility (%)

TA-111-50
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TA-111-56
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H1792 H1792 H1792
1234 1254 1234
- 5
}:100-—‘—*—%—&—!{—}4& a0+ ;+f_§_}_§_}'¥_}‘- 3 ‘1uc1-4i—l—§—l-§—|—|-|h
= ) £ " F
Z 75 _ < s Z 75
| &= |
< s0d 3 50+ < s0d
T = T
O 254 25 O 254
1] T T ] T T 0 T T
01 i 10 0.1 1 i0 01 i 10
TA-III-5E {ub) TA-II-56 (uh) TAIII-56 {uM)
ICe = 36.53 ICey = 43.03 ICep = 36.14
H1792 H1792 H1792
1254 125 125
=" L‘—LE—"HF\L_ R e S
E = E s
< 75 = Z 75 . Z 75
A= ] u
3 504 < 504 3 504
s . z
25 o 754 o 254
1] T T ] T T ] T T
o1 1 10 01 1 0 o1 1 10
TA-III-6Z (M) TA-II-62Z (uM) TA-II-62 (uM)
ICop = 144.3 ICs = 240.0 ICap = 148.1

293



IT-04-75
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Assessment of new compounds in H1792 cells
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Evaluation of new QH-I1-66 stock in H1792 cells
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5. 1. 10 Data of lead compounds and their metabolites on cancer cell lines.

MTS Assay of Cook Compounds — Set 1

Pilot IMF of GBM cell lines
Compound Structure Compounds sent by
QH-II-66 HG o Taukir-
o
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D% o
N
D
13
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// —N
Y
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NOR-KRM-III-70 i \{) Dishary
4 =N
~N
N\
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4 —N
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11 | MYM-V-17 H 0 Yeunus
S
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ICso summary for new benzodiazepines in H1792

Compound ICs0 (UM) ICso Range (uM)
QH-II-66 6.027 6.027 - 6.563
MYM-III-85 6.644 5.903 - 7.460
TA-III-72 5.741 5.069 — 6.483
KRM-III-70 5.240 4474 -6.107
NOR-KRM-III-70 (n = 2) 39.93, 43.91 34.56 —-49.27
TA-III-70 660.2 100.3 - 212,771
MYM-1-43 95.70 63.19-179.3
MYM-I-59 3.320e+35 infinity - infinity
MYM-IV-95 694.9 391.8 - 2643
MYM-V-17 20.32 18.01 —22.97
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IC50 Values of Cancer compounds on different cell lines

SL Compound Code IC50 values on different cell lines (uM)
Lung Cancer | Medulloblastoma G3 | Melanoma Cell lines
H1792 D283 A375 B16F10
QH-1I-066 6.027, 4-6.1 34 2.7 8.2
KRM-III-70 5.240
KRM-II-08 0.8
KRM-III-77 16.3
NOR- QH-II-066 0.51
NOR-KRM-III-70 34.5-49.27 12.46
NOR-KRM-II-08 0.85
NOR-KRM-III-77 14.97
TA-III-50 35.9-48.9
TA-III-52 28.7-38.2
TA-III-56 36.1-43.0
TA-III-62 144.3-297.2
TI-IV-04 43.9-63.2
TA-III-70 660.2
TA-III-72 5.74
MYM-III-85 6.644
MYM-I-43 95.7
MYM-I-59 3.32E+35
MYM-IV-95 694.9
MYM-V-17 20.32
SH-1-75
Diazepam
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MTS Analysis of Cook Compounds — Set 1A

TA-II1-72
H1792
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0.1 1 10
TAI-72 {um)
ICsq 5.741
95% CI 5.069 to 6.483

(profile likelihood)

TA-III-72 has 5 deuteriums including an N-CD3 with 2 deuteriums in C-3 position

MYM-III-85

Cell Viability (%)
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QH-I1-066
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Nor-KRM-II1-70
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TA-III-70
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MYM-I-59
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MYM-V-17

H1792
125
H O
= 1004 N
£ 75 OH
§ 50 /N
z Z
QL 25«
5 . . Cl
0.1 1 10
MYM-V-17
MYM-V-17
20.32

18.01 to 22.97

The IC50 values of QH-1I-066 (6.027 uM) and MYM-III-85 (6.644 uM) are almost similar, TA-
II-72 (5.741 pM) and KRM-1II-70 (5.24 uM) also showed similar IC50 values. Among all these

four compounds, KRM-III-70 showed little better activity. The structures are as follows

HaONO G o DG o DG o
N\g N\/g O NK O N o
Z N =z N o= F N
N
N/
KRM-I1I-70 QH-11-066 MYM-111-85 TA-NI-72
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All these compounds have N-methyl group. Another compound MYM-V-17 also showed little
good activity with IC50 value 20.3 pM. This compound does not have N-methyl, it has N-H. If
we follow the trend and incorporate methyl group, then the N-methyl version of MYM-V-17
might be more active than any one of these compounds. The reason I am saying this because of

the IC-50 values of KRM-III-70 and NOR-KRM-III-70.

HaC
(0] H O
N\g N\/g
— /N
F“ N Z
~ N ~ N
N N
KRM-I111-70 NOR-KRM-I11-70
IC50 =5.24 uyM IC50 = 39.93 uM
H O
N
\ o \g,
N If we put N-methyl O ol OH
O OH - Z
& Cre

Cl
MYM-V-17

IC50=20.32
Might more active compound €50=20.32uM
Than any of other active compounds

This H1792 is a lung cancer stage 4 cell line. Previously we have done cell viability assay of
D283 which is medulloblastoma and A375 cell line which is malignant melanoma. QH II 66 is
the only compound, we have data for all three cell lines. KRM III 70 increased metastases on

D283 cell line but decreased on H1792 cell line*.

*Journal of Neuro-Oncology (2019) 142:411-422
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5. 2 Patent Disclosures:
5. 2. 1 Brain Penetrant Chemosensitizer to Treat Lung Cancer & Small brain penetrant
molecule to potentiate TMZ for glioblastoma

UWM Research Foundation July 6, 2021
Background Art Search REPORT

Title: Brain Penetrant Chemosensitizer to Treat Lung Cancer & Small
brain penetrant molecule to potentiate TMZ for glioblastoma

Inventor(s): James Cook, Soma Sengupta, Taukir Ahmed, Daniel Krummel,
Debanjan Bhattacharya, Donatien Kamdem Toukam, Aniruddha Karve, Laura

Kelly
OTT Matter: 1752 and 1753
Reviewer: Erin Puro
This report is intended to provide information surrounding the technology and any discussion within the background
e in no w. i an adm. that the d. back ind art is prior art.

A. SUBJECT MATTER

General Technology Description:

Non-small cell lung cancer (NSCLC) accounts for a majority (80%-85%) of lung cancer cases. The most common NSCLC
histological subtype (40-30%) is lung adenocarcinoma. A great majority of NSCLC patients with advanced stage of the
disease face local and/or distant recurrences, including metastasis to the brain, in the first 2 years after the completion of
primary treatment. More effective therapies are needed to boost tumor control, prevent metastasis, and improve overall
survival while mitigating side-effects.

We find that Type-A GABA neurotransmitter receptors (GABAARs) are expressed in not only cancers of the central nervous
system, but also systemic cancers. In previous studies we reported that by activating GABAAR function and signaling with
a new class of benzodiazepine analogs, tumor cells can be sensitized to radiation resulting in signficant tumor regression
in mouse models of medulioblastoma and melanoma (1-4). Our analysis of patient data has revealed that GABAAR
expression is present in both lung adenccarcinoma and squamous carcnoma subtypes. Leveraging this finding, we have
investigated if potentiating GABAAR in lung adenocarcinoma cells with = novel benzodiazepine analog called QH-II-066 as
well as other compounds of similar structure can impair tumor growth. We find that QH-II-066 treatment induces
apoptosis in patient-derived adenocarcinoma celis. We also find that QH-II-066 synergistically can potentiate the
chemotherapeutic docetaxel, even at an ineffective dose. We have generated a flank xenograft mouse model using patient
derived adenocarcinoma cells to evaluate the efficacy of QH-II-066 and will utiize this model to evaluate the ability of QH-
II-066 to sensitize tumor cells to docetaxel such that this drugs toxicity profile is reduced while it retains its potency. Our
long-term goal is to establish that the novel benzodiazepine analog QH-II-066 can function to potentiate chemotherapeutic
for treatment of NSCLC, thereby increasing its effectiveness and mitigating toxic side-effects.

Invention Features Seeking Protection:

GABAAR structure-function. GABA receptors (GABAARs) form pentameric chloride (Cl-) channels, composed most
commonly of two a, two B, and y subunts encoded by GABR genes GABRA (1-6), GABRE (1-3), and GABRG (1-3),
respectively (7.8) (Fig. 1a). GABAARs are fundamental in determining an excitation/inhibition balance in the central
nervous system. As a receptor mediating Cl- flux, GABAARs predominantly function to hyperpolarize neural cells, following
binding of its kgand GABA (Fig. 1b).

GABAAR activation. GABAARs have been an important therapeutic target since the clinical introduction of benzodiazepines
in the 1560s. Benzodiazepines bind at the y-o interface of GABAAR (Fig. 1a) and act to increase effectiveness of GABA and
thus enhance - flux (Fig. 1b). FDA approved benzodiazepines consist most commonly of fusion of diazepine and benzene
rings (1,4-benzodiazepine) and a phenol ring {5-phenyl-1H-benzo[e]) (Fig. 1c). J. Cock and his team (Univ. Wisconsin-
Milwaukee) introduced an ethinyl bond at R7 in place of a chiorine in Valium (Fig. 1c). which confers anti-cancer activity.
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Potential Areas of Application:

Healthcare & Cancer tumor treatment

Inventor Provided Background Art:

1. Sengupta S., Weeraratne S.D., Sun H, Phallen J., Rallapalli S.K., Teider N., Kosaras B., Amani V., Pierre-Francois J.,
Tang Y., Nguyen B., Yu F., Schubert S., Balansay B., Mathios D., Lechpammer M., Archer T.C., Tran P., Reimer R.]., Cook
J.M., Lim M., Jensen F.E., Pomeroy S.L., Cho Y.J. (2014). a5-GABAA receptors negatively regulate MYC-amplified
medulloblastoma growth. Acta Neuropathol. 127: 593-603.

2. Jonas O., Calligaris D., Methuku K.R. Poe M.M., Francois 1.P., Tranghese F., Changelian A., Sieghart W., Ernst M.,
Krummel D.A., Cook J.M., Pomeroy S.L., Cima M., Agar N.Y., Langer R., Sengupta S. (2016). First in vivo testing of
compounds targeting Group 3 medulloblastomas using an implantable microdevice as a new paradigm for drug
development. J. Biomed. Nanotech. 12(6): 1297-302.

3. Kallay L., Keskin H., Ross A., Rupji M., Moody O.A., Li G., Ahmed T., Rashid R., Stephen M.R., Cottrill K.A., Nuckols A.,
Zu M., Martinson D.E., Tranghese F., Wang X., Taylor M., Cook J., Kowalski J., Jenkins A., Pomeranz Krummel D.,
Sengupta S. (2019). Modulating native GABAA receptors in cancer cells with positive allosteric benzodiazepine-derivatives
induces cell death. J. Neuro-Oncol. 142: 411-422.

4. Pomeranz Krummel D.A., Nasti T.H., Izar B., Press R.H., Xu M., Lowder L., Kallay L., Rupji M., Rosen H., Su J., Curran
W., Olson J., Weinberg B., Schniederjan M., Neill S., Lawson D., Kowalski J., Khan M.K., Sengupta S. (2020). Impact of
sequencing radiation therapy and immune checkpoint inhibitors in the treatment of melanoma brain metastases.
International J. Radiation Oncology, Biology, Physics. 108(1): 157-163.

Debanjan Bhattacharya, Kamdem Donatien Toukam, Laura Kallay, Vaibhavkumar Gawali, Mario Medvedovic, Riccardo
Barrile Daniel A Pomeranz Krummel, Soma Sengupta

B. SOURCES AND FIELDS SEARCHED

Scientific Literature: Patent Databases:
Scientific and Technical Databases Innography (All sources)
X Google Scholar ] uspro
[ Other: X Google Patents
General Web Search [J International Patents
X List search engine(s): Google

Key Phrases and Keywords Searched:

benzodiazepines + TMZ + glioblastoma
benzodiazepines + DTX + lung cancer

C. SEARCHRESULTS AND FINDINGS

Patents

USES OF RADIATION AND BENZODIAZEPINE DERIVATIVES IN CANCER THERAPIES,
PCT/US2020/034169A1, EMORY UNIVERSITY, 22 May 2020 (22.05.2020)

This disclosure relates to uses of radiation and benzodiazepines optionally in combination with other anticancer agents
for treating cancer. In certain embodiments, this disclosure relates to methods of using radiation, benzodiazepines, and
check point inhibitors in cancer therapies.

Mention of radiation and benzodiazepine use for cancer therapy.

POTENTIATION OF ANTI-CANCER ACTIVITY THROUGH COMBINATION THERAPY WITH BER PATHWAY
INHIBITORS, PCT/US2011/032762, Tracon Pharmaceuticals, Inc., 15.04.2011

The disclosure generally relates to pharmaceutical compositions and methods for the treatment of certain cancers.
Provided herein are pharmaceutical compositions and methods of treating cancer wherein the cytotoxic activity of an
anticancer agent or radiation therapy is potentiated by the combination with base excision repair (BER) pathway inhibitors,
such as methoxyamine and PARP inhibitors.

Cancer is a worldwide problem. As such, finding compositions and methods for the treatment of cancer is of vital interest.
The treatment of cancer falls into three general categories: chemotherapy, radiation therapy, and surgery. Frequently,
therapies are combined since a combination of therapies often increases the probability that the cancer will be eradicated
as compared to treatment strategies utilizing a single therapy. Most typically, the surgical excision of large tumor masses
is followed by chemotherapy and/or radiation therapy.
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Chemotherapeutic anticancer agents work in a number of ways. For example, anticancer agents work by interfering with
cell cycle progression or by generating DNA strand breaks. If the cancer cell is not able to overcome the cell cycle blockage
or cell injury, the cell will often die via apoptotic mechanisms. However, in certain instances cancer cells develop resistance
to anticancer agents, which results either in the renewed spread of the cancer and/or the requirement for higher dosages
of the anticancer agent, which in some instances is toxic to the patient.

Mention of radiation therapy for cancer treatment.
Publications
HERRLINGER, “Lomustine-temozolomide combination therapy versus standard temozolomide therapy in patients

with newly diagnosed glioblastoma with methylated MGMT promoter (CeTeG/NOA-09): a randomised, open-label,
phase 3 trial,” Lancet 2019; 393: 678-88

Background There is an urgent need for more effective therapies for glioblastoma. Data from a previous unrandomised
phase 2 trial suggested that lomustine-temozolomide plus radiotherapy might be superior to temozolomide
chemoradiotherapy in newly diagnosed glioblastoma with methylation of the MGMT promoter. In the CeTeG/NOA-09
trial, we aimed to further investigate the effect of lomustine-temozolomide therapy in the setting of a randomised
phase 3 trial.

Methods In this open-label, randomised, phase 3 trial, we enrolled patients from 17 German university hospitals who
were aged 18-70 years, with newly diagnosed glioblastoma with methylated MGMT promoter, and a Karnofsky
Performance Score of 70% and higher. Patients were randomly assigned (1:1) with a predefined SAS-generated
randomisation list to standard temozolomide chemoradiotherapy (75 mg/m2 per day concomitant to radiotherapy
[59-60 Gy] followed by six courses of temozolomide 150-200 mg/m2 per day on the first 5 days of the 4-week course)
or to up to six courses of lomustine (100 mg/m?2 on day 1) plus temozolomide (100-200 mg/m?2 per day on days 2-6 of
the 6-week course) in addition to radiotherapy (59-60 Gy). Because of the different schedules, patients and physicians
were not masked to treatment groups. The primary endpoint was overall survival in the modified intention-to-treat
population, comprising all randomly assigned patients who started their allocated chemotherapy. The prespecified test
for overall survival differences was a log-rank test stratified for centre and recursive partitioning analysis class. The trial
is registered with ClinicalTrials.gov, number NCT01149109.

Mention of temozolomide therapy with glioblastoma.
BOGGS, "Strategies to Prevent Brain Metastasis in High-Risk Non-Small-Cell Lung Cancer: Lessons

Learned From a Randomized Study of Maintenance Temozolomide Versus Observation,” Clinical Lung
Cancer, Volume 15, Issue 6, November 2014, Pages 433-440

This study investigated whether maintenance temozolomide (TMZ) after definitive therapy for locally advanced non-small-
cell lung cancer (NSCLC) could decrease the incidence of brain metastasis (BM).

Eligible patients included those with stage IIIA, IIIB, or IV (for stage 1V, only with malignant pleural/pericardial effusion)
NSCLC with no BM at diagnosis and stable disease, partial response, or complete response after first-line chemotherapy
using at least 2 agents. Patients were randomized to observation or TMZ (75 mg/m2 for 21 consecutive days followed by a
7-day rest for up to 6 cycles or progression). The primary end point was incidence of radiographically diagnosed BM within
12 months from day 1 of first-line chemotherapy. Secondary end points included overall survival (0OS), time to
progression, incidence of BM at first progression, and toxicity.

The study was closed early on the basis of a futility analysis; 45 of 53 enrolled patients were evaluable from an original
target of 100. No difference was noted in the incidence of BM at 1 year in the TMZ and observation groups (18% and 13%,
respectively), in median time to progression (11.7 and 10.7 months, respectively), or in median OS (27.1 and 22.5
months, respectively). Common Terminology Criteria for Adverse Events grade 3 or 4 adverse events were 46% in the
TMZ group and 19% in the observation group.

TMZ monotherapy does not appear to decrease the incidence of BM in patients with locally advanced NSCLC. These results
considered in the context of the existing literature have implications for future clinical trial design.

Mention of temozolomide therapy for treating lung cancer.

Laura Kallay, Alexandra Ross, Olivia Moody, Guanguan Li, James Cook, Tobey MacDonald, Andrew
Jenkins, Daniel Pomeranz Krummel, and Soma Sengupta, "PATH-50. UNDERSTANDING THE MECHANISM OF
BENZODIAZEPINE MEDIATED CELL DEATH IN GABRAS OVEREXPRESSING GROUP 3 MEDULLOBLASTOMAS,”
Winship Cancer Institute, Emory, University Hospital, Atlanta, GA, USA, 2Department of Pharmacology, Emory
School of Medicine, Atlanta, GA, USA, 3Departments of Chemistry, University of Wisconsin-Milwaukee, Milwaukee,
WI, USA, 4Department of Pediatrics, Children’s Hospital of Atlanta, Atlanta, GA, 2017

Medulloblastoma (MB) is a common pediatric malignant primary brain tumor originating in the posterior fossa. MB is
generally classified into one of four molecular subgroups: Wnt, Shh, Group 3, and Group 4. Group 3

is the most clinically aggressive of the four and exhibits a molecular signature that includes over-expression of the GABRAS
isoform of the GABAA neurotransmitter receptor. Paradoxically, we previously observed that by administration of a positive
modulator of the GABAA neurotransmitter receptor, a benzodiazepine, Group 3 cells with a GABRAS signature could
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be arrested. We subsequently reported on use of a novel microdevice to screen a broad range of benzodiazepine
compounds that functioned as GABRAS positive modulators. This study identified a new benzodiazepine compound (KRM-
I1-08) that was particularly efficacious and thus an attractive candidate as a therapeutic against Group 3 MB. Using KRMII-
08 we have examined how a benzodiazepine can effectively arrest Group 3 MB cells. We report on the mechanism
underlying the cell cycle arrest.

Mention of benzodiazepine in treating brain tumors.
RIVA, “Radiotherapy, Temozolomide, and Antiprogrammed Cell Death Protein 1 Treatments Modulate the

Immune Microenvironment in Experimental High-Grade Glioma,” Neurosurgery, Volume 88, Issue 2, February
2021, Pages E205-E215,

The lack of immune synergy with conventional chemoradiation could explain the failure of checkpoint inhibitors in current
clinical trials for high-grade gliomas (HGGSs).

To analyze the impact of radiotherapy (RT), Temozolomide (TMZ) and antiprogrammed cell death protein 1 (aPD1) (as
single or combined treatments) on the immune microenvironment of experimental HGGs.

Mice harboring neurosphere /CT-2A HGGs received RT (4 Gy, single dose), TMZ (50 mg/kg, 4 doses) and aPD1 (100 pg, 3
doses) as monotherapies or combinations. The influence on survival, tumor volume, and tumor-infiltrating immune cells
was analyzed.

RT increased total T cells (P = .0159) and cluster of differentiation (CD)8+ T cells (P = .0078) compared to TMZ.
Lymphocyte subpopulations resulting from TMZ or aPD1 treatment were comparable with those of controls. RT reduced M2
tumor-associated macrophages/microglia (P = .0019) and monocytic myeloid derived suppressor cells (mMDSCs, P =
.0003) compared to controls. The effect on mMDSC was also seen following TMZ and aPD1 treatment, although less
pronounced (P = .0439 and P = .0538, respectively). Combining RT with TMZ reduced CD8+ T cells (P = .0145) compared
to RT alone. Adding aPD1 partially mitigated this effectas shown by the increased CD8+ T cells/Tregs ratio, even if this
result failed to reach statistical significance (P = .0973). Changing the combination sequence of RT, TMZ, and aPD1 did not
alter survival nor the immune effects.

RT, TMZ, and aPD1 modify the immune microenvironment of HGG. The combination of RT with TMZ induces a strong
immune suppression which cannot be effectively counteracted by aPD1.

Keywords: High-grade glioma, Glioblastoma, Combination therapies, Immunotherapy, PD1, Temozolomide, Stereotactic
radiotherapy

Mention of radiotherapy with TMZ as potential therapy for tumors.

SUTTER, “Peripheral benzodiazepine receptor ligands induce apoptosis and cell cycle arrest in human
hepatocellular carcinoma cells and enhance chemosensitivity to paclitaxel, docetaxel, doxorubicin and the Bcl-2
inhibitor HA14-1,” Journal of Hepatology, Volume 41, Issue 5, November 2004, Pages 799-807

Hepatocellular carcinoma (HCC) is one of the most common causes of cancer deaths worldwide. Thus, novel therapies are
urgently needed. A promising approach is the use of peripheral benzodiazepine receptor (PBR) ligands which inhibit the
proliferation of various tumors.

PBR expression both in human HCC cell lines and in tumor specimens of HCC patients was analyzed by RT-PCR and
immunostaining. To evaluate PBR ligands for the treatment of HCC, we tested their effects on human HCC cells.

PBR was localized to the mitochondria both of HCC cell lines and tumor tissues of HCC patients. In contrast, normal liver
did not express PBR. PBR ligands inhibited the proliferation of HCC cell lines by inducing apoptosis and cell cycle arrest.
Apoptosis was characterized by a breakdown of the mitochondrial membrane potential, caspase-3 activation and nuclear
degradation. Furthermore, pro-apoptotic Bax was overexpressed while anti-apoptotic Bcl-2 and Bcl-XL were suppressed.
Cell cycle was arrested both at the G1/S- and G2/M-checkpoints. Synergistic anti-neoplastic effects were obtained by a
combination of PBR ligands with cytostatic drugs (paclitaxel, docetaxel, doxorubicin), or with an experimental Bcl-2
inhibitor.

This is the first report on the induction of apoptosis and cell cycle arrest by PBR ligands in HCC cells. Moreover, PBR
ligands sensitized HCC cells to taxans and doxorubicin.

Keywords: BaxBcl-2 Chemoresistance Chemotherapy Peripheral benzodiazepine receptor Apoptosis Cell cycle
Mention of benzodiazepines for cancer treatment.

O’MALLEY, “Effects of Cigarette Smoking on Metabolism and Effectiveness of Systemic Therapy for Lung Cancer,”
Journal of Thoracic Oncology, Volume 9, Issue 7, July 2014, Pages 917-926

Cigarette smoke associated polycyclic aromatic hydrocarbons can induce key drug-metabolizing enzymes of cytochrome
P450 and isoforms of the glucuronyl transferases families. These enzymes metabolize several systemic therapies for lung
cancer. Induction of these enzymes may lead to accelerated clearance with resultant impact on systemic therapy efficacy
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and toxicity in smokers compared with nonsmokers. This article reviews published literature regarding the influence of
smoking as it relates to alteration of metabolism of systemic therapy in lung cancer.

A structured search of the National Library of Medicine’s PubMed/MEDLINE identified relevant articles. Data were
abstracted and analyzed to summarize the findings.

Studies that analyzed pharmacokinetic data were prospective. Smokers receiving erlotinib exhibited rapid clearance,
requiring a higher dose to reach equivalent systemic exposure compared with nonsmokers. Smokers receiving irinotecan
also demonstrated increased clearance and lower systemic exposure. There was no difference in clearance of paclitaxel or
docetaxel in smokers. Chemotherapy-associated neutropenia was worse in nonsmokers compared with smokers in patients
treated with paclitaxel, docetaxel, irinotecan, and gemcitabine.

Systemic therapy for lung cancer has a narrow therapeutic index such that small changes in plasma concentrations or
exposure in smokers may result in suboptimal therapy and poor outcomes. Smoking cessation must be emphasized at
each clinical visit. However, prospective trials should take into consideration the effects of smoking history on drug
pharmacokinetics and efficacy. The metabolizing enzyme phenotype in smokers may require individualized dose algorithms
for specific agents.

Key words: Pharmacokinetics Pharmacodynamics Smoking Chemotherapy metabolism Nicotine Response Toxicities Lung
cancer

Mention of docetaxel (DTX) for lung cancer treatment.

Cheepsattayakorn, Attapon; Cheepsattayakorn, Ruangrong, “Lung Cancer Chemotherapy, New Treatment and
Related Patents,” Recent Patents on Anti-Cancer Drug Discovery, Volume 9, Number 3, 2014, pp. 372-381(10)

The majority of patients with lung cancer present with advanced stage which contributes to death of more people than any
other malignancy in the world. The discovery of a number of lung cancer-molecular alterations contributes to uniquely
targeted therapies with specific inhibitors for non-small cell lung cancer such as erlotinib, gefitinib and crizotinib.
Pemetrexed has statistically shown significantly reduced adverse side effects of drug compared with docetaxel. V1801, an
analog of gefitinib may overcome gefitinib resistance in patients with non-small cell lung cancer. Thymosin al, an
immunomodulator significantly improves patient’s quality of life by enhancing T-cell function, stimulation of Tcell
maturation and differentiation. Various novel compounds and chemotherapeutics were introduced in 2013 patents such as
taxane, quinazoline, arylamino purine, benzodiazepine, pyrrolopyrimidine, nitrobenzamide, cyclopropane amide, 4-iodo-3-
nitrobenzamide, heteroaryl (alkyl) dithiocarbamate, and histone deacetylase in treating non-small-cell lung cancer and
piperidine, piperazine, picoplatin, and arsenic trioxide in treating small-cell lung cancer.

Keywords: Cancer; chemotherapy; lung; lung cancer-molecular alterations; related patents; treatment

Mention of benzodiazepine in treating small cell lung cancer.

D. DOCUMENTS CONSIDERED TO BE OF DIRECT RELEVANCE

Citation of patent/ document/ classification Comments
USES OF RADIATION AND BENZODIAZEPINE DERIVATIVES IN Mention of radiation and
CANCER THERAPIES, PCT/US2020/034169A1, EMORY UNIVERSITY, 22 benzodiazepine use for cancer therapy.

May 2020 (22.05.2020)

POTENTIATION OF ANTI-CANCER ACTIVITY THROUGH
COMBINATION THERAPY WITH BER PATHWAY INHIBITORS,
PCT/US2011/032762, Tracon Pharmaceuticals, Inc., 15.04.2011

HERRLINGER, “Lomustine-temozolomide combination therapy versus
standard temozolomide therapy in patients with newly diagnosed
glioblastoma with methylated MGMT promoter (CeTeG/NOA-09): a
randomised, open-label, phase 3 trial,” Lancet 2019; 393: 678-88

X Further documents are listed in the continuation of Box D. ] No further documents attached.

E. RESULTS AND FINDINGS

Summary of Search Results:

Some references were provided by the University of Cincinnati as potential prior art. The remaining publications were found
by UWMRF and should be reviewed by the inventors for any overlapping concern.

F. OVERALL OPINION

Recommendations:

This technology was filed for a PPA by the University of Cincinnati. It is listed as Active in our system at UWM. We would like
to have a conversation with both universities to discuss the potential licensing interests of the inventors’ startup company
before consideration of converting the PPA to a utility patent.
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brain penetrant molecule to potentiate TMZ for glioblastoma
Inventor(s): James Cook, Soma Sengupta, Taukir Ahmed, Daniel Krummel,

Debanjan Bhattacharya, Donatien Kamdem Toukam, Aniruddha Karve, Laura
Kelly
OTT Matter: 1752 and 1753

Reviewer: Erin Puro

This repoet is intended to provided a market overview, comparison of exisiting competing products, product vision and applicaitions,
commerdal and licensing potentiai for the purposes of dispositioning a disclosure technoiogy.

A. SUBJECT MATTER

Non-small cell lung cancer (NSCLC) accounts fora majority (809%-85%) of lung cancer cases. The most common
NSCLC histological subtype (40-50%%) is lung adenocarcinoma. A great majority of NSCLC patients with advanced stage of
the disease face local and/or distant recurrences, including metastasis to the brain, in the first 2 years after the completion
of primary treatment. More effective therapies are needed to boost tumor control, prevent metastasis, and improve overall
survival while mitigating side-effects.
We find that Type-A GABA neurotransmitter receptors (GABAARs) are expressed in not only cancers of the central nervous
system, but also systemic cancers. In previcus studies we reported that by activating GABAAR function and signaling with a
new class of benzodiazepine analogs, tumor cells can be sensitized to radiation resuking in significant tumor regression in
mouse models of medullioblastoma and melanoma (1-4). Our analysis of patient data has revealed that GABAAR expression
is present in both lung adenocarcinoma and squamous carcinoma subtypes. Leveraging this finding, we have investigated #
potentiating GABAAR in lung adenocarcinoma cells with a novel benzodazepine analog called QH-1I-066 as well as other
compounds of similar structure can impair tumor growth. We find that QH-II-066 treatment induces apoptosis in patient-
derived adenocarcinoma cells. We also find that QH-1I-066 synergistically can potentiate the chemotherapeutic docetaxel,
even at an ineffective dose. We have generated a flank xenograft mouse model using patient derived adenccarcinoma cells
to evaluate the efficacy of QH-1I-066 and will utilize this model to evaluate the abilty of QH-II-066 to sensitze tumor cells
to docetaxel such that this drugs toxicity profiie is reduced while it retains its potency. Our long-term goal is to establish
that the novel benzodiazepine analog QH-II-066 can function to potentiate chemotherapeutic for treatment of NSCLC,
thereby increasing its effectiveness and mitigating toxic side-effects.

B. MARKET OVERVIEW

Brain tumors is one of the leading cause of cancer which is common among chidren and teenagers. Glioblastoma (GBM) is
most common grade four tumor, is makgnant and contains dead tumor cells. It is also called as Ghioblastoma multiforme, it
has variants of giant cell Glioblastoma and gliosarcoma found in cerebral hemisphere of brain. The exact cause of this
tumor is not known but is also found in spinal cord and represents about 15.4% of all primary brain tumors. Globlastoma is
also difficult to treat because of number of different types of cells and thus combines various treatment plans combined.
The drugs involved in treating ghoblastoma are antineoplastic orcytotoxic drugs. There is significant development in
chemotherapy drugs to treat the malignant tumors and each year there are new drugs in the market to overcome the
blood-brain barrier.

Glioblastoma Treatment Drugs Market: Drivers & Restraints

Glioblastoma is a complicated disease and thus the treatment for t involves various approaches combining various
treatments which s the major market driver for Ghoblastoma treatment drugs market. Treating such tumors is a challenge
which forces the researchers to look for diagnosis and newer chemotherapy drugs. Changing demography, access to
healthcare facilties and financial demands are some factors which are lagging in the further developments of glicblastoma.
Gaining better understanding of this disease and efficient treatment will improvise which is only possible through
developments in melecular mechanisms, clinical trials leading to more promising and tadored therapeutic approaches.

Glioblastoma Treatment Drugs Market: Overview

The market for Ghoblastoma treatment drugs will grow significantly as the increasing cases of ghoblastoma where doctors
are looking for newer drugs and treatment methods to overcome the disease. 'Quality of e’ has become an essential
factorin the survival of cancer patients which is driving the market for new drug development methods with different
approaches. It is a leading cause of cancer in children and males it is mostly encountered in the developed economies as
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U.S, U.K and Asian countries. There are various organizations which are supporting Glicblastoma patients and efforts are
being taken to improvise the treatments related to it.

Glioblastoma Treatment Drugs Market: Region-wise Outlook

Worldwide, there are an estimated 240,000 cases related to brain cancer and Globlastoma is most common and lethal
disease. Every year in U.S there are about 18000 people diagnosed with GBM and in European countries 25000 cases
therefore there is prime incidences of this disease. More treatments are coming forward which can be used alone orin
combination with radiotherapy and chemotherapy, but there are chances of reappearance. For long term survival of in
glicblastoma, there are newer combination therapies studied and various clinical trials are in order to fight against these
disease.

Glioblastoma TreatmentDrugs Market: Key Players

The key players for the Glicblastoma Treatment Drugs Market are F, Hoffmann-La Roche AG, Merck & Co., Inc., Sandoz,
Arbor Pharms LLC., Emcure Pharmaceuticals Ltd., Bristol-Myers Squibb Company and Sigma-Tau Pharmaceuticals, Inc.

The global brain tumor diagnosis
and therapeutics market was valued
at USD 354.9 million in 2015 and is
expected to grow at a CAGR of

8.1% over the forecast period. l[,
Rising prevalence of such cancer -
and growing geriatric population are 131 1423 = e

key drivers expected to nurture U =

growth of brain tumor diagnosis =l

market worldwide.

As per statistics published by the } s ; . . . . 3 i . .

WHO in 2012, more than14 million MY 2015 2016 27 2018 2019 2030 2071 2002 003 202 2025
new cases of cancer and about 8.2 ; :
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the augmenting growth of the

disease. Furthermore, it stated that morbidity is expected to increase by about 70.0% over the next two decades., Simdar
data was published by the Global Health Observatory (GHO) in 2015, which stated that the number of premature deaths
due to cancer is expected to increase by 44.0% by 2030.

As per the Central Brain Tumor Registry of the United States (CBTRUS) statistical report 2016, an estimated 79,270 new
cases of primary malignant, nonmalignant, and other CNS cancers are anticipated to be diagnosed in the U.S. in 2017
(26,070 primary malignant and 53,200 nonmalignant). Increasing prevalence of brain cancer cases across the globe s
expected to propel the demand of brain tumor diagnosis over the forecast period.

Population above 60 years of age forms the target demographic segment for this vertical, as this population subset is more
prone to neurological condttions, Advancement of diagnostics equipment increases the |fespan of this demographic and
improves the quality of life for those suffering from neurological conditions. Hence, presence of a large geriatric population
pool is considered as a vital driver for this industry.

Type Insights

Computer Tomography {CT) dominated the type segment with over 38.0%0f the market share in 2015 and is expected to
witness lucrative growth during the forecast period. It displays higher efficiency in delivering doses of cancer tissue
damaging radiation in comparison to conventional X-rays. This augments use of CT scans for diagnosing diseases.

According to an independent survey, around 3 milion CT scans are carried out each year in the UK. Furthermore, this
scanning rate per person is approximately five times greater than that in the U.S., which promises lucrative growth of the
segment over the forecast period. In addition, initiatives taken by various governments worldwide to raise awareness
regarding brain tumor prevalence and diagnosis are expected to positively impact growth.

MRI follows the CT scan segment and is expected to register profitable growth over the forecast period. These devices are
utifized by numerous neurolegists because of their accuracy in analysis. Furthermore, they also provide detailed images of
the anatomy of the brain, thereby helping in accurately identifying the location of possible cancerous tissue. Amalgamation
of CT scan with PET technology (PET-CT Scan) is used to in case of analysis of lumps while a patient is undergoing
treatment. The PET-CT scan is often used for diagnosis when CT scan and MRI are unable to provide enocugh information.

Therapeutics Insights
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Owing to the rising incidence of brain tumor and augmenting death rate, the market for its treatment is also anticipated to
witness lucrative growth over the forecast period. Various government and independent organizations, such as the WHO,
American Brain Tumor Association, and International Brain Tumor
Alliance, are working toward supporting avadability of treatment
and conducting research on novel cure for the disease.

On the basis of therapeutics, the market has been segmented into
radiation therapy, chemotherapy, targeted therapy, surgery, and
immunotherapy. As of 2015, surgery is anticipated to contribute
highest revenue to the brain tumor and therapeutics market. The
low awareness levels and Bmted treatment options leading to
aggravation of the disease to grade IV stage, are expected to
boost the demand for surgeries.

Radiation therapy is anticipated to exhibit significant growth over
the forecast period as this therapy kills the cancer cells by using
X-rays, gamma rays, or protons and is the second best choice
Notth America  =Europe  =AsiaPacfic =Latin America =MEa  after surgery.

Rising preference for akylating neoplastic agents, such as carmustine, vincristine, lomustine, procarbazine, and
temozolomide, for chemotherapy is expected to contribute favorably to the growth of this vertical. For instance, various
new drugs are in pipeline of leading players, such as varklumab by Celldex Therapeutics.

Regional Insights

North America held more than 45.0% share in the global brain tumor diagnosis and therapeutics market in 2015,
Developed heakhcare infrastructure, greater per capita healthcare spending, and comparatively higher awareness regarding
advanced technologies are certain impact rendering factors.

Europe is expected to contribute signficantly to this space over the forecast period, which can be attributed to the
increasing prevalence of malignant cancers in the countries like the UK. For instance, as per statistics provided by the Office
for National Statistics, UK, in 2014, around 10,981 new cases were registered in the region.

Competitive Insights
Some of the key players operating in this space are GE Healthcare; Hitachi, Ltd.; Philips Heakhcare; Siemens Healthineers;
Toshiba Corporation; Fujifilm Corporation; Shimadzu Corporation; and Carestream Health.

New product development, geographical expansion, coflaborations, mergers & acquisitions, and pricing strategies are the
key undertakings of these players in this vertical. For instance, in November 2016, Toshiba Corporation launched new
Vantage Galan 3T MR scan, an advanced imaging technigue with improved high-qualty imaging, which finds high
application in neurclogical cancer diagnosis.

Oncolegy Drugs Market Overview:
The global oncology drugs market was valued at $128,352 million in 2019, and is projected to reach $222,380 million by
2027, registering a CAGR of 7.4%.

Cancer is a group of diseases associated with abnormal cell growth with the potential to plague or spread to other parts of
the body. Major types of cancers include carcinomas, sarcomas, lymphomas, and leukemia. Sarcomas begin in the connective
tissue such as muscle or bones. Soft-tissue sarcomas can begin in fatty tissues. Moreover, the treatment of cancer in patients
requires the use of different drugs like hormonal therapy, immunotherapy, targeted therapy, and cthers. Furthermore,
biological drugs on the basis of monoclonal antibodies (mAbs) have emerged as a preferred option to treat various cancer
types, especially blood cancer (leukemia). Rise in incidence of various cancer conditions, increase in popularity of advance
therapies (biclogical and targeted drug therapies), and surge in geriatric population worldwide are the key factors driving the
growth of the global oncology/cancer drugs market. Furthermore, rise in cancer awareness and avaifability of cancer drugs
are expected to boost the market growth.

The COVID-1S pandemic has disrupted virtually each aspect of heakhcare provision including cancer care. The outbreak of
Coronavirus disease (COVID-19) has acted as a significant restraint on the oncology/cancer drugs market in 2020 as supply
chains were disrupted due to restrictions on trade of pharmaceutical ingredients and products across countries. In addition,
COVID 19 is an infectious disease with flu-like symptoms including fever, cough, and difficuky in breathing. COVID-19
pandemic has impacted the most crucial areas of the oncology/cancer drugs market by disrupting chnical trials and drug
supply chains. Pandemic has directly affected the supply of oncology drugs to cancer patients; it is dfficult to administer
chemotherapy and certain other treatments outside of a clinic. Also, the spread of coronavirus has reduced patients’
willingness and ability to access not just treatments, but trials for new medicines. COVID-19's interference with the research
and development of new treatments is one of the most significant blows to the cancer drugs market. According to, Centre for
Drug Development (UK), the pandemic initially drew recrutment for UK dinical trials to an almost complete pause.
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The growth of the global oncology/cancer drugs market is majorly driven by increase in incidence of various cancer condzions,
rise in popularity of advance therapies (biological and targeted drug therapies), and surge in geriatric population worldwide.
Furthermore, rise in cancer awareness and availability of cancer drugs are expected to boost the market growth. However,
high cost involved in new drug development coupled with threat of failure & adverse effects associated with cancer drugs
therapies is expected to restrain the growth of the market. Conversely, high potential of emerging economies and increase
in number of pipeline products are expected to provide new opportunities for market players in future.

The global oncology/cancer drugs market is segmented on the basis of drug class type, indication, and region. By drug class
type, the market is divided into chemotherapy, targeted therapy, immunotherapy (biologic therapy), and hormonal therapy.
By indication, it is categorized into lung cancer, stomach cancer, colorectal cancer, breast cancer, prostate cancer, liver
cancer, esophagus cancer, cervical cancer, kidney cancer, bladder cancer, and other cancers. Region wise, the market is
studied across North America (U.S., Canada, and Mexico), Europe (Germany, France, the UK, Italy, Spain, and rest of Europe),
Asia-Pacific (China, Japan, Australia, Indiz, South Korea, and rest of Asia-Pac¥ic), and LAMEA (Brazil, South Africa, Saudi
Arabia, and rest of LAMEA)

Segmental review

By drug cdlass type, the targeted therapy segment is anticipated to grow with the largest share throughout the forecast period.
This is attributed to the identfication of molecular targets of cancer cells. Recent advances in ceflular technology and gene
therapy have contributed to improve the understanding of tumor cells and their metabolism at molecular level, thus driving
the need for targeted drug therapies for cancer treatment. On the other side, the demand for immunotherapy is projected to
exhibit the fastest global oncology/cancer drugs market. growth during the forecast period.

North America accounted for the largest share of revenue in 2019, and i anticipated to maintain its dominance from 2020
to 2027, owing to presence of large patient population and early adoption of advance drugs. However, Asia-Pacific is expected
to grow at the highest CAGR, owing to increase in disposable income; surge in research, development, & innovation activities;
and rise in awareness related to diferent cancers. Moreover, rise in incidence of cancer worldwide fuels the global
oncology/cancer drugs market growth.

Some of the key players operating in the global oncology/cancer drugs market. include AbbVie Inc. Amgen, Astellas Pharma
Inc., AstraZeneca PLC, Bristol-Myers Squibb Company, F. Hoffmann-Lz Roche Ltd., Johnson & Johnson (Janssen Global
Services, LLC,), Merck & Co., Inc., Novartis AG, and Pfizer Inc.

161- 30 Billion-by- 2021 Zion-Market-Research.htm!

Sarasota, FL, Dec. 12, 2016 (GLOBE NEWSWIRE) -- Zion Research has published 2 new report titled "Cancer Drugs Market
by Therapy (Immunctherapy, Targeted Therapy, Chemotherapy, Hormone Therapy and Others) for Breast Cancer, Blood
Cancer, Gastrointestinal Cancer, Prostate Cancer, Skin Cancer, Lung Cancer and Other Cancer: Global Industry Perspective,
Comprehensive Analysis and Forecast, 2015 - 2021%, According to the report, global demand for cancer drugs market was
valued at approximately USD 112,50 bilion in 2015 and is expected to generate revenue of around USD 161,30 billion by
end of 2021, growing at 2 CAGR of around 7.4% between 2016 and 2021.

Global cancer drugs market is primarily driven by growing incidences of target disease such as lung cancer, breast cancer,
cervical cancer, etc. across the globe. Other major driving factors are increasing research and development on biological and
targeted drug therapies forthe treatment of cancer coupled along with the expiration of patents. However, the high price of
drug development and stringent regulatory policies coupled along with the possibility of failure are the major restraints that
may limit the growth of the market. Nonetheless increasing focus on personalized medicine coupled along with huge
'nvestmerfat in anti-cancer drugs research across the globe is likely to disclose the new avenues for cancer drugs market in
the near future.

Breast cancer, blood cancer, gastrointestinzl cancer, prostate cancer, skin cancer, lung cancer and others are the key cancer
types of the global cancer drugs market. The blood cancer segment dominated the market in terms of revenue.

North America represents developed regional markets for cancer drugs and is expected to see the rapid growth in the years
to come. The U.S. is by far the leading cancer drugs market by country in North America. The U.S. market is expected to
grow at the highest CAGR during the forecast period. This growth is mainly due to the well-developed heakhcare infrastructure
and the increase in research and development on cancer drugs. Moreover, the disposable income and reimbursement of Fe-
threatening diseases are very high in this region which promotes the growth of cancer drugs market.

Asia-Pacific is expected to witness noticeable growth in the near future. In Asia, China, Indiz, and Japan will continue to be
the fastest growing markets in cancer drugs market. Growth in Asia-Pacific market is expected to be driven by increasing
tobacco consumption, growing population, and increasing disposable income.

Some of the key players in cancer drugs market include Bayer, GlaxoSmithKline, Novartis, Sanofi and Pfizer, Amgen, Merck,
Bristol-Myers Squibb, Celgene Corporation, Ariad Pharmaceuticals, Eli Lily, Hoffmann-La Roche Ltd, Boehringer Ingelheim
GmbH, Johnson and Johnson and Teva Pharmaceuticals among others.
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Market Size

The global oncology/cancer drugs market size reached a value of nearly $167.9 billon in 2019, having increased at a
compound annual growth rate (CAGR) of 9.8% since 2015. The oncology market size 2020 is expected to decline from
$167.9 bilion in 2019 to $149.9 billion in 2020 at a rate of -11%.

https://www.glcbenewswire.com/news-release/2020/10/06/2 1041 00/0/en/Oncology -Market-Size-2020-Particulariy-Prone-
To-Disruption-During-Pandemic-In-The-Global-Oncolegy-

Market. html® : ~:text=The %20global%2 Oonco logy%% 2Fcancer?%2 0drugs %2 Omarket%20size %2 Oreached% 20a, billion %2 0in
96202020% 202t 203% 20rate %200f %20-11%25.

Oncology Market Size 2020 Particularly Prone To Disruption During Pandemic In The Global Oncology Market

According to The Business Research Company's research report on the oncology drugs market, the oncolegy market 2020 is
particularly prone to disruption from the coronavirus outbreak as patients with cancer are more susceptible to viral
infections, especially after chemotherapy, stem cell transplants, or surgeries. COVID-19 has caused chinical trial delays for
oncology drugs and has resulted in low usage of cancer drugs. Due to the worldwide lockdown, production is also being
haked which 5 causing supply chain issues.

LONDON, Oct. 06, 2020 (GLOBE NEWSWIRE) -- (Oncology Drugs Companies Included: F. Hoffmann-La Roche AG, Novartis
AG, Bristol-Myers Squibb Company, Merck & Co., Inc., Johnson & Johnson)

The global oncology/cancer drugs market size reached a value of nearly $167.9 bilion in 2019, having increased at a
compound annual growth rate (CAGR) of 9.8% since 2015. The oncology market size 2020 is expected to decline from
$167.9 bdlion in 2019 to $149.9 billion in 2020 at a rate of -11%. The declne is mainly due to lockdown and social
distancing norms imposed by various countries and economic slowdown across countries owing to the COVID-19 outbreak
and the measures to contain it. The market is then expected to grow shightly from $201.1 biion in 2021 to $284.5 billion in
202':3k at a CAGR of 9.7%. North America has the largest cancer drug market share, accounting for 41.2% of the total
market,

The Business Research Company’s report titled Oncology Drugs Market - Opportunities And Strategies - Global Forecast To
2030 covers major oncology drugs companies, oncology drugs market share by company, oncology drugs manufacturers,
oncology drugs infrastructure market size, and oncology drugs market forecasts. The report also covers the global oncology
drugs market and its segments. The cancer market by type is segmented into drugs for lung cancer, pancreatic cancer,
breast cancer, prostate cancer, ovarian cancer, colorectal cancer, gastric cancer, kidney cancer, brain tumor, thyroid
cancer, skin cancer, bladder cancer, cervical cancer, blood cancer and others, by drug class type into targeted therapy,
immunoctherapy (biclogic therapy), chemotherapy and hermonal therapy, by distribution channel into hospital pharmacies,
retail pharmacies/drug stores and others, by route of administration into oral, parental and others, by drug classification
into branded drugs and generic drugs.

Request For A Sample Of The Global Oncolegy Drugs Market Report:
https://weww.thebusinessresearchcompany.com/sample.aspx?id= 3440 &type=smp

Companies in the oncology drugs market are increasing their product innovation through strategic coliaborations. To
sustain in the increasingly competitive market, organizations are developing innovative products as well as sharing skills
and expertise with other such enterprises. While oncolegy drug companies have long collaborated with each other as wel
as with academic and research institutions in this market by way of partnerships, in or out licensing deals, this trend has
been increasing over the recent years,

New technologies are being implemented in the cancer drug market, such as artificial inteligence in the research and
development process, as well as 3D printing devices te mimic the human body for trials and testing of the drugs developed.
Companies are also investing in technologies to develop next generation biolegics such as antibody drug conjugates,
bispecifics, fusion proteins, cell and gene therapy that will be more effective as they are expected to have better potency
against the target disease as well as have the abilzy to treat more than one aspect of the disease. Over the last few years,
there has been a significant rise in accelerated approval of cell and gene therapies for cancer treatment by regulatory
bodies across the globe. CRISPR technology can be used to discover the non-ceding cancer genome. CRISPR-Cas9 genome
editing reduces the processing associated with the generation of cell line and animal models of cancer and complex
generations. Thus, it generates a better cancer model for target validation and drug evaluation. CRISPR-Cas9 is
accelerating the different stages of oncology drug discovery including target identification, validation and deconvolution,
drug synthesis, assessment of drug sensitivity and resistance.

With innovation through technology and rising focus on development of new drugs, the oncology drugs market trends ought
to bring advances in cancer therapies in the forecasted period.

State or Federal Regulations
FDA approval fordrugs

7/6/2021

316



Licensing Barriers

Understanding the freedom to operate with the combination of drugs already on the market or already described in the
fterature. Must look at patent landscape.

Market Location

North America represents developed regional markets for cancer drugs and is expected to see the rapid growth in the years
to come. The U.S. is by far the leading cancer drugs market by country in North America. The U.S. market is expected to
grow at the highest CAGR during the forecast period. This growth is mainly due to the well-developed heakhcare infrastructure
and the increase in research and development on cancer drugs. Moreover, the disposable income and reimbursement of Fe-
threatening diseases are very high in this region which promotes the growth of cancer drugs market.

Asia-Pacific is expected to witness noticeable growth in the near future. In Asia, China, India, and Japan will continue to be
the fastest growing markets in cancer drugs market. Growth in Asia-Pacific market is expected to be driven by increasing
tobacco consumption, growing population, and increasing disposable income.

Regional Insights

North America held more than 45.0% share in the global brain tumor diagnosis and therapeutics market in 2015,
Developed heakhcare infrastructure, greater per capita healthcare spending, and comparatively higher awareness regarding
advanced technologies are certain impact rendering factors.

Europe is expected to contribute signficantly to this space over the forecast period, which can be attributed to the
increasing prevalence of malignant cancers in the countries like the UK. For instance, as per statistics provided by the Office
for National Statistics, UK, in 2014, around 10,981 new cases were registered in the region.

C. COMPETITION

ARernative Products

http://viwivi.abta.org/brain-tumer-information/types-cf-tumors/medulloblastoma.html

httos: //wwwwi.cancer.org/cancer/neurcblastoma/treating/chemotherapy. html

Time to Market

10-15 yrs

D. CUSTOMERS

Potential Licensees

Some of the key players in cancer drugs market include Bayer, GlaxoSmithKline, Novartis, Sanofi and Pfizer, Amgen,
Merck, Bristol-Myers Squibb, Celgene Corporation, Ariad Pharmaceuticals, Ei Lily, Hoffmann-Lz Roche Ltd, Boehringer
Ingelheim GmbH, Johnson and Johnson and Teva Pharmaceuticals among others.

Public Perception

Positive for cures, especially in children.

E. MARKET OPPORTUNITY

Timing
There are @ number of drug on the market for chemotherapy for brain and lung tumors. If this combination can be

advantageous over other regarding toxicity, perhaps there would be a benefit over competitors. There would need to be
some sort of strong advantage to compete against approved drugs.

Market Need

Similar to above, effective drugs with less side effects would be a strong need in the cancer realm. More targeting
therapies are of interest to the market.

i v . new 3 3 ancer/ALLWWCUR-A B OVE ) > id/ 797 594
The Food and Drug Administration will soon announce a plan to update agency policies and facilitate the approval of
critically needed drugs, including so-called "tumor-agnostic™ therapies that target cancer-finked DNA, according to FDA
Commissioner Scott Gottlieb.

7/6/2021

317




"The most tangible way we're going to reduce health-care costs is by finding better treatments for a lot of costly
diseases,” Gottlieb told the Senate panel responsible for overseeing the agency’s budget on Tuesday.

F. OVERALL OPINION

Recommendations: Share and discuss reports and data with Emory team, both technologies have been filed as of June
2021, The disclosure is set to "Active.”

7/6/12021
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SMALL BRAIN PENETRANT MOLECULE TO POTENTIATE TMZ FOR
GLIOBLASTOMA

TECHNICAL FIELD
This disclosure relates to the field of cancer therapy. Specifically, the disclosure relates to
the treatment of glioblastoma with benzodiazepine analogs to potentiate temozolomide (TMZ)

treatment of glioblastoma multiforme (GBM).

BACKGROUND

Glioblastoma multiforme (GBM) is a highly malignant (Grade IV) primary brain tumor.
Standard-of-care for GBM includes radiotherapy with concomitant administration of a DNA
alkylator, temozolomide (TMZ). This approach shows a degree of effectiveness if GBM cells are
adequately MGMT promoter methylated (~50% of GBM tumors), as reduction in MGMT protein
leads to diminished ability to reverse TMZ-induced DNA damage. Histone deacetylase inhibitors
have recently been employed to improve TMZ effectiveness, but unfortunately result in bone
marrow toxicity without contributing to durable responses. TMZ is also not without its own
debilitating and life-threatening side-effects, including leukopenia. Tragically, survival remains
only 12-15 months under this treatment regimen. There is an urgent need to increase the
effectiveness of TMZ for MGMT methylated GBMs, identify a treatment approach that is effective
for MGMT unmethylated GBMs, and reduce TMZ side-effects.

GBM is one of the deadliest human cancers and highly challenging to treat. GBM tumor
cells interact with diverse cells in a complex microenvironment. Further, the blood-brain barrier
(BBB) acts to limit drug bioavailability and facilitate immune evasion. Unfortunately, GBM cells
frequently subvert the physiological function of the cerebrovascular tissue and turn the BBB into
an effective blood-tumor barrier (BTB) capable of protecting the cancer tissue from drugs as well
as systemic immunity. Despite increasing knowledge of genetic and epigenetic changes underlying
GBM tumor initiation and growth, GBM prognosis remains poor.

GABA receptors (GABAARs) form pentameric chloride (CI") channels, composed most
commonly of two a, two B, and y subunits encoded by GABR genes GABRA, GABRB, and
GABRG, respectively (Fig. la). GABAaARs are fundamental in determining an

excitation/inhibition balance in the central nervous system. As a receptor mediating CI™ flux,
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GABAARs predominantly function to hyperpolarize neural cells, following binding of its ligand
GABA (Fig. 1b).

GABAARs have been an important therapeutic target since the clinical introduction of
benzodiazepines in the 1960s. Benzodiazepines bind at the y-a interface of GABAAR (Fig. 1a) and
act to increase effectiveness of GABA and thus enhance CI" flux (Fig. 1b). FDA approved
benzodiazepines consist most commonly of fusion of diazepine and benzene rings (1,4-
benzodiazepine) and a phenol ring (5-phenyl-1H-benzo[e]) (Fig. 1¢). J. Cook and his team (Univ.
Wisconsin-Milwaukee) introduced an ethinyl bond at R7 in place of a chlorine in Valium (Fig.
1¢), which confers anti-cancer activity.

Nevertheless, a need exists for improved therapies to treat glioblastoma multiforme and

slow disease progression.

SUMMARY

Accordingly, provided herein are compositions and methods for the treatment of
glioblastoma multiforme. The disclosed compositions and methods potentiate TMZ treatment of
glioblastoma, leading to enhanced anti-cancer activity, irrespective of MGMT methylation status.

In one embodiment, a method of treating cancer in a subject in need thereof is provided,
the method comprising administering to the subject a combination of temozolomide (TMZ) and a
benzodiazepine analog.

In another embodiment, a pharmaceutical composition is provided, comprising: a
therapeutic amount of a benzodiazepine analog; a therapeutic amount of temozolomide; and one
or more pharmaceutically-acceptable excipients.

In another embodiment, a method of inducing apoptosis of a cancer cell is provided, the
method comprising contacting the cell with an effective amount of temozolomide and an effective
amount of a benzodiazepine analog.

In another embodiment, a method of inducing regression of a tumor is provided, the method
comprising contacting the tumor with an effective amount of temozolomide and an effective
amount of a benzodiazepine analog.

These and other objects, features, embodiments, and advantages will become apparent to
those of ordinary skill in the art from a reading of the following detailed description and the

appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1. GABAARs. (A) A GABAAR, looking down the chloride ion conduction pore,
showing the structure of a, B, and y subunits. (B) Binding of two GABA ligands opens the channel,
binding of a benzodiazepine enhances chloride ion flux. (C) Structure of the classic
benzodiazepine Valium (left) and the novel benzodiazepine analog used in proposed studies (right;
QH-II-066 or BZD-1). The key difference is an ethinyl bond in place of a chlorine moiety.

Fig. 2. Cytotoxicity of unmethylated GBM cell lines treated with BZD-1+TMZ.
Spheroids of unmethylated GBM lines BT142-GFP (A) and G43 (B) were treated with TMZ,
BZD-1, or BZD-1+TMZ.

Table 1. Cytotoxic responses of GBM cell lines treated with BZD-1 + TMZ.

DETAILED DESCRIPTION

The details of embodiments of the presently-disclosed subject matter are set forth in this
document. Modifications to embodiments described in this document, and other embodiments,
will be evident to those of ordinary skill in the art after a study of the information provided in this
document.

While the following terms are believed to be well understood in the art, definitions are set
forth to facilitate explanation of the presently-disclosed subject matter. Unless defined otherwise,
all technical and scientific terms used herein have the same meaning as commonly understood by
one of ordinary skill in the art to which the presently-disclosed subject matter belongs.

Unless otherwise indicated, all numbers expressing quantities of ingredients, properties
such as reaction conditions, and so forth used in the specification and claims are to be understood
as being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in this specification and claims are approximations
that can vary depending upon the desired properties sought to be obtained by the presently-
disclosed subject matter.

As used herein, the term “about,” when referring to a value or to an amount of mass, weight,
time, volume, concentration or percentage is meant to encompass variations of in some
embodiments +20%, in some embodiments +10%, in some embodiments +5%, in some
embodiments +1%, in some embodiments +0.5%, and in some embodiments +0.1% from the

specified amount, as such variations are appropriate to perform the disclosed method.
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It should be understood that every maximum numerical limitation given throughout this
specification includes every lower numerical limitation, as if such lower numerical limitations
were expressly written herein. Every minimum numerical limitation given throughout this
specification will include every higher numerical limitation, as if such higher numerical limitations
were expressly written herein. Every numerical range given throughout this specification will
include every narrower numerical range that falls within such broader numerical range, as if such
narrower numerical ranges were all expressly written herein.

As used in this specification and the appended claims, the singular forms “a,” “an” and
“the” include plural references unless the content clearly dictates otherwise.

TMZ is used to treat all GBMs. However, TMZ shows a degree of effectiveness for only
half of GBMs, those that are MGMT methylated. Moreover, TMZ is associated with debilitating
and life-threatening side-effects. The present disclosure provides a brain-penetrant benzodiazepine
analog that potentiates TMZ synergistically, irrespective of GBM methylation status.

Our goal is to identify an approach capable of potentiating current GBM standard-of-care
treatment irrespective of MGMT methylation status, as well as mitigate side effects. We have
shown that by targeting a unique electrochemical vulnerability in GBMs with a non-toxic brain-
penetrant small molecule, GBM tumor cells can be sensitized to TMZ irrespective of MGMT
methylation status. While not desiring to be bound by theory, the rationale that underlies this
proposal is our finding that GBM cells as well as tumor cells from a subgroup of patients of the
pediatric brain cancer medulloblastoma and melanomas possess functional Type-A GABA
receptors (GABAARs), chloride ion channels, that when targeted with members of a novel class of
benzodiazepine analogs (BZDs), ion dynamics in these disparate cancer cells is altered and
apoptotic responses elicited (1-4). We have found using medulloblastoma and melanoma mouse
models that BZD on its own can induce apoptosis and regress tumor volume. In a syngeneic
melanoma mouse model, we find that a particular BZD (termed QH-II-066) when combined with
radiation, even at suboptimal-doses, results in complete tumor loss in most mice. In our studies on
GBM, QH-II-066 can potentiate TMZ irrespective of the MGMT methylation status. This effect is
dramatic and synergistic. The data indicates that QH-II-066 can be an effective ‘add-on’

therapeutic to potentiate TMZ irrespective of MGMT methylation status.
Highlights
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e QH-II-066 enhances Cl anion transport via GABAAR, thereby altering ion dynamics,
inhibiting the drug efflux transporter P-glycoprotein, and inducing apoptotic responses.

e QH-II-066-triggered electrochemical changes in the cancer cells potentiate TMZ
significantly and synergistically, irrespective of the MGMT status of GBM cells.

EXAMPLES
The following examples are given by way of illustration are not intended to limit the scope

of the disclosure.

Example 1. BZD-1 potentiates TMZ, irrespective of MGMT methylation status.

In vitro cytotoxicity studies of methylated and unmethylated GBM cells treated with QH-
11-066 and TMZ as single agents or in combination demonstrates that the combined therapy
overcomes TMZ resistance in unmethylated GBM cell lines and is significantly more potent than
TMZ alone in killing GBM cells, irrespective of methylation status (Table 1). Using the Chou-
Talay Combination Index Equation for quantitative synergy determination in two-drug
combinations, we find that QH-II-066 and TMZ act synergistically. We also conducted spheroid
assays using two unmethylated GBM lines to qualitatively assess the effect of QH-II-066+TMZ.
This assay revealed a very significant disaggregation in response to combination therapy,

suggestive of a disruption in tumor-initiating activity (Fig. 2).

Example 2. Formulated QH-II-066 is metabolically stable and rapidly penetrates and
accumulates in the brain.

We have explored different approaches to formulate QH-II-066. We identified a co-solvent
based injectable formulation (already U.S. FDA approved for benzodiazepines) as satisfactory. In
this co-solvent formulation, QH-II-066 is highly soluble (10 mg/mL); stable at room temperature
for up to 6 months; shows no visible adverse effects in rats 12 hrs after single dose i.p.
administration. We also conducted metabolic stability studies using human liver microsomes and
found no breakdown products within 1 hr, in contrast to the FDA approved benzodiazepine
Midazolam. Pharmacokinetics of QH-II-066 show a rapid penetration into the brain (within ~5

minutes) and significant accumulation of QH-II-066 (161.3 ng/mL) into brain extracellular fluid.
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All documents cited are incorporated herein by reference in their entirety; the citation of
any document is not to be construed as an admission that it is prior art with respect to the present
invention.

It is to be further understood that where descriptions of various embodiments use the term
“comprising,” and/or “including” those skilled in the art would understand that in some specific
instances, an embodiment can be alternatively described using language “consisting essentially
of” or “consisting of.”

The foregoing description is illustrative of particular embodiments of the invention but is
not meant to be a limitation upon the practice thereof. While particular embodiments have been
illustrated and described, it would be obvious to one skilled in the art that various other changes
and modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are
within the scope of this invention.

What is claimed is:
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CLAIMS

I A method of treating cancer in a subject in need thereof, the method comprising

administering to the subject a combination of temozolomide (TMZ) and a benzodiazepine

analog.
2. The method according to claim 1, wherein the benzodiazepine analog is BZD-1.
3. The method according to any of the preceding claims, wherein the cancer is selected from

the group consisting of glioblastoma multiforme (GBM), medulloblastoma, and melanoma.

4. The method according to claim 1, wherein the TMZ and the benzodiazepine analog are

administered concurrently or sequentially.

S. A pharmaceutical composition comprising:
a therapeutic amount of a benzodiazepine analog;
a therapeutic amount of temozolomide; and

one or more pharmaceutically-acceptable excipients.

6. The pharmaceutical composition according to claim 5, wherein the benzodiazepine

analog is BZD-1.

Z A method of inducing apoptosis of a cancer cell, the method comprising contacting the

cell with an effective amount of temozolomide and an effective amount of a benzodiazepine

analog.
8. The method according to claim 7, wherein the benzodiazepine analog is BZD-1.
9. A method of inducing regression of a tumor, the method comprising contacting the tumor

with an effective amount of temozolomide and an effective amount of a benzodiazepine analog.
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10.  The method according to claim 9, wherein the benzodiazepine analog is BZD-1.
11.  The composition or methods according to any of the preceding claims, wherein the

benzodiazepine analog potentiates the anti-cancer effect of TMZ, irrespective of MGMT

methylation status of the cancer, cell, or tumor.
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Table 1. Cytotoxic responses of GBM cell lines treated with
BZD-1xTMZ.

e MGMT | Recurrent | ICq ICso (;gﬁ:ﬁgt;;:::zgrg ) | Combination
status or Primary | TMZ, uM | BZD-1, uM +TMZ (uM) Index
G76 Methylated Recurrent 1.31 0.613 0.103 0.24
G75 Unmethylated Primary 106.73 3.23 0.126 0.032
G43 Unmethylated Primary 165.43 6.67 0.360 0.018
Unmethylated .
BT142 (IDH1 mutant) Primary 15.33 0.443 0.190 0.235
Control T™™Z BZD-1 BZD-1+TMZ

(A)

(B)

FIG. 2
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Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

O 35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
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Prior Application Status
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
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Foreign Priority Information:
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constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code' (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AIA.
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Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

@ Person to whom the inventor is obligated to assign. IO Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor: ’

If the Applicant is an Organization check here. X

Organization Name University of Cincinnati

Mailing Address Information For Applicant:

Address 1 2900 Reading Road

Address 2 Suite 460

City Cincinnati State/Province OH
Country | us Postal Code 45221
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.
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Applicant 2

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

(O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

@ Person to whom the inventor is obligated to assign. ‘O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor: ‘

If the Applicant is an Organization check here. X

Organization Name Yniversity-of-Wiseensin  UWM Research Foundation, Inc.

Mailing Address Information For Applicant:

Address 1 YWM-Research-Foundation-the- 1440 East North Avenue
Address 2 1440 -EastNorth-Avenue

City Milwaukee State/Province Wi
Country | us Postal Code 53202
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. -B4g-
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Organization Name Universily eFGineinat-

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 2000-Reading-Road--

Address 2 -Suite-466-

City -Cineinnath State/Province oH
Countryi us Postal Code -45224--
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Assignee 2

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. B4

Organization Name Univereiby o Wi i

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 -UWM Research-Foundation:Inc-

Address 2 -1440-East-North-Avente-

City -Milwattkee State/Province -W4-
Countryi us Postal Code 53202
Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

EFS Web 2.2.13

342



PTO/AIA/14 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 2021-140; CINO342MA

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Small brain penetrant molecule to potentiate TMZ for glioblastoma

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Jennifer L. Livingston/ Date (YYYY-MM-DD)| 2021-06-04

First Name | Jennifer L. Last Name | Livingston Registration Number | 56,404

Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Application of:

Applicants : University of Cincinnati & UWM Research Foundation, Inc.
Serial No. :63/196,459

Filed - June 3, 2021
Title : Small brain penetrant molecule to potentiate TMZ for glioblastoma
Docket :2021-140; CIN0342MA

Confirm. No.: 7944
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

COMMUNICATION

The above-identified provisional application was electronically filed with the U.S. Patent
Office on June 3, 2021. In reviewing the filed documents, it was noted that certain to the
Application Data Sheet and Provisional Cover Sheet are required. Accordingly, an updated
Application Data Sheet and Provisional Cover Sheet are submitted herewith, wherein the following
corrections are made:

Provisional Cover Sheet:

e The city of Inventor 3 is corrected to delete “Cincinnati” and recite “Whitefish Bay.”

Application Data Sheet:

e The name of the second Applicant is amended to delete “University of Wisconsin” and recite
“UWM Research Foundation, Inc.”
e The address of the second Applicant is amended to recite “1440 East North Avenue,
Milwaukee, WI 53202.”
e Information for Assignees | and 2 is deleted.
Applicants respectfully request that the above corrections be made and reflected on the
official filing receipt for this application.
Please direct any questions or comments to the undersigned attorney. It is believed that no
additional fees are required to effect these corrections. However, the Director is hereby authorized to

charge any required fee connected with this request to Deposit Account No. 04-1133.
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DINSMORE & SHOHL LLP

By /Jennifer L. Livingston/

Jennifer L. Livingston
Reg. No. 56,404

Fifth Third Center

255 East Fifth Street, Suite 1900
Cincinnati, OH 45202
Telephone: 513/977-8359
Facsimile: 513/977-8141
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5. 2. 3 Novel deuterated benzodiazepine analogs for cancer use

Inventors

Daniel Krummel, University of Cincinnati College of Medicine; Soma Sengupta, University of
Cincinnati College of Medicine; James Cook, University of Wisconsin-Milwaukee; Taukir Ahmed,
University of Wisconsin-Milwaukee

Background

Deuterium (D) is an isotope of hydrogen that occupies a smaller volume, is less lipophilic, and
forms a shorter and thus stronger bond with Carbon. These attributes contribute to reducing the
metabolization of molecules with deuterium incorporated and thus improve their pharmacokinetic
profilel. This may serve to lower the therapeutic doses needed to achieve efficacy, thereby
reducing the molecules potential side-effects or toxicity. As well as enhancing the bioavailability
of molecules, deuterium may also be used for imaging in medical applications. Deuterated
molecules can be imaged and quantified using magnetic resonance. For example, deuterium in
vivo [?H] MR spectroscopic imaging has been used to quantify metabolic differences of tumors
versus healthy tissue in an animal model as well as in humans by using deuterium labeled glucose
and following deuterated products of glycolysis?. This research has opened the way for using
deuterated compounds to image tumors as well as investigate tumor biology in vivo.

Type-A GABA neurotransmitter receptors are a major inhibitory neurotransmitter receptor in the
mammalian central nervous system. Type-A GABA neurotransmitter receptors are also present
outside of the CNS. In addition, genes coding for subunits of Type-A GABA neurotransmitter
receptors are expressed in disparate cancer cells and we have contributed to establishing that
cancer cells possess intrinsic functional Type-A GABA neurotransmitter receptors®”.

Type-A GABA neurotransmitter receptors are significant pharmacologic targets to treat various
neurological disorders, including anxiety and epilepsy. Amongst the pharmacologics that work
through acting on the Type-A GABA neurotransmitter receptors are the benzodiazepines, which
bind at the interface between its alpha and gamma subunits of the pentameric structure (Figure
2A). We have previously reported that a class of benzodiazepines are also effective in impairing
the viability of cancer cells®’. Benzodiazepines function to enhance the effectiveness (chloride
anion transport) of the natural ligand Type-A GABA neurotransmitter receptors GABA (Figure 2B).
In cancer cells we have found that our novel class of benzodiazepines enhance in cancer cells a
chloride anion efflux which initiates a cascade of events that impairs cancer cell viability*~”.

We have synthesized new deuterated benzodiazepine analogs for targeted binding to the Type-
A GABA neurotransmitter receptor (Figure 1). We have assayed MYM-111-85 to impair viability of
disparate cancer cells, using to assess efficacy an established technique (CellTiter96R Aqueous
One Solution Cell Proliferation Assay, Promega). The human cell lines tested: glioma line LN18
(ATCC CRL-2610, which is mutated TP53); glioma line U87 (ATCC HTB-14); non-small cell lung
cancer line H1792 (ATCC CRL-5895); medulloblastoma MB002 (available via Expasy Accession#
CVCL_VUT79). The growth of these lines is impaired by incubation with MYM-III-85 with IC50
values of 2-4 micromolar (Table 1; Figure 3). The novel deuterated variant MYM-II1-85 is as potent
as the non-deuterated variant.

References

347



Knutson DE, Kodali R, Divovi¢ B, et al. (2018). Design and Synthesis of Novel Deuterated
Ligands Functionally Selective for the y-Aminobutyric Acid Type A Receptor (GABAAR) a6
Subtype with Improved Metabolic Stability and Enhanced Bioavailability. J Med Chem. 61:
2422-2446.
De Feyter HM, Behar KL, Corbin ZA, et al. (2018). Deuterium metabolic imaging (DMI) for
MRI-based 3D mapping of metabolism in vivo. Sci Adv. 4: t7314.
Sengupta S., Weeraratne S.D., Sun H, Phallen J., Rallapalli S.K., Teider N., Kosaras B.,
Amani V., Pierre-Francois J., Tang Y., Nguyen B., Yu F., Schubert S., Balansay B., Mathios
D., Lechpammer M., Archer T.C., Tran P., Reimer R.J., Cook J.M., Lim M., Jensen F.E.,
Pomeroy S.L., Cho Y-J. (2014). a5-GABAA receptors negatively regulate MYC-amplified
medulloblastoma growth. Acta Neuropathol. 127: 593-603
. Jonas O., Calligaris D., Methuku K.R., Poe M.M., Francois J.P., Tranghese F., Changelian
A., Sieghart W., Ernst M., Pomeranz Krummel D.A., Cook J.M., Pomeroy S.L., Cima M.,
Agar N.Y., Langer R., Sengupta S. (2016). First in vivo testing of compounds targeting
Group 3 medulloblastomas using an implantable microdevice as a new paradigm for drug
development. J. Biomed. Nanotech. 12(6): 1297-302.
Kallay L., Keskin H., Ross A., Rupji M., Moody O.A., Li G., Ahmed T., Rashid R., Stephen
M.R., Cottrill K.A., Nuckols A., Zu M., Martinson D.E., Tranghese F., Wang X., Taylor M.,
Cook J., Kowalski J., Jenkins A., Pomeranz Krummel D., Sengupta S. (2019). Modulating
native GABAA receptors in cancer cells with positive allosteric benzodiazepine-derivatives
induces cell death. J Neuro-Oncol. 142: 411-422.
Pomeranz Krummel D.A., Nasti T.H., Kaluzova M., Kallay L., Bhattacharya D., Melms J.C.,
Izar B., Xu M., Burnham A., Ahmed T., Li G, Lawson D., Kowalski J., Cao Y., Switchenko
J.M., lonascu D., Cook J.M., Medvedovic M., Jenkins A., Khan M.K., Sengupta S. (2021).
Melanoma cell intrinsic GABAA receptor enhancement potentiates radiation and immune
checkpoint response by promoting direct and T cell-mediated anti-tumor activity.
International Journal of Radiation Oncology, Biology, Physics. 109(4): P1040-1053.
Bhattacharya D., Gawali V.S., Kallay L., Toukam D.K., Koehler A., Stambrook P., Pomeranz
Krummel D.A., Sengupta S. (2021). Therapeutically leveraging GABAa receptors in cancer.
Experimental Biology and Medicine. 246: 2128-2135.

348



NOR QH Il 66
Chemical Formula: C;H ,N,O
Molecular Weight: 260 28998

KOBu-t. CD,0D

50°C, Sonication
30 MIN

NOR KRM Il 08
Chemical Formula: C;HFN,O
Molecular Weight: 278 28044

KOBu-t, CD;0D

KOBu-t, CD4
THF. RT, 30 min

KOBu-t, CDyl
THF. RT. 30 min

50°C. Sonication
30 MIN

o
C

NORDAZEPAM
Chemical Formula: CgH,CIN,O
Molecular Weight: 270 71364

KOBu-t, CD;0D

KOBu-t, CD4l
THF, RT. 30 min

50°C, Sonication
30 MIN

GDs o

)

MYM Il 85
Chemical Formula: CgH,,D4N,O
Molecular Weight: 277 33505

=

I

TA Il 72

\

Chemical Formula: C,gHgDsN,O

Molecular Weight: 279 34737

Cr’
TAL16

Chemical Formula: CygH,gD5FN,O
Molecular Weight: 295 32551

Cre’
TA IV 62

Chemical Formula: C,gHaDsFN,O
Molecular Weight: 297 33783

O

D3 DIAZ TA
Chemical Formula: C,gH,4D,CIN,O
Molecular Weight 287 75871

=N

O

D5 DIAZ TA

Chemical Formula: C ,gHsD<CIN,O

Molecular Weight 289 77103

Figure 1. Synthesis of deuterated benzodiazepine analogues.
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Figure 2. (A) Type-A GABA receptors are composed most commonly of two a, two B, and y
subunits. Type-A GABA receptors consists of five subunit transmembrane segments which

create the chloride (Cl) conduction pore. Inter-subunit binding sites for GABA (cyan) and
benzodiazepine (red) are shown, recognizing the aBafy subunit stoichiometry. (B) Binding of
GABA (agonist) to Type-A GABA receptors leads to ClI transport. Binding of benzodiazepine to
Tvne-A GARA recentars enhanced CI fransnort.
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Figure 3. Dose response curve of MYM-III-85 and QH-II-066 in human glioma line LN18.
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Table 1. IC50 values of benzodiazepine analogs with disparate human cancer cell lines.

Com Struciure Gliobl, Glioblast N Il Cell Lung Medulloblastoma
B (LN18) IC50 (U87) IC50 Cancer (H1792) IC50 (MB002) IC50
QH-11-066 2.8 - 4.5 -
NOR-QH-1I-066 0.69 - - -
Bt o
A~
BARRIES AL 22 4 33 22
A
)
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5. 2. 4 Small brain penetrant molecule to potentiate TMZ for glioblastoma

OVERVIEW OF INVENTION

Glioblastoma multiforme (GBM) is a highly malignant (Grade 1V) primary brain tumor. Standard-
of-care for GBM includes radiotherapy with concomitant administration of a DNA alkylator,
temozolomide (TMZ). This approach shows a degree of effectiveness if GBM cells are adequately
MGMT promoter methylated (~50% of GBM tumors), as reduction in MGMT protein leads to
diminished ability to reverse TMZ-induced DNA damage. Histone deacetylase inhibitors have
recently been employed to improve TMZ effectiveness, but unfortunately result in bone marrow
toxicity without contributing to durable responses. TMZ is also not without its own debilitating
and life-threatening side-effects, including leukopenia. Tragically, survival remains only 12-15
months under this treatment regimen. There is an urgent need to increase the effectiveness of TMZ
for MGMT methylated GBMs, identify a treatment approach that is effective for MGMT

unmethylated GBMs, and reduce TMZ side-effects.

Our goal is to identify an approach capable of potentiating current GBM standard-of-care
treatment irrespective of MGMT methylation status, as well as mitigate side effects. We have
shown that by targeting a unique electrochemical vulnerability in GBMs with a non-toxic brain-
penetrant small molecule, GBM tumor cells can be sensitized to TMZ irrespective of MGMT
methylation status. The rationale that underlies this proposal is our finding that GBM cells as well
as tumor cells from a subgroup of patients of the pediatric brain cancer medulloblastoma and
melanomas possess functional Type-A GABA receptors (GABAAaRS), chloride ion channels, that
when targeted with members of a novel class of benzodiazepine analogs (BZDs), ion dynamics in

these disparate cancer cells is altered and apoptotic responses elicited (1-4). We have found using
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medulloblastoma and melanoma mouse models that BZD on its own can induce apoptosis and
regress tumor volume (2,4). In a syngeneic melanoma mouse model, we find that a particular BZD
(termed QH-11-066) when combined with radiation, even at suboptimal-doses, results in complete
tumor loss in most mice. In our studies on GBM, QH-I11-066 can potentiate TMZ irrespective of

the MGMT methylation status. This effect is dramatic and synergistic. Our central hypothesis is

that QH-11-066 can be an effective ‘add-on’ therapeutic to potentiate TMZ irrespective of MGMT

methylation status.

Highlights

e QH-11-066 enhances CI* anion transport via GABAAaR, thereby altering ion dynamics,
inhibiting the drug efflux transporter P-glycoprotein, and inducing apoptotic responses.
e QH-11-066 triggered electrochemical changes in the cancer cells potentiates TMZ significantly

and synergistically, irrespective of the MGMT status of GBM cells.

BACKGROUND

Glioblastoma. GBM is one of the deadliest human cancers and highly challenging to treat. GBM
tumor cells interact with diverse cells in a complex microenvironment (5,6). Further, the Blood-
Brain Barrier (BBB) acts to limit drug bioavailability and facilitate immune evasion.
Unfortunately, GBM cells frequently subvert the physiological function of the cerebrovascular
tissue and turn the BBB into an effective Blood-Tumor Barrier (BTB) capable of protecting the
cancer tissue from drugs as well as systemic immunity. Despite increasing knowledge of genetic
and epigenetic changes underlying GBM tumor initiation and growth, GBM prognosis remains

poor.
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GABAAR structure-function. GABA receptors (GABAARS) form pentameric chloride (CI")
channels, composed most commonly of two a, two B, and y subunits encoded by GABR genes
GABRA (1-6), GABRB (1-3), and GABRG (1-3), respectively (7,8) (Fig. 1a). GABAAaRs are
fundamental in determining an excitation/inhibition balance in the central nervous system. As a
receptor mediating CI” flux, GABAARs predominantly function to hyperpolarize neural cells,

following binding of its ligand GABA (Fig. 1b).

GABAAR activation. GABAAaRs have been an important therapeutic target since the clinical
introduction of benzodiazepines in the 1960s. Benzodiazepines bind at the y-o interface of
GABAAR (Fig. 1a) and act to increase effectiveness of GABA and thus enhance CI™ flux (Fig. 1b).
FDA approved benzodiazepines consist most commonly of fusion of diazepine and benzene rings
(1,4-benzodiazepine) and a phenol ring (5-phenyl-1H-benzo[e]) (Fig. 1c). J. Cook and his team
(Univ. Wisconsin-Milwaukee) introduced an ethinyl bond at R7 in place of a chlorine in Valium

(Fig. 1c). which confers anti-cancer activity.

(A) (B) Closed Open Enhanced: (€] wuiim gzp-1  Fig. 1. GABAARS. (A) A GABA4R, looking down

the chloride ion conduction pore. (B) Binding of
two GABA ligands opens the channel, binding of

o \' o e
O N‘g O Nf a benzodiazepine enhances chloride ion flux.
o N A " (C) Structure of the classic benzodiazepine
O O Valium (left) and the novel benzodiazepine

analog used in proposed studies (right; QH-II-

066 or BZD-1). Key difference is an ethinyl bond

Chloride @ GABA @ Benzodiazepine in nlare nf a chlnrine

DATA
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BZD-1 potentiates TMZ, irrespective of MGMT methylation status. In vitro cytotoxicity
studies of methylated and unmethylated GBM cells treated with QH-11-066 and TMZ as single

agents or in combination demonstrates that ~ Table 1. Cytotoxic responses of GBM cell lines treated with BZD-1+TMZ.

the combined therapy overcomes TMZ | ™™ sitis | orprmay | THE! i 8201, ":g'??yrz'gé’é%m) e
G76 Methylated Recurrent 1.31 0.613 0.103 0.24
resistance in unmethylated GBM cell lines | ©75 |unmethyiated | Primary | 10673 | 3.23 0.126 0.032
G43 Unmethylated Primary 165.43 6.67 0.360 0.018
and is significantly more potent than TMZ | 5114, Unmeihaod | prmary | 1533 | o044 546 e
Control ™Z BZD-1 BZD-1+TMZ

alone in killing GBM cells, irrespective of (a)
methylation status (Table 1). Using the
Chou-Talay Combination Index Equation

(B)
for quantitative synergy determination in

two-drug combinations, we find that QH-

11-066 and TMZ act synergistically. We Fig. 2. Cytotoxicity of unmethylated GBM cell lines treated with BZD-
1£TMZ. Spheroids of unmethylated GBM lines BT142-GFP (A) and G43 (B)

also conducted spheroid assays using two Wwere treated with TMZ, BZD-1, or BZD-1+TMZ.

unmethylated GBM lines to qualitatively assess the effect of QH-11-066+TMZ. This assay revealed
a very significant disaggregation in response to combination therapy, suggestive of a disruption in

tumor-initiating activity (Fig. 2).

Formulated QH-11-066 is metabolically stable and rapidly penetrates and accumulates in the
brain. We have explored different approaches to formulate QH-11-066. We identified a co-solvent
based injectable formulation (already U.S. FDA approved for benzodiazepines) as satisfactory. In
this co-solvent formulation, QH-11-066 is highly soluble (10 mg/mL); stable at room temperature
for up to 6 months; shows no visible adverse effects in rats 12 hrs after single dose i.p.
administration. We also conducted metabolic stability studies using human liver microsomes and

found no breakdown products within 1 hr, in contrast to the FDA approved benzodiazepine
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Midazolam. Pharmacokinetics of QH-11-066 show a rapid penetration into the brain (within ~5

minutes) and significant accumulation of QH-11-066 (161.3 ng/mL) into brain extracellular fluid .
SUMMARY

TMZ is used to treat all GBMs. But it shows a degree of effectiveness for only half of GBMs,
those MGMT methylated. TMZ is associated with debilitating and life-threatening side-effects. We
are advancing a brain-penetrant benzodiazepine analog that potentiates TMZ synergistically,

irrespective of GBM methylation status.
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5. 2. 5 Brain penetrant chemosensitizer to treat lung cancer

OVERVIEW OF INVENTION

Non-small cell lung cancer (NSCLC) accounts for a majority (80%-85%) of lung cancer cases.
The most common NSCLC histological subtype (40-50%) is lung adenocarcinoma. A great
majority of NSCLC patients with advanced stage of the disease face local and/or distant
recurrences, including metastasis to the brain, in the first 2 years after the completion of primary
treatment. More effective therapies are needed to boost tumor control, prevent metastasis, and
improve overall survival while mitigating side-effects.

We find that Type-A GABA neurotransmitter receptors (GABAaRS) are expressed in not only
cancers of the central nervous system, but also systemic cancers. In previous studies we reported
that by activating GABAAR function and signaling with a new class of benzodiazepine analogs,
tumor cells can be sensitized to radiation resulting in significant tumor regression in mouse
models of medulloblastoma and melanoma (1-4). Our analysis of patient data has revealed that
GABAR expression is present in both lung adenocarcinoma and squamous carcinoma subtypes.
Leveraging this finding, we have investigated if potentiating GABAaR in lung adenocarcinoma
cells with a novel benzodiazepine analog called QH-11-066 as well as other compounds of similar
structure can impair tumor growth. We find that QH-11-066 treatment induces apoptosis in patient-
derived adenocarcinoma cells. We also find that QH-11-066 synergistically can potentiate the
chemotherapeutic docetaxel, even at an ineffective dose. We have generated a flank xenograft
mouse model using patient derived adenocarcinoma cells to evaluate the efficacy of QH-11-066
and will utilize this model to evaluate the ability of QH-11-066 to sensitize tumor cells to docetaxel
such that this drugs toxicity profile is reduced while it retains its potency. Our long-term goal is to
establish that the novel benzodiazepine analog QH-II-066 can function to potentiate
chemotherapeutic for treatment of NSCLC, thereby increasing its effectiveness and mitigating
toxic side-effects.

BACKGROUND

GABAAR structure-function. GABA receptors (GABAaRS) form pentameric chloride (CI)
channels, composed most commonly of two a, two B, and y subunits encoded by GABR genes
GABRA (1-6), GABRB (1-3), and GABRG (1-3), respectively (7,8) (Fig. 1la). GABAARs are
fundamental in determining an excitation/inhibition balance in the central nervous system. As a
receptor mediating CI flux, GABAaRs predominantly function to hyperpolarize neural cells,
following binding of its ligand GABA (Fig. 1Db).

GABAR activation. GABAsRs have been an important therapeutic target since the clinical
introduction of benzodiazepines in the 1960s. Benzodiazepines bind at the y-a interface of
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GABAAR (Fig. 1a) and act to increase effectiveness of GABA and thus enhance CI flux (Fig. 1b).
FDA approved benzodiazepines consist most commonly of fusion of diazepine and benzene rings
(1,4-benzodiazepine) and a phenol ring (5-phenyl-1H-benzo[e]) (Fig. 1c). J. Cook and his team
(Univ. Wisconsin-Milwaukee) introduced an ethinyl bond at R7 in place of a chlorine in Valium
(Fig. 1c). which confers anti-cancer activity.

Fig. 1. GABAaRs. (A) A GABAAR, looking
(A) (B) Closed Enhanced down the chloride ion conduction pore. (B)
Binding of two GABA ligands opens the

Valium BZD-1

channel, binding of a benzodiazepine
St ' C‘.f A FEm

enhances chloride ion flux. (C) Structure of
the classic benzodiazepine Valium (left) and
the novel benzodiazepine analog used in
proposed studies (right; QH-1I-066 or BZD

1). Key difference is an ethinyl bond in place

Chloride @ GABA @ Benzodiazepine of a chlorine.
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5. 3 Paper published on QH 11 66

5. 3. 1 Paper 1: Modulation of a5 Subunit-Containing GABAA Receptors Alters Alcohol
Drinking by Rhesus Monkeys.
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ALCOHOLISM: CLINICAL AND EXPERIMENTAL RESEARCH
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April 2013

Modulation of «5 Subunit-Containing GABA 4, Receptors
Alters Alcohol Drinking by Rhesus Monkeys

Daniela Ruedi-Bettschen, James K. Rowlett, Sundari Rallapalli, Terry Clayton,
James M. Cook, and Donna M. Platt

Background: Alcohol’s ability to potentiate the activity of y-aminobutyric acid (GABA) at GABA 5
receptors has been implicated as a key mechanism underlying the behavioral effects of alcohol. The
complex molecular biology of these receptors raises the possibility that particular receptor subtypes
may play unique roles in alcohol’s abuse-related effects and that subtype-selective ligands with thera-
peutic specificity against alcohol might be developed. This study evaluated the capacity of x5GABAA
receptor ligands to alter selectively the reinforcing effects of alcohol.

Methods: Two groups of rhesus monkeys were trained to orally self-administer alcohol or sucrose
under fixed-ratio schedules and limited daily access conditions. In addition, following daily self-admin-
istration sessions, the behavior of each monkey was scored for both species-typical and drug-induced
behaviors.

Results: Concentrations of 1 to 6% alcohol maintained self-administration above water levels,
engendered pharmacologically relevant blood alcohol levels ranging from 90 to 160 mg/dl, and pro-
duced changes in behavior typical of alcohol intoxication. Concentrations of 0.3 to 3% sucrose also reli-
ably maintained self-administration. The «5SGABA, receptor agonist QH-ii-066 enhanced and the
25SGABA A receptor inverse agonist L.-655,708 inhibited alcohol, but not sucrose drinking. The changes
in alcohol drinking could be reversed with the 25GABA, receptor antagonist XLi-093. However,
L-655,708 increased yawning in both alcohol and sucrose drinkers, possibly indicative of an anxiogenic
effect.

Conclusions: These findings suggest a prominent and specific role for «5GABA 5 receptor mecha-
nisms in the reinforcing effects of alcohol. Moreover, these results suggest that x5GABA, receptors
may represent a novel pharmacological target for the development of medications to reduce drinking.
Of ligands modulating this receptor, x5GABA 4 receptor inverse agonists may hold the most promise as

alcohol pharmacotherapies.
Key Words: GABA, Receptors,  Alcohol
QH-ii-066, L-655,708, XLi-093, Naltrexone.

Self-Administration,

Monkey, Pharmacotherapy.

LCOHOL s ability to potentiate the activity of y-amin-

obutyric acid (GABA) at GABA, receptors has been
implicated as a key mechanism underlying the abuse-related
effects of alcohol in both human and nonhuman subjects
(e.g., Hyytid and Koob, 1995; June et al., 1995, 1998; Korpi,
1994; Séderpalm and Hansen, 1998). Molecular biological
studies have shown that the mammalian GABA 4 receptor is
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a pentamer consisting of subunits from at least 5 different
families, including the o, f, and y subunits (McKernan and
Whiting, 1996; Pritchett et al., 1989; Rudolph et al., 2001).
In addition, most of these subunits have a number of differ-
ent isoforms (e.g., o1 to 26, 1 to 3, y1 to y3; Olsen and Sieg-
hart, 2008). The complex molecular biology of GABAA
receptors raises the possibility that subtype-selective agents
with therapeutic specificity against alcohol might be devel-
oped.

GABA A receptors expressing the o5 subunit (x5GABAA
receptors) comprise only a small proportion of native
GABA, receptors and are found primarily in the hippocam-
pus (Sur et al., 1999; Uusi-Oukari and Korpi, 2010). Projec-
tions from the CAl and CA3 hippocampal fields have been
shown to innervate brain regions implicated in the reinforcing
effects of alcohol (e.g., Sesack and Grace, 2010). Several lines
of evidence support a potential role for a5SGABA 5 receptor
mechanisms in the abuse-related effects of alcohol. In this
regard, using data from the Collaborative Study on the
Genetics of Alcoholism, Song and colleagues (2003) reported
a significant association between GABRAS (the gene encod-
ing the 5 subunit of the GABA, receptor) and alcohol

Alcohol Clin Exp Res, Vol 37, No 4, 2013: pp 624-634
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[PHJRY 80: A High-Affinity, Selective Ligand for y-Aminobutyric
Acid, Receptors Containing Alpha-5 Subunits’" 2
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ABSTRACT

The radiochemical synthesis and pharmacological properties
are described of [PHJRY 80 (ethyl-8-acetylene-5,6-dihydro-5-
methyl-6-oxo-4H-imidazo[1,5a][1,4]benzodiazepine-3-carbox-
ylate, [ethy/-2H]). This compound is one of a series of 8-substi-
tuted imidazobenzodiazepines that exhibits both high affinity
and selectivity for y-aminobutyric acid (GABA), receptors con-
taining alpha-5 subunits. Saturable, high-affinity (K, ~0.7 nM)
binding of [PHJRY 80 was observed in hippocampal mem-
branes. The maximum number (B,,..,) of [°H]RY 80 binding sites
was ~18% of that obtained with [°H]flunitrazepam, a radioli-
gand that labels all “diazepam-sensitive” GABA, receptors.
This value is consistent with previous estimates (10-20%) of
the proportion of rat hippocampal GABA, receptors containing
alpha-5 subunits determined by immunoprecipitation with se-
lective antibodies and competition experiments using an alpha-

5-selective ligand. In recombinant GABA, receptors composed
of alpha-5 beta-3 gamma-2 subunits, the K, of [*H]RY 80 (~0.5
nM) was consistent with the value obtained in hippocampus,
whereas the B, ., value was not significantly different from that
obtained with [°H]flunitrazepam. The potencies of several ben-
zodiazepine site ligands to inhibit [*HJRY 80 binding to hip-
pocampal membranes were in agreement with the values ob-
tained in recombinant (alpha-5 beta-3 gamma-2) GABA,
receptors. [*H]RY 80 was used both in a “GABA shift” assay to
correctly predict the in vivo actions of a novel, alpha-5-selective
ligand and to characterize a population of GABA, receptors
containing alpha-5 subunits in neonatal rat cortex. These find-
ings demonstrate that [*H]RY 80 can be used as a radioligand
to examine the properties of GABA, receptors containing al-
pha-5 subunits.

GABA, receptors possess multiple, allosterically linked
modulatory sites that are loci for drug action (reviewed in
Skolnick and Paul, 1988; Johnston, 1996). However, from a
therapeutic and drug development perspective, benzodiaz-
epine binding sites are perhaps the most important. Thus,
benzodiazepine binding sites mediate the principal therapeu-
tic actions of 1,4-benzodiazepines (e.g., diazepam and fluraz-
epam) as well as a large group of structurally unrelated
molecules including imidazopyridines (e.g., zolpidem), cyclo-
pyrrolones (e.g., zopiclone) and B-carbolines (e.g., abecarnil).

GABA, receptors are a heterogeneous family of ligand-
gated ion channels that may be assembled from at least 15
structurally related subunits (alpha, beta, gamma, delta and
rho) (reviewed in Stephenson, 1995). Immunochemical stud-
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ies have demonstrated that GABA, receptors most often
exist as ternary complexes composed of alpha, beta, and
gamma subunits (; DeBlas, 1996; Fritschy and Mohler, 1993)
arranged as pentamers (Nayeem et al., 1994). Although
GABA, receptor subunit stoichiometry remains controver-
sial (Backus et al., 1993; Chang et al., 1996; Tretter et al.,
1997), both the affinities and efficacies of drugs acting at this
family of ligand-gated ion channels (including benzodiaz-
epine site ligands) appear to be defined by subunit composi-
tion. For example, studies in recombinant GABA, receptors
have shown that the alpha subunit is a primary determinant
of ligand affinity at benzodiazepine binding sites (Hading-
ham et al., 1993; Liiddens et al., 1990; Pritchett and Seeburg,
1990), with the gamma subunit playing a smaller, albeit
significant role for some ligands (Benke et al., 1996; Liiddens
et al., 1994). Ligand efficacy at benzodiazepine binding sites
appears to be determined primarily by the gamma subunit
(Ducic et al., 1993; von Blankenfeld et al., 1990; Wafford et
al., 1993). These studies in recombinant receptors have pro-
vided valuable insights that explain many aspects of the

ABBREVIATIONS: GABA, y-aminobutyric acid; DMCM, methyl-6,7-dimethoxy-4-ethyl-B-carboline-3-carboxylate; HEK, human embryonic kid-

ney.

488

362

L10T ‘11 Ay uo spewmor [44SV Ie S1o'sfewmofiadseadl woiy papeojumoq



Psychopharmacology (2009) 204:61-71
DOI 10.1007/500213-008-1437-8

5. 3. 3 Paper 3: Glutamatergic and GABAergic modulations of ultrasonic vocalizations
during maternal separation distress in mouse pups.
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Abstract

Introduction Dysregulation of GABAergic inhibition and
glutamatergic excitation has been implicated in exaggerated
anxiety. Mouse pups emit distress-like ultrasonic vocal-
izations (USVs) when they are separated from their dam/
siblings, and this behavior is reduced by benzodiazepines
(BZs) which modulate GABAergic inhibition. The roles of
glutamate receptors on USVs remain to be investigated.
Materials and methods We examined the roles of glutamate
receptor subtypes on mouse pup USVs using N-methyl-D-
aspartate (NMDA) receptor antagonists with different
affinities [dizocilpine (MK-801), memantine, and neramex-
ane] and group II metabotropic glutamate receptor agonist

Electronic supplementary material The online version of this article
(doi:10.1007/s00213-008-1437-8) contains supplementary material,
which is available to authorized users.
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(LY-379268) and antagonist (LY-341495). These effects
were compared with classic BZs: flunitrazepam, bromaze-
pam, and chlordiazepoxide. To assess the role of GABA4
receptor subunits on USVs, drugs that have preferential
actions at different GABA »-o subunits (L-838417 and QH-
ii-066) were tested. Seven-day-old CFW mouse pups were
separated from their dam and littermates and placed
individually on a 19°C test platform for 4 min. Grid cross-
ings and body rolls were measured in addition to USVs.
Results Dizocilpine dose-dependently reduced USVs,
whereas memantine and neramexane showed biphasic
effects and enhanced USVs at low to moderate doses. The
NMDA receptor antagonists increased locomotion. LY-
379268 reduced USVs but also suppressed locomotion.
All BZs reduced USVs and increased motor incoordination.
Neither L-838417 nor QH-ii-066 changed USVs, but both
induced motor incoordination.

Conclusion Low-affinity NMDA receptor antagonists, but
not the high-affinity antagonist, enhanced mouse pup distress
calls, which may be reflective of an anxiety-like state. BZs
reduced USVs but also induced motor incoordination, possibly
mediated by the «5 subunit containing GABA  receptors.

Keywords Anxiety - Ultrasonic vocalizations - Mouse pups -
NMDA receptor- mGluR2/3 - GABA, receptor subtypes -
Motor activity - Motor incoordination

Introduction

Rodent pups that are separated from their dam and/or
siblings emit distress calls (ultrasonic vocalizations, USVs)
that prompt retrieval by their dam (Noirot 1972; Brunelli et
al. 1994). This behavior may represent an expression of
affect by the pup, and separation-induced USVs have been

@ Springer
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Abstract
Ethanol’s ability to enhance y-aminobutyric acid (GABA) neurotransmission via GABA A
receptors has been implicated as an important mechanism underlying its discriminative stimulus
(DS) effects in animals and subjective effects in humans. The present study assessed the
contribution of o,;GABA, and asGABA, receptors to the DS effects of ethanol. Squirrel
monkeys were trained to discriminate i.v. ethanol from saline under a fixed-ratio schedule of
food delivery. Under test conditions, ethanol engendered a dose-dependent increase in drug-
lever responding, reaching an average maximum of >80%. In substitution experiments, the
0.iGAB A, agonists zolpidem, zaleplon and CL 218,872, the asGAB A agonists QH-ii-066 and
panadiplon, and representative nonselective agonists partially-to-fully reproduced the ethanol
DS. In antagonism studies, the 0,;GABA, antagonist B-CCt did not attenuate the DS effects of
ethanol or the ethanol-like effects of zolpidem and zaleplon. In contrast, pretreatment with the
asGABA, inverse agonist L-655,708 dose-dependently attenuated the DS effects of ethanol and
the ethanol-like effects of QH-ii-066. RY-23, another csGABA 4 inverse agonist, similarly
attenuated the ethanol-like DS effects of QH-ii-066. Antagonism of both QH-ii-066 and ethanol
by the 0sGABA 4 inverse agonists occurred at doses that did not alter the rate of responding
suggesting that this blockade was pharmacologically specific and not the result of a nonspecific
disruption of operant behavior. These findings suggest a key role for asGABA,, but not
0.;GAB A, receptor mechanisms in the DS effects of ethanol and the ethanol-like DS effects of

benzodiazepine agonists.
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Abstract

Purpose Pediatric brain cancer medulloblastoma (MB) standard-of-care results in numerous comorbidities. MB is comprised
of distinct molecular subgroups. Group 3 molecular subgroup patients have the highest relapse rates and after standard-of-care
have a 20% survival. Group 3 tumors have high expression of GABRAS5, which codes for the o5 subunit of the y-aminobutyric
acid type A receptor (GABA ,R). We are advancing a therapeutic approach for group 3 based on GABA ,R modulation using
benzodiazepine-derivatives.

Methods We performed analysis of GABR and MYC expression in MB tumors and used molecular, cell biological, and
whole-cell electrophysiology approaches to establish presence of a functional ‘druggable’ GABA 4R in group 3 cells.
Results Analysis of expression of 763 MB tumors reveals that group 3 tumors share high subgroup-specific and correlative
expression of GABR genes, which code for GABA 4R subunits a5, 3 and y2 and 3. There are ~ 1000 functional a5-GABA 4Rs
per group 3 patient-derived cell that mediate a basal chloride-anion efflux of 2 10° ions/s. Benzodiazepines, designed to
prefer a5-GABA 4R, impair group 3 cell viability by enhancing chloride-anion efflux with subtle changes in their struc-
ture having significant impact on potency. A potent, non-toxic benzodiazepine (‘KRM-II-08") binds to the a5-GABA,R
(0.8 uM ECj) enhancing a chloride-anion efflux that induces mitochondrial membrane depolarization and in response, 7P53
upregulation and p53, constitutively phosphorylated at S392, cytoplasmic localization. This correlates with pro-apoptotic
Bcl-2-associated death promoter protein localization.

Conclusion GABRAS expression can serve as a diagnostic biomarker for group 3 tumors, while a5-GABA 4R is a therapeutic
target for benzodiazepine binding, enhancing an ion imbalance that induces apoptosis.

Keywords Benzodiazepine - Medulloblastoma - GABA , receptor - Apoptosis - TP53

Introduction

Medulloblastoma is a significant cause of cancer-related
morbidity and mortality in children [1]. Its standard-of-care
Havva Keskin and Alexandra Ross have contributed equally to this consists of surgical resection, followed by radiotherapy
work. g’ . ers .

and chemotherapy, which cause neurocognitive side effects
Electronic supplementary material The online version of this [2-4]. Medulloblastoma molecular pljoﬁling delineated fo‘.u'
article (https:/doi.org/10.1007/s11060-019-03115-0) contains subgroups, by consensus termed wingless (WNT), sonic
supplementary material, which is available to authorized users. hedgehog (SHH), group 3, and group 4 [5-7]. WNT and
SHH exhibit anomalous expression of genes associated with
the Wnt and Shh pathways, consistent with genomic altera-
tions [8—10]. Groups 3 and 4, which account for ~60% of
medulloblastomas and include those with poorest prognosis,
do not have shared subgroup-specific genomic alterations
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Melanoma Cell Intrinsic GABAA Receptor Enhancement Potentiates
Radiation and Immune Checkpoint Inhibitor Response by Promoting Direct

and T Cell-Mediated Anti-Tumor Activity

Abstract

Purpose: Most metastatic melanoma patients show variable responses to
radiotherapy and do not benefit from immune checkpoint inhibitors (ICls).
Improved strategies for combination therapy that leverage potential benefits from
radiotherapy and ICI are critical.

Methods and Materials: We analyzed metastatic melanoma tumors in the
TCGA cohort for expression of genes coding for subunits of Type-A y-
aminobutyric acid (GABA) receptor (GABAaR), a chloride ion channel and major
inhibitory neurotransmitter receptor. Electrophysiology was used to determine if
melanoma cells possess intrinsic GABAAR activity. Melanoma cell viability
studies were conducted to test if enhancing GABAAR mediated chloride transport
using a benzodiazepine impaired viability. While a syngeneic melanoma mouse
model was used to assay the effect of benzodiazepine on tumor volume and its
ability to potentiate radiation and/or immunotherapy. Treated tumors were
analyzed for changes in gene expression by RNA sequencing and presence of
tumor infilitrating lymphocytes by flow cytometry.

Results: Genes coding for subunits of GABAARs express functional GABAaRs in
melanoma cells. By enhancing GABAAR mediated anion transport,

benzodiazepines depolarize melanoma cells and impair their viability. /n vivo,
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5. 3. 6 Paper 6: a5-GABAA receptors negatively regulate MYC-amplified medulloblastoma
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Abstract Neural tumors often express neurotransmit-
ter receptors as markers of their developmental lineage.
Although these receptors have been well characterized in
electrophysiological, developmental and pharmacologi-
cal settings, their importance in the maintenance and pro-
gression of brain tumors and, importantly, the effect of
their targeting in brain cancers remains obscure. Here, we
demonstrate high levels of GABRAS, which encodes the
aS5-subunit of the GABAA receptor complex, in aggressive
MYC-driven, “Group 3” medulloblastomas. We hypoth-
esized that modulation of a5-GABAA receptors alters
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medulloblastoma cell survival and monitored biological
and electrophysiological responses of GABRAS-express-
ing medulloblastoma cells upon pharmacological target-
ing of the GABAA receptor. While antagonists, inverse
agonists and non-specific positive allosteric modulators
had limited effects on medulloblastoma cells, a highly spe-
cific and potent a5-GABAA receptor agonist, QHii066,
resulted in marked membrane depolarization and a signifi-
cant decrease in cell survival. This effect was GABRAS
dependent and mediated through the induction of apoptosis
as well as accumulation of cells in S and G2 phases of the
cell cycle. Chemical genomic profiling of QHii066-treated
medulloblastoma cells confirmed inhibition of MYC-
related transcriptional activity and revealed an enrich-
ment of HOXAS target gene expression. siRNA-mediated
knockdown of HOXAS markedly blunted the response of
medulloblastoma cells to QHii066. Furthermore, QHii066
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5. 4 Posters and other publications

5. 4. 1 Melanoma cell intrinsic gabaa receptor enhancement potentiates radiation and
immune checkpoint inhibitor response by promoting direct and t cell-mediated anti-tumor

activity
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5. 4. 2 Targeting a unique electrochemical vulnerability in a pediatric brain tumor to
potentiate proton beam radiotherapy.
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Medulloblastoma (MB) is the most common malignant (WHO Grade 1V) primary brain cancer in
children, adolescents, and young adults. Radiotherapy (RT) is a mainstay of MB treatment, as it is
for most childhood and adult cancers. RT dose and frequency needed to achieve efficacy in MB
patients severely impacts survival outcomes and is the cause of long-term cognitive deficits. To
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improve on short-term side effects and long-term complications, scanning beam proton therapy is
employed, when available. While this recent technological advance significantly reduces damage
to surrounding healthy brain tissue, survivors continue to experience induced radiation damage,
including neurocognitive sequelac. To impact survivors’ health-related quality of life and
caregivers’ emotional and financial burden, it is critical to identify approaches that reduce RT dose

to mitigate side-effects without impacting RT effectiveness.

We are investigating targeting a unique MB electrochemical vulnerability as a means to
sensitize MB tumor cells to RT. There are four MB molecular subgroups: wingless, sonic-
hedgehog, Group 3, and Group 4. Our analysis of 763 MB tumor transcriptomes reveals that all
Group 3 MB tumors share an enhanced expression of genes-coding for subunits of the Type-A
GABA receptor (GABAAR), a chloride channel. Using patch-clamp electrophysiology, we found
that GABAARS conduct ClI™ in MB cells and that a brain-penetrant benzodiazepine (BZ) enhances
this effect and triggers cytotoxic responses commensurate with mitochondrial depolarization. We
find that BZ combined with RT, even at a sub-lethal dose, is highly effective in impairing the
viability of MB tumor cells, greater than RT alone. Our BZ is capable of penetrating the blood-
brain barrier in minutes, is metabolically stable, and showed no toxicity in a primate model. We
are investigating its suitability to be used concomitant with proton beam radiotherapy, replacing
standard of care vincristine, to reduce radiation-induced brain toxicity experienced by MB patients

and survivors while not decreasing RT effectiveness.
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5. 4. 3 Modulating native GABAA receptors in medulloblastoma with positive allosteric
benzodiazepine-derivatives induces cell death
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Abstract:

Purpose Pediatric brain cancer medulloblastoma (MB) standard-of-care results in numerous
comorbidities. MB is comprised of distinct molecular subgroups. Group 3 molecular subgroup
patients have the highest relapse rates and after standard-of-care have a 20% survival. Group 3
tumors have high expression of GABRADS, which codes for the a5 subunit of the y-aminobutyric
acid type A receptor (GABAAR). We are advancing a therapeutic approach for group 3 based on
GABAAR modulation using benzodiazepine-derivatives.
Methods We performed analysis of GABR and MYC expression in MB tumors and used
molecular, cell biological, and whole-cell electrophysiology approaches to establish presence of a

functional ‘druggable’ GABAAR in group 3 cells.
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Results Analysis of expression of 763 MB tumors reveals that group 3 tumors share high
subgroup-specifc and correlative expression of GABR genes, which code for GABAAR subunits
a5, B3 and y2 and 3. There are ~1000 functional a5-GABAARS per group 3 patient-derived cell
that mediate a basal chloride-anion efux of 2 x 109 ions/s. Benzodiazepines, designed to
prefer a5-GABAAR, impair group 3 cell viability by enhancing chloride-anion efux with subtle
changes in their structure having signifcant impact on potency. A potent, non-toxic benzodiazepine
(‘KRM-11-08”) binds to the a5-GABAAR (0.8 uM EC50) enhancing a chloride-anion efux that
induces  mitochondrial membrane  depolarization and in  response,  TP53
upregulation and p53, constitutively phosphorylated at S392, cytoplasmic localization. This

correlates with pro-apoptotic Bcl-2-associated death promoter protein localization.
Conclusion GABRADS expression can serve as a diagnostic biomarker for group 3 tumors, while
a5-GABAAR is a therapeutic target for benzodiazepine binding, enhancing an ion imbalance that

induces apoptosis.

Keywords Benzodiazepine - Medulloblastoma - GABAA receptor - Apoptosis - TP53
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5. 4.4 PDTM-45. POSITIVE MODULATION OF NATIVE GABAA RECEPTORS IN
MEDULLOBLASTOMA CANCER CELLS WITH BENZODIAZEPINES INDUCES
RAPID MITOCHONDRIAL FRAGMENTATION AND TP53-DEPENDENT, CELL
CYCLE-INDEPENDENT APOPTOSIS.
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5.4.5 QH-11-66, a potential drug candidate for the treatment of Melanoma.
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Abstract

Melanoma is the deadliest form of skin cancer. More than 100,000 people are
expected to be diagnosed in the USA in 2021. Current treatment with radiotherapy
and immune checkpoint inhibitors do not show significant improvement in patients.
Therapy combined with QH-1I-66, radiation, and an immune checkpoint inhibitor
shows improved results in controlling the metastasis by lowering the mass of the
tumor. By gene expression analysis it was seen that these cancer cells show high
expression of GABAA receplors Elec(rophys\ology shows (hese receptors are
functional. This cells exclusive and
does not impair normal ceﬂs 1n a syngene;c mouse model of melanoma shows
QH-11-66 increases the in which initiates

Bz/GABAAR in vitro binding data of diazepam and QH-11-066

diazepam

B2IGABA, receptor binding data (K; = nM)

cell death of cancer cells. Combined therapy with QH Il 66 and radiation show
even better results. Lymphocyte and CD8+T cell counts were also increased after
the treatment. Large-scale synthesis was developed for QH Il 66. Thus, this
potent, non-toxic benzodiazepine may serve as an efficient anti-cancer drug for
melanoma.
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«@ Anxiolylic, anticonvulsant action, antihyperalgesic effects

& Some anxiolytic action. some antinociceptive effects, anticonvulsant actions at
higher doses, some muscle relaxation at higher doscs.

a Diazepam-insensitive (DI) site, important in lung disorders in the periphery.

» Cognition, leaming, temporal, and spatial memory {may be memory component
of anxety), schizophrenia, depression and in tha paripheral asthma.

- Diazepam-insensilive (DI} site, important in Tic disorders, Tourelle's syndrome,

migraine, trigeminal orofacial pain and perhaps
Korman, Walors, Rudolph, Roalct =21

How GABA,R works
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Large scale synthesis of QH Il 66

NH; DCM, NBS Ny mmum.ymomm
: -109C-0°C O DCM NaHCO.
0 & 0
. 95% 3h:s 10°C-RT
g Q =

1 2

N

HMTM, NH,OAC CHy. KOBu-t

1PA, Reflux, 6hrs THF woc 0%

» B =N
T
5% O
4
PA(OAC), P(o-Tolyl)y /o S

TIPS Acetylene
_PAONTEA Reflx 20% R 1he
Ghvs 8% TIPS 90%

Largest scale done: 100 gm Product recovered: 55 gm

Overall yield: 40%

¢

Coumicl o ¢ Coghyao0
Molocular Woight 274 31656

Results and Conclusion

Results shown here indicates that QH Il 66 can be potential candidate as an anti-
cancer agent for the lrea(men( of melanoma By enhancing GABA,R-mediated
anion transport, cells and impair their
viability. In vivo, benzodiazepine alone reduces tumor growth and potentiates
radiation therapy and a-PD-L1 antitumor activity. The combined treatment with
benzodiazepine, radiation therapy, and a-PD-L1 results in near complete
regression of treated tumors and a potent abscopal effect, mediated by increased
infiltration of polyfunctional CD8* T cells. A large-scale synthesis method for QH Il
66 was also developed with improved percent yield where the overall yield is
0%.
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5.5 Curriculum Vitae

5.5.1 Profile

Experienced chemist with a demonstrated history of working in analytical chemistry sector.
Currently pursuing PhD in Organic and Medicinal Chemistry. Skilled in Organic Chemistry,
Organic  Synthesis, Molecule characterization (NMRs, GC-MS, GC-ECD, Liquid
Chromatography-Mass Spectrometry (LC-MS), HPLC, FTIR, UV-Vis, ICP-MS, ICP-OES, AAS),

Process Development and Purification.

5. 5.2 Education
PhD candidate in Organic Chemistry.
University of Wisconsin — Milwaukee - Milwaukee, WI

August 2015 to May 2022 (expected)

Master’s in applied chemistry and Chemical Engineering.
University of Dhaka - Dhaka, Bangladesh.

January 2011 to June 2012

Bachelor’s in applied chemistry and Chemical Engineering.
University of Dhaka - Dhaka, Bangladesh.

April 2006 to December 2010

5.5. 3 Experience

Graduate Research Assistant (GRA) | University of Wisconsin-Milwaukee - Milwaukee, WI

August 2015 to Present
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Synthesizes new benzodiazepine analogues to treat medulloblastoma, melanoma and lung

cancer.

Synthesizes alpha5 subtype selective GABA(A) receptor agonists, antagonists as well as
inverse agonists to find a suitable drug to treat schizophrenia and depression.

Develops and optimizes synthetic routes to synthesize lead compound analogues by using
conventional and microwave reaction techniques.

Performs multistep synthesis of chiral and non-chiral compounds by using required metal
catalysts.

Performs purification by using appropriate chromatography (such as TLC, Column
Chromatography), crystallization and distillation techniques

Performs characterization of intermediates and products of a reaction by using NMR, IR
spectroscopy, Mass spectrometry and Elemental analysis.

Demonstrates excellent writing skills and performs literature searches using scifinder.com,

reaxys.com, pubmed.com etc.

Senior Officer — Analytical Laboratory | TUV — SUD Bangladesh Pvt. Ltd. - Dhaka,
Bangladesh
August 2013 to July 2015

Detection and quantification of 26 banned disperse dyes by using Agilent UPLC-MS
Detection and quantification of Alkyl phenol ethoxylates (APEQOs) by using UPLC-
MS/MS, Waters Technologies with Photodiode Array Detector (PDA).

Preparation of proper documentation to release test results.

Performed routine maintenance and troubleshooting of analytical equipment.

Executive — Lab analyst, RSTS Laboratory | SGS Bangladesh Pvt. Ltd. - Dhaka, Bangladesh.
August 2012 to July 2013
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Detection and analysis of restricted azo dye compounds by using Agilent 6890 GC with
Agilent 5973 Mass Spectrometer.

Confirmation of the spectrum of azo dye compound by using Agilent UPLC 1290 (DAD).
Quantification of Formaldehyde and Chromium hexavalent compounds by using Shimadzu
UV-VIS Spectrophotometer UV-3600.

Performed routine maintenance and troubleshooting of analytical equipment.

Assistant Executive — Lab analyst, RSTS Laboratory | SGS Bangladesh Pvt. Ltd. - Dhaka,
Bangladesh.
August 2011 to July 2012

Conducted routine analytical studies of samples, preparation and extraction following
laboratory Standard Operating Procedures (SOPs) and protocols.

Preparation of sample (including extraction) for the detection of carcinogenic Azo dyes,
Disperse dyes, pthalates, APEOs, NPEOs Formaldehyde in finished garments products.
Preparation of stock solutions in different concentrations for instruments like GCMS,
UPLC, ICP-OES, AAS etc.

Preparation of different buffer solutions for HPLC and UPLC for different experiments.
Maintained logbook for sample preparation. Maintenance and calibration of instruments

like UV-Vis, pH meter, mechanical shaker, rotary evaporators etc.

5.5. 4 Awards & Affiliations

Chancellor’s Graduate Student Award (fall’15 to spring’20)

Member of American Chemical society (ACS) since 2016.
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5.5.5 Publications

Modulating native GABAAa receptors in medulloblastoma with positive allosteric
benzodiazepine-derivatives induces cell death. J Neurooncol. 2019 May;142(3):411-
422. doi: 10.1007/s11060-019-03115-0. Epub 2019 Feb 6. PMID: 30725256; PMCID:
PMC6478651.Kallay L, Keskin H, Ross A, Rupji M, Moody OA, Wang X, Li G, Ahmed
T, Rashid F, Stephen MR, Cottrill KA, Nuckols TA, Xu M, Martinson DE, Tranghese F,
Pei Y, Cook JM, Kowalski J, Taylor MD, Jenkins A, Pomeranz Krummel DA, Sengupta

S.

Melanoma Cell Intrinsic GABAA Receptor Enhancement Potentiates Radiation and
Immune Checkpoint Inhibitor Response by Promoting Direct and T Cell-Mediated
Antitumor Activity. Int J Radiat Oncol Biol Phys. 2021 Mar 15;109(4):1040-1053. doi:
10.1016/j.ijrobp.2020.10.025. Epub 2020 Oct 24. PMID: 33289666; PMCID:
PMC8329598. Pomeranz Krummel DA, Nasti TH, Kaluzova M, Kallay L, Bhattacharya
D, Melms JC, Izar B, Xu M, Burnham A, Ahmed T, Li G, Lawson D, Kowalski J, Cao Y,

Switchenko JM, lonascu D, Cook JM, Medvedovic M, Jenkins A, Khan MK, Sengupta S.

Design, synthesis and characterization of novel gamma-aminobutyric acid type A
receptor ligands. ARKIVOC. 2020;2020(Pt 7):242-256. doi:
10.24820/ark.5550190.p011.398. Epub 2020 Dec 2. PMID: 33642954; PMCID:
PMC7909486. Pandey KP, Khan ZA, Golani LK, Mondal P, Mian Y, Rashid F,
Tiruveedhula VVNPB, Knutson DE, Sharmin D, Ahmed T, Rezvanian S, Zahn NM,

Arnold LA, Witkin JM, Cook JM.
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e Rationalizing the binding and a subtype selectivity of synthesized imidazodiazepines
and benzodiazepines at GABAA receptors by using molecular docking studies.
Bioorganic & Medicinal Chemistry Letters, Volume 62, 2022,128637, ISSN 0960-894X,
https://doi.org/10.1016/j.omcl.2022.128637. Lalit K Golani, Md Yeunus Mian, Taukir
Ahmed, Kamal P Pandey, Prithu Mondal, Dishary Sharmin, Sepideh Rezvanian, Jeffrey

M Witkin, James M Cook,

5.5. 6 Patents
e Cook, J. M.; Ahmed, T.; Tiruveedhula, V. V. N. P. B.; Jahan, R.; Golani, L. K.; Li, G;
Rashid, F.; GABA(A)ergic Subtype Selective Ligands as Anxiolytic, Antinociceptive,
Anticonvulsant and Antidepressant Agents via Deuterium Exchange. PCT Patent filed on

January 3, 2019.

e Sengupta, S.; Krummel, D. P.; Cook, J. M.; Ahmed, T.; Karve, A.; Kallay, L.; Desai, P.
US Provision patent filing 2021 for Glioblastoma combination therapy. PCT Patent filed
on June 3, 2021.

e Brain penetrant chemosensitizer to treat lung cancer.

e Novel deuterated benzodiazepine analogs for cancer use.

e Development of a new class of small molecule autophagy modulators for treatment of

cancers.
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