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ABSTRACT

Treatment of 2-chloropyrazine and 2-chloroquinoxaline with piperidines,
anilines, phenoxy and cresols gave 2-N-piperidinopyrazine (37), 2-N-(3-
methyl)piperidinopyrazine  (38), 2-N-(4-methyl)piperidinopyrazine (39), 2-N-
anilinopyrazine (46), 2-N-(m-methyl)anilinopyrazine (47), 2-N-(p-
methyl)anilinopyrazine (48), 2-N-(m-methoxy)anilinopyrazine (49), 2-N-(p-
methoxy)anilinopyrazine (50), 2-N-(p-chloro)anilinopyrazine (51), 2-phenoxypyrazine
(55), 2-(m-methyl)phenoxypyrazine (56), 2-(p-methyl)phenoxypyrazine (57), 2-N-
piperidinoquinoxaline  (59), 2-N-(3-methyl)piperidinogquinoxaline (60), 2-N-(4-
methyl)piperidinoquinoxaline  (61), 2-N-anilinoquinoxaline  (62), 2-N-(m-
methyl)anilinoguinoxaline (63), 2-N-(p-methyl)anilinoquinoxaline (64), 2-N-(m-
methoxy)anilinoquinoxaline (65), 2-N-(p-methoxy)anilinoquinoxaline (66), 2-N-(p-
chloro)anilinoquinoxaline (67), 2-phenoxyquinoxaline (68), 2-(m-
methyl)phenoxyquinoxaline (69) and 2-(p-methyl)phenoxyquinoxaline (70). The
structures of the compounds prepared were confirmed by spectroscopic methods such as

'H NMR, **C NMR, IR, GCMS spectra and X-Ray Diffraction method.

All N-alkylamino, N-arylamino and phenoxy derivatives of pyrazine and
quinoxaline showed fluorescence properties. Out of 24 compounds prepared, 17 of the
compounds showed highest fluorescence intensity in polar aprotic solvent with higher
dielectric constant. The study also shows that the fluorescence intensity of capped
samples is higher than the uncapped samples. 2-N-piperidinopyrazine (37),
2-N-anilinopyrazine (46), 2-N-piperidinoquinoxaline (59) and 2-N-anilinoquinoxaline
(62) showed higher intensity in neutral and alkaline conditions whereas reduced

fluorescence intensity was observed in acidic condition. 2-Substituted quinoxalines tend



to fluoresce at a higher wavelength compared to the respective of 2-substituted

pyrazines.



ABSTRAK

Tindakbalas bagi 2-kloropirazina dan 2-klorokuinozalina dengan piperidina,
analina, fenoksi dan kresol memberikan 2-N-piperidinopirazina (37), 2-N-(3-
metil)piperidinopyrazina (38), 2-N-(4-metil)piperidinopirazina (39), 2-N-anilinopirazina
(46), 2-N-(m-metil)anilinopirazina (47), 2-N-(p-metil)anilinopirazina (48), 2-N-(m-
metoksi)anilinopirazina ~ (49),  2-N-(p-metoksi)anilinopirazina  (50),  2-N-(p-
kloro)anilinopirazina (50), 2-fenoksipirazina (55), 2-(m-metil)fenoksipirazina (56), 2-
(p-metil)fenoksipirazina (57), 2-N-piperidinokuinozalina (59), 2-N-(3-
metil)piperidinokuinozalina (60), 2-N-(4-metil)piperidinokuinozalina (61), 2-N-
anilinokuinozalina (62), 2-N-(m-metil)anilinokuinozalina (63), 2-N-(p-
metil)anilinokuinozalina  (64), 2-N-(m-metoksi)anilinokuinozalina (65), 2-N-(p-
metoksi)anilinokuinozalina (66), 2-N-(p-kloro)anilinokuinozalina (67),
2-fenoksikuinozalina (68), 2-(m-metil)fenoksikuinozalina (69), 2-(p-
metil)fenoksikuinozalina (70). Struktur sebatian yang diperolehi dikenalpasti dengan

menggunakan kaedah X-Ray.

Kesemua terbitan N-alkilamino, N-arilamino, fenoksi pirazina dan kuinozalina
menunjukkan keamatan pendafluoran yang tinggi dalam larutan polar aprotik dan
mempunyai pemalar dielektrik tinggi. Kajian juga menunjukkan keamatan pendafluoran
bagi sampel tertutup lebih tinggi berbanding sampel terbuka. 2-N-piperidinopirazina
(37), 2-N-anilinopirazina  (46), 2-N-piperidinokuinozalina (59) dan 2-N-
anilinokuinozalina (62) menunjukkan keamatan pendafluoran yang tinggi dalam

keadaan neutral dan beralkali manakala keamatan menurun dalam keadaan berasid.



2-Terbitan tertukarganti kuinozalina cenderung untuk berpendafluor pada panjang

gelombang yang tinggi berbanding 2-terbitan tertukarganti pirazina.



ACKNOWLEDGEMENTS

Itis a pleasure to acknowledge all of individuals who have contributed towards

completion of this thesis.

Firstly, 1 wish to express sincere thanks to my supervisor and co-supervisor,
Assoc. Prof. Dr. Azhar Ariffin and Prof. Dr. Zanariah Abdullah for their help and
constant support over the whole duration of this research. They were always there when
needed to discuss the problem that | encountered and drawing upon their vast

knowledge of the subject always had an answer.

The help given by the staff members of the Chemistry Department are greatly
acknowledged. | am also indebted to many others who have helped in one way or

another in carrying out my research work.

My special thanks also go to all of my friends especially the members from my
group for being such wonderful, understanding and supportive friends. They are the

reasons for my enjoyable, conducive working and living environment.

I would also like to thank the University of Malaya for the SLAB Scheme,
Research Grant (PJP: FS 302/2007C) and The Ministry of Higher Education for their

financial assistance throughout the entire course.

Lastly, grateful appreciation is also given to my beloved parents and siblings for
their unconditional love and inspiration throughout my education. Through thick and
thin, they are always and forever my strongest pillars. Without their support, this work

would not have been done smoothly.

Vi



TABLE OF CONTENTS

ABSTRACT

ABSTRAK

ACKNOWLEDGEMENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

LIST OF SCHEMES

LIST OF SYMBOLS AND ABBREVIATIONS

CHAPTER ONE SYNTHESES AND REACTIONS OF
PYRAZINE AND QUINOXALINE

1.1 Pyrazine
1.1.1 Pyrazine and reactivity
1.1.2  Synthesis of pyrazine derivatives
1.1.2.1 Reduction of nitrosated ketones

1.1.2.2 Intermolecular deamination and cyclisation
of ethylenediamine

1.1.2.3 Microwave irradiation
1.2 Quinoxaline
1.2.1 Quinoxaline and reactivity
1.2.2  Synthesis of quinoxaline derivatives
1.2.2.1 Condensation reaction
1.2.2.2 Using catalysts as precursors

1.3 Objective of study

Page

ii
v
Vi
vil
X1
X1v

Xvi

Xvil

10

12

12

13

14

vii



CHAPTER TWO FLUORESCENCE SPECTROSCOPY
2.1 Introduction
2.2 Historical development
2.3 Theory of fluorescence
2.4  Fluorescence properties of organic compounds
2.4.1 Environmental effects
2.4.1.1 Solvent effects
2.4.1.2 Influence of pH
2.4.1.3 Effect of oxygen
2.4.2 Chemical structure
2.4.2.1 Carbon skeleton
2.4.2.2 The geometrical arrangement of the molecules
2.4.2.3 The type and positions of substituents
2.5 Instrumentation of fluorescence spectroscopy

2.5.1

252

2.53

254

255

Light sources
Monochromators
Slits

Sample cells

Detectors

CHAPTER THREE  RESULTS AND DISCUSSION

3.1

3.2

Synthesis of the compounds studied

Synthesis of pyrazine derivatives

3.2.1

322

Reaction of 2-chloropyrazine with piperidine
and it’s derivatives

Reaction of 2-chloropyrazine with aniline
and it’s derivatives

16

17

19

22

23

23

25

27

28

29

30

31

33

34

35

36

38

39

40

45

45

50

viii



3.2.3 Reaction of 2-chloropyrazine with phenol and cresols
3.3 Synthesis of quinoxaline derivatives

3.3.1 Reaction of 2-chloroquinoxaline with piperidine
and it’s derivatives

3.3.2 Reaction of 2-chloroquinoxaline with aniline
and it’s derivatives

3.3.3 Reaction of 2-chloroquinoxaline with phenol and cresols

34 Fluorescence characteristics

CHAPTER FOUR CONCLUSION AND FUTURE WORK

CHAPTER FIVE EXPERIMENTAL DETAILS

5.0  General procedures
5.1 Preparation of pyrazine and quinoxaline derivatives
5.1.1 Pyrazine derivatives

5.1.1.1 Preparation of 2-N-piperidinopyrazine (37)
5.1.1.2 Preparation of 2-N-(m-methyl)piperidinopyrazine (38)
5.1.1.3 Preparation of 2-N-(p-methyl)piperidinopyrazine (39)
5.1.1.4 Preparation of 2-N-anilinopyrazine (46)
5.1.1.5 Preparation of 2-N-(m-methyl)anilinopyrazine (47)
5.1.1.6 Preparation of 2-N-(p-methyl)anilinopyrazine (48)
5.1.1.7 Preparation of 2-N-(m-methoxy)anilinopyrazine (49)
5.1.1.8 Preparation of 2-N-(p-methoxy)anilinopyrazine (50)
5.1.1.9 Preparation of 2-N-(p-chloro)anilinopyrazine (51)
5.1.1.10 Preparation of 2-phenoxypyrazine (55)
5.1.1.11 Preparation of 2-(m-methyl)phenoxypyrazine (56)

5.1.1.12 Preparation of 2-(p-methyl)phenoxypyrazine (57)

63

67

67

72

79

82

109

112

113

113

113

114

115

116

117

118

119

120

121

122

123

124



5.1.2 Quinoxaline derivatives 125
5.1.2.1 Preparation of 2-N-piperidinoquinoxaline (59) 125
5.1.2.2 Preparation of 2-N-(m-methyl)piperidinoquinoxaline (60) 126
5.1.2.3 Preparation of 2-N-(p-methyl)piperidinoquinoxaline (61) 127
5.1.2.4 Preparation of 2-N-anilinoquinoxaline (62) 128
5.1.2.5 Preparation of 2-N-(m-methyl)anilinoquinoxaline (63) 129
5.1.2.6 Preparation of 2-N-(p-methyl)anilinoquinoxaline (64) 130
5.1.2.7 Preparation of 2-N-(m-methoxy)anilinoquinoxaline (65) 131
5.1.2.8 Preparation of 2-N-(p-methoxy)anilinoquinoxaline (66) 132
5.1.2.9 Preparation of 2-N-(p-chloro)anilinoquinoxaline (67) 133
5.1.2.10 Preparation of 2-phenoxyquinoxaline (68) 134
5.1.2.11 Preparation of 2-(m-methyl)phenoxyquinoxaline (69) 135

5.1.2.12 Preparation of 2-(p-methyl)phenoxyquinoxaline (70) 136

5.2 Fluorescence Measurements 137
5.2.1 Study of fluorescence characteristics in various solvents and 138
concentrations
5.2.2  Study of fluorescence characteristics with time 154
5.2.3 Study of the effect of acidity and basicity on fluorescence 157
characteristics
REFERENCES 160
LIST OF PUBLICATIONS 167
CONFERENCE PROCEEDINGS 168
APPENDICES

Appendix 1: "HNMR, *C NMR, IR, GCMS Spectra for all compounds
prepared

Appendix 2:  Publications



Figure 1.1:
Figure 1.2:
Figure 2.1:

Figure 2.2:

Figure 2.3:

Figure 2.4:

Figure 2.5:
Figure 3.1:
Figure 3.2:

Figure 3.3:

Figure 3.4:

Figure 3.5:
Figure 3.6:
Figure 3.7:
Figure 3.8:
Figure 3.9:

Figure 3.10:

Figure 3.11:

Figure 3.12:
Figure 3.13:

Figure 3.14:

LIST OF FIGURES

Resonance hybrid of pyrazine
Resonance hybrids of quinoxaline

Jablonski diagram

Schematic representation of equilibrium and Franck-Condon (F-C)

electronic states

Essential components of fluorescence spectrometer

Distribution of radiant energy emerging from a slit as a function

of wavelength

Cuvette Reader

2-Substituted pyrazines prepared
2-Substituted quinoxalines prepared

Reaction of 2-chloropyrazine with piperidine
and it’s derivatives

Reaction of 2-chloropyrazine with aniline
and it’s derivatives

Ortep diagram of 2-N-anilinopyrazine (46)

Ortep diagram of 2-N-(p-methyl)anilinopyrazine (48)
Ortep diagram of 2-N-(p-chloro)anilinopyrazine (51)
Reaction of 2-chloropyrazine with phenol and cresols
Ortep diagram of 2-phenoxypyrazine (55)

Reaction of 2-chloroquinoxaline with piperidine
and it’s derivatives

Reaction of 2-chloroquinoxaline with aniline
and it’s derivatives

Ortep diagram of 2-N-(p-methyl)anilinoquinoxaline (64)
Ortep diagram of 2-N-(p-chloro)anilinoquinoxaline (67)

Reaction of 2-chloroquinoxaline with phenol and cresols

10

20

24

33

37

38

40

41

45

50

53

57

62

63

66

67

72

Xi



Figure 3.15:

Figure 3.16:

Figure 3.17:

Figure 3.18:

Figure 3.19:

Figure 3.20:

Figure 3.21:

Figure 3.22:

Figure 3.23:

Figure 3.24:

Figure 3.25:

Figure 3.26:

Figure 3.27:

Figure 3.28:

Figure 3.29:

Figure 3.30:

Figure 3.31:

Fluorescence spectra of 2-N-piperidinopyrazine (37) in various
solvents in capped condition (6.127 x 10° M)

Fluorescence spectra of 2-N-anilinopyrazine (46) in various
solvents in capped condition (5.840 x 10" M)

Formation of hydrogen bonded of compound (37) and (46)

Structures of 2-N-piperidinopyrazine (37) and
2-N-anilinopyrazine (46)

Formation of complex in THF and ethyl acetate

Fluorescence spectra of 2-N-piperidinopyrazine (37) and 2-N-
piperidinoquinoxaline (59) in THF and acetonitrile

Fluorescence spectra of 2-N-anilinopyrazine (46) and 2-N-
anilinoquinoxaline (62) in THF and acetonitrile

Fluorescence spectra of 2-N-anilinopyrazine (46) and
2-phenoxypyrazine (55) in ethyl acetate and acetonitrile in
capped condition

Fluorescence spectra of 2-N-anilinoquinoxaline (62) and
2-phenoxyquinoxaline (68) in ethyl acetate and acetonitrile in
capped condition

Fluorescence spectra of compound (46), (51) and (50)
in acetonitrile in 10* M

Fluorescence spectra of compound (62), (66) and (67)
in acetonitrile in 10* M

Fluorescence spectra of 2-(p-methyl)phenoxypyrazine (57)
in different time in THF (5.3703 x 10™* M)

Fluorescence spectra of 2-(m-methyl)phenoxyquinoxaline (69)
in different time in THF (4.2324 x 10 M)

Fluorescence spectra of 2-N-anilinoquinoxaline (62) in different

time in THF (4.5195 x 10™* M)

Fluorescence spectra of 2-N-piperidinopyrazine (37) in different

concentrations in THF

Fluorescence spectra of 2-N-(m-methyl)piperidinopyrazine (38)

in different concentrations in THF

Fluorescence spectra of 2-N-(p-methyl)piperidinopyrazine (39)
in different concentrations in THF

84

84

86

87

87

90

90

92

93

95

95

98

99

100

102

103

103

Xii



Figure 3.32: Fluorescence spectra of 2-N-piperidinopyrazine (37) with 106
variation of pH

Figure 3.33: Fluorescence spectra of 2-N-anilinopyrazine (46) with 106
variation of pH

Figure 3.34: The proton transfer to the ring nitrogen of 107
2-N-piperidinopyrazine (37)

Figure 3.35: The proton transfer to the ring nitrogen of 2-N-anilinopyrazine (46) 108

xiii



Table 1.1:

Table 2.1:

Table 2.2:

Table 2.3:

Table 2.4:

Table 3.1:

Table 3.2:

Table 3.3:

Table 3.4:

Table 3.5:

Table 3.6:

Table 3.7:

Table 3.8:

Table 3.9:

Table 3.10:

Table 3.11:

Table 3.12:

LIST OF TABLES

Interaction of 2-chloropyrazine with nucleophiles

Transitions involved in the absorption process

Characteristics of some monosubstituted benzene at different pH
Luminescence of Condensed Linear Aromatics in EPA Glass

at 77°K. A mixture of diethyl ether, isopentane and

ethanol, 5:5:2 (v/v/v).

Effects of Substituents on the Fluorescence of Aromatics

Crystal data and structure refinement for 2-N-anilinopyrazine (46)

Crystal data and structure refinement for 2-N-(p-methyl)
anilinopyrazine (48)

Crystal data and structure refinement for 2-N-(p-chloro)
anilinopyrazine (51)

Crystal data and structure refinement for 2-phenoxypyrazine (55)

Crystal data and structure refinement for 2-N-(p-methyl)
anilinoquinoxalie (64)

Crystal data and structure refinement for 2-N-(p-chloro)
anilinoquinoxalie (67)

Fluorescence characteristic of 2-N-piperidinopyrazine (37)
in various solvents (6.127 x 10 M)

Fluorescence characteristic of 2-N-anilinopyrazine (46)
in various solvents (5.840 x 10 M)

Fluorescence characteristic of 2-N-piperidinoquinoxaline (59)
in various solvents (4.6886 x 10° M)

Fluorescence characteristic of 2-N-anilinoquinoxaline (62)
in various solvents (4.5195 x 10 M)

Fluorescence characteristic of 2-N-anilinopyrazine
(5.8400 x 10 M) and 2-phenoxypyrazine (5.8079 x 10™* M)
in various solvents in capped condition

Fluorescence characteristic of 2-N-anilinoquinoxaline
(4.5195 x 10° M) and 2-phenoxyquinoxaline (4.4996 x 10° M)
in various solvents in capped condition

22

26

29

32

56

60

65

69

78

81

86

86

88

88

91

92

Xiv



Table 3.13:

Table 3.14:

Table 3.15:

Table 3.16:

Table 3.17:

Table 3.18:

Table 3.19:

Table 3.20:

Table 3.21:

Fluorescence characteristic of compound (46), (50) and (51)
in acetonitrile in 10* M

Fluorescence characteristic of compound (62), (66) and (67)
in acetonitrile in 10™* M

Fluorescence characteristic of selected pyrazine and quinoxaline
derivatives in different time in THF

Fluorescence characteristic of 2-N-anilinoquinoxaline (62)
in different time in THF (4.5195 x 10™* M)

Fluorescence characteristic of 2-N-piperidinopyrazine (37)
in different concentrations

Fluorescence characteristic of 2-N-(m-methyl)
piperidinopyrazine (38) in different concentrations

Fluorescence characteristic of 2-N-(p-methyl)
piperidinopyrazine (39) in different concentrations

Fluorescence characteristic of 2-N-piperidinopyrazine (37)
and 2-N-anilinopyrazine (46) with variation of pH in ethanol

Fluorescence characteristic of 2-N-piperidinoquinoxaline (59)
and 2-N-anilinoquinoxaline (62) with variation of pH in ethanol

94

94

98

100

101

101

102

105

105

XV



Scheme 1.1:

Scheme 1.2:

Scheme 1.3:

Scheme 1.4:

Scheme 1.5:

Scheme 1.6:

Scheme 1.7:

Scheme 1.8:

Scheme 1.9:

Scheme 1.10:

Scheme 1.11:

Scheme 1.12:

Scheme 1.13:

Scheme 1.14:

Scheme 3.1:

Scheme 3.2:

Scheme 3.3:

Scheme 3.4:

LIST OF SCHEMES

Reaction of 2,5-dimethylpyrazine with iodo or bromo-acetic acid

Reaction of alkyl pyrazine with hydrogen peroxide

Reaction of 2,5-diphenylpyrazine with hydriodic acid
Transformation of 2,5-diphenylpyrazine to aminoacetophenone
Reduction of nitrosated ketones

Intermolecular deamination and cyclisation of ethylenediamine
Formation of substituted pyrazines

Conversion of quinoxaline to pyrazine-2,3-dicarboxylic acid
Reduction of quinoxaline to dihydro compound

Condensation of 1,2-diamine with 1,2-dicarbonyl compound
Condensation of a-haloketones with 0-diamines

Preparation of quinoxaline derivatives through iodine catalysis

Preparation of quinoxaline derivatives through Mont K-10 catalysis

Preparation of quinoxalinone through enzymatic catalysis
Nucleophilic substitution at position 2 of pyrazine system
Nucleophilic substitution at position 2 of quinoxaline system
Formation of 2-phenoxypyrazines

Formation of 2-phenoxyquinoxalines

11

11

12

12

13

14

42

42

43

44

XVi



The following symbols and abbreviations have been used throughout this thesis.

CDCl3
CH;CN
d

dd

ddd

EtOAc
EtOH

IR

m.p.
min
MW

NMR

THF

TLC

LIST OF SYMBOLS AND ABBREVIATIONS

deuterated chloroform

acetonitrile

doublet

doublet of doublets

doublet of doublets of doublets

equivalent

ethyl acetate

ethanol

infrared

coupling constant

mole per litre

multiplet

melting point

minute

molecular weight

nuclear magnetic resonance
singlet

triplet

tetrahydrofuran

thin layer chromatography
wavelength

stretching vibration

chemical shift

Xvii





