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ARTICLE INFO ABSTRACT

Keywords: There is a continuous and pressing need to establish new brain-penetrant bioactive compounds with anti-cancer
Click chemistry properties. To this end, a new series of 4-((4-substituted-4,5-dihydro-1H-1,2,3-triazol-1-yl)methyl)-[1,1-
O,TBN biphenyl]-2-carbonitrile (OTBN-1,2,3-triazole) derivatives were synthesized by click chemistry. The series of
Iéﬂffc bioactive compounds were designed and synthesized from diverse alkynes and N3-OTBN, using copper (II) ac-

Copper acetate monohydrate etate monohydrate in aqueous dimethylformamide at room temperature. Besides being highly cost-effective and

DIPG significantly reducing synthesis, the reaction yielded 91-98 % of the target products without the need of any
GBM additional steps or chromatographic techniques. Two analogues exhibit promising anti-cancer biological activ-
Live-cell imaging ities. Analogue 41 shows highly specific cytostatic activity against lung cancer cells, while analogue 4k exhibits

pan-cancer anti-growth activity. A kinase screen suggests compound 4k has single-digit micromolar activity
against kinase STK33. High STK33 RNA expression correlates strongly with poorer patient outcomes in both
adult and pediatric glioma. Compound 4k potently inhibits cell proliferation, invasion, and 3D neurosphere
formation in primary patient-derived glioma cell lines. The observed anti-cancer activity is enhanced in com-
bination with specific clinically relevant small molecule inhibitors. Herein we establish a novel biochemical
kinase inhibitory function for click-chemistry-derived OTBN-1,2,3-triazole analogues and further report their
anti-cancer activity in vitro for the first time.

Abbreviations: OTBN, o-Tolylbenzonitrile; NaASc, Sodium Ascorbate; CuAAC, Copper-catalyzed azide-alkyne cycloaddition; DMF, N, N-dimethyl formamide;

DMSO, Dimethyl sulfoxide; GBM, Glioblastoma; DIPG, Diffused intrinsic pontine glioma; ADT, Auto Dock Tool.
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D.P. Vala et al.
1. Introduction

Since 2001, over 70 kinase inhibitors have been clinically approved
for the treatment of various cancers [1]. While targeting kinases in lung
cancer have been especially successful, a large majority of FDA-
approved kinase inhibitors have failed in adult glioma and paediatric
diffused intrinsic pontine glioma trials [2,3]. Most brain cancer patients
exhibit high mortality due to rapid relapse [4,5] and rely on invasive
neurosurgery, radiation, and alternative experimental therapies [6] for
better end-of-life care. For this purpose, it is essential to consider brain
penetrance as an important criterion during future kinase inhibitor drug
discovery and medicinal chemistry programmes.

A highly impactful drug synthetic strategy developed over 23 years
ago is the click approach [7,8]. Click chemistry has been revolutionary
[9,10] in the generation of a wide range of 1,4-disubstitued-1,2,3-tria-
zole compounds with diverse anti-proliferative [11,12], anti-diabetic
[13], antimicrobial [14,15] and anti-hypertensive properties [16]. It is
a variation of the exergonic Huisgen 1,3-dipolar cycloaddition reaction
between terminal acetylenes and azides for the rapid synthesis of five-
membered heterocyclic compounds [13,17]. In the initial stages of
click chemistry optimization, a copper catalyst was used for the cycli-
zation of two unsaturated starting materials termed copper catalysed
azide-alkyne cycloaddition or CuAAC. This powerful strategy has seen
extensive applications in drug discovery, material, and polymer science
[18]. Indeed, a ground-breaking study [19] reported a strained pro-
moted [3 + 2] cycloaddition reaction based on CuAAC which allowed
for selective modification in biomolecules with excellent bio-
rthogonality and without physiological harm. 1,2,3-triazoles are very
useful either as building blocks for the synthesis of drug intermediates
[20] or in applications such as bio-isostere of amide, carboxylic acid and
ester [21,22]. In the current study, we utilised this revolutionary click
approach to synthesise a new class of 1,2,3-triazole-OTBN analogous
which exhibited diverse anti-cancer properties. We coupled substituted
4-bromo-OTBN and 1,2,3-triazole moiety to successfully generate anti-
cancer derivatives with predicted brain penetrance. In fact, the most
potent pan-cancer analogue exhibited specific serine threonine kinase
STK33 inhibitory function within a panel of 139 kinases. STK33 has been
targeted, albeit controversially, as a synthetic lethal oncogene in KRAS
dependent cancer [23,24]. For this purpose, a few inhibitors for STK33
have been reported previously but none have entered the clinic yet. We
further show that STK33 is indeed a true drug target and is highly
expressed in glioblastoma which in turn correlates with poorer survival
in patients.

Herein, we report the design and synthesis of a potent and potentially
brain-penetrant 1,2,3-Triazole-OTBN drug intermediate using a simple,
green, and efficient click-chemistry protocol exhibiting potent anti-brain
cancer activity with STK33 kinase-inhibitory properties.
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2. Result and discussion
2.1. Chemistry

Optimization of reaction®

To optimise reaction parameters, we conducted a series of reactions
between azide 2 and phenylacetylene 3a as a model, using Cu(I) iodide
(10 mol%) as a catalyst, NaASc as an additive and DMF as a solvent, at
room temperature. We were glad to see the formation of triazole as the
only reaction product with a 100 % conversion yield with respect to
azide 2 within 25 min (entry 1) on our first attempt. While acetone,
methanol, acetonitrile, and water failed as solvents (entries 2-5), DMSO
completed the reaction within 25 min as well (entry 6). After optimising
the solvent, the reaction was performed using various catalysts such as
CuS04-5H0, CuCly, Cu(OTf),, and Copper (II) acetate monohydrate.
The Displacement of Cul with CuCl, and Cu(OTfy) (entries 8,9) led to
failures and lower yield respectively. On the other hand, CuSO4-5H,0
with NaASc took 40 min (entry 7) and surprisingly copper (II) acetate
monohydrate took only 15 min with a 100 % conversion yield with
respect to azide 2 (entries 10) (Scheme 1).

Our 4'-(azidomethyl)-[1,1-biphenyl]-2-carbonitrile 2 was synthe-
sized from 4'-(bromomethyl)-[1,1-biphenyl]-2-carbonitrile (Bromo-
OTBN) 1 and sodium azide (NaN3) in DMF for 14-18 hrs at room tem-
perature (25-30 °C) (Scheme 2).

The reactions with 4-(azidomethyl)-[1,1-biphenyl]-2-carbonitrile 2
and different terminal alkynes such as 3(a-0) using commercially readily
available copper (II) acetate monohydrate catalyst and NaASc (30 mol
%) reached a 100 % conversion yield with respect to azide 2 within 15
min using DMF: H,0 (3:2) 5 ml (Scheme 3). The desired crude products
4(a-m) precipitate out with water. These crude products 4(a-m) were
filtered and washed first with (2 x 25 ml) water and then (2 x 10 ml)
ethyl acetate: n-hexane (10:90). Copper (II) compound is used as a

Br N

N o
1 2

Scheme 2. Synthesis of compound 2. *Reaction condition: 1mmol 4’-(bromo-
methyl)-[1,1’-biphenyl]-2-carbonitrile 1 and 1.5 mmol Sodium azide, 5 ml
DMF, RT, 14-18 hrs.

NaNj (1.5 eq)

DMF (5 ml)
RT, 14-18 hrs

N=N
N, N/
I Cu Salt (10 mol%) H
O NaASc (30 mol%) O
Solvent
CN RT, Time CN

2 3a

4a

Scheme 1. Optimization reaction conditions.
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4m, 95 %

Cu(CO2CH3)2°H,0 (10 mol%)

4 H NaAS¢ (30 mol%)
/ DMF:H,0 (3:2)
RT, 15-20 min

3(a-0)

S
I’[ :\ p=4
n

CN

4b 96 %

h [e)
O H,C

Z-z
I\ Z

N=N
o8
H
9 i;@
H ™o

4n
Not formed

Scheme 3. Substrate scope of Reaction.
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91-98 yield®
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Table 1
Optimization conditions.
Entry  Cu Salt Solvent Time (t)  %Conv "
1 Cul DMF 25 min 100
2 Cul Acetone 24 hrs No
reaction
3 Cul Methanol 24 hrs No
reaction
4 Cul Acetonitrile 24 hrs No
reaction
5 Cul Water 24 hrs No
reaction
6 Cul DMSO 25 min 100
7 CuS0,4-5H,0 DMF:H,0 (3:2) 40min 100
8 CuCl, DMF:H,0 (3:2) 18 hr 75
9 Cu(OTf), DMF:H,0 (3:2) 18 hr 95
10 Cu(II) acetate DMF:H,0 15min 100
monohydrate (3:2)

#Reaction condition: 1 mmol 4'-(azidomethyl)-[1,1"-biphenyl]-2-carbonitrile 2,
1 mmol phenyl acetylene 3a, 10 mol% Catalyst, 30 mol% NaASc and 5 ml
solvent.

b Observed from TLC analysis.

catalyst with an excellent metal reductant, NaASc, which reduces Cu(II)
to Cu(l) efficiently.[25] The advantage of generating these in situ Cu(I)
species eliminates the need for the base. Otherwise, Cu(I) species re-
quires Acetonitrile as a co-solvent and a Nitrogen base for the reaction.
[7] Therefore, we placed the reducing agent NaASc with Cu(I) catalyst in
case Cu(l) oxidizes to Cu(Il). This reaction only took and 25 min to
complete (Table 1 entry 1).

Under the optimized reaction conditions, the scope concerning ter-
minal alkynes was examined. Almost all alkynes gave excellent yield
with azide 2 but, propargyl bromide 3n and propargyl alcohol 3o did
not give a reaction. Under the standard one-pot reaction conditions, the
reaction takes a longer time (24-48 hrs) with high catalyst loading
(20-30 mol%). Herein, alkynes 3(c-e) and 3(h-i) were synthesised
using a previously reported method [26], parting from ~OH and -NH
containing compounds (1 mmol) respectively, using Propargyl bromide
(1.2 mmol) K»CO3 (3 mmol) as a base and DMF (4 ml) as a solvent.

2.2. Crystal data and structure refinement for Compound 2

To develop a single crystal, 150 mg of compound 2 was dissolved in
100 ml ethyl acetate and heated until compound 2 was properly dis-
solved and the amount of solution was halved (50 ml). Following this,
150 mg of activated charcoal was added to eliminate coloured

Bioorganic Chemistry 149 (2024) 107485

impurities from the compound. Once the charcoal treatment solution
was filtered, it was kept in a clean beaker covered with aluminium foil
for a couple of days. When the ethyl acetate was evaporated, a single
crystal of compound 2 developed over 10-15 days. It developed into a
colourless rectangular form with the approximate dimensions of 0.250
mm x 0.220 mm x 0.180 mm.

Compound 2 crystallised (Fig. 1A & 1B) with the triclinic crystal
system, space group p-1, and unit cell parameter: a = 8.0204(7) A, b =
8.1641(8) A, ¢ = 10.0523(9) A, a = 76.322(4)°, p = 69.458(4)°, y =
86.20(4)°and Z = 2. The density was calculated at 1.299 g/cm>. The
single crystal image, ORTEP diagram, unit cell, and packing configura-
tions are shown below, and other observed data for the single crystal
investigation are shown in Table 2.

2.3. Biological activity

2.3.1. Identifying key cancer-specific and pan-cancer lead OTBN
derivatives

The antiproliferative activity of compounds 2 and 4(a-m) was
studied in a panel of human solid tumour cell lines. The results indicate
50 % growth inhibition — obtained using the well-known protocol of the
NCI [27] — and are listed in Table 3. All compounds were able to induce
antiproliferative effects on at least one cell line of the panel. The pre-
cursor compound 2 was active against most cell lines and showed Glsg
values in the range 18-32 uM except GBM143. Thus, the potency of

Table 2
Crystal data and structure refinement for compound 2.

Crystal description Colourless

0.250 x 0.220 x 0.180 mm
C14H10N4

234.26

Mo Ko, 0.71073 A

a = 8.0204(7) A « = 76.322(4)°
b =8.1641(8) A P = 69.458(4)°
¢ =10.0523(9) A y = 86.20(4)°

Crystal Size

Empirical formula
Formula weight
Radiation, Wavelength
Unit cell dimension

Crystal system Triclinic
Space group p-1

Unit cell volume 598.82(10) A3
No. of molecule per unit cell, Z 2
Temperature 296(2) K
Absorption coefficient 0.082 mm !
F(000) 244

Scan mode Multi-scan

6 range for the entire data collection 2.22 t0 26.82°
Density (calculated) 1.299

Fig. 1. A) The molecular structure of compound 2. Showing the atom-labelling scheme and displacement ellipsoids at a 50% probability level. B) The packing

diagram for compound 2 view along the a-axis.
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Table 3

Bioorganic Chemistry 149 (2024) 107485

Antiproliferative activity (GIsg, uM) against human tumour cell lines and non-cancerous RPE1 cells.

Cell line (origin)

Compound A549 HBL100 Hela SW1573 T-47D WiDr GBM143 RPE1
(lung) (breast) (cervix) (lung) (breast) (colon) (brain) (normal)
2 32+11 27 +£5.0 18 £5.1 21 +£5.7 29 + 4.3 27 +11 >50 >50
4a 39+15 >50 >50 3.7+1.0 >50 >50 >50 >50
4b 56 +1.3 98 +£1.5 28 £ 13 35+1.0 >50 35+9.0 >50 >50
4c 25+5.3 34 +5.3 25+ 5.5 >50 >50 >50 >50 >50
4d 9.5 + 4.3 24 +8.8 7.2+ 2.6 >50 >50 >50 >50 >50
4e >50 33+11 25+ 6.0 45 + 17 >50 >50 >50 >50
4f 20 + 4.9 40 + 16 43 + 20 6.5+ 1.5 >50 33+9.0 >50 >50
4g 6.8 + 3.0 13+ 25 21 £0.8 1.4+ 0.6 28 +£3.5 20+7.8 >50 >50
4h 3.8+ 1.0 7.7 £ 2.7 3.2+ 0.8 5.8 + 0.6 40 £ 19 20+£7.1 >50 >50
4i >50 >50 >50 >50 >50 >50 >50 >50
4j 19 £ 0.2 25+ 1.0 25+ 0.2 >50 >50 40 +17 22.4 +2.7 >50
4k 3.6 + 0.9 41+1.7 2.6 + 0.8 5.2 + 0.6 3.5+ 0.6 4.1+ 0.7 4.9 + 0.7 >50
41 53+13 >50 >50 4.4 + 0.6 >50 >50 >50 >50
4m >50 >50 6.0 £ 2.5 >50 >50 >50 >50 >50
cisplatin 4.9+ 0.2 1.9+0.2 1.5+ 0.5 2.7 £ 0.4 17 +£3.3 23 +£4.3 114+ 1.4 >50

2Values represent mean + standard deviation of two to three independent experiments.

Min-Max Gls, (M)

1 10 100
CDDP

2
4a H
4b F 7\ R!
e Ph QDL
4k OMe H o
4m O ;

. | ’N\</3>,R7
4 H ( )‘ —
4r: ! OMe
4c s | H G = P
4e OMe °§94H
4d
4f
49
41

Fig. 2. GIso range plot. Partial SARs can be inferred after subclassifying the
compounds according to the motif at C4 of the triazole. CDDP: cisplatin.

Hela|::

A549

SW1573

compound 2 is considered modest. The reaction of compound 2 with
alkynes provided triazole derivatives 4(a-m) which displayed diverse
antiproliferative activities when compared to the parent compound. It
was not possible to establish global structure activity relationships
(SARs) from the results. With the aid of the GIso range plot (Fig. 2), some
partial SARs are encountered when considering the motif at C4 of the
triazole group. The C4-phenyl derivative 4m is the “dimeric” version of
compound 4a, which was active against the lung cancer cell lines (Glsg
= 3.9 uM for A549 and 3.7 uM for SW1573) and weakly against HeLa
(~90 pM). This result suggests that the addition of a second biphenyl
triazole group (4m) produces notable changes in selectivity. Interest-
ingly, 4m was active exclusively against HeLa cells (GIsp = 6.0 pM),
suggesting differential selectivity toward cancer cell lines. Compound 41
displayed antiproliferative effects primarily against the lung cancer cell
lines A549 and SW1573, with GIs( values of 5.3 and 4.4 uM, respectively
with no activity against any of the other cells tested up to 100 pM.
Overall, the most active compound of the series was 4k, with GlIs( values
in the range 2.6-5.2 yM and active against all cell lines tested. It is
important to note that none of the drugs had any measurable toxicity
against non-cancerous immortalised epithelial hnTERT-RPE1 cells, sug-
gesting a viable therapeutic window for the molecules. We utilised
cisplatin (CDDP) as a control chemotherapeutic drug as a benchmark for
the Glsg values of the compound series (Table 3 & Fig. 2).

Since 41 was remarkably lung cancer-specific while 4k was a highly
potent pan-cancer molecule, we decided to test both derivatives in

B.
15— E=Hela
' CA549
EESW1573
v
21.0
©
K =t
v
o
8
0.5
0.0—
4 (uM): 0022 0022 0022

Fig. 3. 4l exhibits lung cancer specific cytostatic activity. (A) Colony formation assay of HeLa, A549 and SW1573 cells exposed to 41. Representative crystal violet
staining of the colonies formed after seven days of incubation. (B) Relative quantification of optical density of crystal violet content of the indicated treatments. Also

see Supplementary Videos 1&2.
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A. B C. -
GBM6 1.51 GBM22 e GBM143 - DMSO
1.04

% % % - -+ 4k 3 puM
3 3104 3 -+ 4k 10 uM
< < <

% 8 % 044

Y 0.5 g vt

S 5 0.5 5 1
o Qa7 Qo d

5 « 5 5 02 *

0.0 - r I 1 0.0 ;00 T T T
0 2 4 6 8 o 2 4 6 8 0 2 4 6
Days Days Days
D. E. F
SU-DIPG-VI 200 HSJD-DIPG-007

e — 1.0+

3 3

8 400 8 A

2 3 < {DMso
(] [} 7y

§ § B 2

o -5 100 ‘:‘ 051

% 200 % HHH g

'E:v *XK g ! | ? @ |4k
a oy 8

o |w®H | ¢ 2

0 1 1 T T 0 T T T T
DMSO 4k DMSO 4k DMSO 4k DMSO 4k § Ny
Day 0 Day 14 Day 0 Day 14 .

Fig. 4. 4k inhibits primary glioma growth in vitro. Growth curves of (A) GBM6, (B) GBM22, (C) GBM143 DMSO control- and 4k-treated cells. *P < 0.05 (2-way
ANOVA, mean + SD, Tukey’s multiple comparisons from n = 3 replicates). (D) Paediatric SU-DIPG-VI glioma stem cells were treated with either DMSO or 10 pM 4k
for 14 days and neurospheres were allowed to form. The diameter of the neurospheres were quantified using ImageJ. The significance of the differences was
measured using one-way ANOVA with Tukey’s multiple comparisons. ***p < 0.001. (E) Pre-formed paediatric HSJD-DIPG-007 glioma stem neurospheres were
treated with either DMSO or 10 pM 4k for 14 days and the diameter of the neurospheres were quantified as in (D). (F) Bar graph depicting cell invasion in a Matrigel
transwell migration assay using DMSO treated or 10 pM 4k GBM22 cells. Data were acquired 18 h after seeding in upper chamber of 8 pm pore size transwells. Cells
that invaded the Matrigel were stained by crystal violet and counted. Data was represented as percent of DMSO-treated. *P < 0.05 (compared to DMSO treated,
student‘s t-test, mean + SD from n = 2 independent experiments with duplicates in each). Representative crystal violet stained invasion assay image provided.

further cell-based and biochemical assays. Owing to the strong anti- modes of cell death, encompasses both early and late events such as
proliferative activities of 4k and 41 OTBN-triazole analogues, their delayed growth arrest. Therefore, the colony formation assay was car-
drug-likeness was assessed through ADME (Absorption, Distribution, ried out (Fig. 3). As a rule of thumb, cells were exposed to two drug
Metabolism, and Excretion) prediction. 4k and 41 have drug-like prop- doses, 2 and 0.2 uM, based on the Gls( values reported in Table 3. After
erties with a bioavailability score of 0.55 (Table S2, Supporting infor- seven days of treatment, the ability to form colonies decreased signifi-
mation). Furthermore, according to the PAINs and Brenk model, there cantly in A549 and SW1573 cells. In contrast, HeLa cells, not sensitive to

was no predicted toxicity reported for 4k and 41. Both the derivatives fall 41 (Table 3), were not affected in their growth. To follow the mode of
within the threshold value of the physicochemical properties by action of 41, SW1573 cells were exposed to 41 at 20 uM and monitored

following Lipinski’s rule of five, Ghose’s, Veber’s, Egan’s and Muegee’s every five minutes for a total time of 20 h (Videos S(1-2)). The live cell
rules (Table S2, Supporting information). No violation of any of these imaging provides insight on cytostatic [30] or cell death effects [31-34]
rules provides confidence that 4k and 41 could indeed be important drug for each individual cell within a population. The analysis after seg-
candidates. Also, the cut-off values of certain parameters like molecular mentation of the single cells indicated that compound 41 prevents cell
weight (MW), topological polar surface area (TPSA), molar refractivity growth without inducing toxic effects to the cells. This suggested that 41
(MR), rotational bond (RB), number of H-bond acceptor [28] and is a cytostatic compound at the indicated concentrations.

number of H-bond donor (HBD) lie in the acceptable range for OTBN-

triazole derivative 4k and 4l. In order to predict the blood-brain bar- 2.3.3. Establishing the function of 4k compound in brain cancer

rier permeability and high gastrointestinal absorption for the synthe- 4 K compound presents anti-cancer properties against several types
sized OTBN-1,2,3-triazole derivatives, 4k and 4l ‘boiled-egg’ depiction of cancer including brain cancer or GBM. Because 4k has shown to be a
was used (Figure S30), supporting information)[29]. Both 4k and 41 blood-brain barrier permeabile molecule, we further characterized 4k
show potential for blood-brain barrier permeability with predictive low in different brain cancer cells

gastrointestinal absorption. The blue dots in the yellow (yolk) region
report that 4k and 41 are PGP + substrates which is one area of = 2.3.3.1. Establishing anti-proliferative activity of 4k in GBM. To further

improvement that we plan to pursue in the future. determine 4Kk’s anti-proliferative capacity, primary glioblastoma cell
lines were treated with DMSO or 4k (3 uM or 10 uM). A significant

2.3.2. Lung-cancer specific 41 is cytostatic in function decrease in proliferation was observed in all three primary glioma cells
Based on the selectivity of compound 41 toward the lung cancer cell following treatment with 10 uM 4k compared to DMSO control (Fig. 4A-
lines, we selected this compound for further testing. To get insight on the C). While 3 uM 4k was sufficient to cause a modest decrease in prolif-
mode of action we considered studying the long-term effects of 41. The eration of GBM6 (Fig. 4A) and GBM143 (Fig. 4C). GBM22 showed
clonogenic assay, the “gold standard” method to measure the sum of all highest sensitivity with moderate decrease in proliferation at the lower
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4k concentration. This anti-proliferative capacity was investigated
further using two distinct 3D patient-derived paediatric glioma models.
A diffuse intrinsic pontine glioma cell line (SU-DIPG-VI) was treated
with 10 pM 4k or DMSO and allowed to form 3D neurospheres. 4k
treatment greatly reduced 3D neurosphere formation in a 2-week period
(Fig. 4D). Additionally, a large reduction in size was observed in pre-
formed 3D HSJD-DIPG-007 neurospheres following a 2-week treat-
ment with 4k (Fig. 4E). Furthermore, 3 uM 4k can significantly decrease
invasion of GBM22 in 24 h (Fig. 4F) [35]. Therefore, 4k shows promise
as a treatment for brain-tumours with both anti-proliferative and anti-
invasive capacities.

2.3.3.2. Pan-cancer compound 4k specifically inhibits STK33 in vitro. To
identify any potential kinase inhibitory activity of 4k, 5 pM 4k was
screened over 139 purified kinases at the International Centre for Pro-
tein Kinase Profiling, University of Dundee, UK [36-39]. Interestingly,
4k significantly inhibited STK33 with a high degree of specificity
(Fig. 5A). Biochemical ICsg analyses were conducted on purified STK33
for 4k. 4k exhibited ICsg of 2.47 pM for STK33 (Fig. 5B). To further
predict 4k binding to STK33, in silico binding studies were conducted
(Fig. 5D). STK33 crystal structure was not available so the predicted
Alphafold structure was used for the in silico docking studies [40]. The
results of this analysis show that 4k has a binding affinity of —8.8 kcal
mol ! to STK33. 4k shows six different types of interactions with the
protein such as conventional hydrogen bond, IT-IT T-shaped, II-Anion,
Alkyl, T1-Sigma, and I1-Alkyl types of interactions (Fig. 5C). One of the N-
atom of the triazole ring shows hydrogen bonding with Leu280 at 1.99 A
while one of the phenyl rings of the OTBN group interacts relatively
weakly with Tyr300 at 5.11 A through a II-TI T-shaped type of bond. The
triazole ring of 4k itself shows I1-Anion and I1-Sigma type of interactions
with Glu277 (4.77 A) and Val270 (3.99 A), respectively. The phenyl ring
of the p-methoxyphenyl group attached to one of the C-atom of the
triazole ring shows IT-Alkyl types of weak interactions with Val235

(4.80 10\), Val270 (5.48 A), and Lys272 (4.81 10\), respectively. The -CHs
of the p-methoxyphenyl group shows alkyl interactions with Lys272
(4.10 10\) and weakly with Val235 (5.12 ;\), respectively. These in-
teractions make the binding of 4k strong enough in the active site of
STK33.

2.3.3.3. STK33 expression correlates with poorer prognosis in brain can-
cer. To understand the expression of STK33 across various cell states of
diverse cancers, we queried previously published single-cell RNA
sequencing datasets of cancer (https://singlecell.broadinstitute.org/si
ngle_cell) [41,42]. Data are represented with either t-distributed sto-
chastic neighbour embedding (t-SNE) clustering or uniform manifold
approximation and projection (uMAP). STK33 RNA expression was
highest in the tumour cell population in adult and paediatric glioblas-
toma with minimal expressions in colon, renal, and breast cancer
datasets (Fig. 6A). Indeed, higher STK33 expression correlated with
poorer outcome for low grade glioma patients (Fig. 6B) while glioma
and low-grade tumours had higher expression of STK33 than the normal
tissue controls (Fig. 6C). It is important to note that brain cancers are
highly refractory and heterogenous tumours and any novel therapeutic
option would be highly impactful [4,5].

2.3.3.4. Combination with clinically relevant brain-penetrant drugs. To
further establish the ability of 4k to induce cytotoxicity in cancer cells,
we tested it in combination with clinically relevant brain-penetrant
small molecules. We tested 4k in combination with PI-103, buparlisib,
abemaciclib, bozitinib, marizomib, nilotinib, and osimertinib as re-
ported previously [43]. In combination with PI3K and MET inhibitory
molecules, as well as a proteasome inhibitor, 4k exhibited potent growth
inhibition of GBM6 cells (Fig. 7A-D). However, no additive or syner-
gistic growth inhibition was observed for 4k in combination with abe-
maciclib, nilotinib, and osimertinib (Fig. 7D-G). These results suggests
that brain-penetrant derivatives of 4k could be used in combination with
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receptor-tyrosine kinase or proteasome inhibitors to treat brain
tumours.

3. Conclusion

Herein, we synthesise a new series of OTBN-1,2,3-triazole analogues
using green routes, economically favorable and readily available Copper
(II) acetate monohydrate within 15 min reaction time. These analogues
can be used as intermediates to create molecular libraries of bioactive
functionalised 1,2,3-triazole compounds. Initial screening identified two
promising candidates: 4k as a pan-cancer drug and 4l as lung cancer
specific drug. Neither 4k nor 41 exhibited any cytotoxicity against non-
cancerous RPE cells. 41 was confirmed as lung-cancer specific cytostatic
drug with excellent potential for future use as lung-cancer treatment in
combination with existing cytotoxic therapies. On the other hand, it was
found that 4k inhibits STK33 with high specificity. High STK33
expression has been shown to correlate with progression of several
cancer types [44-47]. Indeed, bioinformatic analysis from the single-cell
RNA sequencing database showed that STK33 was highly expressed in
paediatric and adult glioblastoma, correlating with poor patient prog-
nosis. This suggests that the need for STK33 inhibitors is particularly
pronounced in the case of glioblastoma. Analogue 4k reduced prolifer-
ation in all three-glioblastoma cell-lines significantly with the extent of
this effect being cell-specific. Furthermore, 4k targets stemness as
treatment reduced both the size of formed and forming neurospheres, a
3D stem-like model. 4k also led to a decrease in invasion indicating
STK33 inhibition could reduce tumour spreading. However, due to the
heterogeneous nature of glioblastoma, inhibition of one kinase may not
be sufficient. Combination of 4k with Bozitinib, PI-103 and Buparlisib
showed the largest anti-cancer effects, two of these are PI3K inhibitors —
suggesting that dual STK33 and PI3K inhibition is a potent axis for brain-
tumour treatment. 41 and 4k are still in early stages of development. In
silico data indicates that both molecules are predicted to be blood-brain
barrier penetrant, an important quality for 4k as a drug treatment for
brain cancer. However, both compounds are predicted to be p-glyco-
protein substrates, potentially reducing their efficacy as they will be
pumped out of the cell with ease. Consequently, further optimisation
through carefully designed medicinal chemistry is required before
further evaluation in in-vivo models. This study has established two
novel OTBN-derivatives with promising anti-lung and anti-brain tumour
qualities with minimal effect on non-cancerous cells.
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