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Abstract

Indoles are important heterocyclic molecules modified by many researchers to a lot of
derivatives used in all the fields of the life including medical, therapeutic and industrial
application. This work is continuous effort to what was began before aiming to the synthesis of
benzo indole derivatives by coupling with some amino acids core including alanin, valine and
tryptophanvia Schiff reaction in order to find new potential anticancer agents. Schiff reaction
happen between aldehyde and amine groups so that benzo indole (1, 1, 2-trimethyl-1H-
benzo[e]indole) (1) need a instead of to functionalization to create two aldehyde groups by
treatment with phosphoryl chloride (POCI3), this treatment yield the precursors 2-(1,1-
dimethyl-1H-benzo[e]indol-2(3H)-ylidene) malonaldehyde (2), which is capable of applying
Schiff reaction. The 3D investigation of the precursors shows the aldehyde group close to the
methyl group is under steric hindrance, so that it needs longer time for coupling with amino
acids from the other aldehyde group. This property allow the control of the coupling,there for
it is possible to synthesize both the coupling so that we could synthesis both mono and di-
substituted through the reaction of the precursors 2-(1, 1-dimethyl-1H-benzo[e]indol-2(3H)-
ylidene) malonaldehyde (2) with each mentioned aromatic amines. As a results, four pure
compounds have been synthesized and characterized using both 1H and 13C NMR

spectroscopy. Two of the products are proven to have a good ability in a human liver cancer
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cell line HepG2 inhibition at the optimize temperature degree 37C° within the 24 hours period

which makes them a potential anticancer agents.
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Introduction

In general heterocyclic compounds are an important class of organic chemistry, which can be
defined as compounds that have other atoms beside carbon and hydrogen such as oxygen,
nitrogen and silver. They are too many compounds including indoles. Benzo indole (1, 1, 2-
trimethyl-1H-benzo[e]indole) is an important derivative of indoles. There are a lot of
modifications applied to for this compound in order to find useful application in all fields of the
life. (1, 1, 2-trimethyl-1H-benzo[e]indole) was modified and used as fluorescent probes for the
imaging of tumors in vivo [1-5], In our daily lives, heterocyclic compounds has great interest.
Heterocyclic compounds can be used in a variety of ways. Pharmaceuticals, agrochemicals, and
veterinary items are the most common applications. They are also used as sanitizers, developers,
antioxidants, corrosion inhibitors, copolymers, and dye materials. They are used in the synthesis
of other organic compounds as vehicles[6].The indole Schiff bases were known as a significant
class of heterocyclic organic compounds which have wide applications in many fields for
examples anti-inflammatory activity [7], antimicrobial activity, [8] antibacterial, antifungal,
antitumor activity [9] and antioxidant [10]Schiff bases also called imines are characterized by
the azomethine (-C=N-) group and are It usually formed by the condensation of an aldehyde
or ketone with a primary amine. This condensation reaction between a carbonyl compound and
primary amine leading to the configure of schiff base. Schiff's bases are generally excellent as
chelating agents especially when they are a functional groups such as —OH or —SH . It is located
near the isomethene groups to form a five or six-membered rings with the metal ion [11]. The
use of Vilsmeier-Haack reagent (PoCI3 / DMF) has been documented to form a variety of
aromatic and heterocyclic substrates well [12]. It can be applied to enter an aldehyde group to
Aromatic compounds, but many other transformations can be achieved using this technique
[13]. The reagent has also been widely used to induce various chemical conversions of another
classes of compounds. Many of these reactions lead to new and convenient methods of

synthesizing various heterocyclic compounds [14].
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Materials and Methods

Chemical and Solvents

Chemical, solvent and reagents used in experiments curried out in this study were from different

sources and used without any further purification.
Spectrophotometry

Purification and verification of the final derivatives were performed using spectroscopic ways
suchas 1H and 13C NMR (Avance Neo Neo 400, Iran), FT-IR spectrophotometer Perkin-Elmer

Spectrum version 10.02 at the Department of Chemistry, Faculty of Science, Diyala University.
Programs and Software

The chemical structure, schemes, 3D structure study was performed using ChemOffice Ultra
2006 (CambridgeSoft) and ChemSketch 2010 (Advanced Chemistry Development, Inc.).

Tools and Instruments

The reactions were followed throug was achieved through thin layer chromatography (TLC)
using alumina plates (size 20x20 cm) percolated with silica gel and Fluorescence Analysis
Cabinet Model CM-10 as a detector. The Stuart SMP10 electronic apparatus used to measure
the melting point of the final products ((Department of Chemistry, Faculty of Sciences, and
University of Diyala).

General Methods

Functionalization Reaction: 1,1,2-trimethyl-1H-benzo[e]indole (1 eq.) (1) dissolved in
anhydrous dimethyl form amide (DMF) 15 mL. Then 15 mL phosphoryl chloride solution
(POCI3) in DMF gradually added to the first solution during half hour at 4 °C. The later was
refluxed at about 90 °C for at least or about than 4 h, TCL (3:1) hexane: ethyl acetate showed
the consumption of 1,1,2-trimethyl-1H-benzo[e]indole (1 eq.) (1), the final mixture poured into
ice water, neutralized by sodium hydroxide (35% NaOH). Products precipitated, filtered off,
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washed with water, and dried in a 60 °C oven to produce yellow crystals of 2-(1,1-dimethyl-
1H-benzol[e]indol-2(3H)-ylidene) malonaldehyde(2) .[15-17]. First Coupling Reaction: One
equivalent of 2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene) malonaldehyde 2 dissolved in
EtOH ( 15 mL) were mixed with one equivalent of amino acids solution in 15 mL EtOH. 1 mL
of glacial acetic acid then gradually added and refluxed. TLC 3:1 hexane: ethyl acetate showed
the dissapearance of the starting material after 15 hours. The mono-substituted indole derivative
precipitates after solvent removal, are filtered, washed, and dried. Two new compounds were

synthesized using the procedures of this step: -

2-((E)-((E)-2-(1,1-dimethyl-1H-benzol[e]indol-2(3H)-ylidene)-3-

oxopropylidene)amino)propanoic acid (3)

2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene) malonaldehyde (2) (0.20 g, 0.000754
mmole) was reacted with alanine according to first coupling procedure to dark yellow crystals
of 2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-
oxopropylidene)amino)propanoic acid (3) (For more details see figures 1 and 2).

2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene)amino)-3-
methylbutanoic acid (4)

2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene) malonaldehyde (2) (0.20 g, 0.000754
mmole) was reacted with Valine according to first coupling procedure yield brouwn crystals of
2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene)amino)-3-
methylbutanoic acid (4)(For more details see figures 3 and 4).

¢ Second Coupling of Compound 4 with amino acids: One equivalent of the mono-substituted
indole derivatives 4 or 5 in 15 mL CH3CH2OH and one equivalent of aliphatic amine solution
in 15 mL CH3CH20H were mixed. One mL of glacial acetic acid was added gradually to the
first mixture and refluxed. TLC 3:1 hexane: ethyl acetate showed the consumption of the
starting material after 24 hours. The solvent was removed then the di-substituted derivative of
indole was precipitated, filtered, washed, and dried [18]. Two syntheses were applied on

applying this step: -
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2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)propane-1,3-
diylidene)bis(azan-1-yl-1-ylidene)bis(3-methylbutanoic acid) (5)

2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene)amino)-3-

methylbutanoic acid (4) (0.20 g, 0.000754 mmole) was reacted with Valine as according to in
the first coupling procedure to yield yellow crystals of 2-((E)-((E)-2-(1,1-dimethyl-1H-
benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene)amino)-3-methylbutanoic acid (5) (For more

details see figures 5 and 6).

2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene) propane-1,3-diylidene) bis
(azan-1-yl-1-ylidene) bis (3-(1H-indol-3-yl) propanoic acid) (6)

2-(((1E,2E)-2-(1,1-dimethyl-1,3-dihydro-2H-benzo[e]indol-2-ylidene)-3-

oxopropylidene)amino)-3-(1H-indol-3-yl)propanoic acid (0.20 g, 0.000754 mmole) was
reacted with Tryptophan as according to in the first coupling procedure to yield greenish brown
crystals of 2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene)

amino)-3-methylbutanoic acid (6) (For more details see figures 7 and 8).
HepG2 Cell Line Investigation

Solutions used in this experiment (Culture Media RPMI-1640, Trypsin—Versin solution, Crystal
Violet Stain and Trypan blue stain) were prepared according to Giuliano method [19]. The
HepG2 Cell Line and normal cell Line (Rhabdomyosarcoma) (RD) was grown in RPMI-1640
medium equipped with 10% calf fetal serum according to the Freshney method [20-21]. The
cytotoxicity assay was carried out using the crystal violate stain according to the method of
Freshney [22]. The target compounds were dissolved in DMSO and diluted by serum free media
(SFM) to prepare different concentrations range of (50,100) pg/mL. Two types of cell lines
were used human liver cancer (HepG2), and normal human (RD)(RPMI-1640) cell lines. The
tumor cells (1 x105 cell / mL) were seeded in 96-well microplate and incubated for 24 hours at
37C° and then old media was changed with new serum-free medium (SFM) containing
concentrations of each compound. Plate was incubated for 24 hours in humidified incubator at

37 C° containing 5% CO2. After incubation, the culture medium was discarded and 100 pl of
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crystal violate was added to each, and re-incubated 20 min at 37 C°. The results were read by
using the ELISA with a wavelength of 492 nm. The inhibiting ratio was calculated according
to the equation. Percentage of cell inhibition = (absorbance reading of control cells - absorbance

reading of treated cells for each concentration/absorbance reading of control cells) x 100

Results and Discussion

Chemistry

The aim of this research is the synthesis of new benzo indole derivative and investigates their
tautomer. The target synthesis is achieved by the Schiff's base reaction starting with 1,1,2-
trimethyl-1H-benzo[e]indole (1) and some amino acids including Alanin, Valine and
Tryptophan as shown in scheme-1.

85-90c

DMF, i POCI,

4h R

EtOH, 12h
Reflu.

3 R=- alanine

4 R= - valine 2 5 R=-valine

6 R= -tryptophan

In order to apply the Schiff's base reaction between 1,1,2-trimethyl-1H-benzo[e]indole (1) and
aromatic amine, the starting material need modification to create and aldehyde group which can
achieved easily by treatment of 1,1,2- trimethy |-1H-benzo [e] indole (1) with Phosphoryl
chloride ( POCI3) to produce the precursor 2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)
malonaldehyde (2), which contain two aldehyde groups with can easily couple with the chosen
amino acids compounds. The Schiff's base reactions under moderate conditions were applied
on the precursor 2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene) malonaldehyde (2) aiming
to synthesize the di-substituted benzo indole derivatives with mentioned amino acids, but
instead of di-substituted benzo indole this reaction produced the unexpected mono-substituted
derivatives even when applying one equivalent of precursor with two equivalent of aromatic
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amine. As a results the reactions of 2-(1,1-dimethyl-1H-benzo[e] indol-2(3H)-ylidene)
malonaldehyde (2) with Alanin and Valine produced the mono-substituted benzo 2-((E)-((E)-
2-(1,1-dimethyl-1H-benzo[e] indol-2(3H)-ylidene)-3-oxopropylidene) amino) propanoic
acid(3) and 2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene)
amino)-3-methylbutanoic acid (4) respectively instead of the di-substituted derivatives 2,2'-
(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e] indol-2(3H)-ylidene) propane-1,3-diylidene)bis(azan-
1-yl-1-ylidene)bis(3-methylbutanoic acid) (5) and 2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-
benzo[e]indol-2(3H)-ylidene)propane-1,3-diylidene)bis(azan-1-yl-1-ylidene)bis(3-(1H-indol-
3-yl)propanoic acid) (6) respectively. The 3D investigations of the intermediate show that the
reasons for production of the mono derivatives instead of di-derivatives under short time
reaction is the steric hindrance at the reaction center close to the di methyl of the indole moiety,
which needs triple time required or the mono substituted of the first substitution. Therefore for
the first 12h reaction the mono-substituted derivatives 2-((E)-((E)-2-(1,1-dimethyl-1H-
benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene) amino) propanoic acid (3) and 2-((E)-((E)-2-
(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene) amino)-3-methylbutanoic
acid (4) can be easily separate as pure crystals using NMR. While the di-substitution derivatives
2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e] indol-2(3H)-ylidene) propane-1,3-diylidene) bis
(azan-1-yl-1-ylidene) bis(3-methylbutanoic acid) (5) and 2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-
benzo[e]indol-2(3H)-ylidene)propane-1,3-diylidene) bis(azan-1-yl-1-ylidene) bis(3-(1H-indol-
3-yl) propanoic acid) (6) achieved and separated in NMR pure crystals after applying the same
reaction for about 72h using the mono-derivatives with the same amine.

Anticancer Activity

Two synthesized compounds were investigated against cancer cell line as shown in tablel. The
investigated compounds show a good activity in a human liver cancer cell line HepG2 inhibition
at the optimize temperature degree 37C° within the period of 24 hours using two concentrations
(50 pg/m and 100 pg/m) in comparison with the effects of the same compounds on normal cell
line. The mono-substituted derivative of benzo indole- amino acids 2,2'-(1E,1'E)-(2-(1,1-
dimethyl -1H-benzo [e]indol -2(3H)-ylidene) propane- 1,3-diylidene)bis(azan-1-yl-1-
ylidene)bis(3-methylbutanoic acid) (4) increase the power of inhibition of HepG2 cell line
about 3.27 times in high concentration solution ( 50 pg/m, while in the low concentration
solution they increase the rate of its activity in from about 1.48 time. The di-substituted analog
of 2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e] indol-2(3H)-ylidene)propane-1,3-diylidene)
bis(azan-1-yl-1-ylidene) bis (3-(1H-indol-3-yl)propanoic acid) (6) exhibit increasing in cell
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cancer activity around 1.20 times in in the low concentration solution, but this inhibition rate

reach to about 1.3 time times in high concentration solution.

Tabel 1: The Effect Synthesized Derivatives on Cancer and Normal Cell Line for 24h

Exposures at 37 °C
Inhibition Inhibition
ratiol100% ratiol Cell line HepG2 in Normal Cell Line in
Normal Cell 100% 100 pg/m 100 pg/m
No | Derivatives Line Normal Images Images
Rd Cell Line
Cancer
HepG2

50 100 50 [ 100
pg/m | pg/m | pg/m | pg/m

B 2 ol v k-4l
DYRG - Eun0
e
1 4 1011 | 1276 | 3256 | 7636 | 4 2 40 | '

‘l,ﬁ( “:'& ¢ E

+a,

o
e o X

2 6 9.19 2354 | 24.23 | 68.18

' PE
(4

Conclusion

Four new derivative of benzo indole were synthesized from 1,1,2-trimethyl-1H-benzo[e]indole
after functionalization with POCI3 and coupling with three aromatic molecules including
alanin, valine and tryptophan via Schiff reaction. This reaction subjected stearic hindrance and
property already overcame by controlling the time of reactions. This property is directed and
used to synthesis both mono and di-substituted derivatives. The synthesized compounds show
a good ability for inhibition of HepG2 cancer cell line, which make them useful as potential

anticancer agents.
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Supplementary Material
Spectroscopic data andy of synthesized compounds 3-6

2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-

oxopropylidene)amino)propanoic acid (3)

(0.12g9, mmole, 48%) m.p. (180 C°).1H NMR chemical shifts at (400 MHz, DMSO-d6, ¢ in
ppm): 8 =9.79 (s, 1H, -CH=0) ,7.93 (s, 1H, -CH=N-),7.49-8.21 (m, 6H, Ar-H), 3.80 (m, 0.70
, C=CH-0OH) , 2.50 (d, 1H, =N-C(CH3)(COOH) , 1,78 ,1.94 (s, 6H, 2x CH3) and 1.38,1.1s
(m,3H,CH3) . The 13C-NMR spectra for compound (3), shows the signals (400 MHz, DMSO-
d6, & in ppm): 8 =179.67, for CH=0,172.04 (=CH-OH) for 137.87 for N-C, 133.01 for NH-
CH=C,109.13 for (-C=C-), 122.88- 130.25 for Ar-C, 114.68 for O=C-C=C, 52.93 for CH3-C-
CH3,48.71 for =N-C-(CH3)(COOH) 22.27 for 2x CH3) and 16.53, for (CH3).

2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)-3-oxopropylidene)amino)-3-
methylbutanoic acid (4)

(0.1g, mmole, 37%) m.p. (160 C°).1H NMR chemical shifts at (400 MHz, DMQOS-d6, 6 in
ppm): 6 =9.79 (s, 1H, -CH=0) ,7.93 (s, 1H, -CH=N-),7.51-8.20 (m, 6H, Ar-H), 3.51 (m, 1,
C=CH-OH) , 2.33 (d, 1H, =N-C(CH3)(COOH) ,2.13 —-C(CH3)2 ,1,80 ,1.94 (s, 6H, 2x CH3)
and 0.93,0.88 (m,6H,CH3) . The 13C-NMR spectra for compound (4), shows the signals (400
MHz, DMSO-d6, d in ppm): 8=179.67, for CH=0,169.42 (COOH) for 137.89 for N-C, 133.01
for NH-CH=C,109.13 for (-C=C-), 122.88- 132.21 for Ar-C, 114.68 for O=C-C=C, 68.18 , -N-
C, 52.93 for CH3-C-CH3, 29.82 for -C (CH3)2, 22.27 for (2x CH3) and 19.62 for (2xCH3).

2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)propane-1,3-
diylidene)bis(azan-1-yl-1-ylidene)bis(3-methylbutanoic acid) (5)
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(0.12g9, mmole, 35%) m.p. (168C°). 1H NMR chemical shifts at (400 MHz, DMSO-d6, ¢ in
ppm): 6 =12.25 (m, 2H, COOH), 7.68 (s, 2H, -CH=N-), 7.32-8.02 (m, 6H, Ar-H, 3.088 (d, 2H,
=N-CH, 3.04 (s-2H,CH2),and 1.91, 1.79 (s, 6H, 2xCH3 for indole), 1.51, 1.47 (s, 12H , 4xCH3
for acid part). The 13C-NMR spectra for compound (5), shows the signals (400 MHz, DMSO-
d6, 6 in ppm): & =172.53 (COOH) for 135.97 for N-C , 129.85 for NH-CH=C, 85.95 for (-
C=C-), 122.31- 129.85 for Ar-C, 118.24 for O=C-C=C, 52.93 or CH3-C-CH3, 24.63 for 4x -
N- CH ,24.07 for -C(CH3), 22.59 for -C(CH3)2 , 21.60 for (2xCH3).

2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-ylidene)propane-1,3-
diylidene)bis(azan-1-yl-1-ylidene)bis(3-(1H-indol-3-yl)propanoic acid) (6)

(0.12g, mmole, 39%) m.p. (197C°).1H NMR chemical shifts at (400 MHz, DMSO-d6, & in
ppm): 6 =12.17 (m, 2H, COOH), 11.07, 10.97 (s, 2H, NH of acid part) ,7.36 (s, 2H, -CH=N-),
6.68-8.19 (m, 16H, Ar-H, 3.00 (d, 2H, =N-CH, 2.29-2.96 (m-4H,CH2),and 1.94, 1.92 (s, 6H,
2X. The 13C-NMR spectra for compound (6), shows the signals (400 MHz, DMSO-d6, & in
ppm): & =172.453 (COOH) for 136.68 for N-C , 130.25 for NH-CH=C,109.78for (-C=C-),
118.78- 127.70 for Ar-C, 111.79 for O=C-C=C, 55.00 for CH3-C-CH3, 27.49 for aliphatic
CH2, 21.60 for (2xCH3).

Anticancer Activity: Solutions used in this experiment (Culture Media RPMI-1640, Trypsin—
Versin solution, Crystal Violet Stain and Trypan blue stain) were prepared according to
Giuliano method.. The HepG2 Cell Line and normal cell Line (Rhabdomyosarcoma) (RD) was
grown in RPMI-1640 medium equipped with 10% calf fetal serum according to the Freshney
method.. The cytotoxicity assay was carried out using the crystal violate stain according to the
method of Freshney (2012). The target compounds were dissolved in DMSO-d6 and diluted by
serum free media (SFM) to prepare different concentrations range of (50,100) pug/ml. Two types
of cell lines were used human liver cancer (HepG2), and normal human (RD)(RPMI-1640) cell
lines. The tumor cells (1x105cell/ml) were seeded in 96-well microplate and incubated for 24
hours at 37C°, and then old media was changed with new serum-free medium (SFM) containing
concentrations of each compound. Plate was incubated for 24 hours in humidified incubator at

37 C° containing 5% CO2. After incubation, the culture medium was discarded and 100 pl of
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crystal violate was added to each, and re-incubated 20 min at 37 C°. The results were read by
using the ELISA with a wavelength of 492 nm. The inhibiting ratio was calculated according
to the equation. Percentage of cell inhibition = (absorbance reading of control cells - absorbance
reading of reated cells for each concentration/absorbance reading of control cells) x 100 NMR

Data Analysis

NMR SPECTRA

Figure 1: 1H NMR for Compound 2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-

ylidene)-3-oxopropylidene)amino)propanoic acid (3)
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Figure 2: 13C NMR for Compound 2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-

ylidene)-3-oxopropylidene)amino)propanoic acid (3)
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Figure 3: 1H NMR for Compound 2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-
ylidene)-3-oxopropylidene)amino)-3-methylbutanoic acid (4)
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Figure 4: 13C NMR for Compound 2-((E)-((E)-2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-
ylidene)-3-oxopropylidene)amino)-3-methylbutanoic acid (4)

-, Q oH
- A ]
b . .
S N
\
N
0. [5s]
. - —
w | ‘
M
o T (=] |
" s 2 e IS
ERERAES S a \
~ —REAE T =0 W W - ol
i T i v et o e A

Figure 5: 1H NMR for Compound 2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-
ylidene)propane-1,3-diylidene)bis(azan-1-yl-1-ylidene)bis(3-methylbutanoic acid) (5)
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Figure 6: 13C NMR for Compound 2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-
ylidene)propane-1,3-diylidene)bis(azan-1-yl-1-ylidene)bis(3-methylbutanoic acid) (5)
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Figure 7: 1H NMR for Compound 2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-
ylidene)propane-1,3-diylidene)bis(azan-1-yl-1-ylidene)bis(3-(1H-indol-3-yl)propanoic acid)
(6)
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Figure 8: 13C NMR for Compound 2,2'-(1E,1'E)-(2-(1,1-dimethyl-1H-benzo[e]indol-2(3H)-
ylidene)propane-1,3-diylidene)bis(azan-1-yl-1-ylidene)bis(3-(1H-indol-3-yl)propanoic acid)
(6)
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