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Abstract: The prognosis for glioblastoma patients is, at best, poor, with the median time of
survival after diagnosis measured in months. As such, there is much need for the rapid
development of potent and novel treatments. Herein, we report our preliminary findings on
the SAR of a series of indole-3-carbinol and related fragments and reveal a potent lead with
low micromolar activity against a particularly resistant glioblastoma cell culture, providing a

new platform for future development of a new therapy in this area.

Glioblastoma are the most common form of malignant brain tumours in adults and account
for 12-15% of all primary intracranial neoplasms. They are aggressive, often resistant to
treatment and primarily affect adults aged between 45 and 75 years old. The median survival
time is 6 months with only 28% of glioblastoma patients surviving more than one year, and
only 3% of patients surviving more than three years.! Undoubtedly, the prognosis is poor, and
whilst the standard best treatment procedure is currently maximal safe surgical resection
followed by simultaneous radiotherapy to the resection site and chemotherapy with
temozolomide, in what is referred to as the “Stupp protocol”, this regimen merely leads to a
mean survival of 14.6 months and a two year survival of 26.5%.? As such, glioblastoma are
largely considered to be currently incurable. Such stark statistics highlight a much needed
investment in the research surrounding treatment, not only to improve survival times per se,

but survival with an excellent quality of life.

Several years ago, we proposed that indoles (1 and 2) may be considered to be hybrid

structures between the naturally occurring anticancer compound indole-3-carbinol (13C, 3)



and the known privileged structure 2-phenylindole (4, Figure 1), and have shown that the
“hybrid” structure 1 possesses modest anticancer activity against glioblastoma cell lines and
short term cultures, whilst 2, although more active against these cultures, has been too
unstable to enable further study.® However, recent studies into the mechanism of action of 1
have suggested that the precise biological mechanisms of action of the two hybrid structures
(1 and 2) may in fact be different,* suggesting that, at least from a mechanistic point of view,
these indoles are not hybrid structures, but should be treated as different compound classes,
both of which happen to possess activity against glioma cell cultures. Herein, this study
outlines the preliminary work carried out into 13C (3) and its derivatives (5) and highlights
some important findings which have led to new lead compounds for future development into

glioblastoma chemotherapies.
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Figure 1 The structures of 1-4 and the Markush structure (5) showing the preliminary SAR investigated. For R,
R and X — see Figure 3.

Indole-3-carbinol (I13C, 3) is found naturally in particularly high concentrations in cruciferous
vegetables such as cabbage, kale, cauliflower and sprouts and is by far the most studied
component of such vegetables, a class of plant that appears to contain many anticancer
agents.” In vitro and in vivo, I3C forms many degradation products (Figure 2),° and their
formation and properties have been an active area of study for over 30 years.”® During this
time, 13C has been shown to be active against a wide variety of cancers, including breast,’

11,12

colon,’® prostate,***? and most recently by us, against glioblastoma.® Many of 13C’s

metabolites have also been shown to have wide ranging effects in biological assays.**™

Furthermore, Fang and co-workers have elegantly shown that small molecule derivatives of



I3C possess antitumour activity through the modulation of functions in multiple cancer-
related pathways and are highly active in a subset of cancer cell lines from the National
Cancer Institute (NCI-60) panel. However, it has been commented by those authors that the
mechanism underlying the selective activity of their best I3C derivative remains

uncharacterised.!**°
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Figure 2 The known metabolites/degradation products of indole-3-carbinol: 3,3’-diindolylmethane (DIM, 6), a
cyclic tetramer (CTet), the first linear trimer (LTr1), indolo[3,2-b]carbazole (1CZ), a cyclic trimer (CTr) and a
linear tetramer (L Tet).

The simplest and mostly widely studied 13C metabolite is 3,3’-diindolylmethane (DIM, 6).
The mechanism for the conversion of 13C to DIM is well known, and proceeds under very
mild acidic conditions via a 3-methyleneindolinium intermediate (7, Scheme 1).” Based on
this mechanism, DIM is known to be an active form of the prodrug 13C,*® and is formed from

13C rapidly under the conditions of the stomach.*"®
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Scheme 1 The acid-catalysed conversion of I13C into DIM.

In vitro it is believed that 13C is first converted into a cysteine-adduct, which is taken up by
the cell and passed into the nucleus, where it is converted into DIM. It has been shown that

I3C doesn’t appear to exist in significant concentrations inside the cell at all, suggesting that



I13C is not directly responsible for any biological effects, and instead it is a metabolite of I13C

that is the important active species."’

Previously, compound 2 was shown to be a marked improvement over its parent compound,
I13C (3), against the U87 glioblastoma cell line, where 13C had an ICsp of 526 uM, whereas
compound 2 has an ICsp of 176 uM, an effect that was ascribed to the presence of the 2-

phenyl group in 2.2

Based on these observations, and in conjunction with our own recent findings, it is now
evident that compounds 1 and 2 cannot be part of the same pharmacological class when
compared in their entirety. Comparing the structure of a prodrug (2) to the structure of 1 is
not evaluating like for like, and it is more appropriate to compare the structure of 1 with the
active species DIM (or DIM analogue), which obviously share fewer structural features, and

would therefore be unlikely to be considered as two members of the same chemical class.

Preliminary SAR of fragments
The 3-carbinol group

The 3-carbinol group of 13C is considered an important feature for biological activity due to
its role in the degradation to the active species, DIM. Its mechanism involving the loss of
water and concomitant stabilisation of the carbocation through conjugation can be seen in
Scheme 1. Consequently, by extending the carbon chain from hydroxymethane to
hydroxyethane, thus no longer having the hydroxyl group conjugated with an electronegative
atom on which the positive charge can rest, should prevent the formation of the active dimer,
and biological activity would be reduced. Likewise, by the same argument, indole and
2-phenylindole should also be less active since they have no 3-substituent and thus a 3,3’-

diindolylmethane metabolic product cannot be formed.
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Figure 3 SAR studied, grouped by feature being investigated.

In relation to two established glioblastoma cell lines (U87, U251) and three short-term

glioblastoma cultures (IN1472, IN1528, IN1760) against which the compounds were tested,

indole itself and 2-phenylindole (4) had ECs, values that were too high to calculate based on

the concentration ranges used (entries 1 and 4), suggesting a lack of activity in glioblastoma

for these compounds. However, compound 2 was shown to have ECs values in the range of

10 — 1430 uM, demonstrating a large increase in activity upon inclusion of the 3-carbinol

group (compare entries 2 and 4), results which were supported by the data for indole vs. 13C

(ECs0(13C) = 119-1580 uM, entries 1 and 3).

Table 1 Comparison of ECs, values (uM).

Entry Compound us7 U251 IN1472 IN1528
(nM) (nM) (M) (nM)
1 indole®? - - i i
2 2b 30+8 130 + 15 480 + 7 10+ 8

3 13C, 3° 290 + 19 390+5 950 + 232 119+6

IN1760
(nM)

1430 + 394

1580 + 438



5 DIM, 6°¢ . 280 + 5 - 440153 230+ 098
. 1950 +
6 8 58071 1220%82 © ~  1740%198 4570767
7 9 110+9  250+37 35027 41l 330 + 62
8 10° . 600 + 280 - >10000  >10000
9 11° - 140 + 13 - 44060 65079
10 12° - 1760 = 10 . 5820+260  >10000
11 13° - 1240 + 172 : 3990 +526 1080 * 139
12 14° . 50+ 8 - 270+£35  50+17

# ECs, not reached. ® Commercially available from Sigma-Aldrich (UK). © U87 and IN1472 not tested. Errors are

standard deviations of experiments run at least in triplicate.

Extension of the 3-carbinol group (entries 6 and 7) yields less conclusive results. Comparing
I13C with its hydroxyethane analogue 8 (entries 3 and 6) shows that 8 has consistently worse
activity across all five cell lines and cultures on which they were tested. However, the 2-
phenyl analogues (2 and 9, entries 2 and 7) show much less consistency, with compound 2
having better activity against the two established cell lines U87 and U251, whereas its
hydroxyethyl analogue (9) has better activity against the three short term cultures IN1472,
IN1528 and IN1760, and is particularly active against IN1528 (ECsp = 4 uM). That said,
when comparing 2 with 3, and 8 with 9, with respect to the 2-phenyl group, it is evident that

the phenyl ring increases efficacy across all cells lines and cultures studied.

The effect of N-substituents

Since a cationic intermediate (7, Scheme 1) is involved in the conversion of 13C to its active
form, DIM, the stability of this intermediate presumably impacts on the amount of DIM
produced in vitro. Therefore, by increasing the stability of intermediate 7 sufficiently to

enable dimerisation to occur, the yield of DIM should increase, and the observed anticancer



activity should also increase accordingly. Conversely, destabilising the cation should result in
lower anticancer activity since the formation of the intermediate (and hence dimer) would be
retarded. Three analogues were produced in order to probe this hypothesis (Figure 3, 10-12).
Two N-substituents were chosen which are both electron withdrawing groups but to differing
extents (the acetyl group being much less electron withdrawing than the tosyl group),
structural features which should impact upon the rate of formation of cation 7, and thus
anticancer activity. Acetyl groups are known to be hydrolysable and so could be expected to
be cleaved in the cell, especially in the presence of numerous cellular proteases. However, the
rate of hydrolysis compared to the rate of dimerisation would determine in which order these
two processes would be likely to occur. For example, if the acetyl group is removed too
easily (Scheme 2, Kinydaro™>>Kipim), then 13C would be readily formed and the rate of
dimerisation would likely be the same as the rate of dimerisation of 13C, so no difference in
activity would be expected when comparing 12 to 13C. However, if the acetyl group is
sufficiently stable, it should retard the rate of formation of the dimer (based on the
mechanism shown in Scheme 1), which should also result in a reduced activity. These

competing pathways are shown in Scheme 2.
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Scheme 2 The two potential pathways to DIM from compound 12.

To ascertain if the inclusion of a hydrolysable group is significant in these compounds, an
analogue containing a non-hydrolysable N-substituent should be included for comparison.



This non-hydrolysable group should be as chemically similar as possible to the acetyl group
in order to keep the analogue as otherwise similar. Therefore, the group should have electron
withdrawing mesomeric properties, be relatively small, and be a hydrogen bond acceptor. A
substituent that fulfils all of these criteria is the tosyl group. As such, the N-tosyl and N-acetyl
analogues of 13C (compounds 11 and 12 respectively, shown in Figure 3) were synthesised
and tested as direct comparisons to I13C, in addition to the N-acetyl analogue of 2, namely

compound 10.

When screened against the glioblastoma cell cultures (U251, IN1528 and IN1760), the effect
of the N-acetyl group shows a clear negative effect on anticancer activity, with both I13C and
compound 2 (entries 2 and 3) having better activity than their N-acetyl analogues 10 and 12
(entries 8 and 10). Based on the established prodrug nature of 13C to convert to its active
DIM form in biological assays, these results imply that the acetyl group is not effectively
removed, either by hydrolysis or by enzymatic activity, and the formation of the dimer,
through a mechanism similar to that shown in Scheme 1, is prevented. That said, it cannot be
ruled out that the role of the NH group is important for binding, or that, through N-
substitution, the ability of the compounds to directly bind to cellular targets in their “prodrug”

form has been altered.

Conversely, an improvement in activity was noted between 13C and its N-tosyl analogue 11
(entries 3 and 9) against U251 and IN1760. This was somewhat unexpected, since an electron
withdrawing group on nitrogen should destabilise the intermediate cation, therefore reducing
the amount of the resultant diindolylmethane formed, as seen with the N-acetyl derivatives.
However, despite this contradictory behaviour, these findings agree with Chen et al. who
show that N-sulfonyl analogues of I3C have a significant improvement in activity compared
to 13C itself when studied against prostate cancer cell lines, and that in addition to chemical
stability, the N-tosyl group’s unique stereoelectronic properties allowed their lead compound
to interact more effectively with target proteins compared with indole-3-carbinol; all

analogous amide derivatives tested were inactive in Chen’s assays.*

From these results, it seems apparent that N-substitution alone is not simply an electronic
change, but that the specific substituent itself may have a more complicated effect. Such an
effect may be related to the ability of the prodrug to form the active dimer, the interaction of
the N-substituent with a protein, or the solubility and uptake of either the prodrug or active

compound. The fact that the effect of the two N-substituents on these fragments is so distinct



(entries 8, 9 and 10) suggests that this position would be a viable option to investigate further,
especially since some selectivity between cell types can be observed.**°

The heteroaromatic core

An alternative way of affecting the electronic environment at positon-1 of 13C is to change
the heteroatom completely. The analogous heteroaromatic systems benzofuran and
benzothiophene lack a hydrogen at position-1, which may be significant, since the potential
for this hydrogen to be abstracted from the cationic intermediate may lead to a significant
stabilisation of the 3-methyleneindolinium intermediate (7) during the metabolism of 13C to
DIM. In addition, benzofuran contains the more electronegative oxygen in place of a
nitrogen, which would therefore lead to a less readily-formed (less stable) cationic
intermediate. Conversely, since sulfur is less electronegative than nitrogen, the formation of
a cationic intermediate from a benzothiophene analogue would be less difficult. That said, to
our knowledge, there are no occurrences of an S or O equivalent of the dimerisation outlined
in Scheme 1. Moreover, potentially important hydrogen-bond donor interactions will be lost
when replacing NH with either O or S, all features which should impact on biological
activity. As a result of these potentially complex factors, the choice between testing a
benzofuran or benzothiophene analogue became fairly arbitrary, and the decision to
synthesise the benzothiophene analogue 13 for testing was ultimately down to commercial

availability of the required starting material.

Comparing the ECsg values of I13C and 13 (entries 3 and 11), reveals there is no clear superior
compound, with I13C having better activity against the U251 and IN1528 cultures and
compound 13 having marginally better activity against the IN1760 cell culture, however,
taken on balance, compound 13 does appear slightly less effective overall than the parent

compound.

The effect of diindolylmethanes

The final comparison within this series was to investigate the necessity of using the prodrug

at all. It is known that the metabolism of 13C to DIM doesn’t occur in quantitative yields in



vitro, so one might assume that by testing the isolated active dimers, activity would increase
in parallel with the increase in bioavailability of the active species (cLogPisc = 1.43;
cLogPoim = 4.20).%

To investigate this hypothesis and the necessity of using the prodrugs (13C and 2) at all,
dimers 6 and 14 were evaluated.

The ECs values for 2, 13C (3), DIM (6) and compound 14 (entries 2, 3, 5 and 12) show some
convincing trends. Despite the significantly reduced solubility of DIM compared to 13C, and
the complex mechanism of 13C uptake,'” the isolated active compound 14 has markedly

higher anticancer activity than its prodrug 2 against the resistant IN1760 cell culture.

What is particularly interesting is that compound 14 has higher activity than DIM in all three
glioblastoma cultures tested. It was initially assumed that the role of the 2-phenyl group in
compound 2 was to aid in the formation of the diindolylmethane metabolite. However, the
higher activity of compound 14 compared to DIM indicates that the 2-phenyl group has a
beneficial effect on the active form of the drug as well. This isn’t entirely unexpected, as a
number of 2-phenylindoles are known to have activities in a wide variety of therapeutic

areas.

What is also noteworthy is the considerable improvement of both diindolylmethanes (but
especially compound 14) against the chemoresistant IN1760 culture. This is of particular
interest as it suggests that this class of compounds not only have reasonable activity against
the established cell line U251, they may also have a broad spectrum of activity against
otherwise chemoresistant cells. Since IN1760 is considered by groups that work with such
short term cultures to be a particularly chemoresistant culture,?? analogue 14 may turn out to

be a useful fragment against chemoresistant tumours upon further optimisation.

A total of five structural features were investigated as part of this work, and unsurprisingly,

the key structural feature of the prodrug form was the 3-carbinol group, as has been seen in

8-11,16,17,19,23,

other cancers. 24 presumably, without this group the active form of the drug could

not form. The nitrogen of the indole core also appears to be important, since replacing this



scaffold with a benzothiophene scaffold, as in compound 13, drastically reduced activity
against certain cell lines. N-substituted analogues of the prodrug appear to be a viable way of
affecting a significant change in activity, with the N-tosyl substituent (compound 11)

appearing to improve activity.*®

The 2-phenyl group consistently showed an improvement in activity both in the prodrug and
active form of the drug (2 and 14, entries 2 and 12), a structural feature which should be

included as standard in any future work.

Overall, the most promising compound of this series is compound 14. Since it was shown that
N-substituents have a significant effect on the activity of 13C, N-substituted analogues of
diindolylmethane 14 will be investigated in due course.
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Reactions were followed by analytical thin layer chromatography (TLC) using plastic-backed
TLC plates coated in silica G/UV2s4, run in a variety of solvent systems and visualised with a
UV light at 254 nm, p-anisaldehyde stain and/or potassium permanganate stain.
Commercially available solvents and reagents were purchased from Fisher, Sigma Aldrich,
TCI and Fluorochem and were used without further purification unless specified in the
syntheses. Flash column chromatography was carried out on Davisil silica 60 A (40 — 63 um)
under bellows pressure. High resolution mass spectra were obtained at the EPSRC UK
National Mass Spectrometry Facility in Swansea University’s College of Medicine using a
LTQ Orbitrap XL™ Hybrid Ion Trap-Orbitrap Mass Spectrometer coupled to a TriVersa
NanoMate® ESI source. Low resolution mass spectra were obtained on a Thermo Finnigan
LCQ Advantage MAX using electrospray ionisation (ESI) or atmospheric pressure chemical
ionisation (APCI). *H and **C NMR were carried out on a Bruker Fourier 300 (300 MHz) or
a Bruker Advance III 400 (400 MHz) with broad band decoupling, and all chemical shifts (0)




quoted in parts per million (ppm) relative to the residual solvent peaks of CHCI; (8 7.26, &
77.16) or ds-DMSO (64 2.50, d¢c 39.52). J values are given in Hertz (Hz). Infrared spectra
were recorded on a solid sample using a Thermo Nicolet IR-200 FT-IR. Melting points are
uncorrected, and were recorded using a Stuart SMP10. Preparative liquid chromatography
was carried out on a Teledyne Isco CombiFlash® Rf 200. Elemental analysis was carried out
using a Thermo Scientific™ FLASH 2000 CHNS/O Analyser. Petroleum ether refers to the
fraction that boils between 40-60 °C. Assignments of NMR spectra was aided with the use of
DEPT-135, and in some cases HSQC and HMBC

Procedure for the synthesis of 2(phenyl-1H-indol-3-yl)methanol (2)*

_0 OH
NaBH4
OO = -0
N Reflux 1 min, N
H thenrt.2h H

2-Phenylindole-3-carboxaldehyde (1.00 g, 4.52 mmol) and NaBH, (0.34 g, 9.04 mmol) were
added to ethanol (34 mL) and heated at reflux for 1 minutes followed by stirring at room
temperature for 2 hours. NaOH (1%, 35 mL) was added, and the solvent was removed in
vacuo. The reaction was extracted with Et,O (3 x 30 mL), dried (MgSO,), filtered and the
solvent removed in vacuo. Due to the title compound being degraded on silica, the reaction
was purified by recrystallization (EtOAc, few drops of PE) to yield the product as a white
solid (187 mg, 19% vyield). Ry = 0.21 (5:2 petroleum ether: ethyl acetate); *H NMR (300
MHz, DMSO): 84 = 11.35 (1 H, s, NH), 7.79 (2H, m, Ar), 7.66 (1 H, d, J = 7.5 Hz, Ar), 7.52
(2H,t,J=75Hz Ar), 7.35-7.44 (2 H, m, Ar), 7.12 (1 H, td, J = 7.5 Hz, 1.0 Hz, Ar), 7.03 (1
H, td, J = 7.5, 1.0 Hz, Ar), 4.96 (1 H, t, J = 5.0 Hz, OH), 4.67 (2 H, d, J = 5.0 Hz, CH,); *C
NMR (75 MHz, DMSO): 8¢ = 135.94 (Ar, Cy), 135.82 (Ar, Cq), 132.41 (Ar, Cy), 128.74 (Ar,
Cy), 128.71 (Ar, CH), 127.97 (Ar, CH), 127.57 (Ar, CH), 121.62 (Ar, CH), 118.94 (Ar, CH),
112.35 (Ar, Cy), 111.13 (Ar, CH), 53.86 (CH,); MS (ESI): m/z 206 ([M-OH]")

Procedure for the synthesis of 2-(2-phenyl-1H-indol-3-yl)ethanol (9)?
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Oxalyl chloride (2.7 mL, 31.5 mmol) in dry Et,O (10 mL) was added to 2-phenylindole (1.93
g, 10 mmol) in dry Et,O (40 mL) dropwise at 0 °C under an atmosphere of nitrogen. The
reaction was stirred at 30 °C for 17 h before being cooled to 0 °C and quenched with MeOH
(2 mL). The reaction was concentrated in vacuo to yield methyl 2-oxo-2-(2-phenyl-1H-
indol-3-yl)acetate, which was used in the next step of the reaction without further
purification. To this crude product was added dry THF (15 mL) along with 4 A molecular
sieves (1 g). The supernatant was added dropwise to a suspension of LiAIH, (1.57 g, 41.4
mmol) in dry THF (40 mL) at 0 °C. The reaction was heated at reflux for 6 h before being
quenched at 0 °C first by water (1.5 mL), then NaOH (10%, 3 mL) and finally water (4.5
mL). The reaction was filtered through Celite® and the solids were washed with MeOH.
The filtrates were dried (MgSQ,), filtered and concentrated in vacuo. The product was
purified via flash column chromatography on silica gel (5:3 = 1:1 petroleum ether: ethyl
acetate) to afford a white solid (1.76 g, 74% vyield). M.p. 89 — 91 °C; Rf = 0.52 (5:3
petroleum ether: ethyl acetate); *H NMR (300 MHz, CDCls): 8y = 8.15 (1 H, br s, NH), 7.70-
7.60 (3H, m, Ar), 748 (2 H,t,J =75 Hz, Ar), 7.43-7.34 (2 H, m, Ar), 7.28-7.12 (2 H, m,
Ar), 3.98 (2 H,t, J = 6.5 Hz, CH,), 3.19 (2 H, t, J = 6.5 Hz, CH,), 1.56 (1 H, br s, OH); *C
NMR (75 MHz, CDCls): 8¢ = 135.92 (Ar), 135.88 (Ar), 132.84 (Ar), 129.16 (Ar), 128.95
(Ar), 128.17 (Ar), 127.91 (Ar), 122.50 (Ar), 119.86 (Ar), 119.16 (Ar), 110.93 (Ar), 108.87
(Ar), 63.02 (CH,), 28.06 (CH,); IR (neat, cm™) v = 3396 (N-H stretch), 1450 (aromatic C-C
stretch), 1037 (C-O stretch); MS (ESI): m/z 238 ([M+H]"); HRMS found: [M+H]" 238.1227,
C16H1sNO+H" requires 238.1226.

Procedure for the synthesis of 1-(3-(hydroxymethyl)-2-phenyl-1H-indol-1-yl)ethanone

(10)
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A solution of 2-phenylindole-3-carboxyaldehyde (1 g, 4.52 mmol) with sodium hydride (60%
in oil, 0.36 g, 9 mmol) in dry THF (20 mL) was stirred at room temperature for 30 mins.
Acetic anhydride (1.27 mL, 13.5 mmol) was added and stirred for a further 3 hours until the
reaction was complete by TLC. The crude reaction was quenched with the addition of water
(1 mL) dropwise. The reaction was diluted with water (30 mL), and was extracted with ethyl
acetate (2 x 15 mL). The organic phase was dried (MgSQ,), filtered and concentrated in
vacuo, and purified by flash column chromatography on silica gel (10:1 petroleum ether:
ethyl acetate) to yield 1-acetyl-2-phenyl-1H-indole-3-carbaldehyde (1.07 g, 90% yield). R¢=
0.57 (2:1 petroleum ether: ethyl acetate); *H NMR (300 MHz, CDCls): 84 = 9.76 (1H, s,
CHO), 8.44 - 8.37 (1H, m, Ar), 8.33 — 8.25 (1H, m, Ar), 7.63 — 7.52 (5H, m, Ar), 7.50 — 7.38
(2H, m, Ar), 2.03 (3H, s, CHg).

A solution of 1-acetyl-2-phenyl-1H-indole-3-carbaldehyde (388 mg, 1.47 mmol) and sodium
triacetoxyborohydride (STAB, 375 mg, 1.77 mmol) in dry THF (35 mL) was heated at reflux
for 40 hours. The solvent was then removed in vacuo, the crude reaction was redissolved in
CH,Cl,, washed with saturated sodium carbonate, dried (MgSQ,), filtered and concentrated
in vacuo. The reaction was purified by flash column chromatography on silica gel (9:1
petroleum ether: ethyl acetate with 1% TEA - 2:1 petroleum ether: ethyl acetate with 1%
TEA) to yield a mixture of the title product and 2-phenylindole-3-carboxyaldehyde. This
mixture was then dissolved in a small quantity of CH,Cl, and filtered to yield the title product
as a yellow gum (203 mg, 52% vyield). R; = 0.37 (2:1 petroleum ether: ethyl acetate); 'H
NMR (400 MHz, d6-DMSO): 4 = 8.26 (1H, d, J = 8.0 Hz, Ar), 7.78 (1H, m, J = 7.5 Hz, Ar),
7.56 — 7.49 (5H, m, Ar), 7.39 — 7.28 (2H, m, Ar), 4.98 (1H, br s, OH), 4.39 (2H, s, CH,), 1.94
(3H, s, CH3); **C NMR (100 MHz, d6-DMSO): 8¢ = 170.85 (C=0), 136.15 (Ar, C,), 136.04
(Ar, Cy), 132.15 (Ar, Cg), 130.24 (Ar, CH), 128.86 (Ar, Cg), 128.78 (Ar, CH), 128.54 (Ar,
CH), 124.92 (Ar, CH), 123.23 (Ar, CH), 121.45 (Ar, Cg), 119.86 (Ar, CH), 115.49 (Ar, CH),
53.97 (CH,), 27.34 (CHs); IR (neat, cm™) v = 3397 (O-H stretch, broad), 1701 (C=0 stretch),
1016 (C-O stretch); MS (El): m/z 265 (M); HRMS found: [M+H]" 266.1180,
C17H15sNO2+H" requires 266.1176.

Procedure for the synthesis of (1-tosyl-1H-indol-3-yl)methanol (11)



THF

—0
1.NaH
=0 r.t., 45 mins @E\g
N
—_—

2.p-TsCl
r.t., 45 mins

Iz

Sodium hydride (60% in oil, 328 mg, 8.20 mmol) in dry THF (15 mL) was added slowly to
indole-3-carboxaldehyde (596 mg, 4.10 mmol) in dry THF (20 mL) at 0 °C. The reaction
was then stirred at room temperature for 45 minutes. p-Toluenesulfonyl chloride (938 mg,
4.92 mmol) in dry THF (15 mL) was added dropwise to the reaction, and it was stirred at
room temperature for 45 minutes until completion by TLC. The solvent was removed in
vacuo, and the crude product was used in the next step of the reaction without further
purification. *H NMR (300 MHz, CDCls): & = 10.09 (1H, s, CHO), 7.28 — 7.22 (2H, m, Ar),
7.95 (1H, d, J = 7.5 Hz, Ar), 7.85 (2H, d, J = 8.5 Hz, Ar), 7.39 (2H, pd, J = 7.5, 1.5 Hz, Ar),
7.29 (2H, d, J = 8.0 Hz, Ar), 2.38 (3H, s, CH3); *C NMR (75 MHz, CDCls) ¢ = 185.51
(CHO), 146.30 (Ar), 136.38 (Ar), 135.52 (Ar), 134.42 (Ar), 130.46 (Ar), 127.37 (Ar), 126.44
(Ar), 126.39 (Ar), 125.18 (Ar), 122.73 (Ar), 122.46 (Ar), 113.37 (Ar), 21.83 (CHy).
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Dry ethanol (30 mL) and sodium borohydride (310 mg, 8.20 mmol) was added to the crude
reaction from the previous step, and the reaction was stirred at room temperature for 20
minutes. Upon completion by TLC, the solvent was removed in vacuo, the excess sodium
borohydride was quenched with sodium hydroxide solution (1%, 40 mL), and the reaction
was extracted with ethyl acetate (3 x 20 mL) before being dried (MgSO,), filtered and
purified by preparative liquid chromatography (19:1 - 2:1 petroleum ether: ethyl acetate) to
yield the title product as a yellow gummy solid (600 mg, 49% vyield over two steps). Rf =
0.28 (9:1 petroleum ether: ethyl acetate); *H NMR (300 MHz, CDCls): &y = 7.99 (1H, d, J =



8.5 Hz, Ar), 7.77 (2H, d, J = 8.5 Hz, Ar), 7.61 (1H, d, J = 7.5 Hz, Ar), 7.55 (1H, s, Ar), 7.34
(1H, t, J = 7.5 Hz, Ar), 7.29 — 7.18 (3H, m, Ar), 4.82 (2H, d, J = 4.5 Hz, CH,), 2.24 (3H, s,
CHs), 1.62 (1H, t, J = 5 Hz, OH); *C NMR (75 MHz, CDCls) ¢ = 145.15 (Ar, C,), 135.53
(Ar, Cy), 135.31 (Ar, Cy), 130.05 (Ar, CH), 129.54 (Ar, C,), 126.99 (Ar, CH), 125.13 (Ar,
CH), 123.92 (Ar, CH), 123.43 (Ar, CH), 122.34 (Ar, Cy), 120.00 (Ar, CH), 113.83 (Ar, CH),
57.32 (CH,), 21.72 (CHa).

Procedure for the synthesis of 1-(3-(hydroxymethyl)-1H-indol-1-yl)ethanone (12)°
_0
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1-Acetyl-1H-indole-3-carbaldehyde (0.5 g, 1.9 mmol) and NaBH, (0.14 g, 3.7 mmol) were

added to dry THF (20 mL), and the reaction was stirred at room temperature under a nitrogen

OH

atmosphere for 70 mins. Upon completion by TLC, the reaction was quenched with saturated
NH4CI (5 mL), and the solvent was removed in vacuo. The reaction was extracted with ethyl
acetate (2 x 5 mL), and the combined organic layers were washed with water (10 mL). The
organic layer was then dried (MgSQ,), filtered, and the solvent was removed in vacuo. The
product was purified by flash column chromatography on silica gel (1:5 petroleum ether:
ethyl acetate) to yield the title compound as a light orange-brown powder (0.18 g, 36% yield).
M.p. 134 — 135 °C; Ry = 0.50 (1:5 petroleum ether: ethyl acetate); ‘H NMR (300 MHz, d6-
DMSO): 6y =8.31 (1 H,d, J=8.0 Hz, Ar), 7.71 (1 H, s, Ar), 7.69 - 7.62 (1 H, m, Ar), 7.36-
7.22 (2H, m, Ar),5.16 (1 H, t, J =5.5 Hz, OH), 4.65 (2 H, dd, J = 5.5, 1.0 Hz, CHy), 2.62 (3
H, s, CHsz); *C NMR (75 MHz, d6-DMSO0): 6¢ = 169.37 (C=0), 135.42 (Ar, C,), 129.40 (Ar,
Cq), 124.77 (Ar, CH), 123.93 (Ar, CH), 123.17 (Ar, CH), 122.64 (Ar, C,), 119.70 (Ar, CH),
115.92 (Ar, CH), 55.20 (CH,), 23.86 (CH3); IR (neat, cm™) v = 3501 (free O-H stretch,
sharp), 1684 (C=0 stretch), 1007 (C-O stretch); MS (El): m/z 130 ([M-OH-Ac]’, 100%), 147
(IM-Ac]’, 43%); HRMS found: [M+H]" 190.0862, C11H1:NO,+H" requires 190.0863.

Procedure for the synthesis of benzo[b]thiophen-3-ylmethanol (13)
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To dry ethanol (20 mL) was added benzo[b]thiophene-3-carbaldehyde (246 mg, 1.52 mmol)
and sodium borohydride (115 mg, 3.03 mmol), and the reaction was stirred at room
temperature for 90 mins. When the reaction was complete by TLC, excess sodium
borohydride was quenched with sodium hydroxide solution (1%, 20 mL), and the reaction
was extracted with ethyl acetate (3 x 20 mL) before being dried (MgSO,), filtered and
concentrated in vacuo to yield the title product in quantitative yield (249 mg). R¢=0.40 (5:2
petroleum ether: ethyl acetate); *H NMR (300 MHz, CDCls): 84 = 7.90 — 7.83 (2H, m, Ar),
7.44 —7.34 (3H, m, Ar), 4.92 (2H, s, CH,), 1.95 (1H, br s, OH); *C NMR (75 MHz, CDCls)
8c = 140.87 (Ar), 137.75 (Ar), 136.04 (Ar), 124.69 (Ar), 124.32 (Ar), 123.95 (Ar), 122.99
(Ar), 122.05 (Ar), 59.88 (CHy); MS (EI): m/z 164 (M)

Procedure for the synthesis of bis(2-phenyl-1H-indol-3-yl)methane (14)*
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Under a nitrogen atmosphere and in the dark, 2-phenylindole (338 mg, 1.75 mmol), acetic
acid (50.1 pL, 0.88 mmol) and formaldehyde solution (37wt%, 70.1 pL) were stirred in water
(40 mL) at 90 °C for 6 days. The crude reaction was extracted with ethyl acetate (2 x 15
mL), and the combined organic phases were dried (MgSQ,), filtered and concentrated in
vacuo. The crude product was purified by preparative liquid chromatography (19:1 to 9:1
petroleum ether: ethyl acetate) to yield the title compound (195 mg, 56%). Rf = 0.37 (9:1
petroleum ether: ethyl acetate); ‘H NMR (300 MHz, CDCls): 84 = 8.01 (2H, br s, NH), 7.60
—7.52 (4H, m, Ar), 7.45 - 7.18 (10H, m, Ar), 7.08 (2H, td, J = 7.5 Hz, 1.0 Hz, Ar) 6.86 (2H,
td, J = 7.5, 1.0 Hz, Ar), 457 (2H, s, CH,); "*C NMR (75 MHz, CDCl5): 8¢ = 135.99 (Ar, Cy),
134.60 (Ar, Cy), 133.41 (Ar, C,), 129.46 (Ar, C,), 128.79 (Ar, CH), 128.44 (Ar, CH), 127.61
(Ar, CH), 122.06 (Ar, CH), 120.12 (Ar, CH), 119.53 (Ar, CH), 112.14 (Ar, Cy), 110.63



(Ar, CH), 21.42 (CH): MS (APCI): m/z 397 ([M-Ho+H]"); HRMS found: [M+H]* 399.1859,
C29H22N2+H+ requires 399.1856.

SRB Assay Procedure

Short-term cell cultures (IN1472, IN1528, IN1760) were prepared from approximately 10mg
of adult GBM biopsy tissue and maintained in Hams F10 nutrient mix [Invitrogen, Paisley
UK] containing 10% foetal calf serum in a 37 °C non-CO; incubator as previously
described.” Passages of 10 to 14 were employed for the current study. In addition, we also
employed U251 and U87 which are established GBM cell lines cultured under

similar conditions.

Treated cells were assessed for their capacity to proliferate following treatment
with compounds using a sulphorhodamine B (SRB) assay.® Briefly, 3000 cells were seeded
per well in a 96 well plate and allowed to reach exponential growth (48 hours). Compounds
were dissolved in DMSO [Sigma Aldrich; UK] and cells were treated for 72 hours with serial
dilutions of the test compound. The culture medium was removed and the cells fixed in
10% trichloroacetic acid [Sigma Aldrich; UK] on ice for 30 min followed by washing in
water and air-drying. Cells were stained with 0.4% sulforhodamine B [Sigma Aldrich; UK]
prepared in 1% acetic acid for 15-20 mins, washed in 1% acetic acid and air-dried. The dye
was solubilized in 100 pL of 10mM Tris (not buffered) and read at 560nm
[Dynatech MR5000] for quantification.

Analysis was performed using Sigmoidal Dose Response (Variable Slope) (Non-Linear Fit).
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