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Abstract

A green, convenient and efficient procedure has been developed for the synthesis of
hydroxyindole derivatives. Magnetically separable and recyclable nanoparticles are
used as a heterogeneous catalyst for the synthesis of indoles via the one-pot Friedel—
Crafts reaction with isoquinoline -1,3,4-trione . Interestingly, indole derivatives are
regioselectively acylated in the 3-position under mild conditions, short reaction times
high yields with the green aspects by avoiding toxic catalysts. The catalyst could be
easily separated from the reaction mixture by using an external magnet and recycled.
These operational simple procedures furnish good to high yields of corresponding
synthetically as well as biologically interesting functionalized 4-hydroxy-4-
indolylisoquinoline-1,3(2H,4H)- diones.
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CHAPTER 1

Introduction

1.1 General Introduction and literature background

1.1.1 Biological Importance of Indole framework

Indole based heterocyclic moiety has been a crucial research field. A vast
number of natural and synthetic indole derivatives have been found a
venerable value in pharmaceutical and medical applications since they are
able to bind with high affinity to many receptors.! Literature studies
showed that several practical and efficient methods are reported for the
syntheses of functionalized hydroxy indolyl and bisindolyl methane
scaffolds through Friedel-Crafts reactions of indoles with a variety of
aldehydes or activated ketones involving several metals or metal-free
based homogeneous and heterogeneous Lewis/Brgnsted acids or Brgnsted
base catalysts.? Indole frameworks are found in variety of fine or special
chemicals such as natural products, drugs, materials and synthetic
biologically active molecules etc.®*.The marketed antiviral drugs
delavirdine 1, arbidol 2 and methisazone 3 are indole derivatives.> Many
naturally occurring spiro-indoles exhibit biological activity for example;
mitraphylline 4 (from Ucaria tomentosa) exhibits antiproliferative activity
against brain carcinoma cell lines, neuroblastoma SKN-BE(2), and
malignant glioma GAMG.® Spirotryprostatins A 5 and B 6 (from the
fermentation broth of Aspergillus Fumigates) inhibit the G2/M
progression cell division in mammalian tsFT210 cells.”®, 5-lipoxygenase
(5-LOX) °(Fig.1).
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Figure 1: Some biologically active natural products

1.1.2 Activation of Friedel-Crafts Alkylation

The Friedel-Crafts reaction promoted by Lewis acid or Brgnsted acid is
one of the most efficient methods for the construction of carbon—carbon
bonds to aromatics and hetroaromatics.’® And that Friedel-Crafts type
reaction of isoquinoline-1,3,4-triones with indole has arisen increasing
attention.'! It has been well reported that the C-2/3 position of indole is
susceptible to nucleophilic attack and Friedel-Crafts type reaction is
readily performed. Based on these chem-information, we speculated that
the reaction between isoquinoline-1,3,4-triones and highly nucleophilic
reagents indoles may be able to proceed smoothly under certain mild
conditions leading to 4-hydroxy-4-indolylisoquinoline-1,3(2H,4H)-diones.
However, through carefully researching literature, we found the reported,
the direct condensation of indole with various substituted 4-hydroxy-4-
indolylisoquinoline-1,3(2H,4H)-diones.


http://www.organic-chemistry.org/namedreactions/friedel-crafts-acylation.shtm

1.1.3 Fe30,4 Nanoparticle

In addition, there had been Fe;O,4 nanoparticle as a catalytic processes And
that magnetic nanoparticle catalysts have attracted much attention because
they show good dispersibility and increasing interest in their properties
including a large surface to volume ratio, low toxicity, biocompatibility,
super paramagnetism, and potential applications in several fields'® ** And
that magnetic nanoparticles (MNPs) allow facile separation from the
reaction mixture through an external magnet that not only eliminates the
necessity of cumbersome filtration and centrifugation procedures but also
reduces energy consumption, catalyst loss and saves time in achieving

catalyst recovery.

1.1.4 Application of Fe;O, Nanaoparticle

It has many applications such as magnetic bioseparations **

, drug
delivery'®, magnetic resonance imaging (MRI) contrast agents'®, treatment
of cancer ” and catalysis'®, sorbents, pigments, flocculants, coatings, gas
sensors, ion exchangers and for lubrication.® So by using these nano
catalysts has been widely by supported . Magnetically separable catalysts
are very attractive heterogeneous catalysts owing to their facile recycling

process.?’

1.1.5 Proposed of the Research work

In this thesis, we are interested to perform the FC alkylation reaction of
indole with isoquinoline-1,3,4-trione in water by using FesO4 nanoparticle
as an powerful heterogeneous catalyst in an cost-effective and
environmental-friendly?*. And also Friedel-Crafts alkylation using Fe;O.
nanoparticle as catalyst will be investigated. How to work and recover

catalyst in the reaction as shown in fig.2
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Figure 2: Friedel-Craft type reaction by using Fe3O4 nanoparticle

catalyst

1.1.6 Scope in the area

Isoquinoline-1,3,4-triones and its derivatives are most important in
biologically and Pharmaceuticals. Because they are selective, irreversible,
slow-binding, pan-caspase inhibitors.?* Furthermore, these inhibitors
attenuated apoptosis induced by B-amyloid(25-35) in PC12 cells and
primary neuronal cells.Most interesting and important in research area is
that , the resurgence or scientist have much interest in caspases (Csp) as
therapeutic targets for the treatment of neurodegenerative diseases®® and
caspase-3 is a caspase protein which is a programmed cell death protease
involved in neuronal apoptosis during physiological development and
under pathological conditions. By reporting literature, isoquinoline-1,3,4-

trione and its derivatives inhibit caspase-3.*



CHAPTER 2

Experimental section

2.1 Experimental procedure

2.1.1 Synthesis of Fe3O4 Nanoparticle:

FeCl,.4H,0 2 FeCl;.6H,0 EE—
N, Gas U.S
Figure 3: Synthesis of Fe;O,4 nanoparticle

Nowadays, functional nanoparticles are of industrial and scientific
importance.® And occur in a great variation of surroundings from
geological to nanoscale technological applications. Several techniques
have been used to developeding to synthesis of FezO,4 nanoparticle such
|27’

as co-precipiation®®, sol-ge hydrolyzation?®,  micro-emulsion®®,

surfactant mediated, microwave-assisted hydrothermal technique,

I*° ultra radiation®* etc.And we have to use one of them

hydrotherma
method, co-precipitation. Co-precipitation is a preferred choice for most
researchers because the reaction could be performed under a mild
condition by using water as solvent because of its simplicity and
productivity.®* The Fe;s0; NPs were prepared by using the published
method®® with modification. Ferric chloride and ferrous chloride were
mixed in 2:1 molar ratio under the presence of N, gas. FeCl3(20 mmol)
and FeCl(10 mmol) were dissolve into 4 ml of deoxygenated distilled
water under nitrogen atmosphere with ultrasound irradiation for 15 min at
60°C, chemical precipitation was achieved by adding of ammonium
hydroxide (15 mL, 28 wt%). The solution was immediately turned black.
The reaction was kept at 60°C for 20 min under ultrasound irradiation.

These black colour of particles were then separated from the solution by



using external magnet and then were washed many times with distilled
water. The resulting Fe3O, nanoparticles were dried for 12 h at room

temperature under vacuum and characterized by XRD, FTIR.
2.1.2 Synthesis of Isoquinoline-1,3,4-trione

In the 1st step, 1.47 g of phthalimide were mixed with 35-40 mi
acetonitrile thoroughly, resulting mixture was poured into 100 ml flask
followed by adding 2.8 g of potassium carbonate and 1.1 ml of
chloroacetone, and heated with 82°C ( a reflux condensing tube was
needed to be equipped on the flask, and the system was protected by
argon). After the reaction was conducted for 24 h, excess of chloroacetone
was removed under a reduced pressure by vaccum, then filtered with
buchner’s filter, resulting pour compound was evaporated, and dried under
vaccum to obtain 1H-Isoindole-1,3(2H)-dione,2-(2-oxopropyl)-. In the
2nd step, To a reflux condensing tube, take 10 ml methnol was added in
two-necked bottle, followed by adding 0.350 g of metallic sodium (or
directly adding 10 mmol of sodium methoxide). After the metallic sodium
was dissolved entirely , the solution was heated and refluxed and then
solid compound 1H-Isoindole-1,3(2H)-dione,2-(2-oxopropyl)- was added
in methanol (5 ml of CH3OH and 1 g of compound ) in one portion. After
addition, the reaction was heated at reflux for 2h and then the system was
processed as following: the system was cooled with ice bath and then
neutralized with 1 M HCI. The resulting suspension was stirred for 15-20
min in ice water bath after which a large amount of solid emerged and
then filtered under reduced pressure by vaccum, washed with a small
amount of ethyl acetate and dried under vaccum to obtain 1(2H)-
Isoquinolinone, 3-acetyl-4-hydroxy- And then for 3" step, In a small flask
, taking mixture of 1.5 ml of conc. sulfuric acid and 0.5 ml conc. Nitric
acid under a ice bath for stirring 5 min and then add 250 mg 1(2H)-
Isoquinolinone,  3-acetyl-4-hydroxy- solid compound. After the

completion of reaction, doing the workup and the resulting pour



compound was evaporated to obtain isoquinoline-1,3,4-trione and
characterized by ‘HNMR ,MS and FT-IR.

2.1.3 Synthesis of 4-hydroxy-4-(1H-indol-3-yl)isoquinoline-1,3
(2H,4H) -dione

At the beginning, Friedel-Crafts hydroxyalkylation of indole (2a) with
isoquinoline-1,3,4-trione (1a) and Fe3O4; (20% mmol) as catalyst was
investigated in water at room temperature. But after 48h reaction not
happened at room temperature. Afterwards it was tried to be heating at
60°C. And it was happened in only 6 h (monitored by TLC). After that,
Fe304 nanoparticles were separated from this reaction mixture by external
magnetic bar. Then the reaction mixture was concentrated under reduce
pressure to leave a crude residue which was purified by column
chromatography over silica gel using ethyl acetate\hexane. And
evaporated the reduce pressure to give a greenish colour of pure solid
which is  4-hydroxy-4-(1H-indol-3-yl)isoquinoline-1,3(2H,4H)-dione
(3aa). That was gives 85% yield. By this procedure, Fe3O,4 can be recycled
several times without losing its catalytic activity by external magnetic bar.
The Friedel-Crafts products were fully characterized by their
spectroscopic data (‘*H NMR, **C NMR, FT-IR and HRMS data).

o &
(o] NH
+ N\ Fe;O,4 Catalyst HO /==
D
NH N o
H H,0,60°C,6h
NH

o

1a
2
a 3aa

Scheme 1:.Synthesis of 4-hydroxy-4-(1H-indol-3-yl)isoquinoline-
1,3(2H,4H) -dione

With these experimental results in hand, next, we tested the general trend

of this Friedel-Crafts hydroxyalkylation reaction by using a wide range of



structurally diverse steric and stereoelectronic environments of indole
moieties with functionalized isoquinoline-1,3,4-trione scaffolds in our
optimized reaction conditions. All the obtained results are systematically
collected in the following substrates.

3aa, 85%

Me

3ac, 67% 3ad, 65 %

Figure 4: Structure of Indole Substrates



2.1.3. (a) Mechanism proposed of 4-hydroxy-4-(1H-indol-3-
yDisoquinoline-1,3(2H,4H)-dione

Scheme 2: Mechanism of 4-hydroxy-4-(1H-indol-3-yl)isoquinoline-
1,3(2H,4H)-dione

All reactions were carried out at 60 °C and monitored by TLC using
Merck 60 F254 pre coated silica gel plates (0.25 mm thickness) and the
products were visualized by UV detection. Flash chromatography was
carried out with silica gel (200-300 mesh). *H and **C NMR spectra were
recorded on a Bruker Avance (I11) 400 MHz spectrometer. Data for 1 H
NMR are reported as a chemical shift (dppm), multiplicity (s ¥singlet, d
Yadoublet, g¥squartet, m¥multiplet), coupling constant J (Hz), integration,
and assignment, data for '*C are reported as a chemical shift. High
resolutions mass spectral analyses (HRMS) were carried out using ESI-
TOF-MS. All the starting materials were either synthesized by literature

procedure or purchased from commercial sources.



CHAPTER 3

Results and Discussion

3.1.1 Characterization of Fe;O4 nanoparticle

The product X-ray diffraction pattern contained the five characteristic
reflections at 33°(220), 35°(311), 39°(222), 54°(111), 62°(220) which is
intensity matching with reference data and also FT-IR spectrum
contained an absorption band at 552 cm™, characteristic of Fe-O
vibration.

MEES. DEIESS-NK-02 Thewa 2-ThelsDets ————
1
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Figure 5: Characterized of Fe3O4 nanoparticle by P-XRD

10



M/,)\,,J\r»
4660 3860 s600 2500 2660 = T 560400
em-1
Name  Description
OM NG 1 OMNG

Fig.5: Characterized of Fe3O4 nanoparticle by FT-IR
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3.1.2 Characterization Data of compounds:

To access the desired compound, we have performed the model reaction
between isoquinoline-1,3,4(2H)-trione and substituted indole in water at
60 °C. Indeed, after 6 h, the expected compound was isolated in excellent
yield 85 %. The structure of product was ascertained by its spectroscopic
data (* H, * C NMR HRMS and FT-IR).

2-(2-oxopropyl)isoindoline-1,3-dione *H NMR (400 MHz, CDCls) &
o o 7.86-7.88 (m, 2H), 7.73-7.75 (m, 2H), 4.69 (s,
CEK?N}CH?’ 2H), 4.49 (s, 2H), 2.26 (s, 3H); *C NMR (100
MHz, CDCl3) & 202.3, 170.4, 135.5, 133.9, 125.3,
56.4, 23.7; HRMS (ESI) m/z calculated for

C11HgO3 [M+H]": 299.1278 Found 299.1287.

o)

4-hydroxy-3-(2-oxopropyl)isoquinolin-1(2H)-one *H NMR (400 MHz,

OH CDCls) 12.84 (br s, 1H), 10.54 (s, 1H), 8.16-8.29 (m, 2H),
N 7.79-7.92 (m, 2H), 2.62 (s, 3H); *C NMR (100 MHz,

NH @ cpcly) 5 2004, 167.4, 154.7, 144.7, 138.7, 132.4,
0 130.5, 126.2, 120.2, 1035, 30.1; HRMS (ESI) m/z

calculated for C;,H1;NO3 [M+Na]*:240.0632, found 240.051.

isoquinoline-1,3,4(2H)-trione *H NMR (400 MHz, CDCl3) 11.95 (br s,

o 1H), 8.11-8.13 (d, J= 7.28 MHz,1H), 8.03-8.05 (d, J= 7.28

O MHz 1H), 7.87-7.92 (m, 2H): 3C NMR (100 MHz,

NH  cDcls) 5 184.7, 175.0, 169.6, 145.7, 140.6, 137.7, 134.3,

0 131.3, 124.3; IR (KBr)(cm™)Vmax: 3145 (broad NH),

1707(C=0), 1685, 1298, 1222, 859, 743; HRMS (ESI) m/z calculated for
CoHsNO; [M+Na]*:198.0162, found 198.0122.

12



4-Hydroxy-4-(1H-indol-3-yl)isoquinoline-1,3(2H,4H)-dione (3aa):Yield 85

= N ' %; 'H NMR (400 MHz, acetone-ds) & 10.23 (br s,1H),
' NH | 10.08 (br s, 1H), 8.12-8.14 (d, J= 7.5 MHz, 1H), 7.87-
HO /= o 7.89 (d, J= 7.8 MHz, 1H), 7.77-7.78 (d, J= 6.0 MHz.

‘ dn | 2H), 7.58-7.62 (m, 1H), 7.34-7.36 (d, J= 7.8 MHz ,1H),

o 7.06-7.09 (m, 1H), 6.95-6.99 (m, 1H), 6.65 (s, 1H), 5.62

.....................

(s 1H); ®*CNMR (100 MHz, acetone-dg) & 174.9, 164.7, 144.3, 138.0, 134.7,
129.2, 128.1, 127.8, 125.8, 124.8, 122.6, 122.4, 122.0,121.7, 120.1, 112.4,
74.7; IR (KBr)( cm™) vye:3377 (broad ,0H), 3185(broad, NH), 1716 (C=0), 1683,
1124, 1078, 754, 742; HRMS (ESI) m/z calculated For C,;H..N,O, [M+Na]*:
315.0897. Found 315.0740.

4-Hydroxy-4-(7-methyl-1H-indol-3-yl)isoquinoline-1,3(2H,4H)-dione
(3ab): IR (KBr)( cm™) Vma: 3402 (broad, NH and
OH), 3051, 2925, 2854, 1692 (C=0), 1362, 1140,
1105, 782, 752; HRMS (ESI) m/z calculated For
C1gH14N,03 [M+Na]": 329.0897 Found 329.0805.

4-hydroxy-4-(5-methyl-1H-indol-3-yl)isoquinoline-1,3(2H,4H)-dione
(3ad): yield 67%;'H NMR (400 MHz, acetone-ds) 6 10.14
(br s, 1H), 10.06(Br s, 1H), 8.11-8.13 (d, J= 7.8 MHz,
1H), 7.86-7.88(d, J= 7.7 MHz 1H), 7.75-7.79 (t, 1H),
7.58-7.60 (d, J= 6.3 MHz, 1H), 7.22-7.24 (d, J= 85
MHz, 1H), 7.03-7.07 (t, 1H), 6.90-6.93 (d, J= 6.8 MHz,
1H) 6.54(s, 1H), 559 (s, 1H), 2.34 (s, 3H); *C NMR (100 MHz, acetone-dg)
0 175.0, 164.7, 144.3, 136.3, 134.6, 129.1, 128.9, 128.8, 128.4, 128.1, 127.8,
126.5, 124.8, 124.2, 121.4, 112.0, 74.7, 21.2; IR (KBr)(cm™ vy 3398 (broad,
OH), 3195 (broad, NH), 3080, 1718 (C=0), 1692, 1368, 1105, 1032, 792,
759; HRMS (ESI) m/z calcd For C1gH14N203 [M+Na]" : 329.1004 Found
329.0901.

13



4-hydroxy-4-(1-methyl-1H-indol-3-yl)isoquinoline-1,3(2H,4H)-
dione(3af): IR (KBr)( cm™)Vmax: 3310(broad, OH),
| x-me! 3133 (broad, NH), 3077, 1714 (C=0), 1684, 1363,
| 1141, 119, 743, 754; HRMS (ESI) m/z calcd For
C1gH14N>03 [M+Na]" :329.1004. Found 329.0878.
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Figure 7: 'H -NMR of 1H-Isoindole-1,3(2H)-dione,2-(2-oxopropyl)
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3.1.4 FT-IR spectra of Compounds
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Figure.17: FT-IR of 4-Hydroxy-4-(1H-indol-3-yl)isoquinoline-
1,3(2H,4H)-dione
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Figure.18: FT-IR of 4-Hydroxy-4-(7-methyl-1H-indol-3-yl)isoquinoline-
1,3(2H,4H)-dione
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Figure 19: FT-IR of 4-hydroxy-4-(5-methyl-1H-indol-3-yl) isoquinoline-
1,3(2H,4H)-dione
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Figure 20: FT-IR of 4-hydroxy-4-(1-methyl-1H-indol-3-yl)isoquinoline-
1,3(2H, 4H)-dione
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3.1.5 Mass spectra of Compounds
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Figure 21: Mass spectrum of 4-Hydroxy-4-(1H-indol-3-yl)isoquinoline-
1,3(2H,4H)-dione
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Figure 22: Mass spectrum of 4-Hydroxy-4-(7-methyl-1H-indol-3-
yl)isoquinoline-1,3(2H,4H)-dione
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Figure 23: Mass spectrum of 4-hydroxy-4-(5-methyl-1H-indol-3-
yl)isoquinoline-1,3(2H,4H)-dione
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Figure 24: Mass spectrum of 4-hydroxy-4-(1-methyl-1H-indol-3-
yl)isoquinoline-1,3(2H,4H)-dione
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CHAPTER 4

4.1 Conclusions

We have shown that magnetically separable Fe3O4 nanoparticle promoted
hydroxyalkylation of isoquinoline 1,3,4 trione with indoles. This method
offers some advantages in terms of clean reaction conditions, easy work-
up procedure. Isoquinoline 1,3,4 trione are most important in biologically

and in research area .

4.2 Scope of Future work

Future works will focus on the application of this transformation in the
synthesis of natural products and try to synthesis of electrophilic
substitution reaction of hydroxyindolyl derivatives with various types of
Lewis or bronsted acid / bases to construct a series of possible

unsymetrically as well as biologically importance.

| want to synthesis, and also various types of Lewis or Brgnsted acid/bases
are given below as follows:
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