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Abstract

To optimize the antitumor activity of oncrasin-1, a small molecule RNA polymerase Il inhibitor,
we evaluated 69 oncrasin-1 analogues for their cytotoxic activity against normal human epithelial
cells and K-Ras mutant tumor cells. About 40 of those compounds were as potent as or more
potent than oncrasin-1 in tumor cells and had minimal cytotoxic effect on normal cells. Structure-
activity relationship analysis revealed that most of the active compounds contained either a
hydroxymethyl group or an aldehyde group as a substitute at the 3-position of the indole. Both
electron-donating and electron-withdrawing groups in the benzene ring were well tolerated. The
hydroxymethyl compounds ranged from equipotent with to 100 times as potent as the
corresponding aldehyde compounds. We tested 3 active analogues’ effect on RNA polymerase
phosphorylation and found that they all inhibited phosphorylation of the C-terminal domain of
RNA polymerase |1, suggesting that the active compounds might act through the same
mechanisms as oncrasin-1.
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INTRODUCTION

Genetic and epigenetic changes in cancer cells that lead to functional alterations in several
key signaling pathways are believed to be the driving force behind oncogenesis and
malignant evolution of cancers.l: 2 Those functional changes in signaling pathways have
recently been exploited for the development of anticancer therapeutics. Small molecules
directly inhibiting critical nodes in oncogenic signaling networks—such as erlotinib and
gefitinib against epidermal growth factor receptor,® imatinib against BCR-Abl fusion
protein,? and sorafenib against Raf kinase and vascular endothelial growth factor

receptor >—have already been successfully used for treatment of various cancers in humans.
Small molecules that selectively induce cell death through synthetic lethality in a subset of
deregulated oncogene- or mutant tumor suppressor gene-transformed malignant cells but not
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in their normal counterparts have also been exploited as tumor-selective anticancer
agents.5-8 Evidence has demonstrated that functional changes caused by gain-of-function
mutations in oncogenes or loss-of-function mutations in tumor suppressor genes may alter
cellular signaling or metabolism, rendering the mutant cells more susceptible to a functional
change in another gene or rendering the mutant cells susceptible to cell death due to
synthetic lethality.?

The advantage of synthetic lethality-mediated anticancer therapy is that it provides lethal
selectivity against cancer cells and the opportunity to eliminate malignant cells by indirectly
targeting cancer-driving molecules that otherwise cannot be targeted. For example, defects
in BRCA1 and BRCAZ2 genes in some breast and ovary cancer cells make them highly
sensitive to small molecule inhibitors of poly (ADP-ribose) polymerase.19: 11 Similarly,
oncogene-transformed cells, such as c-Myc-transformed cells, were reported to be more
sensitive than their normal counterparts to RNA polymerase Il inhibitors, regardless of p53
status, suggesting that RNA polymerase Il may serve as a therapeutic target for anticancer
therapy.12 Indeed, anticancer agents such as the pan-cyclin-dependent kinase (CDK?)
inhibitors flavopiridol and seliciclib elicit their antitumor activity by inhibiting RNA
polymerase 11 function,13-15 |eading to suppression of the expression of short-lived
antiapoptotic proteins such as Mcl-1, XIAP, Bcl-XL, and survivin.16-18 Taken together,
these findings indicate that agents that selectively inhibit RNA polymerase Il function will
likely be safe and tolerable and may have anticancer efficacy.

We recently reported a novel anticancer agent, designated oncrasin-1, that was identified
through synthetic lethality screening on isogenic human ovarian epithelial cells with or
without oncogenic Ras expression.® Molecular characterization revealed that oncrasin-1
induced apoptosis in a subset of cancer cell lines associated with induction of co-aggregation
of protein kinase Ctand RNA splicing factors in the nucleus and suppression of
phosphorylation of the C-terminal domain (CTD) of the largest subunit of eukaryotic RNA
polymerase 11.19 CTD phosphorylation is known to be essential for efficient transcription
elongation and recruitment of MRNA processing factors, including the capping enzyme and
splicing factors required for efficient processing of RNA transcripts.2%-26 Inhibiting CTD
phosp?grylation will ultimately disrupt RNA polymerase Il function and promote cell
death.

Compounds identified by library screening often need to be optimized before their possible
clinical application can be explored. To optimize oncrasin-1, we have synthesized several
oncrasin-1 analogues and derivatives and tested their antitumor activity and selectivity in
cultured cell lines. Here we report the structure-activity relationships of these oncrasin-1
analogues and their derivatives.

Synthesis of oncrasin-1 analogues and derivatives

The lead compound, oncrasin-1, was previously reported to induce antitumor activity in a
subset of cancer cells harboring K-Ras mutations and to inhibit phosphorylation of the CTD
of RNA polymerase I1; 819 oncrasin-1 contains an indole structure similar to indole-3-
carbinol and a benzyl ring attached to the N atom of the indole. Indole-3-carbinol is a natural
constituent of cruciferous vegetables that has been tested for cancer prevention and
therapy.2’- 28 However, in our initial studies, we found that indole-3-carbinol did not have

aAbbreviations: CDK, cyclin-dependent kinase; CTD, C-terminal domain; HPLC, high-performance liquid chromatography; 1Csg,
dose that causes a 50% reduction in the number of surviving cells compared with the number of surviving cells in the control group;
MS, mass spectrometry; NMR, nuclear magnetic resonance.
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observable antitumor activity in cancer cells that were highly susceptible to oncrasin-1,8
suggesting that a benzyl group linked to the indole is required for the antitumor activity
observed in oncrasin-1. Therefore, most analogues synthesized and tested here contained an
indole structure with a benzyl group linked to the N atom of the indole. Occasionally, other
molecules were used to replace the benzyl group in the reaction.

The general approaches for the syntheses of oncrasin-1 analogues are presented in Scheme
1. Briefly, indole-3-carboxaldehyde or its analogues were reacted with a benzyl halide under
alkali catalysts at room temperature. The products, which were purified on a silica gel or a
neutral aluminum C18 column with a CombiFlash Rf-200 system (Teledyne), were either
tested for antitumor activity or reduced, oxidized, or otherwise modified to obtain various
derivatives as listed in Table 1. According to the substitutes on the 3-position of the indole
ring, the derivatives can be subgrouped as carboxaldehyde, methanol, hydroxyalkyl,
carboxylic acid, ester, amine, amide, and others. The purity and molecular weight of the
final products were determined by high-performance liquid chromatography-mass
spectrometry (HPLC/MS/UV23p). The chemical structures of the final products were
confirmed by nuclear magnetic resonance (NMR) spectrum analyses. For compounds that
had purity > 95%, antitumor activity was tested in cultured cells.

Antitumor activity and selectivity

Oncrasin-1 was originally identified through synthetic lethality screening on isogenic T29
immortalized normal human ovary epithelial cells and a T29 tumorigenic subclone derived
from transformation with mutant K-Ras (T29Kt1).8: 29 Later testing showed that several
lung cancer cell lines harboring K-Ras mutations were highly sensitive to oncrasin-1,
including H460.8 Therefore, we used T29, T29Kt1, and H460 cell lines to evaluate the
cytotoxicity and cancer-cell selectivity of oncrasin-1 analogues and derivatives. Cells were
treated with each compound at doses ranging from 1074> M (31.6 uM) to 1078 M (10 nM)
for 3 days, and cell viability was determined by using a sulforhodamine B assay. Cells
treated with 1% dimethyl sulfoxide were used as controls. The dose that caused a 50%
reduction in the number of surviving cells compared with the number of surviving cells in
the control group (the ICsq value) was then calculated for each compound tested.

As shown in Table 1, the 1C5q values for 70 compounds (including oncrasin-1) tested on
T29, T29Kt1, and H460 cells ranged from 0.01 uM to >31 uM. About 40 compounds
showed antiproliferative activity in T29Kt1 and H460 cells with 1Cgq values at low-
micromole (<5 puM) or nanomole levels (Fig. 1). For most of those approximately 40 active
compounds, the ICsq for T29 cells was greater than 31.6 uM, the highest concentration
tested, suggesting that those compounds were relatively nontoxic for T29 cells and, like
oncrasin-1, were active against both H460 cells and T29Kt1 cells. In a few cases, however, a
compound was active against H460 cells but not active against T29Kt1 cells. Most of the
active compounds had ICsq values less than or equivalent to those of oncrasin-1, which had
ICsq values of >31 uM for T29 cells, 2.51 uM for T29Kt1 cells, and 0.25 pM for H460 cells.

Structure-activity relationships

A structure-activity relationship analysis based on ICsg values (Table 1) showed that
variations in substitutions of the benzyl group did not have a dramatic impact on the
cytotoxicity and selectivity of the oncrasin-1 analogues and derivatives. Both electron-
donating and electron-withdrawing groups were well tolerated. Various substitutions of the
benzyl group may have changed the ICgq value in H460 and T29Kt1 cells; however, the
changes were quantitative rather than qualitative. Replacement of the benzyl group with an
isopropyl group (compound 22) resulted in complete or partial loss of activity in H460 and
T29Kt1 cells. On the other hand, the linker between the benzyl group and the 1-H indole
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was not very strict. Although most of the compounds tested had one carbon atom between
the indole and the benzene group, a compound with the linker of -(CH5),-O-(compound 15)
retained its activity and selectivity for H460 and T29Kt1 cells. Those results suggested that
an aryl substitute at the 1-position of the 1-H indole is preferred for antitumor activity,
although the linker between the benzene ring and the 1-H indole is not very strict.

Most of the active compounds contained either an aldehyde group or a hydroxymethyl group
as a substitute at the 3-position of the indole. In general, a compound with 3-methanol was
more active than its 3-carbaldehyde counterpart. In H460 cells, most hydroxymethyl
derivatives (compounds 30-55) were equipotent with to 6 times as potent as the
corresponding aldehyde compounds (compounds 1-22), whereas in T29K cells, most
hydroxymethyl derivatives were 1 to 100 times as potent as the corresponding aldehyde
compounds (Fig. 1). These trends were not dependent on the site or nature (electron
donating or withdrawing) of substitution on the benzyl group at the 1-position of indole.
Substituting R1 with a ketone (compounds 26-29), a secondary alcohol (compound 58), a
methyl (compound 66), or a carboxylic acid (compounds 62 and 63) led to dramatic
reduction or complete loss of activity. Moreover, extension of the R1 hydroxymethyl chain
by one carbon (compound 56) or two carbons (compound 57) also resulted in dramatic
reduction or complete loss of activity in both H460 and T29Kt1 cells, suggesting that the
substitute in the indole-3 position is critical for the antitumor activity of this group of
compounds. Methylation of the primary alcohol also resulted in a dramatic loss of activity
(compound 59). Nevertheless, acylation of the hydroxymethyl group (compound 60)
produced a compound equipotent to compound 35.

The effects of substitutes in other positions of the indole varied, depending on the position
and substitute. Substitution of the indole at the 5-position or 6-position (compounds 51-55)
was well tolerated; 5-F substitution (compounds 51 and 55) produced the best potency.

Stability of hydroxymethyl compounds

We found that hydroxymethyl compounds were not stable under acidic conditions. At pH
2.0, a large portion of those compounds formed dimers within about 30 minutes (Fig. 2). A
similar dimer formation at an acidic condition has been reported for indole-3-carbinol,3°
which is major part of hydroxymethyl compounds tested here. Nevertheless, hydroxymethyl
compounds were stable at pH 4, 6, 7.4 and 9. In contrast, aldehyde compounds were stable
at both pH 2.0 and pH 7.4. We synthesized compounds 68 and 69 and evaluated antitumor
activity of the dimers. The results showed that dimerization of hydroxymethyl compounds
led to complete loss of antitumor activity (compounds 68 and 69). These findings suggested
that a specific formulation, such as an enteric-coated formulation, would be required for
orally administered hydroxymethyl compounds to be active in vivo.

We also analyzed whether selective cell killing by an active compound is caused by a
difference in bioavailability between sensitive and resistance cell lines. For this purpose, we
treated T29 and T29Kt1 cells with 10 uM of compound 34. Because T29Kt1 cells started to
die at about 6 h after the treatment, we analyzed cellular content of compound 34 overtime
up to 5 h after the treatment. The result showed that, at all time points tested, the levels of
compound 34 in T29 cells were twice as that in T29Kt1 cells (Fig. 2D). This result
suggested that the resistance observed in T29 cells was not caused by low bioavailability or
metabolic instability of the compound in the cells.

Effect on phosphorylation of the CTD of RNA polymerase |l

Our initial mechanistic characterization on oncrasin-1-induced antitumor activity revealed
that oncrasin-1 suppressed phosphorylation of the CTD of the largest subunit of RNA
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polymerase 11 in sensitive cancer cell lines but not in resistant cancer cell lines.19
Phosphorylation of the CTD is essential for efficient mRNA transcription processing,
including capping and splicing.20-26 Inhibition of CTD phosphorylation is reported to
promote cell death in transformed cells and cancer cells.12: 16

To determine whether active oncrasin-1 derivatives also inhibited CTD phosphorylation, we
tested the effect of three active oncrasin-1 analogues (compounds 34, 35, and 50) in two
oncrasin-1-sensitive (H157 and H460) and two oncrasin-1-resistant (H1299 and H322) lung
cancer cell lines. The effect of these three active compounds on cell viability at 3 days after
treatment is shown in Figure 3A. Both H157 and H460 cells were susceptible to the three
oncrasin-1 analogues; 1Cgq values were <0.2 uM. In contrast, both H1299 and H322 cells
were resistant to the oncrasin-1 analogues; I1Csq values were >13 pM. Analysis of CTD
phosphorylation of cells treated with the oncrasin-1 analogues at a concentration of 1 uM for
12 hours showed that all three compounds dramatically suppressed CTD phosphorylation in
H157 and H460 cells but not in H1299 and H322 cells (Fig. 3B). These results demonstrated
that the active oncrasin-1 analogues, like oncrasin-1, effectively suppressed CTD
phosphorylation in sensitive cancer cell lines but not in resistant cancer cell lines.

DISCUSSION AND CONCLUSION

We evaluated 69 oncrasin-1 analogues for their antitumor activity and selectivity in normal
and cancerous cell lines. Our results showed that about 40 compounds had antitumor activity
similar to or greater than that of oncrasin-1 in H460 lung cancer cells and T29Kt1 ovarian
cancer cells. Most of those active compounds also retained their selectivity against
tumorigenic H460 and T29Kt1 cells compared with the normal ovarian cell line T29. Our
results suggest that these oncrasin-1 analogues and derivatives represent a group of small
molecules that have an antitumor spectrum similar to that of oncrasin-1 and possibly
molecular mechanisms similar to that of oncrasin-1. Most active compounds contain either a
hydroxymethyl group or an aldehyde group at the indole-3-position, suggesting that the
active compounds may interact with some cellular nucleophiles to induce antitumor activity.
Analysis on intracellular levels of compound 34 in T29 and T29Kt1 cells showed that the
resistant cells had relative higher levels of the compound than the sensitive cells did.
Whether this is caused by consumption of the compound through conjugation with cellular
nucleophiles (glutathione, proteins or nucleic aids) in the sensitive cells, either directly or
indirectly through metabolites, remains to be further investigated. It is possible that some
metabolic or biochemical differences between the normal and tumor cells may account for
the observed selectivity. Nevertheless, a high level of an active compound in resistant cells
suggested that the resistance is not associated with a membrane pump mediated compound
efflux mechanism.

Our results showed that, like oncrasin-1, all three active compounds inhibited CTD
phosphorylation in sensitive cancer cells but not resistant cancer cells, demonstrating that
those agents also function as inhibitors of RNA polymerase Il. The CTD of the largest
subunit of eukaryotic RNA polymerase Il contains multiple heptapeptide repeats of the
sequence YSPTSPS, 26 in the yeast CTD and 52 in the mammalian CTD. 31 The serine and
threonine in the CTD exhibit variable phosphorylation, which is required for efficient
transcription elongation and recruitment of mMRNA processing factors, including the capping
enzyme and splicing factors required for efficient processing of RNA transcripts.24 26. 32
The CTD is known to be phosphorylated by three major CDKs, CDK7/cyclin H

(TFIIH),33: 34 CDK8/cyclin C,3%: 36 and CDK9/cyclin T (P-TEFb).37 In addition to the
CDKs, there are other protein kinases that also efficiently phosphorylate the CTD, including
the DNA-dependent protein kinase,3® the extracellular signal-regulated kinase,3? and the c-
abl tyrosine kinase.#%: 41 RNA polymerase Il enters the assembling transcription complex
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with its CTD unphosphorylated (I1a form). Phosphorylation of CTD by CDK?7 and CDK9
converts polymerase 11 to its phosphorylated form, enabling efficient RNA elongation and
processing.24 26 How oncrasin-1 and its analogues inhibit phosphorylation of the CTD
remains to be determined. Our previous study revealed that the direct inhibitory effects of
oncrasin-1 on CDK9 and CDK7 were moderate, suggesting that other protein kinases or
indirect mechanisms might contribute to the inhibition of CTD phosphorylation by this
group of compounds.

Using small molecule inhibitors of RNA polymerase Il as anticancer agents was suggested
by Koumenis and Giaccia on the basis of their observation that an RNA polymerase
inhibitor, 5,6-dichloro-1-/3-D ribofuranosylbenzimidazole, induced apoptosis more
effectively in oncogene-transformed cells than in untransformed cells.12 However, to date,
there has been little work in this area because of the potential toxicity of small molecular
RNA polymerase Il inhibitors. Nevertheless, some recent studies have revealed that certain
anticancer agents, including flavopiridol and seliciclib, elicit their antitumor activity by
blocking CTD phosphorylation,23-1% providing evidence that inhibiting the CTD function of
RNA polymerase Il can be exploited as a novel anticancer approach. Our study
demonstrates that a group of small molecules could inhibit CTD phosphorylation and induce
antitumor activity in a subset of cancer cells without obvious toxic effects on normal cells.
Those agents may be a starting point for new anticancer therapeutics.

EXPERIMENTAL SECTION

Chemicals

All reagents were purchased from Sigma-Aldrich or Chembridge in the highest
commercially available quality. Of 69 analogous listed in Table 1, nine compounds
(compounds 1, 15, 22, 23, 33, 47, 57, 62 and 65) were obtained from ChemBridge Corp
(San Diego, CA), one (compound 14) from Sigma-Aldrich (St. Louis, MO), and one
(compound 26, NSC118788) from the Developmental Therapeutics Program of the National
Cancer Institute. The other 58 compounds were synthesized in our laboratory. Solvents were
Reagent grade, HPLC grade, or MS grade depending on whether they were to be used for
synthesis or chemical analysis.

Compound synthesis

The compounds and their intermediates were synthesized as illustrated in Scheme 1 and
briefly described in the following paragraphs.

Step A: Sodium hydride (1.1 mmol) dispersed in mineral oil was added to a solution of 1H-
indole-3-carboxaldehyde or analogues (1.0 mmol) in anhydrous dimethyl sulfoxide at room
temperature with stirring. After stirring for 1 hour, benzyl halide (1.2 mmol) was added and
the mixture was stirred continuously for 3 to 5 hours. The reaction was stopped by adding
ice-water and the mixture was extracted with dichloromethane thrice and brined with 10%
NaCl aqueous solution. The organic phase was dried over anhydrous Na,SO4 and filtered,
and solvent was removed under reduced pressure. The residue was dissolved in CHCl3, and
separated on a silica gel column with CHCI3/MeOH. The products were concentrated using
a vacuum evaporator and recrystallized in diethyl ether/n-hexane.

Step B: A product (1.0 mmol) from step A was dissolved in acetone and treated with
KMnOg4 (1.9 mmol in water). The resulting mixture was stirred for 16 hours at room
temperature. The products were decolored with 109% H,0O, and filtered, and the residues
were removed. Solvent acetone was reduced to one-third volume under reduced pressure.
The resulting solution was acidified with 2N HCI to obtain a precipitate. The product was
recrystallized in ethanol.

J Med Chem. Author manuscript; available in PMC 2012 April 28.
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Step C: A product (1.0 mmol) from step A suspended in alcohol was reduced with an
equimolar amount of sodium borohydride on ice bath. The mixture was stirred at room
temperature for 1 to 2 hours, and the reaction was stopped by adding acetone. The mixture
was poured into ice-water and incubated at 4°C overnight. The precipitate was washed with
water thrice and dissolved in chloroform. The organic phase was dried over anhydrous
Na,SOy. Finally, the products were purified on a silica gel column with chloroform/MeOH
as an eluent.

Step D: A product from step C was modified with aliphatic acid to form an ester product.
The product (5 mmol) was dissolved in anhydrous dichloromethane completely by stirring.
Aliphatic (C2-C8) carboxylic acid (7.5 mmol), 1,3-dicyclohexylcarbodiimide (5.5 mmol)
and 4-(dimethylamine) pyridine (1 mmol) were added into the solution. The mixture was
stirred at room temperature for 2 to 3 hours. The product was filtered through paper film,
concentrated by evaporation under reduced pressure, redissolved in ethyl acetate, and
filtered through Celite®521. The solvent was removed with clean nitrogen gas, and the
product was purified on a column of neutral alumina by eluting with dichloromethane/
hexane.

Step E: A product from step C (1 mmol) and an isocyanate containing C3—-C8 (1.1 mmol)
were dissolved in anhydrous dichloromethane. Triethylamine (1.5 mmol) and a catalytic
amount of dibutyltin diacetate were added to the solution. After stirring at room temperature
for 30 to 50 minutes, solvent was evaporated to cease the reaction. The residue was
dissolved in chloroform/methanol (40/1), and the product was separated on a silica gel
column. The purified product was concentrated, dissolved in diethyl ether, and crystallized
with hexane.

Products purification was performed on silica gels or neutral aluminum C18 columns with a
flash chromatograph system (Teledyne Tech Inc., Thousand Oaks, CA). The purity was
determined by HPLC (Agilent Technologies 1200 Series) equipped with a C-18 bounded-
phase column (Waters, XTerra C18 MS, 3.5um, 4.5 x 50mm). A gradient elution was
performed with acetonitrile and water as a mobile phase and was monitored at 230nm. All
compounds used for activity study have purity of > 95%. The chemical entities of
compounds were determined by LC/MS/UV>30, 1H and/or 13C NMR analyses. Electrospray
ionization (ESI) MS spectra were recorded with an Agilent LC/MSD Trap XCT Ultra
spectrometer. NMR spectra were recorded with Bruker Avance DRX 300 spectrometer.

1-[(3-flourophenyl) methyl]-1H-indole-3-carboxaldehyde (compound 2)

Compound 2 was prepared from 1H-indole-3-carboxaldehyde and 3-flourobenzyl chloride
as described in Step A. TH NMR (300 MHz, CDCl3) & 10.10 (m, 1H, H-C=0 indole), 5 8.36
(m, 1H, C4-indole), 6 7.78 (m, 1H, C7-indole), & 7.37-7.26 (s, 2H, C5, C6-indole and 2H,
phenyl), 8 7.06-6.87 (m, 1H, C2-indole and 2H, phenyl), & 5.40 (s, 2H, N-CH5). ESI-MS m/
z 254.0 [M+H].

1-[(3-chlorophenyl) methyl]-1H-indole-3-carboxaldehyde (compound 3)

Compound 3 was prepared from 1H-indole-3-carboxaldehyde and 3-chlorobenzyl chloride
as described in Step A. TH NMR (300 MHz, CDCl3) 6 10.05 (m, 1H, H-C=0 indole), 5 8.36
(m, 1H, C4-indole), 6 7.75 (m, 1H, C7-indole), & 7.36-7.20 (s, 2H, C5, C6-indole and 4H,
phenyl), 8 7.04 (m, 1H, C2-indole), 6 5.36 (s, 2H, N-CHy). ESI-MS m/z 269.9 [M+H].

1-[(3-bromophenyl) methyl]-1H-indole-3-carboxaldehyde (compound 4)

Compound 4 was prepared from 1H-indole-3-carboxaldehyde and 3-bromobenzyl bromide
as described in Step A. 1H NMR (300 MHz, CDCl3) § 10.06 (m, 1H, H-C=0 indole), 5 8.36
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(m, 1H, C4-indole), 6 7.75 (m, 1H, C7-indole), 5 7.48-7.24 (s, 2H, C5, C6-indole and 4H,
phenyl), 8 7.08 (m, 1H, C2-indole), 6 5.36 (s, 2H, N-CHy). ESI-MS m/z 314.0 [M+H].

1-[(4-bromophenyl) methyl]-1H-indole-3-carboxaldehyde (compound 5)

Compound 5 was prepared from 1H-indole-3-carboxaldehyde and 4-bromobenzyl bromide
as described in Step A. TH NMR (300 MHz, CDCl3)  10.06 (m, 1H, H-C=0 indole), 5 8.36
(m, 1H, C4-indole), 6 7.75 (m, 1H, C7-indole), & 7.49-7.24 (s, 2H, C5, C6-indole and 4H,
phenyl), 8 7.08 (m, 1H, C2-indole), 6 5.36 (s, 2H, N-CH5). ESI-MS m/z 314.0 [M+H].

1-[(3-trifluoromethylphenyl) methyl]-1H-indole-3-carboxaldehyde (compound 6)

Compound 6 was prepared from 1H-indole-3-carboxaldehyde an 3-trifluoromethylbenzyl
chloride in Step A. TH NMR (300 MHz, DMSO-dg) & 9.09 (m, 1H, H-C=0 indole), & 7.39
(m, 1H, C4-indole),  6.78 (m, 1H, C7-indole), & 6.64-6.30 (m, 3H, C2, C5, C6-indole and
4H, phenyl), 5 4.77 (s, 2H, N-CHy). ESI-MS m/z 304.1 [M+H].

1-[(4-trifluoromethylphenyl) methyl]-1H-indole-3-carboxaldehyde (compound 7)

Compound 7 was prepared from 1H-indole-3-carboxaldehyde and 4-trifluoromethylbenzyl
chloride as described in Step A. TH NMR (300 MHz, DMSO-dg) & 9.09 (m, 1H, H-C=0
indole), & 7.40 (m, 1H, C4-indole), & 6.77 (m, 1H, C7-indole), 5 6.71-6.30(m, 3H, C2, C5,
C6-indole and 4H, phenyl), 6 4.77 (s, 2H, N-CHy). ESI-MS m/z 304.1 [M+H].

1-[(3-methylphenyl) methyl]-1H-indole-3-carboxaldehyde (compound 8)

Compound 8 was prepared from 1H-indole-3-carboxaldehyde and 3-methylbenzyl bromide
as described in Step A. TH NMR (300 MHz, CDCl3)  10.03 (m, 1H, H-C=0 indole), 5 8.34
(m, 1H, C4-indole), 6 7.73 (m, 1H, C7-indole), 6 7.39-7.14 (m, 2H, C5, C6-indole and 4H,
phenyl), 8 7.01 (m, 1H, C2-indole), 5 5.36 (s, 2H, N-CH>), 4 2.35 ('s, 3H, -CH3). ESI-MS
m/z 250.0 [M+H].

1-[(4-methylphenyl) methyl]-1H-indole-3-carboxaldehyde (compound 9)

Compound 9 was prepared from 1H-indole-3-carboxaldehyde and 4-methylbenzyl chloride
as described in Step A. 1H NMR (300 MHz, CDCl3) § 10.05 (m, 1H, H-C=0 indole), & 8.35
(m, 1H, C4-indole), 8 7.73 (m, 1H, C7-indole), & 7.30-6.98 (m, 3H, C2,C5, C6-indole and
4H, phenyl), 5 5.36 (s, 2H, NCH), 4 2.41(s, 3H, -CHg). ESI-MS m/z 250.0 [M+H].

1-[(3-nitrophenyl) methyl]-1H-indole-3-carboxaldehyde (compound 10)
Compound 10 was prepared from 1H-indole-3-carboxaldehyde and 3-nitrobenzyl chloride as
described in Step A. TH NMR (300 MHz, CDCl3) § 10.06 (m, 1H, H-C=0 indole), & 8.64
(m, 2H, phenyl), & 8.37 (m, 1H, C4-indole), 6 7.73-7.66 (m, 1H, C7-indole, 2H, phenyl), 5
7.32-7.10 (s, 3H, C2, C5, C6-indole), 5 5.36 (s, 2H, N-CHy). ESI-MS m/z 281.0 [M+H].

1-[(4-nitrophenyl) methyl]-1H-indole-3-carboxaldehyde (compound 11)

Compound 11 was prepared from 1H-indole-3-carboxaldehyde and 4-nitrobenzyl chloride as
described in Step A. 1H NMR (300 MHz, CDCl3) & 10.06 (m, 1H, H-C=0 indole), & 8.71
(m, 2H, phenyl), & 8.36 (m, 1H, C4-indole), 5 7.69-7.65 (m, 1H, C7-indole, 2H, phenyl), 5
7.33-7.09 (s, 3H, C2, C5, C6-indole), 5 5.37 (s, 2H, N-CH5). ESI-MS m/z 281.0 [M+H].

1-[(2,4-dichlorophenyl) methyl]-1H-indole-3-carboxaldehyde (compound 12)

Compound 12 was prepared from 1H-indole-3-carboxaldehyde and 2, 4-dichlorobenzyl
chloride as described in Step A. TH NMR (300 MHz, DMSO-dg) & 9.96 (m, 1H, H-C=0
indole), & 8.35 (m, 1H, C4-indole), 4 8.10 (m, 1H, C7-indole), 4 7.79-7.68 (s, 2H, C5, C6-
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indole and 2H, phenyl), & 7.32-7.11 (m, 1H, C2-indole and 1H, phenyl), & 5.51 (s, 2H, N-
CHy). ESI-MS m/z 303.9 [M+H].

1-[(3,4-dibromophenyl) methyl]-1H-indole-3-carboxaldehyde (compound 13)

Compound 13 was prepared from 1H-indole-3-carboxaldehyde and 3, 4-dibromobenzyl
chloride as described in Step A. 1H NMR (300 MHz, DMSO-dg)  9.96 (m, 1H, H-C=0
indole), & 8.49 (m, 1H, C4-indole), & 8.12 (m, 1H, C7-indole), 6 7.79-7.71 (s, 2H, C5, C6-
indole and 1H, phenyl), & 7.32-7.17 (m, 1H, C2-indole and 2H, phenyl), & 5.54 (s, 2H, N-
CHy). ESI-MS m/z 391.9 [M+H].

1-[(3-chlorophenyl) methyl]-5-fluoro-1H-indole-3-carboxaldehyde (compound 16)

Compound 16 was prepared from 5-fluoro-1H-indole-3-carboxaldehyde and 3-chlorobenzyl
chloride as described in Step A. TH NMR (300 MHz, CDCl5) § 10.0 (m, 1H, H-C=0
indole), 6 8.03 (m, 1H, C7-indole), 6 7.72 (m, 1H, C4-indole), & 7.25-7.02 (m, 2H, C2, C6-
indole and 4H, phenyl), 8 5.34 (s, 2H, N-CH>). ESI-MS m/z 287.9 [M+H].

1-[(4-chlorophenyl) methyl]-5-fluoro-1H-indole-3-carboxaldehyde (compound 17)

Compound 17 was prepared from 5-fluoro-1H-indole-3-carboxaldehyde and 4-chlorobenzyl
chloride as described in Step A. TH NMR (300 MHz, CDCls) & 10.0 (m, 1H, H-C=0
indole), 6 8.04 (m, 1H, C7-indole), & 7.75 (m, 1H, C4-indole), 5 7.27-7.02 (m, 2H, C2,C6-
indole and 4H, phenyl), & 5.36 (s, 2H, N-CH>). ESI-MS m/z 287.9 [M+H].

1-[(4-chlorophenyl) methyl]-6-fluoro-1H-indole-3-carboxaldehyde (compound 18)

Compound 18 was prepared from 6-fluoro-1H-indole-3-carboxaldehyde and 4-chlorobenzyl
chloride as described in Step A. 1H NMR (300 MHz, CDCl3) § 10.0 (m, 1H, H-C=0
indole), & 8.29 (m, 1H, C4-indole), & 7.85 (m, 1H, C7-indole), 4 7.36-7.27 (m,2H, phenyl), &
7.13-7.06 (s, 1H, C2-indole and 2H, phenyl), & 6.95 (m, 1H, C5-indole), 4 5.30 (s, 2H, N-
CHy). ESI-MS m/z 287.9 [M+H].

1-[(4-chlorophenyl) methyl]-5-chloro-1H-indole-3-carboxaldehyde (compound 19)

Compound 19 was prepared from 5-chloro-1H-indole-3-carboxaldehyde and 4-chlorobenzyl
chloride as described in Step A. IH NMR (300 MHz, CDCl5) & 10.0 (m, H-C=0 indole), &
8.35 (m, 1H, C4-indole), & 7.88 (m, 1H, C7-indole), 5 7.42-7.20( m,1H, C-6 indole and 2H,
phenyl), 8 7.15-7.04 (m, 1H, C2-indole and 2H, phenyl), 6 5.34 (s, 2H, N-CH,). ESI-MS m/
z 304.0 [M+H].

1-[(4-chlorophenyl) methyl]-6-bromo-1H-indole-3-carboxaldehyde (compound 20)

Compound 20 was prepared from 6-bromo-1H-indole-3-carboxaldehyde and 4-chlorobenzyl
chloride as described in Step A. IH NMR (300 MHz, CDCl5) & 10.0 (m, H-C=0 indole), &
8.22 (m, 1H, C7-indole), & 7.92 (m, 1H, C4-indole), 5 7.47-7.32 (m, 2H, C2, C-5 indole and
2H, phenyl), & 7.10 (m, 2H, phenyl), 6 5.32 (s, 2H, N-CH>). ESI-MS m/z 349.1 [M+H].

1-[(4-chlorophenyl)methyl]-6-chloro-2-oxoindoline-3-carboxaldehyde (compound 21)

Compound 21 was prepared from 6-chloro-2-oxoindole-3-carboxaldehyde and 4-
chlorobenzyl bromide as described in Step A. 1H NMR (300 MHz, DMSO-dg) & 10.39 (m,
H-C=0 indole), 8 7.81 (m, 1H, C5-indole), 4 7.51-7.39 (m,2H, C4, C7-indole and 2H,
phenyl), 4 6.94 (m, 2H, phenyl), & 5.40 (s, 2H, N-CH,, 1H, C2-indole). ESI-MS m/z 319.5
[M+H].
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1-[(4-chlorophenyl) methyl]-5-fluoro-1H-indole-2-methanol (compound 24)

Compound 24 was prepared from 5-fluoro-1H-indole-2-carboxaldehyde and 4-chlorobenzyl
chloride and then reduced as described in the Step C. 1H NMR (300 MHz, CDCl3) § 7.24
(m, 2H, phenyl), & 7.13 (m, 1H, C7-indole), 4 6.96-6.91 (m, 2H, C4, C6-indole, 2H, phenyl),
8 6.58 (m, 1H, C3-indole), & 5.44 (s, 2H, N-CHy), 6 4.78 (s, 2H, HO-CH>-). ESI-MS m/z
271.8 [M+H-H20].

1-[(3-chlorophenyl) methyl]-1H-indole-3-carbonitrile (compound 25)

Compound 25 was prepared from 1H-indole-3-carbonitrile and 3-chlorobenzyl chloride as
described in Step A. TH NMR (300 MHz, DMSO-dg), & 8.50 (m, 1H, C4-indole), 3 7.66 (m,
2H, indole), 6 7.41-7.25 (m, 1H, indole and 4H, phenyl), 6 7.04 (m, 1H, C2-indole), & 5.54
(s, 2H, N-CHy), 8 5.32 (s, 2H, CNCHy). ESI-MS m/z 281.1 [M+H].

1-[(2-chlorophenyl) methyl]-1H-indole-3-ethanone (compound 27)

Compound 27 was prepared from 1H-indole-3-ethanone and 2-chlorobenzyl chloride as
described in Step A. 8 8.45 (m, 1H, C2-indole), 6 7.73 (m, 1H, C4-indole), 5 7.32-7.18 (s,
3H, indole and 4H, phenyl), 4 5.35 (s, 2H, N-CH>), & 2.87 (s, 3H, O=C-CH3). ESI-MS m/z
284.1 [M+H].

1-[3-chlorophenyl) methyl]-1H-indole-3-ethanone (compound 28)

Compound 28 was prepared from 1H-indole-3-ethanone and 3-chlorobenzyl chloride as
described in Step A. 4 8.43 (m, 1H, C2-indole), 6 7.74 (m, 1H, C4-indole), 6 7.30-7.15 (m,
3H, -indole and 4H, phenyl), 6 5.36 (s, 2H, N-CH>), 6 2.87 (s, 3H, O=C-CH3). ESI-MS m/z
284.1 [M+H].

1-[4-chlorophenyl) methyl]-1H-indole-3-ethanone (compound 29)

Compound 29 was prepared from 1H-indole-3-ethanone and 4-chlorobenzyl chloride as
described in Step A. 8 8.41 (m, 1H, C2-indole), 6 7.76 (m, 1H, C4-indole), 6 7.32-7.28 (m,
3H, indole, 2H, phenyl), 6 7.11-6.85 (m, 2H, phenyl), 4 5.36 (s, 2H, N-CH,), & 2.56 (s, 3H,
0=C-CHs). 13C NMR (CDCl3, 75HMz), §193.1 (C=0), 136.3 (indole C-9), 134.7 (indole
C-2), 134.3 (phenyl C-1), 134.1 (phenyl C-4), 129.2 (phenyl C-2 and C-6), 128.2 (phenyl
C-3 and C-5), 126.4 (indole C-8), 123.6 (indole C-5), 122.8 (indole C-6), 122.7 (indole C-4),
117.7 (indole C-3), 110.0 (indole C-7), 50.1 (N-CH-), 27.7 (CH3). ESI-MS m/z 284.1 [M
+H].

1-(phenylmethyl)-1H-indole-3-methanol (compound 30)

Compound 30 was prepared from compound 14 as described in Step C. 1H NMR (300 MHz,
CDCl3) 6 7.65 (m, 1H, C4-indole), & 7.32-7.03 (s, 3H, indole and 5H, phenyl), & 6.78 (m,
1H, C-2 indole), 8 5.27 (s, 2H, N-CHy), 6 4.28 (s, 2H, CH»-OH). ESI-MS m/z 220.1 [M+H-
H20].

1-(3-fluorophenylmethyl)-1H-indole-3-methanol (compound 31)

Compound 31 was prepared from compound 2 as described Step C. 'H NMR (300 MHz,
CDCl3) 6 7.79 (m, 1H, C4-indole), & 7.25-7.10 (s, 3H, indole and 1H, phenyl), & 6.92 (m,
3H, phenyl), 8 6.81 (m, 1H, C-2 indole) 4 5.31 (s, 2H, N-CHy), 6 4.91 (s, 2H, CH,-OH).
ESI-MS m/z 238.1 [M+H-H20].

1-(4-fluorophenylmethyl)-1H-indole-3-methanol (compound 32)

Compound 32 was prepared from 1H-indole-3-carboxaldehyde and 4-flourobenzyl chloride
as described in Steps A and C. H NMR (300 MHz, CDCl3) & 7.88 (m, 1H, C4-indole), &
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7.23-7.01 (s, 3H, indole and 4H, phenyl), & 6.83 (m, 1H, C-2 indole), 3 5.27 (s, 2H, N-CH>),
5 4.89 (s, 2H, CH,-OH). ESI-MS m/z 238.1 [M+H-H20].

1-[(3-chlorophenyl) methyl]-1H-indole-3-methanol (compound 34)

Compound 34 was prepared from Compound 16 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 7.78 (m, 1H, C4-indole), & 7.23-7.15 (s, 3H, indole and 4H, phenyl), & 7.00 (m,
1H, C-2 indole), 3 5.28 (s, 2H, N-CHp), & 4.91 (s, 2H, CH,-OH). 13C NMR (CDClj,
75HMz), 141.2 (phenyl C-1), 136.7 (indole C-9), 133.6 (phenyl C-3),130.8(phenyl C-5),
127.8 (phenyl C-2, indole C-8), 127.3 (phenyl C-6, indole C-2), 126.3 (phenyl C-4), 121.8
(indole C-5), 119.8 (indole C-6), 119.2 (indole C-4), 116.5 (indole C-3), 110.2 (indole C-7),
55.7 (-CH,0H), 48.8 (N-CH5). ESI-MS m/z 254.1 [M+H-H20Q].

1-[(4-chlorophenyl) methyl]-1H-indole-3-methanol (compound 35)

Compound 35 was prepared from Oncrasin-1 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 7.77 (m, 1H, C4-indole), & 7.30-6.81 (s, 4H, indole and 4H, phenyl), & 5.27 (s, 2H,
N-CH,), 8 4.90 (s, 2H, CH»-OH). 13C NMR (CDCl3 75HMz), 136.7 (indole C-9), 135.7
(phenyl C-1), 133.5 (phenyl C-4), 128.9 (phenyl C-2 and C-6), 128.2 (phenyl C-3 and C-5),
127.2 (indole C-8), 126.7 (indole C-2), 122.4 (indole C-5), 119.9 (indole C-6), 119.3 (indole
C-3), 115.7 (indole C-4), 109.7 (indole C-7), 57.2 (-CH,0OH), 49.4 (N-CH>-). ESI-MS m/z
254.1 [M+H-H20].

1-[(3-bromophenyl) methyl]-1H-indole-3-methanol (compound 36)

Compound was prepared from compound 4 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 7.77 (m, 1H, C4-indole), & 7.43-7.63 (m, 2H, phenyl), 6 7.24-7.14 (s, 3H, indole,
2H, phenyl), 5 7.03 (m, 1H, C-2 indole), § 5.27 (s, 2H, N-CH)), 4 4.91 (s, 2H, CH»-OH).
ESI-MS m/z 315.9 [M+H-H20].

1-[(4-bromophenyl) methyl]-1H-indole-3-methanol (compound 37)

Compound 37 was prepared from Compound 5 according to Step C. *H NMR (300 MHz,
CDCl3) 6 7.70 (m, 1H, C4-indole), & 7.43 (m, 2H, phenyl), 8 7.20-7.06 (m, 3H, indole), &
6.98-6.89 (m, 1H, C-2 indole and 2H, phenyl), 3 5.23 (s, 2H, N-CHy), 6 4.26 (s, 2H, CH»-
OH). ESI-MS m/z 315.9 [M+H-H20].

1-[(3-iodiophenyl) methyl]-1H-indole-3-methanol (compound 38)

Compound 38 was prepared from 1H-indole-3-carboxaldehyde and 3-iodiobenzyl bromide
according to Steps A and C. 1H NMR (300 MHz, CDCl3) & 7.77 (m, 1H, C4-indole), &
7.60-7.47 (m, 2H, phenyl), 6 7.20-7.04 (m, 3H,C-5,C-6, C-7-indole, 2H Phenyl), 5 5.24 (s,
2H, N-CHj>), 8 4.91 (s, 2H, CH,-OH). ESI-MS m/z 346.0 [M+H-H20].

1-[(3-fluoromethylphenyl) methyl]-1H-indole-3-methanol (compound 39)

Compound 39 was prepared from compound 6 according to Step C. *H NMR (300 MHz,
CDCl3) 6 7.70 (m, 1H, C4-indole), & 7.65-7.40 (m, 3H, indole, 4H, phenyl), 4 6.91 (m, 1H,
C-2 indole), 4 5.34 (s, 2H, NCHy), 8 4.81 (s, 2H, CH»-OH). ESI-MS m/z 288.0 [M+H-
H20].

1-[(4-fluoromethylphenyl) methyl]-1H-indole-3-methanol (compound 40)
Compound 40 was prepared from compound 7 according to Step C. 'H NMR (300 MHz,
CDCl3) 6 7.74 (m, 1H, C4-indole), & 7.02 (m, 2H, C-2 phenyl), 3 7.36-7.14 (m, 4H, indole,
2H, phenyl), 6 5.37 (s, 2H, NCH)), 6 4.88 (s, 2H, CH»-OH). ESI-MS m/z 288.0 [M+H-
H20].
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1-[(3-methylphenyl) methyl]-1H-indole-3-methanol (compound 41)

Compound 41 was prepared from compound 8 according to Step C. 'H NMR (300 MHz,
CDCl3) 6 7.76 (m, 1H, C4-indole), & 7.31-7.10 ( s, 3H, C5, C6, C7-indole, 4H Phenyl), &
6.97 (m, 1H, C2-indole), & 5.24 (s, 2H, N-CH>), 4 4.87 (s, 2H, CH,-OH), & 2.29 (s, 3H, Ph-
CHj). ESI-MS m/z 233.9 [M+H-H20].

1-[(4-methylphenyl) methyl]-1H-indole-3-methanol (compound 42)

Compound 42 was prepared from compound 9 according to Step C. *H NMR (300 MHz,
CDCl3) 6 7.75 (m, 1H, C4-indole), & 7.32-7.06 (m, 4H, indole, 4H Phenyl),  5.26 (s, 2H, N-
CHy), 6 4.89 (s, 2H, CH»-0OH), & 2.33 (s, 3H, Ph-CHj3). ESI-MS m/z 233.9 [M+H-H20].

1-[(3-nitrophenyl) methyl]-1H-indole-3-methanol (compound 43)

Compound 43 was prepared from compound 10 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 8.14-8.06 (m, 2H, phenyl), 6 7.77 (m, 2H, phenyl), & 7.49-7.02 (s, 5H, indole),d
5.42 (s, 2H, N-CHy), 8 4.90 (s, 2H, CH»-OH). ESI-MS m/z 265.1 [M+H-H20].

1-[(4-nitrophenyl) methyl]-1H-indole-3-methanol (compound 44)

Compound 44 was prepared from compound 11 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 8.12-8.19 (m, 2H, phenyl), 6 7.79 (m, 2H, phenyl), 6 7.23-6.93 (m, 5H, indole), &
5.42 (s, 2H, N-CHy), 8 4.93 (s, 2H, CH»-OH). ESI-MS m/z 265.1 [M+H-H20].

1-[(4-methoxyphenyl) methyl]-1H-indole-3-methanol (compound 45)

Compound 45 was prepared from 1-[(4-methoxyphenyl) methyl]-1H-indole-3-
carboxaldehyde according to Step C procedure. 'H NMR (300 MHz, CDCl5) § 7.76 (m, 1H,
C-4 indole), 6 7.34-7.29 (m, 3H, C-5, C-6, C-7 indole and 3H, phenyl), 6 7.23-6.93 (m, 1H,
C-2 indole and 1H, phenyl), & 5.42 (s, 2H, NCH>), 5 4.89 (s, 2H, CH,-OH), & 3.79 (s, 3H,
CHg3-0). ESI-MS m/z 250.1 [M+H-H20].

1-[(2,4-dichlorophenyl) methyl]-1H-indole-3-methanol (compound 46)

Compound 46 was prepared from compound 12 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 7.80 (m, 1H, C-4 indole), 6 7.47 (m, 1H, C-7 indole), & 7.33-6.69 (m, 2H,
C-5,C-6, indole and 3H, phenyl), 6 6.58 (m, 1H, C-2 indole), 6 5.36 (s, 2H, N-CH)), 6 4.92
(s, 2H, CH,-OH). ESI-MS m/z 288.0 [M+H-H20].

1-[(3,4-dibromophenyl) methyl]-1H-indole-3-methanol (compound 48)

Compound 48 was prepared from compound 13 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 7.75 (m, 1H, C4-indole), & 7.50-6.88 (m, 3H, C-5,C-6, C-7-indole and 3H
Phenyl), 6 5.24 (s, 2H, N-CHy), 6 4.91 (s, 2H, CH,-OH). ESI-MS m/z 375.9 [M+H-H20].

5-fluoro-1-methyl-1H-indole-3-methanol (compound 49)

Compound 49 was prepared from 5-fluoro-1-methyl-1H-indole-3-carboxaldehyde according
to Step C. 1H NMR (300 MHz, CDCl3) § 76.97-6.77 (m, 4H, C2, C4, C6, C7-indole), 5 4.19
(s, 2H, CH,-0OH), & 3.53 (s, 2H, N-CHg). ESI-MS m/z 162.0 [M+H-H20].

1-[(3-fluorophenyl) methyl]-5-chloro-1H-indole-3-methanol (compound 50)

Compound 50 was prepared from 5-chloro-1H-indole-3-carboxaldehyde and 3-flourobenzyl
chloride according to Steps A and C. 1H NMR (300 MHz, CDCl3) § 7.42-7.21 (m, 2H, C4,
C6-indole), 6 7.16-7.09 (m, 1H, C7-indole, 2H, Phenyl), 5 6.98-6.77 (m, 1H,C-2-indole and
2H, phenyl), & 5.26 (s, 2H, N-CHp), & 4.89 (s, 2H, CH,-OH). 13C NMR (CDCl3, 75HMz),
8162.1 (phenyl C-3), 139.5 (phenyl C-1), 135.1 (indole C-9), 130.4 (phenyl C-5), 129.0
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(indole C-8), 127.6 (indole C-5), 125.7 (indole C-2), 125.0 (phenyl C-6), 122.2 (indole C-4),
119.0 (indole C-6), 115.4 (phenyl C-2), 113.6 (phenyl C-4), 113.4 (indole C-7), 112.6
(indole C-3), 57.0 (-CH,0H), 49.7 (N-CH>-). ESI-MS m/z 272.0 [M+H-H20].

1-[(4-chlorophenyl) methyl]-5-fluoro-1H-indole-3-methanol (compound 51)

Compound 51 was prepared from compound 17 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 7.71 (m, 1H, C7-indole), & 7.51 (m, 2H, Phenyl), 4 7.15-6.94 (m, 3H,C-2,C-4, C-6
indole and 2H, phenyl), & 5.23 (s, 2H, N-CHj), 4 4.86 (s, 2H, CH»-OH). ESI-MS m/z 272.0
[M+H-H20].

1-[(4-chlorophenyl) methyl]-6-fluoro-1H-indole-3-methanol (compound 52)

Compound 52 was prepared from compound 18 according to Step C. 1H NMR (300 MHz,
CDClg) 4 7.67 (m, 1H, C4-indole), 4 7.28 (m, 2H, Phenyl), 6 7.10-7.05 (m, 2H,C-5, C-7
indole and 2H, phenyl), 5 6.85 (m, 1H, C2-indole), 6 5.27 (s, 2H, N-CHy), § 4.07 (s, 2H,
CH»-OH). ESI-MS m/z 272.0 [M+HH20O].

1-[(4-chlorophenyl) methyl]-5-chloro-1H-indole-3-methanol (compound 53)

Compound 53 was prepared from compound 19 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 7.72 (m, 1H, C4-indole), 3 7.51 (m, 1H, C7-indole), 8 7.15-6.90 ( m, 3H, C-2,
C-4, C-5 indole and 4H, phenyl), 6 5.23 (s, 2H, N-CHy), 4 4.74 (s, 2H, CH»-OH). ESI-MS
m/z 288.0 [M+H-H20].

1-[(4-chlorophenyl) methyl]-5-methoxy-1H-indole-3-methanol (compound 54)

Compound 54 was prepared from 5-methoxy-1H-indole-3-carboxaldehyde and 4-
chlorobenzyl chloride according to Steps A and C. TH NMR (300 MHz, CDCls) & 7.17-7.01
(m, 4H, phenyl), & 6.95-6.72 (m, 4H, indole), 8 5.19 (s, 2H, N-CH,), 6 4.85 (s, 2H, CH»-
OH), 3.80 (s, 3H, CH30-). ESI-MS m/z 284.1 [M+H-H20].

1-[(4-methylphenyl) methyl]-5-fluoro-1H-indole-3-methanol (compound 55)

Compound 55 was prepared from 5-fluoro-1H-indole-3-carboxaldehyde and 4-methylbenzyl
chloride according to Steps A and C. IH NMR (300 MHz, CDCl3) & 7.28 (m, 1H, C7-
indole), 6 7.18-7.02 (m, 2H, C4, C6-indole and 4H, phenyl),  6.94 (m, 1H, C2-indole), &
5.23 (s, 2H, N-CH5), 4 4.83 (s, 2H, CH»-OH), 6 2.19 (s, 3H, CH3-Ph). ESI-MS m/z 251.8
[M+H-H20].

2-[1-[(4-chlorophenyl) methyl]-1H-indole-3-]ethanol (compound 56)

Compound 56 was prepared from 2-(3-hydroxyethyl) indole and 4-chlorobenzyl chloride as
described in Step A. 1H NMR (300 MHz, CDCl3) & 7.65 (m, 1H, C4-indole),  7.21-7.14
('m, 3H, indole and 2H, phenyl), § 7.07-6.93 (m, 1H, C2-indole and 2H, phenyl), & 5.27 (s,
2H, N-CHj>), 8 3.93 (s, 2H, CH2-CH»-0OH), 6 3.06 (s, 2H, CH,-CH2-OH). ESI-MS m/z
268.1 [M+H-H,0].

1-[1-[(4-chlorophenyl) methyl]-1H-indole-3-] ethanol (compound 58)

Compound 58 was prepared from compound 29 according to Step C. 1H NMR (300 MHz,
CDCl3) 6 7.65 (m, 1H, C4-indole), & 7.39-7.10 (m, 3H, indole and 2H, phenyl), & 7.08-6.96
(m, 1H, C2-indole and 2H, phenyl), 5 5.35 (s, 2H, N-CH>), 8 4.89 (m, 1H, CH3-CH-OH), 5
1.47 (s, 3H, CH3-CH-OH). ESI-MS m/z 268.1 [M+H-H,0].
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1-[(4-chlorophenyl) methyl]-1H-indole-3-methoxymethane (compound 59)

Compound 59 was prepared from 3-methoxymethyl-1H-indole and 4-chlorobenzyl chloride
as described in Step A. TH NMR (300 MHz, CDCl3) & 7.72 (m, 1H, C4-indole), & 7.36-7.16
(m, 3H, indole and 4H, phenyl),  6.93 (m, 1H, C2-indole), 6 5.28 (s, 2H, N-CH>), 4.68 (s,
2H, -CH,-OCHg3), 1.58 (s, 3H, -CH»-OCHg). ESI-MS m/z 285.9 [M+H].

1-[(4-chlorophenyl) methyl]-1H-indole-3-methyl acetate (compound 60)

Compound 60 was prepared from compound 35 and acetic anhydride according to Step
D. IH NMR (300 MHz, CDCls3) & 7.75 (m, 1H, C4-indole), & 7.25-7.17(s, 3H, indole and
4H, phenyl), & 6.92 (m, 1H, C2-indole), 5 5.36 (s, 2H, -CH»,-OOCH3 ), 8 5.29 (s, 2H, N-
CHjy), 6 2.09 (s, 3H, -CH,-O0CHj3). ESI-MS m/z 313.9 [M+H].

1-[(4-chlorophenyl) methyl]-1H-indole-3-methyl cyclohexylcarbamate (compound 61)

Compound 61 was prepared from compound 35 and cyclohexyl isocyanate according to
Step E. TH NMR (300 MHz, CDClg) & 7.76 (m, 1H, C4-indole), 8 7.30-7.15 (s, 3H, indole
and 4H, phenyl), 6 7.05 (m, 1H, C2-indole), § 5.33 (s, 2H,-N-CH2), 5 5.27 (s, 2H, indole-
C3-CH»-0-), 4 3.60 (m, 1H, C1-cyclohexyl), 6 1.39-1.11 (m, 10H, cyclohexyl group), did
not see -NH-. ESI-MS m/z 397.1 [M+H].

1-[(4-chlorophenyl) methyl]-1H-indole-3-carboxylic acid (compound 63)

Compound 63 was prepared from Oncrasin-1 according to Step B. 1H NMR (300 MHz,
CDCls3) 6 8.85 (s, 1H, C2-indole), 8 8.17 (m, 1H, C4-indole), 6 7.95 (m, 1H, C7-indole), &
7.44-7.24 (s, 2H, C5, C6-indole and 4H, phenyl), 4 5.78 (s, 2H, N-CH,), did not see -
COOH. ESI-MS m/z 286.0 [M+H].

Methyl [1-[(4-chlorophenyl) methyl]]-1H-indole-3-carboxylate (compound 64)

Compound 64 was prepared from methyl indole-3-carboxylate and 4-chlorobenzyl chloride
according to Step A. IH NMR (300 MHz, CDCls3) & 8.23 (m, 1H, C4-indole),  7.85 (m, 1H,
C2-indole), 6 7.35-7.29 (s, 3H, indole and 2H, phenyl), & 7.09 (m, 2H, phenyl), 5.34 (s, 2H,
N-CH,), 5 3.95(s, 3H, COOCH3). 13C NMR (CDCls3, 75HMz), § 165.3 (OC=0), 136.6
(indole C-9), 134.4 (indole C-2), 134.3 (phenyl C-1), 134.0 (phenyl C-4), 129.2 (phenyl C-2
and C-6), 128.3 (phenyl C-3 and C-5), 126.8 (indole C-8), 123.1(indole C-5), 122.1(indole
C-6) 121.9 (indole C-4), 110.1 (indole C-7), 107.8 (indole C-3), 51.0 (N-CH>-), 50.0
(OCHB3). ESI-MS m/z 299.9 [M+H].

1-[(4-chlorophenyl) methyl]-1H-indole-3-methane (compound 66)

Compound 66 was prepared from 3-methyl indole and 4-chlorobenzyl chloride according to
procedure of Step A. TH NMR (300 MHz, CDCl3) & 7.61 (m, 1H, C4-indole), § 7.20-7.02
(m, 3H, indole and 4H, phenyl), 6 6.90 (m, 1H, C2-indole), 5.25 (s, 2H, N-CH5), 6 2.35 ( s,
3H, indole-3-CHj3). ESI-MS m/z 256.0 [M+H].

Methyl 2-[1-[(4-chlorophenyl) methyl]-1H-indole-3-methylamino] acetate (compound 67)

Compound 67 was prepared from 1-[(4-chlorophenyl) methyl]-1H-indole-3-carboxaldehyde
and glycinmethylester hydrochloride according to Step A. 1H NMR (300 MHz, CDCls) &
7.73 (m, 2H, C4, C7-indole), 4 7.22-7.02 (m, 2H, indole and 4H, phenyl), 5 6.90 (m, 1H,
C2-indole), 5.25 (s, 2H, N-CHy), & 4.01 (s, 2H, CH,-NH-CH,-COOCHS3), 6 3.73 (s, 3H,
CH,-NH-CH,-COOCHg3), 8 3.51 (s, 2H, CHp-NH-CH,-COOCHs3). ESI-MS m/z 341.8 [M
+H-H].
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bis[1-[(3-chlorophenyl) methyl]-1H-indole-3-]methane (compound 68)

Compound 68 was prepared from 3,3'-methyleneindole and 4-chlorobenzyl chloride
according to Step A. TH NMR (300 MHz, CDCl5) & 7.65 (m, 2H, C4, C4'--indole), &
7.23-7.17 (s, 6H, C5, C6, C7, C5’, C6’, C7’-indole), 4 7.15-7.10 (m, 6H, phenyl), & 6.93-6.34
(m, 2H, C2, C2'-indole, 2H phenyl), 5.29 (s, 4H, 2 N-CH,), 6 4.29 (s, 2H, bridge-

CH,-). 13C NMR (CDCl3, 75HMz), & 140.0 (indole 2C-9), 136.7 (phenyl 2C-1), 134.6
(phenyl 2C-3), 130.0 (phenyl 2C-5), 128.3 (phenyl 2C-2), 127.7 (indole 2C-8), 126.7
(phenyl 2C-6), 126.3 (indole 2C-2), 124.7 (phenyl 2C-4), 121.9 (indole 2C-5), 119.5 (indole
2C-6), 119.1 (indole 2C-4), 115.1 (indole 2C-3), 109.4 (indole 2C-7), 49.3 (2 NCH5-), 21.2
(-CH5-). ESI-MS m/z 495.0 [M+H].

bis[1-[(3-bromophenyl) methyl]-1H-indole-3-]methane (compound 69)

Cell culture

Compound 69 was prepared from 3,3'-methyleneindole and 4-bromobenzyl bromide
according to Step A. IH NMR (300 MHz, CDCl3) & 7.65 ( m, 2H, C4, C4'-indole), 5 7.38
(m, 2H, C7, C7’-indole), 6 7.19-7.09 (m, 4H, C5, C6, C5’, C6'-indole and 4H, phenyl), 5
6.97 (m, 2H, phenyl),  6.83 (C2, C2'-indole), 6 5.23 (s, 4H, 2 N-CHy), 6 4.29 (s, 2H,
bridge-CH»-). ESI-MS m/z 583.0 [M+H].

H460, H157, H1299, and H322 human lung cancer cells were provided by Dr. John Minna
at The University of Texas Southwestern Medical School (Dallas, TX). T29 immortalized
normal human ovarian epithelial cells and K-Ras-transformed T29Kt1 cells were provided
by Dr. Jinsong Liu in our institution. All cell lines were propagated routinely in a monolayer
culture in RPMI-1640 medium or in Dulbecco’s modified Eagle’s medium supplemented
with 10% heat-inactivated fetal calf serum, 100 units/ml penicillin, and 100 pg/ml
streptomycin. All cells were maintained in the presence of 5% CO, at 37°C.

Cell viability assay

The inhibitory effects of oncrasin-1 and other agents on cell growth were determined by
using the sulforhodamine B assay, as described previously. 8 Each experiment was
performed in quadruplicate and repeated at least three times. The ICgg value was determined
by using the CurveExpert Version 1.3 program.

Western blot analysis

Western blot analysis was performed as we have previously described. 42 Phosphorylated
CTD-specific antibody (H5, Covance, Princeton, NJ) and antibody for -actin (Sigma) were
diluted 1:1000 before use for Western blot analysis.

Levels of compound 34 in cells after treatment

T29 and T29Kt1 cells cultured in ¢15 cm plates to 80-90% confluence were treated with
10pM of compound 34. Cells were harvested at different time points by trypsinization. After
washed once with phosphate buffered saline, cells were lyzed with 0.5ml of cell lysis buffer
M-PER (Thermo Scientific). After homogenizing in a Bullet Blender (Next Advance Inc.,
Averill Park, NY) and a brief spin, the supernatant was collected. Protein concentration was
determined with BCA protein assay reagent (Pierce, Rockford, IL). 400ul of supernatant
was mixed with 800 pl of acetonitrile to precipitate proteins. After a brief spin at 4°C, the
clean extracts were concentrated by nitrogen gas under pressure to 400ul before used for
HPLC analysis as described above to determine the levels of compound 34. 1-[(4-
chlorophenyl) methyl]-4-benzyloxy-1H-indole-3-methanol was used as internal standard.
The levels of compound 34 were normalized with protein amount in the samples.
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Figure 1.
ICsq values of oncrasin-1 and its analogues in T29, T29Kt1, and H460 cells. All ICs values

of >31.6 uM were recorded as 31.6 pM.
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Figure 2.

Stability of a representative hydroxymethyl analogue at different pH. A) Results of HPLC
analyses after incubation of compound 34 at pH 2.0 and pH 7.4 for the indicated times. B)
Structure of the tested compound (compound 34) and its dimerized form (compound 68). C)
Percentage of compound 34 remaining in solution after incubation at pH 2.0 — pH9 for the
indicated times. D) Levels of compound 34 in T29 and T29Kt1 cells overtimes after
treatment with 10 pM of compound 34.
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Figure 3.

Antitumor activity of three active oncrasin-1 analogues, compounds 34, 35, and 50, in lung
cancer cell lines. A) Dose-dependent antitumor activity. Four lung cancer cell lines (H460,
H157, H1299, and H322) were treated with various concentrations of the compounds
ranging from 0.031 uM to 31 uM. Cell viability was determined 3 days after treatment by
using sulforhodamine B assays. Control cells were treated with solvent (dimethyl sulfoxide),
and their value was set as 1. The values shown are the means from a quadruplicate assay. B)
Western blot analysis. Lung cancer cells were treated with the compounds at a concentration
of 1 uM for 24 hours. Phosphorylation of the CTD or the largest subunit of RNA
polymerase 11 was determined with H5 pPol 11 antibody. B-actin was used as the loading
control. C, control; T, treatment.
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Scheme 1.

General approaches for the syntheses of oncrasin-1 analogues. Each synthesis step is
described in detail in the Experimental Section.
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