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An indole hydrazone has successfully been synthesized employing Schiff base reaction
conditions starting from 4,6-dimethoxy-2,3-diphenylindole-7-carbaldehyde with hy-
drazine hydrate. The reaction of this compound with acetone yielded indole based imine
compound. The structure of targeted compound was identified by mass and 'H spectros-

copy along with single crystal X-ray diffraction technique. Also, bromination of bis-indole
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with N-bromo succinimide was produced corresponding bromo bis-indol derivative.
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INTRODUCTION

he synthesis of heterocyclic compounds conta-

ining nitrogen atoms has an important place in
organic and medicinal chemistry. Especially, the wide
range of biologically active molecules and alkaloids
has led to great effort for the synthesis of these he-
terocyclic systems. Indole, which has an extremely
important place in the family of heterocyclic com-
pounds containing nitrogen; formed by the fusion of
benzene and pyrrole rings and continues to play a key
role in the development of new heterocyclic structu-
res due to both its chemical and biological properties

[1].

The availability of indole derivatives in natural
products and their applications in pharmaceutical
chemistry have been investigated for many years. The
most important reason for this is that many indole de-
rivatives have a wide range of biological activities [2, 3].
L-tryptophan, which is an amino acid, has an impor-
tant place in human nutrition [2, 4], reserpine, which
is used in the treatment of hypertension and mental
diseases and has recently been accepted as a pandemic
in the world with its infectious feature, has been studi-
ed to show that it is effective against the SARS-CoV-2
virus [2,5] and brassinin, which is produced by plants
as a preservative against microorganisms and has been
shown to have an anti-cancer effect [6-7], can be cited as
examples of indole derivatives found in nature.

Indole derivatives can be isolated from natural pro-

ducts or produced synthetically and used as active phar-
maceutical ingredients. Indomethacin used as a pain

and fever reducer [8], sumatriptan used in the treatment
of migraine pain [9] and pindolol, which has high blood

pressure and heart rhythm regulating properties [10]

can be given as examples of drugs containing the active

ingredient indole which have taken their places on the

shelves.

The imine structure -N=CH-, commonly known
as Schiff bases, is usually synthesized by removing wa-
ter as a result of a condensation reaction between acti-
vated carbonyl groups such as aldehydes or ketones and
primary amine [11-13]. Schiff bases and their derivatives
are an important class of compounds in organic che-
mistry, medical and supramolecular chemistry [11-14].
Schiff base ligands can bind to metal ions through the
presence of a free donor pair on the nitrogen atom to
form metal complexes with potential biological activi-
ties [15-16)].

The hydrazone structures formed as a result of the
Schiff base reaction containing different biological ac-
tivities are well known as a result of studies carried out
in recent years. Hydrazone compounds can easily form
multiple hydrogen bonds with microorganism proteins,
especially to increase the binding strength of the recep-
tor. Therefore, they have been investigated in detail to
find new antimicrobial agents [17]. For example; methi-
sazone, which acts as an important thiosemicarbazone,
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is a clinical drug used in the treatment of infections [18-19].

The more complex indole derivatives such as bis-
indoles are chemical structures consisting of two indole
compounds bonded together, usually with a heterocyclic
molecule [20]. Bis-indole derivatives, like normal indole
compounds, have important biological activity, and due to
these interesting biological properties, they are very use-
ful target products in drug design studies as an important
structural class [21-23]. For instance; nortopsentin derivati-
ves containing imidazole coupling product from bis-indole
derivatives are effective against fungi, whereas topsentin
compounds obtained from a keto-imidazole coupling pro-
duct is known to have biological properties such as anti-tu-
mor and anti-inflammatory [24-26].

In terms of chemical reactions, the most active posi-
tion of indole compounds against electrophilic aromatic
substitution reactions is C3. When this position is closed
with a group, the C2 position becomes more active and the
reactions proceed through this position. In activated indoles
containing methoxy groups at C4 and C6 positions, the nor-
mally inactive C7 position becomes active and thus the C7
position becomes available for further chemical reactions
[27]. In addition, indole gives its electrons on the nitrogen
atom to the m electron system, making the structure aro-
matic, while giving it a weakly basic feature. In this case, the
N-H bond becomes weakly acidic and allows nucleophilic
substitution reactions to take place on the nitrogen atom
[26]. As a result of these functional properties, many reacti-
ons of indole and its derivatives such as acylation, formylati-
on, and nitration have been carried out [28-30].

One of these reactions is the bromination. It is well es-
tablished that indoles containing bromine molecule form
new C-C bonds especially via Suzuki and Stille coupling
reactions to give novel bis-indoles [31]. In this study, by pro-
viding bromination of bis(4,6-dimethoxy-2,3-diphenyl)met-
hane 8, bis(5-bromo-4,6-dimethoxy-2,3-diphenyl)methane
9 was obtained. Also, synthesis of indole ylidine hydrazone
compound, which has a high biological activity potential,
was discussed.

The 'Vilsmeier-Haack reaction' method was first found
by Vilsmeier and Haack in 1927 and brought to the litera-
ture under their own name. This method has been used for
formylation of the aromatic compounds for many years. It
allows direct formylation of the aromatic structures and has
some advantages such as being an easy method to imple-
ment, its reagents are easily available, the reactions do not
take long and it generally has good yields. POCls and DMF
are used as reagents. The chloro iminium cation obtained
by the reaction of these reagents in cold environment acts
as an electrophile and its reaction with aromatic structu-

res results in formylation of the aromatic structure [32-33].
Given the advantages of method, we decided to apply it in
the synthesis of the indole-7-carbaldehyde 5 which was then
used for the synthesis of indole ylidine hydrazone 7.

MATERIAL AND METHODS

All reagents used in the reactions were purchased from
Sigma-Aldrich, Acros Organic, Matrix Scientific and
Merck companies and used in the reactions without any
purification. 'H-NMR and "*C-NMR data were obtained
in CDCls and DMSO-d6 solvents using a Varian 500
MHz spectroscopy. Perkin Elmer Spectrum 100 FT-IR
device was used to record IR measurements in the range
of 650-4000 cm. X-ray data was obtained with Bruker
APEX II QUAZAR three-circle diffractometer. The reac-
tion was followed by thin layer chromatography consis-
ting of silica gel coated on an aluminum layer of Merck
GF254. Thin layer chromatography was followed by a UV
lamp with wavelengths 254 nm and 365 nm.

Synthesis of (E)-4,6-dimethoxy-2,3-diphenyl-7-
((propan-2- ylidenehydrazono)methyl)-1H-indole
(7)

Indole hydrazine 6 (158 mg, 0,43 mmol) was stirred in
acetone (15mL) for 3 h. The solvent was evaporated and
the residue quenched with water. The solid was filtered
off and washed with water and dried on air. The recry-
stallisation of indole 7 from acetone yielded the indole
hydrazone 7 as yellow crystals (140 mg, 80%). 'H NMR
(500 MHz, CDCls) 8 2.09 (s, 3H, Me), 2.16 (s, 3H, Me),
3.76 (s, 3H, OMe), 3.97 (s, 3H, OMe), 6.47 (s, 1H, H5), 7.23-
7.32 (m, 10H, aryl H), 8.94 (s, 1H, NH). The sample was
not soluble enough for *C NMR measurement. [M]*: re-
quires 411.194; found 411.162.

Synthesis of Bis(5-bromo-4,6-dimethoxy-2,3-
diphenyl-1H-indol-7-yl)methane (9)

To a solution of bis-indole (104 mg, 0,155 mmol) in chlo-
roform (15mL), NBS (60,7 mg, 0,34 mmol) was added and
the reaction mixture was heated at reflux for 5 h. The
half of the solvent was then removed under reduced pres-
sure. The water was added and the mixture was extracted
with DCM. The combined organic filtrate was washed
with brine, dried over anhydrous sodium sulfate and the
solvent evaporated in vacuo. The solid was dried and pu-
rified by flash chromatography using dichloromethane as
eluent to give bis-indole 9 as yellow solid. (65 mg, 51%).
IR (KBr): vmax 2934, 1534, 1460, 1444, 1407, 1335, 1119,
1090, 971 cm™. *H NMR (500 MHz, CDCls) § 3.40 (d, 6H,
OMe), 3.87 (d, 6H, OMe), 4.95 (d, 2H, CHa), 7.04-7.87
(m, 20H, aryl H). *C NMR (126 MHz, CDCls) § 176.48,
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151.32, 135.45, 131.07, 131.05, 130.13, 129.02, 128.65,
128.61, 128.29, 128.23, 128.21, 128.10, 128.05, 126.74,
111.63 (Aryl C), 60.94 (OCHs), 60.52 (OCHs), 29.70 (CHa).
[M-2H]": requires 826,104; found 824.184.

RESULTS AND DISCUSSION

Bischer indole synthesis is used for the synthesis of 2,3-di-
substituted indole. According to this method, a hot melt
solution 2 of 3,5-dimethoxy aniline 1 and benzoin were
prepared. The reaction brought to room temperature
and aniline in catalytic ratio and acetic acid as solvent
were added to the melt. As a result of heating the mixture
under reflux, the targeted 2,3-diphenyl-4,6-dimethoxy
indole 3 was synthesized and purified by washing with
methanol (figure 1) [34].

OMe OMe OMe pp,
Oy_Ph b
e, j: L N\ Ph
MeO NH, MeO ” Ph MeO H
1 2 3

Figure 1. Reaction and Conditions: a) benzoin, 130 °C; b) Aniline,
AcOH, reflux

In accordance with the Vilsmeier and Haack method,
the 2,3-diphenyl indole 3 gives an electrophilic aromatic
substitution reaction with the chloro iminium cation from
the C7 position and compound 4 is obtained as an inter-
mediate product. Indole-7-carbaldehyde 5 was synthesized
from compound 4 which was allowed to react directly with
water and sodium hydroxide without being isolated (Figure
2) [33].
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Figure 2. Reaction and Conditions: a) POCI3, DMF; b) NaOH, KOH

In the next step, indole-7-carbaldehyde 5 was allowed
to react with an excess of hydrazine hydrate in a solvent
mixture containing THF and methanol and indole 6 was
successfully synthesized. The reaction was primarily carri-
ed out in methanol alone; however, the indole 5 did not fully
dissolve in this solvent and thus make difficult the reaction
to proceed. It was observed that the reaction of carbaldehyde
5 in THF continued very slowly. Therefore, the experiment
was repeated by in a mixture of THF and methanol and it
was determined that the starting material was exhausted af-
ter 24 hours. After the reaction, it was also determined that
the indole-7-hydrazonomethyl 6 is highly reactive and has
rapid degradation potential and therefore it was used for the
next reaction shortly after its synthesis [35]. In the last step,
compound 6 was spun in acetone at room temperature and

the targeted indole 7 was successfully synthesized (figure 3).

OMe pp OMe pp OMe pp
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Figure 3. Reaction and conditions: a) hydrazine hydrate, THF/MeOH;
b) Acetone, room temperature

It was determined as a result of X-ray crystal analysis
that indole ylidine hydrazone 7 was synthesized. Crystalli-
zation was carried out in acetone (figure 4).

Figure 4. X-ray crystal structure of indole 7

The synthesis of another targeted indole 9 was started
with the synthesis of the bis-indole 8. The indole 3 was vigo-
rously stirred in THF at room temperature in the presence
of formaldehyde and acid. As a result of the reaction, the
desired product solidified in solution and was subjected
to direct filtration. Compound 8 was obtained in high yi-
eld without any purification [36-37]. In the last step of the
synthesis chain, the bis-indole 8 was heated with NBS in
chloroform. The target product 9 was obtained as a result of
purification of the crude product obtained at the end of the
reaction by column chromatography (Figure 5).

OMe b, OMe pp,
Br.
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Figure 5. Reaction and conditions: a) CH=O, HCl, THF; b) NBS, CHCls

The synthesis of the indole 9 compound was determi-
ned with the evidence of the peak visible at 824 m/z on the
mass spectrometer. It was also understood that the bromine
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atoms on the molecule were in the form of the 79 isotope. In
addition, the 'H NMR spectroscopy of the indole 9 proved
success of bromination via disappearance of the H5 peak at
6.25 ppm.

CONCLUSION

Indole hydrazone obtained as a result of the Schiff base
reaction with hydrazine hydrate starting from indole-7-
carbaldehyde 5. The reaction of indole hydrazone with
acetone on Schiff base conditions produced indole-
2-ylidine hydrazone. Moreover; the bis(5-bromo-4,6-
dimethoxy-2,3-diphenyl) methane 9 was also obtained
from the corresponding bis-indole 8 via bromination
with NBS.
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