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Chiral ionic liquids (CILs), molten salts at temperature below than 100 °C are unique
liquids having different characteristics from ordinary liquids. Since these CILs are
prepared by coupling various organic ions, there are many chances to create novel
functionalities by changing structure of components ions. These liquids combine with
their ability to perform a task with their “green” character, which makes them
environmental friendly solvents. Lately, researchers focused to synthesize CILs for their

potential applications in many reactions such as chiral discrimination.

In this study, eleven new CILs derived from chiral amino acids and plant acid have been
synthesized and characterized. They are tetraethylammonium  L-serinate,
tetraethylammonium L-prolinate, tetraethylammonium L-threoninate, tetraethylammonium
L-isoleucinate, tetraethylammonium L-asparaginate, tetraethylammonium L-glutaminate,
tetraethylammonium L-glutamate, tetraethylammonium L-methioninate,

tetraethylammonium L-histidinate, tetraethylammonium L-lysinate and



tetraethylammonium L-malate. Meanwhile, one compound derived from chiral plant acids
(tetraethylammonium L-tartarate) can’t be classified as ILs due to high melting point

above 100 °C.

All of these salts were prepared using simple neutralization reaction which gave good
overall yield (>85 % vyields for CILs derived from amino acids and 98 % for
tetraethylammonium L-malate) at room temperature. 'H NMR and elemental analysis were
carried out to identify the molecular structure and purity of CILs produced. Colour of each
CILs’s produced depending on the anions used. All CILs were hygroscopic and easily
dissolved in water and polar organic solvents. The new CILs synthesized from plant acid
have higher melting point (T, 87.7 £ 0.4 °C) compared to CILs derived from amino acids
(Tm 54.3 £ 1.0 °C for tetraethylammonium L-histidinate and Tp, 58.7 + 1.0 °C for

tetraethylammonium L-asparaginate).

The thermal properties were studied by using differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA). DSC analysis showed that CILs in a liquid form had
no melting point (Ty,) and glass transition temperature (T,). Meanwhile, in the TGA study,
it was found that CILs derived from amino acids have a slightly low decomposition
temperature (Tonset 168 to 210 °C) compared to tetraethylammonium L-malate (Tonset 210

°C), but all CILs were stable up to 160 °C.

Single crystal X-ray diffraction was used to solve the crystal structures of
tetraethylammonium L-malate and tetraethylammonium L-tartarate. The crystal systems
for both compounds were monoclinic. Analysis also carried out in order to reveal an
extensive series of hydrogen bonds between H-atoms on the cation and the anion

meanwhile each CILs’ optical polarity was measured using polarimeter. Their viscosity



and ionic conductivity for CILs in a liquid form were also determined and observed by
using viscometer and conductivity meter. The strong correlation between viscosity and

ionic conductivity was observed.

In biocatalysis application, chiral ionic liquid-coated enzyme (CILCE) was employed in
the esterification of oleyl alcohol with various fatty acids. CILCE was prepared by simple
method involving coating of Candida rugosa lipase with tetraethylammonium L-
asparaginate and was found to give a better percentage of conversion of ester (60 — 81 %)
compared to native enzyme (36 — 70 %) for all fatty acids from short, medium and long

alkyl chains.
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Cecair ionik kiral (CILs), garam lebur pada suhu di bawah 100 °C adalah cecair unik yang
mempunyai ciri yang berbeza daripada cecair biasa. Disebabkan cecair ini disediakan
melalui pemadanan pelbagai ion organik, terdapat banyak kemungkinan untuk mencipta
fungsi CILs yang baharu dengan menukar struktur komponen ion. Cecair ini digabungkan
dengan kemampuannya untuk melakukan tugas dengan ciri “hijaunya” yang mana
membuatkan cecair ini pelarut yang mesra alam. Kebelakangan ini, ramai penyelidik
menumpukan perhatian terhadap sintesis CILs untuk melihat potensi kegunaannya di

dalam banyak tindak balas seperti diskriminasi kiral.

Dalam kajian ini, sebelas cecair ionik kiral baharu yang berasal dari kiral asid amino dan
asid tumbuhan telah disintesis dan dicirikan. Sebatian tersebut adalah tetraetilamonium L-
serinat, tetraetilamonium L-prolinat, tetraetilamonium L-threoninat, tetraetilamonium L-
isoleucinat,  tetraetilamonium  L-sasparaginat, tetraetilamonium  L-glutaminat,
tetraetilamonium L-glutamat, tetraetilamonium L-methinonat, tetraetilamonium L-

histidinat, tetraetilamonium L-lysinat dan tetraetilamonium L-malat. Sementara itu, satu



sebatian lain yang disintesis daripada kiral asid tumbuhan (tetraetilamonium L-tartarate)
tidak diklasifikasikan sebagai cecair ionic kiral kerana mempunyai takat lebur melebihi

100 °C.

Kesemua garam CILs ini telah disediakan menggunakan tindak balas penulenan mudah
yang memberikan hasil keseluruhan yang baik (>85 % hasil untuk CILs yang berasal
daripada kiral asid amino dan 98 % hasil untuk tetraetilamonium L-malat) pada suhu bilik.
'H resonan magnetic nuklear (RMN) dan analisis elemen dilakukan untuk mengenalpasti
struktur molekul dan ketulenan CILs yang dihasilkan. Warna untuk setiap CILs yang
terhasil adalah bergantung kepada anion yang digunakan. Semua CILs didapati bersifat
higroskopik dan mudah larut di dalam air dan pelarut organik polar. Satu CILs baharu
yang disintesis daripada Kiral asid tumbuhan mempunyai takat lebur yang tinggi (Tr, 87.7
+ 0.4 °C) berbanding CILs yang berasal daripada kiral asid amino (T 54.3 = 1.0 °C untuk

tetraetilamonium L-histidinat dan T, 58.7 + 1.0 °C untuk tetraetilamonium L-asparaginat).

Sifat termal telah dipelajari menggunakan kalorimeter pengimbasan kebezaan (DSC) dan
analisis thermogravimetrik (TGA). Analisis DSC menunjukkan CILs dalam bentuk cecair
tidak mempunyai takat lebur (Ty,) dan suhu peralihan gelas (Tg). Sementara itu, dalam
kajian TGA, didapati bahawa CILs yang berasal daripada kiral asid amino mempunyai
suhu penguraian yang sedikit rendah (Tonset 168 hingga 210 °C) berbanding
tetraethylammonium L-malate (Tonset 210 °C), tetapi kesemua CILs stabil sehingga suhu

160 °C.

Penyerakkan sinar-X kristal tunggal telah digunakan untuk membuktikan struktur sebatian
tetraetilammonium L-malat dan tetraetilammonium L-tartarat. Didapati bahawa sistem

kristal bagi kedua-dua sebatian ini adalah monoklinik. Analisis juga telah dilakukan untuk



menunjukkan rangkaian ikatan hidrogen di antara atom hidrogen kation dan anion
manakala polariti optik bagi setiap CILs ditentukan dengan menggunakan polarimeter.
Kepekatan dan konduktiviti ionik untuk CILs dalam bentuk cecair juga ditentukan dan
diamati menggunakan alat kepekatan dan meter konduktiviti. Perhubungan yang kuat di

antara kepekatan dan konduktiviti ionik telah diamati.

Dalam aplikasi biomangkin, enzim bersalut cecair ionic kiral (CILCE) telah digunakan
dalam tindakbalas pengeksteran olil alkohol dengan pelbagai asid lemak. CILCE telah
disediakan melalui kaedah yang mudah dengan menyalut lipase daripada Candida rugosa
dengan tetraetilamonium L-asparaginat dan penggunaan CILCE telah dikaji dan
memberikan peratus penukaran ester yang lebih baik (60 — 81 %) berbanding enzim asli
(36 — 70 %) bagi semua asid lemak daripada asid lemak berantai pendek, sederhana dan

panjang.

vi
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CHAPTER 1

INTRODUCTION

Lately, ionic liquids (ILs) are attracting a number of overwhelmed science and industrial
communities as a reaction media, extraction solvents, electrolytes and in life sciences
(Kagimoto et al., 2007). These liquids that contain ions show good and tunable solubility
properties with negligible vapor pressure and excellent thermal stability have rapidly
found as valuable substitutes for many volatile solvents (Welton, 1999 and van Rantwijk

et al., 2003).

ILs are a new class of solvents that currently receiving much attention for their wide range
of applications especially in catalysis and biocatalysis, dissolving polar to non-polar
substrates and almost anything including coal, plastics, metal and even rock (Obliosca et
al., 2007). They are not as flammable as the volatile organic solvents (VOSs) therefore,
making process safety and environmental concerns less of an issue. The thermodynamics
and Kinetics of reactions carried out in ILs can possibly varied to those in traditional VOSs
and therefore creating great interests amongst chemists in their potential as solvents, co-

solvents and catalysts.

A wide range of ILs consisted of inorganic/organic cations and anions have been
successfully synthesized. In view of the emerging importance of ILs as reaction media in
organic synthesis, researchers have turn their attraction on the synthesis of chiral ionic
liquids (CILs) for their particularly potential applications to chiral discrimination,
including asymmetric synthesis and optical resolution of racemates (Wang et al., 2005).

Several examples of CILs were mentioned in the literature and partial information can be



found in some reviews reported by Baudequin et al. (2005) and Tran et al. (2006). Due to
their ease of synthesis and their particular chiral properties, these new CILs should play a
central role in enantioselective research and expand the scope of chiral solvents. A
significant transfer of chirality in these solvents can be expected due to their high degree

of organization.

The specific properties of CILs should perform the classical chiral solvents for asymmetric
induction. Studies about the application of CILs in asymmetric synthesis are not only an
opportunity but also a challenge for researchers. It is interesting, meaningful and necessary
to synthesize different kinds of CILs from different starting materials, especially from the
chiral pool. Good chemical and configurational stability, are some of the most important
criteria for synthesis of CILs and necessary properties for their application to chiral

discrimination.

Another great property of ILs is their insolubility in most organic solvents which led us to
envisage that they might be suitable as coating materials for immobilizing enzymes or
cells. Interestingly, van Rantwijk et al. (2003) observed that ILs can enhance the
selectivity of an enzyme. It was also demonstrated that they are useful as a media for the
enzymatic reaction of polar substrates, which are difficult to dissolve in conventional
organic solvents (Park and Kazlauskas, 2003). The very first ionic liquid coated enzyme
(IL-CE) was reported by Lee and Kim (2002), which is easily prepared and exhibits

markedly enhanced enantioselectivity and stability.

The aim of the study was to synthesis and characterizes a series of new CILs, and used the
suitable CILs as biocatalysts in esterification reactions. To do this, the selected CILs,

tetraethylammonium L-asparaginate was coated onto Candida rugosa lipase to form chiral



ionic liquid-coated enzyme (CILCE). CILCE was later tested for esterification reactions of

oleyl alcohol with various fatty acids in order to figure out their amazing properties.

1.1 Objectives of the Research

This research embarks on the following objectives:

1) To synthesize twelve new tetraethylammonium-based chiral ionic liquids (CILS)
derived from amino acids and chiral plant acids.

2) To characterize the physico-chemical properties of CILs.

3) To identify the suitable CILs for coating with Candida rugosa lipase (CRL) to form
chiral ionic liquid-coated enzyme (CILCE).

4) To determine the enzymatic activity of CILCE in esterification reactions.



