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ABSTRACT

A simple, energy—efficient and relatively quick synthetic procedure for the synthesis of (1)-N-4-
methoxybenzy 1, 10-phenanthrolinium bromide, based on green chemisiry principles has been camed out. The
synthesis was slarted by solvent-free reduction of p-anisaldehyde with NaBH, fo give 4-methoxybenzyl! alcohol in
98% vyield to be followed by solvent-free frealment of the resulted alcohol with PBr; to yield 4-methoxybenzyl
bromide (86%). Furthermore, the obtained bromide was reacted with 1, 10-phenanthroline in aceltone at reflux for 12

h to give the phenanthrolinium salt larget in 68% yield.
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INTRODUCTION

Sustainability is increasingly an important issue in
the wider context dealing with population, health,
environment, energy, technology, renewable resources,
and the sciences, as an integral part of the rapidly
emerging field called green chemistry [1]. Green
chemistry finds increasing attention to make important
contributions to the conservation of resources by
development of more effective and environmentally
benign chemical processes [2].

New synthetic methods must include environmental
and ecological point of views. Many organic solvents are
ecologically harmful. Therefore, it has become primordial
to decrease the amount of solvents in the reaction
media. The best solvent from ecological point of view is
without a doubt no solvent [3]. Demonstrating sclvent-
free reactions as & way of minimizing waste and energy
usage are both integral aspect of the principle of green
chemistry. By adopting the principles of green chemistry,
benign synthesis of antimalaria from 1,10-phenanthroline
derivative was performed in this research.

Many researches in the synthesis of new
antimalariai compounds have been conducted in order to
address the problem of drug-resistant. One of them is
1,10-phenanthroline derivatives. Previous study on both
in vitro and in vivo antiplasmodial activity of diaza

phenantrene  analogues  indicated that 1,10-
phenanthroline skeleton represented potential
antimalarial lead compounds [4,5,6].

Unfortunately, all of antimalarial compound

obtained from 1,10-phenanthroline derivatives reported
in scientific publication were not synthesized using
environmentally benign procedure. The synthesis of
antimalaria (1)~N—4'-methoxybenzyl-1,10-phenanthro-
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linium bromide (5) from 1,10-phenanthroline (4) and p-
anisaldehyde (1) as starting material has been reported
[7]. The methods used to synthesize the compound
were not “green”. Some used organic solvents, created
excess waste, and consumed relatively huge energy.
Therefore, there is an urgent need to develop
antimalaria (5) from (1) as the starting material based
on green chemistry principles. Part of the synthetic
route used in this research was solvent-free reaction.

EXPERIMENTAL SECTION
General

Most of organic compounds utilized in this
research were commercial products of high purity
purchased from Merck in exception for PBry (purchased
from UGM Organic Chemistry Laboratory) and used as
such without any further purification. Melting point was
determined on a electrothermal 9100 melting point
apparatus and are not corrected. Infrared spectra were
obtained on a Shimadzhu FTIR-8201 PC spectrometer.
'H NMR were recorded at 60 MHz with a Jeol JNM-MY
or at 500 MHz with a Jecl JNM-ECA spectrometer
using TMS as an internal reference. Mass spectra were
measured on a Shimadzhu QP-5000 GCMS
spectrometer.

Solvent-free reduction of p-anisaldehyde (1)

This reduction was carried out according to the
method as previously described [8]. A mixture of (1) (10
mmol} and NaBH, {10 mmol) was ground with an agate
mortar and a pestle for 10 minutes. The mixture was
quenched with a saturated aqueous solution of
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NaHCO;. The mixture was then extracted with 2 x 10 mL
of dichlorcomethane. The organic layer was dried with
Na,;S0O, anhydrous to be followed with evaporation of the
solvent to give {2). FTIR (neat) vua. 3348 (OH), 3001,
1612, and 1512 (ArH), 3000 — 2800 (CHj;), 1458 (CH,),
1033 (OCH.,). 'H NMR (60 MHz, CDCls) §: 6.9 and 7.2
(4H, 2d, Ji4; = 6.0 Hz, ArH), 4.5 (2H, s, CH), 3.8 (3H, s,
OCHjy), 3.3 (1H, s, OH). MS (m/z): 138 [M"].

Solvent-free synthesis of 4-methoxybenzyl bromide

(3)

This procedure was adopted from literature [9] with
a slight modification. Compound (2} (0.01 mol} was
cooled to —5 °C. PBr; (3.3 mmol) was added dropwise,
the mixture was then stirred for 1 h to be followed at
room temperature for 2 h. Ice water (5 mL) was added.
The mixture was then extracted with two portions of 10
mL ether. The organic layer was combined, dried with
MgSO, and evaporated with rotary evaporator to afford
{3). FTIR (neat} v 3001, 1612, and 1512 (ArH), 3000
— 2800 (CH3), 1458 (CH,), 1033 (OCHa), 594 (C-Br). 'H
NMR (60 MHz, CDCl;) 8. 6.8 and 7.2 (4H, 2d, J142=6.0
Hz, ArH), 4.5 (2H, s, CH,), 3.8 (3H, s, OCH3). MS (m/z):
202 [M+2], 200 [M"].

Synthesis of {1)-N—4'—methoxybenzyl-1,10-
phenanthrolinium bromide (5)

This reaction was performed according to the
method as previously reported [5]. Compound (4) (1
mmol) and {(3) {1 mmol}, and 15 mL acetone were added
to a 50 mL round bottom flask. The mixture was refluxed
for 12 h and cooled to room temperature. The precipitate
was then washed with acetone to vield (5§). m. p. 187 —
198 °C. FTIR (KBr} vpa,: 3001, 1604, and 1512 (ArH),
3000 - 2800 and 1350 {(CH3), 1465 (CHy), 1026 (OCH,).
'H NMR (500 MHz, DMSO-dg) 5: [9.8 (1H, d, J = 5.5 Hz,
H2), 949 (1H, d, J =85 Hz, H4), 929 (1H, d, J =12
Hz, H9), 8.76 (1H, d, J = 8.5 Hz, H7), 8.52 (1H, dd, J; =
5.5, J; = 6.1 Hz, H3), 8.43 (2H, s, H5 and H6), 8.02 (1H,
dd, Jisz = 4.3 Hz, H8) phenanthroline skeleton], 7.29
(2H, s, CH.), 7.25 (2H, d, J = 9.1 Hz, H3' and H7’ of
ArH), 6.82 (2H, d, J = 8.6 Hz, H3' and H7' of ArH), 3.65
(3H, s, OCH;).

RESULT AND DISCUSSION

Antimalaria (8) can be synthesized from (1) through
three steps reaction. Step one was done by solvent-free
reduction of (1} using NaBH,. The second step was
achieved by solvent-free bromination of the alcohol (2)
obtained from step one. Finally, the resulted bromide (3)
was then treated with 1,10-phenanthroline {4) to give the
target compound (5) (Scheme 1}.

In exception for step three, these synthetic
procedures demonstrate an environmentaily benign
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Table 1. Atom economy and yield of each step for the
synthesis of (5}

Atom Ecohomy

Step Product Yield Theoretical Experimental
1 {2) 98% 95% 78%
2 {3} 86% 88% 76%
3 {5) 68% 100% 68%

synthetic methodology with respect to green chemistry
principles. The solvent-free method is indeed providing
an improvement in the efficiency of resource utilization,
reducing solvent waste and energy usage, accelerating
reaction time, and enlarging reaction vyield. p-
Anisaldehyde itself was chosen as starting material
since this compound is a renewable raw material. It can
be obtained by permanganate oxidation of anethole
[10}, the major constituent of anise oil {ca. 60 — 80%).

In this context then the question is how ‘green’ is
the procedure? Atom economy of the reaction is one of
the measures to answer this question. In principle, a
reaction with higher atom economy is preferable to one
with lower atom economy, because higher atom
economy means less waste produced for a given
amount of product produced [11]. Atom economy can
be calculated from actual laboratory data or it can be a
theoretical prediction. The atom economy and yield of
the reaction from step one to step three is compiled in
Table 1. The theoretical atom economies of the
reactions are relatively high. This means that the
reactions are less waste and preferable to be carried
out in the green chemistry principles.

The experimental atom economy of each steps of
the reaction is relatively high. In exception for step
three, the atom economy is not as high as its atom
economy prediction. This indicated that the formation of
phenanthrolinium salt did not occur easily. Both of the
reactants involved in the reaction are bulky
substituents. Therefore, the nuclecphile (4) is not easy
to attack the electrophile {3) to yield the expected
product (5). Thus, beside theoretical atom economy,
synthetic procedures must consider the selectivity of
the reactants.

In comparison with non-green methodology, this
greener procedure is more feasible to be done than
solution phase methodology as described by Hadanu
[7] (Table 2). Both of the methods used to transform (1)
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Table 2. Comparison synthetic procedures for the transformation of (1) to (3)

. Procedure
Reaction -
Green Methodology Solution Phase Methodology [7]
- Solvent-free - Large volume of solvent (~ 50 mL ethanol)
Reduction of (1) Grinding at room temperature - Refluxing at 80 °C for 3 h

- Complete in 10 minutes
- Yield 98%

- Solvent-free

Bromination of {2) temperature for 2 h

- Yield 86%

- Stirring at -5 °C for 1 h to be followed at room

Yield 90%

Large volume of solvent (~ 40 mL
dichloromethane)

- Refluxing at 40 °C for4 h

- Yield 83%

to (3) in solution phase methodology involved large
volume of solvent, consumed more energy, and needed
long reaction time.

CONCLUSION

By demonstrating the principles of green chemistry,
(1)-N—4'-methoxy benzyl-1,10-phenanthrolinium
bromide has been synthesized from p-anisaldehyde
through three steps reaction. First, solvent-free reduction
of p-anisaldehyde with NaBH, to be followed by solvent-
free treatment of the resulted alcohol with PBrs. Finally,
the obtained bromide was reacted with 1,10-
phenanthroline to give the phenanthrolinium salt target.
Solvent-free reduction and bromination reactions
represent a viable alternative to traditional solution
phase methodology.
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