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Abstract

The reaction medium plays a key role in organic synthesis and pharmaceutical research. There
are many opinions on choosing the best condition, including cost and environmental
implications, but the main requirement is that they have the necessary interaction with solvents
to cause dissolution, precipitation, stabilization, or instability. For this purpose, in this article
synthesis of the thiazole ring was made under various reaction conditions. So new compounds
2-(isoquinolin-5-ylimino)-3-phenylthiazolidin-4-one (1), (4-amino-3-phenylthiazol-2(3H)-
ylidene) isoquinolin-5-amine (2), (4-amino-3-phenylthiazol-2(3H)-ylidene) isoquinolin-5-
amine (3) were synthesized from the reaction between thiourea derivative and
monochloroacetic acid, diethyloxalate and chloro acetonitrile. For this synthesizes were created
in various reaction conditions, using different bases (sodium acetate/sodyum etoksit/
triethylamine or pyridine) and solvents (1,4-dioxane, toluene, acetic acid, ethanol,
tetrahydrofuran, dimethyl formamide). At the end of these reactions, the best efficiency was
obtained with the one-pot reaction using THF/DMF, EtsN. The structures of all novel
compounds reported herein were established using FT-IR, *H NMR, and **C NMR spectra as
well as elemental analysis technique.
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1. INTRODUCTION

Hetero-cyclic compounds or ring structures have
an important role in organic chemistry due to their
wide range of pharmacological properties [1-3].
Heterocyclic compounds are widely distributed in
nature. Many of them show drug active properties
have increased the importance of such
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compounds and led organic synthesizers to make
various reactions.

Six-membered hetero-cyclic compounds,
pyridine and benzo derivatives, especially
quinoline and isoquinoline derivatives are widely
used in many chemical syntheses due to their
biological activities [4-6]. They play are key
structural components due to their various
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biological activities such as antimalarial [7],
antibacterial [8], antifungal [9], antidepressant
[10, 11], anticonvulsant [12, 13], anti-
inflammatory [14], antidiabetic [15], antiviral
[16], antihistamine [17], anticarcinogen and
antioxidant [18]. For example, quinine was
isolated from the bark of Cinchona trees and has
been used for the treatment of malaria [19]. Its
structure determination and SAR studies resulted
in the discovery of newer antimalarial drugs like
chloroquine, primaquine, mefloquine [20].
Besides, nitrogen and sulfur-containing aromatic
heterocyclic compounds such as thiazole are
widely used in many types of treatments due to
their interesting physicochemical properties and
pronounced biological activities [21-26]. Some
important heterocyclic compound derivatives are
given (Figure 1). Also, thioureas and substituted
thioureas play important roles in the formation of
these heterocyclic systems [27-29].

Figure 1 Some important heterocyclic compounds
derivatives

The conventional synthesis in previous work
several methods have been reported for the
preparation of thiazole rings for example ethanol/
sodium ethoxide [30], ethanol/ anhydrous sodium
acetate [31, 32], acetic acid/ anhydrous sodium
acetate [33], dioxane/ anhydrous sodium acetate
[34], solvent/scavenger-free conditions [35]. This
article describes of synthesis of new heteroaryl
isoquinoline  derivatives  [2-(isoquinolin-5-
ylimino)-3-phenylthiazolidin-4-one (1), (4-
amino-3-phenylthiazol-2(3H)-ylidene)
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isoquinolin-5-amine (2), (4-amino-3-
phenylthiazol-2(3H)-ylidene) isoquinolin-5-
amine (3)] under various conditions. For this
purpose, the thiazole ring was formed from
adding monochloroacetic acid, chloroacetonitrile,
diethyl oxalate in the using three different bases
(EtONa, AcONa, Pyridine) and solvents (1,4-
dioksan, Toluene, AcOH).

2. EXPERIMENTAL

All starting materials and reagents were
purchased from commercial suppliers. Reactions
were monitored by TLC; the plates were
visualized with short wave UV fluorescence (k =
254 nm). Melting points were taken on a
Yanagimoto micromelting point apparatus. FT-IR
spectra (v, cm™) were measured on a
SHIMADZU Prestige21 (200 VCE)
spectrometer. *H NMR and '3C NMR spectra
were taken on JEOL NMR-400 MHz instrument
in DMSO-d6 using TMS as the internal standard.
All chemicals were purchased from Merck
(Darmstadt, Germany) and Sigma-Aldrich
(Taufkirchen, Germany). The ele-mental analysis
was carried out with a Leco CHNS-932 (St.
Joseph,Michigan)instrument.

2.1. General synthesis of the new heteroaryl
isoquinoline derivatives (1-3)

Synthesis_from_thiourea: A solution of the
appropriate 1-(isoquinolin-5-yl)-3-
phenylthiourea (Immol) in 1,4-dioxane/ toluene/
acetic acid/ ethanol/ tetrahydrofuran or
dimethylformamide (10mL) was refluxed with
the  appropriate monochloroacetic  acid
(Immol)/chloro acetonitrile(Lmmol), or diethyl
oxalate(lmmol) in the presence of base
EtONa/AcONa/ Pyridine or EtsN (2mmol) for 24
h. The reaction mixture was then cooled poured
into ice and the oily residue was recrystallized
into ethanol/10% HCI mixture (Scheme 1).

One-pot synthesis from amine: To a solution of
5-aminoisoquinoline  (Immol) in THF/DMF
(5/0,5mL) was added Phenyl isothiocyanate
(Immol), monochloroacetic acid (Immol)/chloro
acetonitrile (Lmmol), or diethyl oxalate (Immol)
and triethylamine (3drop). The reaction mixture
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was heated at 80 °C for 24 h. The reaction mixture
was cooled and poured into ice. And then the oily

residue was transferred to another vessel and
precipitated in EtOH / 10% HCI mixture.

Svnthesis from thiourea:
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Scheme 1 General reaction condituons of thiazole ring

2-(isoquinolin-5-ylimino)-3-phenylthiazolidin-
4-one (1): Yellow solid, yield based on one-pot
synthesis from amine reaction; %65, mp. 205-
208°C. IR (KBr, cm™?) v = 3070-3040 (Ar CH),
1670 (CO); 'H NMR (DMSO0-d6) & = 9.68-7.40
(11H, m, Ar H), 4.25 (2H, s, CH>); *C NMR
(DMSO0-d6) 6 = 170.24 (CO), 156.60 (-N=C-),
150.60-126.06 (Ar C), 34.20 (CH>); Anal. Calcd.
For. C1sH13N30S (319.38): C, 67.69; H, 4.10; N,
13.16; found. C, 67.83; H, 4.37; N, 13.31.

(4-amino-3-phenylthiazol-2(3H)-ylidene)

isoquinolin-5-amine (2): Brown solid, yield
based on one-pot synthesis from amine reaction
%77, mp. 189-191°C. IR (KBr, cm™) v = 3271
(NH2), 3075-3012 (Ar CH); *H NMR (DMSO-d6)
0 =9.70-7.76 (11H, m, Ar H), 6.95 (1H, s, CH),

Sakarya University Journal of Science 26(4), 757-767, 2022

5.69, (2H, s, NH); ¥C NMR(DMSO-d6) & =
169.62 (-N=C-), 150.60-126.06 (Ar C), 60.05 (-
CH=); Anal. Calcd. For. C1gH14N4S (318.40): C,
67.90; H, 4.43; N, 17.60; found. C, 68.05; H, 4.87;
N, 17.81.

(4-amino-3-phenylthiazol-2(3H)-ylidene)

isoquinolin-5-amine (3): Dark Brown solid,
Yield based on one-pot synthesis from amine
reaction; %83, mp. 181-183°C. IR (KBr, cm™) v
=3113-3081 (Ar CH), 1683,1675 (CO); *H NMR
(DMSO0-d6) & = 9.80-7.45 (11H, m, Ar H); 3C
NMR(DMSO-d6) & = 183.40, 170.11 (CO),
160.30 (-N=C-), 150.60-126.06 (Ar-C); Anal.
Calcd. For. C1sH11N3O,S (333.37): C, 64.85; H,
3.33; N, 12.61; found. C, 65.05; H, 3.51; N, 12.83.
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3. RESULTS AND DISCUSSION

This study was designed to synthesize and
characterize the new heteroaryl isoquinoline
derivatives (1-3) from both 1-(isoquinolin-5-yl)-
3-phenylthiourea and 5-aminoisoquinoline (in
one-pot). Firstly, the designed compound was
synthesized by condensation of 1-(isoquinolin-5-
yl)-3-phenylthiourea  with  monochloroacetic
acid/chloro acetonitrile, or diethyl oxalate using
polar/apolar solvents (1,4-dioxane/ toluene/ acetic
acid/ ethanol/ tetrahydrofuran or
dimethylformamide) and bases (EtONa/ AcONa/
Pyridine or EtsN) for 24 h. In apolar solvents,
toluene and 1,4-dioxane, product (a) was obtained
in higher yields, whereas it was obtained in lower
yields in polar solvents such as tetrahydrofuran,
acetic acid. Also, the synthesis of heteroaryl
isoquinoline derivatives (1-3) used different bases
such as sodium ethoxide, triethylamine, pyridine,
or sodium acetate. The best yield was obtained
with sodium acetate in the apolar solvent. When
the reaction was carried out at 80 ° C under base-
free conditions, no reaction took place. The
results obtained were given in Table 1.

Table 1 Effect of base on synthesis (E)-2-(isoquinolin-
5-ylimino)-3-phenylthiazolidin-4-one (a)

Base Solvent Base Chloro Yiel
acetic d
Acid (%)
1 Pyridine  1,4- 2 1 40
Dioksane
5 NaOAc 1,4- 2 1 55
Dioksane
3 NaOEt 1,4- 2 1 45
Dioksane
4 | Pyridine  Toluene 2 1 36
5 NaOAc Toluene 2 1 40
6 NaOEt Toluene 2 1 25
7 NaOAc AcOH 2 1 35
g |- 1,4- - 1
Dioksane

Sakarya University Journal of Science 26(4), 757-767, 2022

Secondly, the one-pot reaction has been achieved
by condensation of 5-aminoisoquinoline, phenyl
isothiocyanate with monochloroacetic acid/chloro
acetonitrile  or  diethyl  oxalate  using
THF/DMF(5/0,5mL) and EtsN (3 drops) for 24 h.
Compounds (1-3) were achieved with the one-pot
reaction at a higher yield of 70-75%. The oily
residue obtained at the end of the reaction was
recrystallized with Ethanol/10% HCI mixture. It
is known that such one-pot reactions are used in
many thiazole derivatives synthesis because of
mild reaction conditions, shorter reaction times,
high efficiencies, and facile isolation of the
desired product. [35-37]. A plausible mechanism
for these syntheses is shown in Scheme 2. Also, it
is varies depending on the pKa of the amine
attached to the thiourea moiety with acylation
taking place toward the amine having a lower pKa
[38-41]. The measured pKa of 5-
aminoisoquinoline and aniline respectively are
5.48 and 4.58. For unsymmetrical 1-(isoquinolin-
5-yl)-3-phenylthiourea, aniline nitrogen is more
basic compared with isoquinoline nitrogen of the
carbodiimide intermediate. Thus, the former is
acylated from aniline nitrogen (in Scheme 2).
Also, asymmetric attack of acetic acid to
carbodiimide will lead to protonation towards the
amine with higher pKa without affecting the

imine group on the other side [38].
Q
CDL/IJ\DH EtyN-Ha,
s
w1, )
J ’ H. N =N
'-._H
= —_—
D0 ) 0
v Ao
-Hy0 : i C
of 2-(isoquinolin-5-ylimino)-3-phenylthiazolidin-4-
one

¢ &7
b [
HN’UEN.
3
Scheme 2 A plausible mechanism for the formation
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The structural analysis of the obtained molecules
was made using FT-IR, 'H NMR, *C NMR,
spectroscopy and elemental analysis techniques.
In the infrared spectrum of compound (2)
displayed a significant vibrational band at 3271
cmt for the presence of amine [26,27]. In
aromatic compounds, the C-H stretching
vibrations appear to be between 3113 and 3012
cmL. In compound (1-3), in addition to aromatic
compound bonds, there are isoquinoline and
phenyl aromatic rings, C=C, C-C, and C-N bonds.
These stretching vibrations have been observed
between 1675-1450 cm™ [42]. Also, the
absorption of C=0 stretching vibrations was seen
around 1670-1683 cm™ in compounds (1) and (3)
[37]. Also, important IR absorptions of the
synthesized molecules are given in Table 2.

o(18)

In 'H NMR spectrum of all the compounds
showed the signals of the aromatic protons of
isoquinoline and phenyl ring at 7,40- 9.80 ppm
[43]. The *H NMR spectrum of compounds (1)
and (2) gave signals at 4.25 and 6.95 ppm
attributed to thiazole ring CH2 (H30-H31) and CH
(H30), respectively [32]. Also, the signal belongs
the NH> (H36-H37) on the thiazole ring in
compound 2 was shown at 5.69 ppm. In their 1*C
NMR spectra, the signal due to the thiazole
carbonyl carbon (C14-018, C15-024) appeared
at 170.11-183.40 ppm. Also -C=N- (C12-N11)
signals were seen around 160 ppm [26,27]. The
isoquinoline and phenyl carbons resonated at the
range 125.90—168.31and 118.95-160.87 ppm,
respectively. All spectra and elemental analyses
support the structure of the synthesized
compounds.

Scheme 3 ORTEP plot of the molecular structure of compound (1-3)

Sakarya University Journal of Science 26(4), 757-767, 2022
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Table 2 *H and 3C NMR (ppm) spectral data of compounds (1-3)

Compd. IR (cm™?) 'H NMR (PPM) BC (PPM)
NH,  ArCH CO ArH (m) thiazole NH, -C=0 -N=C-
CHzor CH
(D) - 3070-3040 1670 9.68-7.40 4.25 - 170.24 156.60
2 3271 3075-3012 - 9.70-7.76 6.95 5.69 - 169.62
3) - 3113-3081 1683,1675 | 9.80-7.45 - - 170.11, 160.30
183.40
]
1 kNl
M= ‘j;o Hose
R c1s los
M, @ il;il o j-:-0
o s m 0y
_ ArH — ELVEN a _-o:o
r 020
1 l( __m o :0.'.5
\ J!inl |-‘1 J .|-.. . ¢ -:o.lo
cs 2 ‘ ‘ s
bl | Lace
Hap Cl5 045
5 '\S’":Z
P 7 % '\ }‘“\\I 035
M Ng/\) N 0.3
@ H30 Ho.zs
—ArH — A= a8
| H36,37 C15
( c2 MU e
..\ J!u‘“.l)l.. .|.. Ll l ll k l '" ‘ | .09
Sakarya University Journal of Science 26(4), 757-767, 2022 762
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Scheme 4 *H and *C NMR spectrum of Compound (1-3)

4. CONCLUSIONS

In conclusion, a one-pot reaction protocol for the
new heteroaryl isoquinoline derivatives (1-3) has
been reported. The optimum conditions were
found to be with 1 equivalent of phenyl
isothiocyanate with monochloroacetic acid/chloro
acetonitrile  or  diethyl  oxalate  using
THF/DMF(5/0,5mL) and EtsN (3 drops)
affording a good vyield of the new heteroaryl
isoquinoline derivatives (1-3). Mild reaction
conditions, shorter reaction times, high
efficiencies, and facile isolation of the desired
product make the present methodology a most
suitable alternative. Unlike the one-pot reaction,
the reaction stage increases in reactions carried
out over thiourea, because firstly you must
synthesis thiourea structure. Also, compounds are
taken with a lower yield. Within the scope of
literature studies, it has been observed for
unsymmetrical thioureas in which amine attached
to the thiourea having lower pKa is a part of the
imino component and the amine having higher
pKa is the contributor to the other heterocyclic
nitrogen.
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